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defects is el evat ﬂlé hypogly@mle @nd antiobesity agents. The invention also relates to methods for
10 the compounds use and to pharmaceutical compositions containing them. The
compounds of the present invention also possess utility for increasing lean meat
deposition and/or improving the lean meat to fat ratio in edible anintals,.i.e. ungulate
animals and poultry.
| The compounds of this invention further possess utility in the treatment of
16 intestinal motility disorders, depression, prostate disease, dyslipidemia, and airway
inflamatory disorders such as asthma and obstructive lung disease. '
The disease diabetes mellitus is characterized by metabolic defects in

production and utilization of carbohydrates which result-in the failure to maintain -

;appropriate blood sugar levels. The result of these defects is elevated blood glucose

20 or hyperglycemia. Research in the treatment of diabetes has centered on attempts to

normalize fasting and postprandial blood glucose levels. Current treatments include

administration of exogenous insulin, oral administration of drugs and dietary therepies.

Two major forms of diabetes mellitus are recognized. Type | diabetes, 'or

insulin-dependent diabetes, is the result of an absolute deficiency of insulin, the

25 hormone which regulates carbohydrate utilization. Type |l diabetes, or non-insulin

dependent diabetes, often occurs with normal, or even elevated levels of insulin and

appears to be the result of the inability of tissues to respond appropriately to insulin.
Most of the Type Il diabetics are also obese. '

g The compounds of the ptesent invention and the pharmaceutically active salts

30 thereof effectively lower blood glucose levels when administered orally to mammals with

hyperglyéemia or diabetes.

_ The compounds of the present invention also reduce body weight or decrease

weight gain'when administered to mammals. The ability of these compounds to affect

weight gain- is dUe to. activation of B-adrenergic receptors which stimulate the

35 metabolism of adlpose tissue.

B-Adrenerglo receptors “ha;”_"__beeﬁ___ ;iegonzed into B,, B, and B,-subtypes.

Agonlsts of B-reoeptors promote the activation of-adenyl cyclase. Activation of B,-




20 .,0r hyperglycenm a. Research in the treatnent of diabetes has centered on
attenpts to normalize fasting and postprandi al bl ood glucose |evels.
Current treatnents include adm nistration of exogenous insulin, oral

adm nistration of drugs and dietary therapies. Two major fornms of diabetes
nellitus are recognized. Type | diabetes, or insulin-dependent diabetes, is
the result of an absolute deficiency of insulin, the 25. hornone which
regul at es carbohydrate utilization. Type II di #betes, or non-insulin
dependent di abetes, often occurs with normal, or even el evated | evels of
insulin and appears to be the result of the |nab|I|ty of tissues to respond
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activation of ferard mitabutic yaie (leaelgytexpandtture)h ant ithereby prdarete3he loss abfat mass.
of adipose tiss ueCompounds that stimulate B-receptors are therefore useful as anti-obesity agents, and
can also be used to increase the content of lean meat in edible animals. In addition,
compounds which are B,-receptor agonists have hypoglycemic or anti-diabetic activity,
but the mechanism of this effect is unknown. |
10 Until recently B,-adrenergic receptors were thought to be found predominantly
in_adipose tissue. B,-receptors are now known to be located in such diverse tissues
as the intestine (J. Clin. Invest., 81, 344 (1993)) and the brain (Eur. J. Pharm., 219,193
(1992)). Stimulation of the B,-receptor has been demonstrated to cause relaxation of
smooth muscle in colon, trachea and bronchi. Life Sciences, 44(19), 1411 (1989); Br. J.
15 " Pharm., 112, 55 (1994); Br. J. Pharmacol., 110, 1311 (1993). For example, stimulation
- of B,-receptors has been found to induce relaxation of histamine-contracted guinea pig
* ijleum, J.Pharm.Exp.Ther., 260, 1, 192 (1992). '

The B,-receptor is also expressed in human prostate. Because stimulation of

the B,-receptor causes relaxation of smooth muscles that have been shown to express

20 the B,receptor (e.g. intestine), one skilled in the art would predict relaxation of prostate
smooth muscle. Therefore B,-agonists will be useful for the treatment or prevention of
prostate disease.

European Patent publication 516,349, published December 2, 1992, refers to
certain 2-hydroxyphenéthy| amines which possess antiobesity, hypoglycemic and

25 related utilities.

U.S. Patent 4,358,455 is concerned with certain heterocyclic compounds of the
formula Het-CHOH-CH,-NH-aralkyl, useful for treating glaucoma and cardiovascular
disorders. '

U. S. Patent 5,030,640 concerns certain a-heterocyclic ethanol amino alkyl

30 indoles, useful as growth promoters, bronchodilators, antidepressants and antiobesity
agents. '

U.S. P;,_;ajerjt 5,019,578 concerns certain a-heterocyclic ethanol amines useful as

growth promoters.
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[err] - Adrenergi c receptors have been categorized into [err], [err] and
[err]-subtypes. Agonists of [err]-receptors pronote the activation of

adenyl cycl ase. Activation of [err]- -2- receptors invokes increases in
heart rate while activation of [err]-receptors induces relaxati SWHaSBeenReplace

skel etal nuscle tissue which produces a drop in bl ood pressure a m’ "",l”m
onset of -snooth nuscle trenors. Activation of 133-receptors is k i
stinmulate lipolysis (the breakdown of adi pose Ptssue triglycerides to

glycerol and free fatty acids) 5 and netabolic rate (energy expenditure),

and thereby pronote the loss of fat mass. Co unds that stinulate
[err]-receptors are therefore useful M&H&Wnts, and can al so

be used to increase themigiveRildn RliatS R \coRBduNdS HMling teddrmia - | n

addi tion, -conpounds which are [err]-receptor agonists have hypogl ycem c or
ariti-di abetic activity, but t3g mecpghi smof this effect is unkngyn: 10

Until recently [err]-adrenergj ec¢ptors vve’l'le thought to b
predom nantly i —CH— — -
5 1R\N)\ CH CHg N7T%Ha S Y—Z
N RY "R /
R
ke -
I
wherein:
10 R', R?, R* and R® are independently hydrogen or (C,-C,)alkyl;

R®, R® and R’ are independently hydrogen, halogen, (C,-C,)alkyl, nitro, cyano,
trifluoromethyi, Sdzﬂ°, SO,NR°R™, NR°R'™, COR", CO,R®, (C,-C,)alkoxy, NR°SO,R®,
NRPCOR'"', NR®*CO,R® or OR®;

R® is independently (C,-C,)alkyl or (C,-C,)alkoxy(C,-C,)alkyl;

16 - R? and R are independently hydrogen, (C,-C¢alkyl, (C,-C,)cycloalkyl, or (C,-
Ce)alkoxy(C,-Cj)alkyl;

R" is independently hydrogen, (C,-C¢alkyl, NR°R™, (C,-C,)cyclcalkyl, or (C,-
C,)alkoxy(C,-C,)alkyl wherein R® and R'° are as defined above;

W is N, CH, or when R® is bonded to W, CR® wherein R® can be any of the

20 values listed above for R® in addition to H;

X and Y are independently a direct link (i.e. a covalent bond), oxygen, sulfur, or
NR' wherein R’ is as defined above; '

Z is (CH,),,OR’, (CH,),CO,H, (CH,),COR", (CH,),SO,NR’R™, (CH,),-NR°SO,R®,
(CH,),P(O)(OR')(OR?),  (CH,),-O-(CH,),COH,  (CH,),-0-(CH,),COR", (CH,),-0-

25 (CH,),P(O)OR"OR?), (CH,),-0-(CH,),SO,NR’R™, or (CH,),-O-(CH,),,-NR*SO,R®
wherein R, R?, R?, R®, R'® and R are as defined above;

mis 1 to 6;

nis 0 to 6, provided thatif Yis O or S, n is not O;

~ pharmaceutically acceptable prodrugs of said compounds; and
30 pharmaceutically acceptable salts of said compounds and said prodrugs.

Compounds according to the invention are B-adrenergic receptor agonists. In
general, those compounds wherein the Y-Z moiety terminates in a free carboxylic acid
(COOH) group constitute a preferred subgroup because they are selective agonists for
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in .adi pose tissue. err]-receptors are now known to.be l.ocated in such
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Another prefe'rred subgroup includes those free carboxylic acids of formula |
wherein X is oxygen and W is CH. '
Another preferred subgroup includes those free carboxylic acids of formula |
10 wherein X is oxygen, W is CH, and each of R, R, R®, R*, R®, R®, and R" is H.
Another preferred subgroup includes those compounds of formula | wherein X

is oxygen, W is CH, each of R, R, R*, R*, R°, R®, and R’ is H, and Y is oxygen or a

direct link.
Specific compounds include the following:
15 - (4-(2-(2-(6-aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenyl)acetic
acid;

(4-(2-(2-(6-aminopyridin-3-y1)-2(R)-hydroxyethylamino)ethoxy)phenoxy)acetic acid;
4-(2-(2-(6-aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)benzoic acid; and
_{4-(2-(2-(6-aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenyi)propionic
20 acid; '
Salt forms of the above compounds are also preferred.
) The present invention also relates to a therapeutic composition, useful for
treating a condition, disease, or disorder in a mammal, including any of the conditions,
diseases and/or disorders disclosed herein, éomprising an amount of a oompound. of
25 - formula |, or a prodrug thereof, or a pharmaceutically acceptable salt of said compound
or prodrug, effective in treating such condition, disease, or disorder, and a
pharmaceutically acceptable carrier. Specific conditions, diseases, and/or disorders
which are treatable with such compositions include diabetes, hyperglycemia, obesity,
intestinal motility disorders, airway inflammatory disorders, depression, prostate
30 disease, and dyslipidemia. '
This invention also relates to a method of treating a condition selected from the
group consisting of diabetes, hyperglycemia and obesity in a marhmal, comprising
administering to a mammal in need of such treatment an amount of a compound of



fornula'kbtJC}K}+[err]-NH-aralkyI, useful for treating glaucoma and
cardi ovascul ar
la- het erocyclic ethanol anino alkyl 30 indoles, useful as growh pronoters,

‘bronchodi | ators,

di sorders. U. S. Patent 5,030,640 concerns certain

anti depressants and antiobesity -agents. U. S. Patent

5,019,578 concerns certain [err]-heterocyclic ethanol am nes useful as

grow h pronoters.

-3- Summary O The Invention This invention relates to

conpounds having the forrmula | [err] wherein: ™0 [err], [err],

[err]

and [err]

10

16

20

25

are independently hydrogen or [err]alkyl;
formula |, or a prodrug thereof, or a pharmaceutically acceptable salt of said compound
or prodrug, effective in treating such condition. : -

This invention also relates to a composition, useful for increasing the content of
lean meat in edible animals, comprising an amount of a compound c_f formula |, or a
prodrug thereof, or a pharmaceutically acceptable salt of said oompouad or prodrug,
effective in increasing said content, and a pharmaceutically acceptable carrier.

This invention also relates to a method of increasing the content of lean meat
in edible animals comprising administering to an edible animal an amount of a
compound of formula |, or a prodrug thereof, or a pharmaceutically acceptable salt of
said compound or prodrug, effective in increasin_g said content. )

This invention also relates to a method for treating prostate disease in a
mammal, preferably a human, comprising administering to a mammeal in need of such
treatment an amount of a compound of formula I, or a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or prodrug, effective in treating

-such disease.

The present invention also relates to a method of treating a condition selected
from the grbup consisting of intestinal motility disorders such as irmitable bowel
syndrome, peptic ulceration, esophagitis, gastritis and duodenitis, (including that
induced by H. p_y[g_rj), intestinal ulcerations (including inflammatory bowel disease,
ulcerative colitis, Crohn's disease and proctitis) and gastrointestinal ulcerations in a
mammal, preferably a human, comprising administering to a mammal in need of such
treatment an amount of a compound of formula [, or a prodrug thereof, or a
pharmaceutically acceptable sait of said compound or prodrug, effective in treating
such condition. ’

The present invention also relates to a method for treating depression in a
mammal, preferably a human, comprising administering to a mammal in need of such
treatment an amount of a compound' of formula |, or a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or prodrug, effective in treating
depression.

The present invention also relates to a method for treating dyslipidemia in a
mammal, preferably a human, comprising administering to a mammal in need of such

treatment an amount of a compound of formula |, or a prodrug thereof, or a
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[ern], [err] and [err] are independently hydrogen, hal ogen, [err]alkyl,
nitro, cyano, trifluoronethyl, [err], [err], [err], [err], [err],

[err]al koxy, [err], [err], [err] or [err]; [err] is independently
[err]al kyl or [err]al koxy[err]al kyl; 15 [err] and [err] are

I ndependent|y hydrogen, [err]al kyl, [err]cycloal kyl, or (C, -

[err]al koxy[err]al kyl; R' is independently hydtogen, [err]alkyl, [err],
[err]cycloal kyl; or [err] [err]al koxy[err]al kyl wherein [err] and [err] are
as defined above; Wis N, CH or when [err] is bonded to W [err] wherein

tnd \ are | ndeperanPREe el adepang SEf of Sl Gortiadis, oTpRifld. chfp i wébting
sul fur, or [err] dyslipidemialerr] is as defined above; Z is [err] [err] 25

gg:‘)\r/]e; wherein [err], [ﬁrer;lr’esén%riﬁ\le’ntilare\ rarIJo’ reﬁa%sr lo gnrrclietl;\ce)& rJf t%raﬁng Sainclivg{/ iinq’leagnatory

disorders, especially asthma, comprising administering to a mammal in need of such

5 treatment an amotunt of a compound of formula I, or a prodrug thereof, or a

pharmaceutically acceptable salt of said compound or prodrug, effective in treating
such disorders. '

This invention includes prodrugs of compounds of formula | haviny free amino,

~ amido, hydroxy or carboxylic groups. Prodrugs are understood to comprise an amino

10 acid residue, or a polypeptide chain of two or more (e.g., two, three or four) amino acid

residues which are covalently joined through peptide bonds to free amino, hydroxy or

~carboxylic acid groups of compounds of formula I. The amino acid residues include

the 20 naturally occurring amino acids commonly designated by three letter symbols

and also include, by way of -examplé and not of limitation, 4-hydroxyproline,

16 -hydroxylysine, demosine, isodemosine, 3-methylhistidine, norvalin, beta-alanine,

gamma-aminobutyric acid, citrulline homocysteine, homoserine, omithine and

methionine sulfone. Prodrugs are also understood to include carboha’tes. carbamates,

amides and alkyl esters which are covalently bonded to the above substituents of

formula | through the carbonyl carbon prodrug sidechain. Prodrugs also include

20 compounds in which the secondary amine and its B-hydroxy when taken together form

a group of the formula '

R3 6u.<cne>

qv

s
4
25 . HQN)\ R5 R

wherein R®, R*, R® and X are as defined above for formula |, q is 0 to 6, and U and V
are independently carbonyl, methylene, SO, or SO,, wherein methylene is optionally
substituted with hydroxy.

30 "This invention further includes intermediates of the structure:
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mis 1to6; nis Oto 6, provided that if Yis Oor S, nis not O;

har maceuti cal | y acceptabl e prodrugs of said conpounds; and 30
phar maceutical |y acceptable salts of said conpounds and said prodrugs.
Conmpounds according to the invention are 13-adrenergic receptor agonists.
In general, those conpounds wherein the Y-Z noiety termnates in a free
carboxylic acid (COOH) group constitute a prefﬁgred subgr oup because they
are sel ective agonists for -4- the [err]-subtype adrenergic receptor.
Selectivity for [err]-subtype is desirable since such selectivity reduces
or avoids undesirable effects of [erp]- and/or [err]-agonism such as

i ncreased heart rate, snooth nuscIeRtrenB}ingi and decreased bl ood
pressure. This particular group is ed §o as "free carboxylic acids"
bel ow. 5 Anot her preferred subg i ncludes those free
car boxylic acids R6

5 . R?

1

]_.l:
4 _: /?

R
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15 : | m
’R
%I_R
20 H/RI\>(R; RS .
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> Y
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of formuka | wherein X is oxygen. Another preferred subgroup includes those
free carboxylic acids of formula I wherein X is oxygen and Wis CH Anot her
preferred subgroup includes those free carboxylic acids of formula I 10
Mhereln X is oxygen, Wis CH, and each of [err], [err], [err], [err],

[err], [err] and [err] is H, Another preferred subgroup includes those

corrpounds of formula | wherein X is oxygen, Wis CH each of [errjs—fert}s

[err], [err], [err], [err] and [err] is H, and Y i s oxygen or

link. Specific corrpounds include the following: 15 T&ﬂeetﬁ“Bee“R"
(4- ((12 (2-(6-am noga/él di n-3-yl)-2(R)-hydroxyet hyl am no) et hoxy)pH"m lm”m 'H"’
aci d;

(4- (2-(2-(6-ani nopyridin-3-yl)-2(R)-hydyoxyet hyl am no) et hoxy) phenoxy) aceti c
aci g 4- 82 (2-(6-am nopyridin-3-yl)- ﬁ( - hydr oxyet hyl am no) et hoxy) benzoi c
aci an

(4- (2 (2-(6-am nopyridin-3-yl)-2(R* hlero yet']‘}yl am no) et hoxy) phenyl ) propi on
ic 20 acid; Salt forns of the abov r | sg_preferred.

5 RG
Y4
- R
wherein:
PG is a conventional protecting group, -
10 R is an alkyl group;

R', R* and R® are independently hydrogen or (C,-C,)alkyl;
R®, R® and R’ are independently hydrogen, halogen, (C,-Cg)alkyl, nitro, cyano,
trifluoromethyl, SO,R®, SO,NR°R™, NR°R', COR", CO,R’, (C,-C)alkoxy, NR°SO,R’,
) NR°COR", NR°CO,R® or OR%;
16 - R® is independently (C,-Cg)alkyl or (C,-Cg)alkoxy(C,-Cg)alkyl;
R® and R™ are independently hydrogen, (C,-C,)alkyl, cycloalkyl(C,-Cy), or (Cy-
Ce)alkoxy(C,-Cealkyl;
R" is independently hydrogen, (C,-Cs)alkyl, NR°R™, (C,-C,)cycloalkyl, or (C,-
Co)alkoxy(C,-C,)alkyl, wherein R® and R are as defined above; |
20 W is N, CH, or, when R® is bonded to W, CR® wherein R* can be any of the
values listed above for R® in addition to H; '
_ X and Y are independently a direct link, oxygen, sulfur, or NR' wherein R'is as
defined above; °
Z is (CH,).OR°, (CH,),COR", (CH,),SO,NR'R®, (CH,),-NR°SO,R",
26  (CH,),P(O)(OR")(OR?), (CH,),-0-(CH,),COR", (CH,),-O-(CH,),P(O)(OR")(OR’),
(CH,),-O-(CH,),SO,NR’R®, or (CH,),-O-(CHj),-NR*SO,R® wherein
R, R?, R?, R’ R and R'! are as defined above;
mis 1to6; and
nis O to 6, provided thatif Yis O or S, n is noto
30 as further disclosed in detail hereafter.
It will be appreciated by those skilled in the art that compounds of formula !
contain at least one chiral center, and possibly two chiral centers when R* and R® are

different. Accordingly compounds of formula | may exist in, and be isolated in,



The,present invention also relates to a therapeutic conposition, useful for
treating a condition, disease, or disorder in a manmal, including any of
the conditions, diseases and/or disorders disclosed herein, conprising an
anount of a conpound of 25 formula 1, or a prodrug thefrm§)$heet¢rasneenReplaced

pharmaceutically acceptable salt of sald conpound or pro
treating such condition, disease, or disorder, and a pha
acceptable carrier. Specific condi tions, di sea® es, and/or |sor ers

are treatable with such conpositions include di abet es, hyperglycem a,

obesity, intestinal notility disorders, airway inflammatory disorders,
depr essi on, pr ostepticatypactive andsacemisdoms; | Spmacempounds mayhedibit pelympmhism. K

Conai sting of i ABdp & CridSRtbald et 0 Phisenl|uEitrt Bocriaiiebdang rabinio, opticaly-
administering to actlmrpdymcrphmsteyéosemam forat m;mocttues theraofiwhith formamssesses
of "o properties useful in the treatment of the utilities noted herein, it being well known in the
5 arthowto prepare obtically-active forms (for example, by resolution of the racemic form

by recrystallization techniques, by synthesis from optically-active starting materials, by

chiral synthesis, or by chromatographic separation using a chiral stationary phase) and

how to determine efficacy for the treatment of the said utilities by the standard tests

described hereinafter. In general, (R)-stereochemistry is preferred at all chiral centers

10 - in the compounds of this invention.

In this specification the terms “alkyl" and "alkoxy” include both straight and
branched chain radicals, but it is to be understood that references to individual radicals
such as "propyl" or "propoxy" embrace only the straight chain (*normal”) radical,

~ branched chain isomers such as ‘isopropyl” or ‘isopropoxy" being referred to
15 :speciﬂcally. '

The term "halo®, as used herein, unless otherwise indicated, includes chioro,
fluoro, bromo and iodo. '

The term “treating" as used herein includes preventative as well as disease
remitative treatment.

20 Particular values of (C,-C;)alkyl include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, t-butyl, pentyl, isopentyl, and hexyl.

Particular values of {C,-C,)alkoxy include methoxy, ethoxy, propoxy, isopropoxy,
butoxy, isobutoxy, t-butoxy, pentoxy, isopentoxy, and hexoxy.

Particularvalues of (C,-C,)cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl,

25 cyciohexyl, and cycloheptyl.

More particular values of (C,-C,)alkyl include the values of (C,-C;)alkyl, including
methyl, ethyl, propyl, and isopropyl.

More particular values of (C,-Cj)alkoxy include the values of (C,-C;)alkoxy,
including methoxy, ethoxy, propoxy, and isopropoxy.

30 _ DETAILED DESCRIPTION

Compounds of formula | can be made by processes which include processes
known in the chemical arts for the production of other compounds. Such processes
for the manufacture of a compound of formula | as defined above are provided as



fo'r,rrul_a' I, .or a prodrug thereof, or a pharmaceutically acceptable salt of
sal d conmpound or prodrug, effective in-treating such condition. This -
i nvention also relates to a conposition, useful for increasing the content

of lean neat in edi blhissShearHsBee #si ng an ampbunt of a compound of
formula I, or a 5 prod - a pharnmaceutically acceptable salt of
sai d conpound or prodr i n increasing said content, and a

pharmaceutical ly acceptable carrier. This i nvdion also relates to a

met hod of increasing the content of |ean nmeat in edible animls conprising
adm ni stering to an edible animal an anobunt of a. conpou of. formulba |, oOf,
a prodrug t her eoffurtber featyres ofthedoventian ppd a&:@‘ﬂﬁt%@%gﬁr}&!ﬂ”ﬂ% p"°;°§F’H’ esin Which
compound or pr 0d1Hg mddricfs! o\ Ganefic riiEAe ald s SVeA R0 Ghless Dihewisk\¥finbdn The
also relates to a netho or Treating prostatée disease in a manmal , .
preferably a hungprecessescasibeegfiectedngeneasallyng to a nmammal in need of such
treatment an anmount of 0 I,m“ ; e R? afy H2 b
pharmaceutical ly accep@gfﬁ(}eggg'lﬁpggﬁé s"g?‘s cé%g&ﬁgl%?vggr%ﬁg? effective In y
treating 15 dhuchredicingacompoandroffemula hvention al so relates to a net hod

of treating a condition selected

R OH H |
N@J\/Rm R‘Z
: . N—_—N .7 Y-
10 R

il
with an appropriate reducing agent. The reaction is conducted employing a reducing
agent as known in the art such as stannous chloride, zinc chloride, or hydrogen in the
16 ;presence of (e.g., 10%) palladium-on-éarbon catalyst. The reactiori is typically
implemented by refluxing in a polar solvent such as a lower alcohol, for example
methanol or ethanol. |
(b) for a compound of formula | wherein R' and R* are H, by deprotecting a
compound of formula il|

20 R® OH H
~

H\me; RS
PG _7 y-Z

25
_ m
wherein PG is a (conventional) protecting group, preferably a (C,-C¢)acyl (for example,
acetyl), a benzyloxycarbonyl (Cbz) or t-butoxycarbonyl (BOC) group, as known in the
art. The reaction can be implemented conventionally by hydrogenation, or with a
30 deprotecting reagent such as an acid (e.g., trifluoroacetic acid or a mineral acid such
as HCI) in aqueous/alcoholic solvent medium.
(c) for a compound of formula | wherein Z terminates in a carboxylic acid
moiety (i.e., the free acid), by hydrolyzing a compound of formula | which is a



fromthe.group consisting of intestinal notility disorders such as-
irritable bowel syndrone, peptic ulceration, esophagitis, gastritis and
duodenitis, (including that induced by H pylori), intestinal ulcerations
(including inflammatory bowel disease, 20 ulcerative colitis, Crohn's

di sease and proctitis) and gastrointestinal ulcerations in a mamml,
preferably a human, conprising admnistering to a manmal in need of such
treatment an anmount of a conmpound of formula FMi-or a prodrug thereof, or a
pharmaceutically accept.able salt of said conpound or prodrug, effective in
treating such condition. present invention also relates to, a

25 Th
met hod for treati eererpondingi (GrColalieyl ?ﬁ?ﬂﬁﬁlﬂ,‘e saidfree acid, Thergaction canhe sandygted
admi ni stering to goqp all&[%r{e]@ggﬁpﬂfa Hasd %&:ﬁ%"'ﬁﬁtalﬁéii AR HydRdxide &P aPJetadl a

of fornula I, or a prodrug or a pharnaceutically acceptable salt
of " sai d conpound stoichiometie ametinit: end \pseferably ingxcess (@chbr ¥ i abasggompound molar

b b o A8 8 g 0 RS S oS 83 it ek o
of such treat nent mineralagidhin wdtea conpound of fornula I, or a prodrug
thereof, or a (d) for a compound of formula | wherein Z terminates in a mono- or di-
substituted amide moiety, by treating a compound of formula | which is a
corresponding (C,-C,)alkyl ester with a corresponding mono- or di-substituted amine.
The reaction can be implemented as a one-step displacement conventionally, at reflux
10 in aqueous/flower alcohol solvent medium.
(e) for a compound of formula (I) wherein R' and/or R? are othér than H, by

treating a compound of formula XXX

| R® " |
b “?V'
§ e
L)\ R R5>K@R6

20 XXX
wherein L is a displaceable group, with a corrésponding amine of formula HNR'R?, The
reaction is typically conducted in a lower alcohol at reflux.
Methods (c) and (d) are further discussed in Reaction Scheme 5 below.
If they are not commercially available, the necessary starting materials for the
25 above procedures may be made by prboedures which are selected from standard
organic chemical techniques, techniques which are analogous to the synthesis of
known compounds, or techniques which are analogous to the above described
procedures or the procedures described in the examples. In particular, the processes
and products of the present invention are illustrated in the following reaction schemes
30 wherein, unless otherwise indicated, all variables are as previously defined.
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- 6- «pharmaceutically acceptable salt of said conpound or prodrug, effective
in treating dyslipidem a. The present invention also relates to a nethod of
treating airway inflamatory disorders, especially asthma, conprising

adm nistering to a manmal in need of such 5 treatnent an anount of a
conpound of forrmula 1, or a prodrug thereof, or a pharnmaceutically
acceptabl e salt of said conpound or prodrug, effective in treating such

di sorders. This invention includes prodrugs of1'bnpounds of formula I
having free am no, am do, hydroxy or carboxylic groups. Prodrugs are
understood to conprise an amno 10 acid residue, or a polypeptide chain of
two or nore (e.g., two, three or four) am nqg acid _residues which are
covalently joined through peptide bonds to PCdtEHE o, hydr oxy or

carboxylic acid groups of conpounds of forrmula I. The ami no acid residues
i ncl ude : '
. N H
5 N RS
PG~ OH + x\gzzﬁ:
R RE R? Y-—z
IV \'s

" ”’”ﬂ;} :
15 - . - ' l
”e’*ﬂ@: SR

— VIII

30
He
y\@v—z



the-20,naturally occurring am no acids conmonly designated by three letter

synbol s and al so i ncl ude,
4- hydr oxyprol i ne,
3- et hyl hi sti di ne,
citrulline honocysteine,

norval i

al kyl
formul a |

15 hydroxyl ysi ne,

honoseri ne,
Prodrugs are al so understood to include carbonates,
esters which are coval ently bonded to t itS-above substituents of
t hrough the carbonyl

by way of exanple and not of
denosi ne,
n, beta-al ani ne,

carbon prodrug sidechain.

limtation,

i sodenpsi ne,
ganmma- am nobutyric acid,
om t hi ne and met hi oni ne sul fone.
car banat es,

ani des and

Prodrugs al so

i ncl ude 20 conmpounds in whi-ch the secondary am ne and its 13-hydroxy when

taken together forma group of the fornula
[err] and X are as defined above for fornul

are i ndependently carbonyl,

optionally substituted mnth y.dr oxy. 30
|ncludes |nterned|ates of t r
5

5

10

16 -

20

26

SEHENE 2

nmet hyl ene, [err] or

RY 'R
? 1
R pé
VII l
R®  oH H
e
H\N/L\N’_ R RS
PG R
111
OH H
HE,JC?MX
I, RI=R®=H

wherein [err],
€0 to 6, and U and V
[err] wherein nethyFene is
Thi's inventpdn further

Ré " 4*?3/‘9
y-LZ H\N/L\N’

[err],



-7-»R3, 'OH. HJerr] [err] -8- [err] wherein: PGis a conventional
protecting group, 10 Ris an al kyl group; [err], [err] and [err] are
i ndependent |y hydrogen or [err]alkyl; [err], [err] and [err] are

i ndependent | y hydrogen, hal ogen, [err]al kyl, nitro, cyano,

-14-
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trifdugronethyl, [err], [err], [err], [err], [err], [err]al koxy, [err]
[err], [err] or [err]; 15 [err] is independently [err]al kyl or
[err]al koxy[err]alkyl; [err] and [err] are independently hydrogen,

[err]al kyl, cycloalkyl[err], or [err] [err]al koxy[err]alkyl; [err] is

i ndependently hydrogen, [err]alkyl, [err], [err]cycloal kyl, or [err]
[err]al koxy[err]al kyl, wherein [err] and [err] are as defined above; 20
Wis N, CH or, when [err] is bonded to W [er#1p-wherein [err] can be any
of the values |isted above for [err] in addition to H X and Y are

i ndependently a direct |ink, oxygen, sulfur, or [err] wherein [err] is as
defined above; Z is [err], [Jerr], [errbcﬁgiﬁ rl, 25 Jerr], [err],
[err], [err] or [err] wherein [err], [err]? @,4[err], [err] and [err]
are as defined above; mis 1 to 6; and

3 4
R OH . R\n/\'
. 5 uﬁ/’B/K/NHe 0 Rs
TR - Ayt
élock _ R
XVII l - XVIII )
10
R3 OH H
NI)>/K/|!>(\
HPS RY H >K@jaﬁz
. !
15 él@ck R? Y.
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nis O0,to 6, provided that if Yis Oor S, nis not 0, 30 as further

di sclosed in detail hereafter. It will be apprieciated by those skilled in
the art that conpounds of forrmula | contain at | east one chiral center, and
possibly two chiral centers when [err] and [err] are different. Accordingly
conpounds of fornmula | may exist in, and be isolated in,

optically-active and racem c forns. Sone conpounds may exhi bit

pol ymorphism It is to be understood that the -W-esent i nvention enconpasses
any racemc, optically- active, polynorphic or stereoisoneric form or

m xtures thereof, which form possesses properties useful in the treatnent
of the utilities noted herein, it bein kl én wn inthe 5 art howto
prepare optically-active fornms (for exgﬁ%ﬁ ,” yYresol ution of the racemc
formby recrystallization techniques, by synthesis fromoptically-active
starting materials, by chiral gnthesis, or by chromatographic separation
using a chiral stationary phas an O\Uto determ ne efficacy for the
treatment of the said utiliti

5
Ha

10 | | J I
R® OH H
ul)(?)\/'b(\
N R RS
18 HaN)\N’ < CHa),,COOR12
) - Ia R v

-

4-(CHa),COOH
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descri ped hereinafter. In general, (R)-stereochem stry is preferred at al
.chiral centers 10 in the conpounds of this invention. In this
specification the terns "al kyl" and "al koxy" include both straight and
branched chain radicals, but it is to be understood that references to
i ndi vidual radicals such as "propyl" or " propoxy" enbrace only the straight
chain ("normal") radical, branched chain isomers such as |sopropyl or
"i sopropoxy"” being referred to 15 speC|f|caJrB7 The term "hal 0", aS used
herein, unless otherw se indicated, includes chloro, fluoro, bromo and
i odo. The term"treating"” as used herein i ncl udes preventative as well as
di sease remtative treatnent. 20 Particul ar values of [err]al kyl
i nclude methyl, ethyl, propyl, isopropBGHBEMEYI6 isobutyl, t-butyl, pentyl,
i sopentyl, and hexyl. Particul ar values of [err]al koxy |ncIUde nethoxy,
et hoxy, propoxy, isopropoxy, butoxy, isobutoxy, t-butoxy, pentoxy,
i sopent oxy, and hexoxy. Parti cul ar s of [err]cycloalkyl i ncl ude
cycl opropyl, cyclobutyl, cyclopent

5 . XX
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10
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25 cycl ohexyl, and cycl oheptyl. More particul ar values of [err]alkyl
i.nclude the values of [err]al kyl, including nethyl, ethyl, propyl, and
i'sopropyl. Mre particular values of [err]al koxy include the val ues of

[ err]al koxy, including nethoxy, ethoxy, propoxy, and isopropoxy. 30

DETAI LED DESCRI PTI ON Conpounds of fornmula | can be made by processes which
i ncl ude processes known in the chemical arts for the production of other
conmpounds. Such processes for the nmanufacture - a conmpound of forrmula | as
defi ned above are provided as -10- further features of the invention and
are illustrated by the follow ng procedures in which the neani ngs of
generic radicals are as given above unl ess oéeiﬁﬁqu defi ned. The processes
can be effected, generally: [4

Br
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(a),for a compound of formula I wherein Wis CH and [err] and [err] are H,
by 5 reducing a conpound of fornmula 11 R3 OH H[err] 10 with an
appropriate reduci ng agent. The reaction is conducted enpl oying a reducing
agent as known in the art such as stannous chloride, zinc chloride,.or
hydrogen in the 15 presence of (e.g., 10% pall adi umon-carbon catal yst.
The reaction is typically inplenented by refluxing in a polar solvent such
as a | ower al cohol, for exanple nethanol or eti®anol . (b) for a conpound of
formula | wherein [err] and [err] are H, by deprotecting a conpound of
formula Il 20 [err] 25 wherein PGis a (conventional) protecting group,

referably a [err]acyl (for exampl e,
P y a [erracyl (tor exanp SCHEME 8

R3 0'

C- ]
C17 W
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16 KXV

H
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acetyl ), .a penzyl oxycarbonyl (Cbz) or t-butoxycarbonyl (BOC) group, as
known in the art. The reaction can be inplenented conventionally by
hydrogenation, or with a 30 deprotecting reagent such as an acid (e.qg.,
trifluoroacetic acid or a mneral acid such as HCl) in aqueous/al coholic
solvent nmedium (c) for a conpound of fornula | wherein Z terminates in a
carboxylic acid noiety (i.e., the free acid), by hydrolyzing a conpound of
formula | which is a corresponding [err]al R4 ester to the said free
acid. The reaction can be conducted conventionally enploying a base such as
an al kali netal hydroxide in at |east a stoichionetric anmount, and
preferably in excess (e.g., up to a base:conpound nolar ratio of 5:1), at
reflux in aqueous/|ower al cohol solvent nmedi®@HEME Ph an excess of 5

m neral acid in water. (d) for a conpound of forrmula | wherein Z term nates
in-a nono- or di- substituted am de nvoiety, by treatlng a conpound of
formula | which is a

o
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correspondi,ng [err]alkyl ester with a corresponding nono- or di-substituted
am ne. The reaction can be inplenented as a one-step di spl acenent
conventionally, at reflux 10 in aqueous/| ower al cohol solvent medium (e)

for a conpound .of fornmula (1) wherein [err] and/or [err] are other than H,
by treating a conpound of fornula XXX 15 [err] 20
wherein L is a displaceable group, with a corresponding am ne of formula
[err]. The reaction is typically conducted in-@-lower al cohol at refl ux.

Met hods (c) and (d) are further discussed in Reaction Scheme 5 below. |If
they are not comercially available, the necessary starting materials for
the 25 above procedurlashediscussiorawkiciioliowsccammer chemisal aprenyses and ahbreyiglians

S oL g B 380 JBSAL) BUES, BB RS, Cbne! podpiloipausoh e
above described ptetrmabgdrofrany; (DMF pr(dicethytiosmeraisie);i DEMSO (dimethyisuffoxide); | TFA
B e DGR A L I o Bl 5 ol e vefltng to o lover
: 5 alkyl group or a lower alkanol) means (C,-C,).

Preparation of a tetrazole of formula Il (and its conversion to a compound of
formula 1) is illustrated in Scheme I. Amino alcohol IV, wherein PG is a standard
protecting group such as BOC, Cbz, or an (C,-Cs)alkylcarbony] group, is first
dehydratively coupled with compound V in a so-called Mitsunobo reaction to make

10 (protected) product amine VI. The reaction is typically conducted with stirring and at
room temperature (or higher if preferred) in the presence of a dehydrating agent such
as a stoichiometric quantity of diethylazodicarboxylate and a phosphine, for example
triphenylphosphine. The reaction can be implemented in any inert solvent such as THF,
benzene, toluene, halogenated hydrocarbons, DMF, or DMSO. -

15 ; Protected amine VI can then be deprotected as known in the art to yield amine
VI, for example with an inorganic acid or organic acid such as TFA in an inert solvent
such as a halogenated hydrocarbon (e.g., chloroform or methylene dichloride), atroom
temperature for a reaction time typically of about 2 to about 8 hours. Alternatively, the
protecting group PG can be removed by hydrogenolysis using hydrogen in the

20 - presence of a palladium-on-carbon catalyst and in an inert solvent such as a lower
alcohol or DMF. The hydrogenolysis is typically implemented anywhere from room
temperature up to about 90°C. _

The amine of formula Vil can then be treated with an azo-protected epokide of
formula Vil to yield compound Il. This reaction is typically carried out by reacting the

25 amine of formula Vil and the epoxide of formula Villin a polar aprotic solvent such as
dimethyl sulfoxide, dimethyl formamide, acetonitrile or a lower alkanol such as ethanol,
isopropanol or butanol, at a temperature from about -10°C to about 125°C.

‘A preferred modification of the above reaction involves pretredtment of the
amine of formula VIl with an N-(tralkyisilyljacetamide, for example N-

30 (trimethylsilyl)acetamide, to form a silylated compound of the formula Vlla

Qo
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wherein R is typically a lower alkyl group. This reaction is typically carried outin a polar

10

aprotic solvent such as DMSO, DMF, or acetonitrile, at a temperature froni about -10°C

to about 125°C. Preferably, the silylation is carried out at about 25°C and the reaction
with the epoxide is accomplished at about 60°C. After silylation is complete, the
compound of formula Vlla is reacted with the epoxide of formula Viil, as described

above to form the intermediate of formula lla.

16

20

R
I
R3 OI-IIKSIi’R
) e
N=——N R7
lla

After the reaction is complete or has otherwise been terminated, the silyl group can be

removed by standard means such as by mild acid or base hydrolysis.

25

30
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It is noted that a silylated derivative of the formula
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will also be produced, in many cases as the major isomer. The above isomer can also
be deprotected by the same standard means. .

Following removal of the trialkyisilyl protecting group, compound Il can be
reduced to convert the tetrazole portion of the molecule to the corresponding pyridyl
amine by treatment with a suitable reducing agent, as described above in (a).

Scheme 2 illustrates the preparation of a compound of formula | using a
precursor compound of formula lll. An epoxide of formula X, wherein W and protecting
group PG are as previously defined, can be reacted with amine VIl under standard
conditions, for example using a polar solvent such as a lower alcohol and implementing
the reaction at reflux, typically for a time between 2 and 8 hours. In a preferred
embodiment, amine Vil is first silylated as described above to make a silylated amine
compound of formula Viia above prior to treating it with epoxide X.

Scheme 3 illustrates the preparation of a compound of formula XVl which is
generic to both intermediates of formulae |l and Il when Y is O, S, or NH. Amino

alcohol IV may first be reacted with compound Va, as described for the reaction of

amino alcohol IV with compound V for Scheme 1. If X and Y are the same, then the
YH moiety need not be protected by pre-reacting with a blocking reagent. f X and Y
are different, however, then protecting the YH moiety by standard means, for example
by pre-reacting it with an aromatic or aliphatic carboxylic acid, is preferred. De-
protection by standard means (e.g. alkaline hydrolysis) can then be effected at
essentially any point prior to reacting with compound XV (JZ), described below. The
product, compound Vla, can then be de-protected as described for compound VI,
Scheme 1, thereby yielding compound IX. Compound IX can be reacted with azo-
protected epoxide VIll, as described for the reaction of compounds VI and Viil, Scheme
1. Compound XVI may then be made by reacting compounds XIV and XV, wherein J
is a leaving group such as chloro, bromo, or iodo. It is understood that for compound
XiV, when W is CH, the "block" moiety attached to the amino group is in the form of a
protecting azo group completing a fused tetrazole rhoiety and compound XVl is then
the same as compound Il. Or, when W is CH or N, the "block” moiety can additionally
be any conventional protecting group, defined hereinbefore as "PG", and.structure XVi
is then the same as compound lll. In either case compounds XIV and XV can be
reacted in an inert aprotic solvent such as DMF, DMSO, or toluene and in the presence
of a base such as an alkali metal hydride or carbonate (for example sodium hydride or
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potassium carbonate). The reaction is allowed to proceed typically at ambient

-24-

temperature and for a period of 1 to 8 hours.

Scheme 4 illustrates the preparation, via reductive amination, of compound XVla,
a subset of formula XVl wherein at least one of R* and R° is H and the other of R* and
R°isHor (C,-Cs)alkyl. Amine XVII and ketone (or aldehyde if R* is H) XVIil are reacted
to produce a compound of formula XVla. This reaction is typically carried out in the
presence of a reducing agent such as sodium cyanoborohydride, sodium
triacetoxyborohydride, sodium borohydride, hydrogen and a metal catalyst, zinc and
hydrochloric acid, or borane dimethyl sulfide followed by treatment with formic acid.
It is generally conducted at temperatures from about -60°C to about 50°C. Suitable
reaction inert solvents for this reaction include lower alcohols (e.g., methanol, ethanol
and isopropanol), acetic acid, chlorinated hydrocarbon solvents (e.g., methylene
chioride, chioroform, 1,2 dichioroethane) and THF. Preferably, the solvent is 1,2-
dichloroethane, the temperature is about 25°C, and the reducing agent is sodium

" triacetoxyborohydride.

Scheme & illustrates the preparation of free acids and amides of formulae ib and
Ic from compounds of formula la, as set forth in (c) and (d) above. The use of formulae
la, b, and Ic in Scheme 5 is exemplary. Compounds of formulae Ib and Ic are,
respectively, compounds of formula | in which Z is (CH,),CO,H and (CH,),COR"
wherein R"" is NR°R'. Scheme 5 applies equally to compounds analogous to formula
Ib in which Z is (CH,),-0-(CH,),,CO,H, and to compoundé analogous to formula Ic in

‘which Z is (CH;),-0-(CH,),, COR" where R" is NR°R", and R’, R, n and m are as

previously defined. Compounds of formula la are intermediates corresponding to
formula | except that the value corresponding to Z is (CH,),CO,R" wherein R* is an
alkyl group, typically (C,-Co)alkyl, although other replaceable groups such as (C;-Cy)
cycioalkyl can also be employed. Intermediates corresponding to formula la except
that the value corresponding to Z is (CH,),-0-(CH,),CO,R* are also useful for making
compounds aocording to the invention. Intermediate compounds of formula la are
prepared by the methods of Schemes 1, 2, and 3. The transformations depicted in
Scheme 5 may be accomplished by methods well known to those skilled in the art. It
is noted that the reaction conditions can be adapted so the reverse reactions are
favored, though implementation of such conditions is less likely since the free acids are
preferred.
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'SCHEME 9-[err] -21- In the discussion which follows, compn cheni cal
acronyns and abbrevi ati ons have been used: BOC (tert-but oxycarbonyl)—Chz———
(benzyl oxycar bonyl); THF (tetrahydrofuran); DMF .(dinmethylfornmam de); DVSO
(di net hyl sul foxide);: TFA (trifluoroacetic acid). "Lower" as™ m:m Replaced

(for exanple, when referring to a lower 5 alkyl group or a | Fﬂi:m_l"
means [err]. Preparation of a tetrazole of for.ﬁ_lha 11 (and i't
to a conmpound of forrmula 1) is illustrated in ene |. Am no al cohol 1V,
wherein PG is a standard protecting group such as BOC, Cbz, or an _
250 cal ed M t sunobo. Bta shaie H5CHEReN RYTARIEE i SH1e5H9 SrrURRRNaa Y fREvia i have
The reaction is tyabs prdséntedt iffenfledintes. His hbtedthalsbrdounds of formula-la are esters
which are active compounds in their own right, however. Such formula la esters have
been separately claimed in Serial No. (Docket PC9139JTJ), filed of even date herewith.
5 Referring to Scheme 5, compounds of formula la can be converted into
carboxylic acids of formula Ib by treatment with an acid or a base. Examples of
suitable bases for the reaction are: sodium hydroxide (NaOH), potassium hydroxide
(KOH), and lithium hydroxide. Suitable acids for the reaction include: hydrochloric acid
(HCI), hydrobromic acid and sulfuric acid. Preferably, the base is potassium hydroxide.
10  The solvent for the aforesaid process is typically a lower alkanol, hexane, DMF, toluene
and/or water. The lower alkanol can be methanol, ethanol, propanol or butanol. The
reaction temperature may range from about 0°C to about 100°C. Preferably, the
temperature is about 26°C.
Alternatively, compounds of formula la can be converted into amides of formula
15~ lc by treatment of an ester of formula la with an amine of the formula R°R"*NH. Usually,
a polar protic solvent such as a lower alkanol is used, and the reaction is run at a
temperature from about 0°C to about 125°C for about 0.5 to about 24 hours. Suitable
solvents include lower alcohols, and mixtures thereof with toluene, cyclohexane, DMF
and methylene chioride. Preferably, the reaction is conducted in methanol at about
20 65°C for about 3 to about 24 hours.
Scheme 6 refers to the preparation of compounds of formulae VIl wherein at
least one of R* and R® is H, and XVIIl wherein X is O or S. Compounds of formula VIl
wherein at least one of R*-and R® is H are labeled as Vlic in Scheme 6. For
exemplification only, R* is illustrated as the variable which can assume values other
25 than H, although it is to be understood that R® can be the variable as well. Compounds
of formulae Viic and XVIlIl are starting materials for the synthesis, respectively, of
intermediates of formulae Il and il in Schemes 1 and 2, and of formula XVla in Scheme
4, which intermediates can in turn be used to make compounds of formula I.
Referring to Scheme 6, compounds of formula Vilc are made by reductive

30 amination of a compound of formula XVIli. The conditions for reductive &mination are
as described above for the conversion of a ketone (or aldehyde, as appropriate) of
formula XVIli to a compound of formula XVla in Scheme 4, with the exception that the



roem t‘enbel:.ature (or higher if preferred) in the presence of a dehydrating
agent such as—astorchtometric quantity of diethyl azodi carboxylate and a

‘phosphi ne, faqg.exanpl e trd phepyl phosphine. The reaction can be inpl emented
in any i nertqéf 7 as%ee ﬂg 'aC%Ef'HF, benzene, tol uene, hal ogenated
hydr ocar bons, ii ﬁ ﬂlS Protected am ne VI can then be '

deprotected as art to yield amne VIlI, for exanple with an

i norgani ¢ acid or organic acid such as TFA in-g8 inert solvent such as a

hal ogenat ed hydrocarbon (e.g., chloroformor nethylene dichloride), at room
tenperature for a reaction tinme typically of about 2 to about 8 hours.

Al ternatively, thamihedisedis amgmeaniagr anacideddition salidhergof, instgadi-of dagamipgiaf formula
usi ng hydrogen in e 20 presence of a palladiumon-carbon catalyst and in
an inert solvent such as a |ower alcohol or DVWF. The hydrogenolysis is
typically inplemented Gamnpoands fof dormaenXVidnganr beumede gnt threeb steps oldgginning with

of formia Vi reoperte il BB et on i 6 typl cal Iy carried
out by reacting the 25Compourdbf ther forhala\XX arenfirst benvepnieditdethiols éophenas of the
s POLar Bl By Gl B B3, bt 2 ML OF B Ao bbb 1 ) o
formula XX with boron tribromide. Suitable solvents for the aforesaid reaction are
non-polar aprotic solvents such as methylene chloride, toluene, chloroform, or carbon
tetrachloride. Preferably, the solvent is methylene chloride. The temperature of the
10 reaction may range from about -78°C to about 20°C during the reaction with boron
tribromide. It is preferably about O°C.
The thiol or phenol of formula XXI so formed is converted into a ketal or acetal
of the formula XXil by treatment with a compound of the formula

R*0

15 - R4->—

R*0 J

20 wherein J is chloro, bromo or iodo, in the presence of a base. Preferably, the thiol or
phenol of formula XXI is first converted into an anion by reaction with a base.
Examples of appropriate bases include sodium hydride and potassium t-butoxide. The
preferred base is sodium hydride (NaH). Examples of suitable solyents for the
aforesaid process include polar aprotic solvents such as dimethyl formamide,

26 dimethylsulfoxide, and sulfolane. Preferably, the solvent is dimethyl formamide.

~ The temperature for the aforesaid reaction is in the range of about -10°C to
about 100°C. Preferably, the temperature is 30°C.

" The ketal or acetal of formula XXIl so formed .Is converted into the

corresponding compound of formula XVill by reaction with an acid. Typically, this

30 reaction is conducted at a temperature in the range of about 10°C to about 100°C.
Examples of appropriate acids for the aforesaid process are hydrochloric, hydrobromic
and sulfuric acids. Preferably, the acid is hydrochloric acid. 'Suitable solvents for the



[ sqprop'anol or

butanol, at a tenperature from about -10[err]C to about

125[err]C. A preferred*‘mm—ﬁ—ea{—l—en—of_l‘,he above reaction invol ves
pretreatment of the anfh;s of formJIa VII with an

N-(trial kyIsHyI)aceta eet e N- 30 (trinethylsilyl)acetanide,
to forma silylated cor m ormula Vlla -22- [err] Vila wherein

Ris typically alovver

hi s reactlon Is typically carried out

in a polar 10 aprotic sol vent such as DVBO, #¥F, or acetonitrile, at a
tenperature fromabout -10[err]C to about 125[err]C Preferably, the
silylation is carried out at about 25[err]C and the reaction with the
‘epoxide is accomafargamd peacess inglude(rolarsplzentaistich as pestone pag/or watesnBrefarably, the

t he conpound of
as descri bed above to
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is reacted with the epoxide of forrmula VIII,
Qf\/érH{?O O?‘I?’e intermedi ate of fornula Ila.
Scheme 7 refers to the preparation of compounds of the formulae Viic and XVl

wherein X is a direct link and at least one of R* and R® is H, with the remaining member
of R* and R® being H or (C,-C,)alkyl. Again, the single variable value R* is shown for
purposes of illustration. Compounds of the formulae Vlic and XVIII' are starting
materials for the synthesis of corresponding intermediates useful in the invention as
fllustrated in Schemes 1, 2 and 4. ' '

Compounds of formula XVIil, wherein X is a direct link, can be used to form
intermediates of formula XVla according to the processes of Scheme 4.

Compounds of the formula Vlic, wherein X is a direct link, can be used to form
corresponding compounds of formula | according to the processes of Schemes 1 and

2.
Referring to Scheme 7 (wherein X is a direct link), a compound of formula XVl

"can be converted into a compound of formula Vlic by reductive amination of a

compound of the formula XVIIl with ammonia as described above for Scheme 6.

A compound of formula XVIII can be prepared from a corresponding compound
of formula XXIli, by treatment of a compound of the formula XXIIl with a tin reagent of
the formula R*COCH,Sn(CH,CH,CH,CH,), in the presence of palladium (ll) acetate and
tri-o-tolylphosphine. The tin reagent, R*COCH,Sn(CH,CH,CH,CH,),, is formed by
reaction of tributyitin methoxide with a compound of the formula

0

CHp
CHg” “O—CH -

RE

Suitable solvents for the aforesaid process include nonpolar solvents such as
toluene, benzene and hexane. Preferably, the solvent is toluene. The temperature for
the aforesaid process is generally in the range of about 10°C to about 150°C, and is
preferably about 95°C.

Scheme 8 illustrates the preparation of an epoxide of formula Vill, which is used
to make an intermediate of formula Il and, in turn, a compound of formula | wherein W



15 4 err] Ila After the reaction is conplete or has otherw se been
termnated, the silyl group can be renoved by standard means such as by

mld acid or base hydrolysis. 25 It is noted that a silylated

derivative of the fornmula R [err] -23- will also be producedlhis Sh¢etri‘h$1 een Replaced
cases as the major isomer. The above isoner can al so be deprote

sane standard neans. Followi ng renoval of the trialkylsilyl prot

group, conpound 11 can be reduced to convert 28e tetrazole portlon

nol ecul e to the correspondi ng pyridyl

is CH. The preparation is generally according to methods disclosed in U. S. patents
4,358,455 and 5,019,578. A ketone of formula XXIV can be treated with sodium azide
in the presence of an acid such ds any of the common mineral acids (e.g., HCI) at
reflux in a protic solvent such as aqueous alcohol to yield a tetrazole of formula XXV
5 Tetrazole XXV can then be treated, preferably with a halogenating agent such as
bromine, to yield a corresponding compound of formula XXVI wherein J is a leaving
group such as a bromo group. Bromination can be carried out under standard
conditions, for example in glacial acetic acid solvent which has been saturated with
HBr. Generally the reaction is conducted under chilled (e.g, ice bath) conditions. The
10 compound of formula XXVI can then be converted to the corresponding oxirane Vil
under standard conditions, for example by treating compound XXVl with a mild
reducing agent (e.g., sodium borohydride, lithium borohydride) at room temperature in
an inert solvent such as THF, followed by treatment with a base such as an alkali metal
. hydroxide in a protic solvent such as an alcohol. A stereospecific reducing agent, such
15 as (R)-alpine borane, may be used to prepare the R-isomer of the oxirane, substantially
free of the S-isomer.

Scheme 9 illustrates the synthesis of compounds of formula | when R! and/or
R? are other than H. A ketone of formula XXVII, wherein L is a group such as F or Ci
which_can be displaced by a primary or secondary amine, is first treated with a
20 halogenating agent such as bromine to yield a corresponding compound of formula
XXVIII wherein J is a leaving group such as a bromo group. Bromination can be
effected under standard conditions, for example as described in Scheme 8 for the
conversion of tetrazole XXV to compound XXVI. The compound of fomulé XXVl can
then be converted to the corresponding oxirane XXIX, by the standard procedure also
25 described in Scheme 8. Oxirane XXIX can then be reacted directly with a compound
of formula VII, in a polar solvent such as DMSO, DMF, or acetonitrile, at a temperature
typically in the range of -10°C to 125°C, thereby yielding a compound of formula XXX.
The intermediate of formula XXX can be reacted in a lower alcohol, at reflux (or under
pressure, for example if the amine is gaseous), with an amine of formula HNR'R? to

30 produce a corresponding compound of formula 1.
Conventional methods and/or techniques of purification and separation known
to those skilled in the art can be used to isolate the compounds of this invention. Such
techniques include all types of chromatography (HPLC, column chromatography using



5 .am tn'e by treatment with a suitable reducing agent, as described above in
(a). Schenme 2 illustrates the preparation of a conpound of formila I using
a precursor conpound of fornula Ill. An epoxide of formula X, wherein Wand
protecting group PG are as previously defined, can tisShesBbsdtenRephacedni ne

VIl under standard conditions, for exanple using a p ch as a

| ower al cohol and inplementing 10 the reaction at r i y for a
time between 2 and 8 hours. In a preferred erB8di nent, amne VII is first
silylated as described above to make a silylated am ne conpound of formula
VIl1a above prior to treating it with epoxide X Scheme 3 illustrates the
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i nt er medi at es of ae || . . IS Qe . ' 15

al cohol 1V may f1 SyBfioh, paltildntl|6, fadsiGuapadictbhtechiiqiBe’? |

rﬁact i on of ham no al c@erlairl of the bormpopndsdf forfnula Edhe axample| those avhichyhaye: free
t he sane, then the YH noie nged .no e.nr ' | .
bl ocki ng reagent .°aTbr°x)Q'°a?ﬁ5‘§ ﬁ‘"&ﬁ%"ﬂyﬁ’f *oﬁe?‘%rﬁ%%@gwyﬁcﬁéﬁabﬁ%g%% rt1¥g\b# Eeed?:twg
ol elt y Eyt st arwagwb ﬁrlagaaeid fbgﬁs with pl eppropriste bass wisually one equivalent, ir avaisolvent.
or aliphatic carboxylic acid, is, preferred. = 20 rot ect i b r
means (e.g. al kal'VRiEahbRRes) 8 %ﬂd'@aﬁ‘yﬁmf%é%gm&%@%ﬁe- Socfilin "Dk Yot

' hydride, potassium methoxide, magnesium hydroxide, calcium hydroxide, benzathine,
choline, diethanolamine, piperazine and tromethamine. The salt is isolated by
concentration to dryness or by addition of a non-solvent. In many cases, salts are

10 preferably prepared by mixing a solution of the acid with a solution of a different salt
of the cation (sodium or potassium ethylhexanoate, magnesium oleate), employing a
solvent (e.g., ethyl acetate) from which the desired cationic salt precipitates, or can be
otherwise isolated by concentration and/or addition of a non-solvent. ' . '

The acid addition salts of the compounds of the present invention are readily

15 ‘prepared by reacting the base forms with the appropriate acid. When the saltis of a
monobasic acid (e.g., the hydrochloride, the hydrobromide, the p-toluenesulfonate, the
acetate), the hydrogen form of a dibasic acid (e.g., the hydrogen sulfate, the succinate)
or the dihydrogen form of a tribasic acid (e.g., the dihydrogen phosphate, the citrate),
at least one molar equivalent and usually a molar excess of the acid is employed.

.20 However, when such salts as the sulfate, the hemisuccinate, the hydrogen phosphate
or the phosphate are desired, the appropriate and exact chemical equivalents of acid
will generally be used. The free base and the acid are usually combined in a co-solvent
from which the desired salt precipitates, or can be otherwise isolated by concentration
and/or addition of a non-solvent.

25 The amino acid prodrugs of this invention may be prepared by conventional
peptide coupling reactions coupling a free amino or carboxylic group of the compound
of formula | with an amino acid or a polypeptide, e.g. dipeptide, chain. The coupling
reaction is generally conducted at a temperature of about -30° to about 80° C.,
preferably about 0° to about 25°C. Suitable coupling reagents are usually present,

30 such as dicyclohexylcarbodiimide with hydroxybenzotriazole (HBT), N-3-
dimethylaminopropyl-N-ethylcarbodiimide with HBT, 2-ethoxy-1 -ethoxycarbonyl-1,2-
dihydroquinoline, carbonyl diimidazole with HBT, or diethylphosphoryl-cyanide. The
reaction is generaly conducted in an inert solvent such as acetonitrile, methyiene



essentially any point prior to reacting with conpound XV (JZ), desc'ri bed
bel ow. The—preduct;—Tomnpound VI a, can then be de-protected as described for
_Rgg_pfcgéaby yi el di ng conpound | X. Conpound | X can be

conmpound VI, Sch é'e

) B . :
reacted wi tHS Ha d epoxide VIII, as described forthe reaction of
conpounds VI| m heme 25 1. Conpound XVI may then be nade by
reacting co XV, wherein J is ﬁé(??a\/i ng group such as chloro,

E't')rom), or iodo. It is understood that for conpdund XV, when Wis CH the
bl ock” noiety attached to the amno group is in the formof a protecting

azo group conpleting a fused tetrazol e noi et d | i
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activated carbonyl containing molecule such as acetyl chloride or ethyl chloroformate.
The reaction can be carried out neat or in the presence of a reaction inert solvent such
as methyléne chloride, at a temperature from about -78° to about 100°C. Alcohols can
also be reacted with cyanogen chioride in the presence of a Lewis acid to form
carbamates. ’

10 Prodrugs in which the secondary amine and its B8-hydroxy, taken together, form

a group of the formula |

R®  U-(CHp)

QV

HaN)\ 5 R* X—%

are formed by methods analogous to those described in United States Patent
4,593,023, European Patent Application 170,135A published on July 21, 1984 and
United States Patent 4,607,033.

20 When treating any of the conditions, disorders and/or diseases previously
disclosed herein, generally satisfactory results are obtained when the compounds of
the formula (1), prodrugs, or pharmaceutically acceptable salts thereof (hereinafter also
referred to herein as "active ingredients or compounds®) are administered to mammals,
including man, via either the oral or the parenteral route. Administration by the oral

16 -

25 route is preferred, being more convenient and avoiding the possible pain and irritation
of injection. However, in circumstances where the patient cannot swallow the
medication, or absorption following oral administration is impaired, as by disease or
other abnormality, it is essential that the drug be administered parenterally. By either
route, the dosage is in the range of about 0.01 to about 100 mg/kg body weight of the

30 subject per day, preferably about 0.1 to about 50 mg/kg body weight per day,
administered singly or as a divided dose. However, the optimum dosage for the
individual subject being treated will be determined by the person responsible for the
treatment, generally smaller doses being administered initially and thereafter increments



- 24+« pot.assi um carbonate). The reaction is allowed to proceed typically at
anbi ent tenperature and—+for—a period of 1 to 8 hours. Schene 4 illustrates
t he preparation, via reductive am nation, of conpound XVla, a subset of

formula XVI wherein at [T e Besh Remlaced and [err] is H and the other of
[err] and 5 [err] is H Am ne XVI1 and ketone (or al dehyde
If [err] is H XVIII are duce a npound of fornula XVl a.

This reaction is typically carried out in the'%'esence of a reduci ng agent

such as sodi um cyanobor ohydri de, sodiumtriacetoxyborohydride, sodium

bor ohydri de, hydrogen. and a netal catal, , . Zl nc d hvdrochl orjc acid, aor
bor ane. di ot hyl - STRAP&e AtSRAe Mpet sHtAPIAsagp: AE YAy aeerdingds the bargouler
general |y conduct ggmpéuridemployed'aRa withtRbaBjéct béiRg frebded. t 0 about 50[err] C.
Sui tabl e reaction inert solvents for this reaction include | ower alcohols

(e. g., nmethanol, ethanbhe £eMRcsHAs Afthel presentcinvention; are usadin eambipation with a
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triacet oxyborohydm dg : . . . e
¢ active compound will be present in such pharmaceutical compositions in amounts
sufficient to provide the desired dosage amount in the range described above. Thus,
for oral administration the compounds can be combined with a suitable solid or liquid
carrier or diluent to form capsules, tablets, powders, syrups, solutions, suspensions and
10 the like. The pharmaceutical compositions may, if desired, contain additional

components such as flavorants, sweeteners, excipients and the like.
The tablets, pills, capsules, and the like may also contain a binder such as gum’
tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium phosphate; a
disintegrating agent such as corn starch, potato starch, alginic acid; a lubricant such
15 "as magnesium stearate; and a sweetening agent'such as sucrose, lactose or saccharin.
When a dosage unit form is a capsule, it may contain, in addition to méterials of the
above type, a liquid carrier such as a fatty oil.
Various other materials may be present as coatings or to modify the physical
form of the dosage unit. For instance, tablets may be coated with shellac, sugar or
20 both. A syrup or elixir may contain, in addition to the active ingredient, sucrose as a
sweetening agent, methyl and propyiparabens as preservatives, a dye and a flavoring
such as cherry or orange flavor.
These active compounds may also be administered parenterally. For parenteral
administration the éompcunds can be combined with sterile aqueous or organic media
25 to form injectable solutions or suspensions. Solutions or suspensions of these active
compounds can be prepared in water suitably mixed with a surfactant such as
hydroxypropyicellulose. Dispersions. can also be prepared in sesaif\e or peanut oil,
ethanol, water, polyol (e.g., glycerol, propylene glycol and liquid polyethylene glycol),
suitable mixtures thereof, vegetable oils, N-methy! glucamine, polyvinylpyrrolidone and
30 mixtures thereof in oils as well as aqueous solutions of water-soluble pharmaceutically
acceptable salts of the compounds. Under ordinary conditions of storage and use,
these preparations contain a preservative to prevent the growth of microorganisms.
The injectable solutions prepared in this manner can then be administered



Schenme.5 illustrates the preparation of free acids and am des of formnul ae

| b and Ic fromconpounds of forrmula la, as set forth in (c) and (d) above.

The use of formulae 1a, 1b, and 1c in Scheme 5 is exenplary. Conpounds of
formulae Ib and Ic are, respectively, conpounds of ﬁmrslshéeaHdstwR&hl'ﬁ@ﬁ Zis

[err] and [err] 20 wherein [err] is [err]. Schenme 5 y to
conpounds anal ogous to fornmula Ibin which Z is [err] | nds
anal ogous to fornmula Ic in which Zis [err] w8e [err] Is [err], and

[err], [err] n and mare as previously defined. Conpounds of fornula la are
i nternedi ates corresponding to formula | except that the val ue
correspondi ng t o idtravenpusly intriymeritoneally, rsupcutanesushf, or intlamusgulady, withyiptramusgular

[err]al kyl, although other replaceable ou such.as [err] cycloal kyl can
al so be enpl oyed.a‘ﬁ'r'ff"éirﬁé% é?'ﬁ%“&%?’ﬁé%’f?gfmﬁ@ei rqute %*"5"1 a except that the
val ue correspondi ng t drhé phkariraicédtioal forfiisssuitablef fot irfjeutalbia Kise dneladP etemiks aqueous
according to the | nt.er nedi ate, co formula la are

P epar ed by t e RIBAS chHiRerRGRad Siore, AAWasr Jorthe, SHieTBo RRPPUS preparation of
depicted in 3G St hiéctaBlY sBRtiBAE SFAIspeRfshsDYinraht daRes, thelfbmf Myt bletstérle shd
skilled in the art. It is noted that the reaction conditions can be adapted
so the reverse r &ustibedfividithe extent that easy syringability exists. It must be stable under the
conditions of manufacture and storage and must be preserved against the
contaminating action of microorganisms such as bacteria and fungi. . _

The effective dosage'of the active ingredient employed may vary depending on

10 the particular compound employed, the mode of administration, the condition being
treated and the severity of the condition being treated.

As a consequence of their action in reducing body fat (lipolysis) the compounds
of the present invention possess utility for increasing lean meat deposition and/or

' improving the lean meat to fat ratio in edible animals including poultry and ungulate
15 ‘animals such as swine, cattle, sheep, and goats. . Compounds of formula | can
additionally be used for the treatment of obese household pets, for example companion
animals such as dogs and cats. The administration of a compound of formula | can
be effected orally or non-orally, for example by injection. An amount of a compound
~of formula | is administered such that an effective dose is received, generally a daily
20 dose which, when administered orally to an animal is usually between 0.01 and 100
mg/kg of body weight, 'preferably between 0.1 and 50 mg/kg of body weight.
Conveniently, the medication can be carried in the drinking water so that a therapeutic
dosage of the agent is ingested with the daily water supply. The agent can be directly
metered into drinking water, preferably in the form of a liquid, water-soluble concentrate

256 (such as an aqueous solution of a water soluble salt).

Conveniently, the active ingredient can also be added directly to the feed, as
such, or in the form of an animal feed supplement, also referred to as a premix or
concentrate. A premix or concentrate of therapeutic agent in a carrier is more
commonly employed for the inclusion of the agent in the feed. Suitable carriers are '

30 liquid or solid, as desired, such as water, various meals such as alfalfa meal, soybean
meal, cottonseed oil meal, linseed oil meal, cprncob meal and corn meal, molasses,
urea, bone meal, and mineral mixes such as are commonly employed in poultry feeds.
A particularly effective carrier is the respective animal feed itself; that is, a small portion




fawored, though inplenentation of such conditions is less likely since the
free acids are preferred. -25- In the above discussion pertaining to
Scheme 5, conpounds of formula Ta have been presented as internediates. It
is noted that conpounds qﬁmggkﬂyﬁg&$@m £qesters which are active conpounds

in their own right, howev a la esters have been separately
claimed in Serial No. (Do , filed of even date herewith. 5
Referring to Schenme 5, co | a | 83can be converted into

carboxylic acids of fornula Ib by treatrrent with an acid or a base.
Exanpl es of suitable bases for the reaction are: sodi um hydroxide (Na ,
pot assi um hydr oxiafesuck@éd. 'ﬁlﬁdchﬁriehfacﬂitdtesjunifdrnhedistﬂbUiiQ{bbbthaca’mme materigiscin the

reacti on include:
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agent may be dispersed or dissolved in a suitable oily vehicle such as soybean oil, corn
oil, cottonseed oil, and the like, or in a volatile organic solvent and then blended with
the carrier. It will be appreciated that the proportions of active material in the
concentrate are capable of wide variation since the amount of agent in the finished feed
may be adjusted by blending the appropriate proportion of premix'with the feed to
obtain a desired Iével of therapeutic agent.

High potency concenirates may be blended by the feed manufacturer with |
proteinaceous carrier such as soybean oil meal and other meals, as described above,
to produce concentrated supplements which are suitable for direct feeding to animals.
In such instances, the animals are permitted to consume the usual diet. Alternatively,

'such concentrated supplements may be added directly to the feed to produce a
‘nutritionally balanced, finished feed containing a therapeutically effective level of a

compound according to the invention. The mixtures are thoroughly blended by
standard procedures, such as in a twin shell blender, to ensure homogeneity.

If the supplement is used as a top dressing for the feed, it likewise helps to
ensure unifomiity of distribution of the active material across the top of the dressed
feed.

Drinking water and feed effective for increasing lean meat deposition and for
improving lean meat to fat ratio are generally prepared by mixing a compound of-the
invention with a sufficient amount of animal feed to provide from about 10° to 500 ppm
of the cdmpound in the feed or water.

The preferred medicated swine, cattle, sheep and goat feed generally contain
from 1 to 400 grams of active ingredient per ton of feed, the optimum amount for these
animals usually being about 50 to 300 grams per ton of féed.

The preferred poultry and domestic pet feeds usually contain about 1 to 400
grams and preferably 10 to 400 grams of active ingredient per ton of feed.

For parenteral administration in animals, the compounds of the present invention
may be prepared in the form of a paste or a pellet and administered as an implant,
usually under the skin of the head or ear of the animal in which increase in lean meat

deposition and improvement in lean mean to fat ratio is sought.



‘and/ or_ water. The |ower al kanol can be nethanol, ethanol, propanol or

but anol . The reaction tenperature may range from about O[err]C to about
100[err] C. Preferably, the tenperature is about 25[err]C. Alternatively,
conpounds of fornmula la can be converted into am des OfThfs(SEmlﬂ{@Bl&Reblﬁce@y
treatnment of an ester of fornmula la with an am ne of the
Usual Iy, a polar protic solvent such as a | ower al kanol U!mlgm n!ﬂ’jn
reaction is run at a tenperature from about 0['§+r]C to a for

about 0.5 to about 24 hours. Suitable solvents include | ower al cohols, and
m xtures thereof with tol uene, cycl ohexane, DM and nethyl ene chlori de
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of fornulae VII wherein at |east one [err] H, and XVIII
wherein X is O or ma/kgidayetiperdy UP'th@fnbe@GWq mare@mtn epr@amd dnsagsf fof poultry,

d H b I t ,
o0 Tl 15 0L 2 ubBEARH, $heo! ok diiodho BAS 6°6 b AhGE I oY o 0
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pharmaceutically acceptable oil such as peanut oil, sesame oil, comn oil or the like.

Pellets containing an effective amount of a compound of the present invention

can be prepared by admixing a compound of the present invention with a diluent such
10 as ca}bowax, carnuba wax, and the like, and.a lubricant, such as magnesium or
calcium stearate, can be added to imprové the pelleting process.

Itis, of course, recognized that more than one pellet may be administered to an
animal to achieve the desired dose level which will provide the increase in lean meat
deposition and improvement in lean meat to fat ratio desired. Moreover, it has been

16 ffound that implants may also be made periodically during the animal treatment period
in order to maintain the proper drug level in the animal's body. _
 The present invention has several advantagous veterinary features. For the pet
owner or veterinarian who wishes to increase leanness and trim unwanted fat from pet
animals, the present invention provides the means by which this can be accomplished.
20 For pbultry and swine raisers, using the method of the present invention yields leaner
animals which command higher prices from the meat industry.

The compounds of this invention may be tested for hypoglycemic activity
accordlng to the following procedure.

Five to eight week old C57 BL/6J-ob/ob mice. (obtained from Jackson

25 Laboratory, Bar Harbor, Maine) are housed five per cage under standard animal care

practices. After a one week acclimation period, the animals are weighed and 25
microliters of blood is collected via an ocular bleed prior to any treatment. The blood
sample is immediately diluted 1:5 with saline containing 2% sodium hepaﬁn, and held
on ice for glucose analysis. Animals are then regrouped, in groups of five per cage,
30 such that the mean glucose values of the groups are similar, dosed daily for five days
with test drug (0.01-100 mg/kg), a positive control such as englitazone or ciglitazone
(50mg/kg p.o.), (U.S. Patent 4,467,902; Sohda et al., Chem. Pharm. Bull., vol. 32, pp.
4460-4465, 1984)), or vehicle. All drugs are administered by oral gavage in a vehicle
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centrifuged for two minutes at 10,000 xg at room temperature. The supernatant is

analyzed for glucose, for example, by the ABA 200 Bichromatic Analyzer™', using the
A-gent™ glucose UV reagent system? (hexokinase method) using 20, 60 and 100 mg/dl
standards. Plasma glucose is then calculated by the équation,

Plasma glucose (mg/dl) = Sample value x § x 1.67 = 8.356 x Sample value
where 5 is the dilution factor and 1.67 is the plasma hematocrit adjustment (assuming

the hematocrit is 40%).

- The animals dosed with vehicle maintain substantially unchanged hyperglycemic

-glucose levels (e.g., 260 mg/dl), while positive control animals have depressed glucose

levels (e.g., 130 mg/dl). The glucose lowering activity of test compounds is expressed

in terms of % glucose normalization. For example, a glucose level which is the same

as the positive control is expressed as 100%.

Selectivity of a compound for B,-receptors over B, and B, receptors may be
determined using the following procedures.

In vitro selectivity may be determined by measurement of cyclic adenosine
mono-phosphate (cAMP) accumulation in Chinese hamster ovary cells. Chinese
hamster ovary cells uniquely transfected with the gene for the human B,, B, or B,
receptor are grown to confiuence in Ham's F12 media containing 10% fetal ‘bovine
serum, 500 ug/ml Geneticin, 100 U/ml penicillin, 100 ug/ml streptomycin and 250 ng/ml
fungizone. Compounds are prepared as 10mM stock solutions in DMSO (0.1% DMSO,
final concentration), diluted in Ham's F12 media and added to the cells at 10 - 10°
M along with 10 M isobutylmethyixanthine to inhibit phosphodiesterase activity. The
media and cells are then incubated for 5 minutes at 37°C. At the end of this period,
the media is aspirated and the cells lysed in 0.01 N HCI. The cellular content of cAMP

30

™A registered trademark of Abbott Laboratories, Diagnostics Division, 820
Mission Street, So. Pasadena, CA 91030.

A modification of the method of Richterrich and Dauwalder, Schweizerische
Medizinische Wochenschrift, 101, 860 (1971).
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In vivo efficacy may be determined by measurement of oxygen consumption and
ambulatory activity on male Sprague-Dawley rats. Whole animal oxygen consumption
may be measured using an open circuit, indirect calorimeter (Oxymax™, from
Columbus Instruments). The Oxymax gas sensors are calibrated with nitrogen (N,) gas

10 and gas mixture (0.5% carbon dioxide (CO,), 20.6% oxygen (O,), 79% N,; Linde
Specialty gases) before each experiment. Rats (male, Sprague Dawley, 300-380 g body
weight) are placed in sealed chambers (43x43x10 cm) of the calorimeter and the
chambers placed in activity monitors. Air flow rate through the chambers is set at 1.6-
1.7 I/min. The Oxymax calorimeter software calculates the oxygen consumption

15 ;(mllkgﬂﬂ based on the flow rate of air through the chambers and difference in oxygen
content at inlet and output ports. The activity monitors have 15 infrared light beams
spaced one inch apart on each axis; ambulatory activity is recorded when two
consecutive beams are broken (repeated interruptions of the same beam are not
registered) and the results are recorded as counts. Basal oxygen consumption and

20 ambulatory activity can be measured every 10 minutes for 2.5 to 3 hours. At the eﬁd
of the basal period, the chambers are opened and the test compound-(0.01 to 100
mg/kg, prepared in water or other suitable vehicle) or an equivalent volume of vehicle
is administered by oral gavage. Oxygen consumption and ambulatory activity can be
measured every 10 minutes for an additional three hours post-dosing. Percent change

25 in oxygen consumption may be calculated by averaging the post-dosing values for 2.5
hours and dividing by basal oxygen consumption (average of the predosing values
except the first hour). Oxygen consumption values obtained during time periods where
ambulatory activity exceeds 100 counts are excluded from the calculation. Thus, the
values represent % change in resting oxygen consumption.

30 In vivo selectivity for B, and B, adrenergic receptors may be determined by
measurements of heart rate, blood pressure and plasma potassium concentration
gathered on conscious catheterized rats (male, Sprague Dawley, 300-380 g body
weight). To implant catheters rats are anesthetized with pentobarbital (50-60 mg/kg,
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of illustration. piyyioylpyreolidbne lire heparinidesicsaline cllameisealed and tapec. aExpetinents are
performed 7 days after surgery. On the day of the experiment, the catheters are
5 untaped and flushed with saline. After at least 30 minutes, basal values for heart rate
and blood pressure are measured by attaching the catheter to a pressure transducer,
the results recorded on a Grass Model 7 polygraph, and a basal blood sample (0.5 mi)
is obtained from the arterial catheter. After obtaining basal values, the test compound
or vehicle is administered by oral gavage, and blood pressure (measure of B, activity)
10 and heart rate (measure of B, activity) measurements are taken at 15, 30, 46 and 60
minutes and blood samples for potassium determination (8,) are obtained at 30 and 60
min. Isoproternol, a non-selective B-agonist can be tested as a positive control at
doses ranging from 0.001 to 1 mg/kg (injected s.c. in saline vehicle). Plasma
potassium is determined by flame spectrophotometry. To determine changes, basal
15 “values are subtracted from the average of the post dosing values.

Compcunds of the formula | also have the effect of reducing intestinal motlllty
and thus find utility as aiding in the treatment of various gastrointestinal disorders such
as irritable bowel syndrome, peptic ulceration, esophagﬁis, gastritis and duodenitis,
(including that induced by H. pylori), intestinal ulcerations (including inflammatory bowel

20 disease, ulcerative colitis, Crohn's disease and proctitis) and gaétrointestinal ulcerations.
It has been proposed that the motility of non-sphincteric smooth muscle contraction is
mediated by activity at B, adrenergic receptors. The availability of a B, specific
agonist,with little activity at B, and B, receptors will assist in the pharmacologic control
of intestinal motility without concurrent cardiovascular effects. In vivo activity of the

25 compounds of formula | for the treatment or prevention of intestinal motility disorders
can be determined according to the following procedures. Eighteen-hour fasted male
Sprague Dawley derived (CD) rats (175-226 grams) are dosed with 0.01 - 100 mg/kg
p.o. of compound or vehicle (distilled water). Thirty minutes after drug administration,
the rats are orally dosed with 0.25 mi of a solution of sodium chromate in 0.9% saline

30 containing about 20,000 cpm of 5'Cr (specific activity 350 mCi/fmg Cr). Twenty minutes
later, the rats are sacrificed, the gastroesophageal, pyloric, and ileocecal junctions are
then ligated, and the stomachs and small intestines removed. The small intestines are
then divided into ten equal lengths, and the stomach and each length of intestine
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5 rate through the stomach and intestine. The geometric center is calculated by
summing the products of the fractions of *iCr in each segment times the segment
number: geometric center = X ((fraction of *ICr per segment) x (segment number)).
For these calculations the stomach may be considered segment number 0, and the ten
intestinal segments as numbers 1 to 10. Thus, a geometric center of 0.0 would indicate

10 that the entire load of *'Cr had remained in the stomach. Data from two experiments
may be pooled, and statistical evaluations can be made using Dunnetts multiple
comparison test. '

Alternatively, in groups of 8, overnight-fasted male Sprague-Dawley (CD) rats

. {175-225 grams) may be anesthetized with methoMumne. A small abdominal incision
| 16 -is then made, and the pylorus ligated. Immediately after the ligation, a solution of
compound or the vehicle (distilled water) is injected into the proximal duodenum. The
doses of drug used should be 0.01 - 100 mg/kg. The incisions can then be closed and
the rats can be allowed to recover from the anesthesia. Two hours after the ligation the
rats are sacrificed and the gastric fluid collected and cleared by centrifugation. Total
20 volume of secretion can be determined by weight, and acidity can be determined by
titration to pH 7.0 with 0.1 N NaOH using an automatic titrator (Radiometer TTT85). The
data from two experiments is then pooled. A group of rats treated with 10 mg/kg of the
ﬁntisecre’tory histamine H,-receptor antagonist cimetidine may be included in each
experiment as a positive control. Statistical evaluations can be made using Student's

25 ttest.

In vitro activity for relaxation of contracted ileum from isolated guinea pig ileum
can be determined according to the following procedure. Fresh isolated segments of
guinea pig ileum (about 1.5 cm Iong) are mounted in tissue baths containing Tyrode's
physiological salt solution at 30°C and aerated continuously with O,:CO, (95%:5%).

30 Tissues are then equilibrated for 60-90 minutes under 4.0 gm tension in order to
achieve stable baselines. Histamine is then added to the baths in a cumulative fashion
in concentrations ranging from 1 nM to 10 ¥M. The maximum tension generated after
each addition of histamine is recorded on a Grass Physiograph. The tissues are then
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exposed to a single concentratlon of test compound (range 1 nM to 10 #M) or vehicle
and after a 30 minute equilibration period, the histamine does response curve may then
be repeated. Resst from multiple experiments are standardized (0-100%) to the
maximum response of the control tissues and plotted as percent maximum tension
versus the log of the histamine concentration in the absence and presence of the drug.

Compounds of fonhula | can be assessed for antidepressaht activity in vivo
according to the following procedure.

Male CD1 mice weighing between 20 and 25 g, and Sprague-Dawley rats
weighing between 200 and 250 g, may be obtained from Charles River, USA.
Compounds of formula | are dissolved in water. The compounds may be administered
to mice in a volume of 10 rﬁl kg, and to rats in a volume 2 ml kg™'. Control animals
receive the vehicle. Positive test results for the following parameters indicate

;antidepressant activity.

I Antagonism of hypothermia induced by reserpine:

Mice are gi\ien reserpine (2.5 mg kg™ i.p. dissolved in 1% citric acid). Their
rectal temperatures may be measured 3.5 h later. The mice may then be divided into
different groups so as to obtain the same mean rectal temperature in each group. Half
an_hour later (i.e. 4 h after reserpine), the mice are given the vehicle or test drug.
Rectal temperature can be measured again 90 min later (i.e. 5 h 30 min after the

injection of reserpine) (Bourin et al., The Value of the Reserpine Test in
Psychopharmacology, Arzneim. Forsch. 33, 1173, (1983)).

. Antagonism of hypothermia induced by apomorphine:

Half an hour after the mice are placed in individual cages, their rectal
temperatures are recorded. The animals should be allocated so as to obtain the same
mean rectal temperature in each group. Apomorphine (16 mg kg™ s.c.) can be given
30 min after the test drug or its vehicle. Rectal temperature can be measured again 30
min after the apomorphine treatment (Puech et al, Antagonism of Hypothermia And
Behavioural Response To Apomorphine; A Simple, Rapid And Discriminating Test For
Screening Antidepressants And Neuroleptics, Psychopharmacology 75, 84, (1981)).

il. Effect on learned helplessness behavior: :
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Bromi nati on can bendomized mescapable shocks (15 s duration, 0.8 mA, every 60 + 15 $§) to the grid
fioor. Control rats are then placed in identical chambers for 1 h but no shock is
administered. All preconditioning trials are performed on day 1 between 9 and 11 a.m.
Avoidance training is initiated 48 h (day 3) after inescapable shock in automated two-

10 way shuttle-boxes (60 X 21 X 30. cm) with Plexiglass® walls and a floor consisﬁng of
stainless-steel rods spaced 1.0 cm apart in order to evaluate escape deficits. Each
shuttle-box is divided into two chambers of equal size by a stainless-steel partition, with
a gate providing access to the adjacent compartment through a 7 X 7 cm space.
‘Shuttle-box sessions are performed foi' 3 consecutive days (days 3, 4 and 5). The

15 animals are placed individually in the shuttie-box and allowed to habituate to the
environment for & min (for the first session only) and then subjected to 30 trials. The

" intertrial interval should be 30 s. A light signal, used as a conditioned stimulus, is
presented during the first 3 s of each trial. Crossing the gate into the other
compartment of the box during this ‘conditioned-stimulus only’ period (referred to as-

20 avoidance response) allows the rats to avoid shocks. A period with. conditioned
stimulus plus electric foot-shock (0.8 mA) may be presented if an avoidance response
does not occur. Crossing the gate into the other compartment during this conditioned
stimulus plus shock period is referred to as an escape response. Absence of escape
response during the 3-s duration conditioned stimulus plus shock should be considered

25 to be an escape failure.

The rats (n = 10 per group) should be treated randomly according to one of the
following protocols: the control sample, which receives no shock, and is given vehicle;
experimental animals with inescapable shock are treated daily with vehicle or drug.
Animals should be treated orally over 5 consecutive days, i.e. 6 h after shock

30 pretreatment on day 1, and then twice per day, a half dose in the morning (30 min
before shuttle-box session) and a half dose in the afternoon (except on the 5th day).

~ Statistical analysis can be performed on the mean number of escape failures using a
two-way analysis of variance (subjects X sessions) followed by Dunnett's test.
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for tl¥e treatment of airway inflamatory disorders can be determined by measurement
5 of guinea-pig bronchlal ring relaxation according to the following procedure.
Guinea-pig main bronchial rings are obtained from tricolored guinea-pigs of
. either sex (260-350g) anesthetized with urethane (1.25 g kg™, i.p.) and are suspended
under an initial tension of 2.0 g in Krebs solution at 37°C gassed with 95% 0,:5% CO,.
After 1 h of equilibration, guinea-pig bronchial rings are contracted with acetyicholine
10 (10° M) and relaxed to maximal relaxation with theophyiline (3 x 10° M), then allowed
to equilibrate for a further 60 min while they are washed with Krebs solution every 15
“min.
Changes in tension are measured isometrically with strain gauges and amplifiers
_and displayed on a recorder. The composition of the Krebs solution is (mM): NaCl
15 118.0, KCI 6.4, CaCl, 2.5, KH,PO, 1.2, MgSO, 1.2, NaHCO, 25.0 and glucose 11.7.
To test effects of test compounds on resting tension, cumulative concentration-
response curves are obtained by addition of the test compounds (1 0° to 10°M) every
10-20 min until a plateau is reached. The relaxant effects of the compounds are
expressed as percentages of the maximal relaxation induced by theophylline (3 x 10°
20 M). '
in vitro aétivity of the compounds of formula | for prostate disease can be
.determined according to the following procedures.
Ventral prostates of male Sprague-Dawley rats (500-4009) anesthetized with
diethylether are quickly excised and placed in oxygenated Krebs solution. While
25 maintained at room temperature in this buffer, adherent fatty and connective tissues are
removed. The prostates are then suspended in 10-mi organ baths containing Krebs
solution warmed to 37°C and aerated with a mixture of 96% O, and 5% CO,. The
-composition of the Krebs solution is 118.4 mM NaCl, 4.7 mM KCl, 1.2 mM MgSO,, 2.5
mM CaCl,, 11.1 mM dextrose, 256.0 mM NaHCO, and 1.2 mM KH,PO,, dissolved in
30 distiled and demineralized water. The tissues are attached to isometric force-
displacement transducers and isometric contraction is recorded under a loading tension
of 0.5g. Equilibration is undertaken for 1 or 2 hr before the addition of test
compounds. Submaximal contractions are first elicited by repeated concentrations of
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5 prepared by reaétigg t he bas |iorms with the appropriate acid. When the
salt is of a non8hBUPAN presiateasollows,e nhydrochl oride, the hydrobroni de, the

p-tol uenesul fonate, tiPpostatic tissue specimens are obtained from patients with symptomatic BPH,
who are undergoing open prostatectomy. Isolated human prostatic tissue is cut into five
10 to eight stripé (3mm wide, 3mm thick and 15mm long in each strip). The strips are
mounted vertically in organ baths containing 20 mi Krebs-Henseleit solution of the
following composition (mM): NaCl 112, KC! 6.9, MgCl, 1.2, CaCl, 2, NaHCO, 25,
NaHPO, 1.2, glucose 11.56. The medium is maintained at 37°C and at pH 7.4, and is
equilibrated 'with a gas mixture consisting of 956% O, and 6% CO,. A resting tension of
15 0.5g is applied and the responses are recorded isometrically through a force-
displacement transducer. The preparations are equilibrated for 90 min before starting
the experiments.
Concentration-response curves for phenylephrine or acetyicholine (10° to 10*M)
are determined by adding the drug directly to the bathirig media in a cumulative fashion.
20 Fortesting compounds, the prostate strips are incubated in the presence of compound
(1 or 10uM) for 30 minutes before and then phenylephrine or acetyicholine are added
to the medium in a cumulative fashion to obtain to the concentration-response curve in
the presence of the test compound. '
Compounds of the formula | lower triglyceride levels and cholesterol levels and
25 raise high density lipoprotein levels and are therefore of use in combating medical
conditions wherein such lowering (and raising) is thought to be beneficial. Thus they
may be used in the treatment of hypertriglyceridaemia, hypercholestérolemia and
conditions of low HDL (high density lipoprotein) levels in addition to the treatment of
atherosclerotic disease such as of coronary, cerebrovascular and peripheral arteries,
30 cardiovascular disease and related conditions.
The active compounds may also be combined with other active ingredients
known for use in the treatment of atherosclerosis and related conditions, for example
fibrates such as clofibrate, bezafibrate and gemfibrozil; inhibitors of cholesterol
biosynthesis such as HMG-CoA reductase inhibitors for example lovasfatin, simvastatin



acet ate):, the hydrogen formof a dibasic acid (e.g., the hydrogen sulfate,
the succinate) or the dihydrogen formof a tribasic acid (e.g., the

di hydrogen phosphate, the citrate), at |east one nolar equival ent and
usually a nolar excess of the acid is enployed. 20 However, when such
salts as the sulfate, the hem succinate, the hydrogen phosphate or the
phosphate are desired, the appropriate and exact chemnical equival ents of
acid will generally be used. The free base and the acid are usually '

conbined in a Co'ﬁalg\é%afﬁﬁqmu A.E*bfl:ﬁae&gﬁl %@%nﬁoﬁ&gﬁpﬁé béthShostlfol 678 (acyi

be ot herw se i sol at cohcentrati on and/or additio non-so
The ami no aci d prCoh;chydesiérol hogtransiaase)dinhibitgrsbier pxampleadelinamide;vamion exahange

Ponpound. of f or wiPSiRY a1 Sme Shoffviie e aguRs) S o ARk dByves 3 o
chai n. The coupl icrgssHinked idertrarg ricstinyibalbohal onidotiric dcidioraa salttRrédfuvitantih E; and

about -30[err] t?%vz%bout 80[err]. C, preferably about O[err] to about
25[err] C. Sui tAbMYTRBIMASSy reagents are usual |y present, 30 such as

g! cycl ohexyl car bodi i rrjAéﬁvw/afhbmngﬁa@éﬁfbmﬁmet for agréubmenﬁdr@) be détermined according
I met hyl am nopr opyl - N - et hyl carbodiimde wth HBT, .
2. ot hoxy- 1- et hox s Hiedelnind praceginey GETAL kAt sfmids.(maim FO-49.9 hodiweight. dagkson
HBT, or di et hyl phas RS Harb&y ME)IRousEdS mice per cage in an environmentally controlled room,
can be dosed once daily for 3 weeks with drug (0.01 - 100 mg/kg, n=16 per group) or
10 * vehicle (saline) by oral gavage. Body weight of each mouse can be measured daily and
food intake per cage is determined by weighing tﬁe amount of food left in the trough.
At the end of the study, 24h after giving the final dose of compound, the mice may be
sacrificed by decapitation and blood collected. Plasma concentrations of.glucose, free
fatty acids and triglyceride can be determined with the VP Super System Autoanalyzer
16 (Abbott, Irving, TX).
‘ Activity of compounds of formula | for decrease in body fat can be determined
according to the following procedure. C57BL/6J ob/ob mice (male, 30-40g body weight,
Jackson Lab, Bar Harbor, ME are housed 5 mice per cage in an environmentally
controlled room with food (pelleted rodent chow) and water available ad libitum. The
20 compounds or vehicle (water) can be dosed once daily for 3 weeks (.01 - 100 mg/kg,
n=15 per group) by oral gavage. Body weight of each mouse can be measured daily
and food intake per cage determined by weighing the amount of food left in the trough.
At the end of the study, 24h after giving the final dose of compound, the mice are
weighed and then killed by cervical dislocation. The epididymal fat pads from each
25 mouse are excised and weighed. The fat versus body weight ration is determined for
each mouse using the absolute body weights and the fat pad weights. '
A reduction in fat pad weight is indicative of a reduction in total body fat.
The present invention is illustrated by the following Examples. However, it
should be understood that the invention is not limited to the specific details of these

30 examples.
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reaction is generaly conducted in an inert solvent such as acetonitrile,
nmet hyl ene -30- chloride, chloroform dinethylfornmam de, di oxane,
t et rahydrof uran, di nmethoxyet hane, or water, or a mxture of two or nore

such sol vents.
be prepared by

Ester, carbonate or carbamate prodrugs of mgglegtmﬁe%haeiﬁmy

reaction of a free hydroxyl or I N0 group
of formula | with an 5 activated carbonyl containing nnleg
acetyl chloride or ethyl chloroformate. The reaction can b

presence of a reaction inert yent such as net hyl ene
chloride, at a tenperature from about -78] bout 1 00[err]C
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s (Examnple aa - Mbthiyl {(4-(Z{bunogyarisdtylamidesthoxy) bitenyl) awetate of a

or ™ CarRATBASS) sdon o guehil S ph et 5065 S B end
triphenylphosphine (9.50 g, 36.1 mmol) in THF (24 mL) were added solutions of 2-(1-
butoxycarbonylamino)ethanol (5.80 g, 36.1 mmol) and diethylazodicarboxylate (5.70 mL,
36.1 mmol) in THF (6 mL, each) simultaneously over a 1.5 h period. After.an additional
3 h, the reaction was concentrated in vacuo and subjected to flash chromatography
(600 g silica gel, 20% ethyl acetate/hexanes) to afford a golden oil, 5.78 g. 'H NMR
(CDCl,) 6 7.15 (d, 2H), 6.80 (d, 2H), 4.95 (br s, 1H), 3.98 (m, 2H), 3.65 (s, 3H), 3.64 (s,
2H), 3.48 (m, 2H) 1.44 (s, 9H). |

Example 1b - Methyl (4-(2-aminoethoxy)phenyl) acetate

To & cooled (5°C), stired solution of methyl (4-(2-t-butoxycarbonylamino-
ethoxy)phenyl) acetate (5.75 g, 18.6 mmol) in dichloromethane (20 mL) was added
trifluoroacetic acid (6 mL). The resulting solution was stirred at ambient temperature for
2 h, diluted in ethyl acetate, washed with half-saturated slodium carbonate, brine, dried
(Na,SO,) and concentrated in. vacuo to afford an orange oil, 3.25 g. 'H NMR (CDCl,)
6 7.10 (d, 2H), 6.77 (d, 2H), 3.92 (t, 2H), 3.60 (s, 3H), 2.49 (s, 2H), 3.00 (t, 2H).

Example 1c - Methyl (4-(2-(2(R)-hydroxy-2-tetrazolo[1,5-a]pyridin-6-ylethylamino)
ethoxy)-phenyl)acstate

A solution of methyl (4-(2-aminoeth6xyjphenyl) acetate (0.56 g, 2.71 mmol) and
(2R)-(tetrazolo[1,5-a]pyrid-6-yl)oxirane (0.40 g, 2.47 mmol), generated as in Example 1
of U.S. 5,630,640. in methanol (7.6 mL) was heated at reflux temperature for 7 h.
Concentration of the reaction solution in vacuo afforded a solid which was subjected to
flash chromatography (3% methanol/chloroform) to afford the titte compound as a
colorless solid, 0.62 g. 'H NMR (CDCIL,) & 8.86 (s, 1H), 7.92 (d, 1H), 7.67 (d, 1H), 7.15
(d, 2H), 6.81 {d, 2H), 4.83 (dd, 1H), 4.06 (t, 2H), 3.66 (s, 3H), 3.56 (s, 2H), 3.20-3.02 (m,
3H), 2.76 (dd, 1H).

Example 1d - Methyl (4-(2-(2-(6-aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)-
phenyl) acetate

A slurry of methyl (4-(2-(2(R)-hydroxy-2-tetrazolo[1,5-a]pyridin-6-ylethylamino)-
ethoxy)phenyl) acetate (0.51 g, 1.37 mmol) and stannous chloride-dihydrate (0.93 g,



[err] are fornmed by nethods analogeus—to those described in United States
Pat ent 4,593, 023, European Patent Appl I cation 170, 135A published on July

21, 1984 and United ﬁﬁsaﬂhmHBaﬁ ced07, 033. 20 When treating any of
t he conditi ons, dlsor eases previously disclosed herein,
general ly satisfactor bt ai ned n the conmpounds of the

formula (1), prodrugs, or phar maceut I cal I y acCeptable salts thereof
(hereinafter also referred to herein as "active ingredients or corrpounds )

are adm nistered to it I t
p;rent era: SrOtrJt e4 m%mn%‘ﬁ" gwgﬁ@gggﬁteégtgng‘%ﬂ\ %’Bg&g%pt?r{gaclegéo,l@on

nore conveni ent gad cmueu%faqnb{?@neae%mobiaa WasHbdAWith bhéhh%hﬂfht@é ale6us $dtium

However, in circunstances where't at | ent cannot swal | ow t he I cation
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th b it t
parent aral |y pydohetddreiy fos Hethdbtdichfortintihelle) AP 3 KigHoes spig, 022 o
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(s, 2H), 3.06-2. o2 (m 2H), 2.86 (dd, 1H), 2.68 (dd, 1H).

Exemgle ie - (4-(2-(2-(6-Aminopyridin-3-yi)-2(R)-hydroxyethylamino)ethoxy)phenyi)-

10 acetic acid - ,

To a stirred solution of the product of Example 1d, methyl (4-(2-(2-(6-
aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenyl)acetic acid (6.11 g, 0.03
mmol), in methanol (6 mL) were added water (1.5 mL) and potassium hydroxide (0.07
g, 1.3 mmol). The resulting solution was allowed to stir at room temperature for 4 h and

15 concentrated in vacuo. The resulting mixture was dissolved in water (2 mL) and the pH
edjusted to +5.5 with 1N aqueous hydrochloric acid. The precipitate was filttered and
dried at 80°C in vacuo to afford a colorless solid, 0.10 g; m.p. 233-235°C. H NMR
(DMSO-d6) 6 7.81 (s, 1H), 7.33 (d, 1H), 7.13 (d, 2H), 6.86 (d, 2H), 6.40 (d, 1H), 6.00 (br
s, 2H), 4.78 (dd, 1H), 4.23 (t, 2H), 3.46 (s, 2H), 3.33 (t, 2H), 3.09 (t, 2H).

20 ' Example 2
Example 2a - Following the general methodology of example 1a, methyl 4-(24-
butoxycarbonylaminoethoxy)benzoate was prepared from 2-(BOC-amino)ethanol and
methyl 4-hydroxybenzoate; m.p. 85°C; 'H NMR (CDCl,) & 7.90 (d, 2H), 6.82 (d, 2H),
4.92 (br s, 1H), 4.00 (t, 2H), 3.82 (s, 3H), 3.49 (m, 2H), 1.39 (s, 9H).

256
Example 2b - Following the general methodology of example 1b, .methyl 4-(2-
aminoethoxy)benzoate was prepared from the product of Example 2a; m.p. 48°C; 'H
NMR (DMSO-d6) & 7.84 (d, 2H), 6.97 (d, 2H), 3.94 (t, 2H), 3.77 (s, 3H), 2.84 (t, 2H).

30 Example 2¢c - Following the general methodology of example 1¢, methyl (4~(2-(2(R)-
hydroxy-2-tetrazolo[1,5-a]pyridin-6-ylethylamino)ethoxy)phenyl) benzoate was
prepared from the product of Example 2b and (2R)-(tetrazolo[1,5-a]pyrid-6-yl)oxirane
'H NMR (DMSO-d6) & 9.10 (s, 1H), 8.10 (d, 1H), 7.90-7.78 (m, 3H), 6.96 (d, 2H), 5.76
(d, 1H), 4.86-4.77 (m, 1H), 4.04 {t, 2H), 3.78 (s, 3H), 2.91 (t, 2H), 2.83 (d, 2H).



i ndi vi.dual subject being treated will be determ ned by the person
responsible for the treatment, generally smaller doses being adm nistered
initially and thereaft'ﬁﬁssmﬁﬁesmmse laced- 31- nmmde to determne the nost

sui tabl e dosage. This w |ng to the particular conpound

enpl oyed and with the s eat ed. e conpounds of the present
I nvention are used in c | na [ on with a pharmaceutical |y acceptable
carrier or diluent. Suitable pharnaceutically- accept able 5 carriers

ol ut 1 ons. The acxemele afsorilipie 1 e looRiSibioly & SRPIL 1AL rY) +-e-ec

conposi tions in ammbwndmv:ge(mrﬁydtdxyalh?mmwhexﬂbemzoub eesa repreradi rfrom Nthe

be. conbi ned i t h PEOE PLEXAMRIBRPq THP PRedst Hes e e i & AaCVB I o )

capsul es, tabl et §, algoNSIR sOIveRtotiford ﬁ\%'di‘i)’d?é@wlorﬁié%%”% pep2aguhotO0'H NMR (CDCI,)
Iike. The phar maceuti cal conpositions na I f desired, contain addit
5 £69.25 (brd, 2H), 8.20 (brs, 2H), 7. 7.83 (m, 4H), 7.05 (d, 2H), 7.01 (d, 1H),497 (dd

1H), 4.37 (t, 2H), 3.80 (s, 3H), 3.44-3.10 (m, 4H).

Example 2e - Following the general methodology of example 1e, 4-(2-(2-(6-aminopyridin-

3-yl)-2(R)-hydroxyethylamino)ethoxy)benzoic acid was prepared by hydrolysis of the
10 product of Example 2d. m.p. 218-219°C. 'H NMR (MeOH-d4) ¢ 8.00 (d, 2H), 7.92 (s,

1H), 7.69 (d, 1H), 7.06 (d, 2H), 6.65

(d, 1H), 4.96 (dd, 1H), 4.40 (t, 2H), 3.58 (t, 2H), 3.32-3.22 (m, 2H).

'Example 3
Example 3a - Following the general methodology of example 1a, methyl (4-(2-t-
16 butoxycarbonylaminoethoxy)phenyl)propionate was prepared from 2-(BOC-

;amino)ethanol and 4-hydroxyphenylpropionate, isolated as a colorless oil. 'H NMR

(CDCl,) é 7.04 (d, 2H), 6.74 (d, 2H), 4.95 (br s, 1H), 3.94 (t, 2H), 3.62 (s, 3H), 3.52-3.40

(m, 2H), 2.84 (t, 2H), 2.54 (t, 2H), 1.40 (s, SH).

20 Example 3b - Following the general methodology of example 1b, methyl (4-(2-
aminoethoxy)phenyl)propionate was prepared from the product of Example 3a as a
coloriess oil. 'H NMR (CDCl,) & 7.00 (d, 2H), 6.73 (d, 2H), 3.87 (t, 2H),.3.58 (s, 3H),
2.97 (, 2H), 2.80 (t, 2H), 2.50 {t, 2H).

25 Example 3¢ - Methyl (4-(2-(2(R)-hydroxy-2-tetrazolo[1,5-a]pyridin-8-ylethylamino)-
ethoxy)phenyl)propionate

A solution of methyl (4-(2-aminoethoxy)phenyl)propionate (0.83 mg, 3.70 mmol)

and N-trimethylsilylacetamide (0.81 g, 6.2 mmol) in toluene was stirred at ambient

temperature for 16 min, then (2R)-(tetrazolo[1,5-a]pyrid-6-yl)oxirane (0.50 g, 3.08 mmol)

30 was added and the resulting mixture was heated at 90°C for 20 h. The reaction solution

was cooled to room temperature, 1N aqueous hydrochloric acid (3 mL) added, stirred

for 30 min and diluted into ethyl acetate. The ethyl acetate solution was washed with

one-half saturated aqueous sodium carbonate, water, brine, dried (Na,SO,) and.

concentrated in vacuo to afford a yellow gum, 1.2 g. Flash chromatography (3%



cormponent s .such as flavorants, sweeteners, excipients and the |ike—Fhe
tablets, pills, capsules, and the |like may al so contain a binder such as
gum tragacant h, acacia, corn starch or gel atin; exci pi enfrkis Sheetila eﬂ”“‘mxd
di cal ci um phosphate; a disintegrating agent such as corn.s lﬂu
starch, alginic acid; a lubricant such 15 as nesi um st &

sweet eni ng agent such as sucrose, |actose or saccharin. \Wen a dosage uni t
formis a capsule, it may contain, in addition to materials of the above

type, a liquid carrler S fatty oi Vari ou th na
p)rlgsent asqcoatl °I?%‘?9FB& qns,laﬁqu i‘%"&?sﬂ’Wmﬁ&%&ﬁB @égébabiﬂs %F(S-rm)’
instance, tabl etSTQ@YH hﬂ)OPSQW1\H)tflo§t@|dmCS7§w Oiﬁ@dd hﬂ)msé\(tsiﬂ)ll@ﬁ(s
elixir may contain, In addition to0 the active in ient, sucrose as

sweet eni ng agent 3"”9?@%("%8")@13&9)/« %)a%@ﬁs(f 3§)p’$’3@&4¢éﬁ)v%§2 (t 2y and a

fl avoring such as cherry or orange flavor. These active conpounds may al so

be adm nistered parenterally. For parenteral adm nistration the conpounds
can be conbi ned \Exempie 8di-l Eollowingothe genesalgmethodalogy ©f 23ample 1d,rmethyl (4-(2-(2~(6-

act  ve- conpounds STORAF R Hare B efon PSR AR Anlo, AF Sfroppred
such as from the product of Example 3c. The product was then combined with 2 equivalents
of HCI gas in alcoholic solvent to afford the dihydrochioride salt. m.p. 152-1565°C. 'H
NMR (DMSO-d6) & 9.15 (br d, 2H), 8.12 (br s, 2H), 7.89 (d, 1H), 7.88 (s, 1H), 7.10 (d,
10 2H), 6.99 (d, 1H), 6.85 (d, 2H), 6.38 (br s, 1H), 4.95 (dd, 1H), 4.24 (t, 2H), 3.53 (s, 3H),
3.40-3.02 (m, 4H), 2.76 (t, 2H), 2.55 (t, 2H). -

Example 3e - Following the general methodology of example 1e, (4-(2-(2-(6-

aminopyridin-3-yi)-2(R)-hydroxyethylamino)ethoxy)phenyl)propionic acid was prepared.
16 m.p. 217-2180C. *H NMR (DMSO-d6) & 7.84 (s, 1H), 7.36 (d, 1H), 7.12 (d, 2H), 6.84 (d,

—2H), 6.42 (d, 2H), 6.03 (br s, 2H), 5.92 (br s, 1H), 4.80 (br s, 1H), 4.22 (t, 2H), 3.42-3.23

(m, 2H), 3.10 (t, 2H), 2.73 (t, 2H), 2.46 (t, 2H).

Example 4

Example 4a - Following the general methodology of example 1a (4-(2-
20 Dbenzyloxycarbonylaminoethoxy)phenyl)acetamide was prepared from 2-(Cbz-

amino)ethanol and 4-hydroxyphenylacetamide; m.p. 161-163°C; 'H NMR (DMSO-d6)

. &7.45-7.37 (m, 1H), 7.30 (s, 4H), 7.10 (d, 2H), 6.79 (d, 2H), 5.00 (s, 2H), 3.91 (1, 2H),
3.16 (t, 2H), 3.24 (s, 2H).

25 Example 4b - (4-(2-aminoethoxy)phenyl)acetamide -
A slurry of 10% palladium-on-carbon (0.1 g) and (4-(2-benzyloxycarbonylamino-
ethoxy)phenyl)acetamide (1.00 g, 3.04 mmol) in DMF (8 mL) was treated with hydrogen
{50 psi) on a Parr apparatus for 14 h. The reaction mixture was heated, filtered through
Celite, washed with hot DMF (10 mL) and the combined filtrates treated with diethyl
30 ether (75 mL) to afford a colorless solid, 320 mg; m.p. 163-165°C; ‘H NMR (DMSO-d6)
6 7.34 (br s, 2H), 7.10 (d, 2H), 6.80 (d, 2H), 3.84 (t, 2H), 3.23 (s, 2H), 2.81 (t, 2H).

Example 4¢ - The product of Exampfe 4b is first blocked at the amino group with a
trimethylsilyl group, reacted with the stereospecific oxirane, deblocked in acid, and



hydr oxypr opyl cel | ul ose.__Di spersions can also be prepared in sesame or
peanut oil, ethanol, water, polyol (e.g., glycerol, propylene glycol and
l'i quid pol yet hyl ene gl ycmls)shedsblastmb{ [iritexlt ures thereof veget abl e oil s,

N-met hyl gl ucam ne, polyv and 30 mixtures thereof in oils
as well as aqueous soluti M I ubl e _ar maceutically acceptabl e
salts of the conpounds. |nary condltl s of storage and use, these -
preparations contain a preservatlve to prevent the growh of
M croor gani sms. The nj ect abl.e s t.i ne d _i,n thi ner
be administered [SOR a'ﬁ g@%‘ﬁ@ﬁ IQO&qﬁmﬁ rﬁl‘%ﬂ%vaﬂeb’?" cﬁfoéf‘\’ggué"lt@qz'(ﬁ)'
or i ntranuscul ar | hydroky-Setrazolon5-alpyetins6 yleth Tyia‘rnnmtz)uetmxmahagyl)at&etalmndé erred

or s

parenteral route in man. The pharnaceuti cal suitable for injectable
use include sterile aqueous solutions or dispersions and sterile powlers

for the extenpor aa_l_m,_mﬁe_n_a brdmwéf Exanslsle r4cl :e rédlid%@lt &PHescripkd tlih Example 1d to
di spersions. In a cases, the f be and
5 vyield (4-(2-(2-(6—amnopynd|n-3-yl)-2(R)-hydroxyethylammo)ethoxy) phenyl)acetamlde
Example 5
Example 5a - The following derivative, (4-(2-(2(R)-hydroxy-2-tetrazolo[1 ,5-a]pyridin£-
ylethylamino)ethoxy)phenol, was prepared utilizing the above general condition of
Example 3c, from 4-(2;aminoethoxy)phenol and (2R)-(tetrazolo{1 ,5-a]hyrid-6-y|)oxirane.
10 m.p. 146-149°C; 'H NMR (DMSO-d6) 4 9.10 (s, 1H), 8.82 (br s, 1H), 8.11 (d, 1H), 7.84
(d, 1H), 6.69 (d, 2H), 6.60 (d, 2H), 5.76 (s, 1H), 4.82 (s, 1H), 3.87 (t, 2H), 2.90-2.66 (m,

4H).

Example S§b - Methyl (4-(2-(2(R)-hydroxy-2-tetrazolo[1,5-a]pyridin-6-ylethylamino)
15 _ethoxy)phenoxy)acetate
.To a cooled (5°C), stirred solution of {4-(2-(2(R)-hydroxy-2-tetrazolo[1,5-a]pyridin-6-yl-
ethylamino)ethoxy)phenol (0.80 g, 2.86 mmol) in DMF (12 mL) was added sodium
hydride (60% suspension in mineral oil, 0.12 g, 3.00 mmol). The resulting mixture was
maintained at 5°C for § min, then allowed to stir at ambient temperature for an
20 additional 30 min. The.reaction solution was recooled to 5°C and methyl bromoacetate
(0.30 mL, 3.15 mmol) was added. and the resulting dark solution was allowed to stir 2.5
h at ambient temperature. The reaction mixture was taken up in ethyl acetate, washed
-with water, brine, dried (Na,SO,) and concentrated in vacuo to afford a dark oil.
: Flash chromatography (2-4% methanol gradient in chioroform) afforded an off-white
25 solid, 0.49 g. 'H NMR (CDCIl,) & 8.85 (s, 1H), 7.93 (d, 1H), 7.66 (d, 1H), 6.83-6.75 (m,
4H), 4.80 (dd, 1H), 4.56 (s, 2H), 4.00 (t, 2H), 3.78 (s, 3H), 3.16-3.00 (m, 3H), 2.78-2.70
(dd, 1H).

Example Sc - Methyl (4-(2-(2-(6-aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)-
30 phenoxy)acetate, dihydrochloride
. The methyl ester produced as in Example 5b was reduced as described in
Example to produce the title (hon-sait) compound. The product was then combined
with 2 equivalents of HCI gas in alcoholic solvent to afford the dihydrochloride salt.



must be fluid to the extent that easy syringability exists. It nust be
stabl e under the conditions of manufacture and storage and nust be
preserved agai nst ‘the contam nating action of mcroorgani sns such as
bacteria and fungi. The effective dosage of the active ingredient enployed
may vary depending on 10 the particul ar conpo enpl oyed, the node of

adm nistration, the condition being treated and the severity of the
condition being treated. As a consequence of their action in reducing body
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such as dogs and cats. The administration of a conmpound of fornula | can be

effected orally or non oraIL¥ for exanple b |n ection. An anount of
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4.67 (t, 1H), 4.38 (s, 2H), 4.05 (t, 2H), 3,15 (t, 2H), 2.94 {t, 2H).
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Comveni ently, the nedication can be carried in the drinking water so that a

t herapeutic dosage of the agent is ingested with the daily pply.

The agent can be directly netered into drinking water, prefera Y Shedt Hall geenRe lacec
formof a liquid, water-soluble concentrate 25 (such as an .aqg

solution of a water soluble salt). Convenient I_$/0 the active ingr N‘m ‘\
al so be added directly to the feed, as such, or in the formof a

feed supplement, also referred to as a prem x or concentrate. A premx or
concentrate of therapeutic agent in a carri eg! q 8! grore commonl y enpl oyed for
the inclusion of the agent in the feed. Suit arriers are 30 liquid or
solid, as desired, such as water, various rreal S such as alfalfa neal,

soybean neal, cottonseed oi meal I|n$ee o ' corncob neal and corn
meal , nol asses, urea, bone poungg hauing: °Fﬁ‘ és such as are comonly
enployed in poultry feeds. A tlcbl-érly effective carrier is the
respective aniéml feed itsel f;\that a smid | portion -33- RS
R N/k CH—CHa—NWCHa—X—@-Y —7
R?
wherein: | .
10 R', R, R* and R® are independently hydrogen or (C,-C,)alkyl;

R®, R® and R’ are independently hydrogen, halogen, (C,-C,)alkyl, nitro, cyano,
trifluoromethyl, SO,R®, SO,NR°R™, NR*R™®, COR", CO,R®, (C,-C,)alkoxy, NR*SO,R?,
NR°COR", NR°CO,R® or OR®; |

R® is independently (C,-C,)alkyl or (C,-C,)alkoxy(C,-C,)alkyl;

156 R® and R are independently hydrogen, (C.-C,)alkyl, cycloalkyl(C,- ,), or (C,-
Ce)alkoxy(c -C,)alkyl wherein R° and R are as defined above;

R" is independently hydrogen, (C,-C,)alkyl, NR’R', (C,-C,)cycloalkyl, or (C,-
Ce)alkoxy(C,-Colalkyl; ‘

W is N, CH, or, when R® is bonded to W, CR® wherein R® can be any of the

20 values listed above for R® in addition to H;

X and Y are independently a direct link, oxygen, sulfur, or NR' wherein R' is as
defined above;

Z is (CH,),OR°, (CH,),CO,H; (CH,),COR™, (CH,),SO,NR°R™, (CH,),-NR*SO,R,
(CH,),P(O)(OR")ORY), (CH,),-O-(CH,),CO,H, (CH,),-O-(CH,),COR", (CH,),-O-

25 (CH,),P(O)(OR')(OR?), (CH,),-0-(CH,),SO,NR*R™, or (CH,),-O-(CH,),-NR’SO,R®
wherein R', R? R®, R®, R'%, and R" are as defined above;

mis 1t06;

nis 0 to 6, provided that if Y is O or S, n is not 0;'

pharmaceutically acceptable prodrugs of said compounds; and

30 pharmaceutically acceptable salts of said compounds and said prodrugs.
2. A compound as defined in claim 1, which is a free carboxylic acid.
3. A compound as defined in claim 2, wherein X is oxygen.

* [ L L] S *



of..such feed. The carrier facilitates uniformdistribution-of the-aetive—
materials in the finished feed with which the premix is blended. It is
i nportant that the conmpound be thoroughly bl ended into th&i S Replaced
subsequently, the feed. In this respect, the agent may be I I

di ssolved in a suitable oily vehicle such as sqgybean oil, '
cottonseed oil, and the like, or in a volatil®'rganic solvent and then

bl ended with the carrier. It will be appreciated that the proportions of
active material in the concentrate are capable of wi de variation since the
anount of agent in théfiniAReAPPURd)asdefinad inglaled whepeln WiseHy t he
appropriate proportion of premx wth the feed to obtain a desired | evel of

t herapeutic agent. 10 Hi gh potency concentrates nmay be bl ended b

the feed manufact urer Sai t h Aeempeundasdefinedrin claim guwhersin eashirf s, B’.,|R3nl§“éﬁs, R®
and ot her neal s, faﬁaF'(j | bed above, to produce concentrated suppl enents

whi ch are suitablle for dirfect feeding to aninals. In such instances, the
animals are pé&mtted to consune the usual diet. Alternatively, such

concentrat ed suppl enents be added directly to _the feed.to produce . _
Uit onal 1y bat anced 1 A eaRdicbee deiidinBelt & Mheisiblin PulieR st Cafbel
effective | evel of a conpound according to the invention. The m xtures are

t hor oughl y bl ended by7

A compound as defined in claim 1, selected from the group consisting
of. .
10 (4-(2-(2-(6-Aminopyridin-3-yl)-2(R)-'hydfoxyethylamino)ethoxy)phenyl)acetic
acid,
(4-(2-(2-(6-Aminopyridin-3-yi)-2(R)-hydroxyethylamino)ethoxy)phenoxy)acetic acid;
4-(2-(2-(6-Aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)benzoic acid; and
' (4-(2-(2-(6-Aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenyt)propionic
16 .acid; and the pharmaceutically acceptable salts of each of the above cbmpounds.

8. A compound as defined in claim 7, which is (4-(2-(2-(6-Aminopyridin-3-yl)-
2(R)-hydroxyethylamino)ethoxy)phenyl)acetic acid, and the pharmaceutically acceptable
salts thereof.

20

9. A compound as defined in claim 7, which is (4-(2-(2-(6-Aminopyridin-3-yl}-
2(R)-hydroxyethylamino)ethoxy)phenoxy)acetic acid, and the pharmaceutically
acceptable salts thereof. |

25 10. A compound as defined in claim 7, which is 4-(2-(2-(6-Aminopyridin-3-yl)-
2(R)-hydroxyethylamino)ethoxy)benzoic acid, and the pharmaceutically acceptable salts
thereof.

11.  Acompound as defined in claim 7, which is (4-(2-(2-(6-Aminopyridin-3-yl)-
30 2(R)-hydroxyethylamino)ethoxy)phenyl)propionic  acid, and the pharmaceutically
acceptable salts thereof.
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sta.ndard procedur es,such—as—+nA—a—twn shell blender, to ensure
honogeneity. |If the suiﬁl ement is us d as a top dressmg for the feed, it

i kewi se helps to en 8t distribution of the active material
ﬂ d. Drinking water and feed effective
for increasing |ean and for inproving lean neat to fat

across the top of th
ratio are generally prepared by m xi ng a conpo¥nhd of the invention with a
sufficient anount of animal feed to provi de fromabout 10 to 500 ppm of

t he conpound in the feed or_ wat er. The preferred nedi cated sw ne
cattle, sheep and goat!%eed MWW°@OW@P%W‘?%WTWS‘"QO@ Siffeptive, pmoupt pt ok a

I ngredi ent per t e ey t rhadet

bei ng about 50 t%BS Suggaﬁnrgd%fegrao?(%ﬁhggﬁ eed. mTﬂélﬂH e#}ieiffggﬁpoultpgﬁgﬁédc&ptable
domestic pet fee@8T®6ually contain about 1 to 400 grans and preferably 10

to 400 grans of active ingredient per ton of feed. 30 For parenteral
admnistration in aninmals, the conpounds of the present invention may be
prepared in te form d8. a pamethodroftreating @ conditiondselestest fromdcthe group consisting, of

usual |y under theiigid), §lpbifycdfis’ sl e i 'd Fretha colrbriéhlg Burh iR o o
mammal in need of such treatment an amount of a compound of formula | as defined
in claim 1, or a prodrug thereof, or a pharmaceutically acceptable salt of said compound

or prodrug, effective in treating such condition.
10

14. A method of increasing the content of lean meat in edible animals
comprising administering to an edible animal an amount of a compound of formula | as
defined in claim 1, or a prodrug thereof, or a pharmaceutically acceptable salt of said
compound or prodrug, effective in increasing said content.

15 _

15. A method for treating prostate disease in a mammal, comprising
administering to a mammal in need of such treatment an amount of a compound of
formula | as defined in claim 1, or a prodrug thereof, or a pharmaoeutically acceptable
salt of said compound or prodrug, effective in treating such disease.

20

16.  Amethod oftreating intestinal motility disorders, comprising administering
to a mammal in need of such treatment an effective amount of a compound of formula
I as defined in claim 1, or a prodrug thereof, or a pharmaceuticaily acceptable salt of
said compound or prodrug.

26 .

17. A method of treatihg depression, comprising administering to a mammal
in need of such treatment an effective amount of a compound of formula | as defined
in claim 1, or a prodrug thereof, or a pharmaceutically acceptable salt of said compound
or prodrug.

30 .

18. A method of treating dyslipidemia, comprising administering to amammal
in need of such treatment an effective amount of a compound of formuia | as defined
in claim 1, or a prodrug thereof, or a pharmaceutically acceptable salt of said compound

R O )L

or prodrug.



depositi-on-and i nprovenent in lean nean to fat ratio is sought—  -34-—n
general, parenteral admnistration involves injection of a sufficient

anount of the conpounds of the present invention to provide tH Be laced
0.01 to 100 ny/ kg/ day of body wei ght of the active ingredient.

preferred dosage for poultry, swine, cattle, %ep, goats and :

0

Is in the range of fromO0.1 to 50 5 ny/kg/day body wei ght of active
i ngredi ent. Paste formul ati ons can be prepared by di spersing the active

conpound in a pharnac icall cceptahl e.oi |l _.such. n ' es . .
oil, corn oil or the |1%Re. e%ﬁ@\o E%rn_?rflaﬂ'?%ga'gkglei"%%@{;ﬁ%gwaﬁg%?e%f %ﬁpnsmg
ccﬁrrpound of the rzrdaﬁmsterihgwenﬁir?anm iber;]ewebasadx hueaﬂdmb 'txamcemcmwmdb ””3 a
the present .invention with, ,a djluent_such 1Q _as carbowax, carnu wax,
the |1 ke. and . ISEROUH ! LR 28 RRRHE I s SEaPEotiid beisateat & phaliappitealy
added to i nprove dchgptaslelsaltiof 8aid s¥h§ssund or prodrug.

5

20. A method as defined in claim 19, wherein said airway inflammatory
disorder is asthma. '

21. A compound selected from the group consisting of

Nmb@ R6
N—N R? Y’Z
15
]
R® OH H

' H “%N?(R; R6

25
il

30
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I'tis,. of eourse, recogni zed that nore than one pellet may be adm nistered
to an animal to achieve the desired dose |evel which will provide the
increase in |ean nmeat deposition and inprovenent in lean neat to fat ratio
desired. Moreover, it has been 15 found that inplants nmay al so be nade
periodically during the animal treatnent periqmj n order to maintain the
proper drug level in the animal's body. The present invention has several
advant agous veterinary features. For the pet owner or veterinarian who

wi shes to increase | eanness and tri munwanted fat frompet animals, the
present invention provides the nmeans ﬂ%ich this can be acconplished. 20
For poultry and sw ne raisers, using t sigﬁthod of the present invention
yi el ds | eaner ani mals whi ch conmand hi ghier™prices fromthe neat industry.
The conpounds of this invention may b hypogl ycemi ¢ activity
according to the foll ow ng procedure. k G ©f ek ol d C57

BL/ 6J-ob/ ob m ce (obtained from Jackson™25 "Labg dry, ,Bar Har bor, Mai ne)
are housed fiv@ per cage under standard ani nal c%ﬁgtices. After a one
week acclimation period, the animals are -wei ghe’l'’ and 25 microliters of
blood is collected via an ocular bleed prior to any treatnent. The bl ood

Vila
10 R
|
R® OI-IIKSIi’
RND(R; RS
N=N - 7 Y’Z
16 R
20
lla
and
| i
25 - R—$i
g2 R0 b
:?fs\ R®
N Y4
§ ] Y
N—=——N R
30 wherein:

PG is a conventional protecting group,
R is an alkyl group;
R', R* and R® are independently hydrogen or (C,-C,)alkyl;

N 0 N A




sanpl e is wnmedi ately diluted 1: 5 with saline containing 2% sodi um hepari n,
and held on ice for glucose analysis. Aninmals are then regrouped, in groups
of five per cage, 30 such that the nean gl ucose val ues of the groups are
simlar, dosed daily for five days with test drug (0.01-100 ng/kg), a
positive control such as englitazone or cigli B,.%gone (50mg/ kg p.o.), (U S
Pat ent 4,467,902; Sohda et al., Chem Pharm vol . 32, pp. 4460-4465,
1984)), or vehi cle. Al drugs are adm ni stered by oral gavage in a vehicle

oSSl O, 0 Mk 0 ol el o6, 2B 40
freshly coll ect ednfammhemwarso LFENSONRIRNY NRPR' \GORY NCOR®, JC,-0Y)aleRy X NR2SO, R“
[ ﬁZmAtBi”‘SSBaEPEﬁNﬁTEﬁF@“KﬁL%%’“ O s ng the 5° X?Siﬁt [ fe?h SOl Ubose UV
reagent systenferr] (i@lrdepssdenty gda; umw& (W alfA;dl
st andards Pl asma gl ucgse I s,then cal tu at ed t e
5 R’ and R™ are independently hydrogen, C,- ﬁ)alkyl cycloalkyI(C 3-C,), or (C,-
Celalkoxy(C,-Cglalkyl;
R" is independently hydrogen, (C,-C,)alkyl, NR°R", (C,-C,)cycloalkyl, or (C,-
C,)alkoxy(C,-C,)alkyl, wherein R® and R™ are as defined above;
W is N, CH, or, when R® is bonded to W, CR® wherein R® can be any of the
10 values listed above for R® in addition to H;
X and Y are independently a direct link, oxygen, sulfur, or NR' wherein R' is as
defined above;
Z is (CH,) OR’, (CH,)COR", (CH,),SO,NR'R™, (CH,),-NR*SO,R",
(CH,),P(O)(OR'}(OR?), (CH,),-O-(CH,), COR", (CH,),-O-(CH,),,P(O)(OR')(OR?), (CH,),-O-
16 (CH,),SO,NRR®, or (CH,),-O-(CH,),-NR'SO,R" wherein R, FF, R, R, R and R are
as defined above; '
mis 1 to 6; and
n is O to 6, provided that if Y is O or S, n is not 0.

is Sheet Has Been Replaced
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Pl asmay gl ucose (ng/dl) = Sanple value x 5 x 1.67 = 8.35 x Sanpl e val ue
where 5.is the dilution factor and 1.67 is the plasma henmatocrit adjustnent
(assuming 10 the hematocrit is 40%. The aninals dosed with vehicle

mai ntai n substantially unchanged hyperglyceni c glucose levels (e.g., 250
ng/dl), while positive control aninmals have dggé_essed gl ucose levels (e.qg.,
130 ng/dl). The glucose |owering activity of test conpounds is expressed 15
in terms of % glucose nornalization. For exanple, a glucose |evel which is

the sane as the positive control is express 0% Selectivity of a
conpound for [err]-receptors over [err] an eceptors may be

deternined using the fglabmnerfic RESNISIEY6EHe theatniéritio? disvasss/totditionstiuch s obesity
det erm ned by neasurenent of cyclic adenosi ne 20 nono-phosphate (cAMP)

accunul ation in %@?Qe‘l?iﬁgPSP%\PSP?d%EFY%the(ﬁimge hanster ovary cells
uni quely transfected with thegene the human [err], [err] or [err]
receptor are grown to confluente in n1$ F1¥ medi a containing 1Q88 f et al
bovi ne serum 800 [err]g/m 3 t'C|| 00 Ul penicilli g/m
streptonyci n and 250 ng/ fuhqi ‘Ob‘?m‘nww st ock
solutions in DMSO (0. 1%

I
10 wherein R', R, R®, R*, R®, R%, R", W, X, Y and Z are as defined in the specification.
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S o Rimes c42d
25 final concentration), diluted in Hamls F12 nedi a ml,mmmtmos}'mgrsgel | $G 4
at,10[err] - 10[err] Malong with 10[err] M isobutlypmBeserpiant paged 16, b= , 21!
i-nhi bit phosphodi esterase activity. The nedia and _ﬂtﬁmﬁ(sq thgggd'dr}@giaﬂge_cfb_’ ,,,,,
for 5 mnutes at 37[err]C. At the end of this perijog piR@ngRS: Baged ... to &}ged": _

aspirated and the cells Iysed in 0.01 N HCl. The dekt UhafactOnt d%ﬁf‘
[err] registered trademark of Abbott Laboratories, gagnoascticsS evi sl on;

820 30 ‘M ssion Street, So. Pasadena, CA 9 Oﬁ 0E g% ;_ Q m!-

nodi fi cation of the nmethod of Richterrich and Dau
Medi zi ni sche Wochenschrift, 101, 8 = 30-..can then be determ ned
by radi oi mtlnoassay (RIA) using a ¥ : Nucl ear. There is a
direct correlation between the celgdgkaroundrdfeig IMeniddVP and t he agoni sm of

AMINEANHE AR iR LR S S e
expressed as fgdigly, which are B-adrenergic receptor agonists and accordingly have utility as, inter
alia, hypoglycemic and antiobesity agents. The invention also relates to methods for

10 the compounds use and to pharmaceutical compositions containing them. The

compounds of the present invention also possess utility for increasing lean meat

deposition and/or improving the lean meat to fat ratio in edible animals.-i.e. ungulate

animals and poultry.
The compounds of this invention further possess utility in the treatment of

15 intestinal motility disorders, depression, prostate disease, dyslipidemia, and airway
inflamatory disorders such as asthma and obstructive lung disease. '

The disease diabetes mellitus is characterized by metabolic defects in
production and utilization of carbohydrates which resuit in the failure to maintain
appropriate blood sugar levels. The result of these defects is elevated blood glucose

26 or hyperglycemia. Research in the tréatment of diabetes has centered on attempts to
normalize fasting and postprandial blqbd glucose levels. Current treatments include
administration of exogenous insulin, oral administration of drugs and dietary therapies.

Two major forms of diabetes mellitus are recognized. Type | diabetes, or
insulin-dependent diabetes, is the result of an absolute deficiency of insulin, the

25. hormone which regulates carbohydrate utilization. Type Il diabetes, or non-insulin
dependent diabetes, often occurs with normal, or even elevated levels of insulin and
appears to be fhe result of the inability of tissues to respond appropriately to insulin.

Most of the Type |l diabetics are also obese.
The compounds of the present invention and the pharmaceutically active salts

30 thereof effectively Iowgr blood glucose levels when administered orally to mammals with
hyperglycemia or diabetes.

The compounds of the present invention also reduce body weight or decrease

weight gain when administeréd to mammals. The ability of these compounds to affect

: weight' gain is due to activation of B-adrenergic receptors which stimulate the
o 35 metabolism of adipose tissue. | |

' B-Adrer:sergic' receptors have been categorized _intd B,, B, and B,-subtypes.

Agonists of B-receptors promote the activation of adenyl cyclase. Activation of B,-

This ia the replacement sheet
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5 inctrease over basal. In vivo efficacy may be determ ned by measurenent
of . oxygen consunpti on and anbul atory activity on nmal e Sprague-Dawl ey rats.
VWol e ani nal oxygen consunption nmay be nmeasured using an open circuit,
indirect. calorineter (Oxymax[err], from Col unbus instrunents). The Oxynmax
gas sensors are calibrated with nitrogen [err] gas 10 and gas m xture
(0.5% carbon dioxide [err], 20.5% oxygen [eg&], 79% N2; Linde Specialty
gases) before each experinent. Rats (male, Sprague Daw ey, 300-380 g body
wei ght) are placed in seal ed chanbers (43x43x10 cm) of the calorinmeter and

t he chanbers pl ' YA i1 Qr | I . t u .
chanbers is sef & %fg gn\?c%e% .hE %ﬁaggyﬁgeayén%x wj:-'!"i?\(,)grc ?l\?rrée@g r Qf;g? f&&gé@?s induces
cal cul at es t he relaxation of skeletapiusde 1iSsud whick prbdudes sedroprin oo d pressuratanddhe
air through the ¢ a%ber s .and dilf fer enceé& 0. Ox ge{; c_lprét etnt i’:lt i-nl r?g }@d |
output ports. TRESPTUPTY MHRTE SRRy Letivatiqny P4 PeForPigit KA 9 0YIae
inch apart on ggslisisithé breakbiown o adlipasé tissueltrigigcdricies telglycwideand fhoe fatty acids)
consecutive bearré ar etwgf oken e&\r epeated jnterr gphi %BS of t Ef‘: sa]me bg}a?m are
not regi st ePedfnd mptabRlic rate,(eher r%Pf@é@ffak&" JnerstH ireomaig;the 833 8t t mass.
consunpti on andor{pouAd®tHadtihillattcd-teeplore are thereft?a siéfasard-ybdsity aigBhts fand
for 2.5 to 3 hours. At the end . . . .
can also be used to increase the content of lean meat in edible animals. In addition,
compounds which are B,-receptor agonists have hypoglycemic or anti-diabetic activity,
but the mechanism of this effect is unknown.
10 Until recently B,-adrenergic receptors were thought to be found predominantly
in adipose tissue. B,-receptors are now known to be located in such diverse tissues
as the intestine (J. Clin. Invest., 91, 344 (1993)) and the brain (Eur. J. Pharm., 219,193
(1992)). Stimulation of the B,-receptor has been demonstrated to cause relaxation of
smooth muscle in colon, trachea and bronchi. Life Sciences, 44(19), 1411 (1989); Br. J.
16 Pharm., 112, 65 (1994); Br. J. Pharmacol., 110, 1311 (1993). For example, stimulation
of By-receptors has been found to induce relaxation of histamine-contracted guinea pig
ileum, J.Pharm.Exp.Ther., 260, 1, 192 (1992).
The By-receptor is also expressed in human prostate. Because Stimulation of
the B,-receptor causes relaxation of smooth muscles that have been shown to express
20 the B,-receptor (e.g. intestine), one skilled in the art would predict relaxation of prostate
smooth muscle. Therefore B,-agonists will be useful for the treatment or prevention of

prostate disease.
European Patent publication 516,349, published December 2, 1992, refers to

certain 2-hydroxyphenethyl amines which possess antiobesity, hypoglycemic and

25 related utilities.
U.S. Patent 4,358,455 is concerned with certain heterocyclic compounds of the

formula Het-CHOH-CH,-NH-aralkyl, useful for treating glaucoma and cardiovascular

disorders.
U. S. Patent 5,030,640 concerns certain a-heterocyclic ethanol amino alky!

30 indoles, useful as growth promoters, bronchodilators, antidepressants and antiobesity

agents.
U. S. Patent 5,019,578 concerns certain a-heterocyclic ethanol amines useful as

growth promoters.

. This is the replacement sheet
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of the basal period, the chanbers are opened and the test conpound(0.01 to
100 ng/ kg, prepared in water or other suitable vehicle) or an equival ent
vol une of vehicle is adm ni stered by oral gavage. Oxygen consunption and
anbul atory activity can be neasured every 10 mi nutes for an additional

t hree hours post-dosing. Percent change 25 in oxygen consunption may be
cal cul ated by averagi ng the post-dosing values for 2.5 hours and dividing
by basal oxygen consunption (average of theﬂgredosing val ues except the
first hour). Oxygen consunption val ues obtained during tine periods where

anbul atory activity exceeds 100 cougts are cl yded.fromthe cal cul ati on.
Thus, the val ues represent %change-HUJHEEQ%-\(-)-Jiiﬁ%e—g"é.@-BQQJFl consunption. 30

In vivo sel ectivity Th@inléitioh raltbs[té'dompdithas eadhg thiefepurris nay be
determ ned by neasurenents_of heart rate, blood pressure and plasm

pot assi um concentrati on ga?Rered OH consci,q)us catheterized ratgg(mal e,
Sprague Dawl ey, 300-380 ¢ wef ght). Toj i npl ant cat het ts are
anest het i zeg W th pentl(,%bar ta [,5|£p-_6@|.|a:gl CHE—X—@LY—Z
\k N RY RS 7
2

wherein:

10 R', R?, R* and R® are independently hydrogen or (C,-C,)alkyl;

R?, R® and R’ are independently hydrogen, halogen, (C,-C)alkyl, nitro, cyano,
triflucromethyl, SO,R®, SO,NR’R', NR°R'®, COR", CO,R’, (C,-C,)alkoxy, NR*SO,R?,
NR°COR", NR°CO,R® or OR®; ’ _

R? is independently (C,-C,)alkyl or (C,-C,)alkoxy(C,-Cg)alkyl;

15 R?® and R"™ are independently hydrogen, (C,-C¢)alkyl, (C,-Cs)cycloalkyl, or (C,-
Ce)alkoxy(C,-Ce)alkyl;

R" is independently hydrogen, (C,-Ce)alkyl, NR°R'", (C,-C;)cyclaalkyl, or (C,-
C,)alkoxy(C,-Co)alkyl wherein R and R™ are as defined above; ,

W is N, CH, or when R® is bonded to W, CR® wherein R® can be any of the

20 values listed above for R® in addition to H;

X and Y are independently a direct link (i.e. a covalent bond), oxygen, sulfur, or
NR' wherein R' is as defined above; :

Zis (CH,),,OR®, (CH,),CO,H, (CH,),COR", (CH,),SO,NR’R"™, (CH,),-NR*SO,R®,
(CH,),P(O)OR')(OR?),  (CHp)y-O-(CH,),COMH,  (CH,)y-O-(CH,),COR™,  (CH,),-O-

25 (CH,),,P(O)(OR')(OR?), .(CHz),,-O-(CHz)mSOZNR9R’°. or (CH,),-O-(CH,),-NR*SO,R®
wherein R, R?, R?, R?, R and R'' are as defined above;

mis 1to 6;

nis O to 6, provided thatif Y is O or S, n is not 0;

pharmaceutically acceptable prodrugs of said compounds; and

30 pharmaceutically acceptable salts of said compounds and said prodrugs.

Compounds according to the invention are B-adrenergic receptor agonists. In

general, those compounds wherein the Y-Z moiety terminates in a free carboxylic acid

(COOH) group constitute a preferred subgroup because they are selective agonists for
This is the replacement sheoet

Date: 1 ? DEC %



-37- i.p.) and the left carotid artery is cannulated with PE50 twubing. The
catheter is tunnel ed subcutaneously, exteriorized at the back of the neck,
filled with a solution of polyvinylpyrrolidone in heparinized saline,

fl ame-seal ed and taped. Experinents are perfornmed 7 days after surgery. On
the day of the experinent, the catheters are 5 untaped and flushed with
saline. After at |east 30 mnutes, basal vgfues for heart rate and bl ood
pressure are mnmeasured by attaching the catheter to a pressure transducer,
the results recorded on a Grass Mdel 7 polygraph, and a basal bl ood sanple
(0.5 mM) is o RN ' O, f R I

val ues, the t22?%%%6%%%&%?&\92{]{%%@%§g%%§g?%§eﬁﬁ%g1e§g§§g§g§@§#gh
bl ood pr essur selegtidtyuneducds peavdidsicndesitapje effectsuofl Bireand/or Bi-aggnisms auch @

tivit 1 : 3 ] .
o), 20tV e BRARHSHSHI® 5880 S8R0 Sarmbing g doe Btk BOHBIES R
m n. | sopr ot epadiculaa group-is ebfened v ad Freegoanbstylic anidstbeélowt ed as a positive

control at doses rgngjhg from0.001 to .1 nog/k injected s..c. | .l ne
Veni cle) - B asma pAVALE BRI RaroH R o ob Pt il oshifve salr i Hges
det er m ne chaoffesmuladsetierdih X iadxygen.are subtracted fromthe average of the
post dosing val ues. . . .
Another preferred subgroup includes those free carboxylic acids of formula |
wherein X is oxygen and W is CH.
Another preferred subgroup includes those free carboxylic acids of formula |
10 wherein X is oxygen, W is CH, and each of R', R?, R®, R*, R%, R®, and R’ is H.
- Another preferred subgroup includes those compounds of formula | wherein X
is oxygen, W is CH, each of R', R% R® R R’ R% and R'is H, and Y is oxygen or a

direct link.
Specific compounds include the following:
16 (4-(2-(2-(6-aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenyl)acetic
acid;

(4-(2-(2-(6-aminopyridin-3-yf)-2(R)-hydroxyethylamino)ethoxy)phenoxy)acetic acid;

4-(2-(2-(6-aminopyridin-3-yi)-2(R)-hydroxyethylamino)ethoxy)benzoic acid; and

(4-(2-(2-(6-aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenyl)propionic

20 acid;
| Salt forms of the above compounds are also preferred.

The present invention also relates to a therapeutic composition, useful for
treating a condition, disease, or disorder in a mammal, including any of th.g conditions,
diseases and/or disorders disclosed herein, comprising an amount of a compound of

25 formulal, or a prodrug thereof, or a pharmaceutically écceptable salt of said compound
or prodrug, effective in treating such condition, disease, or disorder, and a
pharmaceutically acceptable carrier. Specific conditions, diseases, and/or disorders
which are treatable with such compositions include diabetes, hyperglycemia, obesity,
intestinal motility disorders, airway inflammatory disorders, depression, prostate

30 disease, and dyslipidemia. '

This invention also relates fo a method of treating a condition selected from the
group consisting of diabetes, hyperglycemia and obesity in a mammal, comprising

administering to a mammal in need of such treatment an amount of a compound of
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Conpoumnds of the fornmula | al so have the effect of reducing intestinal
notility and thus find utility as aiding in the treatnent of various
gastrointestinal disorders such as irritable bowel syndrone, peptic

ul ceration, esophagitis, gastritis and duodenitis, (including that induced
byH. pylori), intestinal ulcerations (including inflamuatory bowel 20

di sease, ulcerative colitis, Crohn's diseaseg.and proctitis) and
gastrointestinal ulcerations. It has been proposed that the notility of
non-sphincteric smoth muscle contraction is nediated by activity at [err]

adrener gi C r eCeaBinlila |, of APrédral tidpbd] 6%§}farﬁaf:&fﬁ6]allysé&ﬁbl‘abfe s%ﬁ‘b‘ﬁbﬁ&c%ﬂibund
little activity at é’prr] and [err] receptors Will assist in the '

phar macol ogi ¢ cFredugoeifqctive i repling fye ICPE‘?'t'Qﬁ'thout concurrent -
cardi ovascul ar ef f ecfygs mbéht‘bh‘éf?sd%%h‘té@t@éég a:fcﬂﬂlo%S?sé?ﬁ’l'?mH% iA tﬂé)écﬂﬂéﬁl df

for the treatnent or prevention of Intestin mot | Ity disorderS can
det er mi ned accdeaf mgatip edikie faoimaiwwgmsmueamamguntafm@amomﬂmf forulad, ante

ol Ko . o o EREALY Borol b pThprhdcionCal BLERNIe YR RER oMl Horpaddd
drug admi ni st r ffective in irereasing saic conteht, and esgirmaceutivalibacdeptablercargeut i on
o Sodum chr ot e ndihaR s B8 D8 A BB e
are sacrificedjn teldmlq:]antmaiesmqnhmm admirisienirg tarzoh ediblec enintal Jamatnomms aira
compound of formula |, or a prodrug thereof, or a pharmaceutically acceptable salt of
10 said compound or prodrug, effective in increasing said content. )

This invention also relates to a method for treating prostate disease in 'a
mammal, preferably a human, comprising administering to a mammal in need of such
treatment an amount of a compound of formula |, or a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or prodrug, 'effective in treating

16 such disease.

The present invention also relates to a method of treating a condition selected '
from the grbup consisting of intestinal motility disorders such as irritable bowel
syndrome, peptic ulceration, esophagitis, gastritis and duodenitis, (including that
induced by H. pylori), intestinal ulcerations (includihg inflammatory bowel disease,

20 ulcerative colitis, Crohn's disease and proctitis) and gastrointestinal ulcerations in a
mammal, preferably a human, comprising administering to a mammal in need of such
treatment an amount of a compound of formula I, or a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or preodrug, effective in treating
such condition. .

25 The present invention also relates to a method for treating depression in a
mammal, preferably a human, comprising administering to a mammal in need of such
treatment an amount of a compound of formula |, or a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or prodrug, effective in treating
depression.

30 The present invention also relates to a method for treating dyslipidemia in a
mammal, preferably a human, comprising administering to a mammal in need of such
treatment an amount of a compound of formula |, or a prodrug thereof, or a
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then ligated, and the stomachs and small intestines renoved. The smnal
intestines are then divided into ten equal |engths, and the stomach and
each length of intestine -38- assayed for radioactivity with a ganmm
counter. Gastric enptying rate may then be determ ned for each rat by
conparing the anmount of radioactivity in the intestine relative to the
total in the intestine plus stonmach. In addigion, the geonetric center of
the distribution of the radioactive marker is then used as a neasure of the
overall transit 5 rate through the stomach and intestine. The geonetric

center is cal Ctahahﬁg%égrgggmcag eS8 6456 Sohlpduh & 6N SRENGCH ik

each segnent tines t geonetri c center fractio
of [err]Cr per dyslipidemip. x (segnent nunber)). For these cal cul ations the

o e O <SR e o A0 @08 i 7l AL RGP
the entire | oadisofde[reresp@::aﬁ;adsthmaacmdnsumg atmirdsteningr to. a Betnamal inmeedf such
exper i ment S5 treatment an amount of a compound of formula I, or a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or prodrug, effective in treating
such disorders. " '
This invention includes prodrugs of compounds of formula | having free amino,
amido, hydroxy or carboxylic groups. Prodrugs are understood to comprise an amino
10 acid residue, or a polypeptide chain of two or more (e.g., two, three or four) amino acid
residues which are covalently joined through peptide bonds to free amino, hydroxy or
carboxylic acid groups of compounds of formula I. The amino acid residues include
the 20 naturally occurring amino acids commonly designated by three letter symbols
and also include, by way of example and not of limitation, 4-hydroxyproline,
15 hydroxylysine, demosine, isodemosine, 3-methylhistidine, norvalin, beta-alanine,
gamma-aminobutyric acid, citrulline homocysteine, homoserine, otmnithine and
methionine sulfone, Prodrugs are also understood to include carbonates, carbamates,
amides and alkyl esters which are covalently bonded to the above substituents of
formula | through the carbonyl carbon prodrug sidechain. Prodrugs also include
20 compounds in which the secondary amine and its B-hydroxy when taken together form
a group of the formula
U.<CH2

wherein R®, R*, R® and X are as defined above for formula i, q is 0 to 6, and U and V

are independently carbonyl, methylene, SO, or SO,, wherein methylene is optionally

25

substituted with hydroxy.
30 This invention further includes intermediates of the structure:
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may be pool ed, and statistical evaluations can be nmade using Dunnett's
mul tiple conparison test. Alternatively, in groups of 8, ovem ght-fasted
mal e Sprague-Dawl ey (CD) rats (1 75-225 granms) may be anesthetized with
met hoxyfl urane. A small abdom nal incision 15 is then nmade, and the pyl orus
|igated. Inmediately after the ligation, a solution of conmpound or the
vehicle (distilled water) is injected into igne proxi mal duodenum The doses
of drug used should be 0.01 - 100 ng/kg. The incisions can then be closed
and the rats can be allowed to recover fromthe anesthesia. Two hours after
the ligation thgdrats are sacrificed and the gastric fluid collected and
cleared by centrifugation. Total 20 volune of secretion can be determ ned
by weight, and acidity can be determ@Rned by titration to pH 7.0 with 0.1 N
NaOH using an automatic titrator i ometer TTT85). The data fromtwo
experinments is then pool ed. A‘9¥Pup/o Qratlg treated wwth 10 ng/ kg of the
antisecretory histamne Herr] antagoni st cinetidi ne nay be
i ncl uded i ngeach experinent as q%?gr\ ) a1|§t|cal eval uati ons
can be made using Student's 25 | R40iRY o Ry for relaxation of
ea pig ileum y-Z

§ {

N=N R

contracted ileumfromisolate

wherein: ,
PG is a conventional protecting group,
10 R is an alkyl group;
R', R* and R°® are independently hydrogen or (C,-Cg)alkyl;
R®, R® and R’ are independently hydrogen, halogen, (C,-Cq)alkyl, nitro, cyano,
trifluoromethyl, SO,R®, SO,NR°R', NR°R'", COR", CO,R®, (C,-C,)alkoxy, NR*SO,R®,
NR°COR", NR°CO,R® or OR’;
15 R® is independently (C,-C,)alkyl or (C,-C,)alkoxy(C,-Cg)alkyl;
R® and R™ are independently hydrogen, (C,-C,)alkyl, cycloalkyl(C,-C,), or (C,-
C,)alkoxy(C,-C,)alkyk;
R" is independently hydrogen, (C,-Cglalkyl, NR’R™, (C,-C,)cycloalkyl, or (C -
C,)alkoxy(C,-C,)alkyl, wherein R’ and R are as defined above;
20 W is N, CH, or, when R® is bonded to W, CR® wherein R® can be any of the
values listed above for R® in addition to H;
X and Y are independently a direct link, oxygen, sulfur, or NR' wherein R' is as
defined above; -
Z is (CH,),OR°, (CH,),COR", (CH,),SO,NRR'", (CH,)-NR°SO,R’,
25  (CH,),P(O)(OR')(OR?), (CHy),-0-(CH,),COR™, (CHy),-O(CH,),P(O)(OR")(ORY),
(CH,),-0~(CH,).SO,NR®R™, or (CH,),-O-(CH,),-NR°SO,R® wherein
RY, R?, R, R?, R" and R'' are as defined above;
mis 1to 6; and .
nis O to 6, provided that if Yis O or S, nis not O,
30 as further disclosed in detail hereatfter.
it will be appreciated by those skilled in the art that compounds of formula |
contain at least one chiral center, and possibly two chiral centers when R* and R® are

different. Accordingly compounds of formula | may exist in, and be isolated in,
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can be determ ned according to the follow ng procedure. Fresh isol ated
segnents of guinea pig ileum (about 1.5 cmlong) are nounted in tissue

bat hs containing Tyrode's physiological salt solution at 30[err]C and
aerated continuously with [err] (95% 5% . 30 Tissues are then equilibrated
for 60-90 m nutes under 4.0 gmtension in order to achieve stable
baselines. H stamne is then added to the baths in a cunulative fashion in
concentrations ranging froml nMto 10 [errT The maxi mum t ensi on
generated after each addition of histamne is recorded on a G ass

Physi ograph. The ti s are then -39: washed wth seve
Ty?lodegs gol ut |°(ﬂ1|'°a@a%‘§“’ela@ LRCHIE £S5 $‘§'ﬁﬁf’8§?88“f'§)"ﬁyf"bﬁ’grﬁ? %&ﬁgm
stabl e basel i ngs k& bkhRlePdGdd tHaP R PREentiAGéhtiohSsHtRdniPaséd @Ry Fae:emw:dauyo

a single concentration of test conpound (range 1 nMto 10 gqerr
vehicle and af sHvey Pelymarphie er stgtraisameric ferm ﬁﬂ“’&'&restthﬁreﬁf "&‘Fﬂfﬁﬁnﬂ’%%esses

response cur Ve pigperfidisetul lrpﬁertﬁﬁﬁﬁérﬂ%f tHEARHHidsSndte @ MBI, it b¥ingy REIPRHdWIBIRtRe
are standar d| zed (0-100% to
art how to prepare optlcally-actlve forms (for example, by resolution of the racemic form
by recrystallization techniques, by synthesis from optically-active starting materials, by
chiral synthesis, or by chromatographic separation using a chiral stationary phase) and
how to determine efficacy for the treatment of the said utilities by the standard tests
described hereinafter. In general, (R)-stereochemistry is preferred at all chiral centers
- 10 in the compounds of this invention.

In this specification the terms "alkyl" and "alkoxy" include both straight and
branched chain radicals, but it is to be understood that references to individual radicals
such as “propyl" or "propoxy" embrace only the straight chain ("normal") radical,

_ branched chain isomers such as ‘isopropyl" or ‘isopropoxy" being referred to
15 specifically. '

The term "halo”, as used herein, unless otherwise indicated, includes chioro,
fluoro, bromo and iodo.

The term "treating" as used herein includes preventative as well as disease

remitative treatment.
20 Particular values of (C,-Cg)alkyl include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, t-butyl, pentyl, isopentyl, and hexyl.
Particular values of (C,-C,)alkoxy include methoxy, ethoxy, propoxy, isopropoxy,
butoxy, isobutoxy, t-butoxy, pentoxy, isopentoxy, and hexoxy.
Particular values of (C,-C;)cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl,

25 cyclohexyl, and cycloheptyl.
More particular values of (C,-C¢)alkyl include the values of (C,-C;)alkyl, including
methyl, ethyl, propyl, and isopropyl. _
More particular values of (C,-Cg)alkoxy include the values of (C,-C,)alkoxy,
~ including methoxy, ethoxy, propoxy, and isopropoxy.
30 | DETAILED DESCRIPTION
Compounds of formula | can be made by processes which include processes
known in the chemical arts for the production of other compounds. Such processes
for the manufacture of a compound of formula | as defined above are provided as
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maxi mum r esponse of the control tissues and plotted as percent maximum
tension versus the I og of the histam ne concentration in the absence and
presence of the drug. Compounds of fornula | can be assessed for

anti depressant activity in vivo according to the follow ng procedure. 10
Mal e CD1 m ce wei ghing between 20 and 25 g, and Sprague-Dawl ey rats

wei ghi ng between 200 and 250 g, may be obtained from Charles River, USA
Compounds of fornula | are dissolved in maté The conpounds may be

adm nistered to n1ce in a volune of 10 m kg[err] and to rats in a vol une

2 m kgl[err]. tr ani receive ti.ve test results
Zor Ot TR et B e 8nd e M TRl HNS plpfufe§ bz
Ant agoni sm of huecnidmm@saoflqeduﬁ@ehdmw afeeas)gnen ablb0e udless Bitherwiseadfihgd NThe
(2.5 mg kg' i.p. dissolved in 1%C|tr|c aci Their rectal tenperatures

may be measur edPrecesses ran b effested reeneraiiyy then be divided into different

groups so as to obt qapfotrmec&ag@uﬁaeaﬂfdrﬁs@taai wheraie VaidICBl hid R GhdIRDER HITBY T
20 an hour | ater reserpine), the mce are given the

vehicle or tsest’eWaR@E‘PSP"@é' dledt e can be neasured again 90 min |ater
(i.e. 5h 30 mn after the R3 OH H

m% '-RG

: N:I:l y-L
10 R7

Il
with an appropriate reducing agent. The reaction is conducted employing a reducing
-agent as known in the art such as stannous chloride, zinc chloride, or hydrogen in the
18 presence of (e.g., 10%) palladium-on-carbon catalyst. The reactiori is typically
implemented - by refluxing in a polar solvent such as a lower alcohol, for example
methanol or ethanol.
(b) for a compound of formula | wherein R' and R? are H, by deprotecting a

compound of formula Il

20 OH H

W@’Vb@ Rs

]
wherein PG is a (conventional) protecting group, preferably a (C,-Cg)acyl (for example,
acetyl), a benzyloxycarbonyl (Cbz) or t-butoxycarbonyl (BOC) group, ‘as known in the
art. The reaction can be implemented conventionally by hydrogenation, or with a

30 deprotecting reagent such as an acid (e.g., trifluoroacetic acid or a mineral acid such

25

as HCI) in aqueous/alcoholic solvent medium.
(c) for a compound of formula | wherein Z terminates in a carboxylic acid

moiéty (i.e., the free acid), by hydrolyzing a compound of formula | which is a
This is the replacement sheot
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i njection of reserpine) (Bourin et al., The Value of the Reseroine Test in
Psychophar macol ogy, Arzneim Forsch. 33, 1173, (1983)). I1. Ant agoni sm of
hypot herm a i nduced by aponor phi ne: 25 Hal f an hour after fhe mce
are placed in individual cages, their rectal tenperatures are recorded. The
animal s should be allocated so as to obtain the sane nean rectal

tenperature in each group. Aponorphine (16 [qu_kg[err] s.c.) can be given 30
mn after the test drug or its vehicle. Rectal tenperature can be neasured
again 30 mn after the aponorphine treatnment (Puech et al, Antagoni sm of

th ia And [ e TQ. nhi-pne: ' . '
Avd D scri m nat S ROy C CpIRRRe W e g T RER TR rosyth Bh e L Eted
Psychophar macol eayentignaliyt enfid®@ig Ja basd such Bsf actallali hetal hydroxidlepinestsieasts a

g Ieha\lgia\%:r sal Of'sq%ﬂlg'pfgg ceésr%o&iu?t, 854 Lpéfquglytfﬁse;(geaslsl(X.gi.a,supdf%sac Bias?eggorg%t%c{ r%lola?t
ratio of 5:1), at reflux in aqueous/lower alcohol solvent medium or with an excess of
5 mineral acid in water.

(d) for a compound of formula | wherein Z terminates in a mono- or di-

substituted amide moiety, by treating a compound of formula | which is a

correéponding (C,-Cs)alkyl ester with a corresponding mono- or di-substituted amine.

The reaction can be implemented as a one-step displacement conventionally, at reflux:

10 in aqueous/lower alcohol solvent medium.
{e) for a compound of formula (I) wherein R' and/or R? are othér than H, by

treating a compound of formula XXX
R3 H |
15 uk?/\/ '
| e
R RSK@:R"

20 X00K
wherein L is a displaceable group, with a corresponding amine of formula HNR'R. The
reaction is typically conducted in a lower alcohol at reflux.
Methods (c) and (d) are further discussed in Reaction Scheme 5 below.
If they are not commercially available, the necessary starting materials for the
25 above procedures may be made by procedures which are selected from standard
organic chemical techniques, techniques which are analogous to the synthesis of
known compounds, or techniques which are analogous to the above described
procedures or the procedures described in the examples. In particular, the processes
and products of the present invention are illustrated in the following reaction schemes

30 wherein, unless otherwise indicated, all variables are as previously defined.
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Behaviour In Rats By Putative 5-HT[err] Agonists. Biol. Psychiat. 23, 237.
(1988). Electric footshocks are delivered to nmale al bi no Sprague-Daw ey
rats placed in chanbers (20 X 10 X 10 cm) with Plexiglass[err] walls and
covers. The floors are nmade of stainless-steel 5 grids (1.5 cmnesh). A
constant-current shocker is delivered as 60 scranbl ed, random zed

| nescapabl e shocks (15 s duration, 0.8 mA, every 60 + 15 s) to the grid
floor. Control rats are then placed in i den¢l-cal chanbers for 1 h but no
shock is adm nistered. Al preconditioning trials are perforned on day 1

between 9 and 11 a.m Avoidance training is initiated 48 h (day 3% after

i nescapabl e shock i I thadiscussien whish fallowsvegmarn chemiqghacrenypeahd skbravigtionsy)
wi th Plexi gl aspa rbeetf! hsed@NBOT  [t@RbutRPSArBSAyYIY @bz_St(Béﬁﬂ):ﬁchc&bSQ*q;r IfE
spaced 1.0 cmapart in order to evaluate escapée ‘deficits. Each shuttle-box

i s divided int@etrabydeaianankr PMF ddimathdiormamide) sPMSQ e {dimsthyiguitpxide); t iTHA,
wWth a gate prgy i B Qwdre | ; t m
space. Shutt | eﬁi%ﬂg%}i%gglegﬁﬁiar% per?sggﬁﬁ%lrncg cor?sgcut"?’ﬁ/éé‘r%g@“%i?g%@?'c4
and 5). TheS515alkygrenn or alawegsiaiangl)imeansi (@&).y in the shuttl e-box and

onl y) and t hen sub Sepaiof S5 RATERH firtluay Bt i< onichon 4t 3 ectfinalriflr,
s. A light sidoeahyladkédillasirated am@chemedd Aminulkleshol B/, wherein PG is a standard
protecting group such as BOC, Cbz, or an (C,-C;)alkylcarbonyl group, is first
dehydratively coupled with compound V in a so-called Mitsunobo reaction to make
10 (protected) product amine VI. The reaction is typically conducted with stirring and at
room temperature (or higher if preferred) in the presence of a dehydrating agent such
as a stoichiometric quantity of diethylazodicarboxylate and a phosphine, for example
triphenylphosphine. The reaction can be implemented in any inert solvent such as THF,
benzene, toluene, halogenated hydrocarbons, DMF, or DMSO. -
15 Protected amine VI can then be deprotected as known in the art to yield amine
VI, for example with an inorgahic acid or organic acid such as TFA in an inert solvent
such as a halogenated hydrocarbon (e.g., chloroform or methylene dichloride), at room
temperature for a reaction time typically of about 2 to about 8 hours. Alternatively, the
protecting group PG can ‘be removed by hydrogenolysis using hydrogen in the
20 presence of a palladium-on-carbon catalyst and in an inert solvent such as a lower
alcohol or DMF. The hydrogenolysis is typically implemented anywhere from room

temperature up to about 90°C.
The amine of formula VIl can then be treated with an azo-protected epoxide of

formula Vil to yield compound ll. This reaction is typically carried out by reacting the

25 amine of formula VIl and the epoxide of formula VIl in a polar aprotic solvent such as

dimethyl sulfoxide, dimethyl formamide, acetonitrile or a lower alkanol such as ethanol,
isopropanol or butanol, at a temperature from about -10°C to about 125°C.

A preferred modification of the above reaction involves pretreatment of the

amine of formula VIl with an N-(trialkylsilyl)acetamide, for example N-

30 (trimethylsilyl)acetamide, to form a silylated compound of the formula Vlla
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preéehted during the first 3 s of each trial. Crossing the gate into the

ot her conpartnent of the box during this 'conditioned-stinmulus only' period
(referred to as 20 avoidance response) allows the rats to avoid shocks. A
period with conditioned stinulus plus electric foot-shock (0.8 mA) may be
presented if an avoi dance response does not occur. Crossing the gate into
the other conpartnent during this conditioqg& stimulus plus shock period is
referred to as an escape response. Absence escape response during the
3-s duration conditioned stinmulus plus shock should be considered 25 to be
an escape failure. The rats (n = 10 per group) should be treated randomy
according to one of the follow ng otBcol s: the control sanple, which
recei ves .no shock, and is given vehi ﬁe' experinmental animals with

i nescapabl e shock are treated daily TFR vehicl e or drug. Animals should be
treated orally over 5 consecutive dg¥S_i~& 6.h after shock 30
pretreatnment on day 1, and then tw §‘a 51y % f dose in the nor ni ng
(30 mn befgre shuttl e-box session) &nd § ha %n t he afternoon
(except on Phe 5th day). Statistical analysi goean We“perforned on the nean
nunber of escape failures using a two-way anﬁrysis of variance (subjects X
sessions) followed by Dunnett's test. :

Vila
wherein R is typically a lower alkyl group. This reaction is typically carried out in a polar
10  aprotic solvent such as DMSO, DMF, or acetonitrile, at a temperature froni about -10°C
to about 125°C. Preferably, the silylation is carried out at about 25°C and the reaction
with the epoxide is accomplished at about 60°C. After silylation is complete, the
compound of formula Vlla is reacted with the epoxide of formula Vlil, as described

above to form the intermediate of formula lla.

15 R
- !
R® Ol-ilKSIi’R |
mb@ RS
20 - R?
lla

After the reaction is complete or has otherwise been terminated, the silyl group can be

removed by standard means such as by mild acid or base hydrolysis.

25 It is noted that a silylated derivative of the formula
’E
R—si
, ~
& K K |
hi?(s\ R®
30 R™ R
1 q Y’Z
N—N R
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-41- "Conpounds of fornula I also have the effect of bronchial relaxation
and increased ciliary motility and thus nmay be useful in the treatnent of
airway inflamatory disorders such as asthma and obstructive |ung di sease.
In vitro activity of conpounds for the treatment of airway inflamatory

di sorders can be determ ned by neasurenent 5 of guinea-pig bronchial ring
rel axation according to the follow ng procegure. CGuinea-pig main bronchi al
rings are obtained fromtricol ored guinea-pigs of either sex (250-3509)
anesthetized with urethane (1.25 g kg[err], i.p.) and are suspended under

an initial tensj i . K | 1utsi . i 0
[err]:5% [err] &i&%& gﬁgel&ﬁgggedé(rﬁhu%ﬁgré% | oér%,thgﬂ? era'?{)%‘g{' [ﬁhgn%%?glq%ﬂg r;tggn z?rgg)
contracted wi tbe demrbtdctdtbby the skine $tadfardrirheaws. and rel axed to maxi nmal

e Ly R o L
mn. reduced to convert the tetrazole portion of the molecule to the corresponding pyridyi
5 amine by treatment with a suitable reducing agent, as described above in (a).

Scheme 2 illustrates the preparation of a compound of formula | using a

precursor compound of formula lll. An epoxide of formula X, wherein W and protecting

group PG are as previously defined, can be reacted with amine VIl under standard

conditions, for example using a polar solvent such as a lower alcohol and implementing

10 the reaction at reflux, typically for a time between 2 and 8 hours. In a preferred

embodiment, amine VIl is first silylated as described above to make a silylated amine
compound of formula Vlla above prior to treating it with epoxide X.

Scheme 3 illustrates the preparation of a compound of formula XVI which is

generic to both intermediates of formulae Il and il when Y is O, S, or NH. Amino

15 alcohol IV may first be reacted with compound Va, as described for the reaction of

amino alcohol IV with compound V for Scheme 1. If X and Y are the same, then the

YH moiety need not be protected by pre-reacting with a blocking reagent. If X and Y

are different, however, then protecting the YH moiety by standard means, for example

by pre-reacting it with an aromatic or aliphatic carboxylic acid, is preferred. De-

20 protection by standard means (e.g. alkaline hydrolysis) can then be effected at

essentially any point prior to reacting with compound XV (JZ), described below. The

product, compound Vla, can then be de-protected as described for compound Vi,

Scheme 1, thereby yielding compound IX. Compound IX can be reacted with azo-

protected epo;(id_e Vli, as described for the reaction of compounds Vil and Vill, Scheme

25 1. Compound XVI may then be made by reacting compounds XIV and XV, wherein J

is a leaving group such as chloro, bromo, or iodo. It is understood that for compound

XV, when W is CH, the "block” moiéty attached to the amino group is in the form of a

protecting azo group completing a fused tetrazole moiety and compound XVl is then

the same as compound ll. Or, when W is CH or N, the "block" moiety can additionally

30 be any conventional protecting group, defined hereinbefore as "PG", and.structure XVl

is then the same as compound lll. In either case compounds XIV and XV can be

reacted in an inert aprotic solvent such as DMF, DMSO, or toluene and in the presence

of a base such as an alkali metal hydride or carbonate (for example sodium hydride or
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Changes in tension are neasured isonetrically with strain gauges and
anplifiers and di splayed on a recorder. The conposition of the Krebs
solution is (mMW: Nad 15 118.0, KCI 5.4, [err] 2.5, [err] 1.2, MgS™4 1.2,
NaHCO3 25.0 and glucose 11.7. To test effects of test conpounds on resting
tension, cumul ative concentrati on- response curves are obtained by addition
of the test conpounds (10[err] to 10[err]M .mvery 10-20 mn until a plateau
is reached. The rel axant effects of the conpounds are expressed as

per cent ages of the maxi mal relaxation induced by theophylline (3 x 10[err]

20 M. In Vi trougaediini| darbShath)]e THTRRUHES ;Qfauta%moap}ocfeea tpﬁaeantyahfe ambient

di sease can be determ ned according to the foll ow ng procedures. "Ventral
prostates of nde@pgmtugrndiana perie PéWG@d‘lCME)g) anest hetized with

di et hyl ether are qui éﬂéﬁe%ﬁu&&geﬁﬂg gpa?gn Wﬁa‘ﬁ, eéﬁoﬁﬁo%&wl

Wiile 25 maintaine room tenp era e mt‘ﬁal érent ftatt
connecti ve tissajwsateffpemdaéwl whleeeupnblsasttow qrﬁé anid lshlmmwthemoia- mhd

organ 521 g oriel SRy b S BGTR 0P BT AT 115001 68 il
118. 4 mM Nadl , td prodddelCtompoindrbf fdpBGi X\Aa5 This reaction is typically carried out in the
) presence of a reducing agent such ‘as sodium cyanoborohydride, sodium
triacetoxyborohydride, sodium borohydride, hydrogen and a metal catalyst, zinc and
hydrochloric acid, or borane dimethy! sulfide followed by treatment with formic acid.
10 It is generally conducted at temperatures from about -60°C to about 50°C. Suitable
reaction inert solvents for this reaction include lower alcohols (e.g., methanol, ethanol
and isopropanol), acetic acid, chlorinated hydrocarbon solvents (e.g., methylene
chloride, chloroform, 1,2 dichloroethane) and THF. Preferably, the solvent is 1,2-
dichloroethane, tﬁe temperature is about 256°C, and the reducing agent is sodium
156 triacetoxyborohydride.

Scheme 5 illustrates the preparation of free acids and amides of formulae Ib and
lc from compounds of formula la, as set forth in (c) and (d) above. The use of formulae
la, Ib, and lc in Scheme 5 is exemplary. Compounds of formulae Ib and‘ lc are,
respectively, compounds of formula | in which Z is (CH,),CO,H and (CH,),COR"

20 wherein R" is NR°R™. Scheme 5 applies equally to compounds analogous to formula
Ib in which Z is (CH,),-0O~(CH,),CO,H, and to compounds analogous to formula lc in
‘which Z is (CH,),-O-(CH,),, COR" where R" is NR°R™, and R’, R", n and m are as
previously defined. Compounds of formula la are intermediates corresponding to
formula | except that the value corresponding to Z is {CH,),CO,R" wherein R* is an

25 alkyl group, typically (C,-C)alkyl, although other replaceable groups such as (C,-C;)
cycloalkyl can also be employed. Intermediates corresponding to formula la except
that the value corresponding to Z is (CH,),-O-(CH,),,CO,R" are also useful for making
compounds according to the invention. Intermediate compounds of formula la are
prepared by the methods of Schemes 1, 2, and 3. The transformations-depicted in

30 Scheme 5§ may be accomplished by methods well known to those skilled in the art. It
is noted that the reaction conditions can be adapted so the reverse reactions are

favored, though implementation of such conditions is less likely since the free acids are

preferred.
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mM [err], 11.1 mM dextrose, 25.0 nmM NaHCO3 and 1.2 mM[err], dissolved in
30. distilled and dem neralized water. The tissues are attached to
i sonetric force- displacenent transducers and isonetric contraction is

recorded under a | oading tension of 0.5g. Equilibration is undertaken for
1 or 2 hr before the addition of test conpounds. Submeximal contractions
are first elicited by repeated concentrati opg. of -42- 1 x 10[err] M

phenyl ephrine until constant responses are obtained. The control and test
conmpound-treated experinents are done in different preparations. A
concentration- respgRfife M%%uéd&sﬁhlﬁgbﬂéuﬁ“nﬁ%‘%ﬁérﬁéb' SStpAind3 st forhR{1a HaGe

or acetylcholine (10[err] detefm ned. For testing conpounds, a
concentration rkeepdaresentast Qé‘e'nf%msdﬂmwl is metechibabeompenndscefderna-lasare esters

ggt ermned in tfo?c %&%&ﬂ?&c@rﬁgb%&nﬁ ihdir &ﬁ?ﬂg P?wévrbrv ISUER f&ﬂwtdla’ lal e5t&k h‘éﬁét
npounds can al s e determ hed for speci Icacy 1 n human prostat
fol | ows. been separately claimed in Serial No. (Docket PC91 39JTJ) filed of even date hereW|th
| 5 Referring to Scheme 5, compounds of formula fa can be converted into
carboxylic acids of formula ib by treatment with an acid or a base. Examples of
suitable bases for the reaction are: sodium hydroxide (NaOH)}, potassiu.m hydroxide
(KOH}), and lithium hydroxide. Suitable acids for the reaction include: hydrochloric acid
(HCI), hydrobromic acid and sulfuric acid. Preferably, the base is potassium hydroxide.
10  The solvent for the aforesaid process is typically a Iou;er alkanol, hexane, DMF, toluene
and/or water. The lower alkanol can be methanol, ethanol, propanol or butanol. The
reaction temperature may range from about 0°C to about 100°C. Preferably, the
temperature is about 25°C.
Alternatively, compounds of formula la can be converted into amides of formula
15  lc by treatment of an ester of formula la with an amine of the formula R°R'"NH. Usually,
a polar' protic solvent such as a lower alkanol is used, and the reaction is run at a
temperature from about 0°C to about 125°C for about 0.5 to about 24 hours. Suitable
solvents include lower alcohols, and mixtures thereof with toluene, cyclohexane, DMF
and methylene chloride. Preferably, the reaction is conducted in methanol at about
20 65°C for about 3 to about 24 hours.
Scheme 6 refers to the preparation of compounds of formulae Vil wherein at
least one of R* and R® is H, and XVIIl wherein X is O or S. Compounds of formula Vi
wherein at least one of R* and R® is H are labeled as Vlic in Scheme 6. For
exemplification only, R* is illustrated as the variable which can assume values other
25 than H, although it is to be understood that R® can be the variable as well. Compounds
of formulae Vlic and XVIll are starting materials for the synthesis, respectively, of
intermediates of formulae Il and Il in Schemes 1 and 2, and of formula XVia in Scheme
4, which intermediates can in turn be used to make compounds of formula I.
| Referring to Scheme 6, compounds of formula Vilc are made by reductive
30 amination of a compound of formula XVlil. The conditions for reductive &mination are
as described above for the conversion ‘of a ketone (or aldehyde, as appropriate) of
formula XVIil to a compound of formula XVia in Scheme 4, with the exception that the
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Prostatic tissue specinens are obtained frompatients with synptomatic BPH,
who are undergoi ng open prostatectony. Isolated human prostatic tissue is
cut into five 10 to eight strips (3mmw de, 3nmthick and 15mmlong in
each strip). The strips are nmounted vertically in organ baths containing 20
m Krebs-Henseleit solution of the follow ng conposition (mMV): Nad 112,

KCl 5.9, [err] 1.2, [err] 2, NaHCO3 25, [erpl 1.2, glucose 11.5. The nedi um
is maintained at 37[err]C and at pH 7.4, anfis equilibrated with a gas

m xture consisting of 95% [err] and 5% [err]. A resting tension of 15 0.5g

i's applied and t responses are recard [ h.a forc

i spl acenent ¢ (TG HEEFE SRiEofe Brar 5 aHdLs SRk in et R duthd fH1SAuie
before startinguilhe experinments. Concentration-response curves for
ddi g the. drug i r AR, Fl SR (1 Ee Pe rekieL et (Ve BEANGRY Wi
For testing coraa ﬁdsbhmeﬁbmsa@b(x strips are |ncubat ed in the presence of

compound (1 or rr]M for 30 m nutes_before and then phenyl ephrine or
acet yl chol i rfe are a&i’é’i‘PqLB‘dFHé the iproivia Kxé"%dfﬁﬁl"&w%?‘? WF%%WB“B’M”&% the,

the concentr at kindLXROBY Urebitiet of Ant &RePMAANK & ©) drhetHiGRherCWRRAWIS S) of
formula XX with boron tribromide. Suitable solvents for the aforesaid reaction are
non-polar aprotic solvents such as methylene chloride, toluene, chloroform, or carbon
tetrachloride. Preferably, the solvent is methylene chloride. The temperature of the
10 reaction may range from about -78°C to about 20°C during the reaction with boron
tribromide. It is preferably about O°C.
The thiol or phenol of formula XXI so formed is converted into a ketal or acetal

of the formula XXl by treatment with a compound of the formula

R40

15 R4 >

R40 J

20 wherein J is chloro, bromo or iodo, in the presence of a base. Preferably, the thiol or
phenol of formula XXI is first converted into an anion by reaction with a base.
Examples of appropriate bases include sodium hydride and potassium t-butoxide. The
preferred base is sodium hydride (NaH). Examples of suitable solyents for the
aforesaid process include polar aprotic sol.vents such as dimethyl formamide,

25 dimethylsulfoxide, and sulfolane. Preferably, the solvent is dimethyl formamide.

The temperature for the aforesé.id reaction is in the range of ‘about -10°C to
about 100°C. Preferably, the temperature is 30°C.

The ketal or acetal of formula XXl so formed is converted into the
corresponding compound of formula XVIIl by reaction with an acid. Typically, this

30 reaction is conducted at a temperature in the range of about 10°C to about 100°C.
Examples of appropriate acids for the aforesaid process are hydrochloric, hydrobromic
and sulfuric acids. Preferably, the acid is hydrochloric acid. Suitable solvents for the
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Conpounds of the fornula | |lower triglyceride |levels and chol esterol |evels
and 25 raise high density |ipoprotein |levels and are therefore of use in
conbat i ng nedi cal conditions wherein such | owering (and raising) is thought
to be beneficial. Thus they may be used in the treatnent of
hypertri gl yceri daem a, hyperchol esterol em a and conditions of |ow HDL (high
density lipoprotein) levels in addition to the treatnent of atherosclerotic
di sease such as of coronary, cerebrovascul ar“‘and peri pheral arteries, 30
cardi ovascul ar di sease and related conditions. The active conpounds may

[roatment of atfIEFBRE PErEF IVl Hb FPLBNS oM oF GrEcnp anelst Sl PPl e
such as cl of i brssivent lsesteidrier at e and genfibrozil; inhibitors of cholesterol
i muastatin 43 SR TAPIEE & PR PTRHTIAN o COmpoLBHS oL CPUp ISR Ll e BT
for exanpl e. betwieréih XS 8Idiectlinft 2n8@Y least one of R* and R® is H, with the remaining member
5 of R* and R® being H or (C,-Cgalkyl. Again, the single variable value R* is shown for
purposes of illustration. Compounds of the formulae Vilc and XVIIII' are starting
materials for the synthesis of corresponding intermediates useful in the invention as

illustrated in Schemes 1, 2 and 4.
Compounds of formula XVIil, wherein X is a direct link, can be used to form

10 intermediates of formula XVla according to the pfocesses of Scheme 4.

Compounds of the formula Vlic, wherein X is a direct link, can be uséd to form
corresponding compounds of formula | according to the processes of Schemes 1 and
N : _

Referring to Scheme 7 (wherein X is a direct link), 2a compound of formula XV

15 can be converted into a compound of formula Vlic by reductive amination of a
compound of the formula XVIIl with ammonia as described above for Scheme 6.

A compound of formula XVIll can be prepared from a corresponding compound
of formula XXIll, by treatment of a compound of the formula XXill with a tin reagent of
the formula R*COCH,Sn(CH,CH,CH,CHj), in the presence of palladium (li) acetate and

20 tri-o-tolylphosphine. The tin reagent; R*COCH,Sn(CH,CH,CH,CH,),, is formed by
-reaction of tributyltin methoxide with a compound of the formula

0

CH
CH(lLO—CHa—?:/a 2

25

Suitable solvents for the aforesaid process include nonpolar solvents such as
toluene, benzene and hexane. Preferably, the solvent is toluene. The temperature for
30 the aforesaid process is generally in the range of about 10°C to about 150°C, and is

preferably about 85°C,
Scheme 8 illustrates the preparation of an epoxide of formula Viil, which is used

to make an intermediate of formula Il and, in turn, a compound of formula | wherein W
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CoA; chol esterol acyltransferase) inhibitors for exanple melinanide; anion
exchange resins for exanple chol estyram ne, colestipol or a

di al kyl ami noal kyl derivatives of a cross-linked dextran; nicotinyl alcohol,
nicotinic acid or a salt thereof; vitamn E; and 5 thyrom netics. Activity
of conmpounds of fornmula |I for dyslipidema can be determ ned according to
the foll owi ng procedure. C57BL/6J ob/ob mce (male, 30-40 g body weight,
Jackson Lab, Bar Harbor, ME), housed 5 m ce p28- cage in an environnentally
controll ed room can be dosed once daily for 3 weeks with drug (0.01 - 100
ng/ kg, n=15 per group) or 10 vehicle (saline) by oral gavage. Body wei ght
of each nouse cais GHd. Thaguematation is\genechlly acdorndimgaioengthods diselased dretle Snpatedts

Dl 908, 1 AR he SO0 081 ' b R oe el B BBkt R e
decapi tati on andinithe plestnlct et tahdacidPlsastras @pp o thée abmomoh piineghlumidse(e.d.[ BIE!) at
Lt ol do a0 Ll B Rt Sl et e st oD o
for decrease §n Tef¥oleaXX¥ danfel Hectroate@dphtarabldi with tohdlbgerfatihg AeRt such as
procedure. CS?BLérgr%inoe?/tg l))/iem g%ogrgg;laoeﬁdir?goégr% oBr?éj ¥:f }“fn'n%lét XXV1 wherein J is a leaving
group such as a bromo group. Bromination can be carried out under standard
conditions, for example in glacial acetic acid solvent which has been saturated with
HBr. Generally the reaction is conducted under chilled (e.g, ice bath) conditions. The
10 compound of formula XXVI can then be converted to the corresponding oxirane VIIi
under standard conditions, for example by treating compound XXVI with a mild
reducing agent (e.g., sodium borohydride, lithfum borohydride) at room temperature in
an inert solvent such as THF, followed by treatment with a base such as an alkali metal
hydroxide in a protic solvent such as an alcohol. A stereospecific reducing agent, such
15 as (R)-alpine borane, may be used to prepare the R-isomer of the oxirane, substantially
free of the S-isomer.

Scheme 9 illustrates the synthesis of compounds of formula | when R' and/or
R? are other than H. A ketone of formula XXVII, wherein L is a group such as F or Cl
which. can be displaced by a primary or secondary amine, is first treated with a
20 halogenating agent such as bromine to yield a corresponding compound of formula
XXVIII wherein J is a leaving group such as a bromo group. Bromination can be
effected under standard conditions, for example as described in Scheme 8 for the
conversion of tetrazole XXV to compound XXVI. The compound of formula XXVIll can
then be converted to the corresponding oxirane XXIX, by the standard procedure also
256 described in Scheme 8. Oxirane XXIX can then be reacted directly with a compound
of formula Vil, in a polar solvent such as DMSO, DMF, or acetonitrile, at a temperature
typically in the range of -10°C to 125°C, thereby yielding a compound of formula XXX.
The intermediate of formula XXX can be reacted in a lower alcohol, at reflux (or under
pressure, for example if the amine is gaseous), with an amine of formula HNR'R? to

30 produce a corresponding compound of formula 1.
Conventional methods and/or techniques of purification and separation known
to those skilled in the art can be used to isolate the compounds of this invention. Such

techniques include all types of chromatography (HPLC, column chromatography using
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Jackson Lab, Bar Harbor, ME are housed 5 mice per cage in an
environmental |y controlled roomw th food (pelleted rodent chow) and water
avai lable ad libitum The 20 conpounds or vehicle (water) can be dosed
once daily for 3 weeks (.01 - 100 ny/ kg, n=15 per group) by oral gavage.
Body wei ght of each nobuse can be neasured daily and food intake per cage
determ ned by wei ghing the anount of food legft in the trough. At the end of
the study, 24h after giving the final dose T conpound, the mce are

wei ghed and then killed by cervical dislocation. The epididynmal fat pads

fromeach 25 npuse are, exci sed and wei ghed. The fat versus baod I ght
ration is det ePRATAKE f?ﬁ“. ) Wi agh%e'ap . u{r@ b%ﬂ?r \/\fé"i“éﬁ&oﬁ?ﬂ"&)’he
fat pad wei ght fecr/tdliRati6n, £ difierbAtial fiad, Neeididuid)Sextradiciifechfigoés.a reduction

in total body fat. The present invention Is illustrated b%/ the foll ow ng
Exanpl es. However, CertainRftheromppyedsiidamylatl, fareexempiathass whichdiave free

limted to thecsBegyIEatiddahdlohality, fofn? BRGMRHLBHGNPaBSeptable cation salts by reacting

5 the free acid forms with an appropriate base, usually one equivalent, in a co-solvent.

Typical bases are sodium hydroxide, sodium methoxide, sodium ethoxide, sodium

hydride, potassium methoxide, magnesium hydroxide, calcium hydroxide, benzathine,

choline, diethanolamine, piperazine and tromethamine. The salt is isolated by

concentration to dryness or by addition of a non-solvent. In many cases, salts are

10 preferably prepared by mixing a solution of the acid with a solution of a different salt

of the cation (sodium or potassium ethylhexanoate, magnesium oleate), employing a

solvent (e.g., ethyl acetate) from which the desired cationic salt precipitates, or can be

otherwise isolated by concentration and/or addition of a non-solvent.

The acid addition salts of the compounds of the present invention are readily

15 prepared by reacting the base forms with the appropriate acid. When the salt is of a

monobasic acid (e.q., the hydrochloride, the hydrobromide, the p-toluenesulfonate, the

acetate), the hydrogen form of a dibasic acid (e.g., the hydrogen sulfate, the succinate)

or the dihydrogen form of a tribasic acid (e.g., the dihydrogen phosphate, the citrate),

at least one molar equivalent and usually a molar excess of the acid is employed.

.20 However, when such salts as the sulfate, thé hemisuccinate, the hydrogen phosphate

or the phosphate are desired, the appropriate and exact chemical equivalents of acid

will generally be used. The free base and the acid are usually combined in a co-solvent

from which the desired salt precipitates, or can be otherwise isolated by concentration
and/or addition of a non-solvent. |

25 The amino acid prodrugs of this invention may be prepared by conventional

peptide coupling reactions coupling a free amino or carboxylic group of the compound

of formula | with an amino acid or a polypeptide, e.g. dipeptide, chain. The coupling

reaction is generally conducted at a temperature of about -30° to about 80° C,,

preferably about 0° to about 26°C. Suitable coupling reagents are usually present,

30 such as dicyclohexylcarbodiimide with hydroxybenzotriazole (HBT), N-3-

dimethylaminopropyl-N*-ethylcarbodiimide with HBT, 2-ethoxy-1-ethoxycarbonyi-1,2-

dihydroquinoline, carbonyl diimidazole with HBT, or diethylphosphoryl-cyanide. The

reaction is generaly conducted in an inert solvent such as acetonitrile, methylene
This is the replacement sheet
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-44- Exanple 1 Exanple 1 a - Methyl
(4-(2-t-butoxycarbonyl am noet hoxy) phenyl ) acetate To a stirred solution of -
met hyl 4-hydroxyphenyl acetate (4.00 g, 24.1 mmol) and tri phenyl phosphi ne
(9.50 g, 36.1 nmmol) in THF (24 nL) were added solutions of 2-(t- 5

but oxycar bonyl am no) et hanol (5.80 g, 36.1 nmol) and di et hyl azodi car boxyl at e

(5.70 mL, 36.1 mmol) in THF (6 nlL, each) si_§ﬁ_ltaneously over a 1.5 h
period. After an additional 3 h, the reacti was concentrated in vacuo and

subj ected to flash chromat ography (600 g silica gel, 20% et hyl

acet at e/ hexanes q af.ford a qgol il..5 7 - [enr [ 7.1 d,
oy 680 (- shyoe bhiioforth, U étffrciinegd, Hodng. Ehbbd MR, Bihdindupthebis
(10 (2H) , - 3. 48h(orrw)a%rb orla fxt(re, of T . orlfvmﬁmluleh Igblventb’.ét ]hyl d I

4- (2- am noet hoxy) p cetateT ool e r.C), .stirr sol uti.on
of methyl (4-(2-t- b%ﬁ%y%aé %@P&ﬁ?ﬁ’&mag Sfﬂn&ﬁb‘ﬁ)‘“‘%?@&?’éf’éay( H@Pafedo%' 6
mol ) in di chl esae®h fwaefréa(hyaiokymaﬁaaﬁmﬁgrol@ oft thlefédlﬁr.liélﬁféﬁbi ﬁ:rﬁtﬁladl (vth Tep) -
The resulting solution was stirred at. anbi ent ten&erature di l uted

in ethyl ac®t apeivatedgaseory epntaining aglechigisuah as ar M‘n‘é’ﬂ\?’lﬂ?r%fteéhy‘ sP'Pméomaﬁ*?ed

The reaction can be carried out neat or in the presence of a reaction inert solvent such
as methylene chioride, at a temperature from about -78° to about 100°C. Alcohols can
also be reacted with cyanogen chioride in the presence of a Lewis acid to form
carbamates.
10 Prodrugs in which the secondary amine and its B-hydroxy, taken together, form
a group of thg formula -
u. <cna>

15
are formed by methods analogous to those described in United States Patent
4,593,023, European Patent Application 170,135A published on July 21, 1984 and
United States Patent 4,607,083, |

20 When treating any of the conditions, disorders and/or diseases previously

disclosed herein, generally satisfactory results are obtained when the compounds of
the formula (1), prodrugs, or pharmaceutically acceptable salts thereof (hereinafter also
referred to herein as "active ingredients or compounds") are administered to mammals,
including man, via either the oral or the parenteral route. Administration by the oral
25 route is preferred, being more convenient and avoiding the possible pain and irritation
of injection. However, in circumstances where the patient cannot swallow the
medication, or absorption following oral administration is impaired, as by disease or
other abnormality, it is essential that the drug be administered parenterally. By either
route, the dosage is in the range of about 0.01 to about 100 mg/kg body weight of the
30 subject per day, preferably about 0.1 to about 50 mg/kg body weight per day,
administered singly or as a divided dose. However, the optimum. dosage for the
individual subject being treated will be determined by the person responsible for the
treatment, generally smaller doses being administered initially and thereafter increments
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[err] and concentrated in vacuo to afford an orange oil, 3.25 g. [err]H NMR

[err] 7.10 (d, 2H), 6.77 (d, 2H), 3.92 (t, 2H), 3.60 (s, 3H), 2.49 (s, 2H,

3.00 (t, 2H). 20 Exanple 1c - Methyl

(4-(2-(2(R) -hydroxy-2-tetrazol o[ 1, 5-a] pyri di n- 6-yl et hyl am no)

et hoxy) - phenyl ) acetate A sol ution of nethyl (4-(2-am noethoxy)phenyl)

acetate (0.56 g, 2.71 mmol) and (2R)-(tetrazol o[ 1, 5-a] pyri d-6-yl)oxirane

(0.40 g, 2.47 mmol), generated as in Ex-anpl@‘l of U S. 5,030,640, in

nmet hanol (7.5 nL) was heated at reflux tenperature for 7 h. 25

Concentration of the reaction solution in vacuq aff rded a s i ch vv?
‘g”%fq'%‘ﬁ ar

subj ected to fIRade orFelemioy ihesnost cybakie dasaas.  This wilvebr ageor

title conpoundc%'in e |é?ﬁ&6ﬁe%&ﬂﬂh@ht&§ﬂojébtbbﬁfdt}éitw [err] 8.86 (s 1H)
7.92 ( d, d, 2H). 6.81 (d, 2H), 4.83 (dd, 1 H),

4.06 (t, 2H) 3 66 (Wg‘le M;%Olm%q e prgsent Irwsn?,orozar% rHseQHP combigation with
30 EXx le 1 -
anpi e a%é&é:!hcal c)eptfﬂs)cﬁ;lr;/e or diluent. Suitabl rmaceutlca% ac?sptable

(4-(2-(2-(6- am nopyr oxyet hyl am no oxy -
acet ate A sl&r rcprrigfs mglukiyllnert solid fillers or diluents and sterile aqueous or orgamc solutions.

(4-(2-(2(R) - hy%@%ﬂ\?&&%ﬂ%@ vl Be ]EﬂieashRy ihisdbR bﬁé%lifctenﬁéﬁ%ﬁx%'sitions in amounts
sufficient to provide the desired dosage amount in the range described above. Thus,
for oral administration the compounds can be combined with a suitable solid or liquid
carrier or diluent to form capsules, tablets, powders, syrups, solutions, suspensions and

10 the like. The pharmaceutical compositions may, if desired, contain additional
components such as flavorants, sweeteners, excipients and the like.
The tablets, pills, capsules, and the like may also contain a binder such as gum
tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium phosphate; a
disintegrating agent such as corn starch, potato starch, alginic acid; a lubricant such
15 as magnesium stearate; and a sweetening agent such as sucrose, lactose or saccharin.
When a dosage unit form is a capsule, it may contain, in addition to méterials of the
above type, a liquid carrier such as a fatty oil.
Various other materials may be present as coatings or to modify the physical
form of the dosage unit. For instance, tablets may be coated with shellac, sugar or
20 both. A syrup or elixir may contain, in addition to the active ingredient, sucrose as a
sweetening agent, methyl and propyiparabens as preservatives, a dye and a flavoring
such as cherry or orange flavor.
These active compounds may also be administered parenterally. For parenteral
administration the compounds can be combined with sterile aqueous or organic media
25 to form injectable solutions or suspensions. Solutions or suspensions of these active
compounds can be prepared in water suitably mixed with a surfactant such as
hydroxypropylcellulose. Dispersions can also be prepared in sesame or peanut oil,
ethanol, water, polyol (e.g., glycerol, propylene glycol and liquid polyethylene glycol),
suitable mixtures thereof, vegetable oils, N-methyl glucamine, polyvinylpyrrolidone and
30 mixtures thereof in oils as well as aqueous solutions of water-soluble pharmaceutically
acceptable salts of the compounds. Under ordinary conditions of storage and use,
these preparations contain a preservative to prevent the growth of microorganisms.

The injectable solutions prepared in this manner can then be administered
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et hoxy) phenyl ) acetate (0.51 g, 1.37 mmol) and stannous chl ori de-di hydrate
(0.93 g, -45- 4.12 mmol) in nethanol (7 nL) was heated at 60[err]C for 3
h. The resulting clear solution was diluted into nethylene chloride, washed
wi th one-hal f saturated aqueous sodi um carbonate, brine, dried [err] and
concentrated in vacuo to a foam 0.42 g. Flash chromatography (10%

nmet hanol / di chl or onet hane) afforded a colorless solid, 0.22 g; 5 mp.
90-93[err]C. [err]H NVR [err] 7.95 (s, 1 HS2-7.40 (d, 1 H), 7.10 (d, 2H
6.78 (d, 2H), 6.42 (d, 1 H), 4 54 (dd, 1 H, 4.36 (s, 2H), 4.00 (t 2H) ,

3.63 (s, 3H), 3.52 (s, Hz 06-2.92 (m 2H), 2.86 (dd, 1 H), 2.68 (dd, 1
H). Exanple 1 iptravenously, in rapentoneally, subcutaneously, or intramuscularly, with intramuscular

(4-(2-(2-(6- Aradm.méirhﬁumb&n khe Bfeﬁérréw@arem%: Fadt@gq nﬁ}.et hoxy) phenyl)- 10

acetic acid To a stirred so ution of roduct nmpl e 1d, et hyl
(4-(2-(2-(6- am nopkhe amarn@cyutycat(wtswdn beyfer mca@blﬁ@settmlw}q stesileyaguesesi

acid (0.11 g, &Itﬂl%ns or dispersions and sterile powders for the extemporaneous preparation of
5 sterile injectable solutions or dispersions. In all cases, the form must be sterile and
must be fluid to the extent that easy syringability exists. It must be stable under the
conditions of manufacture and storage and must be preserved against the

contaminating action of microorganisms such as bacteria and fungi. .
The effective dosage of the active ingredient employed may vary depending on
10 the particular compound employed, the mode of administration, the condition being

treated and the severity of the condition being treated.

As a consequence of their action in reducing body fat (lipolysis) the compounds
of the present invention possess utility for increasing lean meat deposition and/or
improving the lean meat to fat ratio in edible animals including poultry and ungulate

15 animals such as swine, cattle, sheep, and goats. Compounds of formula | can
additionally be used for the treatment of obese household pets, for example companion
animals such as dogs and cats. The administration of a compound of formula | can
be effected orally or non-orally, for example by injection. An amount of a compound
of formula | is administered su;:h that an effective dose is received, generally a daily

20 dose which, when administered orally to an animal is usually between 0.01 and 100
mg/kg of body wéight, preferably between 0.1 and 50 mg/kg of body weight.
Conveniently, the medication can be carried in the drinking water so that a therapeutic
dosage of the agent is ingested with the daily water supply. The agent can be directly
metered into drinking water, preferably in the form of a liquid, water-soluble concentrate

25 (such as an aqueous solution of a water soluble salt).

Conveniently, the active ingredient can also be added directly to the feed, as
such, or in the form of an animal feed supplement, also referred to as a premix or
concentrate. A premix or concentrate of therapeutic agent in a carrier is more
commonly employed for the inclusion of the agent in the feed. Suitable carriers are

30 liquid or solid, as desired, such as water, various meals such as alfalfa meal, soybean
meal, cottonseed oil meal, linseed oil meal, corncob meal and corn meal, molasses,
urea, bone meal, and mineral mixes such as are commonly employed in poultry feeds.

A paniéularly effective carrier is the respective animal feed itself; that is, a small portion
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rrrml): in methanol (6 nL) were added water (1.5 nL) and potassi um hydroxi de
(0.07 g, 1.3 mol). The resulting solution was allowed to stir at room
tenperature for 4 h and 15 concentrated in vacuo. The resulting m xture
was dissolved in water (2 nL) and the pH adjusted to +5.5 with 1 N aqueous
hydrochloric acid. The precipitate was filtered and dried at 80[err]C in
vacuo to afford a colorless solid, 0.10 g; mp. 233-235[err]C. J[err]H NWR
(DVSO-d6) 7.81 (s, 1H), 7.33 (d, 1H), 7.13-88 2H), 6.86 (d, 2H), 6.40 (d,
1H), 6..00 (br s, 2H), 4.78 (dd, 1H), 4.23 (t, 2H), 3.46 (s, 2H), 3.33 (t,
2H), 3.09 (t, 2H). 20 Exanmpl e 2 Exanple 2a -
Fol | owi ng t he génachafeedetThedmriarfaciitatesamiforn Histribmgiohydf tHe @2tive- materials in the
but oxycar bonyl no X benz e was._ pr.epare tom 2- - anl no) et hangl
and ot hyl 4. n PR S A R e ol B SBRSEE < MerapLiel e Sy
6.82 (d, 2H), #uo@éhgﬂw biendéd irto tHe Prémix ané!,l-ﬁubsaqﬁéhtn/stheael)ed In 49is (evpedtithe
1.39 (s, 9H). e.2b - ovmn hod f ex | e
T b, ethyl 4 G IRsHRRAd S e e sHE B In ARy e olh o
Exanpl e 22 5m §il, cé&bﬁsﬁéda(bll bad gﬂlé'ﬂIMVBr (PYVB6latiie)ordariiéd soRfent2dnd then Bleriddd witH) .
4
3.94 (. 21, t?\e cargler ?it will be appreclatew that the proportions of active material in the
concentrate are capable of wide variation since the amount of agent in the finished feed
may be adjusted by blending the appropriate proportion of premix with the feed to
obtain a desired level of therapeutic agent. _
10 High potency concentrates may be blended by the feed manufacturer with
proteinaceous carrier such as soybean oil meal and other meals, as described above,

to produce concentrated supplements which are suitable for direct feeding to animals.
In such instances, the animals are permitted to consume the usual diet. Alternatively,
such concentrated supplements may be added direétly to the feed to produce a

15 nutritionally balanced, finished feed containing a therapeutically effective level of a
compound according to the invention. The mixtures are thoroughly blended by
standard procedures, such as in a twin shell blender, to ensure homogeneity.

if the supplement is used as a top dressing for the feed, it likewise helps to
ensure uniformity of distribution of the active material across the top of the dressed

20 feed. _

Drinking water and feed effective for increasing lean meat deposition and for
improving lean meat to fat ratio are generally prepared by mixing a compound of the
invention with a sufficient amount of animal feed to provide from about 10° to 500 ppm
of the compound in the feed or water.

25 The preferred medicated swine, cattle, sheep and goat feed generally contain
from 1 to 400 grams of active ingredient per ton of feed, the optimum amount for these
animals usually being about 50 to 300 grams per ton of feed.

The preferred poultry and domestic pet feeds usually contain about 1 to 400

- grams and preferably 10 to 400 grams of active ingredient per ton of feed.

30 - For parenteral administration in animals, the compounds of the present invention
may be prepared in the form of a paste or a pellet and administered as an implant,
usually under the skin of the head or ear of the animal in which increase in lean meat
déposition and improvement in lean mean to fat ratio is sought.
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30 Exanple 2c - Follow ng the general nethodol ogy of example 1c, nethyl
(4-(2-(2(R)-

‘hydr oxy-2-tetrazol o[ 1, 5-a] pyri di n-6-yl et hyl am no) et hoxy) phenyl ) benzoate
was prepared fromthe product of Exanple 2b and

(2R)-(tetrazol o[ 1, 5-a] pyrid-6-yl)oxirane 'H NVR (DMSO-d6) 9.10 (s, 1H),
8.10 (d, 1H), 7.90-7.78 (m 3H), 6.96 (d, 2H), 5.76 (d, 1 H, 4.86-4.77 (m
1 H, 4.04 (t, 2H), 3.78 (s, 3H), 2.91 (t, "~ , 2.83 (d, 2H). - 46-
Exanpl e 2d - Foll ow ng the general rret hodol ogy of exarrpl e 1 d, nethyl

4-(2-(2-(6- d 3-yl)-2(R '
pr((apag ed(f ro;rq Egpﬁr{)gé&ralogar)gg ) St" trﬁ)r‘/) ?frﬁnéé}g r%%"t?@cﬂﬁ{ﬁa cﬁ'\p@ng{ h

2 equival ents gfe EmpBasdd ot ah&@n&ielne xﬁ\iéhﬂ@rﬁ‘ttot;ﬁoﬁﬂécthd amauwmm othbotdale

[ t. 222-224 ]H NWR
2H. 7967 ssnxgmg[/ﬁ;s; bt todiwelght ofi s erlsringrsdient. (The préforadtiosadeyfof BouRY,

o) 350 & the rBhg@®\Wf ebni 0
general net hod(g)ﬁ?gy o?leegﬁﬁeﬁ? &&té %d%meﬁi&%fﬂq?ﬁpyr?dl nﬂ_; Tork 01 1o 5
5 mg/kg/day of body welght of active mgreduent

Paste formulations can be prepared by dispersing the active compound in a
pharmaceutically acceptable oil such as peanut oil, sesame oil, corn oil or the like.

Pellets containing an effective amount of a compound of the present invention
can be prepared by admixing a compound of the present invention with a diluent such

10 as carbowax, carnuba wax, and the like, and.a lubricant, such as magnesium or
calcium stearate, can be added to improve the pelleting process.

It is, of course, recognized that more than one pellet may be administered to an
animal to achieve the desired dose level which will provide the increase in lean meat
deposition and improvement in lean meat to fat ratio desired. Moreover, it has been

16 found that implants may also be made periodically during the animal treatment period
in order to maintain the proper drug level in the animal's body.

The present invention has several advantagous veterinary features. For the pet
owner or veterinarian who wishes to increase }eanness and trim unwanted fat from pet
animals, the present invention provides the means by which this can be accomplished.

20 For pbultry and swine raisers, using the method of the present invention yields leaner
animals which command higher prices from the meat industry.

The compounds of this invention may be tested fo;' hypoglycemic activity
according to the following procedure.

Five to eight week old C57 BL/6J-ob/ob mice (obtained from Jackson

25 Laboratory, Bar Harbor, Maine) are housed five per cage under standard animal care
practices. After a one week acclimation period, the animals are weighed and 25
microliters of blood is collected via an ocular bleed prior to any treatment. The biood
sample is immediately diluted 1:5 with saline containing 2% sodium heparin, and held
on ice for glucose analysis. Animals are then regrouped, in groups of five per cage,

30 such that the mean glucose values of the groups are similar, dosed daily for five days
with test drug (0.01-100 mg/kg), a positive control such as englitazone or ciglitazone
(50mg/kg p.o.), (U.S. Patent 4,467,902; Sohda et al., Chem. Pharm. Bull,, vol. 32, pp.
4460-4465, 1984)), or vehicle. All drugs are administered by oral gavage in a vehicle
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3-y§)-2(R) - hydr oxyet hyl am no) et hoxy) benzoi ¢ acid was prepared by hydrolysis
of the 10 product of Exanple 2d. mp. 218-219[err]C [err]H NVR (MeOH d4)
8.00 (d, 2H) 7.92 (s, 1H, 7.59 (d, 1H, 7.06 (d, 2H), 6.65 (d, 1 H), 4.96
(dd, 1 H), 4.40 (t, 2H), 3.58 (t, 2H), 3.32-3.22 (m 2H). Exanple 3 Exanple
3a - Follow ng the general nethodol ogy of exanple la, nethyl (4-(2-t- 15
but oxycar bonyl am noet hoxy) phenyl ) pr opi onat eggWas prepared from.2-(BOC
am no) et hanol and 4- hydr oxyphenyl propi onate, isolated as a colorless oil.
'3H62||\/(R[e5|r_g 7.04 (d, 2H), 6.74 (d, 2H), 4.95 (br s, 1 H), 3.94 (t, 2H),

S 5.
20 Exanple 3b CP ﬁé % &o(ége% ﬁ/l_&m Z%“&ITDS? hahoqa ggyﬂig(ahg\;ﬁ%ev@eléﬁedéqaﬁ’éﬂd
(4-(2- ami noet iMJed/()/;ahbepbbxlpr (qmte)rfa;tlelomdgltppep!ﬂveb fTiherireshiy Opﬂwa‘éﬁamples are

587 (1, o 3 caRgeudRy ofb i 't FoUdB AGCH foo Soipodigg) TS sfphertd

Ezamgl e 3c - hl\/hhayied for glucose, for example, by the ABA 200 Bichromatic Analyze , using the

-(2-(2(R) -

( héxy§ pﬁe)nﬁ ) Args ngfggﬁcgatsé Yooberit 2y ALY fHetbiinSse/nedY) Bhg2Y, 60 and 100 mg/di
standards. Plasma glucose is then calculated by the equation,

Plasma glucose (mg/dl) = Sample value x 5 x 1.67 = 8.35 x Sample value
where 5 is the dilution factor and 1.67 is the plasma hematocrit adjustment (assuming

10 the hematocrit is 40%).

The animals dosed with vehicle maintain substantially unchanged hyperglycemic
glucose levels (e.g., 250 mg/dl), while positive control animals have depressed glucose
levels {e.g., 130 mg/dl). The glucose lowering activity of test compounds is expressed

15 in terms of % glucose normalization. For example, a glucose level which is the same
as the positive control is expressed as 100%. '

Selectivity of a compound for B,-receptors over B, and B, feceptors may be
determined using the following procedures.

| In vitro selectivity may be determined by measurement of cyclic adenosine

20 mono-phosphate (cAMP) accumulation in Chinese hamster ovary cells. Chinese

hamster ovary cells uniquely transfected with the gene for the human B,, B, or B,

receptor are grown to confluence in Ham's F12 media containing 10% fetal bovine

serum, 500 ug/ml Geneticin, 100 U/ml penicillin; 100 ug/ml streptomycin and 250 ng/ml

_ fungizone. Compounds are prepared as 10mM stock solutions in DMSO (0.1% DMSO,
B 25 final concentration), diluted in Ham's F12 media and added to the cells at 10" - 10°
M along with 10° M isobutylmethylxanthine to inhibit phosphodiesterase activity. The
media and cells are then incubated for 5 minutes at 37°C. At the end of this period,
the media is aspirated and the cells lysed in 0.01 N HCI. The cellular content of cAMP

! ™A registered trademark of Abbott Laboratories, Diagnostics Division, 820
30 Mission Street, So. Pasadena, CA 91030.
2 A modification of the method of Richterrich and Dadwalder, Schweizerische

Medizinische Wochenschrift, 101, 860 (1971).
| This is the replacement sheet

bate: 1 2 DEC 19%6



A sol yution of methyl (4;(2-aninoethoxy)phenyl)propionate (0.83 ng, 3.70

mol ) and N-trinethylsilylacetamde (0.81 g, 6.2 mml) in toluene was

stirred at anbient tenperature for 15 min, then

(2R)-(tetrazol o[ 1, 5-a] pyrid-6-yl)oxirane (0.50 g, 3.08 mvl) 30 was added
Py y g

and the resulting m xture was heated at 90[err]C for 20 h. The reaction

sol ution was cooled to roomtenperature, H aqueous hydrochloric acid (3

m.) added, stirred for 30 min and diluted i Po et hyl acetate. The et hyl

acetate solution was washed with one-half saturated agueous sodi um

carbonate, water ripe,,dried .and concentr dinyv ot ord
e onr o "5 San then BEideterimined By A avsessay (3aF 4B om Redt Ehdin
af forded a col Ndclé‘éﬁ FRéreds a0difebt @orrél@fdsd HeNMBn[tﬁé IckllWaB€oritént of dA)VIP Zn@@he
(d, 1 H, 7.52 H}703d2, 73 dhﬁ—ilj_'? 4 .77 (dd

(t. 2H), 3.58 @ oms'n) ghe gy fh, of s recepier T onfe@zﬂ\(% admefg'z %P"('%fd
1H), 2.52 (t, & l@ph(ﬁﬁ@?@lr&@lu%dm@béﬁNe%nﬁBEam abataRird exsresBy & fold

exanpl e 1d, neth
P 5 mcnyease over basal.

In vivo efficacy may be determined by measurement of oxygen consumption and
ambulatory activity on male Sprague-Dawley rats. Whole animal oxygen consumption
may be measured using an open circuit, indirect calorimeter (Oxymax™, from
Columbus Instruments). The Oxymax gas sensors are calibrated with nitrogen (N,) gas

10 and gas mixture (0.6% carbon dioxide (CO,), 20.5% oxygen (O,), 79% N,; Linde
Specialty gases) before each experiment. Rats (male, Sprague Dawley, 300-380 g body
weight) are placed in sealed chambers (43x43x10 cm) of the calorimeter and the
chambers placed in activity monitors. Air flow rate through the chambers is set at 1.6-
1.7 I/min. The Oxymak- calorimeter software calculates the oxygen consumption

15 (ml/kg/h) based on the flow rate of air through the chambers and difference in oxygen
content at inlet and output ports. The activity monitors have 15 infrared light beams
spaced one inch apart on each axis; ambulatory activity is recorded when two
consecutive beams are broken (repeated interruptions of the same beam are not
registered) and the results are recorded as counts. Basal oxygen consumption and

20 ambulatory activity can be measured every 10 minutes for 2.5 to 3 hours. At the end
of the basal period, the chambers are opened and the test compound-(0.01 to 100
mg/kg, prepared in water or other suitable vehicle) or an equivalent volume of vehicle
is administered by oral gavage. Oxygen consumption and ambulatory activity can be
measured every 10 minutes for an additional three hours post-dosing. Percent change

25 in oxygen consumption may be calculated by averaging the post-dosing values for 2.5
hours and dividing by basal oxygen consumption (average of the predosing values
except the first hour). Oxygen consumption values obtained during time periods where
ambulatory activity exceeds 100 counts are excluded from the calculation. Thus, the
values represent % change in resting oxygen consumption.

30 In vivo selectivity for B, and B, adrenergic receptors may be determined by
measurements of heart rate, blood pressure and plasma potassium concentration
gathered on conscious catheterized rats (male, Sprague Dawley, 300-380 g body
weight). To implant catheters rats are anesthetized with pentobarbital (50-60 mg/kg,
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am nopyridi n-3-yl)-2(R)-hydroxyet hyl am no) et hoxy) phenyl ) propi onat e was
prepared fromthe product of Exanple 3c. The product was then conbined with
2 equivalents of HCl gas in alcoholic solvent to afford the di hydrochl ori de
salt. mp. 152-155[err]C [err]H NVR (DVBO-d6) 9.15 (br d, 2H), 8.12 (br s,
2H), 7.89 (d, 1H), 7.88 (s, 1H), 7.10 (d, 1 0 2H), 6.99 (d, 1 H), 6.85 (d,
2H), 6.38 (br s, 1 H, 4.95 (dd, 1 H), 424 t, 2H, 3.53 (s, 3H),
3.40-3.02 (m 4H), 2.76 (t, 2H), 2.55 (t, . Exanple 3e - Follow ng the
general net hodol ogy of exanple 1 e (4-(2- (2 (6-

am nopyri di n- 3-, dro J am no eny| o) aci d
pr epalrogdI I15 5”2'(152 ??%/Fé‘? }}éﬁy s cpppyl @\%%b '"gpgﬁg t%e S m?ngaa
(d, 1H), 7.12 (s@bc&w‘eo@yg“e)&&tor&bﬂl at6th‘é2 béék c&"%e ﬁe&3 fdféﬂ $wth2&*) sol@h&? of

(br s, 1 H, 4.80 (br s, 1H, 2H), 3.42-3 (t
2H), 2.73 (t, mjwwlpde'owonezpohepewaﬁfi éa'weeﬂ@mmssa'&a andﬁap%wﬁxaerfrn@ﬂs are

general met hod@efeimeéd 74P éfﬁer]su?? drf- (Gn tl?é) day of the experiment, the catheters are
benzyl oxycar bonyl anmi noet hoxy) phen acet am de prepared from 2-(Cbz-

ami no) et han®  Antarsdand fiyshesh with |sal«nﬁ e at 'eﬁﬁﬁcﬁo mmﬁ%@[aéalrﬂa@esﬁerr headt 1t
g E'V'Sg} H§i6) 379‘115 (atﬁd %Yolid“ﬂre@re afe M8aduted Bilattadhind tHefcatkélbr toPa prostie t%ﬂ)sduéeroo
the results recorded on a Grass Model 7 polygraph, and a basal blood sample (0.5 mi)
is obtained from the arterial catheter. After obtaining basal values, the test compound
or vehicle is administered by oral gavage, and blood pressure (measure of 'Bz activity)
10 and heart rate (measure of B, activity) measurements are taken at 18, 30, 45 and 60
minutes and blood 'samples for potassium determination (B,) are obtained at 30 and 60
min. Isoproternol, a non-selective B-agonist can be tested as a positive control at
doses ranging from 0.001 to 1 mg/kg (injected s.c. in saline vehicle). Plasma
potassium is determined by flame spectrophotometry. To determine changes, basal
16 values are subtracted from the average of the post dosing values.

_ Compounds of the formula | also have the effect of reducing intestinal motility
and thus find utility as aiding in the treatment of various gastrointestinal disorders such
as irritable bowel syndrome, peptic ulceration, esophagitis, gastritis and duodenitis,
(including that induced by H. pylori), intestinal ulcerations (including inflammatory bowel

20 disease, ulcerative colitis, Crohn's disease and proctitis) and gastrointestinal ulcerations.
It has been proposed that the motility of non-sphincteric smooth muscle contraction is
mediated by activity at B, adrenergic receptors. The availability of a B, specific
agonist,with little activity at B, and B, receptors will assist in the pharmacologic control
of- intestinal motility without concurrent cardiovascular effects. In vivo activity of the

25 compclaunds of formula | for the treatment or prevention of intestinal motility dfsorders
can be determined according to the following procedures. Eighteen-hour fasted male
Sprague Dawley derived (CD) rats (175-225 grams) are dosed with 0.01 - 100 mg/kg
p.o. of compound or vehicle (distilled water). Thirty minutes after drug administration,
the rats are orally dosed with 0.26 ml of a solution of sodium chromate in 0.9% saline

30 containing about 20,000 cpm of $1Cr (specific activity 350 mCi/mg Cr). Twenty minutes
later, the rats are sacrificed, the gastroesophageal, pyloric, and ileocecal junctions are
then ligated, and the stomachs and small intestines removed. The small intestines are
then divided into ten equal lengths, and the stomach and each length of intgstihe
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3.15 (t, 2H), 3.24 (s, 2H). 25 Exanple 4b -

(4-(2-am noet hoxy) phenyl ) acetam de A slurry of 10% pal | adi um on-carbon (0.1
g) and (4-(2-benzyl oxycarbonyl am no- et hoxy)phenyl)acetam de (1.00 g, 3.04
mmol) in DM (8 nmL) was treated with hydrogen (50 psi) on a Parr apparatus
for 14 h. The reaction m xture was heated, filtered through Celite, washed
with hot DM (10 nL) and the conbi ned fiItr_gages treated with diethyl 30
ether (75 nL) to afford a colorless solid, 0 ng; mp. 163-165[err]C
[err]H NV\R (DMSO-d6) 7.34 (br s, 2H), 7.10 (d, 2H), 6.80 (d, 2H), 3.84 (t,

{115t bl ocket Aeopyse! B ricioastily it e sobrisyy SOt Fhefins BRIRwEAfch bR
t he st er eospecidetermindd faneachdatyatiegsaring titeardoumstod radioackitity in ted intestine r@ldtives

AR 1 A AT LR EANER AT G R

distribution of the radioactive marker is then used as a measure of the overall transit

5 rate through the stomach and intestine. The geometric center is calculated by

summing the products of the fractions of 5'Cr in each segment times the segment

number: geometric center = X ({fraction of *'Cr per segment) x (segment number)).

For these calculations the stomach may be considered segment number 0, and the ten

intestinal segments as numbers 1 to 10. Thus, a geometric center of 0.0 would indicate

10 that the entire load of 5'Cr had remained in the stomach. Data from two experiments

may be pooled, and statistical evaluations can be made using Dunnett's multiple

comparison test.

Alternatively, in groups of 8, overnight-fasted male Sprague-Dawley (CD) rats
(175-225 grams) may be anesthetized with methoxyflurane. A small abdominal incision

16 is then made, and the pylorus ligated. Immediately after the ligation, a solution of
compound or the vehicle (distilled water) is injected into the proximal duodenum. The
doses of drug used should be 0.01 - 100 mg/kg. The incisions can then be closed and
the rats can be allowed to recover frbm the anesthesia. Two hours after the ligation the
rats are sacrificed and the gastric fluid collected and cleared by centrifdgation. Total

20 volume of secretion can be determined by weight, and acidity can be determined by
titration to pH 7.0 with 0.1 N NaOH using an automatic titrator (Radiometer TT185). The
data from two experiments is then pooled. A group of rats treated with 10 mg/kg of the
antisecretory histamine H,-receptor antagonist cimetidine may be included in each
experiment as a positive control. Statistical evaluations can be made using Student's

25 ttest.

In vitro activity for relaxation of contracted ileum from isolated guinea pig ileum
can be determined according to the following procedure. Fresh isolated segments of
guinea pig ileum (about 1.5 cm long) are mounted in tissue baths containing Tyrode's
physiological salt solution at 30°C and aerated continuously with O,:CO, {95%:5%).

30 Tissues are then equilibrated for 60-90 minutes under 4.0 gm tension in order to
achieve stable baselines. Histamine is then added to the baths in a cumulative fashion
in concentrations ranging from 1 nM to 10 uM. The maximum tension generated after

each addition of histamine is recorded on a Grass Physiograph. The tissues are then
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Exanpl e 4d - The product of Exanple 4c is reduced as described in Exanple

ld.to 5 yield

(4 (2-(2-(6-am nopyridin-3-yl)- 2(R) hydr oxyet hyl anmi no) et hoxy) - phenyl ) acet am
i de. Exanple 5 Exanple 5a - The follow ng derivative,

(4-(2-(2(R -hydroxy-2-tetrazol o[ 1, 5-a] pyri di n- 6-

yl et hyl am no) et hoxy) phenol , was prepared utilizing the above general
condition of Exanple 3c, from 4- ( 2- ami noet t8Ry) phenol and (2R)-(tetrazol o[ 1
,5-a]pyrid-6-yl)oxirane. 10 mp. 146-149[err]C, [err]H NVR (DVMS® d6) 9.10
(s, 1H), 8.82 (br s, 1H, 8.11 (d, %784 (d, 1H), 6.69 (d, 2H), 6.60
(d, 2H), 5.76 wshgﬂywth&eggal(q\angpg of rgqe§§olum bagalgengogga(\pprg@.g]usted to
Exanpl e 5b - th

(4-(2- (2(R) - hy roéal > 0 B oPE; B2 bsytrhleﬂlar?ag' obtaIned An3stLysse may then be
et hoxy) phenoxy)emedtte arsingle conterdratien of testCrompound Eangsol oM tonl &yfM) or vehicle

(eghgfaﬁ%g e?%g@?}( eno(fﬁ'n?@?%%&uﬂ?br o@%&é‘ﬁd%gh@tﬁ)ﬁe <df§s response curve may then
sodi um hydr Sdeb¢ Gepeated.pcftesiuls fiom muhipiellexpelimerﬁls ldte g;tan}iaﬁdlzedrm J00%héo the
sl X Wl SR A58 oSl 5 il s bR
was recool ed t verSiietheliég efitie hiatdiyihe koncerativainthe absence and presence of the drug.

Compounds of formula | can be assessed for antidepressant activity in vivo
according to the following procedure.

10 Male CD1 mice weighing between 20 and 25 g, and Sprague-Dawley rats
weighing between 200 and 250 g, may be obtained from Charles River, USA.
Compounds of formula | are dissolved in water. The compounds may be administered
to mice in a volume of 10 mi kg™, and to rats in a volume 2 ml kg™'. Control animals
receive the vehicle. Positive test results for the following parameters indicate

16 antidepressant activity. |

1. Antagonism of hypothermia induced by reserpine:

Mice are given reserpine (2.5 mg kg™ i.p. dissolved in 1% citric acid). Their
rectal temperatures may be measured 3.5 h later. The mice may then be divided into
different groups so as to obtain the same mean rectal temperature in each group. Half

20 an hour later (i.e. 4 h after reserpine), the mice are given the vehicle or test drug.
Rectal temperature can be measured again 90 min later (i.e. 5 h 30 min after the
injection of reserpine) (Bourin et al., The Value of the Reserpine Test in
Psychopharmacology, Arzneim. Forsch. 33, 1173, (1983)).

i. Antagonism of hypothermia induced by apomorphine:

25 Half an hour after the mice are placed in individual cages, their rectal

| temperatures are recorded. The animals should be allocated so as to obtain the same
{ mean rectal temperature in each group. Apomorphine (16 mg kg™ s.c.) can be given
j 30 min after the test drug or its vehicle. Rectal temperature can be measured again 30
min after the apomorphine treatment (Puech et al, Antagonism of Hypothermia And
30 Behavioural Response To Apomorphine; A Simple, Rapid And Discriminating Test For

Screening Antidepressants And Neuroleptics, Psychopharmacology 75, 84, (1981)).

. Effect on learned helplessness behavior:
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(0.30 nL, 3.15 mol) was added and the resulting dark solution was all owed
to, stir 2.5°h at anbient tenperature. The reaction m xture was taken up in
et hyl acetate, washed with water, brine, dried [err] and concentrated in
vacuo to afford a dark oil. Flash chromatography (2-4% nethanol gradient in
chl oroform afforded an off-white 25 solid, 0.49 g. [err]HNWR [err] 8.85
(s, 1 H, 7.93 (d, 1 H, 7.56 (d, 1 H, 6.8%—6.75 (m 4H), 4.80 (dd, 1H),
4.56 (s, 2H), 4.00 (t, 2H), 3.78 (s, 3H, #06-3. 00 (m 3H), 2.78-2.70 (dd,
1H). Example 5¢c - Methyl _

A G T RN FLR T TR X Ot e
was reduced aspdipsRlt MERats Bﬁ@@&ﬂﬁé 8-HT), MGaHiits.cBioh Psythible 28 287- 61@88). Electric
1 COnl T ¢ ol VBHENPaKsap Selher L TR|AHIBBRI S 98I rais plaggd in Sharfars (30
: X 10 X 10 cm) with Plexiglass® walls and covers. The floors are made of stainless-steel
5§ grids (1.5 cm mesh). A constant-current shocker is delivered as 60 scrambled,
randomized inescapable shocks (16 s duration, 0.8 mA, every 60 + 15 s) to the grid
floor. Control rats are then placed in identical chambers for 1 h but no shock is
administered. All preconditioning trials are performed on day 1 between 9 and 11 a.m.
Avoidance training is initiated 48 h (day 3) after inescapable shock in automated two-
10 way shuttle-boxes (60 X 21 X 30 cm) with Plexiglass® walls and a floor consisting of
stainless-steel rods spaced 1.0 cm apart in order to evaluate escape deficits. Each
shuttle-box is divided into two chambers of equal size by a stainless-steel partition, with
a gate providing access to the adjacent compariment through a 7 X 7 cm space.
Shuttle-box sessions are performed for 3 consecutive days (days' 3, 4 and 5). The
15 animals are placed individually in the shuttle-box and allowed to habituate to the
environment for 5 min (for the first session only) and then subjected to 30 trials. The
intertrial interval should be 30 s. A light signal, used as a conditioned stimulus, is
presented during the first 3 s of each trial. Crossing the gate into the other
compartment of the box during this ‘conditioned-stimulus only' period (referred to as
20 avoidance response) allows the rats to avoid shocks. A period with. conditioned
stimulus plus electric foot-shock (0.8 mA) may be presented if an avoidance response
does not occur. Crossing the gate into the other compartment during this conditioned
stimulus plus shock period is referred to as an escape response. Absence of escape -
response during the 3-s duration conditioned stimulus plus shock should be considered
25 to be an escape failure.

The rats (n = 10 per group) should be treated randomly according to one of the
following protocols: the control sample, which receives no shock, and is given vehicle;
experimental animals with inescapable shock are treated daily with vehicle or drug.
Animals should be treated orally over 5 consecutive days, i.e. 6 h after shock

30 pretreatment on day 1, and then twice per day, a half dose in the morning (30 min
before shuttle-box session) and a half dose in the afternoon (except on the 5th day).
Statistical analysis can be performed on the mean number of escape failures using a.

two-way analysis of variance (subjects X sessions) followed by Dunnett's test.
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mM45-148[err]c. [err]H NVR (DVMBO-d6) 6 9.10 (br d, 2H), 8.10 (br s,
2Hp, 7.88 (d, 1H), 7.87 (s, 1 H, 6.98 (d, 1 H), 6.94-6.80 (m 4H), 6.39
(br s, 1 H, 4.95 (dd, 1 H, 4.70 (s, 2H), 4.20 (t, 2H), 3.66 (s, 3H,
3.40-3.04 (m 4H). 5 Exanple 5d - Follow ng the general nethodol ogy of
exanple 1 e, (4-(2-(2-(6-
am nopyridi n-3-yl)-2(R)-hydroxyet hyl am no) et,hoxy) phenoxy) aceti c acid was
prepared. mp. 203-205[err]C [err]H NWR ([]@é'OdG) 7.80 (s, 1 H  7.33 (d,
1 H, 6.76 (s, 4H), 5.87 (br s, 2H), 4.67 (t, 1H), 4.38 (s, 2H), 4.05 (t,
f2 g? mjl?)al[Seﬁ] \?\/:Zr ei ?rﬁp(g&ﬁdszz? formula ?Oalsocké\llew%& ‘effect %P@Pg#cwaﬁ @%\25&91 taRS
increased ciliary motility and thus may be useful in the treatment of airway inflamatory

disorders such as asthma and obstructive lung disease. In vitro activity of compounds

for the treatment of airway inflamatory disorders can be determined by measurement

5 of guinea-pig bronchial ring relaxation according to the following procedure.
Guinea-pig main bronchial rings are obtained from tricolored guinea-pigs of
either sex (260-350g) anesthetized with urefhane' (1.25 g kg™, i.p.) and are suspended
under an initial tension 0of2.0 g in Krebs solution at 37°C gassed with 95% O,:5% CO,.
After 1 h of equilibration, guinea-pig bronchial rings are contracted with acetylcholine
10 (10° M) and relaxed to maximal relaxation with theophylline (3 x 10° M), then allowed
to equilibrate for a further 60 min while they are washed with Krebs solution every 15
min.
Changes in tension are measured isometrically with strain gauges and amplifiers
and displayed on a recorder. The composition of the Krebs solution is (mM): NaCl
15 118.0, KCl 6.4, CaCl, 2.5, KH,PO, 1.2, MgSO, 1.2, NaHCO, 25.0 and glucose 11.7.
To test effects of test compounds on resting tension, cumulative concentration-
response curves are obtained by addition of the test compounds (10 to 10°M) every
-10-20 min until a plateau is reached. The relaxant effects of the compounds are
expressed as percentages of the maximal relaxation induced by theophylline (3 x 10°

20 M)
In vitro activity of the compounds of formula | for prostate disease can be

determined according to the following procedures.
Ventral prostates of male Sprague-Dawley rats (300-400g) anesthetized with

diethylether are quickly excised and placed in oxygenated Krebs solution. While
25 maintained at room temperature in this buffer, adherent fatty and connective tissues are
removed. The prostates are then suspended in 10-ml organ baths containing Krebs
solution warmed to 37°C and aerated with a mixture of 95% O, and 5% CO,. The
composition of the Krebs solution is 118.4 mM NaCl, 4.7 mM KCl, 1.2 mM MgSQO,, 2.5
mM CaCl,, 11.1 mM dextrose, 256.0 mM NaHCO, and 1.2 mM KH2P04,-dissolved in.
30 distilled and ‘demineralized water. The tissues are attached to isometric force-
displacement transducers and isometric contraction is recorded under a loading tension
of 0.5g. Equilibration is undertaken for 1 or 2 hr before the addition of test

compounds. Submaximal contractions are first elicited by repeated concentrations of
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10 [err], [err], [err] and [err] are independently hydrogen or
[err]al kyl; [err], [err] and [err] are independently hydrogen, hal ogen,
[err]al kyl, nitro, cyano, trifluoronethyl, [err], [err], [err], [err],
[err], [err]al koxy, [err], [err], [err] or [err], [err] is independently
[err]al kyl or [err]al koxy[err]al kyl; 15 42. [err] and [err] are

I ndependently hydrogen, [err]al kyl, cycloal kyl[err], or [err]

[err]al koxy[err]alkyl wherein [err] and [err] are as defined above; R' is

i ndependent |y fixdrodeepherlysdphlink Kinkih cdri%lafrit redpohkés ¥R @lﬁthiﬁ}éﬁ me cEd?m’b] and test

[err]al koxy[err]alkyl . Wis N, CH, when [err] i.s bonded [err]
Wherein [ofr] SamPeAnchiicated expariments e donp i ctfsran rPABHOTE: Arfonaaniation-
to H X and Y @kgohdddQiRed e Blmiiate Ebidmtralidridkef shen léghnﬁél bf. Héetyl@ﬁol[rﬁr("lb’ to
wherein [err] is as defined above; Z is [err] [err r]
10*M) is determined. For testmg compounds, a concentratlon response curve to
5 phenylephrine or acetyicholine is determined in the presence of the 3 agonists.
In vitro activity of test compounds can also be determined for specific efficacy
in human prostate as follows. ) '
Prostatic tissue specimens are obtained from patients with symptomatic BPH,
who are undergoing open prostatectomy. Isolated human prostatic tissue is cut into five
10 to eight strips (3mm wide, 3mm thick and 15mm long in each strip). The strips are
mounted vertically in organ baths containing 20 ml Krebs-Henseleit solution of the
following composition (mM): NaCl 112, KCI 6.9, MgCl, 1.2, CaCl, 2, NaHCO, 25,
NaHPO, 1.2, glucose 11.6. The medium is maintained at 37°C and at pH 7.4, and is
equilibrated with a gas mixture consisting of 95% O, and 5% CO,. A resting tension of
16 0.5g is applied and the responses are recorded isometrically through a force-
displacement transducer. The preparations are equilibrated for 90 min before starting
the experiments. -
' Concentration-response curves for phenylephrine or acetylcholine (10° to 1 0*M)
are determined by adding the drug directly to the bathing media.in a cumulative fashion.
20 For testing compounds, the prostate strips are incubated in the presence of compound
(1 or 10uM) for 30 minutes before and then phenylephrine or -acetylcholihe are added
to the medium in a cumulative fashion to obtain to the concentration-response curve in
the presence of the test compound.
Compounds of the formula | lower triglyceride levels and cholesterol levels and
25 raise high density lipoprotein levels and are therefore of use in combating medical
conditions wherein such lowering (and raising) is thought to be beneficial. Thus they
may be used in the treatment of hypertriglyceridaemia, hypercholesterclemia and
conditions of low HDL (high density lipoprotein) levels in addition to the treatment of
atherosclerotic disease such as of coronary, cerebrovascular and peéripheral arteries,
30 cardiovascular disease and related conditions.
The active compounds may also be combined with other active ingredients
known for use in the treatment of atherosclerosis and related conditions, for example
fibrates such as clofibrate, bezafibrate and gemfibrozil; inhibitors of cholesterol

biosynthesis such as HMG-CoA reductase inhibitors for example lovastatin, simvastatin
This is the replacement skeset
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V\,hefeln [err], [err], [err], [err], [err], and [err] are as defined above;
mis 1 to 6; nis 0 to 6, prowded that if Yis Oor S, nis not O;

pharmaceutically acceptabl e prodrugs of said conpounds; and 30
pharmaceutically acceptable salts of said conpounds and sai d prodrugs. 2.

A conpound as defined in claim1, which is agfree carboxylic acid, 3. A
conpound as defined in claim2, wherein X is oxygen. * -51 - 4. A
conmpound as defined in claim3, wherein Wis CH. 5. A conpound as

defined in cl a'a'ﬁH raveBRIKiR! iRhiBASHS oPéhdI&dtérbi absBfption trixainpld Bdta-sitb$térfol and @&{l]
and err] are CoA cholesterol acyltransferase) inhibitors for example melinamide; anion exchange
resins for example cholestyramine, colestipol or a dialkylaminoalky! derivatives of a
cross-linked dextran; nicotinyl alcohol, nicotinic acid or a salt thereof; vitamin E; and

5 thyromimetics.

Activity of compounds of formula | for dyslipidemia can be determined according
to the following'procedure. Cs7BL/6J ob/ob mice (male, 30-40 g body weight, Jackson
Lab, Bar Harbor, ME), housed 5 mice per cage in an environmentaliy controlled room,
can be dosed once daily for 3 weeks with drug {0.01 - 100 mg/kg, n=15 per group) or

10 vehicle (saline) by oral gavage. Body weight of each mouse can be measured daily and
food intake per cage is determined by weighing the amount of food left in the trough.
At the end of the study, 24h after giving the final dose of compound, the mice may be
sacrificed by decapitation and blood collected. Plasma concentrations of-glucose, free
fatty acids and triglyceride can be determined with the VP Super System Autoanalyzer
15 (Abbott, Irving, TX).

Activity of compounds of formula | for decrease in body fat cah be determined
according to the following procedure. C57BL/6J ob/ob mice (male, 30-40g body weight,
Jackson Lab, Bar Harbor, ME are housed 5 mice per cage in an environmentally
controlled room with food (pelleted rodent chow) and water available ad libitum. The

20 compounds or vehicle (water) can be dosed once daily for 3 weeks (.01 - 100 mg/kg,
n=15 per group) by oral gavage. Body weight of each mouse can be measured daily
and food intake per cage determined by weighing the amount of food left in the trough.
At the end of the study, 24h after giving the final dose of compound, the mice are
weighed and then killed by cervical dislocation. The epididymal fat pads from each

25 mouse are excised and weighed. The fat versus body weight ration is determined for
each mouse using the absolute body weights and the fat pad weights. )

_A reduction in fat pad weight is indicative of a reduction in total body fat.
The present invention is illustrated by the following Examples. However, it

shouid be understood that the invention is not limited to the specific details of these

30 exarhples.
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6. f . A compound as defined in claim5, wherein Yis oxygen or a direct
link. 7. A conmpound as defined in claim1, selected fromthe group

consisting of: 1 0

(4-(2-(2-(6-Am nopyridin-3-yl)-2(R)-hydroxyet hyl am no) et hoxy) phenyl ) acetic
aci d; -44-

(4- (2 (2-(6-Am nopyridin-3-yl)-2(R)-hydroxyet hyl am no) et hoxy) phenoxy) aceti c

acid; 4-(2-(2-(6-Amnopyridin-3-yl)-2(R)- hydroxyet hyl am no) et hoxy) benzoi ¢

acid; and
(4(2 (2-(6- Amnopyrldln h%‘ ;R hy drox Eﬁ Iamnw)ethoxy)phenyl)proplon
ic 15 acid; anBXaRaledanMatbyl (e bpspxae%régmﬂwwosmw Phendhdetye t he above

conpounds. 8. A ¢8aR%HRd s@ﬁltlgﬁ’t)f H\%ﬁ\yl ﬂhi&il@kiﬁﬁenymeﬁie (400 g, 24.1 mmol) and
(4-(2-(2-(6-Am nopyridin-3-yl)- yet hyl am no) et hoxy phenyl )acetic

acid, and the YPrhenyrkesphing (93508@0%51@‘{ m@) inaThis (241m£éd~fere added solutigns of 2-(t-
comound aseebuBkathelathfhndtl €hoctal frie nd dadienitisped 0y,
accept abl e sal 3&1 nimeolpinf THF (6 ml, each) simultaneously over a 1.5 h period. After.an additional
3 h, the reaction was concentrated in. vacuo and subjected to flash chromatography
(600 g silica gel, 20% ethyl acetate/hexanes) to afford a golden oil, 5.78 g. -'H NMR
(CDCl,) 6 7.15 (d, 2H), 6.80 (d, 2H), 4.95 (br s, 1H), 3.98 (m, 2H), 3.65 (s, 3H), 3.54 (s,
10 2H), 3.48 (m, 2H) 1.44 (s, 9H).

Example 1b - Methyl (4-(2-aminoethoxy)phenyt) acetate
To a cooled (5°C), stirred solution of methyl (4-(2-t-butoxycarbonylamino-
ethoxy)phenyl) acetate (6.75 g, 18.6 mmol) in dichloromethane (20 mL) was added
15 ftrifluoroacetic acid (6 mL). The resulting solution was stirred at ambient temperature for
2 h, diluted in ethyl acetate, washed with half-saturated s‘odium carbonate, brine, dried
(Na,SO,) and concentrated in vacuo to afford an orange oil, 3.25 g. 'H NMR (CDCl,)
6 7.10 (d, 2H), 6.77 (d, 2H), 3.92 (t, 2H), 3.60 (s, 3H), 2.49 (s, 2H), 3.00 (t, 2H).

20 Example 1 - Methyl (4-(2-(2(R)-hydroxy-2-tetrazolo[1,5-a]pyridin-6-ylethylamino)
ethoxy)-phenyl)acetate
A solution of methyl (4-(2-am|noethoxy)phenyl) acetate (0.56 g, 2.71 mmol) and
(2R)-(tetrazolof1,5-a]pyrid-6-yl)oxirane (0.40 g, 2.47 mmol), generated as in Example 1
of U.S. 5,030,640, in methanol (7.5 mL) was heated at reflux temperature for 7 h.
25 Concentration of the reaction solution in vacuo afforded a solid which was subjected to
flash chromatography (3% methanol/chloroform) to afford the title compound as a
colorless solid, 0.52 g. 'H NMR (CDC!,) 6 8.86 (s, 1H), 7.92 ( d, 1H), 7.57 (d, 1H), 7.15
(d, 2H), 6.81 (d, 2H), 4.83 (dd, 1H), 4.06 (t, 2H), 3.66 (s, 3H), 3.56 (s, 2H), 3.20-3.02 (m,
3H), 2.76 (dd, 1H).
30
Example 1d - Methyl (4-(2-(2-(6-aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)-
phenyl) acetate
A slurry of methyl (4-(2-(2(R)-hydroxy-2-tetrazolo[1,5-a]pyridin-6-ylethylamino)-
ethoxy)phenyl) acetate (0.51 g, 1.37 mmol) and stannous chloride-dihydrate (0.93 g,
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25 10. A conpound as defined in claim?7, which is

4-(2-(2-(6-Am nopyridin-3-yl)- 2(R)-hydroxyethyl am no) et hoxy) benzoi c acid,
‘and the pharmaceutical ly acceptabl e salts thereof. 11. A conpound as
defined in claim7, which is (4-(2-(2-(6-Arninopyridin-3-yl)-

2(R) - hydr oxyet hyl ani no) et hoxy) phenyl ) propi ogsc acid, and the

phar maceutical ly acceptable salts thereof. -62- 12. A pharmaceuti cal
conposi tion conprising an effective amount of a conpound, prodrug, or salt

as defined in g ?Z bl .ﬁ%ﬁ:@%ﬁﬁfﬁu& héf’lui ¥t 65¢oRE 81, Q'r@aréﬁulﬁﬁg clear solution

13. A et hod tredting a co on selected fromthe group consisting
of di abetes, hymrglugaebuntoammle@meryle; washeshwithh lonetalisa Uﬁ‘ﬁ@ aqueous sodium .

adm nisterin [ d
of formla | gasgﬁ%f’g?eng%e SHddERA,S5,) BHE bohb&RIEN In FdbuB TBW oalt, 0L G TR
chromatography (10% methanol/dichloromethane) afforded a colorless solid, 0.22 g;
5 m.p. 90-93°C. 'H NMR (CDCl,) § 7.95 (s, 1H), 7.40 (d, 1H), 7.10 (d, 2H), 6.78 (d, 2H),
6.42 (d, 1H), 4.54 (dd, 1H), 4.36 (s, 2H), 4.00 (t, 2H), 3.63 (s, 3H), 3.52

(s, 2H), 3.06-2.92 (m, 2H), 2.86 (dd, 1H), 2.68 (dd, 1H).

Example 1e - (4-(2-(2-(6-Aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenyl)-
10 acetic acid
To a stired solution of the product of Example 1d, methyl (4-(2-(2-(6-
aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenyl)acetic acid ((5.11 g, 0.038
mmol), in methanol (6 mL) were added water (1.5 mL) and potassium hydroxide (0.07
g, 1.3 mmol). The resulting solution was allowed to stir at room temperature for 4 h and
15 concéntr_ated in vacuo. The resulting mixture was dissolved in water (2 mL) and the pH
adjusted to +5.5 with 1N aqueous hydrochloric acid. The precipitate was filtered and
dried at 80°C in vacuo to afford a colorless solid, 0.10 g; m.p. 233-235°C. 'H NMR
(DMSO-d6) & 7.81 (s, 1H), 7.33 (d, 1H), 7.13 (d, 2H), 6.86 (d, 2H), 6.40 (d, 1H), 6.00 (br
s, 2H), 4.78 (dd, 1H), 4.23 (t, 2H), 3.46 (s, 2H), 3.33 (t, 2H), 3.09 (t, 2H).
20 Example 2
Example 2a - Following the general methodology of example 1a, methyl 4-(2-1-
butoxycarbonylaminoethoxy)benzoate was prepared from 2-(BOC-amino)ethanol and -
methyl 4-hydroxybenzoate; m.p. 85°C; 'H NMR (CDCl,) 6 7.90 (d, 2H), 6.82 (d, 2H),
4.92 (br s, 1H), 4.00 (t, 2H), 3.82 (s, 3H), 3.49 (m, 2H), 1.38 (s, SH).
25 _ '
Example 2b - Following the general methodology of example 1b, .methyl 4-(2-
aminoethoxy)benzoate was prepared from the product of Example 2a; m.p. 48°C; 'H
NMR (DMSO-d6) 6 7.84 (d, 2H),' 6.97 (d, 2H), 3.94 (t, 2H), 3.77 (s, 3H), 2.84 (t, 2H).

30 Example 2c - Following the general methodology of example 1c, methyl (4-(2-(2(R)-
hydroxy-2-tetrazolo[1,5-a]pyridin-6-ylethylamino)ethoxy)phenyl) benzoate was
prepared from the product of Example 2b and (2R)-(tetrazolo[1,5-a]pyrid-6-yi)oxirane
'H NMR (DMSO-d6) & 9.10 (s, 1H), 8.10 (d, 1H), 7.90-7.78 (m, 3H), 6.96 (d, 2H), 5.76
(d, 1H), 4.86-4.77 (m, 1H), 4.04 (t, 2H), 3.78 (s, 3H), 2.91 (t, 2H), 2.83 (d, 2H).
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inclaiml, or a prodrug thereof, or a pharmaceutically acceptable salt of
said conpound or prodrug, effective in treating such condition. 10 14. A
nmet hod of increasing the content of |ean nmeat in edible aninmals conprising
adm nistering to an edi ble animal an anmount of a conpound of fornmula | as

defined in claim1, or a prodrug thereof, oga pharmaceutically acceptable
salt of said conpound or prodrug, effective in increasing said content. 15
15. A nmethod for treating prostate disease in a mammal, conpri sing

adm ni stering | 0 t q
of fornula | atwuﬂd"?@ﬁeé‘e éer?éﬂ&hn%@%raﬁﬁg? Oéiéggﬁﬂ&‘ﬁ‘& Rletriyl AqERS 8L
phar maceut i cal laW'mﬂﬂmaﬂ:vl&€F§+wdthygtaylenwm)pﬂagmbgpzqg;q)m;g preqered tfrare the

treating such ,Jnézc P&mt Rbs iﬂeﬁ%ﬁlﬁné&‘%{ﬁﬁ?'eﬁ@h ZRis deiHion ges

di sorders, r|S|ng mnlsterln n nee suc treatne
an effectlve arrmlmho#b salvennpmﬁncdthfeditmdmm’ﬂnﬂdemltdm prRa2-224°€1 i NMR (CRICl3

prodrug thergeolyg A 24P, B0THE L B! ¥.oBTEPHRH, 765 [d,2H), 7.01 (d, 1H), 4.97 (dq,

1H), 4.37 (¢, 2H), 3.80 (s, 3H), 3.44-3.10 (m, 4H).

Example 2e - Following the general methodology of example 1e, 4-(2-(2-(6-aminopyridin-

3-yl)-2(R)-hydroxyethylamino)ethoxy)benzoic acid was prepared by hydrolysis of the
10 product of Example 2d. mp 218-219°C. 'H NMR (MeOH-d4) & 8.00 (d, 2H), 7.92 (s,

1H), 7.59 (d, 1H), 7.06 (d, 2H), 6.65

(d, 1H), 4.96 (dd, 1H), 4.40 (t, 2H), 3.58 (t, 2H), 3.32-3.22 (m, 2H).

Example 3

Example 3a - Following- the general methodology of example 1a, methyl (4-(2-t-
15 butoxycarbonylaminoethoxy)phenyl)propionate was prepared from 2-(BOC-

amino)ethanol and 4-hydroxyphenylpropionate, isolated as a colorless oil. 'H NMR

(CDCL,) 6 7.04 (d, 2H), 6.74 (d, 2H), 4.95 (br s, 1H), 3.94 (t, 2H), 3.62 (s, 3H), 3.52-3.40

(m, 2H), 2.84 (t, 2H), 2.54 (t, 2H), 1.40 (s, 9H). '

20 Example 3b - Following the general methodology of example 1b, methyl (4-(2-
aminoethoxy)phenyl)propionate was prepared from the product of Example 3a as a
colorless oil. 'H NMR (CDCl,) & 7.00 (d, 2H), 6.73 (d, 2H), 3.87 (t, 2H),.3.58 (s, 3H),
2.97 (¢, 2H), 2.80 (t, 2H), 2.50 {t, 2H).

25 Example 3c - Methyl (4-(2-(2(R)-hydroxy-2-tetrazolo[1,5-a]pyridin-6-ylethylamino)-
ethoxy)phenyl)propionate

A solution of methyl (4-(2-aminoethoxy)phenyl)propionate (0.83 mg, 3.70 mmol)

and N-trimethyisilylacetamide (0.81 g, 6.2 mmol) in toluene was stirred at ambient

~ temperature for 15 min, then (2R)-(tetrazolo[1,5-a]pyrid-6-yl)oxirane (0.50 g, 3.08 mmol)

30 was added and the resulting mixture was heated at S0°C for 20 h. The reaction solutioh

was cooled to room temperature, 1N aqueous hydrochloric acid (3 mL) added, stirred

for 30 min and diluted into ethyl acetate. The ethyl acetate solution was washed with

one-half saturated aqueous sodium carbonate, water, brine, dried {Na,SO,) and

concentrated in vacuo to afford a yellow gum, 1.2 g. Flash chromatography (3%
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sai d compound or prodrug. 25 17. A nmet hod of treating depression,
conprising admnistering to a mammal in need of such treatnent an effective
amount of a compound of formula | as defined in claim1, or a prodrug

t hereof, or a pharmaceutically acceptable salt of said conpound or prodrug.
30 18. A nethod of treating dyslipidema, c rising admnistering to a
manmmal in need of such treatnment an effectivé anmount of a conpound of
formula | as defined in claim1, or a prodrug thereof or

har nace t'caII cce of ,sa
R et hod or t r BT ERETSTERRrD altp e sirear S0 2. “Eﬁﬂwgpﬁgw 5350 /1h)
790(d 1H), 7.52 (d, 1H), 7.03 (d, 2H), 6.73 (d, 2H), 477(dd 1H), 3.98 (t, 2H), 3.58 (s,
3H), 3.08 (dd, 1H), 3.00 (t, 2H), 2.82 (t, 2H), 2.70 (dd, 1H), 2.52 (t, 2H).

5 Example 3d - Following the general methodology of example 1d, methyl (4-(2-(2-(6-
aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenyl)propionate was prepared
from the product of Example 3c. The product was then combined with 2 equivalents
of HCI gas in alcoholic solvent to afford the dihydrochloride salt. m.p. 152-1565°C. 'H
NMR (DMSQ-d6) 6 9.15 (br d, 2H), 8.12 (br s, 2H), 7.89 (d, 1H), 7.88 (s, 1H), 7.10 (d,

10 2H), 6.99 (d, 1H), 6.85(d, 2H), 6.38 (br s, 1H), 4.95 (dd, 1H), 4.24 (t, 2H), 3.53 (s, 3H),
3.40-3.02 (m, 4H), 2.76 (&, 2H), 2.55 (t, 2H). .

Example 3e - Following the general methodology of example 1le, (4-(2-(2-(6-
aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenyl)propionic acid was prepared.
15 m.p. 217-2180C. 'H NMR (DMSO-d6) & 7.84 (s, 1H), 7.36 (d, 1H), 7.12 (d, 2H), 6.84 (d,
2H), 6.42 (d, 2H), 6.03 (br s, 2H), 5.92 (br s, 1H), 4.80 (br s, 1H), 4.22 (t, 2H), 3.42-3.23
(m, 2H), 3.10 (t, 2H), 2.73 (t, 2H), 2.46 (t, 2H).
Example 4
Example 4a - Foliowing the general methodology of  example 1a (4-(2-
20 benzyloxycarbonylaminoethoxy)phenyljacetamide was prepared from 2-(Cbz-
amino)efhanol and 4-hydroxyphenylacetamide; m.p. 161-163°C; 'H NMR (DMSO-d6)
. & 7.45-7.37 (m, 1H), 7.30 (s, 4H), 7.10 (d, 2H), 6.79 (d, 2H), 5.00 (s, 2H), 3.91 (t, 2H),
3.15 (t, 2H), 3.24 (s, 2H).

25 Example 4b - (4-(2-aminoethoxy)phenyf)acetamide .
A slurry of 10% palladium-on-carbon (0.1 g) and (4-(2-benzyloxycérbonylamino-
ethoxy)phenyl)acetamide (1.00 g, 3.04 mmol) in DMF (8 mL) was treated with hydrogen
(50 psi) on a Parr apparatus for 14 h. The reaction mixture was heated, filtered through
Celite, washed with hot DMF (10 mL) and the combined filtrates treated with diethyl
30 ether (75 mL) to afford a colorless solid, 320 mg; m.p. 163-165°C; 'H NMR (DMSO-d6)
6 7.34 (br s, 2H), 7.10 (d, 2H), 6.80 (d, 2H), 3.84 (t, 2H), 3.23 (s, 2H), 2.81 (t, 2H).

Example 4c - The product of Example 4b is first blocked at the amino group with a
trimethylsilyl group, reacted with the stereospecific oxirane, deblocked in acid, and
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admnistering to a mammal in need of such treatnent an effective anmount of
a conpound of fornula | as defined in claiml, or a prodrug thereof, or a
pharmaceutically acceptable salt of said conmpound or prodrug. 5 20. A

met hod as defined in claim19, wherein said airway inflanmmatory disorder is

asthma. 21. A conpound sel ected fromthe ggoup consisting of 10
R3 OH HR 15 [err] 20 25 30
isolated, all as described in Example 3c, thereby yielding the product, (4-(2-(2-(R)-

hydroxy-2-tetrazolo[1 ,5-a]pyridih-6-ylethyiam ino)ethoxy)phenyl)acetamide.

Example 4d - The product of Example 4c is reduced as described in Example 1d to
5 vyield (4-(2-(2-(6-aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)-phenyl)acetamide.
Example 5 |
Example Sa - The following derivative, (4-(2-(2(R)-hydroxy-2-tetrazolo[1,5-a]pyridin-6-
ylethylamino)ethoxy)phenol, was prepared utilizing the above general condition of
Example 3c, from 4-(2-aminoethoxy)phenol and (2R)-(tetrazolo{1,5-a]pyrid-6-yl)oxirane.
10  m.p. 146-149°C; 'H NMR (DMSO-d6) & 9.10 (s, 1H), 8.82 (br s, 1H), 8.11 (d, 1H), 7.84
(d, 1H), 6.69 (d, 2H), 6.60 (d, 2H), 5.76 (s, 1H), 4.82 (s, 1H), 3.87 (t, 2H), 2.90-2.66 (m,

4H).

Example 5b - Methyl (4-(2-(2(R)-hydroxy-2-tetrazolof1 ,5-a]pyridin-éylethylamino)
16 ethoxy)phenoxy)acetate
To a cooled (5°C), stirred solution of (4-(2-(2(R)-hydroxy-2-tetrazolo[1,5-a]pyridin-6-yl-
ethylamino)ethoxy)phenol (0.80 g, 2.86 mmol) in DMF (12 mL) was added sodium
hydride (60% suspension in mineral oil, 0.12 g, 3.00 mmol). The resulting mixture was
. maintained at §°C for 5 min, then allowed to stir at ambient temperature for an
20 additional 30 min. The reaction solution was recooled to §°C and methyl bromoacetate
(0.30 mL, 3.16 mmol) was added. and the resulting dark solution was allowed to stir 2.5
h at ambient temperature. The reaction mixture was taken up in ethyl acetate, washed
with water, brine, dried (Na;SO4) and concentrated in vacuo to afford a dark oil.
Flash chromatography (2-4% methanol gradient in chloroform) afforded an off-white
25 solid, 0.49 g. 'H NMR (CDCl;) & 8.85 (s, 1H), 7.93 (d, 1H), 7.56 (d, 1H), 6.83-6.75 (m,
4H), 4.80 (dd, 1H), 4.56 (s, 2H), 4.00 (t, 2H), 3.78 (s, 3H), 3.16-3.00 (m, 3H), 2.78-2.70
(dd, 1H).

Example 5S¢ - Methyi (4-(2~(2-(6-aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)-
30 phenoxy)acetate, dihydrochloride
The methyl ester produced as in Example 5b was reduced as described in

Example to produce the title (non-salt) compound. The product was then combined
with 2 equivalents of HCl gas in alcoholic solvent to afford the dihydrochloride sait.
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-54-F[err] 30 wherein: PGis a conventional protecting group, Ris an alkyl
gradlp; [err], [err] and [err] are independently hydrogen or [err]alkyl;
-55- [err], [err] and [err] are independently hydrogen, hal ogen,
[err]al kyl, nitro, cyano, trifluoronethyl, [err], [err], [err], [err],
[err], [err]al koxy, [err], [err], [err] or Jgrr]; [err] is independently
[err]al kyl or [err]al koxy[err]alkyl; 5 [err] and [err] are
i ndependent|y hydrogen, [err]al kyl, cycloal kyl[err], or [err] )

m.p. 145-148°C, 'H NMR (DMSO-d6) & 9.10 (br d, 2H), 8.10 (br s, 2H), 7.88 (d, 1H),

7.87 (s, 1H), 6.98 (d, 1H), 6.94-6.80 (m, 4H), 6.39 (br s, 1H), 4.95 (dd, 1H), 4.70 (s, 2H),
4.20 (t, 2H), 3.66 (s, 3H), 3.40-3.04 (m, 4H).

5 Example 5d - Following the general methodology of example 1e, (4~(2-(2-(6-
aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenoxy)acetic acid was prepared.
m.p. 203-205°C. 'H NMR (DMSO-d6) & 7.80 (s, 1H), 7.33 (d, 1H), 6.76 (s, 4H), 5.87 (br

s, 2H),
4.67 (t, 1H), 4.38 (s, 2H), 4.05 (t, 2H), 3,15 (t, 2H), 2.94 (t, 2H).
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[err]al koxy[err]alkyl; [err] is independently hydrogen, [err]al kyl, [err],

[ err]cycloal kyl, or (C, - [err]al koxy[err]al kyl, wherein [err] and [err] are
as defined above; Wis N, CH or, when [err] is bonded to W [err] wherein
[err] can be any of the 10 values listed above for R3 in addition to H X
and Y are independently a direct |ink, oxyggg, sulfur, or [err] wherein
[err] is as defined above; Z is [err] [err] 15 [err] or [err] wherein
[err], [err], [err], [err], [err] and [err] are as defined above; mis 1 to

6, and nis O to 6, provided that if Y iscdapsS n is not O.

1. Compounds having the formula
3 .
. R (lJ H Ii.l R 6
1 “&B—c H—CHz—N—rC He—x—@\r—z
Ry RY R®

| ,!\)a _ R

wherein: |
10 R', R% R* and R® are independently hydrogen or (C,-C)alkyl;

R®, R® and R’ are independently hydrogen, halogen, (C,-C,)alkyl, nitro, cyano,
triflucromethyl, SO,R®, SO,NR'R'™, NR*R'®, COR"!, CO,R’, (C,-C,)alkoxy, NR*SO,R",
NR®COR", NR°CO,R® or OR®; -
R® is independently (C,-Celalky! or (C,- ;)alkoxy(C,- o alkyl;
15 R? and R™ are independently hydrogen, (C,-C,)alkyl, cycloalkyl(C,-C,), or (C,-
C,)alkoxy(C,-C,)alkyl wherein R® and R™ are as defined above;
R" is independently hydrogen, (C,-C,)alkyl, NR®R", (C,-C,)cycloalkyl, or (C,- -
Co)alkoxy(C,-Cyalkyl;
W is N, CH, or, when R® is bonded to W, CR® wherein R® can be any of the
20 values listed above for R® in addition to H;
X and Y are independently a direct link, oxygen, sulfur, or NR' wherein R is as
| defined above;
Zis (CH,), OR®, (CH,),CO,H, (CH,) COR™, (CH,),SO,NR°R™, (CH),-NR*SO,R,
(CHz)nP(O)(dFF)(ORz)- (CH,),-0-(CH,),COH, (CH,),-0-(CH,),COR", (CH,),-O-
25  (CH,),P(O)(OR"(OR?), (CH,),-0-(CH,),SO,NR'R™, or (CH,),-O-(CH,)-NR’SO,R®
wherein R', R?, R?, R?, R, and R are as defined above;
mis 1to 6;
nis 0 to 6, provided thatif Yis O or S, nis not 0;
pharmaceutically acceptable prodrugs of said compounds; and

30 pharmaceutically acceptable salts of said compounds and said prodrugs.
2. A compound as defined In claim 1, which is a free carboxylic acid.
3. . A compound as defined in claim 2, wherein X is oxygen.
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51-
4, A compound as defined in claim 3, wherein W is CH.

5. A compound as defined in claim 4, wherein each of R', R?, R®, R*, R®, R®

and R’ are H.

6. A compound as defined in claim 5, wherein Y is oxygen or a direct link.

7. A compound as defined in claim 1, selected from the group consisting
of:

(4-(2-(2-(6-Aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenyl)acetic
acid; _

(4-(2-(2-(6-Aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenoxy)acetic - acid;

4-(2-(2-(6-Aminopyridin-3-y)-2(R)-hydroxyethylamino)ethoxy)benzoic acid; and

(4-(2-(2-(6-Aminopyridin-3-yl)-2(R)-hydroxyethylamino)ethoxy)phenyl)propionic
acid; and the pharmaceutically acceptable salts of each of the above cbmpounds.

8. A compound as defined in claim 7, which is (4-(2-(2-(6-Aminopyridin-3-yl)-
2(R)-hydroxyethylamino)ethoxy)phenyl)acetic acid, and the pharmaceutically acceptable

salts thereof.

S. A compound as defined in claim 7, which is (4-(2-(2-(6-Aminopyridin-3-yl)-
2(R)-hydroxyethylamino)ethoxy)phenoxy)acetic acid, and the pharmaceutically

acceptable salts thereof.

10. A compound' as defined in claim 7, which is 4-(2-(2-(6-Aminopyridin-3-yl)-
2(R)-hydroxyethylamino)ethoxy)benzoic acid, and the pharmaceutically acceptable salts

thereof.

11. A compound as defined in claim 7, which is (4-(2-(2-(6-Aminopyridin-3-yl)-
2(R)-hydroxyethylamino)ethoxy)phenyl)propionic  acid, and the pharmaceutically

acceptable salts thereof.
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12, A pharmaceutical composition comprising an effective amount of a
compound, prodrug, or salt as defined in claim 1, and a pharmaceutically acceptable

carrier.

13. A method of treating a condition selected from the group consisting of
diabetes, hyperglycemia and obesity in a mammal, comprising administering to a
mammal in heed of such treatment an amount of a compound of formula | as defined
in claim 1, or a prodrug thereof, or a pharmaceutically acceptable salt of said compound

or prodrug, effective in treating such condition.

14. A method of increasing the content of lean meat in edible animals
comprising administering to an edible animal an amount of a compound of formula | as
defined in claim 1, or a prodrug thereof, or a pharmaceutically acceptable salt of said

compound or prodrug, effective in increasing said content. .

156. A method for treating prostate disease in a mammal, comprising
administering to a mammal in need of such treatment an amount of a compound of
formula | as defined in claim 1, or a prodrug thereof, or a pharmaceutically acceptable

salt of saild compound or prodrug, effective in treating such disease.

16.  Amethod of treating intestinal motility disorders, comprising administering
to a mammal in need of such treatment an effective amount of a compound of formula

| as defined in claim 1, or a prodrug thereof, or a pharmaceutically acceptable salt of

said compound or prodrug.

17. A method of treating depression, comprising administering to 2 mammal
in need of such treatment an effective amount of a compound of formula | as defined
in claim 1, or a prodrug thereof, or a pharmaceutically acceptable salt of said compound

or prodrug.

18.  Amethod of treating dyslipidemia, comprising administering to a mammal
in need of such treatment an effective amount of a compound of formula | as defined
in claim 1, or a prodrug thereof, ora pharmaceutically acceptable salt of said compound

or prodrug.

T
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19. A method for treating airway inflammatory disorders, comprising
administering to a mammal in need of such treatment an effective amount of a
compound of formula | as defined in claim 1, or a prodrug thereof, or a pharmaceutically

acceptable salt of said compound or prodrug.

20. A method as defined in claim 19, wherein said airway inflammatory

disorder is asthma.

21. A compound selected from the group consisting of

R® OH H
mb(fz; R6
N=—N R7 y-Z

1l
R® OH H |
L@)\/b(\
H\N/k R RS R6
PG . y-Z
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-55-

R®, R® and R’ are independently hydrogen, l%alogen, (C,-C,)alkyl, nitro, cyano,
trifluoromethyl, SO,R®, SO,NR’R', NR°R™, COR', CO,R’, (C,-C,)alkoxy, NR’SO,R®,
NR°COR", NR°CO,R® or OR?;

R® is independently (C,-Cg)alkyl or (C,-C,)alkoxy(C,-C;)alkyl;

5 R® and R"™ are independently hydrogen, (C,-C)alkyl, cycloali(yl(Cs-C,,), or (C,-
C,Jalkoxy(C,-C,alkyl; )

R" is independently hydrogen, (C,-C¢alkyl, NR*R™, (C,-C,)cycloalkyl, or (C,-
C,)alkoxy(C,-C,)alkyl, wherein R’ and R are as defined above;

Wis N, CH, or, when R® is bonded to W, CR® wherein R® can be any of the

10 values listed above for R® in addition to H;

X and Y are independently a direct link, oxygen, sulfur, or NR' wherein R' is as
defined above; '

Z is (CH,),OR’, (CH,)COR", (CH,),SONR®R®, (CH,),-NR’SOR’,
(CH,),P(O)(OR")(OR?), (CH,),-0~(CH,),COR", (CH,),-O-(CH,),,P(0)(OR")(OR?), (CH,),-O-

15 (CH,),SO,NR°R™, or (CH,),-O-(CH,),-NR*SO,R® wherein R', R?, R®, R°, R" and R" are
as defined above;

mis 1 to 6; and _

n is O to 6, provided that if Y is O or S, n is not 0.
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B-ADRENERGIC AGONISTS

ABSTRACT
B-adrenergic agonists for the treatment of diseases/conditions such as obesity

and diabetes. The compounds have the formula
3 .
° &B\-E : CH II‘JHWCH X—C_%R: Z
' 1 AT 2™ —
Ry RY "R® 7
b2 | R

|
10 wherein R', R, R®, R*, R%, R%, R’, W, X, Y and Z are as defined in the specification.
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