


INTRODUCTION

~ BENZOPYRANONES

The most important derivatives of pyranones are the benzopyranone

derivatives.
There are four possible isomers of benzopyranones; coumarin or 5,6 benzopyran-
2-one (I), isocoumarin or 3,4-benzopyran-2-one (I,) or 4,5-benzopyran-2-one (I)

and chromone or 5,6-benzopyran-4-one (I ).
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The introduction comprises into two main parts:
A, Part I;

In this part the synthesis and chemical properties of coumarins is outlined.

B, Part II:

This part includes a general review about the chemistry of chromones.




PART I

COUMARINS

Coumarins are substituted heterocyclic a,B-unsaturated §-lactones; they can

be regarded as derivatives of 5,6-benzopyran-2-one (I3 )-

SYNTIIES1S OF COUMARINS:
Coumarins could be synthesized by one of the following metilods:
(1) Perkin synthesis :
The classic synthesis was discovered by Perkin' who prepared

coumarin (I,) and coumarinic acid (II) by heating salicylaldehyde with a cetic

anhydride and anhydrous sodium acetate.

CH-CH COOH
AC 20 @\
AcONa o~ N (0]

(1,) (1)

This was the first example of the reaction which bears his name; in its more

general form it involves the reaction of an aromatic aldehyde (III) with the




anhydride of an aliphatic acid in the presence of the sodium salt of its acid to give

the coumarin (IV)’"-

CHO ' AN
Ac,O a -
R OH AcONa ‘
R '
(1) {(1v)

©
\
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Recently, coumarin (I was prepaved in good yield by treating salicylaldehyde
and acetic anhydride with anhydrous sodium flouride as catalyst in molar ratio
1:3.1:1.6. The reaction time was reducc_d and the operation was simple in
comparison with the classical synthesis of coumarin catalyzed s.odium acetate?.

The reaction of salicylaldehyde, betaineand acetic anhydride afforded -3-

dimethylaminocoumarin (V).

R’ . - 1
CHO  (GH4)sNCH,CO0 “j@\/\\ NMe
2 - AcONa - 2 (
R OH R o0

(v)

3-Hydroxy-4-formylbenzoic acid, ethyl cyanoacetate and sodium acetate gave -
3- carbethoxy coumarin (VIP. The reaction of salicylaldehyde with ethyl cyanoacetate
in the presence of sodium ethoxide or potassium hydroxide gave the derivatives

vIr'.




COOC2H
CHO
/@ CN CH 2C00C 2H§ m
>
HOOC AcON2  nooc Y

(vl1)

CO,Et
CHO ~ 2
CNCH ,COOEt
— o ~X

O ¢,H, ONa Or KOH

(vii)  X=ONH

Sodium furylacetate with substituted @-hydroxybenzaldehyde in the presence

of acctic anhydride gave 3-(2-furyl)-coumarin derivatives (VIII)w.

| H
- CHO
g Ac 20 ~ '0
. u ] —
R -OH o R O O

CH,CO,Na
(vin)

The benzopyranones (X) and naphthopyranones (XI) were prepared by treating

the corresponding 2-aldehyde with furandione 15,9




3-(N-Substituted) aminocoumarin derivatives (X]])u were prepared according to the

following equation.

CHO NHR
@( - NHRCH2COOH \I
" s
on CeHe/ EtaN/PhSO,Cl o0~ o
LX)
- 3-Substituted coumarins (X1 were prepared by reacting substituted 2-

hydroxybenzaldehyde or ifs derivatives with a- substituted acetic acid, its sodium
salt and/or its ethyl or methyl ester in the presence of acetic anhydride and base like

sodium acetate, tricthylamine, dicthyl ammonium chloride or piperidine.

1 4
R
R'. CHO R

~
+ R'CH,COOR® ——» . '
R OH R o0 No

3 ‘ R®

{ xur}
Fatty aliphatic acid anhydrides and their salts may replace acetic derivatives

to give 3-alkylcoumarins (XIV)”’”.

R
R 1
R
CHO p . X
RCOOQONa
+ (R €0)0 - '
OH o "o
{ X\v)




By somewhat similar reaction of Knoevenagel2 1'“9--hydrmq,'benzaldehycle
derivatives condensed with compounds containing active methylene groups such as
malonic acid, diethylmalonate and malononitrile in presence of organic base to yield

3-substituted coumarins‘ (XV).

R R
; : R! ¢
R CHO . base ' ~
+  CH,(R), >
2 : R Y
R OH . -0
R R' = COOH, ~COOC.H,, ~CN R
{ XVv)

Also, O-hydroxybenzaldchyde dcrivatives condensed with methyl-2-
(cyanomethyl)-thiophene-5-carboxylate in presence of pyrrolidine and gave the
coumarin derivative (XVD¥, But the condensation of cyanothioacetamide with @ -
hydroxybenzaldehyde derivatives in presence of hydrochloric acid gave the

corresponding 3- ‘thioamido coumarin derivatives XVII-XIX)*

o .
CNCH, S/A\Cone ‘U
s

/@CHO @ o
(EL)N (Et) N~ 0-~No -
2

OH
(XVI)
R R
1 | ! CSNH
R 2
R CHO CNCH2CSNH2 N
——— i
HCi 2 S
R OH R 00
R R’
( Xvil)
CSNH S CSNH
2 J 2
+ + \
o/\o o/\O
{ XVill ) { X1X)




Salicylaldehyde derivatives were treated with phenylthioacetamides and

phosphorus oxychloride and gave coumarins (XX)”.

4 5
3 R R
R 4 R’
2 HO R 2
R C POC1,R 6
s ~ R
+ C'H2 R ————p
! OH s=¢ s o ™0
i ‘ R 1
R NH, R

(XX)
Refluxing equimolar amount of O-hydroxybenzaldchyde derivatves with B-
amino ethylcrotonate in the presence of traces of acetic acid gave the oxacins (XXI)

and the coumarins (XXID*.

R{Z |
o~
o
Me o
i -/ '
CHO  NH,-C = CHCO,Et 027 Lo
| -~
R OH — ~N

+ | ' ( XXI)
{ XxX11)

3-Substituted coumarins (XXIIM?® were prepared by cyclization of the

corresponding ¢ -hydroxy aldehyde with dicthylmalonate.




cHo CH,{ CO,Et ),

R { Xxm)

]

Recently, 3-substituted coumarins (XX1V) and (XXV) were prepared by
treating salicylaldehyde derivatives with 1,3-dioxan . in the presence of w&}ter as a

solvent and an alkaline reagentso or N,N-dicthylacidamides in the presence of

phosphorus 'OXYChloride31‘33.
H,C CH
3 \/ 3 ,
AN R
. o o)
~

RCH, CON ( Et ),

A J

R1m
R
3
R

-
Jj
R

CHO
+

OH

& _
CHO

I
] OH
R

POC1,
1
R Ref
I 31,32
a-naphthol 33

The coumarin derivatives (XXVI) were prepared by the condensation of §-

hydroxy or Q-methoxybenzaldchyde derivatives with a-substifufed. carbethoxy-

N

methylene triphenylphosphorane®**.




R ORS
+ pqp'C-COzEt
]
R CHO R

y
R

( XXVI)

Cyclocondensation of 2-hydroxy-6-nitro-1-naphthaldehyde with malonic acid,

its ester and /or ethyl acetoacetate yielded naphthopyranoncs (XXVII)“-

CHO

OH '
LY e - CIY
‘ 0 O
OzN

{ X« COOH,COCH3 ) { XxXvil )

H) Bechmann reaction:

41
Bechmann and Duisberg suggested that the reactive hydrogen of the

phenol in the g -position to the hydroxyl group of phenols added to the carbonyl
group of the -ketoester to give an intermediate hydroxyester. Ring closure may
then takes place with the elimination of one molecule of water and one molecule of

cthanol to give 4-methylcoumarin (XXVIII).




f —_
+ CO, Et ~
OH o0

( XxXvill )

Among the substituted phenols it was found that the reactivity depends on
both the nature and  the position of the substituent in the phenol,alkyl groups in
general have very little inhibitting effect in the Bechmann reaction, halogens exert
somewhat more,when the substituents like the nitro or carboxylic acid groups are
present, the reactions may not takes place at all? 4,

Thus phenol derivatives undergo Bechmann condensation with ‘elhyl aceto-
acetate or its corresponding compounds in presence of conc. sulphuric acid,
hydrogen fluoride, trifluoroacetic acid, hydrogen chloride, aluminium chloride or

borontrifluoride-ethyl ether complex to gave 4-substituted coumarin derivatives

(XXIX)*%, XXX* and (XXXD™.

4

R 2 |
2 &
R 4 ! R R
Rt CO CH €O, Et z X
> |
"y ~
R OH R 0o
{ XX1X }
OH . CHp
: |
~
CH3 COCH,CO, Et *
— )

10




CH, = OT © \‘©/ OCH,
/ ~ __.__B/
p | . NcH,
070 OCH

{ XXXI1)

Alkyl groups in the 5-position in resorcinol altered the course of the reaction
and instead of the 7-hydroxycoumain derivatives, the 5-hydroxy isomers were
obtained. Thus, orcinol condensed with clhjrl acctoacctate and gave S-hydroxy 4,7-

dimethylcoumarin (XXXII)“'“

OH C‘)H CH,

- ] + CHaCOCH,CO2El — ~

' N
HeC” X “OH H,C oo

{ XXXil)

Also, the condensation of ethyl ester of Methoxy pyruvic acid with 4-

chloro-2-methylphenol in presence of sulphuric acid gave 6-chloro-8-methyl-4-

carbethoxy coumarin (XXXIII) as main product and spirodilactone (xxxIV)“.

11




Cl, CO.E cl
2
@\cnzcocoz Et
2
~ou oo

CH,3 CH,
{ Xxxim) { XXXIV)

Bechmann condensation of 3-dimethyl aminophenol and a-acetamide ethyl
acetoacetate yielded directly the substituted 3-acetamido coumarin (XXXV) which
was readily converted into N-[7-(dimethy} amino)-4-methylcoumarin-7-yl]-maleimide

(XXXVD%.

| + CHy COCHCO, Et —»
MeN X
m <.> (xxxv)

{ XXXVI)

Bechmann condensation had been carried out with ethyl benzoyl-
acetatem’m.-'l‘hus ethyl benzoyl acetate condensed with phloroacctophenone and gave
8-aceiyl-5,7-dihydroxy-4-phenyl coumarin (XXXVID) and 6-acetyl 5,7-dihydroxy-
4-phenyl coumarin (XXXVIII).

Ethyl benzoylacctate condensed also with 2-hydroxy —4,6-dimethoxy

12




R'CH (CO2Et) —— L | ( XL1) c
N OH

( XLI)

Benzocoumarins (XLIH) were conveniently prepared in one step synthesis by

the ternary condensation of aldehydes, malononitrile and 3-cyano-4-methyl-

coumarin".

Me

CN
~ CH, (CN),
00 RCHO

{ xvitr)

Maleic acid condensed with substituted phenol and gave the coumarin

derivatives (XLIV)’”I-

14




3 |

a R
R CHCO, H ™~
*
. CHCO,H 2 0o

2 OH z R

R R

( XLIV)

Dicoumarinw was obtained by Bechmann condensation of pyrogallol with

malic acid in the presence of concentrated sulphuric acid at 100-2°C-...

CHzCOZH
OH

HO
/
‘ N0 OH HO

Substituted benzopyranones (XLV), naplllhopyranones (XLVD and (XLVI1)

cr(orbco H

CHzCOZH

were prepared by cyclocondensation of phenols with citric acid in the presence of

concentrated sulphuric acid®"*,

~ R
R !

N
\\/\OH R
g oo
on (xwv)
| -
l/;\]//\' O \’\
CH, COOH ) P /k L
| §/ >~ = AN R
CloH)cooH So°H 280, \/‘ U‘ P nl/
! - :
CH, COOH ~

{ XLvt)
NG OH R~ o
T Iy
AN N
~ r
N
{ XLvir )

15




)< Also, the reaction of orcinol, resorcinol and/or phloroglucinol with ethyl-f-

amino-crotonate in the presence of a catalyst as sulphuric acid, phosphoric acid or

titanium tetrachloride gave the coumarin derivative (XLVIII)”'”:

R  CH,
- |
RO '/ OH o 2
+ CH4C { NH,)u CHCO,Et—— |
> . HO \ o (o]

OH
{ xXLvm )

By means of the Iloesch reaction 3-phenyl-7-hydroxydihydrocoumarin

(XLlX)"’” had been prepared from resorcinol.

OH ph

( XLIx)

Cycloaddition of substituted phcnols with the nitrile derivatives (L) gave the

3-cyanocoumarin derivatives wn®®.

(L) (L)

4-Substituted phenyl-3,4-dihydorcoumarins (LII) were obtained by the

reaction of substituted phenol with cinnamic acid or its derivatives® .

16




-~
CH =CH COZH “R?

Methyl-2-0x0-5,6,7,8-tetrahydor-2 H-1-benzopyran-3-carboxylate (LIII) was
prepared from the reaction of cyclohexanone with methoxy methylene dimethyl

malonate“.

o o

O .
+ CH,OCH=C ( CO,Me ), ——*
U 2 €O Me

(L)

The reaction of (Z)-oxazolinyl (phenylthio) styrene (LIV) with NaBH,CN
followed by butyl lithium and then quenching with methyl iodide, deprotection-

lactonization and oxidation elimination gave coumarin derivative (LV)”.

CH,

| |
N ~——CH
H300Hzc (e // > a
H \C \O o 9]
oC=

c ~ -
\Sph ———em el I .
2 Me

(LIV)

17




Cyclization of the cinnamic acid derivative (LVI) with resorcinol
monomethylether in the presence of polyphosphoric acid gave 7-methoxycoumain

in a single step which involves transfer of theC,-unit of cinnamic acid to the phenol

used”-
CH=CHCOH '
1
72N -~ ~
O ———
| + |
~ X CH,0 0" N0
CH 3
HaCO OH 3
OH o
(i)

Recently,3-phenylcoumarins (LVIII) were obtained on heating (E)-a-

7
phenylcinnamic acids (LVII) with pyridine /phosphorus oxychloride .

(Lvn) {Lvin ) 4

The Bechmann condensation has also been carried with unsﬁturnted
dicarboxylic acids or their related compounds. The reaction of resorcinol with
methyl acetylene dicarboxylate and ZnCl, gave 7-h ydroxy-4-carbomethoxy coumarin
(LIX)”. The reaction of ethyl phenyl propiolate with resorcinol yiclded 4-phenyl -

7-hydroxycoumarin (LX), (LXJ)%485.86-88,92,98,

18




CHZ0,CC = CCO,H 4 | AN
Zncl, HO X 070
OH
I (LIX)
) R—
C.H
AN OH |®s

CH,C®C - CO,CH, < J
> | +
ZnCI2 o)

IIT) From salicylic acid derivatives:

Acylation of the sodivm derivatives of ethyl acetoacctate by substituted

©-acetoxybenzoyl chloride dcrivatives  gave 3-acetyl-4-hydroxycoumarin

09,100
(xin .
Also, the reaction of the g-acetoxybenzoylchloride with ethyl acetoacetate

40% NaOH and deacylation followed by cyclization and hydrolysis of intermediate

(LXIIH) gave 4-coumarinol (LXIV)!L

19




{ CHyCOCH,CO,C,H,) N&

>
R
{LXH)
cocl
—— COCH,
NOCOCH é}CH
R 5 CH,COCH,CO,Et P9,
> CO,Na
R OH
(LX)
OH
I 1
- | .
~
R 070
(LXIV)

Claisen condensation of methyl acetyl salicylate yiclded the substituted

coumarins (LXV)'%,

OH
_R
CO,CH, Na N
_—
240
©:c>cocn2 R Y
(LXV)

The condensation of ethyl cyanoacetate with acetylsalicylic acid chloride gave

3-cyano-4-hydroxycoumarin (LXVD'®.

20




L J

cOClI
CN
OCOCH, >
{Lxvl)

IV) From quinones:

Aminofumarate derivatives on treatment with pbenzoquinone in the
presence of zinc chloride or borontrifluoride in ether gave an adduct which
decomposed in water and gave 3N-substituted amino-4- carboxylate-6-hydroxy-
coumarin (LXVIIa)and(LXVIIb)lM’los.Wﬁen the reaction was carried out at-75°C it

gave 3,6-dihydroxy-4- carbethoxycoumarin (LXVII¢ Y.

COOR
CH-CO,R HO [ '
+ ‘ | 2 ” NG R
R'NH - C-CO,R _
o~ oS
{LXxvil)

V) From-o-hydroxyphenyl ketones::

4-Hydroxycoumarins (LXVII)) were obtained by treatment of

substituted 2-hydroxy acetophenone derivatives with dicthyl carbonatel“mor an

equivalent of selenium and carbon monoxide'®.

21




o o
@
N
8
I
%
Do -
\
2\
R/
I,

R T, OH l‘
R R
(LXVIH)

Ahluwalia and his co-workers''’

suggested that 5,7-dimethoxy-4-
propylcoumarin (LXIX) was obtained by ring closure of W-butyroyl (2,4-dimethoxy-

6-methyl) acetophenone.

H_CO o0
H O~ CH, HBr/Ac,0 3 =
i —_———p l
. >~ Z
NCOCH,COCH,CH,CH, ,
OCHa ()CH:3 CH ZCHcha
(LXIX)

The reaction of Q-hydroxy phenyl ketones with N,N-diethylacetamide

derivative and phosphorus oxychloride gave the coumarins (LXX)!!1}18,

R’ - R R
3 4 R3 I I R4
R co R' R CH,CON Et, N N
POCI, ! A
~ oH oo
{ LXX)

The substituted cousnarins (LXXII) were obtained from phenol derivatives

(LXXD) and a-substituted carbethoxy methylene triphenyl phosphorane!*!'*,

22




4 .
: s 1
R CH R\~ -0~ 0
+ phyP=C-COEt —« |
R , P 1|a5 nz/Q\;‘r\Rs
R | : R R

R

(LXx1) {LXXI)

Similarly, the reaction of O-hydroxy phenyl ketones with phenylacetic acid

yiclded the coumarin derivatives @Lxxnme,

2
R
3

F
R\~ COR'
]\ [ +  CgH CH,CO,H
OH

V1) From acrylo compounds:

{ LXXI)

3-(2-Furyl) coumarin (LXXIV)'' was synthesised by cyclizing 2-(9-

methoxyphenyl-1-furyl acrylonitrile) with pyridine HCL.

o OMe o

: o

o CHe C— O @
= - ~ O\
i T
(Lxxiv)

3,4-Dihydrocoumarin (LXXYV) and (LXXVl)nawerc obtained by the reaction

of 2,5-dimethylphenol with acrylonitrile.

23




. CH, CH,
/CH ! I

N CHCH,CN HO\ _~
CH,= CH-CN J | . m |
HaC/\\ ~o \’ V\CHchz
CH3 CH, (!:N
{LXxVv) {LXXVI)

5,6-Benzo-4- (p-bromobenzoyl)-3,4-dihydrocoumarin (LXXVID'Y was obtained

F

by the reaction of B-naphthol with p-brome benzoylacrylic acid.

COCH = CHCO,H l// \]‘ co—~ |
/l i / > Br
J — U
\l X N0 Vo
Br
{LXXVI )

VII) Ortho- lithiation reaction:
Substituted 3-ethyl-3,4-dihydroisocoumarins (LXXIX) and 3,3-4,4-

tetrahydro-8,8-bisisocoumarin (LXXXI) were prepared by ortho-lithiation of the

corresponding N-methyl benzamide (LXXVIII) or the diamide (LXXX) with butyl

lithium followed by alkylation with an alkene oxide™%,

. o
CONHMe l
- i) BuLi ~ o
il CHBCHacH ——-C:: , /J\
R \0/ R Et
( Lxxvin) { LXXIX)
CONHMe CONHMe Me YMG
i) BuLi
ii) C!-tscH-‘»c:H—---—(:H2
(LXXX
XX ) {LXXX1)

24




VIII) From chromene:

Refluxing chromenes (LXXXII) in concentrated hydrochloric acid (3M)

gave 41-85% coumarins (LXXXIIDm

|
2 CHO
reflux R~ | A
/r\ 3MHCH Ra/ x 0~
|4
R

( LXXXI ) { LXXXI)

IX) From chromone:

When the chromones (LXXXIV) were oxidized by m-chloroperbenzoic

acid hydroxy chromones (LXXXV) were obtained with small amounts of 4-hydroxy

coumarins (LXXXVI)IB;

O — S0 AQG!

(LXXXIV) {LXXXV) (LXXXVI)

25




X) From Chromans:

Benzodipyran-2-ones (LXXXVIII) and benzodipyran-2-one (LXXXIX)

were oblained by Witting reaction of hydroxy acetyl chromans (LXXXVII]) with a-

methyl carbethoxy methylene triphenyl ph(ISphcu'aneml .

P
2
Me O Z R Me
Me |l +*phpP="C-COEt  Me
N AC | 2
I N Me
1

—
R
( LXXXVI) : ( LXXXVII )
Me\ Z o (o]
+ Me/o |
~

'/ Me

(Lxxxix) Me

‘XI) Miscellaneous:

A)-Baeyer-Villiger oxidation of the danones (XC) and dehydrogenation

of the resulting dihydrocoumarins afforded the 4-substituied coumarin (XCI)IZS P

R
| R
-~ AN,
[:J\j\—)\ —
[0 PN
( XC) °
{ xcl)

26




B)-Palladium-catalysed reaction of 2-iodophenol, carbon monoxide and

norborandicne gave fused benzopyranone derivatives (XCII which underwent retro-

Dicls-Alder reaction and gave coumarin (Ia) and cyclopentadienem.

4,
SO UG

( Xcn ) (1a)

C) The U.V. irradiation of air-saturated alcoholic solutions of 3-acetyl - 3,4

diliydrocoumarin (XCIII) yiclded 3-acetylcoumarin and 3,3-diacetyl-3,3,4,4-

127
*

tetrahydro 4,4-biscoumarin (XCIV)

( xcm)

D) Reaction of ethyl propynoate with 3,4- bis (trifluoromethyl) furan afforded

27




a nmtixture of isocoumarins (XCVI) and (XCVID in the ratio 52:9 produced by Dicls-

Alder cycloaddition of the alkyne to the @, B-unsaturated ester function of the

initially formed 1:1 adduct (XCV) followed by opening of the oxygen bridge and

elimination of ethanol'?*.

0.
O
CE,
CE HC=C-COOEt o
3 —_——r—pn
\ Ch ~ CQ, Et

I N
/\/ CQEt ( XCVI )

A
CE, (I)
CF, =
{ xcvit) COE

28




REACTIONS OF COUMARINS

I) Hydrolysis:

The action of alkali'® upon coumarin is varied and dependent upon

structure. Coumarin, as lactones was rcadily hydrolysed by alkali to salt of the
corresponding coumarinic acid (XCVIII) which usually cann'ot bé isolated as the acid
revert immediately to the coumarins. The coumarinic acids were found to have the
cis-configuration and were converted by prolongated treatment with alkali into salt

- . 1
of the more stable trans-coumarinic acid (XCIX)I:m 31,

i
NaOH =C
3 ' N -+
- | cO Na
i - HCI ~
"o O ONa

"{ xcvin)

- COONa
=C
~ -
e | H OH
X"~ ONa

{ XCix)

3-Phenyl coumarin (€)™ reacted with sodium hydroxide and mercuric oxide
and yielded trans- @-hydroxy-a-phenylcinnamie (CD™ while with sodium hydroxide

only the cis-isomer (CI) was obtained.

29




H

H
| . COOH | & ph
~ c= c\ y NS y c= 4
| ph Na OH | a OH | COOH
N — I~ ~ ~
X oNa HgO 0o~ ~o OH
(ct) " (c) (ch)

Treatment of 4-methylcoumarin (XXVIII) with sodium ethoxide yielded bis-

dihydrobenzofuran ketone (CIII).

CHy CHa CHa
l C,HONa d N
~ | o - ’ Cc | e
NG o Yo
o
{ XXVIit ) ' (cm)

On heating 4-chlorocoumarin (C1V) with sodium hydroxide in dioxane, Q-

hydroxyphenyl propiolic, (CV)**was obtained.

Cl

- AN csC-
l NaOH 7 , C-COOH

ny . .

o~ o dioxane =

CH
{CIV)
{CVv)

II) Oxidation:

The oxidation of coumarins by alkaline K,S,Osl"fntroduced a hydroxyl
group in the 6-position, but {f the 6-position was eccupicd, no oxidation took place.

30




Thus,oxidation of 4-methyl 7,8-dimethoxy coumarin (CV]) gave 4-methyl-6-hydroxy -

-7,8-dimethoxycoumarin (CVII).

] a
HO
K2SL0q N e l ~
=~
H,CO 0o
' OCH,
(cvin)

Oxidation of coumarins with permanganate usually causcs extensive

degradation to salicylic acid derivatives, while chromic acid is relatively ineffective

reagent, it is not included to attack the pyf‘ou(& ringl“’u’

138,139
I

Rios et a reported that ozonolysis of 6,7,8-trisubstituted coumarin

(CVHI) gave the corresponding substituted,salicylaldehyde(CIX).

y CHO
o, ~ |
T >
1
A OH
2
R
( cvin) (cIX )

Oxidation of coumarins (CX) with sclenium dioxide gave the acylcoumarins

(CXDMo-142 .

11




Sodium and alcohol convert coumarin (I) into (o -hydroxyphenyl) propyl
alcohol (CXVI).
Hydroboration of substiuted coumarins (CXVIL) followed by oxidation by using

chromic acid gave 4-chromanones (CXVIII)I“.

1 A o)
R\
e ~ BZHB -
~ A 4 I I
o0 ™o XN
( CXVH ) ( CXVill )

Coumarins (CXIX) were treated with Me,S-BII, complex to give 2H-

chromanes (CXX)4" "

3 R
R | 1
R
Me S - BH, | X
Complex R o
(Cxi1x ) { Cxx)

The reduction of 4-substituted-3-nitrocoutnarins (CXXI) with Na,S;0, gave

. s . \ v
(CXXII), a direct substitution of the nitro group for an amino groupm’ , a hydrogen

148,149

atom and amercapto group“’ .
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-~
/, AN 7, xR
S — [
o oo
( Cxx1) N {cxxi)
A = NH,H,SH

IV) Action of amines:

Heating coumarin with secondary amines in absolute alcohol yielded

B-substituted amino- 0-hydroxyhydrocinnamic acid amides (CXXIII) and ©-hydroxy

. 150,151
cinnamamid (CXXIV) .
1
NRR
1
CH-CH,CONRR
1
~ | ~ RR NH ~
S d I *
0~-~ -
o OH
{ cxxin)
CH= CHCONRR'
(Iou

{ CXXIV)

Reaction of dibromodihydrocounmarin (CXXV) with acetamidine or

benzamidine gave dihydropyrimidines (CXXVD'®,

34




Br ' N—H
~ o I
0o X OH
{exxv) ( CXXVI )
153,154

Thiazolyl coumarins (CXXVID) were prepared by condensation of 3-(w-

‘bromo acetyl) coumarin with arylthiourea derivatives.

S

COCH_Br H R
Ar NH-C—-NH32 .

( CXXVil)

155-158

Sammour et al y reported that treatment of 3-carboxycoumarin derivatives

with primary aliphatic and aromatic amines afforded the corresponding carbamide

derivatives (CXXVII]).

R /l Xy~ COE ANH, PN X CONHR'
—_ ]
N o) XN o0
( cxxvin)

11ydroxyéoumarins (CXXIX) reacted with hydrazines in boiling acetic acid to -

form pyrazolones (CXXX)'™ -
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R~ X COR’ 2 R y c R
| R'NHNH, \r/\Tr/ | i
X0 — I~ N

.
0
Non Ho N7

{ CXXIX ) { CXXX )

The reaction of 4-hydroxycoumarin with different sul{adrugs afforded the

coumarins (CXXXD)'® "

v 3 Z
- | + HN- SO,NHR— [ | N
A
o 0 XN 00
{ CxXXxXl)

When 4-hydroxycoumarins and o-aminobenzaldchyde were refluxed in
cthanol containing piperidine, benzopyranone (CXXXII) or benzopyranoquinoline
(CXXXIIT) were obtained depending upon the time of reflux. While on heating it
wilh 2—aminolhiophenql in dimethylsulphoxide gave benzopyranobenzothiazinone

(CXXXIV)'®,
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&
. CHO
OH ~ — N7
| r\]l/ \I/
-~ A X (P CHO N
AL - O
oo X No 0 X N0 0
( cxxxit ) ' { CXXXII )
C[ 2
-~
HN
f s
(o) 0

{ CXXXIV)

3-(Chloromethyl) coumarin derivatives was treated with amines and ‘gave

aminomethylcoumarin derivatives (CXXXV)

Me
R N
oo

162-165

m CHNA R’

{ CXXXV )

Amidation of 3-carbethoxycoumarin and p-NH,C . H.SO,NIIR, p-A¢ HNCJ,-

SO,NHNII, gave (CXXXVD) and (CXXXVID'®.

A _CO,Et

P-NH,C H,50 NHR m -~ CONHCgH SO NHR-P-

{ CXXXV1)

INH NH SO,C_H NH Ac-P- C(j[commﬂso ,CeH WNAe-P

( CXXXVI)
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Treatment of 3-carbethoxy-5,6-benzocoumarin (CXXXVIID) with anthranilic
acid in refluxing benzene gave 3,4-dihydro 5,6-benzocomarin (CXXXIX). The action O P |
") o anthranilic acid on (CKXXVII without solvent at 170 °C gave (CXL), cyclization

of (CXL) with Ac,0 gave 3-(3,1-benzoxazin-4-one) §,6-benzocoumarin (CXLD'® -

) 9
| CO,Et

N CO,Et  2-NH,C H COOH NN
I ~ o o CgHg " \/ o o
{ CXXXVIL) ( CXXXIX )
CO,H

3-Ureido methylene coumarin (CXLII) was prepared by cohdcnsation of

substituted urea with 4—hydroxyc9umarins in the presence of ethyl ortho formate'®®,

: 0O o
]
r/\”)JYCHNH - C - NHR
NN~
(cxun)

V) Action of Grignard reagents:

It was found that'**'"® coumarin (Ia) reacted with Grignard reagents to give

products may be 2,2-dialkyl-3-chromene (CXLI1s2-alkyl-2-hydroxy-3-chromene
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Reactions of arylcarboxamidonaphthopyranone (CLD) with R'MgBr gave

arylcarboxamidobenzoyl naphthyl ethylene (CLII) ,whereas with R'MgBr (R'=C,,

179

alkyl) gave (CLIII)"““and with PhMgBr gave the alcohol (CL1V) .

M)
l
X N0 N0

(cL)

R2MQBF
\
’ <|3 - CONHR
X OH COR’
{ CLI)
2 A 1
R MgBr m R
_CONHR
o ~o0
{cLin)
PhMgBr

(cuv) PP

El-Kady et al'®! » found that acetyldihydropyranobenzopyrandiones (CLV)

reacted with Grignard reagents and gave I-methylalkyl (or aryl) carbinol-4a-1b-

dihydro-2-methyl-9-bromo-411-5H1, 4-bisalkyl (or bisaryl) pyrano [3,4-C]-(i) 5,5-

dialkyl (or diaryl) chroman (CLV]).

{cwit)
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VI) Halogenation:

Bromination of coumarin (Ia) led to the formation of 3-

2,3

bromocoumarin (CLVII) ‘which can be also obtainded by means of N-

bhromosuccinimide.

~ ™~ Br
I - | =
~
00 .
N o-~o
) (e

Also, 3-chlorocoumarin (CLvm)m can be obtained by chlorination of
coumnarin (Is) in acetylene tetrachloride.

v S s > /CI
Cl, ‘ |
\ h
07 NS 0 "‘o
(L) { cLvi )

Substituted 3-iodo-7-dialkylaminocoutnarins (CLX) were prepared by the

reaction of the-7-dialkylamino coumarins (CLIX) with iodine in dioxane or T.H.F.

as the organic solvent in the presence of pyridine as catalyst in the molar ratio of

coumarin/iodine/catalyst = 1:(4.6):5 at 20-40 oCiss,
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R aty
I ~ |
> - X
(nz)zn 0" "0
{cLx)

(CLIX)

The bromobenzyl benzopyran (CLXII)  was prepared by treatment of

coumarin (CLXI) with HBr.

mmohc%a Xy Heren
0”No _ ” @\/OIO

(CLXD} (cLxm

3-Perfluoroalkylated coumarins (CLXIV) were prepared by reaction of

coumarins (CLXII) with perfluoro alkyl iodides in presence of sodium

iiydroxymethane sulfinate'®

R R

| .

NS i1 N
oo

R 0" No S A 0o

[R*=C M,,,CH,,, CICH,,CICF 5, CIC,T ..
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On the other hand, the regioselective reaction of coumarin (CLXYV) with

R(CO,), in a solution of methylene chloride and CF,CI-CCLF gave 3-perfluoro-

alkylated coumarins (CLXVI)m.

R R
‘ l R2
Ny ~
B! - QLT
R' oo 0”0
{ CLXV) ( cLXV1)

) ‘
[ R“GF, (CF, ), GF5,CF 4(CF; Jal

VII) Michael reaction:

Active olefinic double bond was added to 4-iwdroxycoumarin in
- 189191

position-3-with the formation of the 3-substituted 4-hydroxycoumarin (CLXVID

n—-O
1
O—2
xI

O
)
o—
 §
[ lle v}
3
S
°§ /;
Q
n,-

( cLxvil)

On the other hand, arylisocyanate, arylisothiocyanate, benzophenone, Schiff

bases were added to 4-hydroxycoumarin to g..ve the corresponding 3- substituted -
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cthoxide and gave (CLXXID and (CLXXIV) or (CLXXV) and (CLXXVD

respectively. CH3a o

H,COC._ H,coC M

v

R CO,Et R @
N NaOEt P ~o =0
—_———) +
O CH, (COHs), o ~o o=
{ cLXXm) ( CLXXIV )

I
Hscoc\(l\b Et0, C
R )
> . +
. "‘0 N o

( CLXXV ) { cLXXV1)

Michael addition of benzocoumarin (CLXXVII) with acrylonitrile and

methylacrylate gave (CLXXVII]) and (CLXXIX)I” respectively.

scnzcnzcozﬁ ‘ SH
™~ CHo=CHCN
CH= CH-COzMe _—
O - OO .

( CLXX1X) _ { cLXXvil)

‘ "
‘ Ny SCH20H20N
0o

( cLXXVill)
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Also, photocycloaddition reactions of aminocoumarins with styrene afforded

adducts (CLXXXD*®,

" oh
L ]
HI P
H -~
i |
Hy G = CH - Ph .

HN-" eSANY HN-" o

{ CLXXXH)

Recently, photocycloaddition of trans-stilbene to coumarin (CLXXXIII) gave

55-63% adducls (CLXXXIV)”’.via a stereoselective [2+2] cycloaddition at the 3-4

bond.
] .
N ph_ CH =CH -ph :."" ph
>
Et,N 0o EtN 0o
( CLXXXill ) ( CLXXXIV )

The pd-catalyzed reaction of 2-1CJ11,011,CO, and norbornadicne gave fused

benzopyranone (Ia) which underwent retro Diels-Alder reaction gave coumarin and

cyclopentadiene (CLXXXV)ZM.

{ CLXXXV )
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Also, naphthopyranonc (CLXXXVI) reacted with P-O,NCJI,CHO gave
(CLXXXVII) which underwent cycloaddition with maleic anhydride to gave

05
benzonaphthopyranone (CLXXXVIII) -.

o o]
I
P |
CHy OHC -CgH,- NOs P CH=CH
- Ca H4N02‘ P
( CLXXXVI) { CLXXXVI)
o
1
o ° '
|
| 0
@ !
i
‘ N
m
( CLXXXVII) NO,

More recently, 4,7-dimethylcoumarin (CLXXXIX) reacted with CH,CHO in

the presence of pyridine afforded the ethylene benzopyrans (XCC) which upon

' ) 206
treatment with maleic anhydride gave the isobenzofurobenzopyrans (XCCD .

hlﬂﬂ (I:HZCH—CQ H5
), —e== 0
- ~
Me o Me o o
( CLXXXIX) { XCC )
Lo}

0 | o
| ' i o
g

QLL

{ Xccl }
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PART II

CHROMONES

Chromones (II) are substituted heterocyclic a,B-unsaturated ketones, they
can be considered as benzoderivatives of 8-Pyrone.

0

(Id)

SYNTHESIS OF CHROMONES :

Chromones could be synthesized by one of the following methods:

I) From o-alkanoyl phenols::

Cyclocondensation of @-alkoxyphenyl ketones (XCCII) with an ester

gave the chromone derivative (XCCIII)”““.
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RS i oa‘ R
3 5 | a
U R CO,Et R o~ _R
¢ " COCH,R? i O‘
R | 2 Rq . n2
T
R RT O
{ Xccn ) { xccil)

2,3-Disubstituted chromones (XCCYV) were also obtained by alkylation of the

p-diketone (XCCIV) on the active methylene group followed by cyclizationm'm.

L]
OR 1
OR
@ C,HONa @
~ 2_
COCH, COR’ R™- X N cO-GHEOR

{ XcCiv ) 2

R
O /F!
| HI
2
! R

O
{ XCCV )

A 4

A

The cyclization of 0 -alkoxy-B-dikctones was carried out by hydroiodic acid,
or in the presence of acetic anhydride or by hydrobromic acid in acetic acid®® or
thermallym. If a free g-hydroxyl group was present sulpuric acidm, hydrochloric
acid’ “, sodium acetate in acetic acid, boron trifluoride were sufficient distillation
under vacuum bad also been reported to affect cyclizalionsf .Alos 6-bromo-7,8-

benzo-2-methylchromone (XCCVI) was obtained via the condensation of 2-acetyl-

4-bromo-1-naphthol with ethyl acetate in presence of sodium pellets which followed

+

by eyclizationm-
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Br ’ Br

Me Me
- I OH BCHy CO2Et < OH
~ ii ) Na " ~ I
. (o]
Br |
I
~ l /\Me ) conc. sto4
\ -
{ XCcCcvl)
L 2132

Similarly, the chromanones (XCCVIIL) and flavanones (XCCVIIL) were

obtained from the g-hydroxy acetophenones (XCCVII).

R1 2 ‘? 4
2 \ oH : R ° R
R Ve
> P l A
R’ COCH, R o
Vil
{ XCCVIl ) ( xcovl )
R R* ref.
a, 11 Ol 231

b, P-CJILF II 232
Heating the 2-hydroxy chromones (XCCVIIL) above their m.p. gl‘forded

the cthylene derivatives (XCCIX) which were cyclized to dioxdbisbeniopymn

derivatives (CC) by selenium dioxide®™"
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o o) T
R? na\ C_cl; -CO J g
L “
. 07 Non , RZ/QJ\/:[OH R2
. Fl1 R!

R?
{ Xxceviie) ( XCCix )
1
Q R
3 2
R
- R
l
SeQ
2 0" NoH & «—2

R
(cc)

Claiscn condensation of 2,3-diphenyl-6—mcthoxy-s,'l-diphcnyl acety! benze-

furan (CCI) with ethyl acetate gave chromone derivatives (Ccip®s3.

ph o °
NGy CO, CH,, ph |
| CH, CO, Et
5)
-————_____*,
7~ ocH,
COCH, Ph COCH _pn
(cor) (cen)

Chromones (CCIV) were prepared by treating 2-hydroxypropiophenones

(CCHI) with dimethy] formamide, boron (rifluoride-cther and dimethylsulphonyl

chloride®,
RZ R?
‘ .

HO - OH RO o

—_— ,
COCH, CH, Me

Rl R‘ 0

( ccm) (cciv)
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Recently, treatment of the ether (CCV) with ethyl orthoformate and

morpholine in dimethylformamide gave 7-isopropoxy isoﬂavong (ccvp®

COCH ?h
/Ej: | > l
4 o)
OH Me,OHC

(Ccev) (cevl)
A modification of Claisen condensation was carried out using methyl-¢-

ph

MeZOHC

met'hoxybenzoatemm » methyl 2-methoxy-3-naphthoate and methyl 1-methoxy-2-

naphthoatem and acetone or acetophenoneﬂ""’238 and gave the corresponding

chromone,
OCH, OCH o. R
- 4 8 //\ 3 HBr
/ICH,CO,H
CO,CH, COCH,COR

B-Diketone prepared from acyl and aroyl derivatives of g-hydroxy-

acctophenones by an interamolecular Claisen condensation could be easily cyclized

. 227,228,239-241
to the corresponding chromones (Ccvh A28,235-341,

HC O, C (o) C_H
HBCGOZCUOCOCSHS 5 8 2 I I ]
HGCGOZC OH
( Ccvit)
COCHZCOCGH 6
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Ester other than the benzoate have been usedm'w.

Cyclocondensation of an alkanoylphenol with cinnamoylchloride, gave the 2-

styrylchromonesmm (CCVIII).
CIFBHs
OH._ OH H,C HC = HGO,C o CH=CH
C,H,CH = CH CO Cl 1
~> ~ 1
COCH,‘,FI1 | R
R
( ccvin )

2-(2-Furylvinyl) chromeones (CCIX) were prepared by successive esterification

of Q-Ilydroxyacetophenones with g-2-furyl acrylic acid or its chloride, Baker-

Venkataraman rearrangment, and cyclizationm’m.

R
RZ L OH

Me ~
3 XOC o

X = Cl, OH { coix )

Condensation of 2-hydroxyacetophenones (CCX) with cinnamic anhydrides
in the presence of tetrabutyl ammoniuin hydrogen sulphate gave 1-(2-hydroxy-

phenyl) 5-phenyl-4-pentene 1,3-diones which on cyclodchydration using prtoluenec

&
sulphonic acid in dimethyl sulphoxide gave 2-styrylchromones (CCXI)’ .
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NN
| |
| e
0 |
>
R2
{ ccx1)

Chromones (CCXII) were prepared by cyclocondenstation of substiluted w-

chloroacetophenone and RCOCI in the preseance of .Ph3P15°-

H.C COCH Ko
\[:::I: +RCOCI——~—————)
OH

( CCXII )

Condensation of @-hydroxyacetophenone (CCXI1ID with 2-methoxybenzoic
acid gave 2-(2-methoxybenzoyloxy) acetophenones which underwent rearrangment

cyclocondensation and gave 2-(2-methoxyphenyl) chromones (CCXIV)m.

OMe
0

HOOC oH \
COMe ’I:::J :I::i]i

COCH3
( coxn )

f
o 55
(cexiv)




Furylchromones (CCXVI) were prepared by condensation of (CCXV) with

furfural, followed by cyclization with DBU™®,

CQCH CODh
@ ‘[_J—-’@
OH

( CCXV
) 0 /

COR

COCH COph

g

O
e
{ CGX

Recently,3-arylidene ﬂavanones (CCXVII]) could be formed only from 2-

hydroxyacetophenoncs (CCXVII) bearing 5-OII group. (R=OIL1I) during conden-

sation with aromatic aldehydes in alkaline medium®>®, The observed inability of )

(CCXVID (R=H,0Me) in this respect condtradicts the findings of several recent

reports.
R OH R o~ _-R?Z
j@( + RCHO _— >
R COMe ; R RCHR®
( CoxXvil) °
{ coxvi )

II) From phenols:

(A): Phenols can be converted into f}-phenoxyacrylic acids by adding

the sodium derivatives to either cthyl acctylenc dicarboxylate, ethyl phenyl

254 265
prmpolate or ethyl propiolatein toluenc or ether ',

Similar products are also formed when ethyl chlorofuniarate, ethyl B-
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chlorocinnamate is treated with sodium phenoxide.

The B-phenoxy acrylic acid (CCXIX) obtained by saponification can be
cyclizcﬂ to chromones (CCXX) or flavones (CCXXI) cither by acetylchloide or
sulphuric acid®™® This method has been used with various substituted phenols,

naphthols, thiophenols257 2-hydroxybiphenyl and 3-phenanthgrolm.

R- c GH.COOCM E::]\, —_
RC =C .COOCH, o-? = CH - COO CH,
R
|| NaOH |
CH- C-ClI
@ |
™0 -C aCH- COOH
I
R
{ CCXX ). R = alkyl

Fitzmaurice’> has been found that the reaction of 5-(2-cthoxyethoxy)-2-
ethylphenol with dimethyl acetylene dicarboxylate in the presence of CGHSCHZMQN-
OH' leads to the formation of 5-(2-cthoxyethoxy)-2-ethyl-8-phenoxyfumaric acid

(CCXXID which was cyclized with sulphuric acid to chromone (CCXXHI).

H
HC CO(CH)O

g 2
/\©\ H2804
HOOC ) O (CH) OCH J
22 2 &

AN c—" cycllzatlon
|
PN
COOH

T

{ cexx) ~(cexXxXIn)
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l}-Chloro-a—halo-l}-aryloxyacryl chloride (CCXXIV) were cyclized with

aluminium chloride in carbon disulphide to the corresponding 2,3-dihalochromene

260
(CCXXV)  which on hydrolysis followed by treatment with POCl;gave the isomerie

26!

(CCXXVD . o

cl Ié o OH
- | X
c—X X
Al C'a ™~
i e el
C N
cS
o o ? cl ~o
R R R
( COXXV)
X = Cl or Bu Ci
{ CCXXIV) , X
N POCI 4
\ -
(coXxvi) R’ 0~ "0

Carbonylative coupling of g-iodophenols with terminal acetylene in the

2

b4
of palladium catalysts gave the flavone (CCXXVID

presence

o]

! |

_ Et,NH
OH | CO/pdCi

2 O

R oh
{ CCXXVIl)

(B): The Semois reaction in which phenol and ji-ketoesfer were heated with

263-212.

phosphorus pentexide and gave chromone derivatives (CCXXVIID)

O
|
CHacO - CH 2GOO Csz

4

OH PO
276 CH

R R
{ COXXVII)
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Substituled  2-c alkylamine  chromenes (CCXXX)  were  oblained by

- . . ) 273,274
cyclocondensation of suitable plienols with (CCXXIX) .

R
n’ I ,‘
P cna
* R COCH,GO El
~ o
n | (ccxrixX)
Rt n4

R= NEtzor NHEt , { CCXXX)

The dimethy] ether of eleutherinol (CCXXXII) has been made by heating the

corresponding a-naphthol (CCXXXI) with E.A.A. in the dbsence of acids? 22757,
OCH, OH H CO OCH,
COCH {\\r
) {
S SR
> |
co C2H, 1o, - ciLot
H,CO cH, H.O, - GH OH |
o
{ CCXXXI) { cCxXXit )}

211
Naphthioflavones (CCXXXHI) and (CCXXXIV)  were prepared by

.. Tocondensation of a-and B-naphthols with RCOCHL,CO,EL.

o

A~ AN AN,
@
| A 1

®

{ CCXXXit) ( CCXXXIV )

III) Kostanecki-Robinson reaction:

Acul 'mh)dudts in combination with their sodium salts lcaclcd with

o -liydroxyaryl-alkyl ketones and gave a product which depended upon the condit

5v




273-180 _
ions  ~ used in (he reaction and in working up the product, Hecating 1-acetyl 2-

Naphthol (CCXXXV') with acetic anh ydride and sodium acetate alforded 2- meihyl

1,4-a,B-naphthopyrone (CCXXXVD*® .

CoCH, N

_on | )Cf\ gocH,
‘O (CHCO 10 @I J
CH COONa (-
37 - o \cna

{ CCXXXV ) Ceexnvi)

The 1,d4-a,B-naphthopyranoncs (CCXXXIX) and (CCXL) and the a-naphthy-
flavoue (CCXLI) were obiained by ftreatment of 2-pl|cuyl:lcclyl-I-lmpllllwl
(CCXXXVID and 2-l5-phcnylpropiuny!—1-|mphthol (CCXXXVIL) with acefie

anhydride and benzoie anhydreide under the usual conditions for chromone

synthesis®®,
¢ H
65 oIt
x5 | cocH.c.H
o 2¥%¢" 5
-~ | ~ r 0 C,H COONa
~ ~ ' CH_COONa
{ coxt ) { COXXXVII )
CHg
. CyHy
07 =
| . €
A
{ CCXXXIX )
C H
N C it
i
OH o/j/ 2 o 6
C*H‘C H . . . .
e [ | 2% 5 (CBHSCO}“,O - \'0 '
~ ?
C H COONa J
6 &
( cexxxvin ) ( CCX1I)
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Baker™” suggested the following mechanism for the preparation of chromones
and 3-acylated chromones when an o-hydroxyacetophenones is heated with the
anhydride and the sodium salt of carboxylic acid.

a- Acylation of the phenolic group in (CCXLII) gave an ester (CCXLILY) .

b- The ester may be cyc}_izcd to flavone (CCXLIV) directly or rearranged to
the B-diketone (CCXLY).
C- The B-diketone (CCLXYV) reacts a gain with the acyl anhydride to ﬁve an

ester (CCLXVI) which cyclized to the acylchromone (CCXLYVID).
0

R

COCH
COCH, (G H_CO)0
C,H, COONa
OH R QCOCH a
( CCXL" ) ( CCXLl" ) rearrangment
COC, H, @\COC“ 2%9%6Ms /@cocu cocH
/C@ ococ H, B
{ coxLvi ) { CCXLVI ) ( GCXLV )

The formation of the Mavone (CCXLIV) from the acetophenone ester

(CCXLILD) has bcen a ccomplished by phosphorous pentoxide, hydrogen chloride

in_acetic acetic’® " potassmm acetate in boiling alcohol, or boiling acetic anhydridem
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Using trimethylamine instead of the sodium salt of the acid increase, the yield of
the Mavone from 10% to approximately 30%> Since the 3-acylflavone (CCXLVIT)
is a,B-diketone the acyl group may be removed by refluxing with aqueous sodium

carbonate’® or dilute sulphuric acid®,

IV) From chalcones & flavanones:

o-1lydroxychalcones (CCXLVHI) and flavanoncs (CCXLIX) may be
converted into flavones (CCL) by means of sclenium dioxidezss'zs’%r by phosphorus
pentachloride in benzene”?”or by chloranil™” or by DDQ (2,3-dichloro-5,6-
dicyaml,é—benmquinone)’”. »

Treatment of the chalcones dibromide (CCLI) with alcoholic potassium cyanide

or heated above the melting point under reduced pressure gave flavones (CCL)”’

Treatment of chalcones (CCXLVHI)”‘ or flavanoncs (CCXLIX) with

hydrogen peroxide afforded the flavanols (CCLID?*7%8-3%

ﬁI COCHBr CHBr R

( CCLI )
R o R‘
L 1 oH ' COCH = CHR
. H,O
2 - KI Se 02
R O R NaOH rZ OH
0 / NaOH R

1
2/“
R

2,3-Dihydro-5,7—dihydroxy-s-(3-mclhyl—2—bulenyl)-2-substituted aryl-4H-1-

{ CCXLIX )
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310,302

benzopyran-4-one derivatives (CCLIV) were prepared from chalcones (CCLIIT)

in 3 steps involving prenylation, cyclization, and dimethoxymethylation.
Me 2

~ R 3
RO OH R R
e I ﬂ1 RZ
~ HO
' COCH = CH R
OR
OH ©
{ ccLm) { CeLIV )

Stereoselective cyclization of the two enantiomeric chalcone epoxide (CCLY)

by hydrochloric acid, followed by methylation and preparative HPLC gave pure

aromadendrin trimethyl ether (CCLVD and its enantiomer’

Reduction of pure (CCLVI) and its enantiomer with sodium boronhydride

gave four flavan-3,4-diol trimethyl cthers {CCLVID).

R
| )
OMe
R .
) MeO 0 @/
—_— -~ I | NEBH‘
co 0 N - e
' | OH
R
ome ©
{ccLv) { ccLvi)
CMe
MeO o /©/
1 | OH
OMe oH R OOHZOM.
{ CCLVHI)

2-Heterochromones (CCLX)”‘ were prepared by cyclization of propenyl
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phenols (CCLIX).

(CCLIX) were prepared by condensation of 2-hydroxyacetophenones

(CCLVILD) with the corresponding 2-aldehyde.

. U o _"’@;/

0

{ ccLvil) Z= O,S,NH ( cCcLIX)

{ coLX }-

Dihydrochalcones (CCLXDformed by bromomethoxylation of the side chain
of 4,5 2RR (AcO) CH,COCH=Cliph, were found to produce mixtures of flavones

(CCLXID) and ourones (CCLXIII) when cyclized by aqueous ethanolic’ sodium

3Fo5,306
hydroxide
COCHBr CHph OMe R’ m‘(
( coLxi) (ceLxn) (coLxim)
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V) Miscellaneous:

(A) Several chromones (CCLXV) were also prepared by treating the

appropriate 1,2,3-benzodioxaborin (CCLXIV) (result from the interaction of 2-

hydroxyphenyl ketones with FB,. E{O,) with POCL-DMF or POClyAcNMe, followed

307
by hydrolysis .

5 5
P F i) PoCl,- DMF .o
R 0 R o _-R
B-F or POCl, - AcNMe: |
Ra ~ (!')4- ii) hydrolysis i Ra ~ R1
Fl2 91 R2 O

{ ccLxIv) { CCLXV)

(B) I-Iermenegildom’z'09 had shown that enol acetates of g¢-acetoxy
acetophenone (CCLXYV]I) led to the formation of either (CCLXVII) and (CCLXVIID

by photolysis or by U.V. irradiation.

1

: ORe. R
R1 I Rz l 0 CH
Photolysis ~ ¥
> + | | '
2 o
OAc O R |
0

]

1 C-0-C-CH

R /L I 3 ( coLXVI ) ( CCLXVII )
| ©H,
3
nz X T R
R o CH
( coLxvt) Photocyclization n/ 3
U.V. irradiation
o}
{ ccLxvill )
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C) Chromones (CCLXXI) were prepared by cyclocondensation of

salicylaldehyde (CCLXIX) with enamine (CCLXX)m'.

R
|
: OH P
+ o N CH=C( CONHCO,Et )z —
N—
R CHO
( CCLXIX) ( CCLXX)
R‘i
| o
-
L)
J ™~
R CONHCO, Et
o
{ CCLXXI)

(D) Benzoxathiin-chromone ring transformation:
The chromone sulfonic acid (CCLXXHI)mwas prepared by reaction

of benzothii (CCLXXID with hydroxylamine sulfate in the presence of pyridine-

acetic anhydride.

OH
CHO y
) SO, H
~ H, NOaSOa H T d 8
do oo l l

0~ 2 €, yridine S~

0 NH2
{ CCLXXIl) { CCLXXII)

(E) Mannich base salts (CCLXXIV) prepared from the corresponding
acetophenone, formaldchyde and dimethylamine hydrochloride were cyclized and

gave the 4-chromone (CCIX)_Ky)au.
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COCH ,CH ,NHMe ,.HC!I R

R
\©/ aq.kOH
—> I
R R1 0

{ CCLXXIV ) ( CCLXXV)

(F) 2-Butylchromone (CCLXXVI) was synthesized by cyclization of 1-(2-

hydroxyphenyl) 2—ynone5313.

OH O Bu
™~ _ G-

lc-c = C-Bu o

o ( COLXXV!)

(G) W- (3-ChromonyD alkanoic acids (CCLXXVIID) were synthesized by
cyclization of the corresponding methyl W-(2-hydroxybenzoyl) alkanoate

(CCLXXVID) with N,N-dimethylformamide-dimethylacetate or acetic anhydride

DBU followd by hydrolysis™* .

R - O R~ O~ R’
—_—
g S
T~
(CH, ) _4CO,H

2
CO{CH 2 }n CO.R >
o

2
{ CCLXXVH } R =Me, Et ( coLXXVIl )

(1) Similarly, W (2-chromonyl) alkanoic acids (CCLXXX) were obtained from
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cyclization of o-acetylphenyl ethyl alkanedioate (CCLXXIX) with DBU followed by

hydrolysism.
O
: 0
|
SO
iy |
€O, { CH,)_CO,Et o} (CHy) _ CO,H
( CCLXXIX ) { CCLXXX )
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REACTIONS OF CHROMONES

') Action of alkali:
The reaction of chromones with alkali is very valuable for structure

determination. and for separation of chromones from non hydroxylated
coumarins™ ,cold alkali or sodium cthoxide formed at first the ©-hydroxy f-
dikctone (CCLXXXD which cleaved under prolonged heating and gave either a

mixture of (CCLXXXID and (CCLXXXIII) or one of them.

0 R ONa
OH
| —_—>
! COCH - COR

| R ;
0 ’ R’
( CCLXXXI )
ONa ONa
: :CO-—CHZR1 : :cooua
( CCLXXXH ) ( COLXXXHI )

II) Oxidation:

Oxidation of 2-methylchromone with selenium dioxide in aqueous dioxane

gave chromone 2-carboxylic acid (CCLXXX1IV)*?,
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COOH
3 Se0, °

]
i o

{ CCLXXXIV)

Baeyer-Villiger oxidation of chromone 3-carboxaldehydes gave 3-hydro-

xychromone (CCLXXXV)*",

{ CCLXXXV )

3-Hydroxychromones (CCLXXXVII) were obtained by oxidation of chromones

8
(CCLXXXVY by 3-chloroperbenzoic acid .

R o) R o OH
| — |
o} e}
{ COLXXXVI) { CCLXXXVH)

t

Methylene blue sensitized photooxygenation of 3-arylidene 2-aryl-2,3 dihydro
-4H-1-benzopyran 4-ones (CCLXXXVIII) gave 3-aroyl-2-aryl-4H1-1-benzopyran 4-

ones (CCLXXXIX)’%,
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( coLXXXvill) { CCLXXXIX)

III) Reduction:

Reduction of chromones gave various products depending on the type of

reducing agent.

320 321,322

i-Catalytic reduction over platinium gave chrom-

or palladium

6335 (XCCC) and finally chromans (XCCCD.

eSS NG
—
O

( Xcce) ) { Xcccol)

ii- Raney nickel reduced 2-ethylchromonc at 120-130°C giving a mixture of

(XCCCID and (XCCCIIN*,

SR oLd

( Xccen ) { Xccoin)

{ii- Titanium trichloride formed a small amount of pinacol (XCCCILV)
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together with a large amount of an unidentifiable oil*’,

Polarographic studies indicated that the chromenol (XCCCYV) was a product

of electrolytic reduction of flavones™®,
C_H
o CoHs H,0, 28 o 8 6
| « | Ticl,
—>
H OH o
{ XCCCIV)
o CgHg
|
OH
OH
m
(o] CgHyg
( xccev)

Reduction of 3-arylidene 4-chromanones (XCCCVI) led to a mixture of cis

and trans 3-(arylmethyl) 4-chromanols xccevim’®.

( Xccevi)

{ Xcecevn)
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IV) Condensation reactions:

A methyl group in the 2-position is activated by the carbonyl group. and
condenses with aromatic aldehydes in the presence of sodium ethoxide to give

styrylchromones (XCCC.VIII)m'm.

0 CHa CH = CHAr
———
l R C,H,ONa R R
o) Q
{ XCCCVIIL)

2-Ethyl, 2-propyl and 2-methyl 3-acylchromones did not react but 2,3-

cyclopentene chromone (XCCCIX) condensed™®

Noﬁ/\ Ar CHO

v

P — CHsONa
SN
o
( XCCCIX)

2-Methylchromone (CCC) condensed with p-nitrosodimethylaniline and gave

the nitrone derivative (CCCI)m'm.

SN O«__-CH = N-C,H, NMe_(P)
| p- ONC,H4NMezw | 2
3 0
: X
0 o
( cce) { ccel)

2-Methylnaphtho (1,2-b) pyran d-one (CCCID was condensed with various
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aromatic aldehydes to give styryl derivatives (cccnn®®,

Q
“I
N\,

&

3
|

¢ 7
2

( ccen) { ccciil)

V) Action of amines:

a-Reaction with hydroxylamine:

In neutral or anhydrous solution chromone and 4-thiochromone (CCC1V) give

the corresponding oxime (CCCV):W'M1

v

N-OH
{ccev)

X=0,8

( ccewv)

In alkaline media, a dioxime (CCCVI) was obtained. This dioxime when
warmed with hydrochloric acid gave the chiromone oxime (CCCYV). Ilowever with

cold acids it gave beside (CCCV) an atkali soluble isoxazole derivative (CCCVID*®
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CH CH,

CH
O 3
| H,NOH ONa
NaOH
G-CH_-C-CH
o B @
N-OH N-OH
(CCCIV)  CHy ( ccevl)

i

{ ccevi)
N-OH

Cold HCI {ccev)
CH,
(ccev) » /I OH or

( cocvit)

Treatment of chromones (CCCVII])' with 1L,NOH under alkaline conditions

gave the corresponding coumarinimins (CCCIX) which was converted into 4-

hydroxycoumarins (CCCX) under the influence of alkaline hydrolysism. '
R ~° H, NOH OH
T | — c=N
>~ alkaline é
Tl R lcl~ H-R
' 0
( ccevill )
R 0 o] | R N NH
alkaline
-~ A ~ Hydrolysis -~
OH OH
( COCX ) (cerx)

Schinberg et al showed that visnagine (CCCX!)"‘43 and 2-methyi-1,4-a

naphthopyrone (CCCXII)?“M reacted with hydroxylamine hydrochloride in pyridine

at the boiling point of the a mixture and gave the isoxazole derivatives (CCCX1I)

and (CCCXIV).




(0] OH

H2NOH.HCI

h 9
>

o
OCH, N\O)_ CH,

{ ccexin )

H,; NOH.HCI
> e

0 I Il
N
L CH

{ ccexin) : ( ceexiv)

The enamines (CCCXVI) prepared from benzopyranone (CCCXV) and Me,-

NCII- (OMe), on treatment with hydroxylamine gave the pyridine-N-oxide
(CCCXVID**

N
l
=g
' ~h
) / * Me,;NCH(OMe), — l

'/

( ccoxv) ( ccexvi )
o
)
~N—0 H,N . OH
| <
o}
{ ccexviy

b- Reaction with hydrazines:

Schionberg et a4

investigated the action of hydrazines on visnagin
. (CCCXD) and 2-methyl-1,4-a-naphthopyrone (CCCXII) and suggested the formation

. of the oxazole and pyrazole derivatives (CCCXVII]), (CCCXIX) and (CCCXX).

i X -



EtOH E_
‘ocH, © T

OCH,4 N\-o CH

{cecexn) ( ceexvin),R = H

{ CCCX#X),R = OCH 4

| I
0 CH:1I
‘ | HN - NH,
ra
EtOH
o
a, H ‘-.N/ 3
( CCCX1d ) b,CgHg ,;
{ CCCXX )

Hydrazine and guanidine underwent initial 1,6-addition to (CCCXYVI])

ultimately giving pyrazoles (CCCXXI' ) and pyrimidines (CCCXXI1), respective:ly3 "?

N, H, o) R
" |
o ll INI
N/
( ccexxl ) |
H
NH
1 o}
{ CCGXVI ) H,N-C-NH,
» l
o) [ '
N___N
( CCOXXI1 ) \I/
NH,

C- Action of anunonia and amines:

Chromones on treatment with ammonia or primary aliphatic amines
gave products which were derived from the B-diketones (CCCXXII) and

(CCCXXIV) 639,
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CH,

o CH" o
ol
\ @
o COCH ,COCH 3
( ceoxx i )
CH, CH,
OH OH
Or
COCH = (I.‘--CH . C*=CHCOCH,
NH, NH,
o) CH -~
-~ ® C.H.CH.NH | OH
Il e'e OH NH, X
>~ >
o COCH ,COCH,,

{ CCOXXIV)
OH
‘ COCH = C-CH
|

NHR

On treatment of enamine (CCCXVI with ammonia gave the fused pyridine

(CCCXXV)“’
NMe
O
._..._—) N
Py
i
O R
( CCCXVI) { CCCXXV )

Chromone 2-carboxylic acids are efficiently transformed into the N,N-
dimethyl chromone 2-carhoxamides (CCCXXVIN) by reacting the corresponding acid

chlorides (CCCXXVI) with dimethylamine hydrochloride in pyridinem.
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0]
Te) 1
| Me ,NH ,CI I
Pyridine o
R COCI R CONMe,
O

{ CCCXXV1 )
{ cooxxvit)

(VI) Action of azides and diazomethane:

3-(1-Tetrazoyl)-benzopyranoids (CCCXXVIII) were prepared by reaction of
aminobenzopyranones, e.g. 3-aminoflavone, with sodium azide and ethylortho-

. . . 3351
formate in acetic acid™ .

o SN
18]
D A
vd
H (COELt), @IN:::N
Ph
O
o ‘ Ph

{ ccoxxvil}

Treatment of tﬁe 3-(cyclic ethylene acetal) of 4-o0x0-4H-1-benzopyran-3-
carboxaldehyde (CCCXXIX) with diazomethane in methylene chloride-ether gave
fused pyrazolidine (CCCXXX)m which after thermolysis and acid hydrolysis gave
2-methylchromone (CCCXXXI). 3 (5) Salicyloyl pyrazele (CCCXXXIN) was obtained

when (CCCXXX) was heated at 160-170°C.
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CHN, N \
} | v bt
N
\\ i
o o Yo © o o
LI L
( CCOXXIX) { CCCXXX ) .
Toluene 180-170
o) CH,
l
g : co
b5 CHO OH W
H—N-—N
{ CCCXXXIY )

{ CCCXXXI1 )

VII) Action of Grignard reagents:

Both aliphatic and aromatic Grignard reagents added to chromones®****and

gave a-chromenols (CCCXXXIII) which were easily converted by acids to the

benzopyrylium salts (CCCXXXIV)*?.

3-Mecthyl-5,6-benzochromones was reported not to react satisfactorily with

357
Grignard reagents due to the steric hinderance .

o)
R CgHgMg Br o_ _R HCI
| > | —_
o
HsCs OMg Br
( cocexxxii)
+
o. _R
0
- c
CgHg

( CCCXXX'1V) 80




Phenylmagnesium bromide reacted with ethyl chromene 2-carboxylate
(CCCXXXYV) gave (CCCXXXVI) and (CCCXXXVII). A large excess of the 1-(o-

hydroxyphenyl)-3,4,4-triphenyl 3-buten-1-one (CCCXXXVIII)m.

OH
COCsHs c C lf
CegH Mg Br
i/i///ﬂ [:::[;1:T/05H5
{ CCCXXXVI ) ( Cccxxxvu)

COOC,Hg

excess

( CCCXXXV. ) G, HgMg Br

( CCOXRXVL)
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(VIII) Halogenation:
Halogenation of 2-methylchromones(CCC) with N-bromosuccimide or with

halogen in presence of manganese dioxide gave 2-chloromethylchromone
(CCCXXXIX)””“. The corresponding bromomethyl and iodomethyl derivatives can

be obtained by using bromine and iodine and manganese dioxide.

o CH2 X
MnO, |
HCI Or X, l
' o
X = Cl
{ cCoX XK1Yy

{CCCY.

" With excess thionyl chloride and under CO,, chromone (II)) gave 4,4-

dichlorochromene (CCCXL), while in the presence of benzoylperoxide it gave 3,4,4-

tr:chlorochromene (CCCXLI):"il

SOCI SOCI

BZ o2

( cCCXLl') (8, ) ( ccexL)

Bromination of 2,3-dimethylchromone (CCCXLID) in boiling benzene
proceeded in one side chain, giving rise to 2-dibromomethyl 3-methyl chromen-4- one
(CCCXLII) which hydrolysed by an aqueous ethanolic AgNO; to give 3-methyl-
4H-chromene-d-one-2-carboxaldehyde (CCCXLIV), while sequential treatment of-
2-methylchromen-4-one (CCC) with chloromethylation, acetylation and hydrolysis

gave 2-methyl-4-oxo-chromen-3-carboxaldehyde (CCCXLVIII)m
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o CH3 ZBrzin O CHBI’z O CHO
_— boiling with
| boiling C 4H l i I
othing LgH g aq,ethanolic
CH, | CHa AgNO, | CHa
O O O
( ccexLuis) { CCOXLHIN) { cccxLty)

CH, o]
Chloromethylation |

L .
y

CHq Acetylation

| CH 2’0'
0
(cce) ( CCCXLV )

o / 0 / CH, o CH,
Oxldatlon Hydrclysw |
CHa OH T CH 2 OAc
¢
{ cecoLvnt) { cccLvit) ( cocexLyn)

(IX) Addition to unsaturated compounds:

2) Diels-Alder reaction:

2- Styrylchromones behave as a diene and underwent Diels-Alder
reaction with dienophiles such as maleic anhydride, maleic acid. N-arylmalimides
and trans diaroylethylenes and gave xanthone derivativé. Thus 2-styrylchromones
(CCCXLIX) reacted with maleic anhydride and gave the tetrahydroxanthone

derivative (CCCL)”"""““’”séﬁ’364 .

Q CH = CHAr
R | maleic anhydnde
boiling x Iena
g xy c o
o |

C—
i
o

( cCCxLix) ' (cceLy

Similarly, the sytyryl derivatives (CCCIID) reacted with maleic anhydride and

gave the tetrahydroxanthone derwatwe (CCCLI)?‘39
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R o

TN P
ot @ — a0

{ccen) (cccLi )
b) Photoaddition:
~ Chromone underwent photoaddition reactions to olefins and acetylenes-

and gave 1:1 primary photoproducts?'“'366

. Irradiation of a solution of chromone,
tetramethylethylene and dioxane produced four photoadducts which were isolated

and identified as (CCCLII - CCCLV).

o}
-~ HC -
‘ 3 CH
3
&,I J t \C " C/ id >
X ¢ O~ |
o H, CH,
CH, .. CHg
. 3 + CHS
| CH, CH,
I CHj;
CH, CH,
(o}
CH,
HC
( cooLit) _ CH
{ cccLiny 8
o .
&
™SC — C =« CH
i -
O l I 2 1 CH2 C u C'CH3
CH, CH, 0 éu éH
2 3
{ CCCLIV) (ccewv)
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‘" Yrradiation of as solution of chromone and cyclopentene yielded (CCCLVI)

and (CCCLVID. @
10

hv
H >
o
<
L0 Q0
I '
Il
° o
( GCCLVA)  (major) ( CCCLVI) (minor)
X) Michael addition: o

Chromone 3-carboxaldchyde underwent Michael (1,4) addition with
guanidine to give the SH-(1) benzopyrano (4,3-d) pyrimidine (cccLvin®®’

o OH
LI

L
N_ N

NH,

( ccecLyin)

XI) Reaction with formaldehyde:

(a) Maunnich reaction:
Chromones unsubstituted in the 2-and 3-position yielded with

formaldehyde and secondary amines hydrochloride the 3-dialkylaminomethyl

derivative (CCCLVYO?.

CHz N {Me)z
© HO 0 Me
R | \
~
o CH - NR, HCl Me
0
{ cCCL.IX) ( cccLx)
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7-Hydroxy-2,3-dimethylchromone reacted with formaldehyde and dimeth-
ylamine and gave 7-hydroxy 8-dimecthylaminomethyl 2,3-dimethylchromone
(CCCLX)*®.

Chromones (CCCLXII) were prepared by Mannich reaction of isoflavones

(cccLxn®®,

CH R’
( ccoLxi ) : { CCCLX1V)

b) Chloromethylation:

Chloromethylation of 2-mcthylchromones using formaldehyde and

hydrogen chloride gas gave 3-chloromethyl 2-methylchromon (CCCLXIID37°.

(¢ CHg4 o CH,
o8 newo (T
~ —_— ~
HC " ScHal
O . (o) 2
( cCoLX )
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7-Methoxy 2,3-dimethylchromone (CCCLXIV) on chloromethylation gave the

8-chloromethy! derivative (CCCLXV)S“.

Hsco o CHS Haco
/
1 | HCHO
~ —_—
CH HCI
0 3
( CooLX1Y) { ccoLxv)

Oxidative formylation of chromanone by excess DMF-POCl;, at 100°C

| afforded chloromethylchromone (CCCXXXIX)m.

0
~ 7 0 CHzc:
| DMF | |
>~ —_— ~.
POC,
0 o
{ CCOXX®IN)
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