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IITLE
Substituted Cyclic Carbonyls and Derivatives Thereof
Useful as Retroviral Protease Inhibitors

EIELD OF THE INVENTION

This invention relates to substituted cyclic
carbonyls and derivatives thereof useful as retroviral
10 protease inhibitors, to pharmaceutical compositions
comprising such compounds, and to methods of using these
compounds for treating viral infection.

BACKGROUND OF THE INVENTION
. 15
Current treatments for viral diseases usually

involve administration of compounds that inhibit viral
DN& synthesis. Current treatments for AIDS {Dagani,
Chem. Eng. News, November 23, 1987 pp. 41-49) involve

2C administration of compounds such as 2',3'-
dideoxycytidine, trisodium phosphoncformate, ammonium
21-tungsto-9%-antimoniate, l1-b-D-ribofuranoxyl-1,2, 4-
triazole-3~carboxamide, 3'-azido-3'-deoxythymidine
(AZ2T), and adriamycin that inhibit wviral DNA synthesis;

25 compounds such as AL-721 and peclymannoacetate which may
prevent HIV from penetrating the host cell; and
compounds which treat the opportunistic infections
caused by the immunosuppression resulting from HIV
infection. None of the current AIDS treatments have

30 proven to be totally effective in treating and/or
reversing the disease. 1In addition, many of the
compounds currently used to treat AIDS cause adverse
side effects including low platelet count, renal
toxicity, and bone marrow cytopenia. .

)
[$4]

The genomes of retroviruses encode a protease that

is respcnsible for the proteolytic processing of one or
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more polyprotein precursors such as the pol and gag gene
products. See Wellink, Arch. Virol. 88 1 (1988).
Retroviral proteases most commonly process the gag
precursor into the core proteins, and also process the
pol precursor into reverse transcriptase and retroviral
protease.

The correct processing of the precursor
polyproteins by the retroviral protease is necessary for
the assembly of the infectious virions. It has been
shown that in vitro mutagenesis that produces protease-
defective virus leads to the production of immature core
forms whiﬁh lack infectivity. See Crawford et al., J.
Virol. Z3 832 (1985); Katoh et al., Virology 145 280
(1985). Therefore, retroviral protease inhibition
provides én ttractive target for antiviral therapy.

See Mitsuyz, Neture 325 775 (1987).

Mocr?, Biochem. Biophys. Res. Commun., 159 420
(13£2) disclcses peptidyl inhibitors of HIV protease.

., European Patent Application No. WO 89/10752

r.
es’'derivetives of peptides which are inhibitors

s
Patent No. 4,652,552 discloses methyl ketone
derivatives cf tetrapeptides as inhibitors of viral
protezses. U.S. Patent No. 4,644,055 discloses
nelomethyl derivatives of peptides as inhibitors of
roteases. European Patent Application No. WO
igcloses L-glutamic acid gamma-monohydroxamate

as an antiviral agent. PCT Patent Application
Puklication No. WD 93/07128, the disclosure of which is
hereby incorpcrated herein by reference, discloses
synthetic procedures for preparing HIV protease
inkibitors.

The ability to inhibit a viral protease provides a
method for klocking wviral replication and therefore a

or viral diseases, such as AIDS, that may

a
have fewsr cide effects, be more efficacious, and be
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less prone to drug resistance when compared to current

treatments.

The present invention concerns novel substituted
cyclic carbonyls and derivatives thereof, which
compounds are capable of inhibiting viral protease and
which compounds are believed to serve as a means of
combating viral diseases, such as AIDS. The substituted
cyclic carbonyls and derivatives thereof of this
invention provide significant improvements over protease
inhibitors that are known in the art. The substituted
cyclic carbonyls and derivatives of the invention are
particularly useful as inhibitors of HIV protease and
similar retroviral proteases.

The compounds of the invention are of low molecular
weight and may, therefore, have good oral absorption

properties in mammals.
CT1MTJTZ.9! gz'—“ 'T‘Ef‘ INS!EE’IIQN

Trhis inventior provides novel substituted cyclic

carbcnyl ccmpeunds and derivatives thereof, of formula

I) (described below) which are useful as inhibitors of
Rumar Immunodeficiency Virus (EIV). The compounds of
the present invention inhibit the HIV protease and
thereby inhibit HIV replication. The present invention
alsc includes pharmaceutical compositions containing
such compounds of formula I, and methods of using such
compounds for the inhibition of HIV in a sample
containing HIV, and methods of using such compounds for

the treatment of KHIV infection in a patient.

The present invention also includes methods of
inhibiting HIV or treating HIV infection by
administering a compound of formula (I) in combination

with one or more second therapeutic agents selected from
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other inhibitors of HIV and/or therapeutic agents for

the treatment of HIV-mediated disease conditions.

Also included in the present invention are
pharmaceutical kits comprising one or more containers
containing pharmaceutical dosage units comprising a
compound of formula I, for the treatment of HIV
infection.

T TED 1 R T 33

Thi~:invention provides novel substituted cyclic
carbonyl compounds and derivatives thereof, of formula
(I) (described below) which are useful as inhibitors of
Human Immunodeficiency Virus (HIV). The compounds of
the present inventicr inhibit the HIV protease and
thereky inhibit EIV replication. The present invention
also includes pharmaceutical compositions containing
such compéunds of formula I, and methods of using such
ccmpourds for the inhibition of HIV in a sample

contairning EIV, and methods of using such compounds for

ct
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ent of HIV infection in a patient.

[2] There'ils provided by this invention a compound of
|

-l .

R4A W R7A
R* R’
Rsa
R® fsa\ ke
R R
n
(I)
cr & pharmeceutically acceptable salt form thereof
whereir
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R4 and R? are independently selected from the following
groups:

hydrogen;

C1-Cg alkyl substituted with 0-3 R1l;

C2-Csg élkenyl substituted with 0-3 R11;

C2-Cg alkynyl substituted with 0--3 rR11;

a C3-C14 carbocyclic ring system substituted with
0-3 R11 or 0-3 R12;

2 5- to l0-membered heterocyclic ring system
cbntaining 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 6-2 R12;

-OR13; -SR3; CO»RI13;

- and R'# are independently selected from the

cllowing groups:

hydrogkn;

C:-Czg élkyl substituted with 0-€& halogen or 0-3
C1-C2 alkoxy:

benzyl substituted with 0-6 halogen or 0-3 C1-C2
alkoxy:

-1 -2 b
-0r13; -SRZ3; COuRi3;

R% and R4%A 'can alternatively join to form a 5-7 membered
carboéyclic ring substituted with 0-2 R12;

R7 and R7A can alternatively jein to form a 5-7 membered
carbocyclic ring substituted with 0-2 rR1Z;

n is 0, 1, or 2;

RS is selected from H; halogen; C1-Cg alkyl substituted
with 0-3 Rll’ _N(R20)2’ -—SRZO, —OR20, or =N3;

N
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R6® is independently selected from: hydrogen, halogen,

C1-Ce alkyl substituted with 0-3 R11, -N(R20)2,

-sr20, -or?l, or -Nj;

R> and R® can alternatively join to fcrm an epoxide or

aziridine ring; —-OCH2SCH20-;
-0C (=S)0-; -0OC(=0)C(=0)0-;
~0OC ( (CH2) 3NH2) (CH3)O~;

-0S (=0)0-; -NHC(=0)NH-;
~NHCH0-; —OCH2NH-;
=NHC.(=0)C (=0)0-;
-NHCkCH3)2O—;

=0C (=0) O-;
-0OC (CH3) 20~
~-0OC (OCH3) (CH2CH2CH3) O~;

-0C (=0)NH~; -NHC(=0)0O-;
-NHC (=S)0~; -0S(=0)NH-;
~0C (=0) C (=0) NH-; -NHC (=0) C (=0) NH-;
-0OC (CH3) 2NBE~- or any group that, when

-0CH20-;

administered to a mammalian subject, cleaves to.

fo:mia free dihydroxyl or diamino or hydroxyl and

amingy

c selected from hydrogen, halogen, C1-Cg alkyl,
w(ril),, -sr2¢, or -or20;

s selected from: hydrogen, halogen, Ci1-Cg alkyl,
-1u (2% ;, -sr20 or -or?3;

d¢ R5& car alternatively join to form =0, =S, or a
ezl ring;

d =82 can alternatively join to form =0, =S, or a

H

ketali ring;

ani R21 are independently selected from:
hydrogen;
C1-Cg alkyl substituted with 0-3 R1l;
C2-Cg alkoxyalkyl substituted with 0-3 R11;
C1-Cg alkylcarbonyl substituted with 0-3 rll;
C1-C¢ alkoxycarbonyl substituted with 0-3 R11;
C1-Cg alkylaminocarbonyl substituted with 0-3 RiZ;
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benzoyl substituted with 0-3 R1Z;
phenoxycarbonyl substituted with 0-3 R1Z;
phenylaminocarbonyl substituted with 0-3 R1Z; or
any group that, when administered to a mammalian
subject, cleaves to form a free hydroxyl,
amﬁno or sulfhydryl;

R1l is selected from one or more of the following:

H, keto, halogen, cyano, —CHzNR13R14, -NrR13R14,
-co2R13, -oc(=0)R13, -0R13, -s(0)mR13,

-NHC (=NH)NHR13, —C(=NH)NHR13, -C(=0)NR13Rr14,
~-NR14cC (=0)R13, =NOR14, -NR14C(=0)0R14,

-0C {=0)NR13r14, -NRr13C(=0)NR13Rr14,
-NR1450oNR13R14, -NR14502R13, -s0pNR13R1E,
-OP (0) (OR13),, C1-C4 alkyl, C2-C4 alkenyl,
C3-Cg cycloalkylmethyl, benzyl, phenethyl,
phenoxy, benzyloxy, nitro, C9-Ci10 arylalkyl,
hydroxamic acid, hydrazide, boronic acid,
sulfonamide, formyl, C3-Cg cycloalkoxy, Ci1-Cq
alkyl substituted with -NR13R14, cj-C4
hydroxyalkyl, methylenedioxy, ethylenedioxy,
C1-C4 haloalkyl, €1-C4 haloalkoxy, €1-C4
alkoxycarbonyl, pyridylcarbonyloxy, C1-C4
alkylcarbonyl, C1-C4 alkylcarbonylamino,
-0OCH2CO2E, 2-(l-morpholino)ethoxy, azido, or
-C(R14)=N(OR14);

1-3 amino acids linked together via amide bonds,
said amino acid being linked via the amine or
carboxylate terminus;

C3-C10 cycloalkyl substituted with 0-2 R12;

C1-C4 alkyl substitued with 0-2 r12;

ryl(C1-C3 alkyl) substituted with 0-2 R1Z2;

C2-Cg alkoxyalkyl, substituted with 0-2 R1Z;

C1-C4 alkylcarbonyloxy substituted with 0-2 R12;

C¢-Ci1¢ arylcarbonyloxy substituted with 0-2 R1Z;
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a C5~C14 carbocyclic réiidue substituted with 0-3
| rR12;
a 5- to 10-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
5 - selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-3 R12;
R11A j5 selected from one or more of the following:
i¢ E, keto, halogen, cyano, -CHzN(R13B)(R14B),
-N(R13B) (rR14B), -COzH, -OC(=0) (C3-C3 alkyl),
-OH, C2-Cg alkoxyalkyl, =C(=0)NH2,
-OC (=O)NHz, -NHC(=0)NH», -SO2NHz, C1-C4 alkyl,
C2-C4 alkenyl, C3-C10 cycloalkyl, C3-Cg
18 cycloalkylmethyl, benzyl, phenethyl, phenoxy,
benzyloxy, nitro, C7-Ci0 arylalkyl, hydroxamic
acid, hydrazide, boronic acid, C3-Csg
cycloalkoxy, C1-C3 alkyl substituted with
-NHz, C1-C4 hydroxyalkyl, methylenedioxy,
20 ethylienedioxy, C1-C4 haloalkyl, C1-C4
halca.koxy, Ci1~C4 alkoxycarbonyl, C1-C4
alkxylcarbonyloxy, C1-C4 alkylcarbonyl, <C1-C4
alkylicarbonylamino, -OCH2CO2H,
Z2-(l1-morpholino)ethoxy, azido, aryl(C;-C3

N
wm

| alkyl), a Cg-Ci14 carbocyclic residue;

& 3 tc i0-membered heterocyclic ring system
| contairing 1 to 4 heterocatoms independently
selected from oxygen, nitrogen or sulfur, said
heteroncyclic ring system substituted with 0-3

30 r12A;

ool
}3
N

, when a substituent on carbon, is selected from one
or mere cf the following:

rhervl, benzyl, phenethyl, phenoxy, benzyloxy,

2z hzlogen, hydroxy, nitrg, cyano, C1-Cq4 alkyl,

Ca-C¢ cycloalkyi, C3-C¢ cycloalkylmethyl, Cv-
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C10 arylalkyl, Ci-C4 alkoxy, -CO2H, hydroxamic

acid, hydrazide, boronic acid, sulfonamide,
formyl, C3-Cg¢ cycloalkoxy, -OR13, C;-C4 alkyl
substituted with -NR13r14, -Nr13r14, c2-Cg
alkoxyalkyl optionally substituted with
-Si (CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, Ci-C4 haloalkyl, C1-C4
haloalkoxy, C1-C4 alkoxycarbonyl, Ci1-C4
alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4
alkylcarbonylamino, -5(0)mR13, -s02NR13R14,
~NHSO2R14, -OCH2CO2R13,
2- (l1-morpholino)ethoxy, -C(R14)=N(OR14); or

a 5- cr 6-membered heterocyclic ring containing
from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur;

or R12 may be a 3- or 4~ carbon chain attached to
adjacent carbons on the ring to form a fused
5- or 6-membered ring, said 5- or 6- membered
ring being optionally substituted on the
a@liphatic carbons with halogen, Ci-Cq4 alkyl,
C1-C4 alkoxy, hydroxy, -NR13Rl4; or,

whnen R1Z is attached to a saturated carbon atom, it
may be =0 or =S; or when R12 is attached to
silfur it may be =0;

R12, when a substituent on nitrogen, is selected from

one or more of the following:

30

phenyl, benzyl, phenethyl, hydroxy, Ci-C4
Hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-Cg
cycloalkyl, €C3~C¢ cycloalkylmethyl,
-CH2NR13r14, -NR13Rr14, cy-Cg alkoxyalkyl, Ci-
C4 naloalkyl, C1-C4 alkoxycarbonyl, -CO2H, Ci1-
C4 alkylcarbonyloxy, Ci1-C4 alkylcarbonyl,
-C(R14) =N (OR14);
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when a substituent on carbon, is selected from one

or more'of the following:

phenyl, benzyl, phenethyl, phenoxy, benzyloxy,

'~ halogen, hydroxy, nitro, cyano, C1-C4 alkyl,
C3-C¢ cycloalkyl, C3-Cg cycloalkylmethyl, C7-
Ci10 arylalkyl, C3-C4 alkoxy, —=CO2H, hydroxamic
acid, hydrazide, boronic acid, sulfonamide,
formyl, C3-Cg¢ cycloalkoxy, -OR13, C1-C4 alkyl
substituted with =-NH;, -NH;, -NHMe, C2-Cg
alkoxyalkyl optionally substituted with
-S1i(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, Ci-C4 haloalkyl, C1-C4

} haloalkoxy, C1-C4 alkoxycarbonyl, C1-Cg
alxylcarbonyloxy, C1-C4 alkylcarbonyl, C1-Cg
alkylcarbonylamino, =-S(O)mMe, -SO2NH3,
-NZSO2Me, =-OCH2CO2RY3, 2-(1-morpholino)ethoxy,
-C (=NCH)NH7; or

- cr ¢-membered heterocyclic ring containing
fron. 1 to 4 heteroatoms independently selected

om Oxydgen, nitrogen or sulfur;

(al
LA

--y
H

- may be & 2- or 4- carbor chain attached tc
t carbcns on the ring to form a fused

n
5- cr 6-membered ring, said 5- or 6- membered

H
1

being optionally substituted on the
chatic carbons with halogen, Ci-Cg alkyl,

¥
\('.)

8]

‘4 alkoxy, hydroxy,-NH>; or,

LU T
(sl
N
L& ( 3 l(

whern - .5 attached to a saturated carbon atom,
it may be =0 or =S$; or when R!}2 is attached to

sulfur it may be =0;

when a substituent on nitrogen, is selected from

one|or more of the following:

pheﬁyl, benzyl, phenethyl, hydroxy, C1-C4
hydroxyalkyl, C1-C4 alkoxy, C1-Cq alkyl, Cz2-Cg

cyc-.o&lkyl, C2-C¢ cycloalkylmethyl, -CH2NH:,
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~NHz, C2-C¢ alkbxyalkyl, C1-C4 haloalkyl, Ci-
C4 alkoxycarbonyl, -CO2H, C1-C4
alkylcarbonyloxy, C1-C4 alkylcarbonyl,
—C(rNOH)NHz;

R13 is selected from:
H;
phenyl substituted with 0-3 R113;
benzyl substituted with 0-3 R113;
10 C1-C¢ alkyl substituted with 0-3 R11A;
C>-Caq alkenyl substituted with 0-3 R11A;
Ci1-Cs aﬂkylcarbonyl substituted with 0-3 R11A;
Cx1-C aikoxycarbonyl substituted with 0-3 R113;
C1-Ce¢ alkylaminocarbonyl substituted with 0-3 R113;
Ca-Cg aikcxyalkyl substituted with 0-3 R123;

(=)
i

ar amine protecting group when R13 is bonded to N;
& hydroky protecting group when R13 is bonded to O;

R>% ig hydroger, hydroxy, CF3, C1-Cg¢ alkyl substituted
2C with (-3 groups selected from OK, C;-Cq4 alkoxy,
nalogen) NEz, -NH(Cl-C4 alkyl), C1-C¢ alkoxy, C2-Ce
a.keny., phenyl, benzyl, an amine protecting group
wher R14 is bonded to N, a hydroxy protecting group
wher F24 is bonded to O;

25
F13 and ®l% can alter natively join to form -(CH2)4-,
- (CHp)g-, -CHPCHON(RIS)CH2CH2-, or -CH2CH20CH2CH2-;
R>3B and R14B are independently selected from H or C3~Cg
30 alkyl, or R13B and R4B can alternatively join to

form -(CH?2)4-, -(CH2)5~-, -CH2CH2N(R1S5)CH2CH2-, or
-CE2CH20CH2CH2-;

1
-

wm

R is E or CH3;

[#%]
n
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selected from:

-N(R22)C(=5)C(=S)N(R23)-;
—N($22)C(=NR24)C(=NR24)N(R23)-;
-N(R22)5(=2')N(RZ3)-;
-N(R22)s(=2’) 2N (R23)~;
~N(R22)p (=0) (R242)N(R23)-;
-c<§25)(R26>S(=z')cta27)(R28)—:
-C(R25) (R26) 5 (=2") 2C (RZ7) (R28)-;

-C (R25) (R26) P (=0) (R243)C(R?7) (R28)-;
~-C(R25) (R26) 5 (=2" )N (RZ3)-;

-C(R25) {R26) 5 (=27)2N(RZ3)~;
-c<5?5)(R26>5(=0)2o-;

-C (Rr25) (R26)p (=0) (R242)N(RZ3)-;
—-C(R25) (R26) P (=0) (R242)0-;
~C(R25)C(F2)C(=0)N(R23)~;
~C(R25)C(F2) S (=0) 2N (R23) -;

-S3(=2)~;

-C (R25) (R26)C (R34) (R35)C(R27) (R28)~;
~N(R22)¢ (R34) (R35)N (R23)-;

-n=C (E36) K (R23)-;

N (R€2y =C (R36)N (R23)-;
-N(R22)P (R242)N(R23)~;
_:(_:Z\..

-N (R‘?Z) C(=C (:.:_363) (R36b) )N (R23)—
-X(F22)C(=Z)K(R23)C(=2)~

wherein!

C, S, NR2%;

cr NR2%;

~
A ’
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R22 and R23 are independently selected from the
following: |
hydrogen;
C1-Cg alkyl substituted with (-3 rR31;
5 C2-Cg alkenyl substituted with 0-3 R31;
C2-Cg alkynyl substituted with 0-3 R31;
a C3-C1h carbocyclic ring system substituted with
0-5 R31 or 0-5 R32;
a 5- to 10-membered heterocyclic ring system
10 cdntaining 1 to 4 hetercatoms independently
sélected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R32;
-QR22a; -N(R222) (R22b);
15
R222 and R22b are independently selected from the
following:
hydrogen;
Ci1-Cg alkyl substituted with 0-3 R31;
20 Co-Cg alkenyl substituted with 0-3 R31;
C2-Cg alkynyl substituted with 0-3 R31;
& C3-C14 carbocyclic ring system substituted with
045 R31 or 0-5 R32;

8- to l0-membered heterocyclic ring system

[+1]

25 containing 1 to 4 heterocatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R32;

30 R24 is selected from: hydrogen; hydroxy:; amino; C1-Cg4
alkyl;]cl-C4 alkoxy; mono- or di-(C1-Cg¢
alkyl)amino; cyano; nitro; benzyloxy; -NHSO2aryl,
aryl being optionally substituted with
(C1-Cglalkyl;

35 '
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| H
R24a is selected from: hydroxy; amino; C1-C4 alkyl:
C1-C4 alkoxy; mono- or di-(C1-Ce¢ alkyl)amino;

cyano; nitro; benzyloxy; or phenoxy:;

5 R25 and R27 are independently selected from the
following:
hydrogen;
C1-Cg alkyl substituted with 0-3 R31;
C2-Cg alkenyl substituted with 0-3 r31;
10 C2-Cg alkynyl substituted with 0-3 R31;
a C3-C14 carbocyclic ring system substituted with
0-5 R31 or 0-5 R32;
2 5- to 10-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
5 selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R32;

-a -1
-0r:%; -gr13;

4

Ny
(@8]
T
o
M
v
a2
Q
bt
[pV]
(04
v
1
m
b
3
[0}
D
Mo
[t
3
Q.
o
jo]
ct
[ e
0
1]
=
o
Q
t
®
Q.
+h
a]
Q
3

: e>kyl substituted with 0-3 halogen or 0-3
T1=-C2 alkoxy;

Z: benf,- substituted with 0-2 halogen or 0-3 C1-C2
alkoxy;
-CE33; -spld
r2% i: selected from

W
&)
Q.
—
Q
(3]
o
:1

Pa alkyl substituted with 0-3 halogen or 0-3 Ci-
Co2 alkoxny;
benﬁyl substituted with 0-3 halogen or 0-3 C3-C2
alkoxy;

1)
«n
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alternatively, R22, R25, or RZ6, independently, can join
with R4 or R4R to form a 5- or 6-membered fused
heterocyélic ring or carbocyclic ring substituted
with 0-2 R12, said heterocyclic ring containing 1-3
heterocatoms independently selected from N, S, or O;
or

alternatively, R23, R27, or RZB’ independently, can join
with R7 or R7A to form a 5- or 6-membered fused
heterocyclic ring or carbocyclic ring substituted
with 0-2 R12, said heterocyclic ring containing 1-3
hetercatoms independently selected from N, S, or O;
or

alternatively, R22, R25, r26, r23, r27, r28, R34, or R33
can join with R or R6 to form a 0- to 7-membered
bridge tc form a carbocyclic or heterocyclic ring,
said bridge being substituted with 0-2 R12 and said
bridge containing 0-3 heterocatoms independently
selected from N, §, or © (i.e., a O-membered bridge
is formed when R22, R25, R26, r23, r27, Rr28, R34,
or R35 are taken together with R% or R® to form a
direct bond); |

alternatively R28 or R23 can join with R72 to form a
direc ﬂcnd

alternatively R26 or R22 can join with R4? to form a
direct bond;

R31 is selected from one or more of the following:

keto, halogen, cyano, -CHoNR13Rr1l4, -Nr13Rr14,
-Co2R13, -c(=0)R11, -oC(=0)R13, -0R13, c2-C¢
alkoxyalkyl, -S(O)mR}3, -NHC(=NH)NHR13,
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-16-
~C (=NH)NHR13, -c(=0)NR13R14, -NRl4C(=0)R13,
=NOR14, -NR14C(=0)0OR14, -OC(=0)NR13R14,
-NR13c(=0)NR13R14, -NR13C(=5)NR13R14,
-NR145coNR13R14, -NR14502R13, -sooNR13R14, c3-
Cq4 alkyl, C2-C4 alkenyl, C3-C10 cycloalkyl,
C3-Cg¢ cycloalkylmethyl, benzyl, phenethyl,
phenoxy, benzyloxy, nitro, C7-Ci10 arylalkyl,
hydroxamic acid, hydrazide, oxime, boronic
acid, sulfonamide, formyl, C3-Cg cycloalkoxy,
C1-C4 alkyl substituted with -NR13R14, Ci1-C4

'  hydroxyalkyl, methylenedioxy, ethylenedioxy,

C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4
alkoxycarbonyl, Ci1-C4 alkylcarbonyloxy, C1-Cg
alkylcarbonyl, Ci1-C4q alkylcarbonylamino,
-OCH2CO2R*3, 2-(1-morpholino)ethoxy, azido,
-C(R*4)=N(0OR14); or

i-3 aminc acids, linked together via amide bonds,
seid amino acid being linked via the amine or
carboxylate terminus;

a Cy-C14 carbocyclic residue substituted with 0-5
F32Z; or

a 5- tc 1l0-membered heterocyclic ring system
containing 1 to 4 heterocatoms independently
selected from oxygen, rnitrogen or sulfur, said
heterocyclic ring system being substituted

. iyl
with (-2 R<<;

whén a substituent on carbon, is selected from one

or more of the following:

phenethyl, phenoxy, C3-Cjp cycloalkyl, C3-Cg¢
cycloalkylmethyl, C7-Cjip arylalkyl, hydrazide,
oxime, boronic acid, C2-Cg alkoxyalkyl,
methylenedioxy, ethylenedioxy, C1-C4
alkylcarbonyloxy, -NHSO2R14, benzyloxy,
halogen, 2z-(l-morpholino)ethoxy, -CO2R13,
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C 7
hydroxamic acid, -CONR13NR13R14, cyano,
sulifonamide, -CHO, C3-Cg cycloalkoxy,
-Nr13R14, -C(R14)=N(OR!4), -NOz, -OR13,
-NR4O0R41, -50,R13, -SOnNR13R14, -c(=0)NR13R14,

5 -Oj(=O)NR13R14, ~C(=0)R11l, -oC(=0)R11,

-OCO2R!3, phenyl, -C(=0)NR13-(C;-C4 alkyl)-
NR13R14, -c(=0)NR40R41, ¢)-C4 haloalkyl, C1-Cs
ha%oalkoxy, C2>-C4 haloalkenyl, Ci1-Cy4
haloalkynyl,

10 ~C (=0)NR13C (R11) ;NR13R14;

~C (=0) NR13¢C (R11) ,NR13CO,R13;
~C (=0)NR13-(Cy-C; alkyl)-NR13CO,Rr13;
c<=v)NiR13)—(c1—c4 alkyl)-R11;
~C(=0)C(R11) oNR1I3R14,;
15 -C(=0)C(R1) 2NRI3CO,R1I3; ~C(=0)-(C3-Cq alkyl)-
N&23R14; -C(=0)-(C1-C4 alkyl)-NR13CO2R13; or
C:-C¢ alkoxy substituted with 0-4 groups selected
frm: R11, C3~Cg cycloalkyl, -COzR13,
-C(=0)NRI3Rr14, -NRI3R14 or OH;
20 C--Cq4 a%kyl substituted with 0-4 groups selected
from: R11, =NR14, =NNR13cC (=0)NR13R14,
=NNR13C (=0)OR13, or -NR13R14;
C2-Cs alkenyl substituted with 0-4 R11;

C2-C¢ alkynyl substituted with 0-4 R11;

1

25 & 5~ or €-membered heterocyclic ring containing
from 1 to 4 heterocatoms independently selected
from oxygen, nitrogen or sulfur, substituted
with 0-2 R1Z;

30 cr R32 may be a 3~ or 4- carbon chain attached to
adjacent carbons on the ring to form a fused
54 or 6-membered ring, said 5- or 6- membered
ring being optionally substituted on the
aliphatic carbons with halogen, C1-C4 alkyl,

($8]
wm

Ci1-C4 alkoxy, hydrexy, -NR13Rr14; or,
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. -18-
when * 32 is attached to a saturated carbon , it may
'be =0, =S, =NOH; or when R32 attached to

‘sulfur it may be =0;

5 R32, when'a substituent on nitrogen, is selected from
one or more of the following:
phenyl, benzyl, phenethyl, hydroxy, Ci1-C4
]hydroxyalk91, C1-C4 alkoxy, Ci~C4 alkyl, C3-C¢
cycloalkyl, C3-Cg cycloalkylmethyl,
1¢C -CH2NR13R14, -NR13R14, C2-Cg alkoxyalkyl, Ci-
C4 haloalkyl, C1-C4 alkoxycarbonyl, ~CO2H, Ci-
Cq4 alkylcarbonyloxy, Ci1-C4 alkylcarbonyl,
. ~C(R14)=N(0R14);

|
R34 is selected from:

'
n

hydrogen:;

OR13;

SF13;

helecgen;
2¢ N (r3%) (R39)

33
~C¢ alkyl substituted with 0-3 R1l;
£.-Cz zikoxy substituted with 0-3 R11;
C1-C0¢ thioalkyl substituted with 0-3 R11;

is selected from:

Ny

[(F)]

7
{
«

hydrogen;

OR23;

SRlﬂ;

haldgern;

K (R3E) (R39)

C1—C5 alkyl substituted with 0-3 r11;
Cl—ée alkoxy substituted with 0-3 R11;
C1-Cg¢ thioalkyl substituted with 0-3 R1l;

)
[&]
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R34 and R35 can be taken together to form a ketal ring,

a 3- to B-membered carbocyclic ring, or a 5- or
6-membered heterocyclic ring containing 1-3
heteroatpms independently selected from the group
O, N, or S, said ring substituted with 0-5 R11;

R36 is selectgd from:

R37

ol
La)
m

r4l

H
C1-Cg alkyl substituted with 0-3 R11;
-Cor37;
—NR38R39V
-CN;
~-NO»

is selecth from:
hydrogen:;
C1-Cg alkyl substituted with 0-3 R1l;
hydroxyl;
C1-Cs alkoxy substituted with 0-3 R11;
-NR38Rr39;

and R3S are independently selected from:
hydroger;
C2-Cg alkyl substituted with 0-3 R11; or
an amine protecting group:;

is selected from: H, C3-C3 alkyl;

is selected from:
-C (=0) NR13R14;
-C (=0) NR13NR13R14;
-C(=O)C(R11)2NR13R14;
-C(=O)C(Rll)zNR13NR13R14;
~C (=0) C (R11) oNR13CO,R13;
-C(=0)H;
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-C (=0)R13;

~C(=p)-(C1-C4 alkyl)-NRI3R14;

-C(=0)~-(C1-C4q alkyl)-NR13CO,R13;

1-3 amino acids linked together via amide bonds,
and linked to the N atom via the carboxylate

terminus;
provided Fhat:

R4, F4A, R7 and R7A are not all hydrogen;
|

wher W is -0C(=2)0-, -SC(=2)-, -C(=2Z)-,
-p(=3) (P248)-, -5(=2')- or -S(=2’)2-, R4 and R7 are not

hydroger..

W ois
-C(=2)-;
1 -z (=0) (p242,)-
-5(=2')~;
| -8(=2')2-; and
r. 1z . cr 2

izl PreferreZ compcunds of this invention are those
ccmpcunds decscriped above with the proviso that when:
W is -C(P25) (r26)s(=2’)C(R27) (R28)~; and

then R25,|92€, 327, and R28 are not all H.
(1z2] Preferrec compounds of this invention are those

ibed above with the proviso that when:
£,s<—z )2C (R27) (R28)-; and
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-21-

Zz' is C or NH;' ,
then RZZ, R26,|R27, and R28 are not all H.

!
[1d] Preferred compounds of this invention are those
compounds described above with the proviso that when:
W is -S(=0)- or -S(=0)2-; and
n=1;
then R® and R®2 are not both H.

!
[le] Preferred compounds of this invention are those
compounds desc?ibed above with the proviso that when:

w is -C(R25) (rR26)c(rR34) (R35)C(R27) (R28)-; and
n = 0; and

R34 or R35 are N(R38) (R39);
then R2%, R2€, R27, and R28 are not all H.

[2; Further preferred compounds of the invention of

formula (I) are compounds of formula (II):
| W
| R4 R7
RS ' RE
(II)

{
r a pharmaceutically acceptable salt form thereof

wherein:

R4 and R’ arelindependently selected from the following
groups: !

hydrogen}

C1-C4 alkyl substituted with 0-3 r11;

C3-C4 alkenyl substituted with 0-3 R11;

| This Sheet Has Been Replaced
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-22-

R6 is hydrogen or -OR21;

RZ20 and RZ1 are independently hydrogen or any group

t

hat ?

when administered to a mammalian subject,

cleaves to form a free hydroxyl;

R1l is selected from one or more of the following:
H, keto, halogen, -CH,NR13r14, -Nr13r14, -oR13,
C2-Cy alkoxyalkyl, C2-C4 alkenyl, ;

C3-Cipo cycloalkyl substituted with 0-2 R1Z;
C.-vﬁ alkyl substituted with 0-2 R12;
aryl}bl—v3 alkyl) substituted with 0-2 R1Z;

m

s
-J_.I

-
-
~

substituted with 0-3 R12; or

to> 10-membered heterocyclic ring system

© ccrnteining 1 to 4 heteroatoms independently

PE S-PN

wn
L

ected from oxygen, nitrogen or sulfur, said
Feterocvclic ring system being substituted

A -
with 0-2 x—z;

& substituent on carbon, is selected from one

the £sllowing: _

phenethyl, phenoxy, benzyloxy,
1-C¢ alkyl, C7-Ci10 arylalkyl, C1-C4
- (i-morpholino)ethoxy, =-CO2E,
nvdrcxamic acid, hydrazide, -C(R14)=N(OR14),
cyano, boronic acid, sulfcnamide, formyl, C3-
C¢ cycloalkoxy, —-OR13, C3-C4 alkyl substituted
with -NR13r14, -NR13R14, methylenedioxy, Ci1-Ca
halcalkyl, C1-C4 alkylcarbonyl, C1-C4
alkylcarbonylamino, hydroxy, hydroxymethyl; or
cr é-membered heterocyclic ring containing
from 1 to 4 heteroatoms independently selected

.
P4

cm cxyger, nitrogen or sulfur;
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R-2, when & substituent on nitrogen, is selected from

benzyl or methyl;
|

R13 is K, C1-C4 alkyl, C3-Ce alkoxyalkyl, C2-C4 alkenyl,
or benzyl;

r14 is OH, H, CF3, Ci1-C4 alkyl, C1-C4 alkoxy, NH2, C2-C4
alkenyl, or benzyl;

13 and F!4 can alternatively join to form -(CH2)4-,
-(CHz)sW, ~CH2CHoN (R15) CH2CH2-, or -CH2CH20CH2CH2-;

el
B
w

W is selected from:

-X(R22)C (=2)0~;
—N(R22) L (=0)C(=CIN(RZ3)~;

-2 (r25) (r28)C(=2)5-;

-N(R22)$(=z')x(323)-;

-%(F22)8(=2")2N(R23)~;
-%(R22)p (=0) (P248) (N(R23)-;
-C(RZS)LRZE)S(=Z’)C(R27)(st)—:
-C(R25) (rR26)5(=2")2C(R27) (RZ8)-;
-C(r25)(RZ8)P (= =0) (R242)c(r27) (R28)-;

c(rR25)i(R2€)s (=27 )N(RZ3) ~;

-v<n2~)(a<°)5(= ") N (R23)~;
~C(R25)C (F2)C(=0)N(RZ3)~;
—C(R25)C(F2)5(=0) 2N (R23)-;
-C(=2)=-:

-p (=0) (R243)-;

-S(=2")-;

-S(=2")2-;

wherein:
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-24-
2 is O, $, or N-CN;

Z2' is O;

5 R22 and R23 are independently selected from the
following:
hydrogen;
Ci-Cg alkyl substituted with 0-2 R31;
C2~-Cg alkenyl substituted with 0-1 R31;
10 C2-C4 alkynyl substituted with 0-1 R31;

R242 jis selected from -OH, C1-C4 alkoxy, mono- or di-
(Cv-Cg 2lkyl) amino;

un
ey
N
92]
o
3

nd R27 are independently selected from the

egre hwiroger cr halogen;

K<« iec selected from one or more of the following:
keto, halogen, -»HZNR13R14, —NR13R14, —OR13, C2-C4
a-koxyalkyl, C1~C4 alkyl, C2-C4 alkenyl, C3-
| C-p cycloalkyl, -C(R!4)=N(OR14), -CO2R13,
-S(0)pR13;

aryl substituted with 0-5 R32; or

Ny
{n

2 5- to 1C-membered heterocyclic ring system
30 containing 1 to 4 heterocatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R32;

(¥}

5 E3<, wher. @ subegtituent on carbon, is selected from cne

Ic..ow
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phenethyl, phenoxy, C3-Ceg cycloalkyl, C2-Cg¢

cygloalkylmethyl, C7-Ci0 arylalkyl, hydrazide,
oxime, boronic acid, C2-Cg alkoxyalkyl,
methylenedioxy, ethylenedioxy, C1-C4
5 alkylcarbonyloxy, -NHSO2R14,
.benzyloiy, halogen, 2-(l-morpholino)ethoxy,
-CO2R13, hydroxamic acid, -CONR13NR13Rr14,
cyano, boronic acid, sulfonamide, -CHO, C3-Cg
cycloalkoxy, -NR13R124, -c(R14)=N(OR14), NO2,
10 -0rR13, -NR40R41, -50,R13, -SORNRI3R14,
-C (=0)NR13R14, -oc(=0)NR13R14, -c(=0)R11,
-0C (=0)R11, -0CO2R13, phenyl, -C(=0)NR13-(C;-Cy
alkyl)-NR13Rr14, -c(=0)NR40R41, C;-C4
haloalkyl, C1-C4 haloalkoxy, C2-C4
15 haloalkenyl, Cy-C4 halcalkynyl, or
-C (=0)C(R11) pNRI3R14; -C(=0)C (R11),NR1I3CO,R13;
~C(=0)~(C1-Cs alkyl)-NRI3R14;
-C(=0)-|(C1~Cq alkyl)-NR13CO,RY3; or
C1-C4 alkoxy substituted with 0-3 groups selected
2¢ from: R, C3-C¢ cycloalkyl, -CO2R13,
-C(=0)NR13r14, -NrRI3R14 or OH;
Ci1-C4 alkyl substituted with 0-3 groups selected
from: R*!, =NRr14, =NNR13C(=0)NR13R14 or
-NR13R14;

N
w

C2-C4 alkenyl substituted with 0-3 R11;

Cp-Cs alkynyl substituted with 0-3 R11;

a2 5- or 6-membered heterocyclic ring containing
from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur, substituted

30 with 0-3 R1Z;

R32, when a substituent on nitrogen, is selected from
benzyl or methyl;
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| - -26-
is selected from:
hydrogen; '
C1-C2 alkyl;
C1-C2 alkoxy;

is selected from:
hydrogen;
C1-C2 alkyl;
C1-C2 alkoxy:

and R35 can be taken together to form a ketal ring,
a 3- to 8-membered carbocyclic ring, or a 5- or
¢é-membered heterocyclic ring containing 1-2
heteroatoms independently selected from the group

C, N, or &;

ic seiected from: Ci1-C2 alkyl: cor37; nNr38r33; cN;

Clia;

ic selected from:
rydrogern; C3-C2 alkyl substituted with C-1 ril;
hydroxyl; C1-C2 zlkoxy substituted with 0-1 R11;
Np3ER39;

3% are independently selected from:

hvdéroger;; C1-C2 alkyl substituted with 0-3 R1; or

(97

ali

en amine protecting group;

[
n

selected from: H, Ci1-C3 alkyl;
|

selected from:

-C (=0)NR13R14;

-C (=0)NR13NR14;

—-C (D) C(R11) oNR13p14;

-Z(=D)C (F1-) gNRI3NRI4;

-
tn
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-C(=0)C (R1) 2NR13COZR13;
~C(=0)H;
-C(=0)R11;

-C(=0)-(C1-C¢ alkyl)-NR13R14;

-C (=0) - (C1-C4 alkyl)-NR13COzR13;

1-3 amino acids linked together via amide bonds,
and linked to the N atom via the carboxylate
terminus;

|

provided that:
R4 and R7 are not both hydrogen;

when W is -C(=2)-, -P(=0) (R248)~, -s5(=2')- or
-S(=2")2-, R4 and R7 are not hydrogen;

when R4 'is hydrogen, at least one of the following
is not hydrogen: R22, R25, R26 and RZ28,

{3! Preferred compounds of the present invention are

compounds of formula (II) described above, wherein:

R4 and R7 are selected from benzyl, fluorobenzyl,
pvrrolylmethyl, methoxybenzyl, isobutyl,
nitrobenzyl or aminobenzyl, thienylmethyl,
hydroxybenzyl, pyridylmethyl, naphthylmethyl;

RS is -OH;
|
R® is hydrogen or -OH;
R13 is K, Ci7rCq alkyl, C2-C4 alkenyl, or benzyl;
R4 is ou, H, CF3, Ci1-Cq alkyl, Ci1-Cgq alkoxy, NHz, C2-C4

alkenvl, or benzyl;
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R13 and R4 can alternatively join to form -(CH2)4-,
- (CH2) 5=, =-CH2CH2N(R5)CH2CH2-, or -CH2CH20CH2CH2-;

5 W is selecfed from:
-N(R22) 5 (=0) 2N (R23) -;
-C(=0)~-;
-C (=N-CN)-;

1C R22 and R23 are independently selected from the
following:
hydrogen;
Ci-Cg alkyl substituted with 0-2 R31;
C2-C¢ alkenyl substituted with 0-2 rR31;
Cp-C¢ alkynyl substituted with 0-2 R31;

[
wn

F-- is selected from one or more of the following:

rhaloger, -OR13, Ci1-C4 alkyl, C3-C10 cycloalkyl,

-C(R14)=N(OR14), -CO2R13, -5(0)nR13;
20 aryl substituted with 0-5 R32; or

& hetergcyclic ring system chosen from pyridyl,
gyrimidinyl, triazinyl, furanyl, thienyl,
pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl,
benzcfuranyl, indolyl, gquinolinyl,

N
tn

isogquinolinyl, oxazolidinyl, benzimidazolyl,
. benzotriazolyl, indazolyl, benzoxazolinyl,
ber.zoxazolyl, said heterocyclic ring being
ubstituted with 0-2 R32;

n

30 R32, when & substituent on carbon, is selected from one
or more of the following:
-CONEs, -COsH, =—CHO, -CHoNHOH, -CH,NR13R14,
-KRr13Rr14, nydroxy, hydroxymethyl,
' -C(R4)=N(OK!4), halogen, methoxy, methyl,
r..trz, c¢yano, allyloxy, -CO2CH3, -NHCHO,

~NETCCZH:, -0CC2CH3, -CH=NCH2CH20E,

W
w
[
1
4
(

~
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-OCONHCH2CgHy, —-OCONHCH3, oxazolidinyl, -C=C-

CH2O0H, =-COCH3, hydroxyethyl, Ci-C3 alkyl (said
alkyl substituted with 0-4 halogen, or OH),
tetrazoly., —-OCHQ2CONH2, -CONHNH2,
5 —CH=NNHCONH2, -CONBOCH3, —-CH2CH(OR)CH20H,
adamantamido, hydroxyethoxy, dihydroxyethyl,
-C(NE2)=NH, -CONHCH3, -B(OH)2z, benzyloxy,
-CONHCH2CH3, —CON(CH2CH3)2, methylthio,
-SO2CH3, -NHCONH2, ~-NHCONHCH3,
10 =NHCOCH2N (CH3) 2, -NHCOCH2NHCH3,
~NHCOCH2NHCO2CHE2Cg¢Hs, —-NHCOCH2NH2,
-NHCOZH (CH2) NHCO2CH2CgHs,
-NHZOCTH (CH2CgH5 ) NHCO2CH2CgHs, ~NHCOCH (CH3)NE2,
-NHCOCH (CH2CgH5) NK2, -CO2CH2CH3,
~CONHCE2CH2CH3, —-CONHCH(CH3)2, =-CH2-imidazole,
buv(bH3)1, -CH(OH)CF3, -CO-imidazole, -CO-
py#azoly;, oxadiazolidinonyl, -COCF3,
~COCH2CH3, -COCH2CH2CH3, pyrazolyl, -SO2NH2,
-C(CH2CH3)=N(OH) or -C(CF3)=N(0OH), phenyl,
2C acetoxy, hydroxyamino, -N(CH3) (CHO),
cyﬁ' cprepylmetheoxy, -CONRI3R14, -CONHOH,
(diethylaminocethyl)aminocarbonyl,

=
(94}

{N-ethyl,N-methylaminoethyl)aminocarbonyl,
(4-methylpiperazinylethyl)aminocarbonyl,
(pyrrolidinylethyl)aminocarbonyl,

N
(%]

(“ipe idinylethyl)aminocarbonyl,
-NE {CCCHNECE3, N=-(2-(4-
morpholino)ethyl)aminocarbeonyl, or N-(2-(N,N-
dimethylamino)ethyl)aminocarbonyl;
30
PR32, when a substituent on nitrogen, is methyl.

[4] Also préferred are compounds of formula (IId):

W
w
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(I1d)
or a pharmaceutically acceptable salt form thereof,

wherein:

R4 and R7 are independently selected from: benzyl,

fluorcbenzyl, pyrrolylmethyl, methoxybernzyl,

’J
(&}

iscbttyl, nitrobenzyl or aminobenzyl,
t+hienvlmethyl, hydroxybenzyl, pyridylmethyl,
na p***ylnetby;,
%22 and R23 are independently selected from the group
pS cnsi:t;nb of:

hvéro

Q

er.,, allyl, methyl, ethyl, propyl,

0

opropylmethyl, n-butyl, i-butyl,

res
Y
<

1
HoCH=C (CH3)2, pyridinylmethyl, methallyl, n-

(@]
1A

T

entyl, i-pentyl, hexyl, benzyl, isoprenyl,

3]
(4]

propargyl, picolinyl, methoxyethyl,
cyclohexylmethyl, dimethyl-butyl, ethoxyethyl,
me:uyl—oxazollnylmethyl, naphthylmethyl,
methyloxazolinylmethyl, vinvloxyethyl,
! pentafluorobenzyl, quinolinylmethyl,
25 carboxybenzyl, chloro-thienyl,
benzyloxybenzyl, phenylbenzyl, adamantylethyl,
cyclopropylmethoxybenzyl, methoxybenzyl,
methylbenzyl ethoxybenzyl, hydroxybenzyl,

hydroxymethylbenzyl, aminobenzyl,
£

(a2
<

srmylbenzyl, cyanobenzyl, cinnamyi,
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allyloxybenzyl, fiiorobenzyl, difluorobenzyl,
chlorobenzyl, chloromethylbenzyl,
fluoromethylbenzyl, iodobenzyl, bromobenzyl,
cyclobutylmethyl, formaldoximebenzyl,
cyclopentylmethyl, nitrobenzyl, (H2NC(=0))-
benzyl, carbomethoxybenzyl, carboethoxybenzyl,
tetrazolylbenzyl, and dimethylallyl,
aminomethylbenzyl, (O-benzyl-
foFmaldoxime)benzyl, {O-methyl-
formaldoxime)benzyl, (CH302C0O)-benzyl,
(HOCH2CH2N=CH)-benzyl,
N-benzylaminocarbonylbenzyl, N-
methylaminobenzyl, N-ethylaminobenzyl,
N-ethylaminomethylbenzyl, acetylbenzyl,
acktoxybenzyl, N-hydroxylaminobenzyl,
phenylmethyl-boronic acid, N-
hydroxylaminomethylbenzyl,
(hbdroxyl)ethylbenzyl, (CH3C (=NOH) ) -benzyl,
(H2NNHC (=0) ) =benzyl, (H2NC (=0)NHN=CH)-benzyl,
(CH30NKC (=0) ) -benzyl, (HONHC (=0))-benzyl,
(CH3NHC (=0) ) -benzyl,
N,N-dimethylaminocarbonylbenzyl,
(HOCH2CH (OH) CH20) ~benzyl, hydroxyethoxybenzyl
(oxazolidinyl)-benzyl, (hydroxyl)hexyl,
hexenyl, (hydroxy)octyl, (hydroxyl)pentyl,
(carboxy)pentyl, {(carbomethoxy)pentyl,
(methylthio)benzyl, (methylsulfonyl)benzyl,
N,N-dimethylaminomethylbenzyl,
N-methylaminomethylbenzyl, glycylaminobenzyl,
N,N-dimethylglycylaminobenzyl,
alanylaminobenzyl, (N-
phenylmethoxycarbonyl)alanylaminobenzyl,
phenylalanylaminobenzyl, (N-
ppenylmethoxycarbonyl)
pqenylalanylaminobenzyl, (CH3CH2NHEC (=0)) -

berzyl, N,N-diethylaninocarbonylbenzyl,
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' -32-
N-ethylaminocarbonylbenzyl,

IN-propylaminocarbonylbenzyl,
N,N-diisopropylaminocarbonylbenzyl, N, N-di-n-
propylaminocarbonylbenzyl,

. (hydroxypropynyl)benzyl, (imidazolyl-~C(=0))-
benzyl, (pyrazolyl-C(=0))~-benzyl,
(pyridylmethylaminocarbonyl)benzyl,

. (oxadiazolidinonyl)benzyl,
trifluoroacetylbenzyl, (pyrazolyl)benzyl,
(H2NSO2)-benzyl, dihydroxyethylbenzyl,
(MeHNC (=0) NH) -~benzyl, (H2NC(=0)NH)-benzyl,
(HC (=O)NH) -benzyl, methanesulfonylpentyl,

methoxypentyl, N-formyl-N-methylaminobenzyl,
acetylaminobenzyl, propionylbenzyl,
butyrylbenzyl, (CH3CH2C(=NCH))-benzyl,
(trifivorohydroxyethyl)benzyl, (CF3C(=NOH))-
“benzyl, (K-methylglycyl)amincbenzyl,

{ {4-morpholinc)ethyl)aminocarbonylbenzyl,
(N,N-dimethylaminoethyl)aminocarbonylbenzyl,
(N,N-diethylaminoethyl)aminocarbonylbenzyl,
(é-methylriperazin-1-
ylethyl)aminocarbonylbenzyl, (benzyl-

NEC (=0)0O)benzyl, (CH3NHC(=0)O)benzyl,

{(KH2C (=D)CH20)benzyl, (NH2C(=NH))benzyl,

( (N-phenylmethoxycarbonyl)glycylamino)benzyl,
(imidazolylmethyl)benzyl, ((CH3)3C-
C(=0))benzyl, (N-methyl-N-
ethylamincethyl)aminocarbonylbenzyl,
{(pyrrolidinylethyl)am: nocarbonylbenzyl,
(piperidinylethyl)aminocarbonylbenzyl,

(HoNC (=NOH) ) benzyl, (HoNC(=NCH)) fluorobenzyl,
benzimidazclylmethyl, benzotriazolylmethyl,
indazolylmethyl, benzoxazolinylmethyl,
benzisoxazolylmethyl, thienvlmethyl,

furyimethyl.
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C -33-
[5) Specifically preferred are compounds of formula

(I11d):

(I1d)

or a pharmacFutically acceptable salt form thereof,
10 selected from the group consisting of:

the coﬁpound of formula (IId) wherein R2Z2 is 4-
nydroxymethylbenzyl and R23 is 4-
hydroxymethylbenzyl;

13 the compound of formula (II1d) wherein R2Z2 is 3-
hydroxybenzyl and R23 is 3-hydroxybenzyl;
the compound of formula (IId) wherein R22 is
cyclopropylmethyl and R23 is
cyclopropylmethyl;
20 the compound of formula (IId) wherein R22 is 2~
naphthylmethyl and R23 is 2-naphthylmethyl;
the compound of formula (IId) wherein R22 is 4~
hydroxybenzyl and R23 is 4-hydroxybenzyl;
the compound of formula (IId) wherein R2? is 3-
25 aminobenzyl and R23 is 3-aminobenzyl;

the compound of formula (IId) wherein R2%2 is 3-
hydroxymethylbenzyl and R23 is 3-
hydroxymethylbenzyl;

the compound of formula (IId) wherein R2Z2 is

30 3- (Me2NCHC (=0) NH) -benzyl and R23 is 3-

(Me2NCEZC (=0)NH) -benzyl;
|
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-34-
the compound of formula (IId) wherein R22 is
' 3-formaldoximebenzyl and R23 is 3-
formaldoximebenzyl;
the compound of formula (IId) wherein R2Z2 is
5 " 3- (CH3C (=N-OH) ) -benzyl and R23 is 3~ (CH3C(=N-
OH))-benzyl;
the compound of formula (IId) wherein R22 jis 3-(2-
. amino-4-thienyl)benzyl and R23 is 3-(2-amino-
| 4-thienyl)benzyl;
10 the compound of formula (IId) wherein R22 jis 5~
' hydroxypentyl and R23 is 5-hydroxypentyl;
the 'compound of formula (IId) wherein R?2 is 6~
Lhydroxypentyl and R23 is 6-hydroxypentyl;
the compound of formula (IId) wherein R2Z is 5-

| hydroxypentyl and R23 is 2-naphthylmethyl;

[
(€2}

t\@lﬁompound cf formula (IId) wherein R22 is 5-
hydroxypentyl and R23 is 4-
hydroxymethylbenzyl;

tre compourd of formula (IId) wherein R2Z2 is 5-

Ny
(@]

rLydroxypentyl and R23 is 3-

| nydroxymethylbenzyl.

o
N
1))
M —
(8]
(8]
3
0

emcodiment of this invention is a compound
Z:Z cf the formula (I)
|
RdA W R7A
R4 R’
. . RSa
R RSa RG
n
(1)
30
cr = tharmacestically acceptable salt form thereorl

e e T ma.
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R4 and R’ aré independently selected from the following
groups: }

C1-Cg alkyl substituted with 1-3 R11B;

C2-Cg alkenyl substituted with 1-3 R11B;

C2-Cg alkynyl substituted with 1-3 R311B;

-0R13; -sR13; CcoO,R13;

P4% and R7A hre independently selected from the
following groups:
hydrogen;
Ci1-C4 alkyl substituted with 0-6 halogen or 0-3 Ci-
Cz alkoxy:
penzyl substituted with 0-€ halogen or 0-3 C31-C2
aLKOXY;
-OrR+3; '-SR*3; COzR13;

F% anc R%% ¢an alternatively join to form a 5-7 membered

carrocvclic ring substituted with 0-2 R1Z;

F znd B’A can alternatively join to form a 5-7 membered
carpocvelic ring substituted with 0-2 R1Z;
. is G, I, or 2;

FS ic selected from H; halogen; C1-Cg alkyl substituted
with 0-3 R}1, -N(R20)z, -sr20, -0r20, or -Ng;
|
R® is independently selected from: hydrogen, halogen,
l—ngalkyl substituted with 0-3 R11, -N(Rzo)z,
-sr2C¢, -0r2l, or ~-Nj3;

R> and R® Jan alternatively join to form an epoxide or
aziridine ring; -OCH2SCH20-; -0C(=0)0-; ~OCH0-;
-0C(=8)0~-; ~0C(=0)C(=0)0-; ~0OC(CH3)20-;
-CC((CHZ) 3NE2) (CH3)0~-; —-OC(OCEj3) (CECHCH3) O-;
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-OS(LO)O—; -NHC(=G)NH—?6-OC(=O)NH-; -NHC (=0) O-;

~-NHCH20-; -OCHzNH-; =NHC(=S)0~-; -0S(=0)NH-;

~NHC (=0) C (=0) O-; =-0C(=0)C(=0)NH~; -NHC(=0)C (=0)NH-;

-NHCHCH3)20—; -OC (CH3) 2NH- or any group that, when
5 administered to a mammalian subject, cleaves to

form a free dihydroxyl or diamino or hydroxyl and

amino;

R5a

p--

s selected from hydrogen, halogen, C1-Cg¢ alkyl,

10 -N(R20),, -srR20, or -OR20;

R62 is selected from: hydrogen, halogen, Ci1-C¢ alkyl,
-N(R2%) 3, -sSr20 or -0RZ1; '

n
)

and P28 can zlterretively join to form =0, =S5, or a

[

ketdl ring;

arnd P52 cazn zlternatively join to form =0, =S, or a

ketal rin

.
r

(o]

LY anz 521 are independently selected from:
hydrogern;
C1-Tg alkyl substituted with 0-3 R11;
3-C¢ alkoxyalkyl substituted with 0-3 R11;

N
w
Oy
|
}

Ce¢ alkylcarbonyl substituted with 0-3 r11;
C1-C¢ alkcxycarbonyl substituted with 0-3 rR11;
Cl-is zlkylaminocarbonyl substituted with 0-3 R1Y;
oyl substituted with 0-3 R12;
phenoxycarbonyi substituted with 0-3 R12;
30 phehylaminocarbonyl substituted with 0-3 R12; or
any group that, when administered to a mammalian
subiect, cleaves to form a free hydroxyl,

| amino or sulfhydryl;

3z Fel iz séle::ed frcm cne or more of the following:
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-37-
E, keto, halogen, cyano, —-CHpNR13Rrl4, -NR13Rr14,
-copr13, -oc(=0)R13, -0R13, -s(0)mR13,
—NHC (=NE)NHR13, -C(=NH)NHR13, -cC(=0)NR13Rr14,
_NR14c (=0)R13, =NOR14, -NR14c(=0)OR14,
5 ~oc (=0) NR13R14, ~-NR13C (=0)NR13Rr14,
-NR1450,NR13R14, -NR14502R13, -so2NR13R14,
-OP(0) (OR13)5, C1-Cq alkyl, C2-C4 alkenyl, C3-
Cg cycloalkylmethyl, benzyl, phenethyl,
phenoxy, benzyloxy, nitro, C7-Ci0 arylalkyl,
10 hdeoxamic acid, hydrazide, boronic acid,
sulfonamide, formyl, C3-Cg cycloalkoxy, Ci1-C4
alkyl substituted with -NR13r14, ci-Cq
hyd}oxyalkyl, methylenedioxy, ethylenedioxy,
C1-C4 haloalkyl, €1-C4 haloalkoxy, €1-C4
i5 alkbxycarbonyl, pyridylcarbonyloxy, C1-C4
alkylcarbonyl, C1-C4 alkylcarbonylamino,
-OCH2CO2H, 2-(l1-morpholino)ethoxy, azido,
-C ('R14) =N (op\lé) ;
1-3 aminc acids linked together via amide bonds,
20 saié amino acid being linked via the amine or
carboxylate terminus;
C3-C10 cycloalkyl substituted with 0-2 r12;
C1-C¢ alkyl substitued with 0-2 RrRlZ;
aryl (C1-C3 alkyl) substituted with 0-2 R1Z;
25 C>-Cg allkkoxyalkyl, substituted with 0-2 R1Z;
C1-C4 alkylcarbonyloxy substituted with 0-2 R12;
Cg-Ci10 arylcarbonyloxy substituted with 0-2 R12;
a C5-C14 carbocyclic residue substituted with 0-3

R12; or

30 a 5- to 'l10-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
seiected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-3 R12;

35
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-38-
R11A ig sélected from cne or more of the following:
H, keto, halogen, cyano, -CHoNR13BR14B, _NR13BRrl14B,
' ~CO2H, -0OC(=0) (C1-C3 alkyl), =OH, C2-Cg
I-alkoxyalkyl, -C (=0)NH2, -0OC(=0)NH2,
5 | =NHC (=O)NH2, -SO2NH2, C3-Cq alkyl, C2-C4
" alkenyl, C3-Cip cycloalkyl, C3-Cg
cycloalkylmethyl, benzyl, phenethyl, phenoxy,
benzyloxy, nitro, C7-Cip0 arylalkyl, hydroxamic
i acid, hydrazide, boronic acid, C3-Cg
10 cycloalkoxy, C1-C4 alkyl substituted with
-NH2, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, €1-C4
haloalkoxy, C1-C4 alkoxycarbonyl, C1-Ca
 alkylcarbonyloxy, C1-C4 alkylcarbonyl, Ci1-C4

(=)

g '+ alkylcarbonylamino, -OCH2CO2H,
Z- (l-morpholino)ethoxy, azido, aryl(Ci-C3
, &lkyl), a Cg-C14 carbocyclic residue; a 5- to
10-membered heterocyclic ring system
. containing 1 to 4 heteroatoms independently

2¢C . selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system substituted with 0-3
F32 is selected from one or more of the following:
25 ~cEoNp13AR14, -NR13AR14, -coyR13A, -0C(=0)R13A,

-0r13%, -5(0)mRI3A, -NHC(=NH)NHR13A,
| -C(=NE)NHR132, -Cc(=0)NR13AR14, -NRrl4C(=0)R13A,
- -0C (=0)NR13AR14, _-NR13AcC (=0)NR13AR14,
| ‘ -NE- 450,NR13AR14, -NR14507R13A, -sopNR13AR14,
30

-CHzNR13R14A, -NR13R14A, _c(go)NR13R14A'
-NR14AC (=0)R13, =NOR14A, -Nrl4C(=0)OR14A,
-0C (=0) NR13R14A  _NR13C (=0)NR13R14A,
l -NF’.14ASOZNR13R14A, -NR14A502R13, -SOZNR13R14A,
~itrz, hydrazide, boronic acid, formyl, C3-C:¢
3t ' cvclcelkoxy, C2-Cq4 alkyil substituted with
|
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i -39-
—NR}3R14, C1-C4 hydroxyalkyl, methylenedioxy,
etHylenedioxy, C1-C4 haloalkyl, C1-C4
haloalkoxy, Pyridylcarbonyloxy, C1-C4
alkylcarbonyl, -OCH2CO2H,
5 Z—Jl-morpholino)ethoxy, azido,
-C(R14) =N (OR14), -OP (0) (OR13);
C7-C10 cycloalkyl substituted with 0-2 R1Z;
C1-C4 alkyl substitued with 1-2 R1Z;
aryl (C1-C3 alkyl) substituted with 1-2 R12;
10 Co-Cg alkoxyalkyl, substituted with 1-2 R1Z;
C1-Cy4 alkylcarbonyloxy substituted with 1-2 R12;
Ce-Cic aFylcarbonyloxy substituted with 1-2 R1Z;

R12, when a substituent on carbon, is selected from one
15 or more of the following:
rhenyl, 'benzyl, phenethyl, phenoxy, benzyloxy,

heiogen, hydroxy, nitro, cyano, C1-C4q alkyl,
C3-Cg cycloalkyl, C3-Cg cycloalkylmethyl, C7-
Ci1p arylalkyl, C1-C4 alkoxy, —CO2H, hydroxamic

20 acﬁd, hydrazide, boronic acid, sulfonamide,
fokmyl, C3-Cg cycloalkoxy, =-OR13, C1-Cg4 alkyl
substituted with -NR13R14, -Nr13r14, c2-Cg
alkoxyalkyl optionally substituted with
-Si(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,

25 ethylenedioxy, C1-C4 haloalkyl, C1-C4
haﬁoalkoxy, C1-C4 alkoxycarbonyl, C1-C4
al&ylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4
alkylcarbonylamino, =S (0)mR13, -SO02NR13R14,
-NHSO2R14, -OCH2CO2R13,

30 2- (1-morpholino)ethoxy, -C(R14)=N(OR14);

a 5- q 6-membered heterocyclic ring containing

from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur;

or R12 jmay be a 3- or 4- carbon chain attached to

w
wn

adjacent carbens on the ring to form a fused
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5- or 6-membered igng, said 5- or 6- membered
ring being optionally substituted on the
aliphatic carbons with halogen, C1-C4 alkyl,
Ci1-Cs4 alkoxy, hydroxy, -NR13Rr14; or, when R12
5 ' {s attached to a saturated carbon atom, it may
‘be =0 or =S; or when R12 is attached to sulfur
it may be =0;
R12, when!a substituent on nitrogen, is selected from
10 one Fr more of the following:
phenyl, benzyl, phenethyl, hydroxy, C1-C4
hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-Cs¢
cycloalkyl, C3-Cg cycloalkylmethyl,
-cHoNR13RY4, -NRr13R14, Cc2-Cg alkoxyalkyl, Ci-
15 C4 naloalkyl, C1-C4 alkoxycarbonyl, -CO2H, Ci-
. C4 alkylcarbonyloxy, C3-C4 alkylcarbonyl,
. -C(R14) =N (OR14);

Rle, whqn a substituent orn carbon, is selected from one
20 cr more c¢i the f£cllowing:
pheny, berizyl, phenethyl, phenoxy, benzyloxy,
halogen, hydroxy, nitro, cyano, C1-C4q alkyl,
C:-Cg cycloalkyl, C3-Cg cycloalkylmethyl, C7-
Ci0 &rylalkyl, C1-C4 alkoxy, —-CO2H, hydroxamic

[\
w

acid, hydrazide, boronic acid, sulfonamide,

l formyi, C3-Cg cycloaikoxy, -0R13, C3-C4 alkyl
substituted with -NH2, -NH,, -NHMe, C2-Cg
alkoxyalkyl optionally substituted with
-Si(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,

30 ' ethylenedioxy, C1-C4 haloalkyl, C1-C4

haloalkoxy, C1-C4 alkoxycarbonyl, Ci1-C4

alkylcarbonyloxy, C1-C4 alkylcarbonvl, Ci1-C4
alkylcarbonylamine, -S(O)mMe, -—-SO2NH2,

-NHSOpMe, =-OCH2CO2R13, 2-(l-morphoclino)ethoxy,

-Z (=KOB)NH2;

()
(92
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a 5- or G—membered het:iocycllc ring containing
from 1 to 4 heteroatoms independently selected
from{oxygen, nitrogen or sulfur;

cr R12A may be a 3- or 4- carbon chain attached to

5 adjacent carbons on the ring to form a fused
5- or 6-membered ring, said 5- or 6- membered
ring}being optionally substituted on the
aliphatic carbons with halogen, C1-C4 alkyl,
C1-C4 alkoxy, hydroxy, or -NH2; or,

i0 when R12P is attached to a saturated carbon atom,
it may be =0 or =S; or when R!2 is attached to
Sdlfu: it may be =0;
|

Rle, when a substituent on nitrogen, is selected from

(W
mn

one or more of the following:
phenyl, benzyl, phenethyl, hydroxy, C1-C4
hydrnyalkyl, C1-Cq4 alkoxy, C31-Cq alkyl, C3-C¢
cyvcloalkyl, C3-Cg cycloalkylmethyl, -CH2NH3,
-N#z, C2-Cg alkoxyalkyl, C1-C4 haloalkyl, C1-
20 Cg alkoxycarbonyl, -CO2H, Ci1-Cqg
alkxlcarbonyloxy, C1-C4 alkylcarbonyl,
-C (=NOH)NH2:;
RS is selected from:
25 H;
phenyl substituted with 0-3 R113;
benzyl substituted with 0-3 R1A;
C1-Cg alkyl substituted with 0-3 R11A;
Co-C4 alkenyl substituted with 0-3 R113;
30 C1-Cg alkylcarbonyl substituted with 0-3 R11A;
C1-Ce alkoxycarbonyl substituted with 0-3 R11A,
C1-Cg alKylaminocarbonyl substituted with 0-3 R113;
C3-Cg alkoxyalkyl substituted with 0-3 R113;
ar amine protecting group when R3 is bonded to N;
35 & hydroxy protecting group when R!3 is bonded to 0O;

|
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-42-
RI3A is selected from:

phenyl substituted with 1-3 R13;
benzyl substituted with 1-3 R11;
C1—Cé alkyl substituted with 1-3 R1l;

5 C2-C; alkenyl substituted with 1-3 R11;
C1-Cg alkylcarbonyl substituted with 1-3 R1l;
C1-Cg alkoxycarbonyl substituted with 1-3 R11;
C1-Cg alkylaminocarbonyl substituted with 1-3 R11;
C3-Ck alkoxyalkyl substituted with 1-3 R11;

10 an amine protecting group when R13 is bonded to N;
a hydroxy protecting group when R13 is bonded to O;

R1% :s nylrogen, hydroxy, CF3, C;-Cg¢ alkyl substituted

witth-S grours selected from OH, C1-C4 alkoxy,

15 halohen, NH2, -NH(C1-C4 alkyl), C1-Cg alkoxy, C2-Cg
alkery., phenyl, benzyl, an amine protecting group
whern F!% is bonded to N, a hydroxy protecting group
when R4 is bonded to 0O;

|

27 RISE ic Ci-T¢ alkyl substituted with 1-3 groups selected
frer OE, C1-C; alkoxy, halogen, NHz, -NH(C1l-C4
alkyi), C:-C¢ alkoxy, C2-Cg¢ alkenyl, phenyl, benzyl,
an amire protecting group when R4 is bonded to N,

|
& hydroxy pretecting group when R14 is bonded to O;

2%
F22 ang B-% can alternatively join to form - (CH2)4-
~(C®z)E5-, -CH2CH2N(RIS)CHpCH2-, or ~CH2CH20CH2CH2-;
R 3% and K14B are independently selected from H or C1-Cs
3¢ alkyl, or RI3B and R14B can alternatively join to

form - (CH2)4-, -(CH2)5-, —CH2CH2N(R15)CH2CH2-, or
-CH5CH20CH2CH2-;

[¥Y]
w
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20

25

30

! :-4 3-
m is 0, 1 or 2y

W is selectedlfrom:
-N(R22)C (=2z)N(R23) -,
-0C (=2) O,
—N<R22)c€=2)o—,
-c(rR25) (R26)c(=2)C (R27) (R28) -,
-N(R22)C(=2)C(R27) (R28) -,
-c (R25) (r26)c(=2)0-,
-N(R22) C (=0) C(=0) N (R23) -,
—C(RZS)(32GjC(F2)C(R27)(R28)—,
-C(R25)(326)N(c33)(O)C(RZ7)(R23)-,
-C(R25) (R26)N(0R2%) C (R27) (R28) -,
-C(R25) (R26)C(=2)S-,
-N<R22)sq=0)N(R23)—;

waiereln: |

z is O, S, NR24;

R22 and RZ3 afe independently selected from the

following:

C1-Cs alkyl substituted with 0-3 R31;

Co>-Cg alkeryl substituted with 0-3 rR31;

C2-Cg alkynyl substituted with 0-3 R31;

a C3-Ci¢ carbocyclic ring system substituted with
0-5' R31 or 0-5 R32;

a 5- to 10-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
hegerocyclic ring system being substituted
with 0-2 R32;

-OR222; +N(R222) (R22D);

R222 and R22P are independently selected from the
fcllowing: !
|
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. e _44_
hydrogen;

C1-Cé alkyl substituted with 0-3 R31;
Co-Cg alkenyl substituted with 0-3 R31;
Cz—Cé alkynyl substituted with 0-3 r31;
5 a C3+Ci4 carbocyclic ring system substituted with
. 0-5 R31 or 0-5 R3Z;
a 5-'to 10-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
, selected from oxygen, nitrogen or sulfur, said
10 (heterocyclic ring system being substituted
with 0-2 R32;
i
R24 jic selected from: hvdrogen; hydroxy; amino; C1-C4
alkyl; Ci1-Cs¢ alkoxy; mono- or di-(C1-Cg
15 alky?)amino; cyano; nitro; benzyloxy; -NHSO2aryl,
aryl being cptionally Subs*‘tuted with

(C.-Sg)alkyl;

|
P23 and RZ7 are indeperdently celected from the
1

N
«©
Hy
0
b
}
Q
3
}
8]
[(§]

c

1-Cﬁ alky. substituted with 0-3 rR31;
alkeryl substituted with 0-3 rR31;

Cs alkynyl substituted with 0-3 rR31;

N
tn
m
(@]
(a)

-C1¢4 carbocyclic ring system substituted with
31 or 0-5 R32;

tc 10-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
30 heterccyclic ring system being substituted

. with 0-2 R3Z;

-OP.1I3; -SEi3;

82€ ang pE are independently selected from:
hydﬂogen;

taldoer.;

{a)
[%a]
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-45-

C1-C4 alkyl substituted with 0-3 halogen or 0-3 Ci-
Co alkoxy;
benzyl éubstituted with 0-3 halogen or 0-3 C31-C2
al#oxy;
5 ~OR13; -sR13;

rZ9 is selected from:

hydrogen;
C1-Cy4 aikyl substituted with 0-3 halogen or 0-3
10 C1-C2 alkoxy;

benzyl substituted with 0-3 halogen or 0-3 C1-C2
alkoxy;

altern tivelL, R22, R25, or r2S, independently, can join
15 with R4!or RAA to form a 5- or 6-membered fused
heterocyclic ring or carbocyclic ring substituted
with 0-2 R12, said heterocyclic ring containing 1-3
heteroétoms independently selected from N, S, or O;

1
1

oxr
2C '
al:erna:ivel}, R23, R27, or R28, independently, can join
with R? or R72 to form a 5- or 6-membered fused
heteroéyclic ring or'carbocyclic ring substituted
with 042 R12, said heterocyclic ring containing 1-3
25 heterocatoms independently selected from N, S, or O;

or
. |
alternatively, RZ22, R25, Rr26, Rr23, r27, Rr28, R34, or R3S
can join with RS or R6 to form a 0- to 7-membered
30 bridge:to form a carbocyclic or heterocyclic ring,
said bridge being substituted with 0-2 R12 and said
bridge' containing 0-3 heteroatoms independently
selected from N, S, or 0 (i.e., a O-membered bridge
is forfned when R22, rR25, Rr26, r23, R27, Rr28, R34,
3s or R35)are taken together with R® or R® to form a
direct bond);
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alternatibely R28 or R23 can join with R7A to form a
|

direct

bond;

|
alternatively R26 or R22 can join with R4A to form a

dire

kt bond;

R31 is selected from one or more of the following:
|
keto, halogen, c¢yano, —CHZNR13R14, -NR13R14,

-co2R13, -c(=0)R1l, -oc(=0)R13, -0OR13, C2-C¢
. alkoxyalkyl, -S(O)mR13, -NHC (=NH)NHR13,

" -C(=NH)NHR13, -c(=0)NR13R14, -Nrl4C(=0)R13,

. =NOR14, -KRrl4c(=0)0R14, -0C(=0)NR13Rr14,
-NR13c (=0)NR13R14, -NR13C(=s)NR13R14,

! -NR14s0onR13R14, -NR14502R13, -s0pNR13R14, C3-
' C¢ alkyl, C2-Cq alkenyl, C3-Cip cycloalkyl,

C3-Cg cycloalkylmethyl, benzyl, phenethyl,
phenoxy, benzyloxy, nitro, C7-Ci0 arylalkyl,

, hydroxamic acid, hydrazide, oxime, boronic

(@]

ecid, sulfonamide, formyl, C3-Cg cyclocalkoxy,
-C; alkyl substituted with -NR13R14, ci-Cy4
Lydroxyelkyl, methylenedioxy, ethylenedioxy,
C1-C¢ hzloalkyl, €1-C4 haloalkoxy, C1-C4

, alkoxycarbonyl, C1-C4 alkyicarbonyloxy, C1-C4

2.kylcerbonyl, C1-C4 alkylcarbonylamino,
-CCE2C02R13, 2-(1-merpholino)ethoxy, azido,

1 =C(R¥4)=N(ORY4); or
|
1-3 aminc acids, linked together via amide bonds,

said aminro acid being linked via the amine or
carboxylate terminus;

4 carbocyclic residue substituted with 0-5
2,

oy

‘r'()

or
to 10-membered heterocyclic ring system
containing 1 to 4 heterocatoms independently

ceiectecd from oxygen, nitrogen or sulfur, said
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het;rocyclic ringQZystem being substituted
with 0-2 R32;
|

wher a sgbstituen: on carbon, is selected from one

or more ¢f the following:

phenethyl, phenoxy, C3-Cigp cycloalkyl, C3-Ce¢
cycioalkylmethyl, C7-Cip arylalkyl, hydrazide,
oxime, boronic acid, C2-C¢ alkoxyalkyl,
methylenedioxy, ethylenedioxy, C1-C4
alkylcarbonyloxy, -NHSO2R14, benzyloxy,
halogen, 2-(l-morpholino)ethoxy, ~CO2R13,
hydroxamic acid, -CONR13NR13R14, cyano,
sulfonamide, ~CHO, C3-Cg cycloalkoxy,
-NE13R14, -c(R14)=N(OR14), -NOz, -OR13,
~NR40R4Y, -50,R13, -SOnNR13R14, -C(=0)NR13R14,
-0 (=0)NR1I3R14, -c(=0)R}1, -0C(=0)R11,
-0CO2R*3, phenyl, -C(=0)NR13-(Ci-C4 alkyl)-
NR%3R14, -C (=0)NR40Rr41, c,-C4 haloalkyl, C31-Cq
ha}oalkoxy, C2-C4 haloalkenyl, C3-Cj4
haloalkynyl;

-C(=O)N$13C(R11)2NR13R14;

-C(=0)NR33C(R%1) 2NR1I3CORY3;

~C(=0) K3~ (C3-C; alkyl)-NRI3COpR13;

J("“)‘(v1’»q alkyl)-R!; or

bl

) = C2=Cy alkyl)-NR13Rr14;

-C(=0) -ycl-c4 alkyl)-NR13CO,R13;

C1-C4 alkoxy substituted with 0-4 groups selected
from: R1, C3-Cg¢ cycloalkyl, -COsR13,
~-C(=0)NR13R14, -NR13R14 or OH;

C:-C4 e&lkyl substituted with 0-4 groups selected
fgom: R}1, =NR14, =NNR13C(=0)NRI3R14,
=NNR13C (=0) OR13, or -NR13Rrl4;

Co=Cy :Lkenyl ubstituted with 0~4 R1i;

Cz~Cs alkynyl substituted with 0-4 R1l;

|
|
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& 5-. or 6-membered hetgfocyclic ring containing
from 1 to 4 heteroatoms independently selected
. from oxygen, nitrogen or sulfur, substituted
| with 0-2 R1Z;
5 or R32 may be a 3- or 4- carbon chain attached to
adjacent carbons on the ring to form a fused
5- or 6-membered ring, said 5- or 6- membered
ring being vptionally substituted on the
aliphatic carbons with halogen, C1-C4 alkyl,
10 - C31-C4 alkoxy, hydroxy, -NR13Rr14; or, .
when R32 is attached to a saturated carbon , it may
| be =0, =S, =NOH; or when R32 attached to
i sulfur it may be =0;

-
o
o

(98]
[y

wheﬁ & substituent on nitrogen, is selected from

orne ¢cr more c¢f the following:

pheqvl, benzvl, phenethyl, hydroxy, C1-C4
rhyéroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C¢

lkxyl, C3-Cg cycloalkylmethyl,

23R4, -Nr13rl4, cy-Cg alkoxyalkyl, Ci-

Tz haloalkv;, C1~-C4 alkoxycarbonyl, -CO2E, Ci:-

-C (k= )-h(OP14).

Ny
i
T
AN
Y
(U]
(n
(il

2 fror: B, C:-C3 alkyl

"
i
n
n
(

30 -C (=2
"C("TO (‘11)2NP*3NR14'
(2C) C (R:1) 5NR13CO,R13;

3i-(C:~-Cq &lkyl)-NRI3R14;
S, =(C=C¢ &lkyl)-NRI3CO,R13;

ta)
€1l
I 1
LI ]
e -F
(o]
po)
2
ra
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1-3 amino acids linked together via amide bonds,
and linked to the N atom via the carboxylate
terminus.

5 [7) Preferred compounds of this second embodiment are
compounds of formula (II):

| W,
R¢ R?
|
R® RS
10 | (11)

or a pharmaceutically acceptable salt form thereof
wherein: |

[
i

R4 and R’ arg independently selected from the following
groups: !

hydrogen;

Ci-Cs alkyl substituted with 1-3 R11;

C3-Cq alkenyl substituted with 1-3 R11;

RS is selected from -OR20;
R6 is hydrogen or -OR21;

25 R20 and R?1l are independently hydrogen or any group
that, when administered to a mammalian subject,
cleaves to form a free hydroxyl;

t
R1l is selected from one or more of the following:

30 H, keto, halogen, cyano, -CHaNR13R14, -Nr13R14,
~Co2R13, -oc(=0)R13, -OR13, -s(0)mR13, C2-C4
alkenyl, C3~-Cg cycloalkylmethyl, nitro,
qydrazide, cronic acid, formyl, C3~Cg
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cycloalkoxy, methylenedioxy, ethylenedioxy,
C1-C4 haloalkyl, C1-C4 haloalkoxy, €1-C4

alkoxycarbonyl, C1-C4 alkylcarbonyl, C1-C4

;alkylcarbonylamino, -0CR2CO2H,

5 ' -C(R14)=N(OR1Y);
C3-C10 cycloalkyl substituted with 0-2 R12;
C1-C4 alkyl substitued with 0-2 R12;
aryl'(C1-C3 alkyl) substituted with 0-2 R1Z;
C2-Cg alkoxyalkyl, substituted with 0-2 R12;

10 C1-C4 alkylcarbonyloxy substituted with 0-2 R1Z,
Ce-Ci0 arylcarbonyloxy substituted with 0-2 R1Z,
aryl substituted with 0-3 R12; or
a SJ to l10-membered heterocyclic ring system

containing 1 to 4 heteroatoms independently

I .
selected from oxygen, nitrogen or sulfur, said

[ s , , .
| heterocyclic ring system being substituted

| with 0-2 R12;

=
wn

|
F21lE g selected from one or more of the following:

20 -cE,nE13AR14, -NR1I3AR14, -cOpR13R, -oC(=0)R133,

. -0r132, -5(0)pRI3A, —CHzNRl3R14A, -NrR13Rr145A,
ritro, hydrazide, boronic acid, formyl, C3-C¢
cycloalkoxy, Ci-C4 hydroxyalkyl,

rethylenedioxy, ethylenedioxy, C1-C4

ro
n

} nzloalkyl, C1-C4 haloalkoxy, C1-C4
alkylcarbonyl, C3-Cs4 alkylcarbonylaminc,
' -OCH2CO02H, -C(R!%)=N(OR1%);
7-%10 cycloalkyl substituted with 0-2 R1Z;
C1-C¢ alkyl substitued with 1-2 R12;
aryl{C1-C3 alkyl) substituted with 1-2 R12;
Co-Ce alkoxyalkyl, substituted with 1-2 RZ;
C:-T; alkylcarbonyloxy substituted with 1-2 R1Z;

Ce—$1; arylcarbonyloxy substituted with 1-2 RrRi2;

(V3
(@)

|
|
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R12, when a substituent on carbon, is selected from one
or more of the following:
phenyl,:benzyl, phenethyl, phenoxy, benzyloxy,
halogen, C1-C4 alkyl, C7-C10 arylalkyl, C1-C4
alﬁoxy, 2- (1-morpholino)ethoxy, —CO2H,
hydroxamic acid, hydrazide, -C(R14)=N(OR14),
cyano, boronic acid, sulfornamide, formyl, C3-
C¢ |cycloalkoxy, -OR13, C3-C4 alkyl substituted
with -NR13r14, -NR13R14, methylenedioxy, C1-C4
haloalkyl, C1-C4 alkylcarbenyl, C1-C4
al*ylcarbonylamino, hydroxy, hydroxymethyl; or
a 5- or;G-membered heterocyclic ring containing
from 1 to 4 heteroatoms independently selected

from oxygen, nitrogen or sulfur;

bl . ‘ o .
R-Z, wher a substituent on nitrogen, is selected from
benzyl cr methyl

23 ig H, C; % Cq alkyl, C3-Cg alkoxyalkyl, C2-C4 alkenyl,

or benzyl; |

- is selefted from:

phenyl substituted with 1-3 R11;

benzvi Lubs*ltn‘ed with 1-3 R11;

C1-Cg alkyl substituted with 1-3 R11;

Co-Cq a#kenyl substituted with 1-3 R1l;

C3-Cg alkoxyalkyl substituted with 1-3 R1l;

an amide protecting groupr when R13 is bonded to N;

a hydroxy protecting group when R13 is bonded to O;

R14 is OH, H, CF3, C3-Cq alkyl, Ci-C4 alkoxy, NH2, C2-Cg4
alkenyi, or benzyl;
!
K143 i C1~Cg alkyl substituted with 1-3 groups selected
from OH, Ci1-Cg @lkoxy, halogen, NHz, -NH(C1l-C4
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s =52

alkyl), C3-C¢ alkoxy, C2-Cg¢ alkenyl, phenyl, benzyl,

an amine protecting group when R14 is bonded to N,

a hyHdroxy protecting group when R14 is bonded to O;

R13 and R4 can

alternatively join to form - (CH2)4-,

- (CHp)5-, -CH2CH2N(R15)CH2CH2-, or -CH2CH20CH2CH2-;

R1S is H or CH3;

W is selected from:
~N(R22)C(=Z)N(R23)-;
-N(RR2)C(=2)0-;
-N(R22)C(=2)C(R27) (R28)-;
-N (R22) ¢ (=0) C (=0) N (R23) -;

wherein: |

v selected from the

[

C1-Cg aikyl substituted with 0-2 R31;

C2-Cg alkenyl substituted with 0-1 R31;

Co2-CT¢4 alkynyl substituted with 0-1 R31;

-2 .
527 ig selected
]

hydrogen;

|
C1-Gsg alkyi

frcm the fcllowing:

substituted with 0-3 R31;

C2-Gg alkenyl substituted with 0-3 R31;
C3-Cg alkyrnyl substituted with 0-3 R31;

|
R28 is hydrogen

t

ki

(Y

-
Jod

.5 selected
|

or halogen;

£ron one cor more of the following:
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ketc, halogen, cyano, -CH,NR13r14, -NrR13R14,
-CozR13, -c(=0)R11, -0C(=0)R13, -0OR13, C2-Cé
alkoxyalkyl, -S(O)mR13, ~-NHC(=NH)NHR13,
-C (+NH)NHR13, -c(=0)NR13R14, -nrRl4cC(=0)R13,

5 =NOR14, -NR14C(=0)OR14, -0C(=0)NR13Rr14,
-NR13¢ (=0)NR13R14, -NR13(C(=5)NR13R14,
-NR1450,NR13R14, -NR14S02R13, -SO2NR13R14, C1-
Cq dlkyl, C2-Cq alkenyl, C3-C10 cycloalkyl,
C3-0p cycloalkylmethyl, benzyl, phenethyl,

10 phenoxy, benzyloxy, nitro, C7-Ci0 arylalkyl,
hyd;oxamic acid, hydrazide, oxime, boronic
acid, sulfonamide, formyl, C3-C¢ cycloalkoxy,
C:-Cq alkyl substituted with -NRI3R14, C31-Cy4
hydroxyalkyl, methylenedioxy, ethylenedioxy,

15 C1-C4 haloalkyl, €1-C4 haloalkoxy, €C1-C4
alkdxycarbonyl, C1-C4 alkylcarbonyloxy, C1-C4
alkylcarbonyl, C31-C4 alkylcarbonylamino,
-OCE2COoR:3, 2- (1-morpholino)ethoxy, azido,
~-C (RY4)=N(OR14); or

20 1-3 aminc acids, linked together via amide bonds,
said amino acid being linked via the amine or

carboxylate terminus;
|

m

Cs-C:¢ carbocyclic residue substituted with 0-5

|
an
R<<; or

25 2 8- tc lb-membered heterocyélic ring system
cntieining 1 to 4 heterocatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted

with 0-2 R32Z;

30
R32, when a substituent on carbon, is selected from one
or more of the following:
phenethyl; phenoxy, C3-Cip cycloalkyl, C3-Cg¢
cycloalkylmethyl, C7-Ci0 arylalkyl, hydrazide,
35 oximF, boronic acid, C2-Cg alkoxyalkyl,
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'methylenedioxy, ethylenedioxy, C1-C4

!alkylcarbonyloxy, -NHSOzR14, benzyloxy,
halogen, 2-(l-morpholino)ethoxy, -CO2R13,
‘hydroxamic acid, -CONR13NR13Rl4, cyano,

5 sulfonamide, -CHO, C3-Cg¢ cycloalkoxy,
'-NR13R14, -c(R14)=N(OR14), -NOz, -OR13,
I—NR40R41, "SOmR13, —SOmNR13R14, _C(go)NR13R14,
-0C (=0)NR13Rr14, -c(=0)r1l, -oc(=0)R1?,
' -0CO2R13, phenyl, -C(=0)NR13-(C;~Cq4 alkyl)-

10 ‘NR13R14, -c(=0)NR4O0R41, C;-C4 haloalkyl, C1-Cy
“haloalkoxy, C2-C4 haloalkenyl, Ci1-Cy4
haloalkynyl,

-C(= O)NR—JC(Rll)ZNR 13Rr14;

—C(=®)an3”(Rll)zNR13P02R*3

C(=0)NR13-(C1-C4 alkyl)-NRI3COR13;
=0)N(K*3)-(C1-C4 alkyl)-R1l; or

—+)C(~“)2NR13R14

(=2) C(=*%) 2NR1I3CO,R13;

') (C:-C4q 2lkyl)-NR13R14;

-(C3-C4 alkyl)-NR13cO,R13;

C.-C% z2lkoxy stbstituted with 0-4 groups selected
.frcm: R, C3-Cg cycloalkyl, -CO2R13,
-c(=0)NR13R14, -yR13R14 or OH;

C;—Cé &glkyl substituted with 0-4 groups selected

“from: R, =NR14, =NNR13C(=0)NR13R14,
=NNR13C (=0)OR13, or -NR13Rl4;
-C4 alkenyl substituted with 0-4 Rl};

C2-C4 alkynyl substituted with 0-4 R1I;

w
II

[ 3]

()
)

(7
)

(@)

QO

(

<>

)
||

N

Ny
tn

(’)

=3 5—:or €é-membered heterocyclic ring containing
30 from 1 to 4 heteroatoms independently selected
ﬂfrom oxygen, nitrogen or sulfur, substituted
with 0-2 R1Z2;
cr #32 may be a 3- or 4- carbon chain attached to
;adjacent carbons on the ring to form a fused
3c S~ or 6-membered ring, said 5- or 6~ membered

| rinc being optionally substituted on the
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aliphatic carbons with halogen, C3-C4 alkyl,

Ci1-C4 alkoxy, hydroxy, -NrR13R14; or,
when R3é is attached to a saturated carbon , it may
be, =0, =S, =NOH; or when R32 attached to
5 sulfur it may be =0;

R32, when a substituent on nitrogen, is selected from
one or ﬁore of the following:
phenyl,:benzyl, phenethyl, hydroxy, Ci1-C4
10 hydroxyalkyl, Ci1-C4 alkoxy, Ci-C4 alkyl, C3-Cé¢
cycloalkyl, C3-Cg cycloalkylmethyl,
-CH2NR13R14, -NR13R14, cp-Cg alkoxyalkyl, Ci-
C4 haloalkyl, Ci-C4 alkoxycarbonyl, -CO2H, Ci1-
C¢ alkylcarbonyloxy, C1-C4 alkylcarbonyl,
15 ~C (R14) =N (OR14) ;

mis C, 1, o& 2;

F40 is selected from: H, C;-C3 alkyl;

20
R4l is selected from:
-C(=0) NR13R14;
—C(=0)ﬁR13NR14;
-C(=0)C (Rll) 2NR13R14,‘
25 ~C (=0) C (R11) pNRI3NR14;
-C (=0) C (R11) ;NR13CO,R13;
-C(=0)H;
-C(=0)R11;
-C(=0)~ (C1-Cq alkyl)-NR13Rr14;
30 -C (=0) - (C1-C4 alkyl)-NR13CO,R13;

1-3 amino acids linked together via amide bonds,
and linked to the N atom via the carboxylate

| .
terminus.
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| ,
A third embodiment of this invention is a compound

cf the formula (I):
|

' RAA w R7A
R* R’
RSI
Rs RSa RS
n

(I)

or a pharmaceutically acceptable salt form thereof

wherein:

-

* and R° are independently selected from the following
)

14

£~3 F-- or 0-3 RiZ;

2 5- to 1l0-membered heterocyclic ring system
‘c:::aining 1l tc 4 hetercatoms independently
selected from oxygen, nitrogen or sulfur, saic
ihe:erocyclic ring system being substituted
with (-2 R1Z;

-CRi3; -SR13; COzR13;

C1-C4 alkyl substituted with 0-6 halogen or 0-3
C--C2 alkoxy;
berzyi substituted with 0-6 halogen or 0-3 C:-C2

Flkcxy;

splaced
This Sheet Has Been Replac
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-5~
-0R13; -sRr13; COzR13;

R% and R4R can alternatively join to form a 5-7 membered
carbocfclic ring substituted with 0-2 R12;

5
R7 and R7A can alternatively join to form a 5-7 membered
carbocyclic ring substituted with 0-2 R12;
n is 0, 1, dr 2;
i0

R> is selected from H; halogen; C1-Cg alkyl substituted
with 043 R11, -N(R20),, -sSr20, -oRr20, or -Nj;

RE :s indepéndently selected from: hydrogen, halogen,
15 C1-Cg alkyl substituted with 0-3 R11, -N(R20),,
-SRZO,'—ORzl, or -N3;

R> and R® can alternatively join to form an epoxide or
azirid@ne ring; -OCH>SCH20-; -0OC(=0)0-; -OCH20-;
20 -0C (=S) 0-; =-0OC(=0)C(=0)0-; =~OC(CH3)20-;
~OC ( (CH2) 3NH2) (CH3) O-; —OC (OCH3) (CH2CH2CH3) O=;
~0S (=0) 0-; -NHC (=0)NH-; =-OC (=O) NH-; =NHC (=0)O0~;

-NHCH20-; -OCH2NE-; =NHC (=S)O-; =-0S(=0)NH~-;
-NHC (=0)C (=0)0~; -0C(=0)C(=0)NH-; -NHC(=0}C{(=0)NH-;
25 -NHC (CH3) 20-; -OC(CH3)2NH~ or any group that, when

. . .
administered to a mammalian subject, cleaves to

form a free dihydroxyl or diamino or hydroxyl and

amino;
[

30 RS2 js selected from hydrogen, halogen, Ci-Cg alkyl,
-N(R20)5, -sr20, or -0r20;

rba is seleEted from: hydrogen, halogen, C1-Cg alkyl,
N(R~O)2 -sr20 or -oRr21;
35 |
|
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R5 and RS2 can alternatively join to form =0, =S, or a

ketal ring;
|

R6 and R6@ can alternatively join to form =0, =S, or a

ketgl ring;

R20 and AZl are independently selected from:
hydrogen;
C1—¢5 alkyl substituted with 0-3 R11;
C3-G¢ alkoxyalkyl substituted with 0-3 R11;
C1-Gg alkylcarbonyl substituted with 0-3 R11;
C1-C¢ alkoxycarbonyl substituted with 0-3 R1l1;
C1-¢5 elkylaminocarbonyl substituted with 0-3 R11;
bentoyl substituted with 0-3 R1Z;
pheTaxy:arbonyl substituted with 0-3 R12;
rhetylaminocarbonyl substituted with 0-3 R12; or
any ' group +hat, when administered to a mammalian

stbject, cleaves to form a free hydroxyl,

4 from one or more of the following:
¥, ketc, halogen, cyano, -CHpNR13R14, -Nr13Rr14,
| =CO le, -oc (=0)R13, -0R13, -s(0)mrl3,

(=nE)KER13, -C(=NE)NHR13, -C(=0)NR13R14,
' -NE 4C(=O)R13, =NOR14, -NR14C(=0)0R4,
i -0z (=0)NR13R14, -NrR13C(=0)NR13R14,
-Nr14s0o,NR13R14, -NR14S02R13, -sopNr13r14,

, -OP(0) (OR}3)3, C31-C4 alkyl, C2-C4 alkenyl, C3-

Ce¢ cycloalkylmethyl, benzyl, phenethyl,
rhenoxy, benzyloxy, nitro, C7-C10 arylalkyl,

hydroxamic acid, hydrazide, boronic acid,

alkyl substituted with —NR13R14, C1-C4
| hydrowxyalkyl, methylenedioxy, ethylenedioxy,
C1-C4 halcalkyl, C1-C4 haloalkoxy, C1-Cs
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alkoxycarbonyl, pyridylcarbonyloxy, C1-C4q

alkylcarbonyl, Ci1-C4 alkylcarbonylamino,
-OCH2C02H, 2-(l-morpholinc)ethoxy, azido,
-C (R14) =N (OR4) ;

5 1-3 amino acids linked together via amide bonds,
sai& amino acid being linked via the amine or
carboxylate terminus;

C3-C10 cycloalkyl substituted with 0-2 R12/
C1-Cs alkyl substitued with 0-2 R1Z;
10 aryl (C1-C3 alkyl) substituted with 0-2 R1Z;
C2-Cg alﬁoxyalkyl, substituted with 0-2 R12;
C1-C4 alXylcarbonyloxy substituted with 0-2 R12;
Ce-C1p arylcarbonyloxy substituted with 0-2 R1Z;
a Cg-Ci4 carbocyclic residue substituted with 0-3
15 R12} or
a 5- to fO-membered heterocyclic ring system
condaining 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
2¢C with 0-3 R12;

ReiF 3 selecﬂed from one or more of the following:
¥, ke-c, halogen, cyano, -CHoNR13BR14B, _NR13BRr14B,

-CO%E, -0C(=0) (C1-C3 alkyl), =-OH, C2-Cg

tn

23 alkexvalkyl, -C(=0)NH2, -OC(=0)NH2,
-NEL (=0)NHz, —-SO2NH3z, C1-C4 alkyl, C2-Ca
alkgnyl, C3-C10 cycloalkyl, C3-Cg
cycloalkylmethyl; benzyl, phenethyl, phenoxy,
ben&yloxy, nitro, C7-C10 arylalkyl, hydroxamic
30 acid, hydrazide, boronic acid, C3-Cg

cycloalkoxy, C1-C4 alkyl substituted with
-NH, C3-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, €1-C4 haloalkyl, C1-C4
halPalkoxy, C1~-C4 alkoxycarkbonyl, C1-C4
alkFlcarbonyloxy, C1-C4 alkylcarbonyl, Ci1-C4

W
wm
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alkylcarbonylamino, -OCH2CO2H,

2- (1-morpholino)ethoxy, azido, aryl(Ci1-C3
alkyl), a Cs5-C14 carbocyclic residue;
a 5- to l10-membered heterocyclic ring system
5 . containing 1 to 4 heteroatoms independently
+ selected from oxygen, nitrogen or sulfur, said
. heterocyclic ring system substituted with 0-3
| R12A, -
| .
1¢ F12, when a substituent on carbon, is selected from one
or more of the following:
phepy‘, benzyl phenethyl, phenoxy, benzyloxy,
ogen, hydroxy, nitro, cyano, C1-C4 alkyl,
C3-C¢ cycloalkyl, C3-Cg cycloalkylmethyl, C7-
5 ' Cic arylalkyl, C31-C4 alkoxy, =-CO2H, hydroxamic
l azid, hydrazide, boronic acid, sulfonamide,
formy., C3-Ce cycloalkoxy, -OR13, C;-C4 alkyl
substituted with -NR13R14, -NR13R14, co-Cg
aikoxyalky. optionally substituted with

A8
IR

~-31{(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,

ethyienedioxy, C1-C4 haloalkyl, C1-C4

halcalkoxy, C1-C4 alkoxycarbonyl, C1-C4

| alkylcarbonyloxy, C1-C4 alkylcarbonyl, C31-C4
alkylcarbonylamino, =S (0)pmRi3, -SO2NR13R14,

NESCzR14, ~OCHE2COZR13,

Z2- (i-mcrpholino) ethoxy, -C(R14)=N(ORl4); or

N
tn
|

[4}]
)
|

(§)

te

(‘\

-membered heterocyclic ring containing
I from 1 to 4 heterocatoms independently selected
+ from oxygern, nitrogen cor sulfur; or
kls: F-< may be a 3- or 4- carbon chain attached to
| adjacent carbons on the ring to form a fused
5~ cr 6-membered ring, said 5- or 6- membered
ing being optionally substituted on the
aliphatic carbons with halogen, C3-C4 alkyl,

- ~ ~

35 Ci-C4 alkoxy, hydroxy, or -NRi3rl4; or,
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when R12 is attached to a saturated carbon atom, it
may be =0 or =S; or when R12 is attached to
sulfur it may be =0;

5 R12, when a substituent on nitrogen, is selected from

one or QOre of the following:

phenyl, benzyl, phenethyl, hydroxy, C1-C4
hyéroxyalkyl, C1-C4 alkoxy, C1-C4q alkyl, C3-C¢
cycloalkyl, C3-Cg cycloalkylmethyl,

10 -CH2NR13Rr14, -NR13R14, cp-Cg alkoxyalkyl, Ci-

C4 'naloalkyl, C1-C4 alkoxycarbonyl, -CO2H, Ci-
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl,
-C(R14) =N (OR1%) ;

when a substituent on carbon, is selected from one

-
n

RIZA’

or more |of the following:
phenyl, benzyl, phenethyl, phenoxy, benzyloxy,
halogen, hydroxy, nitro, cyano, Ci1-C4 alkyl,
C3-Cg cycloalkyl, C3-Cg cycloalkylmethyl, C7-
20 Ci1¢ arylalkyl, Ci1-C4 alkoxy, =-CO2H, hydroxamic
acid, hydrazide, boronic acid, sulfonamide,
foimyl, C3-Cg cycloalkoxy, -OR!3, C3;-C4 alkyl
substituted with -NH,, =-NH;, -NHMe, C2-C¢
alkoxyalkyl optionally substituted with
25 -Si(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, C1-C4
haioalkoxy, C1-C4 alkoxycarbonyl, C31-C4
alﬁylcarbonyloxy, C1-C4 alkylcarbonyl, C31-C4
al*ylcarbonylamino, -S(0O)mMe, -SO2NH2,
30 -NHSO2Me, -OCH2CO2R13, 2-(l1-morpholino)ethoxy,
-C(=NOH)NH2; or
a 5- or 6-membered heterocyclic ring containing
from 1 to 4 heterocatoms independently selected

from oxygen, nitrogen or sulfur; or
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R12A may be a 3- or 4- carbon chain attached to
adjacent carbons on the ring to form a fused
5- or 6-membered ring, said 5- or 6- membered
i ring being optionally substituted on the
5 ! aliphatic carbons with halogen, C31-C4 alkyl,
, C1-C4 alkoxy, hydroxy, or -NHz; or,
when R12A is attached to a saturated carbon atom,
it may be =0 or =S; or when Rl2 is attached to
r sulfur it may be =0;

10 ;
RIZA, whgn a2 substituent on nitrogen, is selected from
one or more of the following: .
phehyl, benzyl, phenethyl, hydroxy, Ci1-C4
hydroxyalkyl, C1-C4 alkoxy, C1~-C4 alkyl, C3-Cg
158 ! cyclozlkyl, C3-Cg¢ cycloalkylmethyl, -CH2NH2,
| -NEz, C2-Cg alkoxyalkyl, C1-C4 haloalkyl, Ci-
C¢ alkoxycarbonyl, =-CO2K, C1-C4
alkxylcarbonyloxy, C1-C4 alkylcarbonyl,
=NDKE) NHjy;
2¢ !
i3 ic sklectel from
;0!
phenyl substituted with 0-3 R11A;
renkyl substituted with 0-3 R11A;
Z3 C1-CTg &alkyl substituted with 0-3 R11A;
Z2-C¢ zlkenyl substituted with 0-3 R11A;
Ci-Cg zlkylcarbonyl substituted with 0-3 R113;
C:1-C¢ alkoxycarbonyl substituted with 0-3 R11A;
Cl'?é alkylaminocarbonyl substituted wi:h 0-3 R113;
30 C3-Cg alkoxyalkyl substituted with 0-3 R113;

an amine protecting group when R13 is bonded to N;
& hydroxy protecting group when R13 is bonded to O;

{0y

n
‘rq
Al
M

il substituted with 1-3 Kii;

!
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benzyl substituted with 1-3 R13;
|
Ci1-Cg alkyl substituted with 1-3 R11;

Co-Cy
C1-Cs¢

C1-C¢

alkenyl substituted with 1-3 R11;
alkylcarbonyl substituted with 1-3 R1l;
alkoxycarbonyl substituted with 1-3 R11;
alﬁylaminocarbonyl substituted with 1-3 R11;

C3-Cg alkoxyalkyl substituted with 1-3 R1;
an amine!protecting group when R13 is bonded to N;

a hydroxy protecting group when R13 is bonded to 0O;

R14 is hydrogen, hydroxy, C3-Cg¢ alkyl substituted with

R1Z ang R14 #a:

0-3 groups selected from OH, C1-C4 alkoxy,

NE;, -NK(C1-C4 alkyl), C;~Cg alkoxy, Cp-Cg alkenyl,

halogen,

phenyl,lbenzyl, an amine protecting group when R14
is bonded to N, a hydroxy protecting group when R14
is bonded to 0O;

|
is C3-Cg¢ alkyl substituted with 1-3 groups selected
from OH, Ci1-C4 alkoxy, halogen, NH2, -NH(C1-C4
alkyl), 'C1-Cg¢ alkoxy, Cz-Cg¢ alkenyl, phenyl, benzyl,
an aminé protecting group when R4 is bonded to N,
2 hydroxy protecting group when R4 is bonded to 0;

alternatively join to form -(CH2)4-,
- (CE2)5-, —-CH2CH2N(R19)CH2CH2-, or -CH2CH20CH2CH2-;
and R14E are independently selected from H or Ci-Cg
alkyl, or R13B ang R14B can alternatively join to
form - (CH2)4-, -(CH2)5-, —CH2CH2N(R15)CH2CH2-, or
-CH2CH20CH2CH2~;

|

R3S is H or CH3:;

5

10

15
piah

20

25
ri3E

30
mis

35
W Zs

0, 1 or 2;
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-N(R%Z)C(=Z)N(R23)-,
-0C (=2)0-,
-N(R22)C(=2)0-,
-N(R22)C(=2)C(R27) (R28) -,
5 -N(R22)C (=0) C (=0) N (R23) -,
-N(R32) 5 (=0)N (R23)-;

wherein:
|

10 z is O, S, NR24;
|
R22 and R23 are independently selected from the
following:
C1-Cd alkyl substituted with 1-3 R31;
C2-Cg alkeryl substituted with 1-3 R31;
C2-Cg alkynyl substituted with 1-3 R31;
|

e ngc

[
[$4]

; carbocyclic ring system substituted with
-5 R31 or 1-5 R32;

[os)

v
tn

- to 1l0-membered heterocyclic ring system
20 ‘cortaining 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
erocyclic ring system being substituted
th 1-2 R32;
-rr22a; -} (R222) (R22b),;

N
wn

|
|
nd R?2X zre independently selected from the

i
hydrogern;
1—:3 alkyl substituted with 0-3 R-1;
30 Co-Tg alkenyl substituted with 0-3 R31;
C2-C§ alkynyl substituted with 0-3 R31;
-Ci4 carbocyclic ring system substituted with
0-5 R31 or 0-5 R32;

~

a £- to 1C-membered heterocyclic ring system

Y
(8, ]

cntaininc 1 to 4 heteroatoms independently
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sqlected from oxygen, nitrogen or sulfur, said
hqterocyclic ring system being substituted
with 0-2 R3Z;

|
RZ24 is selected from: hydrogen; hydroxy; amino; C1-C4

n

alkyl; 'C1-C4 alkoxy; mono- or di-(Ci-Ceg
alkyl)amino; cyano; nitro; benzyloxy; -NHSO2aryl,
aryl bqing optionally substituted with
(C1-C¢)alkyl;
10
R31 is selected from one or more of the following:
—CH2NR1.3AR14 , -NR13AR1l4, -C02R13A, -0C (=0) R13A,
—$R13A, -S(0)mR13A, ~NHC (=NH)NHR133,
-¢ (=NH)NHR13A, - (=0)NR13RR14, -NR14C(=0)R133,

15 -0C (=0)NR23AR14, —NR13AC (=0)NR13AR14,
—NR14502NR13AR14, -NR14802R13A, —SOzNR13AR14,
—CH2NR13R14A, -NR13R14A, —C(=O)NR13R14A,
-NR14Ac (=0)R13, =NOR14A, -NR14C(=0)OR142,

-0C (=0)NR13Rr14A, _NR13c (=0)NR13R14A,

20 -Nr14A50,NR13R142, -NR14A505R13, -s0oNR1ISR14A,
ritro, hydrazide, boronic acid, formyl, C3-Csg
cvcloalkoxy, C2-C4 alkyl substituted with
—§313R14, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, C1-C4

25 héloalkoxy, C1-C4 alkylcarbonyl, -0OCH2CO2H,
2-(i-morpholino)ethoxy, azido, or
-¢ (R14) =N (OR14A) ;

aryl stbstituted with 1-5 R32; or
a 5- to l10-membered heterocyclic ring system

30 containing 1 to 4 heterocatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 1-2 R32;

25 R~<, when a substituent on carbon, is selected from one

(0
(A

or more of the fcllowing:

This Sheet Has Been Replaced

]




WO 94/19329

10

[
n

X
in

ta
tn

X
R=--,

e

(4]

PCT/US94/01609

-66-
C7-Cip cycloalkyl, NERSOpR14A, -COoR13A, NR13AR14,
'NR13R14A, -C (R14)=N(OR14A), -CONR13NR13R14,
-NRAO0R41, ~s5OLRIZA, -C (=0) NR13R14,
-oc (=0)NR13Rr14, -c(=0)R11, -oC(=0)R11,
-0CO2R13, -C (=0)NR13-(C1-C4 alkyl)-NR13R14,
OR132, - (=0)NR40R41, C2~-C4 haloalkenyl, C1-C4
haloalkynyl, or
-C (=Q) NR13¢ (Rll) 5NR13R14,‘
-C (=0) NR13C (R11) oNR1I3CO,R13;
-C(=0)NR13-(C1-C4 alkyl)-NRI3COzR13;
-C(=0)N(R13)~(C1-C4 alkyl)=-R1l; or
~C (=0) C (R11) 2NR13R14;
-C(=0)C(R¥1) oNR1I3CO,R13; -C(=0)-(C1-C4 alkyl)-
| NR13R14; -C(=0)~-(C1-C4 alkyl)-NR13CO,R13; or
1-C¢ alkoxy substituted with 1-4 groups selected
from: R, C3-Cg cycloalkyl, -CO2R13,
-C(=0)NR13Rr14, -nNR13R14 or OH;
Cl‘Cf alkyl substituted with 1-4 groups selected
from: R11, =NR14, =NNR13C(=0)NR13R1l4,
=NNR13C (=0)OR13, or -NR13R1l4;
C2-Cs alkenyl substituted with 0-4 R11;
Co-Cs alkyny. substituted with 0-4 R1l; or
a 5- or €-membered heterocyclic ring containing
from 1 to 4 heteroatoms independently selected
' from oxygern, nitrogen or sulfur, substituted
with 1-2 R12; when R32 is attached to a
saturated carbon, it may be =NOH; or when R32
attached to sulfur it may be =0;
wher, 2 substituent on nitrogen, is selected from
one or more of the following:
~CEJNR13BR14, —NR13AR14, _cH,NR13R14A,
~Nr13p14R —c (R14) =N (OR143) ;

is selected from: H, C1-C3 alkyl;

This Sheet Has Been Rep

T



WO 94/19329 PCT/US94/01609

=

R4l is selected from:

-C (=0)NR13R14;

—C(=O)Nh13NR13R14;

5 -C(=0) C(R11) pNR13R14;

=C(=0) q (R11) 2NR13NR13R14;

-C (=0) C (R11) oNR13COoR13;

-C(=0)H;

-C(=0)R11;

10 -C(=0)+(C;-C4q alkyl)-NRI3R14;

-C(=0)-<(C1-Cq¢ alkyl)-NR13COzR13;

1-3 amino acids linked together via amide bonds,
and linked to the N atom via the carboxylate
t%rminus;

15
rovided that:

R4, R4, R7 and R7® are not all hydrogen.

20 [9; PreferIed compounds ©f this third embodiment are

compounds of the formula (I) wherein:

R4 and R’ a;e independently selected from the following
grcups: '
25 hydrogLn;
C1-C4 alkyl substituted with 0-3 r11;
C3-C4 alkenyl substituted with 0-3 rR11;
C3-C4 mlkynyl substituted with 0-3 R11;

|
30 R4A and R7A are hydrogen;
|

n is 0, 1, or 2;

RS is selected from fluoro or -ORZO;
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R6 is independently selected from: hydrogen, fluoro or
~OR2%;

RS> and R® can alternatively join to form an epoxide or

5 azi ridlne ring; =-OCH2SCH20-; =-08(=0)0-; -0C(=0)0-;
-OCH20-; -0C(=8)0-; -0C(=0)C(=0)0~; =-OC(CH3)20-;
=0C (OCH3) (CH2CH2CH3)0-; or any group that, when
admiﬂistered to a mammalian subject, cleaves to

form-a free dihydroxyl;
|

10
R92 is selected from hydrogen or fluoro;
!
rf2 is selected from: hydrogen or fluoro;
15 ES and R®2 can alternatively join to form =0, =S, or a
kecal xing;
F¢ arg E€2 can alternativelv jein to form =0, =S, or a
ketal ring;
20 '
’ e . b .. . 5
Fev ang kR4« zre independently selected from:
r.vydrogen;
Ca- Ce alkylcarbonyl;
2% C1~Clg alkcxyca:oony;;
ke 207.7 Or

any group that, when administered to a mammalian
subject, cleaves to form a free hydroxyl;
|
3¢ PRl: is selected from one or more of the following:
H, we*o, halogen, cyano, -CHzNR13R14, -NR13R14,
-co2r13, -oc(=0)RrR13, -0r13, -s(0)mR13, c2-c4
| alkenyl, C3-Cg cycloalkylmethyl, nitro,

hydrazide, boronic acid, formyl, C3-Cg

{0
w

cycloalkoxy, methylenediory, ethylenedioxy,
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. =—69-
41-C4 haloalel, C1-C4 haloalkoxy, C1-C4
alkoxycarbonyl, C1-C4 alkylcarbonyl, C1-C4
glkylcarbonylamino, =OCH2CO2H,
-C(R14)=N(OR14);
C3-C10 cycloalkyl substituted with 0-2 R12;
C1-Cq alkyl substitued with 0-2 R12;
aryl (01-C3 alkyl) substituted with 0-2 R1Z;
C2-Cg lalkoxyalkyl, substituted with 0-2 R12;
C1-C4 alkylcarbonyloxy substituted with 0-2 RrR12,
C¢-Ci0, arylcarbonyloxy substituted with 0-2 R12,
aryl substituted with 0-3 R12; or
a 5- to l0-membered heterocyclic ring system
¢ontaining 1 to 4 heterocatoms independently
%elected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R1Z;

when g substituent on carbon, is selected from one

or more of 'the following:

rl2

14

phenyl, benzyl, phenethyl, phenoxy, benzyloxy,
halogen, C1-Cs4 alkyl, C7-Ci10 arylalkyl, C1-Cg4
élkoxy, 2- (l-morpholino)ethoxy, -CO2H,
nydroxamic acid, hydrazide, -C(R14)=N(OR14),
¢vano, boronic acid, sulfonamide, formyl, C3-
Cg¢ cycloalkoxy, =-OR13, C1-C4 alkyl substituted
with -NrR13r14, -nNr13Rr14, methylenedioxy, C1-C4
haloalkyl, C1-C4 alkylcarbenyl, C1-Cq
alkylcarbonylamino, hydroxy, hydroxymethyl; or

a 5- or 6-membered heterocyclic ring containing
from 1 to 4 heteroatoms independently selected

from oxygen, nitrogen or sulfur;

whern a substituent on nitrogen, is selected from

benzyl or methyl;
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R13 is H, C3-C4 alkyl, C3-Cg alkoxyalkyl, C2-Cs4 alkenyl,
or benzyl;

R13A is selected from:

5 phenyl substituted with 1-3 R11;
benzyl substituted with 1-3 R1}l;
C1-Cg alkyl substituted with 1-3 R13;
C2-C4 alkenyl substituted with 1-3 R11;
C3-Cg alkoxyalkyl substituted with 1-3 R11;

10 an amine protecting group when R13 is bonded to N;
a hﬁdroxy protecting group when R13 is bonded to O;

‘g
9,
o

is OE, H, C;-C4 alkyl, C3-C4 alkoxy, NHz, C2-Cj

alkenyl, or benzyl;

{n

iz C;-C¢ 2lkyl substituted with 1-3 groups selected
cr. OH, C:;-C4 alkoxy, halogen, NHz, -NH(Cl1-C4

ik

th
t

m

Zjs C1-Cg alkoxy, Cy-Cg¢ alkenyl, phenyl, benzyl,

[ U ¥

an

rmine protecting group when R4 is bonded to N,
2C z hydroxy prctecting group when R4 is bonded to O;

i

b
L)
Pt

% can alternatively join to form -(CH2)4-,
Chz)e-, -CH2CH2N(R15)CH2CH2-, or -CH2CH20CH2CH2-;

né kK

[\1]

—_

[N}
tn
ool
'...l
w
’J
)
-
fe)
1y
)
3]
1)

seléc:ed from:

~K (R22)C(=2Z)N(R23)-;
~-N(RZ22)C(=2)0-;

30 ~X (R22)C (=2) C (R27) (R28)-;
-N(R22)C (=0)C (=0)N(R23)-;

|

=
[P
n

wherein:

3z iz ¢, &, W-C, N-OH, N~OCEjz;
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R22 ang R23 gre independently selected from the
fclliowing: |
hydroge¢;
C1-Cpg alkyl substituted with 1-2 rR31;
C2-C¢ alkenyl substituted with one R31;

C2-C4 a}kynyl substituted with one R31;

R27 is selected from the following:
hydrogen;
C1-Cg alkyl substituted with 0-3 R31;
C2-Csg aikenyl substituted with 0-3 R31;

PCT/US94/01609

R2E

C2-Cg a}kynyl stbstituted with 0-3 R31;

is hydro$en or halogen;

R31 is selected from one or more of the following:
-CHoNR1I3AR14, -Nr13AR14, _cOgr13A, -oC(=0)R13A3,

—0#13A, -S(0)mR1I3A, -NHC (=NH)NHR13A,

-C (=NH)NHR13A, -c(=0)NR132R14, -NR14C(=0)R13A,
—oc (=0)NR13AR14, -NR132AC (=0)NR13AR14,
-NR14502NR13AR14, -NR14507R13R, -SOoNR13AR1Y,
~CH,NR13R14A, _NR13R14A, - (=0)NRI3R143,
-nr14AC (=0)R13, =NOR14A, -NR14C(=0)OR14A,

-ot (=0)NR13R14A, -NR13C(=0)NR13R14A,
—NR14A502NR13R14A, —NR14A302R13, —SOzNRl3R14A,
nitreo, hydrazide, boronic acid, formyl, C3-Cs
cycloalkoxy, Cz2-C4 alkyl substituted with
-NR13R14, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, C1-C4
haloalkoxy, C1-C4 alkylcarbonyl, -OCH2CO2H,
2-{l-morpholino)ethoxy, azido, or

-C](Rl4) =N (ORIQA) :

substituted with 1-5 R32; or

toﬂlo—membered heterocyclic ring system

cenzaining 1 to 4 heteroatoms independently
|
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' _ -2~
, selected from oxygen, nitrogen or sulfur, said

heterocyclic ring system being substituted
with 1-2 R32;

when a substituent on carbon, is selected from one

or ﬁore of the following:

C7-G1g cycloalkyl, NHRSO,R14A, -CO2R132, NR13AR14,
NR13R14A, - (R14)=N(OR14A), -CONR13NR13R14,
—NR40R41, -SOpmR13A, - (=O)NR13R14,

~ -0C(=0)NR13R14, -c(=0)R1l, -oC(=0)R11,

. -OCO2R13, -C(=0)NR13-(C;-C4 alkyl)-NR13R14,
OR132, —c(=0)NR40R41, Cy-C4 haloalkenyl, C1-Cg
haloalkynyl, or
-C(=0)NRI3C (R12) ,NR13R14;

-Z (=0)NR13C (R11) )NR13CcO,R13;

-C(=T)NBI3-(C;-C4 alkyl)-NRI3CO,R13;

-C(=C)N(R¥%)-(C1-C4 alkyl)-R11; or

-C(=2)C (R11) oNRI3R1S;

-2 (32)C(R1) aNRI3CO,R13; ~-C(=0)-(C1-C4 alkyl)-

i 23r14; -C(=0)-(C1-Cq alkyl)=-NR13CO2R13; or
4 @ikoxy substituted with 1-4 groups selected

frem: R11, C3-C¢ cycloalkyl, -CO2R13,
-C(=0)NR13Rr14, -NR13R14 or OH;

C1-C4 @ikyl substituted with 1-4 groups selected
frcm: RI1, =NR4, =NNR13C (=0)NR13R14¢,

NUR13C (=0)OR13, or -NR13R14;

C--04 elkenyl substituted with 0-4 R11;

.

C2-Cg aikynyl substituted with 0-4 R11l; or

tn

& 5- ¢r b6-nembered heterocyclic ring containing
| from 1 to 4 heteroatoms independently selected
I £rom oxygen, nitrogen or sulfur, substituted

ith 1-2 R12; wyhen R32 jis attached to a

w
szzurated carbon, it may be =NOH; or when R32
zztached to sulfur it may be =0;

PR ob S

This Sheet Has Been Replaced

| N




WO 94/19329 ’ PCT/US94/01609
=73

R40 is selecéed from: H, C3-C3 alkyl;

R4Y is selected from:
5 -C (=O) NR13R14;
-C (=0) NR13NR14;
-C (=0) C(R11) pNR13R14;
-C (=0) C (R11) ;NR13NR14;
-C (=0) CtR11) oNR13CO2R13;
10 ~C(=0)H;
-C(=0)R1Y;
-C(=O)-QC1-C4 alkyl)-NR13R14;
-C(=0)-|(C;~C4 alkyl)-NRI3COpR13;
1-3 amino acids linked together via amide bonds,
15 an§ linked to the N atom via the carboxylate

terminus;

rrovided that:

20 R4 and R7 are not both hydrogen;

when R% is hydrogen, at least one of the following
is not hydrogen: R22 and R28,
25 [1C] Further preferred compounds of this third

embodiment of formula (I) are compounds of formula (II):

W
R4 R’

RS RS
(II)
30
or a pharmacéutically acceptable salt form thereof

wherein:
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R4 and R7' are independently selected from the following
groups:
hydrogen

Ci- u4 alky1 substituted with 0-3 R1l;
C3- C4 alkenyl substituted with 0-3 R1l;

RO is selected from —ORzO;

R® is hydrogen or -OR21;
.II
R20 and R21 are independently hydrogen or any group
that, when admiristered to a mammalian subject,

clegves to form a free hydroxyl:;
|

-

F~> is sélected from one or more of the following:
£, ketc, halogen, cyano, -CHoNRI3R14, -Nr13Rr14,
. -Coz2R13, -oc(=0)RY3, -0R13, -s(O)mR13, C2-C4
~ alkenyl, C3-Cg cycloalkylmethyl, nitro,
hycrazide, boronic acid, formyl, C3-Cg
wvcloalkory, methylenedioxy, ethylenedioxy,
, <i7C4 haloalkyl, €1-C4 haloalkoxy, C1-C4
zlkoxycarbonyl, C1-C4 alkylcarbonyl, C1-C4

Yy 0

&lkylcarbonylamino, -OCH2CO2H,
-C(K14) =N (OR14);
Ci-Z:¢ cycloalkyl substituted with 0-2 R12/
1 substitued with 0-2 R1Z;

a:y%::; Cz alkyl) substituted with 0-2 R1Z;
C2-Cg¢ alkoxyalkyl, substituted with 0-2 R12;
;-é; alkylcarbonyloxy substituted with 0-2 R12,
ar y‘carbonyloyy substituted with 0-2 R12,
ubstituted with 0-3 R12; or
- to l0-membered heterocyclic ring system

1=C4 alkyl
)

(@)
|
O
M
4 1]

:C
]

containing 1 to 4 heteroatoms independently
celected from oxygen, nitrogen or sulfur, said

neterxocyclic ring system being substituted

e 1z2.
with T-2 R<<4;
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R12, when a substituent on carbon, is selected from one
or more of the:following:
phenyl, benzyl, phenethyl, phenoxy, benzyloxy,

5 halogen, C1-C4 alkyl, C7-Cip arylalkyl, C1-C4
alkoxy, 2-(l-morpholino)ethoxy, ~-CO2H,
hydﬁoxamic acid, hydrazide, -C(R14)=N(OR14),
cyano, boronic acid, sulfonamide, formyl, C3—-
Cs éycloalkoxy, -OR13, C3;-C4 alkyl substituted

10 with -NR13r14, -NRr13R14, methylenedioxy, C1-C4
haloalkyl, €1-C4q alkylcarbonyl, C1-C4
alk§lcarbonylamino, hydroxy, hydroxymethyl; or

& 5- cr €-membered heterocyclic ring containing
from 1 to 4 heteroatoms independently selected

15 frc% oxygen, nitrogen or sulfur;

b ' , . .
R12, wher a substituent on nitrogen, is selected from
benzyl of methyl;
|

2C R>3 is H, C1-Cg alkyl, C3-Cg alkoxyalkyl, C2-C4 alkenyl,

cr benzyl;

R13A is selected from:
phenyl substituted with 1-3 R13;
25 benzyl substituted with 1-3 R1l;
C:-Cg alkyl substituted with 1-3 R11;
C2~Cy alﬂenyl substituted with 1-3 R11;
C3-Cg alkoxyalkyl substituted with 1-3 R1l;
an amine protecting group when R13 is bonded to N;
30 a hydroxly protecting group when R13 is bonded to O;

R14 is OH, H, Ci-Cq alkyl, C3-C4 alkoxy, NHp, C2-Cq
alkenyl, or benzyl;

. |
R14% :s C,-C¢ alkyl substituted with 1-3 groups selected

from CH, C:-Cy4 alkoxy, halogen, NHp, =-NH(C1-C4

W
wn
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alkyl), Ci1-Cg¢ alkoxy, C2-Cg¢ alkenyl, phenyl, benzyl,

an amine protecting group when R4 is bonded to N,
a hydroxy protecting group when R14 is bonded to O;

5 R13 and R14 can alternatively join to form - (CH2)4-,
- (CH2) 5-, =-CH2CH2N(R15)CH2CH2-, or -CH2CH20CH2CH2-;

|
R15 is H'or CH3:

10 W is sel?cted from:
-N(R22)C(=2)N(R23)-;
-N(R22)C(=2)0-;
-N(R22)C(=2)C(RZ7) (R28)-;

|
-N(R22)C (=0)C (=0)N(R23)-;
wherelirn:.

2 is O, S, N-CN
|

N

r

Ky
%)
Y

s w23 s
end F4° are independently selected from the

th
i
1

[}
O
s

}

g alkyl substituted with 1-2 r31;
2-C¢ alkernyl substituted with one rR31;

N
n
)

Tz elkynyl substituted with one R31;

EX7 ig selectes from the following:
hyégogen:
C1-Tg alkyl substituted with 0-3 rR31;
3¢ Co-Cg alkenyl substituted with 0-3 R31;

C3-Cg alkynyl substituted with 0-3 R31;

F28 :g hbdrogen or halogen;

')

(9]

e e
£ E&

{a)
(n
e 4}

lected from one ¢z more cf the following:
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-CH,NR13AR24, -NR13AR14, -coRr13A, -QR132,
-$(O)mR13A, -CH2NR13R14A, -NR13Rr14A, o
-¢ (R14) =N (OR14);

aryl substituted with 1-5 R32; or

5 a 5- to 10-membered heterocyclic ring system

containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 1-2 R32;

10 |
R32, when a'substituent on carbon, is selected from one
cr mcre of the following:
C7-Cy1¢ cycloalkyl, NHRSOpR142, -COpR13A, NR13AR1E,
NRl3R.1 4%, —C(R14)=N(OR14A), -CONR13NR13R14 ,
15 -KR40R41, -sOpR13A, -C(=0)NRI13R14,

-02 (=0)NR23R14, -c(=0)R11l, -oC(=0)R11,
-0CO2RY3, -C(=0)NR13-(C;~-C4 alkyl)-NR13R14,
OR13%, -c(=0)NR40R41l, Cy-C4 haloalkenyl, C1-Cg
heloalkynyl, or

2C -C (=0)NR13C (R11) ;NR13R14;

-C (=0) NR13C (R21) NR13CO,R13;
-C (=0)NR13-(C;-C4 alkyl)-NR1I3CO,R13;
-C(=0)N(R13)-(C3-C4 alkyl)-R11; or
-C(=0) C(R*1) pNR1I3R14; .

25 -C(=0) £ (RY1) oNRI3CO,R13; ~C(=0)-(C1-Cq4 alkyl)-

NRI3R14; -C(=0)-(C;-C4 alkyl)=-NR13COzR13; or
C1-C4 mlkoxy substituted with 1-4 groups selected

from: Rl1, C3-Cg cycloalkyl, -COzR13,

-C(=0)NR13r14, -NrR13R14 or OH;

30 C31-Cq4 alkyl substituted with 1-4 groups selected
from: R11, =NR14, =NNR13C(=0)NR13Rr14,
=NNR13C (=0) OR!3, or -NR13R14;

C,-Cq alkenyl substituted with 0-4 R11;
Cp-C4 alkynyl substituted with 0-4 R11; or
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a 5- or 6-membered heterocyclic ring containing

from 1 to 4 heteroatoms independently selected

. from oxygen, nitrogen or sulfur, substituted
with 1-2 R12; when R32 is attached to a

| saturated carbon, it may be =NOH; or when R32

attached to sulfur it may be =0;

mis 0, 1, or 2;

1

10 R40 jis selected from: H, C3-C3 alkyl;

R4l is selected from:

-C(=0)NR13R14;
-C(TO)NRI3NR14;

15 -2 (=) C(R1Y) ,NRI3R14;
-2 (20} C (R11) oNRI3NR1S;
—:(#0)C(R11)2Nal3cozR13;
-C(=0) H;
-C(=C)R1Y;

Z1=(C1~-Cs alkyl)-NRI3R14;

Z-{C3-Cq alkyl)-NRI3CO2RY3;

12N

D
!

)

-7 amino acids linked together via amide bonds,
ans linked to the N atom via the carboxylate

ro
n

% and R’ are not both hydrogen;

R
(@)

wheP F4 is hydrogen, at least one of the following
is not hydrogen: R22 and R28,

[12] pPreferred compounds of this third embodiment are

compsunds of formula (II) described above, wherein:

| This Sheet Has Been Replaced
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R4 and R7 are sélected from benzyl, fluorobenzyl,
pyrrolylme#hyl, methoxybenzyl, isobutyl,
nitrobenzyh or aminobenzyl, thienylmethyl,
hydroxybenzyl, pyridylmethyl, naphthylmethyl;

|
RS is -OH;

RE is hydrogen or -OH;
R13 is H, C1-Cq’ alkyl, C2-C4 alkenyl, or benzyl;

R4 is OH, H, CF3, C1-Cq alkyl, Ci1-Cq alkoxy, NHp, C2-Ca
alkenyl, or benzyl;

R13 and R4 can alternatively join to form -(CH2)4-,
- (CH2)5~, =-CH2CHN(R1S)CH2CH2-, or -CH2CH20CH2CH2-;

W is selected érom:
-N(R22)C(=0)N(R23)-;
-N(R22)C (=N-CN)N(R23)-;
-N (R22)C (=5) N (R23) -;

|

R22 and RZ3 aré independently selected from the
following: |
hydroger;
C1-Cg alkyl substituted with 1-2 R31;
Co2-Cg alkenyl substituted with 1-2 R31;

C2-C4 alkynyl substituted with 1-2 R31;

R31 is selected from one or more of the following:
halogen, -OR13A, —C(Rrl4)=N(OR14), -CO,R133,
'S(Q)mR13Ai
aryl substituted with 1-3 R32; or
a heterocyclic ring system chosen from pyridyl,
pyrimidinyl, triazinyl, furanyl, thienyl,
pyrjclyl, pyrazolyl, imidazolyl, tetrazolyl,
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! benzofuranyl, indggyl, quinolinyl,
I isoguinolinyl, oxazolidinyl, said heterocyclic
! ring being substituted with 1-2 R3?, or
benzimidazolyl, benzotriazolyl, indazolyl,
5 2 benzoxazolinyl, benzoxazolyl, optionally

| substituted with 0-2 R3Z;
|

|
R32, when a substituent on carbon, is selected from one

or more of the following:

10 —CH?NR13AR14, -NR13AR14, -cH,NR13R14A, -NR13R14A,

-C(R14)=N(OR142), allyloxy, -CO2CH3, -NHCHO,

-0CO2CH3, —-CH=NCH2CH20H, -OCONHCH2CgHS,

~0OCONHCH3, -C=C-CH20H, -OCH2CONH2,

-CH=NNHKCONH2, ~-CONHOCH3, -CH2CH(OH)CH20H,

adamantamido, hydroxyethoxy, dihydroxyethyl,

~-C(NE2)=NKE, -CONHCH3, -CONHCH2CH3,

| -CON (CE2CE3)2, -NHCONHz, -NHCONHCH3,
~RHCCCHDON (CH3) 2, ~NHCOCHZNHCH3,
-WHCOCH2NHECO2CH2CgHs, —NHCOCH2NH2,
-NHCOCE (CH2) NHCO2CH2CgHS,

1 =NEZOCE (CE2T6H5) NHCO2CE2CeHs, —~NHECOCH (CH3)NH2,
~-NHCOCE (CH2CgHB5)NH2, —-CO2CH2CH3,
-CONECH2CH2CH3, -CONHCH(CH3)2, -CH2-imidazole,

| =-CCCZ(CHz)z3, -CH(OH)CF3, -CO-imidazole, ~CO-

‘ pvrazolyl, -COCF3, -C(CF3)}=N(OH), acetoxy,

-4 (CE3) (CHD), -CONR13Rl4, -CONHOH,

(%)
in

[ S\
)

ro
tn
U

(diethylaminoethyl)aminocarbonyl,
(N-ethyl,N-methylaminoethyl)aminocarbonyl,
(4-methylpiperazinylethyl)aminocarbonyl,

W
o

(pyrrolidinylethyl)aminocarbonyl,
(piperidinylethyl)aminocarbonyl,

| =NECCCH2NECH3, N-(2-(4-
morpholino) ethyl)aminocarbonyl, or N-(2-(N,N-

dimethylamino)ethyl)aminocarbonyl.
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[12) Also preferred in the present invention are

compounds, or a pharmaceutically acceptable salt form
therecf, of the formula:

1
w

R4 R’
HO OH

wherein:

W is
~N (R22) C (=0) N (R23) -;

-N (R22)L (=S) N (R23)~;

-N(R22) C (=N-CN) N (R23) -;

R4 and R7 are independently selected from: benzyl,
fluoroﬂenzyl, pyrrolylmethyl, methoxybenzyl,
isobutil, nitrobenzyl or aminobenzyl,
thienylmethyl, hydroxybenzyl, pyridylmethyl,
naphthylmethyl;

K22 and R23 are independently selected from the group
censisting of:

(EoNC ='}O))—benzyl, carboethoxybenzyl, (O-benzyl-
formaldoxime)benzyl, (O-methyl-
formaldoxime)benzyl, (CH302C0)-benzyl,
{BOCH2CH2N=CH) -benzyl,
N+benzylaminocarbonylbenzyl, (H2NNHC(=0))-
benzyl, (H2NC (=0)NHN=CH)-benzyl,
(GH3ONHC (=0) ) -benzyl, (HONHC (=0))-benzyl,
(CH3NHC (=0) ) -benzyl,
N,N-dimethylaminocarbonylbenzyl,
(HOCH2CH (OH) CH20) -benzyl, hydroxyethoxybenzyl,
(carbomethoxy)pentyl, glycylaminobenzyl,
N,N-dimethylglycylaminobenzyl,
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alanylaminobenzyl, (N-phenylmethoxycarbonyl)-

alanylaminobenzyl, phenylalanylaminobenzyl,
(N-phenylmethoxycarbonyl)
phenylzianylaminobenzyl, (CH3CH2NHC(=0))-
5 benzyl, N,N-diethylaminocarbonylbenzyl,
N-ethylaminocarbonylbenzyl,
| N-propylaminocarbonylbenzyl,
| N,N-diisopropylaminocarbonylbenzyl, N, N-di-n-
propylaminocarbonylbenzyl,
10 (hydroxypropynyl)benzyl, (imidazolyl-C(=0))-
bernzyl, (pyrazolyl-C(=0))-benzyl,
(pyridylmethylaminocarbonyl)benzyl,
trifiuorocacetylbenzyl, dihydroxyethylbenzyl,
{(MeHNC (=0) NH) -benzyl, (H2NC(=0)NH)-benzyl,
5 (EC(=C)NE)-benzyl, methanesulfonylpentyl, N-
| form;.-N-methylaminobenzyl, acetylaminobenzyl,
prorion y;bnnz,l butyrylbenzyl,
(trifluorohydroxyethyl)benzyl, (CF3C(=NORH))-
| benzyl, (N-methylglycyl)aminobenzyl,
27 ' {((4-morpholino)ethyl)aminocarbonylbenzyl,

[N
«

(l., N-dimethylaminoethyl)aminocarbonylbenzyZ,
(N,NQdiethylaminoethyl)aminocarbonylbenzyl,

' {(4-methylpiperazin-1l-

letrnyl)aminocar bony‘benzyl, (benzyl-
=3)0)benzyl, (CH3NHC(=0)O)benzyl,

' (KE3Z(=0)CE,O)benzyl, (NH,C(=NH))benzyl,

}
b 2
1%}

Ny
(n

( (N-phenylmethoxycarbonyl)glycylamino)benzy:,
(imidazolylmethyl)benzyl, ((CH3)3C-
- C(=C))benzyl, (N-methyl-N-

30 ' ethylaminoethyl)aminocarbonylbenzyl,
(pvrrolidinylethyl)aminocarbonylbenzyl,
(piperidinylethyl)aminocarbonylbenzyl,

(EoKC (=NOH) ) benzyl, (H2NC(=NOH))fluorobenzyl.

ed are compounds of formula (Ila):

-~ P -
< r- < ]_ < -
-~ o~ L=~ . -~ A

(4]
3]
(D
b
D
a1
ty
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R2N NR23

Ph 4 —ph

HO OH

(IIa)
or a pharmaceutically acceptable salt form thereof,
5 wherein:
R22 and R?3 are independently selected from the group
consist&ng of:
(HzNC(=b))-benzyl, carboethoxybenzyl, (O~benzyl-
10 formaldoxime)benzyl, (O-methyl-
formaldoxime)benzyl, (CH302C0O)-benzyl,
{HOCH2CH2N=CE) -benzyl,
N-benzylaminocarbonylbenzyl, (H2NNHC(=0))-
benzyl, (H2NC(=0)NHN=CH)-benzyl,
(CH3ONRC (=0) )-benzyl, (HONHC (=0))-~-benzyl,
{CH3ANHC (=0) ) -benzyl,
NiN—dime:hylaminocarbonylbenzyl,
(HOCH2CH (OH)}CH20) ~benzyl, hydroxyethoxybenzyl,

(=]
w

(carbomethoxy)pentyl, glycylaminobenzyl,

20 N,N-dimethylglycylaminobenzyl,
alanylaminobenzyl, (N-phenylmethoxycarbonyl)-
alanylaminobenzyl, phenylalanylaminobenzyl,
{(N—-phenylmethoxycarbonyl)
phenylalanylaminobenzyl, (CH3CH2NHC(=0))-

25 . benzyl, N,N-~diethylaminocarbonylbenzyl,
ﬁ—ethylaminocarbonylbenzyl,
N-propylaminocarbonylbenzyl,
N,N-diisopropylaminocarbonylbenzyl, N, N-di-n-
propylaminocarbonylbenzyl,

3C {hvcdroxypropynyl)benzyl, (imidazolyl-C(=0))-
benzyl, ({(pyrazolyl-C(=0))-benzyl,

This Sheet Has Been Replaced



WO 94/19329 ! PCT/US94/01609

10

(94]

n

]

-84~
I (pyridylmethylaminocarbonyl)benzyl,

' trifluorocacetylbenzyl, dihydroxyethylbenzyl,

'  (MeHNC (=0O)NH)-benzyl, (H2NC(=0O)NH)-benzyl,
({EC (=0)NH) -benzyl, methanesulfonylpentyl, N-
formyl-N-methylaminobenzyl, acetylaminobenzyl,

propionylbenzyl, butyrylbenzyl,
(trifluorohydroxyethyl)benzyl, (CF3C(=NOH))-

benzyl, (N-methylglycyl)aminobenzyl,
((4-morpholino)ethyl)aminocarbonylbenzyl,

; (N,N-dimethylaminoethyl)aminocarbonylbenzyl,
(N,N—-diethylamincethyl)aminocarbonylbenzyl,
(4-methylpiperazin-1-

vlethyl)aminocarbonylbenzyl, (benzyl-

NHC (=0)0)benzyl, (CH3NHC(=0)0O)benzyl,
(NH2C (=0} CH20)benzyl, (NH2C(=NH))benzyl,
{(N-rhenylmethoxycarbonyl)glycylamino)benzyl,
(imidazolylmethyl)benzyl, ((CH3)3C-

; C(=0))benzyl, (N-methyl~N-

ethylaminoethyl)aminocarbonylbenzyl,

| (pyrrolidinylethyl)aminocarbonylbenzyl,

! (piperidirnylethyl)aminocarbonylbenzyl,

| (E2NZ(=ROE))benzyl, (HpNC(=NOH))fluorobenzyl.

i~4! Specif:icelly preferred are compounds of formula
(ZZ&}
).\
R%N NR2?
| Pn “—ph
",
”,
! HO OH
(Ila)
Cr & prazrmaczectically acceptable salt fcrm thereo:,
celectes! fror the grour consisting cf:
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the compound of formula (Ila)} wherein R22 is 1-
cinnamyl and R23 is l-cinnamyl;
the compound of formula (IIa) wherein R22 is
vinylbenzyl and R23 is vinylbenzyl;

5 the compIund of formula {(Ila) wherein R22 is 3-
(NHCHO)benzyl and R23 is 3~ (NHCHO)benzyl;

the compound of formula (IIa) wherein R2Z2 is 3-
(NHCOCH3)benzyl and R23 is 3-(NHCOCH3)benzyl;
the compéund of formula (IIa) wherein R22 is 3-

10 formaldoximebenzyl and R23 is 3-(N-

hydkoxy)aminomethylbenzyl;

the compéund of formula (IIa) wherein R22 is 3-
(CH30C (=0) O-) benzyl and R23 is 3~ (CH30C (=0)O-
)behzyl:

15 the compound of formula (IIa) wherein R22 is 3-
(HOkHzCH2N=CH)benzyl and RZ23 is 3-
(HOCH2CH2N=CH)benzyl;

the compound of formula (IIa) wherein R22 is 3-
(HOCH2CH2N=CE)benzyl and R23 is 3-(2-
20 oxazolidinyl)benzyl;
the comphund of formula (IIa) wherein R22 is 3-
(CeH5CH2NHC (=0) O) benzyl and R23 is 3-
(CgH5CH2NHC (=0) O) benzyl;
compound of formula (Ila) wherein R22 jis 3-
25 (CH3INKC (=0)O)benzyl and R23 is 3-
(CH3NHC (=0)O})benzyl;

t
o2
[{)]

the compound of formula (IIa) wherein RZ2Z is 3-
(HOCH2CC) benzyl and R23 is 3-bromobenzyl;

the compound of formula (IIa) wherein R22 is 3-

30 aminocarbonylbenzyl and R23 is 3-

amjnocarbonylbenzyl;

the compound of formula (Ila) wherein R22 js 3-
(HPNCOCH20)benzyl and R23 is 3-
(HPNCOCH20) benzyl;
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the compound of formula (IIa) wherein R2Z is 3-
(H2NNHC (=0) ) -benzyl and R23 is 3- (H2NNHC (=0))-

benzyl;
the compound of formula (Ila) wherein R22 is 4-
5 . (H2NNHC (=0) )~benzyl and RZ3 is 4~ (H2NNHC (=0))-
{ benzyl;

the compound of formula (IIa) wherein R2Z2 is 3-
(H2NC (=0) NHN=CH) ~benzyl and R23 is 3-
(H2NC (=0) NEN=CH) -benzyl;
10 the;compound of formula (IIa) wherein RZ22 is 3-[ (N-
methoxy)aminocarbonyl)]-benzyl and R23 is 3-
[ (N-methoxy) aminocarbonyl)-benzyl;
the'compound of formula (IIa) wherein R22 is 4-[(N-
methoxy)aminocarbonyl]-benzyl and RZ3 is 4-
15 © [ (N-methoxy)aminocarbonyl}-benzyl;
the compound of formula (IIa) wherein R22 is 3-
 (HOCH2CH (OH)CH20)benzyl and R23 is 3~
(ROCH2CE (OH) CH20)benzyl;
the compound of formula (IIa) wherein R22 jis 3-(2-
20 hydroxyethoxy)benzyl and R23 is 3-(2-
hydroxyethoxy)benzyl;
the compound of formula (IIa) wherein R22 jis 3-
. (1,2-dihydroxyethyl)benzyl and RZ3 is 4-(1,2-
| dihydroxyethyl)benzyl;

Ny
wm
ct
.
1

compound of formula (IJla) wherein R22 is 3-

aminocarbonylbenzyl and R23 is 3-

(H2NC (=NH) ) benzyl;
thé compound of formula (IXa) wherein R22 js 3-
| carbomethoxybenzyl and R23 ig 3-(N-
30 methylaminocarbonyl)benzyl;

the compound of formula (Ila) wherein R22 js 3-
| (1,2-dihydroxyethyl)benzyl and R23 is 3-(1,2-

dihydroxyethyl)benzyl;
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the compound of formula (IIa) wherein R22 is 4-
{1,2-dihydroxyethyl)benzyl and R23 is 4-(1,2-
dihydroxyethyl)benzyl;

the compound of formula (IIa) wherein R22 is 3-
hydroxymethylbenzyl and R23 is 3-(N-
ﬁethylaminocarbonyl)benzyl;

the compound of formula (lIa) wherein R22 is 3-(N-
edthylaminocarbonyl)benzyl and R23 is 3-(N-
éthylaminocarbonyl)benzyl:

the campound of formula (IIa) wherein R22 jis 3-
carbomethoxybenzyl and R23 is 3~-(N,N-
Alethylamlnocarbonyl)benzyl,

the compound of formula (IIa) wherein R22 is 3-
carbomethoxybenzyl and R23 is 3-(N-
ethylaminocarbonyl)benzyl;

(E2NC (=C)NH)benzyl and R23 is 3-(H2NC(=0)NH)benzyl;

the compound of formula (Ila) wherein R22 jis 3-
aminobenzyl and R23 is 3- (CH3NHC (=0O)NH) benzyl;

the compound of formula (Ila) wherein RZ2Z is 3-
(CH3NHC (=0) NH)benzyl and R23 is 3-
&CH3NFC(=O)N")benzyl'

the compound of formula (IIa) wherein R22 is 3-
W(N N-dimethylaminoglycyl)amino)benzyl and R23
Es 3- ((N,N-dimethylaminoglycyl)amino)benzyl;

the chpound cf formula (Ila) wherein R22 is 3~ ((N-
methylaminoglycyl)amino)benzyl and R23 is 3-
'( (N-methylaminoglycyl)amino)benzyl;

the compound of formula (IIa) wherein R22 is
:3—((N,N—dimethylaminoglycyl)amino)benzyl and
IrR23 is 4-hydroxymethyibenzyl;

the compound of formula (IIa) wherein R22 is 3~ ((N-
phenylmethoxycarbonylaminoglycyl)amino)benzyl
and R23 is 3=-((N-
phenylmethoxycarbonylaminoglycyl)amino)benzyl;
|
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the compound of formula (IIa) wherein R22 is
3-(glycylamino})benzyl and R23 jis 3-
(glycylamino)benzyl;
thelcompound of formula (IIa) wherein R22 is
I 3-(glycylamino)benzyl and RZ3 is
' 4-hydroxymethylbenzyl;

the compound of formula (IIa) wherein R22Z is 3-((N-
phenylmethoxycarbonylamino-L-
alanyl)amino)benzyl and R23 is 3-((N-
phenylmethoxycarbonylamino~L-
alanyl)amino)benzyl;
the compound of formula (IIa) wherein R22 is 3-((N-
phenylmethoxycarbonylamino-L-
phenylalanyl)amino)benzyl and RZ23 is 3-((N-
phenylmethoxycarbonylamino-L-
rhenylalanyl)amino)benzyl;
tr.e compound of formula (Ila) wherein R22 is 3-(L-
alanyl)amino)benzyl and R23 is 3-(L-
alanyl)amino)benzyl;
the compound of formula (Ila) wherein R22 is 3-(L-
phenylalanyl)amino)benzyl and R23 is 3-(ZI-
| phenylalanyl)amino)benzyl;
the compound of formula (IIa) wherein R22 is 5~
,  hvdroxy-l-pentyl and R23 is 3-
carboethoxybenzyl;
tre compound of formula (IIa) wherein R22 is 4-
oxime-1l-hexyl and RZ3 is 4-oxime-l-hexyl;
the compound of formula (IIa) wherein R2Z jis 3-
. (N,N-diethylaminocarbonyl)benzyl and RZ23 is 3-
| (N,N-diethylaminocarbonyl)benzyl;
thé compound of formula (Ila) wherein R22 is 3-
carbomethoxybenzyl and R23 is 3-(N,N-
! diethylaminocarbonyl)benzyl;
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the compbund of formula (IIla) wherein R22 is 3-
carpomethoxybenzyl and R23 is 3-(N-
ethylaminocarbonyl)benzyl;

the compPund of formula (Ila) wherein R22 is 3-
hydroxymethylbenzyl and R23 is 3-(N,N-
diethylaminocarbonyl)benzyl;

the compound of formula (IIa) wherein R22 is 3-
hydroxymethylbenzyl and R23 is 3-(N-
etﬁylaminocarbonyl)benzyl;

the compound of formula (IIa) wherein R22 is 3-(N-
prqpylaminocarbonyl)benzyl and R23 is 3-(N-
prdoylaminocarbonyl)benzyl;

the comﬂound of formula (Ila) wherein R22 is 3-
(Hd2C)benzyl and R23 is 3-(N-
isdpropylaminocarbonyl)benzyl;

the compound cf formula (IIa) wherein R22 is 3-
(HO2C)benzyl and R23 is 3-(N-
propvlaminocarbonyl)benzyl;

hrdroxyrlethylbenzyl and R23 is 3~
aminocarbonylbenzyl;

the ccmpound cf formulia (IIa) wherein R2Z is
cyclopropylmethyl and R23 is 3-
aminocarbonylbenzyl;

the compound of formula (IIa) wherein R22 jis 3-
am%nocarbonylbenzyl and R23 is hydrogen;

the compound cf formula (IIa) wherein R22 is 3-
hyaroxymethylbenzyl and R23 is 3-(N-
etﬁylaminocarbonyl)benzyl;

the comﬁound of formula (Ila) wherein RZ2 is 3~ (N-
imidazolylmethyl)benzyl and R23 is 3-(N-
imﬁdazolylmethyl)benzyl;

the compound of formula (IIa) wherein R22 is 3-
(2,2-dimethyl-1-propionyl)benzyl and R23 is 3-
{2,2-dimethyl-1-propionyl)benzyl;
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the!compound cf formula (Ila) wherein R22 is 3-
' (2,2,2-trifluoro-1-hydroxyethyl)benzyl and R23
" is 3-(2,2,2-trifluoro-l-hydroxyethyl)benzyl;
the .compound of formula (IIa) wherein R22 is 3-(2-
5 . imidazolyl-C (=0} )benzyl and R23 is 3-(2-
imidazolyl-C(=0))benzyl;
the!compound of formula (Ila) wherein R22 is 3-(3-
' hydroxy-l-propyn-l-yl)benzyl and R23 is 3-(3-
hydroxy-l-propyn-1-yl)benzyl;
i0 the compound of formula (Ila) wherein R22 is 3-
(2,2,2-trifluorocacetyl)benzyl and R23 is 3-
(2,2,2-triflvorocacetyl)benzyl;
the ;compound of formula (Ila) wherein R22 is 3~

| propionylbenzyl and RZ3 is 3-propionylbenzyl;

(o
n

the:compound of formula (IIa) wherein R22 is 3-
" (CE3CH2C (=N-OH))benzyl and R23 is 3-
(CH3CH2C (=N-0OH) )benzyl;
the compound of formula (Ila) wherein R22 is 3-
| CF3CH2C (=N-OH) )benzyl and R23 is 3-
' (CF2CE2C (=N-OH) )benzyl;

oD
[}

:helcompcund of formula (IIa) wherein R22 is 3-(5-

| methyl-1,2,3-oxadiazolyl)benzyl and R23 jis 3-
(5-methyl-1,2, 3-oxadiazolyl)benzyl;

compound of formula (IIa) wherein R22 is 3-
(E2NC (=NOH) benzyl and R23 is 3-

(EoNC (=NOH) benzyl;

t
jog
[t

Ny
wu

the ‘compound of formula (IIa) wherein R2Z2 is 3-
1 (B2NC (=NOH) -4-fluorobenzyl and RZ23 is 3-
(EZNZ (=NOH) -4-fluorobenzyl;

{a
e
ot
3
M

'compound of formula (IIa) wherein R22Z is 3~
chloro-5-indazolylmethyl and R23 is 3-chloro-
5-indazclylmethyl;

the 'compound of formula (Ila) wherein R22 is 3-

methylamino-5-indazolylmethyl and RZ23 is 3-

| methylamino-S5-indazolylmethyl;

I

L)
w
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the comp¢und of formula (Ila) wherein R22 is 3-
ethylamino-5-indazolylmethyl and R223 is 3-
ethylamino-5-indazolylmethyl;
the compound of formula (IIa) wherein R22 is 3-
amipo—s-benzisoxazolylmethyl and R23 is 3-
amino-5-benzisoxazolylmethyl.

[15) Also preferred are compounds of formula (IIaa):

10

or a pharmacehtically acceptable salt form thereof
wherein:

15
R4

20

and R7 are independently selected from: benzyl,

fluorobénzyl, pyrrolylmethyl, methoxybenzyl,
isobutv#, ritrobenzyl aminobenzyl, hydroxybenzyl,
4-pyridylmethyl, or thienylmethyl;

R22 and R22 are independently selected from:

25

30

(E2NC(=Q) ) -benzyl, carboethoxybenzyl, (O-benzyl-
formaldoxime)benzyl, (O-methyl-
fofmaldoxime)benzyl, (CH30,C0O)-benzyl,
(HéCHzCH2N=CH)—benzy1,
N-benzylaminocarbonyibenzyl, (H2NNHC(=0))-
benzyl, (H2NC(=0)NHN=CH)-benzyl,
(CH3ONHC (=0) ) -benzyl, (HONHC (=0))~-benzyl,
(CH3NHC(=O))~benzyl,
N,ﬁ—dimethylaminocarbonylbenzyl,

(HbCHzCH(OH)CHzO)—beniyl, hydroxyethoxybenzyl,

|
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(carbomethoxy)pentyl, glycylaminobenzyl,

N,N-dimethylglycylaminobenzyl,
alanylaminobenzyl, (N-phenylmethoxycarbonyl) -
alanylaminobenzyl, phenylalanylaminobenzyl,
(N-phenylmethoxycarbonyl)
phenylalanylaminobenzyl, (CH3CH2NHC(=0))-
benzyl, N,N-diethylaminocarbonylbenzyl,
N-ethylaminocarbonylbenzyl,
N-propylaminocarbonylbenzyl,
N,N-diisopropylaminocarbonylbenzyl, N, N-di-n-
propylaminocarbonylbenzyl,
(hydroxypropynyl)benzyl, (imidazolyl-C(=0))-
benzyl, (pyrazolyl-C(=0))-benzyl,
(pyridylmethylaminocarbonyl)benzyl,
trifluorocacetylbenzyl, dihydroxyethylbenzyl,
(MeENZ (=0)NHE)-benzyl, (H2NC(=0)NH)-benzyl,
(HC (=0O)NH) -benzyl, methanesulfonylpentyl, N-
formyl-N-methylaminobenzyl, acetylaminobenzyl,
prcricnylbenzyl, butyrylbenzyl,
(trifluorohvdroxyethyl)benzyl, (CF3C(=NCH))-
penzyl, (N-methylglycyl)aminobenzyl,
((4-mcrpholino)ethyl)aminocarbonylbenzyl,

(N, N-dimethylaminoethyl)aminocarbonylbenzyl,
(N,N-diethylaminocethyl) aminocarbonylberzyl,
(4-methylpiperazin-1-
vletlryl)aminocarbonylbenzyl, (benzyl-

NEC (=0)0)benzyl, (CH3NHC(=0)O)benzyl,

(NH2C (=0) CH20) benzyl, (NH2C(=NH))benzyl,

( (N-phenylmethoxycarbonyl)glycylamino)benzyl,
(imicdazolylmethyl)benzyl, ((CH3)3C-
C(=0))benzyl, (N-methyl-N-
ethyiaminoethyl)aminocarbonylbenzyl,
(pyrrolidinylethyl)aminocarbonylbenzyl,

(pipe

(82

ridinylethyl)aminocarbonylbenzyl,
{=NOH) )benzyl, (H;NC(—NO&))fluorobenzyl.
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[1€; Specifically preferred are compounds of formula

(ZIaa):

5
l
or a pharmagceutically acceptable salt form thereof,
selected from the group consisting of:
the compound of formula (IIaa) wherein R% and R7
1C are isobutyl, R22 and R23 are
cyclopropylmethyl;
the compound of formula (IIaa) wherein R4 and R’
dre isobutyl, R22 and R23 are allyl;
the compound of formula (Ilaa) wherein RY is
15 4-nitrobenzyl, R7 is 2-nitrobenzyl, R22 and
A23 are cycloprepylmethyl;
the compound of formula (Ilaa) wherein R4 and R?
are é-nitrobenzyl, R22 and R23 are
¢yclopropylmethyl;
20 the compound cf formula (Ilaa) wherein R4 is
4-nitrobenzyil, R7 is Z-nitrobenzyl, R22 and
R23 are n-butyl;
the cpmpound of formula (IIaa} wherein R? is
p-aminobenzyl, R7 is Z—-amincbenzyl, R22 and
25 R23 are cyclopropylmethyl;
the compound of formula (IIaa) wherein R4 and R7
are 4~-fluorobenzyl, R22 and RZ23 are 3-
hydroxybenzyl;
the cpmpound of formula (IIaa) wherein R4 and R’
3C are 4-fluorobenzyl, R22 and R23 are

‘cyclorropylmethyl;
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compound o©f formula (Ilaa) wherein R4 and R7
are 4-fluorobenzyl, R22 and R23 are
4-hydroxymethylbenzyl;

compound of formula (IIaa) wherein R4 and R7
are 4-fluorobenzyl, R22 and R23 are
3-aminocarbonylbenzyl;

compound of formula (Ilaa) wnerein R4 and R’
are 4-fluorobenzyl, R22 and R23 are 3-
acetylbenzyl;

compound of formula (Ilaa) wherein R4 and R’
are 4-fluorobenzyl, R22 and R23 are 3-
butyrylbenzyl;

compound ¢f formula (Ilaa) wherein R4 and R’
are 4-fluorobenzyl, R22 and R23 are 3-
hydroxymethylbenzyl;

compound cf formula (IIaa) wherein R4 and R7
are 4—‘luo—obenzyl R22 and R23 are 3-
(CR3C (=N-0OH)benzyl;

compound of formula (Ilaa) wherein R4 and R’
are 3—methoxybeniyl, P22 and R23 are benzyl;

compound cf formula (Ilaa) wherein R4 and R~

4-fluorobenzyl, R22 and R23 are 3-

(52N C(—WOF)benzyl

compound of formula (IIaa)'wherein R4 and R7
ere 4-fluorobenzyl, R22 and RZ23 are 3-
(EzNC (=R2E)-4-flucrobenzyl;

ccmpound cf formula (Ilaa) wherein R4 and R
are 3-methoxybenzyl, R22 and R23 are
cyclopropylmethyl;

compound of formula (Ilaa) wherein R4 and K7
are 3-methoxybenzyl, R22 and R23 are 4-
hydroxymethylbenzyl;

corpound of formula (IIaa) wherein R4 and R”
are 3-methoxybenzyl, R22 and R23 are 3-

metnoxybenzyl;
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coqpound of formula (IIaa) wherein R4
a*e 3-hydroxybenzyl, R22 and R23 are
hyc*oxyoenzyl

compo“nd of formula (IIaa) wherein R4
are 4-methoxybenzyl, R22 and R23 are
cyclopropylmethyl;

compound of formula (IIaa) wherein R4
aLe 4-methoxybenzyl, R22 and R23 are

compound of formula (IIaa) wherein R4
are 4-methoxybenzyl, R22 and R23 are
naphthylmethyl;

compound of formula (IIaa) wherein R4
are 4-methoxybenzyl, R22 and R23 are
hydroxymethylbenzyl;

compound of formula (Ilaa) wherein R4
a%e 4-hydroxybenzyl, R?2 and R23 are

compound of formula (Ilaa) wherein R4
are 4-methoxybenzyl, R22 and R23 are

coToo1"~ of formula (Ilaa) wherein R4

and R7
3_

and R’

and R7
benzyl;
and R’
2_

and R’
4-

and R’
benzyl;
and R7
allyl;
and R’

are 4-(zZz-hydroxyethoxy)benzyl, R22 and R23 are

benzyl

compound of formula (IIaa) wherein R4

and R’

are 4-(z-morpholinylethoxy)benzyl, R22 and R23

ake benzyi;

ccfpound cf formula (IIaa) wherein R4
are 3-(E2NC{=0)CH;O)benzyl,
bhtyl;

colmpound of formula (Ilaa) wherein R4

and R7

R22 and R23 are n-

and R7

are 3,4-difluorobenzyl, R22 and RZ23 are 3-

nydroxymethylbenzyl,

compound of formula (IIaa) wherein R4
are 3,4-difluorobenzyl,
ﬁydroxymethylbenzyl;
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compound of formula (Ilaa) wherein R4 and R7
are 3,4-difluorobenzyl, R22 and R23 are 3-
(H2NC (=0) Ybenzyl;

compound of formula (IIaa) wherein R4 and R7
are 3,4-difluorobenzyl, R22 and R23 are 3-
(H,NC (=NOH) ) benzyl;

compound of formula (IIaa) wherein R4 and R’
are 2-naphthylmethyl, R22 and R23 are benzyl;

compound of formula (Ilaa) wherein R4 and R7
are 2-naphthylmethyl, R22 and R23 are
cyclopropylmethyl;

compound of formula (Ilaa) wherein R? and R’
are 2-thienylmethyl, R22 and R23 are
cyclopropylmethyl;

compound of formula (Ilaa) wherein R4 and R’
are 2-thienylmethyl, R22 and R23 are 3-
{HzNC (=NOH) Ybenzyl;

compound of formula (IIaa) wherein R4 and R’
are 4-me-hyithiobenzyl, R22 and RZ3 are
berzyl;

comraund cf fermula (Ilaa) wherein R4 and R7

arxe isopropyl, R22 and R23 are n-hexyl;
preferred in the present embodiment are

of formuie (Ilb):

P, W Ph
"'u“/

w

HO OH
(IIa)
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-N(R22)C (=S) N (R23) ~,
-N (R22) C (=N-CN) N (R23) -;
R22 and R2?3 are independently selected from:

5 (HzNC(TO))-benzyl, carboethoxybenzyl, (O-benzyl-
formaldoxime)benzyl, (O-methyl-
%ormaldoxime)benzyl, (CH302C0O) -benzyi,
QHOCH2C82N=CH)~benzy1,
N-benzylaminocarbonylbenzyl, (H2NNHC(=0))~-

10 benzyl, (H2NC(=0)NBN=CH)-benzyl,
(CH30ONHC (=0) ) -benzyl, (HONHC (=0))-benzyl,
(CB3NHC (=0) ) -benzyl,

ﬂ N-dimethylaminocarbonylbenzyl,
tHOCHzCH(OH)CHzO)-benzyl hydroxyethoxybenzyl,

15 (carbomethoxy)pentyl, glycylaminobenzyl,
K,N-dimethylglycylaminobenzyl,
alanylaminobenzyl, (N-phenylmethoxycarbonyl)-
alanylaminobenzyl, phenylalanylaminobenzyl,
{(N-phenylmethoxycarbonyl)

2GC phenylalanylaminobenzyl, (CH3CH2NHC(=0))-
benzyl, N,N-diethylaminocarbonylbenzyl,
N-ethylaminocarbonylbenzyl,
N-propylaminocarbonylbenzyl,
ﬁ,N-diisopropylaminocarbonylbenzyl, N, N-di-n-

25 Prcpylaminocarbonylbenzyl,
(hydroxypropynyl)benzyl, (imidazolyl-C(=0))~-
benzyl, (pyrazolyl-C(=0Q))-benzyl,
'(pyridylmethylaminocarbonyl)benzyl,
itrifluorcacetylbenzyl, dihydroxyethylbenzyl,

30 . (MeBNC (=0) NH) ~benzyl, (H2NC(=0)NH)-benzyl,
,(HC(=O)NH)—benzyl, methanesulfonylpentyl, N-
formyl-N-methylaminobenzyl, acetylaminobenzyl,
‘propionylbenzyl, butyrylbenzyl,
(trifluorohydroxyethyl)benzyl, (CF3C(=NOH)})-

35 I‘ber‘.:'.yl, {(N-methylglycyl)aminobenzyl,

.((4 mcrephcliine)ethyl)aminocarbonylpenzyl,

I
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| (N,N-dimethylaminoethyl)aminocarbonylbenzyl,

(N,N-diethylaminoethyl)aminocarbonylbenzyl,

(4-methylpiperazin-1-

ylethyl)aminocarbonylbenzyl, (benzyl-

| NHC (=0)0)benzyl, (CH3NHC(=0)O)benzyl,
{NH>C (=0) CH20) benzyl, (NH2C(=NH))benzyl,
( (N-phenylmethoxycarbonyl)glycylamino)benzyl,
(imidazolylmethyl)benzyl, ((CH3)3C-
C(=0))benzyl, (N-methyl-N-
ethylaminoethyl)aminocarbonylbenzyl,

‘ (pyrrolidinylethyl)aminocarbonylbenzyl,

! (piperidinylethyl)aminocarbonylbenzyl,

' (EZNC(=NOH))benzyl, (H2NC (=NOH) ) fluorobenzyl.

Spe-;klca‘ly preferred are compounds of formula

CN

N
]
|
| RzzN/\NR”
Ph .."I__Ph

.
. s,

! HO OH
(IIb)

e

maceutically acceptable salt form thereof,

ot o
ry

o
1. — f+

from the group consisting of:

0

compound of formula (IIb) wherein R2Z is 4-

o
®

. hydroxybenzyl and R23 is 4-hydroxybenzyl;
the compound of formula (IIb) wherein R22 is
cyclopentylmethyl and R23 is
cyclopentylmethyl:
the compound of formula (IIb) wherein R22 is n-

ratyl and R23 is n-butyl
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the compound of formula (IIb) wherein R22 is
3-hydroxybenzyl and R23 is 3-hydroxybenzyl;
the compound of formula (IIb) wherein R22 is
3-aminobenzyl and R23 is 3-aminobenzyl;
the compound of formula (IIb) wherein R?2 is
cyélohexylmethyl and R23 is cyclohexylmethyl;
the compound of formula (IIb) wherein R22 is
cyclobutylmethyl and R23 is cyclobutylmethyl;
the compcund of formula (IIb) wherein R22 is 3-
hydroxymethylbenzyl and R23 is 3-
hydroxymethylbenzyl;
the compound of formula (IIb) wherein R?Z is 3-
fo;mylbenzyl and R23 is 3-formylbenzyl;
the compound of formula (IIb) wherein R22 is
3-formaldoximebenzyl and R23 is 3-
fotmaldcximebeniyl.
|

Specifically preferred are compounds of formula
|

| (Ibb)

pharmac?utically salt form thereof, selected from

the group consisting of:

the compound of formula (Ibb) wherein R22 is benzyl
and R23 is hydrogen;

the compound of formula (Ibb) wherein R22 is
cyclopropylmethyl and R23 is
cﬁclopropylmethyl;
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the compound of formula (Ibb) wherein R22 is benzyl

and R23 is benzyl;

the compound of formula (Ibb) wherein R?2 is
3-hydroxybenzyl and R23 is 3-hydroxybenzyl;
5 the compound of formula (Ibb) wherein R22 is 3-
hydroxymethylbenzyl and R23 is 3-

hydroxymethylbenzyl;
the compound of formula (Ibb) wherein R22 is 4-
hydroxybenzyl and R23 is 4-hydroxybenzyl;
10 the compound of formula (Ibb) wherein R22 is 3-
methoxybenzyl and R23 is 3-methoxybenzyl;
the compound of formula (Ibb) wherein R22 jig 3-
| (H2NC (=NOH) )benzyl and R23 is 4-
hydroxymethylbenzyl;

[N
w
ct
oy
(0

compound of formula (Ibb) wherein R22 is 3-
(H2KC (=NOH) ) benzyl and R23 is 3-
(E2NC (=NOH) )benzyl;
the compound of formula (Ibb) wherein R22 is 3-
(E2NC (=NOH) ) -4-fluorobenzyl and R23 is 3-
2% . {H2ZNCZT(=NOE))-4-fluorcbenzyl.

{2C; A Zzurth emkodiment ¢f this invention is a compound

i - -
cf the formula (I):
|

R4A W, R7A
. R¢ R?
i RGa
RS
) R5a R¢
25 n

(1)

m

or a pharmzceutically acceptable salt form thereof
|

3C whereir.:
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R4 and R’ are independently selected from the following
groups: '
hydrogén;
C1-Cg alkyl substituted with 0-3 R11;
5 C2-Cg Alkenyl substituted with 0-3 R11;
C2-Cg alkynyl substituted with 0-3 R11;
a C3-Ch4 carbocyclic ring system substituted with
0-3 rR1 or 0-3 R1Z;
a 5- tp l10-membered heterocyclic ring system
10 dontaining 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R12;
—0F.13;: -SR23; CO2R13;

is
R4% and R72 are independently selected from the
fcllowing gEoups:
hydrogen;
1-C4 alkyl substituted with 0-6 halogen or 0-3 Ci1-
23 Cz alkoxy;
bernzyl substituted with 0-6 halogen or 0-3 C1-C2
§lkox},
-CPR2; -gR3; CO,RI3
23 F% and B%? car alternatively join to form a 5-7 membered
zarbocyclic ring substituted with 0-2 R1Z;
R7 and R72'can alternatively join to form a 5-7 membered
carbocyclic ring substituted with 0-2 R1Z;
3¢C
r. is C, 1,(or 2;
RO is seleFted from hydrogen; bromine, chlorine, C1-Cg
alkyl substituted with 1-3 R, -N(rR20y5, -sr20, or
33 ~Nj3;
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R6 is selected from bromine, chlorine, C1-Cg alkyl

substituted with 1-3 R11, -N(R20)p, -sr20, or -N3;
R and Ré can alternatively join to form an aziridine
5 ring; =-OC((CH2)3NH2) (CH3)O-; -NHC(=0)NH-;
-0C(=0)NH-; =NHC(=0)0-; -NHCH20-; -OCH2NH-;
-NHC (=5)0-; -0S(=0)NH-; =NHC (=0)C (=0)0-;
-0C (=0) C (=0)NH-; -NHC (=0)C(=0)NH-; -NHC(CH3)20-;
-0OC.(CH3) 2NH-; or any group that, when administered
10 to &8 mammalian subject, cleaves to form a diamino

or hydroxyl and amino;

Fo2 is selected from hydrogen, haloger, C1-Ce alkyl,.
-~ (r20),, -sr2C, or -0R20;

15 ;
|
r62 i: seiected from: hydrogen, halogen, C1-Cg alkyl,
-N(r20),, -sr20 or -or?1;
£Z and F52@ can alternatively join to form =0, =S, or a
22 ketal ring;
€ anc¢ R®® can alternatively join to form =0, =S, or a
ketal ring;
22 k20 ar¢ B2l are independently selected from:
hyvdirogen;
C--T¢ alkyl substituted with 0-3 R11;
C3-Cg alkoxyalkyl substituted with 0-3 R11;
C;-Cg alkylcarbonyl sul-stituted with 0-3 R11;
3C C:+7¢ alkoxycarbonyl substituted with 0-3 R11;

C1-C¢ alkylaminocarbonyl substituted with 0-3 R11;
penzoyl substituted with 0-3 rR12;
phenoxycarbonyl substituted with 0-3 R12;

uné'V¢aw1nocarbonyl substituted with 0-3 R12; or
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. =103~
any groﬁp that, when administered to a mammalian

subject, cleaves to form a free hydroxyl,
amino or sulfhydryl:

5 R1l is selected from one or more of the following:
H, keto, halogen, cyano, -CH2NR13R14, -NR13Rrl4,
-co2Rr13, -oc(=0)R13, ~0R13, -5(0)pRr13,
-NHC (=NH) NKR13, -C(=NH)NHR13, -C(=0)NR13R14,
-NR4c (=0)R13, =NOR14, -NR14C(=0)OR14,
10 -0C (=0)NR13R14, -NR13C (=0)NR13R14,
-NR1450oNR13R14, -NR14502R13, -SopNR13R14,
-aP(O)(OR13)2. C1-Cq alkyl, C2-C4 alkenyl, C3-
C¢ cycloalkylmethyl, benzyl, phenethyl,
phenoxy, benzyloxy, nitro, C7~Cip arylalkyl,
15 hydroxamic acid, hydrazide, boronic acid,
sulfonamide, formyl, C3-Cg cycloalkoxy, Ci—-Cg
alkyl substituted with -NR13Rr14, c31-C4
hydroxyalkyl, methylenedioxy, ethylenedioxy,
C1-C4 haloalkyl, €1-C4 nalocalkoxy, C1-C4
2C alkoxycarbonyl, pyridylcarbonyloxy, Ci-Ca
alkyicarbonyl, C€31-C4 alkylcarbonylamino,
-OCH2CO2E, 2-~(l-morpheclino)ethoxy, azido, or
~-C(R14) =N (OR14) ;
i-3 amino acids linked together via amide bonds,
25 said amino acid being linked via the amine or
carboxylate terminus;
C3-C10 cycloalkyl substituted with 0-2 R1Z:
C1-C4 alkyl substitued with 0-2 R12;
aryl (C1-C3 alkyl) substituted with 0-2 R1Z;
30 C2-Cg mlkoxyalkyl, substituted with 0-2 R12;
Ci-Cyg élkylcarbonyloxy substituted with 0-2 R12;
Cg~Cyp arylcarbonyloxy substituted with 0-2 R12;
a C5—Cﬁ4 carbocyclic residue substituted with 0-3
312;
35 a 5- tlo 10-membered heterocyclic ring system
éontaining 1 to 4 hetercatoms independently

| This Sheet Has
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-104-
selected from oxygen, nitrogen or sulfur, said

heterocyclic ring system being substituted
with 0-3 R1Z;

R11A js selected from one or more of the following:
H, keto, halogen, cyano, -CHpNR13BR14B, _NR13BR14B,

Rlz

-CO2H, -0C(=0) (C1~C3 alkyl), -OH, C2-C¢
alkoxyalkyl, -C(=0)NHz, -OC(=0)NH2,
-NHC (=0)NH>, -SO2NH2, C1-C4 alkyl, C2-C4
alkenyl, C3-Ci1p0 cycloalkyl, C3-Cé
cycloalkylmethyl, benzyl, phenethyl, phenoxy,
benzyloxy, nitro, C7-C10 arylalkyl, hydroxamic
acid, hydrazide, boronic acid, C3-Cg
cycloalkoxy, Ci1-C4 alkyl substituted with
-NH>, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, C1-C4
halcalkoxy, €1-C4 alkoxycarbonyl, C1-C4
alkylicarbenyloxy, C1-C4 alkylcarbonyl, C1-C4
alkylcarbonylamino, -OCH2CO2H,
2-(1-morpholino)ethoxy, azido, aryl(Ci-C3
aikyli, a Ctg-Cis4 carbocyclic residue; a 5- tc
10-membered heterocyclic ring system
contairing 1 to 4 hetercatoms independently
selected from oxygen, nitrogen or sulfur, said

heterocyclic ring system substituted with 0-3
pl24.

, when a substituent on carbon, is selected from one

or more of the f(llowing:

phenyl,

benzyl, phenethyl, phenoxy, benzyloxy,
halogen, hydroxy, nitro, cyano, Ci1-C4 alkyl,
C3-Cg cycloalkyl, C3-Cg cycloalkylmethyl, C7-
Cipo arylalkyl, C3-C4 alkoxy, -CO2H, hydroxamic
acid, hydrazide, boronic acid, sulfonamide,
formyl, C3-Cg cycloalkoxy, -ORY3, C3-C4 alkyl
cubstituted with -NRI3r14, -nr13Rrl4, cz-C¢
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-105-
alkpxyalkyl optionally substituted with

-Si{CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, C1-C4
haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4
alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4
alkylcarbonylamino, =-S(0)mR13, -soznNr13rl4,
-NHSO2R14, -OCH2CO2R13,
2- (1-morpholino) ethoxy, =-C(R14)=N(OR14); or

a 5- or F-membered heterocyclic ring containing
from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur;

or R12 m%y be a 3~ or 4- carbon chain attached to
adjacent carbons on the ring to form a fused
5- or 6-membered ring, said 5- or 6- membered
ring being optionally substituted on the
aliphatic carbons with halogen, C1-C4 alkyl,
C1-C4 alkoxy, hydroxy, or ~NR13Rr14; or,

when R12, is attached to a saturated carbon atom, it
may be =0 or =S; or when R12 is attached to
sulfur it may be =0;

|

wher. a substituent on nitrogen, is selected from

one or more of the following:

phenyl, ﬁenzyl, phenethyl, hydroxy, Ci1-C4
kydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-Cg¢
cyqloalkyl, C3-Cg cycloalkylmethyl,
-CH2NR13R14, -NR13R14, Cco-Cg alkoxyalkyl, Ci-
C4 naloalkyl, C1-C4 alkoxycarbonyl, -CO2H, Ci-
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl,
-C(R14) =N (OR14) ;

R12A, when a substituent on carbon, is selected from one

or more of the following:

phenyl, benzyl, phenethyl, phenoxy, benzyloxy,
halogern, hydroxy, nitro, cyano, Ci1-Cg alkyl,
C2-C¢ cyclealkyl, C3-Cg cycloalkylmethyl, C7-

. ThkthU%mB“qu,
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Cip arylelkyl, Ci1-Cq alkoxy, -CO2H, hydroxamic

acid, hydrazide, boronic acid, sulfonamide,
formyl, C3-Cg cycloalkoxy, -OR13, Ci1-C4 alkyl
, substituted with -NH2, =NHz, -NHMe, C2-Cg¢
5 alkoxyalkyl optionally substituted with
-Si (CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, C1-C4
halocalkoxy, C1-C4 alkoxycarbonyl, Ci1-C4
' alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4
10 alkylcarbonylamino, =-S(O)mMe, —-SO2NH2,
-NHSO2Me, -OCH2CO2R13, 2-(l-morpholino)ethoxy,
 -C(=NOH)NHz; or
a 5-' or 6-membered heterocyclic ring containing
" from 1 to 4 heteroatoms independently selected
i5 | from oxygen, nitrogen or sulfur;
2h mzy be & 3- or 4- carbon chain attached to
adiacent carbcns on the ring to form a fused
€~ or 6-membered ring, said 5- or 6- membered
ring being optionally substituted on the
20 ' aliphatic carbons with halogen, C1-C4 alkyl,

F]

]

™

, T2=C¢ alkexy, hydroxy, or -NEz; or,

(

wrern F122 is zttached to a saturated carbon atom,
it may be =0 or =S; or when R}Z is attached to

sulfvr it may be =0;

LR
n

F+<A, wrer & substituent on nitroger, is selected from
» oz more of the following:

phenyl, benzyl, phenethyl, hydroxy, C1-C4
hydrosyalkyl, C1-C4 alkoxy, C31-C4q alkyl, C3-Cg
3¢ ' cycloalkyl, C3-Cg cycloalkylmethyl, —CH2NHz,
-NE2, C2-C¢ alkoxyalkyl, C1-C4 haloalkyl, Ci-
Cs alkoxycarbonyl, -CO2H, Ci-Cq
aikylcarbonyloxy, Ci-C4 alkylcarbonyl,
-C(=NOH)NE:;

(0
w
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B;

phenyl, substituted with 0-3 R113;

benzyl substituted with 0-3 R113;

C1-Cg alkyl substituted with 0-3 R11A;

C2-C4 alkenyl substituted with 0-3 R11%;

C1-Cg alkylcarbonyl substituted with 0-3 R113;
C1-Cg alkoxycarbonyl substituted with 0-3 R113;
C1-Cg alkylaminocarbonyl substituted with 0-3 R11A;
C3-Cg alkoxyalkyl substituted with 0-3 R11A;

an amine protecting group when R!3 is bonded to N;
a hydrbxy protecting group when R13 is bonded to O;

F-% is hydrogen, hydroxy, C1-Cg alkyl substituted with

C-3 grpurs selected from OH, C3-C4 alkoxy, halogen,
NHz, -NH(C1-C4q4 alkyl), C;-Cg alkoxy, C2-Cg¢ alkenyl,
phenylr benzyl, an amine protecting group when R14
is bonded to N, a hydroxy protecting group when R1%4

is bonded to O;
|

-3 anc R4 car glternatively join to form -(CH2)4-,
- (CH2)5-, ~CH2CH2N(R15)CH2CH2-, or -CH2CH20CH2CH2-;
R-3E anc R14E are independently selected from H or C3-Cg

|
alkyl, or R13B and R14B can alternatively join to
&

orr -(CE2)4-, —-(CH2)5-, =CH2CH2N(R19)CH2CH2-, or

~ r~rel ~es ~ey
CHZCEZOCH2CH2—;

selected from:

-N(R22)C(=Z)N(R23) -,

-0C (=Z) O-,

—x(r22)C (=2)Cm,

-C(r2%) (R28)C(=2)C(r27) (R2E) -,
|
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-N(R22)C (= Z)C(R27)(R28)-
-C(R25) (R26)C (=2)0O-,
-N(R22)C (=0)C (=0)N (R23) -,

—-C(R25) (R26)C(F2)C(R27) (R2B) -,
-C(R25) (R26)N(CH3) (0)C(R27) (R28)~,
-C (RZS) (R26)N (ORZQ)C(R27) (RZB)_'

-C(rR25) (R26)C (=2) 5~,
-N(R22) S (=0)N(R¢3) -,

wherein:

Z is G,

S, NR24;

PCT/US94/01609

P22 and FZ3 are independently selected from the

following:

hycdrcgen;

C1-C8
Co-Cg
C2-Cs

-~
& a3

\l
(n

aikyl substituted with 0-3 R31;
ituted with 0-3 R31;
alkynvl substituted with 0-3 R31;

alkenyl subst

¢-5 r31 or 0-5 R32;

[&]

(o]

or.tain

cith 0-2 R32;

alkyl substituted with 0-3 R31;
alkenyl substituted with 0-3 R31;
alkynyl substituted with 0-3 R31;

- r

ected from oxygen, nitrogen or sulfur,

1¢ carbocyclic ring system substituted with

{-menmbered heterocyclic ring system
»ing 1 to 4 heterocatoms independently

said

erocyclic ring system being substituted

or

-k (R22a) (p22b) .

zre independently selected from the

ca
732
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a 5- to 10-membered heterocyclic ring system

con*a‘nlng 1 to 4 heteroatoms independently
elected from oxygen, nitrogen or sulfur, said
he*erocycllc ring system being substituted

5 with 0-2 R32;

R24 is selected from: hydrogen; hydroxy; amino; C1-C4
alkyl; C1-C4 alkoxy; mono- or di-(C1-Cg
alkyl)amino; cyano; nitro; benzyloxy; -NHSO2aryl,

10 aryl being optionally substituted with
(C1-Cg)alkyl;

25 and R27 are independently selected from the
fclliowing:
15 hyarogen.
c1-Cg alky¢ substituted with 0-3 R31;
C2-Csg Flkenyl substituted with 0-3 R31
C2-Cg alkynyl substituied with 0-3 rR31;
a C3-C14 carbocyclic ring system substituted with
20 ¢-5 R3? or 0-5 R3Z;

[\

E- to 10-membered heterocyclic ring system
contéeinine 1 to 4 heteroatoms independently
eelected from oxygen, nitrogen or sulfur, said
ﬁete:ocyclic ring system being substituted

25 with 0-2 R32;

-OR13; -SR13;
|
R26 and Rzﬁ are independently selected from:
hydrogen;
30 halogen:
C1-Cs ' alkyl substituted with 0-3 halogen or 0-3 Ci-
Co2 alkoxy;
benzyl substituted with 0-3 halogen or 0-3 C1-C2
Elkoxy;

-OR13; -SR*3;

(98}
w
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R2? is se¢lected from:
hydrogen;
C1-C4 alkyl substituted with 0-3 halogen or 0-3 Ci-
C2 alkoxy:;
5 benzyl substituted with 0-3 halogen or 0-3 Ci-C2
alkoxy;

alternatively, R22, R25, or R26, independentliy, can join
with R4 or R42 to form a 5- or 6-membered fused
10 heterocyclic ring or carbocyclic ring substituted
with 0-2 R12, said heterocyclic ring containing 1-3
heterocatoms independently selected from N, S, or O;

or '

15 aiternazively, R23, R27, or R28, independently, can join
with E7 or R72 to form a 5~ or 6-membered fused
he;e*ocvclic ring or carbocyclic ring substituted
with 6-2 R12, said heterocyclic ring containing 1-3

!
heteroatoms independently selected from N, S, or O;

2 cr !

alternatively, R22, R25, R26, R23, R27, R28, R34, or R33
can jcin with RS or R® to form a 0- to 7-membered
tridge tec form a carbocyclic or heterocyclic ring,
2¢ saTd bridge being substituted with 0-2 R12 ang saicg
ridgs containing 0-3 heterocatoms independently
selected from N, S, or O (i.e., a O-membered bridge
is  formed when R22, R25, R26, R23, R27, R28, R34
or R3% are taken together with RS or R6 to form a
30 di Lecu bord) ;

alternatively R28 or R23 can join with R7A to form a

e
direct bond:

cct Has Been Replaced
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alternativelly R26 or R22 can join with R4A to form a

direct bond;

R31 is selected from one or more of the following:

5 keto, halogen, cyano, -CHoNR13R14, -Nr13R14,
-cozR13, -c(=0)R}!, -0C(=0)R13, -0R13, c2-Cg
alkoxyalkyl, -S(O)mR13, —-NHC (=NH)NHR13,

-C (=NE)NHR13, -c(=0)NR13R14, -NRrléc(=0)R13,
=NOR14, -NR14C(=0)0R14, -0C(=0)NR13R14,

10 -NR13c (=0)NR13R14, -NR13(C(=5)NR13R14,
-NR1450,NR13R14, -NR1450,R13, -s0;NR13R14, C;-
C4 alkyl, C2-C4 alkenyl, C3-Cip cyclcalkyl,
C3-C¢ cycloalkylmethyl, benzyl, phenethyl,
phenoxy, benzyloxy, nitre, C7-C10 arylalkyl,

18 hydroxamic acid, hydrazide, oxime, boronic
acid, sulfonamide, formyl, C3~Cg cycloalkoxy,
C1-C4 alkyl substituted with -NRI3R14, Cci-C4
hydroxyalkyl, methylenedioxy, ethylenedioxy,
C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4

20 alkoxycarbonyl, C1-C4 alkylcarbonyloxy, C1-C4
aﬂkylca:bonyl, Ci1-C4 alkylcarbonylamino,
-PCH2CO2R*3, 2-(1l-morpholino)ethoxy, azido,
—F(R14)=N(OR14); or '

25 i-3 armino acids, linked together via amide bonds,
s&id amino acid being linked via the amine or
carboxylate terminus;

a C5-C14 carbocyclic residue substituted with 0-5
3C R32; or
|
a 5- to l0-membered heterocyclic ring system
containing 1 to 4 heterocatoms independently
selected from oxygen, nitrogen or sulfur, said

| This Sheet Has Been Replaced
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\ -112~
heterocyclic ring system being substituted

with 0-2 R32Z;

R32, when a substituent on carbon, is selected from

' one or more of the following:

phenethyl, phenoxy, C3-Cip cycloalkyl, C3-Cé
cycloalkylmethyl, C7-C10 arylalkyl, hydrazide,
. oxime, boronic acid, C2-Cg alkoxyalkyl,
methylenedioxy, ethylenedioxy, C1-C4
alkylcarbonyloxy, -NHSO2R14,
benzyloxy, halogen, 2-(l-morpholino)ethoxy,
| _z0o2R3, hydroxamic acid, -CONRI3NR13r14,
| cyano, sulfonamide, -CHO, C3-Cg cycloalkoxy,
-Nr13R14, -C(R14)=N(OR14), -NOz, -OR13,
—NR40241, -SOmR13, -SOmNR13R14, —C(=O)NR13R14,
-0c (=0)NR13R14, -c(=0)R11, -oC(=0)R1l,
~ -0Z02R13, phenyl, -C(=0)NRI3-(C1-C4 alkyl)-
i Kr13Rr14, -c(=0)NR40R41l, C;-C4 haloalkyl, C31-Cq
rhaloalkoxy, C2-C4 hzloalkenyl, Ci-C4
_calkynyl: or
I NRI3C (R12) pNRI3RIS;
INP13C (R11) pNR1I3COoR13;
=0)NR23-(C1-Cq alkyl) -NRI3CO2R1Z;

|
0

It
Q
2,

£.1~Cq alkoxy substituted with 0-4 groups selected
from: R11, C3-C¢ cycloalkyl, -COR13,
-c (=0)NR13R14, -NR13R14 or OH;
C;-C¢ alkyl substituted with 0-4 groups selected
from: R11, =NR4, =NNR13C(=0)NR13R14.
| =NNR13C (=0) OR13, or -NR13Rr14;
154 zikeryl substituted with C-4 R1l;

)

“«

(@]
28]

LI} . 3 ) N 1
-C; sikynyl stbstituted with (-4 r11;

! This Sheet Has Been Replaced
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a 5- or 6-membered heterocyclic ring containing

from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur, substituted
with 0-2 R1Z;

or R32 may be a 3- or 4- carbon chain attached to
adjacent carbons on the ring to form a fused
5- or 6-membered ring, said 5- or 6- membered
ring being optionally substituted on the
aliphatic carbons with halogen, C1-C4 alkyl,
C1-C4 alkoxy, hydroxy, or -NR13r1l4;

or, when R32 is attached to a saturated carbon , it
mgy be =0, =S, =NOH; or when R32 attached to
sulfur it may be =0;

|
, wher a 'substituent on nitrogen, is selected from

r32
cne or mere locf the following:
phenyl, benzyl, phenethyl, hydroxy, Ci-C4

hydroxyalkyl, C1-C4 alkoxy, Ci1-Cq alkyl, C3-Ce¢
c§cloalkyl, C3-Cg cycloalkylmethyl,
-cuoNrR1I3R14, -NR13R14, Cco-Cs alkoxyalkyl, Ci-
C4 raloalkyl, C1-C4 alkoxycarbonyl, -CO2H, Ca-
Csz alkylcarbonyloxy, C1-C4 alkylcarbonyl,
-C (RY4)=N(OR14);

t
n
n
(D
b
11
[@ T
ct
m
6]
th

rom: E, Ci;-C3 alkyl;

R4l is seiedtec from:
-C (=0)NR13R14;
-C (=0) NR13NR13R14;
-C (=0)C(R11) oNR13R14;
-C (=0) C (R11) oNR13NR13R14;
-C (=0) € (R11) ,NRI3COzR13;
-C(=0) H;
-C(___O)Rll.
-C(=0)=-(C;~-C4 alkyl)-NRI3R14;
-C(=0)=(C1=Cg alkyl)- -NR13CO,R13;
|
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1-3 ammo acids l:.nkedlltqogether via amide bonds,
and linked to the N atom via the carboxylate
! terminus;
|
5 provided that:

R4, R4R, R7 and R7A are not all hydrecgen;
when W is -OC(=2)0-, -SC(=2)-, -C(=2)-,
10 -p (=0) (R242)-, -S(=2')- or -S(=2')2-, R4 and

|
R7 are not hydrogen.

1213 Al§c inzluded in the present invention are

cormpounds, or a pharmaceutically acceptable salt form

1z :hereof,|selected from compounds having the following
formulee:
o N T
0
FE;,/L: Ph/J*\‘N/JL\h(/’N\
= RZ
/ N
=4 4
U ] R U COOH
=\
R As . RS RS
|
2¢
o)
R23 RZ
7 |
'R O N _F
! R’
R R4 Ph
HO OH R
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RZ
o) AN
RZZ
< A
N N 4
} R
Rd w R7
R®  R® R

RS 5
[ R ; RS
i
X 0 i
an N Ph
Rd
1
C(H)R™ R -
5 RS R6 s RS
; R '_ RS
rR2 O
RZ O

R® 6
R” ! ; RS RE
I o M NG_ CN
N
Bn” N\ N’)Ll N/ Bn &2 | _Re3
o\, N~ N
R* R 7
R R
R® €
R ; B R
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r€ is nydroger or —OPZ*,
22 and RZ% are
that, when
20 clezves to
|
F-3 i- gelected
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i
2 l 23
RA/S-_K\ R7 R‘ua7

e
-

R! R?
RS RS
HG

A ,oPh
P
RZ-N" “ NRZ

RAM R7
RS R

independently selected from the following

vl substituted with 0-1 Rll

independently hydrogen or any group
administered to a mammalian subject,
form a free hydroxyl,;

g4 from cne or more cf the following:
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H; haloger -OR13;

C3-C10 cycloalkyl substituted with 0-2 R12;

C1-C4 alkyl substituted with 0-2 R1Z;

aryl (C1~Cz alkyl) substituted with 0-2 r1Z;

aryl substituted with 0-2 K12; or

a heterocyclic ring system selected from pyridyl,
p§rimidinyl, triazinyl, furanyl, thienyl,
pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl,
benzofuranyl, indolyl, quinolinyl,
iéoquinolinyl, oxazolidinyl, said heterocyclic
ring system being substituted with 0-2 R1Z;

when a substituent on carbon, is selected from one

or more of the fcllowing:

benzyloxy, halogen, methyl, Ci1-C4 alkoxy, CF3,
2- (1-morpholino) ethoxy, -CO2H, hydroxamic
acid, hydrazide, -C(R14)=N(OR14), cyano,
boronic acid, sulfonamide, formyl, C3-Cg¢
cycloalkoxy, C:~Cs alkyl substituted with
-NR13r14, -NR13R14, hydroxy, hydroxymethyl; or

wher a sukstituent con nitrogen, is methyl;

}a-
n
e

E, Ci-Cq alkyl, C2-C4 alkenyl, or benzyl;

is O, H, CF3, C3~-C4 alkyl, C3-C4 alkoxy, NHz, C2-C4
alkenyl, or benzyl;

|

and R4 can alternatively join to form -(CH2)4¢-,
- (CH2) 5-, -CH2CH2N(R13)CH2CH2-, or -CH2CH20CH2CH2-;

is B or CH3;

W is selected from:

-N(R22)C(=Z)N(R23)-;

|
Tthhxﬂ%wBum

g 10

PCT/US94/01609



WO 94/19329 PCT/US94/01609

| -118-
-N(R22)C(=2)0~;
-C(rR25) (R26)C(=2)C(R27) (R28)-;
-N(R22)S(=2")N(R23)-;
-N(R22)S(=2")2N(R23)~;

5 -C(R25) (rR26)C(R34) (R35)C (R27) (R28)-;
-N=C (R36)N (R23)-;
-C(=22)~-;

10
Z2' is O;

RZZ and EZZ are independently selected from the

follcwing:

i

hydrcgen:
elkyl substituted with 0-3 R31;

$.3

(@)
(S
(@]
(48]

(@)

lkenyl substituted with 0-3 R31;

(]
h
m

2—
C2-CT4 alkynyl substituted with 0-3 R31;

N
(&)
o]
4
t
v
&}
)
T
N

re independently selected from the

¢
m

th

(8}
!

MEE

Q
3

+
"

152

Py b
0

1o

(0]

1

§).

ubstituted with 0-3 R31;
nyl substituted with 0-3 R31;

(@]

(@)
|

]

— 1)y (> -
SN ?
m
[T W
": o~

o
{n

nZ R are hydrogen or halogen;

s selected from one or more of the following:
halocgern, -0R13, C1-Cq alkyl, C3-C10 cycloalkyl,
30 -C{(R3%)=N(OR14), -CO2R13, -S(O)mR13;
ary: sube cituted with 0-5 R32; or
& heterocyclic ring system chosen from pyridyl,
| pyrimidinyl, triazinyl, furanyl, thienyl,
pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl,

w
tn
o
D
1
t3
Q
th
[
Al
v
3
ie
[

indolyl, gquirolinyl,
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isoguinolinyl, oxazolidinyl, said heterocyclic

ring being substituted with 0-2 R3Z;

t

&3 , wher a substituent on carbon, is selected from one
5 or more of the following:
benzyloxy, halogen, 2-(l-morpholino)ethoxy,
-CO2R13, hydroxamic acid, -CONR13NR13R14,
cyano, boronic acid, sulfonamide, -CHO, C3-Cg¢
cycloalkoxy, -NRI3R14, -c(R14)=N(OR14), NO2,
10 _¢R13, -NR40R41, -s0,R13, -SO,NR13Rr14,
- (=0)NR13R14, -oc(=0)NRI3R14, -c(=0)R1,
-0C (=0)R1l, ~0CO2R13, phenyl, -C(=0)NR13-(Ci-C4
alkyl)-NR13R14, -c(=0)NR40R4), C;-Cy4
heloalkyl, Ci-C4 haloalkoxy, C2-Cy4
15 rlioalkenyl, C2-C4 haloalkynyl, -C(=0)NR13R1l4;
C(= b(R1:)2N313 14; -C(=0)C(R11),NRI3NR14;
C\C(u11>2N=1°co~p13 -C(=0)-(C1-C¢ alkyl)-
NR-3R4; -C(=0)-(C3-C4 alkyl)-NR13CO2R13; or
C--C4 elkoxy substituted with 0-3 groups selected
2¢ from: R11, C3-Ce¢ cycloalkyl, -C(=0)NR13R14,
~NR13R14, or OH;
C--C¢ alkyl substituted with 0-3 groups selected
drom: R, =NR14, =NNR23C(=0)NR13Rl4 or

-~ »
o3 ld,
L% Ia8 '

25 C2-Cs alkenyl substituted with 0-3 R,

-

Ca-Ty Flkynyl substituted with 0-3 R1l;

a 5- gr 6-membered heterocyclic ring containing
grom 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur, substituted

30 with 0-2 R1%;
!
#32, when a substituent on nitrogen, is methyl;
mis ¢, 1, or 2;
35
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hydrogen;
C1-C2 alkyl;
C1-C¥ alkoxy;

R3S is seiected from:
hydroégen;
C1—C? alkyl;
C1-C2 alkoxy:; -

R36 is selected from: C1-Cz alkyl; COR37;
CCls;

K37 is selected from:
Lhydrogern;
C1-Cp alkyl substituted with 0-1 R11;
hydréxyl;
C1-Cz &lkoxy substituted with 0-1 R11;
-Nr38R3%,;

(%]
oy

e ¢

o
b

&

o
ar—
\0

fu

H

m

:;—c; a‘kyl substituted with 0-3 R11;

an amine prctecting group;

Féc ic se%ec:ed from: K, C3-C3 alkyl;
|

U

oS

b
}
n
tn
4]

—p

m
()
ct
M
[$)

C
~C (=0) KRI3NRI3R14;

-C (=0) C (R11) oNR13R14;

-C (=b) C (R11) 5NR13NR13R14;
-C(=0) C (R}1) ,NR13CO,R13;

-C(=0)H;

~C(=0)R1%;

-2 (=0;-(C1=C¢ alkyl)-KRI3p14;

~C(=0)=(C1=C¢ aikyl)=NRI3CC0oR13;
Tthhmﬂ%wBumR
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1-3 amino acids linked together via amide bonds,

and linked to the N atom via the carboxylate
terminus.
5 [22] &Another aspect of the invention is a process for
preparing cyclic compounds of formula (I):

10

wherein:

W is selected from:
-N(R22)C (=0) N (R23) -;
15 -N(R22)C (=S)N(R23)-;
-N(R22) 5 (=0) 2N (R23) -;
R22 and R2?3 are as defined above, provided that at
least one of R22 or R23 must be H;

2¢
R4, R4A, R7, R7A, R332, and R62 are as defined above;
rn is 0, 1, cr 2;
25 R20 and R?! are as defined above and may in addition
be selected from a hydroxyl protecting group;
|
said process comprising the step of reacting an acyclic
diamine compound cf the formula (III):
30
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with a suitable cyclizing reagent in a suitable solvent,

5 said solvent optionally comprising a base, thereby to

fcrm a compound of formula

compounds

(1) .

of formula

wherein W is

-5 (R22)C(=0)N(R23)-, the suitable cyclizing reagent may

- |
1 C be selected from,

fOA. la e,

but is not limited to,

phenyl tetrazoylformate,

phenyl
urea, phosgene,

triphosgene, cxalyl chloride, N,N’-disuccinimidyl

“an

Preferably,

rbor.: .

'-carbonyldiimidazole,

vslililzing reagent

diimideazcle or carbon

thiocerbonyldiimidazole.

2C re se
trioce
25
-K (R22) 5 ¢
3C above

be selected from,

mpounds cof formula
£rom, but is not

the cyciizing reagent is 1,1'-

For compounds of formula (I)

limited to,

trichloromethyl
and 2(S),3-pyridinediyl thiocarbonate. A

is 1,1’-carbonyl

wherein W is
, the suitable cyclizing reagent may
1,1'-

disulfide.

W is

=O)2N(R23)—, the suitable cyclizing reagent may

ipbed method in

This Sheet Has Been Rep
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but is not limited to,
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r2C ang p21 hvdroxyl protectin
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sulfamide.

optionally be included in the

for the
groups
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to the cyclization conditions. The base may be selected

from organic bases which include, but are not limited
to, pyridine, diisopropylethylamine, and triethylamine.
The base maylalternatively be selected from inorganic
5 bases which include but are not limited to sodium
hydroxide.
|

The above-described reaction is carried out in a

suitable solvent, for example, in an organic solvent or

10 in a biphasic suspension of water and an organic
solvent. Suitable solvents include chlorinated organic
solvents whikh include, but are not limited to,
chlorcferm, pethylene chioride, tetrachloroethane, butyl
chloride and,dichloroethane. A preferrable chlorinated

15 organic solvent is chloroform. The non-chlorinated
organic solvents useful in the method of the invention
include, but are not limited to tetrahydrofuran, N,N-
dimetnylformamide and toluene. A preferrable non-
crhliorinated organic solvent is toluene.

20 |

The reaction can be conducted at a temperature of
fron aboutr 0°C to about the boiling point of the solvent
selected, 153°C in the case of N,N-dimethylformamide.
Preferably, the temperature of the reaction is about 0°ec

25 tc about room temperature.

The time required for completion of the reaction
can range firom about 1 hour to about 5 days, depending
on the combination of cyclizing reagent, solvent, base
and stereoisomer of compound (JII) selected. The

30 reaction can be run under nitrogen or other inert
atmosphere,;provided that any changes in concentration
ané integrity of the reagents due to decomposition are
compensated}for.

35 As useé herein, the term "hydroxyl protecting

groug"” means any group known in the art of organic
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synthesis for the protection of hydroxyl groups. Such

protectiﬁg groups include those listed in Greene and
Wuts, "Protective Groups in Organic Synthesis", John
Wiley & Sons, New York (1991), the disclosure of which

5 is herebg incorporated by reference. The hydroxyl
protecting groups are base-stable and can include, but
are not limited to acyl types, aromatic carbamate types
and alkyl types. Exemplary are methyl, methoxymethyl,
methylthiomethyl, benzyloxymethyl,

10 t-butoxymethyl, 2-methoxyethoxymethyl, 2,2,2-
trichloroethoxymethyl, 2-~{trimethylsilyl)ethoxymethyl,
tetrahydropyranyl, tetrahydrofuranyl, t-butyl,

riphenvlmethyl, trimethylsilyl, triethylsilyl,
t-but }ldlme’hyléilyl, t-butyldiphenylsilyl, pivaloate or

(=]
n

N-phenyltarbamate.

In the present invention it has been discovered
that the compounds of formula (I) above are useful as
inhibitcers of HIV protease and similar retroviral

ezses, and fcr the inhibition of HIV and the

treztmens of EIV infection and similar retrovirus

The rresent invention also provides methods for the

| .
treatmen: cf EIV infection by administering to a host

N
tn
+
3
th
(1]
)
¢t
(1)
{2
¥
]
(!
vy

r. BRIV a pharmaceutically or therapeutically
effec:iqe cr acceptable amount of a compound of formula
(I) ac decscribed above. By therapeutically effective
amounz, it is meant an amcunt of a compound of the
present invention effective to inhibit HIV infection or
30 trea: tje symptoms of HIV infection in a host.
The compounds cf formula (I) of the present
inventign &re also useful for the inhibition of HIV in

1
an ex vivo sample containing HIV or expected to be

(P
tn

expcsed tc EIV. Thus, the compocunds cf the present

irventlign ey be used tc inhiklit HIV present in a body

This Sheet Has Been Replaced

[T




WO 94/19329 : PCT/US94/01609

10

=
n

[\S)
(9]

30

(0
wn

- =125~
fluid sample, (for example, a serum or semen sample)

which contains or is suspected to contain or be exposed
to HIV. l'

The compounds provided by this invention are also
useful as standard or reference compounds for use in
tests or assays for determining the ability of an agent
to inhibit viral replication and/or HIV protease, for
exampie in a pharmaceutical research program. Thus, the
compounds ofithe present invention may be used as a
control or reference compound in such assays and as a
quality control standard. The compounds of the present
invention may be provided in a commercial kit or
ccntainer for use as such standard or reference

cmpound.

Since the compounds of the present invention
exhibit spe&ificity for HIV protease, the compounds of
the present invention may also be useful as diagnostic
reagents in diagnostic assays for the detection of HIV
protease. Thus, inkibition of the protease activity in
an assay (such as the assays described herein) by a
compound cf the present inventiorn would be indicative of
the presence of HIV protease and HIV virus.

|

The compounds herein described may have asymmetric
centers. All chirzal, diastereomeric, and racemic forms
are included in the present invention. Many geometric
isomers of olef‘ts, C=N double bonds, and the like can
also be pres

|
all such stadble isomers are contemplated in the present

ent in the compounds described herein, and

invention. It will be appreciated that certain
compounds of the present invention contain an
asymmetrically substituted carborn atom, and may be
isolated in optically active or racemic forms. It is
weil known in the art how to prepare optically active
forms, such as by resolution of racemic forms or by

sywnthesis, from optically active starting materials.
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Also, it is realized that cis and trans geometric

isomers of the compounds of the present invention are
described and may be isolated as a mixture of isomers or
as separated isomeric forms. All chiral,

5 diastereoheric, racemic forms and all geometric isomeric
forms of a structure are intended, unless the specific
stereochemistry or isomer form is specifically
indicated. -

|
10 ! When any variable (for example, Rl through
R42, R4A and R’2, m, n, W, 2, etc.) occurs more than one
time in apy constituent or in formula (I) or (II), or
any other formula herein, its definition on each
occurrence is independent of its definition at every
b3 other cccurrence. Thus, for example, if a group is
shown tc be substituted with 0-3 R!1, then said group
ray optionally be substituted with up to three R!! and
F-* at each occurrence is selected independently from
the defirfec list of possible R!!, Also, for example, in
-%(R%%);, each of the R20 substituents may be

N
™

indeperderntly selected from the list of possible R20

d. Also, combinations of substituents

¢ are permissible only if such

sult in stable compounds. Similarly, by
for the group -C(R1)3-, each of the two

8]
tn
5.
28
|<‘
0
Ih
o
kg
1]
=3
'O
t
(]

- subevituents on C is independently selected from the

defined T;st cf possible R11,

|
2s used herein, "alkyl" is intended to include both
3C crencrhed and straight-chain saturated aliphatic

hyd:ocarbon groups having the specified number of carbon

ETOoms; "haloalkyl" is intended to include both branched
&nd straight-chain saturated aliphatic hydrocarbon
crcups having the specified number of carbon atoms,

n
(!

tuted with I or more halogen; "alkoxy" represents
ky

{a)
[ G
[2)
{

Ly
2

crour ¢f ind:cated number cf carbon atoms

b?
()

a

Q\
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attached through an oxygen bridge; "cycloalkyl” is

intended to include saturated ring groups, including
mono-,bi~- or poly-cyclic ring systems, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, kdamantyl and cyclooctyl; and "biycloalkyl"
is intended tb include saturated bicyclic ring groups
such as [3.3.0)lbicyclooctane, ([4.3.0]lbicyclononane,

[4.4.0]bicyclbdecane (decalin), [2.2.2)bicyclooctane,
and so forthj "Alkenyl" is intended to include
hydrocarbon cﬁains of either a straight or branched
configuration and one or more unsaturated carbon-carbon
bonds which may occur in any stable point along the
chain, such és ethenyl, propenyl, and the like; and
"alkynyl"” is 'intended to include hydrocarbon chains of
either a stréight or branched configuration and one or
more triple carbon-carbon bonds which may occur in any
stable pcint along the chain, such as ethynyl, propynyl
and the like.

The terms "-(alkyl)-", "-{(alkyenyl)-",

- (phenyl)-", and the like, refer to alkyl, alkenyl, and
phenyl groups, respectively, which are connected by two
bonds to the rest of the structure of Formula I. Such
groups may aiternatively and equivalently be denoted as
"alkylene", "alkenylene®, "phenylene", and the like,
respectively.

"Alkylcarbonyl" is intended to include an alkyl
group of an indicated number of carbon atoms attached
through a carbonyl group to the residue of the compound
at the designated location. "Alkylcarbonylamino® is
intended to include an alkyl group of an indicated
number of carbon atoms attached through a carbonyl group
to an amino bridge, where the bridge is attached to the
residue of the compound at the designated location.
"Alkylcarbonyloxy"™ is intended to include an alkyl group
of an indicated number of carbon atoms attached tc a
carbonyl group, where the carbonyl group is attached

TthMxUﬁsBumR
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through an oxygen atom to the residue of the compound at

the designated location. "Halo" or "halogen" as used
hereinr refers to fluoro, chloro, bromo, and iodo; and
"counterion” is used to represent a small, negatively

5 charged species such as chloride, bromide, hydroxide,
acetate,'sulfate, and the like.

As used herein, "aryl" or "aromatic residue" is
intended to mean phenyl or naphthyl. As used herein,
"carbocycle”" or "carbocyclic residue” is intended to

10 mean any stable 3- to 7- membered monocyclic or bicyclic
or 7- to l4-membered bicyclic or tricyclic or an up to
26-membered polycyclic carbon ring, any of which may be
sazturated, partially unsaturated, or aromatic. Examples
oI such carbocyles include, but are not limited to,
cyclopropyl, cyclopentyl, cyclohexyl, phenyl, biphenyl,
naphthyl, indanyl, adamantyl, or tetrahydronaphthyl
(te:r;;i?). "C7-C10 arylalkyl"” is intended to refer to

[y
wun

an aryl group attached through a C1-C4q alkyl bridge to
the residue of the indicated compound. "(C31-C3
2°C alkyilaryl"” is intended to refer to a C1-C3 alkyl group

wnich islattached through an aryl ring to the residue of

trhe indicated compound. "Aryl(Ci1-C3 alkyl)" is intended
tc refer' to an aryl group attached through a C31-C3 alkyl
croup toﬁthe residue cf the indicated compound.

in

E

[
tn

used herein, the term "heterocycle" is intended
TO mezn a stable 5- to 7- membered monocyclic or
bicyeciic or 7- to l0-membered bicyclic heterocyclic ring
which ic either saturated or unsaturated, and which

_ congsists of carbon atoms and from 1 to 4 heteroatoms

30 independently selected from the group consisting of N, 0
and S and wherein the nitrogen and sulfur heterocatoms
may optionally be oxidized, and the nitrogen may
ortionally be guaternized, and including any bicyclic

group in which any cf the above-~defined heterocyclic

35 rings i3 fused to a benzene ring. The heterocyclic ring
I
may be ettachec t¢ its pendant group at any heterocatom
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or carbon atom which results in a stable structure. The

heterocyclic #ings described herein may be substituted
on carbon or on a nitrogen atom if the resulting
compound is stable. Examples of such heterocycles

5 include, but ére not limited to, pyridinyl, pyrimidinyl,
furanyl, thiehyl, pyrrolyl, pyrazolyl, imidazolyl,
tetrazolyl, benzofuranyl, benzothiophenyl, indolyl,
indolenyl, qu;nolinyl, isoquinolinyl, benzimidazolyl,
piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-

10 pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl,
tetrahydroquipolinyl, tetrahydroisoquinolinyl,
decahydroguinolinyl or octahydroisoquinolinyl, azocinyl,
triazinyl, 6K-1,2,5-thiadiazinyl, 2H,6H-1,5,2-
dithiazinyl, fhiophenyl, thianthrenyl, pyranyl,

15 isobenzofuranyl, chromenyl, xanthenyl, phenoxathiinyl,
2H-pyrrolyl, isothiazolyl, isoxazolyl, pyrazinyl,
pyridazinyl, indeolizinyl, isoindolyl, 3F-indolyl, 1H-
indazolyl, purinyl, 4KF-quinolizinyl, phthalazinyl,
naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl,

20 pteridinyl, 4aK-carbazolyl, carbazolyl, B-carbolinyl,
phenanthridinyl, acridinyl, perimidinyl,
phenanthrolinyl, phenazinyl, phenarsazinyl,
phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl,
chromanyl, imidazolidinyl, imidazolinyl, pyrazolidinyl,

N
wm

pyrazolinyl,. piperazinyl, indolinyl, isoindolinyl,
guinuclidinyl, morphoclinyl, oxazolidinyl,
benzotriazolyl, benzisoxazolyl, oxindolyl,
5enzoxazolinyl, or isatinoyl. Also included are fused
ring and spiro compounds containing, for example, the

30 above heterocycles. Preferred heterocycles include, but
are not limited to, pyridinyl, furanyl, thienyl,
pyrrolyl, pyrazolyl, imidazolyl, indolyl,
benzimidazolyl, 1H-indazolyl, oxazolidinyl,

benzotriazol&l, benzisoxazolyl, oxindolyl,

[¥9)
wm

bernzoxazolinyl, or isatinoyl.
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The term "substituted", as used herein, means that

an one or more hydrogen on the designated atom is
replaced Lith a selection from the indicated group,
provided that the designated atom's normal valency is
not exceeded, and that the substitution results in a
stable compound. When a substitent is keto (i.e., =0),
ther 2 hydrogens on the atom are replaced.

By '"stable compound" or "stable structure" is meant
herein a compound that is sufficiently robust to survive
isolation to a useful degree of purity from a reaction
mixture, ‘and formulation into an efficacious therapeutic
agent.

|

ke used herein, the term "any group that, when

red to a mammalian subject, cleaves to form a

Q.
=
| X
4
y -
n
(g
(14

res hydroxyl, amino or sulfhydryl” means any group
tcnded td ar. C, N, or S atom, respectively, which is
cleaved from the O, N, or S atom when the compound is
gdministered tc & mammalian subject to provide a
compoundihaving a remaining'free hydroxyl, amino, or
sulfnyiryl c¢rour, respectively. Examples of groups
<, wher administered to a mammalian subject, are
cieaved ts form a free hydroxyl, amino or sulfhydryl,
lude kus are not limited tc, phosphate esters, Ci-Cg
alkvl su#s:itu:ed with 0-3 R11, C3-Cg alkoxyalkyl
“ 0-3 R, C;-Cg alkylcarbonyl
w 0-3 R11, c1-Cg alkoxycarbonyl
substituted with 0-3 R11, C3-Cg alkylaminocarbonyl
j : ! 0-3 R11, benzcyl substituted w:th 0-3
2, phenoxycarbonyl substituted with 0-3 R1Z,
phenylaminocarbonyl substituted with 0-3 R12, or

heteroaryl

rbonyl. Examples of groups that, when

ca
ered to a mammalian subject, are cleaved to form

ct

Y . :
~rr Y v~
aaminls

free hy

W

9}

roxvl, amino or sulfhydryl, include hydroxy,

fnydryl protecting groups, respectively.

b

anine cr

n

-
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As used herein, the term "amine protecting group"”

means any group known in the art of organic synthesis
for the protection of amine groups. Such amine
protecting groups include those listed in Greene and
Wuts, "Protective Groups in Organic Synthesis" John
Wiley & Sons, New York (1991) and "The Peptides:
Analysis, Synfhesis, Biology, Vol. 3, Academic Press,
New York (1985), the disclosure of which is hereby
incorporated £y reference. Any amine protecting group
known in the &rt can be used. Examples of amine
protecting grbups include, but are not limited teo, the
following: 1) acyl types such as formyl,
trifivoroacetyl, phthalyl, and p-toluenesulfonyl; 2)
aromatic carbamate types such as benzyloxycarbonyl (Cbz)
and substituted benzyloxycarbonyls, l-{(p-biphenyl)-1-
methyliethoxycarbonyl, and 9-fluorenylmethyloxycarbonyl
(Fmoc) ; 2) aliphatic carbamate types such as tert-
putyloxycarponyl (Boc), ethoxycarbonyl,
diisopropylméthoxycarbonyl, and allyloxycarbonyl; 4)
cyclic alkyl carbamate types such as
cycloperntylexycarbonyl and adamantyloxycarbonyl; 5
alkyl types such as triphenylmethyl and benzyl; 6)
trialkyisilane such as trimethylsilane; and 7) thiol
containinc tvpes such as phenylthiocarbonyl and
dithiasuccinoyl. '

By a "kétal ring" or "ketal" group is meant any
ketal protecﬁing group which can be hydroyzed to form a
carbonyl. Such ketal rings or ketal protecting groups
are well known in the art of organic synthesis and
typically inqlude, for example, substituted or
unsubstituted carbocyclic diethers, dithioethers, or
mixed ethers. Such ketal protecting groups include
those listediin Greene and Wuts, "Protective Groups in

rganic Synthesis" John Wiley & Sons, New York (1991)

The term "amino acid"” as used herein means an

crganic compound containing both a basic amino group and
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an acidic carboxyl group. Included within this term are

ratural amino acids, modified and unusual amino acids,
as well as amino acids which are known to occur
biologically ir free or combined form but usually do not

5 occur in proteins. Included within this term are
modified and unusual amino acids,such as those disclosed
in, for example, Roberts and Vellaccio (1983) Ihe
Peptides, 5: 342-429; the teaching of which is hereby
incorporated by reference. Modified or unusual amino

10 acids which can be used to practice the invention
include, 'but are not limited to, D-amino acids,
hvdroxylysine, 4-hydroxyproline, an N-Cbz-protected
arinc acid, orrithine, 2,4-diaminobutyric acid,

Lomoarginine, norleucine, N-methylaminobutyric acid,

=
n

naphthyl ala“ine, phenylglycine, B-phenylproline,
tert-leucine, 4-aminocyclohexylalanine, N-methyl-
norleucine, 3,4-dehydroproline, N,N-

di:e:hylim‘ oclycine, N-methylaminoglycine,

i-amincpiperidine-4-carboxylic acid, 6-aminocaproic
27 eciz, ::a:s—é—(aminomethyl)—cyclohexanecarboxylic acid,
i-. 3-, ani 4~ (aminomethyl)-benzoic acid,

_-aminocic open-anecarboxyllc acid,
¥

i-aminccyclcpropanecarboxylic acid, and 2-benzyl-5-

3%}
mn

L.

Tne terrm "amino acid residue" as used herein means
cr. ¢f an amino acid (as defined herein) that
is present in a peptide.

Thg term "peptide" as used herein means a compound
trat consists of two or more amino acids (as defined

3C hereirn) tha: are linked by means of a peptide bond. The
term "péptide" also includes compounds containing both
pectide and non-peptide components, such as
pseudopﬁp-¢ce cr peptide mimetic residues or other

non-amirno acid components. Such a compound containing

n

—~ -
~ -

ertide and non-peptide components may also be

{v
v
o

(J,__'U_

rea o v
Ieter

LA ]

&
-

tc &3 & "peptide &analog".
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The, term "peptidel?ond" means a covalent amide
linkage formed by loss of a molecule of water between
the carboxyl group of one amino acid and the amino group
of a second ahino acid.

As used{herein, "pharmaceutically acceptable salts”
refer to derivatives of the disclosed compounds wherein
the parent compound of formula (I) is modified by making
acid or base}salts of the compound of formula (I).
Examples of pharmaceutically acceptable salts include,
but are not limited to, mineral or organic acid salts of
basic residues such as amines; alkali or organic salts
of acidic rekidues such as carboxylic acids; and the
like. |

"Prodrugs" are considered to be any covalently
bonded carriers which release the active parent drug
according td formula (I) in vivo when such prodrug is
administered to a mammalian subject. Prodrugs of the
compounds of formula (I) are prepared by modifying
functional groups present in the compounds in such a way
that the modifications are cleaved, either in routine
mani“ulatiok cr ir vivo, to the parent compounds.
Prodrugs include compounds of formula (I) wherein
hycdroxy, amine, or sulfhydryl groups are bonded to any
greup that, when administered tc a mammalian subject,
cieaves to form a free hydroxyl, amino, or sulfhydryl
group, respectively. Examples of prodrugs include, but
are not limited to, acetate, formate, or benzoate
derivatives of alcohol and amine functional groups in
the compounds of formula (I); phosphate esters,
dimethylglycine esters, aminocalkylbenzyl esters,
aminoalkyl esters and carboxyalkyl esters of alcochol and
phenol fun;tional groups in the compounds of formula
(I}); and the like.

The pharmaceutically acceptable salts of the
compounds of formula (1) include the conventional non-

toxic salts Or the guaternary ammonium salts of the
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compounds ©f formula (I) formed, for example, from non-

toxic inorganic or organic acids. For example, such
conventional non-%toxic salts include those derived from
inorgahic acids such as hydrochloric, hydrobromic,
sulfuric, sulfamic, phosphoric, nitric and the like; and
the salts prepared from organic acids such as acetic,
propiohic, succinic, glycolic, stearic,; lactic, malic,
tartaric, citric, ascorbic, pamoic, maleic,
hydroxymaleic, phenylacetic, glutamic, benzoic,
salicyiic, sulfanilic, 2-acetoxybenzoic, fumaric,
toluenesulfonic, methanesulfonic, ethane disulfonic,
oxalic: isethionic, and the like.

The pharmaceutically acceptable salts of the
preseny invention can be synthesized from the compounds
cf formula (I) which contain a basic or acidic moiety by
cenventional chemical methods. Generally, such salts
can be prepared by reacting the free acid or base forms
of these compounds with a stoichiometric amount of the
approp:ﬁate base or acid in water or in an organic
lvent, cr in & mixture of the two; generally,

cus media like ether, ethyl acetate, ethanol,
iscprcp%ncl, or acetonitrile are preferred. Lists of

e salts are found in Remington's Pharmaceutical
Sciences, 17th ed., Mack Publishing Company, Easton, PA,
Z8E5, p} 1418, the disclosure of which is hereby

inccrpcrated by reference.

ks jused herein, "W" is not intended to be a symbol
for tun&sten
The disclosures of all of the references cited

herein are hereby incorporated herein by reference in
their entirety.
The description may include matter which exceeds
he scope of the claims but is retained herein for the
C

£ tlarity. The disclosure of PCT International
irnzcrpcrated herein by referencs. Specific reference is
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made herein'to the disclosure of PCT International

Applicatiorn Publication Number WO 93/07128, including
the Schemesiand Examples
Syn: hesis

The compounds of the present invention can be
prepared inla number of ways well known to one skilled
in the art bf organic synthesis. The compounds of the
present invention can be synthesized using the methods
described bélow, together with synthetic methods known
in the art Pf synthetic organic chemistry, or variations
thereor as appreciated by those skilled in the art.
Preferred methods include but are not limited to those
methods described below.

The compounds of the present invention may be
syrthesized using the general synthetic procedures
described b%low. Each of the references cited below are
hereby incorporated herein by reference.

1
Corpounds of the invention wherein:

W is TN(RZZ)C(=Z)N(R23)- or

-N(R22)C(=0)C (=0)N(R23) - or -N(R22)S(=2')N(R23)- or
—N(R22)5(=2") 2N (R23)- or -N(R22)P (=0) (R242)N(R23)-
or -N(R22)C(F2)C(=0)N(R23)- or
-N(RZ%)C(F2)5(=O)N(R23)-;

RO isi—ORZO or H;

Rt is -ORZ?1l or H; and

n is 1; can be formed from diamines of formula
(III):
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5 7
R R R7A
R, HN
' NHRza

4A

R R4 RS

(III)
The diamines of formula (III) can be synthesized as

described in copending commonly assigned patent
USSN 07/714,042, filed
Alternative methods which can be used to

aprplication Jadhav et al.
5/31/5%.
synthesiie the compounds of structure (III) above are
described in European Patent Application Publication
Number 4&2646A1, U.S. Patent 4,837,204,
Patent Agrplication 2,02€,832

and Canadian

The compounds of formula

(IV)

(III)

under conditions normally

can be cyclized to

nds of formula

orm compou

seZ to form as is known to one skilled i=n

cyclic ureas,

ce*ts J-{C=2)-J', where J and J' are

Fea
ieaving grours, are employed, preferably under
J

.y diluze conditions (for example, less than

), to effect ring closure to provide

h——r

cf formula (I). Many examples of J and J' are
prefer

thiocarbonyldiimidazole, phosgene, thiophosgene,

compounc
knows; red are carbonyl diimidazole,

diphenyl' carbonate, or diphen 'l thiocarbonate.

for compounds wherein W is

-K (k22 C(=C) C (=0)N(RZ3) -, (III)
be reacted with activated derivatives of oxalic acid,

Additionglly,

compounds of formula can

preferably oxalyl chloride, under the above conditions

to fcrm the diamide.
1
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For compounds of the invention where R20 or RZ1 is
~-CE, it is advéntageous to protect the free hydroxyl
befcre cyclizaéion. Protecting groups used can include
any of those listed in Greene and Wuts, Rrotective
G1Qnnﬁ_in_ngaﬁic_anLhﬁaii, Chapter 2, Wiley, NY
(1991). The preferred protecting groups are
trimethylsilylethoxymethyl (SEM), methoxyethoxymethyl
(MEM), or methbxymethyl (MOM).

|

Cyclizatipn of compounds of formula (III) results
in structure (IV) (i.e., structure (I) wherein W is
-N(R22)C(=0)C(fO)N(R23)- and n is 1).

(IV)

Ancther, prreferred method to form compounds of
formuls (IV), Fn cases wherein R2? and R23 are linked to
their respective nitrogens by a CH2 residue, is to
cyclize & compound of structure (III) where R22 and R23
are hydrogen, and to alkylate the nitrogens using a
base, a phase transfer catalyst, and an alkylating
agent, using methods well known in the art. The
preferred base is sodium hydride, and the preferred
alkylating agents are R22Y and R23Y, wherein Y is a
rhaloger, triflgte, or mesylate, preferably a bromide or
iodide. Preferred conditions are in polar aprotic

solvents between { and 100 °C.
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Cle@vage of protecting groups, if employed, yields

structurés of formula (I) wherein RS and R6 are

hydroxyl.

When RS and R® are other than OR20 and ORZ1, some
chemicallmanipulation of functional groups may need to
be perfoémed in the preparation of the compounds of
formula RIII) or (IV), as is appreciated by one of skill
in the art of organic synthesis. Described below are
examples of such procedures.

Methods for obtaining compounds wherein RS is ORH
and R® is OR21 include protection of ritrogen, if
nedessary, followed by reaction of the diol with
cne equivalent of base and one equivalent of acyl
reride, alkyl halide, alkoxyalkyl halide,
a.koxycarbonyl halide, benzoyl halide, diphenyl
carbcnate or phenylisocyanate, and purification by
column chromatography of the unwanted bis-alkylated

znd unreacted material.

gz fogr ckbtaining compounds wherein R> is OH
and k€ is B include protection of nitrogen, if
necessary, and reduction of the diol to the monool
sing techniques known in the art (see, for
eranrp.e, Chem. Comm. 1971, 1087; J. Org. Chem.
18€%, 2923). The preferred method is formation of
cyclic dicl ester and reduction using hydride.
Deprotection of n. trogen, if necessary, results in

the desired compound.
|

Methods for obtaining compounds wherein RO is OH

and E® is F include protection of nitrogen, if

3

-0

ecessary, followed by formation of mono-protected
s

Q.

}
s}

i

o}

escribed above. Reaction with a

Ih

’
-

Juczrinetin

O

a

~
-

'Q

er.t, preferably

18]
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diethylaminosulfurtrifluoride (DAST) (Reagents for

Organic Synthesis, Vol. 13, p. 110, Wiley
Intersciénce, NY, 1988), provides the alkyl
fluoride. Deprotection of nitrogen, if necessary,
and hydr?xyl results in the desired compound.

Methods for obtaining compounds wherein RS is OH
and R® is =0 include protection of nitrogen, if
necessary, and standard conditions for oxidizing
glycols to pinacols. The preferred oxidant is one
equivalent of pyridinium dichromate in
dichlorobethane, or one egquivalent of NaOCl in
HOAc. Deprotection of nitrogen, if necessary,
results in the desired compound. Alternatively, a
monohydrgxy compound described above can be
oxidizedfto the ketone under standard conditions,
preferably Swern oxidation using oxalyl chloride,
DMSO and Et3N, followed by alpha-hydroxylation of
the ketone (see Tet. Lett. 1981, 607; Tet. Lett.
1882, 2917).

}
Methods for obtaining compounds wherein RO is OH
and RE iE difluoro include protection of nitrogen,
if necesEary, and hydroxyl of the above obtained
pinacol,ﬁfollowed by reaction of the carbonyl with
2z fluorinating reagent, such as DAST. Deprotection
of hydroxyl and nitrogen, if necessary, results in
the desired compound.

Methods 'for obtaining compounds wherein RS and R6
join to form an epoxide include protection of
nitrogen, if necessary, followed by standard
conditions for the formation of an epoxide from a
glycol (see, for example, J. Org. Chem. 1981,

33€l). Preferred is the reaction of the glycol
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with more than 2 equivalents of base and one

equivalent of an activating group, such as
methanesulfonyl chloride. Deprotection if
necessary results in the desired compound.

g
Methods for obtaining compounds wherein RS is OE
and R® is C3-C3 alkyl include protection of
nitrogen, if necessary, and reaction of the epoxide
prepared above with C3-C3 alkylmetal reagents.
Preferred is the reaction of lithium dialkyl
cuprates in aprotic solvents at low temperatures (-
78 to -40 °C) (see Carruthers, Some Modern Methods
AL QOrgacnic Syn-hesis, p. 64, Cambridge University
Press, 1978).

With & judicious selection of reagents, as is well

arpreciated to one skilled in the art, these

]
fu
3
[ 3]
'O
o
[
™
rt -
b

ons can be performed in a straightforward

manner tc yield the claimed combinations of RS and RS,
the inventicn wherein:

¥ ois -N(R22)C(=2)N(K23)- or

-1 (R22)C(=0)C(=0)N(R23)- or -N(R22)S(=2')N(R23)- cr
~% (R22) s (=2) 2N (R23)~ or -N(R22)P(=0) (RZ242)N (R23)-
cr ~K(R22)C(F2)C(=0)N(K23)- o=
~N(F22)C(F2)S5(=0)N(R23)- or -N(RZ22)p(-Z)N(RZ23)-,

and n is 0;

can be synthesized from diaminecs of formula (V):
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R5
R,,HN NHR,4
4A 7A
R R4 R’ R

(v)

which can in'turn be synthesized as described in
European Patent Application Publication Number 402 646
Al. 1

Protection, if necessary, cyclization, and
functional grour manipulation if desired is performed as
. . . | .
described above to obtain compounds of structure (VI):

| Z
| RN /lk NR,g

RdlA R7

' RA R7A
RS RS
; {(VI)

Compounds of the invention wherein:
P

W is ~0C(=0)0- or -C(=Z)~ or
-C (R25) (R26) P (=0) (R242)C (R27) (R28) - or -P (=0) (R24a)-
and n is 1;

can be formed from diocls of structure (VII):
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R7A

I HO
OH

R4A

(VII)
II
which can in turn be synthesized as described in
copendiné, commonly assigned U.S. patent application
Jadhav et al. USSN $7/714,042, filed 5/31/91.

Functional group manipulation, if desired, may be
performec as described above, followed by cyclization to
the carbcnate using standard conditions, preferably
phcsgene, or thiophosgene in the presence of 2
eguivalents of a base such as potassium hydride, to

cbtain compcunds ¢f structure (I).
Cormzzunis c¢f the invention wherein:
W it -N(R€2)C(=2)0- or

P (=C) (F248)C(R27) (R28) - or

} (R2€)p (=0) (R24@)0-" and n is 1;

can be formed from aminocalcohol of structure

5 7
R R R?A

OH

IthMmﬂﬁw
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(VIII)

which can in turn be synthesized as described in a
copending, Qommonly assigned U.S. patent application
Jadhav et al. USSN 07/714,042, filed 5/31/91, by
emplcying a single equivalent of azide in the reaction
of the diol of formula (VII) to obtain the azidoalcohol,
followed by reduction as described in USSN 07/714,042,
to form the}aminoalcohol.

ProtecEion, if necessary, and functional group
manipulaticon, if desired, is performed as described
above, followed by cyciization to the carbamate using
rd cqnditions, preferably phosgene or thiophosgene
in the presence of 2 eguivalents of a base, such as

potassium h dride, to obtain compounds of structure (I).

Ccmpounds c¢f the invention wherein:

)

VW is -0C(=2)C- and n 1is 0;

zarn. be formed from the diol of structure (IX):

RAA R7A

canlin turn be synthesized by the reaction of

bt s B
Sy
’l.
(¢}
Y

()
N
(@)

wit 1 the lithium anion of 1,3 dithiane, followed
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by the réaction of R7CHO with the anion of the product
{see Car#uthers, Some ex
Synthesis, p. 45, Cambridge University Press, 1978).
Cleavage of the dithiane with mercuric ion yields the
5 acyclic alpha, alpha' dihydroxyketone.

Fun¢tional group manipulation, if desired, is
performeé as describéd above, followed by cyclization to
the carbonate using standard conditions, preferably

iC phosgeneior thiophosgene, in the presence of 2
equivalents of a base such as potassium hydride, to
obtain cémpounds of structure (I).

it Compcunds of the invention wherein:

v :L -N(R22)C(=2)0- and n is O0;
|

can|be formed from aminocalcohol of structure (X):

%]
[

RS

|

Ro,HN OH
I.
! 4A R7A

R R4 R7
(X)
2° which carn in turrn be synthesized by the techniques
described in Euvropean Patent Application Publication

Number tvz 64¢€ 21 for the synthesis of compounds of
structure (V), above; however, in place of azide, in

coperiing the oxirane (shown below), an oxygen

(2
U

ruclecphile, such &z acetate or hydroxide ion, is

Thxs Sheet Has Been
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reacted in the presence of a polar aprotic solvent, such

as DMSO.

Alternatively, the oxirane is treated with a
catalytic amount of a strong acid in water and a
cosolvent, if necessary, which technique also removes
the BOC protetting group.

10 |

Protectibn, if necessary, and functional group
manipulation, if desired, is performed as described
above, followed by cyclization to the carbamate using
standard conditions, preferably phosgene or thiophosgene

15 in the presenée of 2 equivalents of a base such as

potassium hydride, to obtain compounds of structure (I).

Compounds cf the present invention wherein:
20
w is -C(R23) (R28)N(CH3) (0)C(R27) (R28)-;
|

can be synthe@ized from aminoalcohols (VIII) and (X) by
the following;steps: protection of nitrogen, if

25 necessary, preferably with a benzyloxycarbonyl group;
activation of the alcohol to displacement, preferably
with a sulfonate derivative, such as mesyl chloride;
removal of the nitrogen protecting group, preferably
with hydrogen' in the presence of a catalyst, such as

30 palladium on Farbon; and heating under dilute conditions
in the presence of a base such as triethylamine to
effect cyclizétion.

|
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The Secondary cyclic amine is then methylated,
preferabl§ with formic acid/formaldehyde, and oxidized,
preferably with a peracid, such as MCPBA, to form
compound§ of formula (I), wherein W is
-C(R25) (R26)N(CH3) (0)C(R27) (R2B)-, The secondary cyclic
amine can alternatively be directly oxidized to form
structure (I), where W is
_C(R25)(326,N(OR29)C(R27)(R28)_,

Compounds wherein:

W is ~C(R23) (R26)c(=2)C(R27) (R26)- and n is 0;
can be prepared by the alkylation of protected
cycliohexanedione (XI) with the reguired R4-1G and R7-1LG,
and optionally R4A-1G and R7TA-1G groups, wherein LG

represents & leaving group such as halogen or sulfonate

PR ==

(XI)
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Reductign of the ketone to the alcohol, preferably

with LiA1H4,'or manipulation to other values of RS as

described above, is followed by cleavage of the ketal

(see Greene ﬁhd Wuats, + iv Y
Synthesis, Chapter 2, Wiley, NY, 1991). Protection of

the alcohol or other reactive groups, followed by
alkylation kekone and deprotection, provides compounds
of structure (I), wherein W is

-C(R25) (R26)C(=2)C(R27) (R28)- and n is O.

Compounds wherein:
W is —CﬁR25)(R26)C(=Z)C(R27)(R28)— and n is 1;

can be ,-eparec from the protected hydroxyketones
described immediately above by ring expansion, for
example via the Tiffeneau-Demyanov reaction (March,
&dvanced Organic Chemistry, p. 965, Wiley, NY, 1985), or

by treatment with dimethylsulfonium ylide to form the
sgiro- eooyloe, followed by acid-catalyzed ring expansion

tc the cv*lohpp anone (ibid., pp. 871, 966).
| .

'-]

ne above rcutes have the advantage of producing a

H

number of stereoiomers which, upon purification, can be

evaluated for the best combination of potency, safety

and in vivo ayailability.

Compounds wherein:

W is -C(R23) (R26)c(F2)C(R27) (R28)- and

n is C or 1;
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can be obtained from the above-described protected

hydroxyketone by treatment with a fluecrinating reagent,
preferably DAST, as described above.

Compounds wherein:

W is -N(R22)c(=2)C(R27) (R28)- and n is 0;
I
10 can be obtained by cyclization of compound (XII) to the
lactam using techniques known in the art (March,

Advanced Orgacic Chemistry, p. 371, Wiley, NY, 1985).

oP Ryy

H,N OH

()
wn

(XII)

Ccmpourds of structure (XII) can in turn be
cktaineg as described in Eurcpean Patent Application
; Number 434 365 A2, European Patent

2V
O
rd
€
ty
}

2

0
[\}
(3 4
]

Q
Ml

Applicaﬁ;c: Puklication Numbe; 386 611 A2, European
tent Applicazion Publication Number 389 127 Al, and CA
2005337, each cf which are hereby incorporated by
reference. OF in structure (XII) designates protected
25 oxygen.: Hydroxyl can be protected by the use of any of
a number cof groups as described in Greene and Wuts,

Praraortsvus »~ d i Chapter 2'

1iley, KY (1981).

(%)
(&

If desirez, the resulting lactam (XIII):
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(W)
n

20

HN

| oP
| (XIII)

car. be further functionalized, for example by the
fcliowing téchniques: the lactam nitrogen can be
alkylated with an R22-1G group, preferably employing

X
odium hydride in DMF; an R42, R7 or R7AR group can be

/)]

added by der-otecglon and oxidation of the alcohol,
fcllowed by alkylation of the enolate using R4A-1G, R7-
LG or R’A-1G; and reduction of the ketone to hydroxyl or
ctherwise fhnctionalizing to obtain the R> group of

choice as described above.

Compournds wherein:
W is -N(R22)c(=2)C(R27) (R28)- and n is 1;

can be obtained through techniques known in the art from
ketones cf 'structure (I) wherein W is

—-C(R25) (R26)C(=2)C(R27) (R2B)- and n is 0, preferably via
the Beckmaﬂn rearrangement (March, Advanced Organic
Chemistry, p. 987, Wiley, NY, 1985). Manipulation of
the R® group, if desired, as described above provides RO
and R6-substituted examples of (I), wherein W =
-N(R22)C(=2)C(R27) (R28)- and n = 1.
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Comqounds wherein:

W is -C(R29) (R26)C(=2)0- and n is 0 or 1;

5 can be obtained from compounds of structure (I), wherein
W = -N(R22)c(=2)C(R27) (R28)~, n = 0 or 1, =nd R22 = H,
for example, by hydrolysis of the lactam, focllowed by
displaceﬁent of the primary amine by hydroxyl, and

closure to the lactone (March, 2Advanced QOrganpic
10 hermistxy, p. 348, Wiley, NY, 1985).

Similarly, compounds wherein:

W is ~C(R23) (R26)C(=2)S- and n is 0 or 1;
15 !
can be obtained from compounds of structure (I), wherein
-X(R22)C(=2)C(R27) (R28)~, n = 0 or 1, and R2? = H,
fcr example, by hydrclysis of the lactam, followed by

=
~“a
[}

ccnve:sibn of the primary amine to the diazonium salt,
lacement by Nafk, and closure to the thiolactone
¥, p. 601, Wiley, NY,

2=yarr~rod

i . [l ]
Cempounds of structure (1) described above wherein

N
(€

Z = C z&n be converted to the thio derivatives, 2 = S,
usirc sﬁandard conditions (March, Advanced Organic
Lremiessdr, £. 752, Wiley, NY, 1985); preferred is the
use cf éhe disulfide described in Bull. Soc. Chim.
Relges 1978, 223.

3G '

Structures (I) described above wherein Z = O can be
converted to the imino derivatives, Z = NR24, using
standard conditions. When R24 is OH or O-alkyl, the
oximes can be formed and alkylated if desired as

St describe< in March, Advanced Qxgapic Chemistxy, pp. 35¢,
ect Has Been Replaced
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805, Wiley, NY, 1985. The hydrazones and imines can be

formed similarly (ibid, pp. 533, 797).

The compounds of the formula I where in W =
-N(R22)P (0) (R242)N(R23)- and n = 1, and R242 jis ethyl,
can be synthesized by cyclization of diamine III under
conditions normally used to form cyclic phosphoric
amides, as exemplfied by Patois et al. in Heterocatom.
Chem. 1(5), ?69-374, (1990), wherein ethyl
phosphorodichloridate in presence of trialkylamine, such
as triethylamine, was used to cyclize a diimino
derivative. Similarly, other diimines could be cyclized

to form cyclic phosphoric amide derivatives.

It is expected that the compounds of the invention
can also be prepared as shown in Scheme 1 (shown below).
The intra-molegcular coupling of the N-substituted or
unsubstituted dialdehydes may be achieved by organometal
reagents derived from vanadium, titanium, samarium etc.
The dialdehyde precursors can be prepared from the
commercially available materials by the methods known to
those skilled in the art of organic synthesis,
preferably by| the techniques disclosed in copending
commmonly ass}gned U.S. Patent Application, Hodge, USSN
07/659,442, filed 2/21/91.

Compounds wherein W is -N(R22)C(=0)N(R23)- and n is
2 can be synthesized as shown in Scheme 2 (below). The
eight-membered cyclic urea in Scheme 2 can be protected,
if necessary, and manipulated as described above to
yvield the desired compounds.

Compounds wherein W is =N(R22)C(=0)N(R23)- and n is
1 can likewise be synthesized as shown in Schemes 3, 4,

6, 7 (below). If necessary, intermediates described
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herein ca? be manipulated by methods known to those

skilled in the art of organic synthesis to provide

compounds within the scope of the invention.

Compounds wherein W is =N(R22)C(=N-OR)N(R23)- or
-N(R22)C(=S)N(R23)- and n is 1 can be synthesized as
shown in Scheme 5 (below). If necessary, intermediates
described herein can be manipulated by methods known to
those skilled in the art of organic synthesis to provide
compounds within the scope of the invention.

Compounds wherein W is -N(R22)C(=0)N(R23)- and n is
C can likewise be synthesized as shown in Scheme 8
(below). If necessary, intermediates described herein
can be maiipulated by methods known to those skilled in
the art cf organic synthesis to provide compounds within
the scope ©f the invention.

|

Compounds wherein W is -N(R22)C(=0)N(R23)-, n is O
ard R23 and R33 are combined to be a direct bond, can be
synthesized as shown in Scheme 9. Compounds of (XXXIIa)
were treated under strongly ionizing conditions to
prcduce qompounds where W is -N(R22)C(=0)N(R23)-, n is
C, and FZJ is K, R33 is -02C-alkyl. Treatment of
compcunc.xkaI;a) with hydrogen and palladium catalyst
rrovided P33 is H, whereas treatment with gaseous
hydrogenlbromide provided R33 is Br. Aanother route to
these compounds was develcoped (Scheme 10). If
necessary, intermediates described herein can be
manipulaﬁed by methods known to those skilled in the art
of organ%c synthesis to provide compounds within the
scope cf the invention.

Compounds wherein W is —N(R22)S(=O)2N(R23)—, n is 1

could be synthesized as shown in Scheme 11. Diamines of

This Shect Has Been Replaced
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structure (IIIj were treated with sulfamide to give the

cyclic sulfamides. Alkylation using a metal hydride
base gave the bisalkylated products. The monoalkylated
products could be obtained by selective alkylation using
techniques known to one skilled in the art of orgainc
synthesis and further described in this invention.

Compoundéiwherein W is -C(st)(RZG)SC(R27)(R28)—
-C(R25) (R26) s (=2')C (R27) (R28) - and
-C(R25) (R26)5(=2")2C(R27) (R28)-, n is 1, and 2’ is
defined above can be synthesized as shown in Scheme 12,
Asymmetric epoxidation of muconic acid (Sharpless et
al., J. Org. Chem. 57, 2768 (1992)); followed by
benzylation (sEebach, D. and Wasmuth, D. Helv, Chim.
Acta 63, 197 (1980)) provides a secondary diol, which
can be converted to primary diol (XXXVIIa) by protection
and reduction|with lithium aluminum hydride. Further
elaboration by the methods of Dugger et al. (Ietxrahedron
Let+ers 33, 6763 (1992)) and Trost et al. (Ietrahedron
Lesters, 22, 1287 (1981)) provide the sulfoxide shown.
Further oxidation using a stronger oxidizing agent such
as m-chloroperbenzoic acid would provide the
corresponding sulfone (W is
-C(R25) (R26)5(=0)2C(R27) (R28)-). The intermediates
described theéein can be manipulated by methods known to
those skilledlin the art of organic synthesis to provide

compounds within the scope of the invention.

Compound% wherein W is
-C(R25) (R26)Cc(=2)C(R27) (R28)~, n is 1, and Z is defined
above can be synthesized as shown in Scheme 13.
Compound XXXVIIa could be converted to the corresponding
dibromide using carbon tetrabromide/ triphenylphosphine.
Dithiane anion, formed according to the method of

Seebach, as reported in Qrg, Syn., Coll. Vol. 6, 316
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(1988), cbuld be alkyliated with this dibromide. The
seven-membered ring ketone (Z is O), upon liberation
with aqueFus mercuric ion, could be alkylated according
to methods reported in the literature. Imines (2 is
NRZ4) and thiocarbonyls (Z is S) can be prepared by one
skilled in the art of organic synthesis using methods
described in the literature.

Compounds wherein W is -C{(=2)-, n is 1, and 2 is
defined apove can be synthesized as shown in Scheme 14.
Secondary diol (VII) could be converted to the dibromide
using such as described previously. Dithiane alkylation
followed by deprotection with mercury ion would produce
the five-membered ring ketone. Alkylation of the alpha-
carbons would provide for substitution at R42 and R7A,
Trhiocarbonyls and imines of the carbonyl could be

prepared using methods described in the literature.

Comlounds wherein W is
~-C(R25) (R26)p (=0) (R248)N(R23)- or
- (R2%) (#28)p (=C) (P242)C- and n is 1, could be prepared
as shcwnlin Scheme 15. Aminoalcohol (VIII) could be
converteé to the corresponding bromide using the method
of Morir and Sawaya (Synthesis, 1887, 479) and displaced
with lithiophosphinate according to the method of Corey
and Kwiatkowski (J. Amer. Chem. Soc., 1966, 88, 5654).

Deprotecfion of the amine protecting group would be
followed by phosphoramide formation according to the
method déscribed by Patel et al., (Iet Lett., 1990, 31,
§591) . Alkylation with strong base would lead to the
compounds where W is -C(R25) (R26)Pp (=0) (R242)N(RZ3)-,
Similarly, diazotization and nucleophilic displacement
with hydroxide would lead to the compounds where W is
-C(R25) (r26)P (=0) (R242)0- after cyclization.
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Compounds wherein W is

~c (R25) (R26)P (=0) (R243)C (R27) (R28)- or -P(=0) (R242)- and
r is 1, could be prepared as shown in Scheme 16.
Secondary diol (VII) could be brominated by the method
of Morin and Sawaya to give (XXXVIa), which could be
elaborated to (XXXVIIIa) via earlier described
(XXXVIla). @Grignard coupling with methyl
dichlorophosphate using the method of Polniaszek and
Foster (J. Qrg. Chem., 1991, 56, 3137) would lead to a
cyclic phosphinate. Alkylation with strong base based
on methods described in the literature (ie., see
Polniaszek ébove) would provide the desired products.
|

Compounds of formula (I) wherein W is
- (822)N*=C(R36)N(R23)- and -N=C (R36)N(R23)- and n=1 can
be prepared according to Scheme 17. Intermediate
(XXXIXa) can be cyclized under standard amidine reaction
conditions,lbased on method known in the art.
Quaternary salt formation with alkyl halide leads to
compounds of the formula (XXXIXd) and (XXXIXe), which
can be acidideprotected according to method described
hereir. !

Syrthesis of intermediate (XlLa) is described in
Scheme 18z, and use thereafter is described in Schemes
18b-1&c. N-Cbz-Phenylalaninal (XLb’) is prepared from
opticalliy-a¢ttive phenylalanine (XLa’) by the route
previously described. Compound (XLc’) can be prepared
by the reaction of (XLb’) with an appropriate acetic
acid anion équivalent such as a Reformatsky reagent
derived from ethyl bromoacetate (prepared from
bromoethyl acetate and zinc metal). Other acetic acid
anion equivalents are contemplated and are recognized by
those posseSsing skill in the art. Compound (XLd’) can
be prepared[by reacting (XLc’) with an acyl anion

eguivalent such as a dithiane anion (such as that
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derived from 1,3-dithiane u;Zi reaction with

but llithium). Other acyl anion eguivalents are
contemplated and are recognized by those possessing
skill in Ehe art. The conversion of (XLc') to (XLd’)

5 can also incorporate the use of either or both oxygen-
protecting groups and nitrogen-protecting groups. A
suitable oxygen-protecting group is the SEM
(trimethylsilylethyloxymethyl) ether and a suitable
nitrogen-protecting group is the Cbz (carbobenzyloxy)

10 carbamateg. Other protecting groups are contemplated
including those described in Protecting Groups in
Organic Synthesis, Second Edition by T. W. Greene and P.
G. M. Wuys, Jchn Wiley & Sons Inc., 19%1. Compound

a) can be cktained by the hydrolysis of (XLd’) with
acid or qase.

[
tn

Rlternatively, (XLa) can be obtained as follows:
(XLe’) can be prepared by reaction of (XLb’) with a
pyruvic dcid anion eguivalent such as a Reformatsky
reagent. Other pyruvic acid anion egquivalents are
27 contenplatec and are recognized by those possessing
skill in the ar:. (XL£') is prepared by the reaction of
{(XLe'’) with &n. &.kyl or aryl derived nucleophile such as

& Grignard reagent or an organolithium reagent (such as

Ny
(n

benzylmagnesium Lromide or phenyllithium). Other

ocrganometallic species are contemplated and are
reco~niz¢d by those possessing skill in the art.
;“.ermadlat° (XLa) can be obtained by reaction of (XLf')
under hydrolytic conditions needed to induce ester
cleavageiand/or conditions necessary to remove any oOr

30 all prot?cting groups.

IntFrmediates (XLa)-(XLk) can be derived from (L)~

phenylalanine, for example, although all other
naturally-occurring and other unnatural amino acids are

alsc contemplated.

w
m

Intermediate (YLb) can be prepared by the reaction

¢f & methvlene chloride solution cf compouncd (XLa) with

This Sheet Has Been Rep

T



WO 94/19329 '_; PCT/US94/01609

10

25

30

w
n

| - -157-
SEM-C1 (trimFthylsilylethyloxymethyl chloride) in the

presence of an amine base (such as
diisopropyléthylamine). Intermediate (XLc) can be
obtained by the reaction of (XLb) with a carboxylic acid
activating ;Eagent such as dicyclohexylcarbodiimide

(DCC) . Othe# peptide-forming conditions and reagents
are contemplated and are recognized by those possessing
skill in the art. Intermediate (XLd) can be obtained by
the reaction of (XLc) with an appropriately protected
(if needed) hydroxymethylbenzyl halide followed by the
removal of the SEM protecting groups via reaction with
fluoride ion (tetrabutylammonium flucride) in a suitable
solvent (tetrahydrofuran).

Interm§diate (XLe) is obtained by the reaction of
(XLa) with SEM-Cl under conditions to avoid/suppress
bis-alkylation such as limiting molar equivalents of
SEM-C1 and/&z using lower reaction temperatures.
Intermediate (XLf) can be obtained reaction of (XLe)
with phosgene in the presence of a suitable base.
Phosgene eqﬁivalents and various amine bases are also
contemplated and are recognized by those possessing
skill in theé art. Compounds of the formula (XLg) can be
obtained by the same methodology described above for the
preparation of (XLd} from compound (XLc).

Compoupds (XLh) can be obtained by reacting (XLb)
with Cbz2-Cl (carbobenzyloxy chloride) in the presence of
a base. Ihtermedlate (XLi) can be obtained by reacting
(XLh) with a carboxylic acid activating reagent in the
presence of an amine such as ammonia. Other methods are
contemplated and are recognized by those possessing
skill in the art. Compound (XLj) is obtained by the
reaction of (XLi) with a carbon monoxide equivalent such
as phosgene: in the presence of an amine base as
previously described for the conversion of (XLe) to
(XLf). Compounds of the formula (XLk) can obtained by
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N-alkylatien and removal of protecting group(s) as

described for the conversion of (XLc) to (XLd).
A more detailed description of the general formulas
is provided in Scheme 18c.

Compounds such as lactam (XLIm) with an alkoxy
substituent could be synthesized as shown in Scheme 19.
The alcohol (XLIh) obtained using the procedure of S.
Thaisrivongs, et al (J. Med. Chem. 1991, 34, 2344-2356)
can be alk&lated with benzyl bromide using standard
procedures to give (XLIi). Treatment with catalytic p-
toluene-supfonic acid in methanol cleaves the
oxazolidine to give the free alcohol (XLIj) which can be
ther converted to the acid (XLIk) using the procedure
desc:ibed‘by S. Thaisrivongs, et al (J. Med. Chem. 1991,
24, 2344-235¢). Protection of the alcohol as the t-
butyldimeghylsilyl ether and cyclization to the lactam
is analiogous to that described in Scheme 23.

ompouncs such as the cyclohexane fused 7-membered

O

ring iactam (XLIIh) could be synthesized as outlined in
Scheme 23: The acid (XLIIa) is obtained following the

procedure of J.A. Martin and G.J. Thomas (EP 0 512 343
AZ;. Trnisz cezn be treated with methancl and catalytic p-

toluenesulforic acid to give the free alcohol which can

Lo}
i
Mo}
A
(o]

tected &c the t-butyldimethylsilyl ether to give
cid (XLIIc). The cyclization to the fused lactam
(XLI1f) fcllowed by an alkylation deprotection sequence
éo (XLIIh)

Compounds ¢f formula (XLIII) can be converted to a
variety of cyclic structures and the general outline of
vsefrl routes is detailed in Schemes 21, 2la and 21b.
rdvanced ﬁntermediates (XLIIIh) and (XLIIIn) are known

egnc deteils cf their preparation are described in

IR o WS I -
ot

:02i6c-7. (published 21 Jenuary 1993), herein
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incorporated by reference. The conversion of (XLIIIa)

via known methodology and that described herein, to a 6-
memebered cyclic structure (XLIIIg), wherein P denotes a
stuitable hydfoxyl protecting group'(for example 2-

5 (trimethylsi;yl)ethoxymethyl (SEM), 2-methoxyethyl
(MEM)) and X can be NH, O. R and R' are similar to R4
and R7. Further alkylation of the nitrogens can be
performed. Conversion of (XLIIIh) to a 7-membered
cyclic strucéure via known synthetic transformations is

10 described, wherein P denotes a suitable protecting group
(for example'SEM, MEM) and R and R' are similar to R4
and R/. X and X' can be any nucleophile (nucleophilic
carbon, nitrogen, oxygen, sulfur). Conversion of
intermediate. (XLIIIn) to an B-membered cyclic structure

15 {(XLIIIs) is éescribed. P denotes an appropriate
protecting g%oup: R and R' are similar to R4 and R7 and
X can be any nuclecphile; X' can be NH, O.

Compounhs such as the benzo-fused 7-membered ring

20 lactam (XLIVh) can be synthesized as outlined in Scheme

22. The acid' (XLIVa) is obtained following the procedure

of M. Hammonfl and S.W. Kaldor (EP 0 526 009 Al). The

free alcohol can be protected as the t-

puzvidimethylsilyl ether to give the acid (XLIVc). The
25 cyclization tc the fused lactam (XLIVE) followed by an
viazior deprotection sequence can generate (XLIVh) by
logy to that described for Scheme 23.

Compounds of Formula (I) wherein, W is
30 N(R22)c(=0)C(R27) (R28), n is 0 and R’ is hydrogen, and
R4 and R27 are benzyl can be synthesized according to
Scheme 23. [onversion of N-Boc-phenylalanine by an 8
step procedure can give intermediates of the formula
(XLVa) . Hydrolysis of the lactone, followed by
3% activation df the acid functionality using methods known

ir peptide chemistry, fcllowed by deprotection of the
|
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amine protecting group and intramolecular cyclization

car. give lactam (XLVe). Standard alkyation and alcohol
liberation provide compounds of the formula stated
above,

|

The 'preparation of compounds of the formula (XLVId)

is shown in Scheme 24. The Wittig product from the
first step is reduced to the allylic alcohol using
DIBAL-H %n methylene chloride at -78°C. This alcohol
can be epoxidized using m~chloroperbenzoic acid or using
Sharples§ epoxidation methodology to give the epoxy
alcohol (XLVIa). The epoxide can be opened selectively
using TMSN3 (Sharpless, K.B. J. Org. Chem (1988) 53
5183) totgive the desired 1,2-diol. Exhaustive
silyla:ién followed by selective deprotection of the
primary silyl ether gives compound (XLVIb). Standard
prireary tosylate formation followed by displacement with

give the diazide (XLVIc). Reduction of
the diazide using catalytic hydrogenation and

sodium azide can

cyclization using carbonyl diimidazole would give the €-
membered cycliic urea. Alkylation as described herein

&nd deprotection weculd give the final product (XLVId).
The dizzide (XLVIc) can be manipulated to give a variety

cf cycliic structures as previously shown.

te e cf the formula (I), wherein W =
-R2ZNC(=0)NR43-, n is 1, R® is OH or =0 and R® = R62 is
fluorine, can be synthesized as shown in Scheme 25.
Compound (XLVIIa) can be oxidized to the corresponding
ketone rty Jones oxidation (Org. Syn. Coll., Vol. V, 866)
followeé by reaction of the carbonyl with a fluorinating
agent such as DAST. Deprotection, cyclization,
alkylation ancd removal of hydroxyl protecting groups
(such as MEM) can give (XLVIIg), which can be further
oxidized to (XLVIIR) using the method of Gallina &
Giordanc (Synthesis 1989, 466).

|
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The prfparatlon cf compounds of the formula
(XLVIIIc) is shown in Scheme 26. Starting from the
known hydroxy ketone (XLVIIIa) (WO 92/00956, published
January 23,}1992) the alcohol can be protected and the
amine funct?on deprotected to give diamine (XLVIIIb).
Cyclization and introduction of the R22 and R23 can be
accomplished as described herein. Reduction of the
ketone and @eprotection can give the desired diol
(XLVIIIc). | Hydroxy ketone (XLVIIIa) can be converted to
the triol (XLVIIIe) After alcohol protection, a second
hydroxyl g*oup can be introduced o to the ketone using
standard chemical procedures known to one skilled in the
art. After protecting this hydoxyl, the amines can be
deprotected to give diamine (XLVIIId).

Using 'similar chemistry as discussed previously,
the triel (kLVIIIe) can be prepared as shown in Scheme
26a. The mono-ol (XLVIIIJ) can be prepared starting
from the alaehyde (XLVIIIf) and an organometallic
reagent (XLVIIIg). Both of these compounds can be
rrepared from amino acids using standard chemical
rrocedures known tc one skilled in the art. The alcohol
(XLVII1h) dan be protected and manipulated as discussed

previously to give the desired mono-ol (XLVIIIJ).

The cyclic carbonates of the formula (XLIXb) can be
prepared, as shown on Scheme 27, starting from
commercialfy available 3,4-0O-Isopropylidene-D-mannitol.
Primary tosylate formation and base treatment can
provide the diepoxide which can be opened with numerous
nucleophilés to give compounds of the formula (XLIXa).
Cyclization and deprotection would give the desired diol
(XLIXb) .
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Compounds wherein W is -N(R22)P (0) (R242) N (RZ3) -,

n=1 and R24a is phenoxy or OH, can be synthesized as
described earlier and as shown in Scheme 28. Diamine
IXI could be cyclized with phenyldichlorophosphate using
the method of Patois et al. (Heteroatom. Chem. 1990, 1,
369) to give the cyclic phosphoric amide. Alkylation
with strohg base and removal of the protecting groups
using met?ods known to one skilled in the art would give
the desired products.

Comppounds of the formula (I) wherein W is
-N(R22)C(=0)N(R23)-, and R22 and R23 are NH(R222) and
Nx (rR232), respectively, can be prepared as shown in |
Scheme 29. Intermediate (XXIc) can be treated with
crhloramine to yield dihydrazine (LIa) according to the
method ¢£ S.R. Sandler and W. Karo (Organic Functional

cur Preparations, Vol 1, Academic Press, N.Y., 1983,
E.445), herein incorporated by reference. Cyclization
c

hcsgene can give cyclic urea (LIb). Standard

& o

dure for alkylation and deprotection can provide
alkyla:eé dihydrazine (LIc). Alternatively, (XXIc) carn
be treated with chioroaminobenzene, according to the
mezhcd of S.R. Sandler and W. Karo above, to yield
dirydrazine (LId). Cyclization using phosgene, followed
cy glkyletion c¢f the product as described previously,

cer rrovide compounds cf the formula (LIe).

Compounds of the formula (I), wherein W is
~N(R22)C(=C(CN)2)N(R23)- and n =1, can be prepared as
shown in Scheme 30. Intermediate (XXIc) can be treated
with 1,i'-bismethylthio-2,2'biscyanocethylene in
acetonitrile, followed by the standard procedure of
alkylation and deprotection to give compounds of the

fcrmoliae (LIla) .
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Compounds of the formula (I), wherein W is

-N(R22)Cc(=S)N(R23)~, R22 and R23 are not hydrogen, and n
=1, can be prebared as shown in Scheme 31. Mono-
alkylated intermediate (XXVIIb) can be further reacted
with a alkyl bromide under refluxing reaction conditions
(to facilitatelthe removal of byproduct methyl bromide)
to give dialkylated thiocarbonyl compound (LIIIa), which
can be acid-deprotected as described previously.

Compounds' of the formula (I), wherein W is
-N(RZZ)C(=O)C(R27)-, n =1, and R28 and R7a are taken to
form a bond can be prepared as shown in Scheme 32, The
aldehydes reguired for coupling can be prepared by
methods known to one of skill in the art. Acetylation
after coupling can provide diacetate (LIVa). Amine
protecting group modification can lead to (LIVb),
afterwhich liberation of the carbonyl {(LIVb) and Wittig
ciefination using stabilized Wittig can provide (LIVc),
after separatién of the geometric isomers. Liberation
cf the amine p#otecting group can provide (LIVd), which
upcr. modification of the ester for standard amino-acid
type coupling {(via LIVe) can lead to compounds of

formuia (LIVE).
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The synthesis of compounds of the invention is

described in further detail below.

r ~ " r
> |
Preparation of di-N-CBZ protected 1,4-diamino-2,3-
diols (XIX):
: ZN NZ
Ph "o Ph
HO OH
1C . (XIX)

|

l
Detailed experimental procedures for the synthesis
¢ compound (XIX) are described in copending commonly
assignedTpate:: aprlication Jadhav et al. USSN
C7/714,042, £iled 5/31/91.

[
n

Droceduse 2

(XXa) R=SEM
25 {XXb) R=MOM
(XXcC) R=MEM

2. IProtection ac 2-(trimethylsilyl) ethoxy methyl
(SEM) ether (XXa):
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Compound (XIX) (60 g, 105 mmol) was dissolved in
dry DMF (600 ' mL). Diisopropylethylamine (75 mlL) and
SEMCl (66.8 g, 400mmol) were added and the mixture
stirred for 16 h at room temperature under N2. The
solution was diluted with water (1L) and extracted with
hexane (400mlL). The organic layer was separeted and
washed with water (2x100ml). The agueous layers were
combined and extracted with hexane (2x300mL). The
organic layers were combined, washed with water
(2x100mL), dried over MgSOq, filtered and evaporated. The
residue was chromatographed on Si02 and eluted with 10-
30% ethyl acetate/hexane to afford a white solid
(91g, 100%). NMR(CDCl3):87.0-7.4 (m, 20H, Ph), 5,01 (br
s, 4§, PhCHzéO), 4.5-4.95 (m, 6H, NH, OCH20), 3.6-4.25
(m, 4E, CHOCHz, CHNH), 3.5 (s, 4H, OCHCHz), 2.76 (br d,
4E, PhCHp), 0.8-1.0 (m, 4H, SiCHz). MS: 846 (M+NH4, 100),
685 (M-SEM, 40). ' '

B. Protection as methoxymethyl (MOM) ether (XXb).

Compound (XIX) (.50 g, 0.88 mmol)“weS'diSSolved in
dr; DMF (10mLk Diisopropylethylamine (.46 mL, 2.64
mmol) and methoxymethyl bromide (.165 mL, 2. 02 mmol)
were added and the solutzon stirred at 40 °C under
nitrogen for four-h. TLC (50/50 ethyl acetate /methylene
chloride) showed that the reaction was complete. The
mixture was pértitioned between methylene chloride (50
mL) and 5% Hci (30 mL). The organic layer was separated,
washed with water (5x20 mlL), brine (20 mL), dried over
MgS0O4, filtered and evaporated to a light yellow oil.
Chromatography on S$i0z and elution with 1-20% ethyl
acetate/methyiene chloride afforded (XXb) as a clear oil
(0.29 g, 53%). - '

NMR (CDCl3):06.95-7.42 (m, 20H, Ph), 5.1-3.8 (m,

corplex), 3.35 (s, 6H, OCH3), 2.8-2.95 (m, 4H, PhCH3) .~
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- MS: 657 (13, M+1l), 674 (21, M+NHy), 522 (84), 414 (100), '
370 (34){ '
Procedure 3

10

20

25

30

Deprotection of amines (XXa) and (XXb) via hydrogenation
to afford (XXIa) and (XXIb):

NH, NH,

| - (xXIa) R=SEM

(XXIb) R=MOM
(XXIc)  R=MEM

2. Hydrogenastion cof SEM ether (XXa).

Compouhd (XXa) (90 g, 108.5 mmol) was dissolved in
absclute ethanol (2.5 L). 5% Pd/C (6.5 g) was added and
the scluthion was stirred under hydrogen for 1.5 h until
hycrogen uptake ceased. TLC (20/80 ethyl acetate/hexane)
shogeénth;: the reaction was complete. The solution was
filtéred through Celite and evaporated at reduced
pressure to give XXIa as a colorless gum (60 g, 99%).
MR (CDCI3):87.1-7.35 (m, 10H, Ph), 4.72 (br d, 4H,
OCH20), 3.5-3.9 (m, 6H, NH2, CHOCHz), 3.15 (m, 2H,

CHNH2} , 2.55f2.95 (m, 4H, PhCH2), 0.95 (m, 4H, SiCH2).

B. Hydrogenation of MOM ether (XXb). -

Comppund (XXb) (0.2%9 g, 0.441 mmol) was dissolved
ir: ethyl acetate {€ mL) and methanol (3 mL). 10% Pd/C
(7

(&)

-
mc) was added and the solution stirred under
|

|
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hydrogen until Kz:ﬁéféié*ceased,'Tﬂd'(20/80_
methanol/ethyl acetate) ‘showed that the reaction was
complete. The solution was filtered through Celite and
evaporated at reduced pressure to afford XXIb as a clear
oil (.132 g, 77.4%). NMR (CDC13):87.1-7.35 ( m, 10H, '
Ph), 4.58 (s, 4H, OCH20), 3.75 (br s, 2H, CHOCHz), 3.3-
3.5 (m, 2H, CHNH2), 3.23 (s, 6H, OCH3), 2.85 (br d, 4H,
PhCHy) . MS: 389 (M+1, 100), 345 (3.7), 280 (1.8), 120
(6.1). “ '

Brocedure 4

Formation of cyclic ureas (XXIIa), (XXIIb) and
(XxiIc): - '

... . .(XXIIa) . R=SEM
N {XXIIb)  R=MOM
.(XXIIc)  R=MEM

k. Cyclization of SEM ether (XXIa).
. -

Compound (XXIa) (40 g, 71.3 mmol) was dissolved in
methylene chloride (200 mlL). Carbonyl diimidazole (13.87
g, £5.6 mmol) was dissolved in methylene chloride (200
ml) in a separate flask. Each solution was then pumped
into dry methylene chloride (6 L) at a rate of 90 mL/h.
The mixture was then stirred for 18h at room temperature
under nitrogen. TLC (60/40 ethyl acetate/hexane) showed
the reaction was complete. The solvent was removed at
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reduced pressure and residue chroma;qgraphed on SiO2 and

eluted with 1-50% ethyl acetate/hexane to afford (XXIIa)
as a whi;e solid (38.82g, 93%). mp: 75-76°C. NMR (CDCl3):
§7.05-7.4 (m, 101, Ph), 4.6-4.8 (dd, 4H, OCH20), 4.08
(s, 2H, CHOCHz), 3.5-3.91 (m, BH, |

NH, CHNH, OCH2CHp), 2.86, (br d, 4H, PhCHz), 0.8-0.95 (m,
4H, SiCHy). MS: 587 (M+1l, 100). |

|
B. Cyclization of MOM ether (XXIb).

Compound (XXIb) (.53 g, 1.364 mmol) was dissolved
in dry méthylené chloride (20 mL). In a separate flask,
carbgnyl:diimidazole (.265 g, 1.64 mmol) was dissolved
in méthylené chloride (20 mL). To a third flask '
containing pyridine (.22 mL, 2.73 mmol}) in methylene
chloride (100 ml) at room temperature under nitrogen
were added the first two solutions via syringe pump at a
rate of 1.7 miL/h. The solution was stirred overnight at
roor. temperature. TLC (50/50 ethyl acetate/methylene
chleride) showed that the reaction was complete. The
sclutior was washed with 5% HC1 (50 mL), NaHCO3 (50 ml),
brine (SP mlL), dried over MgSO4, filtered and
evaporatecd. The residue was chromatographed on SiOz and
eluted wgth 50-75% ethyl acetate/methylene chloride to
afferc (XXIIb) as a colorless gum (198 mg, 35%). NMR
(CDCi3):87.1-7.4 (m, 10H, Ph), 4.65 (q, 4H, OCH20), 4.13
(s, 28, KH), 3.89 (t, 2H, CHNH), 3.59 (s, 2H, CHOCH2),
3.18 (s, €E, OCHs), 2.87 (m, 4H, PhCHpz). MS: 415 (M+1,
100), '102 (11).

Synthesis of Dimem DiZ Intermediate (XXc):

DiZ Diol (XIX) 507g(0.89mol) was stirred in 4L of
dichloromethane. To the slurry was added N,N- '
Diisopr&pylethylamine 780g(6.05mol) in one portion at
roon termperature followed by the dropwise addition of Z-
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méthoxyetho#ymethyl'choridelg%Og(Amol) (1 hour additien,
exothermic) ;" Heated the solution at reflux for 12
hours. TLC :(10:1:10 EtOAc:EtOH:Hexanes, Rf=0.56)
indicated a 'complete reaction. The solution was worked
up by quencﬁing with ice water(3L). Washed the |
dichloromethane extract with water(2x 2L) and dried over
magnesium sulfate. The filtrate was taken to dryness.
The resultant semi-solid was dissolved in
chlorobutané(lL). Passed the solution through a four
inch pad ofisilica gel to remove most of the intense red
color. To the chlorcbutane extract was added hexane(2L)
to precipitate the decsired DiZ Dimem intermediate (XXc) .
Washed the white solid with hexanes(3x 350ml). Dried at
room temperature. Recovered the desired DiZ Dimem
intermediate as a white solid in a yield of 525g(79%
yield). m.p. 52-54 C, 1H NMR(CDCl3): 2.80(m, 4H)-CH2Ph,
3.38(s, 6H)-OCH3, 3.58(m, BH)-OCH2CH20-, 3.80(m, 2H),
4.20(m;, 2H), 4.6-5.2 (m, 10H)NH, H2CCO2, —-OCH20-,
7.25(m, 2oa?csns S

‘Synthesis of Cyclic Urea Intermediate (XXIIc):

;- biz Dipem (XXc) "20g(26.8mmol) was dissolved in
200ml of tetrahydrofuran. To the solution was added 2g
©0£.10% Palladium on Carbon and the suspension stirred
for 7 hours' under hydrogen(l atm). TLC (10:1:10
EtOAc:EtOH:Hex, "Rf=0.05) indicated a complete reaction.
The suspension was filtered through a bed of Celite to
remove the catalyst. Washed the Celite bed with 150ml
of'tetrahy@rofuran. Transferred the THF solution to a
500ml1 round bottom flask. To the THF sclution was added
5.59(33.3mmol) 1,1'-Carbonyldiimidazole in several
portions as a solid. Stirred at room temperature for 12
hrs. TLC (10:1:10 EtOAc:EtOH:Hex, Rf=0.26) indicated a
complete reaction. The mixture was worked up by
quenching with ice-cold 0.5N HCl (150ml) and extracting
with diethyl ether (2x50ml). The organic extract was
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washed with water (2x100ml) and dried over magnesium

sulfate. The filtrate was taken to dryness. The
residue was purified on silica gel(200g; 1:1 EtOAc:Hex
followed by 10:1:10 EtOAc:EtOH:Hex) to provide 10.2g
(75.7% yiéld over two steps) of the desired cyclic urea
intermediate (XXIIc) as a colorless oil. 1H NMR(CDCla):
2.90(m, 4H)-CH2Ph, 3.36(s, 6H)-OCH3, 3.40(m, 8H)-
OCH2CH20-, 3.60(m, 2H), 3.90(t, 2H), 4.10(s, 2H)NH,
4.80(g, 4H)-OCH20-, 7.30(m, 10H)CgHs

|

Procedure 5

General alkylation/hydrolysis procedure:

Compound (XXIIa) (1 mmol) in dry DMF (5 mL) was
added to k flask containing sodium hydride (10 mmol, .
that had been washed with he#ane, 3x20 mL) in DMF (5
mL). The solution was stirred at room temperaturée. under
nitrogen for 5 min. Evolution of hydrogen gas was
cbhserves. The appropriate alkyl bromide (5 mmol) was
added and the solution was.stirred at room temperature
under nitfpgen for 1h. Hindered alkyl bromides required
heating at 40-70 °C for up to 5 h. TLC (40/60 ethyl
acetate/hexane) was used to ensure that no starting
material remained. The solution was quenched with
methanol (1 ml), partitioned between ether (60 mlL) and
water (SJ mlL) and the organic layer was removed. The
agueous iayer was washed with ether (50 mL), the organic
layers combined and washed'witﬁ-water (4x30 mL), brine
(30 mL), dried over MgSO4, filtered and evaporated. In
cases where the alkyl bromide contained basic nitrogen,
1 N NaOH was used in place of water. '

The crude product was hydrolyzed directly in
methanol (10 mlL) and 4 N HCl/dioxane (5 mL) for up to 16
h at room temperature. The solution was evaporated and
chromatographed directly on SiO; to afford the bis-

|
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alkylated cyplic ureas. Where nitrogen was present, the

solutions were first basified with 1 N NaOH and
extracted with ethyl acetate, dried over MgSOj;,
filtered, evaporated and chromatographed. Hydrolysis

S can also be Farried out using saturated hydrogen
chloride in methanol with shorter reaction times.

Hydrolysis of (XXIIb) under the same conditions

gave 67% yield of the N,N-unsubstituted cyclic urea
Example 1A, mp 170-~174 °C.
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The experimental procedure is similar to the
synthesi% of Example 1lE. The isomer, (2R, 3R,4R,5R)-2,5-
diamino-1, 6-diphenyl-3, 4-hexanediol, needed for the
synthesis was isolated from the vanadium trichloride
coupling 'reaction, as described in copending commonly
assignec patent application Jadhav et al. USSN
07/714,042, filed 5/31/91 (see Procedure 1 above).

Example 1G: 13¢c NMR (CDC13): (75.48 MHz) 37.387,
1.51, €5.136, 72.779, 118B.64%9, 126.540, 128.409,

r
25.714, :34.618, 137.757, 162.705.
|

wm

[ =]

3

Svrthns‘ﬁ Cf Menoalkvl Cvelic Urea:

The;intermediate from previous step 2g{(4dmmol) was
dissclved ir 25ml toluene and placed in a 100ml round
bzsttom flask. To the solutioﬁ was added 85% KOH
0.829(12¢mol) and polyethylene glycol. (M.W.=1000)
0.20¢. With a Dean Stark trap in place the mixture was
refluxed for 4 hours until the theoretical amount of
water (0.20ml) was collected. Cooled to room temperature
and added (bromomethyl)cyclopropane 1.78g(13.2mmol).

tirred at 75 C for 17 hours. TLC(10:1:10
EtOAc:EtOE:Hex, Rf=0.52) indicated that the reaction was
complete. Worked up by quenching with agueous ammonium

crhicride (50ml) and extracting with ethyl acetate
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(2x35ml) . - Washed the organﬁl?iayér“with water (2x35ml)
and dried ovér magnesium sulfate. The filtrate was
taken to dryness. The residue was purified on silica
gel (150g, 2:3 EtOAc:Hex) to provide 1.55g(70% yield) of

the desired ﬁonoalkyl cyclic urea as a colorless oil.

C13 NMR(CDC13): 3.331, 4.000, 10.619, 32.877, 34.159,

55.677, 58.2?4, 58.972, 64.085, 67.361, 67.437, 71.723,
71.753, 76.576, 78.023, 96.347, 96.519, 126.224,
126.316, 128L366, 128.563, 129.400, 129.447, 139.475,
139.555, 161,558. For reactive alkylating agents, e.g.
m-nitrobenzyl chloride, the reactions are carried out
lower temperatures, such as room temperature.

An alteinative procedure to make the monoalkylated
cyclic urea involved using the procedure described

- previously fér formation of the dialkylated cyclic urea,
. however, varying the amount of sodium hydride to 1.5

equivalents and alkylating agent to 1.0 equivalents.
Silica gel chromatography provided the desired product,
as weli as d%alkylated cyclic urea and unreacted
starting material.

gy s 3 € 74

Cyclic guanidine compounds of the invention wherein
W= NH(C=N—Cﬁ)NH, differ from the cyclic urea compounds
of the invention wherein W = NH(C=O)NH. Described below
are representiative methods for the preparation of cyclic
guanidine compounds of the.invention.
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SYNTHESIS OF CYCLIC GUANIDINES

Lo LY

i \ "‘l'/ Ph
SemO OSem

SemO SSIM
Sem = CH,OCH,CH,Si{CH,),

4M HCI
in Dioxane

HO OH
Q8239

Ph
..0" / Ph

A solution of Example 7Q (150 mg, 0.22 mmol) in DMF
was treated with -sodium iodide (160 mg, 1.1 mmol) and
heated at 90°C for 2 hrs. The mixture is coocled to room

temperature, dilut:d with water and the precipitate is
1C extracted into CHyCl,. The extract is washed with water

and brine, dried over MgSO, and evaporated to give a
yellow o#l. This is HPLC chromatographed on silica gel
(50% EtOAc/Hex) to give 50 mg of alkene intermediate
(XXIX) as a white solid. MS:(CI,NH3) 589 (M+H)*.

18 |
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Alkene intermediate (XXIX)

A solution of alkene intermediate (XXIX) (40 mg, 0.07
mmol) in THF was treated with 20 mg of 10% Pd/C and
hydrogenated in a Parr Hydrogenator at 50 psi overnight.
The catalyst was filtered off and the filtrate
concentrated. The resulting residue was HPLC
chromatographed on silica gel (70% EtOAc/Hex) to give 10
mg of Example 8G as a white solid. MS:(CI,NH3) 591.5
(M+RH) * '

- N o _
Method 2 (As outlined in Scheme 10):

A suspension of Example 3U (2.0 g, 0.0033 mol) in
methylene chloride was treated at room temperature with
2-acetoxyisobutryl bromide (2.09 g, 0.01 mol) and
stirred for 1 hour until the solution became clear. The
reaction was quenched with a solution of sat'd sodium
bicarbonate and the orgﬁnic layer was washed with water
and brine. The solution was dried over magnesium
sulfate, concentrated and chromatographed on silica gel
(30% EtOAc/Hexane elution) to give 1.3 g of the’ '
corresponding bromoacetate intermediate as a white
solid. MS: (CI,NH3) 713.4 (M+H)+.

A solution of the bromo acetate intermediate (0.45
g, 0.63 mmol) in acetic acid was treated with 1 g of
zinc dust ahd stirred at room temperature until TLC
analysis showed no starting material remained. The
mixtured was diluted with ethyl acetate and filtered.
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The filtrate was concentrattzeand the resulting residue
was dissolved in methanol and treated with 1N ag. NaOH
and stirr?d overnight. The solution was concentrated and
the residue was dissolved in methylene chloride, washed
with watei and brine, dried over magnesium sulfate, and
concentrated. The residue was chromatographed on silica
gel (50% EtOAc/Hexane elution) to give 170 mg of Examplé
8G as a white solid. MS:(CI,NH3) 591.5 (M+H)+.

|

l

' Example BH

Method 1.
A. Synthesis of 6-membered ring cyclic urea (XXX):

o
He A M
: \\N N’/

| MEMO

R (XXX)

The synthesis of the six-membered cyclic urea (XXX)
is outlineéd in Scheme §. A solution of N-Cbz-D-
phenylalanine K,O-dimethylhydroxylamide (33.5 g , 0.098
mcl) in ether was cooled to 0°C and treated with 300 mL
ci & 1 M solution of vinyl magnesium bromide in THF. The
mixture was stirred for 30 mins and then poured into an
ice cold scolution of 1 N HCl1l (500 mL). The mixture was
extracted into ether and the extracts washed with water
and brine. The organic layer was dried over MgSO,,
filtered and concentrated to give the desired vinyl
ketone as a thick, light yellow residue which was used
without further purification. MS:(CI,NH3) 310
(77%, (M+H)l"‘) ; 327.1 (100%, (M+NHg) ") .
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The crude ketone was dissolved in methanol (350 mL)

and treated with cerium trichloride heptahydrate (37.2
g, 0.1 mol) and cooled in an ice bath. While stirring
vigorously sodium borohydride (3.78 g 0.1 mol) was added
slowly, a small portion at a time, over a period of 30
min. After tﬂe addition was complete the mixture was
allowed to warm to room temperature and stirred for an
additional 1 hr. The solvent was removed under vacuum on
a rotorary evaporator and the residue was partitioned
between 1 N HCl and methylene chloride. The organic
layer was washed with water, brine, and then dried over
MgsSO,, filtered and concentrated to give the desired
allylic alcohbl as an off-white solid which was used’
without further purification. . '

A solution of the crude allylic alcohol and -
dllsopropylethylamlne (30 g, 0.23 mol) in methylene
chloride was 'cooled in an ice bath and treated dropwise
with'methanesulfonyl chloride (28 g, 0.24 mol). The
solution was stlrred for 30 mins, then washed
sequent‘ally w;th 1 N HC1l, water, brine and dried over
MgSO,. The solutlon was filtered and concentrated to
give the.crude mesylate as a thick oil. To a flamed-
drle flask was added copper cyanide (12 g, 0.144 mol)
and 100 mL of'THF The flask was cooled to =78 °C under
n;trogen atmobphe:e. A solution of benzylmagnesium
chloride (360 mL, 2M in THF, 0.72 mol) was added via
syringe and the resulting thick solution was stirred at

—-60°C for 20 mins and at 0 °C for 30 mins. The

solution was Fhen cooled to - 78°C and a solution of
the mesylate in 130 mL of THF was added via syringe. The
solution was stirred at ~60°C for 45 mins and then
poured into a mixture of 1 N HCl/ice. This was extracted

into ethyl acetate and the organic layer was washed
sequentially with NH4.Cl (aqg), NH40H, brine, dried over

Mgso4,'filtered and concentrated. The resulting residue
is chromatographed on silica gel (hexane, then 10%

|

|

This Sheet Has Been Replaced

A0




WO 94/19329 PCT/US94/01609 T

10

30

tg
n

“ v -178~ - -~
EtOAc/Hex) to give 11.7 g of the desire alkene as a

white solid. MS: (CI,NH3) 386.3 (98%, (M+H)*); 403.2
(100%, (M#NHg)*).

A solution of the above alkene (11.0 g, 0.029 mol)
in methyléne chloride (75 mlL) was cooled to 0°C in an
ice bath and treated with 60% m-chloroperbenzoic acid
(14.0 g, 0.049 mol). The solution was stirred 0°C for 7
hrs until | TLC analysis showed no starting material
remained. 'A precipitate formed during this time. The

suspension was diluted with methylene chloride and
washed sequentially with 1 N Na,S$,03, 1 N sodium

hydroxide, water, brine, dried over MgSO4, filtered and
concentrated to give the epoxide as a thick oil which
was used without further purification.

To solution of crude epoxide in 80 mlL of DMF was
added sodium azide (20 g , 0.3 mol), ammohium chloride
(2.5 ¢ , 0:047 mol) and 20 mL of water. The mixfureIVas
heated at 90 °C for 3 hrs and then stirred at rt
overnight. The solvent was removed under high vacuum on
& rotorary evaporator and the residue was partit;oned
between water "and methylene chloride. the organlc 1ayer
was washed with water and brine, dried over MgSOg4,
filtered and concentrated to give a residué. This wés
then chromh*ographed on silica gel (20% EtOAc/Hex) to
g;va 7.4 g of the azide alcohol as a white solid.

“S: (CI,NEZ) 445.0 (25%, (M+H)*); 462.2 (100%, (M+NH,4-
EnCH) ™). ' '

2 solution of the azide alcohol above (7.2 g, 0.016
mol) in methylene. chloride was treated with '
diisopropylethylamine (4.2 g , 0.032 mol) and MEM-C1l
(4.0 g 0.032 mol) and heated to reflux overnight (18
hrs). The mixture was concentrated and the residue
chromatographed on silica gel (20% EtOAc/Hex - 35%
EtOAc/Hex)kto give 7.7 g of the MEM protected azido
zlcohol as & colorless oil. MS:(CI,NH3) 533.2 (100%,
(M+EV*) .
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To a solutzon of MEM gtotected azido alcohol (5.7, g

0.0107 mol) inlethyl acetate was added 2 mL of acetic
acid and 1 g of Pearlman's catalyst (10 % Pd(OH); on
Carbon) and the solution was hydrogenated at 55 psi for
22 hrs. The solution was filtered through Celite and the
filtrate was eﬁtracted with 1 N HC1l (o;ggnic lgyér turn
orange). The acidic aqueous extract was made basic with
50% NaOH (while cooling in an ice bath) ‘and the
precipitate is extracted into ethyl acetate. The organic
layer is washed with water, brine, dried over MgSO,,
filtered and concentrated to give 2.5 g of the MEM
protected diamino alcohol as a colorless oil.
MS: (CI,NH3) 373.1 (100%, (M+H}*).

To a solution of the MEM protéétad diamino-alcohol
(2.5 g 0.0067 mol) in THF was added 1,1-
carbonyldiimidakole (1.1 g, 0.0067 mol) and stlrred over
night at room temperature. The solution was concentrated
and the residue partitioned between 1 N HCl and CH,Cl,.
The organic layer is washed with brine, dried over
MgSO,, filtered and concentrated. The residue is HPLC
chromatographedion silica gel ( 5% MeOH/CHCls3) to give
1.2 g of the MEY protected 6—membered ring cyclic urea
(XXX) as a white solid. MS:(CI, NH3) 39%.1 (100%,
(M+H) ™) . _

B. The MEM protécted,ﬁ-membergd ring cyclic urea
(XXX) (100 mg, 0.27 mmol) was alkylated with
cyclopropylmethylbromide (250 mg , 1.8 mmol) followed by
removal of the ﬁEM group, as described in general
procedure 5,_to;give after chromatography on HPLC
(silica gel, 10% MeOH/CHCl;) 20 mg of Example BH as a
clear, viscous residue. MS: (CI,NH3) 419.4 (100%,
(M+H) 1) . |

Method 2.
A solution:of Example 82 (160 mg, 0.3 mmol) and

thiocarbonyldiimidazole (55 mg, 0.3 mmol) in THF was
|
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heated to reflux for 4 hrS 1g%e mlxture was evaporated
and the rgsmdue chromatographed on silica gel (50%
EtOAc/Hex) to give 34 mg (0.055 mmol) of the
corresponding thiocarbamate. The thiocarbamate was .

5 dlssolved in 2 mL of toluene and heated to reflux. To
the reflux;ng ‘solution was added tributyltin hydride (32
mg, 0.1 mmol) and 2 mg of AIBN. The mixture was refluxed
for 1 hour, concentraﬁed,_and the residue chromatography
on HPLC (silica gel, 65% EtOAc/Hex) to give 20 mg of

16 clear colorless oil. The oil was dissolved in MeOH,
cooled in an ice bath and gaseous HCl was bubbled -
through the solution for 30 mins. The solution was then
stirred at room temperature ovefnight, concentrated and
the resid?e chromatbgraphy_on HPLC (silica gel, 10%
MeCOH/CHCl:) to give 10 mg of Example BH as a clear,
viscous residue. MS:(CI,NH3) 419.2 (100%, (M+H)*).
' |

i"n

(W)

nY
'

LA

. *,

“Ph.

_ H
| C . OH o
Compound (XXIIb) (0.85g) was heated with mixture of
etic acid (9.5 mL) and water (0.5 mL) at 85 °C for 4h.
25 RAfrer extraction with dichloromethane, followed by

0

<

washing the organic extract with saturated sodium
bicarbonaﬁe and brine, a mixture was provided which, on
separation by column chromatography, furnished (XXIIb)
(TLC 1:10 ethyl acetate/hexane Rf = 0.4; 0.54g), the

3¢ desired mono-alcohcl intermediate ( TLC 1:10 ethyl
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acetate/hexane Rf ='0:.1; 0.13g), and overhydrolysed diol

(0.05g) . |
The above mono-alcohol intetmediate 0.25g (0.466
mmol), triphenylphosphine 183mg (0.7 mmol), '

-diethylazadicarboxyalte 0.11 mL (0.7 mmbl); and

chloroacetic acid 6émg (0.7 mmol) were stirred in 5 mL
anhydrous tetrahydrofuran at 0 °C for 15 minutes and
then at room temperature for 18 h. The excess reagents
were quenched with 0.5 mL methanol and the mixture
allowed to stir for 20 minutes. The mixture was
purified by silica gel column chromatography to provide
the desired chloroacetate intermediate with inversion of
configuration. 13C NMR (CDCl;) : (75.48 MHz) -1.373,
14.413, 14.457, 18.253, 25.591, 33.851, 35.741, 40.505,
48.824, 49.962, 57.507, 58.234, 66.589, 67.885,73.179,
77.423, 95.4?4, 117.296, 118.554, 126.588, 126.887,
128.518, 128.610, 129.117, 129.199, 129.479, 133.686,
134.168, 136.324, 138.285, 155.698, 166.323.

' The above chioroacetate intermediate 73mg (0.12
mmol) in 2ml, dry methanol was treated with.b;ZSme
(0.5M) sodiufm methoxide and stirred for 30 minutes at
room temperature. . The contents were then treatéd with
0.3 ml (4% Htl in methanol) and stirred for 4.5h at room
temperature. The residue after removal of solvent was
purified on silica gel column to provide Example 8AA.
13c NMR (CDC13): (75.48 MHz) 34.075, 37.672, 48.941,
48.985, 58.071, 60.640, 65.861, 73.212, 177.975,
118.669, 126.535, 126.858, 128.603, 128.815, 129,225,
133.605, 134.172, 137.637, 138.273, 155.497.

Example GR

A soluﬂéon of the bromoacetate intermediate from

Example 8G (0.10 g, 0.14 mmol) in methanol was treated
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dropwise with sodium hydroxide solution (1N, 1 mL) and

stirred aF room temperature for 1 hour. The solution
was diluted with water, acidified with 1N HCl(aq) and
extracted into methylene chloride. The extract was
washed with water, brine and dried over magnesium
sulfate. : The solution was filtered and concentrated to
give 90 ﬂg .0f Example B8R as white solid. MS: (CI,NH3)
671.2 (72%, (M+H)*); 669.2 (67%).

/R23
oo 2z 23 | | |
Zx.No  pE4 p23 . Y  stereo  Ki - ICg
N . z.al‘.s
TRL 3- OH H RSSR +++ +44
hydroxymethyl ' oo
benzyl

TRY R2? |= 3= OH R RSSR ++ +4+
..carbomethoxy - ' :
R23 [= benzyl

TAK -benTyl OH 'H RSSR PO
7AC benzyl  OH N3 | ++
7AP  benzyl OH NH;
b -
Iable le
(0]
R‘\ /JL\. /’R
N N
Mﬁom
Y X

This Sheet Has Been Reglaced

[

PCT/US94/01609



WO 94/19329

8Q
8R
8s
8T

8u
8v

8w

8Xx

gy
82

8AR
8AR

8AC

-3 3]
8AE

8ar

BAG

8AH

8AI "~

8AJ

8aK

8AL

8ANM

8AN
8AC

B 1
|
3-cyanobenzyl
o)

benzyl/H .
2-naphthylmethyl
3-hydroxybenzyl/
H l
N—meth#lamino
benzyl
3~-cyanobenzyl
3-hydroxymethyl
benzyl o
N-methylamino -
benzyl

O

'CF”’é*N'

3

3-carbomethoxy
benzyl
3-hydroxymethyl
benzyl |

allyl |
3-carbomethoxy
benzyl . . .
4-Hydroxymethyl
benzyl |
benzyl
3-(HNC(0))

_benzyl

3= (HpNC (=NOH))
benzyl

3- (HzNC (=NOH) )
benzyl

3~ (HNC[0) )
benzyl .

3 (H,NC (0) ) -4~

fluorobenzyl

3- (H,NC (=NOH) ) -4~
fluorobénzyl
3-(HaNC(0))
benzyl

3~ (HoNC (=NOH) )
benzyl '
3-(3-pyrazolyl)-
benzyl '
3-cyanobenzyl
3~ (H2NC (=NOH) )
benzyl

_ '7183-
X X
H OH
H OH
OH OH
Br OH
H OH
Br OH
H OH
Br CH
H 'OH.
H OH
H OH
H . OH
méu OH
H H
H ll;H‘
H OH
B OH
R OH
H- OH
H OR
H OH
H -~ OH
H OR
H OH
H OH
H OH
H OH
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Mass

Spec

(MiH)
541.3
575.3

417.0
671.2
417.1
629.2

577.2
631.2

548.3
763.4

607.3

551.4

623.3
535.2

491.2
1 577.2

"607.3
(ESI)

643.3

(ESI)

613.2

. 613.5
643.2
{ESI)
649.2
678
623.3

541.2
€07.0

Notes
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8AP 3~ (H2NC(O)) H OH + + 577.3
benzyl _

8RQ 3-carbomethoxy H OH + + 607.4

' benzyl

8AR 3-hydroxymethyl H OH ++ + 551.4
benfyl

10

2C

25

30

Notes !

|
1. As in Scheme 9: CF3COOH opening of aziridine followed
by hydrolysis of the diester. |
2. As in gcheme 10.
3. The unsubstituted benzyls in the title structure are
replaced with p-fluorobenzyls.
4. As in Scheme 9A: Hydrolysis of monoacetate followed
by catalytic hydrogenolysis of aziridine ring.
5. The unsubstituted benzyls in the title structure are
rerlaced $ith 3,4-difluorobenzyls.

€. EEZ isomer

For ¢ompouhds of the present invention with reduced
waterx solﬁbility it has been found to be advantageous to
prepare prodrugs to enhance the solubility and
bioavailaﬁ'lity of these compounds. The addition of
ionizable groups by derlvatizatlon of free ‘hydroxy

-oups of compounds cf formula (I) with b10reversxble
esters resulted in greatly improved water solubility.
Solubility studies were performed by mixing an excess of
solid compound in water or aqueous medium for at least 4
hours. sdlubility was asessed either visuaily, if a
weighed amount clearly dissolved in a measured volume of
solvent {(method &), or by HPLC assay of filtrates of
saturated solutions (method B). Solubility results are

summarized|in Table A.
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Iable A
Ex. Solvent Method Solubility
No. (mg/ml)
50 water B 0.01
29A water B 2.25
. 29B water A >100
29C  0.1M citric acid A >20
29D water A >200

|

For these prodrugs to be useful therapeutic agents
(assuming thét the intact esters have relatively little
inherent pharmacologic activity), the ester must be
hydrolyzed after dosing to yield the parent hydroxy
compound. Compounds 29A-29E are hydrolyzed to parent
compound 50U ;n biological fluids in vitro. This was
shown as follows. Plasma was collected from rats, dogs,
or human volunteers, and was used within 24 hours.
Prodrug was added to plasma, which had been warmed to 37
°C, at concentrations of 2-10 pg/ml. After various
times of incubation at 37 °C, the hydrolysis reaction
was quenched with the addition of an organic solvent.
The oféanic solvent was used for extraction of 5U, and
concentrations of 5U in the plasma aliquots were
determined using HPLC after extfaction.“ Concentrations
of 5U were thus measured vs. time of incubation of the
prodrug in piasma at 37 °C. Similar studies were
performed using a homogenate of rat intestinal tissue
(10 % w/v) as the hydrolysis medium. Results for in
vitro hydrolysis of prodrug 29B in dog plasma and rat
intestinal homogenate (10% w/v) are given in Table B.
Results for in vitro hydrolysis of prodrug 29C in rat,
dog and humah plasma are given in Table C. Prodrugs
298, 29C, and 29E were shown to readily convert to
parent 5U when exposed to plasma or intestinal enzymes
in vitro. These results indicate that these prodrugs
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will convert to 5U in vivo. Other salt forms of these

compounds, such as prodrugs 29A and 29D, will be similar
|

to their free acid or free base forms.

5 Iable B
Time % Converted to 50U % Converted to S5U
(min) | (Dog plasma) {Rat intestine
' homogenate)
0 | 3.4 16.0
5 4.9 16.6
15 5.5 22.7
60 9.3 46.0
120 19.9 _ 47.1
, . _
r Iasble C
Zime % converted to 5U % converted to SU 3 converted to SU
(min) {rat plasma) {dog plasma) " (human plasma)
¢ 29.4 1.8 6.7
5 69.0 3.1 12.9
i0 4.6 3.3
15 } 12.9
20 . 77.6 5.0
3¢ £1.6 6.7 14.5
6- : 90.6 10.1 31.3
126 1100 15.7 45.8
240G ' 100 - 31.0 . 73.4
3¢ o ' 74.9

b
-y

.Impro;ed water solubility can result in increasing
the extent ¢f orazl biocavailability. Oral
bicavailability studies were performed in fasted beagle
dogs. Compounds were dosed orally using a solution

15 wvehicle or the solid drug powder filled into hard
gelatin capsules. Periodic blood samples were taken
from each dog and plasma was separated. Plasma drug
concentrations were determined using extraction and HPLC
analysis. Generally, after the administration of 5U or

20 its prodrugs 29A-E, the plasma concentrations of 5U were
determined, rather than unchanged prodrug
concentrations. Oral bioavailability was estimated by
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comparing the dose-normalized area under the plasma SU

concentration vs. time curve (AUC) after oral dosing
with the AUC after intravenous administration of 5U.
Oral bioavaihability is expressed as the percentage of
the oral dose absorbed.

_Compoun& 50 has reduced water soluble, and when
administered as the solid powder gave reduced oral
bicavailability. Therefore, in order to attain
increased orél bicavailability, 5U was administered
using a solution with polyethylene glycol 400 or
propyvlene glﬁcol as the vehicle. However, as the dose
of 5U was ingreased, oral bioavailability was reduced,
due to precipitation of 5U from the glycol vehicle upon
mixing with the aqueous contents of the gastrointestinal
tract. Improgved oral biocavailability was attained when
the water soluble prodrugs were administered in the
solid form, with no added exc1p1ents or solvents. One
advantage of these water soluble prodrugs is that they
can be formulated in conventlonal solid oral dosage
forms, whereas 5U gave reduced oral bzoava;labillty when
dosed in solid form. The advantage of the water soluble
prodrugs is especially clear at h;gh ‘doses. Both
prodrugs 29B ?nd 29D ylelded good oral bloavailablllty
at relatively high dosesn whereas the administration of
a similar dose of 5U in a non-aqueous vehicle resulted
in reduced drél bioavailability.

Prodrug 29%E resulted in lower bioavailability then
prodrugs 29B-D. Additional assay of the plasma samplés
for intact esﬁer (total of mono and bis ester) was
performed by éreating plasma with NaOH to hydrolyze any
intact esters. Samples were then extracted again and
assayed for 5U concentration. The AUC of intact esters
was approximately 2 fold greater than that of 5U0. Thus,
plasma levels of both intact prodrug and hydrolysis
product can be attained using these water soluble
prodrugs. The results of the comparison of the oral
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bloavallahzllty in dogs of 5U and its water soluble

prodrugs are shown in Table D.

) Iable D

I
Ex. Extipients Dose % Oral
No (mg/kg, S5U eq.) Bigavailability of

. <14

| {Mean zSE)
5U glycol 10-15 50x20
50U glycol 40 5%2
29B |none 8 292
288 none 27 276
29D none 31 40%12
29E none 8 : 12%2

|

Ut ilit

The compounds of this 1nventlon possess retroviral
rrotease inhibit tory a*tmv;ty,,ln particular, HIV -
inhibatorﬂ efficacy, as evidenced by their activity in
the assays, as described below. The compounds of
formulea (*) possess H’V'protease inhibitory activity and
are therefore useful as antlvzral agents for the
treatment of HIV infection and associated diseases. ‘The
compounds cf formula (I) possess HIV protease inhibitory
actiVi:y and are effective as inhibitors of BIV growth.

' The preotease inhibitory activity of the compounds
cf the present invention is demonstrated using standard
assays c¢f protease activity, for example, using the
assay desciribed below for assaying inhibitors of HIV
protease dctivity. The ability of the compounds of the
presert invention to inhibit viral growth or infectivity
is demonstrated in standard assay of viral growth or
infectivity, for example, using the assays described
below. The compounds ¢f the present invention inhibit
EIv-prctezse activity in vive as demonstrated using the
arnimzl models for HIV protease inhibition described
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below. The co;pounds of’thiairesent invention
demonstrate'in vivé BIV inhibitory activity, as shown in
the animal modgls described below. The HIV inhibitory
activity in thF animal models described below indicates
that the presently claims compounds are useful for the
treatment of HIV infection in humans.

As discussed above, the compounds provided by this
invention are also useful as standards and reagents for

: ,

use in tests gr assays for determining the ability of a
potential pharmaceutical to inhibit HIV protease and/or
HIV growth, séch as the assays described herein below.
Thus, the compounds of the present invention may be
provided irn c$mme:cial kits or containers comprising a
compound cf tﬁis invention, for use pharmaceutical
research. i

Since thF compounds af the present invention
inhibit HIV grow:h and infectivity, they may be used as
EIV antiviralp fcr the inhibition of HIV in a biological
sample which Fontains EIV cr is suspected to contain BRIV

. tr to be exposed tc HIV,

As used herein "Hg" denotes microgram, "mg" denotes
rilligrarm, “g" deno:es gram, "WL" denotes microliter,
"r" denotes milliliter, "L” denotes liter, "nM" denotes
nanomolax, "pM" denotés micromolar, "mM" denotes
milliﬁola:, i A denotes molar and "nm" denotes
nanometer. "Slgr‘" stands for the Sigma-Aldrich Corp.

f S, Llouis, MS. : =

A compopnd'is considered to be active if it has an
Icso or K; value of less than about 1 mM for the
inhibition o# EIV protease or HIV viral growth or.

infectivity.,

EIV Protease Iphibition Assay- Spectroscopic Method
:

hl;._-c,.'-ﬂs:
|
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P*otease- Inclusion bodies of E. coli harboring

plasmid' .containing HIV protease under the control of an
1nduc1b;e T7 promoter were prepared according to Cheng
et. al (1990) Gene 87: 243. 1Inclusion bodies were
solubi ‘1zed in 8 M urea, 50 mM tris PH 8.0. Protease
act;v;ty was recovered by dilution 20-fold into buffer
‘containing 50 mM sodium acetate PH 5.5, 1 mM EDTA, 10%
giycerol and 5% ethylene glycol. Enzyme was used at a
final concentration of 1.0~10 ug/ml.

(44}

10 Suqs crate: Peptide of sequence: Ala-Thr-His-Gln-
Val-Tyr-Phe(NOz)-Val-Arg—Lys-Ala, containing
p-nitrcppenylalanine (Phe (NO2)), was prepared by solid
L Flide synthesis as prevzously descr;bed by Cheng
et al, (}990) Proc. Natl. Acad. Sci. USA B7: 9660.
3 futions ¢f 10 mM were prepared in DMSO,

tn
wn
(R
()
()
=
[{]

|
inhfkiter:y compeounds were dissolved ir sufficien:
hzke Z.f or ZE mM stock sclutions. &al) further
Cilluticrns were done ir DMSO.

Y
11

Ny

puifer Corlaining B0 mM MEg, pP 6.5, 1 M NaCl, 1 m~
cl, 10% glycerol. Reactions were
¥ the &diition of- pe ide substrate to a

[N}
(7]
[
1
1
[B]
[§]
13
[(§]
1]
]
ot
2]
413
ot
'I
(8}
)
(D]
1h
Ny
o

...... ¥, and abscrbance a: 396 nM

£ Fi for inhibito-r

Tor. percernt activity

meaiuremerts ir. the presence anc ebsence of known

Concerniraticn ¢ inkibiror, tsing a value of 0.067 . fer
s € (Cheng et al. (1990) Proz. Nasi.

The HIV-1 protease inhibitery activity of
co £

Yerresentative mpourds of the invention is showr, ir

vl
0
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EIN Protezse. 1"“'h"*0';Assa;__n..c_ue:hnd

arava \.::

Protease: Inclusion bodies of E. coli harboring
plasmid!cohtafning plasmid T1718R with a synthétib gene
coding for a single-chain tethered dimer of HIV proteése
were prepared as described in Cheng et al. (Proc. Natl.
Acad. Sci. USA, 87, 9660-9664, 1990). Active protease
was prepared as described therein by extraction with 67%
acetic acid, 4ilution 33-fold with water, dialysis
against water and then against a "refolding buffer"
consisting of:ZC m¥ MES, 1 mM dithiothreitol and 10%
glycercli. Proiease was stored as a stock preparation at
iC uM in refolding buffer. : '

Substrate: Peptide of sequence: aminobenzoyl-Ala-
Thr-Els-Gin-Vei-Tyr-Phe (NJ;)-Val-Arg-Lys~Ala containing
p-ritrorhenylalanine, was prepared by solid phase
is as previously described Cheng et al., op.cit.

tcck soluticns of 2 mM substrate were prepared in DMSO.

Innibitory -compounds were dissolved in sufficient
DMSC tc make B.m¥ stock solutions. All further dilutions
were preparedfin vassay buffer": 1 M NaCl, 50 mM MES, pH
5.5, 1 m¥ ECTa, lmM DTT, 20% glycerol. -

Enzyme r%action: In a 2 ml screw-cap centrifuge
tube were added 50ul protease (final concentration 0.25
ﬁM) and 0.1 ml inhibitory compound' (final concentration
0.1-12,500) . After 15 min preincubation at room
temperature, hhe reaction was started with the addition
of .05 ml substrate (final concentration 5 uM).
Incubation was carried out at 30 C. for 1 hr. The
reaction was Etopped with 1 ml 0.1 M ammonium hydroxide.

HPLC measuvrement of product formation: The pfoduct
(aminobenzoyl-Ala-Thr~His-Gln-Val-Tyr) was separated

frcm substrate or a Pharmacia MornoD anion exchange

I
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cclumn.

phases w?re. A

sodium Azide,
.0,
acetonitrile).

[§,]

ml/min, with a
B for 4 min to
The

. Detection

!
fcr 4 min,

-
da

mi

mcnitor_was at

0.02% sodium azide,
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The injection volume was 0.2 ml. The mobile

(20 mM trisRCl, pH 9.0, 0.02%
B (20 mM tris BCl, pH
0.5 M ammonium formate, 10%

10% acetonitrile),

The mobile phases were pumped at 1
_gradient from O to 30% B-in 5 min,

100 %
wash the column, and a re-equilibration
retenEion time of the product was 3.6

with a Shimadzu model RF535 fluorescence

330 nm (excitation) and 430 (emission).

The Ki wgs calculated from the formula Ki = I/(((Km+S-

FA'S)/(FA*Km))él)

—u..-

where 1 = inhibitory concentration, S
ncentraticr,
ibi

FA = fractional activity = cm
<

o)
adde

tor/cm peak height without:
chaelis constant = 20 uM.

= ‘

-a.

votro RRE trapscripts:

-

a3

ing both gag and poi
i6)
ickson-Viitanen et al.
iruses -1989, 5, 577.
Barm HI prior to the

1Sk wz
AIDS
The

cloned into PT:Z

{n

KX transcripts using the
. II kit (Promega) with T7 RRA

thanol precipitation. LLNA transcripts
and stored at -70°C. The

RhZ was determined from the A2¢0.

Waler,

Thls Sheet Has Been Replac

A

i

I



}

WO 94119329 | PCT/US94/01609

10

-
($2}

25

30

(¥3)
wn

l

| >
[ - =193~ _ - . .
terminal end of the oligonucleotide, using the biotin-

phoéphoramidiﬂe reagent of Cocuzza, Tet. Lett. 1989, 30,
6287. The gag biotinylated capture probe (5-biotin-
CTAGCTCCCTGCTTGCCCATACTA 3') was complementary to
nucleotides 889-912 of HXB2 and the pol biotinylated
capture probe'(s'-biotin -CCCTATCATTTTTGGTTTCCAT 3' )
was complementary to nucleotides 2374-2395 of HXB2.
Alkaline phos#hatase conjugated cligonucleotides used as
reporfe: probes were prepared by Syngene (San Diego,
CA.). The pol reporter probe (5°
CTGTCTTACTTTGATAARACCIC 3') was complementary to
nutleoiides 2403-2425 of HXB2. The gag reporter probe
{5 CCCAGTATT&GTCTACAGCCTTCT 3') was complementary to
nucleotides 950-973 of HXB2. All nucleotide positions
are those of the GenBank Genetic Sequence Data Bank as
accessed through the Genetics Computer Group Sequenbe
Analysis Soft%are Package (Devereau Nucleic Acids
Research 1984, 12, 387). The reporter probes were
pfépared as 0.5 pM stocks in 2 x SSC (0.3 M NaCl, 0.03 M

~ sodium citraté), 0.05 M Tris pH 8.8, 1 mg/mL BSA. The

biotirylated capture probes were prepared as 100 uM
o i :
stocks in water.

|
o

S~ renravidin
Nﬁnc-immunombdule microtiter plate strips were
coated by addition of 200 ML of streptavidin (30 pg/mL,
Scripps, La Jolla, CA) .in freshly preﬁared 10 mM sodium
carbonate (pw 9.6). Plates were incubated overnight at
4°C. Streptavidin solution was aspirated from the wells
and a blocking buffer composed of phosphate buffered

saline (PBS),) 20 mg/mL bovine serum albumin |
(crystéiline, nuclease and protease free, Calbiochem)
and 100 mg/mﬁ lactose (Sigma) was added to the plates
for 3 hrs at room temperature. Blocking buffer was
removed from the wells, which were allowed to dry

overnight at room temperature and subsequently stored at

HnsSheetHﬁsBeen
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4°C in zip lock bags with desiccant. . For the majority

cf the ¢ mpound evaluation experiments, Streptavidin
coated plates were obtained from Du Pont Biotechnology
Systems'ﬁBoston, MA) .

1640 supp&emented with 5% fetal calf Serum (FCS), 2:mM
L-glutamihe and 50 ug/my gentamycin, all from Gibeco.
laboratory strains of HIy-i (RF, MN and I1IB) were
Propagated in H9 cells in the same medjium, Virus stocks
were_prepéred a8pproximately 1 month after acute
infection of Eg celis Py clarification of the tissue
culture medivm and storage of aliquots at -70°%.
Siters of HIV-1(RF) stocks were 1-3 x 107 pfr
Tuz f:rﬁing units)/mL as measured by Plaque assay orn
 {see below). Eaen aliquot of wvirys stock
usez Zor iﬁfection_was thawed only once. Iﬁ*some”caées,
ec ES oells were shifted to Dulbecco's modified
Zasle's neé;:: 3-1{ days before coliection of Virus'in
:Jncra:e virus stocks in medium with low biotir.
Cinter:. QLi:ica; isclates of KIv that had been
Faszaces orlze inm FMI-2 cells were used to infect fresh
X ' medium.  Three days after infecﬁion;
Call: we:s Felleteg, Tésuspended and culture continued
sz's mcdified Eagle's medium as above. Virus
| iinice:l isolates weére prepared 10-15 days
after ;hfe:%ion when Cytopathic effects wete apparent in

For evgivation of antivira)l efficacy, cells to be
l€2 wire subcultured one day prior to infection.
Crotre gzy cf infection, cells were resuspended at 5

' <~ in RPMT 1640, 5% rcs for bulk infections or
Tl Ln either Dulbecco's modified Eagles
TLLllr L e mDye- 1€40 medium minus biotin (Gibece, custos

v
'
'
of
1
)
"y

C& for infec+inr
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plates. Virus was added and culture continued for 3
davs at 37°C. In some experiments, virus was removed
after arn initial adsorption period.

. , : -1 ins 11 ] .
. HIV=1 idfected cells were pelleted by
centrifugation. After removal of the Supernatant'the
cells were resuspended at a concentration of 1 x 107
cells/rml in 5 M guanidinium isothiocyanate soclution
(GED: 5 M guanidinium isothiocyanate (Sigma), 0.1 M
EDTA, 10% dextran sulfate). Alternately, cells grown in
biotirn free tissue culture medium were mixed with 5 M
GEZ te & finel concentration of 3 M guanidinium
iscthiocyanaﬁe, C.06 M EDTA and 6% dextran sulfate.

i
I\ RNZ assay: _

. Cell lysates cr purified RNA in 3 M or 5 M GED were
rixed with 5 M GED and capture probe to a final
cuenidinium isothiocyanate concentration of 3 M and a
firal biotinacligonucleotide concentration of 30 nM.

"Eybridizatic? was carried out in sealed microfuge tubes

or .ir. sealed U bottom 896 well tissue culture plates
(Nunc cr Costar) for 16-20 hours at 37°C. RNA -
hyrridizatiof reactions were diluted three-fold with
deicrnized water to a final guanidinium isothiocyanate
concentration of 1 M and aliquots (150 ML) were
transferred To streptavidin coated microtiter plates
wells. Binding of capture probe and capture probe-RNA
hybrid to the immobilized streptavidin was allowed to
proceed for 2 hours at room temperature, after which the
plates were washed 6 times with DuPont ELISA plate wash
buffer (phosphate buffered saline(PBS), 0.05% Tween 20.)
2 second hybridization of reporter probe to the
immorilized Fomplex of capture probe and hybridized

ct
m
1]
«Q

€

t

RN2 was carried out in the washed streptavidin

(R4

[=3
-

O
0
81}
Q.

well by addition cf 120 u) of a hybridization

|
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cocktail containing 4 X SSC, 0.66% Triton X 100, 6.66%

deionizeé formamide, 1 mg/mlL BSA and 5 nM reporter
rrobe. After hybridization for one hour at 37°C, the
Plate was again washed 6 times. Immobilized alkaline
phosphatase activity was detected by addition of 100 ML

of 0.2 m¥ 4-methylumbelliferyl phosphate (MUBP, JBL
5c1ent1f1c) in buffer5(2 5 M diethanolamine pH 8.9 (JBL

Sczen;;fic), 10 mM MgClz, 5 mM zinc acetate dihydrate
and 5 mM,N=hydroxyethyl—ethylene-diamine-triacetic
acid). The plates were incubated at 37°C. Fluorescence

&t 450 nM was measured using a microplate fluorometer.
(Dynatec%) exciting at 365 nM.

Ccmoourcs te ke evaluated were dissolved in DMSO
ed irn culture medium .to twice the highest

corcentration to be tested and a maximum DMSO

t
corcentretion of 2%, Further three-fold serial
ciluticns ¢f the compound in culture medium were

_ ecily in U bottom microtiter plates (Nunc).
rIzer compound dilution, MT-2 cells (50 UL) were added
cercentration of 5 x 109 per mL (1 x 105 per
welll, ;Cells_we:e incubated with compounds for 30
minutes at 37°C in a CO2 incubator., For evaluation of
gr.tivirel pctency, &n appropriate dilution of HIV-1 (RF)
virus s:c’x (S0 ML) was added to culture wells

.ning cells and dilutions of the test compounds.
ne> velume in each well was 200 ML. Eight wells

O
0
b ]
of
4]
+
e
1.

were left uninfected with 50 pL of medium
gddsl i pla:e cf virus, while eight wells were infected

th

ce <£f any antiviral compound. For

% cf compound toxicity, parallel plates were
22 withcet virus infection.
2it=r » cCzvs €I culture at 37°C in 2 humidified

- e e - A el . A~ : - .. Lol % hd £
Z.o.oxon. LriliZe o D7 incubator, &l) bur ZE UL oF
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medium/well wa= "removed from the HIV infected plates

Trhirty seven p_ of 5 M GED containing b1ot1ny1ated
capture probe was added to the settled cells and
remaining medium in each well to a final concentration
of 3 M GED arid 30 nM capture probe. Hybridization of
the capture probe to HIV RNA in the cell lysate was
carried out ﬂn the same microplaie well used for virus
culture by sealing the plate witﬁ a plate sealer
{Costar}, and incubating for 16-20 hrs in a 37°C
incubator. ﬁistilled water was then added to each well
to dilute the hybridization reaction three-fold and 150
UL of this diluted mixture was transferred to a |
streptavidin coated microtiter plate HIV RNA was
ouap‘ltated as described above. A standard curve,
prepared by addlng known amounts of pDAB 72 in vitro RNA
transcript to wells conualnlng 1ysed unlnfected cells,
was run on e ch microtiter plate in order to determzne
the amount o‘ viral RNA made dur;ng the infectlon _

- In orde* to s.andardzze the virus 1noculum used in
the evaluaulon of compounds for antiviral activity,
j:lurions of virus were selected whlch resulted in an
1Cgp value (concentration of compound requlred to reduce
ne EIV RKZ level by 90%) for dideoxycytidine (ddC) of
Ma/mi. h:gc.valueS'of other ‘antiviral compounds,

-
-
r~
[

l\)

b’

c=% more and less potent than ddC, were reproducible
using several stocks of HIV-1 (RF)'uhen this procedure
was followed. This concentration of virus corresponded
to ~3 X% 105|PFU {measured by plague assay on ‘MT-2 cells)

per assay wal and typically produced approximately 75%

of the maxlqum viral RNA level achievable at any virus
inoculum. For the HIV RNA assay, ICgp values were
determined from the percent reduction of net signal
(signal frou infected cell samples minus signal from

| , .
uninfected cell samples) in the RNA assay relative to

Hh
Al

the ne: signpal or. infected, untreated cells on the

same culture plate (average of eight wells). Valid
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ce of individual infection and RNA assay tests

c n
judgéd according to three criteria. It was required

signal eéual to or greater than the signal generated
from 2 ng of pDAB 72 in vitro 'RNA transcript. The IC9o

for ddC determzned in each assay run, should be between
0.1 and ? 3 pg/mL. Finally, the plateau level of viral
RNZ produced by an effective protease inhibitor should
be less than 10% of the level achieved in an uninhibited
irfection.

Fo-faut‘vzra‘ potency tests, all manzpulations in
microtizer p‘a-es, following the initial addition of 2X
ccncentr % ecd co"ponn sclution to a single row of wells,

jermec using a Perkin Elmer/Cetus ProPette.
_::s'E:f,inhibiipry qctivity of representative

(§]
-0
B
w
L€y
£
*y
.

the present invention in the RNA assay
. &tove is shown in T2ZELE 3. The ICgp values in

)

N

[\

n

«)

"

[ &

oo

m
- {3, AN

V1

4
by
' 1]
Ca)
-
b
®

determined using the assay conditions .
des::;bsﬁ_abcve under EIV RNA Assay. The ICyp values
2 €3 25 flliows: w4r = <10 ug/mL; ++ = 10 to
PSR N :f;'~_= >0 bg/mL.I,The ++/4 is used in the
cases wnere a:;:ng waslde:erm;ned to be >50. ug/mL.

rizls: ¥I-2, a human T-cell line, was cultured
xn. RPMI mediim suprlemented with 5% (v/v) heat

ecd Zetel celf serum (FCS), L-glutamine and

_ were propagated in H-9 cells in RPMI

witr % 1:5. Fciy-l-lysine (Sigma) coated cell culture

rlzzsg were prepared azccording to the method of Harada
" Science 22%: 563-56£. MTT, 3-(4,5-

N > . LR R e - or ™ . - 3 .~
Limitiy.-lnlEicl-zwli-Z,8~diphenyltetrazoliun bromide,

y

gentemycdr. Humen immuncdeficiency virus strains, HIV
: )
J
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- Method: Test compounds were dissolved in

G:imezhy.sulfoxide tc 5 mg/mlL and serially diluted into
RPMI medium to ten times the desired final
concentration. MT-2 cells (5 x 109/mL) in 2.3 mlL were
mixed with 0.5 ml of the appropriate test compound
solution and allowed to sit for 30 minutes at room
temperature. h:v (3B) or HIV (RF) (~5 x 105 rlaque
forming units/ml) in 0.375 ml was added to the cell and
compound mixtures and incubated for one hour at 36°C.
The mix:ures;were centrifuged at 1000 rpm for 10 minutes
and the supernatants containing unattached virus were
discarded. The cell 'pellets were suspended in fresh RPMI
ccn:aining-tﬁe approrriate concentrations of test '
compound and!placed in a 36°C, 4% CO» incubator. Virus

wes allowed tc rerlicate for 3 days *'Cultures were

s:pe:natan:sacc teining cell free progeny virus were
removel for ﬁ;aque assay. '

‘The virbs titers of the progeny virus produced in
the presencelcr absence of test cCompounds were '
determined b# plagque assay. Progeny virus suspensions
were serially diluted in RPMI and 1.0 mlL of each
dilution was added to 9 ml of MT-2 cells in RPMI. Cells

-

virus were incubated. for 3 hours at 36°C to allow

€.

m

th

~
-

icient a<tachment of the virus to cells. Each

tt
m
th
th

-=
1)

H

ue angd cell mixture was aliquoted equally to two

}o.

wells of a six well poly-L-lysine coated culture plate
and incubateﬁ overnight at 36°C, 4% CO2. Liquid and
unattached cells were removed prior to the addition of
1.5 mlL of RPMI with 0.75% (w/v) Seaplaque agarose (FMC
Corp.) and 9% FCS. FPlates were incubated for 3 days and
a second RPMI/agarose overlay was added. After an
additional 3 days at 36°C, 4% CO2, a final overlay of

heoephete-buffered saline with 0.75% Seaplaque agarose

|r,

[\1]

=3 1 mg MTT/mL was added. The plates were incubated

e R N el <
- M an o

0
th

C. Clear plagques on & purgle backgrouﬁd

e £
g7 =<

(19]
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were courited and the number of plaque forming units of

virus was calculated for each sample. The antiviral
acsivity of test compounds,was determined by the percent
reductiorn in the virus titer with respect to virus grown
in the absence of any inhibitors.

W

|
!

Materials: MT-2, a human T-cell line, was cultured

in RPMI medium supplemented with 5% (v/v) heat

inactivated fetal calf serum (FCS), L-glutamine and
ntamycin (GIBCZO).

streins EIV

Human immunodeficiency virus
(28) and KIV (RF) were propagated in H-9
th 5% FCS. :XTT,
vie- arino)ca*bonyl)-s,

benzene-sulfonic acid,
~tetrazoliumlbis (4-

me:h:x;—é—ﬁitro)—, scdium salt, was obtained from Starks
rtsscciztes, . Inz.

Meched Test compounds were dissolved in dimethyl-
s:;f:;iﬁent:_E mg/r.l and serielly diluted into RPMI
welLuT TI,Tern Times: the decirec¢ final concentration.
-l cellsz i % 10%/0.1 ml) were added to each well of &
¢ well culture plete and 0.02 mlL of the appropriate
test compsuni sclution was added to the cells such that
ezch compiund concentration was present in two wells.
The o lell fard.:avpcunas were allowed tc sit for 3C
Tirules 2T rcooho terperature. HIV(3B) or HIV(RF) (~5 x
20% plagus fcrring units/ml) was diluted in medium and
23ded %¢ the cell and compound mixtures to give a
moliiplicity of infection of 0.J1 plaque forming
1.:'.:.::(:&;;.,I The mixtures were incubated for 7 days at

3€°0, gGurirnc which time the virus replicated and caused
the dea:rﬁ:f unprotected cells. The percentage of cells
rroiected frxom virus induced cell death was determined
o the degree cf petabolism cf the tetrazolium dye, ¥TT.
o Liwirs owmello, XTT was metabolized to & coicred

LT II” ITTOIU OWRLCL WAS quant LLated
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spectrophctomeﬂrically at 450 nm. The amount of colored

formazan was pryoportional teo the number of cells
prectected f£rom virus by the test compound. The
concentration of compound protecting either 50% (ICgq)
5 or 90% (ICgp) with respect to an uninfected cell culture
was dete:minedr.
. ! ) : : :
The HIV ihhibitory activity of representative

compoundé of tﬁe present invention in the whole cell

10 infectivity as#ay described above is shown in Table E.

Iakle E

1
_' i€ _Number | dCq0
15 _ _.f 1C . - _ +++
| ro 11X . R : S 4
12 S +44
1RC P = 2
1RT. _ o Lttt
rae 1z= S Cddt
1a2 +++

The ICg. values in Table 2 are indicated as: .+++ =

<0 ug/mi.

In the T&bles.herein the Ki values were determined
using the assay conditions described above under HIV
Protease Inhibtion Assay. The Ki values are indicated
as follows: +++ = <10 nM; ++ = 10 nM to 1 UM; + = >1 uM,

30 _ g : ' '
In the TPbles herein the ICgp values were
determined using the assay conditions described above
under KIV RNA Assay. The ICgp values are indicated as
follows: +++ = <1C ug/mL; ++ = 10 to 100 pg/mL; + = >100
The ++/+ is used in the cases where ar ICgp was

()
o
h =
Q
~
=1
f ]

[
determined tc be >50 pa/ml.
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Animal Model

: .
The hIV inhibitory activity of the presently

med c&mpounds in an animal was demonstrated in an

model wherein HIV-1 infected human CEM lymphcyte

cells were xenotransplanted in nude mice and the growth

cf EIV irn'vivo in such xenotransplanted CEM cells was

clai

animal

monitered The in vivo assay using this model consisted
cf testing comzound ir a2 prophylactic manner, whereby
1re daily €cse ¢ agent was administered to a group of
mice cns §=y rrior teo EIV challenge. The test and
foniril eninmels were fcllowed with drug for a period ¢f
i cays {ren tne experiment termination and animal
sa::-f;:e.Fse:u: ¥4 antigen levels, and relative
rercen: irkirec: irmunofluorescence assay (IFA) po itive
Ce_. ruTIer: were determined as the experimental
gt LTt g gercrived below)
SE . aorTe g ¥ITU Cu“:*=: CCRE-CEM or CENM, a well
charazcteriped tumcrig ic and BIV perrmissive cell line,
wz: crtgin<z frerm the Americarn Type Culture Collectic:,
Fouacille, ML (RYCC 119) and meintainecd arn FRPMI
Zfél.me:;;% with 15% hea* inactivated fetal calf serum

. ~l gentamicin as described by Wetherall (In:

er.s and EKEorzinek, eds., Animal Models in AIDLS,

Zlezvier, Amsterdam, 1990, pp 291-302). The cells were
p::;a;a:e:ia: 37°C in a humid 5% CO, atmosphere. Stocks
oI The RKIV-1 isclate HTLV-IIIp were acquired from
r X=¢l T. Wetherall, Vanderbilt University, and were
zxoneted from cultures of chroni élly—infected CCRF-CEN
oI cellf ckteined from the American Type Culture

-3 Tor routine preopagatill it corntalinins

z : ~r owoire glzrified of el o v lnw eDee
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centrifugation ,and passed through 0.45 um- filters.

Irfectious virions were quantitated on MT-2 cells in
microculture u§ing cytopathic effect (CPE) as the end
oint fcr infection. (Scudiero et al., Cancer Res. 1988,
48, 4827-4833), The 50% tissue culture infectious dose
(TCIDgp) was célculated by the method of Reed and Muench
(Amer J. Hygiene, 1938, 27, 493-497). "CCRF-CEM cells
used for virus.xenotransplantation-were acutely infected
with a stock dilution of HIV-1 at a MOI (input
multiplicity o; infection) of 0.01 followed by

g

adsorption fgr;l h at 37 °C.
[N .

Eoizz.cs arf Cell/EIV Transplapcation: Sprague Dawley

z &y cid fjmale-nude (nu/nu) mice were exposed to
45T Rad

the druc dosing was started.  CEM cell cultures, both -

s of 137Cs irradiation: Twenty~four hours later,
EIV infected or uninfected, were harvested and washed
with serur freé¢ media and reharvested. Cells of a
specified number were suspended in:0.2 ml media and
ir.jected subrutaneously (s.c.) intc the intrascapular

gicn cf the mice, 24 L after drug dosiﬁg commenced.
. . | .
he mice were cbserved the following day and at least

3 e
({1}
14

nres times a week for the duration of the experiment.

X
t

each ofuthe$e time points the animal group weight is
determined, and the inoculation site is gently palpated

ct

¢ deterrine the date of gross tumor onset. At the
termination oflan experiment, the animals were

! (] ' ] 13
anesthesized and euthanized by exsanguination.

nzt Enzyme Imminoassay: The p24 enzyme immunoassay

(EIA) used was|the unmodified procedure commercially
available from Coulter Corporation (Hialeah, Fl), which
uses a murine monoclonal antibody to the HIV core
proteirn coatedionto microwell strips. The assay detects

rZ4 gag antigern irn culture supernatants, plasma, and

(18}
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serur., .Non-specific cross: reactions with mouse serum

are not seen with this assay.

Indi cs | v £ b : HIV-1 antigen-
expressing cells are detected by IFA using the method
described by Montefiori and Mitchell (Virology 1986,
155, 726-731). Slides were prepared by air drying and
fixing iq a 50:50 mixture of acetone/methanol for 30
minutes, followed by adding a2 1:200 dilution in PBS-BSA
(phosphate buffered saline containing 0.1% globin-free
bovine sérum albumin) of high-titer serum from pooled
HIv-2 pcsﬁtive individuals (positive by Western
immuenoblok for all HIV-1 antigens).
Anti-EIV igG then will be detected using a 1:200
ciluticn kf fluorescein-conjugated,” IgG fraction of goas
i ea§y and light chains specific, Cappel)
Ever’s blue counter stain. Slides were
a

lycerol and cells examined for
€

h

)
1
D
n
]
0
3]
)
D
n
o
[T¢]
m
N

ics KF=2 Epi-fluorescence

- aro zonmiriscrarion of Compounds: Compounds

:’=;=’=":) :
were moxed with (.20% (wt/v) methylcellulose solution,
warnei s !37 °C, ans homogenized. One drop of Tween 80

wzr &Z2sl to the £L0CKk ‘suspension (1 drop/10-20 ml) ang
m.us3 ry slorzexing. Dilutions cf the stock suspension

wer: mas: on methiicellulose/Tween 80 and stored at 4 ,C
£cr n: more than one week. The suspensions were gently

{
1
s
1
(Al
131
1t
]

xed after removal from the refrigerato:
gnl £rizr £ injection to ensure proper suspension. The
~unds were administered BID, i.p. at doses of 30,

i, &ns 3;2 rs/ks cr €6C, 200, and 600 mg/kg/day.

Coe EIV dnhiblitory activity dn wvivo in the HIV/CEM

- srntrzverlznt gnimal modsl for e representative
.- -~ s - - K -t o T - .
& LUvEnTicn o ig gl L Ternoe oD Lo
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Data ir. the p24 EI2 and IFR2 is expressed as a percent of

the contrel untreated levels.

Iable F
5 .
Ex. 5I 300 mg/kg bid 37.8 . 51.5
|ip )
. Ex. 51 '100 mg/kg bid 76.4 111.3
ip
Ex. 51 30 mg/kg bid- -~ 61.5 116.7
-
HT\T—“‘: Proreace ,m:ansge‘nj: Mouse Mgdgl
1¢ The . in vivo ‘KIV protease inhibitory activity of the

p*esently c1a1med compounds was also demonstrated using
' & ‘transgénic enlmal ‘model system wherein the HIV-

protease protein was expressed in the mouse lens using a
transgene where the HIV-1 protease coding sequence was

it rpiaced under the ‘transcriptional -control of the mouse
élphe A-crystéllin promoter. Such transgenic animals
were found to display a HIV protease-mediated cataract
phenotype.  The EIV protease inhibitory activity of the
presently ciaimedicompcunds was measured in this animal

20 system as a delay or preVention of the onset of cataract
appearance in the test animals. '

Plasmid Construction: The mammalian expression
vector pMSG (Pharmacia) was modified by replacing the
MMTV LTR promoter with the 412~bp Bgl II-BamHI mouse

25 alpha A-crystallin promoter fragment (Chepelinsky et al.
Proc. Natl. Acad. Sci. USa, 1985, 82, 2334-2338). The
SV4T early sp&ice and pclyadenylation signals were
retained and this plasmic was renamed pCSV 19. A single

l
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chain, tethered dimeric fori?gf the active HIV-1
protease gene (BAAk; Cheng et al., Proc. Natl. Acad. Sci.
USx, 199C, 87, 9660-9664 and Cheng et al., Gene, 1990,
7, 243-248) was modified for mammalian cell expression
5 Dby replacing nucleotides 7 to 90 with
CGTAATAGAAGGAGATATAACCATGGAG. The gene was cut with
EcoRl and Hind II1 and after blunt-end repair cloned
into the Sma 1 site of the pCSV 19 , thus producing
pCSsV 19-BAA. The mutant form of the construct (BA*A*)

was produped by site directed mutagenesis (GAT to GGT)

[y
[

resulting in the change of aspartic acid (25th residue)
tc glycin% in both monomers resulting in an inactive
focrm ¢f the protease.
Comehruneion o Transgenic Mice: 2.5 kb Hind 111
frecrents, frcm the pCSV 19-BRZA and plSV 19-BA*A*
'ere isclated (modified from Sambrook at al.,
\

[
e

\orirs, 2 lz-oratory Manusl, 2nd Ed., 1988,

czicrn methos (Hogan et &al., . ipulati s€

wbmoxzsoxy Manuzl, 1986, Cold Spring Harbor

Lai::a:cr&). Mice were screened for the HIV-1 protease -

Ey either Southern blot or Polymerase Chain
Feaztizn (FCR) methods. Mice of the FVB/N strain
zzet¢ €. &i., Proc. Natl. Acad. Sci. USA, 1981, &8,

; were used for the construction and breeding .
¢f thess ﬁransgenic_mice, and were originally obtained
$zrl Bansen (NIH) and bred in our facility.

y, :he mice were purchased from Charles River
3l Lezoretery {(Portage, MI), .
Igentific=sd £ i ice: Southern blot

&ne.yeis (Sanbrook et al. vide supra) was performed on
ified from tail biopsies (Hogan et al. vide
vrrs: urins the 2.5 kb Hind III fragment from pCSV 1¢-
e (32r labeled). DNA for PCR was
b

overnight digestion with
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(.5 mz of Proteinase K ' (Boehringer-Manheim GmbH) in’

CC Ul of water and 0.025% SDS. PCR primers specific
fcr the mouse c-fos gene and and the transgene's SV40

')

segment were used as an internal control in some
- samples. Each PCR reaction contained 1-2 j1 of tail
digest, 60 pug of each primer, 200 UM of 'Perkin Elmer
Cetus QATP, dCTP, dGTP,TTP (buffered at pH 8.8) and up
te 5 units of PPerkin Elmer Cetus Ampli/Taq polymerase.
The reactions were run on a Perkin Elmer DNA Thermal
Cycler as.foliows: 1 min at 94 °C, 3 min at 67 C {2 sec
extension/cycle) for 35 cycles. The PCR products were
analyzed by gel electrophoresis (1% agarose, 0.5 g/ml of
exhidiur bromide), and tail samples with a 625 PCR
f:agmgn; (qué specific) were considered positive for
the transgene. Mice bearing the active HIV-1 protease
:raﬁsgene_weré also identified by their cataract
pheno*ype Péogeny of homozygous parent(s) were 100%

Kol

csitive for. the transgene and did not require
Soa:n rn/PCR analys--.

sing ”b~ men: .Compounds to be tested were
pulverized by manual grinding with mortar and pestle.
Just prior to dosing of mice, the compound was suspended
in C.25% methylcellulose/Tween BO solution, homogenized
ir. 2 manual Dource homogenizer and sonicated for 10 min

m

irn scnicetinc water bath. The volume of suspension
wes adjusted |so that the amount of compound required for
dosing one mouse was 0.1-0.2 mL. In order to maintain
the required mg/kg dose, an average mouse weight for
each group was determined twice a week and the amount of
compound adjusted accordingly. Intraperitoneal (ip) and
orzl (po) dosing was performed using 25 G 5/8 in.
injection and 20 G 1-1/2 in. feeding needles,
respectivelyJ The dosing was performed twice a day
(tid) and the doses were administered 6-8 h apart. Eyes
cf control and dosed animals were examined daily by up
tc Z individyels, and the day when cataracts became
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visible .to the naked eye was.recorded-as the

experimeptal end point (days after birth). Because
cataracts do not always develop in both eyes of
individu;l mice on the same day, each eye was scored as
5 an independent observation. Results from individual
eyes were used to calculate the average (mean) day of
cataract development and its standard deviation for each
group. '
Bistology: Eyes were dissected from euthanized
1C rmice andifixed with 10% neutral buffered formalin. Eye
histologﬁ was performed at the Experimental Pathology
. Lakoretcries. (EPL), Inc., Sterling, VA.

Crergcsexiszeior of HTIV-]1 Protease Transgenic Mice:

:**=§ Errszaxznge:  Three lines of mice with the
zzzive rEii) and three lines with the mutant (BA*A*)
fcrm ¢f EIV-1 protease gene were established. The'eyes
cf mize with the mutant gene appear identical to those

o
¢ norrelimice (Fig. iR), ‘but bilateral cataracts
yes cf mice with the'active gene. This
s easily detected even by an untrained
czserver 5ecause the inside '0f cataract eye is opaque
grey in coler (Fig. 1B). Cataracts appear
z £in.lsr ir &lil transgenic lines. '
rars of geszxzov development: The time when

cztarectt cevelops varies among the three transgenic
-ires kszring the active HIV-1 protease gene (BAR,

kpreniin 2} . Mice ¢f the Tg 61 line develop the
37  rhercivico prenztally (dayl8 in uterc). Mice of the

al
remzining tws iines (Tg 62, and 72) develop the

catarzsis postnetally (at 24-30 days). Among the mice
¢l szzl ;n?ividual line, the tims difference in cataract
gzve.cornent g lezes than cne week. None ¢f the mice

s tuanz s ometalt form of trhe gene (BAYRY, have
- -~ iTere ot Ezsed on thics
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genetic evidence that cataracts develop only in

transgenic mice with the active but not inactive form of

EIv-1 p:oteas¢ we conclude this phenotype is caused by

the protease's enzymatic activity.

Method: !
A single homogzygous male mouse (Tg 72-110) was mated
with three non-transgenic FVB/N females. From each
litter, 4-5 mice were used as controls, i.e., were dosed
with vehicle only (ip or po route). The remaining mice
of each litter (5-7) were dosed (ip or po) with test
compound. Whern mice were 15 days old, dosing began in
two groups of' 5 mice each with ip injections of 100
mg/kg/BID. The compound was administered ip to the mice
in the f£irst group until all had bilateral cataracts.
For the second group, the compouﬁd was administered ip
for 5 days orly and from day 20 via the po route until

' cataracts appearec. A third group (7 mice) was dosed

ip starting or day 15 but with 400 mg/kg/bid. On day
4., when nc cataracts had yet developed in this last
crour, three were removed from treatment} and the
rerzining foyr were dosed until day 52. All mice were
observed daily fcr ceataract formation.

:

The resvlts fcr rerresentative compounds of the
presen: inventicn ir the above EIV-1 transgenic mouse
model are shown in Teakle G beléw. The results show that
the representative compounds of the present invention

effectively fnhibit HIV protease activity in vivo.

‘ Iable G
t
i
. Ng. Dose /Route Mouse Cataract Delay in
Density gataxact
{8 ¢f control) (relative tc

control)
l L)
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€0 mg/kg ip Tq 61
| Preg days 11-1g
| 85 mg/kg ip Tq 61
preg days 11-18;
17-18
15 mg/kg ip Tq 61
| Preg days 11-1g
> mg/kg ip Tq 61
Preg days 11-18
| 80 mg/kg bid Tg72

ip days 15-19/
Fo days 206 & ff
5C mg/kg bid Tq 72
ir days 15-20/
FClGEys 21 ;'ff

Te o,

-l me/kg bid ip Tg 72

-

4
2|
LS B
2l
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The antiviral compounds of this invention can be
adriristered as treatment for retroviral infections by
any means tha; produces contact of the active agent with
the agent's site of action, the retroviral protease, in
' mammal. They can be administered by any
conventional means available for use in conjunction with

Ts, either as individual therapeutic agents
or in a combipation of therapeutic agents. They can be

the body of a
pharmaceutica

administered alone, but generally administered with a
pharmaceutical carrier selected on the basis of the

chosen route c¢f administration and standard

rpharmaceuticel practice.
The compbunds of the present invention can be
asministered in oral dosage forms as tablets, capsules
(ea ~*'o‘ whick 1ncludes sustained release or timed
release fo;nu;a;lons), pills, powders, granules,
e.ixirs, tinctures, suspensions,. syrups, and emulsions.
Tre cc:g§£n5$ cf the present invention may also be

re intravenous (bolus or infusion),
i::raperi:onea-,_subcutaaeous, or intramuscular form,
ell using dosace forms well known to those of ordinary
skill in the Pharma;eu;iqal arts. An. effective but
nor-texic amﬂunt cf the compound desired can be employed
fcr the irhibition of EIV and the treatment of HIV
infection. | .

The dosage adminis;ered will, of course, vary
depending upor known factors, such as the
pharmacodynamic characteristics of the particular agent
and its mode and route of administration; the age,
health and weight of the recipient; the nature and
extent of the symptoms; the kind of concurrent
treatment; the frequency of treatment; and the effect

s : :
dgeslred.
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By‘way of general guidance, the daily oral dosage

of each iactive ingredient, when used for the indicated
effects; will range between about 0.001 to 1000 mg/kg of
body weight, preferably between about 0.01 to 100 mg/kg
of body weight per day, and most preferably between
about 1.0 to 20 mg/kg/day. Intravenously, the most
preferred doses may range from about 1 to about 10

,mg/kg/mlbute during a constant rate infusion.

Advantageously, compounds of the present inventibn may
be admlnhstered in a single daily dose, or the total
deily aosage may be administered in divided doses of
twec, three, or four times daily.

The compounds for the present invention may also be
istered in iIntranasal form via topical use of

€ intranasal vehicles, or via transdermal routes,
LEing tHese forms ¢f transdermzl skin patches wall knowr.
¢ cf crdirary skill in that art. To be
a:r;:;sqe—eu ir the form of-a transdermal dellvery
systern, ;‘e dosage administration will, of course, be
tirntinuols razther than 1n*erm1ttar; throughou; the

In 4he meshods of ‘the present invention, the
cribed in detail can form the achzve

¥
1]
L&)
n
[V
*
Q.
o
t

*, and are typically administered in admixture
willL gult&ble pharmaceutical diluents, excipients, or

Cerrieres (zoll ;tzvely referred to herein as carrier
na:e:ia;é; =itably selected with respect to the
wrtendss form of administration, that is, oral tablets.

Tersulszy elinire, Syrups and the like, and con51stent

with c:ni enticnal pharmaceutical practices.

ir Intstance, for oral administration in the form

& tzlxlet cr capsule, the active drug component can be

;¢ with an orsal, non-toxic, pharmaceutically

©.¥, inert carrier such as lactose, starch,

LLTIise zouZzge. methyl cellulose, magnesiur Steargsc,
123

» calcium sulifate, mannit-:. sork
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and the lzke.|for oral administration in liquid form,

the oral druglcomponents can be combined with any oral,
non-toxic, phérmaceutically acceptable inert carrier
such'as ethanol, glycerol, water, and the like, _
Moreover,.wheh desired or necessary, suitable binders,
lubricants, disintegrating agents, and coloring agents
can also be ibcorporated into the mixture. Suitable
binders include starch, gelatin, natural sugars such as
glucose or beta-lactose, corn sweeteners, natural and
synthetic gums such as acacia, tragacanth, or sodium
alginate, carboxymethylcellulose, polyethylene glycol,
waxes, and the like. Lubricants used in these dosage
forms include sodium oleate, sodium stearate, magnesium
Stearate, sodium benzoate, sodium acetate, sodium
chloride, and the like. Disintegrators'inélude, without
limitation, starch, methyl cellulosé, agar, bentonite,
xanthan gum, ‘and the like. _
_ The compounds of the present invention can also be
administered in the form of liposome delivery systems,
such as small unilamellar vesicles, 1afge'unilamallar
vesicles, and multilamellar vesicles. Liposomes can be
formed from d variety of phospholipids, such as
chclesterol, stearylamine, or phosphatidylchblines.
Compounds of the present invention may also be
coupled with soluble polymers as targetable drug
carriers. ~ Such polymers can include

" polyvinylpyrtolidone, pyran copolymer,

polyhydroxypropylmethacrylamide~phenol,

polyhydroxyethylaspartamidephencl, or polyethyleneoxide-

polylysine substituted with palmitoyl residues.
Furthermore,ithe compounds of the present invention may
be coupled tb a class of biodegradable polymers useful

in achieving controlled release of a drug, for example,

polylactic acid, polyglycolic acid, copolymers of
polylactic and polyglycoclic acid, polyepsilon

|
cacroilactone, peclyhydroxy butyric acid, polyorthoesters,
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polyace;als, polydihydropyrans, polycyancacylates, and

crosslinked or amghipathic block copolymers of
hydrogeis.

Doszge forms (compositions suitable for
adrinistfation contain from about 1 milligram to about
100 milligrams of active ingtedient per dosage unit.’ 1In
these pharmaceutical compositions the active ingredient
wilil ordinarily be present in an amount of about 0.5-95%
by wéight based on the total weight of the composition.

The active ingredient can be administered orally in
solid dosage forms, such as capsules, tablets, and
powders, or in liquid dosage forms, such as elixirs,
Syrugs, e&nd Suspen510“~. It can also be administered
rerenteraily, in sterile liquid dosage forms.

Tir. capsuies may contain the active lngredler

S yowdswed carriers, such as lactese, starch,cellulcss

Ceriwvativer, mEgnssium stearate, stearic acid, and the

imiiar diiuents can be used to make compressed

| etlets and capsules can be manufacturec

re’ezss products to provide for continucus

. o over a period of hours.

t::;:easa% Tzkiets can be sugar coated or film coated tc
ste ancd protect the tablet from

Tn: zinmcechere, Cr entexric coatec for selective
cestrointestinel tract.

r orel administration can

1
[§]

c
'zing &nd . flavoring to increase patient

o
™

£l, water, a suitakie ©0il, saline, aqueo

!
(18]

Zze (glucose), and related sugar solutions anc
rylene glycol or polyethylene glycols
gre sultekle carriers for parenterel solutions.
erzl administration preferably

- - - - o e 3 h - - 4 {
contzon 2 yetler scluble szlt of the ectlive ingrediernt,
it e crzZil.zing agente, &n. LI necesssry, huffer
IniTunne ArnTiinnilzling sgen s.chogr osuiivT

1
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bisu>fite, sodium sulfite, or ascorb;c aczd, either

zlone or corbiped, are suitable stabilizing agents.

2lsc used are citric acid and its salts and sodium EDTA.
in addition, parenteral solutions can contain
preservatives, such as benzalkonium chloride, methyl- or

: p*opyl-paraben, and chlorobutanol.

Suitable pharmaceut1ca1 carriers are described in
a_mm';;s_mamasmml_mm Mack Publishing
Company, & stqndard reference text in this field.

Useful pharmaceutical dosage-forms for
administration of the compounds of this invention can be
illustrated as follows: S

3

cenlec |
|

& large number of urnit capsﬁles are prepared by
iliing standard two-piece hard gelatin capsules each
100 milligrams of powdered active ingredient, 150
mi;_;gram= of-lactose, 50 miliigtams of cellulose, and 6

Crfs MCadtaeir eyl

A mixture of active lngredlent in a d;gestable 0il
such as soybearn cil{’cottonseed 011 or olive oil ls'
prepared and irjected by means of a posztlve
displacement pump into gelatin to form soft gelatin

capsules containing 100 milligrams of the active

ingredient. 'The capsules are washed and dried.

.ler e

A large number of tablets are'preﬁared by
conventional procedures so that the dosagé'unit was 100
milligrams oflactive ingredient,'O.Z milligrams of
colloidal silicon dioxide, 5 milligrams of magnesium
~earate, 2’=:nilligrams of microcrystalline cellulose,

lligramsl of starch and 98.8 milligrams of lactose.

n

(W]
[ L
A
.l
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Appropriate coatings may be applied to increase -
[
pala:abnli y or delay absorp+1on.
Tr<4s ¢

A p%renteral compo#ition_suitable for _
administration by injectibn.is prepared by stirring 1.5%
by weight of active %pgredient in 10% by volume
propyleneé glycol and water. The solution is made
isotonic with sodium chloride and sterilized.

An aqueous suspension is prepared for oral

iristrazion so that each 5 mL contain 100 mg of

finely divided active ingredient, 200 mg of sodium
cerbomyrathyvi cellviose, § mg cf sodium benzoate, 1.0 g
¢f soreizlel sciu-micon, C.5.F., and 0.C25 mL of vanillin.

Tre gompounds cf fc'm“’a (I) of the present
irventizr iy be adminis:ered in combination with

gi1nnl Therareuvt.Lc agzent, such as a second HIV
“ilv.: . nfeErT LY otmer therapeutic agent fox
wreziment! 21 ated disease conditions. The

I) and such second therapeutic
ezens :a;‘re ad:i:isigred separately or as a physical
crniinuiIn in @ single dosage unit, in any dosage forwm
Sores owarigus :Sute; o‘ adm-nletratxon, as described
gzeve ., The compound f formula (I) may be formulated
tozether witilh the second therapeutic agent in a single
gzszze unit (chat ig, comiined together in one capsule,
teriel, powder, ¢r liquid, etc.). When the compound of
maileg (I and the second therapeutic agent are not
rmulated together in a single dosage unit, the

£

cxmuiz (I) and the second therapeutic agern:

now o2 giminlcsterel ezcentially at the same time, cr ir
ot oZrovr: for examrlie the compound of formute (I} mav
nared Tirzt, followed Voo oedmonlstrald cf s
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second agent. When not administered at the same time,

preferably the administration of the compound of formula
(I) and the second therapeutic agent occurs less than
about one hOHF apart, more preferably less than about 5
to 30 minutes apart.
i

The preéent invention also includes pharmaceutical
kits useful, [for example, for the treatment of HIV
infection,;which comprise one or more containers
containing a pharmaceutical composition comprising a
therapeﬁtically effective amount of a compound of
formula I. ﬁuch kits may further include, if desired,
one or more df various conventional pharmaceutical kit
componeh:s,'sﬁch’és, for example, containers with one or

more pharmaceutically acceptable carriers, additional

cortainers, etc., as will be_readily apparent to those
skilled in the art. Printed instructions, either as
inserts or as labels, ;hdicating quantities of the
componén:s td be admlnlsterec, guldelznes for

. admi ié‘*a*;dﬂ, and/or uzdellnes for mixing the

comgonents, ﬂay also be included in the kit.

Ir the present disclosure it should be understood
tha- the specified materials and conditions are
ixp: tant in practicing the invention but that
unspecified metetlals and COﬂdlthnS are not excluded so
long as they do rnot prevent the benefits of the
invention from being realized.

The Tables below provide representative compounds

of formula (I) of the present invention. Specifically

incorperated?herein by reference is the disclosure of
PCT International Application Publication Number WO
93/07128.
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. The structures of the Examples below are shown in
Table 2d through 2u and set forth representative

compoundsaof the present invention.
Example SR

A solution of Example 90 (50 mg, 0.066 mmol) in
methanol (2 ml) was treated with sodium borohydride (25
mg, 0.66 mﬁol). After the reactions was completed, the
rmixture was washed with hydrochlpric acid(2N), water and
dried with\magnesium sulfate. Concentration gave a
residue which was purified to give a good yield of the
ed proauct: MS 625.2015 for C31H38N20rBr; 1B NMR
y; 87.42-7.01 (m, 1BH), 4.79-4.60 (m, 3H), 3.65-
EEoqm, q), 3.06-2.78 (m, 6H), 1.40-1.37 (m, 3H);
SordE (SD32Iy:001€2.73, 148.11, 142.08, 141.19,
21.75, 131.45, 130.61, 129.62, 129.57,
27.€2, 127.49, 127.17, 126.05, 123.46,
3%, 68.20, 6.27, £7.12, 57.04, 53.68,

+
1
\
t
[
~
[ S P

ty tao

ra
~
\.’ -
(@)

Frezzréd acCcrdihg:to the géneral alkylation and
deprcteciizid procedures (see'Procedure 5) MS: 603.21€3
M-¥",, 1{Iii; KR Mass Spec: 603.2163 for C35H397N203C1l2
(¥-%,; “EXMH (CIZ303) 67.35,-7.02 (m, 18H), 4.68
c,J=14.3 Hz, 2¥), 4.55 (S, 4H), 3.65-3.59 (m,4H), 3.09-
.C2 {n, ZE), 3.00 (d4,09=14.3 K2, 2H), 2.93-2.84 (m, 2RH),
SENME (::=ob, Fpm): 162.26, 139.74, 138.47, 138.16,

., 122.1€¢, 128.82, 128.48, 128.09, 127.38, 125.97,
7C.4°, EE.14, S5.69, £5.19, 32.20.
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A solutidn of Example SS (100 mg., O. 166 mmol) in

te:*ahydrofurén (1 ml) was treated with methyl amine
(40% in H20, 1 ml) and the resulting solution was
stirred at room temperature overnight. After the
solution was ¢oncentrated on a rotary evaporatdr, the
residue was obtained ard was purified on Prep. T.L.C. to
give a good yield of a neutral product which was
acidified with 4M HCl in ether to give the desired
product. MS: 593 (M+E', 100%); HRMS: 593.2483 for
C37H45N403; 1B NMR (CD3OD) 8 7.38-7.07 (m, 1BH), 4.69
(d, J=14.3 Hz,2H), 3.93 (S, 4H), 3.66-3.64 (m, 4H),
2.05-3.02 (m, 4H), 2.90-2.81 (m, 2E), 2.52 (S, 6H);
13cwmE (CD3Cc, ppm) 163.75,141.30, 140.85, 139.58,
132.7C, 13D.64, 129.7%, 12°.51, 129.32, 128.85, 127.41,
.1, €7.5%%, 57.2z, 5€.21, 35.50, 33.€3.

™
b
m
3
I(,
'
m
[
(94}
>
tt

I
Tc & uspe .sion cf Nak (240 hg, 60% in mineral oil,
€ mmcl) in DMF . (4ml) was added MEM-?rotected Example 11N
(€S4 m;.‘O.BEJmmol),'and 3-chloromethylpyridine (492
mc., 3 mmol); and the resulting mixture_waS'stirred at
rocm :emp' rature overnight. After the reaction mixture
ouagr Buchner funnel, the filtrate was

SR

treated with 4M ECl in dioxane(15 ml) for 16 hours and
ther. was neutrazlized with sat. NaHCO3, to pH=7. &After
general workup, the resulting crude was purified on
T.L.C. plate using ethyl acetate to give the product in
a good-yield. MS: 538 (M+H*, 100%); HRMS 538.2693 for
C33H3604K3 13; NMR (CD30D) ppm163.67, 151.07, 149.16,
141.11, 139.33, 135.91, 130.59, -130.51, 130.48, 129.62,
128.52, 138.24, 127.51, 127.47, 135.28, 71.96. 71.80,

68.68, 66.98, 64.81, 56.71, 55.10, 33.73, 33.66.

tet
b4
[\l
1
'
]
1)
F a2
(93]
~E
ey

This Sheet Has Been Replaced

MR




WO 94/19329

10

w

(§1]

PCT/US94/01609

- , -
To .a solution of Ekam;?z)ss (100 mg, 0.166 mmol) in
DMF (2 mF) was added K2CO03 (138 mg, 1.0 mmol) and
diéthy;aming hydrochloride (80 mg, 1.0 mmol) and the
resulting mixture was stirred for 24 hrs. The mixture
was diluted with EtOAc and washed with water. After the
organic layer was dried over MgSO4, the solution was
concentrated under vacuum to give 70 mg. of the product .
MS: 677 ku+h, 100%); HRMS: 677.4444 for C43H57N403; 1H
NMR(CDCl3): & 7.26-6.96 (m, 18H), 4.84 (d,J=14.3 Hz,
2H), 3.50-3.46 (m, 4H), 3.35 (s, 4H), 2.97-2.78 (m, 6H) ,

2.36 (g, 'J=6.9 Hz, 4H), 0.90 (t, J=6.9 Hz, 6H), 13C NMR
(CDC13,) §1€1.%8, 139.52, 138.52, 138.17, 129.99,

12%.4€, 128.4¢, 128.25, 128.84, 127.84, 126.30, 71.09,
€1.23, 5€.%%, 5%.54, 46.42, 32.62, 11.31.

Tnz 'exgerimental procedure is similar as
a

rregarziicocn cf EZxample 15XF. MS: 667. (MtH, 100%);
HFMI: €7,33%4 for C41H43Ng03; 13C NMR. (CD30D, ppm) :
e3.TEL 141,27, 41.21, 138.82, 130.62, 130.28, 129.70,
JlFLiE, LZT.EZ, 127.4%5, 71.93, 67.37, 57.11, 51.36,
331.7%; 1= KR (CD30D): & 7.69, (s, 2H), 7.35-6.92 (m,
21N}, 3.1 (s, 42}, 4.€2 (d,J=14.3 Hz, 2H), 3.52-3.50

A
[ ]
tn. &R, 2.0i~2.70 (m, 6H).

f:'é;s ..... ion cf MEN—p*ctected Example 4P (366 mg,
.z n::i,:;' TEF (15 mlL) at -78°C was dropwise added
15:;; (.7 ¥, 2.59 mi, 4.4 mmol), and the resulting
ecluticn was gilowed to warm to room temperature. The
r.xture wg: diluted with ether washed with saturated
NEgTL, weter, &nd dried ever MgS0Os. After concentrated

. - - e PR R AR - - s~ o =~ % 3 3 A
I7 L rovary oVEIIrator, a residue wa:s cohteained and was
- e e - - . - - > ~ T - : [ - L4 ~T - te-~" -
Suriile T oo TL.IL02. plate with 10% EtORo in ChITls o
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give a good 'yield of the product; MS: 675.5 (M+RH),

100%); HRMS: 675.3805 for Cq3H51N205; 1H NMR (CDCl3): 8
7.56-7.54 (m, 2H), 7.43 (s,2H), 7.33-7.25 (s,10H), 7.08-
7.06 (m, 4H), 4.88 (d,J=14.3 Hz, 2H, 3.64-3.53 (m,4H),
3.09-2.67 (ﬁ,csa), 1.29 (s, 18H); 13C NMR (CDC13): &
209.24, 161.87, 139.35, 139.05, 138.23, 131.66, 129.43,
128.70, 128.36, 126.96, 126.62, 71.58, 64.76, 55.80,
44.21, 32.89, 27.94. | -

l
Example 15XI|_
| .

, To a solution of trifluoromethyl trimethylsilane
(222 mg. 2.2_mﬁol), in THF (3 ml) in an ice-water bath
was addecd & sclution of MEM—protected Example 5V (400
mg, 0.55 mmol) in THF (2 mL); and then to the resulting
solution wasiadded tetrabutylammonium fluoride catalyst
(TBAY, 3 mg,'C.021 mmol. After the reaction mixture was
tirred a: OEC for 4C min., the cooling bath was removed
anc the reaction mixture was brought to room temperature
and was continued for an additional hour. The reaction
mixture was then treated with 4M HCl in dioxane (5 mL)
overnight. -General workup and purification on TLC plate
with 40% EtOACc in CH2Cl2 to furnish a quantitative yield
cf Exampie 15XI: MS: 703 (M+H, 100%); HRMS: 703.2611 for
537337x205r5; 13c NMR (CDCl3, ppm) 162.40, 139.70,
13e.Ce, 135.?6, 129.61, '129.18, 128.30, 128.14, 126.74,
12€.5€, 12€.03, 71.39 (q, J=32.4 Hz), 70.55, 65.88 (d,
J=6.2 Hz), 55.66, 32.12; 19F NMR (CDCl3) 79.72 (q.J=6.0

‘Hz); lH NMR (CDC13): §7.83-7.04 (m, 18H), 5.01-4.98 (m,

28), 4.72 (d,J5=14.2 Hz, 2H), 3.67-3.58 (m, 4H), 3.09-
2.92 (m, 6H).

Example 15XJ°

Tc & solution of N-SEM protected imidazole (552
2.7€ mmol) in TEF (10 ml) at =-78°C was added n-Buli

B
T3]
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(1.6M, 2,5_mL, 4 mmol) dropwise and the resulting

solution' was allowed to warm to -20°C over one hour.
After a solution of MEM-protected 5V(510 mg., 0.€97
mmol) in TEF (10 ml) was added, the reaction mixture was
allowed to warm to room temperature and was stirred for
an additional hour. Workup by general proéedure and
purifica;ion on T.L.C. plate with 50% ether in CHzCiz
gave an o0ily intermediate (160 mg., 21.3% of yield),

PCT/US94/01609

which was deprotected with 4M HCl in dioxane to give the

roduct in good yield: MS: 695 (M+H, 100%); HRMS:

695.2977 for C41H39NgOs5, 13C NMR (CD30D, ppm): 183.16,

.27, 141.34, 139.59, 137.92, 135.08, 133.06,
S

) , 120.74, 120.57, 127.45, 71.92, 66.93,
2.72; 1A NMr (CD30D): & 8.50 (s, 2H), 8.29-8.27

(=, 2%;, 7.€.-7.2. (=, 1BH), 4.9%4 (d, J=14.3 Hz, 2H),

P /-3. l:.: (K-, 45[ ¢ 3-20-3-09 (ml GH) .

“ion o Example 15¥T in MeOH was acidified
Wil 4 HIL Iin cicxane 1o ¢ive the product: 1k NMR

cz:lly: ® £.56 (d,J=1.1 Hz, 2H), 8.42 (dd,J,=1.1 Hz,

.. v=3.0 Hz, IE), 7.78 (bs, 1E), .7.30-7.00 (m, 125), 6.78

€.4 B, 2E), 4.€1 (¢,J=14.2 Hz, 1H), 4.32 (dd,
2t.6x8z, O=i4.2H2, 2E), 4.03-3.%3 (m, 1H), 3.71-3.62
¥y, .21 (€,0=13.2 Hz, 1H), 3.C2-2.90 (m, 4H),
.2-2.€¢ (3, 1E,, *3C NMR (CD30D, ppm) 163.80, 148.66,
33.7%, :42.22, 141.38, 140.85, 140.44, 137.55, 130.46,
4, 12€.432, 128.20, 127.66, 127.53, 71.54,
C . E<, €5.4-, €7.56, 64.67, S€.€7, 54.02, 34.36, 33.05.

Foemeee T o TR
[ et T - e
1

- - < v *- - P =

LnE £LTEerINEnlE. PIUOCedlICs L sinidlazr acs
- o~ - - [4 a -, v s - ~ T
TIETAYETLLILE RLEEmT A > M: €37 (WM+NLY 1003y, BRM.
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18%), 4.62 (d,J=1.3 Hz, 2H), 4.65 (d,J=13.9 Hz, 2H),

4.37 (s, 2H), 3.31-3,30 (m, 4H); 3.08-3.04 (m, 2H), 3.98
(¢,9=13.9 Hz, 2H), 2.89-2.84 (m, 2H).

Example 15XV

To a solution of MEM-protected-m-indobenzyl cyclic
urea (980 mg., 1.07 mmol) in THF (10 ml) at -78°C was
added t-Buli (1.7M in hexane, 2.64 mL, 4.5 mmol) and the
resulting solution was stirred for another 30 mins. The
N,N-dimethyl trifluorocacetamide (560 mg., 4 mmol) was
added and the hixture was stirred for 2.5 hours. - The
mixture was diluted with ether and acidified with 2N HC1
tc pE=l. The ether layer was neutralized and washed
with water, brine, and dried over MgSO4. The solution

¢ concentrated to give'a residue which was purified on
ilice gel colurmn with gradient solvents (0-20% ethyl
&cetate in CHzFlza;tc give anmoily intermediate (350

The cil was dissclved in CH2Clz (5 ml) and was
Treeted with 4M ECL irn dioxane overnight. General
'orkup and purification on Prep T.L.C. plate. with 40%
ir. CE2Cilo gave the the procuct (300 mg) in 40.2%
S. M3: 69%.4 (M-E, 100%); HRMS: 6€99.2286 for
H33K205F¢; E NMR (CD3COCD3): & 7.97 (bs, 4H), 7.73-
3.5¢ (r, 4H), 7.14-€.96 (m, 10H), 4.75 (d,J=13.9 Hz,

), 3.72-3.€3 (m, 4K), 3.32 (d,J=14.3 Hz, 2H), 3.18-
.13 (m, 2H), 2.95-2.79 (m, 4H); 19FNMR (CD3COCD3): &
72.54; 13C NMR (CD3COCD3) 180.83 (q,J=34.3 Hz), 162.39,
141.27, 141.06, 137.90, 131.60, 130.43, 130.35, 130.23,
129.73, 129.16, 127.05, 117.62 (q,J=291.4 Hz), 71.83,
67.40, 56.55, 33.55.

tn ¥
!
O
e
(8]
p

Example 15XN
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To alsolutior of MEM-protected 4P (750 mg, 1.02

mmcl) in THF (20 ml) was added ethyl magnesium bromide
(2M in Et2C, 4 ml) and the resulting mixture was allowed
to reflux for 2 hours. After removing all solvents on

5 rotary evaporator, the resulting residue was dissoclved
in MeOE (15 ml) and was treated with 4M HCl in dioxane
overnight. After general workup and purification on
T.L.C. plate with 40% EtOAc in CH2Cl2. Example 15XN was
obtained (600 mg) in 95.2% yield. MS: 636 (M+N Hg,

15 100%); HRMS: 615.3181 for C3gH4q3N205; 1H NMR (CDCl13): &

7.77-7.71 (m, 4K), 7.39-7.22 (m, 10H), 7.06-7.03 {m,

42), 4.E3 (¢,J=14.3 Hz, 2K), 3.75 (bs,2H) 3.64-3.60
(m, 2K), 2.83 (S, 2E), 3.14 (d,J=14.31 Hz, 2HE), 3.10
(¢, 3=.:.€ Kz, 2¥), 2.95-2.86 (m, 2H), 2.87 (q,J=7.3 Rz,
LT 4HEy, 1.1Z 1%,0=7.% Ez, 6H); 13¢ NMP. (CDC13, ppm) 200.€%.
Df..EL, 139.%%, 13t.72, 13€.9Z, 133.7C, 125.31, 128.75,
12i.€¢, 1i.54, 127.0%, 126.5C, 71.28, 65.28, 55.84,
33,30, :1.71, B.0¢ '

Tne exée:imen:al procecure cf Note 5, Table 2> wac
S O€4 +E*, 100%); 1B NMR (CD30D): 8 7.62-
1.7¢ (¢,3=13.98z, 2E), 3.63-3.60 (m, 4H),
FLLU=ZLE0 rmy 4E:,02.%7 (d,J=13.9 Ez, 2H), 2.78 (g,J=7.7
; 3 , 7=7.7 Kz, 6Hj; 13C NMR(CD30L, ppm)
s:.9%, 125.71, 138.0C, 136.45, 129.31, 129.17,
£.57, 128,11, 12€.8:, 12€.02, 125.0%, 70.53, 65.€3,
TLET, ZFo.LT, LEL€7, Y.BE.

*
35 Y AL W §
-~
Ll
[¥
4
]
™

§
’
1
bl

Tuz=v ¢
Tuzrrle 114
T oz sgiiution ¢f MEM-protectes-m~iodobenzyl cyclic
. 1o, L T mmili o in TET (18 xkl) ar -78°%C was
1
ZonT g i L=ELLLOfLLU7E in horss 2 «x tme wl)
T e T l“_~—v€’j 3 ~ae Y - *~ =
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Sulfur dzox;de gas was introduced into the baszc

solution at the same temperature for 15 mins. The
mixture was allowed to warm to R.T. over 2 hours and
then was cooled to -78°C again. Sulfuryl chloride
(0.72g., 5.35 mmol) was added and the resulting mixture
was allowed to warm to R.T. and stzrred overnight.
After all volatlle reagents and solvents were removed
under vacuum, the residue was dissolved in THF (10 mL)
at -60°C and was treated with excess ammonia gas for 10
minutes. Thé final mixture was diluted with EtOAc and
washed with water, brine and dried over anhydrous MgSOg4
followed by filtration. The solvents wefe rembved on a
rotary evaporatcr and the residue was deprotected by
generail prochure. ~Finally, the crude was purified on
T.L.C. plate and further purified on HPLC'tQ give the

‘desired product ir moderated yield. MS: 682 (M+NHgs,

10%); HRMS: 6£5.2103 for C33H37N407S2; 13C NMR (CD3CCD3,
pp")162 33, 145.25, 141.16, 140.81, 133.59, 130.38,
229.86, 128. 21, 127.77, 126.95, 125.85, 71.87, 67.52,

. 5€.7¢, 33.56. ig NMR - (CD30OD): & 8.19-7.32 (m, 18K), 5.06

(d,=14.3 Kz, 2K), 4.08-3.95 (m, 4H), 3.49-3.16 (m, 6H)
Example 15XF |

Tre experimental procedure in Note 5 of Table 2d
wazes followed. MS: 745 (M+18, 100%); HRMS: 729.2500 for
C37E35N405N6;, 1H NMR (CD30D): & 7.47-7.39 (m, 6H), 7.29-
7.24 (m, 8H), 7.06-7.03 (m, 4H), 4.71 (d,J=13.9 Hz, 2H),
3.66 (S, 2H), 3.62 (d,J9=11.7 Hz, 2H), 3.08 (d,J=12.5 Hz,
2H), 2.98 (d,J=14.2 Hz, 2H), 2.95-2.89 (m, 2H), 13¢c NMR
(CD30D, ppm) 163.87, 141.26, 139.71, 132.08, 131.04,
130.64, 129.75, 129.56, 128.95, 128.92, 127.45, 122.57
(g, J=273.1 Hz), 72.02, 67.42, 57.02, 33.67; 19F
NMR (CD30D) 67.75.

Exampie 15XS
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The eéxperimental brocedure of Note S, Table 2D was
followed. The obtained product was further purified on
Chiral+HPLC to give the product: Ms: €23 (M+H*, 100%);
1g NMR [CDC13+CD30D(1:1)]; 87.26-6.76 (m, 18H), 4.47
(d,J=14.3 Hz, 2H), 3.24-3.03 (m, 4H), 2.76-2.5¢ (m, 6H,)
1.86 (s, 6H); 13¢c mg [CDC13+CD30D (1:1), ppm) 163.28,

155.5€, 140.4¢, 138.78, 138.18, 130.34, 130.09, 129.22,
129.12, 127,62, 127.04, 125,84, 71.45, 66.00, 56.42,
1¢ 33,15, 12.25;

(84]

Example 15vg

ﬂr;ec mixture cof cyclic ures Exampie 5I (300mg,

t.a
tn
(o}
oTm
M

<
]
1]
o]
2]
[+ 1]
8]
Xy

)

ydrous cesium carbonate (912 mg, 2.¢
TTILl in dioxane, Iree base-of'N-(Z-chloroethyl)
m:;;h:;ihe (2.5, <£.& mmol) wase added;(prepared by
cs the hydrochloride in 5 mL of water
¢ RakECZ,, éxtracting with 100 mL of

Ny
1
[1J
.
"

HEnLE, d:vin; cve:_MgSG4, and"concentrating) (Thompscr;
ren., 193z, 3%, 16%%) and heated up ¢¢
€IS f-x days. Trne Lixture was filtered, rinsed witck

ci.lcrz > @ Furified on sgilica gel (1:5 Methanol
CLltrifzrn .- €ive 21% g (78%) pure Product. M, F.
<X R SR T TES(M-1, 1003
i
Ixanile z:ivw:

Tre interjedlate WZS prepareg Y alkylating the

37 8DFrroorizte ronoalkylated compound with m=cyanobenzyl
chlcrids: L3

Riur. aluminum hydride (158 mg, 4.18 mmol)
iCl: (180 mg, 1.39 mmcl) in ether at Qoc.

She ninTure was warmeg UP to RT and stirred for 15 min. .

Trer & sziu-:ion € the akove ~htermedizte (230 me., o<
z L. Inoenres we- eC2ed arcpwise, mre miLurg wa:s

I~ z =iI I, guenshe< - Irlocf T 3
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5% NaOE and washed with H,0, sat'd NaCl and dried over

MgSZ,. Following the same hydrolysis'procedure,:the
product was 1solated (70 mg)} in 10% yield M. P. 132~
1340C. M.S. 566 (M+1, 100%). ’

Example 15Y1

To the mixture of 1 mL of DMF and 4 mL CH,Cl,, oxalyl

crhloride (0.72 ml, 2M in CHCl;) was added dropwise at
10 -20°C under hz After 20 min, 500 .mg (0.65 mmol) of

bis (N-m-benzoic acid) cyclic urea Example 6A (Table 2c)

and 0.14 ml (2 mmcl) of N-methyl~morpholine were added.

Tre mixture was stirred at -20°C for 20 min. N-

methylhydroxylamine hydrochloride (217 mg, 4 mmol) and

=
tn

ar. additional 0.56 ml (8 mmol) of N-methylmorpholine
were added. The reaction mixture was diluted with ethyl
acetéte, washeé with cold 5% HC1l, sat'd NaHCO3, H,0,
trire and pu-r--ed or. silica gel (1:95 Methanol
Llcrcform) . Fcllowing the same hydrolysis procedure,

(o]

[N}

the rrodust (EC mg) waes isclated in 20% yield. M. P.
l

[N
<n

Q
m
m
3]
0
Q

. Logocus procedure to that reported by Paul
Unangs:, et al. (in J. Med. Chem. 1992, 35, 3691-3698)
the title compound can be prepared from the
hydroxyamidine. To a stirred solution of hydroxyamidine

30 analog (150 Ig, 0.19 mmol) containing triethylamine |
(C.13 mL, 0.95 mmol), ethyl chloroformate in 10 mL
chloroform was added dropwise at 0°C. The mixture was

rred at RT for 2h and washed with water, brine and

ied over MgSC,;. The residue was purified on silica gel

ecate: methylene chloride).” The product

tal}
tn
[

1]
(1
rd
ry
be

[ 3
1]
0

(237 mz, 7€% yield) was isolated as ester intermediate.
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Tc the above -ester intermediate, toluene was added

nd the sélu;ion was heated up to 110°C for 48h. The

m

scivent was removed on rotary evaporator. Following the
same hydrolysis procedure. The product (45 mg) was
isolated in 35% yield. M. P. 223-224°C (decomp.).

|

Example 15XF

2 solution) of bis{N-m~benzaldehyde) cyclic urea Example
5V (Tablie éc)(lZO mg, 0.21 mmol) containing small amount
cf Zk mcleéu:a: csieves was treated with toluenesulfonyl-

zzide ise at 0°C under Np. The mixture was
.~ fcr cvernight. The solvent was removed on
. evafjorates and puziﬁied-on silice gel (1:4 ethyl
zzstete o rlethy:iene chloride) to give 92 mg (52%) pure

3

-’ - ”~
:-.'.710\,.

'[
2 & spluticn cf N-SrM-imideazole (396 mg, 2 mmol)

¥r (LI ¢l &t =-7E ©C wes added n-Buli (5 mmol, 3.1

nl orirwire &nd the resgultant mixture was stirred for
. TInotil, &nd to thls wzs added 2 solution cf zinc
chlzzid: (410 mz, I mmol) in TES (5 ml}. After the

-ution weas allowed tO warm to room
Turs, a2 solution of m-iodcbenzyl cyclic urea (46¢€
%3, <. wmzl) in TEYT (2 mL) anc PA(PPh3)g (77 mg, 0.U7
Tzl were added under nitrogen and resultant mixture
wzi zllowsd to reflux overnight. Work-up and

l

deprsiectiin by general procedure, followed by
vurifaistion on TLT plate with 50% EtOAc in CHz2Cls gave
Tumrmple LEWY 2z & sclic. IH RMR (CDaCT) & 7.74-7.09 (m,
: I ¢, ZR:, &.85% (4, = _I.% Hz, =it £ g 2
S .0 e=3.€% (7 R R -
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Ez, 2E), 3.16-3.C3 (m, 4H), 2.96-2.88 (m, 2H), 0.90 (t,
J = 8.0 Bz, 2K), 0 00 (s, 9¥); 13C NMR (CD3OD): ppm

164.91, 150.71, 143.28, 142.52, 142.43, 141.37, 141.11,
139.14, 135.08, 135.06, 134.43, 134.33, 133.13, 132.84,
132.72, 132.34, 131.9€¢, 131.38, 131.35, 131.22, 131.03,
130.94, 130.91, 130.84, 129.79, 128.84, 128.80, 124.79,
96.36, 77.82, '73.27, 73.24, 69.49, 68.97, 68.84, 5B.54,

58.32, 35.16, 34.91, 19.94, 0.00.

Example 15YL
i .

To a solétion of N-SEM protected pyrazole (1.98 g.,
1C mmcl) in TEF (40 ml) at -78°C was added n-Buli (1.6
M, 7.5 mI, 12 Immel) dropwise and the resulting solution
was stirred for an additional half hour, and then
t:;lsop*ocylbo*a*e (¢.4 g, 50 mmcl) was added. After
be*nc allowea tc wW&Xm tc room temperature over 2 hours,

the reac:;on m-x:L*e WES ac;ulfled with 2 N KC1,

‘ ez:racteo mrtr ether, washed with water and brine, and

¢ried over MgSZ;. Filtration and concentration gave N~
SEN—E-hydroxybor;c-pyrézole (2.4 g, 100 %) as a solid.lE
NME (CD322) & 7.57 (S8, 1K), 6.80 (s, 1H), 5.70 (s, 2H),
T 1.¢ Bz, 2K), 0.89 (x, J = 6.0 Hz, 2H), 0.00
C NMF (CD3OD): ppm 138.54, 115.65, 78.98,
€z.9¢, 17.31,,-2.30.

. Tc a solution of m-iodobenzyl cyclic urea (932 mg,
1 mmol) in THF (5 ml) was added N-SEM-3-hydroxyboric-

—~
4
~
Q
]

1
-

(¥Y)

-
LY
- e

pyrazole (968 ' mg, 4 mmol), Pd(PPh3)4 (57.8 mg, 5 %) and

Na>CO3 (1.7 g in H20 (4 mlL) under nitrogen and the
resultaht mixture was allowed to reflux over 48 hours.
The organic layér'was concentrated on rotary evaporatior
to give a reszdue, which was deprotected by the general
procedure, fo}’owed by purification on TLC plate with

C% EtOX ir. hexane to give Example 15YL (560 mg, 87.8%)
ac & solid. ME £€3% (M-E*, 100 %); HRMS calcd for

48]
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C3sk39Ned3 635.3084, Found 639.3081; IH NMR (CD30D)
7.76-7.65 (m, 6K), 7.45-7.15 (m, 14H), 6.66 (s, 2H),
4.87 (d, J = 14.3 Kz, 2E), 3.77 (b, 4H), 3.19-2.98 (m,
€H); 13 NMR (CD30D) ppr 162.82, 140.19, 139.01, 129.67,

5 129.22, 128.96, 128.59, 127.06, 126.49, 125.03, 102.41,
71.02, 66.69, 56.37, 32.65. '

l
Example 15YM

& solution of Example 15YL (200 mg) in methanol (5

re

atel with HEC1l gas for 2 seconds and the

1
]
5,
W
n
ot

{

scivent wzs removed under full vacuum to give Example
13VN ec 2 sclid. 1E KMR (CD3OD) & 8.34-8.32 (m, 2H),

4 (=, 2%), 7.73-7.66 (m, 2K}, 7.55-7.50 (m, 4E),
137,09 (=, & E), €.89-6.86 (m, 4KH), 4.58 (d, J = 13.8
, ZE;, 3.66-3.7¢ (v, 4E), 3.32 (d, J = 13.9 Hz, 2H),

I.0E-3.04 (r, 2E), 2.78-2.69 (m, 2H); 13C NMR (CD30D)

| , '138.50, 135.07, 132.00,
, 127.%2, 12€.03, 125.97, 12%.
L4t E, TLili, €7.7%, S€.28, 32.27.

~1

141
-

Tt e gulution of N-SEM protected pyrazole (7680 mg.,
& mmsl) in TEF (46 ml) at -78°C was added t-Buli (1.7
7 mmol) dropwise and the resultiirg solution

(s

Y

zxred to another solution of MEM-protected m-
Cyenopenzyl cyclic urea (732 mg., 1 mmol) in THF (10 mlL)

WES s:i::ef for an additional 30 minutes. The solution
&

&r -78°C and the resulting reaction mixture was allowed

TC wzrm te !room temperature and was stirred overnight

fitar evanoraztion of z2l) wvelatiles, the residue wac
| ~ .
SEeT ol Toetneén.s (27 122)Y ang vhen trestsd with &!
“ g orverriais vwoskur TELEerE L
’ d
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procedure and purlfzca‘zon on reverse phase T.L.C. plate

wisr 70% MeDE' i H20C gave Example 15YN in good yield:
MS: €98 (Mwh,IIOO%), HRMS calcd for C41H39NgOs 695.2983,

Founc €95.29€7; 23C NMR (CD30D): ppm 183.16, 164.07,

14:.2(, 141. 34, 139.59, 137.92, 135.08, 133.06, 130.70,
13¢.53, 120.74, 120.57, 127.45, 71.92, 66.93, 56.72,
33.72; 11 NMR|(CD30D) 88B.50 (s, 2H), 8.29-8.27 (m, 2H),
7.€1-7.21 (m, '18E), 4.94 (d, J=14.3 Hz, 2H), 3.77-3.72
(r, 4E), 3.20~3.09 (m, 6H).

\

Example 15B:Z !

E scl::ié: of MEM-protected compound 12J (0.94 g,

1.C mmcl) was|treated with n-Buli (i.6 M, 1.6 ml) at
-78°C for ZVIm‘n;tes, followed by quenching with N-
me:hoxy-N-metﬁyl benzyloxyacetamide (1.35 g, 6 mmol),
“resa*e4 by reactzc' of benzyloxyacetyl chloride with
N- re-hoyy-h-m-..,1aT ne in pyrldlne and CH2Clz at room
'e"oeratu e. Rewcv=‘ of MEM-groups by general
nydrel ys is ] % ure followed by purlflcatlon by

e ve Til.C.gave compounc 158I in moderate yield.
-E NME CDCJ. ) 87.72-7.6€ (m, 4H), 7.42—7.00 (m, 24H),
$.7¢ (¢, J = 14.6 Bz, 2KH), 4.64 (s, 2H), 4.57 (d, J =
.5 Ez, 28), $.731-2.82 (m, 14 K); 13C NMR (CDC13) &

Ny

1S€.CE, 1€2.84, 139.30, 138.95, 136.89, 134.40, 129.45,
12%.4C, 129.2%, 128.%2, 128.58, 128.48, 128.02, 127.96,
12€.97, 126.54, 73.26, 72.29, 71.12, 65.40, 55.82,

32

.72; HRMS: calcd. for Cs3H51N207: 803.3696; found

[¢0]
()
(YY)
W
(o)}
w
W

Example 15BJ !

To a solution of SEM protectediimidazole (2 g) in
TEF (2 ml) was added t-Buli (1.7 ¥, 6.9 ml) at -78°C
éni the mixture was stirred for 20 minutes. After

| X kKol

gddicion cf TMECL (1.2% c), the resulting mixture was

ThlS Sheet Has Been Replaced
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allowed té warm to 0°C over 2 hours, and then cooled to
-78°% agair. The mixture was treated with t-Buli (1.7
¥, 6.9 mL), stirred for 20 minutes, followed by addition
ol B(OMe); (10.4 g). The reaction mixture was wetmed_to

5 room température and stirred overnight.The reaction was
poured into EtOAc/H20 and the'organic layer was washed
to PHE 7, dried with NaSO4, and purified on column with
MeOB to give pure N-SEM-5-borono-imidazole (2.3 g 95 %)
as a solid. 1B NMR (CD30D) §7.63 (d, J = 0.74 Hz, 1lH),

10 6.87 (d, § = 1.1 Hz, 1H), 5.47 (s, 2K), 3.55 (¢, J = 8.4
Hz, 2H), 0.93 (t, J = B.4 Hz, 2H), 0.00 (s, SH); 13¢
NMF (CD32C) 6 .38.¢7, 134.54, 77.89, 68.00, 20.19, 0.00.
Sution cf the borono-imidazole prepared above
), MEM-protected cpd 123 (0.937 g, 1.0
niPie¢ (C.22 g, 0.16 mmol) and K2C03 (7.5 q)
) and EzZ (20 ml) was deaassed; and then

)

[R1]

=1
1

vzs heated tc fiux under N2 overnight. The reaction
was e tc room temperature and partltzoned
tezwsern ExCAZ/H2C. The crganic layer was dried over
ccnoertrated to give a residue, which wes

ce;:::s:ieL ty cereral hydrclyéis ﬁrocedures and
purified ok oT.r.7. pleaze with 5 & MeOH in EtOAc to give
+=e ecsupliing product, 15BJ (0.4 g, 37.2 %). IH NMR
(2:2zy 8 07.%7 (e, 2H), 7.6i-7.11 (m, 20H), 5.37 (s,

I (&, 3= 13.% Bz, 2K), 3.78-3.73 (m, 4K), 3.58
=, &= £.0 Bz, 4%,, 2.18-2.97 (=, 6H), 0.90 (t. J = 6.0

LRV ]
[aa)

.ZES was treated with 4M ECl in dioxane
urndsr reflux overnigh:t. After the solvent was removed
noexr f£ull |vacuum, the residue was purified on reverse

connee T.1.1. plzte o give the desired compound as &
filio oLnoroderztie vield., IE NMEP O (CD2OD) 87.71 (sk, 2E,
o7 ili SLTos L YL, TUR L o, R TLUTILeT LY Anm,
is Sheet Has Been Replaced
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10K), 7.10-7.08 (m, 6H), 4.78 (d, J = 13.9 Hz, 2H),

3.71~3.65 (m, 4H), 3.32-3.00 (m, 4H), 2.96-2.87 (m, 2H);
13¢ NMR (CD30D) 163.80, 141.26, 139.94, 137.20, 134.78,
130.67, 130.11, 129.52, 128.88, 127.40, 127.08, 125.22,
72.00, 67.72, 57.38, 33.60; HRMS: calcd. for
C39H39Ng03: 639.3084; found 639.3089.

|

I

Example 15BL ;
Compound .15BK in MeOH was treated with 4M HCl in
dioxane and the resulting solvents ware evaporated under
frll vacuur té give the hydrochloride salt. 3H NMR
(C203)69.02 ¢, J = 1.1 Ez, 2H), 7.87 (d, J = 1.1 Hz,
25), 7.65-7.3é (m, BE), 7.19-7.17 (m, 6H), 6.93-6.90
(w, 4E), 4.65 (d, J = 14.3 Hz, 2H), 3.78-3.72 (m, 4H),
3.25 (d, J = 14.3, 2H), 3.06-3.02 (m, 2H), 2.81-2.7 (m,
2E); 13C NMR (CD3OD) §163.41, 141.11, 141.04, 135.91,
34.57, 131.95, 130.89, 130.51, 129.47, 126.16, 128.10,
27.43, 126.0g, 116.38, 71.80, 69.21, 57.87, 33.73.

[
0
~J

[

~3
o
W

Z-T:imetﬁfltin-NQdiﬁethylsulfamoyl-imidazole was
prepared in situ by lithiation of N-dimethylsulfamoyl-
irmidazole (1.75 g, 10 mmol) in THF (30 mlL) at -78°C with
n-Buli (1.6M,'7.5 ml), followed by quenching with
trimethyltin c¢hloride (2.19 g, 11 mmol). A coupling
reaction of the tin reagent (1.2 g, crude) and MEM-
protected compound 12J (0.8 g, 0.86 mmol) in the ‘
presence of Pqd(Ph3P)4q (0.18 g, 0.16 mmol) was carried
out undér reflux overnight. After being coocled to room
temperature, the reaction mixture was poured into
EtCAc/H20. The orgarnic layer was dried over MgSO4 and
corncentrated on & rotary evaporator. The residue was

~

©
lved ir XelH, saturated with ECl (gas) at 0C for §

clce

Q
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minutes ?nd then stirred at that temperature for 1 hour.
The resulting mixture was worked up and purified on
column with EtOAc to give compound 15BM as a solid (450
mg, 61 %&). 3H NMR (CD30D)® 7.61-7.11 (m, 22H), 4.86 (d,
5 J = 14.3'Hz, 2H), 3.61-3.59 (m, 4H), 3.10-2.92 (m, 6H),
2.54 (s, 6H); 13¢ NMR (CD30D) 8 163.98, 148.97, 141.21,
12¢.37, 132.57, 132.17, 131.55, 130.98, 130.69, 129.63,
125.50, 128.30, 127.53, 123.61, 71.92, 66.99, 56.66,
38.23, 321.74. HRMS: calcd. for C23H4oNgO7S2: B853.3166;
10 found 853.31€3. '

£ sclution cof 4—'odopyrazole (1. 54 g, & mmol) in

I TET {27 zl), wat treated with NaH (4.3 g, 10.6 mmol),
Izllzwei By guenching with dimethylsulfamoyl chloride
- .€ mmel) to form the N-protected pyrazole (2.4
s, &I %,. Tris 3 :e*meclate {1.5 g, S mmol) was reacted
witrh hexaméfhyldi:in (1.8 g, 5.5 mmol) in the presence"

z $F PAdPnary s (D022 ¢, 0.01 mmcl) Zn TEF (25 ml) &<

TTUC zcwernicat o giwe cruce 4-trimethyltin-N-
c-”e::;_s,ifa*cyl-p}:azc;e
Tne :%,;e tirn corpound wze reacted with MEM-
rrziezies ¢pd 122 (0.932 g, 1.0 mmol) in the presence of
2P FE{Fnaf;s 1C.3%5 g, C.16 mmol) under reflux to form the
ceirlesl prcivct, which was deprotected by generazl

7 precedure, followed by purification on
reverse phease TLC plate with 85 % MeOH in water to give
% &s & solid. IR NMR CD3OD) & 7.77-7.12 (m,
M 4=y, T.ZE-€.C65 (r, 1BH), 4.72 (d, J = 14.3 Hz, 2R),
: % (1, 4E;, 2.02-2.88 (m, 6H); 13C NMR (CD30OD)

DEI.3E, L47.€3, 13¢.40, 133.75, 130.19, 129.83, 129.18,
127,87, 127038, 127.12, 125.47, 122.79, 71.64, €6.46,
< - c !
!
o
. et Has Been Replaced
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N“V-p*otactec mono-m-bromobenzyl cyclic urea was
mzde by gene*a¢ procedure for preparation of
monoalkylated cycllc ureas. The monoalkyated

5 intermediate (2.4 g, 3.56 mmol) was dissolved in DMF (15
ml) and createb with NaH (0.43'g, 10.75 mmol), followed
by addition of'methyl m-bromomethylbenzoate (1.63 g, 7.1
mmol) to give pure deéired_asymmetric cyclic urea (1.6
g, 55 %). | |
10 Tris asymmetric urea (1.6 g, 2 mmol) was coupled
with S5-borono-N-SEM-pyrazole (0.48 g, 2 mmol)} by the
same procedur e described for example 15BJ above to
provide purc_coupled product, which was further
decrctected by generzl hydrolysis procedure to form
compound 15BF (C.8 ¢, 73.2 % for the two steps). IH NMR
C0300) 87.85-7.82 (m, 2H), 7.66-7.57 (m, 4H), 7.35-7.01
(x, 13E), €.5€!/ (s, 1K), 4.76 (d, J = 14.3 Hz, 1H), 4.69

o

[}

(6, J = 14.3 Hz, 1H), .3.77 (s, 3H), 3.72-3.58 (m, 4H),

3.211-3.02 (r, 4¥), 2.94-2.84 (m, 2H); 13C NMR (CD30OD) &
27 16€.7¢, 162.2) 139.6¢. 139.59, 138.56, 138.50, 133.63,

130.0%, 129.16,.128.76, 128.61, 128.46, 128.29, 128.16,

12€.5¢, 12€.0€, 124.6C, 102.00, 70.50, 66.36, 66.31,

£2.5¢6, 55.€3, £1.32, 32.23, 32.15; LRMS: 631.4 (M+1,

itC %) HﬁbS:;calcd. for .C3gH39N40s. 631.2920; found
25 €31.291€. |

Example 15BQ

To a soiﬁ£ion of compound 15BP (63 mg, 0.1 mmol) in
3C THF (1 ml) wasl!added LiBH4 (2M in THF, 0.3 mL) and MeOH

(57.6 mg, 1.8 mmol) and the resulting mixture was

g

stirred at room temperature overnight. The mixture was

acidified to pH 1 with 2N HCl and extracted with EtOAc.
The orgaric layer was washed with H20, brine, dried over

€(a)
n

MsS8Cys, and conlentrated. The residue was purified on TLC
lgte with EC tc give the desired compound (46 mg,
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7€.2 %).. lE NMFE (CD3OD)® 7.78-7.60 (m, 4H), 7.50-7.07

(r., 15H), 6.68 (d, J = 2.2 Hz, 1H), 4.90-4.81 (m, 2H),
4.65 (bs,) 2H), 3.79-3.63 (m, 4H), 3.18-3.0C (m, 6H);
i3z

NMR (CD30D) $163.92, 143.24, 141.32, 141.23, 139.41,
! _

5 130.67, 130.17, 129.93, 129.69, 129.57, 129.53, 129.30,
129.04, 128.04, 127.45, 127.41, 127.25, 126.01, 103.33,
72.02, 71.96, €7.04, £4.97, 57.30, 57.07, 33.63, 33.57;
LRMS: 603.2 (M+1, 100 %); HRMS: calcd. for C37H39N404:
€02.291; found 603.2968.

ic

3

Example 15BR

K-direthylsulfamoyl-imidaz-2-yl zinc chloride was
Frerare in situ y lithiation of N-

P P N

(XY}

.‘
14
14
a
[}
1]
,
n
1
[o
LA

cem-yliridazole (0.97 g, 5.5 mmol) in THE (20
L. wiltnh :FE:Li,(1.7M, 6.7 i), fcllowed by quenching
r.de (.87 g, 13.7% mmol).

s ::;E:in; rezction cf the'zinc_teagent (crude) and
: & 123 (6.%22 @, 1.0 mmol) in the
S{¥rzi;e (0.12 e, 0.1 mmol) was carried cut
w overrighz, After ‘cooling to room |

: actien mixture was poured into

.  ne crganic layer was dried over MgSOgland

(Al
[
(14
Lal
[()

ccnzeniretels on & rotary evapcrater. The residue was
szilveld n MelH, and treated with 4M HCI in dioxane
| hours. The resulting mixture was
.2 purified on a reverse phase TLC plate with
' wzter tc give compound 15BR as a solid. 1E
{Z2:22v¢6 T.73-7.70 (m, 4H), 7.42-7.33 (m, 2H),
L2 im, 128, 7.00-6.94 (m, 4B), 4.73 (d, J = 14.3
.72 (be, 4H), 3.14 (d; J = 13.9 Hz, 2H), 3.04-~
o, EEY, 2.85-2.77 (m, 2H); 13C NMR (CD30D) &
, :39.5¢, 138.87, 130.23, 128.3¢, 12¢.11,

$TLED, LITLCTL, L28.2U, 125.8%, 124.3%, 122.84, T70.2%
, LiLLE. LI LZz ERMZ: celic for CagHzoNegls
el _,.i.,. - r -
PRSP, > <
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Example 15BS

Compound 15BR was dissolved in MeOH, and treated
5 with 4M HC1 in/dioxane at r.t. for 1 minute. The

resulting mixture was concentrated in vacuo to give the
solid dihydrochloride salt. 1H NMR (CD30D) & 7.81-7.79
(m, 2H), 7.73 (s, 2H), 7.65 (s, 4H), 7.61-7.57 (m, 4H),
7.13-7.11 (m, 6H), 6.86-6.84 (m, 4H), 4.59 (d, J = 13.9

1C Hz, 2H), 3.84 Is, 2H), 3.76 (d, J = 11.7 Hz, 2H), 3.45
(d, J = 14.1 Hz, 2H), 3.06 (d, J = 12.2 Hz, 2K), 2.75-
2.68 (m, 2H); 13C NMR (CD30D) & 163.39, 145.94, 141.63,
14C.94, 134.7¢, 131.26, 130,46, 129.44, 129.13, 127.38,
127.14, 124.321, 121.37, 71.58, 69.54, 57.82, 33.84.

15 _ |

Exampe 15BT

To compound 15BF (€3 mg, 0.1 mmol) was added 4-(2-
aminoethyl)morpholine (0.13 g, 1 mmol) and the resulting
2° 'mixturé was-stirred as 110°C overnight. The mixture was
evapcrated ir. vacuo to remove the excess 4-(2-
aminoethyl)mcrpholine, and the residue was purified on
TLC plate with 1C % MeOE in EtOAC to give pure ptoduct
(44 ™z, 60.4 %). E NMR (CD30C) 8 8.04 (s, 1H), 7.73-
€.9% (r, 18¥), 6.55 (d, J = 2.2 Hz, 1lH), 4.72 (d, J =
14.4 Kz, 2K), 3.69-3.64 (m, 8H), 3.36 (¢, J = 6.6 Hz,
2H), 3.14 (J.-= 14.2 Hz, 2H), 3.08-2.85 (m, 4H), 2.54 (t,
J= 6,6 Hz, 2H), 2.51-2.45 (m, 4H); 13C NMR (CD30D) d
169.84, 163.68, 141.25, 141.12, 140.09, 136.07, 133.65,
30 130.63, 129.87, 129.56, 129.51, 128.02, 127.44, 103.31,
71.98, 71,91, 6B.26, 67.75, 58.62, 58.37, 58.45, 54.68,
37.76, 35.76, I3.69, 33.62; HRMS: calcd. for
C43H49Ng0s5 : 72;.3764; found 729.3753.

N
w

)
(4]

Exarclie 15BT
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MEM-protected mono-mbromobenzyl cyclic urea was

made by ¢gerneral procedure for preparation of
monoalkylated cyclic ureas. The mono cyclic urea (2.4 g,
3.56 mmo;) in DMF {15 mL) was coupled with 5-borono-N-
SEM—pQrazole_by the same procedure used to make compound
20AX to ﬁrpvide pure coupled product, MEM-protected mono
m—(N-SEMprraz-S—yl)benzyl cyclic urea.
This intermediate (0.2 g, 0.25 mmol) in DMF (5 mL)
was trea:hd with NaH (0.04 g, 1.0 mmol), followed by
1C  quenching with m-picolyl chloride hydrochloride (0.123
g, 0.75 mmol) to give desired asymmetric cyclic urea,

o

Y. was further deprotected by general hydrolysis
ecure tc form compound 15BU. 2R NMR (CD30D) 3 8. 51-

F

€.4% (m, 2E), 7.8%-7.63 (m, 4H), 7.48-7.03 (m, 13H),
€.€2

£

€ QO

n

(3, & = 2.2 Ez, 1K), 4.84 (d, J = 14.3 Hz, 1H},
€% (&, I = 4.3 Ez, 1K), 3.85-3.76 (m, 4H), 3.20-2.83
(m, €H:; |=3Z NMF (IDzOD) & 1€3.€2, 131.12, 149.22,

142,20, 242,07, 138.43, 13Z.9&, 130.€0, 130.55, 130.24,
~ex.i:, 2:5.60, 122.04, 127.54, 126.08, 125.34, 103.35,
Ze TL.EH, TLLRL, €B.7Z, B5.1Z, 33.7%, 33.81; HRMS: czlcd.
o lnEizevels. ER4.281%8; fouvnd 574.2E811.
Znemile 15$
<z Toe lZd-prctected menc m- (N-SEM-pyraz-5-yl)-benzyl
SIait o ursz (7E3 mg, .1 mmol), described in procedure of
2.0 ‘s .
cuemyle IV was disscived in DME (8 ml) and treated with

z &
lia® (L.2€ ¢, 4.0 maol, 60 % in mineral oil), followed by
Guanziing w;tb o-promc-m-tolunitrile (0.3%2 g, 2.0 mmol}
1 give oeq;red asymnetric cyclic urea, which was

4
(W]

ther deprctected by cgeneral hydrolysis procedure to
und 13BV. 15 NMK (CD30D) & 7.9%8-7.07 (m, 19K),

e.C: kg, Iy, €70 (&, S = 13.9 Hz, 1H), 4.64 (d, & =

ST omn, IE, ZLL3-3.70 qm, &E), 3.22-2.83 (;m. €H), i3
TILLT L 8 LETLUEI, 4L 4D, T4 2é, i4L.l4. 13IT.4%,
. ) - - r - nr < ~ - [ - L
h
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228,82, 29.7:,'128.16, 127.66, 119.67, 113.62, 103.40,
- .¢z, 71.87, 68.67, 57.14, 33.79, 33.62; HRMS: calcd.

fcr C37H3 6L503' 596.2818; found 598.2813.

[9,]

Example 15BW

To a solution. of compound 15BV (50 mg, 0.084 mmol)

in pyridine (3 mL) was added hydroxylamine hydrochloride

(36 mg, 5.2 mmql) and the resulting mixture was refluxed
10 overrnigh:. After being cocled to room temperature, the

mixture was evaporated in vacuo ‘to remove pyridine. The

restliting residue was worked up and purlfled on TLC

rilate with EtOhc to give pure amidoxime (32 mg, 60.6 %).

1k NMR (CD30D) & 7.96-7.05 (m, 19H), 6.59 (d, J = 2.2 Hz,
, 4.78 (&, $-= 14.3 Hz, 1H), 4.75 (d, J = 14.3 Hz,

Tm

1K), '2.70-3.5% (m, 4K), 3.11-3.03 (m, 4H), 2.96-2.88 (m,
ZEj; 232 R (CD30T) O 163.82, 141.25, 141.14, 140.02,

; .34.0C, 131.6E, 130.62, 130.18, 129.93,
| 12%.54, 128.04, 127.44, 126.01, 103.32,
S, €T.€%, é?.se, 57.3., 5€.97, 33.€7, 33.56.

| LI I

[£%) {2

(YA
-
)

N
(4]
]
(T3]
A,

Mono—m—&N—SZM-pyraz-S-yl)-benzyl cyclic urea

N
tn

Freparec abovejin procdure of Example 15BU was
derrotected by, general hydreclysis procedure to give
compound XS61i&. I1E NMR (CD30D)® 7.67-7.05 (M, 15H),
6.56 (&, J = 4}0 Hz, 1H), 4.80 (8, J = 14.7 Hz, 1H),
3.86-3.82 (m, 1H), 3.71-3.62 (m, 2H), 3.51-3.48 (m, 1H),
30 3.18-2.99 (m, 4H), 2.80-2.72 (m, 1H); 13¢c NMR (CD30D) &
1€3.9C, 141.47, 140.89, 130.63, 130.49, 130.09, 130.01,
129.64, 129.49, 129.27, 127.52, 127.25, 125.85, 103.33,
72.9¢, 72.55, 66.50, 66.47, S55.27, 35.13, 34.32;
ERMS: czlcd. fer CpoH31N403. 483.2400; found 483.2401.

|

(¥}
o

s
\

eet Has Been Replaced

I



WO 94/19329 PCT/US94/01609

1 - =240~
o
Msﬁ-protected mono m— (N-SEM-pyraz-5-yl)benzyl
cyciic urea described above (220 mg, 0.28 mmol) was
d*ssolveé in DMF (3 mlL) and treated with NaH (0.045 g,

5 1.12 mmol 60% in mineral oil), followed by quenching
with p—b¢nzyloxybenzyl chloride (0.13 g, 0. 56 mmol) to
give the;desired asymmetric cyclic urea, which was
deprotecéed by general hydrolysis procedure to give
compound '15BY, . l1H NMR (CD30D) 87.68-6.91 (m, 24H), 6.58

10 (¢, J = 2.2 Bz, 1H), 5.02 (s, 2H), 4.78 (d, J = 13.9 Hz,

1K), 4.5é (d, J = 13.9 Hz, 1H), 3.67-3.54 (m, 4H), 3.08-
2.88 (rm, '€H); 3¢ NMR (CD30D) & 163.88, 159.84, 141.29,
13E.€3, 131.73, 131.58, 130.69, 130.64, 130.15, 129.56,
129.4%, 2%.4€, 128.82, 128.50, 128.03, 127.46, 127.37,
1 LlT.e:, iLE.07, 103.32, 72.0%, 72.02, 66.8i, 56.45,
S>.€8, 22.8%; ERMI: calcd. for C43Hg3Ng0g4. 6779.3284;

2 LIEF (4% rz, (.C7: mmol) was added -
7 ¢, C.71 mmol) and the
ire was etirred at 110°C overnight. The

ted in vacuo to remove the excess 3~

a
vridine. The residve was purified on TiLC

&2 {zninomalnyly-on
f.zte wizr 1fi MeOH in ELOAC to give pure product (37
rg, 7I.E Yy ¥ NMR (CL30D) 87.80-6.95 (m, 23 H), 6.5%

A2 Ez, 1K), 4.77-4.72 (x 1H), 4.68 (d, J =

2 . £ (d, J = 2.2 Ez, 2K), 3.66-3.64 (m,

3¢ 4Ey, F.15 w3, J = 14.3 Kz, 1K), 3.06-2.82 (m, S5H); 13¢
REO(CDa5I) & 17(.02, 163.83, 152.96, 149.63, 141.32,

7.4C, 13€.94, 135.£0, 134.04, 130.71,

.75, 129.6€, 128.12, 127.67, 127.54,

=L 10% T N8 ] el o] -
¢, 16z.Z%. TT.0C. TILEZ, €B.47,
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Example 15AC Ty

¢ WO 9419329 -

Hydrogenatiion of compound 15BY in MeOH in the
presence of cat#lytic amount of 10% Pd/C produced the
5 hydroxymethyl compound in good yield. 1H NMR (CD30D) &
7.68-7.58 (m, 3H), 7.33-7.05 (m, 12H), 6.98 (d, J = 8.4
Hz, 2H), 6.73 (d, J = B.4 Hz, 2H), 6.58 (d, J = 2.2 Hz,
1H), 4.78 (d, J = 14.3 Kz, 1H), 4.66 (d, J ='13.9 Hz,
1H), 3.68-3.50 (m, 4H), 3.08-2.83 (m, 6H); 13C NMR
10 (CDp30OD) & 163.84, 158.15, 141.31, 140.11, 131.73,
130.69, 130.65, 130.16, 129.96, 129.56, 129.48, 128.04,
127.46, 127.35, 125.98, 116.39, 103.32, 72.10, 72.02,
66.42, 57.2z, 56.37, 33.56; HRMS: caled. for
C36H37N404; 585.2815; found 589.2811. '

(%]
o

: |
Example 15BC

' To compound 15BF (44 mg, 0.07 mmol) was added 2~
{
. (aminomethyl)pyridine (0.077 g, 0.71 mmol) and the

i
(@]

resulting mixture wa: stirred at 110°C overnight. The
mixture was e§aporated in vacuo to remove the excess 2-
(aminomethyl)éyridine:-The residue was purified on a TLC
plate with 20% MeOE in EtOAc to give pure product (35
rmg, 71 %). H NMR-(CD30D)d .8.45 (d, J = 4.8 Hz, 1H),
25  7.80-6.98 (mq 22H), €.58 (d, J = 1.5 Hz, 1H), 4.77 (d, J

= 14,3 Hz, 1lH), 4.71 (d, J = 14.3 Hz, 1H), 4.66 (d, J =

. 4.8 Hz, 2H), |3.68-3.65 (m, 4H), 3.17-2.82 (m, 6H}; 13C

NMR (CD3OD) 8/ 169.99, 163.71, 159.28, 149.75, 141.25,

141.14, 140.17, 139.98, 138.80, 135.79, 133.94, 130.63,
30 130.18, 129.?6, 129.%2, 129.57, 128.03, 127.64, 127.45,
126.03, 123.72, 122.76, 103.32, 71.99, 71.92, 68.32,
67.72, 57.50, 57.30, 45.92, 33.69, 33.65; HRMS: calcd.
for C43H43NJO4; 707.3346; found 707.3344.

($3]
n

Examplie 15CC
,. - .
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, MEM~protected monc m— (N-SEM-pyraz-5-yl)benzyl

cyclic ures (200 mg, 0.254 mmol) was dissolved in DMF (5
ml) and treated with NaH (0.041 g, 1.02 mmol, 60% in
mine%al oil}, followed by quenching with m, p- :
dibeﬂ;yloxybenzyl chloride (0.172 g, 0.51 mmol) to give

- the desired asymmetric cyclic urea. After deprotection

by ge%eral hydrolysis procedure, the urea was
hydro&enated to give the dihydroxy compound. IH NMR
(CD303} 8 7.83-7.07 (m, 15H), 6.81-6.71 (m, 3H), 6.53
(s, 1#), 4.86 (d, J = 13.9 Hz, 1H), 4.72 (d, J = 13.6
Hz, 1H), 3.80-3.66 (m, 4H), 3.19-2.82 (m, 6H); 13C NMR
(CD32C) d 1€4.1C, 149.97, 146.56, 146.12, 141.43,

~42.3&, 1403.2%, 134.53, 133.55, 130.82, 130.71, 130.67,
233.294 i2%.¢4, 129.53, 128.23, 127.51, 127.42, 126.14,

—es .l 1T .4, 116,38, 103.5¢, 72.13, 72.C, 67.77,

£z.88, FT <, B€.2:, 23.€1, 33.45%; HRMS: calcd. for
235%3—:%55 €CI2.27€4; fournc 605.275C.

\
Ixamsoe LECC

n—~ (1i-SEM-pyraz=-5-yl)-benzyl

. Sytoiz uvree (560 mg, 0.71 mmol) was dissolved in DMF

(.0 rl., 4ar treatec with NaE (0.114 g, 2.84 mmol, 60 %
] 2}, fcllowed by quenching of m—nitrobenzyl
crocroce 10,380 ¢, 2.13 mmol) to give desired asymmetric
fter deprotection by general de-MEM

& was purified on TLC plate with EtOAc
suct. 1B NMR (CD3OD) & 8.11-8.06 (m,
€:=0.25 (m, 13H), 7.06-6.95 (m, 4H), 6.59% (d, J =
.2 Xz, 1¥), 4.76 (d, J = 13.9 Hz, 1H), 4.61 (d, J =
iz, 1Ej, 3.7E-3.56 (m, 4H), 3.15-2.78% (m, 6H); 3¢
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0%, 125.37, 123.51, 103.33,

-
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2.0m5, Iz Lt, HRMI- calced.
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Example 15CE

Hydrogenation of compound 15CD (210 mg, ©0.34 mmol) -
ir MeOE (5 mL) and 1N HC1 (1 mL) in the presence of 10%
Pd/C was carried out at roor temperature overnight. The
catalyst was removed by filtration, and the filtrate was
concentrated. The residue was purified on TLC plate with
EtOAc to give the amino compound (140 mg, 61 %). 1H NMR
(cD30D) & 8.31 (s, 1H), 7.81-6.88 (m, 19H), 4.60 (d, J =
13.6 Hz, 2H), 3.80-3.57 (m, 4H), 3.16~-2.68 (m, 6H); 13C
NMR (CD3OD) & 1€3.99,149.09, 141.38, 141.23, 140.01,
130.73, 13C.€¢%, 130.35; 130.15, 129.93, 129.55, 129.4¢,
12€.04, :27.42, 127.35, 125.97, 120.06, 117.33, 115.81,
103.32, 72.12, 71.99, 66.39, 57.28, 56.97, 33.66, 33.53;
HPME: calcc. for C3gH3gNs503; 588.2975; found 588.2983.

Example 15CF

MEM-protected mono m- (N-SEM-pyraz-5-yl) -benzyl
cy:lic-urea'-(ZéO ma, 0.3 mmol) was dissolved in DMF (5
%l) ‘and treated with NaH (0.049 g, 1.2 mmol, 60% in
rinerai oil), fcllowed by addition of m-cyano-p-
fluorobenzyl bromide (0.128 g; 0.6 mmol) to give desired
asymmetric cyclic urea. After deprotection by general
hydrolysis procedure, the urea was purified on TLC plate
with EtOAc to give pure compound 15CF (72 mg, 39%). IH
NMR (CD30OD) 87.68-6.86 (m, 18H), 6.57 (d, J = 0.7 Hz,
1), 4.72 (d, J = 14.1 Hz, 1E), 4.36 (d, J = 13.8 Hz,
1K), 3.62-3.55 (m, 4H), 3.16-2.69 (m, 6H); HRMS: calcd.
for C37HagN503F: 616.2713; found 616.2710.

Example 15CG

A sclutiorn of compound 1SBX in MeOH was treated

with &M HCl ir dicoxane, and the resultinc solution was
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evaporated to dryness in vacuo to give the hydrochloride
salt. 31K NMK (CD30D) 68.31 (d, J = 2.6 Hz, 1H), 7.72-

7.06 (m, 15E), 4.€68 (d, J = 15 Hz, 1lH), 3.83-3.75 (m,

BH)' 3.73-3-60 (m' lH) ’ 3-59-3041 (m’ IH)' 3023-3003 (m’
38), 2.69-2.65 (m, 1H); 13C NMR (CD30D) 8163.52, 148.75,

141.15, 140.30, 136.471 132.50, 130.88, 130.49, 130.35,

129.62, 129.46, 128.32, 127.53, 127.35, 127.04, 106.27,
73.14, 72.49, 67.06, '58.97, 55.16, 35.61, 34.93.

TN

Example 15GH

& solution cI the compound of Example 9P (0.11 g,
{.2 mmcl) anc hydroxylamine hydrochloride (0.014 mg, 0.2

mmil) in pyricdine (2ml) was refluxed overnight. Workup

ar.¢ purifica=ier using HPLC with a solvent gradient from

; e in EtCHE tc 100% of EtOH provided compound

i =¥ NME (CD30D) 67.89-7.86 (m, 1H), 7.81
(¢, J = 4.0 Bz, 1E), 7.45-7.00 (m, 15H),

¢.7: (d, O = 14,1 Hz, 1E), 4.7 (d, 0 = 14.2 Kz, 1H),

1.€1-3.8% (n, 4H), 3.17 (d, § = 14.2 Hz, 1H), 3.06-3.C5
, ZE;. L.%E (¢, I = 14.1 Kz, 1K), 2.96~2.83 (m, 2H),

.24 'g, 3Ey, 2..¢ (s, 3H); 13C NMR (CD30D) §200.03,
1€3.65, 1E5.42, 14..1%, 141.16, 140.19, 139.40, 139.00,
13£.€:, L35.31, 1353.77, 130.62, 130.59, 130.48, 130.07,
12%.71, 12%.€C, 129.57, 128,71, 128.11, 127.50, 126.35,
T1.%%, T1.83, €7.8&L, 67.24, 57,15, 57.09, 33.6€5, 26.72,
.

- REMZI: calcd. for C37H40N30s; 606.2965; found

- e e e o

LElng cererel elrylation and deprotection procedures.
Tre vrez (T .47 ¢, C.7% mmol) in THEE (20 ml) was treated

vivn MaMzis {EZM, 2.5 mI, .5 mmol) under reflux for 3
LLOTYLL lerzril oworaul &nc purificaticn on TLC plate wit:
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40% EtOAc in CH2Cl2, followed by further purification on
HPLC with B85% hexane in EtOE gave compound 15CI (40 mg)
and compound 15CJ (80 mg).

Example 15CI: 1H NMR (CDCl13) 87.64 (dd, J = 7.0
Hz, J = 2.2 Hz, 2H), 7.40-7.00 (m, 14H), 4.72 (dd, J =
14.6 Hz, 2H), 3.75 (s, 2H), 3.55 (d, J = 11.4 Hz, 2H),
3.22 (d, J = 14.6 Hz, 2H), 3.08 (dd, J = 13.6 Hz, J =
2.6 Hz, 2H), 2.83 (dd, J = 13.2 Hz, J = 11.0 Hz, 2H),
2.59 (d, J = 4.8 Bz, 6H), 2.51 (b, 2H); 13Cc NMR (CDC13)
8196.31 (d, J = 3.1 Hz), 161.71, 161.46 (d, J = 255.6
Hz), 139.39, 135.78 (d, J = 9.2 Bz), 134.74, 130.82 (d,
J = 2.3 Hz), 129.31, 128.60, 126.48, 125.38 (d, J = 13.0
Hz), 116.%7 (d, J = 14.4 Hz), 70.8B9, 65.58, 55.08,
32.78, 31.26 (d, J = 7.6 Hz); HRMS: calcd. for
C37E37N20sF2 . 627.2671,; found 62.2670.

Example 15CJ: lH NMR (CDC13) 7.74 (dd, J = 7.0
¥z, 3 = 2.2 Hz, 2H), 7.57-7.00 (m, 14K), 4.80 (d, J =
14.3 Bz, 1K), 4.62 (d, J = 14.3 Hz, 1H), 3.90 (bs, 2H),
3.71-3.61 (m, 2EB), 3.53 (4, J = 14.6 Hz, 1H), 3.29 (4, J
= 14.3 Hz, 1¥), 3.25-3.17 (m, 4H), 2.93-2.82 (m, 2H),
2.68 (s, 3K), 2.66 (s, 3H); 313C NMR (CDCl3) 8196.48 (d,

S = 2.3 Bz), 1€2.37 (d, J = 259.4 Hz), 161.75, 161.58
(¢, - = 255.€ Kz), -39.23, 139.15, 136.02 (d, J = 8.4
Ez), 125.85 (3, J = 6.4 Hz), 135.34 (d, J = 3.8 Hz),

134.€2 (d, J = 3.0 Hz), 134.31, 130.76, 129.24, 128.68,
126.62, 12€.63, 126.59, 125.42 (d, J = 13.0 Hz), 117.03
(d, J = 14.4 Bz), 116.41 (d, J = 19.9 Hz), 113.67,
101.28 (d, J = 15.3 Hz), 70.85, 65.96, 65.75, 55.09,
54.95, 32.96, 32.79, 31.25 (d, J = 6.9 Hz); HRMS: .
calcd. for C3gH34N304F2; 610.2517, found 610.2534.

Example 15CK

Ir. the synthesis of compound 9Q, compound 15CK was

rinor stereoisomer and was isolated on HPLC with 80%
exane in EtOX. 1E NME (CD20D) & 7.55-7.53 (m, 2H), 7.48

m

o 8

This Sheet Has Been Replaced

AR




WO 94/19329 PCT/US94/01609

L 4
~246~
(s, 2H), 7.33-7.14 (m, 10H), 7.10-7.07 (m, 4H), 4.75 (4,

J = 14.6 Bz, 2E), 3.61-3.58 (m, 4H), 3.08-3.04 (m, 2H),
2.99 (d, J =14.3 Hz, 2H), 2.96-2.90 (m, 2H), 2.17 (s,
6H); 13C NMR (CD30D) 8§163.94, 155.44, 141.22, 139.43,

5 138.96, 130.76, 130.63, 129.68, 129.56, 128.09, 127.46,
126.30, 72.00, 67.09, 57.03, 33.59, 11.97; HRMS: calcd.
for C37H41N405; 621.3077,; found 620.3091.

Example 15CL

10
By the same procedure used to make Example 9Q ,

corround 15CL was obtained from c¢ompound 15CI in good
vield. 2K NME (CD39D) §7.31-7.02 (m, 16H), 4.63 (d, J =
13.% E2, 24), 3.62-3.56 (m, 4P), 3.08-2.99 (m, 4H),

12 Z.8l-z.f2 (m, 2¥), 2.16 (d, J = 2.2 Hz, 6H); 13C NMR
12223 81£z.7€, 1€1.28 (d, J = 248.7 Hz), 153.70,
..... £, 133.44 (¢, J = 3.8 Hz), 132.57 (d, J = 8.4 Hz),
i31.8€ (¢, C = 3.8 Ez), 130.60, 129.59, '127.49, 127.13
tg, & = 1.7 Ez), 137.21 (d, J = 22.9 Hz), 71.9C, 67.41,

: Br,f, 33064, 14.€ (3, 7 = 4.6 Hz); HRMS: caled. for
CITaEMNgliEC, $IT.zEt:; found €57.2874.
Esmarmzose LI

Z: Ccmpcound 1ECM wes obtained from compound XS534 by
~re szre procesure used to make Example 90. IH NMR
(C2222) 8 7.34-7.C2 (m, 16H), 4.66 (d, J = 14.2 Hz, 1H),
£.£2 (4 C = 4.2 Hz, 1B}, 3.64-3.54 (m, 4H), 3.09-2.83
(z, &, I.13 (&, J = 2.4 Hz, 2H); 13C NMR (CD30D) &

30 LEILEZ, 141,22 (¢, J = 248.0 Hz), 1€1.08 (d, J = 250.3
T.CT, 1EI.E%, 141.21, 141.16, 135.44, 133.40 (d,

o= $.I Ez., 13:.3E (4, J = B.4 Hz), 132.20, 131.98 (d,
O = I.¢ Xz, L3C.€1, 129.63, 127.48, 127.14 (d, J = .13.7

By, LI2.I7 iz, o= 1E.77 Hz), 117.43 (d, J = 22.9 Hz),
LT ¥z;, 71.B4, €7.41, 66.9¢, 56.3¢.
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5€.66, 33.74, 33.56, 14.78 (d, J = 5.3 Hz); HRMS:
celicd. fcr C3gB3gNsOsF2. €5€.2841; found 658.2838.

Example 15FN

To a stirred solution of 3.66 g(10 mmol) of
compound XXVIIIf in 15 mL of DMF and 7 mL of THF, cooled
to 0°C, was added 1.2 g(40 mmol) of an BO% dispersion of
sodium hydride in mineral o0il. The mixture was stirred

10 5 mir., and 4.66 g(40 mmol) of 3-furylmethylchloride was
added. The mixture wa:s warmed to ambient temperature
over 20 mirn. and then recooled to 0°C. The reaction was
guenched by the addition of 0.4 N HC1l, and the resulting
mixture was extracted with Et20. The organic extract

[ =4
o

wzs washed with sat'd ag. NaHCO3, then brine, dried

-
»
s

wn
)

), and concentratecd under reduced pressure to

d .92 g(923%) of alkylated intermediate. IH NMR

3) 0 7.11-7.42(m, 7H); 6.32(s, 1H); 4.72(4, 1H);

(s, 1H); 3.82(m,” 1B); 3.03(d, 1H); 2.79-2.97(m, 2H);
(s, 6E). ' '
To 6.2C.g(0.38 mmol) of acetonide protected bis (N-
~furylmethyl cyciic urea above was added 8 mlL of MeOH
anc I mi of conc. ac. HCl. The solution was stirred 1 h

S

A}

. () th 3
SN o IR o B X W ¢ ]
a0

+

(¥V]

M M

N
L)
[

()]

rrient temperature and poured into water. The white

1]
ot
v

25 cclloicdal suspensior was extracted with 1:1 Et20-EtOAc,
and the organic extract was washed with sat'd ag.
NaBCO3;, brine, dried (MgSO4), and concentrated under
reduced pressure to afford an off-white solid. This
material was dissolved in 7 mlL of EtOAc and warmed to

3C beiling. Hexane, 20 mL, was introduced, and the
soclution was concentrated to ~6 mL. The product was
triturated with 3 mlL of hexanes and allowed to cool.
Solvent was removed by pipette, and the white

(0
itn
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vacuur pump pressure, weighed 11lmg (60% of

theoretical).
Example 15F0O

To 0.22 mL (2.3 mmol) of stirred, cooled POCl3 was
added 0.20 mL_(2.5 mmal) of DMF. The solution was
stirred 5 min., and a solution of 530 mg (1.0 mmol) of
acetonide protected bis(N-3-furylmethyl)cyclic urea,
described in exampie 15FN above, in 0.5 mlL of THF and
C.5 mL of DMF was introduced. The solution was warmed
c ambiernt temperzture with stirring over 25 min.,
whereupon an additionzgl 0.10 mL of POCl3z was introduced.

ction was heated to refluy for 30 min., cooled,

&nl prured into wster. The resulting colloidal solid
wzz extrected wiil 1:1 Et20-EtOAc, and the organic
€:1mrzcTt was washel with sat'd ag. NaHCO3, water, then

ne. Irying (MgST4), and concentration under reduced
rressure gficrded a krown oil. Chromatography on silica
el dgrazdiert eliutiosn with 3:1 to 1:1 herxanes-EtOAc)

eifzrdel LIl wmg. 12zz3:) ci monozldehyde intermediate as an
cil. :H NMF (CBllz) O 2.41(s, 1H, CHO); 7.52(s, 1H,

LI-T.38 ¢, 12E, arvl); 6.59({s, 1H, furyl):;

£.221g, X, furyvl); 4.80(d, 1lE, J =.14.6 Hz, one of
NIH.L g &.8% 03, LE, O = 14.6 Ez, NCHz); 3.77-4.03(m, 5E,

onEQ, zne ¢l NTHz, CHUT(CE3)2CCE); 2.68-302(m, S5H, one
~.44(s, 3E, CE3); 1.42(s, 3H, CH3).
. & sfirr 3 solution of 100 mg (0.18 mmol) of the
terrmediate in 10 mlL of MeOH and 1 mL of
adied C.5 ml of conc. ag. HCl. The solution
wes sxirred f2or 2 h at ambient temperature, poured into
wzter, arnd suirected with 1:1 Et20-EtOAc. The organic
e€ZTract wzs washesd with brine, dried (MgSO4), and

~trzersrzie’ undsry reduced pressure to afford dicl 15FL
gr. il ¥ WMr (CDCiz) & ©.43(s, 1H:; 7.51t(e, 1H);
I 04 e QBEY e ie TEY & Tiad, LE,
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J = 15 Bz); 4.64(d, 1H, J = 15 Hz); 3.55-3.78(m, 5H);
2.62-3.14(m, €H).

Example 15FP

To a stirred soclution of 530 mg (1.00 mmol) of
acetonide protected bis(N-3-furylmethyl cyclic urea,
described in example 15FN above, in 8 mlL of THF,. cooled
to -78°C, was added 1.6 mL (2.5 mmol) of a 1.6 M _
10 solution of n-Buli in THF. The solution was stirred 20

min. at -78°C, and DMF was added. The reaction was

stirred 1 h a: -78°C, whereupon it was quenched with 1N

ECZ. The mixture was extracted with Et»0, and the

organic extract was washed with brine, dried (MgSO4), and
1t concentrated under reduced pressure. Chromatography on

silica gel (elution with 1:1 EtOAc-hexanes) afforded,

efter removal of solvent, 310 mg (53%) of dialdehyde .
ntermediate as an oil. lH NMR (CDC13) & 9.42(s, 1H);

7.52(d, 1H, J = 2 Hz); 7.20-7.36(m, 5H); 6.58(d, 1H, J =
20 2E); 4.1B(ABg, 2H,.Jps = 13 Hz, Av = 330 Hz); 4.00(br.
s, 1¥); 3.90(d, 1H, J = 11 Hz); 2.84 (ABx, 2H, Jas = 13.5
Ez, Jax = 1.7 Hz, Jpx = 11.3 Hz, Av = 78 Hz); 1.45(s,

[ 5

65) S
~To & stirred, cooled (-78°C) solution of 120 mg
25 (C.21 mmcl) of the dialdehyde intermediate in 4 mL of

2
Et20 was added 2 ml (2 mmol) of 1 M diisobutylaluminum
hydride in CH2Clz. The solution was stirred 15 min at
-78°C, the dry ice bath was removed, and the reaction
was quenched with saturated aqueous sodium potassium
30 tartrate. The mixture was diluted with Et,0, and the

two phases were stirred together for 30 min. The phases
were separated, and the organic phase was dried (MgSOyg),

concentrated, and chromatographed on silica gel. The
product was eluted with EtOAc, concentrated, and re-

(v
n

dissclved in 8 mL of MeOH. This solution was treated
with C.4 ml of con. ag. HCl, stirred 1h, and poured into
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water. The c¢olloidal suspension was extracted with

EtOac, and the organic extract was washed with brine,
céried (MgSO4), anc concentrated under reduced pressure.
Chromatography on silica gel (elution with EtOAc)
afforded a glass which was lyophilized from benzene-
acetonitrile to give 62 mg (57%) of tetraol 15FF as a
powder. I!H NMR (CD3OD) & 7.43(d, 1H, J = 2 Hz); 7.20-
7.37(m, 3KH); 7.11(dd, 2H, J = 8.1, 1.1 Hz); 6.37(d, 1H,
J = 2H); 4.22(ABqg, 2H, Jap = 13.3 Hz, Av = 33 Hz);
3.7¢(nBg, 2H, J = 14.€ Hz, Av = 460 H2); 3.65(br. s,
1K); 2.56(br. d, 1H, J = 11 Hz); 2.98(ABx, 2H, Jap =
13.3 Bz, Jpy = 1.€ Ez, Jpy = 12.1 Hz, Av = 54 Hz). Mass

srec. (NE3-CI/DDIF): 528 ((M+H-K20)¥, 100%).
Exermzle LEr(

T & stirred scliutden cf 2L ome (0.1 mmcl) of
rzooeldelhyde intermedizte prepared in example 15F0 in 2
nl cf EtCH and 1 ml of water was added 35 mg (0.5 mmol)
cf nvdroxvigmine hydrizhicride. . The solution was
etirred [l rn et erxzieént rtemperature, poured into water,

arc eztractecd with EtCRc. The organic extract was
washed with Lkriine, cried (M

S04), and concentrated under

ed preczure te effcrd 33 mz (58%) of oxime 15FQ as

rel.Zl
&7 &anmSrpnLzur :Tlid. Mass Spes. (KWH3-CI/DDIP):
SIl L iMeH,T, &=:; ILziIM*E-E2D)Y, 100%). 1H NMR (CDCl3) &

YoTute, Ep; L .LE-T7.38(m, 13H): 6.47(s, 1BH); 6.32(s,
18} 4.58-4.%C(m, 2K}, 3.855-3.84(m, 4H); 2.25(g, 1K, J =

R AN - S )
1g L2, ‘1.,.;“.;.09(!7;, ot} .

c.: T e stirred gznlution of 50 mg (0.0%7 mmol) of

comyound o eyample LEFD iv € ml of BLOE waz added 20 oo

(erTzzz; Lol rororenrice Thi melvTicr wr: gtirrez

EE e e LmrTerIt e, oo - AR e 2k, an
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rewarmed to ambient temperature with stlrring over 6h.

The reaction was quenched with 10% ag. HOAc, stirred for
3C mirn., and extracted with EtOAc. The organic extract
was washed with brine, dried (MgSO4), and concentrated
under reduced pressure. Chromatography on silica gel
(elution with EtOAc) followed by lyophilization afforded
45 mg (90%) of triol 15FR as a white powder. 1H NMR
(CDCl3) & 7.05-7.38(m, 11H); 6.85(s, 1H); 6.82(s, 1H);
6.30(s, 2H); 4.51-4.61(m, 2H); 4.31(d, 1H, J = 13 Hz);
2.93(dd, J. = 14, 5 BHz); 3.65-3.77(m, 2H)3.51-3.60(m,
1E); 2.74-3.12(m, 6H). Mass Spec. (NH3~-CI/DDIP): '
§17((M*NE;~E20)*, 7%); 499 ((M+H-HzO)*, 100%).

% flasx was charged with lithium chloride (1'02_g,
24 .0 mmol, 1.2 equiv.) and flame drxed in vacuo. A

c**e'rg--o-narice (12.0 ml) was added. The flask was
cocled te 00 C and the starting aléohol, Z-fﬁrylmethanol
(1.7 =1, 20.0 mmol) was added via 'syringe. The reagents,
2,€-lvtidine (3.5 ml, 30.0 mmol, 1.5 equiv., distilled
from calciur hydride) and methan€sulfonyl chloride (1.7

ney 22.C mmol, 1.1 equiv.); were added and stirring

n

centinued for one hour. The reaction was poured onto ice
and extracted with ether. The ethereal layer was washed
withh & saturatecd aqueous solution of sodium ‘carbonate,
whereupon a precipitate formed. The precipitate was
removed by filtration and the layers separated. The
orgaric layer was dried with anhydrous sodium carbonate.
The product was isolated by filtration and removal of
solvent on an ice cooled rotary evaporator. When the
volume neared 20 ml, the flask was removed from the
rotary evaporator, flushed with nitrogen and diluted

with dry dimethylformamide (20.0 ml). This solution
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containing 2-chloromethylfuran was used without

characterization in the next reaction.
The cyclic urea acetonide XXVIIIf (1.02 g, 2.79
mmcl) was added to the solution of 2-chloromethylfuran.
5 Sodium hydride (490 mg, 16.3 mmol, 5.9 equiv., 80% oil
dispersion) was added and stirring continued for one
hour. The reaction was_then quenched by the addition of
water and extracted with ethyl'acetateéhexanes (1:1).
The organic phase was washed twice with water, once with
1C briﬁe, and dried over anhydrous magnesium sulfate.
Filtration and evaporation gave the crude product which
wazs purified by fleslk column chromatography (30% ethYl
acetete-7C% hexanes). The column provided two major -

frazcticne: & nonpclar fraction containing the
F sigrnificently ccnteminated bis-alkylated product and a

pcilar fraction contzining adequately pure mono-alkylatecd
intermediate (343 mg). l1H-NMR (300 MHz,

.28 (1, &), 6.27(1H, .t), 6.05(1H, d),"

(1E, d), 4.22(1R, dd), 3.88(2H, m),

(13, mi. 3.15-F.E3(4E, m), 2.70(1H, t), 1.48(3H, ),

— g e~ gy

2, 0= CRRMI{UEZ CI) Calculated for C7H31N204

i
o

_ 84 opserved : 447.2277. - The nonpolar
sctiorn. weae further purified by flash column

corometogreshy (15% ethyl acetate - 85% hexanes) to give
£ pure t-s-é-kg;a:e: intermediate (73.4 mg, 5%). lH-NMR
337 MEz, CTIZlszy 6 7.37-7.09(11H, m), 6.27(2H, dd),
€.08(25, &, 4.%4(2E, d), 3.90(2H, s), 3.82(2H, b),
2.C3(28, ¢), 2.%0(4%, m), 1.41(6H, s). I13C NMR (75.4
MEz, CIZCl: O 160.74, 151.93, 142.19, 138.86, 129.45,
3T 1ze.TT, Li£.4¢, 110.23%, 108.71, 75.26, 61.49, 48.45,
32.E7, Z€.7:. MS(NE3 CI) m/e 527 (M+H). '
Tne monoalkylated cyclic urea acetonide above (33.%
e, 7.078 mﬁ::) was dissolved in methancl (3.0 ml). p-
Toluenzoulfznic ecld monohydrate (2.9 me) was added and
*e zertinusd for four hours. The reactior was
- - m-e ogzZizior of gaturated aguegurs sTaisn
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carbonate. The solvent was removed on a rotary

evaporator and the residue applied to a flash silica gel
column. The column was eluted with initially 50% ethyl
acetate-50% hexanes and finally 100% ethyl acetate. This
5 provided 15FS (27.8 mg, 91%) in excellent ‘yield. H-NMR
(300 MHz, CD3OD) & 7.43(1H, s), 7.34-7.12(10H, m),
6.31(1H, m), 6.10(1H, d), 4.75(1H, d), 3.86(1K, dd),
3.65(24, m), 3.39(18, m), 3.11(2R, m), 3.01(1H, dd),
2.88(1H, d), 2.77(1H, dd). 13C NMR (75.4 MHz, CD3OD) &
16 162.17, 151.45, 142.30, 139.79, 139.74, 129.10, 129.06,
128.08, 127.91, 125.96, 125.64, 109.80, 108.15, 70.90, .
70.53, €5.28, 58.73, 32.70, 31.94.  HRMS(NH3 CI)
Calculated for C24H27N204 (M+H): 407.1971; Observed :
4C7.1961. - |
The bisalkylated acetonide was deprotected using

[y
wm

the same procedure. Flash silica gel chromatography
using 50% ethyl acetate-50% hexanes gave 15FT in B3% -
yield. 1IH-NMR (400 MEz, CD30D) & 7.44(2H, dd), 7.32-
7.13(1CE, m), €.33(2E, dd), 6.15(2H, d), 4.75(2H, d),
2C  3.64(2E, bd), 3.60(2K, s), 3.05-2.89(6H, m). 13C NMR
(1CC.€ Mxz, CD30D) & 1€2.11, 153.01, 143.93, 130.63,
12%.47, 127.3&, 111.36, 110.01, 71.75, 67.24, 48.88,
32.9%. HKHRMS(NE3 CI): Calculated for C29H31N205: (M+H) :

-~ - ~n -

£€7.2233; Observed: 4£7.2226.

[V
\n

Example 15FC

The starting 3-carbomethoxy-2,5-dihydrothiophene
was prepared from 1l,4-dithiane~2,5-diol,

30 trimethylphosphonoacrylate and triethylamine as
described in the literature [J. Org. Chem. 43 (23) 4431
(1878)]. The resulting ester (1.03 g, 7.15 mmol) was
dissolved in dry methylene chloride (16.0 ml) and cooled
to -78° C under a nitrogen atmosphere. A solution of

W
tn

diisobutylaluminum hydride (11.9 ml, 17.88 mmol, 2.5

ecuiv., 1.5 M in toluene) was added and stirring
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continuved for two hours. The reaction was then briefly

warmed to room temperature then recooled to -78° C.
Excess reagent was then quenched with methanol {5.0 ml)
and the reaction was allowed to warm to room

5 temperature. The reaction was diluted with ether and
treated with a saturated solution of sodium potassium
tartrate. The clarified aqueous phase was extracted with
two additional portions of ether. The combined organic
layers were dried with magnesium sulfate, filtered and

10 evaporated. Purification was accomplished by flash
silica gel chromatography (5% methanol 95% methylene
chileride) . The resulting 3-hydroxymethyl-2,5-

o

]

1

NN

| nN
]

2y, 2.0%{1%, t). 13C NMR (75.4 MHz, CDCl3) &
142,77, 124,13, €1.3%, 38.45, 38.21. MS(CHq CI) m/e 117

3.0 mg, 5.72 mmol) was dissolved in

Ths &lczhol (6€
€y rethy.ene cLioride (20 ml) under a:nitrogen
;7 gr~zighere. Iry triethylamine (1.2 ml, 8.57 mmol, 1.5
e «z: a2d3ed znd the reaction cooled to 0 C.
Meilheanesulicnic anhydride (1.2 g, 6.86 mmol, 1.2 equiv.)

.2 reaction continuved for 0.5 hours. The
rezzticn wzs Ciluted with methylene chloride and washed

cruces rmes.late which was used without purification.

wzs dissolved in dry dimethylformamide
(2.0 =l anct the cyclic urea acetonide XXVIIIEf (524.5

: mr.l) weas added. Sodium hydride (172 mg, 5.72
mmsl, clrcs & eguiv., B80% oil dispersion) was added and
stirring centinues cvernight. The reacticn was quenched
the cereful additicn of water and extracted with 50%

evr L znezzt:~50% hexanes. The organic phase was waches
DL= wiurn o wiTer, once with brirs, and dried over
Lizne, Tilltratior an: evanpnoratiorn gave the

This Sheet Has Been Replaced
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crude product which was purified by flash szlica gel
chromatography (15% ethyl acetate-B85% hexanes). The
desired bisalkylated product was obtained in excelient
yield (720.1 mg, 90%). 1H-NMR (300MHz, CDC13) o
7.29(6H, m), 7.14(4H, d), 5.40(2H, s), 4. 32(23, d),
4.08(2H, s), 3.83(2H; d), 3.78-3.49(BH, m), 3.06(2H,
dd), 2.87(2E, d), 2.B3(2H, dd), 1.31(6H, s). HRMS(NH3
CI) Calculated ‘for C32H39N203S2 (M+H)+t: 563.2402;
Observed: 563.2394.

Removal of the acetonide protecting group using the
hydrolysis procedure described in the procedure of
examrle 15FS gave compound 1SFU, (34.1 mg, 78%). IlH-NMR
(3CC MEz, CDCi3) & 7.36-7.11(10B, m), 5.45(2H, bs),

4.27(2E, d), 3.83(2K, bs), 3.82-3.49(10H, m), 3.16(2H,
¢dl, Z.87(2E, dd), 2.84(2H, d) 2.62(2K, bs). 13C-NMR
(72.4% MHz, CDCl3) O 1€2.14, 139.66, 139.10, 129.36,
126.€¢, 126.51, 12€.7C, 71.8%, 63.01, 50.97, 39.70,
38.31, 32.9%.. ERMS(NH3 CI) Calculated for C29H35N20352
(M-%,: 523.2089; Observed: 523.2071.

IZxemrc-.e Fw

Compound 15FU, protected as the acetonide, (53.2
, C.0957 mmol) was dissolved in dry methylene chloride

-
M)
[a)

m.) under 2 nitrogen at mosphere The reaction was
cocled to G C and so*ld-m—chloroperoxybenzoié acid

3.7 mz, (.3B& mmol, 4.1 equiv., circa B80% active) was
added and stirring continued for three hours with
graduzl warming to room temperatute. The reaction was
ther. diluted with methylene chloride and washed
successively with saturated sodium bisulfite, saturated
sodium carbonate, and brine. The organic phase was dried
with magnesium sulfate, filtered and evaporated. The
crude product was purified by flash silica gel
chrormztography (50% ethyl acetate~50% hexanes) to give
the klsg-sulfcne acetoride (61.5 mg,- slightly more than

- -t "
wrLezretizely., ahlEm

m

terial wes of sufficient purity for

This Sheet Has Been Replaced
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the subseguent transformations. IH-NMR (300 MHz, CDCl3)

6 7.39-€.95(10H, m), 5.60(2H, bs), 4.22(2KH, d), 4.06(2H,
» 3.83-3.47(108, m), 3.13(2H, d), 2.99(2K, 4),

73(2K, dd), 1.31(6H, s). MS(NH3 CI) m/e 563 (M+HE~S02);
9 (M+E~2802) . _ -

Removal of the acetohide protecting group using the
hydrolysié procedure described in the procedure of
example 15FS gave compound 15FV (17.4 mg, 6€5%). 2IH-NMR
(300 MHz, CDCl3) & 7.28(6H, m), 7.11(4H, d), 5.57(2H,
bs), 4.16(2K, d), 3.%2(2H, s), 3.83-3.45(10H, m).,
3.23(2H, d), 2.92(2H, d), 2.74(2H, t). 13C-NMR (100.6
MHz, CDCl3) & 1€1.9¢, 139.00, 135.52, 129.32, 128.84,
123.2&, 71.04, 63.84, 56.53, 53.07, 33.14.

(glyceicl/?;&)): Calculated for C29H35N207S2

s}
2.
40

(M-%y: BET..S8F¢; Drserved: BE7.1BEC.
Txaryle 2E7W

Compound 18FY, protected as the acetonide, (46.6
e 0.U00% mmzl) wze dissolved in dry 1,2-dichloroethane
‘L. TL . RdZizlicn of 2,3-dichloro-5, 6-
c-crancbernzcoguinene (41.4 mg, 0.182 mmol, 2.2 equiv.)

&n i:s:aﬁ:aﬁeous conversion to product. The
rezsiizr wes ezpp.ied to a flash silica gel column and
cLuted witn f;:;: ﬁéthylene chloride then 5% methanol-

i :;c:ide..The desired bis-thiophene

irntermediate was isoiated in 92% yield (42.4 mg). 3H-
K= 1300 MEz, C3C13) & 7.37-7.20(8E, m), 7.10(4H, d),
€.87:1%4, &, €.23(2k, b), 4.B8(2H, d), 3.83(2H, bs),
2.82028, d&;, 1.37(6x, s). I3C-NMR (75.4 MHz, CDCl3) &

iellZr, LEFE.UL, 13E.B4, 129.43, 128.71, 127.74, 126.53,
.£%, 1:€.1¢, 75.58, 60.8%, 51.00, 33.58,

This Sheet Has Been Replaced
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After deprotection of the acetonide as descirbed

for example 15FS, the resulting residue was applied to a
preparative silica gel plate (0.25 mm) and eluted with
50% ethyl acetate-50% hexanes. Isolation of the
appropriate fractions gave compound 15FW (12.9 mg, 61%).
1H-NMR (300 MHz, CDCl3) & 7.38(8H, m), 7.12(4H, d), .
7.00(2H, dd), €.97(2H, bd), 4.82(2H, d), 3.64(2H, s),
3.58(2H, bd), 3.16(2H, d), 3.04(2B, dd), 2.89(2H, dd),
2.34(2H, bs). 13c~-NMR (75.4 MHz, CDCl3) & 161.69, 139.4,

138.92, 129.46, 128.68, 127.98, 126.58, 126.43, 124.07,
71.77, 64.04, 50.20, 32.81. MS(NH3 CI) m/e 519 (M+H).

Example 15FX

Compound 15FV, protected as the acetonide, (15.5
mg, 0.024 mmol) was dissolved in dry toluene (5.0 ml)
under nitrogen. The reaction was heated at reflux for
sever. hours thern allow to cool overnight. The solvent
was removed under reduced pressure and the residue
gprrlied to a preparative silica gel plate (0.25 mm) and
elutecd with 25% ethyl acetate-75% hexanes. The bis-diene
intermecdiate was isolated in 61% yield (7.5 mg). 1H-NMR
(30C M=z, CDC13) & 7.37-7.17(10H, m), 6.31(2H, dd),
£.35(2%, d), 5.14(2%, s), 5.13(2R, d), 4.83(2H, d),
4.7C(2%, ¢), 3.B8(2E, s), 3.85(2E, m), 2.89(4H, m),
2.64(25, d), 1.44(6%, s) 13c-NMR (100.6 MHz, CDCl3) §
1€1.68, 142.93, 138.49, 136.85, 129.39, 128.64, 126.489,
120.23, 115.46, 110.22, 75.76, 59.19, 52.81, 33.40,
26.90. MS(NH3 CI) m/e 499 (M+H).

After deprotection of the acetonide as describéd
for example 15FS, the resulting residue was applied to a
reparative silica gel plate (0.25 mm) and eluted with
50% ethyl acetate-50% hexanes. Isolation of the
approrriate fractions gave compound 15FX (2.9 mg, 42%).
i1E-NMR (400 MHz, CDC13) & 7.37-7.16(10H, m), 6.31(2H,
gd), 5.34(2E, d), 5.17(28, s), 5.12(2E, d), 4.79(2H, s),

This Sheet Has Been Replaced
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4.74(25, d), 3.76(2H' S), 3.64 (ZH' d)' 3-06"2-88(48' m)l

2.€7(2K, d), 2.28(2H, s). 13c-NMR (100.6 MHz, CDCl3) &

162.02, 143.05, 135.83, 136.88, 129.48, 128.68, 126.47,
120.C8&, 115.61, 71.89, 63.06, 52.42, 32.68. HRMS(NH3

5 CI): Calculated for C29H35N203 (M+H): 459.2648;
_Observedé 459.2653.
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15M

15N

150

1i5p

22

m- (NHCH;,) -
CgH4CHp~ . .HC1

m~ ( (CH3) ;NCH,-
C{O)NH) -~
CgH4CHy~, . .HC1

m- (CH3NHCH,-
C(O)NH) -
CeHqCHa-. . .HC1

m- ( (CH3) NCH;~
C(O)NH) -~
CgHqCHy~. . .HC1

rR?3

p- (HOCH,) -
CgHqoCH, -

m=-((CH3) ;,NCH, -
C({O)NH) -
CgH4qCHo-. . .HC1

m~ (CH3NHCH, -
C(O)NH) -
CeHqCHz~. . .HC1

p- (HOCH,) ~
CgHqCHo -

HP1.C
Ky

++4

+4+

444

+++

i1C90

444

++4

++4

mp, "C

107.6

108.1

MS
M+H
(M+NHi4)

566.30
707.39
679.36

637.34

Notes
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159

151

—
W
13

15U

15v

15VA

15v8

- {CeHgCH,y 0~
C{O)NHCH ,C (‘111
) 'r,.l'.;'(‘.ﬂ [N

m-
{HaNCH,C (O) NED
Ch";".:":— A ) I

m-{L-
CsH5CH,OC (O) BH--
CH (CH) C (O)HY) -
CoH4CHy-

m- (L-CgHsCH 0~

C (O) NHCH (CH, 0.t

5) C (O)NH) -
CgHCHy-

m-(L-

HaNCH (CH3)C (O N
H) 'Cs“qCH;-
...HBCl

m-(L-

HyNCH (CH,C¢Hs) -
C(O)NH) -
CgHqCHy—. . .HCL
]

H

Table 24 (cout.)

m= {(CeHH O
C (O NI B i
IR OFN { PYIRL

m-—
(S1aNCH 7 Y8R
£ Hen e

m-(¥,~-

CrnHgCHOC () NIT-
CH(CHY ()15 -
CeH4CH, -

m- (L=CyH.CH.0~
C(O)NHCIH TN H
5} C{O) i) -
CgH4CHy-

m- (L-

HyNCH (CH C(CIN
H)~CgHqTH -
...HCl

m-(L-

HyNCR (CHAC U ) -~
C {O)NH) -
CgH4aCHy~ . . . 1C1
4- .
oxocyclohexyl~
methyl

4,4-d imet hoxy-

cyclohexylmethy

1

41

+13

44

++

++

[N

+4/+

/4

M N

100,

107.

112.

210.

651.33

947.43

1099.50

679.36

831.42

437

452
(469)

217

27

27

217

27
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15vC

15vD

15VE

15vF

15vG

15VH

15vI

15vg

15vK

CH3NHC (=0) -
(CHz)s -

HO(CHy) ¢ -

HO(CH;,) ¢ -

HO(CHy) 5 -
HO(CH3)g -
HO(CHy)s -

HO(CHj)s ~

Table 2d (cont.)

4- (oxime) -
cyclohexylmethy
1

CH3NHC (=0) -
(CH) g -

CL(CH3)¢ -

CH3NHSO3{CH>) ¢

- HO(CH;) ¢ -

b-Naphthyl-CH,

CgHsCH, -

CH3S (CHy)g ~

p- (HOCHZ) -
CgHaCHy -

++

++

++

++4

++4

+++

++

+++

+/4

+4

++4

e

++4

4

++4

++4+

84.

451
(M+H-
OCH3)

581

(598)

545

620

(637)

413

553

503

529

533

28

28

29

28

28

28
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15VN

15vO

15vp

15vQ

15VR

15vs

15vr

i

CH3CH,CH (N1} -

CH,-

CHACH,C (-0)CH,

CH)CH)_C (=l -

CH, -

HO(CH,) ¢

HO (CH,) 5

HO (CH3) 5

HO(CH3) ¢

Tahle d (cont .}

CHACHAC 1 ) CH

CH S, ) 20 1)

S, -

CHACH,CH G i) -
e

CHACHAC (- ) Oy,

CHACHHC (~NOH) -

cH, -~

b-Maphthvy ' -1,

m~HOC¢H4CH> ~

CH3530; (CHA) ., =

CH3SO(CHY ., —

4+

444

Y

144

11,4

Y/

T4

IR A

P+

+4+

+1+

29.2

399

4217

471

467

497

567

519

561

(578)

545
(562)

30

31

30

32

33
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15vu

15vv

15V

15vx

15vy

15vz

15WA

15wB

15WC

HO(CH3)g -

CH30(CH3) s -

HO(CH3)s5 -

HO{(CH3)s -

HO(CH3) 5 -

CH;3CH (OR) (CH;) 4

CH3CH (OH) {CH3) 4

CH1C (=0) (CH3) 4

CH3C (=NOH) -
(CH3) 4 -

Table 2d (cont.)

C3iHsCH, -~
CH40(CH)) 5 —
CH30{(CH3) 5 -

m-CN-CgH CH, -~

m- (C,H50C (=0) ) -

CgHqCH, -

CH4CH (OH) (CH;) 4

b-Naphthyl-CH,

CH3C (=0) (CH;) 4

CH1C (=NOH) -
(CH3)4 -

+Ed

+4+

++4

++4

+++

+H4

+++.

++

44

44

14+

+44

44

+

+++

80.

7

467

527
(544)

513

528
(545)

575
(592)

527
(544)

567
(584)

523

553

34

35

- 36

36

32
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15WR

15WF

15WG

15WH

SWI

15WK

15WL

HONMICH Y

SIO{TH ) n

m- (FLt,HC (M) -
CghyCHH~

m- {Me02C} -
CgHsCHy~

m- {(Me02C) -
CgHaCH -

m- (HOCH,) -
CHCHy~

m~- (HOCH;) -
CgH4CHy -

m- (1pr,NC(0) ) -
Cel4CHy -

Table Jd front L)

P (HOCH
ST

m— (HOCI
NPT 1

m-{Et,N" (1))~
"'."1(:"‘ >

m-{EL NG L) -
Cf.“ .1(-."11 -

m—~ (REMHOC (O)) -
CeHaCHy~

m-= (HOCH,) -
CeHat™H, -

m=EtNC (M) -
CgHaCHy-

m~ (ELNHC (0) ) -
Cs“ 4CH7—

m-(iprahe (M) -
CgH4CHy-

tid

{4

+44

44

+

LI ]

14+

1+4+

A9-91

176-
177

88.9~
90.0

165-
167

546

533

{550)

(722)

(681)

(653)

447

€36

(20%)

608

678

37

38

39

39

40

39

39

39
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15wM

15WN

15WQ

15wWp

15WQ

15WR

15ws

15wt

15wU

m- (PNHC (0) ) -
CgH4CHy~

m-
(HO,C) CgH4CHy—

{HO,C) C¢H4CHy~

m—
(HO7C) CgH4CH, -

m—
(HO,C) CgH4CHH -

p- (HOCH;) -
CgHaCHy~

m- (ROCH;,) -
CegHqeCHy-

p- (HOCH;) -
CgHqaCHy-

m~ (H2N) CgH4 CH;, -

Table 2d (cont.)

m- (PrNHC(O) ) -
CcH4CH) -

m-(iprNHC (0) ) -
CrH4CH>

m- (PrNHC (0) ) -
CgHoCH5 -

Benzyl

Cyclopropyl-
methyl

m-
(HO,C) CgHyCH>-

3-picolinyl

m- (HoNC(0) ) -
CgHqCHy-

2-
naphthylmethyl

e

144

++ ¢

++4

+44

+44

++4

+44

+++

144

et

++4

+++

+++

+++

+44

164~
167

151~
153

122-
124

135-
137

130-
132

123~
124

677

636

636

(32%)

(568)

(532)

(598)

538

580

572

38

39

39

39

39

39

39

39

=992~
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S SMHL

NI

[

¢ seH 1324

15wV

15Ww

15wy

15W37

15XA

15XB

15xC

15XD

Cyrlopropy!--
methyl

H
m- (HOCH;) -
CeHaCHy -

m~ /MOCH. ) -
CegR4CHH-

m—
{MeNH) C¢H4CH,~

(HO,C) CgH4CH -

p-(HC(O)) -
CgH4CH,y-

m~- (MeNHCH;) -
CgH,CHy-  » HCL

m~ (CH3CHOH) -
CgHqCHy~

Table 2d

™m-- (")NL' f:3)y -
Ceflgt 1~

m— (HyN7 () -
CeMaCH -

m- {(FLANC i) -
CeHaCH, -

m—
(MeNR) ;a1 -

2-
Naphthylm~thyl

p—(HOCH ) -
CeHaCH -

p~ (HOCH,) -
CeHACH,-

m~ {MeNHCH;) -

CgHqeCHy-  » HCL

m- (CH4yCHORY -
CeHaCH) -

{cont

[N

1494

FiL

LX R

+h

44

-)

(N

a4

44

44

++4

144

128~
11N

114~
116

RR-89

111~
113

98-
100

514

460

580

552

586

(598)

565

593.3483

595.3177
(612)

39

39

39

39

39

41

42

6TESL/F6 OM

-99¢-
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+++

+++

+++

t+t

t+4

+++

+i+

4+t

+++

+t+

t+4

1+4
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ttt
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paoejday ussg seqy 193yS SiyJ,

15¥M

1h¥n

15%Q

15XR

15Xs

15XT

15Xy

M- (CHYH- (O ) -
., CH -

m-[1~
pycazolyl)
CrHgtN, -

m-[EL~C (-t~
OH} ) -CgHyr Ho-

m- {NH,50;) -
CeH4CHy-

m-(CF3~C{~N-
ON} JCgHyCH,~

m- {Me-C (=N~
OH) ] ~CgHq4CH)

m-
(H2NCH,C (~Q) NH)
—CgH4CHy-. . .HC]

m-(2-(4-

moxpholino)ethy
J.NHC_("O) YCgH4CH

2~

Takl» L (cont )

m- (CHLCI " () - i
g, -

m-[3- LR
pyrazoly Ty
CLHACH S -

m-{Ft-C{-N-

o) ]_"C("ﬁ_' Hoy— LA
m- (NH:S05) - th
CgHaCH; -

m-{CFy-C{=N- it

OH) JCgH s

m- [Me~C (=N- 4t
OH) 1 ~CgHsCH:—

p- (HOCH,) - 4
CgHqCHp=.

m- (2~ (4- 1y
morpholinojethy
1NHC (=0) ) CgH,4CH

-

BN ]

Ty

+43

++4

639.3181
(636)

639.3100
(656)

(649)

665.2103
(682) '

729.2500
{746)

-99z-

621.3070

645.20

102-105 819.4435

6TE6L.T6 OM
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15xv

15XW

15XX

15Xy

15Xz

15YA

15YB

15YC

m-(2- (N, N~
dimethylamino) -
ethylNHC (=0} ) -
CgH4qCHy~
m-{2-(N,N~-
dimethylamino) -
ethylNHC (=0)) -
CegH4CH2~

CH3 '

CH3

CH3
cyclopropylmeth
vl

cyclopropylmeth
yl

cycloprOpylmeth
vl

Table 2d (cont.)

m- (2~ (N, N~
dimethylamino) -
ethylNHC (=0)) -
CgH4CH

m- (2- (N, N~
dimethylamino) -
ethyINHC(=0)) -
CeHaCHy~
m=-(2-(N,N-
dimethylamino) -
ethylNHC (=0))~
CgHaCH -

m-(2- (N, N~
dimethylamino) -
ethylNHC (=0)) -
CgH4eCHy-

benzyl (3~
(pyrrolidino
ethyl)benzamido
)methyl

m- (2- (N, N-
dimethylamino) -
ethylNHC (=0)) -
TeH4aCH)-

m-(2- (4-
morpholino)ethy
INHC {=0) ) C¢H4CH
F : :
benzyl (3-
{pyrrolidino
ethyl)benzamido
)methyl

144

++4

Pyt

++

++4

+++

+4+4+

4+

+4

+/+4+

+/+4+

4

+44

+++4

100-103

101-103

118-120

134-136

97-99

103-105

110-112

135.

735.

587

571

585.

627

611.

4226

422676

.323422

.327642

343057

.354642

359872

~€92-

6TE61/46 O
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W,

R0

15yn

15YKE

15YF

15YG

15YH

15Y1

15y

15YK

cyrlopropyimet h
vt

cfclbpfopylmn!h
yl

m- (p-toluyl
sulfonylhydra-
zone=-)CeHyCH >

m- (N-morpholino .

ethoxy)}CaHsCH .~

p-HOCH,C¢H4CH)

m- {CH3NHOC=0) -
C¢H4CHy

m-{1,2,4-oxadia
zolidinon-3-
yl)-

CeH4CH2

m—~(2-
imidazole) -
CgH4qCHa~

Table 2d (cont )

m-((3-pyridyl) -
methy M (=) -
Cal It -

M- (2-pyridyl) -
met hy INEC (-0) ) -
CeHaCH, - . )

mf(p?lu\nyl
sulfonyhyiira-

_zone) CeligChy

. m=(N-morpholino

ethoxy) CaRCH, -

p-H,NCH," H4CH,

m~ (CH4NHOC=0) -

CgH4CH,

m-(1,2,4-oxadia
zolidinon-~-3-
yl)-

CegH4qCH3

m~ (N-SEM-2~-
imidazole) -
CeHqCHo—

1t}

(R4

++

+1 4

+++

4

RN 4

++

1++

115-117 605.311364

169-171

110-112 765

132-134 566

223-224

202 (dec)

769

62S61/86 OM

-042-
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15YL

15YM

15YN

15AA

15A8

15aC

15AD

15AE

15AF

m- (3-pyrazole) -
CgH4CHy-

m~ {3-pyrazole) -
CgH4CHy-+HCI

m-{3-pyrazole-
CO) -CgHCH -

m= (C1CH,C (O) NH
C (O} NH) -C¢H4CH)

m~H,NCgH{CH; *HC1

Table 2d (cont.)

m~{3-pyrazole) -
CaHaCH)H—

m- (3-pyrazole) -
CgH4CHy-*HC]

ﬁ—(3fpyrazdle—
CO) —-CgH4CH) -

m~ (C1CH,C.(O) NH.
C (0} NH) -CgHyCH)

+4 4

+44

444

++4

m-isonicotinamido-++¢

CeHaCHpsHCY

m-isdnlbotinamido-m—iSOﬁicotinémido—+++

CeH(CHy *HC1

m-~{ (CH3) oNCH,CH>
C(0) ) ~CgH,CH,

m:- ( (CHy) 2NCH,CH;
C(0) ) ~CgHyCH;

m~ (HaNC (=NOH) ) -
CgH4CH2

CgH4aCHy *HCL

m—-CH3C (O) Cd‘!qCH; ‘

m~ ( {CHj) )NCH,CH)
C(0) ) —CgH4CH)

44

4

cyclopropylmethyl +++

e

+44

444

TV

444

++4

208-210 639.4
195-197

695

208 (dec) 642
205 (dec) 747
170 (dec}) 646
164 .(dec) 701

183-186 529

51

47

43

44

-1£2-
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N us

il

baoepd

15A0

1504

15AT

15AK

135AL

15AM

15AN

m,p=dihydres:,
Co MOl

™ - (HNC (mNCsT) 3 -
CoHLORn

p- (H2NC (=HOH) ) -
CrH4CHy

m- (5-amino-
1,3,4-0xadiazo~
z~yl) -CgH4CH)

m-hydrazide—
Cgl4CH)

m~ ( (CH3) 3COC (0) -
NHN=CH~C¢H4CH

m- (CH50C (0) ) -
CgHCH;

m=- (H2NC (=NOH) ) -
CgH4CH,

Tabhloe 2 (rrand )

cyclop -rytmethyl i

['.-;"IV(‘ 1"(.1,\-:',-mr-t hy! -
CHath

p-hydroxymethyl i
CeH4CHA '

m- (5~amino- 14
1,3,4-oxadiazo~
2-yl) ~CecH,4CH)

cyclopropylmethyl +44

m- { {CH4) 7COC (O} = 1+

NHN=CH) -C;H,CH)

m—-(5-amino~
1,3,4-oxadiazo-
2-yl) ~CgH,oCH;

2-naphthylmethyl +++

L)

+44

44

H44

+++

t++4

141 503
198-199 595
215 595
208-209 690
176-177 529
227-228 808

661

192-193 615

44
44
4.9
48

50

53

44

6TE6T/T6 O\
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15A0

15AP

15AQ

15AR

15AS

15AT

15AU

15AV

3- ((5- (CH;) sNCH?)

_1'2'4-°xadi8201
y]_) ’CG“.C"? *

HC1 ;

m- (N-methyl-N'-~
piperazinyl)
propyl*HC1

m-cyanoCeHaCH2
m—eyahOCa“dcuz

m- (N-methyl-N'-
piperazinyl)
propyl-HCl

- (HaNC (=NOH) ) =
c5H4C“2

m_(“2NC(=NOH))'
CeHaCH2

m_(ﬂznc(-NOH),‘
CeH4aCH2

Table 2d {(cont.)

3- ({5~ (CH3) pNCH?)
-1, 2, Q_Oxadiaz(’l
yly—C5"4C“7'
ner - '

H

p-hydroxyCeH 4CH7

-

m-3-pyridylmethyl

p_hydroxyCGHqC‘b

p-benzyloxy~
Ce¢HaCH?

Vi 165 (dec)

147-149 467

+i4 , 548
+ib 533
4/ 44 150 4617
e 172;179 475
++;- 195-197 581
180-182 671

56

54

55

44

44
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paoviday udag Sey 199yg SIYL

1hAn

15AY

15A2

158A

15BC

158D

15BE

Table 24 (conr 0

m- '"7”(:‘ Sty a. 'yr Pty twert hyd

PRI PEeL i 1

m-{2~ - {2~ 1
benzimi-dazanlyl) -  benmimidiraty? -
CaltyCH C Ol

m-{2~ m~(2- 1

henzimidazolyit- benzimidiznlyl)) -
C.4CHy » 1) CatlaCl, i1

m- (CHINHC {=NOH} ) ~ m—~ {CH -7 (-NOH) )~ 4}

‘CCeHaCH 2~ CeHACR -

m=(C3H7NHC (=NC11) ) ~m~ (CyHINHC (=NCH) } - + ++

CgHyaCHy~ CeHqCH > -

m-{2~amino~ m-{2-amino-- i

pyrimidin-4~-yt\)- pyrimidin-4-yl)-

CgH4yCHy- C(,ﬂqCﬂ;*

cyclopropylmethyl 4-fluoro-3-cyano- +?
’ : CgHyCH,

m-{2-amino~4~ m-(2-amino-4-~ +4t

thienyl)-CgHsCHi~ thienyl) ~CiHyCH,-

cyclopropylmethy) m-(2-amino-4- it
th ienyl.) ~CrHaCHy .

LR

L e

[ EX S

++4

17R-192 566
209 739
21.'7—219 739
192 (dec) 651
177 707
226~-227 693

514
151~-160 703

118~127 569

44

46

46

46

46

45

44

~vie-

6CE6T/F6 O\
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Table 2d (cont..)

6TE61/P6 O\

15BF m-(2-chloromethyl m-(2-chloromethyl +4 + 178-181 503
~-2-propenyl) - -2-propenyl) - ' o
CgH4CHy~- CeHaCH> - . e

15BG mn- m- + 73-80 467

(2-hydroxymethyl (2-hydroxymethyl

Howmy

-2-propenyl) - -2-propenyl) -
CgHCHy- CgHyCH, - !
1SBH  cyclopropylmethyl ((2- +HE H4 155-164 643
o benzimidazolyl) -
CHyNHC (0) ) -
o CgH4qCHy -
15BI m-(benzyloxy  m-(benzyloxy FHE 444 803.5
methylcarbonyl)- methylcarbonyl)-
CgH4CHo- . - CgH4eCHy- 'y
. [AV]
15BJ m-(1-SEM-5- m-(1-SEM-5- P S _ 899.5 a
imidazoyl) - imidazoyl) - !
CgH4CHy- CgHqCHH -
15BK  m-(S5- m-(5- HHE 4 171-175 639
imidazoyl) - imidazoyl) -
CgH4CHy- CgH4eCH -
15BL m=- (5~ m- {5~ +++ it
imidazoyl) - imidazoyl) -
CgH4CHa—-*HC1 CeHgCHy—*HC1
15BM  m-(1-(N,N- m- (1=~ (N, N- +4 ++4 853 -
dimethyl dimethyl P
sulfamoyl) -2~ sulfamoyl) -2- 2
imidazoyl) - imidazoyl) - g
CgH4CHy~ CgHqaCHp- ' &
: S
-t




,

M

15PN

15RpP

15RQ

15BR

15RT

1580

158V

158w

m- {4-pyraznlie)- -
Co H4CHy -0t !

m-=rarbomethosy -
CoHaCHy~

m-hydroxymet hyt -
CeHaNy~

m- (2~
imidazoyl) -
CelaCH) -

m- (2~
imidazoyl) -
CgHgCHa-H(1

m- ( (2-morpholino
ethyl)amino
carbonyl) -C¢H4aCH)

3-pyridinylmethyl
m—-cyano-CgHaCHo-

m- {H2NC (=NOH) ) -
CgHqCHo~ -

Table 24 (cont )

M‘.(4—p‘.’r.1:'n 1) -
CrHqCH -1 1}

m- (3-pyra-ole) -
CeMaCh -

.l-'“.‘; (3-pyv:v o le) -

CiMafit .-

m-(2-

imidazoy1) -
CgH4aCH -

m-(2-
imidazoy!) -
CeHaCl - o1}

m—(3-pyt#znlo)—-

CollgCly—-

m‘(3;pyzarole)-
CgHyCHp-

m-(3-pyrazole) -

CegH4CHH -

m-(3~-pyrazole} -

CcHaCHH -

[ X

4

‘e

b4+

+44

44

+44

[

+++

+++

127-130

178-180

191-194

133-136

631.4

639.4

729.5

574.2

598.2

-9/2-
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pase[day us

15BXx
158y
15B2
15CA
15CB
15cC
15Cp
15CE

15CF

p-(benzyloxy) -
CgH4CHy-

m-( (3-pyridinyl
methyl)amino
carbonyl);C5H4CH;

p-hydroxy-CgHaCH;~

m-((2-pyridinyl
methyl) amino
carbonyl) -CgH4CH,
m, p~-dihydroxy-
CgH4CHy-

m-nitro-CgH,CH,~
m-amino-CgH4CH,-

m-cyano-p-fluoro-
CgH4CHp-

Table 2d (cont.)

m- (3-pyrazole) -
CgHyCRH~

m-(3-pyrazole) -
CgHaCH,~

m- (J-pyrazole) -
CgqH4CH, -

m- (3~-pyrazole) -
CgHaCH,-

m-(3-pyrazole) ~
CgH4qCH>—

m- (3-pyrazole) -

~ CgHyaCHy—

m-(3-pyrazole) -
CgH4qCH,~-

m- (3-pyrazole) -
CgHqaCH, -

m-(3~pyrazolé)—
CeH4CH)H~

44

+44

+4

+++

+4+4+

+H4

444

+++

+44

++4

++¢+

e

++4

++4

+++

+++

44

150-153

177-180

136-138

118-120

483.2

679.3

707.5

589.3

707

622

(635)

605

616

WA

‘6TEET/F6 O
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paserd

15CG

15TH

15C1

15¢3

15CK

15CL

15CM

15CN

15co

H
meacetyl-r s

m~acetyl-p-flnnro
reNaCH; -

m-cyano-p-{luoro-
CpH4CHy -

m- (CH4C (=NOH) ) -
Crl4qCHp~ '

m- (CH3C (=NOH) ) -
p-fluoro-CgH4CHy—

m~ (HyNC (=NOH) ) -
p-fluoro-CgH CHy~

2-naphthylmethyl

2-naphthylmethyl

Tabkle 2 (ccont )

m-(:!-pyv IRt [
CLGCH -t

m- (CH,C(-MOt) ) -
(.l.”-‘.'.":' -

m-acetyl! n—fluoro
CaH4CH -

m-acetv] -p -fluoro
CeHaClty -

m- (CH4C (~NOH) ) -
CeHACH -

m- (CH4C (=NOH) ) -
p-fluoro-CgHyCHo-

m—~ (CH;C (=NOH) ) -
p-fluoro-CgH4CH -

S-methyl-5- 1+t
carbomethoxy
hexyl -

S-methyl-5- +++
carboxyherxyl

+++

152-154

116-188

203-2014

192-193

606.4

649.3

(M+Na)

632.3

(M+Na)

621.4

657.3

658.4

627

595

-8L¢-

6TE61/P6 O
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15cp

. 15CQ

15Cs

15CT

15Cu

15¢cv

15CwW

15CXx

5, 5-dimethyl-6-
hydroxyhexyl

p-aminobenzyl

S~benzimidazolyl
methyl

5-benzotriazolyl
methyl

3-hydroxy-5-
benzotriazolyl
methyl

2-0x0-5- .
benzimidazolyl-
methyl

5-(2,2~dioxo-
benz-2,1, 3~
thiadiazolyl) -
methyl

Tahle 2d (cont.)

5,5-dimethyl-6-
hydroxyhexyl

p-aminobenzyl

5-benzimidazolyl
methyl :

S-benzotriazolyl
methyl

3-hydroxy-5-
benzotriazolyl
methyl

2-0x0-5-
benzimidazolyl-
methyl

5-(2,2-dioxo~
benz-2,1, 3~
thiadiazolyl) -
methyl

4

44

4+

++4

++

++4

4

S-indazolylmethyl S5-indazolylmethyl +++

+4

++

+4+

+44

583

114-116

209-212

>310

185-192

240-245

210 (dec)

165-170

-6L2-
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i

|

150Y

102

ISCA

15DR

15pC

15pD

ISDR

15DF

150G

f-indazolyimer byl

(1-mnthyl-2-oxn-
H-henzimidazelyl)
-methyl

5 {aat inylmothyl

(3fhyﬂrbxyimino-5—3~hydrﬂxyimiuo-S-

oxindalyl)methy!

{2-0x0~5-benz
oxazolin-2-yl)~
methyl

5—oxindolylﬁethyl 5—oxindoly1methyl

5-indolyilmethyl

(3-amino-5-
indazolyl)methyl

(3-amino-5-
benzisoxazolyl)
methyl

Table. 2d (cont )

G-iordasalyloetbhyd

(3I-methy 1 -2 ~ox0-
S=-benrimidazalyl:
~mt byl

S~isat iavimethyl

oxindely Imet hyl

{(2-ox0-5-benz
‘oxazolin-2-yl)-
methyl

S-indolylmethyl

(3~amino-5-
indazolyl)methyl

{3-amino-5-
benzisoxazolyl)
methyl

144

1)

1

444

++4

+4+

+++

[N

4

+44

170-175
182-200
196-200
242-245
181-185
170-155
170 (dec)
180-184

153-158

67E61/46 OAL

-08¢-
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Table 2d (cont.)
15DH (3-methylamino-5- (3-methylaﬁino—5— 44+ +44 174-177
indazolyl)methyl indazolyl)methyl
15D1  (3-chloro-5- (3-chloro-5- 444 44t 290 (dec)
indazolyl)methyl indazolyl)methyl
15DJ (3-ethylamino-5- (3-ethylamino-5- +++  +44 158-162
indazolyl)methyl indazolyl)methyl
15DK  (3-methylamino-5- (3-methylamino-5- +++ 150-153
benzisoxazolyl) benzisoxazolyl)
methyl methyl
15DL (3-isopropy1amino-l3-isopropy1amino—+++ 147-152
S-indazolyl) S-indazolyl)
methyl methyl
150 R S-benzotriazolyl +++ 188-190
methyl
1SDN  benzyl S-benzotriazolyl +++  +4+ 268-270
methy)
150  2-naphthylmethyl 5-benzotriazolyl +++  +++ 155-159
methy). N
15DP cyclopropylmethyl S5-benzotriazolyl +++ 444 146-150
methyl .
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15pR

15DS

150T

15y

150V

150w

150X

15DY

Takble 24 (cond

p-hydroxyme? byt H-benze! viarnlyl

CeHaTH - met ¥yt

m-hydreryC Lo~ S-henrot riarnlyl
’ met hy]

m-{3-pyrazoly!) S~henret viazelyld
CqH4CH) - mohyl

m-iodoCgHy ™, - S-benzot riazolyl

methyl
m~cyanomethyl m-}:yanomet hyi
CgHqCHo~ CgH4CHH—
m~ {HaNC (O) CH3) - m- {HNC (D) CH>,) -
CgHgCHy~ CgH4CH,~

m~(carbomethoxy m-(carbomethoxy
methyl) -CgH4CHy~ methyl) -CeHaCH,—-

{2-hydroxyethyl) - (2-hydroxyethyl)-
CgH CHy- CgH4CHo~
o-hydroxy- o~hydroxy-
CgH4CHy—~ CgHqCHp~

[ ]

+4

+44

4

++4

i

)

164

[

444

1

+i4

T

++4

++4

1%1-153

296-298

183-186

153-156

585.2

621.4

€51.4

595.4

539.3

=é8e-
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1511

e

15EL

15EN

15E0

15EP

p-methyligiah -

S -hydroxy -
mat hylthewvl |

S~ {methylaminn
carbonyloxy?
pentyl

7-11,1,4,4 tet ra
meLhyl‘-l,?, 3' 4-
tetrahydro
naphthyl)methyl
S-azidopenty)

5- (methylsulfcnyl
amino) -pentyl

5-(p-methylphenyl
sulfonyl)pentyl

S~aminopentyl

Talble 24 (cont )

p-hydroxeacthyl- 44
CaMgCHA- :

S-hydroxy-n - b
mert hylhe syl

5—{methylaminn ‘4
carbonyl.-y)
pentvi

-~

7-(1,1,4,4-tetra
methyl-1,2,3,4-
tetrahydro
naphtityl)methyl
S5-azidopentyl 1

S-(methylzulfonyl +4+
amino) ~pruotyl

S-(p-methylphenyl ++
sulfonyl)pantyl

S-aminopentyl +

i/

+4/4

+4/4

L

174-175 551

613

721

549

{566)

(670)

(822)

497

6CE6L/T6 O
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15ET

15EU
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15EW
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Table 2d (cont.)

S-methoxycarbonyl S-methoxycarbonyl ++

aminopentyl

5- (phenylamino
‘carbonylamino)
pentyl

S~ (methylamino
carbonylamino)
pentyl

5-(acetylamino)
pentyl .

S-((3-pyridinyl
methoxy) carbonyl
amino) pentyl«HC1

5-( (methylamino)
thiocarbonyl
amino) -pentyl

5~ ( {phenylamino)
thiocarbonyl
amino) -pentyl

5~ (benzoylamino) -
pentyl

‘5= ((3-fluoro

benzoyl)amino) -
pentyl

aminopentyl

5~ (phenylamino
carbonylamino)
pgn;yl

5- (methylamino
carbonylamino)
pentyl

S~ (acetylamino)
pentyl

S5-({3-pyridinyl
methoxy)carbonyl
amino)pentyl-HC]

5~ ( (methylamino)
thiocarbonyl
amino) ~pentyl

5-( (phenylamino)
thiocarbonyl
amino) -pentyl

5~ (benzoylamino) -
penty).’

5-((3-fluoro
benzoyl) amino) -
pentyl

+4

++

++

++4

++

++

++

+4/+

/4

++/+

++/4+

444

++/4

++/ 4

+4/4

+++

(630)

611

(628)

(598)

767

643

767

(722)

741
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MU

pgoelda}l us3¢ SeH 19

VER

15FD

15FE

15FF

15FG

B~ (t-mrt hylalyeyl
amineYpent et

5-(4-pyridinyl
carhony laminay
pentyl el

5-((2-fluora
henzoyl)amino) -
pentyl

5-((4-fluoro
benzoyl)amino) -,
rentyl

4-cyanotutyl

5~ {4-morpholinyl
methylecarbonyl
amino) ~pentyl+HCl

5-(2~pyrazinyl
carbonylamino) ~
pentyl

5~((3,5-difluoro
benzoyl)aminn) -
pentyl

4-(dimethylamino)
butyleHC1

Takle 21 (ront

S5~ (N-metbylglyryl
amineo)pent et 1

S-(4~pyri-tinyl
carhonylaminn) -
pentylepo]

S5(2-flucro
henzoyloinn) -
‘ponty]

_5—((4—£lnnrn
benzoyl)anino) -
pentyl

4fcy5nchntyl

5= {4-morpholinyl
methylcarbonyl
amino) -pentyl*HC.

5-(2-pyrazinyl
carbonylamino) -
pentyl

5-((3,5-difluoro
benzoyl) amino) -
pentyl

4- (dimethylamino)
butylsHC!

t4

i

L3 4

[ 1

)

IEYR]

thy

14/

tef+

+i/+

+H/ 4

t+4/+

639

707

741
(758)

741
{758)

489

(506)

751

(726)

{794)

525

67E6LF6 O\
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Table 2d (cont..)

6TE6T/6 OM

1S5F1 4-aminobutyl+*HC1 4-aminobutyl<HCl ¢ 14/ 469 _
15FJ S-((3-trifluorxo 5-{(3-trifluoro it +4/4 a1
methylbenzoyl) methylbenzoyl)
amino) - amino) -
pentyl pentyl
15FK 4-(1-imidazolyl)- 4-(1-imidazolyl)- + 599
pentyleHC1 pentyl-HCl
15FL 5-(1-pyrazolyl)- 5-(l-pyrazolyl)- ¢ 599
pentyl pentyl
15FM  5-(4-morpholinyl) 5-(4-morpholinyl) + 637 ¢
pentyleHC1 pentylsHC1 N
| %
]
15FN 3-furylmethyl -~ 3-furylmethyl +++ +44 152.5-
153
15F0 3-furylmethyl {5-carbonyl-3- oil
: furyl) -methyl
15FP {5-hydroxymethyl- (S~hydroxymethyl- ++4+

3-furyl)-methyl 3-furyl) -methyl

i

m
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1580

10FR

15FS

15¢T

15FU

15FV

15FW

15FX

{S5-hydroxyiminn
methyl-3-taiy!) -
methyl

M-Turylimetrhyl

(2,5=dihydre) -3~
thienylm~thel

3-thienylmet hy)

{(1.1-dioxo-2, 5-
dihydro-3-
thienyl)-methyl

2-furylmethyl
2-furylmethyl

2-methylene-3-
butenyl

5-hydroxymethyl-
2-furylmethy!l

Table. 24 (ront )

(5~hydraxyiminn
methyl -2 feryl) -
et et

{5-hydicvymathyl- 1} Y

A-furyl) et hel

(?,5=dihydro) -2-
thienylma! hyl

A-thienytmsthyl

{1,1-dioxy-2,5~
dibhydro-2-

thienyi) ~mathyl

H
2-furylmethyl

2-methylene-3-
butenyl

S-hydroxymethyl-
2=-furylmethyl

oy 519

+44
e
+4+

+4

-88¢-
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Notes (for Table 2d)

{2) Monoalkylated compounds were prepared by following
the procedure 5 under the title of synthesis of
monoalkyl cyclic urea. Further functional group
elaboration is similar to the corresponding dialkylated
cyclic ureas described herein.

(4) Isolated as the side product due to incomplete
reaction. '

(17) Prepared from Example 15J using the conditions
described'fo: Example 621 in Table 2C.

(18) Prepared from the compound of Table 2C, Example 621
tvsing methanesuvlfonic anhydride.

(19) Prepafed from Ekample 621 using isocyanic acid.

(20) A solution (60ml) of;borane in tetrahydrofuran
{THF, 2M) was added dropwise into a cooled solution
(0°C) of bis-formamide SZM (9.18g, 15.5 mmoles) in
anhydrous THF (200ml). The mixture was stirred for 16 -
hours at room témperatuze, followed by dropwise addition
cf methancl (50ml). When the effervescence had
subsided, hydroclloric acid (conc., 35ml) was added.
The residue was stirred for 30 minutes, evaporated to
dryness, and partitioned.between ethyl acetate and
sodium Hydzoxide (1 N). The organic layer was washed
with-brine, dried over magnesium sulfate, filtered and
evaporéted to give 8.65§ of the product. |

.(21) Prepared from Example 6ZI using benzyl

chloroformate.

(22) Prepared from Example 15D using the conditions
described of 6ZM.
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(23) Prepared from Example 15H using the conditions

described for Example 621I.

(24) Prepared from Example 15F using the procedure
5 described for Example 15D. '

(25) Prepared form Example 621 using methyl isocyanate.
(26) The formamide of Example 15A was prepared by the
1C procedure Example 62ZM, followed by reduction described

fcr Example 15D,

(27) The amide bcnd is formed between an amino acid and
aminorenzy i cyclic urea using dicyclohexylcarbodiimide/

(¥
(X1}
(4]
v
it
(1))
f

‘g
ot
3
O

, i-hydroxybenzotriazole in N,N-
cimethy.izrmamide in the proper proportions. Whern the
cesired product is to be a primary or secondary amine,
+re N=terminus ¢f the aminc acid was first suitébly-

proiected, based on the ‘compatability with later
I  rezrc-izrne (see T.V.. Greene and P.G.M. Wuts, "Protectinc

Srours in Creanic Synthesis”, 2nd editiocn, Wiley (1981):

ars vrner lzter rermoved.

Cyzlic uvrea XXIlc was alkylatéﬁ with sodium hydride

cu:v) -and THPO(CH)sBr (prepared in 2 steps from

5 {4 eguiv) in DMF to give the monoalkylated

rcduzst. Where upon further tfeatment_with sodium

L.wvdride end a second bromo-alkylating agent provided an
irnzernseziizte which was deprotected using methanolic HCL

37 iz cdicxzne to provide the product.

i.:v rrepzred by acidic deprotection of the monoalkyated
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(30) Prepared from intermediate (XXII) by treatment with

pheryllithium, bororn trifluoride and 1,2-epoxybutane,
£cllowed by acidic deprotect;on

_ A _
(31) Prepared from intermediate (XXII) by treapmént with
phenyllithium, boron trifluoride and 1,2-e§bxyhéxane,
followed by acidic deprotection.

(32) Prepared by pyridinium chlorochromate ox;dation of
the corresponding alcohol.

322) Prepared from Example 15VQ using hydroxYlamine

(
Lhydrochlioride.

(33) Prepared'bv selective monoalkylafidn of fhe
c¢laikylated diol using sodium hydrzde/ mﬂthyl 1od1de

(3€) Prepared by substituting CH3LH(OTHP)(CH2)4Br in the
procedure described for Examp’e 1SVE. Bromide is
Frepared from CHaCH(OE) (CH2)40H by the following

wence: (i) AcpC; (2) THEP, E*;. (3) NaOH; (4) CBry,

.3F.

n

e

9]

'\1
(A)

(37) Prepared by substituting Ph2C=N(CH2)2Br in the
procedure described for Example 15VE. Bromide is
prepared from HN(CH2)20H by the following sequence: (1)
PH2CO; (2) CBryg, PhiP.

(38) See note 7, Table 2d.
(3%, See note 3, Table 2d.

(22) See ncte 2, Takble 2¢.
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(41) The intermediate was prépared by following
Procedure 5 under the title of synthesis of monoalkyl
cyclic urea. This was followed by alkylation with
Bromo-m-tolunitrile. This intermediate (670 mg, 0.82
mmol) was'treated with potéssium hydroxide. (0.4g, 7.13
mmol) in ethylene glycol at 140°C overnight. The .
solution was acidifieé with pre-cooled hydrochloric acid
(1N) and extracted with ethyl acetate. The organic phase
was concentrated to give 415 mg (61%) of MEM-protected

dicl. Procedure for hydrolysis of this product is
covered under procedure 5.

(42) Tre intermediate was prepared by following
Frccedure §© under the title of synthesis of monoalkyl

Crs.ic urez fcllowed by alkylation with Bromo-m-

rig intermediate (210 mg, 0.26 mmcl) was
trezted with DIBAL-H (0,19 mL, 1.5M in toluene, 0.286

C under nitrogen, stirred at -78°C for 1
wour end BT for 3 hours. The reaction was quenched with

ttylfcrnamide dimethyl acetal (2.1lml, 15.°9
rmIil) wes a&dded to a2 solution of ketone 9P (940 mg, 1.5%
mrzl) in e<rancl. The mixture was heated at reflux
overr.¢rnt, anc the solvent was removed on a rotary
evzrocretcr. The recsidue was purified on silica gel ( 15%
rethancli/ct.lcreform) to provide the product (940 mg,

{42 The intsrrmediate was prepared by fcllowing
rroterurs Pounder the title of cynthesie of monozlky!l
gl . oioe s Zrne wmorzalkylation preduet was further
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a.kyvlated with bromo-m-tolunitrile. This intermediate

(185mg, 0.24 mmol) was treated with hydroxylamine-HC1
(25 mg, C.37 mmol), and triethylamine (0.05 ml, 0.37
mml) in refluxing ethanol for 16 h. The resulting
solution was partitioned between ethyl acetate/water.
The organic layer was washed twice with water and
concentrated to give MEM-protected product which can be
further hydrolyzed as described above to yield 90 mg
(58%) product SC.

(45) Guanidine carbonate (7.2g, 40.23 mmol) was added to
Ex 15AF in xylene. The mixture was heated at 130°C until
nc starting material was lef:. The solution was
partitioned betweer ethyl acetate/water and the organic
layer washed with water twice. The organic residue wéé

th

ied on silice gel (10% methanol/ ethyl acetate) to

T s
- -

‘g

Frocvide the pure product (347 mg, 37%).

(4€) To a2 solution of MEM-protected formaldoxime 6C (

"C.5 ¢, 0.65 mol) in DMF was added 1/3 of N-

chlcrosuccinimide (173 mg, 1.3 mmol) . The mixture was

+ stirred for 10 min followed by 2 min ofjheating at 40-
<

wn
(]

Afte:“s:iiiing £cr another 10 min, the rest of NCS

)

wzs added. The mixture was stirred at room temperzture
fcr overnight.” The solution was then partitioned between

Lyl acetate/water. The organic layer was washed with
water and dried over MgSO;. Treatment of the hydroximoyl

()
o

chloride with 3 equivalents of o-phenylenediamine in
ethanol gave a single product:which can be further
hydrolyzed to the product (126 mg, 43%).

(47) To a solution of aniline 3K (146 mg, 0.27 mmol) in
methylene chloride, was added isonicotinoyl chloride
hyvdrochloride (110 mg, 0.59 mmol) followed by potassium
carponate ( 1E7 mg, 1.3% mmol) at o’c. The mixture was

stirred fcr 2 h and then slowly warmed up tc room
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temperature overnight. The mixture was partitioned

bezween ethyl acetzte/water. The organic layer was
washed twice with water and dried over MgS0O4. The
residue was purified on silica gel (5% methanol/ethyl
acetate) to gave the product (52 mg, 26%).

(48) The benzoyl chlori&e intermediate (0.51g, 0.72
mmol)was prepared by following procedure (41) & (7)
without removing MEM-protecting group. To the residue,
2C rl methylene chloride was added, followed by pyridine
(C.11 ml, 1.44 mmol) and tert-butyl carbazate (190 mg,
1.44 mmol). The mixture was stirred at room temperature
cve::igﬁi. The mixture was washed with water & dried
cver MgSl;. The residue was purified on silica gel (10%
ethyl acetzze/m thylene chloride). Following the
hwdrzlysis yrocedure dexcribed above, the product (162
s wzz iszlztes in 47% yiéld.

({%: Tz ths MEZM-prcoctected hydrazide 10M ( 450 mg, 0.72
TT.. in Ziomane was added 165 mg (1.5 mmol) of CNBr
TILLIwWsL By & s:;;::a; cf 125 mg (1.5 mmol) of sodium

F o Yo ksl

(40
".
1
o
v
[
.
m
(t
m
4
o
[y

{ m1 water. The resulting mixture was
gLics i'L:h &t room temperature. The solution was
crncentrzted T 1/z volume in vacuo. The mixture was
;;;:-e: witzhrh 17l cf wazter and the resulting solic
;s:;;::i':ylfilzration and purified on siiica gel (15%
methanslsenlcrsform) to provide (38.4 mg, 8%).

vl carbazete (264 mg, 2 mmol) was added to
e deryvde V(450 mg, 0.8 mmol) in ethancol. The mixture
+© roonm temperature for 2 h and heated at

t
1
'
]
1)
t
0
m

efluy pvernicnt. The residue was purified on silica gel

rriczot (L72 mg, 2E%) .
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(51} To a‘solution of aniline 3K(160 mg, 0.3 mmol) in

TEF, chicroacetyl isocyanate was added dropwise at 0°c.
The mixture was stirred for 0.5 h and then slowly warmed
up to room temperature overnight. The solution was
partitioned between ethyl acetate/water. The organic
phase was washed with water and dried over MgSO4. The
residue was purified on silica gél (5%
methanol/chloroform) to gave 217 mg in 93% yield.

(53) Tc a solution of 333 mg ( 6.16 mmol) of anhydrous
NaOCH3 in 20 ml of anhydrous methanol at 0°C was added
858 mg (€.1€ mmol) of aminoguanidine carbonate followed
by 2 ml methanol. The resulting mixture was treated
iropwise with 500 mg (0.77 mmol) of ethyl ester 11F
which wazs made by following procedure (10) in 5 ml of

0.

methancl. The mixture was heated at reflux overnight,
then poured in?c ice water, brought to PH 7 with 5%
aguecus HC1, filter J;'and purified on silica gel (10%
meshancl.chlorot forr) to give 20 mg (4%) product.

(54) 2 solution cf MEM-protected cyclic urea wherein
P22 and R2% are (E2NC(=NOH))benzyl (210 mg, 0.26 mmol)
and EtaN (C. *8 ml, 1.3 mmol) was treated dropwise with a
solutior cf chlo*oaﬂe*yl chloride ( 0.046 ml, 0.57 mmol)
irn CHCX3. The mixture was stirred at room temperature
for 2 deys and then evaporated, and the residue was
redissolved in ethyl acetate. The solution was washed
with water, brine,dried over Na2S804. The residue was
purified on silica gel (10% ethyl acetate/methylene
chloride) to provide 140 mg (59%) intermediate. The
intermediate was dissolved in DMF and treated with
excess dimethylamine gas. The mixture was stirred
overnight, then poured into ice water, and extracted
with ethyl acetate. The extracts were washed with water,
cried over MgSOs4. Fcllowing the usual hydrolysis
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rrocedure, the product (15.6 mg) was isclated. in 10%

yield.

Listed below are a representative list of data for
5 compounds listed in Table 2d:

Example 15VA: NMR (CDCls): & 7.19-7.40 (m, 10H) 4.66
(d, 1H) 3.99-4.12 (m; 2H) 3.59-3.69 (m, 2H) 3.37-3.49

(m, 2H) 3.10-3.21 (m, 2H) 2.25-2.38 (m,l3H) 1.90-2.00
10 (m, 2B) 0.85-0.92 (m, 8H).

Example 15VE: NMR (CD30D): 67.50-7.70 (m, 1H) 7.10-7.35
, 8H) 2.¢3 (rm, 28) 3.53-3.70 (m, 2H) 3.40-3.50 (m, 2K)
3.00~2.2C (x, 2H) 2.75 (t, 1H) 2.30 (m, 1H) 1.60-2.10

(m, 2E) 0.81-1.10 (m, 2H).

' 1]
"
—~
-t
-
~J
HH
s
NY
xy

le 25VZ: NME (CDClz): 8 7.15-7.40 (m, 10H) 4.70

S, 1E; 4.C5 (=, 2§) 3.50-3.70 (m, 3H) 3.57 (m, 1H) 3.2C
(=, 1, 2.07 (s, 3¥) 3.05 (s, 3KH) 2.75 (t, 1H) 2.59 (s,
20 . T 83 (r, 2E) 1.40-1.85 (m, 5H) 1.17-1.32 (m, 2K
Dl-TLLF (n, ZE)
Exgmple 28VI: NMF (SDCiz): & 7.05-7.30 (m, 10H), 5.55
(zx =, 28), 3.93 (s, 2E), 3.66- 3.80 (m, 4B), 3.53 (d,
ZiozHYV, Z.C¢ (&, 2E), 2.85-2.92 (r, 2E), 2.81 (4, 6KE),
1.85-1.2€ im, €E), 0.985-1.52 (br m, 12H).
Examgle 15VZ: NMR (CDCl3): & 7.17-7.34 (m, 10H), 3.99
e, 2B, 2,55-3.72 (m, 4H), 3.43-3.53 (m, 4H), 3.05-3.13
*L (®, 2¥), 2.%5-3.00 (m, 2H), 2.58 (br d, 2H), 2.15- 2.28
(x:, 2Ej;, 1.12-1.80 (brm, 17H).
ExaTrnle 15VI: NKMR (CDZiz): 8 7 .24 (m, 10K), 4.57
(bx &£, ZE), 4£.0€ (x, 2E), 2.99 (s, 2¥), 2.60-3.72 (m,
€ L £% 1. 2Ej, X.46-3.3¢ (n, FE:. 3.03-3.1% (=, 2%,,
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. Examgple 15VC: NM

T
2.89-3.00 (m, 2H),  2.78 (d, 3H), 2.70 (br s, 2H), 2.14-

2.24_(:1., 2H), 1.12-1.80 (br m, 17H).

Exampie 15VG: NMR (CDCl3): & 7.10-7.37 (m, 10H), 4.80
(d, 1H), 3.92 (s, 2B), 3.20-3.70 (br m, 6H), 3.00-3.19
(m, 4H), 3.61-3.77 (m, 1H), 2.21 (br s, 1H), 1.10-1.50
(br m, 7H)f

Example 15VH: NMR (CDC13): & 7.64-7.84 (m, 3H), 7.05-
7.57 (m, 14H), 4.96 (d, 1H), 3.92 (m, 1H), 3.38-3.80 (m,
6E), 3.21 (d, 1H), 2.99-3.18 (m, 3H), 2.75-2.98 (m, 2H),
2.43 (br s, 1H), 2.20-2.35 (m, 1H), 1.10-1.88 (br m,

7R) .

Example 15VI: NMR (CDCl13): & 7.04-7.40 (m, 15H), 4.80
(¢, 1K), 3.94 (m, 1E), 3.42-3.80 (m, 7H), 2.83-3.17 (m,
6H), 2.64 (br s, 1K), 2.19-2.31 (m, 1H), 1.16-1.50 (br
r., 6E). '

P

(CDC13): & 7.11-7.35 (m, 10H), 3.99
(s, 2E), 3.43-3.69 (m, 6H), 3.10 (m, 2H), 2.95 (m, 3H),

, 1K), 2.38 (z, 2H), 2.20 (m, 2H), 2.02 (s, 3H),
1.56 (br m, 13H). : |

Exampie 1SVE: NME (CDC13): & 7.05-7.40 (m, 14H), 4.79
(¢, 1), 4.58-4.7C (m, 2H), 4.50 (d, 1K), 3.81 (m, 1H),
3.40-3.75 (m, 6€H), 2.98-3.14 (m, 4H), 2.81-2.95 (m, 2H),
2.72 (s, 1B), 2.25 (m, 1H), 2.07 (br s, 1H), 1.16-1.50

(br m, 6H).

Example 15VL: NMR (CDCl3): & 7.18-7.36 (10H, m) 4.53

(1#,s) 3.95 (2H,s) 3.79 (1H,m) 3.51 (1H,m) 3.33 (2H,m)
3.13 (6H,m) 2.72 (1H,t) 2.60 (1H,s) 1.33 (2H,m) 0.84
(3K, t).
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Example 15VM: NMR
{iE,s) 3.%4 (2H,s)
3.3% (1E,d) 3.13 «(

(6K, m)

Example 15VQ:
(2H,d) 4.41

NMR
(2H, s)

2.B5 (2X,d) 2.45 {
1C Exemple 15VP: NMR
4.8C (2H,d) 4.14 ¢
(2K.d) 2.44 (28, m)
Wz Examcie L13VL KM=
TLUIZ Am, L&E, &LC
J.EC ({m., TEy, .21

(=, ZE:, 2.77 (=,

T e - e
L5 (m, LiEY, €.7
e =, 2E,, 3.8&4
e EI-Z.0 (i orm, B
Txanzoe 1EVE IO
tg, zX2), 1.64=2.€¢
=y 2.t .&, 3E.,
z 2.I8-2EL (m, 15H;
EXsIIle LEVU NMK
(r, “E), Z.3%-2.7%

e e e e
- e L2 o A0,
- ., L hl
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(CDCl3): & 7.20-7.34 (10H,m) 4.57

3.7% (1B,m) 3.52 (1H,m) 3.38 (1H,m)
5H,m) 2.94 (2H,.bs) 2.72 (1K,t) 1.26

0.86 (3K,t).

(CDC13): & 7.14-7.35 (10H, m) 4.63
3.49 (2H,d) 3.34 (2H,m) 3.14 (2H,m)
2H,s) 2.10-2.32 (4H,m) 0.99 (6H,t).

(CDC13): & 8.81 (2H,s) 7.23 (10H, m)

4H, m) 3.68 (2H, m) 3.14 (2H, m) 2.60
2.03 (2B,m) 0.98 (6R,t).

(CDC13): & 7.64-7.82 (m, 3H), 7.07-
€ (¢, 1K), 3.E83-2.9€ (m, 1E), 3.44-
(d, 1H), 2.9%-2..6 (r, 3H), 2.84-2.9%%
1¥), 2.1%-2.23 (m, 2E), 1.08-1.5€ (b:
(hzezone-ao:: & €.2& (s, 1E:, 7.0Z-
¢ (m, 2y, €.52 (&, 1E), 4.73 (4, 1K),
-3.9¢ (m, 1E!, 2.38-3.76 (br m, 7H),
£), 2.07-2.19% (m, 1E), >.1€6-1.52 (br

(CDC2Z2): & 7.15-7.33 (m, 10H), 4.00
(m, 5KH), 3.1C (&, 2H), 2.88-2.98 (m,
2.56-2.7¢€ (n, 2E), 2.17-2.25 (=&, 2E),

(CDC13): & 7.10-7.36 (m, 190H#), 4.04
{br m, 78), 2.78-2.22 (kx m, 6H),
2,02 (r, 1H), 1,151,882 (hr m, €1V,
fr, 200, Q.08 o, o
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Examplie 15VV: NMR (CDCl3): & 7.15-7.33 (m, 10H), 3.99
s, 2E), 3.65 (m, 2K), 3.49 (d, 2K), 3.25 (s, 6H), 3.21-
.33 (m, 4E), 3.04-3.14 (m, 2K), 2.89-3.00 (m, 2H), 2.63
(s, 2E), 2.18 (m, 2K), 1.72 (br s, 2H), 1.15-1.52 (br m,
10H) .

w\n

Example 15VW: NMR (CDC13): & 7.13-7.33 (m, 10H), 3.99%
(S, 21":)' 3-45—3.71 (br m' GH)' 3.24 (S, 3H)' 3-20-3.33

1¢C (m, 3E), 3.10 (d, 3H), 2.89-3.00 (m, 2H), 2.10-2.28 (m,
2H), 1.85 (br d, 2H), 1.15-1.53 (br m, 11H).

Example 15V>: NMF (CDCi3): & 7.13-7.57 (br m, 11H),
€.68 (&, 3H), 4.6& (&, 1H), 3.98 (m, 1H), 3.74-3.83 (m,

1% 2H), 2.46-3.69 (m, 3H), 3.22 (4, 1H), 3.01-3.18 (m, 3H),
2.8:2-2.%2 (r, 3E), 2.66 (br ¢, 2H), 2.23 (m, 1H), 1.18-
2.8¢€ (bxrm, 6RH).

Example 15V¥: NMR (C3C13): 6 7.91 (m, 1H), 7.83 (s,
20 1), T.:15-7.2% (m, 10E), 7.09 (d&, 2E), 4.84 (d, 1H),

4.22 (g, 2E), 3.85 (dd, 1H), 3.62-3.72 {(m, 2B), 3.48-
S.€l (m, 4E), 2.8€-3.1€ (br m, 5H), 2.57 (br s, 1lH),
2.3% (br s, 1K), 2.22 (m, 1H), 1.05-1.52 (br m, 10H).

Example 15VI: NMR (COCl3): 8 7.17-7.32 (10H,m) 3.99
(28,5) 3.68 (4, m) 3.50 (2H,d) 3.05 (2H,dd) 2.94 (2H,t)
2.€2 (2E,s) 2.23 (2E,m) 1.33 (14E,m) 1.12 (6H,d).

8]
n

Example 15WE: NMR (CDCl3): & 7.13-7.33 (m, 10H), 4.02

30 (s, 2H), 3.61 (m, 2B), 3.50 (d, 2H), 3.10 (dd, 2H),
2-85-2.97 (m' 2H), 2.82 (S, ZH)' 2-33 (t' 4H)' 2.18 (m'
2E), 2.06 (s, 6H), 1.18-1.50 (br m, 8H).

Example 15WC: NMR (DMSO-dg): & 10.17, 10.09 (2

[PV)
o
n

irnglets, 2E - 3:1 mixture of isomers), 7.08-7.32 (m,

o=y, .21 (s, 2E), 3.70 (s, 2H), 3.48 (m, 2E}, 3.38 (d,

This Sheet Has Been Rep
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d, 2E), 2.81 (m, 2H), 1.91-2.19 (br m, 6H),

(m' GH)’ 1-15—1-39 (n‘i, BH) .

Examplie 15W2: NMR (DMSO-dg): © 6.91-7.40 (br m, 14H),
5.01-5.22 ¢
18), 3.

{m,
{m,
(br

4H), 2

m,

8H) .

m, 1H), 4.61 (m, 1H), 4.42~4.50 (m, 1H), 3.66
12-3.54 (br m, 7H), 3.06 (d, 1H), 2.75-2.99

.32-2.57 (m, 4H), 1.94-2.07 (m, 1H), 1.05-1.38

Example 15WZ: NMR (CDCl3): & 7.18-7.38 (m, 10H), 7.33

(s,

(.,

vy, 7

.06 (m, 3H), 4.80 (d, 1H), 4.60 (d, 2H), 3.94
.66-3.75 (m, 7H), 2.80-3.15 (m, 7H), 2.23-2.42

IE=-2.30 (br m, 6H}.

1SEZ; M3 (DTI): £14 (M+ET, 100%). 1H NMR (CD30D,
ITiMEz € .1 (m. 2H:, 2.4 (m, 2H:, 0.8 (m, 1H), 1.9 (r,
tH.0, Z.l inm, &Hy, DL (F, 1E), .4 (m, 2B), 3.6 (&, 1E),
:.78 (r,iE;, 4.C (rm, 28), 4.4 (d,1H), 6.8-7.4 (m,13H).
LIRL OSE NMPO(ZD3II, 300MHEz) 8 2.0G(m, 6E), 3.6 (r, 4Ej,
: s 4 I0T DL 2E., f.==T7.F im. 18 .
ZINM OMI {ITI: €91 (M+H,100%). 1E NMR (CD30C, 300MHz) &
1.2 4T, 3EL., O (m, €E), 2.€ (m, 4K), 4.3 (g, 2H), 4.8
CL,IE O, TL{-T.4 (%, 1E,, 7.8-€.0 ( =, 3H).
TIRL: ME O (TTIi: B4 (M-E, 107%). ~E MNR (CD30D, 300ME:
¢ 3.C in, €5, 2.€ (n, 4E), 4.6 (m, 2H), 6.E-7.8 (m,
TEAR NI (IZIy: B3 (M+E, 100% . 1E NMR (CD30D, 300MHEz;
¢ 2.C iz, €5y, 3.7 (m, 4K}, £.7 (d, 2#H), 4.8 (d, 1H),
TLo=L g (m, LE8X)
LLRTT SE N (Co372Z, 300MEz) & 2.4 (., 12E), 2.0 (m,

s S T EgeE,, 2 s e, &E,, .8 (2, F=l135Hz,2E , Ls-
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The structures of the Examples below are shown in
Takle 2e.

Ketal formation: Preparation of Triacetonide (XXVla):

Lithium borohydride (1.2 gr, 56.2 mmol) was added
in four portions to a suspension of L-mannonic-g-lactone
(5 gr, 28.1 mmol) in methanol (250 mL) at 0 °C over 10
min. Ice bath was removed and reaction stirred at room
temperature for 30 min. Reaction was quenched at 0 °C
with 2N HCl. Solvent was evaporated and residue taken up
ir. acetone (75 ml) to which 2,2-dimethoxypropane (20 mL,
16€.€ mmol) and camphorsulphonic acid (20 gr, 84.3 mmol)
were added in four portions. Reaction becomes clear for
a few minutes and then a precipitate forms. Reaction
stirred at room temperature for 14 h. Solvent volume
ther reduced by 2/3 at reduced pressure and then poured
irto EtOAc, washed with saturated NaHBCO3, dried (MgSOy)

. and concentrated. Solid residue taken up in hexane and

filtered thru & pad of silica gel. Filtrate concentrated
to give triacetonide (XXVIa) as a yellowish solid (7.1
r, B80%). m.p. 72-74 °C; MS: 303 (M+H,100%); NMR
Crcis;,3C0ME=2):84.25 (m, 2E), 4.15 (m, 2H), 4.05 (m,

4¥), 1.5 (s, 6E), 1.45 (s, 6H), 1.4 (s, 6H).

Selective Acetonide Deprotection: Preparation of Tetraol
{XXV1b) :

Compound (XXVIa) (14 gr) in 70% AcOH (200 mL) was
stirred at 45 °C for 2 h. Solvent removed at reduced
pressure with a bath temperature of 45 °C. Residue
recrystalized from ether. Mother liquors concentrated
and chromatographed (silica, 10% methanol in methylene

chloride) to give the desired product as a white solig
(.2 ¢r, B80%). m.p. 21-93 °C; [alp = -26.40 (c=3, H20);

eet Has Been Replaced
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MS: 240 (M+NH4,100%); NMR (CDCls3,300MHz):83.95 (m, 6H),

3.75 (m, 4H), 2.5 (bs, 2H), 1.4 (s,6H).

Epoxide Formation: Preparation of Diepoxide (XXVIc):

A solution of Compound (XXVIb) (1 g, 4.5 mmol) in
pyridine (5 mlL) was cooled to -20 °C and treated with p-
toluenesulfonyl chloride (1.89 g, 10 mmol). Stirring
continued at =20 °C for 20 min, 0 °C for 20 min, and 23
°C for 20 min. The reaction was then diluted with
methylene chloride and washed with 2N HCl and NaHCOj.
The organic extract was dried over MgSO4; and
concentrated. The .crude product was then taken up in

~methanol (14 rl) and cooled to 0 °C. Next, K2CO3 (3.11 g,

22 mmc.) was added and the reaction stirred at room
temperezure f£cr 30 min. The methanol was then stripped
cff (<o nct evepcrete to dryness, epoxide is volatile)
anc¢ the crude was washed with water, extracted with
ether, dried over MgSO4, filtered, and concentrated. The
cormpcund wes purified on Si0; and eluted with 30-60%
tharspetrcleur. ether te afford the diepoxide (0.63 g,
%, &s an cil. NMR (CDCl3,300MHz):83.81 (m, 2H), 3.10
A=, 2¢E;, 2.8C (¢, 2E), 2.68 (m, 2H), 1.40 (s, GH;{CH3).

rerning ol Epoxide: Prepepartion of Diol (XXVId):

cspension of cuprous bromide-dimethyl sulfide
compliex (2.8 ¢, 8.7 mmcl) in anhydrous THF (5 ml) at -20

d 8.5 ml benzylmagnesium chloride (2M in THF,
27 rmzli, Reaction stirred at -20 ©C {or 30 min and at ©
cr I kL. Kext, Compound (XXVIc) (0.54'g, 3 mmol) in
TEF (& ) was added, and the reaction stirred at 0 oC

My
Q
"
3
le o

Trhe excess reagent was quenched with saturated
I sglvticn and ellowed to warm to room temperature.

Tentents were then washed with water and brine.
sztec vizrh ethexr, dried over MgSQs, filtered, ar:z

“troariritael Uvufdu nateriel war ther purified by flash

I
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-303- i ST

€8 yleld ©
0.84...G:- (188) . Of. anc:0ili» MS: 371 -(M+H,66%)% INMR -
(cncla.sqouaz) 57.2-7.4:(m, - 10H), "4.65..(8,~ 2m. 3.6-3.8
2‘ 4?’)' 2 6- if'o‘b ‘.m,; 4!'1), 1 8 2 2’ (m' ‘H)' (s' GH)O
oy IR E X -E.. Vel Vs .. ERE T CAR S N PRSI +20% AR S 3 LM i

. Hydroxyl Displacement Preparation of Diazide (X§V1e)

To a solution of Compound (XXVId) - (0. 48 g, 1 3 mmol) and'
'triphenyl phosphzne (1, 0 9, 3. 9 mmol; in THF, (5 mL) at O
°C was added dlethylazodicarboxylate (0. 61 mL, 3.9 mmol)

.. and. dipheylphosphorylazide (0.84:ml,  3.9:mmol).:Cohterts
. were:.allowed to warm to room. temperature in’ the:ice ‘bath X
.for.. 1 ;h.u The. ,exc:esSz-xreagents*ssmnrew quenched b‘y ‘the

-1

ﬁuadd t;on*o%,methano +(0.2..mby 5. mmol) ‘ath 0=°crﬂtheﬁ'

.mixture.was then -stirzed at roommtempérature»for 30~min*

z_gpd tgeq,conpeptrated to a. smaiLJvolume Crﬁde was then;

pt:;.;eo;@
6. 44@ 9 (4.,,55%) ,oi ;an
'9“@%’;5«5;7 257 9" (m,,loﬁ ',9 *

.)4-',.

Tc Comoound (xxvxe) ‘(‘b’ 245 Ch ‘-fb 58‘ mod) in ethanol '-"f_"(s'f."?'a
mo) unoev N2, was ‘added - 10t Pd/c (73 5 mg,. 30%/we§ght) e
. 5 hikvawe o w"‘"lr

'Reaction s¥irred under Hl atmosphere ‘at room temperature
overnite. Crude was then f;ltered ‘through celite and
congentrated, 0.21" g (98%)¢of*the diamine;.was :collected

es.;80 .0il z,..g.nd-,-,a.tqls.ep +ONto +next; stepi:without: further *:

purification. ;MS: 369 (M+H,100%); ,NMR +(CDC13,300MHz); &
7.05-7,3,. (m, -10H),, +3.9 (bs, 2}1),,3 .05 (bs.: 4H): 2.8 : (m,'

L g 'IP 5 5 RN R F R Sl L

ip Cyclization of the Dzamine Formation of Cyclic Urea
’ PR u"f“ GE L | ;T”? (XXVIf) s .',. ..' R

The ' diamine  (0.21 g, 0.57 mmo'l) "was dissolved in
methvlene chloride (50 ml) and carbonyldiimidazole

This Sheet Has Been Replaced
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o hf40 102 gr*J?GB mmor) was sadded %hhwtﬁe Yeke ;
~at 23:9C. overnite. The' solutiohn* was‘thén concentrdiedl:

Taand purified ‘on iSi0, using75% ethyl acetate/hexane as

elutent which (gave 85mg: (38%). of (XXVEf) as‘a: foam "Ms
5 395. (M+H,100%) ; 'NMR (cnc13,3oonnz):87 0-7 2 Am, -

d6%ET0 Gl vy o 5-2 9" tm, 43),'T”8-1

.,:(SI;SH)O.,-. -

SR B &

B et el BT L

e

*'Eo Compound (XXVIf) (85mg, 0422 mmol) - dry ‘DMF (3 mL)
10 ‘was:-added 60% ‘NaH . (0.075g,%1.7. mmol).-The sblution'Was .
tirred~for::5 mimvat. roomﬁtemperaturé Next, benzyl
bromide (0.2 mL;+:0.86 mmol). was. addéd *aAnd “the" reaction
irrediat :23.9C, overnite.uaneaction was then quenched
wwWithgymeshancl - (severals drops), ,washed with HfO'*"
;st«exrnas*ea withoethe-, ‘dried (Nasoq), and concentrated
"_,.cr dé wae theu"'pnr‘fxed ‘en Silzc
“KeXafie /et »écé:ate afford;ng 0. 03 g?'w
ys*

I}

TN

GoTe e d*"e'n*eoa*ed bis-alkylated: cyelic. urea’(O 03 g, _
.I‘QnCE ol )i¢n “TEF= (2 mL)":at>room temperature was édded
% severBl7drd870f concentafed  ia 1. 'Reaction “stirred at’
S TCCm ftemberature for 2 h.LReaction»was-then-washed,with
I K Naog, eéxtracted with ethyl-:acetate,’ 'dried (Mgs0y) ,:
end concentrated. Chromatography (srl;ca, 1-5% methanol
'“.ﬁzﬁwrenechlcrrde) gave 0. 024 g (85%) of ‘example 16a
as & foam. MS: £35 (M+E,100%)/ NMR (CDC13,300MHz) : §7.1-

0% AT 2081, .15 (d, 2H), 2.9 (d, 21), 3.5 (bs, 2H),-

[\
w

e
e

tn

(84]

Vi
4
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Alterna e Route to XXVIf

L R Ty Y &:_ R 53 B L S L | "- SRy e
7“Esteriﬂydrolys1s: s?%thesislbf diacid-LIVa
" .l= . ) N = ';"' T
A4 por g solution ‘of 100 7 g (458 0 mmol) of JAR,SR)-f"
(- )-dimethYl -2, 3-0-isopropylidine-L—tartrate in 450 mL
10 ‘of ethanol was added 450 ml of 15% sodium hydro ide in

watér: As¥er stirring” 5h the solvent vas partiallx,t o
-r@moved‘unaer”reduced pressure and the residue was

2w
L

aaueous’layer was then acidifiedf‘

15 satureted“with ‘NaC1;” and extractl.

""nkyi

'wand’the solid residue was t ituratedw“;ef'

;LIVa;ts a‘wﬁi_e solid 'np 98-100°C-”_1H NMR (300 MHz,I;
'eo3o“) 6 A4 83 (s, 2h, CH);_l 54 (s,_GH, cn3) :

ey
%,

.p-—epavation ef Wesnre‘b Amlde. Synthesis Of LIVbu

25 M “foﬁgfédiﬁtiéﬂ S 36° g (157 8 mmol) of LIVa in lL of
' methylene en1o¥ide’ was added 60 g (370 0 mmol) of l 1"4
carbonyldiiﬁidahole. After stirring 6h, 34 0 g (350 '

(1“\

mmol) oOf N o«dimethylhydroxylamine hydrochloride was Li:
added and the' resulting solution\wss stirred overnight.;
30 The''sdlvent was partially removed under reduced pressure
and the’ residue was diluted with ethyl acetate,' The
solution” was then" ”idlfled with N’ HCl, saturated with
NaCl," and extracted with EtOAc:'"The combined organic "
layers were’ 'washed with’ brine and dried over ‘'MgSO4. The

35 sclvert was removed under reduced pressure and the

residue was triturated with ethyl acetate and hexanes to
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give 35.6 g (B2%) of the bis-Weinreb amide LIVb as a tan

solid. mp. 76-80°C. I1H NMR (300 MHz, CDCl3) & 5.16 (s,
ZH' CH)' 3.70 (S' GH' OCH3)I 3022 (S' GH' CH3)' 1:52 (s'
64, CH3); MS (CI,NH3) m/e 277 (M+l).

Addition of Grignard Reagent: Synthesis of diketone LIVc

To a solution of 4.0 g (14.5 mmol) of the LIVb in
100 mL of THF was added 20 mL (40 mmol) of 2M
octylmagnesium bromide in THF dropwise. After stirring
3.5h, the solution was quenched with saturated NH¢CI,
acidified ﬁith 1N HCl, and was extracted with EtOAc. The
comtined organic layers were washed with brine and dried
over MgSO4. Thé'solvent'was removed under reduced
pressure and the re51due was chromatographed on silica

=0
-

ilor with 7.5% ethyl acetate 1n hexanes gave

gl
{4.EE€ ¢ ¢ ) ¢f the blS°OCtyl ketone LIVc as an oil. lﬁ
WMR (300 MEz, CDTls) é 4.55 (s, Zh, CH), 2.64 (dt, 4H,
, 4, CHp), 1.42 (s, 6H, CH3), 1.27 (broad
¢, 20, CH;), 0.BE (z, 6§, CH3); MS (CI,NH3) m/e 383

0
T
N
~
$-»
o™
ro
0
-
o>
n
-

crreLion: Sy r.thesis of LIVd

Tz & sclution cf 4.€5 g (12.2 mmol) of LIVe in 140

~. ci 'é:;':-a:.cl and 35 ml of water was added 2.22 g (32.2
rmel) ¢f Lycdroxylamine hydrochloride. After stirring .
cvernight the solvent was partially removed under

cducel pressure and the 1esidue was diluted with water
arn.¢ extracred with EtOAc. The combined organic layers
were washed with brine and dried over MgSO4. The
sclvernt wzs removed under reduced pressure and the
=icdue wec chromatographed on silica gel. Elution with
1%% ethyl &cetate in hexanes gave 3.76 g (75%) of the
I cxime LIVG as a mix of isomers. MS {CI,NH3;

- LT -
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Reducticn of Oxime: Synthesis of diamine LIVe

Tc & sclution of 3.68 g (8.9 mmol) of LIVd in 70 mL
5 o©of toluene at 0°C was added 53 mL (80 mmol) of 1.5M
diisobutylaluminum hydride in toluene over 15 min. and
the solution was allowed to warm to room temperature.
After stirring overnight the solution was quenched with
saturated Rochelle's salt and gently stirred at room
10 temperature. After stirring overnight the solution was
extracted with EtOAc and dried over MgS0O4. The solvent
was removed under reduced pressure and the residue was
cr silica gel. Elution with 10%
r. methylene chloride gave 2.33 g (68%) of the
ar

1% diamire 1LIVe &s cil. l1H NMR (300 MHz, CDCl3) & 3.80
(¢, 2, CE;, 2.€& (%, 2E, CH), 1.43 (m, 4H, CHp), 1.41
(s, €X, CHz), .27 (broad s, 24%, CEz), 0.88 (t, 6H,

(4]

Cyclizazticn ¢ the Piamine: Formation of Cyclic Urea

Ny

(XXVIE) .
Tz & scluticn of 1.35 ¢ (2.5 mmol) of LIVe in 50 miL
cf L,l,z,2-vecrachlcroethane was added 620 mg (3.8
285 mmcl) cf I,l'-carbonyldiimidazole. After stirring 10

min the solution was added dropwise over 30 min to 150
mlL of refluxing 1,1,2,2-tetrachloroethane. The solution
was cooled and was washed with dilute HCl, water, brine,
anc was dried over MgSO4 The solvent was removed under
30 reduced pressure and the residue was chromatographed on
silica gel. Elution with 33% ethyl acetate in hexanes
increasing to 50% ethyl acetate in hexanes gave 379 mg
(27%) cf the cyclic urea XXVIf. 1H NMR (300 MHz, CDCls)
& £.24 (¢, 2¥, NE), 4.07 (s, 2K, CE), 3.33 (m, 2H, CH),

his Sheet Has Been Replaced
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1.6C (m, 48, CEz), 1.43 (s, 4, CH3), 1.2¢ (broad s,
24%, CEz), 0.8BE8 (v, 6K, CH3);, MS (CI,NH3) m/e 411 (M+1).
Example 1253J
5
Alkylation of the cyclic urea XXVIf and removal of
the acetonide protecting group was carried out using the
procedures described above to give compound 15AJ in a
68% yield. mp. 66-70°C. 1H NMR (300 MHz, CDCl3) & 7.32
iC (~, 1CE, arcmztic),5.15 (d, 2H, CHz), 3.87 (d, 2H, CH2),
2.46 (s, 2H, CH), 3.26 (br d, 2H, CH), 1.96 (s, 2H, OH),
1.€% (m, 4E, CHp), 1.26 (r, 24H, CHz), 0.89 (t, 6H, CH3):
M (CI,KE:z /e 5T1 (Mri), '
o merlie e
i
22 /l\ 23
R N N~
e R
HO OH
- i fierer  2lS g3 Ré_= R7 K:
1l ——fil HELZ
- F.i perryvl bernzvl 2-naphthyl +++ b
methyi
€ r ik cysLopropyl cyclopropyl 2-naphthyl  +++ i
~ayl methyi methyl
PR AT 3-cyanokenzyl 3-cyancbenzyl 2-naphthyl i
methyl
oo £I7 Z,4-dhydroxy 4~gdihydroxy 2=-naphthyl :
benzyvl berzyl methyl
- - TYClCDICeRy - cvIioprepyl 2-thieny’ .- :
meLny. methyl methy!
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cyclopropyl

methyl

benzyl
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benzyl

r.-hexyl

benzyl

benzy:

benzyi

CYy<lOpPropy-

methyl

benzyl
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4_
hydroxymethyl
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3-

(HZNC (=NOH) ) ~
benzyl
benzyl

3_
methoxybenzyl

cyclopropyl

methyl

benzyl

benzyl

benzyl

benzyl

n-hexyl

benzyl

benzyl

benzyl

cyclopropyl

methyl

benzyl

benzyl

n-butyl

4~
hydroxymethyl
benzyl
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benzyl n-butyl

benzyl n-pentyl

benzyl n-hexyl

benzyl n-octyl

benzyl 3-butenyl

+

++

++

RSSK benzyl benzyl 4-pentenyl +
RSCF benzyl benzyl 2~ ++
ethylbutyl
FZEF renzyl berzyl 5-hydroxy +
pentyl
FITr cEnIvL beznzvl 4-hyvérexy +
butyl
LA elivi allyl n-octyl +=
.l - Falva n-hexy. -
REZT a.ivi &llyvi 4-pentenyl +
Il ellyl allyl 3-buteny. +
Rz g= 4= n~-butyl e
hyirexynethyl hydroxymernyl
cenzyl benzyl
rrepares &= ir Schenme 4§
Preparei as compound: in Tarlie 1A
Prepared &t in. Scheme 28
Frepared ry hycdroworaticn ¢f the correspondin
glkrene
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le 1€2: mp 214°C
e 16%: mp 192-193°C
Examp-.e 16S: mp 155-156€°C
Example 1€T7: mp 164-195°C
Example 16U: mp 244°C

Example 16X: mp 112-113°C. MS 427 (100, M + 1)

Exarmple 16Y: MS: 585.2 (100, M+H). NMR(CDCl3) 88.02 (s,

2E), 7.55 (&, 2H), 7.4 (d, 2H), 7.01 (m, 4H), 6.79 (s,

2E), 4.84 (d, 2BH), 3.78 (s, 4H), 3.2 (m, 6H)

Example 162Z: MS: 475.2 (100, M+H). NMR(CDClz) & 7.48-

7.22 (m, 10E), 4.76-4.4 (dd, 4H), 3.8 (s, 2H), 3.62 (m,

2K), 2.23 (s, 2B), 1.73 (m, 2H), 1.59 (m, 4H), 1.36 (m,

48), 0.76 (d, 6KH), 0.61 (d, 6H)

Example 16AK: yc 475.C (100, M+H). NMR(CDCl3) &

T.41-7.28 (m, 1CE;, 5.C1 (d, 2H), 4.01 (d, 2H), 3.65-

=, 5E), 3.C. (dd, 1K), 2.6-2.3 (m, 6H), 2.0 (m,

1.2% (m, 2H)
16 03.2 (100, M+H). NMR(CDCl3) & 3.97

(s, 2E!, 2.8-3.€ (m, 4K), 2.8-2.4 (m, BH), 2.24 (m, 2H),

2E), 1.C3 (m, 2K), 0.52 (m, 4H), 0.32-0.14 (m,

Examrie l16ARZ: MS: 76%.5 (5%, M+E) 382.1 (100), 274 (S7).
KME(CDCl;) & 7.52 (d, 2KE), 7.35-7.0 (m, 26H), 6.63 (s,
28), .24 (s, 2¥), 5.23 (s, 2H), 4.82 (d, 2H), 3.8 (s,
4x;, 3.3-3.08 (m, 6E), 2.37 (s, 2H)

EIxample 1€AI: MS: 43%.2 (M+K) NMR(CDCli3) & 7.39-7.28
(=,10¥), 5.18% (&, 4¥), 3.85 (&, 4H), 3.50 (s, 2H), 3.38
(¢, 2¥), 1.95 (s, 2E), 1.75 (m, 4H), 1.38 (m, 2H), 0.92
(¢, €Xj, C.E5 (¢, 6¥)

Exampie 16RI: NMS: 43%.2 (M+H). NMR(CDClz) & 7.39-7.28
(7, 10€), 5.1¢ (d, 4¥), 3.85 (d, 4H), 3.50 (s, 2H), 3.38
(¢, 2¥), 1.95 (s, 2H), 1.75 (m, 4H), 1.38 (m, 2H), 0.92
(¢, €¥;, 0.85 (d&, 6H)

MS: (M+H)+ = 439.2

Examplie 16AZ: MS: 371 (M+H). NMR(CDCli) & 4.0 (m, 2H),
3.85 (s, 2K), 3.35 (d, 2H), 2.65 (m, 2H), 2.35 (s, 2H),
1.62 (r, 2K), 1.75-1.24 (m, 12H), 0.91 (m, 18H)

Example 16AF: MS: 552 (100, M+NH,), 535 (61, M+H), 516
(81). NMR(CDCl3) & 7.38 (d, 8H), 5.05 (d, 2H), 4.68

(s, 4K), 3.98 (d, 2H), 3.65 (s, 2KH), 3.52 (m, 2H), 3.43
(s, 28€), 2.57 (m, 2H), 2.42 (m, 2H), 2.03 (s, 6H), 1.97
(-, 48), 0.84 (m, 4H)

This Sheet Has Been Replace

TTHTI




WO 94/19329 PCT/US94/01609

-312-

Example 16AZ: mp 105-114°C. MS m/e 439 (M+H)
Example 16AH: mp 84-97°C. MS m/e 467 (M+H)
Exampie 16AI: mp 79-82°C. MS m/e 495 (M+H)

5 Example 16AJ: mp 66-70°C. MS m/e 551 (M+H)
Example 16AK: mp 123-126°C. MS m/e 435 (M+H)
Example 16AL: MS m/e 463 (M+H).

Example 16AM: mp 91-94°C. MS m/e 495 (M+H)

Example 16AN: mp 111-116°C. MS m/e 499 (M+H)
1C Example 16AC: MS m/e 483 (M+H)

Example 16AF: mp 73-74°C. MS m/e 451 (M+H)

Example 16AQ: mp 73-75°C. MS m/e 395 (M+H)

Example 16AF: mg 108-111°C. MS m/e 363 (M+H)

Exarmgle 1€AS: mp 110-114°C. MS m/e 335 (M+H)

1 Example I1627: mp 114-116°C. MS m/e 499 (M+H)

Synthesis of Thiourea (XXVIIa):
Tilarincduimer Cempound (XXIc) (22.45g, 47.1 mmol)

i wags Ciscclived In ZTC nl cf tetrahydrofuran and to this
solutisn owir eZZed £.23g (51.E mmel) of thiocarbonyl
cimmidazclie. After stirring the mixture for 18 hours at
room temperatuye TLC (10:1:10 ethyl acetate: ethanol:
rexzne, indicetel ccmrplete reaction. The reaction

s misture wze taker to drynecss and the solid residue
gurifliel oy IZlzer chrmatography (silica gel, 250g, 1:1
ern,L eceleéve: nexane) to prcvide solid which was
triturezes witlh hexane to provide 17.8g (73% yield) of
WoVIZIz z: & white soi:laq.

S-nthesis of Compcund (XXVIIb):
Scmzzans (XXVIle) (3.108g, 6mmol) was dissolved in
oF gzstnnitrile and to this solution was added methyl
< Llanns 1.Erl fe4dmmclc vie syrinme and stirred at roorw
- Lre nour T LONTEeNT I wers therl take
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to dryness. The residue was §;:solved in 30ml
dimethylformamide and to this solution, cooled in a 0°C
ice bath, was added NakE (60% in oil) 720mg {(18mmol)
slowly (EVOLUTION!). The contents were stirred at room
temperature for 30 minutes. The mixture was cooled in a
0°C ice bath and benzyl bromide (2.052g, 1l2mmol) was
added via syringe and stirred at room temperature for 18
hours. TLC (2:3 EtOAc:Hexane Rg=0.25) indicated a
complete reaction. The reaction was worked up by
diluting with water (300ml) and extracting with diethyl
ether (3x50ml). The organic layer was dried over
magresium sulfate and the filtrate taken to dryness.

The residue was purified on Si0; gel (200g; 2:3
EtOrz:Hexane) to provide 2.9%23¢ (78.2% yield) of XXVIIb

&S & cclorless oil.

Synthecsis cf Compounds (XXViIc) and (XXVIIA):

Compcund (XXVIIk) (2.9C0g, 4.65mmzl) was dissolved in

© 25rl pyridine ancd to this solution was added 742mg

(4.€5mmcl) benzylhydroxylamine hydrochloride. The
ccntents were refluxed in a 125°C oil bath for 18 hours.
(Cauvticn: Methyl mercaptan is a by-product and the
rezcticr. shouid be vented to a Clorox scrubber). TLC
indicated & complete reaction. The reaction was diluted
with 150mi dichloromethane. The organic layer was
washed with 1IN HC.I (2x300ml) followed by sat. sodium
bicarbonate solution (100ml). It was separated and
ried over magnesium sulfate and the filtrate taken to
dryness. The residue was purified on SiO; gel(130g;
using 1:3 EtOAc:Hexane) to provide 584mg (18.0% yield)
of Compound (XXVIIc) as a colorless oil. 1:2
EtCAc:Hexane was used to provide 2.113g of a side
product thiourea (XXVIId).

Svnthesis ©f COxime (X¥VIIe):

This Sheet Has Been Replace

Ml

i

|

I



WO 94/19329 PCT/US94/01609

[}

o

on

-314-

Compound (XXVIIc) (584mg, 0.84mmmol) was dissolved
ir 5ml dimethylformamide and to this solution, cocled in
a 0°C ice bath, was added NaB( 60% in oil) 80mg (2mmol)
slowly (EVOLUTION!). The contents were stirred at room
temperature for 30 minutes. The mixture was cooled in a
0°C ice bath and benzyl bromide (0.24ml, 2mmol) was
added via syringe and stirred at room temperature for 18
hours. TLC (1:3 EtOAc:Hexane Rg=0.26) indicated a
corplete reaction. The reaction was worked up by
diluting with water (50ml) and extracting with diethyl
etrer (2x25ml). The organic layer was dried over
rmacresziun sulfate and the filtrate taken to dryness.

Tre resicdue was purified on 5i0> gel (33g:; 1:3

DtlEicz:iHexane) to provide 49ime (74.2% yield) of a

Trs ztruztures cf the Exarmples below are shown in

LHrutyaation ¢f Dicli: Compound (XXVIIIa):
Exzmzie 1X (3.517g, 7.58mmol) was dissolved in 25ml
roridire zrnd to this solution, cooled in a 0°C ice batkh,
vz 22 I53Cmg 4~-Dimethylaminopyridine and 7.16éml

m:zl, acetlic anhydride. The contents were stirred
rature for 1B hours. TLC (1:4 EtOAc:Hexane
n.Zicateld a complete reaction. The reaction was
c.loved with 250rl dichloromethane. The organic layer
wzs washed with 1IN HCL (2x300ml) followed by sat. sodiurm
cicerkonete solution (100ml). It was separated and
cried zwer magnesium sulfate and the filtrate taken to
if. The recidue was purified on Si0Oz gel (200g;

©c rrovide 2.632c (€7.0%) of ¥¥VIIls
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Nitration of Benzyl Group: Compound (XXVIIIb) and

(XXVIIIc):

Compound (XXVIIIa) (518mg, 1lmmol) was dissolved in
4l acetonitrile and to this solution, cooled in a -40°C
dry ice-acetone bath, was added 4.4ml (2.2mmol) 0.5M
Nitronium tetrafluoroborate in sulfolane. The contents
were stored in a -40°C freezer for 18 hours. TLC
irndicated a complete reaction. The reaction was diluted
with 100ml ether and washed with water (2x50ml). The
orgaric layer was dried over magnesium sulfate and the
flltrate taken to dryness. The residue was purified on
- cel (75¢; 1:2 EtCAC:Hexane for XXVIIIb, 1:2

tr1
4]
0y
14
)
o 53
o
X
m
3
®
Hh
0
H

XXVIIIc) to provide 106mg (17.4% yield)
cZ XXVIII: as & white sclid and 159mg{26.2% yield) of

X¥XUIZIc as & white sclig.

£. Synthesis of 4-Fluorobenzyl Cyclic Urea (XXXI):

{XXXI)
The synthesis of 4-fluorobenzyl cyclic urea is

outlined in Scheme 7. N-acetyl-D-4-fluorophenylalanine
methyl ester (23.9 g, 0.1 mol), obtained using the
procedure of M.J. Burk (J. Am. Chem. Soc. 1991, 113,
€518), was dissolved in 40 mL of acetic acid and treated
with 100 mL of concentrated HCl, 40 mL of water and
heated to reflux for 5 hrs. The solution was cooled to
room temperature and then made basic (pE = 10) with 50%

~

halx while coclirc in arn ice bath. Benzyl chloroformate
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(25 m, 29 g, ©.17 mol) and NaQOE are added in four

pertions and the solution is maintained alkaline by the
addition of NaOH. The mixture is then stirred at rt for
20 min. The alkaline solution is extracted with ether (2
X 50C mL) and the solution acidified with conc HCl to pH
1. The precipitate is extracted into methylene chloride
and dried over MgSO,;. The solution is filtered and
concentrated to give 20 g of the N-Cbz-D-4-
fluorophenylalanine as a white solid that is used
withou+ further purification.

A solution of N,0O-dimethylhydroxylamine
hydrochloride (B.0 g, 0.082 mol) in DMF is prepared by
gentle warminc. The solution is allowed to coocl slightly
and treated with N-methylmorpholine (6.2 g, 0.082 mol)
and ciluvted wi TET to facilitate transfering of the
E sclutizr ¢f ¥-Cbz-D-4-fluorophenylalanine (20 ¢,
: is treated with N-methylmorpholine
(.0 ¢ 0.0¢ m:zl; enc cocled to 0°C in an ice bath. Tc
¢ scluticn it addec isobutyl

. C.0€3 m:0l) in small portions over

e[

2 ¢Z .. wirs, Tnen the solution of N, O~
mvlhydrexylamine in DMF prepared above is added an<
wture is stirred for 20 mins. Most of the

T.ved on & rotorary evaporator and the

zs3ifcr Lz pzrzitioned between water and methylene
crlixifs, The craarnic layer is washed successively with
T W BZL, I I KelE, water, brine and then dried over

M2Sl .. Ths sziutizn is then filtered and concentrated

~nd ths residue chromatographed on silica gel (50%

o give 16 g of the amide.

Ysirnz the procedure of by J-2&. Fehrentz and B.

Cazire (ngzhesis, 1983, 676) 11 g (0.031 mol) of N-Cbz-
: -zlanine N,O-dimethylhydroxylamide was

e

.C ¢ ¢f N-Cbz-D-4-fluorophenylalaninal
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obtained as a thick oil that:was used without further

prrification.

N-Cbz-D-4-fluorophenylalaninal (9.0 g , 9.031 mol)
was converted, using procedure 1, to (2R, 3S,4S,5R)~-2.5-
bis (N-Cbz-amino) -3, 4-dihydroxy=-1, 6-di (4-
fluorophenyl)hexane (4 g) obtained as a white solid.
MS: (CI, NH3) (M+H)* = 605.

The (2R,3S,45,5R)~-2,5-bis (N-Cbz-amino)~-3, 4-
dihydroxy-1, 6~di (4-fluorophenyl)hexane (4.0 g, 0.0066
mol) was converted, as described in procedure 4, to 1.3

g of the 4-fluorobenzyl cyclic urea (XXXI) obtained as a
white solid. MS: (CI, NH3) (M+H)* = 539.3

E. The 4-fluorobenzyl cyclic urea (XXXI) (270 mg,
C.5 mmsl) was alkvlated with 3-benibxybenzyl chloride
(350 mg, 1.5 mmol) accéfding_to genéral procedure 5. The
resulting intermediate was dissolved in THF and
hydrogenated for 12 hours (200 mg 10% Pd/C, 55 psi) to
remove the benzyl protecting groups. The MEM group was
ther removed, according to general procedure 5, to give,

after chromatography on HPLC (silica gel, 10%
MeDE/CHCl3), 140 mg of Example 20G as a white foam. MS:
(CI, NHz) (M*K)* = 575.2 (100%).

me ] . 3

By variation of the above-described methods, the
title compound was prepared. NMR (CDCl3):987.12-7.32 (m,

. 12H) 6.61-6.83 (m, 6H) 4.91 (d, 2H) 3.80 (s, 6H) 3.64

(m,2H) 3.55 (m, 2H) 3.10 (4, 2H) 3.00 (m, 4H) 2.11 (s,
2H) .

This Shect Has Been Replaced




WO 94/19329

This Sheet Has Been Replaced

L
R
1l )
R‘
HO
EZZ' 823 34
3-(BaNC(0) ) - 4-fluoroe
benzyl benzyl
4~ {CE:ZH(OE) )~ benzyl
benzvi
3= (CEC{O) )~ 4-fluoro
benctyl benzyl
I-cyanc-penzyi 4-fluors
. benzyl -
3-{CE+TH;CE-~ 4-fiucro
C(S!1-berzy: benzyl
PN berzyi
cHA N
C-N Yenzyl
C—’GN' N *
I, _
ey 4-£flucro
CH;GNuTEjj’\\ benzyl
s
I-ECIHZ, - &~-fluorc
pencvl benzyl
S3={CHTUNIEY Y - 4-flucre
renzyl benzyl '
F={ENIFNTH ) ~Denzyl
enzyl
benzo! 3-
" methoxy-
benzyl
I={h; N (=NTE) ) ~4~fluecre
benzv i benzyl
3- ©3,4-
carbsmethoxybern difluore
2yl benzy:
4~ 3, 4-
cecrcmerhoxyben difluors
zyl benzyl
3-rvdroxvresthyl E, 4
tenzy. cifliuc:z
el

4-£fluoro
benzyl
benzyl.

4-£fluoro
benzyl
4-fluoro
benzyl
4-£1luoro
benzyl
benzyl

benzyli

4-fluorc

benzyl

4-£fluorc
benzyl
4-fluorc

‘benzyl

benzyl

3_
methoxy-
benzyl
4-£fluorc’
benzyl
- 3,4-
diflucre
benzyl
3,4~
difliuoro
benzyl
3,4~
cdifluorx:
cenz..

HPLC
Ki
+++
++4
++4
++
+++

++4
++
+4

++4
++
+++

+++

++4

4+
+4

+4

PCT/US94/01609

Igan Mass
°c Spec
MtH

(MiNH4)

4+ (646.4)
+++ 595.2

+++ (6446.4)

4+ (€-0.2)

+++ (7¢C.5)
+4++ €71.4
+++ 97%.4
++ gLt .t
+++ €02.3
++4 €57.¢
+++ €23.32

+4+4

+++ 65: .=
4+t €95.4

bt (712 .4
)
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20AE
20AC
20T

20AE

20AF
2086
20a
20h1
2087
20a¥.
Tt 20AL

204N

2CAN

20AS

20AT

20AU -

20AV

W
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4-hydroxymethyl 3, 4- 3,4-
benzyl difluoro difluoro
benzyl benzyl
3-(B;NZ(O)) - 3,4- 3,4-
benzyl ifluoro difluoro
benzyl benzyl
3~ (H;NC(=NOH))~- 3, 4- 3,4~
benzyl diflucro difluoro
benzyl benzyl
R22a . 4-fluoro 4~-fluoro
cyclopropyl benzyl benzyl
methy '
RZ3=
3~ (3-pyrazolyl
benzyl
cyclopropyl 4-methoxy 4-methoxy
methyl benzyl benzyl
.benzyl 4-methoxy 4-methoxy
benzyl benzyl
2-naphthyl  4-methoxy 4-methoxy
methyl berzyl benzyl
4-carpbomethoxy 4-methoxy 4-methoxy
benzyl benzyl benzyl
4-hydroxymethyl4-methoxy -4-methoxy
benzyl benzyl benzyl
benzyl 4-hydroxy 4-hydroxy
benzyl benzyl
allyl 4-methoxy 4-methoxy
benzyl benzyl
benzyl 4- (2~ 4-(2-
hydroxy hydroxy
~. . ethoxy) ethoxy)
benzyl benzyl
benzyvi 4- (2~ 4~ (2~
morpholin hydroxy
ylethoxy) ethoxy)
benzyl benzyl
- K. - 3-methoxy 3-methoxy
benzyl . benzyl
n-butyl 3-hydroxy 3-hydroxy
benzyl benzyl
3-hydreoxy 3-hydroxy 3-hydroxy
benzyi benzyl "benzyl
n=-butyl - 3- 3~
(E2NC (0) (R2NC (0)
CH20) - CH20)
. benzyl benzyl
cyclopropyl 3-methoxy 3-methoxy
methyl benzyl benzyl
4-hydroxy 3-methoxy 3-methoxy
methylbenzyl benzyl benzyl
3-methoxy 3-methoxy 3-methoxy
benzyl benzyl benzyl
cyclopropyl 3- 3-
methyl (ELOC (D) (EtOC (0}
CH20) CH20)
benzyl benzyl
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MS
Mg

paorY)
(M+NH4)

H + ++/+ . 505.2
E + + 424 .2
F ++ T4+ T 442.8
; ++ +++
(474)
thé

Exarples below are shown in

‘the Cyclic Urea (XXXIIla):

O

HN NH

WO 94/19329
[
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) 35 5% Nf‘: 822
2.E i-benzyloxy
berzy:
21T i
cranobenzyld
- = LESNI(T))
enzyl
~ - e -
<ol o
RaUuT=hCHEL
enzyl
Tie gurusTives of
anow &
-
Eyverzrz-ior ot
rerareticrn ef
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~,i-diphenyI-3

OH

zn of 4-Aminc-Z- (t-butoxycarbonylamino) -
- (z-methoxyvethoxymethyl)pentane.
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‘A mixture of 595 mg (1.50 mmole) of 4-az;do-2-(t-

butoxycarbonylamino-1, 5-diphenyl-3-hydroxypentane (EP 0
402 646 Al), 10 ml of dioxane, 0.2 ml (1.75 mmole) of
MENM chloride, and 0.32 ml (1.83 mmole) of
diisopropylethylamine was heated at B0°C for 16 hrs.
Evaporated the solvent: and purified the residue by flash
chromatography on silica gel with 85:15 hexane-ethyl
acetate to give 0.64 g (88%) of an o0il. Mass spec
(M+H)* = 485.2. This was reduced to the title compound
with hydrogen using 100 mg of 10 % Pd on carbon in 60

'ml of ethyl acetate and 0.6 ml of acetic acid in 49%

yield.

E. Preparation of Z,4-diamino-1,5-diphenyl-3-

- hydroxypentane.

-The product from Part A (218 mg) was dissolved in 2
ml of ice cold 1:1 trifluoroacetic acid -

dichloromethane. After 1 hr the solution”was'poured
'intc a mixture of sodiur bicarbonate solution and ethyl

acetate. : The ethyl acetate extract yielded 163 mg of
the desirec diamino compound.

C. ~-Cyclilization of the Diamine
Tre product from Part B (146 mg), 75 mg of carbonyl

diimidazole, and 0.15 ml of diisopropylethylamine were
dissolved in 2.5 ml of anydrous THF and stirred at room

.temperature for 16 hrs. The solvent was evaporated.

The residue was purified by preparative TLC on silica
gel with 90:10 dichloromethane - methanol to give 108 mg
(69 %) of the cyclic urea. Mass spec (M+H)? = 385.1.

N-Alkylation of the Cyclic Urea (XXXIIla):

This Sheet Has Been Replaced
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D. The product from Part C (93 mg) was dissolved in

2.5 ml of anhydrous DMF, and 100 mg of 60% NaH in
mineral oil was added. The mixture was stirred for one
hr. m-Benzyloxbenzyl chloride (350 mg) was added, and
the mixture was stirred for 16 hrs at room temperature.
Water and ethyl acetate were added. The ethyl acetate
extract was washed with water, dried and evaporated .
The residue was purified by prep TLC on silica gel with
60:40 hexane - ethyl acetate to give 105 mg (54%) of the
desired bis~alkylated product. Mass spec (M+H) % =
777.5

[ &
(4]
Ke)
L4}
o]
1t
[{\)
O
(44
(%)
O
3
@)
th
)
H

otecting Groups (Example 223):

produci from part & (102 mg) was dissolved in 4N
€ hrs. The sclution was evaporated antd
' prep TiT on tilica gel with 60:40 hexane -
€. Mass spec (M+H)¥ = 689.4. The purified
hydrogenated for 16 hrs in the presence'of
&zl ethanti., 0.2 ml of acetic acid, and 35 mg of 10% Fc

= e - - -~ . % -
arlin Ttz give Ix

mpie 22%. Mass spec (M+H)* =
¢

r.ies soluticn was added sulfamide (572mg,
.%%mmzl). The contents were refluxed in a 125°C oil

retn for 1E hours. (Caution: Ammonia is a by-produc:
&r the reaction should be well vented;. TLC(1:1
EtlioiEzxane Pf=0.2) indicated a complete reactior. The

_____ L . s< 9 > . ) N L . 3 - L3

rellulut wie flluted witn z00n diethyl! ether anc i
. . - . P .- - > . S v .- e N Sl = o 7 - P .-
voLnLw o oLsianl w2z owashed with water{30Tal. funilowad b
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1N EZ1L(2x100ml) and sat. sodium bicarbonate solution

(25m1). The organic layer was dried over magnesium
s:lfate and the filtrate taken to dryness. The residue
was purified on Silica gel (130g; using 1:1 EtOAc:Hexane
followed by 20:1:20 EtOAc:EtOH:Hexane) to provide 2.412g
(75.3% yleld) of the desired intermediate (XXXIVa) as a
white solid.

Intermediate (XXXIVa) (269mg, 0.5mmol) was
dissolved in dimethylformamide (3mL) and to this
solution, cooled in a 0° ice bath, was slowly added
sodium hydride (60% in oil, 80mg, 2mmol) (EVOLUTION!).
The contents were stirred at room temperature for 30
rmirctes. The mixture was cooled 'in a 0°C ice bath and
(bromomethyi)cy;lopropane (0.19mL, 2mmol) was added via
syfinge and stirred at room temperature for 18 hours.
TLC(I:1 EpOA:;Hexane Rf=0.3) indicated a complete
reac tion. The reaction was worked up by diluting with
vazer (50mL) and extracting with diethyl ether (2x25ml).

-
-

%

-3
[t

o*gan;c layer was dried over magnesium sulfate and

re

l'h

ate taken to dryness. The residue was placed
ir & 50mi R.B.. flask and dissolved in methanol -(3ml) and
tc the flask was'added.4M HCl in dioxane (3mL, 12mmol)

Tra

rt
’.l

arnd the mixture stirred at room temperature for 18
:3 EtOAc:Hexane Rf=0.3) indicated a
cormplete reazction. The mixture was worked up by

Ny

hours., TLC (

quenchihg_in sat. sodium bicarbonate (25ml) and
extfacting with dichloromethane (2x25mL). The organic
extracts were dried over magnesium sulfate and the
filtrate taken to dryness. The residue was purified on
silica gel (55g; 1:2 EtOAc:Hexane followed by 1:1) to

rovide 129mg (54.8% yield) of the title compound as a
white solid. m.p.71-72°C
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Inteimediate (XXXIVa) from Example 23F (538mg,
1.0mmol) was dissolved in N,N-dimethylformamide (5mL)

5 and to this solution, cooled in a 0°C ice bath, was
slowly added sodium hydride (60% in oil, 160mg} 4mmol)
(EVOLUTION!) . The contents were stirred at room
temperature for 30 minutes. The mixture was cooled in a
0°C ice bath and m-benzyloxybenzyl chloride (931mg,

10 4mmol) was added as a solid and the mixture stirred at
room temperature for 18 hours. TLC (1:2 EtOAc:Hexane
Rf=0.25) indicated a complete reaction. The reaction
wzs wcrked up by diluting with water (100mL) and
extracting with diethyl ether (2x50ml). Thé orgéhic

)
o
[
LY

I,_‘
b
4]
S
4]
tn
[¢]
H
[ 24
®
(L

cver magnesium sulfate and the filtrate
t2 cdrynecs. The residue was purified on silica

2 fclicwed by 1:1 EtOAc:Hexane) to provide
TEZmy (B4.3% yieid) ©f the intermediate (XXXIVb) (where
Pt = F2P = m-benzylioxybenzyl) as a colorless foam.

(28]
s

| Inzermszizte (XA¥IVD) (700mg,  0.75mmol) was
crszrlives In methancl (3.5mL) and to this solution .
czsled in & 0°C ice'bét , was added 4M HCl in dioxane
(.:rI, i4mmzl) anc the mixture stirred at room '
cr 1% hours. TLC (1:2 EtOAc:Hexane _
si=l i<, irndiceted & complete-reaction. The mixture wars
wrikesd =p kv guerching in sat.sodium bicarbonate (50ml)

nZ extrattine with dichioromethane (2x50ml). The
crocarnic &xtralis were dried over magnesium sulfate and

3. tre filtrzte taker. to dryness. The residue was purified
cn silice gel (75¢; 1:2 followed by 2:3 EtOAc:Hexane) to
Trovacs 337ms (€2.1% yield) of the title compound as a
white 32232, m.p.1%4-185°C
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Example 23C (257mg, 0.34mmol) was dissolved in a
mixture of ethanol (5mL) and dioxane (5mL). To the
mixture was added palladium hydroxide onlCarbon (20%,
100mg) and the suspension stirred for 18 hours under
hydrogen (1 atm). TLC(10:1:10 EtOAc:EtOH:Hexane Rf=0.3)
indicated a complete reaction. The suspension was
filtered through a celite pad and the filtrﬁte taken to
dryness. The residue was purified on silica gel (33g:;
1:1 EtOAc:Hexane followed by 20:1:20 EtOAc:EtOH:Hexane)
to provide 162mg (82.9% yield) of the desired compound
as a white solid. m.p.123-124°C.

Jable 2m
| Os A°
This Sheet Has Been Replaced R22N” S NR2?
M~
>
HO  OH
MassSpec
Ex. Ki M+H
N:. ' R?? HPIC IC9¢ gmp, ©C (M2NH,)
232 ' H + ++ 253-255 363.1387
23E p- (HOCH;) =CgHiCHz~ - +++ +++ 1B9-190 603.2528
23C m— (CegHsCH;0) =CgH4CHz~ ++ ++ 194-195 755.3155
23D m=- (HD) =C¢H CH;- U4t +++ 123-124 575.2216
238 - . allyl ++ - 4+++ 112-113 443.2005
23F cyclopzopylmethyl +++ .+t 71-72 471.2318
23G n-butyl +4+ +++ o0il 475.2631
23H 2-naphthylmethyl - +44+ e+ 211-212 643.2631
231 benzyl ++ +++ 159-161 543.2306
23J p- (CgRsCH20) -Cgh4CH:~ + +4 755.3147
23K P~ (HO) ~CgH4CH,~ +++ 4+ 223-225 (592.2486)
23L m-nitrobenzyl ++ +++ 196-198 633.2014
23¢ m-aminobenzyl ++4+ +++ 212-214 573.2535
23N m- (HOCH; ) -CgH;CH;~ +4+ ++4 603.2540
230 m- ( (CH3) oNCH,CO) ~ +44 +++ 137-139 743.3596
CgH;CHo- :
23F m- (CH30CH;) ~C¢gH4CH-- ++ 4+ 152-154  631.2832
23¢ m- (CHO) =C¢H4CH; - +++ +++  91-93 599.2211
23R CH;-tetrahydro- ++ +++ 97-99 531.2533

furan-3-yl




WO 94/19329 PCT/US94/01609
® -326-
23s m~ (HON=CH) =C¢H CH;~ 4 +++ 105-107 (646.2708)
237 m~ (CH3CO) -Cgil4CH;~ ‘4t +++  96-99 627.2523
23U  m- (HON=C(CH3) ) ~CgH4CH;~  +++ +++ 110-113  657.2739
23v CH3 + ++/+ 200-203 381.1696
23w CH,CH3 ++ ++  182-185  419.2007
23X% CH;CH,CH3 +++ +++ 145-148 447.2316
23y m- (CN) =CgHqCH~ ++ +++ . 146-149  593.2227
232 m-(2-(4-morpholino)- ++  4/++  119-122 855.4111
_ ethylNHC (=0) ) CgB4CHo~ v ' Co
23AA m-(2-(N,N-dimethyl- ++ 4+ 127-130 771.3903
amino) ~ethylNHC (=0) )~
CeHgCHo- . -
23AB m-{2-amino~4-thienyl)- +4++ +++ 185-190 739
-~ CgHgCHz= o
23AT S-hydroxypentyl ++4 ++4 (552)
23AD 6-hydroxypentyl ++4 +++ (580}
. 23AE R?? = S-hydroxypentyl ++ ++/4 (466)
R23 = H o
23RT BZ7 = s-hydroxypentyl ~  +++ e (606)
RS = Ze Lo
naphthylmethyl '
2T RYY = S-nydroxypentyl ++4 s (586)
F<® = p-(HEOTHz) -
C:H:CH.~ _
iR F'+ = S-hvdreuvpentys +++ +<4 (5B86)
FrYo= pe (HEOCH;; = '
Cerielk-~
TnE Iirecturers of the Ixarmrles below are shown ir
3 sexmebigne (FVVIUDBY: To & solution of diamine (XXIc)

.z, .21 mmcl.).in ethancl) (3 ml), was added

erezzlfonic acid monohydrate (39 mg, 0.21 mmol.).

€rirring fcr 10 min., dimethylacetamide dimethyl

10

eacetzl ({.C34 mL, 0.21 mmol.) was added. The reaction

| ctirred at room temperature for 2% min. and

ther. refluxed for 2 h. After cooling to room

terperature, the reaction was evaporated in vacuo and
titicred between 5% NaOK and CH2Cl2. The organic

then washed with saturated NaCl, dried

gn.d evaporated leaving 100 mg_of Intermediate

£f & welliow ¢l (95% vield).
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To a suspension of 60% NaH (160 mg, 4.0 mmol;
washed twice with hexane) in DMF (3mlL) was added a
solution of Intermediate (XXXIVb) (100 mg, 0.20 mmol.)
in DMF (7 mL). After stirring for 35 min., a solution of
4-tetrahydro-pyranyloxymethylbenzyl chloride (XXXIVc)
(0.53g, 2.20 mmol.) in DMF (2 ml) was added followed by
addition of potassium iodide (0.33 g, 2.0 mmol.). After
stirring overnight, additional chloride (XXXIVc) (0.53
g, 2.2C mmol.) was added and the reaction was heated to
5¢°C and stirred overnight. The reaction was quenched by
addition of acetic acid (1 mlL) in Et20 (100 mlL). After
basificaticn with 5% NaOH, the organic phase was washed
with water (2X), brine (2X), dried (Na2S$S04), and
evapcrated leaving 2.1 g of a yellow o0il. This material
was taken up in methanol (10 mlL) and 4N HCl in dioxane

(5 ml) was added.'After-stirring ovérnight, the reaction
wes evaporated in vacuo and partitioned between 5% NaOH

anc CE2Clz. The orgaric phase was dried and evaporated

leaving 1.1 ¢ of an orange oil. Co1umn chromatography
(flash silica gel; 5% MeOH/ CH2Clz .and 0.1% NH40H) gave

1€2 mg of Exampie 24 and 300 mg of Example 24C, both as

whize s:l:ct

Exarrie Z24F: Mass spec. MH*= 445.2; mp = 105-110°C
(HC1 salt)

op! C: Mass spec. Mt = 565.5; mp = 72-75 ©C
(Note: The mass spec is M* since this is already a
charged species.)
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By an analogous process reported above, and instead

using benzyl chloride, the desired product was obtained.
The acid deprotectiorn step was not performed in this

instance.

Example 24A:  lH NMR .(300MHz, CDCl3):86.90-7.35 (m, 15
H), 4.09-4.14 (m, 2 B), 3.56 (dd, 2 H), 3.13 (dd, 1 H),
2.506-2.95 (m, 5 H), 1.97 (s, 3 B). Mass spec. Mi'=
415.1, mp = 130~137 oC..

ve  ames

CeEglH-~  CgEe¢CHo-

Iable 2n
22 L 23
"R ;/L\\ R
\N 22N 'N/
RN\ g7
Re YRS
o N o . MS
T ¥V~ 23:' ' 2_23 343_37 : 35._:36 K;s ‘M+“)+
4% . .. .  bpenzyl benzyl OMEM - - 415.1
L4I al. r=(KD)~  benzyl "OH 0 44% .2
| CegHgCHp- | - .
<< m=(¥0)- r-(HO)- ' benzyl OR (5€5.2)

ciructures of the Examples below are shown irn

Example 252
Insermziiate (XiLvVa), (3S5,5R)=5-[(1'R}=-1'-{(t-

Eutyvaicxysarbonyl) amino}-2'=-phenethyl)-3-
phenyimewlhylitetrahydrofuran-2-one, can be prepared from
lslanire following the &-step procedure of
Z.I. IZrever, €t &l [Eiochem. 1992, 3I, 6646-6659;. Thi:

= id (¥LVk: using the procedure of

o~
[}
te
O
0
{
't
e §
[}:]
*
F
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>
E.E. Evans, et al [J. O:g cnifng 1985, 50, 4515-45251,
wherein a solution of (3S,5R)=5-[(1'R)~-1'~[(t~-
Butyloxycarbonyl) amino)-2'-phenethyl]-3-

phenylmethyltetrahydrofuran-2-one (XLva) (11.0 g, 2.5
mmol) in 15 mL of dioxane/7.5 mL of water was treated
with 2.7 mL of 1 N NaOH dropwise. The mixture was
stirred at room temperature for 30 min. and then
concentrated at rt on a rotary evaporator. The residue
was acidified with 10% citric acid and extracted into
ether. The ether extract was washed with water, brine
and dried over MgSO4. The solution was filtered and
concentrated to give the hydroxy.acid as white solid.

The hydroxy acid was immediately dissolved in dry
DIT anc treated with t-butyldimethylsilyl chloride
(2.6g, 17.5 mmol) and imidazole (2.2g). The mixture was
stirred overnight at room temperature. Analysis by TLC
(50:50 EtOAc/Hex) -showed no starting material remained,
at which time the solution was concentrated in vacuo and
the residue acidified to pH 4 with 10% citric acid and

" extracted into ether. The ether extract was washed with

water, brine ani dried over MgSO4. The solution was
filtered and concentrated to give 1.7 g of the silyl
ether-silyl ester as a colorless syrup.

A solution of the silyl ether-silyl ester in
trahydrofuran (THF, 10 mlL) was treated with 10 mL of
glacial acid and water (3 mL). The solution was stirred
at roor temperature for 2.5 hrs until analysis by TLC
showed complete conversion to silyl ether- acid (XLVb).
The solution was concentrated in vacuo and the resulting
residue diluted with water and extracted into ether.

The ether extract was washed with water, brine and dried
over MgSO4. The solution was filtered and concentrated
to give the acid (XLVb) as a solid.

A sclution of the acid (XLVb) in dioxane was
treated with N-hydroxy succinimide (290mg, 2.5 mmol) and
i,3~dicyclohexylcarbodiimide (DCC, 500mg, 2.5 mmol) and

This Sheet Has Been
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stzrred overnight ¢+ The solution was cooled in'an ice’

bath and the solids were filtered off. The filtrate was
concentrated to give théfactivated ester (XLVc) as a
sticky foam. MS (M+H)+ = 625.5 (41%); -(M+H-BOC)+ =
5 525.4 (100%). _ '
The above activated ester (XLVc) was dissolved in
ether, cooled in an ice-bath:and treated with HCl(g) for
15 minutes and stirred at 0°C for an additional hour.
The solution was concentrated in vacuo at RT to give a
16 white foam. This was dissoclved in THF (100 mL) and made
basic with triethyamine (3 mlL). The resulting suspension
was stirred at room temperature overnight. The solution
wzs concentrated and the residue was chromatographed on
sizica gel (medium pressure LC, ethyl acetate). This was

. »
rn
th
[$

]
tt
w
(]
4]
'U

rified 'by HPLC chromatography on 5111ca gel

(8C:20 Ac/Hex) «to give 170 mg (17% overall yleld/ 3

sters) cf the lactam (XLvd) as a colorless oil. MS

(M-E)~ = 410.2 (100%) -~

% sciution of (XLvd) (170 mg, ‘0.42 mmol) in DMF was
z° czoled To C°C end treated with 60% NaH in oil dispersior
{.€z mmol) and stirred at 0°C for 30 minutess.
Ercmide (2105 mg, 0.44 mmol) was added and stirred
f2r 1 hour and the reaction was allowed to warm to roorm
vre. The mixture was cooled to 0°C and quenched
i and diluted with water. The suspension was
exiracted intc ethyl acetate, washed with water, brine,
cr:el cover MgSO4 and concentrated. The residue was HPLC
: rarhed on silica gel (30% EtOAc/Hex) to give
(XLVE) as a coloriess film., MS (M+H,+ = 500.2
e {(-C2%),
iLe silyl ether-lactam (XLVf) (130 mg, 0.26mmol)

wa: dissolved in tetrabutylammonium fluoride (TBAF, 1 M
n T¥ET, 5nl) sclution and stirred at room temperature

fzr :T rinutes. The solution was diluted with water and
zE etracIel intc ethyl acetate. The extracts were washed

rire, dried over MgS04 arn< concentrated.
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Tre residue waec EPLT chromatographed on silica gel (65%

EtOxc/Hex) teo give 79mg of Example 25A (XLVg) as a white
foam.. MSE (M+H)+ = 3B€.2 (100%).
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lable 20
O
Re? R23
\N This Sheet Has Been Re;ili’ced
R
OH
MS
£x N 822 823 84 Ki M*‘
SR beRIyl benzyl  pengyn + 386.2

The Strustures of the Examples below are shown ir

Example 263

al=sires - 5 Vel "'.""ﬁ"mn'-eﬂ—s-ona-"O.“l—dihvd*o—lo,l'l-

A oTixiure of SE-diberizo [A,D) cyclohepten-s-one-

;C,::-dihy::o—lc,:l-diolacetate {ester) (100mg,
c.3immily oars soc.ium hydroxide 50% aqueous solution (5

JIITI wze Sisslvesd in methanol (10 ml). The mixture
Wil osulriss ozt ree- temperature for 5 minutes,

Neoireliced wisy coricentrated hydrochloriec acid and

€xiracziesd wier ethyl acetate twice. The Organic layer
wezhel wivh wWéter, brine, dried with magnesium

si.lete zrnd thnep corncentrated in vacuo. The concentrate

wW2s clgscives with a minimum amount of methylene

o' ] was added to the cloudy point . The

.( }
Q)
‘e
]

[§)
el
fv
4
.
s

(1]
g
v
)
[t

adte was filtered to give Oopaque fine
Necle crveszice (47mg, 64%) . mg 107.5-107, ¢°¢, Mas:
2

ralyesic Calcg.for CisEi20-: C, 74.8%;
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Found: . C,:74.70; H,
7.67(2H, m),
3.03(2H, m).

-333- . . . :
'$.01° '1H NMR (CDCl3/TMS) 8
7.57(2H, m), 7.44(2H, m),

B, 5:.03;
7.85(2H, m),
5.C2(2E, m),

M

I

- MS
Ex N- R42-R5 R23-R7 .. Ky mp, °C (M+)
26z fused fused 4 107.5- 241
.aromatic aromatic 108

' The structures of the Examples below are shown in

Teble 2q.

'Cbﬁpduhdhxiilb }3'0 g, 4.8 mmol) was dissolved in
c:i anbydrous acebonltrzle (40 ml) and to this soclution
was added benzyl b*omlde (820 mg) and tetrabutylammonium
iodide (20 mg). The contents were heated at reflux
under & nitroger atmosphere for 14 h and the solvent was
ressu The crude residue was

chromatographed on silica gel using ethyl acetate-hexane
(1:1)as the eluent.',The major fraction contained 2.5 g

(76% yield) of Intermediate (LIIIa) as a white solid.

removed under reduced pressure.

MS: (M+H)Y 699.4, (100%); 1H NMR (CDCl3):87.25 (m, 12
H), 6.99 (m, 3H), 4.Y5 (d, 1H), 4.82 (d, 1H), 4.65 (d,
1H), 4.50 (d, 1H), 4.15 (m,1H), 3.85 (m, 1H), 3.62 (m,

1), 3.60 (x, 1H), 2.5€ (m, 1lH), 3.4 (s, 3H), 3.39 (m,
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1H), 3.35 (s, 3K), 3.12 (m,1H), 2.92 (m, 1R), 2.10 (s,

3H). _

Intermediate (LIIIa) (300 mg, 0.48 mmol) was
dissolved in methancl (5 ml) and a solution of
hydrochloric acid in diogane (4M, 5 ml) was added. This
mixture was stirred at room temperature for 4 h and then
the solvent was removed under reduced pressure (the
excess HCl can be removed by ekfensive washing with
methanol followed by evéporation). The crude residue
was chromatographed on silica gel using a 10% ethyl
acetate in methylene chloride as the eluent. The major
product contained 175 mg (81%) of Example 27A. mp: 91-

©93°C MS: (M+H)Y 523.2, .(100%). IR (KBr, cm~l): 3416,

30EZ, 1584 and 128z. 12 NMR (CDCl3):07.25 (m, 10 H),

, 1E), 3.80 (m, 1H), 3.€5 (d, 1RH), 3.38 (s, 1E),
2. 12-2.%0 (m. 2H),2.21 (s, 1H,. 33C NMR (CDCls, ppm}
i.€, 1:t.%, 13Z7.€, 130.2, 130.1, 129.1, 128.8, 128.3,
72.¢, €7.7, €2.2, 32.8.

ter N
L% {1
0

[4

Tre above reaction (removzl of the MEM protecting
crz.i! ¢zn glsc ke done by diesclving the starting
mEtiriel 10 rethangl fcllowed by bubbling HCLI gas intc
tny sziviien for 5 min at -10°C and then stirring at

rcor tenperature for 20 min., Similar work up of the
=T rrccedure leads to the decired Example 272.

ne e TE,

Ey substituting cyclop:opylmethyl'bromide into
prccedure of Example 27A and using the appropriate mono-
vlated cyclic thiourea, Example 27B was prepared in

€ld. mp: B4-8B6°C; MS: (M+H)*t 451.1; 1B NMK
CCl3): 8 7.235-7.20 (m, SH), 5.C (d, 1K), 4.85 (4, 1H),

4.9 {m, 28y, 3.95 (m, 1I®), 3.7% (m, 1H), 3.45 (m, 2RK),
S.0D0ovE, 3E;, 2.2 (w, 1By, 2.0 n, 2BV, Z.78 (-, 1H).
LT e VL LV 2y, , OLL o i, Ll
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Example 27C
5 Using an ahalogous procedure to that described for

10

30

(ad
om

Example 27B, Example 27C was prepared in good yield.

mp: 257-259 ©C; MS: (M+H)* 583.2; l1H NMR (CDCl3):87.25-
7.1% (m, 9H), 5.80 (m, 2H), 4.75 (s, 2H), 3.82 (m, 1H),
3.42 (m, 1H), 3,35 (m, 2B), 2.95 (m,2H).

Example 27D

Using ar analogous procedure to that described for
Example 274, Example 27D was prepafed in good yield {m—
MEMOCH2CgH5CH2Br was the alkylating agent). mp: 253-
255°C;-MS(CDI): m/e 583.3 (100%, M+H); 1H NMR (CD30D, 300

£2) §2.95 (=, 2H), 3.2C (m, 1K), 3.40 (m, 1H), 3.78 (m.

1E), 5.€2 (r, 1H) and 7.15-7.30 (m, 9H).

Ey usinc the appropriate alkylating agent (m-
cyanobenzylbromidé), Example 27E was prepared 'in an
ancidgous procedure to Example 27A: mp: 154-155°C;
MS(CDI) : m/e 546.2 (100%, M+H); 1H NMR (CD30D, 300 MHz)

'82.81 (x, 1H), 2.95 (m, 2H), 3.20 (m, 1H), 3.25 (m, 2H),

3.85 (r, 1H), 3.90 (m, 1H), 5.25 (m, 1H), 5.80 (m, 1H),
7.10 (m, SH), 7.15 (m, 10H) and 7.25 (m, 4H).

Example 27F

Example 27F was made by using p-MEMOCgH5CH2Br as

the alkylating agent in the proceédure of Example 27A.
mc: 162°C; MS(CDI): m/e 555.2 (100%, M+H);lH NMR (CD30D)
o z.85 (m, 2E), 3.12 (m, 2H), 3.8 (m, 1lH), 5.80 (m,

i¥y, €.7% (rm, 2E), €.9% (m, 2H) and 7.15 (m, 5RH).

eet Has Been Replaced
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Example 27G was prepared according to the procedure
described for Example 273, using m-MEMOCgHsCH2Br as the

alkylating agent. mp: 82°C; MS(CDI): m/e 583.2 (100%,
M+H); lH NMR (CD3OD, 300 MHz) §2.85 (m,2H), 3.25 (m, 2H),

3.62 (s, 3H), 3.90 (m, 1H), 5.80 (m, 1H), 6.80 (m, 3RH)
and 7.10-7.20 {(m, 6H).

Example 274

Examp.e 27K was prepared using an analogous

procedure te that described for Example 27A by employing
m—NCC;HéCE;E: as the alkylating agent. ﬁp: 110°C;
ME{TII): e 577.2 (M+H); 1K NMR (CD3OD, 300 MHz) §2.8
(., 28;, 2.1 (rm, 2E), 23.45 (m,2E), 3.65 (m, 1H), 3.7C
{r., 2#;, 3.82 (m, 1K), 4.15 (m, 1K), 5.28 (m, 1B), 5.82
(-., 1E., ".25 (=, 4¥), 7.46 (r, 10 K) and 7.80 (m, 4E).
Iyampie 27°

'ixam;ié.27ﬁ Qas.prepa:ed by treating Example 27H
with hyd:éxy;amine,ﬁCl, using an analogous procedure to
thas de:ﬁ:ibéi fzr Example 27N. mp: 130-132°C; MS(CDI):
moe €11.2 {100%, M+Hy; 1H NMR (CD3OD, 300 MHz) §2.81 (m,

LE,, :.L1 =, ZE), 23.45 (m, 2E), 3.8 (m, 2H), 4.72 (m,
I¥,, 5.€% (r, 2E) and 7.25 (m, 18 H).

mn 7T

Exampie 272 was synthesized in & similar fashion to
tret descriped for Example 27F by using m-MEMOCgHsCHoBr
&g tne alkylating agent. mp: 125°C; MS(CDI): m/e 555.3

E NME O (CDaCI, 30t MHzy 83.05-3.20 (m, 2H!,

This Sheet Has Been Replaced
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3.41-3.60 (m, 28), 3.95 (m, 1H), 5.82 (m, 1H), 6.80 (m,

3H) and 7.20 =7.4% (m, 6H).
Example 27K

Example 27M was prepared using an analogous
procedure to that described for Example 27A by using m-
NCCgHsCH2Br as the alkylating agent. .mp: 102°C; MS(CDI):
m/e 573.3 (100%, M+H); lH NMR (CD30D, 300 MHz) §2.80 (m,
1H), 3.05 (m, 1H), 3.20 (m, 1H), 3.42 (m, 1K), 3.78 (m,
iK), 5.15 (m, 1H), 7.15 (m, 2H), 7.25 (m, 3H), 7.45 (m,
1H) and 7.60 (m, 3H).

Example 271

- To a solution containing 200 mg (0.34 mmol) of
Example 27M in 10 mL of anhydrous ethanol was addeq 60
mg (0.87 mmol) of hydroxylamine.HCl and 87 mg (0.87
mmcl) of triethylamine. The reaction mixture was heated
et reflux until the starting material could not be
detected by TLC), and then thé solvent was removed under
reduced pressuré. The residue was chromatographed on a
Cisg silica column using a 20% solution of water in
methanol as the eluent. The major fraction isolated
contained %7 mo ( 45% yieid) 6f.thiourea, Example 27N.
mp: 150°C; MS(DCI): m/e 639.2 (100%, M+H); 1H NMR (CD3OD,
300 MHz) 82.85 (m, 2H), 3.15 (m, 1H), 3.25 (m, 1H), 3.80
(m, 1H), 5.82 (m, 1H), 7.15 (m, S5H) and 7.45 (m, 4H).

Example 27M

To a solution of containing 5.0 g ( 10.5 mmol) of
Di-amine-Di~MEM compound Il1I in 75 ml of THF was added
2.20 g (22.0 mmol} of KyCO03 and 4.48 g (23.0 mmol) of 4-

f£luoreo-3-cyanobenzyl bromide. The reaction mixture was

(0]

tirrec at room temperature for 18 h and then 100 mL of

cet Has Been Replaced
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water was added. ' The mixture was extracted with CH2Clo

and the organic layer was dried over MgSO4 and filtered.
The filtrate was treated with 1.73 g (15.0 mmol) of
thiophosgene and 2.0 g (20.0 mmol) of triethylamine.

Gy NY B2 B

A

5 The reaction was stirred at room temperature overnight
and then washed with 100 mL of 10% citric acid. The
organic layer was washed with brine, dried over MgSO4
and filtered. The solvent was removed under reduced
pressure and the residue was chromatographed on silica
10 gel using a 50% solution of ethyl acetate in hexane as
the eluent to give 2.45 g (30% yield ) of the alkylated
intermedicate. Removal of the the MEM groups was done
by using anzlogous procedure to that described for
intermediate LIIla The thiourea compound obtained
P {rom the previous step was converted to example 27P by
apriyinc the same porcedure described for Example 27I.
rr 184°C; M3(DCI): m/e 675.2 (100%, M+H); 1H NMR (CD3OD,
310 MEz) 2.€5 (m, 2H), 3.35 (m, 1H), 3.52 (m, 1H), 3.78
(r., 1K), 5. (v, 1H), 7.10 (m, 1K) and 7.25 (m, 8H).
Takle Zg
o S
This Sheet Has Been Replaced R _R23
~N P
[ DG
R4 ~yR7
| %
HO OH
Ete ‘ez HPLC Mass
Louli &.2.4.8 p22 o Rp23 Ré = R? Ki ICo0 gp., ¢ (M=Ei
Z3n KSSE CelisCHz- CeHsCHy~ +4+  +4++  92-04 523.
Z7E RSEE {C3Hs) CHy~ CeHsCHo~ ++4 +++ B4-86 451,
i RSSF Pp-HOC¢H,CR;~ CegHsCH,~ +++ +++ 257-258 583.
271 RSZF m-HOCH,. m~HOCH; . +++ +++  253-355 583,
CgH,;CH - CgH:CRo—
297 R3&F m-cyano- ‘Cgl¢CHz— +++ +++  154-18E 54%,
CehyCH,~
- r3ss r=BOC M, CH— p-HO- += +- el L

w
)
[t]
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276 RSSR m-CH30- - m-CH30- . 44+ - +++ B2. . 583.2
I CegHgsCHy~ CeH4CHo— .
27K RSSR m-cyano-  p-HOCH,. =~ +++  +++ 110 577.2
_ CeH4CH,— CeH4¢CH o~ .
27 RSSR m-HONNE2- p-HOCK;. +++ 444 130-132 611.2
B CgHCHo— CeH4CHz-
273 RSSR m=-HO- m=-HO- = 44+ +++ 125 555.3
CgH4CH— CgH4CHa=. '
27K ' RSSR m-cyano- m-cyano- ++4+  +4++ 102 573.3
: CgH4CHy~ - CeHCHp—
27 RSSR m- m- +4+ +++ 150 639.2
o (HoNC (=NOH))  (HoNC (=NOH) ) '
: CgH4CHy~ : CgH4CHo =
27 RSSR m- m- ++4 ++4 152-153 €75.2
(HzNC (=NOH).)  (H NC (=NOH) )
. =p=fluoro- -p~fluoro~-
CgR4CH,~ CgH4CHo—

The structures of the Examples below are shown in
Table 2r. Compounds in Table 2r were prepared as shown
in Scheme 28. '

_ : - This Sheet Has Been Replaced
Preparation of Diamine (lLa):

Tc a suspension of 10 g of (2R, 3S,4S,5R)-2,5-bis-
(N-Cbz—-amino) -3, 4- (dihydroxy) -1, 6-diphenylhexane in 200
rl of methylene chloride was added 10.8 mL of 2,2-
dimethoxypropane and 0.41 g of camphorsulfonic acid.

The mixture was -stirred at room temperature for 48 hr,
then washed successively with saturated sodium hydrogen

~carbonate solution and saturated sodium chloride

solution. The organic phase was dried over anhydrous
magnesium sulfate and concentrated on a rotary
evaporator. The residue was cryvstallized from
ether/hexane (1/10 v/v) to give 6.6 g (60% yield)
acetonide as white needles. mp 76-77°C.

To a solution of 6.6 g of this acetonide in 100 mL
cf tetrahydrofuran/ethanol (1/1 v/v) was added 0.7 g of
0% Pd/C. The mixture was stirred vigorously under 1
atmosphere of hydrogen gas for 18 hr. 'The catalyst was



WO 94/19329 PCT/US94/01609 .

10

I
X1

- r

L 4
isolated by filtration and wagsgo with tetrahydrofuran
The combined filtrate and washings were concentrated on
a rotary evaporator. The residue consisted of 3.6 g
(100% yield) of diamine, La, which was used without
further pur;fxcat;on. -

To a solution of 2 g of compound La in 15 mL of
anhydrous tetrahydrofuran, maintained at 0-10°C under a
nitrogen atmosphere with efficient stirring, was added
1.8 mL (2.2 eq) of triethylamine followed by dropwise
addition of a solution of 0.9 mL (1 eq) of
rhenyldichlorophosphate in 4 mL of tetrahydrofuran. The
mixture was stirred for 16 hr =t room temperature The
resulting triethylamine hydrochloride was isolated by

[ X3

filtraticn and washed with tetrahydrofuran. The
ltrate and washings were concehtrated on a
evazoretcr, taken up in methylene chloride/ethyl
v
a

ether (1/1 v/v), and washed successively with water
(2X), and saturated sodium chloride solution (1X).
£Iter drying over anhydrous magnesium sulfate, the
crgznic lzver wzs concentrated on a rotary evaporator.
Fur.fizatior cf the residue by column chromatography

a short pad of silica gel eluting with
hexzrne/ethyl acetate (1/1 v/v) gave 1.8 g (64% yield) of
the cyvclic phosphoramide, Lb, as a sticky white foam.

Yz & sclution of 0.1 g of compound 1b in 3 mL of
rhviscus N,N-dimethylformamide, maintained under a
nitrcgen etmosphere at room temperature, was added 35 mg
cf €0% NeX (by weight, dispersed in o0il). The mixture
waz: st.rred for 10-15 min followed by addition of 0.16
- kremecmethyleyclopropane. The mixture was stirred for
48 hr &t room temperature, then quenched by water
edf.zicr. The product was extracted with ethyl acetate
(3¥:. The combined extracts were washed successively
vith water (Z2¥) and saturated sodium chloride solution
.¥!, cried over anhydrous magnesium sulfate, ang

167 @I & rotary evaporator. The residue was

Sheet Has Been Replaced
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purified using rotary preparative tlc eluting with

hexane/ethyl acetate (4/1 v/v) to give %7 mg (79%'yie1d)
of the bisalkylated product as an amber oil.

To a solution of 97 mg of this bisalkylated product in 2
mL of anhydrous methylene chloride, maintained under an
argon atmosphere at —79@, was added 0.5 mL of 2 2.0 M
solution of dimethylboron bromide in methylene chloride
by dropwise addition. The addition was completed in 10-
15 min, and the mixture was thereafter stirred for 1 hr
at -78°C. The mixture was then transferred via syringe
to a rapidly stirring mixture of 1 mL tetfahydrofuran
and 0.5 mL aqueous saturated sodium hydrogen éarbonate
solution. After stirring for 5 min, the mixture was
extracted with ethyl acetate (3X). The combined
extracts were washed successively with 10% aqueous
potassium hydrogen sulfate solution and saturated sodium

chloride solution. 'After drying over anhydrous

magnesium sulfate, thé organic layer was concentrated by
rotary'evaporation}e The résidué'was purified by rotary
preparati&e tlc eluting with héxane/ethyl acetate (4/1
v/v) to give 70 mg (78% yield) of compound 28D as an
amorphous white solid. MS 547 (M+H)* 453 (100%, M+H-
CeHsOH)*. 2H NMR(CDCl3) 80.24 (4H,m) 0.44 (4H,m) 0.95
(2H,m) 2.22 (1H,d) 2.52 .(1H,m) 3.18 (4H,m) 3.38 (2H,m)
3.€3 (1K,m) 3.90 (1H,t) 4.03 (2H,m) 7.00 (1E,m) 7.06
{(2E,¢t) 7.24 (1C B,m) 7.50 (2H,m)

Example 28M

Compound of example 28M was prepared from compound
Lb using the alkylation procedure described for example
28D by replacing the bromomethylcyclopropane with 3-(N-
methyl-N-trifluorocacetamido)benzyl bromide. A solution
of C.27 g of the bisalkylation product, thus prepared,
in 7 mlL cf methanol was treated with 4 eq of solid
potassium carbenate. The mixture was stirred for 48 hr

This Sheet Has Been Replaced
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at room temperature, dlluted with water, and extracted

with methylene chloride. The extract was washed
successively with saturated sodium hydrogen carbonate
solution and saturated sodium chloride solution, then
dried over'anhyd:ous magnesium sulfate. Concentﬁation

by rotary evapora;ion and purification of the residue by

column chromatography using silica gel eluting with
hexane/ethyl acetate (1/1 v/v) gave the free amino
compound in 57% yield.
To a solution of this diamine in 3 mL of methanol was
added 0.01 g p-toluenesulfonic acid monohydrate. The
solution was stirred for 1 hr at room temperature, then
concen:rated Ly rotary evaporation. The'residue,yas
taren up in ethyl acetate, washed with saturated. sodium
rdrogen carbonate solution, and dr;ed over anhydrous
sium sulfate. Cconcentration by rotary evaporation
purification by column chromatography on silica gel

using methylene chlor;de/ethyl acetate/ethanol
{ :

0702 vo-nne ratios) gave a 19% yield of compound
$: SB3 (M-E-CgHsOE) 1K NMR (CDCl3): & 2.58-2.77
S.7C (s, 3Ei: 2,78 (s, 3H):.3.02 (d, 2H):; 3.20-
; 3.'4; (d cf d, 2H); 3.50-3.73 (m, 2H); 3.88
, ¢.35-4.59 (m, 4H); 6.42-6.52 (m, 4H); 6.55-
€1 (rn, ZEj;  6.95 (d, 2H); 7.00-7.37 (m, 10 H); 7.52

('\
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EX. R2Z.- = R23 . RY = R7 R24A K; ~ ICg¢s "mp, °C Mass
Ne. _ , HPLC : Spec
, _ (M+H)
282 H benzyl phenyloxy + ++ ' 456
‘ {M+NH;)
28E 2-naphthyl benzyl phenyloxy ++ ++4
methyl
28C cyclopropyl benzyl phenyloxy ++ ++4 547
, methyl - .
28D n-butyl benzyl phenyloxy ++ +44 551
28E 4~ {HOCH,) - benzyl phenyloxy ++ +4+4
benzyl
28F H benzyl ethoxy + ++/+ 245~246 408
: {M+NH, )
. : 391
28G cyclopropyl benzyl dimethyl + ++ 498
methyl . amino
28H 4~ (HOCH;) - benzyl methoxy ++ ++ : 617
benzyl '
2E: 4- (HOTH;) - benzyl dimethyl ++ ++ 159-160 ~ 630
benzyl amino :
28> 3~ (HOCH:;) - benzyl phenoxy ++  ++  109-110
berizy:l , :
28¥ bernzyl benzyl methyl ++ 541
28L 3= (CH3NE) - benzyl phenoxy +4 ++
benzyl '

o

1cC

15

The Examples below are representative procedures
fcr the preparation cf the compounds shown in Table 2s
below. T ' '

Example 293

Compound of example 5U (11.340g, 20mmol) was
‘dissolved in ‘60ml tetrahydrofuran. and cooled to 0°C.
di-t-butyl~K,N-diethylphosphoramidite 13.000g(52mmol) in
40 ml tetrahydrofuran was added followed by additop of
7.28g(104mmol) of tetrazole. The épntents were stirred
for 5 minutes in the 0°C ice bath and then for 15
minutes in a water bath at approximately 23°C. The
contents were cooled in a -40°C bath and 21.59(62.4mmol)
of 50% m-chloroperoxybenzoic acid in 100ml
dichloromethane added over a '10 minute period and
stirred for 5 minutes in the same bath and then 15
minutes in a water bath at apprcxihately 23°C. The
reaction was quenched with 250ml of 10% aqueous sodium

This Sheet Has Been Replaced
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bisulfite at 0°C. The agueous layer was extracted with

' ether (100ml). The organic extracts were combined and

washed with sat. sodium bicarbonate {100ml), 10% aqueous.
sodium bisulfite (250ml) and then sat. sodium
bicarbonate (100ml). The organic layer was separated

‘and dried over magnesium sulfate and the filtrate taken

to dryness. The residue was purified on S5i02 gel [7509,
using chloroform (500ml) ‘followed by 1%
Methanol:Chloroform (4 liters) followed by 1.5% (4
liters)) to provide 14.410g (75.8% yield) of the
bisphosphate ester as a white solid. Caution! The
"flash chromatography" column should be done as fast as
pcesible toc aveid any decomposition on the column
support. 3K NMR(300MHz) (CDCl3) O 1.441(36H,d,J=4Hz),

c .

, 3.352 (2H,s), 3.49(4E,m),
4,853 (28,4,J=FKz), £.91Y (4H, d, J= 14Hz),
T?L1II (L2, s,3=BHz,, 293(&gx, m); 31p NMR(121MHz) (CDCl3)
d -¢.¢ (S,dE:CJ§LEd)
Tris Zdisster Intermsdiate (3€g, 27.85mmol) was dissolved
. .

thnzrz) &nd te thiz sclution was added Z.€ ¢
¢ hmberiys: 15 icn exchange resin. The contents were
stirred &t reflux fcr 5 hours. The mixture was filtered
“nrouch a2 celize pao ana ccncenbrated to afford 27g
(¢2.2%; cf Compound 29A as a white solid. 21H NMR (DMSO-
d¢" € 2.842 (4K, ), 2.935 (2E,m), 3.336(2H,s),

: .;:o\z:e,:',s=::'.'z;, £.6€2(2K,d,J=4.2Hz),
4.522(4}‘:,0,:} 'E hz)' 7.016(4H,d,J’=6.9H2), :
T.CE4(4K,€,J=7.7 Hz), 7.26€(10E,m); 31p NMR (DMSO-dg) &
-0.4% (g, decoupled)

e GE.
lompound 252 (2.17€¢, 3mmol) was treatd slowly with

- ;- . £ megve : .
. il flimmzl) ¢f L.Cz4Y Por-assium bicerbenate

= . - % 5 s w .-
TltLtr Aiver wre gddltine wz:D coomolets the scluticon
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was filtered through a sintered glass filter ‘funnel and

lyophilized to afford 2.433g (92.3% yield) of desired
tetrapotassium salt as a white solid.

Example 29D

Compound 5U (8.2 g, 14.4 mmol) was dissclved in
methylene chloride (170 ml) under a nitrogen atmosphere.
N, N-Dimethylglycine (1.78 g, 17.3 mmol, 1.2 equiv.) was
added followed by the reagents, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(3.32 g, 17.3 mmol, 1.2 equiv.) and 4-
dimethylaminopyridine (2.11 g, 17.3 mmol, 1.2 equiv.).
After stirring overnight, silica gel (40 g, 230-400
mesh) was added and the solvent removed on a rotary
evaporator. The residue was applied to the top of flash
silica gel column and eluted with 20% methanol-80% ether
to give partially purified D. Further chromatography
using '15% isopropancl-85% methylene chloride gave'the :

. . desired monoester (2.54 g, .27%)." 1H NMR (300 MHz,

§.80(1H, d), 4.50(2E, s), 3.46(6H, m), 3.07(2H, s),
2.96(78, m), 2.22(6H, s). 13C NMR (75.4 MHz, CDCl3) &

17C.2, 162.1, 140.2, :139.6, .138.4, 137.3, 134.8, 129.5,

129.4, 128.6, 128.5,.128.5, 128.1, 127.1, 126.4, 71.1,

71.¢, 66.C, 64.3, 63.8, 60.1, 55.3, 55.1, 45.1, 32.6.
This mono-ester (1.39%9 g, 2.14 mmol) was dissolved

in a mixed solvent system (88 ml, 9% isopropanol-91%

ether). A& solution of hydrochloric acid (0.59 ml, 2.35

mmel, 1.1 equiv., 4.0 M in dioxane) was added dropwise.
After stirring for 1.5 hours, the reaction was filtered
under nitrogen. The filtrate was rinsed into a flask
with water and frozen. The frozen solution was
lyophilized to give 29D as its mono-hydrochloride-

monohydrate (1.32 g, 92% for the monohydrate). 1 NMR
(300 MEz, CD30D) & 7.38-7.01(18H;, m), 5.26(2H, s),
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A}
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o -346- -
4.82(1K, d), 4.78(1H,-d), 4.56(2H, s), 4.12(2KH, d4d),

3.58(4E, m), 3.09~2.78(6H, m), 2.91(6H, s). -13C NMR
(100.6 MHz, CD30D) O 166.89, 163.83, 142.37, 141.30,
141.24, 140.17, 138.14, 135.64, 130.86, 130.65, 130.48,
129.93, 128.67, 129.57, 128.24, 127.48, 72.05, 71.90,
68.81, 67.81i, 66.93, 64.79, 57.99, 57.07, 56.72, 44.49,
33.64, 33.58. MS (NH3 CI) m/e 652 (M+H-HC1). '
Example 29E

- Compound 5U (5.0 g, 8.82 mmol) was dissolved in
methylene chloride (50 ml) under a nitrogen atmosphere.
A excess of 2,2-dimethoxypropane (lo'ml)'and a
talytic amount cf p-toluenesulfonic acid monohydrate
1 mgy were then added. After stirring for one hour,

(2% ml) was added and.stirring continued for ten
minutes. The reaction was then transferred to a
separatory funnel where the layers were'sepafqted.'The
crganic phase was was successively with a saturated
sciuticr. of sodium bicarbonate and brine. After
¢ cver anhydrous magnesium sulfate, ‘the crude

product wes isolated by filtration and ‘evaporation:
ificezicr. was accomplished by flash silica gel colum:,

hrometograghy (5% methanol-25% methylene chloride). The

[
-

gcetcride was obtained in 90% yield (4.75g). 1K NMR
(300 MEz. CDCI3) O 7.37-7.23(10H, m), 7.09(8H, d),
$.EE(2H, d), 4.€5(4K, d), 3.82(2B, s), 3.76(2H, b),
3.G4(28, <€), 2.92(4H, m), 1.94(2HE, t), 1.34(6H, s). 13c
KMF (7Z.¢ MHz, CDCl3) & 161.7, 140.2, 138.8, 137.6,
12¢.4, 122.3, 129.2, 128.7, 127.2, 126.6, 110.2, 75.5,
€5.C, 6C.&8, 56.0, 33.5, 26.7.

.2 acetcnide (999 mg, 1.67 mmol) was dissolved in
me-Lylene chloride (10.0 ml) under a nitrogen
gtmiszhere. N,N-Dimethylglycine (431 mg, 4.18 mmcl, 2.3

1)
)
[
'_l.
[J]
1]
[3)

n¢ the reagents l-(3-dimethylaminopropyl)-3-

rhoZiimide hydrozhloride (800 nzw, £.286 mmci, 2.1

This Sheet Has Been Replaced
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eguiv.) and 4- dlmethylamznopyridine (511 mg, '4.18 mmol,

2.5 equiv.) were added and stirring continued overnight.
The reaction was applied directly to a flash silica gel
column and eluted with 10% methanol-90% ether. The
desired bis-ester was obtained in 73% yield (0.95 g).
10 NMR (300 MHz, CDC13) 8§ 7.36-7.04(18H, m), 5.14(4H,
s), 4.92(2H, d), 3.86(2H, s), 3.77(2H, d), 3.18(4H, s),
3.08(2H, d), 2.92(4H, m), 2.33(12H, s), 1.37(6H, 8). MS
{NE3 CI) m/e 777 (M+H).

This bis-ester (402 mg, 0.518 mmol) was dissolved
ir methanol (5.0 ml) and hydrochloric acid (1.0 ml, 1.0
N soluticn) was added. After stirring for 0.5 hour the
scivent was removed by rotary evaporation and the
residue azeotropically dried with toluene. Further
drying in vacuo gave 29E (383 mg).

Ex. Nc. R4S = gr43 Kji ICgp mp, °C Mass

(HPLC) . Spec
: (M+R)
292 PO3H>
298 PO3™ (KY)
29C Me,NCH,C(0) -
29D R22. H, R23a 652
Me;NCH,C {0) - *HC1
29E Me;NCH,C(0) - *HC1 737
29F {(3-pyridinyl} - B80S
CHC(O) - :
29G {(4-pyridinyl) - 777
CH,C(O) -
294 (l1-morpholinyl) - 821
CH;C(0) -
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e . ~-348~
281 . (3-pyridinyl)- L
' CH=CHC (0) - i
293 . (l1-morpholinyl) - ' : : 877
(CHZ) 3C (0) ~ . :
29K (d-methyl-i- : 503
piperazinyl)- : :
{CHz) 3C(0) - _
29L (l-piperidinyl)- . - 837
. (CH2)aC(0) - . :
29M (4-methyl-1- 847
piperazinyl)- o
CH,C (0) - - :
29N {l-piperidinyl) - 817
CH,C(O) -
290 (4-phenyl-1- : : 871
piperazinyl) -
.CH,C(O0) ~
29p (l-morpholinyl)- : 849
- (CHz) 2C(0) -~ - '
2¢z _ (CH3) ;C (NH,)C(C) - , - 137
2%F CE:CHE (NE;)C(0) - _ 709
2398 3~ o+ ++4 1€7-168 '
{1-morghcliinyl :
rethyl) CeE:C(0)-
*HZZ

£sT 4- + 4 165-167

829

methyl)Ceh T (0) -
sHZ1 :
2:v 3~ (ETNHETE-) - + et 124-126
CeET(Ci = sHZL L _ :
e 4= {EoRulH 3~ - ©or- 7 134-136
- . C:HiT(Z.- eEZE : :
8w ' 4-(2- , +4 ++4 169-170
EIZE;CHNASES) - S
CeH:S(Ci~ oRZL
RPN 4= {(4=metnyl-1i- +4 +sa 224-225
igerzzinvi . '
methyli=-Cek T(0) -
*2HC1
28y ' 3~(4-mechyi-l-" ++ +++ 185-19¢
Fiperazinyl
methyl)-CeH(C(O) -

*2ET1

I
Schere 3¢,

T e
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5
Ex.No. W
30a C=0
308 C=0
30C C=0
30D C=C
30E . C=C
30F C=C
30G C=C
30H 80,
301 s0;
300 50,
30K -{e]
3CL C=0
30M™ C=_
30K C=C
3CC C=0
3GF C=0
30% §0;
3CR C=C
30s C=0
307 C=0D
30V C=0
30V C=0

10 procedures outlined in Example 23f above.

-349-

benzyl

4~ (HOCH,) ~benzyl
3~cyanobenzyl
4-hydroxybenzyl
cyclopropyl
methyl

. 2-naphthylmethyl

6-hydroxyhexyl
.benzyl

2-naphthylmethyl

cyclopropyl
.methyl

Q-hyd:oxymethyl'

benzyl

© 2-naphthylmethyl

4- (HOCH;:) -benzyl
cyclopropyl
methyl
3-cyanobenzyl

benzyl
3-(H2N”(-NOH))-
benzyl
benzyl
benzyl
benzyl

benzyl

[N VN XN U [ [T RN S [T

N

X, Y
H,OH
£4]
H,OH
H,OH

" H,OH

H,OH

H,OH
H,0R

.B,0H

H,OH

H,OH

:H'OH

H,OH
H,OH
H,0H
H,OH

H,OH

PCT/US94/01609
Ki mp, °C
+ 52-56
+ 70-76
+ 56-65
+ 78-85
+ .
+ 59-66
+
: 123-125
++ 188.5~
’ 190
+ .
;
4+ 134-136
+ 179-181
++ 72-75
+
+ 142.5~
144
+ 118.120
+++
+
+
+
+

The Examples in Table 2u were prepared using the

Compounds

where RY = R7 = 4-fluorobenzyl were prepared from
(2R,2$,4S,4R)'2,S'biS(N-CbzamiHO)’3,4‘
dimethoxyethoxymethoxy-1, 6-di- (4-fluorophenyl)hexane.

This Sheet Has Been Replace

I

i




WO 94/19329

chemistry,
5
-Ex. ftfre? -R22 = R23 R4 = R7 X, Y K ICgp Mass
Nc. Z,3,¢,: (HPLC) Spec
- . +
3iz RSSK 3-cazbomethory 4-fluoro OH, OF ++ .+ ngnz
: benzyl benzyl - (M+NH,)

 31E RSer 4-carbomethory 4-fluoro OH, OH ++ ++4 695.4
o benzyl - benzyl

322 RE=r a-bydroryne*h _4-fluoro OH, 0% +++ +++ €39.4
o benzyil benzyl

3.z RESE 4-hydroxymet thyl 4-fluoro OH, OH +++ +++ 656.2
o benzy2 - benzyl - (M+NH4)
ZiE RSEF ‘benzyl 4-fluorso OH, H ++ +4+ 527.2
wer : benzyl | :

.:-.- EEF: ‘ber.z-2 benzyl ‘epoxy 4 +4/ - s82s5.2
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Scheme 4
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e
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- XXVIb
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.
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L
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_ Scheme 6
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.. Scheme 10
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Scheme 13
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s Scheme 15
P R - Ph Re Ph. Re
HNO,
NH;, —— o — Br
ZHN . . 2NN ZHN
' s . : : s s
Ph : Ph Ph
_ _i Ph - : Ph R
LICH, (ocw,)vi | :
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L
s Ph Ph
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\\PIOCH3 P, 3
HN’ Rzz N’ (R")(R”)
] —
R4 R” R R’
R'S RG : Rs L]
where R'= R'= CHPh
Ph
(XXXVa:  ——  HO P(OXOCHg), —
. 0. OCH
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Scheme 16
| RG Rs
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Ph OH
- ——— D mm
(XXXVlia) : (xvama)
| 0\\ CH; -
(RENR®)C” “CRT)R®)
——— .
R R
where Rz R’= CHPh
/OCH3 o o\\ /OCH;,

(xxxvu) —_— R® .  (RYRWE” \C(R’)(R")
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Scheme 17
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Wi D Scheme 18a
* °° General Scheme for preparation
of compounds of (XLa)
R‘
A —_—
HaN"+ "COOH .
(XLa) :
MX
R‘
7
HIN L J R R
P HO (0] 0
XLch (XLd)
i R7-MX
- R
4 4
i T 1 A
HlN » R H'N . R
P HO oOH P HO OH
(XLe) \ / o XL
. R‘ R7
HoN COOH
OH OH
(XLa) o
P = suitable protecting group
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o Scheme 18b
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Scheme 18b (continued)
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- Scheme 18¢ (detailed)
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* Scheme 20
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Scheme 21
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Scheme 21a
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Scheme 21b
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Scheme 22
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Scheme 23
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Scheme 24
1) PhaP=CHCO,Me 4
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., Scheme 25
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WHAT IS CLRIMED 1IS:
5
1. A compound of the formula (I):
A W R7A
R¢ R?
Roa
R® pes \ he
n
10 (I)
or a pharmaceutically acceptable salt form thereof
wherein:
15 R4 and R7 ére indepéndently selected from the following
groups:
hydreogen:;
C1-Cg alkyl substituted with 0-3 R11
Co-Cg alkenyl substltuted with 0-3 R11;
20 C2-Cg alkynyl substituted with 0-3 R11;
a C3—C1§ carbocyclic ring system substituted with
0-3 Rl or 0-3 R12;
a 5- to l10-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
25 selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R12;
-OR13; -sRr13; CO,R13;
30 R42 and R7A are independently selected from the

following groups:

hydrogen;
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C1-C4 alkyl substituted with 0-6 halogen or 0-3

C1-C2 alkoxy;

benzyl substituted with 0-6 halogen or 0-3 C3-C2
alkoxy:

-OR13; -sR13; CO2R13;

R4 and R4A can alternatively join to form a 5-7 membered
carbocyclic ring substituted with 0-2 R1Z;

P7 and R7A can alternatively join to form a 5-7 membered
carbocyclic ring substituted with 0-2 R12;

n i 0, i, or 2:

RS is selected from H; halogen; C1-Cg alkyl substituted
with 0~3 R, -N(R20)p, -sr20, -0r20, or -n3;

ré is independently selected from: hydrogen, halogen,
C1-Ce¢ alkyl substituted with 0-3 R1l, -N(R20),,
-s22C, -or2l, or -N3;

e}
(&)

and ¢ can a;terhatively join to forﬁ an epoxide or
aziridine ring; —OCH2$CH20-;.7OC(=O)O—; -OCH20~;
-0C (=8)0~; =-0C(=0)C{(=0)0~-; —OC(CH3)20~;
07 ((CB2) 3NHD). (CH3) O-; =OC (OCH3) (CH2CH2CH3) O-;
~08(=0)0~; -NHC(=0)NH-; -0OC(=0)NH-; ~NRHC(=0)0-;
~NHCH20-; —-OCHaNH-; -NHC(=S)O~; -0S (=0)NH~-;
=NHC (=0)C(=0)0~-; ~0C(=0)C(=0)NH~-; —NHC (=0)C (=0)NH-;
~-NHC (CE3) 20-; ~OC(CH3)oNH~- or any group thit, when
adrministered to a mammalian subject, cleaves to
fcrm a free dihydroxyl or diamino or hydroxyl and

amino;
P28 is selected from hydrogen, halogen, C1-Cg alkyl,

} ‘_:120 Zi -quO or ..ORZO
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R62 is selected from: hydrogen, halogen, C1~C¢ alkyl, |

-N(R20)5, -SR20 or -OR21;

R5 and R332 can alternat1ve1y join to form =0, =S, or a
ketal ring. '

R6 and R62 can alternatively join to form =0, =S, or a
ketal ring; '

R20 and R21 are independently selected from:

hydrogen;

C1-Cg alkyl substituted with 0-3 R11;

C3-Cg alkoxyalkyl substituted with 0-3 R11;

C3-Cg alkylcarbonyl substituted with 0-3 r11;

C1-Cg alkoxycarbonyl substituted with 0-3 R11;

C1-Cg¢ alkylaminocarbonyl substituted with 0-3 Ril:

benzoyl substituted with 0-3 R1Z;

phenoxycarbonyl substituted with 0 3 r1Z;

phenylamlnocarbonyl substituted with 0-3 R12 or

"any group that, when administered to a mammalian
subject, cleaves to. form a free hydroxyl,
amino or sulfhydryl;

R11 is selected from one or more of the following:

H, keto, halogen, cyano, =CHpNR13Rl4, -NRr13Rr14,
' -CO2R13, -0C(=0)R13,7-0R13, -s(0)mR13,
-NHC (=NH)NHR13, -C(=NH)NHR13, -C(=0)NR13R14,
-NR14C (=0)R13, =NOR14, -NR14C(=0)OR14,
-0C (=0)NR13R14, -NR13c (=0)NR13R14,
-NR14s507NR13R14, -NR14S02R13, -sozNR13R14,
-OP (0) (OR}3) 5, C31-C4 alkyl, C2-Cq alkenyl,
C3-Cg cycloalkylmethyl, benzyl, phenethyl,
phenoxy, benzyloxy, nitro, C7-C10 arylalkyl,
hydroxamic acid, hydrazide, boronic acid,
sulfonamide, formyl, C3-Cg cycloalkoxy, Ci1-Cy
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alkyl substituted with -NR13Rr14, c3-C4

hydroxyalkyl, methylenedioxy, ethylenedioxy,
Ci1~C4 haloalkyl, C1-C4 haloalkoxy, C1-C4
alkoxycarbonyl, pyridylcarbonyloxy, Ci1-C4
alkylcarbonyl, C1-C4 alkylcarbonylamino,
~0OCH2CO2H; 2-(l-morpholino)ethoxy, azido, or
~C (R14) =N (OR14) ; .

1-3 amino acids linked together via amide bonds,
said amino acid being linked via the amine or
carboxylate terminus;

C3-C10 cycloalkyl substituted with 0-2 R12;

C1-C4 alkyl substitued with 0-2 R12;

aryl (C1-C3 alkyl) substituted with 0-2 R1Z;

C2-C¢ alkoxyalkyl, substituted with 0-2 R1Z;

.C1-C4 alkylcarbonyloxy substituted with 0-2 R12;
Ce-C10 arylcarbonyloxy substituted with 0-2 R3Z;

o

C5~C14 carbocyclic residue substituted with 0-3
RrRlZ;

- to lo-membered heterocycllc rlng system

.

2
containing 1 to.4_heteroatoms independently
seiected from oxygen, nitrogen or suifur, saic
heterocyclic ring system 5¢ing substituted
with 0-3 R1Z;

.is selected from one or more of the following:

E, keto, halogen, cyano, -CHpN(R13Bj (R14B),

-1 (R13B; (R14B), -CcOpH, -OC(=0) (C;~C3 alkyl),

=0E, C2-C¢ alkoxyalkyl, -C{=0)NH3,

-0C (=0)NHz, ~NHC (=Q)NHp, -SO2Nl'2, C1-C4 alkyl,
C2-C4 alkenyl, C3-Cip cycloalkyl, C3-Cg
cycloalkylmethyl, benzyl, phenethyl, phenoxy,

benzyloxy, nit;o, C7-Ci1p arylalkyl, hydroxamic
acid, hydrazide, boronic acid, C3-Cg¢
cycloalkoxy, C31~C4 alkyl substituted with
-NH#2, Ci1-C4 hydroxyalkyl, methylenedioxy,
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ethylenedioxy, C1®C4 naloalkyl, C1-C4

naloalkoxy, C1-C4 alkoxycarbonyl, C1-Ci
alkylcarbonyloxy, Ci-C4 alkylcarbonyl, C31-Cg
alkylcarbonylamino, -OCH2CO2H,

2~ (1-morpholino)ethoxy, azido, aryl(C;~C3
alkyl), a C5-Ci4 carbocyclic residue;

a 5- to l10-membered heterocyclic ring system

containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said

heterocyclic ring éystem substituted with 0-3
R12A, '

when a substituent on carbon, is selected from one
or more of the following:
phenyl, benzyl, phenethyl, phenoxy, benzyloxy,

halogen, hydroxy, nitro, cyano, Ci-Cq4 alkyl,
C3-C¢ cycloalkyl, C3-Cg cycloalkylmethyl, C7-
Cip arylalkyl, Ci-C4 alkoxy, =CO2H, hydroxamic
acid, hydrazide, .boronic acid, sulfonamide,
formyl, C3-Cg¢ cycloalkoxy, -OR13, C3-C4 alkyl

- substituted with ~NR13r14, -Nr13rl4, ca2~Cg

alkoxyalkyl optionally substituted with
-Si(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, C1-C4
haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4
alkylcarbénﬁloxy}“Ci-Cq alkylcarbonyl, C31~-C4
alkylcarbonylamino, =S{0O)pmR13, -SO2NR1I3R14,
-NHSO2R14, -OCH2CO2R13,

2- (1-morpholino) ethoxy, -C(R}4)=N(OR!4); or

a 5- or 6-membered heterocyclic ring containing

from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur;

or R12 may be a 3~ or 4- carbon chain attached to

adjacent carbons on the ring to form a fused
5- or 6-membered ring, said 5- or 6- membered
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‘.ring being optionally substituted on the

aliphatic carbons with halogen, C3j-C4 alkyl,
C1-C4 alkoxy, hydroxy, -NR13R14; or,

when R12 is attached to a saturated carbon atom, it
may be =0 or =S; or when R? is attached to
sulfur it may be =0;

, when a substituent on nitrogen, is selected from

one or more of the following:

phenyl,'benzyl, phenethyl, hydroxy, C31-C4
hydroxyalkyl, Ci-C4 alkoxy, C1-C4 alkyl, C3-C¢
cycloalkyl, €3-Cg cycloalkylmethyl,
~CHaNR13R14, -Nr13R14, cy-Cg alkoxyalkyl, Ci-
Ct haloalkyl, C1-C4 alkoxycarbonyl, -CO2E, Ci-
Cs alkylcarbonyloxy, blfC4 alkylcarbodyl,
~C(R14) =N (OR14); '

FiZ%, wnen a substituent on carbon, is selected from one

or mcre cf the fo}iowing: |

phenvl, be32$l; phenethyl, phenoxy, benzyloxy,
heliogern, hydrqu,_nitro, cyano, C1-C4 alky:t
C3-C¢ cycloalkyl, C3-Cg cycloalkylmethyl, C7-
-C10 &rylalkyl, C3-Cq alkoxy, -CO2H, hydroxamic
acid, hydfazidet_boronic acid, sulfonamide,
formv., C3-C¢ cycloalkoxy, -OR13, C3-C4 alkyl
. substituted with ~NHz, -NH2, -NHMe, C2-C¢
alkoxya¢kyl~optionally_substituted with
-£1(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,
etkylenedioxy, C1-C4 ha.ocalkyl, C1-C4
haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4
zlkylicarbonyloxy, C3-Cs4 alkylcarbonyl, C3-Cg
alkyicarbonylamino, -5(0)mMe, ~-SO2NH3,
-NESO2Me, -OCH2CO2R13, 2-(l-morpholino)ethoxy,
~C{=NDH)}NE2; or |
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~“a 5- or 6-membered heterggsclic ring ‘containing
from 1 to 4 heterocatoms independently selected
from oxygen, nitrogen or sulfur;
or R12A may be a 3~ or 4- carbon chain attached to
5 : - adjacent carbons on the ring to form a fused
' 5- or 6-membered ring, said 5- or 6- membered
ring being optionally substituted on the
aliphatic carbons with halogen, Ci-C4 alkyl,
C1-C4 alkoxy, hydroxy,-NHz; or,
10 when R12A is attached to a saturated carbon atom,
it may be =0 or =S; or when R12 is attached to
sulfur it may be =0;

R12A, when a substituent on nitrogen, is selected from
15 one or more of the following:
phenyl, benzyl, phenethyl, hydroxy, C1-C4
hydroxyalkyl, C3-Cg4 alkoxy, Ci-Cq alkyl, C3-C¢
cycloalkyl, C3-Cg cycloalkylmethyl, -CH2NH2;
-NHz, C2-Cg alkoxyalkyl, C1-C4 haloalkyl, C1-

20 C4 alkoxycarbonyl, -CO2H, C1-C4
alkylcarbonyloxy, Ci1-C4 alkylcarbonyl,
-C (=NOK)NH3; [
k-3 ig selected from:
25 E;

phenyl substituted with 0-3 R114;
benzyl substituted with 0-3 R11A;
C1~Cg alkyl substituted with 0-3 R11A;
Co-C4 alkenyl substituted with 0-3 R114;
30 C1-Cg alkylcarbonyl substituted with 0-3 R11A;
C1-Cg alkoxycarbonyl substituted with 0-3 R113;
C1-Cg alkylaminocarbonyl substituted with 0-3 R11A;
C3-Cg alkoxyalkyl substituted with 0-3 R11A;
an amine protecting group when R13 is bonded to N;
35 a hydroxy protecting group when R13 is bonded to O;
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. R14 {is hydrogen, hydroxy, CF3, Ci1-Cg¢ alkyl substituted

with 0-3 groups selected from OH, C3-C4 alkoxy,
halogen, NHz, ~-NH(C1-C4 alkyl), Ci1-C¢ alkoxy, C2-Cg¢
alkenyl, phenyl, benzyl, an amine protecting group
when R4 is bonded to N, a hydroxy protecting group
when R4 is bonded to O;

- RY3 and R14 can alternatively join to form - (CH2)4-,

- (CH2)5-, ~CH2CH2N(R15)CH2CH2-, or -CH2CH20CH2CH2-;

R1I3B and R14B are independently selected from H or C3-Cg

alkyl, or R13B and R14B can alternatively join to
form - (CH2)4~, = (CH2)5~, -CH2CH2N(R15)CH2CH2-, or
~CHOCH20CH2CH2~;

a
w
2.

is ¥ or CH3:

W iz selected from:
-N(RZZ)C(=S)C(=S)N(R23)~;
-N (R22) C (=NP24) C (=NR24)N(R23)-;
~X (REZ) 5 (=27 )N(R23)~;
- (22

22)5(=2")2N(R23)-;

-1 (F221p {=0) (R242)N(RZ3)~;

-C(Rr2%) (R26)5(=2")C(R27) (R28)~;

-2 (R2%) (R26) 5 (=27 ) 2C (R27) (R28)-;
-C(R25) (RZ26)p (=0) (R242)C(R27) (R28)~;
-C(R23) (R26) 5 (=2 )N(R23)~;

-C(R25) (R26)5(=2") N (R23)-;

-C(r25) (r2€)5(=0) 20-;

-C(R25) (R26) p (=0) (R242)N (R23) ~;
~C (R25) (r26)p (=0) (R243)0~;
-C(R23)C(F2)C(=0)N(R23)~;

-2 (E23) 2 (F2) S (=0) 2N (R23) ~;
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-5C(=2)-;

-C(R25)(R26)C(R34)(R35)C(R27)(R28)-
-N(R22)c (R34) (R35)N(R23)-;
-N=C (R36)N (R23)-;
s ramecmonate N
-N (RZZ)P(R24a)N(R23)":‘ ' l = c L M s =%
- -C(=2)-; o
-P (=0) (R243)-;
-5 (=2')-;
10 -S(=2')2-;
-N (R22) C (=C (R362) (R36P) )N (R23) -
-N (R22)C (=2) N (R23)C(=2) -

wherein:
15
z is 0, S, NR24;

2’ is O or NR24;

20 R22 and R23 are 1ndependent1y ‘selected from the
following:
hydrogen;
C1-Cg alkyl substituted with 0-3 R31;
C2-Cg alkenyl substituted with 0-3 R31;
25 Cp-Cg alkynyl substituted with 0-3 R31;
a C3¥C14 carbocyclic ring system substituted with
0-5 R31 or 0-5 R3Z;
a 5- to 10~-membered heterocyclic ring system
_ containing 1 to 4 heteroatoms independently
30 selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R32;
-0OR222; -~N(R222) (R22D);

35 R222 and R22b are independently selected from the

following:
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hydrogen;

C1-Cg alkyl substituted with 0-3 R31

C2-Cg alkenyl substituted with 0-3 R31;

C2-Cg alkynyl substituted with 0-3 R31;

a C3-Cy4 carbocyclic ring system substituted with
0-5 R31 or 0-5 R32;

a 5- to 1l0-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system be1ng substituted
with 0-2 R32;

RZ4 ir selected from:'hydrogen; hydroxy; amino; C31-~C4
alkyl; C1-C4 alkoxy; mono- or di-(C3-Cg
alxyl)lamino; cyano; nitrc; benzyloxy; -NHSOzaryl,

"

&

yi being optionally substituted with
(C:-Cglalkyl;

€ selected from: hydroxy; amino; C1-C4 alkyl;

‘rt
28]
2l
m

[

'n

C¢ alkoxy; mono- or di-(C1-Cg alkyl)amino;

cyanc; Litro; benzyloxy; or phenoxy:;
are independently selected from the

hydrogen;

7’1

C:1-Cg alkyl substltutec with G-3.R31;

C2-Cg alkenyl substituted with 0-3 R31;

C2-Cg alkynyl substituted with 0-3 R31;

& C3-C14 carbocyi'lic .ring system substituted with
0-5 R31 or 0-5 R3Z;

2 5- to 1l0-membered heterocyclic ring system
containing 1 to 4 hetercatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
witn 0-2 R32;

..’.:;_.':'- ..sp.LJ;
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R26 and R28 are 1ndependently selected from:

hydrogen;

halogen;

C31-C4 alkyl substituted with 0-3 halogen or 0-3
C1~-C2 alkoxy: '

benzyl substituted with 0-3 halogen or 0-3 C1-C2
alkoxy;

-OR13; -sR13;

R29 is selected from:

hydrogen; P
C1-C4 alkyl substituted with 0-3 halogen or 0-3 Cji-
C2 alkoxy; oo
benzyl substituted with 0-3 halogen or 0-3 C31-C2
alkoxy;

alternatively, R22, R25, or.ﬁzs, independently, can join

with R% or:R4,.to form a 5- or 6-membered fused
heterocyclic r¥ing or ééfbbcyclic‘ring substituted
with 0-2 R12, said heterocyclic ring containing 1-3

- heteroatoms independently selected from N, S, or O;
or

-alternatively, R23, R27, or R28, independently, can join

with R’ or R’ to form a 5- or 6-membered fused
heterocyclic ring or carbocyclic ring substituted
with 0—2-R12, said heterocyclic ring containing 1-3
heteroatoms independently selected from N, §, or O;
or

alternatively, R22, Rr23, r26, Rr23, r27, R28, R34, or R3S

can join with RS or RS to form a 0- to 7-membered
bridge to form a carbocyclic or heterocyclic ring,
said bridge being substituted with 0-2 R12 and said
bridge ccntaining (-3 heteroatoms independently
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selected from N, S, or O (i.e., a O-membered bridge

is formed when R22, R25, RZG, R23, R27, R28, R34,
or R35 are taken together with R® or R® to form a
direct bond);

alternatively R28 or R23 can joxn with R’ to form a
direct bond; '

alternatively R26 or R22 can join with R4A to form a
direct bond;

R31 is selected from one or more of the following:

keto, halogen, cyano, -CHoNRI3R14, -Nr13Rr14,
-co2r13, -c(=0)R11, -0C(=0)R13, -OR13, C2-C¢
alkoxyalkyl, -S(0)mR13, -NHC(=NH)NHR13,
-2 (=NH)NHR13, -c(=0)NR13r14, -NRl4c(=0)R13,
=NOR14, -NRrl4C(=0)0R14, -OC(=0)NR13R14,
-NR13¢C (=0)NR13R14, -NR13C(=5)NR13R14, |
~-Nr1450,NR13R24, -NR14S02R13, -sozNR1I3R4, ;-
T4 alkyl, C2-Cg.alkenyl, C3-Ci0 cycloalkyl,
C3~-Cg:.cycloalkylmethyl, benzyl;, phenethyl,
chenoxy, benzyloxy, nitro, C7-Cipo arylalkyl,
nydrcxamic acid, hydrazide, oxime, boronic
acid, sulfonamide, formyl, C3~Cg cycloalkoxy,
C3-C4 alkyl substituted with -NR13R14, ci;-C¢
hyvdroxyalkyl, methylenedioxy, ethylenedioxy,
Ci-C4 haloalkyl, C1-C4 haloalkoxy, Ci-C4
ailkox:'carbonyl, C1-C4 alkylcarbonyloxy, C31-Cs
alkylcarbonyl, C1-C4 alkylcarbonylamino,
-OCH2CO2R13, 2-(1-morpholino)ethoxy, azido,
-C(R14)=N(OR14); or

- 1-3 amino acids, linked together via amide bonds,
said amino acid bein¢ linked via the amine or
carboxylate terminus; .

This Sheet Has Been Replaced
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a C5-C14 carbocyclzc residue substituted with 0-5

R32; or
a 5- to 10-membered heterocyclic ring system

containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
hetérocyclic ring system being substituted
with 0-2 R32;

R32, when a substituent on carbon, is selected from one

10

15

20

25

30

(V3]
[§)]

or more of the following:

phenethyl, phenoxy, C3-C19 cycloalkyl, C3-Cg
cycloalkylmethyl, C7-Ci10 arylalkyl, hydrazide,
oxime, boronic ‘acid, C2-Cg alkoxyalkyl,
methylenedioxy, ethylenedioxy, C1-C4
alk&lcafbonyloxy,f4N3502R14, benzyloxy,
halogen, ‘2~ (1-morpholino) éthoxy, =-CO2R13,
hydroxamic acid, -CONRI3NRI3R14, cyano,
sulfonamide, ~CHO, C3-Cg cycloalkoxy,
-NR13Rr14, -c(R?4)=N(OR14); -NOz, -OR13,
-NR40R41, -SOmR13, -somNR13R14' _C(go)NRl3R14'

~ -0Cc(=0)NR13R14, -c(=0)R11, “oC(=0)R11,
-OCO2R13, - phenyl, =C (=0) NR13-(C1~C4 alkyl)-
NR13R14, -c(=0)NR4OR41, C;-C4 haloalkyl, C3-Cq
haloalkoxy, C2-C4 haloalkenyl, C1-Cq
. haloalkynyl; . B

—-C (=0) NR13C (R11) ;NRI3R14;

-C (=0) NR13C (R11) NR13CO,R13;

-C (=0)NR13-(C1-C4 alkyl)-NR13CO,R13;

~C(=0)N(R13)~(C3~-C4 alkyl)-R11;

-C (=0) C (R11) ;NR13R14;

-C (=0) C (R11) oNR13CO,R13; -C(=0)-(C3-C4 alkyl)-
NR13R14; -C(=0)-(C;~-C4 alkyl)-NRI3CO,R13; or

C;i-C4 alkoxy substituted with 0-4 groups selected
from: R11, C3-Cg¢ cycloalkyl, -CO2R13,
-c(=0)NR13Rr14, -NR13R14 or OH;
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C1-C4 alkyl substituted with 0-4 groups selected

from: R11, =NR14, =NNR13C(=0)NR13R14,
=NNR13C (=0) OR13, or -NR13R14;
C2-Cy4 alkenyl substituted with 0-4 R11;
5 . C2-C4 alkynyl substituted with 0-4 R11;
a 5- ori6-ﬁembe£ed_heterocyclic ring containing
"~ from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur, substituted
with 0-2 R1%;
10
or R32 may be a 3- or 4- carbon chain attached to
adjacent carbons on the ring to form a fused
5- or f6-membered ring, said 5- or 6- membered
ring being optionally substituted on the
a;iphatiqica:bons with halogen, C31-C4q alkyl,
C1-Q4jalkoxy, hydroxy,_-NR13R14; or,

'._l
w

when 332 is at;ached to a saturated carbon , it may
be =0, =S, =NOH; or when R32 attached to
sulfur it may be =0;
:2Z, when a.subs:ituent on nitrogen, is selected from
. cne cr moie_of the following:
Lhenyi, benzyl,,phenethyl, hydroxy, Ci1-Cq
- hydfgxfalkyl,_C1—C4 alkoxy, C3-C4q alkyl, C3-C¢

[
n

cvecloalkyl, C3-Cg cycloalkylmethyl,
-ceonR13r14, -Nr13R14, Cp-Cg alkoxyalkyl, Ci-
C:i hazloalkyl, C1-C4q alkoxycarbonyl, -CO2H, C2-
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl,
~C(R14)=N(0R14);

30

34 is selected from:

hydrogen;

tad
(Bl
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C1-Cg alkyl substituted with 0-3 R11l; @

C1-Cg alkoxy substituted with 0-3 R11;
C1-Cg thioalkyl substituted with 0-3 R11;

R33 is selected from:

hydrogen; MO O
OR13; e rnss

SR13;

halogen;

N (R38) (R39)

C1-Cg¢ alkyl substituted with 0-3 R1ll;
C1-C¢ alkoxy substituted with 0-3 R1l;
C1-Cg thioalkyl substituted with 0-3 R11;

R34 and R35 can be taken together to form a ketal ring,
a 3- to 8-membered carbocyclic ring, or a 5- or
6-membered heterocyclic ring containing 1-3
heteroatoms independently selected from the group

.0, N, or S, said ring substituted with 0-5 R11l;

R36® is selected from:
: :
C1-Cg alkyi substituted with 0-3 R11l;
-CorR37; -
-NR38R39;
-CN;
-=NO32

R37 is selected from:

hydrogen;
C1-Cg alkyl substituted with 0-3 R11;
hydroxyl;
Ci1-C¢ alkoxy substituted with 0-3 R11;
~-NR38R39;
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R38 and R39 are independently selected from:

hydrogen;
C1-Cg alkyl substituted with 0-3 R1l; or

an amine protecting group;
R40 is selected from: H, C3-C3 alkyl;

R4l is selected from:
~-C (=0Q) NR13R14;
10 ~C (=0) NR13NR13R14;
~C (=0) C (R11) oNR13R14;
-C (=0) C (R11) oNR13NR13R14;
-C (=0) C (R12) 2NR13COzR13;
-C(=0)H;
~=C{=0)R1}; _
-Z(=2)-(C;~-C4 alkyl)-NR13R14;
-C(=0)-(C3-C4 alkyl)-NR13COzR!3;
i-3 amino acids linked together via amide bonds,
‘and linked to the N atom via the carboxylate

3
w»n

23 terminus;
provided that
2%, m4%, &7 and R7A are not all hydroger;
2%
when W ig -0OC(=2)0-, ~SC(=2)-, -C(=Z)-,
—E(=O)(Rz4a)-, ~-S(=2')- or =5(=2')2-, R4 and R7 are not
hydroger.
3¢
2. LR compound of Claim 1, of formula (II):
W,
R4 R?
This Sheet Has Been Replaced RS 6
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or a pharmaceutically acceptable salt form thereof
wherein:

R4 and R? are independently selected from the following
groups:

hydrogen;

C3-C4 alkyl substituted with 0-3 R1l;

C3-C4 alkenyl substituted with 0-3 R11;

RS is -0OR20;

R6 is hydrogen or -OR21;

R20 and R21 are independently hydrogen or any group
that, when administered to a mammalian subject,
cleaves to forrm a free hydroxyl:

R11 is selected from one or more of the following:
E, keto, halogen, -CH,NR13Rrl4, -Nr13r14, -0R13,
C2-C4 alkoxyalkyl, C2-C4 alkenyl, -;
C3-C10 cycloalkyl substituted with 0-2 R12
C1-C4 alkyl substituted with 0-2 R12;
aryl (C;-C3 alkyl) substituted with 0-2 R1Z;
aryl substituted with 0-3 R12; or
a 5- to l0-membered heterocyclic ring system
containing 1 to 4 hetercatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R12;

Rlz, when a substituent on carbon, is selected from one
or more of the following:
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phenyl, benzyl, phenethyl, phenoxy, benzyloxy,

halogen, C3-C4 alkyl, C9-Cjip arylalkyl, Ci1-Cj4
alkoxy, 2-{(l-morpholino)ethoxy, =-CO2H,
hydroxamic acid, hydrazide, ~C(R14)-N(OR14),
cyano, boronic acid, sulfonamide, formyl, C3-
Cg¢ cycloalkoxy, -OR!3, C;-C4 alkyl substituted
with -NR13R14, ~-NR13R14, methylenedioxy, C1-Cs
haloalkyl, Ci1-C4 alkylcarbonyl, C1-C4
alkylcarbonylamino, hydroxy, hydroxymethyl; or

a 5- or é-membered heterocyclic ring containing
from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur;

whern & substituent on nitrogen, is selected from
]

£ E, Ci1~C4 alkyl,. C3-Cg alkoxyalkyl, Cz-C4 alkenyl,
cr benzyl;

[¥8

is CX, E, CF3, C3-C4 alkyl, C;-C4 alkoxy, NHz, Ca~Cg

alkenrl, or benzyl;

nd EZ% can alternatively join to form - (CH2)4-,
- (CH2)5-, -CH2CH2N(R15)CHoCH2-, or =CH2CH20CH2CHz-;

m

s H cr CHz;

selected from:
“N{REZ)C(=2)O-;

-X (r22)C (=0) C (=0) N (RZ3) -;
-C(223) (RZ26)C(=2)S~;
~E(R22)5(=2" )N (R23)~;
-X(R22)5(=2") 2N (R23)-;

-8 (R22) P (=0) (R2423) (N(R23)-;

%) (R20)s(=2")C(R27) (R28)~;
smn (?.26)5(=Z’)2C(R2‘) (R28) —;

-T %
\.,._.
~

v o

\
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-c<a25)(n26)p(-0)(324a)c<n27)(n29)-'"
-C(R25) (R26) 5 (=2 )N (R23)~;

-C (R25) (R26) 5 (=2") 2N (R23)-;
-C(R25)C(F2)C(=0)N(R23)~;
-C(R25)C(F2) 8 (=0) 2N (R23)-;
-C(=2)-; ‘ .
-P (=0) (R248)~;

Sz | AR O
* C L M S *

-S(=2')2~;
wherein:
Z is O, S, or N-CN;
Z' is O;

R22 ‘and R23 are 1ndependently selected from the
following: ’
"hydrogen,"

"C1-Cg alkyl substituted w;th 0-2 R31;
C2~Cg alkenyl substltuted wzth_O-l rR31;
C2-C4 alkynyi substituted with 0-1 R31;

R24° is selected from -OE, C1-C4 alkoxy, mono- or di-
" {C1-Cé alkyl) amino;

R25 and R27 are lndependently selected from the
following: '
hydrogen;
C1-C4 alkyl substituted with 0-3 R31;
C2-C4 alkenyl substituted with 0-3 R31,

R26 and R?8 are hydrogen or halogen;

F3l is selected from one or more of the following:
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keto, halogen, -CHpNRI13R14, -NR13R14, -0R13, C2-C4

alkoxyalkyl, C3-C4 alkyl, C2-C4 alkenyl, C3-
Ci10 cycloalkyl, -C(R14)=N(OR14), -COzR13,
-5 (0) mR13;

aryl substituted with 0-5 R32; or

a2 5- to l0-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R32;

when a substituent on carbon, is selected from one

cr more of the following:

phenethyl, phenoxy, C3-Cg¢ cycloalkyl, C3-Cg
cycloalkylmethyl, C7-Cip arylalkyl, hydrazide,
exime, boronic acid, C2-Cg alkoxyalkyl,
methylenedioxy, ethylenedioxy, C1-C4
alkylcarbonyloxy, -NHSO2R14,

benzyloxy, halogen, 2~ (l-morpholino)ethoxy,
-CO2R13, hydroxamic acid, -CONRI3NR13gr14,
cyanc, boronic acid, sulfonamide, -CHO, C3~C¢
cycloalkoxy, -NRI13R4, -c(R14)=N(OR1%), NO2,
_0313’ -NR40R41, ~S0pR13, "SOmNRlsqu,
-C(=0)NR13R14, -0C(=0)NR13R14, -c(=0)R11,
-oC (=0)R1l, -0CO2R13, phenyl, —-C(=0)NR13-(Ci1-Cg4
alkyl)-NR13Rr}4, -c(=0)NR4OR41, C;~Cy
haloa;kyl, C1-C4 haloalkoxy, C2-Cy4
haloaikenyl, C2-C4 haloalkynyl, or

-C(=0) C(R1) pNRI3RI4; -C(=0)C (R12)NR13COzR13;

~C(=0)~-(C1~Cq4 alkyl)~-NRI3R14;

-C(=0)~(C1-C4 alkyl)~NR13COzR13; or

C1-C4 alkoxy substituted with 0-3 groups selected
from: R11, C3-Cg¢ cycloalkyl, -COzR13,
-C(=0)NR13Rr14, -Nr13R14 or OR;
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C1-Cq4 alkyl substituted with 0-3 groups ‘'selected

from: R11, =NR14, =NNR13C(=0)NR13R}4 or
-NR13Rr14;
C2-C4 alkenyl substituted with 0-3 R11;
cz-c4 alkynyl substituted with 0-3 R11;

"a 5- or 6-membered heterocyclic ring containing
from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur, substituted
with 0-3 R12; |

when a substituent on nitrogen, is selected from
benzyl or methyl;

0, 1, or 2;

is selected from:
hydrogen;
Ci-C2 alkyl;

C1-C2 alkoxy;

is selected from: This Sheet Has Been Replaced

I
C1-C2 alkyl:

C1~-C2 alkoxy:
and R35 can be taken together to form a ketal ring,

a 3- to 8-membered carbocyclic ring, or a 5- or
6-membered heterocyclic ring containing 1-2
heteroatoms independently selected from the group
0, N, or S;

is selected from: C1-C2 alkyl; COR37; NR38R39; cn;
CCls;

is selected from:
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hydrogen; C1-C2 alkyl substituted with 0-1 R11;

hydroxyl; C1-C2 alkoxy substituted with 0-1 R11;
NR3BR39;

5 R38 and R39 are independently selected from:
hydrogen; C31-C2 alkyl substituted with 0-3 Rll; or

an amine protecting group;

R40 is selected from: H, C3-C3 alkyl;

i0
‘R4l is selected from:

O

-C (=0) NR13NR14; H!“‘“ e e

-C (=0} C (R11) oNR13R14;

15 -C (=0} C (K11) JNR1I3NR14;

-C (=0) C(K*1) NF13CO,R13;

=C (=0 K;

-C(=0)R:3;

-C(=0)-(C1-Cq a2lkyl)-NR13R14;

2¢ -2 (=0)~-1{C1-C4 alkyl)-NrR13CO,R13;

:-3 aminc &cids linked together via amide bonds,
and linked to the N atom via the carboxylate
te:mihus;

28 prowvides that:

R= anﬁ,R7 are not both hydrogen;
| wrher W is -C(=2)-, ~P(=0) (R2423)-, -S(=2')- or
30 -S(=2')2-, R? and R7 are not hydrogen;

when R4 is hydrogen, at least one of the following
is not hydrogen: R22, R25, R26 and R28,
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3. A .compound of Claim 2, or a pharmaceutically

acceptable salt form thereof, wherein:

RY and R? are selected from benzyl, fluorobenzyl,
pyxrrolylmethyl, methoxybenzyl, isobutyl,
nitrobenzyl or aminobenzyl, thienylmethyl,
hydroxybenzyl, pyridylmethyl, naphthylmethyl;

RS is -OH;
R is hydreogen or -OH;
R13 is H, C3~C4 alkyl, C2-Cq4 alkenyl, or benzyl;

R14 is OH, H, CF3, C3-C4 alkyl, Ci1-C4 alkoxy, NHz, C2-Cg
alkenyl, or benzyl;

R13 and R14 can alternatively join to form - (CH2)4-,
- (CH2) 5=, -CH2CH2N(R13)CH2CH2-, or -CH2CH20CH2CH2-;

W is selécted from:
-N(R22)8(=0)2N(R23)-
=C{=0)~=; M
=C(=N-CN)~-;

R22 and R23 ‘are independently selected from the
following: .
hydrogen; Co
C1-Cg alkyl substituted with 0-2 R31;
C2-Cg alkenyl substituted with 0-2 R31;
C2-C4 alkynyl substituted with 0-2 R31;

R31 is selected from one or more of the following:
halogen, -0RrR13, c3-C4 alkyl, C3-Cipo cycloalkyl,
~-C (R14)=N(OR14), -COR13, -S(0)LR13;
aryl substituted with 0-5 R32; or
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a heterocyclic ring system chosen from pyridyl,

pyrimidinyl, triazinyl, furanyl, thienyl,
pyrrolyl, pyrazelyl, imidazolyl, tetrazolyl,
benzofuranyl, indolyl, quinolinyl,
isoquinolinyl, oxazolidinyl, benzimidazolyl,
benzotriazolyl, indazolyl, benzoxazolinyl,
benzoxazolyl, said heterocyclic ring being
substituted with 0-2 R32;

when a substituent on carbon, is selected from one

or meore of the following:

[
wm

Y

[ o8]

[a]
on

W
[
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-CONHz, ~COzH, -CHO, -CH,NHOH, -CHoNR13Rl14,

—NR13R14,;hydrOxy, hydroxymethyl,
-C(R14)=N(OR1}4), halogen, methoxy, methyl,
nitro, cyano, allyloxy, -CO2CH3, =-NHCHO,
-NHCCCH3, -OCO2CH3, —CH=NCH2CH20H,
-OCORECH2CgHs, —~OCONHCH3, oxazolidinyl, =-C=C-
CH20H, -COCH3, hydroxyethyl, C3-C3 alkyl (said
alkyl substituted with 0-4 halogen, or OH),
tetrazolyl, -OCH2CONH2, -CONHNH2,
-CE=KNHCONHZ, -CONHOCH3, -CH2CH(OH)CH320H,
antamido, hydroxyethoxy, dlhydroxyethy;,
n2)=hn, -CONHCH3, -B(OH)z, benzyloxy,

2CH§, ~NHCONH2, -NHCONHCH3,
-RNHETOCH2N (CH3) 2, —NHCOCHZNHCH3,
~-RECOTH2NHECO2CH2CgHs, —NHCOCH2NH?Z,
-NHCOCH (CH3) NHCO2CH2CgHSs,
~NECOCH (CH2CgH5) NHCO2CH2CgHs, —NHCOCH (CH3)NH2,
-NHCOCH (CH2CgH5)NH2, ~CO2CH2CH3,
—CONHCH2CH2CH3, ~CONHCH (CH3)2, -CH2-imidazole,
-C0C(CH2) 3, ~-CH(OH)CF3, -CO-imidazole, -CO-
pyrazolyl, oxadiazolidinonyl, -~COCF3,
-COCH2CH3, ~COCH2CH2CH3, pyrazolyl, -SO2NH2,
~C(CH2CH3)=N(0OH) or -C(CF3)=N(OH), phenyl,

etoxy, hydroxyaming, -N(CHi) (CHO),
3 Y 3

i
)
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cycloprépylmethoxy, —CONR13R14, —CONHOH,

' (diethylaminoethyl)aminocarbonyl,
(N-ethyl,N-methylaminoethyl!aminocarbonyl,
(4-methylpiperazinylethyl)aminocarbonyl,

5 (pyrrolidinylethyl)aminocarbonyl,

' - (piperidinylethyl)aminocarbonyl,
=NHCOCH2NHCH3, N-(2-(4-
morpholinoféthyl)aminocarbonyl, or N-(2-(N,N-
dimethylamino) ethyl)aminocarbonyl;

10
R32, when a substituent on nitrogen, is methyl.

4. A compound of claim 1 of formula (IId)
15 '

.0
NS/
RZ2N” NRZ

(I1d)
or a pharmaceutically acceptable salt form thereof,
20 ) ' . _‘. .. . N

wherein:

R4 and R7 are independently selected from: benzyl,
fluorobenzyl, pyrrolylmethyl, methoxybenzyl,
25 isobutyl, nitrobenzyl or aminobenzyl,
thienylmethyl, hydroxybenzyl, pyridylmethyl,
naphthylmethyl:

R22 and R23 are independently selected from the group

30 consisting of:
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hydrogeny”allyl; methyl,?;:hyl, propyl,
cyclopropylmethyl, n-butyl, i-butyl,
CH2CH=C(CH3) 2, pyridinylmethyl, methallyl, n-
pentyl, i-pentyl, hexyl, benzyl, isoprenyl,

5 propargyl, picolinyl, methoxyethyl,
cyclohexylmethyl, dimethyl-butyl, ethoxyethyl,
methyl—oxazolinyimethyl, naphthylmethyl,
methyloxazolinylmethyl, vinyloxyethyl,
pentafluorobenzyl, quinolinylmethyl,

10 carboxybenzyl, chloro-thienyl,
benzyloxybenzyl, phenylbenzyl, adamantylethyl,
cyclopropylmethoxybenzyl, methoxybenzyl,

- methylbenzyl, ethoxybenzyl, hydroxybenzyl,
hydroxymethylbenzyl, aminobenzyl,

15 formylbenzyl, cyanobenzyl, cinnamyl, _
allvlioxybenzyl, fluérobenzyl, diflucrobenzyl,
chlcrobenzyl, chloromethylbenzyl,
fluoromethylbenzyl, iodobenzyl, bromobenzyl,
cyciobutylmethyl, formaldoximebenzyl,

20 - cyclopentylmethyl, nitrobenzyl, (H2NC(=0))~-

benzy;,.carbomethdxybenzyl, carboethcxybenzyl,

tetrezoiylibenzyl, and dimethylallyi,
aminomethylbenzyl, (O-benzyl-
fcrmzldoxime)benzyl, (O-methyl-.
formaldoxime)benzyl, (CH302.C<)')-benzyl,'~

(EDCH2CH2N=CH) -benzyl, '

N-benzylaminocarbonylbenzyl, N-

on

[ )

methylaminobenzyl, N-ethylaminobenzyl,
N~ethylaminomethylbenzyl, acetylbenzyl,

W
o

acetoxybenzyl, N-hydroxylaminobenzyl,
phenylmethyl-boronic acid, N-
hydroxylaminomethylbenzyl,
(hydroxyl)ethylbenzyl, (CH3C(=NOH))-benzyl,
{HoNNHC (=0} ) -benzyl, (H2NC{(=0)NHN=CH)~benzyi,
(CEaORHC 1=0) y-benzyl, (HONHC (=0))=-benzyl,

(a
'

~

Yy ()

-

IiREC(=C) )y~-benzyl,
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L
N, N—dxmethylaminoc;:;g;ylbenzyl,
(KROCH2CH (OH) CH20) ~benzyl, hydroxyethoxybenzyl
(oxazolidinyl)-benzyl, (hydroxyl)hexyl,
hexenyl, (hydroxy)octyl, (hydroxyl)pentyl,
(carboxy)pentyl, (carbomethoxy)pentyl,
(methylthio)benzyl, “(methylsulfonyl)benzyl,
N,N~dimethylaminomethylbenzyl,
N-methylaminomethylbenzyl, glycylaminobenzyl,
N,N~-dimethylglycylaminobenzyl, '
alanylaminobenzyl, (N-
phenylmethoxycarbonyl)alanylaminobenzyl,
rhenylalanylaminobenzyl, (N-
phenylmethoxycarbonyl)
phenylalanylaminobenzyl, . (CH3CH2NHC (=0) )~
benzyl, N,N~diethylaminocarbonylbenzyl,
N-ethylaminocarbonylbenzyl,
N-propylaminocarbonylbenzyl,
N,N-diisopropylaminocarbonylbenzyl, N, N-di-n-
propylaminocarbonylbenzyl,
(hy§£dxypropynyl)benzyl, (imidazolyl-C(=0))~-

. benzyl, (pyrézq;yl-C(=O))-benzyl,

(pyridylmeﬁpylaminocarbonyi)benzyl,
(oxadiazoli&inonyl)benzyl,
trifluoroacetylbenzyl, (pyrazolyl)benzyl,
(H2NSO2)-benzyl, dihydroxyethylbenzyl,
(MeHNC (=0) NH) -benzyl, (H2NC(=0)NH)-benzyl,
(HC (=0) NH) ~benzyl, methanesulfonylpentyl,
methoxypentyl, N-formyl-N-methylaminobenzyl,
acetylaminobenzyl, propionylbenzyl,
butyrylbenzyl, (CH3CH2C (=NOH))-benzyl,
(trifluorohydroxyethyl)benzyl, (CF3C(=NOH))-
benzyl, (N-methylglycyl)aminobenzyl,
({(4-morpholino)ethyl)aminocarbonylbenzyl,
(N,N~dimethylaminoethyl)aminocarbonylbenzyl,
(N,N-diethylaminocethyl)aminocarbonylbenzyl,
{(4-methylpiperazin-1-
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: ylethyl)aminocarbonylbenzyl, (benzyl-
NHC (=0)O)benzyl, (CH3NHC (=0)O)benzyl,
(NH2C (=0) CH20) benzyl, (NH2C(=NH))benzyl,

, ((N-phenylmethoxycarbonyl)glycylamino)benzyl,
5 : (imidazolylmethyl)benzyl, ((CH3)3C-

C(=0) )benzyl; (N-methyl-N-
ethylaminoethyl)aminocarbonylbenzyl,
(pyrrolidinylethyl)aminocarbonylbenzyl,
{(piperidinylethyl)aminocarbonylbenzyl,

10 (HpNC (=NOH) ) benzyl, (H2NC(=NOH))fluorcbenzyl,
benzimidazolylmethyl, benzotriazolylmethyl,
indazolylmethyl, benzoxazolinylmethyl,
benzisoxazolyimethyl, thienylmethyl,
furylmethyl.

[
n

A compound of Claim 1 of formula (IId):

n

z7 L R (11d)’

~or & pharmaceutically acceptable salt form therect,
selected from the group consisting of:

25 the compound of formula (IId) wherein R22 is 4-
hydroxymethylbenzyl and R23 is 4-
hydfoxymethylbenzyl;

the compound of formula (IId) wherein R22 is 3-

hydroxybenzyl and R?3 is 3-hydroxybenzyl;
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the compound of formula (IId) wherein R2Z2 is

cyclopropylmethyl and R23 js
cyclopropylmethyl;
the compound of formula (IId} wherein R22 is 2-
S naphthylmethyl and R23 is 2-naphthylmethyl
the compound of formula (IId) wherein R22 is 4-
hydroxybeniyf and R23 is 4-hydroxybenzyl;
the compound of formula (IId) wherein R22 is 3-
aminobenzyl and R23 is 3-aminobenzyl;

10 the compound of formula (IId) wherein R22 is 3-
hydroxymethylbenzyl and R23 is 3-
hydroxymethylbenzyl;

the compound of formula (IId) wherein R22 is
3~ (Me2NCH2C (=O) NH) -benzyl and R23 is 3-

15 - {Me2NCH2C (=0) NR) -benzyl;
the compound of formula (IId) wherein R22 is

-

3-formaldoximebenzyl and R23 is 3-
formaldoximebenzyl; :
the compound of formula.(IId) wherein R22 is
20 3~ (CH3C(=N-OH) )~benzyl and R23 is 3- (CH3C (=N~
OH) )~benzyl; - . o
the compoﬁnd of formula (IId) wherein R?Z is 3-(2-
amino-4-thienyl)benzyl and R?3 is 3-(2-amino-
:4-thienyl)benzyl; '
25 the compound of formula (IId) wherein R22 is 5-
hydroxypentyl and R23 is S5-hydroxypentyl;
the compound of formula (IId).wherein R22 is 6-
hydroxypentyl and R23 is 6-hydroxypentyl;
the compound of formula (IId) wherein R22 is 5-
30 hydroxypentyl and R2?3 is 2-naphthylmethyl:
the compound of formula (IId) wherein R22 is 5-
hydroxypentyl and R23 is 4-
hydroxymethylbenzyl;
the compound of formula (IId) wherein R22 is 5-
35 hydroxypentyl and R23 is 3-
hydroxymethylbenzyl.
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6. .A'éompound of the formula (I):

R4A W, R7A
R* R?
RS
R poa | R
5
(I)
©r a pharmaceutically acceptable salt form thereof
whereirn:
0 :
P4% ‘and K7 are independently selected from the following
groups: :
C:-Cg¢ alkyl substituted with 1-3 R11B;
€2-C¢ zlkenyl substituted with 1-3 R11B;
13 C2-Cg alkynyl substituted with 1-3 R11B;
..c.p_lf_'- -SR13; C02R13;
P*% anc E'F are independently selectec. from the
fcilowing croups
20 " hwirogen; _
Ci-Cs alk:l subs:iﬁuted with 0-€ halogen or 0-3 Ci-
Cz alkoxy; '
benzyl sukstituted with 0-6 halogen or 0-3 C1-C>
zlkoxy; :
25 -0==3; -SK13; COzR13;

&4 zrc R4A can alternatively join to form a 5-7 membered
carbocyclic ring substituted with 0-2 R12;

30 F7 arz R7E can alternatively join to form a 5-7 membered

carbocyclic rirg substituted with 0-2 R1Z;
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nis 0, 1, or 2; .- ST L

RS is selected from H; halogen; C1-Cg alkyl substituted
with 0-3 R!1, -N(R20),, -sr20, -OR20, or -N3;

R6 is independentiy selected from: hydrogen, halogen,
C1-Ce alkyl substituted with 0-3 R1l, -N(R20) 5,
-sr20, -or21, or -Nj;

RS and R® can alternatively join to form an epoxide or
aziridine ring; -OCHzSCH20-; =-OC(=0)0~; -OCH20-;
~0C (=S)0-; -OC(=0)C(=0)0-; —O0OC(CH3)20-;
~-OC ( (CH2) 3NH2) (CH3)0O~; =-OC(OCH3) (CH2CH2CH3)O-;

-0S (=0)0-; =NHC(=0)NH-; ~OC(=0)NH-; =NHC(=0)O0-;
=NHCH20-; -OCH2NH-; <~NHC (=S)0-; -OS(=O)NH-;

~NHC (=0) C (=0) 0-; =0OC (=0)C (=0) NB-; =NHC (=0) C (=0) NH~;
-NHC (CH3) 20~; ~OC(CH3)2NH- or any group that, when
‘administered to a mammaliah'subject, cleaves to
form a free dihydroxyl or diamino or hydroxyl and
‘amino; '

RS2 is selected from hydrogen, halogen, C1-Cg alkyl,
.=N(R20)5, -sr20, or -oRr20;

R6a is selected from: hydrogen, halogen, C1-Cg¢ alkyl,
-N(R20)5, -SR20 or -ORZ1;

RS and R92 can. alternatively join to form =0, =S, or a
ketal ring:

R6 and R®@ can alternatively join to form =0, =S, or a
ketal ring:;

R20 and rR21 are independently selected from:
hydrogen;
C1-Cg alkyl substituted with 0-3 R11;
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'C3-C¢ alkoxyalkyl substituted with 0-3 R1ll;

C1-Cg alkylcarbonyl substituted with 0-3 R11;
C1-C¢ alkoxycarbonyl substituted with 0-3 r1l;
C1-Cg alkylaminocarbonyl substituted with 0-3 R11;
benzoyl substituted with 0-3 R12;
phenoxycarbonyl substituted with 0-3 R12;
phenylgminocarbonyl substituted with 0-3 R12; or
any group that, when administered to a mammalian
subject, cleaves to form a free hydroxyl,
amino or sulfhydryl: '

R1l is selected from one or more of the following:

[
L 4]

*
n

¥, ketc, halogen, cyano, -CHzNR13r14, -NRr13Rl4,
-co2R13, -oc(=0)R13, -OR13, -5(0)mR13,
~NHC (=NH)NHR13, -C(=NH)NHR13, -C(=0)NR13Rr14,
-K’rl4c(=0)RrR13, =NOR14, -NR14C(=0)OR14,
-0C (=0)NR13Rr14, -NR13C (=0)NR13R14,
-Nr1450oNR13R14, -NR14502R13, -sOzNRI3R14,
-OP (0) (OR¥3) 5, C1-C4 alkyl, C2-C4 alkenyl, C3-
C¢ cycloaikylmethyl, benzyl, phenethyl,
phenéxy, benzyloxy, nitro, C7-Ci1p arylalkyl,
- nydroxamic acid, hydrazide, boronic acid,
sulfornamide, formyl, C3-Cg cycloalkoxy, C1-C4
alkyl substituted with —NR13R14, C1~-C4
-~ hydroxyalkyl, methylenedioxy, ethylenedioxy,
C2-Cyg haloalkyl;'cl-c4 haloalkoxy, C1-C4q
alkoxycarbonyl, pyridylcarbonyloxy, C1-C4
alkylcarbonyl, (€1-C4 alkylcarbonylamino,
-0CH2CO2E, 2-(l-morpholino)ethoxy, azido,
-C(R14)=N(OR14);

i-3 aminc acids linked together via amide bonds,
szid amino acid being linked via the amine or
carboxylate terminus;

C2-C10 cycloalkyl substituted with 0-2 rl2:

Ci-Zs alvyl substitued with ¢-2 R12Z;
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aryl(C1-C3 alkyl) substituted with 0-2 R12;

C2-C¢ alkoxyalkyl, substituted with 0-2 R12;

C1-C4 alkylcarbonyloxy substituted with 0~2 R1Z;

C¢=C10 arylcarbonyloxy substituted with 0-2 R12;

a C5-C14 carbocyclic residue substituted with 0-3

. R12; ‘or ’ )

a 5~ to l0-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyvclic ring system being substituted
with 0-3 R1Z;

is selected from one or more of the following:
H, keto, halogen, cyano, ~CHoNR13Br14B, _Nr13BR14B,
- =CO2H, -OC(=0) (C3~-C3 alkyl), =-OH, C2-Cg¢
alkoxyalkyl, -C(=0)NHp, -OC(=0)NH2,
~NHC (=0) NH2, -SO2NHz, C31-C4 alkyl, C2-C4
alkenyl, C3~Cip cycloalkyl, C3-Cg

<

cycloalkylmethyl, benzyl, phenethyl, phenoxy,
benzyloxy, nitro, C7-Cjio arylalkyl, hydroxamic
acid, hydrazide, boronic acid, C3-Cg
cycloalkoxy, C3-Cs4 alkyl substituted with
-NH3, Ci1~C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, C1-C4
haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4
alkylcarbonyloxy, C1-C4 alkylcarbonyl, Ci-Cy4
alkylcarbonylamino, -0OCH2CO2H,
2-(1l-morpholino)ethoxy, azido, aryl(Ci-C3
alkyl), a Cs-Ci14 carbocyclic residue; a 5- to
10-membered heterocyclic ring system
containing 1 to 4 hetercatoms independently
selected from oxygen, nitrogen or sulfur, said

heterocyclic ring system substituted with 0-3

This Sheet Has Been Replaced

AR




WO 94/19329

10

15

20

[N
[44]

* [« L M S *

* -422-

PCT/US94/01609

R11B is selected from one or more of the following:

-CHzNR13RR14, _NR13RR14, _conR13A, —oc (=0)R13A,
-O0R132, —5(0)mR13A, -NHC (=NH)NHR13A,
-C(=NH)NHR13A, -C(=0)NR13AR14, -NR14C(=0)R13A,
-0C (=0) NR13AR14, -NR13A(C (=0) NR13AR1Y,
-NR14SOZNR13AR14, -NR14502R13A, -SOZNR13AR14,
-CHzNR13R14A, -NR13R14A, -C(BO)NR13R14A,
-NR14Ac (=0)R13, =NOR14A, -NR14C(=0)OR14A,

-0C (=0) NR13R14A, _NR13c (=0) NR13R14A,
-NR14A802NR13R14A, -NR14A802R13, -SOZNR13R14A,
nitrc, hydrazide, boronic acid, formyl, C3-Cg
cycloalkoxy, C2-C4 alkyl substituted with
-NR23R14, C3-C4 hydroxyalkyl, methylenedioxy,
~ ethylenedioxy, C31-Cyg haloalkyl, C1-C4
haloalkoxy, Pyridylcarbonyloxy, C1-Cq
alkyicarbonyl, -0OCH2CO2H,
2~ (l1-morpholino)ethoxy, azido,
-C(R4) =N (OR24), -OP(0) (OR13),;

C7-C10 cycloalkyl substituted with 0-2 R1Z;

4 alkyl suvbstitued with 1-2 R12;

1 (C1~C3 alkyl) substituted with 1-2 R12;

C2-C¢ alkoxyalkyl, substituted with 1-2 R1%;

C1-Cs &lkylcarbonyloxy substituted with 1-2 R12;

)

)

7 -
-

I-‘ ()

ry

m

Ce~C:¢ arylicarbonyloxy substituted with 1-2 R12;

wher. & substituent on carbon, is selected from one

or more c¢f the following:

rhenyl, benzyl, phenethyl, phenoxy, benzyloxy,
halogen, hydroxy, nitro, cyano, Ci1-C4 alkyl,
C3-Cg¢ cycloalkyl, C3-Cg cycloalkylmethyl, Co9-
Ci1¢ arylalkyl, C1-C4 alkoxy, =-CO2H, hydroxamic
acid, hydrazide, boronic acid, sulfonamide,
‘ormyl, C3-C¢ cycloalkoxy, =-OR13, C3-C4 alkyl

ubstituted with -NR13r14, -NrR13Rr14, co-cg

14
alkexvalkyl optionally suksti ed with

¥
o

-S1{CH=)s, C--C¢ hydrcxyaikvl, meghylenedioxy,

- -
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L -4
ethylenedloxy, Cl‘CZZ;aloalkyl, C1-Cq
haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4
alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4
alkylcarbonylamino, -S(0)mR13, -sozNR13R14,
-NHSO2R14, -0OCH2CO2R13,

2- (1-morpholino) ethoxy, -C(R14)=N(OR14);

a 5~ or 6-membered heterocyclic ring containing

from 1 to 4 hetercatoms independently selected
from oxygen, nitrogen or sulfur;

or R12 may be a 3- or 4- carbon chain attached to

adjacent carbons on the ring to form a fused
5- or 6-membered ring, said 5~ or 6- membered
ring being optionally substituted on the
aliphatic carbons with halogen, C1-C4 alkyl,
C1-C4 alkoxy, hydroxy, -NR13R14; or, when R12
is attached to a saturated carbon atom, it may
be =0 or =S; or when R12 is attached to sulfur
it may be =0;

20 R2Z, when a substituent on nitrogen, is selected from

25

one or more of the following:
rhenyl, benzyl, phenethyl, hydroxy, C1-Cy4

hydroxyalkyl, C3-C4 alkoxy, Ci-C4 alkyl, C3-Cg
cycloalkyl, C3-Cg cycloalkylmethyl,
-CH2NR13R14,'—NR13Rl4r.C2—C5 alkoxyalkyl, C3-

- €4 haloalkyl, C1-C4 alkoxycarbonyl, -CO2H, Ci-

C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl,
~C (R14) =N (OR1%) ;

30 R12A, when a substituent on carbon, is selected from one

or more of the following:

phenyl, benzyl, phenethyl, phenoxy, benzyloxy,

halogen, hydroxy, nitro, cyano, C1-Cs4 alkyl,
C3-Cg cycloalkyl, C3-Cg cycloalkylmethyl, C7-
Cic arylalkyl, C1-C4 alkoxy, -CO2H, hydroxamic

acid, hydrazide, boronic acid, sulfonamide,
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formyl, C3-Cs cycloalkoxy, -OR13, C3-C4 alkyl

substituted with -NH;, -NH2, -NHMe, C2-Cg
alkoxyalkyl optionally substituted with

-Si (CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, C1-C4
haloalkoxy, C1-C4 alkoxycarbonyl, Ci1-C4
alkylcarbonyloxy, Ci-C4 alkylcarbonyl, C31-C4
alkylcarbonylamino, -S(O)mMe, -SO2NH2,
-NHSO2Me, -OCH2CO2R13, 2-(l1-morpholino)ethoxy,
~C (=NOH) NH2;

a 5~ or 6—-membered heterocyclic ring containing
from 1 to 4 hetercatoms independently selected
from oxygen, nitrogen or sulfur;

or R12A may be a 3- or 4- carbon chain attached to
adjacent carbons on the ring to form a fused
5- cr 6-membered ring, said 5- or 6- membered
ring being optionally substituted on the
aliphatic carbons with halogen, Ci-Cg4 alkyl,
C;-Cs alkoxy, hydroxy, or -NHz; or,

wrer. R22E is szttached to a saturated carbon atom,
:+ may be =0 or =5; or when R!2 is attached tc
sulfur it may be =0;

-

, wnen a substituent on nitrogen, is selected fror

<

oy more c¢f the following:
thervi, benzyl, phenethyl, hydroxy, Ci-C4
- hydroxyalkyl, C1~Cq alkoxy, C31-C4 alkyl, C3-Ceg¢

cycloalkyl, C3-Cg cycloalkylmethyl, -CH2NHj,
-KEz, C2-Cg alkoxyalkyl, Ci1-C4 haloalk 'l, Ci-
Cg alkoxycarbeonyl, -CO2H, C1-C4g
alkylcarbonyloxy, €C1-C4 alkylcarbonyl,
-C (=NOH)NH3;

‘s celected from:
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benzyl substituted with 0-3 R11A;

C1-Cg alkyl substituted with 0-3 R11A;

C2-C4 alkenyl substituted with 0-3 R11A;

C1-Cg alkylcarbonyl substituted with 0-3 R11A;
C1-Cg¢ alkokycarbonyl substituted with 0-3 R11A;
C1-Cé alkylaminocarbonyl substituted with 0-3 R11A;
C3-C¢ alkoxyalkyl substituted with 0-3 R11A;

an amine protecting group.when R13 is bonded to N;
a hydroxy protecting group when R13 is bonded to O;

is selected from:

phenyl substituted with 1-3 R1};

benzyl substituted with 1-3 R1l;

C1-Cg alkyl substituted with 1-3 R1l;

C2-C4 alkenyl substituted with 1-3 R1l1;

C1-Cg alkylcarbonyl substituted with 1-3 R11;
C1-Cg alkoxycarbonyl substituted with 1-3 R11;
C1-Cs¢ alkylaminocarbényi'subétituteq with 1-3 Ri};
C3-Ce alkoxyalkyl substituted with 1-3 R1l;

an amine protecting group when R13 is bonded to N;
& hydroxy protecting group when'R13 is bonded tc 0;

R14 is hydrogen, hydroxy, CF3, C1-Cg alkyl substituted

Rr14A

with 0-3 groups selected from OH, C1-C4 alkoxy,
halogen, NHz, -NH(C31-C4 alkyl), C1~Csg alkbxy, C2-Cg
alkenyl, phenyl, benzyl, an amine protecﬁing group
whern R!4 is bonded to N, a hydroxy protecting group
when R14 is bonded to O;

is C3-Cg alkyl substituted with 1-3 groups selected
from OH, C1-C4 alkoxy, halogen, NHz, -NH(C1l-C4
alkyl), C1-Cg¢ alkoxy, C2-Cg¢ alkenyl, phenyl, benzyl,
an amine protecting group when R4 is bonded to N,
a hydroxy protecting group when R!4 is bonded to O;
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R13 and R14 can alternatively join to form - (CH2)4-,

- (CH2) 5=, -CH2CH2N(R15)CH2CH2~, or ~CH2CH20CH2CH2-;

R13B and R14B are independently selected from H or Ci-Cs
5 alkyl, or R13B and R14B can alternatively join to
| ' form -(CH2)4-, -(CH2)5-, -CH2CH2N(R15)CH2CH2-, or
~CH2CH20CH2CH2-; ' | | |

P15 is H or CH3;
10
mis 0, 1 or 2;

W is selected from:
-N<322>~( z)N(R23)-
-0C (=2) 0,
-N(R22)C(=2)0-,
-C(r25) (R28)Cc(=2)C (R27) (R2E) -,
-N(R22)C(=2)C(R27) (R28)-,
~C(r23) (R26)C(=2)0-,
-} (522) ¢ (=0)C (=0) N (R23) -,
' =C(r25) (R2€)C(Fp) C(R27) (R2E) -,
~C(R23) (x26)n(CH3) (0)C(R27) (R28)~,
”(R25)(PZG)N(OPZQ)C(R27)(P28)—
-C(r25) (r26)C(=2)s-,
2t - =N(m2 )S(—O)N(R23)-

wherein:

[
(8]

N
(]

Zz is 0, S, NRZ24;

3¢ P22 and K23 are independently selected from the
following:
hydrogen;
C1-Cg alkyl substituted with 0-3 R31;
Cz;dg alkenyl substituted with 0-3 R31;
C2-C¢ alkyryl substituted with -2 E31;

(3]
n
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a C3-C14 carbocycllc ring system subst;tuted with
0-5 R31 or 0-5 R32; _
a 5- to l10-membered heterocyclic ring system
'containing 1 to 4 heteroatoms independently
5 selected from oxygen, nitrogen or sulfur, said
heterocycllc ring system being substituted
. with 0-2 R32;
-0OR222; -N (RZZa) (RZZb) :
10 R222 and R22P are independently selected from the

15

20

25

30

35

following:

hydrogen;

C1-Cg alkyl substituted with 0-3 R31;

C2-Cg alkenyl substituted with 0-3 R31;

C2-Cg alkynyl substituted with 0-3 r31;

a C3-Ci14 carbocyclic ring system substituted with
0-5 R31 or 0-5 R32;

a 5~ to l0-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system bexng substituted
with 0-2 R3Z;

R24 is selected from: hydrogen; hydroxy; amino; C1-Cq
alkyl; C31-C4 alkoxy; mono- or di-(C1-Cg¢
alkyl)amlno, cyano, nitro, benzyloxy, -NHSO2aryl,

aryl being optzonally substituted with
(C1-C6)alkyl.

R25 and R27 are independently selected from the
following:
hydrogen;
C1-Cg alkyl substituted with 0-3 R31;
C2-Cg alkenyl substituted with 0-3 R3%;
C2-Cg alkynyl substituted with 0-3 R31;
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a C3-Ci14 carbocyclic ring system substituted with

0-5 R31 or 0-5 R32; _
a 5- to 1l0-membered heterocyclic ring system
| containing l1 to 4 heteroatoms'independently
selected from oxygen{ nitrogen or sulfur, said
hetérocyclic ring system béing substituted
with 0-2 R32;
_0313'. -SR13,‘

R26 and R28 are independently selected from:
hydrogen;
halogen; i
C1-C4 alkyl substituted with 0-3 halogen or 0-3 Ci1-
 C2 alkoxy; -
nenzvl subs*ltuted wlth 0-3 halogen or 0-3 C31-C2
. alkoxy;
-or13; -spr13;

k29 is seiected from:
nydrogen;

C+=Cs c-k i sub t tu;ed wi:h ¢-3 ha‘ogen cr 0-3

vith C-3 halogen or 0-3 C1-C2

v
th
3
™
[
1
[4)]
c
o
t
ct
)
t
c
t
m
., =~
s,

alternatively,.Rzz, R25, or RZE; independently, can join
with B4 or R4A to form a 5- or 6-membered fused
heterocyclic ring or carbocyclic ring substituted
with 0-2 F¥1l2, said heterocyclic ring containing 1-3
hetercatoms independently selected from N, S, or C;
or

aglternatively, RZJ, R27,_or st, independently, can join
with X7 or R7A tc form a 5- or 6-membered fused
hererocyclic ring or carbocyclic ring substituted

N 1D . . . - - - -
with 7-2 P-4, said heterocyclic ring conta:ining 1-3
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heterocatoms independently selected from N, S, or O;

or

alternatively, R22, R25, r26, r23, Rr27, r28, R34, or R3S

10

can join with RS or R® to form a 0- to 7-membered

- bridge to form a carbocyclic or heterocyclic ring,

said bridge being substituted with 0-2 R12 and said
bridge containing 0-3 heteroatoms independently
selected from N, S, or O (i.e., a O-membered bridge
is formed when R22, Rr25, r26, Rr23, Rr27, Rr28, R34,
or R35 are taken together with RS or R® to form a
direct bond):

alternatively R28 or R23 can join with R7A to form a

15

direct bond;

alternatively R26 or R22 can join with R4A to form a

direct bond;

2¢ R3! is selected from one or more of the following:

25

30

keto, halogen, -cyano, -CHpoNR13R14, -NR13R14,
~CO2R13, -c(=0)R!}, -0C(=0)R13, -OR13, C2-Cg
alkoxyalkyl, -S(O)mR13, -NHC (=NH)NHR13,
-C(=NH)NHR13, -c(=0)NR13R14, -NR14C(=0)R13,
=NOR14, -NR14C(=0)0R14, -OC(=0)NR13R14,
-NR13c (=0)NR13R14, -nR13C(=5)NR13R14,
-NR14s02NR13R14, -NR14502R13, -s02NR13R14, C;-
C4 alkyl, C2~C4 alkeényl, C3-Cip cycloalkyl,
C3-C¢ cycloalkylmethyl, benzyl, phenethyl,
phenoxy, benzyloxy, nitro, C7-Cio arylalkyl,
hydroxamic acid, hydrazide, oxime, boronic
acid, sulfonamide, formyl, C3-Cg cycloalkoxy,
C1-Cq4 alkyl substituted with -NR13R14, c3-c4
hydroxyalkyl, methylenedioxy, ethylenedioxy,
C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4
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alkoxycarbonyl, C1-C4 alkylcarbonyloxy, Ci-C4q

alkylcarbonyl, C31-C4 alkylcarbonylamino,
~OCH2CO2R13, 2-(l-morpholino)ethoxy, azido,
-C(R14)=N (OR14); or

5 : 1-3 amino acids, linked together via amide bonds,
said amino acid being linked via the amine or

1 carboxylate terminus; |

a C5-C14 carbocyclic residue substituted with 0-5

R32: or

10 a 5- to l10-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
‘with 0-2 R32;

32
un

tf
()
o

, when & sukstituent on carborn, is selected from one
or mcre ¢f the following:
phenethyi, phenoxy, C2-Cjp cycloalkyl, C3-Cg
cycloalkylmethyl, C7-Ci10 arylalkyl, hydrazide,

)
[

cxime, boronic acid, C2-C¢ alkoxyalkyl,
metlhylenedioxy, ethylenedioxy, C1-C4
lkylcarbzcnyloxy, -NH502R14, benzyloxy,

Yy m

[\
-t

ogen, 2-(1l-morpholino)ethoxy, =-CO2R13,
acid, -CONR13NR13R14, cyano,
slfonamide, -CHO, C3-Cg cycloalkoxy,
-Kr13Rr14, -C(R14)=N(OR14), -NOp, -OR13,
- =NR40p41, -50qR13, -SORNRISR14, -c(=0)NR13R14,
-0C (=0)NR13R14, -c(=0)R11, -0OC(=0)R11,
~0CO2R13, phenyl, —-( (=0)NR13-(C;-C4 alkyl)-
30 nr+3Rr14, -c(=0)NR40R41, C;-C4 haloalkyl, Cy-Cq
hzloalkexy, C2-C4 haloalkenyl, C3-Cq

.

oxari

:‘J'

'1

-
0

4
ol
vl

I1h H

N
n
tn

- haloalkynyl;

-2 (=0)NR13C (R11) 5NR13R14;
-2 (=0)NP13C (E1%) oNR13COoK13;
-C(=0)NR-3- (C1-C¢ alkyl)-NRl3COZR13;

(a}
tn
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' . =431~ :
-c<-o>mn13)-(c1-c4 alkyl)-R11; or

-C (=0) C(R11) oNRI3R14;

-C (=0) C (R31) oNR13CO2R13;

-C (=0)-(C1-C4 alkyl)-NR13Rr14;

-C(=0)~(C1~C4 alkyl)-NR13COzR13;.

C1-C4 alkoxy substituted with 0—4 groups selected
from: R}, C3-Cg cycloalkyl, -COzR13,
-C(=0)NR13R14, -NR13R14 or OH;

C1-C4 alkyl substituted with 0-4 groups selected
from: R11, =NR14, =NNR13C(=0)NR13R14/
=NNR13C (=0) OR13, or -NR13R1l4;

C2-C4 alkenyl substituted with 0-4 R11;

C>-C4 alkynyl substituted with 0-4 R11;

a 5- or 6-membered heterocyclic ring containing
from 1 to 4 hetercatoms independently selected
from oxygen, nitrogen or sulfur, substituted
with 0-2 R12; .

or R32 may be a 3- or 4- carbon chain attached to
adjacent carbons on the ring to form a fused
5- or 6-membered ring, said 5- or 6— membered
ring being optionally substituted on the
aliphatic carbons with halogen, C3-Csg alkyl,
C1-C4 alkoxy, hydroxy, -NR13Rl4; or,

wnen R32 is attached to a saturated carbon , it may
be =0, =S, =NOH; or when R32 attached to
sulfur it may be =0;

when a substituent on nitrogen, is selected from

one or more of the following:

phenyl, benzyl, phenethyl, hydroxy, C1-C4
hydroxyalkyl, C1-C4 alkoxy, Ci1-C4q4 alkyl, C3~Csg
cycloalkyl, C3-Cg¢ cycloalkylmethyl,
-CH2NR13R14, -NR13R14, Cc2-Cg alkoxyalkyl, Ci-
C4 naloalkyl, C1-C4-alkoxycarbonyl, =-CO2H, Cji-
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C4 alkylcarbonyloxy, Ci1-C4 alkylcarbonyl,

~C (R14) =N (OR14) ;

WO 94/19329 PCT/US94/01609

R40 is selected from: H, C31-C3 alkyl;

‘R4l is selected from:
-C (=0) NR13R14;
-C (=0) NR13NR14;
-C(=0) C (R11) oNR13R14;
10 -C (=0) C(R11) NR13NR14;
~C (=0) C (R11) ,NR13CO,R13;
~C(=0)H;
-C(=0)R11;
-C(=0)-(C1-C4 alkyl)=-NR13Rr14;
-C(=0)~(C1-C4q alkyl)-NR1I3CO,R13;

-3 amino acids:linkedltogether via amide bonds,

o
n

and linked to the N atom via the carboxylate
terminus. '

20 7. & ccmpound of Claim 6, of formula (XI):

(II)
28 '
or & pharmaceutically acceptable salt form thereol
wherein: ‘
P4 and 77 are independently selected from the following
3¢ groups

hydrogen;
C1-T¢ alkyl substituted with 1-3 R1l;
C

-Cs4 alkenyl substituted with 1-3 R1I;

-
e
~
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RS is selected from -ORZ20;

R6 is hydrogen or -OR21;

R20 and R21 are independently hydrogen or any group
that, when administered to a mammalian subject,
cleaves to form a free hydroxyl;

R1l is selected from one or more of the following:

H, keto, halogen, cyano, -CHoNR13R14, -NR13Rr14,
-Co2R13, -oc(=0)R13, -OR13, -S(0)mR13, C2-C4
alkenyl, C3-Cg¢ cycloalkylmethyl, nitro,
hydrazide, boronic.acid, formyl, C3-Cg

' cycloalkoxy,,methylengdioxy, ethylenedioxy,
' €1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4
_alkoxycarbonyl, C1-Cq alkylcarbonyl, C1-C4

alkylcarbonylamlno, —OCHzCOzH,
-c<R14)=N(0R14), o

Ci- ClO cycloalkyl substituted w1th O 2 r12:

C1- C4 alkyl substltued w1th 0- 2 r12;

aryl (C1-C3 alkyl) substituted w1th 0-2 R12;

C2-Cg alkoxyalkyl, substltuted w1th 0-2 R12;

C1-C4 alkylcarbonyloxy subst1tuted with 0-2 R12,

Ce¢-Cio0 arylcarbonyloxy substituted with 0-2 R12,

aryl substltuteq w1th“0—3 812, or

a 5- to 10-membered héterocyclic ring system
containing 1 to 4 heterocatoms independently
selected from oxygen, nitrogen ot shlfur, said
heterocyclic ring system being substituted
with 0-2 R1Z; '

R11B js selected from one or more of the following:
-CH2NR13AR14, -NR13AR14, -C02R13A, —OC(=O)R13A,
—OR13A, -S(O)mR13A, -CHzNR13R14A, -NR13R14A,
nitro, hydrazide, bororic acid, formyl, C3-Cg
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cycloalkoxy, C31-C4 hydroxyalkyl,

WO 94/19329 PCT/US94/01609

methylenedioxy, ethylenedioxy, C1-C4
haloalkyl, €1-C4 haloalkoxy, C1-C4
alkylcarbonyl, C31-C4 alkylcarbonylamino,
5 -OCH2CO2H, =C(R14)=N(OR14);
'€9-€10 cycloalkyl substituted with 0-2 R12;
C1-C4 alkyl substitued with 1-2 R1Z;
aryl (C1-C3 alkyl) substituted with 1-2 R12;
C2-Cg alkoxyalkyl, substituted with 1-2 R12;
10 C1-C4 alkylcarbonyloxy substituted with 1-2 R12;
Ce-Guo arylcarbonyloxy substituted with 1-2 R12;

K12, when a substituent on carbon, is selected from one
or more of the foliowing:
15 ' ' phenyl, béhzyl, phenethyl, phenoxy, benzyloxy,
halogen, Ci1-C4 alkyl, C7-Cig érylalkyl, C1-C4
alkoxy, 2-(l-morpholino)ethoxy, -CO2E,
hydroxamic acid, hydrazide, -C(R14)=N(OR14),
cyano, boronic acid;isulfonamide, formyl, Ciz-
20 Ce cYcioalkoxy, -OR13, C3;-C4 alkyl substituted
wi th -NR13R14 ¥NR13§14 methylenedioxy, C1-Cy
haloalky;, C1 C4 alkylcarbonyl, Ci1-Cgq
' alkylcarbonylamlno, hydroxy, hydroxymethyl; or
& 5- or 6-membered ﬁéterocyclic ring containing

2% from 1 to 4 heteroatoms 1ndependently selected
from oyygen, nltrognn or sulfur;
R12, wher a substituent on nitrogen, is selected from
' benzyl or methyl;
3C '
K13 i¢ H, C1-C4 alkyl, C3-Cg alkoxyalkyl, C2-C4 alkenyl,
or benzyl;
R132 js selected from:
35 pheryl substituted with 1-3 R11;
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benzyl subsultuted with 1-3 R13;
C1-Cg alkyl substituted with 1-3.R1l;
C2-C4 alkenyl substituted with 1-3 R11;
C3-Cg alkoxyalkyl substituted with 1-3 R1l;
5 an amine protecting group when R13 is bonded to N;

a hydroxy protecting group when R13 is bonded to O;

rR14 is OH, H, CF3, C1-C4 alkyl, C1-Cq alkoxy, NHz, C2-C4
alkenyl, or benzyl;

R14A js C;-Cg alkyl substitutéd with 1-3 groups selected
from OH, C1-C4 alkoxy, halogen, NH2, -NH (C1-C4
alkyl), C3-Cg¢ alkoxy, C2-Cg alkenyl, phenyl, benzyl,
an amine protecting group when R4 is bonded to N,
a hydroxy protecting group when R4 is bonded to O;

&

R13 and R4 can alterh;ﬁivelyijoin to form - (CH2)4-,
' -(CH2)5-, -CH2CH2N(R13)CH2CH2-, or -CH2CH20CH2CH2-;

'R157is H or CH3;

W is selected from:
-N(R22)C(=2)N(R23)-;
-N(R22)C(=2)0~; -
-N(R22)C (= Z)C(R27)(R23)—

' -N(RZZ)C(=0)C<—0)N(R23)-

wherein:

Zz is O, S, N-CN

R22 and R23 are independently selected from the
following:
hydrogen;
C1-Cg alkyl substituted with 0-2 R31;
C2-C¢ alkenyl substituted with 0-1 rR31;
C2-Cq alkynyl substituted with 0-1 R31;
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R27 is selected from the following:
hydrogen;
C1-Cg alkyl substituted with 0-3 R31;
C2-Cg alkenyl substituted with 0-3 R31;
C3-Cg alkynyl substituted with 0-3 R31;

R28 is hydrogen or halogen;

R31 is seiécted from one or more of the following:
keto, halogen, cyano, -CHzNR13R14, —NR13R14,
-CO2R13, -c(=0)R1!, -oC(=0)R13, -OR13, c2-C¢
alkoxyalkyl, -S(0)yR13, -NHC (=NH)NHR13,
-C(=NH)NHR13, -c(=0)NR13Rr14, -Nrl4c(=0)R13,
=NOR14, -nrl4c(=0)0R14, -0C(=0)NR13R14,
-NR13¢ (=0)NR13R14, ~NR13C(=5)NR13R14,
-Nrl450oNRI3R14, -NR14S02R12, -sSO2NRI3R14, ;-
C¢ alkyl, C2-C4 alkenyl, C3-C10 cycloalkyl,
C3-C¢ cycloalkylmethyl, beniyl, phenethyl,
phenoxy, benzyloxy,'nitro, C7-C10 érylalkyl,
hydroxamic acid, hydrazide, oxime, boronic
&cid, sulfonamide, formyl, C3—-Cg cycloalkoxy,
C1-C4 alkyl substituted with -NRI3R14, C3-C4
hydroxyalkyl, methylenedioxy, -ethylenedioxy,
Ci-C4 haloalkyl, C1-C4 haloalkoxy, €1-C4
a&lkcxycarbonyl, C1-Cq alkylcarbonyloxy, C1-C4
zlky.carbonyl, Cl—C4 aikylcarbonylamino,
-OCE2C02R13, 2-(1-morpholino)ethoxy, azido,
-C(r19)=N(ORY); or
1-2 amino acids, linked together wvia amide bonds,
said amino acid being linked via the amine or
carboxylate terminus;
C5-C14 carbocyclic residue substituted with 0-5
R3?2; or
& 5- to 10-membered heterocyclic ring system

[+}]

containing 1 to 4 heterocatoms independently

selected from oxygen, nitrogen or sulfur, sziz
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' heterocyclzc ring system being substituted

' w1th 0 2 R32

when a substituent on carbon, is selected from one

or more of the following: '

phenethyl, pherioxy, C3-C1p cycloalkyl, C3-Cg
cycloalkylmethyl, C7-Ci10 arylalkyl, hydrazide,
oxime, boronic acid, C2-C¢ alkoxyalkyl,
methylenedioxy,.ethylenedioxy, C1-Cyg
alkylcarbonyloxy, ~NHSO2R14, benzyloxy,

" halogen, 2-(l-morpholinc)ethoxy, -CO2R13,
hydroxamic acid, -CONR13NR13R14, cyano,
sulfonamide, -CHO, C3-C¢ cycloalkoxy,
~-NR13r14, -C(R14)=N(OR14), -NOz, -OR13,

- -NR40R41, -sO,R13, -SOLNR13R14, -C(=0)NR13R14,
-0C (=0)NR13R14, -C(=0)R}1, -OC(=0)R11,

-OCO2R13, phenyl, -C(=O)NR13-(C;-C4 alkyl)-

~ NR13R14, -c(=0)NR40R41, C;-C4 haloalkyl, C3-C4
r'haloalkoxy, Co~Cy haloalkenyl, C1-Cy
haloalkynyl, '

-C (=0) NR13C (Rll) 2NR13R14;

~C (=0) NR13C (R11) ,NR13CO,R13;

-C (=0)NR13-~(C3-C4 alkyl)-NR13CO,R13;

-C(=0)N(R13)~(C3-C4 alkyl)-R11l; or

-C (=0) C (R11) ;NRI3R14;

-C(=0) C (R11) 5NR13CO,R13;

-C(=0)~(C1-Cq alkyl)-NR13R14;

~C(=0)=~(C1-C4 alkyl)-NR13CO,R13;

Ci-C4 alkoxy substituted with 0~4 groups selected
from: R1l, C3-C¢ cycloalkyl, -CO3R13,

-C (=0)NR13Rr14, -NR13R14 or OH;

C1-C4 alkyl substituted with 0-4 groups selected
from: R1l, =NR14, =NNR13C(=0)NR13Rr1l4,
=NNR13C (=0) OR13, or -NR13r14;

C>-C4 alkenyl substituted with 0-4 R11;

C2-C¢ alkynyl substituted with 0-4 R13;
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a 5- or 6—membered heterocyclic ring containing

from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur, substituted
with 0-2 R1Z;

or R32 may be a 3- or 4- carbon chain attached to
adjacent carbons on the ring to form a fused
5~ or 6-membered ring, said 5- or 6~ membered
ring being optiénally substituted on the
aliphatic carbons with'halogen, C1-C4 alkyl,
C1-C4 alkoxy, hydroxy, -NR13R14; or,

when R32 is attached to a saturated carbon , it may
be =0, =S5, =NOH; or when R32 attached to
suifur it may be =0;

when a substituent on nitrogen, is selected from
one c¢r more cf the following: '

., benzyl, phenethyl, hydroxy, Ci-Ca
hydroxyalkyl,-éi—Cq alkoxy, C1-C4 alkyl, C3~Cg
cycloalkyl, C3-Cg cycloalkylmethyl,

-cHpNR13R14, -NR13R14, C2-Cg alkoxyalkyl, Ci-

.
-

<

:ioalkyl, Ci1-C4 alkoxycarbonyl, -CO2H, C--

o

4 al?ychrbonyloxy, C1-C4 alkylcarbonyl,
Z(RY4)=N(ORY%); .

}

C, 2, ez z;
s gzlected from: K, C;~C3 alkyl;

i3 selilected from:

-C (=0) NR13R14;

-C (=0) NR13NR14;

-C(=C)C(R11)NRI3R14;
-Ci=D)C(RLY) 2NR13NR14;

-C(=0) C (Rr11) NR23CO2R13;

=C(=0) H;

Y

Vo A
IRy '

—_‘_I

k)
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~C (=0) - (C1-C4 alkyl)-NR13R14;

~-C(=0)~-(C1-Cq4 alkyl)-NR13CO,R13;

1-3 amino acids linked together via amide bonds,
and linked to the N atom via the carboxylate
terminus.

8. A compound of the formula (I):

R4A W, R7A
R* R?
5 Res
R RSa RG : :
n

(I)

or a pharmaceutically acceptable salt form thereof
wherein: '

R4 and R7 are 1ndependenely selected from the following
groups '
hydrogen.
C1-Cg alkyl substituted with 0-3 R11
- C2-Cg alkenyl substituted with 0-3 R11;
. C2-Cg alkynyl substituted with 0-3 R11;
a C3-C14 carbocyclic ring system substituted with
0-3 R11 or 0-3 R12; o
a 5- to l10-membered hetérocYclic ring'system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R12;
-0R13; -sR13; cozRrl3;
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R42 and R7® are independently selected from the

following groups: .
hydrogen;
C1-C4 alkyl substituted with 0-6 halogen or 0-3
C1-C2 alkoxy: ’
benzyl substituted with 0-6 halogen or 0-3 C1-C2
alkoxy:
-0R13; —SR13; C02R13,‘

R4 and R42 can alternatively join to form a 5-7 membered
carbocyclic ring substituted with 0-2 R12;

R? and R7A can alternativeiy join to form a 5-7 membered
carbocyclic ring substituted with 0-2 R12;

n is €, 1, or 2;

K5 is selected from H; halogen; C1-Cg alkyl substituted
with 0-3 B!, -N(R20),, -sR20, -0R20, or -N3;

ierendently selected from:'hydrogen, héiogen,
1 substituted with 0-3 R!1, -N(RZ20),,
R¢J, -OR21, or -N3;

n

can alterﬁatiﬁély join to form an epoxide or
aziridine ring; -OCH2SCH0-; —OC (=0)0-; —OCH20-;
-0C(=3)0-; ~0OC(=0)C(=0)0-; =-0OC(CH3)20-;

-GZ ( (CH2) 3NH2) (CH3)O-; -OC (OCH3) (CH2CH2CH3) O-;

~CS (=) 0-; =NHC(=0)NH-; =-OC(=0)NH-; =NHC (=0)0~;
-NHCH20~; —-OCHNH-; =NHC(=S)0O-; -0S (=0)NH-;

~NHC (=0) C(=0) 0-; =-0C (=0)C (=0) NH-; -NHC (=0) C (=0) NH-;
-NHC(CH3)20—; ~0OC (CH3) 2NH- or any group that, when

m
m
*y
[S)

o

administered to a mammalian subject, cleaves to
fcrm & free dihydroxyl or diamino or hydroxyl and
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RO8 is selected from hydrogen, halogen, Cl-Cg alkyl,
-N(R20) 5, -SrR20, or -OR20;

R62 35 selected from: hydrogen, halogen, C3~Cg alkyl,

-N(R20),, -SR20 or -OR21;

R and R72 can alternatively join to form =0, =S, or a
ketal ring;

R® and RrR®2 can alternatively join to form =0, =S, or a
ketal ring:

R20 and R2! are independently selected from:
hydrogen;
C1-C¢ alkyl substituted with 0-3 R1l;
C3~C¢ alkoxyalkyl substltuted with 0-3 R1ll;
C1-C¢ alkylcarbonyl substituted with 0~3 R1l;
Ci1~Ce¢ alkoxycarbonyl.substituted with 0-3 R1l;
C1-Ce alkylaminocarbonyl substituted with 0-3 R11l;
benzoyl substituted with 0-3 R1Z;
phenoxycarbonyl substituted with 0-3 R12;
phenylaminocarbonyl substituted with 0-3 R12; or
any group that, when administered to a mammalian
subject, cleaves to form a free hydroxyl,
amino or sulfhydryl; -’

R1l is selected from one or more of the following:
H, keto, halogen, cyano, -CH;NR13R14, —NR13Rrl4,

-CO2R13, -0C(=0)R13, -OR13, -s(0O)R13,
~NHC (=NH)NHR13, ~C(=NH)NHR13, -C(=0)NR13Ri4,
-NR14¢ (=0)R13, =NOR14, -NR14(C(=0)OR14,
~0C (=0)NR13R14, -NR13C (=0)NR13R14,
-NR1450oNR13Rr14, -NR14502R13, -50NK13R14,
-0P (0) (OR13),, C31-C4 alkyl, C2-C4 alkenyl, C3-
C¢ cycloalkylmethyl, benzyl, phenethyl,
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phenoxy, benzyloxy, nitro, C7-C1p arylalkyl,

hydroxamic¢ acid, hydrazide, boronic acid,
sulfonamide, formyl, C3-Cg cycloalkoxy, Ci1~-C4
alkyl substituted with -NRI3R14, c3-Cq
L] hydroxyalkyl, methylenedioxy, ethylénedioxy,
C1-C4 halcalkyl, C1-C4 haloalkoxy, C1-C4
alkoxycarbonyl, pyridylcarbonyloxy, C€1-C4q
alkylcarbonyl, C31-C4 alkylcarbonylamino,
-OCH2C0O2E, 2-(l-morpholino)ethoxy, azido, .
10 ~C (R14) =N (OR1Y) ; |
1-3 amino acids linked together via amide bonds,
seid amino acid being linked via the amine or
carboxylate terminus;
3-C1n cycloalkyl substituted with 0-2 R12¢
3=Cs alkyl substitued with 0-2 R1Z;

-

*y1(C1-C3 alkyl) substituted with 0-2 R12;

C2-T¢ slkoxyalkyl, substituted with 0-2 R12;
C1-C4 alkylcarbonyloxy substituted with 0-2 R12;

(9]

'
1
(]

)

Ce-Cir arylcarbonyloxy substituted with 0-2 R1Z;

Ny

IS

m

LB

on
i

carbocyclic residue substituted with 0-3
or '
-membered heterocyclic ring system

b}
+ n

)
(44
[e] .
=~
[on)

containing 1 to 4 heteroatoms independently

Ny
o

reterocyclic ring system being substituted
with 0-3 R12;

Y
1
()
kad

-~ is selected from one or more of the following:

&, kevo, halogen, cyano, -CH;NR13BR14B, _nNr13BRr14B,
~CO2E, -0OC(=0) (C1~-C3 alkyl), -OH, C2-Cg¢
zlkoxyalkyl, =C(=0)NHp, -0C(=0)NHz,

-NHC (=0)NH>, =-SO02NH2, C1-Ca alkyl, C2z~Cy
ealkenyl, C3-Ci0 cycloalkyl, C3-Cg

w
<D

cvcloalkylmethyl, benzyl, phenethyl, phenoxy,
R zenzyvloxy, nitro, C7-Cip arylalkyi, hydroxaric
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acid, hydrazide, boronic acid, C3-Cg¢

cycloalkoxy, Ci1~C4 alkyl substituted with
-NHz, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, C1-C4
haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4

alkylcarbonyloxy, C1-C4 alkylcarbonyl, Ci1-C4q
" alkylcarbonylamino, -ocnzcozu,

2~ (l-morpholino)ethoxy, azido, aryl(Ci-Cj3
alkyl), a Cs-C14 carbocyclic residue;

a 5- to l10-membered heterocyclic ring system

containing 1 to 4 heterocatoms independently
selected from oxygen, nitrogen or sulfur, said

heterocyclic ring system substituted with 0-3

wheri a substituent on carbon, is selected from one
or more of the following:
phenyl, benzyl, phenethyl, phenoxy, benzyloxy,

halogen, hydroxy, nitro, cyano, C1-C4 alkyl,
C3-C¢ cycloalkyl, C3-Cg cycloalkylmethyl, C7-
C10 arylalkyl, C1-C4 alkoxy, ~CO2H, hydroxamic
acid, hydrazide, boronic acid, sulfonamide,

- formyl, C3-Cg¢ cycloalkoxy, =-OR13, C1-C4 alkyl

substituted with -NR13Rr14, —NRr13Rr14, c2-Cg
alkOxyalkyl'optiohally'substituted with

-5i (CH3)3, Ci1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, Ci1-C4
haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4q
alkylcarbonyloxy, C1-C4 alkylcarbonyl, Ci1~C4q
alkylcarbonylamino, =-S(0)mR13, -SO2NR13R14,
-NHSO2R14, -OCH2CO2R13,

2- (1-morpholino)ethoxy, -C(R14)=N(OR14); or

a 5- or 6-membered heterocyclic ring containing

from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur; or
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R12 may be a 3- or 4-.carbon chain attached to
adjacent carbons on the ring to form a fused
5~ or 6-membered ring, said 5~ or 6- membered
ring being optionally substituted on the
aliphatic carbons with halogen, C1-C4q alkyl,
C1-C4 alkoxy, hydroxy, or -NR13rl4; or,

when R12 is attached to a saturated carbon atom, it
may be =0 or =S; or when R12 is attached to
sulfur it may be =0;

R12, when a substituent on nitrogen, is selected from

one or more of the following:

phenyli, benzyl, phenethyl, hydroxy, Ci-C4
hydroxyalkyl, Ci-C4 alkoxy, Ci1~C4 alkyl, C3-Cg
cyvcloalkyl, C3-C¢ cycloalkylmethyl,
-CHzNR13R14, -NR13R}4,_C2-C5 alkoxyalkyl, Ci-
C4 haloalkyil, C1-C4 a1koxycarbonyl,--COzH, Ci-
C4 alkylcarbonyloxy, C1-C4q alkylcarbonyl,
~C (R14) =N (OR14) ;

- ¥2<¢k, wnen a substituent.on carbon, is selected from one

or more of the following:

phenyl, benzyl, phehethyl,~phenoxy, benzyloxy,
halogen, hydroxy, nitro, cyano, C1-C4 alkyl,
C3-C¢ cycloalkyl, C3-Cg cycloalkylmethyl, C7-
C1¢ arylalkyl, C1~-C4 alkoxy, -CO2H, hydroxamic
acid, hydrazide, boronic acid, sulfonamide,
formyl, C3-Cg cycloalkoxy, =-OR13, C3-C4 alkyl
substituted with -NH2, -NH2, —-NHMe, C2-Cg
alkoxyalkyl optionally substituted with
-Si (CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, C1-C4
haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4
alkylcarbonyloxy, C1-Cg alkylcarbohyl, Ci1~-Cy
&lkylcarbonylaminc, -S(O)mMe, -SO2NH:z,
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-NHSOzMe, ~OCH2CO2R13, 2-(1~morpholino)ethoxy,

-C(=NOH)NH2; or
a 5- or é6-membered heterocyclic ring containing
from 1 to 4 heteroatoms independently selected
5 from oxygen, nitrogen or sulfur; or '
R12A may be a 3~ or 4- carbon chain attached to
adjacent carbons on the ring to form a fused
5~ or 6-membered ring, said 5- or 6- membered
ring being optiocnally substituted on the
10 aliphatic carbons with halogen, C3-C4 alkyl,
Ci1-C4 alkoxy, hydroxy, or -NHz; or,
when R12A js attached to a saturated carbon atom,
it may be =0 or =S; or when R}2 is attached to
sulfur it may be =0;
15
R12A, “yhen a substituent on nitrogen, is selected from
one or more of the following:
‘phenyl, benzyl, phenethyl, hydroxy, Ci1-C4
hydroxyalkyl, C1-C4 alkoxy, Ci-Cq alkyl, C3-Cg
20 cycloalkyl, C3-Cg cycloalkylmethyl, -CH2NH2,
-NH2, C2-Cg¢ alkoxyalkyl, C1-C4 haloalkyl, Ci-
C4 alkoxycarbonyl, -CO2H, C1-C4 |
alkylcarbonyloxy,’ C1—C4 alkylcarbonyl,
—C(=NOH)NH2.
25 '
R13 is selected from:
H;
phenyl substituted with 0-3 R113;
. benzyl substituted with 0-3 R113;
30 C1~Cg alkyl substituted with 0-3 R113;
C2-C4 alkenyl substituted with 0-3 R11A;
.C1~C¢ alkylcarbonyl substituted with 0-3 RI11A;
C1~C¢ alkoxycarbonyl substituted with 0-3 R11A;
C1-Cg alkylaminocarbonyl substituted with 0-3 R11A;
35 C3-Cg alkoxyalkyl substituted with 0-3 R11A;

ar amine protecting group when R!}3 is bonded to N;
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a hydroxy protecting group when 313 is bonded to O;

R13A j5 selected from:
phenyl substituted with 1-3 R1l;
benzyl substituted with 1-3 R1l;
C1-C¢ alkyl substituted with 1-3 R11;
Co-C4 alkenyl substituted with 1-3 R11;
C1-Cg¢ alkylcarbonyl substituted with 1-3 R1;
C3-Cg alkoxycarbonyl substituted with 1-3 R1%;
C3-C¢ alkylaminocarbonyl substituted with 1-3 R11;
C3-C¢ alkoxyalkyl substituted with 1-3 R1l;
an amine protecting group when R13 is bonded to N;
2 hydroxy protecting group when R13 is bonded to O;

Fi14 is hydrogen, hydroxy, C1~-Cg alkyl substituted with
-3 groups selected from OH, C;-C4 alkoxy, halogen,
N¥y, ~NKH(CZ:i-C4 alkyl), Ci1-Cg alkoxy,. C2-Cg¢ alkenyl,
phenyl, benzyl, an amine protecting group when R14
is bonded <o N, a hydroxy protecting group when R34
is bonded tg O; ' |

1!
A
'

[{]
(@]

|_|

(‘)

¢ 2ikyl substltuted with 1-3 groups selectec
£rom OE, C3;-C4 alkoxy, halogen, NHz, ~NH (C1-C¢
elkyly, C:-~Cg alkoxy, Cp-C¢ alkenyl, phenyl, benzyl,
&r. amins rrotecting group when R!4 is bonded to K,
& hydroxy protecting group when Rl4 is bonded to O;

13 anc P4 can alternatively join to form - (CH2)4-,
- (CH2)e-, ~CH2CH2N(R15)CH2CH2-, or -CH2CH20CH2CH2-;

)
(&)
t

e d)

- and P14B are independently selected from H or C3-Cg
alkyl, or R13B and R4B can alternatively join to
form - (CH2)¢-, =—{(CH2)5-, =-CH2CH2N(R19)CH2CH2~, or
-CH2CE20CH2CH 2=

n
' '
%]

'

0
<
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mis 0, 1 or 2;
W is selected from:
5 -N(R22)C(-Z)N(R23)—
-0C (=2)0~, :
-N(R22)C(=2)0O-,
-N(R22)C(=2)C(R27) (R28) -,
-N (R22)C (=0} C (=0) N (R23) -,
10 -N(R22) 5 (=0)N (R23)~;
wherein:
Zz is 0, S, NR24;
15 '

20

25

30

35

ZRZZ and R23 are independently selected from the

follow1ng

C1—C8 alkyl substituted with 1-3 R31;
C2-C8 alkenyl substltuted with 1-3 R31;
Cz—Ce alkynyl substituted with 1-3 R31;

" a C3-C14 carbocyclxc ring system substituted with

- 71-5 31 or 1-5 R32;
a 5= to 10-membered heterocyclic fing system
containing 1to 4'hetefoa£oms independently
selected frbm oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 1-2 RrR32;
~0OR222; -N (R22a) (R22b) :

R228 and R22b are independently selected from the

following:

hydrogen; -
C1~Cg alkyl substituted with 0-3 R31;

' Cp~Cg alkenyl substituted with 0-3 R31;

C2-Cg alkynyl substituted with 0-3 R31;

This Sheet Has Been Replaced

JL L




T

WO 94/19329 PCT/US94/01609

K

N -448- .
a C3-C14 carbocyclic ring system substituted with

0-5 R31 or 0-5 R32;
a 5- to l0-membered heterocyclic ring system
containing 1 to 4 heterocatoms independently
5 selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted .
. with 0-2 R32; :

R24 is selected from: hydrogen; hydroxy; amino; C1-C4
10 alkyl; C1-C4 alkoxy; mono- or di-{(Ci1-Cg
alkyl)amino; cyano; nitro; benzyloxy; -NHSO2aryl,
aryl being optionally substituted with
(C:-Ce¢lalikyl;

(a)

4

n

is seliectec from one or more of the following:
-CENR23Rp14, _Nr13AR14, ~cOpr13R, -oC(=0)R13A,
-OR13%, -5 (0)mRI3E, -NHC(=NH)NHR13A,
-C (=NH)NHR13A, -c(=0)NR13AR14, -nrl4C(=0)R13A,
-0C (=0)NK13AR14, -NR13Ac(=0)NR13AR14,
e -Nplé SQZNRI:SAB;A , -NRI 4SOZR1 3A' "S_O2NRl 3AR14,
-CEpNR1I3R14%, ~NR13RY4A, -c(=0)NR13R14E,

E

Pt

-Lri4Ac (=0) Rl3, =NOR14A, -NR1.4C (=0) 0R14A'
-0Z (=0)NR13R14A, -NR13C (=0)NR13R142,
. -Nr14Ag0ooNRI3R14A, —NR14Ag0,R13, -sSOpNR13R14E,

ritrc, hydrazide, boronic acid, formyl, C2-Cg

w

o

cvcloalkoxy, C2-C4 alkyl substituted with
ir23r14, C1-C4 hydroxyalkyl, methylenedioxy,

-
.

ethylenedioxy, C1-C4 haloalkyl, C1-C4
healoalkoxy, C1-C4 alkylcarbonyl, -OCH2CO2H,

W
(o]

2-(l-morpholino)ethoxy, azido, or
-C (K14) =N (OR14A);

aryl substituted with 1-5 R3Z; or

a %~ to l10-membered heterocyclic ring system
containing 1 to 4 heterocatoms independently

(n

selected from oxygen, nitrogen cor sulfur, saic

This Sheet Has Been Replaced

A



WO 94/19329

10

15

20

N
w

30

W
wn

0D AR —
* c L M S *

e -449-
heterocycllc ring system’ being substituted

with 1-2 R32Z;

R32, when a substituent on carbori, is selected from one

or more of the following:

C7-Cyp cycloalkyl, NHRSOR14A, —-COzR13A, NR13AR14,
NR13R14R, —C(R14)=N(OR147A), —CONR13NR13R14,
-NR40R41, ZsoR13A, -C(=0)NR13R14,

-oc (=0)NR13R14, -c(=0)R11, -oC(=0)R11,
-OCO2R13, -C(=0)NR13-(C;-C4 alkyl)-NR13Rr14,
OR13A, —c (=0)NR40R41, C,-C4 haloalkenyl, C3-Cg
haloalkynyl, or

-C (=0) NR13C (R11) NR13R14;

-C (=0) NR13C (R11) ,NR13CO5R13;

-C (=0)NR13-(C3~-C4 alkyl)-NR13COzR13;

~C (=0) N (R13) - (C1~C4 alkyl)-nil- or

. =C(=0)C (Rll)zNR13R14

-C (=0) C (R11) ;NR13CO,R13; -C(=0)=(C1-C4 alkyl)-
NR13R14; -C(=0)-(C1-C4 alkyl)-NR13COR13; or

C1-C4 alkoxy substituted with 1-4 groups selected
from: R}, C3-Cg cycloalkyl, -COzR13,
-c(=0)NR13R14, -NR13r14 or OH; °

C1-C4 alkyl substituted with 1-4 groups selected
from: R}1, =NR14, =NNR13C(=0)NR13R14/
=NNR13C (=0) OR13, or -NR13R1l4;

Co-C4 alkenyl substituted with 0-4 R1l;

Co,-C4 alkynyl substituted with 0-4 R1ll; or

a 5- or 6-membered heterocyclic ring containing
from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur, substituted
with 1-2 R12; when R32 is attached to a
saturated carbon, it may be =NOH; or when R32
attached to sulfur it may be =0;

wher 2 substituent on nitrogen, is selected from

one or more of the following:
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_CH2NR13AR14 , -NR13AR14, -CHzNR13R14A,
-NR13R14A, ¢ (R14)=N (OR14A);

R40 is selected from: H, Ci1~Cz alkyl;

R4l is selected from:

~-C (=0) NR13R14;

-C(-O)NR13NR13R14;

-C(=O)C(R11)2NR13R14;

-C (=0) C(R11) 2NR13NR13R14;

~C(=0) C(R11) ;NR13CO,R13;

-C(=0)H;

-C(=0)R1;

-C(=0)=-(C3~C4 alkyl)-NR13R14;

-C(=0)=-(C3-C4 alkyl)-NR13CO,R13;

1-3 amino acids linked together via amide bonds,

and linked to the N atom via the carboxylate

. terminus; ' '

provides that:

F4, R4, K7 and R7® are not all hydrogen.

-

¢. E compound of Claim 8, or a pharmaceutically

egccepzarzie salt form thereof wherein:

P4 and B7 are independently selected from the following

R4F 2

-

kydrogen;

C1-C4 alkyl substituted with 0-3 R11;
C3-C4 alkenyl substituted with 0-3 R11;
C2-C4 alkynyl substituted with 0-3 R11;

né F°# are hydrogen;
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RS is selected from fluoro or -OR2°;,

R6 is independently selected from: hydrogen, fluocro or
-0R?1;

RS and R® can alternatively join to form an epoxide or
aziridine ring; -OCH2SCH20-; =-0S(=0)0-; -0C(=0)0-;
-0CH20~; -OC(=S)0-; -0OC (=0)C(=0)0~-; -OC(CH3)20-;
-0OC (OCH3) (CH2CH2CH3) O-; or any group that, when
administered to a mammalian subject, cleaves to
form a free dihydroxyl;

RS2 is selected from hydrogen or fluoro;
Rb2 is selected from: hydrogen or fluoro;

RS and R52 can alternatively join to form =0, =S, or a
ketal ring; '

R® and R62 can alternatively join to form =0, =S, or a
" ketal ring; ' '

‘'R20 and r21 are independently selected from:

hydrogen;
. "C1~-C¢ a@lkylcarbonyl;
-..C1-C¢ alkoxycarbonyl;
benzoyl; or
any group that, when administered to a mammalian
subject, cleaves to form a free hydroxyl;

Rl is selected from one or more of the following:

B, keto, halogen, cyano, -CH;NR13R14, -NR13R14,
-co2R13, -oc(=0)R13, -0R13, -s(O)gR13, C2-C4
alkenyl, C3-Cg cycloalkylmethyl, nitro,
hydrazide, boronic écid, formyl, C3-Cg
cycloalkoxy, methylenedioxy, ethylenedioxy,
C1-C4 naloalkyl, €1-C4 haloalkoxy, C1-C4
alkoxycarbonyl, C31-C4 alkylcarbonyl, C31-C4
alkylcarbonylamino, -OCH2CO2H,

-C (R14) =N (OR14) ;
C3-Cip cycloalkyl substituted with 0-2 R12:
C1-Cq alkyl substitued with 0-2 R1Z;
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aryl (C1-C3 alkyl) substituted with 0-2 R12;
C2-Cg alkoxyalkyl, substituted with 0-2 R12;
C1-C4 alkylcarbonyloxy substituted with 0-2 R1Z2,
C¢-Ci0 arylcarbonyloxy substituted with 0-2 R1Z2,
aryl substituted with 0-3 R12; or

a 5- to 10-membered heterocyclic ‘ring system

contalnlng 1 to 4 hetercatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R1Z;

R12, when a substituent on carbon, is selected from one

or mcre of

pheny

the following: _

l, benzyl, phenethyl;“phenoxy; benzyloxy,
haloger, Ci1-Cq alkyl, C7-Ci1o arylalkyl, Ci-Cq
alkoxy, 2-(1—m¢rpholino)ethoxy,'-COZH}
hydroxamic acid, hydrazide;--C(R14)=N(OR14),
cyano, bqronic acid, sulfonamide, formyl, C3-
Cs cycloalkoxy, -OR3, C3-C4 alkyl substituted
with -Nr13Rr14, -Nr13gr14, meth&lenedioxv, C1-Cq
haloalkyl, Ci-C4g alkylcarbonyl, C1-C'

_ alkx*carbonylamzno, hydroxy, hydroxymethvl; or

2 5- or 6-membered ‘heterocyclic ring containing

12, when

from 1 to 4 heteroatoms independently selected
from ‘oxygen, nitrogen or sulfur; '

& subsgltuent on nitrogen, is selected from

benzyl or methyl,

k2% is H, C1~C4 alkyl, C3-Cg alkoxyalkyl, C2-C4 alkenyl,

or benzyl;

13

A is selected from:

phenyl substituted with 1-3 R11;

kenzy

1 substituted withL 1-2 R11;
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C1-Cg alkyl substltuted with 1-3 R11;

C2-C4 alkenyl substituted with 1-3 R11;

C3-Cg alkoxyalkyl substituted with 1-3 R1l;

an amine protecting group when R13 is bonded to N;
a hydroxy protecting group when R13 is bonded to O;

R14 is OH, H, C3-C4 alkyl, Ci1-Cg alkoxy, NH2, C2-Cq
alkenyl, or benzyl;

R14A 3is C3~Cg alkyl substituted with 1-3 groups selected
from OH, €3;-C4 alkoxy, halogen, NHz, -NH(C1-C4
alkyl).”C1-Cs_élkoxy, C2-C¢ alkenyl, phenyl, benzyl,

"an amine protecting group when R14 is bonded to N,
a hydroxy protécting group when R4 is bonded to O;

R13 and R14 can alternatively join to form -(CH2)4-,
~(CH2)5-, -CH2CH2N(R15)CH2CH2-, or -CH2CH20CH2CH2-;

R15 is H or CH3:

W is selected from:
=N (R22)C (=2) N (R23) -;
-N(R22)C(=2)0-; "
-N(R22)C(=2)C(R27) (R2B)=~;.
-N (R22)C(=0)C (=0)N(R23)-;

wherein:

R22 and R23 are independently selected from the
following:
hydrogen;
C1-Cg alkyl substituted with 1-2 R31;
. C2-Cg alkenyl substituted with one R31;
C2-C4 alkynyl substituted with one R31;
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R27 is selected from the following:
hydrogen;
C1-Cg alkyl substituted with 0-3 R31;
C2-Cg alkenyl substituted with 0-3 R31;

5 C3 Cg alkynyl substituted with 0-3 R31;

R28 is hydrogen or halogen,

R31 is selected from one or more of the following:
10 -CHpNR13AR14, _NR13AR14, -cOonR13R, —oc(=0)R13A,
-OR132, -5(0)mR13A, -NHC (=NH)NHR13A,
-C(=NH)NHR132, -c(=0)NR13AR14, -NR14C(=0)R13R,
-0C (=0)NR13AR14, —NR13AC (=0)NR13AR14,
ﬂ -NR1450oNR13AR14, -NR14s502R13R, -s0,NR13AR14,
15 -CHZNR13R14A, -NR13R14.A-, =C(=0) NR13R14A,
| -NrR14Rz(=0)R13, =NOR14R, -NR14cC(=0)OR14A,
~0C (=0)NR13R142, -NR13C (=0)NR13R1423,
-xr14k50,NR13R14A, —NR14A50,R13, -50,NR13R14E,
¢, hydrazide, boronic acid, formyl, C3-Cg
vcloaikoxy, C2-C4 alkyl substituted with
-”—1°P14 C1-C4 hydroxyalkyl, methylenedioxy,
etuy;enec;cxy, C1~-C4 haloalkyl, C1-C4
halozlkexy, C1-C4 alkylcarbonyl, -OCH2CO2H, -

[N
[
() o)

2-{i-mcrpholino)ethoxy, azido, or
z: -JIF24)=N(0OR144),;
gry’ substituted with 1-5 R32; or

A

tc ll-membered heterocyclic ring system

m

conteining 1 to 4 heteroatoms independently
selected from oxygen, nltrogen or sulfur, said

30 heterocyclic ring system being substituted
with 1-2 R3Z;

o1
[¥3)
o

~

whar & sukstituent on carbon, is selected from one

cr mére cf the following:

3. C7-Cyo cvcloalkyl, NHRSO,R14A, -COoR13A, NR13AR14,
wRri 3:14A, -C(RY4)=N (0R14A) ‘ ‘CONR13NR13R14,

il 41' -somR13’=, ~C (= r1p13p14

:u '
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-0C (=0) NR13R14, "—C (=0)R12, -0OC(=0)R11,
-0CO2R13, -C(=0)NR13-(C;-C4 alkyl)-NR13R14,
OR13A, - (=0)NR40R41, C,-C4 haloalkenyl, C1-Cg
haloalkynyi}'or

~C (=0) NR13C (R11) 2NR13R1'4;

~C (=0) NR13C (R11) 2NR13CO2R13;

~C (=0)NR13-(C;-C4 alkyl)-NR13CO,R13;

-C(=0)N(R13) - (C3-C¢ alkyl)-R11; or

-C(=0) C(R11) oNR13R14;

-C(=0)C (R11) oNR13COR13; -C(=0)-(C1-C4 alkyl)-
NR13R14; -C(=0)-(C3-C4 alkyl)-NR13CO2R13; or

C1-C4 alkoxy substituted with 1-4 groups selected
from: R11, C3-Cg cycloalkyl, -COzR13,
-C(=0)NR13Rr14, -NR13R14 or OH;

C1-Cq alkyl substituted with 1-4 groups selected
from: R11, =NR14, =NNR13C(=0)NR13R14,
=NNR13C (=0) OR13, or -NR13Rr14;

C2-C4 alkenyl substituted with 0-4 R1l;

C2-C4 alkynyl substituted with 0-4 R11; or

a 5- or 6—membered heterocyclzc ring containing
from 1 to 4 heteroatoms independently selected
from oxygen, q;trogen or sulfur, substituted
with 1-2 R12; when R32 is attached to a
saturated carbon, it may be =NOH; or when R32
attached to:suliur it may be =0;

mis 0, 1, or 2;

R40 is selected from: H, C1-C3 alkyl;

30

R4l is selected from:

35

~C (=0) NR13R14;

-C (=0) NR13NR14;

-C (=0) C (R11) ;NR13R14;
-C (=0) C (R*1) oNR23NR14;
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O




wosawsas NI EHNAON perrussao1ees

e -456-
© =C(=0) C (R11) ;NR13COzR13;

-C{(=0)H;

-C(=0)R11;

~C(=0)-(C3-Cy4 a1ky1)-NR13RI4

5 -C(=0)=-(C1-C4q alkyl)-NR1?c02R13;
1-3 aminoc acids linked together via amide bonds,
and linked to the N atom via the carboxylate

terminus;.
10 provided that:
R4 and R7 are not both hydrogen;

whern R4 is hydrogen, at least one of the following
- is not hydrogen: R22 and R28.

(=)
(A1)

1L. . E compound of Claim 8, of formula (II):

P

26

(II)

cr & pharmzceutically acceptable salt form therecst
25 wherein:

P4 and R7 are independently selected from the following
groups:
hydrogen;
30 C1-Cz alkyl substituted with 0-3 R11;
C3-C4 alkenyl substituted with 0-3 R11;

B3 ig seleczted from -OP2°
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R® is hydrogen or -OR21; '

R20 and R21 are independently hydrogen or any group
that, when administered to a2 mammalian subject,
" cleaves to form a free hydroxyl;

R1l is selected from one or more of the following:

H, keto, halogen, cyano, -CH;NR13r14, —nr13rl4,
-Co2R13, -oc(=0)R13, -0R13, -s5(0)mR13, C2-C4
alkenyl, C3-Cg cycloalkylmethyl, nitro,
hydrazide, boronic acid, formyl, C3-Cg
cycloalkoxy, methylenedioxy, ethylenedioxy,
C1-C4 haloalkyl, C1-C4 naloalkoxy, C1-C4
alkoxycarbonyl, C1-C4 alkylcarbonyl, Ci-C4
alkylcarbonylamino, -OCHzCOzH,

-C (R14)=N(OR14),

C3-C10 cycloalkyl substituted with 0-2 R1Z:

C1-C4 alkyl substitued with 0-2 R12;

aryl(C1-C3 alkyl) substituted with 0-2 R12;

C2-C¢ alkoxyalkyl, substituted with 0-2 R%;

C1-C4 alkylcarbonyloxy substituted with 0-2 R12,

- Cg=Ci10 arylcarbonyloxy substituted with 0-2 R12,
' aryl substituted with 0-3 R12; or

a 5- to l0-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substltuted

~with 0-2 R12;

Rlz, when a substituent on carbon, is selected from one
or more of the following:
phenyl, benzyl, phenethyl, phenoxy, benzyloxy,
halogen, C1-C4 alkyl, C7-C10 arylalkyl, C1-Cg
alkoxy, 2-(l-morpholino)ethoxy, =-CO2H,
hydroxamic acid, hydrazide, -C(R14)=N(OR14),
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cyano, boronlc acid, sulfonamide, formyl, C3-

Cg¢ cycloalkoxy, -OR13, C;-C4 alkyl substituted
with -NR13R14, -NR13R14, methylenedioxy, Ci1-C4
haloalkyl, Ci1-C4 alkylcarbonyl, C1-C4
alkylcarbonylamino, hydroxy, hydroxymethyl; or

a 5- or 6-membered heterocyclic ring containing
from 1 td 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur;

R12, when a substituent on nitrogen, is selected from
benzyl or methyl;

R23 is ¥, C3-C4 alkyl, C3-Cg alkoxyalkyl, C-C4 alkenyl,

or benzyl;

5-3% ic selected from:
phenyl substituted with 1-3 R13;
berzyl substituted with 1-3 R1i;
C1-C¢ alkyl substituted with 1-3 R1l;
Cz-C¢ alkenyl substituted with 1-3 R11;
Cz-Tg alkoxyalkyl substit uted with 1-3 Ri%;
~arn anine protecting group when R13 is bonded tc N;
& hydroxy protecting group when R!3 is bonded to ©:

Fe% is O, E, C3-C4 &lkyl, C3-C4 alkoxy, NHz, Cz-Cg

aikenyi, or benzyl;

R14A js C;-Cg alkyl substituted with 1-3 groups selected
from OH, C3—-C4 alkoxy, halogen, NHz, -NE{(C1-Ci
gikyl), Cy~C¢ alkoxy, Cy-C¢ alkenyl, phenyl, benzyl,
an amine protecting group when R14 is bonded to N,
a hydroxy protecting group when R4 is bonded to 0;

{a}

and R4 car alternatively join to form -(CH2)4-,
- (CH2)5-, -CHZCHPN(RID)CHoCH2~, cr -CEpCTHPOTHOCHo~;
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"R15 is H or CH3:

=459~

S, e

-N(R22)C (=0) C (=0) N (R23) -;

wherein:

R22 and R23 are independently selected from the
following:
hydrogen;
C1-Cg alkyl substituted with 1-2 R31;
C2-C¢ alkenyl substituted with one R31;
. C2-Cyq aikynyl substituted with ohe R31;

R27 is selected from the follow;ng
hydrogen;
C1-Cg alkyl substituted with 0—3 R31
: C2=Cg alkenyl substituted with 0-3 R31;
C3-Cg alkynyl substituted with 0-3 R31;

R2B is nydrogen or halogen; "

R31 is selected from one or more of the following:

—CHzNR13AR14 , -NR13ARl4 , ‘-C02R13A, -0R13A,
-S (O)le3A, -CHzNR13_R14A, ~NR13R14R, or
~C (R14) =N (OR14) ;

aryl substituted with 1-5 R32; or

a 5- to 10-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 1-2 R3Z;
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wher. a substituent on carbon, is selected from one

or more of the following:

C7-Ci0 cycloalkyl, NHRSO2R14A, -COR13A, NR13AR1Y,
NR13R14A, —C(R14)=N(OR147A}, -CONRI3NR13R14,
-NR40R41, -SORR13A, - (=0)NR13R14,

-0C (=0)NR13Rr14, -c(=0)R1l1l, -oC(=O)R11,
~0CO2R13, -C(=0)NR13-(C1-C4 alkyl)-NR13R14,
OR13A, -c(=0)NR40R41, C3-C4 haloalkenyl, C1~Cq
haloalkynyl, or

-C(=0) Nr13c (Rll) 2NR13R14,‘

-C (=0) NR13C (R11) ;NR13COR13;

~C(=D)NR¥3-(C3-C4 alkyl)~NRI3COyR13;

-C(=D)N(R23)-(C;-C4 alkyl)-R11; or

-C(=0)C (Rll) 2NR13R14,’

-7 (=0} T (R11) pNR1I3CO,RY3; -C(=0)-(C1-C4 alkyl)-
KR13F14; -C(=0)-(C3-C4 alkyl)-NRI3CO,R13; or

C-=C¢ 2lkoxy substituted with'l-4 groups selected
from: K'1, C3-Cg cycloalkyl, -COzR13,
-C(=0)NR1I3R14, -NR13R14 or OH;

Z:~C: alkyl substituted with 1~4 groups selected
fror.: RlI, =NR14, =NNR13C (=0)NR13R14/
=NNR1ZC (=0) OR13, or -NR13R14;

Cz-C4¢ alkenyl substituted with 0-4 R11;

C2-C¢ alxyrnyl substituted with 0-4 R11; or

- cr €-membered heterocyclic ring containing
from 1 to 4 heteroatoms ihdependent-y selected
from 6xygen, nitrogen or sulfur, substituted
with 1-2 R12; when R32 is attached to a
saturated carbon, it may be =NOi; or whern R3Z
attached to sulfur it may be =0;

ic selected from: E, Ci-C3 alkyl;

This Sheet Has Been Replaced

JHETLY




WO 94/19329 - PCT/US94/01609

10

20

25

3C

’ _ o '4'61-
R4l is selected from:
- (go)NRIBRM'.

My
~C (=0) C (R11) ;NR13R14; - gl L/III////I/I///’I/
-C (=0) C (R11) ;NRI3NR4; S R~
~C (=0) C (R11) ;NR13CO2R13;
~C(=0)}R; -
-C(=O)R11;
~C(=0)-(C1~-Cq4 alkyl)-NR13R14;
-C(=0)~(C1~Cq alkyl)=-NR13CO,R13;
1-3 amino acids linked together via amide bonds,
and linked to the N atom via the carboxylate
terminus;

provided that:
R4 and R? are not both hydrogen;

when R? is hydrogen, at leést one of the following
is not hydrogen: R22 and R28,

11. A compound of Claim 10;:6: a phérmaceutically
acceptable salt form_thgreof, wherein:

R4 and R? are selected from'benzyi, fluorobenzyl;

pyrrolylmethyl, methoxybenzyl, isobutyl,

nitrobenzyl or aminobenzyl, thienylmethyl,

hydroxybenzyl, pyridylmethyl, naphthylmethyl;
R> is -OH;

RE is hydrogen or -0OH;

R13 is H, C3-Cq4 alkyl, C2-C4 alkenyl, or benzyl;
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rR14 is OH® H, CF3, C3-C4 alkyl, C3-C4 alkoxy, NHz, C2-Ca

alkenyl, or benzyl;

R13 and R14 can alternatively join to form -(CH2)4-,
- (CH2) 5=, —-CH2CH2N(R15)CH2CH2-, or -CH2CH20CH2CH2-;

selected from:
-N(R22)C (=0)N(R23)~;
-N(R22) C (=N-CN) N (R23) -
-N (R22)C (=S) N (R23)~;

R22 and R23 are independently selected from the
following:
hvdroger;
Ci-Cg alkyl substituted with 1-2 R31;
o2~C¢ alkenyl substituted with 1-2 R33;
Co~C4 alkynyl substituted with 1-2 R31;

F is selected from one or more of the following:
1, =OR13A, -C(R14)=N(OR14), ~-COnR133,
_s(o)mpl3h:

arvi sabs'i*u'ed with i-5 R3Z; or
& heterocyclic ring system chosen from pyridyl,
pyrimidinyl, ¢triazinyl, furanyl, thienyl,

pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl,

‘benzofuranyl, indoclyl, quinolinyl,

isoguinolinyl, oxazolidinyl, said heterocyclic
ring being substituted with 1-2 R32, or
berzimidazolyl, benzotriarolyl, indazolyl,
benzoxazolinyl, benzoxazolyl, opticnally

substituted with (-2 R32;

£32, when 2 substituent on carborn, is selected from one
or more of the following:
—CHzNRIBEPlé, ~-Np13Agl —CP22P13Q14A ~NR13R14A,
~C (R =n(0mi4Ry, allyiowy, -CO2CE3z, =-NRHCHO,

"l



© WO 94/19329

10

15

- 20

25

i

12.

PCT/US94/01609

- ¥ -463- .
~0CO2CH3, ~-CH=NCH2CH20H, =-OCONHCH2CgHS,

~OCONHCH3, -C=C~CH20H, -~OCH2CONH?2,
~CH=NNHCONH2, -CONHOCH3, ~CH2CH (OH)CH20H,

-adamantamido, hydroxyethoxy, dihydroxyethyl,

~C(NH2)=NH, ~-CONHCH3, ~CONHCH2CH3,

~CON (CH2CH3) 2, ~-NHCONH2, ~NHCONHCH3,

~NHCOCH2N (CH3) 2, ~NHCOCH2NHCH3,
~NHCOCH2NHCO2CH2CgHs5, ~NHCOCH2NHZ,
~NHCOCH (CH3) NHCO2CH2C6H5,

~NHCOCH (CH2CgH5 ) NRCO2CR2C¢Bs, —NHCOCH{CH3)NH2,
~NHCOCH{CRH2CgH5)NH2, ~CO2CH2CH3,
-CONHCH2CH2CH3, ~CONHCH(CH3)2, -CH2-imidazole,
-COC (CH3)3, ~CH(OH)CF3, -CO~-imidazocle, -CO-
pyrazolyl, ~COCF3, -C(CF3)=N(OH), acetoxy,
~N(CH3) (CHO), ~CONRi3R14, -CONHOH,
(diethylaminoethyl)aminocarbonyl,

(N~ethyl, N-methylamincethyl)aminocarbonyl,
(4-methy1piperazinylethyl)aminocarbonyl,
{(pyrrolidinylethyl)aminhocarbonyl,
(piperidinylethyl)aminocarbonyl,
~NHCOCH2NHCH3, N-{(2~(4-

morpholino) ethyl)yaminocarbonyl, or N-(2-(N,N-

“dimethylamino)ethyl)aminocarbonyl.

A compound of Claim 8, or a pharmaceutically

acceptable salt form thereof, of the formula:

30 wherein:

W

is

-N (R22)C(=0) N (R23)~;
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=N (R22) C (=S) N(R23) ~;

. =N (R22)C (=N~CN) N (R23) ~;

R4 and R’ are independently selected from: benzyl,
fluorobenzyl, pyrrolylmethyl, methoxybenzyl,
isobutyl, nitrocbenzyl or aminobenzyl,
thienylmethyl, hydroxybenzyl, pyridylmethyl,
‘naphthylmethyl;

'R22 and R23 are independently selected from the group

consisting of:

(H2NC (=0} ) ~benzyl, carboethoxybenzyl, (O-benzyl-
formaldoxime)benzyl, (O-methyl-
formaldoxime)benzyl, (CH302CO)-benzyl,
(HOCH2CH2N=CH) ~benzyl, .
N-benzylaminocarbonylbenzyl, (H2NNHC(=0))-~
benzyl, (H2NC{=0)NHN=CH)-benzyl,

(CH3ONHC (=0) ) ~benzyl, . (HONHC (=0))-benzyl,
(CE3NHC (=0) ) -benzyl,
N,N-dimethylaminocarbonylbenzyl,

(ROCH2CH (OH) CH20} -benzyl, hydroxyethoxyben*y¢,
'(carbomethoxy)pentyl,:glycylamlnobenﬁy‘,

X, N-dimethylglycylamincbenzyl,
&élanylaminobenzyl, - (N-phenylmethoxycarbonyl)-
zlanylaminobenzyl, phenylalanylaminobenzyl,
(N-phenylmethoxycarbonyl)
phenylalanyiaminohenzyl, {(CH3CH2NHC (=0) ) -
benzyl, N,N-diethylaminocarbonylbenzyl,
N-ethylaminocarbon: lbenzyl,
N-propylaminocarbonylbenzyl,
K,N-diisopropylaminocarbonylbenzyl, N, N-di-n-
propylaminocarbonylbenzyl,
(hydroxypropynyl)benzyl, (imidazolyl~C(=0))-
benzyl, (pyrazolyl-C(=0))-benzyl,
(pyridylmethylaminocarbonyl)benzy:,

cxifluoroacetylbenzyl, dihydroxyethylbenzyl,
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'(MeHNC(=O)NH)-benzyl, {(H2NC (=0) NH) -benzyl,
(HC (=O) NH) ~benzyl, methanesulfonylpentyl, N-
formyl-N-methylaminobenzyl, acetylamincbenzyl,
propionylbenzyl, butyrylbenzyl,
(trifluorohydroxyethyl)benzyl,
.benzyl, (N-methylglycyl)aminobenzyl,
( (4-morpholino)ethyl)aminocarbonylbenzyl,
(N,N-dimethylaminoethyl) aminocarbonylbenzyl,
(N,N-diethylaminoethyl) aminocarbonylbenzyl,

(CF3C (=NOH) ) -

10 - {(4-methylpiperazin-l-

ylethyl)aminocarbonylbenzyl, (benzyl-

NHC (=0)0O)benzyl, (CH3NHC (=0)0O)benzyl,

(NE2C (=0) CH20)benzyl, .(NH2C(=NH))benzyl,

({ (N-phenylmethoxycarbonyl)glycylamino)benzyl,
(imidazolylmethyl)benzyl, ((CH3) 3C-

C(=0) )benzyl, (N-methyl-N-
ethylaminoethyl)aminocarbonylbenzyl,
(pyrrolidinylethyl)aminocarbonylbenzyl,
{piperidinylethyl)aminocarbonylbenzyl,

20 S (H2NC (=NOH) )benzyl, (H2NC(=NOH))fluorobenzyl.

15

13. A compound of Claim 8 of formula (Ila):

o)

e N

RZN

Ph * L —. )

HO “oH

25
(I1Ia)

or a pharmaceutically acceptable salt form thereof,
. wherein:

R22 and R23 are independently selected from the group

30
consisting of:
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(HzNC(=O))ébénzyl, carbogéigxybenzyl, (O~-benzyl-
formaldoxime)benzyl, (O-methyl-
formaldoxime)benzyl, (CH302C0O)-benzyl,
{(HOCH2CH2N=CH) -benzyl,
N-benzylaminocarbonylbenzyl, (H2NNHC(=0))-
benzyl, (H2NC (=0)NHN=CH)-benzyl,
(CH3ONHC (=0) ) ~benzyl, (HONHC (=0))-benzyl,
(CH3NHC (=0) ) -benzyl,
N, N~dimethylaminocarbonylbenzyl,
(HOCH2CH (OH) CH20) ~benzyl, hydroxyethoxybenzyl,
(carbomethoxy)pentyl, glycylaminobenzyl,
N,N-dimethylglycylaminobenzyl,
alanylaminobenzyl, (N-phenylmethoxycarbonyl)-
alanylaminobenzyl, phenylalanylaminobenzyl,
(N-phenylmethoxycarbonyl)
phenylalanylaminobeniyl, (CH3CH2NHC (=0) ) -
 benzyl, ‘N,N-diethylaminocarbonylbenzyl,
N-ethylaminocarbonylbenzyl,
~N-propylaminocarbonylbenzyl, _
N,N-diisoprbpylaminbcarbonylbenzyl, N, N-di-n-
crogylaminocarbonylbenzyi,
(hydroxypropynyl)benzyl, = (imidazolyl-C(=0))-
perzyl, (pyrazolyl-C(=0))-benzyl,
(pvridylmethylaminocarbonyl)benzyl,
trifluoroacetylbenzyl, dihydroxyethylbenzy.,
(MeHNC (=0) NH) -benzyl, (H2NC(=0)NH)~-benzyl,
(EC (=0) NH) ~benzyl, methanesulfonylpentyl, N-
formyl-N-methylaminobenzyl, acetylaminobenzyl,'
propiénylbenzyl, butyrylbenzyl,
(trifluorohydroxyethyl)benzyl, (CF3C(=NOH))-
benzyl, (N-methylglycyl)aminobenzyl,
((4—morpholino)ethyl)aminocarbon?lbehzyl,
(¥, N-dimethylaminoethyl)aminocarbonylbenzyl,
N,N-diethylaminoethyl)aminocarbonylbenzyl,

{4-methylpiperazin~1- .
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NHC (=0)O)benzyl, (CH3NHC(=0)0O)benzyl,

(NH2C (=0) CH20) benzyl, (NH2C (=NH))benzyl,
((N-phenylmethoxycarbonyl)glycylamino)benzyl,

. (imidazolylmethyl)benzyl, ((CH3)3C-

5 'C(=0) )benzyl, (N-methyl-—N-

ethylaminoethyl)aminocarbonylbenzyl,

- {pyrrolidinylethyl)aminocarbonylbenzyl,
(piperidinylethyl)aminocarbonylbenzyl,

(H2NC (=NOH) )benzyl, (H2NC(=NOH))fluorobenzyl.

10
14. A compound of Claim 8 of formula (IIa):
This Sheet Has Been Repl
fill lIIII Hl lll llll e
15

or a pharmaceut;cally acceptable salt form thereof,
selected from the group consxst;ng of:
the compound of formula (IIa) wherein R22 js 1~
) cinnamyl and R23 is 1-cinnamyl;
20 the compouﬁd_of'formula kIIa) wherein R22 js
vinylbenzyl and R23 jis vinylbenzyl;
‘the compound of formula (Ila) wherein R22 jis 3-
(NHCHO)benzyl and R23 is 3- (NHCHO)benzyl;
the cohpound of formula (Ila) wherein R22 jis 3-
25 (NHCOCH3) benzyl and R23 js 3~ (NHCOCH3)benzyl;
the'compound of formula (Ila) whefein R22 js 3-
formaldoximebenzyl and R23 is 3-(N-
hydroxy)aminomethylbenzyl;
the cbmpound of formula (Ila) wherein R22 ig 3-
30 (CH30C (=0) O~)benzyl and R23 is 3-(CH30C (=0) O~

Ybenzyl;
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compound of formula .(IIa) wherein R2Z is 3-

. (HOCH2CH2N=CH)benzyl and R23 is 3-

- (HOCH2CH2N=CH)benzyl;

compound of formula (IJa) wherein R22 is 3-
(HOCH2CH2N=CH)benzyl and R23 is 3-(2-
oxazolidinyl)benzyl;

compound of formula (Ila) wherein R22 is 3~
(CeH5CH2NHC (=0)0O)benzyl and R23 is 3-
(CgH5CH2NHC (=0) O) benzyl;

compound of formula (IIa) wherein R22 is 3-
(CH3NHC (=0) O)benzyl and R23 is 3-
(CH3NHC (=0) O) benzyl;

compound of formula (IIa) wherein R22 is 3-
(HOCHzCC)benzyl and R23 is 3-bromobenzyl;

compound of formula (IIa) wherein R22 is 3-
aminocarbonylbenzyl and R23 is 3-
aminocarbonylbenzyl; '

compound of forﬁula (IIa) wherein R22 is 3-
(H2NCOCH20)benzyl and R23 is 3-.
(HzN"O”PzO)benzyl, |

compound of formula fIIa) wherein R22 is 3-
(HoNNHC (= O))-benzyl and R23 is 3- (H2NNHC(=0)) -
benzyl _

compound of formula (II&)'wherein R22 s 4-
(H2NNKC (=0) ) ~benzyl and R23 is 4- (HpNNEC (=C))-
benzyl; t ) o

compound of formula (IIa) wherein R22 is 3-
(HzNo(—O)NHN=CH)—benzyl and R23 js 3-

(H2NC (= O) NBN=CH) ~benzyl;

compound of formula (IIa) wherein R22 is 3-[ (N-
methoxy)aminocarbonyl]-benzyl and R23 is 3-

[ (N-methoxy)aminocarbonyl}-benzyl;

compound of formula (IIa) wherein R22 jis 4-1 (N-
methoxy)aminocarbonyl]—benzyl and R23 is 4-

{(N—methoxy)aminocarbonyl]-benzyl;
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compound of formula ‘(IIa) wherein R2Z is 3-

(HOCHZCH (OH) CH20) benzyl and R23 is 3-
(HOCH2CH (OH) CH20) benzyl;

compound of formula (IIa) wherein R22 is 3-(2-
hydroxyethoxy)benzyl and R23 jis 3-(2-
hydroxyethoxy)benzyl; - - ' -

compound of formula (Ila) wherein R22 is 3-
(1,2-dihydroxyethyl)benzyl and R23 is 4-(1,2-
dihydroxyethyl)benzyl;

compcund of formula (IIa) wherein R22 is 3-
aminocarbonylbenzyl and R23 is 3-
(H2NC (=NH) ) benzyl; '

‘compound of formula (Ila) wherein R22 is 3-
: carbométhoxybenzyi and R23 is 3-(N-

methylaminocarbonyl)benzyl;

compound of formila (IIa) wherein R22 is 3-
(1,2-dihydroxyethyl)benzyl and R23 is 3-(1,2-
dzhydroxyethyl)benzyl,. :

compound of formula ‘(IIa) wherein R22 is 4-
(1,2-dihydroxyethyl)benzyl and R23 is 4-(1,2-
dihydroxyethyl)benzyl;

compound of formula (IIa) wherein R22 is 3-
hydroxymethylbenzyl and R%3 is 3-(N-
methylamznocarbonyl)benzyl,

compound of formula (IIa) wherein R22 is 3-(N-
ethylaminocarboriyl)benzyl and R23 jis 3-(N-
ethylaminocarbonyl)benzyl;

compound of formula (IIa) wherein R22 is 3-
carbomethoxybenzyl and R23 is 3-(N,N-
diethylaminocarbonyl)benzyl;

compound of formula (Ila) wherein R22 jis 3-
carbomethoxybenzyl and R23 is 3-(N-
ethylaminocarbonyl)benzyl;

(H2NC (=O)NH)benzyl and R23 is 3- (H2NC(=O)NH)benzyl;
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compoupd“of_fqrmula (IIa) wherein R22 is 3-
aminobenzyl and RZ3 is 3-(CH3NHC(=0)NH)benzyl;

compound of formula (Ila) wherein R22 is 3-
(CH3NHC (=O) NH) benzyl and R23 is 3-
(CH3NHC (=O) NH) benzyl; =

compound of formula (IIa) wherein R22 js 3-
((N,N-dimethylaminoglycyl)amino)benzyl and RZ3
is 3-((N,N-dimethylaminoglycyl)amino)benzyl;

compound of formula (IIa) wherein R22 is 3= ((N-
methylaminoglycyl)amino)benzyl and R23 is 3-
({N-methylaminoglycyl) amino)benzyl;

compound of formula (Ila) wherein R22 jis
3-((N,N-dimethy;aminoglycyl)amino)benzyl and

_ R23 jis 4-hydroxymethylbenzyl;

compound of formula (IIa) wherein R22 js 3-((N-
_phenylmethoxycarbonylaminoglycyl)amino)benzyl
and R23 is 3-((N- |

phenylmethoxycarbqnylaminoglycyl)amino)benzyl;

compound of formula (Ila) wherein R22 jis

3-(glycylamino)benzyl;and.R23 is 3-
(giycylamino)benzyl; |
compound of formula (IIa) wherein R22 jg

_ 3-(glycylamino)penzyl_and R23 jis

4-hydroxymethylbenzyl;
compound of formula (IIa) wherein R22 is 3= ((N-
phenylmethoxycarbonylamino-1-~
alanyl)amino)benzyl and_RZ3 is 3-((N-
phenylmethoxycarbonylamino~-L-
1lanyl)amino)benzyl;
compound of formula (Ila) wherein R22 jis 3= ( (N~
phenylmethoxycarbonylamino-L-
phenylalanyl)amino)benzyl and RZ23 is 3-((N-
pPhenylmethoxycarbonylamino-L-
phenylalanyl)amino)benzyl;
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compound of formula (IIa) wherein R22 is 3-(L-

alanyl)amino)benzyl and R23 is 3-(L-
alanyl)amino)benzyl;

compourid of formula (Ila) wherein R22 is 3-(L-

phenylalanyl)aminb)benzyl and R23 is 3-(L-
phenylalanyl)amino)benzyl;
compound of formula (IIa) wherein R22 is S-
hydroxy-1-pentyl and R23 is 3-
carboethoxybenzyl;
compound of formula (Ila) wherein R22 is 4-
‘oxime-1-hexyl and R23 is 4-oxime-l-hexyl;
compound of" formula (IIa)'whereih R22 is 3-

(N,Nddietﬁylamindcarbonyl)benzyl and R23 is 3-

" (N,N-diethylaminocarbonyl)benzyl;
compound of formula (IIa) wherein R22 is 3-
carbomethoxybenzyl arnd R23 is 3-(N,N-

: diethylaminocarbonyl)benzyl;

compound of formula (Ila) wherein R22 is 3-
carbomethoxybenzyl and R23 is 3-(N-

“ ethylaminocarbonyl)benzyl; =
‘compound "of ‘formula (IIa) wherein R22 is 3-

hYdfoxymethylbenzyl and-R23.is 3-(N,N-
' diethylaminocarbonyl)benzyl;

‘compound of formula (IJa) wherein R22 is 3-

hydroxymethylbenzyl and R23 jis 3-(N-
ethylaminocarbonyl)Benzyl;

compound of formula (IIa) wherein R22 is 3-(N-

propylaminocarbonyl)benzyl and R23 is 3-(N-
propylaminocarbonyl)benzyl;
compound of formula (IIa) wherein R22 is 3-
(HO2C)benzyl and R23 is 3-(N-
isopropylaminocarbonyl)benzyl;
compound of formula (Ila) wherein R22 is 3-
(HO2C)benzyl and R23 is 3-(N-
propylaminocarbonyl)benzyl;
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© hydroxymethylbenzyl and R23 is 3-

aminocarbonylbenzyl;

the compound of formula (IIa) wherein R22 jg
.cyclopropylmethyl and R23 is 3-

5 - - aminocarbonylbenzyl;

the compound of formula (IIa) wherein R2Z2 js 3-
aminocarbonylbenzyl and R23 is hydrogen;

the compound of formula (IIa) wherein R22 is 3-
hydroxymethylbenzyl and R23 js 3-(N-

10 _ ethylaminocarbonyl)benzyl;

.the compound of formula (Ila) wherein R2Z js 3-(N-
- imidazolylmethyl)benzyl and R23 is 3-(N-
-imidazolylmethyl)benzyl;

the compound of formula (IIa) wherein R22 is 3-
{2,2-dimethyl-l-propionyl)benzyl and R23 is 2-

[
(831

(2,2-dimethyl-1-propionyl)benzyl;

the compound cf formula (IIa) wherein R22 jis 3-
(2,2,2-trifluoro~1-hydroxyethyl)benzyl and rR23
is 3-(2,2,2-trifluoro~-l-hydroxyethyl)benzyl;

2C tre compound of formula (IIa) wherein R22 jg 3-(2-
' imidazolyl-C(=0).)benzyl and RZ3 is 23-(2-

imidazolyl-C(=0))benzyl;

tne compound of formula (Ila) wherein R22 js 3-(32-
hydroxy-l-propyn-l-yl)benzyl and R23 is 3-(3-

N
en

hydroxyfi-propyn;l—yl)benzyl;

the compound of formula (IIa) wherein R22 js 3-
(¢,2,2-trifluorocacetyl)benzyl and R23 jis 3-
(2,2,2-trifluorocacetyl)benzyl;

the compound of formula (Ila) wherein R22 js 3~

30 _propionylbenzyl and RZ3 is 3-propionylbenzyl;

the compound of formula (IIa) wherein R22 js 3-
(CH3CH2C (=N-0OR) ) benzyl and R23 js 3-
(CH3CH2C (=N~0OH) ) benzyl;

This Sheet Has Been Replaced

LT




WO 94/19329

10

15

20 -

25

the’

the
the
the

the

the

the

R R

PCT/US§94/01609

‘ -473~ o
compound of formula (IIa) wherein R22 jig 3-

(CF3CH2C (=N-OH) ) benzyl and R23 is 3-
(CF3CH2C (=N-OH) ) benzyl;

compound of formula (IIa) wherein R22 is 3-(5-
methyl-1, 2, 3-oxadiazolyl)benzyl and R23 is 3-
.(5¥methyi—1,2,3-oxadiazolyl)benzyl;

compound of. formula (IIa) wherein R22 is 3-
(HoNC (=NOH) benzyl and R23 is 3-
(H2NC (=NOH) benzyl;

compound of formula (IIa) wherein R2Z2 ig 3-
(HaNC (=NOH) -4-fluorobenzyl and R23 is 3-
(H2NC (=NOH) -4-fluorobenzyl;

compound ‘of formula (IIa) wherein R22 is 3=
chloro-5-indazolylmethyl and R23 is 3-chloro-
5~indazolylmethyl;

compound of formula (IIa) wherein R22 jis 3-
methylamino-5-indazolylmethyl and R23 is 3-
‘methylamino~5-indazeclylmethyl;

compound of formula (IIa) wherein R2Z is 3-

- “ethylamino-5-indazolylmethyl and R23 is 3-

the

ethylamino-5-indazolylmethyl;
compound of formula (Ila) whe;eih R22 jg 3-

- amino-5-benzisoxazolylmethyl and R23 is 3-

1s.

' amino-5-benzisoxazolylmethyl.

A compound of Claim 8 of formula (IIaa):

R* .."'IR7
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or a pharmaceutically acceptable salt form thereof

wherein:

R4 and R7 are independently selected from: benzyl,

- fluorobenzyl, pyrrolylmethyl, methoxybenzyl,
isobutyl, nitrobenzyl aminobenzyl, hydroxybenzyl,
4-pyridylmethyl, or thienylmethyl;

R22 and R23 are independently selected from:

(H2NC (=0) ) -benzyl, carboethoxybenzyl, (O-benzyl-
formaldoxime)benzyl, (O-methyl-
formaldoxime)benzyl, (CH302C0)-benzyl,
(HOCH2CH2N=CH) ~benzyl,
N-benzylaminocarbonylbenzyl, (H2NNHC(=0))-
benzyl,  (H2NC (=0) NHN=CH)~-benzyl,

- (CH30NHC (=0) ) -benzyl, (HONHC (=0))-benzyl,
(CE3NHC (=0) ) ~benzyl,
N, N-dimethylaminocarbonylbenzyl,
(EOCH2CH (OH) CH20) ~benzyl, hydroxyethoxybenzyl,
(carbomethoxy)pentyl, glyc&laminobenzyl,
K,N-dimethylglycylaminobenzyl,
ailanylaminobenzyl, (N-phenylmethoxycarbonyl)-
'alanylaminobenzyl,.phenylalanylaminobenzyl,
{(N-phenylmethoxycarbonyl)
phenylalanylaminobenzyl, (CH3CH2NHC(=0))-
benzyl, N,N-diethylaminocarbonylbenzyl,
N-ethylahinocarbonylbenzyl,
N-propylaminocarbonylbenzyl,
N,N-diisopropylaminocarbonylbenzyl, N, N-di-n-
rropylaminocarbonylbenzyl,
(hvdroxypropynyl)benzyl, (imidazolyl-C(=0))-
benzyl, (pyrazolyl-C(=0))-benzyl,
(pyridylmethylaminocarbonyl)benzyl,
trifluorocacetylbenzyl, dihydroxyethylbenzyl,
(MeHNC (=O) NH) -benzyl, (H2NC(=0)NH)-benzyl,
(HC (=0)NH) ~benzyl, methanesulfonylpentyl, N-
formyi-N-methylaminobenzyl, acetylaminobenzy:l,
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propionylbenzyl, buzzzylbenzyl,'
(trifluorohydroxyethyl)benzyl, (CF3C(=NOH))-
benzyl, (N-methylglycyl)aminobenzyl,
( (4-morpholino)ethyl)aminocarbonylbenzyl,
(N,N-dimethylaminoethyl)aminocarbonylbenzyl,
(N,N-diethylaminoethyl) aminocarbonylbenzyl,
(4-methylpiperazin-1l-
ylethyl)aminocarbonylbenzyl, (benzyl-
NHC (=0)0O)benzyl, (CH3NHC(=0)O)benzyl,
(NH2C (=0) CH20) benzyl, (NH2C(=NH))benzyl,
( (N-phenylmethoxycarbonyl)glycylamino)benzyl,
{(imidazolylmethyl)benzyl, ((CH3)3C-
C(=0))benzyl, (N-methyl-N-
ethylaminoethyl)aminocarbonylbenzyl,
(pyrrolidinylethyl)aminocarbonylbenzyl,
..~ - (piperidinylethyl)aminocarbonylbenzyl,
(HoNC (=NOB) ) benzyl, (H2NC(=NOH))fluorobenzyl.

10

15

16. A compound of formula (IIaa):

or a pharmaceutically acceptable salt form thereof,

25 selected from the group consisting of: .
the compound of formula (IIaa) wherein R4 and R7

are isobutyl, R22 and R23 are

cyclopropylmethyl;
the compound of formula (Ilaa) wherein R4 and R?
are isobutyl, R22 and R23 are aliyl;
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compound of formula (IIaa) wherein R%? is

4-nitrobenzyl, R7 is 2-nitrobenzyl, R22 and
" R23 are cyclopropylmethyl; -

compound -of formula (IIaa) wherein R4 and R7

are 4-nitrobenzyl, R22 and R23 are
cyclopropylmethyl; _

compound of formula (IIaa) wherein R? is
4~nitrobenzyl, R7 is 2-nitrobenzyl, R22 and
R23 are n-butyl;

compound of formula (IIaa) wherein R4 is
4-aminobenzyl, R7 is 2-aminobenzyl, R22 and
R23 are cyclopropylmethyl;

compound of formula (IIaa) wherein R4 and R7
are 4-fluorobenzyl, R22 and R23 are 3-
hydroxybenzyl; o

compound of formula (Ilaa) wherein R% and R’
are 4-fluorobenzyl, R22 and R23 are
cyclopropylméthyl:

compound of formula (Ilaa) wherein R4 and R7
are 4-fluorcbenzyl, R22 and RZ3 are
4-hydroxymethylbenzyl;

compound of formula (IIaa) wherein R4 and R’
are 4-fluorobenzyl, R22 and R23 are
3-aminocarbonylbenzyl;

compound'of formula (IIaz) wherein R% and R”
are 4-fluorobenzyl, R2Z2 and R23 are 3-
acetylbenzyl;

compound of formula (Ilaa) wherein R4 and R7
are 4-fluorobenzyl, R22 and R23 are 3-
butyrylbehzyl;

compound of formula (IIaa) wherein R4 and R”
are 4-fluorobenzyl, R22 and R23 are 3-
~hydroxymethylbenzyl;
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compound of formula (Ilaa) wherein R4

and R’

are 4-fluorobenzyl, R22 and R23 are 3-

(CH3C (=N-OH)benzyl;
compound of formula (Ilaa) wherein R4
. are 3-methoxybenzyl, R22 and R23 are
compound of formula (IIaa) wherein R4

and R7
benzyl:;
and R’

are 4-fluorobenzyl, R22 and R23 are 3-

(H2NC (=NOH) benzyl;
compound of formula (Ilaa) wherein R4

and R’

are 4-fluorobenzyl, R22 and R23 are 3-

(H2NC (=NOH) -4-fluorobenzyl;

compound of formula (Ilaa) wherein R4
are 3-methoxybenzyl, R22 and R23 are
cyclopropylmethyl;

compound of formula (Ilaa) wherein R4

are 3-methoxybenzyl, R22 and R23 are
hydroxymethylbenzyl; |
compound of formula (Ilaa) wherein R4
are 3-methoxybenzyl, R22 and R23 are
methoxybenzyl;

compound of formula (Ilaa) wherein R4

are-3-hydroxybénzyl, R22 and R23 are

- hydroxybenzyl.

compound of formula,(IIaa).wherein R4
are 4-meth6xybenzyl; R22 and R23 are
cyclopropylmethyl;

compound of formula -(Ilaa) wherein R4

. are 4-methoxybenzyl, R22 and R23 are

compound of formula (llaa) wherein R4
are 4-methoxybenzyl, R22 and R23 are
naphthylmethyl;

compound of formula (IIaa) wherein R4
are 4-methoxybenzyl, R22 and R23 are
hydroxymethylbenzyl;
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compound of formula (IIaa) wherein R4 and R

are 4-hydroxybenzyl, R22 and R23 are benzyl;

compound of formula (IIaa) wherein R4 and R7
are 4-methoxybenzyl, R22 and R23 are allyl;

compound of formula (IIaa) wherein R% and R’
are 4-(2-hydroxyethoxy)benzyl, R22 and R23 are
benzyl;

compound of formula (IIaa) wherein R4 and R7
are 4-(2-morpholinylethoxy)benzyl, R22 and R23
are benzyl;

compound of formula (ITaa) wherein R4 and R7
are 3-(H2NC (=0)CH20)benzyl, R22 and RZ23 are n-
butyl;

compound cf formula (IIaa) wherein R4 and R7
are 3,4-difluorobenzyl, R22 and R23 are 3-
hydroxymethylbenzyl;

. compound of formula (Ilaa) wherein R% and R’

are 3,4-difluorobenzyl, R22 and R23 are 4-
hydroxymethylbenzyl;

compound of formula (IIaa) wherein R4 and R’
are 3,4-difluorobenzyl, R22 and R?3 are 3-
(HzRC (=0) ) benzyl; |

compeund of formula (IIaz) wherein R4 and R”
are 3,4- difluorobenzyl, ?22 and R23 are 3-
(Ho® L(—NJ ) Ybenzyl; '

compound of formula (IIaa) wherein RY and R’
are z-naphthylmethyl, R22 and R23 are benzyl;

corrpound of formula (IXaa) wherein R4 and R7
are z-naphthylmethyl, RZ2Z and R23 are
cyclopropylmethyl;

. compound of formula (Ilaa) wherein R4 and R

are Z-thienylmethyl, R22 and R23 are
cvcloprepylmethyl;
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- the compound of formula (IIaa) wherein R4 and R7

are 2- thlenylmethyl, R?z and RZ3 are 3-
(H2NC (=NOH) ) benzyl;

the compound of formula (IIaa) wherein R? and R’

are 4—methylthiobenzyl, R22 and R23 are
benzyl..

the compound of formula (IIaa) wherein R4 and R’

are isopropyl, R22 and R23 zre n-hexyl;
A compound of formula (IIa):

Ph

(IIa)

‘=N(R22)C(=S)N(R23)=,
~ LN(R22)C (=N-CN)N(R23)~;

R22 and R23 are_independénfly'seleCted from:

25

30

(HoNC (=0) ) ~benizyl, carboethoxybenzyl, (O-benzyl-

formaldoxime)benzyl, (O-methyl-

- formaldoxime)benzyl, (CH302C0O)-benzyl,

(HOCH2CH2N=CH) -benzyl,
N-benzylaminocarbonyibenzyl, (H2NNHC (=0))-
benzyl, (H2NC(=0)NHN=CH)-benzyl,
(CH30ONHC (=0) ) -benzyl, (HONHC (=0))-benzyl,

{(CH3NHC (=0) ) -benzyl,

N,N-dimethylaminocarbonylbenzyl,
(HOCH2CH (OH) CH20) -benzyl, hydroxyethoxybenzyl,
(carbomethoxy)pentyl, glycylaminobenzyl,
K,N-dimethylglycylaminobenzyl,
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alanylaminobenzyl, (N-phenylmethoxycarbonyl)—

alanylamihbbenzyl, phenylalanylaminobenzyl,

(N-phenylmethpxyc&rbonyl)

phenylalahy;amipobgnzyl, (CH3CH2NHC (=0) ) -
5 | benzyl, N,N-d;gthylam;nbcarbonylbenzyl,

' N-éthyléﬁinbdétbbnylbépiyl,
N-propylaminocgrbonylbenzyl,
N,N-diisopropylﬁminocérbonylbenzyl, N, N-di-n-
proleaminocérbonylbénzyl,

10 (hydroxypropynyl)benzyl, (imidazolyl-C(=0))-
benzyl, (pyrézolyl-C(=O))-benzyl,
(pyridylmethylaminocarbonyl) benzyl,

rifluoroacet?lﬁenzyl, dihydroxyethylbenzyl,
(MeHNC (=0) NH) =benzyl, (H2NC(=0)NH)-benzyl,

15 (HC (=O) NH) -benzyl, methanesulfonylpentyl, N-
formyl—N—ﬁethylaminobenzyl, acetylaminobenzyl,
prcpionylbenzyl, butyrylbenzyl,
{trifluorohydroxyethyl}benzyl, (CF3C(=NOH))~-
benzyl, (N-methylglycyl)amiﬁobenzyl,

L8]
o

((4-morpholino)ethyl)aminocarbonylbenzyl,
(¥, N-dimethylaminoethyl)aminocarbonylbenzyl,
(N,N-diethylaminoethyl) aminocarbonylbenzyl,
(G-methylpipefézin-l-
ylethyl)aminocarbonylbenzyl, (benzyl-

NHC (=0) O)benzyl, (CH3NHC (=0)0)benzyl,
(Ndzf(—O)CHZO)benzyl, (NH2C (=NH) ) benzyl,
((N-nhenylmethoxycarbonyl)gl}cylamlno)beﬂzy‘,
(imidazolylmethyl)benzyl, ((CH3)3C-
C(=0))benzyl, (N-methyl~N-
ethylaminoethyl)aminocarbonylbenzyl,

N

Dy

)
o

(pyrrolidinylethyl)aminocarbonylbenzyl,
(piperidinylethyl)aminocarbonylbenzyl,
(HoNC (=NOH) ) benzyl, (HoNC(=NOH))fluorobenzyl.

'R

5 ie. & compound of Claim 16 of formule (IIb):
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or a pharmaceutically acceptable salt form thereof,
selected from the group consisting of:
the compound of formula (IIb) wherein R22 is 4-
hydroxybenzyl and R23 is 4-hydroxybenzyl;
the compound of formula (IIb) wherein R22 is
cyclopentylmethyl and R23 is
cyclopentylmethyl;
the compound of formula (IIb) wherein R22 is n-
butyl and R23 is n-butyl;
the compound of formula (IIb) wherein R22 is
3-hydroxybenzyl and R23 is 3-hydroxybenzyl;
. the compound of formula (IIb) wherein R22 is
. 3-aminobenzyl and R23 is 3-aminobenzyl;
the compound of formula (IIb) wherein R22 is
cyclohexylmethyl and R23 is cyclohexylmethyl;
the compound of .formula (IIb) wherein R?? is
‘cyclobutylmethyl and R23 is cyclobutylmethyl;
. the compound of formula (IIb) wherein R22 is 3-
hydroxymethylbenzyl and R23 is 3~
hydroxymethylbenzyl;
the compound of formula (IIb) wherein R22 is 3-
formylbenzyl and R23 is 3-formylbenzyl;
the compound of formula (IIb) wherein R22 is
3-formaldoximebenzyl and R23 is 3-
formaldoximebenzyl.

1¢., A compound cf Claim 18 of formula (Ibb):
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(Ibb)

or a pharmaceutically salt form thereof, selected from
the group consisting of:
the compound of formula (Ibb) wherein R22 is benzyl
and R23 is hydrogen;
10 the compound of formula (Ibb) wherein R22 is
cyclopropylmethyl and R23 is
cyclopropylmethyl; '

the compound of formula (Ibb) wherein R22 is benzyl

(]

and R23 is benzyl;
15 the compound of formula (Ibb) wherein R22 is
3-hycéroxybenzyl and R23 is 3-hydroxybenzy::

ct
42
(1]

compound of formula (Ibb) wherein R2Z? is 3-
hydroxymethylbenzyl and R23 is 3-
hydroxymethylbenzyl;

26 the compcind of formula' {Ibb) wherein R22 is 4-

hydroxybenzyl and R23 is 4-hydroxybenzyl;
the compound of formula (Ibb) wherein R2? is 3-
methoxybenzyl and R23 is 3-methoxybenzyl;

ot
22
14

compound of formula (Ibb) wherein R22 is 3-
25 , (H2NC (=NOH) Ybenzyl and R23 is 4-
hydroxymethylbenzyl;
the compound of formula (Ibb) wherein R22 jis 3-
(K2NC (=NOH) ) benzyl and R23 is 3~
(H2KC (=NOH) ) benzyl;
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the ‘compound ‘of formula (Ibb) wherein R22 is 3-

(H2NC (=NOH) ) ~4- fluorobenzyl and R23 is 3-
(HZNC(-NOH))-4-fluorobenzy1.

20. A compound of the fqrmhla (I):

R4A W R7A
R‘

(1)

or a pharmaceutically acceptable salt form thereof
wherein:

R4 énd R7 are independently selected from the following
15 groups:

20

25

hydrogen;

.€1-Cg alkyl substltuted w;th 0-3 R11;

Co~Cg alkenyl substituted with 0-3 R11;

C2-Cg alkynyl substituted with 0-3 R11;

a C3-Cig carbocycllc r;ng system substituted with
0-3 R!1 or 0-3 R12;

a 5- to 10fmembered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected f:om oxygen, nitrogen or sulfur, said
heteroéyclic.ring system being substituted
with 0-2 R12;

-OR13; -SR13; CO2R13;

R4A and R7A are independently selected from the

3C following groups:

hydrogen;
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C1-C4 alkyl substituted_with 0-6 halogen or 0-3 Ci1-

C2 alkoxy;

benzyl substituted with 0-6 halogen or 0-3 C31-C2
alkoxy; .

-0R13; -SR13; COzR13;

R? and R42 can alternatively join to form a 5-7 membered

carbocyclic ring substituted with 0-2 R12;

R7 and R7A can alternatively join to form a 5-7 membered

carbocyclic ring substituted with 0-2 rR12;

r. is 0, 1, or 2;

[~
-~

*r

'd
N

m

is seiected from hydrogen; bromine, chlerine, C1~Cg
2.kyl substituted with 1-3 R13%, -N(Rzo)z, -SRZO, cr

. A
]
AR

€ ig selected from bromine, chlorine, C1-Cg alkyl

supstituted with 1-3 R, -N(R20)p, "=sR2C, or -Ni;

end P.* can alternatively join to form an aziridine

‘ring; ~OC((CH2)3NH2) (CH3)O-; =NHC (=0)NH-;

~0C (=0) NE~; =NHC (=0)0-: =NHCH20-; —-OCHoNH-;

-NHC (=S)0~; =-0S(=0)NE-; =NHC (=0)C (=0)0-;

-0C (=0) C(=0)NH-; =NHC (=0)C(=0)NH~; =NHC (CH3)20-;
-0Z (CE3)2NH-; or any group that, when administered
tc a mammzliarn subject, cleaves to form a diamino

¢r hydroxyl and amino;

is selected from hydrogen, halogen, Ci-Cg alkyl,
-N(K20),, -58r20, or -OR20; -

is seliecrted from: hydrogen, halogen, Ci1-Cg alkyl,

e
-1 Tl

z, -5v20 or -0R21;
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RS and RS2 can alternatively join to form =0, =S, or a

ketal ring;

R6 and R62 can alternatively join to form =0, =S, or a
ketal ring;

R20 ang R21 are independently selected from:
hydrogen; i }
C1-Cg alkyl substituted with 0-3 R1ll;
C3-Cg alkoxyalkyl substituted with 0-3 R1l;
C1-Cg alkylcarbonyl substituted with 0-3 R11;
C1-Ce alkoxycarbonyl substituted with 0-3 R1l;
Ci1-Cs¢ alkylaminqcarbonyl substituted with 0-3 R11;
benzoyl substituted with 0-3 R1Z; '
phenoxycarbonyl substituted with 0-3 R12;
phenylaminocarbonyl subs;itpted_with”0-3 R12; or
aﬁy group that, when administered to a mammalian

subject, cleaves to form a free hydroxyl,
.amino or sulfhydryl;

K1l is selected from one or more of the following:
H, keto, halogen, cyano, -CH2NR13R14, --NR13R14,

-CO2R13, -0C(=0)R13, -OR13, -5(0)mR13,

| -NHC (=NH)NHR13, -C(=NH)NHR13, -C(=0)NR13R14,

-NR14c(=0)R13, =NOR14, -NR14C(=0)OR14,

-0C (=0)NR13R14, -NR13C(=0)NR13R14,
-NR1450zNR13R14, -NR14502R13, -50oNR13R14,
-OP (0) (OR?3)2, C1-Cq alkyl, C2-C4 alkenyl, C3-
Ce cycldalkylmetﬁyl; bénzyl, phenethyl,
phenoxy, benzyloxy, nitro, C7-Cip arylalkyl,
hydroxamic acid, hydrazide, boronic acid,
sulfbnamide, formyl, C3-Cg cycloalkoxy, Ci1-C4
alkyl substituteq_with ~-NR13R14, C1-C4
hydroxYalkyl; meﬁhylenedioxy, ethylenedioxy,
C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4
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alkoxycarbonyl, pyr1dylcarbonyloxy, C1~C4

alkylcarbonyl, Ci1~C4 alkylcarbonylamino,
-OCH2CO2H, 2-(l1-morpholino)ethoxy, azido, or
-C(R14) =N (OR1Y);

1-3 amino acids linked together via amide bonds,
said amino acid being linked via the amine or
‘carboxylate terminus; '

C3-C10 cycloalkyl substituted with 0-2 R12;

Ci1-C4 alkyl substitued with 0-2 R12;

aryl (C1-C3 alkyl) substituted with 0-2 r1Z;

C2-C¢ alkoxyalkyl, substituted with 0-2 R12;

- C1-C4 alkylcarbonyloxy substituted with 0-2 R12;

C¢-Ci0 arylcarbonyloxy substituted with 0-2 R1Z;

a Cs—Clq carbocycllc resxdue substituted with 0-3
r12; -

& 5- to 10-membered heterocyclic ring system

' containiné 1 to 4 heteroatoms ihdependently
‘selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-3 R12;

is selected'from one or more of the following:
H, keto, halogen, cyano, —CH,NR13BR14B, _NRr13BR14E,
~CO2H, -OC(=O)(C1-C3 alkyl), =-OH, C2-Cg
alkoxyalkyl, '=C(=0)NHz, =-OC(=0)NHp,
-NHC (=O)NHp, -SO2NHz, C1-C4 alkyl, C2-Cq
alkenyl, €3-C10 ¢ycldalkyl, C3-Cg¢
cycloalkylmethyl, beﬁzyl; phenethyl, phenoxy,
benzyloxy, nitro, C7-Ci10 arylalkyl, hydroxamic
acid, hydrazide, boronic acid, C3~Cg
cycloalkoxy, C1-C4 alkyl substituted with
-NH2, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, C1-C4
haioalkgxy’ C1-C4 alkoxycarbonyl, C1-Cs
zlkylcarbonyloxy, C1-C4 alkylcarbonyl, Ci-Cq4
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lalkylcarbonylamino, ~OCH2CO2H,

2—(1-morphollno)ethoxy, azido, aryl(Ci-Cs
alkyl), a Cs5-C14 carbocyclic residue; a 5- to
10-membered heterocycllc ring system
contalning 1 to 4 heteroatoms 1ndependently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system substituted with 0-3

R12, when a substituent on carbon, is selected from one

or more of the following:.
phenyl, benzyl, phgnethyl,_phenoxy, benzyloxy,

halogen, hydroxy, nitro, cyano, Ci-C4 alkyl,
C3-Cg cycloalkyl, C3-C5 cycloalkylmethyl, C7-
C1o arylalkyl C1-C4 alkoxy, ~-CO2H, hydroxamic
acid, hydrazide, boronic acid, sulfonamide,
formyl, C3-Cg cycloalkoxy,“—0R13 Ci1-C4 alkyl
substituted with -NR13R14, -Nr13R14, C2-C¢

| alkoxyalkyl opt;onally substztuted with

,—SJ(CH3)3, Ci- C4 hydroxyalkyl, methylenedioxy,

ethylenedzoxy, C1-C4 haloalkyl, Ci1i-Cyg
haloalkoxy, C1-C4 alkoxycarbonyl, C1-Cs
alkylcarbonyloxy, C1 C4 alkylcarbonyl, Ci1-C4
alkylcarbonylamzno, -5 (0)mR13, -S02NR13R14,
-NH502R14 -ocazcozal3

- 2- (1-morpholino) ethoxy, —C(R14) =N (ORM) ; or

- or 6-membered heterocyclic ring containing

from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur;

or R12 may be a 3- or 4~ carbon chain attached to

adjacent carbons on the ring to form a fused
5- or 6-membered r}hg, said 5- or 6~ membered
ring being optionally substituted on the
aliphatic carbons with halogen, C1-C4 alkyl,
C1-C4 alkoxy, hydroxy, or -NRI13Rrl4; or,
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when R12_is attached to a saturated carbon atom, it

may be =0 or =S{’or when R12 is attached to
sulfur it may be =0;

Rlz, when a substituent on nltrogen, is selected from
' one or more of the following
phenyl, benzyl, phenethyl, hydroxy, C1-C4
hydroxyalkyl,-cl-C4 alkoxy, Ci1-C4 alkyl, C3-Cs
cycloalkyl, C3-C¢ cycloalkylmethyl,
-CB2NR13Rr14, -NR13Rr1l4, C2-Cg alkoxyalkyl, Ci-
C4 haloalkyl, C1-C4 alkoxycarbonyl, -CO2H, Ci1-
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl,
-C(R4)=N(ORY4); "

R12A yhen a substituent on carbon, is selected from one
- or more of the following:

phenyl benzyl,. phenethyl, phenoxy, benzyloxy,
halogen, hydroxy, nitro, cyano, C1-C4 alkyl,
C3-Cg cycloalkyl, C3-Cg cycloalkylmethyl, Co-
C10 arylalkyl, C1-C4q &lkoxy, —COzh, hydroxamic
‘acid, hydrazide, boronic acid, sulfonamide,
formyl,” C3-Cg cycloalkoxy, -OR3, C3-C4 alkyl
substituted with -NHz, -NHz, -NHMe, C2-Cg
alkoxyalkyl optionally substituted with
-Si(CHéia, C1-Cy4 hydroxyalkyi, methylenedicxy,
ethylenedioxy, C1-C4 haloalkyl, C1-Ca
haloalkogy, Ci1-C4 alkoxycarbonyl, C31-Cg
alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-Cq
alkylcarbonylamine, -S(0O)mMe, -SO2NH»,
-NHSO2Me, -OCH2CO2R13, 2-(1-morpholino)ethoxy,
-C(=NOH)NH2; or

a 5- or 6-membered heterocyclic ring containing

' from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur;
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or R12A may be a 3- or 4- carbon chain attached to

adjacent carbons on the ring to form a fused
5- or 6-membered ring, said 5- or 6- membered
ring being optionally substituted on the
aliphatic carbons with halogen, C31-C4 alkyl,
C1-C4 alkoxy, hydroxy, or =NHz; or, '

when R12A is attached to a saturated carbon atom,
it may be =0 or =S; or when R12 is attached to
sulfur it may be =0;

R12A, yhen a substituent on nitrogen, is selected from

15

20

one or more of the following:

prhenyl, benzyl, phenethyl, hydroxy, Ci-C4
hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-Cg
cycloalkyl, C3-Cg cycloalkylmethyl, ~CH2NHo,
-NH2, C2-C¢ alkoxyalkyl, C1-C4 haloalkyl, Ci-
C4 alkoxycarbonyl, -CO2H, C1-C4
alkylcarbonyloxy, C1-C4 alkylcarbonyl,
-C (=NOH)NH3;

R13 is selected from:

25

30

H;

phenyl substituted with 0-3 R11A;

benzyl substituted with 0-3 R113;

C1-C¢ alkyl substituted with 0-3 R11A;

Co-Cs alkenyl substituted with 0-3 R113;

C1-C¢ alkylcarbonyl substituted with 0-3 R11A;
C1-Cg alkoxycarbonyl substituted with 0-3 R11A;
C1-Ce alkylaminocarbonyl substituted with 0-3 R11A;
C3-Cg¢ alkoxyalkyl substituted with 0-3 R11A;

an amine protecting group when R!3 is bonded to N;
a hydroxy protecting group when R!3 is bonded to 0;

R4 is nydrogen, hydroxy, C;-Cg¢ alkyl substituted with

35

0-3 groups selected from OH, Ci1-C4 alkoxy, halogen,
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NR2, -NH(C1-C4 alkyl), Ci~-Cg¢ alkoxy, Cz-Cg¢ alkenyl,

phenyl, benzyl, an amine protecting group when R14
is bonded to N, a hydroxy protecting group when R4
is bonded to O;

R13 and R14 can alternatively join to form - (CH2)4-,
- (CH2) 5-, -CH2CH2N(R15)CH2CH2-, or -CH2CH20CH2CH2-;

R13B and R14B are independently selected from H or Ci1-Cg
10 alkyl, or R13B and R14B can alternatively join to
form - (CH2)4~, =-(CH2)5-, =CH2CH2N(R15)CH2CH2-, or
~CE2CH20CH2CH-;

El1° is H or CH3;

W is selected from:
-K(R22)C(=2)N(R23)-,

~0C (=2} 0,

Ny
[4a)

-N (r‘--; (=2)0~-, E
-C(F25; (p26)C(=2)C(R27) (R28)-
—N(32°)C(=2)C(R27)(R28L~,
(r26)C(=2)0-,

C(=0iC (= 0)r(R23)-
(r2€)c(F2)C(R27) (R2E) -,
| (&2

(

N
[
!
i 1
-~
M e)
Py (N
— o~

|}
‘N Oy o

U‘ Ce

26)N(ch3) (0) ¢ (R27) (R28) -,
R26)N(OR29) C(R27) (R28)~,
(R2€)C (=2)s~,
30 -N(R' ) S (=0) N (R23)~,

1
Y O O O %
(e8] N,
U T

1
(4
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R22 ‘and R23 are 1ndependently selected from the
following:

hydrogen;

C1-Cg alkyl substituted with 0-3 rR31;

C2-Cg alkenyl substituted with 0-3 R31;

CzQCa alkynyl substituted with 0-3 R31;

a C3-Ci4 carbocyclic ring system substituted with
0-5 Rr3! or 0-5 R32;

a 5- to 10-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R32; or

_ORZZa; -N (RZZa) (RZZb) :

R222 and R22P are independently selected from the
following: '
hydrogen;

Ci1-Cg alkyl substituted with 0-3 R31;

C2-Cg alkenyl substituted with 0-3 R31;

C2-Cg”alkynyl substituted with 0-3 R31;

a C3-Ci4 carbocyclic ring system substituted with
0-5 R31 or 0-5 R32; or

a 5~ to l0-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R32;

R24 is selected from: hydrogen; hydroxy; amino; C31-C4

alkyl; C1-C4 alkoxy; mono- or di-(Ci1-C¢
alkyl)amino; cyano; nitro; benzyloxy:; -NHSO2aryl,
aryl being optionally sibstituted with
(C1-C¢)alkyl;
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R25 and R27 are 1ndependently selected from the
following:
hydrogen;

1)

o

[}

(£}

YAl

C1-Cg alkyl substituted with 0-3 R31;

C2-Cg alkenyl substituted with 0-3 R31;

C2-Cg alkynyl substituted with 0-3 R31;

a C3-C14 carbocyclic ring system substituted with
0-5 R31 or 0-5 R32; '

a 5- to 1l0-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R32;

-0R3; -sri3;

and R28 are independently selected from:
hvdrogen; '

hzlogen; .
Ci-C4 alkyl substituted wzth 0-3 halogen or 0 3 Ci-
- €z alkoxy;.

encyl substituted with 0-3 halogen or 0-3 C31-C2
alkoxy.

:=C4 alkyl substituted with 0-3 halogen or (-3 C3-
C2 alkoxy;
berzyl substituted with 0-3 halogen or 0-3 C|~C2

alternatively, R22, R25, or R26, independently, can join

with R4 or R4A to form a 5- or 6-membered fused
heterccyclic ring or carbocyclic ring substituted
-

z R12, said heterocyclic ring containing 1-3
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heteroatoms 1ndependently selected from N, S, or O;

or

alternatively, R23, R27, or R28, independently, can join
‘with R7 or R72 to form a 5~ or 6-membered fused
heterocyclic ring or-cafbocyclic ring substituted
with 0-2 R12, said heterocyclic ring containing 1-3
heteroatoms independently selected from N, S, or O;
or

alternatively, R22, rR25,6 Rr26, r23, r27, r28, r34, or R3S
can join with RS or R6 to form a 0- to 7-membered
bridge to form a carbocyclic or heterocyclic ring,
said bridge being substituted with 0-2 R12 and said
bridge containing 0-3 hetercatoms independently
selected from N, S, or O (i.e., a O-membered bridge
is formed when R22, R25, r26, R23, Rr27, r28, R34,
or R35 are taken together with R5 or R® to form a
direct bond);

alternatively R28 or R23 can join with R7A to form a
direct bond;

alternatively R26 or rR22 can join with R4A to form a
direct bond;

R31 js selected from one or more of the following:
keto, halogen, cyano, -CHpNR13Rrl4, -NRr13gr14,

-CO2R13, -c(=0)R}1, -0C(=0)R13, -0R13, c2-Cg
alkoxyalkyl, -S(O)mR13, -NHC (=NH)NHR13,
-C(=NH)NHR13, -C(=0)NR13Rr14, -NrléC(=0)R1Z,
=NOR14, -NR14cC(=0)0R14, -OC (=0)NR13R14,
-NR13¢c (=0)NR13R14, -NR13C(=5)NR13R14,
-NR14s0pNR13R14, -NR14507R13, -SOoNR13R14, Cq-
C4 alkyl, C2-C4 alkenyl, C3-Cip cycloalkyl,
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C3-C¢ cycloalkylmethyl, benzyl, phenethyl,

Phenoxy, benzyloxy, nitro, C7-Ci0 arylalkyl,
hydroxamic acid, hydrazide, oxime, boronic
acid, sulfonamide, formyl, C3~Cg cycloalkoxy,
C1~C4 alkyl substituted with -NR13R14, C1-C4
hydroxyalkyl, methylenedioxy, ethylenedioxy,
C1-C4 haloalkyl, C1-Cg haloalkoxy, C1-C4q
alkoxycarbonyl, C1-C4 alkylcarbonyloxy, C1-Cg4
alkylcarbonyl, C31-Cq alkylcarbonylamino,
-OCH2CO2R13, 2-(1-morpholino)ethoxy, azido,
~C(R14) =N (ORY4); or

1-3 amino acids, linked together via amide bonds,
said amino acid being linked via the amine or
carboxylate terminus;

a Cz-C14 carbocyclic residue substituted with 0-5
R32; or -

)i

£~ to 10-menbered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted
with 0-2 R32Z; -

F2¢, when a substituent or carbon, is selected from

' one or meore of the following:

pheniethyl, phenoxy, C3-Ci1p cycloalkyl, C3-C¢
cycloalkylmethyl, C7-C10 arylalkyl, hydrazide,
oxime, boronic acid, C2-Ce alkoxyalkyl,
methylenedioxy, ethylenedioxy, Ci-Cg
-alkylcarbonyloxy, -NH502R14,

berzvloxy, halogen, 2—(1-morphclino)ethoxy,
-CO2R*3, hydroxamic acid, -CONR!3NR13pi4,
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cyano, sulfonamlde, ~CHO, C3-Cg¢ cycloalkoxy,

-NR13r14, -c(R14)=N(OR14), -NOp, -OR13,
_NR40R41' l_somp‘13' -SOmNR13R14, -C('O)NR13R14,
-0oC (=0)NR13R14, -c(=0)R11, -0C(=0)R11,
~OCO2R}3, phenyl, =C(=0)NR13-(C;-C4 alkyl)-
NR13R14, -c(=0)NR4OR41, C3-C4 haloalkyl, Ci1-Cq
haloalkoxy, C2-C4 haloalkenyl, C3-Cq
haloalkynyl; or

~C (=0) NR13C (R11) 5NR13R14;

~C (=0) NR13¢C (R11) ,NR13CO,R13;

-C(=0)NR13- (C3-C4 alkyl)-NR13CO,R13;

-C(=0)N(R13) - (C3-C4 alkyl)-Rll; or

-C (=0)C (R11) 2NR13R14;

-C (=0) C(R21) pNR1I3CO2R13; -C(=0)~-(C1-C4 alkyl)-
NR13R14; -C(=0)-(C3-C4 alkyl)-NR13CO,R13; or

C1-C4 alkoxy substituted with 0-4 groups selected
from: R1l, C3-Cg cycloalkyl, =-COoR13,
-C(=0)NR13R14, -NR13R14 or OH;

Ci-C4 alkyl substituted with 0-4 groups selected
from: K11, =NR14, =NNR13C (=0)NR13R14,
=NNR13C (=0) OR13, or -NR13R14;

C2-C4 alkenyl substituted with 0-4 R11;

C2-C4 alkynyl substituted with 0-4 R1I1;

a 5- or 6-membered heterocyclic ring containing -
from 1 to 4 heteroatoms independently selected
from oxygen, nitrogen or sulfur, substituted
with 0-2 Ri2;

or R32 may be a 3- or 4- carbon chain attached to
adjacent carbons on the ring to form a fused
5- or 6-membered ring, said 5- or 6- membered
ring being optionally substituted on the
aliphatic carbons with halogen, C1-C4 alkyl,
C1-C4 alkoxy, hydroxy, or -NR13Rr1l4;

or, when R32 is attached to a saturated carbon , it
may be =0, =S, =NOE; or when R32 attached to
sulfur it may be =0;
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R32, when a substituent on nitrogen, is selected from
one or more of the following:
phenyl,'benzyl, phenethyl, hydroxy, Ci-Cg4
5 hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-Cg
' cycloalkyl, C3~Cg cycloalkylmethyl,
-CH2NR13R14, -NR13R14, Ccp-Cg alkoxyalkyl, Ci-
C4 haloalkyl, Ci1-Cq alkoxycarbonyl, -CO2H, Ci-
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl,
10 ~C(R14) =N (OR14) ; '

R4C is selected from: K, C1-Cz alkyl;

R%+ is selected from:
-2 (=0)NR13R14;
-C (=O) KR13NR13R14;
~-C(=0)C(R11) ;NR13R14;
~C (=0) C (R11) 2NR13NRI3R14;
-C (=0) C(R11) ;NR1I3CO,R13;

[
o

(o8]
Y
t
)
)
(@]
n

~

}=(C2-C4 alkyl)-NRI3R14;
t=5)-(C1~C4 alkyl)-NR13CO,R13;

1-3 amino acids linked together via amide bonds,

[ L8]
tn

&nd linked to the N atom via the carboxylate
terminus; - '
provided thart:

r4, R4%, R7 and R7R are not all hydrogen;

(V3]
o

when W is ~0C(=2)0-, -SC(=2)-, =C{(=2)-,
-P (=0) (R242)~, -S(=2')- or =-S(=2')2-, R4 and

k7 are nct hvdrogen.

4
w
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21. A compound, or a pharmaceutically acceptable

salt form thereof,.selected from the following formulae:

RS R K ] RS
5
RZ (0] o)
\
o] N—Jz R® ’JL\ R% _ 2
’ ’ |
N o~ °N 0~ N_ R
4 R’ 4 R’
: OH R R4 Ph
R® ; HO . OH R
0 a
- O
RZ R2
SN Ph o N
» o O/\@ N {\l - P
4 H ‘R -
OH R R5 RG R’S RG
it il I
R22.N b R22.N NR?23 R22. NJLs
R4J\H\ R7 J\/L R‘J\)\ R7
10 RS RS
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R R o R7
R® R® . R R .
r ¢
wherein:
5 R4Y and R’ are independently selected from the following

10

15

20

25

30

groups:
_hydrogen;
C1-C3 alkyl subst;tuted ‘with 0-1 R11;

RS is -0RrRZ20;

Ré is hydrogen or -OR21;

R20 and R21 are independently hydrogen or any group
that, when administered to a mammalian subject,
cleaves to form a free hYdrbxyl;

R:l is selected from one or more of the following:

H; halogen; -OR13;

C2-C10 cycloalkyl substituted with O- 2 R12

C3-Cq alkyl substituted with 0-2 R12;

aryl (C3-C3 alkyl) substituted with 0-2 R1Z2;

aryl substituted with 0-2 R12; or

a heterocyclic ring system selected from pyridyl,
pyrimidinyl, triazinyl, furanyl, thienyl,
pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl,
benzofuranyl, indolyl, quinolinyl,
'isoquinolinyl, oxazolidinyl, said heterocyclic
ring system being substituted with 0-2 R12;

R12, when a substituent on carbon, is seclected from one
or more of the follcwing:
benzyloxy, halogen, methyl, Ci-C4 alkoxy, CF3,
2-{l-morpholino)ethoxy, —-COz2H, hydroxamic
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acid, hydrazlde, -C (R14) =N (OR14), cyano,

boronic acid, sulfonamide, formyl, C3-Cg
cycloaikoxy, Cy~-C4 alkyl substituted with
-NR13Rr14, -NR13R14, hydroxy, hydroxymethyl; or

R12, when a substituent on nitrogen, is methyl;

R13 is H, C;-C4 alkyl, Ca-C4 alkenyl, or benzyl;

R14 is OH, H, CF3, C3-C4 alkyl, C;-C4 alkoxy, NHz, C2-C4
alkenyl, or benzyl; |

R13 and R14 can alternatively join to form -(CH2)4-,
= (CH2)5-, —-CH2CH2N(R15)CR2CH2-, or -CH2CH20CH2CH2-;

K13 is B or CH3:;

W is selected from:
-N(R22)C(=Z)N(R23)-;
-N(R22)C(=2)0~; : |
~C(R23) (R26)C (= Z)C(R27)(R28)--
-N(R22) s (=2')N'(R23)~; -
~N(R22) 5 (=2") 2N (RZ3)~;

”(RZD)(RZG)C(R34)<R35)C(RZ7)<R28)~-
-R=C ("36)N (323) -

e C, &, cor N-CN;

3
§-r

F2Z ang RK23 are independently selected from the
fcliowing:
hydrogen;
C--Cg alkyl substltuted with 0-3 R31;
C2-C¢ alkenyl substituted with 0-3 R31;
Cz-Csz alkynyl substituted with 0-3 R31;

1=
-~

P25 and 27 are independently selected from the

Z¢ &lkyl substituted with 0-3 R31;
~~Z: elkenyl substituted with 0-3 R31;
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R26 and R28 are hydrogen or halogen;

R31 jis selected from one or more of the following:

halogen, -oRr13, C1-C4 alkyl, C3-Ci10 cycloalkyl,
~C (R14) =N (OR}4), -COzR13, -S(0)mR13;

aryl substituted with 0-5 R32; or

a heterocyclic ring system chosen from pyridyl,
pyrimidinyl, triazinyl, furanyl, thienyl,
pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl,
benzofuranyl, indolyl, quinolinyl,
isoquinolinyl, oxazolidinyl, said heterocyclic
ring being substituted with 0-2 R32;

R32, when a substituent on carbon, is selected from one
or more of the following: -
~ benzyloxy, halogen, 2- (1-morpholino) ethoxy,
-CO2R13, hydroxamic acid, -CONRI3NR13Rr14,
cyano, boronic acid, sulfonamide, -CHO, C3-Cé¢
cycloalkoxy, -NR13R14, -C(R14)=N(OR}), NO2,
-OR13, —NR4_°R41, ~SOmR13, -SOmNR13R14,
-c(=0)NR13R24, -oC(=0)NR13R14, -C(=0)R1],
-oc (=0)R11, -0CO2R13, phenyl, . -C(=0)NR13-(C1-Cq
alkyl)-NR13R14, -c(=0)NR40R41, C3-Cq |
haloalkyl, C3-C4 haloalkoxy, C2-C4
haloalkenyl, C2-C4 haloalkynyl, =C(=0)NR13R14;
~C(=0)C (R}1) ;NRI3R14; -C (=0)C (R1}) ;NR13NR14;

-C (=0) C (R11) oNR23CO2R13; -C(=0)-(C1-C4 alkyl)-
NR13R14; -C(=0)-(C3-Cq alkyl)-NR13COzR!3; or

C1-C4 alkoxy substituted with 0-3 groups selected
from: R!!, C3-Cg cycloalkyl, —-C(=0)NR13R14,
-NR13R14, or OH;

C1-C4 alkyl substituted with 0-3 groups selected
from: R11, =NR14, =NNR13C(=0)NR13R14 or
-NR13Rr14;

C>-C; alkenyl substituted with 0-3 R13;
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C2-C4 alkynyl substituted with 0-3 R11

a 5- or 6-membered heterocyclic ring containing
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from 1 to 4 heteroatoms independently selected

from oxygen, nitrogen or sulfur, substituted

with 0-2 R12;

when a substituent on nitrogen, is methyl;

m is 0, 1, or 2;

R34

"o
(¥})
[¢4]

is selected from:
hydrogen;

C1-C2 alkyl:
C1-C2 alkoxy;

is selected from:
hydroger:;
C1-C2 alkyl
C:~Cz &lkoxy:

hydroxyl; -
C1-Cz alkoxv substituted with 0-1 R1l
~nr 3836,

and %3¢ are ndependently selected from
nhydrogen;
€1-C2 alkyl substituted with 0-3 R11; or
an amine protecting group;

U is selected from: H, C14C3 alkyl;

g selected from:

-C (=0) NR13R14;

~C (=0)NR13Nx13R14;

~C (=0)C(R31) NRI3R14;
-C(=0)C(R1]) 2NR13NR13P.14;
~C(=0)C(R22) 3NRI3CO,R13;

)Y
&

[ED

(SN

-
- = -

-\A
oy (\

‘u :z:

[@ 2]

r
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-C(=O)-(C~-C4 a1ky1)-NR13R14

-C(=0)-(C31-Cq alkyl)-NR13C02R13

1-3 amino acids linked together via amide bonds,

and linked to the N atom via the carboxylate
5 terminus.

22. A process for preparing cyclic-compounds of

formula (I):

RA W R7A
R4 R’
_ 6
Rs RSa RSR
10 n
|

wherein:

R4 and R7 are independently selected from the'following
15 groups:

hydrogen,
C1-Cg alkyl substituted with 0-3 R11
C2-Cg alkenyl substituted with 0-3 R11;
20 - C2-Cg alkynyl substituted with 0—3'R1?;
a Ca-Cyg carbocyqlic ring system substituted with
6-3 Rl or 0-3 R1Z;

a 5- to'lo—membered_hetero;Ytlic ring system
25 contaihing 1l to 4 heteioatoms independently
selected from'oxygen,'nitrogen or sulfur, said

heterocyclic rlng system being substituted with 0-2
R12

30 ~OR13; -SR13; CO2R13;
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R4A and R7A are 1ndependently selected from the

following groups:

hydrogen;
C1-C4 alkyl substituted
C2 alkoxy;

benzyl substituted with
. alkoxy;

"OR13,' —SR13; C02R13;
R4 and R42 can alternatively
carbocyclic ring substituted

R’ and R72 can alternatively
carbocyclic ring substituted

nis O, 1, or 2;

with 0-6 halogen or 0-3 Cj1-

0-6 halogen or 0-3 Ci-C2

join to form a 5-7 membered
with 0-2 R12;

join to form a 5-7 membered
with 0-2 R12;

B5 is selected from H; halogen; C3-Cg alkyl substituted

frbm: hydrbgen, haloger,

witr 0-2 R1l, -n(R20),, -s5R20,
€ :: independently selected
C1-C¢ alkyl substituted with 0-3 R1l,
-sp20, -or21, or -Ng;
kS and RE can alternatively join to form an epoxide or

gziridine ring; =-OCH2SCH20-; -0C(=0)0-;
-0C (=8)0-; =OC(=0)C(=0)0~; -OC(CH3)20-;
~OC ( (C 12) 3NH2) (CH3)0-; -OC(OCH3) (CH2CH2CH3) O~;
~0S (=0)0~; ~NHC(=0)NH-; -OC(=0)NH-; =-NHC (=0)0-;
~NHCH0-; ~OCHzNH-; —NHC (=S)O~; -OS (=0)NH~;
~NHC (=0) £ {=0) 0-; =-OC(=0)C (=0) NH~; =NHC (=0) C (=0) NH-;
-NEC (CH3) 20-; —-0OC(CH3)2NH~- or any group that,

administered toc a mammalian subiject,

-0OCH20~;
when
cleaves to
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form a free dzhydroxyl or diamino or hydroxyl and
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amino;

R92 is selected from hydrogen, halogen, C1-Cg¢ alkyl,
5 . -N(R20)5, -sSr20,:or -0ORZ20;

RrR62 is selected from: hydrogen; halogen, C1-Cg alkyl,
-N(R20)5, -sr20 or -orR21;

10 RS and RS2 can alternatively join to form =0, =S, or a
ketal ring;

R6 and Rr62 can alternatively join to form =0, =S, or a
ketal ring;

15 .
R20 and R21 are independently selected from:
hydrogen;
. C1-C¢ alkyl substituted with 0-3 R11;
.20 C3-C¢ alkoxyalkyl substituted with 0-3 R11;

C1~C¢ alkylcarbonyl substituted with 0-3 R1l1;
C1-C¢ alkoxycarbonyl substituted with 0-3 R11;
C1-C¢ alkylaminocarbonyl substituted with 0-3 R11;
benzoyl substituted with 0-3 R1Z;

25 phenoxycarbonyl substituted with 0-3 R12;
phenylaminocarbonyl substituted with 0-3 R12; or
any group that, when administered to a mammalian
subject, cleaves to form a free hydroxyl, amino or

sulfhydryl;
30 _
R11l is selected from one or more of the following:
H, keto, halogen, cyano, —CHzNR13R14, —NR13R14,
-co2R13, -oc(=0)R13, -0R13, -s(0)mR13,
35 -NHC (=NH)NHR13, -C(=NH)NHR13, -C(=0)NR13Rr14,
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~NR14c (=0)R13, =NOR14, ~NR14C(=0)O0R1Y4,
-oC (=0)NR13R14, -NR13C(=0)NR1I3R14, ' -NR1450,NR13R1Y,
-NR14505R13, -soyNR13R14, -0P(0) (OR13),, C1-C4
alkyl, C2-C4 alkenyl, C3-C¢ cycloalkylmethyl,
5 behzyl, phenethyl, phenoxy, benzyloxy, nitro, C7-
Ci10 arylalkyl, hydroxamic acid, hydrazide, boronic
.'acid, sulfonamide, formyl, C3-Cg¢ cycloalkoxy, Ci1~Cq
alkyl substituted with -NR13R14, c3-C4
hydroxyalkyl, methylenedioxy, ethylenedioxy, Ci1-C4
10 haloalkyl, C1-C4 haloalkoxy, C1-C4 alkoxycarbonyl,
pyridylcarbonyloxy, C1-C4 alkylcarbonyl, Ci1-C4
alkylcarbonylamineo, =-0OCH2CO2H,
2- (1-morpholino) ethoxy, azido, or -C (R14)=N(OR14);

()
on

1-3 aminc acides linked together via amide bonds,

n

zid amino acid being linked via the amine or
cerpboxylate terminus;

Cz:-C10 cyciocalkyl substituted with 0-2 R12;

- {:-T¢ alkvl substitued with 0-2 R1Z;
arv1(Z1-C3 alkyl) substituted with.0-2 R1Z;

2k €2-Ce alkoxvalkyl, sﬁbstiﬁuted with.b-z R1Z;
C1-C4 alkylcarbonyloxy substituted Qith 0-2 R12;
C -Zip arylcazrbonyloxy substiﬁuted with 0-2 R1Z;

39

a C5-Ci4 carbocyclic residue substituted with 0-3

& 3~ to 10-membered heterocyclic ring system

centaining 1 to 4 heteroatoms indeperndently

{
m
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selected from oxygen, nitrogen or sulfur, said
- heterocyclic ring system being substituted with 0-3

rl2.

’
is selected from one or more of the following:

H, keto, halogen, cyano, -CHsN(R13B) (R14B),
-N(R13B) (R14B), -COpH, -OC(=0) (C;~C3 alkyl), -OH,
C2-C¢ alkoxyalkyl, =-C(=0O)NHz, -OC(=0)NHgz,

-NHC (=O)NH, -SO2NHz, C3-C4 alkyl, C2-C4 alkenyl,
C3-Ci10 cycloalkyl, C3-Cg cycloalkylmethyl, benzyl,
phenethyl, phenoxy, benzyloxy, nitro, €7-Cip
arylalkyl, hydroxamic acid, hydrazide, boronic

- acid, C3-Cg cycloalkoxy, C1-C4 alkyl substituted

with -NHp, C31-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy,- C1~C4 haloalkyl, C1-C4 haloalkoxy,
C1-C4 alkoxycarbonyl, C1-C4 alkylcarbonyloxy, C1-Cy
alkylcarbonyl, C31-C4 alkylcarbonylamino,
-OCH2CO2H, 2-(l-morpholino)ethoxy, azido, aryl (Ci-
C3 alkyl), a C5-Cis éarbocyclic residue; a 5- to
106-membered heterocyclic ring system containing 1
to 4 hetercatoms independently selected from
oxygen, nitrogen or sulfur, said heterocyclic ring
system substituted with 0-3 R1Z2A;

when a substituent on carbon, is selected from one

‘or more of the following:

¢

phenyl, benzyl, phenethyl, phenoxy, benzyloxy,
halogen, hydroxy, nitro, cyano, C31-C4 alkyl, Ca-C¢

cycloalkyl, C3-Cg cycloalkylmethyl, C7-Cig arylalkyl,

C1~-C4 alkoxy, -CO2H, hydroxamic acid, hydrazide,

boronic acid, sulfonamide, formyl, C3-Cg cycloalkoxy,
-OR13, C;-C4 alkyl substituted with -NR13Rr14,
-NR13Rr14, cp-Cg alkoxyalkyl optionally substituted

with -Si(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,
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ethylenedxoxy, C1-C4 haloalkyl, Ci1-C4 haloalkoxy,

Ci1-C4 alkoxycarbonyl, C31~-C4 alkylcarbonyloxy, C1-C4
alkylcarbonyl, C31-C4 alkylcarbonylamino, -S(O)mR13,
-SO2NR13Rr14, -NHSO2R14, -OCH2CO2R13,

5 2- (1-morpholino) ethoxy, —-C(R14)=N(OR14); or

a 5- or 6-membered heterocyclic ring containing from
1 to 4 heteroatoms independently selected from
oxygen, nitrogen or sulfur;
10
or R}2 may be a 3- or 4~ carbon chain attached to
adjacent carbons on the ring to form a fused 5- or 6-
membered ring, said 5~ or 6~ membered ring being
cptionally substituted on the aliphatic carbons with
15 halogen, C31-C4 alkyl, C1-C4 alkoxy, hydroxy, or
-NR>3r14; or, when R12 is attached to a saturated
carbor. atom, it may be =0 or =S; or when R12 is
gtrtached to sulfur it may be =0;

, wher & substitvent on nitrogen, is selected from

L8]
<)
‘0
T
ny

cne ¢r more of the following:

phenyl, benzyl, phenethyl, hydroxy, C3-C4
h}c:o »yalkyl, C31-C4 alkoxy, C31-C4 alkyl, C3-Cg
calkyl, C3-Cg cycloalkylmethyl, -CHaNR13R14,
-Ni—-xl4, C2-Cg alkoxyalkyl, C1-C4 haloalkyl, C1-C4
e_kecsxycarbonyl, -CO2H, C1-Cs alkylcarbonyloxy,

1-C4 elkylcarbonyl, -C(R14)=N(OR14);

[ 3%}
rn
)
Y '.._a

3¢ =iZk, when a substituent on carbon, is selected from one
or mcre of the following:

ryl, benzyl, phenethyl, phenoxy, benzyloxy,
ogen, hydrorxy, nitro, cyano, Ci1-C4 alkyl, C3-Cg

l,'
0
by
O
'_
0
o
i
L

lxyl, C3-Cg cycloalkylmethyl, C7-C10 arylalkyl,

{+=Cz &lxcuy, =-CO2E, hydroxamic acid, hvdreazide,
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boronic acid, sulfonamlde, formyl, C3-Cg cycloalkoxy,

-OR13, C3;-C4 alkyl substituted with =NH, =-NH2, -NHMe,
C2-Cg alkoxyalkyl optionally substituted with
-S1i(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy,
ethylenedioxy, C1-C4 haloalkyl, C1-C4 haloalkoxy,
Ci1-C4 alkoxycarbonyl, C1-C4 alkylcarbonyloxy, Ci-C4
alkylcarbonyl, C31-C4 alkylcarbonylamino, =S (0O)mMe,
~SO2NHz, -NHSO2Me, —OCH2CO2R?3,
2-(l-morpholino)ethoxy, =C(=NOH)NH2; or

a2 5- or 6-membered heterocyclic ring containing from
1 to 4 heteroatoms independently selected from
oxygen, nitrogen or sulfur;

or R12A may be a 3- or 4- carbon chain attached to
adjacent carbons on the ring to form a fused 5- or 6-
membered ring, said 5- or 6- membered ring being
optionally substituted on the aliphatic carbons with
halogen, Ci1~C4 alle, Ci1-C4 alkoxy, hydroxy, or

-NHy; or, when R12A is attached to a saturated carbon
atom, it may be =0 or =8; or when Riz is attached to
sulfur it may be =0;

R12A, when a substituent on nitrogen, is selected from

one or more of the following:

phenyl, benzyl, phenethyl, hydroxy, Ci1-C4
hydroxyalkyl, C31-C4 alkoxy, C1-C4 alkyl, C3-Cg
cycloalkyl, C3-Cg cycloalkylmethyl, -CH2NHp, =-NHj,
C2-C¢ alkoxyalkyl, C1-C4 haloalkyl, C1-C4
alkoxycarbonyl, -CO2H, C3-C4 alkylcarbonyloxy,
C1-C4 alkylcarbonyl, =-C(=NOH)NHj3;

R13 is selected from:

H;
phenyl substituted with 0-3 R11A;

This Sheet H
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. benzyl substituted with 0-3 R113;
C1-Ce alkyl substituted with 0-3 R113;
C2-C4 alkenyl substituted with 0-3 R11A;
C1-Cg alkylcarbonyl substituted with 0-3 R11A;
C1-C¢ alkoxycarbonyl substituted with 0-3 R113;
C1-C¢ alkylaminocarbonyl substituted with 0-3 R11;
C3-Cg alkoxyalkyl substituted with 0-3 R1lA;
an amine protecting group when R13 is bonded to N;
a hydroxy protecting group when R13 is bonded to O;

R14 is nydrogen, hydroxy, CF3, C1-Cg alkyl substituted
with 0-23 groups selected from OH, C3-C4 alkoxy,
halogen, NHz, =-NH(C1-C4 alkyl), C1-Cg alkoxy, C2-Ce
alkenyl, phenyl, benzyl, an amine protecting group
wvhen R4 is bonded to N, a hydroxy protecting group
when P14 is bonded to O;

pl3 and_Rl4 can alternatively join to form -(CH2)4-,
- (CH2) 5=, ~CH2CH2N(R19)CH2CH2~, or ~CH2CHZ0CH2CH2-;

€2y
151]

né R14% are independently selected from H or Ci-Cg¢

"
v
ty

m

3

lky., or RI3B ang R14B can alternatively join to
orm =~ (CE2)4-, -(CH2)5-, -CH2CH2N(R159)CH2CH2-, or
~CHZ2CH20CH2CH2-;

W

i
[
n

.is E or CH3;

m is C, 1 or 2;

~-N(R22)C (=0)N(RZ3) -;
~N(R22)C (=S)N(R23)~;

-N (R22) 5 (=0) 2N (R23)-;

F<< and F<2 are independently selected from the
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hydrogen;

C1-Cg alkyl substituted with 0-3 R31;

C2-Cg alkenyl substituted with 0-3 R31;

C2-Cg alkynyl substituted with 0-3 R31;

a C3-C14 carbocyclic ring system substituted with
0-5 R31 or R32;

a 5- to 10-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said

heterocyclic ring system being substituted with 0-2
R32

JORZZa; -N(RZZa)(RZZb);

provided that at least one of R22 or R23 must be H;

'R222 and .R22b are independently selected from the
2C fcliowing:

25

30

tay
w

hydrogen; - -

.C1-Cg "alkyl substituted with 0-3 R31;

C2-Cg alkenyl substituted with 0-3 R31;

C2-Cg alkynyl substituted with 0-3 rR31;

a C3-C14 carbocyclic ring system substituted with
0-5 R31 or 0-5 R32;

a 5- to 10-membered heterocyclic ring system
containing 1 to 4 heterocatoms independent;y
selected from oxygen, nitrogen or sulfur, said

heterocyclic ring system being substituted with 0-2
R32;

eiternatively, R22 car. join with R4 or R4A to form a 5-

or 6-membered fused heterocyclic ring or
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carbocyclic ring substituted with 0-2 R12, said

heterocyclic ring containing 1-3 heteroatoms
independently selected from N, S, or 0; cr

5 alternatively, R23 can join with R7 or R7A to form a 5-
‘or 6-membered fused heterocyclic ring or
carbocyclic ring substituted with 0-2 R12, said
heterocyclic ring containing 1-3 hetercatoms
independently selected from N, S, or O; or

10
R31 jis selected from one or more of the following:

en, cyano, -CHpNR13R14, ~NRI3R14
(=0)R11, -0C(=0)R13, -OR13, C2-Cg
-S(0)R13, -NHC (=NH)NHR13,
) , -C(=0)NR13Rr14, -NrléC(=0)R13, =NOR-=%,
(=0)0r14, -o0C(=0)NR1I3R14, -NR13c(=0)NRI3R1S,
(=s)rR23r14, -NR1450NR1ISR14, -NR14502R1S3,
n+13r14, c3-C4 alkyl, C2-Cq-alkenyl, C3-Ci0
croozalkyl, 22-Cg cvecloalkylmethyl, benzy‘,
TS LLtyl, Loenoxy, benzvlowy, nitra, Cr-T, .
arylz.kyl, hydroxamic acid, hydrazide, oxime,
rcronic acid, sulfonamide, formyl, C3-Cg
cyzizilkeoxy, C1~Cy alkyl substituted with ~NR=3r-4,
{:-l: aydroxvalkyi, methylenedioxy, ethylenediox:y,
. C2-2¢ ‘naloalkyl, C1-C4 haloalkoxy, Ci1-C:
alkcxycarbonyl, C1-C4 - alkylcarbonyloxy, C31-C4
glkyicarbenyl, Ci1~C4 alkylcarbonylamino,
32R13, 2- (1-morpholino)ethoxy, azidc,
- )=N(OR4); or

)
"‘ (8]

i-2 amino acids, linked together via amide bonds,

tn

e

12 aming acid being linked via the amine or

(%]

errcxylate terminus;
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-513-
a Cs~Ci14 carbocyclzc residue substituted with 0-5

R32; or

a 5~ to 10-membered heterocyclic ring system
containing 1 to 4 heteroatoms independently
selected from oxygen, nitrogen or sulfur, said
heterocyclic ring system being substituted with 0-2
Rr32;

’

when a substituent on carbon, is selected from one

or more of the following:

15

20"

25

30

(%)
wn

phenethyl, phenoxy, C3~Cip cycloalkyl, C3-Cg
cycloalkylmethyl, C7-Ci10 arylalkyl, hydrazide,
oxime, boronic acid, C2-C¢ alkoxyalkyl,
methylenedioxy, ethylenedioxy, Ci-C4

" alkylcarbonyloxy, -NHSO2R14,.
* ."benzyloxy, halogen, 2-(l-morpholino)ethoxy, -CO2R23,

hydroxamic acid, -CONRI13NR13R14, cyano, sulfonamide,

' -=CHO, C3=-Cg cycloalkoxy, -NR13R14, -C(R14)=N(ORY),

-NO2, -OR13, -NR4OR41, -SOnR13, -SORNRI3R14,

- -C(=0)NR13R14, -0oC(=0)NR13R24, -C(=0)R11,

-0C (=0)R11, —0CO2R13, phenyl, -C(=0)NR13-(C;~C4
alkyl)~-NR23R14, -c(=0)NR4OR41, C;-C4 haloalkyl, C1-Cg
heloalkoxy, C2-C4 haloalkenyl, Ci-C4 haloalkynyl; or

~C (=0) NR13C (R11) oNR13R24;

~C (=0)NR13C (R11) oNR13CO,R13;

-C (=0)NR13= (C;-C4 alkyl)-NR13COoR13;
-C (=0)N (R13) - (C3-C4 alkyl)-Rll; or

-C (=0) C (R11) oNR13R14;

-C (=0) C (R11) ;NR13CO,R23; -C(=0)~-(C3-C4 alkyl)=-NR13Rr14;
-C (=0) - (C1-C4 alkyl)=-NR13COzR13; or
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C1-C4 alkoxy substituted with 0-4 groups selected

from: R11, C3-Cg cycloalkyl, -COzR!3, -C(=0)NR13R14,
-NR13Rr14 or OH;

5 C1-C4 alkyl substituted with 0-4 groups selected
from: R11, =NR14, =NNR13C (=0)NRI3R14, =NNR13C (=0)OR13,
or -NR13Rr14;

~

C2-Cs alkenyl éubs;ituted with 0-4 R11;

10
Cz-C; alkynyl substituted with 0-4 R11;
& 5- or 6-membered heterocyclic ring containing from
i tc 4 hetercatoms independently selected from

i cxscen, rnitrogen or sulfur, substituted with 0-2 R-?;

“¢< rey he & 3- or 4- carbon chairn attached tc
adjzcent carbons on the ring to form a fused 5- cr
6-membered ring, said 5- or 6- membered ring being
11y substituted on the aliphatic carbons with
vgern, {1-Cg alky., Ci-C{4 alkoxy, hydroxy, o:
2734; cr, when R32 js attached to a. saturatec
carktzr atcn, it may beé =0, =S, =NOH; or when R32 ig

= -

gTtacles to gulfur it may bhe =0;

& £ubstituent on nitrogen, is selectrezZ frem

]
!
5.
A
i
n

tne oy nore ¢f the fcllowing:
pheryl, benzyl, phenethyl, hydroxy, Ci-C4
I Lydroxyalkyl, Ci1-C4 alkoxy, C1-C4 alkyl, C3-Cg
cycicalkyl, C3-Cg cycloalkylmethyl, -CHaNR13R14,
-nF:3p24, C2-Cg alkoxyalkyl, C1-C4 haloalkyl, C1-C4
elroxycarbonyl, -CO2H, C31-C4 alkylcarbonyloxy,
T:-Z4 &i¥ylcarbonyl, -C(R4)=N(OR14);

ooy
™

n
b
th
1¢
s}
L
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hydrogen; '

OR?3;

SR13;

halogen;

N (R38) (R39) _

C1-Cg alkyl substituted with 0-3 R13;
C1-Cg alkoxy substituted with 0-3 R11;
C1-Cg thioalkyl substituted with 0-3 R1ll;

R35 is selected from:

Rr41

hydrogen;

OR13;

SR13;

halogen;

N (R38) (R39) ;

C1-Cg¢ alkyl substituted with 0-3 R11;
C1-C¢ alkoxy substituted ﬁith 0-3 Rll}

- C1-Ce¢ thioalkyl substituted with bf3 Rll;

and R35 can be taken together to form a ketal ring,
a 3- to &~membered carbocyclic ring, or a 5~ or
€-membered heterocyclic ring containing 1-3
heterocatoms independently.selec;ed from the group

¢, N, or 5, said ring substituted with 0-5 R11;

 is selected from: H, C3;-C3 alkyl;

is selected from:
-C (=0)NR33R14;
-C (=0) NR13NR13R14;
-C (=0) C (R11) ;NR13R14;
-C (=0) C (R11) ;NR13NR13R14;
~C(=0) C (R11) NR13CO,R13;
~C (=0) H; '
-C (=0)R12;
-C(=0)~-(C;~C; alkyl)-NR13R14;
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-C(=0)-(C1-Cq alkyl)-NR13cQyR13;

1-3 amino acids linked together via amide bonds,
and linked to the N atom via the carboxylate

terminus;

5 -
‘'said process comprising the.step of reacting an acyclic
diamine compound of the formula (I1X):

ic (I11)
wilk & suitekle cycliz 1ng reagent in a suztable gsclvent,
szid sclvent cptionally comp*lslna a base, thereby to
ferm & compsund of formula (I).
2. & process c¢f Clain 22 wherein:
% and 77 are indep naen y ‘se.ected from the folleowing
¢ gruuye
mwirogern;
£1=-73 &lkyl sucstitutzed witk 0-1 R11;
2z 2% oie -gRée;

€ is kyzrugen cr -OR21;

F<- and F<- are independently selected from hydrogen or
gny or¥our that, when acdninistered to a mammaliar
To G “l=2%Vves 0 for oz fre. Sydrozmvic
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R11 is selected from one or more of the following:

10

15

H; halogen; -OR13;

C3-Ci0 cycloalkyl substituted with 0-2 R12;
C1-C4 alkyl substituted with 0-2 R12;

aryl (C;-C3 alkyl) substituted with 0-2 R12;
aryl substituted with'o-z_nlz; or

a2 heterocyclic ring system selected from pyridyl,
pyrimidinyl, triazinyl, furanyl, thienyl{ pyrroiyl,
pyrazolyl, imidazolyl, tetrazolyl, benzofuranyl,
indolyl, quinolinyl, isoquinolinyl, oxazolidinyl,
said heterocyclié ring System being substituted
with 0-2 R12;

R12, when a substituent on carbon, is selected from one

"or more of the following:

20

25

' benzyloxy, halogen, methyl, C1-C4 alkoxy, CF3,

2- (1-morpholino)ethoxy, -COzH, hydroxamlc acid,

‘hydrazide, -C(R14)=N(OR}4), cyano, boronic acid,

sulfonamide, formyl, C3-Cg cycloalkoxy, C3;-Cs4 alkyl
substituted with -NR13R14, -NR13R14, nydroxy,

- hydroxymethyl; or

R12, when a substituent on nitrogen, is methyl:;

R13 is H, C;-C4 alkyl, Co-C4 alkenyl, or benzyl;

30

R14 is OH, H, CF3, C;-C4 alkyl, C3-C4 alkoxy, NHz, Ca-C4

alkenyl, or benzyl;

R13 and R14 can alternatively join to form -(CH2)a-,

35

- (CH2)5-, —CHzCHzN(Rls)C32CH2—, or ~CH2CH20CH2CH2-;
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R15 is H or cH3;

R22 and R23 are independently selected from the
following: :

hydrogen,
C1-Cg alkyl substituted with 0-3 R31;
C2-Ce alkenyl substituted with 0-3 R31;
C2-C4 alkynyl substituted with 0-3 R31;
10

%3l is selected from one or more of the following:

_ ha-og-u, 70R13, C1-C4'a1kyl, C3~C10 cycloalkyl,
. =C(RY9)=N (0R14), ~COzR13, -5(0)mR13;

& he:e:oévclic-rihg system chosen from pyridyl,
Z, triazian, furanyl, thienyl, pyr*clyi,
p Eyra _0,3-, imi aazoly], tetrazolyl, benzofuranyl,
i;::ly;, q,fnqlznyt,Llsoqu;nolzny;, oxazolidinyZ,
sa'd:he:grocyc;ic i;ng.being_substituted with 0-2
]

= Fi-, wo=lL & s-:s:;:ue it or. carbor, is selected from eons

tr mize 2% +he following:

ben:yloiy{.haibgeh, 2-(1-mdr§holino)ethoxy,

~-Z02F13, hydroxamic acid, ~CoNR13NR1I3R14, cyano,

ccronic acid, sulfonamide, ~-CHO, C3-C¢ cycloalkoxy,

-uxi3r14, -c(r14)=N(ORY4), NO;, -OR13, -NR4ORr4l,

-£3:R13, -sOpNR1I3R1I4, -C(=0)NR13R14, -0C(=0)NR13R14,

-C(=0)F31, -0C(=0)R1l, -0CO2R23, phenyl,
Z(=0)NE23-(C1-C4 alkyl)-NRI3R14, —c(=0)NR40R41L,

(8
4
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C1-C4 haloalkyl, Ci-C4 haloalkoxy, C2-C4

haloalkenyl, Ci1-C4 haloalkynyl, -C(=0)NR13R1¢;
-C(=0)C(R31) pNR1I3R14; ~C(=0)C (R12),NR13NR14;
~C (=0) C (R11) oNR13CO2R13; ~C(=0)-(C1-C4 alkyl)~NR1I3R1l4;
-C(=0)~(C3-Cq alkyl)-NR13COyR13; or '

C1-C4 alkoxy substituted with 0-3 groups selected
from: R1, C3-C¢ cycloalkyl, -C(=0)NR13r14, -NR13R14

or OH;

C3-C4 alkyl substituted with 0-3 groups selected
from: R11, =NR14, =NNR13C(=0)NR13R14 or —-NR13R1Y4;

Co-Cg alkenyl substituted with 0-3 R31;
C2-Cs alkynyl substituted with 0-3 R11;
- 8 5= or 6-membered heterocyclic ring containing from
1 to 4 heterocatoms independently selected from
oxyger.,, nitrogen or sulfur, substituted with 0-2 R12;
k<<, wher. & substituent on nitrogen, is methyl;

m is C, i, or 2;

P3€ is selected from: C3-Cz alkyl; COR37; NR38R39; cN;
CC13;

R37 is selected from:

hydrogen;
C1-C2 alkyl substituted with 0-1 R1ll;
hydroxyl;
C1-C2 alkoxy substituted with 0-1 Rll;
-NR38R39;

P3€ anz R3¢ are independently selected from:
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hydrogen,

C1-C2 alkyi substztuted with 0-3 R1l; or

an’ amine protecting group;

5 R40 jis selected from: H, C1-C3 alkyl;

R4l is selected from:

[
(@)

-C (=0) NR13R14;

-C (=0)NR13NR13R14;

-C(=0) C(R11) oNR13R14;
-C(=0) C(R11) ;NRI3NR13R14;

=C(=0) C(R11) ;NR13CO,R13;

-C(=l)K;

-C{=0)R11;

2i=01-(T:=2; 2lkyl)-KR1I3R14;
C{=ml)-(C:-C4 alkyl)-NRI3CO,R1Z;

- aminc ztids linked together viz amide bonds,
&nc linked to the N atom via the carboxylate
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