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PART I

STUDIES IN TROPOLONE GHEMISTRY




SUMMARY

PART I.

By extension of the method of preparing tropolone
“dlone to isopropyleyeloheptanediones, o~ , (3 -ana ¥ -1:2-
dione to igopropylcycloheptanediones, d~ , /3 -and ¥ -
isopropyltropolones have been prepared and have been
shown to be identical with the naturally-occurring
o - (5 - and ¥ - thujaplicins.
) Some reactions of tropolone have been examined,
in particular, the Friedel-Crafts and Reimer-Tiemann
reactions. The reduction of tropolone with lithium
aluminium hydride has been studied. In the course of
an attempt to prepare a b/—nitrotropolone, cyclodecane~
l:2-dione was found to dimerise. The nature of this
product has been examined and a structure proposed.
An attempted synthesis of Y -tropolone is also

deaceribed.
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STUDIES 1IN TROPOLONE CHEMISTRY

INTRODUCTION .

The postulate of the quasi-aromatic properties of the
cycloheptatrien-2-0l-1l-one (tropolons; I) system was first
invoked by M. J. S. Dewar(l)to account for the properties
of the naturally-occurring compound stipitatic acid (II).
Since then, further natural products have been shown to de-
rive from this system. These include (a) hinokitiol,

L4(2)

isolated from the essential o0ll of Chamaecyparis

taiwanensis and later shown(s)to be identical with {3 -
thujaplicin (VII) isolated along with o{-(VI) and ¥ -
(VIII) thujaplicins{4)from the heartwood of Swedish and

American Western Red Cedar; (b) purpurogallin (III), an
oxidation product of pyrogallol;(s) (c) the mould metabo-~
lites stipitatic acid (II) (1)’(6)puberulic actd (Iv)(6)ang
puberulonic acid (V)(V)(s); (d) colchicine, derivsd from
the autumn crocus and almost certainly possessing struct-
ure (Ix)(g)containing a tropolone methyl ether system; and
(e) nootkatin,(lo)clsﬂzooz, a tropolons related to the

sesquiterpenes, isolated from Chamaecyparis nootkatensis

(Alaska Yellow Cedar) whose structure is at present under

investigatlon by X-ray crystallographic methods(ll) which
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suggest structure (X) for this campound.

(IX) (X (Vi)

Several excellent reviews of the chemistry of the tropolones



(12,13, 1)
have now appearsd but a brief outline of the syn-

thetic approaches to thlase interesting new compounds and
an account of the more detailed chemistry of the thuja-
plicins have been included in this thesis.

The first synthesis of the tropolone ring system was
achieved by Cook and Somerville (16 )yno prepared 0<F -benzo-
 tropolone (XI) by dehydrogenation of the sppropriate benzo-
cycloheptane-1:2-dione in boliling trichlorobenzene in pres-
ence of 10% palladised charcoal.

o o |
SOR
(Xi)

Thls method of dehydrogenation was also successful

when applied to the trimethoxybenzosuberane-l:2-dione (XII)
by Caunt, Crow, Haworth and Vodoz ‘1®)who obtained the |
hitherto inaccessible purpurogallin dimethyl ether (XIII)
readily convertible to purpurogallin (III).




Tropolone itself (I) has now been synthesised by four
different methods. GCook, Gibb, Raphael and Somerville (17)
showed that bromination of cycloheptane-l:2-dione (XIV) with
two molecules of bromine followed by dehydrobromination
yielded o -monobramnotropolone (XV) whose sodium salt on
hydrogenolysis afforded the parent tropolone (I) in good
yield. Nozoe ue)in Japan independently and almost simul-
taneously carried out a similar set of experiments to pre-

pare tropolone.

o o | o O o OH
3 - B
@ 2y [compLex ] % @ S @

(5T) (5V) (I)

About the same time two further independent syntheses
of tropolone were announced. The first, due to Doering
and Knox'" 1n the U.S.A., employed the photochemical ring
expansion of benzene to cyclohepta-l ;5:5-tr1ene which on

oxidation with potassium permanganate gave tropolons.




The second consisted in the stepwise degradation of
purpurogallin (III) to p‘ -me thyltropolone (XVI).

Q OH
@ @
Holc. CH, CH; |

@ (X"Vf)
O oH
0 O Q
0 (xm) (T

Oxidation of ﬁ -me thyltropolone methyl ether gave [3 -
formyltropolone (XVII) as its methyl ether which in turn
was oxidised to tropolone /3 -carboxylic acid (XVIII) and
finally decarboxylated to tropolone (I). In this way,
Haworth et al(l() not only prepared tropolone but also a
nunber of very useful intermediate substituted tropolone
derivatives.

A fourth synthesis has recently been described by
Knight and Cram(zc)who utilised the acyloln condensation
of diethylpimelate. The resulting 2-hydroxycycloheptanone



(XIX) underwent successive oxidation, branination, and de-
hydrobromination on treatment with bronine to yleld tropo-

COEC  COyEt ¥ 0 M P
by | /
CHZ CH; S
N s ;
Chy
(X%) D

Analogous experiments with the five-membered acyloin did

not yield an aromatic system:-

OH 0 | o o
- e

Thj.s lack of aromatic character has been attributed

OH o

(20) to

the availability in cyclopentadlen-l-ol-2-one of only four
JU electrons, benzene and tropolone each having six J{
electrons available.
Bartels-Keith and .Tohnaon(u) have obtained tropolone
{3 -carboxylic ester (XXI) by ring expansion of veratrole
with diazZoacetic ester followed by



OMe OMe
Oy |
¢ CO,Et OMe CO,EE

) (%)

branination of the resultant 1l:2-dimethoxycyclohepta-

o
OH

triene-4-carboxylic ester (XX). Hydrolysis and dehydro-
genation afforded the ﬂ -carboxylic ester (XXI). By
a similar procedure, starting from 1:2:4-trimethoxy-
benzene, stipltatic aciduB) has been synthesised.

Scott and ‘I’arbell(u") have prepared /3\( =benzo-
tropolone (XXII) by the interesting double aldol condensa-

tion between o-phthalaldehyde and hydroxyacetone.

Ho OH
CHO Cy,
\/Co —_ 0
CHO CH
(D)

The method gives better ylelds when bromoacetone is employed.
Other attempts to produce the tropolone system by direct

condensation reactions have not met with success. Dewar(l)

described a frultless reaction between mesityl oxide and

- ethyl oxalate in presence of potassium ethoxide. As re-

2
ported elsewhere ,( 5) the present author has investigated the
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condensation between sodionitromalondialdehyde and dlace tyl
in an attempt to prepare ¥ -nitrotropolone (XXIII).

N0 _ CHD CHy — €O
2\C< + \
No”~ “CHO CHy — CO

NaOW ot
pipatidine acernte.
( 0
N
o 0
)
0
N0,
OH

(i)

The fallure of this reaction may be due to the transoid con-
fiéura.tion of the carbonyl groups in diacetyl(zw which would
force the methyl groups into a configuration unsuiteble for
the sbove condensation. The attempted condensation between
nitromalondialdehyde and cyclodecane-l:2-dione 1s discuased
below (p.29 ).

Several other abortive attempts to prepare tropolones
were made by this author. Malelcdialdehyde falled to con-

dense elther with hydroxyacetone or methyl ethyl ketone to
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furnish respectively tropolone (I) and 2-methyltropone

(XXIV).
_OH
CH—CHO CH,
\f + N0 --
CH—CHO CH3
- Uy
CH=~CHo CH,
I + Mo ___.
CH=CHO CHy ,

OH '
cY
(T)
CHy
ey
)

fe

><

In another experiment W -hydroxyme thylene aéeto;phenone _

(XXV) was treated with diacetyl in presence of piperidine

acetate but no tropoloid material (e.g. XXVI) was isolable.

/CH:CHOH

<k

(Xx¥)
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- THE THUJAPLICINS.

Of the known naturally-occurring tropolones, purpuro-
ga111n(16) (I11) and stipitatic acid(®3)(II) have been syn-
thesised. The object of the present work was the synthesis
of the three isomeric thujaplicins (VI, VII, and VIII).

Mature trees contain "dead tissues™ of which the central
part of the trunk, the so-called heartwood is especlally
important. If the latter 1s devold of preservatives it be-

comes easlly destroyed. In the natural order Cupressales

heartwood preservatives of terpenold nature predaminate.

During a search for other phenolic constituents in this

(27)

order, Blasdale in 1907 1solated from the heartwood of

Western Red Cedar (Thuja plicata D. Don) a compound

C1oH1202 m.p. 80°.  In 1933 Anderson and Sherrard (2%)
described an acld CygHy505, m.p. 88° isolated from American
grown Thuja plicata and named dehydroperillic acid because
of a supposed connection (since proven.mistakaé?qs?)with
perillic acld. Two phenolic lsomers clonleoz were also
isolated along with the scid. One had m.p. 82° and was

highly toxic to Fomes amnosus; the other crystallised after

sixteen years and melted at 52-52.5°. Eprdtman and Gripen-

(31)

berg in 1948 described yet another isomer m.p. 32° found

together with the isomer m.p. 82° and "dehydroperillic acid"
in Thula plicata grown in Sweden. The structures of the
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three phenolic isomerides have been rigldly established by

Erdtman and Gripenberg. ( 4-

In incressing order of melting
point they have been named o - ﬁ -, and Y-thu;)aplioins
(VI, VII, and VIII) and "dehydroperillic acid" whioh possesses

Sz‘t,3o)
structure (XXVII has been renamed thujic acid.

oH O Q4 O OH C.O;H
/CH3
A
‘ CHy c[,ﬁca N
CHy CHy
K CH; cn,
&) W \m | XKVLI)

All three thujaplicins yielded isobutyric acid on chromic
acid oxidation, and on catalytic hydrogenation octahydro-
derivatives were obtained. Octahydro- Y -thujaplicin was
éhown to be an 0((3 ~-diol by cleavage with perlodic acid to a
dialdehyde. d\_thujaplicin on one occasion yielded a
ketonle hexahydro-compound probably containing the grouping
~-CHOH~CO- for it reacted with perlodic acid and furnished
A -isopropylpimelic acid on oxidation with potassium per-
mangsnate. The octahydro- o -, 3 -, and ¥ -thujaplicina
afforded on permanganate oxidation of-, /3- , and ¥ -

igopropylpimelic acids respectively. By the aynthegls
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of these three substituted plmelic aclds Erdtmen confimmed
the structures of the three compounds. The thujaplicins
gave what are now known to be characteristic tropolons re-
actions, e.g. deep green colourations with ferric chlorids
end chloroform soluble copper salts; on fusion with potas-
siwm hydroxide at 230°, 5(-thujap1101n4underwent the ben-
zillc type of rearrangement to furnish cuminic acid (XAVLII),
which was also obtained when thujlc acid (XXVII) was trested
with mineral acid. The thujaplicins are soluble in caustic

©-Q-¥

CHMe, CHMe,
@ () )

alkalis but insoluble in bicarbonate solution. f3 -
thmjaplicin (hinokitiol) has been studied extensively by
Nozoé§z)wmm has described bromination, nitration, sulphon-
ation, and diazo-coupling products. Hinokitiol was obtained

from the heartwood of Japanese "hinoki! (Chamaecyparis
(2)

obtusa Sieb. et Zucc.) by Nozoe. oL - and,ﬁg-thujaplicins

and thujic acid have been isolated fram Thulas occicdentsiis
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(33 : , .
by Gripenberg( ) and the - and ﬁ-—isomers alao occur 1In tle
Thu jopsis specles. The thujaplicins are strongly fungl-

) (33, .
cida]gsq"ssa.nd are also toxlec to fish&ag‘ &) Nootkatin,

CqgHpo0ps 1solated from Chamsecyparis nootkatensis (Alaska

yellow cedar) is related to the sesquiterpenes and 1ts

structure 1s being studied by Erdtman“a) in Sweden and by

J. M. Robertson in Glasgow. X-ray crystallographlc analysis
has suggested structure (X) for this eompound.(“)

OH O

Erdtmankga) has suggested the following type of reaction

mechaniasm as & possible mode of blosynthesis of the
thujaplicins with emphasis on the relationship with the
terpene myrtenocl (XXIX) found in Chamsecyparis obtusa.
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— —
OH 0CHO
OH
CH.OH CH0 / L
W
OH

D)/

@

OH
© LRearrangement. 0 & r
~ 2.Dehydvogenation. | Reutrangemes
o 20&yhdw~
| CHMe, Dehgdroscmio CHMe,
0 OH O
P'ﬁhuja{ﬂn’cim d-t h-u_(c\bln'cim ¥-thojaplicin

The ready conversion of cycloheptanone into tropolone

suggested the synthesis of the thujaplicins from the sp-

propriate isopropylcycloheptanones. One of these, 4-iso

leyelohepbanope (XXX) was obtained by ring enlargement

From thie

prODY

of 4-igopropylceryelehexanone with dlazomethane .
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reaction were obtained (a) the initial ketone, identified by
semicarbazone formation, (b) a fraction of non-ketonic mater-
iel, presumebly the methylene oxide , and (c¢) a main frac-
tion of 4-lsopropylcycloheptanone. This was converted to

the semicarbazone which was found to exist in two isomeric
forms, differing in solubllity and melting point. Each

form on regeneration yielded a sample of ketone which afforded
only its own semicarbazone, i.e. the one from which it had
been regenerated. The thiosemicarbazones of the two samples
of ketone were alsc different, but, on the other hand, the
2:4-dinitr0pheny1hydrazones and bis-p-nitrobenzylidene com-
pounds were ldentical. The infra~-red sbsorption spectra

of the two ketones were kindly determined by Dr. F. Sondheimer
at Harvard University who reported that the curves were al-
most identical and gave the following band assigmments; an
intense C=0 gbsorption occurs at 1694 cm?l with an overtone

at 3390 amflg the situvation of the former band at a frequency
rather lower than that exhibited by other exemples of satur-
ated ketones (ca. 1725-1710 an>l) may be due to a steric
property of the seven-membered ring. The expected methylene
frequency occurs at 2874 cm?l, end a doublet at 1387 and 1370
an7l is probably due to the G-Me grouping which is known in
other compounds to give rise to absorption at ca. 1390-1370
em7L,

The lgomeric semicarbazones can only be ascribed to
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geametrical isomerism sbout the C=N bond, yet this cannot
explain the exclusive formation of each semicarbazone from
its parent ketone, or the non-interconvertibility of the two
samples of ketone which still furnished their respective
semicarbazones after heating to 150° in a sealed tube. A
similar isomerism was observed in the case of the semi-
carbazones of 4-methylcycloheptanone by Qudrat-I-Khuda and
Ghosh(_s‘o) who regarded them as derived from stereolsomeric
forms of the parent ketones. However, the concept of the
existence of such forms (analogous to boat and chair forms
of cyclohexane) of the cycloheptene ring as separate com-
pounds seems untensble, and this problem must remain, for the
present, unexplzined.

Oxidation of the ketcne (XXX) with selenium dioxide
afforded a mixture of the two o -diketones (XXXI and XXXII).
These were not separated but broaminated together to yleld,
after dehydrobromination and treatment with sodium hydroxide,
a mixture of sodiwm bromo- (3 - and ¥ -thujaplicins (XXXIII
and XXXIV). Hydrogenolysis of the purified mixture of the
sodivm sa;l.ta over palladised charcoal ylelded a mixture of

(3- and X - thujaplicins (VII and VIII) which were separ-
ated by fractional crystallisstion from light petroleum
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|
CH MC; ‘ |

| CHMe, CH"‘%
@‘u) (%% ) (W‘)
om ) iH l0 ONa O
‘CHM@ ‘ C,HMez O

» CHMCz v CHME-)_
Rernf (@) A ()

A -Thujaplicin (VI) was synthesised by the following
route. Cyclohexanone was treated wlth nitrosolgobutylur-
ethane (ck37)y,, yield 2-isopropyleycloheptanone (XXXV).
Selenium dioxide oxidation of (XXXV) in ethanol solution
ylelded 3-ethoxy-3-isopropylcycloheptane-l:2-dione (XXXVI).
Such dual oxidations have been noted before, especially
with compounds where a tertisry carbon atom is vicinal to
the initial carbonyl group. (38) Treatment of (AXXVI) with

broauine, delydrobronination and hydrogenolysis of the aodiuvm
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salt of bromo--O( -thujaplicin (XXXVII) in the manner described
above furnished O(-thujaplicin (VI). The ethoxyl group '
wé.s presumsbly removed by the hydrogen branide formed in

the reaction.

 MesCH.CHN. u-m; C“M"’-
CHMCz

(xxxv
OH O ONa.
‘CHM@; 1 \@/ CHMe,
@ (ST

The synthetic thujaplicins did not depress the melt-
ing points of the corresponding naturally occurring com-
pounds and gave the same tropolone reactions (green colour
with ferric chlorlde and chloroform-soluble copper salt
formation). The o - and Y— isomers were further char-
acterised by preparation of the (liquid) methyl ethers and
hence the methyl ether plcrates which had melting points
of 11.0° and 148-149° respectively.

Same practice was gained in the preparation of these

derivatives by carrying out model experimente with tropolone
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methyl ether which readily formed a plcrate m.p. 119-120°.
With a view to the preparation of the thujaplicin diphenyl-
methyl ethers, tropolone was treated with a solution of
diphenyldiezomethane 1in benzene. There was obtained in
good yield tropolone diphenylmethyl ether m.p. 142-143°.
Repetition of this experiment with the thujaplicins af-
forded only diphenylazine however.

Since the publication of the above work(Bq) Professor
Nozoe, who has been investigating the chemistry of hinokit-
iol ( ﬁ ~-thujsplicin) since 1936CQ has supplied us with a
series of papers on tropolone chemistry recently published
in JapanQ“» and since reviewed by Birchf“i) which include
not only the synthesis of tropolone by an analogous route
bo that of J. W. Cook ot g1 %' but also of the ol 4 @g‘:’)
and \(%u%hnjaplicins by & similar procedure to that describ-
ed above. Comparison of the physical data of our synthetic
Intermedlates with those of the Japanese authors reveals
several amall dilscrepancies e.g. differences in refractive
indices and non-isolation of two isomeric semicarbazones of
4-isopropylcycloheptanone, only one being reported which
melted at 155° (our semicarbazones had m.p.'s 135-137° and
180-182°). The ethoxylated dione (XXXVI) was presumed to

be 3-1isopropylcycloheptane-l:2-dione without supporting
analytical evidence.
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The success of this method obviously opens up the way
for the preparation of numerous alkylated tropolones and
this in fact has been reallised by Nozoe who has synthesised

(45) (45) (46)
me thyl, ethyl and t-butyl tropolones by gpplication

of procedures similar to those described herein.
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SOME REACTIONS OF TROPOLORE

In view of the "phenolic" properties which have been
assocliated with tropolone (I) and its derivatives (for ex-

&1 & and

ample halogenation, nitration,49 diazo-coupling
sulphonation ~C ) and in order to gain further insight
into the aromatic character of the tropolone nucleus by
chemical means, an investigation was undertaken of the be-
haviour of tropolcone when subjected to some typical benzen-
oid reactions involving attack by electrophilic reagents.
The tendency of tropolones towards salt formation with

divalent metals(hﬂw

suggested that Lewis acid-catalysed re~
actions of the Friedel-Crafts type would be hindered by

the great stability of the initially formed salt or complex
towards substitution. )

This was indeed borne out in practice. The iso-
propylation of tropolone in presence of aluminium chloride
andl;ggpropyl chloride afforded a complex from which tropolone
could be recovered. No trace of any of the three possible
mono-substitution products (the thujsplicins) was isolated.
An attempt to obviate this difficulty by the use of tropolone
methyl ether under the same conditions resulted in the re-
covery of tropolone. Attempted C-acetylation of tropolone

using acetyl chloride and aluminiuqkyas attempted but only
choride
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tropolone could be recovered. Acetic anhydride and stannic
chloride gave a similar result but on heating tropolone
with acetic anhydride and syrupy phosphoric acld there was
isolated in addition to the main part of starting materilel

a small yleld of O-acetyltropolons (XXXVIII). This acetate

oH © (HOCO O

(1) ( Kxwvi

has since been described by Doering and Knox(sl) who prepared
it by heating a solution of trOpoione in pyridine with
acetic anhydride.

A further attempt at C-sacetylation employing boron
trifluoride and acetic acid ylelded a complex for which
structure (XXXIX) is suggested involving a five-membered
chelate ring. Similar complexes have been obtained from
both o-acylphenols (XL) and (3 -diketones (XLI) the ring
in these latter cases being six-membered.(sz)
% R

() Jtos fe
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The Gatterman reaction with zinc cyanide and hydrogen
chloride yielded only tropolone on decomposition of the
white complex which was precipitated.

Attempted chloromethylation using both paraformalde-
hyde-hydrogen chloride and chloramethyl methyl ether
techniques gave only tropolone hydrochloride.

(53)54) for the Kolbe-Schmidt reaction

Three procedures
in an attempt to prepare a tropolone-carboxylic acid led
only to the recovery of tropolone.

Same measure of success was however achieved in alkal-
ine solution, for the Reimer-Tiemann reaction in presence
of sodium hydroxide and chloroform furnished X-romyl-
tropolone (XLII) albeit in very small yield. This finding
is in marked contrast with the results obtained in the case
of the six-membered phenols. Thus phenol undergoes the
Reimer-Tiemann reaction to yleld sallcylaldehyde and p-
hydroxy-benzaldehyde in the proportion six to OMQS"S) The
substitution of tropolone in the ¥ ~position is however in
saoccord with the predictions of Dewar(%} which indeed have
accounted for most of the substitutions of tropolone hith-
erto reported, the only exception beling halog,enation(q”
where the first step appears to be the formation of a oome-

plex.
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OH O : o O

O

CHO : COLH

: E

OH O oM O
, Co,Me

(D) | ()

The structure of the aldehyde (XLII) was established not
by alkaline fusion to the corresponding p-formylbenzoic
acid which might have resulted in Cannizzaro products but
by careful oxidation with silver oxide to tropolone- ¥ -
carboxylic acid (XLIIXI) which had been prepared in this
leboratory by Nr. D. K. V. Steel by an unanbiguéus synthesi.gé:?)
Direct comparison of the melting point data of this acid

and 1ts methyl ether methyl ester (XLIV) with our corres-
ponding campounds (XLIII, XLIV) confirmed the structure of

the latter unequivocally. The small yield of the aldehyde
(XLII) discouraged further experiments with this potentially

useful derivative.
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The ¥ -acid (XLIII) was also obtained directly in
minute yleld when carbon tetrachloride potassium hydroxide
and tropolone were heated in a sealed tube at 100°. By
treating phenol similarly Reimer and Tiemam(mssi))btained P-
hydroxy-benzolc acld and for a series of phenols it has
been shown that the principal product is the p-acid 1f the
para position 1s free. The attempted preparation of a
formyltropolone by the N-methylformanilide-phosphorus
oxychloride procedurecgﬂ resulted ln one instance in a res-
inous product showing carbonyl activity. Analysis of the
2:4-dinitrophenyl-hydrazone of this crude product indicated
that a formyltropolone had, in fact, been formed but con-
stent repetition of this experiment falled to produce any
canpound other than the starting tropolone.

Cook, Gibb, Rephael, and Somerville(rT)had observed
that tropolone reacted vigorously with lithium aluminium
hydride. The nature of the product, however, was not in-
vestigated in detail at that time. Careful repetition of
this work has shown that the reaction follows a complex
route. On adding an ethereal solution of tropolone to a
slurry of 1lithium aluwminium hydride in ether, a bright
yellow precipitate was initiglly formed. The colour dis-
appeared on further heating and on addition of dilute sul-

phuric acid a deep reddish-brown colour developed. This
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resinification could not be prevented either by working
under nitrogen or by using ice to decompose the reactliom
mixture. Distillation of the tarry product gave malinly a
resin but a amall yield of a ligquld was isolated which
gave an immediate precipitate with (ethanolic) 2:4-dinitro-
phenylhydrazine sulphate. Anglysis of the hydrazone in-
dicated that it was the bis-2:4-dinitrophenylhydrazons of
a cycloheptenedione. The ultra-violet gbsorption curve of
this campound resembled very closely that of the bis -2:4-
dinitrophenylhydrazone of cycloheptane -l:2-dione which was
prepared for caupzrison, although the two campounds were
clearly different. The liquid reduction product is there~
fore postulated as cyclohept-4-ene-1:2-dione (XLVI) pro-
duced by 1:4 or 1:6 addition of 1lithium aluminiuvm hydride
to the dienone system of the initially formed 1lithium
tropolonate. Hydrolysis of the resulting dlenolate (XLV)
would give the dione (XIVI) by ketonisation.

Q

<

o
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A similsr mechanism has been proposed to account for
the formation of 1:4-diphenylbutan-2-o0l-4-one by reduction

60
of dibenzoylethyleneg )

Structure (XLVII) for the reduc-
tion product seems unlikely on the grounds that the expected
bathochroanic shift in the ultra-violet absorption'associated
wlth the conjugated double bond in this isomer was not ob-
served.

It is of interest that the two bls-2:4-dinitrophenyl-
hydrazones mentioned above dilsplay maximal absorption in
the ultra-violet (3560 A) which corresponds to that of an
unconjugated monoderivative, indicating that no conjugation
has taken place between the hydrazone groups. This ob~
servation 1s in accord with the results of Leonard and
Madsé@&» who have shown that in 3:3:7:7-tetramethylcyclo-
heptane-1:2-dione the inter carbonyl angle is 90°. The
two hydrazone grouplngs thus behave as discrete chromo-
phores. |

Reduction of tropolone methyl ether with lithium alum-
inium hydride gave a completely different and unexpected
result, g good yleld of benzaldehyde being produced. A
possible explanstion of this ring contraction is the forma-
tion of a carbonium ion (XLVIII) which rearranges by a
Wagner-leerwein type of reaction to the more stable benzen-

0oid carbonium ion (XLIX). By similar anlonotropy
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it would seem possible that some cyclohepta-2:4:6-trien-1-
one (tropone) would be formed but none of this latter could
be isolated. This conversion to benzaldehyde recalls a
similar rearrangement of tropolone to o-chlorobenzaldehyde

on treatment with thionyl chloride .(bl)

- e e v e e e em W



29

THE SELF-CONDENSATION OF cycloDECANE-1:2-DIONE

As has already been described (p. g ) an attempted
preparation of Y-nitrotr0polone by a condensation between
sodionitramalondialdehyde and diacetyl failed becamse of
the transoid configuration of the carboxyl groups of the
diketone. The required cisoid o -dlketone conformation
is of course present when the grouping forms part of a
amall ring (e.g. cyclopentane-1:2-dione}. However, any
attempt to employ such a dione in this condensation to give
a bridged ring tropolone of type (L) would be foredocmed

to failure becausge of ths tenets of the Bredt rulesu')

CHO
/
NO-C-Na -+
\

CHO

It has been shown, however, in similar reactions that the
Bredt rule no longer remains valid if p Ye large en@ugh.téz)
On the other hand, for the sbove aondensation te he Paveured

1 must not be too large, since 1t 1a known that Bhe earbenyl
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groups in monocyclic O( -diketones becane progressively
more transold the bigger the ring.(lé) In an attempt to
steer a middle course between these two extremes a medium
ring size o{-diketone, cyclodecane-1:2-dione {n = 6), was
employed in the condensation.

No tropoloid material could be isolated from the re-
action mixture. The main product consisted of sebacic
acld formed by oxidative fission of the dione, but a small
amount of a neutral, non-nitrogenous, high-melting material
was also obtained. This latter compound could be formed
in much better yield by treatment of the dione alone with
methanolic sodium methoxide, whereupon the product crystal-
lised from the reaction mixture. Analysis and molecular
welght determination showed that it was a dimer of cyclo-
decane-1:2-dione (CpyHz00,) exhibiting no carbonyl reactiv-
ity. Infra-red sbsorption measurements (Nujol mull)
showed, however, the presence of strong bands at 1682 em?l
(c =0 stretching frequency) and 3426 Tt (0H stretching
frequency).



Prelog and his school have shown that the most stable con-

figuration of cyclodecanone is that in which the oxygen
atom of the carbonyl group 1ls enclosed as far as possible
by the polymethylene chain, the so-called "O-inside" con-

(©3)

figuration. Thus in cyclodecane-l:2-dione the most
stable-configuration should be the "O-inside, O-outside"
structure {formally represented by (LI). The evidence for
this structure gains support from the recent observations
of the ultra-violet sbsorption data of alicyclic oA -dike -
tones made by Leonard and Madarxle) Although highly un-

favourable for the tropolone condensation the configuration
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(LI) is very favourable for the occurrence in alkaline solu-
tion of a double -aidol type condensation between two molecules
of the dione to form 2,6:3,5-bis (heptemethylene)-cyclohex-
ane-2:5-diol-l:4-dione (LII). This postulated and, at

first sight, rather surprising structure for the dimer
CooHzo04 Was confirmed by oxidative degradation at 75° with
sodium bismuthate whereby cyclooctadecane-1:10-dlone (LV )(u‘)
was produced and identified by mixed melting point determina-
tion. Such a product is readily derived from (LII) by
fission of the bonds marked ( ~“WW ) and decarboxylation of
the resulting cyclooctadecane-l:l0-dione-2:11l-dicarboxylic
acid (LIII); this latter compound was isolated when the
fission was carried out under milder conditions. Structure
(LII) also accounts for the lack of carbonyl reactivityu’s)
and the resistance of the hydroxyl groups to acetylation,
benzoylation and replacement by halogen.

In attempts to convert the dimer (LII) to the corres-.
ponding substituted benzoquinone 1t was treated with a.
variety of dehydrating agents but in nearly every case the
dimer crystallised from the reaction mixture. However,
fusion with toluene-p-sulphonic acld gave an intense pur-
plish~blue melt. Lack of time has prevented further
investigation of this product.

Addition of water to the methanollic filtrate from the
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dimer preparation caused the precipitation of a second
product with the molecular formula CgoHzn0z. This also
showed no carbonyl or nydroxylic reactions although its
infra-red specitrum (carbon tetrachloride) exhibited the
-1

stretching frequencles of thease groups at 1712 cm.” and

3565 ca ot respectively; 4in addition a weak G=C stretching
freguency was observable at 1621 e t. This indication

of one double Lond was confirmed by quantitative miero-~
hydrogenation. 4n &thanollic solution of the compound showed
maximal sbsorstion in the ultra-violet at 2450 A (£ = 7,500)
with a3 marksd ‘nflection at 2520 4 (¢ = 7,250). This is
in harwmony with the af@rm&phoric propertica of a di-alkyl-

(el
ated cyciohsz-Z-ene-l:4-dione . /

411l these properties
point clearly to the structural foraula (LIV) for this
second product of the rezction. The fact that the dimer
{LI1) does ao%t readlly deanydraies even under drastie reaction
conditions zxcludes 1%t from Deing an intermedizte in the
produetion of (LIV) and 1t is thus very probable that the
stereochemistry of the two molecnlea is differemb.

The productlon of the dimer (LII) froa cyzlodecane~1:2-
dione imyolvea the creafion of four azsymistrlc carbon atoms
and it is nignly provanle that the resultlag six-membered
ring is in the more stanle chaly configuration. In the
varioes stereolsumeric modliflisetiong constructanle on this

=

rat Thers zre three possidvls

o

pasis it may rea2dily Te seen
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ways in which the heptamethylene chain may be attached to
the s:l.x-inembered. ring, namely,equatoriel-equatorial (e-e),

b
polar-polar (p-p) and equatorial-polar (312).('79

(e-8) (B-B) (&-p)

An assessment of the relative stability of the hepta-
methylene chain in these three configurations may be made
by using the known relationship between the constellation
of a polymethylene chain and 1ts energy content which has
been described by Prelog}kg) Construction of the three
configurations by means of "Catalin" molecular models shows
that in both the g¢-e and p-p modes of attackhment the hepta-
methylene chain contains six energetically unfavourable ¢
constellations while the e-p linking involves five ¢ con-
stellations and one favourable b constellation; this
latter configuration representa a greater stability of oa
3 kcals.. Only three configurations (LVI, LVII, LVI1I)
of the dimer (LII) involving e-p linking of both polymethy~
lene chains can be constructed.

One of these (LVIII) possesses adjacent hydvogen and
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hydroxyl groups which are polar and opposed, & situaﬁ?an )
6, 6%
which favours ready dehydration by trans elimination.

The dehydration is further favoured by the fact that each

of the heptamethylens chains in the produoct (LIX) contalms
four favourable b, one very favourable 4, and only one um=
favourable ¢ conatellation, representing a gain in atabii-
ity of ca 12 kecals. for each chaln. ‘The veaultant

equatorial H and OH groups in (LIX) weilld be weaistant %o
ionic dehydration. Thus (LIX) is peostulated a8 Bhe skpusé

ure of the unsatursted produsct Gggﬂggwg leaving (LVI) a
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(LVII) as the configuration of the dimer (LII). Heither

of these configurations have polar H and OH groups suit-
gble for ionic dehydration which would explalin the resis-
tance of the dimer towards dehydration. Structure (LVI)
however is energetically much more favourable as the
hydroxyl groups occupy the less hlndered and thermodynam-
ically more stable equatorlal positioms. The finding

that the yields of the two condensation products together
constitute an almost guantitative conversion of cyclode-
cane-1:2-dione is in good accord with the prediction of

only two favoured stereochemical structures.
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THE ATTEMPTED SYNTHESIS OF ¥ -TROPOLONE

In view of the recent interest in compounds containing
the tropolone ring system (p. 1 et seq.) a syntheslis of an
isomer of tropolone, X-trOpolone (4-hydroxycyclohepta-2:4:
6-trien-l-one; LX) was devised with the purpose of compar-
ing its properties with those of tropolone. ¥ -tropolone,
although not possessing the characteristic hydrogen bonding
and chelating properties assoclated with the 2-0l-l1l-one
group of tropolone should nevertheless display some degree
of aromatic stability since it is the 4-hydroxy-derivative

70
of the aromatic parent tropone (LXI)( )

and should share

in the latter's properties of salt formation, halogenation
etc. Another interesting comparison which could be made
between tropolone and its ¥ -isamer is the substitution

by benzenoid-type reagents in presence of Lewis acid type
catalysts which although hindered 1n the case of tropolone
1tseLfyu>.ll) might proceed more smoothly with the Y -com-
pound. Other points of comparison which, it was hoped,
could be examined were the nature of the hydrogen bonding,

if present, substitution by halogens, nitration, and re-

arrangement to benzenold derivatives.



OH . OH -

(X) =) (=)

A dibenzo-derivative (LXII) of Y-terolona has been
described by J. W. CookC7”'who prepared 1t by the hydro~
lytic rearrangement of benzylldeneanthrone dibramide
(IXIII); compound (LXII) furnished a red sodium salt.

fn |
B+ Q Ph
O~ O
| 0 ) | o
o

The preparation of a tetramethyl- X/mtropolona has
been claimed by Smith and Pingstku who assigned structure
- (LXIV) to one of the products of the ring enlargement of
duroquinone with dlazomethane. This should be readily
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jsonerisshle to the more stable keto-enol system (LXV) but
the American amthors state that the product is insoluble
in giksli and gives a dioxime.

r

—

(=) (EXY)

13)

A. R. ’.Podd( has recently made a brief report of the
preparation of a carbethoxy- ¥ -tropolome (LXVI) obtained
By the ring expansion of hydrogquinone dimethyl ether with
ethyl dlazoacetate followed by bromination and dehydro-

bramination technique (ef. carbethoxytropolone p. b and
stipitatic acid?d) ).

ome OMe '\E, m
The recent success attending the dehydrogenation of
. 17,1
cycloheptane-1:2-dione to trw)pe?i,cmeK /8 by the bromina-

tion-dshydrobromination technique suggested application of
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the same procedure to cycloheptane-l:4-dione. The latter
campound was synthesised from the known 4-benzoyloxycyclo-
hexanonehl" 75‘)(LKVII) in three steps. The first stage was
the ring-enlargement of the ketone to 4-benzoyloxy-cyclo-
heptanone (LXVIIL) which proceeded in ca. 50% yield (cf.
p. [44 ) in presence of diazomethane. Methanolysis of
(LXVIII) yielded methyl benzoate and 4-hydroxycycloheptanone
(IXIX). Jones and Sondheimer(js‘) observed that the separa-
tion of 4-hydroxycyclohexanone and methyl benzoate was
extremely difficult and tedlious by distillation and this
was also found to be the case with the seven-membered
hydroxyketone. The difficulty was resolved as in the
six-membered series by shaking out the hydroxyketone in
water and removing the last traces of ester by ether ex-
traction. Chromic acid oxidation of the purified 4-hy-
droxycycloheptanone (LXIX) afforded cycloheptane-l1:4-dione
(LXX) which formed a bis-2:4-dinitrophenylhydrazone.
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OH - OH OH O
OH OH OCOCHg - ORz
(o)
o O
0 OH Otz
(Bx) N kf/ (Exx) (L.x\mt)
¥ 0 o)
—&
0 . OH

Application of the bromination-dehydro-bromination
I
technique to the diome (LXX) using either brornine(-7) or

N-bromosuceinimide V>

falled to give a recognissable product.
In one case an alkali-soluble o1l was obtalned from which

a few milligrams of benzole acid crystallised. This may
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have been a rearrangement product of the initially formed

2(-tr0polone (LXI) or it may have arisen from traces of
methyl benzoate still present in the starting materlial
(vide supra).

The method of Knight and Cranﬁbq)who prepared tropolone
from 2-hydroxycycloheptenone by brominztion and subsequent
oxidation and dehydrobromination was then applied to
4-hydroxycycloheptanone (LXIX) but although derivatives
corresponding to a dibromo~ and a tribromo- substituted
product were obtained, removal of the bromine by hydro-~
genolysis gave & very small yvield of a gum which could not
be characterised.

Direct dehydrogenstion of the dione (IXX) by three
methods left the starting material largely unaltered. These
consisted of (a) heating alone with palladised charcoal
(b) heating with palladised charcosl in trichlorobenzene
solution and (c) distilling the vepour through palladised
or platinised charcoal heated to 300°. Selenium dioxide
has bE?? used zs a dehydrogenating agent fbr 2:6-hexane -

b

dione (IXX1) which affords diacetylethylene (IXXII).

CH3. CO.CHy . CHy.CoCHy  —D  CHy, CO CH=CH,CO.CHy

[ | m—— e |
\FXX!) =33

When applied to cycloheptane-1:4-dlone (LXX) & minute yield
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of a compound m.p. 270°'giving an intense green colour with

ferric chloride was obtained. This may be a polyhydroxy-

o  OH

tropolone e.g. (LXXIII) formed by oxidation and enolisation.
OH
OH

°
.ﬂ”;?
( X&)
OH
(c_:xx) ———> >
o

OH
()

The possibility that the compound might have been
Aol -aihydroxytropolone (LXXIV) was excluded by the fact
that the latter is known (decarboxylated puberulic acidﬁ77)]
and has m.p. 237-238°.

The failure of these methods to produce any trace of
the required.‘xctropolone was rather surprising. Treibs(7g)
has observed that certain hydroazulenes, which are extremely
resistant to direct dehydrogenation by palladised charcoal
catalysts, give the required azulenes on belng heated alone

or in nitrobenzene solution wlth iodine. When this pro-

cedure was applied to cycloheptene-l:4-dione (IXX) a small
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yield of an 01l possessing no carbonyl activity (no pre-
cipitate with alcoholic 2:4-dinitr0phenylhydrazin§ suiphate)
was obtained. Experiments are in progress to obtain this
0ll sufficiently pure for more detalled examination.

(79)

Grundmann has described a preparation of diacyl-

ethylenes which involved the treatment of a petrol solution

of the relevaﬁt diazoketone with copper oxide, e.g.
RfCOGHNe RCOCH

|
R~COCHN RCOCH

2

In an attempt to carry out this reaction intramolecularly
these conditions were gpplied to 1l:7-bisdiazoheptane-2:6-
'dione (LXXV) but the yield of the required cyclohept-2-ene-
l:4-dione (IXXVI) discouraged further work on this approéch.

CO2  CHyN, COCHN, O
/ S
(c:{,); o (CH)y —
| COCﬁ CH’; N; ' : COCHN; 0
() (o)



EXPERIMENTAL

THE THUJAPLICINS.

2:2-Di (p-hydroxyphenyl ) propane. - The method of

Zincke“ﬂ» was used. A mixture of phenol (1050 g.), ace-
tone (150 g.) and fuming hydrochloric acid (105 g.; S.G.
1.9) was kept at 30-40° until the whole mass became crystal-
line (2-3 days). The solid was stirred with acetic acld
(35%; 1500 c.c.), filtered and washed with dilute acetic
acld and then with water. The dried material, m.p. 145-
150°, was used directly for the next step.
P - isoPropylphenol. - After Cook, Philip and Samerville?go
A mixture of the crude diphenol (380 g.) and copper
chroanite catalystGQ) (38 g.) was agitated with hydrogen
for 5 hours in a stainless steel autoclave at 230°/180
atmos. The viscous product was distilled into (i) b.p.
88-100°/15 mm. (130 g.) and (ii) b.p. 100-125°/15 mm. (100
g.). Fraction (ii) crystallised affording colourless
needles of p-igopropylphenol m.p. 62-63° (1it. 63°).
4-isoPropylcyclohexanol. - After Frank, Berry, and Shotwellﬁgy
A solution of p-isopropyphenol (200 g.) in ethanol
(250 c.c.) was hydrogenated over Raney nickel catelyst at
190°/135 atmos. Fractional distillation of the product

ylelded (i) b.p. 90-104°/20 mm. (52 g.) and (ii) b.p.



46

104-110°/20 mm. (132 g.). Fraction (ii) was used for the
next stage.

4-isoPropylcyclohexanone. - To a solution of potassium
dichronate (59 g.) in water (450 c.c.) was added 4-isopropyl-
cyclohexanol (80 g.). Concentrated sulphuric aclid (52 c.c.)
was then added with stirring at such a rate that the tempera-
ture remained at 55-60°. The reaction mixture was cooled
to room temperatizre, the olly layer separated and the aqueous
layer extracted with ether. The oily layer and extracts
were combined, washed with sodium hydroxide solution (5%;
100 c.c.) and then with water and dried (NagSO4). Frac-
tional distillation gave 4-lisopropylcyclohexanone (61 g.)
b.p. 97-99°/15 pm. (1it. 90-91°/13 mm.), semicarbazone m.p.
187-188°% (1it. 187-188°).

4-isoPropylcycloheptanons (XXX). - To a stirred mixture
of 4-isopropylcyclohexenone (45 g.), methanol(so c.c.) and
powdered anhydrous sodium carbonate (1 g.) was added nitro-
sanethylureth;me Lglf) (L c.c.). The reaction started slmost
immediately, and the temperature rose sharply. The nitroso
compound (78 g.) was then added dropwise during 1.5 hours,
the temperature being maintained at 20-25° by ice-water cool-
ing. The mixture was stirred for 1 hour after the addition
and then left at room temperature for 16 hours. The methan-
olic solution was filtered and distilled to yield (after
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removal of solvent) (i) b.p. 80-100°/18 mm. (12g.); (ii)
b.p. 100-110°/28 mm. (12g.); and (iii) b.p. 1107114°/1s m .
(22g.). 1 c.c. portions of (ii) and (iii) were treated
with semicarbazide acetate solution. (1ii) afforded a small
amount of semicarbazone, plates m.p. 180-182° from aqueous
ethanol. (iii) gave a substantial amount of the seme semi-
carbazone. When mixed with the semicarbazone of 4-isopropyl-
cyclohexanone (m.p. 187-188°%) a depression of 30° was obtained.
A solution of crude 4-isopropylcycloheptanone (52g.) in
ethanol (50 c.c.) was warmed to 50° and treated with warm
ethanolic semicarbazlde acetate solution {:from semlcarbazide
hydrochloride (82g.), potassium acetate (120g.), and ethanol-
(400 c.c.)] . The crystals which separated on cooling were
filtered off and crystallised from aqueous ethanol; semi-
carbazone-A (33g.) formed plates m.p. 180-182° (Found: C,63.0;

H,9.7; N,19.5. CyH,,0N; requires C,62.6; H,9.95; N, 19.9%).
The combined filtrate and mother liquors were diluted with
water whereupon a further quantity of solid was precipitated.
Repeated crystallisation from agueocus ethanol afforded the

isomeric semicarbazone-B (24g.) as tiny plates m.p. 135-137°

(Found: C,62.8; H,10.4; N,19.7%). A mixture of the two
semicarbazones melted indefinitely over the whole range
between the m.p.s. of the individual constituents.

Semicarbazone-A (15g.) was heated at 100° for 4 hours
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with oxalic acid (50g.) and water (50 c.c.). Water(100 c.c.)
was added and the ketone recovered by distillation in steam
followed by ether extraction. Distillation afforded the

pure ketone (10g.) as a liquid with a pleasant odour b.p.
116-117°/18 mm. _x_:._:f 1.4708 (Found: C,77.6; H,11.6. C;oH;g0
requires ¢,77.9; H,11.7%). A small sample of the ketone on
treatment with semicarbaé.ide acetate gave only semicarbazone-A

in good yield, with no detectable amount of the B-isamer. The

thiosemlcarbazone~A, prepared in the usual way, crystallised

from agueous ethanol in tiny platelets m.p. 156° (Found:
C,58.3; H,9.5. CqqHpNzS reguires C,58.15; H,9.3%).

Similar regeneration from semicarbazone-B afforded the
parent ketone b.p. 114-117°/ 18 mm., ;%)9 1.4690 (Found: C,77.6;
H,11.9%) which yielded only semicarbazone-B on treatment

with semicarbezide acetate, while the thiosemicarbazone-B

crystellised from aquecus ethanol in plates, m.p.174° (Found:
c,58.35; H,9.5%). Both ketones regenerated from semicarbazones

-A and -B gave the same 2:4-dinitrophenylhydrazone which crys-

tallised in yellow plates m.p. 93-95C from ethanol and con-
tained 4 molecules of water of crystallisation (Found:
C,47.7; H,7.1l; N,13.6. 016H2204N4, 4H20 requires C,47.35;
H,7.4; N,13.8%); on drying in vacuo the crystals lost water
to give the anhydrous compound as & liquid which gradually
resoclidified to the hydrate in moist air. Both samples of
the ketone when treated with p-nitrobenzaldehyde 1in presence



49

of ethanolic sodium methoxide (cf. Gripenberg) 8;:E't:trnishad

the same bils-p-nitrobenzylidens compound as priams m.p.151°,

from n-butanol (Found: N,7.l. Cgy,H,,05N, requires N,G.V%).
When separate samples of the ketones were heated in sealed
tubes for 30 minutes at 2500, they gave only their respect-
ive semlcarbazones as before.

Sodium Bramo-/3 - and X -thujaplicins. XXXIII and

XXXIV) - To a reflﬁxing solution of 4-lsopropylcycloheptanone
(9.1g.) in ethanol (98%; 15 c.c.) was added dropwlse over
1 hour a solution of selenium dioxide (7.2g.) in ethanol
(98%; 45 c.c.). Heating under reflux was continued for 6
houfs after the final addition and the mixture left at room
temperature overnight. The selenium (3g.) was filtered off,
the ethanol removed under reduced pressure and the resultant
oil distilled to give a mixture of the diones (XXXI and
XXXII) as a pale yellow liquid b.p. 135-1459/ 18 mm. (7.2g.).
A stirred solution of the diones (7.2g.) in glacial
acetic acid (8c.c.) was cooled to 0° and treated dropwise
with bramine (14.4g.) in acetic acid (9c.c.) during 1 hour.
The resultant deep red solution was kept at room temperature
overnight and then heated at 100° until evolution of hydrogen
bromide had ceased (1.5 hours). The acetlc aclid was removed
in steam together with a little unchanged dione. The tarry
residue was extracted with ether and the extract filtered and
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treated with sodium hydroxide solution (6N; 10c.c.); the
resultant sodium salts (1.2g.) were filtered off and crystal-
lised several times from water (yellow needles m.p. 300-305°
dec.). They contained 2 molecules of water of crystallisas-
tion (cf. Cook, Gibb, Raphael and Somerville, loc. cit.)
(Pound: C,39.0; H,4.2. CoH;q05Bria, 2H20 requires C,39.3;
H,4.6%).

The filtrate from the sodium salts was acidified with
dilute sulphuric acld. Ether extraction afforded a small
emount of dark brown oil which proved intractable even after
distillation at 155-170° (bath temp.)/0.15 mm. followed by

chromatography in benzene over alumina.

P - end % -Thujaplicins (VII and VIII). - The mixture
of isomeric sodium salts (626mg.) was dissolved in methanol
(25¢.c.) and stirred under hydrogen with palladium/charcoal
(10%; 150mg.) until 1 mole of hydrogen had been absorbed.
Reméval of catalyst and solvent left a red oil which was
extracted with boiling light petroleum (b.p. 40-60°). The
extract (60 c.c.), after treatment with charcoal, was evap-
orated to small bulk (ca. 10 c.c.) and cooled to -15°. The
sticky, crystalline solid thus obtained was sublimed at 80°
(bath temp.)/ 0.001 mm. and the hard, cream-coloured sublimate
was crystallised from light petroleum (b.p. 40-60°). The
resulting prismatic needles (120 mg.) then had m.p. 79.5°,
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undepressed on admixture with naturally-occurring Y—thuja-
plicin (m.p. 79°). Treatment with ethereal diazomethane
yielded Y-thujsplicin methyl ether as a liquid, which yielded

a picrate on treatment with saturated ethanolic picric acid
solution. The picrate, after recrystallisation from ethanol
formed yellow needles m.p. 148-149° (Found: C,50.3; H,4.6.
Cl,VH]_,;,OgN5 requires C,50.1; H,4.2%).

The mother liquors from the above preparation after re-
movel of petroleum afforded an oil which was distilled at 80°
(bath temp.)/0.001 mm. The distillate was dissolved in light
petroleum (b.p. 40-60°), cooled to -15°, and seeded with a
trace of (.v’-thujaplicin. The solution deposited pfisms
m.p. 46-47° (12 mg.) which showed no depression when mixed
with natural f -thujaplicin (m.p. 479).

Both (& - and Y-thujaplicin were formed in this way not
only from the mixture of ketones from the ring-expansion of
4-isopropyleyclohexanone, but also from each of the samples
regensrated from the pure semicarbazones (A and B).

N-Nitrosoisobutylurethane. - A mixture of ether (200 c.c.),

iscobutylamine (40 g.) and water (100 c.c.) was cooled to 5°
with stirring. Ethyl chloroformate (60 g.) was added with-
out allowing the temperature to0 rise asbove §°. When half of
the chloroformate had been introduced, a cold soclution of
sodiun hydroxide (22g. in 30c.c. of water) was added at the
same rate. Thirty minutes after the last addition the ether
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layer was separated and the aqueous layer extracted with
ether (200 c.c.). The combined ether layers were rapidly
dried by shaking with potassium carbonate (8g.) in two por-
tions. The ether was removed and the residue which con-

sisted of isobutylurethans distilled at 110°/30 mm., _n_]g

1.4290 (67g.; 85%) (Found: N,9.1. CyH;g0oN requires N,9.6%).
To isobutylurethane (67g.) and ether (150c.c.) were added
ice (46g.) and sodium nitrite (1560g.) in cold water (230 c.c.).
A solution of nitric acid (from concentrated acid - 100 c.c. -
and ice - 150g. -) was added during 1 hour, with occasional
shaking. The temperature was kept below 15° by the addition
of ice. When the sthereal layer had become green, it was
separated, washed with water and potassium carbonate solu-
tion, and dried (chos); removal of the ether furnished
N-nltrosoisobutylurethane (80g.) as a pink oll which was
used without further purification for the next stage.
2-isoPropylcycloheptanons (XXXV). - A mixture of cyclo-
hexanone (47g.), methanol (50c.c.), and sodium carbonate
(1g.) was treated with N-nitrosoisobutylurethane (80g.) ex-
actly as in the preparation of 4-isopropyleycloheptanons de-
scribed above. FPractionation of the product yielded 2-iso-
propyleycloheptanons (23g.) b.p. 93-95°/18 m.am., g'g 1.4555
(Found: C,77.4; H,11.6. CyoHy g0 requires C,77.9; H,11.7%).

The semlcarbazone formed plabtes from agueous ethanol m.p.
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175-176° (Found: ,62.5; H,10.3, N,19.95. Cq;Hy ONg requires

¢,62.6; H,9.95; N,19.9%). |
3-Ethoxy-3-isopropyleycloheptane-1:2-dione (XXXVI). -

To a boiling solution of 2-isopropylcycloheptanons (23g.)

in ethanol (98%; 30 c.c.) was added dropwise during 2 hours

a solution of selenium dioxide (18g.) in ethanol (98%; 110

c.Cs). After 6 houra'! heating under reflux; the mixﬁure

was set aside overnight and worked up as described above.

Fractionation yielded the ethoxy-dione (XXXVI) (13g.) as a

pale yellow oil, b.p. 130%/22 mm., g 1.4785 (Found: C,68.3,
67.5; H,9.2,9.2; 0Et,20.7. Cy0Hpp0z requires C,67.9;
H,9.5; 0Et,21.2%). The mono-2:4-dinitrophenylhydrazone

after chramatogfaphy in benzene over alumina, crystallised
from ethanol in orange rosettes m.p.118° (Found: N,15.0.
C18Hp40gN4 requires N,14.3%).

Sodium Bramo-ci-thujaﬁlicin (XXXVII). A solution of

the ethoxy-dione (XXXVI) (10g.) in glacial acetic acid (10
¢.c.) was treated with bromine (20g.) and worked up as de-
scribed above. The sodium bramo- < -thujapiicin (2.1g.) thus
obtalned crystallised from water in yellow nodules dec.300°
(Found: €,40.6; H,4.25. CqqH100p Br Na,1l.5 HpO requires
C,40.5; H,4.4%). Heating the sesquihydrate at 150° in vacuo
for 6 hours oﬁly removed half a molecule of water to leave

the monohydrate (Found: C,42.6; H,4.1. CyoH;40o Br Na,Hg0
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requires C,42.45; H,4.25%).
ol-Thujaplicin (VI). - A solution of the above sodium

salt (400 mg.) in methanol (25c.c.) was stirred under hydro-
gen in presence of palladium/charcoal (10%; 100 mg.) until

1 mole of hydrogen had been absorbed. Reﬁmval of catalyst
and solvent followed by extraction with boiling light petrol-
eun (b.p.40-80°) and evaporation gave an oil which distilled
at 80° (bath temp.)/0.00L mm. The distillate solidified
to a feathery, frost-like mass on being cooled to 0°; crys-
tallisation from a small volume of light petroleum (b.p.
40-80°) at -15° gave priams of o -thujaplicin (78 mg.),

m.p. 26~27°, undepressed on admixture with an authentic
specimen (m.p. 27-28.5°). The olly methyl ether gave a poor
yield of the picrate, yellow needles, m.p. 110° (dec.) (from
ethanol) (Found: N,10.6. 017H1,709N3 requires N,lO.SZ). As
the mother liquors gave much unchanged methyl ether, it 1is
probable that only one of the two expected o( -thujaplicin

methyl ethers forms a piecrate.

TROPOLONE METHYL ETHER PICRATE.

Tropolone (5 mg.) was treated with ethereal dia.q?netha.ne
(2%; 1 c.c.) when effervescence had ceased, the solvent was
removed and the resultant oil treated with a saturated solu-
tion of picric acid in alcohol. The precipltated picrate

was crystallised from methanol. It formed yellow needles
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m.p. 119-120° (Found: C,45.8; H,3.25. CgHg0p, CgHzOyliz
requires C,46.05, H,3.05%).

TROPOLONE DIPHENYLMETHYL ETHER.

Tropolone (100 mg.) in benzene (2 c.c.) was treated
with a solution of diphenyldiazomethane in benzene (10%;
3 c.c.) (cf. Hardegger, E1l Heweihi and Robinet 'Qb) and thé
solution heated on the steam bath until the red colour dis-
appeared. Evaporation of the solvent afforded the ether
as a ye.llow solid m.p. 120-130°. Recrystallisation from
1light petrolewm (b.p. 100-120°) afforded tropolone diphenyl-
methyl ether as rosettes m.p. 142-143° (Found: €,83.4; H,5.6;

 CgoHy g0 requires C,83.4; H,5.6%).
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SOME REACTIONS OF TROPOLONE .

Attempted iso Propylation of Tropolons. -

(a) To a solution of tropolone (100 mg.) in isopropyl
chloride (1 c.c.) was added aluminium chloride (20 mg.) and
the mixture was kept at room temperature for 24 hours. The
resulting red precipitate (25 mg.) m.p. > 300° was col-
lected and boiled with dilute hydrochlorlec acid until dis-
solution was complete. Extraction with ether gave tropolone
(10 mg.) m.p. 49°. Evaporation of the original mother
liguor furnished a further quantity of tropolons.

(b) To a mixture of tetrachloroethsne (3 c.c.), iso-
propyl alcohol (80 mg.) and aluminium chloride (1 g.) heated
to 80° was added dropwise a solution of tropolone methyl
ether (150 mg.) in tetrachloroethane (1 c.c.)}. After two
hours at 80°, the mixture was kept at room temperature for
16 hours. After being hydrolysed with dilute hydrochloric
acid, the reaction mixture was basified with sodium carbon-
ate solution and the tetrachloroethane removed in stesm.
Acidification with concertrated hydrochloric acid followed
by isolation with ether afforded tropolone (110 mg.).

Attempted C-Acetylation of Tropolone. -

(a) To an ice-cold mixture of tetrachloroethane, (3 c.c.)
acetyl chloride (205 mg.), and eluminiwu chloride (600 mg.)

was added tropolone {240 mg.). The mixture was kept at 0°
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for two hours, at 20° for 16 hours and then decomposed by
pouring into 6N-hydrochloric acid (10 c.c.). Extraction
with ether, shaking out with sodium hydroxide solution, re-
acldification and isolation with ether gave only tropolone
(150 mg.).

(b) A mixture of tropolone (180 mg.), stannic chloride
(260 mg.) and acetic anhydride (102 mg.) was allowed to stand
at room temperature for 45 minutes and the reaction product
worked uvp as in (a). Tropolone (110 mg.)} was again the
sole 1solable material.

(¢c) A mixture of tropolone (200 mg.) acetic anhydride
(200 mg.) and syrupy phosphoric acid (40 mg.) was heated at
110° for 3 hours. Water was cautlously added to the cooled
solution and the product isolated with ether. Evaporation
gave a residue which sublimed under reduced pressure to
yield (1) tropolone (110 mg.) and (ii) an oil b.p. 80° (bath
temp.)/10 rm. The latter soon solidified and was erystal-
lised from 1light petroleum (b.p. 60-80°) to give O-acetyl-
tropolone (XXXVIII) (60 mg.) as prisms m.p. 67° (Kofler
block) (Found: C, 65.1; H, 5.0. Calculated for CgHg04:
C, 65.6; H, 4.9%).

(d) Tropolone (150 mg.) was dissolved in glacial acetic
acid (1 c.c.) and borontrifluoride-ether (1 c.c.) added;

an immedlate precipitation occurred. The mixture was heated
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in a sealed tube at 70° for 5 hours, the tube cooled and the
crystalline precipitate filtered off. Crystallisation from
acetic acid or light petroleum (b.p. 100-120°) yielded the
canplex (XXXIX) (115 mg.) as large plates m.p. 151° (Found:
C, 49.7; H, 3.3. CyHg0,. BF, requives G, 49.5; E, '
2.95%). The complex gave no colouration with ferric chlor-
ide but was hydrolysed to tropolone with bolling dilute
sulphuric acid. The complex was also formed in the absence

of glacial acetic acid.

Attempted Gatterman Reaction. -

Dry hydrogen chloride was passed into a mixture of
tropolone (240 mg.) dry ether (15 c.c.), zinc cyanide (300
mg.) and sodivm chloride (6 mg.) until saturation was com-
plete. The resulting white solid was separated from the
ether by decantation and dissgolved in boiling water. After
cooling, extraction with ether furnished only tropolone
(200 mg.)

Attempted Chloromethylation. -

A mixture of tropolone (100 mg.), glacial acetic acid
(3 c.c.) and chloramethyl methyl ether (100 mg.) was shaken
for two hours at roam temperature. The solution deposited
fine white needles of tropolone hydrochloride (80 mg.) m.p.
120-125° (dec.); these slowly passed into tropolone. A

similar result was obtained when paraformaldehyde-hydrogen



59

chlorlde was employed.

Attempted Kolbe-Schmidt Reactions. -

(a) Sodium tropolonate (500 mg.) was dried in a stream
of nitrogen at 150° for 3 hours; the temperature was then
raised to 180° and dry carbon dioxide passed over the salt
for 6 hours. The resulting sodium salt furnished only
tropolone on acidification. Reaction temperatures ranging
fram 180-260° gave similar results.

(b) Powdered sodium (50 mg.) in Xylene (10 c.c.) was
treated with tropolone {240 mg.) and the mixture heated
under reflux for 5 hours while carbon dioxide was bubbled
in. Acidification of the resulting yellow sodium salt gave
a quantitative recovery of the tropolone.

(¢) A mixture of tropolone (200 mg.) anhydrous potassium
carbonate (600 mg.) and solid carbon dioxide (8 g.) in a
pyrex tube was heated to 180° in an autoclave for 5 hours.
Acidification of the product again led to quantitative re-
generation of tropolone.

Reimer-Tiemann Reaction. -

A mixture of tropolone (500 mg.) water (12 c.c.) and

10-N sodium hydroxide solution (4 c.c.) was warmed until
solution was complete and chloroform (0.5 c.c.) was then
added. The resulting deep red solution was heated by steam

and a further quantity (1 c.c.) of chloroform added during
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one hour. After a further 2 hours' heating the cooled mix-
ture was acidified to Congo red with dilute sulphuric acid
and an amorphous brown precipitate (50 mg.) m.p. > 300°
filtered off. The filtrate was continuously extracted with
ether for 24 hours. Drying (NagS50,) and removal of solvent
furnished a yellow gum which, on being fractionally sublimed
under rqduced pressure, gave tropolone (100-200 mg.) sublim-
ing at 60-80° (bath temp.)/18 mm. and a yellow solid (20-50
mg.) subliming at 100-120° (bath temp.)/18 mm. Repeated
crystallisation of this latter product from ethanol gave
X'ﬁgggmyltropolone (XLII) as bright yellow needles m.p.

181° (dec.) which slowly decomposed on exposure to light
(Found: C, 64.0; H, 4.2. CgHgOz requires C, 64.0; H, 4.0%).

The 2:4-dinitrophenylhydrazone crystallised in red prisms

m.p. 226° (dec.) from ethyl scetate.

Tropolone~ X,-carboxyiic acid (XLIII). -

(a) 'XLFormyltrOpolone (24 mg.) was added to a suspen-
sion of freshly precipitated silver oxide (68 mg.) in 4N
sodium hydroxide solution (0.5 c.c.) and the mixture heated
by steam for 30 minutes. The cooled filtered solution was
acldified with dllute sulphuric acid and extracted continu-
ously with ether for 16 hours. Evaporation gave a yellow
solid (12 mg.) m.p. 250-270° which on crystallisation from
glacial acetic acid afforded tropolone- 4 -carboxylic acid
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as fine yellow needles m.p: 288° (dec.; sealed tube) unde-
pressed on admixbure with an authentic specimen m.p. 288°

1
(Cook, Loudon and Steel d ). When crystallised from water

the acid formed a monohydrate, yellow prisms m.p. 222-225°

(Found: C,52.1; H,4.4. CgHgOy, HoO requires G, 51.65; H,
4,0%). Treatment of the acid with ethereal diazamethane

gave the corresponding methyl ether methyl ester (XLIV) which
crystallised from benzene &s fine white needles, m.p. and
mixed m.p. 184.5°.

(b) A mixture of tropolone (100 mg.), potessium hydrox-
ide (300 mg.), ethanol (0.5 c¢.c.), water (0.5 c.c.), and
carbon tetrachloride (100 mg.) was heated at 1009 in a sealed
tube for 16 hours. Cooling and acidification followed by
continuous ether extraction and fractionsl sublimation gave
tropolone (60 mg.) and a pale yellow solid subliming at
180° (bath temp.)/0.4 nm. Crystallisation of this latter
from water gave tropolone— B/-carbc'vxylic acid hydrate (3 mg.)
m.p. and mixed m.p. 222-225°.

Attempted Reaction with N-Methylformanilide. -

A mixture of tropolone (200 mg.), N-methylformanilide
(550 mg.), and phosphorus oxychloride (500 mg.) was kept at
room temperature for 16 hours. The product was poured into
water and extracted with ether. The extract was shaken out

with dilute sodium hydroxide solution (1%). Acidification
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and ether extraction furnished tropolone (100 mg.). 1In

one experiment evaporation of the alkall washed extract gave
an 0il possessing carbonyl activity which gave a 2:4-dinltro-
phenylhydrazone, scarlet needles, m.p. 206° from n-butanol
having the composition of the derivative of a formyltropolone.
(Found: ¢, 50.8; H, 3.0. 014H1006N4 requlres C, 50.9;

H, 3.0%). This result could not be repeated however.

Reduction of Tropolone with Lithium Aluminium Hydride.

A solution of tropolone (200 mg.) in dry ether (5 c.c.)
was added to a slurry of LiAlH4 (1 g.) in ether (40 c.c.).
The initial yellow precipitate rapidly dissolved. The mix-
ture was heated under reflux for 30 minutes, cooled and de -
composed with ice-cold dilute sulphuric acid.  The initial
yellow colour of the solution rapidly darkened to a deep red-
brown; this could not be prevented either by working under
nitrogen or by carrying out the decomposition with ice alone.
Isolation with ether yielded a dark red gum which on distilla-
tion at 80-100°/18 mm. gave a pale yellow oil (100 mg.) and
a brown resin (600 mg.). The oil afforded a bis-2:4-dinitro-

phenylhydrazone which after chromatography over alumina in
benzene crystalllised from the latter solvent in red prisms
m.p. 183-185° (Found: C, 47.5; H, 3.35; N, 23.15.
C19H160gNg requires C, 47.1; H, 3.35; N, 23.16%). Light
absorption in chloroform: A max. 3560 & (€ = 36,500);
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A infl. 3960 A (€ = 29,000).

The big-2:4-dinitrophenylhydrazone of cycloheptene -1:2-
dione, after chromatographic purification (benzene-alumina)
crystallised fram benzene as red needles which contained
benzene of crystallisation (Found: C, 53.8; H, 4.4: N, 20.1.
CqgH1g0gNgs Cellg requires C, 53.2; H, 4.3; N, 19.85%).
Drying at 140°/18 mm. gave the solvent free compound m.p. 213°
(Found: C, 47.55; H, 4.1; N, 22.65. C;gH;gq0gNg requires
G, 46.9; H, 3.75; N, 23.0%). Light absorption in chloro-
form: Amax. 3520 A (€ = 34,000); Ainfl. 3900 & (£ =
27,500).

Reduction of Tropolone Methyl Ether with Lithium Aluminium

Hydride.
A solution in ether of anhydrous tropolone methyl ether

(1 g.) was added to LiAlH, (1 g.) in ether (20 c.c.). After
the initial vigorous reaction, heating was continued for 30
minutes and the reaction mixture then decomposed with ice.
Ether extraction gave an 0il smelling strongly of benzalde-
hyde. Treatment of the product with excess ethanolic 2:4-
dinitrophenylhydrazine sulphate gave a derivative which was
washed with water and dried. The product (0.9 g.; m.p.

ca 200°) was purified by chromatography (benzene-alumina) to
yield benzaldehyde 2:4-dinitrophenylhydrazone, m.p. 236° un-
depressed on admixture with an authentic sample. The fil-

trate from the preparation of the derivative was neutralised
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with amonisa and well extracted with ether. Evaporation
gave a minute smount of an 0ll which did not give a picrate

or a hydrochloride.

S - ot > o -
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The Self-Condensation of cycloDecane-1:2-dione.

Melting points were determined on a Kofler block.
CycloDecan-1-0l-2-cone. - This was prepared from diethyl
sebacate by the method of Prelog, Prenkiel, Kobelt and Bazma.n(”)

in comparable yleld. A higher boiling by-product b.p. 200~
230°/0.1 mm. solidified on being triturated with methanol

and crystallised from this solvent in needles m.p. 125-126°.
Analysis showed 1t to be the bis-acyloln cycloeicosane-1:11-
diol-2:12-dione derived from the condensation of two molecules
of diethyl sebacate (Found: C,70.45; H, 10.25. M.W. (ebull.
in benzene) 351. CooHzg04 Tequires C, 70.85; H, 10.65.

M.W. 340 /cycloDecane-l :2-dione. - The oxidation procedure

of Rigby(m/ was used. A mixture of crude cyclodecan-l-o0l-
2-one (35 g.) bismuth oxide (35 g.) and scetic acid (160 c.c.)
was stirred in s boiling water bath for 45 minutes. Big-
muth compounds were then filtered off, the filtrate diluted
with water and the dione extracted with light petroleum

(b.p. 40-60°). Washing with water, drying and evaporation
gave a low-melting solid; one crystallisation from a amall
volume of light petroleum (b.p. 40-60°) gave nearly pure
cyclo-decane-1:2-dione (22 g.) as yellow prisms m.p. 41-43°
(Prelog et al., loc. cit., give m.p. 44°).

Self-Condensation of cycloDecane-l:2-dione. - To a
methanolic solution of sodium methoxide (froam methanol,

50 c.c., and sodium, 2 g.) contained in a 100 c.c. flask was
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added a solution of cyclodecane-l:2-dione (5.28 g.) in meth-
anol (20 c.c.). The flask was then filled up to the stopper
with methanol to exclude air. After 16 hours standing at
room temperature, the resulting crystalline mass was filtered
off, washed with methanol and water and dried (2.8 g.) This
product (m.p. 242-248°) on being crystallised fram a large
volume of toluene gave the pure 2, 6:3, 5-bis {(heptamethylene )
cyclohexane-2:5-diol-1:4-dione (LII) as fine needles m.p.
255° (Pound: C, 71.2; 4, 9.4. M.W. (ebull. in benzene)
304. CopoHzoO, requires C, 71.4; H, 9.56%. M.W. 336).
The substance was sparingly soluble in all the cammon organic
solvents in the cold but slowly dissolved in hot dioxan,
chloroforn:, toluene, pyridine and acetic acid. Heating
the ecampound with potassium bisulphate at 200°, with phos-
phorus pentoxide in triethylamine-benzene , with phosphorus
tribromide in toluene and with fused phthalic anhydride =zt
200° produced no change. It dissolved in warm concentrated
sulphuric acid but was precipitated by water unchanged.
Treatment with both boiling acetic anhydride and benzoyl
chbloride-pyridine left it unchanged. A blue melt obtained
by fusion with toluene-p-sulphonic acid is under investigsa-
tion.

The methanolic filtrate fram the dimer was diluted with
twice its volume of water and the turblid solution allowed to

stand until crystallisation was caaplete. Filtration, washing
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with water and drying gave the second product (LIV: 1.8g.)
m.p. 150-158°. Crystallisation fram 1light petrolewm (b.p.
100-120°) furnished pure 2, 6: 3, 5-bis (heptamethylene )
cyclo-hex-5-en-2-0l1-1:4-dione as prismatic clusters m.p.
169-171° [ Found: C, 75.7; H, 9.7. Microhydrogenation
(Pd in acetic acid) 1.1 F~ CooHzg03 requires G, 75.45;
H, 9.5% Amax. (in ethanol) 2450 A (£ = 7,500), A infl.
2520 A (&= 7,250)] . Treatment of this compound with the
dehydrating agents mentioned above left it unchanged.
Sodium Bismuthate Oxidation of (LII). -

A, The dimer (LII; 1 g.) was dissolved in warm acetic

acid (100 c.c.); phosphoric acld (8 ce.c.; 3.3 M) and
sodium bismuthate (AR; 4g.; 4 moles) were then added and
‘the mixture stirred at 70-75° for 6 hours. The cooled re-
action mixture was diluted with water (50 c.c.) and then
shaken with three 250 c.c. portions of ether. A flocculent
suspension in the ether was filtered and proved to be un-
changed dimer (0.35 g.). The ether extract was well washed
with water, dried (MgSO4), and evaporated; residual acetic
acid was removed by warming under reduced pressure. The
resulting sticky solid was extracted with bolling light
petroleum (b.p. 40-60°); evaporation of the extract gave a
light yellow oil which solidified almost completely on

standing. The solid was pressed on porous tile to remove
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adhering oil and was then crystallised fran a small volume
of 1light petroleum (b.p. 40-60°) at 0° to furnish prismatic
plates (80 mg.) m.p. 94-96°, undepressed on admixture with
an authentic specimen of cyclooctadecane-1:10-dione (m.p.
969).

B. The dimer (0.5 g.), sodium bismuthate (1 g.; 2 moles),
acetic acid (10 c.c.) and phosphoric acid (2 c.c.) were
shaken at 50° for 6 hours. On working up as in A the dimer
(0Os4 g.) was recovered unchanged together with an ethanol
soluble product m.p. 125-123°, which crystallised from ben-
zene 1in needles m.p. 128°. Analysis showed it to be cyclo-

octadecane~1:10-dione-2:11-dicarboxylic acid (LIII) (Found:

C, 65.2; H, 8.6. CggHzo0g requires C, 65.2; H, 8.75%).
The acld was insoluble in cold but soluble in warmm sodlum
bicarbonate solution. It showed no sign of decarboxylation
on heating at ;4o° for 10 minutes.

Oxidation of the dimer with chranium trioxlde in acetlc

acid at 80° furnished azelaic acid.
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THE ATTEMPTED SYNTHESIS OF X-TROPOLONE.

Cls-trans Quinitol was prepared by the catalytic hydro-
genation of hydrogquinone over Raney nickel in methanol solu-
tion at 150°/130 atmos. (cf. Owen and Robins 4 ).

Quinitol Monobenzoabte. - The method of Jones and Sond-

heimer (loc. cit.) was found to give a comparable yield.
Quinitol (405 g.) was dissolved in chloroform (1250 c.c.;
freed from alcohol by shaking with concentrated sulphuric
acid) and dry pyridine (950.c.c.). A solution of benzoyl
chioride (480 g.) in chloroform (1 litre) was added with
stirring during 3 hours, the temperature being kept at

0-52 by external cooling. After standing overnight at room
temperature the chloroform solution was freed from pyridine
by washing with water (8 x 500 c.c.) and then with sulphuric
acid (6N; 5 x 500 c.c.). Drying (Na2804) and removal of
chloroform (bath temperature 80°/18 mm.) followed by frac-
tionation of the residue gave bthe monobenzoate as a very
viscous colourless oil b.p. 160-170°/0.6 mm. (400 g.). The

regidue solidified and conslsted of the isomeric dibenzoates

(m.p. 158-1450).///4-Benzoy1Qxycyclbhsxanone (LXVII). - After
Jones and Sondheimer(75).

Chromium trioxide (50 g.) dissolved in a mixture of
water (30 c.c.) and acetic acid (AR; 113 c.c.) was added to

a stirred, cooled solution of the above monobenzoate (11l g.)
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in acetic acid (190 c.c.) so that the temperature 4id not
exceed 35°. On leaving overnight at room temperature, and
adding ether (800 c.c.), the acetic acid was removed by wash-
ing with water and then 2N sodium hydroxide solution. Evap-
oration of the washed (H;0) and dried (Na2304) ether layer
gave 4-benzoyloxy-cyclohexanone (75 g.) m.p. 62° fram ether-
1ight petroleum (b.p. 40-600) (1it. 63°, 62°).

4-Benzoyloxycycloheptanone (LXVIII). -

4-Benzoyloxycyclohexanone (LXVII) (50 g.) dissolved
in methanol (150 c.c.) was treated drop-wise with N-nltroso-
me thylurethane (38 g.) in presence of powdered, anhydrous
godium carbonabe (1 g.), the mixture being vigorously stirred
and maintained at 25-30° by cooling in ice-water. After
leaving overnight at room temperature, the filtered solution
was evaporated and the residue distilled into three frac-
tions -(a) b.p. 80-90°/0.4 mu. (5 g.); (b) b.p. 90-150°/0.4
m. (9 g.); and (c) b.p. 150-151°/0.4 yam. (28 g.). PFrac-
tions (b) and (c) consisted mainly of 4-benzoyloxycycloheptan-
one b.p. 150-151°/0.4 mn., ;é? 1.5321 (Found: C, 72.29;
H, 7.23. Cq4H1405 requires C, 72.46; H, 6.90%). The 2:4-

dinitrophenylhydrazone crystallised in orange prisms from

n-butanol m.p. 178° (Found: C, 58.58; H, 4.50. CgoHooOgNy
requires C, 58.38; H, 4.90%).

4-Hydroxycycloheptanone (LXIX). -
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4-Benzoyloxycycloheptanone (15 g.) was heated under re-
flux with methanol (60 c.c.) containing sodium (0.2 g.) for
15 hours. Water (10 c.c.) was added to the cooled solution
and carbon dioxide bubbled through the liquid until éatura-
tion was complete. The methanol was removed (steam bath)
and the residue fractionated into (a) b.p. 60-809/0.2 mm.
(b) bep. 80-90°/0.2 mn. and (c) bep. 90-110°/0.2 mm.. (a)
and (b) consisted mainly of methyl benzoate. (c) on redis-
tillation had b.p. 95°/0.4 m. (6 g.) oy 1.4912 (Found:
C, 65.42; H, 9.54. C.H ,0, requires C, 65.62; H, 9.38%) .
As separation from methyl benzoate by distillation was very
difficult, in later runs the crude mixture was shaken with
water in which the hydroxyketone 1is very soluble and the
ester removed by extraction with petroleum ether (b.p. 40-

60°). Removal of water and distillation gave the pure

hydroxyketone b.p. 95°/0.4 nm. The 2:4-dinltrophenylhydra-
zone formed yellow-orange prisms m.p. 137° from aqueous
methanol (Found: C, 50.1; H, 5.12. Cq5H; 605N, requires

¢, 50.6; H, 5.23%).

CycloHeptane-1:4-dione (LXX). - To the above hydroxyke tone
(LXIX) (3 g.) in water (10 c.c.) was added with stirring and
ice-cooling, chromic acid (6 N solution in sulphuric acid;
12 c.c.) 80 that the temperature did not exceed 30°, The

reaction was completed by allowing the mixture to stand over-



7

night at room temperature. Saturation with sodium chloride
followed by continuous ether extraction yielded ths dione

15
bepes 95° lm. n
p /- o,

1.4822 (On microanalysis it was reported
that the sample rapidly absorbed water as soon as it was
weighed. Of 12 analyses performed two are reproduced here.
The ready deliquescence of the compound explains the low
carbon values. Pound: C, 64.01, 63.0; H, 8.09, 7.50.

C,H, 40, requires C, 66.65; H, 7.99%). The bis-2:4-dinitro-
phenylhydrazone formed orange needles m.p. 230° (dec.) from
aqueous dioxan containing solvent of crystallisation after
drying at 100°/15 mm. for 12 hours (Found: C, 48.1; H, 4.76.
C, ol 508 gs C4HgOp vequires G, 48.09; H, 4.56%). Chromat-
ography in benzene over alumina and crystallisation from
benzene yielded a sample m.p. 245° (dec.) from which the
solvent could not be completely removed without decomposi-
tion of the compound (Found: C, 48.28; H, 3.71. C1oH, 508Ny
requires C, 46.9; H, 3.73%). Crystallisation of a sample
from n-butanol gave orange needles m.p. 200° (dec.) (Found:

N, 22.75. CgH,g04Ng requires N, 23.0%).

Attempted Bromination-Dehydrobromination of (LXX). -

(a) The dione (0.6 g.) was treated with bromine (2 mols.)
in acetic acid (5 c.c.) at 0°. On leaving overnight at room
temperature, heating at 100° for two hours and steam distilling,

the residue was dissolved in ether and extracted with sodium
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hydroxide solution. A brown amorphous solid m.p. 100-110°
was obtained on acidification of the alkaline solution and
recovery with ether, which defied attempts at purification.
No recognissble material was obtained from the steam distil-
late.

(p) The diketone (1.0 g.) dissolved in acetic acid
(10 c.c.) was treated at reflux temperature with bromine
(2 mols.) in acetic acid. After 30 minutes hydrogen braﬁide
was evolved and at the end of one hour the solvent was re-
moved by heating the dark brown solution at 100°/15 mm.

The resultant tar was extracted with boiling sodium bicarbon-
ate solution which on acidification and ether extraction af-
forded a small amount (20 mg.) of an oll. Sublimation of
this product at 50°/0.1 mm. yielded white needles of a bromo-
compound m.p. 50°. Recrystallisation from light petroleum
(b.p. 40-60°) did not change the melting point (Found:
C,31.98; H, 2.47. CrpH,0.Bry requires C, 30.0; H, 1.45%).
Lack of material prevented further purification of this
bromo-derivative.

(¢c) The dione (1.0 g.) was dissolved in a mixture of
chloroform (5 c.c.) and carbon tetrachloride (5 c.c.).
N-bromosuccinimide (2.8 g.; 2 mols.) was added and the mix-
ture heated on the water bath. After five minutes a deep
red colour developed. At the end of 30 minutes the colour
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was suddenly discharged, a violent reaction took place, and
hydrogen bromide was coplilously evolved. The mixture was
cooled, the succinimide removed by filtration and the solvent
evaporated. The residue was heated at 100° for 3 hours to

yield a black tar. Repeated extraction with carbon tetra-
| chloride and washing of the extract with water followed by
removal of acidic material by shaking with sodlum hydroxide
" golution (2 W; 20 c.c.) afforded on acidification and ether
extraction a yellow oil (200 mg.). When heated at 100°
(path temp.)/15 mm. a few milligrams of benzoic acid (m.p.
and mixed m.p. 1210) sublimed from the product. The oil
distilled at 100-1200/15 mm. but no analysis was possible
due to ingufficient material for fractional distillation.
Bromination of 4-Iydroxycycloheptanone (LXIX). -

To the hydroxyketons (1.9 g.) in boiling acetic acid

(20 c.c.) was added dropwise bromine (1.95 c.c.; 2 moles)
in acebtic acid (8 c.c.). After 30 minutes! reflux, evolu-
tion of hydrogen bromide occurred. The acetic acid was re-

moved in vacuo and residue extracted with boiling cyclo-
hexane. Stout, colourless needles m.p. 86° crystallised
from the cooled extract. Recrystallisation from cyclo-
hexane afforded a compound m.p. 91° whose analysis indicated
that of a tribrano derivative (Found: C, 22.0; H, 1.26.
07H5023r3 requires C, 23.45; H, 0.85%). Sublimation of
this compound at 50° (bath temp.)/0.2 ma. yielded a dibromo-
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derivative m.p. 85° whose analysis suggested either a hydroxy-
dibronocycloheptatrienone (Found: G, 29.7; H, 2.2; Br,
57.6. C,H,0.Br, requires C, 30.0; H, 1.45; Br, 57.1%)

or a hydroxydibronocycloheptadienone (CVH602Br2 requlres
C, 29.8; H, 2.15; Br, 56.7%). Repetition of this experi-
ment gave variable results, 0ils being frequently encountered.

Hydrogenolysis of the tribromocompound. -

The tribromide (300 mg.) and triethylamine (500 mg;)
dissolved in ethanol (10 c.c.) were stirred under hydrogen .
in presence of palladised charcoal (10%; 50 mg.). Absorption
of almost 3 mols. of hydrogen took place. Removal of solvent
and catalyst left a pale yellow gum which on rubbing with
cyclohexane deposited needles of benzoic acid (20 mg.) m.p.
and mixed m.p. 1210. There was not sufficient of the resid-
ual oil (30 mg.) to distil fractionally for analysis.

Attempted Dehydrogenation of cycloHeptane-1:4-dione (LXX).

(a) The diketone (1 g.) dissolved in boiling trichloro-
‘benzene (15 c.c.) was treated with palladised charcoal (10%;
0.9 g.) in an atmosphere of nitrogen and heating continued
for 8 hours. The catalyst was removed by filtration and

the trichlorobenzene extracted with potassium hydroxide solu-
tion (20%; 30 c.c.) On acidification and recovery with ether
there was obtained an oil, presumably the starting ketonmse,
b.p. 100-120°/18 mm. which gave a yellow precipitate with
ethanolic 2:4-dinitrophenylhydrazine sulphate.

(b)
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(b) The diketone (1 g.) was refluxed (bath temp. 200°)
with palladium-charcoal catalyst (10%; 150 mg.) for 6 hours.
The starting material was recovered almost quantitatively.

(¢) When the diketone (2.5 g.) was distilled at 18 mm.
through a 9-inch column of palladised or platinised charcoal
(10%) on glass wool hested to temperatures ranging fram
280-330° it Iwas recovered without change either in refract-
ive index or in m.p. of its 2:4-dinitr0phenylhydrazone..

(d) With Selenium Dioxide. - To a refluxing solution of

the dione (0.5 g.) in acetic acid (5 c.c.) was added selenium
dioxide (0.22 g.) in acetic acld (7 c.c.). After one hour
the cooled, filltered solution was treated with water and ex-
tracted with ether. Evaporation of the dried (NagS0,) ex-
tract furnished, after sublimation of the residue at 200°
(bath temp.)/0.2 nm., tiny, white needles (2 mg.) m.p. 270°
(dec.) giving an intense green colour with ferric chloride
solution.

{e) With Iodine.- The dione (0.3 g.) was heated to re-

flux (metal bath temp. 200°) and one crystal of iodine added.
The mixture became yellow in colour. After 20 minutes the
residue was heated at 180°/18 mm. The oil which distilled
had the same refractive index as the starting material and
gave the identical 2:4~dinitrophenylhydrazone but the amall
(gummy ) residue gave no carbonyl reactions and possessed a

faintly phenolic smell.
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(f) The dione (1.0 g.) was boiled in nitrobenzens
(5 ¢.c.) with a crystal of iodine for 2% hours. Sodium
hydroxide solution (2N; 30 c.c.) was added and the nitro-
benzene removed in steam. Acidification of the residue
and continuous ether extraction afforded a deep red gum from
which was isolated by distilling at 100-120°/0.4 rm. a yellow
oil (ca. 100 mg.) giving no precipitate with ethanolic 2:4-
dinitrophenylhydrazine sulphate. Attempts to prepare a
picrate, hydrochloride and diphenylmethyl ether were unsuc-
cessful.
1:7-Bisdiazoheptane-2:6-dione (LXXV). -

Glutaryl chloride (5 g.) in benzene (20 c.c.) was added
slowly with swirling and ice cooling to ethereal diazomethane
(from 30 g. of N-nitrosomethylurea) and the mixture left
overnight. Removal of ether at 30°/18 mm. left the diazo-
ketone as a bright yellow solid (3.5 g.) m.p. 50°. Crystal-
lisation from benzene-light petroleum (b.p. 60-80°) gave
yellow plates m.p. 55° (dec.) (Found: G, 46.7; H, 4.82.
CrHgOpN, requires C, 46.67; H, 4.447%).

Reaction with cupric oxlde - Cyclohept-2-ene-l:4-diome (LXXVI). -
The asbove diazoketone (2 g.) in benzene (20 c.c.) was

added to cupric oxide (2 g.) in light petroleum (b.p. 60-809;

80 c.c.) with efficient stirring. The mixture was heated

on the water bath until evolution of nitrogen was complete.
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Filtration, followed by evaporation of the solvent furnished
an oil b.p. 90°/0.4 mn. (0.5 g.). The big-2:4-dinitrophenyl-
hydrazone after chromatography in benzene over alumina and
erystallisation from benzene-light petroleum (b.p. 40-60°)
formed red prisms m.p. 110° (Found: N, 22.8. C1 9By 606Ng
requires N, 23.1%).
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PART 1II

THE SYNTHESIS OF DIMETHYLPHENANTHRENE




SUMMARY

PART II.

4:5-Dimethylphenanthrene has been prepared |
from pyrene by a series of smooth reactions.
Ozonolysis of pyrene gave 4-formylphenanthrene-5-
carboxylic acid which was reduced to 4:5-bis-
hydroxyme thylphenanthrene . Replacement of the
hydroxyl groups with bromine followed by the forma-
tion of phenanthrene -4:5-dilsothivronium dibromide
led to the production of 4:5-dimethylphenanthrene.
The ultra-violet absorption data of the hydrocarbon

and of its intermediates are discussed.
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THE SYNTHESIS OF 4:5-DIMETHYLPHENANTHRENE

Interest in phenanthrene derivatives with methyl groups
in the 4- and 5~ positions arises from the possibility of
steric hindrance in such compounds, for the relatlively

large methyl groups cannot be accommodated at positions

{ A 3 4 and 5 without overcrowding. That
4 such compounds were capable of existence
fo ' was demonstrated by Newman(l) who pre-
4 5 pared the analogous 6:7-dimethylchrysene
8 b

(I) by the method outlined below and at

the same time drew attention to the occurrence of similar

systems
CN
z NUNH 7
k - — “ I Hy
CHyCN (H,
CHs CHy CHBX Cly i’
' /COZH

" CH,
CHg
CH} H3
(1)

in 2:2'-dimethyl-meso-benzobianthrone \2‘) and 2:2'-dimethyl-
me so-naphthodianthrone B) where, however, the strain caused

by the proximity of the methyl groups may be distributed more



easily throughout the large ring system. A somewhat similar
situation obtains in the intermediate (IT) in Newman's cor-

onene synthesis(A) which readily loses six hydrogen atoms

‘ mwz“ |
CHy — ) |
L BRSO
(T0) )

il
and decé;boxylates to yield coronene (III). ( Another example
of this steric effect on chemical behaviour is the ready
conversion of 4-formylphenanthrene-5-carboxylic acid (IV) ob-
tained by ozonisation of pyrene(gv back into derivatives of
pyrene. Thus, treatment with alcoholic potash or potassium

cyanide gives 1l:2-pyrenequinone (V) whereas hydrazine hydrate
gives l-hydroxypyrens (VI).

CHQ 0 oH

Co,H

(V) (¥) (VI
A similar example is provided by tetrahydro-3:4:5:6-

dibenzophenanthrene carboxylic acid (VII) in which the hydrogen




3

(b)

atomns at the two starred positions interfere with each other.
Dehydrogenation takes place with the loss of slx hydrogen
atoms to yield the 1l:1l2-benzoperylene carboxylic acid (VIII).

COzH COxH

N

l

Y,
b (m)

Newman?) considered three alternatives for the accommoda-
tion of two methyl groups at the 4:5-positions in phenan-
threne as follows:-

(1) the methyl groups iie bent away from each other
but in the same plane as the aromatic rings, (2) the armatic
ring system is distorted in some way and (3) the methyl
groups lie bent out of the plane of the phenanthrene nucleus.
The first possibility was excluded by the synthesis and
opticel resolution of 4:5:8-trimethyl-l-rhenanthrylacetic
acid (IX) by Newman and Hussey(7) for condition (1) requires
a planar molecule. 1:4:5-trimethylphenanthrene (X) was also
prepared as indicated below and the ultra-violet absorptioﬁ
curves of (IX) and (X) were compared with that of phenanthrene
which they resembled too closely for condition (2) to be |
satigfied. The third possibility accounts for the optical
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CML, COz H
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activity of (IX) in which the methyl groups in the 4 and 5
positions are on zglternate sides of the phenanthrene nucleus.
Newman suggested the term "optical isomerism of the 4,5 phen-
enthrene type" to describe this isomerism. The condition
for optical activity is that there are two groups in the 4
and 5 positions which have effective volumeé large enough

to prevent rapid slipping past a posgition of coplanarity with
the aromatic plane. The opticel antipodes of 4:5-dimethyl-
phenanthrene (XI and XII) when drawn or constructed in model
form can be seen to be non-superposable mirror images. It
was desirable, then, to prepare the hydrocarbon (XI) firstly

to prove it capable of existence, for several projected
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syntheses had not met with success, and secondly in order to
examine the steric effect of 4:5-substitution on the fine
structure of the phenanthrene nucleus.

In an attempt to prepare 4:5-dimethylphenanthrene in
1934, Haworth and shelarick(® cyclised ¥ -(2-methyl-8-naph-
thyl) butyric acid (XIII) but obtained the anthracene instead
of the desired phenanthrene structure. Treatment with
methyl magnesium iodide followed by dehydrogenation afforded
1:5-dimethylanthracene (XIV).

Me Me , Me
y CHLCH,CH,CO,H o '
[ > —
N N
(&) : E

Another approach via the Pschorr ring closure reaction

on o(-(z t-bromo-5'-methylphenyl )-2-amino-3-me thylcinnamic

acid (XV) by Lewls and Elderfield @ proved impracticable.
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) (X¥)

A fruitless attempt to prepare 1l!'-9-dimethyl-l:2-benzanthra-

cene (XVI) a structure analogous to 4:5-dimethylphenanthrene

10)

has been reported by Fleser and Seligna.n.(
Campbell ) treated pyrene with osmium tetroxide-pyridine

to obtain 1:2-dihydro-1':2'-dihydroxypyrene (XVII) previously

(12)

described by Criegee S‘l
U3

acetate by Criegee's method afforded a compound belleved to

Oxidation of (XVII) with lead tetra-

be 4:5-diformylphenanthrene (XVIII). All attempts to reduce
this compound by Huang-Minlon and Clemmensen procedures were
unsuccessful. The same author (") then made use of the
facile production of 4-formyl-phenanthrene-5-carboxylic acid
(XIX) from the ozonolysis of pyrene which had been studied
by Vollman et _;a_;(.g’ ) Efforts to reduce the aldehyde group
of (XIX) by Wolff-Kishner and Clemmensen methods, however,

resulted only in the formation of l-hydroxypyrens (XX).



(Xxi)

The aldehydo-acid (XIX) was found to give two methyl esters.
Treatment with methanol and hydrogen chlorilde yielded a
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compound m.p. 1’76-1‘7'70, while the action of ethereal diszo-
methane furnished a compound m.p. 113-114°. S8ince these
two products were isomeric (as indicated by analysis) 1t was
assumed by Campbell that the treatment with methanol-HCl1l had
resulted in the formation of the Vf-ester (XX1) correspond-
ing to the enol form of the acid (XIXB). A precedent for
this assumption was found in the formation of methoxy- and
acetoxy-lactones from #3—keto-acida e.g. O-benzoylbenzoic
aclid described by Newman et g;f&n The product obtained from
diszomethane treatment was thus formulated as‘the normal
methyl ester (XXII). Reaction of this latter ester with
1ithiwn aluniniwn hydriée’lgb;ve an excellent yield of 4:5-

bishydroxyme thylphenanthrene (XXIII).

e

Pz

¥ o

) a4
O

Fx¥

AN

NO“
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When the diol (XXIII) was reacted with hydrochloric acid in
benzene solution, instead of the expected blschloramethyl
compound (XXIV), the cyclic ether (XXV) was produced. Hydro-
genation of this latter compound afforded the 9:10-dihydro-
phenanthrene epoxide (XXVI) rather than the hydrogenolysis
product (XXVII). It was at this stage that the present
author commenced work on the problem. '
4-Formylphenanthrene-5-carboxylic acid (XIX) was pre-
pared in improved yield by carrying out the ozonisation of
pyrene in carbon tetrachloride solution rather than in acetic
acid suspension!?(Gche preciplitated czonlde thus being pro-
tected from further ozonisation. The acid showed no car-
bonyl reactivity and is best represented by the lactol formula
(XIXB). The ~l]/’--es.ter (XXI) gave no precipitate with ethan-
olic 2:4-dinitrophenylhydrazine sulphate whilst the isomeric
me thyl ester (XXII) gave the required 2:4-dinitrophenyl-
hydrazone . These observations confirm Campbell's postula-
tion of the structures of the acid and of its esters.
Reduction of either of the methyl esters with lithium
aluminium hydride yielded 4:5-bishydroxymethylphenanthrense
(XXIII). Treatment of this latter diol with phosphorus
tribromide in benzene solution afforded an excellent yield
of 4:5-bisbromomethylphenanthrene (XXVIII). It was hoped

to reduce this compound directly to the required hydrocarbon,
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but hydrogenation over palladised strontium carboné.te cata~
lyst led to the cyclic ether (XXV). This surprising result
was again obtained when the bi.sbrcm'omethyl compound was
treated with lithium aluminium hydride. The formation of
the cyclic ether (XXV) by these two reactions seems explic-
gble only on the grounds of hydrolysis to the diol (XX111)
féllowed by dehydration, although rigorous measures were
taken to exclude moisture in all of the experiments. That
the dehydration of (XXIII) to (XXV) takes place readily had
been demoﬁstrated by Campbell when the epoxide was formed to -
the exclusion of the chloromethyl derivative (XXIV).
Accordingly, the bisbromméthyl compound (XXVIII) was

treated with thiouresa in acetone solution. Quantitative

precipitation
: /) NH
CHOMe (CH,Bx CHySC
CIL;.H8 >O —> CyhHg_ )O CGHs  — GHg  'NHHBr
\CHLEM‘ \CHI_S_CINHZ- HGs

(XX &) (Xx1) XX (XXIX) “NH
V | / Ll

_CH0H N
quHg —-——9 CiH g 1—9 C(aHg )o CHz
CO)_MQ CH)_OH CH;

XX XXV]

| Xxil) peany (XN

it
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of the almost pure 4:5-di-isothiouronium dibromide (XXIX)
took place. This compound underwent asmooth hydrogenolysis
with Raney nickel to give the required 4:5-dimethyl-phenan-
threne (XI). The yields throughout are of the order of
80%. The hydrocarbon was characterised by formation of a
picrate and a 2:4:7- trinitrofluorenone complex and by ex-
amination of its ultra-violet absorption spectrum..

The work was in its final stageérgt the time of the

(lg)who

publication of the paper by Newman and Whitehouse
prepared 4:5-dimethylphenanthrene from the cyeclic ether

(XXV) in 17% yield by reductive fission of the latter com-
pound at 165° in presence of phosphorus and hydriodic acid.
The ether was prepared from the bishydroxymethyl derivative
(XXIII) and the American authors observed how readily this
dehydration occurred even in presence of traces of acid.

The reaction conditions required for the production of the

hydrocarbon (XI) fram (XXV) were found to be extremely
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eritical and from the preparative point of view it would seem
that the mild reaction conditions employed in our case lead
to a smoother overall conversion of the diol to the hydro-
carbon. The physical data of our hydrocarbon and of the
intermediates in the synthesis are in good agreement with
those of the American workers.

The ultra-violet absorption data (in ethanol) for the
4:5-disubstituted phenanthrenes were kindly determined by
Dr. E. A. Braude and the results are tabulated below.

Compound Amax., A £ Campound Xmax., A £
(XIXB) 2510 34,000 (KXXIII) 2580 55,000
2580 34,000 2920 9,000
2650 34,000 3010 11,000
2760 30,000 3120 11,000
3480 1,500
3650 1,500 (XXVv) 2580 52,000
_ 2810 12,000
(XX1I) 2510 30,500 2910 10,000
2580 33,000 3010 10,000
2670 30,500
3460 1,000 (XI) 2580 38,000
3640 1,000 2910 8,000
3020 11,500
3140 11,500
(XXII1) 2720 25,000 (XXIX) 2700 36,000
2800 24,000 2770 32,000
3560 1,500 3040 10,000
(XXVIII) 2600 30,000
2700 34,000
2800 30,500
3010 13,000
3130 10,000

(Underlined wavelengths refer to inflections).
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The spectra fall into two groups. The first, compris-
ing the aldehydo-acid (XIXB), the U/ -ester (XXI), the bis-
hydroxymethyl compound (XXIII), the cyeclic ether (XXV), and
4:5-dimethylphenanthrene itself (XI), consists of absorption
curves which are definitely "phenanthrenoid" in character,
although some of the fine structure existing in the phenan-
threne curve is absent. This may be taken as an indication
that 4:5-substitution in these compounds has not affected
the planarity and hence the resonance of the phenanthrene
nucleus. The second group, containing the methyl ester
(XX11), the bisbromomethyl compound (XXVIII), and the di-
iso-thiouronium dibromide (XXIX) exhibits a single region
of maximal absorption with practically no fine structure.
This would seem to indicate that in these three compounds
with very bvlky substituents at positions 4 and 5 there 1is
considerable distortion of the phenanthrene nucleus with
consequent steric inhibition of resonance.

No resolution of the hydrocarbon was attempted but
.4:S-bishydroxymethylphenanthrene was treated with
(-)-menthoxyacetyl chloride in an attempt to prepare the
diastereoisomeric dimenthoxyacetates. Dehydration occurred,
however, and only the cyclic ether (XXV) was isolated.

A fruvitless attempt was made to prepare 4-methyl-5-
carbome thoxyphenanthrene (XXXI) via the intermediate
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mercaptal (XXX).
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EXPERIMENTAL

4-Pormylphenanthrene-5-carboxylic acid (XIX). - This was best

prepared by a modification of the method of Vollmann et al.
(loc. cit.). Pyrene (10 g.) was dissolved in carbon tetra-
chloride . (250 c.c.) and ozonised oxygen (5% Oz) was passed
through the solution for 16 hours. The precipitated ozonide
was thus protected from further ozonisation. The mlxture

was poured into warm water (100 c.c.) and the solvent removed
in steam. The resultant brown solid was filtered off, boiled
twice with sodium hydroxide solution (1.6%; 150 c.c.) and

the residue of unchanged pyrene (5.8 g.) filtered off. The
dark brown filtrate was boiled with bleaching powder (12 g.)
until the supernatant liquld became very pale yellow. On
filtering and adding sodium hydroxide solution (50%; 40 c.c.)
the sodium salt of the aldehydo-acid was precipitated. The
next day the solid was filtered and then warmed with dilute
hydrochloric acid to liberate the free acid. 4-formylphen-
anthrene-5-carboxylic acid (3.7 g.; conversion 42%; yield
71%) crystallised in felty needles from glacial acetic acid
Mmepe 2719, It showed no carbonyl activity (no reaction with
2:4-dinitrophenylhydrazine sulphate or semicarbazide acetate).
Methyl Ester (XXII). - The finely-powdered aldehydo-acid

(3.6 g.) was suspended in acetone (50 c.c.) and treated with
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excess ethereal diazomethane. The solution was kept atb
roon temperature for 16 hours. The solvent was removed and
the methyl ester crystallised from methanol in needles (2.9 g.)
m.p. 113-114°, identical with the specimen prepared by Dr.

Campbell. The 2:4-dinitrophenylhydrazone crystallised from
methanol in orange prisms m.p. 250° (Found: N, 12.65;
Cq5H 606N, requires N, 12.6%).

No recognisable product was obtalned by the attempted
Huang-Minlon reduction of the ester.

The Uramethyl ester (XXI) like the parent acid gave no
evidence of carbonyl reactivity.

4:5-Bishydroxyme thylphenanthrene (XXIII). - This was prepared

by the method of Campbell (loc. cit.). Lithium aluminium
hydride (8 g.), the methyl ester (XII) (2.5 g.), and dry ether
(200 c.c.) were heated under reflux for 30 minutes. The
mixture was cooled and decomposition effected by the cautious
addition of ice and dilute sulphuric acid. The solutlion was
extracted with ether, the ether layer dried (NagS0,), and
evaporated to yield the diol (2.25 g.) m.p. 152-159° (from
benzene ) and mixed m.p. 152-159° with the specimen prepared
by Dr. Cempbell. The range in m.p. is probably due to the
dehydrating effect of boiling benzene giving rise to the
formation of some cyclic ether (XV) (cf. Newman and Whitehouse,

loc. cit.). The diacetate was obtalned by heating the diol




17

(45 mg.) for three hours with acetic anhydride (4 c.c.) and
fused potagsium acetate (5 mg.). The diacetate crystallised
from 1ight petroleum (b.p. 100-120°) in prisms m.p. 105°
(Found: C, 74.6; H, 5.75. CgqoHyg0, requires C, 74.55;

H, 5.6%). The |/ -ester (XXI) (20 mg.) when treated with
1ithivm aluminium hydride as described for (XXII) also‘gave
the diol.

Cyclic ether (XXV). - In an attempt to prepare 4:5-

bischlorome thylphenanthrene (Campbell, loc. cit.) (XXV) was
obtained almost quantitatively m.p. 77-78° from light petrol-
eum (b.p. 60-80%). 1In view of later results obtained by
this author it was of interest to prepare the 2:4:7-trinitro-
fluorenone complex which crystallised in orange prisms
m.p. 190-191°, from alcohol (Found: N, 7.7. CggH)nOgNz
requires N, 7.9%).

4:5-Bisbromome thylphenanthrene (XXVIII). -4:5-Bishydroxy-

methylphenanthrene (280 mg.), benzene (20 c.c.), and pyridine
(10 mg.) were treated with phosphorus tribromide (600 mg.)
and the mixture warmed at 50° for 2 hours. The benzene
golution was cooled and washed with water and then sodium
hydrogen carbonate solution. Drying (Na2804) and removal of
solvent on the steam bath left a crystalline residue of 4:5-
bisbronome thylphenanthrene (370 mg., 85%) . The compound

crystallised in priams m.p.194° (dec.) from benzene (Found:
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C, 52.6; H, 3.45; Br, 43.9. CleﬂizBrz requires C, 52.8;
H, 3.3; Br, 43.8%).
Attempted reduction of (XXVIII). - (a) (XXVIII) (50 mg.)

dissolved in acetone (10 c.c.) was shaken in an atmosphere of -

hydrogen with palladium/strontimm carbonate catalyst (50 mg.;
2%). Filtration, followed by evaporation of solvent, gave

a low-melting solid which sublimed at 80°/10 mm. to yleld
prisms m.p. 75-76° undepressed on admixture with the cyeclic
ether (XXV).

(b)(XXVII@)(SOO mg.) dissolved in benzene (20 c.c.) was
slowly added to a refluxing solution of lithium aluminium
hyaride (2 g.) in ether (250 c.c.) (cf. Johnson!?) et a1.)
and the heating continued under reflux for 16 hours. Cau~
tious addition of ice and dilube sulphuric acid, followed
by extraction and drying (Nagso4) of the ethereal layer gave
on evaporation a solid subliming at 70°/10'3mm. in prisms,
m.p. 75-76°, undepressed on admixture with the cyclic ether
(XXV) and trinitrofluorenone complex m.p. and mixed m.p. 190°.

Di-iso-thiouronium dibromnide (XXIX). -4:5-bisbromomethyl-

phenanthrene (XVIII) (100 mg.) and thiourea (64 mg.) were dis-
solved in dry acetone (10 c.c.) and heated under reflux for
30 minutes. The precipitated white solid (136 mg.) was fil-
tered and washed with acetone. It crystallised from alcohol/
acetone in rosettes of needles m.p. 200-201° (Found: C, 41.9;
H, 4.0. CygHpoWN,Br,8, requires C, 42.0; H, 3.97%).
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4:5-Dimethylphenanthrens (XI). - A solution of the di-

iso-thiouronium dibromide (XXIX) (340 mg.) in alcohol (15 c.c.)
was heated under reflux with Raney nickel (ca. 500 mg.) for

one hour. Filtration of catalyst and removal of solvent gave
a low-melting solid which was dissolved in light petroleum
(b.p. 40-60°) and chromatographed over alumina (B.D.H. - acid
washed). The movement of the narrow band was easilj followed
by its intense blue fluorescence under ultra-violet light.

The compound was eluted with light petroleum, the solvent
removed, and the sollid crystallised from methanol forming
prisus m.p. 75-76° (150 mg.; 76%); it was 4:5-dimethyl-

phenanthrene (Found: C, 93.4; H, 6.8. Calc. for 016H14’

C, 93.2 H, 6.8%). The 2:4:7-trinitrofluorenone complex had
m.p. 120-121° from alcohol (scarlet needles) (Found: N, 7.9.
Calc. for CogH; oOpNz: N, 8.1%). Regeneration of the hydro-
carbon was effected by chromatography of the complex in ben-
zene over alumina. The m.p. of the hydrocarbon was unchanged.
The picrate formed orange prisms m.p. 109-110°, from alcohol
(Found: N, 9.75. Calc. for CpoHnOyliz: N, 9M%).

Attempted resolution of the diol (XXIIL). - The diol

(476 mg.) was treated with (-)-menthoxyacetyl chloride (460
mg.) in anhydrous pyridine (5 c.c.) and the mixture left
overnight. On pouring into water a solid m.p. 74-75° from

ethanol was obtained. Thia proved to be the cyclic ether
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(XXV) by direct comparison.

Attempted preparation of 4-methyl-5~carbomethoxyphenan-
threne (XXXI).

The methyl ester (XXII) (800 mg.) was treated
with ethyl mercaptan (10 c.c.), freshly fused zinc chloride
(1 g.), and anhydrous sodium sulphate (1 g.) and the mixture

stored at 0° for 20 hours; then at 15° for 4 hours. Re-

moval of excess ethylmercaptan in vacuo, followed by treat-
ment with saturated sodium bicarbonate solution and extrac-

tion with ether, furnished (after drying and removal of

solvent) a viscous oil (500 mg.). Treatment of this oil with

Raney nickel in methanol afforded only an intractable tar.
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