Part IV

THEORBTICAL

Chloromethylation of some Chromones and Flavones

The replacement of a hydrogen atom ( generslly of
an aromatic compound ) by a ck_llo:ometfxyl group, -CH,Cl, in a
single operation 1s known as chloromethylatilon.. The. reaction
1s usually carr;ied out by the condensation of formaldehyde

with aromatic compounds in'presence of hydrochloric acid.

HCWo + HR cHgeR o
.%—'Z_hdl ' T

A survey of the work done.on the chloromethylation

v

of aromatic compounds till 1942 wes made by Fuson and McEeever
( Organic Reactlons, Vol. I, John Wiley and Sons, New York,
1942, p. 63 ).

This reaction is of synthetic irxﬁportance because of
the ease with which the chlorine atom in chloromethyl group
undergoes substitution reactions with various reagents.
Alcohols result when such compounds are hydrolysed by heating
with water as such or under pressure. Alcohols. can be prepared
indirectly through the saponification of acetic acid esters
obtained from the interactlon of chloromeilhzjfdze_ag .c9mpound

with acetic acid in presence of fused sodium acetate. Many

alcohols with various functional groups have been preparsd
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by this method. Chloromethyl derlvatives can be converted to
éyanomethyl derivatives, which in thelr turn on hydrolysis

give acetic acid derivatives.

The chloromethyl derivatives on reduction gives
methyl derivatives. On Sommelet reaction i.e. heating with

hexamin the chloromethyl group is replaced by the formyl group.

Mannich bases which are stbstances of potential
therapeutic value are obtained from the chloromethyl
derivatives on condensation with various secondary amines

such as dimethylamine, diethylamine, morpholine etc.

Application of the reaction

Aromatic hydrocarbons such as benzene, naphthalene,
anthracene, phenanthrene, diphenyl and many of their derivatives
have been successfully chloromethylated. Highly alkylated
homlogues react rapidly in the absence of catalysts. Thus
Neuta end Dienske ( Rec. Trav. Chim., 1936, 55, 1000 § C.A,
1937, 31, 1776 ) chloromethylated mesitylene nﬂﬁﬁm&ax1lsing
any catalyst and obtained the mono- 2s well as the dichloromethyl
derivatives. Braun and Nells ( Ber., 193%, 67, 1094 ) '
chloromethylated nbxyléne and obtained the dichloromethylx
derivative. Chloromethylatidn of alkyl derivatives give the
para-substituted derivatives ( with respect to the alkyl group )
in good yleld, but 2 small amount of the ortho chloromethyl
deriﬁative4is also 6btained; A second chloromethyl group can
usually be introduced and sometimes excellent yield éfvthe |

dichloromethyl derivative is obtained.
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Halogené and nit'ré group In the aromatic ring have
a retarding influence on the rate of the reactio]n'. Stephen etat.,
. ( J. Chem. Soc., ‘1920,;1_2,_510 ) found that nitrobenzene 'and
drtho and para-nitrotoluenes give chloromethyl derivatives but
in. low yield. Substances such as ortho ‘and para-chloronitro-
bengzenes and p-dlchlorobenzene do not react at all. The
presence of alkyl groups in the nucleus however colnteracts
the influence of these substituents. Vavon et al. ( Bull. Soc.
Chim., 1936, 6, 1025 ) got tﬁe chloromethyl derivative on
chloromethylation of brommesitylene. Fuson and McKeever
( J. Amer. Chem. Soc., 1940, _é_é_, 78’-1— ) found that benzophenone
does not undergo chloromethylat‘ion at all. Stephen et al.
( loc. cit.’) faile‘d to c%lloromethyla,te anthraquiﬁone. ﬁere
also the presence of alkyl groups in’ the nucleus counteracts "
this influence. Thus Fuson and McKeever ( loc. cit. ) \
chloromethylated acetomesitylene and obtained a3-chloro-
acetolsodurene successfully.
‘ ‘ Hydroxyxgroups in the nueleus greatly promote the
rate of reaction and the reaction proceeds vigorously gilving
polymeric products. 4 suita‘ﬁle device to avoid polymeric
p;'oduct in the case of phenols is to. convert them to esters
by treatment with ethyl cﬁlorécarboﬁate. Ethyl arylcarbonates
*“undergo smoth chloromethylation ( Sommelet et al., Comphk
renda.,- 1933, 197, 256 35 1934, 198, 2256 ). The activating
influencé: of hydroxy groups may be sui‘fic iently attenuated
by de-activating groups sucfl as nitfo-, carboxy-, vor acetyl-

tO"méke a smoth rgaction possible. Stoermer and Behn
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( Ber., 1901, 34, 2455 ). successfully chloromethylated
o-nitrophenol. Buehler(J. Tennessee Acad. Sci., 1947, 22,
303 3 C.A. 1948, 42, 224l )vchloromethylated salieylic acid
and obtained the 5-chloromethyl product in good yield.

Phenol ethers react émoothly. Pherol ethers and
opher phenolic compounds containing an aldehyde group also
react in a satisfactory manners

- Aromatic amines react vigorously but the complex -

condensation products are Invarlably the result of the reaction
and it has not been possible to isolate simpfé chloromethyl
derivatives from these compounds ( Wagner, J. Amer. Chem,
Soc., 1933, 55, 724 ). , |

In chloromethylation, the‘most important side
reaction is the formation of the dlaryl methane derivatives.

Highly reactive compounds tend to yield this type of products
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and sometimes the isolation of the intermediate clﬁoromethyl
Clag a. him Shel. Ma%T, 62 ,Br Ly

derivative is impossible. Castigloni (,c. A., 1937, 1_, 8528 )

chloromethylated g-haphthol and obtained.the corresponding

diarylmethane derivative.

Role of catalysts,solvents and temperature in

chloromethylation
There are a variety of techniques reported In the

literature “on chloromethylation. It is mormelly achieved by
using formmlinn,. Formaldehyde may be added as formelin

( 40 % )'51' it may be generated in the reaction mixture by
depolymerisation of paraformsldehyde. Paraformaldehyde is
preferred as it can be welghed accurately and is'most suitable
whenever anhydrous conditions are to be malntained. Blank

( Bull. Soc. Chim., 1923, 33, 318 ) introduced the chloromethyl
group mto an aromatic E&rocarbons by means of a2 mixture of
formalin and anhyd;;:l»;nzmc chloride. Catalyst may or may not
be required. '(:}atalysts which have been reported to be very
useful are zinc chloride and acetic acid. Many other

catalysts such as sulphuric acid, phosphoric acid and
aluminium ehlorlde are also used, though these catalysts tend
to favour the formation of dia{ryl methane derivatives. Fleser
and Sellgmen ( J. Amer. Chem. Soc., 1939, 57, 9%2 ) found that
the yield of the chloromethyl product was lncreased three

fold when a little anhydrous aiumiriium chloride was used v%ith
fused zinc chloride in the chloromethylation of p~bromotoluene.
Sommelet ( Compt. rend., 1913, 157, 1443 ) used stannic

chloride with success with compounds which normslly resist

Y
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chloromethylation. For ligulds no diluent is required. For
solids whiph do not dissolve in hydrochloric acid, a solvent

is used. Acetic acid, carbon -disulphide, ethylene dichloride
and benzene are the common solvents used in chloromethylation.
Rate of reaction also depends upon the temperature of

reaction an& 2 variety of reaction temperatu:es are used
depending on the type of_‘—the compound to be chloromethylated.
Highly reacfive compounds react at 0° while temperatures of
60-70° are mich favoured for less reactive compounds. Sometimes

reactiong are carried out at 1L40° under pressure.

Chloromethyl ether ( CH30.CH,Cl ) or dichloromethyl
ether ( C1CH,-0-CH,Cl ) have been also succeséfully used in
chloromethylation., The reaction often proceeds smoothly in
the absence of.a catalyst. Stannic chloride may be used as a
catalyst with less reactive compounds. Carbon disulphide or
other indifferent solvents mey be used as diluents. The
chloromethyl ether is mostly used in excess. The reaction

usually proceeds without hydrochloric acid;

CH3 C Wy

Le H, QO Chgy

s

N
c H_-Lq

Vavwon et al. ( Bull. Soc. Chim., 1939, §, 1025 )
studied the effect of substitutents on the ease of
chloromethylation of benzene by chloromethyl ether in the

absence of a catalyst. They found that the rate is increased

“
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by =CHy § -CpHg-, -C3Hy-, -~OCH3, and reduced by -Cl, -Br, -I,
-CH201, ~COOH and ~-My groups.

Weisler and Chechak ( U.S .P211-865’+2 3 C.A. 1950 ‘N,
2037 ) found that an aromatlc compound contamlng one or two
aromatic rlngs_, can be chloromethylated and the chlpromethyl
group can be simultaneously \reduced if stanmous chloride is

added to the reaction mixture.

Chloromethylation of chromones and flavones

Nekamura and Matsura ( J. Pharm. Soc., Japan, 1953,
23, 481 ) chloromethylated acacetin 7-methyl ether and obtained
the 8-chloromethyl derivative and 'ar;other_‘isoﬁer to which no
definite structure was assigned. Da Re and co-workers ( Ann.
Chim., [ Rome “, 1956, 46, 90% ; Arzneimittel- Forsch, 1960,
10, 800 3.C.A., 1961, 33, 5477 ) chloromethylated 7-methoxy-2,3-
dimethylechromne, 7-methoxy-3-methylflavone and 7-methoxy-3-
ethylflavone and obtained the 8.chloromethyl derivatives in
ali casé Se ‘A few chloromethyl derivatives have been prepared
by other methods. For examplé) Alexander Schonberg et al.
( 3. Amer. Chem. Soc., 1955, 77, 1019 ) treated khellol with
thionyl chloride and obtai;:zed the 2-chloromethyl derivatilve
and Da Re et al. ( Amn. Chim., Rome, 1956, 46, 910 ) obtained
6-chloromethyl derivatives from 6-hydroxymethyl 2,3-
dimethylehromne and 6-hydroxymethyl-3—-mgthylflavo ne by
tr@atr&ent with zinc chloride and hydrochloric acid. Further,
Offe ( Ber., 1938, 71B, 1837 ) chlorinated 2-meti1y1chronnne
with manganese dioxide andl hydrochloric acid and reported

to have obtained the 2-chloromethyl derivative.
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The chloromethylation of 2-methylchromone, flavone,
’7--metholxy-z-methylchrom'ne and 7-methoxyflavone has now been
studied and the structures of the compounds obtained
established. {‘ \

Chloromethylation of 2-.methylchromone
2-Methylchromne ( I ) on chloromethylation with even

three mles of paraformaldehyde and hydrogen chloride at
48‘559:60 gave only the original chfonbm. However, on
chloromethylation with four moles of paraformaldehyde it gave:
a mnochloromethyl derivative which was reduced with zine dust
and aqueous acetic acld to the corresponding me‘thyl derivative.,

The reduction product on alkaline hydrolysis gave saliecylic

0
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acld ( IV ) indicating Jthat the chloromethyl group had mot .
" entered the benzono id part of the mblecule. Further, the
reduction product was found to be ldentical with 243-dimethyl-
chrcnnne ( IIT ) obtained by the Xo stanecki-Robinson
acetylation of o-hydroxypropiophenone ( V) ( Robertson,
Sandrock and Hendry, J. Chem. Soc., 1931, 2426 ) The
chloromethyl derivative is therefore assigned 2-mthy3.—3-
chloromethylchromne structure ( IT).

M higher chloromethyl derivative could be obtained
on chloromethylation of 2-methylchromne or 2-methy1-3-

chloromethylechromne even with a large excess of paraformaldehyde.
Cakg\jéFg ke Phasphorlc aescl ok SuAphusic ocd did na, Twpvove. \[w \i‘dd

Chloromethylation of flavone

Flavone ( VI ) on chloromethylation with less than
four mles of paraformaldehyde and hydrogen chloride gave only
the original flavone, but with four mles of paraformaldehyde,

\n\ o v
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it gave a monochloromethyl 'derivative which on reduction with
zinc dust and aqueous acetic acid gave the methyl derivative .
whff.ch on hydrolysis with alkal;t yielded salicyliec scid ( IV ).
Further, the reduction prociuct was found to be identical on

~

direct comparison with an authentic specimen of 3-methylflavone
( VIII ) prepared from o-uhydroxypropiophemhe‘( V ) by the

Ko stanecki Robinson benzoylation ( Wheeler et al., J. Chem,
Soc., 1950, 1252 ). The chloromethyl derivative has therefore
been assigned ?he 3-chloromethylflavone ( VII ) structure.

Chloromethylation of 7-methoxy-2-methylchromone

7=-Methoxy-2-methylchromone ( IX¥ ) on chloromethylation
with one or two mles of paraformaldehyde and hydrogen chloride
at 20-95° did not give any chloromethyl derivative, only the
original chrémone was recovered unchanged. With three moles of
paraformeldehyde 1t gave the mnocﬂéz;omethyl derivative which
was reduced withﬂ"'}zinc dust and acetic acid. The reduced
product was found to bé identical on direct comparison with
,‘7-methoxy-2,8-d1met11y19hronnne ( XI ) obtained by the
methylation of 7-hydrpxy-2,B-dimethylchromone ( X1Iv )
synthesised by refluxing 2-methylresorcinol ( :XIII ) with
ethyl acetoacetate in diphenyl ether according to the method
of Desal, Trivedl and Sethna ( J. M. S. University of Baroda,
1955, V-2 , 1 ). The reduced product on hydrolysis with alkall
gave an acid which was found to be identical on direct
comparison with 2-hydroxy.3-methyl;-h.méthoxybenzoic acld ( XII)
obtained by the alkaline hydrolysis of 7-methoxy-2,3,8-
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trimethylchromone according to Dz Re and Verlicehl ( Ann.

Chim., Rome, 1956, 46, 904 ). The chloromethyl derivative -

was therefore 7-methoxy-8-chloromethyl-2-methylchromne ( X ).

The_ 8-chlorometbyl derivative ( X ) was converted

into 8-acetoxymethyl derivative (' XV ) by heating with glacial

acetlc acid and fused sodium acetate and into the 8-methoxye

methyl derivative ( XVI ) by hea;(:ing with absolute methyl

alcohol in presencé of anhydrous potassium carbonate. The

Sommelet reaction on the chloromethyl derivative ( X ) gave
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an unworkable product.’ Qn treatment with aqueous potassium .
cyanide the chloromethyl derivative— ( X) gave the 8«
cyanomethyl derivative ( XVII ) which on hydrolysis with
dilute sulphuric aciq gave 7-metlbxy-é-methyldhromne~8-.
acetic acid ( XVIII ). &

. Further chlo‘romethylatio\n of 7-methoxy-8-chloromethyl-
21m§fhy1chronbne ( X ) in glacial acetic acid with 5 mles or
excess oflparaformaldehyde‘ gave a .dichloromethﬁ derivative.
On reduction it gave a product which was found on direct.
comparison to be 7-methoxy-2‘,3,8-trimethyléhrqmne ( XXII ).
This was prepared for comparison by the reduction of the
8-chloromethyl derivative ( XXI ) obtained from the
chloromethylation of 7-methoxy-2,'3-dimethylchro;1‘nne' ( ¥X) \
according to Da Re et al. ( loc. cit. ). The-feduced product
gave 2-hydroxy-3-methyl-l-methoxybenzolc acid on alkaline
hydrolysis. The dichloromethyl derivative was therefore

7-me thoxy-3,8-dichloromethyl-2-me thylchromne ( XIX ).

7-Methoxy-2-methylchromne ( IX ) on chloromethylation
with 5 mles of excess of paraformaldehyde gave the same
dichloromethyl derivative_( XIX ). Mo trichloromethyl
derivative could be obtained on chloromethylation of 7-methoxy-
2-methylchromne ( IX ) or 7-methoxy-3,8-dichloromethyl-2-
me thylchromne ( XIX ) even with a large excess of

paraformaldehyde.

The 3,8-dichloromethyl derivative ( XIX ) was
converted info the éorresponqing diacetoxyzgzethyl- ( XXIIT ) 3

1
- AW
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dicyanomethyl ( XXIV ) -and dimethoxymethyl- ( XXV ) .

derivatives by the procedure described before.
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Chloromethylation of 7-methoxyflavone

7-Methoxyflavone ( XXVI )y 3id not undergo
chloromethylation with one c;r two mles of paraformeldehyde
and hydrogen chloride. fowever with three mles of ]
paraformaldehydé it gave the monochloromethyl derivative.
lts reduction with zinc dust and dilute acetlc acid yielded
a product which on treatment with al&l:ali gave 2-hydroxy-3-
methyl-l*-methoxy;taenzoic aciqa ( XII) ( Da Rg et al., loc.cit. )
indicating that the chlorometﬁyl group must havé entered the
8-position of the mlecule. This wag confirmed when the |
reduction product was found to be identical with 7-methoxye
8-methylflavone ( XXVILI ) gbtained by methylation of
7-hydroxy-8-meth§1f1avoﬁe ( XXIX ) synthesised by refluxing
2-methylresorcinol ( XILI ) with ethyl benzoylacetate in
diphenyl ether accofding-to the procedure described by
Desai, Trivedi and Sethna ( loc. cit. ). The chloromethyl

derivatives was therefore 7-methoxye-8-chloromethylflavone
( XLVIIy,

The atove 8-chloromethyl flavone ( ZXVIL Y yasg
converted into the corresponding acetoxymethyl- ( XXXy,
methoxymethyl- ( ZXXI ) and eyamomethyl- ( XXXII )

derivatives by proc;edures -deseribed before.
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7-I“fethoxy-8-chlo‘romethylfl_avone ( XXVI1y on

chloromethylation with 5 moles or excess of paraformsldehyde

yielded a dichloromethyl derivative. On reduction with zinc

dust and aqueous' acetic acid it gave a product which on

treatment with alksli gave 2-hydroxy-3-methyl.lmethoxybenzoic
acid ( XII ) yhich indicated that the second chloromethyl

group had entered the pyrone part of f:hgz mlecule. That the

chloromethylation product was 7-methoxy-3,8-dichloromethylflavone
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" ( XXXIII y yag proved by éstablismng' the identity of the
:;'educed product with an authentic specimen of 7-methoxy-3,8-
dimethylflawone ( ZXXIV y prepared according to Da Re and
Veriicehi ( Ioc. eit. ) by the reduction of 7-methoxy-8~ . 1.
chloromethérl-ﬁi-methjlflavone ( XXXV I ) .

The yield of the dichlc;romethyl‘ derivative was
improved by using catalysts such as phosphoric acid and zine
chloride. . |

% trichloromethyl derivative was obtained on
reaction even with a large excess of paraformaldehyde from
either 7-methoxyflavone ( XXVI) or 7.methoxy-3,8-
dichloromethylfa;avone ( XHKIII ). \

The dichloromethyl derivative ( XXXIII y yag
converted into the corresponding diacetoxy- { XXXVII y gng
the dimethoxymethyl. ( XXXVIII ) de;ivatives;
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EXPERIMENTAL

Chloromethylation of 2-methylchromne ¢ 3-chloromethyl-
2=me thylchromne "

( 1) 2-Methylchromwne ( 1.6 g. § 0.01 mle ) was
dissolved in acetic acid ( 5.0 ml. ) and water ( 10 ml. )
and paraformaldehyde ( 1,2 g« § 0.04 mle ) were added.
Hydrogen chloride was‘passed through the reaction mixture
maintained at 85-90° for 6 hr. The reaction mixture was cooled
and diluted with excess of cold water and the separated shining
product was collected and dried. It crystallised from petroleum
ether ( b.p. 60=80° ) in colourless stout needles, m.p.
103-104°, Yield 0.8 g.

( i1 ) The chloromethyl derivative was obtained in
better yieid ( 1.1 g. ) by saturating the reaction mixture
containing 2-methylchromne ( 1.6 g. ; 0.01 mle ) and
paraformaldehyde ( 4.0 g. ) 1.r,-arith hydrozen chloride gas at
75.80° for % hr. Addition of catalysts such as phosphoric

acid or sulpburic acid did mot improve the yield.

Analvsis ¢

4,622 mg. of the substance gave 10.762 mg. of
carbon dioxide and 1.580 mg. of waters

12.292 mg. of the same substance gave 8.406 mg. of

silver chloride.

Found s C = 63.5% % 3 H=3.83% 3 C1L =16.92 %.
C“H902G1 requires s C = 63#31 % § H= )+o3l 4 ; Cl = 17;02 %0

2,3-Dimethylchromne -
The above chloromethyl derivative ( 0.5 g. ) in

acetic acid ( 5 ml. ) was added slowly to a inixture of zinc
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gust ( 2.0 g. ), acetic acid ( 5 ml. ) and water {( 1 ml. ) .
The reaction mixture was then heated at 75-80° on a water
bath for 2 hr. and diluted with water and the solution was
extracted with ether. The residue, obtained after the

remval of ether, crystalliéed from very dilute alcolpl In
rhombic plates. M.P. and zﬁixed m.p. with 2,3-dimethylchromone
was 96a97§. §§22i22e€“§50. cit. ) give the same m.p.

"The above chrommne ( 0.3 g. ) was refluxed with
sodium hydroxide solution ( 10 % 3 20 ml, ) for 3 hr. and the
reaction mixture was acidified. The product obtained after
extraction with ether was crystallised from hot water. M.P,

and mixed m.p. with salicyclic acid was 159°.

Chloromethylation of flavone * 3=chloromethylflawone

Flavone ( 2.22 g. 3 0.01 mole ) was dissolved in
glaciel acetic acid ( 10 ml., ) and water ( 50 ml. ) and
paraformaldehyde ( 1;2 ge § 0.04% mle ) wére added. The
solutién was mainfainedAat 85-90° and hydrogen chloride was
passed for 5 hr., The shining proﬁuct which separeted on
cooling the reaction mixture was collected, dried and
crystallised from benzene and petroleum ether ( b.p. 60-80° )
mlxture in colourless needles, m.p. 153% Yield 1.3 z.

The above chloromethyl derivative was obtained in a
better yield ( 1.6 g. ) by carrying out the reaction with
excess ofl paréfbrmaldehyde ( 5.0 go ) under the same

condltions.



Analysis @
4.81% mg. of the substance gave 12.624 mg. of

carbon dioxide and 1,516 mg. of water.
13.500 mg. of the same substance gave 7.426 mg.

of silver chiloride.

Found

ue

€l
Ci

13.61 Z.
13.12 %,

C = 71,56 % 5 H=3.52 %
C =71.00 % § H=4,06%

7

.

"

Ci6Hy 40201 requires

“=e

3=Methylflawne

The above chloromethyl derivative ( 0.6 g. ) was
reduced by slow addition of its acetic acid solution ( 10 ml; )
to a stirred mixture of zinc ( 2.0 g. ), acetic acid ( 5 ml. )
and water ( 1.20 ml. ) at roofn temperature during half an
hour. The reaction mixture was then heated on a water bath
maintained at 75«:80? for further helf an hour and then diluted
with water. It was kept in 2 refrigerator over-night and next
day the separated pasty product wes repeatedly crystallised
from dilute alcohol when colourless needles were obtained.

M.P. and mixed m.p. with 3-iethylflavone was 72-73°,
Wheeler et al. ( loc. cit., ) give the seme m.p. -

The atove flawone ( 0.3 g. ) wes refluxed with sodium

hydroxide solution ( 10 % ; 20 ml, ) for 2 hr. On wrking up

the reaction mixture as before sslicylic acid was obtained.

Chioromethylation of 7-=methoxy-2~b.etl;y;chrozrone :
7=Methoxy-8-chlorome thyl-2-methylchromne

7-Methoxy-2-methylchromone ( 1.9 g« § 0.0 mole )

-
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was dissolved in glacial acetic acid ( 30 ml. ) and .
paraformaldehyde ( 0.9 g. ) was added.‘The solution was
maintained at 75~8Q° and hydrogen chloride was passed for

8 hr. The cooled reaction mixture on dilution with cold
water ylelded a pasty product which solidified on keeping in
a refrigerator over-nighte It crystallised from benzene,
petroleum ether ( b.p. 60-80° ) mixture in colourless
needles, m.p.-153°. Yield 0.3 g.

The residue after the removal of the solvent from
the mother liquor, on extraction with hot water gave the
original 7-methoxy-2-methylchromone m.p. 110°.

The above chloromethyl deérivative was obtzined in a
better yield ( 0.8 g. ) by carrying out the reaction for 1 hr,
at 75-80° in presence of zinc chloride ( 2 g. ) and
paraformaldehyde ( 3 g. ) ‘

Analysis ¢
4,292 mg. of the substance gave 9.472 mg. of
carbton dioxide and 1.772 mg. of water.

17.28 mg. of the same substance gave 10.32 mg. of
silver chloride. |

Found ¢ C

i
0

60,23 % 3§ H= 4,62 %

C1 = 14,78 %.

l}‘"o 88 %.

1]

Cy2H1103C1 requires : C

Y 13
3
ol

H]

7=1e tho xy=2,8-dimethylchromone

The above chloromethyl derivative ( 0.5 g. ) wes
reduced as before by slowly adding its acetié acid solution

to a mixture of gzinc dust ( 2 g. ), acetic acid ( 10 ml. )
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and water ( 2 ml. ). The product which separated on dilution
of the reaétion mixture crystallised from dilute ethyl
a2lcohol in colourless needles, m.p. 2nd mixed m.p. with-
7-methoxy-2,8-dimethyl-chromone synthesised as described
below was 14009, |
7-Hydro xy=2,8=dime thylchromne
2-Methylresoreinol ( 2,48 g. 5 0.02 mole ) and ethyl

acetoacetate ( 2.6 g. 5 0.03 mole ) were added to dry diphenyl
ether ( 20 ml, 5 and the reaction mixture refluxed with a
short éir condenser for 2 hr. After cooling the resction
mixture, diphenyl ether was removed by steam distiliation.
The ‘pasty solid obtained sol@dified on repeated washings
with petroleum ether ( b.p. 60-80° ), The reddish brown
residue crystallised from i%?%eém&l aleohol in buff
coloured needles, m.p. 258°, )Dann et al. ( Ann., 1954%, 587,
16 ) synthesised this compound by the condensation of
2-methylresorcinol with cls-p-chlorocrotonate in presence
of hydrofluoric acld and treatment of the product formed
with alkali, Yield 1.8 g.

Apalysls :

4,370 mg. of the substance gave 1l.15% mg. of
carbon dioxide and 2,150 mg. of water,
, . PFound - :C =69,6k%; H= 55 %
Cy1Hi03  requires : C = 69,47 % ; H = 5,26 %,

e

The methyl ether
The above hydroxychromone ( 0.5 g. ) was refluxed

in acetone solution with dimethyl sulphate ( 0.5 ml. ) in
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presence of anhydrous potassium carbonate ( 2 g. ) for 1 hr.
The product obtained on remval of acetone :solidified after
treatment with dilute alkali. It erystallised :E'r;m dilute
alcohol in colourless needles, m.p. 140°,

Analysis ¢ ‘
4, 46 mg., of the substance gave 11.524 mg, of

-

carbon dioxide and 2,346 mg. of water, -
C=70.48% 3 H= 5,88 %
Cy2H, 203 fequires $C=70,5 %3 H= 5,88 %,

Found

*

e

e

Alkaline hydrolysls of Z-methoxye=2,8-dlmethyl«

chromone $ 2-hydroxy=-3-methyl-t-methoxybenzoic acid
' 7=-Mothoxy-2,8-dimethylchromone ( 0.3 g. ) was

refluxed with sodium hydroxide solution (NlO % 5 20 ml, )
for 3 hr. and then acidified. The produc;; crystallised from
dilute ethyl alcohol in colourless needles. M.?, &nd mixed
DePe with 2-hydroxy-3-methyl-t=methoxybenzoic acid prepared
according to Da Re et al. ( loc. cit, ) was 21L°,

7 Me £ho Xy~ 8= 3C e toXyMO thyl=2=me thyl chromone

7-1%thoxy—8-cﬁloromethyl-z-methylchronnne‘( 0.5 g.)
was refluxed with fre éhly fused and powdered sodium écetate
( 3 g. ) in glacial acetic acld ( 2 ml. ) for 3 hr. The
product obtained on dilution of the reaction mixture with
water crystallised from benzene and petroleum ether
( b.p. 60-80° ) mixture in colourless needles, m.p. 162°.
Some decompo sition was observed during crystallisation

from aqueous solvents.

PAS)



Apalysis ¢, ‘

4,302 mg. of the substance gave 10.176 mg. of
carbon dioxide and 2.154% mg. of water.
C=64U46% § H= 5,59 %
CyyHi405  requires 2 C = 64,11 % ; H = 5.38 4%,

7=Me tho xy=8-me tho xyme thyl - 2-me thylchromne
It was prepared by refluxing the chloromethyl

derivative ( 0.5 g. ) with absolute methyl alecohol ( 10 ml, )
in presence‘oi' anhydrous potassium cérhonate (1 g ) for
1 hr. The product obtalned on{dilution of the reaction mixture

Found

*

erystallised from benzene in colourless needles, m.pPe132-133°

., #pelysls @
3:510 mg. of the substance gave 8.518 mg. of
carbon dioxide and 1.842 mg. of water. |
Found s C =66,23 %
é,;,H, 40y requires $ C = 66,65 %

H = 5.87 %.
H 6,02 %o

e ae

Attempted Sommelet reaction
The chloromethyl derivative ( 0.5 g. ) was dlssolved

in ehloroform ( 15 ml. ) and refluxed with hexamin ( 0.5 g. )
for 2 hr. I‘he. éepara_ted complex was hydrolysed withL 80 % ‘
acetic acid ( 20 ml., ) by refluxing for 2 hr. I‘b"definit:e
product could be 1solated. Hydrolysis of the complex
p‘roduct with dilute hydrochloric acid also failed.

- 2=Ye thoxy=8-cyanomethyl~2-methylchromone

The alcoholic solution of the chloromethyl derivative

( 0.5 g« ) was refluxed with potéssium cyanide ( 0.5 g. ) in
water ( 2 ml, ) for half an hour on 2 steam bath, The reaction

A



mixture on dilutipn yielded a s01id which crystallised from
dilute acetic acid in colourless needles, m.p. 170°,

Analysis ¢

4,554 mg. of the substance gave 11.296 mg. of
carbon dloxide and 2.02 mg. of water.

6. 7.2 mg., of the same substance gave 0.39 ml,
of nitrogen at#392 &ndx753 mm,

Found tC=67.70% 5 H= 4,96 %
Cy3H; 03N requires ¢ C =68,11% § H= 484 %

N = 6,29 %,
N = 6,11 %o

-e

o

Chloromethylation of 7-methoxy-8-chloromethyl-2-
me thylehromne $ 7=Yethoxy-3,8~-dichloromethyle2~methylchromne
7=Mothoxy-8«chlorome thyl-2-methylchromne ( 1.2 g. §
0.005 mle ) was dissolved in glacial acetic acid ( éS ml. )
and paraformeldehyde ( 0.75 g. § 0.025 mle ) was édded.

Hydrogen chloride was.passed through the reaction mixture for
6 hr. at 75=80°,. The product obtained on dilution of the
reaction mixture with weter crystallised from benzene and
petroleum ether ( b.p. 60-80° ) mixture in colourless
needles, m.p. 2040, Yield 0.8 g.k

The same dichloromethyl derivative was slso obtained
vhen 7-methoxy-2-methylchromone ( 1.9 g. § 0.01 mle ) was
chloromethylated with paraforméldehyde ( 5 gs ) by passing
the hydrogen chloride for 2 hr. vat 85-90°, Yield 1. 0 g

Analysis 3
4,196 mg. of the substance gave 8.4%L% mg. of

carbon dioxide and 1.582 mg. of water.
20,30 mg, of the same substance gave 19.72 mg. of

silver chloride.
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Found $ C=54,72% 35 H=4,229% 3 C1
C-.3H1203Cl requires : c = 5""’035 % ; H= 4‘18 % ; Cl

7=Vethoxy-2,3,8-trimethylchromne
The above dichloromethyl derivative ( 0.% g. )

was reduced with zinc dust ( 2 g. ) and acetic,acid ( 10 mi, )

2"";. 0""‘ %. '
2447 %,

and water ( 2 ml. ) as usual, The separated product on
dilution of the reaction mixture with water crystallised from
~dllute alcohol in colourless needles, mp. and mixed m.p.
with 7-methoxy-2,3,8-trimethylechromne ( Da Re et al. loc.
cit, ) was 149-150°, -

Analysis 2

4,82 mg. of the substance gave 12,880 mg. of
carbon dloxide and 2,68% mg. of water.
¢ =71.22% ; H= 6,23 %
C =71.54’% H =647 %.

Founa

*re

Cy3H 403 requires

e

The above reductlon product ( O.4% g, ) when refluxed
with sodium hydroxide solutién (10 % ; 20 ml., ) for 3 hr.
gave 2-hydroxy- 3-methyl-k-methoxybenzoic acid deseribed
before.

=Methoxy-3,8~dlacetoxymethyl-2=-methylchromne

7-Methoxy-3,8-dichloromethyl-2-methylchromne
( 0.3 2. ) was refluxed in glacial ‘acebic acid ( 10 ml. )

in presence of fused sodium acetate ( 2 g. ) for 1 hr.
The product obtained crystallised i‘rém benzene and pebtroleum
ether ( b.p. 60-80° ) mixturs In colourless needles, m.p. 159°,

~
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dnalysis, ¢ * | ‘

4,892 mg. of the substance gave 10.974 mg. of
carbon dioxide and 2.352 mg. of water.

Found C=61.21%3 H
C'=6107%3 H

“

538 %
54143 %e

Z=Yetho xy-3,8-4 ime tho xyme thyle2-me thylchromne
It was prepared by refluxing the dichloromethyl

"derivative ( 0.5 g. ) in absolute methyl alcohol ( 20.0 ml. )

.
u

Cy9Hy g0, requires -

in presanceuof anhydrous potassium carbonate ( 1 é. Yo The
product obtained crystallised from benzene an& petroleuﬂi
ether ( b.p. 60-80° ) mixture in colcur‘:l.éss needles, m.p. 142°,
| Analysis @ , ’
4,606 mg. of the substance zave 10.938 mg. of
carbon dloxide and 2.572 mg. of water.
Found : C = 64,80 4235 H= 6,25 %
CisHig05 requires t C =64.73% ;5 H=6,52% .

Z7=Methoxy-3,8=-dicyanomethyl-2-methylchromone
It was prepared by refluxing the dichloromethyl

derivative ( 0.5 ge ) in ethyl 2aleohol ( 2.0 ml. ) with
potassium c&anide (lg.) in water ( 2.ml. ) for 1 hr. on
‘a steam bath, The i)roduct crystalliséd in colourless needless
from dilute acetic acid, m,p. 173°.
Analysis T A | ,
“'230. mg. of the substance gave 10.450 mg. of
carbon dioxide and 1.840 mg. of water. ’
6,224 mg. of the same substance gave 0,613 mg.
of nitrogen at %10 and 753 mm,
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H=4%51 %

N =10.60 %,
N = 10.44 %,.

Found -t C = 67.42 %
Cy5H; 203N, requires ¢ C = 67,15 %

e
e

“e
“»

Chloromethylation of Z-methoxyflavone ¢ 7Z=Metho xy=8-
chloromethylflavone .

7-1Vbtknxyflawne ( 2.5é gs 3 0,01 mle ) was ‘
dissolved in acetic acid ( 25 ml. ) and water ( 2.0 ml. )

and paraformaldehyde ( 0.§ g+ § 0.03 mle ) was added. The
reaction mixture was .then kept at 75-80° and saturated with
hydrogeﬁ chloride for 5 hr. The‘reactio:ii mixture was cooled
and diluted with excess o:f cold water and the separated
product crystallised from benzene and petroleum ether
( b.p. 60-80° )mixture in colourless needles, m.p. 227°,
Yield 0.9 g.~ ’ )
The use of zinc chloride ( 1 g+ ) as a catalyst
in the abOVe_reaction irnproved the ffield (1.2 g. )
dnalysis '
4,528 mg. of the substance gave 11.280 mg. of
carbon dioxide and 1.748 mg. of water.
, 18.10 mg. of the same substance gave 9.0 mg. of
silver chloride.
Found : C = 67.98 2
C17H;303C1 requires : C = 67.88 %
" 2-Methoxy-8-methylfiavons
The above chloromethyl derivative ( 0.2 g.‘) was

H=4%32%
H=432%.

Ci
C1

i
i

12.30 %.
11,81 %.

e
~ae

i

ae
B

reduced with zinec dust ( 1 g. ) and aqueous écetic acid
( 10 ml. ) as before. The reaction mixture on dilution with

"water gave a shining product which crystallised in colourless



needles from dilute ethyl alcohlol. M.P. and mixed m.p. with,
7-methoxy-8-methylflawvone synthesised as described below was
1710, o

7~§yggg§y-8~g§thylf1avane

2-Mathylresorcinol ( 2.18 g. 3 0.02‘ mle ) and

ethyl benzoylacetate ( 5.8 g.‘; 0.03 mle )were refluxed in
dry diphenyl ether ( 20 ml., ) for 2 hr. The diphenyl ether
was remved by steafn distilif.ation and the resldue was washed
with petroleum ether ( 60«»860 3 o It was first crystallised
from dilute acetic ac;Ld and then from ethyl aleohol in
needles, m.p. 255-257°. Rangaswaml and Seshadri ( Proc.
Indian Acad. Sci., 1939, 94, 1) synthesised‘ifmzln 2,k
dihydroxy-3-methylacetophenone by the Ko stanecki-Robinson
benzoylation and subsequent debenzoylafion with alkali. They
gilve the same m.p. |

Analysis g

4,468 mg. of -the substance gave 12.518 mg. of
carton dioxide and 1,926 mg. of water.
C=7646% ; H= 482 4%

Cy6H 203 requires ¢ C = 76,12 % 5 H = 4,80 %.

7=Methoxy=-8-methylflawne

The above hydroxyflawone ( 0,3 g. ) was refiuxed

Found

in acetone solution with dimethyl sulphate ( 0.3 ml. ) in
presence of anhydrous potassium carbonate ( 0.6 g. ) for
2 hr., The product obtained on remvsl of acetone erystallised

from dilute ethyl aleohol in colourless needles, m.p. 171°,



fnalysis s

!

4,076 mg. of the substance gave 1l.43% mg. of
carbon dioxide and 1.812 mg. of water.

Found : C =76.55 %
‘CypHyu03  requires : C = 76,67 %

H=4%,97 %.
H=5,30 %o

B

1]

The above reduction product ( 0.5 g. ) when
refluxed with sodium hydroxide solution ( 10 Z § 20 ml,. )
for 3 hr. and acidified gave 2-hydroxy-3-methyl-l-methoxybenz ic
acid.

7=Methoxy-8=acetoxymethylfiavwne

It was obtained by refiuxing the chloromethyl
derivative ( 0.5 g. ) with glacial acetie acid ( 2.0 ml,. )
and fused sodium acetate ( 1 g. ) for 1 hr, It érystallised
from benzene and petroleum ether ( D.p. 0=80° ) mixture
in colourless needles, m.p. 181°. )

Analysis 2
5.470 mg. of the substance gave 14,042 mg. of

carbon dioxide and 2,480 mg. of water.

Found st O = 70-06 % ; H= 5007 %0
01 9H1 605 fea_uires 1 C = 70036 % ; H= l*'cqg %a

7=Methoxy=8=-metioxymethylflavone
It was prepared by refluxing the chloromethyl.

derivative ( 0.5 g. ) with absolute methyl alcohol ( 2.0 ml.)
and anhydrous potassium carbonate ( 1 g, ) for 1L hr. on a
'steam bath, It crystallised from bénzene and petroleum ether

nixture in colourless needles, m.p. 168°,

-«
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Analysis :
4,22 mg. of the substance gave 11,208 mg. of

carton dioxide and 2.038 mg. of water.
Found :C=72482; H= 54 %
Ci8H160y  requires : C =72,96% 5 H = 5,44 4,

Z=Yetho xy-8~cyanomethylflawne
It vas obtained by refluxing the above chloromethyl

derivative ( 0.5 g. ) in ethyl alcohol ( 2.0 ml. ) with
potassium c&anide (0.5 g ) in water (~2 ml. ) for 2 hr. on
a steam bath, It cfystallised from dilﬁte acetle acid in
greenlish white needleé, ﬁ.ﬁ._216°.
dnalysis :
L, 470 mg. of the substance gave 12,160 mg. of
carbon dioxide and 1.910 mg. of water.

Er

9.762 mg. of the same substance gave O.UU4S mi,
of nitrogen at 40 and 757 mm,

Found $C =724 % s H= 4,789 3 N = 4,95 ¢,
C18H1303N I’equires H c =j7l+.21 % ; H = 4'5'0 % 5 N = )"‘081 %.

7=Mothoxyflavone.8-acetic acid

The above cyanomethyl derivative ( O % g. ) was
refluxed with sulphuric ascid ( 2 mi. ) and ﬁater( 8 mL, )
for 3 hr. The product obtained on dilution of the reaction
mixture was purified through dilute sodium bi-carbonate
solution. It erystallised from dilute acetic acid in

colourless needles, m.p. 253°,

- e s e



Analysis @ ‘ "
4e73% mg. of the substance gave 12.11 mg. of
carbon dioxide and 1.780 mg. of water.
Found : C=69.81% 35 H= 4,20 %,
69.67 % § H = 4,55 3,

Chloromethylation of 7=methnxy«8-chloromethyvliflavone @

Z-Méthozzp3,8-dichloromethxlflavone

7-Methoxy-8-chloromethylflawone ( 1.5 g. ; 0,005

t

Ci8H1405 requires ¢ C

mle ) was dissolved in acetic acid ( 40 ni. ) and water

( 5 ml. ) and paraformaldehyde ( 0.75 g« § 0.025 mle ) was
édded. The reaction mixture was saturated with hydrogen
chloride for 6 hr., at 75-80°¢, The separated product
erystallised from bengene in colourless transparent’cubes,

e P 181‘?0. Yield 007 e

The same dichloromethyl derivative was also obtained
when 7-methoxyflavone ( 2.5 g. $ 0.01 mle ) and paraformaldehyde
(1.5 g. ;§ 0.05 mle ) weseheated with hydrogen chloride
for 7 hr at 75-80¢,

Analysis @

L.548 mg. of the substance gave 10.282 mg. of
carbon dloxide and 1,578 mg. of water.

15.42 mg. of the same gubskance gave 12.50 mg.

of silver chloride.

Found 3 C=61.70% 3 H=3.88 % 3 C1 = 20,06 %,
Cy8H;403C1, feqﬁires $C=61l.8%% ; H=4,01% 5 CL = 20.3% %,



Z=Methoxy-3,8=dimethyl flavone

The ahove dichlo/romethyla' derivative ( 0.5 g. )
was reduced by treating its acetic acid solution with zine
dust ( 2 g. ) at 75-80° for 1 hr. On dailution it gave a
pasty product which crystallised from dilube aleohol in
colourless needles. M.P, and mixed m.p., with 7=-methoxy=3,8«
dimekthylflavane prepared according to Da Re et al. { loc.cit. )
was 139.1l1e, | |

The atove reduction product ( 0.3 g+ ) when refluxed
wlth sodium hydroxide solution ( 10 % , 20 mL. ) for 3 hr. and
then acidified gave 2-hydroxye3-methyl-ld-methoxybenzic acid

described before.

I=Methoxy=3,8-d1acetoxymethyl flsvone

It was obtained by refluxing the dichloromethyl
derivative ( 0.5 g. ) with acetic acid ( 15.0 mli. ) and fused

sodium acetate (2g.) for 2 hr, It crﬁrstallised from bengzene
and petroleum e;cher ( bep. 60-80° ) mixture in colourless
needles, m.p. 1450, |

Analz'slis :

4,056 mg, of the substance gave 9.888 mg. of
carton dioxide and 1.952 mg. of water.

Found : C = 66,53 %
Ca2Hp00;  requires : C ='66.66 %

H = 5.38 %.
H = 5.09 %.

whe

1)



It was obtained by refluxing the dichlorémethyl
derivative ( 0.5 g. ) with absolute methyl alcohol ( 20 ml.
and enhydrous potassium carbonate ( 1.0 g ) for 2 hr. It
crystallised from benzene and petroleum ether ( b.p. 60-80°

mixture in colourless needles, mM.p. 157-158¢,

dnalysis ¢ ,

5,128 mg. of the substance gave 13.272 mg. of
Carbon dioxide and 2.706 mg. of water.

Found :C=70.,63% 3 H= 5.9 %,
C20H2g05  requires : C =70.57 % ; H = 5,92 %,

DD
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