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INTRODUCTIORN

(1)

In Elsevier's Encyclopaedla '~ ‘descriptions are given
of methyl-naphthalenes, from the monomethyl- to the penta
methyl- compounds. Much of the synthetic work in this

£1e1d has been done by Rusicka,'2)?(3):(4),(5),(6),
moetzel, (8) ’ (9)’ (10)’ (11 ) ’ Darans, (12)’ (15)) Hewe‘b‘b, (14:)

snd others. (15),(16),(17),(18)

o(—~ and /5 - methyl-naphthalenes are prepared by a wide
variety of methods, of which the direct Fried;cltrafts reac-
tion 1s the most important.

The higher methyl-naphthalenes are prepared by (1) the
dehydrogenation () (8),(10),(18),(19),(20),(21) 4o ¢y g1-
hydro- or tetrahydro-methylated nasphthalene, (2) the
Grignard reaction(s)’(a)’(lv) on the tetralone derivatives
followed by dehydrogenation and (3) the chloro-methylation
and reduction of lower methyl-naphthalenes.(12)’(15)’(14)’ (22)

Mono-, di- and tri-methyl-naphthalene are obtained
from natural sources in large amounts.(zs)’(24)’(25)

A - and 4 - methyl-naphthalenes, 1:2-, 1:3-, 1:4-, 1:5-,
1:6-, 1:7-, 2:3~-, 2:6- and 2:7- dimethyl-naphthalenes and

the 1:2:6-, 1:2:7-, 1:6:7~-, 1:2:5-, and 2:3:6- tri methyl-



naphthalenes are found in Roumsnian asphaltie petroleum,
coal tar and petroleum oil.

Alkyl-nsphthalenes are formed by the dehydrogenation
of certain terpenes and give useful information about the
structure of the parent terpens.

1:6- Dimethyl-naphthalene is formed from 1onone,(2)
cadinene (*1) ana isozingitevene(7) 2:7- Dimethyl-naphthalene
is obtained from tricyclic terpenes. 1:2:7- Trimethyl-
naphthalene, or agathelene, is a dehydrogenation product of

(3) and 1s also obtained from squalens(s) by

agathic acid,
cyclo-isomerisation and dehydrogenation. 1:2:6~ and 1:2:7
tri-methyl-naphthalenes (the latter =lso known as Sapotalin
0ll) are dehydrogenation products of irone and pentacyclic

(5)

terenes respectively.

The known 1:2:3:4-, 10)s(15),(16)

1:2:4:8-, 1:2:5:6-,(26)
1:2:5:7-, 1:2:5:8-, and 1:2:6:8-‘tetramethyl-naphthalenes
and 1:2:4:5:8- and 1:2:4:6:8~ penta methyl-naphthalenes have
been mostly synthesised by Ruzicka and Qo-workers.(S)’(s)’(s)
No higher substituted products are known.

A ghort summary of the general methods of preparation
needs to be given. The most common method used is that of
Ruzieka,(z)’(s)’(4)’(5) where the Reformetsky reaction was

used to condense appropriate methyl-acetophenones (I) (for
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simplicity only acetophenone is formulated) with ethyl-¢/ -
bromo-propionate (II).
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The hydroxy ester obtained was dehydrated to (III) and this
was reduced to the dihydrocinnesmic ester derivatives (IV).

The latter was further reduced by the Bouvealt method to the
primary alcohol (V) which was lengthened via the bromide and
cyanide to the butyric acid derivative (VI). The keto-tetra-
1in derivative (VII) was either reduced and dehydrogenated

to (VIII) or treated with methyllmagnesium iodide snd dehydro-
genated to (IX).

'I'é introduce a methyl group into the 3-position, Ruzick;.“
hydrolysed (IV) to the dihydrocinnamic acid derivative (X),
the acid chloride of (X) reacted with methyl zine lodide teo
give (XI).

o
coo
(%) ; CH X
! (X1 |eHss (:})
M ‘ |/L<\-’_MQ
ST /\Q\M ~ ‘/'pe S e
JJ U
. CéOH L\/ l\é)rMe \ ( )
(VH (X]”) = quvMe_



(XI) was reduced to the secondary alcohol and this via the
bromide snd eyanide derivatives gave the butyric acld deriv-
ative (XII). The keto-tetralin (XIII) obtained on ring
closure similar to (VII) gave both (XIV) and XV). Klaetze‘.l(.a
used the Ik‘z'xnii.t-lﬂ,:i.st.ex'i:(2,7 )met:hod to enlarge the side chain
of the acid (X) to (VI).

Ruzicks has also condensed benzyl acetophenone and p-~
methyl tropapaldhyde with ethyl- o ~-bromopropionate. He ob-

tained (XVI) and (XX) respectively, from which (XVII) and

(XXI) were obtained on reduction and hydrolysis.




Acid (XVII) was cyclised to the keto-tetralin (XVIIl), and
this afforded both di-and tri- methyl-naphthalenes (XIX)
and (XIV) respectively. The keto-tetralin (XXII) gave sim-
1larly (XXIII) and (IX).

In the synthesis of tetra methyl-naphthsalenes, Ruzicka.(s)
reduced phenyl-acetic ester (XXIV) to the alcohol (XXV),
a.nd this was condensed with sodio-methylumal;;i; ester to
give (XXVI). (XXVI) was hydrolysed, decarboxylated and

cyclised to the keto-tetralin (XXVII)

O/ coo&‘ \/r\uubH

(x%1V) (xx) (xxv )
7 Xy Me
SR
g —

(xxviD) i

(XXVII) afforded both/d -methyl-naphthalene (XXVIII) V.

-4

and 1:2-dimethyl-naphthalene (VIII).
Heil‘bronslv)converted 2,: 4 dimethyl-benzaldehydecto the
cinnemate derivative (XXIX). He then reduced it to the

primary alcohol (XXIXY and this
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gave the corresponding acid (XXX) on enlargement of the side
chain. From this, 1:3-dimethyl-naphthalene and 1:3:5 tri-
methyl-naphthalene were obtalned by the usual methods.

A common method foar alkyl-naphthalene syntheais is the
Friedel-Crafts reaction of benzene and alkyl-benzenes with
suceinlic, and substituted succinlc anhydrides in presence of
alumintiimchleride to give y-keto-butyric acid derivatives’
(XXXI) (for simplicity the reaction of benzene with succinic
anhydride is formulated. )

= // ~ /\*\rx”’»
il + C| HZ C/ ‘—ﬁ L J/(CQOH t%i/ U

"\'r’f
o

Gk ) (k)

(XXXI) was reduced to by the Clemmensen method to the cor-
responding butyric acid derivative which on cyclisation gave
the keto-tetralin (XXXII). (XXXII) afforded both naphthalene
and ( -methyl-naphthalene.

As a modification, Kloetzel(...)used the inverse Grignard

reaction of excess methyl-magnesium-iodide on the ester of



(XXXI) to obtain 2-methyl-5-phenyl hexane - 2:5-diol-deriv-
atives (XXXIII) and this with sulphuric or hydroflioric
acids gave both the tetralin derivative (XXXIV) and the
aromatic hydrocarbon (IX). The former afforded 1l:4- di-

methyl-naphthalene on dehydrogenation (XXXV).
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Using 1.3 equivalents of methyl magnesium iodide on the ester
of acid (XXXI), Kloetzel also obtained the mono addition pro-
duct (XXXVI). The corresponding acld was then cyclised to
(XXXVII); which gave both X -methyl-nsphthalens and 1:4-
dimethyl-naphthalene (XXXV). To introduce a methyl group

(28 )me thod,

in the 3-position, he used the Baclmann and Thomas
intermediates (XXXVIII) to (XLI). From the keto-tetralin
derivative (XLI), both aromatic hydrocarbons (IX) and (XXIII)
were ébtained. s
Hewett(14)described the synthesis of 1:2:3:4-tetra-
methyl-ngphthalene (XV) by the chloromethylation of 2:3-
dimethyl-naphthalene with para-formaldehjmeand hydrochloric
acid. The l-chloromethyl-2:3-dimethyl-naphthalene (XLII)
ebtainedi:las reduced to 1:2:3- trimethyl-naphthalene (XIV).
On repeat/’foth the chloro-methylation and reduction (XV) was
obtalned. |
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Sisido and Nozaki(15)also obtained (XV) by the Friedel-
Crafts reaction hetween 3:4-dichloro-3:4-dimethyl-hexane
(XLIV) and benzene via the 1:2:3:4-tetrahydro-1:2:3:4-
tetra methyl-naphthalene (XLV) intermediate. Recently
Kloetzel(lo)prepared (XV) by the condensation of prehnitens

with suceinic anhydride.
DISCUSSION.
(A) ISOMERISATION REACTIONS PRODUCED IN THE FRIEDEL-CRAFTS

REACTIONS WITH DIFFERENT SOLVENTS, and (B) ISOMERISATION
REACTIONS IN PRESENCE OF ANHYDROUS HYDROGEN FLUORIDE.

(A) This work rela@gq.to the condensation of durense
(XLIX) with®.4 -dimethyl-succinic anhydride (LII) was under-
taken as alternative procedures for the preparation of the
new following compounds which are intermediates in the syn-
thesis of poly-methylnaphthalenes.

(1) ¥-keto-Y-prehnityl - ;4 - dimethyl-butyric acid
(LIV). |

(2) 1:2:3:4-Petrahydro-2:3:5:6:7 :8-hexamethyl-naphthalens .
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Many recent examples have been quoted regarding the effect

of solvents on isomerisations in the Friedel-Crafts condensa-

tions. Cook'29)peported the condensation of octahydre-
anthraconé (XLVI) with succinic anhydride to give in carbon
disulphide the unexpected octahydro-phenanthreyik propionic
acid (XLVII), instead of the octashydro-anthracene derivative
(XLVIII). TUnder the seame conditions, when tetrachloro-
ethane was used instead of carbon disulphide, both products
were lsolated. This isomerisation is in contrast to that of
Arnold a.nd Barnes‘so)where no lsomerisation occurred in the
reaction of octahydro-anthracene with acetic anhydride in
tetrachloro-ethane };tamb the only product isolated was 9-
acétyl-octa-hydro-anthracem. This result was confirmed by
Cook who also found that the same product was only obtained
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in carbon disulphide.

Later Cook(sl)

investigated the Friedel-Crafts reaction
between durene (XLIX) and succinic anhydride. In carbon
disulphide isomerisation occurred,keththe normal condensa-
tion product §-keto-y~duryl-butyric acid (LI) and the isomer-
ised §-keto-j-prehnityl-butyric acld (L) being formed. 1In
tetrachloro ethane, the latter 1s omer being produced in

only a small amount.

CONDENSATION OF DURENE WITH (t)a(\ﬁ -DIMETHYL-SUCCINIC
ANHYDRIDE .

This solvent effect was observed and confirmed here by
the author in the condensation of dureme (XLIX) with (t)a:f-
dimethyl-succinic anhydride (LII).

~Me Me
o~ O Mo /(’»\ M
e YME Mo N e CHchcon L I r‘
e o pres g omedt b cof e S
he C(OOR 7 e CO0A
(L) e (L) )

In carbon disulphide, ¥-keto-§-duryl-o:# -dimethyl-butyric
acid (LIII) R = H and {-keto-f-prehnityl-u:f -dimethyl-butyric
acid (LIV) R = H were obtained in the ratio 4:1, the sodium
salt of the latter being less soluble. The isolation of
both product was confirmed in many ways.

(1) The isomerised acid (LIV) R = H was found to be
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identical with an authentlc sample of y-keto-¥-prehnityl-
q:ﬁLdimsthyi-butyric acid, one of 2 isomeric acids produced
in the condensation of prehnitene with (i)-txxadimethyl-
suceinic anhydride (p.27 ). Methyl esters (LIV) R = CHx
 were identical.

(2) Both methyl esters (LIII) R = CH, and (LIV) R = CHg
wers hydrolysed to the same acids (LIII) R = H and (LIV)
R = H respectively.

(3) Two different erotono-lactone derivatives (LV) and
(LVI) were obtained from (LIII) R = H and (LIV) R = H re-

spectively.
e rMe
' \ —
NM‘-/ (RJ\\C —Me r"ﬂvv.t""j"\\ll/ | \(i -
0
r,[ela/(‘,y_,vu ™Me X ' ? /CH‘-/"Il
(&) (£ V1)

(4) The aclds (LIII) R = H and (LIV) R = H on heating
with eoncentratedhydroch]_.orie acid in sealed tubes gave
durene and prehnitene respectively.

(5) The sodiuwm hypochlorite oxidation of both acids
(LITI) R = Hand (LIV) R = H gave duryl- and prehnityl-

carboxylic acids respectively.

(B) There are similarities between the isomerisation
reactions brought about by aiuminium chloride, sulphuric acid
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and phosphorus.: pentaoxide and with those newly discovered
by Gooé?g’slhusing hydrourlunrieﬁeiﬂdhluminﬂm;%élides are

of outstanding efficacy in bringing about rearrangements and
low temperature cyclisations in both aromatic and aliphatic
compounds. This property of alumindugﬁujdea finds great
use in petroleum industry.

The rearrangement of the Jacobseész)type (1.0, in sul-
phuric acid) are either:- (a) Intramolecular, where the
migrating groups move from one position to another in the
same molecule. (b) Intermolecular where there is a transfer
of one or more groups from one molscule to another. The
unique importance of the reaction lies in the preparation of
vieinal alkylhydrocarbons which otherwise are difficult to
prepare .

Simllar to the Jacobsen reaction, anhydrous hydrogen
flaoeride has no ilsomerising effect on durégg’gﬁ)anthracsgése)
itself. The former involves the sulphonic acid derivatives.
However alumin&n?%hloriégvgrings about directly the rearrange-
ment of the hydrocarbons. The latterﬁglagent necessitates
cyclisation to occur following the isomerisation reaction,
i.e. that the cyclisation is an essential feature in the re-

action making it unique for room temperature reactions.
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XL1
Compounds (LVI4Y and (LVIII) (n = O<and)l) failed com-

pletely to isomerise as cyclisation is impossible. Compound
(LVI) (n = 2 and 3) gave octahydro-phenanthryl derivatives
(LVII) (n = 2 and 3). Compound(LVIJIIn = 2) gave a mixture

of 4:5:7-trimethyl-indane-k~onme (LIX) and 4:5:6:7-tetramethyl-
indane-tone (LX), the former being formed by the isomerisa-
tion, the loas of one methyl group and cyelisation, the latter
(main product) by the isomerisation, migration of one methyl
group to another position in the same molecule and cyeclisation.

When (n = 3) in(LVII]){he only product isolated was l-keto-
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r
5:6:7:8-tetramethyl-tetdlin (LXI), formed similar to (ILX).

THE ISOMERISATION AND CYCLISATION OF...g ~DURYL -X ‘-é ~-DIMETHYL -

BUTYRIC ACID (LXII).

fe 8 o

te Ay NGB
M Me Me \\' @& Mo
l"']z COOH - Me é\)
(L) / (Lxw)

Hooe -~ /ﬂt
Hooc ~is Me - =~ ' /\\r Me
LSRN J-Me
Me COOH
(Laxx vy

In our work here-)j-keto §-duryl-9:f-dimethyl-butyric acid
(LIII) was reduced to-)-duryl-«:/4-dimethyl-butyric acid
(LXII). The latter in presence of anhydrous hydrogen

—one
hexamethyl-naphthalene/(LXIII) in 50% yield. ~This-*+ -

fivearide was found ta‘ﬁgve 1:2:3:4-tetrahydro-2:3:5:6:7:8-

being produced by the isomerisation, migration of one methyl
group to a vicinal position and cyclisation.(LXIII) was
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identical with the material obtained from the cyclised
i‘-prehnityl-“ B -dimethyl-butyric acid (described on page 30 ).
Product (LXIII) was further confirmed by oxidation to mellitic
acid (ILXIV).

' (Roc-cit)

From these results and those obtained by Cook etal, it

.can be clearly seen that cyecllisation 1s an integral part in
this‘hydrogen flooride reaction. Possibil¥sy in presence

of hydrogen flwaride there is an equilibrium between the
original and the isomerised acld. The equilibrium being
disturbed by the cycllisation of the latter acid where the
driving force of the reactlon is the tendency of the side
chain{n = 2 and 3) to ring close in the ortho-position.

Thlis results in further lsomerisation to restore the equil-
ibriumm. The alkyl_group where cyclisation takes place is
either lost or it has migrated to a vacant position.

The reduction of- J-keto-)-duryk« :/-dimethyl-butyric

acid (LIII) has proved to be more difficult than expected.
Only the high pressure hydrogenation with copper ehromite(se)
catalyst of the aqueous sodium salt could give partisl reduc-
tion. This is due to the very sterpically hindered carbonyl
group in (LIII). The reduced acld (LXII) was isolated
through the less soluble reduced sodium salt. The acidified
product was gummy and we were unable to effect its crystal-
lisation. However, in presence of anhydrous hydrogenfluoride,
-§-duryl-o'4 -dimethyl butyric aeid (LXII) (gum) gave a 50%
vield of a crystalline l-keto-teziﬁlii.n derivative (LXIII).
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SYNTHESIS OF POLYMETHYL-NAPHTHALEHNES.

The intention of this work outlined here was mainly the
synthesis of octamethyl-naphthalene (LXV). Incidentally,
the trial of several ﬁethods led us to the synthesis of &
hepta-methyl~-naphthalene (LXVI), three hexa-methyl-naphthal-

enes (LXVII), (LXVIII) and (LXIX) and a pentsmethyl-homologue
(LXX).

~Me ™M re
(&exvi) (LXX)
e Me e
{
| ]
MC s rMe Me-y =z Me NP ,.;;ﬁf"‘M@
Ae rMe Me kI; \L&
(Lxvir) (Lxviny) (LxIx)

Octamethyl-naphthalene is of great interest for several
reasons:-

(1) The symmetry and full substitution of the eight
positions in the naphthalene nucleus with methyl groups af-
fords possibly an interesting X-Ray study (already a sample
has been offered by us to Professor Robertson,Chemistry
Department, The University of Glasgow, for X-Ray investigation).
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(2) The steric hindrance in the 1:8 and 4:5 positlons,
in presence of methyl groups in the-/43 -positions and the
difficulty of the introduction of substituents in the above
four mentioned positions.

(3) Very few fully substituted naphthalenes are de-
scribed. These include octadeutero-naphthalene isolated by
Clemo(es)in the preparation of hexadeuterobenzene and octa-
chloro-naphthalens (?4)obtained from the direct action of
chlorine on naphthalene at high temperature.

UNSUCCESSFUL ROUTES TO OCTAMETHYL-NAPHTHALENE.

¥-prehnityl-' 4 -dimethyl-succinic

ester (LIV) R = Me, was the starting jﬁe ,g\\ ~
point for several trials. Normally '4e’fy‘$/‘ /S:rﬂz
a carbonyl group is more reactive ’quEEY/) cOOR

than an ester group and careful con- (é?fv) R=re

trol of the Grignard reaction(e)

can afford good ylelds of an addition compound where the
Grignard reagent attaches itself preferentially to the car-
bonyl group next to the phenyl radical. However this was
not found to be the case. The carbonyl group has apparently
masked carbonyl reactivity (GompéférFiééer(gg)) and if one
equivalent of methyl magnesium iodide is used, the reagent
attacks the ester group first and the product is unhydrolys-
able. The required condensation product could not be
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8
obtained following either Klostzel'Slor Dev "«;(4‘”

procedures
where very good ylelds of (XXXVI) were obtained fram the
action of 1.3 moles of methyl-magnesium iodide on the ester
of (XXXI). The carbonyl activity in (LIV) R = Me,might be
compared with Ebwman‘gllnvestigation

of the Stobbé condensation of ethyl

sucecinate with compounds of the

T-L Ous
type (ILXXI), where the condensation kar” \v/J

fails completely in the following

(LxX1)
cages
(a) Rl = R5 = GHS R2= H (b) Rl = Rz - Rs - GHs
(e) Rl = 32 = CH5 RSH (a) Rl = Re » H  R3 " CH&

This might be due to the steric hindrance factors produced
from the bulking of the methyl groups around the carbonyl
group, thus preventing any reaction to ocour. If (LIV)R=Me

MC r
) L XY
rvc-/ Me ( )
HC’\/J / ~e \ (L V/)
! (OOH ’
Me
(L¥xn)

had reacted with methyl magnesium-iodide, the product would
be easily dehydrated, reduced and hydrolysed to (LXXII),
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from which the l-keto-tetralingLXXIII) could be obtained on
cyclisationy(LXXIII) can afford both (LXV) and (LXVI).

As a second attempt we trled the Reformatsky reaction,
used extensively by Ruzicka (loc. €it) to introduce a methyl
group in the hindered position. As an adaptation, acetyl-
prehnitene (LXXIV) was condensed with—(’f)-O(-bromo-O(i,g -di-
methyl-succinate (LXXV). This reaction should give (LXXVI)
which on further hydrolysis, decarboxylation dehydration
and reduction would afford the desired intermediate F-prehnityl-
o p :u-trimethyl-butyric acid (LXXII).

Me Mc
‘S By
Me17 =0 |
l Me-G coorie
rie \‘ t re-CHcooMe
Me

(LaX1V) (Laxy) (L XKVY) (LXxxn)

42
When the highly active zinc recommended by Hoch( )wa.s used,

!

no condensate could be isolated and most of the starting
material was recovered unchanged. The failure of the con-
densation of (LXXIV) with (LXXV), is probably due to the
excessive sterlc hindrance caused by the bulky groups around
the-Y -carbon atom in (LXXVI). Thus the usual low yields
obtained in the Reformatsky reaction, together with the

steric hindrance to be produced are the main factors for the
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fallure of the reaction to occur. That the reactionof{LXXIV)1s
not inhibited by steric hindrance of the acetyl group 1is

shown by the ease with which such ketonic derivatives ,a8

the semicarbazone, oxime and 2:4-dénitrophenyl-hydrazone

are formed{LXXI¥)also reacts with phenyl-magnesium bromide
giving an oily addition compound. The formation of derivat-
ives characterigtic for carbonyl groups may be explained by

the fact that since their formation does not involve branched
chains, no steric hindrance is produced. The benzene group

in phenyl-magnesium bromide attaches 1tself vertlcally to the
carbonyl carbon atom and therefore occuples a fraction of

the space occupled by a methyl group. The fact that p-

(8)

‘Xylene-acetophenone "'~ ‘has been successfully condensed with
ethyl- -bromo-propionate might have been mainly due to both
‘shorter side chain and a vacant ortho-position, thus causing
less interference.

Since the methyl groups are lmown to activate the ring
in the vacant position in the prehnityl nucleus in (LIV) R = H,
an attempt was made to cyclise this product directly before
the reduction of the-Y -keto group to obtain a compound as
(LXXVII). Such a compound would

react with two equivalents of

A
I -

methyl-magne sium iodide to give on
dehydration octamethyl-naphthalens I 1

(LXV). However (LXXVII) may exist Q__x)( Vil )
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as an enol and would not form addition product. TUsing
anhydrous hydrogen fl¥aride on (LIV) R = H, a 20% yleld of
neutral product was obtalned which was found to be a crotono-

lactone derivative (LVI).

rMe
It is kmowh2)that acids of this A=~ e
o
type lactonize quickly. The rME-X ,O/E B—re
(4
e
remaining starting material was (L.V{)

recovered unchanged. Again it is unusual to obtain
cyclization of- y-keto acids as the- J - carbonyl group de-
cativates the ring and thus prevents c¢yclization, i.e. hav-
ing a more deactivating effect than the activation caused by
the four methyl groups in the prehnityl nucleus.

FIRST ROUTE TO OCTAMETHYL-NAPHTHALENE (AMBIGUITY AND POOR YIELD).

The desired octamethyl-naphthalene (LXV) was first ob-
tained in a few melligrams by a modification of Kloetzel's(g)
synthesis of 1:2:4-trimethyl-naphthalene (IX) via the inter-
mediates (XXXIII) and (XXXIV). Using a similar procedure

to that of Bogert,(43)Kloetze1 found that concentrsated sul-
phurie agid or anhydrous hydrogen fluwride acted on Z2-methyl-
S5~phenyl-hexane-2:5-diol (XXXIII) to give a mixture of nearly
equal gmounts of 1:1:4-trimethyl-£etralin (XXXIV) and 1:2:4-
trimethyl-naphthalene (IX) accompanied by a considerable

quantity of resinous material. The prolonged action of hot
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phosphoric acid on (XXXIII),on the other hand,gave a mixture
of 1:1:4~trimethyl-dihydro-nephthalene and 1:2:4~trimethyl-
dihydra-naphthalense. The formation by phosphoric acid of
large asmounts of resinous substance, together with the last
two compounds suggests the mechanism for the sulphuric acld
and hydrogen fIuaoride to be:- (a) direct elimination of

one molecule of water from the hydroxyl group in the 2-posi-
tion and the hydrogen in the aromatic nucleus. (b) the
elimination of one molecule of water from the hydroxyl group
in the S5-position and a hydrogen in the side chain with the
production of an oléfin which in turn may iscmerise or
polymerise. In terpenes and related compounds, lsomerisa-
tion takes the form of cycllisation to give a dihydro-naphthal-
ene derivative, the latter under the conditions of the re=-
action, disproportionates to a tetralin and an aromatic de-
rivatives, with the migration of a methyl group to an adjacent
position in the aromatic one.

The inverse reaction of excess methyl magnesium iodide
on-§-keto-§-prenityl-& :f -admethyl-butyric ester (LIV) R = Me
gave an oily product (LXXVIII) after a prolonged reaction
time; both the unreactive carbonyl group and the ester group
were slowly attacked. Careful hydrolysis of the Grignard

complex 1s necessary to minimise any dehydration reaction.



25

: Me
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(LXX1X) Me s A e
' MEe  pMe
(£Xv)

This oil (LXXVIIl) was found to loose water on distillation to
give probably the diene derivative (LXXX)). From the fact
that the distillate quickly absorbs about two equivalents of
hydrogen 1n presence of palladlsed charcoal and instantly
decolourises bromine water and potassium permanganate solution
‘suggésts that it is (LXXXI), formed by the elimination of

two molecules of water from the side chain of (LXXVIII) on
disfillation. If however a tetrahydro-

furan derivative () (IXXXII) was
formed by the elimination of one
molecule of water between the two
hydroxyls in (LXXVIII), the product

(LXXXI)
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would not decolourise either bromine water or potassium
permanganate solution.

The crude oil (LXXVIII) in presence of hydrogen flworide
gave a dark coloured material that was distilled as a yellow
0ll leaving much polymerisedie material in the distillation
flask. The distillate gave a black crystalline 2:4:7-
trinitro-fluorenone &ompleX:vs. The latter was hydrolysed
to give octamethyl-naphthalene (IXV). The mother liquor
after the iscolation of the fluarenone derivative was sub-
Jected to two experiments. One part was dehydrogenated
with selenium in a sealed tube where a further amount of the
same 2:4:7-trinitro-flueirenone of (LXV) was obtained. The
other part gave mellitic acid (ILXIV) on oxidation.

An explanstion of this is that following the prolonged
action of excess of methyl-magnesium iodide on (LIV) R = Me,
2:5:44&\%21;iy1-5—prehm1:y1-hexane -2:5-di0l (LXXVIII) was
obtained. The latter in presence of anhydrous hydrogen
fluoride gives the intermediate dihydro-compound (ILXXIX),
which quickly disproportionates to the temﬁain derivative
(LXXX) and octamethyl-naphthalene (LXV). The formation of
(LXXX) 1is proved both by dehydrogenation to (IXV) and oxida-
tion to mellitic acid (IXIV).
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IMPROVED BUT LONGER ROUTE TO OCTAMETHYL-NAPHTHALENE.

This route has the advantage that all intermediate
products were isolated crystalline. The Frledel-Crafts
reaction between (¥) -4:f -dimethyl-succinic anhydride (LII)
and prehnitene (LXXXIII) was carried out in the presence of
anhydrous alumirium chloride,.

e me 0 Me ?u]
Hﬁ 7 1 MC' CH",O\ ff‘c_',/‘//\\\/c\f— r‘lC Mc__’,:,/;-l\.\ ,/CH’\ ‘
Mo b T 0 e AT e
A Me-CH-CO MeEA e i '\ | /_;)L
™Me ~Me  COOR Me  COOH
(v (Lxxxiv)
e '
P N TN iy
o | |
Mﬁ—v l H Hc - M&J\\ l Me
Me ¢ Me CooH
(LXXXV) (L XXXVI1) (Lvi)

to give-p-keto y-prehnityl-o‘f -dimethyl- butyric acid (LIV)

R = H. (As far as I am aware this is the first recorded

condensation between alkyl benzenes and symmetrically sub-
 stituted «:f-dimethyl-succinic anhydride.) with yields as

high as 85% in tetrachloro-ethane and 50% in carbon disulphide.

The low yield in the latter solvent may be due to the lower
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solubility of the anhydrilde. The acid (LIV) R = H was pro-
duced apparently in both 1samers(39)as the material isolated
melted over a wide range of temperature and only small samples
of constant melting points of both isomers were obtained on
repeated fractional crystallisation from different propor-
tions of benzene, light petroleum (b.p.60~30) mixture m.p.s
are 168° and 151.5°. As isomerism disappears in the ter-
minal stage of the synthesis, the total isomeric mixture
obtained in each intermediate stage was used as such, and

no separation of lsomers was attempted. Fieser(sg)

suggests
that the formation of diastere@lsomers from s homogenous
mixture of (%) -0/ -dimethyl-succinic anhydride preparation
is due to the racemisation of the acld through the enol
form. The esterification of the acid mixture with methanol
and sulphuric acild gave & sharp melting ester (LIV) R = Me
which was found on hydrolysis to glve the lower melting
isomer. There was present in the esterification produet a
liquid, non-acidic fraction which failed to crystallise.
Using the Fisher method of esterification, Fileser
lsolated a crystalline Enol lactone from acid (LXXXVII),
but this failed to give the characteristie
Legal(45)test for lactones. On the other
hand, the-§ -keto acid (LIV) R = H, gave a

cooll ¥
crystalline o: A -dimethyl-}(1-prehnityl)- Y -eroton- (‘-)‘XXV/Q

lactone (LVI) when a solution of the keto-acid in acetic
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acid acetie anhydride mixture was saturated with anhydrous
hydrogen chloride. (LVI) gave a positive Legal-test.

The-§ -keto-acid (LIV) R = H, with its hindered carbonyl
group, has proved difficult to reduce. No ketonic reagents
reacted to give derivatives. The Clemmensén method“s) of
reduction failed completely, and the starting material was
(47 )modification of
the Wolff-Kishner reduction gave a 15% yield of a reduction

n
recovered unchanged. The Huang-Milon

product, accompanlied by a considerable amount of high melt-
ing non-acidic s0lid. The latter dissolves slowly in hot
dilute caustic soda. On heating with soda-lime, ammonia
was evolved. The high percentage of nitrogen shown by the
analytical figures, suggests that 1t 1s a hydrazide formed
from the reaction of hydrazine hydrate present in excess in
the reactlon mixture with the carboxyl greoup.

High pressure hydrogenation over copper-chromite caba-

of a neutral sodium salt solution completely reduced
the keto group. At 1500 gbsorption was rapid, one mole of
hydrogen being absorbed, then it slowed down and temperature
had to be maintained at 240° for twelve hours to effect the
absorption of the second mole. The optimum teﬁperature and
pressure for the latter mole of hydrogen was found to be
240° and 220 atmospherss. It is most 1likely that reduction
proceeds easily to the secondary alcoholic compound (LXXXIV).

The latter quickly undergoes lactonisation. The resulting



30

lactone (IXXXV) is expected to undergo difficult and slow
reduction to (IXXXVI). This suggestion is supported by
the fact that a non acidic materisl of a slight solubility
in ethelr or benzene was among the reduction products, the
fact that this material is soluble only in hot sodium car-
bonate, and gives a positive Legal test is evidence that it
is a lactone (LXXXV) formed as an intermediate in the reduc-
tion. The analytical figures are also in support of a
lactone formula.

The cyclisation of-) - prehnityl-«'/ -dimethyl-butyric
acid (ILXXXVI) takes place in 80-85% yield both with hydrogen
fluaride *8) ana Jomnson's metnod(4®) of intra molecular
aoylation of the acid chloride by the inverse Friedel and
Craft reaction in presence of a.luminﬂmxl%hloride to give
1:2:3:4-tetrahydro-2:5:5:6:7 :S-hexamethyl-naphthalen; %(:&]?II ).
That the latter did not undergo rearrangement or loss of
methyl greups was preved by nitrile acid oxidation to mellitie

acid (LX.IV) isolated as methyl mellitate.

e rMe
I
MER )kc re I‘i(@&/ 2~ M1e

Ao b Aoy

(LX//Q \\‘ cOOH
L
Hooc =2~ oot
/'IOOC \\ ('00/_}
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1:2:3:4:5:6:7+-Hepta methyl-naphthalene. (LXXLI)

was treated with excess methyl magnesium iodide in boiling
benzene and on hydrolysis of the complex an oily carbinol
wasg obtained wlhithhon dehydration with anhydrous formic acid
gave 1l:2- dihydro - 2:3:4:5:6:7:8- hepta-methyl-naphthalene
(LXXXVIII) as an oil. This was further purified from any
oxygenated materlal by passing through an alumina column

and thsn it was dehydrogenated with palladised charcoal in
presence of trichloro benzene as a solvent. The dehydro-
geﬁation product heptamethy%haphthalene (LXVI) was a colour-
less crystalline solid m.p. 134° and gives the usuasl aromatic
hydrocarbon derivatives, (i.e. picrate, styphnate, 1:3:5-
trinitro-benzene and 2:4:7->trinitro-flunrenone derivatives).
OCTAMETHYL - NEPHTHALENE (LXV )

Me Me (‘!HzR ﬂ(c e

S . e A

Me- P Me T 7 Me - ;""*\;.-» ;—t'\z - (”\Q—Q Ii .

Me  Me '.’lQ "“\e , "']c :"fla

(Lxvi) (LXXXIX) (LXV)
R-eL OH

The chloro-methylation of (LXVI), proved to be & delicate

reaction. Of the many procedures for chloromethyla-

t10n(12),(18),(22),(80) o naphthalens derivatives, that of
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e
(14) 4as chosen. Para-formaldhyde in acetic acid

Hewett
solution saturated with hydrogen chloride was used at room
temperature as a chloro-methylating agent, thus avolding

the high temperature procedures. The reaction requires

one to two days. The chloro-methyl group, introduced in the
only vacant_of ~position :zgi%n%oclx ), R = Cl, is very sensltive
to hydrolysis and even when ice was used as a diluent the
corresponding slcohol (LXXXIX) R = OH was produced in a

small asmount. Distillation oft’pfily crude product resulted

in extenslve decomposition. For purification, the only pro-
cedure that could be adopted was boiling with charcoal to

remove any resinified material. If purification was carrisedout
through the dlssoclation of the picrate derivative, hydrolysis
of the chloro methyl group might have occurred. The nearly
colourless chloromethyl compound (LXXXIX) R = Cl was slowly
reduced in presence of palladised calclum carbonate to give

a poor yield of octamethyl-naphthaslene (LXV) m.p. 174°, to-
gether with a small amount of a high melting solid, the

latter may be a dimoleculsr compound. When palladised

charcoal was used as eatalystwl) in cyclohexane as solvent,

a smooth reduction gave the desired product in better yields.

1:2:3:4:6:7- Hoxamethyl-naphthalene. (LXVII)



: @Q

o)

(xC\> ()(C-l')
The ksbo—tebﬂiin (LXIII) was reduced by both the Clemmensen

and the Wolff-Kishner methods giving poor yilelds of 1:2:35:4-
tetrahydro- 2:3:5:6:7:8- hexamsthyl-naphthalene (XC). How-
ever, smooth reduction was obtained using Adam's eatalyst(sg)
in glaclal acetic acid and the required one mole of hydrogen
wasg sbsorbed in 1-2 hours. Removal of the solvent under
vaouo, produced a mixture of the secondary alcohol (XCl) and
the dihydro-compound (XCII). Both the distillation of the
resulting mixture and the formic acid dehydration afforded
good yields of 1:2- dihydro- 2:3:5:6:7:8- hexamethyl-naph-
thalene (XCII). Dehydrogenation of both the tdﬂmfin (x¢)

at 260-300° and the dihydro-compound (XCII) at 200-240° in
presence of palladised gharcoal(m') gave the same crystalline

1:2:3:4:6:7- hexsmethyl-naphthalene (LXVII). It is interesting
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to note that the dehydrogenation of 1:2:35:4- tetrahydro-
2:3:5:6:7:8- hexamethyl-naphthalense-l-one (LXIII) gave a
mixture of the tehd%in (XC) and hexamethyl-naphthalene
(IXVII) as a result of disproportionation of (LXIII). No

(63)

phenolic product was isolated.

SYNTHESIS OF TWO HEXAMETHYL-NAPHTHALENES (LXVIII) and (LXIX)
AND ONE PENTA METHYL-NAPHTHALENE (LXX).

The condensation of mono-alkyl or mono-aryl succinic
anhydride with benzene or alkyl-benzene proceeds inbe two
directions with the productlon of two lsomeric acids. Ben-

zene and
0
lcj_
. ™Me
2\ )
T H 4 C,H-L -C0 \0 A (ool
N Mi=c H. co/ N\ ()(C.ﬂy
"‘{‘mﬂ-ﬁm
L.
COOH
' (XCwv)

mono-methyl-suceinie anhydride condense in' the presence of
aluninium chloride to give-g;« -methyl - ﬂ-ben%l-prozaionia
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(¢}
acid (XCIII) and /f -methyl-/ -benzyl-proplonic acid (XCIV).
(40),(856),(56),(57) ;447 ated only

(58)

Although many investigators
the A -methyl-acid, both acids are actually produced.
The 4 -methyl-acid, being more difficult to 1solate as it
is only formed in a small amount and is also more soluble.
It is found that the phenyl group attaches itself to the
carbonyl group next to the least alkylated carbon atom,
compare R&thein and Sabor, (54) (59) (60)

Dasal and Wali,(61)

Haworth, Clemo,
and Dev. (40)

Phenyl succinic anhydride (89) and venzene, yield dif-
ferent pr0portions‘ of the isomeric acids in ratios depending
upon the solvent used. Both Haworth and Dasal and Wall
advance similar mechanisms which ascribe preferential forma-
tion of the-4(- acid to the repulsive effect of the phenyl
anion by the inductive effect of the alkyl group.

Contrasting results have been reported in the literature
regarding the condensation of toluene with mono-methyl

sucelnic anhydride. Mayer and Stm(ss)

1solated two 1so-
meric-& - and-B - aclids in 39.6 and 56.6% yield respectively.
However, when this work was repeated by Dev, he obtained
only the-q - acid in 85% yield, a higher melting product,
which 1is evidently purer. He confirmed his results by an
Independent synthesis of the-A - acid.

In our work hére results agreeing with those of Dev

and others were obtalned when prehnitene (LXXXIII) was
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condensed with mono-methyl-succinic anhydride. The only
product isolated was-) -keto- ] -prehnityl -« -methyl-butyrie
acld (XCV)

rme , Me
CH,.CO
z + l 7 C \0 — me 74
M Me-CH. co’ Me-.
e N
(L XXXI“) (XCV)
, \e
/l{fe A oxid
o Me r X Lxv)
Me J\rm e -7 Me k(l \‘»-Mc (
Me coold e @
v/
(X1 xeviy

in yields as high as 85% using anhydrous sluminim/shloride

in tetrachloro-ethane. This acid gave a sharp melting
homogenons ethyl ester which on hydrolysis afforded the same
acid with the same melting point. Mixed melting points

were undepressed. That no rearrangement took plsce was
shown by the sodimm hypochlorite oxidation in whieh prehnityl-
carboxylic acld was obtained., It is already established

in condensation of prehnitens with{. 4 - dimethyl-succinise
anhydride, that ﬁlie%he methyl gronp was occupying the - K~
position, the acid prodnced weuid—hewe falled to resct with
carbomyl re agenté srandsrFemzimeds amreduced by the Clsmmengen
method. However, it was found that the condsnsation prodnst
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with mono-methyl-succinic anhydride and prehnitens gilve a
qua.ntita.{:ive precipitate with 2:4-dinitro~-phenyl-hydrazine
and could be easily reduced by the ClemmensSn method(48) to
give-y - prehnityl -A4'- methyl-butyric acid (XGVI) in 80%
bif= orthéorY, a percentage reduction which could have never
been achieved if the condensation product was a mixbture.
An indirect proof (see p. 72 ) that the product is the &~
acid and not the & -one, is that when the maleic anhydride
adduct with the hexamethyl-naphthalene, ultimately produced
from the - -acid was oxidised, it gave the corresponding
tetra carboxylic acid (prehniyxtic acid).
If the product of condensation was the - -acid, the
o¥ldation product would have been the isodurylic acid.

re
1 1\7/‘ )" |
e (OOH
ol
e S
cOOH
;1(-/ | Mo s ~Me ,o___), , <00
CJ\( r!e, NQH co L, "
. 1
o(- Acidl. ‘°°H

L Y- prehnityl - methyl- butyric acld (XCVI) was cyclised
both with hydrogen fluaride and by the previously mentioned

Johnson's intramolecular acylation procedure of acid chlorides
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with alumindalohloride to give 80-85% yield of 1:2:3:4-
tetra-hydro- 2:5:6:7:8-pentsmethyl-naphthalene-l-one
(XCVII). That no rearrangement or loss of methyl groups
occurred during the cyclisation was proved by the oxidation
of the tetralone (XCVII) to mellitic acid (IXIV).
1:2:3:4:5:6~ Hexamethyl-naphthalene (LXVIII)

The tel‘.xi%one (XCVII) on treatment with excess methyl-

( ]

1"|]¢
Me~"
Vi) ———
(xevn) m—@”’k

1
Me oH Me

L /

magnesiun lodide followed by dehydration and purification

as described for (LXXXVIII), gave the oily l:2-dihydro-
3:4:5:6:7:8 hexamethyl-naphthalene (XCVIII) which was smoothly
dehydrogenated to the hexamethyl-naphthalene (LXVIII).
1:2:3:4:6- Pentamethyl-naphthalene (IXX)
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The platinum oxide reduction of (XCVII) in acetic acid
was smooth; one mole of hydrogen was quickly absorbed.
The product was purified as described for (XCII) of the other
series to give a crystal}ine 1:2-dihydro- £:5:6:7:8- penta
methyl-naphthalene(.C). The Clemmensen method(46) of reduction
and the Huang Minlon(47) modification gave 1:2:3:4-tetra
hydro- 2:5:6:7:8- penta methyl-naphthalene (XCIX) as an
oily product. Both (XCIX) and (C) were dehydrogenated
over palladised charcoal at 260-300° and 200-230° respect-
ively to give the same 1:2:3:4:6 penta methyl-naphthalene
(Lxx).

ATTEMPTS TO PREPARE 1:2:3:4:5:7 HEPTAMETHYL-NAPHTHALENE (CIII)

The failure of the Stobbe condensation between acetyl-
prehnitens (LXXIV) and X -methyl- succinic ester due probably
to steric factors and the isolation of only a small amount
of an oily lactone fram the action of 1 molecule of methyl
magnesium lodide on the ester of the acid (XCV), led us to
attempt the chloromethylation of 1:2:3:4:5:6~ hexamethyl-
naphthalene (LXVIII).
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{ ' Mae
/74(0// )/’k | rl%C///)
4Subgtitution may give (CI). The latter on reduction af-

fords the already described heptamethyl-naphthalene (LXVI).
-X-Substitution on the other hand, may afford (CII) which
‘on reduction gives 1:2:3:4:5:6:8~heptamethyl-naphthalene
(CIII) with the only vacant. 4 -position.

Using a similar procedure to that described for the
chloromethylation and reduction of heptamethyl-naphthalene
(LXVI) it was found,surprisvingly enough,that the only product
isolated was the 1:2:3:4:5:6:7:-heptamethyl-naphthalene |
(LXVI) already described. This was proved by repeated
experiments and the ldentity o:f.“ the product formed by an
authentic specimen. This unexpected result might be explained
by the fact that the-o(-position is more sterically hindered
than the- 4 -position even though the-gegarBeni®dsm s order




of reactivityds greater.

1:2:3:4:5:7:- Hexamethyl-naphthalene. (LXTX)

~ Qs
Me
enll m/é

@ 1v) (LXIX)

Another unusual result was obtalned when 1:2:3:4:6-

pentamethyl-naphthalens was subjected to chloromethylation

and reduction. The only product isolated was found to be a
hexgmethyl-naphthalene, with a different crystalline form,
different melting pqint of it and its derivatives and 4if-
ferent absorption spectra curves from both 1:2:3:4:6:7~

and 1:2:3:4:5:6~ hexamethyl-naphthalenes (LXVII) and (LXVIII)
respectively already described. As the methyl groups 5:6:7:8- |
are stable and not subject to rearrangement or migration
under the reaction conditions used for the chloro-methylation
and reduction, then the hexa-methyl-naphthalene isolated {

must be the 1:2:5:4:5:7- hexa methyl-naphthalens isomer

(IXIX). This experimental result shows that the steric
hindrance in the X -position i1s less pronounced when the

/A - position is vacant. This adding to the greater reactivity 1
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of the A -position directs the chloromethyl group to the
l-position and not the 4-position which 1s more sterlcally
hindered by the presence of a methyl group in 3-position.
It 1s interesting to note that there are fifteen pos-
sible isomers of hexsmethyl-naphthalene, of which three are
deseribed here. We were unable to prepare 1:2:3:4:5:6:8-
heptamethyl-naphthalene (CIII) by the action of excess of

methyl magnesium iodide on the ester of | -keto-) -prehnityl-« -

methyl-butyric acid due to lack of materisal.

The mixed melting points of these polymethyl-naphthal-
enes described hére show a depression between 5-15°. Those
of the derivatives are between 5-20°. Similar results are

recorded by Ruzieka(4)’(5)

for the tetra and penta-methyl-
naphthalenes and derivatives. ‘
The colour reactions with concentrated sulphuric acid

are shown in Table I.
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STARTING MATERIALS.

The starting materials used in this work were prepared
as follows:-

(1) & : A_dimethyl-succinic anhydride - (LII). The
(62) (39)

method of Bon. and Sprankling and Fileser's modifiea.-
tion was the best. Compare with the method of Bischoff
and Rach(es) where 2 molecules of sodio-methyl-diethyl-
malonate were coupled in presence of iodine. The tetra
ethleester formed was then hydrolysed and decarboxylated

to giﬁeO{I'/b’- dimethyl-succinic acid. Bon and Perkin %)

and Bischoff and Rach(65)condensed ethyix‘-bromo-propionate
with sodio-methyl-diethyl malonate.. The triethyl-ester
formed was hydrolysed and decarboxylated to giveofv'/ﬁ’ ~-dimethyl -
succinic-acid. The latter was refluxed with acetyl-chloride
to give the anhydride .

(2) A -Methyl-succinlc anhydride was best prepared

by the improved procedure of,Deyé.nd Guha(es) where sodium
malonlc ester was condensed with ethyl- A -bromo-propionate,
the triester so formed was then hydrolysed and decarboxyl-
ated to give K -methyl-succinic acid. This method gave
higher yields than that described in Organic Synthesis'®®)
where crotonic ester and sodium cyanide were used.

(3) A -Bromo-A4 4 -dimethyl-succinic ester (Lxxv)(sv),(se)

~ was prepared by the action of bromine and red phosphorjus
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onX:/~ -dimethyl succinie acid.
(4) Durene, 1:2:4:5- tetramethyl-benzens (XLIX) was

prepared as described by Von-Braun(Gg)by the chloromethyla-~
tion and reduction of xylene. Better yields were obtalined
by inereasing the reaction time in the chloro-methylation
and by using toluense instead of benzene as a solvent in
the reduction of the dichloromethyl xylenes. This enabled
the use of a higher temperature which favoured reduction.
The reduction also depends upon the quality of zinc used.
(5) Durene and Isodurene mixtqgg(vo)waa prepared by

the Friedel-Crafts reaction of m-xylene and mesitylene with
methyl chloride in presence of alumi%ﬁm chloride. In
small scale runa, the adjusting of the equivalent amount

of methyl chloride 1s difficult as absorption of the latter
is not quick and it nsually escaped from the mercury valve
before reacting. In one run with m-xylene and the equival-
ent amount of methyl chloride (2 moles), the only products
- 1s0lated were penta- and hexamethyl benzene accompanied
byth polymerised material. No tetramethyl-benzenes were
found among the reaction products. This may be due to the
coupling of the m-xylene to give diphenyl derivatives, thus
leaving less m-xylene to react with methyl chloride.

(6) Prehnitens,1:2:3:4~ tetramethyl-benzene (EXXXDII)
(71), (72)

was prepared by the Jacobsen reaction on durens,

isodurene and pentamethyl-benzene. Best results were
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obtained when a mixture of durene and isodurene (73) was

used with 60% oleum.
(7) Acetyl prehnitene (LXXIV) was prepared by the

method of Claus and Fohlish("“ by the Friedel-Crafts re-
action of prehnitene with acetylchloride. The product

wag further characterised by new ketonic derivatives.

ANTHRACENES PRODUCED IN ATTEMPTS TO PREPARE POLYMETHYL-
NAPOTHALENES

Bruson'7%)described the condensation of 1:4-ditertiary
glycols (CV) and their derivatives (CV), (CVII) and (CVIII)
with various aromatic hydrocarbons (CIX) (R R5,Rz = H or CHy)
in the presence of alumiriiﬁm chloride to yield tetrahydro-
naphthalenes of the type (CX) (R,,Ro,Rgz = H or CHs.)

(o), e(or) ety cny.c(om)(Me),
ev)
Q'\e.)zc(d), cHy. ey € (eX)(Me),
evr)
CH, = C(ﬂe,\) CHo. CHo. ('Q'\e)=. CH,,
(evn)

He) & — ”‘f’__”_ﬂ"_jm‘)’* @) €x)

2'\,__,__/0

(Vi)

The mechanism suggested was that the aromatic fraction
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(CIX) alkylates as usual in the p- position to the hydroxyl
group to form the mono-alkyl-derivatives which quickly
undergo cyclo-dehydration, cyclo-dehalogenation or cyclo-
addition with (CV), (CVI) and (CVII) respectively. The
tetra-hydro-naphthalene derivative so formed may react
further with one molecule of the alkylating agent to give
chromones. The compound (CX) (Rl’Rz’Ra = H or CHg) was

also oxidised to 1l:1l:4:4- tetramethyl-adipic acid, which
.proved that no isomerisation or migration of methyl groups
inY and 4 position had occurred.

Two products (CXI) and (CXII) were formed when benzene

was condensed with (CVI), depending on the smount of alumini-
um chlorides used. Catalytic amounts favoured the formation

of (CXI), while excess

Me MeL
. A (‘ . IR
(cviy) + @ — PN
s e
(CX1)

gave (CXII). With toluene and (CVI) only the mono-alkyl-
ated product (CXIII) was isolated.




Me Me

— 1 /\\-m

=

mb Me

(CXi)

Bogert suggested(vs) that with toluene, akylation takes
place in the p- position to the methyl group, followed by
cyclo-dehalogenation of the alkyl derivatlve so that ring
closure occurred as remote as possible from the substituent
already present in the aromatic fraction. We may suggest
as an alternative mechanigm for these types of reactions
that compounds (CV) and (CVI) in presence of alumiéﬁm
chloride lose two molecules of water and hydrogen chloride
respectively to give the diolefin (CVII). The latter then
condenses with the aromatic fraction to give the correspond-
ing tetralin derivative. This is supported by the experi-
mental results where it was found that any of the four
alkylating agents (CV), (CVI), (CVII) and (CVIII) gave the
same condensation product.(Vs),

Attempts were made to use these methods to synthesise
different isomers of polymethyl-naphthalenes by the dehydro-
genation of the corresponding tetrashydronaphthalene derivat-
ives. If the reaction follows the course described above,
then p-xylene and prehnitene (IXXXIT]I)should condense with
2:S-dichlorogg:5-dihydrox§-2:5:4:5- tetramethyl-hexane
(CXIV) and 2:5 dichloro~-2:5- diMmeihyly-hexane (CVL) respectively
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to give the condensation products (CXV) and (CXVI). Both
the last two condensates on selenium dehydrogenation would

glye the same 1:2:3:4:5:8- hexamethyl-naphthalenp (CXvII)as iIn
Réiction (1) and (2). Also prehnitene and(¢XIY)should

condense to give (DXVIII) and the latter may dehydrogenate
As in ‘
to octamethyl-naphthalene (LV). 7 Reaction (3).

Mex
fe ‘Z"/Cgp \N'T& :{Eme
(Exxun) o (¢ xVI
He“\'c)ifé"l’v
MeA TN e e me
3) A A
‘ )”‘\ | L.ito)\ re Me-;?? N
¢ ol & Me=
QU*)OE§/X)C%QQ>774 ;;: e
(CX\Y) "’@_ X7)
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In reaction (3), between 0® and 10%, in absence of solvent,
and in presence of alumir%’m-chlorido, no product was 1isolated
and 90% of the starting materlal was recovered. This may
be due to the great steric hindrance which would be intro-
duced if condensation occurred in the 1:8 and 4:5- positions
in the tetralin derivative (CXVIII).

In reaction (1), between 50 and 60°, using tetrachloro
ethane as a solvent and in presence of aluminium chloride,
two products were isolated: A yellow oil (4A) (b.p. 140%-
160014 mms.) and a solid (B) m.p. 241¢°-2°, together with a
_considerable amount of tar. (A) on selenium dehydrogena-
tion at 330°, gave a picrate derivative m.p. 183-5°, the
latter on dissociation gave a solid m.p. 125-130°.

The compound (B) analysed for the formuls Clnge or
618318’ gave a wine-red trinitro-benzene complex m.p. 145-7°
and a brown-black trinitro-fluorenone complex m.p. 160-2°.
Chromic acid oxidation(w) gave a yellow quinone m.p. 155-8°.
The absorption spectrnigf‘ig. (1) shows unmistakeably that
the compound (B) is an anthracene derivative. A search
through the literature showed that there are two trimethyl-
anthracenes G,nH,;5y1:2:4~ trimethyl-anthracense




msaaaaaaaa g
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(78)

(79), ‘quinone, m.p. 160-3° and

(GXIX) M.Po 243
1:2:3-trimethyl—mthracene (CXX) mep. 256"580) quinons,

m.p. 150°.

or 241

Of the described tetramethyl-anthraeenes(al) ,(82),(83)

018318’ none has similar properties to our compound (B).
There is thus evidence that our anthracens compound (B) is
the 1:2:4- trimethyl-anthracene m.p. 241-2°, quinone
mil?é:%:szzs". Its formation may be explained in two ways:-
(1) & Tetra-methyl-anthracene was first formed by the con-
densation of two molecules of p-xylene with one molecule
of tetraehloro-ethane followed by the migration of one
methyl group and the loss of another to give the 1:2:4-
trimethyl-anthracens.

( 2) 1B p-xylene in presence of aluminium chloride may
give benzene, toluene, 1:2:3- andli2:4:trimethyl-benzens.
Two moles of these products may condense with one molecule
of tetrachloroethane to give the above product (CXIX).

The considerable smount of polymerised material was
mainly produced from (CV) and (CVI)as they quiekly dehydrate
or dehalogenate to give diolefin defivatives which polymerise
under such favourable reaction conditlons.

In reaction (2), ‘similar reé.etion conditions to those
described for reaction (1) were used. Again two products
were isolated:- an oil (C) (b.p. 150-170°)fdmm.) and a
s0lid (D) yellow leaflets mep. 236-7° together with a
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considerable amount of tar. o

The compound (C) on dehydrogenation gave a product
m.p. 125-8°, picrate derivative m.p. 183°.

Both dehydrogenation products of compounds (4) and (C)
were found to be identical. The mixed melting points of |
these dehydrogenation products and plcrate derivatives |
were not depressed. Both have ldentical absorption
spectra and are similar to those of polymethylénaphtha.lene .

Maxima Minima
A log e A log e A log e
Absorption
Spectrum 2360 4.9501 2960 3.81 2570 3.31

We may suggest that in both reactions (1) and (2), the
condensation partly proceeded via the intermedlate oily
tetralin derivatives (CXV) and (CXVI). These substances
on dehydrogenation gave the same 1:2:3:4:5:8- hexamethyl-
naphthalene (CXVII). 8Since only minute amounts of the
dehydrogenation products of (A) and (C) were available no
further work was done on them.

‘The mixed melting point of compounds( D) and( B) was de-
pressed by 40C°. Substance(D) similar to anthracene and
its derivatives, had a b1u9 f]%rescence in benzens. 1t
formed a wine-red trinitro-benzene complex m.p. 162-4° and

a brown black trinitro fluorenone complex m.p. 182-3°., The
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spectrumn Fig. (2) shows the compound (D) is an anthracene
derivative. 4

This compound 1is not 1:2:3:4:5:6:7:8-
‘octanethyleanthracens(84)(CXXI)
formed by the condensation of 2
molecules of prehnitene with one

molecule of tetrachloroethane as

(BXXI) had m.p. 292°.

We cannot say that substance (D) is 1:2:3- trimethyl-

(E“»m.p. 236° as this requires further evidence.

anthracene
The isolation of compound (D) in a mimte quantity made
further investigation impossible. 2:5-Bichloro- 2:5-di-
methyl-hexane (CVI)and 2:5 dihydroxy- 2:3:4:5- tetremethyl-
hexane (CXIV) were prepared by the method of Harris and
WeilSBS)by a double Grignard reaction on succinie and X: 42 -
| dimethyl-succinic esters respectively ,followed by treatment
with hydrogen chloride to replace the hydroxyl groups by

chlorine stoms.in (CV).

THE ONE STEP SYNTHESIS OF POLYMETHYL-NAPHTHALENES
i,(ls)

Sisido and Nozak
Crafts reaction of 3:4-dichloro-3:4-dimethyl-hexane (XLIV)

recently report the Friedel-

with bengzene. The main condensate was an oil, (XLV).



i HcSiUkaHs,;
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The latter on dehydrogenation with selenium gave 1:2:3:4~ .
tetramethyl—naphthalens (xv). This reaction, together
with the oxidation of (XLV) to phthalic acid, proved that
(XLV) was, 1:2:3:4~ tetrahydro- 1:2:3:4- tetramethyl-
naphthalene. |

A small amount of a high melting condensate was 1lsol-
ated, which may have been obtained through further alkyla-
tion of (XLV).

In our work here we linvestigated two condensations:-

(A) The condensation of (XLIV) with o-xylene.

(B) The condensation of (XLIV) with prehnitense.
Reaction (A) was carried at 400 in absence of solvent.
Aluminium chloride was used as catalyst. O-Xylene was
present in excess to avold dislkylation. The oily conden- .
sation product was then fractlionally distilled into three

fractlions.



P r’lcj

Me
(LXXi)

Me

Sl )/ rMe

While the first and sedond fractions were obtained as im-
* pure liquids, the third fraction was & solid (CgH,,)
m.p. 148°. This solid was found to be an aromatic hydro-
carbon giving a picrate derivative m.p. 190°. It was
identical with 1:2:3:4:6:7- hexsmethyl-naphthalene (IXVII)
prepared by another method p. (32).

The formation of (ILXVII) may be explained by the possi-
bility that the alkylating agent (XLIV) in presence of
aluminivm chloride lost two molecules of hydrogen chloride
to give the diolefin (EXXII). The latter then condensed
with o-xylene by addition to give the tetralin derivative
(CXXIII) which simultaneously dehydrogenated to (IXVII).

After selenium dehydrogenation, the first fraction gave
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only a faint colour with pleriec acid and no derivative
was isolated. |
The dehyqrogenation of the second fraction gave a small
amount of briek coloured needles of 2:4:7-trinitro-fluorenonse
complex. Dissocistion gave a solld m.p. 135-137° identical
with the corresponding 1:2:3:4:5:7- hexamethyl-naphthalene
(IXIX). This reaction may be explained by assuming the
ismrisa'bion of o-xylene in presence of sluminium chloride
te p~ end m-xylenes followed by the condensation of the
- latter with (XLV) to give 1:2:3:4-tetrahydro- 1:3:5:6:7:8-
tetramethyl-naphthene. This dehydrogenated to (LXIX).
Reaction (B) was interesting. 1In one run at 40%¢C.,
a 8light excess of (XLIv) was used. The oily condensate

obtained
(B) re EHy
M ¢t e
I + |
M"—-L\\J ct mﬁ
Le ¢

(8xxop) (xEw)

and the product was carefully fractionated. Four fractions

were collected.
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- From the first fraction no plerate could be obtained.
The second formed & red picrate m.p. 190°. The latter on
dissociation gave a hydrocarbon m.p. 145° and was identified
88 PiSr®:4:6: P hoxamethyl-nephthalens (LXVII). The third
fractien gave a dark brown 2:4:7- trinitrofluorenone com-
plex m.p. 210°-212°. Dissociation gave & hydrocarbon
m.p. 132-4° identical with 1:2:3:4:5:6:7- heptamethyl-
naphthalene (LXVI) prepared by another method deseribed on
page (31). The fourth freaction gave a black picraté from
which a very small smount of a hydrocarbon m.p. 170-3° was
obtained. It was identified as octemethyl-naphthalene
prepared by another method p. ( 31). Identity of these
polymethyl-naphthalene was fully confirmed by mixed melting
points of hydrocarbons and derivatives and by ultra violet
sbsorption spectra. The proposed course of feachiom bedwsen
préhhitene ahdld XIFH)ads: summerdesd below.

{a) Prehnitene m presence of sluminium chloride is
lisble to lose methyl-groups to give lower methylated ben-
‘Zenes. ‘

(v) The high temperature required in the selenium de-
hydrogenation may result in the loss of the stralined methyl
groups in the 1:8- and 4:5- positions.

(¢) The condensation product might have lost one or two
methyl groups to facilitate condensation.

(d) The great steric hindrance in 1:8 and 4:5 positions
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maly cause the ‘1oss of some of these methyl groups to give
a2 less strained structure.

, Again the hydrocarbons isolated are a very minute
frgcﬁien of the bulk of the condensate and this may invall-
date this interpretation.

The condensation of prehnitene and (XLIV) was repeated
at‘65° C. for seven hours and was then left overnight at
35-40°. Fractionation of the oily product followed by
attempted isolation of derivatives showed that:- With the
first fraction although no derivatlive could be isolated it
gave g deep red co_lour with pieric acid. The secénd frac=-
tion gave a 2:4:7-trinitrofluorene derivative from which a
hydrocarbon m.p. 132-4° was obtained. The latter was
identified a.s‘1:2:‘5:4:5:6:7- heptamethyl-naphthalene (ILXVI).
The third fractlion gave & black piezja.te derivative which
was dissociated to a sollid m.p. 173-4° and was identified
as octamethyl-naphthalens (LXV). The fourth fraction which
was the main product was obtained as a yellow solid. This
gave a deep blue fluorescence ln benzene golution. It was
insoluble in ligroin, methyl and ethyl alcohol, soluble in
hot benzene. The compounds, Coglog m.p. 236-70 gives a
black pierate m.p. 2140, a gregnish black trinitrofluorenons
complex m.p. 228-9° and a wine-red trinitrobenzene complex
m.p. 224°. The absorption spectrum Fig. (3) resembles those
of anthracene derivatives. Chromic acid (77) oxidation of the
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compound gave & yellow solid 020H2002' This oxidatien
showed that there was no loss of carbon atoms. This to-
gether with the analytical figures shows that the product
obtained in the fourth fraction was a hexamethyl-anthracene
with both the 9-and 10-positions vacant. A large number
of isomeric hexamethyl-anthracenes are possible and our
compound coulg not be identified as any of the previously
describ'ed hexéme'bhyl eanthracenes.

3:4 Blohloro-3:4- dimethyl-hexans °0) (XLIV) was pre-
pared by the reduction of methyl-ethyl ketone(s'” using -
similar procedure to that described for plnacole hydrate,(sa)

followed by saturation with hydrogen chloride.

ABSORPTION SPECTRA OF METHYL-NAPHTHALERES

The absorption spectra of six polymethyl-naphtha.lenes
were investigated end the curves sre shown in Figs. 28-18.
The results are also compared both with those of norton,(ag)
Gavat(go) and Mayneerd(gl) for naphthalene, mono-, di- and
tri-substituted naphthalenes and with those of Ruzicka'®) fop
the higher substituted products.

In Figs. 18-F2 are shown the absorptlon spectra curves

of different polymethyl-naphthalenes to give a clear picture
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of the variation 1ln these curves with the differently sub-
stituted polymethyl-naphthealenes.

TableIl shows only the main two maxima and & minimum
for naphthélene to octamethyl-naphthalene.

The introduction of alkyl groups into the naphthalene
nucleus only relatively produces slight changes in the ab-
sorption spectra curves. The degree of resolution in the
middle part of the spectrum differs from derivatlve to
derivative, and there is no observed regularlty.

All compounds studied by us, similar to described
alkyl-naphthalenes showed three regions of sbsorption

(a) (3250-29504°) low log e values.

(b) (2500-29504°) Moderate log e values.

(¢) (velow 2500A°) High log e values.

In the mono-substituted compounds the only significant
difference is that A max. peak B. for l-methyl-haphthalene
is increased from 2755 to 2810A°.

In the di-substituted products, A\ max. are approxi-
mately the same, but log e is slightly lower.

In the tri-substituted naphthalenes there i1s an increase
in )\ max. for peak A for both the 1:3:5- and the 1:3:8- tri-
methyl compounds, but for 2:3:5- trimethyl-naphthalene A max.
peak A reverts to a value between that for naphthalene and
those for the former compounds.

In the different isomers of tetramethyl-naphthalenes
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Amax. peak B. increases from 2755 to 2820A° for 1:2:3:4-
tetramethyl-naphthalene and to 2900A° for 1:2:6:8- tetra-
methyl-naphthalene. In the 1:2:3:4:6- penta methyl-
naphthalenes A max. for peak A was still higher than those
for the tri-substituted product, but A\ max. for peak (B)
is the same. z: 2. On the other hand,A max. for peak B im-~
creased from 2850 to 2980° and 3020A° for 1:2:4:6:8- and
1:2:4:5:8- pentamethyl-naphthalenes respectively, log e
being nearly constant (3.70-3.80).

In the hexamethyl-naphthalenes A max. for peak A in-
creased from 2210A° for naphthalene to 2440A° in 1:2:3:4:5:6-
hexamethyl-naphthalene, log e = 4.86. A max. for peak B
is nearly the same as those of tetra- and pentamethyl-
naphthalene .

In hepta methyl-naphthalene A max. peak A was 2420A°
but log e was slightly lower than the corresponding values
for polymethyl-naphthalenes. Again A max. for peak B
increased to 3020A°.



Compound

Naphthalene
1-Methyl-
2-Methyl-

2:6= Dimethyl-
2:7- Dimethyl-

- Trimethyl-
- Trimethyl-
- Trimethyl-
-~ Trimethyl-

- Tetranethyl-
- Tetramethyl-
- Tetramethyl-

e 2% B8 o8

°0 ve ®

Pentamethyl-
Pentamethyl -
Pentamethyl-

e 9

:7-Hexamethyl-
6-Hexamethyl-

MR HEE HEE DR

8~
8-
6-
5:7-Hexamethyl-
6
b:
5

:16:7-Hepta-
methyl

Octamethyl-

62

TABLEI I
Maximsa

Peak (A) —  Peak (B)
log e log e
2210 5.18 2755 3.9
2205 4.98 2810 3.71
2208 4.98 2750 3.71
- - 27256 3.68
- 2750 3.60
- - 2980 3.8l
2315 5.30 2890 3.97
2315 5.12 2850 3.83
2253 5.06 2838 3.89
2260 4.90 2820 3.85
- - 2920 3.75
- - 2900 3.70
- - 3620 3.83
- 29080 3.80
2360 4.867 2880 3.69
2380 4.82 2980 3.85
2360 5.13 2940 3.73
2440 4.86 2080 3.87
2420 4.74 3020 3.70
2540 4.7 3080 3.70

Minima
log e
25666 3.70
2706 35.69
2660 3.68
25620 3.05
2772 3.86
2775 3.79
2648 3.73
25680 3.00
2560 3.00
2500 3.21
260 3.2
2670 3.15
25640 3.20
2570 3.14
2660 3.24
2600 3.19
2630 3.30
2740 3.31
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In octamethyl-naphthalene Amax. for peak B is at a

rather high wave length 2540A°.

In the middle part of the

spectrum there are two maxima at wave lengths 2920A° log e =

3.56 and 3080A° log e

3.72).
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THE REACTION OF MALEIC ANHYDRIDE WITH POLYMETHYL-NAPHTHALEKRES

In 1928 Diels and Aldep'S%)

discovered that compounds
containing double or triplé bonds, usually activated by other
centres of unsaturation in the X :4 -position, add to the

1:4- positions of a conjugated System, 0.8,

CHy
éz EH, |

‘ + s \ _cHO
CH CH

\\(,Hz \oH

H
. Lelwe b .
Diene - D LGPLO'FK‘—& Aeleu

Among the substances that have been employed most fre-
quently as dlenophiles are malelc anhydride and other closely
related dicarboxylic acid derivatives.

The adduct formed in the Diels-Alder reaction may in-
volve transfer of electrons from the dlene to the dienophille
to form an adduct complex, so formed, as to hold the maximum

attractive forces (93), (94) .

This is followed by stabiliza-
tion of the lonic complex to a stable adduct. This mechan-
lsm is supported by such features observed in the reaction
as colour change(gs) and the isolation of ionic compounds.

The nature of the solvent and its effect on the ionic
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compounds isolated in the heterocyclic additions and the

effect of catalyst may give some indication of lonic mechan-

fem. | |
Bubtadiene reacts quickly with maleic anhydride to give

a quantltative yield of cis- 1:2:3:6- tetra-hydrophthalic
anhydride (cxxrr)(92),(96),(97)

co
4 /° - SO\,
R T ° — w/
CH- cH— &
CHy, 0

(exxi)

However a true diene 1s not essentlial, for one of the
double bonds may be an aromatic double bond conjugated with
an ethylenlc linkage. Thus extranuclear unsaturation in
conjugation with the naphthalene or phenanthrene nucleus
produces a dlene system which is reactive towards maleic

anhydride.

n=Cche o
. i\\ H— C,{/
R ¢ ~.

’, B I —
Z ¢cH -C
N\
O .

(¢ xxv) (c XXV)

In boiling toluene or xylene for example, malelc anhydride
reacts with 1- vinylnaphthalene (CXXIV) to yield a 1:2:3:11-
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tetrahydro-phenanthrens derivative (CXXV),(QB)’(QQ)

Also, both double bonds of the diene may form part of
an aromatic ring. The central ring of the anthracene nucleus
contalns & characteristic diene system and maleic anhydride
adds to

CH-CO\
+ |l /0 —
eH-¢

anthracene to give 9:10-dihydrosmthracene- £:10- endo-of :/4 -

suceinic anhydride (cxxvl)floo) The latter showed urmistake-

ably the absorption spectrun of a simple benzene derivative SlOl)

Anthracene derivatives differ widely in their rate of
reaction with maleic anhydride. While alkyl groups in the
megoposition facilitate addition, phenyl groups retard the
reaction. Thus 9- methyl-a.nthra.cene reacts more quickly
than anthracene, and the 9:10 dimethyl-anthracene reacts
rapidly at room temperature. On the other hand, 9-phenyl-
anthracene reacts much more Slowly than anthracene and the
reaction between equimolecular quantities of maleic anhydride
- and 9:10-diphenyl anthracene is incomplete even after re-
fluxing for meny days.

The reaction of maleic anhydride with polycyclic aromatic
hydrocarbons is reversible.(loz) Identical equilibrium mixture
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of hydrocarbon, maleic anhydride and adduct are obtained by
heating xylene solutions of either adduct or equimolecular
amounts of the bcmponsnts.

Mameli and Panetto(los) reported that no adduct product
is formed when naphthalene is heated with maleiec anhydfide.
However, Kloetzel(ll} recently isolated 1% adduct product
using excess of maleic anhydride. He also found that with .
the introduction of methyl groups in the naphthalene nucleus,
(ef. the effect of the methyl groups in the meso-position in
emthracene ) the rate of the reaction rapidly increased with
successive methyl groups to reach a maximum in 1:2:3:4- tetra-

methyl-naphthalene.

~Me ou co
l\( \D ‘_"7

.\ /He CH .ao/ |
()w) | (cxxvi)

With 1:2:3:4-tetranethyl-naphthalene (XV) and a thirty-

fold molar excess of malelc anhydride, Kloetzel obtained a
90% yield of the adduct 1:2:3:4~- tetramethyl- 1:4-dihydro-
l:4-endo-{ : £~ succinic anhydride (CXXVII)(lO) From
Kloetzel's work one can.make the following conclusions:-
(a) Maximum yield of adduct isg obtained when maleic
anhydride is present in large excess; 1.8, the equilibrium

is shifted towards adduct formation.
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(b) Higher reaction temperature favours dissociation.

(c) Mono- 4 substitution favours the reaction more than
mono- X -substitution; the -methylfcompoﬁnds are nearly
as active as 1l:4-dimethyl-naphthalens.

(d) 1:2:3:4~ Tetrs-methyl-naphthalene shows the most
rapid and favourable equllibrium.

(e ) Ethyl--groups, though larger than methyl.-groups, act-
ivate the nucleus more than the labtter. .

It appeared of some significance to determine whether
more methyl groups in the naphthalene nucleus would or would
not promote simlilar reactions with malelc anhydride, and |
then to correlate the dienoid activity of the naphthalene
nucleus with the extent and position of such substituents.

The reaction of maleic anhydride with s penta methyl-,
two hexamethyl-, & hepta methyl- and an octa methyl-naphthal-
ene was therefore investigated. This work was limited to
some extent by the small amounts of these polymethyl-naphthal-
enes available. Their synthesis described on p27 was in

progress when Kloetzel's work was published.(lq)’ (11)



68

(¢ XX Vill)
pentamethyl-N 5,7,8 = H; 6 = Me

Hexamethyl-N 5,6 = Ne; 7,8 H
Hexemethyl-N 5,8 = H; 6,7 = Me
Heptamethyl-N 5,6,7 = Me; 8 = H

Octamethyl-N 5,6,7 and 8 = N&.

The reaction’of polymethyl-naphthalenes (CXXVIII) with
maleic anhydride give adduct (CXXIX).

The Table ¢E1E} shows the extent to which each hydro-
carbon reacted with‘ma.leic snhydride. A thirty-fold molar
excess of meleic anhydrids was used in presence of benzens
as a dlluent. The percentages of adduct- and unreacted

hydrocarbon were determined after 48 and 72 hours.




Derivatives
of
Naphthalense

1:2:3:4:8- Penta-
methyl (LXX)

1:2:3:4:5:6~ Hexa-~
methyl- (LXVIII)

" 1:2:83:4:6:7~- Hexa~-

methyl- (IXVII)

1:2:3:4:5:6:7- Hepta-
methyl (IXVI)

Octamethyl- (LXV)
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TABLE (III)

After 48 hours

% Adduet % Hydro-

50

68

carbon
recovered

35
15
35

20

After 72 hours |
% Adduet % Hydro-

carbon
recovered
42 40
65 20
42 41
55 25
60 18
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The adduct anhydrides were lsolated by first diluting

the reaction products with excess water to dissolve the

groat excess of malelc anhydride, followed by extraction

with ether. The product obtained, containing both adduct

and unreacted hydrocarbon, was then hydrolysed with 5%

potassium hydroxide and the unreacted hydrocarbon extracted.
The adduct dicarboxylic acid, liberated by acidification of

the alkaline solution, was then weighed and the percentage

calculated.

An alternative purification of the adducts was to

dissolve with gentle heating the adduct dibasic acids,

isolated in the above described fashion, in a small volume

of ethyl acetate containing acetiec anhydride or acetyl
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chloride. The anhydride usually crystallised in nearly
quantitative yield after cooling.

A guantitative yield of the resp;active hydrocarbon
was obtained when each adduct was heated above 1ts melting
point under vacuo. Thus the maleic anhydride reaction is a
pogsible alternative method for purification of these hydro-
carbons.

That all adducts failed to give a colour with picric
acid or 2:4:7- trinitro-fluorenone and no corresponding
derivatives were obtained on cooling excludes the presence
of a nsphthalene nucleus.

Attempts made to obtain the pure dibasic acids were un-
successful as the latter partlally reverted to the anhydride
on erystallisation.

The correlation of the results in Table ( III) must not
be based on activation of the naphthalene nucleus with in-
crease In the number of substituents. On the other hand,
these bulky groups may hinder sterically the formation of
the corresponding adducts.

Although with 1:2:3:4- tetramethylnaphthalene (XV), ),
Kloetzél reported nearly a quantitative yleld of adduct, with
1:2:3:4:6~ pentamethyl-naphthalene (IXX), the yield dropped
to 50%. Thus, further /7 - substitution has deactivated the
nucleus. This is in contrast with the observation that
/3 - methyl substitution is as effective in promoting maleic
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anhydride addition as ls the simultaneous intreduction of
two methyl groups in the 1- and 4- positions. With 1:2:3:4:
6:7- hexamethyl-naphthalene (LXVII), the yield of adduct is
still lower. It is evident here that the substitution of
methyl groups in both the -6- and 7- positions greatly
deactivated the nucleus. This result is the opposite to
that expected by snalogy with 2:3- dimethyl-naphthalene
which gave a 43% yield of adduct, i.e. even two substituents
were sufficient to activate the naphthalene nucleus.

On the other hand, 1:2:3:4:5:6- hexamethyl-naphthalene
(LXVIII) gave a 68% yield of adduct. It would seeﬁ. that
the & -methyl group introduced in 5-position is responsible
for the activation of the nmucleus. With heptamethyl-
naphthalene (ILXVI) a 60% yield of adduct was obtained com-
pared with a yield of 19% with 1:2:3- trimethyl-naphthalens,
i.e. the introduction of four more methyl groups into tri-
methyl-naphthalene increased the yield of adduct by 40%. ‘
In octamethyl-naphthalene (LXV) reaction, despite the great
steric hindrance produced in the adduct, it was obtalned
in 62% yileld.

It is also clear from table (III) that equilibrium was
reached after §8 hours, further heating favoured slow dis-
sociation. The additlon of maleic anhydride to 2:3- di-
methyl- and 1:2:3:4- tetramethyl-naphthalene involved the
substituted ring. With polymethyl-naphthalenes (CXXVIII),
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the addition involved the fully substituted and not the
partially substifuted ring. These conclusions are supported
by the followlng rqsults:-

(1) Both 2:3- dimethyl- and 1:2:3:4- tetramethyl-
naphthalene adduct anhydrides were hydrolysed to the corres-
ponding dibasic aclds, which with dlagomethane gave the
dlesters (CXXX;R4R = H or Me). |

%\ : R corie
wMe X .coo Me ., P X coore
R e Ly coome g | L cooMe
R R corme
(C)CXAV (ﬂAX?<X£)

1:2:3:4=Tetramethyl-Ni\R,R, = Me.

Both esters on ozonolysis gave a diketone (CXXXI,
R,R = H or Me) which formed a dioxime. The failure of
this pf@duct to show aldehydic reactions makes it unlikely
that the maleilc anhydride added to the unsubstituted ring.

(2) The oxidation of the corresponding dicarboxylic
acids of (CXXX;R,R = H or Me) gave only phthalic acid.

(1) and (2) results were reported by Kloetzel (loc. ait.)

(3) The oxidation of the dicarboxylic acid adducts of
1:2:3:4:5:6- and 1:2:3:4:6:7- hexamethyl-naphthalenes
(CXXXIL R = Mey R3 = H) and (CXXXIL;R = H,R, = Me) gave
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pretnitic (194) (CXXIII) and pyromellitic acias(19%) (cxxv)

respectively.
| Me /?oa [T y L,\ool-l
Ry -7 Me SHeCON | ”"/\(c CoH 00C N
o l Yol N lfc.oai <
o A cl - co N0 N Peoon
A{ Jops coold Coo H
(Cx xXi) € xxxuy — (Cxxx\v)
1:2:3:4:5:6- Hexamethyl-naphthalene (R = Me, R, = H)
1:2:3:4:6:7~ Hexamethyl-naphthalene (R = H, R, = Me)

The structures (CXXIX) for dipotassium salts adducts of
polymethyl-naphthalenes (IXV), (LXVI), (LXVII), (LXVIII)
and (LXX) are supporfed by sbsorption spectra curves Figs.
2B-25respectively. In each figure is shown the ultra violet
abSbrption spectra curves from 2400-2900A° for adduct di-
potagsium salts in aqueous solution. A close correspond-
ence 1is evident between the méxima in these curves (between
2580-27004A° log e = 2.7-3.0) and the maxima in similar
curves for anthracene maleic anhydride adducta(lcl)
( A= 2590-2740A°) and for simple alkyl benzenes!196). 1n
all the adducts prepared, similar to the latter two compounds,
absorption rapidly dropped beyond ( \= 28004°) to a negligible
value. '
The sparing solubility of the adduct dipotassium salts
in water limited the accuracy of the curves. However they
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are satisfactory for comparison with the corresponding pure
hydrocarbons. In 95% ethanol, the latter showed strong
gbsorption in the range () = 2700-3200A°, log e = 3.5-4.0).
 This broad band is characteristic of these polymethyl-
nsphthalene as well as other naphthalene derivatives(sg)’ (90) .
Naphthalene itself shows a series of maxima in this region.

It is clearly evident from comparison of these curves
that no adduct retains the absorption spectrum of the
naphthalene nucleus. The curves of the adducts are char-
acteristic of simple alkyl-benzene derivatives.

It is interesting to mention that an attempt was made
to apply the activating effect of methyl substituents in
the anthracene and naphthalene series to the alkyl-benzenes.
Hexemethyl-benzene, was refluxed with a thirty-fold molar
excess of malelc anhydride for periods of 24, 48 and 72
hours. Careful analysis of the producta, gave no trace

of adduct formation and hexamethyl-benzene was quantitatively

recovered.
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EXPERIMENTAL

(1) -A_:Z-Dimethylsuceinic anhydride (LII).
(62)

(39),,

(After Bon and Sprankling and Fieser

Sodium (6.8 g.) was dissolved in absolute alcohol
(96 c¢.6+.9. When cold, ethyl-cyanoacetate (33 g.) was
added during 40 mins. with stirring, followed by ethyk«L -
bromopropionate (50 g.) over a period of 2 hours. The
ester fraction b.p. 130-170°/14 mm. was collected (47 g.). .
This was added over 1 hour with ice cooling to sodiwm (5 g.)
dissolved in absolute alcohol (50 c.c.) followed by methyl-
iodide (39 g.). The ester so formed b.p. 150-160°/16 mm.
(39 g.) was hydrolysed by refluxing overnight with concen-
trated hydrochloric acid (150 c.c.). The dibasic acid
crystallised out (20 g.) after concentration and cooling.
It was refluxed with acetyl;chloride (30g.) for 1 hour.
The fraction b.p. 224-240°/760 mm. was collected. It was
crystallised from benzene light petroleum to give (LII)
(11 g.) m.p. 70-80°, a (d,1) mixture.
X-Methylsucoinic anhydride.
(After Dev and Guha(65),).

Sodium (11 g.) was atomised under xylene. After de-
canting, toluene (500 c.c.) was added followed rapidly by
diethyl malonate (80 g.) with stirring. After half an hour,
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the mixtt;re was refluxed for 3 hours. After cooling, ethyl
X -bremo-propionate (90 g.) was slowly added during 2 hours.
The product was left standing overnight, then it was refluxed
(10 hours) with concentrated hydrochloric acid (150 c.c.).
The aqueous solution was evaporated. Then nitric acid

was added slowly to oxidise the impurities. The acld
solidified (110 g.) m.p. 104-108°. After refluxing for

2 hours with acetyl chloride (750 c.c.), the anhydride was
obtained as a colourless oil b.p. 118-120°/7 mm. (78 g.).

On crystallisation from light petroleum the anhydride (50 g.)
was obtained m.p. 31-3°, b.p. 247°/760 mm.

Dime thyl-o( -Bromo- : /8 - dimethylsuccinate (LXXV).

Carefully dried (’-L)—a{ : /3 -dimethyl-succinic acid

(22 g.) was mixed with red phosph’or&us (4 g.) in a double
neck flask with a dropping funnel and a condenser. Bromine
(80 g.) was added drop wise (40 min.) to the solid niixture
with continuous shaking (the reaction is exothermic). The
excess bromine was removed on a steam bath leaving the mono-
brmodimethylsuccir?fylbromide . The latter was poured into
boiling water (120 cc.). It was filtered and extracted
with ether (5 x 50 c.c.). The combined ether extract was
dried (NayS0,) and concentrated. The residue was crystal-
lised from ether or water to give  -bromo-X :/5 -dimethyl-

8sucecinic acid in colourless plates m.p. 90°. The latter
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(10 g.) was refluxed for 2 hours with methyl alcohol

(20 c.c.) and a few drops of concentrated sulphuric acild.

The product was distilled as a colourless liquid b.p. 92-94°/
15 mm.

Dimethyl <X -Methylsuccinate.

X -Methylsuccinic acld was treated as sbove to give a
colourless liquid b.p. 196°-198°/760 mm. (literature, b.p.
197-198.5°/760 mm. ). |

Durens, 1:2:4:5- tetra methylbenzene (XLIX)
(69)).

(After Von Braun
Commercial xylene (90%; m-isomer) (275g.), formalin
(646 g.) and concentrated hydrochloric acid (1365 g.) were
heated with mechanical stirring at 70-800 C. on a water
bath (7 hours). Formalin (547 g.) was then added and
hydrogen chloride was bubbled through the mixture during
35-40 hours, with stirring. Distillation of the organic
layer gave a mixture of dichloro-methylxylenes (600 g.)
b.p. 160°/14 mm. The latter (100 g.) in toluene (150 c.c.)
was added dropwise to a solution of zinc (200 g.) in water
(3500 c.c.) and caustic soda (400g.) with stirring (10 hours).
The peaction mixture was refluxed for a further 12 hours.
The organic distillate b.p. 200-215° was collected. It
rapidly crystallised from ethanol to give durene (30 g.)
m.p} 80°.
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Durene, 122:4:5- tetramethyl-benzene and Isodurense,l:2:3:5-
?
tetramethyl-benzene.
(Modified. 8mith

(70)).

Xylene (400 g.)?ggesitylene (175 g.) were mixed with
freshly pulverised anhydrous alumin%m chloride (175 g.)
Methyl chloride gas (520 g.) was bubbled into the mixture |
at 90-95° (60 hours) under a slight pressure (10 cm. of
mepcury). The reaction mixture was poured into a mixture
of concentrated hydrochloric acid and choﬁped ice. Dis-
tillation of the organic layer afforded a mixture of durene
and isodurene b.p. 185-205°/760 mm. (300 g.). Another frac-
tion distilled at 205-220°/780 mm. and consisted of

pentamethyl-benzens (100 g.) m.p. 52°.

Prehnitene, 1:2:3:4-tetremethylbenzene (LXXXIIJ)
(72) (75))

(After Smith and Cass and Smith and Lux
The above mixture (10b g.), concentrated sulphurie
acid (60 c.c. ), fuming sulphuric acid (40 c.c.; 60%) was
shaken (5 mins.), then heated at 80° (17 hours). The re-
sulting black viscous material was poured on to chopped
ice (500 g.). The filtrate was then cooled to 0° and con-
centrated sulphuric acid (250 c.c.) was added slowly with
strong cooling. The dark crystalline sulphonic acid which
floated to the top was collected and pressed dry (65g.).

A similar procedure was employed for pentamethyl-benzens,

where the latter (100 g.) was heated to 65° and concentrated
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sulphuric acid (300 c.c.) ias added. The mixture was
shaken vigorously and was then left standing at room temper-
ature (24 hours) and worked up as sgbove.

Prehnitene sulphonic acld was then converted to the
‘sodium salt via the calcium salt. The former was hydrolysed
by the flash steam method. Superheated steam was passed
.through a mixture of concentrated sulphuric acid and water
maintained at 150-160° while a thin paste of sodium prehnitene
- sulphonate (100 g.) was slowly added. A yellow oil was
collected}(45g.) which was purified by distillation through
a Widmer column. The fraction b.p. 202-204°/760 mm.,
m.p. - 9° was collected (literature b.p. 204°/760 mm., m.p.
-59).

1-Acetyl-prehnitene (LXXIV)

(Modified Clans and Fohlich(74)),

Acetyl chloride (3.5 g.), was added dropwise to a sus-
pension of fréshly powdered anhydrous aluminlum chloride
(10g.) in tetrachlorethane (25 c.c.). Prehnitene (3 g.)
was now added (40 mins.) with stirring and ice cooling.
 Stirring was continued for a further 4 hours. The reaction
mixture was then'poured over crushed ice (50 g.) and con- |
centrated hydrochloric acid (25 c.c.). The inorganic layer
was extracted once with ether and the latter added to the
organicblayer. The solvent was then removed. The residual

oil gave on distillation a yellow oil (3.5 g.) b.p. 1459/
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15 mm., b.p. 2568°/760 mm. (literature b.p. 258°/760 mm.)

The 2:4-dinitrophenylhydrazone was crystallised from

acetic acid/ethanol in fine érange erystals m.p. 155-156°.
(Found: N, 15.42. CqgHyg0,N, requires N, 15.70%).

The oxime formed a white crystalline solid from ethyl
aleohol m.p. 122° (Found = N, 6.96. Gp,H,,ON requires N,
7.30%) .

The semicarbazone was obtained as colourless prisms

from ethanol m.p. 203°. (Found: N, 18.2 C, zH; gON5 requires
N, 18.0%).

Y-Keto- J-duryl- X :/4 -dimethylbutyric acid (LIII’R = H) and

J-keto- J-prennityl-A : 3 -dimethylbutyric acid (LIV;R = H)

(1) In carbon disulphide as solvent.

To a stirred ice cold suspension of freshly powdersed
almiriiﬁn chloride (10 g.) in dry carbon disulphide (70 cc.)
was added at intervals separate portions of durene and
K : /3 -dimethyl-suceinie anhydride totalling (3.3 g.) and 3.2 g.)
respectively over 40 mins. Stirring was continued 4 hours
longer then the reaction mixture was left overnight at
room temperature. The solvent was then decanted and the
sticky residue was decomposed with ice and concentrated
hydrochloric acid. The white gummy product obtained after
decad%%ion of the agueous layer was boiled with sodium car~

bonate, cooled, then extracted with ether to remove unreacted




8l

durene. It was then clarified by boiling with charcoal,
and then filtrated. The bulk of aqueous solution was
evaporated to (15 c.c.), made just alkaline and then left

in the ice chest overnight. The powdery precipitated solid
was filtered (0.8 g.). This on acidification gave §-keto-

Lprennityl-o«: 4 -dimethyl-succinic acid in colourless

stout needles from benzene/light petroleum m. 151-152°.
(Found: C, 73.6; H, 8.55. 01632205 requires C, 73.3;
H, 8.4%). A sample of the above acid was undepressed on
admixture with a sample of {-keto- J -prehnityl-oX= /5 -
dimethyl succinic acid prepared as described on p.86 .

The filtrate from the alkaline extract was acldifiled
to give a white so0lid (2.4 g.; 42%). It was crystallised
from dioxan to give J-keto- J -duryl-oA: A-dimethylsucciniec

acid in thick needles m.p. 147-148°. (Found: C, 73.7;
H, 8.7. CqgHp505 requires C, 73.3; H, 8.4%). Admixture
with the above acid depressed the m.p. to 120-125°,

(2) In tetrachloroethane as solvent.

A gsludge of the anhydride (LII) (2 g.) in tetrachloro-
ethane (10 c.c.) was added (40 mins.) to a mechanically
stirred ice cold suspension of freshly powdered anhydrous
aluminium chloride (6 g.) and durene (2 g.) in tetrachloro-
ethane (15 ¢.c.). Stirring was continued (4 hours) at 0°

and the reaction mixture was left overnight at room temperature.
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The products were worked up as above, the solvent being
removed by distillation wlth steam. From the residue
(LIIT;R = H) and (LIV;R = H) were obtained (2.2 g.) and
(0.2 g.) respectively. Over-all yield 60%.

Methyl- ) -keto- J -duryl- X: /4 dimethylbutyrate (LIII;R = Me)

(LIIT;R = H) (0.5 g.), absolute methyl alcohol (4 c.c.)
and few drops of concentrated sulphuric acld were refluxed
(2 hours) on a steam bath. It was then cooled, diluted
with water and extracted with ether. The ether layer was
then extracted with sodium bicarbonate and dried (NagS0,).
A colourless oil was obtained which quickly solidified;
It crystallised in colourless prisms (methanol).

m.p., 103° (Found: C, 73.85; H, 8.5. OCynHp,05 requires

C, 73.9; H, 8.7%).

Methyl- J -keto- § -prehnityl-A : 4 dimethylbutyrate (LIV;R = Me)

This was prepared as for (LIILR = Me). in colourless
plates m.p. 88° from methanol. (Found: C, 73.6; H, 8.85.
CipHp 40z requires C, 73.9; H, 8.7%). |

Both above esters (200 mg.) were hydrolysed to the cor-
responding pure acids with 10% alcoholic caustic soda to
give identical samples of the original acids.

A:4 dimethyl- {-(1-duryl)- A~B- Crotolno-lactone (LV).

(After Fieser and Daudt(59)).
J -Keto- §-duryl-X : £ -dimethyl butyric acid (100 mg.)
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glacial acetic écid (3 ce.), and acetic anhydride (0.2 c¢c.c.)
were saturated with.anhydrous'hydrogen chloride. After
standing overnight the acetic acid was removed in wvacuo.
Benzene (10 c.c.) was added, then distilled off; this was
repeated twice. The oily residue quickly solidified.
Crystallisation from benzene/light petroleum gave A :4-di-
methyl- ) -(1-duryl)-S/f.crotons-lactons in colourless shin-

ing leaflets m.p. 119°. (Found: C, 74.0; H, 7.84 CygHyq0,
requires C,78.65; H,8.02%). A positive Legal test(44)’45)
was observed, (a pink colour with alkaline sodium nito-
prnasdée which persists after acidification with acetic
acid).

A : f- Dimethyl- J -(1- prehnityl)-2A4-crotono-lactone (LVI)

This was prepared as sbove from J-keto- ) -prehnityl-

: —dimathyl-butyric acid aﬁd was obtained as stout, col-
ourless needles from bengene light petroleum. m.p. 114.5°.
(Found: C,78.70; H,7.93 CygHpq0p requires C, 78.65;

H, 8.02%). The compound gave a positive Legal test.
Sodlum hypobromite oxidatlon.
"(1) ) -keto- J-aurjl—d : A -dimethyl-butyric acid (200 mg.)

was added to an ice cold solution of 10% sodium hybobromite
(20 c.c.). The resulting mixture was gradually heated to
100° with occasional shaking. It was malntained at 100°

(4 nours). After cooling, it was flltered and acidified.
The precipitated material was extracted with ether and ether



84

extract was dried (Na2304). After removal of ether, the
residue was scratched. It was crystallised from ligroin

and gave duryl carboxylic acid as needles m.p. 176-178°.

A sample was not depressed by an avuthentic specimen of duryl

(107),(108) )y _17g0).

carboxylic acid (Literature,
(2) § -xeto- { -prehnityl-of : B-dimethyl-butyric acid was

oxidised as above to give prehnityl carboxylic acld as

needles from ligroin m.p. 166-168°%, undepressed on admix-

ture with an authentic specimen of prehnityl carboxylic

(109)

acid (literature , m.p. 169°). The amide was obtained

by refluxing the acid (50 mg.) with thionyl chloride (1 hour),
followed by shaking with ammonium hydroxide. Prehnityl

0
carboxylamide crystallised as plates m.p. 220°. (literaturéll )

m.p. 222°).

Removal of the side chain with concentrated hydrochloric acid.

(1) X’—ketoiﬁﬁryl—CK:gg-dimethyl-butyric acid (200 mg.)

was heated (5 hours) with concentrated hydrochloric acid

in a sealed tube at 150°. The reaction mixture was diluted

and extracted with ether. The ether was dried (Nagso4) and

removed. The residue was crystallised from m@E%hol to

give durene (5 mg.) m.p. 79-80° (1literature, 80°).

(e) ¥ -,keto-%}ehnityl-x : £ -dimethyl-butyric acld (500 mg.)

similar to above gave prehnitene, b.p. 2020/’760o « (litera-
ture, 204°/760 mm.)
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Y-Duryl-of : A -dimethyl-butyric acid (LXII)

J -keto- ¥ -duryl-o : A-dimethyl butyric acid (3.52)
was dissolved in aqueous sodium hydroxide. Excess alkall
was carefully neutralized by adding dilute hydrochloric
acid with continuous shaking (B.D.H. universal colour in-

dicator). Copper-chromite catalyst(ss)

(2.58) was then
added and the mixture heated in a bomb at an initlial hydro-
gen pressure of 130 abtmospheres. The temperature was
raised slowly to 240° and maintained for 12 hours. The
reaction mixture was then filtered from catalyst, clarifiled
with charcoal and the agueous solution reduced (25 c.c.).

A brownish sodium salt separated overnight. The latter
was acidified and was obtained as a gummy white material

(1 g.) which resisted all attempts to crystallise. The
aqueous filtrate was acidified to give the original acid
(1.2 g.) m.p. 147°.

Isomerization and cyeclization with hydrofliuoric acid.

The above gummy product (1 g.) was cautiously added
to hydrofiuoric acid (25 c.c.) in a platinum crucible (24
hours). ©Excess acid was then destroyed with alkali and
the residual material was extracted with benzene. The
benzene solution was then washed with alkali and water and
dried (Na2804). After removal of the benzene, the residue
Beps 1807 (endbribath temperatude )/ 4 mm. was a colourless

0il (0.35 g.) which solidified when scratched. Crystallisation
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from light petroleum gave 1:2:3:4- tetrahydro- 2:3:5:6:7:8-

hexame thyl-naphthalene-l-one (LXIII), as stout long needles
m.p. 120° and was not depressed on admixture with an auth-
entic specimen p. 89 .

Condensation of Prehnitene withX:/4 - Dimethyl-Succiniec

Anhydride .
{-Keto- J—prehnityl-O(:,5- dimethyl butyric acid

(LIVR = N).

In a three neck flask, provided with a sealed mechan-
ical stirrer, a dropping funnel and a calcium chloride
guard tube, (%)-X:/f -dimethyl-succinic anhydride (16 g.)
in pure tetrachloroethane (120 c.c.) was stirred and kept
cool with ice; Prehnitene (16.5 g.) was added (1 hour) and
at the same time freshly powdered anhydrous aluminium
chloride (50 g.) in 5 portions (10 g.) (1 hour). Stirring
was continued (6 hours). The reaction mixture was then
left overnight at room temperature. The complex was then
decomposed and the solvent removed in steam. The product
was extracted with boiling sodium carbonate and filtered
(charcoal). The clear filtrate was acidified and the sticky
white s0lid was strongly cooled and scratched. The crude
powdered acld was filtered (29 g. = 88%.-) m.p. 140-160°.
On fractional crystallisation from different proportions of
benzene /1ight petroleum 2 isomeric crystalline products of

) ~keto- §-prehnityl- A:4S -dimethyl-butyric acld were obtained.
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One as stout needles m.p. 151.5-152° (main product) (Found:
C, 73.0; H,8.2. C,.Hy,0, requires C, 73.3; H, 8.4%). The
other as amall colourless plates m.p. 167-168° (Found:

C, 75.4%; H, 8.3. C,.H,,0, requires C, 73.3; H, 8.4%).
Actlon of hydrofluoric acid.

The sbove acid m.p. 151.5° (1 g.) and hydrofluoric
acid (25 c.c.) in a platinum crucible were allowed to stand
at room temperature (30 hours). Excess acid was destroyed
with alkali and the neutral material was extracted with
benzene. On removal of the benzene, the residue (200 mg.)
was crystallised from benzene light petroleum in stout
needles m.p. 113-114° and was undepressed on admixture with

¢ )
X: M- dimethyl- §-(1-prehnityl)-Sf- crotonolactone . p. 83.

The agueous extract was acidified to give the original
acid (0.5 g.)

Reduction.

(

(1) Clemmensen method. 46) J-Keto- J-prehnityl-o( : B -di-

methyl-succinic acid (1 g.), zinc amalgam (10 g.), concen-
trated hydrochloric acid (50 g.), toluene (8 c.c.) and ethanol
(2 c.c.) was boiled under reflux for 48 hours. TUnchanged
acid was recovered m.p. 145-160°, TUndepressed on admixture
with the ariginal keto-acid.

(2) The Copper-chromite method: A neutral aqueous solu-

tion (150 c.c.) of the sodium salt of § -keto- § -prehnityl-

X : A -dimethyl butyric acid (10 g.) prepared as described



88

for ) -keto- )-duryl-{: /5 -dimethyl- butyric acid, and
copper chromite catalyst (6 g.) were heated in a bomb.

The initial hydrogen pressure was 130 atmospheres at 140°.
Absorption was rapid and hydrogen consumption was equivalent
to 1 mole. The temperature was then raised to 240° (15-18
hours). The pressure was 225-200 atmospheres. After
cooling, hot water was added to dissolve the precipitated
materials, and the catalyst removed by filtration. The |
filtrate was clarified with charcoal. It was now evapor-
ated on a steam bath to(50 c.c) and left to cool in the ice
chest over night. The crystallised solid was filtered,
dissolved in hot water, cooled and acldifled. A mixture

of a white solid and a gummy material was obtained. The
mixture was agitated twice with ether (50 c.c.) and filtered.
The solid was driled (0.6 g.). It was sparingly soluble

in ether and benzene, insoluble in cold sodium carbonate.

It gave a positive Legal test. Crystallisation from methanol

gave X : B -dimethyl- J -(l-prehnityl)- lactone (LXXXV) as

colourless prisms m.p. 131-132°.  (Found: G, 77.85; H, 9.1.
016H2202 requires C, 78006; H, 8-9%):

The ether extract was dried (Nas80,) and evaporated to
give a white solid (6 g.). Crystallisation from benzene
gave }- prehnityl-X /3 -dimethyl-butyric acid (pIviy) as

stout rosettes of fine needles. m.p. 135-58°. (Found:

G’ 77.2; H, 9.6. Cl6H2402 requires c, 77.4; H, 9.7%).
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Admixture with the above lactone gave a depression in the
m.p. (10-150). From the original aqueous filtrate obtained
after separation of the above two products the unchanged acid
(1 g.) was obtained m.p. 165°-166° corresponding to the
higher melting isomer of the X-keto-acid and was undepressed
on admixture with an authentic specimen.

Cyclisation of Z( ~prehnityl- &K : A -dimethylbutyric acid
( LXXXVI).

(1) Using hydrofluoric acid.

(After Fieser and Hersberg,(48})

The above acid (3 g.) and hydrofluoric acid (70 c.c.)
were allowed to stand for 30 hours in a platinum crucible.
The excess acid was destroyed and the neutral material was
extracted with benzene. The benzene was driled (NayS0,) and
evaporated. The residual colourless oil (2.38 = 82%) b.p.
180° (air bath temperature)/ 4 mm. quickly solildified.
Crystallisation from ligroln gave 1:2:3:4~ tetra hydro

~2:3:5:6:7:8- hexamethyl-naphthalene-l-one (LXIII) as col-

ourless stout needles m.p. 120°., (Found: C, 83.2; H, 9.3
C16Hog0 requires C, 83.4; H, 9.55%) .
(2) Using anhydrous aluminium chloride.

49
(After Johnson and Green.( ))

To phosphorwus pentachloride (3 g.) in a dry flask with
a calcium chloride guard, was added dry benzene (10 c.c.)

and the above acid (3 g.). After 15 mins. more benzene

was added (30 c.c.) and then removed in vacuo at 60-709
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This was repeated three times. The residual acid chloride
wag cooled, dissolved in dry benzene (20 c.c.) and was
added dropwise (15 mins.) to a suspension of freshly powdered
aluminium chloride (35 g.) in benzene (50 c.c.) in a flask
fitted with a mercury sealed stirrer and moisture guard at
0-10°, stirring was continued (5 hours). The complex was
then decomposed with hydrochloric acid (1:1) at 0-10°. The
organic 1aye§ was then washed twice with hydrochloric acid
(1:1) (20 c.c. lots), then with saturated sodium carbonate
solution followed by 5% potassium hydroxide solution and
finally with water. It was then clarified with charcoal
and dried (K5CO0z). On removal of the benzene the residual
oil rapidly solidified (2 g.; 71%). Crystallisation from
light petroleum gave 1:2:3:4- tetrafhydro -2:3:5:6:7:8-

hexamethyl-naphthalene -l-one (LXIII) as stout needles

m.p. 120°% undepressed on admixture with the above product.
Oxidation of 1:2:3:4~ tetrahydro -2:3:5:6:7:8- hexa-

methyl -naphthalene -1- one (LXIII).

The above ketone (0.2 g.) was heated with nitric acid
(2 c.e.) (8.6. 1.42) and water (2 c.c.) in a sealed tube at
175° (6 hours). The resulting solution was evaporated to
dryness and the residue was esterified with disZomethane.
The product formed stout plates m.p. 184-6°, not depressed

on admixture with an authentlc specimen of methyl mellitate

(Literature m.p. 186°).
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1:2-dihydro -2:3:4:5:6:7:8~ heptametnyl-napnthalene(LXXXVIII).

In an atmosphere of dry nitrogen in a flask fitted with
a mercury sealed mechanical stirrer, dropping funnel and a
double surface condenser with a moisture guard, an excess of
Grignard solution was prepared from magnesium turnings (0.6g.),
methyl iodide (3.5 g.) and ether (40 c.c.). To this was
added a solution of 1:2:3:4- tetrahydro -2:3:9:657:8< 0.
hexamethyl-naphthalene-l-one in ether (20 c.c.) during 20
mins. The ether was removed and replaced by thiophene free
dry benzene (30 c.c.). Refluxing was continued (36 hours).
The reaction mixture was cooled in ice and decomposed with
an ice cold saturated solution of ammonium chloride. The
combined ether extracts of the aquecus layer were dried
(Nagsoé). To the residual o0il anhydrous formic acid was
added {2 c.c.) and the mixture left at room temperature (2
hours), then it was dlluted with water (10 c.c.), extracted
with ether and the ether extract washed with sodium blcarbon-
ate solution. The residual oil was then disgolved in
ligroin and passed through an alumina column. The eluate
vas concentrated and the residual yellow o0il distilled to
give an almost colourless oil b.p. 170° (air bath temper-
ature) /2 mm. which failed to crystallise.
1:2:3:4:5:6:7~ Heptamethyl-naphthalene (LXVI)

The above oil (0.6 g.), palladilsed charcoal (51) (0.15 g.)

and trichlorobenzene (3 c.c.) were refluxed (2 hours).
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Hydrogen was evolved and was equivalent to one mole. The
 product was then diluted with benzene end filtered free
from cstalyst. The trichlorobenzere was removed in vacuo
to give a liquid that rapidly crystallised (0.4 g.= 66%).
This was dissolved in benzene and passed through an alumina
column. The eluate was concentrated and the residue crys-

talliged from benzene/methanol to give heptamethyl-naphthal-

ene m.p. 1340. An analytical specimen, prepared by the
dissociation of a benzene solution of the plcrate over alum-
ina, formed colourless shining needles m.p. 134° (Found:
Cc, 90.0; H, 9.5 CqimHos requires C, 90.2; H, 9.8%).

The picrate crystallised from methanol as dark brown
needles m.p. 184.5° (Found: N, 9.6 Cozlpg Ol requires
N, 9.5%).

The 1:3:5- trinitrobenzene complex was crystallised

from benzene as orange red needles m.p. 210° (Found:
N, 9.55 023H25O6N5 requires N, 9.554). The 2:4:7- tri-

nitrofluorenone compléx was obtained by mixing equimolecular

quantities of trinitrofluocrene and heptamethyl-naphthalene
in glacial acetic acid. It was obtained as brown black
light needles m.p. 212°.  (Found: N, 7.5 CzgHoyOnliz re-
quires N, 7.75/%).

The styphnate was crystallised from methanol as dark
red needles m.p. 168°. (Found: N, £.1, ConllosOgil; Tequires
8.9%) .
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1-Chloromethyl-2:3:4:5:6:7:8- heptamethyl-naphthalene (LXXXIX).
(After Hewett(l4)).

Heptamethyl-naphthalene (0.3 g.) and an ice cold solu-

tion of paraformaldehyde (100 mg.) in glacial acetic acid

(3 c.c.) saturated with anhydrous hydrogen chloride until
solution was clear, was shaken at room temperature (24
hours). The hydrocarbon formed a fine suspenaion and the
solution became very dark. Hydrogen chloride was again
passed through the reaction mixture (2 mins.) and shaking
was continued for 24 houras. The reaction product was then
cooled, diluted with lce and extracted with ether. The
ice~-cold ether extract was washed with ice-cold dilute
sodiwn bicarbonate, iced water and then dried (Nazsoé).
After removal of the ether, the dari olly residue was dis-
solved in cyclohexane and purified with charcoal. The
nearly colourless oily residue (0.150 g.) decomposed on at-
tempted distillation. Attempted crystallisation was un-
successful.

The 1l:3:5-trinitro-benzene complex crystallised out

when a hot mixture of the oily product and trinitro-benzene

in venzene was left to cool. It was crystallised from

benzene /hexane to give dark red needles m.p. 160° decamp.)
. . o

(Found: N, 8.8 024H2606N5 Gk . requires N, 8.6%).

In one experiment, dilution of the reaction mixture of

the chloro-methyl-compound with tap water gave a small amount
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of a slightly yellow crystalline material m.p. 146-148°.
This did not contain chlorine and analytical figures corres-

ponded approximately with l-hydroxymethyl- 2:3:4:5:6:7:8-

heptamethyl-naphthalene. (Found: C, 82.8 ; H, 8.9

C1gHp,0 requires C, 84.3; H, 9.4%).
Octamethyl-naphthalene (ILXV).

The above cily chloromethyl-compound (0.1 g.), puri-
fied cyclohexane (15 c.c.), 20% palladised charcoal (50 ng. )
were shaken in presence of hydrogen at roam temperature.
Reduction was smooth and complete (1 mole of hydrogen) in
30 mins. After filtration from catalyst and removal of
solvent, the residue was dissolved in hot methanol. Addi-
tion of a hot solution of picric acid in methanol yielded
a black crystalline picrate derivative which was recrystal-
lised from methanol. It was then dissolved in benzene snd
passed through an alumina column. The eluate was concen-
trated and the residue crystallised from benzene/light
petroleum in long flat greenish plates. m.p. 174° (25 mg.).
(Found: C, 89.9; H, 10.2 018H24 requires C, 89.9; H, 10.1%).

The picrate formed short black needles (methanol).
Softens at 173° and melts at 193°. (Found: N, 9.1
024H2707N3 requires 8.9%).

The 1:3:5- trinitro-benzene complex crystallised from

benzene as dark red prisms m.p. 192-193°, (Pound: C, 63.5;

0_N. requires C, 63.6; H, 6.1%).

H, 6.2 Cp HonOglz
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The 2:4:%- trinitro-fluorenone complex was obtained

as black shining crystals (acetic acid) m.p. 209°, (Found:

N, 7.% C51H290,71\I5 requires N, 7.6%).

1:2:3:4-tetrahydro -2:3:5:6:7:8-hexamethyl-naphthalene (XC).

(1) Clemmensen.me??od. 1:2:3:4~Tetrahydro-2:3:5:6:7:8-
-I-6ne

hexeme thyl-naphthalene M{0.5g.), zinc amalgem (5g.), con-

centrated hydrochloric acid (25 c.c.), toluene (4 c.c.),
ethanol (1 c.c.) were refluxed for 36 hours, further quan-
tities of zinc amalgam (2g.) and concentrated hydrochloric
acid (5 c.c.) were added, and reflux was continued 12 hours
more . The ether extract was washed with a saturated solu-
tlon of sodium bicarbonate and then with water. On removal
of solvent, an oil (0.35g.) was obtained which was crystal-
lised by rubbing with light petroleum. Crystallisation
from methanol afforded light colourless needles (100 mg.)
m.p. 108°, Further crystallisation from methanol (3 times)

gave 1:2:%:4- tetra hydro-2:3:5:6:7:8- hexamethyl-naphthalene

m.p. 111°.  (Found: C, 88.9; H, 10.95 CqgHs, requires

C, 88.8; H, 11.2%).
(47),

-l-one .
2:3:5:6:7:8- hexemethyl-nephthalene’(0.5), 90% hydrszinec

(2) Buang-Minlon modification 1:2:3:4-Tetrahydro-

hydrate (2 c.c.), potassium hydroxide (0.3g.) and diethylene
glycol (10 c.c.) were heated in the fashion described by
Huang-Minlon (4 hours). The reaction mixture was then

cooled, diluted with water and extracted with ether. The
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ether extract was evaporated and the residue (0.3g.) was

crystallised from methanol to give 1:2:3:4- tetrahydro-

2:3:5:6:7:8- hexamethyl-naphthalene as colourless needles

MmaPe 109-111°. A sample of the latter was undepressed on
admixture wilth a specimen obtained by the Clemmensen method.

1:2-Dihydro-2:3:5:6:7:8-hexamethyl-naphthalene (XCI)

1:2:3:4 Tetrahydro~ 2:3:5:6:7:8-hexamethyl-naphthalene
-l-one (1lg.), glacial acebtic acid (30 c.c.), platinum oxide
catalyst(lls)(.lsg.) were shaken at room temperature. Absorp-
tion was quantitative (2 hours). The solution was now fil-
tered from catalyst and the acetic acid removed in vacuo.
The remaining oll was dehydrated with formic acid as described
for 1:2-dihydro-2:3:4:5:6:7:8~ heptamethyl-naphthalene. As
an alternative procedure for dehydration, the former product
was distilled b.p. 200° (air bath temperature)/4 mm. Product
from each procedure was dissolved in benzene light petroleum
(2:1) and passed through a column packed with alumina. The
eluate was concentrated and the residue (0.7g.) was crystal-
lised from methanol (3 times) to give colourless needles
Mm.pe 1170, depressed to 104° on admixbure with 1:2:3:4-
tetrahydro- 2:3:5:6:7:8- hexamethyl-naphthalene. (Found:
C, 89.4, H, 10.3 CygHy, requires C, 89.85; H, 10.35%).
1:2:3:4:6:7-Hexamethyl -naphthalene (ILXVII).

(1) From 1:2 dihydro compound (XCI). The latter (0.6g.)
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20% palladised charcoal (0.15g.) were heated gradually to
200° then kept between 200°-220° (2 hours). Hydrogen
evolved corresponded to one mole. The product was dissolved
in benzene, filtered from catalyst and clarified with char-
coal. The solvent was removed and the solid thus obtained
was crystallised from methanol (3 times) to gilve slightly
green shining leaflets. Further purification by formatlion
and dissociation of the picrate yielded crystals m.p. 145°.
(Found: C, 90.6; H, 9.5 Cy4Hyg requires C, 90.5, H, 9.5%).
(2) 1:2:53:4-Tetrahydro~- 2:3:5:6:7:8-hexamethyl-naphthalens
(xc).

The above compound (0.3g.), 20% palladised charcoal
catalyst (50 mg.) was heated in carbon dloxlde in a strong
tube in a metal bath. The temperature was raised slowly to
250°, kept between 250-280 (2 hours), then heated finally at
300° (10 mins.) ©Evolution of hydrogen corresponded approxi-

mately to 2 moles. 1:2:3:4:6:7-Hexamethyl -naphthalene

crystallised in leaflets m.p. 145° (0.2g.) and was undepressed
on admixture with the above hydrocarbon.

The picrate crystallised from methanol in dark red
needles m.p. 190.5°. (Found: N, 9.8 Cy H,.0,N, requires
N, 9.5%).

The 1:3:5- trinitrobenzene complex was obtained as orange

N O . -
nesdles (methanol) m.p. 215%. (Found: N, 9.9 022H2306N3

requires N, 9.9%).
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The 2:4:7-trinitrofluoven@lcomplex crystallised in dark

brick needles (acetic acid). m.p. 210°. (Found: N, 8.4
029H2507N5 requires 3.0%).

Dehydrogenation of 1:2:3:4-tetrahydro- 2:3:5:6:7:8~

hexa methyl-naphthalene-~l1 one (ILXIII)

The above ketone (0.4g.) was dehydrogenated as described
for the above tetrahydro-naphthalene. The product was then
dissolved in benzene, flltered from catalyst and the solvent
evaporated. The residue dissolved in hot methanol, was
treated with a slight excess of picric acid, in methanol,
and cooled. The dark red crystalline plcrate was filtered
(100 mg.) m.p. 190°. It was then dissociated by passing

through a column packed with alumina to give 1:2:3:4:6:7-~

hexamethyl-naphthalens m.p. 145° undepressed on admixture

with an authentic specimen. The filtrate mother liquor was
freed from picric acid by shaking with ammonia solution.

It was then extracted with sther. The ether was dried
(Na2804) and evaporated. The residue was crystallised to

give 1:2:3:4-tetra hydro-2:3:5:6:7:8-hexamethyl-naphthalene

as colourless needles (40 mg.), m.p. 108-110° undepressed on

admixture with an authentic specimen.
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ZLKeto~ 8-prehnityl-O(Anethylnbutyric acid (XCV)

Prehnitene (12 g.) was slowly added (40 mins.) to a
stirred suspension of freshly powdered anhydrous aluminium
chloride (40.5) and A-methyl-succinic anhydride (10g.) in
tetrachloro-ethane (100 c.c.). Stirring was continued (5
hours) at O°, the reaction mixture left overnight then de~
composed as usual. The solvent was distilled in steam and
the residue dissolved in sodium carbonate solution and fil-
tered (charcoal). The filtrate was concentrated and left
to crjstallise in the refrlgerator. As no sodium salt sep-
arated from the concentrated solution, it was acidified. A
white gum precipitated which solidified on scratching (18g. =
82%). Crystallisation from benzenes gave § -keto- § -prehnityl-

Obﬂwthyl~butyric acid as prisms m.vo. 130-131°. (Found:

C, 72.55; 8.1 GCygHy05 requires C, 72.55; H, 8.1%).
Fractional crystallisation from benzene/1ight pvetroleum or
methyl alcohol gave no other product.

Ethyl- § -keto- § -prehnityl-A -methyl butyrate

(XCV; R = CpHg).

The above acid (0.3g.) was esterified with ethyl alcohol
as described for [ -keto- § auryl- X : /A -dimethyl-butyrie
acid. The ethyl ester was obtained as colourless short
rods from ethanol. m.p. 68.5°. (Found = G, 73.5; H, 8.9

Clzﬂégc5 requires C, 73.8; H, 8.8%).
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The original acid m.p. 130-131° was regenerated when
the above ester was hydrolysed.
Sodium hypobromite oxidation.

a-Keto— 5 -prehnityl- O(-methyl-butyric acid was oxi-

dised as described for 6-—keto— 6 -prehnityl- A : /3 -methyl

0
butyric acid. It gave prehnltyl carboxylic acid(l @)

m.p. 165-168° undepressed on admixture with an authentic

specimen. From the latter, prehnityl carboxylamide m.p.

(110)

220-222° was obtained. (literature , 222°)

f 6 -prehnityl-A- methylbutyric acid (XCVI)

Y-Keto- § -prehnityl-X -methylbutyric acid (15g.),
was added slowly t0 a mixture of zinc amalgam (90g.), con-
centrated hydrochloric acid (250 c.c.), toluene (20 c.c.)
and ethanol (5 c.c.) then refluxed for 36 hours. Concen-
trated hydrochloric acid (100 c.c.) was then added and re-
flux was continued 12 hours more. The product was now ex-
tracted with ether and the ebher extract dried (Nay80,) and
evaporated. The residue quickly solidified (12g. = 86%).
Crystallisation from methanol gave white leaflets m.p. 106-
107°. (Found: C, 76.6; H, 9.6 Cy5H;50, requires C, 76.9;
H, 9.5%).

1 -:2 :3:4-tetrahydro-2:5:6:7:8-pentme thyl -naphthalene -

l-one (XCVII)

(1) Using hydrofluoric acid(48)

The sbove acid (5.g.), hydrofluoric acid (100 c.c.) in
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a platinum erucible was left at room temperature (24 hours).
The cyclised product obtained (3.8g. = 83%) was crystallised
from 1igrdbn (4 times) to give colourless small needles m.p.
78.5% (Found: C, 83.2; H, 9.2 Cy5Hpo0 requires C, 83.4;
H, 9.3%). |

(2) Using anhydrous aluminium chloride . (49)

The above acid (5g.) was cyclised as described for
1:2:3:4-tetrahydro 2:3:5:6:7:8-hexamethyl-naphthalene -l-one
gave a material b.p. 170° (air bath temperature)/4 mm.

(3.5g. = 756%). Crystallisation from ligrobn affords 1:2:3:4-
tetrahydro-2:5:6:7:8-pentamethyl-naphthalene-l-one as stout

needles m.p. 78.5° undepressed on admixture with the above
sample.

Oxidation of 1:2:3:4-tetrahydro-2:5:6:7:8-pentamethyl-

naphthalene-~l-one.

The sbove ketone (0.2g.) was oxidised with nitric acid
to glve mellitic acid isolated as methyl mellitate plates

m.p. 186° undepressed on admixture with an authentic speei-
men, (literature, 1869).

1:2:3:4-Tetrahydro-2:5:6:7 :8-hexamethyl-naphthalene
(XCIX)

(1) Clemmensen method. The above cyclised ketone

(L.2g.) was reduced as described for 1:2:3:4-tetrahydro-
2:3-5:6:7:8-hexamethyl-naphthalene gave an oil (0.8g.) which
failed to crystallise after dlstlllation and rubbing with
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ligr@on.
n
(2) Huang-MinlQrmodification. The above cyclised

ketone (XCVII) (0.5g.) gave an oily product (0.3g.) which
failed to crystallise.
1:2-dihydro-3:5:6:7 :8-pentamethyl-naphthalene (C)

The above cyclised ketone (XCVII) (l.2g.), glacial
acetic acid (30 c.c.), Adam's catalyst (0.12g.) absorbed 1
mole of hydrogen (2.5 hours). The product after removal of
solvent in vacuo was dehydrated with anhydrous formic acid
then passed through a column packed with alumina. The
eluate was concentrated and the residue crystallised from
methanol as colourless needles m.p. 64° (0.63g.) (Found:

Cc, 89.7; H, 10.1 C15H20 requires C, 89.9; H,10.1%).
1:2:3:4:6-Pentamethyl-naphthalene (LEX)

(1) From 1:2:3:4-tetrahydro-2:5:6:7:8-Pentamethyl -

naphthalene (XCIX)

The above o0ily product (0.5g.) and 20% palladised char-
coal (80 mg.) were heated slowly in carbon dioxide in a
strong tube in a metal bath. The temperature raised to
250°, kept between 250-2860 (2 hours) and finally at 300°
(10 mins.) Evolution of hydrogen corresponded to 2 moles.
The product was cpyystallised from methanol as colourless
rhomb@hedra m.p. 83-85° (0.25g.) A sample purified via the
picrate gave m.p. 85°. (Found: C, 90.7; H, 9.35 C15H1 g
requires C, 90.85; H, 9.15%).
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(2) From 1:2-dihydro-3-5:6:7 :8-pentamethyl-naphthalene

(c).

The above dihydro-compound (XCI) (0O.4g.) and 20% palla-
dised charcoal (0.lg.) was heated gradually to 2006 then
- kept between 200-220° (2 hours). Hydrogen evolved corres-
ponded to 1 mole. The product was now cooled, dissolved in
benzene and filtered from catalyst. The benzene was evapor-

ated and the residue (0.3g.) was crystallised from methanol

to give 1:2:3:4:6-penta methyl-naphthalene as colourless
rhomb@hedra m.p. 85° identical with the above product.

The picrate crystallised from methanol in light red
needles m.p. 176° (Found: N, 10.0%; 021H2107N5 requires
N, 9.8%).

The 1:3:5~trinitro benzene complex was obtained as

yellow needles from benzene m.p. 187°. (Found: N, 10.0
021Hé1°6N5 rgquires N, 10.2%).
The 2:4:7-trinitrofluorenone complex was crystallised

as red needles from acetic acid m.p. 174° (Found: C, 8.4
. o

028H23°7N5 requires 8.27%).
1:2-dihydro-3:4:5:6:7:8-hexamethyl-naphthalene (XCVIII)

1:2:3:4-Tetrahydro-2:5:6:7:8 pentamethyl-naphthalene
-l-one (XCVII) (1.5g.) was treated with excess methyl
magnesium iodide as already described for 1:2-dihydro-2:3:4:
5:6:7 :8-heptame thyl-naphthalene (LXXVIII)?an 0oil b.p. 170°
(air bath temperature)/4 mm. (O.gg.) The latter failed to
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crystallise after several attempts.

1:2:3:4:5:6-hexa methyl-naphthalene (LXVIII)

The above dihydro compound (0O.gg.), trichlobenzens
(3 c.c.),20% palladised charcoal (0.15g.) were refluxed
(2 hours). The product was worked up as described for
1:2:5:4:5:6:7 :8-heptamethyl-naphthalene (LXVI). The hydro-
carbon was further purified by the dissociation of its
picrate derivatives to give colourless needles (methanol)
m.p. 81.5°. (Found: G, 90.3; H, 9.4 CjgHyq requires
¢, 90.5; H, 9.5%).

The plcrate was crystallised in dark red needles
(methanol), m.p. 167-8°. (Found: N, 9.6 Cooloz0n N,
requires N, 9.5%)

The 1:3:5-trinitobenzene complex was obtained in orange

needles from benzens m.p. (186°). (Found: N, 9.8 CgoHozOgNz
requires N, 9.5%).

The 2:4:7-trinitrofluorenone complex was crystallised

from acetic acid m.p. 181° (Found: N, 7.8 CogflasOnNy re-
quires 7.95%).
The Maleic anhydride adduct and its oxidatlon to prehni-

tedie acid is described on p.1Z2 .
1-Chloromethyl-3:5:6:7:8-pentamethyl-naphthalene (CIV)

1:2:3:4:6-Pentamethyl-naphthalene (0.3g.) was chloro-
methylated as described for l-chloromethyl-heptamethyl-
naphthalene (ILXXXIX) to give an o0il which quickly became
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brown 1in colour.

1:2:3:4:5:7- Hexamethyl-naphthalene (LXIX)

The above 0ily chloromethyl-compound (150 mg.) was re-
duced as described for octamethyl-naphthalene (LXV) to give
a solid m.p. 135-7° (50 mg.) ©Purification via the picrate
gave colourless cubes from methanol m.p. 140°. (Found :

C, 90.45; H, 9.45 requires C, 90.5; H, 9.,5%). Mixed
melting point with 1:2:3:4:5:6~hexamethyl-naphthalene 60-65°.
Mixed melting point with 1:2:3:4:6:7- hexamethyl-naphthalene
132-134°.

The picrate crystallised as dark red needles (methanol)
m.p. 188°. (Found: N, 9.75 CgoHyz0nNs requires N, 9.5%)

The 1:3:5-trinitrobenzene complex was obtained as light

orange needles from benzene m.p. 207°. (Found: N, 9.9
02232306N3 requires N, 9.9%) .
The 2:4:7-trinitrofluorenone complex crystailised as

stout brown needles from acetic acid. 199°. (Found: N,7-85

ngﬂé507N3 requires N, 7.95%)

2~-Chloranethyl-3:4:5:6:7:8-hexa methyl-naphthalene (CI)

1:2:3:4:5:6-Hexamethyl-naphthalene (LXVIII) (0.3g.) was
chloromethylated as described above to give a brown oily
product.

The picrate crystallised in dark brick needles m.p.
178-180° decomp. (Found: N, 8.9 CgzHp,0nNzC1l requires
N, 8.6%).
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The 1:3:5-trinitrobenzene complex was obtalned as red

needles from benzene m.p. 188° decomp. (Found: N, 9.1
025H2406N501 requires N, 8.9%).
Reduction of 2-chloromethyl-3:4:5:6:7:8-hexamethyl-

nephthalene (CI)
The above product (150 mg.) was reduced as described

for the above chloromethyl compound to give 1:2:3:4:5:6:7~

heptamethyl-naphthalens m.p. 134° (50 mg.) undepressed on
admixture with an authentic specimen.

The picrate derivative m.p. 184.5°. The 2:4:6-trinitro-~

fluorenone complex m.p. 212°. Mixed melting points were

undepressed on admixture with authentic specimens.
tra
Octamethyvl-naphthalene from 2:3: 4~5r&methx; 5-prehnityl-

hexane 2:5-diol (IXXVIII),.

Methyl- x -keto- X—prehnityl.(K ﬁ;dimethyl—butyrate o
(LIV R = Me) (3g.) &;s added to excess memhyl magnesium iodid&
as described for'{hXXXﬁIIE) The reactlon mixture was then
refluxed for 60 hours. ‘

The product was decomposed with cold saturated solution
of ammonium chloride. The ether extract was evaporated to
give an oil (2.4g.) which quickly darkened. Water was formed
on the sides of the receiver on digtillation.

The oily distillate rapidly decolourised both bromine
water and potassium permanganate solution. With palladium

black as catalyst, 2 equivalents of hydrogen were absorbed.
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The crude oll from the Grignard reaétion (1l.5g.) and
hydrofluoric acid (40 c.c.) were left in a platinum crucible
(36 hours). Excess of acld was destroyed with dilute
alkall and the product extracted with ether. Ether extracted
was dried (NagS50,) and evaporated. The residual gummy
material (l.2g.) failed to crystallise.

To & hot solution of the above product in acetic acid,

a hot solution of 2:4:7-trinitrofluorenone was added. The
colour of the solution became black and on cooling the com-
plex crystalllsed in black prisms m.p.‘207-209° (30 mg.).

-The hydrocarbon was not dissociated by passing a benzene
solution of the gbove complex in a column packed with alumina.
However dissocilation was effected by boiling the fluorenoﬁe
complex with a ﬁixture of starfous chloride, hydrochloric

acld and acetic acid for 15 mins. The neutral organic ex-
tract deposited a powder m.p. 170-172° (5 mg.) crystallisation
from methanol gave octamethyl-naphthalene (LXV) m.p. 172-3°

undepressed on admixture with an authentic specimen. The

1:3:5-trinitrobenzene complex m.p. 192-193° was undepressed

on admixture with an authentic specimen.

The mother liqguor obtained after filtration of the
fluorenone complex was freed from 2:4:7-trinitrofluorenone
by reduction of the latter, to give an oil (LXXX) (0.5g.)
which did not crystallise.

The above oil (LXXX) (0.2g.) was cxidised with nitric
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acld in a sealed tube as described for 1:2:3:4-tetrahydro-
~l-one
2:3:5:6:7:8- hexamethyl-naphthalene {ILXIII) to give mellitic

acld isolated as methyl-mellitate m.p. 183-185°. Unde ~

pressed on admixture with an authentic specimen.

The above oll (LXXX) (0O.4g.) was heated with seieniumer
(Oe5g.) in a sealed tube at 310-340° (24 hours). The pro-
duct was dissolved in benzene, filtered and clarified with
charcoal. The benzene was evaporated and the residue dis-
solved in acetic acid (2 c.c.) and added to 2:4:7-trinitro-
fluorenone. On cooling, the complex crystallised in black
cpystals m.p. 209°. Dissociation as described before gave

octamethyl-naphthalene m.p. 171-3° (6 mg.) undepressed on

admixture with an authentic specimen.
The picrate was obtalned as black needles from methanol
m.p. 193° undepressed on admixture with an authentic speci-

men.
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2:5-Dihydroxy-2:5-dimethylhexane (CV)
(85))

(After Harris and Weil
To a Grignard solution prepared from magnesium (6.g.7,
dry ether (120 c.c.) and methyl iodide (35g.), succinic ester
was added (1llg.) (20 mins.) The mixture was refluxed for
30 mins. The complex was then decomposed with?ica cold
saturated solution of ammonium chloride. The ether extract
was evaporated. The residual solid crystallised with 6
‘ moles of water. The anhydrous compound was obtained by

heating the crystallised material on a water bath in vacuo.

2:5-dihydroxy- 2:5-dimethyl-hexane crystallised in plates
(85),(75)

from light-petroleum m.p. 89° (8g. = 45%) (1literature
89°).

2:5-dichloro-2:5-dimethylhexane (CVI)
(75)).

(After Bruson and Kroeger
The above dihydroxy compound (4g.) was dissolved in

concentrated hydrochloric acid (20 c.c.) and hydrogen chloride
was passed through the mixture (15 mins.). The precipitated
material was flltered, washed with watez??%nethanol and dried
in vacuo (4.g. = 90%). The product was obtained as white
leaflets m.p. 63-64°. (literature 64°).
2:3-Dihydroxy-2:3:4:5-tetramethylhexane (CXIV)

Methyl-(¥)-A : £ -dimethyl succinate (10g.) (b.p. 200°/

760 mnm. was treated with a Grignard solution as described sbove
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to give an oil b.p.,,55-60%10-12 mm. (literature b.p. 55°/
12 mm.)
Condensation of p-xylene with 2:5-dihydroxy-2:3:4:5-tetra-

methyl hexane (CXIV)

Dry tetrachloroethane (15 c.c.), anhydrous aluminium
chloride (Sg.f?F%-xylene (4.g.) were stirred at room tempera-
ture while (CXIV) was added (1.5g.) (10 mins.) The water
bath temperature was now raised slowly to 60° and kept con-
stant (5 hours). The reaction mixture was then left over-
night and the complex was decomposed with ice and hydrochloric
acid. Tetrachloroethane was removed in steeam. The residue
was fractionally distilled to give an oil (A) b.p. 140-160°
(o1l bath temperature)/2 mm. (0.5g.) and a semi-solid (B) b.p.
200°/2 mm., and tarry residue (2.5g.) 01l (A) (0.5g.),
selenium (0.5g.) was heated in & sealed tube at 330° (24
hours). The product was dissolved in benzene and filtered
from selenium and clarified with charcoal. The solvent was
removed. The residue failed “to gggggallise. The latter was
then dissolved in hot methanol and/to a solution of picric

acid in methanol; a deep red colour developed and on cooling

deep red crystals of a picrate derivative was obtained (8 mg.)

m.p. 182-185°. The latter was dissociated over an alumina
column to give a white powder m.p. 1256-130° (3 mg.)
Absorption spectrum in cyclohexane showed a strong broad

band between 2750 and 3100A°.
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Semisolid (B) was crystallised from benzene/ligr@bn,
then from benzene to give yellowish shining leaflets‘me.
241-242° having a strong blue fluorescence in benzene solu-
tion. (Found: C, 92.7; H, 7.65. CinHyg requires C, 92.7;
H, 7.3%).

(1:2:4-Trimethylanthracene m.p. 241,(79) 243(78).

The 1:3:5-trinitrobenzene complex was obtained as wine--

red prisms from benzene m.p. 146-148° decomp.

The 2:4:7-trinitrofluorencne complex was erystallised

as brownish black needles from acetic acid m.p. 160-162°

decomp. (Found: N, 7.75 Colyy 0n N5 Tequires N, 7.8%).

Absorption spectrum for compound (B) is shown in Fig. 1
gsﬁyﬂthylxaionbelwas used as solvent.

[y ST R 0 O LSy i N SN AN T IW TE L PC P e ) n%
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Chromic acld oxidation of compound (B)

(After Morgan and Coulson(vv)).

To a boiling solution of the above compound (50 mg.) in
acetic acid (3 c.c.) a concentrated solution of chromic an-
hydride (0.lg.) in dilute acetic acid (1 c.c.) was gradually
added. After one hour, the product was cooled, and poﬁred
into water, then extracted with ether. The ether extract
was washed with water, dilute sulphuric acid, aquous sodium
bicarbonate and again with water. The ether was then dried
(NagS0,) and evaporated leaving a yellow solid m.p. 155-158°.
(1:2:4-trimethylanthraguinone(78) m.p. 161-163°.
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e
The condensation of prhnitene (LXXXIlI) with 2:5-di-

hydroxy-2:5-dimethylhexane (CVI)

Prehnitene (2.3g.), anhydrous aluminium chloride (8g.)
and tetrachloroethane (20 c.c.) were mechanically stirred
while 2:5-dihydroxy-2:5-dimethyl hexane (2g.) was added
drop#ise. The above procedure for the p-xylene condensation
was then followed exactly. The hydrolysed material weas
fractionally distilled to give a yellow oil (C) b.p. 130-150°
(o1l path temperature)/2 mm. (0.8g.), a dark yellow solid
(D) b.p. 200°/2 mu. (0.1g.) and a tarry residue (3g.)

0il (¢) (O.Sgl) and selenium (0.5g.) were heated in g
sealed tube at 330° (24 hours). From the reaction mixture,
a dark red picrate was obtalned m.p. 183-185° (10 mg.) unde-
pressed with the picrate obtalned from the dehydrogenation
product of oil (4).

Dissociation of the picrate derilvative on an alumina
column gave a solid hydﬁocarbon m.p. 125-1280, undepresgsed
on admixture with the hydrocarbon obtained from (4).

Oxidation of oil (C) (0.3g.) gave mellitic acid isolated
as methyl mellitate m.p. 183-185 undepressed on admixture

with an authentic specimen.

Compound (D) was crystallised from benzene in light
yellow leaflets having a strong blue fluorescence m.p.
236-237°, depressed by 40° on mixing with compound B. (not
sufficient for analysis).
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1:3:5-Trinitrobenzene complex was crystallised in wine —

red prisms from benzene m.p. 162-4°.

2:4:7-Trinitro-fluorenone complex was crystallised in

black brown needles. m.p. 183-185°.
Absorption spectrum curve is shown in Fig. 2. 95%
ethyl'alcohol was used as solvent.

3:4-Dimethylhexane-3:4~-di0l

(After Whitby and Macallum ‘7)),
The procedure used is similar to that described for
pinacole-hydrate(as). b.p. 195°/760 m., 123°/25 mm.
(1iterature 123% 125 mm.)

3:4 Dichloro-3:4-dimethylhexane (XCIV)
(75)).

(After Bruson and Kroeger

3:4-Dimethylhexane-3:4 diol (20g.), concentrated hydro-
chloric acld (25 c.c.) were shaken while passing hydrogen
chloride through the solution (20 mins.) Separation of 2
layers occurred. The organic layer was washed with water,
dried and distilled, b.p. 65-75°/10-12 mm. 163-5°/760 mm.
(16g.) (Literature(88) p,p. 114-115°/18 mm., 165-166°/760 mm. )
Condensation of gwxylene with 3:4-dichloro-3:4-dimethylhexane

(XLIV)

0-Xylene (80g.), anhydrous aluminium chloride (10g.)
were stirred at room temperature, then 3:4 dichloro-3:4-
dimethylhexane (18g.) was added slowly (2 hours). The temp-

erature of the reaction mixture was then raised to 40° ang
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maintained for 6 hours then left overnight at room tempera-

ture . The reaction products were decomposed with ice and

hydrochloric acid. Unreacted starting materials were dis-

tilled. The remaining oill was carefully fractionated in

a special distillation flask, 3 fractions were collected.

(1) Bep. 110-130° (0il bath temperaturs/8 mm. (5g.)

(2) B.P. 130-150°, /8 mm. (10g.)

(3) B.P. 150-170° /6 m. (7g.)
Fraction (1) gave no colour with picric acid after de-

hydrogenation.
and
Fraction (2) (5g.)J selenium (8g.) were heated in a

sealed tube (24 hours). The product was dissolved in acetic
acid, filtered and concentrated. To the residue was added
a solution of 2:4:7-trinitrofluorenone, a dark red colour

was formed and crystalline dark red needles of the fluorenone

complex were obtained m.p. 203-204° (40 mg.) (Found: N,8.15
029325°7N3 requires N, 8.0%). The complex was boiled with
a mixture of stannous chloride, hydrochloric acid and acetic
acid to give a hydrocarbon m.p. 133-135° (10 mg.) (Found:
C, 89.7; H, 10.0 G, Hy, requires 0, 90.5; H, 9.5%) Ansly-
tical figures are approximately correct for hexamethyl-

naphthalene. Admixture with 1:2:3:4:5:7-hexamethyl-naphth-

alene (LXIX) and the corresponding trinitrofluorenone complex
and picrate produced no depression. Identical absorption

spectrum was obtained for the 2 samples Fig. 9.
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The picrate was obtained as red needles froam methanol
m.p. 187-188°,  (Found: N, 9.6 CooHaz0, N Tequires N, 9.5%).
Fraction (3) solidified after distillation. It was

first crystallised from ligroin m.p. 142°, then from methanol
m.p. 144-145° (300 mg.). A sample obtained by the dissocia-
tion of the picrate gave shining leaflets of 1:2:3:4:6:7-

hexamethyl -nsphthalene (LXVII) m.p. 145° (Found: C, 90.1:

H, 9.75 C,gHyo requires G, 90.5; H, 9¢5%)
The picrate was obtained in red needles (methanol)
- o . s
m.p. 190-191"%. (Found: N, 9.5 0222{25071\15 requires N, 9.5%)
The 2:4:7-trinitrofluorenons-complex crystalllised from

acetic acid in dark brick coloured needles m.p. 210°. Both
hydrocarbon and corresponding derivatives were undepressed
on admixture with authentic specimens of 1:2:3:4:6:7-hexa-
methylnaphthalene and derivatives. Identical absorption
spectra curves were also obtained Fig. 6.

Condensation of prehnitene (LXXXIII) with 3:4-dichloro-

3:4-dimethylhexane (XLIV)

(A) At 35-40°. Prehnitene (10g.) and anhydrous alum-
inium chloride (10g.) were stirred at room temperature 3:4-
dichloro-3:4-dimethylhexane (XLIV) was then added slowly
(2 hours) (15g.). Hydrogen chloride fumes were evolved and
the reaction mixture became warm. The temperature was then
raised to 40° and kept constant for 5 hours. The complex

was decomposed in the usual way and the unreacted materials
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were removed. The oily residue was faintly coloured with
pleric acid solution and no picrate was isolated. The above
residue (8g.), selenium (8g.) was heated in a sealed tube

at 340° for 24 hours. The purified product was then dis-
tilled carefully, 4 fractions were collected:-

(1) B.p. 120-130° (0il bath temperature)/2 mm. (2g.)

(2) Bep. 130-150° /2 m. (l.5g.)
(3) B.p. 150-160° /2 m. (lg.)
(4) B.p. above 160° /2 mm. (0.5g.)

Fraction (1) gave no picrate.

Fraction (2) gave a red picrate m.p. 140-1° (40 mg.)

The latter was dissoclated to 1:2:3:4:6:7-hexamethyl-

nagphthalene (LXVII) m.p. 144-145°. (10 mg.)
Fraction (3) formed a brown black 2:4:7-trinitrofluoren-

one complex (50 mg.) m.p. 210-212°. The dlssociation of the

latter gave 1:2:3:4:5:6:7-heptamethyl-naphthalene (LXVI) as

colourless leaflets m.p. 132-3° (5 mg.)

Fraction (4) gave 2:4:7-trinitrofluorene complex (10 mg.)

‘m.p. 207-209°. The dissociation of the latter gave octa-
methyl-naphthalene (LXV) m.p. 171-173°. (2 mg.)

Full identity was established by mixed melting point of
hydrocarbons and derivatives.

Avsorption spectra curves are shown in Figs. 6, 7 and 8
for (LXVII), (LXVI) and (LXV) respectively.

(B) At 60°, Prehnitene (10g.), anhydrous aluminium
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chloride (10g.) were stirred, 2,:4-dichloro-3:4-dimethyl-
hexane ( XLIV ) (15g.) was added (2 hours). The temperature
was maintained at 60° for 7 hours then the reaction mixture
was left at 35-40° overnight. The complex was decomposed
and unreacted materials were removed. The oily residue was
distilled carefully and 4 fractions collected.

(1) BJP. 110-130° (oil bath temperature) /1 mm. (2.5g.)

(2) B.p. 130-150° /1 mm. (2.g.)
(3) B.p. 150-170° /1 mm. (0.7g.)
(4) B.p. above 170° /1 mm. (2.g.)

Fraction (1) gave no picrate.

Fraction (2) gave a dark brick red picrate m.p. 184-185°

(20 mg.) which on dissociation gave 1:2:3:4:5:6:7- heptamethyl -

naphthalene (LXVI).
Fraction (3) gave small black needles of 2:4:7-trinitro-

fluorenone complex. m.p. 208 (30 mg.) which on dissociation
gave octamethyl-naphthalene (ILXV).

Full identity is established by mixed melting points of
hydrocarbons and derivatives with authentic specimens.

Fraction (4) solidified after distillation. It gave a

blue fluoresence in benzene solution. Crystallisation from
benzene gave colourless shining plates( having & blue fluores-

ence) of a hexamethylanthracene m.p. 236-237°. (Found:

C, 91.5; H, 8.5 CgoHpg requires C, 91.5; H, 8.5%).
The picrate was obtained as black crystals fram methanol

O
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m.p. 214° (Found: X, 8.7° CoebpsOnN, Tequires N, 8.58%).

The 1:3:5-trinitrobenzene complex was obtained as wine —

red needles from benzene. (Found: N, 8.85 CogEo506¥s

requires N, S.0%)
The 2:4:7-trinitrofluorenone coamplex crystallised in
m.p. 228°,

brownish black crystals fram scetic acid.

(Found: N, 7.4 CggHyn 0Nz requires N, 7.3%).

The sbsorption spsctrum curve is shown in Fig. 3. 95%

ethanol was used as solvent.

Chromic acid oxidation of fraction (4).
(77) ).

After Horgan and Coulson
Above hydrocarbon m.p. 236 {(0.2g.) was oxidised with a
mixture of chromic anhydride (Q.4g.) in dilute acetic acid

{3 ¢c.c.). Fram the ether extract a yellow solid was obtained.

The latter was purified by sublimation and crystalllisation

from methanol to give yellow crystals of a hexamethylanthra-

quinons m.p. 199°. (Found: ¢, 82.9; H, 7.4, CgoHpoOp

requires C, 82.2; H, 6.9%).
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THE CONDENSATION OF POLYMETHYL-NAPHTHALENES WITH MALEIC

ANHYDRIDE.

A mixture of sach hydrocarbon (200 mg.) (1 mole),
freshly distilled maleic anhydride (3g.) (30 moles) and dry
thiophene-free benzene (4 c.c.)} was refluxed (48 and 72
hours). A colour change was noticed on mixing the react-
ants. It gradually deepened from yellow to deep red or
greenish red. 'The benzene was then either removed in vacuo
or evaporated by a current of air.

Either of the following procedures was followed:-

(A) The reaction mixture was diluted with excess water.and
shaken for 10 mins. until all maleic anhydride had dissolved.
The adduct and unchanged hydrocarbon floated on the top.

In most cases it was solid mixed with droplets of oil. This
was extracted once with ether. The ether extract was dried
(NasS0,) and distilled off to leave a mixture of adduct and
hydrocarbon. It was now boiled (5 mins.) with 5% potassium
hydroxidse. The unchanged hydrocarbon was then extracted
from the mixture with ether (twice). After drying and re-

moval of the ether, this gave the weight of the recoversd

e
hydrocarbon. The aquous layer was acidified and cooled.

The precipitated adduct dibasic acid was filtered. The
aqueous layer was also extracted with ether and the ether was

dried and removed. The combined ylelds of filtered material
a

anlpesidus of the

ther extract corresponded to the weight

@O
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of adduct. It may be weighed a8 anhydride by dissolving

the crude adduct in ethylacetate contalning a few drops of
acetic anhydride. On concentration, a quantitative yield
of adduct anhydride was obtained.

(2) To the reaction mixture, 40% potassium hydroxide
(10 c.c.) was added slowly and then the reaction product
was boiled (5 mins.) The product was now cooled in the ice
chest for several hours and the precipitated dipotassium salt
was filltered and washed with ether. It can be weighed as
such, or acldified and obtalned as the adduct dibasic acid
or anhydride. The alkaline layer was extracted with ether.
The combined ether extract and washings gave on evaporabtion,
fhe weight of the recovered hydrocarbon.

The adduct dibaslc aclds were difficult to purify.

With ethyl acetate or light petroleum tintheytt-r reverted
partially to the anhydride.

The adduct anhydride in each experiment was obtained by
first crystallising the crude adduct dibasic acid from ethyl
acetate containing a few drops of acetic anhydride or acetyl
chloride, followed by the use of an approprlate solvent.

The reversibility of the reaction was shown in each
adduct by distilling the latter (50 mg.) at 150-180° (oil
bath temperature)/2-4 mm. The distillate was then dlssolved
in 5% potassium hydroxide and extracted with ether. The

ether extract after drying and evaporation gave 90% of pure

hydrocarbon.
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The rate of reaction of each hydrocarbon with maleic

anhydride is shown in table (IV) both after 48 and 72 hours

of reflux.

"Polymethyl
Naphthalene

1:2:3:4:6-
Pentamethyl-

1:2:3:4:5:6~
Hoxamethyl-

1:2:3:4:6:7~
Hexamethyl -

- 1:2:3:4:5:6:7-~

Heptamethyl

Octamethyl -

solvent and
crystalline
form

acetone
(white
powder)

ethyl-
acetate
(prisms)

ethyl-
acetate
(cubes)

ethyl
acetate
(prisms)

light pet-
roleum
(prisms)

TABLE (IV)
m.p. of Found¥  required %
adduet Formula
: c H c H
i ! i :
138- C Oz i76.3 7.3 {77.0 6.8
1555 1982003 E | | j
R
134~ c Oz 77.15/7.35.77.4 7.15
1% 2082203 | |
i
.
170° CooHppOz  77.25 7.25:77.4 7.15
decomp . _ g % | ,
160 c O :77.65 7.6 '77.7 7.45
decomp . 21%24% § ; !
176- c Ox 77.8 7.8 78.05 7.7
Tag0 22H2603 | |
deconmp . :
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To each adduct (3 mg.) a hot solution of picric acid

in methanol and separately 2:4:7-trinitrofluorenone in acetic

acid were added.

any derivative be 1isolated.

No change in colour was observed nor could

For absorption spectra of adducts, each adduct was dis-~

solved in the minimum volume of warm 5% aqueous8 potassium

hydroxide with the aid of methanol (5 c.c.).
wag then diluted with distilled water to 1000 c.c.

gave an gpproximately 1079

The solution
This

molar solution of the adduct



dipotassgium salits. The spectra of the hydrocarbona were
determined in cyclohexane.

Oxidation of 1:2:3:4:5:6-hexamethyl -1 :2-dihydro-nan;tlal-

emo=l:4-sndo-of : & -suceinic acid (OXXII, R = Me, Ry = If

To the above adduct dibasic acid (300 mg.) in a solu-
tion of sodium hydroxide (2g.) in water (20 c.c.) there was
slowly added with stirring an 8% solution of potasalum ev.
manganate . The latter was quickly decolourised, and mangan-
ege:dioxide precipitated. The reaction mixture was stirrea
and heated on a steam bath for 16 hours, then cooled and
methanol added (5-10 c.c.). The mixbture was warmed urtil
complete decolourisation and the product was filtered and
purified with charcoal. The colourlegs filtrate was concen.
trated on the steam hath and acidified. The ether extwaat
was dried (Nap804) and evaporated. The remaining residue

crystallised from water to give prehnitic acid (CXXIII) as

colourless prisms m.p. 235-237° undepressed on admixture with
an authentic specimen prepared by the oxidation of prehnitena
(11terature (104) 23g0),

Oxidation of 1:2:3:4:6:7~-hexamethyl-1:4~-dihydronaphthal-

ene-1:4-ondo-oX : /4 -succinic acid (CXXII, R = H, Ry= Me).

The above adduct (300 mg.) was oxidised as described

before to give pyromellitic acid (CXXIV) m.p. 271-273° unde-

presgsed on admixture with an authentic specimen prepared by

“ha oxidation of durene (literature(los) 2750 |
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Bicyclononane (I) was first CH;—— CH ——CH,
synthesised uneambiguously by CH,, éHz éHz
Meerwein 1) éHz———éH———'éHz

()

Later Rabe(g)’(s)’(4)’(5)’ condensed 2-cyclohexene-l-
one derivatives (II) with ethyl acetoacetate and assigned
to his products formulae based on bicyclononane skeleton.
Although he was well aware that condensation might have led
to cyclo-octane derivatives he conslidered that the reactions
of his intermediates could more satisfactorily be explained
on bieyclo nonane formulation. Since he was unable to ob-
tailn the unsubstituted 2-cyclohexene-l-one in quantity, he
was unable to compare his end product directly with that of
Meerwein. Now that 2-cyclo hexen-l-one is available by
catalytic oxidation of cyclo hexene with cobalt resinate, it
seemed worth while repeating the steps of Rabe's synthesis
with a view to a direct comparison of the end products of his
serles with Meerwein bicyclo-nonane.

The steps of Rabe'!s most recent synthesis are described
by formulae (III) to (VIII) (R, Ry = Me). IHis condensate
(IV) and his penultimﬁte and final products (VII) and (VIII)

respectively are olls.
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AN
b toocc” CHy - CHy
Ztoc)c?niz ﬁ—— c|HQ lw .
Hog CH
co fH ?HK, . /7 C;;,C\ by
L"g, C0—CHy, N (1X)
K
w | étooc?H— ?—-fﬂz
CO CHZ. CH'K}
|
CHy CO—CH
/ (1)
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Ztaocc}l_l_%h_lcﬂ2 f“‘“f"‘"wl
(o ICHQ, ]C/I'K/; — CO‘ TH.?. ,CH—R'l —
I |
CH— CloH)-CHy CHy— C(@-Cﬂz
v )
¢ () ¢ ,

T A N
CHy  CHy CH-f— CHy ”& CH'/ZI"’ fﬂz CHZ (H’QI

[ 1 | R -
CHom CloH)-CH2 CHh— C(—CHy C”z—é L -—} Hy

(Vo) (yn) (Vi)

Rabe (5)‘ has shown that 1-5 diketones (III) rapidly Tondense

CHQ:.. C — CH'L C”)_—-C———— C”z ' CH C‘:— ICH)_

to the cyelic oxy-ketone form (IV).
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All the products described below were well
crystalline solids but unfortunately the final oxygen
| atom could not be completely removed in the last stage.
iLack of time and material made further work impossible.
| 2-Cyclohexen-l-one (11,R, R, = H) was condensed with
ethyl acetoacetate in presence of sodium ethoxide as a
condensing agent to give the bridged compound (IV, R, Ry = H)
in 40% yield via the intermedlate dlketone (III, R, R, = H).
Inferior ylelds of (IV, R, Ry = H) were obtained when
dloxan or ether was used as a solvent instead of alcohol.
(IV, R, Ry = H) was hydrolysed and simultaneously decarboxy-
lated to (V, R, Ry = H) by heating with 6% aqueous alcoholic
potash.
Three different routes were explored to convert thse

hydroxyketons (V, R, R; = H) to sieyelow€hed:3)-nonane (I).

(A) The reduction of the carbonyl group in (V, R, Ry = H)

| proved to be difficult. Repeating Rabe's procednre(5) as

carefully as possible, l.e. heating the hydrazone in nitrogen
without addition of alkali gave no reduction product. Both

| the Glemmensen(e) and the Meerwein—?dnnﬁévrfv) methods also

falled. The Wolff?Kishner method(a) in a sealed tube and

the Huang-Minlon modification(g)

gave unsaturated oily pro-
ducts.
On the other hand, high pressure hydrogenation in

presence of copper chromite catalyst gave an 80% yield of
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(Vi, R, Rl = H). The reaction was drastic and reduction
was only achieved when a large proportion of catalyst and a
high temperature (240°) and pressure (200 atmospheres) were
used. (VI, R, Ry = H) was distilled as a colourless glassy
oil. Analytical figures are in accordance with formnla
(VI, R, R, = H). A small smount of a colourless crystal-
line solid was among the reduction products. It rapidly
decolourised bromine water and potassium permanganate solu-

tion. Analytical figures agree with formula (X) .8. and b.
Compound (x) a &and

ICH_“ICH _._ICH,, fu,—. lC«H——ICHl

('!H ?Hz (l‘«ux E‘,H Cl,HL CHy

|

CH—C o) —( W, CH— Clow)-C I,
a (X) b

Xay have been formed by the dehydration of the glycol (XIII)
intermediate in the reduction of (V, R, R; = H) during the
distillation. (VI, R, Rl = H) with phosphores: penta-
chloride gave é, brown oll corresponding to formula

(VIii, R, Ry = H). The latter was reduced with Raney nickel
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catalyst to give a productx which, even after exhaustive
distillation over sodium, contained oxygen and unfortunately
neither time nor material sufficed to repeat.

(B) In view of the difficulty in obtaining solid pro-
ducts, the action of phosphoruss pentachloride on the above
hydroxy ketone (V, R, Ry = H) was tried.Thid: gave 5-chloro-
bieyclonon-7-one (X}), Attempts to reduce the chloro-com-
pound using

PR R
I
%o fu,_ f“" o Ch IC«H;
I
Ch— g_cut cH_— !;H_c,ul
e

(XI) D,

pallédised-calcimn carbonate as catalyst, gave no reduction
products. Sodlum in alcohol method gave an uncrystallisable
product, K possibly a mixture of both reduced material and the
ether of (V, R, Rl = H). However an alkaline alecoholie
solution of (XI)was reduced to the ketone (XI) in 70% yield

#Although this product actually melted at 146° and did not
depress the m.p. 146° of a samplefbicyclononane prepared
by Meerwein's route, Meerwein has noted in his extensive
work on bicyclononane derivatives, several examples of
different compounds which failed to degress each other!'s

. melting points. However the b.p. 168°/760 mm. of m¥»
compound agreed exactly with that of the Meerwein hydro-
carbon. Also our product similar to bleyclononane had
a strong camphor-like odour.
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by the high pressure hydrogenation in the presence of Raney
nickel catalyst. (XI) was obtained as colourless diamonds
m.p. 48°. Analytical figures showed that 1tWas impure.
An attempt to convert (XI) to bicyclononane (1) gave a pro-
duct® having identical properties to bicyclononane. An-
alytical figures showed that it was impure.

(0) Compound (VI, R, Ry = H) was reduced to the glycol
(XIII) with sodium in alcohol at 0°. Inferior yields were

lc,ur_ f,H— Cl.Hz. C,H—- CH—CH, %’Hz—‘ %;4__(‘,“? |

CH(oH) c{Hz CH, — (i lc“z %Hz CH - Ch O,

CH— CHo)—C He (H— UG- (H, !‘g__ 'c,ue)tlcu,,
(xi) & (X\V) b

obtained when elither sodium in wet ether or sodium amalgam in
alcohol was used. At higher temperature sodium in alcohol
reduction gave‘only polymerised material. Several attempts
were made to replacé the two hydroxyl groups in (XIII) by

" ehlorine (a) when (XIII) was refluxed with thionylchloride,
an oil containing 0.5 atom of chlorine was obtained. (b)
Phosphorcus trichloride and pyridine on (XIII) gave a brown
oil with 0.7 atoms of chlorine. (¢) With phosphoruss penta-
chloride, a mixture of a solid (A) and an oil (B) were

obtained. The compound (A) contained one chlorine atom and

*sce Footnote, p. 132.
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one double bond. It rapidly decolourised bromine water.
It is suggested that compound (A) is (XIVa and b) formed
by the dehydration of the secondary alcoholic group and the
replacement 2g.ths tertiary one by chlorine. All attempts
to obtain ity quantity were unsuccessful.

The o0il (B) was also unsaturated and found to contain
one chlorine atom. On catalytic c(ehydrogenation in presence
of palladised calcium carbonate it absorbed 1.7 moles of
hydrogen. Attempted purification gave a colourless oil
b.p. 160-170°/760 nmm. It had a strong camphor-like odour.
The oil failed to crystallise even after dlstillation over
sodlum and seeding with a crystal of the Meerwein bicyclo-
nonane .

2-cyclohexehe~1-one was prepared by the air éxidation

of cyclohexene in presence’of cobalt resinate as catalyst.
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EXPERIMENTAL

Cyclohexen-l-one (II, R, Ry = H).

Cyclohexene, (300 c.c.), and finely powdered cobalt
reginate catalyst (9g.) were stirred at 62-65°.. Dry oxygen
was passed into the mixture for 15 hours. Another quantity
of%ggg}gate (4.5g.) was added and the reaction continued 7
hours more. The reaction mixture was filtered free from
80lid materials and dlstilled with a Widmer column.
Cyclohexen-l-one was obtained as a yellow oil b.p. 56-59°/
13 mm. (105g.= 35%).

Condengation of cyclohexen-l-one with ethyl aceto acetate.

(1) Using absolute alcohol as solvent.

In an ice-cooled dry swept flask. nitrogen., with a
mechanical stirrer were mixed, dry alcohol (50 c.c.) and
clean-cut sodium (2.5g.). After the sodium had dissolved,
ethylacetate (26.8g.) was added dropwise followed by cyclo-
hexen-l-one (20g.). Stirring and ice cooling was continued
a further 3 hours. The reaction mixture was then left 3-4
days at 0°. The formed crystalline material wes filtered,

washed with water, and dried to give 8-carbethoxybicyeclo-

(1:3:3)-non-5-01-7-one (IV, R, Ry = H) as colourless needles

m.p. 133.5% (19g. = 40%).
(2) Using dry ether as solvent.

The above procedure was used,(IV, R, Ry = H) was obtained
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as colourless needles m.p. 134.5 (139. = 27%).

In boiling ether or adding the ingredients at the same
time, the products were uncrystallisable, probably, cyclo-
hexenone was reduced to cycloh&mmmmuﬁ£§£resenee of nagent
hydrogen.

{(3) In pure dioxane ag golvent.

The above procedure was used, (IV, R, R, = H) was
obtained in needles, m.p. 134°. (12g. = 24%)
Bicyeclo-(1:333)-non-5-01-7-one (V, R, Rl = H)

A mixture of potassium hydroxide (15g.), water (150 c.c.),
and ethyl alcohol (100 c.c.) was cooled and nitrogen passed
into the solution then (IV, R, R, = H) (10g.) was aggéd.

The reaction mixture was loosely stoppered and heaton a
water bath at 65° for 20 hours. The product was cooled,
and carbon dioxide gas passed into the solution. The pre-
ciplitated potassium carbonate was filtered off, and the
filtrate concentrated. The residue was then extracted with
ether in a continuous liquid extractor for 24 hours. The
dried ether extract was evaporated, and the residue sublimed
at 100-120° (oil bath temperature)/l1 mm. to give bicyclo-
(1:3:3)-non-5-01-7-one as a white solid m.p. 233°, (5.2g. =

79%) extremely soluble in water.

The semicarbazone was obtained as colourless prisms

from alcohol m.p. 206°. (Found: C, 56.9; H, 7.8; N, 19.9.
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C1 01705 requires C, 56.9; H, 8.0; N, 20.0%). The
hydrazone was difficult to purify. After four crystallisa-
tions from alcohol a sample was obtained m.p. 80-100°.
(Found: N, 14.5 CoHy 0Nz requires N, 16.6%).

Attlempted reduction of biecyelo-(1:3:3)-non-5-0l-7-one

(V, R, R, = H)

1
(1) After Rabe and Klaus Appuhn(s)‘. ’

The above hydrazone (0.5g.) was heated first at 180°
(0il bath temperature) then at 150° in presence of a current
of dry nitrogen. The distillate was found to contain
nitrogen. Attempted crystallisation was unsuccessful.

n :
(2) Huang-Milon Modification.(g) The above hydroxyketone

(3g.), sodium hydroxide (3g.), 90% hydrazine hydrate (3 c.c.)
and diethylene glycol were heated as descrived by Huang-
Minlon. The product was diluted with water, acidified, and
extracted with ether. The ether extract was dried (Na2804)
and ether removed. The residual material decolourised
brumiﬁe water. .On microhydrogenation half a molecule of

hydrogen was absorbed.

(3) The Wolff-Kishner method (8).  The above semicarbaésa-

zone (1lg.), absolute alcohol (4 c.c.) and sodium hydroxide

(lg.) were heated in a sealed tube at 200° for 8 hours. The
brown oily product obtained contains a mikture of?gfystallis-
able materials. On micro hydrogenation, hydrogen (0.6) mole

wes absorbed.
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(4) The copper chromite method.

The above hydroxyketone, (5g.) absolute alcohol
(75 c.c.) and copper chromite'catalyst (5g.) were heated and
atirred 1n an autoclave in presence of hydrogen at an in-
itial pressure of 130 atmospheres. The mixture was heated
to 240° énd.maintained at that temperature for 24 hours.
The‘pfoduct was filtered freé from catalyst and the solvent
removed in vacuo. The reﬁaining colourless glassy material
was then transferred to a flask with an efficient column
and three fractions were collected.

The first fraction b.p. 50°/10 mm. was impure.

The second fraction b.p. 68°/10 mm. distilled as a

ane’
~ colourless glassy oil of bicyclo-(1:3:3)-non=<b-ol

(VI, R, Ry = H). The latter is very soluble in most organic
solvents (3.4g. = 80%). (Found: C, 76.6; H, 1l.4 CgHg0
requires C, 77.0; H, 11.4%). |

The third fraction (X g and b) was obtained as colour-
leas crystals m.p. 137° (0.1g.) (Found: C, 78.2; H, 10.1.
CgHy 40 reguires C, 78.25; H, 10.1%).

Attempted reduction of bicyclo-(1:3:3)-nonsfieoi5-01.

(VI, R, Ry = H). To the above hydroxy compound (2g.) and
methylene chloride (30 c.c.), was added powdered phosphorass
pentachloride (5.g.).v The reaction went quickly and heat
was developed. The product was left overnight at room

the
temperature and then refluxed on'steam bath (30 mins.). It
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‘ with ether
wag cooled, dlluted with ice and the mixture was shaken twicét

The organic layer was dried and concentrated to give 5-chloro
bicyclo-(1:3:3)-nonane (VII, R, R, = H) as a yellow oil on

distillation. (Found: C1, 2243093E§l requires Cl, 22.4%).
The above chloro compound (lg.), absolute alcohol |
(26 c.c.), potassium hydroxide (lg.) and Raney nickel
catalyst (lg.) were shaken in an autoclave in presence of
hydrogen at 80° and 50 atmospheres for 10 hours. The re-
action product was filtered, a few drops of dilute sulphuric
acid were added and the solvent distilled in vacuo. The
regidue was extracted with ether, dried (Na2864) and ether
was removed. The residualmaterial was heated with sodium
(0.5g.) for one hour, then the product was sublimed at 409/
12 mm. to give colourless needles m.p. 146° undepressed on

(1) bicyelo-{1 333335~

admixture with a specimen of Meerwein's
nonane. It had a strong camphor-like odour, extremely vol-
atile and soluble in organic solvents, insoluble in water.

5-Chlorobicyclo-(1:3:3)-non-7-one (X).

The hydroxyketone (V, R, R, = H) (2g.) was treated with
phosphorass pentachloride as described for 5-chlorobicyclo-
(1:3:3)-nonane to give 5-chlorobicyclo-(1:3:5)-nonané%§é1
colourless crystals from light petroleum m.p. 117° (1.8g. =
80%). (Found: Cl, 19.3 CgHy40C1 requires Cl, 20.5%).

The 2:4-dinitrophenyl hydrazone was obtalned as orange

crystals from methanol, m.p. 144.5° (Found: N, 17.4;
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C15H1704N4C1 requires N, 17.2%).

Reduction of 5-chlorobicyclo-(1:3:3)-nonane-7-one (Xi)

The above chloro-compound (2g.) was reduced as described

for 5-chlorobicyclo-(1:3:3)-nonane gave bicyclo-(1:3:3)-

non-7-one (XI) as colourless diamonds, m.p. 49° (1.2g., 70%).

The semicarbazone was obtained as needles from aqueous
ethanol m.p. 175.‘ (Found: C, 59.5; H, 8.25; Cloﬂlvo Nz
requires C, 61.5; H, 8.8%).

Attempted reduction of bicyclo-(1:3:3)-non-7-one (XII)

The above semicarbazone (0.3g.), freshly cut sodiwm
(0«3g.) and dry alcohol (6 c.c.) were heated in a sealed
tube for 8 hours at 220°. The reaction mixture was diluted
with water. The aqueous materlial was distilled in stean,
with an ice trap to catch any volatile materials. The dis-
tillate was extracted with ether and the ether was dried
(Ha2504) and removed. The remaining material was distilled
b.p. 168°/760 nm. and the product was crystallised to give
colourless needles m.p. 146°. Admixture with Meerwein's
bicyclononane produced no depression.

ane
Bicyclo-(1:3:3)-nont5-7-diol (XIII)

(1) Using sodium in Alcohol at 0°.

To a mixture of bicyeclo-(1:3:3)-non-5-0l1-7-one
(v, R, Rl = H) (5g.), dry alcohol (250 c.c.) was added
slowly clean slices of sodium (15g.) over a period of 10

hours. The reaction mixture was stirred 3 hours more and
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then diluted with water. Carbon dioxide gas was then
passed through the mixture until no further precipitate of
sodium carbonate is formed. The solution was now filtered
and the filtrate£gas distilled with steam. Distillation
was stopped when(distillate became turbid. The distillate
was concentrated and extracted with ether in a liquid liquid
extractor for 2 days. The ether extract was dried (Na2504)

ane
and distilled off to give Bicyelo-(l:3:3)-nod-5-7-diol (XIII)

as a white solid m.p. 193 (2g. = 40%). This was further
purified by crystallisation from ether followed by ektract-
ing the impurities with benzene in a soxiitats. (Found: C,
69.65; H, 10.2 CgHyg0p requires C, 69.25; H, 10.3%).

(2) Sodium in wet ether.

Following the above procedure, the gbove hydroxyketone

(V, R, Ry = H) (5g.), 5% wet ether (300 c.c.) and sodium
ane
(15g.) gave bicyclo-(1:3:3)-nonk5:7-diol (XIII) m.p. 193°.

(lg. = 20%). Undepressed on admixture with the above diol.
(3) Sodivm Amalgem in alcohol.

To a solution of the hydroxyketone (V, R, Ry = H),
absolute alcohol (200 c.c.) was added 5% powdered sodium
amalgem (300g.) over 15 hours with continuous stirring and
ice-cooling. After the amalgam had dissolved, the solution
was separated from the recovered mercury. The product was

ane-
then worked up as in (1) to give Blcyclo-(1:3:3)-non=5:7-diol

(XIII) (1.5g. = 30%).
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ne
Attempted chlorination of bieycle-(l:stl-noﬁ?%—v-diol
(XII1).

(1) Using thionyl chloride.

The above diol (lg.), thionyl chloride (15 c.c.) and
thiophene-free benzene (10 c.c.) were refluxed (2 hours).
The excess of thionyl chloride was removed in vacuo. The
product was distilled b.p. 70-80°/10 mm. to give an oily
product which contained 0.5 gm. atoms of chlorine.

(2) Using phosphorus: trichloride in pyridine.

The above diol (1lg.), phosphor®s trichloride (2 c.c.),
pyridine (2 c.c.) and benzene (5 c.c.) were refluxed for
2 hours. The excess reactants removed in vacuo and the
reslidue distilled to give a brown o0ll which contained 0.7
gn. atoms of chlorine.

(3) Using phosphorass pentschloride.

The above diol (1g.), methylene chloride (25 c.c.)
and phosphor®fs pentachloride (3g.) were left overnight at
roam temperature, then refluxed for 1 hour. The product
was cooled, washed with iced water, ice cold sodium bicar-
bonate, and then dried (NagS04). The solvent was evaporated
and the residue was sublimed to give colourless leaflets m.p.
120° probably (XIV a, b) (50 mg.) (Found: Cl, 22.3 CgH;, 01
requires Cl, 22.6%). This product quickly decolourised
bromine water and potassium permanganate solution. The main

bulk of the reaction products distilled as an oil b.p. 75-80°%/
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10 mm. Thls substance was also unsaturated towards bromine
water.  (Found: Cl, 22.4; CgH,,0 requires Cl, 22.6%).

The oily product (0.5g.), aleochol (50 c¢.c.) and 3%
palladised calcium carbonate (100 mg.) were shaken in pres-
ence of hydrogen at room temperature. Absorption corres-
ponded to 1.7%%1?1;&*0331') (4 hours). The product was then
filtered from catalyst and the alcohol removed in vacuo.

The remaining oil was distilled to give a colourless oil
b.p. 158°/760 mm. having a strong camphor-like odour. The
compound failed to crystallise after several attempted puri-

ficatlions.

Bileyclo-(1:3:3)-nonane m.p. 145° for comparison was

prepared as described by Meemein(l).

o S o g PR T 4 s et
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TROPOLONES
INTRODUCTION

(1)

The tropolone concept was first suggested by Dewar
- in 1945 to interpret the recorded chemical behaviour of
stipitatic acid.(®) He concluded that the propertles of

this acid are explained by formula (II, IIa) and that tropo-

lone (1, la) represents a new type of aromatic structure.

‘ Ho- - CO,H Ho- ~COz H
— —_—
A W— L

o © o oM Ho ©

(1) (12) (1) (11 a)

Two mould products puberu.lic(s) and puberulonic acid

(3)

resembled stipitatic acid chemlcally. Structure (III) was
determined by Todd et al .(4)for the former aclid. Structure
(IV) was suggested by the same authors (5) for the latter
acid, but Aulin—Erdtman(G)proved that the actual structure
is that shown in (V).

: “~p
Ho -7 €0aH 0= CoH Ho~ /
Ho ~¢o
| o o o oH

(1) (W) (V)
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(7) -
Dewar also suggested that a tropolone methyl ethsr

wp-igll; oo o o
NHRc '
" HO -
OMe /
) HO -

=Q
\
OMe

(V1) Q)
structure best interpreted the chemical behaviour of ring
(C) in colchicine (VI). This structure has now been con-
firmed by X-ray analysis. For purpurogallin, Haworth(e)
and co-workers confirmed structure (VII) formulabted by

Barltrop and Nicholson. (9)
CHMe,
CHMe,
CHMe, . »
s > on 5 ot
(Vi) (1%) (X

Structures (VIII), (IX) and (X) were established for the
«-, /@ -and x - thujaplicins respectively, both by éshydrogena-
'bion(lo) » (11 )and by synthesis. (12).

Synthetic tropolones. The first succesasful synthesis
tropolone was that of o( : /3-benz’cropolone (XI) by Cook, (13)

12
followed by the /@ .Y -1somer (XII) by Tarbell et a1. (1%
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(x1) (xi)

This was followed in 1950 by three almost simultaneous
but distinct syntheses of tropolene (1, la) by Doering(ls)
in America, Gook et sl.*®)and Haworth et al.(*7)in Britatn.
‘A similar synthesis to that of Cook was published by Nozoe (18)
in Japan who also recorded the synthesis of (X-, ﬁ - and J -
thujaplicins. |

284 |
- ] |
O O 0 0 p b

(xm) (X\v) (XV)
h(&t 8 /,fo—/—?; 74
No Sodt
0 OH | o H
(Xvi) o

Cook's method follows the above route.
The addition of bromine to (XIII) is complex and de-
pends on the proportion of bromine used and in addition to
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tropolone, mono-, di- and tribromotropolones were isolated.
Sodium bromotropolone (XVI) is highly cystalline. It is
amoothly reduced to tropolone.

Doering irradiated benzene solutions of diazomethane
with ultraviolet light whereby he obtained a compound,
probably (XVII) or (XVIII). This on oxidation with potas-
siumlpemanganate gave tropolone in 1% yield.

o 0= Q

0 oH

iy (xvny) (1)

Haworth synthesised tropolone from the monocyclic oxida-
tion product (XIX) of purpurogallin as follows:-

Me

N
cH,_coL Meo 0 .
w (XX -
e e A
Ho o Ho o
(*1x) (XX)
0 Q O — (1) 2
0 oR o ofl

Kxm) (xx1Y)
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General properties of tropolomes. Tropolomes are

crystalline, easily sublimable solids of various colours.
They are more readily soluble in hydroxylic solvents than
in ether or hydrocarbon solvents.

As enols, tropolones form coloured salts in alkslil
that are deeper in colour than the parent tropclone. Thie
is due to the increased resonance .in the anions as illus-
trated by formulae (XXV)
and (XXVI).

Yost tropolones give
positive colour tests with
ferric chloride. They

form chelate compounds.
Structure (XXVII) is

possibly the copper

complex of tropolone.

They have acidic strength
with values that are Q <«—> Q
generally intermedlate B bR T2

between those of phenol (XXX vHi) (XX .'*x

(pX 10.0) and scetic acid (pK 4.8). Tropolones diffsr in

solubility in sodium bicarbonate, some being inscluble.

Molecular weight determinations show that they are monameric.
The ethers like esters are readily hydrolysed and are

more soluble than the parent tropolone. Dewar regards the
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ionic resonfiance exemplified by structures (XXVIII) and
(XXIX) as best interpreting the high solubility of the ether.

Congsidered as a means of elucidating structures, per-
haps the most Important reaction is the benzilic acid re-
arrangement whereby the tropolone seven membered ring is
contracted to a six membered one.

Hydrogenation has different effects on different tropol-
ones, and the result depends on the catalyst used.

Tropolones do not react with any of the usual carbonyl
reagents, but 4 .3 -benztropolone and dibenztropolone are
exceptions. However the carbonyl activity is revesled fre-
quently in the reduction product# The tropolone ring system
is stable towards mild oxidising agents.

BElectrophillic reagents attack the tropolone molscule.
Dewar suggested that mono-substltutlon should occur almost
exclusively in the p -position. However on nitration both
the 0- and p- positions are attacked.

Generally tropolone, /3 -methyltropolone andl@ ~hdjaplicin
(hinokitiod were found to undergo nitration and coupling with
diazotates, halogenation and sulphonation.

Robertson(lg)has investigated the X-ray structure of
copper tropolons and shown that the ring system is a flat
regular heptagon, with two attached oxygen atoms of which
one is more closely implicated than the other in Pinding the
copper atom. The 1:2- bond is therefore not a "long™ bond,
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devold of double bond character, as is implied in the

chemlcal formuls for
tropolone, but appears

indeed t0 be indis-

tingulshable from the :

other bonds in the 4 ViR
ring. The aromatic H A
structure of tropolone (X"XX /) °

can be represented by structure (XXXI a,b). The latter

accommodate the properties discussed here.

DISCUSSION

The folloiwing discussion is based upon my éxperimen’ca.l
 findings which were carried before any similar results were
published by other workers. ‘

The acidic character of tropolone and A -bromotropolone
is manifested by the ready salt formation. With zmmonia
solution, both give yellow cystalline ammonium salts which
are sparingly soluble in water. The melting points of
ammonium tropolone and amnonimn bromotropolone are much
lower than those of the sodium or copper salts. Ammonium
bromotropolone crystallises from ethanol with half a molecule
of solvent of crystallisation thus lowering its melting point
from 195° to 150°.
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On the other hand, the basic character of tropolonses
1s revealed in the formation of salts with acids. A ben-
zens or ether solution, saturated with hydrogen chloride and
tropolone precipitates a colourless hydrochloride. From
acétic acid-hydrogen chloride solution tropolone hydrochlor-
lde crystallises with one molecule of acetic acid. Tropolons
hydrochloride is unstable at room temperature and evolves
hydrogen chloride. It sublimes with éxtensive decomposi-
tion. On the other hand tropolone hydrobromide and hydro-
fluoride are very stable and sublime undecamposed. Bromo-
tr0polpne hydrochloride is very unstable, on sublimation,
bromotropolone 1s quantitatively obtalned. Both bromotropol-
one and tropolone hydrochlorides give wlth ferrilic chloride
a8 blood-red precipifate that slowly redissolves to glve greean
solutions.

" This remarkasble basic character of tropolone can be
explained by the suggestion that the positive charge can be
borne by the two oxygen atoms structures (XXXII a, b: R = H).
These two structures have counterparts in the conjugate acld

of A -diketones but do not suffice to confer a comparable

(%)
Q) )
. Q —> ' &~ @ (+)
| 4 @/
bR Ho ok 4o OR bR
H ¢ , . A

0 Ho

" (xxxn) (X XX1)
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basicity (XXXIII ¢, d; R = H). This remarkable resonsnce
possibility is "aromatic" in the sense of requiring a ring
for its existence and of involving the stable molecular

orbital of six electrons.

The Action of Thionyl Chloride, Phosphoruss trichloride and

tribromlide on Tropolone and Bromotropolone.

Tropolone may be conslidered as a cyclic vinylogue of
a carboxylic acid. As with all acids, the above reagents
should easily replace in tropolone and bromotropolone the
hydroxyl group conjugated to the carbonyl group to give the
corresponding acid chloride.

Tropolone reacts with thiényl chloride in benzene solu-
tion at room temperature to give tropolome hydrochloride.
This may have been produced from the hydrogen chloride that

is always present 1n even the purest reagent.
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—
Qﬁ o T L
(X¥xw)
| ﬂ%a ' | 0 NRE,
“ (xxx Vi)
Ho O Bx‘7 |
(I
-y
O oMt
Be s«;cez xXxix)
Pt
0 OH
(xvy) (xxxV)

Crystallisation of tropolone hydrochloride from hydrogen
chloride-free hydrocarbon solvents progressively lowered the
melting point and after four crystallisations, a new compound
m.p. 64° was obtained. This no longer gives a colour with
ferric chloride. It was found to be 2 -chloro-cyclohepta-
trien-l-one (XXXIV).

The chloride ion from the hydrogen chloride molecule
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bound to the tropolone nucleus in the form of Hydrochloride
must have replaced the hydroxyl group at the higher tempera-
ture of crystalllsation. On gentle refluxing, with thionyl
chloride, the precipitated hydrochloride redissolved and
hydrogen chloride was evolved and agailn (XXXIV) was isolated
in good ylelds.

Like tropolone, bromotropolone gives with thionyl chloride
in the cold the corresponding hydrochloride. With gentle
refluxing for three to four hours 2:3-dichloro cyclohepta-
2:4:6-trien-l-one (XXXV) is obtained. The hydroxyl group
and the bromine atom are both replaced by chlorine ions.

The replacement of bromine by chlorine in (XXXV) is explained

by the fact that the latter is more reactive than the former.

Formula (XXXV) is supported by experimental evidence described
on p.Jde2 .

At room temperabure, hoth phosphorus trichloride and
tribromide give unstable hygroscopic complexes with tropolone
and bromotropolone. Hydrogen chloride or bromide is quickly
evolved and a dark viscous material remains.

At higher temperature, with phosphoruss trichloride and
tribromide, tropolone gives 2-bromo-and 2-chloro-cyclohepta
-2 ¥44:6- trien-l-one respectively.

With phosphoruss trichloride, bromotropolone gives
2:3-dichloro cyclohepta -2:4:6-trien-l-one (XXXV).

2-Chlorocyclohepta-2:4:6-trien-l-one (XXXIV)
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Although (%¥¥1#%) is a vinglogue of an acid chloride,
its chemical proPefties lie between those of an acid chloride
and an alkyl halide. It undergoes the following reactions:-

(1) The ketonic property that 1s masked in tropolone
is revealed in 2~-chlorocyclo-heptatrienone as the latter
gives a yellow precipitate with ethanolic 2:4-dinitrophenyl
hydrazine sulphate.

(2) With 10% anhydrous methanolic ammonia, 2-amino
cyclohepta-z:4:6-?5%&%?%:02? is obtained. There is no
evidence to indicate that the actual product 1s not the
tautomer (XXXVI, b). Compound (XXXVI a or b) was obtained

by Doering(lsb)

by the action of 5% anhydrous methanolic
ammonia on tropolone methyl ether.- 2-aminocyclohepta-2:4:6-
trien-l-one dlssolves in aclds to give the soluble hydro-
chlorides. With ferric chlorlide, it gives a deep green
colour. Like acid amides it can be hydrolysed with alkall
to trOpolone.(lsb)

(3) With methylamine, dimethylamine and propylamine
the corresponding 2-n-alkylcycloheptatrienones were obtained.

These are deep yellow viscous liqulds; 1like amino-
cycloheptatrienone, they dissolve in aclds and give deep
green ferric chloride colour reactions. They also give
yellow crystalline picrates. (These compounds are not
analytically pure and lack of material prevented further

purification).
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(4) With sbsolute methanolic sodium methoxide, tropolone
methyl ether is obtained. The latter is easily hydrolysed
by acids or alkali to tropolons.

(5) 2-chlorocyclohepta ~ 2 :744:6-trien-l-one undergoes
a benzilic acld rearrangement under remarksbly mild conditions.
On warming with dilute alkall or even boiling with water,
ring contraction takes place to give benzoic acld as the
main product and a very small amount of a white cryatalline
solid m.p. 90°. The latter was not identified. On reflux-
ing with anhydrous methanol, methyl benzoate is detected,

- and on hydrolysis the latter gives benzoic acid.

SO0 |-
N

S -
X\
(XX xvii)

Caupounds (XXXVIII a and b) are possible intermediates in
the benzillc acid rearrangement. Compound (XXXVIII, a)
may arise fram the reaction of a hydroxide ion with the
anion of (XXIV). (XXXVIII a) undergoes rapidly dehydration
to (XXXVIII, b) which hydrolyses to benzoic acid. This
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facile rearrangement may be compared with the observations
that tropolone which is the more acidic, requires considerably
more severe reactlion conditions, (i.e. 220° and strong alkali)
while the less acidic /4 5diketones normally rearrange wlth
alkall between 100-150°. Then (XXXIV) should rearrange
under much milder conditions than [ -diketones.

(6) On boiling (XXXIV) with silver nitrate, a volumin-
ous precipltate of siiver chloride is obtained.

(7) Gentle heating with smmonium chloride solution,
(XXXIV) gave a low yleld of tropolone isolated as the
copper salt.

(8) The reduction of 2-chlorocyclohepta-2:4:6-trien-1-
one 18 very sensitive to reaction conditions:-

(a) Hydrogenation was carried out in cyclohexane as
solvent in presence of palladised charcoal. The reaction
wés stopped after one equivalent of hydrogen was absorbed
and a crystalline product® m.p. 100° was obtained. No sat-
isfactory explanation can be ‘ suggested here on the basis of
the analytlical daba available.
| (0) In benzene solution, similarly a solid m.p. 145°

was isolated in a small amount. The main product was

%This product may possibly be chlorocyclohepta-
trienone formed by the reduction of the
carbonyl group in (XXXIV)
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a high boiling material. I was unable to identify the
above 801id due to the lack of material.

(¢) In anhydrous ethanolic potassium acetate in presence
of palladised charcoal, 4 equivalents of hydrogen were ab-
sorbed to give cyclohsptanone (XXXIX), isolated as the semi-
carbazone. However, if the reaction was interrupted after
one molecule of hydrogen was absorbed, a colourless viscous
0il b.p. 104-105°/10 mm. was obtained. This is expected
to be cyclohepta-2 :=44%6-trien-l-one, (tropone) (XL).

Oo
KXWY)
o ™ — o9 0 oH
¢ b S K W W X o)
x ° Cc * / ') ‘-o)B‘"
X Xxy) (XX X1V) (¥ o W ¢
i 0 | W ®) W W
L
B ) Ll (L)
—
BA
(xLim) (xL1V)

This oil (XL) agreed in physical and chemical properties
with that described by both Doering(20) and Dawven(Zl) by two
different synthesis from the above, and a fourth in which
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2:3-dichlorocyclohepta-2 14 4:6-trien~l-one (XXXV) was reduéed
under similar conditions to those described for (XXXIV).
However our product was not analytically pure, possibly be-
cause 1t is very hygroscopic.

Doering's synthesis was rather remarkable. Hydroxy-
cycloheptatrienylium bromide (XLII) was obtained from methoxy-
tropilidene prepared by the photochemical decomposition of
diazomethane in anisole. Treatment with one equivalent
of bromine, either directly or after preliminary acid
hydrolysis yielded cycloheptadienone. Compound (XLII) is
a colourless, sublimable salt from which sodium bicarbonate
liverates cycloheptatrienone (XL).

Dauberr's synthesis requires the bromination of cyclo-
hepten-l-one (XLIII) with four equivalents of bromine in
acetic acid to give 2:4:7-tribromotr0pone (XLIV) after pro-
longed heating. Thls was hydrogenated with palladised
barium sulphate to give (XL). Hydrogen consumption was
stopped after three equlvalents of hydrogen had been absorbed.

Tropone (XL) is a colourless, viscous very hygroscopic
0il with a characteristic smell b.p. 115°/12 mm., n2°D 1.6081
m.p. - 5;86 from ether. It rapldly absorbs two molecules
of water from the atmosphere. It is soluble in water.
Tropone gives a hygroscopic sublimable hydrochloride in
ethereal hydrogen chloride. (XL) forms a yellow picrate m.p.

100° (not analysed as it was isolated in small smount).
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The carbonyl reactivity in tropone 1is masked although
1t is revealed in the hydrogenation and substitution pro-
duects. Tropone rapidly decolouriged potassium permanganate
solution. Dauben (loc. cit.) also reports that (XL) de-
colourizes benzenediazonium chloride in aqueous sodium
acetate, forms a picrylsulphonyl derivative m.p. 266~267°
and is reduced to cycloheptanone (XXXIX). He also found
that bromination at 25° is moderately rapid in water, slow
in aqueous acetic acid and very slow in carbon tetrachloride
to glve addition products that eliminate hydrogen bromide
to give 1in turn bromotropones.

Doering (loc. cit) considers that an extreme electronic
structure (XLI) and not (XL) satisfactorily explains{-

(a) the basicity, which reflects a high electron den-
sity on oxygen and a stabilization of positive charge (XLII).
(o) the large dipole moment implied by the high boiling point
(cf. benzaldehyde, b.p. 68°/15 mn.), miseibllity with water
and the large exaltation. (c) the shift of the carbonyl
frequency inbthe ultra violet spectrum.

The stability of (XLI) relative to (XL) and the very
existence of the cycloheptatidenone in contrast to the non-
existence of cyclopentadienones find insufficient theoretical
explanation in terms of resonance structure (XLI) alone, butb
are explained by the molecular orbital theory which predicts

peculiar stability from six electrons in a cyclic resonating
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system. Due to the lack of material and time the reactions
of (XL) were not thoroughly investigated.
2:3-Dichlorocyclohepta-2:4:6-trien-1l-one (XXXV)

The reactions of the above compound are very similar
to (XXXIV):-

(1) With 2:4-dinitrophenylhydrazine, a yellow precipi-
tate is quickly formed. |

(2) On boiling (XXXV) with silver nitrate, silver chlor-
ide 1s formed.

(3) As with (XXXIV),
warming with dilute alkallil,

produces a benzilic acid T el

rearrangement to give O-

chlorobenzoic acid (XLV) KLy )
in moderate yleld.
—>
(4) Only one chlorine . 44

atom 1s easily replaced by o L
alkyl groups. Ethylamine @(Xxv)
replaces one chlorine atom - e
to give probably 2-ethyl-

fs] /\/ﬁ’fz//‘s‘
emino-3-chlorocyclohepta-~

éVLVU

2:4:6-trien-l-one (XLVI)
as a viscous yellowish green oll. The latter is soluble
in acids and gives a green ferric chloride colour reaction.

(5) Compound (XXXV) absorbs five equivalents of hydrogen



163

in absolute methanolic potassium acetate in presence of
palladised charcoal to give cycloheptanone (XXXIX); inter-
ruption of the reaction after the consumption of two equiv-
alents of hydrogen furnished tropone (XL).

REPLACEMENT REACTIONS OF O0-BROMOTROPOLONE.
(1) 2-Amino-3-bromo-cyclohepta-2:4:6-trien-l-one (XLVII)

Bromotropoloné methyl ether (XXIX9, like esters, re-
acts smoothly with 10% anhydrous methanolic ammonia to give
2-amino-3-bromocyclohepta-2:4:6-trien-l-one (XLVII) as a
yellow crystailine solid. Compound (XLVII) is sparingly

o oMe 0 NH. Ho NI
as (XXr1xa) it W (xL vy b
XVi) o —> andl \‘.)-ou
o OH ;,OOH
(XLvm) . J
4oLy )

soluble in hydrocarbon solvents, very soluble in hydroxylic
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solvents, soluble in acids, and gives a green ferric chlor-
ide colour reaction. It is remarkable that the bromine
atom’% sso unreplaceable, since the reaction conditions were
rather vigorous. (10% absolute methanolic ammonia was
heated with the methyl ether of (XVI) in a sealed tube at
100° for 10 hours).

(2) & -Hydroxytropolone (XLVIII)

On refluxing bromotropolone with 50% alkali for a pro-
longed time, X -hydroxytropolone (XLVIII) was obtained in
a poor yield. It was also produced when bromotropolone was
fused with alkali at 230-250° for 15 minutes. When bromo-
tropolone was heated in a sealed tube with dilute alkali or
even water at 2009, only a tar was produced. |

X -Hydroxytropolone, like all tropolones is very sol-
uble in hydroxylic solvents. It is a cream coloured sub-
limable so0lid with a relatively high melting point (244°
decomp.) . It gives a brown ferric chloride colour reaction.

(r§ ~-Hydroxydroxytropolone undergoes a benzilic acid
. rearrangement under much more severe conditions than tropolone
to give sal¥eglic acid (L). Only fuslon with alkali at 300°
for 15 minutes could produce the latter.

Similarly bromotropolone was found to give salicylic
acld under these vigorous reaction conditions. It is clear
that ring contraction took place only after the transforma-

tion of bromotropolone to hydroxytropolone, the latter visg
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the intermediate (XLIX) yielding (L). The reaction products
were carefully examined but no o -bromo'Beenzoic acid could
be isolated.

(3) _o&-Cyanotropolone (LI)

The replacement of the halogen in bromotr0polone by a
cyano group is interesting. TFusion of (XVI) with cuprous
or potassium cyanide gave only 1 or 2% of (LI). Refluxing
with a pyridine solution containing cuprous cyanide, fur-
nished only unchanged material. Refluxing in benzyl cyanide
as solvent resulted in extensive decomposgition. However,
when sodium bromotropolone instead of bromotropolone was
uged in pyrlidine as solvent and in presence of excess
cuprous cyanide, all suspended materials dissolved, and an
80% yield of cyanotropolone (LI) was obtained as a yellow
sublimable solid. It was difficult to obtain analytical
pure even after several sublimgtions. Cyanotropolone is only

soluble in hydroxylic solvents and gives

Q‘"z"”z Q CHy NH,

v 0 OH
= ’/” a (L L

0 oH

(L) e 0 i )

— | S — T/\ CoH

o oH I _.”0 wLH
LV
U./u) (L1V) (+V)
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a brown ferric chloride colour reaction.

Attempted reduction of cyanotropolone (LI)

No erystalline reduction product of the cyano group
could be obtained. Reduction of cyanotropolone with both
1ithium aluminium hydride and p®lladised charcoal gave a red
gummy material. It also formed in neutral ethanolic solu-
tion a red colour that persisted even after clarification
with charcoal. This product is probably (LII). It was
found to be amphoteric, dissolving in acids to glve a colour-
less solution and in alkall to glve a reddish colour. At-
tempts to obtain the diacetate or the diphthalate of (LII)
in a crystalline form was unsuccessful.

(4) Tropolone X -carboxylic acid (LIII).

When cyanotropolone (LI) was refluxed with 50% alkali;
tropolone X -carboxylic acid (LIII) was obtained. With
concentrated hydrochloric acid only a low yleld of (LIII)
was lsolated. Tropolone X -carboxylic acid is a crystalline
yellow golid m.p. 2150, goluble only in hydroxylic solvents.
, It sublimes in vacuo without decomposition and gives a brown
ferric chloride colour reaction.

When tropolone ¢ -carboxylic acid was heated in an oil
bath sbove its melting point, tropolone was obtained.

Similar to (X -hydroxytropolone, only vigorous reaction
conditions bring about benzilic acid, rearrangement. Thus

when (LIII) was fused with alkali at 310°, phthalic acid (Lv)
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was obtained, being isolated as the anhydride. A rearrsnge-
ment mechanism for (LIII) may be posulated similar to that

of stipitatic aclid. Thus, when applied to (LIII;a) or the
diketoform (LIIIj;c), benzilic acid change proceeds via the
intermediate (LIV). The latter would be expected to undergo
ready dehydration to give phthalic acild. This is in accord-
ance with the experimental results.

The action of diazo methane on (LIII) gave a yellow
gummy uncrystallisable product. The latter neither gave a
ferrlc chloride colour reaction nor was soluble in sodium
bicarbonate. There are presumably in the reaction mixture
two methyl ethers corresponding to structures (LIII, a and
b). The above gummy producﬁs were easlily hydrolysed‘to
the original‘acid (LIII).

(5) X -Thiotropolones (LIX).

A remarkeble reaction was the replacement of the halo-

gen in bromotropolone by p~thiocresol and thiophenol

O e Ot

o oNn 0 DH
(v (Lvi)
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A very simple modification was adopted. Sodium
bromotropolone was refluxed with thiophenol and p-thiocresol
in pyridine. Replacement of the bromine quickly took place
and the hydrogen bromide formed in the reactidn.mixture re-~
acted with the sodium ion to gilve the free thiotropolone
(LVI, R = Hor R = Me) and sodium bromide.

X -Bubstituted thiotropdbonesare highly crystalline
solids soluble in hydroxylic solvents. They give a green-
ish brown ferric chloride colour reaction.

With Raney nickel in ethanol, (LVI, R = Me) gave a low
yield of tropolone, the rest being unchanged material.
However when the sodium salt was used, instead of the free
tropolone & better yield of tropolone was obtained.

Attempts were made to oxidise (LVI, R = H and R = Me)
with 30% hydrogen peroxide in acetic acid solution to obtain
the corfesponding sulphone (LVII); a white amorphous mater-
isl was obtained. The latter was soluble in alkall and
sodium bicarbonate, but failed to give a colour reaction
‘with ferric chloride. It was decomposed on sublimation.
Possibly the tropolone ring system was destroyed by the
rupture of the ring.

(6) COUPLING OF BROMOTROPOLONE .
It was of interest to see whether bromotropolone
coupled with itself in presence of copper powder to give

ditropolone (LVIII), similar to the reaction of bromdbeamzedbe



to give diphenyl. However,
when sodium bromotropolone
was fused with copper
powder at 250° ,» only tro-
polone was isolated. A 2‘
similar result is some-
times met in benzenoid

- ecompounds.
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ISOTROPOLONES

OH oH
OH OoH
_ —
A 2 -
o OH 4_0 b OH

a b

(LW (&%)

Theoretically there are 2 possible formulae for iso-
tropolone (LIX; a and b) is the m~isotropolone and (IX; a
and b) is the p-isomer. It is intereéting to prepare such
compounds and compare their physical and chemical prdperties
with those of tropolone.

Although the main target was the syntheslis of tropone
(XL ), compounds which may be substituted isotropolones were
produced.

Bromination of cycloheptanone in acetic acid at 0° pro-
ceeded smoothly to give colouriess crystalline bromocyclo-
heptanones. With two, three and four equivalents of bromine,
a dibromo- (IXI), a tribromo- (LXII) and a tetrabromo-cyclo
heptanone (LXIII) were obtained respectively.

All the three brominated campounds were dehydrobromin-
ated with collidine.

Fram the dibromocycloheptanone (LXI), an impure liquid
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was obtained which was found to contain bromine. Tribromo-
eycloheptane (LXII) gave 2 colourless crystalline solids
m.p.105%°and 140°respectively,both were soluble in most
organic solvents. Analytical figures for both agreed with
formula (LXV). These dehydrobrominated compounds were soluble
in alkali énd sodium bicarbonate but did not give a colour
reaction with ferric chloride. When they were boiled

with silver nitrate,silver bromide was obtained. Both

products were recovered unchanged after heating with

-
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dilute alkall, refluxing with chloranil in xylene or heating
with palladised charcoal in trichlorobenzene. With p-thio-
cresol, the halogen in compound m.p. 105° was replaced to
give a bromine free thioderivative which was soluble in
alkall and sodium bicarbonate.

On reduction of the two dehydrobromination products
(LXV) in ethanol solution in presence of triethylamine and
palladised charcoal as a catalyst, four equivalents of hydro-
gen were absorbed to gilve hexahydrobenzoic acid (LXVIII)
isolated as the anilide. The anilide was found to be
identical with an authentic specimen.

Tetrabromo cycloheptanone (LXII) was dehydrobrominated
to give a crystalline product m.p. 95°. Analytical figures
agree with formula (LXVII). It was soluble in alkali and
. sodium blcarbonate but failed to glve a ferric chloride
colour reaction. On reduction, the smell of hexshydroben-
zolc acld was clearly detected. The latter was isolated
as the anilide and was found 1ldentical with an authentie
specimen.

No crystalline solid was obtained when the hydrogenation
of either (LXV) or (LXVII) was stopped after one equivalent
of hydrogen was absorbed.

The bromination of cycloheptanone most likely proceeds
in the more active positions o and o' to give the substituted
cycloheptanones (IXI), (LXII) and (IXIII) Compounds (LXII)
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and (IXIII) on heating with collidine would be expected to
give possibly the intermediate dibromo compounds (LXIV)
and(LXVII) respectively. One of the bromines in the latter
two compounds may be easily hydrolysed under the reaction
conditlons used, where concentrated hydrochloric acid was
added to the reaction products to dissolve excess of the
collidine.

The rearrangement of both (LXV) and (LXVIII) to hexa-
hydrobenzoic acid is unexpected as such products would re-
quire the existence of two adjacent hydroxyl groups. How~

ever, migration of the hydroxyl groups may have occurred.
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5:4:5:6-DIBENZTROPOLONE

8:4:5:6-Dibenztropolone { LXXV:) is the first synthetic
trieyclic tropolone. It is interestihg to compare its prop-
erties with colchtecine (VI), the only known tricyclic
tropolone, with other synthetic and natural tropolones and
with benzylphenyl diketone and its enolone (LXXIX; a, b)
One may mentlion at this point the possible effect of the two
phenyl radicals linked to the tropolone system.

Dibenztropolone was prepared by the selenium dioxide
oxidation of 3:4:5:6-dibenzcyclohepta-3:5+-dien-l-one
(LXXIII)(QS).v The oxidation is not simple and is very sen-
sitive to both solvents and reaction conditions. |

The two methylene groups situated on either side of
the carbonyl group in (LXXIII) are equally reactive as they
are equally activated by both the carbonyl group and the two
phenyl groups. In benzene or ethanol solution, no oxida-
tion product was isolated. In glacial acetic gcld phenan-
thraqninone (LXXVII) was the only oxidation product. In
both aqueous acetic acld and aqueous dioxane several products

other than dibenztropolone were isolated, viz.,
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(1) 9-Phenanthrene carboxylic acid (LXXVIII). This

may have been produced in the alkall extraction process of
the acidic products as dibenztropolone readily undergoes a

benzilic acid rearrangement to (LXXVIII).

(2) Phenanthraquinone (LXXVII). As a possible route
(LXXIII) may hav;a been partly oxidised in both active centres
(1.e. the two methylene groups on either side of the carbonyl
group) to give s triketone (LXXVI) which possibly rearfanged
to phenanthraquinone. This may be compared with benzoyl-
phenyl diketone (LXXX)(zé)which in presence of hydrogen ions
loses a carbonyl group to give diphenyl diketone (LXXXI).
Phenanthraquinone was isolated both free and as the o~
phenylene diamine derivative.

(3) A cream-coloured crystalline solid m.p. 218°. An-
alytical figures show that it is approximately CjsHgOz.
It is insoluble in both sodium bicarbonate and alkali and
gives no ferriec chloride colour reactlon. It forms a gumy
precipitate with 2:4-dinitrophenyl hydrazine. It may be
suggested that it is the triketone (LXXVI) formed as described
in(2). Since this product was isolated in minute quantity
I was unsble to establish complete identity with (LXXVI).

(4) 3:4:5:6-Dibenztropolone (LXXV; a) was obtained as

a yellow crystalline solid m.p. 115-116°. It has the fol-
lowing properties:-
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(a) It is soluble in élkali but insoluble in sodium
bicarbonate. (b) It gives a brown ferric chloride colour in
aqueous ethanol. (¢) a green chloroform soluble capper
salt is obtained on shaking with copper acetate solution.

(d) It gives a red 2:4-dinitrophenyl hydrazone m.p. 234°.

(e) Dibenztropolone quickly undergoes a benzilic acid re-
a:rangement in dilute alkalil to give 9-phenanthréne carboxy-
lic acid (LXXVIII) in nearly quantitative yield. The author
was unsble to obtain a crystalline methyl ether, possibly
because of the instability of the molecule and the methyl
ether, if formed, would be rather susceptible to hydrolysis
under mild conditions.

Comparing the properties of dibenztropolone with those
of benzylphenyl diketone and its enolone (ILXXIX; a, b) the
latter is soluble in alkall bubt insoluble in sodium bicar-
bonate. It gives a brown ferric chloride colour reaction.
On the other hand (ILXXIX: a, b) does not give a chloroform
soluble copper salt.

(5) A selenium complex with dibenztropolone which partly
hydrolysed with sulphuric acid to give dibenztrOpolone and
elementary selenium. |

Only sbout 70% of the selenium dioxide used in the re-
action has been accounted for in terms of elementary selenium
separated from the reaction mixture; the rest may be in the

form of a strongly bound complex, or as unreacted selenium.
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dioxide.

5:4:5:6~Dibenzcyclohepta~3:5-dien-l1-one was kindly sup-
plied by Dr. J. D. Loudon and I understand that it was pre-
pared by the method of Kenner and Turner‘2%)via the inter-
mediate (LXIX) to (LXXII).

Benzyl phenyldiketone and its enolone (LXXIX) were
prepared from chalcone via benzalacetophenone oxide by the
method described by Kohler(zza"b).

The selenium complexes formed in the selenium dioxide
oxldation of (LXXIII) caused a severe veczema, which disap-
peared only after prolonged treatment with boric acid and

calamine lotion.



179

EXPERIMENTAL

Tropolone hydrochloride. (a) In ether or benzene as

solvent. Dry hydrogen chloride was bubbled through a solu-
tion of tropolone (30 mg.) in dry ether or benzene (3 c.c.).
Colourless erystals precipitated at once. These were fil-
tered dry and crystallised from dry etheal hydrogen chloride
in colourless needles m.p. 124-126°. (Found: C, 52.8;

H, 5.15 07H702C1 requires C, 53.0, H, 4.5%) With ferric
chloride, the hydrochloride gives a blood red colour which
slowly becomes green. It was unstable at ordinary tempera-
ture and decomposed slowly with the evolution of hydrogen
chloride. On sublimation of the hydrocﬁloride, theré was
extensive decomposition and tropolone was obtained.

(b) In acetic acid tripolone hydrochloride prepared as

described above in acetlc acld gave colourless needles m.p.
120-130° containing one molecule of acetic acid. (Found:
€C,50.6;5 H, 5.2 CgHy70401 requires C, 49.4; H, 5.1%). On
admlixture with the above hydrochloride the m.p. wasAdepres-
sed 10%.

Bromotropolone hydrochloride. Prepared as described
for tropolone, was obtained in cream coloured needles.
m.p. 150-160° (decamp.). The hydrochloride is very unstable
st room temperature and on sublimation pure bromotropolone

m.p. 105-108° was obtained.
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Ammonium tropolone: To pure tropolone (20 mg.) in

water (0.5c¢c.c.) concentrated ammonias (1 c.c.) was added;

a8 yellow crystalline product was obtained. It was filtered
dry and dried at 100° C. m.p. 145-150°. (Found: C,60.81;
H, 6.35. 07H902N requires C, 60.51; H, 6.4%). When it
was crystallised from ammoniacal ethanol, the melting point
was progressively lowered. m.p. 125-130°.

Ammonium bromotropolone: was prepared as described for

ammonium tropolone, and was obtained as a yellow crystalline
solid m.p. 185-190°. (Found: G, 38.9; H, 3.25 CyHgOoNBr
requires C, 38.55; H, 3.7%). Crystallisation fram ammoniacal
methanol gave yellow long needles containing half a molecule
of ethanol m.p. 145-150°. (Found: G, 39.5; H, 4.6 CnHgO,NBrk
CoHg OH requiresc’SQ.B; H, 4.6%). ’

Action of thionyl chloride: (1) At ordinary tempers-

ture. (a) Tropolone: To tropolone (50 mg.) in dry thiophene
free benzene (2 c.c.), thionyl chloride (0.5 c.c.) was added.
The white crystalline precipitate formed was filtered dry,
washed with benzene and then dry ether. It was obtained
in colourless needles m.p. 119-25°. (Found: G, 53.4; H, 5.0.
CnHy0oCl requires C, 53.0; H, 4.5%).

The above product was undepressed on admixture with
tropolone hydrochloride and when it was crystallised from
benzene/light petroleum, colourless crystalline needles of

2-chlorocyclohepta-2:4:6-trien-l-one (XXXIV) m.p. 63-640°
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were obtained after four crystallisations. Analytical
figures are approximate to (XXXIV). (Founda: C, 58.6, H, 3.6
CVEsOCl requires C, 59.65, H, 3.6%).

(b) Bromotropolone. Bromotropolone hydrochloride was

obtained by the same method. m.p. 150-160°.

(2) At higher temperature. (a) Tropolone. A mixture
of tropolone (lg.), purified thionyl chloride (10 c.c.) and
thiophene free dry benzene (10 c.c.) were gently refluxed
on a water bath (3 hours). The white precipitate formed
at the time of mixing slowly redissolved on heating. Ex-
cess of thionyl chlorlde and benzene were removed in vacuo.
Fresh benzene was added and this was also removed (twice).
The resldue was then redissolved in benzene and decolourised
with charcoal. The solvent was removed and residuve distilled
b.p. 70° (01l bath temperature)/l mm. to give 2-Chlorocyclo-

hepta-2:4:6-trien-l-one (XXXIV) as a colourless oil. The

latter quickly solidified. It was crystallised from ben-
zene/light petroleum as colourless crystal}ine needles m.p.
64° (0.5g. = 53%). (Found: C, 59.8; H, 3.7 0535001 requires
C, 59.75; H, 5;6%). (XXXIV) gave no colour with ferric
chloride and when boiled with silver nltrate,silver bromide
was preclpitated.

(b) Bromotropolene. A mixture of bromotropolone (lg.)
thionyl chloride (10 c.c.) and benzene (10 c.c.) were re-

fluxed for 4 hours. The product on distillation gave
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2:3-dichlorocyclohepta-2:4:6-trien-1-one (XXXV) as a yellow

0il b.p. 110° (oil bath temperature)/l mm. The latter was
crystallised from benzene to give cream-coloured shining
needles m.p. 130° (0.5g. = 50%) (Found: C, 47.2, H, 2.45
C,H,0C1, requires C, 48.0, H, 2¢3%) .

Actlon of PhosphorZus trichloride. .

(1) At Ordinary temperature. (a) Tropolone gave an

unstable white crystalline solid m.p. 87-90°. This quickly
darkened and became viscous on exposure to air.

(b) Bromotropolone gave a dark-clouded hygroscopic

complex. m.p. 50-120°.
(2) At higher temperature. (a) Tropolone. A mixture

of tropolone (0.5g.), dry benzene (15 c.c.) and phosphoruss
trichloride (4 c.c.) was refluxed on a water bath (1 hour).
The product was then worked as described for (XXXIV). The

sublimed residue gave 2=-chlorocycloheptatrienone (XXXIV) in

colourless needles m.p. 64° and was undepressed on admixture
with a sample obtalned by the thionyl chloride experiment.
Anslysis is approximate for (XXXIV). (Found: C, 58.8; 3.7
CnHgOC1l requires 6, 59.75; H, 3.6%).

Action of phosphorsus tribromide. A mixture of

tropolone (200 mg.), phosphorams tribromide (0.5 ¢c.c.) and
benzene (5 c.c.) were treated as described above to give

2-bromocyclohepta-2:4:6-trienone as colourless shining




183

leaflets m.p. 117-9°. (Found: C, 45.9,5 H, 2.5
CyHO0Br requires C, 45.4; K, 2.7%) .

Reactions of 2-chlorocyclohepta-2:4:6-trienone (XXXIV)

(1) The above compound (200 mg.) was heated in a sealed
tube with 10% absolute methanolic ammonia (5 c.c.) at 100°
for 4 hours. The solvent and excess of ammonia were then
removed. The red residue partially crystallised with light

petroleum on scratching. This product was sublimed at
| 80°/1 nmm. The yellow powder obtalned was erystallised
from benzene/methanol to give yellow needles of 2-amino-

cyclohepta-2:4:6-trien-l-one (XXXVII) m.p. 100-10%°

(Found: C, 69.9; H, 5.8 CyHyON requires C, 69.4; H,
5.8%). (XXXVII) Is sparingly soluble in hydrocarbon sol-
vents, very soluble in hydroxylic solvents, and soluble in
aclds. It glves a green colour with ferric chloride in
ethanol. v

(2) 2-n-Alkylcyclohepta-2:4:6-trien-1-one (XXXVII)

To a mixture of chlorocycloheptatrienons (150 mg.),and
benzene (2 c.c.), alkylamine (2 c.c.) was slowly added. The
reaction developed heat and akyl amine hydrochloride was
formed. The reaction mixture was heated (30 mins.) on the
steam bath and then filtered. The filtrate was washed with
water until free from alkylamine. The benzene extract was
dried (NayS80,) and solvent removed. The yellow brown
regidue was distilled. The alkylemine derivatives were
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obtained as yellow-green viscous oils. They give a green
ferric chloride colour reaction and are soluble in acids.

2-Methylaminocyclohepta-2:4:6-trien~l-one (XXXVII,

R =H, Ry = Me) b.p. 70° (o1l bath temperature)/l mm.
(Found: C, 70.0, H, 7.25 C8H90N5 requires C, 71.05; H,
6.7%) The picrate was obtained as yellow needles m.p.
130°. It was analybtlcally impuve.
2-Dimethylaminocyclohepta=-2:4:6-trien-l-one (XXXVII,

R, Ry = Me) b.p. 90° (oil bath temperature)/lL mm. was analy-
tically impure. The plicrate was obtalned as yellow needles
from methanol m.p. 148° decomp. (Found: C, 46.9; H, 3.8
ClSHi4OBN4 requires C, 47.9; H, 3.75%).
2-Propylaminocyclohepta-2:4:6-trien-l-one (XXXVII,

R = H, By = CzHy). b.p. 100° (oil bath temperature )/l mm.
(Found: C, 72.0; H, 8.0 C10H1 30N requires C, 73.6;
H, 8.0%) (Analytically impure). The picrate was obtained
as yellow needles m.p. 145° decomp. (Found: C, 49.5, H, 4.5
CqgH1 608N, requires C, 49.0: H, 41%)

(3) A mixture of chloro cycloheptatrienone (100 mg.)
and 15% sodium methoxide in absolutef methanol were heated
in a sealed tube at 80° (4 hours). The product was ex~

tracted with ether. From the ether extract tropolone methyl

ether hemihydrate (XXIX) m.p. 35-36° was obtailned and was

undepressed on admixture with an authentic ether obtained

by the action of diazomethane on tropolone.
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(4) The reaction of alkali and water on 2-chlorocyclo-

heptatrienone (XXXIV). (XXXIV) (100 mg.) and 3% sodium

hydroxide were heated (30 mins.) on a water bath at 50-60°.
The product was acidified and extracted with ether. The
dried ether extract was evaporated and the residue fraction-
ally crystallised from benzene/light petroleum to give

(a) benzoic acid, m.p. and mixed m.p. with an authentic

specimen 119-120°. (b) colourless crystalline needles,
m.p. 90°. The latter was soluble in sodium hydroxide and
bicarbonate and did not give a ferric chloride colour reac-
tion. It was insufficient for analysis.

When chlorocycloheptatrienoneAwas boiled with water,
the two above products were also obtained.; On refluxing
with methanol, methylbenzoate could be clearly detected and
acid hydroiysis gave benzoic acld m.p. and mixed m.p. 118~
120°.

(5) When 2-chloro-cyclohepta trienone (50 mg.) was

heated with a saturated solution of smmonium chloride followed

by aclidification and ether extraction, tropolone was isolated

as the copper salt (2 mg.)

(6) Reduction of chlorocycloheptatrienone .

(1) In cyclohexane as sgolvent, chloro cycloheptatrienone

(150 mg.) in cyclo hexane (10 c.c.) was reduced in presence
of palladised charcoal catalyst (30 mg.) Hydrogenation was

interrupted after 1 mole of hydrogen (24 c.c.) was consumed.
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The product was sublimed and crystallised from cyclohexane
to give colourless needles m.p. 06° (Found: C, 65.6, H, 5.0
CyHyCl requires C, 66.4; H, 5.5%) (analytically impure)
This product showed no ketonic properties and was found to

contain chlorine. It is suggested to be chloro cyclohepta-

triene.

(b) In benzene as solvent. On reduction of (XXXIV)

(150 mg.) as sbove a solid m.p. 145° was obtained (4 mg.)
together with a high bolling residue. The former gave no

satisfactory formula based on analysis.

(c) In ethanol. 2-chlorocycloheptatrienone (100 mg.),

anhydrous potassium acetate (0.5g.), absolute ethanol

(10 c.c.) and palladised charcoal catalyst were shaken in
presence of hydrogen. Absorption was smooth (64 c.c.,

4 moles) in 1% hours. After filtration of catalyst and
removal of solvent, water (3 c.c.) was added and then the
mixture was extracted with ether. The dried ether extract
was evaporated and the residue distilled to glve cyclohept-
anone (XXXIX) b.p. 175-178°. (literature, b.p. 174-180°).

The semicarbazone had m.p. 162-3° undepressed on admixture

with an authentic specimen.

When the hydrogenation of (XXXIV) (100 mg.) was in-
terrupted after hydrogen (16 c.c., 1 mole) was sbsorbed and
then following the above procedure, cyclohepta 2:4:6~-trien-

l-one (XL) was obtained as a colourless viscous oil b.p. 115
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-115°/12 m. ¥°°> 1.6082. (10 mg.) (literature'2t):(21)
b.p. 104-105°/10 mm., §°°D 1.6070, 822D 1.6170). The latter
was very hygroscopic and analytically figures showed that
it contained 2 molecules of water and was impure (Found:
G, 59.6; H, 5.3 64H q0; requires C, 59.2; H, T.0%).
Neither time nor material was avalleble for repeating this
experiment. Cycloheptatrienone gave no ketonic derivatives
and wbB rapidly decolourised wath dilute potassium permangan-
ate solution. The hydrochloride was prepared in ether
solution and formed a white crystalline solid that rapidly
absorbed moisture and darkened.. On sublimation a crystalline
hydrochloride was obtained but it was difficult to isolate
as 1t was very hygroscopic. The picrate derivative was
obtained as pale yellow needles m.p. 100-10%° from agqueous
methanol. (literature!20)s(21) p . 100-101°).

Reactions of 2:3-dichlorocyclohepta-2:4:6-trien-l-one
(XXXV)

(1) Action of alkall or water. 2:3-dichlorocyclo-

heptatrienone (100 mg.) was heated with 3% alkali at 60°
for 1 hour. 0-Chlorohenzoic acid (XLV) was obtained

(50mg.) m.p. and mixed m.p., with an authentic specimen 143-
145°.

Boiling (XXV) with water also yielded o=chlorobenzoic acid.}

(2) Reaction with ethylamine. This was carried out

as described for (XXXIV) to give 2-ethylamino-3-chlorocyclo-
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heptane-2:4:6~trienone (XLVI) as a yellowish-green oil

b.p. 110° (o0il bath temperature)/2m. (Found: C, 57.85;
H, 5.0 CgH;oONCl requires C, 58.85; H, 5.45%).

(3) Reduction of (XXXV) (200 mg.) in sbsolute ethanolic
potassium acetate in presence of palladised charcoal, gave

(after 5 moles of hydrogen were absorbed) cycloheptanone

(50 mg.) b.p. 176-178° (literature, b.p. 179-180). The
semicarbazone had m.p. and mixed m.p. with an authentic
specimen 162-163°.

When sbsorption of hydrogen was interrupted after hydro-

gen (2 moles) was absorbed, cycloheptatrienons b.p. 104-
105°/10 mn. n2% 1.6081 (10 mg.). (literature, b.p. 104-
105°/10 mm., n22p 1.6172(20), 126p 1,6070(21)) was isolated.

0(._
Replacement reactions of/bromotropolone.

(1) 2-Amino-3-bromocyclohepta-2:4:6-trien-l-one (XLVII)

Bromotropolone methyl ether(ls) (200 mg.) was heated with

15% anhydrous methanolic smmonia (5 c.c.) at 110° for 8

hours. The solvents were removed and the red residue
erystallised on addition of ligroin and scratching. The
brown solid was sublimed at 110° (oil bath temperature )/l mm.
to give a yellow powder. The latter was crystalllised from
benzene /methanol to give yellow crystalline needles m.p. 1400,
(Found: C, 41.0; H, 3.0 CrHgONBr requires C, 42.0, H, 3.0%).
2-amino-5ébromocycloheptatrienonsvis soluble in hydrochloric

acid, and glves a green ferrlc chloride colour in ethanol.



189

It is sparingly soluble in hydrocarbon solvents, very sol-
uble in hydroxylic solvents.

The above product (20 mg.) and 10% sodium hydroxide
(1 c.c.) were heated on the steam bath (2 hours). Bromotro-
polone m.p. and mixed m.p. 103-108° was obtained.
(2) & -Hydroxybtropolone (XLVIII)

Sodium bromotropolone (0.5g.) and 50% sodium hydroxide
solution (5 c.c.) were refluxed (15 hours). The product
was acldified with sulphuric acid and extracted with ether
in a continuous liquid-liquid extractor (48 hours). Then
the ether extract was dried (Nag80,) and the ether removed.
The dark brown residue was sublimed at 150°/1 m.m. to give
a yellow solid m.p. 230-4 (50 mg.). This was crystallised

from benzene methanol mixture to give X -hydroxytropolone

(XLVIII) as a yellow cystalline solid m.p. 244° decomp.
(Found: G, 60.6; H, 4.5 CpHeOy requires C, 60.85, H, 4.4%)
g<-Hydroxytr0polohe is very soluble in hydroxylic solvents,
soluble in sodium blcarbonate and gives a brown ferriec
chloride colour reaction.
(XLVIII) was also obtained in low yield when bromo-
tropolone was fused with:alkalli at 230-250° for 15 mins.
Fusion of hydroxytropoline with alkall. «- Hydroxy-

tropolone (30 mg.) was fused with sodium hydroxide (2g.)
and water (1 c.c.) in a nickel crucible at 300-310° (25 mins.)

The dark brown melt was cooled, dissolved in water, acidified
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and extracted with ether. The ether extract was dried and

evaporated to give a brownish residue. The latter was sub-

limed to give salicylic acid (L)h(zmg.),m.p. and mixed m.p.
with an authentic specimen 160°. :

Fusion of Bromotropolone with alkali.X{-Bromotropolone

(250 mg.), potassium hydroxide (2 g.) and water (1 c.c.)
were fused as described above to give salieMlic acid (L)
m.p. and mixed m.p. 160° (10 mg.). The latter gave a
violet ferric chloride colour reaction.

(3) X _=Cyanotropolone (LI)

Sodium bromotropolone (4g.), pure pyridine (20 c.c.)
and cuprous cyanide (5g.) were refluxed (15 hours). The
suspended starting material slowly disgolved on heating
(15 mins.) and the solution was coloured deep yellow.

After cooling, the product was carefully acidified
under a hood with hydrochloric acid. Then it was extracted
with ether in a continuoué liquid-liquid extractor. The
ether extract was dried (NagSO,) and the ether removed. The
resldual solid was sublimed at 130-150° (o0il bath temperature)/

2 mm.. to givexdcyanotropolone (LI) as a yellow powder m.p.

150-160° (2g. 80%). The latter was sublimed and crystallised
several times from benzene/methanol to give yellow leaflets
which although sharp-melting, did not analyse satisfactorily.
m.p. 165° (Found: C, 63.2; H, 3.3 CgHzO,N requires C, 65.3;
H, 3.4%). |
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K -Cyanotropolone gives a greenish brown ferric
chloride colour reaction.
thnﬁgibmotr0polone was fused with cuprous or potassium
cyanide at 200-220°0, 1.5% of X-cyanotropolons was obtained
as a yellow powder m.p. 160-165°.

Tropolone- X ~carboxylic acid (LIII)

X -Cyanotropolone (1lg.) and 80% potassium hydroxide
solution (5 c.c.) were refluxed (12 hours). The product
was acidified with sulphuric acid and extracted with ether
in a continuous ligquid-liquid extractor (48 hours). The
ether extract was dried (Nag80,) and the ether removed.

The residuvual brown solid was sublimed at 140-160 (oil bath
temperature )/1-2 mm. when small yellow needles were obtained
(0.5g. = 40%). The latter was crystallised from benzene

to give tropolone -X -carboxylic acid (LIII) as yellow needles

from benzene methanol m.p. 212-213° decomp. (Found: C, 58.0;
H, 3.8 CgHg0y requires G, 57.85; 3.65%).

| Tropolone - x~carboxylic acid is soluble in both sodium
hydroxide and sodium bicarbonate. Sparingly soluble in
hydrocarbon solvents and ether, very soluble in hydroxyliec
solvents and gives a brown ferric chloride colour reaction.

When cyanotropolone was refluxed with concentrated

hydrochloric acid, tropolone-cX-carboxylic acid was obtained
in 20% yleld. |

Decarboxylation of tropolone.c-carboxylic acid. The
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sbove acid (LIII) (100 mg.) was heated in an oil bath in a
sublimation tube at 240-250°; +the material quickly decom-
posed and & white oily solid was obtained. The latter was
dried on a porous plate and the residue crystallised from
light petroleum (b.p. 40-60°) to gilve tropolone as colour-
less crystalline needles m.p. 49° undepressed on admixture
with an authentic specimen of tropolone.

Fusion of Tropolone-~ « -~carboxylic acid with alkali.

The above acid (100 mg.) was fused in a nickel crucible
as described for K -hydroxytropolone (XLVIII) to give on
sublimation phthalic anhydride m.p. 130° (5 mg.) undepressed

on admixture with an authentic specimen m.p. 131°. Boiling
with water, phthalic acid m.p. 228° was obtained undepressed

on admixture with an guthentlc specimen m.p. 2310.

| When tropolone -X-carboxylic acid was treated with
diagomethane, a yellow gummy residue was obtained. The
latter was distilled b.p. 110° (oil bath temperature)/L mnm.
to give & yellow uncrystallisable oil. This 0il was in-
soluble in alkalli and no longer gave a ferric chloride colour
reaction. On hydrolysis of the oil, tropolone -« -carboxylic
acid was obtained m.p. and mixzed m.p. 212°.

Tropolone -X-(p-thiocresol). (LVI, R = Me)

Bromotropolone (1lg.), p-thiocresol (lg.) and pyridine
(10 c.c.) were refluxed for 1 hour. The product was fil-

tered free from precipltated sodium bromide. Excess pyridine
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was removed in vacuo and the residual solid was crystallised
from methanol in green-brown crystals. When powdered, it
appeared yellow. m.p. 175° (1g. 81%) (Found: C, 69.0;

H, 5.25. Cq4H15058 requires C, 68.8; H, 4.95%) . With
thiophenol, tropolone-A -thiophenol (LVI, R = H) was obtained

in yellow crystalline needles m.p. SBQ,Imowever, the product
was not analytically pure. (Found: C, 67.65; H, 5.6
CqzH; 0055 requires C, 67.8; H, 4.4%).

Both above products were soluble in alkali and gave a
brown colour with ferric chloride.

Desulphurization of Tropolone -X-{p-thiocresol)

The sodium salt of the above product (100 mg.) was
refluxed with Raney nickel (200 mg.) in ethanol (5 c.c.)
for 2 hours. The product was filtered and the ethanol re-
moved . On sublimation of the residue, tropolone was ob-
tained m.p. 49° undepressed on admixture with an authentic
specimen.

o~
Fusion of bromotropolone with copper powder: Sodium

bromotropolone (100 mg.) and copper powder (200 mg.) were
heated in pyrex tube in an oil bath at 250° (2 hours).
The product was acldified and extracted with ether,
The ether extract was dried and ether removed.

The residue on fractional sublimation gave tropolone,
subliming at 40°/1 mm. (5 mg.) m.p. and mixed m.p. 49° and
bromotropolone subliming at 859/1 mm.-m.p. and mixed m.p.
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103-105 (20 mg.)

X-Bromotropolone and tropolone used in the reactions

(l6a)et

described here were prepared by the method of Cook al.

0,: 0% -Tetrebromocycloheptanone (LXIII). To an ice

cold solution of cycloheptanone (5g.) in glacial acetic acid
(5 c.c.) was added a solution of bromine (28.6g.) in glacial
acetic acid (15 c.c.) for 30 mins. At first the reaction
mixture became red, then a sudden reaction took place and
the reaction mixture was decclourised. After complete
addition of bromine, the reaction product was viscous and
red. The product was left overnight in a flask protected
with a guard tube and was then heated on a steam bath (20
mins.). Dense fumes of hydrogen bromide were evolved.

The product was then concentrated in vacuo to one-third of
its bulk and then extracted with ether. The ether extract
was first washed with sodium bicarbonate then with water

and dried (Nag30,). The ether was removed and the residual
reddish 0il quickly solidified on cooling. The latter was
crystallised from benzene/light petroleum to give O of tetra-

bromo_cycloheptanone as colourless cubes m.p. 79° (5.1g. =

19%) . (Found: C, 20.15, H, 2.15. CyHgOBr, requires
C, 19.65; H, 1.9%).
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0!g;-tribromocycloheptanone (LXII). To cycloheptanone

(5g.) in glacial acetic acid (5 c.c.), bromine (21l.4g. in
acetic acid (10 c.c.) was added. The reaction was carried
out as described above to give colourless leaflets or prisms,
m.p. 72° (5g. = 28%). (Found: C, 24.2; H, 2.4. CyHgOBr,
requires C, 24.1; H, 2.6%).

0;01—Dibromoqyclo-heptanone (LXI). To cycloheptanone

(5g.) in glacial acetic acid (5 ¢.c.), bromine (14.3g.) in
acetic acid (10 c.c.) was added. The product was worked
up as described above to give colourless prisms from light
petroleum (80-100°) m.p. 71° (3g. = 26%). (Found: C, 31.6;
H, 4.1. OyH;o0Bry requires C, 31.2; H, 3.75%).
Dehydrobromination pf 0,@l-tetrabramoqycloheptanone

(LXIII). The above product (3g.) and collidine (40 c.c.)
were heated In an oil bath with gentle reflux. After nearly
15 mins. collidine hydrobromide was precipitated. Refluxing
was continued for 30 mins. more. The reaction product was
cooled and filtered, the solid material was washed with ben-
zene . To the combined filtrate and washings, concentrated
hydrochloric acid (50 c.c.) was added. The reaction mixture
was shaken and the benzene layer separated. The latter was
then washed with dilute hydrochloric acid then with water.
The benzene extract was dried (Na2804), decolourised with
charcoal, and filtered. The bright yellow filtrate was
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evaporated and the residue distilled in vacuo at 80-100°

(oil bath temperature )1l mm. The distillate was obtained

as a colourless o0il which quickly crystallised. Crystallisa-
tion from light petroleum, colourless crystals of (LXVII)

were obtained m.p. 95° (0.5g. = 38%). (Found: C, 41.25

H, 4.4. OnHgOoBr requires C, 41.0, H, 4.4%). The above
product was soluble in sodium hydroxide, sodium bicarbonate,
but did not give & ferric chloride colour reaction. On
addition of silver nitrate to a boiling solution of the

above product in nitric acid silver bromide was obtained.

Dehydrobromination of Ob01—tribromoqyclohsptanone (IXII).

The above product (3g.) and collidine (40 c.c.) were
heated together and worked up as described for (LXVII).
The product was fractionally distilled to give a fraction
b.p. 90-110° (oil bath temperature)/1-2 mm. This was frac-
tionally crystallised from benzene/light petroleum to give
(a) colourless needles m.p. 105° (0.5g. = 31%). (Found:
C, 41.05, H, 3.75. CnHyOoBr requires C, 41.4; H, 3.5%).
(o) colourless cubes m.p. 140° (0.1g. = 6%) (Found: C, 40.9;
H, 3:7. GCpl,0-Br, requires C, 41, 4; 3.5%). Both products
(a) and (b) corresponded to formula (LXV,a). Both products
were soluble in sodium hydroxide and sodium bicarbonate but
did not give a ferric chloride colour reaction.

Fusion of product m.p. 105 with alkali. This was

carried out as described for O(-hydroxytropolone (XLVIII).
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A crye'ballipe solid m.p. 100° was obtained from light petrol-
eum., Admixture with the starting material the former gave

a depression of 30°. The product was also soluble in sodium
bicarbonate and did not give a ferric chloride colour resac-
tion. (Found: C, 52.88; H, 7.8. CyH, 50, requires C, 52.5;
H, 7.55%).

Reaction of solid m.p. 105° with p-thiocresol. This

was carried out as described for (LVI) to give colourless cry-
stals m.p. 198° which were analytically impure. (Found:

c, 67.0; H, 5.5 f4§ig‘é‘£2requires C, 68.25; H, 5.7 %) .

This product was soluble in both alkali and sodium bicarbon-
ate and had no colour reactionlwith ferric chloride solution.

Reduction of solid m.p. 105°; (LXV) (100 mg.), ethanol

(15 c.ce), triethylamine (0.5 c.c.) and palladised charcoszl
(25 mg.) were shaken in the presence of hydrogen. Absorption
stopped after the consumption of 4 equivalents of hydrogen.
The product was then filtered from catalyst and solvent was
removed in vacuo. The colourless residue had a smell of

that of hexahydrobenzoic acid. It dlstilled at 220-230°

under ordinary pressure E:yclohexane—carboxylic acid. Db.p.
230°/760 mm%. This residue was then refluxed with thionyl
chloride an‘d the zcid chloride produced was heated with
aniline (% hour). The product was then diluted with water

and extracted with ether. The residue gave cyclohexane-

carboxylanilide m.p. 135-138°. Admixture with an authentic
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specimen gave no depression.

When the consumption of hydrogen was interrupted after
the absorption of one equivalent of hydrogen, the only pro-
ducts that could be detected were cyclohexane carboxylic
acid and the starting material.

Reduction of solid m.p. 140°. This was carried as de-

scribed above to give hexahydrobenzolc acid b.p. 225/760 m.

The anilide m.p. 135-137°. The latter product was undepres-
sed on admixture with an authentic specimen.
3:4:5:6-Dibenztropolone (ILXXV)

(1) In Dioxane. To 3:4:5:6-dibenzcyclohepta 3:5-
dien-l-one (LXXIII) (200 mg.) dissolved in dloxan (3 c.c.),
was added a solution of selenjum dioxide (85 mg.) in water
(L c.c.). The reaction mixture was then heated on the
steam bath for 8 hours. Selenium black was precipitated.
The product was then left overnight at room temperature.

It was filtered from selenium (40 mg.), diluted with water
(3 c.c.) and extracted with ether (3 times). The combined
ether exfract was then extracted with sodium bicarbonate,
followed by sodium hydroxide till no colour appeared in the
alkaline extract. The straw-coloured sodium bicarbonate
extract was acidified, and then extracted with ether. The
residue was sublimed at 180°/1 mm. to give yellow needles
of 9-phenanthrene-carboxylic acid (LXXVIII) m.p. 253-256°
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(6 mg.). Admixture with an authentic specimen produced no
depression in the melting point. The sodium hydroxide ex-
tract was quickly filtered through charcoal and the deep
yellow filtrate was quickly acidified and extracted with
ether. The ether extract was dried and ether evaporated.
The residue was fractionally crystallised from ether to
give yellow needles of 9-phenanthrene-carboxylic acid
(LXXVIII) m.p. 254-256° (4 mg.) and yellow prisms (15 mg.)
The latter were crystallised fram benzene/light petroleum
to give 3:4:5:6- dibenztropolone (LXXV) m.p. 115-116°.

(Found: C, 80.75; H, 4.4. C15Hy 002 requires 81.05;
H, 4.5%).
The 2:4-dinitropheny hydrazone was obtained as red leaf-

lets from methanol/benzene m.p. 234°. (Found: C, 62.6;
H, 4.05. CoH,50:N, require C, 62.5; H, 3.7%).
Dibenztropolone was found to have the following prop-
erties:-
(1) Gives a brown ferric chloride colour reaction.
(2) Gives a yellow sodium salt in solution. (3) Forms a
green copper complex 1n presence of copper acetate which is
soluble in chloroform. It was insoluble in sodium bicar-
bonate, soluble in sodium hydroxide.
The neutrsel ether extract was once washed with water
then was dried (Nazsc4) and the ether evaporated. The yellow

gummy product was extracted once with light petroleum. The
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latter on slow evaporation gave dlbenzcyclohepta-3:5-diense

(unchanged material) m.p. 75-78° (20 mg.) and was undepressed
on admixture with an authentic specimen. The remaining
material was then fractionally crystallised from benzene/

cyclohexane to give (a) phenanthragquinone (ILXXVII) which was

purified by sublimation and crystallisation m.p. 195-197°.

The O-phenylenediamine derivative gave m.p. 217°. Admixture

of both above specimens with authentlc specimens of phenanthra-
quinone and the O-phenylene diamine derivatives respectively
were not depressed. (b) Cream coloured prisms m.p. ‘.':.’}18o

(8 mg.) possibly the triketone (LXXVI) (Found: C, 75.45;

H, 3.96. Cy5Hg03 requires C, 76.2; H, 3.4%). The latter
was insoluble in alkali and gave a gummy precipitate with
2:4-dinitrophenyl hydrazine.

The residual product was scratched in ligroin. A fine
powder was obtained m.p. 145-150°. The latter was refluxed
with dilute sulphuric acid (2 hours). The ether extract
gave dibenztropolone m.p. 115-116° and red selenium (2 mg.)

(2) In aqueous acetic acid. The above detailed pro-

cedure was followed using 5i4:5:6-~dibenzcyclohepta-3:5-dien-
l-one (200 mg.) in acetic acid (3 c.c.) and a solution of
selenium dioxide (85 mg.) in water (2 c.c.). The following
producte were obtained. (a) Dibenztropolone (LXXV) (15 mg.)
(b) 9-phenanthrene-carboxylic acid (LXXVIII) (12 mg.)

(¢) Phenanthraquinone (LXXVII) (5 mg.) (d) Unchanged
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dibenzcycloheptadienone (LXXIII) (20 mg.) (4) The triketonse
(LXXVI) (5 mg.) and (f) a selenium complex.

(3) In glacial acetic acid Dibencyclohepta-3:5-dien-

l-one (LXXIII), glacial acetic acid (3 c.c.) and éelenium
dioxide (85 mg.) were heated on a steam bath (8 hours).
The product became deep red and elementary selenium was
precipitated. The reaction mixture was then treated as

described above to give phenthraquinone (LXXVII) (25 mg.)

and starting material (50 mg.) as the sole products.
Reaction of Alkali on dibenztropolone (LXXV).

Dibenztropolone (10 mg.) and 3% sodium hydroxide were
heated on a water bath at 50° (30 mins.) The product was
acidified and extracted with ether. The residue was sub-

limed to give 9-phenanthrene-carboxylic acid (LXXVIII)

m.p. and mixed m.p. 254-256°.

Attempts were made to prepare dibenztropolone methyl
ether by the actlon of diazomethane on dibenztropolone.
However the product falled to crystallise. No colour reac-
tion was obtained with ferric chloride. On hydrolysis of
the gummy methyl ether with dilute sulphuric acid, dibenz-
tropolone was obtained m.p. and mixed m.p. 115-116°.
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