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Part 1.

- Synthesis of Dibenzcycloheptadienone.




Summary.

Part I.
An attempt has been made to synthesise derivatives
of dibenzceycloheptadiene by appropriate transformastion of

the two carboxylic sacid groups of diphenic acid (I; R=002H)

s

(1) (11) (1I1)

By an adaptation of the McFadyen-Stevens process(l4) the
aldehydo acid (I; R = CHO) has been prepared and hence via
the derived acrylie (I; R = CH = CH.COgH) and propionic
(I; R = CH,.CH, .COgH) acids cyclisation to dibenzeyclo-
heptadienone (II) has been demonstrated. The yields,
however, are not good and attempted improvement by desul-
phrrisation of the p-tolyl thiol ester (I; R = 00.8.06H4.3H5
(p)) efforded only the alcohol (I; R = CH,0H).

An alternative method, involving the synthesis of
(III; R = COyH) and the projected expansion of the carboxylic

to the propionic acid side chain, failed by reason of the

unreactive nature of the ester (III; R = OOZMe) and the
faeility with which (III; R = CO-H) yielded the diphenyl-
methylolid (IV)



(V) (vI)

Part II.

As a contribution to knowledge of the stereo-
chemical configuration of the l:2-dghydroxy-1l:2-dihydro-
naphthaltene and - anthracene, metabolites of the respective
sromatic hydrocarbons isoclated by Young(s) and by Boyland(l)
from rat and rabbit urine, the cis- and trans- forms of
the diols (V) and (VI) have been synthesised. In each
case the configurstion has been assigned on the basis of
the general oriteria established by Criegee.

In the case of (V) optical resolution of the trans-
compound into its 4 and 1~ forms shows that the former is
identical with the dihydride obtained by Young through
catalytic hydrogenation of the naphthalene metabolite. In
the case of (VI) the physical properties of the synthetioc
glgzggég- compound indicate its identity with the dihydride
of the optidally inactive anthracene metabolite described by
Boyland. In conjunction therefore with the fact that the
9:10-dihydroxy-9:10-dihydrophenanthrene, the corresponding

metabolite of phenanthrene from rats, is said to be optically



active(zé) end must accordingly be the trans isomer, it
appears that the metabolic process of hydroxylation leads

to the trans~ and not to the cis- configuration.







Introduction.

The widespread interest in colchicine, the alkaloid
of the meadow saffron (Colchicum autumnale L.) derives,
primarily, from its biological properties. 1'he most pro~-
nounced of these is its antimitotic action which mekes it
an invaluable reagent for producing polyploid vérieties
of plants. It has glso been found to inhibit tumour
growth, although its use in this latter respect is limited
by its very high toxicity.

The chemical constitution of colchicine is still
unknown glthough recent work in these laboratories has

added considerably to our knowledge in this field.
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The formula (I) for colchicine proposed in 1924
by Windaus(l) has been shown in recent years to be unsatis-
factory. It is conceded that colchicine contains a
tricyclic system and that ring A has the structure assigned

to it by Windaus. The six-membered ring structures of B



and C however have been subjJect to adverse criticism as
being incompatible with the kmown chemical properties of
colchicine. In the present discussion we will consider
only the nature of ring B. This problem has been partly
elucidated by a consideration of the degradation product
of colchicine, deaminocolchinol methyl ether, to which
Windaus assigned the structure (II).

Colchicine contains one methoxyl group which is
readily hydrolysed, the product of hydrolysis being col~
chiceine. Treatment of colchiceine with iodine in the
presence 0f alkgli yields N-acetyliodo colchinol:-

\
'_021H2306N &g I —> 020H2205NI + (CHO)

Dehalogenation followed by deamination of this product
vields deaminocolchinol methyl ether and the isomeric
iso-deaminocolchinol methyl ether. When demethylated by
treatment with hydriodic acid and then distilled with zinec
dust, deaminocolchinol methyl ether was converted to 9-
methylphenanthrene and on this basis Windaus assumed it .
wasjtetramethoxylated methylphenanthrene. Windaus decided
it was a 9-methylphenanthrene (II) rather than a 10-methyl
derivative on the following evidence. Colchicine is
oxidised by chromic acid to a ketone, oxycolcuicine,
¢_H__O N and the methylene group implied by this oxidation

22 23 7
can be provided only in ring B. If such a methylene group



is present in ring B then the two substituents present in
- this ring, viz. -CHz and -NHCOCHZ, nust be attached to

the same carbon atom. iow colchinol methyl ether (III)
was oxidised by chromic agid to 4-methoxyphthalimide,
suggeating that the nitrogen atom is separated from ring C
by a single carbon atom. It follows therefore that the
-NHCOCH3 group, and hence also the -CH:5 group, is attached
to the 9-position in ring B. Another piece of evidence
brought forward by Windaus in favour of the six-membered
nature of ring B was the oxidation of N-benzoyl trimethyl-
eolchinic acid. Trimethylcolchinic acid is formed by
deacetylation of colchiceine, and treatment of its N-benzoyl
derivative with cold slkaline permanganate leads to the
oxidation of ring € with formation of N-benzoylcolchide

and N-benzoylcolchinic acid anhydride.

Me ; N 0 _ Me
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(IV) (V) (vI) (VII)

The structures postulated by Windsus for these
oxidation products, (IV) and (V) respectively, were con-
sistent with; (a) the resdy desmination of the former,

which would be represented as (IV) ——> (VI) on this



formulation, and (b) the formation of a lsctone, supposedly
peri-linked as in (VII), by treatment of the enhydride

with hydriodic acid.

| That Windasus's formulation of deaminocolchinol
methyl ether and of colchinol methyl ether as (II) and (III)
respectively was not in accordance with the properties of
these compounds was first pointed out by Cohen, Cook and
Roel®).  Thus (III) is a derivative of 9-amino-9:10-di-
hydrophenanthrene which should readily eliminate ammonia
and pass into the wholly aromatic state. Colchinol methyl
ether however displays no such readiness to eliminate
ammonisa. Moreover, when colchinol methyl ether is con-
verted to a carbinol by treatment with nitrous aecid, the
carbinol obtained is much more resistant to the elimination
of water than would be the case with the tertiary carbinol
that would erise from formwula (III). These indications
that the formule (II) was incorrect were confirmed by the
gynthesis of both compounds corresponding to this formuls,
neither of which was identicsl with deaminocolchinol methyl
ether(a).

An alternative structure (VIi) for deaminocolchinol

methyl ether was proposed by Barton, Cook and Loudon‘éj.



(VIIz) (IX)

On the basis of this dibenzeycloheptatriene
structure a1l the facts explained by Windaus by his six-
membered ring B structure can be equally well explained.
Thus the formation of 9-methylphenanthrene from deamino-
colchinol methyl ether by demethylation followed by zinc
dust distillation mesns that the drastic conditions have
brought sbout a contraction of the seven-membered ring.
That the dibenzcycloheptatriene framework does rearrange
itself under these conditions has been proved by the ob-
servation that 5:4:5:6-&1benz-[§3$ -gycloheptatriene
affords 9-methyl phenanthrens when heated with hydriodic
acid and then distilled with zinc. The oxidation of col-
chinol methyl ether to 4-methoxyphthalimide and of col-
chicine to oxycolchicine are still understandable if ring B
is seven-membered and furthermore the presence of succinic
acid among the oxidation products of colchicine and its
derivatives, which was observed by Windaus, now becomes

understandable also. The formation of N-bemnzoyl colchide and



N-benzoylcolchinic acid anhydride does not invalidate this
new propossl since the structure of theée oxidation pro-
ducts has not been rigorously proved and it may be that
they also contain a seven-membered ring. A more positive
proof of the oorrectness of the postulated seven-membered
ring structure is provided by the following series of re-

actioné

cHo

OMe,

(x) l (X1) ' (XII)

Degminocolchinol methyl ether (VII) and the isomeric iso-
deaminocolchinol methyl ether (VIII) are both readily
hydrogenated with preoduction of the same dghydride. The
ethylenic linkage thus disclosed in deaminocolchinol methyl
ether is subjected to stepwise oxidation, first with osmium
tetroxide to a glycol (X) then by cleavage with lead tetra-
acetate to a di-aldehyde (XI) which cyclises to the 10-
phenanthraldehyde (XII). The structure of this aldehyde

- 1s proved by its oxidetion to the carboxylic acid and com-
parison of the latter with s synthetic specimen of 2:3:4:7-
tetramethoxyphenanthrene-10-carboxylic acid. A similar
series of reactions starting from iso-deaminocolchinol

methyl ether gives rise to the corresponding 9-phenanthf-



10.

aldehyde. Since Hofmenn degradation does not generally

(5), it may be

involve any chaﬁge in the carbon skeleton
gssumed that colchinol methyl ether also contains a seven-
membersd ring as shown in (IX).

While it is not yet certain that colchicine itself
contains a seven-membered ring, the presence of such a ring
in certain of its degradation products makes it obviously
desirable to evolve a method of synthesising similar d4i-
benzeycloheptatrienes. Such a method would need to be
applicable to the synthesis of dibenzeycloheptatrienes
unsymmetrically substituted in the aromatic nuclei. Most
of the synthesés hitherto achieved fail to fulfil this
latter condition.

The first successful synthesis of a dibenzeyclo-

(6)

heptadiene was due to Kenner who obtained the ketone
(XIII) from 2:2'-aitolyl- W : W' -dicarboxylonitrile.

0 R CHO

(XIII) (X1V) (XV) (Xv1)

Continuing this work on the cyclisstion of derivatives of
7 '

2:2'-ditolyl, Kenner‘ ) obtained from ¥W:W -dibromo-2:2'-

ditolyl by condensation with malonic ester, diethyl-3:5-

3:5
dibenz- A -cycloheptadiene-1l:1-dicarboxylate which on
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hydrolysis and decarboxylation yielded the acid (XIV)
(R = COgH). The amine (XIV, R = NH,) was obtained from
this acid by the Curtius reaction and dry distillation of
its hydrochloride afforded 3:5-dibenz-A"*’-cycloheptatriene
(XV). A similar synthesis of a dibenzeycloheptatriene
recorded by Weitzenbéck(8) is the cyclisation of biphenyl-
ene-ézz‘-diacetaldehyae tetramethylacetal to the gldehyds
(XVI). Somewhat similar is the formation of the ketone
(XVII) by heating 2-bromo-5-nitro-acetophenone with copper

where intramolecular condensation of the intermediary

(9)
diphenyl (XVIII) occurs

(XVII) (XVIII) (XI1X)

The condensation of diphenic anhydride with J -picoline

and quinaldine gives rise to dibenzcycloheptadienes of the
type (XIX)(lo’ll). None of these methods, however, gave
promise of being applicable to the synthesis of unsym-
metrically substituted dibenzeycloheptatrienes, but this
condition is fulfilled in a recently described synthesis(lz).

Here the starting naeterial is a 9- or 1l0-methyl phenanthrens

which is oxidised with osmium tetroxide. Cleavage of the



1=2.

diol so formed with lead tetra—acetate affords an aldehyde
which cyclises to a dibenzeycloheptatriene. In this way
9:12:13:lé-tetrameﬁhoxy-3:4:5:6-dibenzcyclohepta-l=5a5-
triene-7-one (XXI) has been syﬁthesised from 2:334:7-
tetramethoxy-9-methylphenanthrene (XX) as illustrated in

the following scheme:-

OMe
OMe

(Xx) (XX1)

This synthetic product has been found to be identical with
an oxidation product of deaminocolchinol methyl ether. A
synthesis described in a recent publication by Rspoport
and Williams(lz) which may.also prove adaptable to the
synthasis of unsymmetrically substituted derivatives, and
which in part duplicates the work to be described in this

thesis, is shown in outline below.
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z COH
T

(XXI1)
J/ LCH=CH.COo,H
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- =
(XXIII) (XXV) (XX1X)
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} P \ l
(XXIV) (XXVII) (XXVIII)

The cyano acid (XXII) is obtained by Beckmann rearrange-
ment of phenanthrenequinonemonoxime and converted to the
aldehyde (XXIII) by Rosermund reduction of its chloride.
Condensation of this aldehyde with malonic acid afforded
the &yanocinnﬁmic acid (XXIV) which was converted to the
saturated dibasic acid (XXVI) by either of the two routes
indicated. The acid (XXVI) was cyclised to the ketone
(XXX) by two methods: a) by pyrolysis of the thorium salt
and b) by the Dieckmsnn method followed by saponification
and decarboxylation of the intermediate (3 -keto ester.

An alternstive, and more efficient method for conﬁerting
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the oyanocinnamic acid'(XXiV) to the cycloheptadiene is
also outlined. This involves formation of the dinitrile
(XXVIII) which is cyclised by the Ziegler procedure to
the cyano-imine (XXIX); Hydrolysis of this cyano-imine
affords the ketone (XXX) in excellent yield.

In the following section the present author's
attempts to‘find an alternative approach to the deSired

synthesis are described.

P
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Discussion.

In the present work t@o methods of epproach to the
gynthesis of dibenzoycloheptatriene derivetives were con-

sidered:-
Cé¢

c

(A) : (B)
A diphenyl nucleus is present in the starting material in
each case. In (4) the starting materisl is diphenic aecid
or its derivatives and an attempt is made to complete the
ring by the introduction of a carbon atom as sketched. In
(B) an attempt is made to bridge the two phenyl residues by
a three carbon atom chain attached to one of them, i.s.,
the starting material in this case is a phenyl hydrocinnsmic
aeid; A particular approach by the first route would be

for example,

CHO ‘ CH:C“.CO,.H

Co,N eoﬂk

TN
J U

The initial problem is to make the half sldehyde and to

that end the procedure first considered was an adasptation
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of that used for the preparation of aldehydes from mono-

(14), viz:-

Nazcoz
R.COoH —>  R.CO.NH.NH.S0pPh — > R.CHO + PhSOpNa +N

basic acids by lMcFadyen and Stevens

2
Sinece in the present case this would need to be spplied to

only one of the carboxyl groups of diphenic geid, it had
first to be ascertained that the desired monophenyisulphon-
hydrezide could be made available. Two methods of obtain-
ing the monophenylsulphonhydrazide of diphenic anhydride
were successfully elaborated:
(a) by treatment of the anhydride with hydrazine hydrate to
form the monohydrszide, followed by reaction wlith benzene-
sulphonyl chloride, and _
(b) directly, by treating the anhydride with benzenesulphon-
hydrazide. The latter, though giving & product contaminated
with a swmgll amount of an isoumeric compound, had the ad-
vantage of fewer stages and better yield based on the an-
hydride. It was also applicable to phthalic amhydride
which, throughout this series of experiments, was frequently
used as a guide to the probsble behaviour of diphenic an-
hydrids.

Attempted decomposition of the phenylsulphon-
hydrazide of phthalic acid failed to produce any aldehyde.

On the other hand, initial attempts in the diphenic acid
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series showed that in this case the aldehyde could be ob?
tained. The yield however was poor amd the usual separa-
tion of the neutrsal aldehyde product from both unchanged
gsodium carboxylate and the sodium sulphibnate produced is
rendered inspplicable by the presence of the residual

carboxyl group in the half aldehyde (XEXI).

CoH
CHO

(XXXI) (XXX1I)
Modificatidns of the reaction conditions, with respect to
both temperature and duration of the resction failed %o
effect a satisfactory increase in the yield of gldehyde,
a considerable percentage of the phenylsulphonhydrazide
resisting decomposition. Further attempts were then made
along the line of more efficient separation of the aldehyds
from the unchanged sulphonhydrazide and the sodium sul-
phinate produced. It was considered that s separation
could possibly be effected by forming an acetoxy-lactone
(XXXII) of the aldehydo acid (XXXI) which could be readily
separated from the phenylsulphonhydrazide and the sodium
sulphinate because of its alkaline insolubility, amnd from
which the aldehydo-acid could be readily regenersted. It
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was ascertained thamjﬁhe aldehydo-acid did indeed form an
alkgline insoluble acetoxy-lactone, conveniently prepared
by treatment of the aldehydo-acid with acetic anhydride in
presence of a little concentrated sulphuric acid, and that
the gldehydo-acid was regenerated by hydrolysis. This,
therefore, would be a satisfactory process if the phenyl-
sulphonhydrazide were unchanged by the above treatment with
acetic anhydride. Unfortunately however under these con-
ditions the phenylsulphonhydrazide also yielded an alkali
insoluble compound of empirical formula CgoHq,05NoS and
possessing therefore either structure (XXXIII) or (XXXIV)

@ @
s co\ %O-CHs \ co——ﬁf—as()lp;u
N—N~§0,p
(\”fCO/ 2 I/)r QO——-N"—"%oQFCEis
e
(XXXIII) (XXXIV)

The phenylsulphonhyﬂrazide was then treated with asetis
anhydride in the presence of pyridine in the hope that the
pyridine would preserve the carboxyl group intact and lead
to the formation of am alkali soluble product. The con-
pound obtained by this method however was again insoluble
in alksli and was in fact identical with the previous com-
pound. The method of separation finglly adopted wss based

on the observation that the phenylsulphonhydrazide, but not
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the aldéhydoeécid, was precipitated from alksline selution

by sulphur dioxide. Accordingly the desired separation was
effected by tresating the alkaline solution from the resction
with sulphur dioxide till all unchanged phenylsulphonhydrazide
was precipitated and then obtaining the aldehyde free from
by-products by acidification with mineral acid. By this
wethod a yield of 34% of the sldehyde, based on the phenyl-
sulphonhydrazide, was attained.

At this stage in the synthesis better yields than
these reslised in the above process are imperative. Agcord-
ingly other methods for the conversion of carboxyl to
aldehydo groups were considered. The method described by
Wolfrom and Karabinos(l5) for the synthesis of aldehydes
from thiol esters by desulphurisation with Ramney mnickel in
alcohol appeared to be the most promising. It was necessary
to ascertain that a half thiol ester could be obtained from
diphenic acid and it was also desired to determine if the
method were gpplicable to thiols other than ethyl mercéptan
which had beemn employed by Wolfrom and Karabinos. In this
case the thiol used was thio-p-cresol of which a supply was
available. As before, the behaviour of phthalic anhydride
was first studied.

The dithiol esters of phthalic acid have been

described by Chakravarti end Saha(lﬁ) who obtained them by
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the condensation of phthalic anhydride with the thiol at
140°C and with phosphorus pentoxide as condensing agent.

| They reported that no condensation could be effected by
employing sulphuric seid, dry hydrochloric aecid, anhydrous
zine chloride or anhydrous ginc chloride and hydroohlorio
acid as condensing agents. The mono thiol ester of phthalic

ecid which was required is not described in the literaturse.

w0 Y cQs Me
The condensation“// l %-++w<( \y%_5// [ %<;;;>
\ N m/ —t \ ¢ O;_H

was first attempted by allowing the réagents to stand over-
night in dry pyridine. No condensation took place under
these conditions, ror was any success achieved by heating
the reagents in pytidine. The condemnsation waé then
attempted under Schotten-Baumamn conditions, but again with-
out success. Closely analogous to the desired condensa-
tion is the reaction between 3-nitrophthalic amhydride and
thiols to yield mono thiol esters; which has been described
by Wertheim(l7) as a suitable means for the identification
of thiols. The conditions described by Wertheim were
applied to phthalic anhydride but failed to bring about any
resction. It appeared that phthalic anhydride could not
be used directly for the production of the mono thiol ester.
It was therefore decided to prepare the more reactive

o-carbomethoxy benzoyl chloride.
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‘Aooording to H. Meyer(le) this acid chloride is
obtained as a colourless oil which does not solidify on
cooling to -18°C, by the reaction of monomethyl phthsalate
with thionyl chloride. The chloride is decomposed by
hesting on a water bath or more slowly on stamding at room

temperature according to the equation:-

‘ 0 + CH; L.

coc. N CO/

\'d

The 011 obtained by treating monomethyl phthalate with
thionyl'chloride was freed from thionyl chloride and treated
with thio-p-cresol and pyridine at 0°C. A orystalline solid
was obtained from the reaction which was the desired p-tolyl-
o-carbomethoxytniolbenzoate (XXXVI).

It had meantime been found‘that the behaviour of
diphenic anhydride towards thio-p-cresol was quite different
from that of phthalic énhyﬁride. ] By allowing the reagents
to stand overnight in pyridime a 40% yield of the half thiol
ester (XXXV) was obtained.

cos /.\>,5H
:._.._. ? COS’@Cﬁg
& l CO,H. CO,H,
L§ (XXXV) (XXXV1)

The reaction in hot pyridine was then studied in an attempt

to improve on this yield. The optimum conditions were found
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to be heating at 70%C for ninety minutes. Under these con-
ditions a yield of 70% of the half thiol ester was attained.

The desulphurisation of these thiol esters with
Reney nickel was carried out under the conditions desoribed |
by Wolfrom and Karabinos. The product obtained from p-
tolyl-o-carbomethoxythiolbenzoate (XXXVI) was phthalide
(XXXVII), i.e., the thiol ester grouping was reduced to the
glcohol and the methyl ester hydrolysed. Lactonisation
between the alaoholic and carboxyl groups produced would then
give rise to phthalide.

N ol ca aw
QCH/" @_\/‘ \ @“’ @

2

(XXXVII) (XXXVIII) (XXXIX)

The p-thiotolyl hydrogen diphenate (XXZV) treated
in the same way gave rise to the alcohol, 2-hydroxymethyl-
diphenyl-2'-carboxylic aecid (XXXVIII). 1In this case
lactonisation did not occur during the reaction. In neither
case could more than 20% of the material be ascounted for in
the products. Similer results were obtained with p-tolyl
thiolbenzoate (XXXIX), i.e., low yield of the slcohol with
no trace of any aldehyde, and this method was therefore

abandoned.




23.

The results obtained here are in accordance with

(19)
those of Prelog —~, Frenk, Fanta and Tarbe1l!2%) gn

McMillan(zl), all of whom have reported the formation of

a

primary slcohols by Raney nickel desulphurisation of thiol
esters. The last named author has also reported the forma-
tion of hydrocarbons in this reaction by removal of the
entire thiol ester group. More recently‘zz) it has been
reported that, while freshly prepared Raney nickel leads to
the formation of alcohols, aldehydes can be obtained by de-
activating the catalyst.

An investigation of another possible route to the
half aldehyde of diphenic acid was then undertsken. This
was based on a synthesis of phthalaldehydic aci&(23) but in

the case of diphenic acid, reduction of diphenimide yielded

diphenamic acid instesd of the desired intermediate, diphenide,

end the method was therefore inapplicable.

With the half aldehyde of diphenic acid obtained via
the phenylsulphonhydrazide the next stage in the synthesis
was attempted. This involved,'as already explained, the
introduction of a carbon atom to form a link between the
aldehydo and carboxyl groups. The method adopted to achieve
this was a condensation of the aldehyde with malonic acid.

On paper there are a veriety of possible products from this

reaction, e.g.
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cH{COLH),
CHy Co,H cH (o),

da-o4 : | : N CH—
: l CH-0QH o\(o
‘ Aco.lu o . Y

(XL) (XLI) (XLII)

H. CozH X  cHCoH _
. ,?c; 2 ‘{?H(ca L 1 l CHy. . o
\} Oko o | CoH COH.

(XLIII) (XLIV) (xLV) (XLVI)

| The reaction was carried out in pyridine with the
addition of s few drops of piperidine and a crystalline
compound obtained in 60% yield. Analysis of this compound
showed it to be either (XLIII) or (XLV); titration experi-
ments suggesting it had in fact the latter structure, and
the compound on catalytic hydrogenstion took up two atoms
of hydrogen to yield the dibasic geid (ZXLYI).

Phthalic anhydride on heating with acetic anhydride

and fused potassium acetate yields phthalyl acetic acid(zv).
4 o _// ¢=CH COH,
™~ K0Ac N [ o
W t (CH3¢0),0 > | v
: ‘\ o \\ Co

If diphenic snhydride underwent an analogous reaction the
product would, on hydrogenation, yield the acid (XLVI) which
could thus be obtained without the necessity of préparing

the half aldehyde. The reaction between diphenic anhydride
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and acetic anhydride was therefore investigated but did not
lead to any orystalline product.

The ring closure of the acid (XLVI) to a dibenz-
cycloheptatriene was atteupted by three diffarent routes.

4
(24) and treatment of the

(25)

Sublimation of the barium salt
sodium selt with acetic anhydride was carried out on
hundred milligram portions of the acid. In each case the
product was an uncrystallisable gum which could however be
converted to a arystalline 2:4-dinitro phenylhydrazone which
was found, melting point and mixed melting point, to be
identical with the 2:4-dinitrophenylhydrazone of 3:4:5:6-
dibenzeyclohepta-1:3:5-triene-7-o0one. The remainder of the
acid, 280 milligrams, was converted to its dimethyl ester

by treatment with diaszomethane and the ester subjected to

the Dieckmann condensation(zé).

(7)

By treatment with sodium
in benzene (cf. , pe626) 3:4:5:6-dibenzeyclohepta-3:5-
diene-2-one~1l— carboxylic ester was obtained as an oil.

This 0il when refluxed with dilufe sulphuric geid did not
yield the desired ketone and, since the product was found

to glve still the ferric chloride colouration characteristia
of the Dieckmsnn ester, the t?eatment with dilute sulphuriec
acid was renewed. The product from this attempted

hydrolysis was purified by distillation and yielded a small
amount of liquid distillate which could not be crystallised.
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No orystalline ketone was obtained therefore from
this synthesis although the gummy products obtained yielded
the 2:4-dinitrophenylhydrazone of the desired ketone.

With regerd to method (B), i.e., ring closure of

C-C-
& phenylhydrocinnsmic acid f/t};\ < (see page 15 )
X F%h\
several considerations emerge. |

~
(28) ring closure to a five-membered

1). Agcording to v Braun
ring is likely, ceteris paribus, to take preference over
closure to a seven membered ring.
2). By appropriate substitution in the diphenyl nucleus
gseven-memberéd ring formation might be facilitated; more-
over the unsymmetrically substituted diphenyls so required
would have the advantage of leading to unsymmetrically sub-
stituted dibenzeycloheptatrienes.

‘These considerations haﬁe led to & genersl investi-~
gation of this method of approach in these lsgboratories,

the following work being one particular aspect with the

materials and route proposed as shown:-

0“\2
/ CO;Me. wz_"k Ml coz"k
AN NR, NiNNMe, \\$ Ay
(XLVII) (XLVIII) MeD A

(XLIX)




27.

R.COclle — R.CO.NH.NH.S0,Fh -3  R.CHO
(x.5%) (L) (LI)

CH: CH. COJ,H CH;_, cHz. CULH

R CHo —Sloth

(LI)

Va = CH;.
OMe. oMe
b

OMe,

7
My Med
(LIV) (LV)

The dimethyltriazene (XLVIII) was obtained from methyl
anthranilste by diazotisation and coupling with dimethyl-
amine. It was condensed with hydroquinone dimethyl ether

to form the unsymmetrical diphenyl (XLIX) by the method of

Elks and Hey(zg).

The choice of hydroquinone dimethyl ether as the
component with which to condense the triazen was governsd
by the following considerations:-

1). It eliminated the possibility of isomers being formed
during the condensation since all positions in the hydro-
quinone dimethyl ether at which coupling could occur are
equivalent.

2). The presence of an ortho methoxy group might activate
position 2 in (LIII) and favour seven-mewbered ring forms-
tion rather than the formation of the hydrindone derivative

(V).
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In practice by this route the ester (XLIX) was
obtained satisfactorily but it was not possible to obtain
its hydrazide by reaction with hydrazine hydrate. An
ethanolic solution of the ester when refluxéd for a week
with 99% hydrszine hydrate was not converted to the
hydrazide. The acid was then treated with thionyl chlor-
ide under mild conditions in an effort to obtain the acid
chloride. The compound obtained however was not the acid
ehloride; its analysis corresponds to the empirical
formuls C. H, .0, and its structure will therefore be either

1471073
(LVI) or (LVII).

€Q
7 ~

co
S\
Zava
Me(]\/[
(zvi) °* (LVII)

The fluorenone structure is unlikely since the eompound
is almost colourless when pure and does not give the
characteristic reactions of phenolic or carbonyl groups.
The compound is therefore assumed to have the lactoniec
gtructure (LVII) and this is borne out by its behaviour
with alkali.

Since neither the acid hydrazide nor the aeid chlor-
ide could be obtained from the ester (XLIX), this method
had to be abandoned.
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Ex@erimental.

Diphenic acid monophenylsulphonhydrazide.

(1) Action of Hydrazine Hydrate on Diphenic Anhydride.

Diphenic anhydride (2 g.) was treated slowly with
hydrazine hydraste (2 cc., 90%) cooling being applied to
gontrol the vigorous reaction. After warming at 100°¢ for
90 minutes water was added and the solution cautiously
acidified. - The resulting sticky mass slowly solidified.
It was powdered and crystallised from ethanol. The f£il-
tered needle-shaped crystals appeared to be homogensous,
sintered ca 176°C and melted at 185°C with gas evolution.
Yield, 1.3 g. (62%).

This appears to be the acid hydrazide (Cozﬂ;
CO.NH.NHp) sinee it dissolves in aqueous sodium bicarbonate
with effervescence and this result confirms the desceription
(viz., m.p. 183°C) given to the compound by Labriola(so)
in contrast to that of Kalb and Gross‘zl), viz., m.p. 164°C

with foaming.

Action of benzenesulphonyl chloride on above compound.

A suspension of the hydrazide (1.3 g.) in pyridine
(4 cc.) was treated in the cold with bsnzenesulphonyl
chloride (10.9 g.) washed in with pyridine (2 ec¢.). The

yellow solution after standing overnight was diluted with
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water and apgidified with dilute sulphuric acid. The re-
sulting precipitate solidified and was filtered and washed
free of acid. It orystallised from dilute ethanol as a
rather nondeseript buff coloured solid, m.p. (with some de-
composition snd previous sintering) 220%¢. Yield, 1.9 g.

(94%) .

(2). Action of Benzenesulphonhydrazide on Diphenic Anhydride.

Diphenic anhydride (6.6 g.) was added slowly, with
cooling, to benzenesulphorhydrazide (5.1 g.) in pyridine
(SO eec.). After standing overnight it was poured into
dilute hydrochlorie acid. The o0il that was precipitated
slowly solidified and was filtered and washed with water,
m.p. 184°Cc. The m.p. was raised to 220°C by repeated
crystallisation from dilute ethanol. Yield, 8.3 g. (70%).

The compound was soluble in agueous sodium hydroxide
and sodium carbonate and was precipitated from these solu-
tions by sulphur dioxide, but not by carbon dioxide. This
is the «: (3 di-acyl hydrazide, R.CO.NH.NH.SOZPh.

(Found: G, 60.3; H, 4.1; N, 7.3. CuygH14050p8 requires
G, 60.6; H, 4.0; N, 7.1%).
In the purification of this compound from the crude

material there was obtained from the ethanolic mother

liquors a very small amount of an isomeric substance, m.p.
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22000, mixed me.p. with.above compound 215%.

(Found: G, 60.8; H, 4.0; XN, 6.9%. 020H1605N25 requires

C, 60.6; H, 4.0; N, 7.1%).

This is presumsbly the «:«X di-acyl hydrazide, R.CO(SOyPh)N.NH,.
The second method is thus'the simpler and more

efficient in this case. Only the main product was sub-

jected to lMcHadyen-Stevens' decomposition, insufficient of

the other isomer being obtained for detailed investigation.

N-benzenesulphonamino phthalimide.

Phthalic anhydride (5 g.) was slowly added to a
solution of benzenesulphonhydrazide (5.8 g.) in pyridine
(18 cc.). After standing overnight the solution was poured
into dilute hydrochloric scid. The resulting solid was
orystallised from glacial acetic acid and had m.p. 26200.
It was soluble in sgqueous sodium hydroxide and sodium car-

bonate and was reprecipitated by sulphur dioxide, but not

by carbon dioxide. Yield, 6.6 g. (66%).
(Pound: O, H55.4; H, 3.2; N, 9.1?3- 014H1004N23 requires
G, B5.65; H, 3.3; N, 9.3%0).

Attempted McFadyen-Stevens' Decomposition of N-benzene-

gsulphonaminoe phthglimide.

N-benzenesulphonamino phthalimide (4 g.) in ethyl-

ene glycol (50 cc.) was treated with sodium carbonate (7.7 g.)
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at 160°C. The alkall was added in the course of 30 seconds
and the reaction allowed to proceed for s further 240 seconds.
The reaction was terminated by the careful addition of boil-
ing water (100 occ.) and the cooled solution was filtered
through charcoal. There was no precipitste formed on treat-
ing the filtrate with sulphur dioxide. Acigdification with
dilute sulphuric aeid precipitated phthalic acid. There

was no trace of any saldehydic product.

2'-formyldiphenyl-2-carboxylic acid (XXXI).

Diphenic acid monophenylsulphonhydirezide (2 g.) in
ethylene glycol (20 cc.) was treated with sodium carbonate
(2.5 g.) at 165°C. The alkali was added in the course of
30 seconds and the reaction sllowed to proceed for a further
240 geconds, when 1t was terminated by the careful addition
of boiling water (up to 100 cc.). After cooling and fil-
tering through charcoal to remove suspended matter, sulphur
dioxide was passed into the solution till there was mno
further precipitation. This precipitated materisl was re-
ocrystallised from dilute methsnol end then had m.p. 220°C.
It did not depress the melting point of the monophenyl-
sulphonhydrazide of diphenic acid and was re-treated in later
rans. When the solution no longer gave a precipitate with
sulphur dioxide it was acidified with dilute sulphuric acid.

A g0lid was slowly precipitated, of which the melting point
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after orystallisation from dilute methenol was 132%.
Yield, 0.51 g. (45%). |
(Found: C, 74.5; H, 4.,4%. Cy4H; o0 requires C, 74.4;
H, 4.49).
Other attempts at this decomposition were made with modified
conditions in respeat of a) volume of solvent, b) tempera-
ture of reaction (155 - 185°C), amd o) duration of reaction
(165 - 320 seconds).

The yields were varisble < 45%.

By-products obtained:~
In one Gase only was diphenic acid obtained.
There was also obtained during one attempt an unidentified
acid which was precipitated by sulphur dioxide. It was
recrystsllised from dilute methsnol, m.p. 163- 165°C.

(Found: C, 67.3; H, 5.2%).

W -gcetoxy diphenide (XXXII).

The crude sldehyde was dissolved in the minimum
quantity of acetic anhydride and three drops of concentrated
sulphuric acid added. After standing overnight in a tight-
1y corked flask the solution was poured into cold water
sufficient to remove the acetic anhydride and was then ex-
tracted with ether. After washing with alkali the ether
solution was dried over emhydrous sodium sulphate and con-

centrated. The solid thus obtained was crystallised from
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methanol (m.p. 125°C) and was insoluble in alkali.
(Found: G, 71.6; H, 4.%. C;¢H100, Tequires C, 71.6;
H, 4.5.).

Hydrolysis of W -acetoxy diphenide.

By dissolving the compound in ascetic acid, adding
a little dilute sulphuric acid and refluxing for 90 minutes
it was converted completely to the acid-sldehyde, m.p. 132°C,
mixed m.p. with the pure acid-aldehyde 132°C.

Action of acetic anhydride on diphenic acid monophenyl-

sulphonhydrazide.

The sulphonhydrezide was treated exactly as in the
ghove axperiment and the compound obtained crystallised froum
acetic soid, m.p. 216°C. It was insoluble in alkeli.
(Pound: C, 53.5; H, 3.9; N, 6.50. 32231605ﬂ23 requires
C, 62.9; H, 3.8; N, 6.7¢).

The sulphonhydrazide (0.5 g.) was dissolved in pyridine
(10 ee.) and scetic anhydride (2.5 cc.) added. After stand-
ing overnight the solution was poured into dilute hydro-
¢hloric acid and the so0lid obtained orystallised from acetic

acid, m.pe. 215°G. This was the same compound as that

obtained by the previous treatment; mixed m.p. 216°C.
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Action of thio-p-cresol on phthalic anhydride.

1. In pyridine.

Phthalic anhydride (1 g.; 1 wmole) was dissolved in
pyridine (6 cc.) and treated with thio-p-oresol (1.4 g.;

1% moles). After standing overnight the solution was poured
into dilute hydrochloric ascid and extracted with ether.

From the ether solution on drying and concentration thio-p-
cresol was obtained. From the agqueous layer orystals of
phthalic acid were slowly deposited. o condemnsation pro-
duct was obtained from the reaction.

The experiment was repeated, heating the pyridine
solution at 70°C for 45 minutes instead of leaving it over-
night at room temperature. The phthalic anhydride and
thio-p-cresol were recovered unchanged on poufing the

solution into dilute hydrochloric acid.

2. Under Schotten-Baumenn Conditions.

Eguimolecular proportions of phthealic anhydride and
thio-p-cresol were shaken up with an excess of 20% sodium
hydroxide for 90 minutes. The solution was then filtered
from g little unchanged phthalic snhydride and the filtrate
acidified with dilute hydrochloric acid. The precipitate

ceontained only phthalic acid and thio-p-eresol.
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3. By fusing the reactants together (cf. Wertheim(17)).

One mole (0.5 g.) of phthalic anhydride was treated
in a test tube with 17 moles (0.65 g.) of thio-p-cresol.
After heating with a free flame for about a minute the tube
was gallowed to cool. The mixture was kept cool while 20
drops of 10%4 sodium hydroxide were added in several portions
with vigorous shgking. The solid which did not go into
solution during this tresgtment was found to be unchanged
phthalic gnhydride. The filtrate was treated with about
10 drops of 5% hydrochloric acid and the precipitate obtained

was found to be thio-p-cresol.

18
o-carbomethoxy benzoyl chloride (ef. H. Meyer( ).

ono methylphthalate (3 g.) was heated at 40°9C with
an excess of thionyl chloride till evolution of sulphur
dioxide and hydrochloric acid had ceased (45 minutes). Care
was taken not to allow the temperature to rise above 40°C
owing to the rapidity with which the product is decomposed
at higher temperatures. After the reaction had ceased the
excess thionyl chloride was removed under reduced pressure-
The resulting, faintly yellow coloured oil, was used

immediately in the preparation of the thiol ester.
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p-tolyl-o-carbomethoxythiolbenzoate (XXXVI).

To the o-carbomethoxy benzoyl chloride prepared in
the gbove experiment was added 1 mole of thio-p-cresol and
sufficient pyridine to dissolve the reagents which were
¢ooled in sn ice bath during the addition. After stand-
ing overnight the solution was poured into a mixture of
dilote hydrochloric acid and ice. The 0il which separated
was extracted with ether, the ether extract washed with
alkali, dried (sodium sulphste), and concentrated. The
s0lid obtained was crystallised from methanol, m.p. 58-
59°C.  Yield, 1.7 g. (36% based on the monomethyl phthalate).
(Found: C, 67.3; H, 4.9¢. C,6H1 4035 requires C, 67.1;
H, 4.9%).

p-thiotolyl hydrogen diphenate (XXXV).

One mole of diphenic snhydride (0.5 g.) and 1.2
moles thio-p-cresol (0.34 g.) were heated at 70°C in
pyridine (6 cc.) for 90 minates. On pouring the cooled
solution into dilute hydrochloric acid an oil separated
which solidified on rubbing. It was crystallised from
dilute methanol, m.p. 147°C.  yield, 0.57 g. (73%).
(Found: C, 72.8; H, 4.6%. Cp1H1,055 Tequires G, 72.4;
H, 4.6%).

This compound should therefore be a carboxylic acid but,

though it is acidic to litmus and phenol phthalein, it is
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insoluble in cold alkali. On heating with alkali the
ester-acid dissolved and there crystallised on cooling a
compound, m-p. 88°C, which on treatment with dilute acid
in the cold was reconverted to the ester-acid. The solid
obtained from the alkali solution must therefore be the
sodium salt of p-thiotolyl hydrogen diphenate.

(Found: €, 51.6; H, 5.5l. CgiH15035.Na.7Hg0 requires
G, BL.6; H, 5.8%7).

Raney Nickel hydrogenolysis of p-tolyl-o-carbomethoxythiol-

benzoate.

The Raney nickel employed was prepared by the
method of Mozingo(zz).

To the thiol ester (1.5 g.) was added Raney nickel
(7.5 g.; in 704 ethanol (30 cc.). The mixture was refluxed
for 90 minutes and the Raney nickel filtered from the cooled
solution. The ethanol was removed from the filtrate by
distillation and an 0il separated from the agqueous residue.
sufficient ether was added to dissolve this o0il and the
solution was then thoroughly shaken with a bisulphite
solution. After three hours no bisulphite addition compound
had been deposited, the ether solution was therefore separat-
ed, dried and concentrated. The residual oil crystallised
on standing and cooling, m.pe. 71-7200, mixed wm.p. with

phthalide 71-72°C. vYield, 0.12 g. (174).
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Raney Nickel Hydrogenolysis of g:ﬁhiotolyl hydrogen diphenate.

To the tﬁiol ester (1.5 g.) was added Raney nickel
(7 g.) in 70% ethanol (30 cc.). The solution was refluxed
for 40 minutes and the Raney nickel filtered from the cooled
solution. The ethsnol was removed from the filtrate by
distillation and the agueous residue extracted with ether.
The ether extract was dried and concentrated and the solid
obtained oerystallised from ether and petroleum ether (40-
60°) in the latter of which it was sparingly soluble. This
compound had m.p. 145-146°C and when heated at 110°C for one
hour was converted into a erystalline solid, m.p. 132°C
which d4id not depress the me.p. of diphenide. (cf. Kenner(e),
p.2113).

The product is therefore 2-hydroxymethyldiphenyl-2'-

) Cﬂz.Oﬂ ,
carboxylic acid fi:} ca,H Yield, 0.2 g. {20%).

\@
J
(23)

Reduction of Diphenimide (cf. ).

The diphenimide was obtained by heating diphenioc
enhydride with qrea(gz).

Zine dust (1.05 g.) was stirred to a thick paste
with a solution of copper sulphate (0.1 g.) in water (3.5 cc.)
end 20% sodium hydroxide (3 ec.) added. The mixture was

eooled to 5°C in an ice bath and diphenimide (1.2 g.) was
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added slowly in small portions so that the tempersture 4id

not rise sbove 8°C, the mixture being shaken duiing the
addition. mhe mixture was diluted with water and warmed

on a steam bath till evolution of ammonia ceased (5 - 6 hours).
The solution was then filtered, the filtrate concentrated

to a small volume and treated with concentrated hydro-

chloric acid till it was acid to Congo Red. The solution

was heated to boiling and on cooling a colourless solid was
deposited, w.p. 182-184°, On orystallisation from ethanol

the m.p. rose to 192°, mixed m.p. with diphenamic acid 192°.

Yield, 0.72 g. (60%).

Reaction of diphenic anhydride with acetic snmhydride (cf.(27)).

Diphenic anhydride (2.24 g., was suspended in
acetic anhydride (8 cc.,; and warmed to a clear solution.
To this solution there was added in one lot 1 g. potassium
acetate (freshly fused, powdered and weighed hot). The
whole was heated in an o0il bath at 145-155° for 15 minutes.
During the reaction the solution became yellow and a yellow
80lid was deposited on cooling. This so0lid was filtered
and washed with warm water to remove potassium salts. On
cooling some diphenic acid crystallised from the washings.
The so0lid was therefore suspended in boiling water for three
hours and filtered hot. From the filtrate there was

obtained 1.75 g. diphenic acid, m.p. 226°C. The insoluble
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portion melted at 152-15500 with previous softening ca 80°C.
It dissolved in warm alkali and on acidification a solid
was obtained, m.p. 90-92°C. It was soluble in alcohol,
ethyl acetate, acetic acid and benzené, but could not be

obtained crystalline.

Condensation of 2'-formyldiphenyl-2-carboxylic acid (XXXI),,

with malonic acid.

The aldehyde (1.2 g.) and malonic acid (0.55 g.)
were dissolved in pyridine (6 cc., and eight drops of
piperidine added. The solution was heated on the steam
bath for one hour then refluxed for 15 minutes. This
hesating was accoupanied by evolution of a gas and the
golution became deep red in colour. The solution was
aooled and poured into dilute hydrochloric acid. The}re-
sulting o0il slowly solidified and was crystallised from
dilute acetic scid, m.p. 228°C.  Yield, 0.877 g. (60%).
(Found: ©, 72.1; K, 4,%.. C,.H .0, requires C, 71.6;

1671274
(13)

H, 4.57). cf. Rapoport and Willisms record & m.p.

of 230-231°C for 4 -2'-carboxy-2-diphenylylaerylic acid.

Titration of the above acid.

180 mg. of the acid were dissolved in methanol and
titrated with 0.1 ¥ sodium hydroxide with phenol phthalein

as indicator. The acid titrated as a dibasic acid.
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BEquivalent weight = 130. Equivalent weight calculated
for ﬂ -2'-carboxy-2-diphenylylacrylic acid (XLV) = 134.

In a previous titration carried out on 8 mg. of
the acid with 0.01L N sodium hydroxide an end-point
corresponding to the acid being monobasic was obtained when
the titrastion was carried out in the cold, the dibasic end-
point being obtained on werming the solution. This result,
which would favour the lactonic strdcture (XLII1I) for the

acid, was not reproducible.

Catalytic hydrogenation of f -2'-carboxy-2-diphenylyl-

gerylic acid (XLV).

(34)

For preparation of catalyst see .

84 mg. of palladium black were shaken iﬁ glacial
acetic acid in an atmosphere of hydrogen.till;adsorpfion
of hydrogen ceased. A solution of 100 mg. of the acid
(XLV) in glacial acetic acid was then added to the catalyst
which was again shaken in an atmosphere of hydrogen. There
was initielly a fairly rapid uptake of hydrogen (6 cc.)
and eventuslly 9 cc. were absorbed. This voluge is in
agreement with the addition of two atoms of hydrogen to a
gompound of formule 616H1204. The catalyst was removed by
filtration and the filtrate evaporated under reduced
pressure. The solid obtained was crystallised from dilute

acetic acid, m.pe. 185°%¢. (cf. Rapoport and Williams(lgj
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record a m.p. Oof 171-173%¢ for ﬂ ~-2'-carboxy-2~diphenylyl-
Propionic
ie- acid) .

(Found: ©, 71.1; H, 4.8%. C16H1404 Tequires €, 71.1;

H, 5.2%).

Sublimaetion of the Barium salt of f -2'-carboxy-2-diphenylyl-

propionic acid (XLVI).

100 mg. of the acid were titrated with baryta using
one drop of phenol phthalein as indicator. The sblution was
evgporated and the barium salt dried. This berium salt did
not sublime or show any change on heating to 360°C under =a
pressure of 1 um. The temperature was raised sbove 360°C
under the vacuum of a water pump whereby a brown oil sub-
limed. The sublimate could not be crystallised even after
distillsation under a pressure of 0.2 mm. It was treated
with 2:4-dinitrophenylhydrazine and the dinitrophenylhydra-
zone obtained crystallised from glacial acetic acid, micro
mep. 218-220°C.  The melting point did not rise sbove 220°C
after two further orystallisations. A mixed micro m.p. of
th;s hydrazone with the 2:4-dinitrophenylhydrazone of
334:5:6-dibenzcyclohepta-1:5:5-triene—7-one (micro m.p. 237°%)
melted at 219-220°C.
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Treatment of the disodivm salt of /S -2'-carboxy-2-diphenylyl-

propionic acid (XLVI) with acetic anhydride.

100 milligrams of the acid were neutralised with the
theoretical quantity of stamdard sodiﬁm hydroxide. The
solution was evaporated to dryness and the dry sodium salt
refluxed for one hour with acetic anhydride (2 ec.). The
acetic anhydride was removed under reduced pressure and the
regsidue treated with very dilute alkali. The alkaline
solution was extracted with ether. From the aqueous portion
on acidification 8 mgs. of the acid were recovered. The
ether extract was dried and concentrated and the residue
distilled under a pressure of 0.2 mnm. The distillate could
not be crystallised but on treatment with 2:4-dinitrophenyl-
hydrazine yielded a crystalline phenylhydrazone, micro me.p.
195-22000. After several crystallisations from glacial
acetic scid the melting point rose to 253-25400. Mixed
wmicro m.p. with the 2:4-dinitrophenylhydrazone of 3:4:5:6-
dibenzeyclohepta-1:3:5-triene-7-one (micro me.p. 237°C)

melted at 234-235°C.

Esterification of /A -2'-carboxy-2-diphenylylpropionic aeid
(XLVI).
To a suspension of the acid (280 mg.) in a little

ether was added slowly an etheresal solution of diazomethane




(0.54 g.). The addition was accompanied by gas evolution.
After standing overnight the ether and excess diazomethane
were removed and the residual oil dissolved in benzene and
filtered from the floaculent precipitate resulting from the

action of diszomethane on the glass sides of the container.

B5:4:5:6-dibenzcyclohepta-3:5-diene-2-one-1-carboxylic ester.

O CHy.CHy.co, Me
O 00, Me

Sodium powder (0.06 g.) prepared in the presence of

CHy — CHCO,Me)
Na.

+ CH;ON&.

xylene in the ususl msnner was covered with dry benzene and
a solution of the di-ester in benzene, obtained as described
above, was then added. The solution was raised to its
boiling point and refluxed for one hour. By this time most
of the sodium had gone into solution which was'now reddish
brown in colour. The solution was decanted from the sodium
into dilute sulphuric acid and the benzene layer separated,
washed, dried and concentrated. The residugl oil gave a

purple colouration with ferric chloride solution.

Hydrolysis of 3:4:5:6-dibenzcyclohepta-3:5-diene-2-one-1-

carboxylic ester.

The ester obtained in the above experiment was re-

fluxed with dilute sulphuric acid (1:2) for three hours.
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The cooled solution was extracted with ether and the ether
extract washed with alksli, diried and concentrated. The
0il obtained could not be induced to crystallise and was
therefore subjected to a vacuum distillation. The dis-
tillate, b.p. 150-155°/0.2 mm., could not be erystallised.
It was found that this material still gave a ferric ahloride
colouration and the sulphuric acid treatment Was‘fherefbre
repeated. Bther extrsction again yielded a gummy material
which could not be crystallised but yielded a crystalline

2:4-dinitrophenylhydrazone.

1-(o0-carbouwethoxyphenyl)-5;3-dimethyltriazen (XLVIII).

Methyl enthranilate (50 g.) in concentrated hydro-
chloric acid (120 g.) and water (130 cc.) was diazotised
with a concentrated solution of sodium nitrite (23 g.) in
water. The diazo solution was added from a cooled dropping
funnel to a c&oled stirred mixture of aqueous dimethylamine
(50%; 120 ec.) and an excess of 30% aqueous sodium carbon-
ate (330 cc.) over that required for the neutraslisation of
the acid. Stirring was continued for 30 minutes and the
separated triaszen extracted with benzene. The extract was
dried over caustic potash and after removal of the benzene
the residwgl triazZen was distilled under reduced pressure
and obtained as a pale yellow 0il, b.p. 172-176°/12 mnm.
Yield,‘50 g.; T4,
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336-dimethoxy-2'-carbomethoxydiphenyl (XLIX).

Hydroqdinone dimethyl ether was prepared by the
methbd of Bogert and Howells(55}. |

The triazen obtained sbove (50 g.) was dissolved
in molten hydroguinone dimethyl ether (160 g.) =nd heated
on g steam bath with slow addition of glacial acetic acid
(60 cc.). Heating was continued overnight. The result-
ing dark coloured liguid was dissolved in chloroform;
washed with dilute hydrochloric acid, with water, with
dilute sodium hydroxide and again with water. The chloro-~
form solution was dried over anhydrous sodium sulphate and
concentrated. Distillation then yielded 135 g. of hydro-
quinone dimethyl ether, b.p. 110-112°C/20 mm. The residue
was distilled from & smaller distilling flask and the
following fractions were obtained:- |
1). A small amount of hydroguinone dimethyl ether, b.p. 95-
100°¢/10 mm.
2). An intermediate 0ily fraction, pale yellow in colour,
b.p. 127-132°6/10 mn. Weight ~ 3 g.
3). The main oily fraction, b.p. 196-204°C/10 mm. Weight
~78-
4). A very viscous orange coloured gum, b.p. 205-2159°C/10 mm.,
with much decomposition. Weight —~ 1 g.

Fraction 2) was hydrolysed by the addition of
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potassium hydroxide (1.5 cc. 50% per g.) and sufficient
methanol to give a clear solution. This solution was
refluxed for one hour and the methanol removed. The cold
golution was extracted with ether to remove any unsaponi-
fiable material and the aqueous portion acidified with
dilute hydrochloric acid. The pale brown solid obtained
was dissolved in methanol and treated with charcosal. A
colourless crystalline solid, 3:6-dimethoxy-2'-carboxydi-
phenyl, was thus obtained, m.p. 155°C.

(Found: C, 69.9; H, 5.49. C, 5,40, Tequires C, 69.8;
H, 5.4%).

When freaction 3) was rubbed with half its volume
of methanol and kept for several days in a refrigerator
orystals were slowly formed. These were purified by
orystallisation from methanol, m.p. 65°C. This was 3:6-
dimethoxy-2'~carbomethoxy diphenyl (XLIX).

(Founa: C, 70.6; H, 6.0%. CqgH;.0, requires C, 70.6;
HE, 5.9%).

This ester was hydrolysed with aqueous glcoholic potassium
hydroxide and ylelded, as expected, the same acid as that
obtained from fraction 2) by hydrolysis. Further amounts
of this acid were also obtained by the hydrolysis of the

coneentrated mother liquors from fractioms 3) and 4).

An unidentified solid was obtained from fraction 4)
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by rubbing with methanol and was crystallised as pale yellow
needles from glacial scetic seid, m.p. 291-293°C.

The residus left in the distilling flask was dis-
solved in chloroform, washed free of decomposition pro-
ducts with dilute hydrochloric acid and, combined with the
residues frowm later runs, concentrated aﬁd redistilled.

In later runs, where the distillation was carried
out at lower pressures, 3-5 um. no decomposition pyoéuot
corresponding to the solid obtained from fraction 4) above
was formed.

Yield of ester 10% based on the triazen.

Treatment of 3;6-dimethoxy-2'-carbomethoxy diphenyl (XLIX)

with hydrazine hydrate.

a). The ester (1.5 g.) was treated with hydrazine
hydrate (4.5 ec., 90%) and sufficient methanol to mske the
gsolution homogeneous at its boiling point. The solution
was refluxed on a water bath for 7 hours and most of the
methanol distilled off. On cooling an oil separated and
s0lidified on stending, m.p. 64°C. It aid not depress the
m.p. 0f the ester.

b). The ester (1 g.) was treated with hydrazine
hydrate (2.5 cc., 90%) and ethylene glycol (5 cc.). The
ester did not go into solution completely and after reflux-

ing the mixture for four hours there was no noticeable
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change in the amount of undissolved ester. A 1little dioxan
was added to facilitate solution of the ester amd the
mixture refluxed for s further three hours. On cooling an
0il separated and did not solidify on standing. By hyﬂro-
lysis with potassium hydroxide the acid was recovered.

a). The ester (1 g.) was dissolved in ethanol and
treated with hydrazine hydrate (2.5 cc., 99%). The solution
was refluxed for a week. On concentrating the solution

after this time the ester was recovered unchanged.

Treatment of 3,6-dimethoxy-2'~-carboxy diphenyl with thionyl

chloride.

The acid (0.5 gm.) was dissolved in dry benzene
(~ 5 cc.) and thionyl chloride (1.2 cc.) added. The
solution was left overnight at room temperature, the flask
being corked with a c¢alcium chloridse guard tube. The
benzene together with the excess thionyl chloride was removed
by distillation under reduced pressure; bath temperature
20 - 25°C. A slightly yellow coloured solid remained,
MeDe 114%. When purified by crystallisation from benzene
the solid was almost colourless, me.p. 119-12000. The conm~
pound contained no chlorine, it gave no colouration with
ferric chloride solution and no precipitate with 2:4-dinitro-
phenylhydrazine reagent. The compound is insoluble in

cold alkali but dissolves on heating and is precipitated




unchanged on acidification.

(Found: C, 73.7; H, 4.4f; Ole, 13.4%.

G, 74.3; H, 4.4; OMe, 13.7%).

51.
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When the acid isvrefluxea with thionyl chloride the same

compound is obtained.
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Introduetion.

The fate of polycjclic aromatic hydrocarbons,
especially those which possess carcinogenic activity, has
received oconsiderable attention in recent years.

In general it has been found that the metsboliec
products from such hydrocarbons are phenols, excreted
either as conjugated sulphates or glucuronides or in the
free state, or diols. In many cases mercapturice acids

(38). Such diols as have been ob-

have also been isolated
tained are readily converted to phenols by treatment with
dilute scid-and, as we shall see later, are considered to
be intermediates in the metagbolic process leading to the
production of phenols, although the mechanism of phenol
formation 1s not necessarily the same in all cases. No
egsential difference in the meteabolism of carcinogenic and
non-careinogenic hydrocarbons has been detected. Further-
more, investigation has shown the phenolic metabolites to

be either non-carcinogenic or distinctly less active than
the parent hydrocarbon. In the light of these facts the
original supposition that carcinogenic activity is dependent
on the formation of an active metabolite rather than on the

direct action of the hydrocarbon itself becomes untengble.

It appears rather that the metabolic process represents a
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means of detoxification of biologically active material.

This process of detoxification, if indeed it may
be so regarded, involves an attack on the molecule at a
position which is frequently different from that attacked
by purely chemical reagents. Thus Boyland and Levi(l)
showed that anthracene was attacked, not at the reactive
meso positions, but at the 1:2- positions with the production
of 1l:2-dihydroxy-1l:2~dihydroanthracense. l:2-Benzanthracene
and 1:2:536~-dibenzanthracens are also subject to subsgtitution
and oxidation at one or both of the reactive 9~ and 10-
positions of the anthracene systeu. Biochemical oxidation
of these hydrocarbons on the other hand gives rise to 4'-
hydroxy-1l:2-benzanthracene (I) and 4':8'-dihydroxy-1:2:5:6-

] (2,3)
dibenzanthrsascene (II) respectively .

(1) (I1)

Another example of this phenomenon is provided by
5:4-benzPyrene. The reactive position in this molecule,
as demonstrated in a variety of substitution reactions, is
pésition 5. When, however, the hydrocarbon is injected

(4)

into rebbits, it is excereted as 8- and 1l0-benzpyrenols
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(III) and (IV).

OH ' OH
= ,Ilgglnllii P~ l lllii
NNNF \
(IV) (v)

In this respeet 1t is interesting to note that, whereas
nitration of benzPyrene takes place at position 5(5)
nitration of 5-acetoxy-3:4-benzpyrene tekes place at posi-

tion 10(6), one of the centres attacked in the biochemical
oxidation of the hydrocarbon.

A mechanism which took into consideration all these
facts was postulated by Eieser(7). It suggested that the
metabolic process involved primarily the addition of the f
elements of hydrogen peroxide to the hydrocarbon and fre- |
quently s subseguent dehydration of the diol so formed. ’

Such g process is illustrated below for the case of anthracene.

The isolation of the dihydroxydihydro compound postulated
by Fieser has been effected in three cases. As already
stated, 1l:2-dihydroxy-1l:2-dihydroanthracene has been

obtained by Boyland and Levi from the urine of rats and
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rabbits fed on a diet contasining anthracene. It has been
reported in a later communication by one of these authors
that the diol obtained from both fats and rabbits is a
mixture of optically inactive and optically active material
and that the laevo-rotaftory form predominates in the case of
rats, the dextro-rotatory in the case of rabbits.

Young{®) has 1solated 1-1:2-dihydroxy-1:2-dibydro-
naphthalene from the urine of rats dosed with naphthalene
and in similar experiments with rats and rabbits Booth and

Boyland(g)

have obtained a 4l-1:2-dihydro diol mixed with
laevo- and dextro-rotatory forus respectively. In the

case of phensnthrene also it has been reported by Young (loc.
eit., and Boyland and Wolf(lo) that dihydro diols are ob-
tained. The latter authors formulate the diol obtalned
from rats as 9:10-dihydroxy-9:10-dihydrophenanthrene and
that obtained from rabbits as a mixture of the shove and
1:2-dihydroxy-1:2-dihydrophenanthrene. These diols are

all readily dehydrated to phenols by mild treatment with
dilute mineral acid.

No diliydroxydihydro compounds have been isolated
from experiments with more complex hydrocarbons but this
by no means precludes the possibility that diols have been
formed snd dehydrated either in the organism or during the

(11)

processing of the urine. Welgert and iottrem indeed
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have deduced, from spectroscopic data, that such a diol may
be present in the products of metabolism of Ezé-benzpyrene.
Typical polycyclic hydrocarbons which have been
investigated include l:2-~-benzanthracene, 1l:2:5:6-dibenz-
anthracene, é:é-benzpyrene and chrysene(lz) which give rise
to the phenolic products (I), (II), (III) and (IV) and (V)
respectively. The position at which the molecule has been
attacked is, in a2ll these cases, favourable to iieser's
view that the mechanism of phenol formation involves the
preliminary addition of two hydroxyl groups to adjacent
carbon atoms. Hieser does not specify how this addition
of two hydroxyl groups is effected and an insight into this
question may be gained from the recent experiments of Cook

13)

and Schoen‘balk on the oxidation of polycyelic aromatic

hydrocarbons with osmium tetroxide.

When phenanthrene is treated with osmium tetroxide
in the présence of pyridine a crystalline complex is formed
and may be hydrolysed to 9:10-dihydroxy-9:10-dihydrophen-

anthrene (VI)}.
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This diol is dehydrated by treatument with dilute acid to
9~-phenanthrol. This has been found to be a general re-
action for polyeyclic hydrocarbons containing a phenanthrene
system. By use of this reagent chrysene was converted into
1:2-dihydroxy-1l:2-dihydrochrysene (VII) which was dehydrated
to 2-chrysenol; pyrene was converted into 1l:2-dihydroxy-
1l:2-dihydropyrene (VIII), dehydrated to 1l-pyremol; and
1:2-benzanthracene was coverted int>5:4-dihyaroxy-5:4—di-
hydro-1l:2-benzanthracene (IX), dehydrated to 3-hydroxy-1l:2-
benzanthracene. This oxidation, involving the production
0of a phenol from the hydrocarbon through the intermediste
formation of a dihydroaiol; is plainly anslogous to the
biochemical oxidation of the hydrocarbons. The analogy

is heightened by the fact that in both cases the hydrocarbon
molecule is attacked at a centre other than that moét ligble
to attack by ordinary chemical resgents. As may be seen
from the examples quoted, however, the position of attack
by osmium tetroxide is not the same as that attacked in the
biochemical oxidation. Hydrocarbons which do not contain

& phenanthroid 9:10-double bond are also attacked by osmiunm
tetroxide. For example, anthracene is oxidised to 1:233:4-

(14)- Here too

tetrahydroxy-1:2:3s4-tetrahydroanthracene
the reagent has added to g double bond rather than to the

resctive meso-positions but the product is not identieal
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with the enthracene metabolite.

Biochemical oxidation therefore may involve the
formation of a metallic complex similar to that formed in
osmium tetroxide oxidations but it has still to be ex-
plained why the oxidation does not take place st one of the
more regetive centres of the molecule.

It has been suggested by Boyland and Weigert(as)
that in the body the hydrocarbons are combined with an
enzyme, or with some other tissue constituent such as
ascorbic acid(ﬁe) or a purine(37}, through the most re-
active positions which are therefore protected from attack
by the biochemical oxidising agents. Meantime this remains
a hypothesis unconfirmed by positive experimental evidence.

Another important difference between osmium
tetroxide and biochemical oxidation is that the diols ob-
tained by use of the foruer réagent inwarigbly possess the
cis configuration whereas those obtained by biochemical
oxidation g1l appear to be frans.

In seeking to explain the mechanism of carcino-
genesis by means of metabolic experiments it should be borne
in mind that in these experiments the metabolic products
igolated represent only a small fraction of the amount of
hydrocarbon sdministered. The greater part of the hydro-

carbon appears to be broken down into simple products which
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escape isolation. The diols that have been obtained from
naphthalene and anthracene can exist in four optically
active isomeric forms, comprising a pair of gis-enantio-
morphs and & pair of trang-enantiomorphs. A knowledge of
the configuration of these metabolic products might be of
value in elucidating further the mechanism by which they

are formed. By catalytic hﬁdrogenation the naphthalene

and anthracene metabolites have been converted into 1l:2-
dihydroxy-ls2:3:4-tetrahydronaphthalene (X) and - anthracene

(XI) respectively.
H oH

H
mm{
S

(X) (X1)

The present work was undertaken with a view to
obtaining synthetically specimens of the six isomers of
(X) and (XI), the configuration of which would be fixed by
the method of synthesis. By comparison with these syn-

thetie products the hydrogenated metabolite could then be

identified sterecchemically.
(9)
Since this work was undertaken Booth and Boyland

have investigated the oonfigurétion of the naphthalene
metsbolites snd, by comparison of the dihydro compounds

with synthetically prepared specimens of dl-cis- and
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dl-trang- lzz-dihydroxy-ls2:3z4~tetrabydronaphthalene,
have shown they have the trans structure. These authors
suggest that the anthracene diol also has the trans con-
figuration since it does not react with Criegee's tri-
ecetyl osmiate reagent, in spite of the fact that Boyland
and Shoppea(zo) had previously concluded that the diol
had the ois configuration owing to its rapid rate of

oxidation by lead tetra-acetate.
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Discussion.

The starting material émployed in the synthesis of
the naphthalene diols was 1:2-dihydronaphthalene obtained
from a.c.-tetrahydro- § -naphthol by the method of Bamberger
and Lodter‘ls).

Several methods for obtaining dl-¢is- and dl-trans-
1:2-dihydroxy-l:2:3:4-tetrahydronaphthalene from 1:2-
dihydronaphthalene were studied.

Oriegee(ls) hasAdescribed a method for synthesising

cig~diols frowm unsaturated hydrocarbons by the formation of

Oosmic acid esters and their subsequent hydrolysis.

>C >C—0 0 >C—oH
0*§ /}) ’ N 7

[+ Sel ST el s

> o7 o >e—07 N SC — oH

The application of this method to 1l:2-dihydro-
nsphthalene gave a hydroxy compound which was assumed to be
Qi-gigflz2-dihydroxy-1:2:5:4-tetrahydronapbthalene. The
seme eompound was obtained by treating the dihydronaphthalene

with hydrogen peroxide in tertiary butyl alcohol in the

. 7
presence of osmium tetroxide (compare Milas and Sussman(l )).

Neither of these methods however was suitable for the pre-

paration of the large quantity of diol required for the

ultimate resolution into the two optically active forms:
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the former because of the relatively large amount of costly
osmium tetroxide required; the latter because of the low
yield obtained. The exPeriments of Strans and Bohrbacher(lsz
who claimed to obteain from 1l:2-dihydronaphthalene the cis-
diol by potassium permanganate oxidation and the frams-diol
by stepwise hydrolysis of the dibrowmo compound, were there-
fore repeated and proved to be suitable preperative methods.
The diol obtained by potassium permanganate oxidation wasg
identical with the g¢is-diol already obtained and therefore
the different compound obtained by hydrolysis of the di-
bromide was assumed to be trang-diol. The latter compound
was also obtained by treating dihydroneaphthalene with
hydrogen peroxide in tertiary butyl alcohel in the presence
of selenium dioxide, a method claimed by Seguin(lg) to
yield the trans configuration.

The configuration assigﬁed to these diols was con-
firmed by a study of their rate of oxidation with lead
tetra-acetate, since Griegeé‘zo) has shown that lead tetra-

acetate invariably oxidises cyclic gis-1:2-diols much more

rapidly than the trans-isomerides by a reaction which may

be symbolised thus:-

o , @
+ 20Ac ——— + 2ZH  + 20Ac°

-?—OH -

B
G




FI G



65.

The grasph of the reéults obtained here (see ®ig.l) illustrates
the usefulness of the method for distinguishing between eig-
and frang-diols of this type.

Another reagent described by Griegee(zl) for
defermining the configuration of diols is potassium tri-
acetyl osuiate (X). This compound forms di-ésters of the
type (XI) with such diols as have two suitable hydroxyl
groups, spatially favourable to the ring closure, at their

disposal and therefore mainly with X ~diols having a ¢is~

gonfiguration.
Hco.0 O ococH ~0 _ 0 e
7N T2 ‘ > | /Og\ '
CH3CoQ 0K >C-0H 3 —0 0—C<

(X) (X1)

| 4 solution of the reagent in acetic acid has a
royal blue colour and the formation of di-esters is
accompanied by a marked colour change. The test is there-
fore very simply carried out by addition of the diol to the
solution of the reagent and is particularly valusble in
being capable of application on a micro scale.

It is of particular interest in the present con-
nection that Criegee(zl) has reported trans-l:2-dihydroxy-
1:2:5:4-tetrahydronaphthalene to be exceptional (like

trans-cyclohexane-l:2-&101) in forming a di-ester with
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potassium triacetyl osmiste. Booth and Boyland(9), nowever,
without comment on Criegee's finding, state that the reagent
provides the usual distinction between the ¢is- and trans-
forms. Re-examinstion of this point showed that there isg
in fact a marked difference in the behaviour of the two
forms; the gis-form giving an immediate colour change
whereas the trans-form induces only adow and less promounced
modification of the colour. Criegee(zg), like Booth and
Boyland, prepared the frans-diol by lead tetra-acetate
oxidation of l:2-dihydronaphthalene and it may be noted
that in the anthracene series (ef. p.12 ) this procedure
has been found to afford a mixture of cis- and trans-diols.
Posgibly, therefore, contamination with the gig-isomer in
part ascounts for Criegee's conclusion that the sabove-
mentioned trans-diol shows exceptional behaviour.

Not all the methods which have been applied to
the resolution of slcohols are applicasble to diols, and not
many exsmples of the successful resolution of diols are
recorded in the literature.

For the resolution of the naphthalene diols a new
resolving agent, l-menthoxy acetic acid, introduced by
Resd =nd his associates and successfully employed for the
resolution of dl-trans-l:2-cyclohexane-diol 22) was con-

sidered to be the most promising. The basls of thisg
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method of resolution is the formation of 2 solid ester and
its subsequent separation by fractional orystallisation
into the two diastereoisomeric forms from which the active
diol and resolving agent are recovered by hydrolysis. It
was necessary therefore to ascertain that the l-menthoxy-
acetic gecid would form a solid ester with the diol.

Wilson and Reaﬂ‘zg) found that in the reaction
befween dl-trans-l:2-cyclohexsne-diol and l-menthoxyacetyl
chloride only the mono-ester was formed even when two
equivalents of the acid chloride were employed.

When dl-trans-1:2-dihydroxy-1l:2:3:4-tetrahydro-
naphthalene was ftreated in dry pyridine with either 1 or
1.5 equivalents of acid chloride a so0lid ester was obtained
which was however contaminated with unesterified diol. An
attempt was thérefore made to obtain g di-ester by treating
the mono-ester obtained above with a further 1.5 equivalents
of acid chloride. The orystalline ester obtained in this
way was shown to be & di-ester by an examinetion of its
ggponification value. It is not possible to distinguish
the mono-ester from the di-ester analyticelly: the mono-
ester; C,oHy50,, Tequives C, 73.33; H, 8.89% and the di-
ester, Cy,Hsp0g, Tequires C, 78.38; H, 9.B5%.

The di-ester was separated into its dlastereoisomeric

forms by long fractional crystallisation from petroleum
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ether. Approximately equal amounts of the two diastereo-
isomerides were ultimately obtained; the less soluble had
m.p. 116-117° [« -21° (¢, 1 in ohloroform) and the
‘more soluble, m.p. 101-102°C ] -170° (e, 1 in
ohloroform). The ester of m.p. 116-117° when hydrolysed
with alcoholic potassium hydroxide yielded l-trans-l:2-
dihydroxy-1:2:13s:4-tetrahydronaphthsal ene [), -124°

(¢, 1 in chloroform). The ester of m.p. 101-102°C simi-
larly yielded d-trans-l:2-dihydroxy-1:2:3:4-tetrahydro-
naphthalene &X}i 1520 (¢, 1 in chloroform).

The metabolic product is a dihydronaphthalene
derivétive and on catalytic hydrogenation with & platinum
catalyst ylelds a dextrorotatory 1l:2-dihydroxy-1:2:3:4-
tetrahydronaphthalene. A specimen of this hydrogenated
metabolite, kindly supplied by Professor Young, was found
to be identicael with d-trans-1l:2-dihydroxy-1:2:3:4-tetra-
hydronaphthalene, mixed melting point and specific rotation,
and wmixed melting point of the diacetates. This is in
agreement with the conclusion of Booth and Boylana(gj, that
the naphthalene metabolites have the trans-configuration.

A preliminary investigation of the esterification
of §l123§-1:2,aihydrozy-l:2:6:4-tetrahydronaphthalene with
l—menthdxyacetyl chloride indicated that a solid ester coulad

be obtained by treating the diol with one equivalent of acid
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chloride. When, however, it was discovered that the trans-
diol could be reselved by fractionation of its di-ester it
was decided to form a di-ester from the gis-diol also.
Tregtment of the diol with 2.5 éqaivalents of acid chlorigde
gave rigse to an oily product which could not be solidified.
The original experiment yielding a solid ester by treatment
with one equivalent of acid chloride could not be repeated
end sccordingly & search was made for another reagent with
which to effect the resolution of the gis-diol.

Clark and»Read(zé) have reported a successful
regolution of dl-menthol by means of a new resolving agent,
L-menthylglyecine. Esters of this acid are obtained by
esterifying the racemic alcohol with chloracetyl chloride

and treating the chloroacetate with l-menthylamine

R.0H £10220001, R.0 CO CH,CL E;QELQEE§9 R.0.CO CH,-NH C10H19.
The resulting diastereoisomeric l-menthylglycine esters are |
separated by crystallisation and the active aleohol is re-
covered from each form by hydrolysis. The majority of
these esters are crystalline solids and they yleld crystal-
line galts with ascids and crystalline N-acyl derivatives.

TPreatment of the dl-cis-diol with chloracetyl
cﬂloride led to an oily product which was assumed to be the

desired di-chloroacetate. Treatment of this oil with
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l-menthylemine either under the conditions described by
Read(24) or in the cold yielded only a gummy material.
No resolution therefore could be achieved by this means.
Failure to resolve the ¢is-diol may be due to a
seric effect which would hinder the formation of a di-
ester with the resolving agents employed. The required
starting material for the preparation of cis- and trans-
1:2-dihydroxy~l:2:3:4-tetrahydroanthracene was 1l:2-dinydro-
anthracene which it was hoped to obtain from 1:2:3:4-tetra-
hydro-2-anthrol.
2-anthrol was obtained from anthraquinone-2-
s6dium sulphonate by reduction with zinc dust and smmonia
‘ (26)

to anthrscene-2-sodium sulphonate and fusion with

potassium hydroxide 27). The 2-anthrol was purified by

sublimation under reduced pressure and crystallisation of

the sublimate from benzene.

Chemical reduction of 2-anthrol leads to the 9:10-
dihydro derivative but v. Braun and Bayer(25) have reported
that the 1:2:5:4-tetrahydro derivative is also formed when

2-anthrol is subjected to high pressure hydrogenation in

the presence of nickel salts. The use of copper chromife

as a catalyst in the high pressure hydrogenation of 2-

nanshthol leads to an 80% yield of 1:2:3:4-tetrahydro-z-

8
na.phtho].(2 )-
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&-Anthrol was therefore hydrogenated under pressure
in the presence of copper chromite amd was converted in
60% yield to 1ezzz:4-tetrahydro-2~anthrol together with a
small amount of 9:10-dihydro-2-anthrol. V. Braun reported
that the dehydration of 1:2:3:4-tetrahyiro-2-anthrol to
1:2-dihydroanthracene did not take place readily but could
be achieved by distillation of its phenylurethane. This
method of dchydration was examinad but found to be unsatis-
factory. Better results were obtained by heating the
tetrahydroanthrol with freshly fused potassium hydroxide.

The l:;2-dihydroanthracene was treated with osmium
tetroxide in an ether solution containing pyridine according
to Criegee's(Zl) modification of his earlier procedure.
Hydrolysis of the osmium-pyridine adduct yielded dl-cis-1:2-
dihydroxy-1:2:3:4-~tetrahydroanthracene.

In order to obtain the frans-diol the method found
to be successful in the naphthalene series; viz., the
stepwise hydrolysis of the dibromide, was applied to 1:2-
dihydroanthradene" The dibromide was readily obtained

and converted to 1(2)-bromo-2(1)-hydroxy-l:2:3:4-tetrahydro-

anthracene in satisfactory yleld. The hydrolysis of this

hydroxybromide gave the desired frans-diol but in rather

poor yield.
Pregtment of unsaturated hydrocaerbons with lead
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tetra-acetate affords, generslly, the diacetate of the trans-
diol but in some cases the cis-diol diacetate is also
formed(zg)- A small amount of 1:2-dihydro snthracene was
treated with lead tetraacetate and the oily product obtained

was hydrolysed with alcoholic potassium hydroxide.  dl-trans-

1:2-Dihydroxy~1:2:3:4-tetrahydroanthracene was thereby
obtained in 64% yield from the dihydroanthracene. The
method was therefore applied to the bulk of the dihydro-
anthracene but in this case the product after hydrolysis

was a mixture of cis- end trang-diols. A partial separation
of this mixture was effected by fractional crystallisstion
from benzene. During the seperation a small amount of a
high melting compound of unknown constitution was isolated.

The correctness of the configuration agsigned to
thegse diols was confirmed by a study of their rate of oxi-
dation by lead tetra-acetate and their colour change on
treatment with potassium triacetyl osmiate reagent(21).

It was found that, as in the case of the naphthal-
ene diols, the cis-diol was oxidised much more rapidly than
the trans-diol by.lead tetra-acetate (see Fig.2). ‘

Boyland and ShoPpee(Zo) have measured the rate of
oxidation of the metabolic 1:2-dihydroxy-1l:2-dihydroanthra-
eene with lead tetra-acetate. In doing so they took into

consideration the reactivity of the meso positions of the
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anthracene system towards this reagent. Thas Meyer(zl) had
found that anthracene was oxidised by a solution of lead
dioxide in acetic acid; the product being snthranyl scetate
when one molecule of lead dioxide was empgbyed and meso-
hydroxyanthranylacetate when ftwo molecules of reagent are
used. Later Fieser(zz) showed that lead tetra-acetate in
acetic geid is equivalent to the lesd dioxide-acetic acid
mixture used by Meyer. Boyland and 3hoppee, therefore,
anticipated that the dihydroxydihydroenthracene would be
attacked at the mieso positions and would require two mole-

cules of lead tetra-acetate for its oxidation, and have

reported that, in fact, this is so. |

Nevertheless, their figures, viz. 1/4000 mole of .

diol require 5 cc. N/10 lead tetra-acetate (and hence

1 mole = 20 litres N/10 = 2 litres I = 1 mole of lead tetra-
acetate) which are in good agreement with those obtained

here for the oxidation of cis~ and igggg-l:2-dihydroxy-l:2;5;4-j
tetrahydroenthracene, indicate that only one molecule of

lead tetra-ascetate is required. This is in accordance with

the experiments recorded here on the treatment of 1:2-4i-
hydroanthracene with lead tetrs-acetate where the meso

positions of the hydrocarbon are unattacked after one hour's

heating at 90°C.
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That the meso ppsitions in these hydrogenated
anthracene derivatives are unattacked by lead tetra-scetate
is not contrary to theoretical expectations since it is s
false analogy to compare them with the meso positions of
anthracene itgelf.

When the potassium triacetyl osmiate reagent was
applied to the anthracene diols the previous determination
of their configuration was confirmed.

The resolution of the anthracene diols was attempted
using as resolving agent l-menthoxyacetic acid. The 4l-
trang-diol on treatment with four molecules of l-menthoxy-
acetyl chloride yielded & reddish coloured oil. Attempts
to induce this oil to solidify by sublimstion, chromato-
graphy and renewed acylation, as well as by the usual
methods, a2ll failed. The purity of the diol was checked
by converting it to a crystalline diacetate which was puri-
fied and hydrolysed to régenerate the diol. The diol j
obtained in this way showed no change in melting point and
still gave an oil on treatment with l-menthoxyacetyl chlor-
ide. The gl-gig-diol similarly failed to yield a solid
ester, though it is noteworthy that in this case there was
e much less marked colour production on addition of the

20id chloride to the diol solution end the oil obtained was

almost colourless.
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The dihydride of the optically inactive anthracene
metabolite has been described by Boyland and Levi(l> and
its physical properties, melting point and melting point of
its diacetate, are in concordance with those of dl-trans- ‘

1:2-dihydroxy-1:2:3:4-tetrahydroanthracene. It appears

therefore that the anthracene metabolite also has the
trans-configuration although it has not been possible to i
obtain e specimen of the dihydro metabolite for direct com-

parison with the synthetic diol.
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Experimental .

l:2-Dihydronsphthal ene.

1l:2-Dihydronaphthalene was obtained from a.c-tetra-
hydro- B -naphthol as a colourless o0il, b.p. 98-100°C/14 mm.,
in 80% yield by the method of Bamberger snd Loater(19),

gl-cis-1:2-dihydroxy-1:2:3:4-tetranydronaphthalene.

A). Oxidation of l:2-dihydronaphthsdlene with osmium tetroxide

(cf. Criegee(ls)).

Osmium tetroxide (2 g.) was dissolved in dry ether
(40 cc.) snd 1l:2-dihydronaphthalene (1.04 g.) added. The
solution darkened immediately. After stending for seven
days the ether was removed anli the black osmic ester re-
fluxed for three hours with a solution of sodium sulphite
heptahyirate (8 g.) in water (40 cc.) and ethanol (20 cc.).
The solution was filtered hot and fhe godium osmium sulphite
refluxed for 20 minutes with ethanol. The solution was again
filtered and most of the glconol removed from the combined
filtrates on the water bath. The solution was then extracted
three times with 50 cc. chloroform and the chloroform extracts
dried snd concentfate&. The solid obtained was purple in
colour, but after refluxing in benzene with a little charcosal
it was obtained by crystallisation from benzene as colourless

lemellse, m.p. 101°C. Yield, 0.76 g. (65%).
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B). Oxidation of 1:2-dibydronsphthalene with potassium

permanganate.

(18)
By the method of Straus and Rohrbacher the diol

was obtained in 20% yield, m.p. 100-101°C.

G). Oxidation of 1:2-dihydronaphthalene with hydrogen per-

oxide in the presence of osmium tetroxide (¢f. Milas and

Sussman‘17))-

The hydrogen peroxide reagent.

Hydrogen peroxide (5 cc., 907 by weight) was dis-
solved in tertiary butyl aleohol (50 cc.; and the solution
driéd over anhydrous sodium sulphate.

1:2-Dihydronaphthalene (1 g.) was mixed with an
equimolecular qusntity of the peroxide reagent (3.25 cCog
0.26 g.) and the mixture cooled to 0° in an ice bath. To
the cooled solution was then added the catalyst; a solution
of osmium tetroxide (0.1 g.) in tertiary butyl alcohol
(10 cc.). The mixture was kept at 0% for elight days. The
solution was then evaporated to dryness under reduced

pressure gnd the residual dark blue tar sexftracted geversl

times with boiling water. The aqueous extreaet.on concen-

tration yielded a dark brown oil which was dissolved in

benzene snd refluxed with charcoal. Petroleum ether (60-

80%C) was sdded to the filtered benzene solutiom till a
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permanent turbidity was produced and the solution kept
overnight. The solid material which was deposited was
washed free of the o0il still adhering to it and crystallised
from benzene, m.p. 99-100°%. It did not depress the melt-~

ing »oint of pure gis-diol. Yield of diol 40 mgs.

dl-cig-~l:2-diacetoxy-1:2:3:4~tetrahydronaphthalens.
p—— - =

dl-gis-1:2-dihydroxy-1l:2:3:4-tetrahyironaphthalens
was acetylated by treatment with acetic anhydride in pyridine
in the cold. The diacetate was puriiied by crystalligation
from petroleum ether ( > 120°), m.p. 78°C.  Straus and

Rohrbacher(lB) record o mepe 78.6-79.2°C for cis-1l:2-diacetoxy- .

1:2:334-tetrahydronapnthalene.

dl-trans-1:2-dihydroxy-1:2:3:4-tetrahydronaphthalene.

A). Hydrolysis of 1:2-dibromo-1:2:3:4-tetrahydronaphthalene.

The dibromide was prepared from l:2-dihydronaphthal-
ene by the method of Bauberger and Lodter(15). The di-
bromide was first partially hydrolysed, to yield 1(2) -
bromo-2(1)-hydroxy-1:2:3:4-tetrahydronaphthalene which was
then hydrolysed to dl-trans-1:2-dihydroxy-1:2:3:4-tetra-

8
hydronaphthalene(l )-

B). Oxidation of 1:2-dihydronaphthalene with hydrogen per-
(19),

oxide in the presence of selenium dioxide (cf. Seguin

The hydrogen peroxide reagent was prepared as
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described above and concentrated to the desired sfrength by
distillation under reduced pressure at room temperature in
an all glass apparatus. 1;2-Dihydronaphthalene (2 g.) was
trested with an equimolecular proportion of hydrogen per-
oxide (0.52 g. in ~ 2 ac. tertiary butyl aleohol). To

this solution, cooled to OOC, was added a solution of
selenium dioxide (0.06 g.) in the minimum quantity of ter-
tiary butyl alcohol. The solution, after standing for eight
days, yielded on concentration a deep red, oily materisl.

The solid obtained by treating this o0il with & 1ittle

benzene was slightly purple in colour and by repeatéd crystal-
lisation from benzene was obtained as colourless needles,

MeD o 112°¢. It did not depress the melting point of the

diol obtained by method A) above. Yield, 0.41 g. (16%).

dl-trang-l:2-diacetoxy-1:213:4~tetrahydronaphthalene,
— =~ —

dl-trans~1l:2-dihydroxy-l:2:3:4~-tetrahydronaphthalene

wes acetylated with acetic anhydride in pyridine in the

The diacetate was crystallised from petroleum

(18
ether (60-80°C), m.p. 849C. Straus and Rohrbacher J re-

usual manner.

cord s melting point of 84°C for trans-l:2-diacetoxy-1:2:3:4-

tetrghydronaphthalene.

Rate of oxidation of gcis- and frans-l:2-dihydroxy-1:2:%:4-

totrahydronaphthalene with lead tetra-acetate.

Lead tetra-acetate was prepared by the methoa of
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Dimroth and Sdhweizar(55). It was dried over concentrated
sulphuric acid and a solution of agpproximately the desired
strength prepared by weighing the dry material rapidly and
dissolving it in acetic acid distilled over chromium tri-
oxide. This solution was standardised by titration with

standard sodium thiosulphate.

Determination of the rate of oxidation.

A Tnown weight of the diol ( ~ 0.25 moles.) was
dissolved in 10 cc. of acetio acid (distilled over chromium
trioxide). These solutions were maintained at a constant
temperature by immersiorn in a water bath. To each of the
golutions 10 cc. of 0.112 N lead tetra-acetate was rapidly
added with swirling, the time of addition being mnoted. A
flask containing 10 ce. acetic acid (distilled over chromium
trioxide) was treated in the same way in order to obtain a
measure of the rate of consumption of lead tetra-acetate
in the absence of diol. At intervals from the time of
mixing, aliquots of 1 cc. were withdrawn, run into a
potassium iodide-sodium acetate buffer solution and tﬁe

jodine 1liberated titrated sgeinst stendard sodium thiosulph-

ate.

In this way a measure of the amount of lead tetra-
acetate consumed at any stage of the oxidation was obtained.

Thus it was found that at 20-21°C and with a diol
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concentration of 0.0125 gm. moles/litre the cig-diol .is com-

pletely oxidised after 50 minutes, while the trans-diol is

only oxidised to the extent of 95 after 90 minutes.
Similarly at 17°C and a diol concentration of

0.00% gm. moles/litre the cis-diol is completely oxidised

~ after 40 minutes, whereas the trans-diol is only 807

o0xidised after 180 minutes.

These results, which are illustrated graphicsally

N (pos) . . (20)
in nig.l,Aare in agreement with those of Criegee .

Tests with potassium triacetyl osmiate. (See page 103).

Mono-esterification of dl-transg-1:2-dihydroxy-1:2:3:4-tetra-

hydronaphthalene with l-menthoxyacetyl chloride.

dl-trans-diol (1.99 g.; 1 wole) was dissolved in
dry pyridine (40 cc.) and treated with freshly distilled
l—ﬁenthoxyacetyl chloride (2.8 g.; 1 mole). The solution
after standing overnight was poured into water and the oil
which separated extracted with ether. The ether solution

was thoroughly washed with dilute hydrochloric aeid, dilute

sodium hydroxide and water; dried over enhydrous sodium

sulphate and concentrated.
o

which solidified on rubbing with petroleum ether (60-807).

An gttempted fractionmation of this solid by crystallisation

from petroleum ether showed the presence of unchanged diol

A yellow viscous 0il was obtained
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which could not readily be removed completely from the ester.

A sample of the diol was therefore treated with 1.4 equi-
valents of menthoxyacetyl chloride in pyridine and the
product isolated as sbove. Crystallisation from petroleum
ether yielded a fraction of m.p. 122°C., [u(].-68.1 and

fractions of unchanged diol.

Di-esterification of dl-trans-l:2-dihydroxy-l:2:3:4-tetra-

hydronaphthalene with l-menthoxyscetyl chloride.

dl-trens-l:22dihydroxy-1:2:3:4~tetrahydronaphthal-
ene (2.1 g.) and mono-ester (4 g.) were dissolved in pyridine
(80 ceQ) and treated with freshly distilled l-menthoxy-
acetyl chloride (11.7 g.; 2.5 moles per mole of diol and
1.5 moles per mole of mone-ester). After standing for 60
hours the solution was worked up in the usual way, yielding
10.3 g. of solid. By fractional crystallisation of this
golid from petroleum ether there mmgg,obtained two pure
compounds:- (A) me.pe. 116-11’70() [0(]: -22.0° (¢, 1 in chloro~-
form). Found: G, 73.6; H, 9.2%. CgsHs,0¢ requires
¢, 75.4; H, 9.3. 4nd (B) m.p. 100-101% [} -170.0°
(¢, 1 in chloroform). Found: C, 73.4; H, 9.3,

s ires G, 73.4; H, 9.3%.
0341{5206 requir

Ssponification value of the ester (4).
The ester (4) (0.9679 g.) was refluxed with
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0.4095 N methanolic potassium hydroxide (11 cec.) for three
hours. The addition of a few drops of water after this %
time caused no precipitation, and esterification was there-
fore assumed to be complete. One drop of methyl red was

added and the solution titrated with a standard hydro- k
chloric gcid solution. 12.65 ¢c. of 0.0837 N hydrochloric

acid were required for neutralisation, so that 8.41 cc of
0.4095 N potassium hydroxide were used up in the hydrolysis
of the ester. This corrésponds to 0.9581 g. of di-ester
and the compound (A) must therefore be 98.8% di-ester:

i.e., pure di-ester within the limits of experimental error.

Regolution of dl-trans-l:2-dihydroxy-1:2:3:4-tetrahydro-

ngphthalene.
Mono-ester (20.5 g.; 1 wmole) was dissolved in dry

pyridine (100 cc.) and treated with freshly distilled

1l-menthoxyacetyl chloride (24.9 g.; 1.8 moles). The
solution was cooled during the addition of the acid chloride

which was accompsnied by the precipitation of a solid and

the production of a deep orange colour. After stending at

room temperature for 40 hours the solution was worked up in

the usual way. The product (27.2 g.) was an oily solid,

deep red in colour. By refluxing this solid in petroleum

ether with snimsl charcoal amd recrystallising the product
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twice from petroleum ether 16.6 g. of almost colourless solid
were obtained. Repeated crystallisation from petroleum
ether yielded a less soluble fraction, m.p. 116-1179C.

[bd: -21°% (G, 1 in chloroform) smd a more soluble fraction,

m.p. 101-102°C (), -170° (¢, 1 in chloroform).

l-trans-1:2-dihydroxy-1:2:3:4-tetrahydronaphthalens.

The ester of lbﬂ:-21°v(6.89 g+) was refluxed for
three hours with 2.5 methanolic potassium hydroxide (76 ac.).
The methanol was removed by distillation and the residue
extracted with ether. The ether extract was washed with
dilute alkali, dried over anhydrous sodium sulphate and
concentrated, yielding 1.61 g. diol (85k). The diol was
optically pure after two crystallisations from benzene,
mep. 114-115°C EX]: -134.0° (C, 1 in chloroform) .

Found: G, 73.4; H, T.4%. CppH1202 requires C, 73.2;
5, 7.3.

1(+) -trans-1:2-diacetoxy-1:2:3:4-tetrahydronaphthalens.

l—jgggg—lgz-dihydroxy-l:2:5zé-tetrahydronaphthalene
(215 mg.) was dissolved in dry pyridine (4 cc.) and acetic
anhydride (1 cc.) sdded with cooling.  After steanding
ofefnight at room temperature the solution was poured into
a mixtare of dilute sulphuric acid end ice. The 0il that

separated rapidly solidified snd was filtered and dried.
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It was purified by two orystallisations from petroleum ether
(>120°), m.p. 66-67°  [«], 126° (C, 1 in ohloroform).
Found: G, 67.8; H, 6.%%. 01431604 requires G, 67.7;

H, 6.44.

d-trans-1:2-dihydroxy-1:2:3:4-tetrahydronaphthalens.

The ester of («], -170° (6.26 g.) was refluxed
for three hours with 2.5¢ methenolic potassium hydroxide
(70 cc.). By working up in the same manner as sbo¥e there
was obtained 1.55 g. (sz%) diol, which was purified by two
arystallisations from benzene, m.p. 114-115°C &X]z 132°
(C, 1 in chloroform) &d; 649 (C, 0.5 in ethanol)

&1];” 244° (¢, 0.5 in ethanol.
Found: G, 73.2; H, 7.1%. CqgH1p0p requires C, 78.2;
H, 7.5%.
Mixed m.p. of d- snd l-isomers, 104-108°C.  The melt was
allowed to re-solidify and its melting point redetermined.

It was then found to melt at 1129C, ‘iie., the melting point

of the dl-diol.

a( __) -trens-l:2-diac etoxy-l ,2;3gé-tetrahydronaphthalene .

d-trans-l:2-dihydroxy-1l:2:3:4~tetrahydronaphthalene

(198 mg.) was dissolved in dry pyridine (4 cc.) and treated

with acetic anhydride (1 0C.) On working up as in the

shove case there was obtained 284 mg. of diacetate which
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wag purified by two erystallisations from petroleum ether

( )-120°0),‘m.p. 66-67°C. EXJZ-;zs? (C, 1 in chloroform).
Mixed m.p. of the two diacetates 40-42°C.

Found: ©, 67.7; H, 6.3. Op,H 40, requires C, 67.7;

H, 6.4%.

Comparison of the dextrorotatory dihydro metabolic mnaphthal-

ene diol with the synthétic diols obtained sbove.

4 sample of the dihydride of the metabolic product
was kindly supplied by Professor Young. A sample of the
diacetate was prepared from it by treatment with acetic

anhydride in pyridine.
The idemtity of the dihydro metabolite with a-trans-

l:2-dihydroxy-1:2:3:4-tetrahydronaphthalene is shown in the

following table;

I "
0 ; .
m.p. °C Nxl. (C, 0.5 in
‘ 5[ ]I ethanol)
| ; 0
Dihydro metsgbolite f 11409 ? 68

4-trans-1:2-dihydroxy- |

1:2¢3:4-tetrahydro- , | o

naphthalene f 114-115 - 64
mized m.p. 114-115°

miero m.p. %¢

Dincetate of dihydro metabolite 6%-65

dfe)-trans-1:2-diacetoxy-1:2:3:4~
Tetrahydronaphthalenae

mixed micro m.p. 63-65

65-66
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Esterification of dl-cis-1l:2-dihydroxy-1l:2:3:4-tetrahydro-

naphthalene with l-menthoxyacetyl chloride.

1). dl-cis-1:2-dihydroxy-1:2s3:4-tetrahydronaphthalene
(0.5 g.; 1 mole) dissolved in dry pyridine (15 co.) was
treated with freshly distilled Ementhoxyacetyl chloride
(0.78 g.; 1.1 moles). After standing for 24 hours the
solution was poured into water and the oil which separated
extracted with ether. The ether éxtract was washed with
dilute hydrochloric acid, dilute sodium hydroxide and water,
dried and concentrated. The oily residue solidified on
standing. Yield, 0.765 g. (70%). m.p., after cxrystallisa-
tion from petroleum ether, 130-132°C.

This presumed mono-ester was retreated with 1-

menthoxyacetyl chloride in an atteumpted di-esterification.

2). g&;gigyl:z-aihydroxy-lzzgﬁ:4-tetrahydronaphthalene
(8 go; 1 mole) dissolved in dry pyridine (100 cc.) was
treated‘with freshly distilled 1l-menthoxyacetyl chloride
(27.8 8.3 2.4 moles), the solution being cooled during

the sddition of the scid chloride, which was accompanied by
the pieoipitation of & solid and the production of a reddish
After stending at room temperature for 40 hours

golour.
the solution was poured into a mixture of dilute sulphuric

acid and ice and the o0il which separated extracted with
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ether. The\ether extract was washed with dilute sodium
hydroxide and water, dried over potassium carbonate and
concentrated. 18 gm. of g reddish oil was obtained and
did not solidify. A portion of this 0il in benzene
solution was passed through a column of glkali free alumina
and the colourless band of adsorption eluted with benzene.
Concentration of the eluate yielded a yellow o0il which dia
not solidify on rubbing with the ususal solvents or on
retreatuent with a further 2 moles of l-menthoxyacetyl
chlorids. A further portion (1 g.) of the 0il resulting
from the originsl treatument with the acid chloride was dis-
golved in dry pyridine snd warmed with l-menthoxyacetyl
ohloride (1.8 g.) for ome hour at 90-100°C.  The yellow
golution did not darken during this treatment and when it
was worked up in the usual manner g yellow viscous o0il was
obtained.

A small amount of the oil was then subjected to
digtillation under reduced pressure. 4 few drops of a
yellow coloured oil distilled at 140-145°C/3 mm. THe dis-
tillate became deep red on standing and could not be solidi-

fied. The residae did not distil even when heated quite

strongly in an open flame at 2 wm. pressure.
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ggg—l:E-di-chloroacetoxy-l=2;5:4-tetrahydronaphthalene.

| - Chloracetyl chloride was prepared by Boescken's(lz)
procedure. B.p. of product 102-104°C. c.f. literature
b.p. 105°C.

A). A solution of d41-dis-l:2-dihydroxy-1:2:3:4-tetra-
hydronaphthalene (1.13 g.; 1 mole) and chloracetyl chloride
(1.6 g.; 1.02 moles) in dry benzene (35 cc.) was boiled
under reflux in an apparétus closed with a calcium chloride

tube until hydrogen chloride ceased to be evolved (seven

hours; . The benzene solution was washed with water, sodium
hydroxide and agein with water, dried over anhydrous sodium

sulphate and concentrated. 1.75 g+ of a yellow mobile oil

was obtained.

B). The diol (150 mg.; 1 mole) was dissolved in dry
benzene (3 cc.) snd treated with chloracetyl chloride

(250 mg.; 1.2 moles). The solaution was stoppered with a
@glcium chloride tube and allowed to stand at room tempera-

ture for 48 hours. After this tiue the benzene solution,

which had turned yellow in colour, was thoroughly washed

with water, dilute sodium hydroxide and water, dried and

concentrated. An orange coloured oil (250 mg.) was obtained.

c). The diol (0.2 8.3 1 mole) was treated with chlor-

acetyl chloride (2.6 g.; 10 moles). The solution, which

our slmost immediately, was allowed to

-

beocame yellow in col
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stand at room temperature for 48 hours. It was then poured
into a large excess of ice-cold water and stirred for twenty
minutes to destroy the excess chloracetyl chloride. The
yellow o0il which separated during this treatment was ex-
tracted with ether and the ether solution washed with

dilute sodium hydroxide, dried and concentrated. A yellow

mobile o0il (400 mg.) was obtained.

l-menthylamine.

1-menthol was oxidised to l—menthone(ls). The

ketone was converted to its oxime(14) and the latter re-

(15). The menthylamine ob-

duced with sodium in alcohol
tained in this way is a nmixture of four isomers of which the
desired isomer is present in the largest amount. It is

freed from the other isomers by repeated crystallisation

of the mixed hydrochlorides from water. The pure l-menthyl-

0 “ o
amine hydrochloride has m.p. 294-296°%. (o] -26.8

(C, 0425 in water).

Cis-l:2-dimenthylaminoacetoxy-l:2:3:4-tetrahydronaphthalene.

1). A solution of l-menthylamine was prepared by dis-

s0lving l-menthylsamine hydrochloride (9.45 g.; 3.6 moles)

in.wéter and treating with the theoretical amount of

potassium hydroxide (2.76 g.;. The agueous solution of the

amine was extraoted with benzene and the benzense solution
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dried over anhydrous sodium sulphate. The solution was
protectsd by a soda lime tube throughount this operation.
To this solution was added the di-chloroacetate obtained
in (A) above, the benzene was removed by distillation asnd
the residue heated at 140°C for six hours in an apparatus
closed by a2 soda lime tube. The mixture, almost black in
colour, was cooled, poured into an excess of dilute sul-
phuric acid and extracted twice with chloroform. the
chloroform solution was washed six times with water to re-
move all retained l-menthylamine sulphate, once with
sodium carbonate solution to ensure that no sulphuric acid
remained in combination with the ester and finally with
water. From the acid liquor and the water washings
l-menthylamine was recovered as the hydrochloride.  The
driéd chloroform solution on concentration yielded an almost
black gum from which no solid could be obtained.

2). The di-chloroacetate (250 mg.) obtained by method
(B) gbove was treated with a solution of l-menthylamine

(1.1 g.; 2% moles) in dry benzene in a flask closed with a

soda lime tube. The solution became purple on the addition

of the l-menthylamine and after stending at room temperature

for 48 hours was worked up as described above. Again a

very dark coloured gum was obtained .
An attempt was made to see whether a sulphate could
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be formed from this gum. A portion of the gum i ssolved in
chloroform was shaken with an excess of dilute sulphuric gecid.
The residue obtained by concentrating the chloroform solution
was a black gum. No so0lid was obtained from the agusous

layer on concentration to s small volume.

Purification of 2~anthrol.

To a solution of crude 2-anthrol in benzene was
added a solution of picric acid in benzene. Long needle-
shaped crystals, deep red in colour, separated on standing.
They were purified by crystallisation from benzene, m.p.
155-156°CG.

Found: ©C, 57.0; 4, 3.1; N, 10.0%. 020H15081\T3 requires
G, 56.7; H, B.1; N, 9.9%.

The decomposition of the picrate was effected with
sodium eagrbonate solution but the separation o the 2-
anthrol from the picric escid was tedious. The crude anthrol
was sublimed at 200°C/1 mm. and the sublimete crystellised
The pure product was light green in colour.

from benzene.

It softened at ~ 220°C snd melted with decomposition at
247-250°G .
1:2:3:4-tetrahydro-2-anthrol.

Pure 2-snthrol (10 g.) in ethyl aleohol (100 cc.)
at 200°C under

was hydrogenated over copper chromite (1 g.)
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122 atmOSphe;es for seven hours. After Filtration from the
copper chromite the alcohol was removed on the water bath
and a slightly yellow crystalline material obtained.

Yield, 11 2. m.p. 125-120°C. This solid was dissolved in
ether and thoroughly washed with 20 sodium hydroxide
solution. The alkali extract was acidified with dilute
hydrochloric acid and the cloudy solution obtained ex-
tracted with ether- There was thus obtained, by concentra-
tion of the respective ether solutions, an alkali insoluble
and an alkali soluble portion of the hydrogénation product.
The alksali soluble product (0.8 g.; 8%) was yellow-brown

in colour. It was purified by repeated crystallisation
from petroleum ether (80-100°C) but the final product was
sti1l coloured. i.p. 129°C.

Founa: ¢, 85.3; K, 6.2f. O ,H 0 requizes C, 85.7; E, 6.1%
V.Braun' 29! records s m.p. of 129°C for 9;10-dihydro-2-
anthrol.

The alkali insoluble portion (6.1 g« 607.) was
purified by three crystallisations from benzene followed by
two cfystallisations from ethanol. M.p. 140-142%.

Found: O, 85.1; H, 6e8%. 014H140 requires G, 84.8;
H, 7.1%.
(25) Looords & m.p. of 148°C for 1:2:3:4-tetrahydro-

Y. Braun

2-anthrol.
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1:2:3:4-tetrahydro-2-acetoxy-anthracene.

1:2:3:4-tetrahydro-2-anthrol (150 mg.) was treated
with acetic anhydride (0.5 cc.) and the mixture heated on g
steam bath for one hour. The solution, after cooling, was
poured into water and the 0il which separated extracted with
ether. The ethexr solution was dried and concentrated,
(25)

yielding & solid residue, m.p. 66-70°C. (of. v. Braun - ',

m.p. 75-76°¢).

Picrate of 1:2:3:4-tetrahydro-2-asnthrol.

1:2:3:4-tetrahydro-2-anthrol (100 mg.) was dis-
8olved in hot benzene and a solution of piéric acid
(120 mg.; 1 mole) in hot benzene added. The solutidn
immediately darkened and on cooling deposited needle-shagped
yellow crystals. They were purified by crystallisation

(25) , [ sDoe 14'200)

from benzene, w.p. 142-14506. (Cf. v. Braun
Found: C, 56.6; H, .95 N, 10.0%. CggHynOglz requires

C, 56.2; H, 4.0; N, 9.8%).

1:2:3:4-tetrahydro-2-anthrol phenyl iso-cyanate.

1:2:3:4=-tetrahydro-2-anthrol (0.6 g.) was heated
on & steam bath for one hour with an equiwmolecular pro-
portion of phenyl iso-cyanate (0.36 g.). On cooling a
brown gummy solid was obtained. It erystallised from
ethanol in glistening white plates, m.p. 145-146°C.

(25)
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Found: C, 78.5; H, 6.2; N, 4.97. CpqHyg0oN reguires
G, 78.8; H, 6.2; N, 4.6%.

l:2-dihydroanthracene .

1l). 1l:23s3:4-tetrahydro-4-anthrol phenyl iso-cyanate
(575 mg.) was heated in a small distilling flask in a metal
bath. Decompogition began at 24006 and the temperature
was maintained at 260°C for thirty minutes. Distillation
was very slow and it was assumed that decomposition was
gouplete after this time. The small smount of distillate
that had collected together with the residue in the flask
was treated with 5 cc. boiling benzene and filtered. The
white insoluble residue melted at 238-241°C and did not
depress the melting point of diphenylurea. The filfrate,
which was dark brown in colour, was passed through a
golumn of alkali free slumina, eluted with 120 ¢c. of ben-
zene and finally with 50 cc. of a benzene-chloroform
mixture (1:1). The first fraction of the benzene eluate
yielded on concentration a light brown solid (80 mg.),

Wep e 143-1450¢ which depressed the m.p. of 1:2:3:4-tetra-
hydro-2-anthrol and was the desired l:2-dihydroanthracene.
The later fractions of the benzene eluste contained unde-
gomposed 1l:2:3:4-tetrahydro-2-anthrol phenyl iso-cyanate
(100 mg.) and the benzene-chloroform eluate yielded a trace

of 1:2:%:4-tetrahydro-2-anthrol.
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The yield of crude l:2-dihydroanthracene was in-
creased to 80% by heating at a higher temperature, 280-
30000, for one hour.
2). 8 1:2:5:4-tetrahydro-2-anthrol (4 g.) was heated with
ffeshly fused potassium hydroxide (4 g.) for one hour at
180-210%¢ . The product was axtraéted with ether and
weighed 3.55 g. (92%). It was purified by sublimation at
100-120°C/2 mm. and orystallisation of the sublimate from
ethanol. Yield of pure product 1.53 g. (42%), m.p. 147-
148°%.
(Found: ©, 93.4; H, 6.7. Gpsfip requires C, 93.3; H, 6.7%)
The dthydroanthracene in ethanol treated with a solution of
pioric acid in ethanol yielded long brick red needles of
picrate. I.p. 112-115°C.

5

2 .
(v. Braun( 2 reports a m.p. of 150°%¢ for l:2-dihydro-~

enthracene and 115°¢ for its pierate.)

I3 Yy
dl-cis~1l:2~dihydroxy-1l:2:3:4-tetranydroanthracene (cf.Criegee %i

1l:2-dihydroanthracene (1.418 g.; 1 mole.) in dry
ether (10 cc.) was added to a solution of osmium tetroxide
(2 g«; 1 mole) and dry pyridine (1.37 cc.; 2.2 wmoles) in
dry ether (100 cc.). A brown precipitate of the pyridine
complex of the osmic ester was deposited immediately and

was filtered after standing overnight.
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Hydrolysis of the pyridine compound of the osmic ester.

| A solution of the dihydroanthracene-ssmium-pyridine
adduct (5.8 g.) in methylene chloride (80 cc.) was shaken
for six hours with a solution of mannitol (19 g.) and
potassium hydroxide (1.9 g.) in water (190 cc.). The
methylene chloride layer was still deeply coloured after
this treatment, nor was this colour removed by separation
0f the methylene chloride layer and further prolonged shak-
ing with a fresh potassium hydroxide-mannitol agqueous solu-
tion. Since couplete hydrolysis could not be effected in
this manner, recourse was had to tiue hydrolytic technique

(10) in an earlier psper.

described by Crieges
The methylene chloride layer was separated and
goncentrated. The concentrate, an oily partly erystalline
g0lid, was refluxed for one hour with a solution of sodium
sulphite teptshydrate (8.1 g.) in water (40 cc.) and al-
gohol (20 cc.}). The solution was filtered hot and on
gooling a crystalline solid was deposited. Most of the
alcohol was removed from the filtrate on the water bath
and a further crop of crystals obtained from fhe agueous
solution. The dl-gis-1:R2-dihydroxy-1:2:3:4~-tetrahydro-
anthracene was purified by crystallisation from benzene.
Mepo 153-15506.
Founds G, 78.7; H, 6.6%. Cq4H; 405 requires G, 78.5;

H, 6.5C.
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4l-cig-1l32-diacetoxy-1:2:3:4-tetrahydroanthracene.

| The diol (125 mg.) dissolved in dry pyridine (2 cc.)
was treated in the cold with acetic amhydride (0.5 cc.).
After standing overnight the solution was poured into ice
c0old water and the precipitate, which solidified on rubbing
with a glass rod, filtered. It was crystallised three
times from petroleum ether (60-80°C), m.p. 122%.

_1 - P - T C’, v 3 . . 4;. -
Found: C, 72.1; H, 6.2%. 018H1804 requires C, 72.5; H, 6.0

1:2-dibromo-1:2:3:4-tetrahydroanthracens.

1:2-dihydroanthracene (0.5 g.; 1 mole) dissolved
in dry carbon disulphide (10 cc.) was treated dropwise with
a solution of bromine (0.14 cc.; 1 mole) in carbon di-
sulphide in the cold. On removal of the carbon disulphide
an 0ily solid remained and was erystallised from petroleum
sther (60-80°C), m.p. 105-106°C.  Yield, 750 mg. (80%).
Found: C, 49.4; H, 3.7; Br, 47.3%. Cq4H BTy Tequires
G, 49.4; H, 3.5; Br, 47.1%.

(25)

(v. Braun records a m.pe Of 102°C for this dibromide).

1(2)-bromo-2(1)-hydroxy-1:2:3:4~tetrahydroanthracens.

1;:2-dibromo-1:2:3:4-tetrghydroanthracene (200 ug.)
was dissolved in acetone and as much water added as would
not cause a permanent turbidity. The solution was main-

tained at 50-60°C while magnesium carbonate (100 mg.) was
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was filtered hot and the acetone distilled from the fil-
trate. The brown oil which separated from the agueous
solution was extracted with ether and the ether extract
d*ied and concentrated. The solid obtained (140 mng.,
8%) was crystallised from petroleum ether (60-80°G),

MeDo 102-103°C .

Found; C, 60.6; H, 4.8%. C,,H,,0 Br requires C, 60.6;
H, 4.7%.

dl-trens-1:2-dihydroxy-1:2:3:4-tetrghydroanthracene.

The hydroxybromide (0.456 g.) was refluxed for
four hours with a solution of potassium hydroxide (0.145 g.)
in water (8.5 cc.). The cooled solution was satursted
with sodium sulphate, acidified and extracted with ether.
The ether solution on concentration yielded a reddish oil
which partly solidified on rubbing with benzene, m.p. 154-
158°C.  Yield, 158 mg. (45%). Purified by crystallisation

' 0
from benzene, m.3. 162-163 C.

Reaction of 1l:2-dihydroanthracene with lead tetra-acetate.

Lead tetra-acetate was prepared by the method of

(33) and crystallised from acetic acid,

Dimroth and Schweizer
distilled over chromium trioxide. To a mixture of lead

tetra-acetate (1.2 g.; 1 mole) in acetic acid (20 cc.,
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distilled over chromium trioxide) was added 1l:2-dihydro-
vahthracene (0.5 g+; 1 mole). The mixture was maintained

at 80-90°C for one hour, by which time all the lead tetra-
acetate had been used up (tested with water). The mixture
was allowed to cool, poured into a large volume of water
and extracted with ether. The ether extract was washed
four times with Water end once with bicarbonate solution.
The combined water washings were neutralised with sodium
bicarbonate and extracted with ether. The combined ether
extracts were dried and concentrated, yielding a reddish
0il (0.65 g.; 78%). The o0il was readily soluble in
benzene, chloroform and carbon tefrachloride and insoluble ?
in petroleum ether. It d4id not s0lidify on rubbing with

any of these solvents, nor did sublimation at 1 mm. pressure
yield any solid. The oil (560 mg.) was therefore hydrolysed
by heating for 15 minutes on a boiling water bath with 0.7 ¥
methanolic potassium hydroxide (33.5 cc.;. Iost of the
alcohol was removed under reduced pressure and a large

volume of water was added to the residue, which was then
extracted with ether. The ether extract was dried and con-
centrated and the 0ily residue solidified by rubbing with
benzene. Yield, 320 ug. (80%). The solid was orystallised
from benzene, m.p. 160-162°C end it did not depress the m.p.

of the diol obtained by hydrolysis of the dibromide.
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Found: C, 78.4; H, 6.80. Cp,H; 40, Tequires C, 78.5;

H, 6.5.

A repeat of this experiment on 10 g. of 1l:2-dihydroanthracene
yielded, after hydrolysis, 4.5 g. of a mixture of cis- and
Yrang-diols. By repeated crystellisation from benzene a
partial separation of the ¢is- and frans-isomers was effected
and a third product isolated. This latter compound crystal-
lised from benzene as fine yellow needles, m.p. 281-284°G.

Pound: C, 80.4; H, 4.0%.

gé;trans-l:Z-diacetoxy-lzz:ﬁ:4-tetrahydroanthracene.

The diol (118 mg.) dissolved in pyridine (2 cc.)
was treated with acetic anhydride (0.6 cc.). The solution
after standing overnight was poured into ice-cold water and
the 0il, which did not so0lidify on rubbing, extracted with
ether. The ether extract was washed with dilute hydro-
chloric acid, dried and goncentrated, yielding an 0il from
which a solid, m.p. 80-82°C, was obtained on rubbing with
petroleum ether (60-80°C) . The diacetate was purified by
erystallisation from petroleum ether, m.p. 85-87°C.

Found: C, 72.5; E, 6.20. Cqgl;40, Tequires C, 72.5;
H, 6.0%.

Hydrolysis of the diacetate.

The above purified diacetate (42 mg.) was refluxed
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for three hours with 2.5% methanolic potassium hydroxide
(0.9 GC.) o The solution was poured into water, extracted
with ether and the ether extract washed with dilute al-
kali; dried and concentrated. A colourless solid was

obtained, me.p. 159-162°. Yield, 26 mg. (theoretical).

Rate of oxidation of cis- and trans-l:2-dihydroxy-1l:233:4~

totrashydrosnthracene with lead tetra-acetate.

The preparation of a standard lead tetra-acetate
gsolution and the determination of the rate of oxidation
was carried out in the same way as that already described
for the case of the naphthalene diols (see page 80 ).

The lead tetra-acetate golution was 0.115 N.

The oxidation was carried out on 53 mg. of the diol. Assum-~-
ing that one molecula of diol requires one molecule of lead
tetrafacetate for complete oxidation, 53 mg. of diol will
require 109.7 mg. of lead tetra-acetate, i.e., 4.3 cc. of
0.115 N lead tetra-acetate.

The results obtained (see Fig.2, page 2 ) are in
agreement with this assumption and also with Criegee's rule
that cis-diols are more rapidly oxidised than their jg@gg
isomerides.

Thus at 18-19°C and a diol concentration of 0.0125
g.moles/litre the oxidation of gis-1:2-dihydroxy-1:2:3:4-
tetrahydroenthracene by lead tetra-acetate is complete in

15 minutes, while at the same temperature and concentration
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the trans-diol requires 40 minutes for complete oxidation.

Tests with potassium triacetyl osmiate.

Potassium triacetyl osmiate was obtained in solution
by alssolV1ng dipotassiunm tetramethyl osmiate in acetic

acid(:al)

The colour of the solution is royal blue. The
test was carried out by adding the solution of the reagent
in acetic acid to a small amount of the diol in acetic acid.

The resulfs obtained are shown in the following table:-

Compound | ? Colour change in ‘
- potassium triacetyl Rate of Change
osmiate. i

SRUNPRIIUS S

dl-cis-l:2-dihydroxy- : :
1:2%%:4-tetrahydronaphthal- @ Blue-green-red-brown : Immediate
ene . :

dl-, d- and l-trans-1:2-4i-

hydroxy—l 213:4-tetrahydro- | Blue - parple - 30 minutes
naphthalene ;
dl-gis-l:2-dihydroxy-1:2: 5'4- Blue - green 5 Immediate

Tetrabydroanthracene %

dl-trang-1:2-dihydroxy-

T1:2:3:4-tetrahydroanthracene No change ? -

The reagent itself on exposure to air very slowly

( > 6 hours) turns purple.
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Esterification of dl-frans-l:2-dihydroxy-l:2:3:4-tetrahydro-

anthracene with l-menthoxyacetyl chloride.

The diol (135 mg.; 1 wmole) was dissolved in dry
pyridine (5 cc.) and treated with freshly distilled l-menthoxy-
agetyl chloride (1 g.; 4 wmoles). The solution turned purple
and a solid was precipitated when the acid chloride was added.
Heat was generated during the addition, the solution being .
cooled by immersion in cold water. The solution was kept
in a stoppered flask at room teuperature for 40 hours and
then poured into water. An o0il was precipitated and ex-
tracted with ether. The ether extract was washed thoroughly
with dilute hydrochloric aecid, 8ilute sodiuwm hydroxide and
water; dried and concentrated. The residue was a red,
rather viscous 0il which was very soluble in benzene, petrol-
eunm ether, ether, chloroform, carbon tetrachloride, ethyl
acetate, cyclohexane and dioxan, somewhat legs soluble in
glcohol. Mo s0lid material was obtained by treatment with
any of these solvents. Weither the o0il nor a petroleum
ether solution of the o0il yielded sny so0lid on cooling in
an ethsnol-cardice cooling mixture.

The 0il, dissolved in benzene, was passed through
a column of alkali free alumine and eluted with benzene.

The residue obtained by concentrating the eluate was still
an oil from Which; however, much of the colour had been re-

moved .
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This o0il was retreated with 3 moles. of l-menthoxy-
acetyl chloride in the same mammer as befors. On addition
of the acid chloride the solution turned green then red.

As before, heat Was>generated and a precipitate formed.
After standing for 40 hours the solution was worked up and
yielded a red oil from which no so0lid material could be ob-
tained.

A fraction of this 0il was submitted to sublimation.
At 200-210°C/1 mm. & yellow oil sublimed but could not be
solidified. A portion (800 mg.) of the oil was refluxed
for three hours with 2.5 methanolic potassium hydroxide
(9 cc.: 40% excess; . The methanol was removed by dis-
tillation under reduced pressure and the residue extracted
with ether. The ether extract was washed with dilute
sodium hydrqxide, dried and concentrated. The o0ily residue
(250 mg.) smelt strongly of menthol. By rubbing with ben-
zene & so0lid was obtained, m.p. 161-162°C, which d4id not

depress the melting point of the trans-diol.

Bsterification of dl-cis-l:2-dihydroxy-1:2:3s4-tetrahydro-

anthracene with l-menthoxyacetyl chloride.

The diol (150 mg.; 1 mole) was dissolved in dry
pyridine (10 cc.) and treated with freshly distilled 1-

menthoxyacetyl chloride (525 mg.; 2.9 moles). The solution
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became slightly warm and was cooled in cold water. There
‘was no colour production on addition of the acid chloride,
a white solid being precipitated. After standing at room
temperature for 48 hours the solution was worked up in the
usual manner and a slightly yellow coloured oil obtained.
This 0il was soluble in all the usual organic éolvents and
could not be induced to solidify. On cooling in a wixture
of cardice and ethanol it became hard and glassy but did

not solidify.

Comparison of the dihydride of the optically inactive

metabolic anthracene diol with the synthetic diols obtained

ahove.

Compound ; m.p. °C § mepe ofodiaeetate
% ; C
Optically inactiye‘di- i
hydro metabolite 1 162 ; 84
dl~trans-l:2-dihydroxy- : %
1:233:4-tetrahydro- . 162-163 g 85-87
anthrascene | {
dl-cig~-1l:2~-dihydroxy- 5 : : ;
1:2:3:4~tetrghydro- 133-125 § 122

anthracene
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