CHAPTER ¥V

BECKMANN REARRANGEMENT OF THE OXIMES OF
SOME C-ACYL DERIVATIVES OF BIPHENYLS



CHAPTER V

Beckmann rearrangement of the oximes of some

C-aeyl derivatives of biphenyls @

In its most general form the Beckmann
rearrangementI consists in the transformation of a
ketoxime into an acid amide. The rearrangement can
be effected by a large number of reagents such as
phosphorus pentachloride, phoéphorus oxychloride,
acetyl chloride, sulphuric acid and polyphosphoric
acid,

Phosphorus pentachloride remains the most
generally used and most valuable reagent. The
rearrangement is carried out in ethereal solution and
at a low temperature.

The Beckmann rearrangemént was reviewed in
1958 in detail by Popp and Mcewenz.

Lachmann3 used hydrochloric acid satisfactorilynﬂnd
Polyphosphoric acid has been found in recent yvears
to be an excellent reagent for this rearrangement“.

Simple ketoximes undergo rearrangement with
polyphosphoricraciddin almost quantitative yields. The
reactions afe satisfactory when applied to the oximes
of diarylketones, aryl alkylketones and cyelie ketaneé
as observed by Horhing and Strombergf Under the proper
conditions aldoximes wrx* undergo the Beckmann

rearrangement to yield amides.
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RCH = NOH —* RCONHz and / or HCONHR, -

é
It was Meisenheimer's work which led to a
better understanding of the Beckmann rearrangement and
enhanced its usefulness from a preparative method to a

tool for determining the configuration of the oximes-

Configuration of isomeric ketoximes

With the discovery that unsymmetrical ketones»
furnished in many cases isomeric oximes, several
theories were advanced to account for the isomerism
of these compounds.‘The one which has received general
acceptance is that of Hantzsch and Werner7.

Hantzsch and Werner 7 proposed a stereochemical
explanation for the isomerism, Théy assumed that the
three nitrogen valencies are non-planar and that a
carbon-nitrogen double bond can give geometrical isomers
in the same way as azcarbon~carbon double bond, Hantzsech
proposed the terms syn and anti for the two forms.

The currently accepted configerations of
the isomeric forms were assignéd by Meisenheimer6. If a
reactive halogen atom is ortho to aldoximinb group one
form of the aldoxime undergoes ring formation easily
in presence of alkall where as the other form givés
the same product much more ;lowlyl .

It seems likely therefore that the form
undergolng ready cyclisation is the anti-aldoxime and

[1
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that the syn-aldoxime first must rearrange to the anti-form
before cyclisation takes place., Further, the form that
undergoes easy ring closure gives an acetate which

reacts with alkali to form a nitrile whéreas the acetate

of the other form regenerates the original oxime,
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The syh and anti ketoximes yield different
products on Beckmann rearrangement., This is illustrated

in the case of bromo nitro acetophenone as shown below.
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Thus the groups that exchange places in the

rearrangement are those that are anti to each other.

CeH5CCe H,,CH; PCls HOCCH, CH,4
—
NOH H50 NC¢Hs

anti-pheryl-tolyl ketoxime

0 = C C4H,CH,y Ha0 = CH3CgH,COOH + CyHsNH,
- _
NHC6H5 p=toluic Anilire
aclid
CéH;CC6HQCH3 PClg 06H5i051
HON H,0  CH3CeH,N
CeHs G = 0 H,0 CgH;CO0H + GH,C4H, NH,
B P,
cagggng

The present work deals with the Beckmann
réarrangemant of the oximes of C-acyl bipheryl
derivatives.

anith8 has studied the rearrangement of the
oxime of 2-benzoyl bipheryl with phosphorus; pentachloride
in benzere at room temperature and obtaired 2-benzamido-

bipheryl and bipheryl anilide in a ratioc 70 : 30.
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+

NHCO Gghy CONHC H

o
The rearrangement with polyphosphoric acid at 110-30 gave
the correspondirg cyelization products fluoremre anil and
9d-pheryl phenanthridine in a ratio 80 : 20.

There does rmot appear to be ary other reference
in the literature on the Beckmann rearrangement in the
bipheryl series. _

I_n the present work the Beckmann rearrangement
of the di-oximes of (a) 2,2rdimethoxy-5,5-diacetyl
bipheryl 3 (b) k4,k-dimethoxy-3,3-diacetylbipheryl ;

(¢) 2,2)k,k-tetranethoxy-5,5-diacetylbiphe iyl and
(Q) 2,2,5, 5-fetrame thoxy -4, -diacetylbiphe ryl have been
carried out to see if the rearrangement occurs simultareously
in bothtphewl rings andtec‘lg;e nature of the products
formed,

Beckmann rearrangement of the di-oxime of 2,2-
dimethoxy=~5,5-diacetylbiphe nyl ‘

The dl-oxime of 2,2-dimethoxy-5,5-dlacetyl
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of 2,2'-dimethoxy ‘biphenyl n according Lo Borsche and Scboléenq-

Rearrangement of the di-oxime of 4,4!'-dimethoxy-3,3'-
diacetyl biphenyl

The di-oxime of 4,4'-dimethoxy-3,3'-diacetyl
biphenyl (VI) when subjected to Beckmann rearrangement
with polyphosphoriec acid gave l&,li-"-dimethoxy-—3,3'-di-
acetamido biphenylm(VII) . The diacetamidé derivative
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on hydrolysis with concentrated hydrochloric acid gave
the known %,4'-dimethoxy-3,3'-diamino biphenyl‘? VIII),
It was directly compared with the product obtained by
the reduction of 4,%'—dimethoxya3,3‘-dinifro biphenyl
(IX) prepared by the nitration of 4,4'-dimethoxy
biphepyl (X) according to Herbert, Hodgson and Holt‘a.'

Rearrangement oftthe di-oxime of 2,2' k4, L'-

tetramethoxy-5,5'-diacetyl biphenyl

The di-oxime of 2,2',4,4'-tetramethoxy-5,5'-
diacetylbiphehyl (XI) on Beckmann rearrangement with
polyphosphoric acid gave 2,2',4,4'-tetramethoxy-5,5"'-
diacetamidobiphenyl (XII) whieh on hydrolysis with
cone, hydrochlorie acid gave 2,2',4,k'-tetramethoxy-
5,5'=diaminobiphenyl (XIII),

. The same amino compound was also prepared as
follows : 2,2's4,4'-tetramethoxybiphenyl (XIV) on
nitration gave a dinitro derivative (XV) which on
reduction with stmnnous ce¢hloride and hydrochloric acid
gave the diamino derivative (XIII) which was found to be
identical with the 5,5'-diamino derivative (XIII) obtained
above, thereby confirming the structure of the nitro
compound as the 2,2’,H,k'-tetramefhoxy—ﬁ,5'-dinitro-
biphenyl,

A 11 claimed to have

Schiemann and Roselius N prepared the above
dinitro derivative by boiling the 2,k,h'~trifluoro-5-

nitrobiphenyl for 33 hours with 2 moles of potassium
v
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hydroxide in methyl alcohol and reported m.p. 182-83 )
but the present author obtained m.po 288

Beckmann rearrangement of the di-oxime of 2,2',5,5'-

tetramethoxy-4,4'~diacetylbiphenyl

' The di-oxime of 2,2¢,5,5'-tetramethoxy-lt,'—
diacetylbipheny} (XVI) when subjected to Beckmann
rearrangement afforded 2,2',5,5'-tetramethoxy—h,h’-
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'diacetami&obiphenyl'(IVII) which on hydrolysis with
cone hydrochloric acid gave 2,2',5,5'-tetramethoxy-lt,u! -
diaminobiphenyl (XVIII),

The same diamino derivative was also prepared
as follows : 2,2!',5,5'-tetramethoxybiphenyl (XIX) on
nitration with conc.nitric”aeid at 0o gave a dinitro
derivative (XX) which on reduction with stannous chloride
and hydrochloriec acid furnished the diamino derivative
(XVIII) which was found to be identical with the Gt
diamino derivative (XVIII) obtained above, there by
the structure of the dinitro derivative is confirmed

as the 2,2',5,5'~tetramethoxy-4,4!'-dinitrobiphenyl (XX),

When fuming nitric acid was used instead of
cone,.nitric acid for nitration, a tetranitro derivative
(XXI) was obtained which is tentatively assigned the
H,W1,6,6"-tetranitro structure  as the dinitro derivative
has the 4,4'-dinitro structure and the other likely
positions for the entry of the nitro group would be the
6,6'-pcsitions which a?e ortho to tﬁe methoxyl groups
in 5 and 5'-positions and meta to the nitro groups in
% and W'-positions.

Attempted Beckmann rearrangement of the’ di-éxime

of 2,2',6,6'-tetramethoxy-3, 3'-diacetylbipheny1

The Beckmann rearrangement of the di-oxime of
2,2t ,6,6'-tetramethoxy-3,3'~diacetylbiphenyl was tried
with polyphosphorie acid, But no pure product could be
isolated, |
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s

EXPERIMENTAL

The di-oxime of 2,2'-dimethoxy-5,5'-diacetyl-
biphenyl ‘

2,2'-Dimethoxy=~5,5'~diacetylbiphenyl (2 g.)
in aleohol was added to a mixture of hydroxylamine
hydrochloride (2 g.) and potassium hydroxide (1 g.).
The reaction mixture was refluxed on a steam bath for
2 hours. The product obtained after removing the
alcohol crystallised from acetie acid, m.p, 2690.
Analysis ¢ Found :+ C,66.0% 3 H,6.3 4 3 N,8.2 %.
CraH22N20y requires : C,65,9°% 5 H,6.1 4 5 N,8.5 %4,

2,2'-Dimethoxy-5,5'~diacetamidobiphenyl
The above dioxime (0.5 g.) was added to

polyphosphorie acid'(ao g. phosphorus pentoxide and

12 ml. of ortho phosphorie acid S . The reaction
mixture protected from mbisture was heated on a steam
bath for 3 hours. Ice cold water was then added and the
product separated was thoroughly washed with water and
crystallised from alecohol, m,.p. 2470.

Analysis : Found :+ C,65.5% 35 H,6.0% 3 N,8.7 %.
Cy1gHa2oN20y  requires : C,65.9 4 5 H,6,1 4 3 N,8.5 4.

2,2'=-Dimethoxy=5,5"'~diaminobiphenyl

The diacetamido derivative (0.2 g.) was heated
with hydrochloric acid ( 1 ¢ 1 § 5 ml.) for 3 hours on a

steam bath., It was neutrallised with sodium hydroxide
AN
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and the product obtained crystallised from toluene,
' 0
m.,p. 162 .,

Analysis + Found :+ C,68.8% 3 H,6.6 % 5 N,10.9 %.

Cju.H‘ 6N202 requires 0,68 .8 % H,605 % N,ll.h’ %c

-
L 1)
-

The same di-amino compound was synthesised for
comparison by the reduction of 2,2'-dimethoxy-5,5'-
dinitrobiphenyl prepared accordiﬁg to Borsche and
Scholteng. The dinitrobiphenyl derivative (0.5 g.) was
dissolved in glacial acetic acid and stannous chloride
(1 g.) in glacial acetic acid (2 ml.) with 2 drops of
hydrochloric acid was added to the above mixture.
Hydrogen chloride gas was passed till the amine
hydrochloride was precipitated, It was filtered,
dissolved in water and neutralised with sodium hydroxide.
The precipitated,amino ccppound was extracted with
ether and crystallised from benzene. Mixed m.p. with the

diamino derivative described above was not depressed.

The di-oxime of %, 4'-dimethoxy-3,3'-diacetylbiphenyl

M,M'-Dimethgxy~3,3'-&iacetylbiphenyl (1 g.)
in aleohol, hydroxylamine hydrochloride (1 g.) and
potassium hydroxide (0,5 g.) were refluxed on a steam
bath fdr 2 hours. The product obtained on .removal of

s on

0
alcoho%Lgrystallised from aleohol, m,p. 225 ,

N,8.7 4.
H,6.1 % 5 N,8.5 %.

Analysis : Found : C,66,0 % s H,6.2 %

LY 1

CygHaoN20y requires ¢ C,65.9 %

1]
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4,4'-Dimethoxy-3,3'~diacetamidobiphenyl

The di-oxime (0.5 g.) was mixed with
polyphosphoric acid (40 g,) and heated on a steam bath
for 2 hours. It was diluted with water and the product
obtained erystallised from glacial ;cetic acid,m.p.3hoc.

Analysis ¢ Found : C,65.7 % 5 H,6.,0% 5 N,8.6 %.

CygHaoN20y requires ¢+ C,65.9 % 3 H,6.1 % 5 N,8.5 %.

E¥ 1
Ay

" The same diacetamidobiphenyl was prepared by
' 10
Herbert et al. by the acetylation of 4,4'-dimethoxy-
. 0
343'~-diaminobiphenyl., They gave m.p. 330 .

Hydrolysis * The above diacetamido derivative
(0.2 g.) was heated with oonc.hydrochloric acid (5 ml.,)
on a steam bath for 2 hours. The amine hydrochloride
obtained was neutralised with sodium hydroxide and the
free base obtained was erystallised from aleohol,
m.p. 1930.

The same amino compound was prepared by Herbert
et :a.l.‘O by the reduction of 4,4'~dimethoxy-3,3'-
dinitrobiphenyl using iron powder and glacial acetié
acid, They gave m.p. 1950. The present author used
stannous chloride and hydrochloric acid for this )
reduction, Mixed m.p. with the diamino derivative described
above was not depressed,

The di-oxime of 2,2' 4, ~tetramethoxy-5,5"'-diacetyl-

biphenyl -
It was prepared by refluxing an aleocholie
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solution of 2,2',h;h'etetramethoxy-s,5’-diacetylbipheny1
(1 g.),hydroxylamine hydrochloride (1 g.) and potassium
hydroxide (0,5 g,) on a steam éath for 2 hours. The
product obtained on removal of alecohol erystallised from
acetic acid, m.p. 2380.

N,7.6 %,
C20HayN20¢ requires : C,61.9 % § H,6.2 % 5 Ny7.2 %,

Analysis ¢ Found : C,62.0 % 35 Hy6.,5 %

—

LY 1

2,2 .4 W _Tetramethoxy-5,5"'-diacetamidobiphenyl

The above di-oxime (0.5 g.) was mixed with
polyphosphoric acid (40 g.) and heated on a steam bath
tor 2 hours. Ice cold water was added and the product
obtaiﬁédwwas'filtered,‘washed with water and
crystallised from aleochol,m,p. 220?

Analysis : Found : c,é1.7 %35 5,63 % 5 N,7.1 4.
C20Ha2yN20¢ requires : C,61.9 % 5 H,6.2 7 5 N,7.2 %.

- 2,2'i%,h'-Tetrameﬁhoxy~5,§'~diamin6bipheny1

| The diacetamido derivative (0.5 g.) was heated
with hydrochloric aeid (1 : 1 5 5 ml.) for 2 hours on a
steam bath, i?é?%ﬁ“ﬁ%utrallised with sodium hydroxide
~and the Alamino compound ebtained crystallised from
benzene in white needles, m.p. 1500.
Hy6.6 % 5 N,9.1 4.
H,6.2 % 5 N,9.2 7.

Analysis : Found - ¢ C,63.5 %
C1¢H20N20y  requires : C,63.2 %

e

¥ 2 4

The same diamino bompound was obtained by the

nitration of 2,2',4,4'~tetramethoxybiphenyl and subsequent
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reduction of the dinitro derivative formed.

~

2,2' 4, 4t -Tetramethoxy-5,5'~dinitrobiphenyl

2,2' 4,4 _Tetramethoxybiphenyl (1 g.) was
dissolved in glacial acetie acid and the solution added
to cold conc.nitric acid (5 ml,) in élacial acetic acid
(5 m1,). The mixture was kept for 30 minutes and the
product obtained on pouring into wafer'crystailised from
xyléne, m.p. 288?. . |
Cy53.0 4 3 Hy4.7 % 5 Ny,7.% 4,
Cy6Hy 6N20g reqﬁires.: C,52.7 % 5 H4 M % 3 N,7.7 %,

Analisis + Pound

-

11
Schiemann and Roselius  prepared the

above dinitro derivative by a @ifferent method and

”

‘ 0.
reported m.p. 182-83 ,

Reduction : The above dinitro defivativg (6.5 g.)
was added to stannous chloride (1 g.)'in glacial acetie
acid (2 ml,) with two drops of cone.hydrochloriec acid
and hydrogen chloride gas was passed., The amine
hydrochloride precipitated was filtered and then
neutralised with sodium hydroxide, The diamino derivative
erystallised from benzene, m.p. 1500. Mixed m,p, with
the product obtained from the hydrolysis of diacetamido

biphenyl as described above was not depressed, -

The di-oxime of 2,2',5,5'-tetramethoxy-l4 4!~
diacetylbiphenyl
A mixture of 2,2',5,5'-tetramethoxy-i,4'~diacetyl-
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biphenyl (1 g.) in alZGhol, hydroxyamine hydrochloride
(1 g.) and potassium hydroxide (0.5 g,) was refluxed
for 2 hours on a steam bath., The product obtaiﬁed on
removal of alcohol crystallised from acetic acid,m.p.

0
288 ,

Analysis : Found : ' C,61.6% 5 H,6,0% 3 N,7.2 %.
Cgoﬁauﬂgi}s requ:’.res : 0,61.9 % L] 3,602 % 3 H,7o2 %o

2,2',5,5'-Tetramethoxy=l, 4! -discetamidobiphenyl

The above oxime (0;5 g.) mixed with poiyphosphoric‘
aeid (30 g.) was heated on a steam bath for 2hours. Ice
cold water was added and the product erystallised from
dil.,acetic acid in white needles, m.p. 2520,
Analysis . : Found : C,62;1 % 3 H,6,5 % N;7.6 %. .
C20H2uN20g  requires : C,61.9 % 3 H,6.2 % 5 N,7.2 %.

L 1
1]

2,2%,5,5! -Tetramethoxy-'+,4! -diaminobiphenyl

The above diacetamido derivative (0.5 g.) was
heated on a steam bath for 2 hours with hydrochlorie acid
(1 :14 5ml,) sodium hydroxide was then added to
neutralise and the product taken up in ether; The
product obtained on removal of ether crystallised from
alcohol in white needles, m.p. 210 .

Analysis ¢ Found : C,63.6% 3 H64 % 5 Ny,9.0 %,
Cy1eHaoN20w  requires ¢ €,63.2 %4 5 H,6,2 % 5 N,9.2 4,

L]

e

12 :
Baessler prepared the same diamino compound by a

) o
different method and gave m,p. 210 ,
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The. same ‘diamino compound was also prepared by
the nitration of 2,2',5,5'-tetramethoxybiphenyl and

subsequent reduction of the dinitro derivative obtained.

2,2',9,5'-Tetramethoxy-4,4'-dinitrobiphenyl

2,2',5,5"-Tetramethoxybiphenyl (0.5 g.) was
dissolved in acetlc aﬁhydri@e and the reaction mixture
was cooled in ice, Conc.nitric acid (2 ml,) in.acetic
anhydride (5 ml,) was slowly added by stirring. It was
kept for 30 minutes in ice and then poured in water.
The product obtained erystallised from xylene,m.p.277o}
Apalysis : Found ¢ C, 524 % 3 Hy %46 2 3 N, 742 %o
Hy Yot 2 § Ny 747 %o

>
-

C;_éHléNzog requires H C, 5207 %

2,25,5,5'-Tetramethoxy—h,h',été'~tetranitrobipheny1

2,2',5,5'~Tetramethoxybiphenyl (0.5 g.) was
dissél%ed in acetic anhydride and the reaction mixture
was cooled in ice. Fumming nitriec acid (% ml,) in
éceti@ anhydride (5 ml,) was slowly added by stirring.
it was kept for 2 hours and then poured in water. The

. : 0 ;
product obtained crystallised from acetic acid,m,p.221 .

Analysis ¢ Found : C,42,5% 3 Hy,3.5% 5 N,12.4 4.
CreHyyNyOy2 requlires ¢ C,)-!-Z.B % s Hy3.1 % s N,12.3 %

_ Reduction of %,4'-dinitro derivative

The W,4'-dinitrobiphenyl (0.5 g.) was dissolved
in glaecial acetic aclid and added to stannour ehloride

(1 g.) in acetic acid (2 ml,) with two drops of

*



cone Jhydrochlorie acid. Hydrogen chloride gas was passed
and the amino hydroehloride precipitated on working up

as usual crystallised from alecohol, Mixed m.,p. with the

diamino derivative obtained a¥ove was not depressed.

The di-oxime of 2,2’,6,6'-tétramethoxy~3,3'~di&

acetylbiphenyl

A mixture of 2,2',6,6!'-tetramethoxy-3,3'-
diécetylbiphenyl (1 g.) was dissolved in aleohol and
hydroxylamine hydrochloride (1 g.) and potassium
hydroxide (0.5 g.) was added. The reaction mixture was
refluxed for 2 hours on a steam bath, The produét
obtained on removal of aleohol erystallised from acetic

0
~aeid, m.p. 262 ,

L4

C,61.8% 35 Hy6 4 4 3 Ny7.7 %
CaoHayN20¢ requires 3 0,61'9 % $ 396’02 % s N,7.2 %.

Analysis : Found

-
e

Attempted Beckmann rearrangement of the di-oxXime

of 2,2',6,6'-tetramethoxy-3,3'-diacetylbiphenyl

The ;bove oxime (0,5 g.,) was heated with
polyphosphorie acid (30 g.) on a steam bath for 2 hours.
No pure prodict could be obtained on adding ice cold

ﬁater to the above reaction mixture,
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