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1. A compound of the formula

Y Y1.R1

Art— CHZ—__X-—-ArL——-f-—-
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and the pharmaceutically-acceptable salts thercof, wheren

Y is hydrogen, C,-Cg alkyl, halosubstituted C,-C, alkyl, phenyl, substituted
phenyl, C;-C,4 phenylalkyl, C5-C,4 (substituted phenyhalkyl, pyridyl, substituted
pyridyl, C¢-C,; pyridylalkyl or C¢-C 5 (substituted pynidyhalkyl, wherein each
substituent is independently halo, nitro, cyano, C,-Cy4 alkyl, C,-Cy4 alkox,
halosubstituted C-C,, alky!, halosubsututed C,-C, alkoxy, NR*R, CO,R* or
CONRR’, wherein R* and R® are each, independently, hydrogen or C-Cgq alkyl;

Ar! and Ar? are each, independentiy, phenylene, mono-substituted phenylene

or di-substituted phenylene, wherein the substituents are, independently, halo, C,-C,
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alkyl, C,-C, alkoxy, halo-substituted C,-C, alkyl or halo-subsututed C,-Cy4 alkoxy;
X and X! are each, independemly. O, S, SO or SO,:
R!is hydrogen or C,-C, alkyl; and
R* and R? are each, independently, methylene, ethylere or prepylene.

14. A method for treatment of a medical condition for which a 5-lipoxygenase
inhibitor is needed, in a mammalian subject, which comprises administering to said
subject a therapeutically etfective amount of a compound according to any one of claims 1
to 12 or of a composition according to claim 13.

15. A method according to claim 14, wherein the medical condition is an allergic
or inflammatory condition.

16 A compound of the formula

\I
P?\N —Art—Cl1,
N/

wherein Y is C;-Cg alkyl halosubstituted C,-Cy4 alkyl, phenyl, substituted phenyl, Cy-Cy4
phenyalkyl, C5-C)4 (substituted phenyDalky!l, pyridyl, Cg-Cyy pyridylalkyl or Cg-Cyj
(substituted pyridyDalkyl, wherein each substituent is independently halo, nitro, cyano,
C,-Cy4 alkyl, C-C4 alkoxy, halo-substituted C;-Cy4 alkyl, halosubstituted C[-Cy4 alkoxy,
NR4RS, CO;R% or CONR?RY, wherein R* and R* are each, independently. hydrogen or
C,-Cg alkyl,

Ar! is phenylene, mono-substituted phenylene or di-substituted phenylene, wherein
the substituents are, independently, halo, C;-Cy4 alkyl, C;-Cy4 alkoxy, halo-substituted Cy-
C4 alky!l or halo-substituted C;-C4 alkoxy; and

Z is OH or a displaceable group.

Z
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(57)Abstract

Certain novel imidazole derivatives having the ability to inhibit the lipoxygenase enzyme aud having formula (),
wherein Y is hydrogen, C1-Cg alkyl, halosubstituted C1-C4 alkyl, phenyl, substituted phenyl, C7-C14 phenylalkyl, C7-C14
(substituted phenylialkyl, pyridyl, substituted pyridyl, C¢-C13 pyridylalkyl or Cg-C1g (substituted pyridylDalkyl, wherein
each substituent is independently hale, nitre, cyano, C3-C4 alkyl, 01-045 alkoxy, halosubstituted C1-C4 alkyl, halo-
substituted C1-C4 alkoxy, NR4R5, CO9R4 or CONR4R5, wherein R4 and RS are each, independently, hydrogen or C1-Cg
alkyl; Ar! and Ar2 are each, independently, phenylene, mono-substituted phenylene or di-substituted phenylene, wherein the
substituents are, xndependently. halo, C3-C4 alkyl, C1-C4 alkoxy, halo-substituted C1-C4 elkyl or halmsubetituted C1-Cyq
alkoxy; X and X! are each, independently, O, S, 8O or 80g; Rl is hydrogen or Cj-C4 slkyl; and R2 and R3 are each,
independently, methylene, ethylene or propylene. These compounds are useful for the treatment of disease states such as
bronchial asthma, skin disorders and arthritis iti mammals, and as the active ingredient in pharmaceutical compositions for

 treating such conditions.




WO 94/29299

10

15

20

25

30

PCT/JP94/00836

-]
IMIDAZOLE LIPOXYGENASE INHIBITORS

Technical Field

This invention relates to novel imidazole compounds. The compounds of the

present invention inhibit the action of the lipoxygenase enzyme and are useful in the
treatment or alleviation of inflammatory diszases, allergy and cardiovascular diseases
in mammals, especially human subjects. This invention also relates to pharmaceutical

compositions comprising such compounds.
Background Art

Arachidonic acid is known to be the biolog. "al precursor of several groups of

biologically active endogenous metabolites. The first step in the metabolism of
arachidonic acid is its reiease from membrane phospholipids, via the action of
phospholipase A2. Arachidonic acid s then metabolized either by cyclooxygenase to
produce prostaglandins including prostacyclin, and thromboxanes or by lipoxygenase
to generate hydroperoxy fatty acids which may be further converted to the leukotrienes.

The leukotrienes are extremely potent substances which elicit a wide variety ef
biological effects, often in the nanomolar to picomolar concentration range. The
peptide leukotrienes (LTC,, LTD,, LTE,) are important bronchoconstrictors and
vasoconstrictors, and also cause plasma extravasation by increasing capillary
permeability. LTB, is a potent chemotactic agent, enhancing the influx of leukocytes
and inducing their subsequent degranulation at the site of inflammation. A
pathophysiological role for leukotrienes has been implicated in a number of human
disease states including asthma, rheumatoid arthritis and gout, psoriasis, adult
respiratory distress syndrome (ARDS), inflammatory bowel diseases (e.g. Crohn's
disease), endotoxin shock, and ischemia-induced myocardial injury. Any agent that
inhibits the action of lipoxygenases is expected to be of considerable therapeutic value
for the treatment of acute and chronic inflammatory conditions.

Several review articles on lipoxygenase inhibitors have been published. See
J.A. Salmon and L.G. Garland: Progress in Drug Research, 1991, 37, pp9-90
(Birkhauser Verlag), H. Masamune and L.S. Melvin, Sr.: Annual Reports in Medicinal
Chemistry, 1989, 24, pp71-80 (Academi¢ Press), and B.J. Fitzsimmons and J. Rokach:
Leukotrienes and Lipoxygenases, 1989, ppa27-502 (Elsevier).
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Compounds of similar structure to the compounds of the present invention are
disclosed in EP 0 488 602 Al, EP 0 409 413 A2 and EP 0 375 404 A2.
The present inventors have worked to prepare compounds capable of inhibiting
the action of lipoxygenase and after extensive research they have éucceeded in
synthesizing a series of compounds as disclosed in detail herein.

Brief Disclosure of the Invention

The present invention provides novel imidazole compounds of the following

chemical formula I

Y X‘-R1
[‘(\N —Art—CH, X e Ar2__ R2
Q/
R3

and the pharmaceutically-acceptable salts thereof, wherein

Y is hydrogen, C,-Cg alkyl, halosubstituted C,-C,4 alkyl, phenyl, substituted
phenyl, C,-C,, phenylalkyl, C;-C, (substituted phenylalkyl, pyridyl, substitutec
pyridyl, C4-C,y pyridylalkyl or C¢-C,5 (substituted pyridylalkyl, wherein eack
substituent is independently halo, nitro, cyano, C,-C, alkyl, C,-C, alkoxy,
halosubstituted C,-C, alkyl, halgsubstituted C,;-C, alkoxy, NRR®, CO,R* or
CONR‘R’, wherein R* and R are each, independently, hydrogen or C,-C, alkyl;

Ar' and Ar? are each, independently, phenylene, mono-substituted phenylene
or di-substituted phenylene, wherein the substituents are, independently, halo, C,-C,
alkyl, C,-C, alkoxy, halo-substituted C,-Cy alkyl or halo-substituted C,-C, alkoxy;

X and X! are each, independently, O, S, SO or SO,;

R! is hydrogen or C,-C, alkyl; and

R? and R’ are each, independentiy, methylene, ethylene or propylene.

A preferred group of compounds of this invention consists of compounds of the

formula I, wherein Y is at the 2-position of the imidazole ring; Ar! is 1,4-phenylene



WO 94/29299

10

15

20

25

30

PCT/JP94/00836

-3-
or monosubstituted 1,4-phenylene; Ar? is 1,3-phenylene or monosubstituted 1,3-
phenylene; X is O or §; X!is O; and R? and R? are each ethylene. Within this
preferred group, particularly preferred compounds are those in which Y is 2-alkyl; Ar!
is 1,4-phenylene or 2-fluoro-1,4-phenylene; Ar? is 1,3-phenylene, 2-fluoro-1,3-
phenylene or 5-fluoro-1,3-phenylene; X is O; and R! is methyl. Most particularly,
Y is 2-methyl.

A second preferred group of compounds of this invention consists of the
compounds of formula I, wherein Y is 2-alkyl; Ar! is 1,4-phenylene or 2-fluoro-1,4-
phenylene; Ar? is 1,3-phenylene, 2-fluoro-1,3-phenylene or S-fluoro-1,3-phenylen;
Xis O; X'isS; R!is methyl; and R2 and R3 are each ethylene. Within
this second preferred group, especially preferred are compounds in which Y is
2-methyl.

A third preferred group of compounds of this invention consists of the
compounds of formula I, wherein Y is 2-alkyl; Ar' is 1,4-phenylene or mono-
substituted 1,4-phenylene; Ar? is 2,5-difluero-1,3-phenylene; X and X! are each O;
R! is methyl; ang R? and R’ are each ethylene. Within this third preferred group,
especially preferred are compounds in which Y is 2-methyl.

Detailed Description of the Invention

In this application, the following terms are used.

The term "halo” is used to mean fluoro, chloro, bromo or iodo.

The term "alkyl" is used to mean straight or branched hydrocarbon chain
radicals including, but not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, and
the like.

The term "alkoxy" is used herein to mean -OR? (RS is alkyl) including, but not
limited to, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy and the like.

The térm "halo-substituted alkyl” refers to an alkyl radical as described above
substituted with one or more halogens including, but not limited to, chloromethyl,
bromoethyl, trifluoromethy! and the like. The preferred halo-substituted alky! group
is trifluoromethyl.

The term “halo-substituted alkoxy" is used to mean an alkoxy radical as

described above substituted with one or more halogens including, but not limited to,
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chloromethoxy, bromoethoxy, difluoromethoxy, trifluoromethoxy and the like. The
preferred halo-substituted alkoxy group is trifluoromethoxy.

The terms "substituted phenyl" and "substituted pyridyl” are used herein to
mean phenyl groups and pyridyl groups having up to three substituents, and these
substituents can either be the same or different. However, monosubstituted phenyl and
monosubstituted pyridy! are preferred.

In the term "C4-C,4 (substituted phenyl}alkyl," the range C4-C,, refers to the
number of carbons in the phenyl and alkyl groups, and does not include any carbons
in the substituents. Similarly in "C¢-C, 5 (substituted pyridyl)alkyl,” the range Cq-Cq

refers only to the pyridyl and alky] groups.
General Synthesis

A compound of formula I, or a pharmaceutically acceptable salt thereof, may
be prepared by any synthetic procedure applicable to structurally-related compounds
known to those skilled in the art. For example, the compound of the formula I is

prepared according to the reaction outlined in Scheme 1.

Scheme 1
1.1
Xi-R N
N H-X-AF 2 __ R? \L_E \>
Y. A\
{ > a_& N XLR1
N 441 \
'Ar1-CH,_Z Ar!'_CH,—X—Ar2__J R?
S a_cL
IL I

wherein Z is OH or a displaceablegroup, and Y, Ar', ArZ, X, X!, RI, R?, and R3
fiave the same meanings as defined above.

Method A

In one embodiment, a compound of formula I1 wherein Z is a hydroxyl group
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is coupled with a compound of formula Il wherein X is O by dehydration. A variety
of dehydrating agents can be used, but a convenient way of carrying out this trans-
formation is to use diethyl azodicarboxylate and triphenylphosphine in a reaction-inert
solvent. Suitable solvenis are dichloromethane, tetrahydrofuran and toluene. Reaction
temperatures are preferably in the range of 0°C through to room temperature, but if
necessary, lower or higher temperature can be empioyed. Reaction time is in general
from several minutes to several hours.

Method B

Alternatively, a compound of formula II wherein Z is a displaceable group (a
leaving group) is coupled with a compound of formula III, preferably in the presence
of a suitable base. A suitable displaceable group Z is a halo or sulfonyloxy group; for
example, chloro, bromo, iodo, trifluerometikanesulfonyloxy, methanesulfonyloxy or p-
toluenesulfonyloxy group, all readily accessible from the corresponding alcohol by
conventional methods. Preferred base for the coupling reaction is, for example, an
alkaline metal or alkaline earth metal hydroxide, alkoxide, carbonate or hydride such
as sodium hydroxide, potassium hydroxide, sodium m-ethoxide, sodium ethoxide,
potassium rert-butoxide, sodium carbenate, potassium carbonate, sodium. hydride or
potassium hydride, or an amine such as triethylamine, diisopropylethylamine or
dimethylamino-pyridine.  Preferred reaction-inert solvents include, for example,
acetone, acetonitrile, dichloromethane, N,N-dimethylacetamide, N,N-
dimethylformamide, dimethyl sulfoxide or tetrahydrofuran. Reaction temperatures are
preferably in the range of room temperature to reflux temperature of solvent, but if
necessary, lower or higher temperature can be employed. Reaction time is in general
from a few hours to several days.

For the preparation of those compounds in formula I wherein X is a sulfinyl or
sulfonyl group, 1 compound of formula I wherein X is S may be oxidized by
conventional methods. A suitable oxidizing agent is, for example, hydrogen peroxide,
a peracid such as m-chloroperoxybenzoic or peroxyacetic acid, an alkaline metal
peroxysulfate such as potassium peroxymonosulfate or the like. Preferred reaction-
inert solvents include, for example, acetone, dichloromethane, chloroform, tetrahydro-

furan or water. Reaction temperatures are preferably in the range 0°C to room
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temperature, but if necessary, lower or higher temperature can be employed. Reaction
time is in general from a few minutes to several hours,

The starting material of formula III may be obtained by conventional
procedures known to those skilled in the art. For example, as described in J. Med.
Chem., 1992, 35, 2600 - 2609 and EP 0 375 404 A2.

The starting material of formula I may be obtained by conventional procedures
known to those skilled in the art. For example, the compound of the formula II is

prepared according to the reaction outlined in Scheme 2,

Scheme 2
W-ArlA
p e S £
step 1 step 2
H ArLA Ar _CHz.._Z
v Y o

wherein W is a displaceable group, A is a suitable electron withdrawing group, and Y,
Ar!, and Z have the same meanings as defined above.

In the first step, a compound of formula IV is coupled, preferably in the
presence of a suitable base, with a compound of formula W-Arl-A to afford a
compound of formula V. A suitable displaceable group W is a halo or sulfonyloxy :
group, for example, fluoro, chloro, bromo, iodo or trifluoromethanesulfonyloxy group.
A suitable electron withdrawing group A is, for example, cyano, carboxaldehyde,
carboxylic acid or carboxylic ester. Preferred base for the coupling reaction is, for
example, an alkaline metal or alkaline earth metal hydroxide, alkoxide, carbonate or
hydride such as sodium hydroxide, potassium hydroxide, sodium methoxide, sodium
ethoxide, potassium ferr-butoxide, sodium carbonate, potassium carbonate, sodium
hydride or potassium hydride, or alkyl metal such as n-butyllithium, ethylmagnesium
bromide or the like. Preferred reuaction-inert solvents include, for example, methanol,
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ethanol, pyridine, N,N-dimethylformamide, dimethyl sulfoxide, N-methylpyrrolidin-2-
one, N,N-dimethylacetamide, or tetrahydrofuran. Reaction temperatures are preferably
in the range of 50°C through to 1530°C, but if necessary, lower or higher temperature
can be employed. Reaction time is in general tfrom a few hours to several days.
Conveniently the reaction may be conducted in the presence of a suitable catalyst, for
example, tetrakis(triphenylphosphine)-palladium, bis(triphenylphosphine)-palladium(TI)
chloride, cuprous oxide, cuprous iodide, cuprous chloride or cuprous bromide.

A compound of formula V is transformed to a compound of formula IT wherein
Z is hydroxyl group by standard procedure well known to those skilled in the art.
Thus, in step 2, a compound of formula Il is readily prepared by reduction with
conventional reducing agents such as sodium borohydride, lithium aluminum hydride,
diisobutylaluminum hydride, borane-tetrahydrofuran complex, borane-methyl sulfide
complex or the like.

The products which are addressed in the aforementioned general syntheses and
illustrated in the experimental examples herein may be isolated by standard methods
and purification can be achieved by conventional means known to those skilled in the
art, such as distillation, recrystallization and chromatography techniques.

The compounds of the present invention which contain one or more asymmetric
centers are capable of existing in various stereoisomeric forms. All such individual
forms, and mixtures thereof, are included within the scope of this invention. The
various isomers can be obtained by standard methods. For example, racemic mixtures
can be separated into the individual enantiomers by standard resolution techniques.
Individual diastereomers can be obtained by stereoselective synthesis, or by separation
of mixtures by fractional crystallization or chromatography techniques.

Insofar as the compounds of the present invention are basic compounds, they
are all capable of forming a wide variety of acid addition salts with various inorganic
and organic acids. The acid addition salt of the novel compounds of the invention are
readily prepared by contacting said compound with a chosen mineral or organic acid
in an aqueous solvent medium or in a suitable organic solvent, such as methgnol or

ethanol. The desired solid salt may then be obtained by precipitation or by careful

evaporation of the solvent.
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The acids which are used to prepare the pharmaceutically acceptable acid
addition salts of the afbrementioned compounds of this invention are those which form
non-toxic acid addition salts, such as the hydrochloride, hydrobromide, hydroiodide,
nitrate, sulfate, acetate, fumarate, tartrate, succinate, maleate, gluconate, saccharate,
benzoate, methanesulfonate, benzenesulfonate, p-toluenesulfonate and pamoate (i.e.,
1,1’-methylene-bis-(2-hydroxy-3-naphthoate)) salts.

The compounds of the invention which have also acidic groups are capable of
forming base salts with various pharmaceutically acceptable cations. Examples of such
salts include the alkali metal or alkaline earth metal salts and particularly, the sodium
and potassium salts. These salts are all prepared by conventional techniques. The
chemical bases which are used as reagents to prepare the pharmaceutically acCept;'able
base salts of this invention are those which form non-toxic base salts. These particuiar
non-toxic base salts include those derived from such pharmaceutically acceptable
cations as sodium, potassium, calcium and magnesium, etc. These salts can easily be
prepared by treating the aforementioned compounds with an aqueous solution
containing the desired pharmaceutically acceptable cation, and then evaporating the
resulting solution to dryness, preferably under reduced pressure. Alternatively, they
may also be prepared by mixing lower alkanoic solutions of the acidic compounds and
the desired alkali metal alkoxide together, and then evaporating the resulting solution
to dryness in the same manner as before. In either case, stoichiometric quantities of -
reagents are preferably employed in order to ensure completeness of reaction and
maximum production of yields of the desired final product.

The compounds of the present invention inhibit the activity of the §-
lipoxygenase enzyme. This inhibition can be demonstrated in vitro in assays using rat
peritoneal cavity (RPC) resident cells (Japanese Journal of Inflammarion: 1987, 7, 145-
150) and heparinised human whole blood (HWBY) (Br. J. of Pharmacol.: 1990, 99, 113-
118) both of which determine the effect of said compounds on the metabolism of
arachidonic acid. All of the following examples tested in the aforementioned assays
were shown io possess the efficacy of inhibiting lipoxygenase activity. Some preferred
compounds indicated low ICg, values, in the range of 0.001 to 1uM, with respect to

lipoxygenase activity.
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The ability of the compounds of the present invention to inhibit lipoxygénase
enzyme makes them useful for controlling the symptoms induced by the endogenous
metabolites arising from arachidonic acid in a mammalian subject, especially a human
subject. The compounds are therefore valuable in the prevention and treatment of such
disease states in which the accumulation of arachidonic acid metabolites are the
causative factor; e.g. allergic bronchial asthma, skin disorders, rheumatoid arthritis and
osteoarthritis.

In particular, the compounds of the present invention and their pharmaceutically
acceptable salts are of use in the treatment or alleviation of inflammatory diseases in
a human subject.

For treatment of the various conditions described above, the compounds and
their pharmaceutically acceptable salts can be administered to a human subject either
alone, or preferably in combinatign with pharmaceutically acceptable carriers or
diluents ina pharmaceutical composition according to standard pharmaceutical praciice.
The compounds can be administered oraily or parenterally in conventional fashion.

When the compounds are administered to a human subject for the prevention
or treatment of «n inflamatory disease. the oral dose range will be from about 0.1 to
10 mg/kg per body weight of the subject to be ireated per day, preferably from about
0.1 to 4 mg/kg per day in single or divideé doses. If parenteral administration is
desired, then an effective dose will be from about 0.05 to 5 mg/kg per body weight of
the subjest to be treated per day. In some instances it may be necessary 1o use dosages
outside these limits, since the dosages will necessarily vary according to the age,
weight and response of the individual patient as weli as the severity of the patient’s
symptoms and the potency of the particular compound being administered.

For oral administration, the compounds of the invention and their
pharmaceutically acceptable salts can be administered, for example, in the form of
tablets, powders, lozenges, syrups or capsules or as an aqueous solution or suspension.
In the case of tablets for oral use, carriers which are commonly used include lactose
and corn starch. Further lubricating agents such as magnesium stcarate are commonly

added. In the case of capsules, useful diluents are lactose and dried corn starch. When

aqueous suspensions are required for oral use, the active ingredient is combined with
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emulsifying and suspending agents. If desired, certain sweetening and/or flavorirg
agents can be added. For intramuscular, intraperitoneal, subcutaneous and intravenous
use, sterile sotutions of the active ingredient are usually prepared and the pH of the
solutions should be suitably adjusted and buffered. For in(ravenous use, the total
concentration of solute should be controlled to make the preparation isotonic.

In addition, particularly for the treatment of asthma, the compounds of formula
I of this invention can be administered to a human subject by inhalation. For this
purpose they are administered as a spray or mist, according to standard practice.

The present invention is illustrated by the following examples. However, i
should be understood that the invention is not limited to the specific details of these
examples. Proton nuciear magnetic resonance spectra (NMR) were measured at 270
MHz unless otherwise indicated and peak positions are expressed in parts per million
(ppm) downfield from tetramethylsilane. The peak shapes are denoted as follows: s -
singlet, d - doublet, t - triplet, q - quartet, quint - quintet, m - multiplet, br - broad.

Example !

4-[3-[4-(1-Imidazolyl)benzyloxylphenyl}l-4-methoxy-3.,4,5,6-tetrahydro-2 H-pyran

To a stirred solution of 4-(I-imidazolyl)benzyl alcohol (Eur. J. Med. Chem.,
1992,27,219)(0.87 g, 5.0mmol), 4-(3-hydroxyphenyl)-4-methoxy-3,4,5,6-tetrahydro-
2H-pyran (J. Med. Chem., 1992, 35, 2600) (1.03 g, 4.9 mmol) and triphenyl-
phosphine (1.55 g, 5.9 mmol) in THF (30 ml) cooled to 0 °C was added dropwist a
solution of diethyl azodicarboxylate (DEAD) (1.03 g, 12.0 mmol) in THF (10 ml) over
20 min under a nitrogen atmosphere. After completion of addition, the mixture was
stirred at 0 °C for 30 min and allowed to warm to room temperature, and then volatiles
were removed under reduced pressure. Chromatographic purification of the residue
(5i0,, 230 g; gradient elution, 15% to 30% acetone in dichloromethane) provided 0.27
g of the title compound as a gum, which solidified on standing at room temperature.
Fractions contaminated with triphenytphosphine oxide were combined, concentrated to
dryness, solidified by triturating with diisopropyl ether and recrystallized from
diisopropy! ether / ethyl acetate to provide 0.16 g of the title compound. Combined
solids were further purified by recrystallization from diisopropyl ether / ethyl acetate

afforded the title compound as tiny colorless needles (0.30 g, 17 %).
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m.p.: 129-130.5 °C
IR (KBr) cm': 2960, 2875, 1607, 1579, 1524, 1480, 1306, 1281, 251, 1073, 1061,
1026.
IH NMR (CDCl,) 8: 7.78 (1, IH, J= 1Hz), 7.56 (d, 2H, J= 8Hz), 7.43 (d, 2H, J =
8Hz), 7.32 (t, 1H, J= 8Hz), 7.28 (dd, 1H J= 1, 8Hz), 7.22 (t, 1H, J= 1Hz), 7.08-
6.98 (m, 2H), 6.94-6.88 (m, 1H), 5.12 (s, 2H), 3.92-3.81 (m, 4H), 2.98 (s, 3H),
2.10-1.92 (m, 4H).
Analysis Calculated for C; H,,N,O5: C, 72.51; H, 6.64; N, 7.69.
Found: C, 72.37; H, 6.74; N, 7.66.

Example 2
4-Methoxy-4-{3-[4-(2-methylimidazol-1-yl)benzyloxylpheny!}-3.4,5.6-tetrahydro-

2H-pyran
a. 4-(2-Methylimidazol-1-yh)benzyl alcohol

To a suspension of NaH (0.612 g, 15.3 mmol : 60 % suspension of mineral oil)
of in dry DMF (10 ml) cooled to 10 °C was added a DMF (8 ml) solution of 2-methyl-
imidazole (1.23 g, 15 mmol) under a nitrogen atmosphere, and the mixture was stirred
for 30 min at room temperature. 4-Fluorobenzaldehyde (1.90 g, 15.3 mmol) was
added to the reaction mixture, and the resulting solution was stirred for 14 h. The
reaction mixture was poured into an ice-cold saturated aqueous NH,CI solution (100
ml) and extracted with ethyl acetate (100 ml x 2). The organic layer was washed with
water (100 mi) and brine (80 mi), dried over Mg50, and the solvent removed under
reduced pressure. The resultant residue was purified by column chromatography (SiO,;
hexane:ethy! acetate = 1:1 then ethyl acetate) to give crude 4-{2-methylimidazol-1-yl)-
benzaldehyde (1.0 g), which was used without further purification.

To a stirred solution of the crude 4-(2-methylimidazol-1-yl}benzaldehyde (1.0
g) in methanol(15 ml) cooled to 0 °C was added NaBH, (0.2 g, 5.2 mmel) in portions
over 15 min and the whole stirred for I h, A saturated aquecus NH,CI solution (50
ml) was added to the reaction mixture and the whole extracted witk ethyl acetate (100
ml x 2). The organic layer was washed with water (100 mi), brine (50 ml), dried over
MgS0,, and solvent removed under reduced pressure. The crude product was washed
with an Et,O/ethy! acetate mixture (3:1, 15 ml) to give the title compound (0.51 g, 50
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%) as a white powder.
IH NMR (CDCl,) 8: 7.5 (d, 2H, J= 8Hz), 7.28 (d, 2H, I = 8Hz), 7.01 (d, 1H, J=
1Hz), 6.99 (d, 1H, J= 1Hz), 4.78 (s, 2H), 2.35 (s, 3H).
b. 4-Methoxy-4-[3-[4-(2-methylimidazol-1-yDbenzyloxy]phenyl]-3,4,5,6-tetra-
hydro-2H-pyran

The tit# compound was prepared from 4-(2-methylimidazoi- 1-yl)benzyl alcohol
and 4-(3-hydroxyphenyl)-4-methoxy-3,4,5,6-tetrahydro-2F-pyran according to the
procedure described for 4-[3-[4-(1-imidazolyl)brnzyloxy]phenyl]-4-methoxy-3,4,5,6-
tetrahydro-2H-pyran. {Example 1)
m.p.: 135.5-137 °C
IR (KBry cm™': 1520, 1416, 1248, 1073.
'H NMR (CDCly) 8: 7.57 (d, 2H, J= 8Hz), 7.30-7.36 (m, 3H), 7.00-7.07 (m, 4H),
6.93 (ddd, 1H, J= 8, 3, 1Hz), 5.14 (s, 2H), 3.82-3.91 (m, 4H), 2.98 (s, 3H), 2.38
(s, 3H), 1.92-2.09 (m, 4H).

Example 3

4-Methoxy-4-{3-[4-(4-methylimidazol-1-yDbenzyloxyjphenyl]-3.4,5,6-tetrahydro-

2H-pyran
The title compound was prepared using 4-methylimidazole and 4-fluorobenz-

aldehyde according to the procedure as described for 4-methoxy-4-[3-[4-(2-
methylimidazol-1-yl)benzyloxy)phenyl]}-3,4,5,6-tetrahydro-2 H-pyran (Example 2).
m.p.: 120-121 °C

IR (KBr) ecm’l: 1525, 1251, 1076.

IH NMR (CDCly) 6: 7.76 (d, IH, J= IHz), 7.55 (d, 2H, J= 9Hz), ~.39 (d, 2H, )=

9Hz), 7.32 (t, IH, = 8Hz), 7.00-7.26 (m, 3H), 6.91 (dd, i1, J= 8, 2Hz), 5.11 (s,
2H), 3.82-3.87 (im, 4H), 2.98 (s, 3H), 2.31 (s, 3H), 1.92-2.04 (m, 4H).

Example 4
4-Methoxy-4-[3-[4-(2-phenylimidazol-I-yDbenzyloxylpheny!l-3.4,5.6-tetrahydro-
2H-pyran
a. 4-(2-Pheaylimidazol-1-yl)benzonitrile

A mixture of 4-fluorobenzonitrile (3.63 g, 30 mmol), 2-phenylimidazoie (3.72
g, 30 mmoly and anhydrous K,CO; (4.15 g, 30 mmol) in dry DMSO (30 ml) was

LT
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heated at 100 °C for 20 hours under a nitrogen atmosphere. After cooling to room
temperature, the reaction mixture was poured into an ice-cold saturated aqueous NH,Cl
(100 ml) solution and the whole extracted with Et,O (150 ml x 2). The combined
extracts was washed with water (100 ml), brine (80 ml), dried over MgSQ, and solvent
removed under reduced pressure. The resultant residue was purified by column
chromatography (Si0,; dichloromethane:ethyl acetate:ethanol = 20:1:1) o afford title
compound (3.61 g, 49 %).
IR (KBr) cm™! @ 2220.
'H NMR (CDCl,) &: 7.74 (d, 2H, J= 8Hz), 7.27-7.38 (m, 8H), 7.20 (s, 1H).
b. 4-(2-Phenylimidazol-1-yl)benzyl alcohol

To a solution of 4-(2-phenylimidazol-1-yl)benzonitrile (3.2 g, 13 mmol) in
dichloromethane (30 ml) and toluene (20 ml) cooled to -78 °C was added dropwise
diisobutylaluminum hydride (13 mi, 13 mmol : 1.02M solution in toluene) under a
nitrogen atmosphere and the whole stirred at this temperature for 1.5 h. Saturated
aqueous NH,Cl solution (20 ml) was then added carefully to the reaction mixture, and
the whole allowed to warm to room temperature. The resulting gelatinous mixture was
filtered through a pad of celite, washing with ethyl acetate (200 ml), The filtrate was
washed with 0.3 N HCI solution (100 ml), water (200 ml) and brine (100 ml), and the
organic layer dried over MgSG,. Removal of solvent under reduced pressure provided
crude product (2.5 g) which was dissoived in methanol (30 ml) and cooled to 0 °C.
NaBH, (0.3 g, 8 mmol) was added in portions and the reaction mixture stirred for 30
min. Saturated aqueous NH,CI solution (30 ml) was added to the reaction mixture and
the whole extracted with ethyl acetate (20 ml x 3). The organic layer was washed with
water (10 mly, brine (10 ml), dried over MgSO, and solvent removed under reduced
pressure. The resultant crude product was washed with ethyl acetate (35 ml) to give
the title compound (0.81 g, 25 %) as a white powder.
'H NMR (CDCl;) &: 7.37-7.41 (m, 4H), 7.18-7.29 (im, 6H), 7.15 (t, 1H, J=1Hz),
4.75 (s, 2H), 2.6 (br, tH).
c. 4-Methoxy-4-[3-[4-(2-phenylimidazol-1-yl)benzyloxylphenyl]-3,4,5,6-tetra-

hydro-2H-pyran
The title compound was prepared in a manner similar to that described for 4-
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methoxy-4-[3-[4-(2-methylimidazol-1-yl)benzyloxy]phenyl}-3,4,5,6-tetrahydro-2H-

pyran. (Example 2)

m.p.: 117-117.5 °C

IR (KBr) cm’}: 1519, 1468, 1418, 1310, 1249, 1070, 706.

'H NMR (CDCly) 8: 7.49 (d, 2H, J= 9Hz), 7.38-7.42 (m, 2H), 7.32 (t, I1H, J=

8Hz), 7.23-7.30 (m, 6H), 7.16 (d, 1H, J= IHz), 7.00-7.05 (m, 2H), 6.91 (dd, 1H,

J= 9, 2Hz), 5.12 (s, 2H), 3.82-3.91 (m, 4H), 2.98 (s, 3H), 1.92-2.09 (m, 4H).
Example 5

4-Methoxy-4-[3-[4-(4-phenylimidazol-1-yhbenzyloxy]phenyll-3.4,5,6-tetrahydro-

2H-pyran

The title compound was prepared from 4-phenylimidazole and 4-fluorobenz-
aldehyde according to the general procedure described for 4-methoxy-4-[3-[4-(2-
methylimidazol-i-yl)benzyloxy]phenyi]-3,4,5,6-tetrahydro-2H-pyran (Example 2).
m.p.: 98-100.5 °C
IR (KBr) cm™: 1526, 1487, 1256, 1072.

'H NMR (CDCly) 8: 7.91 (d, IH, }= 1Hz), 7.85 {dd, 2H, = 7, 1Hz), 7.60 (d, 2H,
J= 8Hz), 7.58 (s, 1H), 7.28-7.50 (m, 6H), 7.06 (d, IH, J= 2Hz), 7.02 (d, 1H, J=
8Hz), 6.92 (dd, 1H, J= 8, 2Hz), 5.14 (s, 2H), 3.83-3.87 (m, 4H), 2.99 (s, 3H), 1.92-
2.09 (m, 4H).

Example 6

4-

tetrahydro-2H-pyran

The tiie compound was prepared in a manner similar to Example 2, Part b, but
using 4-(5-fluoro-3-hydroxyphenyi)-4-methoxy-3,4,5,6-tetrahydro-2H-pyran as
starting material.
m.p.: 168-1€8.5 °C
IR (KBr) cm™!: 1590, 1520, 1416, 1138, 1072.
'H NMR (CDCly) 8: 7.56 (d, 2H, J= 8Hz), 7.34 (d, 2H, J= 8Hz), 7.04 (d, 1H, J=
1Hz), 7.01 (d, 1H, J= 1Hz), 6.83 (br s, 1H), 6.75 (ddd, 1H, J= 10, 2, 2Hz), 6.64
ddd, 1H, J= 10, 2, 2Ha)., 5.11 (s, 2H), 3.81-3.86 (m, 4H), 2.99 (s, 3H), 2.38 (s,
3H), 1.88-1.99 (m, 4H).
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Example 7

4-[3-[2-Fluoro-4-(2-methvlimidazol-1-yl) benzyloxylphenyl]-4-methoxy-3.4,5,6-

tetrahydro-2H-pyran

The title compound was prepared in a manner similar to Example 2 using ethy}
2,4-difluorobenzoate and 2-methylimidazole as starting materials.
m.p.: 121-122 °C
IR (XKBr) cmt: 1585, 1515, 1299, 1249, 1073, 900.
IH NMR (CDCl;) é: 7.67 (dd, 1H, J= 8, 8Hz), 7.34 (dd, 1H, J= 8, 8Hz), 7.15 (dd,
1H, J= 8, 2Hz), 7.01-7.11 (m, SH}, 6.94 (dd, IH, J=8, 3Hz), 5.19 (s, 2H), 3.83-
3.91 (m, 4H), 2.99 (s, 3H), 2.40 (s, 3H), 1.92-2.10 (m, 4H).

The compounds of Examples 8 to 24 were prepared in analogous fashion tc
Examples 1 to 7, using the appropriate starting materials. In some instances, the
product was converted into the hydrochloride salt after isolation.

Example .8
4-Methoxy-4-[3-[4-(2-benzylimidazol-1-ylbenzyloxylphenyl]-3.4,5,6-tetrahydro-2 H-

pyran
m.p.; oil
IR (KBr) cm’': 2955, 1606, 1586, 1519, 1485, 1437, 1306, 1260, 1079.
'H NMR (CDCly) 6: 7.74-6.85 (m, I5H), 5.12 (s, 2H), 4.03 (s, 2H), 3.94-3.76 (m, |
4H), 2.98 (s, 3H), 2.10-1.89 (m, 4H).

Example 9

pyran

m.p.: oil

IR (neat) cm™!: 1519, 1429, 1306, 1255, 1073.

IH NMR (CDCl,) 8: 7.57 (d, 2H, J= 8Hz), 7.33 (dd. 1H, J= 8, 8Hz), 7.32 (d, 2H,

J= 8Hz), 7.07 (d, 1H, J= IHz), 7.06 (d, IH, J= 3Hz), 7.02 (d, 1H, J= 8Hz), 6.98

(d, 1H, J= 1Hz), 6.93 (ddd, 1H, J= 8, 3, 1Hz), 5.14 (s, 2H), 3.82-3.88 (m, 4H),

2.98 (s, 3H), 2.67 (g, 2H, J= 8Hz), 1.92-2.09 (m, 4H), 1.26 (t, 3H, J=8Hz).
Example 10
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4-Methoxy-4-[3-[3-methyi-4-(2-methylimidazol-1-yDbenzyloxylphenyl}-3.4,5.6-
tetrahydro-2H-pyran

m.p.: 121.5-122 °C

IR (neat) cm™}: 1584, 1305, 1251, 1072.

TH NMR (CDCly) 8: 7.44 (s, 1H), 7.38 (d, IH, J= 8Hz), 7.33 (dd, 1H, J= 8, 8Hz),
7.21 (d, 1H, J= 8Hz), 7.06-7.07 (m, 2H), 7.02 (d, 1H, J= 8Hz), 6.93 (dd, 1H, J=
8, 2Hz), 6.86 (d, 1H, J= 1Hz), 5.10 (s, 2H), 3.82-3.88 (in, 4H), 2.99 (s, 3H), 2.19
(s, 3H), 2.08 (s, 3H), 1.97-2.04 (m, 4H).

Example 11

ridin-2-vllimidazol-1-yl)benzvlox

tetrahydro-2H-pyran

m.p.: 103-105 °C

IR (neat) cm™!: 3360, 1598, 1515, 1455, 1267.

'H NMR (CDCly) 6: 8.32 (d, 1H, J= 4Hz), 7.92 (d, 1H, J= 8Hz), 7.70 (dd, 1H,
J= 1.8, 8Hz), 7.47 (d, 2H, J = 8.4Hz), 7.39-7.24 (m, 4H), 7.21-7.11 (m, 2H), 7.08-
6.98 (m, 2H), 6.96-6.87 (m, 1H), 5.12 (s, 2H), 3.94-3.77 (m, 4H), 2.98 (s, 3H),
2.10-1.90 (m, 4H).

Example 12

4-13-[3-Fluoro-4-(2-methylimidazol-1-yl)benzyloxylphenyl]-4-methoxy-3,4,5.6-

tetrahydro-2H-pyran
MW 396.46

mp: 101.5-102 °C

IR (KBr) : 1584, 1524, 1434, 1304, 1351, 1073 cm’!

JH NMR (CDCly) &: 7.41-7.29 (m, 4H), 7.07 (d, J=1Hz, 1H), 7.05-7.02 (m, 2H),
6.96 (br, 1H), 6.91 (dd, J=7, 3Hz, 1H), 5.13 (s, 2H), 3.91-3.82 (m, 4H), 2.99 (s,
3H), 2.31 (s, 3H), 2.1-1.9 (m, 4H).

Example 13
4-[5-Fluoro-3-[2-fluore-4-(2-methylimidazol- -yl benzyloxy]phenyl]-4-methoxy-
3.4,5.6-tetrahydro-2H-pyran
MW: 414.46
mp: 133.5-134 °C
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IR (KBr) : 1622, 1593, 1515, 1139, 1072, 1039 cm"’
IH NMR(CDCly) 6: 7.64 (dd, J=8, 8Hz, 1H), 7.15 (dd,J=8, 2Hz, 1H), 7.10 (dd,
J=10, 2Hz, 1H), 7.05 (d, J=2Hz, 1H) 7.01 (d, J=2Hz, 1H), 6.85 (br, 1H), 6.76 (d,
J=10Hz, 1H, ), 6.65 (ddd, J=10, 2, 2Hz, 1H), 5.16 (s, 2H), 3.9-3.8 (m, 4H), 3.00
(s, 3H), 2.40 (s, 3H), 2.1-1.8 (m, 4H).

Example 14

4-13-[4-Fluoro-2-(2-methylimidazol-1-yDbenzyloxylphenyl]-4-methoxy-3,4,5,6-
tetrahydro-2H-pyran
MW: 396.46
mp: oil
IR (neat) : 1612, 1603, 1508, 1253, 1217, 1073 ¢cm*!
'H NMR (CDCl,) &: 7.69 (dd, J=9, 4Hz, tH), 7.3-7.2 (m, 2H), 7.1-6.9 (m, 4H),
6.88 (t, J=2Hz, 1H), 6.73 (dd, J=8, 2Hz, 1H), 4.70 (s, 2H), 3.9-3.8 (m, 4H), 2.95
(s, 3H), 2.25 (s, 3H), 2.1-1.8 (m, 4H).

Example 15

3.4.5,6-tetrahydro-2H-pyran hvdrochloride

MW: 467.37

mp: 204-205 °C

IR (KBr) : 1613, 1602, 1441, 1303, 1146, 1039 cm™*

'H NMR (CDCl,) é: 7.89 (d, J=8Hz, IH), 7.51 (br, 1H), 7.45 (d, J=1Hz, 1H), 7.40
(d, J=8Hz, 1H), 7.20(d, J=1Hz, 1H), 6.87 (br, IH), 6.79 (ddd, =10, 2, 2Hz, 1H),
6.65 (ddd, 1=10, 2, 2Hz, 1K), 5.22 (s, 2H), 3.9-3.8 (m, 4H), 3.02 (s, 3H), 2.80 (s,
3H), 2.0-1.8 (m, 4H).

Example 16

tetrahydro-2H-pyran hydrochlorvide

MW: 449.38

mp: 224-225 °C

IR (KBr) : 1606, 1305, 1243, 1066, 1046, 1038, 755 cm*

'H NMR(CDCL,) 8: 7.93 (d, J=8Hz, 1H), 7.48 (d, J=2Hz, I1H), 7.45 (d, J=2Hz,
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1H), 7.4-7.3 (m, 2H), 7.19 (d, J=2Hz, IH), 7.1-7.0 (m, 2H), 6.94 (dd, J=8, 2Hz,
1H), 5.25 (s, 2H), 3.9-3.8 (m, 4H), 3.01 (s, 3H), 2.79 (s, 3H), 2.1-1.9 (m, 4H).

Example 17
4-[5-Fluoro-3-[2-methyl-4-(2-methylimidazol-1-yl)benzyloxylphenyll-4-methoxy-

3.4,5,6-tetrahydro-2 H-pyran hydrochloride

MW: 446.95

mp: 207-208 °C

IR (KBr) : 1624, 1591, 1528, 1439, 1151, 1073 cm"!

IH NMR (CDCl,) 8: 7.70 (d, J=9Hz, 1H), 7.42 (d, }=2Hz, 1H), 7.3-7.2 (m, 2H),
7.17 (d, J=2Hz, 1H), 6.85 (br, 1H), 6.87 (ddd, J=9, 2, 2Hz, 1H), 6.65 (ddd,
J=10,2,2Hz, 1H), 5.10 (s, 2H), 3.9-3.8 (m, 4H), 3.02 (s. 3H), 2.76 (s, 3H), 2.49 (s,
3H), 2.0-1.8 (m, 4H).

Example 18

mp: 198.5-199.5 °C
IR (KBr) : 1595, 1314, 1176, 1141, 1125, 1062 cm"

IH NMR(CDCLy) 6: 8.11 (d, J=9Hz, IH), 7.78 (br, 2H), 7.48 (d, J =2Hz, |H), 7.24
(d, J=2Hz, 1H), 6.85 (br, 1H), 6.80 (d, J=10Hz, 1H), 6.6] (ddd, J=10, 2, 2Hz,
1H), 5.34 (s, 2H), 3.9-3.8 (m, 4H), 3.01 (s, 3H), 2.81 (s, 3H), 2.0-1.8 (m, 4H).

Example 19

-yD-2-trifluoromethylbenzylox

4-Methoxy-4-[3-[4-(2-methylimidazol-1

3,4.5,6-tetrahydro-2H-pyran hydrochloride

MW: 482.93

mp: 213-215 °C

IR (KBr) : 1442, 1315, 1172, 1123, 1065, 1054 cm-!

IH NMR (CDCly) 6: 8.15 (d, J=8Hz, IH), 7.8-7.6 (m, 2H), 7.48 (d, J=2Hz, 1H),

7.35 (dd, J=8,8Hz, 1H), 7.23(d, ]=2Hz, 1H), 7.1-7.0 (m, 2H), 6.90 (dd, ] =7, 3Hz,

1H), 5.37 (s, 2H), 3.9-3.8 (m, 4H), 3.00 (s, 3H), 2.80 (s, 3H), 2.1-1.9 (m, 4H).
Example 20
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4-12.4-Difluoro-3-[4-(2-methyvlimidazol-1-yhbenzvloxylphenyl}-4-methoxy-

3.4.5,6-tetrahydro-2H-pyran hydrochloride

MW: 450.92

mp: 174.5-175.5 °C

IR (KBr) : 1606, 1498, 1455, 1444, 1281, 1094, 1023, 818 cm"!

IH NMR(CDCL) é: 7.75 (d, J=8Hz, 2H), 7.5-7.4 (m, 3H), 7.20 (d, J=2Hz, 1H),
7.09-6.91 (m, 2H), 5.25 (s, 2H), 3.9-3.8 (m, 4H), 3.05 (s, 3H), 2.76 (s, 3H), 2.2-2.1
(m, 4H).

Example 21

4-[5-Fluoro-3-[2-methoxy-4-(2-methylimidazol-1-yl)benzyloxylphenyll-4-methoxy-

3.4.5.6-tetrahydro-2H-pyran hydrochloride

MW: 462.95

mp: 197.5-198.5 °C

IR (KBr) : 1612, 1590, 1440, 1329, 1242, 1150, 1042 cm"!

IH NMR (CDClL) é: 7.70(d, J=7Hz, 1H), 7.42 (br, 1H), 7.21 (d, J=2Hz, 1H), 7.1-
6.9 (m, 2H), 6.86 (br, 1H), 6.75 (d, J=9Hz, 1H), 6.64 (d, J=10Hz, 1H), 5.14 (s,
2H), 3.97 (s, 3H), 3.9-3.8 (m, 4H), 3.01 (s, 3H), 2.79 (s, 3H), 1.9-2.0 (m, 4H).

Example 22

tetrahydro-2H-pyran hydrochloride
MW: 446.95
mp: 210-211 °C
IR (KBr) : 1624, 1596, 1523, 1148, 1073, 1038 cm!
'"H NMR(CDCl,) 8: 7.71 (d, J=8Hz, 2H), 7.47 (d, J=2Hz, 1H), 7.42 (d, J=8Hz,
2H), 7.15 (d, }=2Hz, 1H), 6.85 (br, 1H), 6.77 (ddd, ] =10, 2, 2Hz, 1H), 6.63 (ddd,
1=10, 2, 2Hz, 1H), 5.17 (s, 2H), 3.9-3.8 (m, 4H), 3.06 (q, J=8Hz, 2H), 3.01 (s,
3H), 2.0-1.9 (m, 4H), 1.41 (t, J=8Hz, 3H).

Example 23
4-[2,5-Difluore-3-{4-(2-methylimidazol-1-yl)benzyloxylphenyl}-4-methoxy-

3,4.5,6-tetrahydro-2H-pyran hydrachloride
MW: 450.92
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mp; 228-231 °C (dec.)
IR (KBr) : 1527, 1484, 1335, 1103, 853, 771 cm*
'H NMR (CDCly) é6: 7.73 (d, J=8Hz, 2H), 7.43 (d, J=8Hz, 2H), 7.43 (d, J=2Hz,
1H), 7.19 (d, J=2Hz, 1H), 6.8-6.7 (m, 2H), 5.20 (s, 2H), 3.9-3.8 (m, 4H), 3.12 (s,
3H), 2.77 (s, 3H), 2.3-2.0 (m, 4H).

Example 24

4-[6-Fluoro-2-[4-(2-methylimidazol-1-yl)benzyloxylphenyl}-4-methoxy-3,4,5,6-

tetrahydro-2H-pyran
MW: 396.46

mp: 149-150.5 °C

IR (KBr) : 1606, 1518, 1454, 1418, 1304, 1282, 1071 cm"!

'TH NMR (CDCly) 6: 7.62 (d, J=9Hz, 2H), 7.33 (d, J=8Hz, 2H), 7.23 (ddd, i=8,
8, 6Hz, 1H), 7.04 (d, J=2Hz, 1H), 7.02 (d, J=2Hz, IH), 6.79 (d, } =8Hz, 1H), 6.73
(ddd, J=13, 8Hz, LH), 5.17 (s, 2H), 4.0-3.9 (m, 2H), 3.8-3.7 {m, 2H), 3.12 (s, 3H),
2.5-2.4 (m, 2RH), 2.39 (s, 3H), 2.4-2.3 (m, 2H).

Example 23

S.6-tetrahydro-2 H-pyran
4-(5-Fluoro-3-hydroxyphenyl)-4-methoxy-3.4,5,6-tetrahiydro-2H-pyran ~ was

obtained as described in EP 0 385 662 A2, as a white solid.
mp: 130 - 132 °C
IH NMR (CDCly) 3: 6.70-6.61 (m, 2H), 6.50 (dt, J = 10 and 2 Hz, 1H), 6.30 (s,
1H), 3.88-3.84 (m, 4H), 3.02 (s, 3H), 2.05-1.90 (m, 4H).
IR (KBr) : 3250, 1620, 1610, 1440, 1320, 1130 cm"!
Elementat Anal: C,,H;sFO;
Calc. C 63.70; H 6.70 %
Found C 63.72; H 6.83 %
a. Ethyl 4-(2-methylimidazol-1-yl)benzoate
A mixture of 2-methylimidazole (50 g, 0.6 mol), ethyl 4-fluorobenzoate (100
g, 0.6 mol) and potassium carbonate (415 g, 3 mol) in dry DMSO (1.5 1) was heated

at 120 °C for 66 hours under a nitrogen atmosphere. After cooling to room
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temperature, the reaction mixture was poured into ice-cold water (1 1), and extracted
with Et,O (750 ml x 2). The organic phase was washed with water (500 ml) and brine
(500 ml), dried (MgSQ,) and evaporated. The residual solid was recrystallized from
ethyl acetate-hexane to give ethyl 4-(2-methylimidazol-1-yl)benzoate (47 g, 33%) as
yellow needles.
mp: 72-73 °C
'H NMR (CDCly) &: 8.22-8.12 (m, 2H), 7.43-7.33 (m, 2H), 7.10-6.99 (m, 2H),
4.42 (q,J = 7 Hz, 2H), 2.42 (s, 3H), 1.43 (t, ] = 7 Hz, 3H).

IR (KBr) : 1720, 1610, 1520, 1420, 1280 cm’!
Elemental Anal: Cy3H4N50,
Calc. C 67.80; H 6.10; N 1220 %
Found C 6797; H 6.17, N 1220 %
b. 4-(2-Methylimidazol-1-yl)benzyl alcohol

To a solution of ethyl 4-(2-methylimidazol-1-yl)benzoate (46 g, 0.2 mol) in dry
CH,Cly (1 1) cooled to -75 °C under a nitrogen atmosphere was added diisobutyl-
aluminum hydride (540 ml, 0.93 M in hexane) carefully over 30 minutes and then the
mixture allowed to warm slowly to ambient temperature. After stirring for 5 hours
the reaction mixture was cooled in an ice-bath and methanol (30 ml) carefully added.
A 30% aqueous solution of Rochelle’s salt (500 ml) was then added and the mixture
stirred at ambient temperature for 16 hours. Insolubles (essentially product) were
removed by filtration and the organic phase separated and washed with water (500 ml),
dried (MgSO,) and evaporated. The combined resultant solids were recrystallized from
ethanol (ca 300 mi) to afford 4-(2-methylimidazol- I-yl)benzyl aicohol (35.6 g, 95%)
as-white needles.
mp: 167-168 °C
'H NMR (DMSO-dg) &: 7.50-7.33 (m, 4H), 7.25 (d, ] = 1.5 Hz, 1H), 6.90(d, ]
= 1.1 Hz, 1H), 5.33(t,] = 6 Hz, 1H}, 4.56(d, ] = 6 Hz, 2H), 2.27 (s, 3H).
IR (KBr) : 3200, 1520, 1420, 1520, 1310, 1060 cm!
Elemental Anal: C; H3N,0
Calc. C 70.20; H 6.40; N 1490 %
Found C 70.12; H 641; N 1481 %
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¢c. 4-(2-Methylimidazol-1-yl)benzyl chloride hydrochloride

4-(2-Methylimidazol-1-yl)benzyl alcohol (1.28 g, 6.8 mmol) in SOCI, (5 ml) was
stirred at ambient temperature for 30 minutes and then volatiles removed under reduced
pressure. The resultant crude product was washed with minimal dry Et,0 and dried
in vacuo to afford 4-(2-methylimidazol-1-yl)benzy! chloride hydrochloride (1.65 g,
quant.) as white solids.
for free base;
TH NMR (CDCly) &: 7.56-7.47 (m, 2H), 7.34-7.25 (m, 2H), 7.03 (s, 1H), 7.00 (s,
1H), 4.65 (s, 2H), 2.37 (s, 3H).
d. 4-[5-Fluoroe-3-[4-(2-methylimidazol-1-yl)benzyloxy]phenyl}-4-methoxy-3,4,5,6-
tetrahydro-2H-pyran

A mixture of 4-(5-fluoro-3-hydroxyphenyl)-4-methoxy-3,4,5,6-tetrahydro-2H-
pyran (1.4g, 6.8 mmol), 4-(2-methylimidazol- 1-yl)benzyl chloride hydrochloride (1.65
g, 6.8mmol) and potassium carbonate (7.2 g, 68 mmol) in dry DMF (10 ml) was
stirred at 120 °C for 2 hours. The mixture was poured into water (100 ml) and
extracted with ethyl acetate - benzene (300 ml, 2:1 v/v). The organic phase was
washed with water (100 mij, brine (100 ml), dried (MgSO,) and evaporated. Purifica-
tion of the residual yellow solids by column chromatograghy on silica gel (100 g)
eluting with CH,Cly/methanol = 10:1 and recrystallization from ethyl acetate-hexane
gave 4-[5-fluoro-3-[4-(2-methylimidazol-1-yl)benzyloxylphenyl]-4-methoxy-
3,4,5,6-tetrahydro-2H-pyran (1.0 g, 39%) as off-white solids.
mp: 168-168.5 °C
'H NMR (CDCly) 6: 7.56 (d,J = 8 Hz, 2H), 7.34 (d, J = 8Hz, 2H), 7.04 (d, ]
= 1 Hz, 1H), 7.01 (d,J = | Hz, 1H), 6.83 (br. s, 1H), 6.75 (ddd, J = 10, 2 and
2 Hz, 1H), 6.64 (ddd, J = 10, 2 and 2 Hz, IH), 5.11 ¢s, 2H). 3.86-3.81 (m, 4H),
2.99 (s, 3H), 2.38 (s, 3H). 1.99-1.88 (m, 4H).
IR (KBr) : 1590, 1520, 1416, 1138, 1072 cm’
Elemental Anal: C53H,5FN,0O4
Calc. C 69.68;, H 6.36; N 7.07, F 479 %
Found C 69.62; H 6.39; N 7.02; F 462 %
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The compounds of Examples 26 to 40 were prepared from appropriate
imidazolylbenzyl chlorides and phenols according to the general procedure of Example
25, Part d. In some instances, the product was further converted into its hydrochloride
salt.
Example 26

4-[5-Fluoro-3-[4-(2-isoprepylimidazol-1-yhbenzyloxy]pheny}]-4-methoxy-3.4,5,6-

tetrahydro-2H-pyran hydrochloride

MW: 460.97

mp: 140-143 °C

IR (KBr) : 1620, 1590, 1520, 1300, 1150 cm™!

'H NMR(DMSO-dy) é: 7.86(d, j=2.2Hz, IH), 7.83(d, J=2.2Hz, 1H), 7.74(d,

J=8.4Hz, 2H), 7.68(d, J =8.4Hz, 2H), 6.95-6.77(m, 3H), 5.28(s, 2H), 3.78-3.5%(m,

4H), 3.15-3.00(m, 1H), 2.89(s, 3H), 2.00-1.80(m, 4H), 1.31(d, J=7.0Hz, €H).
Example 27

tetrahydro-2 H-pyran hydrochloride

MW: 460.97
mp: 142-146 °C
IR (KBr) : 1620, 1590, 1530, 1440, 1290, 1140 cm"!
'H NMR (DMSO-d) 8: 7.89(d, J=1.8Hz, 1K), 7.82(d, } =2.2Hz, 1H), 7.88-7.63(m,
&H), 6.95-6.77(m, 3H), 5.27(s, 2H), 3.77-3.59(m, 4H), 2.89(s, 3H), 2.86(t, J=7.7Hz,
JH), 2.00-1.80(m, 4H), 1.70-1.52(m, 2H), 0.79(t, } =7.3, 3H).

Example 28
4-[2,3-Difbzoro-5-[4-(2-methylimidazol-1-yhbenzyloxy]lphenyl]-4-methoxy-

3.4.5.6-tetrahydro-2H-pyran hydrochloride

MW: 450.92

mp: >200 °C

IR (KBr): 1600, 1520, 1480, 1220, 880 cm’}

'H NMR(DMSO-dg) 6: 7.90(d, J=1.8Hz, [H), 7.79(d, J=1.8Hz, IH), 7.77-7.62¢{m,
4H), 7.26-7.15(m, 1H), 6.84-6.75(m. 1H), 5.24(s, 2H), 3.79-3.60(m, 4H), 2.98(s,
3H), 2.54(s, 3H), 2.10-1.90(m, 4H).
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Example 29

4-[2-Fluoro-5-[4-(2-methvlimidazol-1-yl) benzyvloxvlphenyl]-4-methoxy-3,4,5,6-

tetrahydro-2H-pvran hydrochloride
MW: 432.93
mp: >200 °C
IR (KBr) : 1600, 1580, 1520, 1480, 1060, 1050, 870 cm"’
'H NMR(DMSO-dy) &: 7.89(d, J=2.2Hz, 1H), 7.79(d, }=2.2Hz, 1H), 7.76-7.6Z(m,
4H), 7.14(dd, J=8.8, 11.7Hz, 1H), 7.07-6.91(m, 2H), 5.22(s, 2H), 3.78-3.60(m, 4H),
2.95(s, 3H), 2.55(s, 3H), 2.10-1.90(m, 4H).
Example 30

4-[2.6-Difluoro-3-[4-(2-methvlimidazol-1-yDbenzvloxy]phenvil-4-methoxy-

3.4,5,6-tetraliydro-2H-pyran

MW: 414.45

mp: oil

IR (film) : 2950, 1580, 1480, 1420, 1300, 1250 cm™’

'H NMR (CDCly) & 7.57(d, J=8.4Hz, m, 2H), 7.33(d, J=8.4Hz, 2H), 7.04(d,
J=1.5Hz, 1H), 7.01(d, J=1.5Hz, 1H), 6.97(ddd, 4.8, 8.8, 8.8Hz, 1H), 6.88-6.75(m,
1H), 5.13(s, 2H), 4.00-3.70(m, 4H), 3.13(s, 3H), 2.37(s, 3H), 2.40-2.20(m, 4H).

Example 31

4-[2-Fluoro-3-[4-(2-methvlimidazol-1-vl)benzvloxylphenyl}-4-methoxy-3,4.5.6-

tetrahydro-2H-pyran

MW: 396.46

mp: oil

IR (film) : 1520, 1460, 1420, 1270, 1070 cm!

'H NMR (CDCl,) é: 7.62-7.54(m, 2H), 7.38-7.29(m, 2H), 7.12-6.92(m, 5H), 5.18(s,
2H), 3.98-3.78(m, 4H), 3.09(s, 3H), 2.38(s, 3H), 2.29-2.05(m, 4H).

This product was converted into its p-toluenesulfonate salt in a similar manner

to Example 43.
MW 568.67
mp: 170-171 °C
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IR (KBr) : 1620, 1530, 1480, 1280, 1240, 1160 cm™'
'H NMR (DMSO-dy) 8: 7.91(d, J=2.2Hz, 1H), 7.81-7.62(m, 5H), 7.52-7.43(m, 2H),
7.32-7.06(m 4H), 7,01-6.91(m, 1H), 5.28(s, 2H), 3.80-3.61(m, 4H), 2.95(s, 3H),
2.53(s, 3H), 2.28(s, 3H), 2.13-1.90(m, 4H).
Example 32

4-Methoxy-4-[4-[3-(2-methylimidazol-1-v) benzyloxylphenylj-3.4,5.6-tetrahydro-

2H-pyran
MW: 378.47
mp: 123-126 °C
IR (KBr) : 1610, 1507, 1230, 1183, 1072, 1008 cm™!
'H NMR (CDCl,) 8: 7.56-7.21(m, 6Hj, 7.06-6.93(m, 4H), 5.14(s, 2H), 3.94-3.75(m,
4H), 2.95(s, 3H), 2.34(s, 3H), 2.10-1.90(m, 4H).
Example 33
4-Methoxy-4-{4-[4-{2-methylimidazol-1-yDbenzyloxylphenyl]-3.4,5.6-tetrahydro-

2H-pyran

MW: 378.47

mp: 150-151 °C

IR (KBr) : 1610, 1520, 1510, 1420, 1305, 1245, 1210, 1075, 1000 cm!

IH NMR (CDCly) 8: 7.57(d, ]=8.4Hz, 2H), 7 "9-7.28(m, 4H), 7.06-6.95(m, 4H),

5.13(s, 2H), 3.95-3.75(m, 4H), 2.9&(s, 3B}, 2.38(s, 3H), 2.10-1.90(m, 4H).
Example 34

4-[5-Fluoro-3-[3-(2-methylimidazol-1-yl)benzyloxylphenyll-4-methoxy-3.4,5;8-

tetrahydro-2H-pyran

MV'; 396.46

mp: oil

IR (film) : 2960, 1595, ¥500, 1445, 1305 cm”!

'H NMR(CDCl,) 8: 7.58-7.44(m, 2H), 7.39(br s, 1H), 7.33-7.21(m, 1H), 7.08-
6.98(m, 2H), 6.86-6.56(m, 3H), 5.12(s, 2H), 3.93-3.73(m, 4H), 2.98(s, 3H), 2.36(s,
3H), 2.12-1.85(m, 4H).

Example 35
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3,4.5.6-tetrahydro-2H-pyran
MW: 450.44
mp: 96-98 °C
IR (KBr) : 1695, 1440, 1190, 1130 cm™
IH NMR (CDCly) & 7.57(d, J=8.8Hz, 2H), 7.41(d, J=8.4Hz, 2H), 7.24(d,
J=1.5Hz, 1H), 7.16(d, J=1.1, 1H), 6.85-6.60(m, 3H), 5.14(s, 2H), 3.90-3.80(m,
4H), 2.98(s, 3H), 2.05-1.85(m, 4H).
Example 36

tetrahydro-2H-pyran hydrochloride

MW: 446.95

mp: 195-197 °C

IR (KBr) : 3235, 2905, 2870, 1621, 1593, 1516, 1417, 1382, 1335, 1299, 1145 cm!
'H NMR (DMSO-dg) 8: 7.87(d,J = 1.8 Hz, 1H), 7.77(d, } = 21.8 Hz, 1H), 7.71(d,
} = 8.4 Hz, 2H), 7.68(d, ] = 8.4 Hz, 2H), 6.92-6.77(m, 3H), 5.26(s, 2H), 3.70-
3.65(m, 4H), 3.02(q, } = 7.0 Hz, 2H), 2.56(s, 3H), 1.97-1.81(m, 4H), 1.05(t, J =

7.0 Hz, 3H).
Example 37
4-[5-Fluoro-3-[4-(2-methylimidazol-1-yl)benzvioxviphenyl]l-4-hydroxy-3.4,5.6-

tetrahydro-2H-pyran

MW: 382.44

mp: 160-191 °C

IR (KBr) : 3235, 2905, 2870, 1621, 1593, 1516, 1417, 1382, 1335, 1299, 1145cm.
IH NMR (CDCl,) é: 7.57:7.53(m, 2H), 7.35-7.31(m, 2H), 7.02(d, ] = 1.5 Hz, 1H),
7.01(d, J = 1.5 Hz, 1H), 6.96(m, 1H), 6.85(ddd, & = 1.5, 2.2, 9.5 Hz, 1H),
6.63(ddd, J = 2.2, 2.6, 9.9 Hz, IH), 5.11(s, 2H), 3.99-3.83(m, 4H), 2.37(s, 3H),
2.21.2.08(m, 2H), 1.97(br s. 1H), 1.70-1.61(m, 2H).

Example 38

tr o0-2 H-pyran hydrochloride

MW: 448.99
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mp: 216.0-217.0 °C
IR (KBr) : 2600, 1620, 1590, 1530, 1430, 1140 cm™!
'H NMR (DMSO-d¢) 6: 7.89 (d, ] = 2.2 Hz, 1H), 7.78 (d, } = 2.2 Hz, 1H), 7.74
(d, J = 8.4 Hz, 2H), 7.66 (d, ) = 8.4 Hz, 2H), 6.89 (s, 2H), 6.85 (d, J = 1.8 Hz,
1H), 5.26 (s, 2H), 3.85-3.75 (m, 2H), 3.62-3.53 (m, 2H), 2.54 (s, 3H), 2.14-2.05 (m,
4H), 1.63 (s, 3H).

Example 39

4-[5-Fluoro-3-[4-(2-methylimidazol-1-yhbenzyloxy]phenyl]l-4-methylsulfinyl-
3.4,5.6-tetrahydro-2 H-pyran hydrochloride
MW: 464.99

mp: 175.1-175.9 °C
52 (KBr) : 2600, 1620, 1600, 1590, 1530, 1150, 1055, 1030, 950 cm™!
'H NMR (DMSO-dg) &: 7.89 (d, J = 1.8 Hz, 1H), 7.78 (s, 1H), 7.74 (d, ] = 8.2
Hz, 2H), 7.67 (d, J = 8.2 Hz, 2H), 7.02 (d, }= 11.0 Hz, 1H), 6.95-6.87 (m, 2H),
5.29 (s, 2H), 3.92 (d, J= 11.6 Hz, 1H), 3.80 (d, J= 11.6 Hz, 1H), 3.40-3.18 (m,
2H), 2.55 (s, 3H), 2.38-2.20 (m, 2H), 2.19-1.96 (m, 2H), 1.91 (s, 3H).

Example 40

4-(2-methylimidazol-1-ybenz

4-[S-Fluoro-3-
tetrahydro-2H-pyran hydrechloride

MW: 480.99

mp: 230.1-230.9 °C

IR (KBr) : 2850, 1625, 1590, 1530, 1330, 1300, 1290, 1270, 1140, 1130, 1100
-1

cm
IH NMR (DMSO-dg) 6: 7.87 (d,J = 2.2 Hz, IH), 7.78 (d, ] = 2.2 Hz, 1H), 7.75
(d, T = 8.4 Hz, 2H), 7.65 (d, J = 8.4 Hz, 2H), 7.11 (s, 1H), 7.07 (s, 2H), 5.29 (s,
2H), 3.89-3.82 (m, 2H), 3.18-3.02 (m, 2H), 2.67 (s, 3H), 2.62-2.48 (m, 2H), 2.54
(s, 3H), 2.29-2.14 (m, 2H).

Example 41

To a solution of 4-[5-fluoro-3-[4-(2-methylimidazol- 1-yl)benzyloxy]phenyl}-
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4-methoxy-3,4,5,6-tetrahydro-2H-pyran (0.5 g, 1.3 mmol) in dry CH,Cl, (5 ml) was
added "Hydrogen Chloride; Methanol Reagent 10" (4 ml, Tokyo Chemical Industries)
at ambient temperature. After stirring for 10 minutes solvent was removed under
reduced pressure. The crude product was recrystallized from isopropyl alcohol (4 ml) -
ethanol (3 ml) to give 4-[5-fluoro-3-[4-(2-methylimidazol-1-yl)benzyloxy]phenyi}-4-
methoxy-3,4,5,6-tetrahydro-2H-pyran hydrochloride (0.3 g, 55%) as white solids.
mp: 233-234 °C (dec.)

IH NMR (CDCly) 8: 7.71 (d, ] = 8 Hz, 2H), 7.43(d,J = 2 Hz, 1H), 7.42(d,]J
= & Hz, 2H), 7.19(d, ] = 2 Hz, IH), 6.84 (br. s, [H), 6.77 (ddd, J = 10, 2 and
2 Hz, 1H), 6.62 (ddd, J = 10, 2 and 2 Hz, 1H), 5.16 (s, 2H). 3.9-3.8 (m, 4H),
3.00 (s, 3H), 2.77 (s, 3H), 2.0-1.8 (m, 4H).

IR (KBr) : 1625, 1590, 1528, 1327, 1147 cm’!

Elemental Anal: C,3H,sFN,0; HCI

Calc. C 63.81; H 6.05, N 647, Cl 8.19; F 4.39 %

Found C 63.63; H 6.17;, N 6.42, CiI 8.18; F 4.32 %

Example 42

hydro-2H-pyran fumarate
To a solution of 4-[S-flupro-3-[4-(2-methylimidazol-1-yhbenzyloxy]lphenyl]- 4-

methoxy-3,4,5,6-tetrahydro-2H-pyran (150 mg, 0.38 mmol) in MeOH (3ml) was added
fumaric acid (44 mg, (.38 mmol). The resulting solution was concentrated in vacuo.
The residual solid was recrystallized from ethanol to afford 152 mg (77%) of 4-[5-
fluoro-3-[4-(2-methylimidazol- 1-yl)benzyloxy]phenyl]-4-methoxy-3,4,5,6-tetrahydro-2H- ﬁ
pyran fumarate as a white powder.

mp: 154-155 °C

IR (KBr) : 1626, 1595, 1529, 1392, 1290, 1144, 1075 c¢m!

iH NMR (DMSO-dy) 8: 7.62 (br d, J=8.4Hz, 2H), 7.49 (br d, J=8.4Hz, 2H), 7.31
(d, J=1.1Hz, 1H), 7.00-6.74 (m, 4H), 6.62 (s, 2H), 5.21 (s, 2H), 3.80-3.58 (m, 4H),

2.89 (s, 3#), 2.30 (s, 3H), 2.00-1.80 (m, 4H).
Example 43
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tetrahydro-2 H-pyran p-tolucnesulfonate
4-[5-Fluoro-3-[4-(2-methylimidazol-1-yl)benzyloxy]phenyl]-4-methoxy-3,4,5,6-

tetrahydro-2H-pyran p-toluenesulfonate was prepared in a similar manner to Example
42, employing p-toluenesuifonic acid instead of fumaric acid.
mp: 168-171 °C
IR (KBr) : 1625, 1595, 1530, 1220, 1190 cm™!
1H NMR (DMSO-d¢) 8: 7.90 (d, J=2.2Hz, 1H), 7.78 (d, }=2.2Hz, 1H), 7.74 (br d,
I=8.4Hz, 2H), 7.66 (br d, J=8.4Hz, 2H), 7.47 (br d, J=8.2Hz, 2H), 7.11 (br d,
J=7.THz, 2H), 6.95-6.75 (m, 3H), 5.26 (s, 2H), 3.80-3.60 (m, 4H), 2.89 (s, 3H),
2.52 (s, 3Hj, 2.28 (s, 3H), 2.00-1.80 (m, 4H).

Example 44
4-[5-Fluoro-3-[4-(2-methylimidazol-1-yhbenzvloxylphenyll-4-methoxy-3.4,5,6-tetra-

hydro-2H-pyran L-tartrate
4-[5-Fluoro-3-[4-(2-methylimidazol-1-yl)benzyloxy]phenyl}-4-methoxy-3,4,5,6-

tetrahydro-2H-pyran L-tartrate was prepared in a similar manner to Example 42,

employing L-tartrate instead of fumaric acid.

mp: 167-171 °C

IR (KBr) : 1614, 1528, 1439, 1300, 1075 cm’!

'H NMR (DMSO-dg) 5: 7.62 (br d, }=8.4Hz, 2H), 7.49 (br d, ] =8.4Hz, 2H), 7.32
(br s, 1H), 7.08-6.73 (m, 4H), 5.21 (s, 2H), 4.28 (s, 2H), 3.78-3.55 (m, 4H), 3.40
(br, 2H), 2.89 (s, 3H), 2.29 (s, 3H), 2.00-1.78 (m, 4H).

Example 45

4-Methoxy-4-[3-[4-(2-methylimidazel-1-
tetrahydro-2H-pyran
mp: 95.5-96 °C
IR (KBr) : 1518, 1421, 1303, 1070, 762 cm’!
IH NMR (CDCly) 8: 7.38 (d, J= 8Hz, 2H), 7.33-7.23 (m, 4H), 7.20 (d, I= 8§Hz,
2H), 7.02 (d, J= 1Hz, tH), 6.97 (d, J= 1Hz, 1H), 4.16 (s, 2H), 3.85-3.79 (m, 4H),
2.93 (s, 3H), 2.34 (s, 3H), 1.95-1.90 (m, 4H).
Example 46

4-Methoxy-4-(hydroxyphenyl)-3,4,5,6-tetrahydro-2H-pyran compounds listed



WO 94/29299 PCT/JP94/00836

10

15

20

25

30

-30-
below were prepared from the appropriate phenols, using standard methods, according
to the following reaction sequence:

(i) protection of the phenolic hydroxy group as its /-butyldimethylsilyl ether;

(ii) lithiation with sec-butyllithium or » outyllithium at -78 °C;

(iii) condensation with tetrahydro-4H-pyran-4-one;

(iv) methylation of the tertiary hydroxy group thus formed using sodium hydride
or n-butyllithium / methyl iodide; and

(v) removal of the silyl protecting group using tetrabutylammonium fluoride.

1. 4-(2.4-Difluoro-3-hydroxyphenvl)-4-methoxy-3,4.5.6-tetrahydro-2 H-pyran

Prepared from 2,6-difluorophenol.
MW: 244.26
'H NMR (CDCly) 8: 6.7-6.9 (m, 2H), 3.8-4.0 (m, 4H), 3.06 (s, 3H), 2.0-2.2(m,

4H).
2. 4-(2-Fluoro-3-hydroxyphenyl)-4-methoxy-3.4,5,6-tetrahydro-2H-pyran

Prepared from 2-fluorophenol.
MW: 226.27
'H NMR (CDCly) &: 7.07-6.92(m, 2H), 6.88-6.79(m, IH), 5.71(d, J=5.5Hz, 1¥),
4.00-3.78(m, 4H), 3.08(s, 3H), 2.27-2.02(m, 4H).
3. 4-(2-Fluore-5-hydroxyphenyl)-4-methoxy-3,4,5,6-tetrahydro-ZH-pyran

Prepared from 4-fluorophenol.
MW: 226.27
'H NMR (CDCl,) 8: 6.92(dd, J=8.4, 11.7Hz, 1H), 6.81(dd, J=2.9, 6.2Hz, 1H),
6.72(ddd, J=3.3, 3.3, 8.4Hz, 1H), 5.58(br s, IH), 3.99-3.78(m, 4H), 3.10(s, 3H),
2.26-2.03(m, 4H).
4. 4-(2.3-Difluoro-5-hydroxyphenyb-4-methoxy-3.4,5.6-tetrahydro-2 H-pyran
Prepared from 3,4-difluorophenol.
MW: 244.26
'H NMR (CDCl,) 6: 6.70-6.50(m, 2H), 3.98-3.76(m, 4H), 3.11(s, 3H), 2.25-2.00(m,
4H).
5. 4-(2.6-Difluoro-3-hydroxyphenyl)-d-methoxy-3,4.5.4 tetrahydro-2H-pyran

Prepared from 2,4-difluorophenol.
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MW: 244.26

'H NMR (CDCJ;) & 6.94(ddd, J=4.8, 9.2, 9.2Hz, 1H), 6.78(ddd, J=2.2, 9.2,
11.3Hz, 1H), 5.24(d, J=6.23Hz, 1H), 4.00-3.70(m, 4H), 3.13(s, 3H), 2.39-2.17(m,

4H).

6. 4-(4-Hydroxyphenyl)-4-methoxy-3.4.5.6-tetrahvdro-2H-pyran

Prepared from 4-bromophenol.
MW: 208.28
1H NMR (CDCl,) &: 7.30-7.21(m, 2H), 6.87-6.78(m, 2H), 5.45(s, 1H), 3.95-3.76(m,
4H), 2.95(s, 3H), 2.11-1.90(m, 4H).

Example 47

4-(3-Hydroxy-S-fluorophenyl)-d-methylisulfiny}-3,4,5,6-tetrahydro-2 H-pyran

To a stirred solution of 4-(3-hydroxy-5-fluorophenyl)-4-methylthio-3,4,5,6-
tetrahydro-2H-pyran (749 mg, 3.1 mmol)(EP 462830 A2 (1991)) in methanol-water
(1:1 v/v; 20 ml} cooled to 0 °C was added NalQ, (710 mg, 3.3 mmol), the ice bath
removed and the mixture stirred at room temperature for 2 hours. The reaction
mixture was poured into water (50 ml) and extracted with ethyl acetate (50 ml). The
organic extract was washed with water (50 ml), brine (50 ml), dried (MgSO,) and
concentrated in vacwo. The residual solids were purified by column chromatography
on silica gel (SiO,, 150 g; ethyl acetate) to afford 752 mg (94%) of the titled
compound as white solids,
'H-NMR (CDCly) &: 8.93 (s, 1H), 6.77 (s, IH), 6.60 (d, J = 9.9 Hz, 1H), 6.53 (d,
J = 10.3 Hz, 1H), 4.09-3.88 (m, 2H), 3.66-3.48 (m, 2H), 2.50-2.29 (m, 2H), 2.20-

2.00 (m, 2H), 2.06 (s, 3 H).

Example 48

To a stirred solution of 4-(5-fluoro-3-hydroxyphenyl)-4-methylthio-3,4,5,6-
tetrahydro-2H-pyran (660 mg, 2.7 mmol) in chloroform (20 ml) was added mCPBA
(1.48 g, 6.0 mmol) and the mixture stirred at room temperature overnight. To the
reaction mixture was added calcium hydroxide (3 mmol) and the reaction mixture
stirred vigorously. Insolubles were removed by filtration and the fiitrate concentrated.

The residual solids were purified by column chromatography on silica gel (SiO,, 150
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g; hexane/ethy! acetate (1 : 2)) to afford 545 mg (81 %) of the titled compound as white
solids.
'H-NMR (CDCl;) 6: 6.86(dd, ] = 2.2, 2.2 Hz, 1H), 6.82 (ddd, ] = 10.2, 2.2, 2.2
Hz, 1H), 6.64 (ddd, J = 9.5, 2.2, 2.2 Hz, 1H), 5.55 (s, 1H), 4.08-3.97 (m, 2H),
3.49-3.36 (m, 2H), 2.66-2.50 (m, 2H), 2.53 (s, 3H), 2.41-2.30 (m, 2H).
Example 49

The following (l-imidazolyl)benzyl alcohols were synthesized from appropriate
starting materials in a similar manner to that described in Example 2 (for aldehydes),
Example 4 (for nitriles) or Example 25 (for esters).

1. 2-Chloro-4-(2-methylimidazol-1-yhbenzyl alcohol

Prepared from 2-methylimidazole and ethyl 2-chloro-4-fluorobenzoate.
MW: 222.67
'H NMR(CDCly) & 7.69 (d, I=8Hz, 1H), 7.32 (d, J=2Hz, 1H), 7.24 (dd, J=8,
2Hz, 1H), 7.01 (d, J=1Hz, 1H), 6.99 (d, ]=1Hz, 1H), 4.86 (s, 2H), 3.1 (br, 1H),
2.36 (s, 3H).
2. 3-Methyl-4-(2-methylimidazol-1-yDbenzyl alcohol

Prepared from 2-methylimidazole and ethyl 4-fluoro-3-methylbenzoate.
MW: 202.26
'H NMR (CDCly) 8: 7.37 (br, 1H), 7.31 (d, ]=8Hz, IH), 7.17 (d, J=8Hz, 1H),
7.04 (d, J=1Hz, 1H), 6.86 (d, }=1Hz, 1H), 4.76 (s, 2H), 2.17 (s, 3H), 2.05 (s, 3H).

3. 3-Fluoro-4-(2-methylimidazol-1-ylYbenzvl alcohol

Prepared from 2-methylimidazole and ethyl 3,4-difluorobenzoate.
MW: 206.22
{H NMR(CDCly) &: 7.2-7.4 (m, 3H), 7.03 (d, J=1Hz, IH), 6.95 (br, 1H), 4.80
(s, 2H), 3.3 (br, 1H), 2.28 (s, 3H).
4, 2-Methyl-4-(2-methylimidazol-1-yl)benzyl alcohol

Prepared from 2-methylimidazole and ethy! 4-fluoro-2-methylbenzoate.
MW: 202.26
'H NMR (CDCly) 8: 7.51 (d, J=8Hz, 1H), 7.1-7.2 (m, 2H), 7.00 (d, J=1Hz,
1H), 6.97 (d, J=1Hz, 1H), 4.77(s, 2H), 2.40 (s, 3H), 2.35 {s, 3H).
5, 4-(2-Methylimidazol-1-yf)-2-trifluoromethylbenzyi alcohol
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Prepared from 2-methylimidazole and ethyl 4-fluoro-2-triflusromethyl
benzoate.
MW: 256.23
'H NMR (CDCly) 8: 7.93 (d, J=8Hz, 1H), 7.6 (br, 1H), 7.53 (d, ]=8Hz, 1H),
7.05 (d, J=1Hz, H), 7.02 (d, J=1Hz, IH), 4.98 (s, 2H), 2.37 (s, 3H).

6. 2-Fluoro-4-(2-methylimiclazol-1-yDbenzyl alcohol

Prepared from 2-methylimidazole and ethyl 2,4-difluorobenzoate.
MW: 206.22
'H NMR (CDCl,) 8: 7.60 (dd, J=8, 8Hz, IH), 7.14 (dd, } =8, 2Hz, 1H), 7.03
(dd, J=10, 2Hz, 1H), 7.05 (d, J=1Hz, 1H), 6.99 (d, J=1Hz, 1H), 4.85 (s, 2H),
2.6 (br, 1H), 2.38 (s, 3H).
7. _2-Methoxy-4-(2-methylimidazol-1-yDbenzyl aleohol

Prepared from 2-methylimidazole and ethyl 2-methoxy-4-fluorobenzoate.
MW: 218.25
'H NMR (CDCly) 6: 7.43 (d, J=8Hz, IH), 7.02 (d, J=1Hz, 1H), 7.00 (4,
J=1Hz, 1H), 6.88 (dd, J=8, 2Hz, 1H), 6.78 (d, J=2Hz, 1H), 4.74 (s, 2H), 3.89
(s, 3H), 2.7 (br, 1H), 2.36 (s, 3H).
8. 4-(4-Methylimidazol-1-yl)benzvl alcohol

Prepared from 4-methylimidazole and ethyl 4-fluorobenzoate.
MW: 250.30
'H NMR (CDCly) 8: 7.65 (br, 1H), 7.4-7.5 (m, 2H), 7.3-7.4 (m, 2H), 7.0 (br,
1H), 4.8 (s, 2H), 2.3 (s, 3H).
9. 4-(4-Phenylimidazoi-1-yhbenzyl alcohol
Prepared from 4-phenylimidazole and 4-fluorobenzaldehyde.
'H NMR (CDCly) 6: 7.8-7.9 (m, 3H), 7.4-7.6 (m, TH), 7.25-7.3 (m, 1H), 4.8 (br,
2H).
10. 4-(2-Ethylimidazol-1-yDbenzyl alcohol
Prepared from 2-ethylimidazole and ethyl 4-fluorobenzoate.
MW: 202.26
'H NMR (CDCly) &: 7.50 (d, J=8Hz, 2H), 7.28 (d, J=8Hz, 2H), 7.02 (d,J=1Hg,
1H), 6.97 (d, J=1Hz, 1H), 4.80 (s, 2H), 2.63 (dq, J=1, 8Hz, 2H), 1.23 (dt, J=3,
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8Hz, 3H).

11. 4-(2-Propylimidazol-1-yl)benzyl alcohol

Prepared from 2-propylimidazole and ethy! 4-fluorobenzoate.

MW: 216.29
IH NMR (CDCly) 8: 7.60-7.80(m, 6H), 4.80(s, 2H), 2.70-2.45(m, 2H), 2.00-

1.50(m, 3H), 1.00-0.70(m, 3H).

12. 4-(2-Isopropvlimidazol-1-viibenzyl alcohol

Prepared from 2-isoproylimidazole and ethyl 4-fluorobenzoate.
MW: 216.29
IH NMR (CDCl,) 6: 7.55-6.80(m, 6H), 4.79(s, 2H), 3.07-2.85(m, 1H), 2.37(br s,
1H), 1.24(d, }=6.9Hz, 6H).

13. 4-(2-Benzylimidazol-1-yhbenzyl alcohol

Prepared from 2-benzylimidazole and ethyl 4-fluorobenzoate.
MW: 264.33
TH NMR (CDCl;) 6: 7.45-7.37(m, 2H), 7.28-7.10(m, 8H), 7.00(d, J=1.5Hz, 1H),
4,77(d, I=4.0Hz, 2H), 4.02(s, 2H), 2.20-2.07(br, 1H).
14. 4-[2-(Pyridin-2-yl)imidazol-1-yllbenzyl alcohol

Prepared from 2-(pyridin-2-yl)imidazole and 4-fluorobenzonitriie.
MW: 251.28
IH NMR (CDCl;) &: 8.36-8.27(m, 1H), 7.89(d, J=8.1Hz, 1H), 7.70(dd, 1=1.8,
8.1Hz, 1H), 7.39(d, ] =8.8Hz, 2H), 7.30-7.07(m, 5H), 4.76(d, }=4.8Hz, 2H),
2.07(br, 1H).
15. 4-(2-Trifluoromethylimidazol-1-yl)benzyl alcohol

Prepared from 2-trifluoromethylimidazole and 4-fluorobenzonitrile.
MW:; 242.2
IH NMR(CDCl;) & 7.55-7.05(m, 6H), 4.80(br d, 2H), 1.95(br t, IH).

Example 50

a. 3-(2-Methylimidazol-1-yl)benzonitriie
To a stirred solution of 2Z-methylimidazole (25 g, 0.3 mol) and 3-bromobenzo-

nitrile (55 g, 0.3 mol) in pyridine (60 mL) was added K,CO5 (42 g), CuO (1.5 g), Cu
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powder (1.5 g) and CuBr (1.5 g) under a nitrogen atmosphere. The resulting mixture
was heated at reflux temperature for 64 hr. The reaction mixture was filtered through
a pad of celite and the filtrate was concentrated in vacuo. The residue was purified by
column chromatography on silica gel eluting with dichloromethane-methanol (10:1) to
afford 12.9 g (23%) of 3-(2-methylimidazol-!-yl)benzonitrile as white solids.
'H-NMR (CDCly) &: 7.80-7.63(m, 4H), 7.07(d, J=1.5Hz, 1H), 7.02(d, J=1.5Hz,
1H), 2.39(s, 3H).

b. 3-(2-Methylimidazol-1-yl)benzyl alcohol

3-(2-Methylimidazol- 1 -yl)benzonitrile was reduced to 3-(2-methylimidazol-1-yl)-
benzyl alcohol using diisobutylaluminum hydride according to the procedure of
Example 4, Part b.
MW: 188.23
'H NMR (CDCly) &: 7.51-7.15(m, 4H), 7.00(s, 2H), 4.79(s, 2H), 2.34(s, 3H).

Example 51
The following compounds of the invention were prepared substantially according

to the methods previously described.

hydro-2H-pyran

MW: 394.54

mp: 95.5-96 °C

IR: (KBr) n 1518, 1421, 1303, 1070, 762 cm'..

'H NMR: (DMSO-dg) 6 7.38 (d, ] = 8 Hz, 2 H), 7.33-7.23 (m, 4 H), 7.20 (d,
J=8Hz,2H),7.02(d,} =1Hz, | H), 6.97(d, ] = 1 Hz, 1 H), 4.16 (s, 2 H),
3.85-3.79 (m, 4 H), 2.93 (s, 3 H), 2.34 (5, 3 H), 1.95-1.90 (m, 4 H).

2. 4-Methoxy-4-[3-[4-(2-methylimidazol-1-yhbenzyloxy]-S-trifluoromethyl-
phenyll-3.4,5,6-tetrahydro-2 H-pyran

MW: 446.47

mp: 148 - 150 °C (decompose)

IR: (KBrj n 1605, 1520, 1350, 1300, 1135 cm',




WO 94/29299

10

15

20

25

PCT/YP94/00836

.-.36-.
IH NMR: (DMSO-d¢) 5 7.64 (d, ] = 8.4 Hz, 2 H), 7.49 (d, J = 8.4 Hz, 2 H),
7.36-7.22 (m, 4 H), 6.92 (d, ] = 1.5 Hz, 1 H), 5.30 (s, 2 H), 3.80 (m, 4 H), 2.89
(s, 3 H), 2.29 (s, 3 H), 2.05-1.85 (m, 4 H).

3.  4-12-Fluoro-5-methoxyv-3-{4-(2-methyvlimidazol-1-v) benzvloxylphenvl]-4-

methoxy-3,4,5.6-tetrahydro-2H-pyran hyrdochroride

MW: 462.95

mp: 211.3-212.2°C

IR: (KBr) n 3070, 2980, 2960, 2880, 2590, 1600, 1525, 1490, 1445, 1430,
1210, 1170, 1100, 1160 cm™!.

'H NMR: (DMSO-dg) 6 7.90(d,J = 1.8 Hz, 1 H),7.78 (d,} = 1.8 Hz, 1 H),
7.74 (d,J = 8.4 Hz, 2 H), 7.68 (d,] = 8.4 Hz, 2 H), 6.85 (dd, ] = 6.6,2.9 Hz, 1
H), 6.44 (dd, J = 5.1, 2.9 Hz, 1 H), 5.29 (s, 2 H), 3.76 (s, 3 H), 3.75-3.61 (m, 4
H), 2.98 (s, 3 H), 2.56 (s, 3 H), 2.12-1.92 (m, 4 H).

methoxy-3.4,5.6-tetrahydro-2 H-pyran hydrochloride

MW: 467.37

mp: >200 °C

IR: (KBr) n 1525, 1475, 1430, 1210 cm’".

IH NMR: (DMSO-d¢) 8 7.90 (d, ] = 2.2 Hz, | H), 7.80-7.62 (m, 5 H),
7.42 (dd, J = 2.6, 7.0 Hz, | H), 6.97 (dd, } = 2.2, 5.9 Hz, | H), 5.32 (s, 2 H),
3.77-3.59 (m, 4 H), 2.98 (s, 3 H), 2.55 (s, 3 H), 2.10-1.90 (m, 4 H).

-(2-methylimidazol-1-yhbenzyloxylphenyij-4-

methaxy—3,4,§,6-te§mhxdro-2H-Qx ran hydrochloride
MW: 446.95

mp: >200 °C

IR: (KBr) n 1600, 1525, 1325, 1105 cm™}.

IH NMR: (DMSO-dg) 6 7.89 (d, J = 2.2 Hz, | H), 7.81-7.62 (m, 5 H),
7.15-7.05 (m, . °, 6.80-7.72 (m, I H), 5.25 (s, 2 H), 3.80-3.60 (m, 4 H), 2.95
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(s, 3 H), 2.55 (s, 3 H), 2.30 (s, 3 H), 2.11-1.89 (m, 4 H).

6. 4-[2-Fluoro-3-[4-(2-methylimidazol-1yl)benzvioxy]l-3-trifluoromethylphenyl]-

4-methoxy-3.4,5,6-tetrahydro-2 H-pyran hvdrochloride
MW: 500.29
5 mp: 239 - 240 °C (decompose)
IR: (KBr) n 1525, 1442, 1368, 1308, 1215, 1118 cm™.
'H NMR: (DMSO-d¢) § 7.85(d, ] = 2 Hz, 1 H), 7.75 (d, ] = 8 Hz, 2 H),
7.6-7.7 (m, 4 H), 7.2-7.3 (m, | H), 5.39 (s, 2 H), 3.7 (br, 4 H), 2.99 (5, 3 H), 2.1
(br, 4 H).
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CLAIMS

1. A compound of the formula

X1-R1

Y
Léf\N Arl— CHZ—X——Ar2 A2
Q/
R3I__

and the pharmaceutically-acceptable salts thereof, wherein

Y is hydrogen, C;-Cg alkyl, halosubstituted C,-C, alkyl, phenyl, substituted
phenyl, C5-C, 4 phenylalkyl, C;-C,, (substituted phenyl)ali(yl, pyridyl, substituted
pyndyl, C¢-C,5 pyridylalkyl or C4-C 5 (substituted pyridyl)alkyl, wherein each
substituent is independently halo, nitro, cyano, C,-C, alkyl, C,-C, alkoxy,
halosubstituted C,-C, alkyl, halosubstituted C,-C, alkoxy, NR*R®, CO,R* or
CONR“R®, wherein R* and R are each. independently, hydrogen or C,-C¢ alkyl;

Ar! and Ar? are each, independently, phenylene, mono-substituted phenylene
or di-substituted phenylene, wherein the substituents are, independently, halo, C;-Cg4
alkyl, C;-C4 alkoxy, halo-substituted C,-C, alkyl or halo-substituted C,;-C4 alkoxy;

X and X! are each, independently, O, S, SO or SO;

R! is hydrogen or C,-C, alkyl; and

R? and R? are each, independently, methylene, ethylene or propylene.

2. A compound according to claim 1, wherein Ar' and Ar? are each
phenylene or mono-substituted phenylene; and X! is O.

3. A compound according to claim 2, wherein Arlis 1,4-phenylene or mono-
substituted 1,4-phenyiene and Ar? is 1,3-phenylene or mono-substituted 1,3-

phenylene.

4. A compound according to claim 3, wherein X is O or S; RZ? and R3 are
each ethylene; and Y is at the 2-position of the imidazole ring.

5. A compound according to claim 4, wherein Ar! is 1,4-phenylene or 2-

fluoro-1,4-phenylene; Ar? is 1,3-phenylene, 2-fluoro-1,3-phenylene or 5-fluoro-1,3-
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phenylene; X is O; Rl is methyl; and Y is alkyl.

6. A compound according to claim 5, wherein Y is methyl.

7. A compound according to claim 1, wherein Ar! is 1,4-phenylene or
monosubstituted 1,4-phenylene and Ar? is 2,5-difluoro-1,3-phenylene.

8. A compound according to claim 7, wheremn Y is alkyl at the 2-position of the
imidazole ring; X and X! are each O; R1 is methyl; R2 and R3 are each ethylene.

9. A compound according to claim 8, wherein Y is methyl.

10. A compound according to claim 1, selected from the group consisting of:

4-Methoxy-4-[3-[4-(2-methylimidazol-1-yl)benzyloxy]phenyl}-3,4,5,6-tetrahydro-
2H-pyran;

4-[5-Fluoro-3-[4-(2-methylimidazol-1-yl)benzyloxy]phenyl]-4-methoxy-3,4,5,6-
tetrahydro-2H-pyran;

4-[3-{2-Fluoro-4-(2-methylimidazol-l-yl)benzyloxy}phenyl]-4-methoxy-3,4,5,6-
tetrahydro-2H-pyran;

4-[3-[2-Fluoro-4-(2-methylimidazol-1-yl)benzoloxy]phenyl]-4-methoxy-3,4,5,6-
tetrahydro-2H-pyran,;
4-[5-Fluoro-3-[4-(2-methylimidazol-l-yl)benzyloxy]phenyl}-4-methylthio-3,4,5,6-
tetrahydro-2H-pyran; and
4-[2,5-Difluoro-3-[4-(2-methylimidazol-I-yl)benzyloxylphenyl}-4-methoxy-3.4,5,6-
setrahydro-2H-pyran;

11.  4-[5-Fluoro-3-[4-(2-methylimidazol--yl)benzyloxylphenyl]-4-methoxy-
3,4,5,6-tetrahydro-2 H-pyran hydrochloride, a compound according to claim 1.

12. An imidazole aryl (methoxy-, methylthio-, methylsulfinyl- or methylsulfonyl-)
aryl (oxetane, oxolane, tetrahydropyran, oxepane or oxocane) derivative, substantially as
hereinbefore described with reference to any one of the Examples.

13. A pharmaceutical composition for the treatment of allergic or inflammatory
conditions in a matmralian subject which comprises a therapeutically effective amount of
a compound of any one of claims 1 to 12 and a pharmaceutically acceptable carrier.

14. A method for treatment of a medical condition for which a 5-lipoxygenase
inhibitor is needed, in a mammalian subject, whicli comprises administering to said
subject a therapeutically effective amount of a compounad according to any one of claims 1
to 12 or of a composition according to claim 13.

15. A method accerding to claim 14, wherein the medical condition is an allergic
or inflammatory condition.

16. A compound of the formula

éﬂ
N/ 5

[n:\ibusZas078: VMY
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wherein Y is C-Cg alkyl halosubstituted C,-C4 alkyl, phenyl, substituted phenyl, C;-C,,
phenyalkyl, C;-Cy4 (substituted phenylalkyl, pyridyl, C4-Cj3 pyridylalkyl or Cg-Cys
(substituted pyridyl)alkyl, wherein each substituent is independently halo, nitro, cyano,
C-C4 alkyl, Cy-C4 alkoxy, halo-substituted C;-C,4 alkyl, halosubstituted C;-C, alkoxy,
5 NR4R5, CO,R4 or CONR4R5, wherein R? and R are each, independently, hydrogen or
C,-C¢ alkyl;
Ar! is phenylene, mono-substituted phenylene or di-substituted phenylene, wherein
the substituents are, independently, halo, C-C4 alkyl, C;-Cy alkoxy, halo-substituted C;-
C4 alky! or halo-substituted C;-Cy4 alkoxy; and
10 Z is OH or a displaceable group.
17. A compound according fo claim 16, wherein the displaceable group is chloro,
bromo, iodo, trifluoromethanesulfonyloxy, methanesulfonyloxy or p-toluene-sulfonyloxy.
18. A compound according to claim 17, wherein Y is alkyl at the 2-position of the
imidazole ring and Ar! is 1,4-phenylene or 2-fluoro-1,4-phenylene.
15 19. A compound according to claim: 18, wherein Y is methyl and Ar! is 1,4~
phenylene.
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A EP,A,0 409 413 (IMPERIAL CHEMICAL 1,13-15
INDUSTRIES PLC) 23 January 1991
cited in the application

see claims

A EP,A,0 375 404 (IMPERIAL CHEMICAL 1,13-15
INDUSTRIES PLC) 27 June 1990
cited in the application

see claims

X EP,A,0 510 398 (FARMITALIA CARLO ERBA 16-19

S.R.L.) 28 October 1992
see page 13, line 17 - line 28
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m Further documents are hsted n the contnushon of box C. m Patent farmiy membtiers are hisied tn annex.

“T* later document published afier the mternabonal filing date

| * Specal calegories of cited documents :
or prionity date and not 1n conflict mith the application but

“A” document defimng the general state of the art whuch 15 not ; 4 s
considercd to be of parucular relevance oted to the prnciple or theory underiying the

'E” earlier document but published on o after the internabonal "X" document of parucular relevance; the claimed invention
filing date cannot be conndered novel or cannot be considered to

“L" documeént which may throw doubts on pnonty claim(s) or mnvoive an inventive step when the document 15 taken alone
winch 1s arted to establish (he publicaon daic of another *Y* documnent of particular televance; the claimed tvention

aitanon or other speaial reason (as specified) cannot be considered to tnvolve an mventive step when the
docurmnent 1s cominned with one or more othér such docu-

‘0" document referring to an oral disclosure, use, exdwhition or )
other means m‘r;‘u. such comhination being cbvious 1 a person skilied
n the art.

*P" document published prior to the mtermational filing date bui
later than the prionty date claumed &' document member of the samic patent {amily
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Date of the actual compleuon of the internatonal scarch
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Kuropesn Patent Office, P.B. 5818 Patentisan 1
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been carried out and based on the alleged effects of the compound/
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2 E:] Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. [] Claims Nos.:
' because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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This international Searching Authority found muitipie inventions in this international application, is follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.
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3. As only some of the required additional search fees were limely paid by the applicant, this international search report
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4. D No required additional search fees were timeiy paid by the applicant. Consequently, this international sesrch report is
restricted to the invention first mentioned in the claimys; it is covered by claims Nos.:
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D No protest accormpanied the payment of addiuonal search fees,
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