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 &
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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).
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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 :
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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
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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
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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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preparec from the aldehyde obteine. sbove by the reduction
of tetrg=hyuro-ortho-toluonitrile. Sheken with en
anwoniacul solution of silver nitrate, the above aluehyce
save G-methyle- A'-gyelohexenecerboxylic acid.
2 =cyclohexencaldehyde.

a'-gyclohexenyl nitrile (70gms) was auaed to a solution
of putessium hyuroxide (80gms) in water, and the whole made
homogeneous in the hot with alcohol. The solution was re~-
fluxed for twelve to eighteen hours until smmonia wes no
loiger evoived, lie alcohol distilied off, and the rexaining
goluticn aciuified anu ext.ra{:tec‘x' with ether. dstilistion
seve the aeld, b.pt. 140715@. Yield 78yms.

The acid chloride (3l.o4ms),b.pt. 867;, . obtained by
the action of thionyl chloriie, was digsolved in Jdry benzene
{70cca), & & solution of aniline (4Zgws) in chloroform
(250ccs) auded slowly with ice-cooling, Aniiine hydro-
chloricve was removed by thoroug: wasiiing with dilute
hyw.rechloric acid, anv evs. coretion of the benzene-chloroforn
sclution gave the gnilide (35gms) which crystailised in
colourless neeules from light petroleum (&i~1.C), m.pt.
111-112° (Found: C, 77.4j Hy 7.6. C,qH, ON rejuires:

Cy 77.63 Hy, 7.47).

The actlon of phosphorus pentachloriue (ligme) on the
anilide (10gms) susperxied in toluene (40ccs) was ccmplotéd
at 1°C. on the water-bath. To the syrup cbtained by
eveporating off the toluene ami phosphorus oxychloride
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under 'reduéed pressure, wes added with strong icee~cooling a
solution of anhydroue stannous chloride (25gus) in ethereal
hydrogen chloride. After two hours, the clear ether was
poured off and the mass of yellow ¢rystals treated with
dilute hydrochloric acid and distilled in steam. Ether
gxtraction af the distillate yielded the aldehyde, b.pt.
5891 o m 1.4963 (3.3gms, 60%). Its semicarbagone, m.pt.
212-213° ami its 2:4-dinitrophenylhydrazone, m.pt. 216-217°
were identical with those obtalned gbove by the reduction
of 4-gyclohexenenitrile. |

Attempt to Cyelise the Anilide of;d'-»ﬁye‘iol;exehe&(, _‘:‘.vo' yiic acid.

To the gnilide Eégms—) in 'c;arbon digulphide {5Cccs) was
added finely powdered anhydrous aluminiws chloride (4gms).
The mixture warmed up, and a precipitate was suddenly formed.
| After standing overnight, ice and hydrochloric scid were added
and the precipitate filtered off. It was found tc be unchanged
enilide, and evaporation of the tcarbon disulphide solution
yielded the same material. Neutralisation of the acidice
aqueous solution and extraction with ether yielded traces of
an unidentifiable residue.
Erotonaldehyde with Cyclohexsnmone.
After trial experiments, the procedure described below

Condensation of

was adopted. With more wigorous condensing agents, selfs
condensation of the c¢rotonaldehyde tended to take place %o
the exclusion of its eondensstion with the ketone. :
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HRedistilled technical crotomsidehyde (1CUces), gyelo«
hexsnone {(300ces) and slcohol (8C0ces) wers mixed, potassium

hydroxide solution (1%, 40Cces) sdGed, end the corked flssk

o¢cenionally sheken ¢ver three Lo four hours. ‘?he temperators
was kept below 3C°C. throughout. After meutralisation with
agetic miﬁg the mixture wee extracted with ether, and the
products isolated by vacuum distiliation. The main fraction
had b.pt. 140-1680,, ; leaving & residus of resincus meterisl
aﬁi@h sppeared to undergoe considersbdle decomposition 4t highor
tenperatures. Separation of this main fractien inte its com=-
"por enls ﬁm not possible, boeth on accwunt of the small boiling

Pengey end of the tendency of part of the moterisl to polymerise

on prolonged distd llaﬁi@m The lower-boiling fracticns Lrom

ity &www, were parkedly more feiraut—iva then the later
froctions, snd yielded a pemjcarbazone which ragidly turned |
_g,rezilaw on exposure to air. It scintered at 187° snd gave a
meniscus st 191°, and was in all probubility the semicarbazone
‘ snones though the snalyticel figures
smuld appear to indicate that avtoxidation had securred before
the meterisl was snalysed. (Found on materisl exposed to alr:
Cy 5175 Hy 7.8; Ny 15.8. & H 08, + H,0+0, requires:
Cy 81.8; 8y 7.4; N, 16.3%) The highest boiling fractions
gave none of this ai&zéicammm.

The amﬁe product was disaclved in methyl alcchol, &
palladium-strontiom carbonatemtalyst added, and the whole

of grotenyl:

sheken with hydrogen b 1.5 10 2 atmospheres pressure. The



% of the resetion was fractionally distilled and the

f@ﬁ@ﬁiﬁg fragtions isolatedse

() 26gN8ey DuPbe 457g,, identified a8 gye!
its oxidation o adipic acid and its lack of ketonic mpw&ies.
(b} B8guS., Depts -Q@-l%f% nis on redistillation geve

D nol, Bepte 9655 ?fz,@?u, fdentified
by ite oxidation with chromic Wzid to z-uzs-bnwl selohexanone,
which gave o senicarbazoney m.pla 3;%1@5% and & 2ré-diniteo~
phenylhydrasons, m.pm 113-114%,  (veizmann, Bergrenn and
}iﬁﬁk&lﬁ&&},g Cheme.and Ind., 1987, 58, 687).

fe} 4 fraction of b.;ﬁ;. 146-1557 /17% ¥ 2.%»3.1»2 /m y which
constituted the bulk of the matericl. This wes a snixture,

ohexenol by

wbatwl-ey@%r 3 K6

sinee »a farther fractionation it yielded fractions of

different refractive indiess {Found: C, 70.1; H, 10.1;
resctive hydrogen - Zevewitinow, .49, . H, .0, requirest

By 71.45 Hy 8.5, ©,H,,0(080) requiresk Cy 70,65 By 10,6;

| resgtive hydrogen, .6%. O30y mquir 3t Qy 6.8 H, m.@%)s '
xidation by nitric acid «m& 0ot yielid adipic ecid, and a&mz@w

te propare a parde-nitrobenzogie or an goetate Lailed. The
metorial {16gms) was treated with 2 litile alcohol and 2N saﬁmm

h}ﬁmxiﬁi& {Gees) and refluxed gmtw for three housrs. ﬁx&rmti@a

wed by distillation gave 4.9gms of b.pt. | 1%’58&

. with . ether, folls
129 the rest of the naterisl reneining e a resistious
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residue in the distiliation flask. (Found: C, 73.2

Hy 10,8, (GG, 0), requires:s C, 73.5; B, 10.23) Tnese

snalyticel Ligures are those of gyclghexenone.

Condonmation of Crotonanldehyde with Cyclopentenone.
Grotonaildanyde {(10ces)y gyclopentanone (-'sﬁaasig sleohol

{30zes) and potassium hydroxide solution (1%, 20ccs) yicided

& partislly solid product under the corditions deseribed in
the case of gyclohexenong. The oily material wae washed away
by orgenic solvents on the £llter, and & resicue of light

yellow to brown resin (5.5zm8) was left, very similar in

gatxjgsié&i gharscteristics 1o the produet of the resction
betueen othylene dichloride and sodium poiysulphide, A
@az‘t;i@n of this was purified by repeatsd boiling with orgenic

solvents in which it was insoluble. The Jight yelliow produe |

would sppear from ite analysis to be &eﬁwﬁ Trom the epolons
sldchyde by polymerisation. (Founds G, 69,13 68.8; H, 8.3,
Bale Wﬁﬂ@ﬁ% reguires: O, 68.6; B, 8.6%). Uith decreasing
amounts of slkali the yield of this resin fell mapldly, and |
when ene-guarter of the smount specified above was :za@@g none
could be isolated. The product of the resction umder thone
tanene
(7.5g02} an then a fraction (6gms)s Dupt. z,lﬁwx?fﬁﬁmm4
residue of high-bolling material renained in the Llask. The

conditions was distilled, spd ylelded first gyulope
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producty b.pts ma&-nxm’ gould not be separated fnto its

'y BePla

components, end in trial fractionations o gemicarbasonm
215«916° (Geconp.) could be isolated from sll fractions of
3541 ' aliiged 4in needles from aguecus

; i‘.i,m fi@ma gorrespond with thoseof the semie
earbazone of & denecs ; none. {(Peund: &, 62.6;
Hy 75, Cpo By cxa voquivest Oy 62.2; Hy 7.88).

inm en attempt to charscterise the other products of the

- réamsicng the material (45zmd) was hydrogenated as Gescribed

sbove. From the %yzimfmmﬁm aixture two fractions were

::»mameﬁ on distillation. A fraction (16gme)s D.pte § N
1&1&63, wes identified as Z-n~hutyleyelopentanon ﬁ

pwm@n of it secmicarbazone with & synthetin apecimens

el ity ie Seid was ympamﬁ by hydrolysis in the usual
way of ethyl 3*n~bnbylMpentme~mﬂnémiﬁaaﬂwggiamo 1%
orystalliised from benzene-light petroleum on icencreemng in
codourliess prismsy m.pt. 59 s®, (Found: Cy 8845 H; 8.0,
CyoHlin0, Pequires: Oy 59445 'E; B.9%), On distillation from
& flosk mmainmg a little baxrium ﬁxme, thin as::m Yiekisd

Zepebutylgyclopentanone {yisid 718). Its gemicerbazone
erystallised from aguecus aleohol in colourless m&diesg WePhe
185~1267, identical with the semicerbazone mentiones e’rhwas |
(Found: €, 61.15 By 9.6, Oy 0, 0N, requires: €, 60,95

Ey T.6%). A zecond fm,—atﬁ.ﬁ& (&Bgﬁs}, Dapla .Lz’?«-l%ﬁlma

war obvicusly @ mixtursy and presented the seme difficultiecs




w BB
with regard to 1ts seporation into its constituents as the

corresponiing proftuct from gyglohexanong. It yielded o very

seomia g one, which gave maﬁles frem aguesus aleohol
Bie P m:«.mmﬁ (decomps)y but the snalyticsl figures from two
separate samples were inconciusive although agreenent is

closest 'ifajr- the semicarbazone of e self-condensation product

- Hy 19;32, 19.6. 5155;7@2% reqmres‘ Ly 58.9; ii, 8403

}i, 3;9&9& i l@ﬁwﬁz ﬁa I"@Q}lﬁ‘i’eﬁa c, sﬁwgg ﬁ’ 8-’%; ﬁ’ mt?g

€y B, 508y requires: Cy 63,8; Hy 8.3; Ny 20.38).

goniensetion of Crotonaldehyde

ith Acetone.
Agetone (600ces) and erotonaldehyde (100ces) were

peutrolised to phensiphthelein,ond 13 potassium hydrozide

- solution (170ces) added with cooling. After standing for

1

1.5 to 2 hours, the mixbture was meuirslised with acetic acid,

the mcetone distilled off, and the residue extracted with
: g

‘ether. Distilletion yielded a fraction; D.pts 66=777y.

(50zm8) end a residus of resin (ca. 60gms). Fractionation
of the distiliate effectod only its partiad separation,

though a fraetion, epb, 73?-:*?’??15@@; ﬁ%ﬁm 5810, so cbtained, |
was chiefly erotonylideneacetone (Meerwein, Ann., 1809, 258,
85)s 3t gave & pepicarbazone which Mpamte& in white platen

from agueous aleohol, TaPte 164w166°. {Pound: gﬂ 57543

Kv ZuTs Qsﬁ /3 532‘53 ?&Qﬁii’esz {'?f, 57.03 Hy 7» 8%). The ey 3%&1\5
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gradually turnmi y@mfa on mmwm&. fn attempt to obtaln
mzséé% from the srude ammwliﬁm“mmcm by ths direct
action of pi .ﬁa@?&rﬁn oxdde failed, the whole mags m&gm@iﬁi&g
after a short pericd «mf refivxing.

ia an @%e:m@ Lo a‘m@idam the nature of the sther prow-
ducte Lormed dn the resctiony the erude moteriel (50gms) was
Hyaroganeted az degeribed Mé sl the predust feoetionnily
Gistilled. Hethyleneszyl ketono (20gw8); bopte £03;5 . was

identified a3 ome product of the peductiony the cther proe
duet wes & iigquid; b.pt. 16’3**53?1% n%@i;é?&&, whigh gave
ne x’*mﬁ%}i@g giﬁz z,ewm z?e%g@w, ool conboinet Wwe reactive
syorogen atome. (Found: Gy 62,8, G3.45 Hy 10.7, 10,9
{di8rorent @«‘Zﬁgﬁiﬂﬁjg Renctive B {Serewitinow), 1.47.

A Q?%ﬁg {2 resctive H'sgl r&g@imm Cy 64065 By 10.8;
reactive Hy L84 CJL 0, requiren: Cp 63.65 Hy 12,04
resctive Hy 1.51. £,~‘,,..;;§}} roquires: *3, 62.15 By 10.35).

| «sTetralone {ﬁ&@x&)n ﬁmmmmema &é@ggﬁ} a0l E.ia‘ﬁ
| alcoholic potassium hyuroxide solution {(80¢cs) ware mixed
to stand for twe hours. Npst of the <etetralone

and pilored

wag segoversd on working apy and a prodocty Lept. mmmf;

aid ast m;:ew to contefn the xstetralone miclous, singe &
fractions b.pt. }eﬁmrmfm {8gms) 4id mot give phthalic soid

o5 m;i@em@n with potassium permangenetic.

:ah&n he ampount of catalyst vas sither imtressed w
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diminished, all the <=tetralone was resovered, lower cons
c*:mtm dons ceusing slight, amd hﬁsﬁ’*ef‘; extensive poly-

merisation of Lhe erotonaldehyd

prepared from cyelohexsnone as described by ¥ollach {%‘
3807, 49, 70). Treated with Wﬂdim (imol) and hested on
the wpter~bath for 1.5 hﬂ;zm, an slmont qumﬁm&iva yield of

yelohexylidene~gyglghexanone was obteined, To 2 solution at
4;35@ ft@ ”maen Qf
acetyl chloride (79gme) in cerbon disulphide {(50ces),was

gy *lahexylm&aemgg clohexanone {178gms) and

added dropwise with shoking e solution of stannic chloride
{261gms) in carbon disulphide (20ccs). Crystals separated

and after fhree noura in the freesing mixture vater was edded,
The crysmm::m myterisl gradualiy changed to a liqudd
‘heavier then water, and inscluble in carden &iﬁ&lﬂhiﬁa and

ethor. Benzene extracts on evaporstion gave o erystalline
material very soluble in benzene end light petroicum, and
insoluble in aleochol or acetic scide Recrystallisation Lrom

pound, m.pt. 132~334°, the enals

pyridine gave & g4

figures for which would appenr to chow that it i & selfw
condansation produet of gyclowhexyiidene-gyclobexmnones
Fourds Cy 85.2; H, 0.8, E%Eaéﬂ requires: €, B5.2; H, 10,1%),



1,2:3,4-D1Biliz~ 4139237 oveloocTATET RAERE,

sgthods which mi ht lead to the uirect production of
sxgledctatetraene atructure by gyglodehyaration processes
havin, been 80 unpromising, attention was directed to the
synthesis of l,2:3,4~dibenz-zﬁ1’3’3’7-ng;g§ctatetraene (1)

by other routes.

/,COGEt
GH CHE. COlt CH
! ) >
+*H - /
I. il. Iil,

This particular dibenzgyglolictatetraene was chosen
chief'ly because of the recorded ease of formation of ring
systems acrogs the 2:2'-pogsitions of diphenyl - substitiwuts
11 these positions having been stressed by Kenner (J., 1913,
463, 613) as bebaving in many respects like ortho-substituents
in the benzene ring. Iin particular, there was the observation
by this autnor of the ease of formation (8Ci yield) of (I11I)
from diphenyl-2:2'dlacetic ester (1l1) by the Dieckmsnn re-
action.

The ketone (141) mirht well itself have constituted a
starting~-point in the investigsztion, since by a ring-widening



precsdurs the correspending cumpound esntaining the gralg-
ogtans ring-system might be acsessiblis. It was deemed mere
profitable, however, t0 axplore first thess gathetis setheds
which might yield the 1,2134-aihens~2 113997 oroiopotatetre-
e structure directly, rather than to attempt the intreduction
of the requisite deuble-benmds inte a substance such as (IV),

R
)

[

CRy

Iv.

sinss in ey experiments along the latter lines thers would
be consideradle risk of Bolecular Fe-SIrTangeients SOtOR-
panying ths eliminaticn resctions shich would have to be
applied, and, morecvar, very maxy stages would be inwolved,

Three distinet ssts of experiments have, therefore, had
a8 their goal the direct preduction of a structure sugh as (1),
In the £irst, the condensation of diphenyl-2:2'dialdehyds (V)
with suseinic acid has been studied, a reastion which might ™
sxpected from the expariense of Xuhkn snd Winteretein (Haly.
ChiBaABe s 1988, Jls 87) in the production of diphenyl~
butadiens and sinilar cempounds, t0 yield (X) itself, as
fellows e |
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However, the behaviocur of eromatic aldehydes in this
- repction has not mﬁmm beer investigoted « the
| 1,4~8iphenylbutadiene hoving been prepared by Xuhn and Bintere
- stedn fron cinnemaldelyde and phmlamti@ acid (Vig—e— m,
8- H) = and experiments with both diphenyl-2:2'dialdebyde end
m:aaiﬁem would appear 1o imimate that wmme aldtewﬁaa
sanet in fact be employed in the resetion. Thus 1:4-diphenyl=
couls not be obteined by condensing Wm&ﬁehgﬁa with
weinfe actd under these conditions. The product, a8 in the
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mizture of aclds which could not be separated by the usual
procedures. This routey therefore, appeared closed,

' The diphenyl-2:2'-dialdehyde used in the sbove ine
vestigation was prepared from arthawim,eﬁzamsme by &
method essentislly that of Mayer (Bep., 191l 44, 2304).
it was found, however, tm‘t by c%mﬁw %he peaction in
gn inert stmosphere snd purifying the product W distilletion
his yields could be improved upon, 7The "wiec benzsldehyd
reichﬁnﬂie“ by-product of the repction noticed by him hos been
identified as benzaldehyde itself. In early experivents the
diethyiscetal of é%*‘@hemiaﬁeb&mmfhg@ was auployed in m@ ’

rﬁagmén, but a homogenecus product wes not obtained.
Ortho-icdobenzoldehyde is now made avadlsble in excellent
yield by the reduction of the phenylimidochloride of orthoe
lodobenzole seid. Petterson (J.s 1896, €9, 1008), Bamberger
smd Demuth {(Bep., 190Ly 24, 1289), end Stuart (J., 1888, 33,
' 341) have described its preparation by other procedercs, but
these methods did not appear to lend themselves to the pro-
uction of the aldehyde in guantiiy.
- Attention was next directed to t;ﬁfs preparation of
016" ~d{-dodo~l:4=diphenylbutadiene (VIiI; R ~1) since such -
ound ms;gm possibly 31&@ the aibensgyclodetatetraene (1)
Ulinann reaction. It seemed possible that (VII; R-1)
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might result from the condensation of ér&hmiadﬁ e¢innamaldehyde
with ortho-lodophenylacetic aeid, by the procedure of Kubn and
Vigterstein. HMethods of preparing the sbove compone:
therefore, investigated.

L8 were,

Ortho-iodosinnemaldshyde was easily obtsined by eondensing
ortho~icdobenzaldehyde with acetuldehyde in the presence of
d&ewﬁﬁmim. The preparation of ortho-icdophenylecetic acid
from aﬁﬁw&eﬁn%&um& hes been described by Reum {Bog., 1894,
,ﬁ, 3&@3, of. Fredericks mgpy ané Lewis, .y 1806, 646). The
m%h&d, howevery is rather time-absorbing, and ﬁnwivea such
ivas of materisl ot one amgee, The possidility of obtaining
it from ortho-nitrophenylacetic ester was, thercfore, in-
xfaﬁﬁga%eé, but the methods tried for the rﬁ@ietian of this
eompound o the corresponding amine did not give gw& yields,
and the ease of formation aof axixﬁale from ertho-aminophenyls-
acetic eater (Neber, Her., 1922, §5, 534} made the isolation
and subsequent diasotisation of the latter compound a matter
sttended by difficulty. The yields of ortho-icdephenylecetic
_7 ester obtainable by this method did not warrant its employmeni,
and recourse was, ihérefore, had m, the originel method of
Rewm. | In view of the sﬁa@é@ ?3;; the lstter that ortho-
iodobenzyibromide is en extreamely unplesssnt substance to

hendle, attesphs were made ~ with & view alsc to a possible
- improvement in yield - to chlerinaste ortho-icdotoluene with



suliphuryl ehloride, by a procedure anslogous o thet of
Eherash and Brown (d nsB0c.y 1939, 61, 2142). Free
jodine wes produced during the reaction, however, end although

Amar, Chi

vigoreus decomposition of the sulphuryl chloride occurred, no
oriho~iodebenzylchloride -ccum be obtained. (Kharash snd
Brown were unable to chlorinate orthoe or para-nitretoluene
in this way, end state thet icdine actis as an enticatalyst
in the resction)e It was found, however, tnet me bromide
con be hendled with quite ressonsble faeility provided it is
porified by distilistion and kept in closed flasks tway £rom
BELEL-VAROUD. |

Fhen ortho=iod amﬂam@lﬁﬁbyﬁe snd ﬁﬁh&«iﬁﬁﬁpﬁ&@iﬁ%ﬁ@
seid were condensed by the precedure of Kuhn snd Winterstein,
407wl oeli4-aip Ibutediene (VII3 R = 1)
were obtained. These aifferea mn&iﬁeraﬁly in their physical
- ghzracteristics, notsbly solubllity relationships and no

two forme of gio¥~df-4o

imterconversion wes observable., It seemed poscible that they
were geometrical isumers, since in the case of snalogous
id-diphenylbutadiene (ViI; R= H), the three such possible
isomers are known {Straus, Ann., 1965, 342, 238«8360). It is
probably significent in this commection that in une regetion
inated

invelving the higher-melting isomer, icdine was elism
with the @rﬁu&ﬁm of trang-1 .@»diphew}msﬁaéiemr
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Attempis to obtodn (1) by the Ulimann resction on these
isemeric oro'dieiodgelid-diphonylbutedicnes have feiled, Bhen
such reactions mere conducited with the sgubstances sione or in
M@&fz@menwaﬁm in qaimls.m m:xm‘;im, intor-nolecuiar .

- eendempation eocurred with the production of subsianees of hﬁgh
- welght vhich contedned lodine. In dilule soluticen
in q&&ﬁeﬁm Ly Mg;aamemiﬁg leomer reosted almly with

. Copper {'t.he msmresmwmg ﬁam;* not at 81il)s but the only

- olecular

" mammmlar»mi@t pmﬁ;m, formed wog teats~lidediphenyls
Eu%ﬁi&nﬁ ~ & result which probobly refliects the fres-radicel
aho ‘:fi@m of t}w resetion. In view of tle results ebmm@&

with Sig ~dibremediphenyl (soe lator) the actisns of sodium
bl ol %Wiﬁm&i’%&l cupric ehloride on {(VIX3 &= 1) were
not investigoted. Such rescticns would In o
@r@mw aiﬁ'fimlﬁiﬁﬂ in visw of 1w genaml mmlumlny

Y qaae have

of the iamam, g@gﬁ%ﬁ.@alarly the m@mmm mznw Bore ﬂeactma
zmﬁ more ascessible of the twte

The third direct spproach to e structure such as (1)
: wongisted of an aﬁmgﬁ to ¢ondensy éiiphmﬁwﬁaa*“aﬁialéﬁﬁgeﬁa
(V) with diethyl suceinate = .a posstion which might be
juge 1,2:3,4~dibenge 4 12959 ot anatae
%@mmaﬁﬁwﬁewb pxyiie aeid (Vi). The éz::gzm;mg Bon=
densotion involving bensaldehyde hos been brought sbout in
& nunber of wayss end the procedure of Cordier (Ann. Chim
2831, i85, 228) was chosely since it hed spparently given

. expested to pr
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Tewer undesirable by-products ithan the method of Stobbe and
Baoun (Bep., 1908, 37, 2241). Then, howevery diphenyle2:2%=
dialdehyde and dlethyl succinate were subjected to the action
of godium, an scid was produced which, from its equivalent
migh% bors no reiatmnsﬁip to the prm’méﬁ desired.

These more direct methods of approsch to the structure
(1) having fafled, sttention was directed to the g}ﬁﬁﬁi&bﬁﬂiw
of utilising in the manner described sbove the reaction
(IImm? 111}, end atite

mpie woere accordingly made te find @
more convenient synthesis of {II) than that used by Kem
{iog.edb.)e  The action of diszomethane on the dichloride of
éiphenic acdd by the mothod of Arndt snd Eistert (Ber., 1935,
" BEy 200y 1936, 68, 1078) gave only amal:i yields of @iphmyln
2:2tediacetic acid, and the method, moreover, 4id not seem
t0 lend itself to operations on & rensonable scale. Bthyl
diphenyle-2:2'«diaes tate could not be obteined by the action

of copper on either ethyl ortho-icdophenylacetate or the
corpesponiing bromo-compound. The halogen groups in these
mﬁstmes wers unresctive towards copper, oand the resctions
accordingly did mpt proceed in the desired menner, Thus the
product from the iﬁauaﬂmmm waav‘ found to contain both
phetylacetic acld and ortho-fodoph ,iwla@e%i@ acid, besgides
ethyl phenylacvetate, unreacted material, and n high-melting
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unidentified substence, (Weitzenbock, Honatsh., 1932, 32,
193, records that methyl ortho-icdosinnamate when subjected
4o the Ullime A
of aiymnyz.««amg*a&mwﬁa acid, while the ethyl eéster = which
eould not be amum oving to 1@@ dacompesitim with the
f@mu@n of a»m-ma@e

an reaction gave phensnthrene and a small emount

iie acm - gave; ,ai;rly produets,
but no phensnthrene. ) | -

In view of iheﬁe‘ results md of the pfsziieaﬁm about
this time by Wowzonek (Jef ez‘--‘f‘: ]m&m_, 1840, B2, 745) of
‘the gynthesis of {?Iﬁ) pad {IX) m: pmj ected yrepmﬁmn

i s’;‘ﬁ? £Q I : Cﬁ c: I
o — #:Hz
VILL. %, |
af £1V) was abandoped, and efforts were concentrated instead

on the development of a syathesis of the diketonie derivative
(%), This substance,being ad «diketone,would be expected to
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éxiat in a mono-enolic form (ef. weplenylacetylacetophenone
(XI). bulow and Grotowsky, Bar., 1201, 34, l+t3; Lovett and
dobertsy dey 1926, 1975), und any tendency on its pert tor
beilh the carbonyl émup;:enoliae (e8 at £I1) would be an
iniicstion of a contribution by rescnance to the stzbiiity
ol & structure guch as (1), Methylation of the hydooxy-
gioups of & substance such a8 (XII) would perhaps meke an
unambiguous znalysis by X-rays of such & structure poasible,
while by & process involving the spylication of elimination
reactiong ror the introduction of the rejuisite double-bon. s
(1) itself mizht be accessible from (X).
1,2:3,4-Dibenz-a0-gyclobctane-6:6-dione (X) mi ht be
expecteu to result from the .leckwann reactica on ethyl
uipnenyl=2-aceto=2'~gcetata (XIil), ami two possible methods

ol obtainin; the latter substance were, Lbcrefore, investigated.

Co — CH, . Co <0 CH
iy N hg
C
7/ \
CHy— CUGEY —CC COCEt
| 1
KLIT. XIV,

it was hoped that ortho-iocdoacetophenone, bein more reactive
Lowamis copper and lower boiling, would couple in the Ullmann
reection with ethyl ortho-iodophenylacetate at a lower
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temperature and thereby prevent the intervention of the
mmﬁeirabm ‘side~resctions which had Deen found o eupervene
when the latier substance was trected alone with copper. The
desired product (XIII) ¢id met result from such 2 - repction,

howevery, and although the large excess of ortho-icdoncelos

'gzshemm @mplﬁyeﬁ in the reaction was vsed up, the eaq:aéctaé
Whgr@émt, a3 2‘*&&@&%@&&9&1&@&, eeulﬁ also not M isomtﬁ&

| g3 snone wes prepared Lfor the purpose of
the above pesstion by hydrolysing the condensation product

obtalined by mn&ﬁnaing equivalent guentities af, ortho-iodo«

: haamymhmrme and the monow-sodium conpound of aatbyla..ew«-

acbtate, Such conditions were used by Gevekoht {Afne,
821, 223) in the analogous preparation of ortho-nitrosceto-
| phenong, but 4% has since bLeen shown b} Cleisen {fnn., 1896,
221, 67) that with bensoyichleride the produet under these
corditions ie d&mmﬁaﬁw&a@ew&emté and not the nono-

 derivative. Hydrolysis in zcidic media of the condensation
product obtained in the momner sinted, gave enr approximetely

sguimolesular mixture of ortho-iodoacetophencne and ethyl
ortho-iodobenzoate. This ogcurred whether or not the acidid
hydrolysing medium contained ethyl aleohel; and it was
eateblished that the materisl hydrolysed did not befors
hydrolysie contain ethyl ortho-iodobenzoaté. It is concluged
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therafore, t&% the cendensstion profuct obtained m in foct N
the di-derivetive (XIV) end thet hydrolysis of ons
benzoyl radicnds in tho zmolecule took plsce by & mechanism
which imiwﬁi the sster group in the ethyl agetongelste

of thea

Toe sryletion of ethyl phenylacetate by dissotdsed
ertho-aminoacetophenone (Gosberg roagtion) ceemed %o offer

an alternotive means of poe

cing (Ri¥I). Previous ex
' gas;yifmeﬁ {see Go “

Py ond ?&ﬁt&%, % o

hae gone to show .t.h&t. ¢ither the oriho=~ or _Wmafgiatim pros=
duet vevally predominetes in ihs mixture of the fwo whieh is
olitained 7 ron these reastions, Ibus, toluene is grylated

- pdrest exclusively du the ortboegpgivicn {(Gorbeoy and Pernert,
g , It seemad necessary before proveeding further,
ﬁszare, to Anvestigate ths velentuoting iofisence in this
resetion of the meetete group in ebhyl phenylocetete. Por
this purpose sniline waes substituted for ortho-aninoacebos
phegont in the reaclion. The profuct obisined on distil
- peovted positively for nitrogen. 7This, coupled with the feoct
that only e very small yield of diphenyl-S8-nootic meid won
gbtained, woull seen %W indicate that the resotive methylene
group in the ester moleculs wes taking & predomizemi pard in
the reaction. In view of the rosults ootelned with aniline,
the sttempl to condense orthowminoscetophencne with ethyl
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phenylacetate was not mede, and, as no other simple method
seemed availsble for the preparation of (XIIl}, the projected
synthesis of (X) had to be sbandone

Further efforis sre now belng comcentreted on the
aynthesis in quantity of {AV} in ordex that ite ring-widening

XV,
¢lofctancne (1Y) may be studieds It is

hope that from the latter substance 1,2:3,4~dibenzeAts3¢%s7.

to the dibenszg

detatetraene (1) may ultimately be obteinnd,
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anthroanilic ecid (1i0gms) disgoived in g solutien of
gomentrated hydrechloric acid (176ces) and water (1,200ces)
was troated at 5°C with a solution of seﬁim nitrite {(60gms)
‘in water {(150ces). To the diasszo-solution thus obtained was
gradually edded potassium fcdide (168gms) in water {200ces),
&nd the r—e@ﬁm eomplated on the water-bath. Crude ortho-
iodobenzoic acid (174gms, B7%) was precipitated on cooling.

to XL S *

The erude oeid (100gms) wos refluxed for 1.5 hours with
& large excess of thionyl chloride {(4-5mols). After removal
of the exceéss thionyl chleride, ortho-icdobenzoylehloride
(97gms; 90%) wes cbtelned by Gistillation, bepte 3627p.
mepte 32° (cf, Cohen, Raper, ., 1904, 88, 1272).

t Gptbo-sigadnhan :gs: 1 lanmni 1y

- el
T35

gnn) dissolved in dry benzene
(600ces) was cooled in ice and treated slowly with shaking
with a solution of aniline (120zms) in carhon tetrachlopide
(250ces). The precipitated gnilide wes fiitered off and
freed from aniline hydrochliordde by thorough washing

dilute hydrochloric acid and water. A further small quentity
wes oblained by evaporating the washed and Jdried bongenew |
arbon tetrachloride selution. Yield 185 gms.y 67%. It

was only slightly soeluble in ether, and formed colourless

needles m.pt. 142.8% from aguecus alcohol or toluene.



- of enhydrous stan

| -7
(Fowndz C, 48.6; H, 3.0. Cp,H, OFI requires: Cy 48.3;
Hy 3.1%) . |

The anilide (1COgms) suspenied in dry toluene (100ces)
was treated with phosphorus pentachloride {65zms) and-heated

on the water-beth a;ntil bydrogen chloride wae no longer
evolved. The residue obbtained by removal of the foluene

end phospborus oxychloride under reduced pressure on the
| watar»bau; was {%is;gaimﬁ in {be minimum of ether
under reflux, with very strong ice-cooling, with e solution
nOus @lﬁ-;ﬂﬁe (120gms) in dry etheresl
nydrogen chloride {203ccs). Much heat wes developed. After
two hours standing and sheking, the clear other was decanted
and the orange-yellow crystals ua elowly with wigorous
stirring to water snd ether. (Hore vigorous conditions
ceused extensive polymerisation.) The mixture wes stes
distilled, the aldehyle taken ﬁ,;p in ether, woshed with
Eﬁﬁiw earbonate and water, and the seltz%iéﬁ dried,
eveporated and the residue distilled. The aldehyde (55

i tvréataﬁ

reiss

778) had bapt. 32803000 mpt. 37°, semicarbazone, mapt. 206°
(Stuars, ., 1688, 53y 1413 ¥ilgeradt ond Ricke, Bep.y 1805,
88, 1479). Some resinous material, and 15zms of the snilide
pemsined in the steom-@istillation flasks |

and sbsolute alcohol (8gms) were treated with dry powdered
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ammoniun chloride {.lgm) and refluxed for 1.5 hours.  Alter
removel ©f the sleohol by distillation, the mixture wes exe
tracted with sther and mm with weter containing a trace
of emmonium byGroxzide, After ér:fiag over potassium cerbonate,
gma) obtained

the etber was removed and thi
by ﬁiﬁ“&imtiﬂﬂ 88 o Jight
}5@ , »

enyl=2: 2 =diaidehyde. (cf. %ﬁayer, Bers, 1913, ﬁ, 2304)
i‘%‘;ﬁ&l weagms of. orthe-isdobenzaldehyde and mx;pwabmm
%ré h@amei, in on atmosphere of hydrogen, in m @i&sb&tﬁ
gz&aflmny warmed w0 200-220°C, The wiolent resetion which
Menly setl in had to Be garefully controliled in order to
ebtain good ;riemﬁﬁ m:r'»&atiﬁm with ether, followed by
distillation, gave bemal&e&g&e, hagst. ‘?ﬁ, {ném m,
iden%ifwﬁ by dits oxidation ny alkalme @ev angenate o
| 'V bengoic eacid, &m the preparstion of its amﬁcarmﬁme,
wepts 234%), end ﬁiphmylaasﬁh&ﬂ ldehyde (yield 70%) b.pts
179%5 0y mpte 83°; Aioxime mept. 186+7° (Hannon end Kemmer,
ey 1884, 138). The sction of coppersbronze on orthoeiodo-
sldehyde~diethyliacetal _g%a#e' 2 product which d4d not m

& constent boiling-point, snd it ceemed probable thal reasction '

was far from completes

Suceinic aeid (5»5@33); &ipmnyz.nzz 2‘ : \
lead oxide (10.5gm8) and acetic anhydride (14.5gms) were heated
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gently until the solution wes clear. The fluask was then
heated in an oilsbath at 160°C for five hours and cooled
eloaly. 8o precipitetion occcurred. The materisl was treated
in the cold with very dilute nitric acid and extracted with
aﬁhﬁr. Vashing with alkali removed much scidie materialy

and evaporation of the ether gave ﬁgﬁwbmz%ﬁ@mm&e

A similer experinent using benzaldehyde .{'mﬂs}, in
plaece of the disldehyde, geve analogous resulis. Some

. penzaldehyde was recoversd on steemedistillistion, and ireate

ment of the derk brown liguid residue in the steme-distillation

fissk with vory dilate nitric scid, as ai}@ve,‘ left a mixture

@f‘f acids which could not be separated .ima' iﬁé\ components.

¥hen this was attempted by distillation at lmm. pressure,

@Q’Wﬂi%ﬁ@h cccurred with much affervescence. The

aistillate (b.pt. 1507, to 250%&@_ ) wap completely

soluble in alkeli, giving e deep red selution. (Diphenyle

mmﬁiéne was obtained by Rebufiet - Gazzeits, 1885, 15, 107;

3880, 20, 154 - by distilling phenyleinnamylecrylic acid).

sptho-nit cophenyls ;:- ic ester. (cf. Wislicenus, Thoma, fnn.,
Reissert, Bep., 1897, 80, 1036; 1908, 41, 3926)

Potassium (18gme) was covered with ether {5Cces) and
treated dropwise with absolute micohel (ca.60cce). When

golution was completey oxalic ester (49gms) wes added, %.%m
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soiution set aside for fifteen minutes, and ¢rthoenitrotoluens
{46gms) sdded., After standing overnight, the calculated -
quantity of comcentrated sulphuric acid (l0ces) in sther wes
carefully added. The ethercal scluticn was washed with :saamr‘,'
and the ortho-nitrophenylpyrivie ester removed with elkeli.
Aaidification of these extracts gave the corrvesponding ecid,
@Mcn was not collected, but afier again meking the solution
alksline, hydrogen peroxide was rem in until & test-portion

ne longer gave o deep red colour with strong alkeli. Acidifi-
eation g&m ortho-nitrophenylacetic acid (40zms, 67%) mepl.

141° from water. (An attempt to convert orého-nitrophenyl-
pyruvice sater by distilistion at 4mm. direetly to orthe-nitrow
phenylacetic ester foiled. An extremely violent decomposition
- set in with gaseocus éffewemgnm and a mm regidue remained.)
The acid (80gms) in absolute aleohol (360ces) wes treated with
overnight. After

dry hydrogen chloride :ﬁlﬁgﬁéﬁ J and refluxed

working up in the usual way, the ethersal extracis oh evapo~
ration gave the ester (82zms, 90%) m.pt. 69°. (Reissert,
Saherk, Ber., 1898, m., 3053,

aleoholic or aqueous alecholie solution with a large cxeess
of smeigsmated sluminium foil. The amine was obtained 28 a
reddisb-brown oil in 15-208 yield. {ef, Neber, Bep., 1882,
§5, 826). Loss of material occurred on dissolving the amine



in dilute seid and mxegiyma%iﬁg with dilute alksli.
hloride. The mr.m«eamr (563235) in
aleohol {3@%%) was sdded slowly with tap-ceoling to
stonnous chloride (180gms) in comentrsted hydroechloric

acid (15Cces) and aleohol {(100ees). Ko staonichloride was
deposited on ﬁwm*;ing avemmmﬁ &n excess of ether was
added, m& 28 alkall ﬁlﬂ’él}“ ran in with cooling until the

tin salts were just diéséive& Extroction of the sthereal
sclution with dilute hydrochlseric acld and precipitation with
lilute alkali gave the amine (Lﬁm, 28%). The sthereal
solution smn'f,aiﬁfs:ﬁ l@gﬁa of 8,““5 ' |

e material.

c‘rﬁha»mimwghengmme ester (19zms) in ice-cold

water {100cea) and conceniroted hydrochloric acid (23ces)
wes treated slowly zt 5°C with a solution of godium nitrite
(8gma) in water (20ces). To the cold solution was aedded
‘potassium fodide (20gms) in water (20coe), and the reacticn
gompleted on the water-bath. EBxtraction with ether s&ve

¥ 1o g ‘ tate (5.8@3, 20%) Bapbs l%/m‘
1t formed ao;imsf‘lﬁss 'madles, Mept. 42-43%, from cold acetie
setd by saaition of water, identical with the material pre-
pared as described below from ortho-icdotoluenc,

 Ortho-toluidine {(107gms) dissolved in concentrated
hydrochlorie scid {280ccn) and water (250ces) wos troated
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at 5«7°C with souium nitrite (76@1&) in water (2(Cecsl). To
the colu diazenium scliution thus obtuined was auueu slowly
potassium fodide (200yms) in water (200ces). A reaction set
in gradually on stending, the temperawre rising spontansously
to 40°C. Arter heating on the water-bath Lo complete the ree
action, the crude icdo-toluene was seperated and steame
udstilied from alkell. usistillation gave 16(=170ums., b.pt..'
&?ﬁm. n})&Ol‘m‘

Ortho-icdobenzylbromidg. (cf. daum, Bgr., 1884, 27, 3233).
Brominetion was cerried out in direct sunli ut at an
oll-bath temerature of 220-230%, COrtho-icdotoluene (1554m8 )
wos placed in a roundi-betiamed two-necked i'lask of sbout 1Ulgc.
cu, aclity so that it was almeost fllled. An efiicient condenser
was used, and bromine (56gms, half the theoreticel gquantity)
was aided through a drepping-funnel on to the surface of the
1liwid at a comstent rate over about thirty wilnutes. Heating

was continueu for a few minutes after the awaiilon was complete,
the liguid being then transferred W a lask anu distilled.
Ortho=iocgotolusne, contaninated with iodine, was recovered

(4. me, after purificetion aml re-iistillation), and ortho=
focobenaylbromive, m.pt. 52-3° (67.55m8, 65%) collected at
1252%. An attempt to prepare ortho-iocdovenzylchloride by

the sction of suljyhuryl chlorile on ortho-~tcluene failed.

(ef. Kherash znd Brown, J,imer.chem,30g,, 1933, &l, <ld4c, who
were unsble 1o chlorinate elther orthoe or pare-nitrotoluens

in this way).



-8

 Criho-iodobenzylbromide (112gms) was treated with
potasaium cyenide (75gmo, 3moels) in alcohol, end heated under
reflux on the water-bath for three hours. Afbter distilling
off “the alcohol, the }praﬂuc‘t waos taken up in ether and the
nitrile (75.5gms, 80%) Gletilled. It had b.pl. 1657,  from
a bere flame, dut 1407, from an oil-bath or when a column
wap asﬁﬁ;

Tk T 3

r DA

The mitrile (72gus) wes heated in en odl-bath at 170°¢C.
for two hours with concentrated aas’r;grhmﬁc acid (150ces) and
water (150ccs.) After cooling and careful dilution with water
the acia {(80gms, 773) wes extracted with ether and removed with
#iiute alkall in the usual way. Ragkysmliise& from light
petroleun (80+3100) 4t had m;p‘&, 114° (F‘t’eﬁemak, Dippy and
lewisy .y 1936, 646). -

Reflinxed for twelve hours with sicobol cam&im::g‘a little
sulphuric acid the ethyl cster was obtained in DO% yield, It
had m.pt. 42-43% and was Sdentical by mixed melting point with

the matericl obtained, &s described above, from ortho-nitro-
tolusne. |
grthosiotoninnennldehyd

Orthowivéobenzaidenyde (90zms) in dry aleohol {10Cecs)
was added to & selution of acetaldehyde (33gms, Zmols) in
sleohol (150ccs). To the fce~cold solution was added dry
dlethyl-amine (1.5ees) in sleohol §0ccs) and the whole left
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at room temperature (ca.18°C) for three days. After just
acidifyis
to about 125g08., exiracted Wi th ether and the solution washed

g with 2N sulphuric acid, the solution was evaporated

thoroughly with water. The product wes geparated by distile
lation into two fractions ‘b@iling above end below léfi?mi
respectively. Redistillation of these frmotions gove re-
govered ::»xﬂmvioﬁohmame}zgﬁa, Bepls mﬁfam {50gms), ond
; «iodeeimanaldch 749, b.pte wﬁfm {30gms, 30%) which
exwaxauiseﬁ in pm&ms from light petroleun (80-00), m.pt.
78+70%, Oxidised by ammoniascal silver oxide, it gave ortboe
ic acid, m.pt. 216-217°. (%i%ﬁéﬁb@ck; Honateh.

1913, %, 193).

i}rfﬁ%w“i@@csphewlmaﬁie agid (18.3gms), orthosiodos
ionsmaldehyde (18zms); lead oxide (7.8sms) and ecetie
snhydride (10ccs) were beated under reflux in an oil-bath
et 150-160° for five hours with exclusion of moisture (cf.
Kuhn and Winterstein, Helv,Chim.Acte., 1928, il, 87). The
hot u:guiﬁ wes transferred Yo & small beaker and leflt overs

night. 7The almost solid mass was diluled with a 11ttle cold
aeetic acid, flltered, and wsshed with scetic acid {(Sees).
The product {ldgms) wes "axt,mctﬁe& with boiling acetic acid
{&0ces)y the moterial which crystallieed out on cosiing being
Piltered off and the mother-liquor used again mﬁl four or
five lote of crystals hed beon collected. The material which
remained undissolved (10gms) had & very Jow solubility in



(1]

| ®, 2.6%). Total yield 20%,
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most orgmic solvents excopt pyridine and dioxene, in both of
vhich it was extremsly soludle. It separated ns son oll from
agueous pyridine, amryﬁﬁﬂliﬁ;samm from o lerge volune of
xylens gave pio'wdi-icdoe]d-dichenyibutedient ]
lese rhoubobEdra, mepb. M&Eﬁﬁo (Founa: e,, 42,05 H, 2.6,
f‘-_-_‘».‘;..mla Tequires: Cy 42.U; Hy 2,683, Az obteined 9&@? the
seetic seid m“mtim;, f;m material woo nlmost ;s‘we, angd for

: mmy purpeses was best recrystallised frem aguesus dioxene.
- The materisl which hed crystallised from the acetic aeid ex-
. troetions was taken up in hot benzene (10«385¢e8), filtered,

end another forn of profeiisicdo-ldedinhenyibutediene (2.5gm8)
shtoined by adding sbout 20ces. of sbsolute alcohol to the
fiitrate. It crystalifsed in yellow needles, m.pt. 180~1817,
vhich if left in contect with the mothor-liquor fosmed rhoxbos
bedrs of the same meltingspoizt. It had a much higher and more
goneral solubility in organic sclvents then the fsomer of m.ph.

249-250%, (Founds € 92.2; Hy, 2.6. Cy.H T, requires: C, 4240y

. on af 71 ﬁmﬁm on mo‘namicﬁm}«ﬂaﬁipiﬁept wtadiens
ilﬁ The isomer of Mepte 2&&9«2&3" (3gme) dissolved in quincline
{&cmi was boated in o metal-both until the ‘guinoline wag just
z‘eflmiﬁg; Copper %ﬁz 1ze (Sgme) wos addad in smell porticns
and the hesldng geﬂtiﬁueﬁ for fiftecn mws mz‘ the
@adition mas e&mpmtea feactien was. vigarmm -&fﬁar thorough

oxtraction with bengene, the guisnline wes rozoved by woshing
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with dilute Wﬂfﬁcm@zfm acid, snd the benzenc evaporated.

The product was mainly resinous in character, but after

repeated recrystallisstion from small volumes of benzene
‘most of the ms*i_mﬁa material wes removed and the emalil
ance remsining bad m.pt. 200.202°,
but was probably mt guite ;:m*e‘:.; It gave & ?osiﬁvﬁ reaction
for iogine. (Found: , 56.3; By ‘2?..9-. Conlin,] '
- Hy 8.6%). | |
{2) Wnen the resction wes carried out in the aﬁagme of
quinoline, and the metal-bath maintained ot 280° for a few
: sﬁbsj;me&, the m

amount of crystalline gube!

5 Pequiress &y 58.03

wes after the violent resction

wes identical with that described ebove but was present in
smaller smount, thers being more resinous meterial presents
Amamgm. 0 separate reaction producte from these
experimente by distillation at 2m, pressure failed. De-
. composition apd resinification occurred, and no distillate
- wae obtedned, | | | ,
(2) The material (pept. 249.250%) (4gms) in quinoline {(40ccs)
m gradually warped 'ﬁim copper bronze {4gms) and then e«
fiuxed overnight. After cooling, tho quinsline was removed
by the sddition of aa excess of hyﬁmzmmria acid and the
mixture filtered. Extrection of the precipitate with ether
ond evaporation of the lntter gave a viscous reddish mass
- gontaining some crystalline material. Removwal of this with
Higid petmiém gave trans-lid-diphenylbutadienc {.38m, 16.8%)



 mepts 8nd mized mept. 162,54163.6% The resaint
| cotile net be obteined in & crystel
| - Experimente siniler to %‘s%mm& sorik
ﬁxh the feomer of TePbe 1801 hen & mall quantity of
guinciine was used L mxwmt; m*& of the ﬂwuﬁg materisi
wag :emW&S'EfE m@hmgeﬂ, aven afw mfmﬂag for & considersble
‘tme in comtact with Lho copper bronze. In 4flute selution in
| _Qﬁﬁm&m no resction @cmmﬁi Then the hented materinl (Sgme)
I traat e‘s& piowly, in on atmosphare of ﬁaz*m dioxlde, with
- copper bronzey sid the tenperature then maiztained ot ao® gor
£iftoon mimst ed on evaporation
& wery viscous gubstance which could not bs distilled ot Zmm.

A shove were conduchel

és, the bensene emmm ggie

- pressurs, ad 414 not form & plerate. In gontoct with sboolute
slgohol £t solidifisd to o non-orystaliine sclid, mm&m in

ottier, benzeno, ethyl sgetate and cerbon tetrach
insolubls in slcckel and acesic acld. Attenpis to cbtoin

loride,; ond
material in & erysteliime form feiled, but perticl purification
: eipitation from ethyl acetote by
sdaition of ebsclute amam@; The meteriail contained 'i@ﬁ;m.
end had mepts sbout 200°, elthough it liquefied whon beated
with some solvents of b.pt. below £0% (Found, C, 69,05
fly 6o Coglogly requires: G, 66.5; Hy 4.3,

- Regctlon between DiokenyleZ:d-dieldehyde gnd Bisthylsuccinate.

{ef, Cordiery Anm,Chim., 1931, 15, 226)
The disldehyde (S.dzms, imel) and dfethylsuccinete (7.0gms

imol) wers treated with 1

- was sehisved by ropeated pm

1 slices of sodium (2.8g26) end &
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106.0ltsy and Graebe and Aubin, Ann, 1888, 247, 263, give
@ pt. 217°.) o a
Diphenic Pichloride. {Gracbe end Aubin, 1og.eit.)
| %A@hﬂiﬁe_ anhydride (34gms) was heated im an oiledath at
- ﬁmphnapmm pentachloride (34gms) until the reaction
set in. After removel of the phosphorus oxychloride at the
,ma;s, the acid chloride {40zms, 975, m, _m,,, 66-97%) wan pe-

erystallised from benzene.
renonesdecarboxylic Acid

ﬁhen.a& attempt wos made to puridy the ernde acid chleride
of diphenie 2¢ld as obtained sbove, Ly distillation at <4nm.

pressures deaﬂmgﬁsiﬁan occurred with gaszous effervescence. -
(It has bﬁezz stated by Grosbe and Aubin, Ann., 1888, 247,

961, that the sedd chloride can be distilled unchanged, but
 when heated with phospherus oxychloride, the chleride of
Lhuorenvne-dwcarboxylic scid is obtained.) The regidue

in the distillation flesk wae washed with ether, boiled with
alksldi, and the acid Pmaipimmd with hydrechloric acid.
hecerystallisation gove flusrencne~d-carboxylic 'aeidg separating
in yalle%& neetles from -é.quﬂws alecohol, mepbs z27°%. It gave &
red colour with concentrated sulphuric acid, depressed the
wpelting-point of diphenie acid, and geve no depression when

mixed with sn suthentic specimen prepsred from diphenic acdid

by the ﬁatigm' of sulphuric acid {(Graebe and fubln, loec.eli.ls
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Hiphen 1“23.3'*@?@@%%%@@

Diphenic dichloride (7gme) in dry ether {8Cces) was
added slowly to digzomethane ﬁga;?@as) in ether (iC0gcs)
goeled in o fmazwg mixture. After two beurs at room
tesperature the ather was ;z:*eﬁéwﬂ at the punmp end the ;:rsa _
duct (Yoms) reerystsllised fmm mmeam 1t formed minute
pistes vhich darkensd at :le’i‘3 and melted with a@mp&siﬁm,.
at 1219, 1% wae diseolved in sbsolute alechol (150ces) ang
heated on the water=bath for one hour with siiver oxide
prepared grom 10% silver nitrate solution (40ces), Chare
| eozl was o8ded, and the solutien beiled mnd filtered. The
residue obtained on evaporation of the alcohel wag distilled
giving diphenyl-2:2'~dincetic ester, b.pt. m&zﬂﬁf’r@m’ {2.5gms5)
l_ﬁdralysea in the usuzd way with alcoholic péﬁ&gsiﬁm hydroxide
solution, diphenyl-2:2%discetic acid was oblained, m.pts
158154 from water. (Kenmer and Turner, de, 1911, 99, 2104).
Ihe setion of Copper Bronze on Ethyd Ortho-icdepbenylacetste.

Ortho~icdephenylacetic ester (20zms) was heated in o motale
@at&z at 270°, Copper bronze (10gms) was added in swall portions,
. end the bath then msinteined at 290° for thicty minutes. After
coolingy the mixbture was pxtracted with ether. Distillation
geve ghmylmetic: estery Depte %"%i‘m. (3gms, 26.7%)y ond
recoversd arﬁ;ﬁ«ieﬁaghemlawﬁﬁ ester contaninated with
yhmylae@ﬁie acid, ia»,pt; &%?ém {Pamads A.'I‘he- material ilﬁ.ﬁgms}

- boiling b@twwn Mﬁfm and 220 1, P BEES r@ymﬁ vﬂm

aguecns alcoholic alkald in the umai way. The smell amount
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of acid obtedned was ldentified as ortho-iodophenylecetic acid.
The newtral material remaining, which was not further exsmined,
formed araﬁgmumuréﬁ needles, which were still unisolien in
a bath at 2807, |

The pame results were obiained when copper bronze which
had been sctivated by the method of Kliedener and Adams (s
] hins , 33331} ﬁ_ﬁ; 4295) was used.
grthosbrompphenylacetic
Villiams, geg 1384, 1891},

Phenylacetic acid (50.ms) ssrcuric oxide (45gms) s

cid, {of. Ffredericky Dippy end

vater (400ces) were cooled in ice ond treated dropwlse over
one bouwr with bromine {18.5ceel. After stirring ﬁér & further
boury excess sodium hydroxide was added, the mizture Liltered,
aviGified sud extrocted with ether. Distillatden vhrough an
sfficient column geve phenylacetic acid (15.6zms) b.pts
ig?‘l%?mm and & mixture of Lrominstion products bH.pt.
Mﬁﬁmj‘g‘mﬁ“ {60mms}. This material could not be sepurated
into Ats compononts by repeated recrystallisation from Mght
peirelenm (80-80), but by removal of the first materinl to
erysteliice on each oceasion, ortho-bBropophenylacetic acid
{1Cgms) Mept. 104-105.5° wos obieined. Oxidised by slkaline

npanate it gave ortho-bromobenzoic Beidy iﬁ‘m@%&

1567, The rest of the materiel could not be further separsted
inte its components, and showed & zfamswklamg constant meliing-
point of ebout 76-78%, mot mitered by mumirsus aitempts at
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purification. That it was almost pure pare~bromophenylacetic
acid, however, was shown by the fact that on oxidation with
alkaline permanganate it gave pure para-bromobenzoic acid,
DaPpba 251&2530, after one recrystallisation from aqueous
alecohol., ({Frederick, Dippy and Williams, loc.cit., obtained
4.5gms of the ortho~geid by the bromination of 10gms of
phenylacetic acid.) .

Ethyl Ortho-bromophenylacetate.

Ortho-bromophenylacetic acid (6.5gms) in alcohol (25¢cces)
was treasted with concentrated sulphuric acid (.Sce) and re-
fiuxed overnight. The slcohel was removed, the product taken
up in ether and washed with sodium carbonate solution. On
uistillation the ethyl ester was obtained as a colourless oil
b,pt; llégémmJ which crystaliised.in colourless needles on
standipng, and had m.pt. 35-36° from ¢old agueous acetic acid.
Yield 6.6gums, 90%.

Action of Copver Bronze on Ethyl Orthe-bromophenylacetate.

The ester (6zms) and copper bronze (6gms) were heated fopr
three hours'in,a sealed tube at 300°C. On warming the sealed
end of the tube it opened with explosive violence,s great
pregsure having been developed. The copper, after thorough
extraction with ether was conteminzted by & black insoluble
powuery substance. Digtillation of the material obtsined from
the ether extracts gave low-boiling materials (.2gm), phenyl-
acotic zeid (.2zm) {(identified by melting poinm end mixed

melting point), and a residue of resinous material {(ca.lgm)
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which decomposed on further disiillstion.

in the following preperation n key reference « (Keedhsm end
Parkin, dey 1904, £5, 161) =~ wes missedy and difficulties were
encountered as o result. Sediuwm (12.8zms, lmol) in thin shavings
wag added slowly to a cooled solution of ethyl aﬁé‘mmétatee ,
{T6gus 4 l&é@lﬁ) in dry ether (80Cccs) and the reaction completed

nrlde

iing swernight. A solution of © to-Sodobenzaylehl
Jgms) in other (150ces) was odded, and the mixture refluxed
for @ short time to complete the reaction. (of. Gevekoht, Anm.,
1883, 221, 823). Remon
di-{icdo~benz yi%&cetme‘%ate, {cf. Claisen, ARg., 1896, 291,
67). That the material did not contein ethyl ortho-icdobenzoate
w8 shown bj’ warning

al of the precipitate and eviporation of
sation product, probably

ﬁ.@n under reduced pressure, when &il

dow-boiling mpurities were removed below 1007 iﬁm The moaterial
itselif could not be distilled.

The copdensation product &%gm) was refloxed with water
- {20Uces) and goncentrated sulphurie acid (80ces) for seven
hours {(cf. Gevekoht, 10¢.¢i%.). The product was token up in
other, and alkall soluble paterial removed with 2N sodium
hydroxide. Evaporation of the sther gave a product (6.3gme)
’e.pm n&mfm (F'm Cy 39405 H, 3.0. CyH. 01

X ik ) -».
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G, 38,05 Hy 2.8, CyHyO,1 requiress C, 30.15 H, 3,4%), which
on gaponification with ﬁﬂﬁw aquecus-alesholic tikali gave
both orthc-iocdobenzoic aoid (3gme) {m.pt. and mixed m.ph. 162@};
m _orthosiodoacetophenons (2.5g18) bept. 11242280, 100

1.63,%0, oxime m.pts 130-132°, (Auwers, Lochner end Bundes-

garbazong, which
separated in colourless necdles from aquoous aleohol, me.pt.
176,5-179.8%  (Pound: €y 35.9) Hy 3.8. CyH) O, requiress.

Cy 35;?, By 3.3%). Ethyl ortho~icdcbenzoate (D.pt. 1225 iémm
zﬁ} 1.6850) could be obtailned in a pure state from the
amre by allowing sufficient time for complete formation
of the oxime or semicarbazone to teke place. The alkeli-
soluble moteriel, precipitated with hydrochloric acid and
refluxed for eight hours with aleohol {100ccs) and concens
trated sulpburic seid (Sces), gave 4.9zms bopt. 110-1255,
which on treatment as sbove guve artho~iodobenzoic acid (2.3gms)
enG ortho-fcdoacetophenone (2gms). ZThe slkeline extracts from

g _*gﬁ; 3525, ﬁg, 5@}1& it gm a a8t L¥A

o »

this experiment {(alkali co.N) on refluxing for two hours gave
 orthosiodvacetophenone (4.5pms), isolated by extractios with
aﬁmé@ and the reining sikaline solution on acidification
gave ortho-iodobenzoic avid {igm.) |

The condensation product when hydrolysed with either
sloehel or agueous alcohol (1:1) contuaining 105 of sulphurie
geid {of. Eermocky Smithy ey 1829, 815) geve ethylscetate,
which wes removed by distillation with the alcohely and ortho-
jodoacetophonone and ethyl ﬂrtﬁ-ﬁﬁivedabmzaam: in the approximate
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ratio of 334 respectively.

- % Ortho-itdoacetophenone (28.5gme, Smolis) and ortho«iodo-
;pazenglaeaﬁi’é ester (17gmey imol) were haétezi in & metal~bath
at 275°¢C. Copper-bronze (30zme) was added in amam portions.
Reaotion was vigsmaﬁg the internal tesmporature x‘iaﬂz}g o that
of the bath so that the mixture was just refluxing. Then the
addition wes complete and the reaction had subsided, the metele
bath was kept at 200° for ten minutes. Extraction with ether

and distilletion ,gafre a»e%ﬁphenam {5.5gma, 893, D.pt. 90100 z&m

‘?91.5442, semicarbazone, m.pt. and mixed m.pt. 20 10), recovered
artrmai@aapheﬂylaeatm ester (9gus) (impurel, a reactisn product
Bapla £ fﬁm iﬁgm), and a highly resincus residue which dee
composed on fm‘mx‘ distiliation. The meterial b.pt. 200% /s,
wie aoluble in orgenie sclvents with the exception of light
petrcleum, but could not be imduced to erystaliise. It formed
a very impure semicsrbazone, which could noit be recrystiszllised

o purity. Trested with mmtm of pierie acid in bDenzene,

aleohel, ete.y no colouration was produced and no picrate was

~ obtained. The material was not hyérolysed by dilute alcoholie
‘ pemsium hydroxide in the cold or aft,ar refluxing for thirty

| minutes, but when refluxed with its cwn weight (Sgms) of
potassionm hydroxide in sloochelic solution for siz hours, &

| potassiom salt, insoluble im alkali, separsted. Acidification



of the ajgueocus solutdion of this mat@ial gave an zeid (1.0gms
sﬁm& i orgonic solvents with the exception of 1ight petro-
ieum, ard insoluble in water. It was not omensble to purifi-
é-aﬁian pmeésﬁses, however, and sitempts w purify it were
ultimately sbandened. The remsining neutrsl meterial was

not imwhig&teﬁg further than m’ establish that it was not
2:2'-diacetodiphenyl (m.pt. 94-85%, Cook end Turner, g., 1937,
1183, .saimef it hed & melting point very considerably higher
than this. ' | | | |

water (35ces) and concentrated hydrochloric scid {83des)

- was digzotised in the usual way with sodium nitrite (Z5zms).

The dioso~solution wos %éaataﬂ with a‘@.tgyi phenylacetate (350ccg)
and at 3% & solution of sodium hydroxide ’iﬁ?@m} in 'wa%a? ,.
{160ces) added, winh vigoreus stirring, over thres haumﬁ |

Stirring was continued for 20 hours, the temperature being
gradually ralsed to 25°%c. After ae@a’raﬁm, the ﬂé@éf myer
was distilled through en efficient column. The product, b.pt.
m@-risffém‘, was & red liquid which could not be further
fragtionated and which gave a positive test Lor nitrogen.
Saponification in the ususl way with agqueous alccholic alkali

gave a davke-celoured oily scid which resgted positively for
nitrogen. Repeated decolourisotion of the alkaline solution
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of this acid followed by peprecipitation in the hot with
strong acid snd further repeated recrystallication frem
agueous acetic acid, gave e small quantity of an acid,
which did not contain nitrogen, of m.pl. 116-117° (Found:
Bqswts 210s Cy,H, .0, voquires: Egowt. 212)s %i;_gﬁmnylw
Z=acetic anid has been peported Ly Schonberg and Warren
(d., 1939, 1840) as baving m.pt; 116%.



It seemed possible that if dlethyl diphenyle2e
carboxylate~2¥~{artho-phenylacetate) (I) could be pree
pared it might by the Disckma

in resction yield the kefo

ester (1X)., & study of the keto-enolic toutomerism of

pound by a process involving decarboxy would
intersst, ond (I15) might possibly be comvertible into
1,2§35415,6=tribenz-a 11519 Lugyoiototatetraene (1Y)

by reduction and the elimination of the elements of water.
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A possible method of obtaining (I) was by the Ullmann
reactics ou ethyl o-'L:.~:: iophenyla etate and ethyl dijhenyle
i=iodo=¢tecurboxylate iesier of V; R=1), and three possible
routes W the latter substance were, therefore, investigated.

Ine firast of thesc had &8s its sturtingesoint denitroe2te
carboxydiphenyl (V; R=HO0 ). The production of this compound

CuCH

V. VIi.

in low yield by the Lllmann reaction has been described by

1954, 36, 265C) and Finai, sellavita (Uazzetta., 1936, 66,
421). By increasin, the ;roportion of ortho-icdonitrobenzens
use. in the reaction to 1§ mols., the yield of (V) wes in-
cressed to 68%. aoreever, the product o the reaction under
these conditions consiated of only two substsrnces, instead of
three, aixi since one ol them was unsffected by alkali,
separation was eflicient. Attempts «ere maie 0 wrepare
Zeining2'-garboxydizhenyl (Vj R=XNH,) from the above nitro-
compound without success. Since it was expected that the
anino-aciu would show a tendency to cyclise to phenunthridone
(which 13 stable to boilin, alkali - uraebe,  anuer,_Anpn., 159§,
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276, 248}, only those reduction methods were tried which
evployed solls of the nitro-zeid. Successful pedoctions
of eomewhnt $§miwgﬁm§fmﬂa by these procedures uwe been
deseribed by Pschorr (Ber., 1906, 39, 3109) end feber (Ber.,
mzfa,f; £8, m). Theae methods, hosevery did noti succesd in
this ease. Tsw feet tiat the ferrous hydrsxide gave the
. charseteristic colour chonge on afdéitim of o solution of
the wmmnium or boriun ssit of the mmm@ soened to
| imic&m :’_t._mﬁ redoction was occurring. Ko meterfal was
recoverable from the filtrate, however, and 1% is concluded
therefora. thot an insoiuble substence, doubtless phemanthrie
- dono, was formed a6 o result of the roduction.
This route to S-icdo=-2'ecorboxydiphenyl bolng closed,

the »@xiéé%inn of Z2emothyle2t=10d04 pml was Investipntel.
1%?&35 found that thig substonce wesn oxidised cumpletely by

lkaline permanganate, snd elthough it was somew
Btoble to chromic seid, the yleld of ﬁaiez’hmri“:@gy?
&iphonyl was ‘a@ low as to wake the method of 1ittle welue

for the preparation of the latter compound in quentity.

1% would ssem that aumﬁhylwﬁimiaﬁaﬁipheayl is much less

stoble 66 oxidation than either &W&@’@&mywﬁhm;

{sinco the methyl group {&iwm was aimost guontitativaly _'

cxidised by chromie ecid) or 2-bromo-4'<methyldiphenyl,

shich could be oxidiced to the correeponding seid by either
rmongunete or chromic ocid (Gomberg ont Pernerty ggmeze;,

m.008.y 1086, 48y 1378).
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The method ultimately employed for the production of
'ﬁﬂﬁ@@wﬂ*«emrb&;:gaigh{myx was by the agction aﬁ"' & restricted
amount of copper upon orthowiodobenszeic ester and a D-molar
gsmwﬂmnﬁf @ﬂh&ﬁiﬂ@éﬂbﬂmeme The resetion wes ﬁiﬁ’i—»
cull to wzgmml, and the map&cﬁive yields of the three
pwsime cem:msau@n méucts varied somewhat. By repesting
me mamm with the casily rocoverable ortho-di-iodobenzene
qmim repsonsble yields of Eﬁi@ﬁaﬂﬁwwbﬁ:@sﬁipﬁaml were
poseible. | o o |

It was at this stoge in the investigation that it was
found that ethyl ortho-fodophenylsvetate aid not behave
mrmml;r in the Ullmann x‘mmm, mz. it wos hoped that by
using & three molar pmpt:rt&m of this eompound ia admia
with e%mlezmiaéeaz*mwbaxylam, end condneting the resction
in a sealed tube, the reguired condenssiion produet (1)
misht bo obtaired. The products obiined by this proesdure,
howevery were 9he:gymetie peid and Z:4-benzeoumsrin (VI).
The free radical mechanism which fs ndvanced (see later)

for the Ullmenn reaction could explain the formation of
such & substance from ethyl 2@9&@2“%@1:0@1&%@
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pdonitrobenzene. (¢f. Ullmann, Ber., 1896, 28, 1880).
Ortho-nitraniline (30zms) was dissolved in concentrated
sulphuric acid {(45gns) end poured on ice (280gma). A solution
of sodium nitfite (16.5g0s) in water (50cce) wes then added
slowly, with stirring, &iwi the surfoce of the liguid. The
eold diago-sclution was poured in o thin streem inte a
vigorously stirred solution of potessium icdide {(60gms) in
water (iﬁ@zga) originally at 40%C, After warmi g fo
short time on the wa&@fébazh, the mixture %aﬁ.eaﬂlﬂ§, the
aﬁhawiexiﬁﬂiwmam (50zms 4 Q@»} separated,; iis emereal
sulphates and the material

solution washed with alkal

ﬁistiileé, Beptae M/m ms;pt, 54° from aguecus alcohol.

Ortho~iodobenzoic acid (S7gms) in absolute aleohol {800ces)
was treated with dry hydrogen chioride (10gms) and refiuxed
overnight. After working up in the usual way the ester (57gms,
90%) wos %ﬁs%ﬁiﬁ.@ﬁ, Daple mfm, 14? /130, a%lgusﬁﬁﬁ.
Yields of 76% wers obtained when sulphuric acid was used as
catalyst, The methyl ester 'ﬁéasf obtained in 7% yield by the
action of dimethyl sulphste on the solution of the aeid in

sodium carbonate.

Ethyl ortho-icdobenzoate {(3dgms, lmol) and ortho-iodo-
s, 1Huole) were mixed in & lerge havrdeglass

nitedbensene {50z
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. f{}ﬁ Copper bronge

test tube and heated in a metal-bath at 25
{45gms ) was added slowly over twenty minutes with stiming.

The iﬁwmai_; t.emyammz?e; rose to between 200° end 340°
Gepending on the rate of eddition, but the yisld wae reduced
ot tenperatores above 800°. The bath was then kept at 306°
for s few minutes, the tube cooled and the mixlure extracted.
with orgenic solvents. Distillation gave 36zm8, bept. 186w
Iﬁﬁjmg wh-ieﬁi%’::’iaﬁy@m;yaed by rvefluxing for twe bours with
potassium hydroxide (12gms) in aleohol. After distilling off
the aleobol, water wes atdded and the precipitated 2:2%dinitros
diphenyl (10gme), m,pt. 124°%; (Gull, Turner, g., 1929, 496}
thoroughly extracted with ether. Acidification of the
alkaline solution with acetic peid geve 2<nitro=2'=oarboxy=
ﬁi;zhmjzi (2igms, 68%) vhich formed yél&;aw plates Lfrom aguecus
agetic acid, m.pt. 166-168° (cf. Sadler, Powell, J.Amer,Ch
Bog., 1934, 564 2680). FHo diphenic aecid could be isolated
on farther sciuificstion with mineral acid.
Action of Reduclns Sstnts on S-nitro-2'scarboxydipheny

The nitro-acid (Bems) wep dissolved in hot 2N somsonde
{?8cce) and oGfed &slowiy 1o & mixture, heated on the walere
bath, of ferrcus sulphate {(65gms, "mels) in water (175cesm)
and goneentrated ammonie (160ces). (ef. Pschore, Ber., 1806,
3109). The mizxture wos kept hot for thirty minutes,
filtered, and the pregipitate thoroughly washed with boiling
water. The filtvate gave a siight milkiness at the neutrsl
aporation te dryness yielded only traces of

point, mwl on &



w 102 -

organic mﬁﬁﬁa% in & number of experimente using less severe
 sonditions {(e.g. carrying out the reduction entirely in the
gold) the regums were the sames |

Using barium hydroxide in place of smronia {(of. Neber,
Ber., 1822, B85, 834), a barium salt could not be fsolated from
the filtrate., Extrsction of the precipitate with mehm. also
414 not result in the iaolamem of a product.

Orthe~iodotoluene (32gms, Imol) and orthosiodonitroe
ene {64gme, Idmols) were hested in. o metal~bath ot 280°%.
Copper vronze (48gme) was added Sn gpoonfuls over Tifteen

minutes. The internal ﬁ&m&;ﬁsmﬁmm rose to 245%, and the
. metalebath wae maintained et 2607 for thirty minutes after

the zddition of the copper. Extrection with hod benzene,

followed by distillation through & chort efficient column,
gove recovered ortho-iodotoluene (i3gms), Zemethyle2'-nitros
diphenyl (11.8gos, 378) b.pte 1435, , mpt. 57-56° (Sedler
end Powells J.Amer.Chem.Soc., 1934, 56, 2650, give 1501560, ),
and 2:2%-dinitrodiphenyly b.pts 1ﬁéfm {22.8zme)a | |
: ddphenyl. The nitro-compound (Myms) and a

Iittie alcciwl was trested with tin {I?gm} and congentrated
hyGrochloric acid (35ecs) $ oGded in four portioms. ¥hen the
K’Eﬁcﬂlﬁﬁ'ﬁ&@ zﬁ;«emgxlet;e? the flask wes hooted on a boiling waters
bath for one hour, cooled, and Sodium hydroxide {25zms) in

water (35ccs) added. Extraction with carbon tet: ;;aghieﬂﬁ&—




fa&mﬁ by distillotion gave Remethyl«2'«smino
{10gms. s B3%) Bupts 13’%3«28/%9 Mepts 37° (ef, Hascarell:
and Gami, Abtdal Jdncef., 1932, 15, BB).
: «£ =4 odgdivheny, (Mascarelli andGatti, Jog.cit
The amine klﬁg&ﬁi was treatod with concentrated hydsoe
chlorie acid {15¢cs) and water {(50cce) and cooled to 5°C.
Diagotication wes carpied out with scdivm nitrite (4.2gme) |
in water (10ces) and then potessium fodide {ligms) in water
(200cs) added. Resetion started at 10°C and the flask was
finally Heated to &0°c on the wa@raﬁegth.‘ The 2emethyl=gte
iﬁdﬁﬁghmyﬁ. was extracted with ethw, anﬁ purified by

: ws.shin& with alkeli end thiesulpham. Pistillation gave
108, &63%) mp% 1351385 Mmm‘ whieh solidified on standing.

the materisl vas ﬁ;&iémﬁd emgmwly by alkaline
potzsoion persanganate. Q@ﬁ%&y%ﬁ'wﬁ;a&a&i@ﬁmﬁ (2gms)
vag Gigsolved in glaciel acelic ',aciz& {40ccs) and 0 the
igewcols seclution was added chramic W&f&d& {2gma), After
stonding overnight the flask was gradually warmed on the watere
bethy vhich wes then Eept- boiling for seven hours, o further
2ems of chromic enbydride being added 31@@37 during the first

tuo hours in small portions. The solution was diluted with

wetery, the prouuct teken up In cther snd the acidic material
removed with sedium carbonate. Acidification gave 2eiodos2's
carboxydiphenyl {.ﬁgn, 23%) mept. 149+256° from 1ight petrolem

(3;2@@3.»@} identical by mixed welting point with the material




prepared as desoribed below. {(Found: E@,@tﬁ a2z, ‘gmgg@ﬁi
reguires: Eq.ut, 324). .
10=dofoaniline. (cf. Beeyer, Bep., 1905, 38, 2760},
Ortho~fodonitrobenzene (180sms) was slowly added either

. in the s0lid state or in sclutien in slcohol t& 4 cold soiution
of stanpous chioride (760gms) im slcohel (1,000ccs) and cons
esntroted hydrochlorie acid (9C0gms )y the temperature being

| kept below 2’3%%’ throughout. After stunding overnight ihe

'ﬁ?nmﬁﬁi@:;i@i’ﬁﬁﬁ was eellmt@fﬁ, treated with &n excegs of sazzimﬁ
y&zwmﬁ ami the iwreczpimte steamafim.m le  The yield was

t.} gives

iAGame. Eveporetion of the alcohol from the mm@rwiﬁqmm

never more bhen 100gneg elihough %:!aeyexﬂ T ;gm:: !

under reduced presoure 4id net yleld amueh sheum-volet Me

_mﬂ%{eri@l after treotment with pikeli as cbove, HEeCosble,
Ward (J., 1913, 193, 1999) und Kontegne (Ber., 1918, 5l
1490) found it necessary to modify the chove provedure in

~ the ecase of tm mebge and para»wmuanéﬁ raspoectively in
- arder to ai;stain the ylelds given by Baayer,

_ ﬁrmﬁ«-i@ﬂmmmm {125zms) was wermed with a solution

of concentrated hydrochloric aeid (15Cces) and water (200ccsl,
and @eai&-:ﬁ., rapidly to Q%am the erystsls iu 8 :fimw‘mvmeﬁ
form, Dlazotisation was corried out below 5°C by the gradual
addition of sodium nitrite {cu.dbgme) ia water {100ces) with
’a&iﬁrﬁmg.— To ‘t;na@i‘a%&gamﬁ;aﬁ m obtained vsaa sdded 8
deyer of ether, and a;:imﬁ. emﬁimﬁw at 0%°C o sointion of
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- potassiven lodide (1%@38) in water (2%@&33' Hed in-
ﬁaﬁfﬁeieﬁt sodium nitrite been ndded, dangercus explosions
cecarred in the copious froth produced. The resciion set
in et about 10%C, enmd after warming on the water=bath for
some bime, the product was seperated, teken up in ether, mnd
mﬁmﬁ with aikali and thiosuiphote. Distillation ga% Gl
icdobensene (3.3%@1:3, ?3.%), Depts 1095 Y 143% fiﬁﬁm. |

' Optho-di=iodobenzene (50zms, 2 mols) and ethyl m-'i;h&u
fodchenzonte (aom, J.t&el} wera heated in a metal-bath maine
tained ot 2890300°%, wﬁpper bronze {iSgmey i.o., only 1.8
%iiﬁi%ﬁ% the thecretical g;m,nmtyﬁ was edded in spoonitls so
that the interneld tmpammm reneined at 280-285° snd the
vig gour of the resction did not subside.  Ghen the addition
was complete (10-18mimutes) heating and stirring were cone
timved for a further ten mirmtes or mere. The mixture was
@ael& dy extracted with ether andg the residue obteined on
gvep miem of the latter digtilied {rom an oii~bath vaing
& short efficient c@.é,umnﬁ The -c@rxﬁezma&ica pmﬁucts&y Depts
1ﬁmzés§&mg were refluxed with potsssium hydrozide (1S6zms)
in alechul. The mixture, afier evoporation of the aleehal,
wan extracted with az:;ixe:z;,, and the erude 2-iodo-2'«narboxy-
dighenyl (7-10zms) precipitated Ziom the alkaline sclutien
by caraful acGition of acetic scid., .ecolourisetion with

chargoal and recrystailisaiion from light petroleum {120-130)
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or aqaeaus acetie aaid, gave small eolourless pricms, mapbs
1491507 " identical by mixed melting point with i“.mz mﬁex’iﬁl
obtained from Seicdn-Rlemethyldiphenyl as d%cribed sbhove,
Foptihor azcsiéii’ir:am;m of the mother 1&@@% gave diphenic agid
(&wmma') ; axd evaporation of the sbove ethereal extract
yielded 2 ;vzuﬁﬂi@a@»@i@éﬁgl {2-4gms) which formed flat
colouriess prigus @f— hexagenal outline from aleoholy m.pb.
sti.tead.Lincei., 1908, 16, 565,

368°,  (ascarelli, Benati, A
give needles m.pt. l@, pintes on sublimationg m.;;im 308%.) |

The &i&-iﬁ (mgms} 4 1&1-5&3‘,@9}3{;1 (,mc,s} ekl r&&ﬁxﬁ%& Loy
four hoars after the sidition of dry hydrogen chioride (dgms).
The algmkwl was dis tim.eﬁ off and the ethe real ex&m& washed
¥

with sodium carbonate. ﬁﬁﬁmmfﬁmﬂ gave __&@gﬁl dinheny
i0do=2"=earboxyls
which 4id not orystallise in the ice cheat Ql'?a.ﬁm, 0]
o ol Bmm% Em‘gg}. Ortho=1 Qﬁmhaa gl

£8y Depls ma-}m f‘&m’ es o viscous oil

The Resetion betwesn gop
- acetets ond Bthyl Divhe
| Brhyd uipﬁeﬁ;riwzsm@mwnemgxﬂa% Hf}@@, Ziml?,
ethyl ortho-icdophenylacetate (24gms, Smele) anG eopper
| hmm £20gms) wore heanted in & sealed tube for threc hours

1yi-Zeiodo-2twearhoxylnte.

st 290-208°. Great pressurs was developed in the tube. The
- eopper bronze stiil reteined much of its eriginmal lustre, snd
after extraction with ether and hot }:}@;zzam@ wis contaninated
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with & dark, powdery, insoluble material. Distillstion of
the product gove Mﬁ?ﬁbﬁiﬂli% materials (3gmsls phezwmemc
acid, bupte 12855 (3.4g08), identificd by zelting point
ant mixed melting paiat., and & product b.pba 1808005 /e
£2f.5m3a The resinous material remsining in the fiask
decomposed on Durther distilistion. The materdal ?,isgt@ -
1802007, - was refluxed for two hours with potessiwn
hydroxide (3gma} in slcohol. After removal of the alcoholy
neutrsl paterials were extracted with ether. Acidificstion
of the alkaline solution gave Sid-benzeoumarin (l.Bgme) m.pte
$2,8° from nqueous slcchol. (Grache, SchestsRows Anm., 1884,
284, 317). (Poumdz Cy 79,7} 78.5; Hy 4.1; £.0. €y H 395&
reguires: Cp 78.65 Iy 4.18). The materisl was inseluble in
diiute aikeli in the cold, but dicselved slowiy on warming.
The gquivalent welpght was ecstimated by solution in an excess
of £ alkali, folloved by back titration. Due to the
difficuily of preventing ingrees of carbon dioxide during
Lhe necassary prolonged warming of the materdald with the |

Caikall {ca.l~2 hours) before complote soiutionvwas obtained,
the Zigures only approximated to the theoretical. {(Pound:

E“g‘?mi 2&2- %3 QE reqmr&ﬂ & EQQWﬁG l@s).
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TETRAPHENY LENE

The action of scuium on 2:2'=dibroemouiphenyl (1) was
employed by Dobbie, Fox amu Gauge (J., 1911, 29, 683; 1913,
303, 36) to proauce uipienylene (II). It seemed possible
that 1,2:3,415,6:7,8-tetrabenz=a21°12"_gyciosctatetraens
(tetraphenylene) (III) might also result from this or a

somewhat similar reaction.

Br

s

I. 1I. 111,

Dobbie, Fox and uGauge were obliged to limit their
investigation ol diphenylene because of the inaccessibility
of 2:2'«dibromouiphenyl in anythin,, but comparatively small
quantitiea. The successful prepzration of this gubstance
by Schwechten (Ber., 1932, 63, 1605) made the further study
of this hydrocarbon possible. Hascarelli, Gatti and lLongo
(Gazzetta, 1933, 63, 661), however, were unable to repeat
the preparation of diphenylene. Whereas Dobbie, Fox and
Gauge obtained diphenylene in almost theoretical yleld by
the action of sodium on an ethereal or light petroleum

solution of 2:2'-dibromouiphenyl, Mascarelli, Gattl and
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Longo recoversd their 2-2%w-divremodiphenyl even after 200
hoursg with a lerge excess of sodium.

in an attempt to elucidate the position, the actien of
sotium on Z:2'-dibromodiphenyl has besn subjecied to 'mrﬁhef
exeminmation. . ¥hea melten sodium was used in the sbsence of
a solvent; only compounds of high moleculsr weighty of the
some gensral nature as those described by Dobbie, Fox and
Gaugey were produced. In the presence of ether the rezction,
which was complete after about 200 hours, produced diphemyl
‘ net. digahenyim In a series of experiments in which
gcmﬁiﬁm were rigidly aﬁkemﬁ 10y s;t has be»éﬁ establiched
| that tha famamen of this ﬂﬂb&%ﬁﬂ&ﬁé ia vexfy gredual and
cannot be due to ingress af water inm *the x*&acuan mixture.
ite formation is interpreted as reflectiing the free-radical
mechaniem of the gmti®,~» and g5 being due J‘:&a sterie
hindrence preventing vhe immediste intra~molecular union of
the aryl m*:%iém in the manner aeaiw&, 86 that side-reactions
@cw in vzixic& the ?zy@r&gﬁm of the solvent plays & part. 1t
was hoped that thas im:ex'gretatmn of the reaction :aight be
-eﬂnﬁmd by cmﬁaetm.g the raaauﬁfn in the presence of

benzene as solvent, and asmhusnim thﬁ pmseme of 2:2%~
éighe;@rldzpml {(IV) in the re&etm‘ products {¢f. the
Gomber'g .neaeﬁ.on}; o r&acﬁ.nﬁ took place, however, when
benzene mw substituted for eother in this way.



- 110 -

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)




- 113 -

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.





