CHAPTER -~ 2

SOME REACTICNS ON 1,5- AND 1,8~ DIHYDROXYANTHRACHENE



THEORETICAL



LobORSCICAL

The Friedel=Crafts Reaction :

Pricer has defined the Friedel-Crafts reaction as
" a process of uniting two or more organic molecules
%hrough the formation of carbon to carbon bonds under ths
influence of certain strongly acidic halide catalysts such
as aluminium chloride, boron trifluoride, ferric chloride,
zine chloride, etc, ~m=—m==—==" (1), In general sense, today
we consider Friedel-Crafts tyée reactions to be any
substitution isomerisation, elimination, c¢racking, poly-
merisation, or addition reaétions teking place under the
catalytic effect of ILewis acid type acidic halides or proton
acids. The &ifferent,asPects of Friedel-Crafts reaction is cuc
well covered by Olah(2),

The Friedel~Crafts ketone synthesis implies the
introduction of an ac%&l group into the aromatic nucleus
by the action of en acéylating aéent, usually an acgl
halide, acid anhydride, ester or the acid itself, in the

presence of a Friedel~-Crafts catalyst
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Friedel-Crafts acylation of aromatics is of considerable
practical value owing to the importance of aryl ketones
and aldehydes,

Friedel~Crafts acetylation of 1,5-dihydroxy~
naphthalene with anhydrous aluminium chloride and acetyl
chloride has been done by Kuriakose(3). 1,5-Dihydroxy-
anthracene (I) on Friedel-Crafts acetylation with acetic
anhydride at room temperature afforded 2,6-diacetyl-t,5-
dihydroxyanthracene (II) in about 50% yield. The compound
is giving s bluish violet colouration with alcdholic ferric
chloride solution.

Under the same condition when 1,8-dihydroxyanthracene
(III) was treated, 2,7-diacetyl-1,8-dihydroxyanthracene (IV)
was obtainad. {Chart 1).

The PFries Heaction :

The fries reaction consists in the conversion of an
ester of a phenol to an o- or p~hydroxyketone$, or a

mixture of both, by treaitment with aluminium chloride,
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The details regarding this reaction is well
reviewed by Bhatt(4) and others(h). The reaction
mechanism has been évaluated by oértain experimental
facts(6). The structure of the phenyl ester determines
whetherﬁor not a Fries reaction will take place, The
reaction product o~ or p-hydroxyketome is influenced by
the structure of the ester, the temperature, the solvent,
and the smount of aluminium chloride.

The temperature effect in the Fries reaction. has
been observed by m many workers(7,8). An important example
of this is reported by Rosenmund, et, al. in which lower
temperature (25°C) favours para product, while higher |
temperature (16500) gives ortho product(8).

Fries rearréngement of 1,5-diacetoxynaphthalene is
studied by Kuriakose(3). 1,5-Diacetoxynaphthalene on Fries
- rearrangement with anhydrous aluminium chloride without
the use of any solvent gives an alkali soluble product,

When 1,5=-diacetoxyanthracene(V) was subjected to Fries
regrrangement under similar conditions, the product was
characterized to be 2,6-diacetyl-t,b5-dihydroxyanthracene
for the following reasons 3

It gave a bluish violet colouration with alcoholic

ferric chloride solution. The comvound was mixed with

product (IT) obtained by Friedesl-Crafts reaction and its



melting point was taken., No depression in melting point
yas observed. Also the U,V. and I.R. spectra of this
compound superimpose on that of II,

Similarly 1,8~diacetoxyanthracene (VI) on Fries
migration produced 2,7—diacetyl—-1,5-dihydroxyanth;:t?alcenen
No depression in mixgd melbing point of this compound with
(IV), shows its identity with IV. Further it was confirmed
by superimposing its UV and I.R. spectrs with IV,

Nencki Resction :

The use of zinc chloride and an organic acid (acetic
acid) for the nuclear acylation of phenol isg generally ‘
knowﬁ as Nencki reaction., Addition of acetic anhydride
promotes the reaction. Witt and Brown synthesized
2-acetyl-1=naphthol by Nencki reaction(9). Using

appropriate anhydride, Cheema and Venkataraman prepared «

number of hydroxy ketones(10).
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1,5= and 1,8=-dihydroxyanthracene were subjected to
Nencki acetylation when produets II and IV were obtained
respectively, in considerable good yield. (Chart 1),

The yield of derivatives III and IV by the abdve
three reactions is in following decreasing order :

Nencki > Friedel~-Crafis > Fries
55% > 504 . . 45%

The Pechmann Condensation :

The Pechmann condensation(11) is an important method
for preparing coumarins, since it proceeds from very
simple starting materials and gives good yield of coumarins.
It consists in the condensation of phenol with ;4ﬁetonic
ester in the presence of condens agents such és concentrated
sulphuric acid (11) phosphorus pentoxide(12), phosphorus
oxychloride(13) and anhydrous aluminium chloride(14). The
other condensing agents such as sodium ethoxide, boric
anhydride, sodium acetate, ferric chloride, stannic
chloride, titenium chloride and thioanyl chloride have been
found to be useful only for the condensation of reactive

phenols withfﬁﬁietonic esters(15).



Coumarins without substituents in the pyrone ring can

be synthesized by condensing phenols with malic acid in the
presence of conc, sulphuric acid(16). Various aspects of
this reaction have been reviewed by Sethna and Phadke(17).
The use of sulphuric acid as the condensing agentéleads to
the formation of Coumarins except in a very few cases where
chromones are also formed(17). Those phenols which are
reactive and give good yields of coumarins with sulphuric
acid, invariably give coumarins with phosphorous pentoxide
as the condensing agent(18) and phenols which do not
condense in the presence of sulphuric acid or form coumarins
in low yield give chromones when phosphorous pentoxide is
employed as the condensing agent, Mentzer et; 2l.(19) found
that if a phenol is heated with a ?Zketonic ester at a high
temperature without any condensing agant chromones are
formed instead of coumarin, Iater, Desai, Trivedi and
Sethna(20) found that the reaction is more rapid and better
products are obtained if diphenyl ethér is used as a solvent
and the reactvion mixture refluxed with a short condenser to
remove the water formed. Benzo-a{-pyrone known a8 coumarins
are found to be widely distributed in the plant kingdom in
grass, orchids, legumes and citrus fruits either in the free
state or in the combined state. Umbelliferon(i), aesculetin
(ii), scopoletin(iii), daphnetin(iv) and fraxetin(v) are few

of the simple coumarins occuring in nature(21).
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Aesculetin (idi) H OH
Scopoletin (1i1) H ~ 0CHg
Daphnetin (iv) 0H H
Fraxetin (v) OH OCH

Robinson and Weygand(22) obtained 5-hydroxynaphtho

(1,2; 6';5!")~pyrone(vi) by the Pechmann condensation of
1,5~dih§dréiynaphthalené with ethyl acetoacetate.
Kuriakose obtained some of and Y naphthodipyrones from

2,6 2,7 and 1,5-dihydroxynaphthalene(3). Sethna et. al.\ay).
synthesized some anthra pl and Y’pyrone(vii—xiii) from

1-hydroxyanthracene and 2-hydroxyanthracene (Chart 2).
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This appears 1o be the only synthesis of anthrapyrone
derivativest reported so far, 1t was therefore, thought q& hﬂégeﬁr
to study the syanthesis of W~dipyrone derivatives from

1,5 and 1,8-dihydroxyanthracene by Pechmann

condensation, with ethyl acetoacetate.

Pechmann Condensation of 1,5~-dihydroxyanthracene with

.

ethyl acetoacetate :

Wnen 1,5-dihydroxyanthracene(l) was condensed with
ethyl acetoacetate in the presence of sulphuric aecid (80%),
a product(VII} was obtained in good yield. It was insoluble
in cold sodiuﬁ hydrozide solution. On heating with alkali
and dimethyl sulphate in acetone solution on a steam bath
it gave an unsabturated acid as seen by decolourisation of
dilute bromine water and potvassium pérmanganate solution.
The formation of such an unsaturated acid is a diagnostic
test for coumarin derivative(23). 4',4"-Dimethyl-1,2; 5,6-—
anthra~o-dipyrone(VII) has been assignéd the structure

" based on analytical data and spectroscopic analysis.
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The same product was obtained when 1,5~dihydroxyanthracene
was condensed with etﬁyl acetoacetate using phosphorus
pentoxide as condensing agent (Simonis reaction).
Similarly 1,8~dihydroxyanthracene(lII) on
condensation with ethyl acetoacetate in the presence of
80% sulpburic acid under the same conditions gave
compound (VIII), An unsaturated acid was obtained on
heating with élkali and dimethyl sulphate in acetone
solution on steam bath,.the compound(VIII) has been
assigned the structure 4',4"-dimethyl-i,2,7,8-anthra—x-

dipyrone based on analytical data and spectroscopic

analysis,
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Synthesis of Bibenzofurans from 1,5 and 1,3-dihydroxy

Anthracene 1

Eventhough a large number of benzofuran derivatives
have been synthesized the synthesis of anthrafurans have
been comparatively fewer, Numerous derivatives of benzo-
furens have been isolated from various plants. Some of
these may be mentioned here, S5-methoxybenzofuran(xiv)
cuparin{xv), pongamol(xvi), egonol{xvii) and griseo-
fulvin(xviii) and khellin(xix) are a few of the simple
benzofuran derivatives occuriﬁg in nature.(Chart 3).

A large number of furocoumarins have also been
isolated from plants, for example, angelicin(xx),
pimpinellin(xzxi), psoralene(xxii), bergapten(xxiii),

xanthotoxin(xxiv), isopimpinellin(xxv) and oreoselone

(xxvi). ‘
b
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Khellin(xxvii) and visnagin(zxviii) are the naturally
occuring molecules of the furochromone:~ group and

R
karajin(xix) is an example of a naturally ocecuring
K

furoflavones

/
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Still: another group of benzofuran derivatives are
the aurones, They are glycosides of hydroxylated
benzylidine coumaranones. Aureusidin(xxx) leptosidin(xxxi)

and sulpuretin(xxxii) are a few members of this group.
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Some of the important general methods of the synthesis of
benzofuran derivatives may be briefly described here as
they illustrate the different ways in which a furan ring
cen be built up on an aromatic nucleus,

1e The classical synthesis of benzofuran involves
bromination of coumarin and treatment of the resulting
3-bromocoumarin with alkali to gelt (benzofuran-2-
carboxylic acid) coumarilic acid which on decarboxylation

gives benzofuran(24,25).
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24 Synthesis of a benzofuranderivetive can be
accomplished from the dibromide of a chalcone(26) as follows;
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e K~Hydroxyyhenyl acetic acids readily undergo ring

li;gsér with phenol in presence of sulphuric acid to yield
furan derivatives(27~29). Thus when mahdeliec acid is

condensed with phenol, 3-phenylcoumaran-2-one is formed,
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?, A related synthesis involves the action of alkali
on o=-hydroxy-~B-halostyrene(30), 3-phenylbenzofuran can be
prepared in this way and if o-~hydroxybromoacetophenone

is used, 3-coumaranone results(31).
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5e Benzofuran can be obtained by the catalytic

cyclodehydrogenation of o=-ethylphenol(32), and 2, 3-
benzofurans can be prepared by the cyoliéa‘tion of
o-allylphenols on heating with hydrobromic acid or with

pyridine hydrochloride(33-36).
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Sulphuric acid, anhydrous zinc chloride or

polyphosphoric acid are effective reagents for the ring

closﬁre of phenoxy carbonyl{37-40) compounds.
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A method which is extensively used for the synthesis

of furan derivatives consists in the condensation of

bromoacetic B ester with an o-hydroxy aldehyde or an o-

hydroxyketone and subsequent hydrolysis and cyclisation

of phenoxy acetic acid derivative formed with sodium

|
acetat%and acetic anhydride, Simultancous.gecarboxylation

has been observed in many cases.
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A very large number of benzofuran derivatives

have been synthesized. Furan ring has alsc been built

up on the naphthalene ring system and a number of simple

as well as substituted nsphtho-furen have been

synthesized(3).

A few anthrafuren~2-ones, such as 2H-anthra (9,1-be)

furan2-one(41) (xxxiii), 2H-anthra (9,1=be) furan=2-one=b-

hydroxy(xxxiv).(42), 2H-anthra (9,1=be) fuian-2—0n9~5-

carboxylic acid(xixv), and 2H-anthra i9,1-bc) furan=2-one-—

T-carboxylic acid(xxivi)(43) have been reported, 3-Methyl-

anthra (1,2-b) furan, 1;methylanth:a (2,1~b) furan and anthra

(2,1=b) furan have been synthesized by Shah and Sethna(44,45).
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Synthesis of 3', 3"-Dimethyl-anthra(l,2b; 5,6b')bifuren:

2,6—Diacetyl~1,B-dihydroxyanthracene(Ii) was condensed
with ethyl bromoacetate in boiling acetone in presence

of anhydrous potassium carbonate when 2,6-~diacetyl-t,5-
dicarbethoxy-methoxy)anthracene(IX) was obtained, This
ester was hydrolyéed by treatment with alkali to 2,6-
diacetyl=1,5-dicarboxymethoxy)anthracene(X). The
cyclisation of this acid was effected by refluiing it with
acetic anhydride and freshly fused and powdered sodium

acetate and 3',3"-dimethylanthra(l,2b; 5,6b')difuran(XI)

- -

was obtained,
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Synthesis of 3',3"-dimethylanthra (1,2b; 7,84')bifuran:

Similarly 2,7-diacetyl=l,8-dihydroxyanthracene( IV)
on condensation with ethylbromoacetate, under the same
conditions, gave 2,7-diacetyle=t,8-di(carbethoxymethoxy)
anthracene(XII). The ester was hydrolysed with alkali
to 2,7-diacetyl~1.8-di(carboxymethoxy)anthracene(XIII).
31, 3"~dimethylanthra(1,2b; 7,83')bifuran{XIV) was
obtained on heating the acid(XIiI) with sodium acetate

and acetic anhydride,
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Spectroscopic Analysis :

Ultraviolet Spectra :

. The uvltraviolet spectra of dihydroxy anthracene
derivatives are given in Table 2, These spectra were
scanned in alcohol as a solvent except the compound VII
and VIII, which were scanned in chloroform since they are
insoluble in alcoholy using Beckmann DU-2 Spectrophotometer.
Generally a very sharp peak (Amax) is located around 255 nm.
The compounds IT, IV, VII and VIIi have another peak
around 300 nm.

The anthracene absorbs at 221, 256, 375 mm(46)..In all
the compounds peak around 255 may be corresponding to the
absorption peak of anthracene, Coumarin shows two absorption
bands in the région 250 to 330 nm(47-51). The first
absorption band of medium intensity is observed in the
region 300 to 330 nm with a maximum at 311 (log E 3.72) um,
which is attributed to the presence of the (=C=C=0 group
in the pyrone ring of coumarin. The second absorption band
of comparatively higher intensity is observed in the region
250 to 300 bm with a maximum at 274 nm (log E 4.03), which
is due to benzenoid absorption(52). In compounds VII and VIII
{bipyrones) the peaks at 310 and 313 respectively can be
attributed due to C=C0=0=0 group of pyrone ring and in

compounds II and IV at 302 and 292 due to the same group.
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Infrs Red Spectra :

The i.r. spectra were taken in the nujol mull using
Perkin Elemer i.r. spectrophotometer.
Ketonic C=0 and C=C : !

— - T——— o —

The unsaturated ketonic vibrations due to C=0 and C=C are
are absorbed in the region around 1693 and 1621 cm“1
respectively(53). In the compounds II, IV, X and XITI
studied here. the carbomyl freguency is assigned at 1715
to 1730 cm"1, waile the C=C band assigned at 1620, except
in the compound II, which is at 1545, which may be due to
different position of carbonyl group.

£8=0 Stretching Vibrations in Pyrones :

The ester carbonyl group of {-lactones occurs in the
same position as in open chain compounds, This is paralliel
to the case of cyelic ketones, and is 1o be attributed 1o
the lack of strain in rings of this size. This correlation
ie quoted by Rasmussen and Brattain(54) and have given a
value at 1738 cm"1. Jones et. al., (55~57) have confirmed
this correlation in & number of steroid { -=lactones and it
has also been found to hold good for a number of six
membered ring lactoes by E Grove and Willis(58). Korte and
his co-workers have also reported in the range 1715 %o
1730 em~! for such B six membered unsaturated C=0 group(59).
In the compounds VII. and VIII this band is located at

1730 cm”1, with the confirmity of the reported values,



£~0~C Stretching Vibrations : s 1035
1

A strong band is found in the range 1015Acm“ due
to stretching viabration at C+0-C ether linkage in >
compounds X, XI and XIII and XIV. Generally compounds
having the furan linkage, these frequencies are in the

range 1015 to 1035 cm™ (60)s

Nuclear Magnetic Resonance Spectra :

4s these derivatives are only sparingly soluble in

the usual solvents, the NMR spectra could not be obtained,
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1. Preparation of 1,5~dihydroxyanthracene :

Disocdium salt of anthracene 1,5-disulphonic acid
was prepared from anthracene according to Liebermann(61)
with minor modificationsas, follows:

Anthracene (5.0g) was powdered and added in small
portions to (80%, 10 ml) sulphuric acid contzined in a three
necked round bottom flask. The reaction mixture Wwha
mechanically stirred for 6 hours at 65-70°C, The reaction
proceeded slowly and ultimately the reactgon mixture
became olive green paste., Thig was then poured into water
(1 litre) and the unreacted anthracene was filtered off and
the filtfate after making alkaline with sodium hydroxide
solution (40%) was evaporated to half of its volume and
allowed to coél, when the solid sevarated mainly consisted
of disodium anthracene 1,5-disulphonate. This was then
recrystallized from water in the form of yellowish green
micro needles. (Yield 40%).

The disodium anthracéne 1,5-disulphonate on fusion withA
alkali according to Iampe(62) with minor modificatiaon gave
1,5~-dihydroxyanthracene, as follow§

Potassium hydromide (35g) was taken in a nickel crucible

and héated in Muffle furnace to about 200-220°C, When alksli
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vas fused, disodium%nthracene 1,5-disulphonate (5g) was
then added to the molten alkali in small portionswith
stirring and the temperature was then gradually raised

and maintained at 290°C for 6 hours. The fusion mixture

was then cooled and c;ke was taken out from crucible and
dissolved in ice water (1 litre), The alkaline solution

was then acidified with cold concentrated hydrochloric acid
when lighf greenish yellow precipitate of 1,5-dihydroxy=
anthracene was obtained, and was crystallized from dilute

alcohol in yellow needles m.p. 265 d. (reported m.p.265 d).

2 Synthesis of 2,6~diacetyl-1,5~-dihydroxyanthracene :

e rrt—— Ve v ¥ wn  c—————s" gy ¥ e

(2) Frie&%ﬁ Craft Acetylation of 1,5-Dihydroxy

Anthracene:

A solution of 1,5-dihydroxyanthracene (2.1g) and
acetic anhydride (3.0ml) in nitrobenzene (15ml) was mixed
with a solution of anhydrous zluminium chioride (5.3g) in
nitrobenzene (35ml) and the reaction mixture was kept for
72 hours at room temperature protecting it from moisture.
It was then treated with ice and hydrochloric acid (50ml HCL
+ 200g ice) and the niérobenzene was steam distilled, The
black product obtained was extracted with 10% alkali. The
product obtained on acidification of the alkaline extracts
crystallized from chlorofom in yellowlsh brown needles

m,p.167°C, It gave bluish violet colcuration with alcoholic
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" ferric chloride solution. The yield and analytical data
are recorded in Table 1,

Thé ssme ketone was obtained when the reaction mixture
was taken as above and heated on steam bath for 3 hours
instead of keeping at room temperature for 72 hours. m.p.
167°C, It gave bluish violet colouration with alcoholic

fepric chloride,

(b) Fries Rearrengement of 1,5-Diacetoxyanthracene :

1,5-Diacetoxyanthracene was prepared according to
the method of Dienel(63) using pyridine and acetic anhydride
ag follow :

Preparation of 1,5-diacetoxyanthracene :

1,5~DihydTOXyahthracene (2g) was dissolved in acetic
anhydride (30ml) and pyridine (1.5ml) was added to it and
the reaction mixture kept for 24 hours at room temperature
protecting it from moisture using sguvard tube. The product
obtained on pouring the mixture in cold water was
crystallized from alcolel in light brown needles m.p.
198 ¢ (reported m.p. 198°C (yield 40%).

A mixture of 1,5~d£acetoxyanthracene (1.5g) and
anhydrous aluminium chloride (2.7g) was heated in an @il
bath at 140°C for 3 hours. The reaétion mixture was then
treated witﬁ ice ané hydrochloric acid and the product

obtained was extracted with ether. The ether@al layer was

extracted repeatedly with 10% alkali., The product obtained
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on acidification of the alkaline extract was crystallized

from dilute acetic acid in yellowish brown needles. m.pe
e

167°C and mixed m.p. with 2,6-diagtyl-1,5~dihydroxy-

anthracene was not depressed{yield 50%).

(e) Nencki Reaction on 1,5-Dihydroxyanthracene :

Anhydrouf zine chloride (10g) was powdered and
dissolved in glacial acetic acid (15ml) by heating and the
solution was allowed to cool at room temperature. 1,5~
Dihydroxyanthracene (1g) was added to it and the reaction
mixture wés refluxed on sand bath for one hour protécting
it from moisture., It ﬁas left at room temperature for about
2 hours and then added to 1:1 hydrochloriec acid (150ml). The
green coloured solid which separated, on crystallisation from
aleohol, gave greenish yellow needles m.p. 167°C.The mixed
melting point with 2,6~diacetyl~1,S-dihydroxyaéthracene
obtained before by the ¥Friedel-Crafts acetylation of 1,5~

dihydroxyanthracene was not depressed (yield 55%).

Se Preparation of 1,8-Dihydroxyanthracene :

Disodium salt of anthracene 1,8-disulphonic acid was
prepared from anthracene according to the method of
Iibermann(1) with a little modification,

Anthfacene (5g) was dried and powdered and added in

small prrtions in (90% 10ml) sulphuric acid. The resaction

mixture was mechanically stirred for 6 hours at 65-75°C. The



resction proceeded slowly and ultimately the reaction
mixture became olive green paste., This was poured into
water (1.litre) when dark green solution was obtained,
this was then filtered to remove unreacted anthracene
The filtrate after making alkaline with sodium hydroxide
solution (40%) was evaporated to half of its volume and
allowed %to cool, when the solid separated mainly
consisted of disodiumanthracene 1,8-disulphonate. This
was then recrystallized from water in the form of
yellowish needles (yield 40).

The disodiumanthracene 1,8-disulphonate on fusion
with alkali according to the method of lampe(2) with minor
modification gave 1,5-dihydroxyanthracene as follow :

Potassium hydroxide (35g) was taken in a nickel
crucible and heated in Muffle furnace to about 200-2200C
when alkali was fused. Disodiuvmanthracene 1,8«disulphoﬁate
(5g) was then added to the molten alkali in small portion
with stirring and the teuperature was then gradually raised
and maintained at 290°C for 6 hours. The molten fusion
mixture was then pouréd on crushed ice (1 kg) with conti-
neously stirring. The alkaline solution was then acidified
with cold concentrated hydrochloric acid when light yellow
precipitate of 1,8-dihydroxyanthracene was obtained which
was repeatedly extracted with ether. Residue obtained after
evaporating ether was crystallized from alecohol in

yellow needles m. p. 224 &, ( reported m. p. 225 4),
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4. Synthesis of 2,7-Diacetyl-1,8-Dihydroxyanthracene :

vt ¥ v ot i e s’ i ot Tt

Anthracene :

4 solution of 1,8-dihydroxyanthracene (2.1g) and
acetic anhydride (3ml) in nitrobenzene (15ml) was mixed
with a solution of anhydrous aluminium chloride (5.3g) in
nitrovenzene (35ml) and the reaction mixture was KeptAfor
72 hours at room temperature protecting it from moisture.
It was then treated with ice and hydrochloriec acid and the
nitrobenzene was steam distilled. The black product
obtained was extracted with sodium hydroxide solution (10%).
The product obtained on acidification of the alkaline extract
was crystallized from chloroform in light brown needles m.p.
2710C, It gave bluish vidlet colouration with alcoholic
feréic chloride solution, The yield and analytical data

are recorded in Table 1.

(b) Fries Rearrvangement of 1,8-Diacetoxyanthracene :
'Diacetyl derivative of 1,8~dihydroxyanthracene wss
prepared asccording to the method of Dienel(?) as follow 3
1,8-Dihydroxyanthracene (2g) was dissolved in
acetic anhydride (30ml) and pyridine (1.5ml) was added to
it and the reaction mixture was kept Ffor 24 hours at
room temperature protecting it from moisture using guard
tube. The product obtained on pouring the mixture in cold
water was crystallized from alcohol in light browan needles.

m.p- 124°C ( reporied m. p. 134°¢C),



A mixture of 1,8-diacetoxyanthrazcene (1.5g) and
anhydrous aluminium chloride (2.7g) was heated in an

0il bath at 140 °C for 3 hours. The reaction mixture was
then treated witﬁ ice and hydrochloric acid and the product
obtained was extracted with ether. The étherial layer was
extracted repeatedly with 10% sodium hydroxide solution.
The product obtained on acidification of the alkaline
extract was cr&stallized from dilute acetic acid in
yellowish brown needles, m.p.271°C and mixed m.p.with
2,7~diaoetyl~1,8~dihydfoxyanthraéene was not depressed
(yield 40%).

(e) Nencki Reaction on 1,8~-Dihydroxyanthracene :

Anhydrous zinc chloride (10g) was powdered and
dissolved in glacial acetic acid (15ml) by heating and the
solution was allowed to,cool at room temperature. 1,8-
Dihydroxyanthracene ég) was added to it and the reaction
nixture was refluxed oﬁ sand-bath for 1 hour protecting it
from moisture. It was left at room temperature for about
2 hours and then added to hydrochloric acid {1:1, 150ml).
The green colour solid which separated on crystallization
from alcohol, gave greenish yellow needles. m.p.271°C. The
mixed melting point with 2,7-diacetyl—1,8—dihydroxy”
anthracene obtained above by Friedel~-Crafits acetylation of

1,8=dihydroxyanthracene was not depressed. (yield 55%).,
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Pechmenn Reaction on 1,5~Dihydroxyanthracene :

R it JEAS oA

(a) With sulphuric acid as the condensing agent:
1,5=Dihydroxyanthracene (1g) and ethyl acebtoacetate
(1.5m1l) were mixed together and sulphuric acid (803 25ml)
was added gradually with shaking and external cocling. The
reaction mixtufe w23 Xept in refrigerator for 24 hours and
then poured on crushed ice (100g). The so0lid separated was
filtered and washed with 5% sodium hydroxide solution and
wae crystallized from chlorcoform when yellow plates were
obtained m‘Pi>>335'OQC’ Yield and analytimal data are given
in Table 1. ’
(b) With the phosphorus pentoxide as the condensing agent:
Tc a mixture of 1,5-dihydroxyanthracene (0.5g) and
ethyl ;étaue (0.7m1l), phosphorus pentoxide (2g)‘'was
gradually added with stirring. The reaction mixture protected
from moisture, was then heated on a steam bath for one and
half hour. Crusched ice was then added and the residue taken
up in ether, The etherial layer was repeatedly washed with
alkali(2%) followed b§ water. The residue obtained after
evaporating ether was crystallized from nitrobenzene in

yellow plates. m.p. //335°



6. Pechmann Reaction on 1,§~Dihydroxyanthrécene :
Breparation of 4'=4"-Dimethyl-1,2; 7,8-Anthra-p¢-

Dipyrone :

(a) With sulphuric acid as the condensing agent :
1,8~Dihydroxyanthracene (1g) and ethyl acetoes

acetate (1.5ml) were mixed together and sulphuric acid
(80%, 25ml) was added gradually with shaking and cooling
externally. The reaction mixture was kept in refrigerator
for 24 hours and then poured on crushed ice, The solid
separated was filtered, washed with 5% sodium hydroxide
solution followed by water and crystallized from chloroform
when bright yellow plates were obtained. m.p._>350°C, Yield
and elemental analysis are given in Table 1. ’

(b)With phosphorus pentoxide as the condensing agent :

To a mixture of 1,8-dihydroxyanthracene (0.5g) and
ethyl acetoacetate (0.7ml), phosphorus pentoxide (2g) was
gradually added with stirring. The reaction mixture
protected from moisture, was then heated on a steam bath,
After one and half hour crushed ice was added into the flask
and the residue taken up in ether, The etherial layer was
repeatedly washed with sedium hydroxide solution (2%)
followed by water. The ether was evaporated and the residue
obtained was crystalluzed from nitrobenzene in bright yellow

plates mep.y 350°C.,

"



T Synthesis of (3',3"-Dimethyl-anthra 1,2
5,6-b') difuran :

(a) Condensation of 2,6-digscetyl 1,5-dihydroxyanthracene

with ethylbrom%acetate :

1,5~Diethyl-2,6-diacetyl-1,5~anthraxyacetate :

A mixture of 2,6~diacetyl 1,5-dihydroxyanthracene
(0.5g), ethylbromo acetate (1ml) and anhydrous potassium
carbonate (3g) was refluxed in dry acetone (50ml) for 4
hours on steam bath. Thé solution was then filtered hot‘and
the o0ily residue obtained on removal of acetone was taken
in excess of water and left overnight. The product obtained
after removal of water was crystallized from dilute alcohol
in yellow needles. m.p. 979C. Yield and analytical déta

are given in Table 1.

(b) 2,6=-Digcetyl 1,5-dianthroxy acetic acid

The above ester (0.5g) was heated with sodium
hydroxide solution (10%4 20ml) on z steam bath $ill the
egster dissolved. The solution was thenfiltered hot and the
product obtained on acidification with dilute hydrochloric
2R acid, was crystallized from dilute alcohol in yellow

18y <
needles, m.p;< yield etc are given in Table 1.

(e) 3'.3"-Dimethylanthra(l,2-b; 5,6-d')difuran: 3
A A mizture of 2,6-diacetyl 1,5~diaﬁthroxy acetic acid
(D.5g) acetic ahhydride (6ml) and freshly fused sodium acetate

(1.5g) was refluxed for 30 minutes. The resction mixture was
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then poured in cold water and left overnight. The product
separated was crystallized from dilute alcohol in brown
yellow plates m.p. 143°C, yield and analytical data are

given in Table 1.

8. Synthesis of %',3"-Dimethylanthra(l,2~b; 7,8-4')
difurans : '

(2) Condensation of 2,7-discetyl 1,8-dihydroxyanthracene

with ethyvlbromo acetate :

A mixture of 2,7-diacetyl 1,8~dihydroxyanthfaoene
(C.5g) éthylbrémdi%cetate {(1m1l) and aahydrous pobtassium
carbonate (3g) was refluxed in dry acetone (50ml) for 4
hoursalThe soiution was then filtered hot and the oily
residue obtained on removal of acetone was taken in excess
of water and left overnight. The residue after decanting
water was crystallized from dilute alcohsl in yellow needles
m.pe 127°C, field and analytical data are given in fﬁable 1.

¥

(b) 2,7~Diacetyl 1,8-dianthroxy acetic acid :

The above ester (0.5g) was heated with sodium h&droxide
solution (10% 20ml) on a Steam bath till the ester was
dissclved, The solution was then filtered hot and the
product obhtained on acidification with dilute hydrochloric
acid was crystallized from dilute alcohol in yellow needles,

m.p. 118°C, Yield and analytical dats are given in Table 1.



(e) 3!, 3"-Dimethylanthra 1,@%,‘z,§3‘ bifuran :

A mixture of 2,7—diacetyl 1,3=-dianthroxy acetic
acid (0.5g) acetic anhydride (6ml) and freshly fused
sodium acetate (1.5g) wés'refluxed for 30 minutes. The
reaction mixture was thén poured in cold water and left
overnight. The product separated was crystallized from
dilute alcohol in yellowish brown plates m.pe 149°C,

Yield and analytical data are given in Table 1.



o101 AE TP=P-BIYIUR=9 G 2t i~TANMATIq~u Y= ¥
1 il

(1A

Al ~ ,
€202 S A€ H susowayyuekxoIpAY TR~ |-T430001a~L 2
\ Ho oH
o ) ‘
S 205%H
i TPV RGNS | X ousovaus ueAx0x pAUTE=G ' |-TA100¥ -9 12

0

s o e s o s b o e

Jagiha

&a7 «fw‘, a8t
{ uoTE Ny T W00 j
=30t 14




X

Al

ma

ot |

QaTHOION

N NGO
GNP

SHa02
HoodtHID
notH 20033
= ~O _509%
D027
130028H20

uran;To(a-o*s tgmp L YRS URT SUARWTA-, C 0 L

2

aUBOBIUIUR

sﬁhxoswmshxoﬂumcvﬂv;m.rzﬁzpaumﬂaxc,m

susOBLULLE

.

thhwonvmahxozvughmoVﬂﬂsm.« ~TRyz02U0-9¢2

osohhmwﬁA%tmhmpﬂwxm.w.m.—lﬁhsuzaﬁmxzqa.v

Tyquny

GATLTAT Wl

uoTINg TRSUCH




i

wueng (s e-8 ¢ Lo ta-gf 1 )RR URT AUIOTTAuE ok

ANX
. susDBIYLUR
(I ﬂuvA e ~ :hm«onumsawuﬁu@uV«@zmu¢1AMvmomﬂacbnm
miuou\//ﬁw\./// i< 50 5% .
HOODFHIO 9T 00 ‘
PuUsDBIYIUE
X ~ (£x0q3 8LAXOY3 5qLED ) TP~8° 1-1A120210~L" 2
130N 20%H
TEqE -

sA1LBATIOO

UOTANATISUON

ame




68

$6°99 C6C°6 9L*99 8092572

6167 ¢ ¢9 L6 XI *
€60° ¥ 617 LL 6oL 2 Ll o722y o9 09¢ TIIA y
£60° Y 61 L 669°< vL*9L ToTh2 o9 09¢ TTA <
L9l ¥ <L, LY9* ¥ V6°CL Po¥igBly ¢ 1Lz AT 2
L9L° ¥ ) 059° ¥ ) VovigBly g L9 IT "
6 ‘g ") *g "G ‘p 4 °2 "l
H% 0% H % o %
paatubey PO ow J—
STSATOUY TeUSUWSTH eTTWIOF *TOW DOYIA % UT *d*HN  OATIBATASC *ON
S~

SOATIRATIS 2USOBIYLUBAXOIDPAUTE JO BAB( TEBOTLATBUY PUB 3UTOJ SUTFTOK

——

L OT4E [




68" ¥ 16°¢8 VAL 88°¢e eot by 05 6vL  ATY "0l
065" Y 65° 79 Lzl Y 10 19 808ty 05 (v)sil  IIIX ‘6
6L5" S €6°99 602° & ¥9°99 80917 <9 'iEl IIX "g
c6g° 16°C8 €0G" ¥ WAYS: 2oV 0% 09 hi IX ‘L
065* ¥ 65179 gLy L0* %9 8p8 ey e 681 X *9
e o - . o o e .~ -

A *quov) | oTgBrL



70

062°8 v62 : ATX °g

065°8 862 IIIX 'L

0§L*9 . c9e IX "9

06lL*8 262 ¥ °g

0°% “ 1'y *ev ‘g9 eve ‘Gee ‘gl ‘g9z ITA °¥

GL°2. “70%¢ €0geEr 26z ‘0*9 ove ‘9z2¢ ‘Lig ‘olg ‘LGz ITA °c

GL*V ¢ ¥6°1 262 ‘z9z , AT °2

gel*t ‘ozice 20¢ ‘o6e II ‘L
mop X wu ] Joqunu

Xem H ut xsuy SATIRATISI *oN

S2ATIBATIS( onowpngﬁmhxo&@hmﬁm I0 BI909dg 38TOTABILTN

7 5Tqey



71

Geol - - - ATX '8
GLO1L - 0291 0zl TIIX ‘L
GLot - - - ¥ ‘9
0201 - 0291 gLl b4 g
- 0Ll - - ITIA *¥

- 0% L1 - - ITA ‘¢
- - GZ9t 0zZLl AT ‘2
- - aval 02Lt 1T !

(euocxfd) B
D=6 ~0Q 0 =D0QN D=0 0=D0q\ I9qunU

L0 UT g9Tousubsag OTLSTJISLOBIBYY DATLBATIS(T *ON

l

SQATLBATIOG SULadRIYIUBAXOIPLYTIQ FO eIgdadgy psy BIIUI

¢ otqey



.3} HBEWNANIAYM ) T ) T T T e T e e € WD) HIBWNNIAYM
9 008 0004 11124 009t 0082 0008 005S 000>

RIS Eer ey vy wwray - (S mes o
; RO P e bhtng B SRS i Lt s s LR 1 8
It Ragii-rdeyt pasy v e gy "y gy
- .h P ooy Smniey hevin § voqrlige + T +
FI P - e £
#3T - R s
4 . " = L
[Er= o ¥ T »d QoS o R
. H Py g aey S PR SusT SRguuiN iy S it 3C Py
mi..ﬁ. 3 e - o 1l st
S (PP ey purgmey g ¥) ¢ t T T
Wt Bt e E AT AN By unguy =t (ST PR ERE £n favein
T3 ¥ t T ’
1 b TP Pt Rt L SRy ek ESmes ki n: aanaa b SRR AN iy
L Ptk Jatee 4 T s P by T
ES FEies Jatas Shbas suoas o3 Ft
3 1 PrRE Eeea et Sv R -
RN RN IR S N s L -
I o SR o e I S P I e T T A M
iroianpiin Lot t . LN
e Bt L s b t i SR
”l 4 -~
ME
3

Soriae ek xnwnxu. .

ST e SRy KXY

s T | Syt ig g RIS

g g 7 .
aE ER




73

CHWND) HIBNGNIAYM
] 008 C001 00Z1 0opt

) ( D) UILAONIAVA - - — R
000z 0062 0008 08¢ 000¥

R s R e .t.H = rrT
.ot T TR T H T b Tedit D I R e T S T S o o L F e T T s T
AN PREY A R Al R R TN R T e e e R e 2

: . T 40#. jat LR rlpm st cpdt e 1T 0T, .
$ i SR IEAY: T 5 [REAT TSSO e Suparped pu et *
oo g : R L VS T T IR T L TR e T |
e ST SETn peamager gy | B Y et o S e g s s B
S HT 3 RO S Y 15 T e s B ] e S E
L LT T B R S e e e ey
i M B i I R e i et i IR e T B2
o u Sy By Yy ey S ER TR G SRS IR £ S0 1 NIGR SIS Act ke y ol AA1E RSV IECRVOR RLININ
St i L R e R aries DR AT e g s ERecnR SR R E ST S agueys girn nen e - LRSS KRTN .
e o e T AT B R G R LG P (o7 R e T L St P Y Rl L az
24, R S S b b Erineat syt IR IEA § Intca M nls ittt i L I TG I ST _J
5 { N A I PR =y TR T = RO ) SO S Fubrmap s opts Shabes Sy e Srmed o vt R e 2
. e SR N SN e, i L ] 43 N bt R CEETT P i TIb b1
TR B2 N I AN RN B S s § FTen Y g eany ST G Lo ol e A b e
e I I EE MEET YO SR g 20 MERAE LRG0 I ™y It TSN T it
i T R ion 2 e oE ey e > T EETIN 1L T R
. . L o] B 3 s aan 3 i o T &
L A 3 8 SR S AL sk T 15 Hihh aabing
o T A Py S e e e R f X Ty L rripiicegt]
o A TR TR B e T S L HENY
D = eS3 SSPPY Bl SEb oy B S S pRon) o : ERRAN WA VR 1
s e [Ea ST : Auhmu.fmmm i FE o [t &yt S faprras
I A R = TSR T 2 R sthe Fiithiostid
R ol S mpes s N Sian s KR o] pora e d SR et o SN INE
oot L deusrmi R s g el R i gANES R B

N ~. n“wt.uy Rz (‘Ln»\..!llﬂ\lf S g g uf.,. Weépuipe - 3 '1A.. ! YAlrJ' oot ~ b

N RN [ s S-S S TN S i m N SR e a o = ¥ 183 M
- : R S 0 CCT Sorgt N S ) KA P ok i

A beribe - AT T
; R 1 e it i
‘ L 5 I TR A ik eSS iz
tRe R IRSEESTALD et 130
o o bt - v 2 bold
(gL iy S R R
oy Bt TR Y S
it s ¥’ A R AN AL
ki e SRRy m;.r
VI S N i
e ELbr o o i R R Ty
7 TR SR Beegy ooy yur e auyme
. i IR Y ' s 0 Jnann:,
Lo o by I SEERS .S P R
e st a1l i ges [R3EMES S HTR T TS
5 k=¥ Rk Rt o'y R 1
2] B%-5] ‘ﬂ%.m‘mﬁ%&» bINRS bivdlg 7 n‘mem.Wn, =3 3 e T e e e e T e e
T TS, pogps e ruyer 1 o) s REE Pl LS S T2 RS
o - b . 21T _.‘OTm S e R T L B Tt Lr.r e AT et gos=s tEIee Xfm«.«.«. bbbt
=EET e P KA = T et TR A kAT
At oe Pt 2 09 , Snosow ov TR R R
i 4 % m “ (-2
e ¢ ¢ ¢ @ & v \ [N ¢ t { t ( ¢ t { [¢ .ur _w o qy ¢ i . k :
I - — 35 S T S O 3 )




s

’

" TR T T G UIBWNNIAYM
008 0001 11141

USND) HagWNNBAYAY . :
000 008 . - 0007

: ™ o R .s YT Y T —— "
,n,.u«rvn Wy W.ﬁi, LRt 220l RS LT PR G T ﬂm»ﬂﬂ 1] T T N +rt s foge S wriny ' I w.'.ru, padvoui = ?
PREY Ay Py g ipabuin ue § ER e A Wi i e s o Y T et T - T
FPSS 3 papBg K4 Sage Sitacd sabud ny  nu B Jhm Spgeiwy Rived Hamid B3 1T bd bty PR s e R S N
igghdre-dn et o ey e e A HAN X t B fss i fepenas RERsmeagf Ente e d ot
= = o gl . : e T S & o et N e
EERENERLTS P e Tt e gofs : £t SHioee A I ECIEEN A =
(o) She e X o e 1 il RetE T P S SR R "
TR Jac! it | X L e e FaE L e R T T T "
T T fryse T TRy e sans T TEEHAR T T g™ Sy t o7
tee M 1 =5 3 5 PR TR N TEE T
5% LiLt ,m:ﬁ et e e T e b T T Tl Rt R eire iy __
po== 4 = 1T T s [ ENs Pt : o v T
e n H ERE [ s s lest e s B e e iy e o I B S e S e s S
R b 353 ool
L S ERRES F o pos afyined wa LIy f Sungiosd g ebry Qe e ey o
i E £is kS (g 43 b P h Sy gl fros 3 Sharagmion i kil SIB4 -3 ¢
» il HMA“,, H: 7 7 §l 32 BR3 T R S e e T T e e T i
oy 1. -
i T iiTats T T T C _
" e iy i it S | L e 2
T P T3 iy 50 v [y sigron .
S35 : I H [ i fe il - i
i i ¥ i " P k chaath { RE T e awd - R
: } 3 Lioles |
oo o v - [ S S § T PR ey wbas - =
3 £t I8 e 3 I Ty 3 =, | -
- s g - o g peres S o e weyes o s
i TR yap vo 18 ISR SR D B ks Sy e 3
S IE g BLe chf BERACERNANE N Nk f23 5" SR R R b oty S K
. b u.«.m.ﬂw el Sy L o 2 T IR Evec WH fEA fatig ¥ ARELN L2 Ty PR b e e paetd R e B e -
5 - PR R [ Wt Bmivaioag et I Lo vucw:» S WA P S Basgein il . rw R
T T RS TR
; Jh.o PR SETEl S sEs B -
i =\ i
o H
T [ t
] !
Lo \
4T
=
i i
1 it
: £
(1 3
Bs
{5
3
T




REFERENCES



1.,

5o

s
Te
8.

-

10,

1.

12.

75

Price, C.G., Chem, Rev., 29, 37 (1941),
Olah, GeA., "Friedel-Crafts and Related Reactions",
Vols 1 and 2; Interscience, New York (1963), )
Kuriakose, 4.P.,"Studies on Dihydroaynaphthalene“X////
PhoD. Thesis, M.S.University of Baroda,Barods (1971).
Bhatt, A.H., "The Fries Reaction" "Organic Reactions",
Adited by Rogér Adams Vol, 1 Chaét;ri11, p:342, -
John Wiley and Sons. Inc. New York (1947).

Thomas, R.M. "Anhydrous Aluminiuvm Chloride in Organic
Chemistry", Aﬁerican Chemical Society, Monograph
Series 110,87 p.696, 709, Reinhold Publishing
Corporation New York (|041).

Bhatt, A.He., Chem, Rev., 27, 429 (1940).

Eykman, J.F., Chem. Weekbad, 1, 453 (1904).
Rosenmund, K.W. and Schnurr, W., Ann., 460, 56 (1928).
Witt, O.N. and Braun, O., Ber. dt. Chem. Ges., 47
3216 (1914).

Cheema, U.S. and Venkataraman, X., J. Chem. Soc.,

918 (1932),

Pechmann,rva and Duisberg, Ber, dt. Chem. Ges.,
16, 2119 (1883).

Simonis, H. and Remmert, P., Ber. dt. Chem., Ges

47, 2229 (1914).

vy



14,

15,

16.

17.

18.

19.

20,

21

22‘

254

24,

25@

Naik, K.G., Desai, R.D. and Trivedi, R., dJ. Indian
Chem. Soc., 6, 801 (1929).

Sethna, S.M., Shah, N.H. and Shah, R.C., J. Chem.
Soc., 283 (1938).

"Eechmaﬁ;ﬁeactién", Organic Reactions Idited by

Roger Adams, Vol.VII p.19, John Wiley and Song. Inc.
New York (1953),

Pechmann, V., Ber, dt. Chem. Ges., 17, 927 (1884).,
Sethna, S. and Phadke, R.,, "Organic Reactions" Ldited
by Roger Adsms, Vol. VII p.1-58, John Willey and Sons.
Inc. Wew York £d.(1953).

Chakraverti, S.N. aﬁd Gogh, J.C,, J. Indian Chen,
Soc., 12, 622 (1935).

Mentzer, C., lkiolho, D, and Vereier, P,, Compt. rend.,
232, 1488 (1951).

Desai, K.B., Trivedi, K.N. and Sethnz, S., J.
¥.S.University of Baroda, IV No.2, 1 (1955).

Spath, %., Ber, dt. Chem. Ges., 70, 83 (1937).
Robinson, R. and Weygand, F., J. Chem. Soc., 388 (1941).
Canter, F.W. and Robertsoa, 4., J. Chem. Soc.,

1875 (1931).,

Perkin, W.H., J. Chem. Boc., 23, 368 (1870);

24, 37 (18%1).

Fuson, R.C.,“Kneisley, Jd.¥W., and Xaiger, H.W., Org.

Synthesis Coll, Vol.III, 209 {(1955),



26, Kostanecki, 8.V. and Tambor., Ber, dt. Chem. Ges.,
29, 237 (1896).

27. Bistrzycki, A, and Flatan, J., Ber., dt. Chem. Ges.,
28, 989 (1895).

28, Bistraycki, A, and Weber, V., Ber. dt. Chem. Ges.,
193, 2496 (1910).

29, Iiebig, H., Ber. dt. Chem, Ges., 41, 1644 (1908).

30, Komppa, G., Ber, dt. Chem, Ges., 26, 2968 (1893);
Ann., 342, 1 (1905).

31. PFriedlaender, P, and Newdorfer, J.,, Ber, dt. Chem., Ges.,
30, 1077 (1397).

%2. Hansch, C., Scott, C, and Keller, H., Ind. Bng. Chen.,
42, 2114 (1950),

3%, Adams, R, and Rindfusz, R.E., J. Amer., Chem. Soc.,
41, 648 (1519),

34. Claisen, L., Ann., 418, 69 (1919).

%5. COlaisen, L. and Tietz, S., Ann., 449, 81 (1926).

36. Ger. Pat., 279864 (Friedlander, 12, 895).

37. Stoermer, R., Ber. dt. Chem. Ges., 30, 1700 (1897);
28, 1253 (1895).,

38, Stoermer, R., Ann., 312, 237 (1900).

39. Stoermer, R, and Wilheln, G., Berl dt. Chem. Ges.,
35, 3549 (1902).

40, Viadesco, Bull. Soc. Chem, Franch., 6, 807 (1891).



41,
42,

43,

44.
45.

46.

47,
48,

49.

50,

51.

78

Barnett, E. deB., Ber. dt. Chem, Ges., 57, 1775 (1924).
Scﬁoll, R. and Bottger, 0., Ber. dt. Chem. Ges.,

63, 2128 (1930).

Scholl, R, and Bottger, 0., Ber., dt. Chem. Ges.,

63, 2440 (1930),

Sheh, N,H. snd Sethna, S., J. Org. Chem., 24, 1783 (1959).
Shah, N.H. and Sethna, S., J. Indian Chem. Soc.,

37, Fo.11 (1960).

Silverstein, R.M., Bassler, C.G., Morrill, T.C.,

{

"Spectrometric Identification of Organic Compounds",

John Wiley & Sons. Inc. New York (1974). "
Mangini, A., Passenni, R., Gazz Chim. Ital, 87, 243 (1957).
Goodwin, A., Pollock, B., Archs Biochem. Biophy,,

49, 1 (1954). |

Perel'son, M.B., Sheinker, Yu. N., Teor, Bksp. Khim.,
3(5), 697 (1967); Chem. Abstr., 68, 866464 (1968).
Dezelic, M. and Trkovnik, M., Glasnic Drustra Hemicara
Technol., Bosne Herce Govine 9, 5 (1960); Chem. Abstr,,

58, 2350a (1963).

Dezelic, M., Trkovnik, M, and Zgvko, M., Glasaic Drustra
Hemicares Technol, Bosne Herce Govine, 12, 17 (1963);

Chem. Abstr., 63, 17846h (1965).

Masreni, X.V., Rama, H.S. and Bafna, S.L., J. Appl. Chem.
Biotechnol. 24, 331 (1974).

Braude, C.A. and Yimmons, C.J., J. Chem. Soc., 3766(1955).



=
<D

54, Rasnussen, R.S. and Brattain, R.R., J. Amer. Chem,
Soca, T1, 1073 (1949)..

55. dJones, N¥.R., Humpheries, P. and Dobriner, X.,

J. Amer. Chem. Soc., 72, 956 (1950).

56, Jones, N.R. and Herling, F., J. Org. Chem.
19, 1252 (1954). '

57. Jones, R.N., Angell, O.l., Ito. T. and Smith, R.J.D.,
Gan. J. Chem., 27, 2007 (1959). |

58, Grove, J.F, and Willis, H.A., J. Chem. Soc., 877 (1957).

59 Xorte, F,, Buchel, K,H, and Gohring, X.L., Zeit, F.,
Angew, Chem., 71, 523 £1959).

60. Flett, M, ST. C,, "Characteristic Freguencies of
Chemical Groups in“the Infrared;" Elsevier, New York,
(1963).

61, Iiebermann, C., Ber. dt. Chem. Ges., 12, 182 (1879).

-

62, Iewpe, B., Ber., dt, Chem. Ges., 42, 1414 (1909).

63, Dienel, H.,, Ber, dt. Chem. Hes,, 38, 2862 (1905).



