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PYRANO, PIPERIDINO, AND THIOPYRANO COMPOUNDS
AND METHODS OF USE

This application is a continuation-in-part of US application serial number
09/181,690, filed October 28,1998, incorporated herein by reference.

“TECHNICAL FIELD
Novel dihydropyridine compounds and their derivatives can open potassium
channels and are useful for treating a variety of medical conditions.

BACKGROUND OF INVENTION
Potassium channels play an important role in regulating cell membrane
excitability. When the potassium channels open, changes in the electrical potential across .

the cell membrane occur and result in a more polarized state. A number of diseases or--.

. conditions can be treated with therapeutic agents that open potassium channels; see (K.

Lawson, Pharrnacol Ther., v. 70, pp. 39-63 (1996)); (D.R. Gehlert et al., Prog Neuro- - -

- Psychopharmacol & Biol. Psychiat., v. 18, pp- 1093-1102 (1994)); (M. Gopalaknshnan et
~ al., Drug Development Research, v. 28, pp. 95.127 (1993)); (J.E. Freedman et al., The

Neuroscientist, v. 2, pp. 145-152 (1996)); (D. E. Nurse et al., Br. J. Urol,, v. 68 pp. 27-31 ..
(1991)); (B. B. Howe et al., J. Pharmacol. Exp. Ther., v. 274 pp. 884—890 (1995)); and (D.
Spanswick et al., Nature, v. 390 pp 521-25 (December 4, 1997)). Such disoases or
conditions mclude asthma, epllepsy, hypertension, male sexual dysﬂmctxon, female sexual
dysfunction, mlgrame pain, urinary incontinence, stroke, Raynaud's Syndrome, eating
disorders, functional bowel disorders, and neurodegeneratlon

- Potassium channel openers also act as smooth muscle relaxants Because urinary
incontinence can result from the spontaneous uncontrolled contractions of the smooth
muscle of the bladder, the abxhty of potassium channel openers to hyperpolarize bladder
cells and relax bladder smooth muscle provides a method to ameliorate or prevent urinary

incontinence.
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Journal of Cardxovascular Pharmacology 8:1 168-1 175 , (1986) Raven Press, New
York, EP 0 059 291, EP 87051738 US 4,321,384, US 4,551,534, US 4,596,873, and US
4,618678 all disclose 4-(aryl)-4,5,6,7,8,—hexahydro—2—alkyl-5-oxo— ,7-naphthyridine-3-
carboxylic esters as calcium entry blockers that may be useﬁil'as antihypertensive agents.

Compounds of the present Invention are novel, hyperpolarize cell membranes,
open potassium channels, relax smooth muscle cells, inhibit bjadder contractions and are
useful for treating diseases that can be ameliorated by openi_ng potassium channels.

SUMMARY OF THE INVENTION |
In its principle embodiment of the present mventlon, compmmds of the present

mventlon have formula I

/er N

H Re
. L _ |
ora pharmaceutlcally acceptable salt, am1de, ester, or prodrug thereof wherem
nis 0-1
mis 1-2
A is selected from the group consxstmg of NR2 O and S
A is selected from the group consisting of NR;, 0, 8 and CR4R,,
D is selected from the group consxstmg of CH, and C(O)
D' is selected from the group cons1stmg of CH,, C(O) S(0), and S(0),;
R, is selected from the group consisting of aryl and heterocycle
R, and R, are independently selected from the group consmtmg of hydrogen,

| alkoxyalkyl alkyl, arylalkyl cycloalkyl, cycloalkylalkyl haloalkyl heterocyclealkyl
.hydroxy, hydroxyalkyl -NZ,Z, and (NZ,Z,)alkyl wherem Z; and Z, are mdependently
| selected from the gtoup conmstmg of hydrogen, alkyl alkylcarbonyl aryl arylalkyl and

formyl; .
R, and R, are independently selected from the group. consisting of hydrogen and

alkyl;
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R, and R, are independently selected from the group consisting of hydrogen and
alkyl;,” ' . :
- withthe proviéo that when D is CH, then D' is other than CH,; and
with the proviso that when D' is S(O) or S(0), then A’ is CR,R;.

DETAILED DESCRIPTION OF THE INVENTION
All j)atents, patent applications; and literature references cited in the specification.
are herein incorporated by reference in their entirety. In the case of inconsistencies, the
present disclosure, including definitions, will prevail.
It is understood that the foregoing detailed description and accompanying

- examples are merely illustrative and are not to be taken as limitations upon the scope of

the invention, which is defined solely by the appended claims and their equivalents. ‘
Various changes and modifications to the disclosed embodiments will be apparent to those
skilled in the art. Such changes and modifications, including without limitation those

‘relating to the chemical structures, substituents, derivatives, intermediates, syntheses,
“formulations and/or methods of use of the invention, may be made without departing from

the spirit and scope thereof. L
In its principle embodiment of the present invention, compounds of the present -
invention have formula I '
R
Ry
D .D.
O XA
N~ /&%
I
or a pharmaceutically acceptable salt, amide, estér, or prodrug thereof, wherein
" nis0-1; -
mis 1-2;

A is selected from the group consisting of NR,, O, and S;

A' is selected from the group consisting of NR;, O, S and CR R,;

D is selected from the group consisting of CH, and C(O);

D' is selected from the group consisting of CH,, C(0), S(0), and S(0),;

3
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R, is selected from the group consisting of afyl and heterocycle;

'R, and R, are independently selected from the group consisting of hydrogen,
alkoxyalkyl, alkyl, arylalkyl, cycloalkyl, cycloalkylalkyl, haloalkyl, heterocyclealkyl,
hydroxy, hydroxyalkyl, -NZJA, and (NZ,Z,)alkyl wherein Z, and Z, are independently
selected from the group consisting of hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and
formyl; : e . ' .
R, and R; are independently selected from the group consisting of hydrogen and

- RgandR,are independently selected from the group consisting of hydrogenand

- with the proviso that when D' is S(O) or S(0), then A'is CRR;:

' In another embodiment, the present invention discloses éompoun_’ds hawng

I, : .
ora phazﬁacéuﬁcally acceptable salt, ester, amide, or prodrbg thereof wherein, A, A', D',
R;, Rg Ry, m, and n are as definéd in formula I.
In another embodiment of the present invention, compounds have formula Il
wherein, A is NR,; and A", D', R;, R;, Rg, R, m, and n are as defined in formula I.
* In another embodiment of the present invention, compounds have formula II
wherein, A is O; and A', D', R, R,, R;, m, and n are as defined in formula L

In another embodiment of the present invention, compounds have formula I
wherein, A is S; and A', D', R,, R, R;, m, and n are as defined in formula L.

In another embodiment, the present invention discloses compounds having
formula II:
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‘R RT )
sen

I,
or a pharmaceutically acceptable salt, ester, amide, or prodrug thereof wherein, A, A', D',
R, Ry, R,, m, and n are as defined in formula I with the proviso that D' is not CH,. .
In another embodiment of the: present invenﬁon, compounds have formula IIT"
wherein, A is NR,; and A", D', R,, Ry, Ry, Ry, m, and n are as defined in formuia I.
_ In another embodiment of the present invention, compounds have formula Il
wherein, A is O; and A, D', R, R, R,, m, and n are as defined in formula L.
In another embodiment of the .présent invention, compounds have formula III
wherein, A is S; and A", D', R,, Ry, Ry, m, and n are as defined in formula I,
~ In another embodiment, the present invention discloses compounds having
forxﬁﬁla Iv: - ' -

0 RO R
N
| v, |
or a pharmaceutically acceptable salt, ester, amide, or prodrug thereof wherein, A, A', R,,
R, and R,, are as defined in formufa I.

In another embodiment of the present invention, compounds have formula IV
wherein, A is NR,; A' is NR,; and R;, R,, R;, R, and R, are as defined in formula L.

In another embodiment of the present invention, compounds have formula IV
wherein, A is NR,; A' is NR;; R, is hydrogen; R, is hydrogen; and R,, R,, and R, are as
defined in formula 1. '

In another embodiment of the pfesent invention, compounds have formula IV
wherein, A is NR; A’ is O; and Ry, Ry, R, and R, are as defined in formula L

In another embodimeht of the present invénﬁon, compounds have formula IV
wherein, A is NR,; A'is S; and R,, Ry, R,, and R, are as defined in formula I. |
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In another embodiment of the present invention, compounds have formula IV
wherein, A is O; A'is NRy; and Ry, Ry, Ry, and R, are as defined in formula L.

In another embodixnent of the present invention, compounds have formula IV
wherein, A is O; A'is NR;; R, is hydrogen, R, is hydrogen; and R, and R, are as defined in
formula .

In another embodixnent of the pnesent invem:ion, compounds have formula IV
wherein, A is O; A'is O; andR,,RG,andRqareasdeﬁnedmformulaI | '

In another embodlment of the present mvennon, compounds have formula IV
wherein, A is Q; A' is O; R‘s is hydrogen, R,is hydrogcn, and Rl isas defined in formula 1.

In another embodlment of the present invention, compounds have formula IV

.wherem,Also Alis S; zde,,R6 andR-,areasdeﬁnedmfonnulaI

In another embodlment of the present invention, compounds have formula IV
wherein, A i is O; A' is S; Ry is hydrogen; R, is hyd_rogcn, a_nd R,isas deﬁned informula L
- In another embodiment of the present invemion,' conlpounds have formula IV

" wherein, A is S; A' is NR,; and R, R;, Rﬁ, and R, are as defined in formula 1.

- In another embodiment of the present invention, compounds have formula’ IV

' wherein, A is S; A' is O; de,,&,andR,areasdeﬁnedmfonnulaI

" In another embodiment of the present invention, compounds have formula IV

" wherein, A is S; A'is S; and R,, R,, and R, are as defined in formula I. |

In another embodiment, the present invention discloses compounds having

formula V:
HRs Rr
vV,

ora pharmaceutlca]ly acceptable salt, ester, amide, or prodrug thereof wherem, A AR,
R, and R,, are as defined in foxmulal
In another embodiment of the present invention, compounds have formula V

wherein, A is NR,; A’ is NR,; and R,, Ry, Ry, R, and R, are as defined in formula 1.
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In another embodiment of the present invention, compounds have formula V
wherein, A is NRy; A' is O; and Ry, Ry, Ry, and R, are as defined in formula I.
~ In another embodiment of the present invention, compounds have formula V

wherein, A is NR,; A' is O; Ry is hydrogen; R, is hydrogen; and R, and R, are as defined in
formula L. | :

In another embodiment of the present invention, compounds have formula V
wherein, A is NR,; A'is S; and R,, R,, Rg, and R, are as defined in formula I.

* In another embodiment of the present invention, compounds have formulaV

wherein, A is NR;; A' is CRR;; and Ry, R;; R, R;, R, and R, are as defined in formula 1.

In another embodiment of the present invention, compounds have fbrmula \'/

‘wherein, A isNR;; A' is CR,R;; R, is hydrogen; R, is hydrogen; R, is hydrogen; R, is

hydrogen; and R, and R, are as defined in formula I.

In another embodiment of the present invention, compounds have formula V
wherein, A is O; A’ is NR,; and R,, Ry, R, and R, are as defined in formula L

In another embodiment of the present invention, compounds have formula V

. wherein, A is O; A’ is NR;; R, is hydrogen; R, is hydrogen; and R, and R; are as definedin -

formula L, _ o

In another embodiment of the preéent invention, compounds have formula V
wherein, A is O; A'is O; and R, R,, and R, are as deﬁhed in formula L.

~ In another embodiment of the present invention, compounds have formulaV

wherein, A is O; A’ is O; R, is hydrogen; R, is hydrogen; and R, is as defined in formula L.

In another _embbdiment_.of the present invention, compounds have formula V
wherein, A is O; A'is S; and R,; Ry, and R, are as defined in formula 1.

In another embodiment of the present invention, compounds have formula V |
wherein, A is O; A'is CRR,; and R,, Ry Rs, R;, and R; are as defined in formulal.

In another embodiment of the present invention, compounds have formula V
wherein, A is O; A'is CRR;; R, is hydrogen, Rs is hydrogen, R6 is hydrogen; R7 is
hydrogen; and R, is as defined in formula L

In another embodiment of the prmt _mvention; compounds bave formula V
wherein, A is §; A" isNRy; and R, Ry, R,, and R, are as defined in formula L

PCT/US99/25373
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In another embodiment of the present invention, compounds have formula V
wherein, A is S; A'is O; and R, R,, and R, are as defined in formula L.

In another embodiment of the present invention, compounds have formula V.
wherein, A is S; A'is S; and R,, Ry, and R, are s defined in formula L

In another embodiment of the present invention, comnounds have formula V
wherein, A is S; A'is CR,R,; and R,, R,, R,, Ry, and R, ate as defined in formula .

In another embodimient of the present invention, oomnounds-h_ave formula V
wherein, A is S; A' is CR,R;; R, is hydrogen; R, is hydrogen; R, is hydrogen; R, is
hydrogen; and R, is as defined in formula I. - |
In another embodiment, the present invention discloses compounds havmg

.formulaVI
k o R, O
6@5 N

or a pharmaceutlcally acceptable salt, ester, amnde, or prodrug thereof wherem, A A R,,
Ry and Ry, are as deﬁned in formula L

In another embodrment of the present mvennon, compounds have formula \Z
wherem, Ais NR,, A'is NR,, and R,, R;, Ry, R, and R, are as defined in formula 1.
In another embodnnent of the present invention, compounds have fonnula Vi

wherein, A isNR,; A'is O; andIR,, R,, Ry, and R-, are as deﬁned in formula I.

In another embodiment of the Ppresent in‘vention, compounds have formula VI
wherein, A is NR,, A'isS;andR,, Rz, R, and R, are as defined in formula L

In another embodiment of the present mventlon, compounds have formula VI
wherein, A is NR,; A' is CR,R;; and R;; R;, Ry, Ry, R, and R, are as defined in formula 1.

In another embodiment of the present invention, compounds have formula VI
wherein, A is NR,, A'isCRR; R, is hydrogen, R,is hydrogen, R, is hydrogen, R,i is
hydrogen; and R, and R, are as defined in formula L.

In another embodiment of the present mventlon, oompounds have formula VI
wherem, AisO;A'is NR;, and R,, R,, R, and R, are as defined in formula I.

8
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In another embodiment of the present invention, eompounds have formula VI

wherein, A is O; A’ is NR;; R, is hydrogen; R, is hydrogen; and R, and R, are as defined in

formula 1. o o

In another embodiment of the present invention, compounds have formula VI
wherein, A is O; A' is O; and R,, R, and R; ate as defined in formulal.

" In another embodiment of the present invention, compounds have formula VI
wherein, A is O; A'is S; and R,, R,, and R, are as deﬁnedmformulal

In another embodiment of the present invention, compounds have formula VI
wherein, A is O; A'is CR.R,; and R,, R,, R, R, and R, are as defined in formula I.

‘In another embodiment of the present invention, compounds have formula VI .
'wherein, A is O; A'is CR R;; R, is hydrogen; R, is hydrogen; and R,, R,, and R, areas -
defined in formula I. _ R

In another embodiment of the present invention, compounds have formula VI
wherein, A is S; A’ is NR;; and R,, R, R, and R, are as defined in formula I.

- In another embodiment of the present invention, compounds have formula VI
wherein, A is S; A' is O; and R,, R, and R, are as defined in formula L. .

In another embodiment of the present invention, compounds have formula. VI
wherein, A is S; A'is S; and R, R, and R, are as defined in formula 1.

. In another embodiment of the present invention, compounds have formula VI
wherein, A is S; A'is CR.R,; and R,, R,, R;, R,, and R, are as defined in formula I.

In another embodiment of the’present invention, compounds have formula VI -
wherein, A is S; A'is CRR;; R, is hydrogen R; is hydrogen; R is hydrogen, R, is
hydrogen, and R, is as defined in formula 1.

In another embodxment, the present invention discloses compounds having
formula VII:
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ora pharmace‘Mcally acceptable salt, ester, amide, or prodrug thereof wherein, A, R;, R,,
Rs, R, and R,, are as defined in formula I. T

In another embodiment of the present mventxon, compounds have formula VII
wherein, A is NR,; and R,, R;, Ry; R;; Ry, and R, are as defined in formulal.

In another embodiment of the present invention, c‘onmpounds have formula VII
wherem, Ais NR;; R, is hydrogen; R; is hydrogen; Ry is hydrogen, R,is hydrogen, and R,
and R, are as defined in formula I.-

 In another embodiment of the present mventxon, compounds have formula VII

~wherein, A is O; and R,, R;, R, Ry, and R, are as defined in formula I.

"In another embodiment of the present mvenuon, compounds have formula VII
wherem, A'is O; R, is hydrogen; R, is hydrogen; Ry is hydrogen, R, is hydrogen; and R, is
as defined in formula I. .

In another embodiment of the- present mventlon, compounds have formula VII
wherein, A is S; and R,, R;, R;, R, and R, are as defined in formula 1.

In another embodlment, the present invention discloses compounds having
formula VIII:

or a pharmaceutically acceptable salt, ester, amide, or prodrug thereof wherein, A, R, R,
Ry, Ry, and Ry, are as defined in formula L | |

.In another embodiment of the present mventxon, compounds have formula VIII

_ wherein, A is NR,; and R, R,, R, R;, R;, and R, are as defined i in formula 1.

In another embodiment of the present invention, compounds have formula VIII
wherein, A is NR,; R, is hydrogen; R, is hydrogen; Ry is hydrogen; R, is hydrogen; and R,
and R, are as defined in formula I -

In another embodiment of the present invention, compounds have formula VIII
wherein, A is O; and R,, R, R;, R,, and R, are as defined in formula L.

In another embodiment of the present invention, compounds have formula VIII

10
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wherein, A is O; R, is hydrogen; R, is hydrogen; Ry is hydrogen; R, is hydrogen; and R, is
as defined in formula I. :

In another embodiment of the present invention, compounds have formula VIII
wheérein, A is S; and R, R,, R, R, and R, are as defined in formula 1. _

Another embodiment of the present invention relates to pharmaceutical
compositions comprising a therapeutically effective amount of a compound of formula I-
VIII or a pharmaceutically acceptable salt, ester, amide, or prodrug thereof in combination
with a pharmaceutically acceptable carrier. ' '

Another embodiment of the invention relates to a method of treating male sexual
dysfunction including, but not limited, to male erectile dysfunction and premature
'ejaculation comprising administering a therapeutically effective amount-of a compound of .
formula I-VIII or a pharmaceutically acceptable salt, ester, amide, or prodrug thereof.

Another embodiment of the invention relates to a method of treating female sexual
dysfunction including, but not limited to, female anorgasniia, clitoral erectile -
insufficiency, vaginal engorgement, dyspareunia; and vaginismus comprising . . -
administering a therapeutically effective-amount of a compound of formula I-VIH ora .
pharmaceutically acceptable salt, ester, amide, or prodrug thereof. -

~ Yet another embodiment of the invention relates to 2 method of treating asthma,
epilepsy, hypertension, Raynaud’s syndrome, migraine, pain, eating disorders, urinary
incoﬁﬁnence; functional bowel disorders, neurodegeneration and stroke comprising
administering a therapeutically effective amount of a compound of formula I-VIII or a
pharmaceutically acceptable salt, ester, amide, or prodrug thereof.,

The present invention utilizes novel intennediétes for making compounds of
formula I In particular, an intermediate of formula IX may be used in the process of
synthesizing compounds of formula I, ' '

2
X,

11
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wherein A is selected from the group consisting of O, 8, and NR,, wherein R, is selected
from the group consisting of hydrogen, alkoxyalkyl, alkyl, arylalkyl, cycloalkyl,
cycloalkylalkyl, haloalky, heterocyclealkyl, hydroxy, hydroxyalkyl, -NZ,Z,, and
(NZ,Z,)alkyl wherein Z, and Z, are independently selected from the group consisting of
hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and formyl.

- Definition of Terms .
The term "alkenyl," as used herein, refers to a straight or branched cham

~ hydrocarbon containing from 2 to 10 carbons and containing at least one carbon-carbon
- double bond formed by the removal of two hydrogens. Representative examples of
alkenyl include, but are not limited to, ethenyl, 2-propenyl, 2-methyl-2-propenyl, 3- .

butenyl, 4-pentenyl, 5-hexenyl; 2-heptenyl, 2-methyl-1-heptenyl, 3-decenyl and the like.
The term "alkoxy," as used herein, refers to an alkyl. group, as defined herein,
appended to the parent molécular moiety through an oxy moiety, as defined herein.

. Representative examples of alkoxy include, but are not limited to, methoxy, ethoxy, ..
. - propoxy, 2-propoxy; butoxy, tert-butoxy, pentyloxy, hexyloxy and the like.

‘The term "alkoxyalkoxy," as used herein, refers to an alkoxy group, as defined
herein, appended to the parent molecular moiety through another alkoxy group, as defined . - .
herein. Representative examples of alkoxyalkoxy include, but are not limited to, tert- -
butoxymethoxy, 2-ethoxyethoxy, 2-methoxyethoxy; methoxymethoxy, and the like.

- The term "alkoxyalkoxyalkyl," as used herein, refers to an alkoxyalkoxy group, as

- defined herein, 'appended to the parent molecular moiety through an alkyl- group, as

defined herein. Representative eiamples of alkoxyalkoxyalkyl include, but are not limited
to, tert-butoxymethoxymethyl, ethoxymethoxymethyl, (2-methoxyethoxy)methyl, 2-(2-
methoxyethoxy)ethyl, and the like.

The term "alkoxyalkyl," as used herein, refers to an alkoxy group, as deﬁned

‘herein, appended to the parent molecular moiety through an alkyl group, as defined herein.

Representative examples of alkoxyalkyl include, but are not limited to, tert-butoxymethyl,
2-ethoxyethyl, 2-methoxyethyl, methoxymethyl, and the like.

12
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‘The term "alkoxycarbonyl,-" as used herein, refers to an alkoxy group, as defined
herein, appended to the parent molecular moiety through a carbony! group, as defined.
herein. Representative examples of alkoxycarbonyl include, but are not limited to,
methoxycarbonyl, ethoxycarbonyl, tert-butoxycarbonyl, and the like.

The term "alkoxycarbonylalkyl,” as used herein, refers to an alkoxycarbonyl group,

as defined herein, appended to the parent molecular moiety through an alkyl group, as
defined herein. Representative examples of alkoxycarbonylalkyl include, but are not
limited to, 3-methoxycatbonylpropyl, 4-ethoxycarbonylbuty1 2-tert-butoxycarbonylethyl,
and the like.

" The term "alkyl," as used herein, refers to a straight or branched chain hydrocarbon -

containing from 1 to 10 carbon atoms. Representative examples of alkyl include, but are -

not limited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tertfbufyl, -
n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methylhexyl, 2,2-dimethylpentyl, 2,3-
dimethylpentyl, n-heptyl, n-octyl, n-nonyl, n-decyl, and the like. : -
. The term "alkylcarbonyl,” as used herein, refers to an alkyl group, as defined -
herein, appended to the parent molecular moiety through a carbonyl group; as defined

* herein. Representative examples of alkylcarbdnyl include, but are not limited to, acetyl, 1-
'oxopropyl 2,2-dimethyl-1-oxopropyl, 1-oxobutyl; 1-oxopentyl, and the like.

‘The term "alkylcarbonylalkyl," as used herein, refers to an alkylcarbonyl group, as
defined herein, appended to the parent molecular moiety through an alkyl group, as
defined herein. Representative examples of alkylcarbonylalkyl include, but are not limited

to, 2-oxopropyl, 3,3-dimethyl-2-oxopropyl, 3-oxobutyl, 3-oxopentyl, and the like.

The term "alkylcarbonyloxy," as used herein, refers to an alkylcarbonyl group, as
defined herein, appended to the parent molecular moiety through an oxy moiety, as
defined herein. Representative examples of alkylcarbonyloxy include, but are not limited

| to, acetyloxy, ethylcarbonyloxy, tert-butylcarbonyloxy, and the like.

The term "alkylsulfinyl," as used herein, refers to an alkyl group, as defined herem,
appended to the parent molecular moiety through a sulfinyl group, as defined herein.
Representative examples of alkylsulfinyl include, but are not limited, methylsulfinyl,
ethylsulfinyl, and the like.

13
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The term "alkylsulfonyl," as used herein, refers to an alkyl group, as defined
herein, appended to the parent molecular moiety through .a_ sulfonyl group, as defined
herein, Representative examples of alkylsulfonyl include, but 'ar_e not limited,. -
methylsulfonyl, ethylsulfonyl, and the like. _
The term "alkylthio," as used herein, refers to an alkyl group, as deﬁned herein,
appended to the parent molecular moiety through a thio mq;ety, as defined herein. - :
Representative examples of alkylthio include, but are not limited, methylsulfanyl, _

- ethylsulfanyl, tert-butylsulfanyl, hexylsulfanyl, and the like.

The term "alkynyl," as used herein, refers to a straight or brariched phain

~ hydrocarbon group containing from 2 to 10 carbon atoms and containing at least one
- carbon-carbon triple bond. Representative examples of alkynyl include, but are not

limited, to acetylenyl, 1-propynyl, 2-propynyl, 3-butynyl, 2-pentynyl, 1-butynyl and the
like. . _ . o
The term "aryl," as used herein, refers to a monocyclic carbocyclic ring system ora

* bicyclic carbocyclic fused ring system having one or more aromatic rings. Representative .

examples of aryl inciude, azulenyl, indanyl, mdenyl naphthyl, phenyl, tetrahrydronaphthyl,

" and the like. .

- .- The aryl groups of this invention can b_e subsﬁtuted with 1,2, 3,4, or 5 substituents

* " independently selected from alkenyl, alkoxy, alkoxyalkoxy, alkoxyalkyl, alkoxycarbonyl, .
alkyl, alkylcarbonyl, alkylcarbonyloxy, alkylsulfinyl, alkylsulfonyl, alkylthio, alkynyl,
ary), azido, arylalkoxy, arylalkyl, aryloxy, carboxy, cyano, formyl, halogen, haloalkyl,

haloalkoxy, hydroxy, hydroxyalkyl, mercapto, nitro, sulfo, sulfonate, -NRyR,, (wherein,
Ry and R, are independently selected from hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl
and formyl), and -C(O)NRg,R,, (wherein, R,, and R,, are independently selected from

~ hydrogen, alkyl, aryl, and arylalkyl).

The term "arylalkoxy," as used herein, refers to an aryl group, as defined herein,

Representative examples of arylalkoxy include, but are not limite_d to, 2-phenylethoxy, 3-
naphth-2-ylpropoxy, 5-phenylpentyloxy, and the like. - .

14
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The term "arylalkoxycarbonyl," as used herein, refer's 10 an arylalkoxy group, as
defined herein, appended to the parent molecular moiety through a carbonyl group, as
defined herein. Representative examples of arylalkoxycarbonyl include, but are not.
limited to, benzyloxycarbonyl, naphth-2-ylmethoxycarbonyl, and the like.

The term "arylalky)," as used herein, refers to an aryl group, as defined herein,
appended to the parent molecular moiety through an alky! group, as defined herein.
Representative examples of arylalkyl include, but are not limited to, benzyl, 2-phenylethyl,
3-phenylpropyl, 2-naphth-2-ylethyl, and the like.

The term "arylcarbonyl," as used herein, refers to an aryl group, as defined herein,
appended to the parent molecular moiety through a carbonyl group, as defined herein.
Representative examples of arylcarbonyl include; but are not limited to, benzoyl,
naphthoyl, and the like.

The term "aryloxy,” as used herein, refers to an aryl group, as defined herein,
appended to the parent molecular moiety through an oxy moiety, as defined herein..

Representative examples of aryloxy include, but are not limited to, phenoxy, naphthyloxy, - -

3-bromophenoxy, 4-chlorophenoxy, 4-methylphenoxy, 3,5-dimethoxyphenoxy, and the : . -
like. L
The term "aryloxyalkyl," as used herein, refers to an aryloxy group, as defined - .

herein, appended to the parent molecular moiety through an alkyl group, as defined herein, - -
Representative examples of aryloxyalkyl include, but are not limited to, 2-phenoxyethyl, - = - - .
' 3-naphth-2-yloxypropyl 3-bromophenoxymethyl and the like.

The term "azido," as used herein, refers to a -N; group.
" 'The term "carbonyl,”" as used herein, refers to a -C(O)- group.
The term "carboxy," as used herein, refers to a -CO,H group.
The term "carboxyalkyl," as used herein, refers to a carboxy group, as defined
herein, appended to the parent molecular moiety through an alkyl group, as defined herein. .
Representatlve examples of carboxyalkyl include, but are not limited to, carboxymethyl 2-
carboxyethyl, 3-carboxypropyl, and the like.
* The term "cyano," as used herein, refers to a -CN group.

- 15
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The term "cyanoalkyl," as used herein, refers to a cyano.group, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein. .
Representative examples of cyanoalkyl include; but are not limited to, cyanomethyl, 2-

cyanoethyl, 3-cyanopropyl, and the like.

- The term “cycloalkyl,” as used herein, refersto a saturated cyclic hydrocarbon
group containing from 3 to 8 carbons. Representative examples of cycloalkyl include, but
are not limited to, cyclopropyl, cyclobutyl, cyclopemyl cyclohexyl cycloheptyl,
cyclooctyl and the like.
The term "cycloalkylalkyl," as used herein, refers to cycloalkyl group, as defined
herein, appended to the parent molecular moiety through an alkyl group, as defined herein.

'Representative examples of cycloalkylalkyl include, but are not limited to,

cyclopropylmethyl, 2-cyclobutylethyl, cyclopentylmethyl, cyclohexylmethyl, 4-

- cycloheptylbutyl, and the like.

- The term "formyl," as used herein, refers to a -C(O)H group..
The term "halo” or "halogen;" as used-herein, refers to -Cl, -Br, -I or -F. .
The term "haloalkoxy;" as-used herein, refers to at least one halogen, as defined
herein, appended to the parent molecular moiety through an alkoxy group, as defined

" herein. Representative examples of haloalkoxy include; but are not limited to, - _
" chloromethoxy, 2,2,2-triflucroethoxy, triflucromethoxy, pentafluoroethoxy, and the like.

The term "haloalkyl," as used herein; refers to at least one halogen, as defined
herein, appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of haloalkyl include, but are not limited to, chloromethyl, 2-

" fluoroethyl, trifluoromethyl, pentafiuoroethyl, 2-chloro-3-fluoropentyl, and the like.

The term "heferocycle,” as used herein, refers to a monocyclic- or a bicyclic-ring
system. Monocyclic ring systems are exemplified by any 5- or 6-membered ring
containing 1, 2, 3, or 4 heteroatoms independently selected from oxygen, nitrogen and
sulfur. The S-membered ring has from 0-2 double bonds and the 6-membered ring has
from 0-3 double bonds. Representative examples of monocyclic ring systems include, but
are not limited to, azetidine, azepine, aziridine, diazepine, 1,3-dioxolane, dioxane,

dithiane, furan, imidazole, imidazoline, imidazolidine, isothiazole, isothiazoline,
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isothiazolidine, isoxazole, isoxazoline, isoxazolidine, morpholine, oxadiazole,
oxadiazoline, oxadiazolidine, oxazole, oxazoline, oxazolidine, piperazine, piperidine,
pyran, pyrazine, pyrazole, pyrazoline, pyrazolidine, pyridine, pyrimidine, pyridazine,
pyrrole, pyrroline, pyrrolidine, tetrahydrofuran, tetrahydrothiophene, tetrazine, tetrazole, -

thiadiazole, thiadiazoline, thiadiazolidine, thiazole, thiazoline, thiazolidine, thiophene,

thiomorpholine, thiomorpholine sulfone, thiopyran, triazine, triazole, trithiane, and the
like. Bicyclic ring systems are exemplified by any of the above monocyclic ring systems
fused to an aryl group as defined herein, a cycloalkyl group as defined herein, or another

-monocyclic ring system as defined herein. Representative examples of bicyclic ring - -

systems include but are not limited to, for example, benzimidazole, benzothiazole,

| beﬂzothiadiazole, benzothiophene, benzoxadiazole, benzoxazole, benzofuran, benzopyran,

benzothiopyran, benzodioxine, 1,3-benzodioxole, cinnoline, indazole, indole, indoline,
indolizine, naphthyridine, isobenzofuran, isobenzothiophene, isoindole, isoindoline,
isoquinoline, phthalazine, pyranopyridine, quinoline, quinolizine, quinoxaline,. .
quinazoline, tetrahydroisoquinoline, tetrahydroquinoline, thiopyranopyridine, and the like.
The heterocycle groups of this invention can be substituted with 1, 2,0or3
substituents independently selected from alkenyl, alkoxy, alkoxyalkoxy, alkoxyalkyl, -

' alkoxycarbonyl, alky), alkylcarbonyl, alkylcarbonyloxy, alkyisulfinyl, alkylsulfonyl,

alkylthio, alkynyl, aryl, azido, arylalkoxy, arylalkoxycarbonyl, arylaikyl, aryloxy, carboxy,
cyano, formyl, halogen, haloalkyl, haloalkoxy, hydroxy, hydroxyalkyl, mercapto, nitro,
sulfo, sulfonate, -NRyRy, (Wherein, Ry, and R;, are independently selected from hydrogen,

alkyl, alkylcarbonyl, aryl, arylalkyl and formyl), and -C(O)NRyRy; (Wherein, Ry, and Ry,

are independently selected from hydrogen, alkyl, aryl, and arylalkyl).

The term "heterocyclealkyl,” as used herein, refers to a heterocycle, as defined
herein, appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of heterocyclealkyl include, but are not limited to, pyrid-3-
ylmethyl, 2-pyrimidin-2-ylpropyl, and the like.

The term "hydroxy," as used herein, refers to an -OH group.

The term "hydroxyalkyl," as used herein, refers to a hydroxy group, as defined
herein, appended to the parent molecular moiety through an alkyl group, as defined herein.
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Representaﬁve examples of hydroxyalkyl include, but are not limited to, hydroxymethyl,

2-hydroxyethyl, 3-hydroxypropyl, 2-ethyl-4-hydroxyheptyl, and the like. - - ..

The term "lower alkyl," as used herein is a subset of alkyl and refers to a straight or
branched chain hydrocarbon group containing from 1-to-4 carbon atoms. Representative
examples of lower alkyl include, but are not limited to, methyl, ethyl, n-propyl, iso-propyl,
n-butyl, -

iso-butyl, tert-butyl, and the like.

. The term "mercapto,” as used herein, refers to a -SH group.
- The term "nitro," as used herein, refers to a -NO, group.
-. The term "N-protecting group" or "nitrogen protecting group,"as used herein, refers

 to those groups intended to protect an amino group against undesirable reactions during
. synthetic procedures. N-protecting groups comprise carbamates, amides including those

containing hetero arylgroups, N-alkyl derivatives, amino acetal derivatives, N-benzyl

derivatives, imine derivatives, enamine derivatives and N-heteroatom derivatives. .

Preferred N-protecting groups are formyl, acetyl, benzoyl, pivaloyl, phenylsulfonyl, _
- ‘benzyl, triphenylmethyl (trityl), t-butyloxycarbonyl (Boc), benzyloxycarbonyl (Cbz),and . -
. the like. Commonly used N-protecting groups are disclosed in T.H. Greene and P.G.M.

Wats, Protective Groups in Organic Synthesis, 2nd edition, John Wiley & Sons, New

.. “York (1991), which is hereby.incorporated by reference.. - .

- The term "-NZ,Z,," as used herein, refers to two groups, Z, and Z,, which are

methylamino, acetylamino, acetylmethylamino, and the lik_e. :
...+ The term "(NZ,Z,)alkyl," as used herein, refers to a -NZ,Z, group, as defined
herein, appended to the parent' molecula moiety through an alkyl group, as defined herein.

- Representative examples of (NZ,Z,)alkyl include, but are not limited to, aminomethyl,
* dimethylaminomethyl, 2(amino)ethyl, 2-(dimethylamino)ethyl, and the like.

. .The term "oxo," as used herein, refers to a =0 moiety.

The term "oxy," as used herein, refers to a -O- moiety.
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The term "sulfiny]," as used herein, refers to a -S(O)- group.

The term "sulfo," asused herein, refers to a -SO,ﬁ group.

The term "sulfonate," as used herein, refers to -S(0),OR,, group, wherein Ry, is
selected from alkyl, aryl, and arylalkyl, as defined herein. -

The term "sulfonyl,” as used herein, refers to a -SO,- group.

The term "thio," as used herein, refers to a -S- moiety.

The term "pharmaceutically acceptable prodrugs" as used herein represents those
prodrugs of the cotﬁpmmds’ of the present invention which are, within the scope of sound
medical judgement, suitable for use in contact with the tissues of humans and lower
animals without undue toxicity, irritation, allergic response, and the like, commensurate
‘with a reasonable benefit/risk ratio, and effective for their intended use, as well as the
zwitterionic fonhs, where possible, of the compounds of the invention. Prodrugs of the

present invention may be rapidly transformed in vivo to the parent compound of the above

- formula, for example, by hydrolysis in blood. A thorough discussion is provided in (T.

Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems, V. 14 of the A.C.S.
Sympdsium S'eries, and in Edward B. Roche, ed., Bioreversible Carriers in Drug Design,
American Pharmaceutical Association and Pergamon Press (1987)). L

- The present invention contemplates pharmaceutically active metabolites formed by
in vivo biotransformation of compounds of formula I-VIII. The term pharmaceutically
active metabolite, as used herein, refers.to a compound formed by the in vivo o
biotransformation of compounds of formula I-VIII. A thorough discussion of - .
biotransformation is provided in Goodman and Gilman’s, The Pharmacological Basis of
Therapeutics, seventh edition.

-Compounds of the present invention may exist as stereoisomers wherein
asymmetric or chiral centers are present. These stereoisomers are "R" or "S" depending on
the configuration of substituents around the chiral carbon atom. The present invention
contemplates various stereoisomers and mixtures thereof. Stereoisomers include -
enantiomers and diastereomers, and mixtures of enantiomers or diastereomers. Individual
stereoisomers of compounds of the present invention may be prepared synthetically from
commercially available starting materials which contain asymmetric or chiral centers or by
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preparation of racemic mixtures followed by resolution we;]_-;known to those of ordinary
skill in the art. These methods of resolution are exemplified by (1) attachment of a -

-mixture of enantiomers to a chiral auxiliary, separation of the resulting mixture of

diastereomers by recrystallization or chromatography and liberation of the optically pure
product from the auxiliary or (2) direct separation of the mixture of optical enantiomers on

. chiral chromatographic columns. .

Preferred compounds of formula I include, but are not limited to:

5-[3-bromo-4~(trifluoromethyl)phenyl]-5,10-dihydro-1H,3H~dipyrano [3 4-b:4,3-
elpyridine-4,6(7H,9H)-dione, |

5-[4-fluoro-3-(2-furyl)phenyl]-5,10-dihydro-1H, 3H-dxpyrano[3 4-b:4,3-elpyridine-

4,6(7H,9H)-dione, -

- 5.[3-(2-furyl)-4-methylphenyl}-5,10-dihydro-1H, 3H-dlpyrano[3 4-b:4,3-"

- e]pyridine-4,6(7H,9H)-dione, = - -

-(5-bromo-4-ﬂuoro—2-hydroxyphenyl)-5 lO-dxhydro-»lI-I,3H—d1pyrano[3,4-b 4,3-
e]pyridine-4;6(7H,9H)-dione, . " '
- -(4-ﬂuoro-3-1sopropenylphenyl)—5 10-d1hydro-lH 3H—dlpyrano [3, 4-b 4, 3-
e]pyridine-4,6(7H,9H)-dione, -
- 5-(4-methyl-3-nitrophenyl)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-e]pyridine- -

© 4,6(7H,9H)-dione;

5-[3 -chloro-4-(1:nﬂuoromethyl)phenyl]-5 lO-thydro-lH 3H-dlpyrano[3 4-b:4,3-

5-[3-iodo-4-(trifluoromethyl)phenyl]-5, lO-dlhydro—lH 3H-d1pyrano[3 4-b:4,3-
e]pyridine-4,6(7H,9H)-dione,
-(3-1odo-4-methylphenyl)-5 lO-dlhydro-lH,SH-dlpyranoB 4-b:4,3-e]pyridine-

-4,6(7H,9H)-dione, .

5-(3-bromo-4-chlorophenyl)-5,10-dihydro-1H, 3H—d1pyrano[3 4-b:4,3-e]pyridine-
4,6(7TH,9H)-dione, -
-(4-bromo—3-chlorophenyl)-5 10—d1hydro-1H 3H-d1pyrano[3 4-b: 4,3-e]pyndme-

- 4,6(7TH,9H)-dione, = -
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‘5 -[4—chloro‘-3 ~(trifluoromethyl)phenyl}-5,10-dihydro-1H,3H-dipyrano[3 4-b:4,3-

e]pyridine-4,6(7H,9H)-dione,
© 5-(3-bromo-4-methylphenyl)-5, 10-d1hydro-lH,3H—dlpyrano[3 4-b:4 3-e]pynd1ne-

4,6(7H,9H)-dione, _

5-(3,4-dibromophenyl)-5,10-dihydro-1H,3H-dipyrano([3,4-b:4 3-e]pyndme—
4,6(7H,9H)-d10ne,

9-(3-bromo-4-fluorophenyl)-2,3,5,6,7,9-hexahydro-1H-pyrrolo[3,4-
b][1,7Inaphthyridine-1,8(4H)-dione,

'5-(3-bromo-4-fluorophenyl)-5,8,9 lO-tetrahydro-lH-ﬁnopyranoB 4-

b][1,7Inaphthyridine-4,6(3H,7H)-dione,

5-(3-bromo-4-fluorophenyl)-5, lO-dlhydro-lH,3H-d1thmpyrano[3 4-b:4,3-
e]pyridine-4,6(7H,9H)-dione, o :
9-(3-bromo-4-fluorophenyl)-5,9-dihydro-3H-furof3 4-b]t1nopyrano[4,3-e]pyndme-
1,8(4H,7H)-dione,
9-(3-bromo-4-fluorophenyl)-2,3,5 9-tetrahydropyrrolo[3 4-b]th10pyrano[4 3-
¢]pyridine-1,8(4H,7H)-dione,
-10-(3-bromo-4-fluorophenyl)-3,4,6,7,8,10-hexahydropyrido{3,4-
b][1,6]naphthyridine-1,9(2H,5H)-dione, '
10-(3-bromo-4-fluoropheny!)-3,4,6,7,8 10-hexahydro—lH-pyrano[4 3-- -
b][1,7]naphthyridine-1,9(5H)-dione, ,
' 10-(3-bromo-4-fluorophenyl)-3,4,6,10-tetrahydrodipyrano(3,4-b:3 4-e]pynd1ne- Ce
1,9(5H,8H)-dione, . _ :
10-(3-bromo-4-fluorophenyl)-3.4,6,10-tetrahydro-2H-thiopyrano[3,4-
b][1,6]naphthyridine-1,9(5H,8H)-dione, -
10-(3-bromo-4-fluorophenyl)-3,4,6,10-tetrahydropyrano[4, 3-b]th10pyrano [4 3-
e]pyridine-1,9(5H,8H)-dione,
5-(3-bromo-4-fluorophenyl)-7,7-dimethyl-2,3,5,8,9,10-
hexahydrobenzo[b][1,7]naphthyridine-4,6(1H,7H)-dione,
9-(3-bromo-4-fluorophenyl)-2,3,5,9-tetrahydro-4H-thienof3,2-blthiopyrano[4,3-
¢]pyridin-8(7H)-one 1,1-dioxide, o
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o ".5-(3-bromo-4-ﬂuorophenyl)—2—methyl-2,3 5, 8,9,10-hexahydrobenzo[b][1 7]naphthyndme-
'4,6(1H,7H)-dione, , S

-+ 5-(3-bromo-4-fluorophenyl)-2,3,5,8,9,10- hexahydropyndo[3 4-b][1,7]naphthyndme-
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10-(3-bromo-4-fluorophenyl)-3,4,6,10-tetrahydro-2H,5H-dithiopyrano[3,2-b:4,3-
e]pyridin-9(8H)-one 1,1-dioxide, and
5-(3-bromo-4-fluorophenyl)-7,7-dimethyl-5,8,9 lo-mtahydro-lH-thmpyrano[S 4-
b]quinoline-4,6(3H,7H)-dione or a pharmaceutically acceptable salt, ester, amide, or

* prodrug thereof.

More preferred compounds of formula I include, but are not limited to:

- 5-(3-bromo-4-fluorophenyl)-5,10-dihydro-1H,3H~dipyrano[3,4-b:4,3-e]pyridine-
4,6(7H,9H)-dione,
* 5-(3-bromo-4-fluorophenyl)-2,3,5,8.9 lO-hexahydrobenzo[b][l 7]naphthynd1ne—

4,6(1H,7H)-dione,

4,6(1H,7H)-dione,

. (-)-5-(3-bromo-4-fluorophenyl)-2,3,5,7,8 9-hexahydro-1H- :
cyclopenta[b][1,7]naphthyridine-4,6-dione, :: : - .
' -(+)-5-(3-bromo-4-fluorophenyl)-2,3,5,7,8,9- hexahydro-lH- .
s “cyclopenta[b][l ,7Inaphthyridine-4,6-dione; - j o e
" (=)-5-(3-bromo-4-fluorophenyl)-2,3,5,8,9 10—hexahydrobenzo[b][1,7]naphthyndme—
" 4,6(1H,7H)-dione, P ' T ' -
© (#)-5-(3-bromo-4-fluorophenyl)-2, 3,5,8 9 10-hexahydrobenzo[b][ 1 7]naphthynd1ne—

4,6(1H,7H)-dione,
10-(3-bromo-4-ﬂuorophenyl)-3 4,6,7,8,10-hexahydro-2H-thiopyrano([3,2-
b]{1,7naphthyridin-9(5H)-one 1,1-dioxide,

' 9~(3-bromo-4-fluorophenyl)-2,3,5,6,7 9-hexahydmthxeno[3,2—b][l,7]naphthyndm—8(4H)—

one 1,1-dioxide, .
9-(3-bromo-4-fluorophenyl)-2,3,5,9-tetrahydro-4H-pyrano[3,4-b]thienof2, 3-e]pyndm-
8(7H)-one 1,1-dioxide,
(+)-9-(3-bromo-4-ﬂuorophenyl)-2,3,5,9-tettahydto-4H_-pyrano[3,4-b]thieno[2,3—e]pyridin-
8(7H)-one 1,1-dioxide,
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(-)-9-(3-bromo-4-fluorophenyl)-2,3 ,5,9-tetfahydm-4H-pyrano[3 ;4-blthieno[2,3-e]pyridin-
8(7H)-one 1,1-dioxide,

* 9-(3-cyanophenyl)-2,3,5 9-tetrahydro-4H-pyrano[3 ,/4-blthieno[2,3-e]pyridin-8(7H)-one

1,1-dioxide,

(+) 9-(3-cyanophenyl)-2,3,5, 9-tetrahydro-4H-pyrano[3 4-b]th1eno[2 3-e]pyridin-8(7H)-one
1,1-dioxide,

(-) 9-(3-cyanophenyl)-2, 3 9,9~ tetrahydro—4H-pyrano[3 ,4-blthieno[2,3-e]pyridin-8(7H)-one
1,1-dioxide,

9-(4-chloro-3-nitrophenyl)-2,3,5,9- tetrahydroAH—pyrano[S 4-b]th1eno[2,3-e]pyndm—
8(7H)-one 1,1-dioxide, '

‘(+)-9-(4-chloro-3-mtrophenyl) 2.3,5 9-tetrahydro-4H-pyrano[3 ,A4-b]thieno[2, 3-e]pyndm-

8(7H)-one 1,1-dioxide, o
(-)-9-(4-chloro-3-nitrophenyl)-2,3,5,9-tetrahydro-4H-pyrano(3,4-b]thienof2,3-e]pyridin-

- 8(7H)-one 1,1-dioxide,

5-(3-bromo-4-fluorophenyl)-5,8,9 lo-wuahydro-lH-pyrano[:i ,4-b]quinoline-4, 6(3H 7H)-
dione, _ B _
10-(3-bromo-4-fluorophenyl)-3,4,6,10-tetrahydro-2H,SH-pyrano[3,4-bjthiopyrano{2,3-
e]pyridin-9(8H)-one 1,1-dioxide, |

5-(3-bromo-4-fluorophenyl)-5,10-dihydro-1H,3H-pyrano[3 4-b]thxopyrano[4 3-e]pyndme-
4 6(7H,9H)-dlonc :
5-(3-bromo-4-ﬂuorophenyl)—5,7,8,9-tetrahydrocyclopenta[b]pyrano[4-,3-e]pyridine—
4,6(1H,3H)-dione,
5-(3-bromo-4-fluorophenyl)-5,8,9 10-tetrahydro~1H—pyrano[3 4-b][1,7]naphthyndme
4,6(3H,7H)-dione,

 9-(3-bromo-4-fluorophenyl)-5, 9-d1hydro—3H—ﬁno[3 ,4-blpyrano[4,3-e]pyridine- -

1,8(4H,7H)-dione,
9-(3-bromo-4-fluorophenyl)-2-methyl-2,3,5,9-tetrahydropyrano[3, 4-b]pyrrolo[3 4-
e]pyndme-l,8(4H,7H)—dlone, '
9-(3-bromo-4-fluorophenyl)-2,3,5,9-tetrahydropyrano[3,4-bjpyrrolo[3,4-¢]pyridine-
1,8(4H,7H)-dione,
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- 5-(4-chloro-3-nitrophenyl)-5, lO-dlhydro-lH,BH-dlpyrano [3,4-b:4,3-e]pyridine- .

4,6(7H,9H)-dione,

-(3-cyanopheny1)-5 lO—dlhydro-lH 3H-d1pyrano[3 4-b:4 3-e]pyndme-4 6(7H 9H)-dxone,

5-(4-ﬂuoro-3—1odophenyl)-5,l0-d1hyd_ro-1H,3H-d1pyrano[3,4~b.4,3-e]pynd1ne—
4,6(7H,9H)-dione,
5-(5-bromo-2-hydroxyphenyl)-3, 10-d1hydro—lH,3H—d1pyrano[3 4-b 4 3-e]pyndme-
4,6(7H,9H)-dione, _ e _ _
5-[4-fluoro-3-(trifluoromethylphenyl]-5, lO-dlhydro-lH,3H-dxpyrano[3 4-b4,3-
elpyridine-4,6(7H,9H)-dione, -

5-(3 4-d1chlorophenyl)—5 lO-chhydro-lH 3H-dipyrano[3, 4-b :4,3-e]pyridine-4,6(7H,9H)-

" dione,
'5-(2 1,3-benzoxadiazol-5-yl)-5, lO-dlhydro-lH,3H-dlpyrano[3 4-b:4 3-e]pynd1ne—

4,6(7H,9H)-dione,

-(5-mtro-2-thlenyl)-5 10-d1hydro-lH 3H—d1pyrano[3 4-b:4,3-e]pyridine-4, 6(7H,9H)-
dione,
5-(5-nitro-3-thienyl)-5, lO-thydro-lH 3H-d1pyrano[3 4-b:4 3-e]pynd1ne-4 6(7H 9H)-

- .dione,. ; . :
- (+) 9-(4-fluoro-3-iodophenyl)-2,3,5 9-tettahydro-4H—pyrano[3 4—b]thleno[2 3-e]pynd1n-
" - 8(7H)-one 1,1-dioxide, ~

(-) 9-(4-fluoro-3-iodophenyl)-2,3,5 9-te1rahydro-4H-pyrano[3 4-b]thxeno[2 3-.
e]pyridin-8(7H)-one 1,1-dioxide,
&) 5-(3-chloro-4-fluorophenyl)-2,3,5,7,8,9-hexahydro-1H-
cyclopenta[b](1,7]naphthyridine-4,6-dione, -

O] 5—(3-clﬂoro-4-ﬂuorophenyl)—2,3 5,7,8 9-hexahydro-lH—

~ cyclopentafb][1,7]naphthyridine-4,6-dione,

9-(3-bromo-4-fluorophenyl)-5,6,7,9-tetrahydrofuro[3 4-b][1 7]naphthyndme—l 8(3H,4H)-
dione, o _

(+) 9-(3-bromo-4-fuorophenyl)-5,6,7,9-tetrahydrofuro[3,4-b][1 Tipaphthyridie-
1,8(3H 4H)-dione,
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) 9-(3-bromo-4-ﬂuorophenyl)—5 6,7,9-tetrahydrofuro[3, 4-b][1 ,7Inaphthyridine-
1,8(3H,4H)-dione, Rl :
5-(3-bromo-4-fluorophenyl)-7,7-dimethyl-5,8,9,10-tetrahydro-1H-pyrano{3,4-b]quinoline-
4,6(3H,7H)-dione, |
(9R)-9-(3-bromo-4-fluorophenyl)-5, 9-dlhydro-3H-furo[3 4-b]pyrano[4 3-e]pyridine-
1,8(4H,7H)-dione,
(98)-9-(3-bromo-4-fluorophenyl)-5,9-dihiydro-3H-furo[3,4-b]pyrano[4,3-e]pyridine-
1,8(4H,7H)-dione,

10-(3-chloro-4-fluorophenyl)-3.4,6. lO—tetrahydro-2H~pyrano[3 4-b][1 6]naphthyndme-
1,9(5H,8H)-dione,

10-(3 4-dlchlorophenyl)-3,4,6,l0—tetrahydi‘o-2H—pyrano[3,4-b][l,6]naphthyridin_e-
1,9(5H,8H)-dione, |
l0-[4-chloro-3-(tnﬂuoromethyl)phenyl]-3 4 6 lO-tetrahydro-ZH—pyrano[B 4-

-b][1,6]naphthyridine-1,9(5H,8H)-dione,

10-(4-chloro-3-nitrophenyi)-3,4,6 10-tctrahydro-2H-pyrano[3 4-bj[1 6]naphthyndme-
1,9(SH,8H)-dione, : )
10-(3,4-dibromophenyl)-3,4,6. lO-teUahydro—ZH—pyranoB 4-b][1 ﬁ]mphthyndme-
1,9(5H,8H)-dione, 5
10—(S-nitro-3—thienylj-3,4,6,10—tetrahydro-2H—byfano[3,4—b][l,6]naphthyridine-'_, _
1,9(5H,8H)-dione, .
5-(3~bromo-4-fluorophenyl)-5,8,9,10-tetrahydro-1H-thiopyrano[3 4-b]qumohne- -
4,6(3H,7H)-d10ne,
5-(3-bromo-4-fluorophenyl)-5,7,8,9-tetrahydrocyclopentafb]thiopyranof4,3-e]pyridine-
4,6(1H,3H)-dione, and .
10-(3-bromo-4-fluorophenyl)-3,4,6,10-tetrahydro-2H-pyrano{3,4-b][ 1,6 Jnaphthyridine-

'1,9(5H,8H)-dione or a pharmaceutically acceptable salt, ester; amide, or prodrug thereof.
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Preparation of Compounds of The Invention - -
The compounds and processes of the present inven_t_ioﬁ will be better understood in
- connection with the following synthetic Schemes and methods which illustrate a means by
which the compounds of the invention can be prepared. | . o
5 . The compounds of this invention can be prepared by a variety of synthetlc routes.

Representative procedures are shown in Schemes 1-45.
Scheme 1
R

R7 _ 1. R
_ D D DYy’
. rD o S i/(])n NHs r N /(])n
_ \L + RCHO + A A A
A . o m ~ N /Ty

P @ Re o H R
4} @ o _ @ .

| Dihydropyridines of general formula (4), wherein A, A", D, D, R,, R, R,, mand n
10 areasdefined in formula I, can be prepared as desciibed in Scheme 1. Carbonyl =~
compounds of general formula (1), aldehydes of general formula (2), and carbonyl
'compounds of general formula (3) can be combined in the presence of ammonia with

 beating in a solvent such as ethanol to provide dlhydropyndm&s of general formula (4). -

s Scheme 2

AL COR cn\)k 0

- ®) T~ ,)k © base g
o A_ _COR '
- |

Cl : ; )] s ' (8
o lem ®

S ) o . .
Dicarbonyl compounds of general formula (8), wherein A is as defined in formula
1, can be prepared as described in Scheme 2. Esters of general formula (5), wherein Ais
selected from S or NR, and R, is as defined in formula I, can be alkylated with
20 chloroacetone to provide ketoesters of general formula (7). Ketoesters of general formula

(7) can cyclize in the presence of a base such as potassium tert-butoxide to provide
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dicarbonyl compounds of general formula (8). An alternative method of preparing
Ketoesters of general formula (7) can be used. Acid chlorides of general formula (6),
wherein A is O, prepared as described in (Terasawa, .J. Org. Chem. (1977), 42, 1163-
1169) can be txéated with dimethy] zinc in the presence of a palladium catalyst to provide
ketoesters of general formula (7).

Scheme'3 '
' o . . . :?0 R1 (o
. : | + NHa Lt | ’ ' I
A : R,CHO A \ A
o @ ~ N

@
. (10)

Symmetrical dihydropyridines of formula (10), wherein A=A' and A and R, are as
defined in formula I, can be prepared as described in Scheme 3. Two equivalents of
dicarbonyl compounds of general formula (8) can be treated with aldehydes of general
formula (2) and one equivalent of ammonia with heating in a solvent such as ethanol to
provide symmetrical dihydropyridines of general formula (10).

Scheme 4

O o] O R4 o)
é\k o b —— 1)
A o RICHO AN A ' . AN A
@® () (11) _ H
(10)

Dihydropyridines of general formula (10), wherein A, A', and R, are as defined in
formula I, can be prepared as described in Scheme 4. Dicarbonyl compounds of general
formula (8) can be treated with ammonia followed by addition of aldehydes of general
formula (2) and dicari:onyl compounds of general formula (11) with heatiﬁg in a solvent
such as ethanol to provide dihydropyridines of general formula (10).
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Scheme 5
(li 0 RO
. . 'A‘
- .

b m&

3 . H

1
( (14)

~ Dihydropyridines of general formula (14), wherein A, A', and R, are as defined in
formula 1, can be prepared as described in Scheme 5. One of the dicarbonyl components
(8) or (13) can be treated with ammonia followed by addition of aldehydes of general
formula (2) and the other dicarbonyl compound (8) or (13) with heating to provide

N -dihydropyridines of general fonnula (14). Dicarbony! compounds of general formula (1 3)

can be prepared as described in (d’Angelo Tett. Lett. ( 1991), 32 3063-3066; Nakagawa,
Heterocycles (1 979), 13, 477-495)

Scheme6
' o}
NaHB4 S HOOH rg:;:it | §=0
);»? ' m Na2W04 /EP? m
e . un (18) - (19')

Ketosulfones of general formula (19), wherein m is 1 or 2, can be prepared as
described in Scheme 6. _Reducuon of ketone (16) with sodium borohydnde (or the like) in
a solvent such as ethanol provides alcohol (17) which can be oxidized to the corresponding
sulfone (1 8) using an oxidizing agent such as hydrogen pgroxide catalyzed by sodium

tungstate. Oxidation of (18) using Jones reagent or the like provides the desired keto
sulfone (19). ° | ' '
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-Scheme 7.

(3) (1 9) (20)

Dihydropyridines of general formula (20), wherein A and m are as defined in
formula 1, can be prepared as described in Scheme 7. Dicarbonyl compounds of general
formula (8) can be treated with ammonia, followed by addition of (2) and ketosulfone (19)
with heating in a solvent such as ethanol to provide dihydropyridines of general formula

(20). An additional heating step, with an acid such as HCl, may be required to drive the

reaction to completion.
Scheme 8
. : R
R7' 1 . Ry
b _ Im/('l)n . rD Y D/(]).n
r \l + RCHO + A A N H,A' |
A NH, @  Rg " HRg ™

(22) @) i @ |
An alternate m'etﬂod of preparing dihydropyridines of general formula (4), wherein
A,A',D,D',R,, R, R,, mand n are as defined in formula L, can be used as described in
Scheme 8. Ené.mines of gengral formula (22) can be treated with aldehydes '(2)_and
carbonyl compounds (3) with heating in a solvent such as ethanol to provide
dihydropyridines of general formula (4).

Scheme 9

fi ﬁ ﬁ

(24)
- Enaminones of general formula (24), wherein A is as defined in formula I, can be

prepared as desctibed in Scheme 9. Dicarbonyl compounds (8) can be treated with an
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alcohol such as ethyl alcohol in the presence of an acid catalyst such as para-
toluenesulfonic acid to prov1de vinyl ethers of general formula (23), wherem R is lower
alkyl. mel ethers of general formula (23) can be treated with ammonia in a solvent such
as methanol to provide enaminones of general formula (24).

Scheme 10 _.
o] o o 0 Ry O
: ,/\'j\ T $1 + b NH, - %
CHO , A ' AL A
ANy g O N
@4 . (11) I  (10)

An alternate method of preparing dihydropyridines of general formula (10),
wherein A, A', and R, are as defined in formula I, can be used as described in Scheme 10.
Enaminones of general formula (24) can be treated with aldehydes (2) and dicarbonyls
(11) with heating in a solvent such as ethanol to prowde dihydropyridines of general

' formula (10)
Scheme 11
év B S é@ﬁ& éﬁﬂ
AL N,
@) @6) - (27) (28)

Dihydropyridines of general formula (28), wherein A, R, and m are as defined in
formula I, can be prepared as described in Scheme 11. Enaﬁinones of general formula
(24) can be treated with aldehydes (2) and dicarbonyl compounds of general formula (26)
with heating in a solvent such as ethanol in the presence of a base such as triethylamine to
provide a mixture of hemiatﬁinals of general formula (27) and dihydropyridines of general
formula (28). Hemiaminals (27) can be treated with heat in the présence of an acid such as
HCl in a solvent such as ethanol to provide dihydropyridines of general formula (28).
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Scheme 12
O Ry (‘)\
..O base _ §=0
CHO i
NAY 'm
(19) H OH .
(30) (20)

HCI

An alternate method of preparing dihydropyridines of general formula (20),
wherein A, R,, and m are as defined in formula ], éan be used as described in Scheme 12.
5 Enaminones of general formula (24) can be treated with aldehydes (2) and ketosulfones
(19) with heating in a solvent such as ethanol in the presence of a base such as
triethylamine to provide hemiaminals of general 'for.mula (30) and dihydropyridines of
general formula (20). Hemiaminals (30) and dihydropyridines (20) can be heated with
HCll in a solvent such as ethanol to provide dihydropyridines of general formula (20).

10
Scheme 13 . ' : _
Q Ry O
.. AI
: (24) (13) - N T
' (14)

An alternate method of preparing dxhydropyndmes of general formula (14),
wherein A, A, and R, are as defined in for_mula I, can be used as described in Scheme 13.
15 Enaminones of general formula (24) can be treated with aldchydes (2) and dicarbonyls
(13), from Scheme 5, with heating in a solvent such as ethanol in the presencé of a base
such as triethyl amine to provide dihydropyridines of general formula (14).
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Scheme 14

O R 0O
OR
NN

@) N

brominating
agent

@9)

_ _ (38)

_ thydropyndmes of genexal formula (37) and (38), wherein A, R,, and R; are as -
defined in formula I, can be prepared as described in Scheme 14. Enaminones of general
formula (24) can be treated with aldehydes (2) and acetoacetates of gencrai formula (32),
wherein R is lower alkyl, to provide dihydropyridines of general formula (33).

Dihydropyridines of general formula (33) can be treated with brominating agents such as

N-bromosuccinimide or pyridinium tribromide ina solvent such as methanol, ethanol,

isopropanol, or chloroform to prov1de dlhydropyndmes of general formula (35).

- Dihydropyridines of general formula (35) can be treated with primary amines of general

formula (36) or ammonia with heai ina solvent such as ethanol to prov1de
dihydropyridines of general formula (37). Dihydropyridines of general formula (35) can
be heated neat or m a solvent such as chloroform to provide dihydropyridinés of general
formula (38). | |
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Scheme 15
. .R7 R1 R
%) D. Dy
r\ll * RCHO + I (l'n — [ | /Q),,
A o N~ /R A N YA A
() @ Re HRg
(40) @

An alternate method of preparing dihydropyridines of general formula (4), wherein
A, A, D,D, R,, R, R,, m and n are as defined in formula I, can be used as described in
Scheme 15. Carbonyl compounds of general formula (1) can be treated with aldehydes (2)

- and enamines of general formula (40) with heating in a solvent such as ethanol to provide

dihydropyridines of general formula (4).

Scheme 16

ﬁ - — X
: CHO _ N )m :
® H

(42) _ (28)

An alternate method of preparing dihydropyridines of general formula (28),
wherein A, R, and m are as defined in formula I, can be used as described in Scheme 16.{__ N
Dicarbonyl compounds of general formula (1) can be treated with éldehydes (2) and
aminocycloalkenones of general formula (42) with heating in a solvent such as ethanol to
provide dihj(dropyridines of general formula (28). Aminocycloalkenones of general
formula (42) can be purchased co'mmercially such as 3-amino-2-cyclohexene-1-one
(Fluka) or prepared as described in (Kikani, B. Synthesis, (1991), 2, 176).

Scheme 17
Q0 2 40 Q.0
-4 ROH S S
acid NH3
S Z e Y/ —_— y/
m o ™ “or m NH,
(19) (44) (45)
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As shown in Scheme 17, enamines of general formula (45), wherein m is an integer
from 1-2, can be prepared as describe in Scheme 9. Carbonyl compounds (19) can be
converted to an intermediate enol ether of general formula (44) and thence to enamines of

general formula (45).
5
. _ Scheme 18
o o | i
A o CHO
@ ) .HaN m

) . 30 W o)
An alternate method of preparing dihydropyridines of general formula (20),
wherein A, R, and m are as defined in formula I, can be used as described in Scheme 18,
10 Diones of general formula (8) can be treated with aldehydes (2) and aminosulfones (45)
. with heating in a solvent such as ethanol in ﬂ1e_ presence of a base such as triecthylamine to
prdvide hemiaminals of general formula (3'(-))' and dihy.dropyridine's of general formula
(20). The resulting mixture of hemiaminals (30) and dihydropyridines (20) can be heated
with HCl in a solvent such as ethanol to provide dihydropyridines of general formula (20).

- i .
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+ ' OR
A -cuo > A I |
0
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(8) (2) (47) (33)
B | Scheme ) l _
. O R1 . (0} 0 R1 fo)
H H.
@7)  (38)

An alternate method of preparing dihydropyridines of general formula (37) and
(38), wherein A, R, and R, are as defined in formula I, can be used as described in Scheme
5 = 19. Diones of general formula (8) can be treated with aldehydes (2) and aminocrotonates
of general formula (47), wherein R is lower alkyl, to provide dihydropyridines of general -
formula (33) which can be processed as described in Scheme 14 to provide
dihydropyridines of general formula (37) and (38).

10 | Scheme 20 .

R1\ Dt / o Rz
D D D
,QN, " ORCHO o j (l)-“. e Ch ] /93
) @ & AL
“9) @
An alternate method of preparing dihydropyridines of general formula (4), wherein
A, A, D,D', R,, R, R,, m and n are as defined in formula I, can be used as described in .
Scheme 20. Carbonyls of general formula (1) can be treated with o.,f-unsaturated ketones
15 of general formula (49) in the presence of ammonia with heating in a solvent such as

ethanol to provide dihydropyridines of general formula (4).
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.Scheme 21
_ R4
S s )
0 e
o : CHO
m \)N m (2) O
(16) 0 (51) (52) m

Ri O
= *
€2 —
m .
(63) (54)

D1hydropyndmes of general formula (54), wherem A, R,, and m are as defined in
| formula 1, can be prepared as described in Scheme 21. B-Keto sulfides (1 6) can be treated
5 with secondary amines such as morphohne, pyrrolidine or piperidine to provide enamines
(51) which can be condensed with aldehydes (2) in an appropriate organic solvent to
‘provide sulfides of general formula (52). Sulfides of general formula (52) can be oxidized
wn:h an oxidant such as meta-ehleroperoxybenzoic acid to sulfoxides of general formula
- (53). Sulfoxides of general formule (53) can be treated with dicarbonyls (8) and a source
.10 of ammonia such as ammonia, ammonium acetate or ammonium hydroxide with heating
in a solvent such as ethyl alcohel or similar alcoholic solvent, acetonitrile or
dimethy}formamide to provide dihydropyridines of general formula (54).
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(56)

®) 6D | &8
Dihydropyridines of general formula (58), wherein A, A', R, and m are as defined
in formula I, can be prepared as describedl in Scheme 22. Carbonyl compounds (56) can
5 betreated with aldehydes (2) using the Aldol reaction to provide ketones of general
formula (57). The Aldol reaction and the conditions for this transformation are well
known to those skilled in the art. Preferrabiy, ketones of general formula (57) can be
prepared by conversion of (56) to an enamine of morpholine, pyrrolidine or piperidine -
followed by direct reaction with aldehydes (2). Ketones of general formula (57) canbe =
10 treated with diones of general formula (8) and ammonia to provide dihydropyridines of :

general formula (58). -
Scheme 23 -

' ) Ry n R4

D . Rz . R7

W e

NH, A ' A : y
(22) o R{H' m N Re/ (/4
| . (49) (4)
15 An alternate method of preparing dihydropyridines of general formula (4), wherein

A, A, D,D', R, R, R;, m, and n are as defined in formula 1, can be used as described in-
Scheme 23. Enamines of general formula (22) can be treated with o, 8-unsaturated kcténes
of general structure (49) with heating in a solvent such as ethanol to provide
dihydropyridines of general formula (4).
20
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Scheme 24
A - | o+ 5 >
o o m
(53) (54)

An alternate method for preparing dihydropyridines of general formula (54),
‘wherein A, R;, and m are as defined in formula 1, can be used as desctibed in Scheme 24.
5 Enaminones of general formula (7) can be treated with o,B -unsaturated sulfoxides (53)
with heating in a solvent such as ethyl alcohol or similar alcoholic solvent, acetonitrile or
dimethylformamide to provide dihydropyridines of general formula (54). |

- | | Schéme 25 ' | B
_ R,
o D/(]) Nty | ] D/(]) n
AN, b 5 / AN AN

10
. Dihydropyridines of general formula (62), wherein A, A", R,, D', Rg, R;, m, and n .-
‘are as defined in formula I,-can be prepared as described in Scheme 25. Carbonyls of
- geheral formula (60) can b_e treated wﬁh aldehydes (2) to provide a,B-unsaturated ketones -
, of general formﬁla (61) as described in (Eiden, F., Licbigs Ann.Chem., (1984), 11, 1759-
‘15 1777). a,B-Unsaturated ketones of general formula (61) can be treated with carbonyls of
' general .formula (3) in the presence of ammonia with heating in a solvent such as ethanol
to provide dihydropyridiens of general formula (62).

~Scheme 26

_ _ N
| t D, o7
S — %
_A 0o H2N /(\rm : ﬂRSH’m
61) | ° uo (62)
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An alternate method of preparing dihydropyridines of general formula (62),
wherein A, A’, D', R,, R¢, R;,’ m, and n are as defined in formula I, can be used as
described in Scheme 26. a,B-Unsaturated ketones of general formula (61) can be treated
with enamines of general formula (40) with heatmg in a solvent such as ethanol to provide
dlhydropyndmes of general formula (62).

Scheme 27
R R1 R7 R1 R
D D\ D D D DYy
g | | /(])" > T » /(B." — [ | n
BnN N A O N N~ A HN A
H Re .H m
(64) (65) (66)
R4
_ Ry
D Dy -
o — Y T A
RN /e,mA
H R,
67

Dihydropyridines of general formula (67), wherein D, I, A’, R,, Ry, Rg, R, m, and
n are as deﬁned in formula I, can be prepared as described in Scheme 27. )
Dlhydropyndmes of general formula (64) prepared as described in previous Schemes can
be treated with vinyl chloroformate to provxde dihydropyridines of general formula (65).
Dihydropyridines of general fbrixmla (65) can be treated with an acid such as hydrochloric -
acid in a protic solvent such as water or methanol with heating to provide dibydropyridines
of general formula (66). Dihydropyridines of general formula (66) can be alkylated using
standard chemistry known to those skilled in the art.
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Scheme 28 . .-
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Dihydropyridines of general formula (71) and (72), wherein A', D, D', Ry, R, Ry,
m, and n are as defined in formula I, can be prepared as described in Scheme 28.
s Dihydropyridines of general formula (68), prepared as described in previous Schemes in
. particular Schemes 11 and 16, can be debenzylated as described in Scheme 27 and then
treated with (8)-phenylmemthol chlorofonnate prepared from (-) 8-phenylmenthol in a
solvent such as teh'ahydroﬁxran, methylene chlonde, or chloroform or treated with (-) 8-
. phenylmenthol chloroformate directly to produce a mixture of dlastereomenc carbamates -
lo- of general formula (69) and (70). The diastereomers (69) and (70) can be separated by
~ column chromatography over silica gel and then treated wnh HBr in acetic acid to produce
. _'.c_he, enantiomeric dihydropyridines of general formula (71) and (72).

Scheme 29
O R o
' '
Ao A A
ﬁ m
(74) (75)

15
An alternate method of preparing dihydropyridines of general formula (75), = ~

wherein A, A’, R,, and m are as defined in formula I, can be accomplished as described in
Scheme 29. Dihydropyridines of general formula (74), from previous Schemes, can be
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reduced to provide dihydropyridines of general formula (75). Preferably, this
transformation can be accomplished by conversion of (74) to the iminoether with trimethyl

or triethyloxonium tetrafluoroborate and reduction with sodium borohydride.

Alternatively, the carbonyl can be converted to the thiocarbonyl using Lawesson's reagent.
Desulfurization of the thiocarbonyl can be accomplished with Raney Nickel under a-
hydrogen atmosphere. Desulfurization can also be accomplished by conversion to the
sulfonium species via addition of an alkyl halide such iodomethane and then reduction
with sodium borohydride. The carbonyl may also be reduced to the methylene under
conditions described in (Lakhvich, F.A, et. al., J. Org. Chem. USSR (Eng. Transl.) 25

(1989) 1493-1498).

Scheme 30

/\):fj:f) __Scheme2 O\)I(?
(77) '

(20)

An altemate method of preparing dihydropyridines of general formula (20),
wherein A, R,, and m are as descnbed in formula I, can be used as described in Scheme =
30. thydropyndmes of general formula (77), prepared as descnbed in previous Schemes .
can be processed as described in Scheme 29 to provxde dihydropyridines of general
formula (20). | .

Many of the starting aryl and heteroéryl aldehydes necessary to carry out
the methods described in the preceeding and following. Schemes may be purchased from
commercial sources or may be synthesized by known procedures found in the chemical
literature. Appropriate literature references for the preparation of aryl and heteroaryl
aldehydes may be found in the following section or in the Examples. For starting
materials not previously described in the literature the following Schemes are intended_ to
illustrate their preparation through a general methbd.

The preparation of aldehydes used to synthesize many preferred compounds of the

invention may be found in the féllowing _literature references: Pearson, Org. Synth. Coll.
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Vol V (1973), 117; Nwaukwa, Tetrahedron Lett. (1982), 23, 3131; Badder, J. Indian
Chem. Soc.-(1976), 53, 1053;. Khanna, J. Med. Chem. ( l 997), 40, 1634;. Rinkes, Recl.
Trav. Chim. Pays-Bas (1945), 64, 205; van der Lee, Recl. Trav. Chim. Pays-Bas (1926),
45, 687; Widman, Chem. Ber. (1882), 15, 167; Hodgson, J. Chem Soc. (1927), 2425;
Clark, J. Fluorine Chem. (1990), 50, 411; Hodgson, J. Chem. Soc. (1929), 1635; Duff, J.
Chem. Soc. (1951), 1512; Crawford, J. Chem. Soc. (1956), 2155; Tanouchi,J. Med.
Chem. (1981), 24, 1149; Bergmann, J. Am. Chem. Soc. (1959), 81, 5641; Other: Eistert,
Chem. Ber. (1964), 97, 1470; Sekikawa, Bull. Chem. Soc. Jpn. (1959), 3.2, 551.

Scheme 31 ' _
R10 ] . . - R‘IO
: A R12
H o H o
B @1)
Rio
~ RO"VOR RO” “OR
(82) (83)

" Meta, para-disubstituted aldehydes of general formula (81), wherein Ry, is selected

 from alkyl, haloalkyl, halo, haloalkoxy, alkoxy, alkylthio, -NZ,Z,, and -C(O)NZ,Z,,

wherein Z, and Z, are independently selected from hydrogen, alkyl, alkylcarbonyl, aryl,

arylalkyl, and formyl and R, is selected from nitro, halo, and alkylcarbonyl, can be

prepared according to the method described in Scheme 31. A para substituted aldehyde of
general formula (80) or the corresponding acetal pro_tectéd aldehydé of general formula

~ (82), wherein R is selected from alkyl or together with the oXy'gen atoms to which fhey are

attached foorma5or 6 membered ring wherein 1,3-dioxolanes are preferred, may by
subjected to conditions of an electrophilic _arométic substitution reaction to provide ‘
aldehydes of general formula (81) or protected aldehydes of general formula (83).
Preferred protecﬁng grdups for compounds of g‘enéral formula (82) and (83) include
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dimethyl or diethyl acetals or the 1,3-dioxolanes. These protecting groups canbe
introduced at the beginning and removed at the end to provide substituted aldehydes of

- general formula (81) using methods well known to those skilled in the art of organic

‘chemistry.
' Scheme 32 _ _
Rio R . T R.
' 12
HO/© HO” ¢ HO
(87) (88)

Aldehydes of general formula (88), wherein R, is selected from alkyl, haloalkyl,
halo, haloalkoxy, alkoxy, alkylthio, -NZ,Z,, and -C(O)NZ,Z,, wherein Z, and Z,are .
independently selected from hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and formyl
and R, is selected from nitro, halo, and alkylcarbonyl, can be prepared by the method
described in Scheme 32. A meta substituted phenol (86) is converted to the para ' .. .
substituted salicylaldehyde (87) by reaction with a ba‘sé 'such as 'so_dium hydroxide and a

| reagent such as trichloromethane or tribromomethane, known as the Reimer-Tiemann

reaction. An alternate set of reaction conditions involves reaction with magnésiuxp .
methoxide and paraformaldehyde (Aldred, J. Chem. Soc. Perkin Trans. 1 (1994), 1823).

.The aldehyde (87) may be subjected to conditions of an electrophilic aromatic substitution

reaction to provide meta, para disubstituted salicylaldehydes of general formula (8_8).

Schéme 33

Rio R | _
HO - HO | |
CHO ' -
(89) (88)

An alternative method of preparing meta, para disubstituted salicylaldehydes of ~
general formula (88), wherein R, is selected from alkyl, haloalkyl, halo, haloalkoxy,
alkoxy, alkylthio, -NZ,Z,, and -C(O)NZ,Z,, wherein Z, and Z, are independently selected
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from hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and formyl and R, is selected from
nitro, halo, and alkylcarbonyl, can be used as described in Scheme 33. A meta, para

disubstituted phenol of general formula (89) can be reacted with a base such as sodium

hydroxide and a reagent such as trichioromethane or tribromcmethane, known as the
Reimer-Tiemann reaction, to provide disubstituted salicylaldehydes of general formula .

~ (88). An alternate set of reaction conditions involves reaction with magnesium methoxide

and paraformaldehyde (Aldred, J. Chem. Soc. Perkin Trans. 1 (1994), 1823).

Br
Ry2

RO™ "OR
(90) ) (81)
An alternative method of preparing beniﬁldehydes of general formula (81),

_ _wherem R,,1i is selected from alkyl haloalkyl, chlonne ﬂuonne, haloalkoxy, alkoxy,
| alkyltlno, nitro, alkylcarbonyl arylcarbonyl -Nz.z2 and -C(O)NZ,Z,, wherein Z, and Z,
o are mdependently selected from hydrogen, alkyl alkylcarbonyl aryl, arylalkyl, and _
; formyl and R, is selected from alkyl hydroxyalkyl, a]kyltluo alkylcarbonyl and formyl .
| is described in Scheme 34, Protected benzaldchydes of general formula (90), wherem Ris
_. selected from alkyl or together with the oxygen atoms to which they are attached form a 5 _

~orb membered ring wherein 1 3-d10xolanes are preferred, can be converted to the 3,4-

dlsubstltuted benzaldehyde of general formula (83) via conversion to an intermediate lithio
or magnesio derivative, followed by reaction with an appropriate electrophile such as an
aldehyde, dia]kyldi-mﬂﬁde, a Weinreb amide, dimethylformamide, an alkyl halide or other
electrophile followed by deprotection of the acetal to 'prov'ide benzaldehydes of general
formula (81). -
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e
- RO” "OR RO OR ' O
(92) - (83) :
An alternative method of preparing benzaldehydes of general formula (81),
wherein R, is selected from alkyl, haloalkyl, chlorine, fluorine, haloélkoxy, alkoxy,
5 alkylthio, -NZ,Z,, and -C(O)NZ,Z,, wherein Z, and Z, are independently selected from
hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and formyl, R,, is selected from atkyl,
" hydroxyalkyl, alkylthio, alkylcarbonyl, arylcarbonyl; and formyl, can be used as described
in Scheme 35. Protected benzaldehydes of general formula (92), wherein R is selected - -
from alkyl or together with the oxygen atoms to which they are attached forma 5 or 6

"~ Scheme 35 .

10 membered ring wherein 1,3-dioxolanes are preferred can be processed as described in
Scheme 34 to provide benzaldehydes of general formula (81).

Scheme 36
R0 | . Ry
OH " o.
. O Ris
- 0"H . ®H
(94) ' . (95)
15 Benzaldehydes of general formula (95), wherein R,, is selected from hydrogen,

alkyl, alkylsulfonyl, aryl, heteroaryl, cyano, haloalkyl, halo, haloalkoxy, nitro, alkoxy,
alkylthio, -NZ,Z,, and -C(O)NZ,Z,, wherein Z, and Z, are independently selected from | _
hydrogen, alkyl, alkylcarbonyl, -aryl,- arylalkyl, and formyl, and R,; is selected from alkyl,
arylalkyl, and haloalkyl wherein preferred haloalkyl groups are selected from

20 diﬂuoromethﬂ, 2,2 2-trifluoroethyl and bromodifluoromethyl, can be prepared as )
described in Scheme 36. 3-Hydroxybenzaldehyde of general formula (94) can be treated
with suitable alkylating reagents such as benzylbromide, iodomethane, 2-iodo-1,1,1-
trifluoroethane, chlorodifiuvoromethane, or dibromodifluoromethane in the presence of
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base such as potassium carbonate, potassium tert-butoxide or sodium tert-butoxide, to
provide benzaldehydes of general formula (95). .The'sy;nthgsis of useful 3-
hydroxYBenzaldehydes of general formula (94) may be fouﬁd in the following literature
references: J. Chem. Soc. (1923), 2820; J. Med Chem. (1986), 29, 1982; Monatsh.
Chem. (1963), 94, 1262; Justus Liebigs Ann. Chem. (1 8_97);29_4,_ 381; J. Chem. Soc.
Perkin Trans. 1 (1990), 315; Tetrahedron Lett. (1990), 5495; J. Chem. Soc. Perkin Trans.
1 (1981), 2677.

Scheme 37.
' .'.O'H- o P _
B o7 -~ (e8) ' :

Benzaldehydes of general formula (98), wherein R;, is selected from hydrogen, -
alkyl, alkylsulfonyl, aryl, heteroaryl, cyano, haloalkyl, halo, haloalkoxy, nitro, alkoxy, = .
alkylthio, -NZ,Z,, and ~-C(O)NZ,Z,, wherein Z, and Z, are independently selected from

- hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and formyl, and R,; is selected from alky},
- arylalky, and haloalkyl wherein preferred haloalkyl groups are selected from . -

difluoromethyl, 2,2,2-trifluoroethyl, and bromodifluoromethyl, can be preparedas = . .

- described in Scheme 37. 4-Hydroxybenzaldehydes of general formula (97) can be treated
“with suitable alkylating reagents such as benzylbromide, iodomethane, 2-iodo-1,1,1-
" trifluoroethane, chlorodifluoromethane, or dibromodiﬂubrometha’ne, in the presence of

base such as potassium carbonate, potassium tert-butoxide or sodium tert-butoxide to

. provide benzaldehydes of general formula (98). The synthesis of useful 4-
" hydroxybenzaldehydes of general formula (97) may be found in the following literature

references: Angyal, J. Chem. Soc. (1950), 2141; Ginsburg, J. Am. Chem. Soc. (1951),
73, 702; Claisen, Justus Liebigs Ann. Chem. (1913), 401, 107; Nagao, Tetrahedron Létt.
(1980), 21, 4931; Ferguson, J. Am. Chem. Soc. (1950); 72, 4324; Barnes, J. Chem. Soc.
(1950), 2824; Villagomez-Ibarra, Tetrahedron (1995), 51, .9285 : Komiyama, J. Am.

46



10

15

20

WO 0024743

- PCTAUS99/25373

Chem. Soc. (1983), 105, 2018; DE 87255; Hodgson, 1. Chem. Soc. (1929), 469;
Hodgson, J. Chem. Soc. (1929), 1641. '

Scheme 38
R-|o.
NH,
O~ 'H )
(100) : - (81)

An alternate method for introduction of substituents at the 3-position of

" benzaldehydes of general formula (81), wherein Ry, is selected from hydrogen, alkyl, -

alkylsulfonyl, aryl, heteroaryl; cyano, haloalkyl, halo, haloalkoxy, nitro, alkoxy, alkylthio,
and -C(O)NZ,Z,, wherein Z, and Z, are independently selected from hydrogen, alkyl,
alkylcarbonyl, aryl, arylalkyl, and formyl can be used as described in Scheme 38. This
method, also known as the Sandmeyer reaction, involves converting 3-amino . -
benzaldehydes of general formula (100) to an intermediate diazonium salt with sodium-
nitrite. The diazonium salts can be treated with a bromine or iodine source to provide the. -
bromide or iodide. The Sandmeyer reaction and conditions for effecting the _
transformation are well known to those skilled in the art of organic chemistry. The types.
of R,, substituents that may be introduced in this fashion include cyano, hydro:ﬁy; or halo. -
In order to successfully carry out this transformation it may in certain circumsté.nces be
advantageous to perfonﬂ the Sandmeyer reaction on a protected aldehyde. - The
resulting jodide or bromide can then be treated with unsaturated halides, boronic acids or
tin reagents in the presence ofa palladmm catalyst such as
tetrakis(triphenylphosphine)palladium (0) to provxde benzaldehydes of general formula
(81). The diazonium salts can also be treqt_ed d_nje_ctly with unsaturated halides, boronic
acids or tin reagents in the pr_esehce of a palladium catalyst such as |

o tet_rakis(triphenylphosphine)pal_ladiurh (0) to provide benzaldehydes of geﬁeral formula
(81).
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- ... Scheme39 - - - .
NH, L Ry
O” 'H - 0%H
(102 (81)

An alternate method for introduction of substltuents at the 4~posmon of
benzaldehydes of general formula (81), wherein R,, is se]ected from hydrogen, alkyl,
alkylsulfonyl, aryl, heteroaryl, cyano, haloalkyl, halo, haloalkoxy, nitro, alkoxy, alkylthio,
and -C(O)NZ,Z,, wherein Z, and Z, are independently selected from hydrogen, alkyl,

* alkylcarbonyl, aryl, arylalkyl, and formyl, can be used as deeeﬁbcd in Scheme 39. This

'method, also known as the Saridmeye;'reaction, involves coﬁvertiog 4-amino _
benzaldehydes of general formula (102) to an intermediate diazonium salt with sodium

nitrite and then treatmg the dlazomum salts ina sumlar manner as that described in

Scheme 38. The types of Rm substntuents that ‘may be mtroduced in th1s fashlon include

~ cyano, hydroxy, or halo The Sandmeyer reactlon and condmons for effectmg the
) transformatlon are well known to those skﬂled in the art of orgame chemlstry In order to

successfully carry out this transformatlon it may m certam clrcumstances be advantageous :

_ | to perform the Sandmeyer reaction ona protected aldehyde '_ |

" Scheme40

NH; - - (Ch) Br
OCF; . _ o _ OCF;
1) Ac,0 ' -
2) BuLi, DMF
Br - 3) H,804 _
4) Sandmeyer . 0" H

 4-Bromo-3-(trifluoromethoxy)benzaldehyde o 4-chloro-3-

' (tr_iﬂuoromethoxy)benzaldehyde can be prepared as described in Scheme 40. The

eommereially available 4-bromo-2-(triﬂuoromethoxy)aniliﬁe can be protected on the
amino group with a suitable N-protecting group well known to those skilled in the art of

organic chemistry such as acetyl or tert-butoxycarbonyl. The bromine can then be
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converted to the lithio or magnesio derivative and reacted directly with
dimethylformamide to provide the 4-aminoprotected-3-(trifluoromethoxy)benzaldehyde
derivative. Removal of the N-protecting group followed by conversion of the amine to a
bromide or chloride via the Sandmeyer method of Scheme 38 followed by hydrolysis of
the dioxolane provides 4-bromo-3-(trifluoromethoxy)benzaldehyde or 4-chloro-3-..
(trifluoromethoxy)benzaldehyde.

' Scheme 41 - _ _
- CFp ~ CFs CFs -
. ? : _ (}rNOZ @Noz .
O” “oH 07 “oH OH
_ CFs : Fs CF3
I N S x @ X
| B . CHO -
N OH - OH

- (104) (105)
' 4-Trifluoromethylbenzaldehydes of general formula (105), wherein X is selected )

from cyano, nitro, and halo may be prepared according to the method of Scheme 41. 4-

Trifluoromethylbenzoic acid is first nitrated, using suitable conditions well known in the
literaturé such as nitric acid with sulfuric acid, and the carboxylic acid group reduced with
borane to provide 3-nitro-4-trifluoromethylbenzy! alcohol. From this benzyl alcohol may
be obtained the 3-nitro-4-trifluoromethylbenzaldehyde by oxidation with typical reagénts
such as manganese dioxide. The nitro benzylic alcohol can be reduced to the aniline using
any of a number of different conditions for effecting this transformation among which a
preferred method is hydrogenation over @ palladium catalyst. The aniline can be converted
to either a halo or cyano substituent using the Sandmeyer reaction described in Scheme 38.
Benzyl alcohols of general formula (104) can be oxidized using conditions well known to
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those skilled in the art such as manganese dioxide or Swern conditions to provide

“benzaldehydes of general formula (105):

For certain aromatic ring substitutions of R, for compounds of the present
invention it is preferable to effect transformations of the aromatic ring substitutions after
the aldehyde has been incorporated into the core structure of the present invention. As
such, compounds of the present invention may be further tr__an_sforined to.other distinct
compounds of the present invention. These transformations involve Stille, Suzuki and
Heck coupling reactions all of which are well known to those skilled in the art of organic
chemistry. Shown below are some representative methods of such transformations of

compounds of the present invention to other compounds of the present invention.

[

" Scheme 42 -

1. Di-t-butyldicarbonate
" DMAP, MeCN

2. Pd(PPhg)y, RezSniR)s
DMF, 110°C

are as defined in formula I, R,, is selected from hydrogen, alkyl, alkylcarbonyl,

" alkylsulfonyl, aryl, heteroaryl, cyano, haloalkyl, chlorine, fluorine, haloalkoxy, nitro,

alkoxy, and alk'ylthio,'and' -C(O)NZ,Z,, wherein Z, and Z, are independently selected from
hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and formyl, R“ is selected from hydrogen,
hydroxy, alkoxy, haloalkoxy,'and.arylalkoky, R,, is selected from alkyl, viny), aryl,
heteroaryl, cyano and the like, can be prepared as described .in Scheme 42. Compounds of
general formula (1 07),;vherein X is selected frdxﬁ_brdmine, .i_odine, and triflate, are
protected with a tert-butoxycarbonyl (Boc) gréup using standard procedures. The aromatic
bromide, iodide, or triflate can be treated with a suitable tin, boronic acid, or unsaturated

halide reagent in the preseﬁoe ofa palladium catalyst with heating in a solvent such as
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dimethylformamide to effect a coupling reaction that provides dihydropyridines of general
formula (108). The conditions for this transformation also effect the removal of the Boc

protecting group.

Scheme 43
X "
Rio
Ry
: 1. Di-t-butyldicarbonate
D - Ry " DMAP, MeCN
[ | /lf /(1)_n 2. Pd(PPh3)4° R12Sn(R)a
N / - DM :
H Rs

{110)

Dihydropyridines of general formula (111), wherein A, A', D, D', R;, R;,m,and n
are as defined in formula I, R, is selected from hydrogen, alkyl, alkylcarbonyl, -
alkylsulfonyl, aryl, heteroaryl, cyano, haloalkyl, chlorine, fluorine, haloalkoxy, nitro,
alkoxy, alkylthio, and -C(O)NZ,Z,, wherein Z, and Z, are independently selected from
hydrogen, alkyl, alkylcarbonyl, aryl, arylalkyl, and formyl, R,, is selected from hydrogen,
hydroxy, alkoxy, haloalkoxy, and arylalkoxy, Ry, is selected from alkyl, vinyl, aryl,
heteroaryl, cyano and the like, can be prepared as described in Scheme 43.
Dlhydmpyndmes of general formula (110), wherein X is selected from bromine, 1odme,
and triflate, can be protected with a tert-butoxycarbony! (Boc) group using standard
procedures. The aromatic bromide, iodide, or triflate can be reacted with a suitable tin,
boronic acid, or unsaturated halide reagent in the presence of a paHadium catalyst with
heating in a solvent such as dimethylformamide to effect a coupling reaction that provides
dihydropyridines of general formula (111). The conditions for this transformation also
effect the removal of the Boc protecting group.
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- Scheme 44
CFa
1. Di-t-butyldicarbonate
DMAP, MeCN
2. Pd(PPhg), - J\ /R7n
RZn' CFy AL /ﬁ'm'

lf)ihydropyn'dincs of general formula (113), wherein A, A', D, D', R, R;,m,andn
are as defined in fonnulaI Ry is selected from hydrogen, alkyl, alkylcarbonyl

 alkylsulfonyl, aryl, heteroaryl cyano; haloalkyl, chlorine, fluorine, haloalkoxy, nitro,

alkoxy, alkylthio, and -C(())NZ,Z2 wherem Z, and Z, are mdependently selected from

hydrogen, alkyl, alkylcarbonyl aryl, arylalkyl, and formyl and R;, i is selected from
:hydrogen, hydroxy, alkoxy, haloalkoxy and arylalkoxy, can be prepared as described in

Scheme 44, Dlhydropyndmes of general formula (107), wherem X is selected from -

i: bromme, lodme and tnﬂate can be protected with a tert-butoxycarbonyl (Boc) group using
'. standard procedures The aromatrc bromlde rodrde, or tnﬂate can be treated with a .
-smtable halozmc reagent in the presence of a pallad.lum catalyst with heatmg ina solvent .
such as drmeﬂxylformaxmde foeffecta couplmg reaction that provxdes d1hydropynd1nes of
general formula ¢ 13) The conditions for this transformation also eﬁ'ect the removal of
 the Boc protectlng group The types of meta substituents that may be introduced in this
 fashion include trihalopropeny! and more specifically the trifluoropropenyl group.
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CFs
Ro Rio
1. Ditbutyldicarbonate ~ Rai
DMAP, MeCN -
D:/R7 2. Pd(PPhy), T D! /R7
i /'9 ' n 1 (])

n
Rz "CFy A N R{Q,mA
| _ (116)
Di_hydropyridines of gene;al for_‘mﬁla (116), wherein A, A', D, D', R, R;, m and n
. are as defined in formula I, R, is selected from hydrogen, alkyl, alkylcarbonyl,
alkylsulfonyl, aryl, heteroaryl, cyano, haloalkyl, chlorine, fluorine, haloalkoxy, nitro,
alkoxy, alkylthio, -C(O)NZ,Z,, wherein Z, and Z,are independently selected from
hydrogen, alkyl, alkylcarbpnyl, aryl, arylalkyl, and formyl, R, is selected from hydroge_n,
hydroxy, alkoxy, haloalkoxy, and arylalkoxy, can be prepared as described in Scheme 45.
Dihydropyridines of general formula (110), wherein X is selected from bromine, iodine,
and triflate can be protected with a tert-butbxycﬁrbdnyl (Boc) group' ﬁsing standard e

procedures. The aromatic bromide, jodide, or triflate can be treated with a suiiable G
'~ halozinc reagent in the presence ofa paltadium éatalysi with heating in a solvent suchas
dimethylformamide to effecta coupling reaction that provides dihydropyridines of general - : .
formula (116). The conditions for this transformation also effect the removal of the Boc.
protecting group. The types of para substituents that may be introduced in this fashion
include trihalopropenyl and more specifically the trifluoropropenyl group.
In addition to the use of the method illustrated in Scheme 28, individual
| enantiomers of éompounds of the present Invention may also be séparated by chiral
chromatography. | | | _
The following methods are lini_;ended as an illustration of and not a limitation upon
the scope of the invention as deﬁncd. in the appended claims. Further, all citations herein

are incorporated by reference.
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4.6(7H.9H)-dione

A solution of teu'ahydropyran-3 5-dione (Terasawa, J Org. Chem. (1977), 42,
1163-1169) (1.2 g, 10.5 mmol), -bromo-4—ﬂuorobenzaldehyde (11g, 5.4 mmol) and

* 2.0M ammonia in ethyl alcohol (8 mL, 16 mmol) was heated in a sealed tube to 80 °C for

36 hours and then allowed to cool to ambient temperature. ’I‘_h_e ihsoh;bles were filtered off
and the filtrate evaporated to dryness. The residue was puri!ied'by flash chromatography

over silica gel (5% methanol/methylene chloride) to pmvidé_an orange foam that was

' triturated with ether and ethyl acetate to provide the title compound (1 1 1 mg) as an orange
 solid. | o o
mp >250 °C;

MS (APCI(+)) m/z 392 (M-H);

H NMR (DMSO-d‘) 5 4.06 (s, 4H), 4. 41-4 60 (AB qu, 4H), 4.94 (s, lH), 7. 19-7 32m,

2H), 7.42 (dd, 1H), 10.12 (br s, 1H);

 Anal. Caled for C,,H,;BrFNO,0.5 H,0: C, 50.64; H, 3 49; N 3.47. Found: c,so 66; H, -

356N 3.90.

o o Example2 . o
5-(3-bromo —fluo henl2358910-hexahdrobenzo 1,7Inaphth idine-
4.6( lH,jm )-dione hxdrochlond _ -

| 4,6(1H.7H)-dione hydrochloride
A solution of 3-amino-2-cyclohexen-1-one (0.55 g, 5.0 mmol), 3-bromo-4-
ﬂmrobenz_aldehyde (1.01 g, 5.0 mmol) and N-benzylpiperidine-3,5-dione (Ziegler, J.
Amer. Chem, Soc. (1973), 95, 7458-7464) (1.01 g, 5.0 mmol) was heated for 3 days in
ethyl alcohol (10 mL) in a sealed tube and then allowed to cool to ambijent temperature.

The solvent was evaporated and the residue was purified by flash chromatography over
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silica gel (5% ethanol/methylene chloride) to provide thg title compound (0.84 g) which
was converted to the HCI salt.. '

mp 240-241 °C;

MS (DCINH;) m/z 481 (M+H)";

'H NMR (CDCl;)(free base) 5 2.0 (m, 2H), 2.67 (m, 2H), 248 (m, 2H), 3.05-3.48 (m,
4H), 3.7 (m, 2H), 5.1 (s, 1H), 6.05 (bs, 1H), 6.99 (1, 1H), 7.32 (m, 6H), 7.41 (dd, lH);
Anal. Calcd for C,;H,,BrFN,0,HCl: C, 57.99; H, 4.48; N, 5.41. Fou_1_1di C, 57.87; H, 4.46;

"N, 5.35.

Example 2B
vinyl 5+ 3-bromo-4—‘ﬂuoro henyl)-4.6-diox0-3,4.5.6.7.8.9.10-

~ octahydrobenzo[b][1.7 Inaphthmdme-Zg 1H)-carboxylate

A solution of the free base of the product from Example 2A (0.40 g, 0. 83 mmol) in
methylene chloride (50 mL) was treated with vinyl chloroformate (0.085 mL) and allowed
to stir at ambient temperature overnight. The solvent was evaporated and the residue was
purified by flash chromatography over silica gel (5:95:1 ethanol/m_ethylerie. _ _
chloride/saturated ammonium hydroxide) to provide the title compound (025 g). .. -
MS (ESI(+)) m/z 461 (M+H)'; '_ I
'H NMR(CDCl,) § 2.08 (m, 2H), 2;4 (m, 2H), 2.55 (m, 2H), 3.9 (d, IH), 4.15(d, 1H), 4.43
(d;1H), 4.57 (d, 1H),4.75 (d, iH), 4.85 (d, 1H), 5.12 (s, 1H), 6.9 (t, 1H), 7.14_(m,1H), 7.3
(m, 1H), 7.48 (m, 1H).

Example 2C _ _
3-(3-bromo-4-fluorophenyl)-2.3,5.8.9,10-hexahydrobenzo[b](1.7]naphthyridine-

- 4.6(1H.7H)-dione hydrochloride
A solution of the product from Example 2B (0.25 g) in ethyl alcohol (20 mL) was

treated with 6M HCI (20 mL) and heated to reflux for 1.5 hours. The ethyl alcohol was
evaporated and the aqueous portion basified with 1N sodium hydroxide. The basified
solution was extracted with methylene chloride (3x). The combined methylene chloride
extractions were concentrated and the residue was purified by flash chromatography over
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silica éel (10:90:1 ethaﬁol/methjlene chloride/saturated ammonium hydroxide) to provide
the title compound (0.10g) which was converted to the hydrochloride salt. '
mp 220-222 °C; - |

MS (ESI(+)) m/z 391 (M+H)*;

*MS (ESK-)) m/z 389 (M-H);

' NMR (DMSO-d,) (free base) § 1.72-2.0 (m, 2H), 2.21 (t, 2H), 2.51 (m, 2H), 3.17 (s,
2H), 3.58 (m, 2H), 4.89 (s, 1H), 7.19 (m, 2H), 7:4 (m, 1H), 9.6 (s, 1H);

Anal. Caled for C,iH,,N,FBrO,HC!: C, 50.67; H, 3.78; N, 6.51. Found: C, 50.73; H, 4.34;
N, 6.18.

Example 3 -

5-(3-bromo-4-fluorophenyl)-2-methyl-2.3.5.8.9.10-hexahydrobenzo[b][1.7Inaphthyridine-

4,6(1H.7H)-dione hydrochloride |
A solution of the product from Example 2C (0.10 g) in methyl alcobol (4 mL) was

" treated with 37% aqueous formaldehyde (04 mL), sodium cyanoborohydride (23 mg) and
- glacial acetic acid (added dropwise to bring the pH to 5) and allowed to stir overnight at

ambient temperature. The reaction mixture was concentrated and the residue pa_rtifioned -'
between agneous sodium-bicarbonate and methylene chloride. The methylene chloride
layer was dried - with 'sodium sulfate; filtered, and the solvent evaporated to provide the free

‘base of the title compound (70 mg). The free base was converted to the hydrochlofide salt

and crystallized from ethanol_/ether.

mp 248-250 °C; '

MS (APCI(+)) m/z 405 (M+H)"; - o

'y NMR"(DMSO-dﬁ) (free base) 5 1.78-2.0 (m, 2H), 2.22 (m, 2H), 2.29 (s, 3H), 3.1 (m,
2H), 3.5 (m, 2H), 4.83 (s, 1H), 7.15 (m, 1H), 7.2 (t, 1H), 7.37 (dd, 1H), 9.72 (s, 1H);

Anal. Calcd for C,,H,,N,FBrO,HCI: C, 51.78; H, 4.11; N, 6.35. Found: C, 51.73; H, 4.40;
N, 6.21.
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bl[1 hthyridine-4.6(1H.7H)-dione.
A solution of N-benzylpiperidine-3,5-dione (Ziegler, J. Amer. Chem. Soc. (1973),

95, 7458-7464) (2.2 g, 10-mmol), 3-bromo-4-fluorobenzaldehyde (1.02 g, 5.0 mmol) and

_ 2.0 M ammonia in ethyl alcohol (2.5 mL) was heated in ethyl alcohol (10 mL) at 70 °C for |

3 days. The reaction mixture was allowed to cool to ambient temperature and was
concentrated. The residue was purified by chromatography over silica gel (5%
ethanol/methylene chloride) to provide the title compound (0.62g).

MS (ESI(-)) m/z 570 (M-H); - o
'H NMR (DMSO-d,) 8 2.97 (4, 2H), 3.16 (m, 2H), 3.42 (m, 3H), 3.61 (q, 4H), 4 82(s,
1H), 7.13-7.42 (m, 13H), 9.32 (s, 1H). |

bi[1.7]naphthyridine-2.8(1H.3H)-dicarboxylate ‘
A solution of the product from Example 4A (0.5 g, 0.87 mmol) in methylene

chiloride (5 mL) was treated with vinyl chloroformate, (0.16 mL, 1.9 mmol) and allowed to
| stir at ambient temperature overnight. The solvent was evaporated and the residue purified

by flash chromatography over silica gel (8:2 ethylacetate/hexane) to provide the title
compound (0.30 g). ' ' ' '

MS (ESI(+)) m/z 532 (M+H)";

'H NMR (DMSO-d,) & 3.95 (d, 2H), 4.2 (d, 2H), 4.46 (d, 2H), 4.65 (d, 2H), 4.77-4.94 (m,
4H), 5.15 (s, 1H), 7.0 (t, 1H), 7.1 (d, 1H), 7.14 (d, 1H), 7.32 (m, 1H), 7.4 (m, 1H).
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4.6(1EL7H)-dione divdrochloride
A solution of the product from Example 4B (0.22' g, 0.41 mmol) in ethyl alcohol (5
mL) was treated with concentrated hydrochloric acid (0.10 mL), refluxed for 3 hours,
allowed to cool to ambient temperature and treated with ether The resulting solid

precipitate was collected and dried to provide the title compound 0.12 g).

MS (ESI(-)) m/z 391 (M-H)’;

"H NMR (DMS0-d,) 8 3.78 (9, 4H), 4.22 (q, 4H), 4.95 (s, lH), 7.22 (t, 1H), 7.32 (m, lH)
7.48 (dd, 1H), 1148 (s, 1H),

- Aval. Caled for CypHN;OFBr2HCI: C, 43.90; H, 3.68; N 903 Found: C, 4445 H,

3.86;N,875.

A solution of 3-amino-2-cyclopenten- 1-one (Kikani, BB., Synthesis, (1991), 2,
176)(0.97 g, 10 mmol), 3 -bromo-4-ﬂuorobenza1dehyde 2.0 k2 10 mmol) and N-
benzylpiperidine-3, 5-dione (Ziegler, J. Amer. Chem Soc. (1973), 95, 7458-7464) (2.2 g,
10 mmol) in ethyl alcohol (10 mL) was heated to reflux for 72 hours and then allowed to

cool to ambient temperature. The solvent was evaporated and the re51due was purified by

* flash chromatography over silica gel (5% ethanol/methylene chloride) to prov1de the title

compound (3.0 g).

MS (ESI(-)) m/z 465 (M-H);

'H NMR (DMSO0-d,) 5 2.28 (m, 2H), 2.5-2. 7 (m, 21—1), 3.07 (AB qu, 2H), 3.4 (m, 2H), 3.65
(s, 2H), 4.65 (s, 1H), 7.15-7.45 (m, 8H), 10.25, (s, 1H).
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 46-dioxo-134,5.6.7.8 SH-cyclopentalbl[L 7inaphthyridine-2-carboxylate

A solution of the product from Example 5A (1.9 g, 4. 0 mmol) in THF (30 mL) was
treated with 8-phenylmenthol chloroformate prepared from (-)-8-phenylmenthol as
described in (Yamamoto, Y., J.Amer.Chem.Soc. (1992), 114, 121-125) (1.45 g, 4.92 |
mmol) in THF (10 mL), stirred for 3 days at ambient temperature and partitioned between
aqﬁeous sodium bicarbonate and methylene chloride. The organic layer was separated, B
dried with sodium sulfate, filtered and concentrated to provide a mixture of dlastereomenc |
carbamates. The diastereomeric mixture was subjected to column chromatography over
silica gel (20% hexanes/ethyl acetate) to provide the title compound (0.32g) as the less
polar diastereomer and mixed fractions containing both diastereomers (0.9 g).

MS (ESI()) m/z 635 (M-H)'; |
lHNMR (DMSO-dG) 5 0.8 (m, 4H), 1.1 (s, 3H), 1.18 (m, 2H), 1.22 (s, 3H), 1 6 (m, 2H),
1.8 (m, 1H), 2.02 (m, 2H), 2.3 (m, 2H), 2.6 (m, 1H), 2.75 (m, 1H), 3. 02(d 1H), 3. 62(d,
1H), 3.9 (d, 1H), 4.58 (d, 2H), 4.68 (s, 1H), 7.02-7.38 (m, 8H).

1R,28.5R)-5-methyl-2-(1-methyl-1-phenylethylcyclohexyl 5-(3-bromo-4-flucrophenyl)- |

4 6-dioxo-1.3.4.5.6.7.8.9-octahydro-2H-cvclopentalblf1 7Inaphthyridine-2-carboxylate

The diastereomeric mixture from Example 5B was crystallized from ethyl alcohol
to provide the title compound (0.45 g) as the more polar diastereomer.

MS (ESI(9)) m/z 635 (M-H);

'H NMR (DMSO-d,) & 0.82 (d, 3H), 1.02 (5, 3H), 1.18 (s, 3H), 1.18 (m, 2H), 1.58 m,
2H), 1.68 (s, 1H), 1.98 (m, 2H), 2.3 (m, 2H), 2.61 (m; 1H), 2.75 (m, 1H), 3.2 (m, 1H), 3.6
(m, 2H), 4.0 (m, 1H), 4.52 (m, 2H), 4.5 (s, 1H), 6.45(m, 1H), 6.82 (m, 2H), 7.1 (m, 2H),
7.25 (m, 2H), 7.41 (m, 1H).

59



10

15

20

30

. WO 00/24743 PCT/US99/25373

- Example 5D ‘ _
-)=5-(3-bromo-4-fluo 1)-2.3.5.7 9~he dro-1H-
lopental{blf1.7inaph e—4 6-d10neh drochlo de

A solution of the product from Example 5B (0. 32 8 0. 52 mmol) was ireated with
8% hydrogen bromide in acetic acid (4 mL), heated to 50 °C for 48, allowed fo cool to
ambient temperature, neutralized with concentrated amm_o_g;pm hydroxide, and extracted
with methylene chloride (3'%). The combined organic layers were dried with sodium
sulfate, filtered, and concentrated. The residue was purified by ﬂash c_:hiomatography over
silica gel (10%ethanol/ammonia saturated methylene chloride) to proﬁde the title

, compound (0.10 g) as the free base which was converted to the hydrochlonde salt.
[0, -125.88° (DMSO);

MS (ESI(-)) m/z 375 (M-H);.

' 'H NMR (DMSO-d,) (free base) 5 2.28 (t, 2H),2 53-2.76 (m, 2H), 3.18 s, 2H),3 62(d,
 2H),4.67 (s, 1H), 7.2 (d, 2H), 745 (4, 1H) 10.1 (s, 1H);.

" Anal. Caled for C,,H,,N,FB:O;HCIOSH,O C,48.43; H,4.08; N, 6.28. Found: C, 48. 42;
"H,359N664 R "

cyclopentalb{1.7inaphthyridine-4.6-dione hydrochloride
A solution of the product from Example 5C (0 25 g, 0. 41 mmol) in acetic acid (3
mL) was treated with 48% hydrogen bromide and was heated for 3 days at 50 °C. The
reaction mixture was allowed to cool to ambient temperature, neutralized with

* concentrated ammonium hydroxide, and extracted with methylene chloride. The combined

organic phhses were dried with sodium sulfate, filtered concentrated. The residue was

o punﬁed by flash chromatography over silica gel (10% ethanol/ammoma saturated
'methylene chioride) to provide the title compound (0.070 g) as a free base which was

converted to the hydrochloride salt.
[o]?’, +117.64° (DMSO);
MS (ESK-)) m/z 375 (M-H);
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'H NMR (DMSO-d,) (free base)  2.28 (t, 2H), 2.52-2.65 (m, 2H), 3.18 (s, 2H), 3.52 (4,
2H), 4.68 (s, 1H), 7.2 (m, 2H), 7.43 (4, 1H) 10.1 (5, 1H);

Anal. Caled for C,,H,;N,FBrO;HCI0.5H,0: C, 48.43; H, 4.08; N, 6.28. Found: C, 48.83;
H,3.97;N, 6.32.

4.6(1H.7H)-dione hydrochloride

Example 7A

1R 2S.5R)-5-methyl-2-(1-methyl-1-phenyleth clohexvl 5 3-brom_ -fluorophenyl)-
4.6-dioxo-3.4.5 8.9.10-octahydro 1 hthyridine-2 -carboxylate

The product from Example 2A (1.23 g, 2.5 mmol) was treated according to the
method descnbed for Example SB. The diastereomeric mixture was sub_}ected to column
chromatography over silica gel (4:1 ethyl acetate/hexanes) to provxde both the title
compound as the less polar diastereomer (0.32 g) and the more polar diastereomer
(030 ). - | o
MS (ESI(-)) 649 (M-H);

| 'HNI\?IR(CDCla)ﬁo-SS(d,SHi 0.9 (uu, 1H), 1.13 (m, 1H), 1.19 (s, 3H), 1.28 (m, 2H), s

132 (s, 3H), 1.72 (m, 2H), 1.88 (m, 1H), 2.05 (m, 3H), 2.38 (m, 2H), 2.51 (m, 2H), 2.72

| @ lH),356 (d, 1H), 3.82 (d, 1H),4.71 (m, 2H), 5.07 (s, 1H), 6.92 (t, 1H), 7.12 (m, 1H), o

7.28 (m, 6H).

Example 7B - o _
28.5R)-5-methyl-2-(1-methy}-1-phenylethylcyclohexy! 5-(3-bromo-4-fluorophenyl)-
| 4.6-dioxo-3.4.5.6.7.8.9.10-octahydrobenzo[b][1.7Inaphthyridine-2( Lﬂl )-carboxylate
The more polar diastereomer from Example 7A (6.30 g) was crystallized from
methylene chloride/ether to provide the title compound (0.24 g). |
MS (ESI(-)) m/z 649 (M-H)";
'H NMR (CDCl,) 5 0.88 (d, 3H), 0.92 (m, 1H), 1.13 (s, 3H), 1.18-1.32 (m, 6H), 1.73 (m,
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2H), 1.92 (m, 1H), 2.05 (m, 3H), 238 (m, 2H), 2.53 (m,2H),281 (d, 1H), 3.2 (d, 1H), 3.9
(d, 1H), 4.56 (4, 1H), 4.75 (m, 1H), 5.1 (s, 1H), 6.41 i, 1H), 6.8 (m, 2H), 7.05 (m, 1H),
7.12 (4, 1H), 7.31 (m, 1H), 7.4 (m, 1H), 7.5.(d, 1H).

Example 7C .
(2)-5-(3-bromo-4-fluoropheny])-2,3,5,8.9,10-hexah aphthyridine-
 4,6(11.7H)-dione hydrochloride
The product from Example 7A (0.32 g) was treated according to the method
described for Example 5D to provide the title compound (0.125g) as the free base which
was then converted to the hydroch’loridé- salt.
[a], -10° (CH,CN);
MS (ESI()) m/z 389 (M-H);

| NMR (DMSO-d,) (free base) & 1.72-1.99 (m; 2H) 2.22 (1, 2H), 2.98 (m, 1H), 3.15 Gs,
| .;2H),34(m,2H),357(s,2H),4ss(s 1H), 7.18 (m, 2H), 7.4 (4, 1H); |
 Anal, Calcd for C,,H,sBrFNzolHCl €,50.67; H, 3.78; N, 6.57. Found: C, so 18; H, 4.22;

N6. 16.

4.6(1H.7E eh drochlonde _
The product ﬁ'om Example 7B (0.24 g) was treated accordmg to the method

descnbed for Example 5D to provide the title compound (0.070 g) as the free base which
|  was converted to the hydrochloride salt.

[0, +9.52° (CH,CN);
MS (ESI(—)) m/z 389 (M-H);

_ THNMR (DMSO-dﬁ) 5 1.75-1.98 (m, 2H), 2.25 (1, 2H), 2.95(s, lH) 3. 15 (s, 2H), 3.45 (m,

2H), 3.57 (s, 2H), 4.89 (s, 1H), 7.17 (m, 2H), 7.39 (d, 1H), 9.6 (s, 1H);
Anal, Caled for C,4H,(BrFN,0,HCI: C, 50.67; H, 3.78; N, 6.57. Found: C, 50.54; H, 4.05;

N, 632.
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bifl, hthyridin-9(5 e 1.1-dioxide
A solution of N-benzylpiperidine-3,5-dione (Ziegler, J. Amer. Chem. Soc. (1973),
95, 7458-7464) (0.55 g; 2.5 mmol) in ethyl alcohol (5 mL) was treated with 2.0M
ammonia in ethyl alcohol (1.25 mL, 2.5 mmol), stirred for 30 minutesin a sealé_d tﬁbe,_ ..
treated with tetrahydrothiopyran-3-one-1,1-dioxide (0.36 g, 2.5 mmol), treated with 3-

bromo-4-fluorobenzaldehyde (0.51 g, 2.5 mmol), stirred at 75 °C for 48 hours, cooled and

concentrated. The residue was purified by flash chromatography over silica gel (5%
ethanol/methyiene chloride) to provide the title compound (0.50 g). |

MS (ESI(-)) m/z 517 (M-H);

* "HNMR (DMSO-d¢) § 2.18 (m, 2H), 2.42 (m, 2H), 2.95 (m, 2H), 315(m,4H), 42(m,

2H), 3.6 (q, 2H), 5.0 (s, 1H), 7.18-7.5-(m, 8H), 9.5 (s, 1H).

Example 9B :
vinyl 10-(3-bromo-4-flnorophenyi)-9-0x0-3.4.6.8.9.10-h dro-2H-thiopyrano(3.2-
| ~ bl[1.7Inaphthyridine-7(5H)-carboxylate 1.1-dioxide |
A Solution of the product from Example 9A (0.48 g, 0.92 mmol) in THF (5 mL)
was treated with viny] chloroformate (0.10 mL, 0.94 mmol) and stirred at ambient
teinperature overnight. The solvent was evaporated and the residue was puriﬁed By flash

_ chromatography over silica gel (ethyl acetate and then 10% ethanol/methylene chlonde) to

provide the title compound (0.25 g).

MS (ESI()) m/z 497 (M-HJ; .,
'H NMR (DMSO-d,) 5221 (m, 2H), 2.68 (m, 2H), 3.18 (m, 2H), 3.28 (m, 2H), 3.5 (m,

1H), 3.75 (q, 2H), 4.11 (s, 2H), 5.08 (s, 1H), 7.28 (m, 2H), 7.41 (d, 1H), 9.5 (br s, 1H).
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bl[1.7Inaphthyridin-9(SE)-one 1.1-dioxide hydrochloride
A solution of the product from Example 9B (0.25 g) in ethyl alcohol was treated
with 6N HCI (1 mL), refluxed for 2 hours, cooled to ambient temperature and _
concentrated. The residue was purified by flash chromatography ovel_" silica gel (15%
éthanol/ammonia saturated methylene chloride) to providé. the title compound (0.09 g) as
the free base which was converted to the hydmchlonde salt.

MS (ESI(-)) m/z 425 (M-H);

. _'H NMR (DMSO-d,) (free base) 5 2.2 (m, 2H) 2.6 (m, 2H), 3.15 (s, 2H), 3.22 (m, 2H)
| 3.52(d, 2H), 5.02 (s, 1H), 7.22 (m, 2H), 74 (m, 1H), 9.5 (br s, 1H);

Anal. Caled for C,H;N,FBrSO,HCI0.5 C,H,OH: C, 44.41; H, 414N, 5.75; Cl, 7.28.
Found: C, 44.30; H, 4.16; N, 5.68;Cl, 7.40.

" one, 1.1-dioxide hxdrochlong

.. Example 10A
. Tetrahydrothiophene-3-ol
A solution of tetrahydrothiophene-3-one (10.2 g, 100 mmol) in ethanol (100 mL)
was freﬁted slowly with sodium borohydride (4.3 g, 114 mmol), stirred for 1 hour at

~ ambient temperature, concentrated to a volume of approximately 50 mL, treated with

water (400 mL) and extracted with methylene chloride (3x). The combin_cd methylene

chioride Iayers were washed with IN HCI, dried (MgSO,), filtered, and concentrated to

provide 9.0 g of the title compound as a clear oil which was carried onto the next step

~ without purification.
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g, 0.96 mmol) and acetic acid (7.5 mL, 130 mmol) in water (42 mL) at 0 °C was treated
with 30 % hydrogen peroxide (31.6 g, 280 mmol) dropwise over 1 hour stirred for 30
mimutes at 0 °C, stirred at ambient temperature for 45 minutes, transferred to a 100 mm x
190 mm crystallizing dish and concentrated by heating on a steam bath to provide the title

compound as an oil which was catried on to the next step without purification.

Example 10C _
Tetrahydrothiophene-3-one-1.1-dioxide _
A mechanically stirred solution of the crude product from Example 10B in acetone
(300 mL) was treated with Jones reagent (2.7M, 30 mL total) in portions over 2 hours Iun_til
the brown color persisted, stirred for 1 hour, treated slowly, with isopropyi ;\li:ohol ¢ 5 |
mL), stirred for 15 minutes, diluted with acetone (400 mL) and filtered through celite to

remove the chromium salts. The filtrate was concentrated and purified by chroinatogr&phy _ | _

on silica gel (1:1 hexane:ethyl acetate) to provide 5.88 g of the title compound. |

" 'H NMR (CDCL) § 3.08 (t, 2H), 3.58 (t, 2H), 3.70 (s, 2H).

- Example 10D _
~ 6-benzy 1-9-(3-bromo-4-fluoropheny!}-2.3.5.6.7.9-hexahydrothieno[3.2-
' bl{1.7]naphthyridin-8(4H)-one 1.)-dioxide

A solution of N-benzylpiperidine-3,5-dione (Ziegler, J. Amer. Chem. Soc. (1973),
95, 7458-7464) (0.55 g, 2.5 mmol) in ethyl alcohol (5 mL) was treated with 2.0M
ammonia in ethyl alcohol (1.25 mL, 2.5 mmol), stirred 4 hours in a sealed tube, treated
with the product from Example 10C-(0.33 g, 2.5 mmol), treated with 3-bromo-4- |
fluorobenzaldehyde (0.51 g, 2.5 mmol), stirred at 75 °C for 48 hours, cooled and -
concentrated. The residue was purified by flash chromatography over siliéa gel (5-10%
ethanol/methylene chloride) to provide the title compound (0.28 g). ]
MS (ESI(-)) m/z 501 (M - H);
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'H NMR (DMSO-d,) 5 2.8 (m, 1H), 3.0 (m, 2H), 3.08 -3.3 (m, 2H), 3.42 (m, 3H), 3.62 (m,

2H), 4.85 (s, 1H), 7.2 - 7.48 (m, 8H), 9.98 (s, 1H).

e 10E
vinyl 9-(3-bromo-4-fluorophenyl)-8-oxo- 5.7.89: exah drothlen 3.2-
b]{1.7]naphthyridine-6(4H)-carboxylate 1.1-dioxide
A solution of the product from Example 10D (0.22 g, 0.43 mmol_) in methylene
chloride (5 mL) was treated with vinyl chloroformate (0.10 mL, 0.94 mmol), stirred at
ambient temperature overnight, dihrted with methylene chioride and washéd With aqueous
sodium bicarbonate. The methylene chloride layer was separated, dried with sodium

MS (ESI(-)) m/z 497 (M - HY;

'HNMR (DMS0-dg) 5 2.8 (m, 2H); 3.1 (m, 3H), 3.5 (m, 1H), 375 (. 2H), 4.12 (5, 2H),
4.9 (s, 1H), 7.29 (m, 2H), 7.48 (4, 1H), 10.1 (s, 1H).

" 943-Bromo-4fl gorophenyl)—Zé,5,6,2,9—hgah1dmthieno[3,2—b][l,Z]ggp_ hthyridin-8(4H)-

one. 1.1-dioxide hydrochloride
. The product from Example 10E in ethyl alcohol (5 mL) was treated w1th 6N HCl

: (1 mL), refluxed for 3 hours, cooled to ambient temperature and concentrated. . The reszdue |
 was purified by flash chromatography over silica gel (10% ethanol/ammoma saturated

methylene chloride) to provide the title compound (0.070 g) which was converted to the

~ hydrochloride salt.

MS (ESI()) m/z 411 (M - H); |
'H NMR (DMSO-d,) 8 2.75 (m, 2H), 3.02 (m, lH) 3.15 (s, 2H),3 58 (m, 3H),4 87 (s,

' 1H), 7.25 (d, 2H), 7.43 (d, 1H), 9.9 (s, 1ED;

Anal. Caled for C, H,;BrFN,SO,HCI0.5C,H,0H: C, 43.19; H 3.84; N 5. 93 Cl, 7.50.
Found: C,43.69; H, 3.85; N, 5.83;Cl, 7.66.
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8 e 1.1-dioxide .

- Example 11A
A solution of 2M dimethyl zinc in toluene (21 mL, 42 mmol) was cooled to 0 °C
under nitrogen, treated with trans-benzyl(chloro)bis(triphenylphosphine)palladium(II)
(0.57 g, 76 mmol), treated with methyl 2-(chloroformylmethoxy)acetate (12.6 g, 76 mmol)

~ dropwise over 0.5 hours, stirred for 0.5 hours at 0 °C, stirred for 16 hours at anﬁbie_nt

temperature, treated with 1M HCI (40 mL) and then brine (20 mL). The organic layer was
dried (MgSO,), filtered and concentrated. The residue was purified by flash
chromatography over silica gel (1:2 ethyl acetate/hexanes) to provxde the title compound

(52 g)

‘Example 11B
2H4 1-3.5(4H.6

A solution of the product from Example 11A (5.0 g, 34 mmol) in dlethyl ether (40
mL) was added dropwxse over 2.5 hours to a 0 °C solution of 1M potassium tert-buto:nde :
(in tert-butanol, 34 mL) in diethyl ether (270 mL). The mixture was treated with 1M HCl

| (120 mL) followed by ethyl acetate (250 mL) and brine (50 mL). The layers were

separated and the aqueous layer was extracted with ethyl acetate (twice, 250 mL) The .
combined organic layers were washed with brine (2x, 60 mL), dried (MgSO,), filtered and
concentrated (keeping the temperature below 40 °C) to provide the title compound :
(Terasawa, J. Org. Chem. (1977), 42, 1163-1169) in approximately 30 % purity which can
be further purified by chromatography on silica gel using 200:1:1:100 ethyl acetate:formic
acid:water:hexane to provide the title compound
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. Example11C
5-amino-2H-pyran-3(6

The 30 % pure product of Example 11B was treated wnh benzene (60 mL), then
ethanol (20 mL), then para-toluenesulfonic acid (100 mg), and then heated to reflux for 6
hours and concentrated. The obtained product, 5-ethoxy-2H-pyran-3(6H)-one, was treated
with 2M ammonia in methanol (100 mL), stirred for 16 hours and concentrated. The

residue was purified by flash chromatography over silica gel (5% and then 10 %

methanol/methylene chloride) to provide the title compotind 1.39).
MS (DCI/NH,) m/z 114 (M+H)", 131 (M+NH,)";

| 'H NMR (DMSO—d‘) 83.80 (s, 2H), 4.19 (s, 2H), 5.01 (s, 1H), 7.01 (bs, 2H).

. 8(7H)-one 1.1-dioxide
A mixture of the product from Example 11C (1.5 g, 13 mmol), 3-bromo-4-

. ﬂuerobenzaldehyde (3.2 g, 16: mmol), tetrahydrothiophene-3-0xo0-1,1-dioxide prepared as '
' 'c_les,cribed in (J. Heterocycl. Chem., v. 27 pp. 1453 (1990)) (1.8 g, 13 mmol) and

triethylamine (0.93 mL, 6.6 mmol) in ethanol (20.mL) was stirred in a sealed tube at 80 °C
for 60 hours, cooled and concentrated to dryness. The residue was ﬁeated with ethanol (50

: mL), then 1 M HCI (in diethyl ether, 5 mL), and heated to reflux for 5 minutes and kept at

ambient temperature for 3 hours. The resulting solid was collected by ﬁltratmn, washed
wxfh ethanol and dried under vacuum for 16 hours to provide the title compound (3.2 g)

| .mp > 260 °C;
MS ESI() miz 414 (M+HY', 431 (MENEL';
" MS (ESI(-)) m/z 412 (M-H);.
' NMR (DMSO-d,) 5 2.85 (m, 1H), 3.08 (m, 1H), 3.33-3.42 (m, 2H), 4.03 (s, 2H), 4.49

(AB g, 2H), 4.90 (s, 1H), 7.27 (m, 2H), 7.45 (dd, 1H), 10.14 (s, 1H);

" Anal. CalcdforC,J-I,,NO,,SFBr C,46.39; 1, 3.16; N, 3.38. Found: C, 46.25; H, 3.24; N,

3.26.
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.'Emp_lelz__ o _
+)-9-(3-bromo-4-fluorophenyl)~2.3.5.9~ 0-4H- o-34-bthien023-f; idin-

8 one 1.1-dioxide

1R.28.5R)-5-methvl-2-( 1-methyl-1-phenylethvl)cyclohexyl 9-(3-bromo-4-fluorophen

8-0%0-2.3.5.7.8.9-hexahydro-4H-pyranof3.4-bthienol2,3-e]pyridine-4-carboxylate 1,1-
- - dioxide o _
To a suspension of the product from Example 11D (1.58 g, 3.7 mmol) in THF (40

mL) at 0 °C under a nitrogen atmosphere was added a 1M solution of potassium tert-

Butbxide in THF (4.1 mL) dropwise over 5 minutes. The mixture was stirred at ambient
temperature for 30 minutes, cooled to 0 °C, treated with a solution of 8-phenylmenthol
chloroformate prepared from (-)-8-phenylmenthol as described in (Yamamoto, Y.,

J.Amer.Chem.Soc. (1992), 114, 121-125) (1.31 g, 4.4 mmol) in THF (20 mL) over 5
minutes, stirred at ambient temperature for 16 hours, diluted with methylene chlorid¢ (150

) mL) and washed with aqueous sodium bicarbonate (30 mL). The layers were separated

and the aqueous layer was extracted with methylene chloride (50 mL). The combined
organic lé,yers were dried (MgSO,), filtered and concentrated. The residue was._pm'iﬁ.ed by
flash chromatography over silica gel (3:2:1 chloroform/hexanes/diethyl ether) to provide
0.98 g of the less polar diasteriomer. |

MS (ESI(+)) m/z 672 (M+H)", 689 (M+NH,)";

MS (ESI(-)) m/z 670 (M-H)". - .

- Example 12B
(1R.28,5R)-5-methyl-2-(1-methyl-1-phenylethyl)cyclohexyl 9-(3-bromo-4-fluorophenyl)-
8-0%0-2.3,5.7.8.9-hexahydro-4H-pyrano[3.4-blthieno[2,3-elpyridine-4-carboxvlate 1,1-

dioxide
The impure more polar diasteriomer from Example 12A was rechromatographed
on silica gel gel (3:2:1 chloroform/hexanes/diethy] ether) to provide 1.0 g of pure more
polar diasteriomer. '
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MS (ESI(+)) m/z 672 (M+H)", 689 (M+N}L) .
MS (ESI(-)) m/z 670 (M-H) '

8(7H)-one 1.1-dioxide
A solution of Example 12A (0.98 g, 1.4 mmol) in methanol/methylene chioride (40
mL/10mL) was degassed with nitrogen, treated with of 25 % sodium methoxide in
methanol (30 drops), stirred for 16 hours, filtered through a 45 mm syringe filter and

" concentrated to a volume of 5 mL of methanol. The solid which had precipitated was

collected by filtration, washed with methanol and dried under vacuum for 16 hours to

| provide the title compound (0.36g). -
(0?5 +117°(DMSO,c 0.925;;
| . MS (ESI(H) m/z 414 (MHH)", 431 (M+NH,)";
iy

MS (BSI(-)) m/z 412 (M-H);

‘H NMR (DMSO-d,) 5 2.85 (m; 1H), 3.08 (m, IH), 3.33-3.42 (m, 2H), 4.03 (s, ZH), 4 49
| (AB q, 2H), 4.90 (s, 1H); 7.27 (m, 2H); 7.45 (dd, 1H), 10.14 (s, 1H);

‘Anal. Caled for C,;H,;NO,SFBr: C, 46.39; H, 3.16; N, 3.38. Found: C, 46.07;H, 3.02; N,

" 3.19.

8(7H)-one 1.1-dioxide
A solution of Example 12B (1.0 g, 15 mmol) was processed as described in
Example 12C to provide the title compound (0.40 g).
[a}?p -117° (DMSO, ¢1.01);

MS (ESI(+)) m/z 414 (M+H)*, 431 -(M+NH4)+;

MS (ESI()) m/z 412 (M:-H)'; - .
'HNMR (DMSO-d;) & 2.85 (m, 1H), 3.08 (m, 1H), 3.33-3.42 (m, 2H), 4.03 (5, 2H), 4.49
(AB g, 2H), 4.90 (s, 1H), 7.27 (m, 2H), 7.45 (dd, 1H), 10.14 (s, 1H);
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Anal. Calcd for C,(H;;NO,SFBr: C, 46.39; H, 3.16; N, }.38. Found: C, 46.12; H, 3.23; N,
3.34. ' s

Example 14 -
3-cyanophenyl)-2,3.5 9-tetrahydro-4H- o[3.4-bthieno[2.3-elpyridin-8(7H)-one
1.1-dioxide
A mixture of the product from Example 11C (0.74 g, 6.5 mmol), 3-
cyanobenzaldehyde (1.0 g, 7.8 mmol), tetahydrotlﬂophene—?:-oxo—l,l-dioxide (0.87g,6.5

mmol) and triethylamine (0.45 mL, 3.2 mmol) in ethanol (20 mL) was stirred in a sealed

tube for 60 hours, cooled and the solid collected by filtration and washed with ethanol.

" The solid was treated with ethanol (30 njL) and 1M HCI (in diethyl ether, 4 mL), heated to

reflux for 15 minutes and kept at ambient temperature for 16 hours. The title compound

(1.4 g) was collected by filtration, washed with ethanol and dried under vacuum for 16

hours.

MS (ESI(H) m/z 360 (M+NH,)";

'MS (ESI(-)) m/z 341 (M-H);;

'H NMR (DMSO-d) 5 2.86 (m, 1H), 3.09 (m, 1H), 3.38 (m, 2H), 4.02 (5, 2H), 449 (AB g,
2H), 4.97 (s, 1H), 7.49 (t, 1H), 7.56-7.68 (m, 3H), 10.14 (s, 1H); R
Anal. Caled for C,;H,,N,0,80.25 EtOH: C, 59.4; H, 4.41; N, 7.92. Found: C,59.1%;H, .

4.40;N,7.88.
‘Exam 5
(+) 9-(3-cyanophenyl)-2.3.5.9-tetrahydro-4H-pyrano(3.4-blthieno[2.3-eJpyridin-8(7H)-one
' " 1.1-dioxide :
Example 15A

(1S.2R.58)-5-methyl-2-(1-methyl-1-phenylethyl)eyclohexyl 9-(3-cyanophenyl)-8-0x0-

2.3.5.7.8.9-hexahydro-4H-pyrano{3.4-blthieno[2 3-e]pyridine-4-carboxylate 1.1-dioxide
The product from Example 14 (1.3 g, 3.8 mmol) was processed as in Example 12A

and 12B to provide 0.50 g of the less polar diasteriomer and 0.50 g of the more polar
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diasteriomer.

* (less polar diasteromer)

MS (ESI(+)) m/z 618 (M+NH,)"
MS (ESI(-)) m/z 599 (M-H);
(more polar diasteromer) |

MS (ESI(+)) m/z 618 (M+NH';
MS (ESI(-)) m/z 599 (M-HY..

1 l—d10x1de

A suspension of the less polar diasteriomer from Example 15A (0. 50 g, 0. 83 mmol)

- in methanol (10 mL) was treated with 25 % sodium methoxide in methanol (30 drops),
. stirred for 16 hours, filtered through a 45 mm syringe filter, cpncentfated to dryness,

treated with ethanol (20 mL), heated on a steam bath until crystallization began and
allowed to stand at ambient temperature for 5 hours. The solid was collected by ﬁliratlon, '
washed with ethanol and dned under vacuum for 16 hours to provide the title compound

- [cr.]” +105° (DMSO, c10),_ -
- MS (ESI(+)) m/z 360 (M+NH,)";

MS (ESI(-)) m/z 341 (M-H);
'H NMR (DMSO-dg) § 2.86 (m, 1H), 3.09 (m, 1H), 3.38 (m, 2H), 4.02 (s, 2H), 4.49 (AB a9

| 2H),4.97 (s, 1H), 7.49 (t, 1H), 7.56-7.68 (m, 3H), 10.14 (s, 1H);
' Anal. Caled for CH,N,0,8: C, 59.64; H, 4.12; N, 8.18. Found: C, 59.39; 1,425 N,

7.80.
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1.1-dioxide

A suspension of the more polar diasteriomer from Example 15A (0.50 g, 0.83
mmol) in methanol (30 mL) and methylene chloride (5 mL) was treated with 25 % sodiux_n'
methoxide in methanol (10 drops), stirred for 16 hours, filtered through a 45 mm syringe
filter, treated dropwise with acetic acid until the yellow color disappeared, concentrated to
dryness, treated with ethanol (30 mL), heated on a steam bath until crystallization began
and allowed to stand at ambient temperature for 5 hours. The solid was collected by
filtration, washed with ethanol and dried under vacuum for 16 hours to provide the title

' compound (0.18 g).

[, -103° (DMSO, ¢ 1.0);
MS (ESI(+)) m/z 360 (M+NH,)";
MS (ESI(-)) m/z 341 (M-H);

'H NMR (DMS0-d,) & 2.86 (m, 1H), 3.09 (m, 1H), 3.38 (m, 2H), 4.02 (s; 2H); 449 (ABq, = .-

2H), 4.97 (s, 1H), 7.49 (t, 1H), 7.56-7.68 (m, 3H), 10.14 (s, 1H); _.
Anal. Caled for C,H,,N,0,80.5 H,0: C, 58.86; H, 4.21; N, 8.08. Found: C, 58.90; H,
448;N,7.80. ' h

8(7H)-one 1.1-dioxide

A mixture of the product from Example 11C (0.74 g, 6.5 mmol), 4-chloro-3-
nitrobenzaldehyde (1.5 g, 7.8 mmol), tetrahydrothiophene-3-oxo-1,1-dioxide (0.87 g, 6.5
mmol) and triethylamine (0.45 mL, 3.2 mmol) in ethanol (20 mL) was processed as in
Example 11D yielding a residue which was pilriﬁed by flash chromatography over silica
gel (5% methanol/methylene chloride) and crystallized from ethanol to provide the title
compound (1.46 g). ' '

MS (ESI(+)) m/z 414 (M+NH,)";
MS (ESI(-)) m/z 395 (M-H);
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'HNMR (DMSO-d) 5 2.80-2.93 (m, 1H), 3.01-3.13 (m, 1H), 3.39 (t, 2H), 4.04 (5, 2H),

© 4.49 (AB g, 2H), 5.02 (s, 1H), 7.58 (dd, 1H), 7.69 (4, 1H), 7.86 (d, 1H), 10.22 (5, 1H);

Anal. Caled for C,;H,;N,0,SCL: C, 48.43; H, 3.30; N, 7.06. Found: C, 48.13; H, 3.38; N,
6.79.

. 0%0:2.3,5.7.8.9-hexahydro-4H-pyrano[3.4-bithieno[2.3-slpyridine-4-carboxylate 1.1-
dioxide = |
The product from Example 17(1 3 8 3.3 mmol) was processed as in Example 12A
: and 12B to prov1de 0.71 g of the less polar diasteriomer and 0.81 g of the more polar _

. -d1astenomer e
‘(less polar dlastereomer) .
-MS (ESI(+)) m/z 672 (M+NH.) H

MS (ESI()) m/z653 (M-H);

| (more polar d_iastereo_mer). _

MS (ESI(+)) m/z 672 (M+NH,)";
MS (ESI(-)) m/z 653 (M-H)".

_ 8(ZE )-oge l,l-go_xgd
The less polar dxastenomer from Example 18A (0. 71 g, 1.1 mmol) was processed

as in Example 16 to provide the title compound (0.23 g).
[a]®, +75° (c = 1.0, DMSO);
MS (ESI(-)) m/z 395 (M-H)’;
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' NMR (DMSO-dg) & 2.80-2.93 (m, 1H), 3.01-3.13 (m, 1H), 3.39 (t, 2H), 4.04 (s, 2H),
4.49 (AB q, 2H), 5.02 (s, 1H), 7.58 (dd, 1H), 7.69 (d, 1H), 7.86 (d, 1H), 10.22 (s, 1H);
Anal, Caled for C,H,;N,O,SCI: C, 48.43; H, 3.30; N, 7.06. Found: C, 48.26; H, 3.48; N,
6.98. |

8(7H)-one 1.1-dioxide .
The more polar diasteriomer from Example 18A (0.81 g, 1.2 mmol) was processed

as in Example 16 to provide the title compound (0.29 g).

" [o]?, -74° (DMSO, ¢ 0.97);

MS (ESI(+)) m/z 414 (M+NH,)";
MS (ESI(-)) m/z 395 (M-H); _ )

'H NMR (DMSO-dq) § 2.80-2.93 (m, 1H), 3.01-3.13 (m, 1H), 3.39 (t, 2H), 4.04 (s, 2H), - _
4.49 (AB q, 2H), 5.02 (s, 1H), 7.58 (dd, 1H), 7.69 (d, 1H), 7.86 (d, 1H), 10.22 (s, 1H); -
Anal. Caled for C,gH;;N;OSCL C, 48.43; H, 3.30; N, 7.06. Found: C, 48.42; H,33; N, |
6.91. - | -

Example 20 o
5-(3-bromo-4-fluorophenyl)-5.8.9.10-tetrahydro-1H-pyrano[3.4-blquinoline-4.6 (3. 7H)-
dione
_ A mixture of the product from Example 11C (0.23 g, 2.0 mmol), 3-bromo-4-
fluorobenzaldehyde (0.49 g, 2.4 mmol), 1,3-cyclohexanedione (0.23 g, 2.0 mmol) and
triethylamine (0.14 mL, 1.0 mmol) in ethanol (4 mL) was stirred at 80 °C in a sealed tube
for 60 hours and cooled to ambient temperature. The resulting solid was collected by
filtration, washed with ethanol, dissolved in 4 mixture of methylene chloride/methanol
(4:1), heated on a steam bath to remove the methylene chloride and allowing to crystallize
for 4 hours. The crystals were collected by filtration, washed with methanol and dried
under vacuum for 16 hours to provide the title compound (0.37 g).
MS (ESI(+)) m/z 392 (M+H)"; |
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MS (ESI(-)) m/z 390 (M-H);
'H NMR.(DMSO0-d,) & 1.76-2.01 (m, 2H), 2.25 (t, 2H), 2.43-2.64 (m, 2H), 4.01 (s, 2H)

- 448 (AB g, 2H), 4.90 (s, 1H), 7.20 (m, 2H), 7.39 (dd, 1H), 9,82 (bs, 1H);

Anal. Caled for C,;H,;HO.FBr: C, 55.12; H, 3.85; N, 3.57. Found: C, 54.99; H, 404N,

- 3.49.
. : Exam gle 21 . _
10-(3-bromo-4-fluoro hen l 3 4.6 10-tetrah dro-2H,5H-] 0[3.4-blthi o[2,3-

: - din-O(8H)-one _141_19x1_de__
A mixture of the product from Example 11C (0.23 g, 2.0 mmol), 3-bromo-4-

.. 'fluorobenzaldehyde (0.49 g, 2.4 mmol), 1,1-dioxotetrahydro-1-thiopyran-3-one (Dodd,
- JH., J. Heterocyclic Chem., (1990), 27, 1453-1456) (0.30 g, 2.0 mmol) and triethylamine

(0.14 mL, 1.0 mmol) in ethanol (4 mL) was processed as described in Example 14 to

- provide the title compound (0.25 g).

MS (ESI(+)) m/z 428 (M+H)", 445 (MHNHLY';
MS (ESI(-)) m/z 426 (M-H);

'"HNMR (DMSO-d¢) § 2.22 (m, 2H), 2.41-2.56 (m, lH), 2.64 (dt, 1H), 3.09-3.35 (m, 2H), -

4.02 (s, 2H), 4.43 (AB q, 2H), 5.06 (s, 1H), 7.25 (m, 2H), 7.41 (dd, 1H), 9.67 (bs, IH);
Anal. Calcd for C,;H,;NO,SFBr: C, 47.68; H, 3.53; N, 3.27. Found: C, 47.36; H,3.65; N,

3.06.

_ 4.6(7TH.9 -dlon
A mixture of the product from Example llC (0.23 g 20 mmol) 3-bromo-4~
. fluorobenzaldehyde (0.49 g, 2.4 mmol), thiopyran-3, 5-dwne (F ehnel, E.A., J. Amer.
Chem. Soc., (1955), 77, 4241-4244) (0.26 g, 2.0 mmol) and triethylamine (0.14 mL, 1.0
mimol) in ethanol (4 mL) was processed as in Example 20 to provide the title compound
(037g). |
MS (ESI(+)) m/z 410 (M+H) 427 (M+NI-I4)
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MS (ESI(-)) m/z 408 (M-H);
'H NMR (DMSO-dy) & 3.12 (d, 1H), 3.50 (d, 2H), 3.81 (dd, 1H), 4.03 (s, 2H), 4.48 (AB q,
2H), 4.97 (s, 1H), 7.20 (ddd, TH); 7.26 (t, 1H), 7.40 (ad, 1H), 9.98 (bs, 1H);

Anal. Caled for C,;H,;NO,SFBr: C, 49.77; H, 3.19; N, 3.41. Found: C, 49.43; H, 3.28; N,
321. |

- Example 23 _
-(3-bromo-4-fluo henl.5789-tetrah clopenta . o[4.3-e]pyridine-
4,6(1H.3H)-dione _
A mixture of the product from Example 11C (0.23 g, 2.0 mmo}), 3-bromo-4-

- ﬂuoiobenzaldehyde (0.49 g, 2.4 mmol), 1,3-cyclopentanedione (0.20 g, 2.0 mmol) and

triethylamine (0.14 mL, 1.0 mmol) in ethanol (4 mL) was processed as described in

* Example 14. The solid was dissolved in a mixture of methylene chloride/methanol (4:1),

heated on a steam bath to remove the methylene chloride and allowing to crystallize for 4
hours. The crystals were collected by filtration, washed with methanol and dried under
vacuum for 16 hours to provide the title compound (0.14 g).

. MS (ESI(H) m/z 378 (M+H)", 395 (M+NH,)";

MS (ESI() m/z 376 (M-H)5; | |
'H NMR (DMSO-dy) & 2.31 (t, 2H), 2.59 (dt, 1H), 2.73 (dt, 1H), 4.04 (s, 2H), 453 (AB g,
2H), 4.71 (s, 1H), 7.22 (m, 2H), 7.43 (dd, 1H), 10.36 (bs, 1H); | . .
Anal. Caled for C;H,;NO,FBr: C, 53.99; H, 3.46; N, 3.70. Found: C, 53.68; H, 3.63; N,
3.63.

4.6(3 I)-dione hydrochloride .
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bl[1 hthyridine-4.6(3H.7E dlon
A mixture of the product from Example 11C (0.13 g, 1.1 mmol), 3-bromo-4-

- fluorobenzaldehyde (0.28 g, 1.4 mmol), N-benzylp1p¢ndm:-3,5-dlone (Ziegler, J. Amer,

Chem. Soc. (1973), 95, 7458-7464) (0.23 g, 1.1 mmol) and triethylamine (0.14 mL, 1.0
mmol) in ethanol (3 mL) was processed asin Example 2Ato provzde the title compound

(035, | -
. MS (ESI(+)) m/z 483 (M:+H)", 505 (M+NH,)";
© . MS (ESI(-)) m/z 481 (M-HY'". |

- b][1.7Inaphthvridine-8(3H)-carboxylate -
- A solution of the product from Example 24A.(0.29 g;.0.69 mmol) in methylene.

chloride (4 mL) was treated with vinyl chloroformate (0.10 mL, 1.2 mmol) and processed

~ asin Example 2B. Purification by flash chromatograpliy over silica gel (EtOAc) provided -

the title compound (0.13 g).
MS (ESI(+) m/z 463 (M+H)", 480 (M+Nl—l4)+
MS (ESI(-)) m/z 461 (M-H)".
_ Example 24C _
5-(3-bromo-4-fluoropheny!)-5.8.9.10-tetrahydro-1H- 0{3.4-b}[1.7]naphthyridine-
4.6(3H.7H)-dione hydrochioride

A solution of Example 24B in ethanol (10 mL) was treated with 6N HCI (5 mL),

~ refluxed for 3 hours and concentrated. Purification by flash chromatography over silica gel

(10% methanol/ammonia saturated methylene chloride) provided the title compound
(0.080 g) which was converted to the hydrochloride salt.

mp 232-235 °C; -

MS (ESI(+)) m/z 393 (M+H)*, 410 (M+NH,)";
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MS (ESI()) m/z 391 (M-H);
'H NMR (DMSO-d,) 5 3.78 (AB g, 2H), 4.07 (s, 2H), 4.19 (s, 2H), 4.54 (AB g, 2H), 4.95
(s, 1H), 7.27 (m, 2H), 7.46 (dd, 1H), 9.86 (bs, 2H), 10.71 (s, 1H);

Anal. Caled for C;H,N,0,FBrH,00.25 BtOH : C, 45.77; H, 4.06; N, 6.10. Found: C,
45.89; H, 423; N, 5.91.

- 3-b_tpm-4-ﬂggrophenyl-);5,9-dihzdro~3H—ﬁ1ro| 3.4-blpyrano[4.3-e]pyridine-

1.8(4 -dione

Exam ple 25A

b]pyridine-3-carboxylate -

A mixture of tetrahydropyran-3,5-dione (Terasawa, J. Org. Chem. (1977), 42,
1163-1 169) (1.4 g, 12 mmol), 3-bromo-4-fluorobenzaldehyde (3.0 g, 15 mmol), methyl 3-
aminocrotonate (1.4 g, 12-mmol) and ethyl alcohol (10 mL) was processed as described in
Exémple 2A. Purification by flash chromatography over silica gel (1% then 2% and then
5% methyl alcohol/methylene chloride) provided the title compound (2.4 g) as.a solid. .
mp 206-208.

_ : Example 25B _
methy] 4-(3-bromo-4-fluorophenyl)-2-(bromomethyl)-5-ox0-4.5.6.8-tetrahydro-1H-
"~ pyrano[3.4-blpyridine-3-carboxylate
A solution of the product from Example 25A (0.87 g, 2.2 mmol) in chloroform (10

mL) was cooled to -10 °C, treated with pyridine (0.21 mL, 2.6 mmol), then treated with ..
pyridinium tribromide (0.84 g, 2.6 mmol), stirred for 1 hour, diluted with methylene
chloride (150 mL) and washed with 1N HCI (25 mL). The organic layer was dried
(MgSO,), filtered and concentrated. The residue was purified by flash chromatography -
over silica gel (1% and theg 2% methanol/methylene chloride) to provide the title

compound (0.68 g) as an oil.
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- Example 25C _ .
9-(3-bromo-4-fluorophenyl)-5.9-dihydro-3H-furo[3.4-b] of4.3-e]pyridine-
1.8(4H.7H)-dione | _ '
The product from Example 25B (0.30 g, 0.63 mmol) was heated neat to 130 °C for
15 minutes and cooled to ambient temperature. The residue was treated with methylene |
chloride and the resulting solid was collected by filtration, washed with methylene
chloride and dried to provide the title compound (0.074 g) as a white solid.
mp 166-168 °C;
MS (ESI(+)) m/z 380 (M+H)", 397 (M+NH4)

" MS (ESI(-)) m/z 378 (M-H);

"H NMR (DMSO0-d,) 8 4.06 (s, 2H), 4.54 (AB g, 2H), 4.75 (s, 1H), 4.88 (d, 1H), 5.03 (d,
1H), 7.28 (d, 2H), 7.48 (d, 1H), 10.50 (s, 1H); -
Asal. Caled for C,,,HHNO,,FBr C, 50.55; H,2 92; N, 3.68. Found: C, 50.28; H, 3.03; N,

elpyridine-1.8(4H.7H)-dione |
A solution of the product from Example 25B (0.16 g, 0.34 mmo}) and 2M methyl

amine in methanol (3.5 mL, 7.0 mmol) was stirred at ambient temperature for 16 hours

- and concentrated. Purification of the residue on silica gel (5 % and then 10 % methanol in

methylene chloride) provided an oil which was crystallized from ethanol, collected by

" filtration and dried to yield the title compound (0.016 g) as a white solid.
© MS (ESI(H) m/z 393 (M+H); |

MS (ESI(-)) m/z 391 (M-H);

' NMR (DMSO-d,) & 2.81 (s, 3H), 3.98 (d, 1H), 4.03 (s, 2H) 4.15(d, 1H), 4.50 (AB g,
2H), 4.75 (s, 1H), 7.23 (m, 2H), 7.46 (dd, 1H), 10.11 (s, 1H);

Anal. Caled for C,,H,,N,0,FBr0.5 H,0: C, 50.76; H, 3.76; N, 6.96. Found C, 50.64; H,

3.66; N, 6.59.
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-(3-bromo-4-fluorophenyl)-2.3.5.9-tetrahy ' 3.4-b lo[3.4-¢ idine-
1.8(4H.7H)-dione _ _

The product from Example 25B (0.22 g, 0.46 mmol) was treated with a 1:1 .
ammonia/methanol mixture (60 mL) in a metal Parr stirred reactor for 2.5 days at ambient
temperature. The solvent was aﬂowed to evaporate and the residue was purified by
chromatography on silica gel (5 % and then 10% methanol in methyléne chioride) to
provide the title compound (0.026 g) as a solid.

.mp >260 °C;
" MS (EBSI(+)) m/z 379 (M+H)", 396 (M+NH,)";
 MS (ESI(-)) m/z 377 (M-H);

'H NMR (DMSO-d,) § 3.90 (4, 1H), 4.03 (s, 2H), 4.07 (d; 1H), 4.50 (AB q, 2H), 4.75 (s, L
1H), 7.19-7.29 (m, 2H), 7.44 (dd, 1H), 7.59 (s, 1H), 10.09 (s, 1H);

~ Anal. Caled for C,(H;N,O,FBr0.5 H,0: C, 49.50; H, 3.38; N, 7.22. Found: C, 49.34; H,

3.26; N, 7.21.

4,6(7H.9H)-dione

A mixture of tetrahydropyran-3,5-dione (Terasawa, J. Org. Chem. (1977); 42,
1163-1169) (0.27 g, 2.4 mmol), 4~chloro-3-nitrobenzaldehyde (0.54 g, 2.9 mmol) and the

product from Example 11C (0.27 g, 2.4 mmol) in ethanol (3 mL) was heated to 80 °C for . .

60 hours and then allowed to stand at ambient temperature for 5 hours. The solid was .
collected by filtration, washed with ethanol, dissolved in 1:1 methanol/methylene chloride, - .
filtered, heated on steam bath (replacing the methylene chloride with methanol and
concentrating the mixture to approximately 5 mL) and allowed to stand at ambient
temperature for 2 hours. The resulting solid was collected by filtration, washed with

‘methanol and dried to provide the title compound (0.061 g).

mp > 260;
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MS (ESI(+)) m/z 377 (M+H)";
MS (ESI()) miz375 (M-Hy; - - |

'HNMR (DMSO-d;) 8 4.06 (s, 4H), 4.51 (AB g, 4H), 5.02 (s, 1H), 7.54 (dd, 1H), 7.68 (d,
1H), 7.79 (4, 1H), 10.18 (bs, 1H); ' |

Anal. Calcd for C;H;N,O4Cl: C, 54.20; H, 3.48; N, 7.44. Found: C, 53.84; H, 3.8]; N, .
7.14.

A mixture of tetrahydropyran-3,5-dione (Terasawa, J. Org. Chem. (1977), 42,

'1163-1169) (0.27 g, 2.4 mmol), 3-cyanobenzaldehyde (0.54 g, 2.9 mmol) and the product

from Example 11C (0.27 g, 2.4 mmol) in ethanol (3 mL) was heated to 80 °C for 60 hours,
cooled and concentrated. The residue was purified by chromatography on silica gel (5 %

* miethanol in methylene chioride) to provide a product which was dissolved in 1:5

méthanol/methylene chloride, filtered, concentrated on a steam bath to remove the
methylene chloride and allowed to stand at ambient temperatute for 16 hours. The
resulting solid was collected by filtration, washed with methanol and dried to provide the
tlﬂe compound (0.062 g)

mp > 260; ' '

MS (ESI(+)) m/z 323 (M+H)*; -

MS (ESI(—)) m/z 321 (M-H)’;

. 'H NMR (DMSO-d,) 5 4.05 (s, 4H), 4.51 (ABq,4H),499(s, 1H), 7.48 (m, 1H), 7.54-

7.64 (m, 2H), 10.12 (bs, 1H);
Anal. Caled for C,;H,N,0,: C, 67.08; H, 4.38; N, 8.69. Found: C, 66.76; H, 4.67; N,
8.56. -

4.6(7H.9H)-dione .
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Example 30A: -
3-Amino-4-fluorobenzy] slcohol |

3-Amino-4-fluorobenzoic.acid (15 g, 97 mmol) in tetrahydrofuran at 0 °C was
treated with 1.0M borane-tetrahydrofuran complex (50 mL), stirred overnight at room
temperature, treated with an additional 130 mL 6f 1.0M borane-tetrahydrofuran complex,'
stirred 10 hours, quenched by the addition of methanol, stirred 3 hours at room
temperature, concentrated and partitioned between aqueous sodium bicarbonate/methylene
chloride. The methylene chloride layer was separated, dried (sodium sulfate), filtered, and
concentrated. The residue was purified by flash chromatography over silica gel (ethyl
acetate/hexane 1:1) to provide 7.0 g of the title compound.

"H NMR (CDCL) & 4.58 (s, 2H), 6.67 (br m, 1H), 6.81 (d, 1H), 6.95 (¢, 1H).

Example 30B.
4-Fluoro-3-iodobenzylaicohol

"The product from Example 30A (7.0 g, S0 mmol) in water (100 mL) at 0 °C was .
treated slowly with concentrated sulfuric acid (30 mL) at a rate to maintain the temperature
below 10 °C and then treated dropwise with an aqueous solution of sodium nitrite (3.45 g,
50 mmol). This solution was then added to a solution of potassium jodide (8.13 ¢,50 =
mmo!) in water (15 mL), heated to 60 °C for 2 hours, cooled and extracted with methylene
chloride. The methylene chloride layer was washed with 10% sodium hydroxide, washed -
with 1M sodium thiosulfate, washed with 10% hydrochloric acid, washed with aqueous
sodium bicarbonate, dried (sodium sulfate), filtered, and concentrated. The residue was
puriﬁed by flash chromatography over silica gel (ethy! acetate/hexane 7:3) to provide 6.4 g
of the title compound. ,
'H NMR (CDCL) § 1.69 (t, 1H), 4.66 (d, 2H), 7.05 (t, 1H), 7.60 (d; 1H), 7.78 (dd, 1H).

Example 30C
4-Fluoro-3-iodobenzaldehyde
The product from Example 30B (6.4 g, 26 mmol) in chloroform (300 mL) was
treated with manganese dioxide (4.5 g, 50 mmol), stirred overnight, treated with an
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additional portion of manganese dioxide (2.25 g), stirred dvgmight, filtered and
concentrated. The rosidue was purified by flash chromatography over silica gel (ethyl
acetate/hexane 1:4) to provide 1.9 g of the title compound. . .

- "HNMR (CDCl,) § 7.23 (t, 1H), 7.89 (m, 1H), 8.32 (dd, 1H), 9.91 (s, lH)

Example 30D

_ 6(7H.9 ione
A mixture of the 30 % pure product from Example 11B (tetrahydropyran-3,5-
dione) (Terasawa, J. Org. Chem. (1977), 42, 1163-1169) (0.365 g, 2.4 mmol),_thg product

from Example 30C (0.20 g, 0.80 mmol) and the product from Example 11C (0.090 g, 0.80
- mmol) in ethanol (2 mL) were processed as described in Example 29 to provide the title

compound (0.087 g) as a white solid.
mp > 260 °C;

“H NMR.(DMSO-d,) 5 4.05 (s, 4H),4.50.(AB g, 4H), 4.90 (s, 1H), 7.15 (t, 1H), 7.20 (m,
L 1H); 7,57 (4d, 1H), 10.10:(bs, 1H); & -
¢ MS'(ESIH) m/z 442 (M+H)";

" ' MS (ESI-) m/z 440 (M-H);

Anal, Calcd for C;H;NOFI: C, 46.28; H, 2.97; N, 3.17. Found: C,45.38; H,  3.68;N
291.

4.6(7H.9H)-dione

A mixture of 30 % pure product from Example 11B (tetrahydropyran-3 5—d10ne)
(Terasawa, J. Org. Chem. (1977), 42, 1163-1169) (0.81 g, 1.7 mmol), 5-
bromosalicylaldehyde (0.43 g, 2.2 mmol) and the product from Example 11C(0.20g,1.7

~ mmol) in ethanol (4 mL) was heated to 80 °C for 60.hours and then allowed to stand at

ambient temperature for 4 hours. The resulting solid was collected by filtration, washed
with ethanol and dried to provide the title compound (0.12 g). -
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mp >260-°C; -

MS (ESI(+)) m/z 392 (M+H)';

MS (ESI(-)) m/z 390 (M-H);

'H NMR (DMSO-d,) 5 4.03 (s, 4H), 4.48 (AB g, 4H), 4.93 (s, 1H), 6.66 (d, 1H), 7.07-7.15
(m, 2H), 9.50 (s, 1H), 10.09 (bs, 1H);

Anal. Caled for C,,H,,NOBr: C, 52.06; H, 3.60; N, 3.57. Found: C, 51.81; H, 3.45; N,

3.48.

A mixture of 30 % pure product from Example 11B (tetrahydropyran-3,5-dione)
(Terasawa, J. Org. Chem. (1977), 42, 1163-1169) (0.81 g, 1.7 mmol), 4-fluoro-3-
(triffuoromethyl)benzaldehyde (0.42 g, 2.2 mmol) and the product from Example 11C

- (0.20 g, 1.7 mmol) in ethanol (4 mL) was processed as described in Example 31 to provide .-

the title compound (0.12 g) as a white solid.
mp > 260 °C;

.. MS (ESI(+)) m/z 384 (M+H)", 401 (M+NH,)";

MS (ESI(-)) m/z 382 (M-H);
'H NMR (DMSO-d,) 8 4.06 (s, 4H), 4.51 (AB g, 4H), 5.01 (s, lI—l), 7.40 (t, 1H), 7.52 (d,
2H), 10.11 (bs, 1H);

Anal. Caled for C,;H,;NO,F,: C, 56.40; H, 3.42; N, 3.65. Found: C, 56.13; H, 3.62; N,

- 3.45.

A mixture of 30 % pure product form Example 11B (tetrahydropyran—3 5-d10ne)
(Terasawa J. Org. Chem. (1977), 42, 1163-1169) (0.81 g, 1.7 mmol), 3,4-
dichlorobenzaldehyde (0.39 g, 2.2 mmol) and the product from Example 11C (0.20 g, 1.7
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mmol) in ethanol (4 mL) was processed as described in Example 31 to provide the title
compound (0.15 g) as a white solid.

mp > 260 °C;

MS (ESI(+)) m/z 366 (M+H)", 383 (MHNH,)"; -

MS (ESI(-)) m/z 364 (M-H);

"H NMR (DMSO-d,) 54.05 (s, 4H), 4.50 (AB q, 4H), 4.94 (s, 1H), 7.19 (dd, 1H), 7.36 (d,
1H), 7.53 (d, 1H), 10.12 (bs, 1H);

Anal, Calcd for C.,H,,N04Cl 0.375 C,H,0: C, 55.60; H, 4.01; N, 3.65. Found: C, 55.21;
H, 3.64; N, 3.36. '

A mixture of tetrahydropyran-3,5-dione (Terasawa, J. Org. Chem. (1977), 42,

' 1163-1169) (0.27 g, 2.4 mmio}), 2,1,3-benzoxadiazole-5-carboxaldehyde (Gasco, A. M. . .~

Eur.J.Med.Chem.Chim. Ther. (1996), 31,3-10) (0.54 g, 2.9 mmol) and the product from
Example 11C (0.27 g, 2.4 mmol) in ethanol (3 mL) was processed as described in .
Example 29 to prov1de the title compound . 088) as a solid. '

" mp>260°C; -

MS (ESI(-)) m/z 338 (M-H); -~

I NMR (DMSO-dy) 54.08 (s, 4H), 4.54 (AB g, 4H),'5.06 (s, 1H), 7.61 (m, 2H), 7.97 (d,
“1H), 10.23 (bs, 1H); S - o

Anal. Caled for C,,H,,N;O,OSC,HGO C, 59.15; H, 4.26; N, 11.83. Found: C, 59.09; H,
432;N, 11.99.

A mixture of 30 % pure Example 11B (tetrahydropyran-3,5-dione) (Terasawa, J.
Org. Chem. (1977), 42, 1163-1169) (0.60 g, 1.3 mmot), 5-nitro-2-thiophene
carboxaldehyde (0.25 g, 1.6 mmol) and the product from Example 11C (0.15 g, 1.3 mmol)
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in ethanol (3 mL) was processed as described in Example 29 to provide the title compound

-(0.087 g) as a solid.

MS (ESI(+)) m/z 366 (M+NH,)";
MS (ESK-)) m/z 347 (M-H)";

'H NMR (DMSO-d,) § 4.10 (dd, 2H), 4.17 (d, 2H), 4.52 (AB q, 4I-I) 5.22 (s, 1H),6.86
(dd; 1H), 7.93 (d, 1H), 10.35 (s, 1H);

 Anal. Caled for C;;H,;N,0,80.25 H,00.25 C;H,0: C, 51.10; H, 3.87; N, 7.69. Found: C,

51.04; H,3.92; N, 7.41.

- A mixture of 30 % pure product from Example 11B (tetrahydropyran-3,5-dione) .
(Terasawa, J. Org. Chem. (1977), 42, 1163-1169) (0.60 g, 1.3 mmol), 2-nitrothiophene 4-
‘carboxaldehyde (0.25 g, 1.6 mmol) and the product from Example 11C (0.15 g, 1.3 mmol)
in ethanol (3 mL) was processed as described in Example 29 to provide the title compound
(0.084 g) as a solid.
mp > 260 °C;

MS (BSI(+)) m/z 366 (M+NH,)";

MS (ESI(-)) m/z 347 (M-H);; .
'HNmmmM)s409(Mq,4m,450(m q, 4H), 5.01 (s, lH) 758(d, lH) 7.76
(d, 1H), 10.15 (bs, 1H);

Anal. Calcd for C,;H,;,N,0,580.25 H,O C, 51.06; H, 3.57; N, 7.94. Found: C, 51.33; H,
3.78; N, 7.57.

_ Example 37

9-(4-fluorc-3-iodophenyl)-2.3.5.9-tetrahydro-4H-pyrano[3 4-blthieno{2.3-¢ Ipxxjditi—
' 8(7H)-one 1.1-dioxide
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blthieno[2.3-elpyridine-4-carboxylate 1.1-dioxide
A mixture of the product from Example 12C (0.040 g, 0.096 mmol), di-tert-buty!
* dicarbonate (0.12 g, 0.5 mmol) and 4-dimethylaminopyridine (0.0020 g, 0.016 mmol) in
acetonitrile ( 3 mL) was sﬁrred for 2 hours at ambient temperature and concentrated. The
~ residue was purified by chromatography on silica gel (2:1 and then 1:1 hexanes/ethyl
‘acetate) to provide the title compound (0.035 g) which crystallized on standing.
MS (ESI(+)) m/z 531 (M+NH,)".

" 1,4-dioxane (1 mL) under an atrosphere of nitrogen was treated with hexamethylditin
" (0.14 mL, 0.5 mmol), treated with tetrakis(triphenylphosphine)palladium(0) (0.050g,
0043 mmol), stirred at 100 °C for 1 hour, cooled to ambient temperature and -

concentrated. The residiie was purified by chromatography on silica gel (3:2. -

hexanes:ethyl acetate) to provide the title compound (0.031.g) which crystallized on

MS (ESI(+)) m/z 598 (M+H)".

8(7H)-one 1.1-dioxide
A mixture of the product from Example 37B (0.023 g, 0.038 mmol) in 1 % acetic
acid in methanol (25 mL) was treated with N-chlorosuccinimide (0.010 g, 0.077 mmol),
then treated with sodium iodide (0.011 g, 0.077 mmol), stirred for 10 minutes, treated with
pulverized sodium thiosulfate pentahydrate (0.020 g, 0.080 mmol), stirred for 10 minutes
and concentrated to dryness. The residue was treated with trifluoroacetic acid (3 mL),
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stirred at ambient température for 15 minutes and concentrated to dryness. The residue
was tréated with trifluoroacetic acid (3 mL), heated gently on a steam bath for 1 minute,

“cooled to ambient temperature and concentrated to dryness. The residue was purified by

chromatography on silica gel (2 % methanol and then 5 % methanol in methylene
chloride) to provide the title compound (0.0156 g).

mp > 260 °C;

MS (ESI(-)) m/z 460 (M-H);

lHNMR (DMSO-dy) 8 2.77-2.90 (m, 1H), 3.01-3.14 (m, 1H), 3.32-3. 43 (m, 2H), 4 02 (s,
2H), 4.49 (AB q, 2H), 4.87 (s, 1H), 7.16 (t, 1H), 7.24 (m, 1H), 7.59 (dd, 1H), 10.13 (bs,
1H);

" " Anal: Caled for C,;H,,;NO,SFI: C, 41.66; H, 2.84; N, 3.04. Found: C, 41.28; H,2.79; N,

2.87.-

Example 38

" 5-(3-chloro-4-fluorophenyl)-2.3.5.7.8.9-hexahydro-1H-cyclopenta[b]{1,7]naphthyridine-

4.6-dione hydrochloride

: - Example 38A . :
- 2-benzyl-5-(3-chioro-4-fluorophenyl)-2.3,5.7.8.9-hexahydro-1H-
cyclopenta[blf1,7|naphthyridine-4.6-dione .
A mixture of 3-amino-2-cyclopenten-1-one (Kikani, B.B., Synthesis, (1991), 2,

176) (0.78 g, 8 mmol), 3-chloro-4-fluorobenzaldehyde(1.12 g, 8 mmol), and N- -
benzylpiperidine-3,5-dione (Ziegler, J. Amer. Chem. Soc. (1973), 95, 7458-7464) (1.78 g,
8 mmol) in ethanol (8 mL) was processed as in Example 5A to provide 1.8 g of the title.
compound. .
MS (ESI(-)) mz 421 (M-H)’;
'HNMR (DMSO-dy) 8 2.3 (m, 2H), 2 5-2.72 (m, 2H), 3.07 (Abqu,2H), 3.5 (m, 2H), 3.67
(s, 2H), 4.65 (s, 1H), 7.15 (s, 1H), 7.42 (m, 7H), 10.28 (s, 1H).
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4.6-dioxo-13.4.5.6.7.8,9-octahydro-2H-cvclopentalbl[1.7inaphthyridine-2-carboxylate
* The product from Example 38A (1.8 g, 4.3 mmol) was processed as in Example 5B

to provide 0.2 g of the title compound as the less polar isomer.
MS (ESI(-)) m/z 589 (M-H)".

' S o 'Example 38C S o
5-(3-chloro-4-fluorophenyl)-2.3.5.7.8.9-hexahydro-1H-cyclopenta[b][1.7Inaphthyridine-
4.6-dione hydrochloride -
~ The product from Example 38B (0.2 g, 0.33 mmol) was treated with 48% hydrogen
bromide in acetic acid (4 mL), stirred for 72 hours, neutralized with concentrated
ammonium hydroxide, and extracted with methylene chloride (3x). The combined organic
layers were dried (N&,SO,), filtered, and concentrated. Purification of the residue on silica

' gel (10% ethanol/ammonia saturated methyléne chloride) to provide the title compound
(0.03 g) which was converted to the HCl salt. -

MS (ESI(-)) m/z 331 (M-H); | | S
'H NMR (DMSO-d,) 5 2.28 (t, 2H), 2.52-2.7 (m, 2H), 3.18 (s, 2H), 3.6 (m, 2H), 4.68 (s,
1H), 72 (m, 1H), 7.23 (¢, 1H), 7.32 (dd, 1H), 10.18 (s, 1H);

‘Anal. Calcd for C,,;H,,N;FCIO;HCI2H,0: C, 50.49; H, 4.51; N, 6.73. Found: C, 49.52; H,
426, N, 6.09.

Example 39 -

9-(3-bromo-4-fluorophenyl)-5.6.7.9-tetrahydrofuro[3.4-bl{1.7]naphthyridine-1.8(3H.4
dione hydrochloride
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hexahydrol1.7inaphthyridine-3-carboxylate

A solution of methyl 3-aminocrotonate (0.58 g, 5 mmol), 3-bromo-4-
fluorobenzaldehyde (1.0 g, 5 mmol) and N-benzylpiperidine-3,5-dione (Ziegler, J. Amer.
Chem. Soc. (1973), 95, 7458-7464) (1.1 g, 5 mmol) in ethanol (5 mL) was heated at reflux
in a sealed tube for 24 hours and concentrated. Purification of the residue on silica gel
eluting with 5% ethanol/methylene chloride provided the title compound (1.3 g) as a

~ yellow foam.
MS (ESI()) m/z 485 (M-H)..
, Example 39B-
6-benzyl-9-(3-bromo-4-fluorophenyl)-5.6.7.9-tetrahydrofuro[3.4-b}[ 1.7 Inaphthyri idine-
1,8(3H.4H)-dione

A solution of the product from Example 39A (3.1 g, 6.3 mmol) in chloroform (50 .
mL) was cooled to 0 °C, treated with 90 % pyridinium tribromide (2.45 g, 6.9 mmpl),
warmed to ambient temperature, stirred for 16 hours and washed with water. The.
chloroform layer was isolated, dried (MgSO,), filtered, refluxed for 16 hours and cooled in
an ice bath. The resulting precipitate was collected by filtration and dried to provide the.
title compound (2.1 g) as tan crystals. '
MS (ESI(-))m/z 467 (M-H); | ‘
'H NMR (DMSO-d,) 5 3.08 (AB q, 2H), 3.5 (d, 2H), 3.65 (d,2H), 4.7 (s, 1H), 4.9(AB g,
2H), 7.3 (m, 7H), 7.47 (m, 1H). 10.1 (1H).

Example 39C
9-(3-bromo-4-fluorophenyl)-5.6,7.9-tetrahvdrofuro[3.4-b]{1.7Inaphthyridine-1.8(3H 4H)-
ione hydrochloride
A solution of product from Example 39B (0.35 g, 0.75 mmol) in methylene
chloride (10 ml) was treated with vinyl chloroformate (0.1 mL, 1.2 mmol), stirred at
ambient temperature for 16 hours, concentrated to dryness, treated with ethanol (10 mL),

91



10

- WO 00724743 .. PCT/US99/25373

treated with 6N HCI (3 mL), refluxed for 5 hours and concentrated to dryness.
Purification of the residue on silica gel (10:90:1 ethanol/methylene chloride/saturated
ammonium hydroxide) provided the title compound (0.08 g) which was converted the HCI
salt.

. map 255-257 °C;

MS (ESI()) m/z 377 (M-HD; - |
' NMR (DMSO0-dg) & 3.2 (s, 2H), 3.62 (s, 2H), 4.7 s, 16D, 483 (6, 1K, 4.99 (¢, 1FD,
7.27 (m, 2H), 7.49 (dd, 1H), 10.25 (s, 1H); |

Anal. Caled for C,;H,,N,FBrO,HCH0.5 C;H,0H: C, 46.65; H, 3.45; N, 6.40. Found: C,

46.99; H, 3.69; N, 6.42.

. Example40 . .

* 9-(3-bromo-4-fluoro enl-5679-tetrah drofuro34-b l7na hth dme- 83H4

dlong hxdrogmogd

20

. A solution of the product from Example 39C (l 46¢g,2.13 mmol) in

tetrahydrofuran (70 ml) was treated with 8-phenylmenthol chloroformate- prepared ﬁ'om - .

)-8-phenylmenthol as described in (Yamamoto, Y., J.Amer.Chem.Soc. (1992), 1 14, 121-

- 125) (1.1.g, 3.74 mmol), refluxed for 36 hours, filtered to rem_ove_the unreacted starting

material and concentrated. Purification of the residue on silica gel (9:9:2 methylene
chloride/ ethyl acetate/hexane) provided the title compound (0.46 g) as the less polar
diastereomer.

MS (ESI(-)) m/z 635 (M-H)".
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A solution of the product from Example 40A (0.4 g, 0.63 mmol) in acetic acid (2
mL) was treated with 48 % hydrobromic acid (0.5 mL), heated to 60 °C for 5 hours, |
cooled to ambient temperature, neutralized with saturated ammonium hydroxide and
extracted with chloroform (10-mL). The organic layer was dried (MgSO,), filtered -
concentrated. The residue was purified on silica gel (20:80:1 ethanoj/methylene,
chloride/saturated ammonium hydroxide) to provide the unreacted starting material (0.21
) and the title compound (0.05 g) which was converted to the HCI salt.

" MS (ESI(-)) m/z 379 (M-H)’;

'HNMR (DMSO-d,) (free base) § 3.25 (s, 2H), 3.68 (s, 2H), 4.7 (s, 1H), 4.85 (d, 1H), 498
(d, 1H), 7.28 (m, 2H), 7.5 (dd, 1H), 10.23 (s, 1H); - |

Anal. Calcd for C, H,,N,BrFO, HCIH,O: C, 44.42; H, 3.26; N, 6.47. Found: C,44.74: H,
3.93; N, 6.51.

- 4.6(3H.7 ione . .
A mixture of the product from Example 11C (0.16 g, 1.4 mmol), 3-bromo-4-

fluorobenzaldehyde (0.29 g, 1.4 mmol), 4,4-dimethyl-1,3-cyclohexanedione (2.0 g, 1.4
mmol) and ethanol (18 mL) was heated t 80 °C for 60 hours, cooled, concentrated to an
oil and triturated with 3:1 ethanol/diethyl ether (3x). The resulting solid was dried to
provide the title compound (0.11 g) as a yellow solid.

mp >260 °C; B

MS (DCI/NH,) m/z 420 (M+H)"; o .

"H NMR (DMSO-d)  9.76 (br s, 1H), 7.38 (dd, 1H, J=6.8, 2.0 Hz), 7.24-7.13 (m, 2H),
4.88 (s, 1H), 4.46 (AB g, 2H, JAB=11.2, dvAB=15.9 Hz), 4.01 (s, 2H), 2.68-2.48 (m, 2H),
1.78 (t, 2H), 0.98 (s, 3H), 0.93 (s, 3H);

3C NMR (DMSO-dg) 3 199.7, 191.2, 155.9, 149.9, 144.5, 131.9, 128.5, 116.2, 110.1,

93



10

T s,

20

25

30

‘WO 00/24743 . PCT/US99/25373

108.6, 107.2, 107.0, 71.2, 63.2, 39.6, 34.0, 31.4, 24.7, 24.0, 23.1;
Anal: Caled for C,H,BrFNO;: C, 57.16; H, 4.56; N, 3. 33, Found: C, 57.10; H, 4.70; N,
3.19.

- Example 42

1.8(48 ione
-The enantiomers of Example 25C were separated by chiral charomatography ona
Chiralpak AS column (5.0 cm inner diameter, 50 cm length, 20 micron packing) using
80:20 hexane:ethanol at a flow rate of 117 mL/minute as the mobile phase. A total of 227

" mg in 100 mL hot ethanol (three injections of 20 mL, 40 mL and 40 mL) was used to

provide the faster moving isomer which was repurified by chromatography on silica gel
using a gradient of 1%-2% and 5% methanol in methylene chloride to provide the title
compound (0.080 g).

| MS (ESI(¥) m/z 380 (M+H)", 397 (M+NH.)+

MS (ESI(-)) m/z 378 (M-H);
"H NMR (DMSO-d;) 5 4.06 (s, 2H),4.54 (AB g, 2H), 4.75 (s, 1H), 4.88 (d, 1H), 5.03 (4,

- 1H), 7.28 (d, 2H), 7.48 (d, 1H), 10.50 (s, 1H);

Anal. Calcd for CwH,,NO,,FBrO 1875 CH,;Cl,: C, 49.09; H, 2.89; N, 3.54. Found C,
49.11; H,2.93; N, 3.17. - -

1.8(4 -dione -
The title compound (0.080 g) was.provided as the slower moving enantiomer from
the procedure described in Example 42.
MS (ESI(+)) m/z 380 (M+H)*, 397 (M+NEH,)";
MS (ESI(-)) m/z 378 (M-H);
'H NMR (DMSO-d,) 5 4.06 (s, 2H), 4.54 (AB q, 2H), 4,75 (s, lH), 4.88 (d lH), 5.03(d,
1H), 7.28 (d, 2H), 7.48 (d, 1H), 10.50 (s, 1H);
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Anal. Caled for C,;H,,NO,FBr0.125 CH,Cl,: C, 49.56; H, 2.90; N, 3.58. Found: C, 49.54;
H, 3.07; N, 3.27. -

: Example44 -
10-(3-chloro-4-fluoropheny1)-3.4.6.10-tetrahydro-2H-pyrano[3.4-b][1 .6 naphthyridine-
1.9(5H.8H)-dione

A mixture of the product from Example 11C (0.023 g, 0.2 mmol), piperidine-2,4-
dione (Nakagawa, S., Heterocycles (1979), 13, 477-495) (0.23 g, O.i mmo}), 3-chioro-4-
fluorobenzaldehyde (0.032 g, 0.2 mmol) and ethanol (2 mL) was heated to 80 °C for 60
hours and cooled to ambient temperature. The resulting solid was collected by filtration, .

* washed with ethanol and dried under vacuum to provide the title compound.

MS (APCI(+)) m/z 349 (M+H)";
MS (APCI(-)) m/z 347 (M-H); | -
'HNMR (DMSO-d,)  2.34-2.57 (m, 2H), 3.13-3.28 (m, 2H), 4.00 (s, 2H), 4.45 (AB q,
2H), 4.96 (s, 1H), 7.08 (d, 1H), 7.17 (ddd, 1H), 7.26 (t, 1H), 7.28 (dd, 1H), 9.55 (s, 1H). -

1,9(SH.8H)-dione .
Example 11C was processed as in Example 44 but substituting 3.4-

dichlorobenzaldehyde for 3-chioro-4-fluorobenzaldehyde to provide the title compound.
MS (APCI(+)) m/z 365 (M-+H)";

MS (APCI(-)) m/z 363 (M-H)’;
'H NMR (DMSO-d,) & 2.36-2.58 (m; 2H), 3.14-3.26 (m, 2H), 4.00 (AB q, 2H), 4.45 (AB
q, 2H), 4.96 (s, 1H), 7.09 (d, 1H), 7.17 (dd, 1H), 7.34 (d, 1H), 7.49 (d, 1H), 9.57 (s, 1H).
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bl[L.6naphthyridine-1,9(SH.8H)-dione
Example 11C was processed as in Example 44 but Substituting 4-chloro-3-
(mﬂuoromethyl)benazaldehyde for 3-chloro-4-ﬂuorobenmldehyde to provide the title

compound. : _
MS (APCI(+)) m/z 399 (M+H)";-

. MS (APCI(-)) m/z 397 (M-H);

"H NMR (DMSO0-d,) 3 2.36-2.58 (m, 2H), 3.15-3.26 (m, 2H), 4.00 (AB q, 2H), 4.45 (AB

q, 2H), 5.02 (s, 1H), 7.11 (s, 1H), 7.46 (dd, 1H), 7.59 (d, 1H), 7.63 (d, 1H), 9.60 (s, 1H).

o . Example 47 o .
- 10« 4~chloro-3-nitrophenx123,4,6,lO-_tetrahxdro-ZH-pmle—bll1-,§[mht_hm'dine-
: : - SH, dione

* Example 11C was processed as in Example 44 but substituting 4-chloro-3-

' Example 48 P

. 10-(3.4-dibromophenyl)-3.4.6.10-tetrahydro-2H-pyrano[3.4-b][1.6 [naphmm'dine-
_ - 1.9(5H.8H)-dione o
Example 11C was processed as in Example 44 but substituting 3,4-

: dibromobenzaldehyde for 3-chloro-4-fluorobenzaldehyde to provide the title compound.
 MS (APCI(H) m/z 453 (M+H)";

MS (APCI(-)) m/z 451 (M-H);
'H NMR (DMSO-dg) § 2.41-2.57 (m, 2H), 3.18-3.26 (m, 2H), 4.00 (AB q, 2H), 4.45 (AB
q, 2H), 4.93 (s, 1H), 7.09 (bs, 1H), 7.12 (dd, 1H), 7.49 (d, 1H), 7.61 (d, 1H), 9.56 (s, 1H).
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. 1.9(5H.8H)-dione
- Example 11C was procéssed as in Example 44 but substituting 5-nitrothiophene-3-

carboxaldehyde for 3-chloro-4-fluorobenzaldehyde to provide the title compound.
MS (APCI(+)) m/z 348 (M+H)"; '

MS (APCI(-)) m/z 346 (M-H)’; _

'H NMR (DMSO-dy) 5 2.39-2.54 (m, 2H), 3.19-3.30 (m, 2H), 4.02 (s, 2H), 442 (AB q,
2H), 5.00 (s, 1H), 7.09 (d, 1H), 7.48 (d, 1H), 7.75 (d, 1H), 9.69 (bs, 1H).

Example 50
5-(3-bromo-4-fluorophenyl})-5.8.9,10-tetrahydro-1H-thi 0[3.4-blquinoline-
4,6(3H.7H)-dione
A mixture of thiopyran-3,5-dione (Fehnel, E.A., J. Amer. Chem. Soc., (1955), 77,

4241-4244) (0.12 g, 1.0 mmol), 3-bromo-4-fluorobenzaldehyde (0.20 g, 1.0 mmol), 3-
amino-2-cyclohexene-1-one (0.11 g, 1.0 mmol) and ethanol (5 mL) was heated to 80 °Cin
a sealed tube for 60 hours and cooled to ambient temperature. - The resulting solid was
collected by filtration, washed with ethanol and dried for 16 hours under high vacuum to
provide the title compound (0.13 g).
MS (APCI(+)) m/z 408 (M+H)";
MS (APCI(-)) m/z 406 (M-H)’; o
'H NMR (DMSO-d;) 8 1.77-1.88 (m, 1H), 1.89-1.98 (m, 1H), 2.25 (dd, 2H), 2.46-2.62 (m,
2H), 3.10 (di 1H), 3.48 (ddd, 2H), 3.82 (d, 1H), 4.96 (s, 1H), 7.15-7.24 (m, 2H), 7.41 (dd,
1H), 9.71 (s, 1H); ' S : :
Anal. Calcd for C,gH;BrFNO,S: C, 52.95; H, 3.70; N, 3.43. Found: C, 52.81; H, 3.7%; N,
3.17. '
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| - 4 6(1H.3H)-dione
Thiopyran-3,5-dione (Fehnel, E.A., J. Amer. Chem. Soc., (1955), 77, 4241-4244)
(0.12 g; 1.0 mmol) was processed as:-described in Example 50 but substituting 3-amino-2-

cyclopentene-1-one for 3-amino-2-cyclohexene-1-one to provide a solid. The solid was
purified by chromatography on silica gel eluting with 1:1 acetone:methylene chloride to

- provide the title compound (0.13 g).

MS (APCI(+)) m/z 394 (M+H)*;
MS (APCI(-)) m/z 392 (M-H);

'H NMR (DMSO-d,) & 2.28 (t, 2H), 2.48-2.73 (m, 2H), 3.14 (dd, 1H), 3.47 (dd, 1H), 3.54
(dd, 1H), 3.82 (4d, 1H), 4.72 (s, 1H), 7.18-7.25 (m, 2H), 7.42 (dd, 1H), 10.27 (s, 1H);

Anal. Calced forC,,H,,NO,SFBr €,51.79; H,3.32; N, 3.5. Found: C, 51.46; H, 349, N,

339,

R Example 52 -

Example 11C was processed as in Example 44 but substltutmg 3-bromo-4-
fluorobenzaldehyde for 3-chloro-4-flucrobenzaldehyde to provide the title compound

L0798 o
* MS (APCI(+)) m/z 393 (M+H)'; - . -
- MS (APCI(-)) m/z 391 (M-H); -

' NMR (DMSO-d,) § 2.38-2.60 (m, 2H), 3.18-3.26 (m, 2H), 4.00 (s, 2H), 4.45 (AB %
2H), 4.95 (s, 1H), 7.14 (s, 1H), 7.16-7.28 (m, 2H), 7.41 (dd, 1H), 9.59 (s, 1H);

' Anal. CalcdforCI,H,,,N,O,FBr C,51.93; H, 3.59; N, 7.12. Found: C, 51.68; H, 3.83; N,

7.10.
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Determination of Potassium Channel Opening Activity
Membrane Hyperpolarization Assays

Compounds were evaluated for potassium channel opening activity using primary
cultured guinea-pig urinary bladder (GPB) cells.

For the preparation of urinary bladder smooth muscle cells, urinary bladders were
removed from male guinea-pigs (Hartley, Charles River, Wilmington, MA) weighing 300-
400 grams (g) and placed in ice-cold Ca**-free Krebs solution (Composition, millimolar
(mM): KCl, 2.7; KH,PO,, 1.5; NaCl, 75; Na,HPO,, 9.6; Na,HPO.JH-,O, 8; MgS0,, 2;
glucose, 5; HEPES, 10; pH 7.4). Cells were isolated by enzymatic dissociation (Klockner,
U. and Isenberg, G., Pflugers Arch. (1985), 405, 329-339). The bladder was cut into small

" sections and incubated in 5 milliliters (mL) of the Kreb’s solution containing 1 milligram -

per milliliter (mg/mL) of collagenase (Sigma, St. Louis, MO) and 0.2 mg/mL of pronase .
(Calbiochem, La Jolla, CA) with continuous stirring in a cell incubator for 30 minutes.

The mixture was then centrifuged at 1300 x g for 5 minutes, and the pellet resuspended in -
Dulbecco's phosphate buffered saline (PBS) (GIBCO, Gaithersburg, MD) and -

recentrifuged to remove residual enzyme. The cell pellet was resuspended in 5 mL growth -
. media (composition: Dulbecco's modified Eagle's medium supplemented with 10% fetal -

bovine serum, 100 units/mL penicillin, 100 units/mL streptomycin and 0.25 mg/mL
amphotericin B) and further dissociated by pipetting the suspension through a flame-
polished Pasteur pipette and passing it through a polypropylene mesh membrane. . -
(Spectrum, Houston, TX). The cell density was adjusted to 100,000 cells/mL by
resuspension in growth media. Cells were plated in clear-bottomed black 96-well plates
(Packard) for membrane potential studies at a density of 20,000 cells/well and maintained -
in a cell incubator with 90% air:10% CO, until confluent. Cells were confirmed to be of
smooth muscle type by cytoskeletal staining using a monoclonal mouse anti human-o.-
smooth muscle actin (Biomeda, Foster City, CA)..

Functional activity at potassium channels was measured by evaluating changes in
membrane potential using the bis-oxonol dye DiBAC(4), (Molecular Probes) in a 96-well
cell-based kinetic assay system using a Fluorescent Imaging Plate Reader (FLIPR) (K.S.
Schroeder et al., J. Biomed. Screen., v. 1 pp. 75-81 (1996)). DiBAC(4), is an anionic
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potentiometric probe which partitions between cells and extracellular solution in a
membrane potential-depehdent manner. With increasiné membrane potential (for
example, K* depolarization), the probe further partitions into the cell; this is measured as
an increase in fluorescence due to dye interaction with intracellular lipids and proteins.
Conversely, decreasing membrane potential (hyperpolarization by potassium channel
openers) evokes a decrease in fluorescence.

Confluent guinea-pig urinary bladder cells cultured in black cl;ear-bottomed 96~
well plates were rinsed twice with 200 mL assay buffer (composition, nM: HEPES, 20;

" NaCl, 120; KCl, 2; CaCl,, 2; MgCl,, 1; glucose, 5; pH 7.4 at 25 °C) containing 5 pM
- DIBAC(4); and incubated with 180 mL of the buffer in a cell incubator for 30 minutes at
37 °C to ensure dye distribution across the membrane. After recording the baseline

fluorescence for 5 minubes,'thé reference or test compounds, prepared at 10 times the
concentration in the assay buffer, were added directly to the wells. Changes in

- fluorescence were monitored for an additional 25 minutes. Hyperpolarization responses
“were corrected for any background noise and were normalized to the response observed

with 10 uM of the reference compound P1075- (assigned as 100%), a potent opener of
smooth muscle K ,;, channels (Quast et al., Mol. Pharmacol., v. 43 pp. 474-481 (1993)).

' ‘Routinely, five concentrations of P1075 or test compounds (log or half-log
dilutions) were evaluated and the maximal steady-state hyperpolarization values
(expressed as % relative to P1075) plotted as a function of concentration. The EC,
(concentration that elicites 50% of the maximal response for the test sample) values were

calculated by non-linear regression analysis using a four parameter sigmoidal equation.

- The maximal micromolar EC,, response of each compound (expressed as % relative to
"P1075) is reported. Stock solutions of compounds were prepared in 100% DMSO and
" further dilutions were carried out in the assay buffer and added to a 96-well plate.
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Maximal

Example Response
Number | (%P1075) | EC50(uM)

1 96 0.027
2 88 0.65
3 41 27
] 21

5 97 0.19
§ KB 10
7 75 0.57
8 33 5.0
9 89 2.6
10 87 14
11 104 —0.023
12 101 0.014
13 101 024
14 99 0.40
15 90 0.64
16 57 8.8
17 93 0.0042
18 95 0.058
19 ~ 04 15
20 93 0.035
21 79 0.066
22 85 0.046
23 82 0.040
% 74 0.73
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25 T06 | 0.0098
% 50| 603 | -
T27 87 0.97
28 —o5 | 0.064
29 g | 1
30 84 0.0074
31 83 13
32 102 0.015
33 5 0.0034
3 S 0.091
35 98 0.025
36 98 0.082
37 T 105 | 0.00064
3 B | 0
s
4 — &% | oon
K> 102 0.026
[ 98 0.011
4 %
5 85 020
pT: 83 034
47 o1 0.49
a3 91 0.084
49 85 33
50 108 0.084
51 88 0.12
105 038
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In vitro Functional models

Compounds were evaluated for functional potas;sium channel opening activity
using tissue strips obtained from Landrace pig bladders.

Landrace pig bladders were obtained from female Landrace pigs of 9-30 kg.
Landrace pigs were euthanized with an intraperitoneal injection of pentobarbital solution,
Somlethal® , J.A. Webster Inc., Sterling MA. The entire bladder was removed and |
immediately placed into Krebs Ringer bicarbonate solution (composition, mM: NaCl, 120;
NaHCO,;, 20; dextrose, 11; KCl, 4.7; CaCl,, 2.5; MgSO,, 1.5; KH,PO,, 1.2; K,EDTA,

0.01, equilibrated with 5% CO,/95% O, pH 7.4 at 37 °C). Propranolol (0.004 mM) was
included in all of the assays to block '.B-adrenoceptors. The trigonal and dome portions

* were discarded. ‘Strips 3-5 millimeters (mm) wide and 20 mm long were prepared from

the remaining tissue cut in a circular fashion. The mucosal layer was removed. Oneend = ..

was fixed to a stationary glass rod and the other to a Grass FT03 transducer at a basal-
preload of 1.0 g. Two parallel plaﬁnixm electrodes were included in the stationary glass
rod to provide field stimulation of 0.05 Hz, 0.5 milli-seconds at- 20 volts. Thislow. . .
frequency stimulation produced a stable twitch response of 100-500 centigrams. Tissues
were allowed to equilibrate for at least 60 minutes and primed with 80 mM KCL. A .
control concentration response curve (cumulative) was generated for each tissue using the
potassium channel opener P1075 as the control égonist. P1075 completely eliminated the .
stimulated twitch in a dose dependent fashion over a concentration range of 10° to 10° M
using 1/2 log increments. After a 60 minute rinsing period, a concentration response curve -
(cumulative) was generated for the test agonist in the same fashion as that used for the
control agonist P1075. The maximal efficacy of each compounds (expressed as % relative .
to P1075) is reported. The amount of agent necessary to cause 50% of the agent’s
maximal response (ED,,) was calculated using "ALLFIT" (DeLean et al., Am. J. Physiol.,
235, E97 (1980)), and agonist potencies were expressed as py, (the negative logarithm).
Agonist potencies were also expressed as an index relative to P1075. The index was
calculated by dividing the EDy, for P1075 by the ED,., for the test agonist in a given tissue.
Each tissue was used for only one test agonist, and the indices obtained from each tissue
were averaged to provide an average index of potency. These data are shown in Table 2.
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Landrace Pig Bladder

Efficacy
(%P1075)

D, -

Index

97

6.9

- 0.36

99

'5.8

100

64

0.16

100

5.4

0.022

97

54

0,040

90

52

- 0.023

8

39

0.0015

96

43

0.0028

L

68 |

12

. 5 .

72

33

N

B |

100

57

0.027

100

1.6

— 100

" 6.0

'. 0.70

93

56

043

100

556

0.027

100

6.0

0.055

94

6.7

0.42

89

5.8

0.075

100

7.6

1.1

. 85

5.1

0.065

100

6.3

T 041

93

5.9

0.27

93

7.0

0.96
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35 | 100 74 | 18
3 | 100 | 65 | 024
7] % ™73 21
38 80 | 53 | 0024
39 9% 5.6 0.036
20 | ol 6.0 013
y) 95 6.2 0.17 .
B3| 88| 67 | 068
47 96 6.2 0.28
53 99 53 0.069

As shown by. the dafa in Tebles 1and 2,.the cbmpdunds of this invention reduce
stimulated contractions of ihe bladder by opehing potassium channels and therefore may
have utlhty in the treatment of sj'mptoms and/or diseases prevented by or ameliorated with
potassium channel openers. ' |

The term "pharmaceutlcal]y acceptable carner," as used herem, means a non-toxic,
inert sohd semi-solid or hqmd filler, dlluent encapsulatmg matenal or formulation
auxiliary of ‘any type. Some examples of materials which can serve as pharmaceutically
acceptable carriers are sugars such as lactose, glucose and sucrose; starches such as corn -
starch and potato starch; cellulose and its denvatlves such as sodium carboxymethyl
ce!lulose, ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc;
exclpxents such as cocoa butter and suppository waxes; oils such as peanut oil, cottonseed
oil, safflower o:l,_ sesame oil, olive oil, corn oil and soybean 011; glycols; such a propylene
glycol; esters such as ethyl oleate and ethyl laufafe; agar; buffering agerits such as
magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic
saline; Ringer's solution; ethyl alcohel, and phosphate buffer solutions, as well as other
non-toxic compatible lubricents such as sodium lauryl eulfate and magnesium stearate, as
well as coloring agents, releasing agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can also be present in the composition,
according to the judgment of the formulater. |
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The present invention provides pharmaceutical compositions which comprise
compounds of the present invention formulated t‘oge'therj with one or more non-toxic
pharmaceutically acceptable carriers. The pharmaceutical compositions can be formulated
for oral administration in solid or liquid form, for parenteral injection or for rectal
administration. _ _ : _

Further included within the scope of the present invention are pharmaceutical
compositions comprisiug one or more of the compounds of formula I-VIII prepared and
formulated in combination with one or more non-toxic pharmaceutically acceptable
compositions. The pharmaceutical compositions can be formulated for oral administration

in solid or liquid form, for parenteral injection or for rectal administration.

The phammceutlcal composmons of this invention can be administered to humans
and other mammals orally, rectally, parenterally, mtraclstemally, intravaginally,
intraperitoneally, toplcally (as by powders ointments or drops), bucally or as an oral or -
nasal spray. The term "parenterally," as used herein, refers to modes of adm1mstratxon
which include mtravenous mtramuscular mtrapentoneal intrasternal, subcutaneous, |
miraartlclﬂar mjectlon and infusion.

Phatmaceutlcal composmons of thls mvent:on for parenteral mjectlon compnse

pharmaceutxcally acceptable sterile. aqueous or nonaqueous soluuons, dlspersmns,

: suspensmns or emulsions and stenle powders for reconsututlon into sterile injectable

solutions or dlspersxons Examples of suitable aqueous and nonaqueous carriers, diluents,
solvents or vehicles include water, ethanol, polyols (propylene glycol, polyethylene glycol,
glycerol, and the hke), sultable mixtures thereof vegetable oils (such as olive 6il) and
injectable orgamc esters such as ethyl oleate. Proper ﬂmd:ty may be maintained, for
example, by the use of a coatmg such as lecxthm by the maintenance of the requu'ed

particle size in the case of dJSpersmns, and by the use of surfactants.

These composmons may also contain ad]uvants such as preservatlve agents,
wetting agents emulsifying agents, and dlspersmg agents. Prevention of the action of
microorganisms may be ensured by various antibacterial and antlfungal agents, for
example, parabens, chlorobutanol phenol sorblc acld, and the like. It may also be

desirable to include isotonic agents, for example, sugars, sodium chloride and the like.
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Prolonged absorption of the injectable pharmaceutical form may be brought about by the
use of agents delaying absorption, for example, dmﬁn@ monostearate and gelatin,

| In some cases, in order to-prolong the effect of a drug, it is often desirable to slow
the absorption of the drug from subcutaneous or intramuscular injection. This may be
accomplished by tﬁe use of a liquid suspension of crystalline or amorphous material with .
poor water solubility. The rate of absorption of the drug then depends upon its rate of
dissolution which, in turn, may depend upon crystal size and crystalline form.
Alternatively, delayed absorption of a parenterally administered drug form is
accomplished by dissolving or suspending the drug in an oil vehicle.

" Suspensions, in addition to the active compounds, may contain suspending agents,

" as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan .

esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar,
tragacanth, and mixtures thereof. S

| If desired, and for more effective distribution, the compounds of the present -
invention can be incorporated into slow-release or targeted-delivery systems such as
polymer matrices, liposomes, and microspheres. They may be sterilized, for example, by
filtration through a bacteria-retaining filter or by incorporation of sterilizing agents in the .
form of sterile solid compositions, which may be disso]ved in sterile water or some other
stenle injectable medium immediately before use. '

The active compounds can also be in micro-encapsulated form, if appropnate with
one or more excipients as noted above. The solid dosage forms of tablets, dragees,
capsules, pills, and granules can be prepared with coatings and shells such as enteric
coatings, release controlling coatings and other coatings well known in the pharmaceutical
formulating art. In such solid dosage forms the active compound can be admixed with at
least one inert diluent such as sucrose, lactose, or starch. Such dosage forms may also
comprise, as is normal practice, additional substances other than inert diluents, e.g.,
tableting Iubricants and other tableting aids sucha magnesium stearate and -
microcrystalline cellulose. In the case of capsules, tablets and pills, the dosage forms may
also comprise buffering agents. ‘They may optionally contain opacifying agents and can
aiso be of such composition that they release the activle ingredient(s) only, or
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- preferentially, in a certain part of the intestinal tract in'a delayed manner. Examples of

embedding compositions which can be used include pol};mer:_ic substances and waxes.
Injectable depot forms are made by forming microencapsulated matrices of the
drug in biodegradable polymers such as polylactide-polyglycolide. Depending upon the
ratio of drug to polymer and the nature of the particular pol_y_rher employed, the rate of
drug release can be controlled. Examples of other biodegradable poiymers include
poly(orthoesters) and poly(anhydrides) Depot injectable fqnnul_étio,ns.are also prepared by
entrappiﬁg the drug in liposomes or microemulsions which.are compaﬁble with body

The injectable formulations can be sterilized, for example, by ﬁl_tra_tioh through a

" bacterial-retaining filter or by incorporati_ng:_sterilizing_ agents in the form of sterile solid
. compositions which can be dissolved or dispersed in sterile water or other sterile injectable

medium just priortbuse. . L L _
- Injectable preparations, for example; sterile injectable aqueous or-oleaginous
suspensions may be formulated according to:the known art using suitable dispersing or _

- wetting agents and suspending agents.. The sterile injectable preparation may also be a
‘sterile injectable solution, suspension or emulsion in a nontoxic, parenterally __ac_:_o::_gp_table o
. diluent or solvent such as a solution in 1,3-butanediol. - Among the acceptable vehicles and.
-~ solvents that may be employed are water; Ringer’s solution, U.S.P_. and isotonic sodium .
- chioride solution. In addition, sterile, fixed oils are conventionally empléyed as a solvent

or suspending medium. - For this purpose any bland fixed oil can be employed including
synthetlc ‘mono- or diglycerides. In addition, fatty acids such as oleic acid are use_d in the
Solid dosage forms for oral administration include capsules, tablets, pills, powders,
and granules. In such solid dosage forms, the active compound is mixed with at least one
inert, pharmaceutically acceptable excipient or carrier such as sodium citrate or dicalcium
‘phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glucose,
mannitol, and silicic acid; b) binders such as carboxymethylcellulose, alginates, gelatin,

* . polyvinylpyrrolidinone, sucrose, and acacia; c) humectanté_. such as glycerol; d)

disintegrating agents such as agar-agar, calcium carbonate, potato or tapioca starch, alginic
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acid, certain silicates, and sodium carbonate; €) soiution retarding agents such as paraffin);
f) absorption accelerators such as quaternary ammonimﬁ compounds; g) wetting agents
such as cetyl alcohol and glycerol monostearate;) absorbents such as kaolin and bentonite .
clay; and i) lubricants such as talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof. In the case of _capsules?
tablets and pills, the dosage form may also comprise buffering agents. - _

Solid compositions of a similar type may also be employed as fillers in soft and.
hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like.

The solid dosage forms of tablets, dragees, capsules, pills, and granules can be

' prepared with coatings and shells such as enteric coatings and other coatings well known

in the pharmaceutical formulating art. They may optionally contain opacifying agents and
can also be of a composition that they release the active ingredient(s) only, or

: pref‘erentia]ly, in a certain part of the intestinal tract in a delayed manner. Examples of
- embedding compositions which can be used include polymeric substances and waxes.. .

Compositions for rectal or vaginal administration are preferably suppositories
which can be prepared by mixing the compounds of this invention with suitable non--

irritating excipients or carriers such as cocoa butter, polyethyléne. glycol or a suppository . -
‘'wax which are solid at ambient temperature but liquid at body temperature and therefore

melt in the rectum or vaginal cavity and release the active compound.

' Liquid dosage forms for oral administration include pharmaceutlca]ly acceptable ,
emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the
active compounds, the liquid dosage forms may contain inert diluents commonly used in_
the art such as, for example, water or other solvents, solubilizing agents and emulsifiers
such as ethyl alcohol, isopropyl alcohol, ethy! carbonate, ethyl acetate, benzyl alcohol,
benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in
particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyéthylene glycols and fatty acid esters of sorbitan, and
mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvants
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such as wetting agents, emulsifying and suspending-agents, sweetening, flavoring, and
perfuming agents.

Dosage forms for topical or transdermal administration of a compound of thts
invention include ointments, pastes, creams, lotions, gels, p_owders, solutions, sprays,
inhalants or patches. The active component is admixed under sterile conditions with 2
pharmaceutically acceptable carrier and any needed pl‘eservatlves or buffers as may be .
required. - Ophthalmic formulation, ear drops, eye ointme‘nls, powdeljs and solutions are
also contemplated as being within the scope of this inve_nﬁon. :

The ointments, pastes, creams and gels may contain, in addition to an active
compound of this invention, excipients such as animal-and vegetable fats, oils, waxes,
 paraffins, starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones,

bentonites, silicic acid, talc and zinc oxxde, or mixtures thereof p

Powders and sprays can contain, in addmon to the compounds of this mventlon,
excxplents such as lactose talc, sﬂlcw acld, alummum hydmx1de, calcmm silicates and
polyarmde powder, or mixtures of these substances Sprays can addmonally contam
- customary propellants such as chloroﬂuorohydrocarbons !

Transdermal patches have the added advantage of prov:dmg controlled dellvery of

| a compound to the hody Such dosage forms can be made by dxssolvmg or dlspensmg the

compound in the proper medlum Absorption enhancers can also be used to increase the
flux of the compound across the skm The rate can be controlled by either prov1dmg arate
: controllmg membrane or by dxspersmg the compound ina polymer matrix or gel.
‘Compounds of the present invention may also be admmlstered in the form of
liposomes. As is known in the art, liposomes are 'generally_. d_eriired from phospholipids or
other lipid substances. Liposomes are formed by mono- of_ 'm_ulti-lamellar hydrated liquid
crystals that are dispersed in an aqueous medium. :Any non—toxic, physiologically
- acceptable and metabolizable lipid capable of forming hposomes may be used. The
_ present compositions in liposome form may contam, in addition to the compounds of the
present invention, stabilizers, preservatives, excipients, and the like. The preferred lipids
~ are the natural and synthetic phospholipids and phosphatidylcholines (lecithins) used
separately or together. |

110



10

15

20

25

WO 0024743

PCT/US99/25373

~ Methods to form liposomes are known in the art. See, for example, Prescott, Ed.,
Methods in Cell Biology, Volume XIV, Academic Press, New York,N. Y., (1976), p33 et
seq. _ .
" The term "pharmaceutically acceptable cation," as used herein, refers to a
positively-charged inorganic or organic ion that is generally considered suitable for human
consumption. Examples of pharmaceutically acceptable cations are hydrogen, alkali met;ﬂ
(lithium, sodium and potassium), magnesium, calcium, ferrous, ferric, ammonium,
alkylammonium, dialkylammonium, trialkylammonium, tetraalkylammonium, .
diethanolammmonium, and choline. Cations may be interchanged by methods known in

the art, such as ion exchange.

The terms "pharmaceutically acceptable salts, esters and amides," as used herein,
refer to carboxylate salts, amino.acid addition salts, zwitterions, esters and amides of
compounds of formula I-VIII which are, within the scope of sound medical judgement,
suitable for use in contact with the tissues of humans and lower animals without undue
toxicity, irritation, allergic response, and the like, are commensurate with a reasqn;able. _
benefit/risk ratio, and are effective for their intended use. - _

'The term "pharmaceutically acceptable salt,” as used herein, refers to salts that are
well known in the art. For example, S. M Berge et al. describe pharmacentically

 acceptable salts in detail in (J. Pharmaceutical Sciences, 66:1-19 (1977)). Examples of

pharmaceutically acceptable, nontoxic acid addition salts are salts of an amino group
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric acid,
sulfuric acid and perchloric acid or with organic acids such as acetic acid, oxalic acid,
maleic acid, tartaric acid, citric acid, succinic acid, or malonic acid or by using other
methods used in the art such as ion exchange. Other pharmaceutically acceptable salts
include nitrate, bisulfate, borate, formate, butyrate, valerate, 3-phenylpropionate,
camphorate, adipate, benzoate, oleate, palmitate, stearate, laurate, lactate, fumarate,

ascorbate, aspartate, nicotinate, p-toluenesulfonate, camphorsulfonate, methanesulfonate,

2-hydroxyethanesulfonate, gluconate, glucoheptonate, lactobionate, glycerophosphate,
pectinate, lauryl sulfate, and the like, metal salts such as sodium, potassium, magnesium or

i1



10

15

25 -

30

- (1987)).

WO 00/24743 : PCT/US99/25373

calcium salts or amino salts such as ammonium, tnethylamme salts, and the hke, all of
which may be prepared according to conventional methods L

The term "pharmaceutically acceptable ester," as used herein, refers to esters of
compounds of the present invention which hydrolyze in vivo and include those that break

down readily in the human body to leave the parent compound or a salt thereof. Examples

of pharmaceutically acceptable, non-toxic esters of the present invention include C,-to-C;
alkyl esters and C;-to-C, cycloalkyl esters, although C,-to-C, alkyl esters are preferred.
Esters of the compounds of formula I-VIII may be prepared according to conventional

~ methods.

- The term "pharmaceutically acceptable amide," as used herem, refers to non-toxic .

. - amides of the present invention derived from ammonia, primary C,-to-C; alkyl amines and

secondary C;-to-C dialkyl amines.  In the case of secondary amines, the amine may also-
be in the form of a 5- or 6-membered heterocycle containing one nitrogen atom. Amides
derived from ammonia, C,-to-C, alkyl primary amides and C,-to-C, dialkyl secondary

--amides are preferred. Amides of the compeunds of form'ula-l-.VIII may be prepared
. _according to conventlonal methods. It is intended.that amides of the present invention
7+ - include amino:acid and pep’ﬂde derivatives of the compounds of formula I-VIII, as well.

* The term "pharmaceutically acceptable prodrug" or "prodrug,” as used herein,
represents those prodrugs of the compounds of the present invention which are, within the

~scope of sound medical judgement, suitable for use,in_'contae_t with the tissues of humans. .

. and lower animals without undue toxicity, irritation, allergic response, and the like,

commensurate with a reasonable benefit/risk ratio, and effective for their intended use.
Prodrugs of the present invention may be rapidly transformed in vivo to the parent
compound of the above formula I-VIII, for example, by hydrolysis in blood. A thorough

. discussion is provided in (T. Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems,

V. 14 of the A.C.S. Symposium Series, and in Edward B. Roche, ed., Bioreversible
Carriers in Drug Design, American Pharmaceutical Association and Pergamon Press

The term "prodrug ester group," as used herein refers, to any of several ester-
forming groups that are hydrolyzed under physiological conditions. Examples of prodrug
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ester groups inciude pivoyloxymethyl, acetoxymethyl, phthalidyl, indanyl and
methoxymethyl, as well as other such groups known in the art. Other examples of prodrug
ester groups can be found in the book ("Pro-drugs as Novel'Delivery Systems,” by

Higuchi and Stella) cited above.

Dosage forms for toplca.l administration of a compound of this invention mclude. _
powders, sprays, ointments and inhalants. The active compound is mixed under sterile
conditions with a pharmaceutically acceptable carrier and any needed preservatives,
buffers or propellants which can be required: Opthalmic fonnulations;, eye ointments,
powders and solutions are also contemplated as being within the scope of this invention.

Actual dosage levels of active ingredients in the pharmaceutical compositions of

this invention can be varied so as-to obtain an amount of the active compound(s) which is

effective to achieve the desired therapeutic response for a particular patient; compositions
and mode of administration. The selected dosage level will depend upon the activity of

‘the particular compound, the route of administration, the severity of the condition being.

treated and the condition and prior medical history of the patient being treated. However, ..

it is within the skill of the art to start doses of the compound at levels lower than required
~ for to.achieve the desired therapeutic effect and to gradually increase the dosage until the

desired effect is achieved.
" The present invention contemplates pharmaceutically active metabohtes fonned by

“in vivo biotransformation of compounds of formula I-VIII. The term pharmaceutically

active metabolite, _zis used herein, refers to a compound formed by the in vivo

‘biotransformation of compounds of formula I-VIII. The present invention contemplates
- compounds of formula I-VIII and metabolites thereof. A thorough discussionof . .

‘biotransformation is provided in Goodman and Gilman’s, The Pharmacological Basis of

Therapeutics, seventh edition, hereby incorporated by reference. _ _
The compounds of the invention, including but not limited to those specified in the

examples, possess potassium channel opening activity in mammals (especially humans).

As potassium channel openers, the compounds of the present invention are useful for the

treatment and prevention of diseases such as asthma, epilepsy, hypertension, Raynaud's
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* syndrome, impotence, thigraine, pain, eating disorders, urinary incontinence, functional
" bowel disorders, neurodegeneration and stroke. . |

The ability of the compounds of the invention to treat asthma, epxlepsy, _
hypertension, Raynaud's syndrome; male sexual dysfunction, female sexual dysfunction,

" migraine, pain, eating: disorders, urinary incontinence, functional bowel disorders,

neurodegeneration and stroke can be. demonstrated according to the methods described (D.
E. Nurse et al., Br. J. Urol., v. 68 pp. 27-31 (1991); B. B. Howe et al., J. Pharmacol. Exp.
Ther., v. 274 pp. 884-890 (1995); K. Lawson; Pharmacol. Ther v. 70 pp. 39-63 (1996); D
R. Gehlert, et al., Neuro-Psychopharmacol & onl._Psychlat_-, v. 18 pp. 1093-1102 (1994);

- M. Gopalakrishnan et al., Drug Development Research, v. 28 pp. 95-127 (1993); J.E.
" Freedman et al., The Neuroscientist, v. 2 pp. 145-152 (1996); D. Spanswick et al., Nature,
- v. 390 pp. 521-25 (December 4, 1997)).: -

Adqueous liquid compositions of the present invention are parhclﬂarly useful for the

- - treatment and prevention of. asthma, epilepsy, hyp.ertensxon, Raynaud's syndrome, male
"+ sexual dysfunction, female sexual dysfunction, migraine, pain, eating disorders, urinary .

" incontinence, functional bowel disorders; neurodegeneration and stroke.

. When used in the above or other treatments, a therapeutically effective amount of .

- one of the compounds of the present invention can be employed in pure form or, where
* .- such forms exist, in pharmaceutically- acceptable salt, ester, amide or prodrug form.
. Alternatively, the compound can be administered as :a pharmaceutical composition

containing the compound of interest in combination with one or more pharmaceutically

- acceptable excipients. The phrase "therapeutically effective amount” of the compound of

. the invention means a sufficient amount of the compound to treat disorders, at a reasonable

benefit/risk ratio applicable to any medical treatment. It will be understood, however, that

~ the total daily usage of the compounds and compdsitions of the present invention will be !

decided by the attending physician within the scope of sound medical judgement. The
specific therapeutically effective dose level for any particular patient will depend upona
variety of factors including the disorder being treated and the severity of the disorder;

body weight, general health, sex and diet of the patient; the time of administration, route of
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administration, and rate’ excretxon of the specxﬁc compound employed the duration of
the treatment; drugs us m combination or coincidental with the specific compound
employed; and like factors well known in the medical arts. ‘For example, it is well within
the skill of the art to start doses of the compound at levels lower than required to achieve
the desired therapeutic effect and to gradually increase the dosage until the desired effect is
achieved. _

The total daily dose of the compounds of this invention-administered to a human or
lower animal may range from about 0. 003 to about 10 mg/kg/day. For purposes of oral
administration, more preferable doses can be in the range of from about 0.01 to about 5
mg/kg/day. If desired, the effective daily dose can be divided into multiple doses for

purposes of administration; consequently, single dose compositions may contain such

amounts or submultiples thereof to make up the daily dose.
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1. A compound having formula I

- R R
D Dt :
-J\’ T ] /(l)l-,ﬁ‘-
R
- | o L |
| or a.pha:rmaceutically_acceptabie salt, amide, ester, or prodrug thereof, wherein
5 nis0-1; ' I ) '
| | m1s 1-2;

| A is selected from the group consxstmg of NRZ, 0 and S
A’ is selected ﬂom the group conmstmg of NR,, 0 S and CR4R,,
e D is seleeted from the group consisting of CH, and C(O),
10_..:_ o D’ is selected ﬁom the group consxstmg of CH,, C(O) 5(0), and S(O)z,
_ RI is selected ﬁ'om the group consxsl:mg of aryl and heterocycle; _
R2 and R, are mdependently selected ﬁ'om the group consxstmg of hydrogen,
alkoxyalkyl a]kyl aryla]kyl cycloalkyl cycloalkyla]kyl haloalkyl _
e heterocyclealkyl hydroxy, hydroxya]kyl -NZ,Z,_, and (NZ,Z,)alkyl wherem Z,and
15 ) ) Z, are independently selected from the group cons:stmg of hydrogen, alkyl

_ alkylcarbonyl aryl, arylaikyl, and formyl N
R, and R, are mdependently selected from the group consxstmg of hydrogen and

alkyl; o _ L
_, R, and R, are independently selected from the group consisting of hydrogen and
20 alkyl; '

with the proviso that when D is CH2 then D' is other than CH,; and
w1th the proviso that when D' is S(O) or 8(0), then A’ is CR.R;.
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5
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3.

4.

5.

A comprind sseing o cla ororme T (NN
] 1 D: R7 * (4 L M S *
LA
II,
or a pharmaceutically acceptable salt, amide, ester, or prodrug thereof wherein,
nis 0-1; '
- mis1-2;

A is selected from the group consisting of NR;, O, and S;

A'is selected from the group consisting of NR,, O, S and CR.Rs;

D' is selected from the group consisting of CH,, C(0), S(O), and 5(0);

R,is selected from the group consisting of aryl and heterocycle;

R, and R, are independently selected from the group consisting of hydrogen,
alkoxyalkyl, alkyl, arylalkyl, cycloalkyl, cycloalkylalkyl, haloalkyl, |
heterocyclealkyl, hydroxy, hydroxyalkyl, -NZ,Z,, and (NZ,Z,)alkyl wherein Z, and

K Z, are independently selected from the group consisting of hydrogen, alkyl,

alkylcarbonyl, aryl, arylalkyl, and formyl; -
R, and R, are independently selected from the group consisting of hydrogen and

alkyl; and
R, and R, are independently selected from the group consisting of hydrogen and
alkyl.

A compound according to claim 2 wherein A is NR,.

A compound according to claim 2 wherein A is O.

A compound according to claim 2 wherein A is S.
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or a pharmaceutically acceptable salt, amide, ester, or prodrug thereof wherein,
nis 0-1; ' '

m is 1-2;

A is selected from the group cons:stmg of NRz, 0 and S;

A'is selected from the group consxstmg of NRS, 0,8 and CR,R;;

D' is selected from the group consxstmg of CI-I2 C(O), 8(0), and S(O)z,

R,is selected from the group consxstmg of aryl and heterocycle, .

- RyandR; are mdependently selected ﬁ'om the group consxstmg of hydrogen,

alkoxyalkyl alkyl aryla]kyl cycloalkyl cycloalkylalkyl ha]oa]kyl
heterocyclea]kyl hydroxy, hydroxyalkyl, -NZ,Z;, and (NZ,Zz)alkyl wherem Z and
Z,are mdependently selected from the group consnstmg of hydrogen, alkyl,

" alkylcarbonyl, aryl, arylalkyl and formyl o
. R, and R, are mdependently selected from the group consxstmg of hydrogen and

alkyl; and N

R¢ and R, are mdependently selected from the group conSIStlng of hydrogen and
alkyl.

A compound according to claim 6 wherein A is NR;.

A compound cccol'ding to claim 6 wherein A is 0.

A compound according to claim 6 wherein A is S.
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or a pharmaceutically acceptable salt, amide, ester, or prodrug thereof wherein,

A is selected from the group consisting of NR,, O, and S;- | '

A’ is selected from the group consisting of NR,, O, S and CR,R;;

R, is selected from the group consisting of aryl and heterocycle;

R, and R, are independently selected from the group consisting of hydrogen,
alkoxyalkyl, alkyl, arylalkyl, cycloalkyl, cycloalkylalkyl, haloalkyl, )
heterocyclealkyl, hydroxy, hydroxyalkyl, -NZ,Z,, and (NZIZ,)alkyl wherein Z, and |
Z, are Wmdenﬂy selected from the group consisting of hydrogen, alkyl,
alkylcarbonyl, aryl, arylalkyl, and formyl; _

R, and R, are independently selected from the group consisting of hydrogen and
alkyl; and | | |
R, and R, are independently selected from the group consisting of hydrogen and
alkyl.

A compound according to claim 10 wherein

AisNRy; and

A'isNR,.

A compound according to claim 10 wherein
A isNR,;

A'isNR;;

R, is hydrogen; and

R, is hydrogen.

A compound according to claim 12 that is 5-(3-bromo-4-fluorophenyl)-
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2,3,5.8,9,10-hexahydropyridof3,4-b][1,7Jnaphthyridine-4,6(1H, 7H)-dione.

14. A compound according to claim 10 wherein
AisNR,;and '
A'isO.

15. A compound according to claim 10 wherein
AisNR;and '
A'is S,

'16. A compound according to claim 10 wherein
Ais O; and
A'isNR..

17. A compound accordmg to claim 10 wherein
AisO; ' h
A'isNRy;
R, is hydrogen; and
R, is hydrogen.

18. A compound according to claim 17 that is 5-(3-bromo-4-fluorophenyl)-5,8,9,10-
tetrahydro-1H-pyrano[3,3-b][1,7]naphthyridine-4,6(3H,7H)-dione.

19. A compound according to claim 10 wherein
AisO; and | '
A'is O.

20. A compound according to claim 10 wherein
AisO; '

A'is O.
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R, is hydrogen; and
R,is hydrbgen.

A compound according to claim 20 selected from the group consisting of
5-(3-bromo-4-fluorophenyl)-5, lO-dlhydro-lH 3H-dipyrano[3,4-b:4 3-e]pyndme—
4,6(7TH,9H)-dione,
5-{4-chloro-3-nitrophenyl)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-e]pyridine-
4,6(7H,9H)-dione, '
5-(3-cyanophenyl)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-¢]pyridine-
4,6(7H,9H)-dione,
5-(4-fluoro-3-iodophenyl)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-e]pyridine-
4,6(7H.9H)-dione,

5-(5-bromo-2-hydroxyphenyl)-5,10-dihydro-1H, 3H-d1pyrano[3 4-b:4,3-e]pyridine-
4.6(7H,9H)-dione, ‘
5-{4-fluoro-3-(trifluoromethyl)phenyl]-5,10-dihydro-1H, 3H—d1pyrano[3 4-b:4,3-
e]pyridine-4,6(7H,9H)-dione,

5-(3,4-dichlorophenyl)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-¢]pyridine-
4,6(7H,9H)-dione,
5-(2,1,3-benzoxadiazol-5-yl)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-e]pyridine-
4,6(TH,SH)-dione, |

' 5-(5-nitro-2-thienyl)-5, 10-dihydro-1H,3H-dipyrano[3,4-b:4,3-¢]pyridine-

4,6(7H,9H)-dione, and
5-(5-nitro-3-thienyl)-5,10-dihydro-1H,3H-dipyrano[3,4-b:4,3-e]pyridine-
4,6(7H,9H)-dione.

A compound according to claim 10 wherein
AisO; and
A'isS.

A compound according to claim 10 wherein
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27.
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it |
R, is hydrogen.

A compound according to claim 23 that is 5 -(3-broni9e;4-ﬂuorophenyl)-5,l 0-
dihydro-1H,3H-pyrano[3,4-b]thiopyrano{4,3-¢lpyridirie-4,6(7H,9H)-dione.

A compound according to claim 10 wherein
AisS;and

A'isNR,.

A compound according to claim 10 wherein

‘AisS;and
A'isO.

A compound according to claim 10 wherein
AisSiand "
A'isS.

* A compound according to claim 1 of formula V:

0 R o

| L&
’ N & \Rv

-V,
or a pharmaceutically acceptable salt, amide, ester, or ﬁrodrug thereof wherein,
A is selected from the group consisﬁng of NR,, O, andf S;
A’ is selected from the group consisting of NR;, O, Sand CR,R;;
R, is selected from the group consisting of aryl and hét_erocycle;
R, and R; are indei)endenﬂy selected from the groupég::_onsisting of hydrogen,
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32.
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alkoxyalkyl, alkéyi; arylalkyl, cycloalkyl, cycloalkylaikyl, haloalkyl,
heterocyclealkyl, hydroxy, hydroxyalkyl, -N'Z,Zl., and (NZ,Z,)alkyl wherein Z, and
Z, are independently selected from the group consisting of hydrogen, alkyl,
alkylcarbonyl, aryl, arylalkyl, and formyl;

R, and R; are independently selected from the group consisting of hydrogen and
alkyl; and |
R; and R, are independently selected from the group consisting of hydrogen and
alkyl.

A compound according to claim 28 wherein
A isNR,; and
A'isNR,.

A compound according to claim 28 wherein
A isNR,; and
A'isO.

A compound according to claim 28 wherein
AisNRy;

A'is O;

R; is hydrogen; and

R, is hydrogen.

A compound according to claim 31 that is selected from the group consisting of
9-(3-bromo-4-fluorophenyl)-5,6,7,9-tetrahydrofuro[3,4-b][1,7]naphthyridine-
1,8(3H,4H)-dione,

-(+) 9-(3-bromo-4-fluorophenyl)-5,6,7,9-tetrahydrofuro[3,4-b][1,7]naphthyridine-

1,8(3H,4H)-dione; and
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34.

35.
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NRD R

(-) 9-(3-bromo-4-fluorophenyl)-5,6,7,9-tetrahydrofuro{3,4-b}{1,7]naphthyridine-
1,8(3H,4H)-dione. | '

A compound according to claim 28 wherein . -

A isNR,; and
A'is S.

A compound according to claim 28 wherein
AisNR, and
A'isCRR,

A compound according to claim 28 wherein
AisNR;
A'isCRRs;

" R, is hydrogen;

R, is hydrogen;
Ry is hydrogen; and :

'R, is hydrogen.

36.

A compound according to claim 35 that is selected from
(-)-5-(3-bromo-4-fluorophenyl)-2,3,5,7,8,9-hexahydro-1H-
cyclopenta[b][1,7Inaphthyridine-4,6-dione, .
(+)-5-(3-bromo-4-fluorophenyl)-2,3,5,7,8,9-hexahydro-1H-
cyclopenta[b][1,7]naphthyridine-4,6-dione, S
(@) 5-(3-chloro4-fluoropheny1)-2,3,5,7,8,9-hexahydro-1H-
cyclopenta[b][1,7]naphthyridine-4,6-dione, and

(-) 5-(3-chloro-4-fluorophenyl)-2,3,5,7,8,9-hexahydro-1H-
cyclopenta[b][1,7]naphthyridine-4,6-dione.
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38.
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40.

41.

42.
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A compbund according to claim 28 wherein
AisO;and
A'isNR,.

A compound according to claim 28 wherein
A isO;

A'isNR;;

R, is hydrogen; and

R, is hydrogen.

A compound according to claim 38 that is selected from the group consisting of
9-(3-bromo-4-fluorophenyl)-2-methyl-2,3,5,9-tetrahydropyranof3,4-b]pyrrolo[3,4-
e]pyridine-1,8(4H,7H)-dione; and
9-(3-bromo-4-fluorophenyl)-2,3,5,9-tetrahydropyrano[3,4-b]pyrrolo(3,4-
e]pyridine-1,8(4H,7H)-dione. '

A compound according to claim 28 wherein
Ais O; and
A'isO.

A compound according to claim 28 wherein
AisO;

A'isO;

R is hydrogen; and

R, is hydrogen.

A compound according to claim 41 that is selected from the group consisﬁng of
9-(3-bromo-4-flucrophenyl)-5,9-dihydro-3H-furo[3,4-b]pyrano[4,3-e]pyridine-
1,8(4H,7H)-dione,
(9R)-9-(3-bromo-4-fluorophenyl)-5,9-dihydro-3H-furo[3,4-b]pyrano[4,3-
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43.

45.

46.

47.

e]pyridine—l,8(4H,7H)~diont’;; and - C
(9S)-9-(3-bromo-4-ﬂuorophenyl)—5,9-dihydro-3H-fur9[3,4-b]pyrano[4,3-
e]pyridine-1,8(4H,7H)-dione. :

A compound according to claini 28 wherein
A1sO; and
A'isS.

A compound according to claim 28 wherein
AisO;and

A'is CRR;.

A compound according to claim 28 wherein

- AisO;

A'is CR.R,;

R, is hydrogen;
R,ishydrogen; - °
R, is hydrogen; and
R, ishydrogen. -~

A compound according to claim 45 that is selected from the group consisting of
5-(3-bromo-4-fluorophenyl)-5,7,8,9-tetrahydrocyclopenta[b]pyrano[4,3-e]pyridine-
4,6(1H,3H)-dione and |
5-(4-chloro-3-nitrophenyl)-5,7,8,9-tetrahydrocyclopenta[blpyrano[4,3-¢]pyridine-
4,6(1H,3H)-dione.

A compound according to claim 28 wherein
AisS;and

A'isNR,.

126



LI

49. A compound according to claim 28 wherein
AisS;and '
A'is S.

50. A compound according to claim 28 wherein
AisS;and
A'isCR.R,.

51. A compound according to claim 28 wherein
AisS;
A'is CRRR;;
R, is hydrogen;
R, is hydrogen;
R, is hydrogen; and
R, is hydrogen.

52. A compound according to claim 51 that is 5-(3-bromo-4-fluorophenyl)-5,7,8,9-
tetrahydrocyclopenta[b]thiopyrano[4,3-e]pyridine-4,6(1H,3H)-dione.

53. A compound according to claim 1 of formula VI:
O R O
LLJ
\
- ” Rs/ \R7
_ VI, o S
or a pharmaceutically acceptable salt, amide, ester, or prodrug th@rebf wherein,
A is selected from the group consisting of NR,, O, and S;
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56.

57.
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A’ s selected from the group consisting of NR;, O, Sand CRR; =

R, is selected from the group consisting of aryl and heterocycle; -

R, and R; are mdependently selected from the group consisting of hydrogen

alkoxyalkyl, alkyl arylalkyl, cycloalkyl, cycloalkylalkyl, haloalkyl,

heterocyclealkyl, hydroxy, hydroxyalkyl, -NZ,Z,, and (NZ,ZDalkyl wherein Z, and

Z, are mdcpemdently selected from the group consxstmg of hydrogen, alkyl,

alkylcarbonyl, aryl, arylalkyl, and formyl; -

R, and R, are independently selected from the group consistiné of hydrogen and

alkyl; and

R, and R, are independently selected from the group consisting of hydrogen and

alkyl.

A compound according to claim 53 wherein

A isNR,; and
A'isNR,.

A compound accoiding to claim 53 wherein
A isNR,; and
A'isO.

A compound according to claim 53 wherein

A isNR, and
A'is S,

A compound according to claim 53 wherein
A isNR,; and '
A'isCR.R;.

A compound according to claim 53 wherein

A isNR;;
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60.

61.

62.

R

e, -

A'is CR.R;;

R, is hydrogen;

R; is hydrogen;

R is hydrogen; and
R, is hydrogen.

A compound according to claim 58 that is selected from the group consisting of
5-(3-bromo-4-fluorophenyl)-2,3,5,8,9,1 O-heXahydrobenzo[b]ﬁ ,7inaphthyridine-
4,6(1H,7H)-dione, |
5-(3-bromo-4-fluorophenyl)-2-methyl-2,3,5,8,9,10-
hexahydrobenzo[b][1,7]naphthyridine-4,6(1H,7H)-dione,
(-)-5-(3-bromo-4-fluorophenyl)-2,3,5,8,9,10
hexahydrobenzo[b][1,7]naphthyridine-4,6(1H,7H)-dione; and. .
(+)-5-(3-bromo-4-fluorophenyl)-2,3,5,8,9,10-
hexahydrobenzo[b][1,7]naphthyridine-4,6(1H,7H)-dione.

- A compound according to claim 53 wherein

Ais O;and
A'is NR,.

A compound according to claim 53 wherein
Ais O

A'isNR;;

Ry is hydrogen; and

R, is hydrogen.

A compound according to claim 61 that is selected from the group consisting of
10-(3-chloro-4-fluorophenyl)-3,4,6,10-tetrahydro-2H-pyrano[3,4-
b][1,6]naphthyridine-1,9(5H,8H)-dione,
10-(3,4-dichlorophenyl)-3,4,6,10-tetrahydro-2H-pyrano[3,4-b][ 1,6 Jnaphthyridine-
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66.
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1,9(5H, 8H)-d10ne,

10-f4-chloro-3- (mﬂuommeﬂxyl)phenyl]—B 4,6 lO-tetrahydro-2H-pyrano[3 4-

b][1,6]naphthyridine-1,9(5H,8H)-dione,

10-(4-chloro-3—mtrophenyl)-3 4,6 lO-teh‘ahydro-2H-pyrano[3 4-

b][1 6]naphthynd1ne-l 9(5H,8H)-dione,

10-3 4-d1bromophenyl)-3 4,6,10-tetrahydro-2H-pyrano[3,4-b][1 6]naphthyndme-
,9(5H,8H)-dlone,

10-(5-nitro-3-thienyl)-3,4,6 10-tetrahydro-2H-pyrano[3 4—b][1 6]naphthynd1ne-

1,9(5H,8H)-dione; and

10-(3-bromo-4-fluorophenyl)-3,4,6 10-tetrahydro-2H—pyrano[3 4-

b][1,6Inaphthyridine-1,9(5H,8H)-dione. .

A compound according to claim 53 wherein -
AisO;and -
A'is O,

A compound according to claim 53 wherein
Ais O; and
A'is S.

A compound according to claim 53 wherein.
AisO; and
A'is CRR,.

A compound according to claim 53 wherein
AisO;

A'isCRRs;

R; is hydrogen; and.

R, is hydrogen.
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A'is C’R.Rs; |
R, is hydrogen;
R, is hydrogen;
R, is hydrogen; and
R, is hydrogen.

68. A compound according to claim 67 that is 5-(3-bromo-4-fluorophenyl)-5,8,9,10-
tetrahydro-1H-pyrano[3,4-b]quinoline-4,6(3H,7H)-dione.

69. A compound according to claim 53 wherein
AisO;
A'is CRRs;
R, is methyl;
R, is methyl;
R, is hydrogen; and
R, is hydrogen.

70. A compound according to claim 69 that is 5-(3-bfomo-4—ﬂuorophenyl)—7,7‘-
dimethyl-5,8,9,10-tetrahydro-1H-pyrano[3,4-b]quinoline-4,6(3H,7H)-dione.

71. A compound according to claim 53 wherein
AisS;and
A'isNR,.

72. A compound according to claim 53 wherein

AisS; and
A'is O.
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73.

74.

75.

.76.

77.

A compound according to claim 53 wherein -
AisS;and SR
A'isS.

A compound according to claim 53 Wherem
AisS; and B
A'is CR.R,.

A compound according to cla.tm 53 wherein .
AisS; B
A'is CRRg;

R, is hydrogen;

R, is hydrogen;

R, is hydrogen; and

R, is hydrogen.

- . PCT/US99/25373

A compound according to claim 75 that is 5-(3-bromo-4-fluorophenyl)-5,8,9,10--

tetrahydro-1H-thiopyrano[3,4-blquinoline-4,6(3H, 7H)-dione.

A compound according to claim 1 of formula VII: .

or a pharmacentically acceptable salt, amide, ester, or prodrug thereof wherein,

A is selected from the group consisting of NR;, O, and S;
R, is selected from the group ci_msistihg of aryl and heterocycle;

R, is selected from the group consisting of hydrogen, alkoxyalkyl, alkyl,
arylalkyl, cycloalkyl, cycloalkylalkyl, haloalkyl, heterocyclealkyl, hydroxy,
hydroxyalkyl, -NZ,Z,, 'ahd_(NZ,Zz)alkyl wherein Z, and Z, are independently
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78,

. 79-

80.

81.

82

83.
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selected from the group consisting of hydrogen, alkyl alkylcarbonyl, aryl,
arylalkyl, and formyl

R, and R; are independently selected from the group consisting of hydrogen and
alkyl; and |

R¢ and R, are independently selected from the group consisting of hydrogen and _
alkyl. . _ _

A compound according to claim 77 wherein A isNR,. -

A compound according to claim 77 wherein
A isNR,;

R, is hydrogen;

R; is hydrogen;

- Ry is hiydrogen; and

R, is hydrogen.

A compound according to claim 79 that is 9-(3-bromo-4-fluoropheny1)-2,3,5,6,7,9-
hexahydrothieno[3,2-b][1, 7}naphthyridin-8(4H)-one 1,1-dioxide.

A compound according to claim 77 wherein A is O.

A compound according to claim 77 wherein
Ais O; '

R, is hydrogen;

R, is hydrogen;

R; is hydrogen; and

R, is hydrogen.

A compound according to claim 82 that is selected from the group consisting of
9-(3-bromo-4-fluorophenyl)-2,3,5,9-tetrahydro-4H-pyrano[3,4-b]thieno[2,3-
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84.

‘e]pyridin-8(7H)-one 1, 1-d1ox1dc

- e]pyridin-8(7H)-one 1, 1-d10x1de

(+)-9-(3-bromo-4-ﬂuorophenyl)-2 3.5 9-tettahydro-4H-pyrano[3 ,4-b]thieno[2,3-

(-)-9-(3—bromo-4-ﬂuorophenyl)—2 3.5 9—tetrahydro—4H-pyrano[3 4-b]thleno[2,3-
e]pyridin-8(7H)-one 1, l-d10x1de

9-(3-cyanophenyl)-2,3,5 9-telrahydro-4H-pyrano[3 4-b]th1eno[2,3-e]pyndm—
8(7H)-one 1,1-dioxide,

(+) 9-(3-cyanophenyl)-2,3,5,9-tetrahydro-4H-pyrano[3, 4—b]thxeno[2 3-e]pyridin-
8(7H)- one 1,1-dioxide,

(-) 9-(3-cyanophenyl)-2,3,5 9-tetrahydro-4H-pyrano [3 4-b]ﬂneno[2 3-e]pyridin-
8(7H)- one 1,1-dioxide,

' 9-(4-ch10ro-3-mtrophenyl)-2 3,5,9-tetrahydro-4H-pyrano[3,4-b]thieno[2,3-

e]pyridin-8(7H)-one 1,1-dioxide,
(+)-9-(4-chloro-3-nitrophenyl)-2,3,5 9-tetrahydro—4H—pyrano[3 ,4-b]thieno[2,3-.

e]pyridin-8(7H)-one 1,1-dioxide, .

(-)-9-(4-chloro-3-nitrophenyl)-2,3,5,9-tetrahydro-4H-pyrano(3,4-b]thieno[2,3-

*: ¢]pyridin-8(7H)-one 1,1-dioxide;

+) 9—(4-ﬂuoro-3-1odophenyl)—2 3,5,9- tetrahydro—4H-pyrano[3 4—b]tlneno[2,3- :

- e}pyridin-8(7H)-one 1 l-d10x1de, and

(-) 9-(4-fluoro-3-iodophenyl)-2,3,5,9-tetrahydro-4H-pyrano[3,4-b]thieno[2, 3-
e]pyridin-8(7H)-one 1,1-dioxide.

A compound according to claim 77 wherein A is S.
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A compound aét;grding to claim 1 of formula VIII:

VIII,

or a pharmaceutically acceptable salt, amide, ester, or prodrug thereof wherein,

A is selected from the group consisting of NR,, O, and S;
R, is selected from the group consisting of aryl and heterocycle;
R, is selected from the group consisting of hydrogen, alkoxyalkyl, alkyl,

~ arylalkyl, cycloalkyl, cycloalkylalkyl, haloalkyl, heterocyclealkyl, hydroxy,

hydroxyalkyl, -NZ,Z,, and (NZ,Z,)alkyl wherein Z, and Z, are independently
selected from the group consisting of hydrogen, alkyl, alkyicarbonyl, aryl,
arylalkyl, and formyl; _ .
R, and R; are independently selected from the group consisting of hydrogen and
alkyl; and | |
R; and R7 are independently selected from the group congi;;igg _of hydrogen and
alkyl. '

- A compound according to claim 85 wherein A is NR;.

A compound according to claim 85 wherein
AisNR,;

R, is hydrogen;

R, is hydrogen;

R, is hydrogen; and

- R, is hydrogen.

A compound according to claim 87 that is 10-(3-bromo-4-fluorophenyl)-
3,4,6,7,8,10-hexahydro-2H-thiopyrano[3,2-b][ 1,7]naphthyridin-9(SH)-one 1,1-
dioxide.
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89.

91,

93..

94.

95.

96.

97.

A compound according to claim 85 wherein A is O.

A compound according to claim 85 wherein
AisO; ' |

R, is hydrogen;

R; is hydrogen;

R is hydrogen; and

R, is hydrogen.

A compound according to claim 90 that is 10-(3-bromo-4-fluorophenyl)-3,4,6,10-

' tetrahydro-2H,5H-pyrano[3,4-b]thiopyranof2,3-¢]pyridin-(8H)-one 1,1-dioxide.

A compound according to claim 85 wherein A is S.

A pharmaceutical composition comprising a therapeutically effective amount ofa
compound of claim 1 in combiﬂaﬁon with a pharmaceutically acceptable carrier.

A method of treating asthma, epilepsy, hypertension, Raynaud's syndrome,
migraine, pain, eating disorders, functional bowel disorders, neurodegeneration and
stroke in a host mammal in need of such treatment comprising administering a

therapeutically effective amount of a compound of claim 1.
The method of claim 94 for treating urinary incontinence.

The method of claim 94 for treating male erectile dysfm_lctiOn and premature
¢jaculation. '

' The method of claim 94 for treating female anorgasmis, clitoral erectile

‘insufficiency, vaginal engor:gement, dyspareunia, and vaginismus.
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wherein, i
A is selected from the group consisting of O, S, and NR, wherein R, is selected
from the group consisting of hydrogen, alkoxyalkyl, alkyl, arylalkyl, cycloalkyl, .
cycloalkylalkyl, haloalkyl, heterocyclealkyl, hydroxy, hydroxyalkyl, -NZ,Z,, and
(NZ,Z,)alkyl Wherein Z,and Zz.are independently selected from the group
éonsisting of hydrogen, alkyl, alkylcarbonyl, éryl, arylalkyl, énd formyl;

with the proviso that R, s other than benzyl. |
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