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THEORETICAL

Beakmann rearrangement.of the ojclffiejs_:of,_g3M.

C-aeylfiavonss

In its most general form the Beckmann 
rearrangement (1) consists In the transformation of a 

ketoxime into an acid amide. The rearrangement can he 

effected by a large number of reagents such as 

phosphorus pentachloride, phosphorus oxychloride, acetyl 
chloride, sulphuric acid and polyphosphoric acid.

Phosphorus pentachloride remains the most 
generally used and most valuable reageat*. The 
rearrangement Is carried out in ethereal solution and 
at a low temperature. Leebmann (2) used hydrochloric acid 
satisfactorily. Polyphosphorie acid has been found in 

recent years to be an excellent reagent for this 
rearrangement (3).

The Beckmann rearrangement was reviewed In 
1958 in detail by Popp and Mcewen (if).

Simple ketoximes undergo rearrangement with 

polyphosphorie acid in almost quantitative yields. The 
reactions are satisfactory when applied to the oximes 
of diary Ike to nes, aryl alkylketones and cyclic ketones* 
Under the proper conditions aldoximes also undergo the 
Beckmann rearrangement to yield either amides (5) or
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nitriles (6)*

HCIf=NOH------»RCOHH2 or/and . HCONHR or/and RCN

It was Meisenheimer’s work (7) 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 ketoxlmes

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 ore which has received general 
acceptance is that of Hantzsch and Warner (8).

Hantzsch and Werner proposed a stereochemical 
explanation for the isomerism. They 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 a carbon-carbon double bond. 
Hantzsch proposed the terms syn and anti for the two 

forms.
The currently accepted configurations of the 

isomeric forms were assigned by Meisenheimer et al.(7).
If a reactive halogen atom is ortho to aldoximiro group 

one form of the aldoxime undergoes ring formation 
easily in presence of alkali whereas the other form 
gives the ssjae 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 otter form regenerates the original 

oxime*

The syn and anti ketoximes yield different 

products on Beckmann rearrangement. This is
,11t , . _ . ,, Hie tfjct m&tf
illustrated in the case of^bromo-nitro ace top hero re as 
shown below*

{
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Thus the groups that exfihange places in the 

rearrangement are those that are anti to each other.

C6%-|-C6H*r<JH3

N-OH

anti -p he if 1 -to ly 1 

ketoxime

PCI,

h9o

OH-C-Ca Hj.-CHa 
it
n-c6h5

Q=C-C6H*-CH3

HHC6H5

HoO + CHj-CfcH^-COOH + c6h5m2 

p-toluic acid Aniline

c6h5-c-c6h4ch3

OHN

sy n-phe if 1 -tolyl 

ketoxime

PCI,
HoCT

v C6H5-C-OH
^ H

ch3c6h„n
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c6h5c=o
l H~0 c6h5-cooh + ch3c6h4hh2gh3c6h4m ^

Aliphatic aldehydes and ketones do not give 
isomeric oximes, probably because one form is much more 

stable than the other*

A summary of the literature shows that there are
very few examples of the study of Beckmann rearrangement
of the oximes of C-aeyl e* G-foggy! derivatives of
oxygen heteroeyelics. It was therefore thought of
interest to study the reaction with the oximes of the 

cl'
C-acyl and C-formyl derivatives of flavones* Sugasawa (9) 

carried out the Beckmann rearrangement of the oxime of 
5-hydroxy-6-aeetylflavone with phosphorus oxychloride 
and obtained 5-hydroxy-6~amlnoflavor©. This appears 

to be the ©My instance in the literature of the 
Beckmann rearrangement of the oxime of a C-acylflavone*

In the present work the Beckmann rearrangement 
of the oximes of Ca) 7-hydroxy-8-aeetylflavone and its 
methyl ether (b) 7-hydroxy-8-fo rmy If lavone and its 
methyl ether and (c) 7-hydroxy-8-benzoyl flavors have been 
carried out. Attempts to prepare 6-hydroxy-5-acetylflavone 

did not succeed* 6-ifrdroxyflavore did not undergo
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Friedel-Crafts reaction and 6-ace^y'tflavone on Fries

( V

migration gdve</ only 6-hydroxyflavone.

Beckmann rearrangement of the oximes of 7-hydro xv- 
8-acetylflavone find its methyl ether

The oxime of 7-hydroxy-8-acetyIflavone (H)

was mixed with phosphorus oxychloride with cooling and
the reaction mixture then heated on a water bath at 

o70-80 for 2-3 minutes. The product obtained was found
to be 7-hydroxy-8-acetamidoflavors (III). Wien refluxed

mwith sulphuric acid (50 %) it gave 7-hydroxy-8-j^ino flavors
(IV) as seen by direct comparison with the product

obtained on reduction of the known 7-hydroxy-8-nitro-
flavone (10) with stannous chloride and hydrochloric acid*

The oxime of 7-©ethoxy-8-aoetylflavone (VIE)

prepared as usual gave a compound which analysed for a
di-oxime. The structure of this di-oxime has not been
investigated. Probably the carboxyl group of the
heterocyclic rii^ also reacts. On Beckmann rearrangement
with phosphorus oxychloride by heating In a water bath 

oat 70-80 for 10 minutes it gave 7-methoxy-8-acetamido- 

flavors^as seen by direct comparison with the product 
obtained on metby.lation of 7-hydroxy-8-acetamidoflavone 

described above. 1/tfhen refluxed with sulphuric acid It 
gave 7-me thoxy-8-ami no flavors £ £>•
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.Beckmann rearrangement of the oximes of 7-hydroxy 

8-formy 1 f lavons and, its methyl ether

The oxime of 7~hydroxy-8-forosy 1 f 1 a vore, 

prepared as usual,when heated on a steam bath with 

phosphorus oxychloride for 10 minutes gave a product 

which was found to be 7-hydroxy-8-cyaroflavone (XIII). 

When refluxed with sulphuric acid it gave the known 

7-hydroxyflavone-8-carboxyllc acid (11) as seen by 

direct comparison with an authentic specimen.

The oxime of 7 ~m ® tho xy -8 -f o rmy 1 f la vo re (XVI) 

when heated on a steam bath for 10 minutes with 

phosphorus oxychloride gave 7 -methoxy-8 -cy a no flavo re (XVII) 

which when ref lusted with sulphuric acid (50 % ) for 

3 hours gave the known 7-methoxyflavone-8-carboxylic 

acid (11) as seen by direct comparison with an 

authentic specimen.

XI £? R*ch3

NOH

XHI R = H Xvit R; Cfij
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Beckmann re arrange!^ nt of the oxime of 

? -hy droxy-8 -be nzovl flavo ne

The oxime of 7-hydroxy-8-be nzoylflavore (XX) 

prepared as usual when heated on a steam bath for 10 

mimtes with phosphorus oxychloride gave 7-hydroxy-8- 

be nz ami do flavo ne (XXI) which when refluxed with 

sulphuric acid (50 % ) gave 7 -hy dro xy -8 -arthnof 1 avore 

(I?) described before.

J/OH

Pott$

\r



Oxime of 7»hydroxy-8«-^cetylfl^yope

7-Hydroxy-8-acetylflavore (0.2 g.) dissolved

in minimum quantity of alcohol was mixed with a solution
of bydroxylamine hydrochloride (0*5 g*) in water (3 ml*)
and sodium hydroxide (10 % ; 2 ml*). The reaction mixture

was refluxed for 2 hrs. The product obtained on
acidification and dilution was crystallised from alcohol

oin yellow shining needles, m*p. 237 * Yield 0.1 g*

Analysis s Pound : C=68.72 ; 3=4.36 ; 04.50 %*

CiyHijO^H requires s 0=69*14 $ 04.44 \ 3=4.74

Beckmann rearrangement of the oxime of 7-hydroxy 
8-acetylflavone % 7-Hydroxy-8-acetamidoflavors

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

A
cooled phosphorus oxychloride (10 ml.) and,the

0
reaction mixture was heated at 70-80 for 3-5 mirutes,

•When the reaction mixture became dark brown in colour.
The reaction mixture was poured into ice and stirred
for half an hour. The solid which separated out was

0
crystallised from acetic acid. M.P. 250 . Yield 0.3 g.

Analysis s Found s 0=69.62 ; 3=4.72 ; 3=4.95 %*

Ci7Hi304N requires : 069.14 5 3=4.44 5 04.74



143
7 -By dro xy -8 - am Imflavp m

7-Bydroxy-8-acetamidoflsrone (0*5 g.) was

refluxed with sulphuric acid (50 % ; 25 ml.) for 3 hrs.

The reaction mixture was then diluted with ice cold

water and filtered* The filtrate was treated with

ammonium chloride (2.0 g*) and neutralised with dilute

ammonium hydroxide solution. The product obtained was
. ocrystallised from nitrobenzene, m.p. 2h-6 . Mixed m.p. 

with 7“hydroxyl-aminoflavone obtained as described 

below was cot depressed*

Analysis : Found s <3=71*20 | H=4-,21 ; 3^5*26 %*

Ci5Hii03N requires s G=71*l4 § ®=i*.34- $ ^=5*53^*

7-Hydroxy-8-nitroflavone^ previously prepared 

by Shah et al. (10), was prepared in the present work by 

an improved method given below which gave a purer 

product.

7-Eydroxyflavon® (1.0 g.) was added to concentrated 

nitric acid (20 n£«) and heated on a steam bath till the 

fumes of nitrogen peroxide ceased and the product 

separated. The reaction mixture was diluted with cold 

water and filtered. The product obtained was crystallised 

from acetic acid.

7-Hydroxy-8-nitrof 1 avone (1.0 g.) was dissolved 

in glacial acetic acid (20 ml.) and a solution of stannous 

chloride (2.0 g.) in glacial acetic acid was added. The
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reaction mixture was heated on a steam bath for an hour.

Ihe reaction mixture was then saturated with hydrochloric

acid by passing dry hydrogen chloride gas through the

mixture for an hour, when amine hydrochloride separated.

It was filtered and again re dissolved in water and the

solution treated with sodium bicarbonate solution when

the free base separated. It was crystallised from
onitrobenzene, m.p. 246 •

Pi-oxime of 7-ffiethoxy-8-30etylflavone

7-Methoxy**8-acetylflavone (0.4- g.) was 

dissolved in alcohol and treated with a solution of 

hydroxylamire hydrochloride ,(1.0 g.) in water (6 ml.) 

and sodium hydroxide (10 % 5 4-ml.). The reaction , 

mixture was refluxed for 2 hrs. The product obtained on 

dilution was crystallised from alcohol in white buds, 
m.p. 218°. Yield 0.3 g.

The same dioxime wa.s obtained when 7-methoxy-8- 

aeetylflavone was refluxed with hydroxy lamine; 

hydrochloride and fused sodium acetate in alcohol. It) 

monoxime could be obtained*

Analysis : Pound : 0=66.51 ; B=4-.53 5 J£=9*16 %• 

Oi8Hi60i*N2 requires* 0=66.66 ; E=4-.93 ? N=8.84- %.
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Beckmann rearrangement of the_,di-oxime of 

7»met|xpxyr8-acetylflavozb s 7-Method-8-acatamldoflavors

The above dioxime (1.0 g.) was Introduced into

well cooled phosphorus oxychloride (10 ml.) and the
oreaction mixture heated on a water bath at 70-80 till

the reaction mixture became dark brown in colour
(10 minutes.). It was then poured on crushed ice. The

separated solid was crystallised from acetic acid, 
nom.p. 285 .

Analyst? s Found * &=69*77 $ ; EM*.65

ci8Hi5°4.N requires * G=69*90 ; !BMf.85 \ flMf.53 %•

Mixed m.p. with 7-methoxy-8-acetamidoflavorB 

obtained as described below was not depressed.

7-Hydroxy-8-acetamidoflavone (0.5 g.) ih acetone

was refluxed on a steam bath with dimethyl sulphate ( 1 ml.)

in the presence of anhydrous potassium carbonate (2.0 g.)

for 8 hrs. The product obtained on removal of acetone

was washed with dilute sodium hydroxide solution and

crystallised from acetic acid as above.

7 -Me thoxy -8 -ami no flavo ne

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

refluxed with sulphuric acid (50 % ; 25 ml.) for 3 hrs.

The reaction mixture was diluted with ice cold water

and then neutralised with sodium hydroxide solution. The .

product which separated was crystallised from alcohol
oin yellow needles, m.p. 1% •



Analysis $ Found s 0=72.21 ; B=5*03 5 EMf*92t%*

Ci6H1303N requires i 0=71*90 5 B=>f*90 5 B=5* 2b %.

Oxime of 7-hydroxy-8-formylflavone

A mixture of hydroxylamirB hydrochloride (0*5 

in water (3 ml,), sodium hydroxide (10 % ; 2 ml,) and

7- hydroxy-8-formylflavone (0*2 g.) in alcohol was 

refluxed for 2 hrs. The solid separated on eooling 

after acidification was crystallised from alcohol, m.p* 
273-**°. Yield 0.1 g.

Analysis s Found : <3=67*97 5 B=4,ll ; W=5*15 %*'

Ci^HiiO^N requires : 068.33 | H=3.91 ; N=^*98 %*

' Beckmann rearrangement of the oxime of 7--hydroxy

8- formylflavone : 7~H,Ydroxy-8-cyano flavors

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

cooled phosphorus oxychloride (10 ml.) and the reaction

mixture heated on a steam bath for 10 mimtes and then

poured on crushed ice. The separated solid crystallised
ofrom acetic acid, m.p. 315 • Shah and Sethna (11) 

prepared the same cyanoflavo ne from 7 -me tho xy -8 -io do - 

flavors by Bosermund Von Braun reaction§^nd. subse4ueint,he 

deffiethyration and reported the same m.p.

Analysis : Found : 0=72.86 ; B=3*65 5 N=4.95 %*

Gi6H903N requires s 0=73*00 $ H=3*^5 5 1^5*32 %*



sulphuric ac id i 7 -Ifrdroxyflayone-8-carboxylic add

7-%droxy-8-cyanoflavone (0.6 g.) was gently 

refluxed with sulphuric acid (50 % ; 20 ml*) for 3 hrs* 

The product obtained on pouring tl® reaction mixture in 

ice cold water after purification through sodium bi

carbonate solution crystallised in colourless needles
from ethyl alcohol.M.p* and mixed m*p« with 7-hydroxy-

0
flavons-8-carboxylic acid (11) was 2^2 (efferv)*

Yield 0*3 g*

Oyiroe of 7-methoxy-8-formylflavone

A mixture of 7-methoxy-8-formylflavone (0*2 g*)

in alcohol, hydroxyl spine hydrochloride (0*5 g*) and

sodium hydroxide (10 % $ 2 ml.) was refluxed for 2 hrs*

The solid which separated on cooling was crystallised
0

from alcohol in white needles, m*p. 237 •

Analysis s Eburd s 0=69*23 $ HMt-,23 ; $£=Wf2 % +

requires : 0=69*1^ $ H=^«M+ 5 IM**74-

Beckmann rearrangement of the oxime of 7-methoxy- 

8 -formylflavo ne s 7 -Me thoxy -8-c yam flavo ib

Oxime of 7-ffl®thoxy-6-formylflayone (1.0 g.) 

was added to well cooled phosphorus oxychloride (10 ml.) 

and the reaction mixture heated on a steam bath for 

10 raimtes and then poured on ice. The solid which



separated on stirring €he reaction mixture was
ocrystallised from acetic acid in needles, m.p, 235 •

Shah and Sethna (11) prepared the same cyaroflavor© from

7 -methoxy-8 -iodo flavo re hy Rosennnnd-von Braun 

reaction and reported the same m*p.

Analysis t Found s 0=73*53 » H?3.4l * $=4.64 %•

2i7H1>i03N requires s 0=73*64 ; 1^4.00 5 $=5*05 %*

Hydrolysis of 7-methoxy-8-cyanoflavone : 7-Ethoxy- 

flavor©-8-carboxylic acid

7 -Me t ho xy -8 -cy a no f 1 avo 1© (1,4 g.) was gently 

refluxed with sulphuric acid (50 % ; ‘20 ml.) for 3 hrs. 

and the reaction mixture worked up as usual . The sodium 

bi-carbonate extract gave an acid which crystallised 

from dilute ethyl alcohol in colourless needles. The

m.p. and mixed m.p. with 7-methoxy flavor©-8-carboxylic
0

acid (11) was 216 . (efferv.)

Oxime of 7-hydroxy-8-benzoylflavone

7-Hydroxy-8-be nzoylflavone (0.2 g.) dissolved 

in minimum quantity of alcohol was refluxed with an 

aqueous solution of hydro xylamine hydrochloride (0.5 g*) 

in the presence of sodium hydroxide (10 | ; 2 ml.) for

8 hrs. The product obtained crystallised from alcohol
, 0

in colourless needles, m.p. 262-3 • Held 0.1 g.

Analysis s Found : 0=73*79 ; H=4.06,$ W=3*77

C22Hi50%N requires s 0=73*97 5 1^4.23 5 N=3*92 %,



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

benaoylflavone ! 7 *»Hydroxy-8-benzamidoflavo ns

Oxime of 7-hydroay-8-be nzoylflavore (1.0 g.)

was introduced into well cooled phosphorus oxychloride
(10 ml.) and tb© re actio n mixture heated on a steam

bath till it became brown in colour (10 minutes)* It

was then poured on crushed ice and the solid which
, oseparated was crystallised from acetone, m.p. 267 •

Analysis : Fbund s 0=73*79 j H=3*97 5 I$=3.88 %•

c22Hi5°4.N requires s 0=73*9^ | E^-23 j N=3*92 ^*

7 -Hy droxy-8 -aihiibo f lavo ns

7-ffydroxy-8-benzamidofiayone (0,5 g*) was

treated with sulphuric add (50 % ; 25 ml.) and the

reaction mixture refluxed for 3 brs. The solid obtained

on working up as usual was crystallised from nitrobenzene

M.p. and the mixed m.p. with 7-hydroxy-8-ajahnof 1 avoib •
- 0

described fbefo.re was.-2^6f
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