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Diarylfluoromethane Compounds

Abstract

Compounds of formula I

wherein Z is 1-imidazolyl, 1-(1,2,4-triazolyl), 1-(1,2,3-
cach of R4 and R»,

el

triazolyl), 1l-tetrazolyl or 2-tetrazolyl;
independently of the other, 1is hydrogen or lower alkyl; or R,
and R, together are 1,4-butylene or form a benzo group; R 1s
4 -cyanophenyl or 4-bromophenyl; and X 1s cyano; oOr a salt
thereof, have valuable pharmaceutical properties and are

effective especially against tumours. They are prepared 1n

a manner known per se.
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Diarylfluoromethane Compounds

The invention relates to compounds of formula I

R R,

|
Z—C — X 0
FL

wherein Z i1s heteroaryl that has one, two, three or four ring nitrogen atoms, each of R; and
R,, independently of the other, 1s hydrogen or lower alkyl; or Ry and R, together are
C;-Cjalkylene or form a benzo group that 1s unsubstituted or substituted; R 1s hydrogen,
lower alkyl, aryl or heteroaryl, and X 1s cyano, carbamoyl, N-mono- or N,N-di-substituted
carbamoyl, or hydroxy, lower alkoxy, aryl-lower alkoxy or aryloxy; and wherein X 1s also
halogen when Z is heteroaryl having five ring members; and salts thereof, to a process for
the preparation of those compounds, to pharmaceutical compositions that comprise those
compounds, to the use of those compounds for the therapeutic treatment of the human or
animal body or for the preparation of pharmaceutical compositions.

The compounds of formula I that contain an asymmetric carbon atom may each be 1n the
form of a racemate or in the form of the R- or S-enantiomer. The invention relates to all of
these forms and also, for example, to diastercoisomers and mixtures thereof that may
occur when two or more centres of asymmetry are present in the molecule, and to

geometrical isomers, for example cis- and trans-isomers, when the molecule contains a
double bond.

Within the scope of this Application, the general terms used hereinbefore and hereinafter
have preferably the following meanings:

The prefix "lower” denotes a radical having up to and including 7, especially up to and
including 4, and more especially 1 or 2, carbon atoms.
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A heteroaryl radical Z that contains one, two, three or four ring nitrogen atoms is a
heterocyclic (azacyclic) radical of aromatic nature and preferably forms a 5- or
6-membered ring, especially a 5-membered ring. It may also, however, be a ring of a
different size or may be a 5- or 6-membered rin g having one or more fused benzo rings.
Heteroaryl Z is bonded either by way of a ring nitrogen atom or by way of a ring carbon
atom; S>-membered rings are preferably bonded by way of a ring nitrogen atom, while
6-membered rings are preferably bonded by way of a ring carbon atom.

Heteroaryl Z that has five ring members is preferably imidazolyl, triazolyl or tetrazolyl,
but may also be, for example, pyrrolyl, pyrazolyl, indolyl, isoindolyl, benzimidazolyl,
benzopyrazoly! or benzotriazolyl, the radicals havin g a fused benzo ring being bonded by
way of their heterocyclic ring.

Heteroaryl Z that has six ring members is preferably pyridyl, pyrimidinyl or pyrazinyl, but
may also be, for example, pyridazinyl or triazinyl, quinolinyl or isoquinolinyl, the radicals
having a fused benzo ring being bonded by way of their heterocyclic ring.

Heteroaryl Z that has five ring members and that is bonded by way of a ring nitrogen atom
1s, for example, 1-imidazolyl, 1-(1,2,4-triazolyl), 1-(1,3,4-triazolyl), 1-(1,2,3-triazolyl),
1-tetrazolyl or 2-tetrazolyl, and also, for example, 1-(1,2,5-triazolyl), 1-pyrrolyl,
1-pyrazolyl, 1-indolyl, 1-benzimidazolyl or 1-benzotriazolyl.

Heteroaryl Z that has six ring members and that is bonded by way of a ring carbon atom
is, for example, 3-pyridyl, 4-pyridyl, 4-pyrimidinyl, S-pyrimidinyl or 2-pyrazinyl, and
also, for example, 3- or 4-pyridazinyl, 2-pyridyl, 2-pyrimidinyl, 2-( 1,3,5-triazinyl),
3-quinolinyl or 4-isoquinolinyl.

Heteroaryl Z that has five ring members and that is bonded by way of a ring carbon atom
is, for example, 3-pyrrolyl, 4(5)-1imidazolyl, 3- or 4-pyrazolyl, 3-(1,2,4-triazolyl),
4-(1,2,3-triazolyl) or 5-tetrazolyl, and also, for example, 2-pyrrolyl or 3-indolyl.

A heteroaryl radical Z is preferably Iunsubstituted but may also be substituted, for
example, by lower alkyl, hydroxy, lower alkoxy, halogen or trifluoromethyl.

Aryl 1s, for example, phenyl or naphthyl, such as 1- or 2-naphthyl. The phenyl and
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naphthyl radicals may be unsubstituted or substituted, especially as indicated below for
phenyl. Aryl is preferably phenyl that is unsubstituted or is substituted by one or more,
especially from 1 to 4, and more especially one or two, substituents selected from the
group consisting of hydrocarbyl, for example lower alkyl, lower alkenyl, lower alkynyl,
lower alkylene (attached to two adjacent carbon atoms), cycloalkyl, phenyl-lower alkyl or
phenyl; substituted hydrocarbyl, for example lower alkyl substituted, for example, by
hydroxy, lower alkoxy, phenyl-lower alkoxy, lower alkanoyloxy, halogen, amino, lower
alkylamino, di-lower alkylamino, mercapto, lower alkylthio, lower alkylsulfinyl, lower
alkylsulfonyl, carboxy, lower alkoxycarbonyl, carbamoyl, N-lower alkylcarbamoyl,
N,N-di-lower alkylcarbamoyl and/or by cyano: hydroxy; etherified hydroxy, for example
lower alkoxy, halo-lower alkoxy, phenyl-lower alkoxy, phenyloxy, lower alkenyloxy,
halo-lower alkenyloxy, lower alkynyloxy or lower alkylenedioxy (attached to two adjacent
carbon atoms); esterified hydroxy, for example lower alkanoyloxy, phenyl-lower
alkanoyloxy or phenylcarbonyloxy (£ benzoyloxy): mercapto; etherified mercapto or
oxidised etherified mercapto, for example lower alkylthio, phenyl-lower alkylthio,
phenylthio, lower alkylsulfinyl [-S(=0)-lower alkyl], phenyl-lower alkylsulfinyl,
phenylsulfinyl, lower alkylsulfonyl [-S(O,)-lower alkyl}, phenyl-lower alkylsulfonyl or
phenylsulfonyl; halogen, nitro, amino: monohydrocarbylamino, for example lower
alkylamino, cycloalkylamino, phenyl-lower atkylamino or phenylamino; dihydrocarbyl-
amino, for example di-lower alkylamino, N-lower alkyl-N-phenylamino, N-lower
alkyl-N-phenyl-lower alkylamino, lower alkyleneamino or lower alkyleneamino inter-
rupted by -O-, -S- or -NR" (wherein R" is hydrogen, lower alkyl or acyl); acylamino, for
example lower alkanoylamino, phenyl-lower alkanoylamino or phenylcarbonylamino ( £
benzoylamino); acyl, for example lower alkanoyl, phenyl-lower alkanoyl or phenyl-
carbonyl (= benzoyl); carboxy; esterified carboxy, for example lower alkoxycarbonyl;
amidated carboxy, for example carbamoyl, N-lower alkkylcarbamoyl, N,N-di-lower alkyl-
carbamoyl, N,N-lower alkylenecarbamoyl; N,N-lower alkylenecarbamoyl interrupted by
-O-, -S- or -NR"-, wherein R" is hydrogen, lower alkyl or lower alkanoyl; N-cycloalkyl-
carbamoyl, N-(lower alkyl-substituted cycloalkyl)-carbamoyl, N-cycloalkyl-lower alkyl-
carbamoyl, N-(lower alkyl-substituted cycloalkyl)-lower alkylcarbamoyl, N-hydroxy-
carbamoyl, N-phenyl-lower alkylcarbamoyl or N-phenylcarbamoyl; cyano, sulfo (SO;H);
esterified sulfo, for example lower alkoxysulfonyl; and amidated sulfo, for example
sulfamoyl (SO,NH,), N-lower alkylsulfamoyl, N,N-di-lower alkylsulfamoyl or N-phenyl-
sultamoyl; each phenyl group occurring in the substituents being unsubstituted or
substituted by lower alkyl, lower alkoxy, hydroxy, halogen and/or by trifluoromethyl.
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An aryl radical R is especially phenyl that is unsubstituted or is monosubstituted,
preterably in the 4-position, by cyano, carbamoyl, halogen, lower alkyl, trifluoromethyl,
hydroxy, lower alkoxy or by phenyloxy, and is especially 4-cyanophenyl.

Arylin general is especially phenyl that is unsubstituted or is substituted by lower alkyl,
lower alkoxy, hydroxy, halogen and/or by trifluoromethyl, and is most especially
unsubstituted phenyl.

Substituted phenyl is preferably mono- or di-substituted and is especially mono-sub-
stituted.

A heteroaryl radical R is preferably a 5- or 6-membered heteroaromatic ring to which one
or two, especially one, benzo ring(s) is(are) fused and is preferably bonded by way of a
ring carbon atom of the benzo ring. It may also, however, be a 5- or 6-membered hetero-
aromatic ring without fused benzo rings and may also be bonded by way of a ring carbon
Or ring nitrogen atom of the heteroaromatic ring. A heteroaryl radical R is unsubstituted
or may be substituted - both in the heteroaromatic ring (at ring carbon atoms and/or ring
nitrogen atoms therein) and in any benzo ring which may be present - for example by
lower alkyl, hydroxy, lower alkoxy, halogen, cyano and/or by trifluoromethyl.

A heteroaryl radical R is especially indolyl, isoindolyl, benzimidazolyl, benzopyrazolyl,
benzotriazolyl, benzo[blfuranyl, benzo[b]thienyl, benzoxazolyl or benzothiazolyl, these
radicals being unsubstituted or substituted by from 1 to 3 identical or different substituents
selected from lower alkyl, hydroxy, lower alkoxy, halogen, cyano and trifluoromethyl. R
1S especially benzotriazolyl or benzo[b]furanyl each of which is unsubstituted or is

substituted by from 1 to 3 identical or different substituents selected from lower alkyl,
halogen and cyano.

Lower alkyl is, for example, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
n-pentyl, neopentyl, n-hexyl or n-heptyl, preferably ethyl and especially methyl.

Lower alkyl substituted by halogen is preferably trifluoromethyl.

Cycloalkyl is preferably C3-Cq- and especially (3- or Cs5-Cg-cycloalkyl, which is intended
to mean that 1t contains from 3 to 8, and 3, 5 or 6 ring carbon atoms, respectively.
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Halogen is especially chlorine and bromine, but may also be fluorine or iodine.
Carbamoyl is the group -CONH,,.

N-mono- or N,N-di-substituted carbamoyl is, for example, N-lower alkylcarbamoyl,
N,N-di-lower alkylcarbamoyl, N,N-lower alkylenecarbamoyl; N,N-lower alkylene-
carbamoyl interrupted by -O-, -S- or -NR"-, wherein R" 1s hydrogen, lower alkyl or lower
alkanoyl; N-cycloalkylcarbamoyl, N-(lower alkyl-substituted cycloalkyl)-carbamoy],
N-cycloalkyl-lower alkylcarbamoyl, N-(lower alkyl-substituted cycloalkyl)-lower
alkylcarbamoyl, N-aryl-lower alkylcarbamoyl, N-arylcarbamoyl or N-hydroxycarbamoyl.

Acyl 1s preferably lower alkanoyl, for example formyl, acetyl, propionyl, n-butyryl,
pivaloyl or valeroyl.

Lower alkylene linked to two adjacent carbon atoms of a benzene ring is preferably
C;-Cjalkylene, for example 1,3-propylene or 1,4-butylene.

If R, and R, together in compounds of formula I are C;-C,alkylene, then these radicals
form, together with the benzene ring, an indane- or 1,2,3,4-tetrahydronaphthalene

structure. If R, and R, together form a benzo group, these radicals form, together with the
benzene ring, a naphthalene structure.

Lower alkylenedioxy linked to two adjacent carbon atoms is preferably C,-C,alkylene-
dioxy, for example methylene- or 1,2-ethylene-dioxy.

Lower alkyleneamino 1s, for example, C4-C5- and especially C,4-Cs-alkyleneamino, for
example piperidino. Lower alkyleneamino interrupted by -O-, -S- or -NR"- is, for
example, C4-Cy- and especially Cy-Cs-alkyleneamino in which a ring carbon atom has
been replaced by the corresponding hetero group, and is especially morpholino,
thiomorpholino, piperazino or 4-lower alkyl- or 4-lower alkanoyl-piperazino.

N,N-lower alkylenecarbamoyl corresponds to lower alkyleneamino-carbonyl; interrupted
N,N-lower alkylenecarbamoyl is defined analogously.
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More particularly, the invention relates to
compounds of formula I wherein Z 1is 1l-imidazolyl, 1-(1,2,4-
triazolyl), 1-(1,3,4-triazolyl), 1-(1,2,3-triazolyl),
1-tetrazolyl or 2-tetrazolyl; each of R; and R; 1ndependently
of the other, is hydrogen or lower alkyl; or R; and R;
together are 1,4-butylene or form a benzo group; R 1s
4 -cyanophenyl or 4-bromophenyl; and X 1s cyano; or a salt

thereof.

Salts of compounds according to the i1nvention are
especially pharmaceutically acceptable non-toxic salts. For

example, compounds of formula I having basic groups may form

aclid
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addition salts, for example with inorganic acids, such as hydrochloric acid, sulfuric acid or
phosphoric acid, or with suitable organic carboxylic or sulfonic acids, for example acetic
acid, fumaric acid or methanesulfonic acid, or with amino acids, such as arginine or
lysine. Compounds of formula I having an acidic group, for example carboxy, form, for
example, metal or ammonium salts, such as alkali metal and alkaline earth metal, for
example sodium, potassium, magnesium or calcium, salts, and also ammonium salts with
ammonia or suitable organic amines, such as lower alkylamines, for example triethyl-
amine, hydroxy-lower alkylamines, for example 2-hydroxyethylamine, bis(2-hydroxy-
ethyl)amine or tris(2-hydroxyethyl)amine, basic aliphatic esters of carboxylic acids, for
example 4-aminobenzoic acid 2-diethylaminoethyl ester, lower alkyleneamines, for
example 1-ethylpiperidine, cycloalkylamines, for example dicyclohexylamine, or benzyl-
amines, for example N,N’-dibenzylethylenediamine, dibenzylamine or benzyl-B-phen-
ethylamine. Compounds of formula I having an acidic group and a basic group may also
be in the form of internal salts, that is to say in zwitterionic form.

For the purpose of isolation or purification it is also possible to use pharmaceutically
unsuitable salts, for example picrates or perchlorates. Only the pharmaceutically
acceptable non-toxic salts are used therapeutically and these are therefore preferred.

The compounds of formula I according to the invention have valuable, especially pharma-
cologically useful, properties. In particular, they selectively inhibit the enzyme aromatase
in mammals, including humans. As a result, the metabolic conversion of androgens into
oestrogens 1s inhibited. The compounds of formula I are therefore suitable, for example,
for the treatment of oestrogen-dependent diseases, includin g oestrogen-dependent breast
cancer, especially in post-menopausal women. They are also useful, for example, in the

treatment of gynaecomastia, i.e. breast development in males, since they inhibit the
aromatisation of the steroids.

These effects can be demonstrated by in vitro tests or 1n vivo tests, preferably using
mammals, for example guinea pigs, mice, rats, cats, dogs or apes. The dose used is, for
example, 1n a range of approximately from 0.001 to 10 mg/kg, preferably from 0.001 to

1 mg/ksg.

The 1n vitro inhibition of aromatase activity can be demonstrated, for example, by
applying the method described in J. Biol. Chem. 249, 5364 (1974). It is also possible to
obtain ICs, values for aromatase inhibition, for example, in vitro from enzyme kinetic
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studies concerning the inhibition of the conversion of 4-4C-androstenedione into
4-1C-oestrone in human placental microsomes. The ICsq values of the compounds
according to the invention are approximately at least 102 M.

In vivo, aromatase inhibition can be demonstrated, for example, by the suppression of the
ovarian oestrogen content of female rats that are injected first with mare’s serum gonado-
trophin and two days later with human chorionic gonadotrophin, and treated p.o. the
following day with a compound of the invention and 1 hour later with androstenedione. A
further possible method of determining aromatase inhibition in vivo is as follows:
androstenedione (30 mg/kg subcutaneously) is administered on its own or together with a
compound of the invention (orally or subcutaneously) for 4 days to sexually immature
female rats. After the fourth administration, the rats are sacrificed, and the uteri are
isolated and weighed. The aromatase inhibition is determined by the extent to which
hypertrophy of the uterus, caused by the administration of androstenedione on its own, 1s
suppressed or reduced by the simultaneous administration of the compound according to
the invention. The minimum effective dose of the compounds according to the invention
1n the in vivo tests is approXimately from 0.001 to 1 mg/keg.

The anti-tumour activity, especially in oestrogen-dependent tumours, can be demonstrated
in vivo, for example, in DMBA-induced mammary tumours in female Sprague-Dawley
rats [cf. Proc. Soc. Exp. Biol. Med. 160, 296-301 (1979)]. The use of compounds
according to the invention brings about a regression of the tumours and furthermore

suppresses the occurrence of new tumours at daily doses of approximately 1 mg/kg and
above p.o..

Furthermore, the compounds of formula I do not have an inhibiting effect on cholesterol

side-chain cleavage and do not induce adrenal hypertrophy, as is demonstrated by
endocrine organ investigations.

Owing to their pharmacological properties as extremely selective inhibitors of the enzyme
aromatase, the compounds of formula I are suitable, for example, for the treatment of
oestrogen-dependent diseases, such as breast tumours (breast carcinoma), endometriosis,
premature labour or endometrial tumours in women, or gynaecomastia in men.

The invention relates preferably to the coinpounds of formula I wherein Z is imidazolyl,
triazolyl, tetrazolyl, pyrrolyl, pyrazolyl, indolyl, isoindolyl, benzimidazolyl, benzo-
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pyrazolyl, benzotriazolyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, quinolinyl
or 1soquinolinyl, all of these radicals being bonded by way of their heterocyclic ring and
all of these radicals being unsubstituted or substituted by lower alkyl, hydroxy, lower
alkoxy, halogen or by trifluoromethyl; each of R, and Ry, independently of the other, is
hydrogen or lower alkyl; or R, and R, together are C3-Cyalkylene or form a benzo group
that is unsubstituted or is substituted as indicated below for aryl; R 1s hydrogen, lower
alkyl, aryl or heteroaryl, and X is cyano, carbamoyl, N-lower alkylcarbamoyl, N,N-di-lo-
wer alkylcarbamoyl, N,N-lower alkylenecarbamoyl; N,N-lower alkylenecarbamoyl inter-
rupted by -O-, -S- or -NR"-, wherein R" is hydrogen, lower alkyl or lower alkanoyl;
N-cycloalkylcarbamoyl, N-(lower alkyl-substituted cycloalkyl)-carbamoyl, N-cycloalkyl-
lower alkylcarbamoyl, N-(lower alkyl-substituted cycloalkyl)-lower alkylcarbamoyl,
N-aryl-lower alkylcarbamoyl, N-arylcarbamoyl, N-hydroxycarbamoyl, hydroxy, lower
alkoxy, aryl-lower alkoxy or aryloxy; and wherein X is also halogen when Z is imidazoly],
triazolyl, tetrazolyl, pyrrolyl, pyrazolyl, indolyl, 1soindolyl, benzimidazolyl, benzo-
pyrazolyl or benzotriazolyl;

wherein aryl is phenyl or naphthyl, these radicals being unsubstituted or substituted by
from 1 to 4 substituents selected from the group consisting of lower alkyl, lower alkenyl,
lower alkynyl, lower alkylene (attached to two adjacent carbon atoms), C3-Cgeycloalkyl,
phenyl-lower alkyl, phenyl; lower alkyl that is in turn substituted by hydroxy, lower
alkoxy, phenyl-lower alkoxy, lower alkanoyloxy, halogen, amino, lower alkylamino,
di-lower alkylamino, mercapto, lower alkylthio, lower alkylsulfinyl, lower alkylsulfony],
carboxy, lower alkoxycarbonyl, carbamoyl, N-lower alkylcarbamoyl, N,N-di-lower alkyl-
carbamoyl and/or by cyano; hydroxy; lower alkoxy, halo-lower alkoxy, phenyl-lower
alkoxy, phenyloxy, lower alkenyloxy, halo-lower alkenyloxy, lower alkynyloxy, lower
alkylenedioxy (attached to two adjacent carbon atoms), lower alkanoyloxy, phenyl-lower
alkanoyloxy, phenylcarbonyloxy, mercapto, lower alkylthio, phenyl-lower alkylthio,
phenylthio, lower alkylsulfinyl, phenyl-lower alkylsulfinyl, phenylsulfinyl, lower alkyl-
sulfonyl, phenyl-lower alkylsulfonyl, phenylsulfonyl, halogen, nitro, amino, lower
alkylamino, C3-Cgcycloalkylamino, phenyl-lower alkylamino, phenylamino, di-lower
alkylamino, N-lower alkyl-N-phenylamino, N-lower alkyl-N-phenyl-lower alkylamino;
lower alkyleneamino or lower alkyleneamino interrupted by -O-, -S- or -NR" (wherein R"
is hydrogen, lower alkyl or lower alkanoyl); lower alkanoylamino, phenyl-lower
alkanoylamino, phenylcarbonylamino, lower alkanoyl, phenyl-lower alkanoyl, phenyl-
carbonyl, carboxy, lower alkoxycarbonyl, carbamoyl, N-lower alkylcarbamoyl, N,N-di-lo-
wer alkylcarbamoyl, N,N-lower alkylenecarbamoyl; N,N-lower alkylenecarbamoyl inter-
rupted by -O-, -S- or -NR"-, wherein R" is hydrogen, lower alkyl or lower alkanoyl;
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N-cycloalkylcarbamoyl, N-(lower alkyl-substituted cycloalkyl)-carbamoysl, N-cycloalkyl-
lower alkylcarbamoyl, N-(lower alkyl-substituted cycloalkyl)-lower alkylcarbamoyl,
N-hydroxycarbamoyl, N-phenyl-lower alkylcarbamoyl, N-phenylcarbamoyl, cyano, sulfo,
lower alkoxysulfonyl, sulfamoyl, N-lower alkylsulfamoyl, N,N-di-lower alkylsulfamoy! or
N-phenylsulfamoyl; each of the phenyl groups occurrin g 1 the substituents of phenyl and
naphthyl being in its turn unsubstituted or substituted by lower alkyl, lower alkoxy,
hydroxy, halogen and/or by trifluoromethyl;

wherein heteroaryl is indolyl, isoindolyl, benzimidazolyl, benzopyrazolyl, benzotriazolyl,
benzo[b]furanyl, benzo[b]thienyl, benzoxazolyl or benzothiazolyl, these radicals being
unsubstituted or substituted by from 1 to 3 identical or different substituents selected from
lower alkyl, hydroxy, lower alkoxy, halogen, cyano and trifluoromethyl; and salts thereof.

The invention relates especially preferably to the compounds of formula I wherein Z, is
imidazolyl, triazolyl, tetrazolyl, pyridyl, pyrimidinyl or pyrazinyl; each of Ry and R,
independently of the other, is hydrogen or lower alkyl; or R; and R, together are
C3-Cyalkylene or form a benzo group; R is hydrogen, lower alkyl, pheny! that is unsub-
stituted or is substituted by cyano, carbamoyl, halogen, lower alkyl, trifluoromethyl,
hydroxy, lower alkoxy, phenyl-lower alkoxy, phenyloxy, lower alkylthio, lower alkyl-
sulfonyl, nitro, di-lower alkylamino, lower alkanoylamino, lower alkanoyl, carboxy, lower
alkoxycarbonyl, sulfo, lower alkoxysulfonyl or by sulfamoyl; or is benzotriazolyl or
benzo[b]furanyl, the latter two radicals being unsubstituted or substituted by from 1 to 3
1dentical or different substituents selected from lower alkyl, hydroxy, lower alkoxy,
halogen and cyano; and X is cyano, carbamoyl, hydroxy, lower alkoxy, phenyl-lower

alkoxy or phenyloxy; and wherein X is also halogen when Z is imidazolyl, triazolyl or
tetrazolyl; and salts thereof.

Especially preferred are the compounds of formula I wherein Z, is 1-imidazolyl,
1-(1,2,4-triazolyl), 1-(1,3,4-triazolyl), 1-( 1,2,3-triazolyl), 1-tetrazolyl, 2-tetrazolyl,
3-pyridyl, 4-pyridyl, 4-pyrimidinyl, S>-pyrimidinyl or 2-pyrazinyl; each of R;and R,,
independently of the other, is hydrogen or lower alkyl; or R; and R, together are
1,4-butylene or form a benzo group; R 1s lower alkyl; phenyl that is unsubstituted or is
substituted by cyano, carbamoyl, halogen, lower alkyl, trifluoromethyl, hydroxy, lower
alkoxy or by phenyloxy; or is benzotriazolyl or benzo[b}furanyl, the latter two radicals
being unsubstituted or substituted by from 1 to 3 identical or different substituents selected
from lower alkyl, halogen and cyano; and X is cyano or carbamoyl; and wherein X is also
halogen when Z is 1-imidazolyl, 1-(1,2,4-triazolyl), 1-(1,3,4-triazolyl), 1-(1,2,3-triazolyl),
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1-tetrazolyl or 2-tetrazolyl; and salts thereof.

Most especially preferred are the compounds of formula I wherein Z is 1-imidazolyl],
1-(1,2,4-triazolyl), 1-(1,2,3-triazolyl), 1-tetrazolyl or 2-tetrazolyl; R, and R, are hydrogen;
R 1s phenyl that is unsubstituted or is substituted by cyano or by halogen, or is benzo-
triazolyl or benzo[b]furanyl, the latter two radicals being unsubstituted or substituted by
from 1 to 3 identical or different substituents selected from lower alkyl, halogen and
Cyano; and X is cyano or halogen; and pharmaceutically acceptable salts thereof.

Prominence is to be given to each of the following as sub- groups of a group of compounds
of formula I:

(a) compounds of formula I wherein Z is imidazolyl, triazolyl or tetrazolyl; (b) compounds
of formula I wherein Z is 1-imidazolyl, 1-(1,2,4-triazolyl), 1-(1,3,4-triazolyl), 1-(1,2,3-
triazolyl), 1-tetrazolyl or 2-tetrazolyl; (c) compounds of formula I wherein Z is
1-(1,2,4-triazolyl); (d) compounds of formula I wherein R is 4-cyanophenyl, 4-bromo- _
phenyl, 1-methyl-benzotriazol-6-yl, 2,3-dimethyl-7-bromobenzo[b]furan-4-yl or 2,3-di-
methyl-7-cyanobenzo[b}furan-4-yl; (e) compounds of formula I wherein R is 4-cyano-
phenyl or 4-bromophenyl; (f) compounds of formula I wherein R; and R, are hydrogen;

(8) compounds of formula I wherein X is cyano, bromine or chlorine; and (h) compounds
of formula I wherein X is cyano.

The invention relates especially to the specific compounds described in the Examples and
to the pharmaceutically acceptable salts thereof.

The compounds of formula I can be prepared in a manner known per se by, for example,

(a) reacting a compound of formula II

(1),

wherein Z, R, Ry, R, and X are as defined under formula I, with a fluorinating agent, or
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(b) for the preparation of compounds of formula I wherein Z is bonded by way of a ring
carbon atom, reacting a compound of formula III

R, R,
OH

|
R

wherein Z, R, Ry, R, and X are as defined under formula I, with a fluorinating agent, or

(c) reacting a compound of formula Illa

R Ra
Hal

I |
Z— CI> X (I1a),
R

wherein Hal is chlorine, bromine or iodine, and Z, R, R, R, and X are as defined under
formula I, with a fluorinating agent, or

(d) in a compound of formula IV

R, Ro
F

2 . )
R

wherein Z, R, R, and R, are as defined under formula I and X’ is a group that can be
converted into a radical X, converting the group X’ into the radical X, and/or converting a
resulting compound of formula I into a different compound of formula I, and/or converting
a resulting salt into the free compound or into a different salt, and/or converting a resulting
free compound of formula I into a salt, and/or separating a resulting mixture of isomeric
compounds of formula I into the individual isomers.

In the following description of the processes, unless stated otherwise, each of the symbols
Z, R, Ry, Ry und X is as defined under formula I.
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Process (a): Process (a) is carried out, for example, by converting a compound of formula
I by reaction with a strong base, for example an alkali metal diisopropylamide, such as

lithium, sodium or potassium diisopropylamide, a hexamethyldisilazane base, such as
potassium, sodium or lithium hexamethyldisilazane, or an alkali metal base, such as sec-,

tert- or n-butyllithium, into the corresponding carbanion and reacting the latter with an
electrophilic fluorinating agent.

There may be mentioned as electrophilic fluorinating agents [see also, for example, L.
German and S. Zemskov (ed.), New Fluorinating Agents in Organic Synthesis, Springer,
Berlin etc. 1989], for example:

1. Fluorinating agents with F-halogen bond, for example F, [see, for example, Chem. Reyv.

86, 997 (1986)] or perchloryl fluoride [FCIOs, see, for example, J. Amer. Chem. Soc. 80,
6533 (1958)]. |

2. Reagents with F-oxygen bond, for example trifluoromethyl hypofluorite [CF;0F, see,
for example, Isr. J. Chem. 17, 60 (1978)], acetyl hypofluorite [CH;COOF, see, for

example, J. Org. Chem. 46, 4629 (1981)] or trifluoroacetyl hypofluorite [CF,COOF, see,
for example, J. Org. Chem. 45, 4122 (1980)].

3. Reagents with F-nitrogen bond, for example N-F-sulfonamides [see, for example, J.
Amer. Chem. Soc. 106, 452 (1984) or J. Fluor. Chem. 46, 297 (1990)], especially
N-fluoro-3,3-dimethyl-2,3-dihydro-1,2-benzothiazole 1,1-dioxide [see, for example, Helv.
Chim. Acta 72, 1248 (1989)], N-F-sulfonimides [see, for example, J. Amer. Chem. Soc.
109, 7194 (1987)], N-F-pyridinium derivatives [see, for example, J. Amer. Chem. Soc.
112, 8563 (1990)], especially N-fluoro-2,4,6-trimethylpyridinium
trifluoromethylsulfonate, N-F-perfluoropiperidines [see, for example, Chem. and Industry
(London) 1964, 1864], N-F-quinuclidinium salts [see, for example, J. Fluor. Chem. 41,
297 (1988) or J. Chem. Soc. Perkin Trans. I 1988, 2805], N-F-pyridones [see, for example

J. Fluor. Chem. 26, 43 (1984)] or N-E-amides or -lactams [see, for example J. Org. Chem.
33, 3373 (1990)].

,.

4. Reagents with F-noble gas bond, for example xenon difluoride (XeE,) [see, for

example, M. Zupan in: S. Patai and Z. Rappoport (ed.), The Chemistry of Functional
Groups, Supplement D, Part 2, Wiley, Chichester etc. 1983].
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5. Enantioselective fluorinating agents, for example N-fluorosultams derived from
camphor [see, for example, Tetrahedron Lett. 29, 6087 (1988)], which are suitable
especially for the stereoselective fluorination of compounds of formula II in which the
central carbon atom is chiral.

The starting compounds of formula II are prepared, for example, as described in EP-A-236
940 or in an analogous manner (see also EP 0 408 509 B1).

For example, compounds of formula II in which Z is heteroaryl bonded by way of aring
nitrogen atom are prepared by reacting a compound of formula V

H
|

HO — cI: X V),
R

or especially a reactive esterified derivative thereof, for example a halogen derivative or a

lower alkyl- or aryl-sulfonyloxy derivative, such as methylsulfonyloxy or p-toluene-
sultonyloxy, with a compound of formula VI

Z-H (VI),

or an N-protected derivative thereof, for example one protected by tri-lower alkylsilyl,
lower alkanoyl, N,N-di-lower alkylcarbamoyl or by triphenylmethyl.

The starting compounds of formula V are prepared, for example, by reacting a metallated
compound Va

R, R,

M X (Va),

wherein M is, for example, halomagnesium, copper(]) lithium or, especially, lithium, with
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an aldehyde R-CHO.

Compounds of formula IT can furthermore be prepared, for example, by reacting a
compound of formula VII

(VID)

|
Z~—C
|
H

under basic conditions with a reactive functional derivative of the radical R, for example a
halo-, lower alkyl- or aryl-sulfonyloxy derivative thereof,

Compounds of formula IT wherein Z is heteroaryl bonded by way of a ring carbon atom

can furthermore be prepared, for example, by reducing or dehalogenating a compound of
formula VIII

Ry Ro
V‘V1
Z — clz X (VIID),
R

wherein W) is hydroxy or halogen, respectively. The reduction of W; = OH can be carried
out, for example, with tin(Il) chloride or glacial acetic acid/aqueous hydriodic acid. The
dehalogenation of W, = halogen, for example chlorine, can be effected, for example, with
zinc/acetic acid, tributyltin hydride or aluminium amalgam.

The starting compounds of formula VIII wherein W, = OH are prepared, for example, by
reaction of an aldehyde or ketone of formula IX

(1X)
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with a compound of formula X
Z-W, (X)

wherein W, is hydrogen or a protecting group or leaving group, for example tri-lower
alkylsilyl or halogen, that is situated at the corresponding ring carbon atom.

The starting compounds of formula VIII wherein W, = halogen are advantageously
prepared from the corresponding compounds of formula VIII wherein W, = OH. For that
purpose, the latter are reacted with a halogenating agent, for example thionyl chloride.

Compounds of formula II can furthermore be prepared, for example, by reacting a
compound of formula X1

(XD

wherein Wj is a leaving group, for example halogen, lower alkyl- or aryl-sulfonyloxy and
especially fluorine.

A further possible methbd of preparing cofnpounds of formula II, especially those in

which Z is bonded by way of a ring nitrogen atom, comprises converting the radical W, in
a compound of formula XIII
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|
W, ......cI: Q X (XIID),
R »

wherein W, is a radical that can be converted into heteroaryl Z, for example isocyano,
amino, azido or hydrazino, into Z by reaction with corresponding ring-forming reagents.

It 15 also possible, for example, to prepare compounds of formula II from corresponding
compounds of formula XIV

(X1V),

wherein X' is a group that can be converted into a radical X [see under process (d)], by
converting the group X’ into X.

The starting compounds of formula XIV are prepared, for example, analogously to the
processes indicated above for the preparation of compounds of formula I, a radical X’
being used in the corresponding reactions instead of the radical X.

The compounds of formula IT are valuable intermediates for the preparation of
therapeutically valuable fluorine compounds of formula I and, insofar as they are novel,
the invention relates to them also. Prominence is to be given here to the following
compounds especially: | .

(2) 4-[a-(4-cyanophenyl)-1-(1,2,3-triazolyl)methyl]-benzonitrile,

(b) 2,3-dimethyl-4-[o-(4-cyanophenyl)-1-(1 ,2,4-triazolyl)methyl]-7-cyano-benzo[b]furan,
(¢) 4-[a-(4-cyanophenyl)-(5-pyrimidinyl)methyl]-benzonitrile,

(d) 4- [oc-(4-br0m0phenyl)-(5 -pyrimidinyl)methyl]-benzonitrile,

(e) 2,3-dimethyl-4-[oc-(4-cyanophenyl)-(l-imidazolyl)methyl]~7-bromo-benzo[b]furan and
(f) 2,3-dimethyl-4-[a—(4-cyanopheny1)-1-(1,2,4—t1iazolyl)methyl]-7-bromo-benzo[b]furan,
and to salts thereof, more especially to the compound (a) and salts thereof.
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The compounds (a), (b), (c), (d), (e) and (f) furthermore have valuable pharmacologically
useful properties. They act as aromatase inhibitors in the same manner as the compounds
of formula I. Their activity is of the same order of magnitude as that of the compounds of
formula I (see above). They too, therefore, are useful, for example, for the treatment of
the diseases mentioned above in the case of the compounds of formula I. Like the
compounds of formula I, the compounds (a), (b), (c), (d), (e) and (f) can be incorporated in
pharmaceutical compositions and used for the treatment of diseases responsive to the
inhibition of aromatase and also (for the preparation of pharmaceutical compositions) for
the treatment of tumours.

Process (b): The following fluorinating agents, for example, are suitable for the

fluorination of the hydroxy compounds of formula III: secondary amino-sulfur trifluorides,
for example piperidino-sulfur trifluoride or diethylamino-sulfur triftuoride ["DAST", see,
for example, J. Org. Chem. 40, 574 (1975)]; SF; (see, for example, Organic Reactions 34,
319, Wiley, New York etc. 1985), for example in the system SE,/HF; fluoroalkylamine
reagents of the formula (R"),N-CF,-R wherein R’ is, for example, ethyl and R is, for |
example, CHFCI [see, for example, Organic Reactions 21, 158, Wiley, New York etc.
1974]; o-fluoro-enamines [see, for example, Tetrahedron Lett. 30, 3077 (1989)]; or
triethylamine/HF [see, for example, Tetrahedron Lett. 31, 6527 (1990)].

The starting compounds of formula III are prepared, for example, by reaction of an
aldehyde or ketone of formula IX (see above) with a compound of formula X, Z-W,,

wherein W) is hydrogen or a protecting group or leaving group that is situated at the
corresponding ring carbon atom.

Process (¢): Process (c) is concerned, especially, with the replacement of the halogen
radicals chlorine, bromine or iodine with a nucleophilic fluorinating agent by nucleophilic

substitution. Examples to be mentioned here are potassium fluoride, KHF, or tetrabutyl-
ammonium fluoride [see, for example, J. Org. Chem. 49, 3216 (1984)].

The starting compounds of formula Ia can be prepared, for example, by halogenation of
compounds of formula II, for example with an N-halosuccinimide, for example N-bromo-

or N-chloro-succinimide, a sulfuryl halide, for example SO,Cl,, or elemental halogen, for
example Cl, or Br,,.

It 15 also possible, for example, to prepare the startin g compounds of formula Illa by
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halogenation of compounds of formula III, for example by reaction with a thionyl halide,

for example SOCI, or SOBr,, a phosphorus halide, for example PBrs, PI; or PCls, or a
hydrohalic acid, for example HBr.

Process (d): In a compound of formula IV, a group X’ that can be converted into the

radical X 1s, for example, halogen, amino, carboxy, lower alkoxycarbonyl, halocarbonyl or
an acid anhydride.

X' = halogen, especially bromine, can be converted, for example by reaction with a
Cyanating agent, for example copper(l) cyanide, into cyano. X' = amino can be converted,
for example via diazotisation, for example into halogen, cyano or hydroxy. If X'is
carboxy, lower alkoxycarbonyl, halocarbonyl, for example -COC], or an acid anhydride,
then these radicals can be converted by reaction with ammonia or the corresponding
primary or secondary amine into carbamoyl or N-mono- or N,N-di-substituted carbamoyl,
respectively. The conversion of substituents of aromatic systems in accordance with
process (d) 1s known per se.

In the case where, in a compound of formula IV, the group R contains a substituent that is
1dentical to X”, for example when R is -C¢H,-X', the latter can be converted simultan-
eously upon carrying out process (d).

The starting compounds of formula IV are prepared, for example, analogously to process
(a), (b) or (c), using in the corresponding reactions a radical X’ instead of the radical X

Compounds of formula I can be converted into different compounds of formula 1.

For example, compounds of formula I wherein X is halogen, especially bromine, can be
converted by reaction with hydroxyaryl compounds or corresponding alkali metal salts
thereof, for example potassium phenolate, into different compounds of formula I wherein
X 1s aryloxy, advantageously, for example, in the presence of copper.

Furthermore, for example, compounds of formula I wherein X is Cyano can be converted

by partial hydrolysis, for example with potassium carbonate and aqueous H»O, solution,
into different compounds of formula I wherein X is carbamoyl.

On the other hand, for example, compounds of formula I wherein X is carbamoyl or



- 19 -

N-lower alkylcarbamoyl can be converted, with the removal of water or lower alkanol,

respectively, into compounds of formula I wherein X is cyano.

As already explained in process (d), in the reactions described in the three preceding
paragraphs, an identical substituent X which may be present in the molecule, for example
R =-CgHy-X, can be converted simultancously.

Free compounds of formula I having salt-forming properties which are obtainable in
accordance with the process can be converted in a manner known per se into their salts,
compounds having basic properties being converted, for example, by treatment with acids
or suitable derivatives thereof, and compounds having acidic properties being converted,
for example, by treatment with bases or suitable derivatives thereof.

Mixtures of isomers obtainable according to the invention can be separated into the
individual isomers in a manner known per se, racemates being separated, for example, by

forming salts with optically pure salt-forming reagents and separating the mixture of
diastercoisomers so obtainable, for example by means of fractional crystallisation.

The reactions mentioned above can be carried out under reaction conditions that are
known per se, in the absence or, usually, in the presence of solvents or diluents, preferably
those that are inert towards the reagents used and are solvents thereof, in the absence or
presence of catalysts, condensing agents or neutralising agents, and, depending on the kind
of reaction and/or reactants, at reduced, normal or elevated temperature, for example in a
temperature range of from approximately -80°C to approximately 200°C, preferably from
approximately -78°C to approximately 150°C, more preferably from approxim ately -20°C
to approximately 150°C, for example at room temperature or the boiling point of the
solvent used, under atmospheric preSsuIe or in a closed vessel, where appropriate under
pressure, and/or in an inert atmosphere, for example under a nitrogen atmosphere.

In view of the close relationship between the compounds of formula I in free form and in
the form of their salts, hereinbefore and hereinafter any reference to the free compounds or
their salts should be understood as including also the corresponding salts or free
compounds, respectively, where appropriate and expedient.

The compounds, including their salts, may also be obtained in the form of hydrates, or
their crystals may, for example, include the solvent used for crystallisation.
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The starting materials used in the process of the present invention are preferably those
which result in the compounds described at the beginning as being especially valuable.

The invention relates also to those embodiments of the process in which a compound
obtainable as an intermediate at any stage of the process is used as starting material and
the remaining steps are carried out, or in which a starting material is formed under the
reaction conditions or is used in the form of a derivative, for example a salt, thereof.

The present invention relates also to pharmaceutical compositions that comprise one of the
pharmacologically active compounds of formula I as active ingredient. Compositions for
enteral, especially oral, administration and for parenteral administration are especially
preferred. The compositions comprise the active ingredient on its own or, preferably,
together with a pharmaceutically acceptable carrier. The dose of the active ingredient
depends upon the disease to be treated and upon the species, its age, weight and individual
condition, and also upon the mode of administration.

The pharmaceutical compositions comprise from approximately 0.1 % to approximately
95 % active ingredient, forms of administration that are in sin gle-dose form preferably
comprising from approximately 1 % to approximately 90 % and forms of administration
that are not in single-dose form preferably comprising from approximately 0.1 % to
approximately 20 % active ingredient. Unit dose forms, such as dragées, tablets or

capsules, comprise from approximately 0.5 mg to approximately 100 mg of active
ingredient.

The pharmaceutical compositions of the present invention are prepared in a manner known
- per se, for example by means of conventional mixing, granulating, confectioning,
dissolving or lyophilising processes. For example, pharmaceutical compositions for oral
administration can be obtained by combining the active ingredient with one or more solid
carriers, if desired granulating a resulting mixture and, if desired, processing the mixture
or granules into tablets or dragée cores, where appropriate by adding additional excipients.

Suitable carriers are especially fillers, such as sugars, for example lactose, saccharose,
mannitol or sorbitol, cellulose preparations and/or calcium phosphates, for example
tricalcium phosphate or calcium hydrogen phosphate, and binders, such as starches, for
example corn, wheat, rice or potato starch, methylcellulose, hydroxypropylmethyl-
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cellulose, sodium carboxymethylcellulose and/or polyvinylpyrrolidone, and/or, if desired,
disintegrators, such as the above-mentioned starches, also carboxymethyl starch, cross-
linked polyvinylpyrrolidone, alginic acid or a salt thereof, such as sodium al ginate,
Additional excipients are especially flow conditioners and lubricants, for example silicic
acid, talc, stearic acid or salts thereof, such as magnesium or calcium stearate, and/or
polyethylene glycol, or derivatives thereof.

Dragée cores may be provided with suitable coatings which may be enteric coatings, there
being used, inter alia, concentrated sugar solutions which may contain gum arabic, talc,
polyvinylpyrrolidone, polyethylene glycol and/or titanium dioxide, or coating solutions in
suitable organic solvents or solvent mixtures, or, for the preparation of enteric coatings,

solutions of suitable cellulose preparations, such as acetylcellulose phthalate or hydroxy-
propylmethylcellulose phthalate. Colourings or pigments may be added to the tablets or

dragée coatings, for example for identification purposes or to indicate different doses of
active ingredient.

Other orally administrable pharmaceutical compositions are dry-filled capsules consisting
of gelatin, and also soft sealed capsules consisting of gelatin and a plasticiser, such as
glycerol or sorbitol. The dry-filled capsules may contain the active in gredient in the form
of granules, for example in admixture with fillers, such as corn starch, binders and/or
glidants, such as talc or magnesium stearate, and, where appropriate, stabilisers. In soft
capsules, the active ingredient is preferably dissolved or suspended in suitable liquid

excipients, such as fatty oils, paraffin oil or liquid polyethylene glycols, to which
stabilisers may also be added.

Other oral forms of administration are, for example, syrups prepared in customary manner
that contain the active ingredient, for example, in suspended form and in a concentration
of approximately from 0.01 % to 2 %, preferably approximately 0.1 % or in a similar
concentration that provides a suitable single dose when the syrup 1s administered in
quantities of 5 or 10 ml. Also suitable, for example, are powdered or liquid concentrates

for the preparation of shakes, for example in milk. Such concentrates may also be
packaged in single-dose quantities.

Suitable rectally administrable pharmaceutical compositions are, for example, supposi-
tories that consist of a combination of the active ingredient with a suppository base.
Suitable suppository bases are, for example, natural or synthetic triglycerides, paraffin
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hydrocarbons, polyethylene glycols or higher alkanols.

For parenteral administration there are suitable, especially, aqueous solutions of an active
ingredient in water-soluble form, for example in the form of a water-soluble salt, or
aqueous injection suspensions that contain viscosity-increasing substances, for example
sodium carboxymethylcellulose, sorbitol and/or dextran, and, where appropriate, stabi-
lisers. In this case, the active ingredient, if desired together with excipients, may also be

in the form of a lyophilisate and be dissolved by the addition of suitable solvents before
parenteral administration.

Solutions, such as those used, for example, for parenteral administration, may also be
administered in the form of infusion solutions.

The invention relates also to a method for the treatment of the pathological conditions
mentioned above, especially oestrogen-dependent pathological conditions, for example for
the treatment of a mammal, for example a human, suffering from such a disease and in
need of such treatment, for example by the administration to the mammal of an amount of
one of the compounds according to the invention that is therapeutically effective against
the said diseases. The compounds of the present invention can be administered
prophylactically or therapeutically, and are preferably used in the form of pharmaceutical
compositions. For a body weight of approximately 70 kg, a daily dose of from approxi-
mately 0.5 mg to approximately 100 mg, preferably from approximately 1 mg to approxi-
mately 20 mg, of a compound of the present invention will be administered.

The following Examples illustrate the present invention; temperatures are given in degrees
Celsius. The following abbreviations are used: ether = diethy] ether; ethyl acetate = acetic
acid ethyl ester; THF = tetrahydrofuran; hexane = n-hexane; DMSO = dimethyl sulfoxide:
DMF = dimethylformamide: N-fluoro-dimethylsaccharinsultam = N-tluoro-3,3-dimethyl-
2,3-dihydro-1,2-benzothiazole 1,1-dioxide; TLC = thin-layer chromatography; MS(FAB)
= mass spectrum ("Fast Atom Bombardment™).

Example 1: 4-[o-(4-cyanophenyl )-a-fluoro-1-(1,2,4-triazolyl)methyl]}-benzonitrile

A solution of 0.8 mmol of potassium hexamethyldisilazane in 1.6 ml of toluene is diluted
with 5 ml of THF and, after cooling to -78°, a solution of 190 mg of 4-[a-(4-cyano-
phenyl)-1-(1,2,4-triazolyl)methyl]-benzonitrile (see EP-A-236 940, Ex. 20a) in 3 ml of
THEF 1s added thereto. After stirring for 1 hour at the same temperature, there are added
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dropwise to the dark-red solution 301 mg of N-tluoro-dimethylsaccharinsultam in 3 ml of
THFE. After a further 1.5 hours at -78°, the reaction mixture is heated to room temperature
within 1 hour and poured onto a saturated solution of ammonium chloride in water and
then extracted with methylene chloride. Drying over magnesium chloride and concen-
tration of the solvent by evaporation yields the crude product which is purified by means
of flash-chromatography (SiO,, hexane/ethyl acetate 9:1, 4:1 to 1:1). TLC (S10,,
CHCls/methanol 9:1, R¢ = 0.85); IR (KBr) : 2220 cm!: IH-NMR (CDCl;): & (ppm) =7.46
and 7.76 (8H,m), 8.07 (1H,s), 8.16 (1H,s).

Example 2: 4-—[_oc-(4-cyanophenyl)-a—ﬂuoro-g2-tetrazoly1 ymethyl]-benzonitrile

Analogously to Example 1, 4- [&-(4-cyanophenyl)-(2-tetrazolyl)methyl]-benzonitrile (see
EP-A-408 509, Ex. 7 and 2) is converted with N-fluoro-dimethylsaccharinsultam into the
title compound; m.p. 145-146°.

Example 3: 4-[a-(4-cyanophenyl )-0-fluoro-(1-tetrazolyl)methyl]-benzonitrile
Analogously to Example 1, 4-[o-(4-cyanophenyl)-(1-tetrazolyl)methyl}-benzonitrile (see
EP-A-408 509, Ex. 7) is converted with N-fluoro-dimethylsaccharinsultam into the title
compound. ’

Example 4: 4-[o-(4-cyanophenyl)-o-fluoro-( 1-imidazolyl)methyl]-benzonitrile
Analogously to Example 1, 1.075 g of 4-[a-(4-cyanophenyl)-(1-imidazolyl)methyl]-
-benzonitrile (see EP-A-236 940, Ex. 2a, 3, 4 and 23) are converted with 930 m g of
potassium hexamethyldisilazane and 1.7 g of N-fluoro-dimethylsaccharinsultam into the

title compound; m.p. 133°, MS(FAB): (M+H)* = 303, TLC (methylene chloride/methanol
9:1): Rg=0.7.

Example 5: 1-methyl-6-[a-(4-chlorophenyl)-a-fluoro- 1-(1,2,4-triazolyDmethyl]-benzo-
triazole

Analogously to Example 1, 1-methyl-6-[a~(4-chlorophenyl)—1-(1,2,4—t1~iazo]y1)methyl]-
benzotriazole (see EP-A-293 978, for example Example 20) is converted with N-fluoro-
dimethylsaccharinsultam into the title compound.

Example 6: 4-[a-(4-cyanopheny])-a-fluoro-1-(1,2,3- -triazolyl)methyl]-benzonitrile
Analogously to Example 1, 4-[a-(4-cyanophenyl)-1-(1,2,3- -triazolyl)methyl}-benzonitrile

1s converted with N-fluoro-dimethylsaccharinsultam into the title compound; m p.
138-140°.
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The starting compound is prepared as follows:

(2) 4-[o-(4-cyanophenyl)-1-(1,2,3-triazolyl)methyl]-benzonitrile
A solution of 640 mg of 4-[1-(1,2,3-triazolyl)methyl]-benzonitrile in 5 ml of DMF is
added dropwise over a period of 30 minutes at a constant temperature (25-26.5°) to a

mixture of 1.07 g of potassium tert-butoxide in 5 ml of DMF. After a further 30 minutes
at 20°, there is added to the reaction mixture a solution of 525 mg of 4-fluorobenzonitrile
in 5 ml of DMF and the reaction mixture is stirred at room temperature for 1.5 hours. It is
then cooled to 0°, diluted with CH,Cl, and neutralised with 6N HCIL. The reaction mixture
1s concentrated and taken up in water/CH,Cl,, and the aqueous phase is separated. The
organic phase is washed with brine, dried over sodium sulfate and concentrated. The
crude product is purified by column chromatography (SiO,, toluene to toluene/ethyl

acetate 3:1) and crystallised from CH,Cl,/ethanol/hexane to yield the starting compound
(a), m.p. >230° IR (CH,Cl,): 2230, 1605, 1500, 1160 cm™1.

The precursor for the preparation of starting compound (a) is prepared as follows:

(1) 4-11-(1,2,3-triazolyl)methyl]-benzonitrile

8 g of 1,2,3-triazole, 10.67 g of potassium carbonate and 750 mg of potassium iodide are
added in succession to a solution of 15.13 g of 4-bromomethylbenzonitrile in 375 ml of
acetone. The reaction mixture is then stirred at 55° for 7.5 hours, and is then cooled and
concentrated. The residue is dissolved in CH,Cl, and washed in succession with water
and brine. After drying over sodium sulfate, the solution is concentrated and the resulting
crude product is purified by column chromatography (S10,, toluene/ethyl acetate 3:19) to
yield the precursor (1), IR (CH,Cl,): 2230, 1615, 1225, 1075 cm™L.

Example 7: Mano-él-[a-(4—cyanq)hqnyll-a-fluoro—1-(l_@,@-ﬁ,azolyl)methﬂﬂﬁ-di-
methylbenzo[b]furan

Analogously to Example 1, 7-cyano-4-[c- (4-cyanophenyl)-1-(1,2,4-triazolyl)-
methyl]-2,3-dimethylbenzo[b]furan is converted with N-fluoro-dimethylsaccharinsultam
into the title compound.

The starting compound is prepared as follows:

(a) 7-cyano-4-[a-(4-cyanophenyl)-1-(1 2,4-triazolyhmethyl}-2,3-dimethylbenzo[blfuran
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Analogously to Example 6(a), 252 mg of 7-cyano-4-[1-(1,2,4-triazolyl)methyl]-2,3-di-
methylbenzo[b]furan (see EP-A-445 073, Ex. 2 and 1) are converted with 303 mg of
potassium tert-butoxide and 152 mg of 4-fluorobenzonitrile in DMF into the startin g
compound (a), m.p. (ether/hexane): 200-202° IR (CH,Cl,): 3051, 1613, 1499, 1351, 1104
cm-l,

Example 8: 4-[a-(4-bromophenyl)-o-fluoro-1-( 1,2,4-triazolyl)methyl}-benzonitrile
Analogously to Example 1, '4-[cx-(4-bromophenyl)- 1-(1,2,4-triazolyl)methyl]-benzonitrile
1s converted with N-fluoro-dimethylsaccharinsultam into the title compound.

The starting compound is prepared as follows:

(a) 4-[a-(4-bromophenyl)-1-( 1,2,44t1°iazolyl ymethyl}-benzonitrile

Analogously to Example 6(a), 190 mg of 1-(4-bromobenzyl)-1,2,4-triazole are converted
with 188 mg of potassium tert-butoxide and 106 mg of 4-fluorobenzonitrile into the
starting compound (a); 'H-NMR (CDCL): 6 =6.73 (1H,s), 7.05 and 7.55 (4H,m), 7.2 and
7.68 (4H,m), 8.02 (1H,s), 8.05 (1H,s).

The precursor for the preparation of starting compound (a) is prepared as follows:

(1) 1-(4-bromobenzyl)-1,2.4-triazole

A mixture of 1 g of 4-bromobenzyl bromide, 0.41 g of 1,2,4-triazole, 0.55 g of potassium
carbonate and 33 mg of potassium iodide in 30 ml of acetone is stirred at 50° for 20 hours.
The solid is removed by filtration and the solution is concentrated by evaporation. The
resulting crude precursor (1) is purified by column chromatography (S10,, hexane/ethyl
acetate 1:1) and crystallised from ether; m.p. 77-79°% 1H-NMR (CDCl3): 6 =5.3 (2H,s),
7.15 and 7.5 (4H,m), 7.95 (1H,s), 8.08 (1H,m).

Example 9: 4-[a-(4-cyanophenyl)-o-fluoro-(5-pyrimidiny! ymethyl]-benzonitrile
Analogously to Example 1, 4- [&t-(4-cyanophenyl)-(5-pyrimidinyl)methyl]-benzonitrile is
converted with N-fluoro-dimethylsaccharinsultam into the title compound.

The starting compound is prepared as follows:

(2) 4-[o-(4-cyanophenyl)-(5-pyrimidinyl)methyl |-benzonitrile
1.25 g (5.53 mmol) of tin(II) chloride dihydrate and 3.2 ml of conc. HC! are added to a




2U5733¢

-6 -

solution of 863 mg (2.76 mmol) of 4-[a-(4—cyan0phenyl)-_a-hydroxy-(5-pyn’midinyl)-
methyl}-benzonitrile [Example 15(b2)] in 10 ml of glacial acetic acid and the reaction
mixture is heated under reflux for 2 hours. After coolin g, the reaction mixture is poured
onto a large quantity of water. The precipitate is filtered off with suction, washed with
water, dried and dissolved in 4 ml of THF. 0.23 ml of pyridine is added to this solution
which is then stirred at room temperature for 3 hours and filtered, and the filtrate is
concentrated by evaporation. The oily residue so obtained is purified by column
chromatography (100 g of silica gel, ethyl acetate) and corresponds to the title compound,
m.p. 140-141° (from ether/petroleum ether); R; value: 0.25 (silica gel/ethyl acetate); IR
(CH,Cly): 2223 cm™; "H-NMR (CDCly): & = 5.63 (s, 1H); 7.24 (d, 4H); 7.68 (d, 4H); 8.48
(s, 2H); 9.18 (s, 1H).

Example 10: 4-[o.-(4-bromophenyl)-a-fluoro- (5-pyrimidinyDmethyl]-benzonitrile
Analogously to Example 1, 4-[- (4-bromophenyl)-(5-pyrimidinyl)methyl}-benzonitrile is
converted with N-fluoro-dimethylsaccharinsultam into the title compound.

The starting compound is prepared as follows:

(a) 4-Jo-(4-bromophenyl)- (3-pyrimidinyl)methyl]-benzonitrile

Analogously to Example 9a, 4-[o-(4- -bromopheny!)-o-hydroxy- -(5-pyrimidinyl)methyl]-
benzonitrile [Example 15(b1)] is reduced in glacial acetic acid with tin(II) chloride
dihydrate and conc. HCI.

Example 11: 4-[o- @,-cygn_(_)pheny_l)-a;ﬂuoro-ﬁ;p_yﬁdyl)methylj-benzonitrile
Analogously to Example 1, 4-[oc-(4-cyan0phenyl)-(3—pyridyl)methyl]~benzonitrile (see
EP-A-236 940, Ex. 21) 1s converted with N-tluoro-dimethylsaccharinsultam into the title
compound.

Example 12: 4-[a-(4-cyanophenyl)-o-fluoro-1-(1,2 4- -triazolyl)methyl]-benzonitrile

10 ml of THF are cooled to -30°. There are added first 0.17 ml (1.2 mmol) of diisopropyl-
amine and then 0.75 ml (1.2 mmol) of a 1.6M solution of n-butyllithium in hexane and the
reaction mixture is cooled to -70°. 285 m g (1 mmol) of 4-[a-(4-cyanophenyl)-1-(1,2,4-tri-
azolyl)methyl]-benzonitrile (see EP-A-236 940, 20a), dissolved in 4 m! of THF, are
slowly added dropwise and the reaction mixture is stirred at -70° for 3 hours. 346.8 mg
(1.2 mmol) of N-fluoro-2,4 ,0-trimethylpyridinium tritluoromethylsulfonate are then
added, whereupon the previously dark-red-coloured solution slowly decolorises. The
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reaction mixture is allowed to warm to room temperature, is poured onto a saturated
aqueous ammonium chloride solution and extracted with methylene chloride. The organic
extracts are dried over magnesium chloride and concentrated by evaporation to yield the
crude product which is purified by flash-chromatography (510,, hexane/ethyl acetate 9:1,
4:1 to 1:1). TLC (SiO,, CHCly/methanol 9:1): R¢ = 0.85; IR (KBr); 2220 cm!: 1H-NMR
(CDCly): 6 = 7.46 and 7.76 (8H, m); 8.07 (1H, s), 8.16 (1H, s).

Example 13: 7-bromo-4-[c-(4-cyanophenyl)-o-fluoro-( 1-imidazolyl)methyl]-2,3-di-
methylbenzo[b]furan

Analogously to Example 1, /-bromo-4-[«-(4-cyanophenyl)-(1-imidazolyl)methyl]-2,3-di-
methylbenzo[b]furan is converted with N-fluoro-dimethylsaccharinsultam into the title
compound.

The starting compound is prepared as follows:

a) 7-bromo-4-[o-(4-cyanophenyl)-( 1-imidazolyl)methyl]-2,3-dimethylbenzo[b]furan
Analogously to Example 6(a), 610 mg of 7-bromo-4-(1-imidazolylmethyl)-2,3-dimethyl-

benzo[b]furan (see EP-A-445 073, Ex. 3) are converted with 617 m g of potassium tert-but-
oxide and 303 mg of 4-fluorobenzonitrile in DMF into the starting compound (a) and are

crystallised from ether; m.p. 220-223°; IR (CH,Cl,): 2231, 1674, 1629, 1490, 1199, 1109
-1
cm .

Example 14: 7-bromo-4-[a-(4-cyanophenyl)-a-fluoro-1-(1 2,4-triazolyl)methyl]-2,3-di-
methylbenzo[b]furan

Analogously to Example 1, 7-bromo-4-[a-(4~cyan0phenyl)-1-(1,2,4-tziazolyl)methyl]-
2,3-dimethylbenzo[b]furan is converted with N-tluoro-dimethylsaccharinsultam into the
title compound.

The starting compound is prepared as follows:

(a) 7-bromo-4-[a-(4-cyanophenyl)-1-( 1,2 4-tmazolyl)methyl]-2,3-dimethylbenzo[b]furan
Analogously to Example 6(a), 612 mg of 7-bromo-4-[1-( 1,2,4-triazolyl)methyl}-2,3-di-
methylbenzo[b]furan (see EP-A-445 073, Ex. 1) are converted with 617 mg of potassium
tert-butoxide and 303 mg of 4-fluorobenzonitrile in DMF into the startin g compound (a)

and crystallised from ether/hexane; m.p. 198-200°, IR (CH,Cl,): 2231, 1629, 1498, 1347,
1254, 1200, 1015 cm'.
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Example 15: 4-[a-(4-cyanophenyl)-a-fluoro-(5-pyrimidinyl)methyl]-benzonitrile

0.35 g (2.0 mmol) of piperidino-sulfur trifluoride is added to a solution of 0.62 g

(2.0 mmol) of 4-[a-(4-cyanophenyl)-o-hydroxy-(5-pyrimidinyl)methyl]-benzonitrile in
10 ml of 1,2-dichloroethane and the reaction mixture is stirred at 50° for 48 hours. The
reaction mixture is washed with water, a saturated sodium hydrogen carbonate solution
and again with water, is dried over magnesium sulfate and concentrated by evaporation.
The oily residue is purified by column chromatography (100 g of silica gel/ethyl acetate)
and corresponds to the title compound, IR (CH,Cl,): 2220 cm™}; 1TH-NMR

(CDCly): 6 =7.20 (d,4H), 7.66 (d,4H), 8.43 (s,2H), 9.15 (s,1H).

The starting compound is prepared as follows:

(a) o,0-bis(4-bromophenyl)-5-pyrimidinemethanol

A solution of 20 ml of 1.6N n-butyllithium in hexane is added dropwise within 30
minutes, with stirring and with the exclusion of moisture, to a solution, cooled to -75°, of
5.2 g (33 mmol) of 5-bromopyrimidine and 10.7 g (31.2 mmol) of 4,4’-dibromobenzo-
phenone in 130 ml of THF. The reaction mixture is stirred for a further 0.5 hour at -75°
and then for 16 hours at room temperature; then, while cooling with ice, it is hydrolysed
by adding 20 ml of water. The organic phase is separated and diluted with ethyl acetate.
The solution 1s washed with 2N HCI and a semi-saturated sodium chloride solution, dried
over sodium sulfate, filtered and concentrated by evaporation. The residue is purified by
column chromatography (400 g of silica gel, methylene chloride/ethyl acetate 85:15) and

recrystallised from ethyl acetate, m.p. 89-90°, Ry value = 0.11 (silica gel, methylene
chloride/ethyl acetate 85:15).

(bl) 4-[o-(4-bromophenyl)-a-hydroxy-(5-pyrimidinyl)methyl]-benzonitrile and

(b2) 4-[a-(4-cyanophenyl)-a-hydroxy-(5-pyrimidinyl)methyi]-benzonitrile

A mixture of 3.7 g (8.8 mmol) of o,0-bis(4-bromophenyl)-5-pyrimidinemethanol and

2.4 g (26.4 mmol) of copper(I) cyanide in 8 ml of DMF is stirred under argon for 4 hours
at 160°. The reaction mixture is then cooled to 70°, a solution of 6.4 g (39.6 mmol) of
wron(III) chloride in 20 ml of 2N HCI is added dropwise thereto and the resulting mixture
1s stirred thoroughly at that temperature for 20 minutes. After cooling, extraction is
carried out with ethyl acetate. The organic phase is washed with a semi-saturated sodium
chloride solution, dried over sodium sulfate and concentrated by evaporation. The residue
1s purified by column chromatography (200 g of silica gel, hexane/ethyl acetate 1:2) and
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separated 1nto compounds (b1) and (b2) to yield 4- [0-(4-bromophenyl)-a-hydroxy-
(5-pyrimidinyD)methyl]-benzonitrile in the form of a pale-yellow amorphous product, IR
(CH,Cl,): 2190, 3530 cm!, R value = 0.27 (silica gel, hexane/ethyl acetate 1:2), and
4-[o-(4-cyanophenyl)-o-hydroxy-(5-pyrimidinyl)methyl]-benzonitrile, m.p. 228-230°
(from ethyl acetate), IR (Nujol): 2225, 3150 (broad) cm-}, R value: 0.14; 'H-NMR
(DMSO-dg): & =7.42 (s, 1H); 7.55 (d, 4H); 7.86 (d, 4H); 8.67 (s, 2H); 9.16 (s, 1H).

Example 16: 4-[o-(4-bromophenyl)- o-fluoro-(S-pyrimidinyl)methyl]-benzonitrile
Analogoixsly to Example 15, 4-[a-(4-bromophenyl)-o-hydroxy- (5-pyrimidinyl)methyl]-
benzonitrile [Example 15(b1)] is reacted in 1,2-dichloroethane with piperidino-sulfur
trifluoride.

Example 17: 4-[a-(4-cyanophenyl)-o-fluoro-( 2-tetrazolyl)methyl]-benzonitrile

399 mg of potassium hexamethyldisilazane are dissolved at -5° in 4 ml of absolute toluene
and the solution is diluted with 12 ml of absolute THF. This solution is cooled to -75°,
and a solution of 475 mg of 4-[a-(4-cyanophenyl)~(2—ten'azolyl)m.ethyl]-benzonitrile (see
EP-A-408 509, Ex. 7 and 2) in 7.5 ml of absolute THF is added dropwise thereto within
10 minutes. The dark-red reaction mixture is stirred for a further hour at the same
temperature and then a solution of 0.75 g of N-fluoro-dimethylsaccharinsultam in 7.5 ml
of absolute THF is added within 15 minutes, and the reaction mixture is stirred fora
further 1.5 hours and then heated to room temperature within 1 hour. The solution is
poured onto 50 ml of a saturated, aqueous NaCl solution and extracted with methylene
chloride. The organic phase is washed with brine and, after being dried over sodium
sulfate, is concentrated. The resulting crude product is stirred three times with ether,
purified by column chromatography (silica gel, ethyl acetate/hexane 1:1) and crystallised
from hexane; m.p. 145-146°, MS(FAB): (M+H)™ = 305, TLC (ethyl acetate/hexane 1:1):
Re=0.5.

Example 18: 4-[a;(4-czanophenyl )--fluoro-1-(1,2,3-triazoly)methyl]-benzonitrile

A solution, cooled to -5°, of 798 mg of potasstum hexamethyldisilazane in 8 ml of
absolute toluene is diluted with 25 ml of absolute THF and cooled to -75 °, and a solution
of 950 mg of 4-[a-(4-cyanophenyl)-1-(1,2,3-triazolyl)methyl]-benzonitrile (Ex. 6a) in

15 ml of absolute THF and 1 ml of absclute DMF is added thereto within 15 minutes.
After stirring for 1 hour at -75°, a solution of 1.5 g of N-fluoro-dimethylsaccharinsultam in
15 ml of THF is added. After stirring for a further 1.5 hours, the cooling bath is removed,
whereupon the reaction mixture warms to room temperature within 1 hour. The reaction




ONG?
G
SR
-3
W
Q. ”
0

- 30 -

mixture is poured onto 100 ml of a saturated, aqueous ammonium chloride solution and is
extracted with methylene chloride. The organic phase is washed with brine, dried over
sodium sulfate and concentrated. The resulting crude product is stirred twice with ether
and purified by column chromatography (silica gel, ethyl acetate/hexane 1:1);

m.p. 138-140°, MS(FAB): (M+H)* = 304, TLC (ethyl acetate/hexane 1:1): Rg=041.

Example 19: 10 000 tablets, each containing 5 m g of active ingredient, for example one of
the compounds prepared in Examples 1 to 18, are prepared:

Composition:

active ingredient 50.00 g
lactose 2535.00 g
corn starch 125.00 ¢
polyethylene glycol 6000 150.00 g
magnesium stearate 40.00 g
purified water quantum satis

Procedure: All of the pulverulent constituents are sieved through a sieve of mesh size

0.6 mm. Then, the active ingredient, the lactose, the magnesium stearate and half of the
starch are mixed in a suitable mixer. The other half of the starch is suspended in 65 ml of
water and the resulting suspension is added to a boiling solution of the polyethylene glycol
in 260 ml of water. The resulting paste is added to the powder mixture and the resulting
mixture is granulated, if necessary with the addition of more water. The granules are dried

overnight at 35°, forced through a sieve of 1.2 mm mesh size and compressed to form
tablets having a breaking notch.

Example 20: 1000 capsules, each containing 10 mg of active ingredient, for example one
of the compounds prepared in Examples 1 to 18, are prepared:

Composition:

active ingredient 10.00 g
lactose 207.00 g
modified starch 80.00 g
magnesium stearate 3.00 g

Procedure: All of the pulverulent constituents are sieved through a sieve of 0.6 mm mesh
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size. The active ingredient is then mixed, in a suitable mixer, first with the magnesium
stearate and then with the lactose and the starch until a homogeneous mixture is obtained.

Hard gelatin capsules No. 2 are each filled with 300 m g of the resulting mixture using a
capsule-filling machine.
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CLAIMS:
1. A compound of formula I

R1 R

-\ /

\
7\ (1),
AP

R

wherein Z is 1l-imidazolyl, 1-(1,2,4-triazolyl), 1-(1,3,4-
triazolyl), 1-(1,2,3-triazolyl), l-tetrazolyl or
2-tetrazolyl; each of R; and R; independently of the other,
is hydrogen or lower alkyl; or R; and R; together are
1,4-butylene or form a benzo group; R 1s 4-cyanophenyl or

T
p—

4 -bromophenyl; and X 1s cyano; or a salt thereof.

2. A compound of formula I according to claim 1,
wherein Z2 is l-imidazolyl, 1-(1,2,4-triazolyl), 1-(1,2,3-
triazolyl), l-tetrazolyl or 2-tetrazolyl; R; and R, are
hydrogen; R 1is 4-cyanophenyl or 4-bromophenyl; and X 1s

cyano; or a pharmaceutically acceptable salt thereof.

3. 4 - [a- (4-Cyanophenyl) -a-fluoro-1-(1,2,4-
triazolyl)methyl] -benzonitrile according to claim 1 or a

pharmaceutically acceptable salt thereof.

4 . 4 - [a- (4-Cyanophenyl) ~a-fluoro-1-(1,2,3-
triazolyl)methyl] -benzonitrile according to claim 1 or a

pharmaceutically acceptable salt thereof.

5. A pharmaceutical composition comprising a compound

according to any one of claims 1 to 4 or a pharmaceutically

acceptable salt thereof and at least one pharmaceutically

acceptable carrier.

6. The use of a compound according to any one of
claims 1 to 4 for the preparation of a pharmaceutical

composition.

T et LAY A nm’w*mm*“m"“w":"{“' Al . see
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7 . A compound as claimed i1n any one of claims 1 to 4
as an aromatase inhibitor.
8. The use of a compound according to any one of

claims 1 to 4 for the preparation of pharmaceutical
5 compositions for the treatment of diseases responsive to

inhibition of the enzyme aromatase.

9. A process for the preparation of a compound of

formula I according to claim 1, which comprises

(a) reacting a compound of formula II

10 R4 R>
TN
, { \> “ (11),
R _
wherein Z, R, Ri, R, and X are as defined in claim 1, with a
fluorinating agent, or
15 (b) for the preparation of a compound of formula I wherein
7 is bonded by way of a ring carbon atom, reacting a
compound of formula III
R1 R
oH N/
Z {f E>-ﬂx (I11),
R _
20

wherein Z, R, R;, R, and X are as defined 1in claim 1, with a

fluorinating agent, or

(¢) reacting a compound of formula IIIa

2

R+ R
Hal Vo
25 7 <f j>__x (ITIa),

R

fee Yo wrraval
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wherein Hal is chlorine, bromine or 1i1odine, and Z, R, Ri, R,

and X are as defined in claim 1, with a fluorinating agent,

Or

(d) in a compound of formula IV

F

NV
7 </_\>—X' (IV),

R

wherein Z, R, R; and R, are as defined in claim 1 and X' 1s a
group that can be converted into a radical X, converting the
group X' into the radical X, and/or converting a resulting
compound of formula I into a different compound of formula I,
and/or converting a resulting salt into the free compound or
into a different salt, and/or converting a resulting free
compound of formula I into a salt, and/or separating a

resulting mixture of isomeric compounds of formula I 1nto the

individual 1somers.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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