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Summarx.
Part 1.

An ztteunpt to synthesise g-hexahydrochrysene (x1v)
using the inactive afF-diphenylglutaric acid (XX) of
higher m.p. as staring msterial, is described. Cycli-
-sation of the anhydride of tuis acid produced x-phenyl-

-l-indanone-3-acetic acid (LKV) instead of the expected

derivative of tetralone, (XX1). A stereoisomer of
(XXXV) was prepared by esterification and hydrolysis.

: -en

Clemmensen reduction and chain lengtljing by the Arndt-

Eistert procedure, of both these isomers produced two

forms of(Qfghegil7grl-indanepropionic acid (IL1X).
Cyclisation and reduction of the two homo-acids gave

two hydrocarbons, l-phenyl-1:2:3:9-tetrahydroacenaphthene,

(IX1), the structure of which was shown by dehydrog—
-enationAand oxidation of the product to 2-phenyl-l:8-

-naphthalic anhydride (LXV11ll).

Part 11.

dl-ﬁQrDi—l~naphthylsuccinic acid (1) has been synth-
-sised from napnthzlene as follows:- Chloromethyl—
naphthelene (1X) was prepared and converted into maphthyl-
acetic azcid via the nitrile. Tﬁe sodium derivative of
the ester of this acid underwent self-condensation by
means of iodine to give the racemic and meso forms of

ethylﬁﬁirdinaphthylsuccinate (X11), both of which were



hydrolysed to the corresponding pacemic acid (1). In
the hope of obtaining a hexacyclicdihydric phenol (11),
several attempts have been made to cyclise the anhydride
of (1). Alﬁminium chloride in a variety of solvents
was uséd,’and anhydrous hydrofluoric acid, but all these

attempts were unsmccessful and the line was abandoned.

Part 1ll.

An attempt has been made to prepare the as yet
‘unknown 4:5-dimethylphenanthrene (1V9), from pyrene (1)
by the use of two different reactions. Treatment with
osmium tetroxide gave a diol (11) which was oxidised to
a substance believed to be phenanthrene~4:B-Qialdehyde
(XV1l). This compound could not be reduced to the
required hydrocarben (1V). Ozonisation of pyrene
gave phenanthrene-4-aldehyde-5-carboxylic acid (111).
The aldehyde group of this acid could not be reduced in

a straightforward manner. The methyl ester, however,

was reduced using lithium aluminium hydride to 4:5-dihyd-

—roxymethylphenanthrene (XXV1), which did not yield the
expected dichloromethyl compound on treatment with

hydrochloric acid but instead produced a gyclic ether

through loss of water. This work is still in progress.
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PART 1.

Attempted Synthesis of Chrysene Derivatives.

The biological effects of the Sex Hormones have
been known for many years. By biological methods it
was established that the growth and physiolegical
functioning of the reproductive organs proceeds under
the influence of certain chemical compounds with
characteristic biological tests, and these have come
to be known as the sex hormones. The chemistry of
these substances is, however, a modérn.problem, although
the sterols and the bile acids, which have a related -
constitution, have been studied since the earliest
days of science. Recent chemical research has eluci-
-dated the structure of these hormones and has shown
them to consist of three types, viz.:

(a) the oestrogenic hormones, e.g. oestradiol (1),
which is partially converted in the body to oestrone
(11). (Zererence 1)

(b) the androgenic hormones, e.g. androsterone (111).
(e¢) the progestational group of hormones, e.g.
progesterone (1V).

Even before the structure of oestrone (the first



HO (1)

oestrogenic hormone to be isolated) had been com-
—~pletely elucidated, Cool, ﬁ@ﬁds end Hewett (2)
attempted to synthesis the natural hormone. These
workers found that their starting material, l-keto-
~1:2:3:4-tetrahydrophenanthrene (V) had, itself,
definite if feeble oestrogenic activity, and this
result indicated that the structural conditions in the
molecule/which.are necessary for a substance to show
this type of activity were not highly specific.

Since that time, systematic attempts have been
made to prepare oestrogenic compounds, either by
suitable adjustment in the molecule of the natural
hormone, or, by the synthesis of compounds which
resemble oestradiol in the distance between the hydrox-

¥1 groups and in the general size and shape of the



molecule. (3)
0

OH

HOT (vi1)

e.g. Stilboestrol (V1), which is a synthetic compound,
is as active as oestradiol itself. The trans isomer
of 4:10-dihydroxyhexahydrochrysene (V1l) was also
found to be active although only in fairly large doses.
(Chrysene is numbered as shown in formula (V1ll). The
numbers inside the rings are used for derivatives of
chrysene itself. The numbers outside are used for
derivatives of hydrogenated chrysenes.)

Oestrone was hydrogenated to a non-crystalline
product which was not identical with the male sex |
hormone, androsterone (111), but which possessed the
sane type of physiological activity. (4) Also a
five-membered ring D is not essential for activity of
this nature, since D-homoandrosterone (1X) with a
reduced chrysene structure, has zbout the same potency
as androsterone itself. (5) This suggests that re-

~duction of 4:10-dihydroxyhexahydrochrysene (V11l)
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would produce a campound with androgenic activity.

]
L
HO l‘.“:’l (%)

The object of the present work was the synthesis
of hexahydrochrysene by a cpnvenient and preparative
method which would be applicable to the introduction
of methoxyl groups at the desired positions giving
4:10-dimethoxyhexahydrochrysene (X). Demethylation
to 4:10-dihydroxyhexehydrochrysene has already been

accomplished. (6)
0Me

el (X)

It was intended to test this substance (V1l) and its
derivatives for oestrogenic activity, and to reduce
these compounds to perhydrochrysene derivatives which.
could then be tested for androgenic and progestational
activity. | |

Chrysene was first synthesised‘by Beschke in
1911, (7) A Reformatsky reaction on benzil and its
derivatives led to acids of the type (X1), and the
essenticl stage was the double ring c;osure of these
compounds. A4 similar synthesis was that of von Braun
and Irmisch (8) who prepared the saturated(@éj—diphenyl—
-adipic acids (X11). Cyclisation of the cis and
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trans isomers of this acid gave cis and trans-diketo-
hexahydrochrysenes (X11l) which were reduced to the
two isomers of the desired hydrocarbon (X1V).

£10 Jol
e ' .,
q;"“ (X)) g ooc}: ' (x11)

xti) " © (xiv)

This method enables both cis and Eggggrhéxahydro—
chrysene to be obtained readiiy but the preparation
of the requiredfﬂﬂfdiaryladipic acids is only
accomplished iﬁ poor yield. The details of this
synthesis were improved by Ramage and Robinson (9)

and a combination of the syntheses, giving improvements
in yield in the preparaticn of the acids (X11) was
carried out by Badger. (@0

The synthesis of Newman (11) is of interest in the
present case. wy-Diphenylbutyric acid (XV) was
prepared from benzalacetophenone. On cyclisation
2-phenyltetralone (XV1) was obtained and a Reformatsky
reaction, followed by dehydration and hydrolysis

produced (XV1l). Reduction gave 2-phenyl-1:2:3:4-
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~tetrahydronaphthalene-l-gcetic acid (XV111l) which
was cyclised to 2-keto-hexahydrochrysene (X1X) and
reduced to cis-hexahydrochrysene (XV).  Production
of this cis hydrocarbon indicated that the acid (XV11ll)
was also of cis configuration. This synthesis is
suitable for the introduction of alkyl groups at
vérious positions but not for the introduction of
methoxyl groups, because of the difficulty of pre-

paring suitable starting materials.

9, — o
@ o) - (xv))

)

The prefixes cis and trans refer here to the
disposition of groups zbout the fused ring positions
of the central hexahydronspithalene nucleus.(9)

Iﬁ the proposed synthesis of hexahydrochrysene

suitable for extension to methoxylated derivatives

¥3-diphenylglutaric acid was used as starting material

and the subsequent suages are outlined below.
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CH,COO8r CH= COO¢t.
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XV“I) Aud CMoHde w
= ©§©
(xw)

It was hoped that cyclisation of (XX) would yield

the keto-acid (XX1), from which a ketohexahydrochrysene
(X1X) would be obtained on reduction, chain lengthen-
-ing, and further cyclisation. The ketone on reduction
would then yield the desired hexahydrochrysene (X1V).

In a preliminary attempt to obtain chrysene deriv- .
atives by a similar rbute, #. Barr in this University
preparedIQ¥¢diphenyl-¥rcyanobu%yric acid (XX111) by
a Michael condensation between benzyl cyanide and

ethyl cinnamate.(12)
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Attémpts:to cyclise the cyano-acid (XX11l), in order
to ebtain the cyano-ketone (XX1V) were not promising,
nor was it found possible to reduce the cyano group
to aﬁ.amino—methyl group in the hope tﬁét this pro-
cedure would enable the cyclisation to take place
more readily. Moreover, hydrolysis of (XX111) to
af-diphenylglutaric acid (XX) could only be brought
by heating in a sealed tube with hydrochloric acid.
However, ﬁgrdiphenylglutaric acid is readily
prepared by thé*Michael condensation of ethyl phenyl-
-acetate and ethyl cinnamate followed bypieceof)sis, (13)
and tais was the method adopted for this (piece—of)
work. This acid (XX) contains two dissimilar
assymetric carbon atoms, and all four optically forms
are known. The two racemates have m.p.s 231° and 208°.
The acid obtained from the above NMichael reaction

was the higher melting racemate but the anhydride

produced from this acid by refluxing with acetic
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anhydride was that of thg:%elting compound. This
is shown by its hydrolysis to form the acid of m.p.208°,
and its reaction to form the lower melting ester and
not that corresponding to the acid from which it was
prepared. G4)

Treatment of this anhydride with anhydrous alumin-
—ium chloride in nitrobenzene solution gave a keto-—
-acid as expected. If, however, the experiment
was conducted without ice cooling, there was also
obtained.a small amount of a bright red compound,
which was shown to be 3-hydroxy-l:2-benzfluorenone
(XXv1i). @9) Treament with acetic anhydride gave
3-acetoxy-l:2-benzfluorenone (XXV1l) and reductive
acetylation with zinc in acetic anhydride produced
3-acetoxy-l¥2-benzfluorene (XXV1ll). Both acetyl
compounds were identified by comparison with authentic
samples. The reduction of the fluorenone (XXV1) to
the fluorene(XXV1ll) is curious, for Cook and Preston
(15) found that the fluorenone (XKV1l) was reduced by
zinc and acetic acid only as far as the hydroxyl
compound 3-acetoxy-l:2-benzfluorenol (XX1X).

The formation of this hydroxybenzfluorenone has
apparently arisen through a double ring closure to
a compound (XXX) followed by enolisation.ana dehydrog-

-~enation.
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Dehydrogenation has been noted in many Friedel and
Craft reactions; e.g. Cyclisation of /_—l—naphthyl—
-propionyl chloride yielded (XXX11l) instead of (XXX1)
and treatment of (XXX11l) produced (XX1V) and no
cyclisation product. (6)
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(xxxin) (ox1v)

- The keto-acid, the main product obtained by
monocyclisation of the anhydride of ﬁgfdiphenylglue
~taric acid (XX) could, theoretically, have one of

the following three structures:

,COCH Qo |
cdi/@ —_ @é/@
wao (%) _ (xx1)

g
l iy \\\\\\\\g
. /cooH‘
hoot” © (XXKVI) Q/W(xxxv)
0

From the work of von Braun and others,(17) who showed
that, under similar conditioné, six-membered rings

are formed in preference to five—membered rings, it

wes expected that the desired product, 2-phenyl-4-keto-
~l-carboxy-1:2:3:4-tetrahydronaphthalene (XX1), would
be obtained. The formation of 3-hydroxy-l:2-benz-
~fluorenone provides some evidence in favour of this

view. However, the keto-acid was converted to its
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acid chloride and treated with a further cuantity of
sluminium chloride. No cyclisation took place and
the keto-acid itself was unaffected by anhydrous
‘hydrofluoric'acid. This suggested that the original
cyclisation had given rise to one of the indanone
~derivatives (XXXV) or (OXV1) instead of the expected
tetralone (XX1). Structure (ZXUV1) is excluded,

however, for the keto-acid gave a bengylidene deriv-

ative. The keto-acid must therefore have the structure
| represented by (XXXV) or (XX1). Further cyclisation

of the tetralone (XX1) should give rise to (XXV1)

fairly easily as already stated, whereas cyclisation

of the indanone (QOXXV) would necessitzte the formation

of a compound (XXXV1l).

| gm (xxxv) @cib (xXxvu)
‘ | I

This compound contains a strained system of rings,
i.e. two five-membered rings mutually fused to.a
bengene nucleus as in the parent structure (XXV1il),
and until recently, such a structure was unknown.
e.g. hydrindenylacetic acid (XZXX1X) could not’be
cyclised and all zttempts to bring sbout ring closure
of (XL) and (XILl) resulted in the formetion of inter-

molecular condensation products. (18) Not long ago
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however, Hund and Mold (19) claimed to have prepared
1:9-cyclohexylenefluorene (XL1l) but this cleim has

not yet been substantiated.

,eo0H "e00H
g .
(Xxxviii) @Q (XxXI) (XL)
ml-c.oOH
(xi) | (i)

It will therefore be assumed, for the sake of‘
argument, thet (ZXXV) is the correct structure for the
keto-adid, und further proof will be given later.

Intramolecqlar acylation may lead to a five-
membered ring when a six-membered ring is also possible,
if there are activating substituents in the aromatic
ring comcerned in the procesé. Also, if the carbon
chain, which will form the ring, is unsaturated, then
five-membered ring formation is favoured by cyclisation.
B.g.-ﬂﬁbhenylitaconic acid (XI11l), when treated with
cold concentrated sulphuric acid, yields g-phenyl-y—

—indenges—acetic acid (XL1V). (20)

t
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(XLIV)

This does not apply to acids with a saturated side

chain, however, for although yy-di-(3:4-dimethoxyphenyl)-

-itaconic acid (XLV) yields l-keto-5:6-dimethoxy-3-

~(3!4'-aimethoxyphenyl )-indene-2-acetic acid (XLV1),

with a newly formed five-membered ring, the saturated

acid bis-(3:4~dimethoxyphenyl )-methylsuccinic acid

(XLV1l), gave 4-keto-6:T—dimethoxy-1—(3"':4'-dimethoxy—

—-phenyl)l:2:3:4-tetrahydronaphthalenecarboxylic acid

(XLV11l), with a newly formed six-membered ring. (21)

CH;LDOH

s

Mo CH,COON
0 eﬂ,&‘coou \
(xtvi)
one

Otle

=
_ c/c'\ (',t‘O.
ﬂ:j (XLVI)
M

Orle

40

<
: j \Cfa
- CH-LOOH
meo A

(xn.wn) \
ohe
0Me
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Also, cyclisation of Xfphenyl—lfbenzylpyrotartaric
aeid (XL1X) gavé several different ring compounds
2ll containing six-membered rings but ther: was no

evidence of five-membered ring formation. (22)

<P
O
M08 oo (LX)

There is, moreover, no apparent rcason why the
cyclisation of carboxyl group (b) in (XX) should be
inhibited on steric grounds, and it seems probable
that the mein factor in promoting theeformation of
(XLIV) in preference to (XX1) is the deactivation of

ring A) by the carboxyl group (a).

0

S tﬁ? o (x
It is interesting that this deactivation’completely
outweighs that of both carboxyl groups on ring-(B).
This is consistent with the fact that the induction
effect of a group is rapidly dampened on passing
along & carbon chain, fof both carboxyl groups are
removed from ring (B) by two carbon atoms, whereas
the effect of carboxyl group (a) on ring (4) requires.
to be transmitted through on carbon atom only.

The fact that, of the two indanone derivatives
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(LZKVL) and (XXXV), only (XXXV) is formed, is also
of interest, cyclisation having taken place through a
the carboxyl group (b) adjacent to a secondary carbon
atom, and not through carboxyl group (a) which is
adjacent to a tertiary carbon atonm. This is in agree-—
-ment with the results of other workers for Haworth (23)
found that in the PFriedel and Craft reaction between
naphthalene and methylsuccinic anhydride in nitrobenzene
solution, two compounds, (L) and (Ll), were formed in
both of which theAcarboﬁyl group nearest the secondary

carvon atom became attached to the aromatic nucleus.

QN
Me CO-CH, CH- COOH

1
O-CH; CH cooH

(L) (Lt)

Similarly Robinson and Young (24) obtained the compound
(L11) by the condensation of phenylsuccinic anhydride

and vetravole also in nitrobenzene solutiom.

l"&
€0: CHy © CH- COOH
Mel

(LIl

These results might be considered as an illustration
of the similarity between methyl and phenyl groups as
far as orienting influence is concerned, (25) but other

results show that this is not always the case. Thus
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phenylsuccinic anhydride reacts with benzene at the
carboxyl group adjacent to the tertiary carbon atom,
producing (L1ll) (26) and, in the condensation of
2:4—-dimethoxyphenylsucecinic anhydride and resorcinol
dimethylether approximately equal amounts of the two

isomeric ketones (I1V) and (LV) were obtained. (27)
M

@co"w.m; COOH
(L)

€0 = (Hy- OH-COON CO— CH~ CH;~COOH

(Lv) (Lv)

In the last two illustrations the solvent was not
nitrobenzene and it seems that this mey have some bear-
-inz on the rezction under discussion. e.g. it has been
shown that, whereas treatment of phenylsuccinic anhydride
aznd toluene with aluminium chloride in toluene solution
produced five times as much (LV1) zs (LV1l) the pro—
-portions were reversed in nitrobenzene solution. (28)
i.e. although in toluene solution the curboxyl group
attzched to the least alkxylated carbon atom is the more
rezctive this is not the case in nitrovenzene solution.

PR v fR

€0:CHy - EH - COOH @-w-&#'cna'coou
(vi) )
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The structure of the cyclisation product as x—phenyl-

l-indanone-3-acetic acid (XLXV) was established by

further transformations. This keto-zcid (now desig-
-neted as isomeride-A) was dimorphic. Cr&stals de-
~posited from benzene, acetic acid or methanol had
M.Pe 154—50, but those from ethyl acetate had m.p.
170—10. The lowef melting form could be converted into
the higher melting form by heatiag for several hours
in the steam oven and the reverse process could be
brought about by two or three crystallisstions from
methanol.

In an early attempt to purify the keto-acid the

methyl ester was prepared and had m.p. 99—1000, Hydrol-

" =ysis of this ester, however, gave a mixture of two acids.
The more soluble portion was the original keto-acid—A

but there was also obtained a much less soluble substance
which, after recrystallisation from methanol had m.p.
225-6%.,  This acid had the same analysis as the origin-
-2l acid-A and still contained a carboayl group. It

was therefore, evidently a stereoilsomer of this acid,

viz.: x—-phenyl-l-indanone-3-acetic acid-B. Hydrolysis

of the methyl ester (m.p. 138-90) gave only the higher

melting isomeride~B in crystalline form but there may
have been some of the A isomer in the non-crystalline

acidic residues. Pzrtial conversion of the A to the
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B isomer could also be brought about by refluxing keto-acid

-A for different periods of time with alcoholic alkali.

Methyl ester-A
Meo ‘ KOH
Keto—-acid-A « - .Kbto—acide
e 7

wor

llethyl ester-B

Clemmensen reduction of these two acids (XUAV) pro-

—duced x-phenyl-l-indaneacetic acid-a and x-phenyl-l-

-indaneacetic acid-B (both represented by formula LV1ll),

and chain lengthening by the Arndt-Eistert procedure (29)

gave ﬁ;phenxl7érl—indaneprqpionic acid-4, obtained through

its amide, and'érggpgxljgrl—indanepropionic acid-B, ob-

~tained through its methyl ester. (4cids, formula IL1X)

/CH;COOH
CH
g 7::@ — O ‘b@
(Lvin) (Lix)
COoH
Uy
_—
(xx11) (xvin)

The A isomers of these two acids, (LV11l) and (I1X),
could not be dehydrogenated with sulphur, selenium or

palladium black. No crystalline material could be
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isolated and this is in accordance with the indane
structure, for it has been shown that hydrindane, on
treatment with palladium black at 3009, gave indane but
no indene., Structures such as (X4{11) and (XV1ll), on
the other hand would be expected to dehydrogenate smooth-
-ly to naphthalene derivatives. (29)

Attempts to cyclise the acid chloride of (LV1ll)
were also unsuccessful, and no fluorenone, which would
be formed readily from (2X11l), was obtained. (See
page 12)

- It is interesting that the two isomers of (L1lX) were
not interconvertible like those of (XXV), either by
boiling with alcoholic alkali alone or by preparation
of the methyl ester pollowed by hydrolysis.

The two homo-acids were cyclised with anhydrous

hydrofluoric acid to 3-keto-l-phenyl-l:2:3:9-tetrahydro-

—-acenaphthene, (LX-A and B). (The numbering used for

the acenaphthené molecule is shown below. )

(V545

0

The cyclisation of the acid chloride of the A isomer
was also accomplished using aluminium chloride or
stannic chloride, although treatment of the same acid

with 95% sulphuric acid apparently led to sulphonatiomn.
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Ketone-4 (LX), on reduction by the Clemmensen-Mzartin
orocedure (30), gave a poor yield of a hydrocarbon-X.
On reduction using the Huang-Minlon (31) modification
of the Wolff-Kishner reaction, however, two substances
were obtained, namely, the same hydrocarbon-X, m.p. and
‘mixed.m.p. 71—720, and also another hydrocarbon-Y,
MePe 59-600, mixed m.p. 40—450. Since these two hydro-
—carbons X and Y differed appreciably in crystalline
form, they could be separated fairly readily by hand.
The ketone-B, when reduced by the modified Wolff-Kishner
process, yielded only the hydrocarbon—Y.

The most straightforward explanztion of this rather
surprising formation of two hydrocarbons from ketone~A
is that they represent the cis and trans isomers of

l-phenyl-1:2:3:9-tetrahydroacenaphthene (LX1).

(i)eis ' (Lx1) trans--

However it is difficult to understand why reduction of
the carbonyl group at position 3 should affeet the con-
~figurstion of the groups about the bond joining positions
1 and 9. Another possibil;ty is that the electrons
forming the double bonds in ring A mighf migrate to

ring B thus allowing the two aromatic rings B and C to

become conjuzated zs in (LX11). i.e. X and Y may bg
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structural and not stereo-isomers. A somewhat similar
case was encountered by Fieser and Gafes (32), who found
that when the carbinol (LX111l) was successively dehydrated,
reduced. and the chlorine atom replaced by the cyano group,
two products were isolated. These were identified as
(LX1V) and (LXV) and could only have been prodﬁced by a
migration of bonds in the expected dehydratioﬁ product
(IXv1i). It will be seen that in the two products
obteined the two aromatic centres in the molecule have

become conjugated.

(SST) I . (LX)

(Lxv) (Lxv1)

Upon
There are no analogous compounds,which to base the

true configuration of the two sets of isomers but if,
for the sake of zrgument, the ketone-A }gwaSSumed to
have the cis configuration, then there ;re several
possibilities for the products obtaihed on reduction of

the ketones A and B, and these are shown in the table



' Reduction
ketone-A.

:Clemmensen
iand Wolff-
Kishner

me tho ds

&j@

(Ixi)cis

EQthrans

- method.
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of ! Reduction
i of ketone
. B
Wolff ' Wolff
{ishner Kishner
iMethod.

0

(xi)cis

(x)trans (xYtraas

o

3
(s |G| )
| i@xhtrans fx 1) |
.
) | oets | iets
§6 (LXU)  |wi)trans |(xi)trans

(%))

on A.

Changes involved.

e e e . B o e s e e

(C=Clemmensen
W.K.=Wolff
Kishner.)

i Partial isomerisation

during J/.K. on ketone-i

Complete chanze in -con-
figuration dullng C. on
4 and partial change
during W.:. on A.
Complete isomerisation

‘durlng W h. on B.

'W.K. reactions.

Bond migration in both

Isomerlsaulon durlng

C. on A.
~tion in

Bond migra-—
reactions.

d. K.

Bond migration during C.
on A and partially during
W.K. on A. Isomerisat-
-1onAdur1nv W.X. on B.

leratloa durlng C. on A
and partially during W.X.

The alternatives 1) and 3) seem to be the only probable

solutions %o

the problem.

It is quite

possible

that

at the high temperzture of the Wolff-Kishner reaction
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an inversioh of configuration takes place and that the‘
trans compound is rormed from the cis. This may then
retain its structure as in the possibility 1) or, if
the bonds migrate, be converted to the structural isomer
.(LXll) as in 3). !

On dehydrogenation, both hydrocarbons X and Y yielded

l-phenylacenaphthene (LXV1l) and this could have been

- produced from either (IX1) or (ILX1l). Oxidation gave
2-phenyl-l:8=-naphthalic anhydride (LXV11ll) which is
known (33), and the series of reactions is outlined

below.

e |
S O
(Lix) ' (LX)

— A
(LXfor LXI) {Lxvir)

—
A
—4——$ (Lxvi)
The formation of these two sets of isomers provides
feirly conclusive evidence in favour of structure (XXXV)

as the correct one for the keto-zcid obtained on cyclis-
~ation of the anhydride of ﬁérdiphenylglutaric acid (XX).
If the keto-acid had the structure (X01), reduction
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followed by chain lengthening would produce the homo-
-ceid (XV11l).  From the synthesis of Ramage and
Robinson (9) it would be expected that the cyclisation
o .'the trans form of (iV11ll) would produce the unknown
trans-2-ketohexahydrochrysene, but the possibility that
a. five-membered ring would be. formed instéad of a six-
membered ring was also considered. If this were the
case the ketone (LX1X) would be produced and this would
then yield the same hydrocarbon (LX1) (or IX1l) on
.. reduction.

The isolation of two acids of formula C;gH;g805
( now designated as LX) removes this possibility, for,
if (XV111) were the structure of these homo-acids,
then one of the isomers would have td be the cig-2-
-phenyl-1:2:3:4-tetrahydronaphthalene-l-acetic acid
prepared by Newman, (ll)y(see page 5) and comparison of
the m.p.s of the products now obtained with those of

Newman makes this imposgsible.

00K

(xvii1)

(LX)
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’Present Work.

1

|
|
XV111) or (IX)

Homo-acids

Ketones obtd.

| on cyclisation. .

e ToT

A-m.p. 123-5°
Bomn.p. 103-4°
A-m.p.101-2°
B-m.p. l39-40°

Hydrocarbons

X-m.p. T1-72°
Y-m.p. 59-60°

Newman's synthesis.

cis compound
0

m.p. 170-1

cis ketone

m.p. 76=77°

.cis-heXahydro-

chrysene-m.p. 76o

(trans-m.p. 115°)
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PART 11.

Experiments with %QfDinaphthylsuccinic Anhydride.

F. E. King and T. Henshall (34) prepared the meso and
racemic forms of gp-dinaphthylsuccinic wzcid (1), but
were unable to bring abouuv cyclisation of either isomer
under the methods investigeted. It was hoped that
cyclisation would yield the hexacyclicdihydric phenol (11)
which could then be oxidised to a possible isomer (111)

of the dibenzpyrenequinone dyes. (e.g. 1V).

-_— 0H

M

The corresponding isomers of diphenylsuccinic acid

found
(V) had previously been, to cyclise readily (35) under

the influence of concentrated sulphuric acid to diphenyl-
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—-succindone (V1).

0

Je00H o \
H
v fﬁ@n
! 3
HOOC 0¢ ‘

W ()

It is just possible that, if the hydrocarboan (V11)
corresponding to (11) could be prepared, it would

possess carcinogenic activity.

vi)

It contains the l:2-benzanthracene ring structure with
one benzene ring introduced zat positions 5 and 10 and
another at positions 3 and 4'. The first of these
corresponds to the five-membered ring in the active
cerecinogenic compound cholanthrene (V11ll) and, although
the second ring across positions 3 and 4' would tend to
destroy this activity, it is still possible that some
might remain. (36)

The object of the present work was to prepare
Qﬂfdinaphthylsuccinic acicd by a similar synthesis to
that used by King and Henshall and to attempt to cyclise
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the anhydride of the dlL-acid using methods known to be
satisfactory in most cases of intramoleculer acylation.

The synthesis of the acid is outlined below:

Oyt Cpen
) .
oo o8 = S
(X) (X)
CHy toott
KoH/ K0
[ NeiZ,
)
€O /158, x1) i)
I‘,
KoM/it.0 U AT
3 A WA I B o ,«\(v

Napnthalene was converted to l-chloromethylnaphthalene
(1X) a2nd this into l-acetonitrile (X) using potassium
cyanide in alcohol. The nitrile was hydrolysed with
potassium hydroxide solution and the i-naphthylacetic
acid obteined was esterified in the usual menner to give
ethyl ecnaphthylecetate (X1). -

The self-condensation of this ester proved to be

a matter of considerzvle difficulty. = The solid sodium
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ethoxide used as condensing agent haed to be completely
free from alcohol or the yield was diminished and even
when all possible precautions were taken to exclude
moisture and alcohol, small amounts of napnthylacetic
acid and unchanged starting ester were always obtained.
Several different methods of preparing the condensing
agent were tried but these resulted in no improvement
in the yield of product which was never greater than
30%. Prom this condensation both racemic and meso
forms of the desired ethyl—y8-dinaphthylsuccinate (X11)
were obtained but the quantity of the more soluble
recemic ester wes very small.

Both racemic and meso forms of this ester (X11),
on hydrolysis with alconolic potassium hydroxide yield
the racemic acid. From the construction of models
there seems to be no difference in the ease with which
the two forms should cyclise, but ing and Henshall
discovered that the racemic form was the more reactive
one and consequently, this isomer was prepared first.

This rscemic acid has not yet beem resolved because

of the insolubility of the strychnine and brucine salts,
(34) but the configuration is based on that of the closely
analogous racemic-~diphenylsuccinic acid and seems to
be definitely esvablished.

King and Henshail had attempted the preparation of
the hexacyclic phenol (11) by the use of various re-

-agents. is has been sivated sulphuric acid gave
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a water soluble product when added to the meso ester;
treatment of the same ester with phosphoryl chloride

gave o mixture of tarry products; phosphorus pentoxide
on the racemic acid gave the racemic anhydride and
thionyl chloride had no effect on this acid.

In the present work ﬂlfdinaphthylsuccinic anhydride
was prepared by the action of acetyl chloride on the
racemic acid. This anhydride was treated with aluminium
chloride in dry nitrobenzene and left for two days.

After working up in the usual menner only unchanged
starting meterizl was obtained, and a repeat experiment
in which the mixture was heated produced the same
result. When carbondisulphide was used as solvent tlie
mzterial was again unchanged. In tetrachloroethane
solution black carbonaceous meterial was préduced, but
in solution in alcohol this gave no evidence of carbonyl
activity. The racemic acid itself and its anhydride
were both unaffected by treament with anhydrous hydro-
—fluoric acid. Finally, the anhydride was added to a
melt of sodium chloride and aluminium chloride and the
mixture heated for some time. after workinz up the
product was treated with alkali as usual. . Some insol-
-uble meterial was left as a residue but this had no
carbonyl activity . The alkaline solution yielded a
little unchanged starting acid.

Having obtained these results with the more reactive
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isomer of (1) no attempt was made to prepare the meso

acid and, at this point, the project was abandoned in view
of the surprising resistance to cyclisation shown by

the acid.
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PART 111.

Attempted Synthesis of 4:5-Dimethylphenanthrene.

A systematic investigation of the chemistry of pyrene
(1) was carried out by Vollman, Becker, Correll, and
Streeck. (37) As a result of investigating a large
number of derivatives, these workers found thab pyrene
displayed some peculiarities as far as substitution
reactions are concerned.v ‘The molecule of pyrene is
symmetrical and three degrees of reactivity are shown by
three sets of equivalent positions:—¥ ? p
a) 3, 5, 8, and 10.
b) 1, 2, 6, and 7. b a
c) 4 and 9. - i 3
The positions 3, 5, 8, and 10 are the most reactive ones,
direct monosubstitution invariably occurring at position
3. Direct suﬂstitution also gilves 3:8 and 3:10-disub-
-s3Titution products, 3:8:10-trisubstitution products,
and 3:5:8:10-tetrasubstitution products. Chlorine will
attack the 1, 2, 6, and 7 positions if the 3, 5, 8, and
10 positions are already occupied and finally the 4 and
9 pésitions are substituted.

Since substituents enter the molecule of pyrene most

easily at those positions which are separated by one




carbon, atom, (i.e. meta positions) it seems thaet some
special influence, which makes these hydrogei atoms more
easily replaced. than the others, must prevail.  This
influence outweighs any other effects which may be acting
where an ortho or pars directing group (e¢.s. =0H, or
—IICOCH3) is present in the 3 or 8 positions, for even in
these circumstances there is no ortho but only meta sub-
-stitution.

Vollman and his coworkers considered pyrene to be
essentially a diphenyl derivative in which the ortho pos-
-~itions zre substituted by two 'ethenyl' sroups and that
the presence of these groups in the typical benzene rings
C and D causes the 3, 5, 8, and 10 positions to be act-
-ivated. |

If this is the case then of the three possible struc-—

tures a), b), or ¢), for pyrene a) and b) are the more

(1) (is) (le)
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likely, althoush structure c¢) possibly contributes a little
to the actual state of the molecule.

This idea is supported by the fact thatjozohe, alone
of the reagents investigated by Vollman, =zttacks the
"molecule at positions 1 and 2 and then at positions 6 and
T. Also X-ray investigation (38) has shown that, althouzh
all the outer bonds in pyrene have approximately the same
length, those joiningz the 1, 2 and 6, 7 positions are
short bonds between two much longer bonds and are those
most likely to be attacked by ozone.

Recently osmium tetroxide has also been shown to
attakk the 1l:2 bond with the production of 1:2-dihydro-
~1:2-dihydroxypyrene. (39) (11)

These two reactions, ozonisation which produces as
the first product phenanthrene-4-azldehyde-5-carboxylic acid
(111), and treatment with osmium tetroxide with the form—
—ation of a diol, have been employed in an attempt to

prepare 4:5-dimethylphenanthrene. (1V)

o CHO %
oH oH . CHs
m (in) (Iv).

4 :5-Dimethylohenanthrene is still unknown although
meny unsuccessful cttempts have been made to synthesise

e5e

it.e.z Cyclisation'of ¥r(gamethyl-Z-naphthyl)-butyric

!
!
!
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acid (V) zave an anthracene structure instead of the
desired phenanthrene derivative. Treatment with methyl-
—me.gnesium iodide followed by dehydrogenation produced

l:5-dimethylanthracene (V1). (40)

Me,
CHy CHy- CH&
fbu\\,d\-oa
v)

v

Also «x~(2"-bromo-5"-methylphenyl )-2~amino-3-methyl—
—cinnamic acid (Vvii) céuld_not be induced to undergo the

Pshorr ring closure reaction. (41)

HDOG /MQ
u@ Mt

Me (v)
' Unsuccessful attempts have also been made to synthe-—
—sise the closely analogous i:9;dimethy1;l:2-benzanthra-
~cene (V11l) and at one time it was considered that
strucfures of this type could not exist. (42) However,
in 1940 Newman (43) succeeded in syhthesising 6:T7-di-
-methylchrysene (1X) and discussed the possible struc-
~ture of these related compounds. The difficulty in
preparation lies in the fact that if 2 model of 4:5-di-
-methylphenanthrene or a substance in which the methyl
groups are similerly situated, is constructed so that

the rings are =11 in one plane and the methyl sroups
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occupy the samé volume as in toluene, then the methyl
sroups are found to interfere with each other to a large
extent. There are therefore three possible structures,
viza.:

a) the methyl groups lie bent awsy from each other but in
the same plane as the benzene rings, |

b) the aromatic rings are distorted in seme way,

c) the methyl groups sre bent out of the plane‘of the

benzene rings.

The last of these possibilities was considered by Newman

to be the most likely and if this is the case then suitable

derivatives of 4:5-dimethylphenanthrene should be capable

of resolution into the two enantiomorphs shown below.

M
Me.
! X X
(vin) Me M
~Me Me
e
(Vo) (Ivb)

Me
()

This was indeed shown to be the case for Newman him—
—self sucfeeded in preparing and resolving 4:5:8-tri-
-methylphenanthrene-l-acetic acid. (X) (44) A Reform-
-atsky reaction on l:4-dimethyltetralone (X1) gave (x11)
waich wes dehydrogenated and hydrolysed to the acid (X111).
The Arndt-Eistert reazction was then carried out twice
and the erethyl—l;(B:8—dimethylnaphthyl-l-)—butyric
scid (X1V) obtained cyclised to a ketone (XV). 4 second
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Reformatsky reaction followed by dehydrogenration and

hydrolysis gave the required product.(X)

Me 0 Me c/ LO0H anoor‘
D — 0 — O
Me (%) Me o (xu) Me. (i)
©:> ooH ©§ @@w; CooH
Me (xiv) Me (xv) Me (xv1)

It can be seen, therefore, that although there is
considerable resistance to the formation of compounds of
this type, under suitable conditions they can be prepared.

| In fhe present work the first attempt at the pre-
paration of 4:5-dimethylphenanthrene involved the
treatment of pyrene with osmiumﬂtetrbxide and pyridine.
The brown complex which formed was hydrolysed to l:2-
—~dihydro-1:2-dihydroxypyrene (11). Oxidation with lead
tetraacesate t45) produced a compound believed to be
phenanthrené-4:S-dialdehyde. This was a poorly cryst-
alline substance a2nd both its 2:4-dinitrophenylhydrazone

. subjected Lo
and its oxime readily decomposed. This compound was,




-39-
Hueng lMinlon modification of the Wolff Kishner (31)
reaction but the non-crystelline residue yielded only a
few crystals of pyrene on distillation. Clemmensen
reduction was no more successful for in this case no dist—

-1llzate was obtained.

CHO
Y or :
gH HO
) (1 (x vn)

An alternative procedure was therefore adopted. As
has been stated, ozonisation of Jyrene produces phenan-—
'—threne—4-aldehyde-B—carboxylic acid ag the first product.
Fieser and Novello (46) also studied this reaction and,
in an attempt to prepare phenanthrene4:5-dialdehyde, decom-—
-posed the ozonide by hydrogenation. They used different
solvents ahd temperatures but in all cases obtained the
same aidehyde—acid (111) as Vollman and his coworkers
had obtained when they decomposed the ozonide by treat-
-ment with sodium hydroxide solution and hypochlorite
solution. It was thought possivle that the aldehyde
group of (111) might be reduced separately to a methyl
group giving (XV1ll) and that the carboxylic acid group
then converted first to an aldehyde group (X1X) and

finally to the second methyl group.
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Attempts to reduce the aldehyde group met with no
success., Vollman hed heated the zldehyde-acid (111)
with hydrazine hydrate in acetic acid and obtained
l-hydroxypyrene (XX). It appears therefore, that this
compoﬁnd verj easily reverts to the pyrene structure.
Treatment Wijh alcoholic potassium hydroxide solution

e.g. gives pyrene-l:2-quinone. (XX1) (47)

CHO CH3 CH3 (H3
> B —_—
CO0H COOH LHO H3
(n) (Cavane) (X1X) ()
20

OH

(xx) (1)

In the present case a Wolff Kishner reduction in
diethylene glycol was carried out but.a mixture of

alkali insoluble products reéulred. Clemmensen reduction
gave a small amount of l-hydroxypyrene (XX) (identified
by means of & mixed m.p. of the methoxy derivative with

an authentic saﬁple), and a complicated mixture of alkali
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insoluble products from which no pure substance could be
isolated.

A new approach was sought and in an attempt to pre-
—-pare the methyl ester the aldehyde-acid was treated with
methyl alcohol and hydrochloric acid producing a com-
—pound with m.p. l76~70. Treatment with diazo-methane
in ether, however, produced a substance m.p. 113—40.
Since these two derivatives had the same analysis it
was assumed that in the treatment with methyl -alcohol and
hydrochloric acid, the acid had reacted in its enolic
form (111 b) to give the methoxy derivative (XX11).

This corresponds to the well known formation of acetoxy-
lactones from 8-keto-acids, e.g. o-benzoylbenzoic acid

(XX111 and XX1V).

| Yo
OH oMe
CHO ) oV

_ Vo lll. Ly

-~ / —_ g
¢ooH CQ"O /‘I C\o
(1) (Hts) N (XX 11)

//o /OH /O'COLHS
[ & (4
CooH g \ AN,

(wexin) | (x1v)

The product from the reaction with diazomethane is
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assumed to be the normal methyl ester (XXV). Treatment of

this ester with lithium aluminium hydride (48) gave a
well crystalline compound which analysed correctly for

4:5-dihydroxymethylphenanthrene (XXV1). It was hoped

to convert this to the dichloromethyl compound (XXV1l),
when hydrogenation would be expected to yield the de-
sired hydrocarbon (1V). When (XXV1) wes treated with
hydrochloric acid in benzene solution, however, analyses
results indicated that loss of water had taken place and

that a cyclic ether (XXV11ll) had been produced.

CH,OH cH U
—— . d
CcooMe 9'0 H D

(xxv) (xxw) (eat)

L

ens0H
— o | e
(xxvin) &&M"@

(xx%)

Hydrogenation of this ether over palladium gave a com-
-pound which had apparently téken up one molecule of

hydrogen. Since (XXV11l) bears some resemblance to a
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benzyl ether and these undergo cleavaege more readily
than other ethers, (see e.g. 49) it is possible that
hydrogenation of (XV11ll) would give rise to the mono-
hydroxy compound (XX1X). This would be expected to form
a chloromethyl compound very readily and then be hydro-—
—-genated to 4:5-dimethylphenanthrene. Treatment of the
the first reduction product with hydrocihloric acid and
a further hydrogenation gave a compound which still
contained oxygen, and from the evidence it seems more
likely that the first hydrogenation of (XXV1ll) had
reduced the 9:10 bond of the phenanthrene nucleus giving
(XXX). This has yet to be proved and the structure of
"these last products is stiil being worked out. 'It is
possible that a more sa%isfactory method of cleaving
the ether may be found( e.g. boiling i%%acetic acid with/}{
hydrobromic acid) which may lead to the desired compound
Although, then, 4:5-dimethylphenanthrene has not
yet been obtained, this last set of reactions offers the
most promising approach to the successful..conclusion to

the synthesis.




Experimental.
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PART 1.

of-Diphenylglutaric acid. (cf. 13) ‘ '

Ethyl phenylacetate (100 g.) was mixed with ethyl
cinnamate (100 g.) and the mixture refluxed for 2-3
hours with sodium (4 g.) in dry ethanol (60 ce.). Next
day the solid was ground with dilute hydrochloric acid,
filtered, and recrystallised from spirit. Yield of
higher melting ester =140 g. This ester was refluxed
with potassium hydroxide solution (175 g. in 2340 cc.
of 50% alcohol) for nine hours. After acidification with
dilute hydrochloric acid, trans-of-diphenylglutaric acid
was obtained.  (Yield 110 g. m.p. 230-1°)

o3 —Diphenylglutaric anhydride.

%8 ~Diphenylglutaric acid (100 g.) was refluxed for
eight hours with acetic anhydride (500 cc.). After re-
-noving the solvent under reduced pressure Qérdiphényl-
-glutaric anhydride was obtained from the residue on
crystallisation from chloroform diluted with light pet-
—roleum, (60-80°) yield — 90% m.p. 125-6°. Avery and
Maclay (14), who prepared the anhydride from the same
acid by heating under pressure with acetyl chloride,

give m.p. 126-7°.
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o.—-Phenyl-l-indanone-3—acetic acid-A.

This experiment was carried out several times with
slight differences in experimental conditions (e.g.
volume of solvent, absence of freezing mixture etc.) and
the procedure which gave the largest gquantity of pure
material was as follows:

o =Diphenylglutaric anhydride (35 g.) was dissolved
in dry nitrobenzene (400 cec.) in a three-necked flask
and powdered aluminium chloride (40 g.) added gradually.
The aluminium chloride was added by means of a device
which prevented moisture from entering the flask. (50
During the addition the flask was cooled in a freezing
mixture and its contents stirred. Stirring wes con-
-tinued throughout the next day the flask being left
altogether for sixty hours. The contents were then poured
into ice and hydrochloric acid, and the nitrobenzene
removed in steam. Recrystallisation of the residue,
which cooled to a gummy solid, yielded 20 g. of pure

&~phenyl-l-indanone-3-acetic acid, needles m.p. (of

crystals just out of solution) 154-5°.
(Found: C, 76.37; H, 5.14.  Cp7l1403 requires C, 76.65;
H, 5.3%).
In an attempt to purify a szmple of the acid, it was
crystellised from ethyl escetate. It was found that the
..m.p. had risen %o 166-9°.  PFurther purification gave

crystals melting at 170-1°. . It was also found that
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prolonged heating of crystals with m.p. 154—59 in the
steam oven gave crystels with m.p.‘l70-lo; and if =
specimen which melted at 154-5 was allowed to cool it
remelted at 170—19, Three crystallisations of the higher
melting form from methanol gave the lower melting form.
This change in m.p. took place after crystallisation from
different solvents, and after the rise in m.p. the crys-
- —=tals had lost their lustrous appearance.
(Analysis of specimen with m.p. 170-1°
Found: C, 75.97; H, 5.6. C17H1403 requires C, 76.65;
H, 5.3%.)

If the cyclisation experiment was carried out without
cooling the nitrobenzene solution during the addition of
the aluminium chloride, subsequent recrystallisation of

the oily residue left a red solid (0.5 g. obtained com-
-pared with 50 g. of above keto-acid). This.substance
was almost insoluble in benzene, acetone, and methanol,
but wag recrystaellised from a lzrge quantity of acetic
acid, from which it was deposited in shining blood-red
needles. Vacuum sublimation (200-2200/0.5 mm. ) and
further crystallisation gaﬁe needles, m.p. 304—100(D.).
The substence was soluble in sodium hydroxide with pro-
~duction of a violet-red solution and addition of acid
* reprecipitated the material. It gave a green solution
in concentrated sulphuric acid.

Found C, 82.9; H, 4.2. Calec. for Cl7H1002’ c, 82.9
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H, 4.1%.) |
The red compound was thus shown to be 3=hydroxy-l:2-
-benzfluorenone. (15)
After boiling for one hour in acetic anhydride and pour-
-ing into water a yellow substance was produced, which
on recrystallisation from acetic acid gave dark yellow
needles of 3-acetoxy-l:2-benzfluorenone, m.p. 155-6°.
(Mixed m.p. with an aufhentic specimen showed no depress-—
—-ion.)
3-Hydroxy-l:2-benzfluorenone (0.5 g.) was boiled for
two hours with acetic anhydride (2 cc.) and zinc (e.5 g.).
After filtering and washing with acetic acid the 3-acetoxy-
-1l:2-benzfluorenone obtained on addition of water was
crystallised from ethanol and had m.p. and mixed m.p.
157-8°.
(Pound: C, 83.1; H, 5.1. Calc. for CygHy,0,, C, 83.2;
H, 5.1%.)

The 2:4-dinitrophenylhydrazone of a-phenyl-~l-indanone-

-3-acetic acid-A formed orange-red needles from acetic

~ o
acid, m.p. 260-1 (D).
(Found: ¢C, 62.0; H, 4.1. CZ3H1806N4 requires C, 61.9;
H, 401720)
Treatment of the keto-zcid with bengaldehyde and aqueous

alcoholic potassium hydroxide solution gave 2-benzylidene-

x—phenyl-l-indanone-3-acetic acid—-A which crystallised

. [o)
from zcetic acid in pale yellow prisms, m.p. 185-6".

/
/
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(Found: C, 8L.1; H, 5.3. Co4H1803 requires C, 8l.4;
H, 5.1%.)

Methyl-x-phenyl-l-indanone-3—acetate—A.

One g. of pure keto-acid-i was dissolved in dry
methanol (40 cc.) and dry hydrochloric acid zas bubbled
into the mixture until the solution was saturated.

After refluxings for two hours the mixture was worked up
in the usual way, snd on removing the solvent the residue
was distilled in vacuo (190-200°/2mm.). Crystallisation
of the thick oily distillate from methanol produced
colourless needles, m.Dp. 99—1000.

(Found: C, 76.;; H, 5.5. 018H1603 requires C, 77.1;
B, 5.88.)

The ester (1 g.) was hydrolysed by refluxing for one
hour with potassium hydroxide (2 g.) in alcohol (15 cc.)
and water (5 cc.). The solution developed a bright
colour becomiﬁg on different occasions dark red, blue or
green. A small amount of the original keto-acid-A was
obtained on recrystallisation of the oily residue which
was precipitated from the solution on addition of dilute
hydrochloric acid. A more insoluble substance was

) . <+ 4 3 £
also isolated which, on further recrystallisation from

. : _ o
methanol formed colourless needles, m.p. 225-6 .  Analy-

-sis showed it to be an isomer of the above acid, viz.:

The total yield of

a-phenyl-l-indanone—-3-acetic acid-B.
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both acids was never more than 50% of the starting acid,
the remainder being an uncrystallisable sum. The yield
of the higher melting acid varied between 10 and 30%.
snalysis of keto-acid-B.

Found C, 76.8; H, 5.2. 017H14O3 requires C, 76.65;
H, 5.3%.)
The 2:4-dinitrophenylhydrazone of x-phenyl-l-indanone-

-3~-acetic acid-B formed orange needles from nitrobenzene,
m.p. 284—50(D).

(Found: C,61.7; H,3.9 . 023H1806N4rrequires C, 61.9;
H, 4.1%.)

In.érder to determine whether it was necessary to
prepare the ester to obtain the higher melting acid,
keto-acid-A was refluxed in different concentrations of
potassium hydroxide in aqueous alcohol for different
periods of time. Small amounts of keto-zcid-B were
obtained but the yield was very low and the material
highly impure.

Matgll—mrghegll—l-indanone-3—acetate-B, was prepared

from keto-zcid-B in the same way as the ester of keto-

-zcid-A. It formed colourless prisms from methanol,

mopp 138"’900

CFound: C’ 77.2; H, 5,8. 018H1603 I‘qulll"es C, 77.1;
H, 5.8%.)

Hydrolysis of this ester gave only keto-acid-B in cryst-

—alline form but the oily acidic residue may have con-




-tained traces of keto-aeid=A.

Atvenmpts at further cyelisation.

x~Phenyl-l-indanone-3-acetic acid-4 (1 g.) was diss-
~olved in benzene (10 cc.) and treated with an excess of
thionyl chloride (5 cc.). After warning for a short time
the benzene and excess thionyl chloride were removed on
the watsr pump. The residue was dissolved in dry nitro-
~bengene (1l cc.) and aluminium chloride (1.2 g.) added
with shaking. The flask was then warmed gently for an
hour and left overnight. Next day the mixture was poured
into hydrochloric acid and the nitrobenzene removed in
sveam. The oily residue was recrystallised from methanol.
The solid obtained was highly impure but repeated cryst-
~allisation from benzene and methanol gave a specimen of
the original keto-gcid-A (m.p. and mixed m.p. 154-50),
The regidue was also completely soluble in sodium carbonate
solution and zave a precipitate with 2:4-dinitrophenyl-
<hydrazine solution. |

Keto-acid-A (0.5 g.) was added to a platinum crucible
three guarters full of anhydrous hydro?luoric aaid, the
mixture stirred and then left overnight. The residue was

the ‘orizinal keto-zcid-A unchanged.

x&Phenyl-l—indenescetic acid-A.(cf. 30)

grenulated zine (25 z.), mercuric chloride (2.5 g.),

concentrated nydrochloric acid (1.25 cc.), and water
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(37.5 cc.) wers shaken together for five minutes. The
liquid was decanted off and reagents added as follows:
water (18 cc.}, concentrated hydrochloric acid (44 cc.),
toluene (25 cc;), x=~phenyl-l-indanone-3~acetic acid-A
(12.5 g.) and acetic.acid (5 cc.). The mixture was re-
~fluxed vigorously for 24 hours (adding 12.5 cc. portiohs

of concentrated hydrochloric acid at intervals of six

hours). The product crystallised out on cooling, and,
together with small amounts, obtained from the liquors

and benzene extracts of the aqueous layer, amounted to

10 g.. The x—phenyl-indaneacetic acid-A crystallised

from benzene diluted with light petroleum in colourless

needles, m.p. 141-20.
(Found: ©C, 81L.0; H, 6.3. CyqH)0, requires C, 8L.0;

H, 6.4%.)

o~Phenyl-l-indaneacetic acid-B.

The keto-acid-B was reduced in the same way as the

A isomer but, since the starting meterial was very in-
—soluble in toluene, anisole was used for the organic

layer. The product, 5rphenyl-l—indaneacetic acid-B

crystallised from benzene in large colourless prisms, m.p.

- Q
153-4".
(Found: ¢, 8l.l; H, 6.1. CyqH;50, requires C, 81.0;

H, 5.4—’}"’70)
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Attempts at cyclisation.

‘ a) o-Phenyl-l-indaneacetic acid-A (0.5 g;)'was

converted to its acid chloride using phosphorus penta-

~chloride in benzene solution. After evaporation of the

solvent the residue was treated with aluminium chloride

in nitrobengene solution as for keto-adid-A. The black

gumny material obtained was soluble in alkali and could

not be induced to crystallise. ’
"b) The acid chloride oi reduced acid-i (0.3 g.),

prepared either by means of thionyl chloride or phosphorus ’

pentachloride, was dissolved in lizht petroleum b.p. 60-

-80%ec. (10 cc.). Aluminium chloride (0.3 g.) was then

added while the mixture was cooled. After evolution |

of hydrochloric acid ceased, the solution was refluxed

for 10 minutes, coaled, and poured into ice and hydro-

~chloric acid. The petroleum layer and benzene extracts

of the agueous layer gave on evaporation a product which /

could not be crystallised and was again soluble in alkali.

Arndt-Eistert reaction on.m—phenyl—l—indaneacetic acids-A /
and B. (29)

Tce cold dry benzene (8 cc.), 2 drops of pyridine, ’
%ﬁionjl chloride (5 cc.) and x—phenyl-l-indaneacetic acid-A
(1.25 g.) were placed in a Claisen flask and the mixture ’

left at room temperature for half an hour. It was then

for half an hour, and the benzene and /

|

0
warmed to about 40
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excess talonyl chloride evaporated under reduced pressure.

The residual acid chloride was dissolved in bengzene

leaving the solid p&ridine hydrochloride behind.

An ethereal solution of diazomethane was prepared
from nitrosomethylurea (3 g.) (51)

Thisbsolution, after drying over potassium hydroxide
pellets, was decanted into a 500 cc. three necked flask
and the benzene solution of the acid chloride added
gradually through a dropping funnel. During the addition
the flask was cooled in a freezing mixture and the con-
~tents stirred mechanically. The solution was stirred
for a further half hour after addition was complete and
left overnight. The solution was then poured into an
evaporatln b351n and the solvent allowed to evaporate
spontaneously. The bright yellow oily residue was diss-
—olved in dioxan (15 cc.) and heated on a water bath
with 20% ammonium hydroxide solution (20 cec.) and 10%
silver nitrate solution (10 cc.) until evolution of

nitrogen was complete. A silver mirror or a black

deposit of silver formed on the sides of the flask. The

mixture was then boiled with charcoal and filtered. The

‘6 ghen£17a-l-1ndaneoroplonamlde (O 9 g.) formed colourless

needles from alcohol, m.p. 191—2 .

(Found: C, 8L.5; H, 7.1; N, 5.5. Cq8H7 gON requires

c, 81.5; H, 7-2; N, 5.3%.)

/
/
/
/
/
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ﬂ;Phenylﬁﬁ—l—indaneprepionic acid-A.

The above amide (1 g.) was refluxed for twelve hours
with potassium hydroxide (2 g.) in alcohol (25 cec.) and
water (2 cc.). Dilute hydrochloric zcid was added to

the solution and the ﬁ:phenyl7@¢l—indanepropionic acid-A,

which was precipitated, crystallised from dilute acetic
acid in colourless prisms, m.p. 123-5 .
(Found: ¢C, 81.3; H, 6.7. CygHy30, requires C, 81.2;

H. 6.8%.)
ﬁ—Phenxl¥§

ﬁ-E%enqu@~l-indanepropionic acid-B.
I

«~Phenyl-l-indaneacetic acid-B was converted into its

acid chloride as described for the A isomer. After

adding this acid chloride to a solution of diazomethane

in ether, as before, the diazoketone, obtained by evap-

—oration of the solvent, was a solid and a specimen,

recrystallised for analysis from benzene, formed yellow

needles, m.p. 126-8°(D).

(Found: N, 10.2. C1gH1g0Np requires N, 10.2%.)
Attempts té prepare the amide from this ketone as

before, gave an oily product which could not be cryst-—

—allised, and an effort to prepare the ester or the

next higher acid directly met with no success. It was

found, however that = pure acid could be obtained from

a crude ester and the following procedure was adopted.

The diszoketone (0.5 g.) was dissolved in methyl alcohol
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(18 cc.). The silver oxide obtained from 2 g. silver
nitrate wes made into a slurry with methyl alcohol (approx.
10 cc.) and this mixture added in portions to the diazo-
-ketone solution. After all the silver oxide had been
added and the effervescence abated, the mixture was
refluxed for one hour, boiled with charcoal and filtered,
leaving an almoggrggiution. The filtrate was concentrated
- to about 15 cc. and potassium hydroxide (1.25 g.) and
water (2 cc.) added. After refluxing for one hour, the
‘solution was cooled, acidified with dilute hydrochloric
acid, and extracted with ether. The solution was dried

and the solvent removed. The oily residue was dissolved

in petroleum 60-80° containing a very little chloroform

and,g;ghenxljérl4indanepropionic acid-B (0.2 g.) cryst-

-allised out. A specimen for analysis formed small

o
colourless prisms from petroleum and had m.p. 104-5 .
(Found: €, 8L.2; H, 6.6. CjgH g0, requires C, 81.2;

H, 6.8%.)

B-Phenyl-g-l-indanepropionic acid-A (1 g.) was dissolved
in methyl alcohol and converted into its methyl ester as
described for «~phenyl-l-indanone-3~acetic acid-A. After
working up the eéter Qas left for one night in the refrig-
—-erator but did not solidify. It was accordingly diss-

—olved in metnyl alcohol (20 cc.) and refluxed with

potassium hydroxide (2.5 g.) and water (10 cc.) for onme

and a half hours. On acidification the starting mater-



-ial was recovered unchanged (m.p. and mixed m.p. 123—50).

Dehydrogenation experiments.

a) «-Phenyl-l-indaneacetic acid-A (1 g.) and sulphar
(0.254 g.) were heated together at 200—230o for half an
hour. Hydrogensulphide was evolved. When the reaction
showed signs of subsiding the temperature was raised to
250 for five minutes. The mixture was then cooled,
dissolved in benzene, the benzene shaken with mercury to
to remove sulphur and extrzcted with alkali. The neutral
layer gave a black oily residue from which no distillate
wés obtained at 220°/1 mm.. The alkeline layer gave a
smell oily precipitate on acidification and this was
sublimed in vacuum at 200—2200/1 mn., . Crystallisation
of this material from acetic acid yielded a substance
which melted at 110—1140. Further crystallisation
proved this to be a mixture and no pure compound could be
isolated.

b) The same acid (0.5 g.) was heated with palladium
black (0.05 g.) in an atmosphere of carbondioxide. (ef.52 )
The temperature was maintained between 230 and 300O by
mesns of a metal bath.  About 10 cc. of gas were given
off énd increase in the temperature produced no further
evolution of gas. The residue was insoluble in alkali
and was dissolved in ether. After removing the solvent

the residue was distilled under reduced pressure. A
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small amount of a pale yellow oil wes obtzined which w..s
extremely soluble in all common solvents and could not
be crystallised. The substance itself could not be ob-
—-tained solid even afier long standing in the refriger-
-ator and did not yield a picrate. (ef. the properties
of 2-pnenylnaphthalene and 2-phenyl-l-naphthoic acid, 53 )
c) ﬂ:&%eayljgfl-indanepropionic acid-4 (0.5 g.) was
treated with sulpaur (0.13 g.) and heated at 200—225O for
90 minutes. (ef. 11) The residue was dissolved in beng-—
—-ene as before and extracted with alkali. The neutral
layer gave a residue on evaporation which could not be
crystallised and acidification of the alkeline layer
gave only a small amount of starting acid.
d) Treatment of the szme acid with ﬁalladium black
yielded an alkali insoluble product very similar to that
obtained from x-phenyl-l-indaneacetic acid-A. It could

not be induced to crystallise and yielded no piCraté.

3=-Keto-l-phenyl-1:2:3:9-tetrahydroacenaphthene-i.

a) p-Phenyl-8-l-indenepropionic acid-A (1 z2.) was

converted into its scid chloride as described for x—phenyl-

~l-indanescetic acid-A. The acid was dissolved in

benzene (16 cc.) and aluminium chloride (0.6 g.) =zdded in
portions. The reaction mixture was heated to 30o and the
temperature meintained between 30° and 500 for three hours.
After pouring into dilute hydrochloric acid, the bengene

layer was washed successively with dilute hydrochloric
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acid, sodium hydroxide and water. The benzene was
removed and the residue was dissolveca in a little ethanol

from waich 3-keto-l-phenyl-l:2:3:9-tetrahyuroacenaphthene—

-A crystallised in large colourless prisms, m.p. 101—20.
(0.6 z.) |
(Found: C, 87.0; H, 6.2. CygHy g0 requires C, 87.1;
H, 6.5%.)
Cis—-6-keto-5:6:11:12:13:14-hexahydrochrysene has m.p.

- -0

75.5-76.5°. (11)

The 2:4-dinitrophenylhvdrazone of the above keto-ace-—

-naphthene crystallised in small scarlet prisms from
chloroform and hed m.p. 249-500.

(Found: C, 6T.43 E, 4.5. Coytog0yN, requires G, 67.3;
Hy 4.7%.)

b) The same homo-acid-A (1 g.) was allowed to stand
overnight in conteact with anhydrous hydrofluoric acid
contained in a platinum crucible. The next day, by which
time the excess of hydrofluoric acid had evaporated, the
residue obtained was washed with sodium carbbnate end
dissolved in benzene. After removing the golvent znd
crystallising the residue from ethanol the same ketone
wes obtained, (0.75 g.), m.p. and mixed m.p. 101-2°.

c) [-Phenyl-f-l-indanepropionic acid-A (0.25 g.)
was heasted with 85% sulphuric acid (2 cc.) on the steam
bath. The substance began to dissolve very slowly, but

on zdding 1 cc. of concentreted sulphuric and heatinz for
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a further nine héurs, the solution became dark and clear.
On pouring into water no precipitate was obtained and
extraection of the solution with ether gave no residue on
evaporation.

d) The propionic acid-i (0.5 z.) was dissolved in
dry benzene (5 cc.) and phosphorus pentachloride (0.45 g.)
added with shaking and cooling. After standing at room
temperature for an hour nearlyanll the scid and phosphorus
pentachloride were in solution. To complete the reaction .
the mixture was warmed on the stfdm bath for five minutes
and then cooled in ice.  Stannic chloride (0.5 cc.)
in benzene (0.5 cc.) was added to the acid chloride
and the mixture shaken. After a short time an orange
complex separated. \It was then poured into ice and
coneeﬁtrated hydrochloric acid (1.5 cc.) and extracted
with ether. The combined ether and bengene layer was
washed with 5% nydrochloric acid, 5 sodium hydroxide
and water. after removing the solvent the residue
crystallised from ethanol yielding the same ketone as

o
before. (m.p. and mixed m.p. 101-2 .)

3—Keto—l—gheny1-l:2:3:9—tetrahydroacenaphthene-B.

Indanepropionic acid-B (136 mg.) was treated with
hydrofluoric acid 28 for the 4 isomer. The residue was

worked up as before and 3-keto-l-phenyl-1:2:3:9-tetra-—

-hydroacenaphihene-E crystallised from alcohol, m.p.

139-40°.




—-50-
(Found: ¢C, 86.9; H, 6.3. C,gH150 requires C, 87.1;
H, 6.5%.)
The 2:4-dinitrophenylhydrazone of this ketone-B formed

scarlet prisms from chloroform diluted with methyl alcohol,
m.p. 238—90.

(Found: C, 67.3; H, 4.7. CogHpgOyNy requires C, 67.3;
H, 4.7%.)

l-Phenyl-1l:2:3:9-tetrechydroacenavhthene-X and Y.

a)The ketone-A (0.5 g.) was treated with granulated
zinc andghydrochloric acid as described for the reduction
of e—~phenyl-l-indanone-3-acetic acid. The toluene
layer and benzene extracts of the agueous leyer were dried
and the solvent evaporsted. Attempts to cryétallise the
residue were unsuccessful. Accordingly the oily materizl
was dissolved in a mixture of light petroleum, b.p. 60-80°
and benzene (ratio 3:1), and the solutioﬁ passed through
akcolumn of zlumina. The column was eluted with pure
benzene and the combined solutions evaporated. The
addition: of a drop of ethanol to the residue gave a solid
product but this was still oily and wes sublimed in a
vacuunm. The sublimate wzs dissolved in ethanol and gave
a few crystals of a substance with m.p. 68—700. Mixed m.p.
of this materiesl and an authentic specimen of cis-hexa-

o 0
-hydrochrysene (m.p. 73-4 ) had m.p. 40-5 .
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b) Wolff-Kishner reduction. (31)

To a solution of sodium (0.25 g.) in ethylene glycol (10 cc.)
there. was added the ketone-A (1 z.) and hydrazine hydrgte
(0.5 ce).  After refluxing for one hour the condenser
wes removed and the mixture heated until the temperature
had reached 195—200o when refluxing was continued for
another three houré. The mixture was cooled, acidified,
and extracted with bengene. Evaporation of the solvent
and crystellisation of the product from ethanol gave a
first crop of crystals (long colourless needles) with m.p.
57-9°. A épecimen for snalysis had m.p. 59-609.

(Found: C, 92.2; H, 8.0. C33Hg requires C, 92.3;

H, T.T#.)

4 second crop of crystals was a mixture of prisms and
needles. Theée were separated by hand with the aid of a
lens. The needles were identical with those obtained
from the first fraction, (m.p. znd mixed m.p. 59-600),‘
wnile the prisms, which were hexagonal in shape, had m.p.
68-70°. (& mixture of both products had m.p. 38-42°)

Oun recrystallisation from methyl alcohol = specimen of
thiis higher melting substence had m.p. 71—20.

(Found: C, 92.3; H, 7.5. CqgH;g requires C, 92.3;

H, 7.7%.) |

A mixture of this hydrocarbon and that obtained by the
Clemmensen reduction melted at 68-700, and this substance

is therefore named l-phenyl-1:2:3:9-tetrahydroacenaphthene-X
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and that melting at 59-60 l-phenyl-1:2:3:9-tetrahydro-

acenaphthene-Y. (but see discussion page 21)

¢) The ketone-B (0.2 g.) was treated with sodium in
ethylene glycol and hydrazine hydrate as above. On working
up the product and crystallising from ethanol the hydro-
carbon-Y wes obtained (m.p. and mixed m.p. 57-90). The
solvent was allowed to evaporate completely but the re-
-sidue was homogeneous and no trace of the hydrocarbon-X

o
m.p. 71-2 was obtained.

l1-Phenylacenaphthene.

l-Phenyl-l:2:3:9-tetrahydroacenaphthene-Y (0.34 g.)
was dehydrogenated with palladium black (0.05 g.) in an
atmosphere of carbon dioxide at a temperature of 290—3000.
(ef. 52) When the evolution of hydrogen became very slow,
any solid which had sublimed wus scrapéd back into the
flask and a further small gquantity of pslladium (0.01 g.)
added. The mixture was heated agsin and the temperature
finally réised to 3200 but no more hydrogen was .evolved.
After removing the benzene an orange crystalline mass
remained. This was dissolved in ethanol and treated with
charcoal when the solution became pale yellow. 1-Phenyl-

acenaphthene (0.2 g.) erystallised out in small leaflets

which were coloured faintly pink. A specimen for anal-
-ysis wes colourless and had m.p. 105—60.

(Found: ¢C, 93.8; H, 6.0. C13Hy4 requires C; 93.9;

H, 6.1%.)
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4 similar dehydrogenation, carried out on l-phenyl-
-1:2:3:9-tetrahydroacenaphthene-X, produced the same

: o
hydrocarbon, m.p. and mixed m.p. 105-6 .

2-Phenyl-l:8-naphthalic anhydride.

l-Phenylacenaphthene (0.2 g.) was dissolved in acetic
acid (3.5 cc.) and sodium dichromate (1.4 g.) added slowly
with shaking. The mixture was refluxed for two hours and
then poured into warm water, cooled, and filtered. The
precipitate was boiled with sodium carbonate containing a
little sodium hydroxide and again filtered. A small
orange residue (30 mg.) remained and this crystallised
from acetic acid with m.p. 238-9°. Acidification of the
alkaline solution producéd a pale yellow precipitate. On
sublimation a gubstange wihich was still yellow in colour
was obtained and this had m.p. 238—90. A mixture of the
two products also had m.p. 238-90, the orange colour of
the résidue being due, presumably; to traces of quinone.
After long boiling the orange residue also completely
dissolved in alkali. The m.p. of the product agrees with
that found for 2-phenyld:8-naphthalic anhydride by Koelsch
and Rosenwald. (33) |
(Found: €, 79.1; H, 3.6. Calc. for C1gH1 03 C, 78.8;

H,’ 3077é0 )
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PART 1l.

Naphthyl-l-acetic acid.

1-Chloromethylnaphthalene was prepared according to
the method of Organic Syntheses. (54) Treatment with
potassium cyanide in alcoihol gave l-naphthaleneaceto-
-nitrile, and this wes converted to naphthyl-l-acetic acid
as described by Olivier and Wit (55) for the treatment
of l-bromomethylnaphthalene. The acid crystallised from

benzene in colourless needles, m.p. 131-2°.

Ethyl naphthyl-l-acetate.

Concentrated sulphuric acid (6 g.) was added to absol-
-ute alcohol (156 cc.) and naphthylacetic acid (66 g.)
added. The solution was refluxed forvtwo hours, the excess
alcohol then distilled off and the residue poured into
water. The oily liquid which separated was dissolved in
ether and washed with sodium carbonate solution. After

removing the solvent the ester distilled at 1830/17 mm.,

Ethyl meso- and dl-qB—di—(l—naphthyl)-succinate.

The ethyl alcohol used throughout wzs dried by standing
over quick lime for several days, decanting‘the solution,
and then distilling from barium oxide.

The ether was dried by standing over caustic soda

pellets followed by distillation from phosphorus bentoxide.
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a) DPotassium (5.1 g.) was dissolved in tertizry butyl
alcohol (110 cc.) (dried by crystallisation from itself
followed by distillation from potassium hydroxide), and
some‘ether added the wiole being contzined in a three-
-necked flesk. Ethyl naphthylacetate (20 g.) was added
through a dropping funnel, wheréupon the whole mixture
solidified and had to be stirred mechanically. Todine
(15 g.) in ether (100 cc.) was then added keeping the
mixture at 0°. After stirring for several hours at room
temperature the contents of the flask were shaken with
agqueous sodium tniosulphate to remove excess iodine. As
there was no precipitate in the organic layer =s expected
(34), the ethereal layer was separated and dried. Con-
—centration did not produce any crystels, so the mixture
wzs distilled in vacuo. Some starting material was ob-
-~tained and a tarry residue which on treatment with acetone
yielded a very small of an impure solid.

b) Sodium wire (3 g.) was placed under anhydrous ether
in a three-necked flask fitted with condenser, dropping
funnel, and stirrer. A very little more then the theor-
-etical gquantity of absolute alcohol was added through the
funnel and the flask allowdd to stand overnight. After
the sodium had dissolved the treatment was similer to

the previous experiment. The ester in ether,‘followed
by iodine in ether, was added and after standing the

mixture was trezted with acueous thiosulphate. Some impure
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racemic ester was obtained on evaporation of the ether
layer, but in negligible yield. |

c¢) In order to determine whether br not. the ester had
actually given a sodium derivative, sodium wire was placed
under ether and the ester zdded directly. After reflux-
-ing for two days the ester dissolving, but there was a
considerable amount of tarry product. Addition of iodine
in ether, followed by aqueous thiosulphate solution gave no
precipitate. Evaporation of the ether layer gave a tarry
residue which could not be induced to crystallise.

The experiment was repeaved in dry benzene with the
same result.

d) An experiment similer to b) was carried out using
solid potassium tertisry butoxide, but on addition of
iodine the mixture darkened and evaporation of the ether
layer gave a tarry product which solidified on stirring
with alcohol. The yield was very small and the product
impure.

e) Instead of sodium wire an experiment was carried
out using atomised sodium (56), but there was no improve-
-ment in yield.

£) As these methods were useless from a preparative
point of view, it was decided to concentrate on the method
of King and Henshall (34), and collect a sufficient stock
of m-terial to carry out the rest of the synthesis.

Accordinély, godium (0.6 :.) was dissolved in absolute
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alcohol znd the alconol evaorated. The residue was then
heated under reduced pressure on an oil-bath. the temper-
-ature of which was meintained between 110 and 1150, to re-
-move last traces of alcohol. Greet care had to be teaken
to prevent charring. The residue was immediately covered
with a solution of ethyl nsphthylacetase (5 g.) in ether
(30 ce.). The solid lump of sodium ethoxide was broken up
by‘stirring and then ilodine in ether added. The mixture
was allowed to stand in the usual way and on addition of
sodium thiosulpnate @z solid separeted. T..is was about
1.5 g. (305%) of ethyl meso—_ -di-(l-nephthyl)-succinate.
Smell additionel smounts of solid were obteined from the
ether liquors, vut these were mixtures of dl and meso forms.
In all experiments acidificavion of the aqueous layer
produced napnthylacetic acid in greater or lesser amount.
In some cases zs much as 50% wus obtained in spite of all

possible precautions to eiclude moisture.

dl-¢B-Di-(l-necphthyl)-succinic acid. (34)

Ethyl dinapataylsuccinate (meso or racecic or both)(2 g.)
was refluxed with a solution of potassium hydroxide (1.1 g)
iﬁ water (2 cc.) and slcohol (23 cc.). Within ten minustzes
the ester had dissolvec and arter twenty minutes tae solu-
~tion was diluted witih water (25 cc.), neutralised with
concentrated hyarochloric acid (2.5 cc.) and the alcohol

o ‘
eva_oreted at 100 .  Next day toe acid wes treated wita
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acetic acid to remove traces of insoluble meso acid and
the solution diluted with hot water (30-40 cc.). The
dl-dinaphthylsuceinic acid (1.6 g.) separated and was
crystallised from agueous acetic acid or alcohol- colour—

-less needles, m.p. 243-5°.

dl-x8-Di-(l-naphthyl)-succinic anhydride.

The racemic acid (1 g.) was heated under refluz with
agetyl chloride (30 cc.). After a short time the acid
began to pass into solution. Excess acetyl chloride was
evaporated in vacuo leaving a crystalline product which
on recrystallisation from dry benzene diluted with a little

o
light petroleum formed colourless needles, m.p.lsl-2 .

Attempted cyclisetion of dl-«b-di-(l-naphthyl)-succinic

anhydride. -
a) The above anhydride (0.5 g.) was dissolved in

dry aitrobenzene (10 cc.) and powdered sluminium chloride
(0.45 g.) added with shaking. After standing for two days
the mixture was poured into dilute hydrochloria acid and
and the nitrobenzene removed by distillation in steam.
The residue was recrystallised from benzene and melted
about 240%. It was soluble in hot sodium carbonate solu-
-tion and a mixed m.p. with dl-dinaphthylsuccinic acid
showed no depression.

b) The above conditions were repeated except that the

mixture was heated on the steem bath for eiznt hours and
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the quantity of aluminium chloride was ddubled (0.9 g. for
0.5 g. anhydride). The racemic acid was again obtained
unchanged.

c) The anhydride (0.5 g.), aluminium chloride (0.9 g.),
and carbon disulphide (100 cc.) were refluxed for nine
hours on a water bath. After adding the mixture to dilute
acid ahd distilling the solvent in steam, the residue was
found to be unchanged acid as before.

d) Similar gquantities of anhydride and aluminium
chloride were dissolved in tetrachlorethane and the mixture
warmed. It began to darken immediately and hydrochloric
acid was given off, but on working up a dark‘coloured
product was obtained. This was trested with sodium carb-
-onate solution, giving some racemic acid on acidification
and the insolﬁble residue boiled with alcohol. This
solution was tested with 2:4-dinitrophenylhydrazine solu-
-~tion, but there was no precipitate nor did the colour
of the solution darken.

e) A platinum érucible was three—quarters filled with
anhydrous hydrofluoric acid and dl-dinaphthylsuccinic acid
(0.5 g.) sprinkled on to it. The crucible was allowed to
stand in a waxed container fitted with a calcium chloride
tube until all the hydrofluoric acid had evaporated. The
acid wzs found to be unchanged.

f) A similar experiment was carried out on the an-

hydride, but once again the residue was completely soluble




~70~

in boiling sodium carbonate solution and vroved to be
dl-dinapnthylsuccinic acid.

g) Sodium chloride (0.4 g.) and aluminium chloride
(1.2 g.) were mixed together and heated to about 130%in
a round bottomed flask over a sand bath. The anhydride
(0.2 g) was added and the mixture kept at a temperature
of about 1300, with frequent stirring for two hours. Hot
hydrochloric acid was added and the residue treated with
sodium carbonate solution. On acidification of this
alkaline solution some dl-dinaphthylsuccinic acid was
obtained. The insoluble residue was extracted with
alcohol but gave no evidence of containing a carbonyl group

when tested with 2:4-dinitrophenylhydrazine solution.
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PART 111.

1:2-Dihydro-1:2-dihydroxypyrene. (39)

Pyrene (0.79 g.) was dissolved in pure benzene
(10 cc.) and osmium tetroxide (1 g.) and pyridine (0.5 cc.)
added. The solution; which immediately became brown in
colour, was allowed to stand in a stoppered bottle in the
dark for a week. The benzene was then decanted from'the
dark brown crystallinemass which adhered to the walls
of the bottle. ‘After washing with benzene, the complex
was dissolved in methylene chloride (25 cc.) and trans-

—-ferred to a 350 cc. conical flask. Potassium hydroxide

(1 g.) and mannitol (10 g.) were dissolved in water (100 cc);t

and this aqueous solution added to +the methylene chlor-
-ide solution. The mixture was saturated with nitrogen
(to prevent oxidstion to pyrene-l:2-quinone), closed
with a rubber stopper and shaken mechanically for one
hour. The aqueous solution (pinkish brown in colour)
was decanted off and a further 100 cc. of a similar
solution added. After saturatving with nitrogen and
shaking for another nour the combined solutions were
filtered. l:Z-dihyaro-l:2—dihydroxypyréne (0.2 g.)
remained as a white amorphous solid which on crystall-
isation from benzene diluted with light petroleum b.p.

(¢) O
- 60-80 had m.p. 180-4 (D).
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Phenanthrene-4:5-dialdehyde. (45)

The above diol (0.175 g.) was dissolved in benzene

(50 cc.) and lead tetraacetate (0.5 g.) added with shak-
-ing while the solution wags warmed. An immediste pre-
-cipitate of lead dioxide was formed and shortly after-
-wards a precipitate of lead diacetezte. After standing
for one hour the mixture was filtered and washed with
benzene. The solution wzs shakem with weter, dried
and the solvent evaporated. The residue solidified to
a brown mass, which was dissolved in benzene and boiled
with animal charcoal. The light brown micro-crystelline
so0lid which was deposited from the filtrate and is be-
~lieved to be phenanthrene-4:5-dizldehyde, had m.p. 152—40.

The 2:4-dinitrophenylhydrazone formed dark red needles
from acetic aecid, m.p. 306-—8O (D).

The aldehyde also yielded an oxime which wes pale
greenish~yellow in colour and melted over a large range.

It turned brovn in alcohol and could not be purified.

Phenanthrene—4-aldehyde-5-carboxylic acid. (cf. 37)

Pyrene (10 g.) was suspended in acetic acid (100 cec.)
and ozone (obtained from a transformer through which
‘oxygen wes passed by means of a fine gauge at 51bs/sq.ih,
bubbled through the mixture for two hours. The contents
of the flask which were dark brown were poured into water

(300 ce.) and then warmed. The yellowish brown solid
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became a brown oil which solidified again on cooling and
adding more ﬁater. After filtering the residue was
washed with water and boiled twice with a solution of
sodium hydroxide (2.5 g.) in water (150 cc.) and filtered
again. A residue of pyrene remained and the dark brown
filtrate was warmed with bleaching powder (12 g.) until
the supernamant liquid became véry pale yellow. The
mixture was filtered and on adding 40 cc. of sodium
hydroxide (50%) the sodium salt of the aldehyde-acid
precipitated out. The next day the solid was filtered,
washed with concentrated sodium chloride solution and
warmed with .dilute hydrochloric acid to liberate the free
acid. 'Phenanthrene—4—aldehyde-S—carboxylic acid (1.3 g.)
crystallised from acebic acid in long shining needles,
m.p. 271-20.r

The aldehyde acid (1 g.) was suspended in methyl
alcohol (40 cc.) and hydrochloric acid gas passed into the
mixture until it was saturated. After refluxing for
two hours the solid had still not dissolved. The alconol
was then removed and water and sodium carbonate added.
The residue did not go into solution and the solid was
filtered and dissolved in a large quantity of methyl
alcohol from which it crystallised in shining needles,
m.p. 176=7°. |
(Found: ¢, 77.0; H, 4.6. Cq4Hy 505 requires C, 76.9;
H, 4.6%.)
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Clemmensen reduction.

The aldehyde-acid (0.5 g.) was boiled for twenty Four
hours with zinc, concentrzted hydrochloric acid, water
and toluene. (30) - The toluene layer and benzene extracts
of the aqueous layer were shaken with sodium hydroxide
solution. Acidification of the alkaline extract gave
a precipitate which was redissolved in sodium hydroxide
solution and converted to its methyl ether with dimethyl-
sulphate. The small emount of crysiwlline product
melted at 120—3O but showed no depression ih m.p. wien
mixed with an authentic specimen of l-methoxypyrene,

m.p. 126-80.

The neutral orgenic solution gave a residue on evapor-—

-ation of the solvent. This was treated with picric

acid, the product crystellised, and the pictrate passed

through z column of alumina. The product obtained

was still a complex mixture and could not be purified.
Wolff Kishner reduction (31) also gave a mixture of

alkali insoluble productis.

Methyl-phenenthrene-4eldehyde-5-carboxylate.

The aldehyde-acid was suspendedin acetone and mixed
with a solution of diazomethane in ether. The mixture ~
wes shaken taoroughly and then left overnight in the
refrigerator. The excess diszometnane was destroyed with

ccetic acid and after evaporating the solvent the resiuue
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of methyl phenanthrene-4-aldehyde-5-carboxylate cryst-—

0
-allised from methyl alconol in needles, m.p. 113~-4 .

requires C, 76.9;

H, 4.6%.)

4 :5=-Dihydroxymethylphenanthrene. (48)

Lithium aluminium hydride (8 g.) was added to anhyd-
-rous ether (200 cc.) in a three-necked flask fitted with
condenser, dropping funnel, and mercury seal stirrer. A
solution of the above methyl ester (2.5 g.) in ether
(200 cc.) was added through the dropping funnel gradually
and the mixture then refluxed for half an hour. Water
was added very cautiously cooling the flask in ice.

When effervescence ceased the contents of the flaslk were
poured invto ice water aand 10 sulphuric adid (400 ce.)
added. The liguid was extrécted with etner znd af'ter
evaporation of the solvent the residue (2.25 g.) of

4:5-dihydroxymethylphenanthrene crystallised from alcohol

in shining prisms, m.p. 171-20. A first analysis indic-
-ated that the substance had crystallised with z2lconol of
crystallisetion but a new specimen was prepared using
benzene as solvent.
(Founda: €, 80.6; H, 5.9. Cl6Hl402 reguires C, $0.6;
H, 5.9%.)

Treztment of tals hydroxy-compound in benzene solution

coanteining & little calcium chloride, with hydrochloric
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acid gas produced a substance which fofmed shining plates
from petroleum ether b.p. 60-30 , m.p.77-8°. This
Wwas ., ,presumably the cyclic ether formed by loss of water
from the dihydroxy compound.
(Found: C, 87.8; H, 5.4. C16H;p0 requires C, 87.3;
H, 5.5%.)
A secoﬁd analysis 1is being carried out but this is suff-
-icient to exclude the possibility that the dichlore—
-methyl compound has been formed for this has a carbon
value of 69.8%. |

The above ether was dissolved in acetone and shaken
with palladium black and hydrogen. The residue
obtained on filtration and evaporation of the solvent
crystallised from alcohol in colourless prisms, m.p. 85—870
(Found: ¢, 86.8; H, 6.0. - Cl6Hl4O requires C, 86.5;

H, 6.4%.)

Tﬁgfgfgiigfgéfiﬁsa vacuum and dissolved in benzene.
This solﬁtion was treated with hydrochloriec acid, the
benzene evapbrated and last traces of solvent removed
under reduced pressure. The residue waszs dissolved in
in acetone and shaken with hydrogen..and palladium .

After filtering the solﬁiion and evaporating the solvent
the solid residue was dissolved in alcohol from which it
crystallised in thick needles, m.p. 94—60.

(Found: €, 86.1; H,.6.7. C1gH140 requires C, 86.5;
H, 6.4%.)
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