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The present invention relates to 2-(4-sulpho-

O /O nylphenyl)pyran-4-one derivatives of general formula (I), processes for
Js7 their preparation, pharmaceutical compositions containing them, and
/ N | their medical uses.
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2 -PHENYLPYRAN-4-ONE DERIVATIVES

This invention relates to new therapeutically useful «-

~

phenvlpyran-4-one derivatives, to processes IOr thelir preparatcicn and

<

*0 pharmaceutical compositions containing them.

P

It 1s known that non-selective 1nhibition o©of the 2

"
B
D

)

cvclooxygenase (COX) prevents the overproduction of prostaglancin

D

(D

associated with inflammation, which are medlated Dy CyClOCXVgenas

)
Hh

(COX-2) but, at the same time, deprives tissues of basal levels

(D

srostaglandins necessary for the health of certain tissues medlated

largely by cyclooxygenase-1 (COX-1). Non steroidal anti-inlilammatcory

drugs are non-selective inhibitors of COX and for that reason, nave

Tel

(D

+
N\

1)

side effects of decreased renal bliood flow, decreased pl
function, dyspepsia and gastric ulcerztlon.
We have now found that certain Z-phenylpyran-4-one derlvatlVes

selectively inhibit COX-2 in preference to COX-1 and are useful in tne

rreatment of COX-2 mediated diseases, such as inflammation, p&ain,

fever, and asthma with fewer side effects.

Accordingly the present inventicon provides a 2-phenylpyran-4-cne

compound of formula (I):

TR

Rl
(1) \/\/O\/R

‘T//\\ﬂ//\\Fﬁ

R2

wherein:

1

5y € - = 3 o
R' represents an alkyl or -NR'R° group, wherein =X and R- each

independently represent a hydrogen atcm or an alkyl group;

”~

R’ represents an alkyl, C3;-C; cycloalkyl, pyridyl, <hieny.,

naphthyl, tetrahydronaphthyl or indanyl group, Or a phenvl grcocup whicn

O
R

may be unsubstituted or substituted by one or more halogen &toms

)
4

alkyl, trifluoromethyl, hydroxy, alkoxy, methylthio, amino, IMONc-

dialkylamino, hyvdroxyalkyl or hydroxycarponyl groups;

R represents an alkyl, nvdroxymethyl, alkoxvmethv.,
alkenvloxvmethyl, Cs:-C,; cycloalkoxvmethy., Cs—C, cycloalkylmethoxvmetny.,

benzyloxymethyl, hydroxycarbonyl, nitrile, trifluoromethyl opa
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- -

difluoromethyl group or a R'-COC-CH,~ group wherein R represents an
alkvl or phenyl group;

R‘ represents a hydrogen atom, or an alkyl, alkenyl or aikynyl
group or a halogen atom; and
¥ represents a single bond, an oxygen atom, & suiIur atcm or a&
methylene group;
or a pharmaceutically acceptable salt thereotl.

In the compounds of formula (I), when R° 1s an alkenylcoxymethyl

group, it is typically an alkenyimethoxymethyl group.

In a preferred embodiment the inventicon provides a compcund c¢i formula

(1) :
O/
(1) R I O o
\\\ff%\\vf’ \T//
:T//\\ﬂ//\\Ff.
R< O
wherein:

(N

R' represents an alkyl or ~-NR’R® group, wherein R’ and R° each

independently represent a hydrogen atom or an alkyl group;

~

R re

presents an alkyl, Cs;-C, cycloalkyl, pyridyl, <Thlienyl,

)

naphthyl, tetrahydronaphthyl or ndanyl group, ©or & phenvl grcup which
may be unsubstituted or substituted by cne or more halogen &atoms Or
alkyl, trifluoromethyl, hydroxy, alkoxy, methylthio, &aminc, mono- Or
dialkylamino, hydroxyalkyl or hycdroxycarbonyl groups;

R’ represents an alkyl, hydroxymethyl, alkoxvmethyl,
alkenyloxymethyl, Cs-C; cycloalkoxymethyl, C+—C- cycloalkylmethoxymethyl,

benzyloxymethyl, hydroxycarbonyl, nitrile, trifluorcmethyl oI

difluoromethyl group or a R'-COO-CH,- group wherein R’ represents an
alkyl or phenyl group;

R* represents a hydrogen &tom, OIr a&an alkyl, alkenyl or alkynyl
group or a halogen atom; and

X represents a single boncd, an oxygen atom, a
methylene group; with the proviso that when R' is a hydrogen atom R°is
an alkenylmethoxymethyl, Cs3-C; cycloalkylmethoxymethyl or R -COO-CH;-
group wherein R’ represents an alkyl or phenyl group;

or a pharmaceutically acceptable salt thereo:l.
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In this preferred embodiment, when R 1s an a:xenyloxymethyl

group, it is tvpically an alkenvlmethoxymethyl group.

In another preferred empbodiment the invention proviaes a compound

of formula (I):

O
OQ\S//
R 3
\/\/O\/R
B
e 4
YR
R o
wherein:
R! represents an alkyl or -NR°R® group, wherein R and R® each

independently represent a hydrogen atom or an alkyl group;
R° represents an alkyl, Cs:-C; cycloalkyl, pyridyl, thienyl,
naphthyl, tetrahydronaphthyl or indanyl group, or a phenyl group which

may be unsubstituted cr substituted by one Or more halogen atoms oOr
alkyl, trifluoromethyl, hydroxy, alkoxy, methylthic, amino, mono- Or
dialkylamino, hydroxyalkyl cr hydroxycarbonyl groups;

R° represents an alkyl, hydroxymethyl, alkeoxymethyl,
alkenyloxymethyl, Cs:-C,; cyvcloalkoxymethyl, C;-C,; cycloalkylimethoxymethyl,
benzyloxymethvl, hydrecxycarbonvl, nitrile, triflucromethyl or

difluorcomethvl group o©or a R'-CO0O-CH,- group wherein R represents an
alkyl or phenyl group;
R' represents an alkyl, alkenyl or alkynyl group ©or a healogen

atom; and

X represents a single bond, an oxygen atom, a sulfur atom or a

methylene group;

or a pharmaceutically acceptable salt thereof.

—_

In this further preferred embodiment, when R 1s an

alkenvloxymethyl group, it is typically an alkenylmethoxvmethyl ¢group.
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4

In another preferred embodiment the inventicn provides a compouna of

formula (1) :

N

/jS\\//Q§§\
(L A \\\557\\v/13\\//F1

wherein:

R' represents an alkyl or ~NR°R® group, wherein R° and R° each
independently represent a hydrogen atom Or &an alkyl group;

R* represents an alkyl, GCs—-C5 cycloalkyl, pyridyl, thienyl,
naphthyl, tetrahvdronaphthyl or indanyl group, or a phenyl group which
may be unsubstituted or substituted Dby one OX MOIE halogen atoms or
alkyl, trifluoromethyl, hydroxy, alkoxy, methylthlio, amino, mono- oOr
dialkylamino, hydroxyalkyl or hydroxycarbonyl groups;

R’ represents an alkenyloxymethyl or C:-C- cycloalkylmethoxymethyl
group ¢<r a R'-CO0~-CH,- group wherein R’ represents an alkyl or phenyl
group;

R represents a hydrogen atcm; and

X represents a single bond, an oxygen atom, a sulfur atom or a

methylene group;

or a pharmaceutically acceptable salt thereorl.

v—

In this  further ©preferred embodiment, when R 1s an

alkenyloxymethyl group, it is typically an alkenylmethoxymethyl group.

In another preferred embodiment the invention provides a compound

of formula (IA):

I\/\/O \/Rs

(13) ]

O 7
i$“\//ﬁ§;
A

;
2 ©
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wherein:

R- represents a methyl or ethyl group;

R? represents a phenyl group which may be unsubstizuteq
substituted by one or more substituents selected from halogen atoms oI
alkyl, trifluoromethyl, hydroxy, alkoxy, methylthio, amino, mcno- <I
dialkylamino, hydroxyalkyl or hydroxycarbonyl groups;

R’ represents' an alkyl, hydroxymethyl, alkoxymethyl, Cz-C5
cvcloalkoxymethyl, benzyloxyvmethyl, hydroxycarbonyl, nitrilieg,
trifluoromethvl or difluoromethyl group;

provided that when R° is methyl, R? is either (a) a phenyl group having
2t least one substituent selected <Irom trifluoromethyl, Aycroxy,
alkoxy, methylthioc, amino, mono- Or dialkylamino, hydroxyvalkyl oI

hydroxvcarbonyl groups, (b) a monosubstituted phenyl group ravInc a

halogen atom cr an alkyl group at the 3-position cor having a bromine

atom or an alkyl group at the 2-position 1 or (c) a phenyl grouD havin

-

two or more substituents wherein at least one substituent 1s & bromine
atom or wherein an alkyl group is present at the 2- or 4-position, Cr
(d) 3-methvl-4-fluoro-phenyl;

or a pharmaceutically acceptable salt thereot.

Tn the compounds of formula (IA), R' is typically & methyl
group. Further, when R is a methyl group, R° is typically phenyl
having at least one substituent selected from trifluoromethyl,
hydroxy, alkoxy, methylthio, amino, mono- Or dialkylamino,
hydroxyalkyl or hydroxycarbonyl groups; with the substituent
preferably being selected from hydroxy, alkoxy, methylthio, amlno,

mono- or dialkylamino, hydroxyalkyl or hydroxycarbonyl groups.

The invention also provides a compound of formula (IB) :

O/

\/S\/\
Me I

o. _R°
YT
Y
Rz ©
wherein:

=

R? represents a phenyl group whilch may be unsubstituted cCr

substituted by one or more halogen atoms OI alkyl, trifluoromethyv.,
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hydroxy, alkoxy, methyvlthio, amino, mMONo- oOr dialkylamino, hydroxyalkyl

or hvdroxycarponyl groups;

R represents an alkvl, Thydroxymethyl, alkoxymethy., C:=(5
cvcloalkoxymethyl, benzvloxymethyl, hvdroxycarbcnyl, nitrile,
5 rifluoromethvl or difluorometnyvl group;

or a pharmaceutically acceptab.e

S
In the formulae (IZ) and (IR), R° is typically a hydroxymethyl,

methoxymethyl, ethoxvmethyl, propoxvmethvyl, iscpropoxymethyl,

diflucromethyl, hvdroxycarpbonyl, cyclopropoxvmethyl or

10 cyclobutoxymethyl group.

The alkyl groups and moieties such as those present 1n the

alkoxy, hydroxvalkyl, mono- o¢r di-alkylaminc groups, mentoned 1n

L ]
1 -
-

relation to the groups R° to R are usually “lower” alkyl tThat 1s

15 containing from 1 to 6 particularly from 1 to 4 carpon atoms, the
hydrocarbon chain being branched or straight. Preferred alkvl groups,
and where relevant alkyvl moieties, include methyl, ethyl, propyl
including i-propyl, and butyl including n-butyl, t-butyl and sec-
butyl.

20 In a phenvl group substituted by one or more halogen atoms Or
alkyl, rifluorcalkyl, hydroxy, alkoxy, methylthio, &amino, mono- oOr

dialkyl amino, hydroxyalkvl or hydroxycarbonyl groups, the phenyl ring

may be substituted by 1, 2, 3, 4 or O substituents, preferably 1, 2 or
3 substituents, each being independently selected Zrcm the possible
25  substituents set out above. That is to say, the phenyl group (attached
£to X or the pyran-4-one ring through its l-position) may De substituted
at any of the remaining positions, that is to say the 2, 3, 4, 5 Oor o-
positions. A phenyl group having more than one substituent may be

substituted at any combination of positions. For example a phenyl group

~

30 having two substituents may be substituted at the 2 and 3, 2 and 4, 2

and 5, 2 and 6, 3 and 4 or 3 and 5 positions.

[\

In particular, it 1s preferred that R represents a branched

alkyl, Cx=C; (preferably 3, C cr  Cg) cvcloaikyl, napthyl,

o

tetrahvdronaphthyl or indanyl group, an unsubstituted phenyl group or

35 a phenyl group substituted by one or more halogen atoms, alkyl groups,
preferably methyl groups, and/cr alkoxy groups, preferably methoxy
groups. Halogen atoms are preferably selected Irom fluorine, chlorine

OY bromiline atoms.



10

15

20

25

30

CA 02403149 2002-09-12

WO 01/68633 PCT/EP01/03042

-

R’ is preferably a phenyl group that is unsubsTtituted Or has 1,
2 or 3 substituents, more preferably 1 or 2 substituents. Preferably
rhe substituents are independently seclected from metiyl groups and
chlorine, bromine and fluorine atoms. When R° is & phenyl group
substituted by one o¢r more halogens atoms and/cr alkyl groups,

preferably one of the substitutions 1s at the 2- or 3-position of the

phenyl group.

In one preferred group of compounds R° is an unsubstituted phenyl
group or a phenyl group substituted Dy a single halogen atom selected
from fluorine, chlorine or bromine, a single metnyl Jgroup Or TWO

halogen atoms which are the same or different and are selected from
fluorine, chlorine or kbromine.

It is preferred that R' independently represents an unsubstituted
alkyl group such as methyl, ethyl, propyl or butvl, preZerably methyl
or an NH, group (1.e. R° and R° in the above formula both 1ndependently
represent an H atom).

It is also preferred that R’ independently represents an
unsubstituted C,.. alkyl group such as methyl, ethyl or n-propyl or i-
propyl, a nitrile group, a hydroxymethyl group, a methoxymethyl group,
an ethoxymethyl group, a propoxXymethyl group, an i1sopropoxymethyl
group, a difluoromethyl group, a propenyloxvmethvl group, a

hydroxycarbonyl group, a cyclopropoxvmethyl group, & cvcicbhbutoxyvmethyl

group, a cyclopropylmethoxymethyl group, a cvclobutylmethyloxymethyl
group or a CH;-COO-CH;- group.

It is preferred that R’ represents an alkyl group such as methy:
or ethvl, an alkenyl group such as vinyl, an alkyny. dJroup such as

ethynyl, a halogen atom such as & chlorine or cromine atom or a&

hydrogen atom.

It is preferred that X independently represents a single bond, an

oxygen atom or a methylene group more preferably & singie bond or an

oxygen atom and most preferably an oxygen atom.
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R R* | R R RS R | R°
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T Me K F "~ H " Me | H | H
“mMe |8 | «c1 | & Me H - H
| Me H H T Me = | H T H
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T Me H "5 | cl Me H H
— wMe | H | F H " Br | B T H
Me = | c1 | E =er | 2 T
" Me | H er | & | =r | = H
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and pharmaceutically acceptable salts therecZ.

Of outstanding 1interest are:
3—(4-fluoro—2—methylphenoxy)—2-(4—methanesulfonylphenyl)—6—methyl
pyran-4-one;
3-(4—chloro—2—methylphenoxy)—2—(4-methanesulfonylphenyl)—6—methyl
pyvran-4-one;
3—(2—chloro~4—methylphenoxy)—2*(4—methanesulfonylphenyl)—6-methyl
pyran—-4-one;
3-(2-bromophenoxy)-2—(4—methanesulfonylphenyl)—6-methylpyran—4—one;
3—(3~brom0phenoxy)—2—(4—methanesulfonylphenyl)-6—methylpyran—4—one;
3—(4—bromo—2—fluorophenoxy)-2—(4—methanesulfonylphenyl)—6—methylpyran
-4-one;
3-(4-bromo—2—chlorophenoxy)-2—(4-methanesulfonylphenyl)~6—methylpyran
-4-one;
3—(2,4-dibromophenoxy)—2—(4—methanesulfonylphenyl)—6—methylpyran—4-one;
3-(2,4—difluorophenoxy)-2—(4—ethanesulfonylphenyl)—6—methylpyran—4—one
2-(4-methanesulfonylphenyl)-6-methyl—3—(Z-methylphenoxy)pyran—4-one;
2-(4—methanesulfonylphenyl)—6—methyl—3—(B-methylphenoxy)pyran—4—one;
3-(2—fluoro-4—methylphenoxy)—2-(4-methanesulfonylphenyl)—6-methyl
pyran-4-one;
3*(2,4-difluorophenoxy)—6—ethyl—2—(4-methanesulfonylphenyl)—5—methyl

pyran-4-one;
3—chloro~5~(2,4*difluorophenoxy)—6—(4—methanesulfonylphenyl)—Z-methyl

pyran-4-one;

-y

3-chloro-5~(4-fluorophenoxy)—6-(4-methanesulLonylphenyl)—2—methyl



10

15

20

23

30

35

CA 02403149 2002-09-12
WO 01/68633 | PCT/EP01/03042

21

pyran-4-one;

3-chloro-5- (4-chlorophenoxy)-6-{4-methanesulfonylphenyl)-2Z-meIhyl
pyran-4-one;

3-bromo-3-(2,4-difluorophenoxy)-6- (4-methanesulfonylphenyl)-z-methy.l
pyran-4-one;
3-bromo-5-(4-chlorophenoxy)-6-(4-methanesulfonylphenyl)-Z-metrnyioyran
-4-one;

3-({2,4-difluorophenoxy)-5, 6—dimethyl-2- (4-methanesulfonylpneny., pvran

4—-one;
:

3-(2,4-difluorophenoxy)-2-(4-methanesulfonylphenyl)-6-methyl-2-vinyl
pyran-4-one;
3-(2,4-difluorophenoxy)-5-ethyl-2-(4-methanesulfonylphenyl)-£-methyl
pyran—-4-one;
3-(2,4~-difluorophenoxy)-6-hydroxvmethyl-2-(4-methanesulfonyliprenyl,
pyran—4-one;

3- (4-fluorophenoxy)-6-hydroxymetnyl-2- (4-methanesulfonylpheny_,cvran

-4-one;

3- (4-chlorophenoxy)-6-hydroxymethyl-2- (4-methanesulfonylphenyl; cvran-4-
one;

3-(2-fluoro-4-bromophenoxy)-6-hydroxymethyl-2-(4-methanesulfonyl

prhenvyl)pyran-4-one;

3-(2,4-difluorophenoxy)-2-(4-methanesulfonylphenyl)-6-methoxvmetnyl

pyran—-4-one;

3-(4-fluorophenoxy)-2- (4d-methanesulfonylphenyl)-6-methoxymetryioyran
-4-one;

3-(4-chlorophenoxy)-2- (4-methanesulfonylphenyl)-6-methoxymethy_-cvran-4-
one;

acetic acid [5—(2,4—difluorophenoxy)—6—(4-methanesulfonylphenyl;-4—oxo—

dH-pyran—-2-yl]methyl ester;

acetic acid [5-(4-flucrophenoxy)-6~(4-methanesulfonylphenyl)-4-CcxXc-4h-

pyran-2-vl]lmethyl ester;

acetic acid [5-(4-chlorophenoxy)-6-(4-methanesulfonylphenyl)-4-oxo-4H-

pyran-2-vljmethyl ester;

5—(2,4-difluorophenoxy)¥6—(4—methanesulfonylphenyl)—4—oxo-4H—pyran—2—

carboxylic acaid;

5—(4-chlorophenoxy)—6-(4—methanesulfonylphenyl)—4—oxo—4H—pyra:—2—

carboxylic acld;
6—(1,l—difluoromethyl)-B—(2,4—difluorophenoxy)—2—(4—methanesulfonyl

phenvl)pvran-4-one;
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6-(1,1-d:ifluoromethyl)~-3-(4-bromophenoxy)-2- (4-methanesulionyl
phenvl)pvran-4-one;

X
6-(1,1-difluoromethyl)~-Z-{4-methanesulfonylphenyl)-3-7z-methyl
phenoxy)pyran—-4-one;

3-bromo-2-(1,1-difluorcmethvl)-5-(2,4-difluorophenoxy, —-¢-(4-

methanesulfonylphenyl)pvran—-4-one;
2-(1,1-difluoromethyl)-5-(2,4-difluorophencxy) -6~ (4-meznane-

sulfonyiphenyl)-3-methvipy

(D
'O
t K
L
D,
}—t
(D
in
(1
F_J
ct
N
(_'_
J
(D
A
(D
O
H.]

and pharmaceutically acc
The present invention also provides processes “or preparing a

o R 3
compound of formula (I) which depend on the definiticn of R

=

When R®> is an alkyl group and R’ is a hydrogen atom or an alkyl group,

compounds of formula (I} are prepared according to toe definition of

. . 3 " r 3 . "-""Q'-‘ 4 "
R*. Thus, compounds c¢f formula (I) in which R’ 1s a metInyl group, R 1s

—t

) ' = - ' L 5 6
a hydrogen atom and R! is an alkyl or -NR’R® group in which R” and R° are

+

alkyl groups, viz. a 2-phenvlpyran-4-one derivative cI Zormula (II):

R \\d;%\\TAD\T/i]43

T

R4 O

-
-
>

wherein R*® is an alkyl cr -NR?®R"® group in which R’ zand R" are each

independently alkyl groups, and R° and X are as defined above, which

comprises reacting a carbonyl derivative of formula (.-I):
O
//Q§>//ug\/”x\-2
1a R
(II1) R |
N
S
0~ \
O

wherein R*®, R? and X are as defined above with an excess oI anhydrous

)

acetic acid or acetic anhydride and polyphosphor:c a&acid, at

temperature from 90°C tec 15C°C.

The compound cf formula (II) may alsc be prepared ky reacting a

in.

vinyl derivative of formuia (IV):
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Rm [
N N O
(IV) |
O
X//
Fﬂzz

wherein R*®, R° and X are as defined above, with an excess of acetic
anhydride and polyphosphcric acid at a temperature from 80°C to 120°C.

The vinyl derivative of formula (IV) may be obtained Dy reacting

a carbonyl derivative of formula (III) with acetic anhydride anc

methanesulfonic acid at a temperature from 50°C to 100°C.

The carbonvl derivative of formula (III) may be obtalined Dy

methods well known in the literature (EP-A-714883; WO 96/06840; WO
96/31509 and DE-2064520) or when X represents an oxygen or sulfur atom,

by reacting a phenacyl derivative of formula (V):

O
/k/v
(V) IR
R1a l
Za\
O \3

wherein R is as defined above and Y represents a chlorine or bromine

atom, with a hydroxy or mercapto derivative cf formula (VI):

(VI) HX® - R

wherein R is as defined above and X® is an oxygen or sulfur atom.

The reaction between the phenacyl derivative of formula (V) and
the alcohol or thiol of formula (VI) may be carried out by heating a
mixture of these two starting materials, opticnally 1in a solvent
mixture of methylene chloride, benzene or toluene and water, at a
temperature of from 15°C to 30°C and 1n the presence of a phase
transfer catalyst such as benzyltriethylamonium chloride.

The carbonyl derivative of formula (III) in which X 1s other than
a sulfur atom, may also be prepared by reacting a thio derivative of

formuila (VII):
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~N =2
(VIT) l/\ R
5 F?@HMS//\\¢§7‘

wherein R*® and R° are as defined above, and X” is a single bond, an
oxyvgen atom or a methylene group, with an oxldlzing agent, preferably

10 magnesium monoperoxyphthalate or 3-chloroperoxybenzoic acid. The

reaction is preferably carried out 1in an organic solvent such as a

mixture of methylene chloride with methanol or ethanol, at a

temperature from 10°C to 40°C.

The present invention also provides a process for the preparation
15 of compound of formula (I) wherein R® and R® are alkyl groups and R is
an alkyl or -NR°R® group in which R® and R® are alkyl group, viz. 2-

phenylpyran—-4-one derivative of formula (VIII):

o,
O,\\S//
20 15,\\//Q§>
(VIII) R ' O R3a
MTU
/'
X Y\Rtia
K,
25 R0
wherein R*® is an alkyl group, R represents a CH,-R* group and R, RS
and X are as defined above, which comprises reacting a carbonyl
derivative of formula (III) with an excess of an anhydride of formula
(IX):
30
(IX) (R*®CH,CO) ;0
or a carboxylic acid of formula (X):
35 (X) R*®CH,COOH

and polyphosphoric acid at a temperature from €0°C to 150°C.

The compound cf formula (VIII) can also be obtained by reacting

a vinvl derivative of formula (XI):
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I%
2
)

(X1}

q
%
\}D
::jiﬁ
5

wherein R*®, R% R% and X are as defined above with an excess o¢If an
anhvdride of formula (IX) and polyphosphoric acid at a temperature Irom
00°C to 150°C. The vinyl derivative of formula (XI) may pbe prepared Dy
reacting a carbonyl derivative of formula (III) with an anhycride of
formula (IX) and methanesulfonic acid at a temperature from 50°C to
100°C.

The present invention also provides a process for the preparation
of a compound of formula (I) wherein R’ is a alkyl group, R is a
hydrogen atom, or an alkyl group, R' is an alkyl group, and X is other

than a sulfur atom viz. 2-phenylpyran-4-one derivative of formula

(XII):

1;/8 NN
R l

(XII) \\55%\\//Ck\//R

X{Y\Rflb
2

wherein R is an alkvl group, R® is a methyl group or a R*CH; group,

R is a hydrogen atom or an alkyl group and R’ and X° are as defined

above by reacting a mercapto derivative of formula (XIII):

R‘lb/S\A

’ 3b

S O R

(XIITI) | |
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wherein R!®, R, R*", R? and X°® are as defined above witih an oxidizing
agent, preferably W1ltr magnesium monoperoxyphtnz_ate CXr 3=
chloroperoxybenzoic acic.

The reaction betweer the mercapto derivative cof ZIcrmula (XIII)
and the oxidizing agent is preferably carried out, zs previously
disclosed for the compound cf formula (VII), in an organ.c solvent such

chloride with methanol <r ethanol, at a

)

as a mixture of methvlen
temperature of from 10°C zZo 40°C.

The present inventicn additionally provides a prccess for the

‘ . . 1 : - . | 5 6
preparation of a compound of formula (I) wherein R° 18 = -NR“R” group,

R°is an alkyl group and =* is a hydrogen atom, or an &a>xvl group viz.

2-phenylpvran-4-one derivative of formula (XIV):

R5
\ o
RS/N\S//
C?“\H/GQb
(XIV) N

4
O
m@

' A

wherein R, R*®, R’, R®°, 2% and X are as defined above »y reacting a

chlcrosulfonyl derivative of formula (XV):

O
CI\ //
AS\\4§S\\
o | 3b
® R
\/\‘/ \l/
(XV) x/\H/\R4b
2

D

wherein R?°, R®, R% and ¥ are as defined above with an amine c¢f formula

(XVI):
(XVI) R°-NH-R°

wherein R° and R® are as cefined above.

This reaction is preferably carried out at a temperature cf from
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10°C to 40°C.
The chlorosulfonyl derivative of formula (XV) may, for example,

be prepared by reacting a compound of fecrmula (XVII):

(D
-
‘<D

>
<
=
=

A—X
2
|
m-h

10

wherein R°, R°®, R‘® and X are as defined above with chlorosulfonic acid,

preferably at a temperature of from 80°C to 120°C.
The present invention further provides a process Ior the
15 vpreparation of a compound of formula (I) wherein R’ is an alkyl group,
R is an hydrogen atom or an alkyl group and R' is a -NR°R° group wherein

R° and R°® are hydrogen, viz, the 2-phenylpyran-4-one derivative of
formula (XVIII):

20 H,N_ //O
JS\N//QQ\
0" ] o
NN N
(XVIITI) ! ‘
>|<,/\\H//'\\R4b
25 22 0

wherein R?, R%®, R®® and X are as defined above by debenzylation of the

corresponding N,N-dipbenzvl derivative of formula (XIX):

30 CGHg—'C\H2 .
..»N\ //
C6H5--CH2 //S\/\
N
Qﬁb/f\\// ~N
(XIX) L
35 >|</\H/\R4b
RZ ®

A T,
o

wherein R°, R’®, R°® and X are as defined above.

The debenzviation 1is preferably carried out wilth an excess of
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trifluoroacetic, sulfuric or methanesulfonic acid at a temperature OI

from 0°C to 120°C.
The intermediate of formula (XIX) may be prepared according to

the above processes using appropriate starting materials wherein R’ and

-

R® (or R”® and R®) both represent benzyl groups.

The intermediate of formula (V) and (VII) used 1in the preparation
of the compounds of the invention may be prepared by methods disclosed
in the literature, for example, in M.Z. Saettone, J. Org. Chem. 31, p.
1959 (1966) and WO 96/06840.

The intermediate compounds of formula (XIII) and (XVII) may be

prepared by the same process disclosed for the preparation ¢f compounds
of formula (II) and (VIII), with the appropriate starting materials.

The 2-phenylpyran-4-one derivatives of formula (I) wherein R’ 1S

ﬁ

other than an alkvl group and =®* 1s & hyadrogen atom, Vviz. £~

phenylpyran-4-one derivatives of formula (XX):

N

R’ /S\/\l

3C
o~ O R

(XX)
e

|
R O

wherein R*¢ is a hydroxymethyl, alkoxymethyl, Cs3-C,; cycloalkoxymethyl,
alkenylmethoxymethyl, C:-C; cycloalkylmethoxymethyl, benzyloxy methyl,
hydroxycarbonyl, nitrile, trifluoromethyl, difluoromethyl group, or a

CH,0COR’ group, wherein R’ is an alkyl or a phenyl group, and R', X and

R? are as defined above, can be prepared by processes which are
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represented in the following scheme:

1 1 R
O ﬁ 1 O - ):z O~ 7
> °3 4 7 RN H 7 A
Y el SOy e Oy e Y
- ¥ R | '
re © }Qz 0 e O re O
(XX1) (XXI) (XXII) (XXIV)

Z-F2 ({XXV!) R’COC!I (XXVIH)

As it can be seen in the scheme, 2-phenylpyran-4-one derlvatTlves

of general formula (XX), are prepared from compounds of formu-a (I) 1n

which R®> is a methyl group and R® is a hydrogen atom, viz. compound of

formula (XXI), which processes of preparation have peen clsclosed

above. In a first stage, compounds of formula (XXI) are treated with
an oxidizing agent as selenium dioxide 1in an organic sclvent a&as
tetrahydrofuran or dioxan, in a pressure vessel and at a temperature
from 100°C to 190°C. The corresponding aldehyde of formula (XXII) 1s
obtained, which is used as starting material to obtain the compounds
of general formula (XX).

The compounds of formula (XX) wherein R°° is a hydroxvcarbonyl
group, viz. compound of formula (XXIII), are prepared ZIrom the
corresponding aldehyde (XXII) by reaction with an 0x1dlzing agent as

pyridinium dichromate or chromium (IV) oxide in an organicC solvent such

1)

as N,N-dimethylformamide, ethanol or acetone/sulfuric acid, at

temperature between -5°C and 35°C. The obtained compounds (XXII.; are

used a&s starting materials to cbtain compounds of formula (I) wherein

R’ is a trifluoromethyl group, viz. compound of formula (XXIV,. The
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reaction is carried out tv reaction of compounds (XXIII! with a mixture
of sulphur tetrafluoride and hydrogen fluoride, cpIicnally -n the
resence of an organic solvent such as methylene cnlcride, 1n a

pressure vessel, and at z temperature from 20°C to 120°C.

w—
- -
S

The compounds o¢f feormula (XX} wherein R represents a
hvdroxymethvl group, viz. compounds of formula (XXV) are prepared Dy
reduction of compounds cf formula (XXII) with a borcn or aluminium
hydride, preferably socdium borohydride i1n a solvent &s methanol or

ethanol and at a temperature from 10°C to 40°C. Further reactlion of
compounds of formula (XXV) with an appropriate halide cI Iformula

(XXV1I):

e
o3

(XXVI) L -

wherein 7 represents & chlorine, bromine o¢r 1odine atom and R"
represents an alkyl, C3—-C5 cycloalkyl, alkenyv_methvyi, Cz—C;
cycloalkylmethyl or benzyl group, provide the compcunds oI formula
(XX) wherein R is an alkoxvmethyl, Cs-C7; cyvcloalkoxymethyl,
alkenylmethoxymethyl, C:-C; cycloalkylmethoxymethyl cxr benzyloxymethyl
group, viz. compounds of formula (XXVII). The reaction 1s carried out

in an crganic solvent as acetone, N,N~dimethvlformamide  oOr

tetrahydrofuran in the presence of sodium or potassium hydride or
amide, and at a temperature between 20°C and 120°C.
Further more, the reaction of compounds of formula (XXV) with an

appropriate acyl halide <If formula (XXVIII):
(XXVIII) R'COC1

wherein R’ represents an alkyl or a phenyl group provide compounds OZI
formula (XXIX). The reac=ion is carried out in an organic solvent such
as tetrahydrofuran, methvlene chloride, chloroform or dioxane 1n the

presence of a tertiary amine, such as triethylamiline, at a temperature

from 20°C to the boiling point of the solvent.

Also aldehvydes cof fcrmula (XXII) are used as starting material to

: , ] . 3 . SR .
obtain compounds c¢f formula (XX) wherein R 1is a nitrile group, Viz.

compounds of formula (XXX). The reaction 1is carried cut wn a& f1lrst
stage bv treatment of alcdehydes (XXII) with hydroxylamine hydrochloride
and formic acid at a =emperature from 80°C to 120°C. The resulting

Sap? S A

oxime derivative is isciated and heated with an excess <©if acetic
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anhydride at a temperature between 100°C tc 180°C.

The compounds of formula (XX) wherein R’ represents a
difluoromethyl group, viz. compounds cf formula (XXXI;, are prepared
from aldehydes of formula (XXII) by reaction with a fluorinated reagent
as diethylaminosulfur trifluoride or a mixture cof sulfur tetrafluocride-
hydrogen fluoride, optionally in the presence of an organlic solvent
such as methylene chloride, benzene or tciuene and at & temperature
from 0°C to 130°C.

The present invention also provides a Lrocess for the preparatlion

of compound of formula (I) wherein R® is cther than a hydrogen atom,

viz. Z2-phenvylpyran-4-one derivative cf Zformula (XXXII1):

O R
(XXXII) \/\/ ~

o

-

wherein R°¢ is an alkyl, alkenyl or alkynyli group and R', RY, R’ and X
are as defined above, which comprises reacting a compound of formula

(XXXIII):

(XXXIITI) I |

wherein RY® is a chlorine, bromine or iodine atom, preferably a bromine

atom and Rﬂ,Ifj R> and X are as defined abcocve, with a tin derivative

of formula (XXXIV):

(XXXIV) R Sn (R%)a

wherein RYS is as defined zbove and R’ is an alkyl group. The reaction

is carried out in a solvent such as dimethviformamide, tetrahydroiuran

or dioxane, in the presence of a tertiary amine, such as triethylamine,
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t
)

with tri-o-tolylphosphine and palladium (II) acetate, and &
temperature from 20°C to 150°C.
The derivative of formula (XXXIII), wherein R*® is preferakly a

bromine atom, may be obtained by reacting a derivative of formula (XX)

or a derivative of formula (XXI) with bromine ¢r pyvridiInium tribromiade,

in an organic solvent such as 1,1,2,2-tetrachlcroethane, methvliene

chloride or chloroform, in a pressure vassel, and &t a temperature Irom

20°C to 180°C.

The 2-phenylpyran-4-one derivatives of formu.a (I) in which there

is the presence of a basic group, can be converted Dy methods known per

se into pharmaceutically acceptable salts, preferably acld aadition

salts bv treatment with organic or inorganic acids as fumaric,
tartaric, succinic or hydrochloric acid. 2lso, Z2Z-phenylpyran-4-one
derivatives of formula (I) in which R’ represents an hydroxycarocnyl
group, mav be converted into pharmacologically acceptable salts with,

for instance, alkali metals such as sodium or potassium by reaction

with an alkali metal hydroxide.

The following biological tests and data further illustrate this

invention.

COX-1 and COX-2 activities in human whole blood
Fresh blood from healthy volunteers who had not taken any non-

steroidal anti-inflammatory drugs for at least 7 days prior to plood

extraction was collected in heparinized tubes (20 units of hepar:in per
ml). For the COX-1 activity determination, £00 pl aligquots of Diood
were incubated with either 5 pl vehicle (dimethylsulphoxlde) or o ul

of a test compound for 1 h at 37°C. Calcium ionophore AZ31E] (25 uM)

was added 20 min before stopping the incubation. Plasma was separated

by centrifugation (10 min at 13000 rpm) and kept at -30°C until TXB;

levels were measured using an enzyme immunoassay kit (ELISA).

The effect of the compounds was evaluated by incubating each

compound at five to six different concentratlons with triplicate

determinations. ICy values were obtained by non-linear regression using

InPlot, GraphPad software on an IBM computer.

For the COX-2 activity determination, 500 pi aligquots of klood

were incubated in the presence of LPS (10 pg/ml) for 24 h at 37°C 1in

order to induce the COX-2 expression (Patriagnani et &l., J. Pharm.

Exper. Ther. 271; 1705-171Z2 (1694)). Plasma was separated Dy
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and kept at -30°C unti. PGE;
The

(ELISA; .

concentrations with tripllcate

GraphPad scitware on

The results obtained from the biological assays are shown 1n Tabole

TABLE 1: COX-1 and

COX-2 Inhibition

‘E;a;ple  [cox-1 “Tcox-2 ‘Ratio T
IC:, (M) ICso (1M) COX-1/COX-2
1 121.2 __ ]0.18 118 T
2 38.5 T 0.13 T [2¢6 T
3  ]16.3 0.24 68 O
6 l40.2 0.15 1268 e
7 [33.4 0.21 159
8 ) s7.5 _____ |1.13 |51 -
10 '19.9 "10.086 - [231
11 - 14.2 ____________ |0.30 |47 "'"‘_
16 [26.0 .53 s
17 —  |20.0 ______________ |C.7¢ 27 S
18 7.7 |0.82 EREEEE R
19 T [14.6 0.082 178
20 31.2  |1.43 22 T
21 ~ {35.6 — 10.58 62 T
22 53.0 0.19 1279
23 2% at 100 pM 144 |>70 ]
24 938 at 100 uM___ l0.60 _ [>150 ]
26 271.1 0.17 T [124 T
27 — |86.3 ____________ ]0.32 270 ]
28 [%1.9 ~T0.44 ____ |209
30 ~ [50.3 0.14  ]359 T
31 . 17% at 100 uM | 1.10 >90 -
32 50 0.4z ——1o070 |
36 |28.5 —]0.097 | 294

5 ul

ICyy values were
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D
(1)
(N

Indomethacin 0.18 0.22 -

A A ekl - g

Indomethacin is 1-(4-chlcrobenzovl)-5-methoxy-Z2-methyviindoile-3-acetic

w— —

acid.

As shown in Table 1, the Z2-phenylpvran-4-one derivatives of
formula (I) are potent and selective COX-2 inhibitcrs whereas the
reference compound indomethacin is as equipcotent as COX-z and COX-l
inhibitor. Thus the compcunds of the invention are preferably selective

inhibitors of mammelian COX-2, for example human COX-Z.

The compounds c¢Z the invention also preferably have low

inhibitory activity toward mammalian COX-1, for examp:re human COX-1.

Inhibitory activity can typically be measured by in vitro assays, Ior

example as described apove.

Preferred compounds cf the invention have an IC:: value for COX-Z

e

of less than 5 pM, preferzbly less than 3 more preferably less than 2.5
uM. Preferred compounds of the invention also have an I1Csg value for

COX-1 of greater than 10 pM, preferably greater than 20 pM. As an
indicator of selectivity for inhibition of COX-2 over COX-1, the ratio
of COX-1/COX-2 IC:, values is preferably greater than 20, 30 or 50, more
preferably greater than 60, 100 or 200.

The present invention further provides a compounc c¢f formula (I)
for use in a method c¢f treatment of the human ¢r zanimal body Dy
therapy, in ©particular <for the treatment oI ©Dalin, fever o©r
inflammation, to inhibit prostanoid-induced smooth muscle contraction
or for the preventicn or treatment c¢f <colorectal cancer oOr
neurodegenerative diseases, for example, Alzheimer disease.

The present invention further provides the use c¢f a compound oI

formula (I) in the manufacture of a medicament for the treatment of
pain, fever or inflammation, to inhibit prostanoid-induced smooth

P

muscle contraction or for the prevention or treatment of colorecta.

Cdancerxr.

The compounds of fcrmula (I) are useful for relief cf pain, fever

and inflammation of a varietv of conditions incliuding rheumatlc fever,

4 —
-1 e, il

symptoms associated with influenza or other viral inZections, common
cold, low back and neck pain, dysmenorrhoea, headache, toothache,
sprains and strains, myositis, neuralgia, synovitis, Dbursitis,

tendinitis, injuries, Zcllowing surgical and dental procedures andc
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arthritis including rheumatoid arthritis, osteocarthritils, gouty
arthritis, spondvloarthopathies, systemic lupus erythematosus and
juvenile arthritis. They may also be used in the treatment of skin
inflammation disorders such as ©psoriasis, eczema, purning and
dermatitis. In addition, such compounds may be used for the prevention
or treatment of colorectal cancer or neurodegenerative diseases, IOr
example, Alzheimer disease.

The compounds of formula (I) will also i1nhibit prostancid-lnduced
smooth muscle contraction and therefore may be used 1n the treatment

of dysmenorrhoea, premature labour, asthma and Lronchitis.

The compounds of formula (I) can be used as alternative to

conventional non-steroidal anti-inflammatory drugs, particularly where

such nen-steroidal anti-inflammatory crugs may be contrainclcated such

as the treatment cf patients with gastrointestinal disorders including
peptic ulcers, c¢astritis, regional enteritis, ulcerative colitis,

diverticulitis, Crohn’'s disease, inflammatory bowel syncdrome and

irritable bowl syndrome, gastrointestinal Dbleeding and coagulation

disorders, kidney disease (e.g. impaired renal function), those prior
to surgery or taking anticoagulants, and tnose susceptible to non-
steroidal anti-inflammatory drugs induced asthma.

The compounds can further be used =To treat inflammation 1in
diseases such as vascular diseases, migraine headaches, periarteritils
nodosa, thyroiditis, aplastic anaemia, Hodgkin’'s disease, scleroderma,
tyvpe I diabetes, myasthenia gravis, sarcoidosls, nevhrotic syndrome,
Behcet’ s syndrome, polymyositis, hypersensitivity, conjunctivitis,
gingivitis and myvocardial ischaemila.

Compounds of the present invention are inhioitors of
cyclooxygenase-2 enzyme and are thereby useful To treat the
cyclooxygenase~-2 mediated diseases enumerated above.

Accordingly, the 2-phenylpyran-4-one derivatives oI formula (I)
and pharmaceutically acceptable salts thereof, and pharmaceutical
compositions comprising such compounds and/cr salts thereof, may be

used in a method of treatment of disorders of the human body which

comprises administering to a patient reguiring such treatment an

effective amount of a 2-phenylpyran-4-one derivative cf formula (I) or

a pharmaceutically acceptable salt thereof.

The present invention &also provides pharmaceutical compositions,

Z-phenylpyran—-4-one

which comprise, as an active ilngredilent, at _.east

a
derivative of formula (I) or a pharmacologically acceptable salt
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-hereof in association with a pharmaceutically acceptable excilplent
such as a carrier or diluent. The active ingredient may comprise 0.001%
to 99% by weight, preferably 0.0ls TO 90% by weight of the composition

depending upon the nature of the formulation and whether <further

dilution is to be made prior to application.

Preferably the compositions are made up 1n a form suitable Ifor
oral, topical, nasal, inhalation, rectal, percutaneous or 1injectable
administration.

The pharmaceutically acceptabile excipients that are admixed with

the active compound or salts of such compound, tO form the compositions

of this invention are well known per se and the actual exclpilients used

depend inter alia on the intended method of administering the

compesitions.

Compositions of this invention are preferably adapted IOr

injectable and per os administration. In this case, the compositions

for oral administration may take the form cf tablets, retard tablets,

sublingual tablets, capsules or liguid preparations, such as mixtures,

elixirs, syrups or suspensions, all containing the compound of the

invention; such preparations may be made by methods well-known 1n the
art.

The diluents that may be used 1n the preparation of the
compositions include those ligquid and solid diluents that are

compatible with the active ingredient, together with colourlng oOr

flavouring agents, if desired. Tablets or capsules may convenlently
contain between 2 and 500 mg of active ingredient or the egquivalent

amount of a salt thereof.

The liguid composition adapted for oral use may be 1in the form of
solutions or suspensions. The solutlions may be agueous solutions of a
soluble salt or other derivative of the active compound in associlation
with, for example, sucrose to form a sSyrup. The suspensions may
comprise an insoluble active compound of the i1nvention oI a
pharmaceutically acceptable salt thereof 1in assoclation with water,
together with a suspending agent Or flavouring agent.

Compositions for parenteral injection may be prepared Irom
soluble salts, which may or may not be freeze-dried and which may be

dissolved in pyrogen free agueous medla OX other zppropriate parenteral

injection fluid.

Effective doses are normally in the range of 10-600 mg cf active

ingredient per day. Daily dosage may Dbe administered 1n one Orx more
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treatments, preferably from 1 to 4 treatments, per day.
The invention is illustrated by the following Freparaticn and

Examples, which do not limit the scope of the inventicn 1in any way.

PREPARATION 1
2-(2,4—Difluorophenoxy)—1-(4—methanesulfonylphenyl)ethanone

a) To a solution of 2,4-difluorophenol (3.71 g; 29 mmoc.-) and

2-bromo-1- (4-methylsulfanylphenyl)ethanone (7.00 g7 29 mmol. 1n
methylene chloride (50 ml) was added a solution of potassium carpcnate
(5.91 g; 43 mmol) and tetrabutylammonium hydrogensulfate (0.48 ¢; 1.4

mmol) in water (20 ml). The mixture was stirred at room tTemperature for

16 hours. Water (100 ml) was added, the organic phase was decantec, and

the basic phase was extracted with methylene chloride (Z x 100 ml.. The
organic solution was dried (Nap30) and the solvent removed under
reduced pressure. The resulting solid was washed with ethyl: ether.
2-(2,4-Difluorophenoxy)-1-(4-methylsulfanyl phenyl)ethanone was
obtained (6.60 g, 76%) as an off-white solid.

b) A solution of 80% magnesium monoperoxyphthalate hexanydrate (25.26
g; 25 mmol) in water (20 ml) was added to a soluticn cf the zbove
compound (6.60 g; 22 mmol) in methylene chloride (100 mZ). The mixture
was stirred at room temperature for 16 hours. The reaction was coured

into saturated solution of sodium bicarbonate (200 ml) and extracted

with methylene chloride (3 x 100 ml). The organic gphase was <dJried
(Na,SOy) and the solvent removed under reduced pressure.
2—(2,4—Difluorophenoxy)-l—(4—methanesulfonylphenyl)et;anone was

obtzined (4.97 g, 89%) as an off-white solid.
§ (DMSO): 3.31 (s, 3H), 5.72 (s, 2H), 6.93-7.05 (m, 1E), 7.135-7.:% (m,
2H), 8.12 (d, J=8.5 Hz, 2H), 8.22 (d, J=8.5 Hz, ZH).

PREPARATION Z

2-(4—Fluorophenoxy)-1—(4-methanesulfonylphenyl)ethanone

Obtained as an off-white solid (72% overall) from 2-brcmo-1-

(4-methylsulfanylphenyl)ethanone and 4-fluorophenol DYy the procsdure
described in Preparation 1.

§ (DMSO): 3.32 (s, 3H), 5.62 (s, 2H), 7.01-7.04 (m, 2H),- 7.05-7.27 (m,
2H), 8.13 (d, J=8.0 Hz, 2H), 8.25 (d, J=8.0 Hz, ZH).
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PREPARATION 3
2-(4—Chlorophenoxy)-1—(4—methanesulfonylphenyl)ethanone

Obtained as &an off-white solid (88% overalli) from Z2-bromo-1-

(4-methylsulfanviphenyl)ethanone and 4-chlorophenol by the procedure
described in Preparaticn 1.

& (DMSO): 2.30 (s, 3H), 5.65 (s, 2H), 7.03 (d, J=8.5 Hz, 28Y, 7.322 (d,
J=8.5 Ez, 2H), 8.12 (d, J=8.5 Hz, 2H), 8.24 (d, J=8.5 Hz, 2H).

PREPARATION 4
2-(4—Fluoro-2-methylphenoxy)-1-(4-methanesulfonylphenyl)ethanone

Obtained as an off-white solid (75% overall) from Z-bromo-1-
(4-methvlisulfanylphenvl)ethanone and 4-fluoro-2-methylpnenocl Dby the
procedure described in Preparation l.

§ (DMSO): 2.22 (s, 2E), 2.30 (s, 3H), 5.63 (s, 2H), ©.89-7.00 (m, 3H),
5.08 (d, J=8.0 Hz, 2E), 8.21 (d, J=8.0 Hz, 2H) '

PREPARATION 5
2—(4—Chloro-2—methylphenoxy)-1-(4—methanesulfonylphenyl)ethanone

Obtained as an off-white solid (77% overall) from Z-bromo-1l-
(4-methvlsulfanylphenyl)ethanone and 4-chloro-2-methylphenol Py the
procedure described in Preparation 1.

& (DMSO): 2.23 (s, 3H), 3.31 (s, 3H), 5.68 (s, 2H), ©.96 (a, J=8.5 Hz,
1H), 7.15 (d, J=8.5 Hz, 1H), 7.25 (s, 1H), 8.12 (d, J=8.5 Kz, ZH), 8.24
(d, J=8.5 Hz, ZH).

PREPARATION ©
2- (2-Chloro-4-methylphenoxy)-1- (4-methanesulfonylphenyl)ethanone

Obtained as an off-white solid (84% overall) from Z2Z-bromo-1-

(4-methyvlsulfanylphenyl)ethanone and 2-chlorc-4-methvlphenol by the

procedure described in Preparation 1.
§ (DMSO): 2.23 (s, 1H), 3.32 (s, 3B), 5.74 (s, 2H), 7.02-7.04 (m, Z2H),
7.24 (s, H), 8.12 (d, J=8.1 Hz, ZH), 8.22 (4, J=8.1 Ez, ZH).

PREPARATION 7

2- (2-Bromophenoxy) -1~ (4-methanesulfonylphenyl)ethanone

Obtained as an off-white solid (72% overall) £from <Z-bromo-1-
(4-methylsulfanylphenyl)ethanone and Z2-bromophenol Dby tne procedure

described in Preparation 1.
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§ (CDCl-): 3.07 (s, 3H), 5.30 (s, 2H), 6.80-6.24 (m, ZH), 7.20-7.26 {(m,
1), 7.53 (4, J=7.5 Hz, 1H), 8.08 (d, J=2.0 Hz, ZH), 8.23 (c, J=2.0 Hz,

2H) .

PREPARATION 8
2- (3-Bromophenoxy) -1- (4-methanesulfonylphenyl) ethanone

Obtained as an off-white solid (57% overall) from Z2-bromo-l-
(4-methylsulfanylphenyl)ethanone and 3-bromcphencl by the procedure

described 1in Preparation 1.

o (DMSO) : 3.33 (s, 3H), 5.72 (s, 2H), 7.03-7.06 (m, 1H), 7.17 (d,
J=8.0 Hz, 1H), 7.25 (d, J=8.0 Hz, 1H), 7.322 (s, 1H), 8.13 (d, J=8.0 Hz,
2H)Y, 8.24 (d, J=8.0 Hz, Z2ZH).

PREPARATION 9

2- (4-Bromophenoxy) -1~ (4-methanesulfonylphenyl) ethanone

Obtained as an off-white solid (81% overall) from Z-bromo-l-
(4-methylsulfanvlphenyl)ethanone and 4-bromophenol by the procedure
described in Preparation 1.

§ (CDCl:): 3.33 (s, 3H), 5.66 (s, 2H), 7.00(d, J=9.0 Hz, 2H), 7.46 (d,
J=S9.0 Hz, 2H), 8.12 (d, J=9.0 Hz, 2H), 8.24 (d, J=9.0 Hz, ZH).

PREPARATION 10
2- (4~-Bromo-2-fluorophenoxy) -1- (4-methanesulfonylphenyl)ethanone

Obtained as an off-white solid (78% overall) <from <Z-bromo-1-
(4-methylsulfanylphenyl)ethanone and 4-bromo-Z-fluorophenol Dy the
procedure described in Preparation 1.

& (DMSO): 3.32 (s, 3H), 5.80 (s, 2H), 7.10 (t, J=7.5 Hz, 1lH), 7.27 (t,
J=7.5 Hz, 1BH), 7.60 (d, J=7.5 Hz, 1H), 8.13 (d, J=9.0 Hz, ZH), 8

J=9.0 Hz, 2ZH).

PREPARATION 11
2- (4-Bromo-2-chlorophenoxy) ~1- (4-methanesulfonylphenyl)ethanone

Obtained as an off-white solid (68% overall) from <Z-bromo-1-
(4—methylsulfanylphenyl)ethanoﬁe and 4-bromo-2-chlorophenol Dby the
procedure described in Preparation 1.

§ (CDCl.): 3.13 (s, 3H), 5.32 (s, 2H), ©6.77 (d, J=8.0 Hz, 1lH), 7.32 (4,
J=9.0 Hz, 1H), 7.56 (s, 1H), 8.12 (4, J=7.2 Hz, 2H), 8.24 (d, J=7.5 Hz,

2H) .
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PREPARATION 12
2-(2,4-Dibromophenoxy)-1-(4—methanesulfonylphenyl)ethanone
Obtsined as an off-white solid (85% overall) from Z-bromo-l-

(4-methylsulfanylphenyl)ethanone and 2, 4-dibromophenol bv the procedure
described in Preparation 1.

§ (CDCls): 3.09 (s, 3H), 5.31 (s, 2H), 6.73 (d, J=9.0 Hz, 1H), 7.36 (d,
J=%.0 Hz, 1H), 7.69 (s, 1H), 8.08 (d, J=7.5 Hz, ZH), 8.23 (C, J=7.5 Hz,
2H) .

PREPARATION 13
2—(2,4—Difluorophenoxy)—1—(4—ethanesulfonylphenyl)ethanone

Obtained as an off-white solid (6%% overall) <from Z-promo-i-
(4-ethylsulfanylphenyl)ethanone and 2,4~-difluorophenol by the procedure
described in Preparation 1.

§ (CDCl.): 1.31 (t, J=9.0 Hz, 3H), 3.15 (g, J=3.0 Hz, 2H), 5.31 (s,
2H), 6.70-7.03 (m, 3H), 8.03 (d, J=8.0 Hz, 2H), 8.20 (d, J=8.0 Hz, 2H).

PREPARATION 14
3-(4-Fluorophenoxy)—2-(4—methanesulfonylphenyl)—6—methylpyran—4—one
The title compound of Preparation 2 (0.75 g, 2.43 mmol) was added to

a suspension of polyphosphoric acid (/7.2 Q) in acetic acid (11 ml),

pre-heated at °95-100°C. The mixture was heated at 140°C for £ hours.
After cooling, the reaction was poured into lce-water, extracted with
ethyl acetate (2 x 100 ml), the organic solution dried (Na,S0;), and the
solvent removed under reduced pressure. The residual o1l was purified
by column chromatography with silica gel and ethyl acetate/n-hexane
(1:1) &as eluent. 3~(4-Fluorophenoxy)—2-(4—methanesulfonylphenyl)—6-

methylpyran-4-one was obtained (0.26 g, 1ll%) as an off-white solid.
§ (DMSO): 2.40 (s, 3H), 3.27 (s, 3H), ©.42 (s, 1lH), 6.94-7.04 (m, ZH),
7.06-7.14 (m, 2H), 8.04 (s, 4H).

PREPARATION 15
3-(4—Bromophenoxy)-2—(4—methanesulfonylphenyl)—6—methylpyran—4-one

Obtained as an off-white solid (19%) from the tittle compound of

Preparation ¢ and acetic acid by the procedure described in Preparation
14.
§ (CDCl.): 2.44 (s, 3H), 3.06 (s, 3H), 6.36 (s, 1lH) 6.89 (d, J=°2.0 Hz,
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2HY, 7.20 (4, J=9.0 Hz, 2H), 8.00 (d, J=%.0 Hz, Z2H), 8.C7 ({d, J=9.0 Hz,
2H) .

PREPARATION 16

Acetic acid 2-(2,4-difluorophenoxy)-1-(4-methanesulfonylphenyl) vinyl
ester

Methanesulfonic acid (7.41 g, 77 mmol) was added to & mixture oI the
title compound of Preparation 1 (10.0 g, 30.7 mmol) and acetic
anhydride (20.0 g, 0.186 mol), pre—-heated at 80°C. After 2 hours, the
reaction was cooled and water (50 ml) was added slowly, maintaining the
temperature below 30°C. The milxXture was stirred for =0 minutes. The
resulting solid was washed with water and dried at 45°C under recuced
pressure. Acetic acid 2-(2,4-difluorcohenoxy) —1=(4-
methanesulfonylphenyl)vinyl ester was obtained (10.2 g, 20%) as a white
solid.

& (DMSO): 2.33 (s, 3H), 3.20 (s, 3H), 7.08-7.16 (m, 1H), 7.40-7.27 (m,
2H), 7.77 (d, J=8.7 Hz, 2H), 7.88 (d, J=8.7 Hz, 2H), 7.89 (s, 1lH).

PREPARATION 17

Acetic acid 2—(4-chlorophenoxy)—1-(4-methanesulfonylphenyl)vinyl ester
Obtained as an off-white solid (49%) from the title compound or
Preparation 3 and acetic anhydride by the procedure described 1n
Preparation 16.

o (DMSO) : 2.37 (s, 3H), 3.24 (s, 3H), 7.2% (d, J=°2.0 Hz, 2H), 7

J=9.0 Hz, 2H), 7.82 (4, J=8.7 Hz, 2H), 7.91 (d, J=8.7 Hz, 2H), 71.2& (s,
1H) .

PREPARATION 18
Propionic acid 2-(2,4-difluorophenoxy)-1- (4-methanesulfonylphenyl)

vinyl ester

Obtained as a white solid (55%) from the title compound of Preparation
1 and propionic anhydride by the procedure described 1n Preparation 1lo.
§ (CpCls): 1.31 (t, J=7.5 Hz, 3H), 2.69 (g, J=7.5 HZ, 2H), 6.87-6.37
(m, 2H), 7.04 (s, 1H), 7.14-7.24 (m, 1H), 7.56 (d, J=8.0 Hz, Z2H), /.92
(d, J=8.0 Hz, 2H).
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PREPARATION 19
3-(2,4-Difluorophenoxy) -2- (4-methanesulfonylphenyl) -6é-methylpyran-4-one

The title compound of Preparation 16 (10.0 g, <7 mmcl) was added to a

solution of polvphosphoric acid (75 g) in acetic anhvdride (10.0 g, 38

-

mmol), pre-heated at 85-100°C. After 40 minutes, the reaction was
cooled at 40-50°C. Methanol/water (1:2) (113 ml) was added, maintaining
the temperature below 80°C, and the mixture was stirred 106 hours. The
resulting solid was filtered and refluxed in methanol (45 ml) Ifor /Z
hours. After cocling, the sclid was filtered and recrystallized from
methylethylketone, to give 3-{2,4-diflucrophenoxy)-2-(4-
methanesulfonylphenyl)-é-methylpyran-4-one (3.86 g, 36%) as an ofIi-
white solid.

5 (DMSO): 2.44 (s, 3H), 3.26 (s, 3H), ©.48 (s, 1H), ©.88-0.98 (m, 1lH),
7.04-7.14 (m, 1H), 7.34-7.44 {(m, 1H), 8.0%2 (s, 4H).

PREPARATION 20
3-(4-Chlorophenoxy) -2- (4-methanesulfonylphenyl) -6-methylpyran-4-one
Obtained from the title compound of Preparation 17 and acetic anhydride
by the procedure described in Preparation 19. Purlfication by column

chromatography with silica gel and ethyl acetate/n-hexane (3:2) as

eluent gave 3-({4-chlorophenoxy)-2- (4-methanesulfonylpnenyl) -6-
methylpyran-4-one (32%) as an off-white solid.

O (DMSO): 2.44 (s, 3H), 3.26 (s, 3H), 6.48 (s, 1H), 7.20 (d, J=5.0 Hz,
2H), 7.34 (d, J=9.0 Hz, 2H), 8.06 (s, 4H).

PREPARATION 21
5-(2,4-Difluorophenoxy) -6- (4-methanesulfonylphenyl) -4-oxo-4H-pyran-2-
carbaldehvyde

Selenium dioxide (7.0 g, 63 mmol) was added to a solution of the title

compound of Preparation 12 (5.0 g, 12.7 mmol) in dioxane (35 ml), and
the mixture was heated into a sealed tube at 180°C for 60 minutes.
After cooling, the crude material was filtered throucgh Celite® and the
solvent was removed under reduced pressure. The resulting o1l was
purified by column chromatography with silica gel and ethyl acetate/n-
hexane (2:1) as aluent. 5-(2,4-Diflucrophenoxy)-—-6—(4-
methanesulfonylphenyl)-4-oxo-4H-pyran—-2Z2-carbaldehyde (2.23 g, 2/%) was
obtained as an off-white solid. '

§ (CDCli): 3.09 (s, 3H), 6.72-6.83 (m, 1K), 6.88-6.%6 (m, 2H), 7.11 (s,
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1H), 8.11 (d, J=8.0 Hz, 2H), 8.27 (4, J=8.0 Hz, Z2H), 9.80 (s, 1lH).

PREPARATION 22
5- (4-Fluorophenoxy) -6~ (4-methanesulfonylphenyl) -4-oxo-4H-pyran-2-

carbaldehyde

Obtained as a brown oil (70% purity, used in the next step wilithout

further purification) from the title compound of Preparation 14 by the

procedure described in Preparation Z1.
§ (CDCl:): 3.09 (s, 3H), 6.90-6.98 (m, 4H), 7.01 (s, 1H), 8.07 (d,

H

J=8.5 Hz, 2H), 8.22 (4, J=8.5 Hz, 2H), 9.82 (s, 1H).

PREPARATION 23
5-(4-Chlorophenoxy)—6-(4—methanesulfonylphenyl)-4—oxo~4H—pyran—2-

carbaldehyde

Obtained as a brown oil (70% purity, used in the next step without

further purification) from the title compound of Preparation 20 by the

procedure described in Preparation Z1l.
& (CDCls): 3.09 (s, 3H), 6.91 (d, J=8.0 Hz, 2H), 7.15 (s, 1H), 7.29 (q,
J=8.0 Hz, 2H), 8.07 (4, J=8.0 Hz, 2H), 8.10 (d, J=8.0 Hz, 2H), 9.83 (s,

1H) .

PREPARATION 24
5- (4-Bromophenoxy) -6- (4-methanesulfonylphenyl) ~4-oxo-4H-pyran-2-

carbaldehvde

Obtained as a brown oil (80% purity, used in the next step wlthout

further purification) from the title compound of Preparation 15 by the
procedure described in Preparation <l1.

& (CDCl:): 3.71 (s, 3H), 6.92 (d, J=9.0 Hz, 2H), 7.16 (s, 1H), 7.44 (qC,
J=9.0 Hz, 2H), 8.05 (d, J=9.0 Hz, 2H), 8.20 (d, J=9.0 Hz, 2H), 92.80(s,

1H) .

PREPARATION 25
5-(2-Fluoro—4—bromophenoxy)-6—(4-methanesulfonylphenyl)—4—oxo~4H-pyran-

2~carbaldehyde

Obtained as a brown oil (65% purity, used in the next step without

further purification) from the title compound of Example 6 Dby the

procedure described in Preparation Z1.

§ (CDCl.): 3.09 (s, 3H), 6.80 (t, J=12.0 Hz, 1H), 7.08-7.20 (m, 1H),
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7.11 (s, 1H), 7.25-7.36 (m, 1lH), 8.09 (4, J=9.0 Hz, ZH), 8.22 (d, J=9.0
Hz, 2H), 9.80 (s, 1H).

EXAMPLE 1

3- (4-Fluoro-2-methylphenoxy) -2- (4-methanesulfonylphenyl) -é-methyl
pyran—-4-one

The title compound of Preparation 4 (11.15 g, 35 mmol) was added to a
solution of polyphosphoric acid (115 g) in acetic anhydride (48.7 g,
0.48 mol), pre-heated at 95-100°C. The mixture was heated &at the same
temperature for 1.5 hours. After coocling, the reaction was poured 1into

ice-water, extracted with ethyl acetate (3 x 200 ml), the organic

solution dried (Na,S0,), and the solvent removed under reduced pressure.
The residual oil was purified by coclumn chromatography with silica gel
and ethyl acetate/n-hexane (3:1) as eluent. 3-(4-Fluoro-2-
methylphenoxy)-2- (4-methanesulfonylphenyl)-6-methylpyran-4-one (2.29
g, 17%) was obtained as an off-white solid.

m.p.: 146°C

5 (DMSO): 2.32 (s, 3H), 2.43 (s, 3H), 3.27 (s, 3H), ©.46 (s, 1lH),

6.69-6.72 (m, 1H), 6.83-6.86 (m, 1H), 7.10-7.13 {(m, 1H), 8.09 (s, 4H).

EXAMPLE Z

3- (4-Chloro-2-methylphenoxy) ~2- (4-methanesulfonylphenyl) -6-methyl
pyran-4-one

Obtained as an off-white solid (15%) from the title compound of

Preparation 5 and acetic anhydride by the procedure described 1in

Example 1.

m.p.: 198°C

5 (DMSO): 2.31 (s, 3H), 2.44 (s, 3H), 3.27 (s, 3H), 6.47 (s, 1H), 6.72
(d, J=9.0 Hz, 1H), 7.07 (4, J=9.0 Hz, 1H), 7.32 (s, 1H), 8.08 (s, 4H).

EXAMPLE 3
3- (2-Chloro-4-methylphenoxy) -2- (4-methanesulfonylphenyl) -6-methyl
pyran—-4-one

Obtained as an off-white solid (28%) from the title compouna of

Preparation 6 and acetic anhydride by the procedure described 1in

Example 1.
m.p.: 159°C
5 (DMSO): 2.23 (s, 3H), 2.44 (s, 3H), 3.27 (s, 3H), ©6.48 (s, 1lH), ©6.81
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(d, J=8.7 Hz, 1H), 6.98 (d, J=8.7 Hz, 1H), 7.22 (s, Ll=}, 8.07 (s, 4H).

el

CXAMPLE 4 |
3—(2—Bromophenoxy)-2—(4-methanesulfonylphenyl)-6—methylpyran-4-one

Obtained as an off-white solid (32%) from the title compound of

Preparation 7 and acetic anhydride by the procedure described in
Example 1.

m.p.: 197-199°C

& (CDCl:): 2.46 (s, 3H), 3.11 (s, 3H), 6.43 (s, 1lH), o©.
1), 6.92 (t, J=7.5 Hz, 1H), 7.18 (t, J=7.5 Hz, 1lH), 7.
1H), 8.04 (d, J=9.0 Hz, 2H), 8.18 (d, J=9.0 Hz, ZH).

(d, J=7.> Bz,

(N
~.3

J=7.2 Hz,

)
No
T

EXAMPLE 5
3—(3—Bromophenoxy)-2—(4-methanesulfonylphenyl)-6—methylpyran-4-one
Obtained as an off-white solid (15%) from the tI-Tl compound of

Preparation 8 and acetic anhydride by the procedure described in

Example 1.

LRMS: m/z 434 (M+1)".

§ (CDCl.): 2.45 (s, 3H), 3.09 (s, 3H), 6.40 (s, 1H), €.91-6.93 (m, 1lH),
7.08 (s, 1H), 7.15-7.20 (m, 2H), 8.03 (d, J=8.5 Hz, 2KH), 8.07 (4, J=8.5

Hz, 2ZH).

EXAMPLE 6
3-(4—Bromo—2—fluorophenoxy)-2—(4—methanesulfonylphenyl)—6-methyl pyran-
4-one

Obtained as an off-white solid (31%) from the title compound of

Preparation 10 and acetic anhydride Dby the procedure described 1in

Example 1.

m.p.: 215°C

& (CDCl.:): 2.45 (s, 3H), 3.08 (s, 3H), 6.34 (s, 1B), 6.74 (t, J=8.
1H), 7.12 (d, J=9.0 Hz, 1H), 7.29 (d, J=8.0 Hz, 1H), &

2H), 8.10 (d, J=9.0 Hz, Z2H).

EXAMPLE 7
3—(4-Bromo-2-chlorophenoxy)—2-(4-methanesulfonylphenyl)—6-methyl pyran-

4-one
Obtained as an off-white solid (43%) from the title compound of
Preparation 11 and acetic anhydride by the proceaure described 1n

Example 1.
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m.p.: 214-215°C

& (CDCls): 2.47 (s, 2H), 3.08 (s, 3H), 6.37 (s, 1H), 6.58 (d, J=8.5 Hz,
1H), 7.20 (4, J=8.5 Hz, 1H), 7.56 (s, 1lH), 8.C03 (d, J=7.3 Hz, ZH), 8.lZ
(d, J=7.5 Hz, Z2Z2H).

EXAMPLE 8
3-(2,4-Dibromophenoxy) ~2- (4~methanesulfonylphenyl) -6é-methyl-pyran-4-one
Obtained as an off-white solid (17%) from the title compouna of

Preparation 12 and acetic anhydride by the procedure described 1in

Example 1.

m.p.: 231°C

8 (CDCls): 2.46 (s, 3H), 3.08 (s, 3H), ©.37 (s, 1H), ©6.55 (d, J=9.0 Hz,
1H), 7.25 (4, J=9.0 Hz, 1H), 7.73 (s, 1H), 8.03 (4, J=7.2 Kz, ZH), 8.13

(d, J=7.5 Hz, ZH).

EXAMPLE 9

3-(2,4-Difluorophenoxy) -2- (4-ethanesulfonylphenyl) -6-methyl-pyran-4-one

Obtained as an cff-white solid (18%) from the title compound of

Preparation 13 and acetic anhydride by the procedure described 1in

Example 1.

m.p.: 154-155°C

§ (CDCl-:): 1.30 (t, J=7.5 Hz, 3H), 2.45 (s, 3H), 3.15 (g, J=7.35 Hz,
2H), 6.33 (s, 1H), 6.69-6.76 (m, 1H), 6.81-6.83 (m, ZH), 8.00 (d, J=8.7
Hz, 2H), 8.12 (<, J=8.7 Hz, Z2H)

EXAMPLE 10
2-(4-M@thanesulfonylphenyl)—6-methyl—3—(2—methylphenoxy)pyran—4-one

To a solution of the title compound of Example 4 (1.40 g, 2.21 mmol)

in dimethylformamide (16 ml) were added tetramethyltin (2.40 ml, 17.3
mmol), tri-o-tolylphosphine (0.23 g, 0.77 mmol), palladium acetate
(0.043 g, 0.19 mmol) and triethylamine (1.45 ml, 10.3 mmol). The
mixture was heated at 105°C for 90 hours. After cooling, the crude
material was filtered through Celite® and the solvent was removed under

reduced pressure. The resulting oil was dissolved in ethyl acetate (20

"ml). The organic solution was washed with water (2 x 50 ml), dried

(Na-SO,), and the solvent removed under reduced pressure. The resulting
0il was purified by column chromatography with silica gel and ethyl

C
acetate/n-hexane (2:1) as eluent. 2-(4-Methanesulfonylphenyl)~-6-methyli-
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\

3-(2-methylphenoxy)pyran-4-one (0.77 g, 65%) was obtalned as an off-

white solid.

m.p.: 168°C

O (DMSO) : 2.32 (s, 3H), 2.44 (s, 3H), 3.26 (s, 3H), 6.46 (s, 1lH), 6.65
(d, J=7.5 Hz, 1H), 6.89-6.%4 (m, 1lH), £.66-7.02 (m, 1B), 7.22 (4, J=7.5
Hz, 1H), 8.06 (4, J=9.0 Hz, 2H), 8.11 (4, J=9.0 Hz, 2ZH).

EXAMPLE 11
2- (4-Methanesulfonylphenyl) -6-methyl-3- (3-methylphenoxy)pyran-4-one

Obtained from the title compound of Example 5 by the procedure

described in Example 10. Recrystallization from ethanol/water (1:2)
gave 2-(4-methanesulfonylphenyl)-6-methyl-3-(3-methylphenoxy)pyran-4-
one (0.28 g, 29%) as an off-white solid.

m.p.: 162°C

§ (DMSO): 2.25 (s, 3H), 2.44 (s, 3H), 3.26 (s, 3H), e¢.46 (s, 1lH),
6.73-6.85 (m, 3H), 7.13-7.19 (m, 1H), 8.07 (s, 4H).

EXAMPLE 172
3- (2-Fluoro-4-methylphenoxy) -2- (4-methanesulfonylphenyl) ~6-methyl

pyran-4-one

Obtained from the title compound of Example 6 by the procedure

described in Example 10. Purification by column chromatography with
silica gel and ethyl acetate/n-hexane (3:2) as eluent gave 3-(Z-fluoro-
4-methylphenoxy)-2- (4-methanesulfonylphenyl)-6-methylpyran-4-one (64%)
as a white solid.

m.p.: 171°C

& (DMSO): 2.24 (s, 3H), 2.43 (s, 3H), 3.27 (s, 3H), 6©.47 (s, 1H),
6.83-6.90 (m, 2H), 7.12 (d, J=12.0 Hz, 1H), 8.08 (s, 4&H).

EXAMPLE 13
3-(2,4-Difluorophenoxy) -6-ethyl-2- (4-methanesulfonylphenyl) -5-methyl

pyran—4-one

Obtained from the title compound c¢f Preparation 18 and propionic

anhydride by the procedure described in Preparation 19. Purification
by column chromatography with silica gel and ethyl acetate/n-hexane
(1:2) as eluent gave 3-(2,4~-difluocrophenoxy)-6-ethyl-2-(4-methane
sulfonylphenyl)~-5-methylpyran-4-one (21%) as an off-white solid.

m.p.: 200°C
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o (DMSO): '1.29 (t, J=7.5 Hz, 3H), 1.92 (s, 3H), 2.81 (g, J=7.2 Hz,
2H), 3.27 (s, 3H), 6.90-6.96 (m, 1H), 7.02-7.08 (m, 1H), 7.37-7.44 (m,
1H), 8.10 (s, 4H).

EXAMPLE 14
3-Chloro-5—(2,4—difluorophenoxy)—6—(4-methanesulfonylphenyl)—2—methyl

pyran—-4-one

To a solution of the title compound of Preparation 19 (0.5 g, 1.28
mmol) in dry pyridine (10 ml), was added sulfuryl chloride (0.21 ml,
2.56 mmol) dropwise. The mixture was stirred at room temperature
overnight. The crude reaction was poured into ice/2 N hydrochloric acid
(75 ml) and extracted with ethyl acetate (Z x 100 ml). The organic
phase was washed with water (2 X 50 ml) and dried (Na,SC.;. The solvent
was removed under reduced pressure and the residue was purified by
column chromatography with silica gel and ethyl acetate/n-hexane (1l:2)
as eluent. 3-Chloro-5-(2,4-difluorophenoxy)—6-(4-
methanesul fonylphenyl)-2-methylpyran-4-one (0.22 g, 40%) was obtained
as a white solid.

m.p.: 210°C

§ (DMSO): 2.62 (s, 3H), 3.28 (s, 3H), 6.93-6.99 (m, 1H), 7.17-7.22 (m,
1), 7.39-7.46 (m, 1H), 8.06-8.10 (m, 4&H).

EXAMPLE 15
3—Chloro-5—(4—fluorophenoxy)-6—(4-methanesulfonylphenyl)—2—methyl
pyran—4-one

Obtained from the title compound of Preparation 14 by the procedure
described in Example 14. Purification by column chromatography wilth
silica gel and methylene chloride/ethyl acetate (3:1) as eluent gave
3—chloro—5-(4—fluorophenoxy)~6-(4—methanesulfonylphenyl)-2*methyl
pyran-4-one (20%) as an off-white solid.

m.p.: 279°C

§ (DMSO): 2.62 (s, 3H), 3.27 (s, 3H), 7.05-7.17 (m, 4H), 8.08 (s, 4H).

EXAMPLE 16
3—Chloro-5-(4—chlorophenoxy)—6—(4—methanesulfonylphenyl)-2—methyl
pyran—-4-~-one

Obtained from the title compound of Preparation 20 Dby the procedure

described in Example 14. Recrystallization from ethanol gave 3-chloro-
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5—(4—chlorophenoxy)—6-(4—methanesulfonylphenyl)—2—methylpyran—4—one
(45%) as a white solid.

m.p.: 274°C

S (DMSO): 2.62 (s, 3H), 3.27 (s, 3H), 7.09 (d, J=6.7 Hz, 2H), 7.36 (d,
J=6.7 Hz, 2H), 8.07 (s, 4H).

EXAMPLE 17
3-Bromo-5—(2,4-difluorophenoxy)—6—(4-methanesulfonylphenyl)-2-methyl
pyran—4-one

To a solution of the title compound of Preparation 19 (5.0 g, 12.7
mmol) in chloroform (100 ml), were added pyridine (1.10 g, 14.0 mmol)

and pyridinium tribromide (10.0 g, 28.0 mmol). The mixture was stirred

at room temperature for 30 minutes and then refluxed for 32 hours. The
crude reaction was diluted with chloroform (100 ml), washed with 2 N
hydrochloric acid (2 x 75 ml) and water (Z X 75 ml), and dried (Na;S0y).
The solvent was removed under reduced pressure and the residue was
purified by column chromatography with silica gel and ethyl acetate/n-
hexane (1:71) as eluent. 3-Bromo-5-(2,4-difluoro phenoxy)-o—(4-
methanesulfonylphenyl)-6é-methylpyran-4-one (1.10 g, 18%) was obtained
as a white solid.

m.p.: 230°C

§ (DMSO): 2.67 (s, 3H), 3.28 (s, 3H), 6.92-6.99 (m, 1H), 7.12-7.13 (m,
1H), 7.38-7.46 (m, 1H), 8.07 (s, 4H).

EXAMPLE 18
3-Bromo—5—(4-chlorophenoxy)—6-(4—methanesulfonylphenyl)-2—methyl pyran-
4-one

Obtained from the title compound of Preparation 20 by the procedure
described in Example 17. Purification by column chromatography wilth
silica gel and ethyl acetate/n-hexane (2:1) as eluent gave 3-bremo-5-
(4—chlorophenoxy)-6—(4—methanesulfonylphenyl)—2—methylpyran-4—one (10%)
as an off-white solid.

m.p.: 251°C

5 (DMSO): 2.67 (s, 3H), 3.27 (s, 3H), 7.08 (d, J=9.0 Hz, ZH), 7.
J=8.0 Hz, 2H), 8.07 (s, 4H).

(1)

(n

),
~—
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EXAMPLE 19
3-(2,4—Difluorophenoxy)—5,6—dimethyl-2—(4—methanesulfonylphenyl)pyran

~4-one

To a solution of the title compound of Example 17 (0.50 g, 1.1 mmol)
in dimethyvlformamide (10 ml) were added tetramethyltin (0.87 ml, 6.3
mmol), tri-o-tolylphosphine (0.20 g, 0.68 mmol), palladium acetate
(0.038 g, 0.17 mmol) and triethylamine (0.30 ml, 2.2 mmol). The mixture
was heated at 100°C for 120 hours. After cocling, the crude material
was filtered through Celite® and the solvent was removed under reduced
pressure. The resulting oil was dissolved in ethyl acetate (50 ml). The
organic solution was washed with 2 N hydrochloric acid (2 x 50 ml) and
water (2 x 50 ml), dried (Na,;S0,), and the solvent removed under reduced
pressure. The resulting residue Wwas purified by crystallization from

1sopropyl ether. 3-(2,4-Difluorophenoxy) -5, c-dimethyl-4-(4-

C

methanesulfonylphenyl)pyran-4-one (0.25 g, 58%) as an off-white solid.
m.p.: 182°C
$ (DMSO): 1.90 (s, 3H), 2.47 (s, 3H), 3.27 (s, 3H), 6.8¢-6.94 (m, 1H),

7.00-7.08 (m, 1H), 7.37-7.43 (m, 1H), 8.09 (s, 4H).

EXAMPLE 20
3—(2,4-Difluorophenoxy)—2—(4—methanesulfonylphenyl)—6—methyl-5—vinyl

pyran-4-one

To a solution of the title compound of Example 17 (0.50 g, 1.1 mmol)

in dimethylformamide (10 ml) were added tributvivinyltin (1.24 ml, 4.24
mmol), tri-o-tolylphosphine (0.10 g, 0.34 mmol), palladium acetate
(0.019 g, 0.084 mmol) and triethylamine (0.15 ml, 1.1 mmol). The
mixture was heated at 100°C overnight. After cooling, the crude
material was filtered through Celite® and diluted with ethyl acetate
(50 ml). The organic solution was washed with Z N hydrochloric acid (<
x 50 ml) and water (2 x 50 ml), dried (Naz304), and the solvent removed
under reduced pressure. The resulting residue was purified by column
chromatography with silica gel and ethyl acetate/n-hexane (2:3) as
eluent. 3—(2,4-Difluorophenoxy)~2—(4—methanesulfonylphenyl)—6—methyl—5~
vinylpyran-4-one (0.25 g, 357%) was obtained as a white solid.

m.p.: 184°C

§ (DMSO): 2.58 (s, 3H), 3.27 (s, 3H), 5.50 (adg, J=2.4 Hz, J=12.0 Hz,
1H), 6.24 (dd, J=2.4 Hz, J=17.7 Hz, 1H), €.54 (d4dd, J=12.0 Hz, J=17.7
Hz, 1H), 6.90-6.%6 (m, 1H), 7.10-7.15 (m, 1H), 7.34-7.43 (m, 1H), 8.07-
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8.13 (m, 4H) .

L*J

EXAMPLE 21
3- (2, 4-Difluorophenoxy) -5-ethyl-2- (4-methanesulfonylphenyl) -6-methyl

pyran—-4-one

To a solution of the title compound of Example 20 (0.14 g, 0.33 mmol)
in ethyl acetate (25 ml) and methanol (50 ml) was added paladium on
charcoal (14 mg, 10%). The mixture was hydrogenated at room temperature
and at 30 psi for 1 hour. The crude material was filltered through
Celite® and the solvent was removed under reduced pressure. The
resulting residue was purified by column chromatography with silica gel
and ethyl acetate/n-hexane (2:3) as eluent. 3-(2,4-Difluorcphenoxy)—o-
ethyl-2- (4-methanesulfonylphenyl)-6-methylpyran-4-one (0.063 g, 45%)
was obtained as an off-white solid.

m.p.: 173°C

§ (CbCl3): 1.09 (t, J=7.5 Hz, 3H), 2.47 (s, 3H), 2.49 (g, J=7.5 Hz,
2H), 3.09 (s, 3H), 6.72-6.75 (m, 1lH), 6.81-6.91 (m, ZH), 8.03 (d, J=8.5
Hz, 2H), 8.14 (d, J=8.5 Hz, Z2H}.

EXAMPLE 22

3~ (2,4-Difluorophenoxy) -6-hydroxymethyl-2- (4-methanesulfonylphenyl)
pyran—4-one

To a solution of the title compound c¢f Preparation 21 (1.36 g, 3.3
mmol) in methanol (20 ml), sodium borchydride (0.19 g, 5.2 mmol) was
slowly added at 0°C. The resulting mixture was stirred for 30 minutes
at room temperature. The reaction mixture was concentrated and the
residue was dissolved in ethyl acetate. The organic layer was washed

with water, dried (Na,80,), and the solvent was removed under reduced

pressure. The resulting residue was purified by column chromatography
with silica gel and ethyl acetate/n-hexane (2:1) as eluent. 3-(2,4-

Difluorophenoxy)-6-hydroxymethyl-2~(4-methanesulfonylphenyl)pyran-4-one

(0.65 g, 48%) was obtained as a white solid.

m.p.: 205°C

0 (DMSO) : 3.27 (s, 3H), 4.50 (d4, J=6.0 Hz, 2H), 5.80 (t, J=6.0 Hz,
1H), 6.52 (s, 1H), 6.61-6.67 {(m, 1H), 7.07-7.14 (m, 1H), 7.37-7.43 (m,
1H), 8.08 (s, 4H).
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EXAMPLE 23
3—(4—Fluorophenoxy)-6—hydroxymethylé2—(4—methanesulfonylphenyl)pyran
-4-one

Obtained from the title compound of Preparation 22 by the procedure

described in Example 22. Recrystallization from ethanol gave 3-(4-

fluorophenoxy)-6-hydroxymethyl-2-(4-methanesulfonylphenyl)pyran-4-one

(30%) as an off-white solid.

m.p.: 206°C

§ (DMSO): 3.27 (s, 3H), 4.50 (d, J=6.0 Hz, 2H), 5.91 (t, J=6.0 Hz,
1H), 6.52 (s, 1H), 6.98-7.04 (m, 2H), 7.10-7.16 (m, 2H), 8.06 (d, J=8.0
Hz, 2H), 8.10 (d, J=8.0 Hz, Z2Z2H).

EXAMPLE 24
3- (4-Chlorophenoxy) -6-hydroxymethyl-2- (4-methanesulfonylp:ienyl) pyran-4-
one

Obtained from the title compound of Preparation 23 by the procedure

described in Example 22. Recrystallization from ethanol gave 3-(4-
chlorophenoxy)-6-hydroxymethyl-2~-(4-methanesulfonylphenyl)pyran-4-one
(49%) as an off-white solid.

m.p.: 227°C

& (DMSO): 3.26 (s, 3H), 4.50 (4, J=6.0 Hz, 2H), 5.%°91 (t, J=60.0 Hz,
1H), 6.53 (s, 1H), 7.04 (d4, J=7.0 Hz, 2H), 7.34 (4, J=7.0 Hz, 2H), 8.07
(s, 4H).

EXAMPLE 25

3- (2-Fluoro-4-bromophenoxy) -6~-hydroxymethyl-2- (4-methanesulfonyl
phenvl) pyran—-4-one

Obtained from the title compound of Preparation 24 by the procedure

described in Example 22. Purification by column chromatography with

silica gel and ethyl acetate gave 3-(2-fluoro-4-bromophenoxy)-6-
hydroxymethyl-2- (4-methanesulfonylphenyl)pyran-4-one (34%) as an off-
white solid.

m.p.: 202-203°C

§ (CDCls):3.08 (s, 3H), 4.64 (s, 2H), 6.62 (s, 1H), 6.74 (t, J=8.5 Hz,
1H), 7.12 (dd, J=1.5 Hz, J=8.9 Hz, 1H), 7.28 (dd, J=2.4 Hz, J=10.5,
1H), 8.02 (4, J=8.9 Hz, 2H), 8.08 (d, J=8.9 Hz, ZH).
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EXAMPLE 26
3-(2,4-Difluorophenoxy)-2-(4—methanesulfonylphenyl)—6—methoxymethyl

pvran-4-one

To a solution of the title compound of Example 22 (0.64 g, 1.6 mmol)

5 in methylene chloride (30 ml) and tetrahydrofuran (20 ml) were added
methyl iodide (0.29 ml, 4.7 mmol) and a solution of sodium hydroxide
(0.50 g, 12.5 mmol) and tetrabutylammonium chloride (50 mg) in water
(1 ml). The reaction mixture was stirred at room temperature for 18

hours. The organic layer was diluted with methylene chloride (30 mi),

10 washed with water, dried (Na,S0O,), and the solvent was removed under
reduced pressure. The resulting solid was purified by column
chromatography with silica gel and methylene chloride/ethyl
acetate/acetic acid (78:10:1) as eluent. 3-(2,4-Diflucrophenoxy)-2-(4-
methanesulfonylphenvl)-¢-methoxymethylpyran-4-one (0.09 g, 14%) was

15 obtained as an off white solid.

m.p.: 124°C

§ (DMSO): 3.27 (s, 3H), 3.43 (s, 3H), 4.47 (s, 2H), 6.57 (s, 1lH),
6.70-6.94 (m, 1H), 7.10-7.18 (m, 1H), 7.39-7.43 (m, 1lH), 8.06 (d, J=9.0
Hz, 2H), 8.11 (d, J=9.0 Hz, Z2Z2H).

20
EXAMPLE 27
3—(4—Flubrophenoxy)—2—(4-methanesulfonylphenyl)—6—methoxymethylpyran-4-

one

To a solution of the title compound of Example 23 (0.74 g, 0.9 mmol)

25 in methanol (50 ml) were added methyl iodide (0.36 ml, 5.8 mmol) and

freshly prepared silver oxide (1.75 g, 7.5% mmol). The reactlion mixture
was stirred at room temperature for 18 hours. The crude material was
filtered through Celite® and washed with methanol (3 x 25 ml). The
organic solution was washed with diluted ammonium hydroxide (2 x 50 ml)
30 and water (2 x 50 ml), dried (Na,SO,), and the solvent removed under

reduced pressure. The resulting residue was purified Dby column

chromatography with silica gel and methylene chloride/ethyl

acetate/acetic acid (78:10:1) as eluent. 3-(4-Fluorophenoxy)-<2-(4-

methanesulfonylphenyl)-6-methoxymethylpyran—-4-one (0.40 g, 52%) was
35 obtained as a white solid.

m.p.: 165°C

5 (DMSO): 3.27 (s, 3H), 3.43 (s, 3H), 4.48 (s, 2H), ©.57 (s, 1lH),

7.05-7.13 (m, 4H), 8.07 (s, 4H).
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EXAMPLE 28

3- (4-Chlorophenoxy) -2- (4-methanesulfonylphenyl) ~6-methoxymethylpyran

-4 -0one

Obtained from the title compound of Example 24 by the procedure

described in Example 27. Purification by column chromatcgrapny Wwith

silica gel and methylene chloride/ethanol/ammonium hydroxide (100:8:1)

as eluent gave 3-(4-chlorophenoxy)-Z-(4-methanesulfonyl phenyl)-6-
methoxymethyvlpyran-4-one (49%) as an off-white solid.

m.p.: 156°C

§ (DMSO): 3.26 (s, 3H), 3.42 (s, 3H), 4.47 (s, 2H), ©6.58 (s, 1H), 7.0°
(d, J=7.5 Hz, 2H), 7.25 (d, J=7.5 Hz, 2H), 8.04 (d, J=9.0 Hz, Z2H), .08
(d, J=9.0 Hz, <H).

EXAMPLE 29
Acetic acid [5-(2,4-difluorophenoxy)-6- (4-methanesulfonylphenyl) -4-oxo-

(]

4H-pyran-2-yl]lmethyl ester

To a solution cf the title compound of Example 22 (0.75 g, 1.8 mmol)
in methvlene chloride (10 ml) were added triethyl amine (0.28 ml, 2.0
mmol) and acetvl chloride (0.14 ml, 2.02 mmol). The mixture was stirred

at room temperature for 4 hours. The crude material was poured 1nto 1ice

and diluted with methylene chloride (50 ml). The organic solution was
washed with sodium bicarbonate (4%, 2 x 50 ml) and water (2 x 50 ml),
dried (Na,SO,), and the solvent removed under reduced pressure. The

resulting residue was purified by column chromatography with silica gel
and ethyl acetate/n-hexane (2:1) as eluent. Acetic acid [25-(<Z,4-
difluorophenoxy)-¢6-(4-methanesulfonyl phenyl)-4-oxo~-4H-pyran-2-
yl]methyl ester (0.39 g, 47%) was obtained as a white solid.

m.p.: 175°C

§ (DMSO): 2.17 (s, 3H), 3.28 (s, 3H), 5.14 (s, 2H), 6.68 (s, 1H),
6.94-6.97 (m, 1H), 7.09-7.16 (m, 1H), 7.36-7.44 (m, 1H), €.06-8.12 (m,
4H)

EXAMPLE 30
Acetic acid [5-(4-fluorophenoxy)-6- (4-methanesulfonylphenyl)-4-oxo-4H-

pyran—-2-yl]methyl ester

Obtained from the title compound of Example 23 by the procedure

described in Example 29. Purification by column chromatography with

silica gel and ethyl acetate/n-hexane (3:2) as eluent gave acetlc acld
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[5-(4—fluorophenoxy)—6—(4—methanesulfonylphenyl)—4—oxo—4H—pyran—2—
vl]methyl ester (47%) as an of f-white solid.

m.p.: 180°C

§ (DMSO): 2.17 (s, 3H), 3.27 (s, 3H), 5.14 (s, 2H), 6.6°2 (s, 1H),
7 01-7.06 (m, 2H), 7.10-7.16 (m, 2H), 8.08 (s, 4H).

EXAMPLE 31
Acetic acid [5-(4-chlorophenoxy)—6-(4—methanesulfonylphenyl)-4-oxo—4H-

pyran-2-ylimethyl ester

Obtained from the title compound cof Example 24 by the procedure
described in Example 29. Purification by column chromatography with
silica gel and ethyl acetate/n-hexane (1:1) as eluent gave acetic acid
[5—(4-chlorophenoxy)-6—(4-methanesulfonylphenyl)-4—oxo—4H—pyran—2—
ylimethyl ester (47%) as an off-white solid.

m.p.: 115°C

§ (DMSO): 2.17 (s, 3H), 3.27 (s, 3H), 5.15 (s, 2H), 6.69 (s, 1lH), 7.053
(d, J=9.0 Hz, 2H), 7.35 (d, J=9.0 EHz, ZH), 8.07 (s, 4H).

EXAMPLE 32
5—(2,4-Difluorophenoxy)-6—(4—methanesulfonylphenyl)—4-oxo—4H-pyran-2-
carboxylic acid

To a cooled solution of the title compound of Preparation 21 (1.350 g,
3.69 mmol) in acetone (6 ml) was ~dded a soluticn of chromium (VI)
oxide (0.41 g, 4.1 mmol) and sulfuric acid (3.5 ml) in water (3 mlj.
The mixture was stirred at 0°C for 1 hour and at room temperature for
16 hours. The solvent was removed under reduced pressure and the
residue was dissolved in ethyl acetate (30 ml). The organic solution
was washed with water and with 2 N sodium hydroxide (< X 50 ml). The

basic phase was acidified with 2 N hydrochloric acid and extracted with

ethyl acetate (2 x 50 ml). The combined organic extracts were washed
with water (2 x 50 ml), dried (Na;SC:), and the solvent removed under
reduced pressure. The resulting solid was recrystallized from ethanol

to give 5—(2,4-difluorophenoxy) —6- 4-methanesulfonylphenyl)-4-0ox0o-4H-

(
pyran-2-carboxylic acid (0.20 g, 132%) as a white solid.
m.p.: 245°C
§ (DMSO): 3.28 (s, 3H), 6.93-0.98 (m, iH)Y, 7.12 (s, 1H), 7.14-7.24 (m,
1H), 7.39-7.46 (m, 1H), 8.05 (d, J=&£.5 Hz, 2H), 8.14 (d, J=8.5 Hz, Z2H).
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EXAMPLE Z3
5—(4—Chlorophenoxy)—6-(4-methanesulfonylphenyl)-4-oxo—4H—pyran—2—
carboxylic acid

Obtained from the title compound of Preparation 23 by the procedure

described in Example 32. Recrystallization from ethyl acetate gave 5-

(4—chlorophenoxy)—6—(4—methanesulfonylphenyl)*4*oxo-4H—pyran-2—
carboxylic acid (25%) as an off-white solid.
m.p.: 263°C

§ (DMSO): 3.27 (s, 3H), 7.11 (d, J=8.0 Hz, ZH), 7.12 (s, 1H), 7.35 (c,
J=¢.0 Hz, 2H), 8.05-8.10 (m, 4H).

EXAMPLE 24
6-(l,l—Difluoromethyl)-S-(2,4-difluorophenoxy)—2—(4—methanesulfonyl
phenyl) pyran-4-one

To a cocied solution of the title compound of Preparaticn <21 (1.0 g,
2.5 mmol) in methylene chloride (15 ml) was added (diethylamino)sulfur
trifluoride (0.39 ml, 2.9 mmol). The mixture was stirrea at 0°C for 1
hour and at room temperature for 16 hours. The mixture was diluted with

methylene chloride (50 ml). The organic solution was washed with water

(2 x 50 ml), dried (Na,SO,), and the solvent removed under reduced
pressure. The resulting residue was purified by column chromatography
with silica gel and ethyl acetate/n-hexane (2:3) as eiuent. 6-(1,1-
Difluoromethyl)-3-(2,4-difluorophenoxy)-2-(4-
methanesulfonylphenyl)pyran-4-one (0.20 g, 18%) as an cfZ-white solzid.
m.p.: 156°C

o (DMSO) : 3.28 (s, 3H), 6.83-6.99 (m, lH), 7.00 (s, 1H), 7.12 (t, Js-
=54 Hz, 1H), 7.22-7.30 (m, 1H), 7.38-7.46 (m, 1H), 8.07 (d, J=9.0 Hz,
2H)Y, 8.12 (d, J=9.0 Hz, <ZH).

EXAMPLE 35

6—(l,l-Difluoromethyl)—3-(4—bromophenoxy)-2—(4-methanesulfonylphenyl)
pyran—-4-one

Cbtained from the title compound of Preparation 24 by the procedure
described in Example 34. Purification by column chromatography with
silica cel and ethyl acetate/n-hexane (1:1) as eluent gave 6—-(1,1-
difluoromethyl)—B-(4—bromophenoxy)—2—(4—methanesulfonylphenyl)pyran—4-
one (0.38, 48%) as an off-white solid.

LRMS: m/z 471 (M+1)".
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§ (CDCl-): 2.08 (s, 3H), 6.53 (t, Jey=78 Hz, 1H), ©6.8> (d, J=6.0 Hz,
2H), 7.40 (4, J=9.0 Bz, 24), 8.00-8.11 (m, 4H) .

EXAMPLE 36

6-(1,1-Difluoromethyl)—2—(4-methanesulfonylphenyl)—3—(4-methyl

phenoxy) pyran-4-one

Obtained from the title compound of Example 35 by the procedure

described in Example 1(0. Purification by column chromatcgraphy with

silica gel and ethyl acetate/n-hexane (2:3) as eluent gave 6-(1,1-
difluoromethyl)—2—(4—methanesulfonylphenyl)—3—(4—methylphenoxy)pyran—4—
one (0.20 g, 18) as an off-white solid.

m.p.: 160°C

§ (DMSO): 2.23 (s, 34), 3.26 (s, 3H), 6.93 (d, J=9.0 Hz, 2&), ©6.&3 (s,
1), 7.09 (4, J=9.0 Hz, 2H), 7.11 (t, Jep=b4 Hz, 1H), 8.04-8.21 (m,
4H) .

EXAMPLE 37

3—Bromo—2—(l,l—difluoromethyl)—S—(2,4-difluorophenoxy)-6—(4-methane

sulfonylphenyl) pyran—4-one

Obtained from the title compound of Example 34 by the procedure

described in Example 17. Purification by column chromatography with
silica gel and ethyl acetate/n-hexane (l1:2) as eluent gave 3-bremo-2-
(1,l-difluoromethyl)—S—(Z,4—difluorophenoxy)—6—(4~methanesulfonyl
phenvl)pyran-4-one (13%) as an off-white solid.

LRMS: m/z 507 (M+1)".

§ (DMSO): 3.13 (s, 3H), 6.71-7.13 (m, 4H), 8.11 (d, J=°2.0 Hz, ZH),
8.25 (d, J=9.0 Hz, ZH).

EXAMPLE 38
2~(1,1-Difluoromethyl)-5—(2,4—difluorophenoxy)—6-(4—methanesulfonyl
phenyl) -3-methylpyran—-4-one

Obtained from the title compound of Example 37 by the procedure

described in Example 19. Recrystallization from ethancl gave 2-4{1,1-
difluoromethyl)—5~(2,4—difluorophenoxy)—6—(4—methanesulfonylphenyl)—3—
methylpyran-4-one (86%) &s an off-white solid.

m.p.: 187.8-188.6°C

§ (CDCls): 2.14 (s, 3H), 3.09 (s,3H), ©.56-6.93 (m, 4H), §.07 (d, J=8.7
Hz, 2H), 8.19 (4, J=8.7 Hz, <ZH).
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Examples 39 and 40 illustrate pharmaceutica. compositions according to

e

the present invention and procedure for thelr preparation.

EXAMPLE 29

Capsules
25,000 capsules each containing 100 mg of 3-/4-fluoro-Z-methylphenoxy) -

2- (4-methanesul fonylphenyl)-6-methylpvran-4-one (active ‘ngredient)

were prepared according to the following Zcrmulation:

Active 1ngredlent 2.5 Kg
Lactose monohydrate 5 Kg
Colloidal silicone dioxide C.05 Kg
Corn starch 0.5 Kg
Magneslium stearate .1 Kag

Procedure

The above ingredients were sieved through a 60 mesh sieve,

and were loaded into a suitable mixer and f£illed into 235,000

gelatine capsules.

EXAMPLE 40

Tablets

100,000 Tablets each containing 50 mg of 35-(2,4-difluorophenoxy)-6-
hydroxymethyl—2-{4—methanesulfonylphenyl)pyran—4—one(active “ngredient)

were prepared from the following formulaticn:

Active ingredient 3 Kg
Spray dried lactose 1 9.9 Kg
Microcrystalline cellulose 3.9 Kg
Sodium stearyl fumarate 0.2 Kg
Colloidal silicon dioxide 0.2 Kg
Carboxymethyl starch 0.8 Kg

Procedure

A1l the powders were passed through a screen with an aperture of 0.6

mm, then mixed in a suitable mixer for 20 minutes and compressed 1nto

300 mg tablets using 9 mm disc and flat Dbevelled punches. The

disintegration time of the tablets was about 3 minutes.



10

15

20

25

30

35

CA 02403149 2002-09-12

WO 01/68633 PCT/EP01/03042
59
CLAIMS
1. A compound of formula (I1):
O
O\\S//
\\T/Q§5
R 3
\\é;?\\J/Ck\/,R
(1) /\ l
~
YR
R o
whereln:

~
=

‘1]

R* represents an alkyl or -NR'R™ group, wherein R~ and each

independently represent a hydrogen atom or an alkyl group;

R° represents an alkyl, GC:=Cy cycloalkyl, pyridyl, thienyl,
naphthyl, tetrahydronaphthyl or indanyl group, or a phenyl group which
may be unsubstituted or substituted by one or more halogen atoms OrI
alkyl, trifluoromethyl, hydroxy, alkoxy, methylthio, amino, mono- Or
dialkylamino, hydroxyalkyl or hydroxycarbonyl groups;

R represents an alkyl, hydroxymethyl, alkoxvmethyl,
alkenvloxymethyl, Ci:-C; cycloalkoxymethyl, C.—C, cycloalkylmethoxymethyl,
benzyloxymethvl, hydroxycarbony.l, nitrile, trifluoromethyl or
difluoromethyl group or a R'-COO-CH;- group wherein R’ represents an
alkyl cr phenyl group;

R* represents a hydrogen atcm, Or an alkyl, alkenyl or aikynyl
group or a halogen atom; and

X represents a single bond, an oxygen atom, & sulfur atom or a

methvlene group;

or a pharmaceutically acceptable salt thereof.

2. A compound of formula (I):
O
/8\\T/Q§§
R1 3
\/\l/o\\/R
(1)

T//\\ﬂ//\\Rf

R<
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wherelin:

R' represents an alkyl or ~-NR°R® group, wherein
independently represent a hydrogen atom or an alkyl ¢group;

R’ represents an alkyl, C3-C; cycloalkyl, pyridyl, thienyl,
naphthyl, tetrahydronaphthyl or 1lndanyl group, Or a phenvl group which
may be unsubstituted or substituted by one Or more halogen atoms oOr
alkyl, trifluoromethyl, nydroxy, alkoxy, methylthio, &mino, mono- Or
dialkylamino, hydroxvalkvl or hydroxycarbonyl groups;

R’ represents an alkyl, hydroxymethyl, alkoxvmethyl,
alkenyloxymethyl, C:-C; cycloalkoxymethyl, Cs-C; cycloalky methoxvmethyl,
benzyloxymethyl, hydroxycarbonyl, nitrile, trifluoromethyl or
difluoromethyl group or a R’ -COO-CH,- group wherein P represents an
alkyl or phenyl group;

R represents a hvdrogen atom, or an alkyl, alkenyl or alkynyl
group or a halogen atom; and

X represents a single bond, an oxXygen atom, a su_fur atom or a
methylene group; with the proviso that when R is a hydrogen atom R’ is
an alkenylmethoxymethyl, C:-C; cycloalkylmethoxymethyl or R’'-COO~
CH,- group wherein R’ represents an alkyl or phenyl group;

or a pharmaceutically acceptable salt thereof.

3. A compound of formuia (I):

o O

< (Ao _x
|

whereiln:

- g : -5 €
R* represents an alkyl or -NR R® group, wherein = and R° each

independently represent & hydrogen atom Or an alkyl group;

R represents an alkyl, Ci:-C; cycloalkyl, pyridyl, thienyl,

naphthyl, tetrahydronaphthyl or indanyl group, oOr a phenyl group which
may be unsubstituted or substituted Dy one OX MOre halogen atoms or
alkyl, trifluoromethyl, hyvdroxy, alkoxy, methylthic, amino, mono- Or
dialkvlamino, hydroxvalkvl or hydroxycarpbonyl groups;

-

R~ represents an alkyl, hydroxymethyl, alkoxvmethvyl,
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alkenyloxvmethyl, Ci:-C, cycloalkoxymethyl, C-.-C- cycloalkylmethoxymezZhv.l,

benzyloxymethyl, nydroxycarbonyl, nitrile, trifluoromethyl Cr

difluoromethyl group or a R -COO-CH,~ group wherein R’ represents an

alkyl or phenyl group;

R' represents an alkyl, alkenyl or alkynyl group or & ha-ogen

atom; and

X represents a single bond, an oxygen atom, a sulfur atom or a

methylene group;

or a pharmaceutically acceptable salt thereor.

4 . A compound of formula (I):
O\\S//O
/ \l/\
R 3
(1) \/\I/O\i/R
T/W_(\ R4
R? O
wherein:

R! represents an alkyl or -NR°R® group, wherein R® and R® each

independently represent a hydrogen atom or an alkyl group;

~

R’ represents an alkyl, C3-C; cycloalkyl, pyridyl, thienyl,

naphthyl, tetrahydronaphthyl or indanyl group, or a phenyl croup which

may be unsubstituted or substituted by one Or more halogen atoms cCr
alkyl, trifluoromethyl, hydroxy, alkoxy, methylthio, amino, monc- or
dialkylamino, hyvdroxyalkyl or hydroxycarbonyl groups;

R’ represents an alkenyloxymethyl or C;-C, cycloalkylmethoxymethyl
group or a R’-COO-CH,- group wherein R’ represents an alkyl or phenyl
group;

R‘ represents a hydrogen atom; and

X represents & single bond, an oxygen atom, a sulfur atom or =z
methylene group;
or a pharmaceutically acceptable salt thereof.

5. A compound according to any one of claims 2 to & wherein R

represents an unsubstituted alkyl group or NH;z

6. A compound according to claim 5 wherein R' is a methyl groupo.
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7. A compound according to any one o: claims 2 to & wherein ¥

represents an oxvgen atom.

3 . A compound according to any one of claims 2, 3, 3, 6 or 7/ wherelr
R’ represents an unsubstituted C;.z alkyl, hydroxymethyl, methoxymethyl,
ethoxvmethvl, propoxymethyl, isopreopoxvmethyl, difluoromethyl,

propenvloxymethyl, hydroxycarponyl, cyclopropoxy methyl,

cyclobutoxymethyl, cyclopropylmethoxymethyl, cyclobutyl methoxymethyl
or CH;-COO-CH,—- group.

-

: : 2
9. A compound according to any one of claims 2 to 8 whereln R™ 1s &

propenvlcxymethvl, cvclopropylmethoxymethyl, cyclobutyvlmethoxy methyl

or CH:-COO-CH,- group.

10. A compound accerding to any one of claims 2, 3, 2, 6, 7, 8 or 9

wherein RY is a chlorine or bromine atom or a methyl, ethyl, ethenyl or

ethynyl group.

11. A compound according to any one of claims Z to 10 wherein R® is
a branched alkyl, Cs-C; cycloalkyl, naphthyl, tetrahvdronaphthyl or
indanyl group, an unsubstituted phenyl group oOr & phenyl group

substituted by one or more halogen atoms, alkyl groups and/or alkoxy

groups.

12. A compound according to any one of claims 2 to 11 wherein R is
an unsubstituted phenyl group or a phenyl group substituted by 1, 2 or

3 substituents independently selected from halogen atoms, methoxy group

or methyl groups.

VA

13. A compound according to any one c¢f claims 2 tO 12 wherein R

represents a phenyvl group substituted by 1 or < substituents

independently selected from halogen atoms and methvl groups.

. : B ; p R
14. A compound according to any one of claims 2 toO 13 wherein R® 1s

a 2,4-difluorophenyl group.

15. A compound according to any one of claims 2 to 14 which 1s:

3—(2,4—difluorophenoxy)—6—ethyl—2—(4-methanesulfonylphenyl)~5-methyl
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pyran—-4-one;
3-chloro-5-(2,4-difluorophencxy) -6- (4-methanesulfonylphenyl)-Z-methyl
pyran—-4-one;
3—chloro—5—(4—fluorophenoxy)—6—(4—methanesulfonylphenyl)*Z—methyl
pyran—-4-one;

3-chloro-5- (4-chlorophenoxy)-6-(4-methanesulfonylphenyl)-2Z-methyl

pyran—4-one;

3-bromo-5-(2,4-difluorophenoxy) -6~ (4-methanesulfonylphenyl)~-2Z-methyl
pyran-4-one;

3-bromo-5-(4-chlorophenoxy)-6- (4-methanesulfonylphenyl)-2-methylpyran
—-4-one;
3-(2,4-difluorophenoxy) -5, 6-dimethyl-2-(4-methanesulfonvlphenyl)pyran
—4-one;
3—(2,4—difluorophenoxy)—2—(4—methanesulfonylphenyl)—6—methyl—5—vinyl
pyran—-4-one;
3—(2,4—difluorophenoxy)—S—ethyl—Z-(4—methanesulfonylphenyl)~6—methyl
pyran-—-4-one;
3—bromo—2—(l,1-difluoromethyl)—5-(2,4—difluorophenoxy)~6—(4—methane
sulfonylphenyl)pyran-4-one;
2—(1,l—difluoromethyl)—S—(Z,4—difluorophenoxy)—6—(4—methanesulfonyl
phenyl)-3-methylpyran-4-one;

acetic acid [5~(2,4—difluorophenoxy)—6—(4-methanesulfonylphenyl)-4-oxoﬂ
4H-pyran-2-yl]lmethyl ester;

acetic acid {5—(4*fluorophenoxy)—6-(4~methanesulfonylphenyl)—4—oxo—4H—
pyran-2-vl]methyl ester;

acetic acid [5—(4—chlorophenoxy)—6—(4~methanesulfonylphenyl)—4—oxo—4H—
pyran-Z-yl]methyl ester;

or a pharmaceutically acceptable salt thereof.

16. A compound of formula (IA):
0 f
4 \I/\
R
3
SN SR
(1A) o

/

372
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wherein:

R' represents a methyl or ethyl group;

R° represents a phenyl group which may be unsubstituted or
substituted by one or more substituents selected Zrom hz_.ogen atoms oOr
alkyl, trifluoromethyl, hvdroxy, alkoxy, methylthic, amino, mono- or
dialkylamino, hydroxyalky. or hydroxycarbonyl groups;

R® represents an alkyl, hydroxymethyl, alkocxyvmethyl, Cs-C;
cycloalkoxymethyl, benzvloxymethyl, hydroxycarbony_, nitrile,
trifluoromethyl or diflucromethyl group;

provided that when R 1s methyl, R° is either (a) a phenvl group having

at least one substituent selected from trifluoromeTnyl, hydroxy,
alkoxy, methylthio, aminc, mono- or dialkylamino, hyvdroxvalkyl or
hydroxycarbonyl groups, (D) a monosubstituted phenyl c<roup having a
halogen atom or an alkyl croup at the 3-position or having a bromine

atom or an alkyl group at the 2-position, (c) a phenyl c¢rcup having two

or more substituents wherein at least one substituent 1s z bromine atom
or wherein an alkyl group is present at the 2- or 4-position, or (d)
3-methyl-4-fluoro—-phenyl;

or a pharmaceutically acceptable salt therecf.

—

17. A compound acceording to claim 16 wherein R 1s an =thyl, propyl,
hydroxymethyl, methoxvmethyl, ethoxymethyl, cropoxymethyl,
isopropoxymethyl, diflucromethyl, hydroxycarbonyl, cyclocpropoxymethyl
or cyclobutoxymethyl group.

18. A compound according to claim 16 or 17 wherein R’ 1is a

hydroxymethyl, methoxymethyl or hydroxycarbonyl group.

19. A compound according to claim 17 or 18 wherein R® is an
unsubstituted phenyl group or a phenyl group substituted by a single
halogen atom selected from fluorine, chlorine or bromine, a single

methyl group or two halogen atoms which are the same or different and

are selected from fluorine, chlorine c¢r bromine.
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20. A compound according to claim 139 wherein R° represents a group of
formula
R R"
% C
R R®

5 wherein R?, R®, RS, R and R® are defined as follows

R3 R |rR R [RrRT
'H B H | H H
H R Tr |81 |8
| H 3 " H | H
F H H H H
5 1®8 _____ Jcz |8  |s ]
= | c1____ |ls ____ _|# |8
C1 H H 1 H H
" 1|8 |Br  [®B  |H
' | Br H H H
Br | B |H  |H H
= & |Me __ _|H _ |®
ve  |®H ______|® | ®H
Me s _|&®______ _|®  |mwn
+ &8 |fr |8 v
g |H | F |H
H 3 F " |12 |
2 T I R - S I -
<1 1wy l|ct s  |H
<1 & & |ct w8 |
= |c1____ |c1  |H |H
<1 18 & |8 Jcr
¥ &8 |c1 ___ [®H |8 |
<1 8 ¢ __ [H  |H ]
=15 sz & |[® |
<1 & ____ |Br ___|®  [H
—sr & |Br _ |E __ |H




CA 02403149 2002-09-12

WO 01/68633 PCT/EP01/03042
66
5r  |s  |F | H H
H Cl I'F H T H T
H TF | Ccl i | H
F T Me & 8
c1_____ |H Me H H |
Me A R
Me H ct 8 H
H Me v |H H
H Me Cl TH H
H 3 Me | H —H
H S c1 Me | H T
21. A compound according to claim 16 wherein R* is methvl and R° is a

group cf formula

R® RC
10

wherein R?®, R®, RS, R® and R® are defined as:

R | RP & |rR®  [RrR®
H | Br TH H "
"Br 7 1a &8  |H
H Me TH = |H B
Me TH H R | H
Me H F | H H
Me H Cl H H

— ) U P —— P — e —
F H Me H H
Cl IH Me H H
H Me 3 H H i
H F Me | H H B
H cl TvMe |8 18 ]
F | H Br | H [ H
Ci H Br H H
 Br ~ |H Br ] H :_H
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22 . 3 compound according to cleim 16 which 1s

3-(4-fluoro-2-methylphenoxy)-2- (4-methanesulfonylphenyl)-6-methyl

pyran—-4-one;

—(4—chloro—Z—methylphenoxy)—2—{4—methanesulfonylphenyl)—6—methyl

(1)

ran—-4-one;

3—(2—chloro—4—methylphenoxy)—2—{4—methanesulfonylphenyl}~6—mechyl
oyran-—4-one;
3-(2—bromophenoxy)—2—(4—methane5ulfonylphenyl)—6~methylpyran*4—one;
3—(3—bromophenoxy)—2-(4—methanesulfonylphenyl)—6~methylpyran*4—one;
3—(4—bromo—2—fluorophenoxy)~2—(4—methanesulfonylphenyl)—6—methylpyran
-4-0one;

3- (4-bromo-2-chlorophenoxy)-2- (4-methanesulfonylphenyl)-6-metnylpyran
-4-o0one;
3-(2,4-dibromophenoxy)—2—(4—methanesulfonylphenyl)-6—methylpyran—4—one;
3—(2,4—difluorophenoxy)~2—(4—ethanesulfonylphenyl)—6—methylpyran—4—one;
2- (4-methanesulfonylphenyl)-6-methyl-3-(2-methylphenoxy)pyran-4-one;
2—(4—methanesulfonylphenyl)—6-methyl~3—(3—methylphenoxy)pyran—4—one;
3—(2—fluoro—4-methylphenoxy)—2—{4—methanesulfonylphenyl)—6~methyl

pyran—-4-one;
3—(2,4—difluorophenoxy)—6—hydroxymethyl—2-(4-methanesulfonylphenyl)

pyran-4-one;
3—(4—fluorophenoxy)—6—hydroxymethyl-2—(4—methanesulfonylphenyl}pyran~4~

one;
3- (4-chlorophenoxy)-6-hydroxymethyvl-2- (4-methanesulfonylphenyl)pyran—-4-

one;
3-(2—fluoro—4—bromophenoxy)—6—hydroxymethyl—2—(4-methanesulfonyl

phenvyl)pvran—-4-one;
3—(2,4—difluorophenoxy)—2~(4—methanesulfonylphenyl)—6—methoxymethyl

pyran—-4-one;
3—(4—fluorophenoxy)-2—(4-methanesulfonylphenyl)—6—methoxymetuylpyran
—4-0one;

3-(4-chlorophenoxy) -2 (4-methanesulfonylphenyl)-6-methoxymethylpyran-4-

one;
5-(2,4-difluorophenoxy)—6-(4-methanesulfonylphenyl)—4-oxo-4H—pyran—2—
carboxylic acid;
5—(4—chlorophenoxy)—6—(4—methanesulfonylphenyl)-4—oxo—4H—pyran-2—

carboxvlic acid;
1—difluoromethyl)-3*(2,4-difluorophenoxy)-2—(4—methanesu;fonyl

6"(1:"

phenvl)pyran—-4-one;
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6-(1,1-difluoromethyl)-3- (4-bromophenoxy)-2- (4-methanesulfonylphenyl)]
pyran—-4-one;
6-(1,1-difluoromethyl)-2-(4-methanesulfonylphenyl)-5-{4&-methyl
phenoxy)pyran—4-one;

5 or a pharmaceutically acceptable salt thereof.

23. A process for producing a compound of formula (I) as defined 1in

any one of claims 1 to 15 or a compound of formula (IZ) as defined 1n

any one of claims 16 to 22 which process comprises:

10 (a) wherein R®' is an alkyl or ~NR°R® group in which R and R°® is each
independently an alkyl croup, R° is a methyl group, R° is a hydrogen
atom and R° and X are as

defined in the previous claims,

al) reacting a carbonvl derivative of formula (II1I):
15
O
X
R1a\ \R2

(II1I) 04%5

O
20

wherein R!? is an alkyl or a -NR°*R® group in which R and R®® are each

independently alkyl groups and R° and X are as defined in the previous

claims, with an excess of anhydrous acetic acid or acetic anhydride and
polyphosphoric acid, at a temperature from 90°C to 120°C; or

25 aii) reacting a vinyl derivative of formula (IV):

N
Rw/\\w ~
O
30 (IV) ‘ I(
>’</
R2

wherein R'?, R®° and X are as defined above, with an excess of acetic

35 anhydride and polyphosphoric acid at a temperature from 80°C to 120°C;
(b) wherein R! is an alkyl or -NR°R® group in which R® and R° are alkyl
groups, R* is an alkyl group, R> is an alkyl group of formula CH,~R® and
R° and X are as defined in the previous claims,

D1) reacting a carbonyl derivative of formula (III) with an excess of
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an anhydride of formula (IX):
(IX) (R‘laCHzCO) >0
or a carboxvlic acid of formula (X):
(X) R*CH,COOH

and polyphosphoric acid at a temperature from 90°C to 150°C; or

bii) reacting a vinyl derivative cf formula (XI):

O

/
OQ/

/S\v/£§§

R‘la
‘\/\ /O\H/CHZR%
(XT) /\ !
X
Il?z

wherein R*®, R, R’ and X are as defined above with an excess oI an
anhydride of formula (IX) and polyphosphoric acid at a temperature Irom
90°C to 150°C;

(C) wherein R' is an alkyl group, R> is an alkyl group, R’ is a
hydrogen atom or an alkyl group, and X is as defined in any of claims

”~

1 to 22 with the proviso that it is other than a sulfur atom and R® 1s

as defined in any one of claims 1 to 22, by reacting a mercapto

derivative of formula (XIII):

va/s\\//ﬁ§>

|
O R

2

wherein R® is an alkyl group, R® is a methyl group or a R*CH, croup,
R® is a hydrogen atom or an alkyvl group ¥X® is as defined for X in any
one of claims 1 to 22 with the prcviso that it is other than a sullur
atom and R° is as defined above, with an oxidising agent;

s

. 1 , . - s 4 :
(d) Wherein R* is a —-NR°R® group, R’ is an alkyl group, R’ 1s a hydrogen
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~ C ot -
Nt

astom cor an alkyl group, RY, R°, RF and X are as deilined ‘n claims 1 to

22 by reacting a chlorosulfonyl derivative of Zormula (XV) :

O

Cl %
4§\\4??\\
O | ;
O R
(XV) ]

wherein R°, R*®®, R*® and X are as defined above with an amine of formula

(XVI) :
(XVI) R°~NH-R€

wherein R- and R® are as defined above;

(e) wherein R! is a -NR’R° group wherein R> and R® are hydrogen, R’ is

an alkyl group and R' is an hydrogen atom or an alkyl group, by

debenzylation of the corresponding N,N-dibenzyl derivative of formula

(XIX) :

C6H5—"C\H2 5
,N\ //
CH:—CH, //S\/\
ST . e
(XIX) V\T \I/
)l(/\[{\Rdrb
R O

wherein R%, R°®, R and X are as defined above;

(f) wherein R’ is other than a hydrogen atom, reacting a compound ol

Tormule (XXXITI):

OQ\ //O
./ \/\
R I .
\/

(XXXITIT
k ) >I</ﬁ_‘/\ R4d
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wherein R‘Y is a chlorine, bromine or iodine atcm, preferably a bromine

~~

atom and R', R°, R’ and X are as defined in the previous claims, wlth

L 4

a tin derivative of formula (XXXIV):

(XXXIV) R Sn (RY)

()

wherein RS is an alkyl, alkenvl or alkynyl group and R’ is an alkyl

group.

24 . A pharmaceutical composition comprising a compound according to

any one of claims 1 to 22 or pharmaceutically acceptable salt thereot

in admixture with a pharmaceutically acceptable carrier or diluent.

25. 2 compound according to any one of claims 1 to 22 or a
composition according to claim 24 for use 1n a method ol treatment of

the human or animal body by therapy.

20. Use of a compound according to any one of claims 1 to 22 or a
composition according to claim 24 for the manufacture oI a medlcament

for use in the treatment of pain, fever or inflammation to 1nhibit

prostanocid-induced smooth muscle contraction or for tnhe preventlion o©r

treatment of colorectal cancer or neurodegenerative diseases.

ot

27. A method for treating pain, fever or inflammation inhibiting
prostanoid-induced smooth muscle contraction oOr treating or preventing
colorectal cancer or neurodegenerative diseases which comprises
administering to a human or animal subject 1n neea c¢i treatment an

effective amount of a compound according to any one cf claims 1 to 22

or a composition according to claim Z24.
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