PART I

STUDIES IN ACENAPHTHENE DERIVAT IVES




GENERAL INTRODUCT ION

Acenaphthene, ore of the constituents of the higher
fraction obtained in the coal-tar distillation, finds a very -
useful application in the synthesis of vat-dyes belonging to
the Ciba scarlest serles. Coal-tar remains the main source
of this hydrocarbon. It was Berthelot’ who detected the
preserce of this three ring hydrocarbon in 1867 in Coal-tar,
It has been isolated from coal-tarzss and from petroleun tar?
Acenaphthene 1s also found in the “Stupp fat” formed in the
early working up of the mercury ores of Indriaso It has been -
synthesised by passing acetylens with hydrogen through a
porcelain tube heated to 600-800° °''. Acenaphthene has
been prepared though in low yield by passing propare through
a chromium alloy steel tube heated to 800o 8( or by passing
ethylene and benzene through a bright i red hot porcelain
tube9. 1-Ethylnaphthalere on bromination and treatment with
potassium hydroxide gives aeenaphthene*oa Sehonberg and
Monbasher = condensed naphthalene with maloryl chloride
and the product obtained was oxidised to perinaphthalene
trione. This on heating with selenium in the presence of air
at 250o gave: acenaphthene quinone whieh was converted to
acenaphthene through the semicarbazone. Bergmann and
SzmuszkovichE synthesised acenaphthene ( Ia ) and 5-bromo-
acenaphthene (Ib) from the corresponding naphthalic anhydride
through the following stagess
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Three different systems of numbering are followed by

A

various workers and gournalse. Richter system assigns mumber

1 to the carbon atom ortho to the methylene group (II), In
Patterson ring index, the two methylene groups arelnumbered

1 and 2 (III), This is the system currently followed by
chemical abstracte In this thesis also this system is followed.
Morgan and Swt;anle;y*j'3 maintain that acenaphthene is structurally
peri di-derivative of naphthalenes Therefore they have opted
to number it as (IV). ; |



Physiological activity

Acenaphthene and its derivativés have been found to /
exhibit a wide range of physiologiéal properties. Kostoffu
observed chromosome duplication in germinating seed subjected
to acenaphthene vapour. Chromosome doubling has also been
observed in wheat and rye seceds when treated with 5-bromo-
acenaphthenelEc In this case, the roots remained short and
thick, and tumour like swellings were observed. The overall
growth of the seedlings was suppresseds 5-<Chloro and 5-bromo
acenaphthen® have also been found to exhibit polyploid
aetivity16’1?o Carcinogenic activity is exhibited by acenaphthene-
S-acetic acid*ao Cameron and Garvin19 obtained seeds from
sterile oat plant when subjected to acenaphthene vapour.

Gunter et alfo studied various aliphatic acids contaiﬁing
acénaphthyl group in the Wepogition and all of them were found
to possess choleratic activity comparable to that of cholic
acide 5-Amino-, 5-amino-6-chloro-, and 5-bromoacenaphthene, .
were found to kill staphylococcus aureus, escherichia coli ami
tricopyton gypseum at 100 pep.m.zl. 5-Hydroxyacenaphthene has

X 22
been shown to possess considerable in vitro activity on Candida o

Other applications

3-Nitroacenaphthene has been shown to bz a more powerful
insecticide than lead arsenatezs. Acenaphthere derivatives
are potent antioxidants for fats, oils, fatty acids and
petroleum productszk’?s’za. The complex formed between
acenaphthene and T.N.T. 1s a good rodent repellent27o

An important use of acenaphthene and acenaphthene quinone

{s in the vat dye industry.



Reactions of Acenaphthene 4

Oxidation and dehydrogenation :

Dehydrogenation of acenaphthene takes place by passing
its vapours mixed with carbon dioxide through a red hot quartz
tube and acenaphthylense (V) is obtainedze’zge Catalytie
oxidation of acenaphthené by air gives various products. A
mixture of acenaphthems quinore (VI), naphthalic acid (VII)
and naphthaldehydic acid (VIII) are obtaired by oxidisirg
acenaphthene in the presence of, vanadium oxide3o while vanadium
pentoxide and molybderum trioxide on pumice stone gives naphthalie
anhydride and maleic anhydride31. When vapour phase oxidaticn is
carried out uging vanadium pentoxide, ferrie or copper vanadate
or manganese dioxide, raphthalic acid is obtainedsz. I;Yaphthal:_[c
anhydride has been obtained by oxidising acenaphthene by air

under pressure in the presence of a 1ittle cobalt or manganese

33
acetate .
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Acenaphthere has been oxidised to le-acetoxy acenaphthene
by boiling the ‘hydrocarbon with lead dioxide in acetic acid”.
When scenaphthene is heated with lead dioxide to 18()—200o
under pressure fluorecyclere (CugHp,) 1s obtainedBS. Oxidation
of the hydrocarbon with dichromate and sulphuric acid gives
naphthalic acid (VII)36’3? and acenaphthene quircne (VI)SS.
Calcium permanganate in acetone oxidises acenaphthene to
~ acenaphthene quirone (VI)39 while in water-pyridine mixture
potassium permanganaté oxidises it to naphthalic acid (VIII)uO.
Acanaphthere quirore (VI) and naphthalic acid (VII) have been
obtained by oxidation of the hydrocarbon with hydrogen peroxide
in acetic acidule Acenaphthylere, ¢is and trans acenaphthene
glycol and acensphthenone were reported to have been formed by
the oxidation of the hydrocarbon with selenium dioxide e
Acenaphthenore has been formed in the oxidation of acenaphthene
with chromic aci1d in acetic acid or with chromyl chloride in
carbon,tetrachloride“3. Oxidation with periodic scid in acetic
acid ylelds acenaphtherne quinoneuu.

Haloge nafion :

Many studies have been made on the halogenation of

acenaphthere .

(a) Chlorination : A1l the possible moro chloroacenaphtheres

hgve been prepared. Chlorination of acenaphthene dissolved in
chloroform by elementary chlorinew or sulphuryl c:hlo.z-id.t-;MS
yields S5-chloro acenasphthene (IX). The oriéntation 1s establiched
by comparirg it with the compéund obtaired by the Sandmeyer

. L ¥4
reaction on diazotised S-amimoacengphthenz o Chlorination has
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. been carried out in solvents like methyl alcohol, ethgl alcohol
and acetic pcid and in the presence of a eatalyst like lodire
or antimony trichloride. Pillard and Favargarusobtained
5-chloréacensphthene (IX) ‘1n good yield (82 £) by carrying
out the chlorination in acetic acid or ethaml in the presemce
of a small quantity of iedire, Of the various solvents used,
acetic acid and ethamol were found to give the best result.
Goto and Zﬁhaagaih9 chlorinated acenaphthene in the pressnce of
meéals like aluminium, zinc or iorn and obtained 5-chloro-
acenaphthens IX)s 5:Chloroacshaphtherg'uhie® similar conditions
yielded 5,6-diehloraa§emphthena (X)+ 5,6-Pichloroace naphthene
has also been preparsd either by chlorinating acenaphthene
with sulphoryl chloride in the presence of aluminium chloridg .
or through zinc catalysed chlorination of S5-chloroacenaphthere
in acetic ac1d5l~ or by chlorination of 5-ch10roacenaphthem
in chloroform with sulphuryl ehloride”. Denisova et a1.53
has been successful in isolating both the '5- and the 3-chloro-
acenaphthene (XI) by chlorination of acenaphthene in methaml
or 90 % acetic acid. Chlorination of S-chloroacenaphthene has
been studied 1n detall by Go‘nstantine ot al.g«“ who arrived
at the conclusion that the seecond chlorine atom enters the
6-position, 5-Chloroacenaphthene has been shown to undergo
i somerisation to a mixture of 5- amd 3-chloro derivatives [
when its vapour mized with carbqn dloxide and hydrogen
chloride 1s passed over alumino siliecate at high temperat’nre”.
3-Chloro- and 3-bromoacenaphthena on further chlorination
yields exclusively the 3,6-dichloro (terivativeh.xarishin‘s éhas
d'escribed the preparation of 5-bromo-6—chleroacan;aphthem by
chlorinating 5-bromoacenaphthene with sulphuryl chleoride in the



presence of ferric chloride at room temperature. 7
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(b) Bromination : 31umenthals7 feported the preparation of
5-bromoace naphthene (XII) by the action of bromine on acenaphthene
dissolved in ether. Later it was prepared by Gnaebe and
Guinsbourg5 by brominating acenaphthene in boilinb chloroform.
The structure was proved by converting it into 4-bromonaphthalene
1,8-dicarboxylic acid by oxidation. Excess of bromine in chloro-
form affords a dibromoacenaphtheﬁe tetrabromide for which no
corclusive orientation is givensge BrominatiOn of acenaphthene
suspended in methanol or 90 % acetiec acid gives a mixture of
3-bromo~ (XIII) and 5-bromo-acenaphthene (XII)53¢ Lewis et alfo
studied the bromination of acenaphthene in detail, using
different solvents like acetic acid, pyridine and nitromethans

and different brominating agents such as N-bromosucec inimide



in dimethyl formamide and acetyl bromide in carbon tetra-
chloride, fodine, morobromide in carbon tetrachloride and
hypobromous aeid in dil. acetic acid and dioxan. In the last
two instances ths percentage of 3-bromo was higher ; but in
all the cases 3-bromo was isclated, in yields ranging from
34 % to 324+ % along with a higher percentage of the 5-isomer,
Vorozhtsov and ‘l‘ochilkin% synthesised 3~ and 4ebromo-
acengphthene by decomposing the corresponding diazonium salts
with zirne halide. 3-Bromoacenaphthere on further bromination
gives 3,6»dibromoacenaphthene§¥. Letsinger et al.6l brominated
acenaphthere by passing bromine vapour through the hydrocarbon
dissolved in aleohol at its boiling point., 5,6-dibromo-
acenaphthere (XV) was isolated from the resction mixture and
the stmcturalwas established through NMR spectral data.

Trost and Br:‘;tte1156,:2 and Greere et a1063 studied the
bromination of acenaphthene with N-bromosuccinimide. They
observed the formation of 1,2-dibromoacenaphthylene (XVI)
when % moles of N-bromosuceinimide weseused in carbon tetra-
chlorides By employing 2 moles of N-bromosuccinimide 1,2-di-
bromoacenaphthene (XVII) was obtained. This work was extended
further by Ross, Finkelstein and Peterson“.e The:} reported
the formation of l-bromoacenaphthene when 1 mole of HN-bromo-
succinimide was used in carbon tetrachloride, where as the
use of dimethylformamide or ‘propylene carbonate as a golvent
gave S~bromoacenaphthere. Buu-»Hoi” reported the preparation
of 5S5-bromoacenaphthene by the action of Ne-bromosuccinimide in
carbon tetrachloride. 1$3»f>ibrom0e5,S-dimethylhydantoin and

66
acenaphthene give: l-bromoacenaphthere
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(¢) Iodination and Fluorination : Zakharova et al.7 indimted

acenaphthene with iodire monochloride and obtained 5-iodo=,
and 3,9-diiodoacenaphthernce. There doss mot appear to be any

other reference in the literaturs on the iocdination of

!

- acenaphthene.
A survey of the literature also does mot show any work

on the direct fluorination of acenaphthene. Fluoro acenaphthenss



have however been prepared through the diaszonium salts.

10

Sulphonation

Acenaphthene behaves on sulphonation in the same way as
naphthalene, substitution taking place in the « or 5-position
at low temperature and at B or 3-position at higher temperature.
Dzieyonski et aloée subjected acenaphthene to sulphonation
under various conditions and obtained 3- and 5-acenaphthene
sulphonic acids (XVIII and XIX). Their orientation has been
@stablished by oiidising the sulphonic acids to naphthalie
anhydride derivatives. and converting them to hydroxynaphthalice
acids by potassium hydroxide fusion. Thus acenaphthere when
heated on a water bath with conc. sulphuric acid yields
acenaphthene -5-sulphonic acidéa’Gg(XIX). This sulphonic acid
on heating with potassium ferrocyaﬁide or potassium cyanide
gives acenaphthylene. Acenaphthene 3~-snlphonic aeld (XVIII)
is obtained by the addition of sulphuric acid or chlore
sulphoﬁic -acid to a solution of acenaphthene in nitrobenzene
at O~200 %B@

Sulphonzticn of acenaphthene with excess of‘fuming or
conc. sulphuric acid yields two disulphonic acidsnamed a and
B acidsés. The o 26id is assigred the 5,6~disu1phonic acid
structure (XX) and the B-acid is assigned the 3,8-or the
3,5—disulphonic acid structure. Acenaphthene with excess of
chlorosulphonic acid at 100  gives the 3,8-disulphonic acid
only (XXI)7°.

It is assumed that on heating with potassium hydroxide
the sulphonic acid group migrates to leposition and eliminates

70
sulphurous acid giving acenaphthylene o
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Acenaphthene=3=sulphonic acid alorg with small amounts
of 3,3’—diacenaphthy1 sulphone has been obtained by heating

o 71
the hydrocarbon with chlorosulphonie acid to 125 .o
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Dziewoncki Eghﬁ jsolated two sulphonic acids from the
reacticn of chlorosulphonic acid with 5-bromo acenaphthene.
The stmctures were proved by removing the bromire by sedium

amalgam in alcohol when the 3-sulphonic acid \ (XVIII) was
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obtained from bothe This clearly showed that the acids were
S5~bromo acenaphthene 3e-sulphonic acid (XXII) and 5-bromo
acenaphthene 8-sulphonie acid (XXIII).,‘
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Nitration : XXin

NMtration of acenaphthere and its derivatives have been
studied in detail by seweral workerse. The usual method of
preparation of phenols namely preparing the sulphonic acid
derivative and fusing it with potassium hydroxide, fails in
the case of acenaphthene. When acenaphthene sulphonic acid 1is
fused with potassium hydroxide acenaphthylene is obtaired,
irregpeetive of the position of the sulphonie acid group.
Therefore the only route to hydroxyacenaphthene is through
the diazonium salt. This has given an added fiterest to the
work on the nitration of acenaphthene.

Nitration of acenaphthene was studied by Quincke?“ and
Graebe and Guinsbourggs. In all cases 5-nitroacensphthene (XXIV)
was obtained. Its reduction furnished 5-smimpacenaphthere’ @ Ce

The acyl derivative of this compound nitrates in the ortho
73
position as demonstrated by Sachs and Bbgggch who hydrolysed



the nitro acylamino compound to 4~nitro~5—amiroacenaphtheé&?
On reduction this furnished a diamino compound which was
shown to be an o-diamimp compound. It has been shown by
Morgan and stanlegr7 that S5-formamido acenaphthene also
undergoes nitraticn at the 4-position., The nitroformamido
compound has been hydrolysed to L-nitro-S-amimoascenaphthere.
Usual methods for removing the amino group are reported to
have failed, Therefore the amino derivative 1is converted to
the iodo derivative through diazotisation and Sandmeyer
reaction and this is reduced to 4-amiro acenaphthene with
tin and hydroghloric acid.

Nitration irnvolving strong mireral acids and water ‘
invariably gives the S-substituted product. The use of reagents
avoidirg these two leads to nitration at 3-position. Morgan
and Sh.ezatsby'?8 nitrated acenaphthene using benzoyl nitrate im
petroleum ether at wloovand 3-nitroacenaphthene (XXVI) has
been isolated as the sole reaction product. The éame authors

also carried out the nitration of acenaphthene with fuming
nitrie acid in excess of acetic anhydride at oSo and obtained
a mixture of 3-nitroacenaphthere (XXVI) (65-70 4) and S-nitro-
‘acenaphthene (Zx1) (30=35 %). Therefbre\Mbrgan " and She&sby78
concluded thaf the first nitration product of acenaphtherne is
3enitro derivative which in the presence of water and mireral
aclds changestofg;iéomere This concept has been proved by
heating 3=nitroacenaphthene’wifh acetic acid containingilittle
nitric acid or sulphuric acid whereby obtairirg Senitroe
acengphthene. Morgan and Harrison79 have shown that in the

nitration of acenaphthene all the three possible isomers are



formed, though the 4-isomer (XXV) is formed in very small 14
amount ¢ ]

Nitration of acenaphthens with excess of nitric acid
produce s 5,6-dinitroacenaphthene“’?5’80 (XXVIII)e Under
anhydrous conditions, 3~nitroacenaphthene\on further
nitration gives mainly 3,6-dinitroacenaphthene (¥XVII). This
can also be obtzined by mitrating 5-nitroacenaphthene with
diacetyl ortho nitric acid.

The nitration of acenaphthene can be summeriged as

- follows @
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Acenaphthene has been found to urderge nitration in 15
ether or petroleum ether at -10° to —150 with nitrous fumes
to give Senitroacenaphthene. In acetic acid or benzene at
8»10: 5y6=dinitroacenaphthene is formed‘i1 s 5-Chloro«6~
nitroacenaphthene has been obtained by nitration of S-chloro-
acenaphthen382983. Nitration of acenaphthene with zire or
copper nitrate in acetic anhydride at 30 gave 90 %

. Senitroacenaphthene and at -10° gave 70 % of the 3-nitro

8u
derivative o

Friedel-Crafts acylation and alkylation :

Acenaphthene in.carbon disulphife and sromatic or
aliphatic acid chloride in the preserce of aluminium chloride
gives S-acylacenaphthene. Dziewonski and Rei ss8 ? obtained
Heacetyl acenaphthene kXXIX) by the éction 6f acetyl chloride
on acenabhthene in tﬁe presence of anhydrous aluminium
chloride and without employing any solvent. Buu-Hoi et algs6
synthesised the same compound by the addition of the complex
obtained from aluminium chloride and acetyl chloride in
carbon disulphide to a solution of acenaphthene in the same
sclvent at 0 e These workers extended this work by employing
various acid chlorides such as caproyl, heptamoyl, decaroyl,
hendecaroyl, lauroyl, myristoyl, palmitoyl and stearoyl. In
all these cazses S5-a8ylacenaphthenes have heen igzolated. By
employing 2-3 moles of aluminium chloride and 3 moles of
acetyl chloride, Anderson and Andersonw obtained 5,6-di~
acetyl acenaphthene (XXXI) in 59 ¢ yield. Formation of
3,6=diacetyl acenaphthene (¥XXII) has been reported by
Dashevski and Sham1388 by the action of acetyl chloride on

acenaphthene dissolved in nitrobenzere in the presence of
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anhydrous aluminium chloride. The same diacetyl acenaphthene
. has been obtained by the acetylation of 3~ and 5-acetyls -
acenaphthene in the presence of aluminium chloride in
nitrobenzene. These dilacetyl compBunds are oxidised to
naphthalene tetracarboxylic acids. The same authors prepared
3,6~dipropionyl acenaphthens by the action of propionyl
chloride omn acensphthene dissolved in ethylene dichloride
in the presence of aluminium chloride at room temperature.
'The structure of this compound was proved in the following
way. The dioxime obtained from the dipropionyl derivative
was subjected to Beckmann rearrangement and the di-
Proplonamido compound was hydrolysed to the diamine. This
was found to bs identical with the diamine of krown
orientations Richter and Stocker89 synthesised the 3,6-d1-
acetyl derivative (XXNII) and\established the straucture

by converting its oxime through rearrarngement to the
corresponding dismire derivative. 3g6-Dibenzoyl derivative
alsc has been prepared by the same workers. 5-Chloro
acengphthene when subjedted to ?riedel«crafts acetylation
has been found té give a mixture of 3-acetyl-6-chloro-,

and 3=acetyl-5~chlorcacenaphthene. 5=-Bromoacenaphthene also
gives the same resultgo.

The condensation of acenaphthene and acetie anhydride
has becn investigated by Fieser and Hershbergglu By heating
acenaphthene, acetiec anhydride and hydrogen fluoride in a
pressure vessal, they obtained S-acetylacenaphthene in 37 %
yield. Rozenberg et al@92 effected the condensation with
magresium chlorate and obtained 5-acetyl derivative in 82 %

yield. They extended the condensation by using other acid
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chlorides ard using chlorie acid (5 %) instead of chlorate.
Thus S-proplonyle-, Seisopropionyle, 5-vaieryle, S5=-isovaleryl-,
S-caproyl- and 5-benzoylacenaphthene . have bzen prepared in
thls ways '
\ste of the results obtained in the Friedel-Crafts
acetylation of acenaphthene are summarised in the chart

given below g
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Fieser and Hbrshﬁerg93 extenied the use of hydrogen
fluoride as a condgnsing agent in the acylation of
acenaphthene, Acenaphthene and acetic acid when kept at room
temperature for three days with liquid hydrogen fluoride,
gave a mixture of 3~ and 5-acetylacenaphthene. 5-Benzoyl-
acenaphthene was obtained from benzoiec acid ard acenaphthene -
in the presence of hydrogen fluoride in 2 1/2 hrse in 60 %
vield ;and no 3-isomer was obtalned. Benzeylvchloride under
thess conditions gave 87 % yield of ﬁhe 5=benzoyl derivative.,
érotonic acid gave liméthylf3§keto=4,Sacyclopentana (IXXIII).
This type of eyelisation has not bsen reported with ﬁaphthalene,

phenanthrene and anthracens.

Acenaphthens condenses with oxalyl chloride in the
presence of aluminium chloride to give di-5-acenaphthyl
ketone (YXXIV) and acenaphthene S-carboxylic acid (XXXV),
e howeve%;when aluminium bromide is used as the condensirg

: 9%
agent the 1,2-diketopyracene (XXXVI) is obtained o
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Frisdel-lrafts acylation with succiniec anhydride
presents an interasting feature. Fieser and Pet;e:zrsgs studied
this condensatibn and obtained B(5-acenaphthoyl) propionic
acid (XXXVII). This acid was further cyclised by sodium
chloride=aluminium chloride mixtura to a seven membered

ring (XXXVIII), which is quite umisual.
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Benzoylation of acenaphtherne has been studied by a
namger of workers.

Dziewonski and Rychlik96 r2ported the formation of
only 5.benzoylacenaphthene by usirg zine chloride as a-
condensling agent. Ju-Hua Ghu97 has increased the yield of
S=benzoylacenaphthene by using aluminium chloride in
nitrobenzene. &zatyan?s carriad out the condensation by
heatling acenaphthene and benzoyl chloride in the presemce
of catalytic amount of aluminium powder without any solvent :
and obtained the same compound in 68 4 yield. Rozenberg et al?z
employed chloric acid as & condensing agent ard obtained 34 %
vield of 5ebenzoylacenaphthene. Richter and Stocker89 carried
out benzoylation in nitrobenzene using aluminium chloride
as catalyst and obtalned 3,6-dibenzoylacenaphthens. The
orientation of this compound was established by the
~ Beckmann rearrangement of its ketoxime to a diamino
derivative of known orientation. Tsukarvanik et alo9
obtained S5-benzoylacenaphthene in 82 4 yield by the action
of benzoyl chloride on acenaphthene in the presence of very
snall amounts of iron as catalyste.

Pheryl acetic acid on condensation with acenaphthene
in the preserce of hydrogen fluoride‘gave Se-phenylacetyl-
acenaphthene with traces of the 3=-=isomerwoe Buu-Hoi and
Royerlo1 obtained the same compound by condensing phernyle
acetylehloride with acenaphthene in carbon disulphide in
the presemce of aluminiﬁﬁ chloride. ‘

Freund and Fleischer - have reported that in the
resction of acenaphthene with dimethyl malonyl chloridey

two substances are formed. They assigned the 5,6-acenaphthene
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dimethyl indan-dione and isoacenaphthene dimethyl indan-
dione structures to these compounds without givirg any
proof,

Phthaloylation and naphthoylation of acenaphthene
has been studisd by Peters and Rowel03 and Buckleyloue
Acenaphthene, phthalic anhydride and aluminium chloride in
benzere at room temperature gives 5(g-carboxybenzoyl) -
acenaphthene (XXXIX) which has been further cyclised by
heating with sodium chloride-aluminium chloride mixture

0
for 3 hrs. at 135 to get 5,6-phthaloyl acenaphthere (XL).

o )
O X AHXIXK
X4 .

Acenaphthene and 2-naphthoylchloride in the presence

of 2.5 moles of aluminium chloride gives naphthylacenaphthyl
ketone (XLI) while with 5 moles of aluminium chloride
intramolecular cyclisation is found to take place tehgive
(XLID),
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Acylation of acenaphthere with chloracetic acid in
chloroform in the presence of aluminium chloride gives a
mixture of 3J-chloracetyl and 5-—ch10racetylacenaphthenel05
in which the latter predominates, whereas the isolation of
only S5-chloracetylacenaphthene has been reported by ,Sych1 o6
by carrying out the reactlion in carbon disulphide.
Nightingale and }Brc)olzcerl o7 c‘zarried out the condensation
of 5ahaloacenaphther;e with benzoyl chloride and scetyl
chloride in the presence of aluminium chloride and obtained
3-acyl-5-halo« and 3-acyl-aé»halo»acanaphthe‘nes, the
orientétion being established through spectral étudies.

Friedel«Crafts alkylation has been extensively studiled
by various workers.

Mayer and Kaufmannl o8 prepared 5-ethylacenaphtheﬁe
from ethyl bromide and acenaphthene in the presence of
aluminium chloride. Later, Marnsten and Pe.vl:ersm9 proved
it to be L-ethylacenaphthens. Peters“o reported the
preparation of S-tert-butyl- and 5,6-di-tert-butyl-
acenaphthene from acenaphthene ard tert-butyl chloride in
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the presence of aluminium chloride, but Nurnstenand Petei‘él
have shown them to be h=tert-butyle anml 4,7-di-tert-butyl-
acenaphthens by converting them to naphthalic acid
derivatives., The preparation of mono, di and tri n-butyl-
acenaphthenes has been described by Akhmedov and Khaliléwlfga
Dziewonski and Rychlik% prepared 5-benzylacenaphthene by
heéting benzyl chloride, acenaphthene and zire chloride.
Cyclohexylation and cyclopentylation of acenaphthene
has also been studied in detail by Sidorova and Saido%r{éa“w.
Acenaphthens, cyclohexyl chloride and excess aluminium
chloride in heptane when heagted to ’+O-50° gave L4ecyclohexyl~-
acenaphthene (ZLIII). They also obtained a mixture of 5« and
3=cyclohexyl acenaphthene (XLIV and XIV) by saturating
acenaphthere in cyélohexanol with boron trifluoride. When
acenaphthene and cyclohexylchloridé in heptane is heated to

O \
115 with ferric chloride 3-, and S-isomers are formed.

A
O + n

BF,

-

CG Hﬂ
;‘.—
CeHy \

XL IV ) XLV
Fecr,

ct
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5« and 343yciopentylécenaphthena have been 1solated11u
from the reaction of acenaphthere, cyclopentyl chloride and
-copper powdeyr after hestirgifor 3 hrs. at 150—6000 The same
reaction proceeds in ﬁeptane and with equimolar amounts of
acenaphthere, cyclopentyl chloride and aluminium chloride at
400 giving hecyclopentyl acenaphthene. These workers observed
that all the three mono cyelopentyl derivatives\are formed by
reducing the amount of aluminivm chloride to 0.3 mole and
time to 5 mimtes. Cyclcpentanol whern heated with acenaphthere
and aluminium chloride gives 40 % yield of 5S5-cyclopentyl-
acengphthene, The structure of these compoun&s have been

established by converting them to carboxy nsphthalic
anhydride by oxidation.

Cairns and Hickinbottom.l15 observed the migration of the
5-alkyl substituent such as tert-butyl to the Y4-position on
boiling it with aluminium chloride in carbton disulphide. These
workers carried out the alkylation of acenaphthene by the
thermal decomposition of alkyl benzene sulphonates. When
ethyl benzenesulphonste, isopropyl benzeresulphonate, sec.
butyl benzenesulphonate and cyclohexyl benzenesuiphonate were
- used the 3-, 4~ and 5-moncalkylacenaphtheres were isolated.

Alkylation of acenaphthene by olefines in thé presence
of sulphuric acid has been studied by Akhmedov and Khalilevllz
and Akhmedovllé. Thus acenaphthere, amylene and sulphuric
acid gave mono, di and tfiamylacenaphthene» Put the exact
orientation of these compounds has not been given. Similarly
decalene and isobutylene gave a mizture of monc, @i and tri
substituted derivative.

1-Vinyl and 1,2-divinyl acenaphthene have Eemg-

i
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117
prepared by Levehernko and Suprun by the action of acetylere

on acenaphthene dissolved in benzere ir the preserce of alkali.

Formylation :

Hinkel et alils formylated acensphthene Qith hydrogen
cyarnide in tetrachloroethane at 800 in the preseﬁce of
aluminium chlo\ride and obtaired S5-formylacenaphthere.

3-Formylacenaphthene has been obtaired by formylation with

119
setrigzire. 'S

Substitution in hydroxyacenaphthenes

Though considerable work has been done on substitution
in simple acensphthene, studies on substitution in hydroxy-
acenaphthenes are comparatively very few,Rapoport et altzo
obtained S5-hydroxyei-piperidiromethylacenaphthene by heating

5-hydroxyacenaphthene and methylene bis piperidire. 5-Hydroxy-
acenaphthene when treated with sodium nitrite gives 4-nitroso-
S-hydroxy acenaphthenelzlo H=Hydroxy-hk-chloroacenaphthere has
been obtained by chlorinating 5-hydroxyacenaphthene in \
chloroform with sulphuryl chloride at 00.1?0. Coupling takes
place in the Y4-position in 5-hydroxyacenaphthene. Thus 5-hydroxy-
acenaphthene, when coupled with diazotised 2-amirobenzothiazole
or 2-amirothiazole gives 5~hydroxy-4=(2-benzothiazolyl azo)
acenaphthene and 5~hydroxy»%§2»thhgzolyl azo)acenaphthenelzae
Coapling with diazotised anilire derivative takes place
invariably in the Le-position as shown by various wnrkeréea,lZA‘
5-Acetoxyacenaphthene when stirred in nitrobenzene with
alumirdum chloride at room temperature gives SThydroxymh~

129
acetylacenszphthene in 75 4 yield .

i
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The present work deals with the following studies on
5-hydroxyaceraphthene. ‘

Secttorn I.deals with the building up of a- and y-pyroms
rings on acenaphthene ring system. Synthesis of aceraphtho
(5,%:6;5? da-pyrone was achieved from 5-hydroxy-i-formyl
acenaphthene by Perkin and Knoevenagel condensations. It’s

] ? ’
homethyl and 4ephenyl derivatives are synthesised by the

Pectmann condensation of ethyl acetoacetate and ethyl benszoyl
acetate with S<hydroxyaceraphthere. Kostanecki-Robinson
acetylation and benzoylation of S5-hydroxy-4#-acetyl acenaphtherse
gave 2:methy1acenaphtho(5,%:6:5’)7'11*?:’@1’19 and 2epheryl-3l

be rzoylacersphtho (5,4 6: ] ? )y<pyrore respect 1\?913?.. Synthesie

of 2Jphenyl and 22p-methoxyphenyl acenaphtho(5;%:6:5’)Y’PYrones
is achieved by the condemsation of Sehydroxy-ieacetylaceraphthesk
with benzaldehyde ard anisaldehyde respectively and

subsequent cyclisation and dehydrogenation of the styryl

ketones obtained.

A y-pyrore derivative with acenaphthyl group at the
2-position 1s obtaired frem Se-methoxy-4-formyl acenaphthene
through econdensation with g-hydroxyacetcophenone and cyclisation
and dehydrogenstion of the intermediate B(5S-methoxy-hte .
acenaphthyl)vinyl g-hydroxy phenyl ketoneo

Section II deals with the synthesis of some acengphtho-
furanse Acenaphtho(5 ks 5:1&’)furan is synthesised frem

Sehydroxy-4-formylacenaphthene by cordensing it with ethyl
bromoacetate and subsequent hydralysie ard cyclisation of

the intermediate S-carbethoxymethoxy--formylacenaphthens,



By a similar series of reactions \3:met.hy1 and 3opheryl 27

derivatives of the above furan are synthesised startirg

with S<hydroxy-lt-acetyl and S~hydroxy-t-benzoyl acengphthenes.
' Section III deals with the gynthesis of some Mennich

bases from S-hydroxyascemsphthene, paraformaldehyde and

secordary and primary amires.
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SETION_I

SYNTHESIS OF SOME ACENAPHTHO g- AND y-PYRONES



i QECTION I.

Synthesis of some acenaphtho c-and y-pyronss :

Benzo a-and y~-pyrone derivatives such as coumarins,

chromones and flavones occur in nature, generally in the
form of gh;cosides or assSocigted with tannins or are found
in the uncombined state. Coumarin,the parent substance of
the benzo-g-pyrone group was Tfirst isolated from tonka-beans.
desculetin (I), scopoletin (II),daphnetin (III), fraxetin(IV),
umbelliferon (VI, are a few of the simpler members isolated
from plantslo\

R R, R,

I deseulstin H OH  OH
2 OO ‘ IT Scopoletin H OR 0CH,
K@ , . III Daphnetin CH OH H
IV Fraxetin 0H OH OCH4
V Umbelliferon H oH H
In pecent years more complex compourds having the
coumarin ring system have been isolated. Ayapin (VI),

Wedelolactons (VII), Coumestrol (VIII), Robustic acid (IX),

Seandenin (X) é.nd Novobiocin (XI) areafew examples.

!
v vii
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Many y-pyrone derivatives are also found to occur in
nature. Rhamretin (XII}, Calycopterin (XIII), Gossypetin (XIV),
Quercetin (XV)R:gand Rutin (XV. R = Rutinoside) aBe some of

the y-pyrore derivative fourd in nature.

. C}-éo

X



XV

As the pressnt work deals with the building up of the
a=and y»—pyronelrings on ore of the aromatic rings of
acenaphthene, some of the important methods of building up

theée rings are mentioned here.

Methods for the synthesis of benzo-g-pyrone derivatives :

One of the well known methodsof coumarin synthesis is
the Pechmann methoda, which consists in the cordensation of
phernls with pnketonic estere in the presence of condensing
agents like sulphuric acid, phosphorus pentoxide, aluminium

chloridey ete.

SN
OH
+ CHEOEHCOOG N,  ———3
3 \ ' _

CHy

-

: This‘reaction has been reviewed by Sethna and Phadke3o
The use of sulphuric acid as the condensing agent. always”
leads to the formation of a-pyrones. Those phenols which do
not condense in the presence of sulphuric acid or form-

coumarins in low yield give y-pyrones when phosphorus

pentoxide is employed as the cordensing agente.
Mantzer ot alx: found that if a pherol was heated with

P~ketoniec ester at a high temperature without any condensing

agent chromones are formed instead of coumarins. Later,



Desal, Trivedi and fStar‘tl'ma'5 observed that the reaction is 38
nioro rapid and better products are obtained if dil;hewl
ether is used as a solvent ané the reaction mixture refluxed
with a short condenser to remove the water formede

Besides these, other condensing agents such as anhydrous
aluminfum chloride, phosphorus oxychloride, hydrogsn chloride,
etc, are used as condensing agentse

Another method which is edually important is the Perkin
acylation which consists in heating an ortho hydroxy aldehyde
with an acid anhydride amd its sodium -salts.

oH (RCH,L0D,0

Coo >
CHO RC‘.HZ Na P

A method developed by Knv:nevcmagel7 is the condensation of

‘O-hydroxy aldehydes wi}:lg diethyl malonate and the coumarin-
nen
3-carboxylate formed is hydrolysed amd decarboxylatedo

COOC,H
7 5 . Q,
OH CHy 0 - O
Ncooc g My ﬂ)phgdwlﬁ sis
CHO ii)decarboxyletid
¥ C‘Olé eeay o!-tj /
g'
%

Begides these methods which have been used in the course
of this work there are other methods available for the
preparation of coumarins and these are emmerated in several
raviews””f

, Methods for the synthesis of benzo-y-pyrones derivatives :

Reuhemann and Stapletons condensed sodium pherolate with
ethylenlorofumarate.The intermediate acid obtained eyclised

‘on treatmert with condensing agents like sulphuric acid,
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phosphorus oxychloride or alumirium chloride to give chromoness.

oNa cler
e
-~
\ ;co
. 1 Hydrolysis

R ocl R
< P 3 L

C
o 9 Vpo
Kostanecki and Tambor developed a method wiich has been
of great synthetical importance. He cordensed esters of
aromatic or aliphatic ageids with g-methoxyacetophermwres and

the PB-diketone obtained was eyclised by heatirg with hydriodic

acid.
oeH cH
3 Rcookt 0cta
cocH m—
3 Né cocq;oa
A Varlation of thie method, - * developed by Kostaneck

and Bloen consists in condensation an g-methoxy ester with
a ketone. The PB-diketone formed is then corverted into

yepyrore by heatinzg with hydriodlec acid.

OCH. o
‘ 3 CPECOR Hi l
Cooct COCHCOR

O

A 4

Though, the credit for the development of these methods for
the gynthesis of y-pyrones goes to Kostarecki, the synthesis @f

X 11
ﬁ—diketones wag Pirst achieved by Claisen .
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Arnother method alsoc due to Ko;tamckile conglists in
condensing g~hydroxy acetophemwnes with aldehydes. This
gives rise to chalecorpes which can be cyclised either by
boilirg with alcoholic hydroshloric acid - and the
flavarone obtaired can then be dehydrogenated with selenium
dioxide, or as has been found by Hutchins and Wheelerw,
it can be converted into chalcore dibromide which on treatment

with aleoholic potassium cyanide can be converted into a

flavone..
.5‘@02,
| |
. o)
oH RCHO oH D Hel R
LU ——— ]
cocH, cocHzer D SeQ:
o
Bry
V\CN
OH
COCHBY.CHB+R
16317
Kostanecki-Robingon acylation affords an important
route to y-pyrones. In this method an g~hydroxyketone is
refluxdd with an acid anhydride and its sodium salt,
OH CRco) © R ©
co),0
—_—T2 Na, €0, R
COCH& RcooNa coRr



41

Baker18 and Venkataraman—l9 déveloped yet amther method
for the synthesis of yepyrores in which an ge-aryloxyaceto-
phernore is rearranged in the presence of sodamide or potassthum
carbonate or according to a recent modification by Lookerzo
with pyridine and potassium hydroxides The P-diketone is then

cyclised with a mineral acid.

ocoR o H
S t——— S
cocH,

CocH,cor
O
Though a large mnumber of benzo- and naphtho- g- and y=-
pyrone derivatives have been symthesised, practically no
work has been done on building up of an a- or y-pyrcrne rirg
on acenasphthene micleus, Dilthey, Herkels and I«acnf;hazfd,z»l
reported the preparation of an a-pyrone derivative of

acenaphthens., Thege workers tregted acecyclone (XVI) in

acetic acid with hydrogen peroxide ard obtained (XVII).

H, Oy
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Allen and Vamillen similarly oxidised acenaphtho-

(1,2:504"),2]5" -diisopropyl eyclopentan-l-one (XVIII) with

peracetic acid and obtaindd acenaphtho (1,2:5,4°),3,62d1-

jisopropyl-a-pyrons (XID).

Pes acelic acid

A7

XV Xix

23
Sircar and Rajagopalan synthesised various acenaphtho-

iz

berzopyrilium chlorides (XXI) by condensing acenaphthenone (XX)

wilth aldehydes such as salicylaldehyde.

(] 0

XX XXl

The present work deals with the synthesis of some
acangphtho a- and ye-pyrones. 4s no work appears to have
besn done on the buildime up of the a- and y-pyrone rings

of acenaphifien e
on one of the aromatis riﬂgsLit was thought of interest to
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the known methods dderibed earlier.

Pechmann condensation of 5-hydroxyacenaphthene with

8thyl acetocacetate., Synthesis of l+??-rmf;z‘x:hylac':er;gu;)m:,‘aca(5,436;"5”)

a-pyrons ¢ ]

S=Hydroxyacenaphthene on Pechmann condensation with
ethyl acetoacstate in the preseme of sulphuric acid (80 %)
gave a product which was insoluble in dilute alkali anﬁ gave

Juorescence with corme. sulphuric acid. It hys been assigned

the kimethylacenaphtho(5,%:6:5’)awpymne structure (¥XII) Ffor

the followirg reasovnse

(a) On treatment with alkall and dimethyl sulphate on
a steam bath, it gave an unsaturated acid (MXIII)
as s2en by deecolourisation of bromine water and
potassium permgnganate. The formation of such an
unsaturated acild is a diagnostic test for venzo=-
¢ =pyrone de:rivativesfu

(b) As will be s2en in the following section (p.85)
the product can 2 brominagted to a 33-brom5 derivatgve
which on alkaline hydrolysis gave 3lmethylacenaphtho-
(5,%:5:4°) furan-2learboxylic acid which is a

characteristic reaction of 3-bromo coumarins.
' 7

Elhiyl acebo a&ft’&ﬁ;’ = l
Hy o, N G ~CH3
OH o, cii

Xxn XX 1t
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Pechmann condensation of S=hydroxyacenaphthens with

ethyl benzoylacetate : Synthesis of kiphenylacanaphthc

(g%éwﬁa@mwm:

5-Hydroxyacenaphthene on comlensation with éthyl benzoyl-
acetate in the presence of 80 2 sulphurié acid gave a product
which was insoluvle in dilute alkali. This compound also gave
intense green fluorescéﬁ% with cone. sulphuric agecid. On
heating with alkali and dimethyl sulphsate, it gave an
unsaturatad acid (XZV) and therefore - . “Zphenylacenaphtho-

(5,%:6)5")a=pyrone structure (XXIV) has been assigned to it.

Ceis€ocircookt-
Hos04
e .
‘,cﬂk
OH cH
COoH

Synthesis of acenap@tho(ﬁ,%:ézSQ)avpyrone s

(a) Perkin acylation of 5~hydroxy-4=formylacenaphthene :

S»Hydréxyau—formylacenaphthene required as an intermediate
for the syntheéis of the above compound, was prepared as
follows 1

S-Hydroxyacenaphthene was heated with hexamethylene
tetramine in glacial acetic gcid. On decomposing the complex
product formed with hydrozhloric acid, a hydroxy fornyl
derivative was obtained which gave a blue colour with

alcoholic ferrie chloride. This formyl derivative underwent
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Perkin acylation and Kmovenagel condensation (described below)
to give a-pyrone derivatives. Sime there is only ore ortho
position fres to the hydroxy group, the 5-hydroxy-i+-formyl-
acenaphthene structure (TXVI) is assigned tc it.
SeHydroxy-4-formylace naphthene on heating with acetic

anhydride and sodium acetate gave a compound which was (
insoluble in alkall and which did not give the test for an

. aldehyde. It gave an intense green fluorescence with corc.
sulphuric acid and therefore acenaphtho(5,4:635")a-pyrome

structure (XXVII) is assigned to this compound.

, I (cH,€02,0
CHo GHgCooNa

oH

ARV g Co0c2ts

ChHy

4 \coochg

{b) Kno%enqé el condensation of 5-hydroxy-it-formyl-

acenaphthene with diethyl malonate :

5=-Hydroxy—1+=fprmylacenaphthene on I’:I&v)fnéézﬁ condensation /g
with diethyl malonate in the presence of pyridine gave a g
product which was found to be insocluble in dilute alkall in
the cold. and did not give any colour with aleoholic ferrie

chloride. Ethyl acenaphtho(5,4:6)5")a-pyrone-3icarboxylate



structure (XAVIII) Qas assigned to ‘this éompound. It was 46
hydrolysed to the eérresponding acid (XXIX) which on
decarboxylation by heating in quinoliﬁe with copper powder
gave acenaphtno(5,4:615")a-pyrone (XXVII) desecribed above.

Synthesgis of acenaphtho-y-pyrones :

Synthesis of zzmethylacenaphtho(5,4:6:5’)Y~PYrone :

(a) Kostanecki-Robinson acetylation of 5-hydroxy-be=

acetylacenaphthene

S=Hydroxy-k=acetylacenaphtherie was obtained by the
Fries rearrangement of S—acetokyacenaphthene according to
Richter amd Feistzs. On heating in an oil bath at 1800 with
'acetic anhydride and fused sodium acetate it gave a product
which was foumd to be insoluble in cold alkall. This analysed
for the acetyl derivative of the desired y-pyrone. This
compound was further deacetylated by Boiling in absolute
aleohol with anhydrous sodium carbonate. The condensation
product was assigned 21methy113:acetylacenaphthc(5,4:6:5’)
yepyrone (XXX) agnd the deacetylated prodnct 2lme thylacenaphtho

(5,%4:6,5")y-pyrone structure (X¥XXI).

(b) Condensation of S5-hydroxyacenaphthene with ethyl

acetoacetate in diphenyl ether :
S5-Hydroxyacenaphthe ne on’refluxing with ethyl aceto-
aceta%e in diphernyl ether aml on ramoving the diphenyl ether
with steam, gave a product éhich was found to be insoluble
| in alkali. This was found to be ~ different from the Pechmamn
A coridensation product with ethyl‘acetoacetate‘described before.
Mixed melting point of this sample with 23methylacenaphtho

(5,4:6;5’)ywpyrone obtaired by the Kostanscki-Robinson



acetylation was not depressed. . 47

OH

{cH4C0) 0

CocH, CHCOo0 Na

.; v

O €Uvjl acels acebal . } O KX K
2 :D,L/)heny,t' eThux 1 <0
. - @
! CH3

i

. Synthesis of 2lphenyl-3lbenzoylacenaphtho(5,4:6%5%)y-pyrone:

Kostanecki-Robinson benzoylation of 5-hydroxy=-4-acetyl-

acenaphthene :

5=Hydroxy~‘+~acet3?lacenaphthene on heating with benzoic
anhydride and sodium benzoate st 180o gave a compound %rhich
was fourd to be insoluble in sodium hydroxide., It analysed for
22phenyl-32benzoylace naphtho(5,4:6,5”)y~pyrone (XXXII). This
compound however, resisted all attempts to hydrolyse the 32
benzoyl groupe. Whgn refluxed in alcohol with arnhydrous sodium
carbonate the original 2 phenyl-3ibenzoyl acenaphtho(S,li-:6:5’)—
y=pyrone was recoverad unchanged and on boiling with alcocholic
gsodium hydroxide S-hydroxy-4-acetylacenaphthene was obtained.The
formation of Ce-acyl derivatives in the Kostanecki-Robinson

26
acylation is a normal feature and it is sometimes difficult



to remove the 3J-benzoyl group from the y-pyrone derivatéve

27
formed o

I (ceHsco),0

coc,  CeHs €90 Na
OH

WKAAN

Synthesis of Q}Ehenylaceggphgho(5,4:6:5’)y~91;one :

Condensation of 5«hy droxy-4-ac etylacenaphthene with

benzaldehyde

5»Hydroxy«4vgcety1acenaphthene was condensed with
benzaldehyde in the presence of alcoholic potassium hydroxide.
The red product obtaired gave tests for a chalcone such as red
colouration with conc. sulphuric acid and yellow colouration
with a mixture of citric acid and boric.acid in dry acetone
(Wilson: test283, which is characteristic test for a
chaleone derivatives. Moreover it gave an acetyl derivati%e
(¥XXIV) when refluxed with acetic anhydride and fused sodium
acetate, On refluxing with alcoholic hydrochloric acid a

product isomeric with the acenaphthyl styryl ketone was

obtained to which- 2lphenyl acenaphtho(5,4:6.5”) -pyran-

Liope structure (XXXV) was assigned. 5-Hydroxy-l-acenaphthyl-
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styryl ketone structure (XXXIII) was therefore assigred %o
the ketore. The acenaphtﬁyl styryl ketore on refluxing

with selenium dioxide in iso-amyl alcohol and subsequent
'removal of the sclvent gave a pasty masé from which noc pure
product could be isolated. Acenaphthene itself has been
shown to give varicus oxidation products with éeleuium
dioxidezg. In order to get the desired y-pyrore derivative,
the acenaphthyl styryl ketone was therefore brominasted with
exactly one mole of bromime. The product obtained analysed
for a dibromo compound  On boiling with aleoholic potassium
Cyanide, a compound free from bromine was obtained‘and therg -
fore the structure 5-hydroxy-k-acenaphthyl-styryl ketone-a-
P=dibromide (YXXVI) was assigned to the bromo compound ard
23phenylacenaphtho(5,4:6:5’)yopyrone was assigned to the

final compound (XXXVII).

4

Synthesis of 21(p-methoxyphenyl)ace naphtho(5,4:6,5)

y=pyrone : Condénsation of 5-hydroxy-h=acetylacenaphthene

with anigsldehyde
5-Hyd roxy~4=-acetylacenaphthene was condensed with
anigsldehyde in the presence of alcoholic potassium hydroxide.
The acenaphthyl styryl ketone structure (XXXVIII) of the
product was established by the formation of a dimethoxy
derivative and a positive Wilson test28 and a deep red
colouration produced with cone. sulphuric acid. On refluxirg
with alecohclic hydrochlorie acid a yellow product isomeric
with the acenaphthyl styryl ketone was obtained to which
‘2tp~methoxyphenyl)acenaphthofs,hzéz5’)pyran-430n@ structure
(XXX1X) was assigned. The ketone (XXZVIII) on refluxing with
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selenium dioxide in iso-amyl alecohol did not give any pure
product. It however gave a dibromide on treatment with one mole
of bromire, This dibromide (¥L) was ecyclised to 2°(p-methoxy-
phenyl)acenaphthé(5,4:6:5’)}—p3'r0ne (XLI) on treatment with

aleoholie potassium cyanide.

CRrR,

Kw®1V Rz H R,=Co0¢

. R .
pAST) =~ ] \
CocH, TR Aleochz e H_ R
OH o
v B*Z Kx X R=H
KE BV R=-0CH
KrewN

A

wxxYl~ R=H
XL ~ R =0C¥g

XX Vvi-R=H
X4, ~R=0CH3

R



Synthesis of 2(5~meth0xy«h~acenaphthyl)benzqﬁv¥p§¥8ﬁé
' NT :

Condensation of S—methoxy»%uformylacenaphthcp@mggggnﬁ“gd)
Nt “'4_4_' ;4:";""

o-hydroxyacetophernome : P=-(5-methoxy-4-acenaphthyl)

viryl-o-hydroxypheryl ketore :

E—Rbthoxy=4~formylacenaphthenefdescribed earlier;on
condengation with o-hydroxyacetophernone in the presence of
alecholic potassium hydroxide gave a compound to which
P=(5-me thoxy -4 ~ace naphthyl) vinyl-o-~hydroxyphe nyl ketone
structure (YLII) was assigned as it gave the W’ilsontest28
and a red colour with come. sulphuric acid. It also ggve an
acetyl derivative (XYLIII), This compound on boiling with
alecoholic hydrochlorid acid gave a light yellow product
which on analysis was found to be iscmeric with the ketore
{XLII) and 2( Jeme thoxy-k=ace naphthyl) be nze ~—pyran-k-ane
structure (iLIV) was assigned to this compourd., Boiling
the ketore (XLII) with selenium dioxide in iso-amyl alcohol
did mot give any pure product. Therefore the ketone (XLII)
was brominsted with one mole of bromire and the dibromide
(XILV) ob*tained was cyclised with alcoholic potassium cyanide.
The structure 2(5-methoxy-h-acenaphthyl)benzo-y-pyrons
(XLVI) was éssigned to this compourd.

This is the first example of a benzo-y«pyrone derivative

with an acengphthyl substituent in the 2-position.
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Attempted Pechmsrn condensation of 3-hydroxyacenaphthene

with ethyl ascetoacetate :

3-Hydroxyacenaphthene prepared according to Mrgan amd
3¢
Harrison on condensation with ethyl acetoacetate in the

presence of sulphuric acid did mt undergo any reaction and

N

v



the unreacted 3-hydroxyacenaphthene was recovered. The 59
condensation could not be affected with other condénsing
agents like zine chloride, aluminium chloride or phosphorus

pentoxide.

Frieg resarrangement of 3=-gcetoxyacenzsphthene :

3-Acetoxyacenaphthene prepared by the acetylation of
3=-hydroxyacengphthene when subjected to Fries resarrangement
in carbon disulphide.in the presence of aluminiu& chloride
gave a product which was soluble in sodigm hydroxide and
also gave the test for a ketomey but it did not give any
colour with aleoholic ferric chloride. Therefore it was not
the required 3-nydroxy-hteacetylacenaphthene. Its structure
has so far not been elucidated and further work is in progress.

Attempted formylation of 3-hydroxyacenaphthene :

J-Hydroxyacenaphthene on boiling with hexamethylene
tetramive in glacial acetic acid and decomposing the mixture
‘with hydrochloric acid did ot give any aldehyde. The

unreacted 3J-hydroxyacenaphthene was recovered unchangeato
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Studroxyacenaphgpene :

Acenzprthere was nitrated in glacial acetic acid
according to Okazaki et alil Of the wvarious reagents
employed for the reduction of the nitro compound, it was
found that sodium dithionite in alcohol was the bestBl@
S=Amimacenaphthere thus obtained was comverted inte 5S-hydroxy-
acengphthene in 70 % yield by heating with 10 Z sulphuric
acid (w/v) at 190 200" for 8 hrs. in an autO”lave3l, mgp.lzﬁo.
Rapoport et al. £ave M.p. 125~ 26 .

Pechmann condensagtion of 5-hydroxyacenaphthene with

ethyl acetoacetate s Limethylace naphtho(5,4:635)

a-pyrom :

5=-Hydroxyacenzphthere (1 g.) and ethyl acetascetate
(1 ml) were mixed together and sulphuric scid (80 % 3 20 ml.)
was added with cooling amd shpking. The resction mixture
was kept overnight at room temperature and was then poured on
ice. The so0lid obtaired was filtered and washed with cold
dilute sodium hydroxide and then with water. It erystallised

0
from benzene in colourless reedles (0.5 g.), Mepe 218 &

Apnalysis : Fourd : C, B0.87 5 Hy 5.11 %.
CieH;y 205 ¢ requires : C, 81.36 3 H, 5.08 %.

B-M2thyl-B(5-methoxy-%-acenaphthyl)acrylic acid :

The above a-pyrome (1 g} was dissolved in a hot
mixture of acetore (100 ﬁls) and sodium hydroxide (10 %;
20 ml.) and to thils solution dimethyl sulphate (2 'ml) was
added drop by drop with shaking. More sodium hydroxide and
dimethyl sulphate were added with shgking and finally the
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mixture was heated on a steam bath for 30 minutes after making
the solnt;c-n distinctly alkaline, Thé separated solid on
acidification was filtered amd purified by extraction with
sodium bicarbonate solution, The acid on crystalligation

from benzené-petroleum ether mixture gave m.pe 177 . Yield O g.
Apslysis s Pound & C, 75.99 3 H, 5.67 %.

6”3“053 t requires 1 C, 76.12 $ Hy 5.97 2.

Gondensation of 5—hydroxyacenaphthene with ethyl benzoyl-

acetate s M-Phewlacenggbtho(ih: 15 )a=pyrone

S-Hydroxyacenaphthene (1 g.) and ethyl benzoyl acetate
(1 ml.) were mixed well and sulphric acid (80 Z ; 30 ml.)
vas added with external cooling. The mixtura was kept at
_room temperature for 48 hrse. and then added to 1ces The solid
obtained was erystallised from acetic acid, MaPe208°¢
Yield 0.3 ge N

dpalysis s Found s C, 84,13 § H, k.60 %,
Guﬁ“,az s requires c, 8L, 57 $ H, 449 %o

P-Phe nyl-B(5-methoxy-4-acenaphthyl)acrylic acid s

The above‘;;-pyrone (1 ge) was dissolved in a mixture of
acetone (40 ml.) and sodium hydroxide (20 ml.j 5 %) with
heating. Dimethyl sulphate (2 ml.) was added slowly and
the mixture was shaken vigqéously. More alkali and dimethyl
sulphate were added and the mixture was heated on a stdam
bath for half an hour after making the solution distinctly
alkaline, Dilute hydrochloric acid was added and the acid
separated was further purified by extraction with sodium
bicarbonate solutfon and finally crystallised from benzeme-



petroleum ether mixture in pale yellow crystals (O.4 go), -
o - .

Bepe 137 o

Apalysis s Pourd s C, 80,22 5§ H, 5.87 %o

622111803 $ l;equires ; c’ 80000 ; H’ 5'”’5 %O

§-gzdrog;4-fo ruy lacenaphthere

5-Hydroxyacenaphthene (1.7 go) was dissoived in glacial

acetic acid (50 ml,) and hexamethylens tetramine (5 g.) was
added. The mixture was heated on a steam bath rpr. 4 hrse
Hydrochlorie acid (10 mil.3 1:1) was added and the heating
was contimed for another half an hour. On coolirg, yellow
needles separated. These were recrystaliised from diiute
alqohol 1@ 1ight yellow needles (1.7 g.)’m.p. 959.
Apalysis + Found : C, 79.87 $ Hy 517 %
Cy3H, 002 ¢ requires : C, 78.77 § H, 5.05 %.

. “The compound gave blue ecolour with aleoholic ferrie
c¢hloride when dissolved in alcohol and an intense red
colouration with conce. sulphuric acid.

The 2,4-dinitro phenylhydragone

This was prepared by mixing a solution of the aldehyde
in glacial acetic acid and a solution of 2,4~dinttrophenyl-
hydrazine in glacial acetic acid aml adding a drop of
conc, hydrochloric acid. A red product separated out
immediately, It was crystallised from nitrobenzene, m.p.
281&0 (decomp.)

Analygsig ¢ Found t N, 14,81 %,

G, oH, 4058, : requires s Ny, 4% 4.

. “‘j-bbtmg-h»tormzlacenaghthene s
5-Hydroxy-1v-formylaeenaphtham (2 go) was dissolved in
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"dry acetors (20 mi.) am anhydrous potassium carbonate (5 g.)
‘was added. Dimethyl sulphats (2 ml.) was sdded with shaking.
The mixture was heated on a water bath under reflux for

5 hrs. The acetone was ,evaﬁorated and the reaction mixture
was added to water. The separated solld crystal.l.ised from
dilute alcohol in light yellow needles (1.8 g.), MmePe 99 o

Apalysis s Pound t C, 78.76 3 H, 5e5% %o
61381202 : i'equix;es 3 c, 79025 3 H’ 5466 %o
Porkin . acétylation of S-hydroxy—h—formylacenaghtham ]

Aconaghtho(i,#eé,i )a-pyrore : !

S-Hydrcxy-kvformylacenaphthem (1 g.) was mixed with -
acatic anhydride (5 ml,) and fused sodj.am acetate (1.9 g.)
and the mixture was refluxed in an oil béth at 170;800 for
15 hrs. It was then poured on ice amd kept overnight. The
8011d that separated was filtered anl crystallised from
dilute sleohol in yellow needles (0% g.), M.p. 166-67 .

Analysis ; Found s C, 8074 § Hy, 4.27 %o
C,5H;1 002 : roquires 3 C, 8L.08 3 Hy 4,50 %,

Condensation of S-hydroxy-lr-formylacenaphthens with

diethylmalonate 3 Ethyl acenaphtho(5,ks6,5 )a=pyrone-

Q-carboxylata 3

A mixture of S-hydroxy-i-formylacenaphthene (1 g.),
dlethylmalonate (1 ml.) and a few drops of piperidine was
kept at room temﬁerature for 24 hrs. The reaction mixture
was then treated with ice and hydrochloric acid and the
s0lid which geparated was filtered and crystallised from



benzene in golden yellow needles (0.6 go)ymepe 20'50.

Analysig ¢ Found t Cy 73.4% 3 Hy b9 %, 58
CigH 40y s requires 3 C, 73.48 ; H, 476 %o

" Mcepaphtho(5,41635")a-pyrope-3earbozylic aeid :

The above ester (0;8 g;) was heated with sodium hydroxide
solution (25 ml.5 %) over a steam bath for 3 hrs. It was
eoolaed an& acildifded with hydrochloric acid ;gith cooling‘.

The product was further purified by sodium bicarbonate
treatment. The agcid was erystallised from benzens in greenish
yellow needles (0.5 g.), meDe 2360(effer.)

This acid #as observed to give green fluorescence when
dissolved in benzeme or aleohol and a deep red colour with
conce sulphuric; acid. B - '

Apalysgis ¢ Foumnl : Cy 72.1% 5 H, 3.70 Ze
Ci¢H o0y - & requires 1 G, 72,18 j H, 3.75 4.
‘ Aeengggthogi,&sézi’zg-pxgqggn -

' The above acid (G;S g+) was dissolved in quimline (5 ml.)
and a pinch of copper powder was added., The mixture was
refluxed on a sand bath for one hour amd then poured in 1:1
hydrochloric acid. The prl:duct that sepa rated one keeping
the reaction mixture overnight crystallised from dilute alecohol
'in yellow reedles (0.3 g+)y map. 166-670. ‘

The mixed m.p. of the compound with acenaphtho(5,436,5")
a-pyrons obtainsd through the Perkin acetylation waé mt
deprassed.. )

Kostanecki~-Robinson acetylation of S-hydroxy-4e-gzcetyl-

acenaphthene ‘s glbfethxl-_?, -’-ge etylace paphtho( Dilsb ’.i’ )
y-pyrone :
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5-Hydroxy-k-acetylacenaphthene (1.5 g.) was thoroughly
mixed with freshly fused sodium acetate (3 g.) anl acetic
anhydride (6 ml.) and the mixture was heated in an oil bath
at 180-900 for 15 hrs. The reaction mixture was then ecooled
and poured on ice and kept overnight. The solid which
seéparated was filtered and crystallised from alcohol in
shinirg flakes (O g.); mepe 212"
Apslysis - 3 -Found : Cy 78409 § H, 4.98 4.
CigH.,03 t requires i 9, 77471 3 H, 5.03 Z.

23-Hethy1acenaphtho (s ,1+=6; 5 ? )y=-pyrone 3

The above y-pyrone (0.5 g.) was dissolved in alcohol
(25 ml.) and anhydrous sodium carbonate (3 g.) was added.
The mixture was heated on a steam bath ui:der reflux for
3 hrse The solvent was removed by distillation and the
mixture was diluted with water. The product obtained
erystallised from alcohol in light yellow needles (0.15 g.),
R.De 225-260. |

Anslysis : Found s C, 81.01 § H, 5.24 %.

G“H,.zoa 3 requires 3 e’ 81036 3 H, 5008 %o

Condengatiop of S-hydroxyscepaphthene yith ethyl

acetoacetate in dipheryl ether 2’—Met§g1aceng@tho

(5,43625 )y=pyrome :

SeHydroxyacenaphthene (1 g.) was mixed with ethyl
acetoacetate (1 ml,) and diphenyl ether (10 ml,). The mixture
was taken in a test tube and boiled for 2 hrs. over a small

flame with a short air condenser. so that the water formed

was removed. The solvent was then removed by steam
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- dlstillations The solid obtaired on cooling erystallised
from alecohol in light yellow needles (0.7 g.); mePe 225-260.
The mixed m.ps of the atove compound with 2lmethyl-
acenaphtho(5,*&:6:5’)y-pyrone, prepared through Kostanecki-

Robinson acetylation as deseribed above, was not depresseds

Kostanecki-Robinson benzoylation of 5-hydroxy-ite

acetylacenaphthene 3 Synthesis of zlghenyla-’-be.nzoyl--

scenaphtho (5,436,5" )v-gyrom :

5-Hydroxy-ke-acetylacenaphthere (2 g.) was mixed with
sodium benzoate (3 g.) and benzoic anhydride (6 g+) and heated
on an oil bath at 180-»900 for 15 hrse The mixture was then
poured on ice and?kept overnight, The pasty mass obtained was
repeatedly boiled with water to remove the sodium benzoate
and unreated benzoic anhydride. The solid obtaimed was
crystallised from acetic acid in yellow flakes (0 8 g.),
m.pe 261 . w
Analysis ¢ Found s C, 83465 5 Hy 4.63 %o
CogH 803 s requires : C, 83.50 j H, k.47 7.

]
Attempted hydrolysis of 2-phery1-3-be nzoylacenaphtho
(i,h 6,2 )y=-pyrore

The above y-pyrone (0.8 g.) was dissolved in alcohol and
anhydrous sodium carbonate (3 g.) was added and the mixture
was refluxed on a steam bath for 6 hrs. The solvent was
removed and the mixture was diluted with waters The solid
obtalned was crystallised from acetic acid. Mixed m.p. of
the product with 2lpheryl-3lbenzoylacenaphtho(5,ksé : 5, )

y=-pyrone was not depressed.
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' 23-Pheny1~33-bénzoy1acenaphtho(5,%:6':5’)’y-pyrone (045 g4)
was refluxed with alcohol (40 ml.j and sodium hydroxide
solution (20 ml, § 5 2) Qn‘a steam bath for 4 hrse The \
solvent was removed and the mixture was added to water. The
solution was made scidic with dilute hydrochloric scid. The
product crystallised from alcohol and was fourd to be Sehydroxy-
beacetylacenaphthene,

Condensation of 5-hydroxy-he-acetylacenaphthene with
benzaldehyde : S-Hydroxy.heacensphthyl styryl ketone 3

5-Hydroxy-iteacetylacenaphthene (2 g.) was dissolved in
alcohol (40 ml.) and benzeldehyde (3 ml.) and potassium
hydroxide (10 g. ir 10 ml, water) were adde’d; The mixturé was
kept at room temperature for 48 hrs. It was then diluted and
acidified with dilute hydrochloric acid with cooling. The
s011d obtained was filtered and crystallised from petroleum
ether ir red prisms (1.1 g.), m.p. 1819.*
Apslysis s Found s+ C, 83,88 5 Hy, 5.41 %,
CoyH 602 ¢ requires : &, 84,01 j H, 5.33 %e

’This compound gave ‘deep red colouration with conc,
sulphuric acid ani a positive Wilson testzs. With alcoholic

ferric chloride it gave a blue colour.

Sedcetoxy-lt-acenaphthyl styryl ketone 3
The above ketore (0.8 g.) was mixed with freshly fused

sodium acetate (1.5 ge) and acetic anhydride (2 m1,) and

)

. " .
refluxed on a sand ) bath fox? houre It was then poured on
ice ard left overnight. The solid obtained crystallised

’h;fﬁ'ﬂ
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from petroleum ether in yellow crystals (0.6 g.), mep.108 o

-Analzsig s Found 3 G‘, 80.96 s Hy 5.08 % \
G2331303 3 mquires 3 c’ 80,70 $ H, 526 %o

2ll={henylacena.ghtho( 543625 )'g;:gyran—h-’-ona :

5-Hydroxy-—h-acenaphthy1~styryl ketone (1 g.) was
digsolved 1in alcohol (75 ml,) and hydrochloric acid (5 m,)
was added. The mixture was refluxed on a steagy bath for
48 hrs. The solvent was removed and the mixture was diluted
with water., The solid obtained was filtered andfcrystalliséd
from alcohol in yellow meedles (0.6 g.), meps 154 e

Agglzsis s+ Found s C, 84,12 3 H, 5.17 %o
cnnuoa _ $ requires 3 C, 84,01 § H, 5.33 %Z.

This compound did mot answer Wilson test and gave mo
colour with alcoholie ferric chloride. ’
~Hydroxy-lt -ace naphthyl-styryl ketope dibromide :

‘ S-Hydroxy-l=ace naphthyl-styryl ketone (1 g.) was dissolved
in chloroform (15 ml.) and bromine (0.5 g,)ﬂdissolved in
chloroform (5 511;;) vas added at 10~i5° drop by drop with
constant stirring. After the addition, the solution was
kept at 1.0--:!.5o for 2 hrse. The solvent was allowed to evaporate
" and the residue was erystallised from benzere-petroleum ether

in yellow reedles. (0.8 g.), m.pe 1120.

Anglysis_ . : Found 3 Bry 34,91 %o
cnn“ozarz s requires : Bry 34.77 %.

2-Phenylacenaphtho(5.h:6 5)y-pyrone-

The above ketone dibromide (1 g.) was dissolved in
alecohol (75 ml.) and potassium eyanide (1.5 g.) was added.



The mixture was hegtg,d under reflux over a steam bath for
1 hour. The solvent was removed and the mixture was diluted
with water. The solid obtained was crystallised from benzemne

in yellow erystals (0.'+ ge)s m.p. 256

Analysis : Pound 3G, 84.22 § H,4.69 "%,
CaHin0, : requires : C, 84.57 ; H, 470 %.

Condensation of S-hydro «acetylacensphthene th

anisaldehyde : J-Hydroxy—4-acenaphthyllp-methoxy styryl)

ketone @ |

A mixture of 5-hydroxy-leacetylacenaphthere (1 g.), |
ani saldehyde (1~m1;) and potassium hydroxide (5 g;in S ml,
water) in alxohol (50 ml) was kept at room témperature for
48 hrs; The solution turned dark red in colour. Some ice
cold water was added and the solution was acidiffied with
hydrochloric acid. The separated solid was filtered and washed
several times with sodium bicarbonate. The residue was

0
erystallised from benzene in red prisms (Oué g.), MePel57 »

Analysis : Found : C, 80,13 § H, 542 %
C,oH, 803 ¢ requires : C, 80,00 § Hy, 5.45 %.

It gave a positive Wilson test and a deep red colour
with comes sulphuric acid. With alcoholic fertic chloride

£

it gave a blue colour.

5=Mathoxy -it=gce naphthylép-methoxy styryl)ketone :

The above ketore (0.5 g.) was rofluxed with anhydrous
potassium carbonate (1.5 g.) and dimethyl sulphate (0.8(m1.)
in acetone (30 ml.) on a steam bath for 3 hrse The solvent

was removed and the reaction mixture was diluted with water.
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The produet eprystallised from alcohol 1xi yellow needles
0
(003 go)’ MePo 142 &

Analysis : Pound s C, 80.68 5 H, 6.12 Z.
32332003 s requires 3 e, 80423 3 H, 5.81 %.

2 (p-Methoxy pheml)aeenaphtho(5,’+:6 5 )g-pYran-h-one :

5-Hydroxy-3+-acanaphthyl(vp-lpethoxy styryl)ketone (1 g.)
was refluxed in aleohol (75 xﬁl;) containing hydrochloﬂc acid
(5 m1.) for 36 hrs. on a steam bath. The solvent was removed

by distillation and the mixture was diluted with water. The
product that “separated crystalused from petroleum ether in
yellow needles (0.3 8oy Mepe 152°, '

Anglygis s, Found s C, 79.01& 3 Hy 5.29 %o
(222H1303 H requires $ c 80,00 $ H’ 50!*‘5 %0

Mtxed m.pe of the compound with the ketone was depressed
by 18 .‘This compound did not give the Wilson teste

5-Hydroxy-k-acenaphthyl(p-methoxy styryl)ketore dibromide:

S-Hydmxy-k-aoenaphthylip-methoxy styryl)ketone (1.1 g.)
was dissolved in chloroform (15 ml.,) and bromine (0.5'3.) in
chloroform (5 ml.) was added' dropwise at 10-15? with stirring.
The mixture was kept at 10-1501‘01' 2 hrse The product obtained
on removal of the solvent was erystallised from petroleum ehher

0
in yellow needles (0.9 ge), Mepe 155 o

Analysis s Found t Bry, 32.60 %.
32211,,303]5:3 $ fequ:lres t Br, 32065 %o

2'( g—llathoxy phenyl) acenaphtho ( 5,42625")y -pyrone 3

The above dibromide (1 g.) and potassium cyanide (2 go)
in aleohol (50 ml.) were refluxed for 1 hour on a steam e
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bathe The solvent was disl;illed off and the mixtueée was
diluted with water. The solid obtainsd erystallised from
benzene in yellow'prtsms (0.7 g.), mepe 2‘#20.

Analysis s Found t C, 80,50 3 Hy 4.98 %o
C22H¢03 ¢ requires & Cy 80,48 3 H, 4.87 %.

v
t

Synthegis of 2 K¢ S-methoxy-i#-aca naphthyl) benzo -y -pyrome 3

Condensation of 5-methoxy-lt-fiormylacenaphthene with

o-hydroxyacetopherons 3 P-(5-methoxyacenaphthyl)vinyl-
o~hydroxyphenyl ketone 3 ‘

A mixture of 5-metho:y-k-fomy1§cemphthene (1 go)y
@-hydroxyacetophenone (0.6 ml,) and potassium hydroxide
(5:g¢ in 5 ml. water) in alcohol (50 ml.) was kept at room
iemperature for two days. The solﬁtion boecame deep red in |
colour. It was then diluted and acidified with cons.
hydrochloric acid with proper cooling. The solid obtaired
was filtered and erystallised from benzene in yellow needles
(11 go)y mepe 164"

Analysis s Pound t C, 80,50 3 H, 5.70 %.

C2H;.803 s requires 3 G, 80.00 $ Hy S5 %o

‘The compound gave a poéitive Wilson test and a deep
red colouration with corc, sulphuric geid. With aleoholic
ferric chloride it gave a brown colour.

P(5-Methoxy-l sacenaphthyl)vinyl-o-acetoxy phenyl ketone :

The above ketone (0.5 g.) was dissolved in acetic
anhydride (3 ml,) and freshly fused sodium acetage (1 g.)
was added. The mixture was refluxed on a sand bath for 1.5
hrse It was then poured on ice and the solid obtained was
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erystallised from petroleum ether in light yellow ncedles
)
(0.4 g‘.), mepe 98 &

Analysis s Found $ C, 77.66 § Hy, 5.66 %o
03;,3290., | requires 3 @ 77 41 ; H, 5.37 %

2 (5—kthoxy-‘+-acenag§§_x_mg_~_~__bmm-w s

ﬁ( S=Methoxy~l~acenaphthyl)vinyl p-hydroxyphenyl ketone
(1 g) was dissolved in aleohol (75 ml.) and concentrated
hydroehlorie acid (5 ml.) vas added. The mixture was refluxed
on a steam bath for 48 hrse The solvent was removed by
distillation and the mixture was diluted with vatere The
solid obtained was crystalnsed from gleohol in light yellow
needles (0.5 g+)y MeDe 1‘98 .

Analysis s Found 1 C, 80422 § Hy 5.17 %o
C M, 805 s requires : G, 80.00 ; H, 5.45 %.

This compound did mot give the Wilson test and gave m
colour with alcoholic faerric chloride,
B( S-I&athoxyg!r?ac enaphthyl)a ~B-dibromo ethyl o-hydroxye

phenyl ketora 3

ﬁ( 5-Me thoxy-4~acenaphthyl)vinyl ¢-hydroxypheryl ketore
(1.1 g.) was dissolved in chloroform (15 ml.) and bromire
(0.5 ge) in chlordform (5 ml.) was added dropwiss at 10-15
with stirring. After completing the addition the mixture was
stirred for 2 hrs, The solvent was alloﬁed to evaporate and
the residue was erystallised from benzeme-petroleum ether in
light yellow meedles (0.9 g.), m.p. 1530.
. Apalvsis : Found 1 Br, 32.60 %.
€2,8,803Br; " 3 requires s Br, 32,65 %.
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The above dibromide (1.5 g.) was dissolved in alcohol
(100 m1.) and potassium cyanide (3 g.) was added. The mixture

L]

2’ (5.1 thoxy-i=acenaphthyl) benzo -y -mom s

x;'as heated on a steam bath for ! hour. The solvent was
removed and the \re‘sidue‘ vas diluted with water. The solid
obtained was c¢rystallised from alcohol in light yellow
reedles, (0.9 g¢)y mape 1520.

-Analysis s+ Found st C, 80,28 3 H, 4,98 %.
0233‘663 s Requires 3 C, 80,48 ; H, h—-B? %o

Preparatian of 3-hydro:yace naphthem :

Acenaphthene was nitrated in large excess of acetic
anhydride using diacetyl ortho nitric acid according to
Morgan and Harrlsonao and 3-nitroacenaphthene was obtaimed.
This was reduced to 3-amino derivative by aluminium amalgam
and converted to 3~hydroxyacenaphthene by diazotisation and
boilirg with sulphurie acid, m.p. 151°. Morgan and Ha.rristan30
gave the M.pe 1510.

3-Acetoxyaconaphthene :

3-Hydroxyace naphthene $1.5 g+) was dissolved in sodium
hydroxide (25 ml.; 10 %) an& a fow pleces of ice were added.
Acetic anhydride (2 ml.) was added slowly with vigorous
stirrirg. The separated solid was filtered, washed with
dilute sodium hydroxide and crystan:lsed from dllute aleohol
(1.3 g.), m.p. 57 .
Analysis s Pound ~ 3 C, 79.51 5 Hy 5.63 %.
CiWHy 202 s requirss d‘, 79425 3 Hy 5.66 %.



The above 3-acatoxyacenaphthere (1 g,) was dissolved

in dry carbon disulphide (25 ml.) and anhydrous aluminium
chloride (2 g.) was added with cooling., The mixture was heated

3-Hydroxy-?-scetylacenaphthene 3

on a vater bath under reflux for 6 hrs. The clear solvent was

~ decanted out and the pasty mass was decomposed by adding

ice and hydrochloric acid. The yellow solid was filtered and
crystallised from alcohol 1in yellow flakes (0.6 g.), Mmep. 185 .
It did mot give any colour with aleoholic ferric chloride.

Analysis : Fourd 1 Cy 79.38 3 Hy 5465 %
c;bnxzoz - .3 wqulms 4 c, 79.25 H H’ 5666 %o

2,4-Dint trophe nylhydrazons

The above ketom® was dissolved in acetic acid and a
solution of 2,4-dinitrophernylhydrazine in acetic acid was
-added. The separated sol:l.d was filtered and crystallisad
from nitrobenzens, m.p. 267 (decomp.).

palysis _ & Foumnd s N, 13.86 %.
zoE“OtN., . s requires s N, 14.29 %.

3—Matho§z wi ®303 txlace naphthene

3-Hydroxy=? «gtetylacenaphthene (0.5 ge) 1n dry acetome
(20 ml.) was refluxed with anhydrous potassium carbonate (1 g.)
and dimethyl sulphate (0.5 mle.) on a steam bath for &4 hrs. The
solvent was then removed and water was added. The solid was
erystallised from alcohol in colourless needles (0.3 g.),
MePe 11%0.
Analysis s Found 31 C, 7945 3 Hy 5.99 %
€y 5Hy 402 : requirés 3 C, 79.66 3 H, 6.19 %



4

, . L )
.Attempted formylation of 3-hydroxyacenaphthene : 69

' 3—H§droxyacenaphthane (1 g.) was dissolved in glacial
acetic acid (20 ml.) and hexamethylene tetramine (3 g.) was
added. The mixture was heated on a steam bath for & hrs.
Hydrochloric ac1d (5 ml. 3}:1) was added and the heating
was contimed for 30 mimtes more., The solution was diluted
and the solid was erystallised from dilute alcohol. Mixed
m.p. with 3-hydroxyacenaphthene was mot depressed.

Attempted Pechmsnn econdensation of 3-hydrgxyaeen§.ghthem

with ethyl acetoacetate :

To a mixture of 3-hydroxyacenaphthere ( 1lg.) and ethyl .
acetoacetate (1.5 ml.),sulphuric acid (80 %’; 20 ml,) was
added with cooling and the mixture vas kept for 2 hrs.st
room temperature. :. It was then poured on ice and the
separated solid was erystallised from dilute alcohol..The
product-was soluble in sodium hydroxide and the mixed m.p.
with 3-hydroxyacenaphthene was rot depressed.

3-Hydroxyacehaphthene was also recovered unchanged,
when aluminium chloride or phosphorus pentoxide was used

as the condensing agents.
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- SMION - II

Synthesis ¢f some_acenaphthofurhil : ‘ Z

A large mumber of furan derivatives are present in
plants, 5-Methoxybenzofurna (I), Buparin (II), Pongamol
(III), and Egorol (IV) are a few of the simple benzofuran
derivatives found 4in nature.

o /CHa |
l HO l C\\CH‘L
Cﬂso HSC oC

1 i
O Ha
CSHs’CO CHZGC@ HOOC CH)_C“}_
OCHa
i v

Arother group of interesting naturally occu;i'ng furan
derivatives are the furocoumarins. Oreoselore(V), Angelicin
(VI), Bergapten (VII), Xanthotoxin (VIII), Pimpirellin (IX),
1so-Pimpirellin (X) and Psoralene (XI) are a few members
belongirg to thié groupe

(V) Oreoselors



3

R . Ry , R R,

VIL:, Bergapten H  OCHy|VI. Angelicin ‘B H
VIII. Xanthotoxin  OCH; H |IX. Plmpinellin OCH, OCH,
X. 1s0-Plupinellin OCH; OCH,

XI, Psoralene H g'H

|

I3
v

Khellin (XII) and Visnsgin (XIII) are examples of

naturally occurrirg furochromores and Karanjin (XIV) is an

example of a naturally occurring furoflavone,

Xty

Some of the g eneral methods avallable for the synthesis
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When 3-halocoumarins are: heated.with:alkall-a coumarilic

of benzofuran derivatives are described below :- .

acid derivative 13 obtained which can be easily decarboxylated

to a furan derivative.

Synthesis of a benzofuran derivative can be accomplished
1
from the dibromide of a chalcor® by treatment with aleoholic
potassium hydroxide.

. ‘ o)
OH O \‘\, a' ) KOH> I CO @
CHRY €H B Co '

a~-Hydroxy phenylacetic acid readily undergoes ring

29394

[ )

closure with sulphuric acid to yield a furan derivative
Thus when mandelic acid is condensed with phenol 3-phenyl-

coumaran-2-one is formed.

oH HOC'EO H2504 N
+ HOCH~— ”
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A method which is extensively used for the synthesis of
furan derivatives consigts in the condensation of bromo acetic
esteé with"an 9-hydroxyaldehyde or an g-hydroxyketone and
subsequent hydrolysis and cyclisation of the phenoxy acej:ic
acid derivative formed with sodium ascetate and acetic anhydride.
Simmltareous decarboxylation has been observed in many cases.

H "~ "
o Br CHa COOEE . OCH,COOEL . OCH,COOH
- ] . 7
COR COR, COR

t

fAC,0
NaORe

)
Qg
R R

2y3-Dihydrofurans are formed from g-allyl phenols as
59697
s

-

follows

OCH,CH=CH, oH PPA /O\CHS
.___E.y.x.o_lys:.s___> N
. CHEH=CH, -

Ring closure of pheroxy carbonyl compounds or their
acetals can be effected with the help of reagents like

cornc. sulphuric acid, anhydrous zinc chloride or polyphosphoric
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acid to get the furan derivative, S s

/OR 0
OCP;_CH

_eea ]

OH BvCHCHORD), NoRr

Pheroxy acetic acids undergo similar cyclisations when

1291391 %
treated with phosphorus pentoxide to yleld coumaran-3-one . ! o

R

' H . o
O oC Heoo PO O R
. ‘ el

5 |
Kaufmannf#:al-developed a versatile method for the synthesis

+

of furan derivatives from g-hydroxy allyl derivatives. It can
be illustrated with the synthesis of a psoraleme derivative,



R

el ‘ chg
3
—_ O fio U
 CAECHORD Pysolysts
CHpCHCHy,
i)a-cef)‘z Jedion
i) brommalitn
e CH3

&
cHy O~o0 _KeN CHpco e
| O FRoup,cupec

Areja, Mikerjee and Seshadri'® in the course of their
work on the synthesis of furocoumarins developed another
method for the synthesis of furan derivatives. They subjected
the g-hydroxy allyl derivgtive to ozonolysis and.cyclised
the g-hydroxyacetaldehyde derivative obtained with ortho
phosphoric acide

CHzC H=CHy
N * . -
CHzGHEHS Pyrolysis , We 2
_ / ‘
_ |0zonoksis
N
CH,C Ho
Oxtho Phas ’Jho‘a‘ic,ﬂ Ho o

<

acid
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! When the present work was started there was only ome
refererce in the literature on the synthesis of an

ace naphthofuran viz: that of Sircar and Ghowdharyf” who
synthesised 21phenyl-§1acat6maeemphthg(,l,az 5:#’)furan

(XV) by heating acenaphthene quimone, acétOphenone am
écetic anhydride in the presemce of a little conc. sulphuric
acid at 500 for 40 hrs. and then at 75-80? for § 1 hour.

~ cc.oCH3

KV

No acenaphtho furan derivative with the furan ring built
on ope of the aromatie rings was knowne It was therefore

thought of interest to synthesise such compounds.

Synthesis of acenaghtho(S ls 5,h )furan

S5=Hydroxy -4 -formylacenaphtherne was synthe sised as given
on page 56 and was condensed with ethylbromoacetate in the
prosence of anhydrous potassium carbonate. The heformyle-5-
carbethoxytﬁetho:;yacenaphthena (XVI) odtained was hydrolysed
with sodium hydroxide to h-formyl-5-carboxymethoxyacenaphthene
(XVII)s This was refluxed with freshly fused sodium acetate
and acetic ahhydride to get acenaphtho(5,ks: 5:#’)furan (XVIID),
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the decarboxylation taking place along with the cyclisation.

I BeCHoCOOEL . ‘ I
] CHO KC03 ' CcHO

OH . OCHLOOCglig

xXvi

NaOH

ﬂc
Naoﬂc

OC HQ_CO OH

XVl XVH

Synthesis of 3—methy1acenaphtho(5.4 5,% )furan s

(a) From ~hydroxy-ieacet lacena hthene s

sfaydroxy-#-aeetylacenaphthem prepared by the Fries
rearrangement of 5-acetoxyacenaphthene according to Richter
and Feiezt:18 was condensed with ethyl bromoacetate in boiling
acetore in the presence of anhydrous potassium carbonate when
Y-acetyl-5-carbethoxymethoxyacenaphthene (XIX) was obtained.
This was hydrolysed by boiling with sodium hydroxide to
hegeatyl-5-carboxymethoxy acenaphthene (XX). On boiling with
freshly fused sodium acetate and acetic anhydride, the acid
gave 3 methyl acenaphtho(5,l+:5,% )furan (XXI).
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(B) From hlmethylacenaﬁghtho(S,kw:5’)a-gzron“e :

h:hbthylacenaphthe(S,kzéz5’)a-py‘rona (XXII) obtained by

. the Pechmann eondensation of 5-hydroxyacenaphthene with

ethyl acetaacetate as described on page $4 was brominated

in acetic acidm. The monobromo derivative obtained on heatirg
with sodlum hydroxide on a steam bath gave an acid which did
not contain any bromine. The acid on decarboxylation by
heating in quinolime with copper powder gave a prodiﬁxct vhich
was ﬁentieal with 3-’-mathy1acenaphtho(5,h: 5:%’)furan describad
aboye. The bromo compound has theretoi-e been assigned
lt:methylc-:'.-’-bromoacenaphtho( 5,‘#:6: 5 )a -pyrone structure (XXIII)
and the acid is assigned the 3:-mathylacenaphtho(5,h-= S:M’)furan-
22carboxylic acid structure (XXIV).
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Synthesis of 3-phenylacenaphtho(5.k:5,% Jfuran :

| 5-Hydroxyacenaphthene was dissoived in 2N sodium hydroxide .
and benzoylated -by shaking with benzoyl chloride, The S~benzoyl=
oxyacenaphthere (XXV) thus obtained was subjected to Fries
rearrangement 1n‘ carbon disulphide in the presence of
anhydrous aluminium chloride. On removing carbon disulphide,
the 5—h§rdroxy~lt-ben20y1acenaphthene (XXVI) was obtainede The
Sehydroxy-t-banzoyl structure was assigned to the ketone
becanse (1) it gave a blue colour with aleoholic ferric
¢hloride, (25 it underwent cyclisation to give the furan
derivative‘ and (3) in analogy with the Fries rearrangement
“of the S-acetoxy derivative. ’
S5-Hydroxy-i=-benzoylacenaphthene was condensed with
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efhylbromoaaetatq in the presence of a}ahydreus potassium
carbonate 1in dr§ acetone when 4-bénzoyl-§-carbethoxymethoxy
acenaphthéne was obtained (XXV’II); This was hydrolysed by
heating with alcoholic sodium hydroxide to' the corresponding
acid- l-benzoyl-5=carboxymethoxyacenaphthene (XXVIII) which

was cyeclised by refluxing withf rashlyrmsad sodium acotate
and acetic arhydride to 3:-phexwlacenaphtho(5,ln5:4’)mran(xxm).

Q) == U

b 4

KXWV alcls

CSy

o]
OCH:£0Colls

XXWVi

XXViti

NaOH

I Regl , NaOfe
COCgHs

OCHLOOH
XXVl




83

EXPERIMENTAL,

‘Condonsation of S-hydroxy-i-formylaconaphthene with

ethyl bromoacetate : 4-Formyl-5=carbethoxymethoxye

scomaphthene :

S-Hydroxy-lt=formylacenapithene (1 g.l) prepai'ed as given
on pagé 56 was dissolved in dry acetore (25 ml.) and
anhydrous potassium carbonate (2 ge) was addeds To this solution
ethyl bromoacetate ( 1 ml.) was added. and the mixture was
hea”ted under reflux on a steam bath for 8 hrse The solvent
was evaporated and the mixture was added to water. The
solid which séparated was filtercd and erystallised from
petroleum ether in colourless flakes ( 1 gi.), Mmepe ‘79-800.

Analysis t Pound t Cy 72418 § Hy 5.78 %o
QL?H160|I- 3 lﬁ'a'quires s C’ 71.83 $ H’ 5463 %o

4~Formyl-5=carboxymethoxyace naphthene 3

The above ester (1 g.) was heated with sodium hydroxide
(25 mley 5 %) on a steam bath for 3 hrs. A clear solution
was obtained. This was acidified and the solid was further
purified by sodium bicarbonate treatmente The acid obtained
was finally erystallised f’rom' benzere in colourless rnsedles
(0.6 g+) meps 172°% |
Apalysis ¢+ Found 3 Cy 70.5% § Hy 479 %
c;;auo.. + roquires 1 Cy 70433 § Hy 4e68 %o

ghtho(i,__’t;ﬁ,h Jfuran ¢

The above acid (1 g.) was mixed with acetic anhydride ‘

(10 ml.) and freshly fussd and powdered sodium acetate (1.5 g.)




84
and refluxed gently on a sand bath for 1 hour. The reaction
mixture was then poured on ice and the preduct which
separated was filtered and washed with a&dium bicarhonate
and finally orystalliged from aqueous alcohol in colourless
flakes (0.5 ge) ¢ Mepe 48°;

Analysis:: : Found s Cy 87407 § Hy 477 %o
Cy uH; o0 : requiresg s Cy 86460 3 Hy 5.18 %

Condensation of 5-hydroxyei-acetylacenaphthere with
ethyl bromoacetate : leAcetyle5-carbethoxymethoxy

acenaphthene :

S-Hydroxy-ie-acetylacenaphthere (2 g.) was dissolved in
dry acetone (25 ml.)s To this ethyl bromoacetate (1.8 g.)
and anhydrou# potassinm earbonate (2 g.) were aiidéd and the
mixture was refluxed on a steam baih for 3 hrse The solvént
was then removed and the reaction mixture was added to water.
The separated. solid was filtered and erystallised from

o
petroleum ethsr in colourless needles (1.5 ge), Mepe 74 o
{

Analysis s Found + Cy 72,13 3 H, 5.98 %Z.
CisH,;80, ¢ requires $ C, 72,47 3 Hy, 6.04 %f

4-Acetyl-Secarboxymethoxyacenaphthens

The above ester (1 g.) was heated with sodium hydroxide
solution (20 ml. 3 10 ) on a steam bath till a elear
solution was obtained ( 3 hrs.)e It was carefully acidified |
with dilute hydrochlorid: acide The product was filtered
and purified by sodium bicarbonate t’raatment. The acid was
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finally crystallised from benzere in colourless ncedles
0
(0.6 ge)y MeDo 168 .

Anal!sis 3 Found ‘ 2 C, 710"‘1 ; H, l"'083 %0
G“H“O.‘ .3 requires 3 Cy 71011 H, 5.18 %.

3.Methy1aca naphtho( TRH )mran :

A mixture of k-acetyl-ﬁoearhoxymetmxyacenaphthene (1 g4),
acetic anhydride (4 mi,) and freshly fused sodium aceta'ce (1g.)
was refluxed gently on a sand bath for 3 hrse The reaction
mixtuse was then poured on ice and the solid was filtered
and waéhed with sodium bicarbonate solution, It was finally
erystallised from dilute alcohol in colourless flakes (0.5 g.),

Mepe 57"530-

Analysis s Found s C, 86;28 3 Hy 5.60 %o
015H2°0 .8 reqnires s C, B6.5% § H, 5076 %o

Synthesgis of 3-methy1acenaphthe(5,’+: S,ll- )furan from

k-methylacenaphtho(5,’+:6 5 )a-pyrone s

k-hbthyl-;—bromoacenaghtho(5,%:6.5 )a-pyrons :

l*-’-»Mat:lmyla.ce:n.s;pht:ho(5,%:6:5’)uc»pyr<me described on pages54
(1 g.) was dissolved in glacial acetic acid (100 ml.)e The
solution was cooled and bromine in scetic acid (7 ml.; 10 %)
was added dropwise with constant stirringe The ﬁiucture vas
allowed to stand for 3 hrse The separated solid on pouring
it into water was filtered ard crystallised from glacial
acetic acid in colourless needles (1.0 g.), m.p.298°£deccmp.).

Analysis : Found t Bry 25.64% %o ,
€,¢H,,0,Br : requires : Bry 2540 Z.
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31Methylacenaphtho(5,4: 554 ) furan-2learboxylic acid t

The above-bromoeaspyrone (2 g.) was refluxed with
sodium hydroxtde (25 ml.j 10 ) t111 the solution became
clear (8 hrs.). It was filtered and the £1ltrate wals cooled
by adding fce and the solid obtaired on scidifieation with
hydrochloric acid was purified thmough soditim bicarhonate
tregtment and then crystallised from toluene as colourless
' small reedles (0.3 g.), m..p; 2%70.

Analysis : Found t C, 75.7% 3 H, 489 %o
CieHy 203 i1 requires 2 Gy 76,19 3 H, 4.76 %.

3-Mathylacenaphtho( 5elts 5:1&, )furan 3

The above acid (0;5 g+) was dissolved in quinoline
(5 m1,) and copper b;'onzé (0.2 g.) was added. The mixture
was then . refluxed on a sand bath for half an hour. It
was cooled and poured in cold dilute hydrochloric acid. The
solution was extracted with ether (100 ml.) and the solid
Obtained on removal of ether was w'ashed‘ thoroughly with
sodium bicarbonate solution. The residue was crystallised
from dilute aleohol (0,15 ge), Mepe 573-580. Mixed m.p. of
this sample with 31methy1acenaphtho(5,l+;5:%’)furan prepaz'ed~

from S~hydroxy-ie-acetylacenaphthene was not depressed.

Synthegisg of ;lphe nylace naghtho( Sl 5:4’)furan :

5-Benzoyloxyace naphthere 3

~ "5eHydroxyacenaphthere (1 g.) was dissolved in sodfum
hydroxide (25 ml.; 10 %) ané crushed ice was added. To
this benzo&l chloride (1 ml,) was added and the flask was
ecorked and shaken §ell for 15 mimtes. The solid was filtered
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and crystallised from aleohol in colourless flakes (1’2 ge)y
mepe 105 .

Mﬁ},ﬁ s Fourd s Cy 83,12 3 H, 4,86 2.
e;gﬂ“uﬂz . 4 l;equires '  § c 83020 $ H, 5010 %o

h-Benzole—hydroxyace naphthene 3

5—Benzoquxyacenaphi;hene (1 g+) was added in small
portions to anhydrous aluminimﬁ chloride (2 g.) dissolved
in carbon disulphige (100’ mle)e After combleting the
addition the mixture x}as heated on a water bath under reflux
for & hrs. The clear solvent was then decanted aml the
Pasty mass was decomposed by adding fce and hydrochloric
acid (10 ml.)s It was left overnight and the sgparated
solidhwas purified through sodium hydroxide treatment. ft
crystalllsed from petroleum ether as red prisms (0.8 ge)y
m.p. 126 o

Analysis s Found 3 €, 83,70 5 H, 4.85 %.
CioHi\02 : requires s G, 83.20 § H, 5.10 4.

It gave a blus eolour with alecoholice ferric chloride

and red colour with corce sulphuric acid.

Condensation of Lebe nzoyl~5-hydroxyacenaghthene with

ethylbromoacetate : 4~Benzoyl-S-carbethoxymethoxy

acenaphthene

5-Hydroxy-ls-benzoylace naphthene (2 g.) dissolved in-
dry acetone (20 ml,) was refluwxed with ethyl bromogcetate '
(2 mLe) ard énhydrous potassium carbonate (4 g.) on a steam
bath for & hrs. The solvent was then removed andifgeactiop

mixture was added to water. The solid obtalred was filtered



and washed with cold dilute sodium hydroxide to remove,

ahy unreacted compound. The residue was crystallised from
g K ]
petroleum ether in light yellow flakes (1.5 g.), Mep.126 o

Analysis s Found : C, 76,30 § Hy S.42 2.
G 2383000 s requires t Gy 76467 5 By 5.55 %.

l»~Banzoyl-5-c arboxzmethoz_:zgcenaghthe :

The above ester (1 g.) was heated unde_r:*reflux with
alcoholic sodium hydroxide (30 ml. 3 5 %) on a steam bath
for 3 hrs. The alcohol was evaporated and the residue was
diluted with water. It vas filtered and the filtrate was
aci#ified with hydrochloric acid. The solid obtained was
further purified through sodium bicarbonate tregtmert. The
acid so obtained was erystallised from benzene in cubes ’
(0 5 ge)y MeDe 173+ .

A 1!31 3 Found H c, 75082 $ H, .66 %o
can“o., : iequires : Gy 75.91 5 Hy 4481 %o

Q—Phenylacenayhthow,ln 5,% )furan $

The above acid (0.5 g.) was mixed with freshly fused and
powdered sodium acetgte (1 g+) amd acetic anhydride (3 ml,)
and refluxed gently on a sard bath for 2 hrse The mﬁture
was then added to ice amd stii-red well to decompose the
acetic anhydride.The separated solid was filtered and washed
vith sodium bicarbonate solution ahd then with water. The
residue was crystallised from alcohol in golden yellow meedles,
(0.2 go), meps 88"

Analysis "t Fourd : C, 88,78 3 Hy 5.26 %.
C oo, 1,0 : requires 3 C, 88.88 § H, 5,18 %.
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SECTION IIl.

Mannieh reaction on S=hydroxyacenaphthens

The essential feature of the Mannich reaction is the
replacement of an asctive hydrogen atom by an aminomethyl or
substituted aminomethyl group in a compound containirng ate
least one reactive hydrogen atom, |

BH + CH,0 + NHRR’ ——~ B,CH, NRR’

Aleohol and acetic ac 14 have been generally used as solvents.
If aqueous formaldehyde is used, the condensation can alse

22 carried out without organic solventse Burke ard coworkers.”
used dioxar® as solvent with very good resultse They employed
catalytic quantity of alcoholic potassium hydroxide to effect
the depol_ymarisatioﬁ of paraformaldehydee

Fhenols, ketones, aldehydes, acids, esters, nitro

compounds and heteroeycliec ring systems containing either
oxygzen, nitrogen or sulphdr are found to undergo the reaction.

ﬂecombe? has proved that in Mannich regetion of a phenol
with formaldahyde and secondary amines, the resulting dlalkyl
aminomethyl group enters ortho or para position or both and
that in no case 1t attaches to oxygen of the hydroxy groupe.
‘Burkes showed that the cohdensation of equimolecular
" quantities of para substituted phenols with formaldehyde
and primary amires gave alkylaminomethyl pe- substituted
phemls, When the reaction was carried out using phemol,
formaldehyde and primary amine in the molar ratio 1l:2:1
rospectively the f ormation of a substituted benzoxazire (I),
a new series of compounds took place, The benzoxazirne
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derivative on heatirg with hydrochloric gzcid in aleoholic
solution decomposes readily to give the corresponding
O~-alkylami romethylep-substituted phenol.

o & O
CH:.O
R | Nd R CHgNHR

The same anthors also showed that a third kind of
product, N,N-bis-(2-hydroxy benzyl)alkylamine (II) could
be directly obtained in the reaction of certain ortho, para
substituted phenols with paraformaldshyde 'and primary amine s’f’.
When polyhydroxy phemols were condensed with formaldehyde

and primary amines poly~-l,2-benzoxazines were fomned .

H

gil

Mannich reaction has proved to be an important tooliin
the field of synthetic organic chemistry. The resulting
products of the Mannich reaction may be further transformed
into a variety of compounds. The most important characteristic
property of many of the products obtained in the Mannich
regction, especially those derived from secondary amines, 1s
the decomposition into the amines and unsaturated eompounds
when subjected to heat or steam'distillation.
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ﬂ 6
Mannich et al. found that P-dimethylaminomethyl ketone
and g-nitrobenzaldehyde reacted to give a product, which on

reduction lost water to form a substituted quimcline (III),

cip | CH cH:».N/ 2 = /M3
2 ~ =C=CiiaN
CHgy Ch=C—=CHal et
A4,

A CHLN \ cHy

i

The P-substituted amim ketonss or aldehydes have been
reduced to the corresponding y-substituted amino alcohols'.
Mary such amino aleohols in the form of their esters,
especially the benzoates and p-aminmobenzoates, have been
widely used as 1oca.1 anaesthetle Se

Caldwell and Thompson have developed a new method of
nuclear'mephylayion of phenols’ by raducing the Mannich base,
which can be 1llustrated by the preparation of 2,6-xylemol (IV),

CHy CHjy
W TP
CHy o

ot
- ‘ CHy e,
cHa N’
“CH3
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Mannich bases have been found to be of importance 1n3
the preparation of a;éehydes; It was observed by Smrdereeé' -
that when Mannich bases in acetic acid are tréated 'Iw;l,th ;
' hexamethylene tetramine the intermediate quaternary salt
decomposed to an aldehyde. The intermediate quaternary
ammonium ;salts were of the type emcountered in Sommelet

9
reaction .

2

R.CH, N(CH3), + (CH,)¢N, + CH; COOH .
K ‘ N ]

-(CH3), NH + R. CH, N(CH,)¢ N3 + CH3 COO

‘ +

R, CHy N, (CH;)¢ N; —— Re CHO

Mannich reaction on acenaphthene derivatives

There appears to be only one refererce in the literature
on the Mannich reaction on a acenaphthens derivative.
Rapoport et a.l‘.-w refluxed 5~hydroxyacenaphthems with
methylene bisepiperidine and obtaimed S5-hydroxyel=piperidime-
methyl acenaphthene (V). |

bocss>

The present work deals 4w1th the synthesis of Mannich
basés from S-hydroxy acenaphthene and primary and secondary

aminas,



Mannich reaction on 5«hydroxy acenaphthene with

(a) dimethylamine, (b) piperidime, (¢) morpholine,
(d 1irs_apd_ (e’ t

(a) 5-Hydroxy acenaphthens on condensation with parae

formaldehyde and dimethylamine in equimolecular proportion

gave a compound which was found to be soluble in hydmchlpr@c
acid and in sodium hydroxide solution, To this compound
5ehydroxy-4-dimethylaminomethyl structure (VI) has been assigned
because on treatment with hexamethylene tatramine it gave
5-hydrogy-4-formylacenaphthene (XI) which has beeh synthesised
by direct formylation of S-hydroxy acemaphthens and has been
described earlier (p.56 ).

(b) 5-Hydrox§ acenaphthens, paraformaldehyde and
piperidine when mixed in equimonlecular proportion furnished
a compound which was soluble in alkali ard in mineral acids.
5-Hyd1§oxiJ+-piper1&1nemethyl structure (VII) has been
assigned to this compound because on tréatment with hexagmethylene -
tetramine in acatic acid, it gave S~hydroxy-i-formyl acenaphtheme
(xD. “

The same compound has been previously préparad by Rapoport
et al.fo by the action of methylené-bis-piperidim on 5-hydroxy
acenaphthens as stated.béfore. / ‘

(¢) 5-Hydroxy acenaphthene with paraformaldehyde and
morpholire gave a compound which was soluble both in mimeral
acids and in alkall. 5-Hydroxy-ke-morpholinomethyl structure
(VIII) has been assigned as. it afforded 5S-hydroxg-i-formyl
acenaphthene on treatment with hexamethylene tetramire in
glacial acetic acide
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(a) 5-Hydrexy acenaphthers on treatment with paraformaldehyde
and antlims 1in the molecular ratio 1:2:1 yielded a product
to which 2"H-3lphenyl 3}k’ -dihydro 1)3 oxaztno(6]515,4)
acénaphthene structure (IX) has been assigmd."rhe product
was insoluble in both alkall and in minerals acids. It however,
¢oult not be hydrolysed to 5—hydroxy-§-phenylamimﬁethy1
acenaphthere on boiling with hydrochloric acid and only
unchanged product was recovered tut on boiling with hexamethylere
tetramire in glacial acetic acid it was directly converted
- into Sehydroxy-h-formyl acenaphthene (XI).

(e) 5—Hydroxy acenaphthene when mixed with benzylamine’
and péraformaldehyde in the ratio 131132 gave a compound which
was insoluble in acid and in alkali. To this 2 H-3lberzyl-

3 :lfzdihydro-—lb:oxazi no (6': 5’ s 5,lt) acenaphthene structure (X)

has been assig‘ned becau;;e' this compound was converted in£o
Sehydroxy-ieformyl - acenaphthene .. by boiling with hexamethylene
tetramire in glacial acetic acid. ';It 'eo'uldlnot be econverted
into Sehydroxy-Webenzylaminomethyl acenaphthere by boiliﬁg
with conoe hydrochloric acid. Only unchanged product was
recoveréd. . | |
Attempted Mannich reaction anﬁ\g-hydroxyA acenaphthene :

Mennieh reaction on 3-hydroxy acenaphthere was tried
with dimethylamine, piperidme‘,‘ morpholine, aniline and
bénzylamine. 3-Hydroxy acenaphtheneyparaformaldehyde anl each
of the above amine in alecohol was heated on a boiling water
bath for 4 hrs; On working up the mixture only unreacted

3-hydroxy acenaphthere could be recovered.
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Attempted chloromethylation of 5;hydroxyacenaphthene and

its methyl ether :

' |5-Hydroxy acenaphthere on chloromethylation with

‘'ormaldehyde and dry hydrogen chloride gas in dioxane

0
or in glacial acetic acid at room temperature or at 5 gave

only

a polymeric product from which mo pure chloromethyl

derivative could be isolated, 5-Methoxy acenaphthere alsoc on

a similar reaction gave only a polymeric product.

was ¢
acid,
only

pure

Attemgted ehloromgth'ylation of 3-hydroxy acenag_hthem

and 1ts methyl ether.:

Chloromethylation of' 3-hydroxy and 3-methoxy acenaphthere
arried out using different solvents like dioiane, acetic
ete. and at different temperaturess In all the trials
a polymerised product could be obta:ined from which no
product could be isolated.
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Mannich reaction on 5_—hydroxy acenaphthene with

paraformaldehyde and (a) dimethylamires (b) piperidine ,

(e) morpholire ,(d4) anilire and (e) benzylamire 3

(a) 9-Hydroxy-4e-dimethylamiromethyl acenaphthene 3

Paraformaldehyde (0,18 g.) was depolymerised by boiling
with aleohol (5 ml;) containing a very small pidze of
Potassium hydfoxide. Snydroxt acenaphthene (1 g.) was
dissolved in alcohol (10 ml.) and dimethylamive (0.4 ml.)
was added, To this soiution, the paraformaldehydé solution
was added. The product which separated out immediately was
fnt(ered and ¢rystallised from petroleum ether in colourless
nesdles (L.l go), Meps 100 s '

Analysis s Found t Gy 79428 3 Hy 7455 § Ny 5.99 %o

Cy sHy 9ON : requires G, 7930 3 H, 7.48 § N, 6.16 %
. The abtove Mannich base (0.5 g.) and hexamethylene
tetramire (1 g.) in glacial acetiec acid (10 ml.) were heated
on a boilirg water bath for 3 hrse. Hydrochloric . acid

(5 mle5 1:1) was added and the heating was contimed for

30 mimtese fhe product which separated on coolijg was

erystallised from dilute alecohol in q'olourless long reedles
(0.3 g4), mape 950. Mixed melting point with S5~hydroxy-be-

formyl acenaphthene reported earlier (p.56 ) was not depressede.

(b) 5S-Hydroxy-#-piperidinemethyl acenaphthere ,

The above reaction was carried out with piperidine
(0.5 ml.) as the amire. The product which separated out
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on working up as before crystgllised from petroleum ether
in colourlegs needles (1‘.2 Ze)y MeDe 770.

Anzlysis ¢ Found s Cy 80s67 § Hy 7472 5 Ny 5.68 %o
CygH, 20N s requires : G, 80,91 § H, 7.86 § N, 5.24 %,
 The above Mamnich base on hesting with hexamethylene

tetramine in glacial acetic acid and workirg up as before

afforded S-hydroxy-keformyl agcenaphthene.

(¢) 5-Hydroxy-l=morpholinomethyl acenaphthepe @
Paraformaldehyde (0,18 g.) and a very small piece of

potassium hydroxide, 5;-hydroxy acenaphthene (1 g,) ard
morpholire (0.6 mle) were reacted in alcohol as before. The
product that separated after 4 hrs. was filtered and
erystallised from petroleum ether in colourless needles (1.1 g.)
mep. 95
Analysis : Found 3 Gy 76436 5 Hy 7.03 § N, 5.62 %o
C;q9H, g0,N s requires 1 C, 75.82 5 H, 206 3 N, 5.20 %.
| ‘The above Mannich base on heating with hexamethylere
tetramine 1n glacial acetic acid and working up as above
afforded 5-hydroxy-i-formyl acenaphthene,.
(8) 22H-32Pheryl-3 4 dinydro-1.3 0xaz1no(6.5 £ 54)

acenaphthene

Paraformaldehyde (0.3 g.) depolymerised by boilirg in
aicohol with a small miount of petassium hydroxide was reacted
with a mixture of aniline (0.5 ml.) and S5-hydroxy acenaphthene
(1 g.) 1n alcohol (10 ml.). The solution on keepirng overnight
gave a solid which was crystallised from petroleum ether in
colourless flakes (0.8 ge). The product was fourmd to be



insoluble in cold sodium hydroxide solution, MePe 10# 100

Apalysis 3 Foumd 1 C, 83.95 3 H, 6,21 ; N, 5.08 %.
' c;oa,,_on t requires : G, 83.62 § H, 5.92 § Ny 4.87 %.
“The above oxazino derivgtive was unaffected by boililng
with hydrochloric acid in alcohol even after refluxirg for-
6 hrs. ' .
The above oxazim derivative (0.5 g.) was dissolved in
giaciai dcetic Iaci'd (10 ml.) and hexametliylene tetramire
(2 go) ﬁas added, The mixture was heated on a water bath for
3 hrse Hydrochloric acid (5 ml.j 1l:1) was added and the
heating was contimed for"30 mimtes more, The cyystalline
Product which separated on cooling was filtered and
recrystallised from dilute alecohol (0.3 g¢)y MeDe 950. Mxed
Mepe with S~hydroxy-i-formyl aeenapﬁthem was not depressed.

(e) 22H-3 benzyle3) -dil_xzdro-l,}—oxazino(é 5 15,4)

- acenagphthene : /

Paraformaldehyde (0.3 g.) was dissolved in alecohol by
‘boilirg along with a 11ttle potassium hydroxide and the
solution was reacted with benzyijamim (0.7 ml,) and 5-hydroxy
acenaphthene (1 g.) in aleohol (10 ml,) bty keepiﬂg overnight.

The separated golid erystallised from petrolemn ether in
‘colourless reedles (0.7 g+)y mepe 118°.
Analysis °  ; Foumd t Cy 83419 § Hy 6436 3 N, 4.65 %
G, H g0N 3 requires - s C, 83.71 3 H, 6.31 § N, %465 %o

. “_fhe above oxaziro compound on boiling with alcoholic
ﬁydmchloric acid for 6 hrse on a water bath remaimsd unchangeds

The oxazino derivative, however, on heating with
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hexamethylene tetramire in glacial acetic acid and workirng

up as above gave 5-hydroxy-1+;formy1 acenaphthene,

Attempted Mannich reaction on 3-hydroxy acenaphthene 3

Paraformaldehyde (0.18 g.) in a'leohol (5 ml,) with a very
small amount of potassium hydroxide was added to dimethylamine
(0.5 ml,) and 3-hydroxy acenaphthenle Sprepared accordirg to
Horgan and Harrison - i - in alecohol (10 ml.). No solid
material separated out even after keepiﬂg the mixture over-
night, The alecohol was removed ard the resid’ue on crystallisation
vas found to be the original 3-hydroxyacensphtheme.

Only unreacted 3-hydroxy acenaphthens :- could be isolated
even> after heagting the reaction mixture on a steam bath for
% hrse Piperidine, morpholine and their hydrochlorides were
also tried in this reaetion, but m Mannich bases could be |
isolated.

—

Attempted chloromethylation of 5-hydroxy acenaphthene
and its methyl ester ¢ |

Paraformaldehyde (0.12 g.) was suspended in glacial
acetic acid (20 ml.) and dry hydrogen chloride gas was passed
at room temperature till the solution became cleér. 5-Hydr6xyf
acenaphthene (1 g.) was added and dry hydrogen chloride gas
was passed for 3 hrs. when a solid precipitated out. It was
left overnight and filtereds No: pure product could be obtained
from this solid. )

Similar type of compoumis were obtalned when the reaction
was carried out at low temperature. 5~Methoxy acenaphthene
also gave a similar product unier different set of conditions.

The use of dfoxan as a solvent in the above two cases did nbt
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Attempted chloromethylation of 3-hydroxy ace naphthere

and 1ts methyl ester :

When the above reaction was repeated with 3-hydroxy
acenzphthene similar results wsre obtalned.
The same result was obtained when 3-methoxy acenaphthene

was used. Use of dioxan as a solvent or carrying out the

reaction at lower temperature did nrot impwove the producte
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