CHAPTER III

FRIGDEL~CRAFTS SUCCINOYLATION AND PHTHALOYLAT ION
OF BIPHENYL DERIVATIVES
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CHAPTER_III

Friedel-Crafts succinoylation and phthaloylation of

biphenyl derivatives. Since the literature concerned with

Friedel-Crafts reactlon is so vast, it will not be possible
to give a general survey of this reaction in a few pages
nor is it necessary to do so. The following discussion is
primarily concerned with the Fiiedel-Crafts reaction on
aromatic compounds with suecinice and phthalic anhydrides,
as the present work deals with the succinoylation and
phthaloylation of biphenyl derivatives. The different

types of Friedel-Crafts reactions have been extensively
reviewed ,in a recent comprehensive monographf

(A) Friedel-Crafis succinoylation :~ The Friedel-Crafts

reaction between an aliphatic dibasic acid anhydride and
an aromatic compound results in the formation of an aroyl
fatty acid with the aroyl group situated at the ‘terminal

carbon atom of the aliphatic chain.

COokH,),CooH

i

o - .

1. Priedel Crafts and related reactions (Vol.I and II
published so far),Bdited by G.A.Olah,Inter Science
Publishers, New York, 196k.
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The importanee of this reaction lies in the
fasdoe ry that the B-aroyl propionic acids, obtained from
‘the reaction constitute very important intermediates in
the synthesis of arématic hydrocarbons. The keto acids
readily undergo Clemmensen reduction2 and the reduced -
aclds on eyclization give cyelic k:eton.es3 which on
aromatization give aromatic' hydrocarbons. Once the eyclie
ketones are formed, further modifications become available
through a Grignard reaction.

Mec@anism‘:- It is observed that the Friledel-Crafts
reaction with an anhydride proceeds with a maximun ¢
yield when two moles of alqminium chloride are used per
mole of anhydride“’s. One mole of catalyst b®ings about

the fission of the anhydride with the formation of the
aluminium chloride salt of one carbéxyl group and the

second mole of aluminium chloride functions as catalyst

as in a typiecal Friesdel-Crafts acylation. Therefore the -
reaction can be visualized as procesding through the
complex (I) which attacks the aromatie ring by virtue

of the electrophitic centre on the acyl ion.

Fl

2+ Martin., Organic reaction I., 155, Wiley, New York 1942,
3+ Johnson., Organic reaction IL., 11k, Wiley, New York 1944.
y+ Holler and Adams., J.Am.Chem.Soc., 46 1889 (192%) o

5« Groggins and Nagel., Ind.Eng.Chem., 26, 1313 (1934) «
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CHy, — co i : ? .
CH, - co“/
CH2 -COAlclZF

-~

o2

CH, -CO0A1CL, ‘ CH, COOH
CeHg ! o HOH R ' .
CHpCOC4H o CH,COC4Hs

The preferentical fission éf unsymmetrical anhydrides can
be explained if the assumption is made that the electron
seeking aluminium chloride opens the anhydride towards
the carboxyl group that has the higher electron density.

8]
b éqi ¢ R-CH-C-0ALCL,
J \ ‘ CeHg
/ + 2 A1C1, i o
C L CHz C AlCL 4
\0 I
0

" R. - CH-COO0ALC1,

CH, COCng
Scoge of Friedel-Crafts succinoxlation'~ A great

number of hydrocarbons such as simple as well as polynuclear
aromatic and partially arom;tic hYdrocaﬂhons, bicycl?c
compounds and halogen substituted phenyls have been
subjected to Friedel-Crafts succinoylation. Migration or
isomerisation bf/large groups which often aécompanies
Friedel-Crafts acylation has mot been observed in Friedel-

6
Crafts succinoylation. Benzene and alkylated benzenes ,

¢ Muhr.Ber., 28, 3215 (1895) »
Barnelt and Sanders. s JeChem.Soc., 1933, W3k4.



haphthaléne, and its alkyl derivatives7 phenanthrene8
anthraceneg, chrysenelo,'laéenaph‘thene7 ete. undergo /
Friedel-Crafts suceinoylation smoothly.

Phenols and phenolic ethers which undergo the
succinoylation reaction particularly readily have been
extensively studied. Thus anigbiélé;érésols and their
methyl ethers?z, trimethyl ether of pyrogallol13 and free
resorcinollu,orcinollk ete. have been successfully

succinoylated. Diphenyl ether and diphenyl sulphide

7+ Haworth et al., Tbid., 1932, 1125, 1784, 2248, 2720.
Fieser and Peters., Fohm.Chem.Soc., 5%, 4347 (1932).
8o Haworth and Mavin., J«Chem.Soc., 1933,~1012. .
9e Cook and Robinson., J.Chem.Soc., 1938, 505 ; Bergmann
and Weizmann., Ibid., 1938, 1243. | ’
10+ Beyer., Ber., 71, 915 (1938) ; Cook and Graham., J.
Chem.Soc., 1944, 329, A
11+ Poppenberg., Ber., 34, 3257 (1901) ; Fieser and
Hg;shberg;3 J.im.Chem.Soc., 58, 2314 (1936).
12; Rosenmund and Schapiro., Arch.Pharm., 272, 313
(193%) 3 Desai and Wali., Pro.Ind.Acad.Sei., 6A,
14k (1937).
13+ Bergellini and Giva.Gazz.Chim ital., 42I, 197 (1912),
Mitter and De., J.Ind.Chem.Soc., 16, 35 (1939).
14+ Desal and Shroff., J.Uni.Bombay., 10, pt. 3,97 (19%1).
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15
afford the‘corrESponding acids in good yield . Various

. . 16 . 17
heterocyclic compounds such as thiophene , benzothiophene
19 ete.

18 .
thiochroman diphenylene oxide = etc. undérgo Friedel-

Crafts succinoylation smoothly.

i

Orientation of entering groups_:- The orientation in

the aromatic ring in Friedel-Crafts succinoylation is
determined by the group already present in the ring and
can be predicted from the rules governing arcmatic
substitﬁtion, Steric hindrance, however, directs the
course of substitution to some extent. Succinoyl group,
being a bﬁlky group, usully avoids the artho position.
Succinoylation of phenols is exceptional in which ortho
substitution predominatesio In all other cases like
phenolic étherét halogenated benzenegl,"alkylbenzen.es6

etc. the para isomer predominates. When more than one

15+ Kipper., Ber., 38, 2490 (1905); Rice., J.am.Chem.Soc.,
48, 269 (1926).

1s Fieser and Kenelly., J.am.Chem.Soc., 37, 1611 (1935).

\7. Buu-Hoi and Cagniant., Ber., 76, 1269 (1943).

18« Cagniant and Deluzarche., Compt.rend., 223, 1012 (1946).

19« Gilmen, Parker, Bailie and Brown., Johm.Chem.SoCa, ‘
61, 2836 (1939). ,

20+ Raval, Bokil and Nargund., J.Uni.Bomb., Z, pt. 3184(1938).

21 Skraué and Schwamberger., Ann., 462, 135 (1928).

Fieser and Seligman., J.im.Chem.Soc.,6Q, 170 (1938).

~



group 1is present in the ring the substitution is directed
by the group which has got the stronger directing influence.
Thus 2-methyl-5~-ethyl anisol on succinoylation gives the
4-anisoyl propionic acid.derivativelf L -Methoxy biphenyl,
however, gives uland 3-deriﬁativesaf In polynuclear
hydrocarbons usually two isomeric products are formed.
Naphthalene and anthracene give the l-and 2-1somers7’9.
The ratio of isomers is influenced sometimes by the
solvent and the reaction témperature. Wheﬁ nitrobenzene
is used as solvent, positions that are ordinarily subject
to steric hindrance are usually avoided. This may be due
to the formation of a bulky complex of ‘nitrobenzene,
aluminium chloride and the anhydride which finds an
easier reaction path in a less blocked position. Thus
2-methoxy naphthalene gives the 6-isomer in succinoylation
with nitrobenzene as solvent where as in bromination and
nitration the l-isomer is obtainedzf

The condensation of succinic acid and its
anhydride with aromatic compounds generally gives B-aroyl
propionic acid..There are a few cases where the use of an
aluminium chloride-sodium chloride melt leads to the
formation df a eyclic product. For exmmple, hydroguinone
condenses wilth succinic acid in an aluminium chloridse-~

di
sodium chloride melt to give 1,2,3,4-tetrahydro-5,8-<hydroxy-

o o g

22+ Fleser and Bradsher., J.Am.Chem.Soc., 58, 1738 (1936).
23+ Ruzicka and Waldmann., Helv.Chem.Acta., 15, 907 (1932).
Short, Stromberg and Wiles., J.Chem.Soc., 1936, 319,

107
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238
1,4-diketo naphthalene in 25 % yield 3 .

ot HO

(;‘J.Nz-(llo \Q o
CHz-co :
© i Al Clg chx’. @() ’
OH ) HO O

Substituted anhydrides :- Various substitﬁted succinie
anhydrides are also used for the Friedel-Crafts reaction.
Out of the two types of substituted sucelnic anhydrides,
the manosubstiﬁuted sueeinic anhydride can gilve rise to
isomeric products. Methyl sueecinie anhydride on
condensation with benzene gives rise to a-methyl-B-
"benzoyl proplonic acid and B-methyl-B-benzoyl propioniec

2y
acid .

CH3 CHz

1
COTHsCH-COoH co &z eug coom
CHy -G
.Ha 03, ‘ A\
CH EH- ca |
DS -l—
A\Cly S

Unsymmetrically- substituted suecinic anhydrides
having two substitutents on the same carbon atom such as

aja-dimethyl or a,a-diethyl succinic anhydride, invariably

232. Bruce, Sorrie and Thomson., J.Chem.Soc., 2403, 1953.
24+ Klobb., Bull.So¢.ChimFrance., (3) 23, 511 (1900)
Oppenheim., Ber., 34, 4227 (1901).



109

reacts so as to form the a,a-dialkyl-B-aroyl propionic
acid as the sole product.

R
A
R CTOCH,-C- COOH

R -—é:‘—-c:o “o N R
C’.HQ_—-CD’ l ‘e
Alcig /

Here the fission of the anhydride always occurs in
such a way that the gem-dialkyl group is farthest away
from the aromatic ringzsf

Several other substituted succinic anhydrides
such as those given below have been subjected to friedel—

' Crafts reaction with benzene, hydrindene, naphthalene etc,

CH.Q - CHQ CHQ - CO CHZ"‘“"‘ CHa co
NN ~ NN
c 3 CH c f
AN , N N
CH, - CH, €O =~ 0 CHp - CHp CHp - CO

Among the biphenyl and its derivatives, simple
biphenyl has been succinoylated and the 4~phen§l benzoyl
propionicfgg;ained“ The succinoylation of Y -methoxy
biphenyl has been studled b§ Fieser and Bradsherzf They
isolated the 4—methoxy-4zxenoyl propionic acid and
4 -methoxy-3~xenoyl propionic aci&zz. Succinoylation of
2,21and h,kldimefhoxy biphenyls have been carried out by

26
Baddar and his co-workers ., With one mole of succinie

25+ Sengupta., J.Prakt.Chem., (2) 152, 9 (1939).
26+ Baddar, Fahim and Fleifel., J.Chem.Soc., 1955, 2199,

~
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anhydride they isolated the p—é-methoxy—5ﬁg-meth9xyphenyl
and p-h—methoxy—3-gamethoxypheéylh@ngﬁyiﬁpropﬁanic acids
respectively. But they failed to reduce the above

ketonic acids to Y-argyl butyric acids.

Cﬂz_
CH «CD

'
mais” COC“'zCH coOH

s (' wnole.) - : e

. CHP OCH3 cHO OcHz

i

Siﬁilarly sucelinoylation of 2,21and #,4ldimethoxy biphenyls
with one mole of methyl'succinic'anhyd:ide gave two products
in each ease j Ar COCH,CHMeCOOH and Ar COCHMéCHchOH and
they have beeﬁ reduced and eyclized to the. detralone=a
derivatives. They have not reported tﬁe succinoylgtion of
the above dimethoxy biphenyls with excess of succinie
anhydride or its substituted derivatives.‘If was thought
of interest to see whether the substitut;cn takes place

in bothlthe rings simultaneously and to cyclizetthe
di-ketonic acids if obtained to the corresponding
bitetralonyls,As we have undertaken In this laboratory

the studies of substitution in the biphenyl derivatives it
was thought of interest to study systematically the
(succtnoylation of the hydroxy and methoxy biphenyls.
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*h&%ﬁé&ﬁg@mggg@éém&l@.@ﬂmq
biphenyls with suceinic anhydride :- h4,%-Dimethoxy
biphenyl (I) on Frigdel—Crafts reaction with 2.2 moles of
succinie anhydride (II) and anhydrous aluminium chloride
in nitrobenzene at room temperature gave a ketonic acid
which on oxidation with alkaline potassium permanganate
gave the known h,%zdimethoxyvbiphenyl~3,3zdicarboxylic
acid27 (1IV). The same acid was obtained for comparison
by the oxidatlon of dimethyl ether of 4,4-dihydroxy-3,3-
diacetyl bipheny128 (V) with alkaline potassium permanganate.
4,4 Dimethoxy biphenyl-3,3 -bis-y-keto butyric acid (IIT)
structure has therefore been assigned to the product. The
above ketonic acid (III) on Clemmensen reduction gave
l, k-dimethoxy biphenyl-3,3-bis-butyric acid (VI) which on
heating with polyphosphoric acid on a water bath at 80—9006
gave 5,5:dimethoxy-8,EZb;tetralonyl (VIiI).

2,2 Dimethoxy biphenyl (VIII) on Friedel-Crafts
succinoylation with excess of succinic anhydride and
anh&drous aluminium chloride in nitrobenzense at room
temperature gave a big-ketonie acid derivative which was

’
found to be 2,23dimethoxy biphenyl-5,5-bis ~y -keto butyric

9
acid (IX) since it gave the known 2,2-dimethoxy g

29 . )
5,51dicarboxylic acid ~(X) on oxidation wi

AR

5PT)
‘ﬁi’ A ’ .
Fan ;
- - [E— nglr"?f."' -l

27+ Mathal and Sethna., J.Ind.Chem.Soc., 40, 345)(1963).
28+ BOOn-Long., C.A., &3., 5018. &
29+ Gilman et al., J.Am.Chem.Soc., 62, 1963 (1940C).
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potassium permanganate. This was prepared ;or comparison
by the oxidation of 2,2-dimethoxy-5,5-dichloromethyl
bipheny127(XI) with alkaline permanganate. The above
ketonic acid (IX) on Clemmensen reduction with zine
amalgam and hydrochloric acid in acetic acid gave
2,2 dimethoxy biphenyl-5,5-bis-y-butyric acid (XII).
Cyclization of the above buty;ic acid (iII) can take place
at 4,%:or 6,6’ o 436, positions. It was however found
that the cyclization with polyphosphoric acid at 70-—800
took place at the 6,6spositions giving.rise to 7,7:dimethoxy—
8,8Zbitetralonyl (XIII). The structure of the.product was
estabiished as follows.
The 7,7-dimethoxy-8,8-bitetralonyl (XIII)
obtained above on reduction by Huang Minlon method3° i.e.
’by refluxing the bitetralonyl derivative (XIIT) with alkaline
hydrazine hydrate in glycol solvent, gave the 7,71dimethoxy—
8,8:bitetra1eny1 (XIV) which on aromatisation with selenium
dioxide‘gave 2,21dimeth9xy»1,lzbinaphthyl (XV) identical
with the one obtdained by the oxidation of B-naphthol (XvI)
with ferriec chloride and subsequent methylation of the
bi~B-naphthol (XVII) formed with dimethyl sulphate.
Cyclization of the 2,2-dimethoxy bipheryl
5,51bis-butyric actd (XII) with con.sulphuric acid at room
temperature also gave the 7,7zdimethoxy-8,81b1tetralonyl
(XIII) ; but the yield by the-polyphosphoric-acid method
was better than with sulphuric acid. ‘

30+ Huang Minlon., J.im.Chem.Soc., 68, 2487 (1946).

~
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2,9:Dimethoxy biphenyl (VIII) when subjected
to Friedel-Crafts succinoylation with one mole of -
succinie anhydride in the presence of anhydrous aluminium
chloride in nitrobenzene at room temperature gave a
ketonic acid (A) which on further succinoylation with
excess of succipic anhydride gave 2,21dimethoxy biphenyl~
5,5 bis-y -keto butyric acid described above. Hence the
‘acid (A) must bepl-methoxy-3-(@ methoxy phenyl) benzoyl
propionic acid (XVIII).

Baddar et a1.26have reported the succinoylation
of 2,21dimethoxy biphenyl with one mole of succinic
anhydride in nitrobenzene. They obtained an acid m.p.
229-30° to which they gave the structure - P-{l-methoxy-
3{o-methoxyphenyl) benzoyl, propionic acid. The analysis
of the gbove acid has been stated to agree with one mole
of gcetic geid of erystallization. They have reported the
ethyl ester of the above ketonic acid but no analysis has
been given. Oxidation of the above acid with 10 % sodium
hypobromite solution has been reported to give 4-methoxy-
3-(g-methoxyphenyl)benzoic acid (334—360) which was
prepared for comparison by the crossed Ullmann reaction
be tween methyl-3-iodo-4-methoxybenzoate and g-iodo anisolse
with copper bronze at 230—350.

As the author obtained the product 229-30o in
the present work which was found to be 2,21dimethoxy
biphenyl-¥,5-bis-y -keto butyric acid, it was thought of
interest to examine the work of Baddar et al. as the

fitting of the analysis with one molecule of acetic acid
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of erystallization and the formation of 3~(2-methoxy
phenyl) 4-methoxybenzoic acid by a crossed Ullmann reaction
between 2-iodo aniscle and methyi hemethoxy~3-iodo benzolec
acld and subsequent hydrolysis was not'very convincing as
in the ‘above crossed Ullmann reaction-the acid 2,2:dimethoxy
biphenyl—5,S:dicarboxylic acid can also be formed.

Now it is found that the ketonic acid, m.p.
229—300, reported by .Baddar et al. is not the B-(4-methoxy -
3-g-methoxyphenyl benzoyl) proplonic acid § but the
2,22aimethoxybiphenyl-5,5-big~y -butyric acid. This on
' oxidation with alkaline potassium permanganate gave 2,21
. dimethoxy biphenyl—5,5Zdicarboxylic acid, m.p. 335—#00.
Gilman29 has also prepared the same acid by a different
method and reported the same melting point. The agcid
obtained by Baddar et al., through the crossed Ullmann
reaction on methyl>3-iodo-li-methoxy benzoate and
g-lodoaniséle appears to be not the Y-methoxy-3-9-methoxy-
phenyl benzoic acid but the 2,2 dimethoxybiphenyl-5,5-
dicarboxylic acid. The other product of the crossed
Ullmann reaction which they isolated was 2,21dimethoxy-
biphenyl,
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EXPERIMENTAL

Succinoylation of Y4,4-dimethoxy biphenyl. k%, 4-Dimethoxy-
biphenyl-3,3-bis-y-ketobutyric acid :- To a mixture of
anhydrous aluminium chloride (5.5 g« 3 0.04 mole) and dry

nitrobenzene (50 c.c.) kept below 10°¢ in a round bottomed
flask succinic anhydride (2.2 g. § 0.021 mole) and finely
powdered #,41dimethoxy biphenyl (2.1 g. § 0.Cl mole) were
added. The flask was well protected from moisture and kept
for 2 days at room temperature with occasional stirring. It
was poured into crushed ice containing hydrochloric acid.
The mixture was steam distilled to expel all the nitrobenzene.
The product obtained after the removal of nitrobenzeﬂe was
erystallised from ethyl acetate in white needles, m.pol87oC.
Yield 2 g Ig was soluble in(common organic sclvents and
gave a bluish green coiour with alcoholic ferric chloride.
Analygis : 4.480 mg. of the substance gave
10.520 mg. of carbon dioxide and 2.25% mg. of water.
64,1 % 5 H= 5.6 %
63.8 7 5 H = 5.3 %.

C

i

Found

L2 g

e

L4

#

Cs2Ha20g requires : C

4 4 Dimethoxy biphenyl-3,3-dicarboxylic acid :- The
above acid (1 g.) was mixed with powdered potassium

pernanganate (5 g.) and sodium hydroxide (20 c.c. 10 % )
and the mixture heated over a steam bath for 6 hrs. It

was filtered and decolourised with sodium bisulphite. On
acidification it gave the‘3,31dicarboxylic acid derivative
vhich was crystallised from acetic acid in white cubes.

* o
M.,P. 236 C.
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Mixed m.p. with an authentic sample of #,41
dimethoxy bipheny1~3,3ldicarboxylic acid prepared by the
oxidation of 4,41dimethoky-3,33diacetyl biﬁhényl with

alkaline potassium permanganate was not depressed.

4, 42Dimethoxy biphenyl-3,3-bis-— -butyric_acid :-
4,4 “Dimethoxy biphenyl-3,3-bis-y-ketobutyric acid (1 g.)

was dissolved in acetic acid (20 c.¢.) and zinc amalganm
(10 g.) was added. To this mixture con.hydrochloric acid
(20 ¢cec.) was added portionwise and the reaction mixture
heated over a steam bath for 8 hrs. It was filtered hot.
On dilution it gave the reduced product which gave colourless
needles from dil.acetic acld, mepe 185 C. It was highly
soluble in organic solvents and sparingly soluble in hot
water and it did not give any colouration with alcoholic‘
fervic chloride. ‘

Analysis : 4.376 mg. of the substance gave
10,916 mg. of carbon dioxide and 2.670 mg. of water;
C=68.17 35 H= 6.8 %.
H = 6.7 %o

Found

%

L 13

Ca2Hz 404 requires s C = 68.4 %

5.SlbimethogxfB.81bitetralcn§1 s~ Polyphosphoric acid

{prepared ‘by dissolving 10 g. of phosphorous pentoxide in
6 c.c. of orthophosphoric ac;d) (10 c.c.) was added to
%, dimethozy bipheny1u3,3éégz&ric acid (1 g.) in a test
tube well protected from moisture with a guard tube. The
mixture was heated over. a water bath at ‘70-—80o for 4 hrs.
with occassional stirring. It was cooled and poured into

wabter. The precipitated product was crystallised from acetic

n



acid in colourless cubes, m.p. 211 « It was sparingly
soluble in benzene, alcohol ete. but highly soluble in
acetiq acid. It gave no colouration with aleoholic ferrie
chloride.

Analysis L 494 mg. of the substance gave
12.462 mg. of carbon dioxide and 2.548 mg. of wster.
75.7 % 3§ H= 6.3 %
754 % 3 H= 6.3 %

Q
i

Found s

e

1]

e

Cg 232204 I’eq‘lires s C
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4-Methoxy-3-(2-methoxy phenyl) benzoyl proplonic acid:-

To a mixture of anhydrous aluminium chloride (2.7 g. j
0.02 mols), 2,2.dimethoxy biphenyl (2.1 g. 3 0.01 mole)
and dry nitrobenzene (50 c.c.) succinic anhydride (1 g. 3
0.01 mole) was added slowly; The reaction mixture was
stirred well and kept for two days in a roﬁnd bottomed
flask well protectéd from moisture. It was mixed with
1:1 hydrochloric gcid anl steam distilled to remove the
nitrobenzene. The residue after filtration gave white
needles from alcohol. Yield 1 g. MJP, 1620. )
It was soluble in sodium bicarbonate and gave
bluish green colour with alcoholic ferr;c chloride.
2.2 dimethoxy 9 bis-
Along with this product some blphenyl 5,5~Y—keto
butyriec acid derivative was also obtalned.
Analysis : 4.600 mg. of ‘the substance gave
11,548 mg. of carbon dioxide and 2.404% mg. of water.
Found : C=68.5%3 H= 5.8 %,
547 %o

Ci18H,1 805 reguires : C = 68.8 4 3 H
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2,2-Dimethoxy biphenyl-5,5-bis-y-keto butyric acid :-
To a mixture of h«methoxy~3»(2—methoxyphenyl)benzoyl'
propionic acid (3.1 g. § 0.01 moie),anhydrous aluminium
chloride (2.7 go. 3 0.02 mole) and nitrobenzena (30 c.c.)
suecinic anhydride (1.5 g. 3 0,015 mole) was added
poption~wise and the mixture was kept overnight. Dilute
hydrochloric acid was added. The produc§ after removing
nitrobenzene by steam distillation gave white needles
from aleohol. M.P. 230 .
It was soluble in sodium bicarbonate and gave

bluish green colouration with alecoholic ferric chloride.

‘ ’»Analzsis ¢ 4.626 mg. of the substance gave
10,814 mg. of carbon dioxide and 2,12% mg. of water.
63.8 % 3 H= 5.1%.
63.8 %2 3 H= 5.3 %

Found s C

e

it
i

Co2H,,0¢g requires) : C

»e

The same ketonic acid derivative was obtained
Adirectly from 2§21dimethoxy biphenyl as follows :

Powdered 2,21dimethoxy'biphenyl (2.1 go § 0.01 mole)
was added té dry nitrobenzene (50 c.c.) followed by
anhydrous aluminium chloride (5.% g. 3 0.04 mole) and
suceinic anhydride (2.5 g. 3 0,025 mole). The mixture was
kept overnizht at room temperature, well protected from
moisture. Hydroehloric acid (1:1) was then added and the
product obtained after the removal of niirobenzene by
steam distillation was crystallised from aleohol. M.P. and
nixed m.p. with z,aldimethoxy biphenyl;5,5lbi§t§23§fic

0
acid described above was 230 C.
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2,22Dimethoxy biphenyl-5,5-dicarboxylic acid :- The

above ketonic agcid (1 g,) was dissolved in sodium hydroxide
(20 c.e. 5 10 %2 ) and powdered potassium permanganate (6 g.)
- was added. The reaction mixture was heated on a steam bath
fqé 6 hrs. The product obtained on working up aé usual
éave white crystals from acetic acid. M.P. 266°.~

MJP. and mixed m.p. with an authentic sample
prepared by the oxidation of,2,2:dimethoxy—5,51dichloromethyl

: 0
biphenyl with alkaline potassium permanganate was 266 o+

2,21Dimethoxy biphenylwﬁqSibis-y-butyric acid :-

2,2 Dimethoxy biphenyl-5,5-bis-y-keto butyric acid (1 g.) -
was reduced with zinc amalgam (10 g.) and hydrochloric aecid
in acetic acid. The product obtained was crystallised from
alcohol in white needles. M.P. 15500 |

It did not give any colour with alcoholic ferric
chloride, , ‘

Analysis : 4.09% mg. of the substance gave

104222 mg. of carbon dioxide and 2.53% mg. of water,

Found 1 C = 684 % 5 H= 6.7 %
Ca2Hz404 requires ¢ C = 68.1 % 5 H= 6.9 %o

?.Z;D;methoxy-8381bitétra;ggg; - 2,21D1methoxy biphenyl-
5,51bis->—butyric acid (1 g.) was mixed with polyphosphoric
acid (15 g.) and heated over a water bath at 75-850 for 6 hrs.
The reaction mixture was cooled and poured into water. The
separated bitetralonyl derivative was crystallised from

) 0
acetic acid in white needles. M.Peo 187
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Analysis . : 4.160 mg. of the substance gave
11,510 mg. of carbon dioxide and 2.312 mg. of water,
75.5 % 3 H= 6.2 %,
754 % § H= 6.2 %,

Found : C

i
1]

e

¢

3}
il

Ca,Hs020, requires

-

6,6-Dimethoxy-5,5-bitetralyl t- 7,7-Dimethoxy-8,82

bitetralonyl (1 g.) was dissolved in 30 c.¢. of g;ycbl and
10 c.c. of hydrazine hydrate (85 % solution) and powdered
potassium hydroxide (10 g.) was added. The mixture was
refluxed on a wire gauze with an air condenser for 10 hrs.
It was cooled and diluted with wafer. The precipitated
bitetralyl was crystallised from petrol in cubes. M.P.116°.
The same bitetralyl was also obtained by the

Clemmensen reduction of the bitetralonyl, but the yield was
poorer than that of the former method.

Apalysis : 4.188 mg. of the substance gavs
12,572 mg. of carbon dioxide and 2,982 mg. of water.,

Found : C=8l9% 3 H= 8.0 %.
CpaHog0s requires : C = 82,0% 3 H= 8.1 %.

2,2-Dimethoxy-1,12binaphthyl :- 6,6-Dimethoxy-5, 5~
bitetralenyl (1 g.) was dissolved in amyl alcohol (15 c.cs)
and powdéreé selenium dioxide was added. The reaction
mixture was refluxed in an oil bath for 10 hrs. It was
filtered hot and on removal of the solvent gave 2,’21
dimethoxy—l,libinaphthyl which was cerystallised from
acetic acid in white needles. M.P. 1950.
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Analzsié ¢ 5.076 mg. of the substance gave
15.61% mg. of ccarbon dioxdde and 2.726 mg. of Wétere
83.9% 3 H
84.1 % § H

Found : C

il
1}

6.0 %l
5.7 %o

-

Co2Hy 805 requires : C

The same binaphthyl derivative was also prepared
by methylation of bi-B-naphthol with dimethyl sulphate and
potassium carbonate in acetone. M.P. and mixed m.p. with

)
the former was 195 ,



(B) Friedel-Crafts phthaloylation of biphenyl

derivatives 1~ Priedel-Crafts condensations with

anhydrides of aromatic dicarboxyliceacids'proceed as with
suceinic anhydride. Reactions of the phthalic anhydride
and its derivatives with aromatie hydrocarbons or their
derivatives in the presence of aluminiuh chloride generally
yield g-aroyl benzoic agelds, which can be smoothly

dehydrated to yield an anthraquinone derivative.

< COo
O\o ANz Q
‘ + —

g ofs) 7 COOH

O

o8

]

It has been found in the reaction of phthaloyl
chloride with benzene and aluminium chloride that rapid
Teagetion leads to the formation of diphenyl phthalide
whereas the use of low temperature wiith consequently longer
reaction time induces the formation of 2-benzoyl benzoic
acidl. Aluminium chloéide causes the conversion of
phthaloyl chloride into its isomer. The following obhservations

2
are made by Rublidge and Qua . (1) By employing 2 moles of

aluminium chloride per mole of phthalic anhydride no

2+ Rubidge and Qua., J.Am.Chem.Soc., 36, 732 (1914).
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phthalide‘is.formed and a 97 % yield of o-benzoyl
benzoic acid is formed. Similar results are also obtained
1f more than two moles of aluminium chloride are used.

(2) Reducing the aluminium chloride to one mole cuts the

- keto acld yield to‘30w% and a small amount of phthalide

is foemed ; one palf molé of aluminium chloride gives very
poor :esults: (é) Proiqugd heating increases phthalide
formation. (&) The»é@di@ion of extra mole of phthalic
gnhydri@eﬁto the qorrgct reaction mixturé af?er reaction
would normally be complete, causes phthalide formation.
(5) The stepwise additioﬁhof aluminium chloride during
reacpion‘to reach the proper 2:1 fatioldoes not prevent
phthalide formation. Groggins3'has added the following
factors Whichlpromoﬁes phtpalide formation; (1) too rapid
heating of the reaction mixture, (2) inadequate mixing,
(3) an excessive reaction temperature.

) The keto aclds obtained in phthaloylatlon are
of great va;ug‘gg_ﬁhey are thg inte:mediates for the
synthesis of anthraquinone derivatives which are of
fundémental importanqe,to‘the @yestuﬁﬁ industry..Phthalic
anhydri@e undergoes reaction with aromatic compounds 1ike
hjdroqa;bdns,éhendlsﬂan@)phenol e#hers,-arbhatic ketones,
ca:ngylic acid‘gerivatives,‘nitroganous compoﬁnds and
heterocyclic cém;ounds; These reactions thoﬁgh resembling
that of benzgﬁé with phthgliq gnhydridgl nacessari;y
involve differences in procedure and are subject to

T .

"orienting and accelerating or retarding influences of

34. GrOgginSo,‘ Ind.Engo‘Chem., .23, }-52 (1931)0

»



127

the individual substances. ,

J Varipps alkylated benzgnes such as tolueneh
mgsitylens%, hexyl benzeneﬁ and polynuclear hydrocarbons
such as tetralinw, agenaphthenes, anthracene7 and
phenanthrenes ‘and biph.enyl9 and biphenyl derivatives. S
such as 9,0 —bitolyl te ﬁgzglbitolylio have been
successfully phthaloylated. Halogenated aromatlec hydro-
carbons such as chlorotoluenesk Tt fluorotolﬁenell and
bpomptqlueneslf undergo Friedel-crafts phthaloylation
smoothly. Iodotoluene however, on Friedel-Crafts
phthaloylation gave only a non iodinated product11¢

Phenols,naphthols,hydroxy— anthracenes, -and
their ethers have also been phthaloylated. Carbon-disulphide,

tetrachloroethane, or nitrobenzene are usually used as

b;‘Uhderwood and Waléﬁ;, J}Am.Chem.SOc., 52, 940 (1935).

5e Burson U.8.Pat., 1933520 193%033. J.Am.Chem.Soc.,
_z, 2357 (1925). _

6 Lo:rlman.,,J.Am Ghem Soc., &2, 211 (1925).

)« Heller., Ber., 45, 665 (1912).

g Clar., Ber., 62, 350 )1929); , o

9+ Scholl and Neovius., Ber., &;, 1075 (1911) H
Groggins‘}, Ind.Zng .Chem., 22, 620 £1930).

10+ Scholl and Seer., Ber., 4l 1091 (1911).

11s+ Mc Mullen,, J.Am. Chem.Soc., _3, 1965 (1921).

12 Elbs., J.Prakt.Chem., (2) 33, 318 (1886).
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solvents. A lower temperature always favours the keto
acid formation 3 but ‘higher teﬁperature favour the

anthraquinone formation. eredel—crafts phthaloylation of

-

g—cresql 1s‘an‘exgmp}e 3. As in other Friedel-Crafts
react;qgszaqlgéﬁage/oﬁ a;koxy groups may occur during the
condensation 6ﬁ phenol ethers with phthalic anhydride.
Both the keto and carboxyl -groups héye an inhibiting
effect on Eriedel»Craftsuqondensatiqn, ?he”additiqn‘of
two moles of the anhydride is not s§ common in the éame
'nucleus. Esters of benzoic acid do not condense with
phthalic anhydride 3 ‘however, the presence of a- hydroxy
group in the mucleus of the ester may enable reaction to
oceur. Ester hydroly31s also occurs in 1ike‘reactionslu.
. Nitro derivatives of hydrocarbons ordinarily
undergo Frle@el—Crafts reactlon only when actlvatlng
groups are present in the nucleus. While nltrobenzene
does not react with phthalic anhydride o-nitroam-cresol
reacts ining 3 5~d1methoxy—2 -(4-hydroxy-2-methyl- 5— | .
nitrobenzoyl) benzoic acid, in 62 % yield 5.

13 Waldman and sellner,, ;.Prakt Chem., _2,, 145 (1938).
14+ Mitter and Ray., J.Ind. Chem.Soc., 95,2473 (1932). .
15+ Graves and Adams., J .Am Chem.Soc., 45, 2439 (1923).



Various aryl amlnes such as dimethyl aniline e
pﬁphenyl aniline 17 and anilides such as.#—acqtamido—l,z—
dimethyl benzene édétc. undergo Friedel-Crafts
phthaloylation smoothly. o

. _ 3;ng compounds of nitrogen are generally
resistant to Friedel-Crafts reaction. However more
highlg aromatic ring gompoupdé of nitrogen like
phenanth;i@one%? and eéybgzolezé ﬁo react with phthalic
anhydride to give the keto acids. o

. ' A;omat;g‘sulphu; cémpoqnds with the hetero atom
either in the nucleus or in the side chain undergo Friedel-
Crafts phthaloylation . Methyl}p@enyl,sglﬁﬁidezls thiqphenezz
thianthpgneéf_pheqothiazinezu‘etqé are examples. Oxygen”
?;ngﬂqqmﬁquﬁ@s such as dibenzofuran undergo Friedel-Crafts

25
phthaloylation smoothly .

16; Ha;lenigndusuyot;, Compt.rend., 119, 205 (lBé&).
17e Kragz;ein;, Ber., Z;, ZééBj(}938);

18+ Idem., Ibid., ig; 1§§2 (1§.’§‘;’7).

19; British Patent., 305488 (1929).

2;.)Scholl and Neovins., Ber., 4l 1249 (1911).
zl;lﬁalen and Reid.,_J.Am.Chem.Soc., 46, 1645 (1924).
22 Steinkopt., Ann., 407, 9% (191%).

23+ Scholl and Seer., Ber., 4& 1249 (1911).

24+ Scholl and Seek., Ber., Uk, 1233 (1911).

25+ Stumer Monatsh., 28, 411 (1907).
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Various substituted phthalic anhydrides with
chloro,bromo iodo alkyl hydroxy,alkoxy ard acetyl groups
in the-ngcleuslhave‘beenlsubjected to Fgledel-Crafts
condensation with vafious aromatic compounds. In some
sasesﬁip was found that the substituted phthalic
anhydrides react more vigorouslythan the unsubstituted
one j but in some other cases the reverse was also
observed. Nitrobenzene though unreactive to phthalic
anhYdride gives 2~(nitroben20yl)=tetrachloroben2qic acid
with tetrachlorophthalic anhydride 6,

Mechanism :- Rubidge apd Qqa26a observed that the Friedel-
Gﬁaftsvphthaleylasiog proceeds with e maximum yield when
twb*mqles of aluminium chloride are used per méle of
anhydride. Variation from this amount gave low yields of
the keto aclds or high yield of the phthalide. Heller and
Sch?1ke2§_,”hqweve;,sqggesyed‘thet_the reaction proceeded
thrqugh’fqrmation of‘gnvintermediate eompeugd.‘One mole
of catalyst brings about the fisslon of the anhydride with
the formation of the aluminium chloride salt of one
carboxyl group and the sécond mole of aluminium chloride
functions as catalyst Therefore the reaction may be
explained by assumlng a preliminary formation of a complex

as given below.

e

24+ Hofmann Monatsh., 6, 805 (1915).
2¢2. Rubidge and Qua., ToAm. Chem.Soc., 36, 732 (191%).
s¢be Heller and Schulke., Ber., 41,3627 (1908).
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Aroyl ben201c aclds generally cyclize with ease

with con. sulphuric ac1d or sometimes with aluminium
chlqriqe_to_give_anthraqqinone derivatives,vfhe intra-
molecular acylation ortho to a ketonic function is _

” remarkable in view of ‘the fact that ketones do not undergo
Friedel Crafts acylation 1n a like ‘manner. Newmanzéc
suggested that the cyclization proceeds through the
carbonium 1oner; and,IIIhand showed that if a chd,f.
solution of g-aroyl benzoic acid in 98 % sulphurie acid is
poured iqto'mephqnql the chief product is the pseudo ester

V,‘Fhis is rearranged by sulphuric acid into.the normal

ester IV,
< -
]
C[ E: Ity @ )
COOH Co- MI
| coseni lC“:'P '

o0 -G @ &0

o Biphenyl and some of its derivatives ‘have been
sub;ected to Friedel—Crafts phthaleylation. Simple biphenyl

-

2¢¢. Newman., J.Am.Chem.Soc., 6%, 2324 (1942),

-



on Friedel—Crafts ‘phthaloylation gives k:phenyl—z-benzoy11:32

benzoic acid j but when the reaction is effected by heating

to lOO in the presence of a solvent, the products are
-phenyl anthraquinone, h,k—bls(E -carboxybenZOyl)biphenyl

and hl(j?lant@radu;nonyl)-Q—bgnzoyl benzoic acid with a

small amount of Hiphenyl—z—benZOyl benzoic aciég.

-0 — =0 -

@zﬂ @

HOoQ<

N Scholl and Seer observed that o bitolyl
and p,p-bltolyl on Frlede1~0rafts phthaloylation give
the disubstituted<and‘tha mono substitutgd‘compounds.
Similarlj é 2 2’#:tetramethyl biphenyl gives the
disubstltuted ‘compound 7. They also observed that p,p,
dihydroxy biphenyl and p,p-dlmethoxy biphenyl both yleld
4,&—dlhydroxy—3-(2 —cagboxybeqzqyl) biphenyl when reacted
with phthglickanhydride. On further heating of the
reaction mixture to 130—35? k,hldihydpqu~é,3;bis-(2’3
carboxybenzoyl) biphenyl has been obtained. The loss of
a methyl group has also been noted w1th the naphthyl
ethers 3. But 3 3—d1hydroxy biphenyl on Friedel-Crafts

s

v
£y

29 Scholl Liese, Michelson and Gruneewald., Ber.,
_3, 512 (1910). '
. 28+ Scholl,Séer and Zinke., Monatsh., 5;, 583 (1921).
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\

S , 29
phthaloylation gave -the following compound .

HO

Thus it is found that the products obtained in Friedel-
Crafts phthaloylgtioﬁ_qf~biphenyl“degivatives mainly
depend upon the conditions under which the reaction is
carried out»and»alsq on the pqsition_of the substitutent
groups in the biphenyl‘nucleus;”The présent work deals
with the study of the Friedel-Crafts phthaloylation of
2,2-dimethoxy biphenyl.

e

:29‘ S.Du‘tt., J.Ghem.SO?., 1926, 11710
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When 2,2’dimethoxybiphenyl (I) was subjected to
Friedél-Crafts phthaloylation with phthalic anhydride and
anhydrous aluminium chloride in nitrobenzene at room
temperatuye_a product was obtained to which 2,2:dimethoxy—
5,51bis-(g-carquybénicyl) biphenyl (II) structuné.was
é;ssingr;edA fo#m the following reasons. Attempts to \
qulize this acid with Qonc.sulphqric aci& or po}yphosphoric
acid did not succeed. It was therefore decided to try the
cyelization after reducing the carbonyl groups. The abo#e
ketonic acid (II) on Clemmensen reduction gave 'a product
which was presumed to be the 2 2—d1methoxy 5 5~bis (o-
carboxybenzyl) biphenyl (III) This on treatment with

95 7% sulphuric acid gave a blanthronyl derivative.
Oxidation of the.above bianthronyl de:ivative with sodium
dighromate.in glacigl gcetiq acid‘ggye the known 2,23di—
methoxyfl,libiapthraqu;nonyl%?{ij as seen by direct
compa?;son,_thereby eliminating the ctﬁer two possibilities
of cyclization viz. cyclization to the 4, #land 4,6:positions.
Therefore 2,27d1methoxy-1 l—bianthronyl(ﬁv1 Y3 structure
has begn'aSSignedvto thg bianthronyl derivative. Since

the bianthronyl_dg:ivative;was.fpupd to be soluble in
sodium hydroxide giving a red solution, it was concluded
that the 2,2-dimethoxy-1,1-bianthronyl (IV) exists in
tautomerlc form with 2 2—d1methoxy—9,9-d1hydroxy—1 1- ,
'bianthracenyl .

2, —Dlmethoxy-l l—blanthraqulnonyl (IV) was -

-

30+ Haller and Perkin., J.Chem.Soc., 125, 236
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o) ' ‘ '31 ~
ou .
Na CH
0
it \J lﬂ
CHy), SO,

o 3y
OCHy
Ph.0-PhH paS o
(x

prepared according to the method of Hailer and Perkin?o
with slight modificafiqns as follows, 2-Hydroxyanthra-
_éuipone'(VII)_was brominated with one mole of bromine in
sodium hydrbxide an@ the resulting 2~hydroxy—1-b:omo
anthraquinone (VIID) on methylation gave 2-methoxy-l-bromo
anth?aéuinone (IX). This on p}lmann‘reéqtion by refluxing
a mixture of 2—mgth9xy-l—bropq_anthraquinoné and copper
bronze_in d;phenyl ether‘;nst§a¢'of naphphalene gave the
2,22dimethoxy-1,1 bianthraquinonyl (VI) identical with the
one obtained by the ox_idatior; of the bianthronyl derivative
(IV) with sodium dichromate in acetic acid.

‘Cyclization of 2, 2-d1methoxy 5, S—bis—(o—carboxy-
benzyl) biphenyl (II) with polyphosphoric acid at room
temperature was unsuccessful while at higher temperature
some qhay:eq product was obtained from which no pure

product could be isolated,
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EXPERIMENTAL

 Friedel-Crafts reaction on 2,2 dimethoxy biphenyl
with phthalic anhydride : 2,2-Dimethoxy-5,5-bis-(o-
‘ carboxxbenzozl} biphenzl := To a mixture of anhydrous

aluminium cnlorlde (5.4 g+ 3 0.04% mole) and nitrohenzene

(50 ceco) powdered 2 2-dimethoxy biphenyl (2.1 g. 3

0.01 mole) and phthalic anhydride (3 g. ; 0.02 mole) were
ad@ed,_Thg pgactionzpigtupe was kept'oyernight in a round
bottomed flask well-protected from moisture. It Qas poured
into d@l;hydrgc@loriq gqiq’and steam distilled to remove
the_piprobenzéggl The mixture after the removal of
nitrobenzene was filtered hot, and the phthalic acid
removed by repeatedly boiling with hot water and
decantation. ?he_re;@dué was then dried and washed with
a little ethyl acetate. It crystallised from alcohol-
ethylacetate mixture in cubes; mePa 2500.'“

‘ . Apalysis 3 h.496 mg. of the substance gave

11.600 mg. of carbon leYide and 1. 850 mg. of water .,

Found s C = 70,4 % ; HE L6 4.
C30H2208 requires :C=706%3 H= 4.3 e
2 2—Dimethox -~ —bxs-(o~carbo rbenzyl) biphe $-

2 2-D1methoxy 5 S-bls—(o—carboxybenzoyl)biphenyl was
pe@gced W;th ;}nc amalgam as_usual and erystallised from

0
alcohol in white needles, m.p. 220 .
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Analysis : 4.616 mg. of the substance gave
}2.510 mg e of_éérbdn.éioxidé7énd 2.24% mg. of water.
C = 7#.6-%‘; H= 5.4 7.
C30H240¢ requires :.C = 74.6 %2 3 H= 5 %o

Found

-ll

é,2131metho;g-1;11bianzhfogx1 or 2,2 dimethoxy~ 1,17
bignthranolzl ;— 2 2—D1methoxy 5 5~bis€o—carboxybenzyl)
blphenyl (1 go) was mixed with sulphuric acid (95 %

15 c.c.) and kept‘fo:‘l hr.‘It'Qissolygd giving a red
solution. Tt-was poured into crushed ice and the
precipitated product was crystallised from Benzene in
pink needles, m.p. 3°.

When experlment was repeated with polyphosphoric
acid instead of. sulphuric acid the cyclizatlon did not
take place and the original product was obtained.

Since the product was insoluble in sodium
blcarbonate, but soluble in sodium hydroxide giv1ng a red
solution it was concluded that the product exists in two
tantomeric foms viz. the ketonic 2,2 dimethoxy-1,17
bianthronyl and the emolic 2,2 dimethoxy-1,1 bianthranolyl.
It gave a bluish green colouration with aleoholic ferric
chloride. ‘ N

Analzsis : L4488 mg. of the substance gave
13 292 mg. of carbon dlox1de and 2. 012 ng . of water.
Found  : C 80.8% 3 H= 5 0 4. .
80.7 % H= 4.9 %.

e

H
*

C30H220y requires : C

2 24D1methoxy—l 1—bianthragu1noggl .-2 2-D1methoxy-

1,1—bianthrony1 (1 g.) was' dissolved in ¢lacial acetic

LY
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acid (25 c.c:) and-powdered sodium dichromate (10 g.)
was"added'and heated over a steam bath for 4 hrs. A red
product separated out. The mixture was poured into water
and the precipitated product was crystalllsed from
nltropenzene in lopgAyellowAneedles,‘m.p. 3&5 « It was
insoluble in sodium hydroxide and gave no colouration
with alcoholic ferric chloride. ‘

Analzsis : #.316 mg. of the substance gave
11.944% mg. of carbon dioxide and 1.460 mg . of waters.
c ‘75.5% H=3.8 %
75.9 % ; H= 3.8 %.

.

Founq' )

e

{1

“-e

C30H180¢ ° requires : C

. The same blanthraqulnonyl was prepared
according to method of Haller and Perkin with sllght
modifications as followsSO:A

‘ Q-Methoxy—l-bromo anthraquinone obtained by
the bromination of 2—hydroxy anthraquinono with one mole
of bromine in sod;um'hydrozldo’aod’subsequoot methylation
with dimeth&l sulphate was. refluxed witﬁ copper powder
in diphenyl ether. The mixture was filtered hot and on
cooling yellow needles of 2 2-dimethoxy—l l-bianthraqulnonyl
was obtained. M.P. and mixed m.p. with the former was.

not depressed.



