
CHAPTER V

SYNTHESIS OF SOME CYANO-FLAVONES
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THEORETICAL

Msegund-von Braun reaction on some iodo-flavomg j 

^T.nthegis ofLaome cyano-flavones

Aryl nitriles can be prepared by many methods.

A survey of all the methods has been made by Mo wry (1) 
in 191*8.

Merz (2) discovered the classical synthesis 

of benzonitrile by fusion of the alkali metal salts of 

benzene sulphonle acid with potassium cyanide. Further 

study of this reaction revealed that a good yield of 

^-naphthonitrile was obtained from sodium p-naphthalens 

sulphonate by treatment with excess of sodium cyanide.

Witt (3) showed that the less toxic potassium ferrocyanide 

gave somewhat better results.

Generally^ yields of purified aromatic nitriles 

vary from traces to 60-80 % depending upon the structure 

of the reacting compound. Dry reagents, intimate mixing 

and uniform heating of reaction mass to high temperatures 

appear desirable. The use of sand in the reaction mixture 

is recommended to increase the yield of the nitrile ty 

moderating the exothermic reaction. The introduction of a 

small quantity of iron filings to' aid distribution of 

heat also gives improved yields (k). smooth reaction and 

increased yields are also obtained by heating the reagents 

in an inert diluent such as mineral oil.

A number of dicyano derivatives of benzene,



117bipheryi,naphthalere* and higher condensed ring systems 

have been prepared from the corresponding disulphonates. 

Yields are usually low (less than 20 %) and the 

dinitrile is contaminated with the mo no nitrile,

Merz and Weith (5) obtained a-naphthonitrile 

from a-bromonaphthalem by heating with potassium
■ a

ferrocyanide. They also synthesised benaonitrile from 

iodobenzene and silver cyanide, but the method has 

little preparative value.

Rosennund et al» (6) found that the replacement 

of aryl halogen,atom by the cyano group can also be 

accomplished by the action of anhydrous cuprous cyanide. 

The use of cuprous cyanide dissolved in cyclic aromatic 

amines was introduced in 1913 (7).

Later, Diesbech et al. (8) extended the cuprous 

cyanide reaction and reported the conversion of a mixture 

of dlbromoxylenes to the dinitriles. The technique 

generally used by many workers consists in taking the 

arylbroroide and a slight excess of dry cuprous cyanide 

in sufficiently dry quinoline or pyridirB to foitn 

homogeneous complex at reaction temperatures of 150-250°. 

Thus Newman (9) concerted a-broraonaphthalene with cuprous 

cyanide in pyridine solution to a-naphthonitrile in 

93 % yield.

It was observed by von Braun (10) that bromo 
derivatives of high boiling aromatic hydrocarbons are 

smoothly converted into nitriles in a very high yield 
by treatment with a 'slight excess of cuprous cyanide
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at 260 without using ary solvent or promoter. This 

method,row called the Rose round-von Braun synthesis has 

been studied in detail hr Koelsch (11) who found that the 

reaction is autoeatalytie and the addition of a snail 

amount of nitrile from a previous run shortens the 

reaction time. Cfopper sulphate, in small amounts has a 

marked catalytic effect whereas hydroquirone retards the 

reaction. They recommended the addition of 0.01 mole of 

copper sulphate per 0.1 mole of the iodo derivative” and 

gradual addition of the halide to the mixture of cuprous 

cyanide and catalysts. This observation led to the 
hypothesis that only the divalent copper ion can react 

with aryl halide to form a stable complex. The following 

mechanism has been suggested by Koelsch ani Whitney (12).

Ar-x + |at-x-»Cu+| cu >

•1**4* p*
Cu + JAr»X~*CuJ

[Ar-X~>CuJ+ Gux + Ar

+ _
Ar + CN ——at CM

The gradual addition of the halide to the mixture 
of cuprous cyanide and catalysts promotes rapid conversion.

The above two techniques of aryl halide-copper 
cyanide reactions with or without a basic solvent have 
been discussed by Braun (13). For large SCale runs as in 

commercial practice, the use of a solvent or an irort 
diluent is desirable to assist the dissipation of heat



of reaction. This may be either a solvent for the cuprous 
cyanide ( pyridine, quinoline or pheryl acetonitrile) or 

a diluent such as nitrobenzene, diehlorobenzere or 
naphthalene. In general the use of solvents enable the 
reaction to be effected at low temperatures.

Though various halogenated flavones are known 
they have not been subjected to this reaction except by 
Shah and sethna (l^f*) who prepared 7—methoxy—8—cyanoflavone 
by Rosemund-von Braun reaction on 7-methoxy-8-iodof 1 avone. 
These authors observed that addition of copper sulphate 
improved the yield. If cuprous cyanide, which was not 

very fresh, was used then no catalyst was required. A 
few cyano flavones have been synthesised by other methods. 
Da Re et al. (15) synthesised **-cyar» flavor® by 
cyclisab ion of 2-hydroxy-if-cyano benzoyl-benzoyl met ha re. 
They also prepared 8-cyano-3-methyl flavors? from 2-hydroxy- 
3 -cy anop ropiophe no ne by. treatment with sodium benzoate 

and benzoylchloride. In this laboratory Shah and Sethna (1^) 
have prepared 6 -cy a no -7 -me tho xy -3 -be nzoy 1 f 1 avo re by 
^stanecki-Robinson benzoylation of 2-hydroxy-^-methoxy- 

5-cy a no ace tophe no ne «

In the present work cyanoflavones have been 
obtained by Rosenmund-von Braun reaction on 7-methoxy~6- 
io do flavors, 7 ,^-dime tho xy-6-io do flavors and 6-methoxy-5- 

iodoflavone described in chapter II. Their hydrolysis has 
also been studied.
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flavors

7-ffethoxy-6-io do flavors (I) on fusion with 

cuprous cyanide gave the correspond!^ 6-cyaraflavone (II), 
The same compound was prepared by Shah and Sethna (I1*) 
fjrom 2-hydroxy-4—methoxy-5-eyanoacetophenone by Kostarsckl 
Bobinson bensoylation. On alkaline hydrolysis it gave 
2-hydroxy-4-methoxy-5-cyarabensoic acid (IT) as seen by 
direct comparison with an authentic specimen prepared 

according to Shah and Sethna (1%), 7—^ethoxy—6-cyanoflavor® 
on hydrolysis with 70 % sulphuric acid-.gave an acid which 

gave red colouration with alcoholic ferric chloride 
indicating that simultaneous demethylation had also 

occured along with the hydrolysis of the cyano group,
7-Bydroxyflavo ne-6-carboxylic acid structure has been 

assigned to this produet. Shah and Sethna (14) also 
obtained the same acid by hydrolysing 7-methoxy-6-cyam-3- 
benzoylflavone with 70 % sulphuric acid.
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Rosermund-von Braun reaction on 7T4-dimethoxy-fr- 

lo do f lavo ne

7j**~Dimethoxy-6-iodoflavone (V) on fusion with 

cuprous cyanide gave the corresponding 6-cyanoflavone (VI). 

On alkaline hydrolysis it gave 2-hydroxy-4-~methoxy-5- 

cyarc benzoic acid (IV) as seen by direct comparison with 

an authentic specimen prepared according to Shah and 

Sethna (l*t)« 7,H—Dimethoxy-6-cyanoflavone on hydrolysis 

with 70 % sulphuric acid gave an acid which gave a red 

colouration with alcoholic ferric chloride indicating that 
simultaneous demethylatio'n of the 7-methoxy group had also 

occured along with the hydrolysis of the cyano group. The 

analysis indicated that only one methyl group had undergore 

demethylation. The methyl ester of the above acid was 

soluble in sodium hydroxide solution. This ester was 

further methylated and compared with the product obtained 

by simultaneous methylatlon and esterification of the 

7-hydroxy-^—methoxyflavone-6-carboxylic acid obtained 

above with dimethyl sulphate in acetone and potassium 

carbonate,

.,. Rose rmund-von Braun reaction on 6-methoxv-?-lodo> 

f lavo ne

6-Methoxy-5-iodoflavo n© (X) on fusion with 

cuprous cyanide gave the corre spo ndi ng 5-cyanoflavone (XI). 

This on refluxing with 70 % or 50 % sulphuric acid for 

3 hrs. gave the known 6-hydroxy flavors. 6-Methoxy- 
5-cyanoflavone on heating with 50 % sulphuric acid on a



122

OH

tOOH

iir



123



124steam bath for 5 hrs.' gave (%n acid. The acid did rot /. 

give any colouration with alcoh&lic ferric chloride 

solution indicating that no demethylation had oceured 

and so was assigmd 6-methoxy flavors-5-carboxylic acid 

(XII) structure.

6- Methoxy-5-cyaroflavor© (XI) on alkaline
ohydrolysis gave an acid, m.p. 174 which did rot contain 

nitrogen and gave a deep brown colouration with aleoh&lic 

ferric chloride. It also gave a 2,4-dinitrophenyl hydrazone 

derivative. These observations indicate that it was a 

keto acid and the cyano group was^ hydrolysed to a 

carboxylic acid group. On heating with anhydrous aluminium 

chloride demethylation and decarboxylation took place 

and quinacetophenone (XIV) was obtained as seen by 

direct comparison. The keto acid must, therefore, be 

2-aeetyl«3-hydroxy-6-me thoxy benzoic acid (XIII).

Attempted Bosennund-von Braun reaction on 7-methoxv-

7- Methoxy-3-iodof 1 avanone (XV) on fusion with 

cuprous cyanide gave a product which was found on direct 

comparison to be 7-methoxyflavors (XVI).
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Ro se mund-vo n Braun reaction on 7-methoxy-6-iodo- 

flavore s 7-Methoxy-6-eyftnoflavore

7-Methoxy-6-iodoflavone (3*78 g*) was intimately

mixed with cuprous cyanide (1*78 g.) and copper

sulphate (0,25 g.). The reaction mixture was heated at 
o220-225 for 10 minutes and then extracted repeatedly

with hot acetone. The product which separated from the

acetone extracts on concentration, crystallised from
oethyl alcohol in needles, m.p. 227 . Shah and Sethna 

(l1*) also reported the same m.p.

Analysis : Found ; 0=73.79 5 i£=lf.02 5 N=lf.92 %« 
ci7Hn03F requires : 0=73.6V ; EMf.00 5 f£=5.05 %%

Hydrolysis of 7-metho xy -6 -cy ano f 1 avor& with 70 %
* 7~W droxy flavo ne -6-car boxy lie acid

7-Methoxy-6-cyanof lavone (0.7 g.) was heated

with sulphuric acid (70 % 5 25 ml.) under gentle reflux

for 3 hrs. The reaction mixture was then added to ,crushed

ice and the separated product treated with sodium

bicarbonate solution. On acidification of sodium

bicarbonate extract, a product was obtained which

crystallised from ethanol in colourless needles, m.ps 
o311 • Shah and Sethna (14-) also reported the same m.p. 

Analysis s Found t C=67.88 5 B=3.67%.
Ci6Hi005 requires s 0=68.08 § B=3*57 %»



126Alkali re hydrolysis of 7 nnethoxy -6-cy anof lavo re s 

2-Ky droxy-4-methoxy-5-cyanobe nzoic acid
a .

7-Methoxy-6-cyanoflavone (0.5 g*) was heated 

with aleoholle potassium hydroxide solution (10 % ;

20 ml.) on a steam bath for 2 hrs.The product obtained 

after acidification on extraction with sodium bicarbonate 

solution gave 2-hydroxy-4-methoxy-5-cyanobenzoic acid.

The m.p. and mixed m.p. with 2-hydroxy-4-me thoxy -5-ey ano 

benzoic acid prepared according to Shah and Sethna (l1*-) 
was 232-233°.

. > .

Bosemund-von Braun reaction on 7T4-dimethoxy-6- 
iodoflavore s 7.4^-imethoxy-6-cy ano flavors

7.4- Dimethoxy-6-iodoflavone (4-.08 g.) "was

intimately mixed with cuprous cyanide (1.78 g.) and

copper sulphate (0.25 g.). The reaction mixture was
..........................................o ' ...................... ................................................................................................................ '

heated at 220-225 for 10 mimtes and then extracted

repeatedly with hot acetone. The product which separated

from acetone extract on concentration , crystallised
ofrom acetic acid in white needles, m.p. 244 •

Analyst? : Found : 0=70.65 5 B=4.05 5 8=4.65 %* 

Gj.gHj.jOjj.N requires 0=70.35 $ B=4.26 ; 8=4.56 %*

. J ’
IfirdrolLysis of 7T4-dlmethoxy-6-cyaroflavorg with 

70 % sulphuric acid s 7-Hydroxy-4^methoxyf1avone -6 - 

carboxylic acid

7.4- Dimethoxy-6-cyanoflavone (0.7 g.) was heated
v
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with sulphuric acid. *(70 % | 25 ml®) under gentle

reflux for 3 hrs. The reaction mixture was then added

to crushed ice and the separated product treated with

sodium bicarbonate solution. On acidification of

sodium bicarbonate extract a product was obtained

which crystallised from ethanol in colourless needles, 
om«P* 319-320 (decomp. efferv.). Its alcoholic solution 

gave red colouration with alcoholic ferric chloride.

AmlJS&s s Found : C=65«89 5 H=4?37

ci?Hi206 requires : 0=65*39 \ H=3*84

Itlh^^hgdroMj^ethoxy flavora-6 -earboxvlate

7-Bydroxy-^Hnethoxyflavore-6-carboxylic acid 
(0.2 g.) was treated with methyl alcohol (5 ml.) and 

concentrated sulphuric acid ( 2 drops). The reaction 

mixture was heated on a steam bath for 2 hrs. The 

reaction mixture was then poured into ice cold water 

when a product separated. It crystallised from alcohol 
in white needles, m.p. 190°. It did not give ary 

colouration with alcoholic ferric chloride solution and 

did not dissolve in sodium bicarbonate solution. It was 

however soluble in sodium hydroxide solution®

: Found : 0=67.41 5 e=4.64
ci8Hii*06 requires : 0=67.51 5 E=4»37 %m

The above ester (0.5 g.) was refluxed in dry



128acetone and. dimethyl sulphate (1*0 ml,) on a steam

bath for 8 hrs. in the presence of anhydrous potassium

carbonate (2 g.). The product obtained on removal of

acetone was crystallised from alcohol in white needles? 
o .m.p. 208 •

The same product was also obtained on simultaneous
. ?

methylation and esterification of the 7-hydroxy-4-methoxy- 

flavone-6-carboxylic acid with dimethyl sulphate in the 

presence of potassium carbonate in acetone solution. 

Analysis s Found : 0=63.65 ; HM+.85 %•

Ql9Hi6°6 requires : 0=6**.11 $ H=**.70

Alkaline hydrolysis of 7,^-dimethoxy-6-eyanp- 

flavone : 2-Hydroxy~*f-methoxy-5-cyarr>bsnzoic acid

7, *+-Dime thoxy -6 -cy a no f lavo ne (0.5 g.) was 

heated with alcohdlic potassium hydroxide solution 
(10 % $ 20 ml.) on a steam hath for 2 hrs. The product 

obtained on acidification,, on extraction with sodium 

bicarbonate solution gave 2-hydroxy-4-methoxy-5-cyano- 

benzoic acid. The m.p. and mixed m.p, with 2-hydroxy- 
** -me thoxy -5 -cy a no be nzo i c acid,prepared according to 
Shah and Sethna (14-) ,was 231°.

Rosenmund-von Braun reaction on 6-methoxv»5-iodo- 

flavo ne s 6-Methoxy-5-cy anoflavo ne

6-Methoxy-5-iodoflavone (3.78 g.) was intimately 

mixed with cuprous cyanide (1.78 g.) and copper sulphate 
(0.25 g.). The reaction mixture was heated at 260-65°



for 10 minutes, cooled and then extracted repeatedly with

hot acetone. The product,which separated from acetone

extract on concentration,crystallised from acetic acid
oin white needles, m.p. 251 .

AnalXsi§ * Found : 0=73*50 $ H=4.00 ; 1=5.18 %,

Cj.7Hi.iO3N requires : 0=73*64 $ H=4iOO $ N=5*0$

Erdrolysis of 6-aethoxy"5-cyanoflavone with 50 4 

sulphuric acid 5 (1) 6-Hydroxyflavone

6-Methoxyr5"Cyarpflavor© (0.7 g.) was heated 

with sulphuric acid (50 % 5 25 ml.) under gentle reflux 

For 3 hrs. The reaction mixture was then added to crushed 

ice and the separated product treated successively with 

s0.di¥m.bicarbonate'and sodium hydroxide solution. No 

product-was obtained from the former but the sodium 

hydroxide extract on acidification gave a product which 

crystallised from ethyl alcohol. M.p. and mixed m.p. with 
6-hy droxyflavo ne was 232°!!

(if) 6»Methoxvflavone-5-carboxylic acid

When the hydrolysis was yepfated by heating the 

reaction mixture on a steam la th for 5 hrs. the sodium 

bicarbonate extract gave an acid which crystallised from 

alcohol, m.p. 244 (decomp* efferv,). It ,dis rot give ary 

colouration with alcoholic ferric chloride solution*

• Found s €>68.87 | B=3.88 *.
Ct7Hl 205 requires s 068.92 $ IP4.05 *tf.



Alkaline hydrolysis of 6-methoxy-5-cy an? flavors 130
2-Ac e ty 1 -1 ~hv dro xy -6«

6-Methoxy-5-cyaroflavone (®«5 g*) was heated

with alcoholic potassium hydroxide (10 % | 20 ml®) on a

steam hath for 3 hrs. The product obtained on .acidification

was extracted with sodium bicarbonate solution. The sodium

bicarbonate extract on acidification gave a product which
ocrystallised from alcohol in needles, m.p. 17** « Its 

alcoholic solution gave a deep brown colouration with 

alcoholic ferric chloride solution.

Analysis : Pound $ 0=57*01 $ HMf*88

0i0Hio°5 requires s 0=57*l1* 5 H=i+*76 %•

. L
The 2.h—dintrophenvl hvdrazore

Solution of 2,4—dinitrophenyl hydrazine (0.3 g.) 

In ethyl alcohol (5 ml*) containing few drops of concentrated 

hydrochloric acid was added to a solution of the above 

keto acid (0*3 g.) in alcohol. The reaction mixture was 

refluxed on a steam bath for an hour when an orange coloured 

product separated out. It was filtered and crystallised 
from nitro-benzene in tiry madias, ra.p. 265°(decomp.)

ASaiKjiS i Pound : N=l4.22 

6k.®8% ■„ requires t 1^14.35 %•

D9nS3£bo^la.ticLn_and demethylation of 3-acetyl-^- 

^m^i^ethoxyr.teMoic acid : 2.5-Dihydwxyacetophemna 

An intimate mixture of dry 2-acetyl-3-hydropsy-6-



-methoxy-benzoic acid Cl g.) and finely powdered anhydrous
aluminium chloride was heated in an oil bath at 145-150°

for 3 hrs. After cooling, ice cold dilute hydrochloric
acid was added and the product obtained crystallised
from water, m.p, and mixed m.p, with quin*acetophenore 

owas 202 *

M£§l£tgAJB5Jsenmund-von Braun reaction on 7-methoxy
* ZriMhosyflavone

7-Methoxy-3-iodoflavanone (3.80 g.) was intimately 
mixed with cuprous cyanide (1,78 g.) and copper sulphate 
(0.25 g*) was added. The reaction mixture was heated at 
125 “130 for 10 mimtes. The reaction mixture was 

extracted repeatedly with hot acetous. The product 
which separated from acetone extract on concentration 
did not contain any nitrogen. It crystallised from ethyl 
alcohol in white needles. M.p. and mixed nup, with 
7-methoxyflavone was 110°*
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