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BECKMANN_REARRANGEMENT OF THE OXIMES
OF SOME C-ACYLFLAVONES
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CHAPTER VI
THEORETICAL

Beglmgnn rearrangement of the oximeg of some
C-aeylflavores

In its most gereral form the Beckmann
rearrangement (1) consists in the transformation of a
ketoxime into an acid amide.-The rearrangement can be

effected by a large mmber of reagents such as

phosphorus pentachloride, phosphorus oxychloride, acetyl

chloride, sulphuric acid and polyphnsphoric acid.

Phosphorus pentachloride remains the most
gererally used and most valuable reagents. The

rearrangement is carried out in ethereal solution and
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at a low temperature. Lechmann (2) used hydrochloric acid

satisfactorily. ‘Polyphosphoric 'écid has been found in
recent years to/be an excellent reagent for this
rearrangement (3).

The Beckma»nn rearrangement was reviewed in
1958 in detail by Popp and Mcewen (4).

Ssimple ketoximes undergeL rearrangement with
polyphosphoric acid in almost quantitative yields. The
reagetions are satisfactory when applied to the oximes
of diarylketores, aryl alkylketores and eyelic ketores.
Under the proper conditions aldoximes also undergo the
Beclmann rearrangement to yield either amides (5) or

-
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nitriles (6).
RCH=NOH —— RCONH, or/and HCONHR or/and RCN

It was Meisenheimer s work (7) which led to a better
understanding of the Beckmann rearrangement and
erhanced its usefulmess 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 mary cases lsomeric oximes, several
theories were' advanced to account for the isomerism of
these compounds. The one which has received general
acceptarce 1s that of Hantzsch and Werrer (8).

Hantzsch and Werner proposed a si:eréochemical
eiplanation for the isomerism. They assumed -that the ‘
three nitrogen valencies are ron-planar and that a -~
carbon~nitrogen double bond can give geometrical
isomers inthe same way as a carbon-carbon double bond.
Hantzsch proposed the temms syn and anti for the two
formss.

The currently accepted configurations of the
isomeric forms were assigrned by Meisenheimer et al.(7).
If a reactive halogen atom is ortho to aldoximiro gi*oup
ore form of the aldoxime undergoes ring formation -
easii’y in presence of alkali whereas the other form
gives the sgne product much more slowly.

-
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It seems likely therefore that the form
undergoing ready cyclisation is the anti-aldoxime and
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 whereas the
acetate of the other fom regemrates the original

oxlime,
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The syn and anti ketoximes yield different
broducts on Beckmann rearrangement. This is
the oxnime of
illustrated in the case of, bromo-nitro acetopherore ag

shown below,
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Thus the groups that exBhange places in the

regrrangement are those that are anti to each other.

C6H5°%30§H“90H3 PCl, OH-C-C¢H,~CH
. N0H B R N-C¢Hg
anti-pheryl-tolyl

ketoxime

GH3736H1!,-COOH + 06H5NH2

0=C=C¢H, ~CH H,0
p~tolule acid Anilire
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CeH5C=0
i
CH,CgH, NH

- CgH5-COOH + CH3C¢Hy, NH,

3

Aliphatic aldehydes and ketores do mot give
isomeric oximes, probably because ore form 1s much more

stable than the other.

A sm&ary of the 1literature shows that there are
very few examples of the study of Beclmann rearrangement
of the oximes of C-acyl e¥ c~fewmyl derlivatives of
oxygen heterocyclics. It was therefore thought of
interest to study the reaction with the oximes of the
C-agyl and C-formyl derivatives of flagvores. Sugasawa (9)
carried out the Beckmann rearrangement of the oxime of
5—hydroxy—6—acetylﬂavom with phosphorus oxychloride
and obtaimed S-hydroxy-6-amirmoflavore. This appears
to be the ohly instance in the literature of ‘thew

Beckmgnn rearrangement of the oxime of a C-acylflavore,

In the pre‘sent work the Beckmann rearrangement
of the oximes o;t’ (a) 7-hydroxy-8-acetylflavore and its
methyl ether (b) 7-hydroxy-8-formylflavore and its
methyl ether and (e) 7-h?dmm-8;bemoy1f1avam have been
carr ried out. Attempts to prepare 6-hydroxy-5—acetylflavom'
did mt succeed. 6-Hydroxyflavore did mot undergo
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OR :
Friedel-Crafts reaction anmi 6—ace§.y=:flavore on Fries

[
migration gavey only 6«hydroxyflavore.

Beelmaonn regrrangement of the oximes of 7-hydroxy-
8~acetylflavore and its methyl ether

The oxime of 7-hydroxy-8-acetylflavone (I)

was mixed with phosphorus oxychloride with cooliné and
the reaction mixture then heated on a water bath at
‘70-800 for 2-3 mimtes. The product obtalned was found
to be 7-hydroxy-8-acetamidoflavore (III). When refluxed
with sulphuric acid (50 %) it gave 7—hydro:w—8~a?§mf1avom
(IV) as seen by dlrect comparison with the product
6bta.ined on reduction of the krown 7-hydroxy-8-nitro-
flavors (10) with stanmous chloride and hydrochlorie acld.

| The oxime of 7-methoxy-8-acetylflavons (VII)
prepared as usual gave a compound which analysed ~f‘or a
di-oxj_me. The structure of this di-oxime has ot been
investigatec}. Probably the carboryl group of the
heterocyclic ring also reacts. On Beckmann rearrangement
with phosphorus oxychloride by heating in a water bath
at '70«80o for 10 mimtes it gave 7—methow—8—acei:amido—
flawr(azfgé seen by direct comparison with the product
obtalned on methylation of 7-hydroxy-8-acetamidoflavore
described above. When refluxed with sulphuric acid 1t
gave 7—methoxy—8—amimflawm(g)'
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Begkmannp rearrgngement of the oximes of 7-hvdroxy-
8-formylflavore and its methyl ether

The oxime of 7~hydroxy-8-~formylflavore,
prepared as usval,when heated on a steam bath with
phosphorus oxychloride for 10 mimites gave a product
which was found to be 7-hydroxy-8~cyarmflavone (XIII).
When refluxed with sulphuric acid it gave the krown
7-hy droxy flavo re -8—carboxylic acid (11) as seen by

direct comparison with an authentic$ specimen.

The oxime of 7-methoxy-8-formylflavore (XVI)
when heated on a steam bath for 10 mimtes with ‘
-phospfaorus oxychloride gave 7-methoxy-8-cyaroflavore (XVII)
which when refluxed with sulphuric acid (50 % ) for
3 hours gave the krown 7-methoxyflavore-8-carboxylic
acid (11) as seen by direct comparison with an

authentic specimen,
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Beckmann regf-ran;gement of the oxime of
Z-hydroxy -B=benzoylflavore

The oxime of 7~hydroxy-8-benzoylflavore (XX)
prepared as usual when heated on a steam bath for 10
mimtes with phosphorus oxychloride gave 7—hydroxy-8-
benzamidoflavone (XKI) which when refluxed with

sulphuric acid (50 ¢ ) gave 7»bydroxy—8-amhmflavom
(IV) described before.
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Oxime of 7-bydroxy-8~acetylflavore

7-Hydroxy-8-acetylflavore (0.2 g.) dissolved
inminimum gquantity of alcohol was mixed with a solution
of hydroxylamine hydrochloride (0.5 g.) in water (3 ml,)
and sodium hydroxide (10 £ j 2 ml.). The reaction mixture
was refluxed for 2 hré. The product obtzired on
acidificat ién and dilution was crystallised from alcohol
in yellow shining reedles, m.p. 23‘70. Yiela O..l Ze

017H130gﬂ requires : G=69.13+ H &li'olf)‘l' #4.7’4’ %o

L L

Beckmann rearra_r_:g‘ement of the oxime of 7-hydroxy
' 8-acetylflavore : 7-Bydroxy-8-scetamidoflavore

The above oxime (1.0 g.) was added to:well
cooled phosphorus oxychloride (10 ml.) and the
reaction mixture was heated at 70-80° for 3-5 mimtes,
When the reaction mixture became dark brown in colour.
The regction mixture was poured into ice and stirred
for half an hour. The solid which separated out was
erystallised from acetic acid. M.P. 2500. Yield 0.3 ge

Anglysis ¢ Found e C=69.62 5 EL.72 ; =495 %,
CL7H1301*N x;equires : 0;690111- ; H:—-h-.’#f s Iﬁ"'ﬂ‘o?l{' %o
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~Hydroxy«8-smiroflsvore

7-Hydroxy -8-acetamldoflarone (0.5 g.) was
refluxed with sulphuric acid (50 4 j 25 ml.) for 3 hrs.
The reaction mixture was then diluted with ice cold
water and filtereds. The filtrate was treated with
ammonium chloride (2.0 g.) and neutralised with dilute
ammordum hydroxide solution. The product obtained was
crystallised from nitrobenzere, m.p. 246", Mixed mepe
with 7-hydroxy-8-amimflsvore obtaired as described

below was rot depressed.

Apelysis + Fourd 3 G=71.20 3 H=1+.21 5 %5026 %
CisH 03N  requires : c=71.1l+ ; H-*+.3l+ 1@5.53 %o

7—Hydrom—8-—nitroflavom’ previously prepared
by &hah et al, (10), was prepared in the present work by
an improved method given below which gave a purer
product. ,

| 7-Hydroxyflavone (1.0 g) was added to concentrated

nitric acid (20 mt.) and heated on a steam bath till the
fumes of nitrogen peroxide ceased and the product
separated. The I;S-action mixture wgs dlluted with cold
water and filtered. The product obtaired was crystallised
from acetic acild. .
‘ 7-Hydroxy-8-nitroflavone (L. 0 g.) was . aissolved
in glacial acetic acid (20 ml,) and a solution of stanrous

chloride (2.0 g.) in glacia,l acetic acid was added. The
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reaction mixture was helatedon a steam bath for an hour.
The regction mixture was then saturated with hydrochloric
acld by passirg dry hydrogen chloride gas through the
mixture for an hour, when amire hydrochloride separated.
It was filtered and again redissolved in water and the
solution treated with sodium bicarbonate solution when
the free base separated. It was crystallised from
nitroberzere, m.p. 2+6 .

Di-oxime of 7-methoxy-8-scetylflavone

7-Mathoxy—8-—acetylflavone (04 go) was
dissolved in alcohol and treated with a solution of
bydroxylamire hydrochloride (1.0 g.) in water (6 ml.)
and sodium hydroxide (10 ¢ ;"-l- mle). The reaction
mixture was refluxed for 2 hrg. The pm&uct obtaired on
dilution was crystallised from alcohol in white buds,
Mepo 2180. Yield 0.3 g.

The same dloxime was obtaired when 7-methoxy-8-
acetylflavore was refluxed with hydroxylamine:
hydrochloride and fused sodium acetate in alcohol. Mo

moroxime could be obtgired.

i

Apalysis : Fournd & C=66.51 § E=l.53 ; 1\"—'§J6 %
C;gH;G'O;,,Nz ﬁquix'es: 6;66066 3 H:"'}'f-93 N;S‘@f %e

- -
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’

Beckmann geg;g‘gggement of the di-oxime of
Z=methoxy-8-acetylflavore :_Z-Methoxy-8-acetamidoflavore

The above dioxime (1.0 g.) was introduced into
well cooled phosphorus oxychloride (10 ml.) and the
reagetion mixture heated b_n a water bath at ?‘0-»80O till
the reézction mixture bhecame dark brown in colour
(10 mimtes.). It was then pov.réd»on erushed ice. The
separated solid was crystallised from acetic acid,

m.p. 2850.
Analysi ¢+ Found t C=69.77 3 BBl 5 N-4ob9 %a
CugHi 504N  requires s C=69.90 ; Hk .85 5 ¥4.53 %,

Mixed m.p. with 7-methoxy-8-acetamidoflavorse
obtaired as described below was mwot depressed.

A 7V~I.Iydroxy—8-acetamidoflavom (0.5 g+) ik acetore
was refluxed on a steam bath with dimethyl sulphate ( 1 ml.)
in the preseme of anhydrous potassium carbonate (2.6 ge)
for 8 hrs. The product obtaired on removal of‘acefom
was washed with dilute sodium hydroxide solution and
erystallised from acetic acid as above.

Z-Methoxy -8 ~amiroflavore ,

7-Methoxy-8-acetamidorlavone (0.5 g.) was

refluxed with suli:»huric’ acid (50 2 ; 25 ml.) foré hrse
The reaction mixture was diluted with ice cold water
and then neutralised with sodium hydroxide solution. The
product which separated was erystallised from alecohol

0
in yellow needles, mepe 196 .

~



Analysis
CigHy 303N

¢ Found

" requires

Oxime of 7-hyd

inwater (3 ml.), sodium hydroxide (10 % j 2 ml.) and

4

S G=72021 H

B=5.03 3

~formylflavo

4492 Z.
N5e24 %o
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A mixture of hydroxylamire hydrochloride (0.5 ge)

7-hydroxy-8-formylflavors (0.2 g.) in alcohol was

refluxed for 2 hrs. The solid separated on cooling

after acidification was crystallised from alcohol, m.pe.

273-1& « Yield 0.1 ge

A;glx gls
Gy gHy 104N

s Found

Equires

* Beekmann rearr

8-formylflavone

cooled phosphorus oxychlorid.e (10 ml,) and the reaction
mixture heated on a -steam bath for 10 mimtes and then
poured on crushed ice. The separated solid crystgllised
MePo 3150. shah and Sethma (11)
prepared the same cyamflavore from 7-methoxy-8-iodo-

 from acetic acid,

flavore by Rosemmund Yon Braun regction gnd subseduent.l.s

The above oxime (1.0 g.) was added to well

C=67.97 ;Fll-.ll 3 l\hﬁels %o‘
0;68.33 s B=3.91 5 N=4a98 %o
ement of the oxime of dro

detietHyTat ion and reéported the same Mepe

Apalysis
Ci1¢HgO3N

s Fourd

requires

.
.

C=72.86
C=73.00

we

4

H=3.65
HQ3.I+5

: 7-Hydroxy-8 ~cyaroflavore

k|

3

F4.95 Zeo

¥5.32 %o
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A3

lysis of 7-hydroxy-8«~ wiflavore wit
sulphuric ascid : Z-Hydroxyflavore-8-carboxylic acid

7-Hy droxy-8~cyaroflavore (0.6 g.) was gently
refluxed with sulphuric acid (50 % j; 20 ml,) for 3 hrs.
The product obtaired on pouring tk® reaction mixture in
ice cold water after purification through'sodium bi-~
carbonate solution crystalliéed in colourless reedles
£rom ethyl aleohol,M. pe and mixed m.p. with 7—hyaroxy-
flavome~-8~carboxylic acid (11) was 242 (efferv). ‘
Yield 0.3 ge

Ozime of 7-methoxy-8-formylflavore

A mixture of 7 -methoxy -8-formylflavore (0.2 g.)
in alcohol,hydroxylamire hydrochloride (0.5 g.) ahd
sodium hydroxide (10 4 5 2 ml;) was refiuxed for 2 hrse
The solid which separated on cooling was erystallised
from alecohol in white needles, me.p. 2370.

A;glg Si§ s Fourd H G=6923 H H=)+o23 : N'_'Ll‘oll'2 %o"
C17H1304N requiz‘es H @‘6901"‘ ; H"lf'hll‘lf H I‘Fll-.?k %o

Begkmgnn rearrangement of the oxime of 7-methoxy~
8-formylflavore s 7-Methoxy-8-cyamflavore

.Oxime of 7-methoxy-8~formylflavore (1.0 g.)
was ‘added to well eooled phosphorus oxychlori&e (10 m1.)
and the reaction mixture heated on a steam bath for

" 10 mimtes and then poured on ice. The solid which



separated on stirring the reaction mixture was 148
erystallised from acetic acid in reedles, m.p. 2350.

Shah and Sethna (11) prepared the same cyamﬂavox:é from
7-methoxy-8-iodoflavore by Rose mund-von Braun

reaction and reported the same m.pe.

Amalysig : Foumnd t C=73.93 j E=3.41 § Neb.bl %o
617H1103N requires : 0;73.64 H:)-P.OO H &:5005 %o

e

Hydrolysis of Z.metgo;;gzg—czamflavom t 7-Methoxy~
flavore-8-carboxylic acid

7-Methoxy-8-cyamflavore (1.4 g.) was gently
refluxed with sulphuric acid (50 4 § ‘20 ml.) for 3 hrs.
and the reaction mixture worked up as uswal . The sodium
bi-carbonate extract gave an acid which erystallised
from dilute ethyl alecohol in colourless reedles. The
Mepe. and mixed m.p. with 7-methoxyflagvom-8~carboxylic
acid (11) was 2160. (efferv.)

Oxime of 7-hy droxy-8-be nzoylflayo B

7-Hydroxy-8-—benzoylfl@one (0.2 g.) dissolved
in minimum quantity of alcohol was refluxed with an
aqueous solution of hydro:qugmimAhydmchloric_lé (9;5 ge)
in the presemé of sodium hydroxide (10 %hg 2 ml.) for
8 hrs. The product obtaimned crystallised from alcohol
in colourless reedles, m.p. 262—30. Yield 0.1 g

C=73.79 § H:#.Oé; N=3e77 %o
(0=73497 5 BMa23 § N3.92 4.

-

.

Analysig s Found
GZZH:L 50)‘,N requj.re S

"
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Beckmann rearrangement of the oxime of 7-hydroxy-8-

benzoylflavore : Z-Hydroxy-8-benzamidoflavors

Oxime of 7-hydroxy-8-bemzoylflavors (1.0 g.)
was ‘introduced into well cooled phosphorus oxychloride
(10 m1.) and the reaction mixture heated on a steam
bath till it became brown in colour (10 mimtes). It
was then poured oncrushed ice ahd the so."Lid which -

o
séparated was crystallised from acetore, m.p. 267 .

Analysis : Found  : C=73.79 5 FB=3.97 § N=3.88 7.
CanHy50,N  requires : C=73.9% § HEb.23 ; §=3.92 %.

=Hy dro ~atito flavone

7-Hydroxy-8~benzamidofiavome (0.5 g.) was
treated with sulphuric acid (50 % § 25 ml.) and the

regetion mixture refluxed for 3 hrs. The solid obtained

on working up as usual was crystallised from nitrobenzere.

M.p. and the mixed m.p. with 7-hydroxy-8-aibmflavorne -
. L .00
described :before wasg: 2460

149
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