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SUMMARY

Section I

In an attempt to synthesise compounds related to the as
yet unknown 1,6-didehydro-[10]}-annulene, intermolecular Castr

type coupling of the cuprous salts of 1-(o~iodophenyl)-2-pro-

pyn-l-o0l and derivatives was investigated. Intermolecular
coupling of derivatives suggested by model reactions was
either unsuccessful, however, or gave a conplex mixture, the
nature of which could not be clarified. The synthesis of
'half-cyclised' compounds, formally only one stage away from
the desired ten membered ring sy.stem was achieved, however, |
and some new examples of the Castro reaction, including some

anomalies and failures, were discovered,

Section II

Intermolecular Castro-type coupling of the cuprous salt
of m—~iodopheaylacetylene was found to give a complex mixture,
the major component of which was shown to be the 'cyclic
pentamer' derived from five molecules of the cuprous salt,
Evidence was obtained for the presence of similar cyclic
compounds of lower and higher molecular weight, A series of
compounds resulting from mixed oxidative and Castro-type

coupling was also isolated from the reaction product.
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SECTION I



- HTRODUCRION

In 1865, Kelule suggested that benzenc, which had
been knovm for some time to be closely related to the
naturally occurring, carbon rich 'aromatic' conpounds,
vas best described by the cyclohexatriene structure.l
He later modified this to a 'dynanic' structure,2 involving
continuous interchange between two 'Kekulé' forms, and
this picture of a symmetrical benzene molecule becane
generally accep‘bed.3 An interpretation of the special
stability of benzene in electronic terms was first given
in 1925 by Armit and Robinson,4 with the idea of an
aromatic sextet' of electrons.

The real basis, however, for much of thé recent
interest in aromatic compounds, and iﬁ particular, higher
homologues’of benzene, lies in the suggestion of Hﬁckel,5
on the basis of molecular orbital theory, that fully
conjugated monocyclic polyolefins should be aromatic, if

they contain (4n + 2) mwelectrons and are planar. Perhaps



surprisingly, this postulate did not arouse any immediate
interest or the part of organic chemists until Dewar,6 in
1945, suggested that both stipitatic acid and colchicine
contained a seven membered aromatic ring related to the
cycloheptatrienyl (tropylium) cation, which contains six
T~electrons and had been predicted by Huckel to be a

7

stable system, Considerablenspeculation on the syn-
thesis and possible properties of higher homologues of
benzene occurred in the following ten to fifteen years,
and after fhe tropylium cation had been synthesised in
1954 by Doering and Knox,8 the first homologue of benzene
comprising a monocyclic fully conjugated polyene (or
annulene) containing (4n + 2) m electrons, [18]-annulene
(1), was synthesised in 1959 by Sondheimer and Wolovskyo9
Since then, great interest has been shown in both
the synthesis and theoretical aspects, not only of the

annulenes themselves, but of various related compounds.

For example, many 'dehydroannulenes' have been synthesised



by Sondheimer and his group, in which double bonds have
been replaced by triple bonds or cumulenc tyve systens,
and in which Hickel's rule can be applied to the 'out of
plane! m electrons. In addition, in come polycyclic
systems, the peripheral electrons can be considered as

a monocyclic system, with the cross-links as only minor
perturbations, and several systems of this t:rpe have been
synthesised. Bvidence from all these t&pes of compound
supports the‘validity of the Huckel (4n + 2) rule, up to
at least 18 ﬂ-electron systens. Several recent reviewslo
and a monographll have appeared, summarising the present
state of knowledge.

If we consider the annulenes, however, it can
immediately be seen that certain factors arise which are
not present in the case of benzene. In the smallest
member after benzené of the (4n + 2) series, [10]-
annulene, the possible planar configurations required by

g

Hiickel for aromaticity involve serious interaction of



two internal hydrogens (2), considerable ongle strain (3),
or in a third form (4), a combination of both types of
strain. Similar, though not so congested, hydrogen
interactions occur in higher members of the series, and
for this reason Mislov},7a in 1952, considered that [30]~-
annulene (5) would bs the first member which could attain

Tb

planarity. Baker considered Mislow's view unduly
pessimistic, on the grounds that complete planarity is
not always necessary even in benzenoid aromatic compounds,
and suggested that the smallest éyclOpolyene which would
exhibit aromatic properties would probably be [18]-
annulene (1). Theoretical objections also exist to the
simple_Hﬁckei rule, Longuvet-Higgins and Salem12 have
stated that above a certain, undefined ring size, bond
alternation will occur and any special properties will

be lost, Recent calculations by Dewar and Gleicher13

suggest that this may occur between [22]- and [26]-

annulene.



Another difficulty occurs vhen we consider how any
special 'aromatic' properties uight be observed. The
word 'aromatic', as applied to chemical compounds, has

always been rather loosely defined.14

Thus there has
always been a conflict between whether 'sromatic' should
describe compounds with benzene like structure, or

benzene like properties, such as relative stability and

15

tendency to undergo substitution reactions. Typical
benzenoid properties, however, such as the tendency to
undergo substitution reactions, are far from gatisfactory
as a criterion of aronaticity. These properties are
connected with the excited state of the molecule and are
known to vary widely in compounds such as furan, benzene
and resorcinol, for example, which are all generally
accepted as aromatiec, On the basis of chemical behaviour,
indeed, [14]- and [18j—annulene appeared to behave very
much like polyenes and.indeed resembled the 4n annulenes

in reactivity.l6




A more useful concept in discussing aromaticity is
1 electron delocalisation. FPor this to be effective,
the molecule must be approximately planar; and it results
in the equivalence, or near equivalence, of all the
carbon-carbon bonds. Delocalisation of the m elecirons
also has a marked effect on the nuclear magnetic resonance
spectrum, in that in an aromatic molecule, an induced dia-
magnetic ring current is set up in an applied magnetic
field, with the result that protons on the outside of the
ring are deshielded, or move to lower field wvalues,
| whereas those inside the ring are shielded and move to

17 Elvidge and Jackmanl8 have in

higher field values,
fact defined an aromatic compound as one which will
sustaiﬁ an induced (diamagnetic) ring current. In some

100’19), because of the rapid

cases (e.g. [14]-annulene
interchange of the inner and outer protons, the nuclear

magnetic resonance spectrum must be observed at low

temperature for this effect to be noticed.




It was originally thousght that the 4n annulenes would
be olefinic in character, rather like cyclooctatetraene,
and that the nuclear magnetic resonance spectra would
show only olefinic absorption. This appeared to be the
case20 until in 1966, work was published on the low
temperature nuclear magnetic resonance spectra of [16]-
annulene by Schroder and Oth,21.and of [24]-annulene by
Calder and Sondheimer,22 which showed that these com-
pounds exhibit an ‘anti-aromatic' spectrum, in vhich the
lower protons absorb at low field and the outer protons
at high field. This has been attributed to the exist-
ence of paramagnetic ring currents in the molecule and
discussions of their theoretical basis have appeared by
Longuet-Higgins,23 Pople and U'n’cch,24 and Baer, Kuhn and
Regel.25 The existence of this effect was suggested
to Pople and Untch24 by the very high shielding (T = 5:58)

26
of the protons in 1,5,9-tridehydro-[12]-annulene (6),

and similar, though not very large effects had in fact been




noticed earlier, though not explained in these terms,
for example in the tetradehydro-[24]-annulene (7)
synthesised by Sondheimer and Wolovsky in 1962.27 In
this molecule the inner protons appear at « = L<60 and
the outer protons in a complex band at v = 4°40 - 5402,
It should be noted that although the idea of diamagnetic
and paramagnetic ring currents is generally accepted,
their existence has been vigorously denied by Musher,28
At the moment, however, his views would appear to be
very much in the minority.

Using the above criteria, nuclear magnetic
resonance spectra, planarity and bond lengths, the 4n
and (4n + 2) annulenes so far prepared can be clearly

10c [14]- and [18]-Annulene possess

distinguished.
aromatic spectra whereas [16]- and [24]-annulene have the
tanti-aromatic' type. (The case of [10]-annulene will be

discussed later, [12]- and [22]-annulene have not yet

been prépared and [20]- and [30]-annulene have not yet




been thoroughly examined). YX-ray crystallography has
shovn that [14]-annulene does not exhibit bond alternation,
that [16]-annulene has alternate cis and trans double
. . . 30

bonds and deviates considerably from planarity, and
that [18]-annulene is almost planar with approximabtely
equal bond 1engths?l

As was mentioned earlier, many dehydroannulenes have

. . T 0
been synthesised, mainly by Sondheimer and co—workers.l

These were first predicted to be of interest by Sworski%Q
and have the advantage over simple annulenes that
internal hydrogen interactions are greatly reduced. Of
the two types, those which formally contain simple triple
bonds [e.g. (8) and (9)] are more numerous, 5ut two
interesting examples exist where, to obtain a Kekule
structure, two double bonds and a single bond must be
replaced by a cumulene type unit, Sondheiner's group

have found that the remarkably stable 1,8-didehydro-[14]-

annulene33 is a planar and symmetrical compound with a




typical aromatic nuclear magnctic resonance spectrun.
The compounl is best representced by the symmetrical
structure (10) rather than the Kekulé fornms, (li)'and
(12). 1,8-Didehydro-[14]~annulene undergoes electro-
philic substitution and is much more stable and more
obviously 'aromatic' than [14]-annulene itself, A
similar tetramethyltetradehydro-[18]-annulene (13) has

34

nov been synthesised by Japanese workers, and though
rather unstable, it exhibits an aromatic nuclear
magnetic resonance spectrum similar to (10).

In general, the (4n + 2) dehydroannulenes show
aromatic spectra, and some héve been shown to be planar,
whereas the 4n compounds show 'anti-aromatic' spectra.
The lowest members of the series are the dehydro-[12]-
annulenes (6)26 and (14).26b’35 The largest dehydro-—
annulenes so far eiamined by nuclear magnetic resonance

10c, 36 Results so

36

are 26 and 30 m electron compounds.

far, in particular with a tridehydro-[26]-annulene,



the spectrum of which has been examined at -60°,

suggestv that bond alternationl2’13

may be occurring.
Unfavourable steric interactions can also be over-
com¢ by the replacement of hydrogens by bridging atoms
of various kinds. This has been particularly effective
in the case of [10]-annulene, where the strongest inter—
actions occur. The work of Vogel37 on bridged compounds
such as 1,6-methano-[10]-annulene (15) has shoﬁn that
these compounds are undoubtedly aromatic.
1,6-Methano-[10]-annulene (15) can be regarded as
a valence tautomer of the dihydronaphthalene derivative
(16), which has a 'double norcaradiene' structure and
would be expected to be unstable relative to (15). The

38 of (15) was therefore approached by a

synthesis
synthetic scheme formally leading to the valence tautomer
(16). Naphthalene was reduced to 1,4,5,8-tetrahydro-

naphthalene (17), and dichlorocarbene was selectively

added to the tetrasubstituted double bond to give (18).



Reductive elimination of the chlorine, followed by
bromination and dehydrobromination, led via (1.9) and
(20) to 1,6-methano-[10]~annulene (15) rather than the
valence tautomer (16).

A similar approach was used in the synthesis of
the 11,11-dihalogeno-1,6-methano-[10]-annulenes > (21),
(22) and (23), although in good yield only in the case
of the difluor: compound (21), Recently, however, an
improvement in the synthesis of the dichloro compound
(22) has been described by Nelson and Untch?oresulting
in an overall yield of (22) from the dichlorocarbene
adduct (18) of 50%. The same authors also describe a
three-step synthesis of l,6—methano—[ld]-annulene (15)
itself from naphthalene, involving carbene addition to
the tetrahydronaphthalene (17) to give (19) in 50% yield,
followed by dichlorodicyanobenzoquinone (DDQ) oxidation
to the bridged [10]-annulene (15) in 90% yield.40

Similar systems bridged by a hetero aton [(24)41 and
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(25)42]'have also been synthesised as have the ionic
species (26)%7 ana (27)%%

These bridged 10 m electron systems all possess
aromatic properties, in particular exhibiting a nuclear
magnetic resonance spectrum with the protons on the teun
membered ring at low field, and the bridge protons at
high field. The case of 1,6-methano-[10]-annulene (15)
has been particularly extensively studied. The nuclear
magnetic resonance spectrum shows an A2B2 system centred
at 2.9 1, corresponding to the eight protons of the ten
membered ring, and a singlet at 10.51t for the two
methylene protons, These chemical shifts are notably
different from those in the model compound 9,10-ethano-
9,10-dihydronaphthalene (28)45 which exhibits a similar
spectrum but with chemical shifts of 4.5 and 745 =t.
1,6-Methano-[10]-annulene also undergoes electrophilic

37

substitution reactions, mainly in the 2-position,and

46

X-ray crystallographic analysis '~ of the 2-carboxylic



acid has shown that the ClO perineter is in fact even '
closer to planarity than would be irferred from models,
and that the bénd lengths all come into the range of
138 to 1-42 K. 'This range is even narrower than in
the case of naphthalene (1-36 ; 1-42 K). The above
evidence, and also the wultraviolet spectrum and the
lack of polyene type reactivity, shows conclusively
that 1,6-methano-[10]-annulene can be considered an
taromatic' compound.

In addition to their intrinsic theoretical interest?,
1,6-bridged [10]-annulenes have other properties of
interest to the organic chemist. The 11,11-dihalogeno-
1,6-methano~[10]-annulenes [(21), (22) and (23)] have

39

been used as carbene transfer reagents, and with an
excess of cyclohexene give high yields of the 7,7-di-
halogenonorcarane (29). In addition, the carbene

addition to cis- or trans-2-butene appears to be stereo-

specific. 1,6-Methano-[10]-annulene (15) has been



converted into benzocyclopropene (30) by gas phase
pyrolysis of the Diels-Alder adduct (3L) obtained at
elevated temperatures with acetylene dicarboxylic ester

47

or dicyanocacetylene. Pyrolysis of the Diels~Alder
adducts of several other 1ll-substituted 1,6-methano-
[10]-annulenes failed to produce any substituted benzo-
cyclopropenes but in the éase of the 11,11-difluoro
compound (21), pyrolysis of the Diels-Alder adduct (32)
proceeds successfully, producing l,1-difluorobenzo-
cyclopropene (33).48

This approach to the problem of internal hydrogen
interactions in the annulenes has been extended by Vogel
to the synthesis of some doubly bridged [l4]—annulené2752
It is clear, however, fhat in these doubly bridged
compounds, two geometrical isomers can exist, with the
bridges either syn (34) or anti (35) to one another,

49a

Examination of models shows that only the syn compound

can be approximately planar and can therefore be expected



to be aromatic, and thisAhas been borne out by the
examples so far synthesise@. Thus syn-1,6;8,13~
bisoxido-[14]-annulene (34a)?? 1,6;8,13-propano~[14]-
annulene (36),50 and syn-—l,6-nethano~-8,1%~oxido-annulene
(34.b)5l exhibit ‘'aromatic' nuclear magnetic resonance
spectra whereas anti-1,6;8,13-dimethano[14]~annulene
(353)52 appears 1to have localised double bonds.

Another remarkably stable aromatic system, the
trans-15,16~dimethyldihydropyrene system (37) which is
effectively a bridged. [14]-annulene has been synthesised

by Boekelheide and co—workers.53

The nethyl groups

in (37) are inside the cavity of the m -electron cloud
of the 14 membered ring and appear at very high field
(14;25 1), whereas the peripheral protons appear at 1.33 -
2.02 1. Further evidence for the aromaticity of (37)
comes from its chemical properties,vand from the X-ray

54

crystallographic analysis of the 2,7-diacetoxy compound

(38) which shows that the molecule is almost planar with



approximately equul bond lengths. Coﬁpound (37) can be
converted tn its valence tautomer (39) by visible light,
but (39) rapidly reverts to the dihydrovyrene form (37)
in the dark. In contrast, the metacyclophane deriv-
atives (40a)55 and (4ObL56 do not isomerise to the
corresponding cis-15,16-dihydropyrenes (4la) and (41b)
although the protonated form (42) of the epoxide (40a)
appears to be present to some extent in solution in
strong acids.

The work of Badger and co-workers has been directed
towards the synthesis of [18]-annulenes bridged by
heteroatons (43).°7 It has beer'l established, on the
basis of ultraviolet and nuclear magnetic resonance
spectra, that the trioxide (43%a) and dioxide-monosulphide
(43b) are aromatic., In contrast, thermono—oxide~
disulphide (43c) and the trisulphide (43d) behave as
five membered heterocyclic rings joined by ethylene

groups, as does the monoepimino-d@isulphide (43e).



This difference in behaviour has been attributed to

the larger size of sulphur as compared to oxygen, which
results in a non-planar system, but it may also arise
partially from the relative resonance energies of the
heterocycles, furan, pyrrole and thiophen, and of the

58

macrocyclic 18 m electron system. A recent synthesis
by Elix59 of annulene polyoxides, via the chloroaldehyde
(44) has produced not only [18]-, but also [24]-, [30]-,
and [36]-annulene polyoxides. It is of interest that
the [24]-annulene tetroxide (2 isomers) shows an ‘anti-
aromayic' nuclear magnetic resonance spectrum, whereas
the [30]- and [36]-annulene polyoxides show absorption
similar to acyclic vinylfurans, The spectrum of [30]-
annulene pentoxide shows very little change over the
range =60 to +100°, indicating that bond alternation12’13
is occurring.

18 11 Electron systems with nitrogen in the ring

as well as in bridges occur in some naturally occurring
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compounds such as porphine (45) which has been showm

to possess an 'aromatic' nuclear magnetic resonance
spectrum.6o Johnson and co-workers have recently
synthesised, not only some oxygen and sulphur compounds
related to porphins and porphyrins, and which appear to
contain a delocalised 18 T electron system, but also two
similar compounds (46)6l and (4‘7),62 which are the-first
examples of [22]-annulene derivatives. Both of these
macrocycles exhibit 'aromatic' nuclear magnetic resonance

12,15 is not

spectra, showing that bond alternation
occurring., This is in agreement with the suggestion
of Dewar and Gleicherl3 that [22]—annulene itself will
be aromatic, but that bond alternation will occur in

[26]-annulene, As mentioned earlier, the evidence so
far from [26]- and [30]-annulene derivafivesloo’36’59

suggests that the latter part of this prediction may

also be correct.



Among other recen’t advences in the chemistry of
annulenes and related compounds has been the synthesis
of the dianion (48) of [16]-annulene by Oth, Anthoine

63 This 18 1 electron system (48) is much

and Gilles.
more stable than [16])-annulene itself, and in fact

appears to have greater resonance energy than [18]—
annulene. The hexadehydro—-[18]~annulene (49) has

64 and althougn

been synthesised by Okamura and Sondheimer,
thé compound is rather unstable, the nuclear magnetic
resonance spectrum indicates the presence of a dia-
magnetic ring current, The protons in (49) appear as a
singlet at T = 3-0, in contrast to those in the related
1,5,9~tridehydro—-[12]-annulene (6),26 which appear at
T = 558, and to the olefinic protons in the acyclic
model compound (50), which appear at 1 = 4-11.64
Considerable interest has been shown in the study

by nuclear magnetic resonance spectroscopy of the inter-

conversion of both equivalent and non equivalent conformers



of the annulenes and dehydroanmulenes. Sondheimer and

co~workers have studied the transfer of hydrogens from

65

internal to external positions in [18]-annulene, - and

also the effect of replacing one hydrogen atom by a bulky

66 The

66

substituent such as a nitro or an acetyl group.
synthesis of these monosubstituted [18]-annulenes,
using specially mild conditions, shows that [18]-annulene
can also be regarded to some extent as iaromatic' on the
basis of the older and rather unsatisfactory definition

of aromaticity in terms of chemical reactivity. The
synthesis of [16]-annulene and four dehydro-[16]-annulenes

67

has been redescribed by Sondheimer’and co-vorkers, and
the nuclear magnetic resonance spectrum of three of the
dehydro compounds has been examined.68 These compourds
show interesting conformational effects including the
interconversion in solution of non equivalent conformers.
The existence in solution of two non equivalent conformers

of [16]-annulene has been demonstrated by Oth and Gilles§9
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These authors have also proposed a new system of
nomenclature for the various possible conformers of
annulenes, based on the arrangement of cis and trans
double bonds and using the binary number system.69
On this basis the more stable isomer (51) of [16]-
annulene is described as [16]-85-annulene and the less

69 Studies on mono-

stable (52) as [16]-91-annulene.
substituted [16]-annulenes have shown that in these
compounds, the equilibrium is displaced towards the [16]-

70 .
7 The nuclear megnetic resonance

91-annulene form.
spectra of several annulenes and dehydroannulenes have
been used by Calder and Garrat to calculate the energy
barrier for interconversion of the inner and outer
hydrogens.7l
The generic name 'annulenones' has been pr0posed72
for the macrocyclic qonjugated ketones homologous with

cyclopropenone, cyclopentadienone and tropone, and the

first two annulenone derivatives containing a ring larger



than the seven menmbered one have recently been synthesised.

)72 and (54),73 contain

These two 'dehydroannulenones'!, (53
a (4n + 1) membered ring and are therefore related to the
unstable cyclopentadienone system and would not be expected

12 In fact (54) is a very wastable

to be aromatic,
compound, and in the nuclear magnetic resonance spectrum
the two inner protons appeér as a double doublet centred at
T= -0:31 and the outer protons absorb af T ='3-88 - 4-95,
indicating thevpresence of a paramagnetic ring current.

The spectrum of (53) is less informative as no protons are
bound directly to the conjugated ring., The pentatrideca-
fulvalene derivative (55) was obtained from (53) by
reaction with cyclopentadiene in the presence of sodium

74 The synthesis of annulenones, or their

methoxide,
derivatives, containing a (4n + 3) membered ring would
obviously be of great interest as these compounds might

be expected to be similar to tropone in properties.

Recent theoretical, nuclear magnetic resonance, and dipole



moment studies, however, suggest that the resonance energy
of the tropone and tropvolone systems has been greatly
exaggerated in the past, and that theselsystems, as
neutral species at least,.are best considered as normal
polyenones.75
Although the work of Vogel37 on bridged [10]-
annulenes, described above, has shovm that a planar de-
localised [lO]—annulene system can be ébtained, and
although azulene (56) can be regarded.as a slightly per-—
turbed [10]——enrmulems:,'76 these systems owe their aromaticity
to the replacement of internal hydrogens by bridging atoms
or by a single bond. In the parent [10]-annulene, the
gain in resonance energy will be offset by the unfavourable
steric factors present in the planar forms (2), (3), ana
(4). The mono-trans configuration (4) probably represents
the best compromise between the extremes of angle strain

in the all-cis configuration (3) and of unfavourable

hydrogen interactions in the di-trans configuration (2).



The existence of the aromatic, apparently planar, all-
cis cyclononatetraenyl anion (57),77 however, suggests
that a large amount of the strain in the all-cis config-
uration (3), might possibly be offset by the gain in
resonance energy derived from the formation of a planar
aromatic system, It seems probable, however, that [10]-
annulene, whether in configuration (2), (3), or (4), will
be less stable than [14]—annulene; and all the evidence
to date is in agreement with this view. Although
evidence has been produced for the existence of [10]-
annulenes as reaction intermediates, or at iow temperatures,
and some derivatives formally containing a monocyclic
[lO]-annulene have been synthesised, the parent compdund
has not yet been isolated.

A number of unsuccessful attempts to synthesise
[10]-annulene and its derivatives have been reported.78
Among recent examples is the synthesis by Mulligan and

Sondheimer!) of the diketo form (58) of 1,6-dihydroxy-[10]-



annulene. This compound, however, shows no tendency to
enolise to the [10]-annulere form (59), and attempts to
convert it to the corresponding 1,6~diacetoxy- or 1,6-
dichloro- [10]-annulenes have not so far been successful.
-1,6-=Dichloro - 2,7-dihydro-[10]-annulene (60) has been
synthesised by Grohmann and Sondheimer,BO but isolable
[10]-annulenes or derivatives have not been obtained
from it. Dehydrochlorination of (60) gives the triene-
yne (61) and naphthalene, and it is possible that thé
naphthalene arises from an intermediate diene - diyne
(62); while treatment with butyl lithium gives a dark red
colour, which may also be due to a [10]-ammulene derivative.
The mono-trans form (4) of [10l}-annulene has been

81

suggested by Masamune and co-workers as an intermediate

in the thermolysis of the bicyclotetraene (63) to trans -
9,10~dihydronaphthalene (64), and a similar fluorochloro-
[10]-annulene (65) has been suggested by Schrdder and

82

Martini~“ to be involved in the pyrolysis of the fluoro-



chlorotetraene (66) to the l-halogeno-naphthalene (67).
In both of these examples, the mono-trans-[10]-annulene
(4) is the form predicted by the Woodward—-Hof fmann

83

rules, assuming a concerted rearrangement of the bicyclo-
tetraenes (63) and (66).

In 1967; van Tamelen and Burkoth84 produced good
evidence for the existence of [10]-annulene itself
[either configuration (2) or (3) being predicted by the
Woodward~Hoffmann rules] in the low temperature photolysis
of trans-9,10-dihydronaphthalene (64). After photolysis
at -190°, cis-9,10-dihydronaphthalene (68) could be
detected only after allowing the product to warm to room
temperature. Direct diimide reduction of the photolysis
product at as low a temperature as possible, gave a 40%
yield of cyclodecane, indicating the monocyclic nature
of the initial photolysis product.

In 1969, however, Masamune and SeidnerS? also

produced evidence for the production of [10]-annulene in



low temperature phoiolysis reactions, but were completely
unable to reproduce the results of van Tamelen and Burkoth.
Magamune and Seidner found that only the cis form (68) of
9,10-dihydronaphthalene (which had been stated by van
Tamelen and Burkoth to show no promise as a precursor of
[lO]-annulene) produced [10]-annulene in low tenperature
photolysis, and that [10]-annulene was produced in reason-—
able yield only at temperatures of:—70° to ;500 under the
conditions used. In addition they found diimide to be

a rather ineffe§£ive reducing agent at low temperatures,

The Woodward-Hoffmann ruless3

predict that a concerted
opening of cis-9,10-dihydronaphthalene wi}l produce the
mono-trans-[10]-annulene (4), and Masamune and Seidner
have observed a temperature dependent signal, centred at
T = 4+16 (~400),in the low temperature nuclear magnetic
resonance spectrum of the photolysis product which they

attribute to (4). In addition, a sharp temperature

independent singlet at T = 4-34 is attributed to the all-



cis form (3), formed from (4) photolytically. Thesec

T values, in additicn to the thermal instability of the
[10]-annulenes produced, are strong evidence for the non-
planarity and lack of aromatic stability of these forms
of [10]-annulene. Hydrogenation at -70° ovér a rhodium
catalyst gave cyclodecane in a yield of 80% based on the
calculated amount of [10]-annulene.

Thus although good evidence is available for the
existence of polyene-like [10]-annulenes, the situation
is somevhat confused by the lack of agreement between the
two groups of workers.

In addition to the all-cis cyclononatetraenyl
anion (57) mentioned above, other 10 T electron aromatic
anions have been obtained, The cyclo-octatetraenyl
dianion (69) has been lmown since 1960, when it was

86

synthesised by Xatz, and more fecently an analogous

heterocyclic dianion (70) derived from the azocine system

(71) has been characterised by Paquette and co-workers.87



The chemical shifts of the protons in these anions are
close to those to be expected from the competing deshield-
ing effect of the aromatic diamagnetic ring current, and
the shielding effect arising from the negative charge on
the ring, = In the pentalene dianion (72), the extent of
the agreement depends on the method used to calculate

the charge densities on the various atoms, but the di-

88 The nonohomocyclo-

anion does appear to be aromatic.
octatetraenyl dianion (73) also seems to show an appreciable
ring current.89 Very recently the trans, cis, cis, .

cis—~ form of the cyclononatetraenyl anion has been synthes-—

ised.90

The nmethod used was essentially identical fo
that used by Katz and Garrat in the synthesis of the all-
cis anion (57) except that the reaction temperature was
lowered to -40°. Preatment of (74) with potassiun in
tétrahydrofuran at =400 gives the mono~trans anion (76)
[contaminated with only about 4% of the all-cis anion (57)],

presumably by the conrotatory, orbital symmetry allowed,83



opening of the cyclopropyl anion in the intermediate (75).
The nuclear magnetic resonance spectrum of the mono-trans
anion (76) shows a doublet centred at T = 273 (2 H) and
absorption at T = 30 -~ 3-6 (6 H), corresponding to the
outer protons, and a triplet centred at © = 1352 (1 H)
corresponding to the inner proton, whereas the all-cis
form (57) shows only a singlet at T = 2:87. The mono-
trans anion (76) can be kept for days at -40° in a

closed vessel but is converted to the all-cis form at
roon temperature.

The dipolar structure (77) related to the cyclo-
nonatetraenyl aﬁion can be considered aé é form contribut-
ing to the stability of the recently synthesised 10,10-
bis(dimethylamino)nonafulvene (78).91 Spectroscopic
evidence suggests that temperature and solvent dependent
cbnformational equilibria are set up; and the all-cis
representation (78) is ﬁherefore afbitrary. The syn-

thesis of diazocyclononatetraene (79), in which the ionic



form (80) might be expected to play a large part, has
been claimed, but the compound has not been obtained in
a pure state, and the evidence for its structure is based
mainly on infra-red spectroscopy.92
Two neutral, heterocyclic, 10 i electron systems
homologous with furan and N-carbethoxypyrrole have
recently been synthesised, N-carbethoxyl-l-azacyclo-
nona-2,4,6,8-tetraene (N-carbethoxyazonin) (81),9'j and
l-oxacyclonona~2,4,6,8-tetraene (oxonin) (82)94 were
obtained from the photolysis at 0° of the corresponding
cyclo-octatetraene derivatives (83) and (84) using
benzophenone as sensitizer, the products being separated
'by low temperature chromatography. As predicted by
orbital symmetry considerations,83’95 the all-cis forms
are obtained, Both (81) and (82) are non-planar and
polyenic in character, as evidenced By their nuclear
magnetic resonance spectra, and by their fairly rapid

rearrangenment to (85) and (86) respectively at room



temperature. In both cases, the products of thermal
rearrangenent have the cis configuration, in agreement

0 .. CO] ] 83’95 1 : -+
with orbital symmetry considerations, the assignment
of the trans configuration (87) in the original descriph-

ion94a of the oxonin synthesis being a result of inconsist-

94b

encies in the published literature. It thus appear:s
that in both of these 10T electron systems (81) and (82)
that the resonance energy which results from delocalisation
of the T electrons in a planar arrangement is not sufficient
to overcome the angle strain involved. Both (81l) and (82),
in fact, appear to be similar to the all-cis cyclonona-
tetraene system (88) which has recently been synthesised

'indepqndently by four groups of workersg6

by the careful
protonation at low temperatures of the all-cis cyclonona-
tetraenyl anion (57), This cyclononatetraene also under-—
-goes a fairly rapid thermal rearrangement at room temper-

ature resulting in cis-8,9-dihydroindene (89), The lack

of aromaticity of the oxonin and azonin systens is not



particularly surprising, in view of the rather low
resonance energy of the homologous furan and pyrrole

systems.97

The greater 'aromaticity' of thiophen
suggests that the analogous 10 n electron sulphur compound
thionin (90) should be more promising as a potentially
aromatic system, but the properties of the system will
again depend on the balance between angle strain and
resonance stabilisation, The thionin derivative, 4,5:
6,7-dibenzothionin (91) has been synthesised, as has 4,5:
6,7 dibenzoxonin (92), and these compounds have also been
shown to exist in buckled non-planar configurations.98
If remains possible, however, that thionin itself will be
an aromatic system, as benzannelation will almost certainly
decrease the likelihood of m electron delocalisation in

the 9-membered ring,‘since some of the contributing

structures would involve disruption of the extremely

stable benzenoid sextet,



Benzannelation has In fact been uscd widely in the
synthesis of annulenes, despite the fact that the annelated
annulene produced is a rather poor model for the parent
systen. It has the advantage that the overall stability
of the system is generally increased and the synthesis
gimplified. In addition‘the properties oOf these ammelatad
annulenes, such as their spectra, conformational properties
and transannular interactions are themselves of greét
interest. Benzannelation was used in the synthesis of the

99

first macrocyclic annulene derivatives, and in recent

years a number of very interesting benzannelated and naphth-
annelated [10]-annulenes, and also a related system contain-
iﬁg an ll-membered ring, have been.synthesised.

The mono-trans-tribenzo-[10]-annulene (93) has been
100

synthesised by Grohmann and Sondheimer in 15% yield by

a Wittig reaction™®l between the di-ylid (94) and o-phthal-
aldehyde (95). Although spectrzl evidence indicates that

the 10-membered ring is not a planar delocalised systemn,



(93) is reasonably stable, probably beeause the symmetry
allowed,83 disrotatory thermal rearrangement would lead

to the o-xylylene derivative (96) in vhich one of the
benzenoid sextets has been disrupted, Heating of (93%) at
190° for 5 minutes, however, produces é,lo-dihydro—l,2:3,4~
dibenzanthracene (97), probably via (96) as an intermediate.
A recent attempt by Bindra and Elix to synthesise the hetero-
cyclic compound (98) analogous to (93) gave only compounds

of the type (99).10?

The Wittig reaction between a di-ylid and a dialde-
hyde has been used in the synthesis of a number of other
mediunm sized unsaturated rings. Among these has been the
synthesis by Bindra, Elix gnd Sargent of the di-trans-dibenzo-
furo~[10]-annulene (2000292  As in the case of [14]-annul-
ene,loc' the internal hydrogen interactions result in the
existence of two isomers (100a) and (100b), These iso-
mers are separable, and the less stable is converted to

the more stable on standing. The dibenzofuro-[10]-



- 3 -

annulene (10C), however, should perhaps not be regarded as
a true anneiated [10]-annulene because of the low bond
order of the bridging C-C bond in the furan ring. This
low bond order may also account for the rea50nahb stability,
and the fragmentation rather than transannular rearrange-
ment of (100) at high temperatures, as an electrocyclic
reaction is unlikely if one of the 'double! bonds involved
has very little double bond character. ‘On prolonged
refluxing with dimethyl fumarate in benzene, the dibenzo-
furo-[10]-annulene (100) undergoes a Diels Alder reaction
to give the authentic di-trans-dibenzo-[10)-annulene

(101) ,103

annelated by only two aromatic nuclei. Only
one isomer of (101) could be isolated. In the case of
(101), concerted ?earrangement is possible, and after two
weeks at 0°, 50% conversion to (103) had taken place,
probably via the intermediate (102) expected on ofbital

symmetry grounds, followed by auto-oxidation to (103).

In both (100) and (101), the nuclear magnetic resonance
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spectrun indicates the olefinic nature and lack of planarity
of the system. |
A dinaphth-[10]-annulene has been obtained by
Mitchell and Sondheimer, though in only 2% yield, again
by a Wittig reaction, and probably exists in the non-
planar, di-cis configuration (104).104 This compound is
reasonably stable at -15° but at room temperature or above
undergoes transannular isomerisation to dihydrozethrene
(105) which is then oxidised in the presence of air to
zethrene (106), both of these compounds being isolable
under suitable conditions, It is noteworthy that no
Kekule forms of (104), which involve a fully conjugated
10-membered ring, can be drawn, The related compound (107),
containing an ll-membered ring, has also been synthesised
by a Wittig reaction, in a yield of 58%, and has been found
40 have the mono-trans configuration.105
The dihydropyrene valence isomers (39), (40a) and

(40b) discussed earlier can also be regarded as benzannelated



[10]-annulenes although, as in the case of the dinaphth-
[10]-annulene (104),Ano Kekuld structures involving a fully
conjugated 1lO-membered ring can be drawn, Once again,
there is no evidence that these compounds contain a 

delocalised [10]-annulene system.
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DIS SCUSSION

1,6-Didehydro-[10]~annulene (108), Tirst discussed

theoretically by Sworski32

in 1948, represents a further
example of a planar, delocalised 10 m-electron system.
Sworski considered this compound in terms of resonance
hybrids involving the two structures (109) and (110),
without any reference to the Huckel (4n + 2) rule,5 but
it is clear that (108) is a [10]-annulene derivative
analogous to the very stable 1,8-didehydro-[14]-annulene
(lO)33 described by Sondheimer and co-workers in 1962, and
to the more recently synthesised and less stable tetra-
methyltetradehydro-[18]-annulene (13).34 Like all the
dehydroannulenes, 1,6-didehydro-[10]-annulene (108) has
the advantage over the parent annulene that unfavourable
internal hydrogen interactions are greatly reduced, in
this case being completely eliminated, and like (10) ana

(13), it has normal bond angles. In addition the known

aromaticity of (10) and (13), and in particular the great



stebility of (10), provide further inpetus to the search
for the ten membered ring homologue, 1,6-didehydro-[10]-
annulene (108). In contrast to (10) and (13), however,
(108) may well be destabilised by interference between
the 'in plane' T~electrons, as a result of the proximity
of the triple bonds. At the start of this project,
neither 1,6-didehydro-[10]-annulene (108) nor any deriv—
atives had been synthesised and it was decided to attempt
initially the synthesis of the dibenzo-diol (111), which
might then be capable of oxidation to the 'quinone' type
compound (112) or possibly of dehydroxylation to the
1,6-didehydro-[10]-annulene derivative (113). The proper-
ties of these systems, in particular relating to possible
transannular reactions arising from the proximity of the
triple bonds, would obviously be of interest.

Various examples existed in tﬁe literature at the
start of this project of cyclic compounds with closely

juxtaposed triple bonds, but the extent of the resuliing



destabilisation appeared to vary considerably. For

example, cyclotetradeca—l,3,8,1O—tetrayne}06 which exists

in the chair form (114), is less stable than analogous open
chain compounds and analogous cyclic compounds (115) contain-—
ing a larger number of methylene groups, and decomposes
explosively at about 115°. The transannular interaction
between the triple bonds also has a marked effect on the
ultraviolet spectrum which exhibits a bathochromic shiff
similar to that observed in the lower members of the
paracyclophane series (116).107 1,6-Dioxacyclodeca~
3,8-diyne (117)108 decomposes rather rapidly before its
melting point of 170—1720, but the corresponding dithia
compound (118)109 is considerably more stable (possibly
because of the greatér size of sulphur as compared to
oxygen), melting at 200° (with decomposition) and being
sublimable at 100° at é pressure of 0-l mn, Also known

at the start of this project was the dark green azulene

homologue (119).110 Although (119) exhibits an apparently



'aromatic' nuclear magnetic resonance spectrum, and is
reversibly extracted from organic solvents by strong acigs,
possibly by formation of the delocalised cation (120), it

is an extremely unstable substance in the solid state.
During the course of this work, continuing interest has
been shown in the interaction of triple bonds in both cyélic
and acyclic systems by various groups of workers and the
synthesis of some compounds related to 1,6-didehydro-[10]-
annulene (108) has been described,

Among recent work in this field has been the

111,112

attempted synthesis of a dinaphthannelated deriva-

tive (121) of 1,6-didehydro-[10]-annulene (108). It has

111

been found by Staab, Nissen and Ipaktschi that the

Castro--typell3 coupling reaction of the éuprous derivative
(122) of l-ethynyl-8-iodonaphthalene in refluxing pyridine
gives a 50% yield of zethrene (106). It is probable that
the diyne (121) is the initially formed product but that

it rapidly undergoes transannular isomerization to zethrene,



An alternative approach using 1,8-diiocdonaphthalene (123%)
and the bis-cuprous derivative (124) of 1,8-diethynyl-
naphthalene gives only a trace of zethrene.lll’112
Evidence that the diyne (121), if formed, would be an
extrenely unstable compound, is available from work on
other 1,8-diacetylenic naphthalenes. Oxidative coupling
of 1,8-diethynylnaphthalene (125), which itself undergoes
transannular reactions,lll gives a very low yield of the
teyelic dimer' (126), a dinaphthannelated tetradehydro-
[14]—annu1ene,ll4 Compound (126) is extremely unstable,
and all attempts to obtain it in thé solid state, or even
in concentrated solution, resulted in its decomposition,
The main evidence for its structure was derived from the
ultraviolet spectrum, the lack of terminal acetylene units,
and from its hydrogenation products (127), (128) and (129).
The chemistry of acyclic 1l,8-diacetylenic naphthal-
enes, in particular 1,8-bis(phenylethynyl)naphthalene (130),

has been extensively investigated by several groups of



115,116

workers. 117 Interaction between the triple bonds

occurs readily, compound (130), for example, being converted
to T-phenylbenzo[k]fluoranthene (131) in high yield by
either thermal oOr photochenical means, Although interaction

between triple bonds is known in other situations, for
Y

example, in o -bis(phenylethynyl)benzcne (132)117’118’119

3)’117,120,121

and in 2,2'-diacetylenic biphenyls (13 only

in the 1,8-diacetylenic napi:thalene derivatives are the

acetylenic units forced to be approximately parallel to one
. 122 R SN

another at such a short distance, This 'peri' inter-

action in 1,8-disubstituted naphthalenes of a wide variety

125

of types is of course well known and arises not only

from the relative geometry of the C;, Cg and Cg atonms but
also from the comparative lack of flexibility of the naph-
thalene nucleus., Two recent examples related to the di-

acetylenic compounds discussed above are those of 1,8-

distyrylnaphthalene (134) which can be converted photo-

. 12
chemically and thermally to (1%35) and (136) respectively, 4

and 1,8-bis(4'-vinylstyryl)naphthalene (137) which on



irradiation rather surprisingly gives the 17-membered ring
system (138).125

It would thus appear that the instability of the
dinaphthannelated dehydroannulenes (121) and (126) is
attributable, in part at least, to the rigid geometry of
the naphfhalene nucleus, The acetylenic unite are either
held rigidly in close proxinity or must be considerably
bent and thus strained if the distance beiween them is to
be increased. Further evidence for this is that cyclo-

tetradeca-l,3,8,10-tetrayne (114)}06

although destabilised
to some extent by the proximity of the triple bonds, is
much more stable than (126), It is thus possible that the
parent 1,6-didehydro-[10]-annulene (108), the dibenzo-diol
(111) which was the initial object of this work, and the
related compounds (112) and (113), may be more stable than
the dinaphthannelated derivative (121) on account of their

greater flexibility. An interesting recent case where

flexibility seems to confer stability is provided by the



cyclic diacetylens (139)126 svathesised by treatment of
bi(2-bromophenyl)acetylene with butyl lithium at -40°,
Compound (139) is remarkably stable, having a melting point
of 221-222°, despite the fact that with *‘normal' bond
angles, the triple bonds would approach to a distance of
only. 2 £ from one another, The very low absorption wave-
length in the ultraviolet spectrum suggests that this
unfavourable interaction is partly relieved by twisting
of the aromatic rings.,

As was discussed above, the initial object of this
work was the synthesis of the dibenzo-diol (111) and the
study of its conversion to the ‘quinone' type compound
(112) and possibly to (113). A simple route to (111)
appeared to be thevintermolecular Castro-type couplinglr5
of the cuprous derivative (141) of l~(0fiodophenyl)-2—
propyne-l-ol (140), which seemed readily preparable by
the reaction oftﬁwiqdobenzaldehyde (1.42) with either acetyl-

128

127 or lithium or sodium acetylide

enemononmagnesium bromide



The readily available o-iodobenzoic acid (143) seemed

an obvious starting material for the aldehyde, but the

129°

literature method of reduction of the anilide of (143)

looked unpromising for large scale application, ihe method

130 i the nydrazide and benzene-

of HMcFadyen and Stevens
sulphonylhydrazide was therefore investigated but gave
unpromising results at the last stage. It was then decided
to investigate the synthesis of the aldehyde by reduction
of methyl é—iodobenzoate (144) to o—iodobenzyl alcohol (145)
with lithium aluminium hydride, followed by oxidation of
(145) to the aldehyde (142). This route had been used

satisfactorily-in these laboratories by CampbelllBl but

152 p1though

)131,133

was knovn not to be completely reliable,
lithium aluminium hydride reduction of the ester (144
and of the corresponding acid chloride133 had been reported
to proceed in high yield, it was found by Campbelll®? that
the yield of o-iodobenzyl alcohol from the ester was some-

times greatly reduced by the replacement of iodine by



hydrogen to give benzyl alcohol in fairly high yield. 1In
the present work, this was indecd found to be the case,
but eventuolly it was found that by cooling the ethereal
solution of the ester to ~70° and using an inverse addition
of lithium aluminium hydride that pure o—iodobenzyl alcohol
could be obtained in a yield of more than T70%.

Difficulties had also been encountered in the
oxidation of (145) to o-iodobenzaldehyde with manganese

134

dioxide in refluxing benzene, and other oxidising agents

were therefore investigated. Ceric ammoniun nitratel35
in aqueous acetic acid was found to produce a good yiela
of the crude aldehyde, but the product, which was contamin—
ated with small amounts of starting material and by-products,
proved rather difficult to purify on a large scale. The

136 yas briefly investigated but

use of nickel peroxide
the product was again found to be contaminated with starting

material. Eventually manganese dioxide was found to be

satisfactory, giving yields of over 80% of essentially pure



0 -iodobenzaldehyde, but the optinmunm conditions for the
reaction were found to vary considerably with the batch
of manganese dioxide used.

For the synthesis of 1l-{0-iodophenyl)-2-propyn-l-ol

(140), the use of the alkali metal derivativesl28 of

acetylene in liquid ammonia was first investigated, on
account of their greater ease of manipulation., It was
found, however, that even using a large excess of the
acetylide, complete conversion to the acetylenic carbinol
could not be achieved. Essentially pure material could
be obtained, however, by recycling the crude product

twice more with sodium acetylide. A trial run using benz-
aldehyde and a similar excesé of sodium acetylide gave

the expected phenylethynylcarbinol (146) in high yield
and free from starting material; This appérent difference
in reactivity may be due to the steric effect of the ortho
iodine substituent, or possibly to the formation of the

aldehyde ammonia (147) stabilised by hydrogen bonding.



The reaction of o-iodobenrzaldenyde wilth aceitylenemono—

magnesiun bromide,127

hoviever, was found to proceed very
satisfactorily, giving high yields of the required
alcohol (140).

While these reactions were being carried out, it
was decided to investigate the coupling reaction of the
cuprous derivative (148) of phenylethynylcerbinol (146)
with iodobenzene as a model for later work using the
corresponding ortho iodo conpcund (140), since Castro;
type coupling reactions had not previously been carried
out using this type of benzylic, acetylenic alcohol, This
coupling reaction, which was independently reported in

1963 by Castro and Stephens,113

and by Sladkov, Ukhin and
Korshak,137 involves basically the reaction of an aryl
iodide with the cuprous derivative of a monosubstituted
acetylene to give a disubstituted acetylene as shown below.

R-C=CCu + I-Ar -—> R-C=C-Ar.

Shortly afterwards its application to the introduction of



acetylenic units into the thiophon and furan systeme was

. , 17%¢ ) .
described by Curtis and co—‘-.-.v'orke:c*s.“BC3 The reaction has

since been widely used both in the synthesis of acyclic
compounds, such as the bis(phenylethynyl) derivatives of
benzene, naphthalene and biphenyl described above, and in
the synthesis and attempted synthesis of cyclic coumpounds
(see above, and also Section II).

The analogous reaction of cuprous acetylides with

139 139,140

vinyl iocdides and polyfluorylalkyl halides has

also been described and occurs under similar conditions.

At higher temperatures the reaction of cuprous acetylides

141

with benzylic halides can be brought about, and allylic

halides also react under various conditions.137’l4l’l42
The extension of the coupling reaction to the synthesis
of monosubstituted acetylenes bj the use of an easily
removable substituent attached to the acetylene unit has

143,144

also been described. When aryl iodides bearing

an ortho nucleophilic substituent are used, cyclisation



113,145,146

generally takes place, o-iodophenol (149),

for example, giving tha substituted benzofuran (150),

+ CuC=C-R e
OH : MO
149 150
The reaction of phenacyl brocmides (lBl)withcuprouf;acetylides

can also be brought aboul and results in cyclisation to

substituted furans (152).14%

Ph-C-CH,Br + CuC=C-R —¥ Ph—ﬂ-—R
4 O

151 152
In cases where cyclisation is possible, the precise course
of the reaction depends to some extent on the solvent, and
a very'recent paper by Castro and co—-workers147 describes
some rather anomalous results, including a wide variation
in the course of the reaction depending on the solwvent and
on. whether homogeneous or heterogenecous conditions are

employed. Some new examples of the reaction where the aryl



iodide carries an ortho éubstituent hawve been investigated

in the course of this worl:, The coupling reaction has been
used widely with di-iodo compounds to give diacetylenes,

but the reaction of the bis-cuprous derivative (124) of
1,8-diethynylnaphthalene gave only a trace of l;8—bis(phenyl~
ethynyl)naphthalene (1%0), possibly bescause of the insolu-
bility of the bis~cuprous derivative in the solvent

112

pyridine. A short review of the Castro coupling

reaction and related reactions of acetylenic and halogen
compounds has appeared.l48
The Castro reaction is normally carried out using pre-
formed cuprous acetylides in refluxing pyridine, and under a
nitrogen atmosphere to prevent oxidative couplingl49 of the
cuprous acetylide to a diacetylene, Other solvents have
also been used sa‘cisfac’corily,ll3 but dimethylformamide has
been found by Castro and co-workers to be more Ffavourable
145,147

to cyclisation in some cases where this is possible.

Mitchell112 has found the lowest temperature at which the



reaction between cuprous phenylacetylide and iodobenzmene
proceeds satisfactorily to be about 85°. In the case of
1,8-diiodonaphthalene (123), however, the reaction with
cuprous phenylacetylide has been found by Schechter and cc-

workers116

to proceed at room temperature to give a high
yield of 1,8-bis(phenylethynyl)naphthalene (130). It is
interesting that when a similar reaction between cuprous
phenylacetylide and l,S;diiodonaphthalene was attemptedll6

at room temperature, not dnly did no Castro;type coupling
take place, but a large amount of oxidative coupling to di-
phenyldiacetylene occurred despite stringent measures taken to
exclude oxygen.

Although phenylethynylcarbinol (146) had not previously
been used as the acetylenic component in the Castro reaction,
a¢etylenes carrying a wide variety of functional groups had
been used successfully, particularly by Curtis and co-

workers,158 and it was expected that (146) would behave

similarly. The cuprous salt (148) was therefore prepared



150 151

from ammoniacal cuprous chloride in the usual way,
end appeared to be reasonadbly stable in the solid state,
the alcohol. (146) being recovered almost pure by hydrolysis
of a sample of the cuprous salt which had been allowved to
stand for 3 months. On attempted reaction with iodoben-
zene in refluxingkpyridine, however, nonz of the expected

1,3-~diphenyl—-2-propyn-l—cl (153)152

L T

could be detected in
the reaction product, which consisted mainly of benzalde-
hyde and unreacted iodobenzene., Ixamination of the
behaviour of the cuprous salt (148) alone in refluxing
pyridine shoved that it underwent decomposition giving
benzaldehyde as the main product. Phenylethynylcarbinol
(146) itself could be recovered unchanged from either re-
fluxing pyridine or refluxing pyridine containing cuprous
iodide. When (146) was heated'iﬁ pyridine; however, with
an approximately equimolar amounf of cuprous phenylacetyl-
ide, no (146) could be recovered, benzaldehyde (and phenyl-

acetylene) being the main products. This latter reaction



presunably occurs by way of interchange of copper bebween
the tvwo acstylenes, resvliting in the existence of the
cuprous salt (148) of phenylethynylearbinol (146) in
solution. The failure of cuprous iodide to behave simi-
larly is not surprising as 'in situ' generation of the
cuprous derivetive in this way was found to be unsuccessful,
a mixture of phenylacetylene, lodobenzene and cuprous
iodide in pyridine failing completely to give any detect-
able quantity of diphenylacetylene after 40 hours reflux
under nitrogen. Similarly Castro and co-workers have
found145 that 'in situ! generation of cuprous acetylides
for the Castro reaction by the use of cuprous iodide and
N-ethylpiperidine in dimethylformamide is not very success-
ful except in special cases. The cuprous salt (141) of
1-(o—~iodophenyl)~2-propyn-1-ol (140) was found to behave
similarly to (1.48), giving o-iodobenzaldehyde very readily
on only brief heating in pyridine., In fact, on preparation

" of (141) by the method of Bohlmann-27 (see p, 60 ), the



combined ethanol snd ether washings of the cuprous salt
were found t» contain o-icdobenzaldehydie, as well as
unreacted (140), indicating that decomposiﬁion to the
aldehyde can occur very readily indeed, The precise reason
for this formation of aldehyde is not clear, particulerly
since the cuprous salts of propargyl alcohol and 3-phenyl--
propyne react normally,138 but is clearly connected with
the stereccheiical arrangement of the cuprous sait in
solution and its interaction with the various possible
ligands, including solvent.

Obviously the point of attack in this 'retro-Grignard'
reaction is the hydrogen of the free hydroxyl group.
Attention was therefore turned to methods of protecting the
hydroxyl funetion in phenylethynylcarbinol (146), and %o
this end the corresponding acetate (154) and tetrahydro-
pyranyl ether (155) were prepared by standard methods.

The acetate was prepared by treatment of (146) with acetic

anhydride in pyridine and the tetrahydropyranyl ether by



treatment of (145) with a small excess of dihydropyran,
using a trace of phosphorus oxychloride as Catalyst.154
The tetrahydropyranyl ether (155) appeared to undergo some
hydrolysis back to (146) on distillation and tha crude
reaction product was therefore used for preparstion of the
cuprous salt, Confirmation of the structure of (155) was
provided by hydrolysis to (146) with methanol containing
a itrace of p-toluenesulphonic acid and by acetolysi3155 to
(154) on refluxing in acetic anhydrice.

At first some difficulty was experienced in converting

the acetate (154) and tetrahydropyranyl ether (155) to

their cuprous salts (156) and (157). When the normal

151 150 wa

method involving ammoniacal cuprous chloride s

used, the cuprous salt appeared to form but very rapidly
dissolve or decompose in the aqueous ammonia medium.
Similar difficulties were described at about the same time

13%8c

by Curtis and co-workers, who found that using a method

similar to the standard one mentioned above, the cuprous
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salt of 3,3-diethoxzyuropymsz troved difficult to isolat

7
LA
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This difficulty was ovrercome by using a nodified
technique in which cuprous chloride was dissolved in
aqueous amnmonium hydroxide solution and the solution made
alkaline with sodium acetate pentahydrate. -About the
same tine, however; another method was described by
Bohlmann and co~workers,153 and in the present work, this
method was frequently used on accourt of its simplicity.
The method involves addition of a large volume of aqueous
sodium bicarbonate solution to a solution of the acetylene
and cuprous iodide in dimeth&l sulphoxide, The cuprous
salt is generally obtained in high yield, although in the
present work, cases were noticed where a large amount of
the free acetylene could be recovered., Using this method,
the cuprous salts of the acetate (154) and of the tetra-
hydroryranyl ether (155) were prepared in good yield.

The cuprous salt of the acetate (154), however,

completely failed to undergo Castro coupling with iodotenzene,
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A vigorous reaction appeared to occur when the cuprous
salt was added to warm pyridine containing iodobenzene,
and examination of the product after refluxing under
nitrogen»showed no identifiable conrpounds, The reason
for this is not clear, but again is probably connected
with the stereochemiczl arrangement of the cuprous salt
- in solution., When the cuprous salt of the tetrahydropyr-
anyl ether (155) was used, hovever, the Castrc reaction
proceeded in good yield to give 1,3-diphenyl-1-{2' ~tetra-
hydropyranyloxy)~2-propyne (158), For comparison purposes,
1,3-diphenyl-2-propyn-1-ol (153)152 was prepared by the
reaction of either sodium phenylacetylide or phenylacetyl-
ene magnesium bromide with benzaldehyde, and converted in
the usual way to the tetrahydropyranyl ether (158).

The removal of the tetrahydropyranyl protecting group
from (158) was found tb present some difficulty. Although
tetrahydfopyranyl ethefs are normally easily hydrolysed by

154

d¢ilute mineral acid, and some even by magnesium
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sulphate,156 (158) prepared by the Castro reaction was
found to survive work-up with dilute sulphuric acid without
any detectable amount of hydrolysis to the alcohol (153).
Because of this, and the failuvre of prelinminary attempts

at hydrolysis using similar aqueous acid conditions, the
frequently used method of transacetalisation with melthanol
containing a trace of p-toluenesulphonic acid was tried.
Althougir this method was succegsful with the tetrahydro-
pyranyl ether (155) of phenylethynylearbinol (146), in the
case of (158), either the methyl ether (159) or a mixture
of (159) and the desired l,‘r3—diphenyl—2—propyn—l-ol (153)
was obtained. Treatment with methanol containing aqueous
hydrochloric acid similarly gave a mixture of the methyl
ether (159) and the alcohol (153), and treatment with
ethanol containing a trace of p-toluenesulphonic acid also
gave a second producf, presumably the ethyl ether, as well
as the alcohol (153). The methyl ether (159) probably

results from initial cleavage of the tetrahydropyranyl
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ether to the alcohol (15%), in accordance with the generally
accepted meohanisml57 for acetal hydrolysis, involving
carbonyl carbon-oxygen cleavage, followed by methanolysis
of (153) to the methyl ether., This is further suggested
by the fact that treatment of the alcohol (153) itself with
either methanol containing a trace of p;toluenesulphonic
acid, or methanol and aqueous hydrochloric acid, gave a
mixture of alcohol (15%) and methyl ether (159). It was
then fortunately found that treatment of the tetrahydro-

158 1ed

pyranyl ether (158) directly with Jones reagent,
by hydrolysis end oxidation to l,3—diphenyl—2;pr0pyn—l~one
(160)159 in good yield. The use of acetone and aqueous
sulphuric acid (i.e., Jones conditions but without chromiun
trioxide) gave hydrolysis to the alcohol (153) in good
yield, but a little tetrahydropyrényl ether remained even
after prolonged treatment.

Partly because of the unexpected difficulties

encountered in hydrolysis of the tetrahydropyranyl ether
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(158), the use of the cuprous salt (162) of phrenyl ethynyl
ketone (161) was also investimated. Phenyl ethynyl
k:e’cone158 (161), prepared from phenyl ethynyl carbinol
(146) by Jones oxidation,l58 was converted to its red
cuprous salt (162) by the method of BohlmannlS3 in
excellent yield, Rather surprisingly, since the free
ketone (161) decomposes rapidly in pyridine; the cuprous
salt (162) reacted smoothly with iodobeﬁzene in refluxing
pyridine to give 1,3-diphenyl-Z-propyn-l-one (160),159
identical to a sample prepared by Jones oxidation of the
alcohol (153). Thus the formation of the cuprous salt
effectively protects (161) from attack by pyridine, in
addition to enabling it to undergo Castro-type coupling
with iodobenzene.

Two satisfactory models wgre thus now availabtle for
application to the projected synthesis of the ten membered
ring cyclic compounds (}ll) and (112), and l-(o-iodophenyl)-

2-propyn-1-ol (140) was therefore converted to its tetra-
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hydropyrunyl ether (163) in the usual way, and to l-(o-iocdo-
phenyl)-2~propyn-l-one (1L64) by Jones oxidation. The
n.m,r, spectrun of (163) showed clearly the presence of
the expected two diéstereoisomers [as did the spectra of
the tetrahydropyranyl ethers (158) and (165)]. Separation
of the diastereoisomers of (163) was achieved by prepara-
tive thin layer chromatography and the n,nm,r, spectrum of
ezch was examined., The chemical shift differences were
generally small (i>0'5 7) except in the case éf thé 02 anc
06 protons of the tetrahydropyranyl ring. In the less
polar isomer, the 02 proton/appeared at v = 4+76 as a
broadened triplet, and the two 06 protons as a multiplet

at T =-5.9-6.67, In the more polar isomer the C, proton
was at © = 5-32 (broadened triplet) and the C, protons
appeared as séparate multiplets at‘t = 5:7-6+2 and © = 6+2-
6:67. The mixture of isomers was generally used for
further reactions.

The cuprous salt of l-(o-iodophenyl)-2-propyn-l-one
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(164) was prepured in good yield by the methed of

153 . . o o .
Bohlnann, and appeared from hydrolysis results to be
reasonably stable in the solid state. On attenpted inter-

molecvlar Castro-type coupling in refluxing pyridine,

entirely of tarry, polsr material. The u.v, spectrun
showed no characteristic peaks and the i,r, spectrum
showed rather broad carbonyl absorption at 1705 cm-l. The
few extremely faint spots observed on t.l.c, were no
stronger than the very minor spots observed with completely
successful reactions of this type. It was then found that
even after 20 minutes at rocm temperature, a stirred mix-
ture of the cuprous salt of (164) in pyridine under
nitrogen had turned dark, and that after work-up under
either acid or neutral conditions, no starting ketone (164)
could be recovered, The product was again a tarry

material similar to that described above. The use of

dimethyl sulphoxide as solvent, at an intermediate
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temperature (85°), gave very sinilar results., The
failure of this reaction is again difficult to rationalise,
but may be connected with the proximity of the interacting

4o

copper and iodine atoms to the carbonyl group of the
ketone.

The preparation of the cuprous salt of the tetra-
hydropyranyl ether (163) was now carried out, again by
the method of Bohlménn.153 It was found that conversion
to the cuprous salt was rather low, the free tetrshydro-
pyranyl ether being recovered in yields of 50;60% and the
cuprous salt being contaminated with precipitated cuprous
iodide, Hydrolysis of the cuprcus salt back to the free
tetrahydropyranyl ether indicated that it was about 50%
pure, but since the contaminant, cuprous iodide, is‘
produced under coupling conditiOns, the cuprous salt
obtained in this way could be used for the Castro reaction

without any difficulties. The i.r, spectrum of the

cuprous salt was practically identical to that of the free



tefrahydropyranyl ether, apart from the lack of terminal
acetylenic absorption, but the position of the triple
bond stretching frequencyléo could not be definitely
observed.

The Castro-type coupling of the cuprous salt of the
tetrahydropyranyl ether (163) was now investigated in the
hope of obtaining the di-tetrahydropyrenyl derivative (166)
of the dibenzo-iiol (111). It was found that the reaction
product was complex, thin layer chromatography (t.l.c.)
showing at least six spots and considerable streaking.

Phe ultraviolet (u.v.) spectrum, however, showed a sharp
peak at 274 mp of intensity almost equal to the rather
broader absorption at 230 mp. | Attempted isolation by
preparative t.,l.c. of the substance responsible for this
ultraviolet absorption failed, although very small amounts
of material showing absorption in the same region were
recovered. The infra;reé (i.r.) spectrum of the crude

product was not examined after every run, the crude product
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being treated directly in some cases with verious resgents
in preliminzry attempts to convert the tetrahydropyranyl
ether functional group to a more stable group. In those
cases examined, the i,r, spectra were not identical, in one
caze (dilute acid work up) some free acetylene and consider-
able tetrahydropyranyl ether absorption being present, but
in another (neutral work up) strong absorption at 1720 cm-:L
5eing observed.

Among the observations made on treatment of the crude
product with various reagents was that treatment with

158 gave more than negligible amounts of

Jones reagent
acetylenic ketone (easily identified from the very strong
vCEC band in the i.r, spectrum) only when some free acetyl-
enic material was obser&ed in the crude coupling product.
This does not prove the absence of the cyclic diyne (166)
which might weli rearrange on greatment with Jones reagent,

but it suggests that very little coupling to cyclic pro-

ducts derived from three or more molecules of (163) had



taken place, as these products would almost certainly give
some acetylenic kevonz, Sume absorption at ~~ 1800 and
1720 cm—l was noted, Treatnent of the crude product with
methanol containing a trace of p-~toluenesulphonic acid
gave a product which again snowed sharp u.v, absorption st
274 mp and which showed hydroxyl but no tetrahydropyranyl
ether.absorption in the i.r, spectrum, indicating that
hydrolysis had probably taken place successfully.

Material with this u.v. absorption (and other material
absorbing strongly in the same region) could be recovered
after preparative t.l.c,, but the.substances thus isolated
seemed to be mixtures by t.l.c,

If the cyclic diyne (165) had been formed, it might
possibly have undergone rearrangement similar to that
observed in the related cases;ll’llz’ll4~ll7 discussed
earlier (p. 43-45), and the use of lower reaction temper-

atures in an attempt to prevent this was therefore examined

briefly, When the reaction was carried out at room
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temperature, oxidative couplingl49 to (167) appeared 1o
take place, the ether soluble product having i,r, and t.l.c.
propertics practically jdentical to those of a sample of
(167) prepared by treatment of (163) with cupric acetate
in pyridine and methanol.l6l When the reaction was
carried out at 85°, the product was less complex than that
obtained at reflux temperature. T,l.c, suggested, however,
that some of the product was again derived from oxidative
coupling. The u.v, spectrun showed some absorption at
ca. 275 mp and the i.r, spectrum showed strong tetrahydro-
pyranyl.ether type absorption.

Although a detailed investigation of the course of
this coupling reaction, including particularly the effect
of lowering the temperature, and the use of high dilution
techniques and better methods of separation; would
obviously have been of interest, lack of time precluded
further work on this approach. Concurrently with the work

described above, however, an alternative approach via the
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half-cyclised counpound (168) was investigated; intra-
molecular Castro couvnling of +the cuprous salt of the
di(tetrahydropyranyl ether) (168) might be expected to be
) better nethod of obtaining the cyclic diyne (166) than
intermolecular coupling of the cuprous salt of (163),
since side reactions and polymerisation should be less
likely, particuvlarly under high dilution conditions.

The fact that the cuprous salt of (16%), unlike that
of the ketone (164), appeared to be reasonably stable in
pyridine suggested that if it were treated with an excess
of an aromatic iodide, self-coupling of the cuprous salt
should be suppressed, and normal coupling between the
cuprous salt and the iodide should take place, Thus if
the cuprous salt of (163) were treated with an excess of
the frée tetrahydropyranyl etber (163), the halffcyclised
compound (168) should be obtained. To test this hypothesis,
the cuprous salt of (163) was first treated in refluxing

pyridine with the more readily available o-iodobenzeldehyde



(which had been shown to rezch norpally with cuprous
phenylacetylide, see p, 78 ). The rcaction product Showed
only cne major spot on t.l.c, in addition to unreacted
o-iodobenzaldehyde. This product was isolated by
preparative t.l.c. in about 46% yield (from the cuprous
salt) and was shown by i.r,, nuclear magnetic resonance
(n.m,r.) and mass spectronetry to be the aldehyde-tetra-
hydropyranyl ether (165). The reaction between the
tetrahydropyranyl ether (163) and the cuprous salt of (163)
was then carried out in the same way and gave only one
major product, which was isolated by preparative t.l.c.

in about 35% yield, The i.r., n.m.r,, and u.v, spectra of
this product strongly suggested that it was in fact the
desired di(tétrahydropyranyl ether) (168). Attempted
distillation of this wviscous oily product resulted in its
decomposition, however, and a mass spectrum could not be
obtained from the crude material, but its structure was

proved by conversion to the dione (169) with Jones reagent.



The dione (169) was a yellow cryaztalline solid whose
structure was supported by i.r., u.v., n.n.r,, and mass

spectroscopic evidence., The i.r, spectruml62

of (169)

was particularly interesting, the vC=C absorption of the
two triple bonds appearing at 2230 em™ T (disubstituted)
and 2120 cm~l(monosubstituted),and to carbonyl peslis being
observed at 1655 and 1630 e, The cuprous salt of the
di(tetrahydropyranyl ether) (168) ﬁas prepared and
subjected to a preliminary intr.molecular Castro-type
coupling reaction in pyridine, The product, after removal
of the pyridine by zazeotroping with benzene, was again a
rather complex mixture by t.l.c. but the u.v, spectrum
showed a strong sharp peak at 274 mp, and was essentially
identical to the spectrum of the product of intermolecular
coupling of the cuprous salt of (163). It thus appears
that the cuprous salé of (168) is indeed formed as an

intermediate in the intermolecular Castro coupling

reaction of the cuprous salt of (163). Lack of time,



however, prevented further investigation of the behaviour
of the cuprous salts of (163) and (168).

Although no definite characterisation of the products
of these coupling reactions was achisved, some conclusions
cén be drawvn from the data awvailable. The cunrous salt
of (163) appears to give the cuprous salt of (168) which
then undergoes further reaction, possibly normal Castro
coupling, to giwe a final product with the strong u.v,
absorp;ion observed. This u.v, absorption cannot be
adcounted for by unstrained open chain or macrocyclic
coupled products, and although the proximity of the triple
bonds in the cyclic diyne (166) might result in a shift to
longer wavelength, it is unlikely that (166) could give
rise to a peak of such intensity, . Assuming the compound
responsible for this spectrum to be the diyne (166) or a
derived compound of similar molecular weight, and that it

constituted 2ll of the reaction product, an approximate

extinetion coefficient (e) of 5,000 was calculated. Since



it is unlikely that tﬁe compound responsible is present to
a very large extent in the complex reaction product, the
true € value must be considerably greater thaa 5,000, an

e value which is very unlikely for the diyme (166). It
seems more likely that the compound responsible is an
aromatic compound derived from transannular cyclisation of

(166). Considering only the formation of six-membered

rings, although other transannular cyclisations are possible,

the initial products could be the diradicals (170) and (171)
which might then rearrange and/or pick up hydrogen to give
polycyclic compounds such as (172) to (177). Of these

the tetracene derivative (174) must be ruled out from the
lack of u.v, absorption in the 400 mp region,l63 and the
dihydro compounds (172) and (175) would probably not give
rise to such strong absorption. From comparison with
known compounds,163 £he chrysene derivative (177) seems the
most likely of the remaining structures, but the spectrum

obtained is not totally characteristic of a substituted

|
i
)



chrysene, and for this reason, in addition to the quali-
fications mentioned above, the assignment of structure
(177) to the compound responsible for this u,v, spectrum
must obviously remain very tentative. It seems not
unlikely, however, despite the lack of definite evidence,
that the cyclic diyne (166) is formed and that it then
undergoes rearrangemsnt to some polycyeclic aromatic
compound or compounds.

Towards the end of this work directed towards the
synthesis of the diyne (166), the synthesis of the related
compound (178) was described by Whitlock and Reed.lwr
The diol (178) was obtained by treatment of 2,2ldiformyl-
diphenylacetylene (180) with acetylenedimagnesium bromide,
and was characterised chiefly as its diacebate (179).

The diacetate (179) appears to be a reasonably stable
conpound, although a‘mass spectrum could not be obtained.

However, the conditions under which the diol (178) was

synthesised (in tetrahydrofuran at -5°) were much milder



than those required for the Castro recaction, and it is
possible that (166) and the corresponding diol (111)
might also be reasonably stable at room temperature, It
is interesting that the u.v. spectrum of (178) is similar
to that of a normal diphenylacetylene, but with less fine
structure, Among the observations made by Whitlock and
Reed was that on solvolysis in acetic acid containing
sulphuriec acid, the diacetate (L79) gave in good yield the
polycyclic diacetate (181). They suggest, somewhat
tentatively, that the fully conjugated didehydro-[10]-
anmmulene derivative (182) is an intermediate in this
solvolysis.

During the course of this work, a number of model
Castro-type coupling reactions were carried out using
iodobenzenes carrying ortho substituents,. It was found
that o—iodobenzaldeh&de (142) and methyl o;iodobenzoate
(144) reacted normallj with cuprous phenylacetylide to

give the substituted tolanes (183) and (184) respectively,
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and that (144) alsoe reacted normally with the cuprous
salt (162) of phenyl ethynyl ketone to give the acetyl-
enic keto-ezter (186). 2-Hydroxymethyldiphenylacetylene
(185) was also prepared from o-iodobenzyl alcchol (145)
and cuprous phenylacetylide as described by Castro and

145 and converted tc the aldehyde (183) by

co-workers
oxidation with Jones reagent, and the structure of the
carbomethoxytolane (184) was further confirmed by
reduction to (185) with lithium aluminium hydride. Vhen
the reaction between o-iodobenzyl alcohol (145) and
cuprous phenylacetylide was worked up with dilute sulph-
‘uric acid, the product appeared from its spectral
properties to be l-benzylidenedihydroisobenzofuran (187)
which was obtained by Castro and co—workersl47 by a

neutral reaction work up when:the time of reaction was

greatly prolonged.
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EXPERTMENTAL: SNERAL TECHNIOUS

Melting points were taken on a Kofler block, and are
uncorrected; boiling points are uncorrected. Evaporations and
solvent removals were carried out under reduced pressure on a
rotary evaporator unless otherwise stated. Analytical thin
layer chromatography (t.l.c,) was carried out on plates pre-
pared with Kieselgel G (Merck Chemical Co,) except where other-
wise indicated, and with Kieselgel HF254 in certain cases.
Plates were examined under u.v. light (Kieselgel HF254) and by
spraying with lodine and ceric ammonium sulphate solution.
Preparative t.l.c. was carried out with O0°5 mm., thick,

20 x 20 mm, plates of Kieselgel G or HF254.

Infrared (i.r.) spectra were taken as liquid filns or
hujol mulls on a Unicam SP.200 gpectrophotometer and as KBr
discs on a Perkin-Elmer 257 spectrqphotoﬁeter. Ultraviolet
(u.v.) spectra were recorded on Unicam SP.800 and SP.800A
spectrophotometers. Nuclear magnetic resonance (n.m.r.)

spectra were recorded on Perkin-Elmer R10 (60 legacycles) or

Varian T60 (60 Megacycles) spectrometers using deuterochloro-
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form as solvent and tetramethylsilane as internal standard,
except where otherwise indicated. A Varian HA100 (100 Mega-
cycles) instrument was used in one case. lMass spectra were
generally taken on an A,E,I,-G,E,C, - M.S.12 mass spectrometer,
A few, including a high resolution spectrum, were recorded on
an A, B,I1,-G,E.C. - IM.S3.9 instrument. .

Petrol refers to light pétroleum fraction, b.p. 6Ou800;
unless otherwise stated. Dry pyridine for Castro coupling
reactions was distilled from barium oxide and stored over potass-
ium hydroxide pellets., Nitrogen (for Castro reactions) was

purified by passing through Fieser's solutioan5

and blue silica
gel, Jones reagentlBS (345 ml,) was prepared from chromium tri-

oxide (87+5 g.), water (250 ml,) and concentrated sulphuric acid

(74 m1.). Cuprous phenylacetylide was prepared using excess

150 151

ammonical cuprous chloride by the method of Jacobs and
dried on the rotary evaporator ét 30-40° for 15 minutes.

Warning: Although cuprous acetylides have been handled safely
by many workers, they should be regarded as pdtentially explosive

substances and handled with care, especially when dry.
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EXPERIMENTAL

Cuprous derivative (148) of phenylethynvlecarbinol (146).

Ammoniacal cuprous chloride was prepared in the usual
wa};'50 from cupric sulphate pentahydrate (9 g.). A solution
of phenylethynylecarbinol (3.18 g,) in a little ethanol was
added, the mixture stoppered and shaken thoroughly, and the
yellow precipitate filtered off and washed five times each
with water, ethanol and ether, Drying in a vacuum desiccator
gave the cuprous derivative (2.8 g,, 60%) as a yellow solid.

It was noticed that the cuprous derivative darkened
slowly on standing and affér 3 months was a brownish orange
colour and exhibited a faint odour not unlike benzaldehyde
or phenyl ethynyl ketone., Hydrolysis of a small sample in
the usual way (p.72 ) gave a produet which was shown by i.r.
and t.1l.c, (20% ethyl acetate/petrol) to be still mainly
phenylethynylcarbinol, but contéining small amounts of
impurities (although no detectable amounts of benzaldehyde

or phenyl ethynyl ketone).
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Attenpted Castro-type coupling of the cuprous derivative

(148) with iodobenzene.

TIodobenzene (1-15 g.) and the cuprous derivative

| (148) (1 g.) of phenylethynylcarbinol were added to dry
pyridine (80 ml,) and the mixture was heated under reflux
in a nitrogen atmosphere for 6+ hours, After being allowed
to cool, the reaction mixture was poured into an excess of
dilute sulphuric acid and ice, extracted with ether, dried
(maghesium sulphate) and filtered. After evaporation of
the solvent, a little pyridine still appeared to be present,
and this was removed by azeotroping with benzene, The
crude product (~0-82 g,, but both products rather
volatile) appeared from its i.r. spectrum (liquid film) to
consist of a mixture of benzaldehyde and iodobenzene. T,l.c.
(20%vethyl acetate/petrol) also showed that iodobenzene and

benzaldehyde were the main constituents of the mixture.

Behaviour of the cuprous derivative (148) under Castro-

tyvpe conditions.

Dry pyridine (50 ml.) was purged with nitrqgen for
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1 hour, the cuprous derivative (0-6 g.) of phenylethynyl-
carbinol was added, and the mixture heated under reflux in
a nitrogen atmosphere for 7 hours., The reaction mixture,
which became black shortly after heating was commenced, was
allowed to cool, was filtered to remove a black solid, and
was poured into an excess of.diluteIESO4 and ice and extracted
twice with ether, The combined ethereal extracts were washed
with dilute sulphuric acid and brine, dried (magnesium
sulphate) and filtered, Evaporation of the solvent gave the
crude product (= 60 mg,, 18%) which showed one major spot
on t.l.,c, (20% ethyl acetate/petrol) of identical Ry value
and staining properties to benzaldehyde. The i,r,
spectrum (liquid film) was very similar to that of an
authentic sample of benzaldehyde, The yield of benzaldehyde
would have been higher but for the earlier removal of a
considerable portion of the reaction mixture. The volatility
of the product is probably also partly responsible for the

low yield.
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Stability of phenylethynylcarbinol (146) under Czsiro-type

conditions.

Phenylethynylecarbinol (146) (1.19 g,) was dissolved in
dry pyridine (50 ml,) and the solution was heated under reflux
in a nitrogen atmosphere for 6+ hours, The reaction mixture
was alloved to cool, was poured into an excess of dilute
sulphuric acid and ice, and was extrached twice with ether.
The combined ethereal extracts were washed with dilute
sulphuric acid and brine, dried (magnesium sulphate) and
filtered, Evaporation of the solvent gave unchanged phenyl-
ethynylcarbinol (146) (1 g., 84%) as an o0il. The i,r,
spectrum (liguid film) was practically identical to that of
the starting material, and t,l.c, (20% ethyl acetate/petrol)

showed only one spot, of identical RF value to (146).

Reaction of phenylethynylcarbinol'(146) and cuprous phenvl—

acetylide under Castro-type conditions.
Phenylethynylcarbinol (146) (130 mg,) was dissolved in

dry pyridine (10 ml.) and the solution was purged with nitrogen
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for 10 minutes. Cuprous phenylacetylide (164 mg.) (p. 81)
was added and the mixture was heated under reflux in a nitrogen
atmosphere for 2 hours, It was noticed that the reaction
mixture turned dark just before boiling commenced and stayed
a.similar colour to the end of the reaction. After being
allowed to cool, the reaction nmixture was poured into an excess
of dilute sulphuric acid and ice and extracted three times with
ether, The combined ethereal extracts were filtered to remove
insoluble material (of darker colour than in normdl coupling
reactions), washed with dilute sulphuric acid; sodium bicarbon-
ate solution and brine, dried (anh, sodium sulphate) and
filtered, Evaporation of the solvent gave a dark oil (~150 ng.
but major products both rather volatile) vhich was shown by
i,r, and't.l.c, (205 ethyl acetate/petrol) to consist mainly of

benzaldehyde and phenylacetylene.

Attempted reaction of (146) and cuprous iodide under Castro-—

type conditions.

Phenylethynylcarbinol (146) (132 mg.) was dissolved in
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dry pyridine (10 ml.) and the solution was purged with nitrogen
for 10 minutes. Cuprous iodide (192 mg.) was added and the
solution was heated under reflux in a nitrogen atmosphere for

2 hours, The reaction was worked up as in the above experiment
to give practically unchanged (146) (123 mg. 93%), as a dark oil,
T.l.c, (20% ethyl acetate/petrol) showed essentially one spot,
of identical Ry value to (146), and the i,r, spectrum (liqﬁid
film) was also practically identical to that of starting

naterial.

1l-Acetoxy—l-phenyl--2-propyne (154).

A solution of phenylethynylcarbinol (4-32 g.) in acetic
anhydride (10 ml,) and dry pyridine (5 ml.) was stoppered and
allowed to stand at room temperature for 24 hours, before
pouring into water (- 20 ml,) and extracting with ether (2 x
75 ml,). The combined ethereal ex£racts were washed with
dilute sulphuric acid and sodium carbonate solution, dried
(magnesium sulphate) and filtered. Evaporation of the solvent

gave the crude acetate (625 g.), distillation of 6-1 g, of



which gave, after a small forerun, l-acetoxy-l-phenyl-2-
166

propyne (154) (4-76 g., 86%), b.p. 117-118.5°/12 mm,., (1it.,
124°/18 mn,), one spot on t,l.,c, (20% ethyl acetate/petrol).
The i.r, spectrum (liquid film) was devoid of absorption in

the hydroxyl region, and showed strong absorption at ~1T740 c:m"l
(v C=0). The n.m.r, spectrum showed peaks at T = 26 (5ﬁ,
multiplet, aromatic protons); =t = 3°57 (1H, doublet,

J = 2-3 cps., benzylic proton); <t = 7-37 (1H, doublet,

I

J = 2-3 cps., acetylenic proton); < = T7-9 (3H, singlet,

1l

methyl protons).

Cuprous derivative (156) of l-acetoxy-l-phenyl-2-propyne (154),

Cuprous iodide (2¢25 g,, ~ 3% excess) was dissolved in 3Oml.
dimethylsulphoxide in a nitrogen atmosphere and l—acetoxy;l—
phenyl-2-propyne (154) (2 g.) was added. To the solution was
added rapidly, with stirring, sodiuﬁ bicarbonate solution
(280 ml.). The yellow precipitate was filtered off, washed

five times with water, twice with ethanol (washings strongly

yellow coloured) and five times with ether, and was then dried



on the rotary evaporator at 40-45° for 13/4 hours to give the

cuprous derivative (2°41 g,, 89%) as a yellow solid.

Attempted Castro-type coupling of the cuprous salt {156)

with iodobenzene.

Dry pyridine (50 ml.) was heated under reflux in a
nitrogen atmosphere, and refluxing was then stopped, JTodo-
benzene (172 g.) wgs added, followed by the cuprous salt (156)
(20015 g.) of l-acetoxy-l-phenyl-2-propyne. Addition of the
cuprous salt caused a rather vigorous reaction and vhe mixture
immediately turned dark. The mixture was heated under reflux
in a nitrogen atmosphere for 7 hours, was allowed to cool, and
was poured into an excess of dilute sulphuric acid and ice
before extracting thoroughly with ether, The insoluble
material obtained was greenish blue in colour unlike that
obtained in normal coupling reactions, The ethereal extract
was washed with water, sodium bicarbonate solution and water,
dried (ahh. sodium sulphate) and filtered. Evaporation of the

solvent gave a dark oil (1+05 g.), the i.r, spectrum (liguid
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film) of which suggested that it was largely iodobenzene,
T,l.c, (20% ethyl acetatc/petrol) shored a major spot of Ry
0°3 (in addition to iodobenzene) but preparative t.l.c. of
90 mg, (Kieselgel G, O-5 mm., 20% ethyl acetate/petrol) gave
only a very small amount of a dark oil, the i,r, spectrum of
which was devoid of carbonyl ehsorption but showed broad

1

1 ond 1240 en™?t.

absorption at 3450 cm”

l—Phenyl—l~(2'—tetrahvdropyranyloxv)w27propyne 55 ).

Phenylethynylcarbinol (146) (4:47 g,) and dihydropyran

(3403 g0y ~Th excess, redistilled, b.p, 85-86°) were stirred
until homogeneous, and phosphorus oxychloride (1 drop) was
added. The mixture soon became warm and was cooled under the
tap for a short tinme befpre stoppering and stirring at room
temperature for 3 hours. The reaction mixture was diluted
with ether, washed with dilute potaésium hydroxide solution
and brine, dried (anh, sodium sulphate) and filtered.
Evaporation of the solvent and excess dihydropyran gave the

crude tetrahydropyranyl ether (7:26 g., 99%) as a clear yellow



’

0il, essentially one spot on t.l.c, (20% ethyl acetate/petrol).
The i.r, spectrum (liquid film), which was devoid of absorption
in the hydroxyl region, showed absorption at 3%40 cm-l

| (strong, v =C-H) and 2150 om™t (weak, v €=C), at 2900 ent and

1

1 (v ¢-H) and in the v C-0 region abt ~990-1200 cm™ .

2980 cm™
Attempted distillation of the product caused some formation of
the starting phenylethynylcarbinol and the crude prodﬁct vas
therefore used without purification. Hydrolysis to phenyl-
ethynylcarbinol (146) and acetolysis to l~acetoxy;l—phenyl—

2-propyne (154) were carried out as described below,

Hydrolysis of l—phenyl—l~(2'—tetrahvdropyranyloxy)—2-

propyne (155).

The tetrahydropyranyl ether (155) (379 mg.) was ﬁeated
under reflux in dry methanol (10 ml.) with a trace of
p-toluenesulphonic acid for 3 hpufs. The reaction mixture was
poured into water (50 ml,) and extracted three times with ether.
The combine? ethereal extracts were washed with saturaved

sodium carbonate solution, water and brine, dried (anh, sodium



sulphate) and filtered, Evaporation of the solvent gave the
crude product (294 mg.) as an oil, T,l.c, (20% ethyl acetate)
showed essentially one spot, of identical RF value to phenyl-
ethynylcarbinol. The i.r, spectrum (liquid film), after
evaporation of some volatile material; probably 2-methoxy-

tetrahydropyran, was pfactically identical to that of phenyl-

ethynylcarbinol (146).

Acetolysis of l-phenyl-1—-(2'~tetrahvdropyranyloxy)=2-propyne (155)

The tetrahydropyranyl ether (L55) (259 ng.) was heated
under reflux in acetic anhydride (5 ml,) for 24 hours, The
reaction mixture was treated with methanol to remove acetic
anhydride, and the solvent was evaporated. The residue was
taken up in ether, washed with 50% sodium carbonate solution
and brine, dried (anh, sodiun sulphate) and filtered., Evapor-
ation of the solvent gave the crude‘acetate (plus by-products)
(260 mg.) as a brownish oil, Preparative t.,l.c. (Kieselgel G,
0«5 mm,, 20% ethyl acetate/petrol) of the crude product (56 mg.)

gave l-acetoxy-l-phenyl-2-propyne (154) (21 mg,, 47%) as a



clear oil, identical to an authentic sample in t,l.c,

behaviour and i,r, and n.n,r, spectra.

Cuprous derivative (157) of l—phenyl—l—(2'—tetrahydropyranyl—

0xy)~2-propyvne (155 ).

Cuprous iodide (2+6 g,, ~ 10% excess) was stirred in
dimethyl sulphoxide (32 ml.) under a nitrogen atmosphere $ill
solution was complete, The tetrahydropyranyl ether (155)
(2.7 g.) was added, and to the resulting yelloﬁ solution was
added rapidly with stirring, sodium bicarbonate solution
(280 mL.). After a few minutes stirring (under nitrogen),
the yellow precipitate was filtered off, washed eight times
with water, five times each with ethanol and ether, and dried
on the rotary evaporator at 35-45° for 35 minutes to give thé

cuprous derivative (272 g., 78%) as a light yellow solid.

1,3-Diphenyl-1~(2'—tetrahydropyranyloxy)=2-propyne (158)

(a) Prom Castro coupling reaction of the cuprous salt (157)

with iodobenzene.

Dry pyridine (100 ml.) was heated under reflux in a



nitrogen atmpsphere for ¥ hour and then allowed to cool for

10 minutes. ITodobenzene (2-:04 g.) and the cuprous derivative
(157) (2.63g) of lr-phenylfl—(2'-tetfahydroPyranyloxy)—2—pro—
pjne tl55) vere added, and the mixture was heated under reflux
in a nitrogen atmosphere for 10 hours, After being allowed

to cool, the reaction nixture was pouréd into an excess of
dilute sulphuric acid and ice, and extracted three times with
ether. The combined ethereal extracts were washed with dilute
sulphuric acid and saturated sodium carbonéte solution, dried
(anh, sodium sulphate) and filtered., Evaporation of the
solvent gave the crude product (2-27 g,, 83%,still containing
some iodobenzene) as a dark oil which partly solidified on
standing. The i.r. spectrum (liquid film) was free of
terminal acetylenic absorption, and apart from some peaks
corresponding to iodobenzene, was ‘identical to that of an
authentic sample of l,3-diphenyl—l—(2'-tetrahydropyranyloxy)-
2-propyne (158) prepared from the corresponding alcohol (153 )

as described below. T,l.c., (20% ethyl acetate/petrol) showed



essentially one spot, of identical Ry value to as8).

(b) From the 2lcohol. (153) and dihvdropyran.

1,3-Diphenyl-2-propyn-l1-ol (153) (1-8 g.) was stirred
with dihydropyran (09 g., ~~ 25% excess, redistilled, b,p.
85-87°) and phosphorus oxychloride (1 drop) was added. The
mizxture soon became warm and was cooled under the tap for a
Short time before stoppering and stirring at room temperature
for 1 hour, The crude product, which had partly solidified,
was dissolved in ether (~100 ml.), which was then ﬁashed with
dilute potassium hydroxide solution and brine, dried (anh,
sodium sulphate) and filtered. ZEvaporation of the solvent
(and excess dihydropyran) gave the crude tetrahydropyranyl
ether (58) (26 g,, ~ quant.) as an oil which soon becanme
semi-golid. T.l,c, (20% ethyl acetate/petrol) showed
essentially one spot. The i,r, spectrum was devoid of
absorétion in the hydroxyl region, and showed absorption at
2900 and 2980 cm™L (v C-H), at ~2250 cu % (weak, v C=C) and

in the v C-0 region at ~ 970-1200 cm.-l. The n.m,r, spectrum



showed clearly the presence of two dissterecners (see also
P20 ), the benzylic proton appearing as two singlets at 4.27

and 437 7.

1,3-Diphenyl-2—-propyn-l—-ol (153).

(a) Phenvlacetylene magnesium bromide/benzaldehvde method.

An ethereal solution of ethyl.magnesium bromide was
prepared under nitrogen from magnesiﬁm (34 g.); ethyl bromide
(L8 g.) and sodium dried ether (80 ml.) and the solution was
cooled in an ice bath., A solution of phenylacetylene (13-2 Eos
redistilled, b.p. 142-144°) in sodium dried ether (20 ml,) was
added and the mixture was heated under reflux in a nitrogen
atmosphere for 5 hours and then cooled in an ice/salt bath.

A solution of benzaldehyde (10+4 g,, redistilled) in sedium
dried ether (20 ml.) was added over 5 minutes and the mixture
wgs stirred at room temperature for 20 minutes. Saturated
aqueous ammonium chloride solution was carefully added,

followed by dilute hydrochloric acid. The ethereal layer vas



extracted with ether, and the combined ethereal extracts were
washed with sodium bicarbonate sdlution and brine; dried (anh,
sodium sulphate) and filtered. Evapqration of the solvent
gave the crude product (23-3 g.) as an(ofange 0oil. Unreacted
phenylacetylene was remo&ed by distillation at the water pump
and the residue was disgtilled at the oil pump to give, after
a small forerun; l,3—diphenyl—2—propyn—l;ol (153) (14+7 g.,
72%), b.p., 176-182°/~2 mnm. (1lit, ;152 180°/5 mm.). T.l.c.
(20% ethyl acetate/petrol) showed essentially one 3pot; but
traces of impurity were definitely present, The i,r, spectrum
(Liquid film) showed strong absorption at ~-3500 em™t (broad,
v 0-H) and weak absorption at 2250 en™ L (v ¢=C), and in the
n,m.r, spectrum the following peaks were observed: T = 2.27-
2-9’ (10H, multiplet, aromatic protons); T = 436 (1H, singlet,
carbinyl proton); T = 758 (1H, broad singlet, disappears on

D,0 exchange, hydroxyl proton).



(vb) Sodium phenylacetylide/benzaldehyvde method.

A suspension of sodamide in liquid ammonia was prepared
in the usual way128 fron scdium (1-4 g., 61 m.moles) in
liquid ammonia (120 ml.) using a small amount of ferric nitrate
as catalyst. A soda lime drying tube was attached, the
suspension was stirred for 3 hours, and nmore liQuid ammonia
was added 1o make good losses by evaporation. A solution of
 phenylacetylene (6 g,, 59 m.moles, redistilled, b.p, 140;1410)
in sodium dried ether (25 ml,) was added over 5 minutes;
followed after 30 minutes stirring by a solution of benzalde-~
hyde (4 g., 38 m.moles, redistilled) in sodium dried ether
(15 ml,), and the mixture was stirred for 8 hours, Solid
ammonium chloride (8 g.) was added carefully, followed by
ether, and the mixture was stirred overnight. The ethereal
solution was poured off, the residpe dissolved in water and
extracted with ether, and the combined ethereal extracts were
washed with dilute sulphuric.acid, saturated sodium bicarbonate

solution and brine, dried (anh, sodium sulphate) and filtered.
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Lvaporation of the solvent gave the crude product (8 g.) as
an oil, Distillation at the water pump removed relatively
volatile material (mainly unreacted phenylacetylene and
benzaldehyde) and the residue was distilled at the oil pump
to give 1,3-diphenyl-2-propyn-1-ol (153%) (3-05 g.; 15 m.moles,

152 180°/5 mm,). The i.r,

39%), b.p. 144-148°/0+7 mm. (1it.,
spectrun (Liquid film) was identical to that of the material
prepared by the Grignard method and t,l.c, (20% ethyl acetate/

petrol) again showed essentially one spot (of identical RF

value to the Grignard product) with traces of impurity.

Hydrolysis (and oxidation) of the tetrahydropyranyl ether (158 ).

(a) Methanol/p~toluenesulphonic acid

Treatment of (1583) with dry methanol and p-toluene-
sulphonic acid in the usual way (p. 91) led to the formation of
a second compound (in high yield) iﬁ addition to the desired
aicohol. This secqnd compound, which on one run was practically
thé sole product, appeared to be 1,3-~diphenyl-l-methoxy-~2-

propyne (159) from comparison of its i.r. and tel.c. properties
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with that of a sample prepared from the alcohol (153 ) itself
by similar treatment with methanol/p-toluenesulphonic acid and
purified by preparative t,l.c. The i.r. spectrumn showed a
sharp peak at 2840 em™t (v C-H, O—CHB) and the n.m.r, (sampie
prepared from alcohol) showed singlets at © = 4.7 (1H) and T =
6:51 (3H) in addition to the aromatic mltiplet at ©v = 233 -
2+8. | | |
Treatment of (158 ) with methanol and aqueous hydro-
chloric acid at room temperature led to a similar mixture,
and heating with dry ethanol and p;toluenesulphonic acid also
gave a second product,

(b) Jones reagent.

The tetrahydropyranyl ether (158 ) (126 mg.) was
dissolved in acetone (-1 ml,) and stirred in an ice bath,
Jones reaéent.(p. 8L ) (06 ml.,) was added and the mixture was
stirred at room temperature for 75 minutes before diluting with
water and extracting twice with ether, The combined ethereal
extracts were washéd with saturated sodium bicarbonate

solution and brine, dried (anh, sodium sulphate) and filtered.



- 101 -

Evaporation of the solvent gave 1,3-diphenyl-2-propyne-l-
one (160 ) (66 mg., 75%), identical to an authentic sample
(p.205 ) by i.r. and t.l.c.

(¢) Acetone/sulphuric acid.

The tetrahydropyranyl ether (158 ) (140 mg.) was
dissolved in acetone (2¢5 ml.) and sulphuric acid (08 ml.;
75% by volume) was added. After stirring at room temperature
for 6 hours, the mixture was diluted with water and worked up
as in the Jones oxidation above togive the crude product
(97 mg,) as an oil. T,l.c, and i.r, suggested thal the
product was mainly the desired alcohol (15% ) but contained
a little starting material (158 ). The composition_ of the
mixture seemed to be very similar to that obtained when the
reaction was stopped after 1+ hours, Preparative t.l.c, of
52 mg. (Kieselgel G, 0+5 mm,, 20% ethyl acetate/petrol) gave
1,3-diphenyl-2-propyn-1-ol (153 ) (27 ng,, 51%) and unreacted
tetrahydropyranyl ethér (158 ) (6 mg., 8%), both products

having the expected i.r, and t.l.c. properties.
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Phenyl ethynyl ketone (161 ).

Phenylethynylecarbinol (146) (6-74 g.) was diséolved in
acetone (10 ml.) and stirred in an ice/salt bath under =a
nitrogen atmosphere. Jones reagent (p., 81 ) (135 ml.) was
added over 50 minutes, the bath temperature being maintained
at =109 to 0°, and the mixture was stirred for 1 hour at 0-10°
(bath temperature) and for % hour at room temperature. T,l.c.
(20% ethyl acetate/petrol) showed that a little starting
mabterial (146 ) was still present, and Jones reagent (1 ml,)
was édded as above and stirring continuéd for + hour at room
temperature. The mixture was diluted with_water (A150 m1.)
and extracted three times with ether, The combined ethereal
extracts were washed with saturated sodium bicarbonate selution
and water, dried (anh, sodiﬁm sulphate) and filtered.
Evaporation of the solvent gave ﬁhe crude ketone (6+3 g,,
95%). Crystallisation from aquéous methanol with ice/salt
bath cooling (followed by drying in a desiccator over silica
gel) gave phenyl ethynyl ketone (5+12 g., 77%) as very pale

158

[ o
yellow needles, m.p. 48-49:5° (1it.;~  50-51°), one spot on



t.l.c. (20% ethyl acetate/petrol). The i.r, spectrum (melted
film) showed the expected absorption at ~3300 cm-l (v C-H,

medium), 2120 em™t (v CéC, strong) and ~1650 em L

(v c=0,
strong, broad or doublet). In the n,m.r, spectrum the following
peaks w ere observed T = 1°65-1+83 and T = 2.25-2:48 (2H

multiplets, aromatic protons); T = 656 (1H, singlet, acetylenic

proton).

Cuprous derivative (162 ) of phenyl ethynyl. ketone (161 ),

 Cuprous iodide (1'3 o, ~10% excess) was dissolved in
dimethyl sulphoxide (16 ml.) under a nitrogen atmosphere and
phenyl ethynyl ketone (0.8l g.) was added. To the resulting
red solution was added rapidly with stirring, sodium bicarbon-
ate solution (150 ml.). The red precipitate was filtered off,
washed five times each with water, ethanol and ether, and dried
on the rotary evaporator at 30—400 for 2 hours to give the
cuprous derivative (1-24 g., >100%, probably contains cuprous
iodide) as a red solid. Hydrolysis of the cuprous derivative

(57 mg.) in the usual way (p.172 ) gave phenyl ethynyl ketone
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(28 mg., 73%), essentially pure by t.l.c., i.f., and u.v.,
showing that the cuprous derivative obtained was at least 73%

pure.

1,3-Diphenyl—2-propyne—l—one ( 160 ),

(a) Castro-type coupling reaction.

Dry pyridine (125 ml.) was purged with nitrogen for
1% hours and iodobenzene (3-39 g.) and the cuprous derivative
(3'26 g.) of phenyl ethynyl ketone were added. The mixture
was heated under reflux in a nitrogen atmosphere for 5 hours
(the cuprous derivative dissolving almost completely after
2 hours), and after being allowed to cool was poured into and
excess of dilute sulphuric acid and ice and extracted three
times with ether. The combined ethersal extracts were washed
with dilute sulphuric acid, saturated sodium bicarbonate
solution and brine, dried (anh, éodium sulphate) and filtered.
Evaporation of the solvent gave the crude ketone (160 )
(3.24 g.) as a dark oil. Distillation of 2-74 g. gave 1,3~

diphenyl-2-propyn-l-one (160 ) (1-46 g., 48%) as a light
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16T 15613673 wm.)

coloured liquid, b.p. 130-136°/0,04 mm. (1it.,
(excess iodobenzene being collected in the cold trap of the oil
pump). The distilled product was identical by t.l.c., i.r.,
and n.m.r, to a sample of (160 ) prepared by Jones oxidation

of the corresponding alcohol (153 ) as described below.

(vb) Jones oxidation of 1,3~diphenyl-2-propyn-l-ol (153 ).

A solution of the alcohol (153 ) [1-06 g., already
partially oxidised atmospherically to the ketone (160 )] in
aceﬁohe (L5 ml.) was cooled in an ice bath. Jones reagent
(p. 81 ) (15 ml,) was added dropwise and the mixture was
stirred at room temperature for 30 minutes before diluting with
water and extracting three times with ether. The combined
ethereal extracts were washed with water, saturated sodium
bicarbonate solution and brine, dried (anh, sodium sulphate)
and filtered., Evaporation of the solvent gave the crude
ketone ( 160) (980 mg., 93%) as an oil which could not be
solidified on cooling. Crystallisation from aqueous ethanol
gave l,B;diphenyl—2~propyn—lnone (160 ) (535 mg., 51%) as

‘ 159
off-white crystals, m.p. 45:5 - 47-5° (1lit., 49°), essentiall;
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one spot on t.l.c. (205 ethyl acetate/petrol). The i.r.
spectrum (melted film) showed strong absorption at 2230 et
(v €=C) and 1640 em™t (v C=0) and the n.m.r. spectfum showed
only the expected aromatic protons as mﬁltiplets at v = 1-68 ;

1-85 (2H) and 2.21-2.64 (8H).

Methyvl o-iodobenzoate (144).

o~Iodobenzoic acid (20 g.) was heated in methanol (40 ml.)
till solution was almost complete, Concentrated sﬁlphuric
acid (3 ml,) was then added carefully and the solution was
heated under.reflux for 2+ hours. The reaction mixture was
allowed to cool, poured into water (150 ml.) and extfacted
thoroughly with ether, The combined ethereal extracts were
washed with water, sodium carbonate solution and brine,
driéd (anh. sodium sulphate) and filtered. (Acidification
of the sodium carbonate washings‘gave unchanged acid (1-86g.,
9.3%)]. Evaporation of the solvent gave methyl o-iodobenzoate
(185 éo, 87+.5%) as an almost colourless oil.v ?,l.c. (20%

ethyl acetate/petrol) showed only one spot, and the i.r.
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spectrum (liquid film) was identical to that of an awbhentic
sample, The ester (144) was normally used without further
purification, but after one run, the product was distilled,
giving a 75% yield of methyl o-iodobenzoate, b.p, 1%9-141°/

168 o
12 mm, (1it., 145-146"/16 mn.).

o-Iodobenzyl alcohol (145).

A solution of methyl o-iodobenzoate (18-5 g.,) in sodium
dried ether (175 ml.) was cooled to ~T70° in an acetone/dry ice
bath, To the stirred solution was added a suspension of
lithium aluminium hydride (3 g.) in sodium dried ether (75 ml.)
over 40 minutes. The suspension was stirred at --70O for 40
minutes, removed from the dry ice bath and the various complexes.
destroyed by the careful addition of a saturated solution of
Sodium‘sulphate over 30 minutes. The ether was decanted off,
the solid thoroughly extracted with ether, aﬁd the combined
ethereal solutions were dried (anh, sodium sulphate) and
filtered. Evaporation of the solvent gave the crude alcohol

(149 g.). T.l.c, (20% ethyl acetate/petrol) showed a small
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amount of benzyl alcohol (RF 0+3) in addition to the required
alcohol (RF 0°4). Crystallisation from boiling water gave
o-iodobenzyl alcohol (11'86'g., 72%) as white needles, m.p.

o ,... 168
88-90° (1it., 89-5-90°), T,l,c, now shoved only one spot
and the i.r, spectrum (liquid film) was identical to that of

an authentic sample.

o-Iodobenzaldehvde (142).

(a) Ceric ammonium nitrate method.

135

The use of ceric ammonium nitrate in ~ 4% excess
failed to give complete conversion to the aldehyde. The use
of 10-25% excess of the reagenl was therefore investigated
but again failed to give pure aldehyde, A typical experiment
was as follows. A solution of ceric ammonium nitrate (25g.,
45+6 m.,moles) in 50% agqueous acetic acid (90 ml°> was added to
o-iodobenzyl alcohol (245) (4°21'g°, 18 m.moles), The deep
red solution was warmed on the steam bath for a few minutes
+til1l the colour changed to pale yellow, and was allowed to

cool. The ether extréct of the reaction mixture was washed
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with 1+5M potassium hydroxide solution and brine, dried
(magnesium sulphate) and filtered, and the solven’: was
evaporated to give the crude aldehyde (3-35 g., 80%). T.l,c.
and i.r, suggested that o-iodobenzaldehyde was the main product,
but three minor spots, one of which was due to starting

material, were observed on t,l.c, (20% ethyl acetate/petrol).

(b) Nickel peroxide method.

o~-Iodobenzyl alcohol (05 g,) was dissolved in dry
benzene (4 ml.); nickel peroxide (0-74 g.) was added and the
mixture was stirred and heated under reflux for 1 hour, The
solid was filtered off and washed with benzene and the benzene
solutions combined. T.l.c., (20% ethyl acetate/petrol) and i.r.
spectroscopy showed that considerable Starting material

remained in addition to the aldehyde (142).

(¢) Manganese dioxide method.

Manganese dioxide (30 g.) was stirred and heated in

refluxing sodium dried benzene (200 ml.) for 1 hour with constant
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water separation. o-Iodobenzyl alcohol (75 g.) was added
and heating under reflux was continued for a further 4 hours.
The reaction mixture was allowed to cool, was filtered under
suction, the manganese dioxide being washed eight times with
benzene, and the combined benzene extracts were filtered
through glass paper to give a clear solution, After evapor-
ation of the solvent, the product was dissolved in ether,
dried (anh, sodium sulphate) and filtered, and the solvent was
evaporated to give o~iodobenzaldehyde (6 g., 81%) as an oil
which solidified on chilling to a pale yellow solid, m,p,.
33-360 (lit.}68 37°),  T,l.c., (20% ethyl acetate/petrol)
showed only one spot (RF 0+7) and the i,r, spectrum (melted
film) was practically identical to that of an authentic sanmple.
(A very small band at 1640 om™t may be due to an impurity),
The crude product was generally used without further
purification.

On another run using the same quantities as above but

a different batch of manganese dicxide, t.,l.c. of a small
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sample extracted from the reaction mixture after 6 hours
showed that some starting material remained. Manganese
dioxide (30 g.) and sodium dried benzene (50 ml.) were added
and refluxing was continued for a further 2% hours. Only
after addition of a further 10 g, of manganese dioxide and
heating under reflux for a further 24 hours, was the starting
material essentially removed. Work up as above gave the
crude aldehyde (7+4 g., 99%). Distillation gave, after a
small forerun, o-iodobenzaldehyde (6°4 g., 89%), b.p., 128-131°/
. 129 o o : :
16 mm, (1it,, 129°/14 mnm.), which on standing gave a solid,
o L] 168 0 L]
m.p. 31-%5° (1it,, 377 ). T.l,c. showed essentially one

spot and the i.r. spectrum was identical to that of the crude

product described above,

1-(o~Todophenyl )~2-propyn-1-0l (140).

(a) Alkali metal acetylide method.

A suspension of lithium amide in liquid ammonia was
prepared in the usual way128 from lithium (0:95 g,, 137 m.moles)

in liquid ammonia (120 ml,), using a small amount of ferric
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nitrate as catalyst, in a 250 ml, three-necked flask equipped
with a dry ice condenser, a soda lime drying tube, and a
magnetic stirrer. Cylinder acetylene (purified by passage
through an acetone/dry ice traé, concentrated sulphuric acid,
and solid potassium hydroxide) was passéd in rapidly for 2—3
hours. Tor safety reasohs; a mercury valve and empty wash
bottles were also placed in the acetylene train, The passage
of acetylene was slowed, a solution of o-icdobenzaldehyde
(073 g., 3:15 m.moles) in sodium dried ether (6 ml.) was
added, and the mixture was stirred for 3 hours. The acetylene
flow was stopped, solid ammonium chloride (20 g.) was added
carefully, followed by ether, and the amuonia was allowved to
evaporate overnight, The ethereal solution was poured off,
the solid extracted with ether, and the combined ethereal
solutions were washed with dilute sulphuric acid (washings
rather cloudy), saturated sodium carbonate solution and brine,
dried (anh. sodium sulphate) and filtered. Evaporation of the

solvent gave the crude product (776 mg.) as an oil, T.l.c.
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(20% ethyl acetate/petrol) showed two spots, corresponding to
(140) (RF 0+5) and the starting material (RF 0:8)., The i.r.
spectrum (liquid film) showed the presence of a fairly small
amount of starting material‘(v C=0 at 1685 cm_l) in addition
to the required acetylenic carbinol (140).  Preparative
t.,l,c., [Kieselgel G, 0+5 mm, (2 plates), 20% ethyl acetate/
petrol] of 135 mg, gave l—(o—iodophenyl)—2;propyn~l—ol (140)
(68 mg., 48%), essentially identical by i.r,, n.m.r., and
t.l.c. to an authentic sample prepared by method (b) as
described below,

The use of longer reaction times and the employment
of a greater proportion of ether in the reaction mixture gave
results very similar to those described above, An experiment
using a ten-fold excess of lithium apparently resulted in less
conversion to the carbinol (140). Sodium acetylide, even
. when emplaoyed in large excess and‘for longer reaction times,
similarly failed to give complete conversion to (140).

Recycling of the crude product [from o~iodobenzaldehyde
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(23 g.), sodium (186 g,) and liquid ammonia (150 ml.)],
however, twice more with excess sodium acetylide gave an oil
(1.8 g.) which appeared from i.r, and t.l.c, evidence to be
free of starting material, Distillation (of 1.355 g.) gave
the carbinol (140) (0-88 g., 46%) as a clear liquid; b.D,
98-100°/0+2 mm,, identical by i.r. and t,l.c. to an authentic
samﬁle (see below).

A trial run using benzaldehyde (L:56 g,), sodium (1-7 g.,
~ five fold excess) and liquid ammonia (120 ml.) ga&e a
crude yield of phenyl ethynyl carbinol (146) (pure by i,r. and

toloco) Of 95350

(b) Acetylenemonomagnesium bromide method.lz7

A solution of ethylmagnesium bromide in tetrahydrofuran
was prepared under nitrogen from magnesiun (5 g.), ethyl
bromide (22 ml.) and dry tetrahydrofuran (125 ml,, distilled
from lithium aluminium hydride) in a 250 ml, three-necked

flask, The Grignard solution was filtered under nitrogen,

using more dry tetrahydrofuran (50 ml.), into a 250 ml,
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pressure equilibrated dropping funnel, which was then
stoppered at-both ends. Meanwhile, dry tetrahydrofuran

(100 ml,) in a 500 ml, three-necked flask was saturated for
40 minutes with cylinder acetylene (purified as described on
p. 112 and with tﬂe same precautions). The acetylene flow
was maintained from this point until the end of the reaction,
and to this solution was added over 30 minutes with stirring,
the Grignard solution prepared above; nitrogen flow through
the dropping funnel also being used, After a further 30
ninutes stirring, a solution of o;iodobenzaldehyde (454 g.)
in dry tetrahydrofuran (40 ml.) was added (over 10 minutes),
the mixture was stirred for 30 minutes, the flow of acetylene
was stopped, and an excess of saturated agqueous ammonium
chloride solution was carefully added. The tetrahydrofuran
solution was filtered off, the regidue extracted with ether,
and the ether and tetrahydrofuran solutions were combined and
the solvent evaporated. The residue was taken up in ether,

dried (anh, sodium sulphate) and filtered. Evaporation of the
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solvent gave the crude carbinol (140) (5-14 g., ~ quent,),
essentially one spot on t.l.c. (205 ethyl acetate/petrol).
Distillation gave, after a small forerun, 1-(o-iodo-
phenyl)-2-propyn-l-ol (140), (445 g,, 88%) és a clear liquid,
b.p. 98-100°/0-15 mn., essentially one spot on t,l.,c. The
i.r. spectrum (liquid film) showed a sharp peak at 3340.0m—1
(v =C-H) with a broad shoulder at ~3350-3600 cm™+ (v O-H),
and also weak absorption at 2150 en ™t (v ¢=¢)., In the n.m.r.
spectrum the following peaks were observed: T = 2:-02 - 2.3
(ZH; multiplet) and © = 2:42 - 3-14 (2H; miltiplet) (aromatic
protons); T = 434 tlH, doublet (J = 6 cps.) of doublets
(J = 2-3 cps.), collapéing to a doublet (J = 2-3 cps,) on
D,0 exchange, carbinyl proton]; T = 7+35 [1H, doublet

(

it

2-3 cps.), acetylenic proton]; < = 7-48 [1H, doublet

(g

6 cps.), disappearing on D20 exchange, hydroxyl proton].
A small sample was purified for analysis by preparative t.l.c,
(Kieselgel G, 0°5 mm.; 20% ethyl acetate/petrol) and micro-

distillatioh, b.p. 90-100°(block)/0+03 mm, (Found: G, 41-88;

H, 2:87. Required for CgH,I0: C, 41-89; H, 2:74%).
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Cuprous derivative of 1-(o-iodovhenyl)-2-propyn-l-ol (140).

Cuprous iodide (200 mg., 3% excess) was dissolved in
dimethyl sulphoxide (2:5 ml.) in a nitrogen atmosphere and
(140) (263 mg.) in dimethyl sulphoxide (1°5 ml.)was added, To
the resulting solution was added rapidly with stirring,
saturated sodium bicarbonate solution (40 ml.). The yellow
precipitate was filtered off and washed five times each with
water, ethanol and ether (washings all rather slow) and allowed
to dry in air to give the cuprous derivative (183 mg., 56%
if pure) as a yellow solid. The ethanol and ether washings
of the cuprous derivative were combined and the solvent
evaporated to give an o0il (48 mg.) which appeared from %t.l.c,
(20% ethyl acetate/petrol) to consist of a mixture of (140)
and o;iodobenzaldehyde.

Hydrolysis of the cuprous salt (29 mg.) in the usual
way (p.172 ) with dilute hydrochloric acid gave an oil (14 mg.,

60%) which appeared from i,r, and t,l.c. to be almost pure

(140).
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Attempted intermolecular Castro coupling of the cuprous sz2l%t

of (140).

Dry pyridine (6 ml,) was purged with nitrogen for 15

minutes and the cuprous salt of (140) (88 mg.) was added.

The cuprous salt quickly dissolved without heating and a small
aliquot of the reaction mixture was. extracted. The pyridine
was removed from this extracted sample by azeotroping with
benzene, and the residue extracted with ether, The ether

- extract was shown by i.r., and t.l.c, to contain essentially
pure o-iodobenzaldehyde, The ether insoluble material was
hydrolysed in the usuzl way (p.172 ) with dilute hydrochloric
acid but practically no 1-(o-iodophenyl)-2-propyn-l-ol (140)

could be detected.

1-(0-Todophenyl )-1—-(2'—tetrahydropyranyloxy)-2-propyne (163 ).

l~(o-Iodophenyl)—2—pr0pyn~i—ol (140) (655 ng.) was
stirred with dihydropyran (290 mg., 36% excess, redistilled,
b.p. 85-86°) and phosphorus oxychloride (1 drop) was added.

The mixture soon became warm and was cooled under the tap for
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a short time before stoppering and stirring at room temperature
for 2 hours. The reaction mixture was diluted with ether,
washed with dilute potassium hydroxide solution and brine, dried
(anh, sodium sulphate) and filtered. Evaporation of the
solvent and excess dihydropyran gave the crude tetrahydro-
pyranyl ether (163 ) (875 mg,, ~ quant,) as a clear yelloﬁ 0il,
essentially one spot [or two very close spots (diastercomers)]
on t,l.c. (20% ethyl acetate/petrol). The i.r, spectrum was
identical to that of a sample purified by preparative t,l.c,
and microdistillation (see below) and the crude product was
generally used without further purification. Preparative
t.1,c., of 70 ng. (Kieselgel G, 0-5 mm., 20% ethyl acetate/
petrol) gave the tetrahydropyranyl ether (163 ) (54 mg.), pure
by t.l.c, A small sanmple was microdistilled, b.p. 100-140°
(vlock)/0+6 mm, (Found: C; 50-02; H, 4-59. Required for
Cl4H15IO2 : C, 49.14; H, 4-429‘3)° The mass spectrum showed
peaks at ®/e = 342 (MF) and ®/e = 215 (" - I). The i,r.
spectrun (liquid film) was devoid of hydroxylic absorption and

showed absorption at 3340 et (strong, v =C-H) and 2150 ot
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(weak, v Cz0), The absorption in the C-H and C-0 regions
was very similar to that in the model compounds (155 ) and
(158 ) (p., 90 and 95 ).

The n.m.r, spectrum (of material purified byrprepara—
tive t.l.c,) showed clearly the presence of the expected two
¢iastereomers. The benzylic proton appeared as two overlapping
doublets (J = 2-3 cps.) at 4+32 and 4+36 t and the acetylenic
proton as two overlapping doublets (J = 2;3 cps.) at T7-41 and
T-46 =, The benzylic proton collapsed to ﬁwo'singlets on
irradiation at 7.43 t and conversely the acetylenic proton
appeared as two singlets on irradiation at 4-3%34 T. The
proton at ﬁositioniiin the tetrahydropyran ring appeared as
two broadened triplets at 4-76 and 5-32 7. Separation of the
diastereomers was achieved by preparative t.l.c. (Kieselgel G,
0+5 mm, run twice in 10% ethyl acetate/petrol). The i.r.
spectra (liquid film) of the two éi&SteTeomers shoved slight
differences, mainly in the v C-0 region, In the n.m.r.
spectrum of the less polar diastereomer the benzylic proton

appeared as a doublet (J = 2-3 cps.) at T = 4:32, the
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| acetylenic proton as a doublet (J = 2-3% ¢cps,) at 1= 746 and
the C2 proton of the tetrahydropyran ring as a broadened |
triplet at T = 4:76. For the more polar isomer the_reSpeétive
T values were 4°36, T+41 and 5.32. Differeﬁces were also
observed for the 06 protons (multiplets) of the tetrahydro-

pyran ring.

Hydrolysis and oxidation of (163 ) with Jones reagent.

The tetrahydropyranyl ether (163 ) (11 mg.,) was dis-
solved in acetone (1 ml.), Jones reagent (p.81L ) (0-1 ml.)
wgs added, and the mixture ﬁas stirred for 100 minutes before
diluting with water and extracting twice with ether. The
combined ethereal extracts were washed witﬁ sodium bicarbonate
solution and brine, dried (anh, sodium sulphate) and filtered.
Evaporation of the solvent gave 1-(o-iodophenyl)-2-propyn-
l-one (164 ) (6 mg.,‘70%) eséentially pure by i.r, and t.,l.c.

comparison with an authentic sample (p.i22).
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1-(o-Todophenyl)-2-propvn-l-one (164).

‘A solution of 1-(o-iodophenyl)=-2-propyn-l-ol (140)
(1-6 g.) in acetone (2 ml.) was stirred in an ice bath., Jones
reagent (p. 81) (2.1 ml,) was added dropwise over lO'minutes
and the mixture was stirred at room temperature for 2 hours
before diluting with water and extracting three times with ether.
The combined ethereal extracts were washed with water, saturated
sodium bicarbonate solution and brine, dried (sodium sulphate)
and filtered. Evaporation of the solvent gave the crude ketone
(l°4}g°; 88%) as a yellow oil which quickly solidified. T.l.c,
(20% ethyl acetate/petrol) showed.essentially one spot (RF 0-6)
with traces at Ry 0+4 (starting material) and Rp 0-8. Prepara-
tive t,1.c, (¥2sselgel G, 05 mm,, 20% ethyl acetate/petrol)
gave the ketone (164 ), one spot 6n t,1.C, The i.r,
spectrum (melted film) showed strong absorption at 3320 cmfl |
(v =C-H), 2120 et (v C=C) and L5660 om™t (v C=0) with a

shoulder at 1640 cm"l. The u,v., spectrun (ethanol) had

Npax, 221 (sh) (log € 4:07), 230 (4-08), 269 (3-79), 277 (sh)

(3-75) and 320 (335) mp. The n,m,r. spectrum showed the

following peaks: T = 1°65~1:98 [2H, aromatic protons, probably
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overlapping doublets (J = ~7 c.p.s.) of dGoublets (J = 2-3
c.p.s.)]; T = 2:27-2-9 (2H, multiplet, aromatic protons);

T = 6+52 (1H, singlet, acetylenic proton). Microdistillation
gave l—(o—iodophenyl)—2~propyn-l§one (164), b.p. <2100°
(block)/0:02 mm,, quickly solidifying to yellow needles, m.p.
43-44.5°, (Found: @€, 42.68; H, 2-:06. Required for C9HSIO:
C, 4222; H, 1-97%). M ternatively purification could be
carried out by column chromatogravhy (1-27 g. of crude product)
on silieca (50 g.), using petrol (2 x 150 ml.) and then 5%
benzene/petrol as eluent. The ketone (164 ) (785 mg.), pure
by t.1.c.,, was obtained, but the i.r, spectrum showed traces
of aliphatic C~H absorption resulting from petrol residues.
This absorption was not completely removed, even after evacu-
ation on the oil pump, but the product was sufficiently pure

for preparation of the cuprous salt.

Cuprous derivative of 1-(o-iodophenyl)—2—propyn-l—one (164 ),

Cuprous iodide (475 ng., 10% excess) was dissolved under
nitrogen in dimethyl sulphoxide (6 ml,) and a solution of the
ketone (164 ) (580 mg.) in dimethyl sulphoxide (4 ml,) was added

The resulting orange solution was stirred vigorously under
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nitrogeh and sodium bicarbonate solution (100 ml.) was zdded
quickly. The orange precipitate was filtered off and washed
with wafer, etﬁanol and ether, and dried on the rotary evap-
orator at 40-50° for 4 hour to give the cuprous salt (662 mg.,
~ 9%%) as an orange solid, which was then kept under nitrogen
at 0°.

Hydrolysis after two weeks at room temperature of the
cuprous salt ( 29 mg,) in the usual way (p.172 ) gave the
crude ketone (164) (20 mg., 86%) as an oil which quickly
solidified. T.l.c, (20% ethyl acetate/petrol) showed a
faint spot (Rp 0-5) in addition to the ketone (164 ) (Ry 0-4).

The i.r, spectrum was practicaliy identical to that of (164 ).

Attempted intermolecular Castro coupling of the cuprous salt

of (164 ),

(a) In refluxinz pyridine.

Dry pyridine (10 ml.) was pﬁrged with nitrogen for 10
minutes, the cuprous salt of lf(o—iodophenyl)—2-propynrl—one
( 164).(90 mg.) was added and the mixture, which very quickly
became dark, was refluxed under nitrogen for 1 hour, The

reaction mixture was allowed to cool, poured into excess
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dilute hydrochloric acid and water and extracted three times
with ether, some ether insoluble material being separately
dissolved in chloroform, The combined ethercal extracts
were washed with dilute hydrochloric acid, sodium bicarbonate
solution and brine, dried (sodium sulphate) and filtered.
T.l.c, (20% ethyl acetate/petrol) showed practically no
product other than polar materiai at the origin and a few
extremely faint fluorescent spots. (The chloroform extract
similarly showed no identifiable products). The i,r, spectrunm
of the crude product (tarry film or nujol mull) showed fairly
strong but rather broad absorption at 2950, 1705, 1600, 1580,
1280 and 760 cm . The w.v, spectrum showed gradually
increasing absofption_with shortening wavelength, with peaks
at 240 mp and 280-290 mp (plateau).

The use of dilute sulphuric acid in place of dilute
hydrochloric, and the removal of pyridine under reduced
pressure gave very similar results, tarry materials being
isolated with very similar t.l.c., i.r., and u.v, properfies
to the above.

(b) In pyridine at room temperature.

Dry pyridine (6 ml,) was purged with nitrogen for 30
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minutes, the cuprous salt of (164 ) (34 mg.) was added and
the mixture was stirred under nitrogen at room temperature
for 20 mins. The cuprous salt dissolved completely in this
time and the solution became dark in colourf The pyridine
was removed on the rotary evaporator, the residue first
extracted with ether (A) and then with dilute hydrochloric
acid and ether (B) as on p.172 . T.1l.c. of solutions A
and B showed no starting Ketone (164 ), considerable polar
material at the origin, some very faint non polar spots and
one'faint fluorescent spot, The i.r, and u;v. spectra were

very similar to those described in (a) zbove.

(¢) In dimethyl sulphoxide at 85°.

The cuprous salt of (164 ) (63 mg.) was added to di-
methyl sulphoxide (5 ml., purged with nitrogen for 10 mins.)
and the mixture was stirred under nitrogen .—v85.0 for 30 mins.,
the cuprous salt dissolving and the mixture darkening after
~ 5 minutes, The mixture ﬁaé allowed to cool, was diluted
with ether, was washed thoroughly with water and concentrated.
T,l.c, and i.r.hproperties were essentially identical to those
above, and the u.v, spectrum showed broad absorption at 240

and 300 mp. The weight of the ether extract was 8 mg,
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Cuprous salt of 1-(o-iodophenvl)-1-(2'-tetrahvdropyranyloxy)-

2~propyne( 167 ),

The tetrahydropyranyl ether (163 ) (1-035 g.) was
dissolved under nitrogen in dimethyl sulphoxide (12 ml,),
cuprous iodide (0725 g., 25% excess) was added, and the
mixture was stirred under nitrogen till solution was complete.
Sodium bicarbonate solution (150 ml.) was added rapidly to the
stirred solution and stirring under ﬁitrogen was continued
for 5 miﬁutes. The rather oily yellow precipitate was
washed five times with wgter, stirred thoroughiy with ethanol,
washed five times with ethanol, and after partially drying
by suction was allowed to dry in air to give the cuprous salt
of (163 ) (825 mg., contains excess cuprous iodide). The
yieid of cuprous salt, assuming ~50% purity (see below) was
therefore ~33%. The ethanol washings were combined, the
solvent was evaporated, and the residue was taken up in
ether, washed with water, dried (sodium sulphate) and filtered.
Evaporation of the solvent gave unchanged tetrahydropyrahyl
ether (163 ) (595 mg., 57°5%), essentially pure by i,r, and

tol.c. The cuprous salt of (163 ) was soluble in chloro-
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form and apparently slightly soluble in ether, being foﬁnd
in the ether washings if the product was washed in ether.
The i.r. spectrum (nujol mull) was free of absorption at
3340 em™t (v =C-H) but was otherwise very similar to that
of the free tetrahydropyranyl ether, The v C=C absorption
could not be definitely observed.

Hydrolysis of the cuprous salt (24 mg,) in the usual
way (p.172) with dilute hydrochloric acid gave the tetra-
hydropyranyl ether (163 ) (10 mg., 50%) as an oil, essentially

pure by i.r, and t.l.c,

Attempted intermolecular Castro coupling of the cuprous salt

of §16§l.

(a) In refluxing pyridine

A typical experiment was as follows. Dry pyridine
(10 m1.) was purged with nitrogen for 15 minutes, the cuprous
salt of the tetrahydropyranyl ether (163) (427 mg., ~ 50%
pure) was added, and the mixture was refluxed under nitrogen
for 4 hours before adding to excess dilute hydrochloric acid
and ice and extracting thoroughly with ether, (A large amount

of insoluble material was filtered off at this stage, but the
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amount appeared to be less on more dilute runs). The ether
extract was washed with dilute hydrochloric acid and saturated
sodium bicarbonate solution and dried (sodium sulphate).
Before complete removal of the solvent to give a dérk tarry oil
(75 mg.) (complex mixture by t.l.c,), the u.v, sﬁectrum
(ethanol) of an aliquot of the concentrated solution was run,
and had Kmax 230 and 274 mp with shoulders at 264, 293 and
307 mp. The approximate optical density was measured and the
extinction coefficient is discussed on p.75. The i.r,
spectrum (film) was not identical in the cases examined (p.69).

Small samples of the crude product were treated with

158 1 acetone (2 m1.,) (20 mins.

either excess Jones reagent
at 0°) or witﬁ methanol (5 ml.) containing a trace of p-tolu-
enesulphonic acid (PTSA) (1 hour reflux) and the reactions

were worked up in the usuél way (see e.g., p.102 and 91). The
results are discussed on p.69-70. Separation of the products
of the coupling reaction and of the methanol/PTSA'reaction was

briefly investigated using preparative t.l.c, (Kieselgel G,

0:5 mm., 20% ethyl acetate/petrol) (see p, 68 and 70).
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(p) In pyridine at room temperature

Dry pyridine (5 ml.) was purged with nitrogen for 5
minutes, the cuprous salt of (163) (35 mg.) was added and the
mixture was stirred under nitrogen for 24 hours at room temper-—
ature before removal of the pyridine by azeotroping with
benzene. The crude product was extracted with ether and the
ether extract filtered and evaporated to give an oil (8 mg.),
essentially one spot on t.l.c. (20% ethyl acetate/petrol) of
identical RF value and staining properties to a sample of the
'oxidatively coupled product (167) prepared as described on
p.x32, though apparently containing a trace of unréacted
(163). The i.r, spectrum (liquid film) skowed only a trace
of terminal acetylene absorption at 3340 cm-l and was other-
wise practically identical to that of a sample of (167). The
u.v, spectrum (ethanol) showed weak absorption at 250 and

264 mp, identical to that observed for (167).

(¢) In pyridine at 85°.

Dry pyridine (5 ml.) was purged with nitrogen for 10
minutes, the cuprous salt of (163) (33 mg.) was added and the

solution was stirred under nitrogen in an oil bath maintained



- 131 -

at -~ 85° for 2% hours. The pyridine was removed by azeo-
troping five times with benzene, the residue ether extracted
and the ether evaporated to give an oil (11 mg.). T.l.c.
(20% ethyl acetate/petrol) suggested that the product éon—
tained the oxidétively coupled compound (167) and at least
~one or two more ‘polar compounds, but the mixture was less
conplex than that obtained in refluxing pyridine, The i.r.
spectrum (liquid film) showed only a little carbonyl absorp-
tion and no free acetylene absorption, but characteristic

tetrahydropyranyl ether absorption at 975-1200 en™t,

The
u.v, spectrum (ethanol) showed a rather small peak at ca,

275 mp but overall the absorption increased with shortening
wavelength with additional shoulders at 231, 244 and 257 mp.
Re-examination of the t.,l.c. of this product, and that of a
repeat reaction in which the pyridine was purged with
nitrogen at 85° before addition of the cuprous salt, suggested
that the amount of oxidatively §oupled product (167) might be

rather low, but lack of time prevented further investigation

of the nature of the reaction product.
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Oxidative coupling of the tetrshydropyranyl. ether (163).

l—(o~Iod0pheny1)—l—(2'~tetrdhydropyranyloxy)—2-propyne
(163) was dissolved in pyridine/methanol (50:50) (3 ml.),
cupric acetate (68 mg.) was added and the mixture was heated
vnder reflux for 1 hour before removal of the solvent by
azeotroping with benzene. The residue was extracted thoroughly
with ether, and.the ether extract filtered and the éolvent
evaporated to give a yellow oil (39 mg.). T.l.c. (20% ethyl
acetate/petrol) showed essentially one spot, running closely
behind a small amount of unreacted (163), Preparative
t.1.c. (Kieselgel G, 0°5 mm,, 20% ethyl acetate/pétrol) gave
the oxidatively coupled product (167) (24.5 mg., 63%)., The
i.,r, spectrum (liquid film) was devoid of terminal acetyl-
enic absorption at 3340 cm—l, but showed characteristic
tetrahydropyranyl ether absorption at 975-1200 ém-l (vC=0)
and 2980 and 2900 om™t (vC-H). The n.n.r, spectrum showed
the following peaks: T = 2-08-3-17 (8H, multiplet, aromatic
protons); T = 427 and 4:32 (~3:1 ratio) (2H, singlets,
benzyiic protons); T = 4°83% and 5-33 (2H, broadened triplets,

C, protons of ether rings); T = 5°7-6°7 (4H, multiplet,
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C¢ protons of ether rings); t = 833 (12H, envelope, ring

methylene protons).

3=0=Formnylphenyl-l-o-iodophenyl-1-(2'~tetrahydropyranyloxy )-

2-propyne (165).

A solution of o-iodobenzaldehyde (212 mg.) in dry pyr-
idine (15 ml,) ﬁas purged with nitrogen for 10 minutes and
the cuprous salt of l—(o—iodophenyl)~l-(2'—tetrahydropyranyl—
oxy)=2~propyne (163) (95 ng., ~50% pure) ﬁas added, The
mixture was refluxed under nitrogen for 4% hours, allowed to
cooi, poured into excess dilute hydrochloric acid and ice
and extracted thoroughly with ether. The ether extract was
washed with dilute hydrochloric acid, sodium bicarbonate
solution and brine, dried (anh, sodium sulphate) and filtered,
and the solvent evaporated. Preparative t.l.c. (Kieselgel G,
05 mm,, 3 plates, 20% ethyl acetate/petrol) of the crude
product (224 mg. dark oil, two ﬁajor spots on t.l.c.) gave,
in addition to o-iodobenzaldehyde (157 mg.), the coupling
product (165) (24 mg., 46% based on cuprous salt) as a yellow

oil, essentially one spot on t.l.c. The i.r, spectrum
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(liquid film) was devoid of terminal acetylene absorption,
showed strong absorption at 2980 and 2900 em™t (vC~H) and at
1695 cm—l (vC=0), and characteristic absorption in the vC-0

region at ~990-1200 cm T,

The n.n.r, spectrum showed the
following peaks, indicating the presence of two diastereomers:
T = =05, -0.47 (1H, singlets, aldehyde proton); © = 2.01-3.1
(8H, multiplet, aromatic protons); T = 4.07, 4.1 (1H,singlets,
benzylic proton); © = 4-7, 525 (1H, broad singlets, C,
proton on ether ring); T = 5-8-6-6 (2H, multiplét, Ce prbtons
on ether ring); T‘= 8.27 (6H, envelope, ring methylene
protons), Microdistillation of (165), b.p. 120-150° (block)/
0«4 mm,, caused decomposition, the distilled material showing
2 clean spots on t.l.c, (20% ethyl acetate/petrol), Ry 03
and Ry 0.6 (165). The mass spectrua of undistilled (;65)

showed peaks at m/e = ca. 446 (M) and ca., 319 (rt - 1),

(C,yH) o051 requires M.W. 446). -

The di(tetrahydropyranyl ether) (168).

A solution of l-(o-iodophenyl)-l-(2'—tetrahydropyranyl—

oxy)-2-propyne (163) (433 mg.) in dry pyridine (25 ml.) was



- 135 —~

purged with nitrogen for 10 nminutes, the cuprous salt of

(163) (276 mg., ~50% pure) was added, and the mixture was
refluxed under nitrogen for 4 hours, The pyridine was
removed by azeotroping with benzene six times, the residue

wvas extracted thoroughly with ether, and the ether extract
filtered and the solvent evaporated to give an oil (500 mg.),
two major spots on t.,l.c., (20% ethyl acetate/petrol).
Preparative t.l.c. (Kieselgel G, 0-5 mm., 8 plates, 20% ethyl
acetate/petrol) gave, in addition to unchanged (163) (304 ng.),
the coupling product (168) (64 mg., 34% based on cuprous

salt), essentially one spot on t.l.c, The i.r. spectrum
showed medium absorption at 3340 em™ (vEC-H) and very weak,
though reproducible, absorption at 2250 et (v R-C=C~R) and
2140 cen™t (v R-C=C-H), as well as characteristic tetrahydro-
pyfanyl ether absorption at 2980 and 2900 cm—l (vC-H) and
990-1200 em > (v0-0).  The u.v. spectrum (ethanol) had A_,
233, 247 and 257 nu. The n.m.r, spectrum, complicated by
the number of diastereomers present, showed the following
peaks: T = 2:03-3-17 (8H, multiplef, aromatic protons);

© = 4.1 (apparent doublet) and © = 4-3 (apparent triplet)
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(ratio ca. 5:1) (2H total, benzylic protons); T 4-:67,
T = 4-83 (broad singlets) and 7 = 5-07-5.5 (multiplet)
(integrals ca. equal) (2H totals, C, protons on ether rings);

T

Il

5¢7-6+8 (4H, multiplet, C; protons on ether rings);

T = Te4=7-6 (1H, multiplet, acetylenic proton); T = 8.3

(12H, envelope, ring methylene protons). Attempted distill-
ation at 0.8 mm, pressure caused decomposition and a mass
spectrum of the crude product could not be obtained but
further confirmation of the structure of (168) was obtained

from conversion of (168) to (169) with Jones reagent.

Cuprous salt of the di(tetrahvdropyranyl ether) (168) and

attempted intramolecular Castro coupling.

The di(tetrahydropyranyl ether) (168) (17 mg.) was
dissolved in dimethyl sulphoxide (0-5 ml.) under nitrogen,
cuprous iodide (16 mg.) was added and the mixture stirred
$ill solution was complete. Aqueous sodium bicarbonate
solution (8 ml.) was added and the yellowish precipitatéd
cuprous salt was stirred under nitrogen for 5 minufes before

washing five times with water and ethanol and then three time

with a very small volume of ether.
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The cuprous salt was not weighed but was dissolved
directly in dry pyridine (5 mi.) and the solution was_purged
with nitrogen for 5 minutes before refluxing under nitrogen
for 2 hours. The pyridine was removed by azeotroping four
times with benzene. T.l.c. (20% ethyl acetate/petrol)
showed the product to be a complex mixture but the u,v,
spectrun (ethanol) showed a sharp peak at 274 mp of approx-
imately equal intensity to the broader absorption at

225-230 mp.

Hydrolysis and oxidation of the di(tetrahvdropyranvl ether)

(168) with Jones reagent.

A solution of (168) (64 mg.) in acetone (3 ml,) was
stirred in an ice bath. Jones reagentb(p. 81) (0°7 ml.) was
added dropwise. The mixture was stirred at 0° for 30
minutes and then at room temperature for 1 hour before
diluting with water and extractiﬁg thoroughly with ether,

Thé ether extract was washed with sodium bicarbonate solution
and brine, dried,(sodium sulphate) and filtered. Evaporation

of the solvent gave the crude dione (169) (24 mg., 54%),
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essentially one spot on t.l.c. (20% ethyl acetate/petrol),

as a crystalline solid, The n.m.r. spectrum of the crude
product showed a complex multiplet at © = 1:3-3-0 (ca, 8H,
aromatic protons) and a singlet at 6'5'7 (1H, acetylenic
proton). Part of the product was cryétallised from ether/
40-60°0 petrol to give the dione (169) as yellow needles,

m.p, 121-123° (dec.), one spot on t.l.c. The i.r, spectrun
(nujol mull) showed peaks at 3250 (v C-H), 2230 (v R-C=C-R),
2120 (v R-C=CH), 1655 (v C=0) and 1630 (v €=0) cm™t, The
u,v, spectrum (ethanol) had Moy 230 (log € 4°49), 262 (4-29),
300 sh, (4-09) and 325 (4-13) mp. The mass spectrum (of
material purified by preparative t.l.c.) showed peaks at

n/e = 384 (M') and 257 (M -I). (O Hg0,T Tequires M.V, 384).

Castro—type counling of o-iodobenzyl alcohol (145) and

cuprous phenylacetylide.

Dry pyridine (10 ml.) was purged with nitrogen for 10
minutes and cuprous phenylacetylide (p. 81) (153 ng.) was
added, followed after a few minutes' reflux by o-ilodobenzyl

alcohol (145)(200 mg.). The mixture was heated under reflux
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in a nitrogen atmosphere for 6 hours, the pyridine was removed
on the rotary evaporator and the crude product (~ 375 ng.,
almost completely chloroform soluble) was extracted with hot
petrol, The petrol extract, which showed two major spots (RF
0:3 and 0+6) on t.l.c, (20% ethyl acetate/petrol), was concen-
trated and crystallised to give 2-hydroxymethyldiphenylacetyl--
ene (185) (55 mg., 31%) as white needles, m.p. 68-70° (lit.%45
69-710, 71--7l~5o after further recrystallisation), one spot
(RF 0-3) on t.l.c. The i.r, spectrum (nujol mull) showed

1

typical hydroxyl absorption at ~3200-3400 cm — and the u.v,

spectrun (ethanol)had Moo 268 mp (log € 4+24), 275 (shoulder)
-28), 283 (4.39), 291:5 (4.24) and 301 (4-28). In the n.m,r.
spectrum (carbon tetrachloride as solvent) the following peaks

were observed: T = 2+4-2-9 (9H, multiplet, aromatic protons);
T = 5.22 (2H, singlet, carbinyl protons); T = T7-79 (1H, broad
singlet, disappears on D2O exchange, hydroxyl proton),

When the reaction was worked up with dilute sulphuric
acid (see e.g., p. 104) the main product appeared to be
l-benzylidenedihydroisobenzofuran (187) from comparison of

.its spectral properties with those described by Castro and

147

co-workers, Moreover, this product seemed from t.l.c.

L
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i.r. and u.v, evidence to be the sccond component in the
crude product obtained from neutral work up (see above).
When dilute hydrochloric acid was used, aAmore complex
product was obtained, t.l.c, showing two major spots, and
the i.r. spectrum (film) showing strong absorption at

1760 cm_l.

2~-Formyldiphenylacetylene (183%).

(a) Castro-type coupling reaction.

Dry pyridine (5 ml.) was purged with nitrogen for 10
minutes, cuprous phenylacetylide (p. 81) (77 mg.) was added
and the mixture was refluxed under nitrogen for a few
minutes. o-Iodobenzaldehyde (96 mg.) was added and refluxing
under nitrogen was continued for 4% hours. The reaction
mixture was allowed to cool, was poured into an excess of
ice-cold dilute sulphuric acid and was extracted three times
with ether. The combined ethereal extracts were filtered,
washed with dilute sulphuric acid, saturated sodium bicarbon-
ate solution and brine, dried (anh., sodium sulphate) and

filtered, and the solvent was evaporated. Preparative t.l.c.
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(Kieselgel G, 0+5 mm., 2 plates, 20% ethyl acetate/petrol) of
the crude product (86 mg. oil, t.l.c. essentially one spot)
gave 2-formyldiphenylacetylene (183) (48.mg., 56%) as a clear
oil. The i.r. spectrun (liquid film) showed absorption at
2760 and 2860 cm T (nedium, v C-H, aldehyde), 2250 o™t
(medium, v C=C) and 1690 em™T (strong, v ¢=0), The n.m,r.
spectrum showed the following peaks: T = -0.7 (1H, singlet,
aldehyde proton); Tt = 1-9-2.18 (1H, muitiplet, aronatic
proton); T = é-25~é~74 ( eH, multiplet, aromatic protons).

A small sé,mple was microdistilled, b.p. 130-140° (block)/
0.7 mm, (Found: ¢, 87.12; H, 4.99, Required for ClBHlOO:

C’ 87'35; H’ 4'89%)-

(b) Jones oxidation of the alcohol (185).

A solution of 2-hydroxymethyldiphenylacetylene (185)
(10 mg.) in acetone (0.5 ml,) was stirred in an ice bath,
Jones reagent (p.81) (0:.03 ml,) was added and the mixture
was stirred at 0° for 20 minutes before diluting with water
and extracting twice with ether, The combined ethereal

extracts were washed with saturated sodium bicarbonate
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solution and brine, dried (anh, sodium sulphate) and filtered
Evaporation of the solvent gave 2-formyldiphenylacetylene
(183) (6 mg., 61%) as an oil, one spot on t.l.c., (20% ethyl
acetate/petrol), identical by t.l.,c., i.r. and u.v. to a

sampie prepared by method (a) above,

2-Carbomethoxyvdiphenylacetylene (184).

Methyl o-iodobenzoate (144) (79 mg.) was dissolved in
dry pyridine (5 ml.), the solution was purged with nitrogen
for 15 minutes, and cuprous phenylacetylide (p.81) (55 mg.)
was added. The mixture was heated under reflux in a nitrogen
atmosphere for 6+ hours, allowed to cool, poured into excess
dilute hydrochloric acid and ice, and extracted thoroughly
with ether, The ether extract was washed with dilute hydro--
chloric acid, sodium bicarbonate solution and brine, dried
(anh, sodium sulphate) and filtered, and the solvent was
evaporated. Preparative t.l.c; (Kieselgel G, 0«5 mm,, 20%
ethyl acetate/petrol) of the crude product (72 mg. oil, t.l.c,
essentially one spot) gave 2-carbomethoxydiphenylacetylene

(184) (53 mg., T75%) as a clear oil, The i.r, spectrum
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(liquid film) showed absorption at 2240 em™t (veak, v €=C),
1720 cm™t (v C=0) and 1250 and 1290 cm™t (v C-0). The n.m.r.
spectrun exhibited the following peaks: T = 1-95-2.17 (1H,

multiplet, aromatic proton). = = 2-28-2.87 (8H, multiplet,

11

aromatic protons); T = 6-07-(3ﬁ, singlet, methyl protons).

A small sample wasbﬁicrodistilled, b.p. 120-150° (block)/
0¢8 mm, (Found: C, 81°24; H, 5-08. Required for C H;,0,:
C, 81-34; H, 5:12%). The mass spectrum showed peaks at

n/e = 236 ("), 221 (" - CHy) and 177 (" - CO,CH,). The
u,v, spectrun (ethanol) had Amax 218 (shoulder) (log € 4-68),

236 (4:59), 273 (4-55), 280 (4:59), 288 (4-64) and 308

(4.46) mp.

Reduction of (184) with lithium aluminium hydride.

2-Carbomethoxydiphenylacetylene (184) (24 mg.) was
dissolved in sodium dried ether (5 ml.), excess lithium
aluminium hydride was added aﬂd the mixture was stirred at‘
room temperature for 40 minutes. Saturated sodium sulphate
solution was carefully added, the product was extracted with

ether, and the ether extract dried (sodium sulphate) and
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filtered and the solvent evaporated. Preparative t.l.c.
(Kieselgel G, 0°'5 mm,, 20% ethyl acetate/petrol) of the crude
product (24 mg. oil, t.l.c.one major spot) gave 2-hydroxy-
methyldiphenylacetylene (185) (13 mg., 61%) as a white
crystalline solid. Crystallisation from petrol gave white
needles, m.p. 64-68° (1it.,T%° 69-71°) identical with an

authentic sample by i.r., u.v., and t.l.c, comparison,

3~ (0=Carbomethoxyphenyl)~l-phenyl-2-propyn-l-one (186).

A solution of methyl o-iodobenzoate (47 mg.) in dry
pyridine (5 ml.) was purged with nitrogen for 5 minutes and
the cuprous salt (162) (40 mg.) of phenyl ethynyl ketone was
added. The mixture was refluxed under nitrogen for 3 hours,
allowed to cool, poured into excess dilute hydrochloric acid
and ice, and extracted thoroughly with ether. The ether
extract was washed with dilute hydrochloric acid, sodium
bicarbonate solution and brine; dried (sodium sulphate) and
filtered, and the solvent evaporated. Preparative t.X.c.
(Kieselgel G, 0°*5 mm,, 20% ethyl acetate/petrol) of the

crude product (45 mg. oil, t.l.c. essentially one spot) gave
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the coupling product (186) (20 mg., 42%) as a low melting
solid (t.l.c. pure). The i.r. spectrum (melt) showed strong
absorption at 2240 o™t (v C3C) and at 1720 and 1640 oL
(v ¢&=0). The n.,m.r. spectrun showed the following peaks;

= 1.57=1.8 (2H), T = 1°86-2-05 (1H) and T = 2:17-2-7 (6H)
(multlpleto, aromatic protong); T = 6.03 (3H< singlet, methyl
protons). A small sample was microdistilled to give a clear
0il, b.p. 120-150° (block)/0-3 mm,, which was SOlldeled to
a crystalline solid, m.p. 66-70°. The mass spectrum showed
peaks at m/e = 264 (M7), 249 (' - CH) and 205 (11t - ¢o oCHy) .
(Cl7H1203 requires M.W, 264). The u.v, spectrun (ethanol)

had A . 240 (sh.) (log € 4+11), 273 (4-14), 288 (4+15) and

310 (sh.) (4-:08) mp.
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INTRODUCTION and _DISCUSSION

In recent years, considerable interest has been shown
in this department in the synthesis and study of macrocyclic
acetylenic conpounds. This interest was stimulated by the

161

discovzsry by Eglinton and Galbraith of a modification of

149

the well-known Glaser oxidative coupling of terminal

acetylenes to diacetylenes., By the use of this method,l6l
employing cupric acetate in pyridine and methanol, intra-
molecular coupling of certain «,w -diacetylenes to macro-

o . 12!
cyclic diacetylenes was achieved, whereas the normal
method,l49 involving an aqueous cuprous chloride—ammonium
chloride solution and an oxygen atmosphere, gave unsatisfactory
" results, The cupric acetate technique, the normal Glaser

169 ¢ the normal Glaser

technique, and a mbdification
technique, have all been used in the classic work of

Sondheiner and co-workers on the synthesis of a large number
of macrocyclic ﬁolyaoetylenes and their conversion to fully

conjugated macrocyclic polyolefins or 'annulenes'lo (see

(section I). Among the macrocyclic compounds synthesised in



P 2 At~ - - + S~ -~ et = B -
tnis cdepzriment wes the nignly ciraizel tes-g-zcosn

(19C) wvhich was obtained frox oxzidstive coupling of o-lietry-

W

)170

nylbenzene (183 or from the helf-cyclicsed hydrocarbon

(189)17L More recently the strainless racrocyclic

172

compound (191) has been synthesised by Castro-type

coupling113 of the cuprous salt of o-iodophénylacetylene.

A synthesis of (191) by a longer route has been reported by
Stasb and Graf.'’?  Despite the fact that it is formally

a tribenzo-tridehydro-[12]-annulene, (191) is a highly stable
compound.

As a natural extension of the synthesis of (191) by
intermolecular Castro-type coupling, it was decided to
investigate the Castro-type coupling of the cuprous salt (192)
of m~iodophenylacetylene, which should lead to the production
of macrocyeclic compounds of higher molecular weight, The
most likely product seemed to be the completely strain-free
macrocycle (193), resulting from coupling of six molecules

of the cuprous salt (192), although it seemed likely that

larger and smaller macrocycles might also be obtained,
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The compound (193) contains a 30-membered ring and is therc—

fore formally related to [30]-annulene. The existence of 2
. »17,18 .

ring current throughout the 30-membered ring of (193)

is unlikely, however, on account of the fact that no Kekuld

structures can be drawn which incorporate a fully conjugated

macrocyclic ring. It is probable alsc that bond alternation

will occur in [30]-annulene and related compounds.12’13

Calculations by Ege and Fischer174

suggest that the related
hexa-m-phenylene system (194) [and also the triphenanthrene
type system (195)] should behave as isolated benzene rings and
this has been borne out by the synthetic work of Staab and co-—
workers.l75. The properties of (193) would therefore be of
interest as an extension of the work on m-phenylenes.

The starting éoint.in the synthesis of m-iodophenylacetyl-
ene was m-iodobenzoic acid,vhich was converted to its acid
chloride and then via the diethyl acylmalonate (196) to
m-iodoacetophenone by the method of Walker and Hauser.l76

Treatment of m-iodoacetophenone with phosphorus pentachloride

gave a crude chlorination product, probably a mixture of the
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dichloride (197) and the vinyl chloride (198)3;77 which was
then dehydrochlorinated to m-iodophenylacetylene. It was
found, in agreement with the work of Bott, Eaborn and

wal%onl78

on similar halogenophenylacetylenes that potassium
hydroxide in ethanol was an effective dehydrochlorinating
agent. The use of sodamide in liquid ammonia gave an
apparently polymeric product containing terminal acetylene
units, but little or no m-iodophenylacetylene, The product
(from potassium hydroxide-ethanol dehydrochlorination) was
difficult to purify by distillation and the m-iodophenyl-
acetylene was therefore isolated via the -cuprous salt.l51
Castro-type coupling of the cuprous salt of m-iodophenyl-
acetylene was now carried out in refluxing pyridine. Thin
layer chromatography (t.l.c.) of the crude product, using 20%
benzene/petrol as solvent, showed it to be a complex mixture
of at least ten compounds(numbered I ~+ X in order of
increasing polarity below), but the infra-red (i.r.) and

wltraviolet (u.v.) spectra suggested that Castro-type coupling

had taken place successfully. The i.r, spectrum showed only
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typical aromatic absorption; the u.&. spectrun showed char-
acteristic diphenylacetylene (tolane) type absorption at 271,
286 and 304 mp (i.e. at slightly longgr wavelengths than
tolane itself) and a little absorption at 333-33%4 mp, later
shown to be of the diaryldiacetylene type.

Although the product was a complex mixture, the separat-
ion of the compounds on analytical t.l.c. seemed reasonable,
particularly when multiple running of the plates was used.
Preparative t,1l.c. employiﬁg 10-20% benzene/petrol mixtures as
solvent was therefore investigated. It was soon found;
however, that although sepatration of compounds I = IV was
straightforward, and although V and VI could also be obtained
in a fairly pure state, compounds VII - X were extremely
difficult to separate from VI and from one another, The
reason for this is probably the decreasing solubility in
petrol with increasing moiecular weight of compounds I‘erX,
which results in streaking and overlapping on t.l.c, except

when very small quantities of material are used. Column

chromatography of the crude procduct on alumina using the
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solvent systems described by Jenny179 for the separation of

the macrocyclic metacyclophanes (199) [i.e., petrol and petrol/

ethyl acetate (200:1)] gave very similar results., Sublimation
of a mixture consisting mainly of VI, VIII and IX at 250—2700/
0:.02-0.5 mm, over a period of 20 hours gave reasonable separ-
ation of these compounds, but the method seemed unpronising
for application on even a moderately large scale.

The use of carbon tetrachloride (in which the reaction
products appeared to be moderately soiuble) as an alternative
nbn-polar solvent fo petrol was then investigated., Carbon
fetrachloride/petrol (70:30) was found to be greatly superior
to the previous solvent systems employed for preparative
t.l.c., except that the separation between compounds VIII and
IX was rather poor; for this reason benzene/petrol mixtu;es
were frequently used for analytical t.l.,c, The separation of
compounds.VI -+ X by column chromatography was also greatly
improved by the use of carboﬁ tetrachloride/petrol mixtures as
solvent, and under these conditions, the separation of VIII

and IX was almost complete, Separation of the products on 2



- 152 -~

fairly'large scale was therefore carried out by chromatography
on alumina followed by preparative t.l.c. (using Kieselgel
HF254), in both cases employing carbon tetrachloride/petrol
mixtures extensively., The compounds thus obtained are
described below, For comparison purposes, m-bis(phenylethynyl)
benzene (200)145 was prepared by the Castro reaction between
m-diiodobenzene and cuprous phenylacetylide. The synthesis
of (200) in this way had already Eeen described by Castro and
co—workers,l45 but very little information on the spectral
properties of the compound had been given,

Compoﬁnd I; eluted with petrol, appeared from its
spectroscopic properties, in particular the mass spectrum
(pérent peak at m/e = 454) and the characteristic diaryldi-

acetylene type u.v, spectrum (A

nax 2F 293, 312 and 334 myp) to

be 3,3'-diiododiphenyldiacetylene (201). This was confirmed

by comparison with an authentic sample of (201), synthesised

by oxidative couplingl49 of m-iodophenylacetylene by the

161

cupric acetate-pyridine-methanol method, The formation

of (201) under Castro-type conditions is obviously the result
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of a sﬁall amount of oxidative coupling of the cuprous salt
taking place as a side reaction (see e.g. p. 55).

The presence of (201) in the reaction mixture would be
expected to‘lead to a series of uncyclised compounds of
_general structure (202) by Castro coubling of the cuprous salt
(192) of m-iodophenylacetylene with (201).  Compounds II and
I1L, eluted with petrol, and compound.IV and possibly compound
V, eluted with 50% éarbon tetrachloride/petrol; seen to be
uncyclised products of this type. The mass spectra of II,
III and IV had parent peaks at m/e = ca, 554, 654 and 754
fespectively; suggesting the structures (2023); (202b) and
(202¢) respectively, the existence of isomersvbeing possible
in the cases of III and IV, The pattern of the major peaks
in the mass spectra of II, III and IV, mainly attributable to
doubly charged ions and loss of iodine, was very similar to
that observed with (201). The u,v, spectra of II; IIT and
IV, taken in conjunction with the mass spectra, provide

further strong evidence for these structures.
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Assumiﬁg that there is little interaction between the tolane
and diaryldiyne type chromophores in compounds of the general
type (202); as seems probable from the tolane type spectra of
m-bis(phenylethynyl)benzene (200) and the cyclic compounds
described below; the u,v, spectra of II, III and IV can be
completely rationalised in terms of the superimposition of
inoreaéing amounts of tolane type absorption on a diaryldiyne
spectrun, The u.v. peak of longest wévelength occurs for
diaryldiynes at ca. 3%0 mp (e ~ 30,000) whereas tolanes
éenerally show very little absorption above 325 mp and have
maximum absorbance at ca. 280 mp (&~ 30,000). 3,3 -3i-
iododiphenyldiacetylene (201) and compounds II — IV (and V)
all show a diaryldiyne peak at 333-334 mp, and using the fact
that for (201) the € value at 287 mp is about 48% of the €
value at 334 mp, the contributions to the total absorption of
IT = IV at 286 mp from the tolene and diaryldiyne chromo-
phores can be calculated. The results obtained are shown in
the table opposite and are in good agreement with the knéwn £

values of the two chromophores, The extinction coefficients.
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quoted are rather approximate, but as is shown in the grayph,
the ratio of tolane to diaryldiyne type absérption is in every
case in very close agreement with that expected from the
proposed structures.

Although the extinction coefficient of compound V is
rather low (possibly because of its low solubility in cyclo-
hexane), the ratio of tolane to diaryldiyne absorption (see
pJdb4a) suggests that it is of the same type as compounds
ITI - IV, and has structure (2024), M.W. 854. The mass
spectrum, however, not only failed to show any éeéks in this
region, which could be explained by the involatility of (2024a),
but in fact gave a very simple spectrum with peaks essentially
only at m/e = 400 and 200. Although no other evidence is
available, this mass spectrum alone strongly suggests the
presence of the rather strained 'cyclic tetramer' (203),

(M.W, 400) derived from Castro coupling of four molecules of
the cuprous salt. This characteristically simple type of
spectrum,showing essentially only the singly and doubly

charged molecular ions, was also obtained from the cyclic
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tribenzotriyne (191)3,'7?’173 from the ‘cyclic pentamer' (204)
(see below) and from m-bis(phenylethynyl)benzene (200). This
apparent conflict between the u.v, and mass spectra suggests
either that 'V' is a mixture of the involatile (202d4) with a
trace of the more volatile (203); or; less likely, that 'V!
contains a large proportion of (203) but that (203) has an
anomalous u.v, spectrum arising from the strain in the
molecule,

Compound VI, which appeared to be the major product,
was eluted next (with 50% carbon tetrachloride/betrol) and
x;vas sho@ t§ be the 'eyclic pentamer' (204), M,W, 500.
Purification was carried out by preparative t.l.c, followed
by crystallisation from benzene/petrol to give (204) as small
lustrous white plates which did not melt but gradually
darkened on heating in a sealed tube to 500°, The mass
spectrum, like those of the cyclic tribenzotriyne (191)172’173
and m-bis (phenylethynyl)benzene (200), was extremely simple,

the main peaks being at m/e = 500 (M) and m/e = 250 (M2+)

and a small peak also being observed at n/e = 166+7 (M3+).
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A high resolution mass»spectrum confirmed that these peaks
were attributable to a C4OH20 hydrocarbon. The structure

(204) was also confirmed by the other spectroscopic data
obtained., The i.r, spectrum was typical of an aromatic
hydrocarbon.  The u.v. spectrum (see opp. ) [cyclohexane,
Kmax 286 my (éiz 185,000) ] was of the characteristic tolane
(281 mu, € = 30,000) type, but as in the case of m;bis(phenyl-
ethynyi)benzene (200) (283-5 mu; € = 66,000), showed less
distinct. fine structure, Unlike (200), however, and unlike
compounds VIII and IX which also had tolane type. séectra,
(204) also showed a small peak at 319 mp (s = 13, OOO) It is
possible that the presence of this small peak is a result of
strain in the macrocyclic ring of (204), but the amount of
‘strain present would appear from Dreiding models and from the
high stability of the compound to be rather small, As can be
seen from the data above, the wavelength of maximum absorp-
.tion exhibits a slight bathochromic shift on going from tolane
to (200) and from (200) to (204). The maximum extinction

coefficients of (200) and (204), however, are not significantly
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differént from those obtained by simple addition of either
two or five tolane type chromophores,

The n.ﬁ.r. spectrum of (204),(see opp. ) measured in
deuterochloroform at 100 Mc/s., showed a broadened singlet,
possibly a poorly resolved triplet, at © = 2-03, (HC) and a
multiplet at © = 2-55 (HA and HB)’ in a ratio of approximately
1:3., This pattern is compatible with the expected AB2X
system, and the chemical shifts are close to those observed
by Jenny with the hexabenzo—all;trans—hexaene (205)180 for whicn
the corresponding values were T = 2.08 (HC); T = 2+46 (HB)
and = % 2.61 (HA)' Similar, though even greater, deshielding
cf the HC proton was observed in the m-phenylene type
compounds [e.g. (194)] synthesised by Staab and co—workerst (?
Further confirmation of the structure (204) for compound VI
was obtéined by hydrogenating a small sample over palladium/
charcoal, The product showed one major spot on t,l.c., of
identical Ry value to a sanple of [2.2.2.2.2]metacycloPhane

(1992)17? xinaly provided by Professor W. Jemny. The

hydrogenation product was purified by preparative t.l.c. and
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the mass spectrum was found to be identical to that of (19%a).

The remaining compounds were not fully characterised.
Compound VII appeared to be a very minor constituent of the
mixture and was not isolated in a pure state. Compounds VIII
and IX were purified by repeated preparative t.,l.c. and both
were found to have characteristic tolane type u.v, spectra
(Kmax_286 mp) with no trace of diaryldiyne absorption, As in
the case of compound VI (204); the fine structure was not
very distinect, but in contrast to the case of (204) there was
no peak at 319 mp.' It is thus possible that VIiI and IX are
higher hémélogues of (204),Abut mass spectra of VIII and IX
(and also X) could not be obtained on either M.S.9 or M.S,12
instruments, presumably because of the involatility of the
substances. Mdass spectra run earlier, however; on samples
which apparently were mixtures (though almost pure by t.l.c,)
had shown that a compound of molecular weight 600 was present
in addition to (204), M.W, 500, and that it gave rise to a
similar type of spectrum to (204). A high resolution

spectrum;8l showed that this peak was attributable to a
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048H24vhydrocarbon vwhich must be the 'cyclic hexamer' (193).
A small peak at m/e = 700 was also observed which could
indicate the presence of the corresponding ‘heptamer'. Since
these peaks were obtained only with mixtures, however, the
firm assignment of structures toVII and IX cannot be made.
The meximum u,v, extinction coefficient of both VIII and IX
was calculated tc¢ be ca. 185,000 assuﬁing a molecular weight
of 600 and ca. 215,000 assuming a molecular weight of 700,
Hydrogenation of VIII on a very small scale gave a mixture of
two compounds (by t.l.c,) neither of which corresponded to a
sample of [2.2.2.2.2.2.]metacyclophane (199b)179 provided by
Professor W, Jenny, but this preliminary result canno% be
taken as conclusive evidence that VIII is not the !cyeclic
hexamer' (193).

To summarise, therefore, the major product of the inter-
molecular Castro type coupling of the cuprous salt (192) of
m-iodophenylacetylene has beeﬁ shown to be the'cyclic
pentamer' (204). Evidence was also obtained for the presence

in the complex reaction product of the cyclic ‘tetramer' (203)

a
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and ‘'hexamer® (193) and possibly the cyclic *heptamer’.

A series of uncyclised compounds resulting from mixed Castro
ahd oxidative type coupling was also isolated from the
mixture,

Work was also commenced on a second project directed
towards the synthesis of the macrocyclic tetraacetylenic-
tetraketone (208) containing an 18-membered ring, by oxidative
coupling of m-bis(l-hydroxy-2-propynyl)benzene (206) to the
tdimer' (207) followed by oxidation to (208).

The starting matérial in the synthesis of the diacetyl-
enic diol (206) was isophthalic acid,which was converted to
isophthalaldehyde by formation of the dimethyl ester,
reduction of the diester to isophthalyl alcohol with lithium
aluminium hydride, and oxidation of the diol to the dialde-
hyde, The use of aqueous ceric ammonium nitrate solutionl35a
was found to be a particularly simple and effective method
of carrying out this oxidation. Isophthalaldehydé was

converted to the diacetylenic diol (206) by treatment with

either excess sodium acetylide128 or acetylenemonomagnesium


















