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EURCBEAINL § Syt s

SUMMARY,

This thesis can be divided into six parts,

The introduction reviews the chemistry of macrocyelic acetylenic
compounds, with particular eﬂphaéis on the fully conjugated rionocyclie
polyenes (the annulenes) and the dehy&roannulenes, an interesting series
of conpounds, some of which display aronatic characteristics,.

Section I deals with the atteripted synthesis of 1,2:7,8:13,14~
tribenzocyclooctadéca—l,7313—triene-3,5,9,11,15,17—hexyne, via a u.v,
induced free radical coupling reaction on 1,2-bis(B-iodoethynyl)ben-
zene, Although the desired nacrocyclic acetylenic hydrocarbon was
not obtained, several interesting naphthalene derivatives were isolated,

Bection II deals with the synthesis of the hydrocarbon 1,2-bis-
(0—phenylethyny1)benzene and the attenpted synthesis of 1,2:5,6:9,10-
tribenzocyclododeca-1,5,9-trienc-3,7,)1-triyne. The synthesis of the
latter coripound was not completely successful, but the thesis reveals
a line of approach which could be successful,

Bection III deals with an interesting series of nacrocycles, and
discusses in detail the i.r. and u.v, spectral characteristics of an

interesting series of related diphenylacetylene, stilbene (cis- and

trans-} and dibenzyl hydrocarbons, rnono-ols and diols.

Section IV is concerned with the coupling of ethynyl cormpounds
under high-dilution conditions, Octa-l,7-diyne was coupled in cupric
acetate/pyridine/methano1 at various concentrations, and it was found

that the ratio of the cyclic dimer to the cyclic trirer inmcreased as



the initial concentration of the diyne decreased,

Section V deals with the hydration of acetylenic corpcunds,
Undeca-~1,7-diyne was hydrated under differcnt conditions, and it was
found that the two expected diketones, uhdecane-2,7-dione and
undeca-2,8-dione, were always forned in the same ratio, although the
former predominated to an unexpected degree, A brief investigation
into the hydration of acetylenic compounds using ruthenium trichleride

in hydrochloric acid has also been carried out,




INTRODUCTION : MACROCYCLIC ACETYLENIC COM2QUMDS .

The chenistry of macrocyclic acetylenic corpounds has excited
considerable interest in recent years, and the following introduction
comprises a review of the reecent work im this ficld with particular
reference to the fully conjugated ronocyelic polyenes (the annnlenes),
derived fron acroeyclic acetylenic cormpounds, (A discussion of sore
of the earlicr results has already heen given by'Behr1 and Lardyz).

Soﬁdheimer and his co~workers have produced an impressive
body of work on maerocyclic acetylenic conpounds and on the ammulenes

3—37. Since I..ardyv-2 has already reviewed the syntheses

derived fron them
of these annulenes, only a brief outline of the synthesis of one of
thers, [18]annulene(1), will be given here., The properties of the
amulenes in gemeral will be discussed, with particular reference
to their aroratic character.

Oxidative coupling38°40

of hexa-1,5-diyne(2) gave, in addition
to several other coripounds, the cyelie triner(3)8’23, which, on
treatrrent with potassiun t-butoxide in t-butamol, was converted

into 5,11,17-tridehydrof18]annulene(4). Subscquent partial hydrogen-
ation of (4), using the Lindlar catalyst41, gave[lS]annulene(l)ll.
Using the above procedure, and slight variations of it, Sondheinmer
has synthesised the parent [14]-17, [16]-26, [20]-21:22:27 9713
and [30]annulene315’21’27 (8, 13, 19, 22 or 23, and 25 respectively)
as well as [18]annulene(1) itself. In addition, the dehydroannulenes

(528’ 632 31 26 26 26 22,27’ 22 13,23’

17
, 1007, 12°0) 14°°, 15°°, 16<°, 20 21°°, 24
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14,27 921423 14 28?3) have been synthesised. A hexarethyl[18]-

26
30 30
anmulene(17)°" and the dehydroannulene precursor (18)°", have also

been prepared in this way.,
Two derivatives of [10]annulene have been prepared, 1,6-oxido-

3

[10]annulene(29) by Sondheirer and Shani®®, and 1,6-metheno10]anmu-

lene(30) by Vogel and Roth2,

The nain interest in the anmulenes arises fron the question of
whether or not ronseyclie hydrocarbons formally riade up of alter-
nating single and double bonds will show so-called "aronatie”
behaviour., The best known exarple of this type of compound is, of
course, benzene(31), ([6]anmulene), which has typical aronatic
properties, i.e.,benzene is planar and does not consist of distinct
single and double bonds, but all the carbon-carbon bonds are the
sarte length, and chenically benzene undergoes substitution reactions,
rather than the addition reactions which are characteristic of olefinms,
Speculation was rife as to whether or not the higher vinylogues of
benzene would show sinilar properties. Accordingly, cyclooctetetra-
ene(32), ([S]annulene), was prepared43, and shown to have no aronatic
properties, i.e,,the riolecule is non-planar, the alternate bonds are
of unequal length, and cheniically cyclooctatetraene behaves like a
nornal conjugated polyenec.

44-46

Later theoretical work predicted that annulenes would

exhibit aronatic properties if they contained a closed shell of

47,48

(4n+2)%;electrons44, (Wickel's rule), and were reasonably planar

T



In addition, the theory predicts that for the lower nerbers of the
(4n+2)ﬂ-e1ectron series, the carbon-carbon bonds will be equal in
length, but when n is large, the carbon-carbon bonds will be
alternately long and short. In the 4n W-electron series, the theory
predicts that the bonds will be alternate for the whole series.
Therefore in addition to requiring (4n+2)m-electrons and being
reasonably planar, an annulene will only be aronatic if the ring-size

is less than that for which Longuet-Higgins and Salen45’49

have
predicted the occurrence of bond-alternation; unfortunately, the
exact value of this limiting ring-size is uncertain.

A nanifestation of all the carbon-carbon bonds being the saue
length, is a large stabilisation energy, whereas, if the carbon-
carbon bonds are alternate, a smnall stabilisation energy is expected;
e.g.,the stabilisation energy (resonance energy) of benzene is
36 K.Cal./mole, (equal bonds), whereas that of cyclooctatetraene
(alternate bonds) is only 4.8 K.Cal./mole. Davies50 has calculated
that the stabilisation energy of [18]annulene will be 103 X.Cal./mole
if the molecule is reasonably planar and the bond lengths are equal,
whereas, Coulson and Golebiewski48 have calculated that for a non-
planar structure for [18]annulene, in which the steric interactions
are at a nminirun, the loss in stabilisation energy of [18]annulene
would he 70 K.Cal./mole. An X-ray analysis of [18]annu1ene has now

been carried out32, and, in fact, the nolecule is alrost planar.

The'cisttype bonds are 1.419+0.004 A° long, and the two "trans"-type

-a-



bonds between each "cig"-bond are 1.382iO.OOBAO in length, The
difference, O.OQAO, is anpreciable, and cannot readily be explained,
but it is rwuch less than in cyclooctatetraene (D.I3AO), and certainly
precludes appreciable bond-alternation, The heat of combustion of
[18]annu1ene has also been measured, and its heat of formation
calculated34. The results indicate a stabilisation enerpgy for
[18]annulene of 10046 K.Cal./mole, indicating that [18]annulene is
aronatic, and therefore the ring-size rmst be less than that for
which bond-alternation has been predicted45’49’

It should be pointed out that Hackel‘s rule decreases in
significance with increasing ring-size, The simple theory, on
which the rule is based, requires that the delocalisation energies
(per m~electron) of (4n+2) and 4n M-electron systems, should approach
the same linit as n tends to infinity. However, the legitinacy of
the Hackel theory for 4n M-electron systeris has been questioned,
and it is probable that thes; systems are indeed inherently less
delocalised than the (4n+2)7-electron systens,

Several dehydroannulenes are also discussed in this section,
and although H&ckel's rule was not forrnulated for the dehydroannulenes,
considerations of the theory suggest that the rule shouldl still be
applicable, though of diminished significancezg. Furthermore, the
presence of the carbon-carbon triple bonds will produce bond-
alternation, with a subsequent lowering in the degree of aromaticity.

"
In the event, dehydroannulenes obeying Huckel's rule were found to be
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aromatic, while those which did not obey it, were mnot, as will
be seen later.

Although there has been no generally accepted definition
of aromaticity, a compound is considered to be aromatic if
there is a measurable Zegree of cyclic delocalisation of a
n—electron systerns in the ground state of the-moleculeag’sl.

As already discussed, this will result in a lower energy content
than would be predicted from classical considerations, in
carbon-carbon honds interrmediate in length between those usunal

for single and double bonds, as well as in the ability of the
ﬂ—électron system to sustain a magnetically-induced current51.
This last property is associated with a secondary magnetic field
which will increase the nmagnetic susceptibility.ﬂnd dianagnetic
anisotropy of the noleculeSz, and contrihute to the chenical shifts
of aromatic protonssa, the latter heing rieasura®le hy nuclear
(proton) magnetic resonance spectroscony (n.m.r.). In the general
case of the macrocycles, aromatic nrotons may he situated either
inside or outside the ring; the former nrotons will be strongly
shielded by the secondary magnetic field, whereas the latter will
be deshielded (Fig.1}. Sondheirer and his colleagues thus
determined the n.m.r. spectra of some of the nmacrocycles, since
those which were "aromatic" in the sense of sustaining a.ring

current, should show ahsorption at unusually high fields due to

the inner protons, as well as at unusually low fields due to
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the outer protons. <Y-values were used throughout54.

A brief surmary of the results expected from the theory,
together with the results obtained by n.n.r.,is given in Table 1.
A detailed description of the n.n.r. snectra recorded, together
with some other properties, now follows,

[3]Annulene and [8lannulene.

The first two known members of the series, [3]annulene and
[8]annulene (i.e.,benzene(31l) and cyclooctatetraene(32),
respectivelx) are well known. The nrotons in benzene absorb
at 2.747T, whereas those in cyclooctatetraene absorb at 4,317,

The olefinic protons in cyclooctatriene absorb at 4.257, showing
that in cyclooctatetraene no ring current exists, whereas benzene,
which absorbs at lower field, does exhibit a ring current.
[10]Annn1ene.

The next rmember of the series, [10]annulene(33), has not
yet been prepared, hut although it has (4n+2)ﬂ-electrons (§=2),
Mislow55predicts that it will ndt be aronatic, since it cannot
be planar due to steric interaction of the 1,6 hydrogens.
However, this strain is alleviated in the two known derivatives,
1,5-0xido[10]annulene(29) and 1,5-rethano[10]annulene(30), and,
in fact, they are both aromatic in character; e.g.,1,5-0xido[10]-
annulene undergoes electronhilic substitution reactions35, and
the protons absorb at low field (2.23-2.81F) in the n.n.r., and

denonstrate the existence of a ring current.



[12]Annulene.

[12]Annulene itself has not yet bheen preparedaz, but two
bisdehydro[12]annulenes(5 and 6) have been prepared by Sondheimer
and his colleagues, and the n.ri,r, spectra recordedgz.

The bisdehydro[12]annulene of structure (6) has one trans-
double bond and three cis-double bonds., The configuration is fully
in accord with that shown (6), existing in a non-planar confornation
with the trans-double bond perpendicular to the plane of the ring.
This causes the protons marked 111,11:")',II'3 and H4 on one side of the
rolecule to be equivalent to the corresponding ones on the other
side. The n.m.r. spectrun consists of a quartet at —0.907 (two Hl
protons), an octet at 4.977 (two > protons), a band at 5.47 % (two
H4 protons) and a doublet at 5.827 (two 33 protons). The spectrunm
gives no indication of a ring current.

The other bisdehydro[12]annulene(5), has only one band at
5,587, which is assigned to all eight protons of the molecule.

This corpound is presumably not planar, and possesses two different
types of protons, which are assuned, not unreasonably, to rnerge into
one band, due to their similar chemical shifts. The only other
structure which could reasonably be assuried for this isoner, (7),

is discounted since it is unlikely that this conpound would show
only one band in its n.n.r., spectrur:, Once again there is no sign

of any ring current,
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{14 JAnnulene..

In the [14]annulene series,a great deal of work has been done
by Sondheiner's group, and three very interesting coripounds have
been riade (8,10 and 12). Treatment of the cyeclie corpound (9) with
rnild base gave rise to two different conjugated macrocycles,
thought at first to be differeni isorers of nonodehydro[14]annu1ene.
One of ther was shown to have the structure (10) from its n.nm.r,
spectruri, which consists of a conplex band at low field, (1.2-2.77,
ten outer protons) and a double doublet at high field, (10,707,
two inner protons), The ratio of the two bands is alriost exactly
5:1, a fact which rules out the alternative structure (11), which
would have two bands in the ratio of 3:1. The spectrun: shows the
existence of a ring current,

The second crystalline cormpound obtained fron base treatrient
of (9), thought at first to be an isomer of mouodehydro[l4]annulene,
surnrisingly turns out to be 1,8—bisdehydro[14]annulene(12), a
very remarkable cormound contnaining two hydrogen atoms less than
expected. This is an unusual structure (12) in view of the fact
that no conventional fornula nmade up of comjugated double and triple
bonds can be written for it, since there is an odd nunber of
carbon atonis on either side of the two formal triple bonds, The
nolecule should be able to exist in a planar configuration, and
has been shown by X-ray rzeasurencnts56 to be planar. The n.n.r.

spectrun shows a quartet at 0.457 (four outer it protons), a

-8-



doublet at 1.57‘r(four outer Hl protons) and a symmetrical triplet
at 15.54° (two inner H3 protons). This clearly indicates the exist-
_ence of a stfong ring current, Zlectrophilic substitution reactions
‘have been carried out on this comnound, and these take place at the
carbon atom ~adjacent to the trinle bond, Hl being replaced by

50,CH NO2 , and COCH, . It should he nointed out that monodehydro-

373 * 3
[14]annulene(10) can also be substituted with the same substituent
groups, although the actual nosition of substitution is not known,
whereas [14]annulene(8) itself (see below) does not undergo electro-
philic substitution reactions,.

[14]annulene(8) has been postulated by Mislow55 to be non-
cOplanar due to steric interactions of the hydrogen atoms at C1 ,
04 , C8 , and C11 , and hence, although it complies with H&ckel's
rule {n= 3), it should be non-aromatic, That [14]annulene has the
configuration shown (8) was proved by the X-ray crystallographic
deternination carried out by Bregman57. The analysis confirms the
configuration (8), but the results do not as yet »rovide any
quantitative information regarding the derree of planarity of the
molecule. The n.m.r. spectrum of [14]annulene consists of two bands,
.a weak -one at 3.937and a stronger one at 4.42Y. Sondheimer hagd at
first assumed that this weaZ band was due to a decomnosition
product of [14]annulene, formed during transport of the sample from
Israel to England for the n.m.r, determination, However, it was shown

later, that the n.m.r. spectrum of freshly prepared solutions,

O



still showed hoth peaks, and that the ratio was roughly
1:5(3.93:4.42). Accordingly, Sondheirmer nostulatedg?' that due
ﬁo the overcrowding of the inner »nrotons in a nlanar molecule,
the suhstance existed in a non-planar conformation derived from
the planar structure (8), by moving one of the Hl protons upwards
and the other downwards, while the inner »nrotons Hz, stayed inside
he ring. These two inner nrotons (H2) were then assigned to the
3.93%Y band, the 4.427 band being assigned to the twelve other
protons of the molecule. The absence of a ring current in the
n.n.r. svectrum indicated that the compound was apnarently
non-aronatic, However, much laterss, Sondheimer denonstrated
that this interpretation of the two bands in the n.nm.r. spectrum
was incorrect. Thin layer chromatogranhy (t.l.c.) of [14 ]annulene
on silica, had shown only one spot as exmected, but t.l.c. on
silica which had becen irmmresnated with silver nitrate showed two
une~ual naighbouring s»ots, the slower moving one heing present
in the larger armount. 3n rapid extraction with ether and
rechronatogranhy, the two spots were hardly changed. However,
equilibriumn of the two conformers was fairly rapid, and rechromato-
graphy of an cther solution of either spot after storage for thirty
ninutes produced two spots, identical with the original mixture.
Crystalline [14]annulene consists alnost entirely of the slower

noving conformer, for immediate examination of freshly prepared

solutions gave essentially only the 4.42Vpeak. After thirty
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minutes, the n.m.r. spectra showcd the usual two neaks of the
equilibrium mixture. That the equilihrium is temnerature-
dependent was denonstrated by n.t.r., the 3.337%peak increasing
in pronortion with tenperature. 4 likely explanation for the
isomerisn is that the conforners have structures represented hy
(35), with the hydrogens at 1 and 2 ahove those at 3 and 4, and
(36) with the hydrogens at 1 and 3 ahove those at 2 and 4. The
roon~tenperature X-ray study57 of crystalline [14]~nnulene

indicates that the molecules are controsymmetric, hence the isomer

hich gives rise to the 4.42% peai- is presumably (35). THven 1ater37

the n.n.r. spectrum of [14]annu1ene was found to be temperature-
dependent, and on cooling, the 4.42% hand broadened until at -30°
it could ns longer be recognised. At -400, a new very broad band
at~2.7% becane asmarent. This band becane »rogressively less
broad on further cooling, and a second new band at r:107 was found
to be associated with it. At —600, the spectrum consisted of broad
peaks at 2.4 and 13.0%, as well as the 3.93%¥nealk which had
broadened slightly. The 2.4%’ band is assigned to the ten outer
protons, and the 10.0% band to the four inner nprotons. . The areas
of the bands were anproximately in the ratio 5:2, ilence the low
temperature n.m.r. spectrum of [14]annulene is typical of an
aromatic substance, showing the presence of a ring current which

shields the inner protons and deshields the outer protons.
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[16 ]Annulene.

Now let us deal with the [15]annulene series. The n.m.r.
spectrum of [16]annulenc(13) shows only one band at 3.27%, this
position being close to that ohserved for the olefinic protons of
linear conjugated polyenes. No ring current is ohserved, but this
can no longer be talen as a criterion for lack of aromaticity,
unless low tenperature n.m.r. spectral studies show no change.

The 3.27°¢ band could he the average of the inner and outer protons,
although this is unli%ely in this case. This experiment has,
unfortunately, not yet been carried out for [15]snnulene.

The n.m.r. spectrum of one of the bisdehy’ro[15]annulenes
confirms the structure shown (13). It consists of a quartet
centred at 2.257 (four Hl protons), an octet at 4.35% (four 32
protons) and a doublet at 4.93% (four 1 protons). Again no ring
current is in evidence.

[18]Annulenc.

The case of [18]annu1ene(l) is perhaps the most interesting.
It was, in fact, the first annulene after benzcne and cycloocta-
tetracne to bhe wrenared, and its properties have been well studied,
(see above). The n.n.r. spectrum, shows the existence of a ring
current. The spectrun consists of two broad bands at 1.17%¥ (outer
protons) and 11.84% (inner protons) in the ratio of 2:1. As in the
case of [14]annulene, low temnerature n.m.r. studies have now been

carried out37, and, in fact, the two hrond bsnds hecome sharper am
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show fime structure as the solution is cooled. The separation also
is increased, until at —800, there‘is a qua?tet—like band at 0.727%
and a complex band centred at 12.97%. The ratio remains unchanged
at 2:1. This is indicative of an increased ring current,
presumably due to increased coplanarity, as thermal disturbances
are reduced, IHeating a solution of [18]annulene causes the bands
at 1.1Y and 11.8% to broaden, until at 40° they are no longer
recognisahle. a4t 60? a broad new peak at~4.,5°¢appears, which
sharvens as the temperature is increased, until at 1100, the snectrum
consists of a relatively sharn singlet at 4.55%. The changes with
temperature ohserved for the spectra of both [14]annu1ene and
[18]annulene were found to be reversible. It appears that the
n.m.r. spectra of [14]annulene and [18]annulene are similar, except
that the transition from the two-hand snectrum (aromatic) to the
single-band spnectrun occurs at lower termneratures in the case of
[14]annulene. The most likely explanation for the occurrance of
the singlet at higher temperatures, is that the nrotons change
position so rapidly at higher temperatures, that an average value
results for the band location. In fact, the position for the
singlet is, in each case, in good agreement with that calculated

by taking the weighed average of the outer and inner band locations.
Both compounds therefore nrésumably possess a ring current, even

in the temperature range in which the n.m.r. spectrum shows only a

single peak.



Tridehydro[18]annu1éne(4) also shows the presence of a ring
current in the n.m.r. The spectrum consists of a complex multiplet
at 1,7-3.17 (outer protons) and a double doublet at 8.26V (inner
protons). X-ray measurements58 indicate that the molecule is
planar and has the structure shown (4).

The hexarethyl-tridehydro[18]annulene(18), due to solubility
problems, shows only thé methyl protons in the n.n.r., nnd these
absorb at 7,407, This is lower than the normal value for the
angular methyl groups in the carotenoids and their acetylenic
analogues59 (7.95-8.157), and, in fact, the methyl protons must be
deshielded due to a ring current,

Note that the porphyrins, if written as in structure (37),
are similar to [18]annulene(1), and, in fact, the imine protons
of this type of molecule occur at véry high field (~147}, whereas
the peripheral protons occur at low fields (O-I?), indicating the

60-62

presence of a ring current .

[20]Annulene.

Although [20]annu1ene(19) has been prepared, Sondheimer has
not yet discussed the n.n.r. spectrunm.

[24]Annulene.

The next menber of the series which has becn prepared is
[24]annulene(22). The n.m.r. spectrum of [24]annulene consists of
a single band at 3.167, and no ring current is in evidence,

although low temperature studies will have to be carried out, to
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ensure that this band is not an average of any other bands,

The n.m.r. spectrun of tetradehydro[24]annulene(24), consists
of a double doublet at 1.80?‘(inner protons), and a complex multi-
plet at 3.6—4.7%’(outer protons), That the assignments are correct
follows from the relative intensities of the two bands. Again no
ring current is in evidence,

[20]Annulene.

The largest rnenmber of the series which has been prepared to
date is [30]annulenc(25)., However this substance is too insoluble
to allow the determination of its n.m.r., spectrun. This is
unfortunate, since the ring-size may be large enough to produce
band—alternation, and this would be reflected in the absence of

a ring curvent in the n.n.r. spectrun,

In conclusion, it would therefore appear that of the fully
conjugated cyclic polyenes which have been investigated to date,
thosc which have (4n+2)T-clectrons are aromatic in that they display
a ring current in the n.n.r., and those which have 4n T-clectrons
are non-aronatic. ‘lowever, the 4n N-electron cormpounds require
further low-ternerature n.n.r., studies to find out whether there
is any change in the spectrun, fron a one-band to a two-band

(aromatic) type, on cooling the solution.
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Some other interesting macrocyclic acetylenic compounds
which have heen prepared in the last few years will now be briefly
considered. The highly strained cyclic hydrocarbon (38) was nre-

o
pared in this departmeﬂtog, by the nxidative coupling of o-diethynyl«
4

benzene(532). Nakagawa and his COnworkers61 have since prepared a
similar compound (40), by a similar coupling of (41). In addition,

y o . . \ 65 356,67
they have successfully dimerised (42) to(43)°°, and (44) to (45) .

and riore recently they have made the related hydrocarbons (46)98

and (47)69, by oxidative coupling of (48) and (49), respectly.

We in thig department have been interested in a series of
eight closely related structures (38,50,51,52,53,54,%5 and 56),
since they shonuld have sone striking nroperties, spectral and
otherwise. Three of them (38,53 and 55) have already been prepared1’2,r
and this thesis deals mainly with the preparation of another one

(56), together with the attempted syntheses of (51) and (52).
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Compound,

Cyclobutadiene
Benzene(31)

Cyclooctatetraene(32)

[10]Ammlene(3

1,6-0xido[10]annu~

Yene(29)

3)

[12]Annulene(34)

5,11-Bisdehydr
[12]anoulene(5

7,11-Bisdehydr
[12]annulene(6

[14 JAnnulene(8

Monodehydro| 14
anmulenc(10

3_

Qo=

)
)

;-

Bisdehydro{14 ]-
annulene(l2)

[16]Annulene(13)

7,15-Bisdehydro[ 16 ]-

ennulene(16)

[18]Annulene(1

)

Tridehydro[lS;—

anmulene (4

HéxamethylgISJnnnu~

leme(17

Hexamcthyl-tridehydro-

[18]annulene(18)
[20])Annulene(19)

[22]Annulene
[24]Anmlene(2

Tetradehydrof 24 ]-

2)

annuleme(24)

[30]Annulene(2

5)

TABLE 1 : THE ANNULENES.

Molecular Reference, (4n+2)ﬂ—
Formula. elecetrons,
Value of m.
C,H, — —_—
06HG n=1
CgHg 43 —
3050 - n=2
€, g0 35 n=2
Ciotho - —
C,,Hy 28 —_—
C,,H, 32 -
€y, 17 n=3
014H12 17 n=3
C.H0 31 =3
CyqHpe 26 —_
C s 26 —
Cy8M18 11 =4
Cyatho 1 =t
€430 30 n=4
Cosllag 30 n=4
Co0's0 21 -_'
Coollyo - =5
Cosllayg 13
Cosye 13
15 n=7

C3d“§0

n.m,r,
Y=values,

2,74V,
4,317,

2 .23-2 .81‘.{.

5.587.

~0,90,4,97,
5.47,5.827,

2.4,10.07%

1,2-2.7,
10,707,

0.45,1.57,
15,547,

3.277.

2,25,4.35,
4,937,

0.72,12.99,1

1.7-3.1,
8,267,

1,407,

3.167,

1.80,3.6—
4.7,

* low-temperature only,
1+ low=tcmperature,



SECTION I



IRRADIATION JF 1-T19D0-2-ARYLACETYLENES ,

In 1948, Sworski'C postulated that the triene-triyne (57),
should be able to exist in a resonance stabilised cumulene form
(58), and so should be a stable compound, This compound might be
further stabilised, hoth sterically and electronically, by a
benzo group at each apex (52). A similar argument would presumably
apply to a compound containing «y-diyne units, (59), which is, in
fact, hexadehydro[18]annulene, and this comnound, and the tri-
benzo-derivative (51), should also he capable of existing in
resonance stabilised forms,

Attempts have therefore been made in this department to
synthesise (51) and (52). These compounds should be rigid,
planar and stable, and a study of the bond lengths and spectral
properties would be of considerable interest., There should be some
measure of conjugation around the ring, and the availability of
the electrons might allow of complexing a metal ion within the
molecule. Reactions such as hydration and hydrogenation seem
worthy of investigation, due to the possibility of trans-annular
reaction, which has been shown to occur in the chemical and
catalytic reduction of the related hydrocarbon (38)1.

The attempted synthesis of (52) is dealt with mainly in
Section II of this thesis. The nresent section is concerned with
unsuccessful attempts to synthesise (51), via a u.v. induced

free radical reaction, which involves homolytic fission of
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carbon~iodine bonds,

Previous attenpts to synthesise (51), by oxidative coupling
of o-diethynylbenzene(39), surprisingly yielded only the "dimer"*
(38), an unusual kighly-strained corpound. This coupling experiment
has been repeated, mainly to obtain a sample of (38) for comparison
purposes, but it was also hoped that sensitive techniques, such as
thin-layer chromatography (t.l.c.) and mass spectrometry, might
reveal a small amount of the trimer (51), The previous coupling1
had been carried out under high-dilution conditions, and it was
felt that coupling under more concentrated conditions would perhaps
improve the chances of obtaining the trimer (51), since the ratio
of trimer: diner obtained in the coupling of octa-I,7-diyne(860),
was found to decrease on dilution. (See Section IV).

In the event, no compound of structure (51) could be detected
after oxidative coupling of grdiethynylbenzene(SQ). However, the
nass spectrun of (38), which had been purified by t.l.c., showed
that not only was (38) pnresent, but that there 2lso apneared to be
significant amounts of the ene-triyne (61), and the diene-diyne

(62 or 63).This is unusual, since the conditions of the coupling

* While the terms dimer, trimer,... etc., are not strictly accurate,
since two hydrogen atoms are removed in each coupling, the terminology

is very useful, and has been used throughout.
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reaction were considered sufficiently different from the conditions

normally exployedn’72

for the "Straus Reaction", to preclude the
possibility of ene-yme coupling.

The properties of this crystalline material (obtained from
preparative t.l.c.), were, however, identical to those already
renorted for (38),and it may be that (38) is so unstable in the
electron beam of the mass spectrometer that it gives an abnormally
weak parent ion, thereby increasing the relative significance of the

molecular ions of (61) and (62 or 63); the latter compounds may, in

fact, be present only in very snall amounts.

In 1959, Blair, Bryce~Smith and Pengilly73 reported that
photolysis of iodohenzene in iso-propylbenzene gave a nixture of
isomeric iso-propylbiphenyls. In 1961, Wolf and Kharasch74
extended this reaction to a number of substituted iodobenzenes.
They carried out the irradiations at room temperature, using
essentially one wavelength (25317 ﬁ), which they found produced
scission of the carbon-iodine bond, without extensive subsequent
reactions of the products or undesired side reactions. In this
way they prepared a number of substituted biphenyls in synthetically
useful yields, e.g.,photolysis of g-iodophenol (64) in benzene gave
2-hydroxybiphenyl (65) in 70% yield. |

75,76

Later, Kharasch and his co-workers further increased the

scope of this reaction, irradisting not only substituted iodobenzenes,
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but also (66) and (57}, which on photolysis in benzene solution

gave (68) and (69), respectively. They also reported that photolysis

of l-iods-2-phenylacetylene(70) in bhenzene, gave diphenylacetylene(71;
in 50% yield, and that similar treatrent of (72) gave a 82% yield

of (73). At the same time, Kharasch and his co--wor?r.ers76 noted

that irradiation of iodobenzenes in cyclohexane, methanol or ethanol,

gave only the parent hydrocarbon, i.e., the iodine is renlaced hy a

hydrogen atom from the solvent.

Since irradiation of (70) in benzene gives (71), via attack of
the free radical (74) on the benzene, then it is reasonable to presume
that this free radical (74) could perhaps be induced to self-couple
in an inert solvent to give diphenyldiacetylene(75). It was also
thought that this irradiation technique, if extended to
gg-bis(p-iodcethynyl}benzene(76) in benzene could lead to the
hydrocarbon (56, the hydrocarbon (51) [or perhaps (38) or (53;]
on irradiation of (76) in an inert solvent, and perhaps even (52)
on irradiation of (76) in diphenylacetylene(71).

In the event, self-coupling of the radical (74; resulted in
diphenyldiacetylene(75), but neither (51; nor (52; was obtained from
the irradiation of (76). However, several interesting compounds
were obtained. The results are surmarised in Table 2, and the
relevant details, together with the preparations of the iodo-acetylenes,

now follow,



Iodo-acetylenes can he prepared by treating the acetylene with
iodine in liquid mmnonia77, but this reaction is generally ruch
smoother, and produces better yields, when carried out on the sodium
salt of the acetylene78. In this way, phenylacetylene(77) was
converted into l-iodo-2-phenylacetylene(70) in good yield, but
this route gave only a sn2ll yield of 1,2-bis(g-iodrethynyl)-
benzene(75). However, (76) was ohtained by treating o-dicthynyl-
benzene(39), [prepared by potassium t-butoxide/benzene dehydro-
bromination of the bromide (78), provided by Lardyz],with the complex
of mornholine and iodine79, (79 or 80), in the manner described by
Southwick and Kirchnersa in their preparation of (81) from the
ethynyl carbinol (82). |

The reported irradiation of l-iodo-2-phenylacetylene(70)
in benzene, to give diphenylacetylene(71), was repeated, and,
in fact, (71) was obtained in excellent yield. T.l.c. and u.v.
techniques, revealed that direct self-coupling of the radical
(74) to give diphenyldiacetylene(75),only took place in very
concentrated solutions (1: 5), and even then only to a slight
extent (~3%). However, at least three additional compounds were
detected, and these were shown to be due to subsequent reaction of
(71), since the same three spots on t.l.c. were ohtained when (71)
was irradiated in either benzene or hexane. Bachi, Perry and RobbSI,
have reported that the irradiation of (71) in hexane gives a

triphenylazulene (83), a triphenylnaphthalene (84), hexaphenyl-

wddx



benzene(85) and octaphenylcubane(86), [now known®® to be octaphenyl-
cyclooctatetraene(87)]. Again, Tryce-Smikh and Lodge83 have irradiated
substituted acetylenes in benzene, and have identified substituted
cyclooctatetraenes; thus, (88) on irradiation in benzene gives (89)
and (90), presumably via an internediate valence bond isomer (91).
Diphenylacetylene(71) night therefore he expected to produce (92)
and (93), rather than the four corpounds reported by B&chi and his
co—workersSI, but this was not further investigated. When phenyl-
acetylene(77) is irradiated in henzene, (94) and (95) are obtained,
as well as the expected phenylcyclooctatetraene(gﬁ)sg. (94) and (95)
are formed in the same ratio when phenylacetylene(77) is irradiated
in hexanesa.

Returning to the present studies, 1-iodo-2-phenylacetylene (70)
was irradiated in carbon tetrachloride and in cyclohexane. These
solvents are relatively unreactive and would not be expected to
impede self-coupling of the radical (74). In the event, no
diphenyldiacetylene(75) was produced in either of these irvadiations.
A t.l.c. study of the product formed by irradiation in carbon
tetrachloride, showed that the starting material (70) had been used
up. Instead, a large fluorescent spot, tailing just above the origin
was present. This is possibly a compound of type (97), produced by
attack of the radical (74) on the solvent. This was not further

investigated.

The irradiation in cyclohexane also showed no starting material
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on t.1.c., and the i.r. spectrum of the product was virtually
identical to that of phenylacetylene(77), which is perhaps to
be exvected from Kharasch's findings76 on the irradiation of the
substituted iodohenzenes in cyclohexane (see ahove ;. owever,
t.1.c. showed that other spots were present, and an alriost identical
t.1.c. hehaviour was revealed Qhen phenylacetylene(77) itself was
irradiated in cyclohexane, showing that these spots were due to
subsequent reaction of the phenylacetylene(77) (sec above), formed
by attack of the radical (74) on the solvent.

Self-coupling of the radical (74) did tale »nlace, however,
when the iodophenylacetylene(70) was irradiated as a thin liquid
film. In addition to unchanged starting material (70) 138%),
diphenyldiacetylene(75) was obtained, on chromatogranhy, in moderate
yield (27%). T.1.c. also showed that several other spots were present,
and these were not forred by subsequent reaction of (75), since (75)
was recovered unchanred on irradiation in benzene. These other
compounds are nresuriably formed by attack of the radical (74) on the
aronatic ring of another molecule, leading to other structures,
possibly of type (98).

The availability of a samplc of di-iodoacetylene(99) invited
its irradiation in benzene. Diphenylacetylene(?l) was detected
in the reaction rixture by u.v. and t.l.c., but attempted isolation
of (71) by chromatogranhy was unsuccessful. Several other spots

were vresent on t.l.c., but althcugh unchanged starting material
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could be detected in the reaction mixture by its characteristic
unpleasant odour, no spot was ohserved on t.l.c. corresponding to
1-iodo~-2-phenylacetylene(70), presurmably the first-formed product,
This seems to indicate that (70) is much rmore reactive than (99),
probably because the radical (74} is rmore stable than the radical
(100).

The irradiation of 1,2-bis(p-iodoethynyl jbenzene(78) in benzene
was exnected to yield the hydrocarbon(56). 1In the event, (56) was
isolated fron the reaction mixture 0040% yield), identified by
t.l.c., u.v. and i.r. comparison with an ~uthentic sarinle (Section

II}, and also by nass spectronetry, (parent ion at 278; 02?H14

requires
M.W. 278). However, five other snots, (rnostly all nale yellow in
visible light) were observed on t.l.c. of the crude product. The RF
values were large compared to that of (38), and it seened unlikely
that (51), (38) or (53) had been formed. It was felt that these
comnounds were perhaps forned by subsequent reaction of (56), or
perhaps (51), (38) or (53). However, irradiation of (38) in

benzene did not produce any corresponding spots, but irradiation

of (56) in benzene did produce a spot on t.l.c., corresponding to
the one just above that of (56) itself. The fraction corresponding
tc this snot was later shown, by prenarative t.l.c. and nass
snectrometry, to be a conpound of molecular weight 356, and is
thought to have structure (84).

Prenarative t.l.c. separated the fractions corresponding to the
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four yellow spots, nlus a fifth fraction correspondins to the last
two closely-running sonots.

(i) The first fraction, corresponding to the s»not of R, 0.6,
had a u.v. svectrum which was very similar to that of the
hydrocarbon(53) (Fig.2), and the i.r. spectrum showed absorption
tynical of a 1,2-di~substitute? aro-aetic ring. However, the
corpound ran faster on t.l.c. than (38), and it was thought that
structure (51) or (53) was therefore unlikely. The rnass spectrun
showed 2 nolecular ion at 506, and large ions and metastahle ions
corresnonding to three successives losses of 127 mass units. This
would suggest that three iodine atoms were nresent in the rolecule,
and the rermaining nass, 125, sugcests a CIOH5 fragrent. A
possible structure for this compound is tri-iodonwphthalene, and
this was confirred, since hydrogenolysis(5% palladium on charcoal
in ethyl acetate) gave nanhthalene, (identified by g.l.c.
conparison with an authentic sample;. This does not indicate the
positions pf the iodine atoms ~n the naphthalene nucleus, but it is
rnost likely from the rode of formation that the arrangement is ecither
1,2,3- or 1,2,4-,(101) or (102), respectively. However, the aromatic
substitution pattern in the i.r. spectrun was very similar to that
of 1,2,3-trichloronaphthalene, and substantially different fronm
that of l,2,4-trichloronaphthalen08{ which therefore favours
structure (101). Only one tri-iodonaphthalene has so far been

reported in the literature Bi and in this compound, the suhstitution
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pattern is not known.

The mass spectrum of this fraction suggested that a compound

of rmolecular weight 380 was also nresent. ClOHBIz requires a
rmolecular weight of 380, and this compound is likely to be a
di-iodonaphthane [probably (103)].

(ii) The second fraction, corresnonding to the spot on t.l.e.
of RF 9.5, was shown by mess snectronetry to be a mixture of two
coripounds; the minor corponent had a molecular weight of 632
corresponding to CIOH4I4’ structure (104), the other a rnolecular
weight of 456. The i.r. snectrum showed that in addition to a
1,2-di-substituted aromatic ring, a mono-substituted aromatic ring
was also present. This, in addition to the nass spectrun, suggests
a CIOHS naphthalene nucleus, substituted with two iodine atoms and
16HIOI2 requires M.W, 456). The structure is
probably (105), (see below). Hydrogenolysis should give l-phenyl-

a CSH5 phenyl group (C

naphthalene, and this experinent has been carried out. The u.v,
snectrun of the crude hydrogenated product favours the presence of
l-nphenylnaphthalene as on:osed to the 2-iso-er since their u.v.

86’87. Confirnatory g.l.c. analysis

spectra are marivedly Jifferent
by comparison with authentic sanples has yet to be carried out.

(iii) The third fraction again showed 1,2-di- and rmono-substituted
aronatic ahsorntion in the i.r. spectrum, and the mass spectrum

(molecular ion 582, CIGHQIS requires }H.'. 582) suggests structure

(105). Again, hydrogenolysis appears to give the expected l-phenyl-
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naphthalene, from a study of the u.v. snectrun of the crude
hydrogenated product, and g.l.c. analysis should give confirmatory
evidence.

(iv) The fraction corresponding to the spot of RF 0.3 was
shown by mass spectrometry to consist of two compounds, the main:
parent ion being at 532, [structure (107}, CooH I, requires
M.W. 532] and the other parent ion at 280, [structure (108),
C,,H,q requires M.W. 280]. |

(v) The last fraction was shown to be mainly (56); i.r., u.v.
and t.l.c. identical to an authentic sample (Section II) while
mass spectronetry showed a very large parent ion at 278 due to
(56), plus a significant parent ion at 356, [structure (84),
028H20 requires M.W, 356].

Thus, in addition to the expected hydrocarbon (55), eight
substituted naphthalenes anneark.tn-have.heedl formed in this reaction,
narely,

(i) A di-iodonaphthalene (103),

(ii) A tri-iodonaphthalene(101),

(iii) A tetra-iodonaphthalene(104),

(iv) A diphenylnaphalene(108),

(v) A triphenylnaphthalene(84),

(vi) A phenyl-difiodonaphthalene(105),

(vii) A diphenyl-di-iodonaphthalene(107),

(viii) A phenyl-tri-iodonaphthalene(106).
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If it is assurmed that (76) on irradiation in benzene, reacts
via a di-radical (109) to give, in addition to the hydrocarbon
(56), a naphthalene type skeleton, which then picks up any four
radicals at randon, then, disregarding individual arrangerents of
any one type of substituted naphthalene, fiftecn possible substituted

naphthalenes can be. forned, I-XV below,

¥ 2 ¥ & uw

I -4 H H H 128
II -H H H I 254
III - H i H  CgH, 204
Iv -H H I 380%
Vv -H it I CgH, 330
n¥*

Vi -H H  CgH, CgH, 280
VII -1 I 506*
' *
VIII - H I I CGH, 456
IX -H I CgH, CgH, 406
=Q¥*

X -H CgH, CgH, CgH, 356
X1 -1 I I I 632%
*

XII -1 I I  CgH, 582
*

XIII - I I  CgH, CcH, 532
XIV -1  CgH, CcH, CgH, 482
XV -CgH, CgH. Cpily CgHg 432

*  Pparent ion obtained in mass spectrum.

However, with two exceptions, all the naphthalenes identified
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by nass spectronetry contain at least two iodine atoms, and no
parent ion corresvonding to any of the other seven possibilities

was observed in any of the mass spectra recorded for the different
fractions. One of the exceptions, triphenylnaphthalenc(84), was
shown (see above) to be a subseguent irradiation product of (53),
and if it is assumed, not unreasonably, that the diphenylnaphthalene
(108) is also a subsequent irradiation product of (56), then the
other six naphthalencs obtained probably still have the two iodine
atons in the 2,3-positions, and the six compounds arée. probibly:-
(i) (193), (ii) (101), (iii) (104), (vi) (105), (vii) (107) and
(viii) (106)5 (iv) and (v) are probably (108) and (84), respectively.

The mechanisn of the formation of these compounds probably
involves an intermediate of type (110), the driving force bheing
the formation of an aromatic compound. (This means that the
original premise of

rc=Cc.-1 % RC=C- + L
is not the only nechanism in this case).

In an attempt to deternine whether the mechanism involved
ionic addition of hydrogen iodide to the di-iodide(76), (76) was
refluxed in benzene, which had been saturated with anhydrous
gaseous hydrogen iodidess. No substituted naphthalene correspond-
ing to any of the irradiation products was ohtained, although

starting material could not be recovered from the reaction mixture,

o -Diethynylbenzene(39) was irradiated to investigate whether
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or not the above irradiation reaction could be extended to produce
naphthalene in this case. lMainly starting naterial was recovered
and no naphthalene was obtained on g.1.c, However, onc extra peak
was observed in the g.l.c. trace of the reaction mixture which may
have been l-nhenylnaphthalene, hut this awaits confirmation.
Irradiation of (76) alone, e&s a thin liquid film, gave, in
addition to unchanged starting naterial, 1,2,3,4-tetra-iodonaph-
thalene(104), identified by nass spectrometry and hydrogenolysis
to navhthrnlene. No other identifiable product was isolated and
mass spectronetry of t.l.c. fractions did not detect the presence
of any of the structures (51), (53) or (38), since no rolecular
ion was observed at 372, 496 or 248 rnass units, respectively.
Irradiation of an equilrmolar mixture of (76) and dinhenyl-
acetylene(71), and exanination of the product by t.l.c., showed
that the diphenylacetylene(71) had taken no part in the reaction,
and that the nroducts were the same as had been obtained in the
previous irradiation of (76) alone. Once again the desired cyclic

poly-yne (52) has not been forned.

In conclusion, it would appear that this type 0% irradiation
reaction, while very useful for the syntheses of simple riono- and
di-arylacetylenes, is not very useful for the syntheses of cyclic
acetylenes of type (51) and (52), due to the close proxirity of the

two triple bonds in internediates of tyne (76), which tend to react
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intra-riolecularly under the influence of u.v, irradiation.
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SXPERIMENTAL.  S®CTION 1,

General, Melting points were recorded on a Kofler microscope
hot-stage and are uncorrected. Refractive indices were rieasured
on an Ab)é refractometer. Routine infrared ahsorntion spectra of
liquid filns and nujol rulls, were recorded on Perkin-Elmer 137 and
237, and Unicam 8,P.200 spectrophotometers, (accuracy * 100m.-1).
Quantitative infrared absorntion spectra were d;termined on a Unicam
5.P.100 double-bean spectrophotoneter, equipped@ with an $.2.130
sodiunt chloride prism-grating double monochronator and operated
under vacuur: conditions, (accuracy % lcn.—l). Ultraviolet
absorption spectra were recorded on a Perkin-Elner nodel 137 u.v,
spectrophotoneter, and on Unican S.P.500 and S.P.800 spectrophoto-
neters. Nuclear riagnetic resonance spectra were determined on
.2.I. RS2 (60 regacycles) and Perkin-Elmer RS10 (60 negacycles)
spectroneters, and nmass spectra on A.E.I. MS82 and MS9 spectroneters.
Gas-liquid chromatography (g.1.c.) was carried out on a Pye Argon
Chronatograph, equipped with ag-iomisation detector, a Perkin-
Elrner 451 Fractometer, fitted with a hot-wire detector and a flame-
ionisation detector, and a Perkin-Elmer F1l, equipned with a flame-
ionisation detector. ( Retention times were measured at a flow
rate of SOmL/min., unless otherwise stated.) Thin layer chromato-
graphy (t.1.e.) was carried out with alunina (aluniriun oxide G-
E.lerck) and silica (Kieselgel G-E.Merck).

. 0
Petrol refers to light petroleun fraction, b.n. 40-60", unless
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otherwise stated,

The figures quoted for rolecular and other ions in the

nass spectra, refer to n/e values unless otherwise stated.

Prenaration of 1-iodo-2-phenylacetylene(70).

A solution of nhenylacetylene(77) (6.1gn.) in ether (20m1.)
was added over 10 nin. to a stirred suspension of sodanide in
liquid arronia, prepared in the usual way89 from sodiun (1.5gm.)
in liquid arwvonia (29@&1.) with ferric nitrate (50rg.) as catalyst.
Iodine (17gn.) was corefully added, and the reaction nixture stirred
overnight, More ether was added, and the reaction worked upn by
the careful addition of water, and separation of the ether layer.
The ether layer was washed thorcerghly with water, agueous sodiunm
thiosulrhate solution {t» remove iodine), aqueous silver nitrate
solution (to renove any unchanged acetylene) and finally with water,
dried (magnesiun sulohate) and filtered. BEvanoration of the solvent
and distillation under reduced pressufe gave the desired conpound
(70) (12gn.-88%), as a pale yellow oil, b.p. 115-116°/16rrm., no”
1.6641. (Manchotgo gives b.p. 115-117°/h3wn. and Vaughn and
Nieuwland78 give n§5 1.6591.). T.l.c. (silica - petrol as eluent)
showed only one spot, RF 0.8. The i.r. spectrun (liguid filn) was
devoid of any absorption in the 3300cn. ! region (viC-1), and had

A snall peak at~2200cn.”, (vCC). The u.v. spectrun (ethanol), had

Anax. 250mp and 259&* (log €, 4.22 and 4.16, respectively).
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Preparation of o-diethynylbenzene(39).

Potassiun (5.1gh.) was dissolved in dry t-butanol (400m1.)
and the excess solvent renoved under reduced pressure. The residual
potassiur: t-butoxide was then dissolved, with stirring, under reflux,
in benzene (5Cﬂml.) and a solution of 1-(§£;Q§1;-bronoviny1)-2-
ethynylbenzene(?S) (20.7gm.) in benzene (700nl.) was added dropwise
over 30 nin., to the opalescent solution, and the nixture heated
under reflux for 4 hr. The reaction nixture was then cooled, ether
(lOOnl.) was added, and the nixture shaken with dilute hydrochloric
acid, Tue organic layer was separated, washed with water, aqueous
sodiun carhonate solution and water, dried (magnesiun sulphate)
and filtered. The solvent was carefully reroved under reduced
pressure, and the crude oil fractionally distilled to yield
o~-diethynylbenzene(39) (9.1gn.-72%) as a pale yellow oil, b.p.
81-82°/14rmn., na’ 1,5908. (Deluchat’’ gives b.p. 80-82°/14rn.,
né7‘5 1.5915). The nroduct did not contain halosen (Bei " stein test
negative), and t.l.c, (silica - petrol as eluent) showed only one
spot, RF 0.55. The i.r. spectrun (liquid filn) was identical to
th~% of an authent:- sarnle (provided by Lardy2) and showed absorp-
tion atfv33000n.-l (v=C-H), and at4~l2100cm.-1 (vczC), but no

absorption at ~1650cn._1, (trans-double bond).
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Preparation of 1,2-bis(#-iodoethynyl)benzene(76),

(a2) Iodinc¢ in liquid arvonia rmethod. o-Diethynylbenzene(39)

(2.2g11.), a8 the di-sodiun salt in liquid arnonia [fron sodiun
(0.81gn.) in arronia (75n1.)] was treated with iodine (8.9gn.) as
in the preparation of (70). Work up in the usual nanner gave a
crude *ark brown oil (4.165m.-65%), which would not distil. The
i.r. spectrun of thevcrude nproduct showed a weak band at ~330Jcn,”
(v=C-H) and a strong band at«/2200cm.-1 (vc2c). T.1l.c. (silica -
petrol as eluent) was inconclusive, but more than one conpound
apneared to be present. Atterpted purification by chromatography
(silica and alurina) was not very successful.

(b) Todine-rorpholine corplex nethod. The complex79 (79 or 80)

of iodine and riorpholine was prepared by dissolving iodine (2.8gn.)
in aqueous potassiur iodide solution and adling riorpholine (4.0gn.).
The cornplex was obtained as an orange precinitate which was added
to nethanol (40ml.). The reaction mixture was stirred and o-di-
ethynylbenzene(39) (600mg.) was added. Stirring was continued at
roon tenperature for 72 hr. and the rmethanol was then evaporated
under reduced pressure, to yield a yellow solid which was extracted
with ether, leaving rornholine hydrogen iodide as a pale ycllow
gsolid residue, n.p. 212° (decorp.). [Southwicl: and Kirchner

give n,p. 912-213° (deconp.)}. The ethereal extract was washed
successively with water, aqueous silver nitrate solution and water,

dried (nagnesiun sulphate) and filtered. BEvaporation of the solvent
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gave a red oil (1.72gm.—96%) which was not further purified. The
i.r. spectrun (liquid £filn) showed a weak band atfv3§66;h.‘l (vaC-H)
and a strong band at~2150cn, ™} (vC=C). The u.v. spectrun (ethanol)
had Anax. 234ry~and 242np. T.l.c. (silica - petrol as eluent)
showed essentially only onc spot, RF 0.3, and the nass spectrum of
the fraction corresnonding to this spot on preparative t.l.c.

showed a rolecular ion at 378, (C,, H I  requires M.W. 378).

197472

Oxidative coupling of g-diethynylbenzene(39).

Anhydrous cupric acctate (750mg.) was dissolved in pyridine
(10m1.) and nethanol (10nl.), and o-dicthynylbenzenc(39) (130ng.)
added all at once. The reaction mixture was hecated under rcflux
for 4 hr., cooled, and poured into dilute sulphuric acid and ice.
The aqueous nixture was extracted three tines with ether, and the
conbined ethercal extracts washed successively with dilute sulphuric
acid, water, saturated aqueous sodiur hydrogen carbonate solution
and water, dried (magnesium sulphate) and filtered. Evanoration
of the solvent gaye a brown solid (120ng.), which on t.1l.c, (silica
- 20% ethyl acetate-netrol as eluent) showed one distinct spot
(yellow before staining), RF 0.7, and several less distinct ones.

A portion of this crude naterial (20ng.) was purified by preparative
t.1.c. (silica, lrmn. thick - eluted with 20% cthyl acetate-petrol).
The fastest noving band (yellow coloured in visible light) on

elution gave 1,2:7,8-dibenzocyclodedeca-1,7-diene-3,5,9,11-tetrayne
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(38) (9”8-); n.p.~480° (decomp.), identical (i.r. and u.v.) with

the properties already givenl’g. No satisfactory analysis hal

previously been obtained for this conpound1’2 and proof of structure

’
is given by the X ments2? 83

is given by € A-ray neasurenents . The nass spectrun not nnly
showed the ecxnected rnolecular ion and (molecular weight + one) ion,

(Que to 013)’ at 248 and 249, respectively, (C requires M.W, 248),

20''s
but also significant parent ions at 259 and 252, plus (parent + one)
ions at 251 and 253, respectively, correspon’ing to two and four
nore hydrogens, respectively, than required. Thus it woul?d appear
that some enc-triyne (61) and diene-diyne (62 or 63) have also been
fori:ed in this counling reaction, It should be pointed out that
this samnle was not recrystallise? fron benzene, wherers the X-ray
sarinle was, which could account for these other coripounds (61 and
62 or 63) not being reported hefore. 4lso the rcaction has been
carried out at a different concentration than nreviously reported.
Repeated t.l.c, of this yellow crystalline rixture, still showed
onc spot, even »n silica which had been inpregnated with silver
nitrate. Attermted sepnrotion by g.l.c. was unsucccssful.

Cutting the preparitive plate into several bands and elution
of each, gave severai other srnall fractions, all of which had rather
uninteresting u.v. spectra, and no compound corresponding to the
hoped for "triangular" structure (51) was obtained, since nass
spectra of several of the fractions, while giving no indication of

the structurcs of these compounds, definitely »recluded a nolecular
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weight of 372, (030H12 requires M,W. 372),

Irradiation of 1-iodo-2-phenylacetylene{7d)in benzene.

A solution of (70) in benzene was securely stoppered in a
quartz tube after flushing out with nitrogen, and irradiated in a
stream of cold air for 24 hr, The temperature, at the cnd of
several runs, was found to be only a few degrees above roon terip-
erature. The lamp used for the irradiation was a low-pressure
nercury lanp, enitting mainly radiation of wavelength 2537%.

After the irradiation, the benzene solution was washed with aqueous
godiun thiosulphate solution and water, dried (magnesium sulphate),
filtered and evaporated,.

In this way, l-iodo-2-phenylacetylene(79) was irradiated in
benzene at four different concentrations.

(i) 1.01gn. in 50ml. (1 mole in 125 noles). The crude solid

obtained on rerioval of the benzene, was chronatographed on alumina
(Brocknann Grade I; 30gn.). DBlution with petr>l gave a colourless
solid, (630mg.-79%) needles, m.p.ﬁlo, frori aqueous eth=anol, The
crystalline conpound was chorr: to be diphenylacetylene(71) by t‘l.c.;
u.v. and nixed m.p. corniparison with an authentic sanple. The crude
solid had previously been shown to contain no trace of diphenyldi-
acetylene(75) by t.l.c. and u.v. [(71) is transparent above 300n,
whercas (75) has a proninent band at 327qj\(10g e, 4.50), which

would have been detectable, even at concentrations d¢:m to about 1%].
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However, t.l.c. (silica - petrol as eluent) did show three additional
spots, Ry 0.2, 0.3 and 0.4. [The Ry of (71) is 0.65, that of €75)
being 0.6, These additionaliconpounds were only present in trace
anounts, and only showed as faint blue fluorescent spots wher the

chronatoplate was viewed under u.v, light,

(ii) 100mg. in 50nl. (1.nole in 1280 roles). Again the only
coripounds obtained in this irradiation were (71), t.l.c. and u.v.,
and the conpounds corresponding to the sare three spots as before
on t.1l.e., RF 9.2, 0.3 and 0.4.

(iii) 10ng. in 50n1. (1 nole in 12890 rioles). In this case,

only the snots on t.l.c. of RF 0.3 and 0.4 could be detected in
addition to that corresponding to (71), and these were very faint.

(iv) 2gm. in 2ml, (1 mole in 5 moles). T.l.c. in this case,

did reveal a faint red spot, RF 0.6, below the yellow spot, RF 0.65,
which is charaetoritic of (71). The spits of R0.R,, 0.3 ond 0.4
were also present. (75) also gives rise to a red spot on t.l.g.,
RF 0.6, and the dinhenyldiacetylene(75) was estimated to he present
in ahout 3%, based on the relative intensities of the 296%}Aband

of (71) (log &, 4.48) and the 32Tnpuband of (75) (log e, 4,50) in

the u.v. spectrun of the crude product.

Irradiation of diphenylacetylene(7l) in benzene.

A solution of diphenylacetylene(71) (220mg.) in benzene (25ml.)

was irradiated under nitrogen in a quartz tube for 24 hr. as before,
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After 24 hr,, the colourless solution had turned yellow. T.l.c,.
(silica - petrol as eluent) showed, when viewed under u.v. light,
in addition to unchanged starting material, RF J.65, three blue

fluorescent spots, RF 0.2, 0.3 and 0.4.

Irradiation of diphenylacetylene(71) in hexane.

A solution of (71) (200mg.) in hexane (25ml.) was irradiated
for 24 hr. as before. T.l.c. (silica - petrol as eluent), showed
unchanged (71), RF 0.65, and three blue fluorescent spots, RF 0.2,

0.3 and 0.4,

Irradiation of 1—iodo—2—pheny1acety1ene(70) in carbon tetrachloride,

A solution of (70) (515mg.) in carbon tetrachloride (50ml.,)
was irradiated as before for 24 hr,, washed with aqueous sodium
thiosulphate solution and water, dried (sodium sulphate) and filtered.
Evaporation of the solvent gave an oil, which on t.1l.c, (silica -
petrol as eluent) showed only a large yellow fluorescent spot when

viewed under u.v. light, tailing just above the origin.

Irradiation of l—iodo-2-pheny1acety1ene(70)kin cyclohexane, .

A solution of (70) (550mg.) in cyclohexane (50ml,) was irradiated
as before for 24 hr., washed with aqueous sodium thiosulphate
solution and water, dried (magnesium sulphate) and filtered.

T.l.c. (silica - petrol as eluent) showed two faint spots, Ry 0.5
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and 0,25, and a large spot on the origin., No spot corresponding
to diphenyldiacetylene 75) was detected. Evaporation of the solvent
gave an oil, whose i.r. spectrum (1 uid film) showed absorption

at~3300cm.—l, (vzCc-H),

Iﬁraéi@tion of phenylacetylene{77) in cveclohexane,

A solution of (77)6%00mg;) in cycloheXane (25ml.) was
irradiated as before for 24 iy. T,l.¢, (siliéa = petrol as eluent)
shoved three faint spots, Ry 0,5; 0;25, and 0:15; and a large spot
which had not neved from the origin, EvVaporation of the solvent
gave ah oil,; which still contained & large percentage of unchanged
starting naterial; i.r. (liquid filn), large peak at~v33003m._1
(viC-H), The starting material could not be detected by t.1l.¢.,

due to its volatility.

Irradiation of l-iodo—2-ghony1a00tvlene(70) as a thin film,

A thin liquid filn of (70) {1.08gr1. ) on the sides of a quartz
tube, sealed under nitrogen as in the previous experinents, was
irradiated for 24 hr,. At the end of the irradiation, the filnm
had set as a glass., This was dissolved in hot benz2one, cooled,
washed with aqueous sodiun thiosulphate solution and water, dried
(nagnesiur: sulphate) and filtercd. Evaporation of the solvent
gave a crude oily-solid, which on chronatography over silica (5Ggm.f

' \
and elution with petrol,gave unchanged starting naterial (7@/
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(415mg. - 38%), identified by i.r,, u.v. and t,l.c. (silica -
petrol as eluent, Ry 0.8). Elution with 5% ether-petrol gave
diphenyldiacetylene(75), (130mg. - 27%), necdles m.p. 87-88° fron
agueous ethanol, shown to be identical with an authentic sanple by
i.r., u.v., t.l.c., and nixed m.p. behaviour. The crude seni-so}id,
prior to chromatography, was shown by t.l.c. (silica - petrol as
eluent) to contain, in addition to (70), RF 0.8, and (75), RF 0.6,
several faint spots, RF 0.7, 0.45, 0.4, 0.3, 0.15, 0.1.

Irradiation of diphenyldiacetylene(75) in benzene.

A solution of (75) (220mg.) in benzone (25ml.) was irradiated
as before for 24 hr, T,1l,c, (silica - petrol as eluent) showed

only unchanged starting raterial (75), Ry, 0.6.

Irradiation of di-iodoacetylene(99) in benzene.

A solution of (99) (1.29gm.) in benzene (50m1.) was irradiated
as before for 24 hr. The benzene solution was washed with aqueous
sodiun thiosulphate solution and water, dried (magnesium sulphate)
and filtered. BEvaporation of the solvent gave a dark viscous oil
(170mg.). T.l.c. (silica - petrol as eluent) showed that diphenyl-
acetylene(71) was present, Rr 0.65, but although unchanged starting
material (99) could be detected in the oil by its characteristic
unpleasant odour, t,l.c., was insensitive to it, Other spots were

present in the chromatogran at 0.9, 0,85 and 0.1, but no spot
’ p
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at Ry 0.8, corresponding to (70), could be detected. The u.v.
gpectrum of the crude 0il confirmed the presence of (71) by the
characteristic peaks at 264rmy, 272@?' 279@P, 288mpy and 296rp.
Attempted isolation of (71) by chromatography on silica (30gm.)
was unsuccessful, evaporation of successive fractiens (petrol -
as eluent) yielding only dark foul-srelling oils, shown by t.l.c.
to contain several other spots in addition to that corresponding

to (71).

Irradiation of 1,2—bis(ﬁ~iodoethyny1)benzene(?ﬁ) in benzene,

A solution of (76) (270mg.) in benzene (2™Ml.) was irradiated
for 24 hr, as before. The benzene solution was washed with agueous
sodium thiosulphate solution and water, dried (magnesium sulphate)
and filtered, Evaporation of the solvent gave a yellow oil (165mg.),
whese i.r. spectrum showed strong peaks at ~7500m.‘1 andn~680cm.-1
(mixture of mono~ and 1,2~di-substituted aromatic ringe). T.1l.c.
(silica - petrol as cluent) shaeved five spots (the first four
pale yellow in visible light), RF 0.6, 0.5, 0.45, 0.3 and 0.2,
with a u.v. fluorescent spot at 0,15, Attempted separation of the
conmpounds by chronatography (silica and alunina - petrol =as eluent),
resulted in mixtures of compounds. Successful separation was
achicved on a small scale by preparative t.1,c. (lmm. thick - 20mg.

loading - eluted three times with petrol).

(i) The fraction corresponding to the spot of RF 0.6 was obtained
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Q'2mg.) as nale yellow needles, n.p. 89-910. The i.r, spectrum
(nujol rull) showed strong absorption at ~74SCﬁ.—1 and very

weak absorption at ~725cr.” L. The wu.v. spectrur1 (cyclohexane)
had Anax 243mu, 297, 310, 335 and 352mp, (log e 4.07, 3.89,
3.81, 4.9 and 3.82, respectively), (Fig.2). The mass spectrun

showed a rmolecular ion at 506, (C resuires M. W, 506),

10513
plus large ions at 379, 252 and 125, with metastahle ions at

233.8, 157.6 and 52.0, correspon’'in: %o losses of 127, 127 and 127,
respectively. Thet this compoun'® was one of the tri-iodonaphthalenes
(101) or (102), was confirmed by hydrogenolysis in ethyl acetate,
using; 5% palladiun on charcoal as catalyst. Naphthalene was
obtained, identified on g.l.c. [5% Apiezon "L" grease on Celite
(80-100 riesh; at 129% - retention tine, 7 min.] by corparison

with an authentic sarmnle.

The ratio of the nealt at 380 to that at 379 in the nass
specﬁrum, was larger than expected for the norral 013 contribution,
and this, together with the snall ion at 2381, suggests that a
compound |probably (103)] of rmolecular weight 380 is present,
{(103), Cy o5, requires I 380].

(ii) The fraction corresnonding to the snot of RF 0.5 was
obtained as an o0il (~lmg.), and showed i.r. absorntion (licuid
filn} at ~750cm.-1, a shoulder at ~7300m.-1 and a band at'*7000m.-1.
The u.v. spectrur (ethanol} had Anax 244mp, 283mp, 301n p and 338mp.

That this fraction contained two coripounds, was shown hy the mass
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snectrum, which showed a snall parent ion at 632,[due to (104),
0103414 requires }.W. 832] and a large varent ion at 456, [due to
(108), Cy 6l ol, requires M.V, 453], with a large ion at 2322 and a
netastable ion at 237.3, cbrresaonﬂing to the loss of 127 fron 456

to 329, This fraction was hydrogenolysed in ethyl acetate as before.
The u.v. spectrum (ethanol) of the crﬁde product was sinmilar to that
of l-phenylnaphthalene.

(iii) The fraction corresponding to the s:ot of RF 2.45 was
obtained as an oil (~1ng.). The i.r. snectrun (liquid film) showed
a strong ~bsorption band atfv733cm.—1, a weak band at ~735cm.‘1
and a mediun band at,v7100n._1. The u.v. spectrum (ethanol) had
Anax 243ny, ZS&yg, 305qﬁ and 335ryd. The mass spectrun showed a
riolecular ion at 582, [(106), CiglgI, requires it.77. 582], with
large ions at 455 and 328, and metastable ions at 355.7 and 236.4,
corresnonding to losses of 127 and 127, respectively. This fraction
was hydrogenolysed in ethyl acetate as hefore. The u.v. snectrum
(ethanol) of the crude product was sinilar to that of l-phenyl-
nanhthalene.

(iv} The fraction corresvondin~ to the swot of RF ).3 was
obtained as an 0il (~Img.). The i.r. spectrun (liquid filnm)
showed absor»tion atfu7600m._1 anie~7ﬁﬁcm.-1. The u.v. s»ectrun
(ethanol) had Anax 24Ty, 273mp, 299rys and 308ry..  The nass s-ectrun
showed a molecular ion at 532,[(107), 022H1412 requires 1:.Y, 53?],

with large ions at 405 and 273, and metastable ions at 308,3 and
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199.8, corresnonding to losses of 127 andl27, respectively. The
peak at 280 was also sipnificant, and indicates that (108) may
also be ﬁresent, (022:'516 requires 17.'7, 280).

(v) The 1ast fraction, corresponding to the faint spot of
RF 0.2 and the fluorescent spot of RF 7.15, which could not be
separated, was obtained as a yellow oil (Ilmg.). It was shown to
be a mixture of mainly (56) and a trace of (84). The i.r. spectrum
(li~uid filn) showed absorption ata-22ﬂﬂcm.~1 (vCiC},-7700n.-1 and
~77‘cn._1, and was virtually identical to that obtaine? fron the
nore conventional preparation of the hydrocarbon (56), (Section 11).
The u.v. spectrun (ethanol) was again alrmost identical to that of
(56); Amax 259nmp, QEky,and 312rw, with an extra snall hunp at 294npy,
presurably a contribution of (84). The mass spectrun showed a large
rolecular ion at 278, [(55), 022H14 requires M.W. 278], together
with a much snaller molecular ion at 2556, probably due to (34),
(028:{20 requires 17.'7. 356).

Irradiation of 1,2—bis@9—phenyletthyl)benzene(SG} in benzene.

A solution of (55) (80mg.) in benzene (3nl.; was irradiated
as hefore for 24 hr. T.l.c. of the solution (silica - petrol as
eluent} showed mainly unchanged (55}, Rp 0.15, with a faint yellow
spot just ahove it. Jreparative t.l.c. (lrm. thick plate) and
cutting the band just above the band of (53}, save, on elution

with ethyl acetate, su’ficent naterial for a mass gpectrometric
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deternination. This showed a large parent ion at 278, [due to (58),
022H14 requires 1.9, 278] and a rmch snaller parent ion at 358,

[due to (84), Coglly, requires M.7. 356].

Irradiation of 1,2:7,8-dibenzocyclododeca-1,7-diene=3,5,9,11-

tetrayne(38) in benzene,

A solution of (38) (10mg.) in benzene (Inl.} was irradiated as
before for 24 hr. T.l.c. of this solution (silica - petrol as eluent)
showed mainly unchanged startiug material (38), RF 0.15, with only

a new faint fluorescent gnot just ahove the origin.

Irradiation of o-diethynylbenzene{39} in benzene.

A‘solution of (39} (510omg.) in benzene (25n1.) was irradiated
as before for 24 “r. G.l.c. of this solution [5% Apiezon "L" grease
on Celite (80-10) resh) at 1000] did not show a peak corresponding
to naphthalene, although a peak (retention time 19 nin., was
oserved in addition to the main peak (retention tirme 4 nin.), due
to unchanged (23). T.l.c. {silica - petrol as eluent; showed, in

addition to the spot corrvesponding to (39), Ry .55, a spot of "..3.35.

Irradiation of 1,2-bis(s-iodocethynyl 'benzene(75) as a thin liouid

filr.

A tiin film of (76) (10umg.) on the sides of a quartz tube,

was irradiated under nitro-en as before for 24 hr. The liquid film
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was then dissolved in benzene, washed with aqueous sodium thiosulph-
ate solution and water, dried (magnesium sulphate) and filtered.
Evaporation of the solvent gave a dark oil (75mg.). T.l.c. (silica -
petrol as eluent) showed three main snots, RF 0.5, 0.3 and 0.05.

The i.r. and u.v. spectra of the crude o0il were virtually identical
to those of the starting di-iodide (76). Preparative t.l.c. was
carried out on a portion of the crude oil (20mg.), an?l three fract-
iosns were eluted. The fraction corresponding to the spot just

ahbove the crigin, RF 3.05, was obtained as a brown amornhous solid
(~lmg.). Mass spectronetric analysis revealed no obvious p-rent ion.
The fraction corresponding to the spot of RF 0.3, was shown to be
unchanged starting material (76} (14mg.), by i.r. and u.v. comparison,
and by its mass spectrum; molecular ion at 378, (01034 2 requires
MW, 378). The fraction corresponding to the spot of RF 0.5 (yellow
in visible light) was ohtained as pale yellow crystals,m.n. 97—980,
(vomg.). The i.r. spectrum (melted film) showed ahsorption at
'V7500m.‘1 (1,2-di-substituted aromatic ring), and the mass spectrum,
showed a molecular ion at 632, (CIOH4I4 requires M.#. 332}, plus
large ions at 505, 373, ©51 and 124, with metastable ions at 403.5,
282.9, 155.7 and 31.3, corresponding to losses of 127, 127, 127 and
127, respectively. Tydrogenolysis in ethyl acetate, using 5%
nallacdium on charcoal as catalyst, pave naphthalene, identified on
g.1.c. by comparison with an authentic sample, as bhefore. This

compound is presumably 1,2,3,4-tetra~iodonaphthalene(104}.
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Irradiation of 1, 2-his{A-iodoethynyl Jhenzene(76} in

dinhenylacetylene(?l).

An equinolar solution of (73) (57mg.’ and (71) (24mg.} in a
small volume of ether wis pliced in o 7uurtz tube, =nd the ether
allowed to evaporate, distributing a thin film around the sides of
the tube. The tube was flushed out with nitrogen, and irradiated
as hefore for 24 hr., The film was then dissolved in benzene, and
the henzene sclution washesl with agqucous sodium thiosulphate solution
and water, dried (magnesiun sulphate  and filtered. T.l.c. of the
solution (silica - petrol as eluent) showed that the reaction mixture
was identical to th-t of the sr-viouns exneriment, with the excention
of unreacted (71), R, .06,

Aeaction of 1,2—bis(F—io%oethynyl;benzene(76) with gasecus

hyirocen iodide.

Ory benzene (25ml.) was saturated with anhydrous gaseous hyiro-
. . {}8 3 \ o S 3 3 (] Ly s vt
ven iodide” ", an? (76 (2l4ng.; was added. The reaction mixture
was heated under re=flux for 3 hr., and the solution, which hal turned
sorple, was cxamined by t.l.c. (silica - petrol as eluent,. DNo snots
corresponding to those given when (76) was irradiated in benzene

were obtained, and the starting material (76) was also absent.
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PABLT 2 = T RDIATION REACTIONG.

Cormound. Solvent.
(70} Benzene
(n) Jenzene
(71) “lexane

(79 Carhon tetrachloride
(72) Cyclohexane
(77) Cyc?ohexane
(79; —

(75) Jenzene
(99 Benzene
(73) Benzene
(56 Senzene
(38} Tenzene
(32) Zenzene
(78}

(76)/(71)

*Shown by t.l.c. to be the same.

YTentative.

83hown by t.l.c. to he almost the sane.

35

Croducts,

(71); trace (75}, nlus three
other compounds™,

Three compounds™.
“hree corpounds®,
(97).

a
(77), nlus three other commounds®,
1 3 a
Jour compounds .

(75}, »lus several ctler
sompounds, nrobahly of tyne (28)7.

Unchanged,

{71}, »lus three other compounds.
(s58), (84), (101), (194-108).
Trace (84).

Trace unknown.

Trace (95)7.

(104).

(104).
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[P T AT €YY T ey . - s
L0 ALTRED STHTITISIS 7 1,2:5,6:9, 10-TRISINGO-

CICLO). YiCA~1,5,9, -7 . IiNE-3, 7, 1171700,

The attempted synthesis of the previously described {Section I)
nacrocyclic acetylenic hydrocarhon (52), and the synthesis of the
related hydrocarbon (56), are “escribed in this section.

The first route to (52), and also to (58}, was based on the
hydrocarbons (115) and (113). These hydrocarbons, (115) and (116),
have heen described hy Griffin, lartin and Douglasgz, who nrepared

them,in good yield, via the Wittig reaction93 of the bis-phosphoniunm

salt (112) with henzaldehyde(113) and o-tolualdehyde(114}, respectively.

Dronination of {115} an? (1156), to the tetrabronmides {(117) and
(118), respectively, followed hy successful deliydrobromination,
would lead to the hydrocarbons (58) and (119),respectively. Treatment
of (119) with N-bromosuccininide w should give the dibromide (120),
which, on reaction with sodamide in ligquid ammonia, might he expected
to yield the hydrocarbon (121). This type of reaction is well
knowngs_lOI, e.g., base treatment of the bromide (122} sives the
hydrocarhon (123)95, and nhenanthrene(125) can be obtained, in a
similar way, from the dibromide (124)99. The hydrocarhon (121) has
the desired carbon skeleton, and on bronination, followed by
dehydrobromination, might afford the desired structure (52),

Alternatively, the dibromide (120) could be converted into the
102—105,

r by

di~allehyde {126), either hy direct oxidatien

126 . .
nanganese dioxide oxidation of the corresponiing alcolrl, formed

-(B6-




from the dibromide (120), via treatment with silver nitrate in
aqueous acetone107. A simple benzoin condensationl?® on the di-
aldehyde (126), followed by oxidation, should zive the corresponding
benzillog. Treatment of the bis-hydrazone of this benzil with

Q
11“’111, should afford {52).

yellow mercuric oxide

Although the hydrocarhon (58) was successfully prepared,
structure (52) was not realised by the method outlined above;
the relevant details are described below,

The hydrocarbon (115) was prepared -ccorling to the reported
methodgz. T.1l,c. exrpniination of the hydrocarbon mixture obtained,
revealed the presence of at least four commounds. Separation of
thegs four comnounds for characterisation was achieved by careful
chromatography on silica, impregnated with silver nitrate (25%).

The first compound eluted from the polumn (5%), wags shown to
he 2-methyl—gig—stilbene(127), by its i.r., ».v., n.m.r. and mass
spectra.

“he second fraction was likewise identified as the trans-
isomer, 2-methyl-trans-stilbene(128) (10%). 1t is interesting to
note that in the n.m.r. snectrum of this compound, the two olefinic
protons cannot be distinguished from the aromatic protons. This was
not expected, since the olefinic nrotons in trans-stilbene(129)
itself, (singlet at 2.907), can be distinguished from the aromatic
protons, (multiplet at-v2.61?112' (See Table 3).

Mhe cis—isoner (127) could be converted into the trans-isomer
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(128), by treatment with iodine113’114. Bromination of cither isomer

to the dibromide (131), 7ollowed by dehydrobromination, gave
2~-methyldiphenylacetylene(132), in good yield. The u.v, spectrum
of this coripound is discussed in Gection III.

These two hydrocarbons (127'and 128} were not repdrted by the
previous workersg2, but their formation can be readily explained,

since it is well known115’116

that hydrolysis of a Wittig salt to
give trinhenylnhosphine oxide and the parent hydrocarbon, is a
rapid alternative reaction to condensation with a carbonyl function,

The last two fractions eluted on chromatography were not
obtained as pure compounds. However, spectroscopic techniques
revealed that they were, in fact, the cis-cis- and cis-trans-
isomers of the required hydrocarbon (115). Although the n.m.r.
spectra are fully in accord with the proposed structures (Table 3),
'Griffin, HMartin and Dougla592 reported that the hydrocarbon (115)
which they isolated from the condensation was the trans-trans-
isomer. Under the conditions employed for this reaction, the Wittig
reaction normally preduces mixtures of the cis- and trans- °
isomer3113’114, and it now appears that in this case, the trans-
trans-isomer is least favoured.

Nevertheless, the isomeric mixture of (115) was brominated in
ether to give the tetrabromide (117), which did not melt sharply,
since it was presumably a mixture of the d, 1, and meso stereoisomers.

Dchydrobromination of this mixture with potassium hydroxide in
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trietaylenc glycol gave the -esired hydrocarhon (53). The u.v.
snectrum of this comdoun? (Mi;;.%, was rather remarkable in that
it did not resemble that of the parent hydrocarhon (71), whercas,
in a similar series, the hydrocarbon (55) has a u.v. sncctrum
which is very sinilar to that of the related diphenyldiacetylene
(75), (Tig.4).' The explanation of this nhenomenon nossihly lies
in the fact thai the two terminal benzene rings are so close to
one another, that they have to lie parallel to one another, thus
modifying the coningation with the central ring.

In order to confirm the carhon skzeleton of (56), this 1y’ro-
carbon was hydrogenated, and compared with an authentic sariple of
the expected hyyrocarbon (133), srenare? by hydrogenation of (115).
Both these hydrogenations procceded smoothly, an? only the hydro-
carbon (133) was isolated in rach case.

Returning to the synthosis of (52), via the hydrocarbon (116),
the bis-phosnhonium salt (112) was condensed with o-tolualdehyde
(114) in the manner described by Griffin, llartin and 3ouglas92.
However, desnite several attempts, (115) was not isolated fron
this reaction, the main products, later identified by comwarison
with authentic s=mples, {sec below)}, heing the cis- and trans-
isoners of 2,2'-dincthylstilbene(134 and 135, rcspectively). This |
route was thcrefore abandoned, and attention turned to an alter-
native synthcsis, also hased on the Yittig reaction.

The condensation of gfphthaldialdehyde(l36) with either of the
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Wittig salts (137) or (112), leads to the hydrocarbons (138)92

and (139)117, resnectively, and it was felt that c-ndensation of

the di-aldehyde (14J) with the bis-nhosphonium salt (112), might
lead to the hydrocarbon (141), which has the desired carbon shteleton.
Alternatively, condensation of o-phthalftialdehyde(136) with the
Yittig salt (142), could lead to the same hydrocarhon (141).

A possiblce intermediate in the in the synthesis of the di-
aldehyde (140}, is 2,2'-tolancdicarboxylic acid, (diphenylacetylene-
2,2'-dicarboxylic acid) (143). This acid (143), via the bis-
rnethyl ester (144), rcduction with lithium aluminiun hydri‘e to
the diol (145), and oxidation with nanganese dioxidelos, should
afford the required di-aldehyde (140).

The readily available diphthalyl(145), obtainable in one step
fron phthalide(147) and phthalic anhydride(l48)118, was chosen as
the starting material for prenaration of the di-acid (143}, since

it was possible that zinc reduction of (146), would lead Zirectly

to the zinc salt of the acid as shown.

However, although reduction of diphthalyl(146) with zinc in
acetamide apneared to give some acidic naterial, the desired compound

(143) could not hc extracted from the reaction nixture. Nor could
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the ester (144) be isolated following dircct esterification of

the crude reaction mixture. As a synthetic route to the di-
aldchyde (140), this reaction scheme was not very »nronising, and
this ansroach was abandoned.

Since this work was corpleted, Letsinger, O0ftedahl and

Nazyli&g havo prepared 2,2'-tolunedicarboxylic acid(143), by
dircet carboxylation of 2,2'-dilithiodinhenylacetylene(149), an
unstable intermediate obtsined by “reating 2,2'-ditronodishenyl-
acetylene(159) with butyllithium, This acid (143) was found to be
very reactive, lactonising readily in an ethanolic solution at
roori temeraturce to give {151}, which coil: be converted into the
alternative lactone (152).

Tuzeli and I,ZeyerlgO also clain to have isolated only a lactone
whon thoy atterinted to vrepare 2,2'-tolancdicarboxylic acid(143)
by bromination and dehylrobronination of 2,2'-stilhenedicarhoxylic
acid.,

Attention was therefore poncentrated on the altornative schene
based on the bis-phosvhoniun salt (142). o-Xylene(153), the start-
ing material for the synthosis of this "Jittig salt (142}, was
broninate? in the usunl way121 to ~ive (154). Attemnted prepar-
ation of 2,2'-dimethylctilbene(134 or 135) dircctly from (154},
by reaction with sodamide in liquid armonia, which readily converts

100
)

benzyl chloride(155) into trans-stilbene(129 , was unsuccessful.

Tho desired stilbenc (134 or 125 was prenarcd by condensing
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g—tolualdehyde(ll4) with the nhosphonium salt (153), fro- the bromide
(154). A mixture of cis- and trans-isoners was ohtained [c.f. the
areparation of (115)], the n.m.r. spectra again being interesting.
(Table 8). DBromination to the dibromide (157}, followed by dehydro-
bromination, led to 2,2'-dimethyldiphenylacetylene(158). In large
scale preparations of this hydrocarhon (158), 2,2'-dimethyl-trans-
stilbene(135) was also occasionally isolated, and this reaction was
invectigated further. Several dibromides were treated wit" different
reagents under varying conditions. The results are sumnarised in
Table 4, and the relevant conclusions are listed below.

(a) The stilbenes annear to bhe formed by a thermal cis-climination
of bromine.

(b) The d,l-dibronides anpear to eliminate bromine more readily
than the meso-dibronides.

(c) The elimination also taes place in ether solvents, and there-
fore does not require a protonated solvent.

(d) This side reaction can be considerably reduced by ensuring
that the potassium hydroxide is completely in solution before adding
the dibromide.

Returning to the synthesis of the 7ittig salt (142), treatment
of the hydrocarbon (158) with N—-bromosuccinimide94 led to a mixture
of the mono- and di-bromides (159) and (160), respectively, which
were quite easily separated by colunn chromatography. eaction of

the dibromide (160) with triphenylphosphine in dinethylformanmide,
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led to the desired bis-phosphonium salt (142).

The Wittig reaction was carried out as before Ly treating a
mixture of the bis-phosphonium salt (142) and o-phthaldialdehyde
(136) in ethanol, with an cthanolic solution of lithiwm ethoxide.
The crude solid obtained on evaporation of the solvent,was extracted
thoroughly with hot petrol, and gave, on evaporation of the petrol,
a high-melting,yellow crystalline solid, which was shown by t.l.c.
to be a mixture of compounds. This mixture could not be separated,
either by column chromatography or by preparative t.l.c. Purification

by sublimation or recrystallisation, was also unsuccessful.
‘lowever, a carbon-hydrogen analysis indicated that the nixture
contained mainly hydrocarbons, and the i.r. spectrum showed strong
absorption at*49700m.~1, which is characteristic of a trams-double
bond. The desired hy'rocarbon (141), appeAars to be present, since
hydrogenation of a portion of the crude product produced the
expected hydrocarbon (152), identified by g.l.c. comparison with
an authentic sample [prepared roughly according to the method of

Cope and Fentonlzz]

Also, using the technique of mass spectrometry combined with
t.l.c., a molecular ion at 304 was observed for one fraction,
i '{.V', ¢ .
[(141), 024H16 requires M.W, 304]
Although the hydrocarbon (141) could not be isolated fronm the

reaction mixture, bromination followed by dehydrobromination

experiments were carried out [which were expected to convert (141)

-73~



to (52)]. However, despite several attenpts, no compound was
isolated which showed any exceptional bands in the u.v. spectrun,
and therefore the hydrocarbon (52) does not appear to have been
forned.

The nature of the other two compounds from the Wittig conden-
sation, detected by t.l.c. (and by g.1.c.) is not known, but while
it is attractive to postulate that the three compounds are the cis~
cis-, the cis-trans- and the trans-trans-isomers of (141), this
does not appear to be the case, since they were not apparently
isomerised on treatment with iodine as before.

The last route té the hydrocarbon (52) was based on the report

23, that heating a mixture of cuprous

by Castro and Stephens1
phenylacetylide(165) and iodobenzene(166) under reflux in pyridine,
in an atmosphere of nitrogen, led to diphenylacetylene(?l) in good
yield. This reaction was repeated, and (71) was isolated in good
yield, although some oxidatively coupled product, (75) could also
be detected in the reaction mixture. (See Section IV).

Extension of this type of reaction could lead to the hydro-
carbon (52), either from similar treatment of a mixture of 2,2'-
di-iododiphenylacetylene(167) and the bis-cuprfus salt of o-di-
ethynylbenzene(lGS), or directly from cuprous o-iodophenylacetylide
(189).

A reasonable synthetic route to the required 2,2'-di-iodo-

diphenylacetylene(167) was dcvised, starting from the readily
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available o-iodobenz ic acid(170). This acid (170) was converted in-
to the methyl ester (171), which on reduction with lithium Aluminium
hydride gave o-iodobenzyl alcohol(172). Oxidation of this alcohol
(172) with manganese dioxide106 in benzene gave o-iodobenzal’ehyde
(173). It was hoped that a simple benzoin condensation of (173) to
(174), followed by the same sequence of steps already mentioned in
the first approach to (52), via the dialdehyde (126), would lead to
the desired compound (167). dowever, this benzoin reaction could
not be induced to take place, and although other schermes for the
preparation of this simple di-iododiphenylacetylene(167) were
available, this line was abandoned, since it was also felt that the
‘known low solubility of the cuprous salt (168), might also hinder
the desired reaction.

Attention was therefore turned to the synthesis of the unknown
o-iodophenylacetylene(175). It was felt that this compound would
be readily prepared from g—iodoacetophenone(l?ﬁ) by the normal
method124, i.e., treatment with phosphorus pentachloride, followed
by base dehydrochlorination to yield (175).

Again, the readily available o-iodobenzoic acid(170) was
chosen as the starting material. Treatment of this acid (170),
with nethyllithium, in an attempt to prepare o-iodoacetophenone(176)
directly, only gave acetophenone (177) itself. This reaction is
apparently similar to treatment of the dibromide (150) with butyl-

lithium, which gives, via the dilithio derivative (149), the parent
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125

“ydrocarbon (71), nfter an aqueous work up
At this time, the' synthesis of o-iodophenylacetylene(175) was

reported by Bott, Eaborn and Waltonlzﬁ. The required compound (175)

was prepared according to their procedure127

, i.e., the acid (170)
was converted to the acid chloride (178), which was reacted with
the magnesiumethoxy salt of diethyl malunatelzs, and gave g-iodo-
acetwphenone(l?ﬁ), after hydrolysis and decarboxylation. Treatment
of (176) with phosphorus pentachloride,followed by dehydrochlorina-
tion with ethanolic notassium hydroxidelz4,gave o-iodophenylacety-
lene(175).

The cuprous salt was prepared in the usual way129

, and heated
under reflux for 8 hr. in pyridine in an atnosphere of nitrogen.

A crude mixture was obtained, which appeared to contain a high
proportion of polyieric material. However, the u.v, spectrum of
the crude product (Fig. 5) contained some unusual bands, which were
not present in the starting material, and were also shown not to

be duc to the oxidatively coupled product (179}, which was prepared
for comparison purposcs. (See Section IV)., Hydrogenation of the
crude product appeared to givwe the hydrocarbon (162) (+1%) on g.1,c.
comparison with an authentic sample. This reaction therefore
appears very promising, but lack of time precluded any further
work on this approach,

However, the reaction does seen worthy of further investigation,

particularly from the point of view of high-dilution experiments,

TG



which should reduce the percentage of polymeric material, and thus

increase the yield of the macrocyclic acetylenic hydrocarbon (52).
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EXPERIMENTAL. STCTION II,

Preparation of o-xylylenebis(triphenylphosphoniuri brormide) (112)92.

A solution of o-xylylene dibromide(111) (6.63gn.) and tri-
phenylphosphine (14.25gm.) in dry dinethylfornanide (50m1.) was
he:.ted under reflux for 3 hr. The reaction mixture was cooled,
and the precipitated salt (112) was filtered, and washed thoroughly
with ether. Recrystallisation from chlsroform gave o-xylylenebis-
(triphenylphosphonium bronide) (112) (17.2gn. - 87%) as prisms,

n.p. »350°. (Griffin, Martin and Douglas > give m.p.» 340°),

Preparation of 1,2-distyry1benzene(ll5)92.

A solution of g-xylylenebis(triphenylphosphonium broride )
(112) (21.25gm.) and benzaldehyde (113) (6.3gn.) in absolute
ethanol (75ml.) was treated with a solution of lithium ethoxide in
etharol (0.4 molar; 250ml.). The solution was allowed to stand at
roon temperature for 30 min., and was heated under reflux for 2 hr.,
to yield an orange solution. The ethanolic solution was concentrated
under reduced pressure (to «50nl.) and water (200n1.) was added.
The reaction mixture was extracted thoroughly with ether, and the
combined ethereal extracts washed with water, dried (nagnesiun
sulphate) and filtered. Evaporation of the solvent gave a pale
yellow oil (21gn.), which was chronatographed on alupina (Brocknann
Grade I; 400gn.). Several fractions were eluted with petrol, and

each fraction was shown to be a mixture of four compounds by t.l.c.
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(silica - petrol as eluent, Ry 0.65, 0.6, 0,32 and 0.3). The
total product (5,25gn.) showed u.v. absorption at 285 and 305np,
and i.r. absorption (nelted £iln) at ~960cn.” (vCH=CH trans) and
~6500m.~1 (vCii=cH gig). A porticn of the product (800r:.) was
chromatecgraphed on silica impregnated with silver nitrate (25%;
50gm.), and four nain fractions were cluted with petrol.

(i) Fraction I was obtained as a low-nelting solid (~300)
(42mg. - 8%), and was shown to be 2-methyl-cis-stilbene(127).
T.1.c., (silica - petrol s eluent) showed onc spot, Ry 0.85, and
the i.r. spectrun (nelted film) showed absorption at ~380cn. 1
(VCHECH gig}. The u.v, spectrun (hexane) hiad Anax 263mp(lcg e, 3.96),
(see Section III). Kass spectrun: rclecular ion at 194, (015H14
reguires M, W. 194). The n.,~.r. spectrun showed 2 corplex rmltiplet
at ~2,957 (9 prctons), a singlet at 3,327 (2 protons) and a singlet
at 7.72%(3 protons). (Table 3). Refluxing this compound in solution
in henzene containing a trace of iodine, ccnveried it intc the trans-
iscrer (128), identical by i.r., u.v. and t.l.c, with fracticn II
below,

(ii) Fraction II was obtained as a solid, ri.p. 40-42°, (7Tlrg. -
10%); and was shown to be 2—methy1-§£gg§75tilbene(128), (Bergnann
and Schapirol®® give b.p. 120-125°/0,15mm.). T.l.c. (silica - petrol
as eluent) showed one spot,Rp 0.6, and the i.r. spectrum (nelted
film) showed absorption atu--9800r1._1 (vCH=CH trans). The u.v,

spectrun (ethanol) had Amax 295ny (log e, 4,33), (see Section III).
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Mass spectrum: molecular ion at 134, (015H14 requires }.W. 194).
The n.m.r, spectrum consisted of a complex multiplet at~2.87 (11
protons) and a singlet at 7,58 T(3 protons), (Table 3).

(iii) Fraction III was obtained as a solid, m.n. 74-95°, (370mg. -

38%), and was shown by t.l.c. (silica - petrol as eluent) to be a
mixture of two compounds, the major component bheing the frster-
running of the two neighbouring spots of RF~'0.3. The slower-running
spot was much less nrominent. The major component is thought to be
the cis-cis-isomer of 1,2-distyrylbenzene(115). The i.r, spectrum
(082 solution) was devoid of absorption between 90001:1.-1 and 1000&?.—1
(vCH:CH ﬁgggg) and showed absorption at-700cm._1 (vCa=Cx gig). The
u.v, spectrur (ethanol) showed broad absorption at 280m/‘(log €,
4.24), The n.n.r. spectrun consisted of a singlet at 2,927 (14
protons) and a singlet at 3.437% (4 protons), (Table 3), A benzene
solution containing iodine was isomerised as before, (see below).

(iv) Fraction IV was obtained as a solid, n.»n. 82—990, (260mg. -
27%). T.l.c. (silica - petrol as eluent) showed two neighbouring
spots, RF 0.3, the slower-running one being the more prominent,

The major component is thought to be thc cig~trans-isorcr of 1,2-di-
styrylbenzene(llﬁ). The i.r., snectrunm (CS2 solution) showed absorntion
at 956cm.”! (vCH=CH trans) and ata700cm,”! (vCH=CE cis). The u.v.
spectrum (ethanol) showed absorption at 285ny;(log €, 4,01) and at
305m,)(log €, 4.17). The n.,m.r. spectrum consisted of a complex

band centred at~2,.35% (14 protons), a singlet at 3.317T (2 protons)
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and a singlet at 3,447 (2 protons),  (Table 3). Refluxing in benzene
containing iodine as before, only appeared to remove the faster—
running of the two neighbouring spots on t.l.c., leaving a spot of
RF 3.3. The u.v. spectrun was virtually unchanged: the u.v., spectrum
and t.l.c. behaviour of the nroduct from isomerisation of fraction
ITI were identical to those of the "product of cttenpted isomeris—

ation of fraction IV,

Precparation of 2-nethylstilbene dibromide(131),

(a} From 2-riethyl-trans-stilbene(128). A solution of (128)

(219mg.) in chloroforn (5m1.) was treated with excess of bronine in
solution in chloroform, and the reaction mixture heated under reflux

for 30 min, The solvent and cxcess bromine were reroved under

reduced pressure, and the resulting solid recrystallised from

aqueous ethanol 4o give the meso-dibromide (131), (324mz. - 84%),

as prisms, r.p. 155-1560. (Bergmann and Schapirol30 give n,p. 153-
159°), (Found: C, 50.85; H, 4.10, C, 54,431, requires C,50,90;

H, 4.00%). T.l.c. (silica - petrol as eluent) showed one spot, R, 0.15.

(b) From 2-methyl-cis-stilbene(127), The dl-dibronide (131) was

prepared fron 2—methyl—cis—stilbene(121) (85mg.) in chloroforn as
. 0
above, and was obtained (125mg. - 79%) as prisns, n.p. 101-103",

from aqueous cthanol. T.l.c, (silica - petrol as eluent) showed

one spot, RF 0.15,
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Preparation of 2-methyldiphenylacetylene(132),

(a) Fron the yegc—dibromide (131). The dibromide (131) (80mg.)

was added to a solution potassiun hydroxide (200mg.) in triethylene
glycol (Iml.), and the reaction nixture heated at 160° for 5 nin, ,
cooled, and poured into water. The reaction nmixture was extracted
with ether, and the combined ethercal extracts washed with water,
dried (ragnesiun sulphate) and filtered, Rvaporation of the solvent
gave 2—methyldiphenylacetylene(132), (35mg. - 81%) as an o0il b.p,
120°/0.1m, (block). (Found: C, 92,85; H,5,85, C, ), Tequires

C, 93.70; H, 6.30%). lass spectrur; molecular ion at 192, (015H12
rejuires 1M, W, 132), T.l,c. (silica - petrol as eluent) showed only
one spot, Ry 0,35, The i.r. spectrun (1iquid filnm) showed weak
absorption at ~2299en, L (vC=C), and the u.v. spectrun(hcxane) had Anax
269rp, 27Tnp, 284rys, 293rip and 303ny, (log e, 4.29, 4.32, 4.41,

4,25 and 4,33, respectively), (see Section III)., The n.n.r.
spectrurt consisted of a complex rultiplet centred at~2,85% (9 prot-
ons) and a singlet at 7.5577(3 protons).

(b) Fronm the dl-dibronmide (131). The dl-dibromide (131) (85mg.)

was treated as above, and gave the hydrocarbon (132) (35W8- - 78%)r

which was identical with the sanple prepared above, by i.r., u.v.

and t,1l,.c,

-82—



Preparation of 3J4-benzo—1,?Lﬁ,6—tetrabrono-1,6—diphegy1hex—3—ene(117)L

A solution of bromine (22.8gn,) in ether (25nl.) was added
dropwise to a cooled solution of the diene (115) (5.70gm.) in
ether (25nl,). When addition was conplete, the reaction mixture was
heated under reflux for 1 hr,, and the solvent and excess bronine
renoved under reduced pressure., The resulting crude solid was
crystalliged from acetic acid to give the tetrabronide (117)
(8.1gn, - 67%), as necedles, m.p.171—1740. (Found; C, 42.60; H, 2,05,
CyoffygBr, requires C, 43.85; H, 3.00%). T.l.c. (silica - petrol

as cluent) showed only one spot, R 0.1,

F

Preparation of 1,2-bis@5—phenylethyny1)benzene(sﬁ).

The tetrabroride (117) (1.21am.) was added to a solution of
potassiurn hydroxide (0.3zm.) in triethylene glycol (25m1.). The
reaction nixture was heated at 160° for.5 nnin,, and worlked up as
in the previous preparation of the hydrocarhon (132). The hydro-
carbon (56) was obtained (0.3%gn. - 70%) as needles, n.pn., 80-81°,
fron ethanol. (Found: C, 34.80; H, 5.10. Cy.H, requires C, 94.95;
H, 5.056%). Mass spectrun: riolecular ion at 278, (022H14 requires
MW, 278). T.1l,.c. (silica - petrol as eluent) showed only one
spot, RF 0.15. The n.n.r, spectrur consisted of a complex rmlti-
plet centred at 2.587. The i,r. spectrun (nujol rull) showed weak

absorption at ~22000m."1, and the u,v, spectrun (hexane) had Anax

259@?! 273rp,and 312np (log e, 4.45, 4.67 and 4.26, respectively}ﬁFig.3).
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Preparation of 1,2~diphenethylbenzenc(133),

The diene (115) (245mg.) in ethyl acectate (15n1.) was hydro-
genated (5% nalladiun on charcoal as catalyst) until the uptalke of
hydrogen ceased, which was close to the theoretical value. The
reaction mixture was filtered, and the solvent evaporated to yisld
(123} (230ng. - 93%) as a clear oil, b.p, 165°/0.2rm. (block).
(Found: C, 92.10; 4, 7.55, Conllyy

iass spectruri: riolecular ion at 286, (C

requires C, 92.25; H, 7.75%).
22H22 requires 11,W. 286),

T.l.c, (silica - petrol as cluent) showed one spot, R, 0,45,

w
G.l.c. (1% 5.E.30 on "Gas Chror: P", 100-120 riesh, at 1900) showed
only one pealr, retention tine 6 min., The i.r. spectrun (liquid

filr) and u,v. spectrun (ethanol) were typical of aronatic hydro-

carbons, The n.n,r. spectrun consisted of a doublet at 2.92 T(14

protons) and a singlet at 7,187 (8 protons),

dydrogenation of 1,2—bis(ﬁ-phenylethvnyl)benzene(ﬁﬁ).

The diyne (56) (45mg.) was hydrogenated as in the previous
experirent. Work up in the usual way gave a colourless oil,
(46rg. - 98%), which was not purified. It was shown to be
identical with the saturated hydrocarbon (133) by i.r., u.v.,

t.l,c, and g,1,c. T.l.c. and g.l.c. also revealed that no other

coripounds were present.
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Atterinted vpreparation of 1,2—bis(grmethylstyryl)benzene(116)92.

A solution of the hisphosphoniun salt (112) (32gm.) and
o-tolualdehyde (114) (10.8gn.) in absolute ethanol (100nml.) was
treated with a solution of lithiun ethoxide in ethanol (0.4 nolar;
400nl,), The reaction nixture was allowed to stand at roon
tenperature for 30 nin,, and then heanted under reflux for 4 hr,
Work up as in the preparation of 1,2-distyrylbenzene(115) gave a
pale yellow oil which was chronatographed on alunina ¢s before,
Elution with petrol, and collection of several fractions, gave
several low-rielting solids ( m.p.uﬁ30—500) (total 6.2gm.), which
were shown later, by comparison with authentic sarples, to be
nainly nixtures of 2,2'-dinethylfgig-sti1bene(134) and 2,2'-dinethyl-
ﬁgggg—stilbene(lSS). Only a trace (if any) of the expected
hydrocarbon (1158) appeared to be present.

Preparation of diphthaly1(146)118.

A mixture of phthalic anhydride(148) (150gn,), phthalide(147)
(75gn1.) and sodiun acetate (35gn.) were heated at 300° for 10 hr.
On cooling, the rcaction nixture solidified. The crude sslid was
powdered, and washed thoroughly with hot water and hot ethanol,
Recrystallisation fron acetic acid gave diphtha1y1(146) (47gn. -
34%) as orange needles, rn.p. 332° (Graebc and Guyo118 give m.p.
331°), (Found: C, 72.75; ¥, 3,30, C,gH.0, requires C, 72.75;

H, 3,05%). The i,r. spectrun (%C1 disc) showed carbonyl absorption
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at 178¢en, =, 1751cn, 1 and 1731lcm, 1 and the u,v. spectrun
(acetic acid) had Anax 253my, 259nf, 297my, 310rp, 340rp, 352rw
and 361qp, (1og e, 4.14, 4.14, 4,07, 4,16, 4,16, 4,23 and 4,09,

respectively),

Zinc/acetanide reduction of diphthaly1(146),

A nixture of diphthalyl(148) (1gn.), zinc (3gr.) and molten
acetanide (50m1.) was stirred at 160° for 12 hr., and poured into
dilute hydrochloric acid. The resulting precipitate was collected,
washed with water and dried. The crude pinkish solid (690mg.) had
m.p, 195-210°, This solid, which was slightly soluble in aqueous
sodiun hydrogen carbonate solution and in aqueous sodiun hydroxide
solution, was very insoluble in organic solvents, and attempted
purification by sublination and recrystallisation failed., The i,r.
spectrun of the solid (KC1 disc) was typical of a carbox:-lid ncid
and showed carbonyl absorption at~46900m.—1 and broad bonded
hydroxyl absorntion at ~30000n._1. The u.v, svectrur: (acetic acid)
had Amax  320rp, The nass spectrun showed a rolecular ion at 266,
which would be correct for (143).

The atteripted reduction of (148) with zinc in either (i)
acetic acid, (ii) ethanol or (iii) trifluoroacctic acid, gave only
unchanged starting material (146).

Attermpted esterification of this "acid", using either (a)

diazonethanc in ether, (b) diazomethane in acetone, (¢) nethanol/
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hydrochloric acid, (d) dinethylsulphnte/potassiun carbonate/acetone,
or (e) nethyl iodide/ potassiun carbonate/acetone, was unsuccessful,
Sone ester apneared to be forned on treatrent of the "acid" with
excess of diazormethanc in ether or acetone, i.e., the crude solid
obtained on renoval of the solvent no longer showed hydroxyl
ebsorption in the i.r. speetrun (nujol rmll), and the carbonyl
frequency changed to*v17200m.-1. However, this solid could not be
recrystallised, and attenpted purification by preparative t,1,c,
(silica - 10% ethyl acetate as eluent) produced several brightly
coloured, high-melting crystalline solids, These intriguing
conpounds were not further investigated. The mass spectrun of the
crude product was unifornative: the only possible parent ions were
at 266 and 298, and tihc expected ions at 280 (mono-ester) and 294
(di-ester) were abvsent.

121
Preparation of 1-bromonethy1-2—methylbenzene(154) .

Bronine (252gn.) was added dropwise over 2 hr. to o-xylene
(153) (150gn. ) at 130°. The reaction nixture was hcated for a
. further period of 1 hr., cooled, and the hydrogen bronide renoved
under reduced pressure., The residual oil was dried (calciun chloride)
and distilled to give the bronide (154) (207gm. - 79%) as an oil,

1 . o
b,p. 217-220°, (Atkinson and Thorpe'2! give b.p. 215-218°).
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Reaction of benzyl chloride (155) with sodamide in liquid armonia 0

A solution of benzyl chloride(155) (2.53gm,) in ether (10ml,)
was added dropwise to a suspension of sodamide in liquid ammonia
[fra: sodium {9.5gn, ) in ammonia (SOml.)]. The reaction nixture was
stirred for 3 hr,, rnore ether (SOml.) was added, and the rezction
mixture worked up by the careful addition of water. The ether layer
was separated, washed successively with water, dilute sulphuric
acid, water, anueous sodium carbonate solution, and water, dried
(magnesium sulphate) and filtered. Evaporation of the solveﬁt gave
trans-stilbene(129) (1.3gn. - 72%) as plates, m.p, 124°, from
ethanol, The mixed m.p. with an authentic sample of trans-stilbene
was 1240, and the i.r. and u,v, spectra were identical with those
of the authentic sample, and t.l.c. (silica - petrol as eluent) of

each sample showed only one spot, RF 0.6,

Reaction of the bromide (154) with sodamide_in liquid ammonia.

A solution of the bromide (154) (2.7gm.) in ether (10m1,) was
trrated with sodamide in liquid armonia [from sodiun (0.5gm.) in
amrionia (50m1.)] as in the previous experiment. Work up in the
usual way, gave an oil (2.1gm. ), which was shown by t.l.c. (silica -
petrol as eluent) to be a mixture of several components, AThe i,r,

. -1
spectrum (liquid film) showed only weak absorption at ~960cn. =,

. . -1
and was devoid of absorption in the region of 700cm. ™.
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Preparation of (g—methylbenzyl)triphenylphosphonium bromide(lﬁﬁ).

A solution of the bromide(154) (146gn.) ana triphenylphosphine
(230gm.) in bhenzene (1500n1.) was heated under reflux for 8 hr.,
cooled, and the resulting crystalline deposit filtered and washed
with benzene and ether. Recrystallisation from chloroforn gave the
salt (153) (302gm. - 86%) as prisms, n.p. 265°, (Found: Br, 17.93.
PBr requires %r, 17,87%).

C26H24

Preparation of 2,2'-dinethylstilbene(134 and 135).

A solution oF tho phosphoniun salt (156) (33.5gm.) and
o~tclualdehyde (114) (13gn.) in absolute ethanol (200m1.) was
treated with lithium ethoxide in ethanol (0.4 rnolar; 400ml.). The
reaction nmixture was allowed to stand at room terperature for 30 nin.,
and heated under re?lux for 4 hr. The reaction mixture was then
worked un as in the preparation of the hydrocarhon (115), to give
a yellow oil. This o0il was chromatographed on alumina (Brockmann
Grade I; 1230%gn.) and elution with petrol gave 2,2'-dimethylstilbene
(134 and 135) (11.81gn. ; 74%) as a solid mixture of cis- and trans-
isomers, n.p. 39-43%, T.l.c. (silica - petrol =as eluent) showed
two neighbouring spots, RF 0.65 and 0.5, Preparative t.l.c,
separated a portion of this mixture (IOOmg.) into three fractions,

(i) Fraction I was obtained (3lng.) as a solid, r.p. 41-44°, and
was shown to be 2,2'-dimethyl-cis-stilbene(134}. Mass spectrum:

molecular ion at 238, (CIGH16 requires M.W. 208}, T.l.c. (silica
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- petrol as eluent) showed only one spot, R, 0.65, The i.r.
spectrun (melted filn) showed absorption at ~70vem, t (vcr=Cz gig),
and the u.v. sjectrun (ethanol) had Anax 264my (1og €, 3.95),
(see Section III}). The n.n.r. svectrun consisted of a complex
rultiplet at 2,93 7(3 protons), a singlet at 3.307 (2 protons) nand
a singlet at 7.747v (5 protons). (Table 3),

(ii) Traction II was still a nixture of the two spots, (25mg.).

(iii) Fraction III was obtained (40mg.} as a solid, m.p. 73-81°,

131

and was shown te be 2,2'-dinethyl-trans-stilbene(135). (Spith
gives n.p. 830). Mass snectrum: riolecular ion at 208, (CISH16
requires M.,W, 208). T.l.c. (silica - petrol as eluent) showed only
one s»ot, RF 0.8. The i.r. spectrun (melted film) showed absorption
at ~060cn. - (vCI=CT trans),and the u.v. spectrurn: (ethanol) had
Anax 293m,;(10g €, 4.33), (see Section III). The n.n.r. spectrun
consisted of a comnlex rultinlet centred at ~2.87 (10 protons) and

a singlet at 7.58% (6 protons). (Table 3).

Prenaration of 2,2'-dimethylstilbene dibronide(157).

A solution of bronine (l.ﬁgm.) in acetic acid (10ml.) was
added to n solution of the hydrocarbon (134 =and 135) (2.08gm.) in
acetic acid (30nl.), and the reaction mixture heated under reflux
for 1 nin. The reaction nixture was cooled, and the precipitated
crystals of the dibronide(157) were collected, washed with water,

and dried. Recrystallisation from acetic acid gave the dibromide

-90-



AN

(167} (2.9gn. - 79%) as prisns, m.p. 166-173°, (Found: C, 52.30;
H, 4.40. C, 4l .Br, requires C, 52.20; i, 4,49%). T.l.c. (silica -

i

netrol as clucnt) showed only one spot, RF 0.158,

Preparation of 2,2'-dinethyldiphenylacetylene(153).

The dibromide(lS?) (2gn.} was added to a solution of potassium
hydroxide (lgﬁ.) in tricthylene glycol (10n1.) and the reaction
nixture heated at 162° for 5 nin., cooled, poured into water and
cextracted with ether. The combined ethereal extracts werc washed
with water, dried (nagnesiun sulphate) and filtered. Evajpsration
of the solvent gave a yellow oil (1.lgm.) which was chromatographed
on silica impregnated with silver nitrate (25%; Hgr. ). Elution
with petrol gave the hydrocarbhon (138} (0.93sm. - 87%) as ncedles,

132 .
, give m.p.

m.p. 27-28°. (Coops, Hoijtink, Xraner and Faber
28.70). lings spectrum: molecular ion at 206, (016314 requires
MW, 298). T.l.c. (silica - petrol as cluent) showed one spot,
RF 0.85, The i.r. spectrun (rmelted filn) showed weak absorntion at
~215Ucm.'1 and the u.v, spectrun (ethanol) had Anax 27Iryd, 277np,
284@P, 294ryp and 304rp, (log e, 4.23, 4.28, 4.39, 4.24 and 4,34,
resvectively), (sce Section III}.

In some of the larger scale experinents, 2,2'-dinethyl-trans-
stilbene(135) [cbaracterised by its mass spectrum, i.r. and uw.v.

absorntien and t.1.c. behaviour] was also isolated (in verying yields)

, . s . .
from this reaction. In order to investigate tiis reaction further,
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several dibrormides were treated with dif<erent reagents under varying
conditions. These reactions were worked up as before, and examined
by t.1.c. and u.v. spectroscopy. The conditions and results are

gurnarised in Tablec 4.

Preparation_of 1,2-dibrononethyldiphenylacetylenc(169).

1,-Dinethyldiphenylacetylenc(158) (415ng. ), N-hronosuccininide
(715mg.} and dibenzoylperoxide (10mg.) in “ry carbon tetrachloride
(Snl.) were heated under reflux for 18 hr. The rcaction nixture was
cooled, and filtcred from the precipitated succininide. Hvaporation
of the solvent from the filtrate gave a crude solid which was
chromatographed on silica (30gn.). BElution with carbon tetrachloride-
petrol (20%) gave the nono-bronide (159) (130ng.-26%, as peedles,

0o

n.p., 53-65" fron nentane. Mass spectrun: molecular ions at 284 and

286 (ratio 1:1), (C Br requires 17.W. 285). T.l.c. (silica -

3
16713
petrol as eluent) showed one spot, RF 0.25, and the u.v. spectrun
(ethanol) had Ariax 288mr;and 304n);(log €, 4.4 and 3.92, respective-
1y), (see Section III).

Zlution with carhon tetrachloride gave the dibronide (160)
(élﬂmg. - 56%) as neecdles, n.p. 126-127° fron acetic acid, (Found:
i1 _Br, requires C, 52.80; H, 3.30%). Mass
311272
spectrun: molecular ions at 362, 364 and 363, (ratio 1:2:1),

C, 52.7v; H, 3.40. C;

(016H12qu requires M.W, 364). T.l.c. (silica - petrol as eluent)
-t

showed one spot, Ry 0.15. The u.v. spectrun (ethanol) had Anmax
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QQQHP and 312mP (log €, 4.17 and 4,05, resncctively) (sce Section
III), and the n.n.r, spectrun consisted of a complex raltiplet

centred at 2.337 (8 protons; and a singlet at 5.27% (4 protons).

Preparation of 2,2'-bis(trinhcnylnhosghoniummethyl)diphenvlacetylene

dibronide(142),

A solution of the dibromide'(lﬁﬂ) (3.89gn.) and triphenyl-
phosphine (5.62gm.) in dry dimecthylfornanmide (15m1.) was heated at
116° for 3 hr. The reaction nixture was cooled, and the diphosphonium
salt (142) (9.46gn. - 100%) was collected, washed with ether and
dried. Recrystallisation fron chloroform gave (142) as prisns,

m.p. 326-347°. (Found: Br, 17.70. CqollyoPoBr, requires Br, 18.00%).
T.l.c. (silica - netrol as eluent) showed only one spot on the origin.
The mono-phosphoniun salt (161) was also prepared as follows,

A solution of the dibronide (160) (6lmg.) and triphenylphosphine
(44ﬂf ) in benzene (1m1.) was heated under reflux for 3 hr,

The reaction mixture was cooled, and the nrecinitated monophosphoniunm
salt (161) (86ng. - 82%), as prisms, m.p. 220-230° , was collccted,
washed with benzone and dried. T.l.c. (silica - petrol as eluent)

showed one spot, just removed from the origin, R]‘1 9,05,

Condensation of 2,2 2 '-bis(triphenyl phosphoniurmethyl )diphenyl-

acetylene dibronide(142) with o-phthaldialdehyde(136).

A mixture of the bisphosphoniun salt (142} (lgn.) and o-phthal-
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dialdehyde(lBﬁ) (150mg.) in absolute ethanol (20ml.) was treated

with lithiun ethoxide in etharol (0.2 molar; 2nl.) and the reaction
nixture heated under reflux for 24 hr, The ethanol was removed
under reduced dressure and the resulting crude solid extracted
thoroughly with hot petrol to give a solid (358mg.), LD, 140-306°
(Found: C, 9%1.45 ; H, 5.85%). The i.r. spectrun (melted film)
showed strong absorntion at ~9700n.—1 (veH=CcH trans) and~ﬂ600m.-l,
(typical of a 1,2-di-suhstituted aromatic ring),and the u.v.
spectrun (ethanol) showed broad ahsorption at ~28Jrys. The solid
was not very soluhle in organic solvents, and all attenmpts at
recrystallisation failed. T.l.c. (silica - petrol as eluent)
showed, in addition to a small snot at the origin (shown to be due
te triphenylphosnhine oxide, by running plates in ethyl acctate),

at least three closely-running sn»otis, RF 9.2, 0.15 and 0.1.

G.1.c. (1% S.E. 30 on "Gas Chrom P", 10v-120 mesh, at 190°) showed

3 peaks of retention times 7 min. (~90%), 26 nin, (~5%) and 45 nin.
GV5%). Subliration (at 2000/9.1 r;y, ) only separated the hydro-
carbeons fror: the triphenylphosphine oxide, the t.1l.c. behaviour
after sublimation being almost identical to that before sublima-
tion. Atterpted separation of the nixture by colunn chronatography
(silica and alumina) and preparative t.l.c. (silica) was not
successful, mixtures of compounds always being obtained. Attempted
isomerisation of the mixture by refluxing a chloroforn solution

containing a trace of iodinc was unsuccessful, the mixture being
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recovercec comhletely unchanged, cven after a 12 hr, reflux,

A portion of the hydrocarbon mixture was hydrogenatzd (5%
palladiun on charcoal as catalyst, in ethyl acetate), and the
product analysed by g.l.c. (1% S.2. 30 on "Gas Chrén 2", 1004120
nesh, at 1930). Three peaks were observed, retention tincs 6 min.
(~5%), 12 nin. (#90%) and 2C =in. (~5%). The peak of retention
tine 23 nin. was shown to be duz to the hydrocarbon (152), by comp-
arison with an authentic sar:ple aof (162).

The mixture of compounds was analysed using the techrique of
t.1.c. combined with nass spectrsnetry. The fracticn corresponding
te the spot on t.l.c. of RF 0.2 gave rise to a nolecular ic¢n at
304, The fraction corresponding to the spot of RF 0,15 zave rise
to a nolecular ion =2t 334, thc fraction corresponding to the spot
of RF 3.1, giving rise to a nolecular ion at 322.

In some o the earlisr condemsation experirients, the hydro-
carbon (158, was isolated, (~57), identified by i.r. un.v. znd t.1.c.
comparison with an authentic ssrple, and by nass spactroncsiry;

. 2030,

nolecular ion at 293, (ClsﬂIArequires MW, 2

Treatrient of the nixture with bromine.

A solution 5f the hylrccarben nixture in chloroform was rcfluxed
for 2 hr. with an excess of hroninc. The solvent was awprated
under rcduced pressure, to yinld a solid, which was recrystallised

1p?
with difficulty fron acetone, to give needles, n.p. 200-320" .

(Found: C, 83.70; ¥, 3.30%). T.l.c. (silica - carbon tetrachloride
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as eluent; showed two spots, R_ 0.7 and 9.6, The crude solid was
shown to contain halogen; (Beilstein test an? sodiun fusion test
positive). The u.v. spect t: 1) ~ 3 !
i e). -V. specirun (etranol; was transparcnt abeve 240y,
Atteripted dehydrobronination using either (i) n-t.ssiwm t-butoxide
in benzene, (ii) potassiun t-butoxide in t~butanal, (iii) potassium

o — —-— i 4

hydroxide in triethylene glycol or (iv) sodamide in liguid armonia,
ard exanination of the crude procuct by u.v. spsctroscony, did not
produce any cormpounds showing any unusual bands in the u.v. spectruw.

]
Reaction of o-xylylene dibronmide(111l) with sodiun in diozanl“g

A solution of o-xylylene divro-ide(111) (85gn.) in dry dioxan
(IOOnl.) was adled t:s nowdered sodium (7gn.) in dioxan {4°0m1.)
and the reaction nixture heated under reflux for 48 hr. The dioxan
was distilled from the rzsactisn mixture, tolucne (20&11.) being
added dropwise as a chaser solvent. Denzene (20onl.) and then
athanol (SOml.) was added to the cooled residue, and finslly water
(320m1.) was carefully added. The organic layer was separatsd,
washed thoroughly with water, dried (nagnesiun sulphate) and
filtered. HBvanoration of the solvent gave =an oil, which was
chrimatographed on alunina (Broctnann Grade I; 40.gn.). Elution
with netrol gave a colourless solid (5.3g.}, n.p. 98-182°, which
was shown by t.1.c. (silica - petrol as eluent) to be a mixture of

three corpounds, RF 0.75, 0.72 and 0.55. The three cormpounds were

senarated and purified by sublinmation and crystallisation.
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(i) Traction I sublimed at 90°/0.1 mun. Recrystallisation from
ethanol gave 1 2—u1met“ykd1091ZJi(lhq,, (128ms. - 19), n.p. 57-58°.
(Cope and Fentonl™" give m.p. 56-58°). T.1.c. (silica - petrol as
eluent) showed one spot, RF 0.75, and g.l.c. (1% S.E. 20 on "Gas
Chron P", 130-120 nmesh, at 1250) siiowed only one peak, retention
tine 7 min.

(ii) Fractisn II sublimed at 1630/0.1 rm,, and recrystallisation
fron ethanol zave the hydrocarhon (163} (4.95gm. - 36%) as nrisms,
n.pe. 108-109°. (Cope and ﬁentonlg' give n.n. 109-1100). T.1l.c.
(%1 ica ~ petrol as eluent) showed ome snot, hﬂ 0.72, and g.l.c.

(1% S.E. 30 on "Gas Chron P", 103-12) mesh, at 25 } showed only
one nealr, retenticn tire 9 nin.)

(iii) Fraction III sublined at 2200/b.1mm., and recrystallisation
fron ethanol gave the hydrocarbon (162) (735mg. - 5%) as ncedles,
n.p. 182-183°. (Cope and Z.-i'ent.onlg2 give n.p. 183.5—184.50).

T.l.c. (silica - netro) as eluent) showed only one spot, RF 0.55,
and g.1.c. (1% S.E. 30 on "Gas Chrom P" 100-120 resh at 120°) showed

only one neak, retention tirw 28 nin.

Preparation of methyl g-iodobenzoate(171).

h solution of o-iodcbenzoic acid(170) (20gm.) in nethanol (40nl.;
and concentrated svlohuric acid (3nl.) was heated under reflux for
2 hr. The reaction nixture was ccoled, pourcd into water, and

extracted thoroughly with ether. The corbined ethereal extracts
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were washed with water, and extracted with aqucous sodiun carbonate
solution, [4cidification of the sodiun cnrbonate extract gave
vnchanged acid (170) (1.8gn. - 9%)]. The ether extract was then
washed with water, dried (nagnesium sulphate) and filter:d. Zvanora-
ticn of the solvent gave the ester (171) (27.8gn. - 7E%) as a

. v 3429 /54 s n S 132 .
colourless oil, b.p., 145-143 /14nn. Feil’ron and Zunbury , give

0 . N Ly
b.p. 145-146 /16mn.). The i.r. spectrun (liquid film} showed

1

abgorption at ~174%¢n. ~, (vC=?), ty»ical gf 2n ester rrouning, and

was deveoid of any characteristic carboxvylic acid absorpticn bands.

Pre:aration of g-icdobanzylalcohol(172),

A solution of the ester {171} (1ig.) in anhydrous ether (100m1.;
was afied Arovwwise to a stirred susnension of lithium alurminiun
kydride (2.3gn.) in anhydrous ether (100nl.). The reaction nixture
was then heated under reflux for 1 hr., cooled, and the complex
carefully destroyed by the addition of a saturated agueous solution
of - oniwn sulphate. The ether layer was separated, and the agueous
layer was extracted thoroughly with ether. The cormhin:d :thereal
extracts were washsd with a lit:le water, dried (nagnesiun sulphate)
end filtered. BHvaporation of the solvent gave the alcohsl (172)

(13.1gm. - 929 ag needles, n.p. 89.5-30° from water. (Qlivicr134

177
gives n.p. 89.5—98). Rhe i.r. spectrun (nujol rull) showed absorp-
tidn at ~3220cr.”t (v0T) and was devoid of absorption in the carbonyl

e )

region (~17OOcm.—1). The i.r. spectrun in carbon tetrachloride
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solution, showed intercsting intra-riolecular hydrogen bonding, (see

Section III).

Prenaration of_gfiodohaualdehyde(173)z

A solution of the alcohol (172) (lgn.) in dry benzune (50ml1.;,
and riangancsc dioxide (10gm.), were stirred and heatrd under reflux
with autonatic water separation. When the separation of woter
ceased, the reaction nixture wns cooled.and filtered. IDvaporation
of the benzcune gave an 0il, which was purified by stear distillation
to give g—iodohenzaldehyde(173) (O.7gn. - 71%), as prisns n.p. 37°.
(Ranson and Shuttleworthl35 zive n.p. 370). The i.r. specirum
(nujol rmll) showed strong absorption at'v16800m.-1 (vC=0), and

was devoid of absorption in the region of 3320cn. ! (von).

Attenpted preparstion of 2,2%di-iodobenzoin(174).

A solution of o-iodobenzaldehyde(173) (580mg.) and sodiun
cyanide (25mg.) in aqueous ethanol (50%; 5ml.) wes heated under
reflux for 6 hr. The reaction nixture was ccoled, pourcd into
water, and extracted thoroughly with ether. The cormbined ethereal
extracts were woshed with water, dried (mognosiw sulphate) and
filtered. Evanoration of the solvent gave an oil (490ng.) whose
i.r. spectrun (liquid film) was identical to that of the starting

aldchyde (173).
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Rcaction of g-iodohenzoic ncid(170) with rethyllithivr:.

A solution of o-iodohenzoic acid(17)) (2.48gn.) in ether (25ml.)
was treated with ethercal nethyllithiun (0.4 rolar; 100-1.), and
the renetion mixture hesated under reflux for 2 hr. The reaction
nixture was worked up by the crreful nddition of water, and the
ether layer separated. [Acidification of the basic ajueous layer
gave 2 solif, (llﬂng.), n.p. §7° 2ronm water, whose 1 r. s»wectrun
(nujol rwmll) indicated the presence of o carbnxylicvncid function.
This acidic naterial was not very soluble in agueous sodiuwn hydrogen
caerbonate solution]. The ether layer was washed with water, dried
(magnesium sul»inte) and filtered. Bvaporation of the solvent rave
tn oil, b.p. 87—880/14nn. which was shown to be acetophenone(177)
(0.99gn. - 82%), by cormarison of its i.r. sneciru with an
authentic sarinle, and its nass snoctrun: riolecular ion at 129,
(CBESO requires M.W, 123). The 2,4-dinitronhenylhydrazone derivative,

did not depress the m.p. of an authentic smple.

Preparation of Q—iodoacetdphenone(l76).

Magnesiun (540mg.) was added to absolute ethnnol (1n1.) and
carhon tetrachloride (O.lnl.), and when the reaction was well vnder
way, anhydrous cther (l&wl.) was added. A4 solution of disthyl-
malonate (3.52gr.) in ahsolute ethanol (5n1.) and anhydrous cther
(5111.) was added dropwise, and the renction nixture heated under

’

reflux for 3 hr. To the clear solution, gfiodohenzoylchlnrido(178)
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(5.32gn.) [prepared in the usual wayl36 frorn the acid (170)

(4»96gn.) and thionyl chloridd]in anhydrous ether (10m1.) was added
with stirring, and the reaction mixture heated under rcflux for 30
nin. The reaction mixturc was cooled, poured into cdilute sulphurie

acid, and the cther layer separated, washed with water ~nl the solvent

o
=

evazorated. A soluticn of glacial ncetic acid (Iml.) ~nd cincen-
trated sulphuric acid (Inl.) in water (5m1.) was nd”ed 4o tie crude
diethyl acylnalonnte, and the reaction mixture heated under reflux
until the evolution of carbon disxide ceased (-2 hr.). The rcaction
nixture was ccoled, poured into aqueous sodium hydroxide solution,
and extracted thorougnly with ether. The combin:d cthere:il extracts
were washed wit" water, dricd (magnesiwm sulphate) and filtered.
Evapnoration of the solvent gave g—iodoacetonhenone(178) (3.8gm. -
77%) as an oil, b,p. 140—1450/14mm. (Auwers, Lechner and

Bundesmnnnl37 give b.p. 139—1400/12mn.). The i.r. spectrun (liquid

£filn) showed tynical aromatic carbonyl absorption at«vlﬁ@ﬂcm._l.

Preparation of Q—iodophenylacetylone(115).

Phosnhorus pentachlorice (r25ry .} was added in portions to
o-iodoacetcophenone(176) (225mg.)}. The reaction nixturs was allowed
to stard at room terperature for 30 nin., and the excess vhosphorus
pentachloride and »nhosphorus oxychloride were rcmoved under reduced
pressure. The i.r. spectrun (liquid filn) of the crude residual

0il {(210mg.) was devoid of absorption in the carbonyl region
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(~17OOcm.-1). The crude nixture was not nurji fied. 4 solution of
potagsium hydroxide (1507g.) in ethanol (51.) was added to this
nixture aad the renetion nixture hente? wrder reflux for 6 hr.,
cooled, and nour.d into water. The reaction nixture was extracted
with ether, and the corbined cthereal cxtracts washod with water,
dried (magnesiun sulnhate) and filtered. Avaporatisn of the

solvent rave o-iodoohenylacetvlone(175) (r18ng. - 57%) as an oil,

9
b.p. 70-74°/1rrr. (block), no 1.6365. (Bott, Eaborn and ialton!?®
. 0 28 .
give b.p. 75 /lmn., np 1.6262). The i.r. spectrun showed strong

sbsorntion at~320 cen.”} (vEC-Z) and weak ahsorntion at ~210%cr. 1

(vC2C) and was virtually identicnl to that of an authentic sarmle

127

nrovided by dalton The u.v. svectrun (e hanol) had Anax 243np

and 248¥P (1og €, 4.31 and 4.30, rcapactively).

Recaction of cuprous nhonylacotylide(lﬁﬁ) and iodobenzene(lﬁ%) in

... 123
nyridine ",

A nixturce of cuprous thnylacatylide(lﬁs) (l.lgm.) [prepared

129 4o nhenylacetylene (77) (0.65gn.) and

in the usual way
s ; ., 138 . , n

arrioniacal cunrous chloride ] and iodohenzene (185) (1.36gn.)

in dry pyridinz (65nl.) [which had nroviously heen distilled with

a nitrogen bleeder] were heated under rcflux in 2 nitrogen atmos-

phere for 6 hr. The reaction nixturc was csolad, noured into

dilute sulphuric aci and extractc? thoroughly wit: ether. The

corbine? otiereal extracts were washed with wnter, drisd (nagnosiun
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sulphate) and filtercd. HBvaporation of the solvent gave a yellow
0il (1.1lgn.) which was shown by t.l.c. (silica - =etrol as eluent
to be nainly a mixture of dinhenylacetylone(71’ and diphenyl-
diacetylone(75). The dinhenyldiacetylenc(75) was estinated to he

present in about 5% from the u.v. snactrun (sec Scction I).

Zeaction of cunrous g-iedophenylacetvlide(169) in pyridine,

- - ! ' (3 [}
Cuprous s-iodovhenylacetylide(159) (2.lgm.} [ premared in the

22

Y and

vsual way fron griodobhenylacetylene(175) (1. 71,

arrioniacal cwirous cHloriﬂelgs] in dry nyridine (which 1ad »reviously

bszen distilled in a nitrogen hleeder) was hoeated under reflux for

8 hr. in a nitrogen atnosnherce. The reactisn nixture was coolod,

pourzd into iato dilute sulnhuric acid, =2nd extracted thorcushly

with ether. The conbinod ethereal extracts wers washod with water,

dried (nagnesiun sulhate) and filtersd. Hvaporaticn of the

solvent gave a yellow seni-solid (1.1gn.), which was shown by

t.l.c. (silica - netrol as cluont’ to contain at le~st six closcly-

runnines corpounds, The i.r. spectrun (melted £iln) showed weak

abgsorption at 222 cn.”! and weal ahsorption at ~3200en. Y, The

u.v. snectrun (ethnnol) had Anax 256n, 264y, 271QP, 278§f.and

2871y (rig. o).
A portion of ths crule nrofduct was hydrogenated in otayl acetate

(5% palladiun on charcoal as catalyst), and the hydrogonated nroduct

anslysed by g.l.c. (1% S$.8.30 on "Gas Chror P", 1:2-120 rcsh, at
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0 Q.. . . o .
20907), Several peaks werc nrosent, one of which (~1%) appeared to

be identical with an authentic sanple of th: hydrecarbon (162).

Jxidative coupling of g-iodophenylacetylene(175).

AY

i solutinn of o-iodophenylacetylene(175) (395ng.) 2nd anhydrous
cusric acctste (4):.) in prridine (1dnl.) and methanol (10nl.)
was leated under reflux for 2 hr., cooled, poured into dilute
sulphuric acid, and extractced thoroughly with ether. The combined
ethereal extracts werc waghed wit's weater, driced (nagnesiun sulphate)
and filtered. Bvanoration of the solvent gave (173) (378ng. - 95%)
as »Hrisns, n.p. 115-116° fror ethanol. (Found: C, 42.55; #, 2.10.

c requires C, 42.30; I, 1.80%). T.l.c. (silica - netrol as

15312
eluent) gave ona spot, Ry 0.4. The i.r. spectrun (nelted filn)
showed weak absorption at v22300m.-1 and the u.v. spectrun (ethanol)‘

had Anax 299ry;,, 318n, and 339ry, (log €, 4.39, 4.72 and 4.68,

resnectively).
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TABIL 3 - N.M. .

OF 80T cis~ AN trans-STILNEHES,

T-values.

(2n)

Compound. Configuration,

(139) cis

(129) trans

(127) cis

(128) trans

(134) cis

(125) trans

(115) cis-cis

(115) cis-trans
* ginglet

1 multiplet

Aromatic Olefinic liethyl
Protons. Jrotons. Arotons.
2.82% 3.45% —_—
~2, 6% 2.90% _—
- ~2,957 3.32% 7.72%
(on) (21) (31)
~2,8 7.58%
(11H) (31)
~2,98; 3.39% 7.74*
(81) (2m1) (6H)
~2_ B’i‘ 7.58*
(103 (511)
2.92% 2,43 _—
(141) (4u)
~2, 95T 3.31% —
(1431) (ex
3.,44%

Literature
Reference.

112

112

Figures in parentheses are integrated values, indicating

the number of protons.

-115-



TABLE 4 - Dr, AND MBr BLISINATIONS.

Conmpound . Conditionsg, Products,
(183), meso* 7.3.6., 160°, 5 min. (139}, ~5%.
(183), meso* 7.8.G6., 230°, 15 min. (130), ~40%.
(157), nesot T.2.%., 160°, 5 nin. (134, ~40%.
(157), mesoy Diglyme, 160°, 5 min. (134), ~35%.
(157), 4, 1, meso T.3.G., 160°, 5 min. §134), ~30%,
135), ~70%.
(157), ¢, 1, meso Miglyme, 160°, 5 nin. (134), ~25%,
(135), ~15%.
(157), mesot ou/7.E.6.%, 160°, 5 min.  (158), ~75%.
(157), mesot TOH/T.E.G.0, 160°, 5 min.  (158), ~75%.

(157), 4, 1, meso TO/T.5.6.%, 160°, 5 nin.  (158), ~70%,

(135}, ~104%.

(157}, 4, 1, meso 0/T.0.%.°, 167°, 5 min.  (158), ~80%.

3
* Drepared fron trans—stilhene(l29) in the usual wayl'g.

. )
4 2renared fron (135) as before, r.p.277 .
T.B.G. is triethylene lycol.
& 2% not in solution when dibromide added.

b Y1 in solution when dibronide added.
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DEACTIINS AND PYSICAL PRIVETEIS 7

[

2,2 =DIBENNETTYTOIPUNYLACETYIEND  AND  BEVATED  COMPIUMDS .,

The synthesis described in Seefion II led to 2,2'-dibromo-
methyldinhenylacetylene(160). This difunctional compound is
availahle in good yield in six stages fromn o-xylene (153}, and is
therafore attractive for the synthesis of acetylenic nacrccycles
and related systems. It is also attractive on the basis of its
rigidity, which assists in the fornation of cyclic systoms (see
Section II), and on the basis of the relative disnosition of its
reactive honzylic bronine atoms. In this section, the dibronide
(160} has been used as the starting point for the atterptel
syntheses of a nuber of petentially interesting nacrocycles, (181,
182, 183, 184, 185 and 185). These experinents unfortunately net
with only linited success, and it was not possible to atterpt the
nrsjected synthesis of two asther interesting systeris (187, 188).
However, the Aibronide (160) and derived acyelic derivatives and
related systens have becen turned to good account in & study of
their u.v. an? i.r. spectral characteristies. An initial observa-
tion »f the anohalous u,v. ahsorhtion of the dibronmide (163) has
now been related to a general nronerty of benzylic bronides, and
the hydroxyl stretching ~bsorntion in the i.r,and u.v. absorntion
curve, for the corresvonding diol (145}, have becn corparcd and
contrasted with the absorption data for a wide range of derived

and related diols, nono-ols and nodel coripounds.
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Attempted Syntheses o? Certain Macrocycles from 2,2'-Dibromo~-

methyldinhenylacetylene(16)).

The reactive bhenzylic bronine atoms of the dibhronide (1690),
when orientec cisoid with resoect to one another, are well disposed.
s»atially for a varisty of rinz closure reactions hy insertion of
a secsndd difunctional unit,e.r., as already incicate?, one can

nvisage the replacement of t'ie brorines by (a) a sulphur di-anion or
equivalent, leading to comnound (181),(b) the acetylide di-anion
leading to compound (187), or (c) a second dihalife ri0lecule via

a Wurtz reaction leading to (184). 1In the event, none of these
attempts has proved successful, hut the relevant details of these
an? of other similar reactions are described below,

The reaction of the didromide (182) with zinc in acetamide was
carried out in the hope of obtaining the dimeric hydrocarbon (184),
or perhaps oven the mononer (185}. from a study of Dreiding models,
this compound (185), apnears to be too highly strained to make its
formation feasible. Ilowever, compounds in which the trinle bond is
"bent" have heen prenared, e.g., the highly strained hydrocarbon
(38} has becn ﬂreparedsg by high-dilution coupling o-diethynyl-
honzene(39), (see Section I). In the event, the only hydrocarbon
isolated fro-1 this reaction was 2,2'—dimethyldinhenylaCetylene(158)
whose nroserties were identical with those already ohtained for

this compound, (t.l.c., i.r. and n.v.J, (Section II). TFurther

proof of structure (158) was obtained by hydrogenating the
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hydrocarbon to the fully reduoed 2,2'-dinethyldibenzyl(154) and
conparing this on g.l.c. with an authentic sanple, ohtained as a
by-product from the ‘Jurtz sclf-counling of o-xylylene dibromide

(111)'2?

, (Section 11}, when they were shown to be identical.

Baler, Mcdmie and Narburton140 have used phenyllithiw: for
this type of condensation, when they successfully self-coniensed
the dibromide (199} to give the hydrocarhon (191). IHowever, lack
of time precluded a study of the rcactien of the dibromide (169}
with this reasoent.

The reaction of 1,4-dichlorobut-2-yne(192) with aguecous
arvioniun sulohide to zive the cyclie disuln»hide (193} is knownl“
It was felt that treatment of the dibronide (163) with this reagent
ceuld lead, in a sinilar manner to the sulphide (181), and that
this sulphide could bhe oxidised toc the sulvhoxide (182 and the
sulphone (183) to produce an interesting series of compounds.
Cava, Deana antd Huth142 have carried out a similar conversion of
the tetrabromide (194) into the disulvnhide (195), using sodium
sulphide. Ilowever, no compound corresnonding to the structure (181)
could be isolated from this reaction., The crude sclid obtained was
shown by a sodium fusion test to contain sulphur, but no halogen
(or nitrogen) was »nresent, T.l.c. indicated that there was essent-
ially only one comnound formed; this comzound ran faster on elution
with 20% ethyl acetate - petrol than did the starting dibromide

. . 3 3 m .
(135), which was completely rermoved in this reaction, The rest of
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the material stayed at the origin of the nlate. All attempts at
sublimation an’ recrystallisatisn of the crude solid failed, as
did preparative t.l.c. (Severnl banﬂs.awwcared on runiiing a thick
nl~te - this can happen with ensily oxilisable materials', The
mass spectrum of the crude solid did not throw any lizht on the
nature of this solid, but it did not appear to have the correct

molecular weight for (181).

It would seem possible, that condensation of the dibronide
(160), as the bis-Wittig salt, with the dialdehyde (189) could
give rise to the interesting hydrocarbon (188), or that reaction
of the dibromide (160) with dilithium acetylide would profuce the
hydrocarbon (187). However, lack of time precluded any attemnt to
aréepare either of these interesting compounds.

It was felt that the oxygen analoguc of the as yet unobtainable
sulphide (181), namely 3,4:7,8-dibenzo-l-oxacyclonona-3,7-2iene-
G-yne(186), could »erhaps be orepared from the diol (145), by
making the rono-tosylate ester (196), and treating this cster with
the very reactive hase, dimsyl sodiun143. This reagent shonld
generate the anion (197) of the free hydroxyl, which could
conceivahly attack the carhon hearing the easily exnelled tosylate
cster and lend to structure (186). The diol (145) was nrepared
from the dihromide (160) by lithium aluminiun hydride reduction of
the diacetate (198), formed from the dibromide (160) by heating it

under reflux with fused sodium acetate in acetic acid. Jowever,
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benzyl tosylates are known to be very rcactive and unstab19144’145,

and, in fact, attempted nreparation of the monotosylate cster (196)
by treatment of the diol (145) with 1.15 equivalents of p-toluene-
sulphonyl chloride in pyridine, followed by the normal isolation
procedure (pouring into water and extraction with organic solvent)
only regencrated the starting diol (145). Treatment of the diol
(145) with acetic anhydride in »nyridine, however, did give the
diacetate (198) in excellent yield, so one can postulate that it
is not lack of reaction of the diol (145),but rather decomposition
of the tosylate ester during the worlk up, which is responsible for
the failure of the reaction to »roduce the rmonotosylate ester (196).
In a later exneriment, the diol (145} was treated with 1.15
equivalents of n-toluenesulphonyl chloride in pyridine, but this
tine the pyridine was reroved under raoduced pressurc. The i.r.
sdectrum of the crude solid residue was substantially different
from that of n-toluenesulshonyl chloride, so it was assumed that
a reaction had talken place. (Note that t.1.c. showed only starting
material, so it is likely that the tosylate ester is even hydro-
lised on a chromatoplate). The crude nixture, assuned to contain
some of thc monotosylate ester (196), was treated with dinsyl sodium
in dinethylsulphoxide in an aticript to prepare the desired cyclic
ether (186), but on normral work un, the dihydroxy compound (145)
was recovered unchanged. This is rather surnrising, since one would

exnzet, if not attack of the anion on the tosylate ester, (or if
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the tosylate estcr had not been formed), at least attack of the
anion on the triple bond, to produce one of the two cnol-cthers
(19% or 290), since treatnent of the rono-ol (201), forned fron
the riono-bromide (159), (sec Section II), via the rono-acetate
(202), in exactly the same way as the diol (145), with dinsyl
sodiur under cxactly the same conditions, yieclded onc or other or
both of the enol-ethers (203 or 204),

The Spectral Properties of some o-Substituted and 0,0'-Di-substituted

Derivatives of Diphenylacetylene, Stilbene (cis and trans) and

Dibenzyl.,

(a) The u.v. absorntion of benzylic bronides.

This section describes what would now appear to be a general
finding, that benzylic bronides display a loss of aromatic fine
structure in the 250—300qp region, which none of the other sub-
stituent groups exanined (—CH3, -CH20.CO.CHB, —CH2OH and —CHzcl) do
to any appreciable extent, This phenonenon was first observed in
the case of the dibronmide (160) when its spectrun was corpared
with that of the parent hydrocarbon (158), (Fig. 6). It was feclt
at first, that this loss of fine structure was due to sore steric
effect of the dibromide (169). However, the u.v, spectra of the
corresponding diacetate (198) and the diol (145) were virtually
identical with that of the parent hydrocarbon (158), (™ig. 6).
The sare effect was observed in the rono-substituted series,

although to a slightly lesser extent. The u,v. spectrun of the
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rionobronide (159) (Fig. 6), which is obtained as a by-product in

the preparation of the dibronide (160}, (Section I1), is rmch
broader than that of the paront hydrocarbon (158), whereas the

u.v. spectra of the rono-acetate (202) and rono-ol (201) arc again
identical with the parent hydrocarbon (158), (Fig. 6). 1In the
sirmlest situation exanined, i.e., the toluene series, (toluene,
benzyl acetate, benzyl alcohol, henzyl chloride and benzyl bronide),
the u.v., spectra are all sinilar to one another, again with the
excention of the bronide, (Pig. 7). There does not apnecar to be
any correlation of these results discussed in the literature, but

it is clcar that an explanation is required. Tyler146 has suggested
that it is unlikely that the explanation for the effect involves

any interaction of the bronine lone pair electrons with thce aromatic
ring, since the bronine aton is separated fron the ring by a carbon
atori, It is known however, that nethyl bronide, in the gns phase,
absorbs continuously in this region of the spectrun146, and it rmay
be that the —CHzBr group, in solution, is also absorbing continuously
and is nerely swarning the vibrational fine strueture of the aror-
atic ring. It would be expccted that benzyl iodide, since gascous
nethyl iodide absorhs aporoxinately in the same region as nethyl
hromide, would have a u.v. s»ectrun similar to that of benazyl
bromide, whercas the u.v. spectrun of henzyl chloride still shows
the vibrational fine structure of the aronatic ring, (rig. 7),

although the absorntion is enhanced at shorter wavelengths, This
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is in keeping with the fact that rcthyl chloride, in the gas pnhase,
absorbs u.v. radiation at shorter wavelengths than nethyl bronide.
The effect andears to be independcnt of tie solvent used, though, of
course, the spectra show the zxpected small solvent shift,

(b) An o-substituent effect in the u.v. spectra of dinhenyl-

acetylene and stilbene (cis and trans) derivatives.

During the exarnination of the dibronide (169), an interesting
but unrelated effect in the case of rono- and di~ ortho-substituted
diphenylacetylencs was observed, The u.v. spectrun of 2-nethyl-
diphenylacetylene(132), (Section II), showed a shift of ~6riy to
longer wavelength than that of the unsubstituted diphenylacetylene
(71), (Fig. 8). This effect is quite unexceptional, (c.f. the
shift to longer wavelength in the u.v. spectrur: of toluene relative
to benzene). MHowever, introduction of another methyl group into
the ortho nosition of the other benzene ring has virtually no further
effect, i.e., the u.v. spectrun of 2,2'-dinethyldiphenylncetylenc
(158), (Section II), is cssentially identical with that o the rono-
rnethyl corpound (132), (¥Fig. 8). There are arclogies in the liter-
ature for this phenorenon; thus, if the u.v. spectrun of p-nethoxy-
izggg—stilbenel47 is compared with that of ﬁgggg—stilbene(ng) itself,
there is observed a shift to longer wavelength, whereas the u.v.
spectrur of Q,B'—dinethoxy-ﬁggggfsti1benel48 is very sirilar to
that of the rionormethoxy coripound, and shows no further shift. The

question one rmst ask is why there is no further shift by the second
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nethyl or nethoxy group. It would appear that steric interactions
can be ruled out, since riodels do not reveal any strong interactions.
Also, there seens to he no loss of intensity in the gpectra, which
generally follows loss of conjugation due to steric hindrance.,
ilowever, if one considers that one of the excited states of di-
phenylacetylene(71) is (207), then introduction of a methyl group

into an ortho or para nosition ray lead to an excited state of type

(208), which is perhaps stabilised by the inductive cffcet of the
nethyl group. The methyl group could feed electrons into the
electron deficient ring, naking its formation easier. Another methyl
group in the other ring would not be able to stabilise the elect-
ron deficicent ring, e.g., (2909), hence the second nethyl group would
have no further effect.

lieasurerients were extended to the cis- and trans-stilbcne
series, In the case of cis-stilbene(130), a nethyl group in the
ortho position produces a shift to shorter wavelength, together with
a drop in intensity, but putting another group ortho in the other
ring has no further effect, (Fig. 9), i.e., the u.v, absorption
curve of 2-riethyl-cis-stilbene(127), (Section II), (xmax 263ny,
log €, 3.96) is alnost identical with that of 2,2'-dinethyl-
cis-stilbene(134), (Section II), (Anax 234np, log e, 3.95), and
both are different fron that of cis-stilbene(130), (Amax 278nj,
log &, 4.07). This apparent anonaly can be expected due to the

pronounced steric interactions which are inevitable in cis-stilbenes,
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and these interactions apparently more than offset the normal shift
to longer wavelength, expected by the introduction of a methyl group
into the aromatic ring. 1In gigfstilbene(130) itself, the molecule
cannot be coplanar due to interactions of the aromatic ring hydro-
gens, hence the u.v., spectrum is shifted to shorter wavelength from
that of trans-stilbene(129), together with a corresponding loss of
intensity., The situation is further comnlicated in the di—gfmethyl
case, since rotation of the rings out of the plane of the double
bond, for relief of the aromatic hydrogen interactions, brings into play
methyl-double bond and methyl-aromatic ring interactions,
Consequently, from examination of models, conformations are hard to
predict, but it is clear that the conformations pnrobably require a
twisted conformation. It might be thought that the mono-methyl
derivative should show less interactions than the di~methyl deriv-
ative, but the u.v. spectra are, in fact, almost superimposable,
(Fig. 9), just as in the simnler case of the diphenylacetylenes,
At the present moment the explanation is not clear, but it must
be borne in mind that in u.v, absorption spectra, one is dealing
with molecules in excited states, and that extrapolations from
models are,at best, risky.

In the trans-stilbenes however, the only apparent change in
the u.v, spectrum from that of trans-stilbene(129) itself, on
the introduction of one ortho-methyl substituent, in the case of

2-methyl-trans-stilbene(128), (Section II), and two ortho-methyls,
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i.e., 2,2'-dimethyl-trans-stilbene(135), (Section II), is loss of
wvhat is termed the "fine structure” of Egggg-stilbene(lZg), (Fig. 19).
“iaarhoven, Nivard and Havinga149 have shown that only when all four
ertho positions are substituted does the congestion become great
enough to procduce a marked change in the u.v. spectrum; thus,
4,4'-dimethoxy-trans-stilbene has Amax 306m,(log &, 4.48), 4,4'-di-
methoxy—2,2‘;;imﬂthyl—igggg-stilbene has Amax 300gy(log é, 4,39)

cnd 4,4'-dimethoxy-2,2,2',2'-tetramethyl-trans-stilbene has Amax

273m¥r(10g e, 4.24),

It is perhaps interesting to note, that in both the cis- and
trans-stilbene series, once again, as is the case with the diphenyl-
acetylenes, conversion of the methyl group into a hydiroxymethyl
substituent produces very little difference in the u.v., spectrum;
“es, both 2-hydroxyrmethyl-g'—rmetbyl-cis-stilbera’/o11) and 2,2 ihyc e
methyl—£i§ystilbene(2l4), prepared in the usual way by hydrogen-
ation of the two acetylenic alcohols (201) and (145), respectively,
using the Lindlar catalyst41, had u.v., absorption spectra which were
virtually identical to that of the parent 2,2'-dimethyl-cis-stilbene
f124), (Fig. 9). i

The normal conversion of the two cis- alcohols, (211) and (214),
to the corresponding trans-isomers, 2-hydroxymethyl-2'-methyl-"rans-
stilbene(212) and 2,2'-dihydroxymethyl-trans-stilbene(215), respect-
ively, by refluxing in a carbon tetrachloride solution containing

113,114
e

o« trace of iodin , was carried out, and the u.v. absorption
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curves of (212) and (215) were very similar to that of the parent
2,2'-dimethyl-trans-stilbene(135) (Fig. 10).

The preparations of these cis- and trans-stilbene mono-ols
and diols were quite unexcentional, and went smoothly to the
desired products, unlike the nrenarations of the fully rcduced
compounds, 2-hydroxymethyl-2'-methyldibenzyl(210) and 2,2'-dihydroxy-
methyldibenzyl(213). These were prepared for the hydrogen bonding
i.r. study (see below), by hydrogenation of the acetylenic alcohols
(221} and (145), resvectively, using 5% palladium on charcoal as
catalyst. If the hydrogenation was allowed to continue after the
rapid uptake of two moles of hydrogen, slow hydrogenolysis of the
labile benzylic hydroxyl groups took place, yielding the hydrocarbon,
2,2'-dimethyldibenzyl1(164), identified by its m.p. and mass spectrunm,

and by g.l.c. comparison with an authentic sample.

(c) Intra-molecular hydrogen bonding in a series of benzyl

alcohols. An infrared study.

The molecule of benzyl alcohol has a number of conformational

possibilities open to it, e.g., (I) and (11).

H\O . /::- W
N ~“”/-~;/ = i
H' " e )
(1) (11)

Prior to 1958, the rather low frequency of the hydroxyl stretching
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absorption, (vOI), of benzyl alcohol(216), (~3620cm.” L), had been
noted, and, in fact, some workers150 had observed the asyrmetry

of this peak, but had not cormented as to its origin. In 1958,
Schleyer, Trifan and Bacskail51, report.ed that the unsymmetrical
band could be interpreted as due to the overlapping of two bands,
one atf«3632cm._{ and a more intense one at 3615cm.-1, corresponding
to free hydroxyl (possilily conformer II), and an 0i....% intra-
molecularly bonded hydroxyl (e.g., conformer I), respectively. The
characteristic feature of a hydrogen bonded hydroxyl, is that the
vJH absorption is shifted to lower frequency, and is usually broad-
ened and intensified relative to that for the free hydroxyl. In
benzyl alcohol, the bonding shift of 17cm._1 is small, and it nmight
be argued that the two bands are purely due to the different
orientations of the bonds with respect to one another, and that
there is no"true" hydrogen bond. (Compare the vOH absorption for

152,153,
/ .

certnin saturated alcohols However, OH....® hydrogen

bonding, both inter- and intra—molecular, is now well authen—

ticated154’155, and quite large shifts have been found for some

molecules, o.g., (III)156, (IV)157, (V)158’ (v1)*®? ana (VII)IGO-

H 2]
5] 7 P
P . o " 3 o s
<z

> A v
y” & Y
[Z;:> =

(111) (1v) (v)

"free" OH  3623cm.”) 3597cm._i 3614cn. "}
bonded OH 35090, ) 3559¢cr.” 3549¢n. 1
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(vI) (ViI)

"free" OH 3640cm. "} —

bonded 0H 3584cm.'1 3484cm.”

Compound (VII), in fact, behaves on t.l.c. and g.l.c. like a non-
polar hydrocarbon of an equivalent molecular weight.

X-ray crystallographic data is now available for at least one
O0H....m intra-molecularly hydrogen bonded systen, (VIII)161, in

the solid state.

(vIIx)
. . 151 .
Schleyer, Trifan and Bacskai , At the same time as they
reported their interpretation of the asymmetric neak of benzyl
alcohol (~3620cm.'1), reported that ing -phenylethanol (IX), OH....«

intra-molecular hydrogen bonding resulted in a more substantial

-1
shift (Ag28cm.-l) than that for benzyl alcohol (Av, 17¢cn., ), but.
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at the same time the concentration of the bonded species was greatly
decreased. Also, they noted that in.x—phenylpropanol (x), the

bonded form had completely disappeared.

Mg
] »
i -
(X)

(1x)
Increasing the length of the carbon chain permits a more favourable
orientation for hydrogen bonding, but the greatly increased number
of conformations possible means that a smaller proportion of con-
formers can bond with the aromatic ring; i.e., an entropy effect.

162,163 examined a2 wide

Later, Schleyer and his co-workers
variety of substituted benzyl alcohols, and secondary and tertiary

ot-aromatic alcohols (XI).

O+

Z e
Rl
X8

o{-Aromatic alcohols were shown to exist largely or entirely in
the ring-bonded form in dilute carbon tetrachloride solution. Rirj
substitution had little effect on Av, but affected significantly

the position of the free : bonded equilibrium, (XIT : XIII, respeck-

ively).
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(x11) (x111)

It was found that "electron—withdrawing" groups, (e.g., nitro),
reduced the proportion of bonded conformer in the equilibrium,
whereas "electron-repelling" groups, (methoxy, etc.), in general
increased the proportion of bonded conformer. This demonstrates
that a hydrogen bond between the hydroxyl and the T-electroms is
being formed, since the proportion of bonded conformer can be
increased or decreased by making the Ti—-electrons more or less
available, respectively, to the proton for hydrogen bonding,

At about the same time, O%i and Iwamura164, working on a
series of meta- and para-substituted tertiary «—-aromatic alcohols,
obtained results similar to those of Schleyer and his co-worker5162’163,
but they were able to carry the argument further. They postulated
that there were four possible bonding sites for the hydrogen atom;
the centre of the T-electron cloud (XIV), carbon atom C, (xv),

carbon atom C1 (XVI),or between carbhons C1 and 02 (xviI).
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..-H",O o HeQ 'H‘/O

PR . . / ETORY TR
\ I /—‘ZC'.. \ = .P—C-, e/_‘ {e i—C .
R :ﬁ‘ d ' d b ' d \
(x1V) (xv) (xvI) (VL)

By studying the effects on the frce : bonded equilibrium produced
by various meta- and para-substituents, (ortho-substitution is
ruled out because of preferential hydrogen bonding to the ortho-
group), they reached the conclusion that conformer (XVI), with
the hydrogen bonding to carbon aton Cl’ correctly represents the

04,...% intra-molecularly hydrogen bonded complex.

K/
\~.€;"Q‘/[
C‘- C..

h il L

w
(%vIII)
. . 154 . "on
This hydrogen bond is very unusual in that the angle "o
enclosed by the 0-¥ link and the hydrogen bond to C1 (XVIII) is

~85%, and the 0-C, distance (r,) is ~2.58, the B-C, distance (r,)

1

also being ~2.58.

The availability of a range of systematically related benzyl
alcohols (201, 210, 211 and 212) and bis-benzyl alcohols (145,213,

214 and 215) - all derived from the monobronmide (159) and dibromide
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(160) as described above - presented an attractive area for research,
‘The mono-ols and diols contain the benzyl alcohol system, (XIX),
ortho-substituted with a —CH2C32-, a cis- or trans- -CH=Ci-, or a

-C=C-, so that there is the oppurtunity for interaction with these

groups, in addition to, or perhaps in competition with, bonding to

the parent benzene ring.

o xx<{7) where -X-X- is ~CHyCly-, —CR=CH~
\ <—“ (cis or trams), or
/ ~C=C-.
on R R is H or OH.
(XIX)

Furthermore, there is the possibility of interaction with the
other benzene ring or benzyl alcohol grouping in’sone cases.
Quite complex bands due to the hydroxyl stretching absorptions
were therefore to be expected., Successful interpretation of these
bands, might afford an appreciation of the energetic and steric
requirements of the benzylic hydroxyl for intra-molecular hydro-
gen bonding.

The authenticity of the alcohols is established by mode of
preparation, by the i.r. and u.v. spectra, and, in most cases, by
nass spectrometry. The purity is established by the sharp
melting point behaviour and by t.l.c. (silica, and silica impreg-
nated with silver nitrate); n.m.r. studies, which would have been
desirable, were precluded by the relative insolubility of the

compounds in the common solvents.
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The u.v. spectra have been discussed above, and appear to be
of little direct assistance in the interpretation of the i.r.
spectral data, although some steric effects are evident,

In some cases the hydroxyl absorptions might conceivably be
interpreted in terms of mixtures of related compounds, [e.g., the
irans- diol (215) an? the cis- diol(214)], but the definition afforded
by v.l.c. on silica impregnated with silver nitrate was sufficient
to exclude this possibility. One is therefore in a position to
interpret the observed bands purely in terms of the conformational
equilibrium exhibites by the individual mono-ol or diol.

For such a study, the first essemtial is to ensure that the
substance examined is present only as a monomer, and that inter-
molecularly associated species are absent. This is achieved by
naizing the vOI measurements in very dilute solution in carbon
tetrachloride, a solvent which is fairly transparent in this region
of the i.r.,, even at long path lengths. Inter-molecular association
is, in fact, seen in some of the more concentrated solutions exanined.
The v bhand for 04....0H inter-molecular hydrogen honding dimin-
ishes in intensity in going from high to low concentrations, whereas
the intra- : "free" ratio is constant. In the mono-ol (201), the
inter-molecularly bonded hydroxyl absorbs at'v3495cm.-1, (Téble 5
and Tig, 11), and is on the point of disappearing at a concentration
of about 0.)03 molar. However, in some cases (see Table 7), the

association persisted to very low concentrations, and recourse had
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to be made to 9 cm. cells and very dilute solutions, hefore such
bands could be almost entirely eliminated. Very persistent inter-
molecular association (down to~0,0005 molar) is known in certain
types of dihydroxy compounds165’166,

Two compounds (145 and 201) were examined in a second solvent,
chloroform. Chloroform is a relatively polar solvent compared
with carbon tetrachloride, and undoubtedly associates with basic
centres in the solute by hydrogen bonding, e.g., ClaC—H....B.
Consequently, it has the effect of slightly lowering and broadening
the "free" hydroxyl stretching frequency of dissolved alcohols, and
of reducing the extent of self-association of alcohols at a given
concentration, compared with carbon tetrachloride167. The two
compounds do show this behaviour, but the resultant broadening of
the vOil absorption bands has obliterated the detail revealed in the
carbon tetrachloride spectra, (Table 6 and Fig, 12). Also note-
worthy is the shift to lower frequency of the intra-molecular band
(Av,~v4ﬂcm.-1) in the case of (145), and the inter-molecular band
(Av,~35cm.‘1) in the case of (201). Also, it should be pointed out
that chloroform, by virtue of its hydrogen bonding capacity, can
affect equilibria involving monomeric species, and thereby change

the intra : "free" rati03167.

The observed vOH absorption band data is assembled in Tables 5-8,

and illustrated in Figs. 11-14. A number of points are immediately

obvious,
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(i) The spectra are expectedly conplicated, i.e., each compound
shows at least three bands,[except benzyl alcoh01(216)], even at
such high dilution that intcr-molecular hydrogen bonding is, to
all intents and purposes, eliminated.

(i1) In every case, [except o-iodobenzyl aleohol(172)], the most
proninent band is at about 3615cm._1, roughly corresponding to the
nost prominent band in benzyl alcohol.

(iii) In spite of the complexity of the shape of the absorption
bands, it is clear that each spectrum is composed of several indep-
endent bands, which, because of their breadth or close separation,
have merged, and are seen as shoulders on asyrmetric bands.
Nevertheless, it is possible to assign the approxiriate freguency
(V), band width (Av%) and intensity (e) to these absorptions, by
"graphical band construction",

(iv) There is some considerable variation in the degrec of self-
association over the concentration ranges examined, which rmst
reflect differences in stereochenmistry, and thereby in the avail-
ability or otherwise, of the hydroxyls for inter-molecular hydro-
gen bonding.

Inter-molecular Association. As already mentioned, the initial

¢ xperiments in any hydrogen bonding study rust be those designed
to distinguish between inter- and intra-molecular hydrogen bonding.
All the compounds under study have been exanined at various concen-—

trations in carbon tetrachloride solution. The bands which diminish
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in intensity on progressive dilution have bcen listed in Table 7.
In some cases, the lowest concentrationd which could be handled
experimentally still showed a band of reduced intensity compared
with the previous higher concentration, In these cases it is a
reasonable assumption that the band would disappear on further dil-
ution, and is therefore to be ascribed to an inter-molecular
hydrogen bond. Examples of this are provided by the diols (213,
214 and 215), (Table 7 an? Fig. 13). A typical dilution study

in carbon tetrachloride is shown in Fig. 11, which demonstrates the
progessive disappearance of the inter-molecularly associated band
at~a34950m._1. In this case, the associated band is still detectable
at a concentration of 13.3034 molar, but has completely disappeared
at 0,00088 molar.

The data in Table 7 indicates that one can distinguish some
compounds which display abnormally persistent association. As
might be expected, (see ahove), the diols associate more strongly
than the mono-ols. However, certain diols associate particularly
strongly, e.g., (213, 214 and 215), and these corpounds presumably
have hydroxyls which are suitably orientated for sone forn of cyeclic
complexes involving dimeric, trimeric and tetrameric species, (c.f,
the novclakslﬁo). FPurther studies are required to elucidate the

factors which bring about abnormally persistent association of this

type.
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Intra-molecular Hydrogen Bonding. With the exception of those com-

pounds displaying abnormally persistent inter-molecular association,
the mono-ols and diols exhibit spectra (Fig. 13) in dilute solution
in carbon tetrachloride, which are interpretable solely in terms

of the various conformations adopted by the individual molecule

in the solvent cage.

As already discussed, several groups of workers have examined,
in some detail, the spectra of benzyl alcohol and related com-
pound3162‘164. The unsymmetrical band of benzyl alcohol(216),
illustrated in Fig. 13, has been dissected into two overlapping
bands, at 3640cm;—1 and 3618cm._1. The graphical separation is
illustrated in Fig. 14. Such treatment is helpful in treating bands
of complex shape, but is necessarily somewhat subjective, and
ideally requires curve analysis with an electronic computorles.
However, graphical treatment of three of the substituted benzyl
alcohols studied, is shown in Fig. 14. A comparison of the results
given by this method, against the results obtained in the nore
conventional way, is given in Table 8, It should be stressed
that the results obtained, while demonstrating the principle
involved, are not sufficiently reproducible due to difficulties
in constructing the curves, and therefore it was not considered
advisable to use these results in the interpretation of the observed
snectra,

The premise on which such band analysis is based is, of course,
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that a group X-H, which is vibrating in a symmetrical environnent,
will give rise to a symmetrical (Lorentz) absorption bandlﬁg. A
syrmetrical band will also arise where the band is the surmation of
a nurmber of closely spaced sharper bands, corresponding to a number
of conformers of similar energy content, among which the nolecular
population is fairly evenly distributed. The unsyrmetrical bands

arise when one or more of the conformations involves a sufficiently

different force constant for the X-H link.

The assignnents of the individual absorption bands of the

compounds examined now follow,

(i) Benzyl alcohol{216).
162-164

The literature studies provide the following assignments:-
3635cm._1 3618cm._1
vOH "free" vOH bonded to C1 of

aronmatic ring.
33% 67%
The percentages give the approximate proportions of the different
conformers in the equilibriunm mixture, and are only intended to be
taken as a rough guide. Thus the equilibrium nay be represented
as follows:-
cee st OH

1

3635cm.
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(ii) o-Iodobenzyl alcohol(172).

There appears to be three overlapping bands at 364Ocm.‘1,

36200m.-1 and193592cm.—1. It seems reasonable to assign those
corresponding in frequency to the two bands of benzyl alcohol,

i.e., 3640cr. ™! and 3620cm.‘1, to the "free" hydroxyl and hydroxyl
bonded to C1 of the aromatic ring, respectively, but here the free
conformer is dominant. The shoulder at ~3592cn. 1 is presumably

to be assigned to OH....Iodine intra-bonding. It would be inter-
esting to examine the bromide and chloride for a similar absorption.

170 has surnarised the available data relating to intra-molec-

Tichy
ular hydrogen bonding between the hydroxyl group and various basic
centres. The results are rcproduced in Table 9, and show the wide
variety of centres which are capable of donating electrons to a

proton for hydrogen bonding.

(iii) 2-Hydroxymethyl-2'-nethyldibenzy1(210).

Benzyl alcohol nrovides valuable comparison data for this
alcohol; thus the only additional basic site, available to the
proton for hydrogen bonding, is the second benzewme ring, which is
attatched to the first by a saturated two carbon chain. Hence we
can confidently propose the following mixture of conformers, with
their respective assigned frequencies and approxinate relative

proportions:~
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1

3611cr. 1 3533cn.”

vOH  3648cm.”
5% 80% 15%
(A11 threce conformers are presunied to be interconvertible).

(iv) 2,2'-Dihydroxynethyldibenzyl(213).

In this case, the only additional feature to (210) is the
second hydroxyl group suhstituted on the methyl on the second
benzene ring. The only additional band is that at 8575cm.‘1 and
this is presunahbly due to 0if....0 intra-rmoleccular hydrogen
bonding. It is rather surprising that the absorption is at such
high frequency in view of the close approach which is possible
between the two groupings. ilowever, the low intensity of the band
is understandable in terms of the high degree of conformational
freedom onen to the molecule (c.f. hexane-1,5-diol, which does not

disnlay any intra-nolecular bonding171).

H - o
S AU - 5
7o = e = =\ - X
e Gp T dee

\ \
o ok on

vOH ~3640cn, ) 3618cm,” } 35350, 1 3575en. !

15% 60% 10% 15%

The above representation of the conformers present is not complete,

since there are several rore possibilities, e.g., both hydroxyl

-142-



groups could be bonding to their respective "parent" rings at the

sarie time, etc.

(v) 2—Hydroxynethvl-2'-methvldiphenylaCetylene(201).

For this alcohol, the saturated mono-ol (210) was used for
comparison, and it is clear that OH....~& (second aronatic ring)
bonding has heen elininated. This was expected, since the other
aromatic ring is held rigidly at too great a distance for intra-
rnolecular bonding with the hydroxylic proton. (0....C distance
is ~4f from Dreiding rodels). The shoulder at ~35950n.-1 is
assigned as OH....N (carbon-carbon triple h-nd). The following
thrce conformers are therefore presumed to be present in the

equilibriun nixture.-

s}J‘H
] /‘_%
<\ 4)"5 X i R é_(/ \
/
i -1 -1 |
vl 3637cn. 3618cn. ~ 3595¢n,
35% 40% 25%

(vi) 2,2'-Dihydroxymethyldiphenylacetylene(145).

This diol (145), which corresponds to the previously described
riono-ol (201), has an additional basic site for honding to the
hydroxyl, and the consejuent OH....O0H intra-rmolecular hydrogen
bond accounts for the proninent band at 3507cm.'1, The OH,...TX
(carbon-carbon triple bond) is hewever still present as a srall

neak at ~3580cm.-1. (Figs. 13 and 14). The approximate proportion
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of the four (at least) conforrers is given below.

oM

=

Owh
vOH  3637cn,”
25%

This diol is
benzene rings are

rings bearing the

round the axis of

freedon than those in (213).

H--0

Gf‘-z-"{r. )
\

Q+

3617cm.m1

45%

op

\R am—E\YJ

O

~u35800m.'1
10%

3507cm.~ 1

20%

a narticularly interesting compound, as the two

linked by the rigid triple bond, and the benzene

hydroxyrethyl groups, although free to rotate

the triple-bond, have much less conformational

Jf course, the-CH,Ji groups are

nornaily free to rotate with respect to the benzene rings to which

they are attatched,but when both are at almost closest approach,

the 0....0 distance is ~2.58, and the situation appears (fron

rnodels) to be ideally suited to bonding.

(vii) Substituted stilbene nono-ols and diols (211, 212,

214 and 215).

The carbon-carbon double bond link between the two aronatic

rings introduces several new features.

The rigid and cylindrically

syrretrical acetylene unit of (145) nand (201) is replaced by the

cig~- or trans- double bond.

This brings about (a)

corniplications

arising fron hydrogen-hydrogen interactions - steric restriction

of coplanarity of the benzene ring and the double bond (c.f. u.v.

evidence above for profound steric disturbances), (b) the m—electrons
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(double bond) required for hydrogen bonding being available only

in certain directions, (c)

additional confornational freedom which

neans that several different confornations of the interacting

groups are possible, e.g., in the cis~ nono-ol (211), the hydroxyl

group could be orientated so as to produce

bonded OH....%W

"frec"

(parent aronatic ring), bonded OX....%

hydroxyl,

{double

bond) at various angles,and of....x(other aronatic ring), again at

various angles.

in the following way:-

211

VOE ~3635¢n.”}
0H "free"
25%

(214)

VOH -~ 3638cn. L
OH "free"
25%

It would appear that OH....O0H

3618cm."1

oH....x

(parent
aronatic ring)

55%
3819¢m. "}
OH....%

(parent
aronatic ring)

50%

3580cnm.”

0H....%

(double
bond )

15%

3585¢n.

OH.... T
(double
bond )

15%

1

In the event, the observed bands are interpreted

~3535¢m, "

0H....®

(second
aroriatic ring)

5%

1 3s350nm.71
0I.,...®
(second

aromatic ring)

10%

intra-nolecular bonding is surprisingly

absent in this diol, cornpared to the acetylenic diol (145).
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(212)

OH ~3640cn.”} 3618cr. ! ~3580cn."1  ~ 35350m. 7t

OH "free" 0H,...® od,...® 0H,,..®

(parent (double (second
aromatic ring) bond ) aronatic ring)

20% 60% 5% 15%

The absorption band atFVS535cm.-1 was not expected on the basis of
riodels, since the second ring appears to be just too far away for
bonding. Another possible interpretation of this band, is that
there could be two possible sites on the double bond +to which the
proton bonds, e.g., to each carbon atorn of the double bond.

215

v -1 -1 -1 , -1
v0ii -v3640cn. 3618cn, 3584cn. ~ 3535cn.

0 "free" OH....%X 0H,...%™ 0g,...w
(parent (double (second
aronatic ring) bond ) aronatic ring)

20% 59% 20% 10%

Again, there is no apvnarent OH....0H intra-nolecular bond in this
diol, and the Oil....™ (second aronatic ring) is also again

unexpectedly present.

However, it should be pointed out that these assignnents can
only be tentative because of (a) lack of adequate reference

corpounds, e.g.,(XX), -
P~
-

Ow

(xx)
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as cis- and trans- double bond isoners, and (b) the conplexity

of the conformational situation, as indicated.

In conclusion, the results of the study may be surmarised.
The speetral observations reveal that flexible molecules of this
type bearing 2o nunmber of basic sites, adopt 2 nurtber of conformations
which can be detected by the characteristic frequencies of the
intra-nolecular hydrogen bonds. The relative proportions of these
conformations are very sensitive to the functional groups present,
partly as a result of the 'variation in the electron density
available for hydrogen bonding, and partly as a consequence of the
changes in the flexibility of the nolecules. Purther studies with
carefully chosen noleccules, and coriputer analysis of the absorption
bands, should pernit a ruch nore quantitative and precise evaluation
of this interesting area of resecarch. It is evident that such a
study should lead to a better appreciation of the steric, electronic
and entropy effects controlling the conformational equilibriun of
flexible riolecules in solution - an arca of chenistry about which

relatively little is known,
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EXOERIMONTAL,  SECTION  IIX.

Treatnent of 2,2'-dibroronethyldiphenylacetylene(160) with zinc

in acetanide.

The dibronide (160) (100ng.) in solution in rolten acetanide

(5gm.) was stirred and heated (1500) in the presence of zinc dust
(250mg.) for 4 hr. The reaction mixture was cooled and water added.
The aqueous suspension was extracted thoroughly with ether, the
combined ethereal extracts washed with water, and dried (magnesiun
sulphate). Filtration and evaporatim of the ether gave a yellow
0il (56mg.), which was shown by t.l.c. (silica - petrol as eluent)
to contain two compounds, the slower-running snot being identical
with the starting dibromide (160), the faster-running spot having
the same RF as 2,2'-dimethyldiphenylacetylene(158). Preparative
t.1l.c. (silica, lrm. thick - eluted three times with petrol) gave
the pure dibromide (160, (Tmg. - 7% recovery), identical with the
starting material,by t.l.c., i.r. and u.v., and the dinethyl
derivative (158}, (33ng. - 58%), by comparison with an authentic
sample, t.l.c.,i.r. and u.v. Hydrogenation of the 2,2'-dimethyl-
diphenylacetylene(158) (5% Pd-C in ethyl acctate) gave 2,2'-di-
methyldibenzyl(164), identical with an authentic samnle by g.l.c.
(1% S.E.30 on "Gas Chrom P", 100-120 nmesh, at 1250, retention time

7 min.). No 1,2:5,6—dibenzocycloocta—1,5—diene—3-yne(185) appears
to have been present prior to hydrogenation, since the gas chromato-

grans of the hydrogenated product showed no peak corresponding to
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the reduced 1,2:5,6-dibenzocycloocta~1,5-diene(163).

Treatment of 2,2'-dibromomethyldiphenylacetylene(169) with

ammonium sulphide,

A solution of the dibromide(160) (190mg.) in chloroform (5ml.)
was stirred at room temperature for 48 hr, with a mixture (19ml,)
of equal volumes of ammonium hydroxide solution (0.88), and ammon<
ium hydroxide solution (0.88) which had been saturated with hydro-
gen sulphide. The chloroform layer was separated, and the aqueous
layer extracted twice with chloroform. The combined chloroform
extracts were washed with water and dried (magnesium sulphate).
Filtration and evaporation gave a crude pale yellow solid (86mg.),
m,p. 155-165° fast. T.l.c. (silica - 20% ethyl acetate-petrol as
eluent) gave two spots, one on the origin, the other with RF 0.7.
The starting dibromide (160) under these conditions had Ry 0.6.
Both the i.r. and u.v. spectra of this crude solid were unirform-
ative,' A sodium fusion elements test was negative for halogen and
nitrogen, positive for sulphur. On attempted sublimation, the
solid decomposed at ~130°, Attempted purification by vreparative
t.1.c. resulted in several new bands appearing, probably due to
oxidation on the plate. Crystallisation from organic solvents was
unsuccessful, due to the lack of solubility of the product, which
also precluded the determination of its n.m.r. spectrum, The mass

spectrum of the crude solid showed no obvious molecular ion,
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Attempted preparation of 3,4:7,8-dibenzo~l-oxacyclonona-3, 7-

diene—5—yne(186).

(a) A solution of the diol (145) (24mg.) and p-toluenesulphonyl
chloride (22mg. - 1.15 equivalents) in dry pyridine (1lml.) was
allowed to stand at room temperature for 72 hr., then poured into
water and quiclly extracted four times with ether. The combined
ethereal extracts were washed with a little water, dried (magnesium
sulphate) and filtered. Evanoration of the solvent gave the unchanged
diol (145) (21mg. - 88% recovery), t.}.c., i.r. and u.v. unchanged.
(b) A solution of the diol (145) (40mg.) and p-toluenesulphonyl
chloride (36mg. - 1.15 equivalents) in dry pyridine (2ml.) was
allowed to stand at room temperature for 72 hr., and then the pyridine
was removed under reduced pressure to give a solid (113mg.), whose
i.r. spectrum, although complex, was devoid of some of the bands
due to p-toluenesulphonyl chloride itself. T.l.c., however, showed
only the starting alcohol (145), nrobably due to hydrolysis taking
place on the chromatoplate. The crude solid was added to excess of
the dimsyl carbanion in dimethylsulphoxide, prepare? in the usual
way143, i.e., by dissolving sodium hydride in dry dimethylsulphoxide
at ~70° under nitrogen, and the reaction mixture allowed to stand
at room temperature for 48 hr. Water was then added, and the reaction
mixture thoroughly extracted with ethoer, the combined ethereal
extracts washed with water, dried (magnesium sulphate) and filtered.

Evaporation of the solvent and purification of the product by
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preparative t.l.c., gave the starting diol (145) (30mg. - 75% recovery),
identical with an authentic sample by i.r., u.v. and t.l.c. No com-
pound corresponding to the cyclic ether (186) or either of the enol-

ethers (199 or 200) was isolated.

Conversion of the diol (145) to the diacetate (198).

The diol (145) (10mg.) in dry pyridine (1ml.} containing two
drops of acetic anhydride, was heated under reflux for 1 hr. The
reaction mixture was coolesl, poured into water and extracted with
ether. The combine’ ethereal extracts were washed with water, dried
(nagnesiunm sulshate) and filtered. BEvaporation of the ether gave
the diacetate (198) (13mg. - 95%), identical by i.,r., u.v. and t.l.c.

with an authentic sanule.

Reaction of 2—hydroxymethy1—2'-methvldiphenylacetylene(2&1) with

dimsyl sodiunm.

The mono-ol (201) (45mg.) was added to the carbanion of
dimethylsulphoxidel43, prepared by dissolving sodium hydride
(48mg.) in dry dimethylsulphoxide (1ml.) at 70° under nitrogen,
The reaction mixture was allowed to stand at room temperature
for 48 hr, It was then poured into water and extracted thoroughly
with ether. The comhined ethereal extracts were washed with water,
dried (magnesium sulphate) and filtered. Evaporation of the solvent

gave a crude semi-solid (51mg.), whose i.r. spectrun (film) was
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devoid of absorption in the region of 36JOcm.-1, (vorr), and showed
absorption atrv835cm._1, vhich is characteristic of a tri-substituted
double bond. This is in agreement with either of the expected enol-
ether structures, (203 or 204). The u.v. spectrum (ethanol) of the
crude product was dorminated by the characteristic absorption of the
starting alcohol (201), which could also be seen to he present in

a small amount by t.l.c., although not by i.r. However, on attempted
purification of the product by preparative t.l.c. (silica, Irm, thick -
petrol as eluent), the spot which had previously been assigned to

the enol-ether, was found to be present in only a very small amount
(~2%), and the bulk of the material from the plate was foun:' near

the origin, (33mg.). This o0il now showed the nresence of a hydroxyl
group in its i.r. spectrum (liquid film), VQHA135QOCM.-1, and a
carbonyl function, vC=0 ~17OOcm._1. This o0il is thought to contain
one or other or both of the keto-alcohols (205 or 206), formed by

hydrolysis of the reactive enol-ether on the chromatoplate.

Prenaration of 2,2'—diacetoxymethyldiphenylacetylene(1982.

A solution of 2,2'~dibromomethyldiphenylacetylene(160) (100mg. )
and fused sodium acetate (225mg.) in acetic acid (8nl.) wns heated under
reflux for 4 hr., cooled, and poured into water. The resulting
white precinitate was extracted three times with ether, and the
combined ethereal extracts washed successively with water, saturated

aqueous sodiunm carbonate solution ang water, dried (magnesium

-152-



sulphate) and filtered. Evaporation of the solvent gave the diacetate
(198), (90mg. - 99%) as needles, m.p. 83.5-84.5° on sublimation

at 2400/0.1mm. Mass spectrum: molecular ion at 322, (02051804
requires .. 322). T.l.c. (silica - 10% ethyl acetate-petrol as
eluent) showed only one spot, RF 0.15, The i.r. spectrum (nujol
mull) showed typical acetate carbonyl absorption atf~174ﬂcm.-1.
The u.v. spectrum (ethanol) had Amax 271my, 27Tmp, 285mp, 294mp

and 304my, (log e, 4.05, 4.09, 4,19, 4,07 and 4,12, respectively),

(Fig. 6).

Preparation of 2-acetoxymethyl-2'-methyldiphenylacetylene(202).

The mono-acetate (202) was prepared from a solution of 2-bromo-
methyl-2'-methyldiphenylacetylene(159) (249mg.) and fused sodium
acetate (300mz.) in acetic acid (3ml.) as in the preceding exper-
iment. The mono-acetate (202) was obtained as a colourless oil,
b.p. 2200/0.2mm. (block), (20lmg. - 87%). lMass spectrum: molec—

ular ion at 264, (C requires M.W. 264). T.l.c. (silica -

18%16%2
10% ethyl acetate-petrol as eluent) showed only one spot, RF 3.4,
The i.r. spectrum (liquid film) showed typical acetate carbonyl

absorption at ~1740cm. L,

The u.v. spectrum (ethanol) had Amax
27lgy, 277@F, 285qy, 294gf and 304qy, (log e, 4.10, 4.15, 4.26,

4.12 and 4.18, respectively), (Fig. 6).
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Preparation of 2,2'-dihydroxymethyldiphenylacetylene(145),

The diacetate (198) (70mg.) in dry ether (2ml.) was added
dropwise to a stirred suspension of lithium aluminium hydride (50mg.-
6 equivalents} in ether (5ml.). The reaction mixture was stirred
and heated under reflux for 2 hr., cooled, and a saturated aqueous
solution of ammonium sulphate was carefully added. The ether layer
was separated, and the aqueous layer extracted three times with
ether., The combined ethereal extracts were washed with a little
water, dried (magnesium sulphate) and filtered. Evaporation of the
solvent gave the diol (145), (48mg. - 93%), as needles, m.p. 127-128°
0, requires

o
1671472
MW, 238). T.l.c. (silica - 20% ethyl acetate-petrol as eluent)

from water. liass spectrum: molecular ion at 238, (C

showed only one spot, RF 0.05, The i.r, spectrum (nmujol mull and
XC1 disc) was devoid of any absorption in the region of 17000m._1,
but showed typical hydroxyl stretching at‘VB4OOcm.—l. The u.v.

spectrum (ethanol) had Amax 271mp, 27Tmp, 285mp, 294my and 304mp,

(log e, 4.32, 4.36, 4.48, 4,35 and 4.40, respectively), (Tig. 6).

Preparation of 2—hydroxymethy1-2'—methyldiphenylacetylene(201).

The mono-ol (201) was prepared as in the preceding experiment,
by adding a solution of the mono-acetate (202) (135mg.) in dry ether
(3m1.) to a stirred suspensiom of lithium aluminium hydride (80mg. -
6 equivalents) in dry ether (6m1.). The mono-ol (201) was obtained

(141mg. - 86%) as needles, n.p. 33-64° from petrol. Mass spectrum:
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molecular ion at 222, (C 0 requires M.W. 222). T.l.c. (silica -

16H14
20% ethyl acetate-petrol as eluent) showed only one spot, RF 0.3.

The i.r. spectrum (melted film and XC1 disc) was devoid of absorption
in the 170.'?cm.—1 region, but showed typical hydroxyl stretching at
~34130m.-1. The u.v, spectrun (ethanol) had Anax 271@P, 277QP, 285%p,
29%§P and 304?y, (log €, 4.16, 4.21, 4,31, 4.17 and 4,23, respectively),

(rig. 6).

Jreparation of 2,2’—dihydroxvmethyl—gig—sti1bene(214).

The acetylenic diol (145) (10.5mg.) in ethanol, was hydrogenated
using the Lindlar catalyst41 (1lead-palladium-calcium carbonate,
poisoned with a trace of quinoline). The hydrogenation was stopped
after the uptake of one mole of hydrogen, the solution filtered, and
the catalyst washed thoroughly with ethanol., Evanoration of the
solvent from the combined filtrate and washings gave the cis-diel
(214) (crude 10.5mg. - 99%) as needles, m.p. 106-107° from water.
T.l.c. (25% silver nitrate on silica - 30% ethyl acetate-petrol as
eluent) showed only one spot, RF 0.2, The u.v. spectrum (ethanol)
was characteristic of cis-stilbenes (Fig. 9), and was devoid of any

absorption due to the starting diol (145).

Preparation of 2-hydroxymethyl-2'-methyl-cis-stilbene(211),

The acetylenic alcohol (201) (llmg.) in ethanol, was hydrogen-

ated with one mole of hydrogen over the Lindlar catalyst4l as in the
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preceding experiment. The cis-mono-ol (211) was obtained (crude
13.5mg. - 95%) as needles, m.p. 41-42° from petrol. T.l.c. (25%
silver nifrate on silica - 30% ethyl acetate-petrol as eluent)
showed only one spot, RF 0.6. Again the characteristic u.v.
spectrunm (ethanol), (rig. 9), was devoid of absorption due to the

starting alcohol (201).

Prenaration of 2,2'—dihydroxymethyl-trans-stilbene(215}.

A solution of the cis-diol (214) in carbon tetrachloride contain-
ing a trace of iodine, was heated under reflux for 4 hr., cooled,
washed with aqueous sodium thiosulphate solution to remove the
iodine, dried (calcium chloride) and filtered. Iivaporation of the
solvent gave the trans-diol (215) in quantitative yield, needles,
m.p, 158-159% from water. (Bergmann and Pelchowicz172 give m.p.
162°). T.1.c. (25% silver nitrate on silica - 30% ethyl acetate-
petrol as eluent) showed only one spot, RF 0.15, The u,v. spectrum
(ethanol), (Fig. 10), showed a shift of 26my to longer wavelength
than the cis-isomer, which is characteristic of isomerisation of
cis~stilbenes to trans-stilbenes. The i.r. spectrum (CS2 solution)

showed absorption at~955cm. L, (vCH=CH trans).

Preparation of 2-hydroxymethyl-2'—methvl-txggg—stilbene(?lz).

The cis-mono-ol (211) was isomerised to the trans-mono-ol

(212) as in the preceding experiment, and (212) was obtaine? in
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quantitative yield as needles, n.p. 47-48° from petrol., T.l.c.

(25% silver nitrate on silica - 30% ethyl acetate-petrol as eluent)
showed only one spot RF 0.55. The u.v. spectrum (ethanol), (Fig. 190),
again showed a characteristic shift of 27mP to longer wavelength

than the cis-isomer. The i.r. spectrum (082 solution) showed

absorption at ~960em.‘1, (vCH=CH trans).

Preparation of 2,2'—dihydroxymethyldibengyl(213).

The acetylenic diol (145) (10.lmg.) in ethanol, was hydrogen—
ated over 5% palladium on charcoal as catalyst. The hydrogenation
was stopped after the uptake of two moles of hydrogen, the solution
filtered, and the catalyst washed thoroughly with ethanol, Evapor-
ation of the solvent from the combined filtrate and washings gave
the saturated diol (213}, (10mg. - 97%) as needles, m.p, 150-151°
from water. (Bergmann and Pelchowicz! ' give m.p. 151°%). Mass
spectrum: moleccular ion at 242, (016H1802 requires }M.W. 242),
T.l.c. (25% silver nitrate on silica - 30% ethyl acetate-pstrol as
eluent) showed only one spot, Ry 0.27. The u.v. spectrum lacked
any absorption due to a stilbene or diphenylacetylene derivative,

It is important to stop the hydrogenation after the untake of
the two moles of hydrogen, (which is very fast), since in one
exneriment where the hydrogenation was allowed to proceed for a
longer time, the only compound isolated was 2,2'-dimethyldibenzyl

(164 ), m.p. 56-57° on sublimation at 199°/0.2rm. (Cope and

-157-




Fenton122 give m.p. 56-580). Mass spectrum: molecular ion at 210,
(cmn18 requires M.W. 210). The compound was identical with an
authentic sample (Section II) by t.1.c. (silica - petrol as eluent)
and g.l.c. (1% S.E.30 on "Gas Chrom 2", 100-120mesh, at 125° -

retention time, 7 min,).

Preparation of 2—hydroxymethyl—2'—methyldibenzy1(210).

The acetylenic alcohol (201) (8.4mg.) in ethanol, was hydrogen-
ated with two moles of hydrogen as in the preceding experiment.
The saturated riono-ol (219), (9.2mg. - 96%) was obtained as
needles, n.p. 33-34° from petrol. liass spectrum: molecular ion at

226, (C 0 requires M.W. 226), T.l.c. (25% silver nitrate on

16H18
silica - 30% ethyl acetate-petrol as eluent) showed only onc spot,

RF 0.75, but on running a vastly overloaded silica plate in petrol,
traces of %ﬁl'—dinethyldibenzyl(164) could be seen, The u,v. spectrun

again lacked the characteristic absorption of a stilbene or diphenyl-

acetylene derivative.
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U.v, spectra:-
A, (145) in ethanol,
B, (188) in ethamnol,
C, (201) in ethanol,
D, (202) in ethanol, {add 0.1 to 1
B, (198) in ethanol, (add 0,1
F, (160) in ethanol, {(add 0.3 to 1
G, (1589) in ethanol, (add 0.3
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Fig. T,

U.v. spectra:.

A, Benzyl bromide in
ethanol,

B, Benzyl ehloride in
hexane, (subtract
0.1 from log &), 25

C, Toluene in ethanel,

D, Benzyl alcohol in
ethanol, (add 0.1
to log &),

E, Benzyl acetate in
ethanol, (add 0.6 )

to log &). 51

s I

250 215 300y
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U,v, spectra:~
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B,
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Fig.8.

in hexane, (add 0.1 to log 6)5
in ethanol, (add 0.3 to log €).
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U.v, spectra:-

A, {moi in ethano1l?d,
B, (127) in hexane,

C, (134) in ethanol, (add 0.1 to log &),
D, (214) in ethanol, (add 0.2 to log &),
B, (211) in ethanol, (add 0.3 to log €).
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U.v., spectra:-~

A, (129) in ethanol,

B, (128) in ethanol, (add 0.1 to log €)
¢, (135) in ethanol, (add 0.25 to log &),
D, (218) in ethanol, (add 0.3 to log e),
B, (212) in ethanol, (add 0.4 to log €).

~168-




Ok

03

0-2

01

-169-

“Fig. 11,
Hydroxyl stretching absorptions of (201) in CCl4 solution

at various concentrations.

A, 0,351 nolar in 2rmm, cells.
B, 0.033 molar in 2mm. cells.
C, 0.0034 molar in 2cm. cells,
D, 0.00088 molar in 6enm. cells.

* Inter-molecular association.

Fig. 12.
Hydroxyl stretching absorptions of (145) and (201) in
CCl4 solution and CHCl3 solution.
A, (145) in CHCl,, 0.0085 nolar in 5mm. cells.
B, (145) in CCl,, 0.0013 nolar in 2en. cells.

¢, (201) in CHC1,, 0.015 rolar in 5mm, cells.

39
D, (201) in CCl,, 0.00088 molar in 6cn, cells.

* Inter-niolecular association,.
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Pig. 13,

Hydroxyl stretching absorptions of benzylic alcohols

in CCl4 solution,

A, (218),
B, (172),

¢, (210),

D, (201),
i, (212),

F, (211),

&2

, (213),

H, (145),

I, (215),

J, (214),

0.3:15 molar in 2cn. cells,
2.9029 rolar in 2cn, cells,
n.N045 rolar in 2cn. cells, (full line);

7,M02 rnolar in 9cn. cells, (broken line),

0.00088 nolar in 6cm, cells.

3.3029 molar in Z2cri. cells.

1.9343 molar in 2cn, cells,

0.00954 rolar in 6cn. cells, (full line};

J.9%2 molar in 9cn, cells, (broken line}.
23,013 molar in 2cm. cells,

4,.20)88 molar in 6cm. cells, (full line);

9.99038 nelar in Jem, cells, (broken line).

9,30976 nolar in %cm, cells.,

* Inter-rolecular association.

7 Inter-nolecular association - expected to diminish

on further dilution,



Fig., 14,
dydroxyl stretching absorptions of benzylic alcohols

in CCI4 solution - band construction,

A, (216), 0.9915 molar in 2cm. cells.

B, (271), 7.0034 rolar in 2cm, cells.

¢, (145), 0.7013 molar in 2cn. cclls.
D, (211), 0.7743 molar in 2cnm. cells.

* Inter-nolecular association,

3600 3L00 e
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TABIE 5 - JYDROXYL STRETCHING ABSORPTIONS

OF BENZYLIC ALCOII0LS IN 0014 SOLUTION,

Compound Molarity Cell v(cm.—l) Avl(cm.—l) £ v(cm._l) Avy(cm. ‘ .'D Avl(cm.—ll € v(cm.—l) A.vl(cm.-l) € v(cm.'l) Afvl(cm._l) e Compound
length 2 2 2 - 2 - 2 -
216) 0.091 0.05  ~3635% _ 26 3618+ 18 —_— 12 215)
216) 0.0074 0.5 -+ 3635 —_ 30 3518 18 —_— 2.4 216
216) 0.0015 2. ~ 3635 — 33 3318 18 —_ 1.6 216
201 0.051 0,2 3637% 26 30 35181 —_— —_ 22 ~3495% 125 6.2 2013
201 0.033 0.2 3637 26 28 3618 —_— —_— 20 ~3495 125 4.4 201
201 9.0043 2 3637 26 33 2618 —_ 22 ..3495 —_ 2.2 201)
201) 0.0034 2 3537 26 29 3618 —_ —_ 19  ~3495 _ 2.7 201)
201) 0.00088 6 3637 26 29 3618 —_ —_ 20 —_— —_ e 201)
210) 9.057 0.2 3348% — 3 35114 18 —_ 8  ~3490% —_ 5.3 2103
210) 0.0045 . 2 3648 —_ 4 3611 18 8  ~3490 S 4.6 210
210) 0.9002 9 3648 — 3 3611 18 —_ 8 —_— —_ — 210)
211) 0.02 0.5 ~ 3635% —_ 17 3818% 18 —_ 12~ 3535° — 3  ~3480° — 2.9 211§
211) 0.9043 p) ~ 3635 —_— 19 3618 18 —_ 12 ~3535 —_ 3  ~3480 —_ 1.4 (211
212 0.027 0.2 ~ 3640% —_ 12 35187 20 —_ 5  ~3535° — 3 ~3475% _— 2.8 (212
212 3.2029 2 ~3649 — 14 3618 20 —_— 8 ~3535 —_— 5  A~3475 — 1.7 (212
145) 0.w21 2 3537 23 41 38174 28 — 21 35077 90 34 ~3340% —_— 5.6 §145)
145) 0.0013-~ 2 3637 23 40 3617 28 20 3807 90 33 ~3340 _ 4,3 (145)
213) 0.2011 2 ~ 3540% — 19 3618t 20 —_— 17 3535¢ —_— 17 ~34708 — 6.5 213&
213; 0..:0054 6 ~ 3640 -_— 28 3518 20 o 15 3535 —_ 16 ~3470 —_— 5.6 (213
213 0.0002 9 ~ 3640 S 23 3618 20 —_— 16 3535 —_— 18 ~3470 —_ ~1 213)
214) 0.0024 2 ~ 3638% S 31 3510+ 22 —_ 21  ~3535° — 11  ~3490% —_— 11 2214§
214) 9.20076 6 ~ 3638 — 30 3612 22 22  ~ 3535 —_ 12 ~3490 —_ 9.4 (214
215 0.0027 2 ~ 3640% —_ 25 3618t 23 —_ 21 ~ 3535° — 16 ~34802 S 10 2153
215 0.03088 6 ~ 3640 —_— 24 3618 23 —_ 21 ~3535 e 16 ~3480 —_— 8 215
215 0.00038 9 ~ 3640 —_ 25 3618 23 e 22 . 3535 —_ 16 ~3480 —_— ~2 215)
172} 0.041 2.05 3640% —_ 53 362071 —_ — 22 ~ 3500 —_ 5.8 guzg
172) 3.0029 2 3640 —_— 47 3620 e —_— 16 ~ 3500 —_ 0.7 172
Assignments * 0fI "free". b 0d....m (c=C). 0H,...m (C=C) - tentative, £ OH....07! intra-molecular.
X 0H....% (parent aromatic ring) € 0I....% (second € o1....m (second aromatic € 0H....Iodine.
O0H....0H inter-molecular. aromatic ring). ring) - tentative,
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TABIE 6 - IIYDROXLY STRETCIHING ABSORPTIONS

OF (145) AND (201) IN CIC1. SOLUTION.

Compound liolarity Cell v(em. ) v(em. 1) v(en.”1)
length
(145) 0.023 2 3697 3465
(36, 86) (140, 41)
(145) 0.0065 5 3607 3465
(36, 85) (140, 42)
(201) 0.041 2 ~3630 3605 ~3460%
(——’ 18) (45: 41) (_’ 4)
(201) 0.015 5 ~3630 3605 ~3460%

(—, 18) (45, 41) (—, 3)

* Inter-molecular association.

Figures in parentheses refer to Av%(cm.'l) and e values,
respectively,
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TABLE 7 -~ DISAPPEAUANCE OF INTER-}OLECULAR ASSOCIATION

WITi DECREASING CONCENTRATION IN CCl, SOLUTION.
e 4

Compound

i‘ono~-ols

(216)

(172)

(201)

(210)

(211)
(212)

Diols

(145)

(213)

(214)

(215)

vOHScm.—lz

~ 3485

~ 3500

~ 3495

~ 3490

~ 3480

-+ 3475

~ 3340

~ 3470

~ 3490

~ 3480

~174~

0.091
0.7074
0.0015

0.041
9.0029

0.051
0.033
0.0043
0.0034
0.00088

0.057
0.0045
0.0002

0.02
0.0043

0.927
0.9029

0.0021
0.0013

0,0011
0.00054
0.0002

0.3024
0.00076

0.0027
0.00088
0.00038
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Compound.  v(er.”1) ég;ﬂcm.-ll
)

TABIE 3 ~ COUPARISOM

' BAND CIONSTRUCTION

LuoSULTS VERSUS IBSERVED RESULTS.

Band Construction

(218)

(216)

(201)
(201)

(201)

(145)
(145)
(145)

(145)

(211)
(211)
(211)
(211)
(211)

3640

3618

3549
3618

3592

3640
3617
3580

3507

3640
3618
3578
3535

3480

16

18

17

18

17

19

99

16

18

26

~175-

18

62

24
36

17

28

56

33

11
39
12
3
1

v!cm._13
~ 3635

3618

3637
3618

~ 3595

3637
3617
~ 3580

3507

~ 3635
3618
3580

~ 3535

~ 2480

Observed

é_\%fcm.-ll

18

26

23

28

90

18

£
33

62

36

19

40
66

20

19
39

12

1.4



TADIE ¢ — POSITION II' JIYDROXYL 3)NDED T0 VARIOUS

BASIC CINTICSS - VALUZS IN av(en. )17

oH OH
Gl X Mo

B e g ©
F 20 ? 15
oz 44 32 30
h 45 23 28
0CH, 52 36 30
C=C 54 45 | 40
c1 63 20 32
Br 82 30 38
I 101 o 46
c=C 114 41 36
NE, —_— 97 113
NUCH, ? 135 124
N (cx, ) 0 244 144 131
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SECTION IV



COU.LING  OF BTIRane,

C:2QUNDS

UIDER - HISW-DILUTI N

CADITI N3,

Curric acetate in »Hyridine or

ncw established as a convenioent resgent for the Glaser coupling

0of monoterminal acetrlenes.

nyridine-riethanol’

38,7

% 3
L o
P

2y

H

is
174-17¢C

The orecise mechanisn of the coupling of ternminal acetylenes

remzins to he established, hut several schemes have heer Jostulated,

177,178
R-C=CH —slow 4 R-C=C~ +
oR-Cc=Cc~ +  2cu2t —fast 5 op c=c.

jfast

R~-C=C-C=C-R

+

2Cu

The above scheme is supnorted by the fact that the rate of

reaction Aecreases with decreasing acidity o the =cetyleric »roton

, . 1
i'ore rocentiy, Bohlmann and his co-wor'oers

that the counling reaction involves a cunrous complex, (17,

B 8
3'Cx:(

/"
C

7

C

Gl/

,
Cu

ol
2

(
(r) ©

SR

C

4,
/4
C

178

“ave sngcested

(where B is, ec.g., pyridine,, which is decormposed by cupric ions

to the dimer and cu»nrous ions.

Using cunric acetate, the overall reaction can be written as,
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OR-C=CH + 2Cu(0Ac)2 —_ R—-(C‘-::C)z—R + 2Culhic + 2HOAc
The advantages of pyridine as a solvent are (a) the removal of
the acetic acid, hence allowing the reaction to go to comnletion,

3

and {b») homogeneity, since the cuprous derivative is only seldom
nrecinitate’ Jrom the rcaction nixture, which leads to increased
yields. HMethanoe! is employed as co-solvent, since the soluhility
of the cunric acetnte is greatiy increased,

No cormmlete systenatic study of the use of the cunric acetate-
nyridine-nethanol reagent anears to have bheen nade, anéd 2 brief
study of thie oxi‘ative coupling of nhenvlacetylenc(77) at various
conczntrations has heen carried out. The relevant noinis ohserved
now follow, tosether “rith a surmary of some other ohservations.

1. lxclusion of water from the reaction does not apoerr 43 he
¢sscntial.

2. A large excess of cunric acetate does not inprove the yield.

3. It does not apocar to he cssential that all the cupric acetate
is in solution.

4. Aporoxinately four volumes of cther can be added for .igh-
dilutian couolihg at a lowzr reflux termerature, without any

.41
nrecipitation occurring”

5. DMethanol is hest avoided in experinents involving esters, since

29
rnathanolysis has hbeen cncountered .

o

) . . . . 1 o v 14 he
A catalytic amount of cunric acetate can be user, nrovided t

cupric ion is regenerated by the passage of oxygen, Hovever, this
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nrocedure is nuch slnwerlgo.

7. The reagent is not well suited for the comnling of allzynyl
compounds; thus, oct-l-yne (217) gave only a 42% yield of the
coupled »Hroduct (?18) after a 24 hr. reflux, vhercas 2henyl-~
acctrlene(77) rave a 90% yield of (75) after only 1 br. reflux.

Tay has r:nortedlm’ls2

that these al "yl acetylenes arc best
coupled using a tertiary n~rine comnlex and the cuprous salt,
with pnassage of oxygon,

8. The recaction »roceods well at roon temperature, although

reaction times longer than those at reflux temperature are

necessary.

The cunric acetate-nyridine reagent has also been used

10,38,39,63-63,176,183,184

extensively in the syntheses of macro-

cyelic acetylenic conpounds by the intra-molecular coupling of

. 39
diterninnl diynes, e.g., the prcparations of (2125 n = 1 and 2)°7,

(221; n = 10182 (293,184 (45365,67 (o4 n o 2,2,3,5 ana 6)1)
and (225; n = 1 and.2>39, fron (220), (222), (39 and 223), (44),
(67 ana (2267, resncetively.

Yow rcactant concentrations are genernlly thought te favour
any intra-rmolecular rcaction which is in competition with the
corresponding inter-riolecular nrocesses, and sone workers have

found?8’39’63’66’67, that the Glaser counling, when conductad under

high-dilution conditions, affords good yields of the lowsst cyclic
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oligomer* which is stericnlly feanible. OUmall anounts o’ the higher
cyclic and linear nolymers are also formad. Thus, onc cster (22ﬂ>39
gave both cyclic nononer (219; n = 1) and direr (219; n = 2), while

a high yield (~83% of cyclic rononer (221; n = 1) was obtained

o2

v
from ~nother (222) . 4nly one »urc commound, the cyclic dimer
(38}, coulé be isolated fron the high-dilution coupling of o-diethynyl-
.53 .

benzene(33, , (se= »1so Section 1}, and this nroduct was ohtained
in about the sane yicld (524) vhen the "half-clesed" diner (223)

.. 134
was sinilarly treated .

g 3y 1)

3y contrast, Sondeirer and his collengucs have successfully
csunled nurierous oc,wd ~al'iadiynces nnd related cormounds at ordinary
concentration levels (Q.g.,~'3.l nolar in »yridine and saturated
with respect to conner ncetate), hut the products are generally
coplex nixtures of the lower cyclic oligomers. However, sinilar
conditions (c.g

~ 3.)3 rnolar in nyridine-methanol, 1:1, by volune,

<
and saturated in copoer acetate,~ 2.5 nolar) were used by the
Jadanese wor“cerssél-69 in their syntheses of nevel cyclie aryl
acetylenes, and quitc high yiclds of single comnounds resulted in
certain cnses, ec.g., (45) fron (44) in 95 yield.

Yhere would thercfors anpear to he some douht as to the value

of high~dilntion technifques in the synthesis of macrocyclic

acetylenic corpounds by the Glaser counling reaction. The object

¥ Sce footnots page 27.
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of the Hresent short study has bheen to adduce some quantitative
evicence wiich would revenl 2ny relationshis therc nirskt he between
the initi~) concontration of diyne and the composition of the
coupled product. The diyne chosen was octa-l,7-diync(3>) which
. 10 .

has heen renorted ~8 giving, a complex nixture of cyclic dimer,
trisier...... hexasner (224; n = 2,3....5) and sore long-chsin
nolyriers when counled at ordinary concentrations (cyclic Tiononer,
?24; n = 1} is not stericnlly feasible). The reaection wroducts
were analysed for insoluhle long-chain polymers (227 by collacting
the srecipitate, and for the cyclie and ncyclic dimers ané triners
by total hydrogenntion of the nixture and gns liguid chrormato-
graihy of the resulting cyclo- and n-hexadecanc and tetrnacosanc.
This nrocedurc avoids dificulti»s due to nrefeorentinl loss incurred
either by nore conventional analytical proccdures such as crystall-
isntion or colunn chronatogranhy, or by rearrange-ent and deconp-
ogsition of the iarent acotylenes during gns-liquid chronntography.
Further, it pernits quantitative comparison with staniar?! hydro-
carkons. Cyclic totraners, ocentamers cte., which nay have becn
pregent, wer.e not detected.

The results of runs at four differcnt concentrations are
swriariged in Table 19 and illustrated in Fig. 15. In e=ch case
the rolar concentration of the cunric acetate is four tines the

1nitinl diyne concentr~tion. A decrensc in this concentr-iion is

seen to bhe accompanied hy (a) a decrease in tho quantity of
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insoluble long-chain polymer (227) precipitated from the reaction
pmixture, (b) a well-defined increase in the proportion of the
cyclic dimer (224; n = 2) relative to the cyclic trimer (224; n = 3),
and (c) an increase in the proportion of acyclic dimer and trimer
to cyclic dimer and trimer, due to incomplete coupling. In the
present instance, no attempt has been made to isolate the individual
coupled products, but these resultsl85 would seem to add supnort
to the isolated finding39, that the relative amounts formed of
crystalline cyclic monomer (219; n = 1) and dimer (219; n = 2)
changed with the degree of dilution of the starting diyne (220).
Further investigations are desirable, particularly into any
effect related to the proportion of Cu2+ present, and into the
stereochemical requirements of the ethynyl compounds and of any
intermediate copper comnlex, e.g., see above179. However, it seems
reasonable to conclude that high-dilution conditions favour intra-
molecular coupling and the formation of cyclic polymers of the

lowest ring size feasible.
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EXPERINUNTAL. SECTIOH IV,

Ooxidative coupling of phenylacetylene(77) at reflux temper=ature.

Phenylacetylene(77), titrating186 as .98 active hydrogens
per mole, was added to a solution of cunric acetate in pyridine-
methanol (1:1, by volure), and the deep-hlue reaction mixture
heated under reflux for 1 hr., by which tine it had turned green.
The reacti on mixture was cooled, and noured into excess of sulphuric
acid (18N) with external cooling. The resulting white suspension
was extracted thoroughly with ether, and the comhined ethereal
extracts washed with water, aqueous sodium bhicarbanate solution,
aqueous silver nitrate solution (to remove any unchanged -henyl-
acetylene) and water, dried (magnesium sulphate) and filtered.
Evanoration of the solvent gave a light brown oil, which solidified
on cooling. The crude solid dinhenyldiacetylene(?S) was chromato-
graphed on alumina (Brockmann Grade I; 15gm.). Elution with ether-
netrol (10%) and recrystallisation from aqueous ethanol gave the
pure diphenyldiacetylene(75) as large colourless needles, m.p.
87-83°, mixed m.p. 87-88° with an authentic sample. The compound
vas also shown to be diphenyldiacetylene(?S) by comparison of its
i.r. and u.v. spectra and t.l.c. behaviour with an authentic sample.

In the above manner, several coupling reactions of (77) were

carried out at the following concentrations:-
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g77! Cupric Pyridine !‘ethanol Time at which reaction Tield

acetate nixture turned green of (75)
(n.) (em.) (mi.) (n1.) (nin.) %)
1,95 4* 75 75 ~30 84
1,94 4% 75% 752 ~30 93
1,97 5% 752 752 ~30 91
1.36  10% 5% 75%  ~30 88
2.3 5.5T 752 75 ~30 92
1,99 5.5% 75 5 ~30 91
2.0  5.5% 20 20 ~10 87
1.98°  5.5% 10 10 ~5 84

* Anhydrous cupric acetate187. 1 Cupric acetate monohydrate.

a
Anhydrous solvent,

b . , . .
In this case the reaction mixture was non-homogeneous,

not all of the cupric acetate heing in solution.

Oxidative coupling of phenylacetylene(77) at room temperature.

A solution of phenylacetylene(77) (1.29gm.) and cupric acetate
(3.3gm,) in pyridine (50ml.) and methanol (50m1.) was cilowed to
stand at room temperature (190}. Aliquots (5ml.) were removed at
various intervals, and worked up as before. The yield of diphenyl-
diacetylene(75) ohtained on chromatography, after (a) 1 hr. was

34%, (b) 3 hr. was 48%, (¢) 6 hr. was 71% and (d) 24 hr. was 89%.
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NO'i5. 1. Anhydrous cupnric acetate was ~5))5 more soluble in

pyridine than cupric acctate monohydrate.

2. The solubility of cuwric acetate in pnyridine-methanol

(1:1, by volume) was ~4 times greater than in pyridine alone.

Oxidative coupling of oct-l-vyne(217:.

Oct—l—yne(217, (2.14gm.), titrating186 as 0.99 active hydrogens

per riole, was heated under reflux for 24 hr, in a solution of
anhy’rous cuoric acetate (4gn.) in pyridine (75m1.) and methanol
(75m1.). Lven after 24 hr., the reaction mixture still gzve a
precinitate with aqueous silver nitrate solution. Work up as in
the counling of (77), gave (218) as a colourless oil (.92gm. -
437, which decomposed on atterpted distillation. T.l.c. (silica -
petrol as eluent) showed only one snot, RF 0.85, and the i.r.
snectrum (liquid film) showed ahsoration at-21500m.-1, (vczc),but

no ahsorption at ~33000m.—1, (vac-H).

Oxidative coupling of octa-1,7-diyne(60).

A standard solution of cupric acetate was used in all the
runs: it consisted of cuoric acetate monohydrate (7.52gm.) in
pyridine-methanol (1:1, by volume) (10uml.) and was approximately
0.4 molar.

Octa-1,7-diync(69) (Section V) was distilled and then

rigorously purified (1ml. batches) by preparative g.l.c. [Perkin-
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Blmer 451 Fractorieter, polyvropylene glycol colunn (35" x 1", 20%)
at 900], The nurity of this material was further checked (retention

time 8 min.) by analytical g.l.c. on a similar column (45" x 1/5n’

25%, 84°, flow rate 6Jml./min.).

(a) ~Preliminary Study. Jeta=1,7-diyne(6:)) (105mg . ) was
dissolved in the standard copver acetate solution (10.5ml.)
contained in a stoppered flask immersed in a water-bath held at

55° .

Aliquots (O.5nl.) were removed at frequent intervals, poured
into ice-cold sulphuric acid (18N) and then extracted with carbon
tetrachloride. The washed and dried extracts were nade up to 6ml,
with fresh carbon tetrachloride, and the optical densities of the
solutions at 3314cm,-1, (v=C-11), determined. The ethynyl content
fell rapidly and was virtually zero after 12 hr,, (Table 11, Fig. 16).

(b) Dilution Study. Each run listed in Table 10 was

carried out with a solution as described under (a), after an
aporopriate volume of the nyridine-methanol (1: 1, by volume)

mixture had been added as diluent. After incubation at 55° for

24 hr. in a stoprered flask, the precipitated polymer was collected
by filtration and then washed, dried and weighed. It was an off-
white powder, not melting below 3500, insoluble in the common

organic solvents, and showing weak absorption in the i.r, (c1

dise) at 3294cm.—1, (vsC-1I), and was therefore a linear polymer
(227). The filtrate was poured into cold sulphuric acid (18N; 25ml. )

and extracted thoroughly with ether. The combined ethereal extracts
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were washed with water, dried (magnesium sulphate), filtered and

the solvent evaporated. The solution of the residue in ethyl acetate
was then hydrogenated over 10% palladium on charcoal as catalyst,

the uptake of hydrogen annroximating to the theoretical value in
each case. After filtration, the solution of cyclo- and n~alkanes
was concentrated to smaller bulk (~5m1.) and analysed by g.l.c,

(c) Gas-liquid chromatosranhy. A preliminary examination

on the Pye Argon Chromatograph [0.5% Apiezon "L" grease on Celite
(80-100 mesh}] showed two main peaks which were so widely different
in retention times, that isothermal analysis was unsatisfactory,
and that some form of temperature nrograrming was desirable, The
first peak was nroved to be cyckohexadecane by comparison of its
retention time with those of cyclododecane and cyclotetradecane.
Suitable standards were not available for the second peak, ascribed
to cyclotetracosane, but it bore the expected relation to the peaks

for the n-C and n-C alkanes.

24 25

The internal standard method was adopted for the analysis of
the hydrogenated produnct. A known mixturc of the 23018 and 27026
alkanes was added to each sample and the solution carefully homo-
genised and then gas-chromatograrhed, first at 125° for the cyclo-

. o )

C : 2—018 ratio, and secondly at 210" for the cyc10—024 : n-C26
ratio. The known molar ratio of the 2—018 : n—026 mixture then

enabled the ratio of the cyCIOoC16 : cyclo-C24 to he calculated.

and n-C,, alkanes.

The same procedure was used for the 27016 04
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Peax heights were used for the calculations, all peaks being
symmetrical. Retention times were as follows: at 1250; 5, 8
?
and 14 min, for g-ClG, cyclo-ClB, and 3—018 alanes, respectively;
0 .
at 2107; 5, 7, and 190 nin. for g_—C24, cyclo—024, and 2-C26 alkanes,

respectively.
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Uolar ratio of the (:18 oyeclic hydrocarbon to the 024 ecyslic
hydrocarbon in relation to initial concentration of octa~1,7-

diyne(60).
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Disappearance of the 3314em.”  absorption band in relation
to time, in the oxidative coupling of octa-1,7-diyne(60).
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TABLE 10 - THE COUPLING OF OCTA-1,7-DIYNE(60) BY CUPRIC

ACETATE IN PYRIDINE-MITHANOL (1 : 1,BY VOLUME) AT 55°,

Initial Initial
diyne Cu{ OAc 5
conen. conen, Polymer* Cyclic dimer ¥ Acyclic 1
Cyclic trimer Cyclic
Run (rmole/1.) (rmole/1.) (%) 4
1 100 400 55 1.1 t
2 59 200 43 1.6 0.15
3 25 100 26 2.4 6.7
4 12.5 50 0 3.9 20

* Insoluble precipitate expressed as a percentage of starting
diyne; although solution volumes changed, no further ether-

inso luble material was obtained after removal of the pyridine.

+ Ratio of molar proportions as determined for the corres-
ponding alkanes formed on hydrogenation.
The acyclic alkanes in runs 3 and 4 were in the ratio
6 : 1 :: dimer : trimer.

1N acyclic alkanes detected.
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TABIE 11 — OPTICAL DENSITY OF THE 33140m."1 PEA IN RELATION

T TIIE, IN THE OXIDATIVE COUPLING OF YCTA-1,7-DIYME(S0).

Time (hr. 8.D.
0 0.87
1.5 0.38
3 0,17
5 0,085
12 0.005
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SECTION V



HYDRATION OF ACETYLENES.

Tydration of an acetylenic linkage to produce a ketone is

probably the hest known reaction of this group. The hydration may

result from the action of hot acid alone188, but far more convenient

and efficient procedures involve the use of riercuric salts as catalysts.

The usual method involves stirring and heating the reactants under

189-193

reflux in solvents such @s ethanol or acetic acid . Lidlder

conditions, which circunmvent the use of mineral acids and elevated

temperatures, employ mercuric acetate in aqueous solvents such as

. . . 194-198
ethanol, methanol, acetic acid, dioxan and ethyl acetate .

Other mercuric salts which have been successfully employed as

catalysts in the hydration of acetylenic linkages include mercuric

199 200

acetamide More recently,

203

and mercuric p-toluenesulphonanide

01, rolybdic oxide202, cuprous sulphate

ruthenium trichloride?
and calcium/cadmium phosphate204 have been employed as catalysts
in the hydration of triple bonds.

The mode of addition of a nucleophilic agent to an acetylenic
corpound, depends on the inductive effect of the groups adjacent
to the triple bond.

n)_cz=c_p2 —BI rl_c=cun?

In the general case, if R2 is more electron attracting than
Rl, the resulting polarisation is such that the attacking nucleo-

2

phile adds to the carbon atom furthest from R”.

Although a great deal oi work has been done on the hydration
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of triple bonds, the mechanism of the nercury-catalysed hydration
is not yet fully understood. It has been suggested that the first

step involves a co-ordination complex of the mercuric ion and the

05~
acetylene2 5 207, and the following scheme has been put forwardzos’zog,
1 9 HgX? 1 o Bl ) 0
VoCRC-RT = R-C-0-RT S5 R-CC-RT 4 X,
1 )
X HgX R

(1)
in which the complex (I) reacts with the adding nucleophile in a
multi-stage process to yield the product. This scheme follows
the above polarising effects.

If the inductive effects of the two groups Rl and R2 are very
different, then this will lead to the preferential formation of one
isomer, and the greater these differences, the greater will be the
preponderance of this isomer, e.g., in the extreme case of hydration
of an ,;-acetylenic ester, the product is exclusively thep ~keto
ester. Ilydration of a terminal triple bond always produces the
methyl ketone, and not the aldehyde, even in cases where the triple
bond is flanked by a powerful electron attracting group, e.g., hyd-
ration of phenylethynyl ketone(228) produces exclusively l-phenyl-
Propaﬂe—l,2-dione(229)210, and trifluororethylacetylene(230) yields
trifluoroacetone(231)211-213. 9f course, the mercuric salt of the
ethynyl compound may be the species undergoing hydration, rather

than the free ethynyl compound itself, thus reversing the nolarising
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, ,211-213 . .
efiect . This is supported by the fact that non~nereury-catal-

yoed reactions zive the expected products, e.5., addition of diethyl-
ariiae to (?28) sives (232).
. , 1 2
In the case of a non-terminal trinle bond, where R* and R” are
slightly different, the »roportions of the isomeric ketones obtained
nmay be employed as a direct cormarison of the polarising influence

of the two groups2l4-216. Where R1

and R2 are very similar, or
where the polar grouping is well insulated from the trinle bond,
the two possible isomers are usually obtained in equivalent quant-

)188

ities, e.g., the hydration of stearolic acid (233 , affords

equimolar mixtures of the two possible ketones,

The curious clain hy Dobson217, that hydration of undeca-l,7-
diyne(236) did not give the expected equimolar mixtures of undecane-
2y7-dione(237) and undecane-2,8-dione(2238), but either onc or the
other, or a non-eguimolar mixture, under different conditions, led
to a re-investigation and extension of this hydratien,

217

Dobson found that hydration of (236) using (a) the mercuric

218

oxide - boron trifluoride nethod , gave exclusively (2271),

(b) the mercuric chloride - aniline methodglg, gave exclusively

. . 189-191,220
(238); and (c) the mercuric sulphate - sulphuric acid method A
gave a mixture of (237), (4%), and (228), (51%). However, using a

much more precise analytical method, it was found that hydration

of (286), under the above hydration conditions, did give the same
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mixture of uniecane-2,7-lione(237) and undecane-7,8-Aione(238) in
each case, although the former »redominates to on unexpectad dezree
(ancroximately 2:1). The relevant details of the hyfration
exverinents, together with the nreparations of the two dixctones
(227} and (238", are described below.

Undlecrne-2, T=dione(227) was synthesised roughly according to

217 .
g , starting fron cyclohexanone(240), which, on

Dohgon's methon
treatment with the Urignard resgent fro: n-buty) hromide and

magnesium, gave l-n-butylcvelohexan-l-01(241). Oxidaticu of (2

a9

A

17

o

with chromiun triexide“”" gave 3-“etodecanoic acid(242). Dobson”
hed claimed that the attempted ketalisation of this acid (242) with
only a small excess of cthylene glycol in the nresence of p-tolucne-
sulphonic acid, gave only the ketal-acid (244). Ilowever, t.l.c.
(silicq - chloroformn as eluent) revealed four snots, corresponding
orobably to unchange? keto-acid (242}, ketal-acid (244), Zeto-ester
(248) and %etal-ester (243). Infrared spectral examination (Table
12) of this nixture, the %eto-ncid nlone, and reference compounds,
all in carhon tetrachloridc and ether—carbon tetrachloride (1:4,
by volume) solutions, suwported the view that all four compounds
Wwere nresent,

The crrhon tetrachloride neasurerients indicated that some ecster

had teen formed [v_  1742cn.” ! , (vea); 3623em.”", (vI) free; and

-
(L.

3536em.™!, (vOZ) intra-hydrogsn honded for 1£0,CH,.CZ,.0Z] but that

there were also unchanged carhoxylic acid and ketonic groups
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[Viax.1759sh en.™t, (v€2) for R.CU9H noromer; 1714cm.~1, (veco) for

R.Cdgﬁ diner and RCOR'; and 3536cm._1, (voi) for RCI,Z nonomer (and
for intra-hydrogern honded RCOZ.CHQ.CHQ.OH, as ahove!]. Confirmation
wag obtained by the ether-carbon tetrachloride reasurements, only
two bands in the carbony! region being observed [vmﬁxv17390m.—l,
(ve2) for RCOH. .. 0B, and HCOR'; and 1719cm.'1, (vC0) for RCOR'].
Presunably Dobson also obtained this nixture of coripounds,
which probably explains the noor yield of (245) that he obtained
on treatment of the ketal-acid (244) with etliereal methyllithium.
The keto-acid (242} was theréfore treated with a large excess
of ethylene glycol and converted into tae glvcol ester of 5,6-
ethylenedioxydecanoic acid(2453). Base hvdrolysis of this =ster
(243)_gave the free acid (244) which, by reaction with methyllithium
gave 7,7-ethylenedioxyundecan-2-one(245). However, acidification
\

of the salt ohtnined on hase hydrolysis of (243) did not give

reproucible results, and often resulted in hydrolysis of the acid-
sensitive ketal to regenerate some of the keto-acid (242). It was
found that a better method of ohtaining (245) was to hydrelyse the
ester (243) with lithiun hydroxide, and isolate the lithium salt
(245) by evanoration of the water. The salt (246) was then subjected
to mathyllithium treatment to give (245). Acid hydrolysis of the
ketal (245; furnished the required undecane-2, 7-dione (237 .

For the second di%etone (238), cyclohexanone(240) was acylated

(]
222

using horon trifluoride as catalyst in the usual way , to give
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2-p-butyryleyclohoxan-l-one(242}, which was subjocted to »asce-

.. 223
catzlrsed fission™

to yizld T-ketodecnnoic acid{25:). 3By
aroczdures cognate to tiose ahove, t:is acid was convertz? into
undecane~2,8-dione(233). A mixture of these two crystalline
diketones, (237) and (238}, liquefied. T.l.c. did not separate
the two diketones, and mixtures of thém under various conditions
always nroduced only onz spot.

Satisfactory g.l.c. separation of synthetie mixtures of these
two closely-related dilketones »nroved predictably difficult. A
wide variety of hoth non-nolar (Aniezon "L" grease and 35.E.32)
and polar (polyethylene glvcol adinate, 4.F.1 and Carhowax) phases
gave no indication oF any senaration. Attempted separation of the
two corresnonding tis-ethylene %etals, (247) and (254}, on Apiezon
"L" rrease was more successful, but still inadequate for guantitative
yurposes. Success in senarnting tihe di'rtonns was achieved by
means of the high resolution available from a polypropylene
glycol-coated c~pillary colurn (52 metre). Un“er these conditions
there was a difierence of ansroxirately one ninute ir retention
time, which »nroved adeguate for quantitative neasurements involving
peal: triangulation. The results of this proccss apnlied to weighed
mixtures of the two diketones gave a satisfactory linear pealz-
area/composition relations:ip. This technique was then annliod to
the proiucts of hydration of undoca-l,?—diyne(%SS), prezared from

tetranethylene hromide(235), via octa-1,7-diyne(60) in the usual

-200-



wayzgé,

Lol

The hydrations, first on octa—1,7—diyne(63) as a nocel compound,

Cand then on undeca-l,7-diyne(236 ), were successfully carried out

. . . . .139-191 220
using nmercuric sulnhate - sulnhuric a01d1J9 191, 289 Loren tri-

s . ., 218 . . ... 218
fluoride - nmercuric oxide™ ", mercuric chloride - aniline®*”  and
"0 111" ry ey mnd rat e " . 225 .
nereury-imregnated nslrystyrene resin . An attermmted hydration

using rutheniun trichleride in hydrochloric acid201

, unexpectedly

furnished A conplex mixture, which will be discussed later.
Analysis by g.l.c. of the nixtures derived from the above

four hydration techniques showed that within the limits of experi-

nmental error the jronortions of 2,0- to 2,7-diketone (238 and 237,

respoctively) were the same in all the products. (Tabla 13). This

was certainly the exnacted result and gainsaid the indications of

the earlier work217

. Less expected, hovever, was the finding that
the proportions of the two diketonzs were not 52:50 but consistent-
1y 70:30 in favour of th» 2,7-dikotone(237). It is hardly likelw
that the hydration of the central trinle bond of the initially-
produced undeca<7-yn-2-one(251) would be influerced by an inductive
effect of the carhonyl groun transmitted through four methylene
groups; in any casc such an offect would favour the formation of
the 2,8-dione(238;, (it is relevant that hydration of stearolic
acid nroduces the oxnected equinelecular mixturce o the two keto-

acigs )88

More plangible is the operation of som: proximity cifect, which
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in the case of undeca~T-yn-2-one(261) could lead to charge-

transfer intermediates of the type (II; or (III).

* +
~ =Sy N C3Hy
‘ ey (\‘ cHy
o- ol
(11) (11y)

Nucleophilic attack on these structures would lead to the 2,0-(228)
and 2,7-dione(237), respectively. It is difficult, however, to
rationalise any favouring of the latter intermediate which would
give rise to the ohserved nreferred direction of hydration. More
detailed s»aoculation would scen to be unfruitful at this stage, in
view of the present unsatisfactory state of knowlcdge of the
detailed mechanism of these mercuric-catalysed hydrations. However,
since the publication of these resultsgzﬁ, Storfz and Eorchgga have
renorted that hydration ofz(—acetylenic ketones of type (IV),

produce exclusively the diketone (VII), via the proposed five-

membered ring intermediates, (V and VI).

~ R JW /F‘ ? ;a¢1;X—¥1 T;ﬂa
(\’9 /O+/ ——on o <
ar — —> U —> X
Hq H3

:
(V) . W) o) vI1)
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Id
They also reported that hydration of ¢ —acetylenic ketones,
¢.z., (VIII,, produce exclusively diketones of tyne (IX). They
aronoge & six-mermherced ring intermediate, and find that the hydra-

tion of the g -ketones is faster than thexf—kctoneg

K

Q QR
.\\ o O‘A
;3; le\v,fi:::)
NS
(vimn (1%)

If this tyve of mechanism is applied to hydration of (236),
tien the initially formod undeca-7-yn~2-one(261), would hydrate

o)

via the intermediates (X} and (XI);
*',/J | ~
0” o
N
N\~
: "
3 ' 4
(X)) (% 1)
structure () is perhaps more favourcd than (X1}, accounting for
the preferential formation of the 2, 7-diketone(237) rather than
the 2,8-isomer, (238).
As mentioned carlier, attempted hydration of octa-1,7-diyne(30)
. . . . . . 3201 _
using ruthenium trichloride in hydrochloric acid , &3Ve unexpect-
ed results. The i.r. snectrun shoved, [in addition to unchanged
- : -1
sterting materinl (~3300cn.” and ~21.0em.”"), and the expected

- . . -1
carkbonyl absorption (~1710cn. 1)], absorption at ~2062mn. © and
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~1980cm._1, the region where allcnes ahsorh, and at ~1550¢. " and
~l$090m._1, corresponding to carbon-carbon double bond stretching.
However, vnhenylacetylene(77) on similar treatment with ruthen-
iwn trichloride in hydrochloric acid, did give the expscted
acetophenone(177) in good yield.
A sinple alk-l-yne, oct-l-yne(217), was therefore subjected

to the rutheniun trichlorile-hydrochloric acid reagent. Again

]

thy

[¢2

i.r. s»ectrun of the crude re-ction product showed ahsorntion
duz to terninal trinle bond (~33030m.-1 and ~213Ocm.—1), zatone
Qvl?ZOcm.-l), allene (~207Ocm.—1 and~19800m.—1) and carbon-carbon
double hond (~132Ocm.-1). A g.l.c. study showed five neaxs. For
comparison purposes, octan~2-one(255) was synthesised by oxidation
of octan-2-91(256), and was shown to be present (~40%) by co-injec-
tion. Unchanged acetyienc (217) (~227%) was also present, and
could bhe removed from the crude reaction mixture hy treatment

with aqueous si‘ver nitrate. The acetylene (217) was therefore

not leing formed from the allene during gas-chromatogranhy. The
two neaks at the beginning of the trace, retention times 2.2 min.
(5%} and 2.9 min. (~5%), nay be allenes and/or decomposition
products. The last penz in the g.l.c. trace (~32%) had = reten-
tion time of the correct order for a compound of structure (257),
formed by simple hydrogen chloride addition to the acetylene (217, .
Therefore, oct-l1-yne(217) was subjected to the treatment of Backer

and Bln95227, for the addition of hydrogen chloride to the triple
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bond. No compound of structure (257) was isolated, the omly
compounds ohtained heing the Zetone (255) and unchanged ac:tylene
(217}).

Oct-1-yne(217) was then treated with (i) hydrochleric acid,
(ii) rutheriwm trichloride tribyirate in ether, (iii) ruthenium
triehloride in water, (iv}) ruthenium trichloride trihydrate in
ether which had heen saturated with hydrogen chloride gaz end (v)
anhycrous ruthenium trichlorifde in ether which had been saturated
withz raseous hydrogen chloride. The results are surmarised in
Table 14.

In conclusion, it would avmear that (i) ruthenium tricLloride
ir. ether saturated with hydrogen chloride gas is a mmch more

: 201 .
efficient hydration catadyst than the renorted method , (i1)
. 201 ;

under the renorted conditions (and not under any of the other
conditions investignted), side reactions occur, although the exact
nzture of the prolucts, and the mechanism of tieir formatisn, is
by no means clear.

Purther studies vith carefully chosen acetylenes, e.g., benzyl-
acetylere(252), and use of g.l.c. combined wit: mass spectrometry,
and use oi preparative g.1l.c., could perhaps shed additionsl

lizat on the nature of the reaction products.
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SEATMENTAL . SUCTION V.,

drepar=tion of tetramethylene “ronide(235).

Tetrahy rofuran{224} (Sﬁﬂgm.} in hydrobromic acid (483%;
202ml.) was heated under reflux for 4 hr., and the resulting
blacz tarry reaction mixture steam distilled. The colourless
dibromile layer was separated, washed wit: concentrated sulphuric
acid, then water, an? dried over calciun chloride. After
decantation, distillation of tie oil gave totramethrylene  bromide

(225} (732gn. - 724), as a clear mohile oil, b.p. 72-74°/1dmn. p2Y

2
298

1.5188., (Fried and Kloene™ ® give b.p. 76°/limm.).

Prenaration of octa-l,?-diyne(ﬁQ)zzg.

Sodium (len.) was adled to ferric nitrate (1.5gn.) in liquid
amronia (180dm1.) and the renction mixture stirred for 30 min.,
until the initial deen hluc coloratian was renlaced hy a white
suspengion of sodamide. HMore sodiun (117gm.. was then slowly
adZed, and when the reaction nixture had once again turned white,
acetylene was passed through the reactisn nixture, until a2 black
coloration was ohserver (aftera¢5 hr.). Tetranethylenc bronmide
(935) (270gm.) in dry ether (500m',) was then added over 1 ar.
with stirring and g¢ooling, (alcohol-carbon dioxide, -40°) . Ether
(133n1.) was added and stirring was continued overnight, during
which time most of tic ammonia ovaporated. SBelid armmonium chloride

was added to decommase the excess sodiun aeetylide, and tzen ice-
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water contairing armoniun c¢lloride was cautiousty adled. The
etaer layer was washe? successi§ely witi dilute sulphuric acid
(2Nf, saturated acneous sodiwm carbonate solution and water,

dried (magnesiun sulnhate, and filter=:<. The etler was removed
threvgh a coluan, and fractional Aistillation of the residual oil
gave octa—l,7—diyne(50) (722, - 54%) as a clear, mohile o0il, b.p.

38-427/14rmn. néa 1.4504. (Bader, Cross, Jeilbren and Jones>2?

give b.p. 93—950/190mm., n%g 1.4521). The i.r. snectrum (30?4
solution) showed absorntion at 33ldem. > (vEC-Z streten; and
estination of the ethynvl content136 gave 1.95 active hydrogens
per mole. G.l.c. [105 L-iezon "I" grease on Celite (89-120 nesnh;

at B ] saowed one nain neak (retentlon time, 10 mln.) (~95%),

2lus two nminor impurities, (retention times, 22 nin. and 34 min. ).

Preparation of undeca—l,?—diynaigﬁﬁ)ggé-

Sodiun (1.25gn.) was added to liquid armonia (59m1.) contain-

ing ferric nitrate (~20mg.), and the solution stirred until the
initial deen hlue colorntion had heen renlaced by the white susoen-
sion of sodamide. Octa-1,7-diyne(82) (5.3gn.; in dry ether (10m1.)
wag added over 12 min. with stirring and cooling (alcohoi-carbon
dioxide, -43°). Stirring was continued for 2 hr. and a->repyl
iodide (13.25gm.) in dry cther (EOml.) was slowly added. The

. . . A0 . - :
reaction mixture was stirred at -4) for 8 1r. The am~onia was

. ; i YWloridz
allowed to evanporate overnight, and solid arronium chlorils was

-207-



N

adi:”, followed by ice-water containin: ammonium chloride. The

ether layer was washed successively with water, dilwnte sulinhuric
acid (QN;,aqueous sodiun hydroser carbonate solution an? water,
dried (magnesiun sulphate) and filtere?. The ether was evasorated,

and fractional distillation of thie residual o0il gave uniece-l,7-

diyne(235) (3.1gm. - 424} as a clear, mohile licuid, b.p. 85—870/
. 29 - 22
1571, 2 1.4571. (ftanhael and Sondheimer'?4 give b.p. 9?—990/
20

foma., nyt 1.45735. The i.r. spectrun (liguid £ilm) shows?

. . . -1 - - - . .
absor .tion a2t ~2712 . cn. v=0-I stretcix; and titration of the
Y /7

. 138 . . . .
et:vnyl rreun showed 7.04 active livdrogens ner riole., &.l.c.

(e . . NP RPN
[157 aniezon "." grease of Celite (8:-10) mesh} at 10U

y £low rate
45m1‘/ﬂin.], sowed a very large peak (retention time, 12 min.,
corresnonding to (1:38), nlus very small peas corres:onding to
propyl icdide and octa-i,7-diyne(80), and = small peal (ratertion
time, 1 hr. B8 mirn.), thought to be duc to the 014 di-substitutel
hydrsearbon (258).

217
Preparation of l-n-butyleyeloYexan-1-01(241Y7"",

The Grignard reagent from n-butyl hronide (137gn.} and
magnceium (24.3gn.) in dry ether (1529ml .} was orepared in the
ugual nanner. Cyclohexanone(?4€) (84gm.} in Iry etier {lfﬁnl.)
wag ndde” dropwise to the firignard reagent over O hr. wita ice

[+
B 1 : E vy IS - BY i
hath ccoling, never allowing the temicerature to excexd &, After

decommosition of the complex with ice and dilute hylroctloric acid,
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the ether layer w=as sevarated and cxtracted with atueons sadium

sigulnhete solvtion (%o remove any unchanged ketone)}, waszhod with

water, dried (magnesium sulnhate) rd filtered. A4After reroval of

the ether , distillaticr of the residual oil gave l-n-butylcyclo-

hezer~1-01(241; (86.6gn. - 65%° as a clear, mohila 2i%, b.n. 98-
24

. , o 230 .
1?90/14nn., n, 1.4327. (Signaizo and Cramer ! give b.p. 88-910/

a9
. 2N . . . . \
T ., n 1.4648). “he i.r. spectrun (11qu1d filn} showed ahsorp-
. . -1 g . . .
tion at ~325)cn, (v 0-X stretc:), and was devoid of any ahsorp-
. . . . . n -1 .
tior Tands in the region of 1700cn. (v c=2.

) ] . . 217
2rz2asration of S-ketodecznoic 301d(24&} .

1-n-Butylcyclohexan-1-0:(241) (13gm.) in glacial acetic acid
(750%1.} was treated with chromic anhrydride (55gn.) in small
portions wit: vizorous stirring. Otirring was continued for 24 hr.,
when the reaction mixture wns concentrated under rediiced npressure
'(to~4250m1.), and water (5.0ml.) added. IBxtraction with sther,
followed by washing the etiereal extract twice with water, and
extraction with agueens sodiun hylroxide soluticn (37.5g=. in
} led to an aguoous solution of the solium salt of the acid.
This extract was acidified with concentrated hydrochleric acid,
and sxtracted with ether in a contiruous ether extraction appar:tus.
Irying (ssgnosinn sulohate) and evanoration, gave a crude solid,
wrico was distilled (.o, 185-142°/23mn.; and recrystellisad

from petrol to give O-letodecanoic acid(242) (3.7gm. - 315h, a8
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i1 60 s . - . o

needles, n.p. 41-49°, (Founi: C, 34 265 7, 3.9}, ¢, 4 n¥g

. I " : 22 . 1)
reiuires €, 54.5; =, 9.755%) (WOBSGn gives h.p. 123-125 /

. ' ., .23} . s

Joefrz, and Yoshio'e gives mM.n. 420}. The genicarbnzone was

. N NS 231,
obtained a8 needles, n.n, 159" from nethanol, (Yoskioka T gives

<~0 . v :
n.p. 183°). T.l.c. of the keto-ncid (242), (silica - c2loroforn
as eluent) showe? only on: tailing s»ot, RFrvP.

. \ . ~ a2 . . . .
(nngol rull; was tynical of a carhoxwlic acid, saowing a broad

prnct

. The i.r. snectrum
. . AA; -1 Lt . — -1

absorstion hand at ~3000c¢r, (vw—n,, and ahsorntion at ~170)cem.

(vC=f;. The quantitative i.r. ahsorntion data in various solvents

("able 12) confirm that the conpoun? is a keto-acid.

j-etodecanoic acid(242) (3.75gm.), etxrlene glycol (2gm.}
and p-toluenesulnhonic acid (60m.} were stirred and heated under
refluz for 5 hr. in anhydrous henzene (9.111.), with automatic
water separatior, The Tenzene solution was coolad, washed with
aqueous sodiuwn acetate solrtion and water, dried (mégnesium
sulphate) and filtered. Zvanoration of the solvent gave a clear

-4
0il (4.%sm.}, wiish on atlemntod distiilation at 2 x 107 e,

reselted in rartial decomposition. T.l.c. (silica - chloroform
a8 eluent) showed four snots, R?‘vJ.l tail, ~3.8 tail, 3.48% and
0.85. The i.r. soectrun (Table 12) showed ahsorption characteristic
0of an acid, a ketone an’ an cster, and the nixturc nrobably consists
of unchanged teto-acid (742), (RFﬂvﬁ.l}, ketal-acid (944>,(RF“0-2),
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N v- . PN N . . - N i
rets—ester (Qé?;, (HF 2,48 and retal-ester (243,, (AQ O.8E).

2]

Zrzparation of Z-hydroxyethyl S,6—ethylenedioxyﬂecanoate(243}

H=Tetodecanoic acid(242} (3.75gm.), ataylene elveol (18.8gm.)

and n-tolvenesulationie aci? (3Mmg.) were stirrved and heated under
r fiux for 3 Ar. in anhyirous henzenc (90ml.) with automatic water
szoraration. The cooled henzene solution was shaken widh amhydrous
notassium carbonatce, washed with anueous so’ium acetate sclution
and weter, dried (magnesiun sulohate) and filtered. svaporation

of tlze bunzene gave (242; (5.12gm. - 23%,; as a clear viscous oil

/

M

whick counld not be distilied. T.l.c. (silica - chioroform as
eluant) shawed only one snot, RF J.55, and the i.r. spzctrun (Tabie
i12) was devoid of absorption due to ketoric or carbexylic acid

cmritonylg, but sliowed absorntion characteristic of an coiar.

Prenaration of 3, S5—eth7ienedioxydecanoic acid(244).

The ester (%43) (“.74gm.) was heated under reflux in aqueous
sodium hydroxide solution (.6gm. in 30ml.) for 2 hr. After
ccoling, and ether extraction, the aquecous reaction mixture was
acifified carefully with dilute sulphuric acid to p»piH85, with ice-
salt cooling. The reaction nmixture was extracted thoroughly with
ethar, and the comhined ethercal extracts washed thoroughly with

watzr, dried (magnesium sul;hate) and filtered. RBvaporation of

tic solvent gave (244) (2.Mg~. - 8%5) as a pale yellow oil, which
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ci1td not be distilled. T.l.c. (silica - chioroforn as sluent)
showed wszcntially only one snot, RF,ul,ﬂ tail. The i.r. spectrunm
(1able 12) shewed absorstion typical of o carboxylic aci¢ function,
but none characteristic of 2 ketane or :ster.

n

. . . a . a
Prezaration of lithiun o,b—ethylenedloxydecanoate(249:.

The ester (243) (2.2gm.} was hented under reflux in ~zZueous
lithium h72roxide solution (C.4zm. in 25m1.) for 2 hr. sifter

cooling, and ether extraction, the acueous reaction niture was

lithiunm

evznorated to dryress under reduced pressure, to give tiz
salt (346) (2.%em. - 96%) as a colourless solid whici 7id not nelt

below 2539,

Preparation of 7,7-ethylenedioxyundecan-2-one(245).

. . . I . > \
(a) from the a01d_1244). To 2 solution of the acid (544}

(420mg.) in anhydrous ether (5ml1.) was added ethereal wmethyllithiun
(0.45 molar; 1oml.). The reaction mixture was heated under reflux
for 1 hr., cooled, axd water was added. The ether layer was

washed with water, dried (megnesium sulphate} and filtered.
Jvaporation of the solvent gave (245} (39;mg. - 94%} as a clear

—4 )
vigcous oil, h.n. 99—1320/10 &mm., ng4 1.4552, (Dobson217 gives

{4}

<.

~4 2 AP
h.p. 99—1310/4 x 190 ‘rmm., ny 1.45u3}. T.1l.c. (51llca - ckloro~-

Th

for: as cluent) showed only one spot, R, 0.8, The i.r. siectrum
1

k]

(0014 solution) showed ketonic absorption at 172icn.
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(b) PFrom the lithium salt (245°. To a susnension =7 the

lit~iom calt (?43) (?gm ) in anhylrous other (25n] ) was 237

etiaercal methyllitriua (2.47 molar; 2%5m).). The reacticn —ixture
was hented under reflvx for I hr., and worked n» as in (a adove
ts zive (245) (1.68zn. - 87%), with 'roqerties identical to those

resortad in (a; above .

Przaaration of unleccane-5, 7-4 10ne(“37‘

4 solution of (245) (33§mg.) in ajueous methanol (55%; lﬂml.),
containing one 4dren of concentrated hydrochloric acid, was haated
or: - steam hath for 30 min. After cooling, the nethanol was
removad uncer reduced nrassure, and the residue was extracied with
et-er. The etheresl extract was washed with wator, dri»? (magnesiun
stizhate) and filtered. Evaporation of te solvent gavs ur’ecane-
2,7-diene(237) (283mg. - 39) as nlates, m.n. 32.5-42° fro= notrol.
(70%son217 gives m.n. 4*0>. The overall yicld from cycloh:ixanone
wag 12%, The mass swectrum showed a molecular ion at 134, (Cill?ﬂ
3? renuires MW, 124 and t.}.c. (alunina - 5 benzens ~ n~trol
a8 eluent, Rn .45 silica - 25,: ¢hloroforn ~ henzone as aluent,
Hp 0.5 silica - chloroform as eluont, Ho D.7) showed only one
spot. G.l.c. data (scc g.l.c. cxoerinental always showed only
ong neak. Th2 i.r. s»ectrun (JJ“4 solution, showed absor:tion ot
17%.er.7Y | ana (nelted zilm) atsorntion at 17435, 1467, 1482, 1414,

’
1272 and 13580m.-1.
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Prenaration oﬁ_2,2,7,7~Bi§pthylenedioxvunﬂecane(2477

H . - 3 \ k LI
Undecane-2, 7-diene(237) (5.mg.}, ot lene glycol ( .18ml,),
n~toluenesulniionic acid (5. and et:yl orthoformate (.31,

’

Wer

(0]

IR i 0 B . . .
heated to 15.-1T47, and the more volatils liguids =llowed

&)

to distil off. The residue was ‘issolved in ciloroform (&

ani ase? directly for g.1.c. investiration .

. N M.Ol'
2resaration of R-Q—butvrvlcyclohexanane(249j“ 7.

Cycilchexanone(24v) (7.%n.}, n-tutyric anhycride (25.3gm.)
and “oron trifluoride - acetic acid (1:1) comnlex (54.4zm.) were
mize’ with external cooling (ice-bati} and stirring. sfter 30 nmin.,
the stirring was stor:ed, the ice-hath rermoved ani the r:z=sction
niztore allowed to stand for ¢ hr., when it wss »ourel intc =27 .cous
and heated =under

soditm acetate solution (containing 23.2gn.;

’

reflux for 1 hr. After ceoling, the reactio:z mixturc was cxtracted
witi sztrol. The extracts were washed with agqueous sodium
*iczrhonate solution and water, dricd (magnesium snlnhate ] ~nd

<

filt .red. Ivanoration o the solvent and distiliotion of the

regidasl oil gave g_g_zautyryicyclohexanone(249} (7. .ggﬁ. - 5453,‘
232

. . - 0 . X . -
as 2 clear mohile o0il, b.p. 178-130 /lbmm. (Aﬁams ant Javser
“ive b.n. 133—1340/2Cmm.). The compound gave a deep »urple
coloration with ferric chloride in nethanol (characteristic of

g%

peaks in tuae carbony) region at ~173Jcn.

zotones otc.) and the i.r. shectrun (1iquii film) showed two

-1 A, .
anl ~13Jddcn. 7, again
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a characteristic feature of a,F—aiketone.

121
2reparation of T-Yxetodecanoic acid(2ﬁ3)2"7.

\,

Z-n-Jutyryleyciohexanone(249) (22.3gn.) was heatesd under

7

reflux for 2 hr. ir aguneous sodium hydroxide solution (3.7gm. in
125:1.). After cooling, and extraction with ether, the alkaline
extract was acidified with dilute hydrochloric acid and exiracted
thorsughly with sther. The combined ethereal extracts wers washel

wit2 water, dried (magnesium sulphate)} and filtered. IIvaporation

of the solvent gave (25.) as a low melting solid (18.8gm. - 75%)

’

which was purified by distillation, h.p. 144—1490/0.9mm., and

~

reerystallisation from netrol, to give plates, m.p. 40-43".

223

. . . 0
rostic, Banderson and ilauser give k.p. 187-.123 /

2.87,, n.p. 42-42%}. (Foun?: C, 64.35; I, 9.90. €1 o0f15%a
L [ &
reguires €, 64.5); 4, 9.75%). T.l.c. (silica - chloroforz: as

elnzat, showed only one tailing snot, RF-v&.l. The i.r. 2bsorption

data (¥able 12) confirm that the compoun is a keto-acid.

Prevaration of 2-hvdroxyethyl 7,7—ethylenedioxydecanoate(251}.

The ester (251) was preparcd from 7-ketodecanoic acia(252)
(7.22gn. 7, ethylene glycol (24.8gm. - 0.4 mole) and p-tolucne-
sulshonic acid (12.mg.) in anhydrous henzene (175n1.), as in the
srovious preparation of (243). The ester (251) was o“tained (9.98gn.

- 91%) ag o ciear viscous o0il which coull not be distilled.
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?.1.c. {silica - chloroform as civent) showed ons spot, Hu 0,55,
an® tae 1.r. spectrum (CCfi.4 solution’® showed tysical czoter
A ; a

assortion at 174%cm, L (Table 18).

Arecaration of lithium 7,7—ethvlenediox7&ecanoate(252‘.

ihis lithiun salt (252} was vrenared in the same way as (24:)
from 2-hydroxyethyl 7,7-ethylenedioxylecanoate(251) (9.28gm.; in
agueocus lithium hydroxide solution, (Q.96gm.in 100ml.). The salt
(287 was obtained as a white solid (7.4gm. - 936%), which did not

T a1 = O
rels Delow 3867%,

¢

2resdaration of 8, 3-ethvlenedioxy ndecan-2-cone(253}.

This ketone (253) was orenared from a suspension of the lithiun
salt (252) (7.4@?.) in “ry ether (25ml.) and ethereal nethyllithiun

( .81 rolar; 12onl.}, in the same way as (245). The ketore (253)

. . . . A 0
was o’ tained is a clear viscous oil, (5.8gm. - 81%) h.p. 158-138"/

PHT gives h.n. 110-112°/107%mm ., 0

- a5 .
15 "o, , n~ 1.4551. (obson

1.45852), T.l.c. (silica - chloroforn as eluent) gave one spot,
B, 3.8, The i.r. spectrun (CCZ4 solution) showed ketonic carbonyl

abgorntion at 1721em. "L,

Preparation of undecane—2j8-dione(233).

The %otune (253) (1.3gm.) was hydrolysed exactly as in the

cosnate nreparation of (237} above, to give undecane—?,S—dione(238)
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(_.erm. - 87%), which crystallised from netrol ag »nlates =.p.
35-38°. (Dobson?'l7 gives n.p. 410). The overall yield from
cyclohoxanone was 23,.. The mass spectrum (orobe) showsd a2 molecular
ion at 184, (011H2002 requires M. W. 184), whereas the mass spectrun
using the "hot tank" techmique showed ~ molecular ion at 136, 18
mess units less than the molecular weight resuired. This spectrum
can bhe intersreted (due to the large 124 ne=k, on tie basis of &
cyclic structure (259:, formed in the hot tank fron (23~:, via an
internal aldo’ condensaticr, followed by “ehyiration. T.l.c.
(alunina - 5)% bYenzene — netrol as elment, R, 0.4; silica - 257
chloroform - benzene as e2lunent, RF J2.2; silica ~ chloroform as
elue-t, RF 0.7) showed only one spot. G.l.c. data (see g.1.c.
exverinental) always showed only one peak. The i.r. spectrum

. . . - -1 -
(0914 solution) showed absorption a 172%¢n.” ", and (nelted film)

-1
abssrption at 1715, 1457, 1415 and 1363cm, .,

Zreparation of 2,2,8,8—biset}ylenedioxvnndecane(2543.

The his-ketal (254} was orepared for g.l.c. investigation in

exactly the same way as (247,, from undecane-2,8-dione(238) (50mg. ).

2ranaration of 2-hiviroxyetiyl stearate (264,

Stesric acid (1gﬁ.) and et:ylene glycol (3nl.) were heated
unier reflux for 2 hr. in henzene (2577.) containing concantrated

gulntmric acid (2 drons;. On cooling, solid sodiun corhenate was

-217-~



added, and the reacticn mixture shalen thoroughly. Water wa
aded, and tae benzene layer sepnarated. The benzene sclution was
extracted with aqueous sodium hydrogen carbonate soluticzn, washed

with water, dried (magnesium sulphate) and filtered. Ivanoration

of the henzene gave (250) (950mg. - 82%) as plates, m.p. 22° from

setrer. T.l.c. (silicn - 104 eth7l acetate - petrol as ecluent;

b - . . \
sioved only one s20t, iy, .2, and the i.r. snectrum (CCIA solution;

showed tyvical ester ahsorption at 1748cm.'1 and hydrozyl =bsorption

2e, 7 ana 3520em.7L, (Tavle 12).

Hyiration of oc%a—l,?—diyne(GO) and undeca -1,7—diyne(23§lL

89-191,220

. . . 1
(=) Mercuric sul»hate-sulphuric acid method~

4

(i) Octa-1,7-diyne(6.) (108mg.), mercuric sulvhate (10mg.)

} were heated under reflux

7

and concentrated sulphuric acid (10m~.
for % hr. in ajueous ethanol (75%; 3m1.). After cooling, aqueous
sodium hydrogen carbonate solution was added to neutralis=z tle
sulnhuric acid, and the reaction mizture extracted with cther.

The ethereal extract was washed with water, iried (magnesium
sulnhate) and filtered., Hvanorntion of the other gave octane-2,7-
dione(239) (78mg. - 61%,, vlates, m.p. 41-42° from petrol.

2 . 0
233 give nm.p. 43°). The mass svectrun showed

(¥icke! and Worffel
a m:zlecular ion at 1407, (C331439 requires M.W. 142). T.l.c.
(silica - chloroform as cluent) showed only one spot, Ry 0.75.

The i.r. spectrum (rmclted £ilm) showed tynical carbonyl =%sorption
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at ~1720cn .—‘1

(ii} Undeca-1, 7-diyne(238) (1837ng.) was treated exactly as
abcve. Reroval of the solvent gave a low-melting GVZSO} crystalline
so’id (187mg.). The i.r. spectrum (melted film) was devoid of
absorntion at ~3300cn, ) (vEC-), and showed absorption at~172%cm. !
(ve=l;. 7T.i.c. (silica - chloroforn as eluent) showed a spot of
RF 2,7. This crude solid was dissolved in chloroform (%mi.) and
anzlysed directly by g.1.c. (see Discussion).

(») Yercuric oxide - boron trifluoride meth0d%10

(i)} Octa-1,7-diyne(82) (95ng.), mercuric oxide (12.5mg.}, boron
trfluoride -~ ether complex (ipl.) and trichloroacetic acid (1lmg.},
were stirred in methanol (5ml.) for 24 hr. The reaction mixture
was noured¢ into dilute sulphuric acid and shalten well. After
ether extraction, the cther laver was washed with anueous sodium
hyirogen carbonate solution and water, dried (magnesium sulphate)
an? filtered. HEvaporation of the ether gave a crystalline low-
melting solid (59mg.), whose i.r. spectrunm (melted film), ani
t.1.c. behaviour were virtually identical to those of thz crude
solil obtained in (a) (i) above.

(ii) Undeca-1,7-diyne(233) (118mg.) was treated exactly as
above and gave a crystalline, low-melting solid (14927 .), whose
i.r. snectrun (melted filn) and t.l.c. behaviour were virtually
identical to those of the crude solid obtained in (a) (ii; above.

The crude solid was dissolved in chloroform (5m .) and analysed
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directly by g.l.c. (sen Discussion).
219

(¢} Mercuric chloride - aniline method

(i) 2cta-1,7-1iyne(52) (85mz.) in benzene (13ml.) was added to

a mixture of mercuric chloride (915ng.) in water (Iml) and aniline

TN

158u7.) in benzene (18n1.), and the reaction mixture stirred at
30% for 18 hr. After cooling, hylrochloric acid (33%; lml., was
adled, an? the reaction mixture satursted with hydrogen sulphide
and Filtered. The black precinitate was washed with benzene, and
the combined benzene extrnact and washings were washed successively
with anueous sodium hydrogen carbenate solution and water, dried
(magnesium sulphate)} and filtered. Zvaporation of the benzene

.,

gave a brown oil (53mg.}, whose i.r. snzctrun (liquid film; showed

1

R

G

absorntion at ~17lﬂcn.—1 (vC=Q), but no ahsorption at ~33Clcm.
(vEC—H). T.l.c. (silica - chloroform as eluent) showed a large

spot, I

n}
2!

2.75, nlus several indistirct spots.

(ii} Undeca-1,7-diyne(235) (1271:.) was treated exactly as
above, an gave 2 hrown oil (107g.). The i.r. spectrun (liguid
filn) was very similar to that of the crude solid obtained in (a)
(ii) above, but t.l.c. showed, in addition to the main spot,
Rn 0.7, two other less distinet spots, Ry 0.8 and 9.85. The oil
was dissolved in chloroform (%m}.) and analysed by g.l.c. as before
(see Discussion). Two other peaks, retention times 22 min. and

32 min., were observed in addition to the peaks corresvonling teo

the two ketones, (237) and (233).
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(@) Mercury-imoregnated resiqﬁgpthodzzs.

(i) Octa~l,7-diyne(30) (141mg.) and mercury-impresgnated amber-
lite [IR-120, (11)] resiz (129mz.) were heated under reflu% in
aqueous acetic acid (10%; 10ml.) for 3 hr., during which tire the
brown resin turned black. After cooling and filtering, concentrated
agueous sodium hydroxide solution was added to neutralise the
acetic acid, an:® the reaction nixture extracted with ether., The
ethereal extract was washed thoroughly with water, dried (magnesiunm
sulphate) and filtered. Jenoval of the ether gave a brown oil
(75mg. ). The i.r. gnectrum (liquid filr) showed a small pcak at
©33) jen, "t (vEC-H) and a large peak'at'~17200ﬁ._1 (vC=2). T.1.c.

(silica - chloroforn as cluent) showed essentially only ome snot,

(ii) Undeca-1,7-diyne(235) (110mg.) was treated exactly as
above, and gave a hrown oil (94ﬁf.), whase i.r. spectrunm (liquid
filn) showed a small neak attv3300cm._1 (vEC-H), and strong absorp-
tion at ~1719cn.”! (vc=0). 7T.1.c. (silica - chloroform as eluent)
showed mainly a spot of RF 3.7, plus several other indistinct
spots. The oil was dissolved in chloroforn (5ri.) and analysed
by g.1.¢. as before (see Discussion}. In addition to ths two main
pesks, several other peaks were observed in the g.l.c. traces.

(iii) 1In order to account for several unexpected necaks in the
g.l.c. traces, a blank reaction was carried out on the resin

(15>2.) as before. Analysis of this blank run showed several
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peeks on g.l.c., confirning the idea that the extra »neaks in the
g.1.c. traces ol the solution ‘escribed in (d) (ii} above, were

nrobahly due to low-boiling material which hacd heen extrazted from

the resin,

Reaction of octa-1,7-diyne(37) with agqueous ruthenium trichloride

in hydrochloric acid.

Octa-1,7-diyne(69) (117nz.) was stirred at 50° in zn agueous
sclution (5m1.) of ruthenium trichloride trihvdrate (9.1 molar)
and hylrochloric acid (5 molar), for 20 hr. After cooling, the
reaction mixture was extracted with ether, washed thoroughly with
water, dried (magnesium sulnhate) and filtered. BEvaporation of

the gsolvent gave a brown oil (Qémg.), whonse i.r. svectrum (liquid

-1

. . -1 . -1 ,
filn) showed absorition atw 3320cn.” " w2100cn. T, 2080¢n. T,

~19800m._1,~17100m._1,n4165Ocm.-1 and ~162ven.” . The absorstion

-1 -
at ~ 2350cm. © andw~1980cn. t was very strong.

teaction of phenylacetylene(??) with aqueous ruthenium trichloride

in hydrochloric acid.

4186

Phenylacetylene(77) (96ng.) (ethynyl conten .98 active

hyirogens per mole) was treatcd as above and gave an oil, (108mg.
n

JE Y- TV
33y},

identified as acetonhenone hy comparison of its i.r.
spactrum with that of an authentic sample, when they werzs shown to

be identical, an? characterised as the 7,4-dinitrophenylhydrazone
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. . 2 5an0 . .
derivative, ncedles n.>. 233-237 from acetic acid. The =n.p.

of an authentic sanple o? acetophenone 2,4-diritrophenylhydrazone

O . . . . 0
was 53 from acetic acid}, and the mixed ~.p. was 236-237".

.

Reaction of oct—l—yne(217) with acueous rut'ierium trichloride in

hydrochloric acid.

ct-1-yne(217) (10tmg. (ethynyl content'®® 0.99 active

hydirogens ner mole) was treated as in the previous reaction of (69).

i4vaporation of the solvent gave an oil (74mg.) whose i.r. snectrum

. I

(llquid film) showed ahsorption at ~320icnm.” 1

1

, ~2130en.” ,

, ~ 2370cnm. "

1 -1

~1380em.T" | «1720c¢n. !

and ~182Jcr. . G.l.c. analysis [250
Aziezon "L" grease on Celite, (8o-122 mesh» at 750] shoved five
pealss, retention times 2.% rin. (~5}, 2.9 min. (¥5%}, 3.7 nin.
(~22%), 23.8 nin. (~v40%; and 27.2 min. (~30%}. The neak of raoten-
tion time 3.7 min. was shown to be due to unchanged (217} and the
peak of retention time 22.3 min. was shown to be due to octap-2-one
(25%). Washing the solution with agueous silver nitrate ramoved

the nealr of retention time 5.7 min., showing that this peal: was

not due to a rearrangement tating place on the column.

Reaction of oct-l-yne(217) with hydrochloric aciqd.

Jet-1-yne(217) (100mg.; in hydrochloric acid (5 molar; 5ml.;

4]

wes stirre? at 53V for 24 hr. The reaction mixture was worked wup

ag before, and gave an oil (63ﬂg.) whose i.r. spectrum (lizuid film)

or
©
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was virtually identical to that of oct-l-yne, exceot for 2 small

\ -1 . .
nezlz at ~172)em. 7. G.l.c. analysis as bhefore showed only two

peazs, retention times 5.7 nin. (»95%), due to oct-l-yne(217), and

22.8 nin. (~5%), due to octan-2-one(255).

Rezction of oct—l-yne(Zl?) with agueous ruthenium trichloride.

dct-l-yne(217) (100mg.) wos stirred at 52° for 24 hr. in
agueocus ruthenium trichloride solution (G.l molar; 5m!.). The
reaction nixture was worked up as hefore, and evaporation of the
ether gave an oil (69mg.), whose i.r. spectrum (liquid film)

1 , -1 _ -1
, ~2130¢cn, and ~1720cm. ~ .

showed absorption at ~330Jcn.”
G.1l.c. analysis as before showed two peaks, retention times 6.7 min,

(~65%), due to oct-l1-yne(217), and 23.8 min. (*35%), due to octan-

2-0n2(255) .

Reaction of oct-1-vne(217) with ethereal ruthenium trichloride.

Jet-1-yne(217) (120n=.) in a solution of trichloride trihydrate
in etaer (0.1 molar; 5ml.) was stirred and heated under rzflux for
24 hr. Work up in the usual way gave an oil (72mg.), whose i.r.
spectrun (ligquid filn) showed slight absorntion at-3303cm.-1
and'v21300n._1, and strong abhsorption at'vl7200m.-l. G.l.c.
analysis as before showed two peaks, retention times 5.7 min.

(~23%), due to oct-1-yne(217), arnd 23.8 min. (~89%), due to octan-

2-one(255).
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Rezcsion of oct—l-yne(2l7) with rutheniun trichloride trihydrate

ir _stazer, saturated with gaseous hvirogen chloride.

Ather was saturated with dry hydrogen chloride, and ruthenium
tricaloride was added, to make a solution of 9.7 mclar comcentration.
Oct-1-yne(217) (100mg.) was added to this solution (5nl.) and the
reaction mixture was stirred and heated under reflux for 4 hr,

The reaction mixture was worked un as before, 2nd gave ar oil (110mg.)
whos e i.r. s»ectrun (liquid f£film) showed absorntion at ~17Zicm.” ™

G.l.c. analysis as hefore, showed that the 0il was mainly octan-

2-one(255) (~35%).

Reaction 0f oct-l-vne(217) with anhyirous ruthenium trickloride

in sther, saturated with gaseous hydrogen chloride.

Anhydrous ether was saturated with anhydrous hydroger chloride,
and an"yilrous ruthenium trichloride (prcparcd by heating zowdered
ruthenium trichloride trihylrate at 1300) was added to this solution
(8m2.) to make a solution of ..l =10lar concentration.' (Note that
the anhyirous rutheniuri trichloride was not very soluble in ethery.
Jet-1-yne(217) (1JUn3.) was added, and the reaction mixture
stirred and heated under reflux for 4 hr. Work up in the usual
manner gave unchanged oct-l—yne(217) (7lng.), identical to the

starting material hy i.r. and g.l.c.



Preparzticn of octan—2-one(255).

A solution of octan-2-01{256) (2.5gn.) in acetone (15ni.)
wes oxifised using excess of Jones reagent234, (8N chronium
triozide in concentrated sulphuric acid). The reaction mixture
was poured into water and extracted with ether. The ether extract
was washed with water, aqueous sodium hydrogen carbonate solution
and water, dried (magnesium sulphate) and filtered. Evaporation
of the solvent gave octan-2-one(255) (2.1gm. - 85%) as an oil,

b.p. 173°, no' 1.4150. (Verhulst and Glorieux

20
Dy 1.4151). The 2,4-dinitrophenylhydrazone derivative was

235 ,ive b.p. 173°,

obtained as orange needles, m.p. 57.5-58° from ethanol {(Moureu

and Mignona0236 give m.p. 580). (Found: C, 54.20; 7. 6.85; N,
18.40, Cl4n20N404 requires C, 54.50; H, 6.55; N, 18.20%), The
i.r. snectrum (liquid film) of octan-2-onc(255) showed absorption
at ~1720cn.” > (vC20) and t.l.c. (silica - 10% ethyl acetatc as
eluent) showed one spot, R, 9.55. G.l.c. [25:5 Apiezon "L" grease

on Celite {80-100 mesh) at 75°] showed only one peak, retemtion

time 23.8 min.

Attempted proparation of 2-chlorooct-1-ene(257).

A mixture of oct-l-yne(217) (4.5gm.), cuprous chleride (lgm.),

ammonium chloride (450mg.), pyrogallol (25mg.) and concentrated

hydrochloric acid (Tml.) was stirred at room temperature for 6 hr.

Ether was added, and the reaction mixture shaken thoroughly. The
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ethier layer was washed with water, aqueous sodium hydrogen
cerbonate solution and water, dried (magnesium sulphate) and
filtered. ZEvaporation of the ether and distillation g=ve
unchanged oct-1-yne(217) (4gm.) and octan-2-one(255) (200mg.),

identified as before by i.r. and g.l.c.
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G.l.c. experimental.

The g.l.c., senaration of the two isomeric diketones (237}
and (238) was attempted first on a Pye Argon Chromatograph using
45"x1/5" columns packed as given below with the conditions:-

(i) 10% Apiezon "L" grease on (elite (80-102 mesh) at 140°,
(Retention time of hoth diketones, 1 hr. 35 min.).
(ii) 1% polyethyleneglycol adinate on Embacel at 100°,
(Re tention time of both diketones, 17 min.).
(iii) 10% polyethyleneglycol adipate on Embacel at 140°,
(Retention time of both diketones, 47 min.).
(iv) 1% S.E.20 on Embacel at 75° and 50°.
(Retention times of both diketones, 19 min. and 1 br.
10 min., respectively).
(v} 1% Q.F.I. on Embacel at 75°.
(Retention time of both diketones, 1 hr. 15 min.).
(Vi), % Carbowax 400 on Embhacel at 1259,
(Retentipn time of hoth diketones, 30 min.).
fvii) 5% Carbéwax 600 on Embacel at 125°.
(Retention time of both diketones, 35 min.).
{7iii) 25% Carbowax on Embacel at 1257,
(Retention time of both diketones, 2 hr. 10 min.).

The bis-ketals of bhoth diketones (247) and (254), on a column
of 0.8%7 Ariezom "L" greasc on Celite /80-109 mesh) at 1??0, had ’
retention times of 1 hr, 14 min, and 1 hr, 17 nin., for {247) and

{254), respectively, but this separation was only partial, and was
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not g~.d enough for quantitative estimation of the peaks .
Separation of the diketones (237) and (238) was achaieved
using a Perkin-Blmer 451 Fractometer, with a 50 metre Folay
capillary column coated with polynropylene glycoal. The tempcrature
was 1500, the flow rate 55m1./min. of helium and the splitting
ratic 2:1::column:vent. Under these conditions, the retention
time of (237) was 35% min., that of (238) being 37 min. The
column resolution237 was 1.57, and the column efficiency238 was
577. DSguimolar mixtures of the diketones separated suffieciently
well to enable quantitative area measurements to be made, but it
wag found, rather surprisingly, that the flame-ionisation
detector was ahout 2% times more sensitive to the 2,7-isomer (237)
than to the 2,8-isomer (238). This unusual result was checed
and recheczed, but there appears to he no doubt as to its walidity.
“Znown mixtures of the two diketones were made un in sclution
in chloroforn, and anzlysed by z.l.c. (sample size'Vqui of a
Q.5% solution). The areas of the peaks were measured by triangula-
tion and square counting. A plot of area rotio te weight ratio
was drawn, and produced, as expected, a straight line passing
through the origin. The hydration products in chloroform were
then analysed under the same conditions, and the peaks were
me=sured (square counting). Using the graph above, the ratio of
(237) to (238) by weight was obtained. In all cases, the ratio of

the 2,7-diketone (237) to the 2,8-diketone (238) was anproximately

2:1 (Table 13).
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TABLE 12 — CARBONYL AND IYDROXYEL STRETCIHING ABSORPTIONS IiT SOLUTIJN.

-1y ?
v(em. Y Avl(cn. ) v(em, ™) Avfgcm ) vgcn. vlﬂcv. )

Comnound Solvent Molarity Cell length (em.)

CARBONYL ABSORPTIONS

n

Undecan-4-one CC1 0,022 0.051 1713{ 18 229

Undecan~4-one Et, 6/001 * 0,023 0,051 171"h 18 310

Stearic acid cCI, 0.0014 0.5 17u9b 23 175 17112 15 635

Stearic acicd CCl, 0,20038 2 1759{ 23 285 1711 15 230

Stearic acidéd Bt 6/001 * 0.0028 0.2 1737b 22 480

6-Xetodecanoic acid n- exane 0.0073 0,051 1706b oo 88 1715° 18 900

§~Fetodecanoic acid 00}4 20,2021 0.5 1759b 23 185 17132 19 790

6-Zetodecanoic acid cc1 0,00063 0.5 1709b 23 230 1713 19 585

6-Ketodecanoic acid C”C% 0,0024 3.2 1748] as 295 1712° 21 520

§-Zetodecanoic acid ut?0?0014* 0.0028 0.2 1736 26 465 17182 22 405

T7-"ctodecanoic acid O/CCl 0.2031 0.2 1738f 25 470 17202 21 415

2-Eyiroxyethyl stearate cc? 0.0013 9.5 17423 25 425

2-Hydroxyethyl stearate 6/001 * 0,015 0,051 1743, 25 485

2~Fydroxyethyl 6,5-cthylene- cc% 0.5023 0.5 1741% 28 435
dioxydecanoate 2

2-Sydroxyethyl 8,5-ethylenc~ EtQO/CClA* 0.0019 0.5 17417 28 485
dioxydecanoate ’ B .

o-dydroxyethyl 7,7-cthylene- cC1, 0,021 9.5 17427 25 475
dioxydecanoate 2

6,6-HAthylenedioxydecanoic acid Bt, O/CCl * 90,2029 0,2 1737g 25 475

Attempted ketalisation of 2242) CC% 0.93019 0.5 1759h ; — 140 17498 25 315  1714° 22 410

Attempted ketalisation of (242 Bt 6/001 * 00,0026 0.2 1739 22 485 1719° 22 315 '

AVHROXYL, ABSORPTIUNS

Stearic acid cCl 0,00035 2 3535 24 50 .

Stearic acid Bt 6/"01 9.0028 0,2 ~3500 — 32 ~3150" — 30

6-Ketodecanoic acid cCT, 0.0021 0.2 3534 25 45

§-Fetodecanoic acid cCl 0.00063 2 3534 a5 70 .

6-Ketodecanoic acid Et 6/001 * 0.0028 0.2 ~ 3500 — 30 ~ 3140 _ 85

2-Hydroxyethyl stearate 0.0016 9 3624 —_— 50 3520g — 15

2-Hydroxyethyl stearate mt 6/001 ¥ 0.016 0.2 3624 — 15 3470 — 100 .

2~Zydroxyethyl 5,6-ethylene- cC 4 00,0023 2 3642 —— 20 3623 — 40 25367 —_ 70
d1oxydecan01te .

Attelnted ketallsatlon of (242) CCl4 0.03219 2 3640 — 15 35623 49 25 35369 & B0
*1: 4, by volune

Assignments:- )

2 60 ketone. d vCO acid monormer bonded to ether, € vC% acid monorer and ester. ! v0% inter-bonded te ether,

vC3 acid monomer. € yCO acid dimer and ketone. vC3 ester and acid mononer J v0d intra-bonded to
vCQ acid dimer, vC) ester. bonded to cther, ester carbonyl.

POLLEL B
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TABLE 13 - PROPORTION OF (237) AND (238)

OBTAINED FROM IYDRATION OF (236).

Hydration reagent 238 237
BF3 -~ HgO 31 69
HgSO4 - H2804 31 69
HgCl2 - aniline 34 66
Ag-resin® 24 76

* D00 ruch trust cannot be placed in the results
ohtaine@ with the mercury resin, since extra peaks
in the g.l.c. traces confuse the issue, and blank

runs are not reproducible.
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TABLE 14 — REACTIONS OF OCT-1-YNE(217).

Reagent Products Comments

HC1 255; 5%) No "allene" (i.r, and g.l.c.)
217; 95%)

RuCl3/ether 255; 80%), No "allene" (i.r. and g,l.c,)
217; 20%

RuClq/water 255; 35%), No "allene" (i.r. and g.l.c,)

© 217; 65%
RuCl,/ether/ (255; 95%) No "allenme (i,r, and g.l.c.),
IC1 cas and shorter reagaion time than
reported method™ .
Anhydrous RuCl,/ (217; 70%) No "allene (i.r. and g.l.c.)

ether/7Cl gas °
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