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This invention relates to new amides of
3,3" - carboxymethylenebis (4 - hydroxycoumarin)
which are useful as anti-coagulants.

This application is a continuation-in-part of
my application Serial No. 103,318, filed July 6,
1949, now abandoned.

U. 8. Patent No. 2,345,635 refers to application
Serial No. 414,688 which describes the compound
3,3’-methylenebis (4-hydroxycoumarin) ..as. an
anti-coagulant suitable for administration to
man. It is synthesized by condensing 4-hydroxy-
coumarin with formaldehyde. As explained in
said patent, the compound 3,3’-methylenebis
(4-hydroxycoumarin) exists in the enol and keto
forms as is indicated by the following formula:
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3,3’-methlenebis (2,4-diketo-chroman)

The said patent also describes esters of the enol
form made by reacting the compound with an-
hydrides or acid halides. .

The compound 3,3’-methylenebis (4-hydroxy-
coumarin) is well known under the trade name
“Dicoumarol,” and has been investigated exten-
sively. It is an anti-coagulant for oral use, but
has two important disadvantages. The first is
that the onset of the anti-coagulant action is
delayed after oral administration usually for
some 12 to 48 hours. This delay is undesirable
in eonditions requiring immediate effective treat-
ment. The second disadvantage is the persistent
and protracted anti-coagulant effect in the body
after withholding administration of the drug. In
many cases dangerously low prothrombin levels
persist to such an extent as to require special
measures such as blood transfusion or high dos-
ages of vitamin X to restore the prothrombin
level to normal in order to avoid the danger of
hemorrhage after the therapy has been accom-
plished. .

The esters of, the 3,3'-methylenebis (4-hy-

droxycoumarin), according to said Patent No.
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(Class 260—344.6)

2,345,635, prolong the action for a greater period
of time. The patent also recognizes that ex-
cessive amounts of the esters may produce hem-
orrhage. The esters are indicated as having the
same general anti-coagulant properties as 3,3'-
methylenebis (4-hydroxycoumarin), namely pro-
phylaxis and treatment in blood circulatory and
vascular disturbances, including thrombosis,
embolism, phlebitis, Buerger’s disease, etec.

We have found that the amides of 3,3’-car-
boxymethylenebis (4-hydroxycoumarin) do not
possess the disadvantages of - 3,3’-methylenebis
(4-hydroxycoumarin) or the slower acting esters
thereof. More particularly, said amides accom-
plish a rapid lowering of prothrombin to any
desired level, depending upon the dosage admin-
istered. While the reason for this has not been
established, it appears likely that the amides may
be more rapidly absorbed. Thus the onset of the
action is very rapid after administration of the
amides. The amides also have a less protracted
effect and are accompanied by a rapid normali-
zation of the prothrombin level when the drug
is withheld, thereby minimizing dangers due to
hemorrhage. While the exact reason for this ad-
vantage also is not known, it appears likely that
this may be due to quicker elimination of the
amides from the bloodstream.

The novel compounds of my invention have
the following general formula, where R and R’
are hydrogen or a hydrocarbon radical prefera-
bly having not more than 5 carbon atoms, such
as ethyl, propylene, butyl, amyl, ete.

R'—N—R [¢]

0

I
4 \CH———JJ—HC/ N
| ool |

0 [¢]

These may exist in the enol or keto form and
reference to the latter is intended to include
either form alone or in egquilibrium.

The amides may be made in accordance with
the invention by reacting an ester of 3,3’-car-
boxymethylenebis (4-hydroxycoumarin) with an
ammoniacal compound, i.e., ammonia or an
amine as described hereinafter. Alternatively,
the amides may be prepared by reacting a lac-
tone of 3,3’-carboxymethylenebis (4-hydroxy-
coumarin) with the ammoniacal compound as
described in copending application, Serial No.
142,936, filed February 7, 1950, and also described
more particularly hereinafter.
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Example I

As described in said copending application, the
lactone of 3,3'-carboxymethylenebis (4-hydroxy-
coumarin) may be made by reacting the above
carboxy compound with a dehydrating agent
such as-an acid halide or an acid anhydride.

In accordance with an illustrative embodi-
ment, 4.2 grams of 3,3’-carboxymethylenebis (4-
hydroxycoumarin) was added to and dissolved
in 40 cc. of thionyl chloride. (8OClz¥.” The 3,3"-
carboxymethylenebis (4 ~ hydroxycoumarin)-
soluble in the thionyl chloride and gn excess of
the latter can be used as a reaction medium as
well ag a reaction component. The mixture was
heated and refluzed for eight minutes following
which the solution was cooled and- a crystalline

is.
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10

" the manufacturer.
. that the eompound has two important disadvan-

solid was filtered from the solution and washed -

with benzene. The yield was 4 grams of-a. erys-
talline solid having a melting point at 302° C. Ii
is. insoluble in most organic. solvents. The re-
actionis thought.to pr oceed as follows:

?H (l)H
A COOH _C
\C_—.Jj—-—-—C 2N
I I + 50ClL ——
N C=0 H O=.’\ "
d 0/ 0/
Q-——C=0
N
\C————C—-—C
| (5 + 80, 4+ 2HC1
=0 H 0=

As an alternative method of preparing the
lactone, a mixture of 0.2 grams of 3,3"-carboxy-
methylenebis (4-hydroxycoumarin) and 2-cc. of
glacial acetic scid was heated to reflux.  G.L ce.
of acetic anhydride was. added to the solutlon
and the heating was continued for five minutes.
The hot mixture was filtered and the. precipitate
was washed with ethancl. The yield was 0.t
gram, M. P. 305° with decomposition.

In preparing the simple amide in accordance
with my invention, 1.8 grams of the lactone {pre-~
pared as described above using. thionyl chloride)
was dissolved in 10 cc. of concentrated 28%)
gqueous ammonia. The solutmn was permmted
to stand ab room temperature for about one hour
following which the product was preclpltated by
acidifying W1th dllute sulfuric amd - Tt was
washed with water and dried. - The yield of the
crude material was 1.8 grams having a melting
point of 205 to 210° C. with decomposition. After
recrystallization from acetone, the product
weighed 1.5 grams and had a melting point of
210 to 215° C. with decomposition.. It is thought
to have the following formula:

OH OH
< C:ONH; ('3

d \cf{-—é—f-c

- deo ko=t

AN

Nor 0

This amide may be compared with 3,3’ -meth-
ylenebis (4-hydroxycoumarin). This latter com-
pound, according to Patent No. 2,345,635, and its
manufacturer under the name “Dicoumarol,” de-
creages the prothrombin concentration of the
blood. The compound is intended for the pro-
phylaxis and: treatment of intravascular clotting;
in postoperative, post-traumatic and postmfec-
tious thrombophlebitis; pulmonary embolism;
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acute embolic or thrombotic occlusion of periph-
eral arteries; recurrent idiopathic thrombophie-
bitis. It retards intravascular clotiing and prop-
agation of the thrombus but has not been shown
to resolve formed thrombi or to increase the
blood supply to infarcted areas. After a latent
period of from 24 to 48 hours, the prethrombin
time slowly increases to a maximum in 3 to 5
days and remains increased from 2 to 19 days
after the cessation of therapy.

These properties of .3 3'-methy1eneb1s (4-hy-
droxycoumarin) are pointed out in Patent Neo.
2,482 510, and. are: included in the warnings of
It will be seen, therefore,

tages. -The filrst is the delayed onset (1 to 2
days) of the anti-coagulant action, and the long
time necessary to reach the maximum effect (3
to 5 days). This delay is undesirable in condi-
tions requiring immediate effective treatment.
The seéond disadvantage. is. the persistent and
protracted anti-coagulant effect in. the bedy after
discontinuing: the administration of the drug (2
to 10 days). For this reason. sfriet precautions
are to be taken in order: to avoid severe and dan-
gerous action. The effects are cumulative and
over-dosage may cause severe hemorrhage. In
many cases dangerous prothrombin levels persist
after use: of 3,3-methylenebis-(4-hydroxycou-
marin) to such an extent following administra-
tion of the: drug as to- require blood transfusions
or high: dosages of vitamin XK to: restore: the pro-
thrombin level to normal- after the therapy has
been accomplished.

- The amides. do: not. possess: the disadvantages
of the 3,3’-methylenebis-(4-hydroxycoumarin).
In contrast with the slow onset, the long time to
reach the maximum effect and persistent. affer
effects, the amides accomplish g more rapid de-
crease of the prothrombin concentration of the
blood apparently due to a more rapid absorption.
Thus, the onset of the action is very rapid after
the administration of the amides. Furthermore,
the latter have a less protracted effect and are
accompanied by a rapid return of the prothrombin
level to normal when the administration of the
drug is discontinued, apparently due to a quicker
elimination of the compound. A comparison of
the amide described in Example II with 3,3’-
methyl‘enebis-(4-hyd110x'ycoumarin) is shown in

the followmg tabler
Amxde of 3,3 carbox /. ;
Action “ymethylenehis-(4: 3;?»&‘3?%(1&%;‘;5‘(31‘
‘ hydroxycouma,rm) Ly GroxXy conTmAarin
Onset: of agtion.. g 6 hours in. most 24 to 48-hours.
- €ases, never, later
. | tham 9 hours.
M(axm]g;m_ action | 15 hoMES. o ots asann 3to 5 days.
pear).
Returnto Initiql'valpe - 36 hours: after ad-} 2 to 10 days after
T B mimsttatmn admmlstratmn
Example II

65

The: ethyl amide of 3,3"-carboxymethylenebis-
(4~-hydroxyeoumarin), having the formula:
[oi H——%T'—-—CzH;ry o}
CE C=0 %

was prepared from 3,3’-carboxymethylenebis
(4-hydroxycoumarin) which can be: made by the
condensation of-4-hydroxycoumarin and glyoxylic
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acid (OHC—COOH) in a manner analogous
to the condensation of 3,3’-methylenebis (4-hy-
droxycoumarin) with formaldehyde. The 8,3’'-
carboxymethylenebis (4 - hydroxycoumarin). is
converted to its ester by reaction with an alcohol
and by refluxing for 6-10 hours with a 5% an-
hydrous aleoholic solution of HCl. 'The alcohol
is then distilled off and the residue.crystallized
from acetone.

The ester is then converted to the correspond-
ing ethyl amide following the customary pro-
cedures for conversion with ethyl amine as
follows: ‘

One part of the ethyl ester is refluxed for 8
hours with 5 parts of a 70% solution of ethyl
amine, The solution is acidified to a pH of 3-4
and the precipitate is filtered off. This precipi-
tate is then recrystallized from acetone.

The ethyl amide of 3,3’-carboxymethylenebis
(4-hydroxycoumarin) is a white erystalline solid.
When the solid is finely ground it melts at 203
to 204° C. with decomposition. It has been ob-
served that when a melting point is taken of the
crystalline material before grinding, it melts as
high as 215 to 216° C. with decomposition. It is
soluble in sodium carbonate and bases of the
same or greater strength, insoluble in dilute
mineral acids and insoluble in water. It ig in-
tended for oral administration, and for this rea-
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with 3,3’-methylenebis-(4-hydroxycoumarin) is
shown in the following table:

Butylamide of 3,3’- 3,3-meth ;
. ol 3,3 ylenebis-
Action ?Zf;é%?;gggﬁgﬂ? (4-hydroxycoumarin)
Onset of action.___..__ 6 hours in all cases_ _| 24 to 48 hours.
Maximum action | 9tol5hoursinama- | 3 to 5 days.
(peak). - Jjority of cases.

Return to initial value.| 24 houts in a major- | 2 to 10 days after
ity of cases, 36 | administration.
hours in all cases
after administra-
tion,

Ezample IV

The diethylamide of 3,3’-carboxymethylenebis
(4-hydroxycoumarin) was prepared by dissolving
2 grams of the lactone (made with acetic anhy-
dride in accordance with Example I) in a solu-
tion of 5 cc. of diethylamine and 5 ce. of water.
After standing at room temperature for one hour
the product was precipitated with an excess of
hydrochloric acid and washed with water. The
compound was then dried at room temperature
and recrystallized from acetone. The yield was
1.4 grams. having a melting point of 148° with
decomposition,

A comparison of the action of this diethyl-
amide with 3,3’-methylenebis-(4-hydroxycouma-

son may be compounded in tablets. g0 rin) is shown in the following table:
Controlled experiments have shown that when
administering similar amounts of the ethyl amide Diethylamide of 3,3 5 oy 01 "

" A : ia] 8,87 ylenebis-
above described and the 3,3’-methylenebis (4-hy- Action e oyethylonedis| (-ydroxyeoumarin)
droxycoumarin), the return of the prothrombin
time to norma] is quicker in cases treated with 85 ope of action. . 6 hours.... . 24 to 48 hours,
the said ethyl amide than in those treated with Maximum action | 9 to 15 hours_..___._ 3to 5 days.
the 3,3’ - methylenebis (4 - hyd in) (peal).

e 33" -me nylenepis = aydroxycoumarin) . Return to initial value.| 36 hoursafteradmin-| 2 to 10 days after
This is shown in the following table: istration. administration.
Percent Normal Prothrombin Time— 40 - Other amides may be prepared in accordance
with my invention as indicated generally here-
24 hours | 48 hours | 72 hours | 96 hours in, and have the same uses as 3,3’-methylenebis-
(4-hydroxycoumarin), but with the advantages
do of 33" Per cent | Per cegt Per cegt Per cengs of quicker onset of the effect and a less protrac-
Ethyl amide of 3,3"-car- 20 0 0 i H 3 5
bog{ymethylenebis o 45 tive ac’_mor.x as explained herein,
?Byd“t)ﬁyfou%mﬂh 40 10 5 5 I claim:
3,3"-methylenebis (4-hy- 5 3 ’_ s “hva
droxyconmarin) 1. Amides of 3,3’-carboxymethylenebis (4-hy

Thus it will be seen from g consideration of the
first column at 24 hours, the same amount of
said ethyl amide has reduced the prothombin
level to a greater extent, and from the other col-
umns that the effect wears off much more rapidly.

Other amides may be made following the same
general procedure and using ammonia or the
corresponding amine. For example, other
amides may be prepared by reacting ammonia,
butyl amine, amyl amine, diethyl amine, etc.,
with the ethyl ester or other esters as the start-
ing material.

Example IIT

The butylamide of 3,3’-carboxymethylenebis
(4-hydroxycoumarin) was prepared by dissolving
5 grams of the lactone (made with thionyl chlo-
ride in accordance with Example I) in a solu~
tion of 25 ce. of butyl amine and 25 cc. of water,
and permitted to stand at room temperature.
An excess of hydrochloric acid was then added,
and the oily precipitate crystallized on standing.
The precipitate was filtered, washed with water,
dried at. room temperature and recrystallized
from acetone. The yield was 4.45 grams hav~
ing a melting point of 202° C. with decomposi-~
tion.

A comparison of the action of this butylamide
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droxycoumarin) of the following general for-
mula:
? 'N—R O
/é beo /%
\cn—é—ﬂc N
C=0 0=C ,
o/ 0
where R and R’ are selected from the group con-
sisting of hydrogen and alkyl and alkylene radi-
cals having not over 5 carbon atoms.
2. An amide of 3,3’~carboxymethylenebis (4-hy-
droxycoumarin) of the following formula:
0 H-N-H 0
(lé

& beo
7’ Nop_bonoe”

=0 Q=
) \0
3. An amide of 3,3’-carboxymethylenehis (4-
hydroxycoumarin) of the following formula:
0 H-N—-CH; O
& deo 1

4 \CH— —HC

\o/
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-4, An. am1de of 3 3'-carboxymethy1enebls (4-

" hydroxycoumarin) of the.following formula:
CH;—-N=CsH; O
C

5. An, amide of 3 3’—carboxymethy1enebls (4-
hydroxycoumarm) of the following formula:
(o] H—-N—C:Hy O
[l | g
D 2N
CH,—(JL_—-—HCA
o=t

0

C=0
\0_/

6. The method of making the compounds of
claim 1 in which. an. ester. 33’-carboxymethy1—
enebis. (4-hydroxycoumarm) is reacted with an
ammomacal compound, selected from the group
congsisting of ammonia and non-tertlary amines
having not. over 5 carbon atoms.

7. The: method of making the compound of
claim 2 in which the ethyl ester of 3,3’-carboxy-

N

K5
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8
methylenebls (4-hydroxycoumarin) is. reacted
with ammonia.

8. The method of making the compound of
claim 3.in which, the ethyl ester of 3,3'-carboxy-
methyleneb1s 4- hydroxycoumarm) is reacted
with ethyl amine.

9, The method. of making the compound of
claim 4 in which, the ethyl ester of 3,3’-carboxy-
methylenebis (4- hydroxycoumarin) 1s reacted
with diethyl amine.

10. The. method of making the compound of
claim. 5 in whlch the.ethyl ester of 3,3’-carboxy-
methylenebis (4-hydroxycoumar1n) is reacted
with. butyl amine.
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