
Syntheses of Some 4-Hydroxycoumarins and Their Condensation 

;ictivity of Some 4-Hydroxycoumarin Derivatives 
Products with Aldehydes and Carboxylic Acids. The Anticoagulaii t 

The synt,heses of Ci-broiiio-4-liydrosgcournarin niitl ~-li)-drosy-G,i-t~erizoi.~~uriiuriri and t.licir conderirutivn 
Some uf these compounds sliow :inti- producte with varivus aldehydes and carboxylic acids are described. 

coagulant activity in experimental animals. 

JIaiiy coinpounds of thr dicouniaiiii type ha\ t w l i  

h y  coiidensing 4-hydroxycoumarin n itli 
aldehydes. ,1 great number of tlierii slion an inteiisiyc. 
aiiticoagulaiit activity aiid tlirrefore they are used iii 
the therapy of thromboembolisnis. 'I'hi, article de- 
scribes analogous condensations ivith (j-hroiiio-4-1iy- 
di~oxycoumarin and 4-liydrosy-G,'i-beiizocouniarii1, prc- 
pared in the hope that they may yield ne\T substance- 
\\ itli improved anticoagulant actir ity. 

The starting material for the syntliesis ot ti-t)] omo-4- 
Iiydroxycoumarin \vas met tiy1 5-brornosalicylate4 whicli 
o i l  acetylation furnished methyl 2-acetoxy-3-bromo- 
tmizoate.' From this ester -l-liydioxy-G-broiiiocori- 
niarin (I) nab prepared accordiiig to a modified Pauly . 
I Aockemann met hod. fi 
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O i l  iiitroducing hroiiiiiie iiito pubitioii ti of the uro- 
iiiatic iiucleus of 4-liydroxycoIiriiariii its reaction n.itli 
aldehydes was not esseiitially changed, so that 11 e 1vcw 
able t o  prepare :3.:S'-alkylideiiehis(G-tiromol-hydrosy- 

\. ~ f i l l l l l l l l l l  t l l l l  I \  I' I l l l h  I 
1 I I I  C h c m  hot 65, 2288 (1913) 
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4- IIj-tiro\y-( i *+i- t )PI iLocoiiniai.in (11 I) I\ as synt liesized 
5tarthig from iiietliyl 3-hydro~y-2-1iaplit~ioate~ \\ liicli 
by ncetylatioii gave the acetyl derivative.9 Tlie rcw-  
tioii of mrthyl :3-acctos~-2-riaplitlio:~t(~ Jvit 11 wtliuni i I I 

hot liquid paiafliii caused the lactoiic i-ing to close, 
giving 111. 
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TABLE I 
ALDEHYUE CUXDEXSAI,IUN PRouvws UF ~ - I I R O ~ ~ U - ~ - H Y U R U X Y C U U ~ ~ A R I ~  ASU ~-HYURUXYCOGMARIN 

-Calcd.-- 
Found 

Derir ative of b1s(6-bromo-~-hydroxycoumarin) 

3,3 '-Methylene-" 

3,3 '-ICthylidene-b 

3,3'-Propylideile- 

3,3 '-n-Butylidene- 

3,3 '-P-Phenylpropylidene- 

3,3 '-Benzylidene-b 

3,3 '-(p-To1uidene)- 

3,3'-( m-Hydroxybenzylidene j- 

3,3 '-Piperonylidene-' 

3,3 '-( p-Lh~ethylsniinobenzylidene)-d 

3,3'-Vsnillidene- 

3,3'-E thylvttnillidene- 

3,3 '-Pyridiniliden-( 2)-e  

3- [6-Oxo( 1)benzopyrano [4,3-b]-( 1)- 
benzopyran-7-yl] -4-hydroxy-6-bromo- 
coumarin 

(4-hydroxycoumarin)' 

coumarin) 

3,3'-(m-Hydroxybenzylidene jbis- 

3,3 '-Piperonylidene-his( 4-hydroxy- 

3,3'-( p-Toluidene)bis( 4-hydroxycoumsrin j 

Yield, 70 X p . ,  O C .  

88 

81 

75 

-- 
I J  

70 

87 

77 

83 

71 

76 

57 

46 

91 

4 2 

100 

97 

80 

327 

221 

244 

18 7- 188 

262-263 

220-222 

241 

224 

232-233 

229 

215-217 

236-238 

276-278 

2Y 1-293 

232-234 

258-260 

268 

% Carbon 

46 19 
45 93 
47 28 
47 42 
47 50 
4 i  76 
48 48 
48 91 
53.37 
53 38 
51 81 
51 64 
52 61 
52 56 
50.38 
50 40 
50 07 
.50 02 
52  83 
52  68 
50 64 
50 67 
51 42 
51 69 
49 i o  
49 96 
51 99 
51 84 

68 71 
69 00 
67 15 
67 15 
73 26 
73 51 

% Hydrogen 

2.04 
2.12 
2.40 
2.55 
2.85 
3.04 
3.14 
3.15 
3.13 
3 .40  
2.61 
2.76 
2.88 
3.00 
2 .71  
2.94 
2.39 
2.13 
3.09 
3.44 
2.59 
2.89 
2 . 3 8  
3.13 
2.43 
2.51 
2.28 
2.28 

3 .87  
3.45 
3.69 
3 .90  
4.22 
3.92 

a Huebner and Link, ref. 7, prepared this compound; the reaction mixture was refluxed for 30 min. cooled, filtered, and the product 
The crude product washed with ethanol was 

The crude product was washed and analyzed. 
f The reaction mixture was refluxed 

recrystallized from cyclohexanone. * The reaction mixture was refluxed for 30 min. 
analyzed. d This could not be recrystallized from any of the usual neutral solvents. 
e The reaction mixture was refluxed for 30 min. and the crude product was washed and analyzed. 
for 2 hr. 

By refluxing an ethaiiolic mixture of 4-hydroxy-B,7- 
benzocoumarin with an aldehyde, 3,3'-alkylidenebis(4- 
hydroxy-6,7-benzocoumarin) or 3,3'-arylidenebis(4-hy- 
droxy-6 , 7-benzocoumarin) (IVa, IVb) were obtained. 
A11 the compounds of this type are shown in Table 11. 

IVa IVb 

Salicylaldehyde was condensed with 6-bromo-4-hy- 
droxycoumarin and with 4-hydroxy-6,7-benzocoumarin , 
respectively, in an analogous way as with 4-hydroxy- 
coumarin itself.2 In this reaction one mole of water 
was eliminated between the 4-hydroxyl groups of the 
coumarin system and the phenolic group of salicyl- 
aldehyde, and 6-bromo-3- [6-0xo( 1)-benzopyrano [4,3-b]- 
(1) benzopyran-7-yl]-4-hydroxycoumarin (V) or 4-hy- 
droxy-3- [6-oxo(l)benzopyrano(4,3-b)-(l)benzo-pyran-7- 
y1]-6,7-benzocoumarin (VI) was obtained. This re- 
action occurred only with o-hydroxybenzaldehyde 

while with m- or p-hydroxybenzaldehyde 110 water was 
eliminated and a compound of the dicoumarin type was 
obtained, 

P" 0 0 

VI 

Derivatives of 4-hydroxycoumarin with monocar- 
boxylic acids show bactericidal and anticoagulant 
activity'O and therefore interest in these substances has 

(10) T. Ukita, S. Nojima. and M. Matsumoto, J .  Am. C h e n .  S o c . ,  73, 5143 
(1950). 



(1 The reaction mixture was refluxed for 0.5 hr. and thc crude product was washed nit11 etlivnol and analyzed. 'I Soluble in a1L:tIi. 
The reaction mixture was refluxed for 1 hr m d  the crude product but rould not be recrystallized from any of the usual neutral solvents. 

wished with ethanol c The reaction mixture was refluxed for 1.5 hr. 

This compound was prepared by E. Ziegler and H Junek, ref. 1:i, by heating of diethq.l(l-~~ro~iic,pllen?.l)~i~~~lon:~te I\ it11 AIC'I,, b i i l  
the yield was snxill. 

increased, while derivatives with dicarboxylic acids 
have not yet been described in the literature. 

By applying the Fries' reaction with anhydrous 
aluminum chloride various a ~ t l i o r s ~ ~ - l ~  prepared 
3-acyl-4-hydroxycoumarin from 4acylhydroxycouma- 
rim, but these methods are rather complicated and the 
yields are not always satisfactory. I<losai4 introduced 
a new, much simpler method for the preparation of 
3-acyl-4-hydroxycoumarin by the reaction of the cor- 
iwponding acids with 4-hydroxycoumarin ill the pres- 
mce of phosphorus oxychloride. These reactions can 
he carried out easily arid quickly with good yields, often 
higher than SOYG. We used this method for prepar- 
iiig 3-acyl-6-bromo-4-hydroxycoumarins. These com- 
pounds beliavc like ketones and react with hydroxyl- 
aniint. and hydrazine. By ineaiis of polarographic 
measurements it was proved that they behave typically 
like alkyl aryl ketones.I5 Therefore they can be re- 

(11) I<. \-ere; arid V. IIornk, CoZiect?on Czorh Chem Comrnicn , 20 ,  371 

(12) 3 Iilosa, .lich P h a r m ,  289, 71 (1956). 
(13) C Zirgler and I1 Jonek ,  ,1fonatsh , 86, 608 (1 
11 t)  .I Iiloua, Arch Z'harm 288, 356 (lcJ5i) 

(1'155) 

l i )  11 Defellc and  31 'I'rkoinih. Cionl Chrnr .Ida 33 ,  20Q 114611 

garded generally as :~-acyl-(G-brolno-d-liydrosvcou- 
niarins) (VII, Table 111). 

When these conditions were applied to the condeiisa- 
tion of 4-hydroxycoumarin with dicarboxylic acids tlie 
evpected reactions did not occur. This is due to the, 
fact that  dicarboxylic acids, especially the lo~vw ineiii- 

hers of the homologous series, are sensitive to elevatcd 
teniperature, so that decarboxylation takes placc.. 
Phosphorus oxycliloridc further increased this pieces* 
of decomposition. 

VI11 was obtained by condeiising oxalic acid wit11 
4-hydroxycoumarin. However, jn the case of rnaloiiic 

OH 

VI11 
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acid under the same conditions only one carboxylic 
group reacted, while the other remained free, giving IX. 
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In the reaction of acetic acid on 4-hydroxy-G,7-benzo- 
coumarin in the presence of phosphorus oxychloride, 
4-acetoxy-3-acetyl-6,7-beneocoumarin (X) was ob- 
tained. 4-Hydroxycoumarin and 6-bromo-4-hydroxy- 
coumarin always only gave the corresponding 3-acetyl- 
4-hydroxycoumarin. 

Pharmacology.--4 number of the compounds de- 
scribed in this paper were tested for their anticoagulant 
activity and toxicity.16 All the substances tested 
behaved as anticoagulants with a rapid and strong 
activity of short duration, similar to ethyl biscoumarate. 

The experiments were carried out on rats of both sexes weigh- 
ing from 140 to 210 g. The substances suspended in propylene 
glycol were given perorally a t  a daily dose of 30 mg./kg. Blood 
was taken intracardially, from the eye, and 0.9 ml. of the blood 
was mixed with 0.1 ml. of a 3.8% solution of sodium citrate and 
centrifuged. The citrated plasma was used for the determination 
of the prothrombin time by the modified method of Quick.17-19 
The prothrombin times were determined 2, 3, and 4 days after 
the treatment of the animals with these substances. Fig. 1 shows 
the dependence of the prothrombin index (PI) on time, ie., on 
how many days these various substances acted on the animals. A 
PI value under 45 is a sign of hemorrhage. 

Three of the substances (A, B, and D) showed max- 
imal anticoagulant activity after 48 hr. In  these sub- 
stances no cumulation took place. D showed a much 
stronger anticoagulant activity than ethyl biscouma- 
rate which is known as a powerful anticoagulant. 

From Fig. 1 it can be seen that the PI of D was 49.5 
after 2 days, while a t  the same time the PI of ethyl 
biscoumarate (E) was 68.8. After 3 days the PI of 
D approached the PI of E. After 4 days D was almost 
entirely excreted from the blood. It showed an inten- 
sive anticoagulant effect and was excreted so rapidly 
that the coagulation system became completely nor- 
mal. 

When the animals were treated for some days with 
dicoumarin (C), a strong decrease of the PI in the blood 
took place and the animals died of hemorrhage. This 
phenomenon took place because dicoumarin acted 
cumulatively and for a prolonged time.20 

Substance B showed a significant anticoagulant 
effect, even stronger than that of E. The strongest 
anticoagulant effect was observed after 2 days (PI 
57.8). After that  time the PI increased quickly and 
its value reached 77.1. A is not so effective and shows 
the weakest anticoagulant activity of all the substances 
mentioned, but i t  is excreted very quickly from the cir- 
culation. 

The toxicity of A, B, and D was tested in mice and 
compared with the toxicity of dicoumarin. The sub- 

(16) M. Trkovnik, M. DefeliC, and S. Hukovic, Bull. Sci. Conseil Acad. 
RPF Youooslacze, 7 ,  62 (1962). 

(17) 4 .  Quick, J .  A m .  Phgsid. ,  118, 260 (1937); J .  Bid.  Chem., 161, 33 
(1954). 

(18) C. Montigd and R. Pulver, Schweiz. Med. Wochschr., 82, 132 (1952). 
(19) E. Merck A.G., Darrnstadt, “Medizinisch-chemische Untersuch- 

(20) C.  illontigel and R. Pulver, Schwezz. Med. Wochschr., 86, 586 (1955). 
ungsrnethoden,” 9. Aufl., Verlag Chernie, Weinheirn, 1958, p. 137. 
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Fig. 1.-Prothrombin index (PI)  for following Substances: (A) 

3,3’-oxalyl-bis-4-hydroxycoumarin, (B) 3,3’-methylenebis-4-hy- 
droxy-5,6-benzocoumarin, (C)  dicoumarin, (D) 3,3’-methylene- 
bis-6-bromo-4-hydroxycoumarin, and (E) ethyl biscoumarate. 

stances were suspended in propylene glycol and injected 
subcutaneously a t  a daily dose of 100 mg./kg. for 5 days. 
After 5 days 30% of the animals treated with A survived, 
and 70% of those treated with B and D. All mice 
treated with dicoumarin were dead after 3 days. 
The lethal dose of dicoumarin was found to be 270 
mg./kg. Therefore, the toxicity of A, B, and D was 
lower than that of dicoumarin. Thus, the substances 
which showed the strongest anticoagulant effect (B 
and D) were the least toxic. 

Experimental 
All melting points were determined with a Kofler heating 

microscope. Many of the described compounds crystallize with 
0.5 molecule of water as proved by elementary analysis and by 
means of Kofler’s methods.*l 

6-Bromo-4-hydroxycoumarin (I).-Methyl 2-acetoxy-5-bromo- 
benzoate (30 g.) was suspended in liquid paraffin (200 ml.). 
The suspension was heated to  200” and a t  this temperature 
sodium (5  g.) was added in small amounts. Then the tem- 
perature was raised to 220-240” and kept at that point for some 
time (90-120 min.). During this reaction a dark brown crystal- 
line mass was formed. After cooling, the brown granular solid 
substance was collected and washed with ether and petroleum 
ether. The dark brown mass was powdered and dissolved in 
water. Activated charcoal was added to the water solution, and 
the boiling solution was filtered and acidified to pH 5 .  A pre- 
cipitate consisting of impurities was separated by filtration. 
Then the filtrate was acidified to pH 2 with 2 N HC1 causing the 

(21) L. Kofler and A. Kofler, “Therrno-Mikro-Methoden zur Kennzeich- 
nung organischer Stoffe und Stoffgernische,” Verlag Chemie, Weinheirn, 
1954, p. 28. 




