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[57] ABSTRACT

The invention provides novel compounds of the for-
mula:

R3 R5 (1)

. /N C R5\

R|—< N R4 R7
N R2
IH

01'

R5 (ll)

“'4' I av
‘F R’H

wherein the various substituents are defined herein be-

low. Processes for the preparation of these compounds
are described, as are novel pharmaceutical compositions
comprising at least one of the compounds of their salts.
The compounds and their non-toxic salts exhibit valu-
able pharmacological activity and are useful in the
treatment of mammals, especially as antihypertensive
agents. Furthermore, some of the compounds have
proved to possess antithrombotic and diuretic activity.
Antimycotic and antifungal properties have also been
found.

12 Claims, No Drawings

Petition for Inter Partes Review of US 8,242,158

Amneal Pharmaceuticals LLC — Exhibit 1004 — Page 1

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


4,544,664
1 2

ANTIHYPERTENSIVE SUBSTITUTED CH,
IMIDAZOLE DERIVATIVES /—ct-t(-ct-t—ct-i,)—.

5

DESCRIPTION —CH(—CH2CH2CH2CHg)— or >ciH2,
The present invention relates to substituted imidazolc > C=CH—CH3. >C=CH——CH2CH3_

derivatives and their non-toxic, pharmaceutically ac-
ceptable acid addition salts, and their preparation, to CH3

pharmaceutical compositions containing the same, and to \C_CficH3to their use. '

The imidazolc derivatives of the present invention
have the general formula: _

>%C}I—CH2CH2CH3; R9 is H, —CH3, —CHzCH3,
15 ——CH2CH2CH3,

R3 R5

RI_< I R‘ R7 —CH—CH3.
N R:

I 2° —CH2CH2CH2CH3 or on; no is H, —CH3.
H —CH2CH3. —CHzCHzCH3,

or CH,
/

R5 at) 25 -CH-CH3

N X‘(C”l’Iv “° or -——CHzCH2CH2CH3; Rn is H, —CH3, —CH2CH3.
R,_( I K7 —-CHzCHzCH3,

1'1 R2 30 /0”
" -CH—CH3

wherein R; is H, an alkyl of I to 4 carbon atoms. e.g. _ V . _ .

methyl or —-CH2OH; R1 is H or CH3; R3 is —--CH3, ,5 °'whE,?§f:’gEf%{§; ',‘{'f,f’g‘;,‘};;,°{;§‘;°;‘ ‘hm
-CH2CH_1, —CH2CH2CH3.

Rs

/CH3
-CH-CH3. 4° "5R

—CHzCHzCl-IzCH3, —CHzCH=CI-lg, or 7
then R5, Rsand R7 are not all simultaneously hydro-

Rs gen;

‘ 45 when R1, R2 and R4 all are hydrogen and R3 isRs

R7 R5
R6and R4 is H or OH; or R3 and R4 together represent 50 — 

il-I2, =CH—CH3, =CH—CH2—CH3, R7

CH3 than R5, R5. R7 are not all simultaneously hydrogen;
/ R3 and R9 are not simultaneously hydrogen; and

=C'C"3' 55 R” and R10 are not simultaneously hydrogen.
Because of the tautomerism in the imidazole ring the

or =CH—CH2CH2CH3: X is compounds of the general formula I and II are 4(S)-sub-
stituted imidazole derivatives.

R‘ R9 R” Rm ‘ The non-toxic pharmaceutically acceptable acid addi-
l I I I 60 tion salts of these compounds are also within the scope

-'CH"CH" °’ -C=c-‘ of the invention.
, _ The compounds of the formula (I) and (II) form acid

R5’ R°- ‘“'d R71 “’h'°h °‘“‘ be ‘he 53"” °" d‘ff°"°"t 3"’ addition salts with both organic and inorganic acids.
H- “CH3: —CH2CH5v h31°8°“- OH °" ‘OCH! °‘ R5 They can thus form many pharmaceutically usable acid
55 hYd"°89“ 3"d R6 and R7 ‘°89‘he" 70"" 3“ —O—CH‘ 6S addition salts, as, for instance, chlorides, bromides. sul-
2—O—bridge DSIWCEH 1W0 adjacent Carbon atoms in fates, nitrates, phosphates, sulfonates, formates, tar-
the phenyl group; —CI-lRs—— is —CH2—, —CH(CH- (rates, maleates. eitrates, benzoates, salicylates, ascor-
3)—. —CH(-CH2CH3)—. -—-CH(-CH2CH2CH3)—. bales and the like.
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The invention includes within its scope pharmaceuti-
cal compositions comprising at least some of the com-
pounds of formula (I) or (II) or a non-toxic. pharmaceu-
tically acceptable salt thereof. and a compatible phar-

4

4—[2—(2,6‘-dimethylphenyl)—l-methylethenyl]-2-
methylimidazole

4~[2-(2,6-dimethylphenyl)- l«methylethenyl]-5-
metliylimidazole

‘
Specific Compounds of fonnula (D: [S.-(?,6-dimethylphenyl)-l-methyl-l-pentenyl-
4-[a..a-bis(2-methylplienyl)hydroxymethyflimidazole ]‘""d"‘?'° _ _
4-[[a-(2-methylphcny1)]-2-mcthy|benzyl]imida.zo1c 4'i3'(2v5'd‘m‘3'hY]PhE"Y')' I 'e3hY" "PV°P°”)’l]|m'da2°i9
4-(at-phcnylbcnzyl)-5-methylimidazole 10 4-(5-(2.6-dimethylphenylyl-methyl-l-pentenyl]-S-
4-[[a—(2,6—dimethylphenyl)]—a-methyl]hydroxymethyl- methylimidazole

]imidazole 4—[S-(2,6-dimethylphenyl)-I-methylpentyl]imidazole

4—[][_a-_(§.3-c:imeIhy|phenyI)l-a-methyl]hydroxymethyl- 4—[4-(2,6-dichlorophenyl)-l-methy1-l-butenyl]imidazole"m 31°C 4- 2- 2,6-dimeth l henyl)-l-eth lethyl imidazole
4'[a’°"b'§(2'.mcthylPh°nyDhydr°xym°thyl]"5‘ 15 4-E2-é2,6-dimethyllghenyl)-2-eth:I,lethyliimidaz0le

“‘°‘hV"""d“‘°'° 442 (3 4-meth lenediox hen I) to l]i ‘dazol
4-[[a-(2-methylphenyl)]-2-methylbenzyl]-5- ‘ - V V1’ Y P P3’ '"' '3

methynmidazole 4—[2.-Q-bromo-4,5-methylenedioxyphenyl)propyl-
4-[(a-methyl)-2.6-dimethylbenzyflimidazole 20 l"'"d3Z°'e _ V
4-[(a-methyl)-2.3-dimethylbenzyl]ii-nidazolc The compounds of the present invention have been
4-[(a-ethyl)—3-methylbenzyl]imidazole found to possess excellent antihypertensive activity.
4-[(a—butyl)-2,3-dirnethylbenzyl]imidazole Preliminary tests have shown that they also possess
4-[(0-methyl)-2,3-dimethylbellZ3/ll-Z-methylimidazole other valuable pharmacological properties. for exam-

4-[(G'Pl'0Dyl)‘2°m¢l1'lY1bBI“IZ)'1li_miflaZ01€ 25 pie, antithrombotic and diuretic effect. Antimycotic and

tggflgzgYg:§';‘j§?:‘);'3‘°'}?;2;"‘;§;'§L°z°le antifungal properties have also been found.
4_[a_ethyll_(3:methylph3;nyl)_:ydroxymethyh While all of the compounds of formula (1) and (II)

limiduole essentially satisfy the OUJCCIIVCS of the present inven-
4.[a_bmy1_a_(2.3_dimemy1phenyD_hydwxymemyb 30 tion. certain groups of compounds remain preferred.

limidazole One such preferred group is represented by formula (I)
4,.[a-mcthyi-a_-(2'3.d1me,hyiphenyiyhyd,°,(yme;hy]].2- wherein R4 is hydrogen. R3 is alkyl and R5. R5 and R7.

meghylimidazole which can be the same or different, each are hydrogen.
4-[a-propyl-a-(2-methylphenyl)-hydroxymethyl— methyl, ethyl or halogen. Another preferred group of

]imidazole 35 compounds is represented by formula (11). wherein R5.
4-(G-melhY1-2'Chl0l'0b¢nlyllimidfllok R5 and R7. which can be the same or different, each are

4'[]‘:;'r:’£:g:;“‘(2'm“hY[Phc"Y1)‘hyd"°"Y“"°‘hYl' hydrogen, methyl, ethyl or halogen. In such com-
4-[a-methyl-ct-(2,S-dimethylphenyl)-hydroxymethy|— :°:ndS' those In \l;vhllc:R' lsllhyqrogenhof m‘:h'yl' R} ls

limidazole 40 y rogen or met y. ii or ii is met 3' . et y or Iso-
4-[a..a—bis-(2.3-dimethylphcnyl)hydroxymethyl- P'°PY'~ R9 3"” R10 3“ “>’d'°8'~‘" and " '5 ° ‘Pay be

]im;du°|c mentioned. Especially the compounds wherein n is
4-[at-(2,3-dimethylphenyl)-2.3-dimethylbenzyl— greater than 0 possess valuable antimycotic properties.

]imidazole Especially good antihypertensive properties have been
4-[(a-ethyl)-2.6-dimeihylbenzyllirnidazole 45 found in compounds of formula (ll) wherein n is 0 and
4-[(0-ethyl)-2,3-dirnethylbenzyl]imidazole X is
l-(4-imidazolyl)-1~(2,3-dimcthylphenyl)ethylene
l-(4-imidazolyl)-I-(2.6-dimethylphenyl)ethylene

l-(4-imidazolyl)-l-(2.3-dimethylphenyl)propene T" '|""’
l—(4-imidazolyl)-l-(2.3-dimethylphenyl)pemene so —C=c—,

The following specific compounds of formula (II):

4'[2‘(2y5-dlmelhflPheflfl)‘1‘me‘h)’le'hY1]imid37-01¢ According to the feature of the invention, the com-
‘[2'(2-5'df""e‘hYlPh°"Yl)P"°PYl]Emidazolc pounds of formula (I) wherein R4 is OH and the com-

dazolc 55 pounds of formula (II) are made by a Grignard reaction,
4_[2_(2’6_dimethy1phenyl)_2_hydr°xyethy]]imidaz°!e in which an imidazolylketone of the formula
4-(2-phenylpropyl)imidazole
4»-[2-(2,6-dimethylphenyl)- l -methylethenyllimidazole 0
4-[2-(2,6-dimethylphcnyl)-l-propcnyflimidazolc N g_R,
4--(2-methyl-4—phcnyl— l-butenyl)imidazole 60
4-[2-(4-chlorophenyl)-l-methylpropyllimidazole R1“< I
4-[5-(2.6-dimethylphenyl)- l -methyI- l -pentenyl- N R;

Iimidazole |

4-{J-(2,6-dimethylphenyl)-2-methyhl-propcnyl- H
]imidazole 65

4-[2-(2,6-dimethylpheny|)- l -ethylethenyllimidazole
4-[2-(2.3-dimethylphenyl} 1 -methylethenyl]imidazole
4-[2-(2.6-dimethylplienyl} l -isopropylethenyflimidazole

wherein Rt, R2 and R; are as defined before. is reacted
with an arylalkyl magnesium halide derivative or aryl
magnesium lialidc derivativc of the formula;
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R:

K(, (CH;),,. -Mgflal

R7

wherein R5, R5 and R7 are as defined before, n’ is 0 to S

and Hal is a halogen atom to give compounds of the
formula (III)

on R’

N (::‘(CH2)n- 6
..._( IR; R,

N R2
IH

(H!)

wherein R1, R2, R3, R5. R5. R7 and n’ are as before.

The arylalkylmagnesium halide derivative can be. for
example. an arylalkylmagnesiumbromide derivative.
which is prepared by reacting the corresponding ary-

lalkylbromide derivative with magnesium. Suifable sol-
vents for the reaction include a variety of ethers, prefer-
ably tetrahydrofuran. The arylalkylmagnesiumhalide
derivative is prepared in the usual way by adding the
arylalkylmagnesiumhalide derivative in a suitable sol-
vent, e.g. tetrahydrofuran. dropwise onto magnesium
turnings covered by tetrahydrofuran, at the boiling

point of the reaction mixture. When the magnesium
tumings have reacted. the mixture is cooled slightly and
the 4-imidazole derivative is added in solid form in small

portions or in tetrahydrofurane solution. After the addi-
tion, the reaction mixture is refluxed until all of the
4-imidazole derivative has reacted. The reaction time
varies between one and five hours.

Another process for the preparation ofcompounds of

formula (III) is a Grignard reaction in which a com-
pound of the formula (IV)

0 R5
II

N C-(CH2)... R6

H I -N
I

(W)

R:

H

wherein Ri—R7 and n’ are as before. is reacted with a

compound of the formula

R3MgHal

wherein R3 is an alkyl or aryl as defined before and Hal

is halogen. Yet another process for the preparation of 6
compounds of formula (III) is a Grignard reaction in
which an imidazole carboxylic acid alkyl ester, prefera-
bly the methyl ester of the formula

5

I0

20

25

35

40

45

S0

55

. «-4: I

wherein R; and R2 are as before, is reacted in a first

step/with a Grignard reagent of the formula

(CHz)n. —Mgl-Ial

wherein R5, R5, R7 and n‘ are as before. to give a com-

pound of formula (IV). which in a second step without
isolation is reacted with a Grignard reagent of the for-
mula

R3MgHal

wherein R3 is as defined before.

Compounds of formula (I) wherein R4 is H can be
prepared by reduction of compounds of formula (III)
wherein n' is 0 with hydrogen. A suitable catalyst is e.g.
palladium-on-carbon.

Unsaturated compounds of formula (I) wherein R;
and R4 are =CI-I2, =CH—CI-I3, =CH—CH2CI-I3,

CH3

-‘C’-‘CH3

or =CH—CH2CH2CH3 or formula (II) wherein R10 is
hydrogen are prepared by dehydrating compounds of
fonnula (III):

.t,_(: I
H

R:

C—(CHz).. e
R1 _

(Ill)

wherein R1, R2, R5. R5, R7 are as defined before, R3 is

an alkyl or aryl as defined before and n’ is 0 to 5. to give
a compound of the fonnula (V)

Rn

H

C=CH—(CH1),.

R2

R5 (V)
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-continued

@z“N c-(cum. R.

.._< I R,
i‘ “’H

wherein R1. R3, R5, R6, R7, and n and n’ are as defined
before; R11 is an alkyl as defined before and R3 is an
alkcnyl as defined before.

The dehydration is preferably performed by refluxing
in an appropriate acidic solution. e.g. concentrated hy-
drochloric acid or heating for example with potassium-
hydrogcn sulfate

The compounds of formula (V) can further be re-
duced with hydrogen in the presence of a palladium-on-
carbon catalyst to the corresponding saturated com-
pounds of formulae (I) and (II).

Compounds of formula (11) wherein R" is hydrogen
are prepared by a Wittig reaction which comprises
reacting an imidazole aldehyde of the formula

V CHO

N R:
IH

wherein R; and R2 are as before, with an aralkylidene-
triphenylphosphorane of the formula:

l|?-tn R5
(C6"5)JP=C‘lCHZ)n R1:

R7

wherein R5. R(,, R1, Rm and n are as defined before, to
give the unsaturated compounds of formula (II), which
in a further step can be reduced to the corresponding
sattirated compounds of formula (II) as described
above.

The aralkylidenetriphenylphosphoranes are prefera-
bly prepared by reacting the corresponding aralkyltri-
phenylphosphonium halide of the formula:

Rs R10I e
Rs (CHz).—Cl-l- P—(C6Hs)i Hale

R1

wherein R5, R5, R7. Rio and n are as before and Hal is
halogen, with a basic reagent, preferably butyllithium.

In the Grignard- and Wittig—synthescs described
above, the free nitrogen atom in the imidazole starting
material can be protected by different methods. Suitable
protecting groups are for example bcnzyl. triphenylsilyl
or diallcoxymethane. The removal of the protecting
group can be performed in different ways, and depends
on the kind of protecting group used. For example, a
dialkoxymethane group is removed by acidic hydrolysis
and a benzyl group by sodium in liquid ammonia.

The present invention further provides yet another
method for preparing compouncb of the invention.

8

Thus, according to this embodiment of the invention, a
starting material of the fonnula (VI) or (VII)

5 RS 1'13 FIH2 9'11: W”
R. ct»t—<l:-~p-R3
R7 Ru R15

[0 Of

R5 llltz flit: iv”)
R5 lCHs),,'°X""(l:—(|I-‘R1

)5 R7 R14 Ru

wherein R2, R3, R5, R5, R7 and n are as hereinbefore
defined: wherein R11. R13. R14 and R;5, which can be
the same or different, are each hydrogen, hydroxy,
mercapto, halogen, amino, —O— alkyl ofl to 7 carbonatoms or

20

0
ll

—o-c- R.25

wherein R is an alkyl; or wherein R]: and R14 can be
combined to form a keto group, or R1; and Rug can be
combined to form a keto group. or both Ru and Ru and
R13 and R15 can simultaneously form keto groups; is
reacted with a reagent capable of converting said start-
ing material to the corresponding imidazole of the for-
mula:

R3
. I

7‘ CH R5 or
r

N R; R7
IH

N X-(CH;)., R5
I

.4 I ,0
T R3 R1H

30

35

40

45

50

wherein R1. R2. R3. R5. R6. R7. X and n are defined as
before. Reagents capable of converting the depicted
starting material to the corresponding imdidnzole in»

55 elude NH3+Cl-120 (or a source of ammonia and form-
aldehyde);

ii ifHN=c~—NH;, H—C—0'—NH.;“; HCO-NH;; R.—C—Nll;;
co |

R1

or RiCHO and NH3. Choice of an appropriate reagent
varies with the particular starting material employed.

When R. is hydrogen it is preferable to employ form-
amide as the reagent in cases where, in place of the
bromine atom in the aforementioned starting materials.
there is instead a hydroxyl. amino or acetyl group. In

65
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