THEORETICAL

Section ( 11 )

Kostanecki-Robinson Acylation of some cyano
derivatives of 2-hzdr6xz-h-methoﬂacetoghenone

SCC oMM~ ol

Asgseen from the mmtm Kostamcki-
Robinson reaction H=fe=founi—that the effect of the cyano

substituent In e-hydroxyacetophenoreson the course of the

Kostam cki-Robinson reaction has mt been studied so far.

After the present work was éomp}_eted it was found that
recently Da Re et al. ( J, Med, Pharm, Chem., 1960, 2, 263 j
C.4,, 1960, 54, 22613 ) havgqs"tudied the action of benzoyl
chloride and sodium benzate on 2-hydroxy-3-cyanopropiophenone
and obtalned 8-cyanof-3-methy1f1avc,ne. "

Kostamecki-Robinson acetylation of 2-hydroxy-3- "

¢yano-l.me thoxyace tophe none
2-Hydroxy-3-cyam-t-methoxyacetophemone ( I ) on
Kostamecki-Robinson acetylation with sodium acetate and

acetic anhydride gave a product whidha did mt undergo any
change on keeping with cold concentrated sulphuric acid, |
Further, the same product was obtained on fuslon of
é~methoxy-8-i@§0-3-ace tyl-e;methylcl'momm ( III ) with
cuprous cyanide. Therefore the product obta}.m d'in the

Ko stanecki-Robinson acetylation mast e 7-methoxy-8-cyam=3- -
acetyl-2-methylchromne ( II ), On heating with 70 %
sulphuric acid it gawe ti'le kmwn 7=hydroxy=2=-methylchromone

( IV ),demethylation, de-acetylation and elimilnation of the
éyano group having talfen place, 7-Methoxy-8-cyano-3-acetyl-
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2-methylchromre ( II ) could however be de-acetylated with
aqueous alcoholic sod.w.m carbonate solution to 7-methoxy-8-
. eyano-2-methylchromre ( V ) deseribed in geetion( 1 ),
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Kostarecki-Roblnson bengoylation of 2-hydroxye-

~cyano-l-me thoxyacetophemone
\

2-Hydmxy—B-cyéno-#—methyoxyacetopherbne { I)on
Kostanecki1-Robinson benzoylatioﬁ ﬂth sodium benzoate and
benzoic anhydride gave a produwet vhich remsined unchange;l
on treatment with cold concentrated sulphuric acid. It

. however agreed wilth the cyamflavone obtained by the

Ro senmund-von Braun reaction on 7-methoxy-8-iodp-3-

‘ benzoylflawvone ( VII ), Therefore the benzpylation product



mist be 7=metinxy-8«cyamo«3-benzoylflayone ( VI ). In the
hydrolysls of the cyamflavone with 70 % sﬁlphuric acid
demethylation, debenzoylation and elimination of the cyano i
group, probably through hydrolysis and decarboxylation, took
place and 7-hydroxyflavone ( VIII ) was obtained. ittempted
debenzoylation with alcoholic potassium hydrcxide gave a
mixture of 2-hydroxy-3-cyans-t-methoxybenzoic acid ( IX ) and
the B-diketone : 2-hydroxy-3-cyano-l.methoxydibenzoylmethane

( X). This B-diketone was synthesised from 2-benzoyloxy-3-

cyano-t-methoxyacetophenone as mentioned in section ( i ).
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Kosta_n_g_cki.Robinson acetylation of. 2, hz&.*ozx Lo

- 3;‘ Lo
methoxy. 5-cyarno-scetophemone L ;/(‘ oilel

Z-Hydroxy-lhmethoxy-S-cyam-acetophe \n@( XI ) on

Ko stanecki-Robinson acetylation gave a product which- did mt
undergo any change on treatmut with cold concentratec}
sulphuric acid. It agreed with the product obtained in the
'Ro senmund-von Braun reactlon on 7—mettnxy-6.io&:-3-acety1-2-
methylechromone ( XIII ) and was therefore assigned the
7-methoxy=bacyarm-3-acetyle2-methylchromne ( XII ) structure.
On treatment with 70 % sulphuric acid it gavé 7=-hydroxy-2-
methylchromone-b-carboxylic acid ( XIV ), demethylation and
de-acetylation having occurred aléng.with the hydrolysis of
the eyano group, Alka];im hydrolysis of the e¢yano-3-
acetylehromore ( XII ) led to the formation of 2-hydroxy-
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LafethoXy-5-cyaro-acetopherone ( XI ) and 2-hydroxy=l-metlhoxy-
5-cyam-benzodc acid ( XV ), deseribd in section ( 1), ‘
Instead of the de-acetylated chromne.

Ko stanecki-Robinson bengoylation of 2.hydroxy=-l-
methoxy-S-cyano-acetopherone ‘

, 2-Hydroxy-lt=me thoxy-5-cyam-acetophenone ( XI ) on
Ko stanscki-Robinson benzoylation with sodivm benzoate and
benzoic anhydride gave a product which was identical with
the product'obtaizied in the Ro senmund-von Braun reaction
on 7«methoxy-6-iodo-3-benmy1f1avone ( XVII ) and was
therefore assigned 7-metho:qr-é-cyama,‘i-benzoyli‘lavone( XVI)
structure. On treatment with 70 4 salphuric acid it gave a
product which did not contain any nitrogen and formed an
insoluble sodium salt with sodium hydrogen carbonate
solution and gave a red colouiration with alcoholic ferric
chloride. It has been assigned 7-hydroxyflawne-6-carboxylic
acid ( XVIII ) structure. On decarboxylation it gave the

|~.<,...

kmwn 7-hydroxyflavore ( VIII )Y, Further, &géatﬁempted
debenzoylation)w;.}ggx alkali gave a mixwre of 2- hydroxy-li-

" methoxy-5-cyambenzoic acid ( XV ) described in secion ( 1 ),
and a product containing nitrogen which was soluble in alkall
and which gave a red colouration with alcoholic ferrie
chloride. It was diffexjent from 2-hydr oxy-l=me thoxy=5-cyam-
acetophenone ( XI ) and was therefore presumd to be the
B=diketones 2.;- hydrox ye-l=me tho xy-5-cyano-dibenzo ylme thane

( XIX ), The structure was confirmed by its direct synthesis

as follows:
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2-Hydrox y.lt-me thoxy-5-cyam-ace tophemone ( XI’)

on benzoylation wihk benzoyl chloride andpyridine gave

. 2=-benzoyloxy-lY-methoxy-5-cyam-acetophenone ( XX ) which on

Baker-Venkataraman transformation with sodium in toluere gave

the same B-diketore ( XIX ) deserited above. On cyclisation

with sulphuric acid it gave a product insoluble in alkali.



It must therefore be 7-methoxy-6-cyamflawre ( XXI )e
On hydrolysis with 70 4 sulphuric acid it géve 7=hydroxy-
flawne-b-carboxylic acid ( XVIII ) described before,

simul teneous demethylation having occurred glongz with the
hydrolysis of the cyano g‘ronp.
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SECTION (11 )

EXPERIMENTAL

Kostanecki-Robinson acetylation of 2ohydroxy-3-
czam-%amef?ngacetoghenone $ 7-YMothoxye8=cyano=3-acetyle2a
methylehromone :

2« Hydroxy-3-¢yanc=4-methoxyacetophenone ( 2 g. )
was heated with freshly fused and powdered sodlium écetate
( 5 g. ) and acetlc anhydride ( 25 ml. ) in an oil bath at
i70-180? for 8 hours, The reaction mixture was added to cold

water and kept over-night in a refrigerator. The solid
obtaimed.crystallised in yellowish needles from acetic acid
( charcoal ), m.p. 230°. Yield 1 g.
. Apalysis T
9.70 mg., of the substance gave 23420 mg. of
carbon dioxide and 3.48 mg. of water.
9,44 mg, of the same substance gave 0.505 ml, of
nitrogen at 31° amd 755 mm, y
Found tC=6527%3 H=4"1%3§ ¥=5,83%,
CyuHy 104N  requires t C =65.37 % H = 4,28 % § N=5.4 7,

The same cyano-chromone was obtaimed by heating an

-

intimate mixture of 7-methoxy-8=10do-3-acetyl-2-methylchromone
(1.8 go § 0.005 mle ) with cuprous cyanide ( 0.89 g. }

0.01 mle ) at 220-225° for ten minutes and extracting the
reactlon mixture with acetone. Yield 0.k g.



Hydrolysis of 7-methoxy-8-cyam=3-acetyl-2-

methylehromore with sulphuric acid
The above chromone ( 1 g. ) was gently refluxed
with sulphuric acid ( 70 £ § 20 ml, ) for 3 hours. The
product obtained on*pouring the cooled reaction mixture over
crusled ice and keeping evér-night, erystallised 1n thick
white plates. M.P. and mixed m.p. with 7-hydroxy-2-
ngthylérmoqnng was 2k9°, )
o Mxaline hydrolysis of 7-methoxy-8-cyano-3-acetyl-
2-methylchromne * 7-Methoxy-8-cyano-2-methylchromone
7-3'19t‘naxy-8-;cyan6-3~acetyl-a-»methylchromne (2¢g.)

was heated with aqueous alcoholic sodium carbonate 'sol;ztion
(27§ 60 m., ) for fifteen minutes on a steam bath, The.
_product obtained on acidification was treated first with
sodium hydrogeri carﬁonate solution and then with sodium
hydroxide. The residue crystallised in shining yellowlsh |
plates from ethyl aleohol. M2, and mixed m.p. with 7-methoxy-
8-cyano-2-methylchromne deseribed in section (1) was 262°,

On aéidification, the bicérbonaté extract,.gave'
2-hydroxy=3-cyano-l-metho xybenzoic acid and the sodium
hydroxide extract yielded 2-hydroxy-3-cyarp-l-methoxy-
acetephepom as seen by direct comparison. ' ‘

, Kostarecki-Robinson bengzoylation 6f 2-hydroxy=3=-
czano-h—mefhoggcetoghemhe 3 Z=Motho xy-8~cyano-3-benzoylflavone
2-Hydroxy-3-cyano-l-me thoxyacetophenons ( 2 g. ) was
intimgtely mixed with freshly fused aﬁd powdered St;dium
benzoate ( 4 g. ) and benzoic anhydride ( 20 g, ) and heated



197

at 170-180° in an oil bath"for 8 hours, The cooled reaction
mixture was repeatedly extracted vlth hot water and sodlum
hydrogen cartonate solution and the residue crystallised from
acetic acld ( charcoal ) in tiny needles, m.p. 258°.
Yie1d 1.9 g.

Analysis ¢

10,22 mg, of the substance gave 28,48 mg. of
carbon dioxide and 3.52 mg. of water.

7.00 mg, of the same substance gave 0,228 ml, of
nitrozen at 30° and 761 mm, ,

Found $C=76037%3 H=3.87% 3§ ¥N=3.5 %
C2uHy504N requires 2 C =75.59% § H=3.9%% 5 N=3,67 4.

e

The same cyamo-flavore was obtained by heating an
intirixaté mixture of 7-methoxy-8-iodo-3-benzoylflavons ( 2,40 g, H
0.005 z;nle ) and cuprous cyanide ( 0,89 g, § 0,01 mole") at
250° in an 0il bath for ten minutés. and extracting the
reaction mixture with acetome. Yield 0.8 g,

HBydrolysis of 7-methoxy-8-cyano-3-benzylflavone
with sulphuric acid

7-Mathoxy-8-cyano-3-benzoylflawne ( 1 g. ) was
heated under gentle reflux with sulphuric acid ( 70 7 3
15 ml. ) for 3 hours. The product obtaired cry%tallised from
ethyl alcohol in long colourless needles., M,#, and mixed m.Dp.
with 7-.hydroxyflavene was 240°, m

-
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Mxeline hydrolysis of 7-methoxy-8-cyano-3-benzoyl-
flavone ! 2-Hydroxy-3-cyam-lY=methoxybenmic acid and 2-
hydroxy-3-cyam-l-me thoxy-dibenzoylme thane

7=-Metho xy-8-cyam-3-benzoylflavone ( 1 g. ) was
heated with alcoholic potassium hydroxide solution ( 10 7
20 ml. ) on a steam bath for 2 ho’urs. The product obtained on
acidifications was treated with sodium hydrogen carbonate
solution. The sodium hydrogen car‘:bonate so;utiaﬁ on (
acidification gave z;hydroxy-B-cyam-h-methoxybenzcic_ acid and
the residus on criystallisatien from ethyl aicohol gave
z-hydroxy.}'.cyam-h-mtmxy-dibenzoyl;. methane both of wijlich
have been described before. '

' Kestanecki-Rebinson acetylation of 2.hydroxy-l.
: mﬁmg-i-cxano-acetoghemne t e Methogg-é-czam-}acetz]_.

2.methylchromne ‘ _, ‘
. 2=-Hydroxy-l-me thoxy-5-cyanc-acetophenone ( 2 g. )

was heated with fused'sodium acetate ( 5 g. ) and acetic
anhydride ( 18 ml. ) in.an oil bath at 180° for 8 hours. The
product obi:ained on dilution with excess of water erystallised
from acetlic acid ( charcoal ) in yellowish needles, N.p. 220°
Yield 0.95 g. B
Analysis ¢

9.58 mg. of the substance gave 23,08 mg. of carbon
dioxide and 3~ 74 ﬁxg. of water.

8.92 mg. of ths same mbstance gave 0 426 ml, of
nitrogan at 31+° and 753 mm, _ :

Found .C=65.73%4 § H=4,37% § N= 5,26 %
C=65.37% 3 H=428g jN= 544

*»

01 M-Ht 10\;1\1 fequires



The same ‘eyam* compound was obtained when 7-me thoxy=
6-iedo-3-acetyl-2-methy1chrcmm (1.8 g. § 0.005 mle ) was
heated with cuprous cyanide (0 89 g. §0 01 mle ) at 225°
for fifteen minutes in an oil bath’ and the powdered reaction
mixture repaatedly extracted with ethyl alcohol. Yield 0.3 g.

,E_Izd_gg;x_g;_s__g_i_‘_z_____-mm -6-cyano-3-acety;-2-___1;_
chromone with sulghuric acid ¢ 7-Hydroxy=2-methylchromne-6=
carboxylic acid

7=Me tho Xy=becyano=3=-acetyl-2-methylchromne ( 1 g. )
- was gently refluxed with sulphuric acid (70 % 3 20 ml. ) for

3 hours. The product which separated on ioouring‘ths reaction
mixture over crushed ice was purified tl_aroﬁgh dilute sodium
hydrogen carbonate. solution. The product obtained on
acidifica tion crystalliseci in cblourle ss needles from acetle
acid, M.P, and mixed m,p. with 7=hyd 10Xy =2«me thylchromne - -
carboxylic acid described éarlier was 302° ( decomp. )

Alkaline hxdrelxsis of Z-metho;y bucyam-3=acetyla
-met}_lzlchromm H 2-deroxy-’4~meﬁnxx.i-czamben@ic acid

and 2-hydroxy-lt-methoxy- i-czam-acehop_henone
7=Hethoxy=b=cyam=-3=-acetyl-2-methylchromne ( 1 g. )

was refluxed with aqueous alcoholic sodium carbomate s&lution
(5% 3 20 m. ) on a steam bath for 2 hours. The product

obta ined on acldli‘lcatma was treated first with sodium hydrogen
‘carbonate ‘solution and tien with sodium hydroxide solutlon. The
bicarbonate extract on seidification gave 2-hydroxy-bL-methoxy-
S-cyanp-benzoic acld and the sodium nydroxide extracts ylelded

-



2-hydroxy~-i-methoxy-5-cyam-acetopherone desceribed in
section (1i). : '

Ko stanecki-Robinson benzoylation of 2-hydroxy=lw

me thoxy-5-cyam~acetophenore * 7-Methoxy-b-cyaro-3-benmyle

flavone

2-Hydroxy-lmethoxy=5-cyam=-acetopherone ( 2 g. )
was mixed intimately with fused sodium benzoate ‘( 5>g. )} and
bengoie anhydride ( 18 g. ) and heated in an on‘bath at
170-3..803 for 8 houz;s. The reaction mixture was then repeatedly
extracted with hot water and sodium hydrogen carbonate
solution. The residue crystallised from acetic acid ( charcoal )
In tiny needles, m.p. 281°. Yield 2,2 g, |

Analysis ¢

9.8% mg, of the substance gave 27.06 mg. of carbon
dioxlde and 3.78 mg. of water. ‘\

9.0 mg, of the same substance gave 0,342 ml. of
nitrogen at 33° and 754% mm,

Found :C=95,02% 3§ H=4,304 35 N= 3,82 4%
CauHy 504N  requires :C =7559% ;j H=3.9%% § §=23,67 %

The same cyano flawone was obtalned by heating an
intimate mixture of 7-methoxy-6-1lodo-3-benzoylflavone ( 1.2 g.
0.0025 mole ) and cuprous cyanide ( 0.657 g. § 0,0075 mle ) at
285° for ten minutes. Yield 0.24 g;

Hydrolysis of 7-methoxy-6-cyano-3-benzoylflawone

with sulphurle scid ¢ Z-Hydroxyflawone-6-carboxylic acid
7-Methoxy-becyano-3-benzmoylflawne ( 1 g. ) was

‘e



gently refluxed with suipburic acid ( 70 Z § 15 ml. ) i"or 3
hours. The product obtained on pouriﬁg the reaction mixture
over crushed Ice was purifigd through dilute sodium hydrogen
carbonate solution and crystallised in colourle 5s needles
from acetic acid, m.p. 311° ( decomp. ) Tts alcohalic
solution gave a red colouration with alcoholic ferric chloride.

Amplyets ¢

10,14 mg, of the substamce gave 25,18 mg. of
carbon dloxide and 3.24 mg. of water,

,Found 2.C.=67.77 % § H = 3.57 4.

Cy6H1 005 | requires : C = 68,08 % 3 H = 3-57 %e

ecarbog;[:_l,atio .
The above hydroxy acid ( 0.5 g. ) was refluxed in

quinsiine ( 15 ml. ) solution in ﬁreseme of a pinch of
coppervpow&er for 20 minutes., T'he product obtained on pouring
the reaction mixture in dilute hydrochloric acid crystallised
in long colourless needle sy, M.P, and mixed m.p., with 7-hydroxy-

flavone was 2h0°

Alka;ine hxdrolzs:Ls of z-methoggy é-cyano=3-benmyl-
flavone : 2-Hydroxy- hamthogz-ﬁ-cxana-benzoic acld and 2.
li_z;_ir_gzy-k-metmxy-5-cmm-dibenzozlmethane
7-1"-7et1nxy-6-cyano-3-benzoy‘lflavone ( 1 g. ) was
', refluxed on & steam bath with alecoholic potassium hydroxide
solution for 2 hours. The product obtained on acidification

was extracted with sodium hydrogen carbonate solution. On

acidification it ylelded 2-hydroxy-lemethoxy-5-cyanobenzo ic
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acld described earlier,_ ‘

The residue from above crystallised from alcohol in
yeliow'n'eedles, m.p. 204°, It gave a red colouration with
alcololic ferric chloride. It was identical with 2-hydroxy=t-
mthoxy-S-cyam—di’benzoyimthane synthesised by the
- Baker-Venkataraman transormation of 2-benzoyloxy-‘+-methoxy-5—
cyam-acetophemne as desceribed below.-

2-Benzoyloxy-l-me thoxy= 5-cyano-acetopherone ‘

2-Hydroxy=-l-me thoxy=5-cyamo=-acetophenone ( 1 g. )
was mixed with benzoyl 'chlpvr'xide_( 1 m. ) and pyridine
( 6.1 ml. ) and heated on a steam bath for % hours. The
i)rdduct obtained on pouring the reaction mixture in dilute
hydrochloric acid was washed with aqueous sodium hydrogen
‘carbonate solution. It crystallised from ethyl alcohol in
yellowish nee@les,._m;p. 195-196°. ’

- Analysis : ‘

9.24 mg. of the substance gave 23.5% mg, of
carbon dioxide and 3. 62 mg. of water.

7.07 mg. of the same subsbtance gave 0 327 ml. of
nitrogen at 32° and 756 mm, _
c..-69.527;H 1+387; N=5,15 %.
c -69.157 H = k140 3 § N'—'-lh‘?b'%-

2-Hyd XY= h-methogz-i-cy_am-dibenmxlmthan
2-Benzcyloxy-h-met1bxy-S-cyam-acetophenong (1¢g.)

a

-

lﬁ‘o und

*»”

Ci9Hy30, N fequire s

was added to pulverised sodium me{:al (0.2 g. ) in toluene
( 30 ml. ) and refluxed for 4 hours, The separated sodium salt
was cellected and acidified With cold dnute acetic acid, The
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product obtained crystallised in yellow needles, m.p. 204°,.

Apalysis ¢ !
9.280 mg., of the substamce gave 23.48 mg. of

carbon dioxide and 3.72 mg. of water.
6,712 mg. of the same substamce gave 0,258 ml. of
nitrogen at 32° ard 759 mm.
. Found C=69,06% 5 H=4U8% 3 N=24274,
Cq9Hy30,N l;equires tC=69.15% 5§ H=4,40 4 5§ N =L4,74 %,

7Y thoxy=6=cyano-flavore
The above B-diketone ( 0.5 g. ) was dissolved in
concentrated sulphuric acid ( 10 ml, ) and kept at room

temperature for 4 hours, Ths-prod'uct obtained on pouring the
reaction mixture over crushed ice was washed with dllute
sodium hydroxlde solution and the residue crystallised from
ethyl alcohol in colourless needles, m.D. 226-227?.

Analysis ¢

9. 48 mg, of the substance gave 25.40 mg. of
carbon dioxide and 3.68 mg. of water. |

6.26 mg. of the same substance gave 0.288 ml. of
nitrogen at 33° and 756 mm,

Found C=73.12% 3 H=4%34% 5 N= 5,11 %,
Ci7H1103F requires 3 C = 73.64% ; H=12%19% ;5 N = 5,05 %,

(1]

we

Hydrolysis of 7-methoxy-6-cyanoflavone with sulphuric

acid : Z-Hydroxyflawne-becarboxylic acid
7-Methoxy-b-cyanoflavone ( 0,5 g. ) was dissolved in

sulphuric acid ( 70 % ; ;!;0 ml, ) anﬁ heated under gentle

GAD
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reflux for 3 hours. The <p.fbduct ebtaim'd afﬁer dilt;tion ‘

with water was purified through ciilufe ~sodium hydrogen

carbonate solution. It erystallised in colourless needles

from ethyl alcohol, M, P, and mixed m.p. with 7-hydroxy-
ﬂamm-é-carboxylic acid described earller was 311° ( decomp. ).

-



