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INTRODUCTION

Condensations of the ethylene oxides with active
methylene compouncs have been investigated by Charlesworth,
McRae, and others. This resesrch was intended to extend the

work of these authors to the oxide of acensphthylene.

The proposed plan was for acenephthylene oxide (I)
to be condensed with ethyl scdio-malonate and ethyl bromoacetate
to yield the tricarboxylic ester (II), whic., following
hydrolysis and decarboxylation, would produce the lactone of
acenaphthylsuccinnic acid (III). Oxidation of this lactone (III)
should have yielded 2-ketoacensphthylsuccinnic acid (IV). The
preparation of the unsaturated lactone (V), and the lactam (VI)

was also to have been attempted,
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The preparation of acensphtiylene oxide had not been

5

recorded in the literature, and its preperation had to be
investigated. The proposed scheme of synthesis was (1) to.
prepere it from acensphthylene chlorchydrin (VII), or {2) to
prepare it by the direct oxidation of acengphthylene with an
oxidizing agent such as perbenzoic acid., The first steps in the
synthesis were to prepare 2 sufficiently large supply of
acenaphthylene, and to investigate the nature of the double bond
in the side ring. If this bond wes found to be ethylenic in
type, the chlorohydrin of acenazphthylene would be prepared, and,

from it, the oxide would =zlso Dbe Prepared,
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A number of methods for the bPreparation of
acenaphtihylene from acenaphthene and substituted acengphthenes.
have been found in the literature, and are discussed in a later
section., Most of these were of little value since the yields were
quite small, The remaining methods deslt mainly with the vapour
bhase oxidation of acensphthene at high temperatures, with and
without the aid of catalysts. Several attempts to prepare the
acensphtihiylene by these latter methods proved to be of little

value. The methods were of poor yield, and required the tedious

fractional crystallization of the reaction product to separate

the unoxidized acengphthene from the acengphithylene, The passage
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of acenaputhene vapours, along wiéh dry cerbon dioxide gas as

a diluent, through a red hot quartz tube produced acenaphthylene
in 10% yields, However, on subsequeut runs, this yield was

cut down considerably by a coating of black carbonaceous matter -
on the imner surface of the tube. The passage of a mixture of
air ano acenaphthene vapours through a glass combustion tube,
heated to red heat and containing powdered manganese dioxide as
a catalyst, also produced acengpntiiylene in 10% yield., A similar
method described in the literature indicated that a yield of

almost 100% should be expected.

Attempted oxidations of acenaphtheue by potassium
permanganate and potassium dichromate in acetone solutions have
failed to produce any acensphthylene at all, although there was
evidence that some sort of oxidation had occurred, An attempt %o
oxidize acenaphinene to either acensphthylene or acenaphthylene
oxide by the action of perbenzoic acid also failed, the reaction
yvielding only unoxidized acenspinthene. It had been reported in
the literature by L. Monti that selenium dioxide on acenaphthene
vielded acenaphthylene in 16% yields. Using both C.P. aud
commercial grades of selenium dioxide, it was experimentally

founc that the yieids were considerably lower than reported,

By far the most successful methoa for preparing

‘ acengphthylene was that or R.G. Flower: in which l-acetoxy-
acengpinthene, with dry carbon dioxide gas as a diluent, was
passed through a quartz tube heated at 520°C, The product
obtained is quite free from acensphthene., The yields of
acengphthylene are as high as 80% and the method was very well

adapted to the large scale continuous production of acenaphthylene.
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To prepare the chlorohydrin of acenaphthylene, excess
acenaphthylene was treated with fairly strong hypochlorous aecid
sclutions. Hypochlorous acld solutions of strength about 16%
hypechlorous acid were obtained by the acidification of a solution
of monochlorcurea prepared according to D&toeufi The progress of
the resction was followed by titration of samples of the reaction
mixture for hypochlorous acid with sodium thiosulphate in the |
usual manner. Steam distillation of the reaction mixture yilelded
only a small amount of unreacted acenaphthylenee>1n the distilling
flask there‘remained a small amount of a dark brown gumy residue

which was unaffected by organic solvents. This gummy residue is

quite possibly a condensation product of acenaphthylene,

By using a more concentrated hypochlorous acid solution,
and by extracting the reaction mixture with ether instea@ of
steam distilling it, a considerable quantity of product was
isclated. Distillation of the dried ethereal extract under reduced
pressure yilelded a light yellow oll which distilled over a fairly
wide range of tempapa@ure@ The chlorins content of the oil was
determined to be 19.93% Chlorines, This is different from the
therine_content of any of the known chl@rine substituted compounds
of acenaphthylene, The only chlorine substituted compound with a
chlorine content near to that of the cill were the chlorehydrin of

acenaphthylene and l-monochloroacenaphthylene (VIII)
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It is assumed that the o1l must be a mixture of two or mors of

the chlorine compounds, whose structural configuration has been

i1llustrated on the previous pages

Upon standing for seve?ai wesks, the light ysllow oil
darkened considerably and a crop of colorless crystals were
observed in the 0ile These crystals were filtered from the oil
and were recrystallized several times from ethyl alcohol to give
Tine white crystals which melted sharply at 61,° Cs It was hoped
thet these crystals were those ofvthe chlorohydr;n kaacenaphthylene
Eut their chlorine content was found to correspond with that of
a dichlowaacenaphthene,‘within experimental error. In 1915, Bede

3 ,

Campbell had repor@ed lgzwdichIOfoacemaphtheme a8 a white solid

meitin’ sha VEW at 11H Ge It ‘hag beﬂn assumed uhat th@se owo

aich¢owoacenayhthenes are geometric 1somers@ This assumption was
witho -(‘/'- 5‘//7//cn7/1m

d o

not made SFe¥ss Acenaphthylene is known to have two

isame:ic.dihydroxy dg:ivatives which are ciSMacenaphthylen@ glycol,
meltingﬂat 210~212§Ceg and trans-acenaphthylene glycol, melting at
157~SGCo Thus it is”reasonable to assume that there might possibly
be twovcorresponding dichloro derivatives. The final identity of
the dichloro derivatives would be established if they could be
converted into the corresponding dihydroxy derivative, and also

if the two glycols were to be converted into their corresponding
dichloro derivatives, Pole Hawkins and N, Beﬁnetgwhave obtained
the chlorohydrin of dihydropyran from the corresponding dichloride
by mesns of water and calcium carbonate, A similar treatment of
the two dichloride isomerg of acenaphthylene might result in the -
production of one or even two isomeric chlorohydring of acew

naphthyleneg



In 1915, B.A, Campbell had prepared a yellow oil from
1;2-dichloroacengphthene., None of the oil's physical properties
were given except the chlorine analysis which corresponded 1o
that of l-monocunloroacensphthylene. Campbell's work was repeated
and several of tune properties of tue oil were determineé, Under a
reduced pressure of 6mm, of mercury the oil distilled at 135-140°C,
A picrate derivative of the o0il was made anc its melting point

was determined to be 150-2°C.

The yellow 0il formed by the action of the hypochlorous
aclid upon acenaphthylene was fractionally distilled under a
reduced pressure of 6 mm. of mercury into three fractions- (1)
130~140°C., (2)140-145°C., (3)145-150°C. Fraction (1) did not
form a picrate derivative, but fraction (2) did form a picrate which
melted at 151-153°C., A mixed melting point of this picrate and that

from l-monochloroacensphtiylene was determined to be 149-151°C,

When left overnigut in an ice chest, the three fractions
each behaved in a different manner, Frasction(l) remained liquid,
Fraction (2) became very viscous, and Fraction (3) became entirely
solid. The Tirst two fractions were analysed for their chlorine
content. Fraction (i) had a chlorine contgut of 17.12%, whicw is
almost identical with the chlorine content of 17.23% for the
chlorohydrin of acensphthylene., Fraction (2) had a chlorine content
considerably higher than tuat for either tane chlorohydrin or
l-monochlorcacenzphthylene, It is believed that this fraction and
also the third fraction contain some of the lower meliing dichloro

derivative or acensphthylene,
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At the present time the acensphthylene chlorohydrin has
not been identiiied conclusively among the products of the reaction

of hypochlorous acid upon acensphtinylene.

. An attempt to prepare the oxide directly from acenaplhiti-
-ylene by the action of perbenzoic acid was made, Two solid
products were obtained in small quantity. The lower melting product,
melting at 121—200,,Was proved to be benzolic acid. The nigher
melting proauct, white flakes melting at 175~809,, has not begn
identified as yet. The mother liquor of the reaction mixture was
a dark red, viscous liquid, ancu has not been identified.
| 5

Acenaphthene had been synthesized by Berthelot from

K-ethylnaphthalene. The author had intended to attempt a siﬁilar

syntuesis of acensphthylene using oc-vinylnesphthalene. The scheme
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of syntiesis is outlined above, Unfortunately, the work was helu

up due to lack of time,

For the preparation of acenaphthylene chlorohydrin it

was necessaxry to prepare a fairly strong hypocinlorous acld solution.



Solutions up to 16% hypochlorous acid have been prepared by
Eet@euf&frcm monochlorourea solutlons. Chlorine was passed into
a mixture of urea, water, and»precipitated»chalko The chlorine
and urea combined to form monochloroureas and urea hydrochlorides
T he chalk reacted with urea hydrochloride to regenerate urea,
leaving a solution of urea and monochlorourea. For best results
the monochlorourea solution should be used as soon as possible
after preparatlion because the monochlorourea hydrolyses, with the
hypochlorous acid being lost as hydrochloric acid and oxygens To
generate the hypochlorous acid, the monochlorourea solution was
acidified with glacial acetic acid, which also acts as a solvent %o

some exbtent in subsequent reactions,
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LITERATURE SURVEY

At Condensation of Bthylenic Oxides With Substituted Malonic Esters.

This work was to be an extension of a series of experi-
%m@nts carrisd out by McRae, Charlesworth, and Al@xandeg&ecna@rning
the synthesis of 2-ketocyclohexylsuccinic acid (X}, and related
substances. The 2=kebocyclohexylsucciniec acid was synthesized by
the exidation of tha lacthe of cyclohexylsuccinic acid (1xX), Which

resulted from the condensation of cyclohexene oxlde, ethyl sodio=

-malonate, and ethyl bromoacetate, followed by hydrolysis and de-

=carboxylation.
CH —CH, — COou C?—mcaza-eoo& CHy
<o
Q’Q coow 0/ \)@ Coow
3 7 X
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‘This reaction had been extended to prepare Z2=ketocyclos
=hexylacetlic acid (XI), and 2~ketocyclohexylmalonic acid (XII)e
By substituting the alkyl{halides, mekhy; 1odide and benzyl chlorid39  ,g
for ethyl bromoacetate, 2=ketocyclohexyl=e(=propionic acid.(XIII), B

and 2~ketocyclohexylbenzylacetic acid (XIV) were produceds

CH— CooH —CH = CHg CH — CHg ~ Cy Hg
coomn « eoon 5. Coan
% ~o e
, .

Cherlesworth, McRae, and MacFarlane prepared the Z-keto=
cyclohexylacetic acid and 2=ketocyclohexyl~pt-propionic acid by the

condensation of the sodio=derivative of ethyl cyclohexanone=2=
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=carboxylate (XV) with ethyl bromoacetate and ethyl @=bromo=

=propionate respectively, followed by hydrolysis,

The synthesis of 2=ketocyclohexylsucecinic ascid (%) from
cyclohexene oxide suggested that this method might be extended to

include other ethylene oxides. Condensations using other ethylenic

oo
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oxides were investigated by MeRae, Charlesworthg Arechibald, and
Alexanderf Ethylene oxide, ethyl sediOMmalonat@, and ethyl chloro=
=acetate were condensed and the_p@oduet was hydrolysed to yield
Qwoxowawcarbaxytetrahydrofuranmﬁwacetic aeidv(XVI)a This acid, when
decarboxylated, yielded 2=oxotetrahydrofuran=3-acetic acid, Using
ethyl/gwbromcpropiqnate in place of ethyl chloroacetate in the
above condensation, 2~oxotetrahydrcfuranmﬁmpropionic acid (XVII)

was obtalned as the final productes

Cly— CHl — @y —CHq ~Cony €Yy — CH - Coey CHy —CHoy
eH, Co CHy=€H  Ca CHz-CY Lo
/ I 4 2 /
™ & Q \Q
73 7l : xrx

s

When propylene oxide was employed in place of the ethylene
oxide, the final product was 2%0x0m5mmethylt@trahydrofuranwam
carboxylic acid (XVIII}, which could be d@carboxylated to yield

£-valerolactone (XIX)e



B: The Chemistry of Acenaphthene,

Acengphtinene is a white crystalline hydrocarbon found in
coal tar to the extent of as much as 2%, It was first discovered
q + - - LA . ‘ti,v f
in 1867 by Berthelot, who later synthesized it by the action o
e . T s
acetylene upon nasphthalene., It had alsc been synthesized by heating
5 : T P k1
K-ethylnephithalene at red heat. The main source of scensphthene is
from coal tar distillate of which it comprises most of the fraction

et

s Lo ; i PO PR v o] - R PR
boiling at 250-300°C. When pure, ascengpihtiene melits at 95 C., and

h] L R S ey e Ty ey Ty
toc note when comsidering the chemistry of

acenaphthene is the similarity between its structure and that of
nephthalene. It was this similarity of structure which ensbled the
earlier investigators to esteblish the constitution of several of
the substitution products of écemaphthene@ When subjected to
oxication by potassium bichromaie and sulphuric acid, ascenspnthene
yielded a white crystalline compound melting at 26600,, and having
the composition C10oHgOs. This latter compound was found to be
identical with an acid, Prepared by Bamberger and Phillip"from.~f

Estrand®s nitronaphthalic acid, which had been established as the

Myﬁldicarboxylic acid of naphthalene, or nsphthalic acid. TFrom

this data, the only conclusiocn was that acenaphthene had the above
. i ) N

contiguration. This was later confirmed by Baly and Tuck from

their investigations on the abscrption spectra of nephthalene gnd
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acengphthene,

Once the constitution of acenaphthene was established,
it was relatively an easy matter to determine the structures of
the Varioﬁs products of oxidation which occurred along with
nephthalic acid, One ¢f the compounds isolated from among the
oxidation products had the formuls 0123602’ and could be further

¥

oxidized to ngphthelic acid. Its constitution was thus determined

as ¢@= ga

and the compound was called acengphthene gquinone,

For the method of nomenclature of the various substitution

products o. acenaphthene, it is generally adopted that the carbon
14
atoms of acengphthene be numbered as in tihe figure below.

From tihe Tigure it is obvious that tiere should be four different
monosubstituted acensphthenes, with three of these having the
substituent in the naphthalene nucleus, Also there shoula be
seventeen disubstituied products, of which nine would have the

two substituencvs in the nspnthalene nucleus. In determining the
position of a halogen substituent, Blumenthafbfound it most
convenient to employ oxidation reactions. ¥For example, if a compound

had the formuls ClgﬁgBr and was found to oxidize to naphthalic

acid anu not to a bromonsphthalic acid, the bromine atom was



obvicusly substituted in one of the methylene groups, and the

compounc had the configuration

The oxidation of substituted acensphthenes to known ngphthalene

derivatives has enabled investigators to estsblish the constitution
fe : e B

of all substituted acenaphthenes, The oxidation of nitreoacenaphthene

to &-naphthylamine, as in the following diagram, by Craebe estab-

2 @%r@@M

%&‘“‘&‘;’%‘@ ‘
%, ) : b ) \@
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-lished the nitro group in the b-position of acengphthene, With the
constitutions of most of the substituted acengphthenes firmly

established, the constitutions of the varlous substituted oxidation

L7
products could be determined, Buri~Hol and Cagneant have reduced

3= and S-substituted acenephtinene quinones by the Clemmenson

method to the correspondingly substituted acenaphtiene hydrocsrbons

7]

e

which were readily identif ed,

Apart from oxidetion +to oxygen-contaeining compounds like
acenagphthenone and acenaphthene gquinone, acenaphthene can be
oxidized to & very similarly constituted compound, called ace-
-nephthylene, by the loss of two hydrogen atoms from the methylene
groups. The oxidation ot acenaphthene to zcensphthvlene will be

discussed in deteil in a later section.
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' Tne passage of acenaphthene vapours over reduced nickel
in the presence of hydrogen yielded two hydrogenated ﬁrO&Ubema%
tetrahydroacensphthene, b.p. 240°,, and decahydroacenaphthene,
b.p. 235%, Tetrahydroacensphthene asppesred to be stable indef-
-initely in closed vessels and yellowed only slightly in air. It
decolorized potassium permengsnate solution like an u@saturated

gompound and ig vigorously attacked by a chromic acid and sulphuric

scid mixture,

Halogen Derivatives

Blumenthal, in 1874, made the first recorded investig-
mablﬁﬂﬁ of the halogen derivatives of aceﬁaohtﬂeaé% His paper
mentioned several different substances containing halogens, but
these were of such doubtful purity that their constitution was
very much in doubt, He did, however, succeed in prepering 5-bromo-
=acenaphthene by the action of bromine upon acensphthene in ether
solution, Further investigations conducted by JeTaKeblegiaEQ Bam-
m%ergefi‘and T,Ewai?%ere all equally indefinite, It seemed probable
thet in all of these cases the separation of pure products was
hampered by the presence of eutectic mixtures, In 1903, pure
S=bromoacensphthenc was isolategaana found to be identical with the
white browmire compound prepered by Blumenthal, It was prepered in

excellent yield by & modification of Blumenthalts method, In 1503

3%

2¥
Crompion prepared S5-¢chloroacenaphthene and S-icéoacengphthene by
application of the same method., Crompton used chlorine gas or
sulphuryl chloride as chlorivating agents, bromine in etheresl

solution as the brominating sgent, and iodine with yellow mercurie



oxide in methyl or ethyl alcohols as the iodinating agent. The

S~-chloro~ and B-bromo-acensphthenes form isomorphous mixtures.

This is indicated by the faect that the addition of B-chloro-
-acensphthene to B-bromozcensphthene does not depress the freezing

point of the latter, but the freezing points of mixtures of the
two conpounds lie en.a continuous curve between those of the two
pure compounds., Morecver, S-chloroacensphthene does not form
isomorphous mixtures with either acensphthene or 5S-iodoacensphthene,
;t is expected that S~bromoacensphthene does not form isomorphous
mixtures with either of the two compounds,

The spectrocnemical behevicr of the two halo-acensphihenes

as 26

have been investigated by J.E.Purvis and by K. von Auwers. F.Sachs
and @eﬁogeba@kfgcnfirmeé the constitution of the bB-chloro=~; S=bromo-,
and S-icdoacensphthenes in 1910 by preparing these substances from
S=gminoacensgphihene, Paillard and Eaﬁarge;? in 1933, stated that a
maximum yield { 83% ) of B-chloroacengphthene could be obtained
from the cunlorinstion of acensphthene in either methyl alecohol,
ethyl sleochol, owx glacial acetic acid as solvent and with iodine
or entimony pentachloride as catalyst, Dashevskil and Karisligt?in
1937, enlorinated acensphthene in orgenic solvents, in the cold
and at elevated temperatures, with and wiithout catalysts of lodine,
sulphur, bismuth, copper, lead, iron, or aluminum, Coutrary to the
findings of Paillard and Favarger, acensphthene with two moles of
chlorine in glacisal acetic acid and aleokol at 80°¢, in the
presence of iodine and other catalysts does not give 82% of B-chloro.
~acengphthene but a mixture of chlorides containing 55% of 5,6~
dichlorcacenaphthene, However, reaction of acensphthene in 5 paris

-

of boiling 75% ethyl alcohol with 10-15% excess chlorine, and no
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catalyst, yielded 90% of B5-chloroacensphthene., With 2.5 moles
of chlorine the products were 55% of 5,6-dichlorcacensphthene,

some S=chloroscenephthene, and some trichloro- and pentachnloro-

acld in glacial acetic acid yielded 4,5-dichloronzphths

wnich changes at 1940C, to the anhydride.

Oxidation ¢f b-chloroacenzphthene with'sodium dichromsate
in 95% acetic acid yielded 94% of 4-chloronsphthalic acid,
Oxidation with ammonium dichromate yielded « -dichlorobiacensphih-
~ylidenedione, 4-chlovonsphthalic acid, and D-chloroacensphthene
guinone, The guincne yield of 26% could not be ralised above %haﬁ
figure by any meaﬁsQFWh@ﬂ oxidcized with ammami&m diciromateys H-6-
~dichloroacenephthene yielded almost 100% of 5,6,56%,6f=tetrachloro-
blacensphithylidenedione, Depending ugom the conditions of oxidation
with sodium dichromate, 5,6-dichloroacensphthene yielded 94-95% of
5y6=-dicnloroacenaphthene gquinone, or =2bout 10% of 4,5-dichloro-

=ngphthalic acid, Dashevski and Xarishin also prepared lemon yellow

crystals of 1,1;2,5,6-pentachloroacensphihene,

Bromination of acenephthene in boiling 75% alcohol yielded
92~95% of S-bromoacensphthene and, with a veriation of cunditions,

yielded 30~40% of 5,6-dibromoacenaphthene. The oxicaticn of S~bromo-
acensphthene with sodium dichromate under various conaltions yielded

91-96% of 4-bromonsphthalic acid, or 78% of &«;«'~dibromoacensphth-

~ylidenedione, or 9-10% of bS-bromoacensphthene guinoune,

Oxidation of B,6=dibromocacensphthene with sodium and

ammonium dichromates, by methods similar to tuose used for the

f=h

oxidation of b=-chlorocacenaphthene, resulted in the preparation ¢
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4,5=dibromongphthalic acid, 5,06,5',6'=tetrabronoacengphthnylidens-
] o o Bl # %

w1 s Yo e T el e a4
acengphtihen by Deshevski anc Kerisinin,
Healting with entrated sulphuric acic

converted 5, 5,6~dichloroacensphtnene~
~S=sulplionic acid. The amid D this acid, when treated witih sodium

zimalgeam in a engpinthene Swsuljﬁona@:&c

Oxidation o
-2-sulphonephithalic acid, Using excess concentrated sulphuric scid,
S5y6-dichloroacensphthene was converted into 5,6-0ichloroacens phthene-
~3g8=disulphonic acid, as well as the -3-sulphonic acid, Dashevski
ant Kerishin investigated the oxidation products of the mono-
~sulphonic acid and the disulphonic acid of 5,6-~dichlorocacenaphithene,

ant also those of the monosulphonic acid and disulphonic acid of

There was only one halogen substituted acensphthene with

the halogen substituted in the side ring. This compound was l-mono-
81
nad been prepsred by Fieser and Cason from

bromoacenspnthene, whick

3

P

) s

l-acengpntihencl by the action of potassium pentsbromide, The chlorine

analogue has not been prepared as yet., The dibromo-, and dichloro-
-gcenagphithenes with both halogens in the side ring will be discussed

in 2 later section or 'The Chenmistry of Acensphthylene!,

Table I lists thie halogenated acenspitihenes and thelr
melting points, as well as the melting points of a few of their

derivatives,
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Sy6~Gichloroacenaphnthene=3,8=
~Gisulphonic acid

4,5=dichloro=-2,7~disulphonsa-
" -phthalic acid
5,6~dibromoacengphthene-3-
-sulphonic acid

4,5-divbromo~2-sulphonaphith-
alic acid
5;6-dibromoacenspinthene=3,8-

~Gisulphonic acid
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=thalic acid
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Witro Derivatives

82 , :
F. Quincke, in 1887, was the first investigator to nitrate

acengpitinene, He obtained a mixture containing two subsiances later
'identifiedvas S-nitroacenaphthene and 5,6-dinitroacensphthene,

o Jandriexigin the seame year, under wiat eppeafed to be the same
experimental conditions as used by Quincke, obtained a mononitro-
derivative melting at 155°C., ( cf. 102%. Tor Quincke ). CGAGraebe?¢

3y
and N, Briones both confirmed the investigations or Quincke, Graebe

modified Quincke's methoa of nitration to greatly increase the yield,
and was the first investigator to prepare pure bH-nitroacensphthene,
melting at 106°C. Graebe's method was furtiner modified by F. Sachs
and G, Hoseba@ﬁ#%ho obtained yields of 84% for bB-niuroacenaphthene
and 40% for 5,6=Ginitroacenaphthene (XXVI), and established the
constitution of tne latter., They alsc prepsred 4-nitro-5-amino-
acenaphtnene, and 4=-nitro-S-oxyacensphthene as a result of nitrating

the acetyl derivative oi bH-aminoacenaphtuene,

Substitution in acensphtinene usually takes place para to

&
one of tue methylene groups, but this is perhaps preceded by ortho
substitution, Morgan and Sheasby?%itrated acengphthene under both
hydrous and anhydrous conditions. They found that hydrous conditions
generally yielded para;substituted compounds and that anhydrous
conditions generally resulted in ortho substitution., NWitration with
benzoyl nitrate in cold petroleum ether yielded 3-nitroacensphthene
as the sole product. Nitration with acetylnitric acid yielded 65=70%
of d-nitroacensphthene (¥XI), the remainder of the product being
mainly S5-nitroacensphthene (XXII) produced by = secondary reaction
of the 3-nitroacenzphthene, This was established by the prepsration

of b-pitroacenaphthene by heating 3-nitroacenaphthene witin & little



A

nitric acid or sulphuric acid in glacial acetic acid. There wes
some indication that the reaction was reversible, but, if so, the

eqguilibrium was well to the para side,

A characteristic greyish-blue coloration was obtained
when d-nitroacengphthene was treated witn cold concentrated sulphuric
acid, With sulphuric acid, b-nitrocacensphtinene gave s bluish-red
coloration, These distinctive colorations and certain differences
in solubility have renderecd possible the detection of 3-nitro-
~acengphthene amoung the nitration products of acenapntheme produced

under ordinery hydrous conditions.

After nitration under aniydrous conditions with discetyl
ortihonitric acid, there was evidence of a 4-nitroacensphthene (JXIII)
produced., This product was not isclated from the nitration product,
but 4-aminocacenzphthene was isolated from among the products of
reductiqm of the crude nitration product, showing that there had
been 2z substitution in the 4-position of zcensphtihiene,

3%
Morgan and Herrison found that tue further nitration of

5~nitroacehaphthene under hydrous conditions yielded principally
3y,6-dinitroacengphtnene (XXIV), which was also produced from 5—nitro~:
acenaphthene using diascetylorthonitric acid, These two modes of
formation do not exclude a 3,5~ orientation of the nitro groups, but
the new dinitro compound, melting'at 205-6°C,, furnished, upon
partial reduction, G-nitro-3-aminoacensgphthene, winich is isomeric
with but not idenﬁical with B-nitro-3-amincacensphthene derived from

S-formamidoacenaphthene,
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The by-product of nitration, uncer hydrous COﬁ@itiOﬂSg
of Jd=nitroacenaphthene was regarded as J,8-dinitroacengphithene {Xxv)¢
It was probable tihat it was also formed in small smounts during
enhydrous nitration of ascenaphtnene, in as wmuch as the basic product
obtained on reduction otf crude 3-nitroecengpatnene with aluminum
amalgam contained a diamine which diazotized to a clear yellow
soluble diazonium compound, z property possessed by d-amino- but
not by 4-sminocacengphtuene, which, upon diazotization, displayed.
intense green or blue colorations. Hence it was inferred that neither
of the amino groups oi the diemine was in the - or 6&-positions, and
the base was assumed to be 3,8-disminocacensphthene, The following
diasgram indicates the relationships existing among the mononitro-
andé dinitro-ascensphthenes.
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organ and Stanley succeeded in preparving 2-nitro-

o

acenapithene indirectly. Aceusphthene guinone was converted to
1l,l-dichloroacenaphthenone, whicih on reduction gave acenaphthenone,

The oxime of &acensepithenone, when reduced, yielded 2-amino-acensph

~thene, The oxidation of this amine produced 2-nitros .cenaphtiene,

lhe 2Z-szminoacensphtinene was a base of mixed sromatic znd sl vhatic
type, resembling benzylamine,
CR,- C= 8300 %&”g% - ngiﬁ; 5%@@*‘@% o B @%ﬂ
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Amino Derivatives

lany different metinods for reduction of nitroacensphthenes
heve been investigateé? 0f the earlier investigators, Sachs and
liosebacn had the best yields of bH-aminoacensphtuene witn yielus of
77% as compared with 50% for Graebe., Rodionov and Mel'nik heve
reported JlelQS as high as 94% for S-aminoacenegphthene using a
platinum black catalyst. Numerous smino- and diamino-derivatives
of acenapnthene have been prepeared, among which sre 4-nitro-b-smino-
~acenaphthene, 4,5-disminoacensphthene, and S5,8~diaminoacenaphthene,
The study of the reactions of the monoamino- and dismino-derivatives
of acenspnthene should prove of great interest because of tie
‘numerous Treactions wiici are possible involving the amino hydrogen.
Diazotization and coupling sare two such reactions., Compounds like
acenaﬁﬁthene»azo7é—napﬂtholg azotol, anu Schiff's bease have been

. . o o
prepared from D-aminoacenapihthene,

‘the dieminoacenaphthenes also provide many interesting
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reaction products. 4,5-Diaminoacensphtiene condensed witia diacetyl

to give
Ethy=LH,

2 cz%%

é

o
S N Co Qg

\%2‘:‘ ém &g

D,6-Diaminoacenaphthene yielded a veriety of products under tie
action of carbounyl oxygen., This dismino- compound reacts with

pathalic anmhydride, and witin formic acid to give, respectively,

It aed been Tound tiaat acensphthene quinone condensed with
aromatic amines guite readily. Interesting results mignt be obtained
ir the ciamines were the diamines of acensphthene itself, The cond=-

-ensations o. acenaphthene gquinone wita amines, with aydroxylamine,

. &
and with hydrazine have been investigated by G. Ampols and V., Reecchi,
43 } s ) Vs B 6 7 N :
A. Cruto, G. Cherrvier, L., Behrend, J, Hermes, K. Auwers, F. Ullmann
o5 4

and X, Cassirer, L., H¥ransconi and ¥, Pirazzoli. It would be well
worth noting that if the monoamino- and dismino- derivatives of
acensphthene were condensed in reactions involving the amino hydrogen
the reaction products would still have the wmethylene groups of

acengpithene available for further condensation reactions,



Sulphonic Acid Derivatives

3

The first recocrded preparation of a sulphonic acid

derivative of acensphthene, that of acengphthene-E-sulphonic acid,
Se YR

was wade by K, Oliveri-lMandala. In 1923, Dziewonski and Stolyhwo
investigated the sulphonic acids of scengphthene ano found two
isomeric monosulphonic acids and four isomeric disulphonic acids.
The acids that were obtained were found to depend upon the condition
under whicii the sulphonaticn was cerried out as well as upon the
nature of the sulphonating ageut: The sulphonating agents used were
concentrated sulphuric acic and cnlorosulphionic acid. The use of
tne calculated amount of sulphonating agent produced the isomeric
monosulphonic acids. At low temperatures, nesr 0°C., the -3-monoc-
-sulphonic acid was the cuief proddéect, and at hige temperature,
near 10000,, the -S5-monosulphonic acid was the main product. The
mono~ and di-sulphonic acids were difficult to separate as taeir
salts, but their derivatives, eegecially the amides, were very
well sulted to tie purpose. The sodium and barium salts of the
monosulpiionic acids were considerably less soluble tnan those of
the disulphonic acids, The sodium and barium saits of tue -D-monc-
-sulphonic acid were less soluble tinan those of the -3-moncsulph-
~onic acid. To establish the ?osition oif tue sulphonic group in
the acenephthene molecule, tue following procedure was employed.
The monosulphionic acid was oxidized to a sulphongphthalic acid,
from whicu, after alkali fusion at 250°C., a compound, melting &t
25VOC,, was obtained. This was previously supposed to be identical
with 4-hydroxynsphthalic enhydride. This compound had the formuls
012H603 s and gayegé—napnthol wnen distilled with calcium hydroxide.

It formed 1,8-phenylpyricdazone-2-naphthoquinone without the loss
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deriveative by heating with walter in & pressure vessel,

The nitro= and aminc-cderivatives of acenephthene meno-

1

~gulplionic acids were studied - Dziewonskl and Crzelski in 1826,

They noted that, in the nitration of acensphthene-~3-sulphonic acid

ring was attacked, Thus, using chlorosulphonic acid in nitrobenzene,

S-nitroacensphthene was converted into b-nitroacenaphthene-7-
-sulphonic acid. This latter cowpound was oxidized by sodium

dichromate to B-nitro=-3-sulphonephibalic acid. The reduchtion

O
4

the S-nitroacensphthene-7-sulphonic acid yielded S-zminoacengphthene~
~7=sulphonic acid. The diazonium derivative of +the aminc=-sulipi-

acid, and copper powder yielded a monosulphonic scid derivative of
acengpnthene which was isomeric with the known -3- and ~-b-sulphonic
aclds. To esteblish the structure of the two isomeric nitroacenaph~
~thene sulphonic acids, the following procedure was employed. The
sodium salt of acensphthene-3-sulphonic acid, when treated with

nitric acid ( d.-1.38 ) in glacizl acetic acid, yielded 6-nitro-

-nitro=-2=sulphonephthalic zcid. Reduction of C=nitroacenzphthenc~
~5-sulphonic zcid produced the B-zminoscen ephthene-5-gulphonic

Aonated with sodium amslgem to B-amincace-



T

Hydroxy and Carboxyl Derivatives

There were velatively few acenaphthene compounds to be
founae in the literature in whicn the hydrogen atoms of the aromatic
nucleus were subsiituted by hydroxyl groups., Sachs and losebach
prepared S-hydroxy-4-nitroacenaphthene and its reduced counterpart,
S-hydroxy-4-aminocacenaphthene, The preparation of b-acenaphthenol,
woich was used in the production of indigoid dyes, had been covered
by a.paﬁentiéﬂydraxy compounds with the hydroxyl groups substituted
into the methylene groups of acenaphthene will be dealt witn in the

next section.

Berthelotgised phosgene in an unsuccessful attempt to
substituted a carbonyl group into the aromatic nucleus o. acenaph-
-thene, Using chlorocarbamic acid, E.P. Harriégibﬁainedan acid
which was hydrolysed to acensphthene-b-carvoxylic acid, commonly
called acenapathoic acid. Aceusphthoic acid had been prepared by

. 59 . [
Liebermann in 30% yield using oxalyl chloride, and by Grignard (1)
by the action of carbon dioxide upon the magnesium derivative of
acenaphthene, and (2) by hydrolysis oi the nitrile obtained by

treating S5-bromoacensphthene with magnesium and cyanogen chloride,

&r
There were several patents covering the preparation of

mono~- and di-carboxylic acids ou acenaphtheneg Acengphnthene~b~carb-
-oxylic acid and acensphthene-5,56-~dicarboxylic acid were prepared
by condensing acenaphthene wituan alkyl phenylurea or an alkyl
phenylcarbamyl chloride (which may have 2 chlorine or methyl group
substituted in the phenyl nucleus) in the presence of an aluminum

halide, and then hydrolysing the resulting alkylanilides,



Oxidation Products

liost of the work done in the field of acenaphithene
chemistry has been the investigation of the oxidation products of
acengphthene, Investigatiovns took their naturss. course, whicih was
the perfection of metinods for preparing the individual products
and for separating thé verious products from crude oxidation
mixtures. It was indeed suwown in the earliest experiments that the
vields of the individual products depended very definitely upon -
the reactlon conditions, and also that a great variety of products
were formed,

L2
Graebe established the relationship between acensphthene

and its oxidation products, and also established the most favorable

condivions for meximum yields of some of the more important

products. These conditions have not been improved upon until guite

recently., Graebe reported yields or 4u% for acenaphthene gquinone,
63

whereas Dashevskl and Karisghin nave modified nis method to raise

the yield to V1%,

The oxildation or acengphthene proceeds through the

following stages-
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Intermediate between acenapintiiene and acensphthylene
there is another product whickh also may be regerded as a product

of direct oxidation. This product is acensplitihenone,

ey~ Co

There are also a number of secondeary oxidation products
Tormed from the primary oxidation products, These secondary
oxidation products are biscensphthylidene ketone and biacenaphth-

-ylidenedione, formed by the condensation oif one molecule of

- C == Q\
NeH / C,oH
H A oy e \ /Ciete
Grefle \lCHz ol‘/ ‘°H'°\Co Co
5 /RCENna /cw 7YYy LoDBH @ j;ﬁcempw PUY L EOCHE Sobosir
erame

acenaphthene quinone with one molecule of acensphthene or one
molecule of acensphthenone respectively, Biacensphthylidenedione
has been found in neerly all of the oxidstion reaction products,
the three most common compounds found in the product of oxidation
of acenagphthene were acenaphthene guinone, ngphthalic acid, and
biacenaphthylidenedionea Acensphthenone and ngphthaldehydic scid
were alsc found in small amounts in oxidation mixtures, Graebe
determined the experimental conditions for the best yields of
acenaphthene quinone ang nephthalic acid, His efforts succeeded in
yields of 40% for acensphthene quinone, and zlmost 100% for the
T ] : . - &4

Naphthelic acid, wowever, later resesrchers were unable to duplicete
Graebe's yield of 100% for naphthalic acid, mo matter how precisel:

e A
whe Tact th

s el R ok I T - e 3
the conditions were duplicated, Graebe 1

t
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great care was needed in carrying out the oxidation reaction.

Also care had to be exercised in extracting acenaphthene guinone,
for the concentrations of the sodium hydroxide solutions used in
the extraction were of utmost importance. If dilute ( 5% ) sodium
hydroxide solutiovn were used during the extraction of the guinone,
practically all of tue quinone was precipitated by tue addition

of & mineral acid. If more concentrated caustic solutions ( 30% )
were used, an almost quantitative yield of naphthaldehydic acid
resulted upon the addition of the mineral acid., The more important

oxidation products are now to be considered in detail,

Acengphthylene Glycol

Up until 1938, this product had not been isolated from
the products of direct oxidation of acensphthene., It had been
prepared from acengphthylene bromide by (1) transforming the
bromide into the acetate and sgponifying the resui%i and (2)
boiling the bromide with Wate?i In 1938, L. Eontf%reporﬁed the
isolating of two acensphthylene glycols from the producis of
direct oxidation of acenaphthene with selenium dioxide, The two

lycols were bellieved to be cis and trans geometric iscomers,
g



Acengphithenone

This product appears to be midway between acensphthene
and aceunsphtiiyylene. It has been prepared from acengphthylene glyecol
(1) by treating tue glycol with sodium alcoholate sand methyl iodidtz
and (2) by boiling the glycol witih concentrated hydrecunloric acid,
and then steam distilling the solution, the acensphthenone sppesar-

&9
-ing in tne distillate. The oxidation of acensphthenol with chromic

aciG in glacilal acetic acid also yielded acenapﬂthenong? There were
several methods of preparation from acensphthene guinone, The
direct reduction of the quinone in acetic acid with zinc dust, or
the conversion of the quinone to the diculoride with phosphorus
pentaculovide, followed by reduction both produced the desired
acenzphthenone in 35-37% yields, Acensphthenone is also produced -
¥ the sction of aluminum chloride on &L~ngphthylacetyl chloride in
nitrovenzene according to tae equatioﬁw

. gy ~C6 = G

Being part guinone in nature, it would be expected that
acenaplithenone exnibit some of the cheracteristics of quinones,
It polymerized to yield biagensphthylidenedione., Derivatives of
acengphthenone, in whicu the hydrogen of the methylene groups had
not been replaced, were condensed with isatin or ngphthisetin,

. . . . e e e s 2
wilch contein an «-ketoune oxygen atom, to form indigoid ayes:?



The possibilities of reaction of acenaphthenone zre
many in view of the fact thaﬁ the substance, in sddition to &
reactive carbonyl group, possesses a methylene group which is very
reactive, The dichloro- derivative also has many possibilities for

reasction,

Acenspinthene Quinocne
%@-“Q@

This is by far the most importent commercial oxidation
product of acenthﬁhene. Its greatest application is found in the
~field of dye chemistry., It has been found that neither the cuaracter
nor the quantity of the oxidizing agent had little effect upon the
yield of cuinone from acensphthene, whereas the speed ot waoicu the
reactlon was carried out sppeared to be of utmost importance. The
yields generally raen around 40% under the most févorable conaitions,
Dashevski and Karishiﬁzgin 1956, using ammonium dichromate reported
a yield of 71% for the guinone. The reason for the generally Low
yields was the fact that the gquinone itself was very reactive and
condenses witn otier of tue oxidation products., In tuae earlier
investigations where alkali was employed to separate the quinone,
1t was observed that acensphthene quinone underwent a number of
ti‘ansformationss among whicn were the formation of a salt of
ngpathaldehydic acid and the formation of biscensphthylidenedione.
The separation of the gquinone was generally eftfected by prﬁjipw
-itation of the guinone as the bisulphite addition prdducgyof as

75

ite monoxime, This latter process removed some of the difficulties

but not 211 of them,
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Acensgpiithene guinone undergoes four genecrel types of

e

5.

condensation reactions, The Tirst of these involves the condens-

-

~ation of one molecule of guinone with one or more molecules of

(‘)

wther substance. For example, the condensing substance could be
an smine wito tie amino hydrogen and the carbonyl oxygen being
elimineted as water. A second type is the condensation of the
guinone with aromatic hydrocarbons or tieir derivetives in the
76
presence of aluminum chloride., Here the hydrogen stoms of the
aromatic coupling compound unite with the carbonyl oxygen of the
guinone to eliminate water, Torming substances wnich belong to the
fluorescein type dyes. A third type of condensation, with lwloéen
substituted hydrocarbons, is one which does not i1avolve the
carbonyl oxygen., The hydrogen atoms of the peri positions of

acengpntinene and the halogen stoms o. tuae condensing nydrocsrbon

(}’\3

-

~are eliminated as the halogen aciu. The nydrocarbon residue att-
-acines itself to thne acensphtiene molecule in tie peri positions,

Certain of the highes indandiones are syntuesized in this manner,

The fourtis and wost important type of reaction involves
the prepearation of indigoid class vat dyes. These reactlons are
covered by & large number of patents. The Tirst references to tuis

77 , 78
type of reaction were by A. Grob, A. Bezdrik and P. Hriedlander,

They condensed acensgpatiiene guinone with indoxyl and S-oxythlo-

-nagoothene vo get indigoid typve products.

The product ol cundensation with d-oxytiiongphtihene is known as

Ciba Scarlet G. (B.A.S.F.), Thio-indigo Scarlet 2G. (Kalle & Co.)
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and Helidone Scarlet C. (M.L.B.). Patentis have been issued

n

erived

QJ

covering all of the halogenated products whicin may be
from scenszphthene quinone; its Lomologues, and all substsznces
analogous to it. All of tie patents covering the condensation of
acenapitinene gquinone with indoxyl, s~oxythionsphthene, and similsar
substances are phrased so as to include all possible regctions
between carbonyl oxygen, present in every variety of # -diketone
grouping, ano reactive methylene or methine group present in any

Torm of combinstion.

Other Oxidation Products

Biacensphthylidenedione and biacenspathylidene ketone
are secondary oxidation products Iformed by the sction of various

reagents upon acengputilenone and acengphthene guinone,

the end product of acensphthene oxidation is ngphthalic
acid or its anhydride, and was one of the earliest oxidation
products investigated?? Host of the early investigations involved
the use of sodium or potassium dichromates with concentrated
sulphuric acid, and the yields varied from 16-20% for Behr and Van
Dorp to almost 100% foxr Graebe. Ullmannazepeated Graebe's work
but was not zble to obtain over a 40% yield. The main dirficulty

gppcared to be stopping the reaction before the ngpntnalic acid

was gppreciably decomposed,

Nepatnaldenydic acid is quite an interesting substance

whose salts eppear to exist in two tautomeric forms.
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It was formed almost guantitatively when acenspnthene guinone was
7 :

dissolved in 30-33% aqueous potassium hydroxide soluﬁiom? The free

acid was precipitated by mineral acids, and purif'ied by recrystal-

“llZ@ﬁlOﬂ from alcohol, It condenses readily with phenylhydrazine

to give

/g@ — e mmﬂw{ﬁ
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The preparation of ngputhaldehydic scid from acengphtinene guinone

gz
1s covered by patents,

Condensation Reactiocns

Oxidation of acenaphthene in s solvent yields the
usual products, such as acenaphtinene quinone, However, if ace-
-naphtinene is heated to 540°C under pressure with Pb0, decacyclene,
036H189 is Tormeds; using Pb02 at lower temperatures ( 180-20000¢)
fluorocyclene, Cygflon s shown below, is obtained in 30% yield with

3
only a little decacycleneog
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Acengphthene ccondensed in a large number of reactions
with various substances. Some of the condensations involved the
hydrogen atoms of the naphthalene nucleus, wheress others involved
the hydrogen atoms of the methylene groups of scengphthene,
fLcengphthene was found to condense with maleic anhydride in the
presence of acid condensing agents, such as aluminum chloride,
sodium zluminum chloride, or ferric citloride, in nitrcbenzene as
solvent, first forming open chain carboxylic acids which, on
further condensatioﬁ, yielded cyclic ketone carboxylic acidsf¢ One
compound which had been isolated from such s reaction was l-ace-
-naphthylsuccinic acid, a glass-like substance which sublimed in

gs
Vacuo 1n a carbon dioxide stream st sbout 200°C. The condensation

of acensphthene or substituted acengphthenecs with cyancacetyl
chleoride in the presence of aluminum chloride at 20-160°C. vielded
procucts of the generszl formuls
whicii ere ketimides of acensphiliene-p ri-indandiones, and sre
) - » . - 8Q
usetul as intermediates for dves,
37
E., Oliveri-iandale had investigated the effect of sunlight

vpon condensations of acensphihene with acetophenone and benzil
1ae procuct from the condensation of acengphthene with acetophengne

the Tormule Coplizgl 5 and its configuration was assumed to be



Acengphtaylene was also detected in the reaction producu, but no
acetophenone pinacol was found, even though its presence was
thought likely due to a partial reduction of acetophenone in the
conver sion o. acenaphthene to acensphthylene. The condensation

of acengpithene and benzil yielded a product, C 0, , which

O H
26872073
was consgidered to be

CH

- C‘(—%-—-—-é—‘Q

Acengphthylenc anu benzylbenzoin were also found to be formed,
the benzylbenzoin being formed by partial reduction of tne benzil,

Exposure of acenspnthene in purified acetone to sun
light yielded traces of acengphthenone., There gppeared to be no
photociremical reaction between acenephthene and diphenylmethane,

noxr between acensphthene guinone and diphenvlethane.

Like many arometic hydrocarbons, acenaphtiiene combined
with a number of aromatic nitro compouﬁds to form readily
dissociated addition com@ound;?IPicryl bromide and chloride fo?med‘
molecular addition compounds with acenaphthene, melting at 104,3°C,
and 113.2°%., regpectively. Acenaphthene formed molecular

compounds with both chlorodinitrobenzene and bromodinitrobenzene,
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melting at 65,5°C. and 5¢.6 C. respectively. Iononitrohalo

benzenes do not form moleculsr compounds with

freguently Go give eutectic points., In the sy

and co~chloronitrobenzene, & eutectic was formed at
~thene, melting at 256’700o lHetg~dinitrobenzene formed with
acengpiitihene a molecular compound melting at ‘720606a Acensphthene
united with two molecules of 2,4-dinitrotoluene to form a compound

.

congruently melting at 51,7 C. VWkile mononitro compounds, such as

nitrophencls, fail generally to give addition compounds with most
hydrocarbons, o-nitrophencl united with acensphthene to form a

. . . . . o s a
readily dissociated compound melting at 65,5 C, With three

molecules of m-aminonitrobenzene, acensphthene Tormed a compound

congruently melting at 119e5009

A rauw.er unusual use for acensphthene was indicated by

§é
emo de Fazi. Cyclic aldehydes gave g red-violet

investigations of R

-

coloration with acensphthene and sulphuric acid, All attempts by

de Fazi to isolate the colored complex have Ffailed. The mecianism

of the reaction has not been fully determined. The cheracteristic

red~violet coloration was obitained only when cyclic aldenydes were
tested, and did not sppear when aliphatic aldehydes were tested.

wany sugars gave the red-violet coloration when trested with
acenegpnthene and sulphuric scid. This was believed to be due to

the presence of minute gquantities of furfursl
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Acengputhylene is an sromatic Lydrocexbon, very sinmilar

()
2

in sitructure to acenephthene, from vhich it ig formsd by the loss

M

) L = - A S B W
of twc hydrogen atoms frowm the methvlene groups, a8 indicated by

the equation

Wany methods of preparation heve been found in the
literature., A goodly number of the methods deslt with the vapour

; o ,
ithene, Dziewonski prepared acengphitilylene

phase oxidation of acenap
by passing acensphthene Vepours through a ref-hot quartz tube in a

s s . N £4 . R
carbon dioxide atmosphere, Bowen znd lizrsh employed a silica tube

under similar conditions, Figcher, Schrader, anu Mbyegyised a tin=-
plated tube heated to 760-770°C. to effect ihe preparation of
acenaphthylene from acensphthene Vepours., sSeveral investigators
had¢ employed catalysts as well as high temperatures, Goswamfgused
reduced nickel ag catalyst, and Marek and Hahmﬁised bowdered

2y
manganese dicxide as catalyst., Two patents had been issued
covering the use of catalysts containing elemental silicon and
cerbon, and also metals of the second to seventh groups which form
difficultly reduced oxides or compounds of these metals, for
exemple, zinc molybdate and magnesium oxide, zinc oxide snd
aluminum oxide, magnesium oxide and carbon. There were few yields

given in tue zbove methods of preperation, except for that of

Merek and Hahn, who gave a yield Tigure of almost 100%. The
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indications were that the yields for most of the methods were very

low,
Acengpnthylene had been prepared from several substituted
G&
acenephthenes, Meyer and Keufmewnn prepared acensphthylene by the

97
zinc dust distillation of BS-ethylacensphthene. Dziewonski obtained

acengphthylene from acengphihene~3~, or =b-gulphonic acids by (l)
distillation of the sulphonic acid with potassium cysnide under
reduced pressure, and (2) fusion with alksli. Acensphthylene was
prepared in small yield by E. Oliveri@ﬁandalggby the distillation
of the potassium salt of acenaphthene-5~-sulphonic acid with
potassium ferrocyenide. Braun, Hahn, and Seemamnzgrapared acenaph-
-thylene by the passage of bB-acetylacensphthene through a tube

\ o . ; fr s
heated at 7007°C. in the preseunce of lead dioxide.

/e°®
L., Monti cobteined acensphithylene in 16% yield by the

oxidation of fused acenagphthene with selenium dioxide, Acensphnth-
~-ylene glycols were also isolated from tue oxidation product.

L. ﬁoaﬁfaélso employed lead tetrascetate as the oxidizing agent,
but the results were only fair. R. Earquisﬂgiidized acenaphthene
with lead dioxide in glacisl acetic acid to acensphthencl, and
found that tne action of thionyl chloride upon acensphthencl

yielded a small amount of acensphthylene,

]

The best yielus or acensphthylene were cobtained by R. G.
103 3 5 7 L3 ey ra
_Flower . Acensgphihylene was prepared in 70% yield by the passage
of acensphthene vapours through a stainless steel column heated at
450-485°C., and packed with a catalyst of 10% mangenese dioxide

and 90% aluminsa, the whole system being maintained at a pressure

of 100 mm. of mercury. ZFlower also passed l-acetoxyacensphthene



through a quartz tube heated at SEGOC,s with dry carbon dioxide
ges as a diluent, or through a stainless steel column heated at
520°C., and packed with a catalyst of 10% copper borate and 90%
alumina, the latter system being maintained at & pressure of 2
mm. oI mercury. The yields of acensphthylene in these last two

methods were 82% and 87% respectively.,

The cuemistry of acengphthiylene had not been investigated
to any great extent., Acensphthylene forms gleaming lemon yellow
plates, from alcohol, melting at 92-3°C. It forms an addition
compound with picric acid melting at 2019C. Acensphthylene is
soluble in alcohol and ether, and is readily polymerized into

e

te &
polyacengphithylene, (Glzﬂg)gg s & pale yellow powder which is

insvluble in alcochol and ether, Ancther polyme£?&allc@olyaoenaph»
~-thylene, (012H8)6 s Was formed by the action of strong acids
upon aceunsphthylene, Dziewonski and Hapalskjf?%vestigated the
action of sunlight upon scensphthylene in benzene, and succeeded

in isolating dinsphthylenecyclobutane.,

Dinaphthylenecyclobutane crystallized in silky needles melting

at 306-7°C., and was Very resistant to chemicsl Teagents.

There were very few of the common derivetives of ace-
-naphthylene, such as the halogen substituted acensphthylenes
and the nitro- or sulphonic acid substituted acensphthylenes.
Only three halogernated azcensphthylenes were listed in the

literature., Bellstein lists 1,2-dibromoacensphthylene, melting
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at 121-37C. B, Campbell prepared 1l,2-Cichlorocacensgphthene by

the action of chlorine upon acenaphthylene. The 1,2-dichloroace-

-nzphthene melted at 115°C., From l,2=dichlorcacensphthene
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was recovered from the acetone solutions. Although there was
Lo

*

vidence of some oxidation taking plsce, nothing but unoxidized

O

could be isolated,

Al
Q
(0]
o
®
5
gt
I
D
]
i

APHT

ATTEMPTED PERBENZOIC ACID OXiDATIOW OF

Perbenzoic acid was prepared by the method given in

"Reactions of Organic Cremlstry“a Hickinbottom, page 231-=2.

Finely ground benzoyl peroxide { 62 gm.) was suspended

4

in dry toluene ( 800 ml.) in a 3-litre flask ecuipped with a

stopper, and cooled to below =5°C, by means of =& freezing bath.
An ice~cold solution of sodium ethoxide ( 12 gm. of sodium in

250 ml., of absolute ethyl slcohol ) was added and the nmixture was
stirre@ vigorously. When 21l of tue ethoxide had been added,

1 litre ot ice-cold water was added and the contents of the flask
‘were stirred until all of the benzoyl peroxide had dissppeared.
The toluene layer was separated in a cooled separatory funnel, and
the agueous layer was extracted with ether, The sodium salt of
perbenzoic acid was present in the agueous layer whici was cooled
to 0°C. and acidified by the cautious addition of an ice-cold
solution of sulphuric acid ( 27 gm.) in water { 25 ml.). <The
perbenzolc acid separated as a thick oil which was extracted Dby
three 150 ml. portions of chloroform. The chloroform extract was

dried over amhydrous sodium sulphate, and kept in an ice chest

until reguired,

P

The chloroform soluticn, containing 12.5 gm. of per-
-benzoic acid, was cooled to 0°C. =and acengphthene { 7 gm.) was

added. The reaction mixiure was allowed to stand for three aeye



at 0°C., at the end of which time it was found that there hed
been 1little change in the perbenzoic acid concentration. The
o the resction nmixture was raised to room tewperat
At the end of tihree days it was founc that tue perbenzoic acid
nal completely rescted, The solution was washed with o dilute
solution of sodium hydroxide until scidificetion of the =lkalin

washings ceased to produce benzoic acid. The chloreform sclutio
wes washed with water to remove the sodium hydroxide, snd finalls
wes dried over anhydrous sodium sulphate, The dried solution was
distilled to remove tihe ciiloroform, The dark brown residue was
lisgolved in ethyl alcohol and allowed to crystaliize. Tong wh

ES
|92

.

Tube and llanganese Dioxide

=

mixture of sir and

passed through a glass

mangenese Gioxide, snd hested to around 400°C, A vellow ¢
was Geposited in the receiver connected to the end of the

combustion tube., The condensate was dissolved in ethyl
and the picrate derivative was prepared by the eddition
eqgual volume of alcohclic picric acid, The picrate deri
fractionelly crystallized +o separate the picrate of

of

ite

here remained behind




nen the separsation of the two picrates was complete, as shown

by the snerpness of the melting points of tue two fractiouns, tie

acenzgphtiiyvliene was regenerated from its picrate by treatment of

~tliylene was 1.5 gm. or 10%.

Using A Silice Tube Alone

A silica tube was wouno with nichirome wire, as a heating
coil, and insulsted with asbestos. Acensphthene vapours ( 10 gm.)
mixed with dry cerbon dioxide gas as a diluent were passed
through thne tube whichh was heated to red healt electrically. A

black powder was condensed in tae receiver sttachec to the end of

tie silica tube., This powder was dissclved in ethyl alcolicl and
puriried by recrystellization. The yellow recrystallized procuct

was converted into tlie picrate derivative and tue plcrate was

o

fractionally crystellized from ethyl alcohol. The acensputiy

b
;,_J
0
o
®

picrate was decomposed by emmonie soliution to yield .9 gm. of pure

acenzphthylene, a yield of 9%,

ATTEVPTED SYNTHESIS FROU &-VINYLNAPHTIATINE

Bromonzphtialene was prepsred according to the method in

"Orgenic Syntheses", Collective Volume I, page 121,

Vinyl bromide was prepared in 85% yiela by treating
ethylene dibromide with excess of 20% alcchiolic potassium

e

hydroxide.

The synthesis of A-vinylnaphitnelene was not carried out



il f

because of & lack of ferric chlorode cataslyst necessary for tuoe

lack has since bteen eliminsted and work can

DICXIDE

Selenium dioxide ( 47.5 gm. C.P. grade ) was added to
fuged acensphthene { 30

rounu bottum flask. The addition was made very slowly, anc, after

distillate was extracted with etner, and the ether extract was

dried over anhydrous calcium chloride., The ether was removed

3 o

from the dried extract by eveporation, leaving a crystalline

residue which hal only s faint tinge of vellow color. o seperation

of acensphtiylene could be made, #nd only acensphtlhiene could be

unoxidlized acensphtiene was recovered.,
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ACENAPHTHYLENE FROM 1-ACETOXYACEWAPHTHENE
Preparation of l-Acetoxyaceusphthene

l-Acetoxyacenzgpinthene was prepsred by the methou of

Pieser and Cason ( J. Amer., Chem. Soc. 623 434,).

A solution of acensgphthene { 154 gm.) in glacial acetic
acid ( 1100 ml.), which had been distilled over potassium per-
-manganate, was raised to a temperature of 60-70°C, This temp -
-erature was maintained during the addition of red oxide of lead
( 820 gm.) in 50 gm. lots over a period of zbout 50 minutes., ZEach
fresh addition of red oxide of lead was made upon the discunarge of
the red coloration of tue solﬁtion. Shortly after the addition of
the oxidizing agent the test for lead teitrascetate with moistened
starch-iodide paper was negative., The red viscous liguid was
poured into two litres of wabter, and the precipitated yellow oil
was éxtracted with two portiovns ot ether, 350 ml. and 250 ml,
respectively. The ether extract was shaken with a saturated salt
solutioh and then washed again with water. The ethereal solution
was dﬁied over anhydrous sodium sulphate. After removal of the
ether, the residue was distilled under reduced pressure., The
fraction distilling at 165-175°C. at 12 mm. was collected, The

vield was 170 gm. of acetoxyacensphthene, or 70%.

There was a considerable bulk of residue in the distill-
-ing flask, after the distillation of the l-acetoxyacengphthene
was completed. It was a shiny, black vitreous mess, which was
insoluble in all orgenic solvents, and only very slightly soluble

in hot concentrated sulphuric scid.



wor s &

Pyrolysis of l-Acetoxyacensphthene

A = SO = 7 R ~ e - P eI R T “+, s S
Fu J/o inca guad tz tube was wound with nichrowme wire

D

St

Tor about 8 inches, starting 2 inches from the top end of the

b

.

PP T & -
cune sn

[ S b
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: S - S B P [ i P B - prawes £ o
Loending aboutl 3 dinches from tre lower end of e

{
¢

the wire windings were then covered with a half inch layer of
an asbestos and water mixture, and finally covered with a2 few
sheets of asbestos paper. The asbestos paper was held in place

by three pieces of wire,

The ends of the nichrome wire heating coil were connected
to a variable rheostat as in the diagram on page B50. The rheostat
was in turn connected to a 110 volt A.C, source. An ammeter was
inserted iunto the heating circuit to determine the current which
must be maintained for a temperature of 520°C. inside the tube,

The resistance of tine heating coil was 12,5 olms, To produce at
least 100 watts of power a current of spproximately 3 amperes was
desired. Using a2 110 volt A.C. source the total resistance of the
heating circuit had to be around 40 ohms, The rheostat, therefore,
had to have z resistance over 30 ohms and a current cgpacity of

over 3 ohms,

A thermocouple, which reéd tne temperature directly, was
inserted into the end of the guartz tube until it was in tuoe centre
of the tube., The heating coil was connected to the 110 volt A.C,
source, and the rheostat was adjusted until the temperature of the
quartz tube registered at 520°C. on the thermocouple. Several
trials were made, and the average current through the heating
element required to produce the temperature of 520°C. was found to

be 3,29 amperes,
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The gpparatus was set vp as in the diagram on page 50,

The reservoir for the l-acetoxyacensphthene was a small dropping

o

funnel with the tip drawn out to a jet spproximately 4 mm. in

e

j

iemeter. ‘the tip of the jet extended at least 3 incues into the
tube, l-Acetoxyacengphthene was passed through the heated tube

at the rate of roughly 80 drops per minute, At the same time, dry
carbon dioxide gas from a Xipp generator was passed through at the
rate of two bubbles per second, The carbon dioxide gas served as
a diluent and prevented the occurrence of side reactions, The

hot vapours were passed through a steam heated glass condenser,

and the condensate was collected in & large receiver cooled in ice,
The product was a hard dark green mass, It was crushed and washed
with water until entirely free frowm acetic acid., The crude residue
was then recrystallized from etiyyl alcohiol to form large yellow
plates, or fine yellow crystals oi acensphtiylene, melting at

92-3°¢,

A typilcal run, using 245 gm. of l-acetoxyacengphthene,
produced 140 gm. of acensphthylene, a yield of 80%. The total

time of the run was seven hours.

The most efficient rate of flow of the acetoxyacenaph-
~-thene was best judged by observation of the vapours as they left
the heated gquartz tube. They shoula not be thick and billowy, but
should be thin and pale yellow in color. The color of tae vapours
as they condense on the upper part of the condenser should be very
pale yellow or even colorless, but never a bright yellow. Acetic
acid was a by-product of the pyrolysis reaction, and helped to

carry the acensgphithylene through the condenser., The appearance
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heavy yellow cloud of vepours issuing ffcm,éﬁe end of the
heated tube indicated that the acetoxyacensphithene was passing

unreacted through the tube, and the rate of flow of tue acetoxy-
-zcenapntiiene was cut down, This ad
flow was quite slow., The rate of flow was

at best, the rate of

Judged after a time by experience,

After several runs of l-scetoxyacengphthene of several
hundred grams each, the guartz tube was found to be coated on the
inside with a fhin layer of black carbonaceous material which cut

A

down the efficiency of operation, This layer had to be scraped

out of the tube in order to return to efficient opecration,

i._J

&

be kept forx

several weeks in a closed container withoul much oxidation., Upon

and should be recrystallized before uge,

TC Pr CHLOROCHYDRIH

ypochlorous Acid Solutions

&
o

Urea {( 40 gm.), precipivated chalk ( 26 gm.), and water

Paae¥

30 gm.) were placed in a 250 ml., Zrlenmeyer flask equipped with

it e

m
kb
l.ul .

nlet tube passing well below the surface of the mixture, and

an outlet tube leading to the fume chamber to conduct off the

carbon dioxide gas and any unrescted chilorine gas, Chlorine gas

Irom a cylinder wags added tihrough the inlet tube until the we éht

of the tube and flesk increased by 24 gm. All the time the
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had veen collectea., The distillate was saturated with sslt sru

extracted with ether, The ether extract was dried over anhydrous

was 2 gm. The crude solid melted at 68~74 C., and when purified

from ethyl alcohol it melted at 91-5C. It was only recovered
acengphithylene, The brown residue in the steam distillation

flask was insoluble in all organic solvents, and could not be

Several trials resulted in tne same negligible results,

ES o€

the brown inert mesgs was undoubiedly a condsnsation product of

AT

CHIOx=CHYDRTIN

A second quantity of monochleroures solution was
prepared, using twice the previous guantities of reagents. The
gddition of 49.6 gm. of chlorine reguired 3 nours A solution

of 450 ml, was prepered, 1 ml., of whicn was equivalent o 39.8

ml. of E/LO sodium thiosulphate solution. This meant that the

b}

solution was 14% hypochlorous acid, The scolution was divided

intc three 150 ml. portions, each of which contained 20 gm. of
hypochlorous acid, which is sufficient to react withh 60 gm. of

The three solutions were placed in B0O ml. round

bottom flasks, and labelled I, II, and III respectively. To
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each flask acensphthylene { 25 gm.) was added, as well as glacial
o 3 P / - y o R e N o N
acetic acid { 20 ml.). To flask II, wabter { 75 ml.) was addec,

I ad - - N b ) ]
To flask III, water { 150 ml.) was added.

The flasks were sheken occasionally, and sllowed to
stand overnight at room tempersture. The material in Flask L

had slmost corpletely licuefied, while in Tlasks II snd III there

were signs of liquid, but ocnly to a limited extent. The flasks
rere then shsken for 60 hours, and then allowed to stand for 5

days in the dark,

Plask I was extracted with ether, and the extract was
washed with dilute sodium hydroxide solution, then with water to
remove the sodium hydroxide, and finally dried over anhydrous

act was distilled in vacuo to

H

sodium sulphate, The dried ext
yield 12 gm. of & yellow oil, which distilled at 175-190°C, at

29 mm. pressure. The chlorine content of the oil was determined

ag 19.93% chlorine, There zppeared to be some slight decomposition
during distilletion with the evolutiocn of hydrogen chloride gas.

The residue in the flask asppeared to be the same as that resldue

found in the distillation of l-acetoxyacenaphthene.

Flask II wes steam distilled to recover unreacted
acenaphthylene, lone was recovered, The residue in the steam
distillation flask was extracted with ether. The ethier extract
was washed with diluie sodium bicaxbonate solution, then with
water, and finglly dried over anhydrcus sodium sulphate., The

dried extract was distilled under reduced pressure to yield 5 gm.

cf & yellow oil, which digtilled over at 170-180°C, at 25 wm.

pressure, This appeared to be the same product that was cbtained
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Flask IIT was sccidentally broken.

A number of small runs were made according to the plan
followed for flask I of the ebove experiment until about 350 gun.

of the yellow o0il were collected.

wfe

The oil was allowed to stand for several weeks, at the
end of which time a crop of crystals had gpveared in the oil., The
crystals were filtered from the oil, weshed with ether, and then
recrystallized from ethyl alcohol to yield 1 gm. of fine white

needles, woaich melted sharply at 64 °C, The compound contained

% chlorine for Cq,HCly === 31.,79% ( calculated )

The chlorine content was identical with that of a
dichlorocacensphthene, It was most probable that the chlorine
stoms were in the 1= and 2~ positions. That mesns the compound
would be 1,2-dichlorcacenapithene., A 1l,2-dichloroacenspltiiene had
already been isolated by previcus investigators, and had been
Tound to melt at 1158°C, The two dichlorocacensputhenes were

assumed to be geomelric lsomers



mrg 3 e

DT ATTOYET (VI
HEPARATION OF

{ 20 gm.) was dissolved in carbon

tetrachloride { 150 wml,) in a2 200 ml. round bottom flask, which
was equipped withh an inlet tube passing well beneath the surface
of the solution, and also an outlet tube to conduct excess cixlorine

to the fume chamber. The flask and contewnts were cocled

increased by 11.5 gm. The

hours in an

filtered from the solution., Repeated evaporation of the solvent,

vielded considerable quantities oi crys

alconol

Dichloroacensphthens [ 10 gm.) was placed in a 125 ml,
round bottom flask equipped with a reflux condenser., Sodium

., ) was dissclved in ethyl alcohiol ( 70 ml. of absolute

P
$d

@
0

c{ Y

ethyl alcohol )} and added
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Tlask. The mixture was refluxed for one hour, and then thorougnly

cooled, The solution was poured into 1BU ml. of ice water. A

water and dried over anhydrous megnesium sulphate, The dried

extract was CGistilled under reduced pressure to yield a yellow oil
o e . - 0 . - - -

which distilled at 185=140"C. a2t a pressure of 6 mn, of WMETCUry.

A picrate derivative of the o0il was made, and found teo melt at

150=-152 C

IDENTIFICATION OF THE ZPRCODUCT o

The yellow oil produced by the reactlon of hypochlorous
acid upon scenephithylene { page 54 ) was fractionated into three

m

frections under a reduced pressure of 6 mm, of mercury,.

The three fractions were

. o}
Fraction 1 = 130-1407C,

! 3 hel O
Prection 2 -~ 140-145 C.

145-150°¢

]
H
[24]
[
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[N
o
o
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in an ice chest overnight, the three fractions

eachh behaved differently. Fraction 1 remsined liguid, fraction 2

beceme guite viscous, =nd fraction 3 became completely solid.

A solution of fraction 2 in ethyl alcohol was mixed witl

an equal volume of & saturated solution of piecric ascid in ethyl



lcohol. The mixture was heated to boiling, and then cooled

‘).‘J

s

in 2n ice chest until an orange picrate derivative precipitated
from the solution. Thais picrate derivative melved at 151~ 3°¢. A
ting point of this picrate and thatl of i-monochloroace-

51°¢C
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The first two fractions were analysed for chlorine,

Fraction 1 contained 17.12% chlorine, and fraction 2 contained

22,24% chlorine, The calculated chlorine content of acensphthylene

chlorohydrin was 17.23% chlorine.

s possibly the desired acengphtinylene

[E%]
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chlorohydrin, and fractions 2 and 3 possibly contained some of

the new dichloroacensphthene as an impurity to account for the

high chlorine content. A comprehensive study of the yvellow oil

snould reveal its nature readily.

PERPENZOIC ACTD COXIDATION OF ACENAPE

Perbenzoic acid solution was prepared by the method

to

[o8

sdded

outlined on page 44, Acenasphiiylene ( 10.5 gu.)
the chloroform solution { 275 ml.) of perbenzoic acid, wolcu

in = 500 ml. round bottom
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flesk, The flask was stoppered and allowed to stand at room

s sample of the solution with sodium thilosu lohete soluticon. The

t1lask was chaken occasionally. The reaction wes complete in 5
devs. The chloroform solution wag weshed with dilute sodium

3 to produce
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enzolic acld upon
solution was then washed Iree of alkali with water, and finslly
iried oves anhiydrous scdium sulphate. The chloroform was

evaporeted under reduced pregsure, lesving a dag

liquid. Upon stending for several days, crystals seperated out

R Ears ~ oy e s T} Povs P v
of the off and recrystellized Irom
I PO £ R N e J, g R Yo
ethyl Tlashing flakes, melting &t
[ R =4 ry a0 T e e ey ~ S . [N S B N o . PR T N
175-1987C. There was an insufficient cuantity oi these Llakes

TTw m1y Frimdtinar aFevmd s N SRR T, o S ey
Upon further stending, more crystals seperated outb.

These were recrvstallized from water to vield wnite crystals,

melting ai
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FOR FUTURE WoRK

(1) A survey and experimental trial of the methods of
preparstion of acenaphihylene was mede., It was found thal the

best method of preparation was the pyrolysis of l-acetoxyacenap -

Pl

~thene, The acensphihylene prouuced was gquite pure and free from

Attempts to prepare acenaphihylene chlorohydrin by the

Roy

o

action of hypochlorous acid upon scenaphthylene have met with

1ittle success. The yellow oil produced in the reaction was

("')

fractionated into three fractions under a reduced pressure of

\.../

6 mn, of mercury. The three fracticus 30~1400089

(11) 140-145%C,, (III) 145-150°C.

The middle fraction {II) was identified as l-monochloro
acenzphthylene by means of its picrate derivative., 1t was

believed that fraction (III) was also l-monochloroacensphithylene

ﬁ-

with a new dichloroacensphthene mixed with it. Fraction (1) had
a chlorine content spproximately that of the chlorchydrin, and
could be investigated further, especially the action of alccholic

alkali upon it, The methoxyl derivative of the fracticn should

be prepared by the action of methylating agents upon tne oll, tu
establish the existence of the hydroxyl group in the molecule,

(3) A new dichlorcacensgphthene was isolated from the yellow
0il, prior to its fractionation. This dichloroacensphtihene melied
. 0 <, . .

sherply at 64°C., and was sssumed to be a geomeitric isomer of

. e . 5 O s
1,2=-dichloroacensphthene, whicu melted sherply at 115°C, These

two dichloroacenaphthenes should be investigated further to
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e is the trans
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form, This may be accomplished by converting the dichlorccompound

to the corresponding dihydroxyacensphthenes, whose geometric

0]

{(4) Acenaphnthylene oxide has not been isolated through the
chlorohydrin., The perbenzoic acid oxidation of acengphtinylene
should be repeated, and the high meliting white solid, melting at

175-178°C, identified.
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