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[57] ABSTRACT 

Isoflavans of the formula I 

R" (!) 

RO 

R' 

wherein the groups OR, R', R" and ring B are as de­
fined in the specification, exhibit valuable pharmacolog­
ical properties, especially for the treatment of vascular 
diseases. They are prepared by methods known per se. 

13 Claims, No Drawings 
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BENZOPYRANS AND USE THEREOF IN 
TREATING VASCULAR DISEASES 

The present invention relates to isoflavans ( = 3,4- 5 
dihydro-3-phenyl-2H-1-benzopyrans) of the formula I 

The term "lower" means that groups so defined have 
preferably up to and including 7, especially up to and 
including 4, carbon atoms. 

Lower alkyl as such or in composed radicals like 
lower alkoxy etc. is e.g. n-propyl, isopropyl, n-butyl, 
isobutyl, sec.-butyl, tert.-butyl, n-pentyl, isopentyl, neo­
pentyl, n-hexyl, isohexyl or n-heptyl, preferably ethyl 
and especially methyl. R" 

RO 0 

(I) 
Lower alkyl substituted by halogen is preferably 

10 trifluoromethyl. 
Lower alkanoyl as such or in composed radicals like 

lower alkanoyloxy etc. is e.g. formyl, acetyl, propionyl, 
n-butyryl, pivaloyl or valeroyl. 

R' Halogen is preferably fluoro or chloro, but may be 
15 also bromo or iodo. 

wherein the group OR represents hydroxy; lower alk­
oxy which is unsubstituted or substituted by hydroxy, 20 
lower alkoxy, amino, lower alkylamino, di-lower alkyl­
amino, carboxy or lower alkoxycarbonyl; or lower 
alkanoyloxy; one of the radicals R' and R" represents 
hydroxy, lower alkoxy, lower alkanoyloxy or lower 
alkyl and the other one is hydrogen; or the groups OR 25 
and R' together form a bivalent methylenedioxy radical 
which is unsubstituted or substituted by lower alkyl 
and/or phenyl, and R" is hydrogen; or the groups OR 
and R" together form a bivalent methylenedioxy radical 
which is unsubstituted or substituted by lower alkyl 30 
and/or phenyl, and R' is hydrogen; and the ring B is 
unsubstituted or substituted by lower alkyl, phenyl­
lower alkyl, diphenyl-lower alkyl, phenyl, lower al­
kanoyloxy, halogen, amino, lower alkylamino, di-lower 
alkylamino, phenylamino, lower alkanoylamino, ben- 35 
zoylamino; lower alkylsulfonylamino, phenylsul­
fonylamino; lower alkanoyl, benzoyl, carboxy, lower 
alkoxycarbonyl, carbamoyl, N-lower alkylcarbamoyl, 
N,N-di-lower alkylcarbamoyl, cyano, ureido, N-lower 
alkylureido, lower alkylsulfonyl; phenylsulfonyl; lower 40 

alkyl which is substituted by hydroxy, lower alkoxy, 
amino, lower alkylamino, di-lower alkylamino, halogen, 
carboxy or lower alkoxycarbonyl; lower alkoxy which 
is substituted by hydroxy, lower alkoxy, amino, lower 45 
alkylamino, di-lower alkylamino, halogen, carboxy or 
lower alkoxycarbonyl; C3-C7-alkoxy; and/or bivalent 
methylenedioxy; 

or wherein the ring B is monosubstituted by hydroxy, 
methoxy or ethoxy, provided that R' is other than hy- 50 
droxy, methoxy or ethoxy, if the group OR represents 
hydroxy, methoxy or ethoxy; or wherein the ring Bis 
disubstituted by methoxy and lower alkoxy, provided in 
case of 2' ,4' -dimethoxy substitution that R' and R" are 
other than methoxy, if the group OR represents me- 55 
thoxy; with the proviso that the ring B must be substi­
tuted, if R' is hydroxy and the group OR represents 
hydroxy or methoxy; it being possible for all phenyl 
groups mentioned as such or in composed radicals (like 
benzoyl, phenylamino etc.) to be unsubstituted or sub- 60 
stituted by lower alkyl, lower alkoxy, halogen, hydroxy 
and/or nitro; and salts thereof, processes for the manu­
facture of these compounds, pharmaceutical composi­
tions comprising said compounds, and their use for the 
manufacture of pharmaceutical preparations or as phar- 65 
macologically active compounds. 

The general definitions used herein have the follow­
ing meanings within the scope of the present invention. 

Phenylsulfonylamino means the radical -NH­
SO2C6Hs, lower alkylsulfonyl is -SO2-lower alkyl. 

Ureido and lower alkylureido represent the radicals 
-NH-CONH2 and -NH-CONHAlk (3-
alkylureido) or -NAlk-CONH2 (1-alkylureido) re­
spectively (Alk=lower alkyl). 

In lower alkoxy radicals which are substituted by 
hydroxy, epoxy, lower alkoxy, amino, lower alkyl­
amino, di-lower alkylamino or halogen, the substituents 
mentioned are normally separated from the oxy group 
in lower alkoxy by at least two carbon atoms. 

Salts are preferably pharmaceutically acceptable 
salts, especially metal or ammonium salts of said com­
pounds of formula I having a free carboxy group, more 
particularly alkali or alkaline earth metal salts, e.g., the 
sodium, potassium, magnesium or calcium salt; or ad-
vantageously easily crystallizing ammonium salts de­
rived from ammonia or organic amines, such as mono-, 
di- or tri-lower (alkyl, cycloalkyl or hydroxyalkyl)­
amines, lower alkylenediamines or lower (hydroxyalkyl 
or aralkyl)-alkylammonium hydroxides, e.g., methyl-
amine, diethylamine, dicyclohexylamine, triethanol­
amine, ethylenediamine, tris-(hydroxymethyl)aminome­
thane or benzyltrimethylammonium hydroxide. Said 
compounds of formula I having a basic group form acid 
addition salts of preferably the pharmaceutically ac-
ceptable inorganic or organic acids, such as of strong 
mineral acids, for example hydrohalic, e.g. hydrochlo­
ric or hydrobromic acid; sulfuric, phosphoric, nitric or 
perchloric acid; aliphatic or aromatic carboxylic or 
sulfonic acids, e.g. formic, acetic, propionic, succinic, 
glycolic, lactic, malic, tartaric, gluconic, citric, maleic, 
fumaric, pyruvic, phenylacetic, benzoic, 4-aminoben­
zoic, anthranilic, 4-hydroxybenzoic, salicylic, 4-
aminosalicylic, pamoic, nicotinic, methanesulfonic, 
ethanesulfonic, hydroxyethanesulfonic, benzenesul-
fonic, p-toluenesulfonic, naphthalenesulfonic, sulfanilic 
or cyclohexylsulfamic acid, or other acidic organic 
substances, such as ascorbic acid. 

For the purposes of isolation or purification it is also 
possible to use pharmaceutically unacceptable salts. 
Only the pharmaceutically acceptable, non-toxic salts 
are used therapeutically, however, and these are there­
fore preferred. 

The compounds of this invention exhibit valuable 
pharmacological properties. They, for example, im­
prove hemorheological parameters, inhibit platelet ag­
gregation and phosphodiesterase, have calcium antago­
nist activity and improve peripheral oxygenation. These 
properties make the compounds useful, e.g. for the 
treatment of vascular diseases as for example, intermit-
tent claudication, artherosclerosis, thrombotic diseases, 
myocardial ischemia, myocardial infarct, coronary dis-
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eases, cerebral ischemia, cerebral infarct, diabetic mi­
croangiopathy, arterial ulcer, Raynaud's syndrom, va­
sospasm, chronic venous insufficiency, venous ulcer or 
haemorrhoids. 

Furthermore, the compounds of the invention are 5 
inhibitors of the 5-lipoxygenase and/or 12-lipoxygenase 
and have antioxydative activity. These properties make 
the compounds useful e.g. for the treatment of inflam­
matory diseases, hypersensitization and asthma as well 

HAUSS [in "Oxyg. Transp. tissue in Experimental Biol­
ogy and Medicine", Silver Ed. 1978, 419-422], A pO2 
mean can be calculated after oral administration and 
compared between control and treated series of rats. A 
comparison of pO2 can be realised between pretreat­
ment and posttreatment values for the intravenous ad-
ministration. 

(6) Inhibition of the 5-lipoxygenase pathway 
The inhibition of the 5-lipoxygenase can be e.g. dem-

as skin diseases, e.g. psoriasis. 
(1) Hemorheological parameters 
The improvement of hemorheology parameters can 

10 onstrated according to KUHL et al. [Prostaglandins 28, 
783-804 (1984)]. Procine peripheral blood leucocytes 
are used in order to test the effect of the compounds of 
the invention. These effects are studied by adding solu-be e.g. demonstrated with in vitro pharmacological 

models of human blood. In a first model, the analysis of 
the flow behaviour of concentrated suspensions of 15 
washed erythrocytes is described and measured accord­
ing to TEITEL [Blood Cells, 3, 55-70 (1977)] and 
SCHMID and SCHOENBEIN [VASA, 4, 263-270 
(1975)]. In a second model, the hemorheological im­
provement is analysed with the yield shear stress tech- 20 
nique according to KIESEWETTER et al. [Biblthca. 
haemat. 47, 14-20 (1981)] and KIESEWETTER et al. 
[Biorheology, 19, 363-374 (1982)]. Results are obtained 
by calculating ED50 in µM (concentration of substance 
which improves hemorheologic alteration by 50% due 25 
to Ca++ stress). The ED50 values are, in the case of the 
compounds of the invention, approximately 0.05 µM or 
above. 

(2) cAMP-phosphodiesterase inhibition activity 
The inhibitory effect of the compounds of the inven- 30 

tion on cAMP-phosphodiesterase activity can be e.g. 
obtained according to WELLS et al. [Biochim. Bio­
phys. Acta 384, 430-432 (1975)] and BERETZ et al. 
[Biochem. Pharmacol. 35, 257-262 (1986)]. Phos­
phodiesterases are obtained from fresh human platelets 35 
or fresh human aorta. The effect of the compounds on 
cAMP-phosphodiesterase of fresh human tissue is stud­
ied by adding solutions of compounds to be tested from 
1 to 100 µM. IC50 values (concentration which is neces­
sary to inhibit 50% of the reaction) can be determined in 40 
order to evaluate the activity of the compounds. They 
are approximately 1 µM or above in the case of the 
compounds of the invention. 

(3) Inhibition of platelet aggregation 
The inhibition of platelet aggregation can be e.g. 45 

demonstrated with the pharmacological model of 
washed human platelet collected from a forearm vein. 
Washed platelet suspensions are prepared according to 
CAZENAVE et al. [Ann. Biol. Clin. 41, 167 (1983)] and 
BERETZ et al. [Biochem. Pharmacol. 35, 257-262 50 
(1986)]. Results can be obtained by calculating IC50 
(concentration of the compound which inhibits 50% of 
platelet aggregation). The IC50 values are, in the case 

tions of the compounds to be tested of 0.1 to 1000 µM. 
IC50 values (concentration of the compound which 
inhibits 50% of the 5-lipoxygenation) can be calculated 
in order to evaluate and compare the activity of the 
compounds. The IC50 values are lying, for the com­
pounds of the invention, approximately between 0.35 
and 200 µM or above. 

(7) Inhibition of the 12-lipoxygenase pathway 
The inhibitory effect of the compounds of the inven-

tion related to the 12-lipoxygenase activity can be e.g. 
demonstrated according to KUHL et al. [Prostaglan­
dins 28, 783-804 (1984)]. Porcine peripheral blood leu­
cocytes are used for compounds evaluation. Solutions 
of the compounds to be tested are added with a final 
concentration of 0.1 to 1000 µM. Results are expressed 
as IC50 values (concentration of the compound which 
inhibits 50% of the 12-lipoxygenation). For the com­
pounds of the invention, IC50 values are lying approxi-
mately between 1 and 200 µM or above. 

(8) Antioxydative activity 
The antioxydative activity can be e.g. demonstrated 

using the active oxygen method (AOM) according to 
WHEELER, Oil and Soap 9, 89 (1932). Stripped lard is 
used for estimation of the oxydative capacity of the 
compounds. A temperature stimuli (60' C. for three 
days) is applied before tritration with Na2S2O3. The 
effect of the compounds on antioxydation activity is 
studied by adding a solution of the compound to be 
tested of 25 to 500 ppm (equivalent of 25 µg of com­
pound/2 g lard to 500 µg of compound/2 g lard). Re­
sults are expressed as IC50 values (concentration of the 
compound inhibiting 50% of the oxydation reaction). 
For the compounds of the invention, IC50 values are 
lying approximately in the range of 0.06 to 2.30 µM or 
above. 

Preferred are the isoflavans of the formula I, wherein 
the group OR represents hydroxy, lower alkoxy or 
lower alkanoyloxy; one of the radicals R' and R" repre­
sents hydroxy, lower alkoxy, lower alkanoyloxy or 
lower alkyl and the other one is hydrogen; or the 
groups OR and R' together form a bivalent methylene-of the compounds of the invention, approximately 1 µM 

or above. 
(4) Calcium antagonist activity 

55 dioxy radical which is unsubstituted or substituted by 
lower alkyl and/or phenyl, and R" is hydrogen; or the 
groups OR and R" together form a bivalent methylene­
dioxy radical which is unsubstituted or substituted by 

The evaluation of the property to inhibit the contrac­
tion induced by calcium chloride or potassium chloride 
depolarized rat mesentery can be made e.g. using the 
method described by BROCKAERT and GOD- 60 
FRAIND [Eur. J. Pharmacol. S3, 281 (1979)]. The 
inhibitory effect of the compounds is expressed as the 
concentration necessary to inhibit 50% of the initial 
contraction obtained with CaCli. 

(5) Peripheral oxygenation 65 
The effect of the compounds on peripheral oxygena­

tion can be measured e.g. according to SUNDER­
PLASSMANN [Angiology, 32, 686-698 (1981)] and 

lower alkyl and/or phenyl, and R' is hydrogen; and the 
ring B is unsubstituted or substituted by lower alkyl, 
lower alkanoyloxy, halogen, amino, lower alkylamino, 
di-lower alkylamino, phenylamino, lower al­
kanoylamino, benzoylamino; lower alkylsulfonylamino, 
phenylsulfonylamino; lower alkanoyl, benzoyl, car­
boxy, lower alkoxycarbonyl, carbamoyl, N-lower alkyl­
carbamoyl, N,N-di-lower alkylcarbamoyl, cyano, 
lower alkylsulfonyl; phenylsulfonyl; lower alkyl which 
is substituted by halogen, carboxy or lower alkoxycar-
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bony!; lower alkoxy which is substituted by carboxy or 
lower alkoxycarbonyl; or bivalent methylenedioxy; 

or wherein the ring B is monosubstituted by hydroxy 
or methoxy, provided that R' is other than hydroxy, 
methoxy or ethoxy, if the group OR represents hy- 5 
droxy, methoxy or ethoxy; or wherein the ring B is 
disubstituted by methoxy, provided in case of 2',4'­
dimethoxy substitution that R' and R" are other than 
methoxy, if the group OR represents methoxy; with the 
proviso that the ring B must be substituted, if R' is hy- 10 
droxy and the group OR represents hydroxy or me­
thoxy; and pharmaceutically acceptable salts thereof. 

Particularly preferred are the isoflavans of the for­
mula I, wherein the group OR represents hydroxy, 
lower alkoxy or lower alkanoyloxy; one of the radicals 15 

R' and R" represents hydroxy, lower alkoxy, lower 
alkanoyloxy or lower alkyl and the other one is hydro­
gen; or the groups OR and R' together form a bivalent 
methylenedioxy radical which is unsubstituted or disub­
stituted by phenyl, and R" is hydrogen; or the groups 20 

OR and R" together form a bivalent methylenedioxy 
radical which is unsubstituted or disubstituted by 
phenyl, and R' is hydrogen; and the ring B is unsubsti­
tuted or substituted by lower alkyl, lower alkanoyloxy, 

25 halogen, amino, lower alkanoylamino, phenylsul­
fonylamino; carboxy, lower alkoxycarbonyl, carbam­
oyl, lower alkylsulfonyl; lower alkyl which is substi­
tuted by halogen or carboxy; lower alkoxy which is 
substituted by carboxy or lower alkoxycarbonyl; or 30 
bivalent methylenedioxy; 

or wherein the ring B is monosubstituted by hydroxy 
or methoxy, provided that R' is other than hydroxy, 
methoxy or ethoxy, if the group OR represents hy­
droxy, methoxy or ethoxy; or wherein the ring B is 35 
disubstituted by methoxy, provided in case of 2' ,4' -
dimethoxy substitution that R' and R" are other than 
methoxy, if the group OR represents methoxy; 

with the proviso that the ring B must be substituted, 
if R' is hydroxy and the group OR represents hydroxy 40 
or methoxy; and pharmaceutically acceptable salts 
thereof. 

Especially preferred are the isoflavans of the formula 
I, wherein the group OR represents hydroxy; lower 
alkoxy or lower alkanoyloxy; one of the radicals R' and 45 
R" represents hydroxy, lower alkoxy, lower al­
kanoyloxy or lower alkyl and the other one is hydro­
gen; or the groups OR and R' together form a bivalent 
methylenedioxy radical which is unsubstituted or disub­
stituted by phenyl, and R" is hydrogen; or the groups 50 
OR and R" together form a bivalent methylenedioxy 
radical which is unsubstituted or disubstituted by 
phenyl, and R' is hydrogen; and the ring B is unsubsti­
tuted or substituted by lower alkyl, lower alkanoyloxy, 
halogen, amino, lower alkylamino, di-lower alkylamino, 55 
or lower alkoxy which is substituted by carboxy or 
lower alkoxycarbonyl; or ring B is 3,4-dimethoxy-sub­
stituted; 

with the proviso that the ring B must be substituted, 
if R' is hydroxy and the group OR represents hydroxy 60 
or methoxy; arid pharmaceutically acceptable salts 
thereof. 

Subgroups of the compounds of the invention are 
represented by 
(a) the compounds of formula I which are 7,8-disub- 65 

stituted, i.e. wherein R' represents hydrogen; 
(b) the compounds of the formula I which are 6,7-disub­

stituted, i.e. wherein R" represents hydrogen; and 

6 
(c) the compounds of the formula I wherein the ring B 

is substituted as defined above with the exclusion of 
all hydroxy, lower alkoxy and methylenedioxy sub­
stituents (but is not unsubstituted). 
In particular preferred are the compounds of formula 

I, wherein the ring B is unsubstituted, monosubstituted 
in 3- or 4-position by one of the substituents mentioned 
or disubstituted in 3- and 4-position by methoxy. Espe­
cially preferred are the compounds of the formula I, 
wherein the ring B is monosubstituted in 4-position. 

Above all are preferred the compounds of formula I 
described in the examples and pharmaceutically accept­
able salts thereof. 

The compounds of the formula I can be produced by 
processes known per se, e.g. 

(a) by reducing a compound of the formula II 

R" (II) 

RO 

R' 

wherein the group CX1X2 represents a carbonyl group 
and the dotted line represents a bond or no bond, or 
wherein CX1X2 represents a hydroxymethylene group 
and the dotted line represents no bond, and OR, R', R" 
and ring B are as defined under formula I or represent 
radicals which are convertible to the groups OR, R', R" 
and/or ring Bas defined under formula I by reduction, 
optionally with simultaneous reduction occurring 
within the groups OR, R', R" and/or ring B, or 

(b) by reducing a compound of the formula III 

R" (III) 

RO 0 

R' 

wherein OR, R', R" and ring B are as defined under 
formula I or represent radicals which are convertible to 
the groups OR, R', R" and/or ring Bis defined under 
formula I by reduction, optionally with simultaneous 
reduction occurring within the groups OR, R', R" and­
/or ring B, or 

(c) by reducing a compound of the formula IV 

(IV) 

RO 

R' 
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wherein OR, R', R" and ring B are as defined under 
formula I or represent radicals which are convertible to 
the groups OR, R', R" and/or ring Bas defined under 
formula I by reduction, and xe is an anion, optionally 
with simultaneous reduction occurring within the 5 
groups OR, R', R" and/or ring B, or 

(d) by reducing a compound of the formula V 

R" 
(V) 10 

RO 

R' 15 

wherein the group NR1R2 represents a tertiary amino 20 
group and OR, R', R" and ring Bare as defined under 
formula I or represent radicals which are convertible to 
the groups OR, R', R" and/or ring Bas defined under 
formula I by reduction, optionally with simultaneous 
reduction occurring within the groups OR, R', R" and- 25 
/or ring B; 

and/or, if desired, converting a resulting compound 
of formula I into another compound of formula I, and­
/or converting a resulting salt into the free compound 
or into another salt, and/or converting a resulting free 30 
compound of the formula I having salt-forming proper­
ties into a salt, and/or separating a resulting mixture of 
stereoisomers or optical isomers, such as a diastereoiso­
meric mixture, into the individual stereoisomers, optical 
isomers or enantiomeric mixtures, respectively, and/or 35 
splitting enantiomeric mixtures, such as a racemate, into 
the optical isomers. 

Process (a): 
The reduction can be accomplished e.g. with hydro­

gen in the presence of a hydrogenation catalyst, prefera- 40 
bly Pd/C, and also e.g. platinum or platinum dioxide, 
optionally in the presence of a promoter, e.g. an acid, 
such as an inorganic acid, e.g. H2SO4, HCl or HClO4, 
an organic carboxylic acid, e.g. acetic acid or trifluoro­
acetic acid, or an organic sulfonic acid, e.g. phenylsul- 45 
fonic acid, p-toluenesulfonic acid or methanesulfonic 
acid, optionally in the presence of an inert aprotic or 
protic solvent, or mixtures thereof, and at a hydrogen 
pressure of 1 to 50 bar [cp. Szabo et al., Acta Chim. 
Acad. Sci. Hung. 90,381 (1976); Bull. Chem. Soc. Japan 50 
37,601,606 (1964); Aust. J. Chem. 31,455 (1978); Tetra­
hedron Lett. 1973, 1659], 

Another possibility to reduce the compounds of for­
mula II wherein CX1X2 represents carbonyl and the 
dotted line is a bond, the isoflavone intermediates of 55 

formula Ila, 

R" (Ila) 

RO 60 

R' 
65 

wherein OR, R', R" and ring B are as defined under 
formula I, is given by the Clemmensen reduction, i.e. 
with amalgamated zinc, concentrated HCI and option­
ally e.g. acetic acid [cp. Bull. Chem. Soc. Japan 37, 601, 
606 (1964)]. 

The isoflavones of formula Ila can be produced by 
processes known per se, e.g. by 

(1) reacting a compound of formula VI 

wherein OR, R', R" and ring B are as defined under 
formula I, with a derivative of formic acid under cycli­
zation conditions, or 

(2) reacting a compound of formula VIII 

RO(XR" OH 

I /CH=CH ~ 
R' C ~ 

II 
0 

(VIII) 

wherein OR, R', R" and ring B are as defined under 
formula I, with an agent suitable for forming the isofla­
vone by oxidative rearrangement and cyclization. 

Process 1: 
The reaction consists of the condensation of the acti­

vated CH2 group of the compound of formula VI with 
a derivative of formic acid followed by cyclization. 
Useful formic acid derivatives are e.g. dimethylformam­
ide, triethyl orthoformate or ethyl formate. Cyclization 
agents that can be used are e.g. methanesulfonyl chlori­
de/boron trifluoride etherate (cp. J.C.S. Chem. Comm. 
1976, 78), POCl3 [cp. C.A. 81, 135890h (1974) and C.A. 
81, 25496b (1974)], pyridine and piperidine [cp. Indian J. 
Chem. 15B, 238 (1977); C.A. 87, 22970q (1977)], HClO4, 
[cp. J. Chem. Res. (S) 1978, 47] or sodium [cp. Bull. 
Chem. Soc. Jap. 53, 831 (1980); Indian J. Chem. 6, 485 
(1968)]. 

The intermediates of formula VI can be prepared e.g. 
by reacting a phenol of formula XII 

RO(XR" OH 

I . 
R' 

(XII) 

wherein OR, R' and R" are as defined under formula I, 
with a phenylacetic acid derivative of the formula XIII 
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(XIII) 

5 

wherein Z preferably is cyano or halocarbonyl, espe- 10 

cially -COCl, and the ring B is as defined under for­
mula I, in the presence of a Lewis acid catalyst, e.g. a 
metal halide, such as ZnCli, A!Cl3 or FeCl3, in a Houb­
en-Hoesch or Friedel-Crafts acylation reaction, respec- 15 
tively [cp. Merck Index, 10th Edition, ONR 46 and 33]. 

Another possibility to obtain the compounds of for­
mula VI is e.g. the Fries rearrangement [cp. Merck 
Index, 10th Edition, ONR 33] which comprises the 20 

reaction of a compound of formula XII as defined above 
with a compound of formula XIII, wherein Z represents 
halocarbonyl, in the absence of any Lewis acid catalyst 
resulting in the corresponding phenolic ester which 25 

rearranges under treatment with one of the Lewis acid 
catalysts mentioned above to the ortho-phenolic ke­
tones of formula VI. 

The novel isoflavones of the formula Ila 30 

R" (Ila) 

RO 

R" 

RO 

R' 

0 

II 
0 

10 

(lib) 

can be prepared e.g. by selectively reducing the double 
bond in an isoflavone intermediate of the formula Ila, 
e.g. with hydrogen and a Pd/C catalyst in the presence 
of a tertiary amine, e.g. triethylamine; or with 
H:v /Pd/C in dioxane, or with H:v /Pd/C in an aqueous 
ethanolic buffer pH 9-10 [cp. Szabo et al., Acta Chim. 
Acad. Sci. Hung. 90, 381 (1976)]. 

The compounds of formula II wherein CX1X2 repre­
sents hydroxymethylene and the dotted line is no bond, 
the isoflavanol intermediates of formula Ile, 

R" (Ile) 

RO 0 

R' 

HO 

R' 
II 
0 

can be prepared e.g. by selectively reducing an isofla-
35 vane of formula Ila or an isoflavanone of formula Ilb, 

e.g. with hydrogen and Raney nickel; or with 
H:v /Pd/C in ethanol, or with H2/ /Pd/C in an aqueous 
ethanolic buffer pH 3-9 [cp. Szabo et al., Joe. cit.]. 

40 

wherein OR, R', R" and ring B are as defined under 
formula I, are valuable intermediates for the prepration 

45 
of the therapeutically active isofavans of the formula I 
and thus form another embodiment of the present in­
vention. 

Especially preferred as intermediates are the novel 
50 

isoflavones of the formula Ila described in the examples. 
Process 2: 
The cyclizaton is achieved either in the presence of 

thallium(III) salts, e.g. Tl(NO3)3 or Tl(acetate)3 [cp. J. 
Chem. Soc. Perkin Tr. 1 1974, 305; J. Chem. Soc. (C) 

55 

1970, 125 or Gazz. Chim. Ital. 112, 289 (1982)] or e.g. 
with the aid of hydrazoic acid [cp. Ann. 1st. Super. 
Sanita (1973), 9, Pt. 2-3, 174-175]. The starting materi-

60 als of formula VIII can be prepared e.g. by condensa-
tion of the corresponding ortho-hydroxy-acetophenone 

with an optionally substituted benzaldehyde e.g. in the 
presence of a base, such as NaOH or KOH. 

65 The compounds of the formula II, wherein CX1X2 
represents carbonyl and the dotted line is no bond, the 
isoflavanone intermediates of formula Ilb, 

Process (b): 
The reduction according to process (b) is accom­

plished e.g. by applying the same reduction means as 
listed above for process (a), preferably by the use of 
Hv /Pd/C. The starting materials of formula III can be 
prepared e.g. by selective reduction of the carbonyl 
group in a corresponding coumarine, e.g. with KBH4 
[cp. Tetrahedron Lett. 24, 3993 (1983)]. Another possi­
bility is given by reacting a compound of formula Ile 
first with an acetylating agent, e.g. acetic acid, and then 
eliminating acetic acid [cp. Bull. Chem. Soc. Jap. 37, 
606 (1964)]. 

Process (c): 
The anion xe can be e.g. the anion of any strong 

inorganic or organic acid, e.g. halide, such as chloride. 
The reduction according to process (c) can be per­
formed e.g. by applying the same reduction means as 
listed above for process (a), preferably by the use of 
H:vPt/ /Pd/C. The starting isoflavylium salts of for­
mula IV can be obtained e.g. by reaction of a compound 
of formula XII with an optionally substituted 2-
phenyplmalondialdehyde under acidic conditions, e.g. 
in the presence of HCl [cp. Austr. J. Chem. 34, 2647 
(1981)]. 

Process (d): 
The group NR1R2 represents preferably N,N-di­

lower alkylamino, N-piperidino, N:-piperazino and espe­
cially N-morpholino. The reduction according to pro­
cess (d) is accomplished e.g. by applying the same re-
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duction means as listed above for process (a), preferably 
Hz/ /Pd/C. The starting materials of formula V can be 
prepared e.g. by reacting a corresponding salicylalde­
hyde with an optionally substituted 2-tert. aminostyrene 
under heating [cp. J. Chem. Soc. Perkin Trans. l 1982, 5 
1193]. 

If any intermediates mentioned contain interfering 
reactive groups, e.g. carboxy, hydroxy, amino or mer­
capto groups, such may advantageously be temporarily 
protected at any stage with easily removable protecting 10 
groups. The choice of protecting groups for a particular 
reaction depends on several factors, e.g. the nature of 
the functional group to be protected, the structure and 
stability of the molecule of which the substituent is the 
functional group, and the reaction conditions. Protect- 15 

ing groups that meet these conditions and their intro­
duction and removal are known to the art and are de­
scribed, for example, in J. F. W. McOmie, "Protective 
Groups in Organic Chemistry", Plenum Press, London, 

20 New York 1973. 
Depending upon the reaction conditions, the com­

pounds of formula I are either obtained in the free form, 
or as a salt thereof. Any resulting base can be converted 
into a corresponding acid addition salt, preferably with 

25 the use of a therapeutically useful acid or an anion ex­
change preparation, or resulting salts can be converted 
into the corresponding free bases, for example, with the 
use of a stronger base, such as a metal or ammonium 
hydroxide or a basic salt, e.g. an alkali metal hydroxide 30 
or carbonate, or a cation exchange preparation. On the 
other hand, compounds of formula I containing acidic 
groups, e.g. carboxy or a phenolic hydroxy group, can 
be converted into salts in a manner known per se by 
treating with a base, e.g. an alkali metal hydroxide or 35 
alkoxide, an alkali metal or alkaline-earth metal salt, e.g. 
sodium hydrogen carbonate, ammonia _ or a suitable 
organic amine. The free compounds can be obtained by 
treating such salts with an acid. In view of the close 
relationship between the free compounds and the com- 40 
pounds in the form of their salts, whenever a compound 
is referred to in this context, a corresponding salt is also 
intended, provided such is possible or appropriate under 
the circumstances. 

The compounds of formula I contain at least one 45 
asymmetric carbon atom in position 3 and can be found 
as R- or S-enantiomers as well as enantiomeric mixtures 
thereof, such as a racemate. The present invention is 
intended to include all these forms, also those further 
isomers, and mixtures of at least two isomers, for exam- 50 
ple a diastereoisomeric mixture or enantiomeric mix­
ture, which become possible if one or more further 
asymmetric center(s) are present within the molecule. 

Any resulting mixtures of diastereoisomers, mixtures 
of racemates or geometric isomers can be separated on 55 
the basis of the physicochemical differences of the con­
stituents, in known manner, into single diastereoiso­
mers, racemates, or geometric isomers, for example by 
chromatography and/or fractional crystallisation. 

Any resulting enantomeric mixtures, such as race- 60 
mates, can be resolved into the optical isomers (antipo­
des) by known methods, for example by recrystallisa­
tion from an optically active solvent, or with the aid of 
microorganisms, or by e.g. reacting an acidic end prod­
uct with an optically active base that forms salts with 65 
the racemic acid, and separating the salts obtained in 
this manner, for example by fractional crystallization, 
into the diastereoisomeric salts from which the optically 

active carboxylic acid antipodes can be liberated on 
acidification. 

The above-mentioned reactions are carried out ac­
cording to standard methods, in the presence or absence 
of diluents, preferably such as are inert to the reagents 
and are solvents thereof, of catalysts, condensing or said 
other agents respectively and/or inert atmospheres, at 
low temperatures, room temperature or elevated tem­
peratures, e.g. in a temperature range from -20° to 
+200° C., preferably between room temperature and 
the boiling point of the solvents used, and at atmo­
spheric or super-atmospheric pressure. The preferred 
solvents, catalysts and reaction conditions are set forth 
in the appended illustrative examples. 

The compounds, including their salts, can also be 
obtained in the form of their hydrates, or include other 
solvents used for their crystallization. 

The invention further includes any variant of the 
present processes, in which an intermediate product 
obtainable at any stage thereof is used as starting mate­
rial and the remaining steps are carried out, or the pro­
cess is discontinued at any stage thereof, or in which a 
starting material is formed under the reaction condi­
tions, or in which a reaction component is used in the 
form of a salt or an optically pure antipode. Mainly 
those starting materialls should be used in said reactions, 
that lead to the formation of those compounds indicated 
above as being especially useful. The invention also 
relates to novel starting materials and processes for their 
manufacture. 

The pharmacologically acceptable compounds of the 
present invention can be used e.g. for the manufacture 
of pharmaceutical preparations that contain an effective 
amount of the active ingredient alone or together with 
inorganic or organic, solid or liquid, pharmaceutically 
acceptable carriers. The pharmaceutical preparations 
are e.g. for enteral, such as oral or rectal, topical, trans­
dermal and parenteral, such as intraperitoneal, intra­
muscular or intravenous, administration to warm­
blooded animals including humans. 

For oral administration there are used e.g. tablets or 
gelatine capsules that contain the active ingredient to­
gether with diluents, e.g. lactose, dextrose, sucrose, 
mannitol, sorbitol and/or celluose, and lubricants, e.g. 
silica, talc, stearic acid or salts thereof, such as magne­
sium or calcium stearate, and/or polyethylene glycol; 
tablets also contain binders, e.g. starches, such as maize, 
wheat, rice or arrowroot starch, gelatine, tragacanth, 
methylcellulose, sodium carbomethylcellulose and/or 
polyvinylpyrrolidone, and, if desired, disintegrators, 
e.g. starches, agar , alginic acid or a salt thereof, such as 
sodium alginate, and/or e.g. effervescent mixtures, ad­
sorbents, colourings, flavourings or sweeteners. 

For parenteral admininistration there are suitable 
especially infusion solutions, preferably isotonic aque­
ous solutions or suspensions, it being possible to prepare 
these before use, e.g. from lyophilised preparations that 
contain the active ingredient alone or together with a 
carrier, e.g. mannitol. Such preparations may be steri­
lised and/or contain adjuncts, for example preserva­
tives, stabilisers, wetting agents and/or emulsifiers, 
solubilisers, salts for regulating the osmotic pressure 
and/ or buffers. 

For topical and transdermal administration prefera­
bly hydrogels, emulsions, such as creams and ointments, 
and microemulsions such as isotropic transparent emul­
sion gels are used. Such preparations contain the active 
ingredient together with e.g. preservatives, stabilizers, 
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thickening agents, emulsifiers, oils, solubilizers and pen­
etration enhancers. 

The present pharmaceutical preparations, which, if 
desied, may contain other pharmacologically active 
substances, are manufactured in a manner known per se, 5 
e.g. by means of conventional mixing, granulating, tab­
letting, film coating, dissolving, confectioning or lyo­
philising processes, and contain from approximately 0.1 
to 100%, especially from approximately 1 to approxi­
mately 50% or, in the case of lyophilisates, up to 100%, 10 
of the active ingredient. 

Depending upon the type of disorder, the individual 
condition of the organism and the mode of administra­
tion, the daily dose to be administered for the treatment 
of a warm-blooded animal (human or animal) weighing 15 
approximately 70 kg is from approximately 0.05 g to 
approximately 4 g. 

The following Examples (a) to (t) are intended to 
illustrate the manufacture of some typical forms of ad­
ministration, but do not in any way represent the only 20 
embodiments of those forms of administration. 

(a) 250 g of active substance are mixed with 550 g of 
lactose, 100 g of microcrystalline cellulose and 100 g of 
maize starch, and the mixture is moistened with an 
aqueous paste of 100 g maize starch, and granulated by 25 
being passed through a sieve. After drying, 60 g of talc, 
10 g of magnesium stearate and 20 g of colloidal silica 
are added and the mixture is pressed to form 10,000 
tablets each weighing 119 mg and each containing 25 
mg of active substance, which may, if desired, be pro- 30 
vided with dividing notches for a finer adjustment of 
the dosage. 

(b) A granulate is prepared from 100 g of active sub­
stance, 600 g of lactose, 300 g of cellulose, 200 g of 
maize starch and an aqueous paste of 120 g of maize 35 
starch. After drying, it is mixed with 30 g of colloidal 
silica, 90 g of talc and 15 g of magnesium stearate and 
processed so as to form 10,000 film coating cores. These 
are subsequently coated with an aqueous suspension of 
20 glow substituted hydroxypropylmethylcellulose, 15 40 
g of talc and 10 g of titanium dioxide and dried. The 
resulting film coated tablets each weigh 150 mg and 
contain 10 mg of active substance. 

(c) A sterile solution of 5.0 g of the active substance 
in 5000 ml of distilled water is introduced into 5 ml 45 
ampoules, the ampoules containing 5 mg of active ingre­
dient in 5 ml of solution. 

(d) 25 g of active substance and 1975 g of finely 
ground suppository base (for example, cocoa butter) are 
thoroughly mixed and then melted. 1000 suppositories 50 
of 2 g are cast from the melt which has been kept ho­
mogenous by stirring. They each contain 25 mg of ac­
tive substance. 

(e) 25 g of active substance and 120 g of granular 
lactose, e.g. Tablettose ®, 95 g of microcrystalline eel- 55 
lulose, e.g. Avicel@ PH-102, 7 g of colloidal silicagel 
and 3 g of magnesium stearate are intimately mixed. The 
resulting powder is then sieved and filled in 250 mg 
portions into 1,000 gelatine capsules. 

(t) 400 g of active substance are dispersed in 24 l of 60 
distilled water with the addition of 70 g of a preserva­
tive, e.g. methylparaben, and 530 g of a thickening 
agent, e.g. carbomer 940, and the corresponding 
amount of lN sodium hydroxide solution. 6000 g of 
petrolatum are mixed with 6000 g of a fatty alcohol, e.g. 65 
stearyl alcohol, with the addition of 3000 g of an emulsi­
fier, e.g polyoxyethylene sorbitan monolaurate. Both oil 
and water phase are heated separately to 70° C. and 

14 
then mixed together. After homogenisation and cool­
ing, 1000 tubes are filled with 40 g of 0/W ointment 
each. 

The following examples are intended to illustrate the 
invention and are not to be construed as being limita­
tions thereon. Temperatures are given in degrees Centi­
grade. In examples 1-7, the preparation of o-hydrox­
yphenyl-benzyl-ketone starting materials of the formula 
VI is described. Examples 8-17 show the preparation of 
isoflavone intermediates of the formula Ila. In examples 
18-35, the preparation of isoflavans of the formula I is 
described. Examples 36-71 show the preparation of 
isoflavans of the formula I including the respective 
starting materials and intermediates. 

EXAMPLE 1 

1,2,4-Trihydroxybenzene (40.3 g) is suspended in dry 
diethylether (250 ml) containing dry ZnCh (38.2 g) and 
4-methylphenylacetonitrile (49.8 g). The suspension is 
then exposed for 6 h at o• to a gentle stream of dry HCl, 
te gas bubbling through the suspension under continu­
ous stirring. Then the reaction mixture is kept for 50 h 
at 4 • and thereafter the supernatant is decanted from 
heavy oil which is separated. The oil is washed twice 
with diethylether, then with water (1 1), and cone. HCl 
(20 ml) are added and the mixture is boiled for 1 h under 
reflux. After cooling to room temperature, the mixture 
is extracted with diethylether (3 X 250 ml). The com­
bined ether solutions are extracted with NaOH 2N solu­
tions (3 X 100 ml). The alkali extract is acidified with 
cone. HCl and the mixture cooled on ice. The crude 
product is filtered off and recrystallized from me­
thanol/water. The product is dried in vacuo to constant 
weight to yield 2,4,5-trihydroxyphenyl-4' -methylben­
zylketone, m.p. 173°. 

EXAMPLE2 

As example 1, but using pyrogallol (39. l g) instead of 
1,2,4-trihydroxybenzene, 52.5 g of 4-methyl­
phenylacetonitrile and 41.0 g of ZnCh. The suspension 
is exposed for 10 hat o• to a stream ofHCl. 2,3,4-Trihy­
droxyphenyl-4'-methylbenzylketone is obtained, m.p. 
148°. 

EXAMPLE3 

As example 1, but using 2,6-dihydroxytoluene (24.8 
g) instead of 1,2,4-trihydroxybenzene, 27.5 g of methyl­
phenylacetonitrile and Al Cb (26. 7 g) instead of Zn Ch. 
The suspension is exposed for 16 h at o• to a stream of 
HCI. After cooling the reaction mixture to room tem­
perature, it is extracted with chloroform instead of die­
thylether. After evaporating the chloroform extract to a 
small volume, the crystals of the product are obtained. 
After drying 2,4-dihydroxy-3-methylphenyl-4' -methyl­
benzylketone is obtained; m.p. 154°, 

EXAMPLE4 

As example 1, but using 2,6-dihydroxytoluene (49.6 
g) instead of 1,2,4-trihydroxybenzene, 3,4-dimethoxy­
phenylacetonitrile (70.9 g) instead of 4-methy­
phenylacetonitrile and 47.7 g of ZnCh. The suspension 
is exposed for 6 h at o• to a stream of HCI. 2,4-Dihy­
droxy-3-methylphenyl-3' ,4' -dimethoxybenzylketone is 
obtained; m.p. 168°-170°. 

EXAMPLE 5 

As example 1, but using 2,6-dihydroxytoluene (44.7 
g) instead of 1,2,4-trihydroxybenzene, 4-chloro-
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EXAMPLE 13 

15 
phenylacetonitrile (54.6 g) instead of 4-methyl­
phenylacetonitrile and 47.7 g of ZnCh. The suspension 
is exposed for 12 h at o• to a stream of HCl. 2,4-Dihy­
droxy-3-methylphenyl-4' -chlorobenzylketone is ob-
tained; m.p. 167°. 5 

EXAMPLE6 

As example 1, but using 45.4 g of 1,2,4-trihydroxy­
benzene, 4-chlorophenylacetonitrile (56.1 g) instead of 
4-methylphenylacetonitrile and AlCl3 (44.7 g) instead of lO 
ZnCh, The suspension is exposed for 12 h at o• to a 
stream of HCl. The crude substance is purified by col­
umn chromatography (silica gel; chloroform). 2,4,5-
Trihydroxyphenyl-4' -chlorobenzylketone is obtained; 15 
m.p. 170°. 

EXAMPLE7 

As example 1, but using 2,6-dihydroxytoluene (14.9 
g) instead of 1,2,4-trihydroxybenzene, 4-nitro- 20 
phenylacetonitrile (19.5 g) instead of 4-methyl­
phenylacetonitrile and AlCl3 (13.3 g) instead of ZnCh. 
The suspension is exposed for 12 h at o• to a stream of 
HCI. 2,4-Dihydroxy-3-methylphenyl-4'-nitrobenzylke-
tone is obtained; m.p. 190°-192°. 25 

EXAMPLE 8 

2,4,5-Trihydroxyphenyl-4' -methylbenzylketone (3.9 
g) is dissolved in dry dimethylformamide (50 ml). To 
this solution is added dropwise borontrifluoride-die- 30 
thyletherate (7.4 g); the reaction is exothermic. After 
adjusting the temperature to 50°, a solution of me­
thanesulfonylchloride (5.2 g) in dry dimethylformamide 
(25 ml) is added dropwise. This mixture is heated at 
90° -100° for 2 h, cooled to room temperature and 35 
poured into water (500 ml) while stirring. The separated 
product is filtered off, washed with water and recrystal­
lized from methanol. The product is dried in vacuo to 
constant weight to yield 6,7-dihydroxy-3-(4-methyl-
phenyl)-4H-l-benzopyran-4-one; m.p. 280°. 4-0 

EXAMPLE9 

As example 8, but using 2,3,4-trihydroxypheyl-4' -
methylbenzylketone instead of 2,4,5-trihydroxyphenyl-

45 4' -methylbenzylketone. 7,8-Dihydroxy-3-( 4-methyl­
phenyl)-4H-l-benzopyran-4-one is obtained; m.p. 225°. 

EXAMPLE 10 

As example 8, but using 2,4-dihydroxy-3-methylphe-
50 

nyl-4' -methylbenzylketone instead of 2,4,5-trihydroxy­
phenhl-4' -methylbenzylketone. 7-Hydroxy-8-methyl-3-
(4-methylphenyl)-4H-l-benzopyran-4-one is obtained; 
m.p. 264°-267°. 

EXAMPLE 11 

As example 8, but using 2,4-dihydroxy-3-methylphe­
nyl-4' -methoxybenzylketone [J. Indian Chem. Soc. 39, 
301 (1962)] instead of2,4,5-trihydroxyphenyl-4'-methyl-

55 

benzylketone. 7-Hydroxy-8-methyl-3-(4-methoxy- 60 
phenyl)-4H-1-benzopyran-4-one is obtained; m.p. 235°. 

EXAMPLE 12 

As example 8, but using 2,4-dihydroxy-3-methylphe­
nyl-3' ,4' -dimethoxybenzylketone instead of 2,4,5-trihy- 65 
droxyphenyl-4'-methylbenzylketone. 7-Hydroxy-8-
methyl-3-(3,4-dimethoxyphenyl)-4H-1-benzopyran-
4-one is obtained; m.p. 234°. 

As example 8, but using 2,4-dihydroxy-3-methylphe­
nyl-4' -chlorobenzylketone instead of 2,4,5-trihydrox­
yphenyl-4' -methylbenzylketone. 7-Hydroxy-8-methyl-
3-(4-chlorophenyl)-4H-1-benzopyran-4-one is obtained; 
m.p. 275°, 

EXAMPLE 14 

As example 8, but using 2,4,5-trihydroxyphenyl-4'­
chlorobenzylketone instead of 2,4,5-trihydroxyphenyl-
4' -methylbenzylketone. 6, 7-Dihydroxy-3-( 4-chloro­
phenyl)-4H-l-benzopyran-4-one is obtained; m.p. 299°. 

EXAMPLE 15 

As example 8, but using 2,4-dihydroxy-3-methylphe­
nyl-4'-nitrobenzylketone instead of 2,4,5-trihydrox­
yphenyl-4' -methylbenzylketone. 7-Hydroxy-8-methyl-
3-( 4-nitrophenyl)-4H- l-benzopyran-4-one is obtained; 
m.p. 345°. 

EXAMPLE 16 

7-Hydroxy-8-methyl-3-(3,4-dimethoxyphenyl)-4H -1-
benzoyran-4-one [see example 12] (3.12 g) is dissolved in 
dimethylformamide (15 ml) and K2CO3 (3.5 g) is added 
to the solution. While stirring, epibromhydrine (2.47 g) 
is dropped into the mixture. After heating for 5 h at 60°, 
the content of the reaction flask is poured into water 
(500 ml) and the precipitated product is filtered off and 
recrystallized from ethanol. The product is dried in 
vacuo to constant weight to yield 7-(2,3-epoxypropox­
y )-8-methyl-3-(3,4-dimethoxyphenyl)-4H -l-benzopy­
ran-4-one, m.p. 214°. 

EXAMPLE 17 

6, 7-Methylenedioxy-3-( 4-hydroxyphenyl)-4H- l-ben­
zopyran-4-one [cp. Nippon Kagaku Zasshi 85, 793 
(1964), Agr. Biol. Chem. (Tokyo) 32, 740 (1968) and 
Angew. Chem. 93, 129 (1981)] (2.0 g) is dissolved in 
dimethylformamide (15 ml) and K2CO3 (2.8 g) is added 
to the solution. While stirring, 2-bromoethylbutyrate 
(2.7 g) is dropped into the mixture. The content of the 
reaction flask is refluxed for 30 min. After cooling, 
water (50 ml) is added and the mixture is extracted with 
chloroform (3 X 30 ml), the extract washed with water 
(3 X 15 ml) and dried over Na2SO4. Chloroform is re­
moved under reduced pressure and the residue is re­
crystallized from methanol. The product is dried in 
vacuo to constant weight to yield 6,7-methylenedioxy-
3-[ 4-(1-ethoxycarbonyl- l-propyloxy)-pheny l]-4H -1-
benzopyran-4-one, m.p. 119°-i21°. 

EXAMPLE 18 

6, 7-Dihydroxy-3-(3,4-dimethoxyphenyl)-4H- l-ben­
zopyran-4-one [Indian J. Chem. Sect. B 19B, 82 (1980) 
and Indian J. Chem. Sect. B 15B, 1049 (1977)] (25 g) in 
a mixture of dioxane and ethanol 1:1 (1250 ml) is hydro­
genated for 8 days at normal pressure and room temper­
ature over palladium 10% on active charcoal (2.5 g) in 
the presence of concentrated H2SO4 (2.5 ml). After 
filtration of the catalyst, the filtrate is evaporated under 
reduced pressure to a volume of about 50 ml and diluted 
with water till turbidity appears. After cooling the solu­
tion, a solid precipitates. It is filtered off and recrystal­
lized from ethanol. The product is dried in vacuo to 
constant weight to yield 3,4-dihydro-6,7-dihydroxy-3-
(3,4-dimethoxyphenyl)-2H-1-benzopyran, m.p. 153°. 
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EXAMPLE 26 

7-Hydroxy-8-methyl-3-( 4-methylphenyl)-4H- l-ben­
zopyran-4-one (400 mg) in a mixture of dioxane and 

As example 18, with the same proportions of chemi­
cals, but using 6,7-dihydroxy-3-(4-methylphenyl)-4H-l­
benzopyran-4-one (16 g) instead of 6,7-dihydroxy-3-
(3,4-dimethoxyphenyl)-4H-l-benzopyran-4-one. 

The substance is hydrogenated for 24 h. 3,4-Dihydro-
6, 7-dihydroxy-3-( 4-methlphenyl)-2H-l-benzopyran is 
obtained; m.p. 166°. 

5 ethanol 1:1 (200 ml) is hydrogenated for 64 hat room 
temperature over palladium 10% on active charcoal 
(100 mg) in the presence of p-toluenesulfonic acid 
monohydrate (120 mg). After filtration of the catalyst, 
the filtrate is evaporated under reduced pressure to a 

EXAMPLE 20 
10 volume of about 50 ml. Water (150 ml) is added and the 

solution is extracted with dichloromethane (3 X 100 ml). 
The combined organic solutions are washed with water, 
dried and evaporated. The product is dried in vacuo to 

As example 18, with the same proportions of chemi­
cals, but using 6,7-methylenedioxy-3-(4-methoxy­
phenyl)-4H-l-benzopyran-4-one [Nippon Kagaku Zas-

15 
shi 85, 793 (1964)] (17 g) instead of 6,7-dihydroxy-3-
(3,4-dimethoxyphenyl)-4H-1-benzopyran-4-one. The 
substance is hydrogenated for 2 days. 3,4-Dihydro-6,7-
methylenedioxy-3-( 4-methoxyphenyl)-2-1-benzopyran 

constant weight to yield 3,4-dihydro-7-hydroxy-8-
methyl-3-(4-methylphenyl)-2H-1-benzopyran, m.p. 
136°-137°. 

EXAMPLE 27 

As example 26, but using 7,8-dihydroxy-3-(4-hydrox-
is obtained; m. p. 131 •. 

EXAMPLE21 

20 yphenyl)-4H-1-benzopyran-4-one [J. Sci. Ind. Research 
(India) 20B, 334 (1961)] (540 mg) instead of 7-hydroxy-
8-methyl-3-( 4-methylphenyl)-4H-1-benzopyran-4-one. 
A crystalline precipitate is formed when water is added; As example 18, with the same proportions of chemi­

cals, but using 7,8-dihydroxy-3-(4-methoxyphenyl)-4H-
1-benzopyran-4-one [J. Sci. Ind. Research (India) 20B, 25 
334 (1961)](5 g) instead of 6,7-dihydroxy-3-(3,4-dime­
thoxyphenyl)-4H-l-benzopyran-4-one. The substance is 
hydrogenated for 7 days. 3,4-Dihydro-7,8-dihydroxy-
3-(4-methoxypheny)-2-l-benzopyran is obtained; m.p. 
156°. 

it is filtrated off and washed with water. 3,4-Dihydro-
7 ,8-dihydroxy-3-( 4-hydroxyphenyl)-2H-1-benzopyran 
is obtained; m. p.· 225° -226°. 

EXAMPLE28 

As example 26, but using 7-hydroxy-8-methyl-3-(4-

EXAMPLE22 

30 methoxyphenyl)-4H-l-benzopyran-4-one (28 mg) in­
stead of 7-hydroxy-8-methyl-3-( 4-methylphenyl)-4H- l­
benzopyran-4-one. A crystalline precipitate is formed 
when water is added; it is filtrated off and washed with As example 18, with the same proportions of chemi­

cals, but using 7,8-dihydroxy-3-(3,4-dimethoxyphenyl)-
4H-l-benzopyran-4-one [Tetrahedron 18, 1443 (1962)] 35 
(10 g) instead of 6,7-dihydroxy-3-(3,4-dimethoxy­
phenyl)-4H-l-benzopyran-4-one. The substance is hy­
drogenated for 7 days. 3,4-Dihydro-7,8-dihydroxy-3-
(3,4-dimethoxyphenyl)-2H-1-benzopyran is obtained; 
m.p. 176°. 40 

EXAMPLE23 

As example 18, with the same proportions of chemi­
cals, but using 7,8-dihydroxy-3-( 4-methylphenyl)-4H-1-
benzopyran-4-one (1.9 g) instead of 6,7-dihydroxy-3- 45 

(3,4-dimethoxyphenyl)-4H-1-benzopyran-4-one. The 
substance is hydrogenated for 23 h. 3,4-Dihydro-7,8-
dihydroxy-3-(4-methylphenyl)-2H-l-benzopyran is ob­
tained; m.p. 164°. 

50 

EXAMPLE24 

As example 18, with the same proportions of chemi­
cals, but using 7-hydroxy-8-methyl-3-(3,4-dimethoxy­
phenyl)-4H-l-benzopyran-4-one (10 g) instead of 6,7- 55 
dihydroxy-3-(3,4-dimethoxyphenyl)-4H- l-benzopyran-
4-one. The substance is hydrogenated for 10 days. 3,4-
Dihydro-7-hydroxy-8-methyl-3-(3,4-dimethoxy­
phenyl)-2H-1-benzopyran is obtained; m.p. 125°-127°. 

water. 3,4-Dihydro-7-hydroxy-8-methyl-3-( 4-methoxy­
phenyl)-2H-1-benzopyran is obtained; m.p. 140°-141°. 

EXAMPLE29 

As example 26, but using 6,7-methylenedioxy-3-(4-(1-
ethoxycarbonyl-l-propyloxy )-phenyl]-4H- l-benzopy­
ran-4-one (25 mg) instead of 7-hydroxy-8-methyl-3-(4-
methylphenyl)-4H-1-benzopyran-4-one. After filtration 
of the catalyst, the solvent is evaporated and the residue 
is purified by column chromatography on silica gel 
using dichloromethane as eluant. 3,4-Dihydro-6,7-
methylenedioxy-3-[ 4-( l-ethoxycarbonyl-1-propyloxy )­
phenyl]-2H- l-benzopyran is obtained as an oil; 1H­
NMR (d6-DMSO): o=6.9, 7.0, 7.4 (d), 7.6 (d) [6H, Aro­
maten-H]; 3,4 (m, 2H, CH2); 2.5 (m, 2H, CH2); 1.8 (t, 
3H, CH3); 1.6 (t, 3H, CH3). MS: m/e=384 (M+). 

EXAMPLE 30 

7-Hydroxy-8-methyl-3-( 4-nitrophenyl)-4H- l-benzo-
pyran-4-one (440 mg), dissolved in a mixture of diox­
ane/ethanol 1:1 (200 ml), is hydrogenated for 15 h at 
room temperatutre over Raney nickel (200 mg). After 
filtration of the catalyst, the filtrate is evaporated under 
reduced pressure. The residue is dissolved in ethanol (75 
ml) and hydrogenated for 15 h at room temperature 
over palladium 10% on active charcoal (200 mg) in the 

EXAMPLE25 60 presence of p-toluenesulfonic acid monohydrate (760 
mg). After filtration of the catalyst, the filtrate is evapo­
rated under reduced pressure. The residue is dissolved 
in water (100 ml). The solution is neutralized to pH 7.5 

As example 18, with the same proportions of chemi­
cals, but using 7-hydroxy-8-methyl-3-(4-chlorophenyl)-
4H-l-benzopyran-4-one (5 g) instead of 6,7-dihydroxy-
3-(3,4-dimethoxyphenyl)-4H-l-benzopyran-4-one. The 65 
substance is hydrogenated for 5 days. 3,4-Dihydro-7-
hydroxy-8-methyl-3-( 4-chlorophenyl)-2H-1-benzopy-
ran is obtained; m.p. 159°. 

by addition of a saturated solution of NaHCO3 and 
extracted with ethyl acetate (3 X 50 ml). The combined 
organic solutions are washed with water (2 X 20 ml), 
dried over MgSO4 and evaporated. The residue is puri­
fied by column chromatography on silica gel using 
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dichloromethane/ethyl acetate 1:1 as eluent. The prod­
uct is dried in vacuo to constant weight to yield 3,4-
dihydro-7-hydroxy-8-methyl-3-( 4-aminophenyl)-2H- l­
benzopyran, m.p. 150°-151°. 

EXAMPLE 31 
5 

20 
dioxy-3-(3,4-dimethoxyphenyl)-2H-l-benzopyran is ob­
tained; m.p. 137°-138°. 

EXAMPLE 36 

3,4-Dihydro-6, 7-dihydroxy-3-( 4-methoxypheny l)-
2H-l-benzopyran [cp. U.S. Pat. No. 4,264,509] (10.0 g) 
is dissolved in dry pyridine (30 ml) and acetic anhydride 
(30 ml) is added. The solution is kept at room tempera­
ture for 48 h. Pyridine and the excess of the reagent are 
removed by evaporating with ethanol under reduced 
pressure. The residue is purified by column chromatog­
raphy on silica gel using chloroform as eluent. The 
crude product is recrystallized from methanol. The 
product is dried in vacuo to constant weight to yield 
3,4-dihydro-6, 7-diacetoxy-3-( 4-methoxyphenyl)-2H -1-
benzopyran, m.p. 104°. 

7,8-Dihydroxy-3-(3-methylphenyl)-4H-l-benzopy­
ran-4-one (100 mg), dissolved in a mixture of ethanol/­
dioxan 2:1 (75 ml), is hydrogenated for 24 h at room 
temperature over palladium 10% on active charcoal (50 
mg) in the presence of p-toluenesulphonic a~id mono-

IO hydrate (50 mg). After filtration of the catalyst, the 
filtrate is evaporated under vacuum to a minimum vol­
ume, then diluted with water (75 ml) and neutralized to 
pH 7 by addition of a saturated solution ofNaHCO3. An 

15 
oil is obtained which is extracted with ethyl acetate. 
The extract is dried over magnsium sulphate and evapo­
rated under vacuum to yield an amorphous solid which 
is dissolved in methylene chloride and eluted on a silica 
gel column. After evaporation of the main fraction, one 

EXAMPLE 32 20 obtains 3,4-dihydro-7,8-dihydroxy-3-(3-methylphenyl)-
2H-1-benzopyran, m.p. 95° -96°. 

As example 31, but using 3,4-dihydro-6,7-dihydroxy-
3-(4-hydroxyphenyl)-2H-l-benzopyran [cp. Phyto­
chemistry 23, 2203 (1984) and U.S. Pat. No. 4,264,509] 
(10.3 g) instead of 3,4-dihydro-6,7-dihydroxy-3-(4-

25 methoxyphenyl)-2H-1-benzopyran. 3,4-Dihydro-6, 7-
diacetoxy-3-( 4-acetoxyphenyl)-2H-l-benzopyran is ob­
tained; m.p. 145° -147°. 

EXAMPLE 33 

As example 31, but using 3,4-dihydro-6,7-dihydroxy-
30 

3-phenyl-2H-1-benzopyran [cp. U.S. Pat. No. 4,264,509] 
(9.7 g) instead of 3,4-dihydro-6,7-dihydroxy-3-(4-
methoxyphenyl)-2H-1-benzopyran. 3,4-Dihydro-6, 7 -
diacetoxy-3-phenyl-2H-l-benzopyran is obtained; m.p. 35 
102°. 

EXAMPLE 34 

Triethylamine (4.0 g) and dichlorodiphenylmethane 
(3.5 g) are added to a solution of 3,4-dihydro-6,7-dihy- 40 
droxy-3-(4-methoxyphenyl)-2H-l-benzopyran [cp. U.S. 
Pat. No. 4,264,509] (1.4 g) in pyridine (50 ml) containing 

The starting materials are prepared as follows: 
(a) As example 8, but using 2,3,4-trihydroxyphenyl-

3' -methylbenzylketone instead of 2,4,5-trihydroxyphe­
nyl-4' -methylbenzylketone. 7,8-Dihydroxy-3-(3-
methylphenyl)-4H-1-benzopyran-4-one is obtained, 
m.p. 268°. 

(b) As example 1, but using pyrogallol instead of 
1,2,4-trihydroxybenzene and 3-methylphenylacetoni­
trile instead of 4-methylphenylacetonitrile. 2,3,4-Trihy­
droxyphenyl-3'-methylbenzylketone is obtained, m.p. 
141 °. 

EXAMPLE 37 

As example 36, but using 7,8-dihydroxy-3-(3-carbox­
yphenyl)-4H-l-benzopyran-4-one (100 mg) instead of 
7 ,8-dihydroxy-3-(3-methylphenyl)-4H-1-benzopyran-
4-one. After neutralization to pH 7 by addition of a 
saturated solution of NaHCO3, there is a precipitation 
of crystals of 3,4-dihydro-7,8-dihydroxy-3-(3-carboxy­
phenyl)-2H-1-benzopyran, m.p. 194°-195°. 

The starting materials are prepared as follows: 
(a) As example 8, but using 2,3,4-trihydroxyphenyl-

3' -carboxybenzylketone instead of 2,4,5-trihydroxyphe­
nyl-4' -methylbenzylketone. 7 ,8-Dihydroxy-3-(3-carbox­
yphenyl)-4H-1-benzopyran-4-one is obtained, m.p. 
313°-314°. 

(b) As example 1, but using pyrogallol instead of 

1 % of water. The solution is warmed at 50° for 6 h and 
then poured into a mixture of water and 5N HCl 2:1 
(150 ml). It is extracted with dichloromethane (3 X 50 45 
ml) and the combined organic solutions are washed 
with water. The solvent is evaporated to dryness under 
reduced pressure. The residue is recrystallized from 
ethanol. After drying in vacuo to constant weight, 3,4-
dihydro-6, 7-diphenylmethylenedioxy-3-( 4-methoxy­
phenyl)-2H- l-benzopyran is obtained; m.p. 138°-139°. 

50 
1,2,4-trihydroxybenzene and 3-carboxyphenylacetoni­
trile instead of 4-methylphenylacetonitrile. 2,3,4-Trihy­
droxyphenyl-3' -carboxybenzylketone is obtained, m. p. 
222°. EXAMPLE 35 

Triethylamine (2.02 g) and 3,4-dihydro-7,8-dihy­
droxy-3-(3,4-dimethoxyphenyl)-2H-1-benzopyran [see 55 
example 22] (0.75 g) are dissolved in pyridine (20 ml) 
containing 1 % of water. A solution of dichlorodi­
phenylmethane (1.77 g) in pyridine (5 ml) is slowly 
added. The mixture is heated at 70° for 4 h. The solution 
is then poured into water (250 ml) and evaporated in- 60 
vacuo to a volume of about 100 ml. It is then extracted 
with ethyl acetate (3 X 100 ml), the combined organic 
solutions are washed with water (2 X 50 ml) and evapo­
rated to dryness under reduced pressure. The residue is 
purified by column chromatography on silica gel using 65 
dichloromethane/hexane 1:1 as eluent. The product is 
recrystallized from hexane. After drying in vacuo to 
constant weight, 3,4-dihydro-7,8-diphenylmethylene-

EXAMPLE 38 

As example 36, but using 7,8-dihydroxy-3-(4-nitro­
phenyl)-4H-l-benzopyran-4-one [cp. J. Sci. Ind. Re­
search (India) 20B, 334 (1961)] (300 mg) instead of 7,8-
dihydroxy-3-(3-methylphenyl)-4H -l-benzopyran-4-one. 
After neutralization to pH 7 by addition of a saturated 
solution of NaHCO3, a precipitate is obtained which is 
filtered, washed with water and dried under vacuum 
over phosphorous pentoxide. The mother liquor is acid­
ified to pH 4.5 and extracted with ethyl acetate. The 
organic layer is evaporated to dryness under vacuum to 
yield a solid. The two fractions consist of 3,4-dihydro-
7 ,8-dihydroxy-3-( 4-aminophenyl)-2H-1-benzopyran, 
m.p. 210°-212°. 
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EXAMPLE43 

As example 40, but using 6-n-hexyl-7-hydroxy-3-(4-
methoxyphenyl)-4H-1-benzopyran-4-one (1.2 g) instead 
of 6, 7-dihydroxy-3-( 4-fluorophenyl)-4H-1-benzopyran-
4-one. After evaporation of the filtrate, the residue is 
eluted on a silicagel column (CH2Cl2): the main fraction 
yields an oil which crystallizes and represents 3,4-dihy­
dro-6-n-hexyl-7-hydroxy-3-( 4-methoxyphenyl)-2H-1-
benzopyran, m.p. 64°-66°. 

The starting materials are prepared as follows: 

6,7-Dihydroxy-3-(3-methylphenyl)-4H-l-benzopy­
ran-4-one (1.2 g), dissolved in a mixture of dioxan/e­
thanol 4:6 (40 ml), is hydrogenated for 24 h at room 5 
temperature over palladium 5% on active charcoal 
(0.48 g) in the presence of a few drops of concentrated 
sulphuric acid. After filtration of the catalyst, the fil­
trate is evaporated to dryness under vacuum. An oil is 
obtained which is dissolved in methylene chloride. The lO 
solution is washed with water and dried over magne­
sium sulphate to give an oil which on crystallization 
yields 3,4-dihydro-6, 7-dihydroxy-3-(3-methylphenyl)-

(a) As example 8, but using 5-n-hexyl-2,4-dihydrox• 
yphenyl-4' -methoxybenzylketone instead of 2,4,5-trihy­
droxyphenyl-4' -methylbenzylketone. 6-n-Hexyl• 7-

15 hydroxy-3-( 4-methoxyphenyl)-4H-1-benzopyran-4-one 2H-1-benzopyran, m.p. 146°-148°. 
The starting materials are prepared as follows: 
(a) As example 8, but using 2,4,5-trihydroxyphenyl-

3' -methylbenzylketone instead of 2,4,5-trihydroxyphe­
nyl-4' -methylbenzylketone. 6, 7-Dihydroxy-3-(3-
methylphenyl)-4H-1-benzopyran-4-one is obtained, 20 
m.p. 258°. 

(b) As example 1, but using 3-methylphenylacetoni­
trile instead of 4-methylphenylacetonitrile. 2,4,5-Trihy­
droxyphenyl-3'-methylbenzylketone is obtained, m.p. 
197°, 25 

EXAMPLE40 

6,7-Dihydroxy-3-(4-fluorophenyl)-4H-1-benzopyran• 
4-one (1.2 g), dissolved in a mixture of dioxan/ethanol 
4:6 (40 ml), is hydrogenated for 24 hat room tempera- 30 

ture over palladium 5% on active charcoal (0.48 g) in 
the presence of a few drops of cone. sulphuric acid. 
After filtration of the catalyst, the filtrate is evaporated 
to dryness under vacuum. An oil is obtained which 35 
crystallizes to give 3,4-dihydro-6,7-dihydroxy-3-(4-
fluorophenyl)-2H-1-benzopyran, m.p. 135° -137°. 

The starting materials are prepared as follows: 
(a) As example 8, but using 2,4,5-trihydroxyphenyl-

4' -fluorobenzylketone instead of 2,4,5-trihydroxyphe- 40 
nyl-4' -methylbenzylketone. 6, 7-Dihydroxy-3-( 4-fluoro­
phenyl)-4H-1-benzopyran-4-one is obtained, m.p. 296°. 

(b) As example 1, but using 4-fluorophenylacetoni­
trile instead of 4-methylphenylacetonitrile. 2,4,5-Trihy­
droxyphenyl-4'-fluorobenzylketone is obtained, m.p. 45 
189°-190°. 

EXAMPLE41 

As example 40, but using 7,8-dihydroxy-3-phenyl-4H-
1-benzopyran-4-one [cp. Zh. Org. Khim. 40, 2459 (1970) 50 
and Zh. Org. Khim. 5, 515 (1969)] (1.2 g) instead of 
6, 7-dihydroxy-3-( 4-fluorophenyl)-4H-l-benzopyran-
4-one. After evaporation of the filtrate, the residue is 
washed with water and dried under vacuum to give 

55 3,4-dihydro-7,8-dihydroxy-3-phenyl-2H-1-benzopyran, 
m.p. 138°. 

EXAMPLE42 

As example 36, but using 6,7-dihydroxy-3-(3,4- 60 
methylenedioxyphenyl)-4H-1-benzopyran-4-one [ cp. 
Bull. Chem. Soc. Japan 38,612 (1965)] (900 mg) instead 
of 7 ,8-dihydroxy-3-(3-methylphenyl)-4H- l-benzopyran-
4-one. After neutralization to pH 7, a precipitate is ob­
tained which is purified by elution on a silica gel column 65 
(CHCl3/diisopropylether 1:1) to yield 3,4-dihydro-6,7-
dihydroxy-3-(3,4-methylenedioxyphenyl)-2H-l-benzo­
pyran, m.p. 163°-164°. 

is obtained, m.p. 188°. 
(b) As example 1, but using 4-n-hexylresorcinol in-

stead of 1,2,4-trihydroxybenzene and 4-methoxy­
phenylacetonitrile instead of 4-methylphenylacetoni­
trile. 5-n-Hexyl-2,4-dihydroxyphenyl-4'-methoxyben­
zylketone is obtained, m.p. 137°. 

EXAMPLE44 

As example 36, but using 7,8-dihydroxy-3-(3-fluoro­
phenyl)-4H-l-benzopyran-4-one (544 mg) instead of 
7 ,8-dihydroxy-3-(3-methylpheny l)-4H-1-benzopyran-
4-one. After extraction with ethyl acetate, the organic 
solution is washed with water and evaporated under 
vacuum to yield 3,4-dihydro-7,8-dihydroxy-3-(3-fluoro­
phenyl)-2H-1-benzopyran, m.p. 148°-149°. 

The starting materials are prepared as follows: 
(a) As example 8, but using 2,3,4-trihydroxyphenyl-

3' -fluorobenzylketone instead of 2,4,5-trihydroxyphe­
nyl-4' -methylbenzylketone. 7,8-Dihydroxy-3-(3-fluoro­
phenyl)-4H- l-benzopyran-4-one is obtained, m.p. 230°. 

(b) As example 1, but using pyrogallol instead of 
1,2,4-trihydroxybenzene and 3-fluorophenylacetonitrile 
instead of 4-methylphenylacetonitrile. 2,3,4-Trihydrox• 
yphenyl-3'-fluorobenzylketone is obtained, m.p. 162. 

EXAMPLE45 

As example 40, but using 6,7-dihydroxy-3-(3-fluoro­
phenyl)-4H-l-benzopyran-4-one (1.2 g) instead of 6,7-
dihydroxy-3-( 4-fluorophenyl)-4H-1-benzopyran-4-one. 
After evaporation of the filtrate, the oily residue is dis­
solved in methylene chloride. The solution is washed 
with water, dried over magnesium sulphate and evapo­
rated to dryness under vacuum. The residue is purified 
by elution on a silica gel column (CHCh/diisopropyl 
ether 1:1) and the oil representing the main fraction on 
crystallization yields 3,4-dihydro-6,7-dihydroxy-3-(3-
fluorophenyl)-2H-1-benzopyran, m.p. 121 • -123°. 

The starting materials are prepared as follows: 
(a) As example 8, but using 2,4,5-trihydroxyphenyl-

3' -fluorobenzylketone instead of 2,4,5-trihydroxyphe­
nyl-4' -methylbenzylketone. 6, 7-Dihydroxy-3-(3-fluoro­
phenyl)-4H-l-benzopyran-4-one is obtained, m.p. 277°. 

(b) As example 1, but using 3-fluorophenylacetoni­
trile instead of 4-methylphenylacetonitrile. 2,4,5-Trihy­
droxyphenyl-3' -fluorobenzylketone is obtained, m. p. 
209°. 

EXAMPLE46 

As example 36, but using 7-hydroxy-8-methyl-3-(3,4-
methylenedioxyphenyl)-4H-1-benzopyran-4-one ( 100 
mg) instead of 7,8-dihydroxy-3-(3-methylphenyl)-4H-1-
benzopyran-4-one. After neutralization to pH 7, a pre­
cipitate is formed which is filtered, washed with water 
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and dried under vacuum to give 3,4-dihydro-7-
hydroxy-8-methyl-3-(3,4-methylenedioxyphenyl)-2H-l­
benzopyran, m.p. 130°-131°. 

The starting materials are prepared as follows: 

dro-7,8-dimethoxy-3-( 4-methylphenyl)-2H-l-benzopy­
ran, m.p. 98°99°. 

The starting material is prepared as follows: 
(a) 7,8-Dihydroxy-3-( 4-methylphenyl)-4H-1-benzo-

(a) As example 8, but using 2,4-dihydroxy-3-methyl­
phenyl-3' ,4' -methylenedioxybenzylketone instead of 
2,4,5-trihydroxyphenyl-4' -methylbenzylketone. 7-
Hydroxy-8-methyl-3-(3,4-methylenedioxyphenyl)-4H­
l-benzopyran-4-one is obtained, m.p. 270°-272°. 

5 pyran-4-one (2.7 g), described in example 9, is dissolved 
in dry acetone (50 ml). Pyrolyzed potassium carbonate 
(4.14 g) is added and the mixture is heated to reflux. A 
solution of methyl sulphate (3.78 g) in acetone (10 ml) is 
then added dropwise and heating is maintained for three 

(b) As example 1, but using 2,6-dihydroxytoluene 
instead of l,2,4-trihydroxybenzene and 3,4-
methylenedioxyphenylacetonitrile instead of 4-methyl­
phenylacetonitrile. 2,4-Dihydroxy-3-methylphenyl-
3',4'-methylenedioxybenzylketone is obtained, m.p. 
164°. 

10 more hours. After cooling, the solid is filtered and the 
solution is evaporated to dryness under vacuum. Water 
is added to the residue which is filtered, washed with an 
aqueous sodium hydroxide solution (IN) then with 
water and dried. After crystallization in methanol, 7,8-

EXAMPLE47 

15 dimethoxy-3-( 4-methylphenyl)-4H- l-benzopyran-4-one 
is obtained, m.p. 135°. 

As example 36, but using 7-hydroxy-8-methyl-3-(3-
ethoxycarbonylphenyl)-4H-l-benzopyran-4-one (100 
mg) instead of 7,8-dihydroxy-3-(3-methylphenyl)-4H-l- 20 

benzopyran-4-one. After neutralization, a crystalline 
precipitate is formed which is filtered, washed with 
water and dried under vacuum to give 3,4-dihydro-7-
hydroxy-8-methyl-3-(3-ethoxycarbonylphenyl)-2H-1-

25 benzopyran, m.p. 143°-144°, 
The starting materials are prepared as follows: 
(a) As example 8, but using 2,4-dihydroxy-3-methyl­

phenyl-3' -ethoxycarbonylbenzylketone instead of 2,4,5-
trihydroxyphenyl-4' -methylbenzylketone. 7-Hydroxy- 30 
8-methyl-3-(3-ethoxycarbonylphenyl)-4H-l-benzopy­
ran-4-one is obtained, m.p. 222°. 

(b) As example 1, but using 2,6-dihydroxytoluene 
instead of 1,2,4-trihydroxybenzene and 3-ethoxycar-
bonylphenylacetonitrile instead of 4-methyl- 35 
phenylacetonitrile. 2,4-Dihydroxy-3-methylphenyl-3' -
ethoxycarbonylbenzylketone is obtained, m.p. 157°. 

EXAMPLE48 

EXAMPLE 50 

As example 39, but using 7-hydroxy-8-methyl-3-(4-
chlorophenyl)-4H-l-benzopyran-4-one (1.2 g) instead of 
6, 7-dihydroxy-3(3-methylphenyl)-4H-l-benzopyran-
4-one. Tetrahydrofuran and acetic acid are used instead 
of dioxan/ethanol and sulphuric acid. The resulting oil 
is finally purified by elution on a silica gel column 
(CH Ch) to yield 3,4-dihydro-7-hydroxy-8-methyl-3-( 4-
chlorophenyl)-2H-l-benzopyran, m.p. 98° -100°. 

The starting materials are prepared as follows: 
(a) As example 8, but using 2,4-dihydroxy-3-methyl­

phenyl-4' -chlorobenzylketone instead of 2,4,5-trihy­
droxyphenyl-4' -methylbenzylketone. 7-Hydroxy-8-
methyl-3-( 4-chlorophenyl)-4 H- l-benzopyran-4-one is 
obtained, m.p. 296°-297°. 

(b) As example 1, but using 2,6-dihydroxytoluene 
instead of 1,2,4-trihydroxybenzene and 4-chloro­
phenylacetonitrile instead of 4-methylphenylacetoni­
trile. 2,4-Dihydroxy-3-methylphenyl-4' -chloroben­
zylketone is obtained, m. p. 167°. 

EXAMPLE 51 

As example 39, but using 6,7-dihydroxy-3-(4-amino­
phenyl)-4H-1-benzopyran-4-one (1.2 g) instead of 6,7-
dihydroxy-3-(3-methylphenyl)-4H-l-benzopyran-4-one. 
The resulting oil corresponds to 3,4-dihydro-6,7-dihy­
droxy-3-(4-aminophenyl)-2H-l-benzopyran. It is con­
verted to the correspnding hydrochloride and also to 
the corresponding hemisulfate. 

The starting material is prepared as follows: 
(a) 6,7-Dihydroxy-3-(4-nitrophenyl)-4H-l-benzopy-

As example 36, but using 7-hydroxy-8-methyl-3-tri- 40 
fluoromethylphenyl)-4H-l-benzopyran-4-one (100 mg) 
instead of 7,8-dihydroxy-3-(3-methylphenyl)-4H-1-ben­
zopyran-4-one. After extraction with ethyl acetate, the 
organic layer is washed with water, dried over magne­
sium sulphate, then evaporated under vacuum to give 45 
3,4-dihydro-7-hydroxy-8-methyl-3-(3-trifluoromethyl­
phenyl)-2H-l-benzopyran as an oil. lH-NHR (d6-
DMSO): 6=7.6 (m, 4H, Aromaten-H); 6.7 (d, lH, 
Arom.-H); 6.4 (d, lH, Arom.-H); 2.0 (s, 3H, CH3). MS: 
m/e=308 (M+). 50 ran-4-one [cp. J. Inst. Chem. (Calcutta) 43, 234 (1971)] 

(1 g) is dissolved in 250 ml of a mixture of dioxan and 
ethanol 1:1. Raney nickel (0.45 g) is added and the mix­
ture is hydrogenated for 18 h at room temperature, then 

The starting materials are prepared as follows: 
(a) As example 8, but using 2,4-dihydroxy-3-methyl­

phenyl-3' -trifluoromethylbenzylketone instead of 2,4,5-
trihydroxyphenyl-4'-methylbenzylketone. 7-Hydroxy-
8-methyl-3-(3-trifluoromethylphenyl)-4 H-1-benzopy- 55 
ran-4-one is obtained, m.p. 283°-284°. 

(b) As example 1, but using 2,6-dihydroxytoluene 
instead of 1,2,4-trihydroxybenzene and 3-trifluorome­
thylphenylacetonitrile instead of 4-methyl­
phenylacetonitrile. 2,4-Dihydroxy-3-methylphenyl-3'- 60 
trifluoromethylbenzylketone is obtained, m.p. 167°, 

EXAMPLE49 

As example 40, but using 7,8-dimethoxy-3-(4-methyl­
phenyl)-4H-l-benzopyran-4-one (1.2 g) instead of 6,7- 65 
dihydroxy-3-(4-fluorophenyl)-4H-l-benzopyran-4-one. 
After evaporation of the filtrate, the residue is washed 
with water and dried under vacuum to yield 3,4-dihy-

filtered. The solution is evaporated under vacuum to 
about one third of its original volume until a precipitate 
occurs which is filtered and crystallized in dioxan to 
give 6, 7-dihydroxy-3-( 4-aminophenyl)-4H-l-benzopy­
ran-4-one, m.p. 305° -306°. 

EXAMPLE 52 

As example 39, but using 6,7-dihydroxy-3-(3-chloro­
phenyl)-4H-1-benzopyran-4-one (1.2 g) instead of 6,7-
dihydroxy-3-(3-methylphenyl)-4H-l-benzopyran-4-one. 
Tetrahydrofuran and acetic acid are used instead of 
dioxan/ethanol and sulphuric acid. The resulting oil 
crystallizes to give 3,4-dihydro-6, 7-dihydroxy-3-(3-
chlorophenyl)-2H-1-benzopyran. 

The starting materials are prepared as follows: 
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EXAMPLE 56 

25 
(a) As example 8, but using 2,4,5-trihydroxyphenyl-

3' -chlorobenzylketone instead of 2,4,5-trihydroxyphe­
nyl-4' -methylbenzylketone. 6, 7-Dihydroxy-3-(3-chloro­
phenyl)-4H- l-benzopyran-4-one is obtained, m.p. 308°. 

As example 40, but using 7,8-dihydroxy-3-(4-fluoro­
phenyl)-4H-l-benzopyran-4-one (1.2 g) instead of 6,7-

(b) As example 1, but using 3-chlorophenylacetoni­
trile instead of 4-methylphenylacetonitrile. 2,4,5-Trihy­
droxyphenyl-3'-chlorobenzylketone is obtained, m.p. 
212·. 

5 dihydroxy-3-( 4-fluorophenyl)-4H- l-benzopyran-4-one. 
After evaporation of the filtrate, the residue is washed 
with water, dried under vacuum and then purified by 
elution on a silica gel column (CH2Cli) to give 3,4-dihy­
dro-7,8-dihydroxy-3-( 4-fluorophenyl)-2H-1-benzopy-EXAMPLE 53 

As example 40, but using 6,7-dihydroxy-3-(3-tri­
fluoromethylphenyl)-4H-1-benzopyran-4-one (1.2 g) 
instead of 6,7-dihydroxy-3-(4-fluorophenyl)-4H-1-ben­
zopyran-4-one. After evaporation of the filtrate, the 
residue is dissolved in methylene chloride. The solution 
is washed with water, dried over magnesium sulphate 

10 ran, m.p. 166°-168°. 
The starting materials are prepared as follows: 
(a) As example 8, but using 2,3,4-trihydroxyphenyl-

4' -fluorobenzylketone instead of 2,4,5-trihydroxyphe­
nyl-4' -methylbenzylketone. 7, 8-Dihydroxy-3-( 4-fluoro-

15 phenyl)-4H-l-benzopyran-4-one is obtained, m.p. 289°. 

_ and evaporated under vacuum to yield 3,4-dihydro-6,7-
dihydroxy-3-(3-trifluoromethylphenyl)-2H-l-benzopy­
ran, m.p. 139°-141°. 

The starting materials are prepared as follows: 20 
(a) As example 8, but using 2,4,5-trihydroxyphenyl-

3' -trifluoromethylbenzylketone instead of 2,4,5-trihy­
droxyphenyl-4' -methylbenzylketone. 6, 7-Dihydroxy-3-
(3-trifluoromethylphenyl)-4H-1-benzopyran-4-one is 
obtained, m.p. 274°-275°. 25 

(b) As example 1, but using 3-trifluoromethyl­
phenylacetonitrile instead of 4-methylphenylacetoni­
trile. 2,4,5-Trihydroxyphenyl-3' -trifluoromethylben­
zylketone is obtained, m.p. 170°. 

EXAMPLE 54 
30 

As example 39, but using 7,8-dihydroxy-3-(3-tri­
fluoromethylphenyl)-4H-1-benzopyran-4-one (1.2 g) 
instead of 6,7-dihydroxy-3-(3-methylphenyl)-4H-1-ben­
zopyran-4-one. The resulting oil is finally purified by 35 
elution on a silica gel column (CH2Clz) to give 3,4-dihy­
dro-7,8-dihydroxy-3-(3-trifluoromethylphenyl)-2H-l­
benzopyran, m.p. 99°-100°. 

The starting materials are prepared as follows: 
(a) As example 8, but using 2,3,4-trihydroxyphenyl- 40 

3'-trifluoromethylbenzylketone instead of 2,4,5-trihy­
droxyphenyl-4'-methylbenzylketone. 7,8-Dihydroxy-3-
(3-trifluoromethylphenyl)-4H-l-benzopyran-4-one is 
obtained, m.p. 225°. 

(b) As example 1, but using pyrogallol instead of 45 
1,2,4-trihydroxybenzene and 3-trifluoromethyl­
phenylacetonitrile instead of 4-methylphenylacetoni­
trile. 2,3,4-Trihydroxyphenyl-3'-trifluoromethylben­

(b) As example 1, but using pyrogallol instead of 
1,2,4-trihydroxybenzene and 4-fluorophenylacetonitrile 
instead of 4-methylphenylacetonitrile. 2,3,4-Trihydrox­
yphenyl-4' -fluorobenzylketone is obtained, m.p. 152°. 

EXAMPLE 57 

As example 39, but using 6,7-methylenedioxy-3-(4-
hydroxyphenyl)-4H-l-benzopyran-4-one [see Example 
17] (1.2 g) instead of 6,7-dihydroxy-3-(3-methylphenyl)-
4H-l-benzopyran-4-one. The resulting oil crystallizes to 
give 3,4-dihydro-6, 7-methylenedioxy-3-( 4-hydroxy­
phenyl)-2H- l-benzopyran, m.p. 139°-140°. 

EXAMPLE 58 

As example 39, but using 6,7-dihydroxy-3-(4-iso­
propylphenyl)-4H-l-benzopyran-4-one (1.2 g) instead 
of 6, 7-dihydroxy-3-(3-methylphenyl)-4H-1-benzopyran-
4-one. The resulting oil crystallizes to give 3,4-dihydro-
6, 7-dihydroxy-3-( 4-isopropylphenyl)-2H- l-benzopyran, 
m.p. 129°-131°. 

The starting materials are prepared as follows: 
(a) As example 8, but using 2,4,5-trihydroxyphenyl-

4' -isopropylbenzylketone instead of 2,4,5-trihydrox­
yphenyl-4' -methylbenzylketone. 6, 7-Dihydroxy-3-( 4-
isopropylphenyl)-4H- l-benzopyran-4-one is obtained, 
m.p. l8l 0 -1s2·. 

(b) An example 1, but using 4-isopropyl­
phenylacetonitrile instead of 4-methylphenylacetoni­
trile, 2,4,5-Trihydroxyphenyl-4' -isopropylbenzylketone 
is obtained, m. p. 131 •. 

EXAMPLE 59 

As example 39, but using 6,7-dihydroxy-3-(4-carbox-zylketone is obtained, m.p. 171 •. 

EXAMPLE 55 
50 ymethylphenyl)-4H-l-benzopyran-4-one (1.2 g) instead 

of 6, 7-dihydroxy-3-(3-methylphenyl)-4H- l-benzopyran-
4-one. The resulting oil crystallizes to give 3,4-dihydro-
6, 7-dihydroxy-3-( 4-ethoxy-carbonylmethylphenyl)-2H-

As example 39, but using 7,8-dihydroxy-3-(3-chloro­
phenyl)-4H-l-benzopyran-4-one (1.2 g) instead of 6,7-
dihydroxy-3-(3-methylphenyl)-4H-l-benzopyran-4-one. 
Tetrahydrofuran and acetic acid are used instead of 55 
dioxan/ethanol and sulphuric acid. The resulting oil 
crystallizes to give 3,4-dihydro-7,8-dihydroxy-3-(3-
chlorophenyl)-2H-1-benzopyran, m.p. 99°-101°. 

The starting materials are prepared as follows: 
(a) As example 8, but using 2,3,4-trihydroxyphenyl- 60 

3' -chlorobenzylketone instead of 2,4,5-trihydroxyphe­
nyl-4' -methylbenzylketone. 7,8-Dihydroxy-3-(3-chloro­
phenyl)-4H-1-benzopyran-4-one is obtained, m.p. 258°. 

(b) As example 1, but using pyrogallol instead of 
1,2,4-trihydroxybenzene and 3-chlorophenylacetoni- 65 
trile instead of 4-methylphenylacetonitrile. 2,3,4-Trihy­
droxyphenyl-3' -chlorobenzylketone is obtained, m.p. 
155°. 

l-benzopyran, m.p. 164°-166°. 
The starting materials are prepared as follows: 
(a) 6, 7-Dihydroxy-3-( 4-cyanomethylphenyl)-4H- l­

benzopyran-4-one (1 g) is dissolved in a mixture of 
cone. hydrochloric acid and acetic acid 1: l ( l 0 ml), then 
the solution is boiled for 2 h. After evaporation of the 
solution under vacuum and crystallization of the residue 
in a mixture of ethanol and water, 6,7-dihydroxy-(3-(4-
carboxymethylphenyl)-4H-l-benzopyran-4-one is ob­
tained, m.p. 278°-280°. 

(b) As example 8, but using 2,4,5-trihydroxyphenyl-
4' -cyanomethylbenzylketone instead of 2,4,5-trihydrox­
yphenyl-4' -methylbenzylketone. 6,7-Dihydroxy-3-( 4-
cyanomethylphenyl)-4H-l-benzopyran-4-one is ob­
tained, m.p. 258°-260°. 
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(c) As example 1, but using 4-cyanomethyl­
phenylacetonitrile instead of 4-methylphenylacetoni­
trile. 2,4,5-Trihydroxyphenyl-4' -cyanomethy lbenzylke­
tone is obtained, m.p. 195°-196°. 

EXAMPLE60 
5 

As example 39, but using 6,7-dihydroxy-3-(4-phenyl­
sulfonylaminophenyl)-4H-l-benzopyran-4-one (1.2 g) 
instead of 6,7-dihydroxy-3-(3-methylphenyl)-4H-l-ben­
zopyran-4-one. The resulting oil crystallizes to give 10 
3,4-dihydro-6, 7-dihydroxy-3-( 4-phenylsulfonylamino­
phenyl)-2H- l-benzopyran, m.p. 152°-154°. 

The starting material is prepared as follows: 
(a) 6,7-Dihydroxy-3-(4-aminophenyl)-4H-l-benzopy­

ran-4-one [see Example 51a] (538 mg) is dissolved in a 15 
mixture of dimethylformamide and water 15:85 (5 ml) 
and the solution is heated to 90° in the presence of ben­
zenesulfonyl chloride (210 mg). After 15 minutes the 
pH has dropped to 3 and it is adjusted to 9 by addition 
of a 25% sodium hydroxide solution. Benzenesulfonyl 20 
chloride (additional 143 mg) and 25% sodium hydrox­
ide solution (total amount used: 1 ml) are added in the 
same way until the pH does not vary any more. Aque­
ous hydrochloric acid is then added to lower the pH to 
3 and the solution is cooled until precipitation occurs. 25 
The precipitate is filtered, washed with water and dried 
to give 6,7-dihydroxy-3-(4-phenylsulfonylamino­
phenyl)-4H-1-benzopyran-4-one, m.p. 285° -286°. 

EXAMPLE 61 30 
As example 40, but using 6,7-dihydroxy-3-(3-ethox­

ycarbonylphenyl)-4H-l-benzopyran-4-one (1.2 g) in­
stead of 6,7-dihydroxy-3-(4-fluorophenyl)-4H-l-benzo­
pyran-4-one. After evaporation of the filtrate, the resi­
due crystallizes to give 3,4-dihydro-6,7-dihydroxy-3-(3- 35 
ethoxycarbonylphenyl)-2H-1-benzopyran, m. p. 
131°-133°. 

The starting materials are prepared as follows: 
(a) As example 8, ·but using 2,4,5-trihydroxyphenyl-

3' -ethoxycarbonylbenzylketone instead of 2,4,5-trihy- 40 
droxyphenyl-4' -methylbenzylketone. After purification 
by column chromatography (silica gel/toluene:me­
thanol 100:5), 6,7-dihydroxy-3-(3-ethoxycarbonyl­
phenyl)-4H-l-benzopyran-4-one is obtained, m.p. 
211·-21s·. 45 

(b) As example 1, but using 3-ethoxycarbonyl­
phenylacetonitrile instead of 4-methylphenylacetoni­
trile. After purification by column chromatography 
(silica gel/methylene chloride:methanol 20:1) and crys­
tallization from a mixture of methanol and water, 2,4,5- 50 
trihydroxyphenyl-3' -ethoxycarbonylbenzylketone is 
obtained, m. p. 177° -178 •. 

EXAMPLE 62 

As example 39, but using 6,7-dihydroxy-3-(4- 55 
acetylaminophenyl)-4H-l-benzopyran-4-one (1.2 g) in­
stead of 6,7-dihydroxy-3-(3-methylphenyl)-4H-l-benzo­
pyran-4-one. The resulting oil crystallizes to give 3,4-
dihydro-6, 7-dihydroxy-3-( 4-acetylaminophenyl)-2H-1-
benzopyran, m.p. 201°-203° (88% purity). 60 

The starting material is prepared as follows: 
(a) 7-Acetyloxy-6-hydroxy-3-(4-acetylaminophenyl)-

4H-l-benzopyran-4-one [see Example 65a] (20 mg) is 
dissolved in a mixture of IN aqueous hydrochloric acid 
and ethanol 1:1 (10 ml) and stirred during 12 hat room 65 
temperature. The solution is then extracted with dichlo­
romethane, the dichloromethane layer is washed with 
water and evaporated to dryness under vacuum to give 

6, 7-dihydroxy-3-( 4-acety laminophenyl)-4H- l-benzopy · 
ran-4-one, m.p. > 310° (dee.). 

EXAMPLE 63 

As example 39, but using 6,7-dihydroxy-3-(3-methyl­
sulfonylphenyl)-4H-1-benzopyran-4-one instead of 6,7-
dihydroxy-3-(3-methylphenyl)-4H-l-benzopyran-4-one. 
3,4-Dihydro-6, 7-dihydroxy-3-(3-methy lsulfonyl­
phenyl)-2H- l-benzopyran is obtained. 

The starting materials are prepared as follows: 
(a) As example 8, but using 2,4,5-trihydroxyphenyl-

3'-methylsulfonylbenzylketone instead of 2,4,5-trihy­
droxyphenyl-4' -methylbenzylketone. 6, 7-Dihydroxy-3-
(3-methylsulfonylphenyl)-4-H- l-benzopyran-4-one is 
obtained. 

(b). As example 1, but using 3-methylsulfonyl­
phenylacetonitrile instead of 4-methylphenylacetoni­
trile. 2,4,5-Trihydroxyphenyl-3 '-methy lsulfonylben­
zylketone is obtained. 

EXAMPLE 64 

As example 39, but using 6,7-dihydroxy-3-(3-tert­
butylphenyl)-4H-1-benzopyran-4-one instead of 6, 7 • 
dihydroxy-3-(3-methylphenyl)-4H -l-benzopyran-4-one. 
3,4-Dihydro-6, 7-dihydroxy-3-(3-tertbutylphenyl)-2H -1-
benzopyran is obtained. 

The starting materials are prepared as follows: 
(a) As example 8, but using 2,4,5-trihydroxyphenyl-

3' -tert-butylbenzylketone instead of 2,4,5-trihydrox­
yphenyl-4' -methylbenzylketone. 6, 7-Dihydroxy-3-(3-
tert-butylphenyl)-4H-l-benzopyran-4-one is obtained. 

(b) As example 1, but using 3-tert-butyl­
phenylacetonitrile instead of 4-methylphenylacetoni­
trile, 2,4,5-Trihydroxyphenyl-3' -tert-butylbenzylketone 
is obtained. 

EXAMPLE 65 

As example 39, but using 7-acetyloxy-6-hydroxy-3-(4-
acetylaminopheny l)-4H- l-benzopyran-4-one (20 mg) 
instead of 6,7-dihydroxy-3-(3-methylphenyl)-4H-1-ben­
zopyran-4-one. The resulting oil crystallizes to give 
3,4-dihydro-6, 7-dihydroxy-3-( 4-acetylaminophenyl)-
2H-l-benzopyran, m.p. 201°-203° (88% purity). 

The starting material is prepared as follows: 
(a) 6, 7-Dihydroxy-3-( 4-aminophenyl)-4H-1-benzopy­

ran-4-one [see Example 51a] (269 mg) is dissolved in 
ethanol (3 ml). Acetic anhydride ( 4 ml) is added and the 
solution heated to 70° for 2.5 h, then left overnight at 
room temperature. The resulting precipitate is filtered, 
washed with water and dried to give 7-acetyloxy-6-
hydroxy-3-( 4-acetylaminopheny 1)-4 H - l-benzopyran-
4-one, m.p. 265°-266°. 

EXAMPLE 66 

As example 39, but using 7,8-dihydroxy-3-(4-
acetylaminophenyl)-4H-l-benzopyran-4-one instead of 
6, 7-dihydroxy-3-(3-methylphenyl)-4H-l-benzopyran-
4-one. 3,4-Dihydro-7,8-dihydroxy-3-( 4-acetylamino-
phenyl)-2H-1-benzopyran is obtained. 

The starting materials are prepared as follows: 
(a) As in example 8, but using 2,3,4-trihydroxyphe­

nyl-4' -acetylaminobenzylketone instead of 2,4,5-trihy­
droxyphenyl-4' -methylbenzylketone. 7,8-Dihydroxy-3-
(4-acetylaminophenyl)-4H-1-benzopyran-4-one is ob­
tained. 

(b) As example 1, but using pyrogallol instead of 
1,2,4-trihydroxybenzene and 4-acetylamino­
phenylacetonitrile instead of 4-methylphenylacetoni-
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trile. 2,3,4-Trihydroxyphenyl-4' -acetylaminobenzylke­
tone is obtained. 

EXAMPLE 67 

As example 39, but using 7,8-dihydroxy-3-(4-car- 5 
bamoylphenyl)-4H-1-benzopyran-4-one instead of 6,7-
dihydroxy-3-(3-methylphenyl)-4H-1-benzopyran-4-one. 
3,4-Dihydro-7,8-dihydroxy-3-(1-benzopyran is ob­
tained. 

The starting materials are prepared as follows: 
(a) As in example 8, but using 2,3,4-trihydroxyphe­

nyl-4' -carbamoylbenzylketone instead of 2,4,5-trihy­
droxyphenyl-4'-methylbenzylketone. 7,8-Dihydroxy-3-
(4-carbamoylphenyl)-4H-l-benzopyran-4-one is ob-
tained. 15 

(b) As example 1, but using pyrogallol instead of 
1,2,4-trihydroxybenzene and 4-carbamoyl­
phenylacetonitrile instead of 4-methylphenylacetoni­
trile. 2,3,4-Trihydroxyphenyl-4' -carbamoylbenzylke-
tone is obtained. 20 

EXAMPLE68 

As example 39, but using 7,8-dihydroxy-3-(3-n­
propylsulfonylphenyl)-4H-l-benzopyran-4-one instead 
of 6, 7-dihydroxy-3-(3-methylphenyl)-4H-l-benzopyran- 25 
4-one. 3,4-Dihydro-7,8-dihydroxy-3-(3-n-propylsul-
fonylphenyl)-2H-l-benzopyran is obtained. 

The starting materials are prepared as follows: 
(a) As example 8, but using 2,3,4-trihydroxyphenyl-

3' -n-propylsulfonylbenzylketone instead of 2,4,5-trihy- 30 
droxyphenyl-4'-methylbenzylketone. 7,8-Dihydroxy-3-
(3-n-propylsulfonylphenyl)-4H-l-benzopyran-4-one is 
obtained. 

(b) As example 1, but using pyrogallol instead of 
1,2,4-trihydroxybenzene and 3-n-propylsulfonyl- 35 
phenylacetonitrile instead of 4-methylphenylacetoni­
trile. 2,3,4-Trihydroxyphenyl-3' -n-propylsulfonylben­
zylketone is obtained. 

EXAMPLE 69 40 

nol to give 7,8-dimethoxy-3-(4-carboxymethoxy­
phenyl)-4H-l-benzopyran-4-one. 

EXAMPLE 71 

As example 39, but using 7,8-methylenedioxy-3-(4-
carboxyphenyl)-4H-l-benzopyran-4-one instead of 6,7-
dihydroxy-3-(3-methylphenyl)-4H-1-benzopyran-4-one. 
3,4-Dihydro-7 ,8-methylenedioxy-3-( 4-carboxypheny l)-
2H- l-benzopyran is obtained. 

The starting materials are prepared as follows: 
(a) As example 8, but using 2-hydroxy-3,4-

methylenedioxyphenyl-4' -carboxybenzylketone instead 
of 2,4,5-trihydroxyphenyl-4' -methylbenzylketone. 7,8-
Methylenedioxy-3-( 4-carboxyphenyl)-4H-1-benzopy­
ran-4-one is obtained. 

(b) As example 1, but using 2-hydroxy-3,4-
methylenedioxybenzene instead of 1,2,4-trihydroxyben­
zene and 4-carboxyphenylacetonitrile instead of 4-
methylphenylacetonitrile. 2-Hydroxy-3,4-methylenedi­
oxyphenyl-4' -carboxybenzylketone is obtained. 

I claim: 
1. A compound of the formula I 

R" (I) 

wherein the group OR represents hydroxy; lower alk­
oxy which is unsubstituted or substituted by hydroxy, 
lower alkoxy, amino, lower alkylamino, di-lower alkyl­
amino, carboxy or lower alkoxycarbonyl; or lower 
alkanoyloxy; one of the radicals R' and R" represents 
hydroxy, lower alkoxy, lower alkanoyloxy or lower 
alkyl and the other one is hydrogen; or the groups OR 
and R' together form a bivalent methylenedioxy radical 
which is unsubstituted or substituted by lower alkyl 
and/or phenyl, and R" is hydrogen; or the groups OR 

As example 39, but using 7,8-dimethoxy-3-(3-carbox­
yphenyl)-4H-l-benzopyran-4-one instead of 6,7-dihy­
droxy-3-(3-methylphenyl)-4H-l-benzopyran-4-one. 3,4-
Dihydro-7 ,8-dimethoxy-3-(3-carboxyphenyl)-2H-1-
benzopyran is obtained. 

The starting material is prepared as follows: 
(a) As example 49a, but using 7,8-dihydroxy-3-(3-car­

boxyphenyl)-4H-l-benzopyran-4-one ]see Example 37a] 
instead of 7,8-dihydroxy-3-( 4-methylphenyl)-4H-l-ben-

45 and R" together form a bivalent methylenedioxy radical 
which is unsubstituted or substituted by lower alkyl 
and/or phenyl, and R' is hydrogen; and the ring B is 
unsubstituted or substituted by lower alkyl, phenyl-

zopyran-4-one. 7,8-Dimethoxy-3-(3-carboxyphenyl)- 50 
4H-l-benzopyran-4-one is obtained. 

EXAMPLE 70 

As example 39, but using 7,8-dimethoxy-3-(4-carbox­
ymethoxyphenyl)-4H-l-benzopyran-4-one instead of 55 
6, 7-dihydroxy-3-(3-methylphenyl)-4H-l-benzopyran-
4-one. 3,4-Dihydro-7,8-dimethoxy-3-( 4-carboxyme-
thoxyphenyl)-2H-1-benzopyran is obtained. 

The starting material is prepared as follows: 
(a) NaH is dissolved in dry dimethylformamide under 60 

nitrogen atmosphere at 0°. 7,8-Dimethoxy-3-(4-hydrox­
yphenyl)-4H-1-benzopyran-4-one [cp. J. Inst. Chem. 
(Calcutta) 43, 234 (1971)], dissolved in dry dimethyl­
formamide, is added slowly, then a solution of chloro­
acetic acid. The solution is heated at 70° for 5 h and 65 
evaporated under vacuum to about one third of its origi­
nal volume. After cooling, water is added and a precipi­
tate occurs which is filtered and crystallized in metha-

lower alkyl, diphenyl-lower alkyl, phenyl, lower al­
kanoyloxy, halogen, amino, lower alkylamino, di-lower 
alkylamino, phenylamino, lower alkanoylamino, ben-
zoylamino; lower alkylsulfonylamino, phenylsulfonyl­
mino; lower alkanoyl, benzoyl, carboxy, lower alkoxy­
carbonyl, carbamoyl, N-lower alkylcarbamoyl, N,N­
dilower alkylcarbamoyl, cyano, ureido, N-lower al­
kylureido, lower alkylsulfonyl; phenylsulfonyl; lower 
alkyl which is substituted by hydroxy, lower alkoxy, 
amino, lower alkylamino, di-lower alkylamino, halogen, 
carboxy or lower alkoxycarbonyl; lower alkoxy which 
is substituted by hydroxy, lower alkoxy, amino, lower 
alkylamino, di-lower alkylamino, halogen, carboxy or 
lower alkoxycarbonyl; C3-C7-alkoxy; and/or bivalent 
methylenedioxy; 

or wherein the ring Bis monosubstituted by hydroxy, 
methoxy or ethoxy, provided that R' is other than 
hydroxy, methoxy or ethoxy, if the group OR rep­
resents hydroxy, methoxy or ethoxy; or wherein 
the ring B is disubstituted by methoxy and lower 
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alkoxy, provided in case of 2',4'-dimethoxy substi­
tution that R' and R" are other than methoxy, if the 
group OR represents methoxy; with the proviso 
that the ring B must be substituted, if R' is hydroxy 
and the group OR represents hydroxy or methoxy; 5 
it being possible for all phenyl groups mentioned as 
such or in composed radicals to be unsubstituted or 
substituted by lower alkyl, lower alkoxy, halogen, 
hydroxy and/or nitro; or a salt thereof. 

2. A compound according to claim 1 of the formula I, 10 
wherein the group OR represents hydroxy, lower alk­
oxy or lower alkanoyloxy; one of the radicals R' and R" 
represents hydroxy, lower alkoxy, lower alkanoyloxy 
or lower alkyl and the other one is hydrogen; or the 
groups OR and R' together form a bivalent methylene- 15 
dioxy radical which is unsubstituted or substituted by 
lower alkyl and/or phenyl, and R" is hydrogen; or the 
groups OR and R" together form a bivalent methylene­
dioxy radical which is unsubstituted or substituted by 
lower alkyl and/or phenyl, and R' is hydrogen; and the 20 
ring B is unsubstituted or substituted by lower alkyl, 
lower alkanoyloxy, halogen, amino, lower alkylamino, 
di-lower alkylamino, phenylamino, lower alkanoyl­
mino, benzoylamino; lower alkylsulfonylamino, phenyl­
sulfonylamino; lower alkanoyl, benzoyl, carboxy, lower 25 
alkoxycarbonyl, carbamoyl, N-lower alkylcarbamoyl, 
N,N-di-lower alkylcarbamoyl, cyano, lower alkylsulfo­
nyl; phenylsulfonyl; lower alkyl which is substituted by 
halogen, carboxy or lower alkoxycarbonyl; lower alk­
oxy which is substituted by carboxy or lower alkoxy- 30 
carbonyl; or bivalent methylenedioxy; 

or wherein the ring B is monosubstituted by hydroxy 

droxy, methoxy or ethoxy, if the group OR repre­
sents hydroxy, methoxy or ethoxy; or wherein the 
ring B is disubstituted by methoxy, provided in 
case of 2',4'-dimethoxy substitution that R' and R" 
are other than methoxy, if the group OR represents 
methoxy; with the proviso that the ring B must be 
substituted, if R' is hydroxy and the group OR 
represents hydroxy or methoxy; or a pharmaceuti­
cally acceptable salt thereof. 

4. A compound according to claim 1 of the formula I, 
wherein the group OR represents hydroxy; lower alk­
oxy or lower alkanoyloxy; one of the radicals R' and R" 
represents hydroxy, lower alkoxy, lower alkanoyloxy 
or lower alkyl and the other one is hydrogen; or the 
groups OR and R' together form a bivalent methylene­
dioxy radical which is unsubstituted or disubstituted by 
phenyl, and R" is hydrogen; or the groups OR and R" 
together form a bivalent rnethylenedioxy radical which 
is unsubstituted or disubstituted by phenyl, and R' is 
hydrogen; and the ring B is unsubstituted or substituted 
by lower alkyl, lower alkanoyloxy, halogen, amino, 
lower alkylamino, di-lower alkylarnino, or lower alkoxy 
which is substituted by carboxy or lower alkoxycar­
bonyl; or ring B is 3,4-dimethoxy-substituted; with the 
proviso that the ring B must be substituted, if R' is hy­
droxy and the group OR represents hydroxy or rne-
thoxy; or a pharmaceutically acceptable salt thereof. 

5. A compound according to claim 1 being 3,4-dihy­
dro-6, 7-dihydroxy-3-(3,4-dimethoxyphenyl)-2H-1-ben­
zopyran. 

6. A compound according to claim 1 being 3,4-dihy­
dro-7,8-dihydroxy-3-(3,4-dimethoxyphenyl)-2H-1-ben­
zopyran. 

7. A compound according to claim 1 being 3,4-dihy-
35 dro-6, 7-dihydroxy-3-( 4-methylphenyl)-2H- l-benzopy-

or methoxy, provided that R' is other than hy­
droxy, methoxy or ethoxy, if the group OR repre­
sents hydroxy, methoxy or ethoxy; or wherein the 
ring B is disubstituted by methoxy, provided in 
case of 2',4'-dimethoxy substitution that R' and R" 
are other than methoxy, if the group OR represents 
methoxy; with the proviso that the ring B must be 
substituted, if R' is hydroxy and the group OR 40 
represents hydroxy or rnethoxy; or a pharmaceuti­
cally acceptable salt thereof. 

3. A compound according to claim 1 of the formula I, 
wherein the group OR represents hydroxy, lower alk­
oxy or lower alkanoyloxy; one of the radicals R' and R" 45 
represents hydroxy, lower alkoxy, lower alkanoyloxy 
or lower alkyl and the other one is hydrogen; or the 
groups OR and R' together form a bivalent methylene­
dioxy radical which is unsubstituted or disubstituted by 
phenyl, and R" is hydrogen; or the groups OR and R" 50 
together form a bivalent methylenedioxy radical which 
is unsubstituted or disubstituted by phenyl, and R' is 
hydrogen; and the ring B is unsubstituted or substituted 
by lower alkyl, lower alkanoyloxy, halogen, amino, 
lower alkanoylamino, phenylsulfonylamino; carboxy, 55 
lower alkoxycarbonyl, carbamoyl, lower alkylsulfonyl; 
lower alkyl which is substituted by halogen or carboxy; 
lower alkoxy which is substituted by carboxy or lower 
alkoxycarbonyl; or bivalent methylenedioxy; 

or wherein the ring B is monosubstituted by hydroxy 60 
or methoxy, provided that R' is other than hy-
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ran. 
8. A compound according to claim 1 being 3,4-dihy­

dro-6, 7-diphenylmethylenedioxy-3-( 4-methoxyphenyl)-
2H- l-benzopyran. 

9. A compound according to claim 1 being 3,4-dihy­
dro-6, 7-diacetoxy-3-( 4-methoxyphenyl)-2H- l-benzopy­
ran. 

10. A pharmaceutical composition comprising a ther­
apeutically effective amount of a compound of formula 
I according to claim 1 or a pharmaceutically acceptable 
salt thereof, together with one or more pharmaceuti­
cally acceptable carriers. 

11. A pharmaceutical composition according to claim 
10, wherein it contains 3,4-dihydro-6, 7-dihydroxy-3-(4-
methylphenyl)-2H-l-benzopyran together with one or 
more pharmaceutically acceptable carriers. 

12. A method of treating a vascular disease respon­
sive to platelet aggregation inhibition in a mammal com­
prising the administration to said mammal of a therapeu­
tically effective amount of a compound of formula I 
according to claim 1 or a pharmaceutically acceptable 
salt thereof. 

13. A method according to claim 12 wherein 3,4-
dihydro-6, 7-dihydroxy-3-( 4-methylphenyl)-2H- l-ben­
zopyran is administered. 

* * * * * 



ACTUAL PATENT URL LINK: 
h ttps :/ /paten timages.storage.googlea pis.com/ 
dl/20/31/ela9219accf7f5/US4814346.pdf 

PATENT CURRENT ASSIGNEE URL 
LINK: 
h ttps ://patents. google.com/paten t/US4814346 
A/en?oq=US+4814346 

... 

.. 



• R&B, H,p Hop Love Song' •b X G US4814346A - Benzopyrans an, X 

© ii https://patents,google,com/ patent/US4814346A/en ?oq= US+4814346 

I, Getting Started 

Abstract 

lsoflavans of the formula I ##STR1 ## wherein the groups OR, R', R" and ring B are as defined in the 
specification, exhibit valuable pharmacological properties, especially for the t reatment of vascular 
diseases. They are prepared by methods known per se, 

Classifications 

• C070407 /04 Heterocyclic compounds containing two or more hetero rings, at least one ring 
having oxygen atoms as the only ring hetero atoms, not provided for by group C07D405/00 
containing two hetero rings directly linked by a ring-member-to-ring-member bond 

View 9 more classifications 

0 120% ••• e, * 111,rn@ G D s 

US4814346A 
United States 

m Download PDF e Find Prior Art I Similar 

Inventor: Alban L Albert, Friedrich W. Zilllken 

Current Assignee : Novartis Consumer Health SA 

Worldwide applicat ions 

cl Other Bookmarks 

1986 GB 1987 NO~/L~OO~NZHUOKZAAIJKRJP 
us 

Application US07/116,737 events (1) 

1986-11-04 • Priority to GB8626344 

1986-11-04 Priority to GB868626344A 

1987-11-04 • Application filed by Zyma SA 

1989-01-12 Assigned to ZYMA SA <il 

1989-03-21 • Application granted 




