Cyelie conjugated polyenes are discussed in relation to
the benzene problem. It is suggested that much of the

1 3,&)’7

- necessary infarmtien regerding A™? ~gycloBctatetraene

may be more easily scceasible through a study&i‘ the benz-
snbstitut,ed Al’3’5’7 i_;_&ctatetraenes, tempts to
synthesise such .‘subst.ames direcmy ar%xscribed‘ T!;e
first of these visualised a ﬁ&@ﬁﬁ ation between a

. ketonic group and a methylene gréup conjugated with it, but
the application of the memo@o simpler derivatives showed
that there was little hoi@\?f suecess by such & route. (The
investigaticn has, h ry yielded a method whereby certain
. fluorene derivativ, &:ecertain polycyclié aromatic types
gan be preparea&)\Q Three other attempts hed as their goal
the direct synthesis of 1,2:3,4-dibenz= 4139937 cycr08cta.
. tetraene. They included a study of the condensation of

| diphenyl-~2:2'=dialdehyde with succinic acid, snd with diethyl
sucecinate, and of the action of copper on Déu'adi-aigdo—lzé—
diphenyle at3.putadiene.  1,2:3,4-~dibenz-At181%97 ovoto.

octatetraene did not result from these reactions.
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Two attempts to obtain an intermediate for the synthesis
of 1,2:3,4-dibenz= A1?%cyclobetadiene-618-dione failed.

The Ullmenn reaction between ethyl-ort : p~icdophenylzacetat

: 3 _=Zeiodo=2'-carboxylate did not yield the
required intermediate for the preperation of 1,2:844:5,6«-tri-
benz= A1’3’5’7~gxg}_gﬂctatet.raenei |

A number of attempts have been made to bbt.'ain diphenylene
and tetraphenylene (1,2:3,4:5,6:7,8=tetrabenz= Al,s,s,ﬁém*
. ogtatetraene) In one experiment a small yield of a substance
believed to be diphenylene was obtained. In particular, the
action of sodium on 2:2'dibromodiphenyl has been re-—investigaied..
The available evidence would seem to indicate the formation
of free radieala in the Fittig reaction.

It has been established that the Ullmann .reaetion takes

place by a mechanism involving the transitory existence of
free radicals in solution,
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The problem of the structure and améﬁie character
of Lenzene has been considerably sdvenced towards the gosl
of ite final solution during the last fifteen years. This
hes been made possible by simultsncous progress in both the
theoretical and practicel sides of orgenic chemistry. {n
the one hund, many new physical methods of structure deterw
mination bave been evolved, while on the other; the
¢lgboration of the theory of guantum me@hani@él resonance,
besides giving great iﬁgmms to the practical investlgetions,
has made predictions which so far have shown excellent sgree~
ment mw the ‘pr&c%ical resulw The modern conception of &
ar hexsgon (of
side very nearly 1.38A), esch carbon to carbon bond possessing
half double-bond chsracter, The molecule is stabilised and

benzene molegule is thet of & regular coplans

rendered less reactive by its considerable resonance eRergy,
the cmount of which hae been both predicted and measured.

The extent to which conjugation alone can contribute o
aromatic c¢harecter is to be deduced from the properties of the
diphenyl-substituted straight-chain conjugated polyenes of
genersl formula (1), which have beem prepared and imvestigated
by Kuhn and Winterstein (Helv.Chim.Acta., 1928, 11, B7-151).

Taese compounds show properties which are very reminiscent
of thoge of benzene. They are surprisingly unreactive and




stable to alksline pormongonate, particularly 3sBediphenyle
Ady@s8 poratriene (I1), while on reduction with sluminium

gam, Bydrogen is sdded to the ends of the conjugated

Xe

¢hain and the m& abrupt cémnge in resctivity is femrvama'
a5 when benzene i reduced o dihydrsbenzene. l:4-Diphenylke
butadiene will not add hydrogen dromide under zmy condiitione
which heve o far beon devised (Blits, pun., 1BB7, 296, 231;
Bevers Ber., 1904, 37, 3321). This ie enother instonce of
the remarkable reserblance which these straighteshain mm»
poudia show o the -c:yevlié sonjugated swm'i?me, benzeno.
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&n excellent oxamwple of the fact that all cyelic cone
Jugated structures are not necessarily aromaticy however, is
to be fourd in the propertics of the azulenes (fox' & review |
«Bep.y 1937, 34, 393-397).
The azulenss - e.g., azulene itself (III{')* {structure proved
by Piattner and Pfau, Helw,Chim.fcts., 1937, 20, 224), and
vetivazulene {IV) =~ ar‘é ean;;ugaﬁe& dieyeclic structures con«
sisting of fused five~ and seven-membered rings, and they do

not show ony aromatic character. They are, for immaé,

and refeprences see Haworth, Ann

easily oxidiced by permanganate. Some of their propecties,

however, (€.g., their px*ﬁﬁmﬁim from the corresponding lydro=
é:.er«éxa&iwé& by dehydrogenetion processes, formetion of doudle-
compounds with picric scid, ete.) are nevertbeless reminiscent |

of those of mromatie hydrocarbons like naphtheienc,

-
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Ever since Thiels first called attentisn to tha gyelis
eonjugated nature of bensens and its hmelogues, attention
has naturally been dirested towards the properties of ether
ayclis conjugated polyenss. These shich have boen most dis-
cusasd in referense to the bensene problam are thoss most
nsarly related to the latter ssbetance, mamely, A *3-gyale-
butadiene (V), end AM*319v7 groiguctatetrasne (VI).

CH =CH ﬂa—-cx\
2 f w
- Nem-cH
V. vi. Viie

A"‘W (V) has sever beem prepared. It
bhas been predicted that such a substancs would not de aym-
metrical, would exhibit mo resonmnes, and, ia view of its
snergy content in relation o that of ethylens, would tend
to disscciate (lenmard-Jones snd Twrkevich, Pros.Rey.500.,
1937, 156A, 207). This supperts the view leng held that
such & structure would be incapsbls of existence en the
grounis of ring strain. The ring systea sppsars 10 bs meore
atable in diphenylens (ViI). This substance was prepared - -
in ssall quantities hy Dobbie, Fox snd Geauge (J., 1911, 28,
$833 1913, 103, 36), but it was net theroughly investigated.
Latsr attempts to prepars it have failsd (see Mascarellt,
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Gatti and longo, Gazzetts,, 1933, 63, 661). 1its further
exasination by modern techniques woulc be of great interest,
and for such purpose attempts to prepare it have been made
in the present series of experimenta.

Cygigtictetetraene was repocted by “illstatier andc his
coilsboratore (Ber., 1911, 44, 3423; 1913, 46, 517) to possess
propesrties typical of an unsaturated compound, snd to show a
tendengy, particularly when slightly impure, t¢ form a di-
cyelic structure by bridge~formation across the ring. The
meterisi wes prepared by an exhaustive methylation proceuurs,
anu the structure of the intermecicte dibromogyglolictadiens
%as not pioved. Hurd and Jrake (¢./mer,chem.30g.y 1939, 61,
10%3) doubt whether the gyciodctatstrsmne prepered in this way
was the 19977 {s0mer (Vi) since by pyrolysis of (Vill) they
ocbtained only ethyiacetylene (iX) anu methyislliene (X), and

net the conjugateu structure 13 _butaaiene (XI1). it might be

w — @ — o — @y
§(C53)3 ?(CHQ)S
UH OH

Viil.

CH=C — CHy~CH;  CHy=C = CH—CHy  CH,=CH —Ci = CH
Ix- x. XI.
held that if the compound obtained by willstatter wes not the
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Al*ﬂ’sfs*? i.samw, this would be on indication @f the zesser

stobility of 4418557 J”_;g&atatﬁtraex;e {(VI) a5 compared with
the isomerie products aﬁ%ﬁateé by Burd snd Droke’s results.
This, however, ie not necessarily o, Bime abs, kﬁﬁ@@ﬁ&ﬁé
{X1) e very much more atable than its izmmezs (IX) and (£},
bnd hes been celeulated to have 2 mamame gnergy of B kg.
eals. (Pauling and 5. Chom, Phys. 1933, 1, 6083 679).
{n the mm of 'i;lm theory of quantum mechanics {Lenn:
Jones end Turkevich, ic ,ciq ﬁu@k&l‘, ZePhygik, 1981y 70,
.oy, Soe. ) Alﬁaﬁdﬂ?ﬁgL
Betatetraene (VI) will be next in at.aml Ly m bonzent, et

sinece eight unsaturation electrons will be present in the nole-
cule {siz represents the most steblis vzg;mg posaible) its
resononce energy will be emaller than that of benzene, namely,
1848 Kgecolss as egainst 30.8, calculated on the mere basis.

; lot.0i%., caleulating by sncther method,
#ive 37.3 kg.eale. Lor benzens, and 25.1 for & straight=chain
2193557, tetlraene. The moo t aecurate obs ewsz@ waive for
bﬁnzem 8 36.0 kgecalﬁa =~ Kistiskowslky, Huhoff, Snith and
Yeugheny gl -*-;,che:m. %, 19365 58, 146). The molecule
w41l in all probability be not quite pianer, siternate
carbon atoms projecting slightly sbove and below the plane
of the ring. The lengths of alteroate corboen-csrbon links
have been caleulated at 1.434 apd 1.854 (ef. single-bond
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1.544, &mhl«:ewbvmé 1.834), and es the epergy beririer between
the two equilibriom forms is only & kg.cels., the change from
one to the other will toke place repidly at room temperasture. .
The e&yaﬁmm‘tﬁ, confirmaiion of these Tesults awaita the

preparation of an 'mt@hem.ie‘ specimen of AL4335547,

syciolctaw
tetreens. There have lately beon g nunber of indicatiocns

{sec Vincent,;Thompson snd Smith; J.0pz.

e,

Kohler, Tishler, Potter and Thompson, .
g1, 1057; Steadmen, ibid., 1940, €2, 1606} that experiments
are in progress which heve as one of their gims the spnthesis -
of this substancé. Since the gmouncement of the prepsration
of gyelodetatetracne by Willstatter, attempts huve been made
to eccount for the properties shown by this substance. The.
 above predictions ,.. ami particularly the doubt which now exista |
as to the suthenticity of Willstatier's meterial, make it
unprofitable %o discuss them.

it seemed prsoible ab the outsst of the investigations
herein reccrded, that the s@bﬁnzwsubatimﬁaé eyelotictatetraenes
(Rugey KI1), mig
cloBctatetraene iteelf, and thet these substances

t present & simpler synthetic problep than

that of g
might well prove 1o be z;uff‘@cz&;@tlg steble for their chemical

cnd physical examination to be pogsible without undueé risk of

amgements.

coppliications arising owing to intra-moleculsy re-arr



oH = CH\ |
(‘?H wH=CH—CO—uJ2—CH.E COCH
CH
CH = CH
XII. XIIl.

The subjection of such substances to analysis by X-ray
erystellographie, electron diffraction, or long-wave spectro-
ssopic methods might yield much very velusble datsa concerning
the 41’3'5’7wwutet.:aam ring-aystem, wnile direct
neuduirement of heats of hyurogenmation mizht allow an estimste
of Lhe resonance suergy o0f these substences to be made. In
thia way, at lesst inmdicect evidemce would be forthcoming
regaraing the sromatic character or otherwise ofdl'a'é”'-
gigigdctatetrasne. A ayn.u"letie. method which might well be

made to ;yieiﬂ 1,2-bemz-Al'a’sﬂ-m;g&ctatet.mem (XI11I) 1s
that of Sen and oy (J.Ind,C e., 1930, 7, 401). (This
reference is extremely diffieult to trace in conmection with
gyclgbctatetraene or its derivatives, and was only encountered
when tLhe rescarch embodied in this thesis wes almost completes.
«% B8ewzd Lo houve bDeen likewlise missed by other workers in the
field. its possivilities are now being investigated in this
laboratory). These workers describe the cyclisation by acetic
anhyariue of S«benzal-lasevuiinice ecid (XII) to yield an enolic
subatance, the structure of which was not yroved, 1t was

fornulsted a8 (XIV) or (XV), and in view of the fact that the
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materdial ylelded 2 ﬂi?a‘e'myl derivative, there would seem to
be little doubt that such z formulation is substantisily

XY,

correct. If &zﬁsﬁmwAi‘*aémaatadimﬁ,ﬁﬁme {XIV) exiets
in the eaclic form {XV), this could be accepted as evidence of
8 gontribulion Ly resvnance Lo the &iabili,ty of the ly2-benz=
AYs35%e 7 oyetoBotatetraene structure (XII). Methyiation of
the hydroxye-groups of (XV) might make the examination by

physical methods of such & gtructure posaible, while by o
route involving the application of elimination resctions {(XIXl)
itself may be -aaé@srsible from (XIVy XV).

%hiie the research herein $%¢ be desceribed was in progress
two publicetions appeared in shich attempis have been made o
prepare benz-substituted gycloletatetracnes for the seme reason
{namely their probable grester stedbllity) as prompted their
dnvestigation in the present series of cxperiments. Unwzonek
(3. fmer.Chem.Boc. s 1039, 61, 1943) by en ingenious route,



gbteined the diketone (XVI). This substence behaved
- iike an open-chain 1,5-diketone, and did not exist in an
gnoclic form. Thﬁg there was, however, some tendenty

on its part to yield the amzspaming diu‘bezzz gyelo

ﬁum%tﬂmﬁe rjﬁg syst@a is clear from the fact that

it was possible to prepsre the dlacetate (AVII). The work

so far gompleled h;,r Fry and Fleser {(J.fmer.Chen.3og., 1840
158 ntioe

£2, 3462) includes the preparation of 1,2-benz-4
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cetadiene-4mcarboxylic acid (XVIII) and of 1,2-benz- Al-
~ COCH
l
e LN
o

o
CE,—CH,

XVIIZ.

Clig—Chy

| ¢o

!
cw,,

oy

XIX.

veloGeta-S5-one (XIX).  Work along this route is still
| | A¥93219:7_

in progress, the objective ma;ing 1y2«benze
gytlobetatetracne (X11).



The investigations here recorded bad as their ultimate
object the elsboration of a synthesis of benzgvclodctas

tetraenes by o dehydration mechenlom ns follows:w

| =S %
L Oy Co L eR=t

~v

1 I
Ry By

&

ls ‘
A typical oxaiple of such syntheses would De the production

of lephenyled:d-benz- .gycleBetatetraene by the .

ggﬁ&gﬁﬁhﬁrﬁ%ﬁi@n of o substance of structure (1I)ie _

So 1ittle is known concerning dehydrations of this type,
however, that vit. was deemed desirable to begin the investi-
gacion wWith a study of simpler cas«eé, wﬁer@. steric eifects
would not be so marked ittention was first direeted, thore-

forey t0 the dehydration of substances of the general type (1I11),
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DUrSe hew decided on not only because of the vaiushle

ezpsrichce @hi@h it would gi&m, but also becsuse the
emmmm of methods for effecting :ﬁews‘immm of this
type might provide & useful variation of the well~known
Elbs synthésis for the produetion of polynuclenr aromatic
compounds. Ihis synthesis, it will be remerbered, is
exemplified by the conversion of .a«am&i@élwmmaphmm ‘M
anthracene by . pyrolysisi- '

Cyglodehydrations between carbonyl end reactive
methylene groups have freguently been recorded.  For |
excmple, Kipping and Peskin (J., 1888, 8, 335; 1890,
82, 16} by the action of consentrated sulphuric acid on
ot sw sﬁi,acaﬁyipmmm, &t&iﬁ@ lvmmiwz‘ﬂmeﬁy};sd =
eyclohexene (V), while Bogert and ﬁ'@umm {Zydumer, Gt
Sog., 1983, 85, 4670) prepored ionenc (Vii) by hea@ing




 the o« and d«jopones (V1) with iodine.
examples are avallsble.

¥ii.
rareful exemination of the literature has revenled but one
example . however, in which the methylene group participating
in such & Wﬁiaﬁ,m port of a methyl group direstly
attached to a benzens ring,and depended for ite reaclivity
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on the ¢arbonyl group conjugated with it through the ortho-
position. This is the case of the formation of pyrenthrone
from 2:2'~dinethyle1tlt-dianttraquinonyl (VII) by the action
of 2zine chloride (Scholl, Ber., 1910, 43, 346):-

The firat step in’ihe investigation mmﬁs‘md then.of an
attengit o @%@aﬁn mnycmabmzmguracem {(Vilior iscmer}

j yiidenemtetotralone (IX), snd,of the
w‘ieua dery&rawng sgents employed in at.tezapta o oring
about thisy and later, gyclisstions, only scdamide and
phosphoric oxide were found to be smwssml; Lehydration
in this way of fﬁaaﬁha%@l&*ﬁﬂenew%etm%@ne geve &




- 16 «

hydrogarbon C, H,,, isomeric with dihydrobenzenthraceme, but
which could not be dehydrogensted. On oxidstion it gave
a ketone, ! 1&312@’ presumably Semethyle3: |
iz’ziica’ting thet ayamgm in thé nucleus hod been stlacked

in Pr&fﬁrema to that in the methyl group, with the pro-
Lhyle3sd-benzfiverene (X). ' This inters
pretation of the c,xclisatiea was eanmmm by aubg coeting
 2-benzylidenemamtetralons (XI) to the same conditions,
when ﬁw;fmmfm was obtpined (Covk, et.al.,; d., 19356,
rligent

&ua%wn G}f“ Bemethyleg:d-benzflug

1323). Attempts to cyclise the simpler Zsoriho-toly
¢yclioh :

XT. . XI%.

paralleled by that of Cook and co-workers (loc.cit.)y
ehiained fluorene &eﬁmtﬁwa by the astion of sulphuric
acid on Z~naphthylmeihyis end S-phenanthrylmethyl-gye
hexenonesy but were uneble to ceyelise simpler bensyl

- derivatives.
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The fact that nuclear hyuro,ens in the ortho-posiuion
were .refecentislly sttacked in the dehyurations stuaied,
lea to an investigation ¢of ithe action of dehyurating agents
on suostances in which the free ortlw-position was blocked,
as would be the cuse in 2«-(ortho-zmethylus hthylicens )=y
etraloge(%ill). For the purpose of prepucing such
substances, an attexptl was made to obtain Z2wnethyl-le
nepithelsehyds Ly Lhe proceuure described by Hinkel,
fyling =ni Beynon (J., 1936, 339), for the preparation
of a number of aluehydes including that of 2:56-uimethyl-
l=napathaluehydie frou 2i16-dimethylnspthalena. The pro-
dugct of the reaction, however, had the behaviour of a
mixiuce, anc the material could not be sepurated into
its components by the ususl methods. IJecourse was,
Liei'elore, had to the use of 2:436-trimethyl benzaldehyde
(wesityladdehyde) (iinkel, Ayling and Beynon, Joc.git)
an. wie acuion 0i ashydratin, agents on its ccniensation

(¥ il
Ne”? 0 "
"*a? Ne#
[
e !,
viig / e
inz

Aiil. | Xiv.
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sitniucts with <=tetraslone and «~-hydrindone stuuded.

lidene)~t~tetralong {(ixiV)

save in this wey a 94i yleld of three isocmeric hyurocarbons,
for:ulated &6 S:F=uimethylexix'-dihydro-1:2-benzanthrecenss.

The cevion of selenium on one of these gave & hyurocarbon
formuluted as 23 =13 athraceut. Five

o1 fmulivethy l-x:x'=dihydro-1i2-benzanthrecenes (iV, VI,
4V1I, AV1II, XIX) might possibly result from the gycle
uehyuration ci 2(2':4'316'-trimethylbenzyliicne )= X
tetrulone (XIV)e OF these, (XV) end (XVI) would be exgected
to furmn stable picrates, since they contain the naphthelene
nucleus. Of tae three hydrocarbons isolated, two did form
8tavle plcrsatea, ani it is reasonsble to assume, therelore,
that Laey were (AV) anu (KVI). That which formed an unstsable
picrate woula be (xvil), (xviIi) or (x1¥, aince such structures
wouli not be expected to give stable picrates. (f thess,
KiX) on secount of its "quinonoid” structure would almost
certainly be coloured, ana may probably be ruled out.
wWoreover, it, as well as (XVil)), would probably teni to
revest to (XVIl), in which both the asterisked double~
bonus form a conjugated system betwesn the terminal rings.
Thus it is posaible that the hydrocarbon which formed an

Uusteble picrate was (XVil) rather Lhan (AVIII) or (£iX).



- 19 -

CH,

AVIIi
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It is clear from the foregoing thst dehydratiom in
the sense @f {111} {1V) is possiblie only where an
aiternative moede of dehydration, resullting in the formation
of flucrene derivatives, is rendered impossible by the Lntme
duction of bxeckmg substituents inm the ‘mamtic ring.

& .f&sz'mer mim with regar& to these ﬂgmmtiam is 1o be

- XKL

to undergo dehydrstion, for both these substances are
copable of enclisation only through the migration of &
Mgm aton from the methyl group attoathed to the
a:*@amatic rmg aystem.

Assuming that éehy@aman does oceur vie an emlw
phase, it ceemed likely thot dehydration in the sense
desired would be Pecilitated by the use of compounds of
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the tgzze (XXII) in which the methyl groups would be
em&m& to &hﬁﬁ ﬁnhsmm maﬁtivity ;3 and at ihis stage,
therelore, em-;m were concentrated on the devolopment

of & convenient synthesie of the 6-~, ethyie 3 .
addehyde (XXIV) which would be necessary for the gw&uatiw
of substances of the desired types eggwmmz,) .

A L CEy  CHy
o o
GH, L LR, 2
H"{ /N eHo mf /e
XXIV. XXV,
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| $ince the tetra=hydro-ortho-toiuonitrile of Linsteed
and Billidge (J., 1836, 452, 485) appeared from the snall
Field of its condepsation product with ethyl malonate to be
predaninently  (XAXV), stiaspls were made $0 reduce the
material by the method of Stephen (J.; 1925, 127, 1878).
- Only small yields of aldehyde mr& ‘obtodned, hémng anrd
besides unreacted nitrile, smell quantities of & higher-
boiiing nalogen-¢onteining aldehydic material asccompanied
the produst. '_'fhis latier material was not investigated
mﬁiw; It secned possidle that it had been formed by
 the sddition of hydrogen chloride scross the double~bond.

That %ﬁ;& fallure of ithe nitrile to reduce wes not
entirely Gui to the sterie effect of the methyl group s
in axmwmmmiwue {Stephens,y loc.eite), but is o
property probebly comen o all c¢yelic «w6-unsaturated
nitriles, was clear from the fact that 2~-gyelohewenee
nitrile (AXVL) was similariy unrecactive 4in the Stephen's
- reGuction. It also gave smpll qusntities of & highes-
- boiling aldehydic material which contained halogen.

 Numerous sitempts to incresse the yields of the
required aldehydes by variations in the conditions
ﬁpeﬁmmivé during ‘the reduction met with fellurey ond
recourse was thorefore had %o the reduction method of
Sonn and Huller (Ber., iBib, 62, 1927).
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The first stvep in the application of this nmethod was
the hydrolysis of the tetra-hydro-ortho-toluonitrile to the
corresponding carboxylic ecid. The nitrile wae very resistant
to hydrolysis by aleoholic potassium hydroxide, ani when strong
sulphuric acia was used, much ¢arbonisation with evolution of
sulphur dioxide took place. It cénlé, however, be bydrolysed
emoothly by means of 95% phos;;horic‘ acid (cf. Berger and
Olivier, fec.Irav.Chim,, 1927, 46, 600). All three methods

gave the séme homogeneous acid, which was identical neither
with the Z2-methyl-A'wgyclohexenecarboxylic acid (XXVII)
described by Key and Parkin (J., 1905, 87, 1074), nor with
the E-nethyle 4'-gyelchexcnecarboxylie acid as described by
Bazza and Cremona {(Gazzetta., 1927, 57 318). That it was
the latter acid (XXVI1l), however, was clear from the fact
that its aegéadation with ozone followed by dilute per-
ﬁsax;gaﬁate yielded 2-methyladipic acid (X{IX). (It was
found imposgsihls o obtain homogeneous degradation products
by divect oxication of the acid with permsnganate, altieugh
Mazze and Cremona (loc.cit.) obtained Ze-methyladipic acid
in this mj from the mterial prepared by them. Price
1939, €61, 1847) hae reported failure

to obtain Lemethyladipic acid by the permangenate oxidation
of “i~mpethyl~- A'mgyclohexene). |
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Both reduction procecures geve the same aluehyde, namely,
Gmmelhyle A=cyclohexenegloenyde (XXX). Since alternative
metihocs for the prouuction of the Aa-iamr (XX1X) were all
very long, it wes not ueemed possible to pursue this aspect
ol the investiation eny further, and efforts were con-
cantrateu on snother mode of approach.

it seaned jossible that by interchanging the reletive
dispositions of the carvonyl anu methyl groups as compared
with (iI1), the gyclo#ctatetraene ring system wmi;ht be pro-

duced by a reaction such as (XXXI) — (XXXil). As before

CH,— CH CHN N
~ HS \ Ve H? ,../ N —
ciL, ™ CH CHy T L‘H
| ¢ é ,,'H ) c CH
3 [ ‘032
% 7N 7 .7 Y—w”
N ch CH— CH CH,, -



it was deemod advisabie to confine first experiments to
. rolotively simpler, but similer, dehydrations of the iype
(XXXLIT) — (XXXIV). Such experiments would sgadn have &

o ey

nificance, sines, if suceessful, they would not
only form a motel for the projected gygloSetntotraene
studiesy but would else provide a rapid ond mmﬂﬁt '
synthetic method for the pmd.mtmn of E&ﬁmﬂ}w
sromatic types.

oo ‘@mﬁenﬁaﬁm ef erstonslichyde with verious
kotonas suggested iteell as o wery eénwmi@m mathed of
obtalning structures of the genercl type of (XXXIIX)y
bt experinents along these lines hove busn somowhat
dicappointing. The structurcs clmed 4t for thess proe
' stonylidene decivatives

of «stetraione, gyelohexanone

{XXNV, XAIXXil, XXXVI, KXXVIL, mape%im@L
Ho comdensation of erotonaldehvde with <~tetraione
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¢ould be ac e under conditions which were successful
with the other ketonoss and this method of preparing
(XX%0) bad 10 be sbamdoned. Then Gyelgy
srotongldohyde were subjected to conditions successful

© for gyglohexanone, a resinous materisl, very similer in

ite p&wﬁmaﬁ. characteristics to the product of the vgaetion
between ethylene Gichloride and epdiumpolysulphide, was
produceds Its snelytical figures gmémei. it %o be o
pelymorisation product of ¢rolonaldehyde, although it

woo only formed in the presence of gyel

clopantanone. ¥ilder
conditions sided the condensetion of the yed
with the crotonsidehyde, and prevented the formation of
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this resin.

- Cyelohexanone, ¢yclopentenone end acetone, when

condensed with erotonaldehyde, gave complex mixtures
-ﬁf prouucis Lrom which the erofonylidene derdvatives
gonid not be se;;wgte& by fiiz;stim?;iﬁﬂ mepﬁ in the case
of the acetone condensationy the iﬁwéz‘hiliag fractions
from which were mainly crotonylidene acetone (XXXVII)
(ﬁewemm, W, 258, 86)s  An sttempt to obtain
toluens tm this mmmce by the action of phosghoris
exi&e feiled. Since the grotonyl g=cyclohexanone {XXXI1T)
dene-cyelopentanone (XXXVI) could m&% be
obtained in a pure at,ate, they were not subjected to the
aﬁ-ﬁm ¢f dehydr
.ma mixtures of condensation productys obtained was shown
by the feot that their ges could beé obtained
from the lower<boiling fractions of these mixtures.
Horeover, in an attempt to isclate and identify the other

Sd0

vting agentas: That they were present in

Learbazones

profucts of these condensations, the waterials wore

subjocied o byzimgeﬁaﬁm; when Zensb tleyei@hém&l,
butly. sayelaggntanug@, #nd methylen-gnyl-kotone were

m&pectivexy isoiated a8 one gr@ciuct in each of the three

. €BOeE, '
. Hepeated attempis to iﬁentify the other hy&mgﬁmtieﬁ

products feiled, Their amlg%iml ﬁgux*es in eaeh cong

were inconclusive, and it hss been impossible to come o
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any definite conclusion as (o0 their nature. It seems likely
that the ketlones react wit. Lhe crotonaldehyde mot only at
the carbonyl gioup, but also at ihe double bond (ef's Stobbe,
v fr.chem,, 1912, §6, 209;,

Further work in the same fielu consisted of an atteapt

o cbiain 2'-agetyi-gyclohexylicens-gyclohexanone (X .XVIII)

P ——cug\j
N\ -

SH, — CH, CH, — CH,

Hy

XXXV1ii.

by condensinyg gyclohexyliuene~gyciohexanone with acetyl
¢lluoiage in tae presence of stannic caloride. .elf-con-
sensaiion of the gyglghexylidene-cigichexsnone tovk place,
however, under these comiitions. Further iavesiisaiion
showed tuat this did not occur in the absence oL citier
the stannic chloride or the agcetyl chloride, anc tnat 1t
wad not & general reaction, aince zn analogous product
was not ootedned from gygleopentylidene=gyglopeitancue

unuer the same conuitiona.

- e

The above investigation into methods of effecting

gyalgdenyirations of certain types of ketonic derivatives
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has shown that c¢yclisation cennot be achieved in all cases,
and that when it does ovcur more than eone mode of dehydration
moy be poesible. It would seem ressonsble 1o suppose that
where eight-menbered ring«formation was projected {see II)
guch difficulties might be inereaped, by the vperation of
sterie effects, and by the greater geparation of the ketonic
groups from the methyl groups - the latter baving been fowd
comparatively unresctive in compounds with chorter chains
{type 1I1). Morecover; gytlodohydrations when successful
$¢ require rather hersh conditions, and in view
2lgbctatetracne rings

were found
of the probable instsbility of the gy
systeny there would seem Lo be some risk of re-arrangement
resctions oceurring during the gyglodehydration of substimces
of types {11) and {XXXI), despite the ?‘Gﬁéﬂh&& greater
stebility of the benz-substituted gycloSctetetraenes as
cloBotatetraene itself. For these reasons

compared with gy
it wes felt thot gome other mode of approach to the benz-
eycliobotatetraene series should De sought, and the above

OF METHYLen-piYL KBTORS
In en attempt to idGentify the methylen-amyleketone
formed sbove as & result of the hydrogenstion of erotony-
1idene ecetone, the materinl was converted to the semi
earbazone by treatment with an aguecus-aleocholic sclution
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of gendcarbazide-hydrochloride end sodium acetate. The
semicarbazone thue isclated had a melting-point of 86-97°,
which remained wnétaﬁt on its recrystallisation from
agqueous aleohol., After stonding overnight the meliinge-
poiot of this 'mwria;i, changed %o 121-123‘"“, a value
agreeing closely with that recorted in various places
in the litersture for the genicarbazone of methyl-n-~
amyd ketone. In further experiments it was esteblished
tiat the change cccurred without loss of weight ond that
the final preoduct was delinitely a monemeric form of the
espected pemicarbagone. (Found: €, 56.0; H, 10.0;
Bs 24.2; 1 (ebullicacopic in ethyl alcoholl, 1585,
Cgly 0N, requires: C, 56.1, 8, 9.9; N, 24.6%; ¥, 171)
The change took place with equel ease if the lsbile
nmatorial were left in sciution in ethyl aicohel in the
20ld, or if 4t were keplt in the dark. |

| Successive preparations of the lablle semicarbazone
were more and Mmc., ungtable, until this seslcarbazone
begzne unobtaineble in the pure condition, cruda materisis
melting between 103° and 110% being obtained, which altered
repidiy to the pure stable form on recrystedlisation. Fany
varistions in the conditions of preﬁax*atien were tried
without effecting any charge in the nature of the product,
“gnd after & perded of two zéonth& it was found impesaible‘ -
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using the sene neberials ond conditions ~ to produce anyihing
but the higher-melting moGification. |

- This has prevented further study of the lower-melting
aeterisl, & maﬂw of :imp@rmmw in esﬁ:abmming whether
or not the two fors ere stereocisoners, and mé’fik@?‘ﬁm>

higher-melting modificaticn is not perbaps an equilibei

mizture of the lower-meliting material and enother sterao-
fsoners | | , o
The asetion of ultresviclet light hes been known 1o
convert stereoisoieric pairs of hydrazones inte an
oguilibrion miztere (cfs Wilson and Haceulsy, ., 1074,

326, 861). %hen the semicerbazone of melting-peint

121-123%, or its solution in ethyl alcchol, was ssbjected

to the action of Hl@aﬁiﬂ‘iﬁﬁu@% light, no change in peltinge
poiat could be detested. (u the other hand, it hos bsen
reeorded 414 & Eeé,rga mmber of ¢sses that by recrystallisation
from acide end alkali-containing solveds, the two sterco-
isomeres nay usuelly be obtained, but when the semicarbasone

of peltisg-point ,1%:1»-1%’3 was recrystallised from gguesus
aleohol conteining traces of eitkor sulphur dioxide or
anronia, no change in meliing-point was observed. Ii@a |
géyamzmﬁﬁ@a Lron Lpdfferent soivents such ag Dengene,
chierofora, mtmleum, ett., Was egually ineffective.
Attempis were then mﬁe to isolote lobile and stabie
formas of the semicarbazones of mwg},ﬂﬁahﬂy}. and mﬁhyl—»

n~hexyl ketones without success. In the cage of methylens
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butyl ketone the semicarbazene hed meltingepoint 123.5° to

Eﬁ?ﬁﬁi&ﬁﬁ?ﬁg

Tetralone (efa iﬁa@m@m ﬁﬁdﬁ&i&)@m, -'ﬂlvwmm@cf@_ ~v
832, 15, 138

4 slow gurrent of eir wes passed for three days thoough
totraiin heabed 1o 60 to 80%, a little metallic tin being

edded a8 catalyet. The peroxide formed wag decompoacd by

shaking with an excess @i’:‘ a mmm&r@m mmﬂezi of faryous
suiphate. #&fter aﬁmﬁm of the sguecus my@r, the mizture

wos washed snd dried and distilled through an efficient
winrr. Pieid of ooTateslone kot 195 b gt 1o '
GOLuRT ¥ieid .ﬂ,f «<»Tetralone ebout 12k Dept. 132 7 150m .0

B pbe 217°. In sowe experimente the yield of

" semicarbazens
««Tetralone wes muchlower, but & definite improvement
a@@w&a %40 remlf. from the aﬁﬁii,ian ¢f & trace faf penzoyl

- peroxide %ﬁ the repction mxmmm

_ Benzel :aﬁgﬁe fmmgms@ s & mol.) end xeTetralone (£9.2gms.
1L mok.) were treated with aleshelic W‘Zﬁﬁﬁiﬂlﬁ hydroride golution
{48, 200ces. }. The solution begome m&n and eryatals were

) wp@&sﬁeﬁ. ainost imeﬁiaway, After @t@nﬁi;@g for three hours

the solution was mutx*aimﬁ with soetic acid, the erystals
 filgered off and the £iltrate -ssx%mmeﬁ with ether. wistilletion
ich formed

gave 2ebenzs

1idenes < tetraione bopt. 2102125, W
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13ght yellow rhovibohedra from sloohol; mepls 105%,  Yieid

40gms. s 85%.  (Found: C, 87403 Hy 6.0. €, H, O requires:

Cy 87.2; Hy 6.,00). I 4id not give a semicarbazone.

3:4 Benzfluorens |
2-BensyliGene=- « «tetrelone (25gms), dissolved in xzylene,

wes refluxed for 15 hours with successive portions éi‘ '
phosphoric oxide. 7The xylene was decanted, evaporated, and

the residue distiiled at 2umma. prossube. The distillate (7gms)
was troated with an alevholic solution of pleric acid and

the picrate filtered off {.&gm.}. Resrystalliised from elcohol
i% hog Bepty 130-131° and geve on decomposition 3:4 henze
fluorene, m.pb. 124-125° (,35zm.) (Cook, et.nl.y ., 1935
1583}, 3:4 benzflucrens was not obtained when the sbove
materisl was distilled through het zine Gust, but '
eyelisction wos effecte¢ in elightly lower yield when

sodemide was used in plsce of phosphiric oxide.
Grino-tolualdebyde

Optho-toluonitrile, prepared from ortho-ioluidine,
was hydrolysed to -o-:fthaa;wluicz eclid by mesns of 953 ‘
sulpburic acid. ¥he acid chloride, obtzined by she action
of thicgyl chloride, was coaverted to the anilide in the
usual way, and the action of phosphorus pentachloride on
‘the latter gave the imidechloride., Heduction of this by



the method of Senn and Huller (ma., i1, 52, }5@27) a8
seribed by Eing, L'Bouyer srg aw (dey 103

£8vE zmm«mmmaa@@e Baibe 3.53? 94% f‘e‘?,fm » 589  F1dmn, B

£a0s deneex-totralong.

o mmmwsmm@uyw iwgm. s 1 mok.)y wstetralont (M@;s)

i nol) and elecholic potsesium i;g@xé@xige solution 4By 100ces.)

&fter stendiig for ihree hours, the |

&%w 01yl

- wormed up on mizi

mmmw was neutralised with mmi& aeif&, %ﬁa alephold
@Vﬁyw&‘&mg and vhe i’&gﬁ.&ﬁﬁ extracted with ether and &is%ilmm

o7t ﬁ, Bepte 313 /2@:; cz«'ys‘ismiiae&

from aguecus alechol m iight yellow needles, R.pt. éd
{gﬁmﬁ.% ’C& %@3&93 s{;g ﬁiﬁq wlsgi ' Pequires: {33 g?nli ﬁg G.58)

3»%%&@«%«313%’21&@@@ <~totralone {%m) in xylene fm@aw}

wes refluxed for 20 hours with five successive portlens of

des The nylone was decented, evaporated, and

-;;z’?;@sg;héri@ sl
the residue distilled in & vacuum. Toe distillate (S-itzums)
wes treated with its own veight of picric seid in aleohol
‘and the picrete filtered off. The material obtained from

the mother«liguors, efier mmwaz of the exeess of pierie
auid, wes egein treated with Ph@éplzﬁri@ @%ﬁiﬁe o6 d@mrih&ﬁ
. pbove snd in this wey a total of 10gms of picrsto obtoined.
it mﬁmﬁamiﬁﬁﬁ in red needles frem sbsolute aicoholy @spls
127-126% (Foundls C, 62.8; Hy 3.7, Cp g, Ofl requirest |
€, 62.8; H, 3.78). Attempts to dehydrogenate the hydrosarbon




2340° falled, and it has been
ety je3t Swbenaf o Iﬁeryamus@é
in colourless plates fmm abeolute aic@ml@ B phs m@«z@sﬁ

Qo}ﬁta %‘M{m {F@Mﬁ‘ ﬂ! %-?5 ﬁ, 5.8 ﬁmr 4
?ﬁ?ﬂim: ’Q, @3.@* HHy 5215} .

in gleeisl avetic aeid (20ces)
mes heated with sodium ﬁimrmam {igm) for thirty minutes.
Biiution with weter gsve & solid product which wae taken up

in ether end weshed with éimii to ramove acidic impuritics.
Eveporation of the ether gave Bemethy @@«hmzﬂmmmn
' which formed orange needles from 3loohol, Mept. 130.5«140.5°%

(Founds {c, §8.2; Hy 5.2, CpgH, 0 vequires: C, 88.5; H, £.9%)

stophenone {2*<Methyl-chalkone)

 Acetophenone %gms} was edded 16 an icew=cold ﬁmluuirm
of sodiuw hydroxide {3gms) in water {26ccs) end alsohol
{28cen ), Tollowed imeammlg, by Sriho-t slusidehyde (Sgms).
After shaking for %:% bours at 30-35%C. the mixture was ,

neutralised with meti& aclid ayd extragted with ethepr.
Ortno-tolylidenesacetophiencne was cbtained on distiliationy
DsPhs 91.%2‘3@ fmm (Feygend, Schachier, Bep., 1035, 68y 231)s

The ketone was gently refluxed of atmospheric pressure

for fomr hours. ¥Haler appesred %o collesh in the sir-condenser,

but the product ubteimed on distillation ot Smms. pressure could
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not be induced to erystallise, and did not form a picrate.

The ketone (Zgms) was dissolwed in toluene and
refluxed in contace with phosphorie oxide for thres hours.
The 1igquid product obiained on distillation 4id not form
& picrate.

Yhen the ketons {2gms); in sclution in xylene, was
subjected to the setion of finely erushed sodomide (.G,
1.5m018)y eomonie was given off, but the distillate obtained
could pot be induced to crystellise snd did mot form &

picrate.

maawmamewaa w.W, i aml} and gyclghoxonome
{9gms, Smols) were dissolved io aleohel (15ses) ami a
solution of sodium hydroxide (lgm) in water (Sces) added.
The mixture immedistely bpcale warh and was mecaanically

shoken for two hours. The crystale (2.8gms, 807) of

oyelohexanone wore £iltercd off

ond washed with e 1ittle alcohol. Recrystaliisstion from
alocchol geve bright yollow rhombobadra, #,pb. 2 1384159° 5
vory solubie in beszeney scluble in ether, hot light
petroleum and hot ethyl amlechol, ond inseluble in methyl
alcohol aad waters (Founds G, 87.2; By 7ed. Cpolipo®
Pegquives: Gy 87.4) Hy 7.835)
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Grtm-wluaiﬁehyde {9.5gm8) and gyclohexanone (B.5zms8)
vere suspended in 4% aquesus potsssium hydroxide solutioen
400sce) and refluxed for two hours. Distillation of the
reaidue obtuined by eveporating the washed and dried
ethereal extracts gave georihoetolyiidenecycloRexanons,
bepts 1511547, (1l.3gms, 72%), which rapidly
erystallised in light yeliow elongated prisms and had

melting point 664677 from light petroleum. {(Found: C, 83.8;

Hy 8.0. €, H,.0 requires: C, 84.6; H, 8.0%). It was
extrenely soluble in all the ususl orgsnic solvents with

the exceptiom of iight petroleum, in which it was moderately
soluble. The residue in the distiliasiion flask (2«3gms.)
gongisted moinly of the di-derivetive. FHReutralisation of
the reaction mixture filtrate,fron the preparation of the
di-verivative in (&) ébwe, followed by extraction with
ether and distillation geve lgnm. of this mono-derivative.
iidenecyclohoxanont.

te te cysidlge Zecrthoiol
mflm%, in zylene solution with either sodemide or

phogphoric oxide ¢caused extensive polymerisationg bubl emiy
sterting materksl was recovered on distillation. Jistillaetion
tarough hot gine dust effected no charige in the matepial.
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was m@m&éﬁ in dry chlorobenzene {Eﬁeem shd tg*ea‘ﬁe& at
' @i%g ﬁiﬁt&z ﬁ.ﬁurmﬁt of dry hydrogen cysnide (d-Smols)

om godium cysnide (W’a The mixture wee

sken ot roonm temperature for ﬁftem mimma, em 8

szﬁmﬁ.im m‘f ﬁﬁﬁ@ﬁiﬁl%ghtﬁ&lm (1@.%, imol) in
@;%Aﬁmmmsm {20ces) aﬁmﬁ; & slow surrent of dry
byﬂmgm |
mwmtwe, gzz&ﬁ %m for four to five hours at e, 2
the ma:%we.baﬁag i
The cooled mixture was poured on ies and mmemmm
Wydrasghloric miﬁg and then heated for £ir

prepared Lo

skl ride was peesed for fifteen minotes at room

‘muﬁi;y 5&%&&:&?}. every ten mz;mmm

&t the ma.mng @@mt., The protuct was hot very. wm:me

- dn stesn. The chlorobenzene arsd m;hw@al extrocis were
washed with alkall and webterg the ether removed, and the
residue distilled through an efficient eodumne The gldehydic
(maﬁ,gm, BOB) of constont Duptls 3;%_?

gateniel

serd-a0iid mogs of crystals. It was éxtmmﬂ& ' #@i@fme in
mont ergenic solwvents, and insoluble in weler. ﬂ'ﬁ%@pﬁﬁﬁ
purificaiion from agueous alcohol mas unsuccessful, since
the aaterial ﬁﬂ@&mm gonsistently in liguid form. Woshing |
wit ;m@mz, gave m@éi&% 8. ph. *32‘?2 .££‘wx;azz. Ly 8473
E,,, 53T Q&P o0 requires: C, 84.7; Hy 5.83)s It gave a
semioarbesons whieh cryawilisa« in mlmle% needlos fz*m :




-39 ~

agueous alcohol, m.pt. 185-186°., (Found: C, 68.9;

$4-dinitrophe drazene was difficult tc obtain in e

erystaliine form, but it separated in red needles, m.pt.
205-206° on slow cling of its solution in acetic zcid
after the addition of a trece of water. (Found: €, 60.8,
60.7; H, 4.8, 4.3, (CpH,,0,),)-H.0 requires: C, 60.7;
H, 4,53). This roused the first suspicion that the 4
aldehyde wight be non-homogeneous in eharacter, and ihis
was confirmed in oxidation experimen‘ta; |

The aldehydic material was extremely stable to aerial
oxidation and to emmoniatal silver nitrate., Trested with
thig reagent in the cold as recommend by Delepine and Bonmet
(Compt. rend., 1908, 148, 38), no reduction occurred, and
afiter boiling for eight hours only & small yield of a very
impure meid was obtained.

To the aldehyde (3gms) dissolved in cold acetone, was
added very graduslly (co. 5 hours) a ¢o0ld concerntrated
solution of potessium permenganate in acetone until the
colour remained (ca.l,00Cccs). After working up in the
usual way & very impure asecid (2gms) was abtained{ After
- repeated recrystallisation from agueous acetic acid, agueous
aleohol or light petroleum (120-130) the small amount of acid
remaining gave & constant m.pt. 124-125°, The erude acid was
converted through the acid chloride, b.pt. 169-1720,n  ; to
the anilide. This gave a first m.pt. of 100-1058° and after
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repeated re@:-g?eﬂn disation from aaﬁema alechol the m.pt.
hed ricen to 153~-157° but there was tot little left for
further purification. Sedethyl-lenaphthoie aci¢ hss been
reported by Mayer end Sieglitz (Ber., 1822, §5, 1861) to
have m.pt. 126-127° and to give on anilide m.pt. 167-168°,
The Z-methyl=3-,4=, and P-naphthoie acids have not been
reported in the litorature. |

Az 1o methods seemed availeble for the effiei@?&
separation of the isomerie products, the amdy of this

reaction wes sbandoned,

was Wa& into o suspension of aluminium eﬁl&ﬁﬁﬁ {214gms )
in tetrachlorethans {400 es), cooled in o freezing mixture
iﬂiﬁf’e}. After Lifteon mimztﬁa at room tmﬂm%um, megitylene

- {bBcen) was added, a slow current of dry hydrogen chloride
passed for fifteen minmf.eﬁ at room temperature, snd then for
four hours at ”""e;, the mixture being sh&ken every ten minutes,
| The mixture was cooled, poured oun ice and concentroted hydroe
chloric acid, steam-distilled and the distillste extrocted
with ether, Bigtillaﬁism gave mesitylaldehyde, b.p%. wa?m
iem@a}. '

chyde (mgmsj and «wtetralone (mgm) wepre
treated with slcoholic potussium hydroxide solution (4%,
rfter standing for three hours the solution

Héaityla' A

100ces).
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was neutralised with scetlic acid sixl extractad with ether.
The residue obtainod on cvaporation of the ether was distilled

up to lﬁﬁjm to remove starting moterlals. 3@33"}]5@31&*

aﬁtiﬁn w; the residue from agueous aleohol gave g
rincthylbengyl dene)-« -t«etmlanﬁ as colouriess rhombohedra
HaePls 93'-‘92;‘5 (383333’ 856%). {Found: G, bGa.Ei H, 7o
8261}}200 I’Hq‘uiréﬂz cg &6!93 ﬁg ?-2%)1 .

The pmterial was not cyelised by dlstiilstion through
- not zine dust. } ,

2«(27:4% ;6" «trimethylbenzylidene Jauetotralone (10zms)
was refluxed in xylens solution with successive portions of
phosphoric oxide for o total of twenty-four houre. The
residue obtained on evaporation of the decanted xylene
soiution was distilled at 2mme. pressure. The distiliate
{4 Hymn ) was dissolived in o concentrated solution of plierie
acid {4gms) in alcohol, and the pierpte (Sgms) filtered off,
1t formesd red needles from bensens, Mspt. 190-191°%, (Found:
Cy 64335 Hy 4.5, Cppfl10.8, requires: C, 64.14 H, 4.3%)

Decomposition of this piorate gave an
Gim

hyie1i2«benzanthrocene {2.5pns8, 26%) wihich cryatalliised
colourless chombohetra from glacial acetic acid, m.pt. |

{:ﬁ—lé?g. {Pount: Cy 82.9; Hy 7.0, cgcﬁlg reguires:

Sy 95.0; H, 7.0%). | |



-
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Concentration of the mother-liquors from which the
ebove picrate had been obtsined gave two further plerates.

The f£irst to erystallise was very unsteble and on attempted

reerystellisation from absolute alceohol gave another
xix!w=dibydre

crystalliised in the form of colourless x-}msﬁbm}mc‘i:é from
absolute alcohols m.pt. 114%. (.6gm, 6.58) (Found:

C, 93443 Hy 7.2%2), The other picrate was stable, having
m;pt.g cu. 165%, but the amall Amount obtained Jid not allow

of its further purification. Its degcomposition yielded a

third xsx'-dihydro-5:7=-dimethylal:2-benzanthrecene (. lgm,

Jeivi)y Sepla mtfialiﬁ.ﬁﬂ golenrless rhonbohedra fronm

ax@g;xng which gave 8 2c° deprescion in m.pts with the

iscmer of mept. 114%. (Found, C, 92.7; Hy 7.2%), Total

yield of hydrocerbons, 3.Zgms, Sdh.

| The solutions of these b,y.ima@hcm in alachol,
acetic ncid, benzene, &tc., showed a faint biue
fluoresscence.

Dehyirezenation of x:x'~dinydro-5:7=dimetd;

lo1:2-benz -

The bydrocarbon m.pt. 146-147° =as subjecied to the

. getion of selenium. Ho resction took plece at temperstures

below '290"“ and sbove this tempersture reaction wee difficals
to contrel since the lydrocarben sublimed away Lrom the
selenium. A smell yield of hydrocarbon, mept. 120-121°
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from ecetic acid was oblained, however. (Found: H, 6.4.
Cpolhyg Pequires: H, 6.3%) (an eccident to the carbon
ﬁi@ﬁﬁﬁ @iﬁé@x@hﬁng ﬁeﬁééﬁ. vitiated the em v&lw J
Thie substence is formulated as §Si7-dimethylel :Buhe

. xdone ef. Eipping, ., 1895, 65, 480) .
m,hyi einnamate (@5gms) was dissolved in methanol,
shaken with 2 1ittle ctrontium carbonate, filtered, and
& palicdfumestrontiun corbonote catalyst added. Hydro- -
gmam;m took place with extreme ease ot atmospherde

- pressure. Alter working wp in the usuel way the product
was aistilled, b.pt. 240° (Olgms). IHydrol$sis for o few
minates Iat he t&éﬁling—»gaiﬁt with agueous sedium hydroxide
3 te the

gave f-phenylpropionic acldy which was converte
acid chioride by meens of thionyl chloride. The acid
ehloride {4Cgms) dissolved in pure light petroleum (G080,
100ces) was treated slowly with finely crushed aluminium
chloride (40gms). TWhen effervescence had ceesed the
mintare was warmed O the ms.i:mg pointy cotled, water
oaded e:m%i@ﬁaly P2 é:,m mizture steam distilled. |
Bztrsotion with ether geve <-hydrindome (l6gms)e
144 28 mirvime thyibenzylidens )= o shydrindone.

< ~Hydrindone (16gms, lmol) ard mesitylaldshyde {M@sg
impl) were treated with anlecholic potassium hydroxide
solution (4%, io0egel. After three hours standing, the
selution was neutralised with scetic acld and diluted with




water. The erystals of 2w thy : ,
hydrindone were filtered off and purified from aquecus

Mcmal, from which they separated as faintly yellow prisms
of rectangular outline, m.pte 93..5-94.5° s Which mrneﬁi
bright yellow on azposure to light. Yield 26gms., 81%.
Fourd: C, 86.9; By 7.0 C;gH, 0 requires: C, 87.0;

Hy, 6.3},

The material was nol affected by distiliation through
hot zine dust.
2={8? 416104

was dissolved in xylene and reflumﬁ for m&zrt,y-sfaur hours
with auecessive portions of phosphoric oxide, The distiliate
{12gms) wae found to be slmost pure starting material and
gave no indications of picrate formstion., The treatment
was repeeted on the distillste for a further twenty-four
hours with the same result.

Ho hydrocarbon was oblained bj' a similar experiment
with sodemide,
drowortho=toluoniterile (ef. Linstead and #illidge,

<. 1036, 452, 485)

Potasaium cysanide (.25gm in the minimum of water) was

Igtraeh

added to Semethyl-gyclohexanone (50gms), and this then
added Gropwise to dry hydrogen cyenide {(preparcd from 5O0zms
of potessium ¢yanide) cooled in a froesing mixture. | The
freezing sixture was then theroughly insulsted and the whole



- 45 =

left overnight. The excess of hydrogen cyanide wag
removed at the pump after the addition of a few drops of
congentrated sulphuric acid,. -

It was found that umiez‘ tm cmﬁitmna glven by
Linstesd and Millidge (loc.oit.) debydration was not
mmpleﬁé » am:i sinéeg t.he cyanhydein showed some Lendency

1o desompose on disiillation it was dehydraied ap folliows
without further purificetion. To the icewcold cyenhydrin
wae adGed pyridine {iCUgms) and immediately, dropwise with
strong ieawéalix:gg thionyl chloride (76zms) {ca. .5 hour).
The mixture was heated for two hours én the weter-boath,
zookedy ice and concentrated hydrochlorie aciu auded, and
the mixture shaken with ether and .fii%ered turough pulp.
The ethereal extraclis were washed with acid, aikall and
mater, dried; ami the sther removed. In ibe best pre-
pat‘a"tmm in which neither cyanhydrin ner Qﬁs‘fmﬂﬁmﬁ’iﬂ
gygichexsnone wes recovered, the nitrile was obtained in
&0% yieldy bspt,. ?3 T * 92" /Zﬁm
ion of <~ ¢ wBnsaturated Niteriles by Stanncus Chloride
{cf. Stephens, Jda, 1985, 127, 1874).
Tetra-fiydro~ortho~toluonitrile (Sgus) was added to a

soiution of snhydrcus stanmous chloride (12gmwa) in dry
cthweresl hydrogen chloride, the mixture shsken for Lwo hours
end left overnight. A small amount of erystalline material
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had sepsrated syl this was not increased .by refluxing

the solution for two hours., Dilute hydrochloric acid

wag added snd the mixture steam-distilled. The products
were worked up by ether exﬁm;tian,fellcwea by diﬁillsat.im,
which alwaye geve two fractions under varying conditions .
LBigey stmding for cmamerable periods) duriag the e
ductions«

ta}' @.5@;:9, b.pts ?6—81/m which was mainly recwere&
nitrile, but contained aldehydic material. I{ gave a
fmam aqueous elcohol, m.pt. 179° s identical by mired m.pt.
with that obtained (see later) from Gemethyle A'ecyclo-

zone, which separated as red needles

hexenealdehyde. (Found: Ny 18.3. Gyl 0., requires:
Ry 18.4%). |
{(b) 1.0gm.y bupt. 1209, This material was not further
investigated. It was aldehydic, and contained halogem.
a'-gyclohexenenitrile was prepsred for the purpose
of this investigation from gyclohexenone in the manner above
desceribed for tetra-hydro-orthe-toluonitrile. The cyanhydrin
of gy
alone under the conditions described by Cook and Linstead
(L.s 1934, 959) for the cyenmhydrin of gyclopentsnone. Using
thionyl chloride (1.5mole) and dimethylaniline (2.5mola)
without a diluent and heeoting on t.hé oil~bath at 120-130°
for three hours, the yields were in the neighbourhood of

ohexanone was not dehydrated by thionyl ehloride




50% with considersble loss of material. Using pyridine
(8mols) and thionyl chloride (l.4mols) as above agaermea,'
the pitrile, Depte 745 /9mm, ? Bﬂm was obtained in 90%
gim@s

mmg te a solution of anhydrous s%ammua chloride {B4gms)
= in ary etheresl hydrogen shioride (200ces). Atter standing
for some hoursg, no erystalline meterial bad geparsted and
the lower layer was stes
‘the usuol way, ddstillation gave B.8gms, Dapte 95-1007.0 o
. which contained a'-gydlohexenesldehyde, since it Jormed

a semicarbazone, m,pte 212.213° (v. Braun, Danziger, Bes.,
18138, g_, 107). 1t 2:4.di ' triopheny thydra; one Cormed fine
red needles from agueous m@ml, WePle 216-217°, {Found:
By 19.1. ) H 0N, z*equiram B, 18.3%). A fractiony b.pt.
135-1407,.  , which was sldehydic but contained helogen,
was also ¢ollected. The mijority of the umrescted nitrile
wes pecovered in a pure comiition from the upper ethereal
layers After refluxing & resction mixture contoining 7gms
of nitrile for six boursg, a ssell amount of crystslline
material had separated which yi&iﬁé@ the reguired aldehyde
{+5gm) on working up in the usual way. Reducticn cf the
Wﬁn&ﬁy of ether used in the resction mixture s¢ that ozﬁ;g
ane layer was gmesam, 4id not imvease t&m yield of &ﬁehyﬁe

wdistilled, After working up in




B -exwm%ﬁ with ether; and the ethereal extracts shaken
| ﬂiﬁz sodium carbonste golutien. Acidificetion gave Gvmethyle

ﬁﬁﬁ‘tmﬁii ’@g &“&3 .ﬂ, Buds
_ Bvaporation of the eth
gove isemeris pmi -"f

method. Hyéml,yma with M@@
procesdsd very slowly. The nitrile {6gms) was added to 8
soldtion of potassium hydroxide {7g0s) in the minimpm of

gix to eight hours in an oil<bath at ma“ with 958 @h@apﬁm '
aoid (Mfﬁeas) {efs Berger end Olivier, Bee,Trav.Chis,
ful 6dlution with mmr, the mixtur

'vz Qiﬁ Foenpty g

106,5° from water or equevus aloshol. (Yield 60-70K).
?Eﬁﬁirem €y 6B.65 Hy 8.63)
real s&l&t& Lrom ﬁh@sehﬁ
shich formed colourliess pastes from

; points

élmiml«-ngm pﬁ‘ﬁrﬁm zd had sherp meltin
%z;giﬁg petween 140° and 146°, while mixed melting points
edlate. {(Founds C, 68.1; Hy 2.
CyHlyON requiress Gy 69.15 Hy 243%). Hydrolysis of the
nitrile by mesns of sulphuric acid of varicus strengths

between 605 and 80% was tried, but embounisation o grred

with svolution @fsulpm dioxide, ond the yields of the
aeid (mopte 105,8° ) were much lower then by the shove
: F@wﬁsm hydroxide

water, end aleohol added until the mixture wos homOgEneORs.

Lluxing for nine doys, twe products were isolateds




- 50 w
The ecid wes not soluble in hydrobromic aeid, but after
vleng standing in the ¢old a dibromowacid was produced,
which erystalllsed in ¢olourless rhombohedra, Mepte. 151° |

to 152%, from equeous mlechol. (Found: Br, 52.2.
Cgll,y OBy HBr requires: Br, 52.9%).

Hepested attamgts o &%ﬁin hemogeneous degradation
preducts Lfrom the scld with polessium permanganate failed.
The ée,m {3gms) wos, thercfore, dissolved in water, the
seiation mede very folntly slkeline and & current of
ozunesised oxysen passed through it until the ozone eecoped
ireeﬁy; To the ice~cocled solution was then added BAAO
potassium persangenate solution until the colonr wmaineﬁg -3
strefsm of cerbon Gloxide belug passed during the asdition.
The solour was destroyed by the additien of a trace of sodiam
_biauighim, the menganese dioxide filtered aﬁ‘fﬁ and the
polution almost neutralised and goncentrated first on the
water-bath and finally in vacuo over sulphuric gelid.
acidificetion, follswad by ether extraction, yielded ~methyl
adipic aclid, it mmtitgy being proved by mixed melting point
. geterminction with an suthentic ﬁg;acmm propared from ethyle
| new-2ecarboxylate and methyld lodide. {Rysmmengé,
oysBelgique, 1926, 12, 171-102) o




§miigthyle A =cyclonexenealdehyie.

Tue ggid cuioriue (Bgus), Lept. 927,  of G-methyl- =
gygsgliexenscarboxylic aciu,y, cvtained by tie &cz.ic;n of thiunyl
caloriae, wes uissolved in venzene (=dgce), and with ice~
cooling & sciutiuvn of aniline (154.8) in chloreform (1CCccs)
a.deu slowiy. Aniline nyurochloride was removeu by washing
@ath Gllute aciu, and evaporation of the dried bensene-
chloroform solution gave the gniijdie (1l2gms). It crystallised
in coloudless uneeuledy wml.pte. 106,5=107.5° from lizht petroieum
(c0=9C3. (Founds Cp 78.3; Hy 7.6. Cy H;,0i reguires:

Sy 76.1j By 7.9.) Tue reaction between this aniliue (10yms)
anu phosphorus pentuchlorice (lUgms) in dry toluene (S5ices)
wab compieted on tiv water-=bieth, and 1o the red syrup
obtainsa by eveporating the toeluene ani phogphorus oxy-
chloride umier reuuced pressure, was audeu with strong
ice~cooling, e sviution of stannous chiorice (ZHyms) in
Gry etsereal hyarogen ciioriue (100ces). Crystala
sepultteu,y ak: alter Lwo hours the resction mixture wes
distilled with stewm. rirom the ethersal extractas of the
Gistillate 6-ikeihyl=g’-gyglohexensalaehydie (3.5gms, 60%)
was obtaineu, Deple ss-ea}’m nlx',7°1.4898. Its gpemi-
esrbazone hau meltilny p¢1n§.207-2m° from agqueous algohol.
(Founi: Cy 8Cely Hy 848. CgHy Oy requiress C, 59.7;

Hy 8¢3.). 1t8 2:4-dinitrowdphenylhyirszone, m.pt. 179°,
was identical by mixed melting point with the msaterial
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v, v vI. ~

In view of these resulits,; other possible routes Lo
diphenylene and tetrophenylene were explored. The First
of these had as its starting gmomt Z=sminc«diphenyl W’}.
The decomposition of the diszonium salt of this mbatmze :
in sqgueocus solution by copper powder (cf. the forsation of
phmnmaﬁe aerimtives, Pochorr, Ber., 1896, 28, 496; 1906,
£8s B106) or by alksli in the presence of a non-ionising
solvent (¢f, Grieve and Hey, ., 1088, 110) piroduced diphenyl,
2 result which is in accord with the free-radical mechaniom
sdvanced for such reactions {(Grieve and Hey, log.cit., Hey
n.Reviews, 1937, 21, 169; see alsc Gomberg
Jolmer.Chem.Soc., 1926, 48, 1378).

%ﬂ.zew&&y end Turner {(J., 1918, 118, 560} showed that
by trecting & Orignurd compound with anhydrous cuprie chloride
the reaction 2 Ar Mg X —=——> &r.Ar wus focilitated. This
resction seened o _-a:ffer some hope af suceesafl application

to the production of teiraphenylene and éiphsaylmg and
accordingly both 2:2'~dibromodiphenyl and orthosdi-iodoe
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benzene. «E¥e gubjected w %aese maﬁtimzs, In both
cases by fm: the gmmr bulk of the product mﬁm&ﬁ
of materials of Mgh m;}.ee&m wses.ght.» In the case of ihe
ﬁa%’aﬁihmﬁimml condensations no tetraphenylens gould
2

 be mlmm fm the nonestesmevolatile part of the produ
The awm-%wzmﬂa materisl consisted of small smounts of
diphenyl and & substeste of mepts 107°, which formed &
plerate end Gid not contoin holesen. The quantity obtal ed
imjs to0 small for further examinaticn to be mﬁii«ﬁﬂé@ From
the ortho-di-icdobenzene condensation the bighwnolecular
wieight materisl conteined triphenylene (VI), whilec the
stean-volatile portion of the product yiclded diphonyl mﬁ

& substence which wos slmost corteinly diphenylens. In the
shsence of suthentic material for mixed meiting-point deter-
mination, however, end theve being too littles svailsbie for
snalysis; thds could not be confirmod, Tha contemination of
the products in both thess ccmmamm by dipmxwl, mulﬁ
indicate that fn this rosction also o free-radical




Copper bromze (56gms) was added slowly to ortho=iodo-
aitrobenzene (100gms) heated in a bath at 230%, so that
the internal temperature did mot rise above 2&@“& Extraction
with hot bensene gove 2:2%'dinitrodiphenyl in 90% yield, bupte
43 sy, 9 TePLs 124% from slcobol (Sull, Turner, ., 1829,

The ﬁiniﬁm—eﬁmp n¢ was reduced either by the method
of Seko (em;.&b‘, 1982, £8, 824€) or as followsie

2:2%«dinitrodiphenyl (87gms}, granulsted tin (175gms), ard
alechol (80ces},were trested with eoncentrated hydrochloric

acid {35Cces) in portions of 80ces. After stonding overnight
the solution xas dscanted and trested enrcfully with sodium
hydroxide (275zms) in weter. Extrection with carbon tetra-
chloride gave the amine in 82% yield, b.pt. lﬁﬁﬁmg s BePla
81° frem giconol,

282! »Dibromodiphenyl, {(Schwechten, Ber., 1932, €58, 1608)
The m (45.7gms) wos dissolved in water {1y
and SN sulphuric acid (600ees). Diazotissiion was carried
out at §°C with sodiem nitrite {37gmn) in water {100ces)s
The cold dldazo~goiution thus obtuined was treated slewly

with vigorous siirring, with an ice-cold solution of mercuric

CCGees)
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Ozms) end potossium bromide (175zms) in water
ﬁ%@@awh The precipitate wea sllowsd o setile, end aft
fiitrotion wes weehed with water, scetone, and finslly with
ether. The dry yellow powder (242zm8) wes @ixed immediately
with dry poudered potassium bromide (45Cgns) snd heated in &

; | it described by Schwoehten {log,

3 The residue was ﬁxtrmte& with water and ether, the
etherenl extracta ﬂa&h@ﬁ with slkali, water, éﬁﬁ&, eveporated
ant the residue distilled, Bs2'<Dibromodiphenyl {(Glgms, 79%)
80 Bupte 1650570, 5 mpt. B1° from methyl aleohol.

i.’L} Cison sodion (Légmai and z*a‘wmmghmy& {3gua)
wers heeted in on oil both at 115-120°C for £ive hours, using
an glr-condonger carrying a aafj.ﬁﬁgg eh.’mﬁée tube. Sublimed
materiel was pericéically shsken back imto the fissk. The
dark coloursd mass was exiracted with ether, and ovaporation
of the letier 1sft a brownish viscous mans which gave mo
evidence of piorate formpation. Traves of 2:8%dibromedipbonyl
were obtained on stecn-distilistion, and no other stotm~
volatile moterial wos present. Attempis to isclste & hoogs
geneous product from the materisl remaining in the ﬁw
ciatiliation flask failed. '

(2) (cf. Dobbie, Fox end Gauge, des 1911, B8,
103, 86). <Llesn sodtun (16fas) was cut wnder xyleno
inte thin siices and transferred to dry ether contaived in
the rosction flessk. Afber washing the sodiom two or three

6833
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times by &eemmmﬁ in order to remove traces of xyleney
dry ether (250ces),which hed previously been distilled from
either phosphoric oxide or aﬁdiumz,wes added, and the ', Rt

x

refluxed for 24 hours. Thoroughly dry 2:2'-Gibromodiphenyl |
{30zm0 ) was then added snd the minture refl

ixed for 250 houra.

The ‘apparatus was glass-sealed snd adequate precattions were
token ngeinet the entrence of moisture. (AL the end of 50
hours & reddishebrows ;srt;?:eipitéw' had formed, but after 100
hours resction was not complete, 2:2%-dibromodiphenyl accome
penied. by & little diphenyl being obtained on working ups)
The etﬁ@raﬁﬁ suspended matier wers decanted and filtered.
*i‘}ze material remaining on the filter {+5gm} af
with water, was purified from bemzeme-elcchol. It conteined

er washing

helogen and hed m.pl. aoe® «; in mgreenent with the compound

The muamac.em etherenl solution was eveporated,
and the residue (4.5gme) steam-distilled., The produst {2gma)
was iﬁmﬁfﬁeﬁ as diphenyl by melting point end mixed m.pt.
(Found: Cy 93.3; H, 6.4. Cyofly, requires: C, 83.83 H, 6.5,
Cyofly requires: C, 84.7; H, 5.3%). (Hore goncentrated
ethereal solutions aided in the formetion of gsompounds of
 high moleculer woight and reduced the yield of diphenyll.

The ;ﬁﬁaw;’ial remaining in the stean~distillation flask had

the choracter of the waxy materisl, soluble in ether, descx'ibe&
by Dobbile, Fox and masxge (log.cit.)s




{3} 2:2%Dibremodiphenyl (6gms) in 4ry benzene (30ces)

wus refloxed with moleculsr godium for 100 hours. Sodiam

bromide was not fﬂmﬁg and the starting moteriel was re«
covered unchanged on working up. 4&n attenptl to isolate
2:2'~diphenyldiphenyl from the reagtion mixture was not
succensiule

pbs to Obvain Diohenylene from Disrotised 2-fminodiphenyl.
(1) (ef. Pschorry Ber., 1896, 23, 486), Z-Aminodiphenyl
(8.5gms) was warmed with water (450ces) and 28 sulphuric aeid
(6Ocesly and eooled rapidly with stirring. The solution was
diazoticed at 5%¢ By the graduel gddition of sodium nitrite .
{4gma) in water (20ces)y and all insoluble ﬁiﬁ;ﬁter filtered

off., Copper bronze was sdded with vigorous stirring at
5-10°C but, slthough o slight evolation of gus occurred, the
bulk of the diaso-compound was atill undecomposed at the end
of one hour. On slowly warming to 25%C, howevar, a resction
took place. The sludge was collected and stesm=distilled.
The product (lzm) wes identified ag diphenyl, m.pt. &nd mixed
mepts 69700, :

(2) (of. Grieve und Eey, ., 3935, 110). 2-Aninodiphenyl
{E.5gms) was melied with water {200ces), andi concentrated
bhydroghloric aeid {12.6ces) stirred in, Diazotisation was
carried out et 2«4°C with sodium nitrite (3.8gma) in water
{20ces). The polution wes fiitervm,and ehlorofornm (S50pes)
 odded. Vith temperature U-2°C, a solution of sodium hydroxside
{4.8gms) in water {(S6een) was added dropwise over 1.5 hours
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with vigorous ‘me@h@m& stirring, The mixture wes grodually
warmed over 10 hours to 56°C with stirring. The chloroform
was gepa :

residue steem-distilled. The product (4.5gms) was diphenyl

ated; evaporated under reduced pressure; and the

hy 199 ¢} A end mixei MePhs
{(3) Vhen the solvent was f;mimed the yield of diphenyl
was very much preduced. The n@mat&am-»wlatxla material in

£33 these resciions was 1 ia charscter.

il (af, Krizewsky and Tumer, s 1919, 3.15, 5665

s) =nd
ether (60ces) were mixed and 2: a'éibremadiphenyl {10.4gms)

Wesim {1. wgms) anh:fdreus eapric chloride (9gr

added. After thc«z initial resction was over the bmwniahﬁreﬁ
solution wes wflweé. for- @agiit hours with freguent ggitation

te prevent caking. The mixture was poured on to jee, and

congéntrated hyémchl@rie acid added 3o ais.sai% the precipi~

tated ouprous ;;aﬁlf;s,:  After thorsugh ax@raetﬁ;m of the agueous
layer, the fwmbﬁne& ethereal solutions were washed with watery
dried and the ether removed. The Alight.' coloured residual mass
was gubjected to steamidistiliaﬁm, the volatile material
eclleeteé, and the residual glassy nm«-mlamle mass, which
egnlﬁ not be immed 20 amzaluse zmﬂ gewe m evi&eme of

g;irzr&te famtian, subjected to ﬁim».illatm:&;

- was not p&s’sibia,, the material having D.pt. 150<E
setiing into a glassy non~erystelline mass which dm_-mt form
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& pierate. The steam~volatile material was separated, dried,
end treated with piceic acid in slcohol. The pierate. ialﬁm}
Wes filteved off, ﬁé@ﬁiﬁp@ém with agueocus ampmonia, and the
meterdal,which did not comtsin halogen,recrystallised from
AQUEOUS aleohol. After five recrystallisations this
mbstunce had B.pt. 167%, and formed light yellow needle-.
like prisms. There was toe 1ittle left at this stege for
further examination. The picrate-formation mother-liquors
. gontained ﬁiphmyl, mopts end mized az.pm 69707,

g, N 1%1, 1113).
Hegnesium (a;.@@m) and ortho-di-iodobenzene {40yms)
in ether (100ces) were asllowed to react with external
| fo0ling shen .még-essaz@'.a i&fwr stending overnight, anhydrous
supric chioride {(33gus) was added, and the viclent reaction

mederated by means of iee-cocling. after refluxing for five
Mx’a; the mixtare was poured on to ice, and concenirated
hydrochloric scid added. The precipitated copper salt did

not & ssolve, and wae asccordimly filtered off., It was
greyish~white in coloury but grefually turned brown dug w
Mberation of mm@ it was in all probability gupric
de {cf. Erize ¢ teJ)s After thorough
ctraection of the e&qaew& solution and @recipimte with

ethery the combined ethereal extrocts were woshed with
woter and the ether removed. On at%ra—&istﬂlaﬁm volatile
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materials were removed, conteminated with fodine. - The very
ﬁ?is:ems residue Gistilled with much decomposition ot 4mm,
pressure, resinous materisis remaining in the distillation
flask. The lower-boiling fractiomns of the distillate cons
teincd triphenylene, m.pt. and mixed m.pt. 198% The aried
stean-volatile material (.5zm) was treated with plerie sedd
iz aleohol, when a pierate (.2gm), pele red needles frem
aleohol, m.m ,96’@3 separnted. This wes dgeﬁmpmséﬁ with

aqgueous amaonia. The repldue formed prisazé from light
petroleun, light yellow plates from agueocus slechols Mmupte
74.5-75.5% with a diphenyl-like cmell. (cf. Dobbie, Fox

- and Gouge, ;o_&maii;ﬁ who give 74.5-75° a5 the melting point
of diphenylene). The quantity obtained was very small.

The picrate~formation mother-liguers contained diphenyl,
Bapts. &nG Mixe€ mopt, 69-70°




In carrying out a nunber of Ullmann condensstions 1t
was .mtm%’a that small amfsxmt.a of & low-bodiling product
were always formed. %here these were further @xmﬁéﬁ; .-
they proved to be the aryl hydrogen compound (ArH) mrﬁesw '
ponding to the eryl halide (ArX) employed in the reactien.
Thus, ortho-iodobengaldehyde yislded 15% of ﬁﬁm&mehyﬁei
ethyl ortho~igdobenzoate gave 5% of ethyl benzoato; 010 adie
- dodo-Lid-diphenyibutaddens {(quinoline solution) gave 14% of
1;%&@2;&1331&;&%&1%@3 and 80 on. These results éxuggeﬁteé, a
free radical mechapism for th 8 Ullmenn reastion.

s 30¥s, 1937,
£}y 169) that a property diagnostic of aryl froe radicels

It Bes been shown by Hey and Uaters (Chey

is their sbility te substitute invarisdbly in the cribow

anit pare~pokitions of & benzene ring, regordiess of ony
directing Muence of u cubstituent alresdy prenment in

thiet ffm,g decordingly, ivdo-benzene, mixed with g nmge
excess of ethyl bepzoste, was heated with ecpper in a sealed
tube. By tresting the produst with @%&13{9 a mizture of
diphenyi-2« and 4ecarboxylic scide was obtained. The
progence of the fermer wes ¢sbablished by ils easy conversien
1o fluvorencne, while the latter was obtalined by direct ro-

crysinllisation. The formatien of these substances
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establishes the fact that the Glimonn pecction proceeds by
a mechanisn fnvolving the tronsitory existence of froe
?ﬁdim}.s in nolution, |

Fr% mtx:zy:k radicnis in the gao pnase initinte the
decomposition of butens (Froy, Ind.Cng.Chem., 1934, 26, 198)
| while the electrolytic oxidationsf alkyl megpesivm halides
in etherssl M}éz%mr ceusen the devospeaition of m‘mmm
{Gvens ans gamﬁmmmw, Jafmer,ChemeSon. s 1884, 56, 6&-&;
19365, @u, 4605 1836, g8, ?3@). The ﬁfﬁmﬁy of aryl fwe
regicels for sliphatie hysrogen is promownced {Hey end o

aters, loc.cit.). Vhen compounte contoining resetive

meshylens groups were subjected o ihe action of coppoty

$ho propertion of cryl Mydrogon compound formed wes incressed
samj%imﬁamy, vhile the exmcteﬁ digryis could s0d b8
igentified in the preducts. Thus, orbhveicdopcetephenons
ylelded scotophenone io 36% yield, snd the highebolling
product wae not 2i2’-diacetodiphenyls A vielent rasction
with epparont gaseous effervescence rosulted from the action |
of copper on oihyl oriho-icdophenylocetate. Ho Giphenyle
Sr3'-dinscetate eculd be isolated, he produsts conslating

£ eyl phenylocetate (20%), small amousts of phenylesstic
geid end ﬁ.ﬂﬁxﬁ«aﬁnﬁ@g}mﬁymﬁc oeddy and o higheboiling pm‘
et or p?@ém%ﬁ wkich could not be idemtified. It would
‘wm m&wmnla supwsﬁ that the resciive moihylene
,gwagm in these shbsmmes were oileacked by the fres radicsnis
ibrmod by the mmm of the copper, thereby ix:imatiug the
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demmmmmm of the aliphatic paris ﬂf the mﬁ;’awaiﬁ ;?zma
when & mixture ra‘ sthyl az’th@ﬂ:{oﬁ@phgaylwaww and fs‘&y.».,

mpﬁmfl«sﬁaia&@aﬂ*wearMQiﬁm wns treated with ucpg&z'@

free radicals %ppamm,&y poused the ezzmiﬂmm:} of the ethyl
g;mu@ m the datter gnmmm, am Enénmxmm “’Wm appeared
in the products of the r&aﬁat&mh |
in atteapts to g’&?ﬁﬂ“ﬁ @igghﬂ*zymmg e wan made of

the fr‘imigg wmtimg m of t‘m é:z*ig,ﬁerd &
éﬁt&u&i study of the @aﬁi&n af ﬁ{}ﬁiﬁﬁi on thmmem weo

*‘*‘"‘@ by Doehmag
ot Geiler, _gm 3 1885,

N ami »&a@ke (J Lmer,Cham, 508,

& Tree m&mal meahaxﬁam imf ?;.hm r-eawi;mg it was shown thet
whan sodiun reacted ﬁ;imc.my on shiorchenzens the produets

were benzenc {24%), diphes
of o complex mixture of Kydrocarbons. Although tide work was

d {20%), and o considersble guantity

c&rs"mﬁ out before the ;ﬁrég@r*ﬁy pesulisy to [ree ra%im@liig

of substiteling imarmm;y in the crtho= and pare-positions

of & bengene ring, had Deen m@%mi&n&, it s mg;mfmmis

that the high-molevuler-welght preducts ddentified in this
mixiare § Eﬁpmﬁyl&iphﬁ@ly gt *ﬁiyml&irkﬁﬁyig tm;meﬁymge,

s énphmgmphewl} are orihe m pura substitution preducts

¥hen the reaction wos carried out in the pzsaamae

of Leiuenes &wﬁ?ﬁhgxau* e 8 ap;:ﬁm among the mm&@&a. o
in view nﬁ the faodt thet me Fittis weaction is thus

proved o ta&e g.l&ﬁ% by a fmé ramcm n‘zw}mmﬁm ihe claim

of Dolibiey, Fox and &auge m have isolated m;vhcr vicne *in
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almost theoreticsl yleld® from the action of sedium on an
‘ ﬁ%ﬁ&real solution of 2:2%-dibromodiphenyl is open 1o serious

Goubt, sinee 4% would be expected that sny free radicsls
fgme&ﬁ migizt; shnw & tendency to abstraot the ",alip;ﬁati@
?gﬁmgeé of the solvent, forming diphenyl. When attempis
ware wade in the present series of experiments to repeat
the prepafﬁtiaﬁ of &1 pheﬁ;?ism&; the only low-moleculars
weignt product obteined was diphenyl. Attempts to confirm
the L{ree raﬁiéal interpretetion by condecting the reaction
in benzene solution failed, cince no resction cccurred in
tiis srumetic solvent. It was hoped thet some 2:8!~diphenyle
s.iip:hen;rl would be formed uuder thesc condificns.

Further attempis to obtain z:ii;g;h.e;’;grlém made use of the
aetion of snhydrous ¢uprie dhicride on the Grignard resgents
from 21 2“&@1&17%:@&&3@13&::31& end ortho-di~icdobenzong, both in
ptherezl solution. The products Lrom thase r@&éﬁans had the
sunie gemerald noture as that obtained from the zetion of
m:aﬁim on Ezz‘maﬂhhrmaﬁighmyl in ethercsl solution, and
dlphenyl was 2lso present in ﬁx@n. & froe radical mechanism

hus been suzpested for certain reactions of the Grignord

vetont by. Bacheant and Clarke (log.cits)



EXPERIBENTAL

sper_on Todobenzene in the presence of Ethyl

Copper {(20gms), icdobenzence (30zms) end ethyl benzoate
{BOgen) were heated }fw five hours at 230°C in a sealed tube,
Heaction *ﬁas zm‘ia complate, some jefobenzene being memem
on fractionation. The bighest~-boiling fraction of the
distillate was hydrolysed in the usial woy with aguecus
wléoholic an, After extraction of the Giphenyl with
cluery a@iﬁifﬁiéaﬁim of the aguaous _éﬁl&tim gave a mixture
of agids. ‘depeatw recrystallisetion from sguecus acetic |
acld gove éﬁ.phzmylwéi@em%myﬁé aeid in colowrless neglles
{+03gm. ) mepte ang® {¥eyery Hoffmenn, Monatsh., 1917, 38,
3555 (Founl: Eq.wt. 198,7. c&aam@a' requiresr Bg.wd, 198,0)
The combined mother~liquors on dilution gave an oil which 4id
net soiidify on attempled roecxrystallisation. The deied
materisl was t.ham;‘em warmed with a 1ittle ccrwéntmteﬁ
sulphuric acid, the red solution diluted with water, and then
repiered slikeline to remove ail acldic impuriticsz. The
&i"am& wrystelline moterinl {(«O8gun) ves iéentifie& a5
fiucrenone by melting~point and mixed meltinge oint deters

mipation with en authentie specimen.





