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CHAPTER IIT
IHEBEORETICAL

Chloromethylstion of some flavores and flavamnes

a
The replacement of Jydrogen atom (generally of

an aromatic compound ) by a chlorome thyl group, -CH,C1,
in a single operation is kmwn as Z chloromethylation.
The reaction is gererally carried out by the condensation
of formaldehyde withi;romatio compound in the presence

of hydrochloric acid. Some times 3 catalyst such as

zine chloride is used.
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HCHO + HCL . -|-Hz.o
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A survey of chloromethylation of aromsatic
compounds upto 1941 has been made by Fuson and
MeKeever (1) and some of the more récant work has been
reviewed by Olah and Tolgyesi (2) in a recent momgraph
on Friedel-Crafts and Related Reactions,

The reagction is of synthetic importame because
Of the ease with which the chlorime atom in chloromethyl
group undergoes substitution reactions with various
réagents, for example, the chlorire of the chloromethyl
8roup can be replaceqd by a hydro:{;y, eyand, methog;, acetoxy

or other groups by treating it with appropriate reagents,
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Further, on Sommelet. reaction the chloromethyl group can
be replaced by the formyl group. On oxldation the
chloromethyl derivative 1s readily cornwverted into the
corresponding acid and on reduction it gives rise to the
methyl derivative.

Mannich bases which are compounds of potential
thergpeutis value are obtaired from the chloromethyl
derivatives on condensation with various secondary amires

such as dimethylamire, diethylamine, morpholire ate.

Application of the reaction :
app ;.

e S

Chloromethylation is gererally applicable to
aromatic hydrocarbons ; thoﬁgh the application to the
aliphatic compounds is not uncommon. Aromgtic hydrocarbons
such as benzere, nagphthalene, anthracers, ‘phenanthfene,
dipheryl and many of their derivatives have been
succegsfully cizloromathylated. Substituents such as
hydroxyl, alkyl and alkoxy accelerate the resction and
the reagction procesds even in the ghsence of a catalyst
to form the mom-or dﬁ(chldromethyl) derivative in good
yield. The reactivity increases rapidly with
electropositive substituents. Highly alkylated nomologues
react rapidly in the absemrce of a catalyst. Thus Nauta
and Dienske (3) chloromethylated mesitylene without using
ary catalyst and obtalned the mor as well as
dichloromethyl derivative. Braun and Nelles (4)

chloromethylated m-xylare and obtaired the dichloromeﬁhyl



defiVative. Chloromethylation of a momalkyl benzere
derivative gives a higher percentage of para isomer

( with respect to the alkyl group ) than the ortho isomers
A second chloromethyl group usually can be introduced
some-times in e:;éelle nt yisld. An electro-regative

group in the benzene ring deactivates the molecule . )
Stephen et al., (5) found that nitrobenzere and ortho

and para nitrotoluerss gave chloromsthyl derivatives

but in low yield. Similarly the presemce of a halogen
atom in the macleus retards the reaction, but, by using
drastic methods the yield can be increased. Substances

such as ortho ar;_d para-chloronitrobenzeres and para-
dichlorobemzere do r;:}i;‘:erac‘:t 3"‘31*1" The presence of

alkyl groups in the mcleus however counteracts the
influence of these substituents. Vavon et gl—.. (6) got

the chloromethyl derivative on chloromethylation of
bromositylers. Wakas et al. (7) chloromsthylated

2-ethoxy and ér-ej)thqqr_yn;trqbe_nzepqs and obtained the . .
momchloromethyl derivatives. Buc (8) prepared the 6-chloro-
methyl derivative from 2-mitro-l-chlorotoluers.

o Iv{etorgs‘ ~are gemerally unreactive, Fuson and
MeKeever (9) found that bemzopherore canmt be
chloromethylated, but Balani and Sethma (10 )

have successfully chloromethylated l-hydroxy-
benzopherore and its methyl ether. Stephen et al.“(5)__
falled to chloromethylate a:;th:}aq‘aixm‘m‘. Here also the

presence qf an alkyl group in the meleus counteracts this

-
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influence. Thus Fusoh and McKeever (9) chloromethylated
acetomesitylere and obtained <5%-ehlorc>acetoisodurem
successfully. In gromatic ketones such as resacetophemne'
the chloromethyl group may enter either 3= the side chain
or the mcleus as observed by Tilichenko et al. (11) and

- Chaikovskaya (12). Thus P-chloromethyl ketons was
obtained on chloromethylation of ethyl pheryl ketone with
CH30CH,C1 in the preserce of BF, asicatalyst@

amzel

CHZ.C“HS CQCH-CH3
sz
C.HsQCH’_CI

However, in the case of o~hydroxyphenyl ethyl ketore the
chloromethyl group entered only the mcleus as seen by
Da Re et al. (13). |

Arofnatic aminés react vigorously but complex
condensation products are invariably the result of the
reaction and it has not ®en possible to isolate simple
chloromethyl derivatives from these compournds, as
observed by Wagner (14).

Hydroxy groups in the miecleus greatly promote
the rate of reaction and the resction proceeds vigorously
giving polymerie products. A suitable device to avoid
polymeric products in the case of phenols is to convert
them to esters by treatment with ethyl chlorocarbonate.

Ethyl arylcarbonates undergo smooth chlo romethylation,

-



as observed by Sommelét et al. (15). The aetivating 62
influence of hydroxy groups may be sufficiently

moderated by deactivating groups such as nitro, carboxy-,

or acetyl- to make a smooth reaction possible. Stoermer

and Bohn (16) successfully chloromethylated o-nitrophemol.
Buchler (l‘Z) chloromethylated salicylic acid and obtsired
thef-—chloromethyl product in good yield: Polyhydrie

pherols have not been successfully chloromethylated so

far. Attempts to chloromethylate resorcinol and

hydroquirmore met with failure.

. Pherol ethers react smoothly. Phenol ethers and
other pherolic compounds containing an aldehyde group
also react in a satisfactory manrer.

Madzhoyan ard Aroyan (18) studied the effects
of the alkoxy groups in chlorométhylation. They
chloromethylated anisole, phenetole, isopropyloxy benzene
and butquxybenzene and they found that the yield
decreases according to the bulk of the group. While they
could isolate the dichloromethyl derivative of anisolé
in 90 % yield, the butylombenze-ne gave only 48 ¢
di-echloromethyl derivative. Profft and Drux (19) have
also ’studied the chloromethylation of alkoxybernzere s,
They could get the morochloromethyl derivative of
phenstole in 71 4 yield, the amyloxybemzere gave only 59 4
morochloromethyl derivative,

Aromatic compounds with more than ome ether
group react vigorously as expected., Melnikov and

Parilutskaya (20) have isolated mom as well as
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di(chloromethyl) deriva‘{tives of alkoxy derivatives of
hydroquimne. However, the dimethyl ethers of resoreliml
and catechol did mot give pure products on chloromethylation,
Negative groups in the polyalkoxy benzeres retard the
reaction congiderably giving rise to chloromethyl
derivatives in a satisfactory manrer. Quelet (21)
chloromethylated 3,4-dimethoxy bromobe nze ne and obtained
2-bromo=4,5-dimethoxy bemzylchloride. Mathai and Sethna

(22) studied the chloromethylation of negatively

substituted resorcimls.

In chloromethylation, the most important side
reagetion is the formation of the dilaryl methane derivatives.
Highly reactive compounds tend to yield this type of
products and sometimes the 1solation of the intermediate
chloromethyl derivative is impossible. C‘astiglioni (23)
enloromethylated P-naphthol and obfained the corresponding

diarylmethare derivative.
- 1.
’ CHyct
-~ OH
\yoH HCHO +Hel | —3 CHa
/ ’ 7
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Mechanism :

The various views on the mechanism of
chloromethylation have been reviewed by Olah and Tolgyesi (2)
and the salient points are given below.

The exact mechanism of the chloromethylation of
aromatic compounds with formaldehyde and hydrogen chloride
has not yet been astablished. The intermediate formation ‘

of chloromethamol (CLCH,0H) has been suggested and the

CH0 (ag) + HCL ——» HOCH,CL

7
OHCH,ClL +
@ ¢ @cz—rzm + H,0

same mechanism may hold good whe‘n the reaction is carried
out with chloromethyl ether. But the evidence for the
formation of the chloromethamol has not been found.
Probably the Ci-—C bord in the chloromethanol would be
immediately hydrolysed in the aqueous media. It is
probable that the reaction proceeds through a protongted
formaldehyde or involves the formaldehyde~Lewis acid
halide complex, as a reactive carbonium ion type reagermnt,

Ogata (24) studied the rate of the chloromethylation
of mesitylene with formalin in aqueous gcetic acid and
concluded that the protonated formgldehyde was the
attacKing species under the conditions employed(hydroxylic
solvent) and the hydroxymethyl and chloromethyl

derivatives were in a mobile equilibrium,
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CH0 + H —= 0&m,0m

AvH + CH,0H ArCH,0H + HY

ArCH,0H + HCI v ArCH,C1 + H,0

The same mechanism involving zine chloride and
hydrochloric acid as the matalysts can be written as

follows :

f% ;
H-C=0 + HCl + 2nCl,¥= |H-C-0H | znCl,

—+
H

+ - | -
,CH3©+ [CH0H] znCl,; = [CH, ZnCl

CH,0H

HCl |-t

CH3© CH,Cl +ZnCl, +H,0
H .
‘ k
H»cs::o c+e> 0L, + @cxg ——

H
|

zm:lz-o G- HCL N
I{{ \.CH3 - GlCH, CHy + Hu0 +znCl,

or
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If the reaction involves the formation of a 66
relatively ‘stable carbo}:ium lon, HO_GHZ s the possible
résonance with 36 = CH, would be expected to greatly
stabilize the intermediate ion and to faecilitate its
formation, ,

Nazarov and Sememvsky (25) studied the mechanism
of the halomethylation and cgme to the conclusion that
the act:.ve intermediate is the hydro:gmethyl cation
([CHZOH]), and ot the chloromethyl cation ( Ler,cnl)
suggested by Wichterle and Cerry (26). o -

. Amther strong argument, in favomr of the hydroxy-
methy]zgt:io'r; mechax_lism_of.f _ha}omethylatiqn, lies in the fact
that chloromethylation glves the same isomer distribution
as bromomethylation for a mumber of aromgtics (lé s43) .

This indicates a common attacking species in both
reégctions. If halomethylation broceeded with the particlpatlon
of halomethyl ions, then on steric grourds, the

bromome thylation of toluers, ethylberzere, and cumere
should result in the formation of less ortho- and more para-

isomer than the chlorome thylation.

. The hydroxymethyl-ion mechanism of halomethylation
is further supported by the work of Wadare, Trogus and
Hess (W) who established the following equilibrig in
acedic medig, indicat;ng the presence of the

hydroxymethyl cation :



pH Equilibrium
below 2.6 H,C(0H) , & H,C -0H + 0H
) . + - - +
206"’"‘.5 3 HzC(OHz)# H2C -—0 s OH + H
o ‘ . .
above 4.5 H,C(OH) , = HC(OH)O + H

) The role of catalysts, solvents and temperature in -
chloromethylation :

There are a variety of techniques reported in
the 1iterature on chloromethylatlon. It is normally o
achieved by using formalin. Formaldehyde may be added as
formalin (%0 % ) or it may be gererated in the reaction
mi;:fcgrel by depolymerisation of parafo rmaldehygie .
Paraformaldehyde is preferred as it can be weighed
accurately and is most suitable wherever anhydrous
conditions are to be maintaired. Blark (28) introduced
the chloromethyl group into aromatie hydrocarbons by
means of a mixture of formalin and anhydrous zine chloride.
Catglys; may or may rot be ;-equixje@. @atalysts which have
been reported to be very useful are zine chloride and B
acetic acid. Mamwy other catalysts such as sulphuric acid,
phosphoxjic acid and alumir;ium'ch;origi_e are al’s;'{ used,
though these catalysts_tegd to favour the ‘ir‘o;'mation\of
diaryl methare derivatives. Fieser and Seligman (29)
found that the yield of the chloromethyl product was
increased three fold when‘a little anhydrous aluminium

chloride was used with fused zinc chloride in the



chloromethylation of p-bromotoluere. Sommelet (30) used 68
stannie chloride with success wi‘th compounds which
rormally resist chloromethylation. For liquids mo
diluent is required. For solids which do mot dissolve
‘in hydrochloric acid, a solvent 1s used. Acetic acid,
carbon disulphide, ethylens dichloride and benzene are
the common solvents used in ¢hloromethylation. _Rate of
réaction also deperds upon the temperature of:\hi’:eaction
and a variety of reaction temperatures are used
depending on the type of the compound to be
ehloromethylated. Highly reactive compounds react at
0 while temperatures of 60-‘70 -are much favoured for
less reactive compounds. r.‘bmetimes reagetlions are
carried out at 1’+0° under pressures.

Chloromethyl ether (CH30CH,Cl) or
dichloromethyl ether (ClCHz—O-CHacl) have been also
succe ssfully used in chloromethylation‘. The reaction
often proceeds smoothly in the absence of a catalyste
Stannic chloride may be used as a _éatalyst with less
reactive compounds. Carbon disulphide or other
indifferent solvents may be used as diluents. fhe
chloromethyl ether is mostly used in excess. The
reaction usually proceeds without hydrochloric acide.

Weisler and Chechak (31) found that an
aromatie compound containing ofe or two aromatic rimgs
can be chloromethylated and the chloromethyl group can
be simultaneously reduced if stanmous chloride is added

to the reaction mixture.



Ghlorometgxlafion of flavones gnd flgvarones

‘ Nakamurs and ~Mat:suu-a (32) chloromethylated
acacetin 7-methyl ether and obtained the §-chloromethyl
derivative and arother isomer to which ro definite
structure was assigred. Da Re and co-workers (/2{33)
chloronmethylated 7-methoxy~3—methylflavone and
7-methoiy-3-ethy1flavom and obtained 8-chloromethyl
derivative in both the cases. Tn this laboratory, Shah
and Sethna (34%) chloromethylated simple flavore and
obtained 3-éhlommethy1f1avom. The same guthors also
chloromethylated 7-methoxyflavore and obtained
8’—chlorpmethy1"and 3,8~dichloromethyl derivatives. A
few chloromethyl derivatives of flavores have been
prepéred by other methods. For example, Schonberg et al.
(35) treated Khellol with thioryl chloride and obtaired
the 2-chloromethyl derivative. Da Re et al. (33)
obtaired 6~chloromethyl derivative from 6-hydroxymethyl-
3-met}w1flévom by treatment with zine chloride and
hydrochloric acid. Matsuka (3‘6)' chloromethylated simple
and 5,7 —dimethyl—ltz-metm‘oxyflavamm with chloromethyl
ether in acetic acid and obtalred chloromethyl
derivative in each case but they have mnot proved the
structures. This appears to be the only instance in
litersture of chloromethylation of flavarores.

In the present work the chloromethylation of
7 ~-hydroxyflavore, 6-hydroxy and 6-methoxyflavone, simple

flavarore and 7-methoxyflavanone has been carried out.
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Some of the chloronethyl derivaf;ives have been further
converted into Mannich bases by reaction with secondary
amires such as dimethylamire and morpholiﬁe. Da Re et al.
(33) prepared Mannich bases from 7-methoxy-3-ethyl-8-
chloromethylflavore by reacting with varioﬁs organic'
bases such as dimethylamire,diethylamire,piperidine

and morpholire.

Some of them have been found to have gbod
Gentral Nerveusé Systjem stimulant activity.

The chloromethyl derivatives have alsa been
subjected to Sommelet reaction tdsget the corresponding
formyl derivatives and also to the action of sodium
acetate and acetic anhydride to convert them into the .
acetoxymethyl derivatives.

Chloromethylation.of 7~-hydroxyflavorne

7-Hydroxyflavore (I) did mot undergo
chloromethylation with eithér two or three moles of
paraformaldehyde and hydrochlorie acid at 90—950.
However, with four moles of paraformaldehyde it gave a
mormchloromethyl derivative, On heating with hexamire
in acetic acid it gave the krown 7-hydroxy-8-formyl-
flavore (III) (37) as seen by direct comparison with
an autheﬁtic spec imen, 7~Hyém§y—8vchloromethylflavone
(II) strueture has therefore been assigred to the
éhloromethyl derivative. On heating with acetie
arhydride and fused sodium acetate the chloromethyl
derivative gave 7~acetoxy-8-acetoxymethyl flavone (IV)

-



and with dimethylamine and morpholire the corresponding
Mannich bases (V a,b ).

No cﬁ(chloromgthy]} derivative could be isolated

even with excess of paraformaldehyde.

s,
¢ —
m
CHocoCH3

cwgaco(j/ﬁ \J
X0
4 . ¥
0 Rz~ n(CHy),
b R= -N(iﬁ‘.fc”# g



Chloromethylation of é-hydroxyflayvone 72

6—By;1roxyf1avone (V1) did mot un&ergo
chloromethylation with either two or three moles of
paraformaldehyde and hydrochloric acid. However, with
four moles of paraformaldehyde it gave a morochloro-
methyl derivative which when heated with hexamire in
acetic acld gave the krown 6-hydroxy-;5—formylf1avom
(VIII) (38) as seen by direct comparison with an
authentic specimen, So the 6-hy<iroxy—5-chloromethyl
flavone (VII) structure has been assigmed to the
morochloromethyl derivative. On heating with acetic
anhydride and fused’' sodium acetate the momchloromethyl
derivative gave 6-acetoxy-5-acetoxymethyl flavore (IX)
ard with morpholire the corresponding Mannich ba591 (%)
was obtained. _ | .

Yo di¢hloromethyl) derivative could be isolated
even with excess of paraformaldehyde. hfhgn zire chloride

was used a complex compound was obtaired.

Chloromethylation of 6-methoxyflavore

~ 6-Methoxyflavone (XI) did rbt‘ undergo
chloromethylation with four‘moles or less than four moles
of paraformaldehyde even at §0-§50. With ore mole of
paraformaldehyde' and hydrogen chloride in presence of
anhydrous zinc chloride a complex compouni u:ith zine
chloride was obtained, This was seen by the fact that the

sgne product was obtained when the reaction was repeated

-
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without adding parafommaldehyde.

On chloromethylation with excess (8 moles)
of paraformaldehyde 6-methoxyflavone (XI) gave a
di-(chloromethyl) derivative which on reduction gave a
product mepPe L360. This was identical with the product
obtaired on the reduction of the momcehloromethyl
derivative forimed on chloromethylation of 6-methoxy-3-
methylflavore (XVIII) which is hitherto urkmown and
was prepared through the Ko stanecki—-ﬁob‘inson be nzoylation
of Quinpropiophemns (XV). Therefore, ore of the ch}.ororleethyl
group must have entered the 3-position. The di(chloromethyl)
derivative has been assignad the 6»methoxy»3,5;-di(chloro-
mebhyl) flavone (XII) structure.

It has mt been posgssible to get the NMR data.

The IR sgpectrz for the dimethyl derivative and for
6-methoxyflavone have been obtaired (Fig. 1 and 2 respectively)
The sharp band at 810 au in the spectrum of the dimethyl
derivative points to the presence of a 1,2,3,4-tetra substi-
tuted benzerne ring. If the second methyl group had been in
the 7-position it'would have given a bard at about 870 cr?
showing the preserce of a 1,2,3,4,5-penta substituted benzene
ring .but this band is absent. This data therefors lends
support to the 3,5-di(chloromethyl) structure.

On heating with dimethylamire the di(chloromethyl)
derivative gave the corresponding Mannich base (XIV).

Mo trichioromethyl derivative could be obtained

on chloromethylation of 6-methoxyflavore (XI) or
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é-methoxyﬁ,5-dj@hlorom"athy2)f‘1av0ne even with largé'excess
of paraformaldehyde. ‘
Chloromethylation of simple flavarore

As the structure of the momchloromethyl
derivative obtaimed from simp}é flavarone has ot been
proved (see paget69)it was thought of repeating the work
to definitely estabiish the structure.

Simple f’lavamfe (XX) on chloromethylation ih
glacial acetic acid with excess of paraformaldehyde and
hydrochloric acid at 90—950 gave a morochloromethyl
derivative in very poor yieid. The momchloromethyl
derivative on reduction with zine dust and acetlc acid
yielded a product which on treatment with selenium dioxide
gave the krown 3-methylflavore (XXIII) (40). Therefore the
morochloromethyl derivative was 3-chloromethyl flavamme (xx1)

and the reduced prodwt was 3J-methylflavamre (XXII).

h

L\= HeT - | o=
: -co”
) \ ot

fie OH L Zn olust

v

TR s )
AN o CHy— w/cncus'_'

XXl . - XX



Chloromethylation of Z-methoxyflavarone

7-Methoxyflavarore (XXIV) on chloromethylation
in acetic acid with one mole of paraformaldehyde gave, a
mormochloromethyl derivative which on reduction with
zinc dust and acetic acid gave a product which on
treatment with selenium dioxide gave the krown 7-methoxy-
8-methylflavore (XXVII) (41) as seen by direct comparison
with an authentic specimen. The chloromethyl derivative
was, therefore, 7—-me'choxy—S»chloromethylflavamm (XxxXV) |
and the reduced product was 7-methoxy-8-methylflavamore
(XXVI). 7-Methoxy-8-chloromethylflavamme was comverted
into the corresponding acetoxy methyl derivative by
refluxing with sodium gcetate and acetic acid and
into the corresponding Mannich ~‘::~ase~s {XXIX;a,b )

on reaction with dimethylamine and morpholire.

¥® dichloromethyl) derivative could be

isolgted even with excess of paraformaldehyde.
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EXPERIMENTAL -

Chloromathylation of 7-hydroxyflavone : Z-Hydroxy-8-
chloromethylflavore

7-Hydroxyflavore (2.38 g.) was dissolved in
acetic acid ( 80 % 3 75 mle ) and paraformaldehyde
(1.20 go ) added. The solution was maintaimd at
90-950 and hydrogen chloride gas passed until a shining
crystallim product separated (1.5 hr.). The reaction
mixture was cooled when more pivoduct sgparated which
Wwas collected, dried and crystallised from dioxanein

-0
white reedles, m.pe 215 ( decomps.). Yield 1.0 g.

The above chloromethyl derivative was obtained
in better yield (1.70 g.) by carrying out the reaction
with excess of pé,raformal,dehyde (540 go) under the

same conditions.

Analysis : Found 3 C = 6715 5 H= 3,92 5 C1 = 12.22 %
Cr6Hi10301  requiress € = 67.00 3 H= 3.8% j Cl = 12.39 %.

To dj@hlommethy]) derivative was obtained even
with a . large excess of paraformgldehyde amd zinec chloride.

~Hyd -8 -f0 1flavone
The above chloromethyl derivative (1.0 g.)
was dissolved in glacial acetic acid (10.0 ml.) and

hexamine (1.0 g.) added. The reaction‘ mixture was
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A .
refluxed for 1 hr. The separated complex was collected -

and decomposed by refluxing for half an hour with
hydrochloric acid ( 20 mle § 50 % ) and then crystallised
from acetic acid. The m.p. and mixed m.pe. with 7-hydroxy-
8-formylflavore (37) was 2230.

7-Acetoxy-B~-gcetoxymethylflavone

7 -Hydroxy -8 -chloromethylflavone (0.5' ge)
was refluxed with acetic anhydride (10 ml.,) and
fused sodium acetate (0.5 g¢) for 1 hr. The reaction
mixture was poured into ice cold water and stirred for
half an hour. The separated product crystallised from
alcohdl in white nesedles, Mm.pe 185—860.

Analysis : Found $ C= 68436 53 H= L4400 Ze
GaoHig0¢  requires : C = 68419 §j H = k.54 Zs

7=-Bydroxy-8-dimethylsmiromethyl~flavone

Dimethylamire (3 ml. § 40 % ) was added to
7-hydmxy-8-c!ﬂoromethylflavoneL(l.O’g.) in alcohoi
(30 ml,) and the reaction mixture was heated on a steam
bath for 6 hrs. The residue obtained on removal of
alcohol was treated with dilute hydrochlorie acid and
filtersed. The filtrate was neutralized with sodium
bicarbonaste solution and the product obtailned was .
erystallised from ethyl alcohol in white nee@les, MeDe

(4]

18% .



Anslysis : Found .: N= 4,18 %. )
CiHi703N reqitres 3 N= 472 %e

~Hydroxy -8 -morpholiromethylflavo

Morpholine (3 ml.) was added to 7-hydroxy-8-
chloromethylflavone (1.0 gs) in alcohol (30 ml.) and the
reaction mixture heated on a steam bath for 6 hrs. The
residue obtained on removal of aleohol was treated with
dilute hydrochloric acid and filtered. The filtrate’
was neutralized with sodium bicarbonate‘ solution and
the product obtaired was crystallised from ethyl alcohol
in light brown cubes, Mm.p. 2080.

Analysis ¢+ Foumd : N= 4,08 4.

C20H; 90, N requires ¢ N = %:15 %o

Chloromethylation of 6-hydroxyflavore : 6-Hydroxy-
5-ghloromethylflavors

7o 6=Hydroxyflavore (l 19 g. ) was dissolved
in acetic acid (802% 3 60 mlo ) axd. paraformaldehyde
(L. g.),\added and hydrogen chlorlde gas passed for
4 hrs. The shining product which separated on cooling
the reaction mixture was collected, dried and crystallised
from toluere 1n white shining reedles, m.pe 2100.
Yield 0.5 g.

Amalysis : Found 3 C= 6680 § H= 3,52 5 C1 = 12.69 %o
C,6H1,03C1 requires s C = 67.00 § H= 3.84% 5 CL = 12,39 %
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é-md;gg ~5=formylflavorne

The above chloromethyl derivative (1.0 gz.) was
dissolved in glacial acetic acid (10 ml.) and hexsmire
(1.0 g.) added. The reagetion mixture was refluxed for
1 hr. and then poured into ice cold water. The separated
complex was refluxed with hydrochloric aeid (20 ml. $
50 % ) for half an hour. The residue obtained was
cirystallised from acetic acid. The m.p. and mixed m.pe.
with 6-hydroxy-5-—f"ormy1flavom (38) was 2210. |

6-Acetoxy -5 ~gecaetoxymethylflavons

6-Bydroxy-5-chloromethylflavore (0.5 g+) Was
refluxed with acetlc arhydride (10 ml.) and fused sodium
acetate (0.5 g.) for 1 hr. The ﬁgction mixture was
poured ihto ice cold water 'a-md stirred for. half an hour.
The separated product crystallised from aleohol in
white needles, m.p. 214°,

A is : Found 2 C= 68433 3 H= 4,824,
02°H1606 I.'equires : C :': 68019 3 H ‘;‘ }"’05}"' %Q

6-Hydroxy -5 -morpholiromethylfiavone

Morpholine (3 ml.) was added to é6-hydroxy-5-
. chloromethylflavone (1.0 ge) in aleohol (30 ml,) and the
reaction mixture heated on a steam bath for 6 hrs. The
residue obtained on removal of alecohol was treated witfx
dilute hydrochioric acld and filtered. The product
obtaired on neutralization of the filtrate with
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sodium bicarbonate solution crystalllzed from alechol

o
in white needles, me.pe 192 .

A 1gs & Found & N= 4,18 %,
CooHy 90N requires : N = 4,15 %,

Chlc;'rometgzlgtion of é-methoxyflavome s 6-Methoxy~-
3, i-dgc.: hlorome tgxgi_‘“ lavore

6-Methoxyflavone (1.26 g.) was dissolved in
acetic acid ( 80 2 3 50 ml.) and paraformaldehyde (4e5 g4)
added. The reaction mixture was kept at 90-950 and'
hydrogen echloride gas passed for 3.5 hrs. The shining
crystals obtalined on cooling were crystallised from

0
benzere in white meedles, m.pe 225 . Yield 0.5 g.

Analysis : Found : C=61l.9% 3 H=3.82 § Cl=20.56 %«
318H1403012 x:equireé H &‘61.90 H H:"}'i'oOl H 01:120.56 %o

6-Methoxy-3,5-dimethylflavore

6—Methoxy-3,S—dj@hloromethy])flavom (0.5 ge)
was alssolved in glacial acetic acid and slowly added
to a mixture of zinc dust (2.0 g.) and glacial acetic .
acid (5 ml.) 'with stirring; The .stirring was contimed
for hgilf an hour more. The reaction mixture was then
heated on a steam bath for half an hour more. It was
then filtered and diluted with ice cold water. The
separated product was crystallised from alecohol in
white medleé, MepPe 135-36°.

-



C = 773k 3 H= 5e 39 %e
C = 77.12 3 H = 5479 %e

Analysls ¢ Found
Cighy 603 requires

e

~Methoxy~ ~di-(dimethylaminometh 13 vo ni
dihydroehloride

Dimethylamine (6 ml. ;' 40 4 ) was added to
6-methoxy-3,5~&i(chloromethy1)€lavom in aleohol (30 mls)
and the reaction mixture heated on a steam bath for
6 hrs. The residue obtained on removal of alcohol was
treated with dilute hydrochloric acid and filtered. The
filtrate on neutralization with sodium hydroxide solution
" gave anioily product which was extracted with ether. The
ether extract was treated with fused caleium chloride and
dry hydrogen chloride gas was passed through the” ether
extract till a solid product separated. This was filtered’
and erystallised from aleohol-ether mixture in white
needles, Mepe 151 .

-

Agglxgis : : Found s N= 5.9% 3§ Cl = 16427 %o
CopHagN:05Cl,  requires : N= 6.38 § CL = 16.17 %

Chloromethylation of 6-methoxy-3-methylflavons .

6-Benzoyloxy~3-methylflavone
Quimpropiopherone (3 ge.) was thoroughly mixed

with freshly fused and powdered sodium bemnzoate (3.0 g.)
and bvenzoic anhydride (12.0 g.) The reaction mixture
was heated in an oil bath at 185-90 for 8 hrs. with
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oceagsloml stirring The reaction mixture was then -

’ treated,repea?ly with hot water to remove sodium benzoate
and bemnzoic” gnhydride and finally washed with sodium

" bicarbonate solution. The residue obtained was crystallised

, o
from acetic acid inwhite needles, m.p. 142

Analysis ¢ Found 3 C=77.30 § H= 451 %
Ca3H, 40, requires : C = 77.51 3 H = 4.53 4.

6-Hydroxy -3-methylflavore

6-Benzoyloxy -3-methylflavore (1.0 g.) was
refluxed with aleoholic potash ( 10 % ; 20 ml.) on a
steam bath for half an hour. The product obtalred on
acidification with cold dilute hydrochioric acid
crys;callised from ethyl alcohol in white meedles,
MeDoe 2Q‘+°.

aﬁgglzsis s Found : C

76.16 5 H= 5.25 %.
= 76,18 3 H = 4,80 %.

The ethyl ether was prepared by refluxing the above
flavore (1.0 g.) in dry acetone with dimethyl sulphate
(1 ml,) in preserce of anhydrous potassium carbonate
(240 ‘Be) ON a steam bath for 8 hré. The residue after
removal of acetome was crystallised from ethyl alcohol

: 0
in white needles, m.p. 124 .

C= 76431 5 H=4.88 4.

A is : Found

**

é17H3_403 faquires

14
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=Methoxy = -chioromet ~3-methylflavo

6—Met?;oxy-3-methylf1avone (1.33 go) Was dissolved
in acetic acid (80 % j 20 ml. ) and paraformaldehyde
(%5 ge) (excess) added. The solution was ma;ﬁtained at
90-—95O ani hydrogen chloride gas passed for 3 hrs. The
- product which separated on cooling was crystallised from
benzers in thick white reedles, m.p. 153 o Yield 0.8 g

Ag_aly_sis : Found : C=68.93
CigHy 503CL requires s C=68.69

H=5.12 5 C1=11.53 %.
H=4.77 5 C1=11.29 %.

~Be

~»e
L L

6-Methoxy ~3,5-dimethylflavone

6-Methoxy -3-methyl~-5~chloromethylflavore (0.5 g.)
dissolved in glacial acetic acid (10 ml.) was slowly
added to a mixture of zine dust (2.0 g.) and glacial
acetic acid (5 ml.) with stirring. The stirrirg was
contimed for half an hour more and the reaction mixture
then heated on a steam bath for half an hour mese. The
product obtained on dilution with ice cold water was R
erystallised from aleohol, The melting point and mixed
m.p., with 6-methoxy-3,5~-dimethylflavore described

0
earlier was 136 ,

Chloromethylation of simple flavarore : 3-Chloro-
methylflavamone

Flavamore (1.0 ge) was dissolved in glacial
acetic acid (10 ml.) and paraformaldehyde (4.5 g.excess)

-
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A

added. The reaction mixture was kept on a steam bath

and hydrochloric acid gas passed for 3 hrs. The reaction
miiture was left overnight in a refrigeraffor. The
product obtained was crystallised from benzene and
petroleum ether (bep. 60-806) mixture in white needles,
MeDPe 1370. Matsuéka (36) prepared the same chloromethyl
derivative by::iifferent method and reported the same

MeDe

Analysls ¢ Found s C=70.2% j H=4.52 5 Cl=12.73 %.
Ci¢Hy 30201  requires: C=70.46 3 E=h.77 3 Cl=13.02 %o

3-Methylflavarmone

- 3-Chloromethylflavarone (1.0 g.) was dissolved
in glacial acetic acid and slowly added to a mixture of
zine dust (2.0 g.) and glacial acetﬁic,ééid (5 ml.)'wit:,h
stirring. The stirrirg was cortimed for half an hour
more and then heated on a steam bath for ore hour more.
The reaction mixture was then filtered ard diluted with
ice cold water and left overnight in a refrigerator. The
product which separated wés crysta}l.lised from alcohol,
MePe 950. “ ' ,(

Analysis : Found : C= 8076 § H= 5,82 4.
CigHin0> requires : C = 80.64 ; H = 5.92 4.

3-Methylflavone

J-Methylflavarore (1.0 g.) was dissolved in

v
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amyl aleohol (10 ml.)‘and selenium dioxide (2.0 ge) -
added. The reactlion mixture was heated 1n an oil bath
at 1%5!0 for 8 hrs. The reaction mixture was filtered
and diluted with petroleum ether (b.pe 40-—600) and

left overnight in a refrigerator. The crystals obtained
were flltered and recrystallised from alcohol in white
needles; me.pe and mixed m.p. with 3-methylflavore (40)

(o]
was 73 Y

~ Ghloromethylation of 7-methoxyflavarore : Z-Methoxy-
8-chloromethylflavarone -

7-Methoxyflavarone (1.2 g.) was dissolved in

‘ glacial acetie acid (10 ml.),a:ﬁd paré.formaldehyde (0.3 ge)
was added and hydrogen chloride gas passed for 2 hrse

The reaction mixture was kept overnight in g refrigerator.
The product obtained was crystallised from benzere and
petroleum ether (b.p. ’-1-0-600) mixture, in white rneedles,
MeDo lh-éo. Yield‘o.ll- g

The same product was obtaired in better yield
by slightly changirg the conditions of the reaction

mixture in the following manrer.

Paraformaldehyde (2.0 g.) was added to glacial
acetic acid (10 ml.) and hydrogen chloride gas passed
t111 all paré.formaldehyde dissolved aﬁd a clear solution
was obtained. To this clear solution 7-methoxyflavarone

(1.0 go) was added and the reaction mixture left overnight

<



¢ lohich .
in a refrigerator. The solid Aseparated Was crystallised

91

as before., Yield 0.6 ge

Analygis t Found : C=67.28 ; H=5.19 ; C1=11.88'%.
C19Hy 50301  requires : C=67.44 3 H=4,96 ; C1=11.73 %.

e
e

~Metho -met flavarmore

7—Methoxy-e-chléromethylflavamne (1.0 é.) was
dissolved in glacisl acetic acid (10 ml.) and zine dust
(2.0 go) added. The reaction mixture was kept overnight
at room temperature. Next day it was filtered and
diluted with ice cold water. The solid:u;e‘;)%rated was

¢}
erystallised from benzere in white nsedles, m.p. 130 .

C = 7655 § H= 5.80 2.
C = 76,10 § H = 6.01 4.

Analysis ¢ Found
CL7H!~ {,03 I;equires

~Methoxy-8-met flavone

7 -Methoxy -8 -methylflavarone (0.8 g.) was
dissolved in amyl alcohol (10 ml.) and selenium dioxide
(240 go) added. The reactic;n mixture was heated in aﬁ oil
‘ ‘bath at 1%50 for 8 hrs. The reaction mixture was filtered
and on cooling the filtrate crystals were obtained which
were recrystallised from alcohol in meedles, m.p. and
mixed m.p. with 7-methoxy—8—metw1flawm (41) was 1?16.

Z-Methoxy-8-acetoxymethylflavarore

7 -Methoxy -8 -chlorome thylflavamre (0.5 ge¢) was
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dissolved in glacial acetic acid (10 ml.) and fused -
sodium acetate (0.5 g.) added. The reaction mixture was
heated on a steém bath for 1 hr. The reaction mixture

was then added to ice cold water and the solid which
separated was crystallised from aleohol in white riéedles,
MePe '910.

H= 5082 %e.
H= 6,02 %o

e '

Analysis : Found C = 72.1%

019H1805 I'aqu‘:ﬁl‘es s C : 7202’"‘

-

7 -Methoz;z-S-g;met hylgmiromethylflavarone hydrochloride

Dimethylamine (3 mle § %40 4 ) was added to
7 -methoxy -8 ~chlorome thylflavarore in alcohol (30 ml.,)
and the reaction mixture heated on a steam bath for
. 6 hrs. The residue obtained on removal of alcohol was
treated with dilute hydrochloric é.cid and fiitered. The
filtrate on reutralization with sodium hydroxide solution
gave ghigily product which was extracted with ether. The
ether extract was dried over fused calcium chloride and
hydrochloric acid gas was passed through it till a solid
separated. This was filgered and crystallised from

0
alcohol- ether mixture in white needles, m.p. 140 .

Anslysis ¢ Found : N= 3.90 3§ C1 = 9.80 4.
CieHoM0,01  requires : N = 3.69 ; CL = 9.35 4.

c1
9 -Methoxy -8 -morpholiromethylflavaro e

Morpholire (3 ml.) was added to 7-methoxy-8-

-
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chloromethylflavamle (1.0 go) in alcohol (30 mle) and
the regction mixture heated on a steam bath for 6 hrse
The residue obtained on removal of alcohol was treated
with dilute hydrochloric acid and filtered. The product
obtained on reutralization of the filtrate with sodium
hydroxide solution crystallised from benzere and
petroleum ether (b.p. ’+0—60a) mixture in yellowish
reedles, me.p. 14@-500.

Apalysis : Found t N= 4,34 4.
Ca1Hp30,N requires : N = 3497 %s .
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