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Our invention relates to certain new 3-substi-
tuted 4-hydroxycoumarins, which have anti-
coagulant properties; and to the process of mak-
ing them.
Our new 3-substituted 4-hydroxycoumarins
have the following general formula:
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in which R represents a member of the class
consisting of alkyl groups (most desirably the
methyl group), the phenyl group, and hydroxy-
substituted phenyl groups; and R’ represents a
member of the class consisting of alkyl groups
(most desirably the methyl group), the phenyl
group, and phenyl groups containing a substituent
of the class consisting of the hydroxy group and
the methoxy group in at least one of the para and
meta positions. By a keto-enol transformation,
these 3-substituted 4-hydroxycoumarins may in
part exist as the corresponding 3-substituted di-
keto chromans, which have the following formula:
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In the formulas in this application we shall in
general give only the formulas of the 3-substi-
tuted 4-hydroxycoumarins (the enol form) of
Formula 1:; but we intend that to include the
corresponding 3-substituted chromans (the keto
form) of Formula 2.

In producing our new 3-substituted 4-hydroxy-
coumarins, we cause g reaction of 4-hydroxy-
coumarin with an «-g-unsaturated ketone of the
following general formula:
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in which R and R’ have the same meaning as
before.
The reaction is a Michael-type addition reac-
tion, represented by the following equation:
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The reaction is carried out in a solvent; which
is most desirably pyridine, although other sol-
vents may be used, such for example as a lower
alcohol (such as ethyl or methyl) and desirably
but not necessarily in the presence of a base such
for instance as pyridine or an alkali metal or an
alkali-metal alcoholate, although the solvent may
even be water, without any catalyst at all. It is
advantageous to carry out the reaction under
heat, as for Instance with a reflux condenser;
although this again is not necessary.

When an alcohol is used as a solvent, the re-
action does not wholly stop as shown in Equation
4, with the production of products of Formuia 1;
but may in larger or smaller part go through a
ring-closing reaction by the addition of alcohol
and the elimination of water to produce a 3,4-
dihydropyranocoumarin of the following general
formula:
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in which R’’’ is the alkyl group of the alcohol.
The compounds of Formula 5, however, and the
process of making them, are the subject-matter
of our co-pending application Serial No. 586,048,
flled April 2, 1945; and so are not included in
this application.

In the preferred manner of carrying out our
process, we produce & condensation of the 4-hy-
droxycoumarin with the desired a-g-unsaturated
ketone by refluxing the reactants in two to three
times their welght of pyridine. We desirably use
equal molecular amounts of the reactants. The
refluxing is desirably continued for at least four
or filve hours, and may continue for as long as
twenty-four to forty-eight hours; and when there
is difficulty in obtaining condensation the longer
refluxing time is desirable. After the refluxing,
the reaction mixture is poured into several times
its volume of water (generally about ten to twenty
volumes of water), and the mixture is then made
quite strongly acid (about pH 2), as by the addi-
tion of hydrochloric acid. Thereupon an oil sep-
arates out, and on standing and cooling that oil
solidifies. This solid may be recrystallized from
ethanol, for purification.

The following are examples of our invention:

Ezample 1.—3-(1'~-methyl-2’-acetyl) -ethyl-4.
hydroxycoumarin

About 0.1 mole each of 4-hydroxycoumarin
and ethylidene acetone are dissolved, in any de-
sired order, in about three times their combined
weight of pyridine. The solution is refluxed for
about twenty-four hours, and then allowed to
cool; after which it is poured into about fifteen
volumes of water, and acidified to about pH 2
by the addition of hydrochloric acid. An oil sep-
arates, and on cooling and standing overnight
solidifies. The solid product is recovered, as by
filtration, and recrystallized from ethanol. The
yield is about 44%. The recrystallized product is
the desired 3-(1’-methyl-2’-acetyl) -ethyl-4-hy-
droxycoumarin, which melts at approximately
141° C. It is a white crystalline solid, soluble in
hot ethyl aleohol, and substantially insoluble in
cold water; and is soluble in dilute alkalis, to
form solutions of the alkali salt. On analysis it
shows the following:

Formula, Ci14H1404; carbon, calculated 68.3%,
found 68.0%; hydrogen, calculated 5.7%, found
5.5%.

The reaction for forming it is indicated by the
following equation:

(6) OH
JJ CHs o -
x (]; Il
l ?—H + CE=CH—~C—CH; ——
/ C\
o] \O
OH
CH,
x | i
C—CH-—-CHy—C—CH,
'~
o’ So

Ezxample 2.—3-(1'-phenyl-2’-benzoyl) -ethyl-4-
hydroxycoumarin

The process of Example 1 is repeated, save that
instead of using ethylidene acetone we use
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benzalacetophenone, This gives the desired 3-
(1’-phenyl - 2’ - henzoyl) -ethyl - 4 - hydroxycou-
marin., The reaction is represented as follows:

M

Y4

This product melts at about 160° C. It is a white
crystalline solid, soluble in hot ethyl alcohol, and
substantially insoluble in cold water; and dis-
solves in alkali solutions with formation of the
salt. The yield is about 37%. Analysis of the
final product shows:

Formula, C2:0H180s; carbon, calculated 77.8%,
hydrogen, calculated 4.9%, found
5.0%. :

Exzample 3.—3-(1’-phenyl-2'-benzoyl) -ethyl-4-
hydroxycoumarin—Alternative method

Example 2 is repeated, save that Instead of
using 3 volumes of pyridine as the solvent, we
use about 5 volumes of ethanol; and use about
0.06 mole of each of the two reactants, reflux the
mixture for 36 hours, add about 15 additional vol-
umes of hot water to the hot reaction mixture,
and then cool to 0° C. for about 12 hours. A
heavy gum separates. The aqueous alcohol layer
is decanted from the gum, and the gum is ex-
tracted with a large quantity of boiling water,
about 1% liters. The gum then remaining is
extracted four or five times with 125 cc. por-
tions of 0.05% cool aqueous sodium hydroxide
solution. The several alkaline extracts are com-
bined, and acidified to about pH 2, as with hy-
drochloric acid. A solid separates, and is col-
lected by filtration and crystallized from an eth-
anol-water mixture. The yield is about 30%;
and the recrystallized product has substantially
the same melting point and analysis as that ob-
tained in Example 2.

In Example 3, a base, such as sodium, sodium
ethylate, piperidine, or pyridine, may be added to
the ethanol in forming the reaction mixture.
The addition of the base, however, is not neces-
sary, and does not change the character of the
product at all, and affects the yield only com-
paratively slightly,

Example 4.—3-(1’-phenyl-2’-acetyl) -ethyl-4-
hydroxycoumarin

Example 1 is repeated, save that instead of
using ethylidenc acetone we use benzalacetone
to react with the 4-hydroxycoumarin. This gives
the desired 3-(1’-phenyl-2’-acetyl) -ethyl-4-hy-




2,427,578

5
droxycoumarin. The reaction is represented as
follows:
(8)
zn
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This product melts at about 161° C. It is a white
crystalline solid, soluble in hot ethyl alcohol, and
substantially insoluble in cold water; and dis-
solves in alkali solutions with formation of the
salt. The yleld is about 40%. Analysis of the
final product shows:

Formula, Ci10H160s; carbon, calculated 74.0%,
found 74.2%: hydrogen, calculated 5.2%, found
54%.

Example 5—3 - (1’ - phenyl - 2’ - acetyl) ethyl-4-
hydroxycoumarin—Alternative method

In making the product of Example 4, we may
use water instead of pyridine as the solvent.
Thus 30 g. (0.54 mole) of 4-hydroxycoumarin and
27 g. (also 0.54 mole) of benzalacetone are put in
about a half a liter of water, and the whole re-
fluxed for about 12 hours. The mixture is cooled
to 0° C. overnight. A heavy gum separates. The
aqueous phase is removed by decantation, and
the residue (the gum) is crystallized from an
acetone-water mixture. The yield is somewhat
higher than in Example 4, for it is about 48%.
Analysis of the product shows values substantially
the same as those obtained in Example 4. The

melting point of the product is substantially the

same as in Example 4.

Example 6—3 - (1’ - anisyl - 2’ - acetyl) -ethyl-4-
hydroxycoumarin

Example 1 is repeated, save that instead of
using ethylidene acetone we use anisalacetone to
condense with the 4-hydroxycoumarin. This
gives the desired 3-(1’-anisyl-2’-acetyl)-ethyl-
4-hydroxycoumarin. The reaction is represented
as follows:
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This product melts at about 160° C. It is a white
crystalline solid, soluble in hot ethyl alcohol, and
substantially insoluble in cold water; and dis-
solves in alkali solutions with formation of the
salt. The yield is about 45%. Analysis of the
final product shows:

Formula, C20H1sOs; carbon, calculated 71.0%,
found 709%: hydrogen, calculated 5.3%,
found 5.2%. .

Ezample 7.~3 - [1’ - (p - hydrozy - m-methoxy-
phenyl) -2’-acetyllethyl-4-hydroxycoumarin

Example 1 is repeated, save that instead of
ethylidene acetone vanillylalacetone is used to
condense with the 4-hydroxycoumarin. This
gives the desired 3-[1’-(p-hydroxy-m-methoxy~
phenyl) - 2’ - acetyllethyl-4-hydroxycoumarin.
The reaction is represented as follows:
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This product melts at about 181° C. It is a white
crystalline solid, soluble in hot ethyl alcohol, and
substantially insoluble in cold water; and dis-
solves in alkali solutions with formation of the
salt. The yield is about 18%. Analysis of the
final product shows: ’

Formula, C20H1s0s; carbon, calculated 67.8%,
gozund 68.0%; hydrogen, calculated 5.1%, found

2%.

Erxample 8. — 3-(1’-phenyl-2’-salicylyl) -ethyl-4-
hydroxycoumarin

The process of Example 1 is repeated, save that
instead of using ethylidene acetone we use
benzal-o-hydroxyacetophenone. This gives the
desired 3 - (1’ - phenyl -2’- salicylyl) -ethyl-4-hy-
droxycoumarin. The reaction is represented as
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This product melts at about 194° C. It is a

75 white crystalline solid, soluble in hot ethyl alco-
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hol, and substantially insoluble in cold water; and
dissolves in alkali gsolutions with formation of the
salt. The yield is about 34%. Analysis of the
final product shows:

Formula, CaHisOs; carbon, calculated 74.6%,
found 74.8%; hydrogen, calculated 4.7%, found
4.6%.

'I?t'w products of this invention, including spe-
cifically those of the foregoing examples, are all
anti-coagulants of fairly high potency—aithough
all are lower in potency than is 3,3’-methylenebis-
(4-hydroxycouramin). Their observed relative
anti-coagulant indexes (taking that of 3,3’-meth-
ylenebis(4-hydroxycouramin) as 100) are as fol-
lows:

Relative
Anti-Coagulant

3-(1’-Methyl-2-A cetyl)-Ethyl-4-Hydroxycoumarin..._...
3-(1’-Phenyl-2’-Benzoyl)-Ethyl-4-Hydroxycoumarin
3-(1’-Phenyl- 2’-Acety])-Ethyl+Hydroxyooumatin
1’-Anisyl-2-Acety))-Ethyl-4-Hydroxyi
1’ p-gydroxy-ma;{Methoxy-Phenyl)-2’-Acetyl]Ethyl-
yaro
3-(1’-I’henyl 2’-Salicylyl)-Ethyl-4—Hydroxycoumarm. -

These compounds are all administrable orally.

We claim as our invention:

1. The new 3-substituted 4-hydroxycouramins,
having the following general formula:

(I)H

C R’

x, I
C-—-CH—~CH;—-C—R

/X
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in which R represents a member of the class con-
sisting of alkyl groups, the phenyl group, and
hydroxy-substituted phenyl groups, and R’ rep-
resents a member of the class consisting of alkyl
groups, the phenyl group, and phenyl groups con-
taining a substituent of the class consisting of the
hydroxy group and the methoxy group in at least
one of the para and meta positions.

2. The new 3-substituted 4-hydroxycoumarins
as set forth in claim 1, in which R is methyl. .

3. The new 3-substituted 4-hydroxycoumarins
as set forth in claim 1, in which R’ is phenyl,

4. The new 3-substituted 4-hydroxycoumarins
ag set forth in claim 1, in which R’ is a methoxy-
phenyl.

5. The new 3-substituted 4-hydroxycoumarins
as set forth in claim 1, in which R’ is p-methoxy-
phenyl.

6. The new 3-substituted 4-hydroxycoumarins
as set forth in claim 1, in which R’ is p-hydroxy-
m-methoxyphenyl.

7. The new 3-substituted 4-hydroxycoumarins
as set forth in claim 1, in which R is methyl and
R’ is phenyl.

8. The new 3-substituted 4-hydroxycoumarins
as set forth in claim 1, in which R is methyl and
R’ is s methoxyphenyl,

9. The new 3-substituted 4-hydroxycoumarins
as set forth in claim 1, in which R is methyl and
R’ is p-methoxyphenyl.
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- 10. The new 3-substituted 4-hydroxycoumarins
as get forth in claim 1, in which R is methyl and
R’ i3 p-hydroxy-m-methoxyphenyl,

11. The process of making 3-substituted 4-hy-
iiroxycoumarins, of the following general formu-
a:

OH

6w
—éH——CH:—g—B

O/ \0

in which R represents a member of the class con-
sisting of alkyl groups, the phenyl group, and hy-
droxy-substituted phenyl groups, and R’ repre-
gsents a member of the class consisting of alkyl
groups, the phenyl group, and phenyl groups con-
taining a substituent of the class consisting of
the hydroxy group and the methoxy group in at
least one of the para and meta positions; which
consists in condensing 4-hydroxycoumarin with
an a-g-unsaturated ketone of the following gen-
eral formula:
. -
én—cn—p:—n

in which R and R’ have the same meaning as
before.

12. The process of making 3-substituted 4-hy-
droxycoumarins as set forth in claim 11, in which
R is methyl.

13. The process of making 3-substituted 4-hy-
droxycoumarins as set forth in claim 11, in which
R’ is phenyl.

14, The process of making 3-gubstituted 4-hy-
droxycoumarins as set forth in claim 11, in which
R’ is a methoxyphenyl.

15. ‘The process of making 3-substituted 4-hy-
droxycoumarins as set forth in claim 11, in which
R’ is a p-methoxyphenyl.

16. The process of making 3-substituted 4-hy-
droxycoumarins as set forth in claim 11, in which
R’ is p-hydroxy-m-methoxyphenyl.

17. The process of making 3-substituted 4-hy-
droxycoumarins as set forth in claim 11, in which
R is methyl and R’ is phenyl.

18. The process of making 3-substituted 4-hy-
droxycoumarins as set forth in claim 11, in which
R is methyl and R’ is & methoxyphenyl.

19. The process of making 3-substituted 4-hy-
droxycoumarins as set forth in claim 11, in which
R is methyl and R’ is p-methoxyphenyl.

20. The process of making 3-substituted 4-hy-
droxycoumarins as set forth in claim 11, in which
R is methyl and R’ is p-hydroxy—m-methoxy-
phenyl.
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