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NOVEL COMPOUNDS THAT ARE USEFUL FOR IMPROVING PHARMACOKINETICS

TECHNICAL FIELD
The present invention relates to novel.compounds of formula |, pharmaceutical
compositions containing compounds of formula | and a method for improving the
pharmacokinetics of drugs which are metabolized by cytochrome P450
monooxygenase.-

BACKGROUND OF THE INVENTION

Some drugs are metabolized by cytochrome P450 monooxygenase, leading to
unfavorable pharmacokinetics and the need for more frequeht and higher doses than
are most desirable. Administration of such drugs with an agent that inhibits metabolism
by cytochrome P450 monooxygenase will improve the pharmacokineﬁcs (i.e., increase
half-life, increase the time to peak plasma concentration, increase blood levels) of the
drug. ' ‘

It has been discovered that coadministration of compounds of formula | with a
drug which is metabolized by cytochrome P450 monooxygenase, especially the P450

3A4 isozyme, causes an improvement in the pharmacokinetics of such a drug.

DISCLOSURE OF THE INVENTION
In accordance with the present invention, there is disclosed novel compounds of

formula | that inhibit cytochrome P450 monooxygenase, especially the P450 3A4

isozyme, a method of improving the pharmacokinetics of a drug (or a pharmaceutically
acceptable salt thereof) which is-metabolized by cytochrome P450 monooxygenase in
mammals, and pharmaceutical compositions including compounds of formula I. More

particularly, the present invention is directed to compounds of formula |
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or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof, wherein

R+ is selected from the group consisting of aryl, hetercaryl and heterocycle;

Rz and Rs are each independently selected from the group consisting of
hydrogen, alkenyl, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
alkylcarbonylalkyl, alkylcarbonyloxyalkyl, alkynyl, arylalkoxyalkyl, arylalkoxycarbonyl,
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, aryloxycarbonyl,
arylthioalkoxyalkyl, arylthioalkyl, carboxyalkyl, cycloalkyl, cycloalkylalkyl,
di(alkoxycarbonyl)alkyl, heteroarylalkoxyalkyl, heteroarylalkoxycarbonyl, heteroarylalkyl,
heteroarylalkylcarbonyl, heteroarylcarbonyl, heteroaryloxyalkyl, heteroaryloxycarbonyl,
heteroarylthioalkoxyalkyl, heteroarylthioalkyl, heterocyclealkoxyalkyl,
heterocyclealkoxycarbonyl, heterocyclealkyl, heterocyclealkylcarbonyl,
heterocyclecarbonyl, heterocycleoxyalkyl, heterocycleoxycarbonyl,
heterocyclethioalkoxyalkyl, heterocyclethioalkyl, hydroxyatkyl and (NRcRp)alkyl;

R4 is selected from the group consisting of aryl, heteroaryl, and heterocycle;

Rs and Rs are each independently selected from the group consisting of
hydrogen, lower alkyl and a,rylalkyl;

m is 0-3;

nis 0-3;

A1 is absent or selected from the group consisting of O and NRa; wherein Raq is
selected from the group consisting of hydrogen and lower alkyl; .

Az is absent or selected from the group consisting of O and NRaz wherein Raz is
selected from the group consisting of hydrogen and lower alkyl;

X1 and Xz are each independently selected from the group consisting of O and S;

L is selected from the group consisting of
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Rz Rs and Rg are each independently selected from the group consisting of
hydrogen, alkenyl, alkenylcarbonyt, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl,
alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxyalkyl, alkynyl, alkynylcarbonyl,
arylalkoxycarbonyl, arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl,
arylthioalkoxyalkyl, arylthioalkyl, carboxyalkyl, cyanoalkyl, cycloalkyl, cycloalkylalkyl,
di(alkoxycarbonylalkyl, heteroarylalkoxyalkyl, heteroarylalkoxycarbonyl, heteroarylalkyl,
heteroarylalkylcarbonyl, heteroarylcarbonyl, heteroaryloxyalkyl, ‘
heteroarylthioalkoxyalkyl, heteroarylthioalkyl, heterocyclealkoxyalkyl,
heterocyclealkoxycarbonyl, heferdbyclealkyl, heterocyclealkylcarbonyi,
heterocyclecarbonyl, heterocycleoxyalkyl, heterocyclethioalkoxyalkyl,
heterocyclethioalkyl, hydroxyalkyl, (NRcRp)alkyl and

| R
2N Az Rz
LR
Ri1o Is selected from the group consisting of hydrogen, alkenyl, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxyalkyl, alkynyl, arylalkoxyalkyl, arylalkoxycarbonyl, arylalkyl,
arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, aryloxycarbonyl, arylthioalkoxyalkyl,
arylthioalkyl, carboxyalkyl, cycloalkyl, cycloalkylalkyl, di(alkoxycarbonyl)alkyl,
heteroarylalkoxyalkyl, heteroarylalkoxycarbonyl, heteroarylalkyl, heteroarylalkylcarbonyl,
heteroarylcarbonyl, heteroaryloxyalkyl, heteroaryloxycarbonyl, heteroarylthioalkoxyalkyl,
heteroarylthioalkyl, heterocyclealkoxyalkyl, heterocyclealkoxycarbonyl, heterocyciealkyl,

heterocyclealkylcarbonyl, heterocyclecarbonyl, heterocycleoxyalkyl,

. heterocycleoxycarbonyl, heterocyclethioalkoxyalkyl, heterocyclethioalkyl, hydroxyalkyl

and (NRaRs)alkyl;
Ri1 is selected from the group consisting of hydrogen, lower alkyl and arylalkyl;
Ri2 is selected from the group consisting of aryl, heteroaryl and heterocycle;

3
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g is 0-3;

X3 is selected from the group consisting of O and S; and

As is absent or selected from the group consisting of O and NRas wherein Ras is
selected from the group consisting of hydrogen and lower alky!;

Re and Rp are each independently selected from the group consisting of
hydrogen, alkoxycarbonyl, alkyl, alkyicarbonyl, alkylsulfonyl, arylalkoxycarbonyl,
arylsulfonyl, formyl, (NReRr)carbonyl and {NRgRg)sulfonyl;

Re and Rr are each independently selected from the group consisting of
hydrogen and lower alkyl; and

wherein any one of said aryl, heteroaryl, heterocycle, cycloalkyl, cycloalkyl
moiety of said cycloalkylalkyl, aryl moieties of said arylalkoxyalkyl, arylalkoxycarbonyl,
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, aryloxycarbonyl,
arylthioalkoxyalkyl and aryithicalkyl, heteroaryl moieties of said heteroarylalkoxyalkyl,
heteroarylalkoxycarbonyl, heteroarylalkyl, heteroarylalkylcarbonyl, heteroarylcarbonyl,
heteroaryloxyalkyl, heteroaryloxycarbonyl, heteroarylthioalkoxyalkyl and
heteroaryithioalkyl, and heterocycle moieties of said heterocyclealkoxyalkyl,
heterocyclealkoxycarbonyl, heterocyclealkyl, heterocyclealkylcarbonyl,
heterocyclecarbonyl, heterocycleoxyalkyl, heterocycleoxycarbonyl,
heterocyclethioalkoxyalkyl, and heterocyclethioalkyl, at each occurrence, is
independently unsubstituted or substituted with 1, 2, 3, or 4 substituents independently
selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl,
benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen,
haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioatkoxy,
thioalkoxyalkyl, -NRaRg, (NRaRs)alkoxy and (NRaRg)alkyl; and

Ra and Rs are independently selected from the group consisting of hydrogen and
lower alkyl.

In another embodiment, the present invention discloses compounds of formula 1,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination,
wherein Rz and Rs are independently selected from the group consisting of hydrogen,

4
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alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl, heteroarylalkyl, heterocyclealkyl and
cycloalkylalkyl; Rz, Rs and Re are each independently selected from the group
consisting of hydrogen, alkenyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, arylalkyl,
arylcarbonyl, carboxyalkyl, cycloalkylalkyl, di(alkkoxycarbonylalkyl,
heteroarylalkoxycarbonyl, heteracyclealkoxycarbonyl, heteroarylalkyl, heterocyclealkyl,
(NRcRD)alkyl and

A Ris .
:T{\KN\H/AS %Rm

Rio As ; Rio is selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl and cycloalkylalkyl; Rc and Rp are
each independently selected from the group consisting of hydrogen, alkyl and
alkoxycarbony; ’

wherein any one of said cycloalkyl moiety of said cycloalkylalkyl, aryl moieties of
said arylalkdxyalkyl, arylalkyl, and arylcarbonyl, heteroaryl moieties of said
héteroarylalkoxycarbonyl and heteroarylalkyl, and heterocycle moieties of said
heterocyclealkoxycarbonyl and heterocyclealkyl, at each occurrence, is independently
unsubstituted or substituted with 1, 2, 3, or 4 substituents independently selected from
the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl,
alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl, benzyloxy, carboxy,
carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen, haloalkyl, hydroxy,
hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -
NRaRg, (NRaRs)alkoxy and (NRaRg)alkyl; and Ry, Rs, Rs, Res, Ri1, Riz, Ra, Rs, A1, Az,
Az, X4, Xa, X3, m, n, p and q are as defined in formula I.

In another embodiment, the present invention discloses compounds of formula |,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination,
wherein R, and Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl, heteroarylalkyl, heterocyclealkyl and
cycloalkylalkyl; L is selected from the group consisting of

s L e
R, Re R and * \—~ * iR, Ryand Re are each independently selected

5



WO 2007/103670 PCT/US2007/062906

10

15

20

25

from the group consisting of hydrogen, alkenyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
arylalkyl, arylcarbonyl, carboxyalkyl, cycloalkylalkyl, di(alkoxycarbonyl)alkyl,
heteroarylalkoxycarbonyl, heterocyclealkoxycarbonyl, heteroarylalkyl, heterocyclealkyl,
(NRcRp)alkyl and

Rit

oy

Rio % ; Rio is selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl and cycloalkylalkyl; Rc and Rp are
each independently selected from the group consisting of hydrogen, alkyl and
alkoxycarbonyl; '

wherein any one of said cycloalkyl moiety of séid cycloalkylalkyl, aryl moieties of
said arylalkoxyalkyl, arylalkyl, and arylcarbonyl, heteroaryl moieties of said
heteroarylalkoxycarbonyl and heteroarylalkyl, and heterocycle moisties of said ,
heterocyclealkoxycarbonyl and heterocyclealkyl, at each occurrence, is independently
unsubstituted or substituted with 1, 2, 3, or 4 substituents independently selected from
the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl,
alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl, benzyloxy, carboxy,
carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen,. haloalkyl, hydroxy,
hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thicalkoxy, thicalkoxyalky}, -
NRARB, (NRARB)aIkoxy and (NRARa)alkyl; and R1, R4, Rs, Res, Ri1, Riz, RA, Ra, A1, Ao,
Aa, Xy, Xz, X3, m, n and g are as defined in formula 1.

In another embodiment, the present invention discloses compounds of formula I,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination,
wherein Ry is heteroaryl; Rz and R are independently selected from the group
consisting of hydrogen, alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl,
heteroarylalkyl, heterocyclealkyl and cycloalkylalkyl; Ry is heteroaryl;

Rz Rs and Ry are each independently selected from the group consisting of
hydrogen, alkenyl, alkoxycarbonylaikyl, alkyl, alkylcarbonyl, arylalkyl, arylcarbonyl,
carboxyalkyl, cycloalkylalkyl, di(atkoxycarbonyl)alkyl, heteroarylalkoxycarbonyl,
heterocyclealkoxycarbonyl, heteroarylalkyl, heterocyclealkyl, (NRcRp)alky! and
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Rio Xs ; Rio is selected from the group censisting of hydrogen,
alkoxycarbonylalkyl,' alkyl, arylalkoxyalkyl, arylalkyl and cycloalkylalkyl; Rqz is heteroaryl;
Rc and Rp are each i'ndependently selected from the group consisting of hydrogen, alkyl
and alkoxycarbonyl; wherein any one of said heteroaryl, cycloalkyl maiety of said
cycloalkylalkyl, aryl moieties of said arylalkoxyalkyl, arylalkyl, and arylcarbonyl,
heteroaryl moieties of said heteroarylalkoxycarbonyl and heteroarylalkyl, and
heterocycle moieties of said heterocyclealkoxycarbonyl and heterocyclealkyl, at each
occurrence, is independently unsubstituted or substituted with 1, 2, 3, or 4 substituents
independently selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonytalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy,
mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRaRs, (NRaRg)alkoxy and
(NRaRg)alkyl; Rs, Re, R11, Ra, Rs, A1, Az, Ag, X1, X2, X3, m, n, p and q are és defined in
formula 1. '

Inanother embodiment, the present invention discloses compounds of formula I,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination,
wherein R4 is heteroaryl; Rz and Rs are independently selected from the group
consisting of hydrogen, alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl,
heteroarylalkyl, heterocyclealkyl and cycloalkylalkyl, Ry is heteroaryl;

A e My

L is selected from the group consistingof 7 » Re Re and * \/ * ;

Rz, Rs and Rg are each independently selected from the group consisting of
hydrogen, alkenyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, arylalkyl, arylcarbonyl,
carboxyalkyl, cycloalkylalkyl, di(alkoxycarbonylalkyl, heteroarylalkoxycarbonyl,
heterocyclealkoxycarbonyl, heteroarylalkyl, heterocyclealkyl, (NRcRp)alkyl and
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Rig Xs ; R4 Is selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl and cycloalkylalkyl; R+z is heteroaryl;
Rc and Rp are each independently selected from the group consisting of hydrogen, alkyl
and alkoxycarbonyl; wherein any one of said heteroaryl, cycloalkyl moiety of said
cycloalkylalkyl, aryl moieties of said arylalkoxyalkyl, arylalkyl, and arylcarbonyl,
heteroaryl moieties of said heteroarylalkoxycarbonyl and heteroarylalkyl, and
heterocycle moieties of said heterocyclealkoxycarbonyl and heterocyclealkyl, at each
occurrence, is independently unsubstituted or substituted with 1, 2, 3, or 4 substituents
independently selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkyicarbonylalkyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy,
mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRaRs, (NRaRz)alkoxy and
(NRaRg)alkyl; Rs, Re, R11, Ra, Rs, A1, A, As, X4, X2, X3, m, n and q are as defined in
formula I.

In another embodiment, the present invention discloses compounds of formula |,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination,
wherein Rq is heteroaryl wherein said heteroaryl is selected from the group consisting of
furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyi, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyl,
thienyl, triazinyl and triazolyl; R2 and Rz are indépendently selected from the group
consisting of hydrogen, alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl,
heteroarylalkyl, heterocyclealkyl and cycloalkylalkyl; R4 is heteroaryl wherein said
heteroary! is selected from the group consisting of furyl, imidazolyl, isothiazolyl,
isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl, pyridinyl, pyrimidinyl, pyridazinyl,
pyrralyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyl, thienyl, triazinyl and triazolyl;

Ry is selected from the group consisting of hydrogen, alkenyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, arylalkyl, arylcarbonyl, carboxyalkyi,
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cycloalkylalkyl, di(alkoxycarbonylalkyl, heteroarylalkoxycarbonyl,

heterocyclealkoxycarbonyl, heteroarylalkyl, heterocyclealkyl, (NRgRp)alkyl and
R . .

| 11
sheb gl '

Rio X i Re and Rp are independently selected from the group consisting of
hydrogen, alkyl and alkoxycarbonyl, Rs and Re are each independently selectad from
the group consisting of hydrogen, alkyl, heteroarylalkoxycarbonyl and - -
heterocyclealkoxycarbonyl, Rqo is selected from the group consisting of hydrogen and
arylalkyl; Rq2 is heteroaryl; wherein any one of said heteroaryl, cycloalkyl moiety of said
cycloalkylalkyl, aryl moieties of said arylalkoxyalkyl, arylalkyl, and arylcarbonyl,
heteroéryl rﬁoieties of said heteroarylalkoxycarbonyl and heteroarylalkyl, and
heterocycle moieties of said heterocyclealkoxycarbonyl and heterocyclealkyl, at each
occurrencs, is independently unsubstituted or substituted with 1, 2, 3, or 4 substituents .
independently selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyanb, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydraxy, hydroxyalkyl, methylenedioxy,
mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRaRs, (NRaRs)alkoxy and
(NRaRe)alkyl; and Rs, Re, R11, Ra, Rs, A1, Az, Az, X4, X2, X3, m, n, p and q are as defined
in formula 1.

In another embodiment, the present invention discloses compounds of formula |,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination,
wherein R4 is heteroaryl wherein said heteroaryl is selected from the group consisting of
furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyi,
thienyl, triazinyl and triazolyl; Rz and Rs are independently selected from the group
consisting of hydrogen, alkoxycarbonylalkyl, alkyl, arylatkoxyalkyl, arylalkyl,
heteroarylalkyl, heterocyclealkyl and cycloalkylalkyl; R4 is heteroaryl wherein said
heteroaryl is selected from the group consisting of furyl, imidazolyi, isothiazolyl,
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isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl, pyridinyl, pyrimidinyl, pyridazinyl,
pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyl, thienyl, triazinyl and triazolyl;
| Al W

L is selected from the group consisting of R, Rse Ro ang 7

Ry is selected from the group consisting of hydrogen, alkenyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, arylalkyl, arylcarbonyl, carboxyalkyl,
cycloalkylalkyl, di(alkoxycarbonyl)alkyl, heteroarylalkoxycarbonyl,
heterocyclealkoxycarbonyl, heteroarylalkyl, heterocyclealkyl, (NR¢Rp)alkyl and

Riq
s g

Rig Xs ; Rs and Ry are each independently selected from the group
consisting of hydrogen, alkyl, heteroarylalkoxycarbonyl and heterocyclealkoxycarbonyl;
R1o is selected from the group consisting of hydrogen and arylalkyl; Ryz is heteroaryl;
wherein any one of said heteroaryl, cycloalkyl moiety of said cycloalkylalkyl, aryl
moieties of said arylalkoxyalkyl, arylalkyl, and arylcarbonyl, hetéroaryl moieties of said
heteroarylalkoxycarbonyl and heteroarylalkyl, and heterocycle moieties of said
heterocyclealkoxycarbonyl and heterocyclealkyl, at each occurrence, is independently
unsubstituted or substituted with 1, 2, 3, or 4 substituents indepehdently selected from
the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl,
alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl, benzyloxy, carboxy,
carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen, haloalkyl, hydroxy,
hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -
NRaRs, (NRaRg)alkoxy and (NRaRes)alkyl; and Rs, Rs, R11, Ra, Rs, Re, Ro, A1, Az, As, X1,
Xz, X3, m, n and g are as defined in formula 1.

In another embodiment, the present invention discloses compounds of formula |,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination,
wherein Ry is heteraryl wherein said heteroaryl is selected from the group consisting of
imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; Rz and R; are
independently selected from the group consisting of hydrogen, alkoxycarbonylatkyl,
alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphthyl,

10
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arylalky! wherein the aryl portion of arylalkyl is phenyl or naphthyl, and cycloalkylalkyl
wherein the cycloalkyl portion of cycloalkylalky! is cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; R4 is heteroaryl wherein said heteroaryl is selected from the group
consisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazoiyl, and thienyl; Ry is
selected from the group consisting of hydrogen, alkenyl, alkoxycarbonyialkyl, alkyl,
alkylcarbonyl, arylalkyl wherein the aryl portion of arylalkyl is selected from the group
consisting of phenyl and naphthyl, arylcarbonyl wherein the aryl portion of arylcarbonyl
is phenyl or naphthyl, carboxyalkyll, cycloalkylalkyl, di(alkoxycarbonylalkyl,
heteroarylalkoxycarbonyl wherein the heteroaryl portion of heteroarylalkoxycarbonyl is
thiazolyl, heteroarylalkyl wherein the heteroaryl portion of heteroarylalkyl is selected
from the group consisting of imidazolyl, pyridinyl, pyrrolyl, and quinolinyl,
heterocyclealkyl wherein the heterocycle portion of heterocyclealkyl is tetrahydrofuranyl,
R

\ 11

. e
(NRcRp)alkyl and Rio % ; Re and Rp are independenily selected from the
group consisting of hydrogen, alkyl and alkoxycarbonyl; Rs and Re are independently
selected from the group consisting of hydrogen, alkyl and heteroarylalkoxycarbonyl
wherein the heteroaryl portion of heteroarylalkoxycérbonyl is selected from the group
consisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; R4 is
selected from the group consisting of hydrogen and arylalkyl wherein the arylalkyl is
phenylmethyl; Rqz is heteroaryl wherein said heteroaryl is selected from the group
consisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; wherein any
one of said heteroaryl, cycloalkyl moiety of said cycloalkylalkyl, aryl moieties of said
arylalkoxyalkyl, arylalkyl, and arylcarbonyl, heteroaryl moieties of said
heteroarylalkoxycarbonyl and heteroarylalkyl, and heterocycle moiety of said
heterocyclealkyl, at each occurrence, is independently unsubstituted or substituted with
1, 2, 3, or 4 substituents independently selected from the group consisting of alkenyl,
alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano,
cyanoalkyl, ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl,

11
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methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRaRs,
(NRaRg)alkoxy and (NRaRg)alkyl; and Rs, Rs, Ri1, Ra, Rs, A1, Az, Agy X4, Xz, X3, M, N, P
and g are as defined in formula I.

In another embodiment, the present invention discloses compounds of formula |,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein R1 is heteraryl wherein said heteroaryl is selected from the group
conéisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; Rz and R
are independently selected from the group consisting of hydrogen, alkoxycarbonylalkyl,
alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphthyl,
arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl, and cycloalkylalkyl
wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; R4 is hieteroaryl wherein said heteroaryl is selected from the group
consisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; L. is selected

| AW
from the group consisting of Rry R Re and " 3 Ryis selected from
the group consisting of hydrogen, alkenyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
arylalkyl wherein the aryl portion of arylalkyl is selected from the group consisting of
phenyl and naphthyl, arylcarbonyl wherein the aryl portion of aryicarbonyl is phenyl or
naphthyl, carboxyalkyl, cycloalkylalkyl, di(alkoxycarbonyl)alkyl, heteroarylalkoxycarbonyl
wherein the heteroaryl portion of heteroarylalkoxycarbonyl is thiazolyl, heteroarylalkyl
wherein the heteroaryl portion of heteroarylalkyl is selected from the group consisting of

imidazolyl, pyridinyl, pyrrolyl, and quinolinyl, heterocyclealkyl wherein the heterocycle

SRt
portion of heterocyclealkyl is tetrahydrofuranyl, (NRcRp)alkyl and Rio Xs ;
Re and Rp are independently selected from the group consisting of hydrogen, alkyl and
alkoxycarbonyl; Rs and Rg are independently selected from the group consisting of
hydrogen, alkyl and heteroarylalkoxycarbonyl wherein the heteroaryl portion of
heteroarylaikoxycarbonyl is selected from the group consisting of imidazolyl, oxazolyl,
pyrazolyl, pyridinyl, thiazolyl, and thienyl; Ry is selected from the group consisting of
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hydrogen and arylalkyl wherein the arylalkyl is phenylmethyl; R4z is heteroaryl wherein
said heteroaryl is selected from the group consisting of imidazolyl, oxazolyl, pyrazolyl,
pyridinyl, thiazolyl, and thienyl; wherein any one of said heteroaryl, cycloalkyl moiety of
said cycldalkyla|kyl, aryl moieties of said arylalkoxyalkyl, arylalkyl, and arylcarbonyl,
heteroaryl moieties of said heteroarylalkoxycarbonyl and heteroarylalkyl, and

" heterocycle moiety of said heterocyclealkyl, at each occurrence, is independently

unsubstituted or substituted with 1, 2, 3, or 4 substituents independently selected from
the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl,
alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl, benzyloxy, carboxy,
carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen, haloalkyi, hydroxy,
hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thicalkoxy, thioalkoxyalkyl, -
NRaRg, (NRaRs)alkoxy and (NRaRg)alkyl; and Rs, Rs, Ri4, Ra, Ra, A1, Az, Az, X1, X2, X3,
m, n and g are as defined in formula 1.

In another embodiment, the present invention discloses compounds of formula li
R Re
Ry~ O~_N N._O._ R4
LYY
i,
ora pha}macéutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof, wherein Ry, Rz, Rs, R4, Rs, Rs and Rz are as defined in formula I.

In another embodiment, the present invention discloses compounds of formula i,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof, wherein R4 is heteroaryt or heterocycle and Ry is heteroaryl or heterocycle,
wherein any one of said heteroaryl and heterocycle, at each occurrence, is
independently unsubstituted or substituted with 1, 2, 3, or 4 substituents independently

. selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl,

alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl,
benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen,
haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy,
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thioalkoxyalkyl, -NRaRg, (NRaRa)alkoxy and (NRsRg)alkyl; and Rz, Rs, Rs, Rs, Ra, Rs
and Ry are as defined in formula I.

In another embodiment, the present invention discloses compounds of formula II,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof, wherein R4 is heteroaryl or heterocycle, R4 is heteroaryl or heterocycle, Rz and
Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl, heteroarylalkyl, heterocyclealkyl and
cycloalkylalkyl; wherein any of said heteroaryl, heterocycle, cycloalkyl moiety or
cycloalkylalkyl, aryl moieties of said arylalkoxyalkyl and arylalkyl, heteroaryl moiety of
heteroarylalkyl and heterocycle moiety of heterocyclealkyl, at each occurrence, is
indeperidently unsubstituted or substituted with 1, 2, 3, or 4 substituents independently
selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl,
benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen,
haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy,
thioalkoxyalkyl, -NRaRs, (NRaRs)alkoxy and (NRaRg)alkyl; and Ra, Rs, Rs, Rs and Ry
are as defined in formula 1.

In another embodiment, the present invention discloses compounds of formula I,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein R is heteroaryl or heterocycle, R4 is heteroaryl or heterocycle, Rz and
Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl, heteroarylalkyl, heterocyclealkyl and
cycloalkylalkyl; Ry is selected from the group consisting of hydrogen, alkenyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, arylalkyl, arylcarbonyl, carboxyalkyl,
cycloalkylalkyl, di(alkoxycarbonyl)alkyl, heteroarylalkoxycarbonyl,

heterocyclealkoxycarbonyl, heteroarylalky! heterocyclealkyl, (NRcRp)alky! and
Rt

3 N Az Rz

S "

Rig X3
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wherein any of said heteroaryl, heterocycle, cycloalkyl moiety or cycloalkylalkyl, aryl
moieties of said arylalkoxyalkyl, arylalkyl and arylcarbonyl, heteroaryl moieties of
heteroarylalkoxycarbonyl and heteroarylalkyl and heterocycle moieties of - |
heterocyclealkoxycarbonyl and heterocyclealkyl, at each occurrence, is independently
unsubstituted or substituted with 1, 2, 3, or 4 substituents independently selected from
the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl,
atkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl, benzyloxy, carboxy,
carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen, haloalkyl, hydroxy,
hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -
NRaRs, (NRaRs)alkoxy and (NRaRs)alkyl; and Ra, Rs, Re, Rp, Rs, Re, R11, Rz, As, X3
and q are as defined in formula 1.

[n another embodiment, the present invention discloses compounds of formula I,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein Ry is heteroaryl wherein said heteroaryl is selected from the group
consisting of furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl,
pyrazolyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl,
thiazolyl, thienyl, triazinyl and triazolyl; Rz and Rs are independently selected from the
group consisting of hydrogen, alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl,
heteroarylalkyl, heterocyclealkyl and cycloalkylalkyl; R4 is heteroaryl wherein said
heteroaryl is selected from the group consisting of furyl, imidazolyl, isothiazolyl,
isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl, pyridinyl, pyrimidinyl, pyridazinyl,
pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyl, thienyl, triazinyl and triazolyl, Ry is
selected from the group consisting of hydrogen, alkenyl, alkoxycarbonylalkyl, alkyl,
alkylcarbonyl, arylalkyl, arylcarbonyl, carboxyalkyl, cycloalkylalkyl,
di(alkoxycarbonyl)alkyl, heteroarylalkoxycarbonyl, heterocyclealkoxycarbonyl,
heteroarylalkyl heterocyclealkyl, (NRcRp)alkyl and

Ri4
|
3 N A3z, Rz
s

Rio X3 .

Re and Rp are independently selected from the group consisting of
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hydrogen, alkyl and alkoxycarbonyl;

Rio is selected from the group consisting of hydrogen and arylakyl; and

Rz is heteroaryl wherein said heteroaryl is selected from the group consisting of
furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyl,
thienyl, triazinyl and triazolyl; wherein any one of said heteroaryl, cycloalkyl moiety of
said cycloalkylalkyl, aryl moieties of said arylalkoxyalkyl, arylalkyl, and arylcarbonyl,
heteroaryl moieties of said heteroarylalkoxycarbonyl and heteroarylalkyl, and
heterocycle moieties of said heterocyclealkoxycarbony! and heterocyclealkyl, at each
accurrence, is independently unsubstituted or substituted with 1, 2, 3, or 4 substituents
independently selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy,
mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRaRg, (NRaRg)alkoxy and
(NRaRg)alkyl; and Rs, Rs, R11, Ra, Rs, Az, X3 and q are as defined in formula 1.

In another embodiment, the present invention discloses compounds of formula I,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein Ry is heteroaryl wherein said heteroaryl is selected from the group
consisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; Rz and R3
are independently selected from the group consisting of hydrogen, alkoxycarbonylalkyl,
alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphthyl,
arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl, and cycloalkylalkyl
wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; Ry is heteroaryl wherein said heteroaryl is selected from the group
consisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; Rs and Rs
are. each independently selected from the group consisting of hydrogen, lower alkyl and
arylalkyl wherein said arylalkyl is phenylmethyl; Ry is selected from the group consisting
of hydrogen, alkenyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, arylalkyl wherein the aryl
portion of arylalkyl is selected from the group consisting of phenyl and naphthyl,
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arylcarbonyl wherein the aryl portion of arylcarbonyl is selected from the group
consisting of phenyl and naphthyl, carboxyalkyl, cycloalkylalkyl wherein the cycloalkyl
portion of cycloalkylalkyl is selected from the group consisting of cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl, di(alkoxycarbonyl)alkyl, heteroarylalkoxycarbony! wherein
the heteroaryl portion of heteroarylalkoxycarbonyl is thiazolyl, heteroarylalkyl where_in
the heteroaryl portion of heteroarylalkyl is selected from the group consisting of
imidazolyl, pyridinyl, pyrrolyl and guinolinyl, heterocyclealkyl wherein the heterocycle

portion of the heterocyclealkyl is tetrahydrofuranyl, (NR¢Rp)alkyl and
R

X N Az Riz
LE

Rc and Rp are independently selected from the group consisting of
hydrogen, alkyl, alkoxycarbonyi;

Rio is selected from the group consisting of hydrogen and arylalkyl; wherein said
arylalkyl is phenylmethyl;

R1z is heteroaryl wherein said heteroaryl is se!ected from the group consisting of
imidazolyl, oxazolyl, pyrazolyl, pyridinyi, thiazolyl, and thienyl; wherein any one of said
heteroaryl, cycloalkyl moiety of said cycloalkylalkyl, aryl moieties of said arylalkoxyalkyl,
arylalkyl, and arylcarbonyl, heteroaryl moieties of said heteroarylalkoxycarbonyl and _
heteroarylalkyl, and heterocycle moiety of said heterocyclealkyl, at each occurrence, is
independently unsubstituted or substituted with 1, 2, 3, or 4 substituents independently
selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl,
benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen,
haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy,
thioalkoxyalkyl, -NRaRs, (NRaRg)alkoxy and (NRaRs)alkyl; and Ri4, Ra, Ra, Az, Xzand q
are as defined in formula 1.

In another embodiment, the present invenfion discloses compounds of formula I,
or a pharmaceutically acceptable salt, prodrug, salt. of a prodrug, or combination

thereof, wherein Ry is heteroaryl wherein said heteroaryl is selected from the group
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consisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; R, and Rs
are independently selected from the group consisting of hydrogen, 2-methoxy-2-
oxoethyl, methyl, 2-methylpropyl, phenylmethoxymethyl, phenylmethyl and
cyclohexylmethyl; R4 is heteroaryl wherein said heteroaryl is selected from the group
consisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; Rs and Rs
are hydrogen; Ry is selected from the group consisting of hydrogen, 4-pentenyl, 2,2-
dimethyl-4-pentenyl, 6-methoxy-6-oxchexyl, methyl, ethyl, propyl, isopropyl, butyl, 2-
methylpropyl, 2,2-dimethylpropyl, 3-methylbutyl, 2-ethylbutyl, pentyl, hexyl, 3-
methylhexyl, 3,5,5-trimethylhexyl, 2,2-dimethylpentyl, 2,3-dimethylpentyl, heptyi, octyl,
acetyl, phenylmethyl, phenylethyl, naphthylmethyl, benzoyl, 3-carboxypropyi,
cyclopropylmethyl, cyclohexylmethyl, 4-ethoxy-2-(ethoxycarbonyl)-4-oxobutyi, 2-(1,3-
thiazol-5-ylmethoxy)carbonyl, 1H-imidazolylmethyl, pyridinylmethyl, pyrrolylmethyl and

quinolinylmethyl, tetrahydrofuranyimethyl, (NRcRp)ethyl and
Rq1

Rio %s 1 Xais O, Azis O, qis 1; Rqq is hydrogen; Rg and Rp are
independently selected from the group consisting of
hydrogen, tert-butoxycarbonyl; R is selected from the group consisting of hydrogen
and phenylmethyl; Rq2 is heteroaryl wherein said heteroaryl is selected from the group
consisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; wherein any
one of said heteroaryl, phenyl moieties of said phenyimethoxymethyl, phenylmethyl,
phenylethyl, and benzoyl, naphthyl moiety of naphthylmethyl, thiazolyl moiety of 2-(1,3-
thiazol-5-yImethoxy)carbonyl, imidazolyl moiety of 1H-imidazolylmethyl, pyridinyl moiety
of pyridinylmethyl, pyrrolyl moiety of pyrrolylmethyl, quinoliny! moiety of
quinolinylmethyl, and tetrahydrofuranyl moiety of tetrahydrofuranylmethyl, is
independently unsubstituted or substituted with 1, 2, 3, or 4 substituents independently
selected from the group consisting of methoxy, methyl, ethyl, propyl, isopropyl, butyl,
tert-butyl, benzyloxy, hydroxy, methylenedioxy, phenoxy, -NRaRs, (NRaRs)(C1-3alky)
and (NRaRg)(C1.3 alkyl); and Ra and Rg are independently selected from the group
consisting of hydrogen and methyl.
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In another embodiment, the present invention discloses compounds of formula 11,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein Ry is heteroaryl wherein said heteroaryl is thiazol-5-yl; R, and Rs are
independently selected from the group consisting of hydrogen, alkoxycarbonylalkyl,
alkyl, arylalkoxyalkyl, arylalkyl, heteroarylalkyl, heterocycleakyl and cycloalkylalkyl; R4 is
heteroaryl wherein said heteroaryl is thiazol-5-yi; R7 is selected from the group
consisting of hydrogen, alkenyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, carboxyalkyl,
cycloalkylalkyl, di(alkoxycarbonyl)alkyl and (NRcRp)alkyl; and wherein any one of said
heteroaryl, cycloalkyl moiety of said cycloalkylalkyl, aryl moieties of said arylalkoxyalkyl
and arylalkyl, heteroaryl moiety of said heteroarylalkyl, and heterocycle moiety of said
heterocyclealkyl, at each occurrence, is independently unsubstituted or substituted with
1, 2, 3, or 4 substituents independently selected from the group consisting of alkenyl,
alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano,
cyanoalkyl, ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl,
methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRaRs,
(NRaRsg)alkoxy and (NRaRe)alkyl; and Rs, Rs, Ra and Rg are as dsfined in formula |.

In another embodiment, the present invention discloses compounds of formula 1l
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, 6r combination
thereof, wherein R is heteroaryl wherein said heteroaryl is thiazol-5-yl; Rz and Rs are
independently selected from the group consisting of hydrogen, alkoxycarbonylalkyl,
alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphthyl,

- arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl, and cycloalkylalkyl

wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; R4 is heteroaryl wherein said heteroaryl is thiazol-5-yl; Rs is hydrogen; Rs is
hydrogen; Ry is selected from the group consisting of hydrogen, alkenyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, carboxyalkyl, cycloalkylalkyl,
di(alkoxycarbonyl)alkyl and (NRcRp)alkyl; and Re and Rp are independently selected
from the group consisting of hydrogen and alkoxycarbonyl; wherein any one of said
heteroaryl, cycloalkyl moiety of said cycloalkylalkyl and aryl moieties of said
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arylalkoxyalkyl and arylalkyl, at each occurrence, is independently unsubstituted or
substituted with 1, 2, 3, or 4 substituents independently selected from the group
consisting of alkenyl, alkoky, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl,
alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl, benzyloxy, carboxy,
carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen, haloalkyl, hydroxy,
hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -
NRaRs, (NRaRs)alkoxy and (NRaRg)alkyl; and Ra and Rg are as defined in formula 1.

In another embodiment, the present invention discloses compounds of formula [I,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein Ry is heteroaryl wherein said heteroaryl is thiazol-5-yl; Rz and Rs are
independently selected .from the group éonsisting of hydrogen, alkoxycarbonylalkyl,
alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphthyl,
arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl, and cycloalkylalky!
wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; Rq is heteroaryl wherein said heteroaryl is thiazol-5-yl; Rs is hydrogen; Rs is
hydrogen; and Ry is selected from the group consisting of arylalkyl wherein the aryl
portion of arylalkyl is selected from the group consisting of phenyl and naphthyl, and
arylcarbonyl wherein the aryl portion of arylcarbonyl is selected from the group .
consisting of phenyl and naphthyl; wherein any one of said heteroaryl, cycloalkyl moiety
of said cycloalkylalkyl and aryl moieties of said arylalkoxyalkyl, arylalkyl and
arylcarbonyl, at each occurrence, is independently unsubstituted or substituted with 1 ,
2, 3, or 4 substituents independently selected from the group consisting of alkenyl,
alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano,
cyanoalkyl, ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl,
methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NR4Rs,
(NRaRs)alkoxy and (NRaRs)alkyl; and Ra and Rg are as defined in formula I.

In another embodiment, the present invention discloses compounds of formula i,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein R is heteroaryl wherein said heteroaryl is thiazol-5-yl; Rz and Rs are
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independently selected from the group consisting of hydrogen, alkoxycarbonylalkyl,
alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphthyl,
arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl, and cycloalkylalky!
wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; Ry is heteroaryl wherein said heteroaryl is thiazol-5-yl; Rs is hydrogen; Rg is
hydrogen; and Ry is selected from the group consisting of heteroarylalkoxycarbonyl
wherein the heteroaryl portion of heteroarylalkoxycarbonyl is thiazolyl, and
heteroarylalkyl wherein the heteroaryl portion of heteroarylalkyl is selected from the
group consisting of imidazolyl, pyridinyl, pyrrolyl and quinolinyl, and heterocyclealky!
wherein the heterocycle portion of heterocyclealkyl is tetrahydrofuranyl; wherein any
one of said heteroaryl, cycloalkyl moiety of said cycloalkylalkyl, aryl moieties of said
arylalkoxyalkyl and arylalkyl, heteroaryl moieties of said heteroarylalkoxycarbonyl and
heteroarylalkyl, and heterocycle moiety of said heterocyclealkyl, at each occurrence, is
independently'unsubstituted or substituted with 1, 2, 3, or 4 substituents independently
selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl,
benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen,
haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy,
thioalkoxyalkyl, -NRaRg, (NRaRg)alkoxy and (NRaRe)alkyl; and Ra and Rg are as
defined in formula 1. ‘

In another embodiment, the present invention provides compounds of formula I,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein R4 is heteroaryl wherein said heteroaryl is thiazol-5-yl; Rz and Rz are
independently selected from the group consisting of hydrogen, alkoxycarbonylalkyl,
alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphthyl,
arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl, and cycloalkylalkyl
wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; Ry is heteroaryl wherein said heteroaryl is thiazol-5-yl; Rs is hydrogen; Rs is
hydrogen; Ry is
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Ri1

S g

Rio *s ; Ro is selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is
phenyl, arylalkyl wherein the aryl portion of arylalkyl is phenyl, and cycloalkylalkyl; and
R1z is heteroaryl; wherein any one of said heteroaryl, cycloalkyl moiety of said
cycloalkylalkyl, and aryl moieties of said arylalkoxyalkyl and arylalkyl, at each
occurrence, is independently unsubstituted or substituted with 1, 2, 3, or 4 substituents
independently selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy,
mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRaRg, (NRaRg)alkoxy and

- (NRaReg)alkyl; and R4, Ra, Rs, As, X5, and q are as defined in formula .

In another embodiment, the present invention discloses compounds of formula I,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination

. thereof, wherein R4 is heteroaryl wherein said heteroaryl is thiazol-5-yl; Rz and Rs are

independently selected from the group consisting of hydrogen, alkoxycarbonylalkyl,
alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphthyl,
arylalkyl wherein the aryl portion of arylalkyl is phenyi or naphthyl, and cycloalkylalkyl
wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; Rs is heteroaryl wherein said heteroaryl is thiézol-s-yl; Rs is hydrogen; Rg |s
hydrogen; Ry is

Ry
}%’\KNTOVRQ

Rig O ; Rio is arylalkyl wherein the arylalkyl is phenylmethyl; and Rqz
heteroaryl wherein said heteroaryl is thiazol-5-yl, wherein any one of said heteroaryl,
cycloalkyl moiety of said cycloalkylalkyl, and aryl moieties of said arylalkoxyalkyl and
arylalkyl, at each occurrence, is independently unsubstituted or substituted with 1, 2, 3,
or 4 substituents independently selected from the group consisting of alkenyl, alkoxy,
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alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy,
mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRaRg, (NRaRg)alkoxy and
(NRaRg)alkyl; and Ry1, Ra and Rg are as defined in formula I.

In another embodiment, the present invention discloses compounds of formula 1,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein R is heteroaryl wherein said heteroaryl is oxazol-5-yl; R, and Rs are
independently selected from the group consisting of hydrogen, alkoxycarbonylailkyl,
alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphthyl,
arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl, and cycloalkylalkyl
wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; Rs is heteroaryl wherein said heteroaryl is oxazol-5-yI; Rs is hydrogen; Rs is
hydrogen; and Ry is alkyl; wherein any one of said heteroaryl, cycloalkyl moiety of said
cycloalkylalkyl, and aryl moieties of said arylalkoxyalky! and arylalkyl, at each
occurrence, is independently unsubstituted or substituted with 1, 2, 3, or 4 substituents
independently selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylaikyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydroxy; hydroxyalkyl, methylenedioxy,
mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRARg, (NRaRz)alkoxy and
(NRaRg)alkyl; and Ra and Rg are as defined in formula I.

In another embodiment, the present invention discloses compounds of formula i,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein R4 is heteroaryl wherein said heteroaryl is thien-2-yl; R, and Rs are
independently selected from the group consisting of hydrogen, alkoxycarbonylalkyl,
alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphthyl,
arylalkyt wherein the aryl portion of arylalkyl is phenyl or naphthyl, and cycloalkylalkyl
wherein the cycloalky! portion of cycloalkylalkyl is cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; Rq is heteroaryl wherein said heteroaryl is thien-2-yl; Rs is hydrogen; Rg is
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hydrogen; and Ry is alkyl; wherein any one of said heteroaryl, cycloalkyl moiety of said
cycloalkylalkyl, and aryl moieties of said arylalkoxyalkyl and arylalkyl, at each
occurrence, is independently unsubstituted or substituted with 1, 2, 3, or 4 substituents
independently selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalky, cyano, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy;,
mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRaRs, (NRaRs)alkoxy and
(NRaRs)alkyl; and Ra and R are as defined in formula 1.

In another embodiment, the present invention discloses compounds of formula 11,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein R4 is heteroaryl wherein said heteroaryl is pyridin-3-yl; Rz and Ra are
independently selected from the group consisting of hydrogen, alkoxycarbonylalkyl,
alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphthyl,
arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl, and cycloalkylalkyl
wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; Ry is heteroaryl wherein said heteroaryl is pyridin-3-yl; Rs is hydrogen; Rg is
hydrogen; and Ry is alkyl; wherein any one of said heteroaryl, cycloalkyl moiety of said
cycloalkylalkyl, and aryl moieties of said arylalkoxyalky! and arylalkyl, at each
occurrence, is independently unsubstituted or substituted with 1, 2, 3, or 4 substituents
independently selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyj, alkylcarbonylalkyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy,
mercapto, nitro, phenoxy, thicalkoxy, thioalkoxyalkyl, -NRaRs, (NRaRs)alkoxy and
(NRaRs)alkyl; and Ra and Rg are as defined in formula |.

In another embodiment, the present invention discloses compounds of formula i,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein Ry is heteroaryl wherein said heteroaryl is imidazol-4-yl; Rz and Rz are
independently selected from the group consisting of hydrogen, alkoxycarbonylalkyl,
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alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphthyl,
arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl, and cycloalkylalkyl
wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; Ry is heteroaryl wherein said heteroaryl is imidazol-4-yl; Rs is hydrogen; Re
is hydrogen; and Ry is alkyl; wherein any one of said heteroaryl, cycloalkyl rhoiety of
said cycloalkylalkyl, and aryl moieties of said arylalkoxyalky! and arylalkyl, at each
occurrence, is independently unsubstituted or substituted with 1, 2, 3, or 4 substituents .
independently selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy,
mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRaRg, (NRaRg)alkoxy and
(NRaRs)alkyl; and Ra and Rg are as defined in formula 1.

In another embodiment, the present invention discloses compounds of formula 11,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein Ry is heteroaryl wherein said heteroaryl is pyrazol-5-yl; Rz and Rs are
independently selected from the group consisting of hydrogen, alkoxycarbonylalkyl,
alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphthyl,
arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl, and cycloalkylalkyl
wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyi, cyclbbutyl, cyclopentyl or
cyclohexyl; R4 is heteroaryl wherein said heteroaryl is pyrazol-5-yl; Rs is hydrogen; Rs is
hydrogen; and R7 is alkyl; wherein any one of said heteroaryl, cycloalkyl moiety of said
cycloalkylalkyl, and aryl moieties of said arylalkoxyalkyl and arylalkyl, at each
occurrence, is independently unsubstituted or substituted with 1, 2, 3, or 4 substituents
independently selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, dyano, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy;,
mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRaRg, (NRARB)aIkdxy and
(NRaRg)alkyl; and Ra and R are as defined in formula .
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In another embodiment, the present invention discloses compounds of formula Il

Rs ’ Re
| U
R O.__N / N\ N 0

O Ry Rg Rs Rs
i,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof, wherein Ry, Ry, Ra, Ra, Rs, Rs, Rs and Ry are as defined in formula 1.
In another embodiment, the present invention discloses compounds of formula
1, or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein R is heteroaryl wherein said heteroaryl is selected from the group
consisting of furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl,
pyrazolyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, -
thiazolyl, thienyl, triazinyl and triazolyl; Rz and Rs are independently selected from the
group consisting of hydrogen, alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl,
heteroarylalkyl, heterocyclealkyl and cycloalkylalkyl; R4 is heteroaryl wherein said
hetercaryl is selected from the group consisting of furyl, imidazolyl, isothiazolyl,
isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl, pyridinyl, pyrimidinyl, pyridazinyl,
pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyl, thienyl, triazinyl and triazolyl; and Rs
and Ry are independently selected from the group consisting of hydrogen, alkyl,
heteroarylalkoxycarbonyl, and heterocyclealkoxycarbonyl; wherein any one of said
heteroaryl, cycloalkyl moiety of said cycloalkylalkyl, aryl moieties of said arylalkoxyalkyl
and arylalkyl, heteroaryl moieties of said heteroarylalkyl and heteroarylalkoxycarbonyl,
and heterocycle moieties of said heterocyclealkoxycarbonyl and heterocyclealkyl, at
each occurrence, is independently unsubstituted or substituted with 1, 2, 3, or 4
substituents independently selected from the group consisting of alkenyl, alkoxy,
alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy,
mercapto, nitro, phenoxy, thicalkoxy, thioalkoxyalkyl, -NRaRs, (NRaRg)alkoxy and
(NRaRg)alkyl; and Rs, Rs, Ra and Rg are as defined in formula I.
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In another embodiment, the present invention discloses compounds of formula
Ill, or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein R is heteroaryl wherein said heteroaryl is selected from the group
consisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; R and Rs
are independently selected from the group consisting of hydrogen, alkoxycarbonylalkyl,
alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalky! is phenyl or naphthyl,
arylalkyl wherein the aryl portion of arylalkyl is phényl or naphthyl, and cycloalkylalkyl
wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; R4 is heteroaryl wherein said heteroaryl is selected from the group
consisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; and Rs and
Rs are independently selected from the group consisting of hydrogen, alkyl,
heteroarylalkoxycarbonyl, and heterocycleaIkoxyéarbonyl; wherein any one of said
heteroaryl, cycloalkyl moiety of said cycloalkylalkyl, aryl moieties of said arylalkoxyalkyl
and arylalkyl, heteroaryl moiety of said heteroarylalkoxycarbonyl, and heterocycle -
moiety of said heterocyclealkoxycarbonyl, at each occurrence, is independently
unsubstituted or substituted with 1, 2, 3, or 4 substituents independently selected from
the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl,
alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl, benzyloxy, carboxy,
carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen, haloalkyl, hydroxy,
hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -
NRaRg, (NRaRg)alkoxy and (NRaRsg)alkyl; and Rs, Rs, Ra and Rg are as defined in
formula 1. ,

In another embodiment, the present invention discloses compounds of formula
lil,’or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein Ry is heteroaryl wherein said heteroaryl is thiazol-5-yl; Rz is arylalkyl
wherein the aryl portion of arylalkyl is phenyl or naphthyl; R3 is arylalkyl wherein the aryl
portion of arylalkyl is phenyl or naphthyl; R4 is heteroaryl wherein said heteroaryl is
thiazol-5-yl; Rs is hydrogen; Rs is hydrogen; Rs is alkyl; and Rg is alkyl; wherein any one
of said heteroaryl and aryl moiety of said arylalkyl, at each occurrence, is independently
unsubstituted or substituted with 1, 2, 3, or 4 substituents independently selected from
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the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl,
alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl, benzyloxy, carboxy,
carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen, haloalkyl, hydroxy,
hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -
NRaRg, (NRaRs)alkoxy and (NRaRg)alkyl; and Ra and Rg are as defined in formula 1.

In another embodiment, the present invention discloses compounds of formula
lIl, or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof, wherein R is heteroaryl wherein said heteroaryl is thiazol-5-yl; Rz is arylalky!
wherein the aryl portion of arylalkyl is phenyl or naphthyl; Rs is arylalkyl wherein the aryl
portion of arylalkyl is phenyl or naphthyl; R4 is heteroaryl wherein said heteroaryl is
thiazol-6-yl; Rs is hydrogen; Re is hydragen; and Rg and R are independently selected
from the group consisting of hydrogen and heteroarylalkoxycarbonyl wherein the
heteroaryl portion of heteroarylalkoxycarbonyl is thiazol-5-yl; wherein any one of said
heteroaryl, aryl moiety of arylalkyl, and heteroaryl moiety of said ‘
heteroarylalkoxycarbonyl is independently unsubstituted or substituted with 1, 2, 3, or 4
substituents independently selected from the group consisting of alkenyl, alkoxy,
alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkyicarbonyl, alkyicarbonylalkyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy,
mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRaRs, (NRaRg)alkoxy and

- (NRaRg)alkyl; and Ra and Rg are as defined in formula I.

In another embodiment, the present invention discloses compounds of formula 1V

R1vo N N N N_ o Rs
OY\ /\I/

or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof, wherein Ry, Rz, Rs and Ry are as defined in formula 1.

In another embodiment, the present invention discloses compounds of formulg
IV, or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof, wherein Ry is heteroaryl wherein said heteroaryl is selected from the grbup
consisting of furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl,
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pyrazolyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl,
thiazolyl, thienyl, triazinyl and triazolyl; Rz and Rs are independently selected from the

~ group consisting of hydrogen, alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl,

heteroarylalkyl, heterocyclealkyl and cycloalkylalkyl; and Ry is heteroaryl wherein said
heteroaryl is selected from the group consisting of furyl, imidazolyl, isothiazolyl,
lsoxazolyl oxadlazolyl oxazolyl, pyrazinyl, pyrazolyl, pyridinyl, pyrimidinyl, pyridazinyl,
pyrrolyl, tetrazmyl tetrazolyl thladlazolyl thlazolyl thienyl, triazinyl and triazolyl;
wherein any one of said heteroaryl, cycloalkyl moxety of said cycloalkylalkyl, aryl
moieties of said arylalkoxyalkyl and arylalkyl, heteroaryl moiety of said heteroarylalkyl,
and heterocycle moiety of said heterocyclealkyl, at each occurrence, is independently
unsubstituted or substituted with 1, 2, 3, or 4 substituents independently selected from
the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl,
alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl, benzyloxy, carboxy,
carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen, haloalkyl, hydroxy,
hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -
NRaRs, (NRaRg)alkoxy and (NRaRs)alkyl; and Ra and Rg are as defined in formula 1.

In another embodiment, the present invention discloses compounds of formula
IV, or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof, wherein Ry is heteroaryl wherein said heteroaryl is selected from the group
consisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; Rz and Rs
are independently selected from the group consisting of hydrogen, alkoxycarbonylalkyl,
alkyl, arylalkoxyélkyl wherein the aryl portion of arylalkoxyalkyl is phenyl or naphtyl,
arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl, and cycloalkylalkyl
wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl, cyclobutyl, cyclopenty! or
cyclohexyl; and Ry is heteroaryl wherein said heteroaryl is selected from the group
consisting of imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl; wherein any
one of said heteroaryl, cycloalkyl moiety of said cycloalkylalkyl, and aryl moieties of said
arylalkoxyalkyl and arylalkyl, at each occurrence, is independently.unsubstituted or
substituted with 1, 2, 3, or 4 substituents independently selected from the group
consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl,
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alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl, benzyloxy, carboxy,
carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen, haloalkyl, hydroxy,
hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -
NRaRs, (NRaRg)alkoxy and (NRaRg)alkyl; and Ra and Rg are as defined in formula 1.

In another embodiment, the present invention discloses compounds of formula
IV, or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof, wherein R4 is heteroaryl wherein said heteroaryl is thiazol-5-yl; R; is arylalkyl
wherein the aryl portion of arylalkyl is phenyl or naphthyl; Rs is arylalkyl wherein the aryl
portion of arylalkyl is phenyl or naphthyl; and Ry is heteroaryl wherein said heteroaryl is
thiazol-5-yl; wherein any one of said heteroaryl, and aryl moiety of said arylalkyl, at each
occurrence, is independently unsubstituted or substituted with 1, 2, 3, or 4 substituents
independently selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylakyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxy, alkynyl, benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl,
ethylenedioxy, formyl, halogen, haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy,
mercapto, nitro, phenoxy, thioalkoxy, thioalkoxyalkyl, -NRaRs, (NRaRs)alkoxy and
(NRaRg)alkyl; and Ra and Rg are as defined in formula 1.

Representative examples of the present invention include, but are not limited to,
the following:
N-ethyl-N,N-bis[(28)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyllamine;
N-ethyl-N,N-bis[(2S)-2-(oxazol-5-yimethoxycarbonylamino)-3-phenylpropyljamine;
N-ethyl-N,N-bis[(2S)-2-(thien-2-ylmethoxycarbonylaming)-3-phenylpropyllamine;
N-ethyl-N,N-bis[(25)-2-(pyridin-3-ylmethoxycarbonylamino)-3-phenylpropyljamine;
N-ethyl-N,N-bis[(28)-2-(1H-imidazol-4-ylmethoxycarbonylamino)-3-phenyipropyllamine;
N-ethyl-N,N-bis[(2S)-2-(pyrazol-5-yimethoxycarbonylamino)-3-phenylpropyl]amine; '
N-(2,2-dimethylpropyl)-N,N-bis[(28)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine and N-~(2,2-dimethylpropyl)-N,N-bis[(2R)-2-(thiazol-5~
yimethoxycarbonylamino)-3-phenylpropyl]lamine;
N-(2,2-dimethylpropyl)-N-[(2R)-2-(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyl]-
N-[(2S)-2-(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyllamine; '
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N,N-bis[2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyljamine;
N-ethyl-N,N-bis[(2S)-2-(thiazol-5-ylImethoxycarbonylamino)-4-methylpentylJamine;
N-ethyl-N,N-bis[(2S)-2-(thiazol-5-ylmethoxycarbonylamino)propyllamine;
N-ethyl-N,N-bis[(2R)-2-(thiazol-5-ylmethoxycarbonylamino)propyllamine;
N-ethyl-N-[(2R)-2-(thiazol-5-yImethoxycarbonylamino)propyl]-N-[ (2S)-2-(thiazol-5-
yimethoxycarbonylamino)propyllamine;
N-gthyl-N,N-bis-N-{2-(thiazol-5-ylmethoxycarbonylaminoethyljamine;
N-ethyl-N,N-bis[2-(thiazol-5-yImethoxycarbonylamino)-3-cyclohexylpropyljamine;
N-ethyl-N,N-bis[2-(thiazol-5-yImethoxycarbonylaming)-3-
(methoxycarbonyl)propyljamine;
N-ethyl-N-[(25)-2-(thiazol-5-yImethoxycarbonylamino)-3-(phenylmethoxy)propyl]-N-[2-
(thiazol-5-ylmethoxycarbonylamino)-3-(phenylmethoxy)propyllamine;
N-ethyl-N-[(28)-2-(thiazol-5-yimethoxycarbonylamino)-3-[4-
(phenylmethoxy)phenyl]propyl]-N-{2~(thiazol-5-ylmethoxycarbonylamino)-3-[4-
(phenylmethoxy)phenyljpropyllamine; 4
N-ethyl-N-{(2S)-2-(thiazol-5-ylmethoxycarbonylamino)-3-(4-hydroxypheny!)propyl]-N-[2-
(thiazol-5-yImethoxycarbonylamino)-3-(4-hydroxyphenyi)propyljamine;
N-ethyl-N-[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-(4-methoxyphenyl)propyl]-N-[2-
(thiazol-5-ylmethoxycarbonylamino)-3-(4-methoxyphenyl)propyllamine;
N,N’-bis[2-(thiazol-5-y|methoxycabonylamiho)-S-(phenyl)propy]]piperazine;
N,N’-diethyl-N,N'"-bis[2-(thiazol-5-yimethoxycarbonylamino)-3-
phenylpropyljethylenediamine;

N, N-diisopropyl-N,N'-bis[2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyl]ethylenediamine; . :
N,N*-bis-[2~(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyl]-N-(thiazol-5-
yimethoxycarbonyl)ethylenediamine;
tris-N-[2-(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyljamine;
N-[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyl]-N-{(2S)-2-(thiazol-5-
yimethoxycarbonylamino)-3-phenylpropyljamine;
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N-(2-methylpropyl)-N-{(2R)-2-(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyl]-N-
[(2S)—2—7(thiazol—5-ylmethoxycarbonylamino)-3-pheny|propyl]amine;
N-(8-methylbutyl)-N-[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyl]-N-
[(25)-2-(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyllamine;
N-benzyl-N-[(2R)-2-(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyl]-N-[(25)-2-
(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyllamine;
N,N-bis-[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyllamine;
N-(2-methylpropyl)-N,N-bis[(2R)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyllamine;
N-(3-methylbutyl)-N,N-bis[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropylJamine;
N-benzyl-N,N-bis[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyllamine;
N,N-bis[(28)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyllamine;
N-(thiazol-5-ylmethoxycarbonyl)-N,N-bis[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-
phenylpropyllamine;
N-acetyl-N-[(2R)-2-{thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyl}-N-[(2S)-2-
(fhiazol-5—y|methoxycarbonylamino)-S-phenyIpropyI]amine;
N-benzoyl-N-{(2R)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyl]-N-[ (2S)-2-
(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyilamine;
N-(2-methylpropyl)-N,N-bis[(2S)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyllamins;
N-(2-phenylethyl)-N,N-bis[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;
N-(2-ethylbutyl)-N,N-bis[(2S)-2-(thiazol-5-yImethoxycarbonylamingc)-3-
phenylpropyljamine;
N-(4-pentenyl)-N,N-bis[(28)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;
N-(3-carboxypropyl)-N,N-bis[(2S)-2~(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;
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N-(1H-imidazol-4-ylmethyl)-N,N-b is[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;
N-(3-pyridinylmeéthyl)-N,N-bis[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;,
N-(4-pyridinylmethyl)-N,N-bis[(2S)-2-(thiazol-5-yimethoxycarbanylamino)-3-
phenylpropyl]am:ne
N-(1 H-pyrrol—z—ylmethyl) -N,N- -bis[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-
phenylpropyllamine;
N-butyl-N,N-bis[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyljamine;
N-octyl-N,N-bis[(2S)-2-(thiazol-5-ylmethoxycarbonylamino)-3-phenyipropyljamine;
N-[(2,6-dimethoxytetrahydro-3-furanyl)methyl]-N,N-bis[(2S)-2-(thiazol-5-
yimethoxycarbonylamino)-3-phenylpropyllamine;
N-(cyclopropylmethyl)-N,N-bis[(28)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;
N-(3,5,5-trimethylhexyl)-N,N-bis[(2S)-2- (thlazol-5-ylmethoxycarbonylammo)—B-
phenylpropyllamine;
N-(2,2-dimethyl-4-pentenyl)-N,N-bis[(28)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine; '
N-[2-((tert-butoxycarbonyl)amino)ethyl}-N,N-bis-[(2S)-2-(thiazol-5-
ylmethoxycarbonylamino)-3-phenylpropyllamine;
N-[3-(1,3-benzodioxol-5-yl)-2-methylpropyl]-N, N-bis[(2S)-2-(thiazol-5-
ylmethoxycarbonylamino)-3-phenylpropyllamine;
N-(6-methoxy-6-oxohexyl)-N,N-bis[(28)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;
N-[4-ethoxy-2-(ethoxycarbonyl)-4-oxobutyl]-N, N-bis[(25)-2-(thiazol-5-
ylmethoxycarbonylamino)-3-phenylpropyljlamine;
N-(3,5-ditert-butyl-2-hydroxybenzyl)-N,N-bis[(2S)-2- (thlazol-5—ylmethoxycarbonylamlno)-
-phenylpropyl]amme
N-(2-naphthylmethyl}-N-[(2R)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyi]-N-
[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyllamine;
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N-(3-phenoxybenzyl)—N-[(ZR)-2-(thiazol-5-ylmethoxycarbonylamino)-3~phenylpropyl]—N-
[(2S)-2-(thiazol-5-yimethoxycarbonylamina)]amine:
N-(3-quinolinylmethyl)-N-[(2R)-2-(thiazol-5-yimethoxyca rbonylamino)-3-phenylpropyf]-N-
[(2S)-2~(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyl]amine;
N-(3-methoxybenzyl)-N-[(2R)-2-(th iazol-5-ylmethoxycarbonylamino)-3-phenylpropyl]-N-
[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyllamine;
N—(3,4—dimethoxybenzyl)-N-[(2R)-2—(thiazol—5—ylmethoxycarbonylamino)—3—
phenylpropyl]-N-[(28)-2—(thiazol-5—ylmethoxycarbonylamino)—3~phenylpropyl]amine;
N-4-(3~(dimethylamino)propoxy)benzyl]-N-[(2R)-2-(thiazol-5-yI methoxycarbonylamino)-
3—phenylpropyI]~N-[(2S)—2—(thiazol—5-ylmethoxycarbonylamino)—3-phenylpropyl]amine;
N—(4-dimethylaminobenzyl)~N-[(2R)-2-(thiazol~5—y!methoxycarbonylamino)-3—
phenylpropyl]-N-[(2S)-2-(thiazol—5-ylmethoxycarbonylamino)-3-phenylpropyl}amine;
N-[(6-methoxy-2-naphthy)methyl]-N-[(2 R)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyl]-N-[(28)—2—(thiazol-5-ylmethoxycarbonylamino)~3~phenylpropyl]amine;
N-(S-methylbutyl)-N,N—bis[(28)—2-(thiazol-5—ylmethoxycarbonylamino)—3-
phenylpropyllamine;

N-benzyl-N,N-bis[(28)-2-(thiazol-5-yImethoxycarbonyla mino)-3-phenylpropyllamine;
N-(cyclohexylmethyl)-N,N-bis[(2S)-2~(th iazol-5-ylmethoxycarbonylamino)-3-
phenylpropyllamine;
N-ethyl-N,N-bis[(2R)-2-(thiazoI-5-ylmethoxycarbonylamino)—S-phenyIpropyl]amine;
N-ethyl-N-[(2R)-2-(thiazol-5-yImethoxycarbonyla mino)-3-phenylpropyl}-N-[(2S)-2-
(thiazol-5-ylmethoxycarbonylamino)—B-phenylpropyl]amine; or a pharmaceutically
acceptable salt, prodrug, salt of a prodrug, or combination thereof.

In one embodiment, the present invention discioses a method for improving the
pharmacokinetics of a drug which is metabolized by cytochrome P450 monooxygenase
comprising co-administering to a human in need of such treatment a combination of a
therapeutically effective amount of said drug or a pharmaceutically acceptable salt
thereof, and an amount of a compound or combination of compounds of the present
invention or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or
combination thereof, effective to inhibit cytochrome P450 monooxygenase.
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In another embodiment, the present invention discioses a method for increasing
human blood levels of a drug which is metabolized by cytochrome P450
monooxygenase comprising co-administering to a human in need of such treatment a
combination of a therapeutically effective amount of said drug or a pharmaceutically
acceptable salt thereof, and an amount of a compound or combination of compounds of
the present invention, or a pharmaceutically acceptable salt, prodrug, salt of a prodrug,
or combination thereof, effective to inhibit cytochrome P450 monooxygenase.

in another embodiment, the present invention discloses a method for inhibiting
cytochrome P450 monooxygenase comprising administering to a human in need thereof
an amount of a compound or combination of compounds of the present inventionora
pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination thereof
effective to inhibit cytochrome P450 monooxygenase.

In another embodiment, the present invention discloses a method for inhibiting
cytochrome P450 monooxygenase comprising contacting the cytochrome P450
monooxygenase with an amount of a compound or combination of compounds of the
present invention or a pharmaceutically acceptable sait, prodrug, salt of a prodrug, or
combination thereof effective to inhibit cytochrome P450 monooxygenase.

Examples of drugs which are metabolized by Cytbchrome P450 monooxygenase
and which benefit from coadministration with compounds of formula (1) (Il) or (lI),
include the immunosuppressants cyclosporine, FK-506, FK-565, and rapamycin, the
chemotherapeutic agents (e.g. taxol and taxotere), the antibiotic clarithromycin, the HIV
protease inhibitors such as lopinavir, saquinavir, amprenavir, fosamprenavir, nelfinavir,
tipranavir, indinavir, atazanavir, TMC-126, TMC-114, mozenavir (DMP-450), JE-2147
(AG1776), L-756423, RO0334649, KNI-272, DPC-681, DPC-684 and GW640385X, SC-
521561, BMS 186,318, SC-55389a, BILA 1096 BS, DMP-323, KNI-227, and the like, and
other therapeutic agents such as capravirine, calanolide, sildenafil, vardenafil and
tadalafil.

Accordingly, another embodiment of the present invention discloses a method for
improving the pharmacokinetics of an HIV protease inhibitor (or a pharmaceutically
acceptables salt thereof) which is metabalized by cytochrome P450 monooxygenase
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comprising coadministering a compound or combination of compounds of formula |, 1l or
l1l, (or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof). Such a combination of a compound or combination of compounds of formula |,
[t or Ill, (or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, ora
combination thereof) and an HIV protease inhibitor or a pharmaceutically acceptable
salt thereof which is metabolized by cytochrome P450 monooxygenase is usefurl for
inhibiting HIV protease in human and is also useful for inhibition, treatment or
prophylaxis of an HIV infection or AIDS (acquired immune deficiency syndrome) in
humans.

When administered in combination, the drug (or a pharmaceutically acceptable
salt thereof) that is metabolized by cytochrome P450 monooxygenase and the
compound or combination of compounds (or a pharmaceutically acceptable salt,
prodrug, salt of a prodrug, or a combination thereof) of the present invention can be
formulated as separate compositions which are administered at the same time or
different times, or can be administered as a single composition.

The term “ireating” as used herein, refers to reversing, alleviating, inhibiting the
progress of, or preventing the disorder or condition, or one or more symptoms of such
disorder or condition to which such term applies. The term “treatment”, as used herein,
refers to the act of treating, as “treating” is defined immediately above.

As used throughout this specification and the appended claims, the following
terms have the following meanings: .

The term "alkenyl" as used herein, refers to a straight or branched chain
hydrocarbon containing 2, 3, 4, 5, 6, 7, 8, 9 or 10 carbon atoms and containing at least
one carbon-carbon double bond. Representative examples of alkenyl include, but are
not limited to, ethenyl, 2-propenyl, 2-methyl-2-propenyl, 3-butenyl, 4-pentenyl, 2,2-
dimethyl-4-pentenyl, 5-hexenyl, 2-heptenyl, 2-methyl-1-heptenyl, 3-decenyl and the like.

The term "alkenylcarbonyl" as used herein, refers to an alkenyl group, as defined
herein, appended to the parent molecular moiety through a carbonyl group, as defined
herein. Representative examples of alkenylcarbonyl include, but are not limited to,
acryloyl, but-3-enoyl, pent-3-enoyl, and the like.
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The term "alkoxy" as used herein, refers to an-alkyl group, as defined herein,
appended fo the parent molecular 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 "alkoxyalkyl" as used herein, refers to an alkoxy group, as defined
herein, appended to the parent molecular moiety through an alkylene, as defined
herein. Representative examples of alkoxyalkyl include, but are'nat limited to, tert-
butoxymethyl, 2-ethoxyethyl, 2-methoxyethyl, methoxymethyl and the like.

The term "alkoxycarbony!" as used herein, refers to an alkoxy group, as defined
herein, appended to the parent molecular moiety through a carbonyl 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 an alkoxycarbony! group,
as defined herein, appended to the parent molecular moiety through an alkylene group,
as defined herein. Representative examples of alkoxycarbonylalkyl include, but are not
limited to, 2-methoxy-2-oxoethyl, 2-ethoxy-2-oxoethyl, 3-methoxy-3-oxopropyl, 3-
ethoxy-3-oxopropyl, 4-ethoxy-2-(ethoxycarbonyl)-4-oxobutyl, 5-methoxy-5-oxopentyl, 6-
methoxy-6-oxohexyl and the like.

The term "alkyl" as used herein, refers to a straight or branched chain
hydrocarbon containing 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 carbon atoms. Representative
examples of alkyl include, but are not limited o, methyl, ethyl, propyl, isopropyl, butyl, 2-
methylpropyl, 2,2-dimethylpropyl, 3-methylbutyl, 2-ethylbutyl, pentyl, hexyl, 3-
methylhexyl, 3,5,5-trimethylhexyl, 2,2-dimethylpentyl, 2,3-dimethylpentyl, heptyl, octyl,
nonyl, 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 carbony! group, as defined
herein. Representative examples of alkylcarbonyl 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 alkylene group, as
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defined herein. Representative examples of alkylcarbonylalkyl include, but are not
limited to, 2-oxopropyl, 3,3-dimethyl-2-oxopropyl, 3-oxobutyl, 3-oxopenty! 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 "alkylcarbonyloxyalkyl" as used herein, refers to an alkylcarbonyloxy
group, as defined herein, appended to the parent molecular moiety through an alkylene
moiety, as defined herein. Representative examples of alkylcarbonyloxyalkyl include,
but are not limited to, 2-(acetyloxy)ethyl, 3-(acetyloxy)propyl, 3-(propionyloxy)propyl and
the like.

The term "alkylene™ denotes a divalent group derived from a straight or
branched, saturated hydrocarbon chain of 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 carbon atoms.
Representative examples of alkylene include, but are not limited to, -CH,-, -CH,CH-, -
CH2CHzCHa-, -CH2CH2CH2CHa-, -CH2CH(CHs)CH.- and the like

The term "alkyny!" as used herein, refers to a straight or branched chain
hydrocarbon group containing 2, 3, 4, 5, 6, 7, 8, 9 or 10 carbon atoms and containing at -
least one carbon-carbon triple bond. Representative examples of alkynyl include, but
are not limited, to ethynyl, 1-propynyl, 2-propynyl, 3-butynyl, 2-pentynyl, 1-butynyl and
the like.

The term "alkynylcarbonyl" as used herein, refers to an alkynyl group, as defined
herein, appended to the parent molecular moiety through a carbonyl group, as defined
herein. Representative examples of alkynylcarbonyl include, but are not limited to,
prop-2-ynoyl, but-2-ynoyl, pent-3-ynoyl, and the like.

The term "aryl" as used herein, refers to a phenyl group, a bicyclic hydrocarbon
fused ring system, or a tricyclic hydrocarbon fused ring system wherein one or more of
the rings are a phenyl group. The term “aryl” also includes a bicyclic hydrocarbon fused
ring system in which a phenyl group is fused to a monocyclic 5- or 6-membered
cycloalkenyl group, as defined herein, a 5- or 6-membered monocyclic cycloalkyl group,
as defined herein, or another phenyl group. The term “aryl” also includes a tricyclic
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hydrocarbon fused ring system in which any one of the above bicyclic aryl groups is
fused to a 5- or 6- membered monocyclic cycloalkyl group, as defined herein, or a 5- or
6-membered monocyclic cycloalkenyl group, as defined herein, or another phenyl
group. Representative examples of aryl groups include, but not limited to, anthracenyl,
fluorenyl, indanyl, indenyl, naphthyl, phenyl and tetrahydronaphthyl. The aryl groups of
the present invention can be substituted or unsubstituted, and are connected to the
parent molecular moiety through any substitutable carbon atom of the group.

The term "arylalkoxy” as used herein, refers to an alkoxy group, as defined
herein, to which is appended an aryl group, as defined herein. Representative
examples of arylalkoxy include, but are not limited to, 2-phenylethoxy, 3-naphth-2-
ylpropoxy, 5-phenylpentyloxy and the like.

The term "arylalkoxyalkyl" as used herein, refers to an arylalkoxy group, as
defined herein, appended to the parent molecular moiety through an alkylene group, as
defined herein. Representative examples of arylalkoxyalky! include, but are not limited
to, benzyloxymethyl, 2-(benzyloxy)ethyl, (2-phenylethoxy)methyl and the like.

The term "arylalkoxycarbonyl” as used herein, refers to 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
lirﬁited 10, benzyloxycarbonyl, naphth-Zylmethoxycarb’onyl and the like.

The term "arylalkyl" as used herein, refers to an aryl group, as defined herein,
appended to the parent molecular moiety through an alkylene group, as defined herein.
Representative examples of arylalkyl include, but are not limited to, benzyl, 4~
(benzyloxy)benzyl, 4-methoxybenzyl, 4-hydroxybenzyl, 3-(1,3-benzodioxol-5-yl)-2-
methylpropyl, 3-(phenoxy)benzyl, 3-(1,3-benzodioxol-5-yl)propyl, 2-phenylethyl, 3-
phenylpropyl, 2-naphthylmethyl, 3,5-ditert-butyl-2-hydroxybenzyl, 3-methoxybenzyl, 3,4~
dimethoxybenzyl, 4-(dimethylamino)benzyl, 4-[3-(dimethylamino)propoxylbenzyi, (6-
methoxy-2-naphthyl)methyl, 2-naphth-2-ylethyl and the like.

The term "arylalkylcarbonyl" as used herein, refers to an arylalkyl group, as
defined herein, appended to the parent molecular moiety through a carbonyl group, as
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defined herein. Representative examples of arylalkylcarbonyl include, but are not
limited to, 2-naphthylacetyl, phenylacetyl 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-
dimethaxyphenoxy and the like.

The term "aryloxyalkyl” as used herein, refers to an aryloxy group, as defined
herein, appended to the parent molecular moiety through an alkylene 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 "aryloxycarbonyl" as used herein, refers to an aryloxy group, as defined
herein, appended to the parent molecular moiety through a carbonyl group, as defined
herein.

The term "arylthio" as used herein, refers to an aryl group, as defined herein,
appended to the parent molecular moiety through a sulfur atom. Representative
examples of arylthio include, but are not limited to, phenylthio, naphthalen-1-yithio,
naphthalen-2-ylthio and the like.

The term "arylthioalkoxy" as used herein, refers to a thioalkoxy group, as defined
herein, to which is appended an aryl group, as defined herein. Representative
examples of arylthioalkoxy include, but are not limited to, (phenylmethylthio, (2-
phenylethyl)thio, (naphthalen-1-yimethyl)thio and the like.

The term "arylthioalkoxyalkyl" as used herein, refers to an arylthioalkoxy group,
as defined herein, appended to the parent molecular moiety through an alkylene group,
as defined herein. Representative examples of arylthioalkoxy include, but are not
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limited to, (phenylmethyl)thiomethyl, (2-phenylethyl)thiomethyl, (naphthalen-1-
ylmethyl)thiomethyl and the like.

The term "arylthioalkyl" as used herein, refers to an arylthio group, as defined
herein, appended to the parent molecular moiety through an alkylene group, as defined
herein. Representative examples of arylthioalky! include, but are not limited to,
(phenylthio)methyl, 2-(phenylthio)ethyl, 3-(phenylthio)poropyl and the like.

~ Theterm "carbonyl" as used herein, refers to a -C(O)- group.

The term "carboxy" as used herein, refers to a -COzH group.

The term "carboxyalkyl" as used herein, refers to a carboxy group, as defined
herein, appended to the parent molecular moiety through an alkylene group, as defined
herein. Representative 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.

The term "cyanoalkyl" as used herein, refers to a cyano group, as defined herein,
appended to the parent molecular moiety through an alkylene group, as defined herein.
Representative examples of cyanoalkyl include, but are not limited to, cyanomethyl, 2-
cyanoethyl, 3-cyancpropyl and the like.

The term "cycloalkenyl," as used herein, refers to a non-aromatic, partially
unsaturated, monocyclic hydrocarbon ring system, having 4, 5, 6, 7, 8, 9 or 10 carbon
atoms and zero heteroatom. Representative examples of cycloalkenyl groups include,
but not limited to, cyclobutenyl, cyclopentenyl, cyclohexenyl, and
octahydronaphthalenyl. The cycloalkenyl groups of the present invention can be
unsubstituted or substituted, and are attached to the parent molecular moiety through
any substitutable carbon atom of the group.

The term "cycloalkyl" as used herein, refers to a saturated, monocyclic or bicyclic
hydrocarbon group containing from 3, 4, 5, 6, 7 or 8 carbon atoms and zero heteroatom.
The cycloalkyl groups of the present invention can be unsubstituted or substituted and
are connected to the parent molecular moiety through any one or more of the
substitutable atoms of the groups. Examples of cycloa!kyl include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and the like.
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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 "cycloalkylcarbonyl” as used herein, refers to cycloalkyl group, as
defined herein, appended to the parent molecular moiety through a carbonyl group, as
defined herein. Representative examples of cycloalkylcarbony! include, but are not
limited to, cyclopropylcarbonyl, 2-cyclobutylcarbonyl, cyclohexylcarbonyl and the like.

The term "di(alkoxycarbonylalkyl" as used herein, refers to two independent
alkoxycarbonyl groups, as defined herein, appended to the parent molecular moiety
through an alkyl group, as defined herein. Representative examples of
di(alkoxycarbonyl)alkyl inlcude, but are not limited to, 4-ethyoxy-2-(ethyoxycarbonyl)-4-
oxobutyl, 4-(ethyloxy)-2-((methyloxy)carbonyl)-4-oxobutyl, 5-(ethyloxy)-3-
((ethyloxy)carbonyl)-5-oxopentyl and the like.

The term "ethylenedioxy" as used herein, refers to a -O(CHz)20- group, wherein
the oxygen atoms of the ethylenedioxy group are attached to the parent molecular
moiety through two adjacent carbon atoms of the parent molecular moiety, forming a six
membered ring.

The term "formyl" as used herein, refers to a -C(Q)H group.

The term "halo" or "halogen" as used herein, refers to -Cl, -Br, - or -F.

The term "haloalkoxy" as used herein, refers to an alkoxy group, as defined
herein, in which one or more hydrogen atoms is replaced with a halogen, as defined
herein. Representative examples of haloalkoxy include, but are not limited to,
chloromethoxy, fluoromethoxy, difluromethoxy, 2-flucroethoxy, trifluoromethoxy,
pentafluoroethoxy and the like.

The term "haloalkyl" as used herein, refers to an alkyl group, as defined herein,
in which one or more hydrogen atoms is replaced with a halogen, as defined herein.
Representative examples of haloalkyl include, but are not limited to, chloromethyl,
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fluoromethyl, difluoromethyl, 2-fluoroethyl, trifluoromethyl, pentafluoroethyl, 2-chloro-3-
fluoropentyl and the like.

The term "heterocycle" or "heterocyclic ring" or "heterocyclic” as used herein,_
refers to a monocyclic, bicyclic or tricyclic non-aromatic, saturated or partiaily
unsaturated ring éystem. Monacyclic ring systems are exemplified by any 3- or 4-
membered rinQ containing a heteroatom independently selected from oxygén, nitrogen

" and sulfur; or a 5-, 8-, 7-, or 8-mémbered ring containing 6né, two of thrée histeroatoriis

wherein the heteroatoms are independently selected from nitrogen, oxygen and sulfur.
The 5-membered ring has 0 or1 double bond. The 6-memebered ring has 0, 1 or 2
double bonds. The 7- or 8-membered ring has 0, 1, 2 or 3 double bonds.
Representative examples of monocyclic ring systems include, but are not limited to,
aziridinyl, azetidinyl, azepanyl, azepinyl, diazepinyl, 1,3-dioxolanyi, dioxanyl, dithianyl,
imidazolinyl, imidazolidinyl, isothiazolinyl, isothiazolidinyl, isoxazalinyl, isoxazolidinyl,
morpholinyl, 3-oxo-morpholinyl, oxadiazolinyl, oxadiazolidinyl, oxazolinyl,.2-oxo-
oxazolinyl, oxazolidinyl, piperazinyl, piperidyl, pyranyl, pyrazolinyl, pyrazolidinyl,
pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydropyridinyl,
tetrahydrothienyl, thiadiazolinyl, thiadiazolidinyl, thiazolinyi, thiazolidinyl, thiomorpholinyl,
1,1-dioxidothiomorpholinyl (thiomorpholine sulfone), thiopyranyl, 1 /A4-diazepanyl,
trithianyl and the like. The term “heterocycle” also includes bicyclic heterocyclic ring
systems in which any of the above heterocyclic rings is fused to a phenyi group, a 5- or
6-membered monocyclic cycloalkenyl group, as defined herein, a 5- or 6-mermibered
monocyclic cycloalkyl group, as defined herein, or an additional monocyclic heterocycle
group, as defined herein. Representative examples of bicyclic heterocyclic ring systems
include but are not limited to, benzodioxinyl, benzopyranyl, benzothiopyranyl, 2,3~
dihydroindolyl, indolizinyl, pyranopyridinyl, and the like. The term “heterocycle” also
includes tricyclic heterocyclic ring systems in which any one of the above bicyclic
heterocyclic ring systems is fused to a phenyl ring, a 5- or 6-membered cycloalkyl
group, as defined herein, a 5- or 6-membered cycloalkenyl group, as defined herein, or
an additional monocyclic heterocycle group, as defined herein. Representative
examples of tricyclic heterocyclic ring systems include, but are not limited to,
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phenazinyl, thioanthrenyl, thioxanthenyl, xanthenyl, and the like. The heterocycle
groups of the invention are independently substituted or unsubstituted, and are
connected to the parent molecular moiety through any substitutable carbon or nitrogen
atom in the groups. The nitrogen heteroatom may or may not be guaternized, and may
or may not be oxidized to the N-oxide. In addition, the nitrogen containing heterocyclic
rings may or may not be N-protected.

The term "heterocyclealkoxy” as used herein, refers to an alkoxy group, as
defined herein, to which is appended a heterocycle, as defined herein. Representative
examples of heterocyclealkoxy include, but are not limited to, 2-piperidinylethoxy and
the like.

The term "heterocyclealkoxyalkyl” as used herein, refers to a heterocyclealkoxy
group, as defined herein, appended to the parent molecular moiety through an alkylene
group, as defined herein. Representative examples of heterocyclealkoxyalky! include,
but are not limited to, (2-piperidinylethoxy)methy! and the like.

The term "heterocyclealkoxycarbonyl” as used herein, refers to a
heterocyclealkoxy group, as defined herein, appended to the parent molecular moiety
through a carbonyl group, as defined herein. Representative examples of
heterocyclealkoxycarbonyl include, but are not limited to, (2-piperidinylethoxy)carbonyl,
(3-piperazinylpropoxy)carbonyl and the like.

The term "heterocyclealkyl” as used herein, refers to a heterocycle, as defined
herein, appended to the parent molecular moiety through an alkylene group, as defined
herein. Representative examples of heterocyclealkyl include, but are not limited to,
(2,5-dimethoxytetrahydro-3-furanyl)methyl and the like.

The term "heterocyclealkylcarbonyl® as used herein, refers to a heterocyclealkyl
group, as defined herein, appended to the parent molecular moiety through a carbonyl
group, as defined herein. Representative examples of heterocyclealkylcarbonyl include,
but are not limited to, ((2,5-dimethoxytetrahydro-3-furanyl)methyl)carbonyl and the like.

The term "heterocyclecarbonyl” as used herein, refers to a heterocycle, as
defined herein, appended to the parent molecular moiety through a carbonyl group, as
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defined herein. Representative examples of heterocyclecarbonyl include, but are not
limited to, 2,3-dihydrothienylcarbonyl and the like.

The term "heterocycleoxy" as used herein, refers to a heterocycle group, as
defined herein, appended to the parent molecular moiety through an oxy moiety, as
defined herein. Representative examples of heterocycleoxy include, but are not limited
to 2,3-dihydrothienyloxy and the like.

~ The term "heterocycleoxyalkyl" as used herein, refers to a heterocycleoxy group,
as defined herein, appended to the parent molecular moiety through an alkylene group,
as defined herein. Representative examples of heterocycleoxyalkyl include, but are not
limited to, 2,3-dihydrothienyloxymethyl and the like. .

The term "heterocycleoxycarbonyl” as used herein, refers to a heterocycleoxy
group, as defined herein, appended to the parent molecular moiety through a carbonyl
group, as defined herein.

The term "heterocyclethio” as used herein, refers to a heterocycle, as defined
herein, appended to the parent molecular moiety through a sulfur atom.

The term "heterocyclethioalkoxy" as used herein, refers to a thioalkoxy group, as
defined herein, to which is appénded a heterocycle, as defined herein.

The term "heterocyclethioalkoxyalkyl" as used herein, refers to a
heterocyclethioalkoxy group, as defined herein, appended to the parent molecular
moiety through an alkylene group, as defined herein.

The term "heterocyclethioalkyl" as used herein, refers to a heterocyclethio group,
as defined herein, appended to the parent molecular moiety through an alkylene group,
as defined herein.

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

The term "heteroaryl" as used herein, refers to an aromatic five- or six-membered
ring where at least one atom is selected from the group consisting of N, O, and S, and -
the remaining atoms are carbon. The five membered rings‘ have two double bonds, and
the six membered rings have three double bonds. Representative examples of the
monocyclic heteroaryl groups include, but are not limited to, furyl, imidazolyl,
isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl, pyridinyl, pyrimidinyi,
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pyridazinyl, pyrrolyl, thiazolyl, thienyl, 1,3,56-triazinyl, and the like. The term "heteroary!"
alsa includes bicyclic fused ring systems where a heteroaryl ring is fused to a phenyl
group, a 5- or 6-membered monocyclic cycloalkeny! group, as defined herein, a 5- or 6-
membered monocyclic cycloalky! group, as defined herein, a 5- or 6-membered
monocyclic heterocycle group, as defined herein, or an additional heteroaryl group.
Representative examples of heteroaryl groups include, but not limited to,
benzimidazolyl, benzothiazolyl, benzothienyl, benzoxazolyl, benzofuranyl,
benzoxadiazolyl, imidazo[1,2-a]pyridinyl, indazolyl, indolyl, isoindolyl, isoquinolinyl,
isothiazolyl, naphthyridinyl, oxadiazolyl, oxazolyl, pyridoimidazolyl, quinolinyl,
quinolizinyl, quinoxalinyl, quinazolinyi, thienopyridinyl, and the like. The term
‘heteroaryl” also includes tricyclic fused ring systems in which any of the above bicyclic
heteroaryl ring systems, as defined hereabove, is fused to a phenyl group, a 5- or 6-
membered monocyclic cycloalkyl group, as defined herein, a 5- or 6-memberad
monacyclic cycloalkenyl group, as defined herein, a 5- or 6-membered monocyclic
heterocyclic group, or an additional 5- or 6-membered monocyclic heteroaryl grotip, as
defined herein. Representative examples of the tricyclic heteroaryl groups include, but
are not limited to, dibenzothienyl, dibenzofuranyl, and the like. The heteroaryi groups of
the present invention can be independently substituted or unsubstituted, and are
connected to the parent molecular moiety through any substitutable carbon or nitrogen
atom in the groups. In addition, the nitrogen heteroatom may or may not be
quaternized, and may or may not be oxidized to the N-oxide. Also, the nitragen
containing rings may or may not be N-protected.

The term "heteroarylalkoxy" as used herein, refers to an alkoxy group, as defined
herein, to which is appended a heteroary! group, as defined herein. Representative
examples of heteroarylalkoxy include, but are not limited to, 2-pyridin-3-ylethoxy, 1,3~
thiazol-5-yimethoxy, 3-quinolin-3-ylpropoxy, 5-pyridin-4-ylpentyloxy and the like.

The term "heteroarylalkoxyalkyl" as used herein, refers to a heteroarylalkoxy
group, as defined herein, appended to the parent molecular moiety through an alkylene
group, as defined herein. Representative examples of heteroarylalkoxyalkyl include, but
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are not limited to, (2-pyridin-3-ylethoxy)methyl, (3-quinolin-3-ylpropoxy)methyl, (1,3-
thiazol-5-yimethoxy)methyl, 2-(5-pyridin-4-ylpentyloxy)ethyl and the like.

The term "heteroarylalkoxycarbonyl" as used herein, refers to a heteroarylalkoxy
group, as defined herein, appended to the parent molecular moiety through a carbonyl
group, as defined herein. Representative examples of heteroarylalkoxycarbonyl
include, but are not limited to, (2-pyridin-3-ylethoxy)carbonyl, (3-quinolin-3-
ylpropoxy)carbonyl, 2-(1,3-thiazol-5-yimethoxy)carbonyl, (5-pyridin-4- =~ =
ylpentyloxy)carbonyl and the like.

The term "heteroarylalkyl" as used herein, refers to a heteroaryl group, as
defined herein, appended to the parent molecular moiety through an alkylene group, as
defined herein. Representative examples of heteroarylalkyl include, but are not limited
to, 3-guinolinylmethyl, 3-pyridinyimethyl, 4-pyridinylmethyl, 1H-imidazol-4-yimethyl, 1H-
pyrrol-2-ylmethyl, pyridin-3-ylmethyl, 2-pyrimidin-2-ylpropyl and the like.

The term "heteroarylalkylcarbonyl" as used herein, refers to a heteroarylalkyl
group, as defined herein, appended to the parent molecular moiety through a carbonyl
group, as defined herein. Representative examples of heteroarylalkylcarbonyl include,
but are not limited to, ((2,5-dimethoxytetrahydro-3-furanyl)methy!)carbonyl, (3-
quinolinylmethyl)carbonyl, (3-pyridinylmethyl)carbonyl, (4-pyridinylmethy!)carbonyl, (1H-
imidazol-4-yimethyl)carbonyl, (1H-pyrrol-2-yimethyl)carbonyl, {(pyridin-3-
yimethyl)carbonyl, (2-pyrimidin-2-ylpropyl)carbonyl and the like.

The term "heteroarylcarbonyl” as used herein, refers to a heteroaryl group,l as
defined herein, appended to the parent molecular moiety through a carbonyl group, as
defined herein. Representative examples of heteroarylcarbonyl include, but are not
limited to, pyridin-3-ylcarbonyl, (1,3-thiazol-5-yl)carbonyl, quinolin-3-ylcarbonyl and the
like. :

The term "heteroaryloxy" as used herein, refers to a heteroaryl group, as defined
herein, appended to the parent molecular moiety through an oxy moiety, as defined
herein. Representative examples of heteroaryloxy include, but are not limited to,
pyridin-3-yloxy, quinolin-3-yloxy and the like. ’
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The term "heteroaryloxyalkyl" as used herein, refers to a heteroaryloxy group, as
defined herein, appended to the parent molecular moiety through an alkylene group, as
defined herein. Representative examples of heteroaryloxyalkyl include, but are not
limited to, pyridin-3-yloxymethyl, 2-quinolin-3-yloxyethyl and the like.

The term "heteroaryloxycarbonyl" as used herein, refers to a heteroaryloxy
group, as defined herein, appended to the parent molecular moiety through a carbonyl
group, as defined herein.

The term "heteroarylthio™ as used herein, refers to a heteroaryl group, as defined
herein, appended to the parent molecular moiety through a sulfur atom. Representative
examples of heteroarylthio include, but are not limited to, (8-quinalinyl)thio, (3-
pyridinyl)thio, (4-pyridinyl)thio and the like.

The term "heteroarylthioalkoxy" as used herein, refers to a thioalkoxy group, as
defined herein, to which is appended a heteroaryl group, as defined herein.
Representative examples of heteroaryithioalkoxy include, but are not limited to, 2-
pyridin-3-ylethylthio, 1,3-thiazol-5-ylmethylthio, 3-quinolin-3-yipropylthio, 5-pyridin-4-
yipentylylthio and the like.

The term "heteroarylthioalkoxyalkyl" as used herein, refers to a
heteroarylthioalkoxy group, as defined herein, appended to the parent molecular moiety
through an alkylene group, as defined herein. Representative examples of
heteroarylthioalkoxyalkyl include, but are not limited to, (2-pyridin-3-ylethylthio)methyl,
(3-quinolin-3-ylpropylthio)methyl, (1,3-thiazal-5-yimethyithio)methyl, 2-(5-pyridin-4-
ylpentylthio)ethyl and the like.

The term "heteroarylthioalkyl" as used herein, refers to a heteroarylthio group, as
defined herein, appended to the parent molecular moiety through an alkylene group, as
defined herein. Representative examples of heteroarylthioalkyl include, but are not
limited to, (3-quinolinyl)thiomethyl, (3-pyridinyl)thiomethyl, (4-pyridinyl)thiomethyl, 2-((4-
pyridinyl)thio)ethyl and the like.

The term "N-protecting group" or "N-protected” as used herein refers to those - -
groups intended to protect the N-terminus of an amino acid or peptide or to protect an
amino group against undesirable reactions during synthetic procedures. Commonly
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used N-protecting groups are disclosed in T.H. Greene and P.G.M. Wuts, Protective
Groups in Organic Synthesis, 2nd edition, John Wiley & Sons, New York (1991).
N-protecting groups comprise acyl groups such as formyl|, acétyl, propionyl, pivaloyl,
t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, triﬂuofoacetyl, trichloroacetyl, phthalyl,
o-nitrophenoxyacetyl, benzoyl, 4-chlorobenzoyl, 4-bromaobenzoyl, 4-nitrobenzoyl, and
the like; sulfonyl groups such as benzenesulfonyl, p-toluenesutfonyl and the like;
sulfenyl groups such as phenylsulfenyl (phenyl-S-), triphenylmethylsulfenyl (trityl-S-)
and the like; sulfinyl groups such as p-methylphenylsulﬂnyi (p-methylphenyl-S(O)-), t-
butylsulfinyl (t-Bu-S(O)-) and the like; carbamate forming groups such as
benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl,
3,4-dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl,
2,4-dimethoxybenzyloxycarbonyl, 4-methoxybenzyloxycarbonyl,
2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3,4,5-trimethoxybenzyloxycarbonyl,
1-(p-biphenylyl)-1-methylethoxycarbonyl, dimethyl-3,5-dimethoxybenzyloxycarbonyl,
benzhydryloxycarbonyl, t-butyloxycarbonyl, diisopropylmethoxycarbonyl,
isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, ailyloxycarbonyl,
2,2,2-trichloro-ethoxy-carbonyl, phenoxycarbonyl, 4-nitro—-phenoxycarbonyl,
fluorenyl-9-methoxycarbonyl, cyclopentyloxycarbonyl, adamantyloxycarbonyl,
cyclohexyloxycarbonyl, phenylthiocarbonyl and the like; alkyl groups such as benzyl, p-
methoxybenzyl, triphenylmethyl, benzyloxymethyl and the like; p-methoxyphenyl and
the like; and silyl groups such as trimethylsilyl and the like. Preferred N-protecting
groups include formyl, acetyl, benzoyl, pivaloyl, t-butylacetyl, phenylsuifonyl, benzyl,
t-butyloxycarbonyl (Boc) and benzyloxycarbonyl (Cbz).

The term "hydroxyalkyl" as used herein, refers to a hydroxy group, as defined
herein, appended to the parent molecuiar moijety through an alkylene group, as defined
herein. Representative 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 as defined herein and
refers to a straight or branched chain hydrocarbon group containing 1, 2, 3, 4, 50r 6
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carbon atoms. Representative examples of lower alkyl include, but are not limited to,
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl and the like.

The term "mercapto” as used herein, refers to a -SH group. ,

The term "methylenedioxy” as used herein, refers to a -OCH,O- group, wherein
the oxygen atoms of the methylenedioxy are attached to the parent molecular moiety
through two adjacent carbon atoms of the parent molecular moiety, forming a five-
membered ring.

The term "nitro” as used herein, refers to a -NO, group.

The term "-NRcRp" as used herein, refers to two groups, Rc and Rp, which are
appended to the parent molecular moiety through a nitrogen atom. Rc and Rp are
independently selected from hydrogen, alkoxycarbonyl, alkyl, alkylcarbonyl,
alkylsulfonyl, arylalkoxycarbonyl, arylsuifonyl, formyl, (NReRg)carbonyl, and
(NReRg)sulfonyl. Representative examples of ~NReRp include, but are not limited to,
amino, methylamino, acetylamino, acetyl(methyl)amino, (tert-butoxycarbonyl)amino,
(benzyloxycarbony)amino, formylamino, (aminosulfonyl)amino,
(dimethylaminosulfony!)amino, (phenylsulfonyl)amino, (methylsuifonyl)amino,
(aminocarbonyl)amino, (dimethylaminocarbonyl)amino and the like.

The term "(NRcRp)alkyl" as used herein, refers to a -NRgRp group, as defined
herein, appended to the parent molecular moiety through an alkylene group, as defined
herein. Representative examples of (NRcRp)alkyl include, but are not limited to, 2-
(dimethylamino)ethyl, 2-{(tert-butoxycarbonyljamina]ethyl, 2-(acetylamino)sthyl, 2-
((benzyloxycarbonyl)amino)ethyl, 2-(dimethylaminocarbonyl)ethyl, 2-
((dimethylaminosulfonyl}amino)ethyl, 2-((methylsulfonylamino)sthyl, 2-
((phenylsulfonyl)amino)ethyl and the like.

The term "-NR4sRg" as used herein, refers to two groups, Ra and Rg, which are
appended to the parent molecular moiety through a nitrogen atom. Ra and Rg are
independently selected from hydrogen and lower alkyl. Representative examples of -
NRaRsz include, but are not limited to, amino, methylamino, dimethylamino,
diethylamino, ethyl{methyi)amino and the like.
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The term "(NRaRs)alkoxy" as used herein, refers to an alkoxy group, as defined
herein, to which is appended a -NRsRg group, as defined herein. Representative
examples of (NRaRs)alkoxy include, but are not limited to, aminomethoxy, 2-
(amino)ethoxy, 2-(dimethylamino)ethoxy, 3-(amino)propoxy, 3-(dimethylamino)propoxy,
4-(dimethylamino)butoxy and the like.

The term "(NRaRg)alkyl" as used herein, refers to a -NRaRs group, as defined
herein, appended to the parent molecular moiety through an alkylene group, as defined
herein. Representative examples of (NRaRg)alkyl include, but are not limited to,
aminomethyl, 2-(amino)ethyl, 2-(dimethylamino)ethyl, 3-(amino)propyt, 3-
(dimethylamino)propyl, 4-(dimethylamino)butyl and the like.

The term "(NReRg)carbonyl" as used herein, refers to a -NRgRr group, wherein
Re. and Rr are independently selected from hydrogen and lower alkyl, appended to the
parent molecular moiety through a carbonyl group, as defined herein. Representative
examples of (NRERF)cgrbonyl include, but are not limited to, aminocarbonyl,
(methylamino)carbonyl, (dimethylamino)carbonyi, (diethylamino)carbonyl,
(ethyl(methyl)amino)carbonyl and the like.

The term "(NReRr)sulfonyl" as used herein, refers to a -NReRr group, wherein
Re and R are independently selected from hydrogen and lower alkyl, appended to the
parent molecular moiety through a sulfonyl group, as defined herein. Representative
examples of (NReRr)sulfonyl include, but are not limited to, aminosuifonyl,
(methylamino)sulfonyl, (dimethylamino)sulfonyl, (disthylamino)sulfonyl,
(ethyl(methyl)amino)sulfonyl 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.

The term "sulfonyl" as used herein, refers to a -S(0O)z- group.

The term "thioalkoxy" as used herein, refers to an alkyl group, as defined herein,
appended to the parent molecular moiety through a sufur atom. Répresentative
examples of thioalkoxy include, but are not limited to, methylthio, ethyithio, butylthio and
the like, '
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The term "prodrug” refers to those prodrugs or zwitterions which are suitable for
use in contact with the tissues of patients without undue toxicity, irritation, and allergic
response, are commensurate with a reasonable benefit/risk ratio, and are effective for
their intended use. “Prodrugs” are considered to be any covalently bonded carriers
which release the active parent compounds of formula I, It or Il in vivo metabolically or
by solvalysis when such prodrugs is administered to & mammalian subject. Prodrugs of
the compounds of formula I, Il or Il can be prepared by modifying functional groups
present in the compounds in such a way that the modifications are cleaved, either in
routine manipulation or in vivo, to the parent compounds respectively. Examples of
such modification include, but not limited to, treatment of a compound of formula |, 1l or
I, containing an amino, amido or hydroxyl moiety with a suitable derivatizing agent, for
example, a carboxylic acid halide or acid anhydride, treatment of a compound of
formula 1, Il or Ill, containing a carboxyl moiety, to an ester or amide and treatment of a
compound of formula |, Il or lll, containing a carboxylic acid ester moiety to an enol-
ester. Prodrugs include compounds wherein hydroxy, amine, carboxy, or sulfhydryl
groups are bonded to any group that, when administered to a mammalian subject,
cleaves under physiological conditions to form a free hydroxyl, amino, carboxy, or
sulfhydryl group, respectively. Examples of prodrugs include, but are not limited to,
acetate, formate, phosphate and benzoate derivatives of the hydrbxy, carboxy and
amine functional groups in the compounds of formula |1, 1l or 111,

The compounds of the invention can comprise of asymmetrically substituted
carbon atoms known as chiral centers. These chiral centers are designated as "R" or
"S" depending on the configuration of substituents around the chiral carbon atom. The
terms "R" and "S" used herein are configurations as defined in IUPAC 1974
Recommendations for Section E, Fundamental Stereochemistry, Pure Appl. Chem.,
1976, 45: 13-30. The compounds of this invention may exist as single sterecisomers
(e.g., single enantiomers or single diastereomer), mixtures of stereoisomers (e.g. any
mixture of enantiomers or diastereomers) or racemic mixtures. All such single
stereoisomers, mixtures and racemates are intended to be encompassed within the
scope of the invention. Compounds identified herein as single sterecisomers are meant
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to describe compounds that are present in a form that are substantially free from their
enantiomers or other diastereomers. By “substantially free” is meant greater than about
80% free of other enantiomers or diastereomers of the compound, more preferably
greater than about 90% free of other enantiomers or diastereomers of the compound,
even more preferably greater than about 95% free of other enantiomers or
diastereomers of the compound, even more highly preferably greater than about 98%
free of other enantiomers or diastereomers of the compounid and most preferably ~~
greater than about 99% free of other enantiomers or diastereomers of the compound.
Where the stereochemistry of the chiral carbons present in the chemical structures
illustrated herein is not specified, the chemical structure is intended to encompass
compounds containing either sterecisomer of each chiral center present in the
compound. ' '

Individual stereocisomers of the compounds of this invention can be prepared by
any one of a number of methods which are within the knowledge of one of ordinary skill
in the art. These methods include stereospecific synthesis, chromatographic separation
of diastereomers, chromatographic resolution of enantiomers, conversion of
enantiomers in an enantiomeric mixture to diastereomers and then chromatographically
separating the diastereomers and regeneration of the individual enantiomers, enzymatic
resolution and the like. '

Stereospecific synthesis involves the use of appropriate optically pure
(enantiomerically pure) or substantial optically pure materials and synthetic reactions
which do not cause racemization or inversion of stereochemistry at the chiral centers.

Mixtures of stereoisomers of compounds, including racemic mixturés, resulting
from a synthetic reaction can often be separated by chromatographic techniques which
are well-known to those of ordinary skill in the art.

Chromatographic resolution of enantiomers can be accomplished on chiral
chromatography resins. Chromatography columns containing chiral resins are
commercially available. In practice, the racemate is placed in solution and loaded onto
the column containing the chiral stationary phase. The enantiomers are then separated
by HPLC. '
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Resolution of enantiomers can also be accomplished by converting the
enantiorhers in the mixture to diastereomers by reaction with chiral auxiliaries. The
resulting diastereomers can then be separated by column chromatography or
crystaliization/re-crystallization. This technique is especially useful when the
compounds to be separated contain a carboxyl, amino or hydroxyl group that will form a
salt or covalent bond with the chiral auxiliary. Chirally pure amino acids, organic
carboxylic acids or organosulfonic acids are especially useful as chiral auxiliaries. Once
the diastereomers have been separated by chromatography, the individual enantiomers
can be regenerated. Frequently, the chiral auxiliary can be recovered and used again.

Enzymes, such as esterases, phosphatases and lipases, can be useful for
resolution of derivatives of the enantiomers in an enantiomeric mixture. For example,
an ester derivative of a carboxyl group in the compounds to be separated can be
prepared. Certain enzymes will selectively hydrolyze only one of the enantiomers in the
mixture. Then the resulting enantiomerically pure acid can be separated from the
unhydrolyzed ester.

Alternatively, salts of the enantiomers in the mixture can be prepared by any
suitable method known in the art, including ireatment of the carboxylic acid with a
suitable optically pure base such as, but arernot limited to, alkaloids and
phenethylamine, followed by precipitation or crystallization/re-crystallization of the
enantiomerically pure salts. Methods mentioned herein above and other useful
methods for the resolution/separation of a mixture of sterecisomers, including racemic
mixtures, may be found in “Enantiomers, Racemates, and Resolutions,” J. Jacques et
al., 1981, John Wiley and Sons, New York, NY,

The compounds of this invention may possess ane or more unsaturated carbon-
carbon double bonds. All double bond isomers, both the cis (Z) and trans (E) isomers,
and mixtures thereof are intended to be encompassed within the scoped of the present
invention. Where a compound exists in various tautomeric forms, a recited compound
is not\ limited to any one specific tautomer, but rather is intended to encompass all
tautomeric forms.
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Inhibition of Cytochrome P450
The ability of compounds to inhibit cytochrome P450 monooxygenase activity
was tested with terfenadine as the probe substrate (Yun, et al., Drug Metabolism &
Disposition, Vol. 21 403-407 (1993)). Compounds of formula [ inhibited the terfenadine
hydroxylase activity representing the most abundant form of cytochrome P450
(CYP3A4) present in human liver with an ICso rarige between about 0.05 UM and about
3.0 uM.

Pharmacokinetic Improvement

The ability of compounds of formula |, 11, or lll to improve the pharmacokinetics of
a compound which is metabolized by cytochrome P450 monooxygenase can be
demonstrated by the test method described below, wherein lopinavir is used as an
example.

Lopinavir, either alone or in combination with a representative compound of the
present invention was formulated at a concentration of 5 mg/mL each in a vehicle of
20% ethanol, 30% propylene glycol and D5W with appropriate molar equivalents of
methanesulfonic acid to assist in solubilization. Beagle dogs (male and female; 810 12
kg; n=3) received 5 mg/kg body weight doses by oral gavage with and without an equal
dose of the compound of the present invention. Plasma samples, obtained as a
function of time after dosing (12 time points over 12 hours) were extracted into mixtures
of ethyl acetate and hexane, concentrated, and analyzed by reversed-phase HPLC-MS
(Kempf, et al., Antimicrob Agents Chemother, Vol. 41 654-660 (1997)). When dosed
alone, lopinavir gave a maximum plasma level (Crmax) and a plasma concentration curve
(AUG) of 0. When lopinavir was dosed with compounds of the present invention, the
Crmax values ranged from 0.95 mcg/mL to 5.07 meg/mL, and the AUC values ranged
from 3.09 meg-hr/ml to 22.95 meg-hr/ml. The corresponding time to maximum plasma
level (Tmax) Of lopinavir was from 1.3 hours to 3.2 hours.

Abbreviations:
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Abbreviations which have been used in the descriptions of the Schemes and the
Examples that follow are: AcOH for acetic acid; atm for atmospheres; Boc for tert-
butoxycarbonyl; CDI for 1,1'-carbonyldiimidazole; DCE for 1,2-dichloroethane; DEAD for
diethyl azodicarboxylate; DMF for N,N-dimethyiformamide, DMSO for dimethylsulfoxide;
EtOAc for ethyl acetate; EtOH for ethanol; IPA for isopropyl alcohol; MeOH for
methanol; MsCl for methanesulfonyl chloride; TFA for trifluoroacetic acid; THF for
tetrahydrofuran; and TLC for thin layer chromatography.

Preparation of Compounds of the Present Invention

The compounds and processes of the present invention will be better understood
in connection with the following synthetic schemes which illustrate the methods by
which the compounds of the invention may be prepared. Starting materials can be
obtained from commercial sources or prepared by well-established literature methods
known to those of ordinary skill in the art. The groups R4, Ry, and Rs, are as defined
above unless otherwise noted below.

This invention is intended to encompass compounds having formulza |, 1l or Il
when prepared by synthetic processes or by metabolic processes. Preparation of the
compounds of the invention by metabalic processes include those occurring in the
human or animal body (in vivo) or processes occurring in vitro.

If a substituent described herein is not compatible with the synthetic methods of
this invention, the substituent may be protected with a suitable protecting group that is
stable to the reaction conditions used in these methods. The protecting group may be
removed at suitable point in the reaction sequence of the method to provide a desired
intermediate or target compound. Suitable protecting groups and the methods for
protecting and deprotecting different substituents using such suitable protecting groups
are well know to those skill_ed in the art; examples of which may be found in T. Greene
and P. Wuts, Protecting Groups in Chemical Synthesis (3" ed.), John Wiley & Sons, NY
(1999)
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Scheme 1
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(12)
Compounds of general formula (11), wherein R4, Ra, Rs, Rs and Ry are as
defined in formula 1 and Ry=Ry, can be prepared as described in Scheme 1. Alcohols of
5 general formula (1) can be treated with a sulfonyl chloride such as methanesulfonyl
chloride or p—toluenesulfdnyl chloride and a base such as triethylamine to provide
sulfonates of general formula (2). Sulfonates of general formula (2) can be treated with
sodium azide in DMF at a temperature of about 80 °C to provide the azide which can
then be treated with a palladium catalyst under a hydrogen atmosphere in a solvent
10 such as ethanol to provide amines of general formula (3). Alcohols of general formula
(4) can be treated with a phosphine such as triphenylphosphine, tributylphosphine and
an azo reagent such as diethyl azodicarboxylate or di-tert-butyl azodicarboxylate or
diisopropy! azodicarboxylate to provide aziridines of general formula (5). Amines of
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general formula (3) can be treated with aziridines of general formula (5) in a solvent
such as isopropyl alcohol at a temperature of about 100 °C to provide triamines of
general formula (6). Triamines of general formula (8) can be treated with a base such
as tristhylamine and an electrophile of general formula (7), wherein X is Cl, Bror |, to
provide triamines of general formula (8). Triamines of general formula (7) can also be
treated with aldehydes or ketones in the presence of a reducing agent such as sodium
cyanoborohydride, sodium triacetoxyborohydride or sodium borohydride to provide
triamines of general formula (8). Triamines of general formula (8) can be treated with
TFA or HCI such as 4N HClI in 1,4-dioxane or concentrated HCl in ethyl acetate to
provide triamines of general formula (9). Triamines of general formula (9) can be
treated with carbonates of general formula (10) and a base such as triethylamine to
provide compounds of general formula (11). Alternatively, triamines of general formula
(9) can be treated with alcohols of general formula (12), CDI and a base such as
triethylamine to provide compounds of general formula (11).

Scheme 2
R7NH;
BocHN NHB
BocHN\;/\OH DMSO, (COCl), BOCHN\iAO (15) 0C \(\l}!/\r oc
":\32 TEA, CHZC|2 ﬁz NaHB(OAc)3 Rz R7 R3
4} (14) AcOH, DCE {(16) Ry=Rz

HaN
16 HS, ? W/\N/Y _Scheme 1 “\/O\g/HN\R(\rlu
2

60 C RZ R7 R3 R7 R3 0
EtOAC (17) (18) Ry=Rq4

(

Compounds of general formula (18), wherein R1, Rz, Rs, R4 and Ry are as
defined in formula | and Ry=R4 and R;=Rs, can be prepared as described in Scheme 2.
Alcohals of general formula (1) can be oxidized using, for example, Swem conditions to
provide aldehydes of general formula (14). Aldehydes of general formula (14) can be
treated with 0.5 equivalents of an amine of general formula (15), wherein Ry is alkenyl
alkoxyalkyl, alkoxycarbonylalkyl, alkkyl, alkylcarbonyloxyalkyl, alkynyl, arylalkyl,
aryloxyalkyl, arylthioalkoxyalkyl, aryithioalkyl, cyanoalkyl, cycloalkyl, cycloalkylalkyl,
di(alkoxycarbonyljalkyl, heterocyclealkoxyalkyl, heterocyclealkyl, heterocycleoxyalkyl,
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heterocydlethioalkoxyalkyl or heterocyclethioalkyl in the presence of a acetic acid and a
reducing agent such as sodium cyanoborohydride, sodium triacetoxyborohydride or
sodium borohydride to provide triamines of general formula (16). Triamines of general
formula (16) can be treated with TFA or HCI such as 4N HCI 1,4-dioxane or
concentrated HCI in ethyl acetate to provide triamines of general formula (17).
Triamines of general formula (17) can be processed as described in Scheme 1 to
provide compounds of general formula (18).

Scheme 3 7
BocHN._ -~  NH.0nc  BocHN NHBoc
Y O 4UAC N
e BT
2 NaBHLCN 2 3
(14) MeOH , (20) R2=R3

H
Ry_O._HN NN O Ry
o) Schemet \fg \Q\HE \g/

(21) Ry=R;, R=Rs

Compounds of general formula (21), wherein R1,'R2, Ras and R4 are as defined in
formula | and R4=R4 and Rz=Rs, can be prepared as described in Scheme 3.
Aldehydes of general formula (14) can be treated with ammonium acetate and a
reducing agent such as as sodium cyanoborohydride, sodium triacetoxyborohydride or
sodium borohydride in a solvent such as methanol to provide triamines of general
formula (20). Triamines of general formula (20) can be processed as described in
Scheme 1 to provide compounds of general formula (21).
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Scheme 4
R;,CHO
(22)
I OvR4, NaHB(OAC)a R1\/O HN N O\/Rq,
hig W/\ﬁ/\/ g EtOH YOYONY Y
Q Ra Rz O m 0 R, Rz Rz O
(@) Ry=Rq, Ry"Rs ' (23) Ry=Rs, R=Rs

H
24
@1) (24) (o} Ra O)\Rst

TEA, DCE
(25) Ry=Rq4, Rp=Rg

H
0.__0O.__Rz TEA, DMAP R4 O_ _HN N_ _O_ _Rs
@1) =+ Q/ \[( ~ CraCl I~ \n/ Y\N/\r T ~
o 0 L 0 Rzo/&o Rs O

RZ (27) R1=R4, R2=R3

(26) Rz=aryl or heterocycle

Compounds of general formula (23), wherein R4, Rz, Rs Ry and Ry are as defined
in formula | and R1=Rs and Rz=Rs, can be prepared as described in Scheme 4.

5 Compounds of general formula (21) can be treated with aldehydes of general formula
(22), wherein Ry is alkenyl alkoxyalkyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyloxyalkyl,
alkynyl, arylalkyl, aryloxyalkyl, arylthioalkoxyalkyl, arylthioalkyl, cyanoalkyl, cycloalkyl,
cycloalkylalkyl, di(alkoxycarbonyl)alkyl, heterocyclealkoxyalkyl, heterocyclealkyl,
heterocycleoxyalkyl, heterocyclethioalkoxyalkyl or heterocyclethioalkyl, and a reducing

10 agent such as as sodium cyanoborohydride, sodium triacetoxyborohydride or sodium
borohydride in a solvent such as 1,2-dichloroethane to provide compounds of general
formula (23).

Compounds of general formula (25), wherein R4, Rz, Rs and Ry are as defined in
formula I, Rx is alkenyl, alkoxy, akyl, alkynyl, arylalkoxy, arylalkyl, aryl,

15 heterocyclealkoxy, heterocycle or heterocyclealkyl, and R1=R4 and Rx=Rs, can be
prepared as described in Scheme 4. Compounds of general formula (21) can be
treated with chlorides of general formula (24) and a base such as triethylamine in a
solvent such as 1,2-dichloroethane to provide compounds of general formula (25).
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Compounds of general formula (27), wherein R4, Rz, Rs and Ry are as defined in
formula I, Rz is aryl or heterocycle, and Ry=R4 and R2=Rs, can be prepared as
described in Scheme 4. Compounds of general formula (21) can be treated with
carbonates of general formula (26) and a base such as triethylamine to provide

5 compounds of general formula (27).

Scheme 5
NaBH;CN
BocHN\i/\NHz - BocHN\£/§o o4 BocHN\:/\N/\(NHBoc
= = : = H
Ro Rs Ry Rs
3) (30) : CVR
H

(31) _Scheme 1 R1VOTHN\£/\N/\(NTOVR‘1
' 0O R R R O
(32) Ri=Ry
Compounds.of general formula (32), wherein R4, Rz, Rz Ra and Ry are as defined

10 informula I and R4=Ry4, can be prepared as described in Scheme 5. Aldehydes of

general formula (30) can be treated with amines of general formula (3) in the presence

of a reducing agent such as sodium cyanoborohydride, sodium triacetoxyborohydride or

sodium borchydride in a solvent such as ethanol to provide triamines of general formula

(81). Triamines of general formula (31) can be processed as described in Scheme 1 to
15 provide compounds of general formula (32).

61



WO 2007/103670 PCT/US2007/062906

Scheme 6
BOC BnNH2
BocHNW/\ PhgP, DEAD N toluene BocHN o~
OH N™ "Bn
THF £\ 100C Y\
R, —_— Re R, H
(35) (36) (37)
Ha, 20% Pd(OH),/C BocHN\(\NHz
(37) MEOH, 4 atm . R2
(38)
Boc
BocHN NHBoc
o Y
38) + toluene R, H Ry
@9 (16)

H
|
and O R R, Rg O
Scheme 4
(18) Ri=R4

(16)
An altemnative synthesis of compounds of general formula (1 8); wherein Ry, Ra,
Rs Rs and Ry are as defined in formula | and R4=R4, can be prepared as described in
5 Scheme 6. Alcohols of general formula (35) can be treated with a phosphine such as
triphenylphosphine, tributylphosphine and an azo reagent such as diethy
- azodicarboxylate or di-tert-butyl azodicarboxylate or diisopropyl azodicarboxylate to
provide aziridines of general formula (36). Aziridines of general formula (36) can be
treated with benzylamine in a solvent such as toluene with heat to provide amines of
10 general formula (37). Amines of general formula (37) can be treated with a palladium
catalyst such as 20% palladium hydroxide on carbon under hydrogen at 4 atmospheres
in a solvent such as methanol to provide amines of general formula (38). Amines of
general formula (38) can be treated with aziridines of general formula (39) to provide
triamines of general formula (16). Triamines of general formula (18) can be processed
15 as described in Schemes 1 and 4 to provide compounds of general formula (18).
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Scheme 7
BOCHN\/\ E tr NaHB(OAC)s BocHNY\N/—\N/\/NHBoc
(14) AcOE:iOI_I'DCE R Ry
r-10|2 (42) Rz=Rs
H
(42) Scheme 1 Ris - \[C])/N\ﬁ/\N :\j/Y
2

(43) Ry=R,, Rz—Rg =or2
Compounds of general formula (43), wherein R4, Rz, Rz and Rs are as defined in
formula I, R=R4, R:=Rs and ris 1 or 2, can be prepared as described in Scheme 7.

5 Aldehydes of general formula (14) can be treated with piperazine or hexahydro-1H-1,4-
diazepine, acetic acid and a reducing agent such as sodium cyanoborohydride, sodium
triacetoxyborohydride or sodium borohydride in a solvent such as 1,2-dichloroethane to
provide piperazines or homopiperazines of general formula (42). Piperazines or
homopiperazines of general formula (42) can be processed as described in Scheme 1

10  to provide compounds of general formula (43).

Scheme 8
Rg
BOCHN\{*Q AN NaHB(OAC) BOCHN\K\N NHBoc
Re  + EtOH /I
(14) 1" "AcOH, DCE e Fe e T
Rs (45) Rp=Rs3
44)

H

Scheme 1 Ri~_© N
(45) 258 hil '>' “(

O R, Rg Ry Ry o
' (48) Ry=R4, R=Rs
Compounds of general formula (46), wherein Ry, Rz, Rs, R4, Rs and Rg are as

mlll

15  defined in formula |, and Ry=R4 and Rz=R3, can be prepared as described in Scheme 8.
Aldehydes of general formula (14) can be freated with diamines of general formula (44),
acetic acid and a reducing agent such as sodium cyanoborohydride, sodium
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triacetoxyborohydride or sodium borohydride in a solvent such as 1,2-dichioroethane to
provide tetraamines general formula (45). Tetraamines of general formula (45) can be
processed as described in Scheme 1 to provide compounds of general formula (46).

5 Scheme 9
BocHN BocHN NaBHCN  pooyN NHBoc
W/\NHZ + j/%o EtOH \I/\N/w/
R, Rs B—— R, B Rs
(48) (49) (50)
BocHN NHBoc
BN No  NaHB(OAC)S YNTY
(80) + Rio AcOH, DCE Ry R
—————
51) Ry~ NHBoc

(52)

H
R¢._O.__HN N__O_ Ry
0 R Ry O
Rig” NH  R=R4=Ryz

070" Ry,
(53)

Compounds of general formula (53), wherein Ry, Rz, Rs, Ry, R0 and Riz are as

(52) Scheme 1

defined in formula | and R1=Rs=Ry2, can be prepared as described in Scheme 9.
Amines of general formula (48) and aldehydes of general formula (49) can be treated

10 with acetic acid and a reducing agent such as sodium cyanoborohydride, sodium
triacetoxyborohydride or sodium borohydride in a solvent such as 1,2-dichloroethanel to
provide triamines of general formula (50). Triamines of general formula (50) can be
treated with an aldehyde of general formula (51), acetic acid and a reducing agent such
as sodium cyanoborohydride, sodium triacetoxyborohydride or sodium borohydride in a

15 solvent such as 1,2-dichloroethanel to provide tetraamines of general formula (62).
Tetraamines of general formula (52) can be processed as described in Scheme 1 to
provide compounds of general formula (53).
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The following Examples are intended as an illustration of and not a limitation
upon the scope of the invention as defined in the appended claims.

Example 1
N-ethyl-N,N-bis[(28)-2-(thiazol-5-vimethoxycarbonylamino)-3-phenvipropvllamine

Example 1A
(28)-2-{(tert-butoxycarbonyhaminol-3-phenvlpropyl methanesulfonate

A solution of (28)-2-(tert-butoxycarbonylamino)-3-phenyi-1-propanol (3.0 g, 11.9
mmol) in anhydrous CHzCl, (120 mL) at 0°C under a dry Nz atmos phere was treated
with triethylamine (3.5 mL, 25.1 mmol) followed by dropwise addition of methanesulfonyl
chloride (1.0 mL, 13.1 mmol). After stirring for 2 hours at 0°C, the solution was washed
with brine (100 mL), dried over Na,SQs, filtered and concentrated to a reduced volume
(20 mL). The mixture was diluted with hexanes (100 mL) and allowed to stand at

ambient temperature overnight. Colorless crystals were collected by filtration and dried
under reduced pressure to provide the title compound (3.60 g, 92%). R=0.26
(hexanes:ethyl acetate, 2:1); "H NMR (CDCls) & 7.36-7.18 (m, 5H), 4.71 (brs, 1H),
4.28-4.05 (m, 3H), 2.99-2.81 (m, 2H), 1.40 (s, 9H); MS (APCI+) m/z 254 (M+H)".

Example 1B

(2S8)-2-(tert-butoxycarbonylamino)-3-phenylpropylamine

The product from Example 1A (1.0 g, 3.0 mmol) in anhydrous DMF (10 mL)
under a dry Nz atmosphere was treated with sodium azide (0.9 g, 13.8 mmol). The
suspension was stirred at 80°C for 2 hours, allowed to cool to ambient temperature and
was partitioned between water (50 mL) and ethyl acetate (2x50 mL). The organic layers
were combined, dried over Na;S0y, filtered, and concentrated to provide an oil which
was dissolved in ethanol (10 mL). The solution was treated with Lindlar’s catalyst (0.2
@) and the resulting suspension was stirred under Hx (1 atm)-for 3 hours. The mixture
was filtered through celite and concentrated to provide the title compound as an oil
(0.62 g, 82%).
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Example 1C
(25)-N-tert-butoxycarbonyl-2-phenylmethylaziridine

(28)-2-(tert-Butoxycarbonylamino)-3-phenyl-1-propanol (2.0 g, 8.0 mmoal) in
anhydrous THF (50 mL) at 0°C under a dry N, atmosphere was treated with
triphenylphosphine (2.5 g, 9.5 mmol) and diethyl azodicarboxylaté (1.66 g, 9.5 mmol).
The mixture was stirred at 0°C for 1 hour, allowed to warm to ambient temperature and
stired overnight. The mixture was partitioned between water (50 mL) and ethyl acetate
(2x50 mL). The organic layers were combined, dried over NazSQy, filtered, and
concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (hexanes:CH:Cly, 1:1) to provide the title compound as a
colorless oil (1.4 g, 76%). R=0.54 (hexanes:ethyl acetate, 2:1); 'H NMR (CDChk) 3
7.32-7.19 (m, 5H), 3.01-2.90 (m, 1H), 2.70-2.56 (m, 2H), 2.30 (m, 1H), 2.03 (m, 1H),
1.44 (s, 9H).

Example 1D
N,N-bis[(28)-2-(tert-butoxycarbonylamino)-3-phenvipropvllamine

The product from Example 1B (0.54 g, 2.16 mmol) and the product from Example
1C (0.50 g, 2.14 mmoal) in isopropanol (56 mL) were placed in a sealed tube and heated
at 100°C for 18 hours. The mixture was concentrated and the residue was purified by
column chromatography on silica gel (24:1 CHCla:methanol) to provide the title
compound as a colorless solid (0.44 g, 42%). R=0.55 (CHCls:methanal, 9:1); 'H NMR
(CDCls) 8 7.30-7.14 (m, 10H), 4.61 (br s, 2H), 3.87 (m, 2H), 2.87-2.77 (m, 2H), 2.72 (dd,
J=7.4, 13.6 Hz, 2H), 2.57 (d, J=5.8 Hz, 4H), 1.41 (s, 18H); MS (APCH+) m/z 484 (M+H)".

Example 1E

N.N-bis[(28)-2-(tert-butoxycarbonylamino)-3-phenyipropyll-N-sthvlamine
The product from Example 1D (1.20 g, 2.5 mmol) in methanol (12 mL) was

treated with sodium cyanoborohydride (0.25 g, 4.0 mmol), followed by acetaldehyde

(0.30 mL, 5.4 mmol) and acetic acid (0.10 mL, 1.7 mmol). The mixture was stirred at
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ambient temperature for 3 hours and then concentrated under reduced pressure. The
residue was partitioned between water (100 mL) and ethyl acetate (2x100 mL). The
organic layers were combined, dried over Na>SQs, filtered, and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel
(hexanes:ethyl acetate, 2:1) to provide the title compound as a colorless solid (1.10 g,
87%). R=0.35 (hexanes:ethyl acetate, 1:1); 'H NMR (CDCls) & 7.30-7.14 (m, 10H),
4.71 (brs, 2H), 3.84 (m, J=6.5, 7.3 Hz, 2H), 2.81 (d, J=6.4 Hz, 4H), 2.62-2.19 (m; 6H),
1.41 (s, 18H), 0.87 (t, J=7.1 Hz, 3H); MS (APCI+) m/z 512 (M+H)".

Example 1F
N-athyl-N,N-bis[(28)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenvipropyllamine

The product from Example 1E (0.25 g, 0.49 mmol) in TFA:CHzClz (1:2, 3 mL)
was stirred at ambient temperature for 1.5 hours. The mixture was concentrated and

the residue was dried under reduced pressure. The residue in anhydrous CH;Cl> (5
mL) at 0°C under a dry N> atmosphere was treated with triethylamine (0.5 mL, 3.6
mmol), 4-nitrophenyl 1,3-thiazol-5-yimethyl carbonate hydrochloride (0.30 g, 1.11mmol),
and 4-dimethylaminopyridine (0.12 g, 0.98 mmol). The mixture was allowed to warm to
ambient temperature and stirred for 3 hours. The reaction mixture was partitioned
between ethyl acetate (20 mL) and saturated aqueous NaHCQOj3 (3x20 mL). The
organic layer was dried over Na,SOy, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel
(hexanes:ethyl acetate, 1:2) to provide the title compound as a colorless solid (0.24 g,
83%). R=0.57 (CHClz:methanol, 9:1); "™H NMR (CDCls) & 8.74 (s, 2H), 7.?8 (s, 2H), -
7.30-7.11 (m, 10H), 5.30-5.09 (m, 6H), 3.94 (m, 2H), 2.89-2.77 (m, 2H), 2.73 (dd, J=6.8,
13.8 Hz, 2H), 2.56-2.27 (m, 6H), 0.78 (1, J=7.1 Hz, 3H); MS (ESI+) m/z 594 (M-+H)".

Example 2A
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oxazol-5-vimethyl 1H-imidazole-~1-carboxylate

Oxazol-5-ylmethanol (0.15 g, 1.51 mmol) in anhydrous CHxCla (5 mL) under a dry
Nz atmosphere was treated with 1,1’-carbonyldiimidazole (0.20 g, 1.23 mmol) at
ambient temperature and stirred for 2 hours to provide the title compound in a solution
of CHzCl, which was used in subsequent Examples without further manipulation.

Example 2B
N-ethyl-N,N-bis[(2S)-2-(oxazol-5-yimethoxycarbonylamino)-3-phenvipropvilamine

The product from Example 1E (0.25 g, 0.49 mmol) in TFA:CHCl (1:2, 3 mL)
was stirred at ambient temperature for 2 hours, concentrated and dried under reduced

pressure. The residue in 1 mL CHxClz (1 mL) at 0°C under a dry N; atmosphere was
treated with the product from Example 2A (5 mL), triethylamine (0.35 mL, 2.5 mmol),
and N,N-dimethylaminopyridine (0.12 g, 1.0 mmol). The mixture was stirred at ambient
temperature overnight and then partitioned between water (10 mL) and CH,Cl, (3x10
mL). The organic layers were combined, dried over Na,SOs, filtered, and the filtrate
was concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (CHzClz:isopropanal, 9:1) to provide the title compound as
a colorless solid (0.23 g, 84%). R~0.57 (CHCls:methanol, 9:1); "TH NMR (CDCls) & 7.79
(s, 2H), 7.31-7.11 (m, 10H), 7.05 (s, 2H), 5.21 (br. s, 2H), 5.09 (d, J=13.6 Hz, 2H), 5.01
(d, J=13.6 Hz, 2H), 3.94 (m, 2H), 2.90-2.80 (m, 2H), 2.72 (dd, J=7.0, 13.7 Hz, 2H), 2.55-
2.26 (m, 6H), 0.7 (t, J=7.1 Hz, 3H); MS (ESH) miz 562 (M+H)".

Example 3
N-ethyl-N,N-bis[(28)-2-(thien-2-yimethoxycarbonylamino)-3-phenvipropvilamine

2-Thienylmethanol was processed as described in Examples 2A and 2B. The
residue was purified by column chromatography on silica gel (CHCI,) to provide the title
compound as a colorless amorphous solid. R=0.38 (hexanes:ethyl acetate, 1:1); H
NMR (CDCls) 8 7.29-7.11 (m, 12H), 6.99-6.89 (m, 4H), 5.76-5.06 (m, 6H), 3.94 (m, 2H),
2.90-2.79 (m, 2H), 2.72 (dd, J=7.1, 13.9 Hz, 2H), 2.56-2.27 (m, 6H), 0.77 (t, J=7.1 Hz,
3H); MS (ESH) m/z 592 (M+H)". ‘
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Example 4
N-ethyl-N,N-bis[(28)-2-(pyridin-3-yimethoxycarbonylamino)-3-phenylpropvljamine

3-Pyridinylmethanol was processed as described in Examples 2A and 2B. The
residue was purified by column chromatography on silica gel (CHCl:methanol, 19:1) to
provide the title compound as a colorless amorphous solid. R=0.21 (CHClz:methanal,
9:1); "H NMR (CDCls) & 8.52-8.45 (m, 4H), 7.50 (d, J=7.8 Hz, 2H), 7.30-7.10 (m, 12H),
5.24 (br s, 2H), 5.04 (d, J=12.6 Hz, 2H), 4.94 (d, J=12.6 Hz, 2H), 3.96 (m, 2H), 2.89-
2.78 (m, 2H), 2.74 (dd, J=6.8, 13.6 Hz, 2H), 2.59-2.28 (m, 6H), 0.80 (t, J=6.8 Hz, 3H);

- MS (ESI+) m/z 582 (M+H)".

Example 5

N-ethyl-N,N-bis[(2S)-2-(1-{(4-methviohenvyhsulfonvl]-1H-imidazol-4-

vimethoxycarbonylamino)-3-phenylpropvilamine
(1{(4-Methylphenyl)sulfonyl]-1H-imidazol-4-yl)methanol was processed as

described in Examples 2A and 2B. The residue was purified by column

" chromatography on silica gel (CHCls:methanal, 49:1) to provide the title compound as a

colorless solid. R¢=0.45 (CHCls:methanol, 19:1); "H NMR (CDCls) § 7.89 (d, J=1.0 Hz,
2H), 7.79 (m, J=1.7, 2.0, 8.5 Hz, 4H), 7.42-7.11 (m, 16 H), 5.22 (br s, 2H), 4.93 (d,
J=13.2 Hz, 2H), 4.89 (d, J=13.2 Hz, 2H), 3.92 (m, 2H), 2.81 (dd, J=54, 13.6 Hz, 2 H),
2.69 (dd, J=6.8, 13.9 Hz, 2 H), 2.41 (s, 6H), 2.40-2.25 (m, 6H), 0.70 (t, J=6.9 Hz, 3H);
MS (ESI+) m/z 868 (M+H)".

Example 5B
N-ethvi-N,N-bis[(2S)-2-(1H-imidazol-4-yimethoxycarbonyliamino)-3-phenvipropyllamine

The product from Example 5A (0.12 g, 0.14 mmol) and 1-hydroxybenzotriazole
(50 mg, 0.37 mmol) in THF (2mL) were stirred at ambient temperature for 3 days. The
solvent was removed under reduced pressure and the residue was purified by column
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chromatography on silica gel (CHCls:methanol:NH4OH, 90:10:1) to provide the title
compound as a colorless salid (36 mg, 47%). R=0.10 (CHCls:methanol:NH4OH,
90:10:1); "M NMR (CDCls) 3 7.59 (s, 2H), 7.29-7.10 (m, 10H), 7.07 (s, 2H), 5.32-5.06
(m, 4H), 4.99-4.90 (m, 2H), 3.94 (m, 2H), 2.87-2.78 (m, 2H), 2.67 (dd, J=7.1, 13.6 Hz,
2H), 2.45-2.15 (m, 6H), 0.64 (t, J=6.8 Hz, 3H); MS (ESI+) m/z 560 (M+H)".

Example 6
N-ethyl-N.N-bis[(2S)-2-(pyrazal-5-yimethoxycarbonviamino)-3-phenvipropyvilamine
Example 8A
N-ethyl-N.N-bis[(28)-2-(propyn-2-yloxycarbonylamino)-3-phenylpropyllamine

Propargyl alcohol was processed as described in Examples 2A and 2B. The

residue was purified by column chromatography on silica gel (hexanes:ethyl acetate,
1:1) to provide the title compound as a colorless solid. R=0.42 (hexanes:ethyl acetate,
1:1); "H NMR (CDClg) & 7.32-7.13 (m, 10H), 5.23 (brs, 2H), 4.70 (s, 2H), 4.69 (s, 2H),
3.94 (m, 2H), 2.87 (dd, J=5.9, 13.7 Hz, 2H), 2.72 (dd, J=7.1, 13.9 Hz, 2H), 2.57-2.27 (m,
8H), 0.79 (t, J=7.1 Hz, 3H); MS (ESI+) m/z 476 (M+H)".

Example 6B
N-ethyl-N,N-bis[(2S)}-2~( Dvrazol-s—vlmethoxvcarbonvlamino)-S-Dhenvlpropvﬂémine

The product from Example 6A (0.12 g, 0.25 mmol) in diethyl ether was treated
with a solution of diazomethane in diethyl ether (~0.4 M, 3 mL) and stired at ambient
terhperature under a N2 atmosphere for 3 days, during which time the yellow color
slowly dissipated. The solvent was removed under reduced pressure and the residue
was subjected to column chromatography on silica gel (CHClz:methanol:NH,OH,
90:10:1). The material was then subjected to HPLC (RP-18, 30-70% CH:CN in 0.1%
aqueous TFA) fo provide the title compound as a colorless solid (14 mg, 10%). Rr=0.28
(CHClz:methanol:NH40H, 90:10:1); 'H NMR (CDCls) § 7.51 (d, J¥1.0 Hz, 2H), 7.30-7.09
(m, 10H), .29 (d, J=1.6 Hz, 2H), 5.40-4.90 (m, 6H), 3.94 (m, 2H), 2.92-2.80 (m, 2H),
2.74-2.65 (m, 2H), 2.48-2.23 (m, 6H), 0.67 (m, 3H);, MS (ESI+) m/z 560 (M+H)".

Example 7
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N-(2.2-dimethyvipropyl)-N,N-bis[(25)-2-(thiazol-5-vimethoxycarbonylamino)-3-
phenylpropyllamine

and

N-(2,2-dimethvipropvl)-N.N-bis[(2R)-2-(thiazol-5-yImethoxyvcarbonylamino)-3-

phenvyipropyilamine

Example 7A
(28)-2-(tert-butoxycarbonylamino)-3-phenyl-1-propanal
Oxalyl chloride in anhydrous CHzClx (2.0M, 6.0 mL, 12.0 mmol) was treated with
dimethylsulfoxide (1.0 mL, 14.1 mmol) in anhydrous CH2Clz (3 mL) dropwise over 5
minutes at -78°C under a dry Nz atmosphere. The mixture was stirred at -78°C for 15

minutes and then treated with (28)-2-(tert-butoxycarbanylamino)-3-phenyl-1-propancl
(2.0 g, 8.0 mmol) in anhydrous CHz2Cl, (6 mL) dropwise over 10 minutes. The mixture
was stirred at -78°C for 30 minutes and then treated with triethylamine (4.4 mL, 31.7
mmot) in anhydrous CH:Clz (6 mL) dropwise over 10 minutes. The mixture was allowed
to slowly warm to ambient temperature, stirred for 1 hour, diluted with CHzClz (100 mL),
washed with 10 % aqueous citric acid (50 mL), water (50 mL), saturated NaHCOs (50
mL), dried over NazSOy, filtered, and the solvent removed under reduced pressure to
provide the title compound as an off-white crystalline solid (2.0 g).

Example 7B -
N, N-bis[2-(tert-butoxycarbonylamino)-3-phenvlpropvil-N-(2,2-dimethvylpropvamine
The product from Example 7A (2.0 g, 8.0 mmol) in dichloroethane (40 mL) was

treated with 2,2—dimethylpropylamine (0.47 mL, 4.0 mmol). The mixture was stirred for
20 minutes and then treated with acetic acid (0.23 mL, 4.0 mmol) and sodium
triacetoxyborohydride (0.85 g, 4.0 mmol). The mixture was stirred for 90 minutes and
more acetic acid (0.32 mL, 5.6 mmol) and sodium triacetoxyborohydride (1.19 g, 5.6
mmol) were added and stirring was continued overnight. The mixture was poured into
saturated NaHCO;z; (100 mL) and extracted with ethyl acetate (2x100 mL). The organic
layers were combined, dried over NazSOQy, filtered, and concentrated under reduced
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pressure. The residue was purified by column chromatography on silica gel
(CH:Clz:methanol, 39:1) to provide the title compound as a colorless solid (1.20 g). A
portion of this material was repurified by column chromatography on silica gel
(hexanes:ethyl acetate, 9:1) to provide the title compound as a colorless solid. Ry=0.32
(hexanes:ethyl acetate, 4:1); 'H NMR (CDCls) & 7.28-7.10 (m, 10H), 5.02 (br s, 1H),
4.56 (brs, 1H), 3.85-3.72 (m, 2H), 2.95-2.64 (m, 4H), 2.47-1.88 (m, 6H), 1.42 (s, OH),
1.36 (s, 9H), 0.84 (s, 4.5H), 0.80 (s, 4.5H); MS (ESI+) m/z 554 (M-+H)".

Example 7C
N.N-bis[2-amino-3-phenvibropvil-N-(2.2-dimethyipropylJamine

The product from Example 7B (0.50 g, 0.90 mmol) in ethyl acetate (15 mL) was
treated with concentrated HCI (0.6 mL) and refluxed for 30 minuteé. The cooled mixture
was concentrated under reduced pressure to provide a light tan solid, which was
dissolved in 5 mL water and vigorously stirred while a solution of 0.25 M K2COs (7 mL)
was added dropwise. The mixture was extracted with ethyl acetate (3x20 mL), and the
organic layers were combined, washed with water (60 mL) and brine, dried over
NaxS0y, filtered, and concentrated under reduced pressure to provide the title
compound as a colorless gum (0.34 g).

Example 7D

phenylpropyijamine

and
N-(2,2-dimethyvlpropyl)-N,N-bis[(2R)-2-(thiazo|-5-vimethoxycarbonylaming)-3-

phenylpropyilamine
The product from Example 7C (0.34 g) was treated with 4-nitrophenyl 1,3-thiazol-

5-ylmethyl carbonate [prepared from 4-nitrophenyl 1,3-thiazol-5-yimethyl carbonate
hydrochloride salt (0.63 g, 1.99 mmol) by extraction with aqueous NaHCQ3] in ethyl
acetate (10 mL). The mixture was stirred at 60°C under a N, atmosphere overnight.
The mixture was diluted with ethyl acetate (50 mL), extracted with 10% aqueous KoCOs
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(3x20 mL), washed with water (20 mL) and brine, dried over Na,SQ,, filtered, and
concentrated under reduced pressure. The residue was subjected to column
chromatography on silica gel (ethyl acetate:hexanes, 2:1) to provide the two title
compounds combined and a third separated product. The mixture of (S,S) and (R,R)
enantiomers were obtained as a colorless amorphous solid. R¢=0.32 (ethyl acetate); "H
NMR (CDCls) 8 8.73 (s, 2H), 7.75 (s, 2H), 7.30-7.11 (m, 10H), 5.53 (brs, 2H), 5.23 (d,
J=12.9 Hz, 2H), 5.16 (d, J=13.2 Hz, 2H), 3.91 (m, 2H), 2.90-2.79 (m, 2H), 2.68 (dd,
J=7.5,13.6 Hz, 2H), 2.42 (t, J=12 Hz, 2H), 2.26 (dd, J=1, 12 Hz, 2H), 1.99 (d, J=13.9
Hz, 1H), 1.87 (d, J=14.2 Hz, 1H), 0.71 (s, 9H); MS (ESI+) m/z 636 (M+H)".

Example 8
N-(2,2-dimethylpropv)-N-{(2R)-2~(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropylf-

N-[(28)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenyipropyllamine
The title compound was obtained from the flash chromatography described in
Example 7D as a colorless amorphous solid. Ri=0.41 (ethyl acetate); 'H NMR (CDCls)
8 8.72 (s, 2H), 7.79 (s, 2H), 7.28-7.04 (m, 10H), 5.20 (s, 4H), 4.80 (br s, 2H), 3.85 (m,
2H), 2.87 (dd, J=6.1, 13.9 Hz, 2H), 2.73-2.62 (m, 2H), 2.47 (d, J=7.1 Hz, 4H), 2.17 (s,
2H), 0.78 (s, 9H); MS (ESI+) m/z 636 (M+H)".

Example 9

N.N-bis[2-(thiazol-5-yimethoxycarbonylamino)-3-phenvipropvilamine

Example 9A
N,N-bis[2-(tert-butoxycarbonylamino)-3-phenvylpropyllamine

The product from Example 7A (3.0 g, 11.9 mmol)] in methanol (100 mL) was
treated with ammonium acetate (0.47 g, 6.1 mmol) and sodium cyanoborohydride (1.13
g, 18.0 mmol). The mixture was stirred at ambient temperature overnight and then

concentrated under reduced pressure. The residue.was partitioned between water (50
mL) and CHClz (3x50 mL). The organic layers were combined, dried over NazSQOy,
filtered and concentrated under reduced pressure. The residue was purified by column
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chromatography on silica gel (ethy! acetate:hexanes, 4:1) to provide the title compound
as a colorless solid (0.56 g, 19%). R=0.55 (CHCls:methanol, 9:1); 'H NMR (CDClg) 8
7.32-7.14 (m, 10H), 4.73-4.58 (2 br's, 2H), 3.88 (m, 2H), 2.89-2.77 (m, 2H), 2.77-2.67
(m, 2H), 2.64-2.48 (m, 4H), 1.41 (2 s, 18 H).

Example 9B
N,N-bis[2-(thiazol-5-yimethoxycarbonylamino)-3-phenvipropvilamine

The product from Example 9A (0.20 g, 0.41 mmol) was processed as described
in Example 1F except that the acylation step was stirred for 3 hours at 0°C. The residue
was purified by column chromatography on silica gel (CHClz:methanol, 19:1) to provide
the title compound as a colorless crystalline solid (0.20 g, 85%). R=0.33
(CHCls:methanol, 9:1); 'H NMR (CDCls)  8.77 (2s, 2H), 7.84 (s, 1H), 7.82 (s, 1H), 7.29-
7.08 (m, 10H), 5.31-5.17 (m, 4H), 4.93 (br s, 2H), 3.93 (M, 2H), 2.88-2.66 (m, 4H), 2.65-
2.52 (m, 4H); MS (ESI+) m/z 566 (M+H)".

Example 10
N-ethyl-N,N-bis[(2S)-2-(thiazol-5-vImethoxycarbonvlamino)-4-methvipentyvliamine

(28)-2-(tert-butoxycarbonylamino)-4-methyl-1-pentanol was processed as

described in Examples 1A-1F. The residue was purified by column chromatography on
silica gel (CH2Cl:methanoal, 49:1) to provide the title compound. 'H NMR (CDClz) &
8.75 (s, 2H), 7.80 (s, 2H), 5.32-4.90 (m, 6H), 3.76 (m, 2H), 2.56-2.26 (m, 6H), 1.72-1.60
(m, 2H), 1.30-1.19 (m, 4H), 0.91 (d, J=6.5 Hz, 12H), 0.88 (i, J=7.1 Hz, 3H), MS (APCI+)
m/z 526 (M+H)".

Example 11

N-ethyl-N.N-bis[(28)-2-(thiazol-5-yimethoxycarbonylamino)propyllamine hydrochloride

(23)-2-(tert—B'utoxycarbonylamino)-1—propanol was processed as described in
Examples 1A-1F. The residue was purified by column chromatography on silica gel
(49:1 CH2Clz:methanol) to provide the title compound as the free base. The free base
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(60 mg, 0.136 mmol) in ethyl acetate (1 mL) was treated with 1N HCI in diethyl ether
(0.136 mL) and the resulting precipitate was collected by filtration and dried under
reduced pressure to provide the hydrochloride salt as a colorless solid. 'H NMR
(DMSO-dg) & 9.10 (s, 2H), 7.95 (br s, 2H), 7.61 (d, J=7.8 Hz, 1H), 7.49 (d, J=8.1 Hz,
1H), 5.35-5.22 (m, 4H), 3.98 (m, 2H), 3.29-3.00 (m, 6H), 1.30-1.07 (m, 9H); MS (APCI+)
m/z 442 (M+H)".

Example 12
N-ethyl-N.N-bis[(2R)-2-(thiazol-5-yimethoxycarbonylamino)propvilamine hydrochloride

(2R)-2-(tert-Butoxycarbonylamino)-1-propanol was processed as described in
Examples 1A-1F. The residue was purified by column chromatography on silica gel
(CHzClz:methanol, 49:1) to provide the fitle compbund as the free base. The free base
was treated with 1N HCl in diethyl ether as described in Example 11 to provide the
hydrochloride salt as a colorless solid. 'H NMR (CDCl3) 6 8.81 (br s, 2H), 7.90 (brs,
2H), 6.65 (br d, 1H), 6.03 (br d, 1H), 5.40-5.25 (m, 4H), 4.13 (m, 2H), 3.52-3.15 (m, 4H),
3.05-2.83 (m, 2H), 1.36-1.22 (m, 9H); MS (APCI+) m/z 442 (M+H)".

Example 13

yimethoxycarbonylamino)propyilamine hydrochloride
Example 13A '

(2R)-N-tert-butoxycarbonyl-2-methyl-aziridine

(2R)-2-(tert-Butoxycarbonylamino)-1-propanol was processed as described in

Example 1C to provide the title compound.

Example 13B
(8)-2-(tert-butoxycarbonvlamino)propvlamine

(28)-2-(tert-Butoxycarbonylamino)-1-propanol was processed as described in
Examples 1A and 1B to provide the title compound.

75



WO 2007/103670 PCT/US2007/062906

10

15

20

25

30

-Example 13C
N-ethyl-N-[(28)-2-(thiazol-5-yImethoxycarbonylamino )oropyll-N- (2R)-2-(thiaz ol-5-

yimethoxycarbonylamino)propyilamine hydrochioride

The product from Example 13A and the product from Example 13B were .
processed as described in Examples 1D-1F. The residue was purified by column
chromatography on silica gel (CHzClz:methanol, 49:1) to provide the free base of the
title compound. The free base was treated with 1N HCl in diethyl ether as described in
Example 11 to provide the title compound as a colorless solid. 'H NMR (DMSO-dg) &
9.10 (s, 2H), 7.95 (br's, 2H), 7.58 (br d, 2H), 5.38-5.22 (m, 4H), 3.99 (m, 2H), 3.25-3.00
(m, 6H), 1.30-1.05 (m, 9H); MS (APCI+) m/z 442 (M+H)".

Example 14

N-ethyl-N.N-bis[2-(thiazol-5-yimethoxycarbonviamino)ethyllamine hydrochloride

Example 14A
2-(tert-butoxycarbonylamino)acetaldehyde

2-(tert-Butoxycarbonylamino)ethanol was processed as described in Example 7A
to provide the title compound.

Example 14B
N-ethyi-N, N-bis[2~(tert-butoxycarbonylamina)ethyllamine

The product from Example 14A and ethylamine were processed as described in
Example 7B to provide the title compound.

Example 14C
N-ethvl-N.N-bis[2-(thiazol-5-vimethoxycarbonvlamino)ethvilamine hvdrochloride

The product from Example 14B was processed as described in Examples 7C and
7D. The residue was purified by column chromatography on silica gel
(CH2Clz:methanol, 19:1) to provide the free base of the title compound. The free base
was treated with 1N HCl in diethyl ether as described in Example 11 to provide the title
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compound as a glass. 'H NMR (CDsOD) 5 9.53 (br s, 2H), 8.18 (br s, 2H), 5.53-5.33
(m, 6H), 3.61-3.50 (m, 4H), 3.45-3.34 (m, 6H), 1.34 (t, J=7.3 Hz, 3H); MS (ESI+) m/z
414, (V+HY"

. Example 15
N-sthvI-N,N-bis[2-(thiazol-5-vimethoxyecarbonylamino)-3-cyclohexylpropvilaming

Example 15A
(28)-2-(tert-Butoxycarbonylamino)-3-cyclohexyl-1-propanal

(28)-2-(tert-Butoxycarbonyl)amino-3-cyclohexyl-1-propanol was processed as
described in Example 7A to provide the title compound.

Example 15B
N-ethyl-N,N-bis[2-(tert-butoxycarbonyiamino)-3-cyclohexylpropyijamine

The product from Example 15A and ethylamine were processed as described in
Example 7B to provide the title compound.

Example 15C

The product from Example 15B was processed as described in Examples 7C and
7D. The residue was purified by column chromatography on silica gel (hexanes:ethy!
acetate, 2:1) to provide the title compound as a colorless amorphous solid: 'HNMR
(CDClg) 8 8.76 (s, 2H), 7.81 (s, 2H), 5.36-4.92 (m, 6H), 3.75 (m, 2H), 2.62-2.25 (m, 6H),
1.80-1.50 (m, 10H), 1.40-1.10 (m, 12H), 1.05-0.78 (m, 7H); MS (ESI+) m/z 606 (M+H)".

Example 16
N-ethyl-N,N-bis[2-(thiazol-5-yImethoxycarbonylamino)-3-(methoxycarbonyhpropyllamine

Example 16A
methvl (8)-3-(tert-butoxycarbonylamino)-4-oxobutanoate
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Methyl (8)-3-(tert-butoxycarbonylamino)-4-hydroxy-butanoate was processed as
described in Example 7A to provide the title compound.

Example 16B
5 N-ethyi-N,N-bis{2-(tert-butoxycarbonylaming)-3-(methoxycarbonyl)propvyilamine

The product from Example 16A and ethylamine were processed as described in
Example 7B to provide the title compound.

Example 16C
10  N-ethvl-N,N-bis[2-(thiazol-5-yvimethoxycarbonylamino)-3-(methoxvcarbonyhpropvilamine

The product from Example 16B was processed as described in Examples 7C and
7D. The residue was purified by column chromatography on silica gel .
(CHzClz:methanol, 49:1) to provide the fitle compound as a colorless amorphous solid.
'H NMR (CDCls) 5 8.79 (s, 0.65H), 8.76 (s, 1.35H), 7.86 (s, 1.35H), 7.82 (s, 0.65H),
15 5.67 (brs, 1H), 5.45-5.17 (m, 5H), 4.02 (m, 1.356H), 3.95 (m, 0.65H), 3.67 (s, 4H), 3.66
(s, 2H), 2.66-2.44 (m, 10H), 0.95-0.90 (m, 3H); MS (APCI+) m/z 558 (M+H)".

Example 17

20 (thiazol-5-yimethoxycarbonylamino)-3-(phenvimethoxy)propvilamine

Example 17A
(28)-2-(tert-butoxycarbonylaming)-3-phenylmethoxypropanal

(28)-2-(tert-butoxycarbonylamino)-3-phenylmethoxy-1-propanal was processed
25  as described in Example 7A to provide the title compound.

Example 17B
(28)-2-(tert-butoxycarbonylamino)-3-(phenylmethoxy)propylamine

(28)-2~({tert-butoxycarbonylamino)-3-phenylmethoxy-1-propanol was processed
30 as described in Examples 1A and 1B to provide the title compound.
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Example 17C
N-[(28)-2-(tert-butoxycarbonylamino)}-3-{phenyimethoxy)propyi}-N-[2-(tert-

butoxvearbonylamino)-3-(phenylmethoxy)propyljlamine

The product from Example 17B (0.35 g, 1.25 mmol) and the product from
Example 17A (0.36 g, 1.29 mmol) in absolute ethanol (12 mL) were treated with sodium
cyanoborohydride (94 mg, 1.50 mmol) and a catalytic amount of acetic acid. The
resulting mixture was stirred at ambient temperature overmnight. The mixture was
partitioned bétween water (40 mL) and ethyl acetate (3x40 mL). The organic layers
were combined, dried over NaxSOq, filtered, and concentrated under reduced pressure.
The residue was subjected to column chromatography on silica gel (hexanes:ethyl
acetate, 1:1) to provide the title compound (0.15 g, 22%).

Example 17D
N-[(2S)-2-(tert-butoxycarbonylamino)-3-(phenyimethoxy)propvil-N-{2-(tert-
butoxycarbonylamino)-3-(phenvimethaoxy)propyl]-N-ethylamine
The product from Example 17C (0.15 g) in dichloroethane (5 mL) was treated
with acetaldehyde (20 pl., 0.36 mmol). After stirring at ambient temperature for 10

minutes, the mixture was treated with sodium triacetoxyborohydride (0.10 g, 0.47 mmol)
and acetic acid (20 pL, 0.35 mmol). After stirring at ambient temperature overnight, the
mixture was diluted with CH2Cla (20 mL), washed with saturated aqueous NaHCOs
(2x20 mL) and brine, dried over NazSOQq, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel
(hexanes:ethyl acetate, 1:1) to provide the title compound (75 mg, 44%). 'H NMR
(CDCl3) 6 7.36-7.24 (m, 10 H), 4.93 (br s, 2H), 4.54-4.41 (m, 4H), 3.77-3.63 (M, 2H),
3.61 (dd, J=3.4, 9.2 Hz, 2H), 3.5-3.38 (m, 2H), 2.66-2.42 (m,' 6H), 1.44 (s, 9H), 1.43 (s, -
9H), 0.98 (t, J=7.1 Hz, 1.5H), 0.96 (t, J=7.1 Hz, 1.5H); MS (APCI+) m/z 572 (M+H)".

Example 17E
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(thiazol-5-yimethoxycarbonylamino)-3-(phenylimethoxy)propyllamine

The product from Example 17D (67 mg, 0.12 mmol) in 1:1 TFA:CH,Cl> (1 mL)
was stirred at ambient temperature for 1 hour. The mixture was concentrated and the
residue was dried under reduced preséure. The residue in ethyl acetate (2 mL.) was
treated with triethylamine (50 pL, 0.36 mmol), 4-nitrophenyl 1,3-thiazol-5-yimethyl
carbonate [prepared from 4-nitrophenyl 1,3-thiazol-5-yimethyl carbonate hydrochloride
salt (82 mg, 0.26 mmol) by extraction with aqueous NaHCOg] in ethyl acetate (1 mL)
and 4-dimethylaminopyridine (29 mg, 0.24 mmol). The resulting mixture was stirred at
ambient temperature overnight, diluted with ethyl acetate (10 mL), extracted with
saturated aqueous NaHCQO; (3x10 mL), dried over NaySO,, filtered, and concentrated
under reduced pressure. The residue was purified by column chromatography on silica
gel (ethyl acetate) to provide the title compoound (35 mg, 46%). "H NMR (CDCls) 6
8.76 (s, 2H), 7.84 (s, 1H), 7.82 (s, 1H), 7.34-7.26 (m, 10H), 5.45-5.15 (m, 6H), 4.50-4.40
(m, 4H), 3.78 (m, 2H), 3.58-3.53 (m, 2H), 3.47-3.39 (m, 2H), 2.59-2.47 (m, 6H), 0.96-
0.88 (m, 3H); MS (APCH+) m/z 654 (M+H)".

Example 18
N-ethvl-N-[(28)-2-(thiazol-5-vimethoxvcarbonvlamino)-3-[4-

(phenvimethoxy)phenylipropvll-N-[2-(thiazol-5-yimethoxycarbonvlamino)-3-[4-

henvimethoxy)phenvllpropvilamine

Example 18A
(28)-2-(tert-butoxycarbonviamino)-3-[4-(phenvimethoxy)ohenvllpropanal

(25)-2~(tert-Butoxycarbonylamino)-3-[4-(phenylmethoxy)phenyl}-1-propanol was
processed as described in Example 7A to provide the title compound.

Example 18B
S)-2-{tert-butoxycarbonviamino)-3-[4-(phenvimethoxviohenvilpropviamine

and
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S)-2-({tert-butoxycarbonylamino)-3-[4-(hydroxy)phenyllpropylamine
(S)-2-(tert-Butoxycarbonylamino)-3-[4-(phenylmethoxy)phenyl]-1-propanol was
processed as described in Examples 1A and 1B to provide the title products in

approximately (1:1) ratio.

Example 18C

butoxycarbonylamino)-344-(phenvyimethoxy)phenvilpropyllamine

and

N-[(25)-2-(tert-butoxycarbonyvlamino)-3-[4-(hydroxy)phenvi]propvi]-N-[2-(tert-
butoxycarbonylamino)-3-{4-(phenylmethoxy)phenyllpropyllamine
" The product fram Example 18A (0.21 g), the mixture of products from Example
18B (0.19 @), sodium cyanoborohydride (0.18g) and a catalytic amount of acetic acid

(36 plL) in 1,2-dichloroethane (5 mL) were processed as described in Example 17C.

The residue was purified by column chromatography on silica gel (CHzClz to 1%
MeQOH/CH:Cl; to 3% MeOH/CHzCl,) to provide a dibenzyl product (0.15 g)and a
monobenzyl product (0.13 g).

Dibenzy! product: MS (APCI+) m/z 696 (M+H)";

Monobenzyl product: MS (APCH) m/z 606 (M+H)".

Example 18D

N-[{28)-2-(tert-butoxycarbonylamino)-3-[4-(phenyimethoxy)phenvilpropyil-N-[2-(teri-

butoxvcarbonvlamino}-3-[4-(phenyimethoxy)ohenvllpropyil-N-ethvlamine

The dibenzyl product from Example 18C was processed as described in Example

17D to provide the title compound.

Example 18E

N-ethy-N-[(28)-2-(thiazol-5-yimethoxycarbonviaming)-3-[4-

henyimethox

henvllpropvil-N-[2-(thiazol-5-vimethoxvcarbonviaming)-3-[4-

(ghenylmethoky)ghenyllp_rogyllamine
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The product from Example 18D was processed as described in Example 17E.
The residue was purified by column chromatography on silica gel (ethyl acetate) to
provide the title compound. "H NMR (CDCls) & 8.82-8.72 (m, 2H), 7.88-7.78 (m, 2H),
7.44-7.30 (m, 10H), 7.10-6.97 (m, 4H), 7.89-7.83 (m, 4H), 5.37-5.12 (m, 5H), 5.03 (s,
4H), 4.80 (br's, 1H), 3.90 (m, 1H), 3.82 (m, 1H), 3.05-2.28 (m, 10H), 0.88 (t, J=6.9 Hz,
1.5H); 0.77 (t, J=7.1 Hz, 1.5H), MS (ESI+) m/z 806 (M+H)".

Example 19
N-ethyl-N-[(2S)-2-(thiazol-5-vimethoxvcarbonvlamino)-3-(4-hydroxyphenyl oropyll-N-[2-

(thiazol-5-yimethoxycarbonylamino)-3-(4-hvdroxvohenvl)propvllamine

Example 19A
N-[(28)-2-(tert-butoxycarbonylamino)-3-[4-(hydroxy)phenviipropyil-N-[2-(tert-

butoxycarbonylamino)-3-[4-(phenyimethoxy)phenviloropyll-N-ethviamine

The monobenzyl product from Example 18C was processed as described in
Example 17D to provide the title compound.

Example 19B
N-[(2S)-2-(tert-butoxycarbonylamino)-3-(4-hvdroxvohenvpropvil-N-[2-(tert-

butoxycarbonylamino)-3-(4-hydroxyphenylpropyi]-N-ethylamine

The product from Example 19A (82 mg, 0.13 mmol) in absolute ethanol (2 mL)
was treated with 10% palladium on carbon (25 mg) under a Hz atmosphere (1atm) for 2
hours at ambient temperature. The mixture was filtered through celite and the solution
was concentrated to provide the title compound as a colorless, amorphous solid (64 mg,
91%). 'HNMR (CDCls) & 7.00 (d, J=8.5 Hz, 4H), 8.73 (d, J=8.5 Hz, 4H), 4.71 (br s,
1.3H), 4.58 (brs, 0.7H), 3.82-3.71 (m, 2H), 2.82-2.65 (m 4H), 2.59-2.28 (m, 6H), 1.42
(s, 12H), 1.38 (s, 6H), 0.95-0.84 (m, 3H), MS (APCI+) m/z 544 (M+H)".

Example 19C
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N-ethyl-N-[(28)-2-(thiazol-5-yimethoxycarbonylamino)-3-(4-hydroxyphenvhpropyil-N-[2-
(thiazol-5-yImethoxycarbonylamino)-3-(4-hydroxyphenypropvliamine

The product from Example 19B was processed as described in Example 17E.
The residue was purified by column chromatography on silica gel (CH2Cla:methanal,
19:1) to provide the title compound. *H NMR (CDCls) & 8.76 (s, 2H), 7.78 (s, 1H), 7.77
(s, 1H), 7.00-6.90 (m, 4H), 6.72-6.67 (m, 4H), 5.32-5.05 (m, 6H), 3.93-3.78 (m, 2H),
2.81-2.29 (m, 10H); 0.92-0.78 (m, 3H); MS (ESI+) m/z 626 (M+H)". :

Example 20
N-ethyl-N-[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-(4-methoxyphenvl)propvil-N-[2-
(thiazol-5-vimethgxycarbonylamino)-3-(4-methoxyphenylpropvilamine

Example 20A
N-{(28)-2-(tert-butoxycarbonylamino)-3-(4-methoxyphenv)propvil-N-[2-(tert-

butoxycarbonylamino)-3-(4-methoxyphenvhpropvil-N-ethvlamine

The product from Example 19A (21 mg, 38 pmol) was treated with diazomethane
in diethy! ether (~0.4 M, 1mL) at ambient temperature. After stirring for 2 days, the
solvent was removed under reduced pressure. The residue was dissolved in fresh
diazormethane solution and stirred at ambient temperature for an additional 2 days. This
process was repeated until TLC (CHCls:methanol, 19:1) indicated the reaction was
complete.. The residue was. purified. by column chromatography on silicagel. .. . .

. (CH:Cl2:methanol, 99:1) to provide the title compound as a colorless amorphous solid

(17 mg, 77%). 'H NMR (CDCls) & 7.09 (d, J=8.9 Hz, 4H), 6.82 (d, J=8.5 Hz, 4H), 4.70
(brs, 1.3 H), 4.563 (brs, 0.7 H), 3.83-3.78 (m, 2H), 3.78 (s, 6H), 2.85-2.68 (m, 4H), 2.60-
2.27 (m, 6H), 1.41 (s, 12H), 1.38 (s, 6H), 0.94-0.84 (m, 3H); MS (APCI+) m/z 572
(M+H)". ‘

Example 20B
N-ethyl-N-[(28)-2-(thiazol-5-yimethoxycarbonvlamino)-3-(4-methoxvphenvhoropyil-N-[2-

(thiazol-5-ylmethoxycarbonvlamino)-3-(4-methoxyphenvhpropvilamine
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The product from Example 20A was processed as described in Example 17E.
The residue was purified by column chromatography on silica gel (ethyl acetate) to
provide the title compound as an amorphous solid. *H NMR (CDCl) 6 8.74 (s, 2H),
7.81 (s, 0.7H), 7.79 (s, 1.3H), 7.07-6.99 (m, 4H), 6.81-6.77 (m, 4H), 5.29-5.10 (m, 5H),
4.78 (brs, 1H), 3.89 (m, 2H), 3.78 (s, 6H), 2.82-2.28 (m, 10H), 0.88 (t, J=7.1 Hz, 1H),
0.78 (t, J=7.0 Hz, 2H); MS (APCI+) m/z 654 (M+H)".

Example 21

Example 21A
N,N’-bis[2-(tert—butoxvcarbonvlamino)—3-ohenvlpropvﬂpiperazine

The product from Example 7A (1.98 g, 7.9 mmoal) in 1,2-dichloroethane (32 mL)
was treated with piperazine (0.29 g, 3.4 mmol) at ambient temperature. After stirring for

ten minutes, the mixture was treated with acetic acid (0.45 mL, 7.8 mmol, 2.3 eq) and
sodium triacetoxyborohydride (2.15 g, 10.1 mmol, 3.0 eq). After stirring at ambient
temperature for 18 hours, the mixture was treated with ethyl acetate:10% NaHCOs (1:1,
50 mL). The phases were separated and the aqueous phase was extract with ethyl
acetate (2x50 mL). All ethyl acetate extracts were combined, washed with 10%
NaHCOs (50 mL), saturated brine (50 mL), dried over sodium sulfate, filtered and the
filirate was concentrated. The residue was purified by flash column chromatography on
silica gel eluting with (chloroform:methanal, 98:2) to provide the title compound.

Rs=0.39 (95:5 CHCl:CHs0OH); 'H NMR (CDCls) 8 7.32-7.14 (m, 10H), 4.58 (m, 2H), 3.90
(m, 2H), 2.86 (m, 4H), 2.52-2.17 (m, 12H), 1.42 (s, 18H); MS (ESI+) m/z 553 (M+H)".

Example 21B
N,N’-bisl2-(thiazol-5-vlmethoxvcabonvlamino)—B-phenvIo ropyvllpiperazine

The product from Example 21A (359 mg, 0.65 mmol) in dichloromethane (10 mL)
was treated with trifluoroacetic acid (5 mL) at ambient temperature. After stirring for one
hour, the mixture was concentrated, a solution of 10% K.COs (25 mL) was added, and

the aqueous mixture was extracted with chloroform (3x25 mL). The chloroform extracts
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were combined and concentrated. The residue was immersed in ethyl acetate (10 mL)
and treated with a solution of 4-nitrophenyl 1,3-thiazol-5-ylmethyl carbonate [prepared
from 4-nitropheny! 1,3-thiazol-5-ylmethyl carbonate hydrochloride salt (453 mg, 1.43
mmol) by extraction with aqueous NaHCOg] in ethyl acetate (20 mL). After stirring at
ambient temperature for 1.5 hours, the reaction mixture was washed with 10% KoCOs
(6x30 mL). The agueous washes were combined and extracted with chloroform (1x100
mL). The chloroform extract was combined with the ethyl acetate layer and washed
with saturated brine (75 mL), dried over sodium sulfate, filtered, and the filtrate was
concentrated. The residue was purified by flash column chromatography on silica gel
eluting with (chloroform:methanol, 98:2) to provide the title compound (280 mg, 68%).
R¢=0.82 (CHCl;:CHsOH, 95:5);, "H NMR (CDCls) 6 8.78 (s, 2H), 7.85 (s, 2H), 7.30-7.00
(m, 10H), 5.27 (s, 4H), 4.89 (m, 2H), 3.93 (m, 2H), 2.93 (dd, 2H), 2.81 (dd, 2H), 2.50-
2.20 (m, 12H); MS (ESI+) m/z 635 (M+H)".

Example 22
N.N'-diethvi-N,N-bis[2-(thiazol-5-vimethoxvcarbonviamino)-3-

phenvlpropyllethylenediamine

N,N'-Diethylethylenediamine and the product from Example 7A were processed

as described in Examples 21A and 21B. The residue was purified by column

- chromatography on silica gel (CHzCl:methanol, 19:1) to provide the title compound as a

light yellow solid. *H NMR (DMSO-ds) § 9.05 (s, 2H), 7.85 (5, 2H), 7.25-7.11 (m, 10H),
5.16 (s, 4H), 3.68 (m, 2H), 2.86 (dd, J=4.6, 13.8 Hz, 2H), 2.58-2.26 (m, 14H), 0.89 (t,
J=6.9 Hz, 6H); MS (ESI+) m/z 665 (M+H)".

Example 23

phenylpropyllethvlenediamine

N,N"-Diisopropylethylenediamine and the product from Example 7A were
processed as described in Examples 21A and 21B. The residue was purified by column
chromatography on silica gel (CHzClx:methanol, 19:1) to provide the title compound. 'H
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2H), 5.22-5.12 (m, 4H), 3.63 (m, 2H), 2.97-2.79 (m, 4H), 2.48-2.26 (m, 10H), 0.93-0.84
(m, 12H); MS (ESI+) m/z 693 (M+H)".

Example 24
N.N'-bis-[2-(thiazol-5-yimethoxycarbonylamino)-3-phenvlpropvl]-N-(thiazol-5-

yimethoxycarbonyl)ethvlenediamine

Ethylenediamine and the product from Example 7A were processed as described
in Examples 21A and 21B. The residue was purified by column chromatography on
silica gel (CHzClx:methanol, 9:1) to provide the title compound. *H NMR (DMSO-ds) 5
9.08-9.01 (m, 3H), 7.91 (s, 1H), 7.86 (s, 2H), 7.83 (s, 1H), 7.31-7.04 (m, 10H), 5.27-5.12
(m, 6H), 3.84 (m, 1H), 3.69 (m, 1H); MS (ESk) m/z 750 (M+H)".

Example 25
tris-N-[2-(thiazol-5-vimethoxycarbonylamino)-3-phenvipropvlilamine

Example 25A
tris-N-[2-(tert-butoxyvcarbonvlamino)-3-phenvipropvilamine

The product from Example 7A (0.63 g, 2.5 mmol) and the product from Example
9A (1.00 g, 2.1 mmol) in dichloroethane (30 mL) were treated with sodium

- triacetoxyborohydride (0.70 g, 3.3 mmol) and acstic acid (0.14 mL, 2.4 mmol). After

stirring at ambient temperature 3 days, the mixture was poured into ethyl acetate (100
mL), washed with saturated aqueous NaHCO; (2x100 mL), brine, dried over NaxSOa,
filtered, and the filtrate was concentrated. The residue was purified by column
chromatography on silica gel (hexanes:ethyl acetate, 3:1) to provide the titte compound
as a colorless solid (1.13 g, 76%). MS (ESI+) m/z 717 (M+H)".

Example 258 ‘
tris-N-2-(thiazol-5-yimethoxycarbonylamino)-3-phenvipropviiamine
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The product from Example 25A (1.10 g, 1.52 mmol) in CH2Clz (16 mL) was
treated with TFA (8 mL) at ambient temperature. After stirring for 2 hours, the mixture
was concentrated under reduced pressure. The residue was partitioned between 20%
aqueous KaCOg and chloroform. The phases were separated and the aqueous phase
was exiracted with chloroform (3x50 mL). The organic phases were combined,
concentrated and the resultant oil was dried under reduced pressure. The obtained oil

“was dissolved in a solution of 4-nitrophenyl-1,3-thiazol-5=ylmethy! carbonate [prepared
from 4-nitrophenyl 1,3-thiazol-5-yimethyl carbonate hydrochloride salt (1.59 g, 5.0
mmol) by extraction with aqueous NaHCO3] in ethyl acetate (50 mL). After stirring at
60°C under a N2 atmosphere overnight, the mixture was allowed to cool to ambient
temperature, washed with 10% aqueous KoCOs (3x50 mL), brine, dried over Na;SOq,
filtered, and the filtrate was concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel (ethyl acetate) to provide the title
compound as a colorless solid (1.01 g, 79%). "H NMR (DMSO-ds) & 8.93 (s, 2H), 8.92
(s, 1H), 7.76 (s, 1H), 7.71 (s, 2H), 7.26-7.11 (m, 15H), 5.14 (d, J=12.9 Hz, 2H), 5.08 (s,
2H), 4.99 (d, J=13.2 Hz, 2H), 3.84-3.72 (m, 3H); MS (ESK) m/z 840 (M+H)"

Example 26
N-[(2R)-2-(thiazol-5-ylmethoxycarbonylamino}-3-phenylpropyl]-N-{(25)-2-(thiazol-5-
vimethoxycarbonylamino)-3-phenylpropyllamine
Example 26A
(2R)—2-(tert—butoxy' carbonylamino)-3-phenylpropylamine

(2R)-2-(tert-Butoxycarbonylamino)-3-phenyl-1-propanol was processed as

described in Examples 1A and 1B to provide the title compound.

Example 26B
N-[(2R)-2-(tert-butoxycarbonylaming)-3-phenvipropyil-N-[(2S)-2-(tert-

butoxycarbonylamino)-3-phenylpropyljamine
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The product from Example 26A and the product from Example 1C were
processed as described in Example 1D to provide the title compound.

Example 26C
N-[(2R)-2-(tert-butoxycarbonviamino)-3-phenvipropvil-N-[(28)-2-(tert-

butoxycarbonylamino)-3-phenylpropyll-N-[8-fluorenyimethoxycarbonvllamine
The product from Example 26B ( 1.28 g, 2.6 mmol) in tetrahydrofuran (11 mL)
was treated with triethylamine (0.39 mL, 2.8 mmol) and 9-fluorenylmethyl chloroformate
(0.72 g, 2.8 mmol) at ambient temperature. After stirring for 1 hour, the mixture was
concentrated and the residue was dissolved in ethyl acetate (10 mL), wash with 10%
NaHCO; (2x10 mL), 10% citric acid (2x10 mL), brine (10 mL), dried over sodium sulfate,
filtered and the filtrate was concentrated. The residue was purified by flash column

“chromatography on silica gel eluting with chloroform (1.68 g, 90%). 'H NMR (CDCh) &

7.82-6.94 (m, 18H), 4.93 (br's, 1H), 4.66-4.43 (m, 2H), 4.20 (t, 1H), 3.87-3.35 (m, 4H),
3.00-2.20 (m, 7H), 1.38-1.23 (m, 18H); MS (ESI+) m/z 706 (M+H)".

Example 26D
N-[(2R)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenyipropvil-N-I(28)-2-(thiazol-5-

vimethoxyearbonylamino)-3-phenyipropvilamine

The product from Example 26C ( 952 mg, 1.35 mmol) in dichloromethane (20

- mL) was treated with trifluoroacetic acid (10 mL) at ambient temperature. After stirring

for one hour, the mixture was concentrated. The residue was immersed in an aqueous
solution of 10% K2COs (10 mL) and extracted with ethyl acetate (3x10 mL). The organic
phases were combined and treated with a solution of 4-nitrophenyt 1,3-thiazol-5-
ylmethyl carbonate [prepared from 4-nitrophenyl 1,3-thiazol-5-yimethyl carbonate
hydrochloride salt (857 mg, 2.71 mmol, 2.0 eq) by extraction with aqueous NaHCQ;] in
ethyl acetate (6 mL) at ambient temperature. After stirring for 1 hour, the mixture was
washed with aqueous 10% K2COs; (6x25 mL), brine (25 mL), dried over sodium sulfate,
filtered, and the filtrate was concentrated. The residue was purified by flash column
chromatography on silica gel eluting with (chloroform:methanol, 98:2) to provide the title
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compound (0.39, 30%). *H NMR (CDCl) & 8.78 (s, 2H), 7.84 (s, 2H), 7.33-7.04 (m,
10H), 5.00-4.86 (m, 4H), 3.98-3.83 (m, 4H), 2.90-2.50 (M, OH); MS (ESI*+) m/z 566
(M+H)".

Example 27
N-(2.2-dimethylpropyl)-N-{(2R)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyl]-

- TNH(28)-2-(thigzol-5-yImettioxycarbonylamine)-3-phenvipropyllaming  * ~ - -

The product from Example 26D (87.5 mg, 0.155 mmol) in 1,2-dichloroethane (3.0
mL) was treated with trimethylacetaldehyde (21 pL, 0.186 mmol) at ambient
temperature. After stirring for 15 minutes, the mixture was treated with acetic acid (11
pL, 0.181 mmol) followed by sodium triacetoxyborohydride (53 mg, 0.248 mmol). After
stirring at ambient temperature for 24 hours, the mixture was treated with aqueous 10%
NaHCO; ( 5.0 mL) and extract with ethyl acetate (3x10 mL). The ethyl acetate extracts
were combined, wash with brine (20 mL), dried over sodium sulfate, filtered, and the
filtrate was concentrated. The residue was purified on a silica gel cartridge eluting with
chloroform to provide the title compound (12.5 mg, 13%). "H NMR (CDCls) & 8.73 (s,
2H), 7.79 (s, 2H), 7.28-7.05 (m, 10H), 5.20 (s, 4H), 4.88-4.76 (br s, 2H), 3.90-3.66 (m,
2H), 2.87 (dd, 2H), 2.75-2.60 (m, 2H), 2.47 (d, 4H), 2.17 (s, 2H), 0.78 (s, 9H); MS (ESI+)
m/z 636 (M+H)".

Example 28
N-(2-methyipropy)-N-{(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenvipropyij-N-

[(2S5)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenyipropyilamine

The product from Example 26D (87.5 mg, 0.155 mmol), 2-methylpropanal (17 pl,
0.186 mmal), acetic acid (11 pl, 0.181 mmol), and sodium triacetoxyborohydride (53 mg,
0.248 mmol) were processed as described in Example 27 to provide the title compound
(50 mg; 52%). *H NMR (CDCls) & 8.72 (s, 2H), 7.78 (s, 2H), 7.29-7.06 (m, 10H), 5.20
(s, 4H), 4.77 (brs, 2H), 3.83 (br s, 2H), 2.88 (dd, 2H), 2.70 (m, 2H), 2.42 (m, 4H), 2.15
(d, 2H), 0.83 (d, 6H); MS (ESI+) m/z 622 (M+H)",
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Example 29
N-(3-methylbuty)-N-{(2R)-2-(thiazol-5-vimethoxycarbonylamino)-3-phenylpropyl]-N-

[(28)-2-(thiazol-5-vImethoxycarbonylamino)-3-phenyipropyilamine
The product from Example 26D (87.5 mg, 0.155 mmol), 3-methylbutanal (20 pl,

0.186 mmol), acstic acid (11 pl, 0.181 mmol), and sodium triacetoxyborohydride (53 mg,
0.248 mmol) were processed as described in Example 27 to provide the title compound
(23 mg, 23%). 'H NMR (CDCls) & 8.73 (s, 2H), 7.79 (s, 2H), 7.29-7.07 (m, 10H), 5.20
(s, 4H), 4.79 (brs, 2H), 3.85 (m, 2H), 2.83 (dd, 2H), 2.73 (m, 2H), 2.43 (m, 5H), 1.46 (m,
2H), 1.17 (m, 2H), 0.82 (d, 6H); MS (ESI+) m/z 636 (M+H)*.

Example 30
N-benzyl-N-{(2R)-2-(thiazol-5-vimethoxycarbonvlamino)}-3-phenvipropyil-N-[(2 8)-2-

(thiazol-5-vimethoxyvearbonvlamino)-3-phenvlpropvilamine
The product from Example 26D (87.5 mg, 0.155 mmol), benzaldehyde (19 pl,

0.186 mmol), acetic acid (11 pl, 0.181 mmol), and sodium triacetoxyborohydride (53 mg,
0.248 mmol) were processed as described in Example 27 to provide the title compound

~ (40 mg, 39%). "H NMR (CDCls) 8 8.72 (s, 2H), 7.80 (s, 2H), 7.32-6.95 (m, 15H), 5.21

(s, 4H), 4.65 (brs, 2H), 3.93 (br s, 2H), 3.56 (s, 2H), 2.78 (dd, 2H), 2.66 (br s, 2H), 2.45
(d, 4H); MS (ESI+) m/z 656 (M+H)".

Example 31
N,N-bis-[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenvipropyllamine

Example 31A
(2R)-N-tert-butoxycarbonyl-2-phenylmethviaziridine

(2R)-2-(tert-Butoxycarbonylamino)-3-phenyl-1-propanol was processed as
described in Example 1C to provide the title compound.

Example 31B
N.N-bis-[(2R)-2-(tert-butoxycarbonvlamino)-3-phenvipropvlilamine
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The product from Example 31A and the product from Example 26A were
processed as described in Example 1D to provide the title compound.

Example 31C
N.N-bis[(2R}-2-(tert-butoxyvcarbonvlamino)-3-phenvipropvil-N-[9-

fluorenylmethoxycarbonyljamine
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The product from 31B was processed as described in Examplé 26C 1o provide
the title compound.

Example 31D
N.N-bis[(2R)-2-(thiazol-5-yimethoxvcarbonylamino)-3-phenvlpropvilamine

The product from Example 31C (1.68 g, 2.4 mmol) in dichloromethane (20 mL)
was treated with trifluoroacetic acid (10 mL) at ambient temperature. After stirring for
one hour, the mixture was concentrated and a solution of agueous 10% KzCOs (10 mL)
was added. The mixture was extracted with ethyl acetate (3x10 mL). The ethyl acetate
extracts were combined and treated with a solution of 4-nitropheny! 1,3-thiazol-5-
yimethyl carbonate [prepared from 4-nitrophenyl 1,3-thiazol-5-ylmethy! carbonate
hydrochloride salt (1.52 g, 4.8 mmol) by extraction with aqueous NaHCOQg] in ethyl -
acetate (10 mL), triethylamine (0.67 mL, 4.8 mmol), and N,N-dimethylaminopyridine
(0.58 g, 4.8 mmol, 2.0 eq). After stirring at ambient temperature for two hours, the
mixture was wash with aqueous10% Kz2COgz (65x25 mL), brine (25 mL), dried over
sodium suifate, filtered and the filtrate was concentrated. The residue was purified by
flash column chromatography on silica gel eluting with (chloroform:methanot 99:1) to

 provide the title compound (0.49 g, 37%). 'H NMR (CDCls) 5 8.78 (s, 2H), 7.82 (s, 2H),

7.83-7.07 (m, 10H), 5.02-4.85 (m, 4H), 4.02-3.84 (m, 4H), 2.92-2.66 (m, 9H); MS (ESI+)
m/z 566 (M+H)".

Example 32

phenvlpropvijJamine
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The product from Example 31D (80 mg, 0.141 mmol), 2-methylpropanal (15 pl,
0.170 mmol), acetic acid (10 pl, 0.166 mmol), and sodium triacetoxyborohydride (48 mg,
0.226 mmol) were processed as described in Example 27 to provide the title compound
(40 mg, 44%). "H NMR (CDCls) § 8.73 (s, 2H), 7.76 (s, 2H), 7.32-7.12 (m, 10H), 5.35
(br s, 2H), 5.18 (q, 4H), 83.97 (br s, 2H), 2.83 (br s, 2H), 2.70 (dd, 2H), 2.41 (t, 2H), 2.21
(dd, 2H), 2.00 (m, 1H), 1.87 (dd, 1H), 0.72 (s, BH); MS (ESI+) m/z 622 (M+H)".

Example 33
N-{(3-methylbuty])-N,N-bis[(2R)-2-(thiazol-5-vImethoxycarbonvlamino}3-

phenvlpropyllamine A
The product from Example 31D (80 mg, 0.141 mmol), 3-methylbutanal (18 wl,

0.170 mmoal), acetic acid (10 pl, 0.166 mmol), and sodium triacetoxyborohydride (48 mg,
0.226 mmol) were processed as described in Example 27 to provide the title compound
(40 mg, 45%). "H NMR (CDCls) & 8.73 (s, 2H), 7.78 (s, 2H), 7.32-7.11 (m, 10H), 5.32-
5.08 (m, 6H), 3.95 (brs, 2H), 2.83 (brs, 2H), 2.71 (dd, 2H), 2.48-2.23 (m, 4H), 1.43 (m,
2H), 1.08 (m, 2H), 0.76 (t, 6H); MS (ESI+) m/z 636 (M-+H)".

Example 34

The product from Example 31D (80 mg, 0.141 mmol), benzaldehyde (17 pl,

0.170 mmol), acetic acid (10 pl, 0.166 mmol), and sodium triacetoxyborohydride (48 mg,
0.226 mmol) were processed as described in Example 27 to provide the title compound
(17 mg, 18%). "H NMR (CDCls) 5 8.73 (s, 2H), 7.78 (s, 2H), 7.32-7.08 (m, 15H), 5.12 (
brs, 2H), 4.84 (brs, 2H), 4.12 (s, 2H), 3.13 (dd, 2H), 3.05-2.87 (m, 6H), 2.80-2.70 (m,
2H); MS (ESI+) m/z 656 (M+H)",

Example 35 '
N,N-bis[(28)-2-(thiazol-5-vimethoxycarbonylamino)-3-phenylpropvilamine

The product from Example 1D (2.40 g, 5 mmol) in dichloromethane (20 mL) was

treated with trifluoroacetic acid (10 mL) at ambient temperature. After stirring for two
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hours, the mixture was concentrated and treated with ethyl acetate (10 mL), a solution
of 4-nitrophenyl 1,3-thiazol-5-ylmethyl carbonate [prepared from 4-nitrophenyl 1,3-
thiazol-5-ylmethy! carbonate hydrochloride salt (3.46 g, 10.9 mmol) by extraction with
aqueous NaHCO3], triethylamine (1.52 mL, 10.9 mmol), and N,N-dimethylaminopyridine
(1.21g, 9.9 mmol) at ambient temperature. After stirring for 18 hours, the mixture was
washed with agueous 10% K2COs (6x50 mL), brine (50 mL.), dried over sodium sulfate,
filttered, and the filtrate was concentrated. The residue was purified by flash €oldiin
chromatography on silica gel eluting with (chloroform:methanol, 98:2) to provide the title
compound (1.18g, 42%). 'H NMR (CDCls) & 8.75 (s, 2H), 7.83 (s, 2H), 7.32-6.93 (m,
10H), 5.33-5.03 (m, 5H), 4.93 (br s, 2H), 3.92 (br s, 2H), 2.89-2.62 (m, 6H), 2.58 (dd,
2H); MS (ESI+) m/z 566 (M+H)".

Example 36 '
N-(thiazol-5-yimethoxvyecarbonvi)-N,N-bis[(25)-2-(thiazol-5-yiImethoxycarbonviaming )-3-

phenvipropyllamine
The product from Example 35 (30 mg, 0.0563 mmol) iﬁ ethyl acetate (2 mL) was
treated with a solution of 4-nitrophenyl! 1,3-thiazol-5-ylmethyl carbonate [prepared from
4-nitrophenyl 1,3-thiazol-5-yimethyl carbonate hydrochloride salt (18 mg, 0.058 mmol)

by extraction with aqueous NaHCO3), triethylamine (15 pl, 0.106 mmol), and N,N-
dimethylaminopyridine (6 mg, 0.053 mmol) at ambient temperature. After stirring for 18
hours, the mixture was washed with aquedus 10% KzCOs3 (6x2 mL), brine (2 mL), dried
over sodium sulfate, filtered, and the filtrate was concentrated. The residue was purify
on a silica gel cartridge eluting with (chloroform:methanol, 99:1) to provide the title
compound (13.4 mg, 36%). 'H NMR (CDCl;) & 8.80-8.68 (m, 3H), 7.81 (m, 3H), 7.31-
6.96 (m, 10H), 5.27-5.05 (m, 6H), 4.04-3.25 (m, 5H), 3.11-2.98 (m, 2H), 2.89-2.56 (m,

- BH); MS (ESI+) m/z 707 (M+H)".

Example 37

(thiazol-5-vimethoxycarbonylamino)-3-phenvipropyllamine
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The product from Example 26D (50 mg, 0.088 mmol) in 1,2-dichloroethane (2
mL) was treated with triethylamine (14 pl, 0.097 mmol) and acetyl chloride ( 6.3 pl,
0.088 mmol) at ambient temperature. After stirring for two hours, the mixture was
treated with ethyl acetate (8 mL), wash with aqueous 10% NaHCQ; (2x10 mL), brine
(10 mL), dried over sodium sulfate, filtered, and the filtrate was concentrated. The
residue was purified on a silica gel cartridge eluting with (chloroform:methanal, 99:1) to
provide the title compound (32.1 mg, 60%). '"H NMR (CDCls) § 8.78 (d, 2H), 7.83 (d,
2H), 7.32-7.01 (m, 10H), 5.42 (d, 1H), 5.21 (d, 4H), 4.71 (br s, 1H), 4.01 (br s, 1H), 3.85
(m, 2H), 3.35 (m, 1H), 3.22 (dd, 1H), 3.00-2.55 (m, 5H), 1.57 (s, 3H); MS (ESI+) m/z
608 (M+H)",

Example 38
N-benzovl-N-[(2R)-2-(thiazol-5-yimethoxyecarbonylamino)-3-phenyipropyl]-N-[(2S)-2-

(thiazol-5-yimethoxycarbonylamino)-3-phenvipropyllamine
The product from Example 26D ( 50 mg, 0.088 mmol) in 1,2-dichloroethane (2
mL) was treated with triethylamine (14 pl, 0.097 mmol) and benzoy! chioride (10.3 pl,

0.088 mmol) at ambient temperature. After stirring for two hours, the mixture was
treated with ethyl acetate (8 mL.), wash with aqueous 10% NaHCQOs (2x10 mL), brine
(10 mL), dried over sodium sulfate, filtered, and the filtrate was concentrated. The
residue was purified on a silica gel cartridge eluting with (chloroform:methanol, 99:1) to
provide the title compound (28.4 mg, 48%). 'H NMR (CDCls) 8 8.78 (d, 2H), 7.83 (s,
2H), 7.40-6.75 (m, 15H), 5.24 (s, 4H), 4.27 (br s, 2H), 3.88 (br s, 2H), 3.28 (m, 3H), 2.91
(brs, 1H), 2.78 (br s, 1H), 2.45 (br s, 2H); MS (ES+) m/z 670 (M+H)".

Example 39
N-(2-methylpropyh-N,N-bis[(28)-2-(thiazol-5-vimethoxycarbonylamino)-3-
- phenvipropyllamine

The product from Example 35 (180 mg, 0.32 mmol) in 1,2-dichloroethane (2.0
mL) was treated with 2-methylpropanal (36 pl, 0.38 mmol) at ambient temperature.

After stirring for 15 minutes, the mixture was treated with acetic acid (22 pl, 0.38 mmol)
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and sodium triacetoxyborohydride (108 mg, 0.51 mmol) at ambient temperature. After
stirring for 2 hours, the mixture was treated with aqueous 10% sodium bicarbonate (2.0
mL) and extracted with ethyl acetate (8x5 mL). The ethyl acetate extracts were
combined, washed with brine (& mL), dried over sodium sulfate, filtered, and the filtrate
was concentrated. The residue was purified by column chromatography on silica gel
eluting with (chloroform:methanol, 99:1) to provide the title compound (155 mg, 78%).
'H NMR (CDCls) & 8.73 (s, 2H), 7.75 (s, 2H), 7.31-7.11 (m, 10H), 5.33 (br s, 2H), 6.18
(g, 4H), 3.96 (br's, 2H), 2.83 (m, 2H), 2.71 (dd, 2H), 2.42 (t, 2H), 2.21 (dd, 2H), 2.05-
1.83 (m, 2H), 1.46 (m, 1H), 0.72 (dd, 6H); MS (ESI+) m/z 622 (M+H)".

General Procedure A

Example 40 through Example 58 inclusive were prepared simultaneously on a
Quest 210 synthesizer (Argonaut Technologies).

Nineteen vessels were each treated with 1,2-dichloroethane (1.0 mL), the
product from Example 35 (50 mg, 0.088 mmol) and an aldehyde, listed below in
Examples 40-58, at ambient temperature. After stirring for 156 minutes, each vessel was
treated with acetic acid (6 ul, 0.106 mmol) and sodium triacetoxyborohydride (30 mg,
0.141 mmol) at ambient temperature. After stirring for 2 hours, each vessel was treated
with aqueous 10% sodium bicarbonate (1.0 mL) and then extracted with ethyl acetate
(8x2.0 mL). The ethyl acetate exiracts were combined, concentrated, and each residue
was purified on a silica gel cartridge eluting with (chloroform:methanol, 99:1).

Example 40

phenvipropvilamine

Phenylacetaldehyde (13 pl, 0.106 mmol) was processed as described in general
procedure A to provide the title compound (26.8 mg, 45% vield). 'H NMR (CDCls) &
8.72 (s, 2H), 7.78 (s, 2H), 7.32-6.94 (m, 15H), 5.37-5.02 (m, 6H), 3.95 (br s, 2H), 2.90-
2.59 (m, 5H), 2.59-2.32 (m, 7H); MS (ESI[+) m/z 670 (M+H)".
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Example 41
N-(2-ethylbutyl)-N,N-bis[(23)-2~(thiazol-5-yimethoxycarbonylamino)-3-
phenylpropyllamine
2-Ethylbutanal (13 ul, 0.106 mmol) was processed as described in general
procedure A to provide the title compound (24.0 mg, 42% yield). 'H NMR (CDCls) &
8.74 (s, 2H), 7.76 (s, 2H), 7.32-7.08 (m, 10H), 5.39 (br s, 2H), 5.18 (q, 4H), 3.95 (br s,
2H), 2.86 (br's, 2H), 2.68 (dd, 2H), 2.40 (t, 2H), 2.25-2.07 (m, 3H), 1.85 (d, 1H), 1.40-
1.14 (m, 2H), 1.14-0.92 (m, 3H), 0.75 (t, 3H), 0.64 (t, 3H); MS (ESl+) m/z 650 (M+H)".

Example 42
N-(d-pentenvl)-N,N-bis[(25)-2-(thiazol-5-vimethoxycarbonylaming )-3-

henvipropyllamine
4-Pentenal (12 pl, 0.106 mmol) was processed as described in general
procedure A to provide the title compound (13.7 mg, 24% yield). 'H NMR (CDCls) 8
8.73 (s, 2H), 7.78 (s, 2H), 7.32-7.08 (m, 10H), 5.77-5.60 (m, 1H), 5.35-5.05 (m, 6H),
4.95-4.85 (m, 2H), 3.95 (br s, 2H), 2.84 (br s, 2H), 2.70 (dd, 2H), 2.48-2.23 (m, 4H),
2.23-2.11 (m, 1H), 2.05-1.77 (m, 2H), 1.37-1.21 (m, 3H); MS (ESI+) m/z 634 (M+H)".

Example 43
N-(3-carboxvpropyl-N.N-bis[(28)-2-(thiazol-5-yimethoxycarbonvlamino)-3-

phenylpropyllamine
4-Oxobutanoic acid (67 ul, 0.106 mmol) was processed as described in general
procedure A to provide the title compound (6.6 mg, 11% yield). "HNMR (CDCls) & 8.71
(s, 2H), 7.75 (s, 2H), 7.32-7.06 (m, 10H), 5.73 (d, 2H), .14 (q, 4H), 4.05 (br s, 2H),
2.92-2.78 (m, 2H), 2.72-2.32 (m, 6H), 2.32-2.07 (m, 4H), 1.75-1.46 (m, 2H), MS (ESI+)
m/z 652 (M+H)". '

Example 44
N-(1H-imidazol-4-yImethyD-N,N-bis[(28)-2-(thiazol-5-vimethoxycarbonvlamino)-3-

henvipropvilamine
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1H-Imidazole-4-carbaldehyde (11 mg, 0.106 mmol) was processed as described

in general procedure A to provide the title compound (7.8 mg, 14% vield). 'H NMR
(CDCls) & 8.74 (s, 2H), 7.78 (s, 2H), 7.46 (s, 1H), 7.31-7.04 (m, 11H), 5.19 (q, 4H), 4.02
(brs, 2H), 3.70 (d, 1H), 3.32 (d, 1H), 2.78-2.62 (m, 4H), 2.52-2.31 (m, 4H); MS (ESI+)
m/z 646 (M+H)".

Example 45
N-(3-pyridinylmethyl)-N,N-bis[(2S)-2-(thiazol-5-vimethoxycarbonylamino)-3-

phenylpropyllamine
Nicotinaldehyde (10 pi, 0.106 mmol) was processed as described in general
procedure A to provide the title compound (20.6 mg, 35% vield). 'H NMR (CDCls) &
8.78-8.37 (m, 4H), 7.83-7.77 (m, 2H), 7.32-6.98 (m, 12H), 5.35-5.08 (m, 6H), 4.08 (brs,
2H), 3.74 (d, 1H), 3.08 (d, 1H), 2.78 (m, 2H), 2.65 (dd, 2H), 2.44 (m, 2H), 2.30 (d, 2H);
MS (ESI+) m/z 657 (M+H)".

Example 46
N-(4-pyridinvimethyl)-N,N-bis[(28)-2-(thiazol-5-yimethoxvcarbonylamino)-3-

' phenvipropyllamine
Isonicotinaldehyde (10 pl, 0.106 mmol) was processed as described in general
procedure A to provide the title compound (13.1 mg, 23% yield). "H NMR (CDCls) 5
8.78-8.52 (m, 2H), 7.84-7.69 (m, 2H), 7.38-6.99 (m, 12H), 5.38-5.08 (m, 6H), 4.08 (brs,
2H), 3.74 (d, 1H), 3.08 (d, 1H), 2.78 (m, 2H), 2.65 (dd, 2H), 2.45 (m, 2H),. 2.29 (d, 2H);
MS (ESI+) m/z 657 (M+H)".

Example 47
N-(1H-pyrrol-2-yimethyh-N,N-bis[(28)-2-(thiazol-5-yimethoxvcarbonylamino)-3-
phenvipropyllamine

1H-Pyrrole-2-carbaldehyde (10 mg, 0.106 mmol) was processed as described in
general procedure A to provide the title compound (14.1 mg, 25% yield). MS (ESI+) m/z
566 (M+H)".
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Example 48

N-butyl-N,N-bis[(2S )-2-(thiazol-5-ylmethoxycarbonylamino )-3-phenyipropyllamine

Butanal (10 pl, 0.106 mmol) was processed as described in general procedure A
to provide the title compound (21.6 mg, 39% yield). "H NMR (CDCIz) 5 8.74 (s, 2H),
7.78 (s, 2H), 7.32-7.08 (m, 10H), 5.33-5.07 (m, 6H), 3.94 (brs, 2H), 3.72 (m, 1H), 2.84
(brs, 2H), 2.70 (dd, 2H), 2.48-2.22 (m, 4H), 2.14 (m, 1H), 1.23-1.05 (m, 4H), 0.78 (t,
8H); MS (ESI+) m/z 622 (M+H)". '

Example 49 ‘
N-octvl-N,ijisI(ZS)-Z-(thiazol-5—vlmethoxvcarbonvlamino)-3-ohenvlpropvl]amine

Octanal (17 pl, 0.106 mmol) was processed as described in general procedure A
to provide the title compound (19.2 mg, 32% vield). "H NMR (CDCl3) 8 8.73 (s, 2H),
7.78 (s, 2H), 7.32-7.08 (m, 10H), 5.34-5.05 (m, 6H), 3.95 (br s, 2H), 2.83 (brs, 2H), 2.71
(dd, 2H), 2.48-2.33 (m, 4H), 2.18 (m, 1H), 1.37-1.02 (m, 12H), 0.88 (¢, 3H); MS (ESI+)
m/z 678 (M+H)".

Example 50
N-[(2,5-dimethoxytetrahvdro-3-furanyl)methyil-N,N-bis[(2S)-2-(thiazol-5-

yimethoxycarbonylamino)-3-phenvipropyllamine

2,5-Dimethoxytetrahydro-3-furancarboxaldehyde (17 wl, 0.106 mmol) was

processed as described in general procedure A to provide the title compound (16.2 mg,

26% yield). "H NMR (CDCls) 6 8.74 (s, 2H), 7.78 (s, 2H), 7.32-7.08 (m, 10H), 5.45-4.88

(m, 7H), 4.67 (m, 1H), 3.93 (br s, 2H), 3.45-3.14 (m, 6H), 2.88-1.93 (m, 12H); MS (ESI+)
m/z 710 (M+H)".

Example 61
N-(cyclopropyimethyl)-N.N-bis[(28)-2-(thiazol-5-vimethoxycarbonviamino)-3-

phenylpropyilamine
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Cyclopropanecarbaldehyde (8 pl, 0.106 mmol) was processed as described in
general procedure A to provide the title compound (22.9 mg, 42% vield). "H NMR
(CDCls) 6 8.74 (s, 2H), 7.78 (s, 2H), 7.32-7.08 (m, 10H), 5.32-5.07 (m, 6H), 3.95 (br s,
2H), 2.85 (brs, 2H), 2.72 (dd, 2H), 2.58-2.38 (m, 6H), 2.15-2.02 (m, 1H), 0.58 (m, 1H),
0.30 (m, 2H); MS (ESI+) m/z 620 (M+H)".

Example 52
N-(3,5,5-trimethvlhexvl)}-N,N-bis[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-

phenylpropyllamine

3,5,5-Trimethylhexanal (19 pl, 0.108 mmol) was processed as described in

general procedure A to provide the title compound (23.6 mg, 39% yield). "H NMR
(CDClg) 6 8.74 (s, 2H), 7.78 (s, 2H), 7.32-7.10 (m, 10H), 5.34-5.05 (m, &H), 3.95 (br s,
2H), 2.83 (br's, 2H), 2.78-2.65 (m, 2H), 2.48-2.12 (m, 6H), 1.39-0,92 (m, 5H), 0.92-0.74
(m, 7H), 0.85 (s, 3H), 0.82 (s, 3H); MS (ESI+) m/z 692 (M+H)".

Example 53
N-(2.2-dimethvl-4-pentenv)-N,N-bis[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-

phenvlpropyllamine

2,2-Dimethyl-4-pentenal (15 pl, 0.106 mmol) was processed as described in
general procedure A to provide the title compound (7.6 mg, 13% vield). MS (ESI+) m/z
662 (M+H)".

Example 54

vimethoxycarbonylamino)-3-phenylpropvilamine

tert-Butyl 2-oxoethylcarbamate (17 pl, 0.106 mmol) was processed as described
in general procedure A to provide the title compound (19.6 mg, 31% vield). H NMR
(CDCls) 8 8.74 (s, 2H), 7.78 (s, 2H), 7.30-7.08 (m, 10H), 5.43-5.19 (m, 4H), 5.07 (d, 2H),
4.91 (brs, 1H), 3.96 (br s, 2H), 3.71 (m, 1H), 3.29 (m, 1H), 3.04 (m, 2H), 2.82 (dd, 2H),
2.73-2.18 (m, 5H), 1.49 (s, 1H), 1.42 (d, 9H); MS (ESI+) m/z 709 (M+H)".
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vimethoxycarbonylamino)-3-phenylpropvilamine

é-(1 ,3-Benzodioxol-5-yi)-2-methylpropanal (25 pl, 0.106 mmol) was processed as

described in general procedure A to provide the title compound (28.5 mg, 43% vield).
'H NMR (CDCls) § 8.67 (d, 2H), 7.68 (d, 2H), 7.33-7.08 (m, 10H), 6.68 (m, 1H), 6.55-
6.40 (m, 2H), 5.93 (s, 2H), 5.53-4.90 (m, 6H), 3.99 (br s, 2H), 2.93-2.61 (m, 4H), 2.53-
1.72 (m, 7H), 1.25 (t, 1H), 0.65 (m, 3H); MS (ESI+) m/z 742 (M+H)".

Example 56

phenvipropyllamine

Methyl 6-oxahexanoate (15 pl, 0.106 mmol) was processed as described in
general procedure A to provide the title compound (16.9 mg, 28% vield). 'H NMR
(CDCls) 6 8.75 (s, 2H), 7.78 (s, 2H), 7.32-7.10 (m, 10H), 5.41-5.04 (m, 6H), 3.95 (br s,
2H), 2.84 (br s, 2H), 2.69 (dd, 2H), 2.49-2.08 (m, 8H), 1.62-1.43 (m, 5H), 1.33-1.05 (m,

- 4H);, MS (ESI+) m/z 694 (M+H)",

Example 57
N-J4-ethoxy-2-(ethoxycarbonvl)-4-oxobutyl]-N,N-bis[ (2 S)-2-(thiazo|-5-

vimethoxycarbonylamino)-3-phenylpropvilamine

Diethyl 2-formylsuccinate (80 pl, 0.106 mmol) was processed as described in
general procedure A to provide the title compound (15.4 mg, 23% vield). 'H NMR
(CDCls) 8 8.73 (s, 2H), 7.78 (m, 2H), 7.32-7.06 (m, 10H), 5.45-4.94 (m, 6H), 4.25-3.80
(m, &H), 2.95-2.20 (m, 11H), 1.32-1.11 (m, 6H); MS (ESI+) m/z 752 (M+H)".

. Example 58
N-(3.5-ditert-butyl-2-hydroxybenzyl)-N,N-bis[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-

3-phenylpropvilamine
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3,5-Ditert-butyl-2-hydroxybenzaldehyde (25 mg, 0.106 mmol) was processed as
described in general procedure A to provide the title compound (7.8 mg, 11% vyield). 'H
NMR (CDCl;) 8 9.82 (s, 1H), 8.72 (s, 2H), 7.75 (s, 2H), 7.82-7.08 (m, 11H), 6.72 (d,
1H), 5.36 (d, 2H), 4.98 (d, 2H), 4.25 (br s, 2H) 4.15 (d, 2H), 2.98-2.59 (m 5H), 2.18 (dd,
2H), 1.58-1.23 (m, 21H), MS (ESk) m/z 784 (M+H)".

General Procedure B

Example 59 through Example 66 inclusive were prepared simultaneously on a
Quest 210 synthesizer (Argonaut Technologies).

Eight vessels were each treated with 1,2-dichloroethane (1.0 mL), the product
from Example 26 (50 mg, 0.088 mmol) and an aldehyde, listed below in Examples 59-
66, at ambient temperature. After stirring form 15 minutes, each vessel was treated
with acetic acid (6 pl, 0.106 mmol) and sodium triacetoxyborohydride (30 mg, 0.141
mmol) at ambient temperature. After stirring for 2 hours, each vessel was treated with
agueous 10% sodium bicarbonate (1.0 mL) and then extract with ethyl acetate (3x2.0
mL). The ethyl acetate extracts were combined, concentrated, and each residue was
purified on a silica gel cartridge eluting with (chloroform:methanal, 99:1).

Example 59
N-(2-naphthvimethvl}-N-[(2R)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenvipropyil-N-
[(28)-2-(thiazol-5-vimethoxycarbonylamino)-3-phenviprooyilaming

2-Naphthaldehyde (17 mg, 0.106 mmocl) was processed as described in general
procedure B to provide the title compound (36.'5 mg, 59% vield). "H NMR (CDCls) &
8.71 (s, 2H), 7.81 (s, 2H), 7.86-6.93 (m, 17H), 5.21 (s, 4H), 4.66 (br s, 2H), 3.98 (br s,
2H), 3.71 (s, 2H), 2.78 (dd, 2H), 2.66 (br s, 2H), 2.49 (m, 4H); MS (ESI+) m/z 706
(M+H)".

Example 60
N-(3-phenoxvbenzv)-N-[(2R)-2-(thiazol-5-vimethoxycarbonylamino)-3-phenyipropyi}-N-

[(28)-2-(thiazol-5-yimethoxycarbonylamino)lamine
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3-Phenoxybenzaldehyde (19 pl, 0.108 mmol) was processed as described in
general procedure B to provide the title compound (29.7 mg, 456% vield). "H NMR
(CDCls) 5 8.69 (s, 2H), 7.78 (s, 2H), 7.48-6.84 (m, 19H), 5.21 (s, 4H), 4.65 (br s, 2H),
3.93 (brs, 2H), 3.52 (s, 2H), 2.78 (dd, 2H), 2.67 (brs, 2H), 2.45 (m, 4H); MS (ESI+) m/z
748 (M+H)". '

Example 61
N-(3-quinolinyimethyl)}-N-[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenvipropyi]-N-

[(28)—2-(thiazol-5-vlmethoxvcarbonvlamino)-3-nhenvlnronvﬂamine
3-Quinolinecarbaldehyde (17 mg, 0.106 mmol) was processed as described in
general procedure B to provide the title compound (15.0 mg, 24% vield). "H NMR
(CDCls) 5 8.95-6.97 (m, 18H), 5.21 (s, 4H), 4.94 (d, 2H), 4.67 (br s, 2H), 4.02 (br's, 2H),
3.78 (s, 2H), 2.80 (dd, 2H), 2.63 (br s, 2H), 2.52 (d, 4H); MS (ESI+) m/z 707 (M+H)".

Example 62
N-(3-meth oxybenzyD-N-{(2R)-2-(thiazol-5-vimethoxycarbonylamino)-3-phenvipropvil-N-

[(25)-2-(thiazol-6-vimethoxycarbonylamino)-3-phenvipropyllamine
3-Methoxybenzaldehyde (13 pl, 0.106 mmol) was processed as described in

general procedure B to provide the title compound (24.9 mg, 41% yield). 'H NMR
(CDCls) 8 8.72 (s, 2H), 7.79 (s, 2H), 7.28-6.99 (m, 11H), 6.85-6.75 (m, 3H), 5.20 (s, 4H),
4.66 (br s, 2H), 3.92 (br s, 2H), 3.73 (s, 3H), 3.54 (s, 2H), 2.79 (dd, 2H), 2.67 (m, 2H),
2.45 (d, 4H); MS (ESI+) m/z 686 (M+H)".

Example 63
N-(3,4-dimethoxybenzy)-N-[(2R)-2-(thiazal-5-vimethoxycarbonyiamino)-3-

phenylpropyll-N-[(28)-2-(thiazol-5-yimethoxycarbonvlamino )-3-phenvlpropvilamine

3,4-Dimethoxybenzaldehyde (18 mg, 0.106 mmol) was processed as described
in general procedure B to provide the title compound (24.2 mg, 38% vield). 'H NMR
(CDCls) 8 8.71 (s, 2H), 7.78 (s, 2H), 7.28-8.99 (m, 10H), 6.87-6.67 (m, 3H), 5.19 (s, 4H),
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4.66 (br s, 2H), 3.93 (br s, 2H), 3.87 (s, 3H), 3.76 (s, 3H), 3.49 (s, 2H), 2.80 (dd, 2H),
2.66 (m, 2H), 2.44 (d, 4H); MS (ESI+) m/z 716 (M+H)".

Example 64

3-phenylpropvi]-N-[(28)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenyipropyllamine
4-[3-(Dimethylamino)propoxylbenzaldehyde (22 pl, 0.106 mmol) was processed”
as described in general procedure B to provide the fitle compound (13.0 mg, 19% vield).
"H NMR (CDCls) 6 8.72 (s, 2H), 7.86-7.78 (m, 4H), 7.24-6.73 (m, 10H), 5.21 (s, 4H),
4.65 (br's, 2H), 4.05 (dt, 3H), 3.92 (br s, 2H), 3.48 (s, 2H), 2.77 (dd, 2H), 2.67 (m, 2H),
2.49-2.38 (m, 5H), 2.25 (s, 6H), 1.97 (m, 4H); MS (ESI+) m/z 757 (M+H)".

Example 65
N-(4-dimethylaminobenzyl)-N-[(2R)-2-(thiazol-5-vimethoxycarbonylaming)-3-

henvipropvi]-N-[(2S)-2-(thiazol-5-vimethoxycarbonylaming)-3-phenylpropvilamine
4-Dimethylaminobenzaldehyde (16 mg, 0.106 mmol) was processed as
described in general procedure B to provide the title compound (15.0 mg, 24% yield).
'H NMR (CDCls) 58.72 (s, 2H), 7.80 (s, 2H), 7.28-6.98 (m, 12H), 6.61 (d, 2H), 5.22 (s,
2H), 4.68 (br s, 2H), 3.92 (brs, 2H), 3.46 (s, 2H), 2.92 (s, 6H), 2.78 (dd, 2H), 2.70 (m,
2H), 2.42 (d, 4H); MS (ESI+) m/z 699 (M+HY)".

Example 66
N-[(6-methoxy-2-naphthyDmethvil-N-{(2R)-2-(thiazol-5-yimethoxycarbonylamino)-3-
hényipropvl]-N-[(28)-2-(thiazol-5-yimethoxycarbonvlamino)-3-phenvipropvilamine

6-Methoxy-2-naphthaldehyde (20 mg, 0.106 mmol) was processed as described
in general procedure B to provide the title cémpound-(32.5 mg, 50% vyield). 'H NMR
(CDCls) 8 8.71 (s, 2H), 7.81 (s, 2H), 7.65-6.95 (m, 16H), 5.21 (s, 4H), 4.66 (br s, 2H),
3.97 (brs, 2H), 3.93 (s, 3H), 3.67 (s, 2H), 2.78 (dd, 2H), 2.68 (m, 2H), 2.48 (m, 4H); MS
(ESH) m/z 736 (M+H)'" |
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General Procedure C
Example 67 through Example 69 inclusive were prepared simultaneously on a
Quest 210 synthesizer (Argonaut Technologies).

- Three reaction vessels were each treated with methanol (1.0 mL), the product
from Example 1D (50 mg, 0.103 mmol, 1.0 eq) and an aldehyde, listed below in
Examples 67-69. After stirring for 15 minutes, each vessel was treated with acetic acid
(1 drop) and sodium cyanoborohydride (14 mg, 0.227 mmol, 2.2 eq) at ambient
temperature. After stirring for 18 hours, each vessel was concentrated and the residue
treated with ethyl acetate (3 mL). The ethyl acetate was wash with water (2x3 mL) and
concentrated. Each residue was treated with methylene chloride (1.5 mL) and
trifluoroacetic acid (1.5 mL). After stirring for 1 hour at ambient temperature, each
mixture was concentrated, treated with ethyl acetate (3 mL) and wash with aqueous 5%
K2COs (2x3 mL). The ethyl acetate mixtures were treated with 4-nitropheny! 1,3-thiazol-
5-yimethyl carbonate [prepared from 4-nitrophenyl 1,3-thiazal-5-ylmethyl carbonate
hydrochloride salt (72 mg, 0.227 mmol, 2.2 eq) by extraction with aqueous NaHCO3],
triethylamine (32 ul, 0.227 mmol, 2.2 eq) and N,N-dimethylaminopyridine (25 mg, 0.206
mmol, 2.0 eq) at ambient temperature. After stirring for 18 hours, sach mixture was
wash with aqueous 10% K2CO; (6x5 mL) and concentrated. Each residue was purified
using a silica gel cartridge eluting with chloroform.

Example 67
N-(3-methylbutyl)-N,N-bis[(2S)-2-(thiazol-5-vimethoxycarbonviamino)-3-

phenvipropyl]lamine
3-Methylbutanal (11 pi, 0.103 mmol) was processed as described in general
procedure C to provide the title compound (19 mg, 29% vield). 'H NMR (CDCl3) 6 8.73
(s, 2H), 7.78 (s, 2H), 7.32-7.08(m, 10H), 5.32-5.06 (m, 4H), 3.95 (br s, 2H), 2.92-2.58
(m, 4H), 2.48-2.23 (m, 4H), 2.23-2.09 (m, 1H), 1.49-0.81 (m, 6H), 0.77 (t, 6H); MS
(ESI+) m/z 636 (M+H)". '

Example 68
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N-benzyl-N,N-bis[(28)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyvljamine
Benzaldehyde (11-ul, 6.103 mmol) was processed as described in general
procedure C to provide the title compound (14 mg, 21% yield). "H NMR (CDCls) 5 8.74

(s, 2H), 7.78 (s, 2H), 7.30-7.01 (m, 15H), 5.39 (s, 2H), 5.34-5.12 (m, 4H), 4.06 (br s,
oH), 3.74 (d, 1H), 3.04 (d, 1H), 2.94-2.72 (m, 2H), 2.64 (dd, 2H), 2.53-2.37 (m, 2H), 2.28
(dd, 2H); MS (ESI+) m/z 656 (M+H)".

Example 69

henylpropyllamine
Cyclohexylaldehyde (13 pl, 0.103 mmol) was processed as described in general
procedure C to provide the title compound (26 mg, 38% vield). 'H NMR (CDCls) 5 8.73
(s, 2H), 7.76 (s, 2H), 7.32-7.11 (m, 10H), 5.39 (s, 2H), 5.34 (br s, 2H), 5.28-5.04 (m,
4H), 3.95 (br s, 2H), 2.85 (br s, 2H), 2.68 (dd, 2H), 2.38 (t, 2H), 2.22 (dd, 2H), 2.08 (dd,
1H), 1.91-1.81 (m, 1H), 1.75-1.57 (m, 2H), 1.50-1.37 (m, 2H), 1.21-0.95 (m, 4H); MS
(ESI+) m/z 662 (M+H)".

Example 70

Example 70A
(2R)-N-tert-butoxycarbonyil-2-phenvimeathylaziridine

(2R)-2-(tert-Butoxycarbonylamino)-3-phenyl-1-propanol was processed as
described in Example 1C to provide the title compound.

Example 70B
tert-butyl (1R)}1-benzyl-2-(benzylamino)ethylcarbamate

The product from Example 70A (1.77 g, 7.6 mmol) in toluene (15 mL) was
treated with benzylamine (8.4 mL, 76 mmol) in a sealed tube. After heating at 100°C

for 4 days, the mixture was allowed to cool to ambient temperature and was
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concentrated. The residue was dissolved in ethyl acetate (50 mL) and the ethyl acetate
was washed with 10% citric acid (2x50 mL) and brine (50 mL). A precipitate fell out of
the brine. The brine wash was filtered and the filter cake dissolved in ethyl acetate. All
the ethyl acetate solutions were combined, wash with aqueous 10% NaHCQgz (2x100
mL.), brine, (100 mL), dried over magnesium sulfate, filtered, and the filtrate was
concentrated to provide the title compound as a white solid (2.58 g). 'H NMR (CDCls) §
7.49-7.12 (m, 10H), 4.98 (m, 1H), 4.00 (br s, 1H), 3.87 (g, 2H), 2.94-2.73 (m, 5H); MS
(ESI+) m/z 341 (M+H)".

Example 70C

tert-butyl (1R)-2-amino-1-benzylethylcarbamate
The product from Example 70B (3.36 g, 9.9 mmol) in methanol (10 mL) was

treated with 20% Pd(OH)./C (wet) (335 mg) under a hydrogen atmosphere (4
atmospheres) at 50°C. After 3.25 hours, the solution was filtered and the filtrate was
concentrated. The residue was dried under reduced pressure to provide the title
compound as a white solid (2.46 g). '"H NMR (DMSO-dg) § 7.32-7.12 (m, B5H), 6.54 (d,
1H), 3.53 (m, 1H), 2.79-2.69 (dd, 2H), 2.66-2.50 (m, 4H), 1.31 (s, 9H); MS (ESI+) m/z
251 (M+H)".

_ Example 70D
N.N-bis[(2R)-2-(tert-butoxycarbonylamino)-3-phenylpropyllamine

The product from Example 70C and the product from Example 70A were
processed as described in Example 1D to provide the title compound.

Example 70E
N,N-bis[(2R)-2-(tert-butoxycarbonylamino)-3-phenvipropvil-N-ethvlamine

The product from Example 70D was processed as described in Example 1E to
provide the title compound.

Example 70F
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N-ethyl-N,N-bis[(2S)-2-(thiazol-5-vimethoxycarbonylamino)-3-phenyipropyllamine
The product from Example 70E (87 mg, 0.17 mmol) in dichloromethane (1.8 mL)

was treated with triflucroacetic acid (1.0 mL) at ambient temperature. After stirring for 2
hours, the mixture was concentrated and treated with aqueous 10% KzCOs (2.4 mL).
The aqueous solution was extracted with ethyl acetate (3x3 mL). The ethyl acetate’
extracts were combined and ireated with 4-nitrophenyl 1,3-thiazol-5-ylmethyl carbonate
[prepared from 4-nitrophenyl 1,3-thiazol-6-yimethyl carbonate nydrocnioride salt (10U
mg, 0.36 mmol) by extraction with aqueous NaHCQs] in ethyl acetate (6 mL). Afier
heating at 60°C for 18 hours, the mixture was allowed to cool to ambient temperature
and concentrated. The residue was purified by flash column chromatography on silica
gel eluting with (chloroform:methanol, 98:2) to provide the titte compound (33.5 mg,
31%). 'H NMR (CDClL) & 8.76 (s, 2H), 7.85 (s, 2H), 7.32-7.09 (m, 10H), 5.37-5.17 (m,
6H), 4.15 (br s, 2H), 3.61-2.65 (m, 10H), 1.24 (t, 3H); MS (ESI+) m/z 594 (M+H)".

Example 71
N-ethvl-N-[(2R)-2-(thiazol-5-vimethoxycarbonylamino)-3-phenyipropyl]-N-[(2S)-2~
(thiazol-5-vimethoxycarbonylamino)-3-phenylpropyllamine

Example 71A
N-[(2R)-2-(tert-butoxycarbonylamino)-3-phenvipropyll-N-[(2S)-2-(tert-
butoxycarbonylamino)-3-phenvlpropyllamine

The product from Example 70C and the product from Example 1C were
processed as described in Example 1D to provide the title compound.

Example 71B
N-[(2R)-2-(tert-butoxycarbonylamino)-3-phenvipropvil-N-[(2S)-2-(tert-

butoxycarbonviamino)-3-phenyipropyl]-N-ethylamine

The product from Example 71A was processed as described in Example 1E to
provide the title compound.
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Example 71C
N-ethyl-N-[(2R)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyll-N-[(28)-2-
thiazol-5-vimethoxycarbonylamino)-3-phenylpropyllamine

The product from Example 71B (86 mg, 0.17 mmol) in dichloromethane (1.8 mL)
was treated with trifluoroacetic acid (1.0 mL) at ambient temperature. After stirring for 2
hours, the mixture was concentrated and treated with aqueous 10% K2COs (2.4 mL).
The aqueous mixture was exiracted with ethyl acetate (3x3 mL). The ethyl acetate
extracts were combined and treated with 4-nitrophenyl 1,3-thiazol-5-yimethyl carbonate
[prepared from 4-nitrophenyl 1,3-thiazol-5-ylmethyl carbonate hydrochloride salt (98 mg,
0.35 mmol) by extraction with aqueous NaHCO3] in ethyl acetate (6 mL). After heat at
60°C for 18 hours, the mixture was allowed to cool to ambient temperature and was
concentrated. The residue was purified by flash column chromatography on silica gel
eluting with (chloroform:methanol, 98:2) to provide the title compound ( 34.1 mg, 32%).
'H NMR (CDCls) 5 8.78 (s, 2H), 7.85 (s, 2H), 7.32-7.05 (m, 10H), 5.40-5.17 (m, 6H),
4.20 (br s, 2H), 3.49-2.55 (m, 10H), 0.85 (t, 3H); MS (ESI+) m/z 594 (M+H)".

The term “therapeutically acceptable salt” or “pharmaceutically acceptable salt” is
intended to describe a zwitterions or a salt derived from pharmaceutically acceptable
inorganic and organic acids and bases, and retains the biological effectiveness of the
free acid or base of the specified compound without undue toxicity, irritation, and
allergic response, commensurate with a reasonable benefit/risk ratio, effective for their
intended use and is not biologically or otherwise undesirable; and as used herein, the
term “therapeutically acceptable salt” or “pharmaceutically acceptable salt” refers to
salts that are well known in the art. For example, S. M Berge et al. describe
pharmaceutically acceptable salts in detail in J. Pharmaceutical Sciences, 66:p1-18,
1977). ‘

Accordingly, the compounds of the present invention can be used in the form of
salts derived from inorganic or organic acids. These salts include but are not limited to
the following: acetate, adipate, alginate, citrate, aspartate, benzoate, benzenesulfonate,
bisulfate, butyrate, camphorate, camphorsulfonate, digluconate,
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cyclopentanepropionate, dodecylsulfate, ethanesulfbnate, glucoheptanoate,
glycerophosphate, hemisulfate, heptancate, hexanoate, fumarate, hydrochloride,
hydrobromide, hydroiodide, 2-hydroxy-ethanesulfonate (isethionate), lactate, maleate,
methanesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate,
persulfate, 3-phenylpropionate, picrate, pivalate, propionate, stccinate, tartrate,
thiocyanate, p-toluenesulfonate and undecanoate. Also, the basic nitrogen-containing
groups can be quatemized with such agents as loweralkyl halides, such as methyl,
ethyl, propyl, and butyl chloride, bromides, and iodides; dialkyl sulfates like dimethyl,
diethyl, dibutyl, and diamyl sulfates, long chain halides such as decyl, lauryl, myristyl
and stearyl chlorides, bromides and iodides, aralkyl halides like benzyl and phenethyl
bromides, and others. Water or oil-soluble or dispersible products are thereby obtained.

Examples of acids which may be employed to form pharmaceutically acceptable
acid addition salts include such inorganic acids as hydrochloric acid, sulphuric acid and
phosphoric acid and such organic acids as oxalic acid, maleic acid, succinic acid and
citric acid. Other salts include saits with alkali metals or alkaline earth metals, such as
sodium, potassium, calcium or magnesium or with organic bases.

The administration of a compound or combination of compounds of the present
invention, a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or combination
thereof and a compound or a pharmaceutically acceptable salt thereof, which is
metabolized by cytochrome P450 monooxygenase is useful for improving in humans the
pharmacokinetics (i.e. increasing half-life, increase the time to peak plasma
concentration, increase blood levels) of the compound which is metabolized by
cytochrome P450 monooxygenase.

When administered in combination, the compound or combination of compounds
of the present invention (or a pharmaceutically acceptable salt, prodrug, salt of a
prodrug, or combination thereof) and a compound (or a pharmaceutically acceptable
salt thereof) which is metabolized by cytochrome P450 monooxygenase can be
formulated as separate compositions which are administered at the same time or

different times, or can be administered as a single composition.
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The total daily dose of a compound of formula [, I or lll to be administeredtoa
human or other mammal host in single or divided doses may be in amounts, for
example, from 0.001 to 300 mg/kg body weight daily and more usually 0.1 to 50 mg/kg
and even more usually 0.1 to 25 mg/kg. Dosage unit compositions may contain such
amounts of submultiples thereof to make up the daily dose.

The total daily dose of the drug which is metabolized by cytochrome P450
monooxygenase to be administered to a human or other mammal is well known and can
be readily determined by one of ordinary skill in the art. Dosage unit compositions may
contain such amounts of submultiples thereof to make up the daily dose.

The amount of active ingredient that may be combined with the carrier materials
to produce a single dosage form of each drug, individually or in combination, will vary
depending upon the host treated and the particular mode of administration.

It will be understood, however, that the specific dose level for any particular
patient will depend upon a variety of factors including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, time of
administration, route of administration, rate of excretion, drug combination, and the
severity of the particular disease undergoing therapy.

[t will be understood that the combination (as individual compositions or as a
single composition) of a drug (or a pharmaceutically acceptable salt) which is

‘metabolized by cytochrome P450 monooxygenase, and a compound or combination of

compounds of the present invention (or a pharmaceutically acceptable salt, prodrug,
salt of a prodrug, or combination thereof), can be administered alone or be administered
in the form of a pharmaceutical compaosition in which the agents (as individual
compositions or as a single compasition) are administered in combination with a
pharmaceutically acceptable carriers, adjuvants, diluents, vehicles, or combinations
thereof.

The term "pharmaceutically acceptable carrier, adjuvants, diluents or vehicles” as
used herein, means a non-toxic, inert solid, semi-solid or liquid filler, diluent,
encapsulating material or formulation auxiliary of any type. Some examples of materials
which can serve as pharmaceutically acceptable carriers are sugars such as lactose,
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glucose and sucrose, starches such as corn starch and potato starch; cellulose and its
derivatives such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose
acetate; powdered tragacanth; mailt; 'gelatin; talc; excipients such as cocoa butter and
suppository waxes; cils such as peanut oil, cottonseed oil, safflower oil, sesame oil,
olive oil, corn oil and soybean oil; glycols; such a propylene glycol; esters such as ethyl
oleate and ethyl laurate; agar, buffering agents such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's solution;
ethyl alcohol, and phosphate buffer solutions, as well as other non-toxic compatible
lubricants such as sodium lauryl sulfate 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 formulator.

The pharmaceutical compositions of this invention can be formulated in a
conventional manner using one or more of the aforementioned pharmaceutically
acceptable carriers.

Such pharmaceutical compositions of the present invention (as individual

.compositions or as a single composition) may be administered orally, parenterally,

sublingually, by inhalation spray, rectally, or topically in dosage unit formulations
containing conventional nontoxic pharmaceutically acceptable carriers, adjuvants, and |
vehicles as desired. Topical administration may also involve the use of transdermal
administration such as transdermal patches or iontophoresis devices. The term
parenteral as used herein includes subcutaneous injections, intravenous, intramuscular,
intrasternal injection, or infusion technigues.

'Injectable preparations, for example, sterile injectable aqueous or oleagenous
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 or suspension in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1,3-propanediol. Among the acceptable vehicles
and solvents that may be employed are water, Ringer's solution, and isotonic sodium
chloride salution. In addition, sterile, fixed oils are conventionally employed as a solvent
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or suspending medium. For this purpose any bland fixed oil may be employed including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the
preparation of injectables.

Suppositories for rectal administration of the drug can be prepared by mixing the
drug with a suitable nonirritating excipient such as cocoa butter and polyethylene
glycols which are solid at ordinary temperatures but liquid at the rectal temperature and
will therefore melt in the rectum and release the drug.

Solid dosage forms for oral administration may include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active compound may 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., lubricating agents such as magnesium stearate. In the case of capsules,
tablets, and pills, the dosage forms may also comprise buffering agents. Tablets and
pills can additionally be prepared with enteric coatings.

Liguid dosage forms for oral administration may include pharmaceutically
acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert
diluents commonly used in the art, such as water. Such compositions may also
comprise adjuvants, such as wetting agents, emulsifying and suspending agents, and
sweetening, flavoring, and perfuming agents.

The combination of therapeutic agents of the present invention (as individual
compositions or as a single composition) can also be administered in the form of
liposomes. As is known in the art, liposomes are generally derived from phospholipids
or other lipid substances. Liposomes are formed by mono- or multi-lamellar hydrated
liquid crystals that are dispersed in an aqueous medium. Any non-toxic, physiologically
aceptable and metabolizable lipid capabale of forming liposomes can be used. The
present compositions in liposome form can contain, in addition to the compound of the
present invention, stabilizers, preservatives, excipients, and the like. The preferred lipids
are the phospholipids and phosphatidyl cholines (lecithins), both natureal and synthetic.
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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), p. 33 et
seq.

The foregoing is merely illustrative of the invention and is not intended to limit the
invention to the disclosed compounds. Variations and changes which are obvious to
one skilled in the art are intended to be within the scope and nature of the invention

which are defined in the appended claims.
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What is claimed is:
1. A compound of formula |

N N
Risy A1 N N A
1\H»m1n/ \(\L/\r \rr ZHERAL
X1 R2 R3 X2

I, .
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof, wherein

R1 is selected from the group consisting of aryl, heteroaryl and heterocycle;

Rz and Rs are each independently selected from the group consisting of
hydrogen, alkenyl, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
alkylcarbonylalkyl, alkylcarbonyloxyalkyl, alkynyl, arylalkoxyalkyl, arylalkoxycarbonyl,
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, aryloxycarbonyl,
arytthioalkoxyalkyl, arylthioalkyl, carboxyalkyl, cycloalkyl, cycloalkylalkyl,
di(alkoxycarbonyl)alkyl, heteroarylalkoxyalkyl, heteroarylalkoxycarbonyl, heteroarylalkyl,
heteroarylalkylcarbonyl, heteroarylcarbonyl, heteroaryloxyalkyl, heteroaryloxycarbonyl, -
heteroarylthioalkoxyalkyl, heteroarylthioalkyl, heterocyclealkoxyalkyl,
heterocyclealkoxycarbonyl, heterocyclealkyl, heterocyclealkylcarbonyl,
heterocyclecarbonyl, heterocycleoxyalkyl, heterocycleoxycarbonyl,
heterocyclethioalkoxyalkyl, heterocyclethioalkyl, hydroxyalkyl and (NRcRp)alkyl;

R4 is selected from the group consisting of aryl, heteroaryl, and heterocycle;

Rs and Re are each independently selected from the group consisting of
hydrogen, lower alkyl and arylalkyl;

m is 0-3;

nis 0-3;

A1 is absent or selected from the group consisting of O and NRas wherein Ray is
selected from the group consisting of hydrogen and lower alkyl;

Az is absent or selected from the group consisting of O and NRaz wherein Raz is
selected from the groub consisting of hydrogen and lower alkyl;
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X4 and X; are each independently selected from the group consisting of O and S;
L is selected from the group consisting of

RV (I i N
g7 , ggs g95 ; -§-N\__/N-§- and gN\\/I g .

pis 1-5;

Ry,-Rs.and-Re.are.each.independently selected from the group consisting_of
hydrogen, alkenyl, alkenylcarbonyl, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl,
alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxyalkyl, alkynyl, alkynylcarbonyl,
arylalkoxycarbonyl, arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl,
arylthioalkoxyalkyl, arylthioalkyl, carboxyalkyl, cyanoalkyl, cycloalkyl, cycloalkylalkyl,
di(alkoxycarbonyl)alkyl, heteroarylalkoxyalkyl, heteroarylalkoxycarbonyl, heteroarylalkyl,
heteroarylalkylcarbonyl, heteroarylcarbonyl, heteroaryloxyalkyl,
heteroarylthioalkoxyalkyl, heteroarylthioalkyl, heterocyclealkoxyalkyl,
heterocyclealkoxycarbonyl, heterocyclealkyl, heterocyclealkylcarbonyl,
heterocyclecarbonyl, heterocycleoxyaikyl, heterocyclethioalkoxyalkyl,

heterocyclethioalkyl, hydroxyalkyl, (NRcRp)alkyl and
R

) l'I1

NS A Rz

R0 is selected from the group consisting of hydrogen, alkenyl, alkoxyalkyl,

| alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxyalkyl, alkynyl, arylalkoxyalkyl, arylalkoxycarbonyl, arylalkyl,
arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, aryloxycarbonyl, arylthicalkoxyalkyl,
arylthioalkyl, carboxyalkyl, cycloalkyl, cycloalkylalkyl, di(alkoxycarbonyhalkyl,
heteroarylalkoxyalkyl, heteroarylalkoxycarbonyl, heteroarylalkyl, heteroarylalkylcarbonyl,
heteroarylcarbonyl, heteroaryloxyalkyl, heteroaryloxycarbonyl, heteroarylthioalkoxyalkyl,
heteroarylthioalkyl, heterocyclealkoxyalkyl, heterocycleatkoxycarbonyl, heterocyclealkyl,
heterocyclealkylearbonyl, heterocyclecarbonyl, heterocycleoxyalkyl,
heterocycleoxycarbonyl, heterocyclethioalkaxyalkyl, heterocyclethioalkyl, hydroxyalkyl

and (NRaRs)alkyl;
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R11 is selected from the group consisting of hydrogen, lower alkyl and arylalkyl;

Rz is selected from the group consisting of aryl, heteroaryl and heterocycle;

qis 0-3;

Xa is selected from the group consisting of O and S; and

Az is absent or selected from the group consisting of O and NRas wherein Ras is
selected from the group consisting of hydrogen and lower alkyl;

Rec and Rp are each independently selected from the group consisting of
hydrogen, alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, arylalkoxycarbonyl,
arylsulfonyl, formyl, (NReRr)carbonyl and (NReRr)sulfonyl;

Re and Rr are each independently selected from the group consisting of
hydrogen and lower alkyl; and

wherein any one of said aryl, heteroaryl, heterocycle, cycloalkyl, cycioalkyl
moiety of said cycloalkylalkyl, aryl moieties of said arylalkoxyalkyl, arylalkoxycarbonyl,
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, aryloxycarbonyl,
arylthioalkoxyalkyl and arylthioalkyl, heteroaryl maieties of said heteroarylalkoxyalkyl,
heteroarylalkoxycarbonyl, heteroarylalkyl, heteroarylalkylcarbonyl, heteroaryicarbonyl,
heteroaryloxyalkyl, heteroaryloxycarbonyl, heteroaryithioalkoxyalkyl and
heteroarylthioalkyl, and heterocycle moisties of said heterocyclealkoxyalkyl,
heterocyclealkoxycarbonyl, heterocyclealkyl, heterocyclealkylcarbonyl,
heterocyclecarbonyl, heteracycleoxyalkyl, heterocycleoxycarbonyl,
heterocyclethioalkoxyalkyl, and heterocyclethioalkyl, at each occurrence, is
independently unsubstituted or substituted with 1, 2, 3, or 4 substituents independently
selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl,
benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen,
haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy,
thioalkoxyalkyl, -NRaRs, (NRaRg)alkoxy and (NRaRe)alkyl; and

Ra and Rg are independently selected from the group consisting of hydrogen and
lower alkyl.
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2. The compound according to claim 1 wherein

Rz and Rz are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl, heteroarylalkyl, heterocyclealkyl and
cycloalkylalkyl

Rz Rs and Ry are each independently selected from the group consisting of
hydrogen, alkenyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, arylalkyl, arylcarbonyl,
carboxyalkyl, cycloalkylalkyl, di@ikoxycarbonyl)alkyl, neteroarylaikoxycaroonyl,
heterocyclealkoxycarbonyl, heteroarylalkyl, heterocyclealkyl, (NRcRp)alkyl and

Ry

k: N__As Rz
L
R1o is selected from the group consisting of hydrogen, alkoxycarbonylalkyl, alkyl,
arylalkoxyalkyl, arylalkyl and cycloalkylalkyl;
Rc and Rp are each independently selected from the group consisting of

hydrogen, alkyl and alkoxycarbonyl.

3. The compound according to claim 1 wherein

R4 is heteroaryl;

R» and R; are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl, heteroarylalkyl, heterocyclealkyl and
cycloalkylalkyl;

R4 is heteroaryl,

Ry, Rs and Rg are each independently selected from the group consisting of
hydrogen, alkenyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, arylalkyl, arylcarbonyl,
carboxyalkyl, cycloalkylalkyl, di(alkoxycarbonylalkyl, heteroarylalkoxycarbonyl,

‘ heterocyclealkoxycarbonyl, heteroarylalkyl, heterocyclealkyl, (NRcRp)alkyl and

R

l11
N_ Az, . R
Y

Rig X3
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R1o is selected from the group consisting of hydrogen, alkyl and arylalkyl; Ryz is
heteroaryl, and

Rc and Rp are each independently selected from the group consisting of
hydrogen, alkyl and alkoxycarbonyl.

4, The compound according to claim 1 wherein

R1 is heteroaryl wherein said heteroaryl is selected from the group consisting of
furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyl,
thienyl, triazinyl and triazolyl; '

Rz and Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl, heteroarylalkyl, heterocyclealkyl and
cycloalkylalkyl;

R4 is heteroaryl wherein said heteroaryl is selected from the group consisting of
furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyl,
thienyl, triazinyl and triazolyl;

Ry is selected from the group consisting of hydrogen, alkenyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, arylalkyl, arylcarbonyl, carboxyalkyl,
cycloalkylalkyl, di(alkoxycarbonyl)alkyl, heteroarylalkoxycarbonyl,
heterocyclealkoxycarbonyl, heteroarylalkyl, heterocyclealkyl, (NRcRp)alkyl and

K
J 12
LL

Re and Rp are independently selected from the group consisting of
hydrogen, alkyl and alkoxycarbaonyl;.

Rs and Re are independently selected from the group consisting of hydrogen,
alkyl, heteroarylalkoxycarbonyl and heterocyclealkoxycarbonyl;

Rio Is selected from the group consisting of hydrogen and arylalkyl; and

Riz is heteroaryl.
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5, The compound according to claim 1 wherein

Ry is heteroaryl wherein said heteroaryl is selected from the group consisting of
imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl;

Rz and Rz are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalky! is
phenyi or naphthyl, arylalkyl wherein the aryl portion ot arylalkyl is phenyl or naphthyl,
and cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl,

Rais heteroéryl wherein said heteroaryl is selected from the group consisting of
imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl;

Ry is selected from the group consisting of hydrogen, alkenyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, arylalkyl wherein the aryl portion of arylalkyl is
selected from the group consisting of phenyl and naphthyi, arylcarbonyl wherein the aryl
portion of arylcarbohyl is selected from the group consisting of phenyl and naphthyl,
carboxyalkyl, cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalkyl is selected
from the group consisting of cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl, ‘
di(alkoxycarbonyl)alkyl, heteroarylalkoxycarbonyl wherein the heteroaryl portion of
heteroarylalkoxycarbony! is thiazolyl, heteroarylalkyl wherein the heteroaryl portion of
heteroarylalky! is selected from the group consisting of imidazolyl, pyridinyl, pyrrolyl and
guinolinyl, heterocyclealkyl wherein the heterocycle portion of heterocyclealkyl is
tetrahydrofuranyl, (NRcRp)alkyl and

Rt

) N _Ag, LR
YT g
Rio X3 .

Re and Rp are independently selected from the group consisting of
_hydrogen, alkyl and alkoxycarbonyl;
Rs and Re are independently selected from the group consisting of hydrogen,
alkyl and heteroarylalkoxycarbonyl wherein the heteroary! portion of
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heteroarylalkoxycarbonyl is selected from the group consisting of imidazolyl, oxazolyl, '
pyrazalyl, pyridinyl, thiazolyl, and thienyl;

R1o is selected from the group consisting of hydrogen and arylalkyl wherein the
arylalkyl is phenylmethyl; and

R4z is heteroaryl wherein said heteroaryl is selected from the group consisting of
imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl.

6. The compound according to claim 1 of formula i

Rs Rg
] |
R¢~_O.__N N._O. R4

R, Rz Rz O
BIx
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof, wherein _

R1 Is selected from the group consisting of aryl, heteroaryl and heterocycle;

Rz and Rs are each independently selected from the group consisting of
hydrogen, alkenyl, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
alkylcarbonylalkyl, alkylcarbonyloxyalkyl, alkynyl, arylalkoxyalkyl, arylalkoxycarbonyl,
arylalkyl, arylalkylcarbonyl, arylcarbonyi, aryloxyalkyl, aryloxycarbonyl,
arylthioalkoxyalkyl, aryithioalkyl, carboxyalkyl, cycloalkyl, cycloalkylalkyl,
di(alkoxycarbonyl)alkyl, heteroarylalkoxyalkyl, heteroarylalkoxycarbonyl, heteroarylalkyl,
heteroarylalkylcarbonyl, heteroarylcarbonyl, heteroaryloxyalkyl, heteroaryloxycarbonyl,
heteroarylthioalkoxyalkyl, heteroarylthioalkyl, heterocyclealkoxyalkyl,
heterocyclealkoxycarbonyl, heterocyclealkyl, heterocyclealkylcarbonyl,
heterocyclecarbonyl, heterocycleoxyalkyl, heterocycleoxycarbonyl,
heterocyclethioalkoxyalkyl, heterocyclethioalkyl, hydroxyalkyl and (NRcRp)alkyl;

R4 is selected from the group consisting of aryl, heteroaryl, and heterocycle;

Rs and Re are each independently selected from the group consisting of
hydrogen, lower alkyl and arylalkyl;
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Ry is selected from the group consisting of hydrogen, alkenyl, alkenylcarbony,
alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxyalkyl, alkynyl, alkynylcarbonyl, arylalkoxycarbonyl, arylalkyl,
arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, arylthioalkoxyalkyl, arylthioalkyl,
carboxyalkyl, cyanoalkyl, cycloalkyl, cycloalkylalkyl, di(alkoxycarbonyl)alkyl,
heteroarylalkoxyalkyl, heteroarylalkoxycarbonyl, heteroarylalkyl, heteroarylalkylcarbonyl,
heteroarylcarbonyl, heteroaryloxyalkyl, heteroaryithioalkoxyalkyl, heteroarylthioalkyl,
heterocyclealkoxyalkyl, heterocyclealkoxycarbonyl, heterocyclealkyl,
heterocyclealkylcarbonyl, heterocyclecarbonyl, heterocycleoxyalkyl,

heterocyclethioalkoxyalkyl, heterocyclethioalkyl, hydfoxyalkyl, (NRcRp)alkyl and
R

- Ry
s N Asg Rz
/\er \[>]; ﬁa ;

R1o is selected from the group consisting of hydrogen, alkenyl, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylatkyl,
alkylcarbonyloxyalkyl, alkynyi, arylalkoxyalkyl, arylalkoxycarbonyl, arylalkyl,
arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, aryloxycarbonyl, arylthicalkoxyalkyl,
arylithioalkyl, carboxyalkyl, cycloalkyl, cycloalkylalkyl, di(alkoxycarbonyl)alkyl,
heteroarylalkoxyalkyl, heteroarylalkoxycarbonyl, heteroarylalkyl, heteroarylalkylcarbonyl,
heteroarylcarbonyl, heteroaryloxyalkyl, heteroaryloxycarbonyl, heteroarylthioalkoxyalkyl,
heteroarylthioalkyl, heterocyclealkoxyalkyl, heterocyclealkoxycarbonyl, heterocyclealkyl;
heterocyclealkylcarbonyl, heterocyclecarbonyl, heterocycleoxyalkyl,
heterocycleoxycarbonyl, heterocyclethioalkoxyalkyl, heterocyclethioalkyl, hydroxyalkyl
and (NRaRg)alkyl;

R11 is selected from the group consisting of hydrogen, lower alkyl and arylalkyl;

R4z is selected from the group consisting of aryl, heteroaryl and heterocycle;

q is 0-3; ‘

Xs is selected from the group consisting of O and S; and

Az is absent or selected from the group consisting of O and NRas wherein Ras is

selected from the group consisting of hydrogen and lower alkyl;
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Rc and Rp are each independently selected from the group consisting of
hydrogen, alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, arylalkoxycarbonyl,
aryisutfonyl, formyl, (NReRg)carbonyl and (NReRr)sulfonyl;

Re and Rr are each independently selected from the group consisting of
hydrogen and lower alkyl;

wherein any one of said aryl, heteroaryl, heterocycle, cycloalkyl, cycloalkyl
moiety of said cycloalkylalkyl, aryl moieties of said arylalkoxyalkyl, arylalkoxycarbonyi,
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, aryloxycarbonyl,
arylthioalkoxyalkyl and arylthioalkyl, heteroaryl moieties of said heteroarylalkoxyalkyl,
heteroarylatkoxycarbonyl, heteroarylalkyl, heteroarylalkylcarbonyl, heteroarylcarbonyl,
heteroaryloxyalkyl, heteroaryloxycarbonyl, heteroarylthioalkoxyalkyl and
heteroaryithioalkyl, and heterocycle moieties of said heterocyclealkoxyalkyl,
heterocyclealkoxycarbonyl, heterocyclealkyl, heterocyclealkylcarbonyl,
heterocyclecarbonyl, heterocycleoxyalkyl, heterocycleoxycarbonyl,
heterocyclethioalkoxyalkyl, and heterocyclethioalkyl, at each occurrence, is
independently unsubstituted or substituted with 1, 2, 3, or 4 substituents independently
selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl,
benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen,
haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thicalkoxy,
thioalkoxyalkyl, -NRaRs, (NRaRg)alkoxy and (NRsRg)alkyl; and

Ra and Rg are independently selected from the group consisting of hydrogen and
lower alkyl.

7. The compound according to claim 6 wherein

R1 is heteroaryl wherein said ~hetefoaryl is selected from the group consisting of
furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazoly,
thienyl, triazinyl and triazolyl;

122



WO 2007/103670 PCT/US2007/062906

Rz and Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl, heteroarylalkyl, heterocyclealkyl and
cycloalkylalkyl;

R is hete'roaryl wherein said heteroaryl is selected from the group consisting of
furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyl,
thienyl, triazinyl and triazolyl;

Ry is selected from the group consisting of hydrogen, alkenyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, arylalkyl, arylcarbonyl, carboxyalkyl,
cycloalkylalkyl, di(alkoxycarbonyl)élkyl, heteroarylalkoxycarbonyl,
heterocyclealkoxycarbonyl, heteroarylalkyl heterocyclealkyl, (NRcRp)alkyl and

Ry

k N Az, Ri2
LR
Rc and Rp are independently selected from the group consisting of
hydrogen, alkyl and alkoxycarbonyl;
R1o is selected from the group consisting of hydrogen and arylalkyt; and
Rz is heteroaryl wherein said heteroaryl is selected from the group consisting of
furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyl,

thienyl, triazinyl and triazolyl.

8. The compound according to claim 6 wherein

R is heteroaryl wherein said heteroaryl is selecied from the group consisting of
imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl;

R: and Rj are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is
phenyl or naphthyl, arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl,
and cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl,
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R4 is heteroaryl wherein said heteroaryl is selected from the group consisting of
imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl;

Rs and Rs are each independently selected from the group consisting of
hydrogen, lower alkyl and arylalkyl wherein said arylalkyl is phenylmethyl;

Ry is selected from the group consisting of hydrogen, alkenyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, arylalkyl wherein the aryl portion of arylalkyl is
selected from the group caonsisting of phenyl and naphthyl, arylcarbonyl wherein the aryl
portion of arylcarbonyl is selected from the group consisting of phenyl and naphthyl,
carboxyalkyl, cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalkyl is selected
from the group consisting of cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl,
di(alkoxycarbonylalkyl, heteroarylalkoxycarbonyl wherein the heteroaryl portion of
heteroarylalkoxycarbonyl is thiazolyl, heteroarylalkyl wherein the heteroaryl portion of
heteroarylalkyl is selected from the group consisting of imidazolyl, pyridinyl, pyrrolyl and
quinolinyl, heterocyclealkyl wherein the heterocycle portion of the heterocyclealkyl is

tetrahydrofuranyl, (NRcRp)alkyl and
R

R11
e
Rig X3 .

Rc and Rp are independently selected from the group consisting of
hydrogen, alkyl, alkoxycarbonyl;

R1o is selected from the group consisting of hydrogen and arylalkyl, wherein said
arylalkyl is phenylmethyl; and '

Rz is heteroaryl wherein said heteroaryl is selected from the group consisting of
imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl.

9. The compound according to claim 6 wherein

R is heteroaryl wherein said heteroaryl is thiazol-5-yl;

Rz and Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is
phenyl or naphthyl, arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyi,
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and cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalkyt is cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl;

R4 is heteroaryl wherein said heteroaryl is thiazol- 5—yl

Rs is hydrogen; '

Rs is hydrogen;,

- Ry is selected from the group consisting of hydrogen, alkenyl,
alkoxycarbonylalkyl, aikyl, alkyicarponyl, carpoxyaikyl, cycloalkylalkyt, -
di(alkoxycarbonyl)alkyl and (NRgRp)alkyl; and

Rc and Rp are independently selected from the group consnstmg of hydrogen and
alkoxycarbonyl.

10. The cbmpound according to claim 9 selected from the group consisting of
N-ethyl-N,N-bis[(28)-2-(thiazol-6-ylmethoxycarbonylamino)-3-
phenyipropyllamine;
N-(2,2—dimethylpropy!)-N,N-bis[(2S)-2-(thiazol;5-ylmethoxycarbonylamino)-S- '
phenylpropyllamine;
N-(2,2-dimethylpropyl)-N, N-bis[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;
N-(2,2-dimethylpropy!)-N-[(2R)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyl]-N-[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyllamine;
N, N-blS[Z (thlazol-5-y|methoxycarbonylammo)-3-phenylpropy!}amme
N-ethyl-N,N-bis[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-4-
methylpentyllamine;
N-ethyl-N,N-bis[(2S)-2-(thiazol-5-yImethoxycarbonylamino)propyljamine;
N-ethyl-N,N-bis[(2R)-2-(thiazol-5-yImethoxycarbonylamino)propyljamine;
N-ethyl-N-[(2R)-2-(thiazol-5-yImethoxycarbonylamino)propyl]-N-[(2S)-2~(thiazol-
5-ylmethoxycarbonylamino)propyllamine;
N-ethyl-N,N-bis[2-(thiazol-5-yImethoxycarbonylamino)ethyllamine;
N-ethyl-N,N-bis[2~(thiazol-5-yImethoxycarbonylamino)-3-cyclohexylpropyllamine;
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N-ethyl-N,N-bis[2~(thiazol-5-yImethoxycarbonylamino)-3-
(methoxycarbonyl)propyllamine;
N-ethyl-N-[(28)-2-(thiazol-5-yimethoxycarbonylamino)-3-(phenylmethoxy)propyl]-
N-[2-(thiazol-5-ylmethoxycarbonylamino)-3-(phenylmethoxy)propyljamine;
N-ethyl-N-[(2S)-2~(thiazol-5-yImethoxycarbonylamino)-3-[4-
(phenylmethoxy)phenyl]propyl]-N-2-(thiazol-5-yimethoxycarbonylamino)-3-[4-
(phenylmethoxy)phenyl]propyllamine;
N-ethyl-N-[(28)-2-(thiazol-5-yimethoxycarbonylamino)-3-(4-
hydroxyphenyl)propyl]-N-[2-(thiazol-5-yimethoxycarbonylamino)-3-(4-
hydroxyphenyl)propyljlamine;
N-ethyl-N-[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-(4-
methoxyphenyl)propyl]-N-[2-(thiazol-5-yImethoxycarbonylamino)-3-(4-
methoxyphenyl)propyl]lamine;
N-[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyl]-N-[(2S)-2-(thiazol-
5-ylmethoxycarbonylamino)-3-phenylpropyljamine;
N-(2-methylpropyl)-N-[(2R)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
~ phenylpropyl]-N-{(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropylJamine;
N-(3-methylbutyl)-N-[(2R)-2-(thiazo!-5-yImethoxycarbonyla mino)—3-phénylpropyl]~
N-[(28)-2-(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyljlamine;
N,N-bis-[(2R)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyljamine;
N-(2-methylpropyl)-N,N-bis[(2R)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenyipropyllamine;
N-(3-methyibutyl)-N,N-bis[(2R)-2-(thiazol-5-yImethoxycarbonylamino )-3-
phenylpropyllamine;
N,N-bis[(28)-2-(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyllamine;
N-acetyl-N-[(2R)-2-(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyl]-N-[(28)-
2—(thiazol-5—ylmethoxycarbonylamino)—S-phenylpropy!]amine;
N-(2-methylpropyl)-N,N-bis[(28)-2-(thiazol-5-yimethoxycarbonylamino)-3-
phenylpropyllamine;
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N-(2-ethylbutyl)-N,N-bis[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-
phenylpropyllamine;
N-(4-pentenyl)}-N,N-bis[(2S)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyllamine;
N-(3-carboxypropyl)-N,N-bis[(2S)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyl]amine;
N-butyl-N,N-bis[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-
phenylpropyllamine;
N-octyl-N,N-bis[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine; :
N—(cyclopropylmethyl)-N,N-bis[(éS)—Z»(thiazol~5-ylmethoxycarbonylamino)-3—
phenylpropyllamine; :
N-(3,5,5-trimethylhexyl)-N,N-bis[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-
phenylpropyllamine;
N-(2,2-dimethyl-4-pentenyl)-N,N-bis[(2S)-2~(thiazol-5-ylmethoxycarbonylamino}-
3-phenylpropyllamine; - .
N-[2-((tert-butoxycarbonyl)amino)ethyl]-N,N-bis-[(25)-2~(thiazol-5-
yimethoxycarbonylamino)-3-phenylpropyllamine;
N-(6-methoxy-6-oxohexyl)-N,N-bis[(28)-2-(thiazol-5-yimethoxycarbonylamino)-3-
phenylpropyljamine; ‘ )
N-[4-ethoxy-2-(ethoxycarbonyl)-4-oxobutyi]-N, N-bis[(2S)-2-(thiazol-5-
yimethoxycarbonylamino)-3-phenylpropyllamine;
N-(3-methylbutyl)-N,N-bis[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-
phenylpropyllamine;
N-(cyclohexylmethyl)-N,N-bis[(2S)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyllamine;
N-ethyl-N,N-bis[(2R)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyflamine; and
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N-ethyl-N-[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyl}-N-[(2S)-2-
(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyllamine; or a pharmaceutically
acceptable salt, prodrug, salt of a prodrug, or a combination thereof.

11.  The compound according to claim 6 wherein '

Ri is heteroaryl wherein said heteroaryl is thiazol-5-yl;

Rz and Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is
phenyl or naphthyl, arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl,
and cycloalkylalkyl wherein the cycloalkyl portion of the cycloalkylalkyl is cyclopropyl,
cyclobutyl, cyclopentyt or cyclohexyl;

R4 is heteroaryl wherein said heteroaryl is thiazol-5-yl;

Rs is hydrogen;

Rs is hydrogen; and

Ry is selected from the group consisting of arylalkyl wherein the aryl portion of
arylalkyl is selected from the group consisting of phenyl and naphthyl, and arylcarbonyl
wherein the aryl portion of arylcarbonyl is selected frdm the group consisting of phenyl
and naphthyl.

12.  The compound according to claim 11 selected from the group consisting of
N-benzyl-N-{(2R)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyl]-N-[(2S)-
2—(thiazoI-5—ylmethoxycarbonylamind)~3-phenylpropyl]amine;
N-benzyl-N,N-bis[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;
N-benzoyl-N-[(2R)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyi]-N-
[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyl]lamine;
N-(2-phenylethyl)-N,N-bis[(25)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine; .
N-[3-(1,3-benzodioxol-5-yl)-2-methylpropyl]-N, N-bis[(2S)-2-(thiazol -5~
ylmethoxycarbonylamino)-3-phenylpropyllamine;
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N-(3,5-ditert-butyl-2-hydroxybenzyl)-N,N-bis[(2S)-2-(thiazol-5~
ylmethoxycarbonylamino)-3-phenylpropyllamine;
N-(2-naphthylmethyl)-N-{(2R)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyl}-N-[(2S)-2~(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyl]lamine;
N-(3-phenoxybenzyl)-N-[(2R)-2~(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyl]-N-[(28)-2-(thiazol-5-yImethoxycarbonylamino)jamine;
N-(3-methoxybenzyl)}-N-{(2R)-2-({thiazol-5-yimethoxycarbonylaming)-3-
phenylpropyl]-N-[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyllamine;
N-(3,4-dimethdxybenzyl)-N-[(ZR)—Z-(thiazol-5-ylmethoxycarbonylamino)-S-
phenylpropyl]-N-[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyllamine;
N-{4-(3-(dimethylamino)propoxy)benzyl]-N-[(2R)-2-(thiazol-5-
yimethoxycarbonylamino)-3-phenylpropyl]-N-[(2S)-2-(thiazol-5-
yimethoxycarbonylamino)-3-phenylpropyllamine;
N-(4-dimethylaminobenzyl)-N-{(2R)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyl]-N-{(2S)-2-(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyllamine;
N-[(6-methoxy-2-naphthyl)methyl]-N-{(2R)-2~(thiazol-5-yimethoxycarbonylamino)-
3-phenylpropyl]-N-[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyllamine;
and
N-benzyl-N,N-bis[(23)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine; or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or
a combination thereof. '

13.  The compound according to claim 6 wherein

R1 is heteroaryl wherein said heteroaryl is thiazol-5-yl;

Rz and Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is
phenyl or naphthyl, arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl,
and cycloalkylalkyl wherein the cycloalkyt portion of cycloalkylalkyl is cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl;

R4 is heteroaryl wherein said heteroaryl is thiazol-5-yl; '
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Rs is hydrogen;

Rs is hydrogen; and

Ry is selected from the group consisting of heteroarylalkoxycarbonyl wherein the
heteroaryl portion of heteroarylalkoxycarbonyl is thiazolyl, and heteroarylalkyl wherein
the heteroaryl portion of heteroarylalkyl! is selected from the group consisting of
imidazolyl, pyridinyl, pyrrolyl and quinalinyl, and heterocyclealkyl wherein the
heterocycle portion of heterocyclealkyl is tetrahydrofuranyl.

14.  The compound according to claim 13 selected from the group consisting of
N-(thiazol-5-ylmethoxycarbonyl)-N,N-bis[(2S)-2-(thiazol-5-
yimethoxycarbonylamino)-3-phenylpropyllamine;
N-(1 H-imidazol-4-yimethyl)-N,N-bis[(2S)-2-(thiazol-5-yimethoxycarbonylamino)-3-
phenylpropyllamine;
N-(3-pyridinylmethy!)-N,N-bis[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine; - ‘ ‘
N-(d-pyridinylmethy)-N,N-bis[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;
N-(1H-pyrrol-2-yimethyl)-N,N-bis[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine; '
N-[(2,5-dimethoxytetrahydro-3-furanyl)methyl]-N,N-bis[(2S)-2-(thiazo[-5-
yimethoxycarbonylamino)-3-phenylpropyllamine; and .
N-(3-quinolinylmethyl)-N-[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyl}-N-[(28)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyljamine; or a
pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination thereof.

15. The compound according to claim 6 wherein

R+ is heteroaryl wherein said heteroaryl is thiazol-5-yl;

Rz and Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyi is
phenyl or naphthyl, arylalky! wherein the aryl portion of arylalkyl is pheny! or naphthyl,
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and cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl; '

Ry is heteroaryl wherein said héteroaryl is thiazol-5-yl;

Rs is hydrogen;

Rs is hydrogen;

Rzis

Ri1
s S

Rip X3

Ry is selected from the group consisting of hydrogen, alkoxycarbonylalkyl, alkyi,
arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is phenyl, arylalkyl wherein the
aryl portion of arylalkyl is phenyl, and cycloalkylalkyl; and

Riz is heteroaryl.

16.  The compound according to claim 6 wherein

R, is heteroaryl wherein said heteroaryl is thiazol-6-yl;

Rz and Rs are independently selécted from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is
phenyl or naphthyl, arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl,
and cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl,

R4 is heteroaryl wherein said heteroaryl is thiazol-5-yl;

Rs is hydrogen; '

Re¢ is hydrogen;,

Rris

R11
%\(NTOVRQ

Rgo O

Ry is arylalkyl wherein the arylalkyl is phenylmethyl; and
Riz is heteroaryl wherein said heteroaryl is thiazol-5-yl.
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17.  The compound according to claim 16 that is tris-N-[2-(thiazol-5~
yimethoxycarbonylamino)-3-phenylpropyllamine, or a pharmaceutically acceptable salt,
prodrug, salt of a prodrug, or a combination thereof.

18.  The compound according to claim 6 wherein

Ry is heteroaryl wherein said heteroaryl is oxazol-5-y; _

Rz and Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is
phenyl or naphthyl, arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthy,
and cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl;

Rs is heteroaryl wherein said heteroaryl is oxazol-5-yl;

Rs is hydrogen;

Rs is hydrogen; and

Rz is alkyl.

19.  The compound according 10 claim 18 that is N-ethyl-N,N-bis[(2S)-2-(oxazol-5-
vimethoxycarbonylamino)-3-phenylpropyllamine, or a pharmaceutically acceptable salt,
prodrug, salt of a prodrug, or a combination thereof.

20. The compound according to claim 6 wherein

R4 is heteroaryl wherein said heteroaryl is thien-2-yl;

Rz and Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalky! is
phenyl or naphthyl, arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl,
and cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropy,
cyclobutyl, cyclopentyl or cyclohexyi;

Ry is heteroaryl wherein said heteroaryl is thien-2-yl;

Rs is hydrogen;
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Rs is hydrogen; and
Ry is alkyl.

21.  The compound according to claim 20 that is N-ethyl-N,N-bis[(2S)-2~(thien-2-
yimethoxycarbonylamino)-3-phenylipropyljamine, or a pharmaceutically acceptable salt,
prodrug, salt of a prodrug, or a combination thereof.

22.  The compound according to claim 6 wherein

R4 is heteroaryl wherein said heteroaryl is pyridin-3-yl;

R, and Rz are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is
phenyl or naphthyl, arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl,
and cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl,
cyclobutyl, cyclopentyl or cyclohekyl;

R, is heteroaryl wherein said heteroaryl is pyridin-3-y};

Rs is hydrogen;

Rs is hydrogen; and

Ry is alkyl.

23.  The compound according to claim 22 that is N-ethyl-N,N-bis[(2S)-2-(pyridin-3-
yimethoxycarbonylamino)-3-phenylpropyllamine, or a pharmaceutically acceptable salt,
prodrug, salt of a prodrug, or a combination thereof.

24.  The compound according to claim 6 wherein

R4 is heteroaryl wherein said heteroaryl is imidazol-4-yl;

R. and Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is
phenyl or naphthyl, arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl,
and cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalky! is cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl;
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Ry is heteroaryl wherein said heteroaryl is imidazol-4-yl;
Rs is hydrogen;

Rs is hydrogen; and

Ry is alkyl.

25.  The compound according to claim 24 that is N-ethyl-N,N-bis[(2S)-2-(1H-imidazol- -
4-ylmethoxycarbonylamino)-3-phenylpropyllamine, or a pharmaceutically acceptable
salt, prodrug, salt of a prodrug, or a combination thereof.

26.  The compound according to claim 6 wherein

Ry is heteroaryl wherein said heteroaryl is pyrazol-5-yt;

Rz and Rz are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalky! is
phenyl or naphthyl, arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl,
and cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl,
cyclobutyl, cyclopenty! or cyclohexyl,

R4 is heteroaryl wherein said heteroaryl is pyrazol-5-yl;

Rs is hydrogen;

Rs is hydrogen; and

Rz is alkyl.

27.  The compound according to claim 26 that is N-ethyl-N,N-bis[(2S)-2-(pyrazol-5-
ylmethoXycarbonylamino)-S-phenylpropyl]amine.

28.  The compound according to claim 1 of formula Iil

Rsg Rs

I [

R O.__N TN N._O._ Ry

YN WY Y
O Ry R Rs Ry O

134



WO 2007/103670 PCT/US2007/062906

or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof, wherein ‘

R+ is selected from the group consisting of aryl, heteroaryl and heteracycle;

R, and Rs are each independently selected from the group consisting of
hydrogen, alkenyl, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
alkylcarbonylalkyl, alkylcarbonyloxyalkyl, alkynyl, arylalkoxyalkyl, arylalkoxycarbonyl,
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, aryloxycarbonyl, -
arylthioalkoxyalkyl, arylthioalkyl, carboxyalkyl, cycloalkyl, cycloalkylalkyl,
di(alkoxycarbonylalkyl, heteroarylalkoxyalkyl, heteroarylalkoxycarbonyl, heteroarylalkyl,
heteroarylalkylcarbonyl, heteroarylcarbonyl, heteroaryloxyalkyl, heteroaryloxycarbonyl,
heteroarylthioalkoxyalkyl, heteroarylthioalkyl, heterocyclealkoxyalkyl,
heterocyclealkoxycarbonyl, heterocyclealkyl, heterocyclealkylcarbonyl,
heterocyclecarbonyl, heterocycleoxyalkyl, heterocycleokycarbonyl,
heterocyclethioalkoxyalkyl, heterocyclethioalkyl, hydroxyalkyl and (NRcRp)alkyl;

Ry is selected from the group consisting of aryl, heteroaryl, and heterocycle;

Rs and Rs are each independently selected from the group consisting of
hydrogen, lower alkyl and arylalkyl;

Rs and Ry are each independently selected from the group consisting of
hydrogen, alkenyl, alkenylcarbonyl, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl,
alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxyalkyl, alkynyl, alkynylcarbonyl,
arylalkoxycarbonyl, arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl,
arylthioalkoxyalkyl, arylthioalkyl, carboxyalkyl, cyanoalkyl, cycloalkyl, eycloalkylalkyl,
di(alkoxycarbonyl)alkyl, heteroarylalkoxyalkyl, heteroarylalkoxycarbonyl, heteroarylalkyl,
heteroarylalkylcarbonyl, heteroarylcarbonyl, heteroaryloxyalkyl,
heteroarylthioalkoxyalkyl, heteroarylthioalkyl, heterocyclealkoxyalkyl,
heterocyclealkoxycarbonyl, heterocyclealkyl, heterocyclealkylcarbonyl,
heterocyclecarbonyl, heterocycleoxyalkyl, heterocyclethioalkoxyalkyl,
heterocyclethioalkyl, hydroxyalkyl, (NRcRp)alkyl and
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. Ru
2N Az -Rez
L

R4o is selected from the group consisting of hydrogen, alkenyl, alkoxyalkyl,
alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl,
alkylcarbonyloxyalkyl, alkynyl, arylalkoxyalkyl, arylalkoxycarbonyl, arylalkyl,
arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, aryloxycarbonyl, arylthioalkoxyalkyl,
arylthioalkyl, carboxyalkyl, cycloalkyl, cycloalkylalkyl, di(alkoxycarbonyhalkyl,
heteroarylalkoxyalkyl, heteroarylalkoxycarbonyl, heteroarylalkyl, heteroarylalkylcarbonyl,
heteroarylcarbonyl, heteroaryloxyalkyl, heteroaryloxycarbonyl, heteroarylthioalkoxyalkyl,
heteroarylthioalkyl, heterocyclealkoxyalkyl, heteracyclealkoxycarbonyl, heterocyclealkyl,
heterocyclealkylcarbonyl, heterocyclecarbonyl, heterocycleoxyalkyl,
heterocycleoxycarbonyl, heterocyclethioalkoxyalkyl, heterocyclethioalkyl, hydroxyalkyl
and (NRsRg)alkyl;

R11 is selected from the group consisting of hydrogen, lower alkyl and arylalkyi;

R12 is selected from the group consisting of aryl, heteroaryl and heterocycle;

qis 0-3;

Xa is selected from the group consisting of O and S; and

As is absent or selected from the group consisting of O and NRas wherein Rasz is
selected from the group consisting of hydrogen and lower alkyl;

Re and Rp are each independently selected from the group consisting of
hydrogen, alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, arylalkoxycarbonyl,
arylsuifonyl, formyl, (NReRr)carbonyl and (NReRr)sulfonyl; and

Re and Rk are each independently selected from the group consisting of
hydrogen and lower alkyl;

wherein any one of said aryl, heteroaryl, heterocycle, cycloalkyl, cycloalkyl
moiety of said cycloakylalkyl, aryl moieties of said arylalkoxyalkyl, arylalkoxycarbonyl,
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, aryloxycarbonyl,
arylthioalkoxyalkyl and arylthioalkyl, heteroaryl moieties of said heteroarylatkoxyalkyl,
heteroarylalkoxycarbonyl, heteroarylalkyl, heteroarylalkylcarbonyl, heteroarylcarbonyl,
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heteroaryloxyalkyl, heteroaryloxycarbonyl, heteroaryithioalkoxyalkyl and
heteroarylthioalkyl, and heterocycle moieties of said heterocyclealkoxyalkyl,
heterocyclealkoxycarbonyl, heterocyclealkyl, heterocyclealkylcarbonyl,
heterocyclecarbonyl, heterocycleoxyalkyl, heterocycleoxycarbonyl,
heterocyclethioalkoxyalkyl, and heterocyclethioalkyl, at each occurrence, is
independently unsubstituted or substituted with 1, 2, 3, or 4 substituents independently
selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl; alkoxycarbonyl, |
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl,
benzyloxy, carboxy, carboxyaikyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen,
haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thicalkoxy,
thioalkoxyalkyl, -NRaRg, (NRaRg)alkoxy and (NRaRs)alkyl; and

Ra and Rs are independently selected from the group consisting of hydrogen and
lower alkyl. S

29. The compound according to claim 28 wherein

Ry is heteroaryl wherein said heteroaryl is selected from the group consisting of
furyl, imidazolyi, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyl,
thienyl, triazinyl and triazoly}; .

Rz and Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, aryialkoxya lkyl, arylalkyl, heteroarylalkyl, heterocyclealkyl and
cycloalkylalkyl,

Ry is heteroaryl wherein said heteroaryl is selected from the group consisting of
furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, t_hiadiazolyl, thiazolyl,
thienyl, triazinyl and triazolyl, and

Rs and Ry are independently selected from the group consisting of hydrogen,
alkyl, heteroarylalkoxycarbonyl, and heterocyclealkoxycarbonyl.

30. The compound according to claim 28 wherein
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Ry is heteroaryl wherein said heteroaryl is selected from the group consisting of
imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl;

Rz and Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is
phenyl or naphthyl, arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl,
and cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl;

Rq is heteroaryl wherein said heteroaryl is selected from the group consisting of
imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl;

‘ Rs and Ro are'independently selected from the group consisting of hydrogen,
alkyl, heteroarylalkoxycarbonyl, and heterocyclealkoxycarbonyl.

31.  The compound according to claim 28 wherein
R is heteroaryl wherein said heteroaryl is thiazol-5-yl;
R, is arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl;
Rs is arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl;
R4 is heteroaryl wherein said heteroaryl is thiazol-5-i;
Rs is hydrogen;
Rs is hydrogen;
Rs is alkyl; and
Rs is alkyl.

32. The compound according to claim 31 selected from the group consisting of
N,N'-diethyl-N,N'-bis[2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllethylenediamine; and
N,N'’-diisopropyi-N,N'-bis[2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyljethylenediamine; or a pharmaceutically acceptable salt, prodrug, salt of a
prodrug, or a combination thereof.

33.  The compound according to claim 28 wherein
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R1 is heteroaryl wherein said heteroaryl is thiazol-5-yl;

R is arylalky! wherein the aryl portion of arylalkyl is phenyl or naphthyl;

Rs is arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl;

Ry is heteroaryl wherein said heteroaryl is thiazol-5-yl;

Rs is hydrogen;

Rs is hydrogen; and .

Rs and Re are independently selected from the group consisting of hydrogenand ™
heteroarylalkoxycarbonyl wherein the heteroaryl portion of heteroarylalkoxycarbonyt is |
thiazol-5-yl.

34. The compound according to claim 33 that is N,N'-bis-[2-(thiazol-5-
yimethoxycarbonylamino)-3-phenylpropyl]-N-(thiazol-5-
yimethoxycarbonyl)ethylenediamine; or a pharmaceutically acceptable salt, prodrug,
salt of a prodrug, or a combination thereof.

35. The compound according to claim 1 of formula IV

R1\/ \(\N N/\/N o R4

lV,
or a pharmaceutically acceptable salt, prodrug, salt of a prodrug, or a combination
thereof, wherein

R, is selected from the group consisting of aryl, heteroaryl and heterocycle,

Rz and R; are each independently selected from the group consisting of
hydrogen, alkenyl, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkyl, alkylcarbonyl,
alkylcarbonylalkyl, alkylcarbonyloxyalkyl, alkynyl, arylalkoxyalkyl, arylalkoxycarbonyl,
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, aryloxycarbonyl,
arylthioalkoxyalkyl, arylthioalkyl, carboxyalkyl, cycloalkyl, cycloalkylalkyl,
di(alkoxycarbonyl)alkyl, heteroarylalkoxyalkyl, heteroarylalkoxycarbonyl, heteroarylalkyl,
heteroarylalkylcarbonyl, heteroarylcarbonyl, heteroaryloxyalkyl, heteroaryloxycarbonyl,
heteroarylthioalkoxyalkyl, heteroarylthioalkyl, heterocyclealkoxyalkyl,
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heterocyclealkoxycarbonyl, heterocyclealkyl, heterocyclealkylcarbonyl,
heterocyclecarbonyl, heterocycleoxyalkyl, heterocycleoxycarbonyl,
heterocyclethioalkoxyalkyl, heterocyclethioalkyl, hydroxyalkyl and (NRcRp)alkyl;

R4 is selected from the group consisting of aryl, heteroaryl, and heterocycle;

Re and Rp are each independently selected from the group consisting of
hydrogen, alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, arylalkoxycarbonyl,
arylsulfonyl, formyl, (NReRr)carbonyl and (NReRr)sulfonyl; and

Re and Rr are each-independently selected from the group consisting of
hydrogen and lower alkyl;

wherein any one of said aryl, heteroaryl, heterocycle, cycloalkyl, cycloalkyl
moiety of said cycloalkylalkyl, aryl moieties of said arylaltkoxyalkyl, arylalkoxybarbonyl,
arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxyalkyl, aryloxycarbonyl,
arylthioalkoxyalkyl and arylthioalkyl, heteroaryl moieties of said heteroarylalkoxyalkyl,
heteroarylalkoxycarbonyl, heteroarylalkyl, heteroarylalkylcarbonyl, heteroarylcarbonyl,
heteroaryloxyalkyl, heteroaryloxycarbonyl, heteroarylthioalkoxyalkyl and
heteroarylthioalkyl, and heterocycle moieties of said heterocyclealkoxyalkyl,
heterocyclealkoxycarbonyl, heterocyclealkyl, heterocyclealkylcarbonyl,
heterocyclecarbonyl, heterocycleoxyalkyl, heterocycleoxycarbonyl, »
heterocyclethioalkoxyalkyl, and heterocyclethioalkyl, at each occurrence, is
independently unsubstituted or substituted with 1, 2, 3, or 4 substituents independently
selected from the group consisting of alkenyl, alkoxy, alkoxyalkyl, alkoxycarbonyl,
alkoxycarbonylalkyl, alkyl, alkylcarbonyl, alkylcarbonylalkyl, alkylcarbonyloxy, alkynyl,
benzyloxy, carboxy, carboxyalkyl, cyano, cyanoalkyl, ethylenedioxy, formyl, halogen,
haloalkyl, hydroxy, hydroxyalkyl, methylenedioxy, mercapto, nitro, phenoxy, thioalkoxy,
thioalkoxyalkyl, -NRsRg, (NRaRg)alkoxy and (NRaRg)alkyl; and

Ra and Rs are independently selected from the group consisting of hydrogen and
lower alkyl.

36. The compound according to claim 35 wherein
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R, is heteroaryl wherein said heteroaryl is selected from the group consisting of
furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyl,
thienyl, triazinyl and triazolyl;

Rz and Rj are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl, arylalkyl, heteroarylalkyl, heterocyclealkyl and
cycloalkylalkyl; and )

R4 is heteroaryl wherein said heteroaryl is selected from the group consisting of
furyl, imidazolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, pyrazinyl, pyrazolyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrrolyl, tetrazinyl, tetrazolyl, thiadiazolyl, thiazolyl,
thienyl, triazinyl and triazolyl.

37. The compound according to claim 35 wherein

R4 is heteroaryl wherein said heteroaryl is selected from the group consisting of
imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl;
’ R» and Rs are independently selected from the group consisting of hydrogen,
alkoxycarbonylalkyl, alkyl, arylalkoxyalkyl wherein the aryl portion of arylalkoxyalkyl is
bhenyl or naphtyl, arylalkyl wherein the aryl portion of arylalkyl is pheny! or naphthyl,
and cycloalkylalkyl wherein the cycloalkyl portion of cycloalkylalkyl is cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl; and

Ry is heteroaryl wherein said heteroaryl is selected from the group consisting of
imidazolyl, oxazolyl, pyrazolyl, pyridinyl, thiazolyl, and thienyl.

38. The compound according to claim 35 wherein
R1 is heteroaryl wherein said heteroaryl is thiazol-5-yl;
Rz is arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl;
Rs is arylalkyl wherein the aryl portion of arylalkyl is phenyl or naphthyl; and
R4 is heteroaryl wherein said heteroaryl is thiazol-5-yl.
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39.  The compound according to claim 38 that is N,N*-bis[2-(thiazol-5-
yimethoxycabonylamino)-3-(phenyl)propylpiperazine, or a pharmaceutically acceptable
salt, prodrug, salt of a prodrug, or a combination thereof.

40. A method for improving the pharmacokinetics of a drug which is metabolized by
cytochrome P450 monooxygenase comprising co-administering to a human in need of
such treatment a combination of a therapeutically effective amount of said drug or a
pharmaceutically acceptable salt thereof, and an amount of a compound or combination
of compounds of formula | or a pharmaceutically acceptable salt, prodrug, salt of a
prodrug, or combination thereof effective to inhibit cytochrome P450 monooxygenase.

41.  The method of claim 40 wherein the compound of formula | is selected from the
group consisting of
N-ethyl-N,N-bis[(25)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyljamine;
N-(2,2-dimethylpropyl)-N, N-bis[(2S)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyllamine and N-(2,2-dimethylpropy!)-N,N-bis[(2R)-2-(thiazol-5-
ylmethoxycarbonylamino)-3-phenylpropyljamine;
N-(2,2-dimethylpropyl)-N-{(2R)-2~(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyi}-
N-[(25)-2~(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyllamine;
N,N-bis[2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyljamine;
N-(3-methylbutyl)-N,N-bis[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;
N-benzyl-N,N-bis[(2R)-2-(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyljamine;
N-(4-pyridinylmethyl)-N,N-bis[(2S)-2-(thiazol-5-yImethoxycarbonytamino)-3-
phenylpropyllamine;
N-(cyclopropylmethyl)-N,N-bis[(2S)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyllamine;
N-(3-methoxybenzyl)-N-(2R)-2-(thiazol-5-ylmethoxycarbonylamine)-3-phenylpropyl]-N-
[(28)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyllamine; and
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N-ethyl-N-[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyl]-N-[(2S)-2-
(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyllamine.

42. A method for increasing human blood levels of a drug which is metabolized by
cytochrome P450 monooxygenase comprising co-administering to a human in need of
such treatment a combination of a therapeutically effective amount of said drug or a
pharmaceuitically acceptable salt thereof, and an amount of a.compound or.combination
of compounds of formula |, or a pharmaceutically acceptable salt, prodrug, salt of a
prodrug, or combination thereof effective to inhibit cytochrome P450 monooxygenase.

43, The method of claim 42 wherein the compound of formula | is selected from the
group consisting of
N-ethyl-N,N-bis[(28)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyl]lamine;
N-(2,2-dimethylpropyl)}-N,N-bis[(25)-2-(thiazol-5-ylmethoxycarbonylamino)-3-
phenylpropyllamine and N-(2,2-dimethylpropyl)-N,N-bis[(2R)-2-(thiazol-5-
yimethoxycarbonylamino)-3-phenylpropyllamine;
N-(2,2-dimethylpropyl)}-N-[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyl]-
N-[(25)-2-(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyllamine;
N,N-bis[2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyllamine;
N-(3-methylbutyl)-N,N-bis[(2R)-2-(thiazol-5-ylImethoxycarbonylamino)-3-
phenylpropyllamine;
N-benzyl-N,N-bis[(2R)-2~(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyllamine;
N-(4-pyridinylmethyl)-N,N-bis[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;
N-(cyclopropylmethyl)-N,N-bis[(25)-2-(thiazal-5-yimethoxycarbonylamino)-3-
phenylpropyllamine;
N-(3-methoxybenzyl)}-N-{(2R)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyl]-N-
[(2S)-2-(thiazol-5-ylmethoxycarbonylamino)-3-phenylpropyllamine; and
N-ethyl-N-[(2R)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyl]-N-{(2S)-2-
(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyllamine.
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44. A method for inhibiting cytochrome P450 monooxygenase comprising
administering to a human in need thereof an amount of a compound or a combination of
compounds of formula 1, or a pharmaceutically acceptable salt, prodrug, salt of a
prodrug, or a combination thereof effective to inhibit cytochrome P450 monooxygenase.

45. A method for inhibiting cytochrome P450 monooxygenase comprising contacting
the cytochrome P450 monooxygenase with an amount of a compound or combination of
compounds of formula | or a pharmaceutically acceptable salt, prodrug, salt of a

prodrug, or combination thereof effective to inhibit cytochrome P450 monooxygenase.

46. A compound selected from the group consisting of
N-sthyl-N,N-bis[(28)-2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyllamine;
N-(2,2-dimethylpropyl)-N,N-bis[(2S)-2~(thiazol-5~yImethoxycarbonylamino)-3-
phenylpropyllamine and N-(2,2-dimethylpropyl)-N,N-bis[(2R)-2-(thiazol-5-
ylmethaxycarbonylamino)-3-phenylpropyllamine;
N-(2,2-dimethylpropyl)—N—[(2R)-2—(thiazol—5—ylmethoxycarbonylamino)—3—phenylpropyl]-
N-{(28)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyllamine;
N,N-bis[2-(thiazol-5-yimethoxycarbonylamino)-3-phenylpropyllamine;
N-(3-methylbutyl)-N,N-bis[(2R)-2-(thiazal-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;
N-benzyl-N,N-bis[(2R)-2-(thiazol-5-ylmethaxycarbonylamino)-3-phenylpropyljamine;
N-(4-pyridinylmethyl)-N,N-bis[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-
phenylpropyllamine;
N-(cyclopropylmethyl)-N,N-bis[(28)—2-(thiazo!-5-ylmethoxycarbonylamino)-3-
phenyiprapyllamine;

N-(3-methoxybenzyl)-N-[(2R)-2-(th iazol-5-yimethoxycarbonylamino)-3-phenylpropyl]-N-
[(2S)-2-(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyljamine; and
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N-ethyl-N—[(ZR)-Z-(thiazol-5~ylmethoxycarbonylamino)—3—phenylpfopyl]-N—[(28)-2-
(thiazol-5-yImethoxycarbonylamino)-3-phenylpropyllamine; or a pharmaceutically
acceptable salt, prodrug, salt of a prodrug, or a combination thereof.
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