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DESGRLETI.ON Title: Process for the preparation of SubStItMLEQ,A; N o
hydr oxycounari ns. This invention concerns a process fTdF'. h;ré‘paral rTgf\

substituted 4-hydroxycounari ns. 4- Hydr oxycounari ns substi ! E;l{:l)t ed in

the 3-position having the follow formula (1)
(1) = wherein, R is sel ected Ii}&Freggrﬂng'!’[‘il{%q/drogen phenyl , subst I tuted

phenyl , al kylp@ang :SUEdddiieed RULkY kngr OppSpabBY1de é@esuﬂsﬁﬁuﬁ‘éww-ol ling

vermn and, in particular,- rodents, si nce can exhi bi t

anti coagul ant pr opqrytdre,s( cleﬁm@ﬁﬁgl es of corrpounds referred to in
general fornula ry, the foll ow ng conpounds are

This invention concerns a process for preparing
substituted 4-hydroxycoumarins.
4-Hydroxycoumarins substituted in the 3-position

having the following general formula (I)
R

OH
= N
NS
o o
®

wherein, R is selected from hydrogen, phenyl,
substituted phenyl, alkyl and substituted alkyl groups
may be useful for controlling vermin and, in particular,
rodents, since they can exhibit anticoaqgqulant
properties. As examples of compounds referred to in
general fornmula (1), the following compounds are
commercially available and extensively  used in

rodenticidal compositions:

Compound R
Coumatetralyl H
Difenacoum -Q__C\>
Brodifacoumn =
T\ 7 *
Flocoumafen _ /__\F\/_j__,
<0~




connerC|aIIy avai l able and extensi vely used in rodent|C|daI

conp03|t|ons Conpound R
Courat et r al yl H D f enacoum
Br odi f acoum Fi ocoumaf en 2 2

The ,prior art teaches that these conpounds may be manufactured by
condensati on of 4-hyBhexyciounemtitn teadhesarthaip thesieatenposndst naytlzel
tetralin. For exanple, GB 1,458,670 denonstrates that conpounds of general
formula (1) mayubrchrregdriky ctgnmwémm i of oft-hyHdyoxygoubantn iwitiwi t h
conpounds of the general formula (I1) (X =04 wthout a solvent or in a
sol vent such 8B ARREPRr kately n suybsdi fetaplindenhfar a¥aBPRerfiB such as

sul phuric acid or by condensation of 4-hydroxycoumarin with a
1,458,670 demonstrates that compounds of general formula

(I) may be prepared by condensation of 4-hydroxycoumarin
with compounds of the gene;al formula (II) (X = OH)
without a solvent or in a solvent such as acetic acid in
the presence of a dehydrating agent such as sulphuric
acid or by condensation of 4-hydroxycoumarin with a
compound of general formula (II) (X = halogen) with or

without the use of a solvent.

R
OH X

OH 'l.l

N + B +HX
~

0 o R /L§

m 0 0O
X = OH, halogen; R as defined above
GB 1,518,858 has  further demonstrated the
preparation of compounds of general formula (I) by the
reaction of 4-hydroxycoumarin with compounds of general

© formula (III) in the presence of a suitable acidic

catalyst.

R as defined above



cgnpouﬁd of general formula (11) (X = halogen) with or wthout the use of
a sol vent. CH X [err] X = OH, hal ogen; R as

defi ned above & 1,518,858 has further denonstrated the
preparation of conmpounds of general formuha (1) by the reaction of

4- hydr oxycoumarin with conpounds of general formula (111) in the presence
of a suitable acidic catalyst. CH + R as defined
above _

EP 177,080 has further modified the process for
the manufacture of compounds of general formula (I} by
reacting 4-hydroxycoumarin with compounds of general
formula (IIX) in the presence of a catalyst and an
organic solvent selected from formic acid, a mixture of
formic acid and a least one Cy_g aliphatic acid having a
boiling temperature at atmospheric pressure in the range
of 60°C to 105°C and a liquid chlorinated alkane having
a boiling temperature in the range 60°C to 125°C and
effecting the reaction at a temperature in the range of
60°C to the reflux temperature of the reaction mixture.
The catalyst is preferably a sulphonic acid, especially
selected from methanesulphonic -acid, benzenesulphonic
acid and p-toluenesulphonic acid.

Whereas any of the above methods may be used on
an industrial scale to manufacture compounds of general
formula (I), they all have scope for improvement.
Although the process of EP 0i7808 can be utilised
conveﬁiently on manufacturing scale, it still utilises
1, 2-dichloroethane, which is an environmentally
harmful solvent.

An object of this invention 1is +to provide an
improved process for preparing substituted 4-

hydroxycoumarins of the general formula (I) defined

above.



3. i ‘EP 177,080 has further nodified the process for the

manuf acture of conpounds of general fornula (I) by reacting

4- hydr oxycounarin wi th conpounds of genergl formula (11) in the presence
of a catalyst and an organic solvent selécted fromformc acid, a mxture

of . formc acid andyp hegs! anepCletidr) CFolnd! LRI e UAARN B2

boili-ng tenperature at atnospheric pr urein range

105{err] C anthe dofiict ooy 188hed 24 feViiar SediBddl0 IHpeRgture in
err]l

the range 60[err|]C to 125f and efrecting e reaction at a

tenperature igplidihed,2Rg8chle B8 BEALENS O diien rSinivad PN HRteErl NE

reaction mxture. The catalyst is preferably a sul phonic acid, especially

sel ected fromiatdresn PRekherasi dandenienes W phevhdi daid yaRdsier
p-t ol uenesul phoni ¢ aci d. Wher eas any of the above nethods may be

used on an ivakstup Aechndgaet o manuf acture conmpounds of general formula
(1), they all have scope for inprovenent. Although the process of EP
017808 can be utili aedordingdpi this yimvemteaind gutavides scydrecess sorl |
utilises

preparing compounds of general formula (I) above wherein

R is selected from hydrogen, phenyl, substituted phenyl,

alkyl and substituted alkyl groups by reacting 4-

hydroxycoumarin and a substituted tetralol of the

general formula

OH

wherein R as defined above, 1in the presence of an
organic solvent and a catalyst, characterised in that
the solvent is an aromatic hydrocarbon.

The aromatic hydrocarbon sélvent mis preferably
selected from benzene, toluene and xylene. The reaction
is preferably carried out at the boiling point of the
solvent and preferably with the azeotropic removal of
water.

The catalyst for use in the process of the



1, 2-dichl or oet hane, which 1is an environnentally harnful solvent.
An object of this invention is to provide an inproved process for
prepari ng substituted 4- hydroxycoumarins of the general fornula (1)

defined above. 5 4 _ VW have _
surprisingly found that the reaction may be conducted in liquid aromatic

hydr ocar bons ingehhiaa ikol peacerxyl¢rgn Cﬁcﬂ?nze%!t%d’ﬂatﬂlys'a”bhﬁbheﬁléven
better vyields than hitherto and with a con5|derably easi er

technique. acid. PReeberiadl yshipionientd®iy pr @4tdaystspr 0O§LES
prepari ng conpounds of general formula (1) above wherein R is se ected
from hydrogetolperaghlpbobiti t udeil pherydnzermdsyliphand csubatifut eghal ky!
groups by reacting 4- hydroxycoumarin and a substituted tetralol of

the gener al mgghapegulphonic acid.

Yet another alternative preferred catalyst for
use in the invention is a carboxylic acid, especially a
strong carboxflic acid, such as trichloroacetic acid.

At the end of the reaction period, excess solvent
may be removed by distillation and replaced by, for
example methanol. After stirring in the now mixed
solvent of methanol and aromatic hydrocarbon, such as
toluene, benzene or xylene, for a few hours, the product
crystallises and may be 1isolated by techniques such as
organic vacuum filfration and washing. The use of such
solvent systems described herein may considerably and
significantly lessen the environmental impact of any
vapours which may escape via the scrubbihé system to
atmosphere. Furthermore, when the process of this
invention is wutilised, no aqueous effluents need be
produced, thereby preventing accidental discharge of
water contaminated with trace amounts of éorganic
materials to the sewerage system. For these reasons
alone the process of the present invention represents a
significant improvement over prior art processes’”

A further improvement which may result from the

process of the invention is - that better yields of



OH ) R wherein R as defined above, in the

presence of an organic solvent and a catal yst, characterised in that the
solvent is an aromatic hydrocarbon. The aromatic hydrocarbon sol vent
is preferably selected frombenzene, tol @ene and xylene. The reaction is

preferably carried out at the boiling Eoint.of the solvent and
preferably WEMUGte Aot Repi Teadisehlectsingtsmaller quamthictiest aifyst for

use in the prqcess of .the ) . 5 .inventipn
i s pref erabl yPifh Bedativedye @xpeng inestprphontteriak 4-hydragqunarigul phoni c

Zg: g aﬁgt al ya?r%f the c%_talyts%l,ueggcs:ﬁl pglg ? ! Cp—t?oclilgénesublepmzo%rglecs l:alcpirc]lczni ¢
Thus, in the method cited in the literature, 2.0 mols of
4-hydroxycoumarin / mol tetralol have to be utilised for
a good reaction whereas in the method of the present
invention the ratio may be less than 2:1, typically of
the order of 1.5:1. The amount of catalyst, such as p-
toluenesulphonic acid, may be reduced from 1.05 mols/mol
tetralol to as low as 0.16 mols/mol. Whereas this
reduction in amount of catalyst is not significant in
financial terns, the modification represents a
significant advance in the ease of work-up of the
product.

The catalyst which is employed to bring about a
good reaction 1is almost any strong acid:_ Prgviously,
aromatic sulphonic acids have been successfully
employed. These catalysts are adequate for the purpose
but have the disadvantage of only having a small
solubility in the solvent systems described herein.
This may be the reason that much reduced quantities of,
for example, p-toluenesulphonic acid are required in the
present invention; the excess acid being insoluble in
the reaction medium can take no part in the reaction.
We have discovered that the more soluble trichloroacetic

acid can act as the catalyst and give good reaction.



et hapesul phoni ¢ aci d. Yet another alternative preferred catal yst
for wuse in the invention is a carboxylic acid, especially a strong
carboxylic acid, such as trichloroacetic acid. At the end of the
reacti on period, excess solvent may be renoved by distillation and

repl aced by, diils XA RNRARBrk-up AEbRELtEbhE 480thé Ncatidigysthqy M xed
sol vent of nethanol and aromatic hydrocarbon, such as toluene, benzene or
xylene, for admwdiburin tdne psedveht copstpiltsesiemd ofmaytHie £iingQl ated by
techni ques such as organic vacuumfiltrati on and washi ng. The use of such
sol vent syst eppodieder i 14d ikerthiuse aayicbpatdarehby amyl stsr@wy facd@nblfy | essen
the environnental inpact of any vapours which nay escape via the scrubbing
systemto atpHspifere:0.9 mayt heenoneilisbén inheth@r acemstimf. t hiThe
invention is utilised, no aqueous effluents need be produced, thereby
preventing ackimidritred fdictohrar ge the weheice cofit aacidit Gapamti throm pXge

anounts of organic materials to the sewerage system  For these
reasons al orkaluse pedaigss <60.0he pissenthafivenit on maypr esdihera be
significant inprovenent over prior _art processes. A further

i nprovenent \IHaHYRAFivedy t rePeNedhefrom the reaction medium by

filtration or may have sufficient solubility in the
reaction medium that it is removable in the solvent
stream on isolation of the product.

The invention will now be illustrated by means of
the following examples.

Example 1

Preparation of 3-({3-biphenyl-4-yl-1,2,3,4~
tetrahydro-1-naphthyl)-4-hydroxycoumarin. (Difenacoum)

A mnmixture of toluene (1000m3) and p-
toluenesulphonic acid (2.0g; 11.16 mnmol) was heated
together under reflux in a reaction vessel equipped with
a Dean and Stark apparatus. Any water present was
removed via the Dean and Stark apparatus. After cooling
to <309C 4-hydroxycoumarin _ (12.0g; 74 mmol) and 3-
(biphenyl-4-y1l)-1,2,3,4~tetrahydro-1-naphthol (15.0g; S50
mmol) were added. The mixture was heated to reflux
again and water renmoved via the Dean and Stark
apparatus. Heating was continued for 20 hours when the

reaction was deemed to be complete. Toluene (75cm3) was



process of the invention is that better yields of

6 product may be realisable using smalleg quantities of the relatively
expensive raw nmaterial 4-hydroxycourmarin and the catal yst, such as,

p-t ol uenesul peanvedachy. dihtsllatuQmmaannrumbthannilaladmm Dladdeﬁure 2.0
mol s of 4-hydroxycoumarin / nol tetralol have to be utilised for a good
reaction wheBeidding undenerabluvfwashecontbmmd fowentfunrthere 2r Abuwosmay be
| ess than 2:1, typically of the order of 1.5:1. The anpunt of catalyst,
such as p- G¥riBAesuhdABNi ctime d, Cristal isakian f aa@Urres.nol sthel

tetralol to as low, ‘as 0.16 npls/nol. V%ereas this reduction in
anount of caF§§P§PSF§nnoWa§|gﬁ?@l?ﬁuut9r1<3Qrﬁnuﬁnﬂ Bgiefs, at t hbis

nodi fication g gsents significant advance in the_ease_of work-up
of- the prod EFPe ature °?ﬂ%n%%HEﬂ3mnTﬂﬁn§H§H%?§%ﬁ& Hpsd fed teredgandout a
gg?gsreﬁgbgon | Inns%% E?Bé%oéﬁﬁ?“ ous%xfengggggtkgg sg[phonlc

87.4%) of satlsfactory guality was obtained.
Example 2
Preparation of 3-[3-(4’-bromobiphenyl-4~yl)-
1,2,3,4-tetrahydro-1-naphthyl J-4-hyroxycoumarin.
(Brodifacoum)
By the method described in Example 1, Brodifacoum
was prepared in 94% yield based on 3-(4‘-bromodiphenyl-

4-y1)-1,2,3,4-tetrahydro-1-naphthol.



enpl oyed. These catal ysts are adequate for the purpose but have the

di sadvantage of only having a snmall solubility in the solvent systens
descri bed herein. This may be the reason that nuch reduced quantities of,
for exanple, p-toluenesul phonic acid are ?equired in the present

i nvention; the excess acid being ins in the reaction nmedium can take
no part in the reaction. W have di ed that the nore sol uble
trichloroacetic acid-can act as the catalyst and gi ve good reacti on.

7 This may ease the work-up conditions as the catalyst is renobved in the
solvent on filtratign fi {pﬁg% I t. 4 apki g t hat
any strong aéfd-of SPK§£S?Q§§o.g@%ay£g e JF%I%?E%thﬁg t%g S%gg%ggon. The
limting facteyrmuiat fgychoi ce of acid (apartrfrompKa value being <=0.9)
IS t hat it may either be quantitat]jvely renmoved fromthe reaction
mediumby filtration or may have sufficient{solubility in the reaction
mediumthat it is renovable in the sdHent

wherein R is selected from hydrogen, phenyl, substituted
phenyl, alkyl groups by reacting 4-hydroxycoumarin and a

substituted tetralol of the general formula

OH
This Sheet Has Been Replaced

I

wherein R 1is as defined above, in the presence of an

organic solvent and a catalyst, characterised in that
the solvent is an aromatic hydrocarbon.

2. A process as claimed in claim 1, characterised in
that the solvent is -selected from benzene, toluene and
Xylene.

3. A Dprocess as claimed in claim 1 and 2,
characterised in that the reaction is carried out. at the
boiling point of the solvent.

4. A process as claimed in c¢laim 1, 2 or 3,

L
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streamon isolation of the product. The invention will now be
I1lustrated by neans of the foll ow ng exanpl es.

Exanple 1 Preparation of 3-63-biphenyl-4-y|-1,2,3,4-
tetrahydro-l-naphthyl)-4-hydroxycounariﬁ¥ (Di f enacoum A mxture

1116 “rol) OPREECHERI SO0 1BgebNEY Thter THITARE 1Y &ergdet BHE HSERT
Femoved via thE BAATCARBLS BRI Bh A ERE SN Ler cool ing Lo <a0Lerr]C

(ol pnemt 31 5. SFopA%eatl Acrlefiftn ony oo of. b BRFR.
The - Dean S0 TS ar BEnpceLred O L e et Tor 35 hurs when
the reactiogMasd¢engdi§o be conplete. Toluene (75cnferr]) was

renmoved by distillation and nethanol (100cnierr]) added. Boiling under
reflux was centinuegd ppbcass Uds heTand® WIS claim 5, characterised in
that the catalyst is selected from p-toluenesulphonic
acid, benzenesulphonic acid and methanesulphonic acid.
7. A process as claimed in any one of claims 1 to 4,
characterised in that the catalyst is a strong
carboxylic acid.
8. A process as claimed 1in claim 6, characterised
in that the catalyst is trichloroacetic acid.
9. A process as claimed in any one of the preceding
claims, characterised in that the reaction is worked up
by addition of a precipitant.
10. A process as claimed in claim 9, characterised
in that the precipitant is methanol.

11. A process as claimed in any one of the preceding

claims, wherein R is hydrogen.

12. A process as qlaimed in any one of- the preceding

claims, wherein R is ——<§i}>—4<:j>

13. A process as claimed in any one of the preceding

claims, wherein R is -—<j} S .-

14. A process as claimed in any one of the preceding
A

. . . = —
claims, wherein R is _ﬁ_}./_\:; P

e

e
JR————

R AR



during which time crystallisation occurred. The suspension was
cooled to <20[err]C and aged at this tenperature overnight. The
suspension was filtered and washed w th nethanol (2x20cnjerr]).

D f enacoum (19.4g; 87.4% of satisfactory quality was obtai ned.

Exanpl e 2 Preparation of 3-[3-(4' - bronobi phenyl -4-yl) -
1,2,3,4-tetrahydro-1-napht hyl]-4-hyroxycoumarin. (Brodifacoum

t he net hod described in Exanple 1, Brodifacoum was prepared in 94%vyield
based on 3-(4'-bronodi phenyl - 4-yl ABSTRAT™M-t et r ahydr o- | - napht hol .

CLAI M5 1. A process for preparing conmpounds of general formula (1)
R

. A process for preparing compounds of the general

formula (I).

wherein R is selected from hydrogen, phenyl, substituted
phenyl, alkyl and substituted alkyl groups comprises
feacting 4-hydroxycoumarin and a sustituted tetralol of

the general formula

cH

wherein R is as defined above, in the presence of an

aronatic hydrogarbon and a catalyst.

e oo

cet Has Been Replaced

T

REPLACED

THIS SHEET HAS BEEM




wherein Ris selected from hydrogen, phenyl, substituted phenyl, alkyl and
substituted al kyl groups by reacting 4-hydroxycoumarin and a substituted
tetral ol of the general formula

oH - R wherein Ris as
defined above, in the presence of an organic solvent and a catal yst,
characterised in that the solvent is ag#aronatic hydr ocar bon. 2. A
process as claimed in claim1, characterised in that the solvent is

sel ected from benzene, toluene and xyl ene. 3. A process as clainmed in
claiml and 2, characterised in that the reactlon is carried out at the
b0|g|ng poi nt of the soIventPROCESSFéR ] ,f.pclalned inclaiml, 2
or , REPCAC

10 characterised in that tBemrﬂmunﬂnn—mnmnmmrmmﬁunst with the azeotropic
renoval of water. 5. A process as clained in any one of the preceding
clains, characterised in that é?bR% alyst is a sulphonic acid.

6. A process as clained in claim aracterised in that the catal yst
is selected from p-tol uenesul phonic

A process for preparing compounds of the general

formula (I).

wherein R is selected from hydrogen, phenyl,, substituted
phenyl alkyl and substituted alkyl groups comprises
reactlﬁg 4-hydroxycoumar1n and a sustituted tetralol of

the general formula

wherein R is as defined above, in the presence of an

aromatic hydrocarbon and a catalyst.
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acid, _benzenesul phoni ¢ acid and net hanesul phonic acid. 7. A process as
clarmed in any one of clains 1 to 4, characterised 1in t hat t he
catalyst is a strong carboxylic acid. 8. A process as clained in
claim 6, characterised in that the cat8lyst is trichloroacetic acid. 9.
A process CRAIMSii ned in any one of the preceding clainms, characterised in

that Lhe reaction ASrdRUERS pibarily Bilbla@0r Blocfu RofRIIPGH 2N 10 A

process ainedinc cteris he precipitant is
nmet hanol . 11. A process as clainmed in any Bne of the preceding claimns,
wherein R is hydrogen. 12. A process as clained in any one of-the

preceding clains, wherein Ris 13. QKA pre as clainmed in any one of

the preceding clains, wherein Ris err] 14. A process as
clainmed in any one of the prece:: el 7o ::::ei n Ris [err]
O 0

@
wherein R is selected from hydrogen, phenyl, substituted phenyl, alkyl and substituted
alkyl groups by reacting 4-hydroxycoumarin and a substituted tetralol of the general
formula

OH

R

wherein R is as defined above, in the presence of an organic solvent and a catalyst,
characterised in that the solvent is an aromatic hydrocarbon.

2. A process as claimed in claim 1, characterised in that the solvent is selected
from benzene, toluene and xylene.

3. A process as claimed in claim 1 and 2, characterised in that the reaction is
carried out at the boiling point of the solvent.

4. A process as claimed in claim 1, 2 or 3,
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