CHAPTER V
SYNTHESTS OF SOME CYANO-FLAVONES
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IHBEORETICAL

Rosemund-von Braun regction on some iodo-flavoreg
Synthegis of some cyam@=-flavores

Aryl nitriles can be prepared by ;zzaw methods.
A survey of all the methods has been made by Mowry (1)
in 1948,

Merz (2) discovered the classical sy nthesis
of benzonitrile by fusion of the alkali metal salts of
benzere sulphonic aeid with potassium cyanide. Further
study of this resction revealed that a good yield of
{S-naphthomtrs.le was obtaired from sodium P~naphthalere
sulphonate by treatment with excess of sodium cyamde.
Witt (3) showed that the less toxie potassium ferroeyanide
gave somewhat better results. :

Gemrally, yields of purified arqmatic nitriles
vary from traces tot 60-80 % depending upon the structure
of the reacting compourd. Dry reagents, intimate mixing
ard uniform heating of reaction mass to high temperatures
appear désirable. The use of sand in the reaction mixture
1s recommended to ircreage the yield of the nitrile by
moderating the exothermic reaction. The introduction of 3
smnall quantity of iron filirgs to aid distribution of
heat also gives improved yields (4). Smooth reaction and
irereased yields are also obtaimd by heating the reagents

in an irert diluent sich as mireral oil.

A mmber of dicyar derivatives of benzere,
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biphenyl,naphthalere’ and higher condensed ring sy stems
have been prepared from the corresponding disulphonates.
Yields are usually low (less than 20 %) and the
dinitrile is contaminated with the momnitrile.

Merz amd Weith (5) obtained a-naphthonitrile
from g-bromonaphthalerse by heating with potassium
forrocyanide. They also symthesised bemzomitrile from
lodobenzers and silver cyanide, but the method has
little preparative value,

; Rosermund et sl. (6) found that the replacement
of aryl halogen atom by the'cyam group can also be
accomplished by the action of anhydrous cuprous cyanide.
The use of cuprous cyanide dissolved in eyclic aromatie
amires was introduced in 1913 (7).

Later, Diesbech et al. (8) extended the cuprous
ey anide _reaction and reported the cormversion of a mixture
of dibromoxylenes to the dinitriles. The technique
gererally used by mapy workers consists in taking the
arylbromide and a slight excess of dry cuprous cyanige
in sufficiently dry quirmlire or pyridire to fomm
homogersous complex at regction temperatures of 150-2500.
Thus Newman (9) corverted a~-bromonaphthalens with cuprous
¢yanide in pyridirs’ solution to a-naphthonitrile in
93 % yield.

It was observed by von Braun (10) that bromo
derivatives of high i:woiling aromgtic hyérceaﬁbons are
smoothly converted into nitriles in a very high yield

by treatment with g 'slight excess of cuprous cyanide
. .
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at 260°without usingﬁ ary solvent or promoter. This
method, row called the Rosemund-von Braun synthesis has
been studied in detail by Koelsch (11) who fourd that the
reaction is autocatalytic and the addition of a small
amount of nitrile from a previous run shortens the
reaction time. Copper sulphate in small amounts has a
marked catalytic effect whereas hydroquirmre retaz;ds the
reaction. They recomme nded the addition of 0.01 mole of
coppeér 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 ilon can reaget
with aryl halide to form a stable complex. The following
mechanism has been suggested by Koelsch amd Whitney (12).

AI'-;X + Cll A—— IAI""Y“'*CU. ‘ v}

Ct:+ + E&r =X Cu]

[ar-zsca]’ ceeeeey cux + 4F

+ -
AT+ ON wememrcey APrGN

The gradual addition of the halide to the mixture
of cuprous cyanide and catalysts promoteg rapid cornversion.

The above two techniques‘of aryl halide-copper
c¢yanide reactions with or w:;thout a basic solvent have
been discussed by Braun (13). For large scale runs as in
commeércizl practice, the use of g solvent or an irert

diluent is desirable to assist the dissipation of heat
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of reaction. This may be either a solvernt for the cuprous
cyanige ( pyridire, quimlire or pheryl acetonitrile) or
a diluent such as nitrobernzene, dichlorobenzere or
ngphthalene. In gereral the use of solvents enable the
reaction to be effected at low temperatures.

Though various halogemnated flavones are krown
they have mt been subjected to this resction except by
Shah and Sethna (14) who prepared 7-methoxy-8-cyamflavors
by Rose rmund-—von« Braun reaction on 7-methoxy-8-iodoflavore.
These authors observed that addition of copper sulphate
improved the yield. If cuprous cyanide, which was rot
very fresh, was used then mo catalyst was required. A
few cyém flavones have been gynthesised by other methods.
Da Re et al. (15) gynthesised lt-icyam)i‘lavom by
cyclisa}:\ion of zz-hydrow-#'-'-cxambenzoyl-benzoyl methare.
They also prepared 8-cyam-3-methylflavore from 2-hydroxy -
3-cyampropiopherone by treatment with sodium benzoate
and berzoylchloride. In this laboratory Shah and Sethng (llf)
have prepared 6-cyam=-7-methoxy»3—benzoylf‘lavone by
Kostarecki-Robinson berzoylation of 2+hy droxy ~4 ~-methoxy -
b-cyamacetophemne.

In the present work eyamflavores have been
obtained b}? Ro senmund~-von Braun reaction on 7 -methoxy ~6 -
iodoflavors, 7,‘+1dimethoxy~6wiodoflavom and 6-methoxy-5-
iodoflavore described in chapter II. Their hydrolysis has
also been studied,
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flavore : ' ‘
7-Methoxy~6-iodoflavore (I) on fusion with

cuprous cyanide gave the correspon&ing 6-cyamflavone (II).
The same compound Was prepared by Shah and Sethna (1)
from 2-hydroxy-4-methoxy-5-cyamacetopherore by Kostarmecki
Robinson benzoylation. On alkalire hydrolysis it gave
2—hydroxy—h-methoxy-5—cyainbenzoic acid (IV) as seen by
direct comparison with an authentiec specimen prepared
according to Shah and Sethna (14), 7-Methoxy-6-cyaroflavore
on hydrolysis with 70 4 sulphurie ac id.gave an acid which
gave red colourgtion with alcoholic ferric chloride
indicatirg that simultareous demethylation had also
occured along with the hydrolysis q'f the cyarmo group.
7-Hydroxyflavone-6-carboxylic acid structure has been --
assigred to this produet. Shah and Sethma (1) _also
obtained the same acid by hydrolysing 7 - thoxy -6 -cy arp =3 -
be nzoylflavore with 70 % sulphurie acid.
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Hosemund~von Braun reactionon L-dimetho

iodoflavore

7, 4-Dimethoxy -6-iodoflavore (V) on fusion with
c;uprous_cyanide gave the corresponding é-cyarmflavore (VI).
On alkalire hydrolysis it gave Z-deg—%-mgthow-ﬁ'—
cyaro bemzoic acid (IV) as séen by direct comparison with
an authentic specimen prepared according to Shah and
Sethna (14). 7 la---Dimei:hc:»xy--6--:::{::111{:»1‘135:«3ne on hydrolysis
with ?'0 % sulphuric acid gave an acid which gave a red
colouration with ,alcphcilhic‘ ferric chloride indicating that
simultameous demethylation of the 7-methoxy groump had also
occured alorg with the hydrolysis of the cyam group. The
analysis indicated that only ome methyl group had undergore
demethylatioﬂ. . The methyl ester of the above acid was
soluble in sodium hydroxide solution. This ester was
further methylated and compared with the product obtaimd
by simultaneous methylation and esterification of the
7“by4@mw~#;n!ﬁtb0¥yflav9m-_é-carqurl_ic acid obtaired
a@o.verwi..th dime thyl sulphate in acetone and potassium
carbonate.

.. Bosemund-von Braun reaction on 6—methogy_-—5‘ -iodo -~
flavore

) 6-Methqu-7;5-fiodqflavo'rle' (X) on fusion with
cuprous cyanide gave the corresponding ;S-fcya;piflavong (xD).
This on refluxing with 70 % or 50 % sulphuric acid for

3 hrs. gave the kmwn 6-hydroxyflavcm. 6-Methoxy-
S-cyamflavone on heatirg with 50 % sulphuric acid on g
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gteam bath for 5 hrs.' gave &n acid. The acid did mot /12‘i
give any colouration with alcohdlic ferric chloride
solution indicating that mw demethylation had occured

and so was assigred 6-methoxyflavone~S5-carboxylic acid
(XII) structure.

' 6-Methoxy-5-cyarpflavore (XI) on alkalire
hydrolysis gave an acid, m.p. 27.7’-1-‘3 which did mot contain
nitrogen and gave a deep brown colouration with alcohdlic
ferric chloride. It also gave a 2,4-dinitrophernyl hydrazo re
derivative. These observations indicate that it was a

keto acid and the cyamw group Was hydrolysed to a
carboxylic acid group. On heating with anhydrous aluminium
chloride demethylation and decarboxylation took place

and quinacetophemre (XIV) was obtained :sls seen by

direct comparison. The keto acld nust, therefore, be

2=acetyl-3-hydroxy-6-methoxybenzoic acid (XIII).

Attempted Rosermund-von Braun reaction on 7 -methoxy -~
3-Iodoflavare re

7-Methoxy~3-icdoflavarone (XV) on fusion with

cuprous cyanlide gave a product which was found on direct

comparison to be 7-methoxyflavere (XVI).

Cu, Ny, CHo (P ’ °
I 4 \ C
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EXPERIMENTAL 125

Rogeymund-~von Braun reasction on 7-methoxy-6-iocdo-
flavore s 7-Methoxy-6-cyaroflgvore

‘ 7-Metizoxy~6~iodoflavom (3.78 g.) was intimately
mixed with cuprous cyanide (1.78 g.) and copper
sulphate (0.é5 g¢)e The reagction mixture was heated at
220-2250 for 10 mimtes and then extracted repeatedly
with hot acetore. The pmfiuct which separated from the
acetone extracts on corcentration, erystallised from
ethyl aleohol in meedles, mep. 22?0. Shah and Sethna

(14) also reported the same m.p.

A!ﬁlﬁ §i§ s Found : c=73.79 3 %""002 H N=)+o92I%s
CipHi 03N requires : C;'-73.6l+'; Heli 00 I\f=5.05 %o

Hydrolysis of 7-methoxy-6-cyaroflavore with 70 /A
- sulphuric geid Z—QQroxxf;avog—é-—Cgrboyl;c acid

7-Methoxy-6-cyamflavore (0.7 g.) was heated

;e

with sulphuric gcid (ZO % 5 25 ml.)“under gentle reflux
for 3 hrs. The reaction mixture was thez'l‘ added to crushed
ice and the separsted product treated with sodium
bicarbonate solution. On acidification of sodium
bicarbonate extract, a product was obtalned which
erystallised from ethaml in colourless meedles, m.pe
3110. Shah and Sethna (14) also reported the same m.p.
Aralysis : Fournd 3 C=67.88 j H=3.67 %.

CieHi o053 requires : C=68.08 }1;3;57 %e

¢

L~ 13
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kalirme rolysis of 7 =me tho =6-c wflgvore @

2-Bydroxy-b-methoxy-H~cvarobenzoic acl

7-Methoxy-6-cyamflavone (0.5 g.) was heated
with aleoholic potassium hydroxide solution (10 %
20 ml.) on a steam bath for 2 hrs. The product obtaired
after geidification on extraction with sodium bicarbonate
solution gave 2-hydroxy-4-methoxy-5-cyarmoberzoic acid.
The m.p. and mixed m.pn. with é-hydrow-’-r-metho:qr~5—cyano
benzoic acid prepared according to Shah and Sethna (1)
was 232«233 .«

o Bosermund-—von Braun regction oni7, ‘+-dimetho:_¢z _6_
iodoflavone :, 7 hﬁ,_ethogz—é-czamflavom

o 7 ‘+ Dimethoxy-é—iodoflavone (4.08 Ze ) was
intimately mixed with cuprous cyanide (1.‘78 g+) and

copper sulpha’ce (0 25 ge)o The ‘reaction mixture was
heated at 220-225 for 10 mimtes and then extracted
from acetone extract on comentratioz; s crystallised

from acetic acid in white needles, MePe 2‘#4- .

. ~ -

Analysis :_.E_‘o_u;xi s C=70.65 ’; H=1h05 3 1¢=’+.65 %.
CigHy 304N requires 3 C=70.35 3 H=h.26 ; N=1|-.56 %o

70_%_sulphuric acid : 2~§‘gdro;:x-l+1methogxflgvom—§—
carboxylic acid '
7 M-Dimethoxy—é-cyamflavom (0.7 Ze ) was heated

-



with sulphuric acid {70 4 ; 25 ml.) under gentle

reflux for 3 hrs. The reaction mixture was then addead
to crushed ice and the separated product treated with
sodivm bicarborate solution. On ascidification of

sodium bicarbonate extract a produet was obtalred
which crystallised from etharpol in colourless needles,
MeDe 319-3200 (decomp. efferva.). Its alcoholie solution

gave red colouration with alcoholic ferric chloride.

Analysis : Found C=65.89 § H=lt437 %,
clyﬁl 206 requires : 0365@39 3 H=3e>81§' %c

L 1]

Me thyl -7 ~hy droxy —4ome thoxyflavore-6-carboxylate

‘ 7»Hydmm-1+=’-methoxyi‘1avone-é—-carboxylic acid
(0.2 gu) Was treated with methyl alcohol (5 mi.) and
concentrated sulphuric acid ( 2 drops). The reaction
mixture was heated cn a steam bath for 2 hrs. The
régction mixture was then poured into ice cold water
when a product separated. It crystallised from alcohol
in white reedles, m.p. 1900. It did mt give ary
colouration with aleoholic ferrie chloride solution and
did rot dissolve in sodium bicarbonate solution. It was

hovever soluble in sodium hydroxide solution.

Analysis : Founa C=67.41 5 H=l. 64 ¢,
CigHi 0 requires : C=67.51 3 B=ha37 4.

(24

- Methyl-7.k-dinethoxyflayore -6-carboxylate

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

IS



acetbm and dimethyl sulphate (1.0 ml.) on a steam 128
bath for 8 hrs. in the preserce of arhydrous potassium
carbonate (2 g.). The product obtaired on removal of
acetore was crystallised from alcohol in white naedles,
mepe 208" o A .
The same product was also obtained on simultareous
methylation and esterification of the V-hydroxy—l&-met‘low-
flavore-6-carboxylic acid with dimethyl sulphate in the
presence of potassium carbonate in acetone solution.
Apalysis : Found C=63. 65 3 H—-’+ 85 %o
CioHi 0¢ requires : C=64.11 H-lt-.‘70 %o

L 3

L IR ]

- Alkalina drolysis of Za4-dimethoxy -6-cyaro -
f‘lavom H 2-T:Lvdromr-*+—methog_rz—§—ezambenzoic acid

) 7 ll---Dimeat;ho:x.:;r---6—cyau:oflavone (0 5 8. ) was

’ heated wlth alcoh&lic potassium hydroxide solutlon :
(10 % 3 20 ml.) on a stean bath for 2 hrs. The product
obtaired on acidification, on extraction with sodium _
bicarbonate solution gave é.-hy-@row.-*f*n?ethomr -5-cyam-
- bergoic agid. The m.p. and mizmed m.p. with 2-hydroxy-
lt-me thoxy -5-cyamberzoic acid,prepared according to
Shah and Sethnas (14) ,vas 2510.

. Bosemmund-von Braun reaction on 6-methoxy-5-iodo-
flavore : 6-Methoxy~5~-cyamflavore

6~Methoxy—5-iodoflavom (3.‘78 g._)__%_f}e}s 1ntimately
mixed w;th cuprous eyanide ('1.7‘8( g<) and copper sulphate
(0+25 go)e The reaction mixture was heated at 260-650

*
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for 10 mimtes, cooled and then extracted repeatedly with
hot acetore. The product,which separated from acetors
extract on comentratior, crystalllsed from acetie acid

inwhite needles, m.p. 251°,

A@ixsig : Found
CigHy ;03N  requires

C=73.50 3 H=4.00 j N5.18 5.
C=73.64 3 H=4.00 3 N=5.05 %,

&drolzsis of é-methog_q 5 zamflavom with 50 4
sulphuric gcid (1) _6-Hydroxyflavore

-

] 6—Methoxy—5-cyamflavom (O./ ge+) Was heated
with sulphuric acld (50 % 3 25}}11]_.».) under _gentle_rcf;ux
for 3 hrs. The reaction mixture was then added to. crushed
ice and the separated -product treated- successively with
sodium bicarbonate ‘and sodium hydroxide solution. To
product. ‘Was obtaimd from the former but the SOdlum 3
hydroxide extract on acidification gave a product which
crystallised from ethyl alcohol Mepe and mixed m.p. with

-hydroxyflavom Was 232 .

( ii) _6_ —Methogflavo ne -5 -carbogy_lic aci

o When the hydrolysis was repeated by heating the
reéaction mixture on a steam tath for 5 hrs. the sodium
bicarbonate extract gave an aCid which crystallised from
aleohol, m.p. 211-4 (decomn. efferv.). It dis mwt give amy
colouration with aleoholic ferric chloride solution.

EY 13

Analysls : Found & C=68.87 H=3.88 %f‘_l..
CioHy 105 requires : C=68.92 ; ‘H4.05 %. ’

\'

e



Alkalire hydrdlysis of 6-methoxy-5=cyamlavore 130
2-icetyl-3-hydroxy~6-methoxybenzolc acid

6-Methoxy ~5~cyamflavore (D5 ge) Wwas heated
with alecoholic potassium hydroxide (10 4 3 20 ml.) ona
steam bath for 3 hrs. The product obtained on acidification
was extracted with sodium bicarbonate solution. The sodium
bicarbonate extract on acidification gave a product which
crystallised from alcohol in rneedles, m.p. 1711-0., Its
alcoholic solution gave a deep brown colouration with

alcoholic ferric chloride solution.

. Analysis ¢ Foumnd s C=57.01 ;3 E=4.88 %,
Cj.oHloO; requires H C=‘~57.1’+ H H:]+076 %0

L
The 2,4-dintrophenyl hydrazome

Solution of 2,4-dinitrophenyl hydrazire (0.3 g.)
in ethyl alcohol (5 ml,) containing few drops of concentrated
hydrochloric acid was added to a solution of the ghove
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 erystallised
from nitro-benzere invtiny meadles, m.p. 265G(decomp.)

Analysis : Found s NE14a22 4.
CLGH].@ost 3 requires : 1&14‘35 %e

De-carboxylation and demethylation of 2-acetyl -3~

hydroxy-6-methoxy-benzoic acid : 242-Dihydroxyacetopherons

An intimate mixture of dry 2-acetyl-3~hydroxy -6-
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-methoxy-benzoic acid (1 ge) and fimely powdered anhydrous

_aluminium chloride was heated in an oii bath at 145-1500
for 3 hrs. After cooling, ice cold d;ilute? hydrochloric
acid was added and fhe product obtainéd qrystallised
from water, m.p. and mixed m.p. with quin.acetophenore

(v
was 202

Attempted Rosemund-von Braun re action on 7-methoxy
-iodoflavamom Z-Methoxyflavore

7-Methoxy-3-iodoflavamore (3.80 g.) was intimately

mixed with cuprous cyanide (1.78 g.) and copper sulphate
(025 go) was added. The reaction mixture was heated at
125-13D° for 10 mimtes. The reaction mixture was
extracted repeatedly with hot acetors. The product
which separated from acetore extract on comcentration
did mt contain any nitrogen. It crystallised from ethyl
alcohol in white ne=dles. Mep. and mixed m.p, with
7-methoxyflavore was 1100@
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