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TITLE 

Substituted Cyclic Carbonyls and Derivatives Thereof 
Useful as Retroviral Protease Inhibitors 

FIELP 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. 

. 15 

BACKGROUNp OF THE INYENTION 

Curren~ treatments for viral diseases usually 
involve administration of compounds that inhibit viral 
DNA synthesis. Current treatments for AIDS (Dagani, 
Chem. Eng. News, November 23, 1987 pp. 41-49) involve 

2C administration of compounds such as 2',3'­

dideo>:ycy:.idine, trisodium phosphonoformate, ammonium 
21-tungsto-9-antimoniate, l-b-D-ribofuranoxyl-l,2,4-
triazole-3-carboxamide, 3'-azido-3'-deoxythymidine 
(AZT), and adriamycin that inhibit viral DNA synthesis; 

25 compounds such as AL-721 and polymannoacetate 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. In addition, many of the 

compounds currently used to treat AIDS cause adverse 
side effects including low platelet count, renal 
toxicity, and bone marrow cytopenia. ' 

The genomes of retroviruses encode a protease that 

is responsible for the proteolytic processing of one or 
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rnore polyprotein precursors such as the pol and gag gene 

products .. 'see Wellink, Arch. Virol . .9.B. 1 (1988). 

Retroviral proteases most commonly process the gag 

precursor into the core proteins, and also process the 

5 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 

10 shown that in vitro mutagenesis that produces protease­

defective virus leads to the production of inunature core 

forms which lack infectivity. See Crawford et al., J. 
I 

Virol. ~ 8~9 (1985); Katoh et al., Virology ii5 280 

(1965). ~herefore, retroviral protease inhibition 
I 

15 provides an attractive target for antiviral therapy. 
See ~.:.:suya, l.'c.ture .l2..5. 775 (1987). 

~ocre, Biochem. Biophys. Res. Commun., ~ 420 
I 

(195~J discloses peptidyl inhibitors of HIV protease. 

Er!=kscr., E~ropean Patent Application No. WO 89/10752 

2: d.:.sclcses'der!va:.ives of peptides which are inhibitors 

c : H : ., F =::-:ea s E • 

u.S. Pate~t No. 4,652,552 discloses methyl ketone 

cie:-.:.·.ra:.ives 
-. ..... '""' .... .:::.-c:c .. · r--v ... -c--~· 

cf tetrapeptides as inhibitors of viral 

U.S. Patent No. 4,644,055 discloses 

2$ ~a~omettyl derivatives of peptides as inhibitors of 

v~ral pro-:eases. European Patent Application No. WO 

87/:"::E.'.;E discloses L-glutarnic acid gamma-rnonohydroxamate 

as an antiviral agent. PCT Patent Application 

Put!icatib~ No. w~ 93/07128, the disclosure of which is 

30 hereby incorporated herein by reference, discloses 

synthetic procedures for preparing HIV protease 

in:t:ib! t: or.s. 

The ability to inhibit a viral protease provides a 

met~od for tlocking viral replication and therefore a • 
~=eatme~~ for viral diseases, such as AIDS, that may 

ha~e few~= !ije effec~s, 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 

5 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 

10 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 

sirnila: retroviral proteases. 

The compounds of the invention are of low molecular 

15 weight and may, therefore, have good oral absorption 

properties in manunals. 

20 

su~~r~Y o~ TH~ IN\T:ENIION 

TI'.is invention provides novel substituted cyclic 

carb:::::::~·:.. ccmpc'..lr.ds and derivatives thereof, of formula 

(:) (described1 below) which are useful as inhibitors of 

Hu~a~ Imrr.unodeficiency Virus (HIV). The compounds of 

the present invention inhibit the HIV protease and 

25 t~ereby inhibi~ H!V replication. The present invention 

also i::cludes ~harmaceutical compositions containing 

such co~pounds 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 

30 the treatment of HIV 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 

witt 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 

5 containing pharmaceutical dosage units comprising a 

compound of formula I, for the treatment of HIV 

infection. 

10 

DETAI!.E:p pi:-scpIPTIQN Ql:' THE INVENTION 

This :invention provides novel substituted cyclic 

carbonyl compounds and derivatives thereof, of formula 

c::::> (described below) which are useful as inhibitors of 

P.uma:-, ::::rn.-ni...:node! ic iency Virus (HIV) . The compounds of 

15 the prese~~ inven~io~ inhibit the HIV protease and 

there~y i~~ibit H:V replication. The present invention 

als~ includes pharmaceutical compositions containing 
I 

s~cr co~?ounds of formula I, and methods of using such 

cc~?OU~ds fc= the in~ibition of HIV in a sample 

L ~ co:::t.air:i:-.; E'IV, and methods of using such compounds for 

t~e ~rea:me~t o: HIV infection in a patient. 

25 

-,... .. 

r:: ':"here'· is p::-ovided by this invention a compound of 
I 

t::e fo:.--::-:..::a ':} : 

(I) 

R7A 

R7 

R7 Rs 
n 

er a pha~~a=e~:ically acceptable salt form thereof 
. ' vwr.:e:::-e:.!".: 
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R~ and R7 are independently selected from the following 

groups: 

hydroge,n; 
5 c1-cs alkyl substituted with 0-3 Rll; 

c2-cs alkenyl substituted with 0-3 Rll; 

c2-ca alkynyl substituted with 0-3 Rll; 

10 

15 

2C 

25 

a C3-C14 carbocyclic ring system substituted with 

0-3 Rll or 0-3 R12; 

a 5- to 10-membered heterocyclic ring system 

cbntaining 1 to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 0-2 R12; 
-oR13; ·-sp,13; C02Rl3; 

R~~ and RiA are independently selected from the 

fo::o~ing groups: 

tyd:rog.,en; 

C:-C~ alkyl substituted with 0-6 halogen or 0-3 

c:-::::2 alkoxy; 

be~zyl subs~ituted with 0-6 halogen or 0-3 C1-c2 

alkoxy; 
·- "3 -~~~~; -SR-~; C02R• ; 

R ~ a:id R~A ··can alternatively join to form a 5-7 membered 

ca:rbocyclic ring substituted with 0-2 Rl2; 

R7 and R7A can alternatively jcin to form a 5-7 membered 

30 ca:rbo~yclic ring substituted with 0-2 Rl2; 

n is 0, 1, or 2; 

RS is selected from H; halogen; C1-C6 alkyl substituted 

35 with 0-3 Rll, -N(R20)2, -sR20, -oR20, or -N3; 
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R 6 is independently selected from: hydrogen, halogen, 

C1-C6 alkyl substituted with 0-3 Rll, -N(R20)2, 

-sR20, -oR21, or -N3; 

5 R5 and R6 can alternatively Join to form an epoxide or 

aziridine ring; -OCH2SCH20-; -OC(•O)O-; -OCH20-; 

-OC(=S)O-; -OC(=O)C(=O)O-; -OC(CH3)20-; 

10 

:s 

-OC((CH2)3NH2> (~H3)0-; -OC(OCH3) (CH2CH2CH3)0-; 

-OS(=O)O-; -NHC(=O)NH-; -OC(=O)NH-; -NHC(•O)O-; 
I 

-NHCH20-; -OCH2NH-; -NHC(=S)O-; -OS(=O)NH-; 

-NHC·(=O) C (=0) 0-; -OC (=0) C (=0) NH-; -NHC (=0) C (=0) NH-; 
I 

-NHCCCH3)20-; -OC(CH3)2NH- or any group that, when 

adrr.ir1istered to a mammalian subject, cleaves to . 

forr.,i a :free dihydroxyl or diamino or hydroxyl and 

~~~ ~E sele=tcd from hydrogen, halogen, C1-C6 alkyl, 
~· r,r. -2r, _,.r'C-v)-; -S" v 
, ... '~ ' &.. I • • I 

2: pf~ is se!ec~ed fro~: hydrogen, halogen, C1-C6 alkyl, 

30 

35 

_,. 1-::.22 1· r -s;:-20 or -oR21. 
.I.• •'"' ~ I "'' I 

RS a~d p5a can alternatively join to form =O, =S, or a 

ke:.a: =ing; 

R~ a~d ~ea can alterna~ively join to form =O, =S, or a 

ke~a. ring; 

p:C an\ R2l are independently selected from: 

hydrogen; 

C1-C6 alkyl substituted with 0-3 Rll; 

C3-C 0 alkoxyalkyl substituted with 0-3 Rll; 

C1-C6 alkylcarbonyl substituted with 0-3 Rll; 

C1-C6 alkoxycarbonyl substituted with 0-3 Rll; 

C1-:6 alkylaminocarbonyl substituted with 0-3 Rl:; 
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benzoyl substituted with 0-3 Rl2; 

phenoxycarbonyl subs~ituted 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, 

am~no or sulfhydryl; 

Rll is selected from one or more of the following: 
H, keto, halogen, cyano, -CH2NR13R14, -NR13R14, 

10 -C02Rl3, -OC(=O)R13, -oRl3, -S(O)mR13, 

-NHC(=NH)NHR13, -C(=NH)NHR13, -C(=O)NR13Rl4, 

15 

20 

25 

30 

35 

-NR14c(=O)R13, •NOR14, -NR14c(•O)OR14, 

-OC(=O)NR13Rl4, -NR13c(=O)NR13Rl4, 
-NR14so2NR13Rl4, -NR14so2Rl3, -so2NR13Rl4, 

-OP(O) (OR13>2, C1-C4 alkyl, c2-C4 alkenyl, 

C3-C6 cycloalkylmethyl, benzyl, phenethyl, 

phenoxy, benzyloxy, nitre, C7-C10 arylalkyl, 

hydroxa~ic acid, hydrazide, boronic acid, 
sulfonamide, formyl, C3-C6 cycloalkoxy, C1-C4 

alkyl substituted with -NR13Rl4, C1-C4 

hydroxyalkyl, methylenedioxy, ethylenedioxy, 

C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 
alkoxycarbonyl, pyridylcarbonyloxy, C1-C4 

alkylcarbonyl, C1-C4 alkylcarbonylarnino, 

-OCH2C02H, 2-(1-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 Rl2; 

C1-C4 alkyl substitued with 0-2 Rl2; 

aryl(C1-C3 alkyl) substituted with 0-2 R12; 

c2-C6 alkoxyalkyl, substituted with 0-2 R12; 

C1-C4 alkylcarbonyloxy substituted with 0-2 R12; 

C6-C10 ~rylca=bonyloxy substituted with 0-2 Rl2; 

This Sheet Has Been Replaced 

1111111111111111111111111 
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a C5-C14 carbocyclic residue substituted with 0-3 

R12; 

a 5- to 10-membered heterocyclic ring system 

containing l to 4 heteroatorns independently 

5 selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 0-3 R12; 

RllA is selected from one or more of the following: 
10 H, keto, halogen, cyano, -cH2N(Rl3B) (Rl4B), 

15 

28 

25 

3C 

3:.; 

-N (Rl3B) (R14B), -co2H, -oc (•0) (C1-C3 alkyl), 

-OH, C2-C6 alkoxyalkyl, -C(•O)NH2, 

-OC(=O)NH2, -NHC(=O)NH2 1 -S02NH2 1 C1-C4 alkyl, 

c2-C4 alkenyl, C3-c10 cycloalkyl, C3-C6 

cycloalkylrnethyl, benzyl, phenethyl, phenoxy, 

benzyloxy, nitre, C7-C10 arylalkyl, hydroxarnic 

acid, hydrazide, boronic acid, C3-C6 

cycloalkoxy, C1-C4 alkyl substituted with 

-NP.z, C1-C4 hydroxyalkyl, methylenedioxy, 

e~hy~enedioxy, C1-C4 haloalkyl, C1-C4 

~aloa:koxy, C1-C4 alkoxycarbonyl, C1-C4 

alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 

alkylcarbonylarnino, -OCH2C02H, 

2-(1-rnorpholino)ethoxy, azido, aryl(C1-C3 

alkyl), a C5-C14 carbocyclic residue; 

c. 5,- t: c :. 0-rr.embered heterocyclic ring system 

contair.ing 1 to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system substituted with 0-3 
p_l2A; 

when a substituent on carbon, is selected from one 

or more of the following: 

pher:yl, benzyl, phenethyl, phenoxy, benzyloxy, 

ha!ogen, hydroxy, nit~o, cyano, C1-C4 alkyl, 

C3-:E cycloalkyl, C3-C6 cycloalkylrnethyl, C7-

Th1111111r 1iiirn11iff lir 
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cio arylalkyl, C1-C4 alkoxy, -co2H, hydroxamic 

acid, hydrazide, boronic acid, sulfonamide, 
formyl, C3-C6 cycloalkoxy, -OR13, C1-C4 alkyl 

substituted with -NR13Rl4, -NR13Rl4, C2-C6 

aikoxyalkyl 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 

a~kylcarbonylamino, -S(O)mR13, -so2NR13R14, 

-NHS02R14, -OCH2C02Rl3, 

2-(1-morpholino)ethoxy, -C(Rl4)eN(OR14); or 

a 5- er 6-membered heterocyclic ring containing 

f rorn 1 to 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur; 

or Rl2 may be a 3- or 4- carbon chain attached to 

adjacent carbons on the ring to form a fused 

5- or 6-me~~ered ring, said ~- or 6- membered 

ring being optionally substituted on the 

aliphatic carbons with halogen, C1-C4 alkyl, 

C1-c~ alkoxy, hydroxy, -NR13Rl4; or, 

whe~ R12 is attached to a saturated carbon atom, it 

may be =O or =S; or when R12 is attached to 

sulfur it may be =O; 

R12, whe~ a subs:ituent on nitrogen, is selected from 

o~e or more of the following: 

phenyl, benzyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cycloalkyl, C3-ce cycloalkylmethyl, 

-CH2NR13R14, -NR13Rl4, C2-C6 alkoxyalkyl, C1-

C~ haloalkyl, C1-C4 alkoxycarbonyl, -co2H, C1-

C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

-C (Rl4 l =N (OR1 4 ) ; 
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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-C4 alkyl, 
C3-C6 cycloalkyl, C3-C6 cycloalkylmethyl, C7-
c10 arylalkyl, C1-C4 alkoxy, -co2H, hydroxamic 
acid, hydrazide, boronic acid, sulfonamide, 
formyl, C3-C6 cycloalkoxy, -oR13, C1-C4 alkyl 
substituted with -NH2, -NH2, -NHMe, c2-C6 

alkoxyalkyl optionally substituted with 
-Si(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy, 
e~hylenedioxy, C1-C4 haloalkyl, C1-C4 

1 
haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4 
alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 
alky!carbonylamino, -S(O)mMe, -so2NH2, 
-NHS02Me, -OCH2C02Rl3, 2-(1-morpholino)ethoxy, 
-C ( =?W:: l NH2; or 

a ~- c= 6-merrDered heterocyclic ring containing 
!ro::. 1 to 4 heteroatoms independently selected 
:=o~ oxygen, nitrogen or sulfur; 

- '? ~ c= ~--~ ~ay be a 3- or 4- carbon chain a~tached tc 
aGjacent carbcns on the ring to form a fused 
5- c= 6-membered ring, said 5- or 6- membered 
=i~; being optionally substituted on the 
a:~phatic carbons with halogen, C1-C4 alkyl, 
C1-:4 alkoxy, hydroxy,-NH2; or, 

w~e~ ~12~ ~s a~ta=hed to a saturated carbon atom, 
it ffiay be =O or =S; or when Rl2 is attached to 
su~:~r it may be =O; 

R12A, when a substituent on nitrogen, is selected from 
onelor more of the following: 
phe~yl, benzyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 
cy=:oa!ky!, C3-C6 cycloalkylrnethyl, -CH2NH2, 
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-NH2. C2-C6 alkoxyalkyl, C1-C4 haloalkyl, C1-

C4 alkoxycarbonyl, -C02H, C1-C4 

alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

-C (1=NOH) NH2; 
I 

Rl3 is selected from: 

H; 
phenyl substituted with 0-3 RllA; 

benzyl substituted with 0-3 RllA; 

C1-C6 alkyl substituted with 0-3 RllA; 

C2-C4 alkenyl substituted with 0-3 RllA; 
I 

C1-C6 a~kylcarbonyl substituted with 0-3 RllA; 
I 

c:-C6 alkoxycarbonyl substituted with 0-3 RllA; 

C1-CE a~kylaminocarbonyl substituted with 0-3 Rl 1A; 

C3-C6 alkoxyalkyl substituted with 0-3 RllA; 

ar. amine protecting group when Rl3 is bonded to N; 

a hydro~y protecting group when Rl3 is bonded to O; 

R 1 ~ is hydroge~. hydroxy, CF3, C1-C6 alkyl substituted 

wi~t G-3 groups selected from OH, C1-C4 alkoxy, 

~a_ogc~~ KE2, -NH(Cl-C4 alkyl), C1-C6 alkoxy, C2-C6 

a:~e~y:, pheny!, benzyl, an amine protecting group 

~he~ Ric is bonded to N, a hydroxy protecting group 

w~e~ R:c !s bonded to O; 

Rl3 and Rl~ can alternatively JOln to form -CCH2)4-, 

-(CE2)5-, -CH2CH2N(R 25)CH2CH2-, or -CH2CH20CH2CH2-; 

R:3B and R1¢B are independently selected from H or C1-C6 

30 alkyl, 
0

0:: R13B and R14B can alternatively join to 

form -(CH2)4-, -(CH2)5-, -CH2CH2NCR1s)CH2CH2-, or 

-CH2CH20CH2CH2-; 

R15 is F. or CH3; 

35 

r.. is C, 1 c:::- 2; 
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w is selected from: 

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

-N(R22)C(=NR24)C(=NR24)N(R23)-; 
' 

5 -N(R22)S(=Z')N(R23)-; 

-N(R22)S(=Z')2N(R23)-; 

-N cR22) p (=0) (R24a)N (R23)-; 

-c(R25) (R26)S(=Z' )C(R27) (R28)-; 
I 

-C(R25) (R26)S(=Z') 2C(R27) (R28)-; 

10 -C(R25) (R26)P(=0) (R24a)C(R27) (R28)-; 

-C(R25) (R26)S(=Z')N(R23)-; 

-C(R25) (R26)S(=Z' )2N(R23)-; 

-ccr-25) (R26)S(=Ol20-; 

-C (R25) (R26)p (=0) (R24a)N (R23}_; 

l 5 - C ( R 2 5 ) ( R 2 6 ) p ( ==O ) ( R 2 4 a ) o- ; 
-cc~25)C(F2)C(=O)N(R23)-; 

- C ('F<. 2 5 ) C (F 2 ) S ( =O ) 2 N CR 2 3 } - ; 

-SJ(=Z)-; 

-ccp,25> cR26>cCR34> CR3s>c<R27> cR2B>-; 

2: -Nc'R22)c(R34) (R35)N(P.23)-; 

-~=:(R36)K(R231-; 

-~·{R:2J=C(~36)N(R23)-; 

-N(R22)P(R24a)N(R23)-; 

-~/:71-· """'\ ...... , 

25 -:: i'=~·.) (R2~a. - . 
• ...... ,. I t 

-S(==Z')-; 

-S(=:'J2-; 

-N (R22) C (=C (?.36a; (R36b)) N (R23)-

-N (?22 \ C l=Z) N (R23) C (=Z}-

30 
' 

w:r~erein i 

Z i s C , S , NF. 2 4 ; 

3: •,I ,_ ("_ !'" ""';: 2 ~ • 
&.,... - ... \..,: - - .L'i. ~ , 

TI>iililili 1iU1li 1i~lif 'd 

PCT fUS94/01609 
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R22 and R23 are independently selected from the 

following: 

hyd:-ogen; 

C1-:s a~kyl substituted with 0-3 R31; 

c2-cs a~kenyl substituted with 0-3 R31; 

c2-cs alkynyl substituted with 0-3 R31; 

a C3-C1~ carbocyclic ring system substituted with 

0~5 R31 or 0-5 R32; 

a 5- to 10-membered heterocyclic ring system 

cdntaining 1 to 4 heteroatoms independently 

s~lected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

wit!": 0-2 R32; 

-OR22a; . -N (R22a) (R22b) ; 

R22a and R22b are independently selected from the 

following: 

hydrogen; 

C1-C8 alkyl substituted with 0-3 R31; 

c2-cs alkenyl substituted with 0-3 R31; 

c2-cs a:kynyl substituted with 0-3 R31; 

a C3-C14 ca:-bocyclic ring system substituted with 

0~5 R31 or 0-5 R32; 

a 5- to 10-rnernbered 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; 
I 

30 R24 is selected from: hydrogen; hydroxy; amino; C1-C4 

alkyl; IC1 -C4 alkoxy; mono- or di- (Cl -C6 

alkyl)amino; cyano; nitro; benzyloxy; -NHS02aryl, 

aryl being optionally substituted with 

(C1-C6).alkyl; 

35 
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R24a is selected from: hydroxy; amino; 

C1-C4 alkoxy; mono- or di-(C1-C6 alkyl)amino; 

cyano; nitre; benzyloxy; or phenoxy; 

5 R25 and R27 are independently selected from the 

10 

:s 

following: 

hydrogen; 

C1-ca alkyl substituted with 0-3 R31; 

c2-ca alkenyl substituted with 0-3 R31; 

c2-Cs alkynyl substituted with 0-3 R31; 

a C3-C14 carbocyclic ring system substituted with 

0-5 R31 or 0-5 R32; 

a 5- to 10-membered heterocyclic ring system 

cor.~aining 1 to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 0-2 F.32; 

-0?.•.:; -S?-13; 

2= p2€ a~d ?25 a~e independently selected from: 

:1-:~ alky! substituted with 0-3 halogen or 0-3 

be~f Y: substituted with 0-3 halogen or 0-3 c1-c2 

c.lkoxy; 

-CF7 3 ; -SP.13; 

p29 __ selected from: 

hvd~o...,en; 
- I ':I 

C1-~4 alkyl substituted with 0-3 halogen or 0-3 C1-

C2 alkoxy; 

benzy: substituted with 0-3 halogen or 0-3 C1-c2 

alkoxy; 
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alternatively, R22, R25, or R26, independently, can join 

I 

with R4 qr R4A 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, S, or O; 

or 

alternatively, R23, R27, or R28, 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 

heteroatoms independently selected from N, S, or O; 

or 

15 alternatively, R22, R25, R26, R23, R27, R28, R34, or R35 

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 heteroatoms independently 

20 selected from N, S, or 0 (i.e., a 0-membered bridge 
is formed when R22, R25, R26, R23, R27, R28, R34, 

or R35 are taken together with RS or R6 to form a 

direct bond) ; 

25 alternatively R28 or R23 can join with R7A to form a 

direct ticnd; 

30 

35 

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, -CH2NR13Rl4, -NR13Rl4, 

-C02R13, -C(=O)Rll, -OC(=O)R13, -oR13, c2-C6 

alkoxyalkyl, -S(0)mR13, -NHC(=NH)NHR13, 
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-C (=NH) NHR13, -C(=O)NR13Rl4, -NR14c(=O)R13, 

=NOR14, -NR14cc=O)OR14, -OC(=O)NR13R14, 

-NR13c(=O)NR13R14, -NR13c(c5)NR13R14, 

-NR14sc2NR13R14, -NR14so2R13, -so2NR13R14, c1-

C4 alkyl, c2-C4 alkenyl, C3~C10 cycloalkyl, 

C3-CG cycloalkylmethyl, benzyl, phenethyl, 

phenoxy, benzyloxy, nitro, C7-C10 arylalkyl, 

hydroxamic acid, hydrazide, oxime, boronic 
acid, sulfonamide, formyl, C3-C6 cycloalkoxy, 

C1-C4 alkyl substituted with -NR13Rl4, C1-C4 

hydroxyalkyl, methylenedioxy, ethylenedioxy, 

C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 
alkoxycarbonyl, C1-C4 alkylcarbonyloxy, C1-C4 

alkylcarbonyl, C1-C4 alkylcarbonylamino, 

-OCH2C02R13, 2-(1-morpholino)ethoxy, azido, 

-C(R~4}=N(OR14); or 

:-3 affiinc acids, linked together via amide bonds, 

said amino acid being linked via the amine or 

carboxylate terminus; 

a C5-C14 carbocyclic residue substituted with 0-5 
~ r. 

F.-"'-; or 

a 5- to 10-merr~ered heterocyclic ring system 

co~tcining 1 to ~ heteroatoms independently 

selected from oxygen, ~iirogen or sulfur, said 

heterocyclic ring system being substituted 
~" wit!":. 0-2 R"".t.; 

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

30 

or more of the following: 

ph~nethyl, phenoxy, C3-C10 cycloalkyl, C3-C6 

cycloalkylmethyl, C7-C10 arylalkyl, hydrazide, 

oxime, boronic acid, c2-CG alkoxyalkyl, 

methylenedioxy, ethylenedioxy, c1-C4 

alkylcarbonyloxy, -NHS02R14, benzyloxy, 

halogen, 2-(1-morpholino)ethoxy, -C02Rl3, 
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hyd~oxamic acid, -CONR13NR13R14, cyano, 

sul~onamide, -CHO, C3-C6 cycloalkoxy, 

-NR13Rl4, -C(Rl4)=N(OR14), -N02 1 -oR13, 

-N~40R41, -SOmR13, -SOmNR13R14, -C(=O)NR13Rl4, 

-Od(=O)NR13Rl4, -C(=O)Rll, -OC(•O)Rll, 

-OC02Rl3, phenyl, -C(•O)NR13-(c1-C4 alkyl)-

NR~3Rl4, -C(=O)NR40R41, C1-C4 haloalkyl, C1-C4 

haloalkoxy, C2-C4 haloalkenyl, C1-C4 
I 

haloalkynyl, 
-C(=O)NR13c(Rll)2NR13Rl4; 

-C(=O)N~l3c(Rll)2NR13co2Rl3; 

-C(=O)NR13-(C1-C4 alkyl)-NR13co2Rl3; 

-CC=O)N(Rl3J-(C1-C~ alkyl)-Rll; 

-:(=O)C(Rll)2NR13Rl4; 

-C(=0)C(R11 J2NR13co2R13; -CC=O)-(C1-C4 alkyl)-

NR~3R14; -C(=O)-(C1-C4 alkyl)-NR13co2Rl3; or 

C:-:~ a+koxy substituted with 0-4 groups selected 

trb~: R11 , C3-C6 cycloalkyl, -C02Rl3, 

-C(=O)NR13R14, -NR13R14 or OH; 

C:-:, a~kyl substituted with 0-4 groups selected 

:ro~: Rll, =NR14, =NNR13cc=O)NR13Rl4, 

=N~R 1 3C(=O)OR13, or -NR13R14; 

C2-:, alkenyl substituted with 0-4 Rll; 

C:-:, alkynyl substituted with 0-4 Rll; 

a 5- o::. E-mernbered heterocyclic ring containing 

from 1 to 4 heteroatoms independently sel~cted 

frbm oxygen, nitrogen or sulfur, substituted 
I 

with 0-2 Rl2; 

o:: R32 may be a 3- or 4- carbon chain attached to 

adjacent carbons on the ring to form a fused 
I 

5..1 or 6-membered ring, said 5- or 6- membered 

ring being optionally substituted on the 

aliphatic carbons with halogen, C1-C4 alkyl, 

C1-C~ alkoxy, hydrcxy, -NR13Rl4; or, 

lilllili 1iiiirnll 1il~ll'd 
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when · 32 is attached to a saturated carbon , it may 

1 be =O, =S, =NOH; or when R32 attached to 

'sulfur it may be =O; 

5 R32, when 1a substituent on nitrogen, is selected from 
' 

one or more of the following: 

phenyl, benzyl, phenethyl, hydroxy, C1-C4 

I hydroxyalk~l, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cycloalkyl, C3-C6 cycloalkylmethyl, 

10 -CH2NR13R14, -NR13R14, C2-C5 alkoxyalkyl, C1-

C4 haloalkyl, C1-C4 alkoxycarbonyl, -co2H, C1-

C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

'-C(R14)=N(QR14); 

I 

-~ R3~ ~s selected from: 

.,,... 
<.. l' 

~ -

OR13; 

he.loge:;; 

N (?-35) (R39) 

~,-~~ alky: substituted with 0-3 Rll; -.. -,,c 
c:-:E a:koxy substituted with 0-3 Rll; 

C1-~6 ~hioalkyl substituted with 0-3 Rll; 

25 R~~ is selec~ed from: 

30 

hydroge:1; 
" ~I 

OR•'""; 
1 ~I 

SF. :: ; 

halcpger.; 
N m36) (R39) 

c1-C6 alkyl substituted with 0-3 Rll; 

c1-±6 alkoxy substituted with 0-3 Rll; 

C1-C6 thioalkyl substituted with 0-3 Rll; 
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R3~ and R35 can be taken together to form a ketal ring, 

a 3- to 8-membered carbocyclic ring, or a 5- or 

6-member~d heterocyclic ring containing 1-3 
heteroatpms independently selected from the group 

O, N, or S, said ring substituted with 0-5 Rll; 

R36 is selected from: 
I 

H 

C1-C6 alkyl substituted with 0-3 Rll; 

-coR37; 

-NR38R391; 

-CN; 

-N02 

15 R37 !s select~d ~rem: 
I 

hydrogen1; 

Ci-C6 alkyl substituted with 0-3 Rll; 

hydroxyl; 

C1-C6 alroxy substituted with 0-3 Rll; 

20 -NR38R39; 

-..... 3 8 · - • c. · a· · t 1 1 t d .& anc ~J~ are in epenaen y se ec e Lrom: 

hyd::::oger:; 

c:-ce alkyl substituted with 0-3 Rll; or 
I 

25 a~ amine protecting group; 

R40 is selected from: H, C1-C3 alkyl; 

R41 is selected from: 

30 -C(=O)NR13Rl4; 

-C(=O)N~l3NR13Rl4; 

-C(=O)C(Rll)2NR13Rl4; 

-C(=O)C(Rll)2NR13NR13R14; 

-c (=0) c (IR11) 2NR13co2R13; 

35 -C(=O)H; 
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-C (=0) Rll; 

I 

-C<=pl-CC1-C4 alkyl)-NR13R14; 

-C(•O)-(C1-C4 alkyl)-NR13co2Rl3; 

1-3 ~mine acids linked together via amide bonds, 

and linked to the N atom via the carboxylate 

terminus; 

provided }hat: 

R4, r4A, R7 and R7A are not all hydrogen; 
I 

wher. W is -OC(=Z)O-, -SC(•Z)-, -C(-Z)-, 

-P(=~) (?.24a}-, -S(=Z')- or -S(=Z')2-, R4 and R7 are not 

hyd::-oge:-.. 

. ~ . - ~~ . I C- ..,,...CT" ,..,...!C>-
L .._ .... --- ---- co~pounds include those compounds 

des:=ibe~ abo~e wherein: 

~-. is 

-C{=Z)-; 

' (=~) cp24aJ-; -
-;:: (=Z' ) - ; 

-s (=Z' >2-; and 

r. ~ - er 2 -- -

I 
[:b~ ?::-e~e==~d corn?ounds of this invention are those 

cc~~c~~ds de!cribed above with the proviso that when: 

W is -C (P.25) (P.26) S (=Z') C (R27) (R28)-; and 

30 Z' is C; 

the:-. P.2 5, I p2 €, ?.27, and R28 are not all H. 

[ , -' -~J Preferrec compounds of this invention are those 

co~pounds des==ibed above with the proviso that when: 

·- i·; is -:(R2s, (p,26)S(=Z' )2C(?.27) (R28)-; and 
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z ' is C or NH; ' 

then R25, R26, R27, and R28 are not all H. 

[ld; Preferred compounds of this invention are those 

5 compounds described above with the proviso that when: 

Wis -5(=0)- or -S(=0)2-; and 

n = l; 

then R6 and R6a are not both H. 

I 

10 [le] Preferred compounds of this invention are those 

compounds descfibed above with the proviso that when: 

n = O; and 

15 R3~ o:- R35 are K (R38) (R39) ; 

20 

the~ R25, R2E, R27, and R28 are not all H. 

(2; F~rther p:-eferred compounds of the invention of 

fcrm~la (I) are compounds of formula (II): 

w R4--Q-R7 

Rs· Rs 

(I I) 

I 
25 or a pharmaceutically acceptable salt form thereof 

30 

wherein: 

R4 and R7 are independently selected from the following 
I 

groups: I 

I 
hydrogenf 

C1-C4 alkyl substituted with 0-3 Rll; 

C3-C4 alkenyl substituted with 0-3 Rll; 
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R6 is hydiogen or -oR21; 

5 R20 and R21 are independently hydrogen or any group 
' that, when administered to a marrunalian subject, 
I 

cleaves to form a free hydroxyl; 

Rll is seiected from one or more of the following: 

10 H, k~to, halogen, -CH2NR13Rl4, -NR13Rl4, -oR13, 

:5 

20 

?::' '"-· 

30 

3 ::-. 
~ 

C2-C~ alkoxyalkyl, C2-C4 alkenyl, ; 

C3-C10 cycloalkyl substituted with 0-2 R12; 

C1-:~ alkyl substituted with 0-2 Rl2; 

aryl
1
(C1-C:3 alkyl) substituted with 0-2 Rl2; 

a-.. , .::;bs:.ituted with 0-3 R12,. or 
-.l' - , 

a :- to 10-me:nbered heterocyclic ring system 

cc~taining l to 4 heteroatoms independently 

' se:ec~ed from oxygen, nitrogen or sulfur, said 

' te:.erocyclic ring system being substituted 

...-it!: C-2 R:2; 

K-~, w~e~ a s~~£~ituer.t on carbon, is selected from one 

c= mo=e c: the =~llowing: 

phe~~·:, ber.zyl, phenethyl, phenoxy, benzyloxy, 

ha:cge~, C1-C~ alkyl, C7-C10 arylalkyl, C1-C4 

, a:ko:>:::, 2- (1-morpholino)ethoxy, -C02H, 

~ydrcxamic acid, hydrazide, -C{Rl4)=N(OR1C), 

cyano, boronic acid, sulfonamide, formyl, C3-

Ce cycloalkoxy, -oR13, C1-C4 alkyl substituted 

i with -NR13Rl4, -NR13Rl4, methylenedioxy, C1-C4 

halcalkyl, C1-C4 alkylcarbonyl, C1-C4 

alkylcarbonylamino, hydroxy, hydroxymethyl; or 

a 5-1 o= 6-membered heterocyclic ring containing 

from 1 to 4 heteroatoms independently selected 

frc~ cxyge~, nitrogen or sulfu=; 
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wher; a I• ' SUDStJ.4:.uent or. nitrogen, is selected from 

ben:yl or methyl; 

5 Rl3 is H, C1-~4 alkyl, C3-C6 alkoxyalkyl, C2-C4 alkenyl, 

or benzyl; 

I 
R1 4 is OH, H, CF3, C1-C4 alkyl, C1-C4 alkoxy, NH2, C2-C4 

alkenyl ,I or benzyl; 

10 I 

Rl3 and pl4 c~n alternatively J01n to form -(CH2)4-, 

-(CH2>s1, -CH2CH2N(Rl5)CH2CH2-, or -CH2CH20CH2CH2-; 

~._15 · ,_, c·· 
"' l.S r.. C::'." r:.3; 

15 I 

~ is selected ~ro~: 

- ?~ ( R 2 2 ) l ( = z ) 0- ; 

-N(R22l~(=Q)C(=O)N(R23)-; 

-:(?25) (p_26)C(=Z)S-; 

20 -KIR22)f (=Z')N(R23)-; 

-N(?22)S(=Z'l2N(R23)-; 

- }~ ( R 2 2 ) "P ( = o) ( ?. 2 4 a ) ( N ( R 2 3 ) _ ; 

- c (R 2 5 ) I, R 2 6 ) s ( = z I ) c (R 2 7 ) ( R 2 8 ) - ; 

-cm25) (R26)S(=Z')2C(R27) (R28)-; 

25 -C(R25)1(R26)?(=0) (R24a)C(R27) (R28)-; 

-C (R.'.25) i(p)6) S (=Z' )N (R23)-; 

-:c?.25) (?.26)S(=Z' J 2N(R23)-; 

-C(R25)C(F2)C(=O)N(R23)-; 

-C(R25)C(F2)S(=0)2N(R23)-; 

30 -C(=Z)-; 

-P (=0) C,R24a)-; 

-S(=Z')'-; 

-S(=Z'>2-; 

I 
. . \o>::Oe::::e:..n: 
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z is o, S, or N-CN; 

I 

Z I is 

5 R22 and R23 are independently selected from the 

10 

following: 

hydroge:n; 

Ci-CB alkyl substituted with 0-2 R31; 

c2-C6 alkenyl substituted with 0-1 R31; 

c2-C4 alkynyl substituted with 0-1 R31; 

R24a is selected from -OH, C1-C4 alkoxy, mono- or di­

<Ci-ce alkyl} amino; 

:5 p25 a~d R27 are independently selected from the 

2C 

30 

00:. ... - _,, 

.:-i~O·~~I. 
---- v.; .... JF. 

r.yd:::-ogen; 

C:-C4 alky: s~bstituted with 0-3 R31; 

C2-:4 alke~y: s~bstituted with 0-3 R31; 

!;::::roger: er halogen; 

' 
is seltsted from one or more of the following: 

keto, ha:oge~, -CH2NR13Rl4, -NR13R14, -oR13, C2-C4 

a:koxyalkyl, C1-C4 alkyl, c2-C4 alkenyl, C3-

C:~ cycloalkyl, -C(Rl4)=N(OR14), -C02Rl3, 

- S ( 0 ) rnF)· 3 ; 

aryl s~bstituted with 0-5 R32; or 

a ~- t~ lC-merr~ered 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; 

-~? 
~--, w~e~ ~ s~t£titu~nt o~ carbo~, !s se:ected from one 
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pheneth~l, phenoxy, C3-C6 cycloalkyl, C3-C6 

cycloalkylmethyl, C7-C10 arylalkyl, hydrazide, 
I 

oxirne, boronic acid, c2-C6 alkoxyalkyl, 

methylenedioxy, ethylenedioxy, C1-C4 

al~ylcarbonyloxy, -NHS02Rl4, 

benzylo~y, halogen, 2-Cl-morpholino)ethoxy, 
-C02R13, hydroxamic acid, -CONR13NR13Rl4, 

cyano, boronic acid, sulfonamide, -CHO, C3-C6 
cycloalkoxy, -NR13R14, -C(Rl4)•N(QR14), N02, 
-oR13, -NR40R41, -SOmR13, -SOmNR13R14, 

-C(=0)NR13Rl4, -OC(=O)NR13Rl4, -C(•O)Rll, 

-O"C(:•=O)Rll, -OC02Rl3, phenyl, -C(•O)NR13-(C1-C4 

alkyl)-NR13Rl4, -C(=O)NR40R41, C1-C4 

haloalkyl, C1-C4 haloalkoxy, C2-C4 

haloalkenyl, C2-C4 haloalkynyl, or 
-c (=0) C'(Rll) 2NR:3RH; -c (=0) c (Rll) 2NR13co2Rl3; 

-:: (=0) -'( C1 -C4 alkyl l -NR13Rl4; 

-C(=Ol1<::1-C4 alkyl)-NR13co2Rl3; or 

C1-C~ alkoxy substituted with 0-3 groups selected 

from: R1 1, C3-C6 cycloalkyl, -C02Rl3, 

-C(=0)NR13Rl4, -NR13Rl4 or OH; 

C1-C4 alkyl substituted with 0-3 groups selected 

from: Rll, =NR14, =NNR13c(=O)NR13Rl4 or 

-NR.13Rl4; 

C2-C4 alkenyl substituted with 0-3 Rll; 

C2-C4 alkynyl substituted with 0-3 Rll; 

a 5- or 6-mernbered heterocyclic ring containing 

from 1 to 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur, substituted 

with 0-3 R12; 

R32, when a.substituent on nitrogen, is selected from 

benzyl'or methyl; 

' 
3 5 rr. is C, 1 , or 2; 
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R34 is selected from: 

hydrogen; 

C1-C2 alkyl; 

C1-c2 alkoxy; 

' 
R35 is selected from: 

hydrogen; 

c1-c2 alkyl; 

C1-C'2 alkoxy; 

-26-

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 1-2 

he~~roatoms independently selected f rorn the group 

0, ?\, or S; 

is ~~lected fro~: 

2I R~' is selected from: 

30 

35 

t.y~~oge~; C1-c2 alkyl substituted with 0-1 Rll; 

hydroxy!; C1-C2 alkoxy substituted with 0-1 Rll; 

!'~?.3BR3 9; 

f~= a~~ R39 are independently selected frorn: 

hy~roge~; C1-C2 alkyl substituted with 0-3 Rll; or 

an a~~ne protecting group; 

R40 is selected from: H, C1-C3 alkyl; 

R4: is selected from: 

-C (=0) NR13R14 ; 

-C (=0) NR13NRH; 

-C(•O)C(Rl1) 2NR13pl4; 

-:1~0JC(F::J2NR13NR14; 

This Sheet Has Been Replaced 
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-C (=0) C (Rll) 2NR13co2Rl3; 

-C(=O)H; 

-C (=0) Rll; 

-C(=O)-(C1-C4 alkyl)-NR13Rl4; 

-C(=O)-(C1-C4 alkyl)-NR13C02Rl3; 

1-3 ami~o acids linked together via amide bonds, 

and linked to the N atom via the carboxylate 

terminus; 

10 provided that: 

15 

R4 and J7 are not both hydrogen; 

when~ is -C(=Z)-, -P(=O) (R24a)-, -S(=Z')- or 

-S(=Z'l2-, R4 and R7 are not hydrogen; 

when R4 ·is hydrogen, at least one of the following 

is no~ hydroge~: R22, R25, R26 and R28, 

20 [3: Pre:erred compounds of the present invention are 

compounds of iformula (II) described above, wherein: 

25 

30 

35 

R 4 and R7 are selected from benzyl, fluorobenzyl, 

py=rolylmethyl, methoxybenzyl, isobutyl, 

nitrobenzyl or aminobenzyl, thienylmethyl, 

hydroxybenzyl, pyridylmethyl, naphthylmethyl; 

Rs is -OH; 

' 
is hydrogen or -OH; 

alkeny!, or benzyl; 



WO 94/19329 PCT /US94/01609 

-28-

I 

R13 and R14 can alternatively Join to form -(CH2)4-, 

-(CH2)5-, -cH2CH2NCR15)cH2CH2-, or -CH2CH20CH2CH2-; 

5 W is selected from: 
-N(R22)S(=0)2N(R23)-; 

-C(=O)-; 

-C(=N-CN)-; 

10 R22 and R23 are independently selected from the 

following: 

hydrogen; 

C1-Cs alky! subs~ituted with 0-2 R31; 

C2-C6 alkenyl substituted with 0-2 R31; 

15 C2-c4 alkynyl substituted with 0-2 R31; 

20 

~" R-- is selected from one or more of the following: 
~a!oge~, -oR13, C1-C4 alkyl, C3-C10 cycloalkyl, 

-C(R14)=N(OR14), -C02Rl3, -S(O)mR13; 

a=yl subs~i~uted with 0-5 R32; or 

a he:erocyclic ring system chosen from pyridyl, 

~y=irridinyl, triazinyl, furanyl, thienyl, 

pyrrolyl, pyrazolyl,. imidazolyl, tetrazolyl, 

benzcfuranyl, indolyl, qui~olinyl, 

isoq~inolinyl, oxazolidinyl, benzimidazolyl, 

, be~zctriazolyl, indazblyl, benzoxazolinyl, 

be~zoxazolyl, said heterocyclic ring being 

s~bstituted with 0-2 R32; 

30 R32, when a subs~ituent on carbon, is selected from one 

or more of the following: 
-com:2 , -co2H, -CHO, -cH2NHOH, -cH2NR13Rl4, 

-NR13R14, hydroxy, hydroxymethyl, 

-C(R~4)=N(ORl4), halogen, methoxy, methyl, 

~~~=~, cya~o, allyloxy, -co2CH3, -NHCHO, 

This Sheet Has Been Replaced 
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-080NH:H2C5H5, -OCONHCH3, oxazolidinyl, -C=C-

CHjOH, -COCH3, hydroxyethyl, C1-C3 alkyl (said 

alkyl substituted with 0-4 halogen, or OH), 

tetrazolyl, -OCH2CONH2, -CONHNH2, 

-CH=NNHCONH2, -CONHOCH3, -CH2CH(OH)CH20H, 

adamantamido, hydroxyethoxy, dihydroxyethyl, 

-C(NH2)=NH, -CONHCH3, -B(OH)2 1 benzyloxy, 

-CONHCH2CH3, -CON(CH2CH3)2, methylthio, 

-so2CH3, -NHCONH2, -NHCONHCH3, 

-N~COCH2N(CH3)2, -NHCOCH2NHCH3, 

-NHCOCH2NHC02CH2C5H5, -NHCOCH2NH2, 

-NHCOCH(CH3)NHC02CH2C5H5, 

-KH:O:H(CH2C5H5)NHC02CH2C5H5, -NHCOCH(CH3)NH2, 

-NkCOCH(CH2C5H5)NH2, -co2CH2CH3, 

-CONHCH2CH2CH3, -CONHCH(CH3)2, -CH2-imidazole, 

-co:(CH3)3, -CH(OH)CF3, -CO-imidazole, -co-

pytazolyl, oxadiazolidinonyl, -COCF3, 
I 

-co:H2CH3, -COCH2CH2CH3, pyrazolyl, -so2NH2, 

-:(CH2CH3J=N(OH) or -C(CF3)=N(OH), phenyl, 

ace:o>:y, hydroxyamino, -N (CH3) (CHO), 

c:r·c.::..oprcpylmethoxy, -CONR13Rl4, -CONHOH, 

(die:hylarr.inoethyl)aminocarbonyl, 

(N-e:hyl,N-rnethylarninoethyl)aminocarbonyl, 

(4-methylpiperazinylethyl)aminocarbonyl, 

(py=rolidinylethyl)aminocarbonyl, 

(pipe=idinylethyl)arninocarbonyl, 

N·1·-o'"'H Ni.:"""·" N {2 (4 - ::. .... \.,. 2 ...... r.3, - - -

rnorpholino)ethyl)arninocarbonyl, or N-(2-(N,N­

dirnethylamino)ethyl)aminocarbonyl; 

R32, when a substituent on nitrogen, is methyl. 

[~J Also preferred are corr.pounds of formula (IId): 
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lG 

"I:: 

2C 

25 

( lld) 

• .,, 7 
A 

·~ 
il"OH 

or a pharmaceutically acceptable salt form thereof, 

wherein: 

R4 and R7 are independently selected from: benzyl, 

fluorobenzyl, pyrrolylmethyl, rnethoxybenzyl, 

iscb~tyl, nitrobenzyl or aminobenzyl, 

thie~ylmethyl, hydroxybenzyl, pyridylmethyl, 

napt
1

t:hylrnethyl; 

~:: and R23 a=e ind~pendently selected from the group 

cc~s.:.~ti.:-:g o:: 

hyd=oge~, ally!, methyl, ethyl, propyl, 

cyclopropylmethyl, n-butyl, i-butyl, 

CP.2CH=C(CH3l2, pyridinylmethyl, methallyl, n­

pe~tyl, i-pentyl, hexyl, benzyl, isopreny!, 

p=opargyl, picolinyl, methoxyethyl, 

cy~:ohexylmethyl, dimethyl-butyl, ethoxyethyl, 

~ethyl-oxazolinylmethyl, naphthylmethyl, 

1"!'1etr;yloxazolinylmethyl, vin~·loxyethyl, 

pentafluorobenzyl, quinolinylmethyl, 

carboxybenzyl, chloro-thienyl, 

be~zyloxybenzyl, phenylbenzyl, adamantylethyl, 

cyclopropylmethoxybenzyl, methoxybenzyl, 

methylbenzyl, ethoxybenzyl, hydroxybenzyl, 

hydroxymethylbenzyl, aminobenzyl, 

fc=~ylbenzyl, cyanobenzyl, cinnamy~, 
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allyloxybenzyl, f luorobenzyl, difluorobenzyl, 

chiorobenzyl, chloromethylbenzyl, 

f luoromethylbenzyl, iodobenzyl, bromobenzyl, 

cyclobutylmethyl, formaldoximebenzyl, 
cy'clopentylmethyl, nitrobenzyl, (H2NC(-=O)}­

benzyl, carbomethoxybenzyl, carboethoxybenzyl, 

tetrazolylbenzyl, and dimethylallyl, 

aminomethylbenzyl, (0-benzyl­

formaldoxime)benzyl, (0-methyl-
' 

formaldoxime)benzyl, (CH302CO)-benzyl, 

(HOCH2CH2N=CH)-benzyl, 

N-penzylaminocarbonylbenzyl, N­

methylaminobenzyl, N-ethylaminobenzyl, 

N-ethylarninomethylbenzyl, acetylbenzyl, 

ac~toxybenzyl, N-hydroxylarninobenzyl, 

phenylrnethyl-boronic acid, N­

hydroxylarninornethylbenzyl, 
(hlydroxyl) ethylbenzyl, (CH3C (•NOH) )-benzyl, 

(H2NNHC(=O))-benzyl, (H2NC(=O)NHN=CH)-benzyl, 

(CH30NHC(=O))-benzyl, (HONHC(=O))-benzyl, 

<dH3NHC(=O))-benzyl, 

N,N-dimethylaminocarbonylbenzyl, 
(HOCH2CH(OH)CH20l-benzyl, hydroxyethoxybenzyl 

(oxazolidinyl)-benzyl, (hydroxyl)hexyl, 

hexenyl, (hydroxy)octyl, (hydroxyl)pentyl, 

(carboxy)pentyl, (carbomethoxy)pentyl, 

<rqethyl thio) benzyl, (methylsulfonyl) benzyl, 

N,N-dimethylarninomethylbenzyl, 

N-methylaminornethylbenzyl, glycylaminobenzyl, 

N,N-dimethylglycylaminobenzyl, 

alanylaminobenzyl, (N-

phenylmethoxycarbonyl) alanylaminobenzyl, 

phenylalanylaminobenzyl, (N­

phenylrnethoxycarbonyl) 
I 

phenylalanylaminobenzyl, CCH3CH2NHC(=0))-
1 

be'r.zyl, K, N-diet.hylan1inocarbonylbenzyl, 
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N-ethylaminocarbonylbenzyl, 
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IN-propylaminocarbonylbenzyl, 

N,N-diisopropylaminocarbonylbenzyl, N, N-di-n­

propylaminocarbonylbenzyl, 

(hydroxypropynyl)benzyl, (irnidazolyl-C(=O))-

benzyl, (pyrazolyl-C(=O))-benzyl, 

(pyridylmethylaminocarbonyl)benzyl, 

(oxadiazolidinonyl)benzyl, 

trifluoroacetylbenzyl, (pyrazolyl)benzyl, 
(H2NS02)-benzyl, dihydroxyethylbenzyl, 

1 (MeHNC(=O)NH)-benzyl, <H2NC(=O)NH)-benzyl, 

(HC(=O)NH)-benzyl, rnethanesulfonylpentyl, 

methoxypentyl, N-formyl-N-methylaminobenzyl, 

acetylaminobenzyl, propionylbenzyl, 
b~tyrylbenzyl, (CH3CH2C<=NCH))-benzyl, 

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

be:izyl, (N-methylglycyl) aminobenzyl, 

((4-morpho~ino)ethyl)aminocarbonylbenzyl, 

(N,N-dimethylaminoethyl)aminocarbonylbenzyl, 

(K,N-diethylaminoethyl)aminocarbonylbenzyl, 

yletr~yl) aminocarbonylbenzyl, (benzyl-
NH:: (=0) 0) benzy l, (CH3NHC (=0) 0) benzyl, 

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

((N-phenylmethoxycarbonyl)glycylamino)benzyl, 
(imidazolylmethyl)benzyl, ( (CH3) 3C-

C (=Q) )benzyl, (N-methyl-N­

ethylarninoethylJarninocarbonylbenzyl, 

(pyrrolidinylethyl)am:nocarbonylbenzyl, 

(piperidinylethyl)aminocarbonylbenzyl, 
(H2NC(=NOH))benzyl, CH2NC(=NOH))fluorobenzyl, 

benzimidazclylmethyl, benzotriazolylmethyl, 

indazolylrnethyl, benzoxazolinylmethyl, 

be~zisoxazolylmethyl, thienylmethyl, 

furylrnethyl. 
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[ 5 J Specifically preferred are compounds of formula 

(!Id): 

Ph 
.. . ,, 

-Ph 

(lld) 

or a pharmaceutically acceptable salt form thereof, 
I 

10 selected from the group consisting of: 

15 

20 

25 

30 

the compound of formula (!Id) wherein R22 is 4-, 
hydroxymethylbenzyl and R23 is 4-

hydroxymethylbenzyl; 

the compound of formula (!Id) wherein R22 is 3-

h¥droxybenzyl and R23 is 3-hydroxybenzyl; 

the compound of formula (I!d) wherein R22 is 

cyclopropylmethyl and R23 is 

cyclopropylmethyl; 

the compound of formula (!Id) 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 R22 is 3-

aminobenzyl and R23 is 3-aminobenzyl; 

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

h'ydroxymethylbenzyl and R23 is 3-

~ydroxymethylbenzyl; 

the compound of formula (IId) wherein R22 is 
~-(Me2NCH2CC=O)NH)-benzyl and R23 is 3-

(~e2NCHLC(=O)KHJ-benzyl; 

This Sheet Has Been Replaced 
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the 

1
compound of fnrmula (I Id) wherein R22 is 

3-formaldoximebenzyl and R23 is 3-

forrnaldoxirnebenzyl; 

the compound of formula (Ild) wherein R22 is 
I 

: 3-(CH3C(=N-OH))-benzyl and R23 is 3-(CH3C(•N-

OH) )-benzyl; 

the compound of formula (Ild) wherein R22 is 3-(2-

: amino-4-thienyl)benzyl and R23 is 3-(2-amino-
1 

4-thienyl)benzyl; 

the compound of formula (Ild) wherein R22 is 5-

, hydroxypentyl and R23 is 5-hydroxypentyl; 

the 1compound of formula (!Id) wherein R22 is 6-

hydroxypentyl and R23 is 6-hydroxyper.tyl; 

the compound of formula (Ild) wherein R22 is 5-
1 

I hydroxypentyl and R23 is 2-naphthylrnethyl; 

the compound c: formula (Ild) wherein R22 is 5-
1 

hydroxypentyl and R23 is 4-

hydroxyme~hylbenzyl; 

the conpound of formula (Ild) wherein R22 is 5-

2C tydroxypentyl and R23 is 3-

1 hydroxyrnethylbenzyl. 

l £: ;... se:.o:ld err.boC.iment of this invention is a compour.d 

2:: : : t::-.e f~rrr,-.:la (I) : 

(I) 

3~ 

c~ a ~~a~mace~tica:ly acceptable salt form thereof 

1n"
0

r"1f:;,.....-&;:,:. r • -·-- -- .... 
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groups: 

I 

are 
I 
: 

-35-

independently selected from the following 

c1-Cs alkyl substituted with 1-3 RllB; 

c2-cs a~kenyl substituted with 1-3 RllB; 

c2-cs alkynyl substituted with 1-3 RllB; 

-oR13; -sR13; C02Rl3; 

R4A and R7A ~re independently selected from the 

10 fo:lowing groups: 

15 

2C' 

2: 

30 

35 

hydrogen; 

C1-c, alkyl substituted with 0-6 halogen or 0-3 C1-

C2 alkoxy; 

be.:-:zyl substi~uted with 0-6 halogen or 0-3 c1-c2 
a:..koxy; 

-():<_•.:; '-Sz:;,::.3; C02Rl3; 

F.~ and R'A ~a~ alternatively join to form a 5-7 membered 

carb8cyclic ring substituted with 0-2 R12; 

::."'." a.:-::: ?. 7 A a::an alternatively join to form a 5-7 membered 

carbocyc:..ic ring substituted with 0-2 R12; 

... .:.. s G, - , O!"' 2; 

R: is selected from H; halogen; C1-C6 alkyl substituted 

with 0-3 Rll, -N(R20)2, -sR20, -oR20, or -N3; 

I 
F.6 is indeplendently selected from: hydrogen, halogen, 

C1-C6 .alkyl substituted with 0-3 Rll, -N(R20)2, 
2 "· 21 -SR v, -OR A, or -N3; 

R5 and R6 Jan alternatively join to form an epoxide or 

aziri~ine ring; -OCH2SCH20-; -0C(=0)0-; -OCH20-; 

-OC(=$)0-; -OC(=O)C(=O)O-; -OC(CH3}20-; 

-C:( (¢E2l 3NE2l (CE3)0-; -OC(OCH3) (CH2CH2CH3)0-; 
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-0S (=0) 0-; -NHC(=O)NH-; -OC{=O)NH-; -NHC(=O)O-; 

-NHCH20-; -OCH2NH-; -NHC(=S)O-; -OS(=O)NH-; 

-NHCC=O)CC=O)O-; -OC(=O)C(=O)NH-; -NHC(=O)C(=O)NH-; 

-NHC1
1
CCH3) 20-; -oc (CH3) 2NH- or any group that, when 

I 

administered to a mammalian subject, cleaves to 

for~ a free dihydroxyl or diamino or hydroxyl and 

amin;o; 

I -
is selected from hydrogen, halogen, 

-N(~20)2, -sR20, or -OR20; 

R6a is selected from: hydrogen, halogen, C1-C6 alkyl, 

-NCR2Ci2, -sR20 or -oR21; 

~I 
?~ a~~ p~a can alter~a~ively join to form =O, =S, or a 

I 

~e a~d p6a ca~ alternatively join to form =O, =S, or a 

ke:.J1 ring; 

... 2::, r. a~j p2l are indeoendently selected from: 
I • 

t.ydroger.; 

C1-~6 alkyl substituted with 0-3 Rll; 

C3-Ce alkoxya!kyl substit~ted with 0-3 Rll; 

C:-CE alkylcarbonyl substituted with 0-3 all; 

C1-Ce alkcxy=arbonyl substituted with 0-3 Rll; 

C1-*6 a:kylaminocarbonyl substituted with 0-3 Rll; 

benloy: substi~uted with 0-3 Rl2; 

phenoxycarbony~ substituted with 0-3 Rl2; 

phenyla~inocarbonyl substituted with 0-3 Rl2; or 

::::::.,... ,, c.1.:r gro~p that, when administered to a mammalian 

subject, cleaves to form a free hydroxyl, 

amino or sulfhydryl; 

frcm one or more bf the following: 
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H, ke~o, halogen, cyano, -CH?NR13Rl4, -NR13R14, 

-co2Rl3, -OC(=0)Rl3, -oR13, -S(O)mR13, 

-NHC(=Nn)NHR13, -C(=NH)NHR13, -C(=O)NR13R14, 
' 

-NR14c(=0)R13, =NOR14, -NR14c(=O)OR14, 

-OC{=O)NR13R14, -NR13c(=O)NR13R14, 

-NR~4so2NR13Rl4, -NR14so2Rl3, -so2NR13Rl4, 

-OP~O) (OR13)2, C1-C4 alkyl, c2-C4 alkenyl, C3-

C6 cycloalkylmethyl, benzyl, phenethyl, 

pheroxy, benzyloxy, nitre, C7-C10 arylalkyl, 

hydroxamic acid, hydrazide, boronic acid, 

sulfonamide, formyl, C3-C6 cycloalkoxy, C1-C4 

alkyl substituted with -NR13R14, C1-C4 
I 

hydroxyalkyl, methylenedioxy, ethylenedioxy, 

C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 

alkbxycarbonyl, pyridylcarbonyloxy, C1-C4 

al~ylcarbonyl, C1-C4 alkylcarbonylamino, 

-OCH2C02H, 2-(1-morpholino)ethoxy, azido, 

-C(Rl4)=N(OR14); 

1-3 amine acids linked together via amide bonds, 

said amino acid being linked via the amine or 

carboxylate terminus; 

C3-C10 qycloalkyl substituted with 0-2 R12; 

C1-C~ alkyl substitued with 0-2 Rl2; 

aryl(C1-C3 alkyl) substituted with 0-2 R12; 

C2-C6 a~koxyalkyl, substituted with 0-2 Rl2; 

C1-C~ a kylcarbonyloxy substituted with 0-2 Rl2; 

C6-C10 a ylcarbonyloxy substituted with 0-2 Rl2; 

a C5-C14 carbocyclic residue substituted with 0-3 

a 5-
Rll; or 
to 10-membered heterocyclic ring system 

containing 1 to 4 heteroatoms independently 
' 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 
I 

with 0-3 Rl2; 
I 
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Rl lA is selected from cne or more of the following: 

P., keto, halogen, cyano, -CH2NR13BR14B, -NR13BR14B, 
I 

-C02H, -OC(=O) (C1-C3 alkyl), -OH, c2-C6 

alkoxyalkyl, -C(=O)NH2, -OC(=O}NH2, 

I -NHC(=O)NH2, -so2NH2, C1-C4 alkyl, c2-C4 

alkenyl, C3-C10 cycloalkyl, C3-C6 

cycloalkylmethyl, benzyl, phenethyl, phenoxy, 

benzyloxy, nitre, C7-C10 arylalkyl, hydroxamic 

acid, hydrazide, boronic acid, C3-C6 

cycloalkoxy, C1-C4 alkyl substituted with 

-NH2, C1-C4 hydroxyalkyl, methylenedioxy, 

ethylenedioxy, C1-C4 haloalkyl, C1-C4 

haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4 

' alkylcarbonyloxy, C1-C4 alkylcarbonyl, c1-C4 

1 alkylcarbonylamino, -OCH2C02H, 

2-(1-morpholino)ethoxy, azido, aryl(C1-C3 

alky:), a C5-C14 carbocyclic residue; a 5- to 

10-membered heterocyclic ring system 

containing 1 to 4 heteroatoms independently 

, selec~ed from oxygen, nitrogen or sulfur, said 

heterocyclic ring system substituted with 0-3 

I Rl21>.; 

F~~= is selected from one or more of the following: 

25 -:E2~?13hRlC, -NR13AR14, -co2R13A, -OC(=O)Rl3A, 

30 

3:, 

-0Rl3~, -S(O)mR13A, -NHC(=NH)NHR13A, 

1 -cc=Nr.)NHRl3A, -cc=o>NR13AR14, -NR14cc=O)Rl3A, 

-OC(=O)NR13AR14, -NR13Ac(=O)NR13AR14, 

-NP,: 4so2NR13AR14, -NR14so2R13A, -so2NR13AR14, 

-cH2NR13Rl4A, -NR13Rl4A, -C(=O)NR13Rl4A, 

-NR14Ac(=O)Rl3, =NQR14A, -NR14cc=O)OR14A, 

-OC(=O)NR13Rl4A, -NR13c(=O)NR13Rl4A, 

-Np14Aso2NR13Rl4A, -NR14Aso2R13, -so2NR13Rl4A, 

~i~==, hydrazide, boronic acid, formyl, C3-Ce 

cycl=a~koxy, Cz-C4 alky: substituted with 
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-NR~3Rl4, C1-C4 hydroxyalkyl, methylenedioxy, 

et~ylenedioxy, C1-C4 haloalkyl, C1-C4 

haloalkoxy, pyridylcarbonyloxy, C1-C4 

al~ylcarbonyl, -OCH2C02H, 

2-tl-morpholino)ethoxy, azido, 

-C (Rl4) •N (QRl4), -OP (0) (OR13) 2i 

C7-C10 ~ycloalkyl substituted with 0-2 Rl2; 

C1-C4 alkyl substitued with 1-2 Rl2; 
I 

aryl(C1-C3 alkyl) substituted with 1-2 Rl2; 

c2-C6 a]koxyalkyl, substituted with 1-2 Rl2; 

C1-C4 a1kylcarbonyloxy substituted with 1-2 Rl2; 

C6-C1c a~ylcarbonyloxy substituted with 1-2 Rl2; 

Rl2, when a ~ubstituent on carbon, is selected from one 

or more of the following: 

phenyl, 'benzyl, phenethyl, phenoxy, benzyloxy, 

halogen, hydroxy, nitro, cyano, c1-C4 alkyl, 

C3~CE cycloalky:, C3-C6 cycloalkylmethyl, C7-

C10 arylalkyl, C1-C4 alkoxy, -C02H, hydroxamic 

acld, hydrazide, boronic acid, sulfonamide, 

fo!r-myl, C3-C6 cycloalkoxy, -OR13, C1-C4 alkyl 

substituted with -NR13R14, -NR13Rl4, c2-C6 

alkoxyalkyl optionally substituted with 

-Si(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy, 

ethylenedioxy, C1-C4 haloalkyl, C1-C4 
I 

ha/loalkoxy, C1 -C4 alkoxycarbonyl, C1-C4 

alj1ky lcarbonyloxy, C1-C4 alkylcarbonyl, C1 -C4 

alkylcarbonylamino, -S(O)mR13, -so2NR13Rl4, 

-~HS02Rl4, -OCH2C02Rl3, 

2-(1-morpholino)ethoxy, -C(Rl4)sN(ORl4); 

a 5- orl 6-membered heterocyclic ring containing 
I 

from 1 to 4 heteroatoms independently selected 

f~om oxygen, nitrogen or sulfur; 

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

a jacent carbons on the ring to form a fused 
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5- or 6-membered ring, said 5- or 6- membered 

1 
ring being optionally substituted on the 

aliphatic carbons with halogen, C1-C4 alkyl, 

C1-C4 alkoxy, hydroxy, -NR13R14; or, when Rl2 

' is attached to a saturated carbon atom, it may 

· be sQ or =S; or when Rl2 is attached to sulfur 

it may be =O; 

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

one or more of the following: 
I 

phen~l, benzyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cycloalkyl, C3-C6 cycloalkylmethyl, 

-CH2NR13Rl4, -NR13Rl4, c2-C6 alkoxyalkyl, C1-

C4 haloalkyl, C1-C4 alkoxycarbonyl, -C02H, C1-

C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

I -c (R14 ) =N (QRH); 

R12A, wh~n a subs~itue~t on· carbon, is selected from one 

20 c= rno:e ci the following: 

25 

30 

35 

I 

phe~~:, benzyl, phenethyl, phenoxy, benzyloxy, 

halogen, hydroxy, nitre, cyano, C1-C4 alkyl, 

C3-C6 cycloalkyl, Cj-C6 cycloalkylmethyl, C7-

C10 arylalkyl, c1-C4 alkoxy, -co2H, hydroxamic 

ac~d, hydrazide, boronic acid, sulfonamide, 

fo=myl, C3-C6 cycloalkoxy, -oR13, C1-C4 alkyl 

substi~uted with -NH2, -NH2, -NHMe, c2-C6 

alkoxyalkyl optionally substituted with 

-Si(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy, 

I ethylenedioxy, C1-C4 haloalkyl, c1-C4 

haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4 
1 alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 

alkylcarbonylamino, -S(OlmMe, -so2NH2, 

-NHS02Me, -OCH2C02R13, 2-(1-morpholino)ethoxy, 

This Sheet Has Been Replaced 
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I 

a 5- or 6~membered heterocyclic ring containing 

from 1 to 4 heteroatorns independently selected 

from( oxygen, nitrogen or sulfur; 

er pl2A may be a 3- or 4- carbon chain attached to 

adjacent carbons on the ring to form a fused 

5- or 6-mernbered 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, 

when R12~ is attached to a saturated carbon atom, 
I 

it may be =O or =S; or when Rl2 is attached to 

sulfur it may be =O; 

R12~, when a s~bstituent on nitrogen, is selected from 

15 one or more o! the following: 

20 

25 

30 

35 

phenyl, benzyl, phenethyl, hydroxy, C1-C4 

hydrfxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cycloalkyl, C3-C5 cycloalkylmethyl, -CH2NH2, 

-KH2r c2-ce alkoxyalkyl, c1-C4 haloalkyl, C1-

c~ alkoxycarbonyl, -C02H, C1-C4 

alk~lcarbonyloxy, C1-C4 alkylcarbonyl, 

-C (=NOH)NH2; 

R 1 ~ is selec~ed fro~: 

P.; 

phenyl subs:ituted with 0-3 RllA; 

benzyl substituted with 0-3 RllA; 

C1-C6 alkyl substituted with 0-3 RllA; 

C2-C 4 alkenyl substituted with 0-3 RllA; 

C1-C5 alk1ylcarbonyl substituted with 0-3 RllA; 

C1-C6 alkoxycarbonyl substituted with 0-3 RllA; 
I 

C1-C6 al~ylaminocarbonyl substituted with 0-3 RllA; 

C3-C5 alkoxyalkyl substituted with 0-3 RllA; 

an amine 1protecting group when Rl3 is bonded to N; 

a hydroxy pro:ec:ing group when R13 is bonded to O; 
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Rl3A is selected from: 

phenyl substituted with 1-3 Rll; 

benz¥1 substituted with 1-3 Rll; 

C1-c6 alkyl substituted with 1-3 Rll; 

C2-C4 alkenyl substituted with 1-3 Rll; 

C1-C6 alkylcarbonyl substituted with 1-3 R11 ; 

C1-C6 alkoxycarbonyl substituted with 1-3 Rl 1; 

C1-C6 alkylaminocarbonyl substituted with 1-3 R11; 
' 

C3-C6 alkoxyalkyl substituted with 1-3 Rl1 ; 

an a~ine protecting group when Rl3 is bonded to N; 

a hyfroxy protecting group when Rl3 is bonded to O; 

Rl~ ~s hy~rogen, hydroxy, CF3, c1-C6 alkyl substitutetj 

wi tr,/ 0-3 grou;:::s selected from OH, C1-C4 alkoxy, 

15 ha:doen, NH2, -NHCC1-C4 alkyl), C1-C6 alkoxy, C2-C6 

2·: 

2:. 

30 

al k e•:: ·,': , 
I • 

phenyl, benzyl, an amine protecting group 

when; F.l~ is bonded to N, a hydroxy protecting group 

when Rl4 is bonded to O; 

p_l4Ja. is 

:re~~ OE, 

alkyl substituted with 1-3 groups selected 

C1-C~ alkoxy, halogen, NH2, -NH(Cl-C4 

a:ky:), C1-Ce alkoxy, C2-C6 alkenyl, phenyl, benzy:, 

a~ a~ir.e protecting group when Rl4 is bonded to N, 
I 

a h7droxy pro~ecting group when Rl4 is bonded to O; 

~~~ a~d p"l ~an alternatively join to form -(CH2)4-, 

-(:¥.2)5-, -CH2CH2N<R15)CH2CH2-, or -CH2CH20CH2CH2-; 

R: 3~ and Rl4B are independently selected from H or C1-Cs 

alkyl, or Rl3B and Rl4B can alternatively join to 

form -(CH2)4-, -(CH2)5-, -CH2CH2NCR15)CH2CH2-, or 

i;.l5 is H o:: CP.3; 
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m is 0, 1 or 2'; 

I 

W is selected from: 

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

5 -OC(sZ)O,, 
I 

-N(R22)C(sZ)O-, 

-C(R25) (R26)C(=Z)C(R27) (R28)-, 

-N(R22)C~=Z)C(R27) (R2B)-, 

-C(R25) (R26)C(=Z)O-, 

10 -N(R22)C~=O}C(=O)N(R23)-, 

-C(R25} (~26}C:(F2 )c(R27) (R2B)-, 

-c(R25) (R26)N(CH3) (0}C(R27) (R2a,_ 
I ' 

-c ( R 2 5 ) ( R 2 6 ) N (OR 2 9) c CR 2 7 ) ( R 2 8 ) - I 

-C(R25> (R26}C(=Z)S-, 

15 -N(R22)SC=O)N(R23)-; 
I 

Z is 0, S, NR24; 

20 R22 and R23 aie independently selected from the 

25 

following: 

hyd::ogen~ 

C1-Cs alkyl substituted with 0-3 R31; 

c2-c2 alker.yl substituted with 0-3 R31; 

C2-C8 alfynyl substituted with 0-3 R31; 

PCT /US94/01'09 

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 heteroatoms independently 

30 selected from oxygen, nitrogen or sulfur, said 

het~rocyclic ring system being substituted 

with 0-2 R32; 

-OR22a; jN (R22a) (R22b) ; 

35 R22a and R22b ~re independently selected from the 

:f cllov.·ing: 
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hydrogen; 

C1-CB alkyl substituted with 0-3 R31; 

c2-cs alkenyl substituted with 0-3 R~l; 
I 

c2-cs alkynyl substituted with 0-3 R31; 

a C3~C14 carbocyclic ring system substituted with 

, 0-5 R31 or 0-5 R32; 

a 5- 1 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; 

R24 is se+ected from: hydrogen; hydroxy; amino; C1-C4 

alkyl; C1-C4 alkoxy; mono- or di-CC1-C6 

?. 
'i ::: 

."- -

alkyf >arnino; cyano; nitre; benzyloxy; -NHS02aryl, 

ary: bei~; cptionally ~ubstituted with 

( ,.. ;.. . -. ' 
~:- ... c1a-.1<y.,;..; 

I 

and R27 a:e indepe~dently sele=ted from the 
I 

2:. fcl~:;,n·:..::g: 

2: 

30 

35 

C1-C~ alk~: substituted with 0-3 R31; 

C2-:8 alker.yl substituted with 0-3 R31; 

c2-:2 alkynyl substituted with 0-3 R31; 
I 

a c~~C14 carbocyclic ring system substituted with 

I 0-5 p_3l or 0-5 R32; 

a 5-1 tc 10-membered heterocyclic ring system 

1 containing 1 to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterccyclic ring system being substituted 

• with 0-2 R32; 

-oF.13; -s;-.l3; 

p2E a~d ~28 are independently selected from: 

!::.r·::i.~oger.; 
!:".ald?c; 

... · 
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C1-C4 alkyl substituted with 0-3 halogen or 0-3 C1-

C2 alkoxy; 
I 

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

alkoxy; 
I 

-OR13; _:SR13; 
i 
I 

R29 is selected from: 

hydrogen; 
C1-C4 a+kyl substituted with 0-3 halogen or 0-3 

c1-c2 alkoxy; 

benzyl substituted with 0-3 halogen or 0-3 C1-c2 

alkoxy; 

alternativeli, R22, R25, or R26, independently, can join 

15 with R41 or R4A to form a 5- or 6-membered fused 

2C 

25 

30 

35 

I 

heterocyclic ring or carbocyclic ring substituted 

with 0-2 R12, said heterocyclic ring containing 1-3 
I 

he:eroa~oms independently selected from N, S, or O; 

or 

alterna:ivel~, R23, R27, or R28, independently, can join 

with R? or R7A to form a 5- or 6-rnembered fused 
I 

heterocyclic ring or carbocyclic ring substituted 

wi:h 0~2 R12, said heterocyclic ring containing 1-3 

heteroatoms independently selected from N, S, or O; 

or 

alternatively, R22, R25, R26, R23, R27, R28, R34, or R35 

can join with RS or R6 to form a 0- to 7-mernbered 

bridge1to form a carbocyclic or heterocyclic ring, 
I 

said b~idge being substituted with 0-2 Rl2 and said 

bridge 1 containing 0-3 heteroatoms independently 

selected from N, S, or O (i.e., a 0-membered bridge 

is for~ed when R22, R25, R26, R23, R27, R28, R34, 

o::r p_35/ are taken together with R5 or R6 to form a 

di.rec:· bond}; 
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I 
alternatively R28 or R23 can join with R7A to form a 

I 
direct bond; 

I 
5 alternatively R26 or R22 can join with R4A to form a 

direJct bond; 

R31 is selected from one or more of the following: 
ketd, halogen, cyano, -cH2NR13R14, -NR13Rl4, 

10 -co2R13, -C(=O)Rll, -OC(=O)R13, -oR13, c2-C6 

alkoxyalkyl, -S(O)mR13, -NHC(=NH)NHR13, 

-C(=NH)NHR13, -C(=O)NR13Rl4, -NR14c(=O)Rl3, 

=NORl', -NR14c(=O)OR14, -OC(=O)NR13R14, 

-NR13c(=O)NR13Rl4, -NR13c(=S)NR13Rl4, 

15 

2C 

2S 

30 

35 

-NR14so2NR13R14, -NR14so2Rl3, -so2NR13Rl4, C1-

c, alkyl, c2-C4 alkenyl, C3-C10 cycloalkyl, 

C3-C5 cycloalkylmethyl, benzyl, phenethyl, 

' Fhenoxy, benzyloxy, nitre, C7-C10 arylalkyl, 

1 hydroxarr.ic acid, hydrazide, oxime, boronic 

acid, s~lfona~ide, formyl, C3-C6 cycloalkoxy, 

C:-c, alkyl substituted with -NR13R14, c1-C4 

1 
tydroxyalkyl, methylenedioxy, ethylenedioxy, 

C:1-:~ haloalkyl, C1-C4 haloalkoxy, C1-C4 

alkoxycarbonyl, C1-C4 alkylcarbonyloxy, C1-C4 

a:kylcarbonyl, C1-C4 alkylcarbonylamino, 

'-~:E2C02Rl3, 2-(1-mcr~holino)ethoxy, azido, 

'-:(Rl4)=N(OR14); or 
I 

1-3 ~ffiinc acids, linked together via amide bonds, 

said amino acid being linked via the amine or 

carboxylate terminus; 

a c~-C14 carbocyclic residue substituted with 0-5 

ft.32; or 

a 5-1 to 10-rnembered heterocyclic ring system 

cc~taining 1 to 4 heteroatoms independently 

~ele=ted from oxygen, nitrogen or sulfur, said 
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heterocycl ic ring system being substituted 

with 0-2 R32; 

R32, wher. a substituent on carbon, is selected from one 
I 

5 or more o: the following: 

10 

:s 

2C 

25 

30 

35 

phenethyl, phenoxy, C3-C10 cycloalkyl, C3-C6 

cycioalkylmethyl, C7-C10 arylalkyl, hydrazide, 

oxime, boronic acid, c2-C6 alkoxyalkyl, 

rnet~ylenedioxy, ethylenedioxy, C1-C4 

alkylcarbonyloxy, -NHS02Rl4, benzyloxy, 

hal~gen, 2-(1-rnorpholino)ethoxy, -co2Rl3, 

hyd~oxamic acid, -CONR13NR13Rl4, cyano, 

s...:l,f ona:"!'lide, -CHO, C3-C6 cycloalkoxy, 

-Nil3Rl', -ccR14)=NCOR14), -N02, -oR13, 
I 

-NR'.t; OR4:., -SOmR13' -SOmNR13Rl4' -C (=0) NR13Rl4, 

-o:c=~JNR13R14, -C(=O}Rll, -OC(=O)Rll, 

-0:02R1 3, phenyl, -C(=O}NR13-(C1-C4 alkyl}-

NR~3R14, -C(=O)NR40R41, C1-C4 haloalkyl, C1-C4 

haloalkoxy, C2-C4 haloalkenyl, C1-C4 
I 

ha~oalkynyl; 

-C(=8)~Rl3ccRl1)2NRl3Rl4; 
I 

-:(=8)K~l3ccRl1)2NR13co2Rl3; 

-C(=~)N~:3_!C1-Cc alkyl)-NR13co2Rl3; 

-:t=~l~~R: 3 1-(C1-C4 alkyl)-R11; or 
_- 1 =-Jr(F:l}-~~13R14. ....... . ....; """ ' L. .;." "'' , 

I 

-: (=:) C1(F.l:) 2NR13co2Rl3; 

-': (=2) -1<C:-C4 alkyl)-NR13R14; 

-c {=0) -J<C1-C4 alkyl) -NR13co2Rl3; 

C1-C4 alkoxy substituted with 0-4 groups selected 

f~om: Rll, C3-C6 cycloalkyl, -C02Rl3, 

-C(=0)NR13Rl4, -NR13R14 or OH; 

C:-c 4 alkyl substituted with 0-4 groups selected 

f~o~: Rll, =NR14, =NNRl3c(=O)NRl3Rl4, 

=~NR13c(=0)0Rl3, or -NR13Rl4; 

C2-C4 arkenyl substituted with 0-4 Rll; 

C2-:4 ~lkynyl substituted with 0-4 Rll; 
I 
I 
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a 5-. or 6-membered heterocyclic ring containing 

from 1 to 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur, substit.uted 

I 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 bptionally 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 

1 be =O, =S, =NOH; or when R32 attached to 

sulfur it may be =O; 

15 p32, whe~ a substituen~ on nitrogen, is selected from 
I 

2:: 

25 

30 

' r 

o~e er more c: the following: 

phe1yl, be~zy!, phenethyl, hydroxy, C1-C4 

hydrcxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

' cy=loalkyl, C3-Ce cycloalkylmethyl, 

-:~2t:~l3R:4, -NR13Rl4, C2-C6 alkoxyalkyl, C1-

c~ ~aloalky:, c1-c~ alkoxycarbonyl, -co2H, c:­
' C4 a:kylca=bonyloxy, C1-C4 alkylcarbonyl, 

-C (R: 4) =?~ (OR14} ; 

?.'"'.: "..,/ -- C'G'"' '- --c,....:. 
~1--'---~ :r~~: H, C:-C3 alkyl; 

-C (=j=8) NRDRH; 

-C (=·:)) NP.13NRH i 
I 

-C (=<)i C (Rll) 2NRl3Rl4; 

-C(~O}C(Rll)2NR13NRl4; 

-c(~O)C(Rll)2NR13co2Rl3; 
I 

-C(=O)E; 

-C<iO)R1 :; 

-~(-~\-(r·-C~ alkvl)-NR13Rl4, . 
...,. Iv, -.. "2 ..1 
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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 

compo_unds of formula (II): 

w R•VR' 
Rs Rs 

10 (II) 

or a pharmaceutically acceptable salt form thereof 

wherein: 

15 R~ ar.d R7 arr independently selected from the following 

2C 

g::-oups: 

hyd::-ogen; 

C1-C4 alkyl subs~ituted with 1-3 Rll; 

C3-C4 alkenyl substituted with 1-3 Rll; 

R6 is hydrogen or -oR21; 

I 

25 R20 and R21·are independently hydrogen or any group 

that, when administered to a mammalian subject, 

cleaves to form a free hydroxyl; 

I 

Rll is selected from one or more of the following: 

30 H, ketc, halogen, cyano, -CH2NR13R14, -NR13Rl4, 

-~02R13, -OC(=O)Rl3, -oR13, -5(0)mR13, c2-C4 

a.lkenyl, C3-C6 cycloalkylmethyl, nitro, 

~ydrazide, bcronic acid, formyl, C3-C6 

Th~i1lif 1' 1iii1l1lff 1ililf 
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cycloalkoxy, rnethylenedioxy, ethylenedioxy, 

; C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 

alkoxycarbonyl, C1-C4 alkylcarbonyl, C1-C4 

I 
· alkylcarbonylamino, -OCH2C02H, 

I -c (R14)=N (0Rl4); 

C3-C10 cycloalkyl substituted with 0-2 Rl2; 

C1-C4 alkyl substitued with 0-2 R12; 

aryl'(C1-C3 alkyl) substituted with 0-2 Rl2; 

c2-C16 alkoxyalkyl, substituted with 0-2 Rl2; 

C1-~4 alkylcarbonyloxy substituted with 0-2 R12, 

C6-C10 arylcarbonyloxy substituted with 0-2 Rl2, 

aryi substituted with 0-3 R12; or 
I 

a s-· to 10-merr.bered heterocyclic ring system 

containing 1 to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

¥;ith 0-2 R::..2; 

r_:lE is selec<:.ed from one or more of the following: 

2C -:::E2!;p,13ARH' -N?.13AR14 I -C02R13A, -oc (=0) Rl3A, 

")C ... -

3C 

--:Jp)3F. 1 -S (0) mR13A, -cH2NR13R14A, -NR13R14A, 

nitre, hyd=azide, boronic acid, formyl, C3-C6 

cycloalkoxy, C1-C4 hydroxyalkyl, 

~ethy:enedioxy, ethylenedioxy, C1-C4 

' ~aloalkyl, C1-C4 haloalkoxy, C1-C4 

alkylcarbonyl, C1-C4 alkylcarbonylarninc, 

' -o~H2co2H, -C<R14 >=N<oR14>; 

C7-t10 cycloalkyl substituted with 0-2 R12; 

C1-C~ alkyl substitued with 1-2 R12; 

ary:(C1-C3 alkyl) substituted with 1-2 R12; 

c2-CE alkoxyalkyl, substituted with 1-2 Rl2; 

C:-t4 alkylcarbonyloxy substituted with 1-2 Rl2; 

C£-t1~ arylcarbonyloxy substituted with 1-2 Rl2; 
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12 I b , b R , when a su stituent on car on, is selected from one 

or more of the following: 
I 

' phenyl, ,benzyl, phenethyl, phenoxy, benzyloxy, 

halogen, C1-C4 alkyl, C7-C10 arylalkyl, C1-C4 

alRoxy, 2-(1-morpholino)ethoxy, -C02H, 

hydroxamic acid, hydrazide, -C(Rl4)•N(OR14), 

cyano, boronic acid, sulfonamide, formyl, C3-

C6 \ cycloalkoxy, -OR13, C1-C4 alkyl substituted 

with -NR13R14, -NR13R14, methylenedioxy, C1-C4 

10 haloalkyl, C1-C4 alkylcarbonyl, C1-C4 

alkylcarbonylamino, hydroxy, hydroxymethyl; or 

15 

20 

25 

30 

I 

a 5- or;6-membered heterocyclic ring containing 

fr6rn 1 to 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur; 

R:2, wher. a s~bst~tuent on nitrogen, is selected from 

benzyl c::: methyl; 

_, ":< • H c I,.. r.-- ~s ., i11..~ alky!, C3-C6 alkoxyalkyl, C2-C4 alkenyl, 

o::: ber.zyl; 

R:3A is seletted from: 

phenyl substituted with 1-3 Rll; 
• • I b . d . h , 3 11 
oenzy~ su stitute wit -- R ; 

C1-CE a[kyl substituted with 1-3 Rll; 

C2-c, a~kenyl substituted with 1-3 Rll; 

C3-C6 a~koxyalkyl substituted with 1-3 Rll; 
I 

an amin~ protecting group when Rl3 is bonded to N; 

a hydroxy protecting group when R13 is bonded to O; 

' alkenyl, or benzyl; 

Rl~A is C1-C~ alkyl substituted with 1-3 groups selected 

35 from OH, C1-C4 alkoxy, halogen, NH2, -NH(Cl-C4 

This Sheet Has Been Replaced 

I 1111111 111111 \\II \II \Ill 



WO 94/19329 PCT /US94/01609 

-52-
alky~l, C1-C6 alkoxy, C2-C6 alkenyl, phenyl, benzyl, 

ar. amine protecting group when R14 is bonded to N, 

a hydroxy protecting group when R14 is bonded to O; 

I 

5 R13 and Ri4 can alternatively join to form -(CH2)4-, 

-(CH2)5-, -CH2CH2N(RlS)CH2CH2-, or -CH2CH20CH2CH2-; 

RlS is H or CH3; 

10 W is selected from: 

30 

. ~ - .. 

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

-N(Rk2)C(=Z)O-; 

-N(R22)C(=Z)C(R27) (R2B)-; 

-NCR~2)C(=8)C(=O)N(R23)-; 

Z ~c: C, S, N-CK 

p 2 2 a :;d p_12 3 :..r;cieFendently selected from the 

::::..l.cv.·in-.::: 
~I 

hyc.::-oge:.; 

C1-Ce alkyl ~~bstituted with 0-2 R31; 

c2-C6 alke~y: s~bstituted with 0-1 R31; 

C2-~' alkynyl s~bstituted with 0-1 R31; 

R2 7 is selected frc~ the fellowing: 

hydrogen; 
I 

C1-qe alkyl substituted with 0-3 R31; 

c2-Ga alkenyl substituted with 0-3 R31; 

C3-C9 alky~yl substituted with 0-3 R31; 
I 

R28 is hidrogen or ha:ogen; 

'j ~ 

F-- ... i.s se=lecte:i £r:1::. one c:::- rr1ore of the fo:.10,,.·ing: 
I 
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keto, halogen, cyano, -CH2NR13R14, -NR13R14, 

-co2R13, -C(=O)Rll, -OC(=O)R13, -oR13, c2-C6 

alkoxyalkyl, -S(O)rnR13, -NHC(=NH)NHR13, 

-C(~NH)NHR13, -C(=O)NR13R14, -NR14c(=O)R13, 

5 =No~14, -NR14c(=O)OR14, -OC(=O)NR13R14, 

-NR~3c(s0)NR13R14, -NR13c(=S)NR13R14, 

10 

15 

2C 

25 

30 

-NR]4so2NR13R14, -NR14so2R13, -so2NR13Rl4, C1-

C4 alkyl, c2-c4 alkenyl, C3-C10 cycloalkyl, 

C3-q6 cycloalkylmethyl, benzyl, phenethyl, 

phe~oxy, benzyloxy, nitre, C7-C10 arylalkyl, 

hydroxamic acid, hydrazide, oxirne, boronic 
I 

acid, sulfonamide, forrnyl, C3-C6 cycloalkoxy, 

C:-C4 alkyl substituted with -NR13R14, C1-C4 

hydroxyalkyl, methylenedioxy, ethylenedioxy, 

C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 

alkdxycarbonyl, C1-C4 alkylcarbonyloxy, C1-C4 

alk~lcarbonyl, C1-C4 alkylcarbonylamino, 

-OCE2C02R:3, 2-(1-rnorpholino)ethoxy, azido, 

-C(?l4J=N(OR14); or 

arn!nJ acids, linked together via amide bonds, 

said amino acid being linked via the amine or 

carboxylate terminus; 
I 

a C5-::4 carbocyclic residue substituted with 0-5 
':l ~ I 

R-L i1 or 
I 

a ~- :.c l,0-merr.bered heterocyclic ring system 

ccnt~ining l to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 0-2 R32; 

R32, whe~ a su~stituent on carbon, is selected from one 

or more of the following: 
I 

phenethyl, phenoxy, C3-C10 cycloalkyl, C3-C6 

cycloalkylrnethyl, C7-C10 arylalkyl, hydrazide, 

35 oxime, boronic acid, c2-C6 alkoxyalkyl, 
I 
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' rnethylenedioxy, ethylenedioxy, C1-C4 

~alkylcarbonyloxy, -NHS02R14, benzyloxy, 

halogen, 2-Cl-rnorpholino)ethoxy, -co2Rl3, 

.hydroxarnic acid, -CONR13NR13Rl4, cyano, 

sulfonamide, -CHO, C3-C6 cycloalkoxy, 

·-NR13Rl4, -C(Rl4)=N(0Rl4), -N02, -OR13, 

·-NR40R41, -SOmRl3, -SOmNR13Rl4, -C(=O)NR13Rl4, 

-OC(=O)NR1~14, -C{=O)Rll, -OC(=O)Rll, 

·-oco2Rl3, phenyl, -C(=O)NR13-(C1-C4 alkyl)-

1NR13Rl4, -CC=O)NR40R41, c 1-C4 haloalkyl, C1-C4 

haloalkoxy, C2-C4 haloalkenyl, C1-C4 

haloalkynyl, 
-C(=0)N~13ccR11)2NRl3Rl4; 
-C(=¢)NR13c(Rll)2NR13co2Rl3; 

-C(=0)NR13-(C1-C4 alkyl)-NR13co2Rl3; 

-C(=b)N(Rl3)-(C1-C4 alkyl)-Rll; or 

-:(=~)C(Rll1 2NR13R14; 
-C(=91cc~::> 2NR13co2R13; 
-C(=¢J-(C:-C4 alkyl)-NR13Rl4; 

-:1=~)-(C1-C4 alkyl)-NR13co2Rl3; 

C~-:~ alk~xy s~bstituted with 0-4 groups selected 

. :re~: R11 , C3-C6 cycloalkyl, -C02R13, 

, -C(=0)NR13R14, -NR13R14 or OH; 

::-:~ alk~l substituted with 0-4 groups selected 

fro~: R::, =NR14, =NNR13c(=O)NR13R14, 

=NHF.13c (=0) OR13, or -NRl3p_l4; 

c~-c~ alke~y: substituted with 0-4 Rll; 

C2-C4 alkynyl substituted with 0-4 Rll; 
I 

a 5-ior 6-membered heterocyclic ring containing 

from 1 to 4 heteroatorns independently selected 

1

1 from oxygen, nitrogen or sulfur, substituted 

with 0-2 R12; 

or FE2 may be a 3- or 4- carbon chain attached to 
I 

1 
adjacent carbons on the ring to form a fused 

5- c= 6-membered ring, ~aid 5-.or 6- membered 

I ... _ •. q being op~ionally substituted on the 
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al~phatic carbons with halogen, C1-C4 alkyl, 

C1-C4 alkoxy, hydroxy, -NR13Rl4; or, 
I 

when R3~ is attached to a saturated carbon , it may 

be 1 =0, =S, sNQH; or when R32 attached to 

sulfur it may be =O; 

R32, when a substituent on nitrogen, is selected from 

one or more of the following: 
I 

phenyl,;benzyl, phenethyl, hydroxy, C1-C4 

10 hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cyploalkyl, C3-C6 cycloalkylmethyl, 
-CH2NR13Rl4, -NR13Rl4, C2-C6 alkoxyalkyl, C1-

C4 haloalkyl, C1-C4 alkoxycarbonyl, -C02H, C1-
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

I 

15 -C(Rl4)=N(OR14); 

20 

... 's c " ol ... 2 · u. -.. I J. I ,• I 

p40 is selec~ed from: H, C1-C3 alkyl; 

R4~ is selected from: 
-C {=0) ijR13Rl4; 

-C (=0) ~Rl3NR14; 
-C(=OlC(Rll)2NR13Rl4; 

25 -CC=O)C(Rll)2NR13NR14; 

30 

-C(=O)C(Rll)2NR13co2Rl3; 

-C(=O)H; 

-C (=0) R11 ; 
-C(=O)~(C1-C4 alkyl)-NR13Rl4; 

-C(=O)~(C1-C4 alkyl)-NR13co2Rl3; 

1-3 amino acids linked together via amide bonds, 

and linked to the N atom via the carboxylate 

t~rrninus. 



\\'0 94/19329 PCTIUS94/01609 

5 

10 

15 

2C 

25 

30 

-56-
[ 8) A third embodiment of this invention is a compound 

of the fo~mula (I): 

R7A 

R7R7 
A& 

n 

(I) 

or a pharmaceutically acceptable salt form thereof 

w~erein: 

R~ and R: are indepe~dently selected from the following 

g!"O",.;p~ : 

hyd:::-oger.; 

C1-C~ alkyl S",.;bStituted with 0-3 Rll; 

c2-: 0 alkenyl substituted with 0-3 Rll; 

C2-:~ a!kynyl substituted with 0-3 Rll; 

a C~-~:~ carbocyclic ring system substituted with 

0-3 p:: or 0-3 Rl2; 

a ..,_ :t.o 10-mernbered heterocyclic ring system 

'cc~:air:.ing 1 to 4 heteroatoms independently 

s::ected fro~ oxygen, nitrogen or sulfur, said 

!he~erocyclic ring system being substituted 
\.·:it!". C-2 Rl2; 

I 

R~Ji. a!"ld. F.'7J.. a::e i!"ldependently selected from the 
I 

fellowing groups: 

hydroger.; 

C1-c4: alkyl substituted with 0-6 halogen or 0-3 

'.c:-c2 alkoxy; 

ber:.z:i.·.:. sul'.:lst it uted with 0-6 halogen or 0-3 C~ -C2 

e vcv··. j -~• ·.r.J I 
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R~ and R4A can alternatively Join to form a 5-7 membered 

carboc~clic ring substituted with 0-2 Rl2; 

R7 and R7A cpn alternatively join to form a 5-7 membered 

carbocyclic ring substituted with 0-2 Rl2; 

n is 0 , 1 , dr 2 ; 

R5 is selected from H; halogen; C1-C6 alkyl substituted 

with 0~3 Rll, -N(R20)2, -sR20, -oR20, or -N3; 

R6 ~s independently selected from: hydrogen, halogen, 

15 C1-C6 alkyl substituted with 0-3 Rll, -NCR20)2, 

-SR20, 
1

-0R21, or -N3; 

R5 and R6 can alternatively JOin to form an epoxide or 

aziridine ring; -OCH2SCH20-; -OC(=O)O-; -OCH20-; 

20 -OC(=S~O-; -OC(=O)C(=O)O-; -OC(CH3)20-; 

-OC ( ( CH2) 3NH2) (CH3) 0-; -OC (OCH3) (CH2CH2CH3) 0-; 
I 

-05(=0~0-; -NHC(=O)NH-; -OC(=O)NH-; -NHC(=O)O-; 

-NHCH2b-; -OCH2NH-; -NHC(=S)O-; -OS(=O)NH-; 

-NHC(=O)C(=OJO-; -OC(=O}C(=O)NH-; -NHC(=O)C(=O)NH-; 

25 -NHC(CH3)20-; -OC(CH3)2NH- or any group that, when 

· · .I d l' b' l t aarr.1n1 1stere to a mamrna ian su Ject, c eaves o 

form ai free dihydroxyl or diamino or hydroxyl and 

amino; 
I 

30 R5a is selected from hydrogen, halogen, C1-C6 alkyl, 

-N(R20)2, -sR20, or -oR20; 

35 

R6a is se1Jcted from: hydrogen, halogen, C1-C6 alkyl, 

-N(R20)2, -sR20 or -oR21; 
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Rs and R5a can alternatively join to form =O, =S, or a 

keta,l ring; 
I 

R6 and Rqa can alternatively join to form =O, sS, or a 

ketql ring; 

R20 and ~21 are independently selected from: 

hydrogen; 

C1-~6 alkyl substituted with 0-3 Rll; 
' 

C3-~6 alkoxyalkyl substituted with 0-3 Rll; 

C1-q6 alkylcarbonyl substituted with 0-3 Rll; 

C1-C€ alkoxycarbonyl substituted with 0-3 Rll; 
' 

C1-[6 alkyla~inocarbonyl substituted with 0-3 Rll; 
I 

benzoyl substituted with 0-3 R12; 

pher~xycarbo:;yl substituted with 0-3 R12; 

~·he .. ylami.noca::::-bo:-:yl substituted with 0-3 R12; or 

ar.y 1 gr01.:p tha:., when administered to a mammalian 

subject, cleaves to form a free hydroxyl, 

a~ino or sulfhydryl; 

F-- is s~lected from one or more of the following: 

E, ketc, halogen, cyano, -CH2NR13R14, -NR13R14, 

-co2Rl2, -OC(=O)R13~ -oR13, -S(O)mR13, 

-NH:(=~E)NHR13, -C(=NH)NH~13, -C(=O)NR13R14, 

-NR14c(=O)Rl3, =NOR14, -NR14cc=O)OR14, 

-0:1=~)NR13R14, -NR13cc=O)NR13R14, 

-N~l~so2NR13R14, -NR14so2R13, -so2NR13Rl4, 

-OP(O) (OR1 3)2, C1-C4 alkyl, c2-C4 alkenyl, C3-

Cc cycloalkylmethyl, benzyl, phenethyl, 

phenoxy, benzyloxy, nitre, C7-C10 arylalkyl, 

hydroxarnic acid, hydrazide, boronic acid, 

sulfonamide, formyl, C3-C6 cycloalkoxy, C1-C4 

alkyl substituted with -NR13R14, C1-C4 

hydroxyalkyl, rnethylenedioxy, ethylenedioxy, 

C1-C~ halcalkyl, C1-C4 haloalkoxy, C1-C( 
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alko~ycarbonyl, pyridylcarbonyloxy, C1-C4 

alkylcarbonyl, C1-C4 alkylcarbonylamino, 

-OCH2C02H, 2-(1-morpholino)ethoxy, azido, 

-C (Fi14) =N (OR.14); 

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 Rl2; 

C1-c, al~yl substitued with 0-2 Rl2; 

aryl<C1-C3 alkyl) substituted with 0-2 R12; 
I 

c2-C6 alkoxyalkyl, substituted with 0-2 Rl2; 

C1-C4 al~ylcarbonyloxy substituted with 0-2 Rl2; 

Ce-C:o a=ylcarbonyloxy substituted with 0-2 Rl2; 

a C5-C14 
1
carbocyclic residue substituted with 0-3 

, 2 ' R ... ; or 
I 

a 5- to 10-membered heterocyclic ring system 

contlaining 1 to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 0-3 Rl2; 

R::~ ~s selec~ed from one or more of the following: 

E, ke~c, ha:ogen, cyano, -CH2NR13BR14B, -NR13BR14B, 
I 

-co2E, -oc (=0) (C1-C3 alkyl)' -OH, c2-C6 

25 alk9xyalky!, -C(=O)NH2, -OC(=O)NH2, 

-NEC(=O)NH2, -S02NH2, C1-C4 alkyl, c2-C4 

alk~nyl, C3-C10 cycloalkyl, C3-C6 

cycloalkylmethyl, benzyl, phenethyl, phenoxy, 

30 

ben~yloxy, nitre, C7-C10 arylalkyl, hydroxamic 

acid, hydrazide, boronic acid, C3-C6 

cycaoalkoxy, C1-C4 alkyl substituted with 

-NH2, C1-C4 hydroxyalkyl, metl'lylenedioxy, 

ethylenedioxy, r,i-C4 haloalkyl, C1-C4 

haloalkoxv, C1-C4 alkoxycarbonyl, C1-C4 
I • 

alk~lcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 
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alky lcarbonylamino, -OCH2co2H, 

2-(1-morpholino)ethoxy, azido, aryl(C1-C3 

alkyl), a C5-C14 carbocyclic residue; 

a 5r to 10-membered heterocyclic ring system 

5 containing l to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system substituted with 0-3 
R12A; 

10 pl2, when a substituent on carbon, is selected from one 

or ~ore of the following: 

:5 

30 

phepyl, benzyl, phenethyl, phenoxy, benzyloxy, 

halogen, hydroxy, nitre, cyano, C1-C4 alky~, 

C3-C6 cycloalkyl, C3-C6 cycloalkylmethyl, C7-

C1c arylalkyl, c1-C4 alkoxy, -co2H, hydroxamic 

a=id, tydrazide, boronic acid, sulfonamide, 

~orrny:, C3-C6 cycloalkoxy, -OR13, C1-C4 alkyl 

s~bs~ituted with -NR13Rl4, -NR13R14, C2-C6 

a:koxyalky: optionally substituted with 

-s:1CH3)3, C1-C4 hydroxyalkyl, methylenedioxy, 

e":. ::-.:i· :.e!1edioxy, Ci -C4 haloalkyl, C1 -c..; 
halca:koxy, C1-C4 alkoxycarbonyl, C1-C4 

alky!carbonyloxy, C1-C4 alkylcarbonyl, C1-C4 

alkyl=arbonylamino, -S(O}mR13, -so2NR13R14, 

-1:~SC'2F.1 4 , -OCH2C02R1 3, 

2-(:-mcrpholino)ethoxy, -C(Rl4)=N(OR14); or 

a -- .::::- t:-r.,embered heterocyclic ring containing 

fro~ l to 4 heteroatoms independently selected 

fro~ oxygen, nitrogen or sulfur; or 

?.-~. may be a 3- or 4- carbon chain attached to 

adjacent carbons on the ring to form a fused 

5- er 6-membered ring, said 5- or 6- membered 

ring being optionally substituted on the 

aliphatic carbons with halogen, C1-C4 alkyl, 

:1-:~ alkoxy, hydroxy, or -NR13R14; or, 
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when R12 is attached to a saturated carbon atom, it 

ma~ be =O or =S; or when Rl2 is attached to 

su~fur it may be -o; 

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

one or ~ore of the following: 

phenyl, benzyl, phenethyl, hydroxy, C1-C4 

hy4roxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cycloalkyl, C3-C6 cycloalkylmethyl, 

10 -CH2NR13R14, -NR13R14, C2-C6 alkoxyalkyl, C1-

C4 1haloalkyl, C1-C4 alkoxycarbonyl, -co2H, C1-

C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

-C (Rl4) =N (OR14) ; 

15 Rl2A, when a substituent on carbon, is selected from one 

or more lof the following: 

20 

25 

30 

pheny:, benzyl, phenethyl, phenoxy, benzyloxy, 

halogen, hydroxy, nitro, cyano, C1-C4 alkyl, 

C3~C6 cycloalkyl, C3-C5 cycloalkylmethyl, C7-

c1q arylalkyl, C1-C4 alkoxy, -C02H, hydroxamic 

acid, hydrazide, boronic acid, sulfonamide, 

fotmyl, C3-C6 cycloalkoxy, -oR13, C1-C4 alkyl 

substituted with -NH2, -NH2, -NHMe, C2-C6 

alkoxyalkyl optionally substituted with 

-Si(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy, 

ethylenedioxy, C1-C4 haloalkyl, C1-C4 

haioalkoxy, C1-C4 alkoxycarbonyl, C1-C4 
I 

alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 

alkylcarbonylamino, -S(O)mMe, -S02NH2, 
I 

-N~S02Me, -OCH2co2Rl3, 2-Cl-morpholino)ethoxy, 

-Ci(=NOH)NH2; or 

a 5- or 6-membered heterocyclic ring containing 

from 1 to 4 heteroatoms independently selected 

fro~ oxygen, nitrogen or sulfur; or 
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R12A may be a 3- or 4- carbon chain attached to 

I 
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, 

when Rl2A is attached to a saturated carbon atom, 

it may be =O or =S; or when Rl2 is attached to 

sulfur it may be •O; 

R12A, when a substituent on nitrogen, is selected from 

one o= rno=e of the following: 

~hehyl, benzyl, phenethyl, hydroxy, C1-C4 

t.ydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C5 

cycloalkyl, C3-C5 cycloalkylmethyl, -CH2NH2, 

-NE2, C2-C6 alkOxyalkyl, C1-C4 haloalkyl, C1-

c, alkoxycarbonyl, -C02H, C1-C4 

~!kylca=bonyloxy, C1-C4 alkylcarbonyl, 

-: (=l';:)H) NH2; 

-:..: • I .. , 
p~e~;: substituted with 0-3 RllA; 

~e~kyl subs~ituted with 0-3 RllA; 

:1-~6 a:k~l substituted with 0-3 RllA; 

-:--~ c.lkenyl substituted with 0-3 RllA; 

C1-:6 alkylcarbonyl substituted with 0-3 RllA; 

C:-C6 alkoxycarbonyl substituted with 0-3 RllA; 

Ci-Cc alkyla~inocarbonyl substituted wi'. h 0-3 RllA; 
... I 

C3-C6 alkoxyalkyl substituted with 0-3 RllA; 

an ~mine protecting group when Rl3 is bonded to N; 

c. l:ydroxy protecting g::r:-oup when Rl3 is bonded to O; 
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benzyl substituted with 1-3 Rll; 

I 
C1-C6 alkyl substituted with 1-3 Rll; 

C2-C4 alkenyl substituted with 1-3 Rll; 

c 1-C6 al~ylcarbonyl substituted with 1-3 Rll; 

C1-C6 alkoxycarbonyl substituted with 1-3 Rll; 
I 

C1-C6 alkylaminocarbonyl substituted with 1-3 Rl1; 

C3-C5 alkoxyalkyl substituted with 1-3 Rll; 

an amine
1 

protecting group when Rl3 is bonded to N; 

a hydroxy protecting group when Rl3 is bonded to O; 

R 1 ~ is hydrog~n, hydroxy, C1-C6 alkyl substituted with 

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

NE2, -NE
1

CC1-C4 alkyl), C1-C6 alkoxy, C2-C6 alkenyl, 
I 

phenyl, benzyl, an amine protecting group when Rl4 
I 

is bonded to N, a hydroxy protecting group when Rl 4 

is bonded to O; 

Rl~A is C1-C6 alkyl substituted with 1-3 groups selected 

from OH,' C1-C4 alkoxy, halogen, NH2, -NH (Cl-C4 

2 0 alkyl) , :c1-C6 alkoxy, C2-C6 alkenyl, phenyl, benzyl, 
I 

an amine protecting group when Rl4 is bonded to N, 

a hydroxy protecting group when R14 is bonded to O; 

Fi~ and pl~ sa~ alternatively join to form -(CH2)~-, 

25 -(CH2)5-, -CH2CH2N(RlS)CH2CH2-, or -CH2CH20CH2CH2-; 

R:3E a~d Rl4B are independently selected from H or C1-C6 

alkyl, or R13B and R14B can alternatively join to 

form -(~H2)4-, -(CH2)5-, -CH2CH2NCRlS)cH2CH2-, or 

30 -CH2CH20CH2CH2-; 

rr. is 0, 1 or 2; 

35 
v; :. s selec:.ed f rorr.: 

Thiiil1iif 1iii1i1l~"1il~r 
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-N ( R 2.2 ) c ( = z) c (R 2 7 ) ( R 2 8) - I 

I 

-N(R22)C(=O)C(=O}N(R23)-, 

-NCR12isc=O)N(R23)-; 

wherein: 

10 Z is O, S,, NR24; 

R22 and R23 are independently selected from the 

fo:]..owing: 

C1-C~ alkyl subs~ituted with 1-3 R31; 

l5 c2-cs alke~yl substituted with 1-3 R31; 

C2-~~ alkynyl substituted with 1-3 R31; 

' .:. - !) 

ca~bocyclic ring system substituted with 

R31 or 1-5 R32; 

a ~- ~o 10-membered heterocyclic ring system 

20 co~~aining 1 to ~ heteroatoms independently 

2S 

30 

se:ected fro~ oxygen, nitrogen or sulfur, said 
I 

~he~erocyclic ring system being substituted 
.•.. ~ .. .., , -2 R32. 
n- .......... • I 

-:::_22a; -H (R22a) (R22b) ; 

I 
I 

?~2a a~d R22t ar~ independently selected from the 

::oll::>wing: 

hydroger.; 

Ci--" alk.z''l substituted with 0-3 R:l, . • '-Cf 

C2-:e alkenyl substituted with 0-3 R31; 

C2-c9 alkynyl substituted with 0-3 R31; 

a C3-C14 carbocyclic ring system substituted with 

0-5 R31 or 0-5 R32. , I 

a :.- to 10-merr.bered heterocyclic ring system 

c~~taining 1 to 4 hete~oatoms independently 
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s~lected from oxygen, nitrogen or sulfur, said 

h~terocyclic ring system being substituted 

w1th 0-2 R32; 

I 

5 R24 is selected from: hydrogen; hydroxy; amino; C1-C4 

10 

15 

2C 

25 

30 

35 

alkyl; 1c1-C4 alkoxy; mono- or di-(C1-C6 

alkyl)~mino; cyano; nitro; benzyloxy; -NHS02aryl, 

aryl b1ing optionally substituted with 

(C1-C6 l alkyl; 

R31 is selected from one or more of the following: 

-CH2NRl~AR14, -NR13AR14, -co2Rl3A, -OC(=O)Rl3A, 
I 

-9R:3A, -S(O)mR13A, -NHC(=NH)NHR13A, 

-C(=NHlNHR13A, -C(=O)NR13AR14, -NR14c(=O)Rl3A, 

-OC(=O)NR13AR14, -NR13Acc=O)NR13AR14, 

-NR14so2NR13AR14, -NR14so2Rl3A, -so2NR13AR14, 

-cH2NR13Rl4A, -NR13R14A, -C(=O)NR13Rl4A, 

-NR14Ac(=0)R13, =NOR14A, -NR14cc-o)oR14A, 
I 

-~C(=O)NR13R14A, -NR13cc=O)NR13Rl4A, 

-NR14Aso2NR13R14A, -NR14Aso2Rl3, -so2NR13R14A, 

r.itro, hydrazide, boronic acid, formyl, C3-C6 

cycloalkoxy, C2-C4 alkyl substituted with 

-NR13R14, C1-C4 hydroxyalkyl, methylenedioxy, 

ethylenedioxy, C1-C4 haloalkyl, C1-C4 

haloalkoxy, C1-C4 al~ylcarbonyl, -OCH2C02H, 

2-(l-morpholino)ethoxy, azido, or 

-C(R14)=N(OR14A); 

aryl s~bstituted with 1-5 R32; or 

a 5- tcp 10-membered heterocyclic ring system 

containing 1 to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

h~terocyclic ring system being substituted 

with 1-2 R32; 

I 
wher. a substituent on carbon, is selected from one 

o: more o~ the fellowing: 
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C7-C~o cycloalkyl, NHRS02Rl4A, -co2Rl3A, NR13AR14, 

; NR13Rl4A, -C (Rl4) =N (OR14A), -CONRl3NRl3Rl4, 

-NR40R41, -SOmR13A, -C(=O)NR13Rl4, 

-OC(=O)NR13R14, -C(=O)Rll, -OC(=O)Rll, 

5 -OC02Rl3, -C(=O)NR13-(C1-C4 alkyl)-NRl3R14, 

OR13A, -C(=O)NR40R41, C2-C4 haloalkenyl, C1-C4 

haloalkynyl, or 

10 

:s 

2: 

JC· F
-;-. 

. - ~I 

. ,. 

-C (=<j>) NR13C (Rll) 2NR13Rl4; 

-C(=0)NR13C(Rll)2NR13co2Rl3; 

-C(=O)NR13-(C1-C4 alkyl)-NR13co2Rl3; 

-C(=O)N(Rl3)-(C1-C 4 alkyl)-Rll; or 

-C(=~)C(Rll) 2NR13Rl4; 
-C(=Q)C(Rl~)2NR13co2Rl3; -C(=O)-(C1-C4 alkyl)-

1 NR13Rl4; -C(=O)-(C1-C4 alkyl)-NR13co2Rl3; or 

C1-C~ alkoxy substituted wi~h 1-4 groups selected 

from: Rl 1 , C3-C6 cycloalkyl, -C02Rl3, 

-C(=O)NR13R14, -NR13R14 or OH; 

Ci-Cf alkyl substituted with 1-4 groups selected 

from: Rll, =NR14, =NNR13c(=O)NR13Rl4, 
I 

=!mR13c (=O) OR13, or -NR13R14; 

C2-C~ alke~yl substituted with 0-4 Rll; 

C2-C~ alkyny! substituted with 0-4 Rll; or 
I 

a 5- or 6-membered heterocyclic ring containing 

f=o~ 1 to ~ heteroatorns independently selected 

f=orn oxygen, nitrogen or sulfur, substituted 

w!t~ l-2 Rl2; when R32 is attached to a 

sa~~=ated carbon, it may be =NOH; or when R32 

attached to sulfur it may be -o: 

w.·her.1 a substituent on nitrogen, is selected from 

one or more of the following: 

-cHiN?.13ARlti, -NR13AR14, -cH2NR13R14A, 

-NRi3pl4A,-C(Rl4)=N(OR14A); 

~= F~w !s selected from: H, C1-C3 alkyl; 
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-C (=0) NR13Rl 4; 

-CC=O)~Rl3NR13Rl4; 

' -67-

5 -C(=O)C(Rll)2NR13Rl4; 

10 

15 

20 

25 

-C(=O)C(Rll)2NRl3NRl3Rl4; 
I 

-C(sO)C(Rll)2NRl3co2Rl3; 

-C(•O)H; 

-c (=0) R,ll; 

-C(=O);(C1-C4 alkyl)-NR13Rl4; 

-C(=O)~(C1-C4 alkyl)-NR13co2Rl3; 

1-3 am~no acids linked together via amide bonds, 

and linked to the N atom via the carboxylate 

terminus; 
I 

provided that: 

R4, R~~, R7 and R7A are not all hydrogen. 

[9J Preferred compounds of this third embodiment are 

compo~nds o. the formula (I) wherein: 

i 
R4 and R7 are independently selected from the following 

a-c··Dc: · 

~ - "'· ~~·drogkn; 
C1-~4 alkyl substituted with 0-3 Rll; 

C3-C4 alkenyl substituted with 0-3 Rll; 

C3-C4 alkynyl substituted with 0-3 Rll; 

I 
30 R4A and R7A, are hydrogen; 

n is 0, 1, or 2; 

R5 is selected fro~ fluoro or -oR20; 

35 
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R6 is independently selected from: hydrogen, fluoro or 

-oR21; 

RS and R6 can alternatively join to form an epoxide or 
5 azirfdine ring; -OCH2SCH20-; -OS(•O)O-; -OC(=O)O-; 

-OCH20-; -OC(=S)O-; -OC(•O}C(•O}O-; -OC(CH3)20-; 

10 

-OC(OCH3) (CH2CH2CH3)0-; or any group that, when 

adrni~istered to a mammalian subject, cleaves to 

form'a free dihydroxyl; 
I 

RSa is se+ected from hydrogen or f luoro; 

R6a is se+ected from: hydrogen or fluoro; 

!5 RS and R5a ca~ alte=natively join to form =O, =S, or a 

20 

25 

ke:a: :ring; 

ff a~d F6~ can alterna:ively join to form =O, =S, or a 

a::c 
J.. , 

R~ 6 are independen:ly 

r.ydrogen; 

c:-c~ alkylcarbonyl; 

C1 -Cl5 alkc>:y:::a=bonyl; 

be::.z10~·:; or 

selected from: 

a::y :gro·..Ifl that, when administered to a mammalian 

subject, cleaves to form a free hydroxyl; 

30 pl: is selected from one or more of the following: 
H, ~eto, halogen, cyano, -CH2NR13R14, -NR13R14, 

I 

-co2R13, -OC(=O)R13, -oR13, -S(O)mR13, c2-C4 

alkenyl, C3-C6 cycloalkylrnethyl, nitro, 

hydrazide, boronic acid, formyl, C3-C6 

cycloalkoxy, methylenedioxy, ethylenedioxy, 
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C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 

~lkoxyearbonyl, C1-C4 alkylearbonyl, 

~lkylearbonyla~ino, -OCH2C02H, 

~C(R14 >=N(OR14); 

C ~ . l lk l b ' d wi'th 0-2 R12,· 3-~10 eye oa y su stitute 

C1-C4 alkyl substitued with 0-2 R12; 

C1-C4 

aryl(01-C3 alkyl) substituted with 0-2 R12; 

c2-C6 ~alkoxyalkyl, substituted with 0-2 Rl2; 

C1-C4 alkylcarbonyloxy substituted with 0-2 Rl2, 

C6-C10, arylcarbonyloxy substituted with 0-2 Rl2, 

aryl substituted with 0-3 R12; or 

a 5- to 10-membered heterocyclic ring system 

aontaining 1 to 4 heteroatoms independently 
I 
Telected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 0-2 Rl2; 

Rl2, when 9 substituent on carbon, is selected from one 

or more of 'the following: 

phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 

haloge~, C1-C4 alkyl, C7-C10 arylalkyl, C1-C4 
I 

alkoxy, 2-(1-rnorpholino)ethoxy, -C02H, 

nydroxamic acid, hydrazide, -C(R14)=N(OR14), 

~yano, boronic acid, sulfonamide, formyl, C3-

C6 cycloalkoxy, -OR13, C1-C 4 alkyl substituted 

witr. -NR13Rl4, -NR13R14, methylenedioxy, C1-C4 

haloalkyl, C1-C4 alkylcarbonyl, C1-C4 

plkylcarbonylamino, hydroxy, hydroxymethyl; or 

a 5- or 6-membered heterocyclic ring containing 

from l to 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur; 

R12, when a substituent on nitrogen, is selected from 

benzyl or methyl; 
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R13 is H, 1 C1-C4 alkyl, C3-C6 alkoxyalkyl, C2-C4 alkenyl, 

or benzyl; 

R13A is ~elected from: 

5 phe~yl substituted with 1-3 Rll; 

benzyl substituted with 1-3 Rll; 

C1-C6 alkyl substituted with 1-3 Rll; 

C2-C4 alkenyl substituted with 1-3 Rll; 

C3-C6 alkoxyalkyl substituted with 1-3 Rll; 

10 an amine protecting group when Rl3 is bonded to N; 

a h~droxy protecting group when Rl3 is bonded to O; 

15 

. ' 
P-~ is OH, H, C1-C4 alkyl, C1-C4 alkoxy, NH2, C2-C4 

alk~nyl, or benzyl; 

p!4A iE [1-Ce a:kyl substituted with 1-3 groups selected 

'f.=~rr, :i::, C:-C~ alkoxy, halogen, NH2 1 -NH(Cl-C4 
I 

a:ky:;, C1-C6 alkoxy, C2-C6 alkenyl, phenyl, benzyl, 
I 

a~ arnine pro~ecting group when Rl4 is bonded to N, 

2C a hydroxy protec~ing group when Rl4 is bonded to O; 

F-j a~~ Rl' can alternatively join to form -(CH2}4-, 

- (Ck2) :.- , -CH2CH2N (RlS) c.H2CH2-, or -CH2CH20CH2CH2-; 

-N(~22)C(=Z}N(R23)-; 

- N ( p) 2 ) C ( = Z ) 0- ; 

30 - 'N <[?.2 2 ) c ( = z ) c ( R 2 7 ) ( R 2 8 ) - ; 

-N~R22)C(=O)C(=O}N(R23)-; 

wherein: 

3: z :..::.: c, :, r~-:::, 1~-or., N-o~:E 3 ; 
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R22 and R23 9re independently selected from the 

fellowing: 

hydroge~; 

C1-ca alkyl substituted with 1-2 R3l; 

c2-C6 alkenyl substituted with one R3l; 

c2-C4 aTkynyl substituted with one R3l; 

R27 is selected from the following: 

hydrogen; 

C1-ca alkyl substituted with 0-3 R31; 
I 

c2-cs alkenyl substituted with 0-3 R3l; 

C3-C9 atkynyl substituted with 0-3 R31; 

15 R2E is hydroce:-i or halogen; 
r 

R3: is selected from one or more of the following: 

-CH2NRl~AR14, -NR13AR14, -co2Rl3A, -OC(•O)Rl3A, 

-okl3A -S(O)mR13A -NHC(•NH)NHR13A 
I I f I 

20 -C(=NH)NHR13A, -C(=O)NR13AR14, -NR14c(=O)R13A, 

25 

30 

35 

-0C(=0)NR13AR14, -NR13Ac(=O)NR13AR14, 

-NR14so2NR13AR14, -NR14so2R13A, -so2NR13AR14, 

-cP.2NR13R14A, -NR13R14A, -C(=O)NR13Rl4A, 

-NR14Ac(=O)R13, =NOR14A, -NR14c(=0)0Rl4A, 

-OC(=O)NR13Rl4A, -NR13c(=O)NR13R14A, 

-NR14Aso2NR13Rl4A, -NR14Aso2R13, -so2NR13Rl4A, 

nitre, hydrazide, boronic acid, formyl, C3-C6 

cycloalkoxy, C2-C4 alkyl substituted with 

-NR13Rl4, C1-C4 hydroxyalkyl, methylenedioxy, 

ethylenedioxy, C1-C4 haloalkyl, C1-C4 

haloalkoxy, C1-C4 alkylcarbonyl, -OCH2C02H, 

2-(1-morpholino)ethoxy, azido, or 

-CJ (Rl4) =N (OR14A) ; 

aryl substituted with 1-5 R32; or 

a 5- to· 10-mer:lbered heterocyclic ring system 

c~n~aining 1 to 4 heteroatoms independently 
I 



·.:. 

WO 94/19329 PCTIUS94/01609 

-72-
selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 
1 with 1-2 R32; 

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

10 

15 

.... -

.:. l· 

2: 

30 

'· 
or more of the following: 

C7-010 cycloalkyl, NHRS02R14A, -C02Rl3A, NR13AR14, 

NR13Rl4A, -G(Rl4)=N(OR14A), -CONR13NR13R14, 

-NR40R41, -SOmRl3A, -C(=O)NR13R14, 

-OC{=O)NR13Rl4, -C(=O)Rll, -occ-O)Rll, 

I -oco2R13, -C(=O)NR13-cc1-C4 alkyl)-NR13R14, 

' oR13A, -C(=O)NR40R41, C2-C4 haloalkenyl, C1-C4 

haloalkynyl, or 

-C(~0)NR13c(R:1)2NR13Rl4; 

-:(=0)Npl3c(Rlll2NR13co2Rl3; 

-C(~J}NR:3_CC:-Cc alkyl)-NR13C02Rl3; 

-C\=C)NCR13l-CC1-C4 alkyl)-Rll; or 

-:(=:1C(Rll) 2NRl3Rl4; 

-:(~))C(R11 J2NR 1 3co2R1 3; -C(=O)-(C1-C4 alkyl)-

i ~~~3Rl4; -C(=O)-(C1-C4 alkyl)-NR13co2Rl3; or 
I 

~:-:~ alkoxy substituted with 1-4 groups selected 

frcrn: R11 , C3-C6 cycloalkyl, -C02R13, 

-C(=O)NR13R14, -NR13R14 or OH; 

C1-~c alkyl substituted with 1-4 groups selected 

~=cm: Rll, =NR14, =NNR13c(=O)NR13Rl4, 

=!\::Rl 3c (=0) OR13, or -NR13Rl 4; 

::-~c alkenyl substituted with 0-4 Rll; 

C2-Qc alkynyl substituted with 0-4 Rll; or 

c. :·- c·r 6- nembered heterocyclic ring containing 

f=om 1 to 4 heteroatoms independently selected 

- ... ...... ' 

1 f=om oxygen, nitrogen or sulfur, substituted 

~~th 1-2 Rl2; when R32 is attached to a 

sa:urated carbon, it may be =NOH; or when R32 

a::ached to sulfur it may be =0; 

c :- 2; 
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R40 is selected from: H, C1-C3 alkyl; 

R4l is selected from: 

5 -C(=O)NR13R14; 

-C (=0) NR13NR14; 

-C (=0) C'(Rll) 2NR13Rl4; 

-C(=O)C(Rll)2NR13NR14; 

-C(=O)C~Rll)2NR13co2Rl3; 

10 -C(=O)H; 
I 

-C (=0) Rll; 

-C (=0)- 1(C1-C4 alkyl)-NR13Rl4; 

-c (=Ol-l(C1-C~ alkyl)-NR13co2Rl3; 
I 

1-3 amino acids linked together via amide bonds, 

15 and linked to the N atom via the carboxylate 
I 

terminus; 

p::::ovided that: 

20 R4 and R7 are not both hydrogen; 

I 

when R41 is hydrogen, at least one of the following 

is not hydrogen: R22 and R28. 

25 [10] Furthe~ preferred compounds of this third 
I 

er.~odiment cf formula (I) are compounds of formula (II): 

30 
I 

or a pharmaceutically acceptable salt form thereof 

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

groups: 

hydrogen; 

C1-04 alkyl substituted with 0-3 Rll; 
I 

C3-C4 alkenyl substituted with 0-3 Rll; 

RS is selected from -oR20; 

R6 is hy~rogen or -oR21; 

R20 and R21 are independently hydrogen or any group 

that, when administered to a mammalian subject, 

cle9ves to form a free hydroxyl; 

' " F.- -
I 

is se:ected from one or more of the following: 
~, ketc, haloge~, cyano, -cH2NR13R14, -NR13R14, 

-C02R13, -OC(=O)R13, -oR13, -S(O)mR13, c2-C4 

a!kenyl, C3-Ce cycloalkylrnethyl, nitre, 

hyd=azide, boronic acid, forrnyl, C3-C6 

cyc!oalkoxy, methylenedioxy, ethylenedioxy, 

' C1-:~ haloalkyl, C1-C4 haloalkoxy, C1-C4 

alkoxycarbonyl, C1-C4 alkylcarbonyl, C1-C4 

alkylcarbonylamino, -OCH2C02H, 

-C cz:._H) =N (QR14) ; 

:3-~:c cycloalkyl substituted with 0-2 Rl2; 

c:-c~ alkyl substitued with 0-2 R12; 

a=y;c:~-:3 alkyl) substituted with 0-2 Rl2; 

c2-C€ alkoxyalkyl, substituted with 0-2 Rl2; 
I 

:~-:; a:kylcarbonyloxy substituted with 0-2 R12, 

CE-~:o arylcarbonyloxy substituted with 0-2 R12, 

a=yi s~bs~ituted with 0-3 Rl2; or 

a 5- to 10-membered heterocyclic ring system 

containing 1 to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

he~e=ocyc!ic ring sys~em being substituted 
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Rl2, when a substituent on carbon, is selected from one 
I 

or more of the following: 

phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 

halogen, C1-C4 alkyl, C7-C10 arylalkyl, C1-C4 

alkoxy, 2-(1-morpholino)ethoxy, -co2H, 

hyd~oxamic acid, hydrazide, -C(R14)•N(OR14), 

cyano, boronic acid, sulfonamide, formyl, C3-

C6 dycloalkoxy, -oRl3, C1-C4 alkyl substituted 

wit~ -NR13Rl4, -NR13Rl4, methylenedioxy, C1-C4 

haloalkyl, C1-C4 alkylcarbonyl, C1-C4 
I 

alkylcarbonylamino, hydroxy, hydroxymethyl; or 

a 5- er 9-membered heterocyclic ring containing 
I 

fro~ 1 to 4 heteroatoms independently selected 
I 

fro~ oxygen, nitrogen or sulfur; 

R:2, whe:: a substituent on nitrogen, is selected from 

benzyl ct methyl; 

2C R:3 is H, C:-c, alkyl, C3-C6 alkoxyalkyl, C2-C4 alkenyl, 

er be::zyl; 

25 

30 

R13A is selec~ed from: 

phe::y: s~bstituted with 1-3 Rll; 

benzyl substituted with 1-3 Rll; 

c:-:e al~yl substituted with 1-3 Rll; 

C2-:, alRer.yl substituted with 1-3 Rll; 

C3-C5 al~oxyalkyl substituted with 1-3 Rll; 

an amine protecting group when Rl3 is bonded to N; 

a hydroxy protecting group when Rl3 is bonded to O; 

R14 is OH, H, C:-C4 alkyl, C1-C4 alkoxy, NH2, C2-C4 

alkenyl, or benzyl; 

I 

I 
35 Rl~A ~s C1-:€ alkyl substituted w~th 1-3 groups selected 

frorr OH, C:-C4 alkoxy, halogen, NH2, -NH(Cl-C4 
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alkyl), C1-C6 alkoxy, C2-C6 alkenyl, phenyl, benzyl, 

an ~mine protecting group when Rl4 is bonded to N, 

a hydroxy protecting group when Rl4 is bonded to O; 

5 R13 and i14 can alternatively join to form -(CH2)4-, 

-(CH2)5-, -CH2CH2N(RlS)CH2CH2-, or -CH2CH20CH2CH2-; 

RlS is H 1 or CH3; 
I 

10 W is selected from: 

15 

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

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

-N(R22)C(=Z)C(R27) (R28)-; 
I 

-N(R22)C(=0)C(=0)N(R23)-; 

Z "c: 0, S, N-Ct~ 
I 

~ ~ 

?.~' and a=e independently selected from the 

r ~ 

h:r·c,roge:.; 

C1-c2 alkyl substituted with 1-2 R31; 

C2-~6 al~e~yl substituted with one R31; 
I 

C2-:, a~ky~yl substituted with one R31; 

R~ · !s s~:ect~d from the following: 
I 

hyd
1
rogen; 

C1-~8 alkyl substituted with 0-3 R31; 

30 c2-ce alkenyl substituted with 0-3 R31; 

C3-ce alkynyl substituted with 0-3 R31; 

F 2 2 ' ,,_I ' \. 1 
~s ,j'iarogen or ,~a ogen; 

-:- . 
F-~ is se:ecte~ fro~ one c: more cf the following: 
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-CH2NRl3AR14, -NR13AR14, -co2R13A, -oR13A, 

-~(0)mR13A, -CH2NR13Rl4A, -NR13R14A, or 

- ¢ ( R 14 ) =N (OR 14 ) ; 

aryl substituted with 1-5 R32; or 

a 5- to 10-mernbered heterocyclic ring system 

c~ntaining 1 to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 1-2 R32; 

I 

R32, when a 1 substituent on carbon, is selected from one 

15 

20 

25 

30 

o= mc=e o: the following: 

C7-C10 cycloalkyl, NHRS02R14A, -C02Rl3A, NR13AR14, 

N~,l3F.l U·., -C (Rl4) =N (OR14Al, -CONR13NR13R14' 

-NR~OR~l, -SOrnR13A, -C(=O)NR13R14, 

-O:(=OlNR:3Rl4, -C(=O)Rll, -OC(=O)Rll, 

-9co2R13, -C(=O)NR13-(c1-C4 alkyl)-NR13Rl4, 

OR13h, -C(=O)NR40R41, C2-C 4 haloalkenyl, C1-C4 

hf!.loalkynyl, or 

-C(=O)NR13C(Rll)2NR13Rl4; 

-C(=0)NR13c(R11)2NR13co2Rl3; 

-C(=0)NR13-(C1-C4 alkyl)-NR13C02Rl3; 

-C(=O)N(R13)-(C1-C4 alkyl)-Rll; or 

-C(=OlC(Rll)2NRl3R14; 

-C(=O)~(Rll)2NR 1 3co2R 1 3; -C(=O)-(C1-C4 alkyl)-

NR13R1C; -C(=O)-(C1-C4 alkyl)-NR13co2Rl3; or 

C1-C4 ~lkoxy substituted with 1-4 groups selected 

~rom: R11, C3-C6 cycloalkyl, -C02Rl3, 

~C(=O)NR13R14, -NR13R14 or OH; 

C1-C4 alkyl substituted with 1-4 groups selected 

from: Rll, =NR14, =NNR13C(=O)NR13Rl4, 

=NNR13C(=O)OR13, or -NR13R14; 

C2-C4 alkenyl substituted with 0-4 Rll; 

C2-C4 alkynyl substituted with 0-4 Rll; 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 Rl2; when R32 is attached to a 

5 
1 

saturated carbon, it may be •NOH; or when R32 

attached to sulfur it may be •O; 

m is 0, 1:,, or 2 ; 

10 R40 is selected from: H, C1-C3 alkyl; 

15 

') = ... _ 

3C 

R4l is selected from: 

-C (=0) NR13Rl4; 

-C (j0) NR13NR14; 

-:(•C)C(Rll)2NR13R14; 

-:(~0)C(R 1 1)2NRl3NR14; 

-:(~0)CCR 1 :)2NRl3co2Rl3; 
-C(•O)H; 

-C (=C=) Rll; 

-:t7:1-(C1-C4 alkyll-NR13Rl4; 

-:(~::-(::-C4 alkyl)-NR13co2Rl3; 

:-~ 1 a~i~o acids linked together via amide bonds, 

and :inked to the N atom via the carboxylate 

R~ acd R7 are not both hydrogen; 

R4 is hydrogen, at least one of the following 

is no~ hydrogen: R22 and R28. 

[1:; P=e!erred compounds of this third embodiment are 

c~~?~~~ds c: form~la (II) described above, wherein: 
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R4 and R7 are s~lected from benzyl, fluorobenzyl, 

pyrrolylmehhyl, methoxybenzyl, isobutyl, 
I 

nitrobenzyll or aminobenzyl, thienylmethyl, 
hydroxybenzyl, pyridylmethyl, naphthylmethyl; 

5 

Rs is -OH; 

R6 is hydrogen or -OH; 

I 

alkenyl, o~ benzyl; 

15 R13 and R14 can alternatively Join to form -(CH2)4-, 

-(CP.2)5-, -CH2CH2N(R1 5)CH2CH2-, or -CH2CH20CH2CH2-; 

20 

25 

~ is selected irom: 
-N(R22)C(=0)N(R23)-; 

-N(R22)C(•N-CN)N(R23)-; 

-N(R22)C(~S)N(R23)-; 
I 

R22 and R23 are independently selected from the 
following: 

hydroger.; 
C1-CB alkyl substituted with 1-2 R31; 

c2-C6 alkenyl substituted with 1-2 R31; 

c2-C4 alkynyl substituted with 1-2 R31; 

30 R31 is selected from one or more of the following: 
halogen, '-oR13A, -c (Rl4) =N (OR14), -C02Rl3A, 

35 

-S (O} rnR13A; 
' 

aryl substituted with 1-5 R32; or 

a heterocyclic ring system chosen from pyridyl, 
pyrimidinyl, triazinyl, £uranyl, thienyl, 

pyr~olyl, pyrazolyl, irnidazolyl, tetrazolyl, 
I 

' \ 
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benzofuranyl, indolyl, quinolinyl, 

1 isoquinolinyl, oxazolidinyl, said heterocyclic 

' ring being substituted with 1-2 R32, or 

benzimidazolyl, benzotriazolyl, indazolyl, 

5 , benzoxazolinyl, benzoxazolyl, optionally 

substituted with 0-2 R32; 

I 

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

or more of the following: 
10 -CH~NR13AR14, -NR13AR14, -CH2NR13Rl4A, -NR13Rl4A, 

, ::: 

r. • 
"-·~ 

., :: 
"--

-C(R14)=N(OR14A), allyloxy, -co2CH3, -NHCHO, 

-oco2CH3, -CH=NCH2CH20H, -OCONHCH2C6H5, 

-OCONHCH3, -C=C-CH20H, -OCH2CONH2, 

-CH=NNHCONH2, -CONHOCH3, -CH2CH(OH)CH20H, 

adamantarnido, hydroxyethoxy, dihydroxyethyl, 

-c <NE2) =NH I -CONHCH3 I -CONHCH2CH3, 

-C'.)l'\ ( CH2 CP. 3) 2 I -NHCONH2 I -NHCONHCH3, 

-NH:8CH2N(CH3)2, -NHCOCH2NHCH3, 

-NH:OCH2NHC02CH2C6H5, -NHCOCH2NH2, 

-NHCOCH(CH3)NHC02CH2C6H5, 

-NHCCCE(CH2C6HS)NHC02CH2C6H5, -NHCOCH(CH3)NH2, 

-NHCOCH(C~2CGH5)NH2, -co2CH2CH3, 

-CONHCH2CH2CH3, -CONHCH(CH3)2, -CH2-imidazole, 

-CCC(CH3J3, -CH(OH)CF3, -CO-imidazole, -CO-

pyrazolyl, -COCF3, -C(CF3)=N(OH), acetoxy, 

-!: (C:E3) (CH:)), -CONR13R14, -CONHOH, 

(diethylaminoethyl)arninocarbonyl, 

(N-ethyl,N-methylaminoethyl)aminocarbonyl, 

(4-rnethylpiperazinylethyl)aminocarbonyl, 

(pyrrolidinylethyl)aminocarbonyl, 

Cpiperidinylethyl)aminocarbonyl, 

-NECOCH2NHCH3, N-(2-(4-

ffiO~Fholino)ethyl)aminocarbonyl, or N-(2-(N,N­

d~~e~hylarr.ino)ethyl)arninocarbonyl. 
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[ 12) Also preferred in the present invention are 

compounds, or a pharmaceutically acceptable salt form 

thereof, of the formula: 

wherein: 

w is 
-N(R22)C(=O)N(R23)-; 

-N(R22)t(=S)N(R23)-; 

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

R4 and R7 are independently selected from: benzyl, 
I 

15 fluorobenzy!, pyrrolylmethyl, methoxybenzyl, 
I 

isobut~l, nitrobenzyl or aminobenzyl, 

thienylmethyl, hydroxybenzyl, pyridylmethyl, 

naphth~lmethyl; 

20 R22 and R23 are independently selected from the group 

25 

30 

consis:.ing of: 

!E2NC<=p>>-benzyl, carboethoxybenzyl, (0-benzyl­

formaldoxime)benzyl, (0-methyl­

forrnaldoxime)benzyl, CCH302CO)-benzyl, 
I 

(HOCH2CH2N=CH)-benzyl, 

N~benzylaminocarbonylbenzyl, (H2NNHC(s0))­

benzyl, (H2NC(=O)NHN=CH)-benzyl, 

(~H30NHC(=O))-benzyl, (HONHC(=O))-benzyl, 

CCH3NHC(=O))-benzyl, 

N,N-dimethylaminocarbonylbenzyl, 

(HOCH2CH(OH)CH20)-benzyl, hydroxyethoxybenzyl, 

(carbomethoxy)pentyl, 9lycyla~inobenzyl, 

N~N-dimethylglycylaminobenzyl, 
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1 alanylaminobenzyl, (N-phenylmethoxycarbonyl)-

1 alanylaminobenzyl, phenylalanylaminobenzyl, 

(N-phenylmethoxycarbonyl) 

1 
phenylalanylarninobenzyl, (CH3CH2NHC(=O))­

benzyl, N,N-diethylaminocarbonylbenzyl, 

N-ethylaminocarbonylbenzyl, 

N-propylaminocarbonylbenzyl, 

N,N-diisopropylaminocarbonylbenzyl, N, N-di-n­

propylaminocarbonylbenzyl, 

(hydroxypropynyl)benzyl, (imidazolyl-C(=O))-

benzyl, (pyrazolyl-C (=0) )-benzyl, 

(pyridylmethylaminocarbonyl)benzyl, 

trif luoroacetylbenzyl, dihydroxyethylbenzyl, 

(MeHNC{=O)NH)-benzyl, (H2NC(=O)NH)-benzyl, 

(HC(=O)NH)-benzyl, methanesulfonylpentyl, N­

forffi~:-N-methylaminobenzyl, acetylaminobenzyl, 

pro?ionylbenzyl, butyrylbenzyl, 

(t:-ifluo::-ohydroxyethyl)benzyl, (CF3C (=NOH))­

be:izyl, (N-methylglycyl) aminobenzyl, 

Cf~-morptolino)ethyl)aminocarbonylbenzyl, 

(l;, !~-dimethy la:n.:..noethyl) aminocarbonylbenzy:., 

(~,K-diethylaminoethyl)aminocarbonylbenzyl, 

(~-~ethylpiperazin-1-

yle~t:r·l) arninocarbonylbenzyl, Cbenzyl­

z:::: ( =J) 0) benzyl, (CH3NHC (=0) 0) benzyl, 

(KE2: (=0) CH20l benzyl, (NH2C <=NH)) benzyl, 

( (N-p~enylmethoxycarbonyl)glycylamino)benzyl, 

(imidazolylmethyl)benzyl, ( (CH3) 3C-

C (=O) )benzyl, (N-methyl-N­

ethylaminoethyl)aminocarbonylbenzyl, 

Cpyrrolidinylethyl)aminocarbonylbenzyl, 

(piperidinylethyl)aminocarbonylbenzyl, 

CP.2?;: (=N:JH) )benzyl, <H2NC (=NOH)) fluorobenzyl. 

~-~- ~~e~erred ar~ compounds of formula (:Ia>: 
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Ph 

HO 
··~ aoOH 

(IIa) 

or a pharmaceutically acceptable salt form thereof, 

5 wherein: 

R22 and R23 ~=e independently selected from the group 
. 1. "' consisting o_: 

(H2N:(=b))-benzyl, carboethoxybenzyl, (0-benzyl-

1 O f ormaldoxime) benzyl, (0-methyl­

formaldoxime) benzyl, (CH302CO)-benzyl, 

(HOCH2CH2N=CHi-benzyl, 

N-be::z:itlaminocarbonylbenzyl, (H2NNHC (=0)) -

benzyl, (H2NC(=0)NHN=CH)-benzyl, 

15 

20 

25 

3C 

(CH30NHC(=O))-benzyl, {HONHC(=O))-benzyl, 

(CH3NHCC=O))-benzyl, 
I 

K,N-dimethylaminocarbonylbenzyl, 
(HOCH2:H(OH)CH20)-benzyl, hydroxyethoxybenzyl, 

(carbornethoxyJpentyl, glycylarninobenzyl, 

N,N-dime:hylglycylarninobenzyl, 

ala~ylarr.inobenzyl, (N-phenylmethoxycarbonyl)­

alanylaminobenzyl, phenylalanylarninobenzyl, 

~N-phenylmethoxycarbonyl; 

phenylalanylarninobenzyl, (CH3CH2NHC(=O))­

benzyl, N,N-diethylaminocarbonylbenzyl, 

N-ethylaminocarbonylbenzyl, 

N-propylarninocarbonylbenzyl, 

N,N-diisopropylaminocarbonylbenzyl, N, N-di-n­

~ropylarninocarbonylbenzyl, 

(hyd=oxypropynyl}benzyl, (imidazolyl-C(=O}}-

be::zy:., (pyrazolyl-C (=0}) -benzyl, 
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1 trifluoroacetylbenzyl, dihydroxyethylbenzyl, 
(MeHNC(=O)NH)-benzyl, (H2NC(=O)NH)-benzyl, 

(HC(=O)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-diethylaminoethyl)aminocarbonylbenzyl, 

(4-methylpiperazin-1-

ylethyl) aminocarbonylbenzyl, (benzyl­
NHC: (=0) 0) benzyl, (CH3NHC (=0) 0) benzyl, 

(?\H2C (=0) CH20) benzy 1, (NH2C (=NH) ) benzyl, 

((N-phenylrnethoxycarbonyl)glycylamino)benzyl, 
( i.rr.i.dazolylmethyl) benzyl, ( (CH3) 3C-

C (=S\) )benzyl, (N-methyl-N-

et~ylaminoethyl)aminocarbonylbenzyl, 

(pyrrolidinylethyl)aminocarbonylbenzy!, 

(p!pe=id~~ylethyl)aminocarbonylbenzyl, 

(E2N: (=NOP.)) benzyl, <H2NC (=NOH)) fluorobenzyl. 

[:4~ Spec~:1ca::y p~eferred are compounds of formula 

Ph 

HO 
· ... 
-;OH 

(I Ia) 

3C c= ~ ~~~;~a:e~~ically acceptable salt fer~ thereof, 

s~:e=:e~I~=~~ ~he grouF consisting c&· 
I 
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the compound of formula (Ila) wherein R22 is 1-

cinJamyl and R23 is 1-cinnamyl; 

the 

the 

the 

the 

the 

compound of formula (!Ia) wherein R22 is 

vinrlbenzyl and R23 is vinylbenzyl; 
comp6und of formula (Ila) wherein R22 is 3-

CNHCHO) benzyl and R23 is 3-(NHCHO)benzyl; 
compound of formula (Ila) wherein R22 is 3-

{NHCOCH3) benzyl and R23 is 3-(NHCOCH3)benzyl; 
I 

compound of formula (Ila) wherein R22 is 3-

for~aldoximebenzyl and R23 is 3-(N­

hyd~oxy)aminomethylbenzyl; 
I 

compound of formula (Ila) wherein R22 is 3-
(CH~OC (=0) 0-) benzyl and R23 is 3-(CH30C(=0)0-

1 )benzyl; 

the compound of formula (Ila) wherein R22 is 3-
(HOFH2CH2N=CH) benzyl and R23 is 3-

(HQCH2CH2N=CH)benzyl; 

the compound of formula (Ila) wherein R22 is 3-, 
(HOCH2CH2N=CH)benzyl and R23 is 3-(2-

oxazolidinyl)benzyl; 

the comp~und of formula (Ila) wherein R22 is 3-
(C5H5CH2NHC (=O) O) benzyl and R23 is 3-

(C~H5CH2NHC(=O)O)benzyl; 

the compour.d of formula (Ila) wherein R22 is 3-
(C~3NHC (=Ol OJ benzyl and R23 is 3-
(CH3NHCC=OJO)benzyl; 

the compound of formula (Ila) wherein R22 is 3-
<H9CH2CC) benzyl and R23 is 3-bromobenzyl; 

the compound of formula (!Ia) wherein R22 is 3-

aminocarbonylbenzyl and R23 is 3-

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

<H2NCOCH20lbenzyl and R23 is 3-

CH2NCOCH20)benzyl; 
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the compound of formula (IIa) wherein R22 is 3-

(H2NNHC (=0) )-benzyl and R23 is 3-(H2NNHC(=0))-

benzyl; 

the compound of formula (Ila) wherein R22 is 4-

(H2NNHC (=O) )-benzyl and R23 is 4-CH2NNHC(=O))-

benzyl; 

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

, CH2NC(=O)NHN=CH)-benzyl and R23 is 3-

(H2NC(=O)NHN=CH)-benzyl; 

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

methoxy) aminocarbonyl)-benzyl and R23 is 3-

[ (N-methoxy) aminocarbonyl]-benzyl; 

thel compound of formula (Ila) wherein R22 is 4- [ (N­

methoxy) aminocarbonyl]-benzyl and R23 is 4-

[ (N-methoxy)aminocarbonyl]-benzyl; 

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

(HOCH2CH (OH) CH20> benzyl and R23 is 3-

CHOCH2CH(OH)CH20)benzyl; 

the compound of formula (Ila) wherein R22 is 3-(2-

I'.yd~oxyethoxy)benzyl and R23 is 3-(2-

hydroxyethoxy)benzyl; 

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

( 1, 2-dihydroxyethyl) benzyl and R23 is 4-(1,2-

dihydroxyethyl)benzyl; 

~~~ compound of formula (Ila) wherein R22 is 3-

aminocarbonylbenzyl and R23 is 3-

(H2NC (=NH) )benzyl; 

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

carbomethoxybenzyl and R23 is 3-(N­

methylaminocarbonyl)benzyl; 

the compound of formula (!Ia) wherein R22 is 3-

( 1, 2-dihydroxyethyl) benzyl and R23 is 3-(1,2-

dihydroxyethyl)benzyl; 
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the compound of formula (Ila) wherein R22 is 4-

(1, 2-dihydroxyethyl)benzyl and R23 is 4-(1,2-

~ihydroxyethyl)benzyl; 

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

hydroxymethylbenzyl and R23 is 3-(N-
' rnethylaminocarbonyl)benzyl; 

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

ethylaminocarbonyl)benzyl and R23 is 3-(N­

ethylaminocarbonyl)benzyl; 

the c~mpound of formula (Ila) wherein R22 is 3-

~arbomethoxybenzyl and R23 is 3-(N,N­

diethylarninocarbonyl)benzyl; 
I 

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

carbornethoxybenzyl and R23 is 3-(N­

ethylaminocarbonyl)benzyl; 
(E2NC(=C)NH)benzyl and R23 is 3-CH2NC(=O)NH)benzyl; 

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

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

1 

1CH3NHC(=O)NH)benzyl; 

the compound of formula (Ila) wher.ein R22 is 3-
1 

1((N,N-dirnethylarninoglycyl)amino)benzyl and R23 
I 

~s 3-((N,N-dimethylaminoglycyl)amino)benzyl; 
I 

the cpmpound c: formula (Ila) wherein R22 is 3-((N-

~ethylaminoglycyl)amino)benzyl and R23 is 3-

1( (N-methylaminoglycyl) amino)benzyl; 

the compound of formula (Ila) wherein R22 is 

·3-((N,N-dimethylaminoglycyl)amino)benzyl and 

IR23 is 4-hydroxymethylbenzyl; 

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

phenylrnethoxycarbonylaminoglycyl)amino)benzyl 

and R23 is 3-((N­

phenylrnethoxycarbonylaminoglycyl)amino)benzyl; 
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the compound of formula (Ila) wherein R22 is 

3-(glycylamino)benzyl and R23 is 3-

(glycylamino)benzyl; 

the compound of formula (IIa) wherein R22 is 

3-(glycylamino)benzyl and R23 is 

I 
4-hydroxymethylbenzyl; 

I 

the· compound of formula (Ila) wherein R22 is 

phenylmethoxycarbonylamino-L-

alanyl)amino)benzyl and R23 is 3- ( (N-

phenylmethoxycarbonylamino-L-

alanyl)amino)benzyl; 

the· compound of formula (!Ia) wherein R22 is 

phenylmethoxycarbonylamino-L-

3- ( (N-

3- ( (N-

phe~ylalanyl) amino) benzyl and R23 is 3-((N-

~5 phenylmethoxycarbonylamino-L-

20 

phenylalanyl) arnino) benzyl; 

tte compound of formula (IIa) wherein R22 is 3-(L­

alanyl)a~ino)benzyl and R23 is 3-(L­

alanyl)anino)benzyl; 

:.!"ie compound of formula (Ila) wherein <R22 is 3- (L­

phenylalanyl) amino) benzyl and R23 is 3-(L­

pher.ylalanyl)amino)benzyl; 

~h~ compound of formula ·(Ila) wherein R22 is 5-

hydroxy-1-pentyl and R23 is 3-

25 ca:boethoxybenzyl; 

30 

the corr.pound of formula (Ila) wherein R22 is 4-

oxime-1-hexyl and R23 is 4-oxime-1-hexyl; 

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

(N, N-diethylaminocarbonyl) benzyl and R23 is 3-

(N,N-diethylarninocarbonyl)benzyl; 

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

carbomethoxybenzyl and R23 i~ 3-(N,N­

diethylaminocar.bonyl)benzyl; 
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the compound of formula (!Ia) wherein R22 is 3-

carbomethoxybenzyl and R23 is 3-(N-
' 

ethylarninocarbonyl)benzyl; 

the compfund of formula (!Ia) wherein R22 is 3-

hydroxymethylbenzyl and R23 is 3-(N,N­

diethylaminocarbonyl)benzyl; 

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

hydroxymethylbenzyl and R23 is 3-(N-
' 

et~ylaminocarbonyl)benzyl; 

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

pr~pylaminocarbonyl)benzyl and R23 is 3-(N­

prdpylarninocarbonyl)benzyl; 

the com~ound of formula (!Ia) wherein R22 is 3-

(Hd2C) benzyl and R23 is 3-(N-

15 isdpropylarninocarbonyl)benzyl; 

2C 

25 

30 

the compound c= formula (Ila) wherein R22 is 3-

(H02:) benzyl and R23 is 3-(N-

propylarninocarbonyl)benzyl; 

..... ,..,_"'xv-'e-~··,·o,,,,.,...zy, and R23 i's 3-

.. 4~ _ ..... u ... '~: -··~ .. -.&.• ~ • 

arninocarbonylbenzyl; 

the co~pound cf formula (Ila) wherein R22 is 

cyclopropylmethyl and R23 is 3-

arninocarbonylbenzyl; 

the compound of formula (!!a) wherein R22 is 3-

a~inocarbonylbenzyl and R23 is hydrogen; 
I 

the com~ound c: formula (!Ia) wherein R22 is 3-

hy~roxyme~hylbenzyl and R23 is 3-(N-
' 

et~ylaminocarbonyl)benzyl; 
' 

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

imidazolylmethyl)benzyl and R23 is 3-(N­

imidazolylmethyl)benzyl; 

the compound of formula (!Ia) wherein R22 is 3-

(2~ 2-dimethyl-l-propionyl)benzyl and R23 is 3-

(2,2-dimethyl-1-propionyl)benzyl; 
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I 

the compound cf formula (Ila) wherein R22 is 3-
1 

1 (2,2,2-trifluoro-l-hydroxyethyl)benzyl and 

is 3-(2,2,2-trifluoro-l-hydroxyethyl)benzyl; 

the 1compound of formula (Ila) wherein R22 is 3-(2-

, imidazolyl-C(=O))benzyl and R23 is 3-(2-

, imidazolyl-C(=O))benzyl; 

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

, hydroxy-l-propyn-1-yl)benzyl and R23 is 3-(3-

, hydroxy-1-propyn-l-yl)benzyl; 

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

, (2,2,2-trifluoroacetyl)benzyl and R23 is 3-

(2,2,2-trifluoroacetyl)benzyl; 

the ;CO~pound of fvrmula (Ila) wherein R22 is 3-. 

! propionylbenzyl and R23 is 3-propionylbenzyl; 

the: . corr.pound of formula (Ila) wherein R22 is 3-

{CH3CH2C {=N-OH)·) benzyl and R23 is 3-

{CH3CH2C(=N-OH) )benzyl; 

t~e co~pound of formula (Ila) wherein R22 is 3-

! (CF3CP.2C{=N-OH))benzyl and R23 is 3-

I 
(:F~CH2C(=N-OH))benzyl; 

:he co~;~~nd o~ formula (IIa) wherein R22 is 3-(5-
1 

me:hyl-1,2,3-oxadiazolyl)benzyl and R23 is 3-

(5-methyl-1,2,3-oxadiazolyl)benzyl; 

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

<E2NC (=NOH) benzyl and R23 is 3-

(E2~C(=NOH)benzyl; 

~he 'co~pour.d of formula (Ila) wherein R22 is 3-

(HzNC (=NOH)-4-fluorobenzyl and R23 is 3-

(E2NCC=NOH)-4-fluorobenzyl; 

~he :compound of formula (Ila) wherein R22 is 3-

1 chloro-5-indazolylmethyl and R23 is 3-chloro­

~ 5-indazclylmethyl; 

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

methylarnino-5-indazolylmethyl and R23 is 3-

~e:hyla~ino-5-inda~olylmethyl; 
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the comp~und of formula (!Ia) wherein R22 is 3-

ethylamino-5-indazolylmethyl and R23 is 3-
ethylamino-5-indazolylmethyl; 

the compbund of formula (!Ia) wherein R22 is 3-

amino-5-benzisoxazolylmethyl and R23 is 3-
1 

amino-5-benzisoxazolylmethyl. 

[ 15] Also pre,ferred are compounds of formula (I Iaa) : 

... 
~OH 

(I Iaa) 

or a pharmace.'.utically acceptable salt form thereof 
wherein: 

R4 and R7 are, independently selected from: benzyl, 

fluorob~nzyl, pyrrolylmethyl, methoxybenzyl, 
I 

isobuty;, r.itrobenzyl aminobenzyl, hydroxybenzyl, 

4-pyridylmethyl, or thienylmethyl; 

R22 and R23 are independently selected from: 
(H2NC(=Q))-benzyl, carboethoxybenzyl, (0-benzyl­

formaldoxime)benzyl, CO-methyl-
' formaldoxime)benzyl, (CH302CO)-benzyl, 
I 

(HOCH2CH2N=CH)-benzyl, 

N-benzylaminocarbonylbenzyl, (H2NNHC(c0))­
benzyl, (H2NC(=O)NHN=CH)-benzyl, 

(C~30NHC(=O))-benzyl, (HONHC(=O))-benzyl, 

CCH3NHC(=O))-benzyl, 
I 

N,N-dimethylaminocarbonylbenzyl, 
(HbcH2CHCOH)CH20)-ben~yl, hydroxyethoxybenzyl, 

I 
I 
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(carbomethoxy) pentyl, glycylaminobenzyl, 

N,N-dimethylglycylaminobenzyl, 

alanylaminobenzyl, (N-phenylrnethoxycarbonyl)­

\ alanylarninobenzyl, phenylalanylaminobenzyl, 

(N-phenylrnethoxycarbonyl) 

phenylalanylarninobenzyl, (CH3CH2NHC(=O))­

benzyl, N,N-diethylarninocarbonylbenzyl, 

N-ethylaminocarbonylbenzyl, 

N-propylaminocarbonylbenzyl, 

N,N-diisopropylaminocarbonylbenzyl, N, N-di-n­

propylaminocarbonylbenzyl, 

(hydroxypropynyl)benzyl, (imidazolyl-C(=O))-

be:izyl, (pyrazolyl-C (=0)) -benzyl, 

(pyridylmethylaminocarbonyl)benzyl, 

t=if:uoroace~ylbenzyl, dihydroxyethylbenzyl, 

(MeF.r~: (=:l) NH) -benzyl, (H2NC (=0) NH) -benzyl, 

(HC(=OlNH)-benzyl, rnethanesulfonylpentyl, N­

formyl-N-methylaminobenzyl, acetylaminobenzyl, 

prcp!cnylbe~zyl, butyrylbenzyl, 

<t=ifluorohydroxyethyl)benzyl, (CF3C(=NOH))­

be:.zy:, (N-methylglycyl) aminobenzyl, 

((4-mcrpholinu)ethyl)arninocarbonylbenzyl, 

(N,N-d!methylaminoethyl)aminocarbonylbenzyl, 

(~,K-diethylaminoethyl)aminocarbonylbenzyl, 

(4-methylpiperazin-1-

ylet~yl) aminocarbonylbenzyl, (benzyl­

!;::c: (=0) 0) benzyl, (CH3NHC (=0) 0) benzyl, 

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

((N-phenylmethoxycarbonyl)glycylamino)benzyl, 

(iffiidazolylmethyl)benzyl, ((CH3)3C-

C(=O) )benzyl, (N-methyl-N­

ethyla~inoethyl)aminocarbonylbenzyl, 

(pyrrolidinylethyl)aminocarbonylbenzyl, 

(piperidinylethyl)aminocarbonylbenzyl, 

(H2I\: (=NOH)) benzyl, (H_2NC (=NOH)) fluorobenzy:i.. 
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[ 1 €J Specif.i!ca.:.ly preferred are compounds of formula 

( :1aal : 

. ... 

"H (I laa) 

or a pharma~eutically acceptable salt form thereof, 

se:ected from the group consisting of: 

the co~pound of formula (Ilaa) wherein R4 and R7 

a~e isobutyl, R22 and R23 are 

cyclopropylmethyl; 

the compound of forrr.ula (llaa) wherein R4 and R7 

~re isobutyl, R22 and R23 are allyl; 

the compound cf formula (!Iaa) wherein R4 is 

4-nitrobenzyl, R7 is 2-nitrobenzyl, R22 and 

~23 are cycloprcpylrnethyl; 

the compound of formula (I!aa) wherein R4 and R7 

$re 4-nitrobenzyl, R22 and R23 are 

tyclopropylrnethyl; 

the compound cf form~la C!Iaa) wherein R4 is 

4-~itrobenzyl, R7 is 2-nitrobenzyl, R22 and 

R23 are n-butyl; 

the c~mpound of formula (IIaa) wherein R4 is 

~-aminobenzyl, R7 is 2-aminobenzyl, R22 and 

R23 are cyclopropylmethyl; 

the compound of formula (Ilaa} wherein R4 and R? 

are 4-f luorobenzyl, R22 and R23 are 3-

hydroxybenzyl; 

the cpmpound of formula (llaa) wherein R4 and R7 

are 4-fluorobenzyl, R22 and R23 are 

··cyclopropy lrne:hy l; 
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the compound of formula (IIaa) wherein R4 and R7 

are 4-fluorobenzyl, R22 and R23 are 

4-hydroxymethylbenzyl; 
th1 compound of formula CIIaa) wherein R4 and R7 

are 4-fluorobenzyl, R22 and R23 are 

3-aminocarbonylbenzyl; 
the compound of formula {IIaa) wnerein R4 and R7 

are 4-fluorobenzyl, R22 and R23 are 3-
acetylbenzyl; 

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

t~~ co~pound cf formula (IIaa) wherein R4 and R7 

are 4-f luorobenzyl, R22 and R23 are 3-
15 hyd:oxymethylbenzyl; 

25 

3C 

th~ cornoo~nd cf formula (IIaa) wherein R4 and R7 

are 4-fluorobenzyl, R22 and R23 are 3-
(SP.3C (=N-OH) benzyl; 

the compour:d of formula (IIaa) wherein R4 and R7 

are 3-methoxybenzyl, R22 and R23 are benzyl; 
:.~J co~~~und cf formula (IIaa) wherein R4 and R7 

are 4-fluorobenzyl, R22 and R23 are 3-
(H2NC(=NOH)benzyl; 

:.~~ co~po~nd of formula (IIaa)· wherein R4 and R7 

are 4-fluorobenzyl, R22 and R23 are 3-
(E2N: (=N~H) -4-flucrobenzyl; 

:.:.~ c:;:::po...:.:1d. of formula (Ilaa) wherein R4 and R7 
are 3-methoxybenzyl, R22 and R23 are 

cyclopropylmethyl; 
the c~mpound of formula (IIaa) wherein R4 and R7 

are 3-methoxybenzyl, R22 and R23 are 4-

t.r.$ 

hydroxymethylbenzyl; 
corr.pound of formula (I Ia a) wherein R4 

are 3-methoxybenzyl, R22 and R23 are 3-

.., 
and R' 

r:'°;'=~noxybe:-:zyl; 
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the co~pound of formula (llaa) wherein R4 and R7 

the 

the 

the 

t.he 

t!"'~e 

the 

the 

the 

a~e 3-hydroxybenzyl, R22 and R23 are 3-
1 

hydroxybenzyl. 

co~pour.d of formula (llaa) wherein R4 and R7 

a~e 4-met.hoxybenzyl, R22 and R23 are 

cyclopropylmethyl; 

compound of formula (llaa) wherein R4 and R7 
I 

are 4-methoxybenzyl, R22 and R23 are benzyl; 

co~pound of formula (IIaa) wherein R4 and R7 

ate 4-methoxybenzyl, R22 and R23 are 2-

na.pht.hylmethyl; 

compound of formula (Ilaa) wherein R4 and R7 

are 4-methoxybenzyl, R22 and R23 are 4-

hydroxyrnethylbenzyl; 

compound of formula (IIaa) wherein R4 and R7 

a~e 4-hydroxybenzyl, R22 and R23 are benzyl; 

co~pou~d cf formula (llaa) wherein R4 and R7 

are ~-met.hoxybenzyl, R22 and R23 are allyl; 
! 

ccr-?our.d c: formula (llaa) wherein R4 and R7 

are 4-(2-hydroxyethoxy)benzyl, R22 and R23 are 

benzy:!.; 

compound o: formula (IIaa) wherein R4 and R7 

are ~-(2-morpholinylethoxy)benzyl, R22 and R23 

a L.e b<=>~~..,.~ · .. _ ...... J ... , 

t~e CO~FOU~d cf formula (iiaa) wherein R4 and R7 

a~e 2-!H2N:(=O)CH20lbenzyl, R22 and R23 are n-

the compound of formula (llaa) wherein R4 and R7 

are 3,4-difluorobenzyl, R22 and R23 are 3-

~ydroxymethylbenzyl; 

the compound of formula (llaa) wherein R4 and R7 

are 3,4-difluoro~enzyl, R22 and R23 are 4-
, 

hydroxymet.hylbenzyl; 
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compound of formula (IIaa) wherein R4 and R7 

are 3,4-difluorobenzyl, R22 and R23 are 3-

(H2NC(=O) )benzyl; 

th~ compound of formula (IIaa) wherein R4 and R7 

are 3,4-difluorobenzyl, R22 and R23 are 3-

(H2NC(=NOH) )benzyl; 

the 

I 

the 

the 

compound of formula (Ila a) wherein R4 and R7 

are 2-naph~hylmethyl, R22 and R23 are benzyl; 

compound of formula (llaa) wherein R4 and R7 

are 2-naphthylmethyl, R22 and R23 are 

cyclopropylmethyl; 

compound of formula (llaa) wherein R4 and R7 

are 2-thienylmethyl, R22 and R23 are 

cyclopropylrnethyl; 

the compound of formula (IIaa) wherein R4 and R7 

a::e 2-thienylmethyl, R22 and R23 are 3-

(H2NC (=NOH) )be~zyl; 

the compo~nd of formula (IIaa) wherein R4 and R7 

are 4-methylthiobenzyl, R22 and R23 are 

2C be~zyl; 

25 

3C 

th~ c~~F=~~d c~ fcrmula (!Iaa) wherein R4 a~d R7 

a:::e isopropyl, R22 and R23 are n-hexyl; 

[:-:: A:..~-:; p::e:fe::::::::ed i:: the present embodiment. are 
I. 

co~pou~~s of for~ula (Ilb): 

Pri'-Rw Ph ... ,.,,/ 

.... 
HO OH 

(Ila) 

• ' I wnerein: 
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-NCR22tC(=S)N(R23)-, 

-N(R22icc=N-CN)N(R23)-; 

I 
R22 and R23 are independently selected from: 

5 

10 

15 

20 

25 

30 

35 

I 
(H2NC(~O))-benzyl, carboethoxybenzyl, (O-benzyl-

fbrrnaldoxirne)benzyl, (0-methyl­
forrnaldoxime)benzyl, (CH302CO)-benzyl, 

I 
~HOCH2CH2N=CH)-benzyl, 
I 

N-benzylaminocarbonylbenzyl, (H2NNHC(=O))-

benzyl, (H2NC(•O)NHN•CH)-benzyl, 

(CH30NHC(=O))-benzyl, (HONHC(•O))-benzyl, 

(CH3NHC(=O))-benzyl, 

N,N-dimethylaminocarbonylbenzyl, 
I 

tHOCH2CH(OH)CH20)-benzyl, hydroxyethoxybenzyl, 

(carbomethoxy)pentyl, glycylaminobenzyl, 

N,N-dirnethylglycylaminobenzyl, 

alanylaminobenzyl, (N-phenylmethoxycarbonyl)­

alanylaminobenzyl, phenylalanylaminobenzyl, 

CN-phenylmethoxycarbonyl) 
phe::yl.alanylarr.inobenzyl, (CH3CH2NHC (=0)) -

benzyl, N,N-diethylaminocarbonylbenzyl, 

N-ethylaminocarbonylbenzyl, 

N-p~opylarninocarbonylbenzyl, 
I 

N,N-diisopropylaminocarbonylbenzyl, N, N-di-n-

prcpylaminocarbonylbenzyl, 

1(hydroxypropynyl)benzyl, (irnidazolyl-C(=O))­

benzyl, (pyrazolyl-C(=O))-benzyl, 

'(pyridylmethylaminocarbonyl) benzyl, 

itrifluoroacetylbenzyl, dihydroxyethylbenzyl, 
,(MeHNC(=O)NH)-benzyl, (H2NC(=O)NH)-benzyl, 
I 

(HC(=O)NH)-benzyl, rnethanesulfonylpentyl, N-

formyl-N-methylaminobenzyl, acetylaminobenzyl, 

ipropionylbenzyl, butyrylbenzyl, 

,(trifluorohydroxyethyl)benzyl, (CF3C(=NOH))-
1 1 be~zy:, (N-rnethylglycy l) aminobenzyl, 

, ( ( 4-:r.~:-p!":::.l ino) ethyl) aminocarbonyloenzyl, 
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(N, N-dimethylaminoethyl) aminocarbonylbenzyl, 

(N,N-diethylaminoethyl)aminocarbonylbenzyl, 

(4-methylpiperazin-1-

ylethyl) aminocarbonylbenzyl, (benzyl­

NHC (=O)O)benzyl, (CH3NHC(=O)O)benzyl, 

{NH2C(=O)CH20)benzyl, (NH2C(=NH))benzyl, 

((N-phenylmethoxycarbonyl)glycylamino)benzyl, 

(imidazolylmethyl) benzyl, ( (CH3} 3C-

C (=O)) benzyl, (N-methyl-N­

ethylaminoethyl)aminocarbonylbenzyl, 

(pyrrolidinylethyl)aminocarbonylbenzyl, 

(piperidinylethyl)aminocarbonylbenzyl, 

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

[lE.; Sp~c.:.fically preferred are compounds of formula 

( :r :.:: ) : 

Ph 

HO 
•, 
~OH 

(I Ib) 

c~ a F~•rrnaceu~ically acceptable salt form thereof, 
I 

se:ecte¢ from the group consisting of: 

the compound of formula (IIb) wherein R22 is 4-

hydroxybenzyl and R23 is 4-h}droxybenzyl; 
I 

the compound of formula (Ilb) wherein R22 is 

cyclopentylmethyl and R23 is 

cyclopentylmethyl; 

th~ compound of formula (IIb) wherein R22 is n­

b~~yl and R23 is n-butyl; 
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the compound of formula (Ilb) wherein R22 is 

3-hydroxybenzyl and R23 is 3-hydroxybenzyl; 

the compound of formula (IIb) wherein R22 is 
I 

3-arninobenzyl and R23 is 3-aminobenzyl; 

the compound of formula (IIb) wherein R22 is 

cy~lohexylmethyl and R23 is cyclohexylmethyl; 

the compound of formula (!Ib) wherein R22 is 

cyclobutylmethyl and·R23 is cyclobutylmethyl; 
I 

the comP,ound of formula (lib) wherein R22 is 3-

hydroxymethylbenzyl and R23 is 3-

hydroxymethylbenzyl; 
I 

the compound of formula (Ilb) wherein R22 is 3-
, 

formylbenzyl and R23 is 3-formylbenzyl; 

the compound of formula (lib) wherein R22 is 

3-f ormaldoximebenzyl and R23 is 3-

fotmaldcximebenzyl. 

I 
[19] Specifically preferred are compounds of formula 

( Ibb) : 

Pn 
..• 
''-Ph 

HO 

.• 
~OH 

(Ibb) 

25 or a pharmacrutically salt form thereof, selected from 

the group consisting of: 

the compound of formula (Ibb) wherein R22 is benzyl 

an,d R23 is hydrogen; 

the compound of formula (lbb) wherein R22 is 

cyclopropylmethyl and R23 is 
' 

c~clop=opylme~hyl; 
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thei compound of formula (Ibb) wherein R22 is benzyl 

and R23 is benzyl; 

the compound of formula (Ibb) wherein R22 is 

3-hydroxybenzyl and R23 is 3-hydroxybenzyl; 

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; 

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

methoxybenzyl and R23 is 3-methoxybenzyl; 

the1 compound of formula (Ibb) wherein R22 is 3-

i CH2N: (=NOH) ) benzyl and R23 is 4-

hydroxymethylbenzyl; 

thel corr.pound of formula (lbb) wherein R22 is 3-

CH2NC (=NOH)) benzyl and R23 is 3-

{H2NCC=NOE))benzyl; 

the co~pound of formula (lbb) wherein R22 is 3-

CH2NC (=NOH) )-4-fluorobenzyl and R23 is 3-

<E2NCC=NOH) )-4-fluorcbenzyl. 

[ 2 C j A : :1-..::--.:.!". e::".:todiment cf this invention is a compound 

o: the :brm~la {:): 
I 

w 

(I) 

R'A 

R' 

R6J 
Rs 

n 

or a pha~~a=eutically acceptable salt form thereof 

30 where.i:-,: 
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R~ and R7 are independently selected from the following 

g.::-oups: 

hydrogen; 
C1-cs ~lkyl substituted with 0-3 Rll; 

I 

c2-cs alkenyl substituted with 0-3 Rll; 

c2-cs alkynyl substituted with 0-3 Rll; 
I 

a C3-C~4 carbocyclic ring system substituted with 

6-3 Rll or 0-3 Rl2; 

a 5- tp 10-membered heterocyclic ring system 

c'ontaining 1 to 4 heteroatoms independently 

selected from oxygen, nitrogen 
~ 1 · ' . •1eterocyc ic ring system being 
~!.t!". 0-2 R12; 

-oF.:.3;; -sp.:3; co2R13; 

or sulfur, said 

substituted 

R'h a~d R7A are independently selected from the 
I 

:c::ow!.ng 9.::-oups: 

hyd=oge::.; 
C1-C~ 'alkyl s;;bst.:tuted with 0-6 halogen or 0-3 C1-

C2 alkoxy; 

be~zyl substituted with 0-6 halogen or 0-3 C1-C2 

alkoxv; 
I • 

-.:;p:3; -sp!3; C02R:!.3; 

25 F.4 a:-.~ ?.~r. ca::-. alt.e.::-na:.ively join to form a 5-7 membered 

30 

ca.::-bocyc~ic ring substituted with 0-2 Rl2; 

~7 and R7A'can alternatively join to form a 5-7 membered 

carbocycl!.c ring substituted with 0-2 R12; 

r:. is C, :,lor 2; 

RS ls selefted from hydrogen; bromine, chlorine, C1-C6 

alkyl' substituted with 1-3 Rll, -N (R20) 2, -sR20, or 
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R6 is selected from bromine, chlorine, C1-C6 alkyl 

substituted with 1-3 Rll, -NCR20)2, -sR20, or -N3; 

R5 and R~ can alternatively join to form an aziridine 

5 ring; -OC((CH2)3NH2) (CH3)0-; -NHC(-O)NH-; 

-OC
1
(=0) NH-; -NHC (=0) 0-; -NHCH20-; -OCH2NH-; 

10 

15 

2: 

-NHt(=S)O-; -OS(=O)NH-; -NHC(-O)C(-0)0-; 

-OC(=O)C(=O)NH-; -NHC(=O)C(=O)NH-; -NHC(CH3)20-; 

-OC·,(CH3) 2NH-; or any group that, when administered 

to ~ mammalian subject, cleaves to form a diamino 

or hydroxyl and amino; 

R5a is s~!ected fro~ hydrogen, halogen, C1-C6 alkyl,. 

-K(R20)2, -sR20, or -oR20; 

I 
is selected frore: hydrogen, halogen, C1-C6 alkyl, 

-N (,F.2 0) 2, -SF.2 0 or -oR2 l; 

R: and RSa can alternatively join to form =O, =S, or a 

ring; 

RE a~d Rea can alternatively join to form =O, =S, or a 

keta: r:..ng; 

2~ R2C a~d R21 are independently selected from: 

3C 

hy:irogen; 

C:-:€ alkyl substituted with 0-3 Rll; 

C3-C6 alkoxyalkyl substituted with 0-3 Rll; 

C1-C6 alkylcarbonyl sul·stituted with 0-3 Rll; 

c:~:6 alkoxycarbonyl substituted with 0-3 Rll; 

C1-Ce alkylaminocarbonyl substituted with 0-3 Rll; 

benzoyl substituted with 0-3 R12; 

phenoxycarbonyl substituted with 0-3 R12; 
I 

phe~ylaminocarbonyl substituted with 0-3 R12; or 
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any gro~p tha~, when administered to a mammalian 

I 

subject, cleaves to form a free hydroxyl, 

amino or sulfhydryl; 

5 Rll is selected from one or more of the following: 
H, keto~ halogen, cyano, -CH2NR13Rl4, -NR13R14, 

-co2R13, -OC(=O)R13, -oR13, -S(O)mR13, 

-NHC(=NH)NHR13, -C(•NH)NHR13, -C(sQ)NR13Rl4, 

-NR14ct=O>R13, RNoR14, -NRl4c<-o>oRl4, 

10 -OC(c0)NR13Rl4, -NR13c(•O)NR13Rl4, 
-NR14so2NR13Rl4, -NR14so2R13, -so2NR13R14, 

15 

2C 

-dP(O) (OR13)2, C1-C4 alkyl, c2-C4 alkenyl, C3-

C6 cycloalkylmethyl, benzyl, phenethyl, 

phenoxy, benzyloxy, nitro, C7-C10 arylalkyl, 

hydroxaffiic acid, hydrazide, boronic acid, 
sulfonamide, formyl, C3-C6 cycloalkoxy, C1-C4 

alkyl substituted with -NR13Rl4, C1-C4 

hydroxyalkyl, methylenedioxy, ethylenedioxy, 

C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 
alkoxycarbonyl, pyridylcarbonyloxy, C1-C4 

aikylcarbonyl, C1-C4 alkylcarbonylamino, 

-OCH2C02H, 2-(1-rnorpholino)ethoxy, azido, or 
' 

-C(Rl4J=N(OR14}; 
I 

1-3 amino acids linked together via amide bonds, 

25 said amino acid being linked via the amine or 

30 

35 

carboxylate terminus; 
C3-C10 cycloalkyl substituted with 0-2 Rl2; 

C1-C4 alkyl substitued with 0-2 Rl2; 

aryl(C1-C3 alkyl) substituted with 0-2 R12; 

C2-C6 alkoxyalkyl, substituted with 0-2 Rl2; 
I 

C1-C4 ~lkylcarbonyloxy substituted with 0-2 Rl2; 

Ce-C1o·arylcarbonyloxy substituted with 0-2 Rl2; 

a Cs-d14 carbocyclic residue substituted with 0-3 
R12. 

I r 

a 5- t 1o 10-mernbered heterocyclic ring system 
' containing 1 to 4 heteroatoms independently 
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seler.ted from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 0-3 Rl2; 

5 RllA is selected from one or more of the following: 

10 

15 

2 (j 

Rl2, 

30 

H, keto, halogen, cyano, -CH2NR13BR14B, -NR13BR14B, 

-co2H, -OC(=O) (C1-C3 alkyl), -OH, c2-C6 

alkoxyalkyl, -C(=O)NH2 1 -OC(=O)NH2, 

-NHC(=O)NH2, -S02NH2, c1-C4 alkyl, c2-C4 

alkenyl, C3-C10 cycloalkyl, C3-C6 

cycloalkylmethyl, benzyl, phenethyl, phenoxy, 

benzyloxy, nitro, C7-C10 arylalkyl, hydroxamic 

acid, hydrazide, boronic acid, C3-C6 

cycloalkoxy, C1-C4 alkyl substituted with 

-NH2, C1-C4 hydroxyalkyl, methylenedioxy, 

ethylenedioxy, C1-C4 haloalkyl, C1-C4 

halcalkoxy, C1-C4 alkoxycarbonyl, C1-C4 

alkylcarbcnyloxy, C1-C4 alkylcarbonyl, C1-C4 

alkylcarbonylamino, -OCH2C02H, 

2-(1-morpholino)ethoxy, azido, aryl(C1-C3 

a:kyli, a C5-C14 carbocyclic residue; a 5- to 

10-~embered heterocyclic ring system 

conta!~ing 1 to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system substituted with 0-3 

;;l2h. 
• I 

wheh a substituent on carbon, is selected from one 

or ~ore of the f1 llowing: 

phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 

halogen, hydroxy, nitre, cyano, C1-C4 alkyl, 

C3-C6 cycloalkyl, C3-C6 cycloalkylmethyl, C;­

c10 arylalkyl, C1-C4 alkoxy, -co2H, hydroxarnic 

acid, hydrazide, boronic acid, sulfonamide, 

formyl, C3-C6 cycloalkoxy, -OR13, C1-C4 alkyl 

substituted with -NR13Rl4, -NR13Rl4, C2-C6 
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alkpxyalkyl optionally substituted with 
-Si{CH3)3, C1-C4 hydroxyalkyl, methylenedioxy, 

ethylenedioxy, C1-C4 haloalkyl, C1-C4 

haloalkoxy C1-C4 alkoxycarbonyl, C1-C4 
I I 

alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 
alkylcarbonylamino, -S(O)mR13, -so2NR13Rl4, 

-NHS02R1 4, -OCH2C02R13, 

2-(1-morpholino)ethoxy, -C(R14)•N(OR14); or 

a 5- or r-membered heterocyclic ring containing 

from 1 to 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur; 

or R12 mhy be a 3- or 4- carbon chain attached to 
I 

adj~cent 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-~~ alkoxy, hydroxy, or -NR13R14; or, 

wher: R12: is attached to a saturated carbon atom, it 

may be =O or =S; or when R12 is attached to 

sul!ur it may be =O; 

Rl2, wher: a substituent on nitrogen, 

one or more of the following: 
' 

is selected from 

pheny:, ~e~zyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cyclloalkyl, C3-C 6 cycloalkylmethyl, 

-CH2NR13Rl4, -NR13R14, C2-C6 alkoxyalkyl, C1-

C4 haloalkyl, C1-C4 alkoxycarbonyl, -C02H, C1-

C4 
1

alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

-CCR14)=N(OR14); 

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

or more of the following: 

phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 

ha~oger:, hydroxy, nitre, cyano, C1-C4 alkyl, 

C3-ce cycloalkyl, C3-C6 cycloalkylmethyl, C7-
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c10 arylalkyl, C1-C4 alkoxy, -co2H, hydroxamic 

acid, hydrazide, boronic acid, sulfonamide, 

formyl, C3-C6 cycloalkoxy, -oRl3, C1-C4 alkyl 

1 substituted with -NH2, -NH2, -NHMe, c2-C6 

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-C4 alkylcarbonyl, C1-C4 

alkylcarbonylamino, -S(O)mMe, -so2NH2, 

-NHS02Me, -OCH2C02Rl3, 2-(1-morpholino)ethoxy, 

-C(=NOH)NH2; or 

a 5-.1 o::::- E-memberecl heterocyclic ring containing 

· frc~ 1 to 4 heteroatoms independently selected 

I f::::-o::-:i oxygen, nitrogen or sulfur; 

c= Rl2A may be a 3- or 4- carbon chain attached to 

2djacen~ carbo~s on the ring to form a fused 

5- o::::- 6-membered ring, said 5- or 6- membered 

ring being optionally substituted on the 

' a:iphatic carbons with halogen, C1-C4 alkyl, 

, c:-:4 a:k~x~, hydroxy, or -NE2; or, 

whe~ ~12A is a~tacned to a saturated carbon atom, 

~t may be =O or =S; or when R12 is attached to 

s~lf~= it may be =O; 

p:2A, w~e~ a s~bstituent on nitrogen, is selected from 

3C 

25 

F ' ".) -_, 

one 
1

c= more o: the following: 

pheqyl, benzyl, phenethyl, hydroxy, C1-C4 

hydro>yalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cycloalkyl, C3-C6 cycloalkylmethyl, -CH2NH2, 

-NH2, C2-C6 alkoxyalkyl, C1-C4 haloalkyl, C1-

C~ alkoxycarbonyl, -C02H, C1-C4 

alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

-C(=NOH)NE2; 

is s~le~~e~ frorr: 
I 



WO 94/19329 PCT /US94/01609 

5 

10 

' -107-
H; 

phenyl:subs~ituted with 0-3 RllA; 

benzyl subs~ituted with 0-3 RllA; 
I 

c:-C6 alkyl substituted with 0-3 RllA; 

C2-C4 ~lkenyl substituted with 0-3 RllA; 

C1-C6 alkylcarbonyl substituted with 0-3 RllA; 

C1-C6 alkoxycarbonyl substituted with 0-3 RllA; 

C1-C6 alkylaminocarbonyl substituted with 0-3 R11A; 

C3-C5 alkoxyalkyl substituted with 0-3 RllA; 

an amine protecting group when R13 is bonded to N; 

a hydrbxy protecting group when R13 is bonded to O; 

R:~ is hyd=Ogen, hydroxy, C1-C6 alkyl substituted with 

0-3 grpups selected from OH, C1-C4 alkoxy, halogen, 

15 NE2, -NH(C1-C4 alkyl), C1-C6 alkoxy, C2-C6 alkenyl, 

phenyl, benzy!, an amine protecting group when R14 
I 

is bonded to ~' a hydroxy protecting group when R14 

is bonded to O; 

2C p:~ a~d R:c, ca~ alterna~ively join to form -(CH2l4-, 

-(CH2l~-, -CH2CH2NCRlSicH2CH2-, or -CH2CH20CH2CH2-; 

R:3E and Rl~B are independently selected froffi H or C1-C6 
I 

alkyl, or Rl3B and R14B can alternatively join to 

25 :c=r.. -.(CE2l~-, -(CP.2)5-, ..:.cH2CH2N(Rl5)CH2CH2-, or 

R:s is H or CH3; 

30 rr. is C, 1 or 2; 

35 

~ is selected from: 

-N(R220cc=Z)N(R23i-, 

-OC (=Zr) 0-, 

-K (F.22) c (=Z) 0- I 

-:rn25J 0~_26lC:(=Zi:n~2'i (F.2s,_, 
I 

This Sheet Has Been Replaced 

1111111111111111111111111 . 



.J 
WO 94/19329 PCT/US94/01609 

5 

10 

15 

,. r. 
L. ,.' 

' . 
-~ 

30 

' -108-
-N (R22) C (=Z) C (R27) (R28)-, 

-C(R25) (R26)C(=Z)O-, 

-N(~22)C(=O)C(=O)N(R23)-, 

-C(R25) (R26)C(F2 )C(R27) (R28)-, 
I 

-C ( R 2 5) ( R 2 6) N (CH 3) ( 0) C ( R 2 7 ) ( R 2 8) - , 

-C(R.25) (R26)N(OR29)c(R27) (R2B)-, 

-cCR25) (R26)C(=Z)S-, 

-N(R22)5(=0)N(R,3)-, 

wherein: 

Z is O, S, NR24; 

p22 a~d F23 are independently selected from the 

follo·.dng: 

hyc:::-cgen; 

C1~:a alkyl subs~ituted with 0-3 R31; 

c2~:e alkenyl substituted with 0-3 R31; 

c2-:s a:kynyl subs~ituted with 0-3 R31; 

a c2-c:~ carbocyclic ring system substituted with 

C-5 x31 or 0-5 R32; 

e: :.- -:c : C.-merr.bered heterocyclic ring system 

co~~aining 1 to 4 heteroat.oms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

~:.t.h 0-2 R32; or 

_,....,-::':2a. -l~ 1R22a) (p22b). -·· , . . , 

R2~~ a~d 1 p22c are independently selected from the 
I 

h .,-4,..,.. ..... e- . 
,l -- """':: .~.I 

C11:e alkyl substituted with 0-3 R31; 

c2~:e alkenyl substituted with 0-3 R31; 

c2-:s alkynyl substituted with 0-3 R31; 

a C2-C14 carbocyclic ring system substituted with 

C-5 ?31 or 0-5 R32; o:::-

.... 
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a 5- to 10-membered heterocyclic ring system 

cbntaining 1 to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfyr, said 
I 

h~terocyclic ring system being substituted 

with 0-2 R32; 

R24 is sele~ted from: hydrogen; hydroxy; amino; C1-C4 

alkyl; C1-C4 alkoxy; mono- or di-(C1-C6 

alkyl)amino; cyano; nitro; benzyloxy; -NHS02aryl, 

aryl being optionally substituted with 

{C1-C6)alkyl; 

R25 and R27 are ir.dependently selected from the 

fellowing: 

hydrogen; 

C1-Cs alkyl substituted with 0-3 R31; 
! 

c2-ca flkenyl substituted with 0-3 R31; 

c2-ce ~lkynyl substituted with 0-3 R31; 

a C3-C14 carbocyclic ring system substituted with 

C-5 R3l or 0-5 R32; 
I 

a 5- t.o 10-merr.bered het.e:::-ocyc.lic ring system 

cont.air.in~ 1 to 4 heteroatoms independently 
I 

selected from oxygen, nitrogen or sulfur, said 
! 

hete=ocyclic ring system being substituted 

with 0-2 R32; 
I 

-0R13; -sR13; 

I 

R26 and R2~ are independently selected from: 

hyd;:o~en; 

30 halog~n; 
I 

C1-C4 alkyl substituted with 0-3 halogen or 0-3 C1-

c2 alkoxy; 

benzyl substituted with 0-3 halogen or 0-3 C1-C2 
I 

alkoxy; 

-OR13 ,j -SR13; 
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10 

R29 is s~lected from: 

hydrogen; 

-110-

C1-f4 alkyl substituted with 0-3 halogen or 0-3 C1-

C2 alkoxy; 

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

alkoxy; 

alternatively, R22, R25, or R26, independently, can join 

wit'h R4 or R4A to form a 5- or 6-membered fused 

heterocyclic ring or carbocyclic ring substituted 

with 0-2 Rl2, said heterocyclic ring containing 1-3 

heteroatoms independently selected from N, S, or O; 

or 

15 al~erna~~vely, R23, R27, or R28, independently, can join 

wit:: F.7 or R7A to form a 5- or 6-membered fused 

he~erocyclic ring or carbocyclic ring substituted 

with 0-2 R12, said heterocyclic ring containing 1-3 

2: 

30 

I 
he~eroato~s independently selected from N, S, or O; 
r.- , 
- - I 

a:~er~at~vely, R22, R25, R26, R23, R27, R28, R34, or R35 

can jcin ~ith R5 or R6 to form a 0- to 7-membered 

brfdg~ tc form a carbocyclic or heterocyclic ring, 

sat= bridge being substituted with 0-2 Rl2 and said 

tr~ti;~ co~~aining 0-3 heteroatoms independently 

sele~~ed from N, S, or 0 (i.e., a 0-membered bridge 

is1formed when R22, R25, R26, R23, R27, R28, R34, 

or R3: are taken together with RS or R6 to form a 

di~ec'- bond) ; 

al~erna~ively R28 or R23 can join with R7A to form a 
I 

direct bond; 

This Sheet Has Been Replaced 
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alternative~y 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, -CH2NR13Rl4, -NR13Rl4, 

10 

15 

20 

25 

30 

-C02Rl3, -C(=O)Rll, -OC(mO)R13, -oR13, C2-C6 
alkoxyalkyl, -S(O)mR13, -NHC(=NH)NHR13, 

-~(=NH)NHR13, -C(=O)NR13R14, -NR14cc=O)R13, 
=NQR14, -NR14cc=O)OR14, -OC(=O)NR13R14, 
-NR13cc=O)NR13R14, -NR13c(-S)NR13R14, 
-~R14so2NR13R14, -NR14so2Rl3, -so2NR13R14, C1-

C4 alkyl, c2-c4 alkenyl, C3-c10 cyclcalkyl, 
C3-C6 cycloalkylrnethyl, benzyl, phenethyl, 
phenoxy, benzyloxy, nitre, C7-C10 arylalkyl, 

hydroxamic acid, hydrazide, oxime, boronic 
acid, sulfonamide, formyl, C3-C6 cycloalkoxy, 
C1-C4 alkyl substituted with -NR13R14, C1-C4 

hydroxyalkyl, methylenedioxy, ethylenedioxy, 
C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 
atkoxycarbonyl, C1-C4 alkylcarbonyloxy, C1-C4 
a~kylcarbonyl, C1-C4 alkylcarbonylamino, 
-pcP.2co2R 13, 2-(1-morpholino)ethoxy, azido, 

-C(R1'J=N(QR1 4 J; or 
I 

~-~ a~~no acids, linked together via amide bonds, 
said amino acid being linked via the amine or 
carboxylate terminus; 

a C5-C14 carbocyclic residue substituted with 0-5 
R32; or 

I 

a 5- to 10-membered heterocyclic ring system 

containing 1 to 4 heteroatoms independently 
selected from oxygen, nitrogen or sulfur, said 
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heterocyclic ring system being substituted 

with 0-2 R32; 

' 
R32f when a substituent on carbon, is selected from 

one or more of the following: 

phenethyl, phenoxy, C3-C10 cycloalkyl, C3-C6 

cycloalkylmethyl, C7-C10 arylalkyl, hydrazide, 

oxime, boronic acid, C2-C6 alkoxyalkyl, 

methylenedioxy, ethylenedioxy, C1-C4 

alkylcarbonyloxy, -NHS02R14, 

benzyloxy, halogen, 2-(l-morpholino)ethoxy, 

-:02R1 3, hydroxamic acid, -CONR13NR13Rl4, 

cya~~, sulfonamide, -CHO, C3-C6 cycloalkoxy, 

-NR~3R14, -C(R14)=N(QR14), -N02, -oR13, 

-NP.~ CR4:' -SOmR13' -SOmNRl 3Rl4' -C (=0) NR13Rl 4' 

-o:c=O)NR:3R14, -C(=O)Rll, -OC(=O)Rll, 

-0:02R13 , phenyl, -C(=O)NR13-(C1-C4 alkyl)-

NR13Rl4, -C(=O)NR40R41, c1-C4 haloalkyl, C1-C4 

taloalkoxy, C2-C4 haloalkenyl, C1-C4 

~a.:..oalkynyl; or 
I ,. •• ·3i~ 

-: (,=Oi NR-~C lR.:..:.) 2NRJ. R·.,; 

-C(=0)N?l3c1Rll)2NR13co2Rl3; 
• -:i , - 1 ") 

-C(=~)NR~--(C1-C4 alkyl)-NR-jC02R ~; 

-::::: J=o) 1: (F,13 l - (C1-C4 alkyl) -Rll; or 

-C (=:;; C: (R11)_2NR13RH; 
,, ·- l':i 

-C(=~)C(?--)2NR~~co2R ~; -C(=O)-(C1-C4 alkyl)-

NRl3R14; -C(=O)-(C1-C4 alkyl)-NR13co2Rl3; or 

c:-:::::4 alkoxy substituted with 0-4 groups selected 

fro~: R1 1 , C3-C6 cycloalkyl, -C02Rl3, 

-C(=0)NR13R14, -NR13Rl4 or OH; 

c 1-:::::, alkyl substituted with 0-4 groups selected 

fro~: Rl 1, =NR1 4, =NNR13c(=O)NR13R14, 

=NNR13c(=O)QR13, or -NR13Rl4; 

'1'>11. 
f', I 
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a 5- or 6-membered heterocyclic rinq containing 

f rorr. 1 to 4 heteroatoms independently selected 

fro~ oxygen, nitrogen or sulfur, substituted 

with 0-2 Rl2; 

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 

riJnq being optionally substituted on the 

aliphatic carbons with halogen, C1-C4 alkyl, 

10 C1-C4 alkoxy, hydroxy, or -NR13Rl4; 

or, when R32 is attached to a saturated carbon , it 

m~y be =O, =S, ~NOH; or when R32 attached to 

sulfur it may be =O; 

I 

15 R32, whe~ a ~ubstituent on nitrogen, is selected from 

one or more ~f the following: 

phenyl, 1 
benzyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

c}~:oalkyl, C3-C6 cycloalkylmethyl, 

2: -CH2NR13R14, -NR13R14, c2-c5 alkoxyalkyl, C1-

c4 ta:oalkyl, C1-C4 alkoxycarbonyl, -C02H, C1-

C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

-~(R 1 ~)=N(OR14); 

R4~ is se~edtec fro~: 

-C (=0)NR1 3RH; 

-C (=0) ?:1Rl3NR13Rl4; 

30 -C(=OJC(Rll)2NR13Rl4; 

-C(=O)C(Rll)2NR13NR13Rl4; 

-C(=O)C(Rll)2NR13co2Rl3; 

-C{=O)H; 

-C {=0) R11 ; 

35 -C(=O)-(C:-C~ alky:)-NR13Rl4; 

-"(=~ 1 -("·-C· a:ky:)-NR13co~Rl3; - ._,I""' ... .,, - ~ 

I 



WO 94/19329 PCT/US94/01609 

-114-
1-3 ·amino acids linked together via amide bonds, 

and linked to the N atom via the carboxylate 

, terminus; 

5 provided 1that: 

10 

15 

2 c: 

R4, R4A, R7 and R7A are not all hydrogen; 

when W is -OC(=Z)O-, -SC(sZ)-, -C(•Z)-, 

-P(=O) (R24a)-, -S(=Z')- or -S(=Z')2-, R4 and 

R7 are not hydrogen. 

[21} Alsc in:luded in the present invention are 
I 

corr.pounds, or a pharmace~tically acceptable salt form 

~hereof, 
1 

selected from compounds having the following 

!o=::-.ulae:: 

R22 0 0 

\~ ... R2'.: )l ,,R23 ~ 
I 

N 0 N PhnR7 R4 R7 R'i--l'R7 R4 

R6 HO OH Fr ; 
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0 

Ph 

R4 ~ol) 
OH 

; 

f 

5 j 

R22 0 

R4 N--< , 
0 

A7 

Rs I 

10 

; 

-115-.. , 

0 
R22~ 

'N N 

R4~R7 
Rs R6 

; 

; 

NCyCN 

~N~N'R23 

; 

R'VR' 
Ff> F/3 

PCT IUS94!01609 

R4 

; 

; ; 

Ph 

i 
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20 

; 

-116-

0 

~ -N_Jl N·RZ3 

R'"\-lR7 

0 F F . , 

; 

; 

; 

:~ a~d F' a=e independently selected from the following 

c:-:3 alkyl substituted with 0-1 Rll; 

'?r :r-,: is -C·P."" '"'; 

?'1 I~. 
?-~ and ~~~ are independently hydrogen or any group 

tha~, when administered to a mammalian subject, 

cle~ves to form a free hydroxyl; 
I 

F-~ _, sele=ted from one or more of the following: 

This Sheet Has Been Replaced 
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H; halo

1

ger.; -oR13; 

C3-C10 cycloalkyl substituted with 0-2 Rl2; 

C1-C4 alkyl substituted with 0-2 Rl2; 

aryl(Ci-C3 alkyl) substituted with 0-2 Rl2; 

aryl substituted with 0-2 Rl2; or 

a heterocyclic ring system selected from pyridyl, 

p~rimidinyl, triazinyl, furanyl, thienyl, 

pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, 

b~nzofuranyl, indolyl, quinolinyl, 
I 

isoquinolinyl, oxazolicinyl, said heterocyclic 

ring system being substituted with 0-2 Rl2; 

R12, when a substituent on carbon, is selected from one 

or more o: the following: 
benzyloxy, halogen, methyl, C1-C4 alkoxy, CF3, 

2-(1-morpholino)ethoxy, -C02H, hydroxamic 

acid, hydrazide, -C(Rl4)=N(OR14), cyano, 

boronic acid, sulfonamide, t·ormyl, C3-C6 

cycloalkoxy, C:-C4 alkyl substituted with 

-~R13R14, -NR13R14, hydroxy, hydroxymethyl; or 

R:2, when a sutstitue~t er. nitrogen, is methyl; 

F~~ is r., C1-C4 alkyl, C2-C4 alkenyl, or benzyl; 

Rlt; is OE, H, 
I 

alkeny
1
l, 

CF3, C1-C4 alkyl, C1-C4 alkoxy, NH2, C2-C4 

or benzyl; 

R13 and R14, can alternatively JOin to form - (CH2> 4-, 

30 - (CH2)
1
5-, -CH2CH2N (Rl5) CH2CH2-, or -CH2CH20CH2CH2-; 

R15 is H or CH3; 

~ is selected from: 

35 -N(R22)C(=Z)N(R23}-; 
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-N (R22) C {=Z) 0-; 

-c(R25) (R26)C(=Z)C(R27) (R28)-; 

-N(R22)S(=Z')N(R23)-; 

-N(R22)S(=Z')2N(R23)-; 

5 -C(Ri25) (R26)C(R34) (R35)C(R27) (R2B)-; 

-N=~(R36)N(R23)-; 

10 

-C(~Z)-; 

Z is O, S, or N-CN; 

Z' is O; , 

R22 and ~L~ are independently selected from the 

:fo:lcv.:ing: 

hyd::::-c-ge::; 

C1-Ca a!ky: substitut~d with 0-3 R31; 

c2-:c alkenyl substituted with 0-3 R31; 

c2-:, alkynyl substituted with 0-3 R31; 

2~ ~2~ a~d ~~' a=e independently selected from the 

~~ l,.... ... r-• 

, -
~ -

p2 € 

-. 

_._ __ _.n..1...~:: ~ 

I 
....... ...; _,...,f"'T&J- • 
••;: -- --"";:i-••I 

~--+, alkyl substituted with 0-3 R31,. 
'"" - I . . 

C~-;4 alke~yl s~bstituted with 6-3 R31; 
I 

a::.::: - , k .. - - hydrogen or halogen; 

R~~ is s~lected from one or more of the following: 

halbgen, -oR13, C1-C4 alkyl, C3-C10 cycloalkyl, 

30 -C(R1 4)=N(ORl4), -C02Rl3, -S(O)rnR13; 

a=y: s~bEtituted with 0-5 R32; or 
I 

a heterocyclic ring system chosen from pyridyl, 

pyrimidinyl, triazinyl, £uranyl, thienyl, 

pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, 

benzo~ura~y!, indolyl, quinolinyl, 

This Sheet Has Been Replac ~ 
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. -119-
isoquinolinyl, oxazolidinyl, said heterocyclic 

ri~g being substituted with 0-2 R32; 

R32, whe~ a substitue~~ on carbon, is selected from one 

or more of the following: 

benzylqxy, halogen, 2-(1-morpholino)ethoxy, 
-co2Rl3, hydroxamic acid, -CONR13NR13Rl4, 

cyano, boronic acid, sulfonamide, -CHO, C3-C6 

cycloalkoxy, -NR13Rl4, -C(Rl4)=N(ORl4), N02, 

-~R13, -NR40R41, -SOmR13, -SOmNR13R14, 
I 

-C(=O)NR13Rl4, -OC(=O)NR13R14, -C(=O)Rll, 

-OC(=O}Rll, -OC02Rl3, phenyl, -C(=O)NR13-cc1-C4 

a:kyl}-NR13R14, -C(=O)NR40R41, C1-C4 

haloalkyl, C1-C4 haloalkoxy, Cz-C4 

h~loalkenyl, C2-C 4 haloalkynyl, -C{=O)NR13Rl4; 

-Cl=O)C(R: 1 l2NRl3Rl4; -C(=O)C(Rll)zNRl3NRl4; 
I 

-C(=8)C(R11 >2NR13co2Rl3; -C(=O)-(C1-C~ alkyl)-

NR:3R:4; -C(=O)-(C1-C4 alkyl)-NR13co2Rl3; or 

C:-C4 e!koxy substitu~ed with 0-3 groups selected 

f,'rom: R11 , C3-C6 cycloalkyl, -c (=0) NRl 3R14, 

-K~:3R14, or OH; 

C:-:4 alkyl substituted with 0-3 groups selected 

~ro~: R::, =NR14, =NNR13c(=O)NR13Rl4 or 
I "" - "" I' 
""-. "'l,... I.,. 

-1 .. :".--':<.-·; 

C2-:4 a:ke~y: substituted with 0-3 Rll; 

C2-C~ flkynyl substituted with 0-3 Rll; 

a 5- q~ 6-me~bered heterocyclic ring containing 

~rom 1 to 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur, substituted 

with 0-2 R12; 

R32, wher. a substituent on ~itrogen, is methyl; 

rr. is C, , 
·Or 2; -, 

p3~ is sele:::ed from: 
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hydrogen; 

c1-c2 alkyl; 

C1-Cf alkoxy; 
I 

5 R35 is selected from: 

hydr~gen; 

c1-c2 alkyl; 
; 

c1-c2 alkoxy; 
I 
I 

J 
PCT fUS94/01609 

-120-

10 R36 is seiected from: C1-C2 alkyl; COR37; NR38R39; CN; 

- c: ... ..., 

CCl3; 

-:;:-, 
R""'' is selected from: 

hydroger:; 

C1-CE a:kyl substituted with 0-1 Rll; 

hj.•cr9xy l; 

C1-C2 alkoxy subs~ituted with 0-1 Rll; 
-l-~R38-;:.~9. .. . .. " , 

I 

2: F~: a~d R~S arE independently selected from: 

25 

3C 

·::-C2 a.:k:z•.: substitnted with 0-3 Rll; or 

a~ amine prctecting group; 

t. -F .. ~· ~- ~ fror..: E., 

, -
~"'i - ~~ c~ic-~e:c· •-c~· -- --r"'-- .... _ .... 

-C (=0> NR13R14; 

-C (=;J) trn13NR13R14; 

-C(=O)C(Rll)2NR13R14; 

-C(=b)C(Rll)2NR13NR13R14; 

-:(=O)C(Rll)2NR13co2R13; 

-C(=O)H; 

-C(=O)R 1:; 

-:(=O;-(C1-:~ alky:)-~R!3Rl4; 
... ... --a .l:~ j' l) -?~F. ~ ,j(:.C1:RJ. '; 
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1-3 amino acids linked together via amide bonds, 

ana linked to the N atom via the carboxylate 
I 

terminus. 

5 [22) Another aspect of the invention is a process for 
preparing cyclic compounds of formula (I): 

10 

15 

20 

25 

30 

R7A 

R'R7 
Rs 

n 

(I) 

wherein: 

W is selected from: 

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

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

-N(R22)S(=0)2N(R23)-; 
I 
I 

R22 and .R23 are as defined above, provided that at 
least one of R22 or R23 must be H; 

R4, R4A, R7, R7A, Rsa, and R6a are as defined above; 

r. is 0, 1, o:= 2; 

R20 and R21 are as defined above and may in addition 

be selected from a hydroxyl protecting group; 

I 

said process
1
comprising the step of reacting an acyclic 

diamine compound of the formula (III) : 

- . 
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NHR23 

R7 

n 

PCT /US94/01609 

(III) 

with a suitable cyclizing reagent in a suitable solvent, 

5 said solv~nt optionally comprising a base, thereby to 

form a compound of formula (I). 

For compounds of formula (I) wherein W is 

-1;1R22)C(~0)N(R23)-, the suitable cyclizing reagent may 
I 

be se:ected from, but is not limited to, phenyl 

c~lc=cforkate, phenyl tetrazoylformate, urea, phosgene, 

tr!phosgene, oxalyl chloride, N,N'-disuccinimidyl 

carbcna:e, 1,l'-carbonyldiirnidazole, trichloromethyl 

ctlorofcr~a:e, and 2(5) ,3-pyridinediyl thiocarbonate. A 

~=eferre~ c~cl!=i~g reagent is 1,1'-carbonyl 

c:..:.r:-.:.caz-:.:..·:~. 
I 

Fe= ~O~?ounds of formula (I) wherein W is 

-~{R22lC(=SJN(R231-, the suitable cyclizing reagent may 

2C t~ selected froffi, b~~ is not limited to, 1,1'-

t~iocarbo~;: diimidazole or carbon disulfide. 

Preferably, the cycl!zing reagent is 1,1'­

thiocarbonyldiirnidazole. 

25 For compounds of formula {I) wherein W is 

-N m22) s <l=O) 2N (R23) - , the suitable cyclizing reagent may 

be selected from, but is not limited to, sulfamide. 

A b~se may optionally be included in the 

3C ab~ve-described method in order to account for the 

la~~l::y o~ ~he R2C and R21 hydroxyl pro:ecting groups 



WO 94/19329 PCTIUS94/01609 

-123-
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 may alternatively be selected from inorganic 
I 

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 orqanic solvent or 

10 in a biphasic suspension of water and an orqanic 

solvent. Suitable solvents include chlorinated organic 

solvents whi~h include, but are not limited to, 

ch:o=ofor~, methylene chloride, tetrachloroethane, butyl 
; 

chloride an¢ dichloroethane. A preferrable chlorinated 

15 organ~c sol~ent is chloroform. The non-chlorinated 

organic solvents useful in the method of the invention 

include, but are not limited to tetrahydrofuran, N,N­

dimethylfor~amide and toluene. A preferrable non­

ctlo=inated organic solvent is toluene. 

20 

The reactio~ can be conducted at a temperature of 

fro~ about o0 c to about the boiling point of the solvent 

selected, 15·3oc in the case of N, N-dimethylformamide. 

Preferably, 
1
the temperature of the reaction is about ooc 

2 5 to about roorr. temperature. 

The time required for completion of the reaction 

can range f~om about 1 hour to about 5 days, depending 

on the combination of cyclizing reagent, solvent, base 

and stereoisorner of compound (Ill) selected. The 

30 reaction earl be run under nitrogen or other inert 

atmosphere, 'provided that any changes in concentration 

and integrity of the reagents due to decomposition are 

compe~sated'for. 
I 

I 
35 As used here~n, the term "hydroxyl protecting 

group" means any group known in the art of organic 
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synthesis for the protection of hydroxyl groups. Such 

protecti~g groups include those listed in Greene and 

Wuts, "Piotective Groups in Organic Synthesis", John 

Wiley & Sons, New York (1991), the disclosure of which 

5 is hereb~ incorporated by reference. The hydroxyl 
I 

protecting groups are base-stable and can include, but 

are not ~imited to acyl types, aromatic carbamate types 

and alkyl types. Exemplary are methyl, methoxymethyl, 

rnethylthiomethyl, benzyloxymethyl, 

10 t-butoxymethyl, 2-methoxyethoxymethyl, 2,2,2-

trichloroethoxyrnethyl, 2-(trimethylsilyl)ethoxymethyl, 

tetrahydtopyranyl, tetrahydrofuranyl, t-butyl, 

triphenylmethyl, trimethylsilyl, triethylsilyl, 
I • 

t-butyldimethylsilyl, t-butyldiphenylsilyl, pivaloate or 

15 N-phenyltarbarnate. 

In the present invention it has been discovered 

that the
1 

compounds of formula (I) above are useful as 

inhibito~s of HIV protease.and similar retroviral 

2C prc-:easeE, a~d fer the inhibition of HIV and the 

treatme~~ o: E:v infection and similar retrovirus 

The Frese~t invention also provides methods for the 
I 

t:::-eatne:y:. cf E:V infection by administering to a host 

25 i~fe:~ej ~~~t HIV a pharmace~tically or therapeutically 

e:f:ec-:ive c::::- acceptable amount· of a compound of formula 
I 

30 

(I) as aes:ribed above. By therapeutically effective 

amoun-:, ,.:.. t is meant an amount of a compound of the 

present invention effective to inhibit HIV infection or 

treat t ... c. .. - sym~toms of HIV infection in a host. 

The co~pounds cf formula (1) of the present 

inve~-:5..q~ are also useful for the inhibition of HIV in 

a~ ex vivo sample containing HIV or expected to be 

exp=sed tc E:v. Thus, the compounds cf the present 

i.;;·;e:-.-:::.F; 1"'.".c~· be used tc inhit.:.t HIV present ir-. a body 

li1iU1ii1iffiii 
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f luid sample, (for example, a serum or semen sample) 

which contaihs or is suspected to contain or be exposed 

to HIV. 

The compounds provided by this invention are also 

5 useful as standard or reference compounds for use in 

tests or ass,ays for determining the ability of an agent 

to inhibit Jiral replication and/or HIV protease, for 

example in a. pharmaceutical research program. Thus, the 
I 

compounds ofl the present invention may be used as a 

10 control or ~eference compound in such assays and as a 

quality control standard. The compounds of the present 

invention may be provided in a commercial kit or 

cc::tainer for use as such standard or reference 

corr.pound . 

15 Since the compounds of the present invention 

exhibit spedificity 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, inhibition of the protease activity in 

28 a:: assay (such as the assays described herein) by a 

co~pou~d cf the present inventio:: would be indicative of 

the presence of HIV protease and HIV virus. 

The co~pounds herein described may have asymmetric 

25 ce!1ters. All chira:, diastereomeric, and racernic forms 

are included in the present invention. Many geometric 
l 

isorne:::-s of dlefi::s, C=N do11ble bonds, and the like can 

also be presient in the compounds described herein, and 

all such stable isomers are cor.templated in the present 

30 inve!1tion. ,It will be appreciated that certain 

compounds of the present invention contain an 

asyrrunetrically substituted carbon atom, and may be 

isolated in optically active or racernic forms. It is 

well known ~n the art how to prepare optically active 

for~s, such as by resolution of racernic forms or by 

s:,:::thesis, fror., 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 diastereofueric, racernic forms and all geometric isomeric 

forms of f structure are intended, unless the specific 

stereochemistry or isomer form is specifically 

indicated. 

10 When any variable (for example, Rl through 

- c 

2C 

R4:, R4A Fnd R7A, m, n, w, Z, etc.) occurs more than one 

time in ary constituent or in formula (!) or (II), or 

any other formula herein, its definition on each 

occurrence is independent of its definition at every 

o:.her ccc1urrence. Thus, for example, if a group is 

sho~~ tc be substituted with 0-3 Rll, then said group 

rnay optio~ally be substituted with up to three Rll and 

F.:::. at. each occurrence is selected independently from 

the de:i~ec list of possible R11. Also, for example, in 

-~(R20>2 1 each o: the R20 substituents may be 

!~depe~d~~:.ly select.ed from the list o! possible R20 

g .::-o·.;; s d€i: ined. Also, combinations of subs ti tuents 

a~d/cr variables are permissible only if such 

cc;:-.tina:..io:ls result in stable compounds. Similarly, by 

2~ ~ay c: example, !or the group -C(R11)2-, each of the two 

~-· s~bs~!:.ue~~s on C is independently selected from the 

de:i~e~ tist o: possible Rll. 

I 
As used herein, "alkyl" iz intended to include both 

3C L=a~c~ed and straight-chain saturated aliphatic 

hydrocarbon groups having the specified number of carbon 
I 

a:.o~s; "haloalkyl" is intended to include both branched 

a~d straight-chain saturated aliphatic hydrocarbon 

9:::-0..:ps having the specified number of carbon atoms, 

3~ s~bs~!t.ut.ed with l or more halogen; "alkoxy" represents 

e:.::-. a:J.:y: ~roup cf ind.::..cated number c: carbon atoms 
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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, 

5 cycloheptyl, ~damantyl and cyclooctyl; and "biycloalkyl" 

is intended t~ include saturated bicyclic ring groups 

such as [3.3.0]bicyclooctane, [4.3.0Jbicyclononane, 

[4. 4. OJbicyclodecane (decalin), [2 .2 .2)bicyclooctane, 

and so forth .1 "Alkenyl" is intended to include 

10 hydrocarbon chains of either a straight or branched 
I 

conf iguratio~ and one or more unsaturated carbon-carbon 

bonds which may occur in any stable point along the 

chain, such as ethenyl, propenyl, and the like; and 

"alkynyl" is 1intended to include hydrocarbon chains of 
I 

15 either a straight or branched configuration and one or 

more triple carbon-carbon bonds which may occur in any 

stable point along the chain, such as ethynyl, propynyl 

and the like. 

The terms "-(alkyl)-", "-(alkyenyl)-", 

20 "-(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 alternatively and equivalently be denoted as 

"alkylene", ''alkenylene", "phenylene", and the like, 

25 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 

30 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 

35 of an indicated number of carbon atoms attached tc a 
I 

carbonyl grdup, where the carbonyl group is attached 
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through an oxygen atom to the residue of the compound at 

the designated location. "Halo" or "halogen" as used 

herei~ refers to fluoro, chloro, bromo, and iodo; and 

"counter~on" is used to represent a small, negatively 

5 charged s'pecies such as chloride, bromide, hydroxide, 
I ' 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 ?- membered monocyclic or bicyclic 

or 7- to 14-membered bicyclic or tricyclic or an up to 

26-membered polycyclic carbon ring, any of which may be 

sa~urated, partially unsaturated, or aromatic. Examples 

o: such 9arbocyles include, but are not limited to, 

15 cyclopropyl, cyclopentyl, cyclohexyl, phenyl, biphenyl, 

naphthyl; indanyl, adarnanfyl, or tetrahydronaphthyl 

(te~rali~) . "C7-C10 arylalkyl" is intended to refer to 

a~ aryl ~roup attached through a C1-C4 alkyl bridge to 

the re~id~e of the indicated compound. "<C1-C3 

~: alky.:>a=yl" is intended to refer to a c1-C3 alkyl group 

~~~=~isl attached through an aryl ring to the residue of 

tb: i~::ii.cated cor.ipound. "Aryl CC1-C3 alkyl)" is intended 

tc refer 1 to an aryl group attached through a C1-C3 alkyl 
I 

g~o~p to the residue cf the indicated compound. 

hs used herein, the term "heterocycle" is intended 

to mea~ a stable 5- to 7- membered monocyclic or 

bi.cyc:ic or 7- to 10-membered bicyclic heterocyclic ring 

which ii either saturated or unsaturated, and which 

co~sis~s of carbon atoms and from 1 to 4 heteroatoms 

30 independently selected from the group consisting of N, O 

and S artd wherein the nitrogen and sulfur heteroatoms 

may op~ionally be oxidized, and the nitrogen may 

optionally be quaternized, and including any bicyclic 

group in which any of the above-defined heterocyclic 

35 rings is fused to a ber.zene ring. The heterocyclic ring 
I 

may be at~ached tc its pendan~ group a~ any heteroatom 
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or carbon atom which results in a stable structure. The 

heterocyclic f ings described herein may be substituted 

on carbon or pn a nitrogen atom if the resulting 

compound is stable. Examples of such heterocycles 

5 include, but are not limited to, pyridinyl, pyrimidinyl, 

furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, 

tetrazolyl, b~nzofuranyl, benzothiophenyl, indolyl, 

indolenyl, quinolinyl, isoquinolinyl, benzimidazolyl, 
I 

piperidinyl, ~-piperidonyl, pyrrolidinyl, 2-

10 pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl, 

tetrahydroqui~olinyl, tetrahydroisoquinolinyl, 

decahydroquinolinyl or octahydroisoquinolinyl, azocinyl, 

triazinyl, 6~-1,2,5-thiadiazinyl, 2H,6H-l,5,2-

dithiazinyl, ~hiophenyl, thianthrenyl, pyranyl, 

15 isobenzofuranyl, chromenyl, xanthenyl, phenoxathiinyl, 

2H-pyrrolyl, 
1
isothiazolyl, isoxazolyl, pyrazinyl, 

pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, lH­

indazolyl, purinyl, 4H-quinolizinyl, phthalazinyl, 

naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, 

20 pteridinyl, 4aH-carbazolyl, carbazolyl, B-carbolinyl, 

phenanthridinyl, acridinyl, perimidinyl, 

phenanthrolinyl, phenazinyl, phenarsazinyl, 

phenothiazinyl, furazanyl, ·phenoxazinyl, isochromanyl, 

chromanyl, i~idazolidinyl, irnidazolinyl, pyrazolidinyl, 

2 5 p:,·razolinyl ,- ; piperaziny l, indolinyl, isoindolinyl, 

q~inuclidiny~, morpholinyl, oxazolidinyl, 

~enzotriazol¥1, benzisoxa2olyl, oxindolyl, 

benzoxazolinyl, or isatinoyl. Also included are fused 

rin9 and spire compounds containing, for example, the 

30 above heterocycles. Preferred heterocycles include, but 

are no~ limited to, pyridinyl, furanyl, thienyl, 

pyrrolyl, pyrazolyl, irnidazolyl, indolyl, 

benzimidazolyl, lH-indazolyl, oxazolidinyl, 

benzotriazolyl, benzisoxazolyl, oxindolyl, 

~~ be'-zoxazolin~l, 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 ~ith a selection from the indicated group, 

provided that the designated atom's normal valency is 

5 not exce~ded, and that the substitution results in a 

stable c~mpound. 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 

lC isolation to a useful degree of purity from a reaction 

mixture, ;and formulation into an efficacious therapeutic 

agent. 

1'.s used herein, the term "any group that, when 

15 ad:r.!r.istered to a marrunalian subject, cleaves to form a 

free ~ydioxy!, a~ino or sulfhydryl" means any group 

bc~~ec td ar. C, N, or S atom, respectively, which is 

cleaved :re:-:: :.he: O, N, or S atom when the compound is 

") r 
L\.' 

adrr . .:.r: is:.ered to a ma~Jnalian subject to provide a 

remaining free hydroxyl, amino, or 

respectively. Examples of groups 

. ,,., . compounc ,.a~i~g a 
c-'"'··.-.. -....... -::-- , 

:.:-,c..:, lo:i",e:-. adr:-.i::istered to a marrunalian subject, are 

c:eaved t~ for~ a free hydroxyl, amino or sulfhydryl, 

in=l~de t~: a~e no:. limited to, phosphate esters, C1-C6 

a:k~: su~s:.!:u:ed with 0-3 Rll, C3-C6 alkoxyalkyl 

s~t~:.:.:.~~~j ~!:.~ 0-3 Rll, C1-C6 alkylcarbonyl 

s~ts:it~:.~~ w!tt 0-3 Rll, C1-C6 alkoxycarbonyl 

s~bs:.i:.uted with 0-3 Rll, C1-C6 alkylaminocarbonyl 

sutsti:~led with 0-3 Rll, benzoyl substituted w:th 0-3 

R:2, p~e~oxycarbonyl substituted with 0-3 R12, 

phe~ylamtnocarbonyl substituted with 0-3 Rl2, or 

heteroary:carbonyl. Examples of groups that, when 

ad~i~ist~red to a marrunalian subject, are cleaved to form 

a free hy=roxy~, amino or sulfhydryl, include hydroxy, 

a~!~e c= s~lfhyd=yl protecting groups, respectively. 
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As used herein, the term "amine 

means any gro~p known in the art of 

for the protection of amine groups. 

PCTIUS94/01609 

protecting group" 

organic synthesis 

Such amine 

protecting groups include those listed in Greene and 

5 Wut.s, "Protective Groups in Organic Synthesis" John 

Wiley & Sons,,New York (1991) and "The Peptides: 

Analysis, Synthesis, Biology, Vol. 3, Academic Press, 

New York (19Bll, the disclosure of which is hereby 

incorporated by reference. Any amine protecting group 

10 known in the art can be used. Examples of amine 

protecting grbups include, but are not limited to, the 

following: ll acyl types such as formyl, 

trifluoroacet.yl, phthalyl, and p-toluenesulfonyl; 2) 

aromatic carbamate types such as benzyloxycarbonyl (Cbz) 

15 and substituted benzyloxycarbonyls, 1-(p-biphenyl)-1-

methyle:hoxycarbonyl, and 9-fluorenylmethyloxycarbonyl 

(Fmoc); 3) ariphatic carbamate typ~s such as tert-
1 

b~:y:oxycarb~nyl (Boe) , ethoxycarbonyl, 

diisopropylm~thoxycarbonyl, and allyloxycarbonyl; 4) 

2C cy~lic alkyl carbamate types such as 

cyclope~:yloxycarbonyl and adamantyloxycarbonyl; 5) 

alky: types such as triphenylmethyl and benzyl; 6) 

t.rialky:silane such as trimethylsilane; and 7) thiol 

co~tainins types such as phenylthiocarbonyl and 

25 dithiasuccinoyl. 
I 

By a "ketal ring" or "ketal" group is meant any 

ket.al protecting 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 

30 typically include, for example, substituted or 
I 

unsubstituted carbocyclic diethers, dithioethers, or 

mixed ethers. Such ketal protecting groups include 

those listed 1 in Greene and Wuts, "Protective Groups in 

Organic Synthesis" John Wiley & Sons, New York (1991) 

The term "amino acid" as used herein means an 

orga~ic com??Und co~taining both a basic amino group and 
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an acidi~ carboxyl group. Included within this term are 

natural amino acids, modified and unusual amino acids, 

as we~l fs amino acids which are known to occur 

biologic~lly in 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) :rlu:. 
Pe;~ides, 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, 

hydroxylysine, 4-hydroxyproline, an N-Cbz-protected 

a~inc acid, ornithine, 2,4-diaminobutyric acid, 

r.omoarginine, norleucine, N-methylaminobutyric acid, 

15 naphthy:elanine, phenylglycine, E-phenylproline, 

te=:-le~=ine, 4-aminocyclohexylalanine, N-methyl­

ncrle~cine, 3,,-dehydroproline, N,N­

di~~~r.y:p~inoglycine, N-methylaminoglycine, 

~-a~inopiperidine-4-carboxylic acid, 6-aminocaproic 

2: eci~. ~=a~~-4-(arn!nomethyl)-cyclohexanecarboxylic acid, 
' 

:-. 3-, a~j '-(aminomethyl)-benzoic acid, 

:-a~inoc~clopentanecarboxylic acid, 

1-a~inccyc:cpropanecarboxylic acid, and 2-benzyl-5-

a~inopen~a~oic acid. 

The ter~ "a~ino acid residue" as used herein means 

~~a~ portic~ of an amino acid (as defined herein) that 

Th~ term "peptide" as used herein means a compound 

t~~: consis:.s of two or more amino acids (as defined 

30 here: i::; ,tha:. are linked by means of a peptide bond. The 

terr.. "p~p:ide" also includes compounds containing both 

peptide arid non-peptide components, such as 
I 

pseudope
1
rp:.ide er peptide mimetic residues or other 

n-:>r!-amirb acid components. Such a compound containing 

~~~~ ~e~tid~ and nor.-peptide components may also be 
' 

'?'C,:~ ..... .,..C,;..~ _,,... 
---------- t....- cS C:. "pep~ide analog". 
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Thei term "peptide bond" means a covalent amide 

linkage forme~ by loss of a molecule of water between 

the carboxyl ~roup of one amino acid and the amino group 

of a second amino acid. 

5 As used 1herein, "pharmaceutically acceptable salts" 
I 

refer to derivatives of the disclosed compounds wherein 

the parent compound of formula (I) is modified by making 
I 

acid or base ;salts of the compound of formula (I). 

Examples of ~harmaceutically acceptable salts include, 

10 but are not +imited to, mineral or organic acid salts of 
basic residues such as amines; alkali or organic salts 

of acidic re~idues such as carboxylic acids; and the 

like. 

"Prodrugs" are considered to be any covalently 

15 bonded carri~rs which release the active parent drug 

according to. formula (I) in vivo when 

a~~inistereq to a mammalian subject. 

compounds of formula (I) ar~ prepar~d 

such prodrug is 

P:codrugs of the 

by modifying 

:unctional ~roups present in the compounds in such a way 

2C tha: the rnodif ica~ions are cleaved, either in routine 

manipulatioh er ir. vivo, to the parent compounds. 

Prodrugs include compounds of formula (I) wherein 

hydroxy, amine, or sulfhydryl groups are bonded to any 

group that, when a~~inistered to a mammalian subject, 

25 cleaves to form a free hydroxyl, amino, or sulfhydryl 

group, respec~ively. Examples of prodrugs include, but 

a=e not limited ~o, acetat~, formate, or benzoate 

derivatives of alcohol and amine functional groups in 

the compounds of formula (I); phosphate esters, 

30 dimethylglTcine esters, aminoalkylbenzyl esters, 

aminoalkyl/ esters and carboxyalkyl esters of alcohol 

phenol fun~tional groups in the compounds of formula 

(I); and the like. 

The pharmaceutically acceptable salts of the 

and 

3 5 cor:-,pounds ,o: f orrnula (I} include the conventional non­

to:-::..c sa:.:s or the qua:ernary ammonium salts of the 
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compounds of formula Cll 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, 
I 

5 sulfuric, sulfamic, phosphoric, nitric and the like; and 

the salts prepared from organic acids such as acetic, 

propionic, succinic, glycolic, stearic, lactic, rnalic, 

tartaric, citric, ascorbic, pamoic, maleic, 

hydroxymaleic, phenylacetic, glutamic, benzoic, 

10 salicyiic, sulfanilic, 2-acetoxybenzoic, fumaric, 

toluenesulf onic, methanesulf onic, ethane disulfonic, 
I 

oxalic, isethionic, and the like. 

The pharmace~~ically acceptable salts of the 

pre sen:\ invention can be synthesized from the compounds 

15 c! formula (!) which contain a basic or acidic moiety by 

ccnve~:ional 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 

apFropr~ate base or acid in water or in an organic 

2~ s~lve~:, er in a mixture of the two; generally, 

~~na~~eo~s media like ether, ethyl acetate, ethanol, 

iscprcp~nol, or acetonitrile are preferred. Lists of 
suitatl~ sa2:s are found in Remington's Ptarmaceuticai 

!;r-i.r:o-;"e", :7th ed., Mack Publishing Company, Easton, PA, 

2~ :9e5, ~~ 1'18, the disclosure of which is hereby 

inccrpcra~ed by reference. 

As1used herein, "W" is not intended to be a symbol 

for tundsten. 

Th~ disclosures of all of the references cited 

30 herein are hereby incorporated herein by reference in 

their e:::irety. 

The description may include matter which exceeds 

the scope of the claims but is retained herein for the 

sake o~ clarity. The disclosure of PCT International 

1-.~;:::..-:a:.:.or: Publicatiori Number w~i 93/0712e is 

!~=:rp:ra:~~ herei~ by re!erenc~. Specifi2 reference is 
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made hereinlto the disclosure of PCT International 

I 

Application.Publication Number WO 93/07128, including 

the Schemesi and Examples 
I 

Synthesis 

The co,mpounds of the present invention can be 

prepared in a number of ways well known to one skilled 
' 

in the art of organic synthesis. The compounds of the 

10 present invention can be synthesized using the methods 
; 

described below, together with synthetic methods known 

in the art pf synthetic organic chemistry, or variations 

thereo~ as appreciated by those skilled in the art. 

Pre:erred methods include but are not limited to those 

15 rne~hods described below. 

20 

25 

30 

35 

The compounds of the present invention may be 

synthesize~ using the general synthetic procedures 
I 

described ~elow. Each of the references cited below are 

hereby incorporated herein by reference. 

Co~pounds o: the invention wherein: 

~is JN(R22)C(=Z)N(R23)- or 

-N(R22)C(=0)C(=0)N(R23)- or -N(R22)S(=Z')N(R23)- or 

-N(R2~)SC=Z')2N(R23)- or -N(R22)P(=0) (R24a)N(R23)-

or -N(R22)C(F2)C(=O)N(R23)- or 

-N(R2~)C(F2)S(=O}N(R23}-; 

Rti is -oR21 or H; and 

n is l; can be formed from diamines of formula 

(III) : 
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RS R7 

R4 ff 6 

(III) 

5 The diamines of formula (III) can be synthesized as 

described in copending commonly assigned patent 

application Jadhav et al. USSN 07/714,042, filed 

5/3l/9:. Alte=native methods which can be used to 

synthesize the compounds of structure (III) above are 

l~ desc=ibed ir. E· .. aopean Pater.t Application Publication 

Nurr.be= 4d2646A::., U.S. Patent 4,837,204, and Canadian 

Pate~t ABplicatior. 2,02€,832 

The co~pounds of formula (III) can be cyclized to 

~o=~ co~pounds of fo=~ula (IV) unde= conditions normally 

~se~ to for~ cyclic ureas, as is known to one skilled i~ 

the ar~. Reage~ts J-(C=Z)-J 1
, where J and J 1 are 

leavi~g grou:;:s, are employed, · prefer_ably under 

=elative:y dilute conditions (for example, less than 

about c.~ ~), to effect ring closure to provide 

co~pc~~tiJ c~ fo=mula (I). Many examples of J and J' are 

kno~~; p=e~er=ed are carbonyl diimidazole, 

thiocarbonyldiimidazole, phosgene, thiophosgene, 

diphe~j-0:!.' carbonate, or diphen~·l thiocarbonate. 

25 Addition~lly, for compounds wherein W is 

-l~(R22;c(=O)C(=O)N(R23)-, compounds of formula (III) can 

3 r, ..... 

be reacted ~ith activated derivatives of oxalic acid, 

preferably oxalyl chloride, under the above conditions 

to fer~ the dia~id~. 
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For compo~nds of the invention where R20 or R21 is 

-OE, it is adv~ntageous to protect the free hydroxyl 
I 

before cyclization. Protecting groups used c~n include 

any of those l~sted in Greene and Wuts, Protective 

5 Groupe in Orga~~c Synthesis, Chapter 2, Wiley, NY 

(1991). The p~eferred protecting groups are 

trimethylsilylethoxymethyl (SEM), methoxyethoxymethyl 

(MEM), or methbxymethyl (MOM). 

10 Cyclizatipn of compounds of formula (III) results 

in structure (IV) (i.e., structure (I) wherein W is 

-N(R22)C(=O)C(~O)N(R23)- and n is l). 

(IV) 

A::cther, pre:e:-red method to form compounds of 

form~la (!VJ, ~::cases wherein R22 and R23 are linked to 
I 

2C the~r :-espect1ve nitrogens by a CH2 residue, is to 

cyclize a 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 

25 preferred base is sodium hydride, and the preferred 

alkylating ager.ts are R22y and R23y, wherein Y is a 

halogen, trifl,ate, or mesylate, preferably a bromide or 

iodide. Pref~rred conditions are in polar aprotic 

solvents between 0 and 100 °c. 
30 
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Clefvage of protecting groups, if employed, yields 

structur~s of formula (I) wherein R5 and R6 are 
I 

hydroxyl. 

5 When R5 and R6 are other than oR20 and oR21, some 

chemical
1
manipulation of functional groups may need to 

I 

be performed in the preparation of the compounds of 
I 

formula ,(III) or (IV), as is appreciated by one of skill 

in the art of organic synthesis. Described below are 

10 examples. of such procedures. 

15 

25 

38 

I 

Met'hods for obtaining compounds wherein RS is OH 

and R6 is oR21 include protection of r.itrogen, _if 

neclessary, followed by reaction of the diol with 

o~e equivalent of base and one equivalent of acyl 

~a!!de, alkyl halide, alkoxyalkyl halide, 

a:koxycarbonyl halide, benzoyl halide, diphenyl 

carbQnate or phenylisocyanate, and purification by 

co~~mn chromatography of the unwanted bis-alkylated 

a~d u~reac~ed material. 

P.e~hods !c= obtaining compounds wherein R5 is OH 

and RE i~ H include protection of nitrogen, if 
I 

necessary, and reduction of the dial to the monool 

Ls!~g tec~niques known in the art (see, for 

e;.:'1rr.p~e, Chem. Comm. 1971, 1097; J. Org. Chem. 

:96~, 3923). The preferred method is formation of 

cyclic diol ester and reduction using hydride. 

Deprotection of n.·trogen, if necessary, results in 

th~ desired compound. 
I 

Me~hods for obtaining compounds wherein R5 is OH 

and R6 is r include protection of nitrogen, if 

nec~ssa~y, followed by formation of mono-protected 
' dicl as described above. Reaction with a - . 

~lu~:ina~!~g ag~~t, preferably 
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diethyla~inosulfurtrifluoride (DAST) (Reagents for 

I 

Organic Syn~hesis, Vol. 13, p. 110, Wiley 

Intersci~nce, NY, 1988), provides the alkyl 

fluoride~ Deprotection of nitrogen, if necessary, 

and hydroxyl results in the desired compound. 
I 

Methods for obtaining compounds wherein RS is OH 

and R6 i~ =O include protection of nitrogen, if 

necessary, and standard conditions for oxidizing 

glycols to pinacols. The preferred oxidant is one 

equivalent of pyridinium dichromate in 

dichloro~ethane, or one equivalent of NaOCl in 

HOAc. Deprotection of nitrogen, if necessary, 

results ·in the desired compound. Alternatively, a 
I 

monohydroxy compound described above can be 
I 

oxidize~ to 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. 

1982, 2917). 
I 

Me~hods .for obt.aining compounds wherein RS is OH 
I 

and R6 i~ difluoro include protection of nitrogen, 

if necesbary, and hydroxyl of the above obtained 
I 

pinacol,' followed by reaction of the carbonyl with 
I 

a fluorilnati:ig reagent, such as DAST. Deprotection 

of hydroxyl and nitrogen, if necessary, results in 
I 

the desired compound. 

Methods lfor 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, 

336:) . Preferred is the reaction of the glycol 
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wi th 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. 

Methods for obtaining compounds wherein RS is OH 
and R6 is C1-C3 alkyl include protection of 

nitrogen, if necessary, and reaction of the epoxide 
prepared above with C1-C3 alkylmetal reagents. 

Preterred is the reaction of lithium dialkyl 

cuprates in aprotic solvents at low temperatures <-
78 to -40 °C) (see Carruthers, Some Modern Methods 

iL o~ga~ic Syn~hesis, p. 64, Cambridge University 

Press, 1978). 

W~~h a j~dicious selection of reagents, as is well 

appre=iated to one skilled in the art, these 
I 

rr.a~ip~lations can be performed in a straightforward 

::.a:rne:::- -cc yield t:ie c!aimed combinations of RS and R6. 

v: .is -l;(R22}C(=Z}N(F\23)- or 

-?;lR221cc=o1:c=O)N(R23,_ or -N(R22)S(=Z')N(R23)- er 

-!\(1F-.2L)S(=Z)2N(R23}- oz -N(R22)P(=0) (R24a)N(R23)-
' 
I 2~ 2-:i c::: ·-1' (F. ~) C CF2 IC (=Oi NCR ..., ) - o::-

-~ (p22) C (F2) 5 (=0) N {R22) - or -N(R22)P(-Z)N(R23)-, 

and n is O; 

ca:-1 be synthesized from diamines of formula (V) : 

This Sheet Has Been Replaced 
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R5 

(V) 

5 which can in 1turn be synthesized as described in 

European Patent Application Publication Number 402 646 

Al. 

Protection, if necessary, cyclization, and 

lC functional group manipulation if desired is performed as 

described abbve to obtain compounds of structure (VI) : 

15 

20 

I 
R4A 

(VI) 

Compounds of the invention wherein: 

Wis -OC(=O)O- or -C(=Z)- or 
-C(R25) (R26)P(=0) (R24a)C(R27) (R28)- or -P(•O) (R24a)-

and n is l; 

can be formed from diols of structure (VII): 

This Sheet Has Been R J 
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R7 

OH 

(VII) 

5 which can in turn be synthesized as described in 
' copending, commonly assigned U.S. patent application 

Jadhav et al. USSN 07/714,042, filed 5/31/91. 

Functional group manipulation, if desired, may be 

10 performed as described above, followed by cyclization to 

the carbonate using standard conditions, preferably 

phcsgene 1 o~ thiophosgene in the presence of 2 

eq~~valer.~s o: a base such as potassium hydride, to 

25 

cb~a~~ cb~pc~~ds c: s~ructure (I). 

:o~~=~nts c: the invention wherein: 

~ ·~ -N1R221cc=Z>O- or 

l' c:s 1
2.2)? (=:;) (p24c.) C (R27) (R28) - or 

-::::o~2:) (?LE)p (=0) (R24a>o-· and n is 1; 

ca~ be formed from arninoalcohol of structure 
I 

(V:'::;:) : 
' ' 

This Sheet Hu Been Rcplaced-
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(VIII) 

w~ic~ car. in turn be synthesized as described in a 

5 cope~ding, qommonly assigned U.S. patent application 

Jad.hav et al. USSN 07/714,042, filed 5/31/91, by 

employing a single equivalent of azide in the reaction 

of the diol of formula (VII) to obtain the azidoalcohol, 

followed by
1
reduction as described in USSN 07/714,042, 

I 

10 to form the 1 aminoalcohol. 

15 

2C 

25 

Protection, if necessary, and functional group 
I 

~a~ip~:a~io~, if desired, is performed as described 

above, followed by cyclization to the carbamate using 

preferably phosgene or thiophosgene 

i~ t~e presence of 2 equivalents of a base, such as 

h,vd:-ide, to obtain compounds of structure (I). 
1· 

Cc~pounds cf the inve~~ior. wherein: 

K is -OC(=Z)O- and n is O; 

ca~ b~ fo:-med fro~ the diol of structure (IX): 

( !X) 

32 w~~c~ can I in turn be syn~hesized by the reaction of 

the lithium anion of 1,3 dithiane, followed 
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I 

by the r•action of R7CHO with the anion of the product 

(see Car~uthers, Somo Modo~n Methods in Organic 

S;i,•nthosis, p. 45, Cambridge University Press, 1978). 

Cleavage.of the dithiane with mercuric ion yields the 

5 acyclic 4lpha, alpha' dihydroxyketone. 

Functional group manipulation, if desired, is 
J 

performed as described above, followed by cyclization to 

the carbonate using standard conditions, preferably 

10 phosgene.or thiophosgene, in the presence of 2 

equivalents of a base such as potassium hydride, to 
I obtain compounds of structure (I). 

, c: .... _ CO~?Oi:.nds o= the invention wherein: 

K ii -N(R22}C(=Z)O- and n is 0; 

ca~ 1 be =or~ed from aminoalcohol of structure (X): 

Rs 

(X) 

2~ ~~:c~ ca~ i~ ~~rn be synthesized by the techniques 

descr~b~d in European Patent Application Publication 

--.; ·'. 

I 

N-:..:.mber ~02 646 AJ for the synthesis of compounds of 

s~ructure (VJ, above; however, in place of azide, in 

ope~i~g the oxirane (shown below), an oxygen 
I 

~ucle~phi:e, s~ch as acetate or hydroxide ion, is 

This Sheet Has Been Replaced 
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reacted in the presence of a polar aprotic solvent, such 

as DMSO. 

BOf-NH 
I 

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 protecting group. 
' 

' 
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 
I 

15 in the presence of 2 equivalents of a base such as 

20 

potassium hydride, to obtain compounds of structure (I). 

Co~pounds c: the present invention wherein: 

can be synthe~ized from aminoalcohols (VIII) and (X) by 

the following steps: protection of nitrogen, if 
I 

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 1 in the presence of a catalyst, such as 

30 palladium on farbon; and heating under dilute conditions 

in the presen~e of a base such as triethylamine to 
I 

effect cyclization. 
I 
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The secondary cyclic amine is then methylated, 
I 

preferably with formic acid/formaldehyde, and oxidized, 

preferably with a peracid, such as MCPBA, to form 

5 compounds
1 

of formula (I), wherein W is 

10 

, c 
-.,; 

-ccR25> (R26)N(CH3) (O)C(R27) (R2B)-. The secondary cyclic 
I 

amine can alternatively be directly oxidized to form 

structure CI), where Wis 

-c (R25) o~2 6) N (0R2 9) c (R27) (R2a, - • 

Compounds wherein= 

can be prepared by the alkylation of protected 

cyclohexanedione (XI) with the required R4-LG and R7-LG, 

and optionally R4A-LG and R7A-LG groups, wherein LG 

represe~~s a leaving group such as halogen or sulfonate 

2C es-:e::. 

0 

0 

u 
(XI) 

25 
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Reductiqn of the ketone to the alcohol, preferably 

with LiAlH4, or manipulation to other values of RS as 
described above, is followed by cleavage of the ketal 

I (see Greene ~nd Wuts, Pro~ective Grpups in Organic 
5 Syp~hesis, Chapter 2, Wiley, NY, 1991). Protection of 

the alcohol or other reactive groups, followed by 
alkylation ke~one and deprotection, provides compounds 
of structure (I), wherein Wis 

10 

15 

-CCR25) (R26)C(=Z)C(R27) (R28)- and n is 0. 

Compounds whe~ein: 

ca~ be prepared fro~ the protected hydroxyketones 
described irnm;ediately above by ring expansion, for 
examFle via the Tiffeneau-Demyanov reaction (March, 
Advanced Or~aci~ c~c~is~ry, p. 965, Wiley, NY, 1985), or 

20 by trea~ment ~ith dirnethylsulfonium ylide to form the 
s~~:::::o-epoxide, fo~lowed by acid-catalyzed ring expansion 

I 
tc the cycloheptanone (.i!iid., pp. 871, 966). 

The above routes have the advantage of producing a 
25 number of ste:reoiomers which, upon purification, can be 

evaluated for1 the best combination of potency, safety 
and ir. vivo ayailability. 

30 Compounds wherein: 

w is -C CiR25i (R26) C <F2) C (R27) (R28)- and 

n is 0 o·r 1; 
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can be o~tained from the above-described protected 

hydroxyketone by treatment with a fluorinating reagent, 

preferab~y DAST, as described above. 

Compounds wherein: 

W is -N(R22)C(=Z)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, 
AdyaocPd, Orgar.ic Chemistry, p. 371, Wiley, NY, 1985). 

, c: --' 

OP 

0 

(X:I} 

Cc~pounds o~ structure (XII) can in turn be 

ob~a:..neq as described in European P?tent Application 

2:; P-...:t2.ica~:..o:-: ~;·..;:-r::-er t;.34 365 A2, European Patent 

A~p:ica~i~~ ?-...:~:ica~io~ Number 386 611 A2, European 

Pater.t AFFlica~ior. Publication Number 389 127 Al, and CA 

2005337, each cf which are hereby incorporated by 

reference. OP in structure (XII) designates protected 

25 oxygen., Hydroxyl can be protected by the use of any of 
a number of groups as described in Greene and Wuts, 
PrQtPc~!yP Gr"u;c 4t Organic Synthesis, Chapter 2, 

' 
Wiley, r;y (199~). 

30 If desire~, the resulting lacta~ (XIII) : 
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0 

OP 

(XIII) 

5 ca~ be further fu~ctionalized, for example by the 
I 

fellowing tectniques: the lactam nitrogen can be 

alkylated wlth an R22-LG group, preferably employing 

sodium hydr~de in D~F; an R4A, R7 or R7A group can be 

added by deprotection and oxidation of the alcohol, 

lC fellowed by. alkylation of the enolate using R4A-LG, R7-

LG or R7A_LG; a~d reduction of the ketone to hydroxyl or 
I 

otherwise functio~alizing to obtain the RS group of 

choice as described above. 

, c; ... _ 

Co~pour.ds whereir.: 

20 can be obtiined through techniques known in the art from 

ketones cf 'structure (I) wherein W is 

-C(R25) (R26ic<=Z)C(R27) (R2B)- and n is 0, preferably via 

the Beckma~n rearrangement (March, Adyanced Organic 

Chenist;y, '.P· 987, Wiley, NY, 1985). Manipulation of 

25 the RS group, if desired, as described above provides RS 

ar.d R6-sub~tituted examples of (I), wherein W = 

-N(R22)C(=Z)C(R2 7 ) (R28)- and n = 1. 
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Corn~ounds wherein: 

w is -cCR25) (R26)C(=Z)O- and n is 0 or 1; 

5 can be OQtained from compounds of structure (I), wherein 
W = -N(R22)C(=Z)C(R27) (R2B)-, n s 0 or 1, ?.nd R22 • H, 

for example, by hydrolysis of the lactarn, followed by 

displacement of the primary amine by hydroxyl, and 

closure to the lactone (March, Adyaoced Organic 

10 Ch 0~~s~:y, p. 348, Wiley, NY, 1985). 

15 

Similarly, compounds wherein: 

v: is -C(R25) (R26)C(=Z)S- and n is 0 or 1; 

ca~ be obtained frorr. compounds of structure {I), wherein 

K = -?;(R22)C(=Z)C(R27) (R28)-, n = 0 or 1, and R22 = H, 

fer examp:e, by hydrolysis of the lactam, followed by 

ccnversibn of the primary amine to the diazoniurn salt, 

2: dis~~aceme~~ by NaSE, and closure to the thiolactone 
(~a=~~, ;~y2~~0 d O:ga-i~ Chemistry, p. 601, Wiley, NY, 

1905.). 

i 
Ccnp~~nds of structure (!) described above wherein 

25 Z = C =~~ be converted to the thio derivatives, Z = S, 

30 

usi~; s~a~da:d conditions (March, Adyarced Organic 

c~ 0-~:·~;, F· 792, Wiley, NY, 1985); preferred is the 
I 

use cf the disulfide described in Bull. Soc. Chim. 

E~lgcs 19~c, 223. 

Structures (I) described above wherein Z = O can be 

converted to the imino derivatives, Z = NR24, using 

standard conditions. When R24 is OH or 0-alkyl, the 

oximes can be formed and alkylated if desired as 
des==ibe~ i~ March, Advanced O:oanic Chemistry, pp. 359, 
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805, Wiley, NY, 1985. The hydrazones and imines can be 

I 

formed similarly (.iJ:2i.d, pp. 533, 797). 

The compounds of the formula I where in W = 
5 -NCR22)P(0) (R24a)N(R23)- and n • l, and R24a is 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 Heteroatom. 

Chem. 1 (5), ~69-374, (1990), wherein ethyl 

10 phosphorodichforidate in presence of trialkylamine, such 

as triethylamine, was used to cyclize a diimino 

deriva~ive. Similarly, other diimines could be cyclized 

to form cyclic phosphoric amide derivatives. 

15 

It is expected that the compounds of the invention 

can also be prepared as shown in Scheme 1 (shown below) . 

The intra-mol~cular coupling of the N-substituted or 

unsubstituted' dialdehydes may be achieved by organometal 

20 reagents derived from vanadium, titanium, samarium etc. 

The dialdehydj 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 

25 corrunrnonly assigned U.S. Patent Application, Hodge, USSN 
I 

0 7 / 6 5 9 r 4 4 2 I i'i led 212 1 / 91 , 

Compoun~s wherein W is -N(R22)CC=O)NCR23)- and n is 

2 can be synthesized as shown in Scheme 2 (below) . The 

30 eight-membered cyclic urea in Scheme 2 can be protected, 

if necessary, and manipulated as described above to 

yield the desired compounds. 

Compounds wherein Wis -N(R22)C(=O)N(R23)- and n is 

35 1 can likewise be synthesized as shown in Schemes 3, 4, 

6, 7 (belo~) . If necessary, intermediates described 
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herein car 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
1 
herein can be manipulated by methods known to 

those skilled in the art of organic synthesis to provide 

10 compounds within the scope of the invention. 

Compounds wherein W is -N(R22)C(=O)N(R23)- and n is 

C can like~ise be synthesized as shown in Scheme 8 

(below). !f necessary, intermediates described herein 

15 can be ma~ipulated by methods known to those skilled in 
I 

2.: 

2:: 

the ar: c~ organic synthesis to provide compounds within 

the scope of the invention. 

I 
Compounds wherein w is -N(R22)C(=O)N(R23)-, n is 0 

ar.d R23 and R33 are cor.ibined to be a direct bond, can be 

s:,·:-.t!"iesiz;ed as shown in Scheme 9. Compounds of (XXX!Iai 

were treated under strongly ionizing conditions to 

prcduce ~ompounds where Wis -N(R22)CC=O)N(R23)-, n is 

C, and ~2~ is H, R33 is -02C-alkyl. Treatment of 
I 

co:r.pou:.d .. (xxxr::;:a) with hydrogen and palladium catalyst 

provided f33 is H, whereas treatment with gaseous 

hydroge:-, 
1

bromide provided R33 is Br. Another route to 

these compounds was developed (Scheme 10). If 

necessary, intermediates described herein can be 

30 manipulated by methods known to those skilled in the art 
I 

of organic synthesis to provide compounds within the 
I 

scope cf the invention. 

Compounds wherein Wis -N(R22)S(=0)2N(R23)-, n is 1 

cou~d be synthesized as shown in Scheme 11. Diamines o: 
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structure (III) were treated with sulfamide to give the 

I 

cyclic sulfamides. Alkylation using a metal hydride 

base gave the bisalkylated products. The monoalkylated 

products could be obtained by selective alkylation using 

5 techniques known to one skilled in the art of orgainc 

synthesis and ~urther described in this invention. 

Compounds. wherein W is -C(R25) (R26)SC(R27) (R2B)-, 
I 

-C(R25) (R26)S(~Z'}C(R27) (R2B)- and 

10 -C(R25) (R26)S(=Z' )2C(R27) (R28)-, n is 1, and Z' is 

defined above can be synthesized as shown in Scheme 12. 

Asymmetric epoxidation of muconic acid (Sharpless et 

al., J. 0::-a. C'herr .. 57, 2768 (1992)); followed by 

benzy lat ion ( S
1
eebach, D. and Wasmuth, D. Hel v. Chim. 

15 A=.t..a 63, 197 (11980)) provides a secondary diol, which 

can be convertied to primary diol (XXXVIIa) by protection 

and reduction with lithium aluminum hydride. Further 

elabora~ion by the methods of Dugger et al. (Tetrahedron 

Le::e+s 33, 6763 (1992)} and Trost et al. (Tetrahedron 

2C· Le':t-e+s, 22, l28'? (1981}) provide the sulfoxide shown. 

Further oxidation using a stronger oxidizing agent such 

as m-chloroperbenzoic acid would provide the 

corresponding sulfone CW is· 

-c (R25) (R2 6) s (=0) 2c (R27) (R28) -) . The intermediates 

25 described thetein 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 
I 

30 -C(R25) (R26)C(=Z)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 

35 Seebach, as reported in Org. Syn., Coll. Vol. 6, 316 
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( l 988), cbuld be alkylated with this dibromide. The 

seven-membered ring ketone (Z is 0), upon liberation 

with aquepus mercuric ion, could be alkylated according 

to methods reported in the literature. Imines (Z is 

5 NR24) and, thiocarbonyls (Z is S) can be prepared by one 

skilled in the art of organic synthesis using methods 

describe~ in the literature. 

Compounds wherein Wis -C(•Z)-, n is 1, and Z is 

10 defined above can be synthesized as shown in Scheme 14. 
I 

Secondary dial (VII) could be converted to the dibromide 

using such as described previously. Dithiane alkylation 

fo:lowed by deprotection with mercury ion would produce 

the five-membered ring ketone. Alkylation of the alpha-

15 carbons would provide for substitution at R4A and R7A. 

Thiocarbonyls and imines of the carbonyl could be 

prepared using methods described in the literature. 

Com~ounds wherein W is 

2C -C(R2:,) (R26)P(=0) (R24a)N(R23)- or 

-: (R2 5 1 (R2 6) :t- (=()) (P.2 4a) o- and n is 1, could be prepared 
I 

as shewn in Scheme l~. Aminoalcohol (VIII) could be 
I 

converted to the corresponding bromide using the method 

o: Morir. a~d S~waya (fyrthesis, 1987, 479) and displaced 

25 with lithiophosphinate ac6ording to the method of Corey 

arid Kwiatkowski (J. JI.mer. Chem·. Soc., 1966, 88, 5654) . 

Deprotec~icn of the amine protecting group would be 

followed, by phosphoramide formation according to the 

method d~scribed by Patel et al., (Tet Lett., 1990, 31, 

30 5591). Alkylation with strong base would lead to the 

compoundk where Wis -C(R25) (R26)P(=O) (R24a)N(R23)-. 

Similarly, diazotization and nucleophilic displacement 

with hydroxide would lead to the compounds where W is 

-c (P.2 5) (R2 6) p (=0) (R2 4a) o- after cyclization. 

35 
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Compoun'ds wherein W is 

-C(R2s, (R26)~(=0) (R24a)C(R27) (R28)- or -P(•O) (R24a)- and 

r. is 1, could be prepared as shown in Scheme 16. 

Secondary diol (VII) could be brominated by the method 

5 of Morin and Sawaya to give (XXXVIa), which could be 

elaborated to (XXXVIIIa) via earlier described 

(XXXVIIa). JGrignard coupling with methyl 

dichlorophosphate using the method of Polniaszek and 

Foster (J. Qr~ Chem., 1991, 56, 3137) would lead to a 

10 cyclic phosphinate. Alkylation with strong base based 

on methods described in the literature (ie., see 

Polniaszek above) would provide the desired products. 

Compounds of formula (I) wherein W is 

,~ -(R22)N•=:(R36)N(R23)- and -N=C(R36)N(R23)- and n=l can 

be prepared according to Scheme 17. Intermediate 

(XXXIXa) can be cyclized under standard amidine reaction 

conditions, 1based on method known in the art. 

Qua~ernary salt formation with alkyl halide leads to 

20 co~pounds of the formula (XXXIXd) and (XXXIXe), which 

ca~ be acia4deprotected according to method described 

here .:r .. 

Synthesis of intermediate (XLa) is described in 

25 Scherr,e 18a, ·and use thereafter is described in Schemes 

16b-18c. N~Cbz-Phenylalaninal (XLb') is prepared from 

optically-active phenylalanine (XLa') by the route 

previously described. Compound (XLc') can be prepared 

by the reac~ion of (XLb') with an appropriate acetic 

30 acid anion ~quivalent such as a Reformatsky reagent 

derived fro~ 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 
I 

35 be prepared· by reacting (XLc') with an acyl anion 

equivalent such as a dithiane anion (such as that 
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I derived from 1,3-dithiane upon reaction with 

butyllithium) . Other acyl anion equivalents are 

contemplated and are recognized by those possessing 
I 

skill in the art. The conversion of CXLc') 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 carbamat~. Other protecting groups are contemplated 

including those described in Protecting Groups in 

Organic Synthesis, Second Edition by T. W. Greene and P. 

G. ~. W:;:/s, Jchn Wiley & Sons Inc., 1991. Compound 

(X~a) ca~ be obtained by the hydrolysis of (XLd') with 

15 acid or ~ase. 

Alternatively, (XLa) can be obtained as follows: 

(XLe') can be prepared by reaction of (XLb') with a 

pyruvic ~cid anion equivalent such as a Reformatsky 

reagent. Other pyruvic acid anion equivalents are 

2C conten~.ia:..eci a::-:d. are recognized by those possessing 

L~ = -· 

I 
ski~l i~ the a~:. (XL!') is prepared by the reaction of 

(X:..e') w:!.t!: a:: a:..kyl or aryl derived nucleophile such as 

a Grig~ard reage~t or an organolithium reagent (such as 

benzylma~nesiurn tromide or phenyllithium) . Other 

organo~eta!lic species are contemplated and are 

recogniz'd by those possessing skill in the art. 
I 

I~termediate (X~a) can be obtained by reaction of CXLf') 

under hydrolytic conditions needed to induce ester 

cleavage 1 and/or conditions necessary to remove any or 

30 all protecting groups. 
I 

Intrrmediates (XLa)-(XLk) can be derived from (L)-

phenylalanine, for example, although all other 

naturally-occ~rring and other unnatural amino acids are 

a:sc contemplated. 

Int~rmedia~e CXLb) can be prepared by the reaction 

c:. c. r:.eth'./ le.'.'e ctl :i::-ide sol ut io:r. of compound (XLa) wit!"'. 
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SEM-Cl (trimfthylsilylethyloxymethyl chloride) in the 

presence of an amine base (such as 

diisopropyle,thylarnine) . Intermediate CXLc) can be 

obtained by the reaction of (XLb) with a carboxylic acid 
I 

5 activating r.eagent such as dicyclohexylcarbodiimide 

(DCC} . Other peptide-forming conditions and reagents 
I 

are contemp~ated and are recognized by those possessing 

skill in the art. Intermediate (XLd) can be obtained by 

the reaction of (XLc) with an appropriately protected 

10 (if needed) ,hydroxymethylbenzyl halide followed by the 

removal of ~he SEM protecting groups via reaction with 

fluoride ion {tetrabutylammonium fluoride) in a suitable 

solvent (tetrahydrofuran) . 

Intermediate (XLe) is obtained by the reaction of 
I 

15 (XLa) with SEM-Cl under conditions to avoid/suppress 

bis-alkylation such as limiting molar equivalents of 

SEM-Cl and/~r using lower reaction temperatures. 

Intermediate (XLf) can be obtained reaction of {XLe) 

with phosgerye in the presence of a suitable base. 

20 Phosgene equivalents and various amine bases are also 

contemplate~ and are recognized by those possessing 

skill in the art. Compounds of the formula (XLg) can be 

obtained by the same methodology described above for the 

preparation of CXLd) from compound (XLc} . 

25 Compounds (XLh) can be obtained by reacting (XLb) 
I 

with Cbz-Cl (carbobenzyloxy chloride) in the presence of 

a base. Intermediate (XLi) can be obtained by reacting 
I 

(XLh) with a carboxylic acid activating reagent in the 

presence of an amine such as ammonia. Other methods are 

30 contemplateti 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 phosgene1 in the presence of an amine base as 

previously ~escribed for the conversion of (XLe) to 

35 (X~f) . Compounds o: the formula CXLk) can obtained by 

This Sheet Has Been Replaced 
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N-alkylati9n and removal of protecting group(s) as 

described for the conversion of (XLc) to (XLd) . 

A mor~ detailed description of the general formulas 

is provided in Scheme 18c. 
I 

I 
I 

Compounds such as lactam (XLim) with an alkoxy 

substituent could be synthesized as shown in Scheme 19. 

The alcoho~ (XLih) obtained using the procedure of S. 

Thaisrivongs, et al (J. Med. Chem. 1991, 34, 2344-2356) 
I 

10 can be alkylated with benzyl bromide using standard 

procedures to give (XLii) . Treatment with catalytic p­

toluene-sullfonic acid in methanol cleaves the 

oxazolid~ne to give the free alcohol (XLij) which can be 

ther. converted to the acid (XLik) using the procedure 

15 desc=ibed lby S. Thaisrivongs, et al (J. Med. Chem. 1991, 

3~, 2344-235£) . Protection of the alcohol as the t­

bu~yldimethyls!lyl ether and cyclization to the lactam 
I 

is analogous to that described in Scheme 23. 

Co~pounds such as the cyclohexane fused 7-membered 

=in; lact~~ (X:::h) could be synthesized as outlined in 
I 

S=he~e 2~. The acid (XLIIa) is obtained following the 

p=oced~=e c: J.h. Martin and G.J. Thomas CEP 0 512 343 

~2:. T~:~ can be treated with methanol and catalytic p-

~: ~oluenesu:fo~i= acid to give the free alcohol which can 

be prc~ec~ed as the t-butyldimethylsilyl ether to give 

30 

I 

the acid (XLIIc) . The cyclization to the fused lactam 

(XLI!f) followed by an alkylation deprotection sequence 
I 

ca~ lead to (XL!Ih) 

Co~pounds cf formula (XLIII) can be converted to a 

variety of cyclic structures and the general outline of 

useful routes is detailed in Schemes 21, 2la and 2lb. 
I 

~dvanced intermediates (XLIIIh) and (XLIIIn) are known 

35 and de~ails cf their preparation are described in 

~:?~:~166-~ lp~blished 21 January 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 
I . 

s~itable hydroxyl protecting group (for example 2-

5 (trimethylsilyl)ethoxymethyl (SEM), 2-methoxyethyl 
I 

(MEM)) and X can be NH, O. Rand R' are similar to R4 

and R7. Further alkylation of the nitrogens can be 
' performed. Conversion of (XLIIIh) to a 7-membered 
I 

cyclic structure via known synthetic transformations is 

10 described, w~erein P denotes a suitable protecting group 

(for example'. SEM, MEM) and R and R' are similar to R4 

and R7 . X and X' can be any nucleophile (nucleophilic 

carbon, nitrogen, oxygen, sulfur) . Conversion of 

intermediate: (XLI ! In) to an 8-membered cyclic structure 
I 

15 (XLII!s) is described. P denotes an appropriate 

protecting group; R and R' are similar to R4 and R7 and 
I 

X can be any nucleophile; X' can be NH, 0. 

Cornpoun,bs such as the benzo-fused 7-membered ring 

20 lact.am (XLIVh) can be synthesized as outlined in Scheme 

22. The acid' (XLIVa} is obtained following the procedure 

of M. Hammon~ and S.~. Kaldor (EP 0 526 009 Al). The 

free alcohol, can be protected as the t-

bu:.yldime:.hy~si ly! ether to give the acid CXLIVc) . The 

25 cy:::iza:.ion tc the ~used lactam CXLIVf) followed by an 

a:.ky:.a:.ior-. deprote::t.ion sequence can generate (XLIVh) by 

analogy to that described for Scheme 23. 

Compounds of Formula (I) wherein, W is 

30 N(R22)C(=O)C(R27) (R28), n is 0 and R7 is hydrogen, and 

R4 and R27 are benzyl can be synthesized according to 

Scheme 23. Conversion of N-Boc-phenylalanine by an 8 

step procedure can give intermediates of the formula 

(XLVa}. Hydlrolysis of the lactone, followed by 

35 activation df the acid functionality using methods known 

i~ peptide che~ist=y, followed by deprotection of the 
I 
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amine protecting group and intramolecular cyclization 

car. give iactam (XLVe) . Standard alkyation and alcohol 

liberation provide compounds of the formula stated 

above. 

The lpreparation 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 
I 

DIBAL-H ~n methylene chloride at -78°C. This alcohol 
I 

10 can be epoxidized using m-chloroperbenzoic acid or using 

Sharpless epoxidation methodology to give the epoxy 
I 

alcohol CXLVIa). The epoxide can be opened selectively 
using TMSN3 (Sharplese, K.B. J. Or~. Chem (1988) 53 

5185) to:give the desired 1,2-diol. Exhaustive 

15 s!lyla~i6~ followed by selective deprotection of the 
I 

primary ,i~y! ether gives compound (XLVIb) . Standard 

pr~~ari tosylate formation followed by displacement with 

s~diu~ azide ca~ g!ve the diazide CXLVIc}. Reduction o! 

the diaz!de using catalytic hydrogenation and 

2C cyclizatior. using carbonyl diimjdazole would give the 6-

rr.e:rbere:i cyc~ic urea. Alkylation as described herein 

and deprotection wo~ld give the final product (XLVId) . 

2:: 

I 
!he diaz~de (XLVIc) can be manipulated to give a variety 

I 

cf cy=l~c str~ctures as previously· shown. 

Co~pcu~js cf the form~la (1), wherein W = 
-F22N: (=~) irn2:3-, :: is 1, RS is OH or =O and R6 = R6a is 

fluorine, can be synthesized as shown in Scheme 25. 

Compound CXLV:Ia) can be oxidized to the corresponding 

30 ketone ~Y Jones oxidation (Org. Syn. Coll., Vol. V, 866) 
I 

followed by reaction of the carbonyl with a fluorinating 

agen~ s~ch as DAST. Deprotection, cyclization, 

alkyla~io~ a~d removal of hydroxyl protecting groups 

(s..,;ch a~ ?-'I.EM) can give (XLVIIg), which can be further 

3S oxidized ~o <X~V:Itl using the method of Gallina & 

Gio=:-da::s (=·,·r::he;:.s 1989, 466). 
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The prfparation of compounds of the formula 

(XLVIIIc) is shown in Scheme 26. Starting from the 

known hydroxy ketone (XLVIIIa) (WO 92/00956, published 

5 January 23, 1 1992) the alcohol can be protected and the 

amine function deprotected to give diamine (XLVIIIb) • 
I 

Cyclization
1 

and introduction of the R22 and R23 can be 

accomplishe~ as described herein. Reduction of the 

ketone and peprotection can give the desired diol 

lC (XLVII!c) . I Hydroxy ketone (XLVIIIa) can be converted to 

the trial (XLVII!e) . After alcohol protection, a second 
I 

2C 

hydroxyl group can be introduced a to the ketone using 

s:andard chemical procedures known to one skilled in the 

art. After protecting this hydoxyl, the amines can be 

deprotected to give diamine (XLVIIId) . 

Using !similar cherr.istry as discussed previously, 
I 

the trial (~LVII!e) can be prepared as shown in Scheme 

26a. The mono-cl (XLVIIIj) can be prepared starting 
' 

fro~ the aldehyde (XLVIIIf) and an organometallic 

reage~t CX~VI!Ig). Both of these compounds can be 

prepared f ~orn amino acids using standard chemical 

procedures lknown to one skilled in the art. The alcohol 

(X:VIIIh} can be protected and manipulated as discussed 

25 previously to give the desired mono-cl (XLVIIIj) . 

The cyclic carbonates of the formula (XLIXb) can be 

prepared, as shown on Scheme 27, starting from 

commercially available 3,4-0-Isopropylidene-D-mannitol. 

30 Primary tosylate formation and base treatment can 

provide th~ diepoxide which can be opened with numerous 

nucleophiles to give compounds of the formula (XLIXa) . 
I 

Cyclization and deprotection would give the desired diol 

(XLIXb) . 
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Comp9unds wherein W is -N (R22) P (0) (R24a) N (R23)-, 

n=l and R24a is phenoxy or OH, can be synthesized as 

described earlier and as shown in Scheme 28. Diamine 

III could be cyclized with phenyldichlorophosphate using 

5 the method:!. of Patois et al. (Heteroatorn. Chem. 1990, l, 

369) to give the cyclic phosphoric amide. Alkylation 

with stro~g base and removal of the protecting groups 

usina methods known ~o one skilled in the art would give 
~ I 

10 

the desir~d products. 

Corr.p;ounds of t.he formula (I) wherein W is 

-N(R22)C(~O)N(R23)-, and R22 and R23 are NH(R22a) and 

NH(R23ai, respectively, can be prepared as shown in . 

Sche:ne 291. Interrr.ediate (XXIc) can be treated with 

15 cLloramine to yield dihydrazine (Lia) according to the 

method c! S.R. Sandler and W. Karo (Organic Functional 

Grcu~ Preparations, Vol 1, Academic Press, N.Y., 1983, 

~-''5), h~rein incorporated by reference. Cyclization 

using ph~sgene can give cyclic urea (Lib) . Standard 

2S prccedure for alkylation and deprotection can provide 

a:.Y.::,:a:.ed dihydrazine (Lic). Alternatively, (XXIc) car. 

be ~reat~d wit.~ chloroaminobenzene, according to the 

me~hcd oi S.R. Sandler and W. Karo above, to yield 

di~ydrazine (Lid) . Cyclization using phosgene, followed 

2 -:; ~Y a:.k~lation cf the product as described previously, 

ca~ provide compounds o! the formula (Lie) . 

Compounds of the formula (I), wherein Wis 

-l~(R22)C(=C(CN)2)N(R23)- and n =l, can be prepared as 

32; sho~~ in Scheme 30. Intermediate (XXIc) can be treated 

with l,l'-bismethylthio-2,2'biscyanoethylene in 

ace:.onitrile, followed by the standard procedure of 

alkylat.ion and deprotection to give compounds of the 

....... ::, ........ 
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Compounds of the formula (l), wherein Wis 

-N(R22)C(=S)N(R23)-, R22 and R23 are not hydrogen, and n 

=1, can be prebared as shown in Scheme 31. Mono­

alkylated inte'rmediate (XXVIlb) can be further reacted 

5 with a alkyl b~omide under refluxing reaction conditions 

(to facilitate
1 

the removal of byproduct methyl bromide} 

to give dialkylated thiocarbonyl compound (LIIIa), which 

can be acid-deprotected as described previously. 

10 Compounds' of the formula (I), wherein W is 

-N(R22)C(=O)C(~27)-, n =l, and R28 and R7a are taken to 

form a bond can be prepared as shown in Scheme 32. The 

aldehydes required for coupling can be prepared by 

methods known to one of skill in the art. Acetylation 

15 after coupling can provide diacetate (LIVa) . Amine 

protecting group modification can lead to (LIVb), 

afterwhich liberation of the carbonyl {LIVb) and Wittig 

clef ination using stabilized Wittig can provide (LIVc) , 

afte= separation of the geometric isomers. Liberation 

20 cf the a~ine p;otecting group can provide (LIVd), which 

upc~ rn~dif ica~ion of the ester for standard amino-acid 

type coupling (via L!Ve) can lead to compounds of 

for:nula (L!Vf) . 

25 
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The synthesis of compounds of the invention is 

describeq in further detail below. 

Procedure 1 

5 
I 

Preparation of di-N-CBZ protected l,4-diamino-2,3-

diols (XIX) : 

ZN NZ 

· .• 
"lo 
~ 

HO OH 
10 (XIX) 

Detailed experimental procedures for the synthesis 

c: corr.po~~d (Y.IX) a~e described in copending commonly 

assignedlpate~~ application Jadhav et al. USSN 

1:: C7/714,C~2, filed 5/31/91. 

P=epa=a~fo~ o: di-~ protected di-N-CBZ 1,4-diamino diols 

2C' (XY.a) ar:2. (XY.b}: 

25 

z~ 

OR 

CXXa) 

(XXb) 

(XXc) 

NZ 

·· •• ,,_ph 

R=SEM 

R=MOM 

R=MEM 

A. IProte=tion as 2-(trimethylsilyl) ethoxy methyl 

(SEV.) ether (XXa): 

.i' . ·' 
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Compoun~ (XlX) (60 9, 105 mmol) was dissolved in 

dry DMF {6001mL). Diisopropylethylamine (15 mL) and 

SEMCl (66.8 ~, 400mmol) were added and the mixture 
5 stirred for 16 h at room temperature under N2· The 

solution was diluted with water llL) and extracted with ' . . 

hexane (400mL). The organic layer was separated and 

washed with water (2x100rnL) . The aqueous layers were 

combined and extracted with hexane (2x300mL). The 

10 organic layers were combined, washed with water 
(2xl00mL), d~ied over MgS04, filtered and evaporated. The 

residue was chromatogr.aphed on Si02 and eluted with 10-, . 

30% ethyl acetate/hexane to afford a white solid 
(9lg, 100%). NMR(CDCl3): l>1.0-7.4 (m, 20H, Ph), 5,01 (br 

15 s, 4H, PhCH2CO), 4.5-4.95 (m, 6H, NH, OCH20), 3.6-4.25 

(m, 4H, CHOCH2, CHNH), 3.5 (s, 4H, OCH2CH2), 2.76 (br d, 

~E, PhCH2), 0.8-l.O (m, 4H, SiCH2). MS: 846 (M+NH4, 100), 

695 (M-SEM, 40). 

20 E. Protection as methoxymethyl (MOM) ether (XXb) • 
. ·j 

.. compound '\(XIX) (.50 qi. 0.88 mmol) w~s dissolved in 

d:::-y DMF (lOmL). Diisopropylethylamine (.46 mL, 2.64 
I 

rr.mol) and ITletpoxymethyl bromide (~165 mL, 2.02 mmol) · 

25 were added .. and the solution stirred at 40 °c under 

nitrogen for four·h. TLC (50/50 ethyl acetate /methylene 
chloride) sho~ed that the reaction was complete. The 

mixture was p'rtitioned between methylene chloride (50 
I 

mL) and 5% HCl (30 mL) . The organic layer was separated, 

30 washed with water (5x20 mL), brine (20 mL), dried over 
MgS04, filtered and evaporated to a light yellow oil. 

Chromatography on Si02 and ~lution with l-20% ethyl 

acetate/methylene chloride afforded (XXb) as a clear oil 

(0.29 g, 53%). 

35 NMR (CDCl3) : S 6. 95-7. 42 (m, 20H, _Ph), 5 •. 1-3. 8 (m, 

co~plex), 3.35 (s, 6H, OCH3), 2.8-2.95 (rn, 4H, PhCH2) .. 
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MS: 657 (13, M•l), 674 (21, M+NH4), 522 (84), 414 (100), 

370 (34).1 

ProCedure 3 

De;prote.ction of amines (XXa) and (XXb) via hydrogenation 

to afford (XXla) and (XXIb) : 

(XXIa) 

(XXIb) 

CXXlc) 

R•SEM 

R=MOM 

R=MEM 

15 J. •. Hydrog,tr•ation of SEI". ether (XXa). 

Compou~d (XXa) (90 g, 108.5 mmol) was dissolved in 
absclute·e~hanol (2.5 L). 5% Pd/C (6.5 g) was added and 

the. solu~~on -was stirred under hydrogen for 1.5 h until 

20 hydrogen u~take ceased. TLC (20/80 ethyl acetate/hexane) 

sho~ed.tha~ th~ reaction was complete. The solution was 
!iltered t~roug~ Celite and evaporated at reduced 

pres~ure to give XXIa as a colorless gum (60 g, 99%). 
Nt-:?. (CDC.!~): S7.l-7.35 (m, lOH, Ph), 4.72 (br d, 4H, 

25 OCH20), 3.5-3.9 (m, 6H, NH2, CHOCH2), 3.15 (m, 2H, 

CHNH2), 2. 55-2. 95 (m, 4H, PhCH2), 0. 95 (m, 4H, SiCH2). 

•I 

B. Hydrogenation of MOM ether (XXb). 

30 Comppund (XXb) (0.29 g, 0.441 mmol) was dissolved 

ir! ethyl acetate (6 mL) and methanol (3 mL). 10% Pd/C 

(70 m9l was added and the solution stirr.ed under 
I 
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hydrogen until H2; uptake:' ceased. TLC (20/80 

methanol/ethyl acetate) "sho~ed that the reaction was 
complete. The solution was filtered through Celite and 
evaporated at reduced pressure to afford XXIb as a clear 

5 oil (.132 9, 7i7.4%). NMR (CDCl3l:87.l-7.35 ( m, iOH, 

Ph), 4.58 (s, 4H, OCH20), 3.75 (br s, 2H, CHOCH2), 3.3-

3.5 (m, 2H, CHrH2), 3.23 '<s, 6H, OCH3), 2.85 (br d, 4H, 

PhCH2). MS: 389 (M+l, 100), 345 (3.7), 280 (1.8), 120 

(6.1). 

10 

15 

20 

Procedure 4 

Formation of cyclic ureas (XXlla), (XXIlb) and 
(XX::i:lc): 

].. . 

' 

: . ~ . 

Cyclizatior:i 
I 
I 

Ph 

·, 

of SEM 

.. :.:· - .0 

,HN~NH 
. . .,, 
"''-Ph ... . ,. 

OR i'OR 

. ' .. . 

.· (XXIla) R•SEM 

_ (X~IIb) R•MOM 

. CXXIIcl R•MEM 

ether (XXIa). 

Compound CXXIa) {40 9, 71.3 mmol) was dissolved in 
25 methylene chloride {200 mL). Carbonyl diimidazole (13.87 

g, 85.6 mmol) was dissolved in methylene chloride (200 

m:.) in a separate flask. Each solution was then_ pumped 

int0 dry methylene chloride (6 L) at a rate of 90 mL/h. 

The mixture w~s then stirred for 18h at room temperature 
30 under nitrogen. TLC (60/40 ethyl acetate/hexane) showed 

the reaction was complete. The solvent was removed at 
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reduced irressure and residue chromatc::igraphed on .Si02 and 

eluted with 1-50% ethyl acetate/hexane to afford (XXIIa) 
as a white solid (38.82g, 93%). mp: 75-76°c. NMR (CDCl3>: 

I . 

~7.05-7.4 (m, ion, Ph), 4.6-4.8 (dd, 4H, OCH20), 4.08 

5 cs, 2H, ·caocH2>, 3.5-3.91 (m, SH, 

10 

NH, CHNH~ OCH2CH2), 2. 86, . (br d, 4H, PhCH2), 0. 8-0. 95 (m, 

4H, SiCH2). MS: 587 (M+l, 100}. 

I 
B. Cyclization of MOM ether {XXIb). 

Compound (XXIb) (.53 g, 1.364 mmol) was dissolved 
I 

in dry methylene chloride (20 mL) • In a separate flask, 

carbonyl: diimidazole (,265 g, 1.64 mmol) was dissolved 

in methyiene chloride (20 mL) . To a third flask 

15 containi.ng pyridine (.22 mL, 2.73 mmol) in methylene 

chlo=ide (100 rr.:.) at room temperature under nitrogen 

we=e added the first two solutions via syringe pump at a 

rat.e of ~.7 mL/h. The solution was stirred overnight at 

roorr. temperature. TLC (50/50 ethyl acetate/methylene 

2 " ..., 

25 

30 

c~lcride) showed that the.reaction was complete. The 
sc~-..:~i.or;. was washed with 5% HCl (50 mL), NaHC03 (50 rr.L), 

b=ine (50 rnL), dried over MgS04, filtered and I . 

evapora~ec. The residue was chromatographed on Si02 and 

elu~ed wlth 50-75% ethyl acetate/methylene chloride to 

afford (XX!!b) as a ·colorless gum (198 mg, 35%). NMR 
(C;):l3) : O 7 .1-7. 4 (m, lOH, Ph), 4. 65 (q, 4H, OCH20), 4 .13 

(s, 2.P., KH), 3.89 (t., 2H, CHNH), 3.59 (s, 2H, C.HOCH2), 

9.18 (s, 6E, OCH3), 2.87 (m, 4H, PhCH2). MS: 415 (M+l, 

100), •102 (11). 

Synthes~s of Dimem DiZ Intermediate (XXc) : 

DiZ Diol {XIX) 507g(0.89mol) was stirred in 4L of 

dichlordmethane. To the slurry was added N,N-
' 

35 Diisoprdpylethylamine 780g(6.05mol) in one portion at 

roo~ te~perature followed by the dropwise addition of 2-
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methoxyetho~ymethyl choride 500g(4mol) (1 hour addition, 

exothermic) .'. Heated the solution at reflux for 12 

hours. TLC ·(10:1:10 EtOAc:EtOH:Hexanes~ Rf•0.56) 

indicated a 1 complete reaction. The solution was worked 

5 up by quenching with ice water(3L). Washed the 

dichloromethane extract with water(2x 2L) and dried over 

magnesium sJlfate. The filtrate was taken to dryness. 

The resultant semi-solid was dissolved in 

chlorobutane(lL). Passed the solution through a four 
' 

10 inch pad of I silica gel to remove most of the intense red 

color. To ~he chlorobutane extract was added hexane(2L) 

to precipitate the desired DiZ Dimem intermediate (XXc) . 

Washed the white solid:with hexanes(3x 350ml). Dried at 

room temperature. Recovered the desired DiZ Dimem 

15 intermediate as a white solid in a yield of 525g(79% 

yield). m.p. 52-54 c, lH NMR(CDCl3): 2.80(m, 4H)-CH2Ph, 

3.38(s, 6H)~OCHj, 3.58(m, 8H)-OCH2CH20-, 3.80(m, 2H), 

4.20(m; 2H),·4.6-5.2 (m, lOH)NH, H2CC02, -OCH20-, 

7.25(m, 20H)C6Hs 
I 

20 

·synthesis of Cyclic Urea Intermediate (XXIIc): 

~ DiZ Dimem (XXc) 20g (26. Bmmol) was dissolved in · 
I 

200ml of tetrahydrofuran. To the solution was added 2g 

of·. 10 'ii Palladium on Carbon and the suspension stirred 

25 for 7 hours 1 urider hydrogen(l atm). TLC (10:1:10 

EtOAc:EtOH:Hex,·'Rf=0.05) indicated a complete reaction. 

The suspens.ion was filtered through a bed of Celite to 

remove the.catalyst. Washed the Celite bed with lSOml 

of tetrahydrofuran. Transferred the THF solution to a 

30 SOOml round bottom flask. To the THF solution was added 

S.Sg(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 re'act ion . The mixture was worked up by 

35 quenching with ice-cold O.SN HCl (150ml) and extracting 

with dieth~l ether C2x50ml) . The organic extract was 
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washed witlh 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 10.29 
I 

5 (75.7% yield over two steps) of the desired cyclic urea 

10 

intermediate (XXIIc) as a colorless oil. lH NMR(CDCl3): 

2.90(m, 4~)-CH2Ph, 3.36(s, 6H)-OCH3, 3.40(m, 8H)­

OCH2CH20-, 3.60(m, 2H), 3.90(t, 2H), 4.lO(s, 2H)NH, 

4.80(q, 4H)-OCH20-, 7.30(m, 10H)C6H5 
I 

Procedure 5 

General.alkylation/hydrolysis procedure: 

15 Compound (XXIIa) (1 mmol) in _dry DJtoa' (5 mL). was 

added to h flask containing s~diurn hydride (10 mmol, 

tha~ had been washed_with hexane, 3x20 mL) in DMF (5 

ffi~). The sol~tion was stirred at room temperature.under 

ni~roge~ for 5 min. Evolution of hydrogen gas was 

~C obse~vej. The appropriate alkyl bromide (5 mmol) was 

added ar.d the sol.ution was stirred at room temperature 

under nitrogen for lh. Hindered alkyl bromides required 
I . 

hea~ing a!t 40-70 °c for up to 5 h. TLC (40/60 ethyl 

ace~ate/hexane) was used to ensure that no starting 

25 material remained. The solution was quenched with 

methane~ . (l rnL), partitioned between ether (60 mL) and 

water (5d mL) and the organic layer was removed. The 

aqueous layer was washed with ether (50 mL), the org~nic 

layers combined and washed wit•1 water (4x30 mL), brine 

30 (30 mL), dried over MgS04, filtered and evaporated. In 

cases where the alkyl bromide contained basic nitrogen, 

l N NaOH was used in place of _water. 

The crude product was hydrolyzed directly in 

methanol (10 rnL) and 4 N HCl/dioxane (5 mL) for up to 16 

h at room temperature. The solution was evaporated and 

chroma~ographed directly on Si02 to afford the bis-

Thi1t11111iii1rnr11irrm·d 
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alkylated cy:plic ureas. Where nitrogen was present,· the 

solutions we~e first basif ied with 1 N NaOH and 
extracted with ethyl acetate, dried over MgS04, 

filtered, evaporated and chromatographed. Hydrolysis 
5 can also be pa.rr"ied out using &aturated hydrogen 

chloride in methanol with shorter reaction times. 
Hydroly;sis of (XXIIb) under the same conditions 

gave 67% yield of the N,N-unsubstituted cyclic urea 
Example lA, mp 170-174 oc. 
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Example lG 

••• ,,,_,.Ph 

OH 

The experimental procedure is similar to the 
synthesis of Example lE. The isomer, (2R,3R,4R,SRJ-2,5-

I 
diamino-l,6-diphenyl-3,4-hexanediol, needed for the 
synthesis was isolated from the vanadium trichloride 

10 coupling :reaction, as described in copending commonly 
assigned 1patent application Jadhav et al. USSN 
Oi/714,0~2, filed 5/31/91 (see Procedure 1 above). 

Exaryple lG: 13c NMR (CDCl3) : (75 .·48 MHz) 37 .387' 

5:!..51, €5.136, 72.779, 118;649, 126.540, 128.409, 
15 12S.iH, :3~.618, 137.757, 162.705. 

I 

Sy:th~s~~ c~ M~poalkyl Cyclic Urea: 
I 

The:in~ermediate from previous step 2g(4mmol) was 
2C dissc:ved i~ 25nl toluene and placed in a lOOml round 

b=ttorn f~ask. To the solution was added 85% KOH 
0.62g(l2~ol) and polyethylene glycol (M.W.=1000) 

0.20g. With a Dean Stark trap in place the mixture was 
refluxed for 4 hours until the theoretical amount of 

25 waterCC.20ml) was collected. Cooled to room temperature 
and added Cbromomethyl)cyclopropane l.78g(13.2rnmol). 
S~irred at 75 C for 17 hours. TLC(10:1:10 
EtOAc:EtOH:Hex, Rf=0.52) indicated that the reaction was 
complete. Worked up by quenching with aqueous ammonium 

30 c~loride(50rnl) and extracting with ethyl acetate 

]l~ili 11111rn111imr 
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(2x35ml). · Washed the organic layer· with water (2x35ml) 

' 
and dried over magnesium sulfate. The filtrate was 

taken to dryness. The residue was purified on silica 

gel(l50g, 2:~ EtOAc:Hex) to provide l.559(70% yield) of 
I 

5 the desired monoalkyl cyclic urea as a colorless oil. 
Cl3 NMR(CDCl3): 3.331, 4.000, 10.619, 32.877, 34.159, 

55.677, 58.294, 58.972, 64.085, 67.361, 67.437, 71.723, 
I 

71.753, 76.5(6, 78.023, 96.347, 96.519, 126.224, 
126.316, 128:.366, 128.563, 129.400, 129.447, 139.475, 

10 139.555, 161,558. For reactive alkylating agents, e.g. 

m-nitrobenzyl chloride, the reactions are carried out 

lower temperatures, such as room temperature. 
An alternative procedure to make ~he monoalkylated 

cyclic urea involved using the procedure described 
' 

15 previously for formation of the dialkylated cyclic urea, 

however, varying the amount of sodium hydride to 1.5 
I 

equivalents and alkylating agent to l.O equivalents. 

Silica gel chromatography provided the desired product, 

as well as dialkylated cyclic urea and unreacted 
I 

20 starting material. 

1synthesis of Cyclic Guanidines 

Cyclic guanidine compounds of the invention wherein 

25 ~ = NH(C=N-CN>NH, differ'from the cyclic urea compounds 

of the invention wherein w = NH(C=O)NH. Described below 

are represen~ative methods for the preparation of cyclic 

quanidine compounds of the invention. 

30 
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SYNTHESIS OF CYCLIC GUANIDINES 

Ph~, )Hz _ h · .. ,,.,.....Ph 

Semo OSem 

! 4M HCI 
in. Dioxane 

lNiNY 
Ph~ J _ h .. ._,.,.....Ph 

HO OH 

Q8239 

Eka~;le BG <yia Alkene Intermediate XXIXl: 
I 

A so:u~ion of Example 7~ (150 mg, 0.22 mmol) in DMF 
was trea~ed with ·sodium iodide (160 mg, 1.1 mmol) and 
heated at 90°C for 2 hrs. The mixture is cooled to room 
temperature, dilut~d with water and the precipitate is 

lC extracted into CH2Cl2 . The extract is washed with water 
and brine, dried over MgS04 and evaporated to give a 

15 

yello~ ofl. This is HPLC chromatographed on silica gel 
C50t EtO~c/Hex) to give 50 mg of alkene intermediate 
cxx:x> as a white solid. MS: (CI,NH3) 589 (M+H)+. 

• 

• 
r 
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Alkene intermediate (XXIX) 

5 A solution of alkene intermediate (XXIX) (40 mg, 0.07 

mmol) in THF was treated with 20 mg of 10\ Pd/C and 
hydroge.nated in a Parr Hydrogenator at 50 psi overnight . 

The catalyst was filtered off and the filtrate 

concentrated. The resulting residue was HPLC 
10 chromatogra~hed on silica gel (70% EtOAc/Hex) to give 10 

mg of Example BG as a white solid. MS: (CI,NH3) 591.5 
CM+H)+ 

I 
Method 2 (As outlined in Scheme 10) : 

15 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 

sti:cred for l hour until the solution became clear. The 
reaction wa~ quenched with a solution of sat'd sodium 

20 bicarbonate-and the organic layer was washed with water 
and brine.· The solution was dried over magnesium 

sulfate, co~centrated and chromatographed on silica gel 

(30% EtOAc/Hexane elution) to give 1.3 g of the· 

corresponding bromoacetate intermediate as a white 

25 solid. MS: (Cl,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 

30 mixtured was diluted with ethyl acetate and filtered. 

]f 111111n11m11imr 
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The filtrate was concentrated and the resulting residue 

was dissolved in methanol and treated with lN aq. NaOH 

and stirrrd overnight. The solution was concentrated and 
the residue was dissolved in methylene chloride, washed 

5 with water and brine, dried over magnesium sulfate, and 
concentrated. The residue was chromatographed on silica 

gel (50% ttOAc/Hexane elution) to give 170 mg of Example 
BG as a white solid. MS:(CI,NH3) 591.5 (M+H)+. 

10 Example BH 

Method 1. 

A. Synthesis of 6-rnembered ring cyclic urea (XXX): 

~.!!~ ~ .. 
. . I 

MEMO 

I· (XXX) 

The ~ynthesis of the six-membered cyclic urea (XXX) 

is outlin'd in Scheme 8. A solution of N-Cbz-D-

2C phenylalarine l~) 0-dimethylhydroxylamide (33. 5 g , 0. 098 

rncl) in ether was cooled to 0°C and treated with 300 mL 

cf a 1 M •elution of vinyl magnesium bromide in THF. The 

mixture was stirred for 30 mins and then poured into an 
ice cold solu::ion of l N HCl (500 mL). The mixture was 

25 extracted.into ether and the extracts washed with water 
I 

and brine. The organic layer was dried over MgS04 , 

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 

38 (77%, (M+H) +); 327 .1 (100%, (M+NH4) +). 
I 
I 

.. 
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The crude ketone was dissolved in methanol · C3SO mL) 

and treated with cerium trichloride heptahydrate (37.2 
g, 0. l mol) a.nd cooled in an ice bath. While stirring 
vigorously sddium borohydride (3.78 g 0.1 mol) was added 

5 slowly, a small portion at a time, over a period of 30 
min. After.t~e addition was complete the mixture was 
allowed to wa:rm to room temperature and stirred for an 

I 

additional l 'hr. The solvent was removed under vacuum·on 
a rotorary evaporator and the residue was partitioned 

10 between l N HCl and methylene chloride. The organic 
layer was wasped with water, brine, and then dried over 
MgS04 , filter~d and concentra~ed to give the desired 
allylic alcohpl as an off-white solid which was used 
without further purification. 

15 A solutfon of the crude allylic alcohol and· 
' i 

diisopropylethylamine (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 ·stirred .for 30 mins, then washed ' . ! . ' 

20 seque.ntially ~ith 1 N HCl, water, brine and dried over 
MgS0 4 • The so~ution was filt~red and concentrated.to 
give the crude ~esylate as a thick oil. To a flamed­
dried flask was added copper cyanide (12 g, 0.144 mol) , ". •. . I . . • 

and.100 mL of 1 THF. The flask was cooled to -78 °C under I 

25 ~itrogen atmosphere. A solution of benzylmagnesiurn 
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 ~hen cooled to - 78°C and a solution· of 

30 the mesylate ~n 130 mL of THF was added via syringe. The I 

solution was stirred at ··60°C for 45 mins and then 
poured into a mixture of 1 N HCl/ice. This was extracted 

I 
into ethyl acetate and the organic layer was washed 
sequentially with NH 4Cl (aq), NH40H, brine, dried over 

35 MgS04 , filtered and concentrated. The resulting residue 
is chromatographed on silica gel (hexane, then 10% 

I 
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EtOAc/Hex) to qive 11. 7 g of the desire alkene· ·as a 
white solid. MS: (CI,NH3) 386.3 .(98%, {M+H)+); 403.2 
(100~, (M+NH4)+). 

A solution of the above alkene (11.0 9, 0.029 mol) 

5 in methyl~ne chloride (75 mL) was cooled to 0°C in an 

ice bath and treated with 60% m-chloroperbenzoic acid 

(14.0 9, 0.049 mol). The solution was stirred 0°C for·? 

hrs until;TLC analysis showed no starting material 
remained. 'A precipitate formed during this time. The 

10 suspension was diluted with methylene chloride and 
washed sequentially with 1 N Na2s2o3, 1 N sodium 

hydroxide, water, brine, dried over MqS04 , filtered and 
I 

concentra~ed to give the epoxide as a thick oil which 

was used \,fithout further purification.· 

15 To solution of crude epoxide in 80 mL of DMF was 

added sodium azide (20 9, 0.3 mol), ammonium chloride 

(2.5 g, o\.047 mol) and 20 mL of water. The mixture was 

heated at 90 °C for 3 hrs and then stirred at rt 
overnight. The solvent was ·removed under high vacuum on 

20 a rotorary evaporator and the residue was partitioned 
be-=.ween wat.er·and methylene chloride. the organic layer 
was washed with _water and brine, dried over MgS04, 

filtered a7-d c_oncentrated to q~ve a residue. This was 

~hen chromatographed on silica·gel ·<20% EtOAc/Hex} to 
I • 

25 give 7 .4 g of the azide alcohol as a white solid. 
?.;S:(C:,NP..'3) ~4.5.C (25%, (M+H)+); 462.2 (100%, (M+NH4-

BnOH)+). 

A solution of the azide alcohol above (7.2 9, 0.016 

mol) in methylene. chloride was treated with 

30 diisopropylethylarnine (4.2 9 , 0.032 mol) and MEM-Cl 

(4.0 9 0.032 mol) and heated to reflux overnight (18 

hrs) . The mixture was concentrated and the residue 

chroma~ographed on silica gel (20% EtOAc/Hex - 35% 
' 

EtOAc/Hex) 'to give "'1. 7 9 of the MEM protected azido 

35 alcohol a~ a colorless oil. MS: (CI,NH3) 533.2 (100%, 

(M+E) +1. 
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To a solution of HEM protected azido alcohol (5.7_9 

0. 0107 mol) in I ethyl acetate was a·dded 2 mi of acetic 
acid and 1 g of Pearlman's catalyst (10 % Pd(OH)2 on 

Carbon) and th~ solution was hydrogenated at 55 psi for 

5 22 hrs. The solution was filtered through Celite and the 

filtrate was e~tracted with 1 N HCl (organic layer turn 
I 

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 

10 layer is washed with water, brine, dried over MgS04 , 

filtered and co,ncentrated to give 2. 5 g of the MEM 

protected diamipo alcohol as a colorless oil. 
MS:(CI,NH3) 373'..1 (100%, (M+H)+). 

To a solutd.on of the HEM protected diamino alcohol 
I . 

15 (2.5 9 0.0067 mol) in THF was added 1,1-

carbonyldiimidazole (l.l g,, 0.0067 mol) and stirred over 

night at room temperature. The solution was concentrated 
a~d the residue partitioned between 1 N HCl and CH2Cl2. 

The organic layer is washed with brine, dried over 
2C MgSO~, filtered and concentrated. The residue is HPLC 

chrornatographedion silica gel ( 5% MeOH/CHCl3 ) to give 

1.2 9 of the ME¥ protected 6-meml:>ered ring cyclic urea 
(XXX) as a white solid. ~S: (CI,NH3( 399.1 (100%, 
(M+H) ... ). 

25 E. The MEM protected 6-member~d ring cyclic urea 

CXXX) ( 100 mg, 0. 27 mmol l was alkylated with 

cyclopropylmethylbromide (250 mg , 1.8 mmol) followed by 

removal of the MEM group, as described in general 
' 

procedure 5, to ,give after chromatography on HPLC 
30 (silica gel, 10\ MeOH/CHC13) 20 mg of Example SH as a 

clear, viscous residue. MS: (CI,NH3) 419.4 (100%, 

(M+H) +) • 

Method 2. 
' 35 A solution of Example SA (160 mg, 0.3 mmol) and 

tr.iocarbonyldiimidazole (55 mg, 0.3 mrnol) in THF was 
I 

1111111r1n11r11~'1ir~;r 
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heat•d to reflux f6r 4 hrs. The 
and the r~sidue chromatographed 
EtOAc/Hex) to give 34 mg (0.055 

mixture. was ev.aporated 
on silica gel (50% 

mmol) of the 
corresponding thiocarbamate. The thiocarbamate was 

5 dissolved. in 2 mL of toluene and heated to reflux. To 
I . 

the refluxing-solution was added tributyltin hydride (32 i . . - . 
mg, 0.1 mmol) and 2 mg of AIBN. The mixture was refluxed 
for 1 hour, concentrated, and the residue chromatography 
on HPLC (silica gel, 65% EtOAc/Hex) to give 20 mg of 

10 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 a~ room temperature overnight, concentrated a~d 
the resid~e chromatography on HPLC (silica gel, 10% I . 

15 MeOH/CHC1 3> to give 10 mg of Example SH as a clear, 
viscous residue. MS: CCI,NH3} 419.2 (100%, (M+H}+) • 

. Example BAA 

Ph .. ,,~ 
I . . Ph. 

OH 
OH 

Cor:-ipcn.::-.d CXXIIb} (0. 859) was heated with mixture of 
~ce~ic a=id (9.5 mL) and water (0.5 mL} at 85 °C for 4h. 

25 After extraction with dichloromethane, followed by 
washing the organic extract with saturated sodium 
bicarbonate and brine, a mixture was provided which, on 
separation by colu~~ chromatography, furnished (XXIIb) 
(TLC 1:10

1
ethyl acetate/hexane Rt= 0.4; 0.54g), the 

30 desired mono-alcohcl intermediate ( TLC 1:10 ethyl 
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acetate/hexane Rf 11!''0~1; 0.13g), and·overhydrolysed diol 

(0.059). 

The above mono-alcohol intermediate 0.259 (0.466 

5 rnmol), triphenylphosphine 183mg (0.7 mmol), 

dietQylazadi~arboxyalte 0 .11 mL {0. 7 mniol), and 

chloroacetic
1
acid 66m9 (0.7 mmol) were stirred in 5 mL 

anhydrous tetrahydrofuran at 0· 0c for 15 minutes and 

then at room temperature for 18 h. The excess reagents 

10 were quenche~ 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 
configuratio~. 13c 'NMR CCDCl3r : (75.48 MHz) -1.373, 

I 

15 14.413, 14.487, 18.253, 25.591, 33.851, 35.741, 40.505, 

20 

48.824, 49.962, 57.507, 58.234, 66.589, 67.885,73.179, 

77.423, 95.454, 117.296, 118.554, 126.588, 126.887, 
I 

128.518, 128'.610, 129.117, 129.199, 129.479, 133.686, 

134.168, 136.324, 138.285, 155.698, 166.323. 

I ·-. 
The abowe chloroacetate intermediate 73mq (0.12 

rnmol) in 2mL1 dry methanol was treated with ·o. 25". mL 

(0.5M) sodium methoxide and stirred for 30 minutes at 

room temperature. The contents were then treated with 

2 5 0. 3 rr.L ( 4 % H~l in methar{ol) and stirred for 4. Sh at room 

temperature. The residue after removal of solvent was 

purified on silica gel column to provide Example BAA. 
l3c NMR (CDCl3): (75.48 MHz) 34.075, 37.672, 48.941, 

48.985, 58.071, 60.640, 65.861, 73.212, 177.975, 

30 118.669, 1261.535, 126.858, 128.603, 128.815, 129.225, 

133.605, 13411.172, 137.637, 138.273, 155.497. 

Exarople OR 

35 A solut1
1

ion of the bromoacetate inte.rmediate from 

Example BG (0.10 g, 0.14 rnmol) in methanol was treated· 
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dropwis_e with sodium hydroxide solution (lN, 1 mL) and 
stirred a

1
t room temperature for 1 hour. The solution 

was diluted with water, acidified with lN HCl(aq) and 
extracted into methylene chloride. The extract was 

5 washed with water, brine and dried over magnesium 
sulfate. ; . The solution was filtered. and concentrated to 
give 90 ~9 of Example SR as white solid. MS:CCI,NH3) 
671. 2 (72\, (M+H) +) ; 669. 2 ( 67\') • 

10 

71-.l. 3-
hydroxymethyl 
benzyl 

71'.Y. R22 1= 3~ 

ca:r,omethoxy 
R2.: = benzyl 

7ru: ·benjyl 

7AC benzyl 

7A? ben~yl 

I 

15 

Table ld 
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Ex... B x .x JU .te90 Mass lim.U. 
~. Spec 

(ll:tJl) 
80 3-cyanobenzyl H OH ++ +++ 541.3 
SP 0 H OH +++ +++ 575.3 

80 
y 

OH OH ++ ++ 417.0 l be y ' 
8R 2-naphthylmethyl Br OH ++ ++/+ 671.2 2 
8S 3-hydroxybenzyl/ H OH +++ +++ 417.l 4 

H 
ST N-methYilamino Br OH ++ +++ 629.2 2 

benzyl 
SU 3-cyanobenzyl H OH ++ +++ 577.2 2, 3 8V 3-hydrqxymethyl Br OH ++ +++ 631.2 2 

benzyl 
SW N-methylamino" H OH +++ +++ 549.3 2 

benzyl i 
ax 0-N H OH ++ ++ 763.4 2 

CF,A~~ 
SY 3-carb~methoxy H OH +++ ++ 607.3 2 benzyl · 
ez 3-hydro,xymethy l H OH +++ +++ 551.4 4 

benzyl I 
SM allyl 

I OH OH ++ 
BA:R 3-carbomethoxy H H + +++ 623.3 

benzyl 
!.!A: 4-liydroxyriiethyl H H ++ +++ 535.2 benzy1··1 
81-~ benzyl H OH '++ +++ 491.2 8AE 3-(H2NC(O)) H OH +++· +++ 577.2 

benzyl 
BhF 3-CH2NC(•NOH)) .H OH +++ +++ . 607 .3 

benzyl (ESIJ 
BAG 3-(H2NC(•NOH)) H OH +++ +++ 643.3 3 

benzyl CESI) 
BAH 3- (H2NC ~0)) H OH +++ +++ 613.2 3 

benzyl 
BAI 3(H2NC(0))-4- H OH +++ ++•. 613.5 

fluoro~nzyl 
8A.J 3-CH2NCJ•NOH))-4- H ., OH +++ +++ 643.2 

fluorob•nzyl CESII 
8AK 3- (H2NC (0)) H OH +++ +++ 649.2 5 

benzyl 
8AL 3-(H2NC(•NOH)) H OH +++ +++ 679 5 

benzyl ! 

BAM 3-(3-pyrazolyl)-
benzyl '. 

H OH 623.3 

BAN 3-cyanooenzyl H OH + + 541.2 6 BAO 3-CH2NC(•NOH)) H OH ++ + 607.0 6 
benzyl 

Thf iim 1iii1rnrr 1irrur 
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SAP 3- UfaNC (0) ) H OH 

benzyl 
SAQ 3-carbomethoxy H OH 

bennl 
SAR 3-hydroxyrnethyl H OH 

ben~yl 

Notes 

I 
1. As in Scheme 9: CF3COOH opening 

by 

2. 

hydrolysis of the diester. 

As in ~Cherne 10. 

+ + 577.3 

+ + 601.4 

++ + 551.4 

of aziridine followed 

3. The un~ubstituted benzyls in the title structure are 

replaced with ~fluorobenzyls. 

4. As in Scheme 9A: Hydrolysis of monoacetate followed 

by catalytic hydrogenolysis of aziriaine ring. 

10 5. The unsubstituted benzyls in the title structure are 

replaced with 3,4-difluorobenzyls. 

15 

'· €. SSS isomer 
' 

Prodrugs 

ror compounds of the present invention with reduced 

~a~e~ sol~bility it has been found to be advantageous to 

pr~pare prodrugs to enhance the solubility and 

bioavaila~ility of these compounds. The addition of 

20 ionizable groups by derivatization of fr~e hydroxy 

group~ of compounds cf formula CI) with bioreversible 

esters resulted in greatly improved water solubility. 

Solubili~y s~udies were performed by mixing an excess of 

solid compound in water or aqueous medium for at least 4 

25 hours. S~lubility was asessed either visuaily, if a 

weighed a~ount clearly dissolved in a measured volume of 

solvent <method A), or by HPLC assay of filtrates of 

saturated solutions (method B) . Solubility results are 

summarized
1 

in Table A. 

30 

6 

6 

6 
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Ex. 

No. 

SU 

29A 

29B 

29C 

29D 

... --·.~--.·~~---~-~ ~.· ...... 

.. 

Solvent 

water I 

water 

water 

O.lM citric acid 

water 

• -185-
Table.A 

Method 

B 

B 

A 

A 

A 

PCT /US94/01609 

Solubility 

(mg/ml) 

0.01 

2.25 

>100 

>20 

>200 

For these prodrugs to be useful therapeutic agents 

S (assuming th~t the intact esters have relatively little 

inherent pharmacologic activity), the ester must be 

hydrolyzed after dosing to yield the parent hydroxy 

compound. CQmpounds· 2 9A-2 9E are hydrolyzed to parent 

compound SU in biological fluids in vitro. This was 
I 

10 shown as foliows. Plasma was collected from rats, dogs, 

or human vol~nteers, and was used within 24 hours. 

Prodrug was added to plasma, which had been warmed to 37 

°C, at concentrations of 2-10 µg/ml. After various 

times ·of incubation at 37 °C, the hydrolysis reaction 

15 was quenched with the addition of an organic solvent. 

The orgar.ic solvent was used for extraction of SU, and 

concentratio~s 9f SU in ~he plasma aliquots were 

determined using HPLC after extraction. Concentrations 

of SU were t~us measured vs. time of incubation of the 

20 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. 

25 Results for in vitro hydrolysis of prodrug 29C in rat, 
! 

dog and human plasma are given in Table C. Prodrugs 

29B, 29C, and 29E were shown to readily convert to 

parent SU when exposed to plasma or intestinal enzymes 

in vitro. These results indicate that these prodrugs 

This Sheet Has Been Replaced 
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will convert to SU in vivo. Other salt forms of these 
compounds; such as prodrugs 29A and 29D, will be similar 

I 
to their free acid or free base forms. 

Table B 

~ 

(min) 

\ Converted to SU \ Converted to SU 

Tim<=> 

0 
5 
15 
60 
120 

(rr.i!1) 
c 
5 

10 
15 
20 
30 
6C· 

12C 
21J . .., 
360 

ft . 

(Dog plas~) 

3.4 
4.9 
5.5 
9.3 
19.9 

converted to 

(rat plasma) 
29.4 
69.0 
74.6 

77.6 
81. 6 
90.6 
100 
100 

' 

:m 

(Rat intestine 

homogenate) 
16.0 
16.6 
22.7 
46.0 
47.l 

Table C 

\ cpnyerted to 

(dog plasma) 
1.8 
3.1 
3.3 

s.o 
6.7 
10.1 
15.7 
31.0 

SU !. cpnyerted tp SU 

(human plasma) 
6.7 
12.9 

12. 9 

14.5 
31.3 
45.6 
73.4 
74.9 

T I ' .ffiprovea water s9lubility can result in increasing 
the eY.~ent'c: oral bioavailability. Oral 
bioavailab~lity studies were performed in fasted beagle 
dogs. Compounds were dosed orally using a solution 

' 15 vehicle 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 ad.ministration of SU or 
20 its prodruqs 29A-E, the plasma concentrations of SU were 

determined, rather than unchanged prodrug 
concentrations. Oral bioavailability was estimated by 
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comparing th1e dose.:..norinalized area under the plasma SU 
concentration vs. time curve (AUC) after oral dosing 
with the AUC after intravenous administ~ation of SU. 
Oral bioavailability is expressed as the percentage of 

5 the oral dose absorbed. 
_Compoun~ SU has reduced water soluble, and when 

administered as the solid powder gave reduced oral 
bioavailability. Therefore, in order to attain 
increased or'l bioavailability, SU was administered 

' 10 using a solution with polyethylene glycol 400 or 
propylene glycol as the vehicle. However, as the dose 
of 50 was inqreased, oral bioavailability was reduced, 
due to precipitation of SU from the glycol vehicle upon 
mixing with the aqueous contents of the gastrointestinal 

15 tract. Impr~ved oral bioavailability was attained when 
the water soluble prodrugs were administered in the 
solid form, with no added excipients or solvents. One 
advantage of these water soluble prodrugs is that they 
can be formulated in conventional solid oral dosage 

20 forms, whereas SU gave reduced oral ·bioavailability when 

dosed in·solip form. The advantage of the water soluble 
prodrugs is especially clear at high.doses. Both 
prodrugs 29B ~nd 290 ·yielded good oral bioavailability 
at relatively high doses, whereas the administration of 

25 a similar dose of SU in a non-aqueous vehicle resulted 
' in reduced or~l bioavailability. 

Prodrug 29E resulted in lower bioavailability then 
prodrugs 29B-D. Additional assay of the plasma samples 
for intact es~er (total of mono and bis ester) was 

! 
! 

30 performed by treating plasma with NaOH to hydrolyze any 
I 

intact esters.· Samples were then extracted again and 

assayed for SU concentration. The AOC of intact esters 

was approximat1ely 2 fold greater than that of SU. Thus, 
plasma levels of both intact prodrug and hydrolysis 

I 

35 product can be attained using these water soluble 
prodrugs. The results o! the comparison of the oral 

. ,. ·:.. ... .,. . 
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bioavaila~ility in dogs of SU. and its water soluble 
prodrugs are shown in Table D. 

Ext;ipients 

SU glycol 
SU glycol 

29B I none 
2BB none 
290 none 
29E none 

Table p 

!; Oral 

(mg/kg, SU eq.) Bioayailability of 

..511 

10-15 
40 
8 

27 
31 
8 

Utjlity 

(Mean ±SE) 
50±20 

5±2 
29±2 
27±6 

40±12 
12±2 

The compounds of this invention possess retroviral 
~rotease ~~hibitory activity, .in particular, HIV· 
inhibitor) efficacy, as evidenced by their activity in 
the assays·,, as described below. The compounds of 

. ' 

formula (r) possess H!V protease inhibitory activity and 
~~ are therefo~e us~ful as antiviral agents for the 

treatment ~f HIV infection and associated diseases. The 
cor.\pounds ,cf formula (I) possess HIV protease inhibitory 
ac~ivi~y and are effective as inhibitors of HIV growth. 

T~e protease inhibitory activity of the compounds 
20 c: the ~resent invention is demonstrated using standard 

assays of protease activity, for example, using the 
' assay desclribed below for assaying inhibitors of HIV 

protease a!ctivity. The ability of the compounds of the 
preser.t invention to inhibit viral growth or infectivity 

25 is demonst
1
:rated in standard assay of viral growth or 

infectivity, for example, using the assays described 
belo~. T~e compounds of the present invention inhibit 
HI\7-prcteai;e ac:.ivity in vive as demonstrated using the 
a~~~=~ models f~= HIV p~otease inhibition described 
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be.lo"'. The compour.ds o:f the present invention 
demonstrate in vivo HIV inhibitory activity, as shown in 
the animal mcdbls described below. The HIV inhibitory 
activity in th~ animal models described below indicates 

I 

5 that the prese'ntly claims compounds are useful for the 

treatment of HIV infection in humans. 
I 
I 

As discussed above, the compounds provided by this 

invention are also useful as standards and reagents for 
\ 

use in tests 9r assays for determining the ability of a 
lC potential phatmaceutical to inhibit HIV protease and/or 

I 

HIV growth, s¥ch as the assays described herein below. 
Thus, the compounds of the present invention may be 
provided ir. c$~mercial k~t.s or containers comprising a 
cc~pound o! t~is invention, for use pharmaceutical 

15 research. 1 

I 
Since the compounds af the present invention 

I 
inhibit HIV g~ow~~ and infectivity, they may be used as 
~-\' • ' • , !.. " h • ..._ . '"'. ' f HIV . b' l . ' 1 .. _ · a::~iv.:..ra-F=> .. c:::- t .. e ir. .• 1..,ition o in _a 10 oqica 

I . . 

sa~~le whict cor.tair.s F.:V c:::- is suspected to contain HIV 
I 

2:' _ c:::- to be e:>:polSed tc HIV. 

As used ~e:::-e!~ "µ;" denotes rnicrogra~, "mg" denotes 
1. . .:...:.:igrai.., "g" denotes grarr., "µ!.'' denotes mi_croliter, 

"r..:" denotes ttr . .illiliter, "!."denotes liter, "nM ... denotes 

nanomola:-, "~~" denotes rnicromclar, "mM" denotes 

25 c!:limola:-, ~~" denotes ~olar and "nm" denotes 
na::::;,:':'lete:::-. "Sigr.;a" stands for .the Sigma-Aldrich Corp. 
cf S~. Louis; KC. 

A compo~nd is considered to be active if it has an 
ICso or Ki value of less than about l mM for the 

30 .inhibition ot HIV protease or HIV viral qrowth or· 

infectivity. 1 
I 

H!V Protease' Inhibition Assay- Spectroscopic Method 

35 
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Protease: Inclusion bodies of E. coli harboring 
plasmid'.containing HIV protease under the control of an 
inducib~e Ti promoter were prepared according to Cheng 
e~. al (1990) Gene 87: 243. Inclusion bodies were I 

5 solubilized in 8 M urea, 50 mM tris pH 8.0. Protease I activity was recovered by dilution 20-fold into buffer ·containing 50 mM sodium acetate pH 5.5, 1 mM EDTA, 10% glycerol,' and 5% ethylene glycol. Enzyme was used at a final concentration of l.0-10 ug/ml. 
10 Su~strate: Peptide of sequence: Ala-Thr-His-Gln-Val-Tyr-Phe(N02>-Val-Ar9-Lys-Ala, containing 

p-nitroppenylalanine (Phe(N02)), was prepared by solid 
ptase pe~~ide syn~hesis as ~reviously described by Cheng e:. a:. Cl99G) Pree. N~tl. Acad. Sci. USA 87: 9660. I 

c::---·1· ... -t··-•o-" c., iO rr.t.I' were p-eo-,..e..:i ~"' ous'"" ...... - '\,,.. - • - ..; - - ""' ... • • - .. - w. ~ - • c. - w. .... • • ....... -- • 
- \, t 

I • I 
-Lnl":.t:.t:. ~c r~· ccrr,pc-..:r.ds wt re c.:.ssol veo ir. su!f icier.:. ' :;>K22 tc make ~.:. o:::: 25 r..!-! st.ocY.. solution~. All furthe= I 

-: =:. -- .: .......... r.. 
I yr:···~· ... 

-=---:r.·· • r:" ., ...... ,.. .. 1..-el-c· 1 ,,,i:. gl e o, -- ••• -, , • .i;·. c.-. ..... _ .... _i, __ ._ , ........ ye r .1.. Reac:.ions were 
i~!:.!a:.e~ t~ t~~ ad~::.~ion of·peptide substrate to a I . ~::.~a: c=~=~~:.ra:!o~··=~ 240 u~, and absorbance a~ 3~G n~ ::-.:.:-.::.:.-;:;rE:: '!-:.: :~· r~.!::. Value~. cf .r.i for inhibito= I 
~~~~i~; rere de:e=~!n€:~ fro~ perce~t activity 
meaE~re~~~~s i~ the presence and absence of known 
c~:;::'=:.:.r.=.t.:"..c:i c: in:?-db~tcr, using a value of 0.07 .n?·~ fer I 

3C the ~~ c~ ~he substrate (Cheng e: al. (1990) Pro::. Na~:. 
Aca~. S~~l USA E7: 966C). 

':h; :;:v-: :i:;i·otease inhibitory a~:.ivity o! 
:: ::::-: t:se:. :'-: i ve c:.:i:n?our:ds o! the inve::-:tion is shov::: ir. 
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Protease~ Inclusion bodies of E. coli harboring 
' . 

5 plasrr.id contal:ning pJ.asmid Tl 718R with a synthetic gene 
coding for a s1ing le-chain tethered dimer of· HIV protease 
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\ 

10 acetic acid, 411ution 33-fold with water, dialysis 
against water 1and then against a "refolding buffer" 

co~sis~ing of :2C ~MES, l mM dithiothreitol and 10\ 

g!ycerc:. Pro~ease was stored as a s~ock preparation at 
lC u~ in refo!ding buffer. 

15 Substra~e: Peptide o! sequence: aminobenzoyl-Ala­
=tr-E!s-Gln-va:-Tyr-PheCN~~)-Val-Arg-Lys-Ala containing 

p-~!~ropheny1,1anine, was prepared by solid phase 

sy~~hes!s as previously described Cheng et al., op.cit. 
S:.c:~ so:.-..:~ic~s of 2 mM substrate were prepared in DMSO. 

2.C ::-.!:ibito'ry .. compounds were dissolved in sufficient 

2: 

30 

.. :: 

D?·:.s:: tc make B m!'·! stock solutions. All further dilutions 
I 

we::::e prepared! in "assay buffer": l M NaCl, 50 mM MES, pH 
5. 5 I l rr:·: EC'l'J.., lml·! OTT, 20\' 9lycer'o1. 

i:;~= _ .. .; ,... __ r:. 
ft • • 

En:yme r~actio~: In a 2 ml sc~~w-cap centrifuge 
tube were add~d 50~1 protease (final concentration 0.25 . 
n?W:l and 0. l ml inhibitory compound· (final· concentration 

0.1-12,500). After 15 min preincubation at room 

temperature, ~he reaction was started with the addition 

of .05 rel su~strate (final concentration 5 uM}. 

Incubation wa1s carried out at 30 C. for l hr. The 
reaction was lstopped with 1 ml 0.1 M ammonium hydroxide. 

HPLC measurement of product formation: The product 
(a~~nobenzoyl-Ala-Thr-His-Gln-Val-Tyr) was separated 

'!re:-:-. s...:cs:ra:,e or. a P!:arrr.acia Mo~oo anion excnange 
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colur.;;.. The i~_je~_tion volume Wj!S 0. 2 ml. The mobile 

phases w1re: A (20 mM trisHCl, pH 9.0, 0.02\ 

sodium Azide, 10~ acetonitrile), B (20 mM tris HCl, pH 

9.0, 0.04~ sodium azide, 0.5 M anunonium formate, 10% 

acetonitrile) .. The mobile phases were pumped at l 

ml/min, with a .gradient from 0 to 30% B ·in 5 min, 100 % 
I 

B for 4 min to wash the column, and a r.e-equilibration 
I • 

fer 4 min. The retention time of the product was 3.6 
I . 

mi~. Det~ction with a Shimadzu model RF535 fluorescence 

rno~itor was at 330 nm (excitation) and 430 (emission) . 

The Ki w~s calculated from the formula Ki - I/(((Km+S­
FA~S)/(FA*Km))-ll wh~re I= inhibitory concentration, S 

I 
- c··..._ c ...... -- e c--""cen· ..-a+-1' 0'"' FA - ~----·c;- ...... ·-· - .. , 
pea~ te!;~~ wi~t inh!bitor/cm 

= fractional activity -

peak height without 

.:.:-.:;.:.:::.:..:-::=I, a:::: Yw-:- = ~ichaelis co·nstant = 20 uM. 
. I 

_, .... -.·---1 .. ...;c 
L • •. c • ;;; • ft . \ ... 

crn 

c ... -··:.--·-=: .... ~ ........ ~ ................... , ~ - l!~-l816) cloned into PTZ lSR w~~ 

..... -.:- = -c­t"- ... :'--: - - t·:;, E.=ickson-Viitanen et al. AIDS 

F;~£ea:=.~. a.-.:i Hur..a:; Retroviruses ·.1989, 5, 577.. The 

;:as~:~ ~aE :~nea:!zed with Ba~ HI prior to the 

-;:-==--~::-£..:.:::-. :: .i:-. ..,·..:.::c R?:/. t.ran~cripts using the 
I 

F.:..::.:.;·:::-::::.:·;;\ G-;;::-.!::-.! s::·ste:-r. !! k.:t: (Promeqa) with T7 RNA 

r=--::·:-:-.~:-::sf7;. Sy:-.:: .. eiized RNA· was pi:rified by treatment. 
I 

".-.:.. ::-. :r.:~~.: F : ree r:a;;.,se (Promega), phenol-chloroform 

~=::::-.::.:::.:i·• a:i.d e.-:.:-.anol precipita~ion. I.NA transcript..s 

~E:e ~:.~s~:v~d i~ wa~er, and stored at -70°C. The 
I 

c::-.~E:::~::c.t.:::. c! F.!,;. .. was deterrr~ined from the A260· 

:- ' ... · ..... c ~- I -...............--· 
I 

E~=~~~::a~~d =ap~~=e probes we~e ~~=ified by HP~: 

:::·:-.L.:-..: :.~ c·. c..~. Ar-·;:lie:d B.ioEy£'.te!'r:~ !fo!:te:::- City, 
.. 
... -. .: ~i :: . . C. d 6. ;. t. .:_ C"· ' C: ; ! · :: ' .. : .:_ ~- "·r· !.~1·. - . . :: - ~ ... . .... -.. -
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terminal end of the oligonucleotide, using the biotin-

phosphoramidi~e reagent of Cocuzza, Tet. Lett. 1989, 30, 

6287. The gag biotinylated capture probe (5-biotin­

CTAGCTCCCTGCTfGCCCATACTA 3') was complementary to 
I 

5 nucleotides 889-912 of HXB2 and the pol biotinylated 
I . 

capture probe (5'-biotin -CCCTATCATTTTTGGTTTCCAT 3' ) 

was complemen~ary to nucleotides 2374-2395 of HXB2. 

Alkal~ne phos~hatase conjugated oliqonucleotides used as 

reporter probes were prepared by Syngene (San Diego, 

10 CA.). The po+ reporter probe (5' 

CTGTCTTACTTTGATAAAACCTC 3') was complementary to 

nucleo~ides 2403-2425 of HXB2. The gag reporter probe 
I 

(5' CCCAGTATTTGTCTACAGCCTTCT 3') was complementary to 

nucleotides 950-973 of HXB2. All nucleotide positions 

15 are those of the GenBank Genetic Sequence Data Bank as 

accessed through the Genetics Computer Group Sequence 
I 

Analysis Softrare Package (Devereau Nucleic Acids 

.Research 1984~ 12, 387). The reporter·probes were 

prepared as 0,. 5 µM stocks in 2 x SSC (0. 3 H NaCl, 0. 03 M 

2C' · sodium citratb), 0.05 M Tris pH 8.8, l mg/mL BSA. The 

biotir.ylated capture probes were prepared as 100 µ.M 
. i 

s~ocks in wat~r. 
i 

.•. I 

25 Nunc-immunomodule microtiter plate strips were 

coated by addition of 200 µL of s·treptavidin (30 µg/mL, 

Scripps, La Jolla, CA) .in freshly prepared 10 mM sodium 

carb~nate (pH\ 9. 6) . Plates were incubated overnight at 
I 

4°C. Streptavidin solution was aspirated from the wells 

30 and a blockin.g buffer composed of phosphate buffered 

saline (PBS),1 20 mg/mL bovine serum albumin 
. I 

(crystalline, nucleaE.e and protease free, Calbiochem) 
I 

and 100 mg/mL. lactose (Sigma) was added to the plates 

for 3 hrs at ,.room temperature. Blocking buffer was 

35 removed from the wells, which were allowed to dry 

ove=nig~~ a~ ,room temperature and subsequently stored at 
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• -194-'°C in z;~ lock bags with desiccant. For the majority o! the c6rnpounc evaluation experiments, streptavidin coated plates were obtained from Du Pont Biotechnology Systems ~Boston, 1"".A) • 

Cells an~ yirus stocks: 
MT-2;, CEM, and H9 cells were maintained in RPMI 

I 
1640 supplemented with 5% fetal calf serum CFCS), 2 mM L-glutarniile and 50 µg/mL gentamycin, all from Gibco. 

I 10 Labora~ory strains of HIV-1 (RF, MN and IIIB) were propagated in H9 cells in the same medium. Virus stocks 
I 
I 

. 
were prepared approximately l month after acute ' i~!ect~o;. of F.9 cells by clarification of the tissue c~:t~::-e ~,~!~~ and storage of aliquots at ~70°C .. :r::e::::..::"J5:. ~i:ers of H!V-l (RFl stocks were 1-3 x 107 PFr 

. 
\ . . . 1;:a~~~ !cr~i&g units)/mL as measured by plaque assay on r...- • c£;.:. .:.s 1 <see l;>e:low) .• Each aliquot of virus stock 
I 

us-=:: :o::- if::ect.ion was thawed only once. In'.some cases, ~r::e::~ec E~ cells were shifted to Dulbecco's modified 
i ~: Ea;.:.~'! ~~d:~~ ~-lG days before collection of virus in c=::::.~ :- : :: 9J:-:~=~:.~ vi:-us stocks in medium with low bioti:. c~::~e~:. dl!~ica: isolates of HIV that .had b~en 
I 

~a!sa~~~ c~~e i~ ~1-2 cells were used to infect fresh Y~-~ c~::s :~ ~?E: rnediu~. Three days after infection, ·- c~--~ ~c=~ te::etE~, res~spended and culture continued :..:-. ::.:.:..:::.-::::c'.:. mcdi.fied Eagle's medium as above. Virus ~:::.~f..s ::: cl:.::ica.l isolates were prepared 10-15 days 
. 

\ 
. a!te~ i~:e~~ic~ when cytopathic effects were apparent i~ 

I 

I 
F~= ~v~luation of antiviral efficacy, cells to be i::: e :·.:.e:: WE ::-e subcultured one day prior to infection. C.:- ~r~ C.:::: c.: ir.fecU on, cells were resuspended at· 5 >: : : :: c~.:.:s./::.:.. i:: RP~: 1640, 5% FCS for bulk infections or ., ·· :: ;: : : -:. /:-.: ::.:-. either Dl.;lbecco 's modified Eagles ~·"c:.:..:. '.::: ::.:-::: 1€.t;C. medium minus biotir. CGibcc, custc:: . .. - - ... 

.. 
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plates. Virus was added and culture continued for 3 

' 
days at. 37°C. In some experiments, virus was removed 

after a~ initial adsorption period. 

5 Pre:;>aration of HIV-1 infected cell lysates: 
I 

HIV-1 inlfected cells were pelleted by 
centrifugation. After removal of the supernatant the 
cells were resuspended at a concentration of 1 x 107 

cells/~L in 5 M quanidinium isothiocyanate solution 

10 CGE:J: 5 M guajnidinium isothiocyanate (Sigma), 0.1 M 

EDTA, 10\ de~tran sulfate) . Alternately, cells grown in 
biot:~ free tiss~e culture medium w~re mixed with 5 M 
GE: t.c a fina: conce~:ration of 3 M guanidinium 
iso:~iocyana~e, C.06 M EDTA and 6% dextran ·sulfate. 

15 I 

i;:v F.;:r assay: 

.Cell lysates er purified RNA in 3 M or 5 M GED. were 

:r: . .:.>:ed with 5 :¥. GED and capture probe· to a final 

g~a~!d!niu~ isothiocyanat.e concentration of· 3 M and a 
2~ ~i~a: bioti~\cligonucleotide concentration'of 30·nM. 

-Eyb:idizatic~ was: carried out in sealed.rnicrofu~~ tubes 

or .i~ sealed U bbttom 96 well tissue culttire plates 
rn-.::--.c c= Cost.ar) fo:r .16-20 hours at 37°C. RNA· 

tyt:idizatiot reactions were diluted thtee-f6ld with 

25 deic~ized water to a final 9uanidinium isothiocyanate 
concentration o: l M and aliquots (150 µL) were 

transferred f o streptavidin coated rnicrotiter plates 

wells. Bind~ng of capture probe and capture probe-RNA 
hybrid to the immobilized streptavidin was allowed to 

3C 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.) 

A second hybridization of reporter probe to the 

i~~~ti:ized ~omplex of capture probe and hybridized 
~= :arget RNA was carried ou: in the washed streptavidin 

c::·a:e= well by addition c: 120 µl of a hybridization 

This Sheet Has Been Replaced 
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cocktail' containing 4 X SSC, 0.66% Triton X 100, 6.66% 
. I . 

deionized formamide, 1 mg/mL BSA and 5 nM reporter 
Frobe. After hyb£idization for one hour at 37°C, the 
pla~e was again washed 6 times. Immobilized alkaline 

I 
phosphatase activity was detected by addition of 100 µL 
of 0.2 mM 4-methylumbelliferyl phosphate (MOBP, JBL 

\ 

Scientific) in buffer~ (2.5 M diethanolamine pH 8.9 (JBL 
I . 

Scientiftc>, 10 mM M9Cl2, 5 mM zinc acetate dihydrate 

and 5 ~.N-hydroxyethyl-ethylene-diamine-triacetic 

10 acid) . ~he plates were incubated at 37°C. Fluorescence 
at 450 nM was measured using a microplate fluorometer 
(Dyna:ec~> ex=iting a: 365 nM. 

I 

X~c;;;:e:e b~s~~ co~pound eyaluatiop in HIY-l infected 
. ·' ,...C •IC"• 

t' d = • 

I 

Cc::-:p:>~r.cs r.~ be evaluated were dissolved in DMSO 

a~= ci:~~e= i~ c~lture medium .to twice the hiqhest 
co::=e::-:.=a'-:io!'1 to be tested and a maximum DMSO 

I 

cc~=ent.=a:io:: cf 2l. Further three-fold serial 
c..:.:·..:::::-.s, c: th-= compound _in culture medium were 

~s=!==~~~ ~~re=;:y in u bottom rnicrotiter pl~tes (Nunc) . 
J..::e::: co:r,::.;;u~d dilution, MT:-2 cells (50 µL) were added· 
~c c :::.:.a: cc:.::e:ntration of 5 x 105 per mL (l x 105 per 
,..~:.:·: . Ct::::.s were incubated with compounds for 30 

.:: :-:-.::.:-:;:.~s <:.:. 37-;C. .:..n a C02 incubator. For evaluation of 

. . 
~. 

a:.:.:·.::..=a: pc-:.enc:1, e.~ appropriate dilution of HIV-1 (Rf} 

v:=~s s:.c=k (50 µL) was added to culture wells 
I 

cc.:.:.a~ .. i:.; ce:lls and d~ lutions of the test compounds. 
r:: .. ; : :.:-.. a: vc!.urne: in each well was 200 IJ.L. f.ight wells 

p~= p:a:e' were left uninfected with SO µL of medium 
' a:..:ie:. ~=-: tla:::e cf virus, while eight wells were infected 

.7..:4 ~=-.. e: a:se:-.::e -:.: an}' antiviral compound. For 

e~~:~a::o~ cf co~pound toxicity, parallel plates were 

=~==~=e~ ~.:.t~=~~ virus infection. 

k~:~= 2 ~Eys c! culture at 37°C in a humidified 
:i.ncubator, 
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medium/well w~s-removcd from the HIV infected pl~tes. 

Thirty sever. µ~ of 5 M GED containing biotinylated 
I 

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. Hybrici"ization of 

the capture probe to HIV RNA in the cell lysate was . 

carried out ~n the same microplate well used for virus 

culture by sealing the plate with a plate sealer 
I 

(Costar), and incubating for 16-20 hrs in a 37°C 

incubator. Distilled water was then added to each well 
I 

to dilute the hybridization reaction-three-fold and 150 

µL of this d~luted mixture was transferred to a 
I 

s-:.rep-:.avidir:;coated microtiter plate. HIV RNA was 

quar.titated as described above. ;. A standard curve, 

:.: prepared by !dding known amounts of pDAB 72 in vitro RNA 

transcript to wells containing l~sed'uninf~cted cells, 

was run on e~ch m!.crotite:r plate· in order to de~ermine 
the amount · o! viral RNA made: dlirin9 the infection~ 

. \ . ; ... .. :. ' . 

In ordef to standardize the ~irus inoculum used in 

2C the evaluation of compc•unds for antiviral activity, 

d:..lutions ·.of virus were selected:'which resulted in an 

lC9c value (boncentration of compound required to reduce 

the E!V RKh ~evel by 90%) for dideoxycytidine (ddC) of 

C.2 µg/r.-.:. i1:9c .values ·of other ·antiviral compounds, 

25 bc:t ~=re ar.d less poten: than dd:, were reproducible 

using several stocks of HIV-1 (RF).when this procedure 

was followed. This concentration of virus corresponded 

to -3 x 105 iPFU (measured by plaque assay on MT-2 cells) 
I 

per assay w~ll and typically produced approximately 75' 

30 of the maximum viral RNA level achievable at any virus 
I 

inoculum. For the HIV RNA assay, ICgo values were 

determined ~rom the percent reduction of net siqnal 
' 

(signal from infected cell samples minus signal from 

uninfected Jell samples) in the RNA assay relative to 

35 the ne: s!g~al fro~ i~!ected, untreated cells on the 

sa~e c~l:~rT ~la:e (average o: eig~: we:ls). Valid 
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perfcr~ance of individual infection and RNA assay tests 
was -judg~d according to three criteria. It was required 
t~.a-; the \virus infection should. result in an RNA assay I . 

signal equal to or greater than the signal generated 
5 from 2 n9 of pDAB 72 in vitro· RNA transcript. The ICgo 

I , ·' 
for ddC, determined .in each assay run, should be between 
0.1 and ~.3 µg/mL. Finally, the plateau level of viral 
RNh produced by an effective protease inhibitor should 
be less than 10% of the level achieved in an uninhibited 

10 ir.!ectior •. 
For/antiviral potency tests, all manipulations in 

~:.cro-;i:.er pla~es, following the initial addition of 2X 
c=~=e:.~=~~ed co~po~nd solution to a single row of wells, 
we::::e pe::::=Jorl'!'.ec using a Perkin Elmer/Cetus ProPette . 

..... ... c. I i: - • • .; ... I '"' I ~ • ·~·· • & .. • .-··- ··- \ .. -n •. .:.-::. .. ory ac ... i.vity o ... representa""ive 
::::.:-:-.::::·~:.::::.~ ;;! :.:ne p=eser:.t invention in .the RNA assay 
c~s::r:.be~ az~~e is s~ow~ in T~..ELE 3. The IC90 values. in I . 

:.:..=:..:::: 3 ~·ere cie:.~rr." . .:.ned using the assay conditions .. 
des==.:.o~; a=cv; u~ae; E!V RNA Assay. The IC90 values I. 

~ .. =-=~ :.:.:.:.:a:.e:-::i :s ::.:lo .... ·s: .,-+.,. = <10 ug/mL; ·-++ -= 10 to 
',;:.: "-- ; - == >:.:.:, u; /r..:.. . Tr.e ++I~ is used in tht:: 

cas~s whe~E a~. ::s~ was deter~ined to be >50-u9/mL. 

.. - . 
v.:. (;. .. ~ 

1 • 1 ":.-c • ...:----.:-­
. , .. r * = >· . 

,.. ,:.. , ~ 

!·:a :.E::-:.a.:..~: 

•t D 

..... -- ~ .... ', a human l-cell line, was culturec 
i~ ~?~: nE~i~~ s~pFlernented with Sl (v/v) heat 
i~a=~iva~ec :e~a~ calf serum (FCS), L-glutamine and 
ge:. :.a:-:-.y=~=--. ~u.n~:: imrr.unodef iciency vi:r. us strains, HIV 
c:= i a:-.=. 1P.:'.' C?.?) were propagated in H-9 cells in RPMI 

I 
~~·~ ~% l:~. Fc:y-L-lysine (Sigma) coated cell culture 
r-:.~:: ,, ~. WE re. :: repar-:::i according to the method of Harada 

I 

~:ss:.. s:::.:..e::ce 229: 563-56€. MTT, 3-(4,5-

I 

... s ::.:.:·.~-·~· 
......... _ 
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Me:hod: Test. compounds we=e dissolved in 

c:..::le:!'ly:..sulfox:.de to 5 mg/rnL and serially diluted into 

RP~: medium to ten times the desired final 
concentratior.,. MT-2 cells (5 x io5 /mL) in 2. 3 mL were 

I , . d rr.ixed with 0.3 ml of the appropriate test compoun 

solution and 1allowed to sit for 30 minutes at room 

temperature. ~rv C3B> or HIV (RF) (-5 x ioS plaque 

forming unit.s(/rr.:.) in 0.315 ml was added to the cell and 

compound rnixt.'u=es and incubated for one hour at 36°C. 
lC The r..i>:-:.ures 1were centrifuged at 1000 rpm for 10 minutes 

I 

4 :::: 

and the supernatan:s containing unattached virus were 
. . 

c.:..s::a::ded. 'I!1e cell pellets were suspended in fresh RPM! 

c=~~ainir.g the appropriate concentrations of test 
co~po~nd andiplaced in a 36~c, 4% C02 incubator. Virus 

~as allowed t:.c replicate for3 days.· Cultures were 

ce~-:.=~fuged for 10 minutes at. 1000 rpm and the -

s~~e::na-:.a~-:.:.cor.t.ai~i~c ce:l free proa_env_ virus were 
• ! -

::e~oved fo:: ~laque assay. 

·The virGs t.ite::s o! the progeny virus pro~~ced in 

2C :!".e i::::ese.nce IC!" absence of test compounds were 
de:er~ined b~ plaque assay. Progeny virus suspensions 
we::e serially diluted in RPl".I and 1.0 irU. of each 

c.:.:..:::.ior. was added to 9 ml of MT-2 cells in RPMI. Cells 

a~d v!r~s were !ncubated. for 3 hours at 36°C to allow 

2: ::= e::icie~:. a:cachment of the virus to cells. Each 

v!r~s a~d ce~1 ~!xture was aliquoted equally to two 

we:ls o! a s1x well poly-L-lysine coated 6ulture plate 
I 

and incubated overnight at 36°C, 4% C02. Liquid and 

una:.tached dells were removed prior to the addition of 

30 l.5 mL of RPM! with 0.75\ (w/v) Seaplaque agarose (FMC 

Corp.) and di FCS. Plates were incubated for 3 days and 

a second RPM:/agarose overlay was added. After an 
additional 3 days at 36°C, 4% co2, a final overlay of 

i::~cspha:.e-buffe::ed saline with 0.75~ Seaplaque aqarose 

~~ a~j l mg ~:~/~: was added. The plates were incubated 

c~e=~:g~: a~ 3Ec:. Clea= plaques on a purple backgrou;d 
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we=e counted and the number of plaque forming units of 
vi=us was calculated for each sample. The antiviral 
ac:.ivity 10: test compounds,was determined by the percent 
reduction in the virus titer with respect to virus grown 

5 in the absence of any inhibitors. 

HIY Low ~ultiplicity Assay . . ... 
I 
I 

Mat.erials: MT·-2, a human T-cell line, was cultured 

lC in RP~I medium supplemented with 5% (v/v) heat 
inactivated fetal calf serum CFCS), L-glutamine and 
ge:-;:.a::-:-.yc!:r: ( :iIB:O) . Human immunodeficiency virus 
s:.=ai~s F.:v (33) and EIV (RF) were propagated in H-9 

ce:~e in R?~: with 5% FCS. :XTT, benzene-sulfonic acid, 
'.:, ~ ' - ~ :- i1<p!"le:-.yJ.-a;::!nc) carbonyl )-3, 4-tetrazolium) bis (4-

~e:;~~x;-€-~i:.=cl ~, sodiuro salt, was obtained from Starks 

~e~~c~: Tes:. co~pcund! were dissolved in dimethyl­

s·.:.:::>~:..c.e 't: 5 rng/r.::. arid serially diluted into R.PMI 
' 

::-: -= :. :. ·.: ~- :. : 1 :. ~ :. :; ir..c s the desired f ina 1 con cent rat ion . 
:::- ~. :;~.:...:..E. ; 2· ;.; : ~4 /C. l m:Ll were addeci to each well o:f a 

·1 

~~ "'~:: c'..!::-.;=e plat.e and 0.02 mL of the appropriate 
~E:-~: ::::;::-.=·=::::.:: s:!-:.::ion was added to the cells such that 

• I 

e:a::. c=~:-::::;·.;::::: concE::-.t..ration was present in two wells. 
I 

::.-.~ ::.t:.:.. .:..: ! a:.~ cor..pc unds were allowed to sit for 30 

::-.:.:-.-..::.e~ a: ::-c:.:-:. t.E::~.per.ature. HIV(3B) or HIV(RF) (-5 >: 

:. c-:. ~.:.a:::~~ :c=r;--. .:.ng units/rnL) was diluted in medium and 

a=ce= ~c :~e cell a~d compound mixtures to give a 
rr~::~;:.:.=~:.~ c! infection of O.Jl plaque forming 
i.:::.:.:: c:.::. T:,e mi..xtures were incubated for 7 days at 

I 

~E~~, c~=!~; wr.ich time the virus replicated and caused 

:~~ d9a:t ~~ u~~ro:ected cells. The percentage of cells 

r=~:e::!~ !=o~ vir~~ induced cell death was determined 
~e:~b~lis~ cf the tetrazoliurn dye. Y.'!7 . 

• :~ •;:.;" :- t"'=-:-: I x:: "'a: metnbclize~ to E c~:ore~ 
-~ ..... -... "'::-· ... ___ ....... 

... 

, .. 
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spectrophotome~rically a~ 450 n~. The amount of colored 

fcrrnaza~ was p~opor~ional to the number of cells 

p:::-c~ected from virus b}• the test compound. The 
ccr.ce~~ra~ion of compound protecting either 50~ CICso> 

5 or 90% CICgo> with respect to an uninfected cell culture 

was determined. 
I 

The HIV ihhibitory activity of representative 
I 

compounds of tne present.invention in the whole cell 
' 

10 infectivity assay described above is shown in Table E. 
I 

15 

2C 

30 

Tal;le E 

I 

t~;,gF;ls:: ~;Jmb~; .I.ego 
I 

lC +++ 

lX +++ 

lZ +++ 

lAC . +++ 

. - , . lAF .. +++ 
. . 

lJi.f. +++ 

lA~ +++ 

The IC 9 ~ values in Table 1 are indicated as::+++ • 

<: 0 ug /rr.::.... 

Ir. the Tables. herein the Ki values were determined 

u~ing the _assfy conditions described above under HIV 

Protease lnhibtion Assay. The Ki values are indicated 

as follows: +++ • <10 nM; ++ • 10 nM to l µM; + • >l µM. 

ln the T~bles herein the 1C90 values_were 

determined us 1ing the i!Ssay conditions described above 
under HIV RNA Assay. The ICgo values are indicated as 

follows: +++ • <10 µg/mL; ++ • 10 to 100 µg/mL; + • >100 
µg/~~. The +~/~ is used in the cases where an ICgo was 

I 
de~e=~!ned te be >50 µg/~~. 

............. .... '• --.· ~·. ":'" .. ~;::·?~ 
. ·. 
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H!V-!/CEM Mouse Xepotrapsplapt 

Animal Model 
I 

The hrv inhibitory activity of the presently 

claimed cqmpounds in an animal was demonstrated in an 

animal model wherein HIV-1 infected human CEM lymphcyte 

cells were xenotransplanted in nude mice and the growth 

1 C c: HIV in \vivo in such xenotransplanted CEM cells was 

r..o~i torec .,. The in vivo assay using this model consisted 

c: ~e£:.:r.:: c::r:-.;::~-.:;.d i:-. a prophylactic manner, whereby 

:.:.e d.a::..:.~· 1c::se c: age:-.~ was adrr.inistered to a group of 
I 

~::.=e c~~ ~~Y ~:!or to E!V challenge. The test and 

&~::.~~:s we~e f~:lowed w!th drug for a period c! 

:~ ~~~! ~~=~ ~~~ experiment termination and animal 
I 

E:=.=r!~!~~. ter~~ ~~~ a~~ige~ levels, and relative 

~e~~e:-.: ~=--~:.re':~ i::.::-.'.!:Jo!luo::-escer.ce assay (IFA) positive 

=~ar~:~E=~t~~ ~u~=rigenic and HIV per~issive cell line, 

-.:=..: -:.:: : a.:.:-.-:.-:: : =c;.. th: .America:. 'Iype Culture Collectic:., 

.-:·: ... ::. __ -:_, .~::. <:..'!::::cc:. 119) and maintained ir. ?..P?-:: 

: ~~ ~ .. r..E=:.:.:~ w.:..~!"l !5~ hea~ inactivated fetal calf ser:.Jrr: 
I 

~~~ ~2 µ;:~: gen~arnicin as described by Wetherall (ln: 

£-:::-.~:.:~f..e:.s. and f.orzinek, eds~, Animal Models ip AIPS, 

E:ss~:.~=. l~Eterdam, 1990, pp 291-302). The cells were 
I 

!-·!:::=~;~:.-::::::.I.a:. 37cic in a humid 5!ii C02 atmosphere. Stocks 

c.,: :.::-i~ E: •; .. :. isolate HTLV-II I 5 were acquired from 

?~o;:c:.: ·:: ·' Ket.hie rall, Vanderbilt. University, and were 

~a=~~!:E~ ~~o~ c~ltur~s of ch~onically-infected CCRF-CE~ 
..... -:"'"'. 

:::·:.::: .:·
1 c:t:ai.ned f!:orr: the Americar. '!'YP'=' Culture 

,_ 



.,;:.~· ... ; .. ~._'.~i:. _ .. 

WO_ 9.i/19329 

" I -·~203-

·:· . . 
· .. • 

) 

PCT/US94/01609 

Ce~~rifugat.ior.1and passed through 0.45 µm:filters. 
Ir.fectious virions were quantitated on MT-2 cells in 
~!croculture uring cyt.opathic effect (CPE) as the end 
poir.t fer infect.;~n. (Scudiero et al., Cancer Res. 1988, 

5 -'6, 4627-4833) r The 50~ tissue culture infectious dose 
(TC!D50) was c~lculated by the method of Reed and Muench 
(Amer J. Hygiebe, 1938, 27, 493-497). ·ccRF-CEM cells 
used for virus .xenotransplantation -were acutely infected 
with a stock dllution of HIV-1 at a MOI (input 

lC m~ltiplicity o~ infection) of 0.01 followed by 
adsorption for' 1 h at 37 °c. 

- I 

~p~-=·e ap~ ce·i tp~y Transplan:atipc: Sprague Dawley 

2l±i day c:d f:male nude (nu/nu) mice were exposed to 
-'5: Rad's o! l 7cs irradiation; Twenty~four hours later, 
~he drug dosing was started. CEM cell cultures, both 
E:v infected Of uninfected, were h~rvested ~nd washed 
~!-;~ seruc 1re• media and -reharvested. Cells-6£ a 
specified nu:nber were suspended. in:0.2 rnl media and 

2: ~r.je=~ed s~bcu~aneously Cs.c.) in~c the intrascapular 
·reg!c~ c: the rnice, 2~ t after drug dosing commenced. 
The rn!ce were bbservec the following day and- at least 
-;!:re; times a ~eek for. :the duration of the experiment. 
1-.-; ea=h c: - t.hef e time po in.ts the j!nimal group weight is 

25 de~er~ined, an~ the inoculation site is gently palpated 
t:c de~err:-.ine ti:ie dat:e of gross tumor onset. At the 
ter~ina~ion of Ian experiment, the animals were 

I 
anesthesized and e~thanized by exsanquination. 

30 p2t: ~!"z~·oe Imilinpassa}': The p24 enzyme immunoassay 
CE!A) used waslthe unmodified procedure commercially 
available frorn Coulter Corporation (Hialeah, Fl), which 
uses a murine monoclonal antibody to the HIV core 
proteir. coatedionto microwell strips. The assay detects 
~24 gag an:ige~ ir. c~lture supernatants, plasma, and 

-·- ··-.-··~-·-.· ···. -~r:,·~-~~ 
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serur... . Non-specific cross reactions with mouse serum 

a=e not seen with this assay~ 

Iod're;t \Immunoflµc~escence Assay CIFA): HIV-1 antigen-

5 expressing cells are detected by IFA using the method 

described by Montefiori and Mitchell (Virology 1986, 

155, 726-731). Slide.a were prepared by air drying and 

fixing in a 50:50 mixture of acetone/methanol for 30 
I 

minutes, /followed by adding a 1: 200 dilution in PBS-BSA 

10 Cp~osphate b~ffered saline containing 0.1, globin-free 
bovine sJrurn albumin) of high-titer serum from pooled 

H!V-: pcs~tive ind!viduals (positive by Western 

•--·· .... o.b'-1-- ~c ... -·· H·v 1 anti'gens) _............ :--.....;- .. - ~.;....;.. j, - • 

h:-.~i1-H:v lgG t.heri will be detected using a 1: 200 

c.:..:. -...::. ::.c:: b~ ! !"Uo:-es~eir:-con jugat~d, · lgG fractio:i of qoa-::: 

a:-.:.::.-r.·.;:--.:.r. :rg:; n-.f;;.·::1 ar.d light chains specific, Cappel) 

c:::-.:air.::.:-.!: E.·.·ar.' s b:ue counter st.ain. Slides were 
i 

r..:::.:~~ed usir;g 50~ glycerol and cells examined for 

:.:.·~:::-esce:::-i: ~~~r.9 a Zei~s KF•2 Epi-fluorescence 

;.;-..::;"'""".-"~- a-; :;;r:r~;.-;ra:.!.on c! Compounds: Compounds 

~e=e ~~x~~ ..... i-:~ C.25% (wt/v) methylcellulose solution, 

-..;a=::.;~ -:::. 1
:::. c:, a.:-i:: homogenized. One drop of Tween 80 

-· ~!r a~j~~ := :~e ~~o=k suspension Cl drop/10-20 ml) artd 
~-~~i ~Y ~~=:ex~~g. Dilutions of the stock suspension 

I 

,,..e:: ~ r..a:.-= i:..:. rr.e~:::..<1.cellulose/Tween BO and stored at 4 , C 

~== ~= ~~=e ~ha~ one week. The suspensions were gently 

·,..·::o.,:::-:-,;:. ~ ~::-.:. ·::: :::exed ,:i.ft.er removal from the refri9erato:: 

a:-.~ ~=::= r-~ i~j~c~ion to ensure proper suspension. The 

=c:::-.~:::..::-. .:.s "''=re ad:-:.inistered BID, i.p. at doses of 30, 

:.:~, c;:-,:: ::.:::. r:-.g/k:; er 6C, 200, and 600 mg/k.9/day. 

-.. ~ t: - .. .......... ir .. :-.:.: .. ~:o:::-y a':~:ivit:,..1 in '-~i~.r~ in t.h~ EIV/CE!·: 

··.·', 
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Data i~ the p2~ EIA and IFA is expressed as a percent of 
the control ur.treated levels. 

Table F 

Compound J2g,ll p24 EIA 

Ex .. SI "300 mg/kg bid 37.8 51.5 
I 

'ip 

Ex. SI 1100 mg/kg bid 76.4 111.3 

ip 
Ex. SI 30 mg/kg bid· 61. 5 116.7 

iF 
I 

H!V-lJ. P;-Oteas~ Transggr.ic Mouse Model 

The in vivo H!V protease inhibitory activity of the 
I 

presently ,claimed compounds was also demonstrated using 
j • . 

a ·transgenic cp1imal model system wherein the HIV-1 

protease pr6t~in wa~ e~pressed·in the.mouse lens using a 

transqen~ where the HIV-1 protease coding sequence was 

:s ~:aced under· the ·transcriptional-control of the mouse 

alp!"'.a A-cryst.alli~ promoter. Such transgenic animals 

were fo-..:nd to display a HIV protease-mediated cataract 
phenotype. T~e HIV protease inhibitory activity of the 
presently ciaimed compounds was measured in this animal 

20 system as a delay or prevention of the onset of cataract 

appearance in 1 the test animals. 
Plasmid topstruction: The mammalian expression 

vector pMSG (Pharmacia) was modified by replacing the 
MMTV LTR promoter with the ~12-bp Bgl II-BamHI mouse 

25 alpha A-crystallin promoter fragment (Chepelinsky et al. 

Proc. Natl. Acad. Sci. USA, 1985, 82, 2334-2338). The 
I 

sv~s early splice and polyadenylation signals were 

retained and th!s plas~id was renamed pCSV 19. A single 



.. •:. ·. .· ··:_.--·:-· ~: .---··-·:· -:;-;-.-.-··.··· 
~ ..... y: 

WO 94/19329 PCT /US94/01609 

• -206-
chain, tethered dim~~ic form of the active HIV-1 

protease 9ene (BAA; Cheng et al., Proc. Natl. Acad. Sci. 
USA, 19901, 87, 9660-9664 and Cheng et al., Gene, 1990, 
67, 243-2

1
48) was modified for mammalian cell expression 

5 by replac~ng nucleotides 7 to 90 with 
CGTAAT.AGAAGGAGATATAACCATGGAG. The gene was cut with 
EcoRl and

1 
Hind Ill and after blunt-end repair cloned 

into the $ma l site of the pCSV 19 , thus producing 
pCSV 19-BAA. The mutant form of the construct CBA*A*) 

10 was produped by site directed mutagenesis (GAT to GGT) 

resulting in the change of aspartic acid (25th residue) 
tc c;lycir.e in both monomers resulting in an inactive 

I . 

2.5 kb Hind III 

!:-a;-:'.'".e:::.$, f:rc~. r.he pCSV 19-BJ..A and pCSV 19-BA*A* 

:;:.:.a:.::.:..::.:. ~·e:re: isclated (modif i~d from Sambrook at al., 
v-·~-~·~-' ci~-~:;. k I.abora~o:r Mapu~l, 2nd Ed., 1989, 

cc:d Spring Harbor Laboratory) and used for the 

cc~s:.:-·.:.c:._f.o::'.1 o! transgenic mice using the pronuclei ·· 
I -

~- !~~e::ic~ meth~~ (Hogan e: al., Map~pulat~ng the Mpus~ 
-..~ -... -.... 
tz d • J. • c.;,... ... ;-,... .... ~. ?o',a'iuc.;, 1986, Ccld Spring Harbor 
: .::.·.-.-i.---cr··:., ..., __ - .• C:. - .} I • :t-!ice were screened for the HIV-1 protease -

€. ~ -=:t.e= Southern blot or Polymerase . Chain 
Mice .of the FVB/N strain 

!~E~e:= E: ~~., Proc. Natl. Acad. Sci. USA, 1991, 88, 

~CfS-2~~~, we:e used f~r the construction and breeding 
c: ~heE~ ~ransgenic .mice, and were originally obtained 

frc~ ~=· ~a:l Hansen (NIH) and bred in our facility. 
S-.;.:=.~~·..;E:·.:.!j', :he mice were purchased from Charles River 

La~~=a:c:y CPor~age, Ml). 
!d~~+~~i~a~ion of Transgenic Mice: Southern blot 

a:.~··.::·~ is (SarrJJrook et al. vide supra) was performed on 

!:.~:;.. ::.~:-:!ied from tail biopsies (Hogan et al. vide 
~~:::::-,•: ;;:::.1r,:: -;t,e 2.5 kb Hind I!I fragment from pC~V ~~~-

' -
::::.~ ;,,z- :_;.,.: ;-. .:-ot·e (32F labeled) . DNJI. for P(:R wa~ 
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C. 5 mg o! Proteinase K (Boehringer-Manheim GmbHf in· 

:cc µl of wate!r and 0.025% sos. PCR primers specific 

=== the mous~ c-fos qene and and the transgene•s SV40 

segment were ~sed as an internal control in some 
samples. Eacn PCR -reaction contained 1-2 µ1 of tail 
digest, 60 µg of each primer, 200 µM of ·Perkin Elmer 

Cetus d.ATP, dqTP, dGTP,TTP (buffered at pH 8.8) and up 
to 5 units of 1Perkin Elmer Cetus Ampli/Taq polymerase. 

~he reactions were run on a Perkin Elmer DNA Thermal 
i 0 0 

Cycler as follows: 1 min at 94 C, 3 min at 67 C (2 sec 
extension/cycle) for 35 cycles. The PCR products were 
analyzed by ge: electrophoresis (1\ agarose~O.S µg/ml of 

e:?-:..:.diur:-. bromide), and tail samples with a 625 PCR 
! 

!ragrne~t (SV40 specific) were considered positive for 
the tra~sgene. ~ice bearing the active HIV-1 protease 

I 
~=a~sgene wer~ also iden:ified by their cataract 

I 

p'.:"l.e::-.otype. Proger:y o! homozygous parent (s) were lOOli: 

p:s!:ive for the transgene and did not r$quire 

Sou~bern/ic~_~n~~~sis. 
I 

2C poc:ir; Rii:>;~mPn: Compounds to be tested were 

pulveriz~d _by manual grinding with mortar and pestle. 

J~s~ prior. .to dosing of mice, the compound was suspended 
i::-. C. 25~ rnethylcellulose/Tween BO solution, homoqeriized 
ir. a manual Dour.ce homoge.nizer and sonicated for 10 min 

2: ~=-- a s::~icating wat.er bath. The volume of suspension 

~aE adjusted 1so that the amount of compound required for 

dosing one mouse was 0 .1-0. 2 mL. In order to maintain 

the required ~g/k9 dose, an average mouse weight for 
each group w~s determined twice a week and the amount of 

30 compound adjusted accordingly. Intraperitoneal (ip) and 
oral (po) dosing was performed using 25 G 5/8 in. 

injection and 20 G 1-1/2 in. feeding needles, 

respectively_J The dosing was performed twice a day 

(t!d) and the doses were administered 6-B h a~art. Eyes 
35 c: co~trol a~d dosed animals were examined daily by up 

tc 2 ind!vid~a~s, a~d the day when cataracts became 

.. : ''"'. ····.~~.-... ~ . ::··-. ·.· 
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visible.to the naked eye was.recorded-as the 
experime~tal 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. 

Eye Hict-plog;.·: Eyes were dissected from euthanized 
I 

1~ rr.ice enc .!ixed with 10\ neutral buffered formalin. Eye 

-.. 

histology\ was per.formed at· the Experimental Pathology 
,_ La!:o::-atc::-.:.es (E?Z..), Inc., Sterling, VA. 

G·-~~ a;~~;·~·:~: Three lines of mice with the 

c,::.:.\·e IE~.;..) a:.:: tr.::-ee lines witb the mutant CBA*A*) 

~==~ c~ Etv-1 protease gene were established. The eyes 
-~ ~:=~ ~!:t the mutant gene appear identical to those 
c~ ~==~~: 1~ice <~ig. lA), but bilat~r~l cataracts 

- .... "' - - - '·-... :. s e- - { , y .:-·"•••'-' ... .i~- .- c..:>-• 

c! mice-with the active gene. 
detected even by an untrained 

This 

,....·-cc..-•·.::..-......... ____ .. -- I 
because: ~he inside"of cataract eye is opaque 

a:.:. v.-:-.:.:.-::/gra:z· in color CFig. lEl. Cataracts appear 
,_.. c-.'- · ........... \ -•• ~ ..... r"°'~ I ,. 

1. --··-- .. - ..... c. ... - ... a ...... qenic _ines. ! -
· ::.::-:- ·,.: ;c-=·"'c-.. d"'yelqpme")T: The time when 

I 

ca~ara:~ c~velops varies among the three transgenic 
2.ir:es bear::.n; ttie active HIV-1 protease gene (BAA, 
J:.pj:.€::-.:::.:..: ~i. Xice cf the Tg 61 line develop the 
~~e~::.r;~ trena~ally (dayl8 in utero). Mice of the 
:e~e:.~:~~ :w~ lines (Tg 62, and 72) develop the 
-~-":"; .... -:;,--:------- ... _..,.. t:~:n~~ally (at 2~-30 days). Amonq the mice 

~~ e~=~ :.~f!~it~a: line, the time difference in cataract 
o~~e-~;~~~: :~ iezs than one week. None cf the mic£ 
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9ene:ic evidence that cataracts develop only in 
transgenic mice with the active but not inactive form of 

F.IV-l protease we conclude this phenotype is caused by 
I 

the protease'$ enzymatic activity. 
Me~hod: 1 

A single homo~ygous 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 

10 of each litter (5-7) were dosed (ip or po) with test 

compound. When mice were 15 days old, dosing began in 
I 

two groups of' 5 mice each with ip injections of 100 

rng /kg /:s:::.. The. compound was administered ip to the mice 

ir. the firs: group until all had bilateral cataracts. 

15 Fer the second group, the compound was administered ip 

for 5 days only and fro~ day 20 via the po route until 

cataracts appeared. A third group {7 mice) was dosed 

ip star:ing o~ day 15 but with 400 mg/kg/bid. On day 

~:, whe~ no cataracts had yet developed in this last 

2C . group, three were removed from treatment, and the 

re~a~n~~; fo1r were dosed until day 52. All mice were 

observed dai~y fer cataract formation. 

!~e res~:~s for re~resentative compounds of the 

2:: j::::ese:-.: inve~:io:-. ir. the· above HlV-1 transgenic mouse 

mQde: are show~ ir. 7a~le G below. The results show that 

the represe~ta~ive compounds of the present invention 

effectively tnhibit HIV protease activity in vivo. 

30 Table G 

Ex. N;. , Dose /Rc•;te Mouse Cataract Delay ip 

Density Cotoroct 

'' cf cor.troll (relative tc 

cont.rel J 
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€0 mg/kg ip 

preg days 11-18 
85 mg/kg ip 

preg days 11-18; 
1'7-18 

15 mg/kg ip 
preg days 11-18 

5 mg/kg ip 
preg days 11-18 

80 mg/kg bid 
ip days 15-19/ 

-.:::~ davs 2C. & ff I • J 

50 mg/kg bid 
:~ days 15-20/ 

' . 
1 ~:: da:i•s 21 & ff i 

::~: mg/ks bid ip 
.:. ,. -~ .,; - ' .. - b ;' d . ...... ···=· .. , = ... ir ... 

r 

Tq 61 

Tq 61 

Tq 61 

Tq 61 

Tq72 

Tq 72 

Tg '72 

'I'q 72 

. .. ~ :"•. ~·· .'·. 

PCT /US94/0l'°' 

46.6 

20.6 

28.8 

39.8 

6 days 

3.6 days 

5 days 
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Dpsage And Formulotipo 

I 
The antiviral compounds of this invention can be 

I 

a~.ir.istered as treatment for retroviral infections by 
any means that produces contact of the active agent with 

. I 

the agent's site of .action, the retroviral protease, in 
the body of a1mammal. They can be administered by any 
conventional ~eans available for use in conjunction with 
pharmaceuticais, either as individual therapeutic agents 
or in a cornbi~ation of therapeutic agents. They can be 
administered alone, but generally administered with a 
pharmaceuticai carrier selected on the basis· of the 
chose~ rou:e c: adrr.i~is~ration and standard 
p~a=~aceutical prac:ice. 

~~ The corr.p~ur.ds of the present invention can be 
a:i."".' . .:..nist.ered ir. oral dosage forms as tablets, capsules 
(eact o: whict includes sustained release or timed 
release forrnu\la-:.ions), pills, powders, granules, 
e:.:..x.:..rs, tinct~res, suspensions, .syrups, and emulsions. 

2C ':': .. e cc!:'.p:>~nds; c~ the present invention may also be 
. . . . 

a=.::-. .:..::.: s:ered ;.:..r. ir:: ravenous (bolus or infusion), 
.:..:-.:ra:;:>er.:..:onea.:., subcutaneous, or intramuscular form, 
a:: us.:..ng dosa;e forms well known to those of ordinary 
sk.:..:: in the pharmaceu~iC::al arts. An.effective but 

2: no::.-:ox.:..c aw9ur.: c: the compound desired can be employed 
fer the ir.~.:..b:~io~ of H!V and the treatment of HIV 
infe=t io:-•. 

The dosage administered will, of course, vary 
depending upo~ known factors, such as the 

30 pharmacodyna~~c characteristics of the particular agent 
and its mode and route of administration; the age, 
health and weight of the recipient; the nature and 
eY.ter.t of the, symptoms; the kind of concurrent 
treatmer.t; the frequency of treatment; and the effect 

35 des.:red. 
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By 1way of general guidance, the daily oral dosage 
o: each :active 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 

5 of body ,weight per day, and most preferably between 
about 1.0 to 20 mg/kg/day. Intravenously, the most 
preferre'd doses may range from about 1 to about 10 

,mg/kg/mibute during ~ constant rate infusion. 
Advantageously, compounds of the present invention may 

10 be ad~ir.~stered in a single daily dose, or the total 
daily dosage may be administered in divided doses of 
twc, thr~e, or four times daily. 

The co~pounds for the present invention may also be 
ad~i~is~e:ed i~ in~ranasal form via topical use of 

15 s:.:.:-:a:::.:..e i::-:ranasal vehicles, or via transderrnal routes, 
\:.£:..:-.~ :.rkse: forrr.~ c! transderrnal skin patches wall know:. 
~c =~cs~ c~ ordinary skill in that art. To be 
a:i."7.:..:-.:..st

1
e=ed in the form of· a t.ransdermal delivery 

s~·s:e::., ,:!':..e: d:>sage administration will, of course, be I 
. . 2: c:~:~~~o~s =athe= than intermittant throughout the 

p ~te me:.hods cf the present inventi6n, the 
c:::·::-.:;.::.i.::-.=.~ hereir. ·described in deta.il can form the ac~ive I 
::. :-: :;;r~c::. e;f-.:., and are: _typically administered in admixture 

2~ ~::~ E~~;at:e pharmaceutical diluents, excipient~, o: ; 

~~==:~=r <=o:lectively referred to herein as carrier 
r.~:e:.:~:f 1 s~!:a~ly selected with respect to the 
~~te~j~~ fo:~ of administration, that is, oral tablets. 
~::.::~._:-.;:,1 e:.:.xizc, syrups and the like, and consistent I . 3C \\! :.:-. c.J~·~~f;::~icnal pharmaceutical practices. 

F:= :~~tance, for oral administration in the form 
~ - e -:a:::·:e: c:- capsu1e, the active drug component can be 
:::;:~:.:::.::-:-:: :=: wi ~r, an oral, non-toxic, pharmaceutically 
s::e~:a~~~. ine:-t carrier such as lactose, starct. 
~~~=:~~ ~:u:=~e. me~hyl cellulos~, ffiagnesi~rr ~tear~t~, 
- - .. -· - .••... I : ~: -~ : : :. ;.:. : E· , calci~rr: suJta:~c. rr.ar;n!r:·~. so~l":-.i4:.:~. i 
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and the like; I tor· oral administration in liquid forin, 
the oral druglcomponents can be combined with. any oral, 
non-toxic, ph~rmaceutically acceptable inert carrier 
such as ethanol, glycerol, water, and the like. 

' . 
5 Mor~over, whe~ desired or necessary, suitable binders, 

lubricants, dasintegratinq agents, and coloring agents 
can al.so be ipcorporated into the mixture. Suitable 
binders include starch, gelatin, natural sugars such as 
glucose or be~a-lactose, corn sweeteners, natural and 

10 synthetic gum~ such as acacia, tragacanth, or sodium 
alginate, carboxymethylcellulose, poiyethylene glycol, 
waxes, and the.like. Lubricants used in these dosage 
forms include; sodium oleate, sodium stearate, magnesium 
steara~e, so~ium benzoate, sodium acetate, sodium 

15 chlo~ide, and the like. Disinteqrators include, without 
limitatio.n, starch, methyl cellulose, agar, bentonite, 
xanthan gum, and the like. 

The compounds of the present invention·cari also be 
administerediin the form of liposome delivery systems, 

2C · such as small unilamellar vesicles, large unilamallar 
vesicles, and multilamellar vesicles. Liposomes can be 
formed Jrom ~ variety of phospholipids, such as · 

chcles~erol, stearylamine, or phosphatidylcholines. 

Compounds of the pr~sent invention may also be 
25 coupled with·' soluble polymers as targetable drug 

carriers .. S'1ch polymers can include 
polyvinylpyrtolidone, pyran copolymer, 
polyhydroxypropylmethacrylamide-phenol, 
_polyhydroxyethylaspartamidephenol, or polyethyleneoxide-

30 polylysine substituted with palmitoyl residues. 
I 

Furthermore, the compounds of the present invention may 
I 

be coupled tb a class of biodegradable polymers useful 

in achieving controlled release of a drug, for example, 

polylactic acid, polyqlycolic acid, copolymers of 
35 polylactic and polyglycolic acid, polyepsilon 

ca~rolactone~ polyhydroxy butyric acid, polyorthoesters, 
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pol~ace~als, polydihydropyrans, polycyanoacylates, and 
crossli~ked or amphipathic block copolymers of 

I 

hydrogels. 

Dosage forms (composi~ions suitable for 
5 ad.rr.ir.isttation contain from about 1 milligram to about 

100 milligrams of active ingredient per dosage unit.: In 
these pharmaceutical compositions the active ingredient 
will ordinarily be present in an amount of about 0.5-95% 
by weight based on the total weight of the composition. 

10 

~ :: ... -

The ac~ive ingredient can be administered orally in 
solid dosage forms, such as capsules, tablets, and 
powders, or in liquid dosage forms, such as elixirs, 

sy:-·.::r: s, anc s...:sper.sio:'ls. !t can also be administered 

l~quid.dosage forms. 
G~:a~i~ caps~les may contain the active ingredie~: 

&~~ F~~~s~e~ ca~:~e:s, sue~ as lactose, starch,cellulcs~ 
d~~~~a~iv~:, rnag~es:~~ ~~ea:a~e, s~earic acid, and the 

~ ... .,.... ~· .. --- _ ....... c.- d~~uen~s can be used to make compressed 
..... I 

t.E.!::.e~s a:-:id capsules can be manufactured 
,_ a! !~~:a~~~~ re:eas~ p:oduc~s ~o provide for continuc~s 

::-";.. ... ~.:::·: :: r..-:.-::::.ca·:: :..:. cv:::. a pe;::·iod of hours. 

==~;=~~s~¥ ~~tle:.s ca~ be sugar coated or film coated t.c 
~.::.:..:.·. c:.:-.~· -..:::-.::·leasar.:. t.aste and protect the tablet frorr. 

:~~ a:~:c;~s~~. c: e~:e:ic coate~ for selective 

• _ ~:!:~:~;=a:::~ !~ :he gas::ointes:inal tract. 

3: 

:.:.~..:~:: c::zE.=E !o:cs fc:!' orc.l adrr.inist.ration ca:-; 
---··::...: ... ,,..,... ............ .:. __ -... ··---·· --- ... ··-··-:::. 
- --Cf--= ...... -~ c---:-- ..... ··--· 

- -- -~..-.c ....... ::::: _ .... ~- .. ·----1 

c. •• _ .:!lavorir1g to ir.crease patient. 

a suitaL:e oil, saline, aqueous 

related sugar solutions and 
~:y=::: s~~~ as propylene glycol or polyethylene glycols 

a:~ ~~:=~t:c carriers for parenteral solutions. 
::,.,-...... : ....... '!:" !.z __ ... -,... ....... e,,..--: ad""1'n'c-..-,..-•1'0~ p'"eferabi .... ..-----······· ~-- i-'c.-.;; •. -.. .:::-. "'· i- ... a... •• • -Y 

. . ' 
. . .. - -.. ~. :. -: •·. : ~- .. :_ ... ~ <:-: s~·::. ::-: 
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bis~:fite, sodiuffi sulfite, or as6orbic acid, either 

alo~e or cor.bi~ed, are suitable stabilizing agents. 

A!sc used are citric acid and its salts and sodium EDTA. 

ln additio~, p~renteral solutions can contain 

5 preservatives,: such as benzalkonium chloride, methyl- or 

propyl-paraben·, and chlorobutanol. · 

Sui table pharmaceutical carriers· are described in 

Rerr.ingtor;' s P}~armaceutical Sciences, Mack Publishing 

Company, a st•ndard reference text in this field. 
; 

10 Usef~l pnarmaceutical dosage-forms for 

administration1 of the compounds of this invention can be 

illustrated as follows: 

Ca;&-sules 1 

I 

15 A large nu~ber of ur.it capsules are prepared by 

:i::in; s~anda=d two-piece hard gelatin capsules each 

~i~~ 100 ~!::igrams o: powdered active ingredient, 150 

~!!:igrams o: lactose, 50 milligra~s of 6~llulose, and 6 

~:::igra~s magnesiu~ stearate. 
I 

A rr.ixture of active ingredient in a digestable oil 

s..::::. as s·oybear. c!l, cottonseed oil or olive oil is 
.. 

prepared ar.d ir.jected by means of a ~ositive 

25 displace~e"t pu~F ir.to gelatin to form soft gelatin 

30 

I 

capsules cor.tai~ing 100 milligrams of the active 

ingredient. The capsules are washed and dried. 

Iablets 

A large number of tablets are· prepared by 

conventional ~rocedures so that the dosage unit was 100 
I 

ffiilligrams of active ingredient, 0.2 milligrams of 

colloidal silicon dioxide, 5 milligrams of magnesium 
I 

steara~e, 275 rr.illigra~s of microcrystalline cellulose, 
I 

35 l: ~!!ligram~ o! starct and 98.·a milligrams of lactose. 
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Appropria:.e coa:.ings may be applied to increase -

I . 
pala:.ab~lity or delay absorption. 

!p-iectab'le 
I 

5 A p,arenteral composition suitable for 

lG 

administration by injection is prepared by stirring 1.5\ 

by weight of active ~ngredient in 10\ by volume 
propylen~ glycol and water. The solution is made 
isotonic with sodium chloride and sterilized. 

i 

Suspensio=1: 

A!1 aque::n.:s suspension is prepared for oral 
a~~!~!s~ia~io~ so that eact 5 rnL contain 100 mg of 
: i:::-:e: ~· c.:. ·.·ided act. i ve ingredient, 200 mg of sodium 
ca:b:x~~~~~y: ce::~lose, 5 mg c! sodium benzoate, 1.0 g 
:: r:::t:..:I~:: s;::.·.:.: . .:.::-., t:.S.F., a:ld O.C25 mL of vanillin. 

::-.~ 1C;j::,:po~::::s c: formula (l) of the present 
::.:-.·:~:-.::..:::.:-. r::.=.~· be a::::i".!.::!s:.ere::i in combination with a 

.:::·: ::;:.:. ::-.-:::a::~·.:::..~ c.;-e:nt., such as a second HIV 

: : .~. :...: ; · •. : ,· ;, ;:~:-: :. -:- c:.r.e:::- t.i.e=a:peutic agent fo:: 
:::e~:~e~: 1 cf E:~ associa~ed disease conditions. The 
:::::"." . .:::::·.::-.=. ~= :fcrr.:.:.:a (l) and such second therapeutic 
-...,.--- --· '· ... _,..:_.:_:C' .. -~~ l h . " c.-:o:.: .. _ ... .: .. 

1
..r::o:: c: ....... _ •• _ ... -~ •. - .. separate y or as a p ysica .. 

--····--- .. --.. - ... ~ .. .. -··--····---·· -·· 
••"::""'"'a - ,.. ':.'" 
.. _____ _ 

' 

a sir.g:e; dosage uni~, in any dosage for::-, 
=::;,·.;-ro;..f. 0: adrr.ir.istration, as described 

a:;: \'t . ::-~-::- co~.p:.:.:.:--~d of. f c;:>rmula (I_) may be formulated 

:~~~:he= ~~:~ the second therapeutic agent in a single 
~= s:: :.; ·: ~=-:.: (".:.!'1.c: !.; , corrJ:.;ined toqether in one capsule, 

I 

:a.:..:.!'::, r:::.,.·::e:::, c= l~quid, etc.). When the compound of 

( ::) a:-.::i second therapeutic agent are not 
:::=~~:a:~~ :.oge:.h~= in a single dosage unit, the 
c:;1;~ :·-.;:.c si: !c=::-:.1..: la ( ! ) and the second therapeutic agen:. .. \ 

ez~en~ially at the same time, c: i:-

·;. ... the compound o: 

This Sheet Has Been Replaced 
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second agent. When not administered at_ the same time, 

pre!erably the administration of the. compound of formula 

(!} and the second therapeutic agent occurs less than 

about one hour apart, more preferably less than about 5 
I 

5 to 30 minutes; apart. 

The present invention also includes pharmaceutical 

kits useful, jfor example, for the treatment of HIV 

infection, which comprise one or more containers 

10 containing a pharmaceutical composition comprising a 

therapeutically effective amount of a compound of 
I . 

formula !. ~uch kits may further include, if desired, 

one or more. ·tjf various conventional pharmaceutical kit 

components, such.as, for example, containers with one or 

15 more pharmaceutically acce~table carriers, additional 

co~tainers, etc., as will be readily apparent to those 

skilled in the art. Printed instructions, either as 

inserts or as labels, indicating quantities of the 
' . . . . .· . -

components td.be administered, guidelines for 

2C - a=.-.ir.istratic:b, anci/or gui.delines for mixing the 

corr.pQ~ents, ~ay also be included in the kit. 

Ir. the ;rese~t disclosure it should be understood 

tha~ the specified materials and conditions are 

irr.p=rta~t in practicing the invention but that 

2:.. unspecified tta:terials and conditions are not excluded so 
I 

long as they do not prevent the benefits of the 

invention froffi being realized. 

The Tables below provide representative compounds 

30 of formula (f) of the present invention. Specifically 

incorporated!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 

compounds 1

1
of the present invention. 

5 Example 9~ 

10 

.A solution of Example 90 (50 mg, 0.066 mmol) in 

methanol (2 ml) was treated with sodium borohydride (25 
I 

mg, 0.66 mmol). After the reactions was completed, the 

rr.~xture was washed with hydrochl~ric acid (2N), water and 

dried with 1, magnesium sulfate. Concentration gave a 

residue which was purifi~d to give a good yield of the 
desi=ed p:::oouct: !'.S 629.2015 for C31H3sN20rBr; lH NMP. 

(C~30~); S~.,2-7.01 (rn, 18H), 4.79-4.60 (rn, 3H), 3.65-

:::2 <::-., ~~>. ::.os-2.10 <m, ~a>·, l.40-l.37 cm, 3H>; 
,;..=~!::-::. <:r:i3::i: ·o 1c:.13, 148.11, 142.oa, 141.19, 

:~:..~~, 122.6~, !~l.75, 131.45, 130.61, 129.62, 129.57, 

:::.=.:s, :::.9 .. 1s, 127.€1, 127.49, 121.11, 126.os, 123.46, 
' 

::.:-~. -:::.92, '7C...5;, 68.20,6.27, 57.12, 57.04, 53.68, 

- -c-.: ... '""' - ~ . . - --~·-- .... according. to the general alkylation and 

d:r~::c:~i:j pr6cedures (see Procedure 5) MS: 603.2163 
(~-~-., 1C~~0; H~ Mass Spec: 603.2163 for C35H37N203Cl2 
(!-:-::,; :E:~:-::::-~ (C:3:>:;) bi.3S,-7.02 (m, lBH), 4.68 

(c,J=:.~.3 Hz, 2i-;), 4.55 (S, 4H), 3.65-3.59 (rr.,4H), 3.09-

:::.:.; \:;., 2!::)., 3.00 (d,J•l4.3 H2, ·2H), 2.93-2.84 (m, 2H), 

~: :.3.F.:~!·::: <::.30~, ppm): 162.26, 139.74, 138.47, 138.16, 

: 2 ? . ~ ~- t 12 9 • i £ t 12 s • e 2 f 12 8 • 4 8 t 12 8 • 0 9 t 12 7 • 3 8 I 12 5 • 9 7 I 

JC.~ .. ~ e:.:44 !,5.€9, ~5.19, 32.20. 

B Replaced 

. Th\\\\~\ i\\1\ \~\ \\\ \\\\ 



·.·-- --.--.7-----;-=:-:-.~--,---:-·--=:--~:.------,-::.· ---.... -.. ~-· ' . ,. ' . •: • ._... ". -...~- ,. 
• -• ,. ••••· -· -··•· •' •• ..,., ··~•·• • • • ••·• • •r •·• •••• •• ··••- • • • • 

WO 94/19329 PCTIUS94/01609 

• ·. -219-
A soluti6n of Example 95 (100 mg., O.i66 mmol) in 

t~~rahydrofurJn Cl ml) was treated with methyl amine 

(40~ in H20, l ml) and the resulting solution was 

stirred at room temperature overnight. After the 

5. solution was <honcentrate'd on a rotary evaporator, the 
I . 

residue was o~tained and was purified on Prep. T.L.C. to 

give a good yield of a neutral product which was 
! 

acidified wit~ 4M HCl in ether to give the desired 

product. MS: 593 CM+P.+, 100%); HRMS: 593.2483 for 
10 C37H45N403; lH NMR CCD30D) S 7.38-7.07 (m, 18H), 4.69 

I 

(d, Jcl4.3 Hz,2H), 3.93 (S,-4H), 3.66-3.64 (m, 4H), 
I . 

3.0S--3.02 (rr., 4P.), 2.90-2.81 (rr., 2H}, 2.52.(S, 6H); 

13cN~R (CD3::, ppm) 163.75,141.30, 140.85~ 139.58, 

13:'.:.7C, 130.6~, 129.79, 129.51, 129;32, 128.85, 127.41, 

15 7:.91, €7.55, 57.22, 5€.21, 35.50, 33.63. 

Tc a suspe~sion cf NaH (240 mg, 60\ in mineral oil, 

2: E rrM'":",cl) ir. Dt-tl°. (4rr.!.) was added MEM-protected Example llN 

<ES-~ r.ig" 0.9Ellt'.:r.:>::.),· and 3-chloromethylpyridine (492 

2S· 

30 

mg., 3 _rrJnol); and the ·resulting mixture was stirred at 

rooi.. temperat\lre overnight. After the reaction mixture 

was filtered thro~gh Buchner funnel, the filtrate_was 

treated with ~Y. P.:l in dioxaneC15 ml) for 16 hours and 

the~ was ne~~ralized with sa~. NaHC03, to pH=7. After 

oe~eral wcrku~, the resulting crude was purified on 
... t 

T.L.C. plate using ethyl acetate to give the product in 

a good· yield . 1 

MS: 538 (M+H+, 100%); HRMS 538. 2693 for 

C33H3604N3 13c NMR (CD30D) ppml63.67, 151.07, 149.16, 
I 

1"1.11, 139.33, 135.91, 130.59, 130.51, 130.48, 129.62, 

128.53, 138.24, 127.51, 127.47, 135.28, 71.96. 71.80, 

68.66, 66.98, 64.81, 56.71, 55.10, 33.73, 33.66. 

This Sheet Has Been Replaced 
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To .a solution of Example 9S (100 mg, 0.166 mmol) in 

DMF (2 rn'l> was added K2C03 (138 mg, 1.0 mmol) and 
I 

diethyl.amine hydrochloride (80 mg, 1.0 mmol) and the 

resulting mixture was stirred for 24 hrs. The mixture 
5 was dilu~ed with EtOAc and washed with water. After the 

organic layer was dried over M9S04, the solution was 

concentrated under vacuum to give 70 mg. of the product. 
MS: 677 lo-i+H, 100%);. HRMS: 677. 4444 for C43H57N403; la 

NMR(CDCl3): ~ 7.26-6.96 (m, 18H), 4.84 (d,J•l4.3 Hz, 

10 2H), 3.50-3.46 (m, 4H), 3.35 (S, 4H), 2.97-2.78 (m, 6H), 

2.36 (q, 1J=6.9 Hz, 4H), 0.90 (t, J•6.9 Hz, 6H), 13c NMR 

cco:13,> liie:?..98, 139.52, 138.52, 138.-17, 129.99, 

. ::. 

::.2S.4€, :2&.~€, 12&.25, 128.84, 127.84; 126.30, 71.09, 

c.;.:-:~, :e.;t, s:.:,,, 46.JJ2, 32.62, i1.31 . 

:~e :expc:irnen~al procedure is similar as 

:;:-:-e;a:-::.:..:..c.;-. c: !>:ample 15Y.F. MS: 667. (MtH, 100%); 
'. - " - t ·• - . - - • ' & ,.. H • 0 13,.. n..n (CD OD ) ::.:--· • .: .: .. ~ · . .: . .:.::::., _ _ :;= '-41 •43N6 3; ... N.·J"· 3 , ppm : 

.·;.:.:~. ~~:.:-:-, :~:.2:, 138.82, 130.62, 130.26, 129.70, 

::.:- . .:£, :2-:.e:. :27 . .:s, 71.93, 67.37·, 57.11, si.36, 
~::..-:=.; !~ r;z-:?. c::>30D): B 7.69, (s, 2H), 7.35-6.92 (m, 

.:::::;, :.:.~ :s-~ ~:::: 4.€2 (d,J=l4.3 Hz, 2H), 3.52-3.50 

\ ~: • ~ ::. I ; • : ~ -: • "j ( (r.-., 6H) . 
I 

.... .?.·,s::-..::.ieir. cf HEM-protected Example 4P (366 m;, 

' - - --
1 ~ r-··r c-i:. L) t 78°C d 0 'se addea· •• ::. __ ,

1

_::.;.r.- .:. ... ma - was rpwi 

t;:-.:::.:.. (:.: ?·:, 2.59 m:, 4.4 mmol}, and the resulting 

~:.:...::.:.::-. w.}aE a:.:owed to warm to room temperature. The 

~~~:~~~ ~as di:uted with ether washed with saturated 
····.:,--· ...,,:: ___ , c: ......... ~ ever g ~· •·:..· ' ,.. . ·- -\"".. - ... " d.,.. ~ c d M SO After concentrate~ 

-; ·- :· :.. :. ._ ·. ~ 

. :· ~ •.. -. 
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give a good ~ield of the product; MS: 675.5 (M+H), 
lOO'i:); H~S: 1 675.3805 for C43H51N205; lH NMR (CDCl3): 8 
7.56-7.54 <nt, 2H), 7.43 (s,2H), 7.33-7.25 (s,lOH), 7.08-

7. 06 (rr,, 4H),, 4. 88 (d, J•l4. 3 Hz, 2H, 3. 64-3. 53 (m, 4H), 
5 3. 09-2. 67 trrt,. 6H), 1.29 (s, l8H); 13c NMR (CDCl3): & 

10 

i • .. 

209.2~, i61.:s1, 139.35, 

128.70, 128~36, 126.96, 

44 .21, 32. 891, 

Example lSXI[ 

I 

27.94. 

139.05, 138.23, 131.66, 129.43, 

126.62, 71.58, 64.76, 55.80, 

To a solutiqn of trifluoromethyl trimethylsilane 
c3:2 rng. 2.2 ~.!i'lo:), in THF <3 ml) in an ice-water bath 

was added a· solution of HEM-protected Example 5V (400 

i: rng, 0.55 IM\Ol.} in THF (2 mL); and then to the resulting 

sol~tio~ was[ added tetrabutylainmonium fluoride catalyst 

CTB~..!, 3 rng,' 0.0~1 rrimol. After the reaction mixture was 

sti:red at o6c for ~C min., the cooling bath was removed 

a~C ~he reac~io~ rr.ixt~~e was brought to room temperature 
2~ a~d was continued for ari additional hour. The reaction 

I 

r:-. .:..:>:-;..:re was the:-. treated with 4M HCl in dioxane (5 mL) 

overnigh~. ~eneral workup and purificaiion on TLC pla~e 
..... .:..-:.h 205t. EtOAc in CH2Cl2 to. furnish a quantitative yield 

c: Exa:iople 15X:: .~s: 703· (M+H, 100%); HP.MS: 703.2611 for 
25 C37F.371'205F6; 13c NM .. ~ (CDCl3, ppm) 162.40, 139. 70, 

136.C2, 135.7€, 129.61, 129.18, 128.30, 128.14, 126.74, 
I 

126.56, 12E.b3, 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 

. H2) ; lH NMR ~CDCl3) : S 7. 83-7. 04 (m, 18H} , 5. 01-4 •. 98 (m, 

30 2P.), 4.72 (d,J=l4.2 Hz, 2H), 3.67-3.58 (m, 4H), 3.09-

2.92 (m, 6H). 

Example lSXJ' 

35 Tc a solutio~ of N-SE~ protected irnidazole (552 

r..;., 2.7E r.~-:-.::l ... 'TH: ClO :r.-.1) at -78°C was added n-Buli 
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( l. 6~, 2 .. 5 mL, 4 rrunol) dropwise ·and the resulting 
solution! was allowed to warm to -20°C over one hour. 
After a solution of MEM-protected SV(SlO mg., 0.697 

nunol) in THF (10 mL) was added, the reaction mixture was 

5 allowed ~o warm to room·temperature and was stirred for 
an additional hour. Workup by general procedure and 
purifica~ion on T.L.C. plate with 50\ ether in CH2Cl2 

gave an oily intermediate (160 mg., 21.3\ of yield), 
which was deprotected with 4M HCl in dioxane to give the 

10 product in good yield: MS: 695 (M+H, 100%); HRMS: 

695.2977'for C41H39NG05, 13c NMR (CD30D, ppm): 1~3.16, 

1E·LC7, 1(€.2i, 141.34, 139.59, 137.92, 135.08, 133.06, 

:::.:>.:."70, i3:..53, 120.74, 120.57, 127.45, 71.92, 66.93, 
5~·.;2, 2~.72; ln NI·=?. (CD30D): 0 8.50 (s, 2H), 8.29-8.27 

..::. 

( - ~::.; • I.., €" "7 2" 8 
•. I ' •• ' I ' ' • - - • • • ( :1". , 1 H ) , .; . 9~ (d, .J=l4. 3 Hz, 2H), 

.: • ;;-.:,. -:-: (;;., 41-l.i I 3 • .2U-3 '09 (r.., 6H) . 
I 

;._ ~=-:.·.:·.::~.::-: :: E>:a:":".:;::.-:e 15x:: i~ MeO!i was acidi!ied 

· .. ;.:..:..;. ~:'.. :~::.:.. :..:. ci:;.:~r,-:: "tC <:ive t.he p:-oduct.: lE NMR 

c:::;.::;: if> B.5·& (d,J=1..l Hz, 2H), 8.~2 (dd,J,==l.l Hz, 

~=~.~: :-;.:, ~E), 7.78 Cbs, ·.lH), .7.30-7.00 (m, 12H), 6.78 
I 

iC.,~-:=f.~ r::.., 2.r.), ~.€1 (ci,J=l~.2 Hz, lP.), 4.32 (dd, 
><::-.e:-::., ,:-::-:4.2Ez., 2H), .;,Q3-3.S9 (m, lH), 3.71-3.62 

1:-.,_4::~, .'.:.21 (0::,J=:3.2Hz, lli), 3.C2-2.90 (Jr., 4F.), 

;.-:;.-2.t:c (:-:., lr.,, :3c NMR. (CD30D, ppm) 163.80, 148.66, 
I 

:.;3.7:, ~J2 . .!2, 141.38, 140.eS, 140.44, 137.SS, 130.46, 

::..::~.~:, :1.:::..54, 12E.(3, 128.20, 127.66, 127.53, 71.54, 

..,:.E~, 6~-~:, t7.56, 64.67, :16.€7, 54.02, 34.36, 33.05. 

- 1:::,. ~-- i....···-

·- - -· . ~ : :. . .. i: : - ,... - ,... !..: - .... - .. ~ •.• 
• .:. ~ . '" •, ~ •. "'' . : I 

~-;.; '. ·.·:· ... ~ . - . . . 

t: 

... 
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l8H), 4.62 (d,J=l.3 Hz, 2H), 4.65 (d,Jsl3.9 Hz, 2H), 
~ .37 (s, 2H), 3.31-3.30 (m, 4H); 3.08-3.04 (m, 2H), 3.98 
(d,J=l3.9 Hz~ 2H), 2.89-2.84 (m, 2H). 

5 Example 15~ 

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 Cll.7M in hexane, 2.64 mL, 4.5 mmol) and the 

10 resulting solution was stirred for another 30 mins. The 
N,N-dimethyl trifluoroacetamide (560 mg., 4 mmol) was 
added and the bixture was stirred for 2.5 hours. The 
~ix-:~re.was diluied wi~h ether and acidified with 2N HCl 
tc pH=:. The ether la~er was neutralized and washed 

l5 wi-:h wa~er, b~ine, and dried over MgS04. The solution 

was concen~rated to give a residue which was purified on 
silica ·gel colu~n with ~~adient solvents {0-20% ethyl 
a::e:a:e ir, CE21c12) ·· tc give an· oily intermediate (350 

!he ci: was dissolved in CH2Cl2 (5 ml) and was 

-:rea:ed wi:h '~ H:: in dioxane overnight. General 
w~rk~p a~d p~rification on Prep. T.L.C. plate with 40~ 
E~~A:: i~ CH2C:2 gave the the product (300 mg) in 40.2% 
yie:d. ?-:.S: €99 . .; (M~E, 100%); HR?-:S: ~99.2286 for 

2:. c:';'H331~2osFt:: · lr. N!·!F. <CD3cb:D3): S 7. 97 (bs, _4H), 7. 73-

7. :s <rr~, 4H}, 7.l~-6.96 ·(rn, lOH), 4.-75 (d,J•l3.9 Hz, 

2F.), 3.72-3.€3, (rr,, 4f.J, 3.32 (d,J•14.3 Hz, 2H), 3.lB-
3 .13 (rr., 2H)' 2. 95-2. 79 (rr.,' 4H); 19rNMR (CD3COCD3): 6 
72.54; l3c NMR (CD3COCD3) 180.63 (q,J•34.3 Hz), 162.39, 

30 1,1.27, 141.06, 137.90, 131.60, 130.43, 130.35, 130.23, 
I 

35 

129.73, 129.161
, 127.05, 117.62 (q,J=291.4 Hz), 71.83, 

I 
I 

67.40, 5€.55, 33.59. 

Example l 5X~: 

-"":"·· -··;·~·.-·· ... :·~·-:-:·". ·.:·; 
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To a solution of MEM-protected 4P {750 mg, 1.02 

mmol) in T~f (20 m:) was added ethyl magnesium bromide 
(2~ in Et2b, 4 rri) and the resulting mixture was allowed 

to reflux for 2 hours. After removing all solvents on 

5 rotary evaporator, the resulting residue was dissolved 

in MeOH (15 mL) and was treated with 4M HCl in dioxane 
' 

overnight. After 9ene:a1 workup and purification on 
T.L.C. pla~e with 40% EtOAc in CH2Cl2. Example lSXN was 

obtained (600 mg) in 95.2\ yield. MS: 636 (M+N H4, 
I 

10 100\}; HR.~S: 619.3181 for C39H43N205; la NMR (CDCl3): ~ 

7.77-7.71 t'rn, 4H), 7.39-7.22 (m, lOH), 7.06-7.03 (m, 
I 

'lP.), 4.E.3 ('c!,J=:~.3 Hz, 2H), 3.75 (bs,2H) 3.64-3.60 

(rr.,2f.l, .3.5~ (!:, 2f.), 3.14 (d,J=l4.31 Hz, 2H), 3.10 

(~,.::=::::..E f.~, 2El, 2.95-2.86 (rr., 2H), 2.87 (q,J=7.3 Hz, 
,. ~ \ ~ , -:. ,_ ., ___ -: i.: 6''> · 13,-. N ..... - <coc1 l 200 ec-., . . . , .... ' ·· ... , ... - . . - •• z , n , ... •·Jr-. :; , pprr. . ~ • 
.. ~ c ... .. ... ,.. ... ,,,.. 
... : ..... c..:., • .... ~~ .. .:.-=., 13£.72, 

• - "I 0 r ... .:.. ,· . ~, 

": ":.· - ,,,.. ..... -,. ' ,.. ,, __ ,.-..,, --·''-' .... v'::r. 

~~·:2..::.-; ~-= -~ :·.·.·· 

I 

13€.S2, 1.33. 7C, l2S.3l, 128. 75, 

126.5t:, 71.28, 65.28, 55.84, 

:~~ e~~e:i~e~~a: procedure cf Note 5, Table 2D wai 
:::.:.::.v:e:.: ?·!~: £..;;:. o.:;..;.r.+, lOO!i:); lH Ni--.iR (CD30D): S 7.62-

-:.:: <:-,_:;;,:,.;,if (c, .. ."'=:3 .. 9P.z 2E), 3.63-3.60 (m, 4E), . , 
- • • r. , · .I .,... · .... ,.._ ( · J ~ - 9 '-" 2H) 2 78 ( ,. 7 -... • • ..;. •· - .t. • ~ - { ':' It •: ..... ; / L . :'° I 0 r = .t.. .! , •• = r I " Q' ~ = • ' 

I 

}-.:., ~:-:, :.:.< (:.,.::=:.-, r.z, 6H); 13c Nl>"..P.(CD30:, ppm) 
I . 

:c .~:, :.:::.9:., :.29.il, 138~00, 136.45, 129.31, 129.17, 

:2::.:::. :2~.2:, l2ce:, 12£.02. 12s.09, 70.53, 65.63, 
-- .. -

I .., - • •• ' I 

.. :- ·.'. - ..... ·~-

.... €-..... = • I I s.ee . 

:~ . .:: $.::·..:~:.o::: c: fv'..EM-pI·otected-m-iodobenzy1 cycli~ 

·. '. ~ -=: ... 
I • • 

. . : .. - -: .... '...:. ........ 

:.; .. __ ' .. ~ ·. ~ :: 
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Sulfur dioxi~e gas was in~roduced into the basic 
solution at the same temperature for 15 mins. l'he 
mixture was allowed to warm to R.T. over 2 hours and 
then was cooied to -78°C again. Sulfuryl chloride 

. I 

5 (0.729., 5.35 mmo~) was added and the resulting mixture 
was allowed to warm to R.T. and stirred overnight. 
After all volatile reagents and solvents were ~emoved 
under vacuum,\ the rt=sidue was dissolved in THF (10 mL) 

at. -60°C and 'was treated with excess ammonia gas for 10 
10 minutes. Th~ final mixture ~as diluted with EtOAc and 

washed with water, brine and dried over anhydrous MgS04 
followed by filtration. The solvents were removed on a 
rotary evaco~a~cr and the residue was deprotected by • I 

general proc~dure .. Finally, the crude w~s purified on 
15 T.L.C. pla~e and further purified on HPLC to give the 

desired produc: ir. moderated yield. MS: 682 (M+NH~, .. I . 
105<:); HR!-:S: 6/€5.2103 for C33H37N407S2; l3c NMR (CD3CCD3, 

~ 

pp:i.) 162.33, 145.25, 141.16,-140.81, 133.59, 130.38, . I . . 

::.29.86, 129.2_1, 127.77, 126.95, 125.85, 71.87, 67.52, 
2:; .. 5€.78, 33.5€; lH N:t-IB CCD30D): & 0:19-7.32 (m, 18H), 5.06 

(d,=14.3 Ez, '2E), 4.06-3.95 Cm, 4H), 3.49-3.16 Cm, 6H) 
I 
I 

Exa:r.J:le l5X?. 

25 Tte experirneri:al procedure in Note 5 of Table 2d 
was fo:lowed.! KS: 745 (M+le, 100%); H~S: 729.2500 for 
C37E35N405?\e;; lH NMR (CD30D): & 7.47-7.39 (m, 6H), 7.29-
7.24 (m, SH), 7.06-7.03 Cm, 4H), 4.71 (d,J•l3.9 Hz, 2H), 
~.66 (5, 2H), 3.62 (d,J-11.7 H~, 2H), 3.08 (d,J•l2_.s Hz, 

30 2H), 2.98 (d,'J'•l4.2 Hz, 2H), 2.95-2.89 Cm, 2H}, 13c NMR 
(CD30:>, ppm) !163.87, 141.26, 139.71, 132.08, 131.04, 

35 

130.64, 1°29.75, 129.!:6, 128.95, 128.92, 127.45, 122.51 
(q,Jc273.l Hz), 72.02, 67.42, 57.02, 33.67; 19F 

NMR(CD30D) 67.75. 
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The experimental procedure of Note 5, Table 2D was followed. The obtained product was further purified on chiral~HPLC to ;ive the product: MS: 621 (M+H+, 100%); 5 lH NMR'[CDCl3+CD30D(l:l)J: 67.26-6.76 (rn, 18H), 4.47 
I 

(d,J•14.3 Hz, 2H), 3.24-3.03 (m, 4H), 2.76-2.56 (m, 6H,) 1.86 (s, 6H); 13c NMR [CDCl3+CD30D(l:l), ppm] 163.28, 155.5€,' 140.48, 138.78, 138.18, 130.34, 130.09, 129.22, 129.12,
1 

127.62, 127.04, 125.84, 71.45, 66.00, 56.42, lC 33.15, ~2.25; 

Example 15YG 

'!'c a s:. ~rreC. rr.ix-:..".Jre cf cyclic urea Example SI { 300rng, C.5€ m.rr.:.i:i ant a::~:r·d.rous cesium carbonate (912 mg, 2.e ~:~:) .::.~ ~~oxane, ~r~e base of N-(2-chloroethyl) rr.::-:-::::.:.:.:.r,~ !2.:.;-, :£.e mmc·l> we.~ added (prepared by c.::.::sc:.·.-.::.r.; 3.19 c! trje hyd:-ochloricie in 5 mL of water a~~ 5 ~: c! sa~'~.Na5C~3 , extracting with 100 mL o! ..:. . H~;:a:.i:', :l=~·!r.g over V.g.S~,, a!'ld. concentrating> C'!'hc-::npsc:-.: • ·- ·.=.: . :· \ !·:'=::.. ::::r.e:: ... .:992, 3:, 1696) and heated up t.c.. E:~:: :·:~ 
1
2. 

• - I ,... - ---- .- --· -··- -- -- --1·. 
-·p·,..---~---
.......... _______ ... 

dayE. :~~ ~!xtur~ was filtered, rinsed wi~~ 
or. silica gel (1:5 Methanol : 

9~v~ 3~S ~g (19~) p~re product. ~. P . . :: ::~ ::.:-::- ::. ::. 7f.5(Y.:·<., 100~.i. 

ir..-~~ .:..:-.:.-:;=:i-;::.:.c.:e was .prepc.re:d by alkylating the 3·: a?:::rc:;;=~::~oe rno:-1oalkylated compound with rn-cyanobenzyl cl"~:-::-id-=.. · l.itb.iurr. aluminum hydride (158 mg, 4.18 mmo!) ¥;"~" ao=!::: 1:.0 l·.lC2 3 <180 m;, 1.39 m-nc.~) in ether at ooc. :: . .;.; :: . .:.;.:::.:r\f~ i.;a~ wc.irmed up t.o RT and stirred for 15 rr.in .. 

-,. ... - ... - - - . , 
: r.-.:. ··- . 
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5~ NaOE and washed with H2o, sat '·d NciCl and dried over 

I 

Mgs:,. Following the same hydrolysis· procedure, the 

product was isolated (70 mg) in 10% yield. M. P. 132-
, 

1340(;, ~.S. 56;6 (M+l, 100%). 

Example l5YI 

I 

To the mixture o! 1 mL of DMF and 4 mL CH2Cl2 , oxalyl 

chloride (0.72 m~, 2~ in CH2cl2> was added dropwise at 

10 -2ooc under N~. After 20 min, . 500 .mg (0. 65 mmol) of 

bis(N-m-benzoic acid) cyclic urea Example 6A (Table 2c) 

and 0.14 rn: C2 m.~cl} of N-methyl~morpholine were added. 

Th~ mixture was stirred at -2ooc for 20 min. ·N­

methylhy,d.r;oxylarr.ine hydrochloride (21 i mg, 4 mmol) and 

15 ar. additional. 0. 56 tr.L (8 mmol) of N-methylmorpholine 

were added. The ~eaction mixture was diluted with ethyl 
a=e~ate, washed w:tr. cold St HCl, sat'd NaHC03, H20, 

I 

t=:~e a~d purt!ied o~ silica gel (1:95 Methanol : 

cr . .::.c:-c:orrr.; . fcllov:ing the same hydrolysis procedure, 

2: t~e Fred~:~ cs: mg) wa5 isolated in 20\ yield. M. P. 

25 

30 

I 

rsi~g a~ a~a~og~~s procedure to that reported by Paul 

u~angst, et a!. Cin J. Med. Chem. 1992, 35, 3691-3698) 
the title compound can be prepared fro~ the 

hydroxyamidine. To a stirred solution of hydroxyamidine 
I 

analog (150 1f9' 0.19 mmol) containing triethylamine 

(0.13 mL, o.95 mmol), ethyl chloroformate in 10 mL 

chloroform was added dropwise at ooc. The mixture was 

stirred at 

( _:.;. 

RT for 2h and washed with water, brine and 
M~S84 • The residue was purified on silica gel 

acetate: methylene chl"oride) .· The product 

(-~~ ~;, 7f~, yield! was isolated as ester intermediate. 

·-··.. ··-. ···=-.-~.·.:.':'·"·• 
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Tc the above .. ester intermediate, toluene was added 

·, 
a~d the solution was heated up to llOoc for 48h. The 

sclver.t w~s removed on rotary evaporator. Following the 

same hydrolysis procedure. The product(45 mg) was 

5 isolated ~n 35' yield. M. P. 223-224oc (decornp.). 

Example 15/YF 

I 
lC A solutio~\of bis(N-m-benzaldehyde) cyclic urea Example 

5\' (Table 2c} (120 mg, 0.21 mrnol) containing small amount 
I 

c! 3J.. n.c.:e::l.:.:a= sieves was treated with toluenesulfonyl-
~y~:az!d€ d:op~ise a: ooc under N2 . The mixture was 

s:!==ed a: f~ fer overnight. The solvent was removed on 
; 

==:a=~. e~a~o=a:~= ar.d puri~ied on silica gel (1:4 ethyl 
~=e:a:~ : cie:.ty~ene ctlorid~) to give 92 mg (52%) pure 

......... . . . 

'::: c =-i--·.;:.:..c:-. c: N-S£!·~-irr.idazole (396 mg, 2 mrnol) 

::·: ;:-.:.,i c;:. -";E o::: o.:as added n-BuLi (5 mrnol, 3.1 

. ~ :-:-.: :-.·:·.:.:, .l.:::. : ::. :.:.:..s we.::. adde=::l a solutio~ o: ::in::: 

:.::-.:::::::.-::. i.;,~:; ;;-;, ~ r..rnvl) ir• TE~ C5 rnL}. Afte:- the 

=~:~:=~~~·!=~~:i~~ was allowed to warm to room 
. I 

:.ie:-.?~: ~: ·.,;.::--= ~ a s;:,l ;.;:.ion of rn-iodobenzyl cyclic urea (4 6€ 
::·;, ~.~ ::-~-:--:.:1 i:. Tl-:F C2 rr.L) anc! Pd(PPt!3)4 (7? mg, 0.07 

~::~ r.--"7::.: ~ w.:~ =s atide:i ur!der nitrogen and resultant mixture 

Work-up and 
\ 

de;:::::e=~~~~.~Y general procedure, followed by 
;~=~~:~~=:..o~ c~ 7~: plate wit~ 50' EtOAc in CH2Cl2 gave 
E~!~~-~ :5Y?. aE a s~:!~. lH NM~ (CD3C~l B 7.?,-7,09 <~. 

•::I : ;: ,' ' -~ • £ ~ ( ~ I ·~· -· 

............ :._ -··. ~.-if-2.(9 (r. ·:.:· 

. . ...... 
.... "- ! 

~ ,. -- .. , . 

..... 
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Hz, 2H), 3.16-3.C3 (m, 4H), 2.96-2.88 (m, 2H), 0.90 (t, 

J = 8.0 H:.:, 2E), 0 00 (s, 9H); 13c NMR (CD30D): ppm 
I 

164.9:!., 150.7~, 143.28, 142.52, 142.43, 141.37, 141.ll, 

139.14, 135.0~, 135.06, 134.43, 134.33, 133.13, 132.84, 

5 132.72, 132.34, 131.9€, 131.38, 131. 35, 131.22, 131.03, 

10 

128.84, 128.80, 124.79, 130.94, 130.91, 130.84, 129.79, 
I 96.36, 77.82, 73.27, 73.24, 69.49, 68.97, 68.84, 58.54, 
I 

58.32, 35.16, 34.91, 19.94, 0.00. 

Example l5YL 

I 

Tc a so:~:.io~ of N-SE~ protected pyrazole (l.98 9., 

lC mmcl) in Tiff (40 rr.L) at -78°C was added n-BuLi (l.6 
I 

, ::. i-:, 7. 5 rr.:., 12 Immel> dropwise and the resulting solution 

was stirred for an addit.ional half hour, and then 

t::iisopropylbora~e (9.4 g, 50 rruncl) was added. Afte; 

being a:lowed 'to wa::-rr. to roorr. temperature over 2 hours, 
. , I 

the.reac:.ion mix:.~::-e was acidified with 2 N HCl, 

2: · ex:.::-acited with ethe:, washed with water and brine, and 

d::ied ove: MgS~,. Filtration and concentration gave N­

SE~-3-hydroxybo:ic-pyrazole (2.4 9, 100 %) as a solid. 1H 

N!·:F. (CZ:::30::) B i.57 (S, Hi), 6.80 (s, lH), 5.70 (s, 2H), 

3.5"; <:., J = ~.E Hz, 2f.),, 0.89 (t., J = 6.0 Hz, 2Hi, 0.00 

25 (s, 9E); 13: .. N!1o:? .. (CD30D} : ppm 136. 5~, 115. 65, 78. 98, 

€5.9E, J.7.3:, 
1
-2.30. 

Tc a solut.ion of m-iodobenzyl cyclic urea (932 mg, 

1 rrunol) in THf (5 mL) was added N-SEM-3-hydroxyboric­
.pyrazole (968 'mg, 4 rrunol), PdCFPh3) 4 (57 .B mg, 5 %) and 

30 Na2C03 Cl. 7 g in H20 (4 mL) under nitrogen and the 

resultant mixture was allowed to reflux over 48 hours. 

The organic layer was concentrated on rotary evaporatior 

to give a residue, which was deprotected by the general 
. ' ~ 

p=ocedure, fo~lowed by pu:ification on TLC plate with 

_,:: 2v% Et.OE ir. hexa:ie to give Example 15YL (560 mg, 87.8%) 

as a sol~d. ~f E3~ (M-H•, 100 %); HRMS calcd for 

11his Sheet Has Been Replaced 

1111111111111111111 1111111 
; 

I 
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C39R39Ne~3 639.308~, Found 639.3081; lH NMR (CD30D} & 
7.76-7.69 (rr., 6H), 7.45-7.15 (tr., l4H), 6.66 (s, 2H), 

4.87 (d,,J = l~.3 Hz, 2H), 3.77 (b, 4H), 3.19-2.98 (m, 
EH); l3G NMR (CD30D) pp~ 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. 

10 

.. 
~ -

I 

Example 15Y~ 

A solution o! Example 15YL (200 mg) in methanol (5 

:-:.:.1 wa~ t.)rea:.e:: ...::..:.:-. P.:l gas for 2 seconds and the 

:::c:. ve:i-:. w.a~ rern:>ve::: under full vacuum to give Example 
15~?-: a~ a 1 s=lic. 1:: l~MF. (CD30D) 8 8.34-8.32 (m, 2H), 

"'.'."':€-':'.";'~' ( .... , 2E), 7.73-7.6€ (rn, 2.F.), 7.55-7.50 (Ir., 'f.), 

7 . .:5-7.C9 (<.., 6 El, €.89-6.86 (m, 4H), 4.58 {d, J = 13.9 
I 

:.:., 2.E;, ~.66-3.7E <~., 4F.), 3.32 (d, J = 13.9 Hz, 2H}, 
2.C=E-3.(4 (r.., 2H), 2.78-~.69 (m, 2H); l3c NMR cco'30D) 
:::-;:-:. :£:.&E-i 1~7.2~,- 1:!9.72, 139.50, 135.07, 132.00, 

' ,. 

· • • • - · • • ,._ ' -· 2·· r·' ~ - 7 c., ., ·) t: 1"1 '7 12 5 9"" 12 - - ' - ~ ~· • : .. • ' .. .!\ ":: • ~ · -: ' • :; • - .... 1 ~ £ • ~ 4'.. I .l ,._ \,.. • w· tJ I , / I :. , I "2 1 

: : ·~· • - ~ I ~ .. 1 ~ ~ : I . f : . I ~- I ~ [ • 2 8 , 3 2· • 2 7 ' 

:~ a ~~-~~~c~ ~~ N-SE~ protected pyrazole (760 mg., 
· - rr~':".::.:.) •i.:-. TE: ( 4 0 mLJ at -7 8°C was added t-BuLi ( l. 7 

~-~. :: . t 7.:, ~ . '7 mmo!) dropwise and the r~sultiI g solutior: 

~~: ~~~==~f :or a~ additional 30 minutes. The solution 
v.·~; :.:a::~=~=red to another solution of MEM-protected m-, 
cya:-.~-!)e:::.-~·: cyc!i= urea (732 mg., 1 mmol) in THF (10 mt) 
a: -7Ec: an~ the resulting reaction mixture was allowed 
:.c .,,·:;.::-::-, t.c .1roo:r. temperature and was sti_rred overnight. 
~~-.(~ e~-a~~~a:i.o~ o! all v~l~~il~s, the residue wa~ 

·.:::: i·.:.: 1
,- :-:-~·-.:-• .:_;,·_.:. (2':: r:-.:..i a!"lc~ :.hi;·:: t:rez::~-c wi.~!; .t;•.· 

.• ~. -
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proced~re and'purifica:iori on reverse phase T.L.C. plate 
wi -;l-. 70~ MeOP. 1 ir, H20 gave Example l5YN in good yield: 

i-=.s: ·e9: (M+H, 1,1oorc>; HR.MS calcd for C41H39N605 695.2983, 

Fo~~c €95.296~; l3c NMR (CD30D): ppm 183.16, 164.07, 
. I 

5 14€.27, 141.34, 139.59, 137.92, 135.08, 133.06, 130.70, 

10 

, :: ... ~ 

2.: 

2 _: . 

30 

130.53, '120.74, 120.57, 127.45, 71.92, 66.93, 56.72, 
33.72;' lH NMRl(CD30D) '88.50 (s, 2H), 8.29-8.27 (m, 2H), 

I 
I 

7.61-7.21 (rr., ;isr.), 4.94 (d, J-=l~.3 Hz, 2H), 3.77-3.72 

(rr., 4F.), 3.20-3.09 (rr., 6H). 

Example 15B: 1 

' ' 

1-. sc.:.'..:::.b.:·. o: Y.E?-1-protected corr.pound 12J (0.94 g, 

l.C rr~=:>.was:treated with n-BuLi (l.6 M, 1.6 mL) at 
c 

-76 C for 20 ~inutes, followed by quenching with N-
1 

me:hoxy-N-met~yl benzyloxyacetamide (1.35 9, 6 mmol), 

prepared by alreactic~ o! benzyloxyacetyl chloride with 
K-me:hoxy-:-1~-m~t!:.yla:r.ipe in pyridine and CH2Cl2 at room 

ter:.perature. Removal of MEM-groups by general 
hydrcl~~is pricedur~·followed by purification by . 

~re;ara-;ive TJL.C.ga~e compound 15B! in moderate yield. 
::: ?\!·:::. CCDCl3) 57.72'-7.66 (rr., 4H), 7.42-7.00 (rr., 24H), 

4.79 (d, J = H.6 Hz, 2H), 4.64 (s, 2H), 4.57 (d, J • 

2.5 E:, 2E;, l.71-2.62 (r.-., li: H)_; 13c NMR (CDCl3) 8 

:9E.CE, 1€:.84, l39.3G, 138.95, 136.89, 134.40, 129.45, 

. :29.4:, 12s.2$, 128.92, 128.58, 128.48, 128.02, 127.96, 

126.9'7, 126.s{; 73.26, 72.29, 1i.12, 65.40, 55.82, 

32.72; HRMS: calcd. for Cs1Hs1N201: 803.3696; found 

e:-3.3693. 

Exarr.ple l5BJ 

,,.. ... -
- .!':: 

To a solµtion of SEM protected .imidazole (2 g) in 

C2C ~:) was added t-BuLi (1.7 M, 6.9 mL) at -78°C 
I 

a~= ~he ~~x:ure was s~irred for 20 minutes. After 

adj!:!~~ c: :~s:l (l.25 gl, the res~lting ~ixture was 
I 

. .-.. .-.-~·- ···-.-~.-~ .. ~~~ ·:. 
··:i . 
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allowed tb warm to 0°C 6ver 2 hours, ·and then cooled to 

-78°C agait.. ~he rr.ixture was treated with t-BuLi (1.7 

M, 6.9 ml.), stirred for 20 minutes, followed by addition 
I 

o! B(OMe)~ (10.4 g). The reaction mixture was warmed to 

room temp.rature and stirred overnight.The reaction was 
poured in~o Et0Ac/H20 and the organic layer was washed 

to PH 7, ~ried with N'aS04, and purified on column with 

MeOH to 9~ve pure N-SEM-5-borono-imidazole (2.3 g 95 \) 
as a soliq. lH NMR (CD30D) ~ 7. 63 (d, J • 0. 74 Hz, lH), 

6.87 (d, J = l.1 H:z., lH), 5.47 (s, 2H), 3.55 (t, J • 8.4 

Hz, 2H), 0.93 Ct, J - 8.4 Hz, 2H), 0.00 (s, 9H); 13c 

N:·::. <::~:;~~' o:::e.g;, 134.54, 11.e9, 6e.oo, 20.19, o.oo. 
I . 

~ s~~~~io~ cf ~he borono-imidazole prepared above 
(.;. . .: g, 5.'::7 rr.==-.c:l, 1-:EM-protected cpd 12J (0.937 g, l.01 

::.:-.:.:.., ?d(l?!-.3?;~ <0.:8 g, 0.16 mmol) and K2C03 (7.5 ~) 

~~ TEF (20 ~~> a~d E~~ (20 ~L) was degassed, and then 

"'·.as heate::1 to =e:f lux under N2 overnight. The reaction 

r:-.:.:-::.-..:.:-e ~;.E cooled tc room temperature and partitioned 

te:~<:-€:: !::C.A::/P.2C. The crganic layer· was·· dried over 

~·:~.:-.; c.~..: =:-:-.::~::-::::a:t::? t.o give a residue, which was 

c~?=::!:~eb t~ q~~e=a: hydrcly~is procedures and 
' 

F~=.:.!.:.e~ :t :.L.~. pla~e with 5 % MeOH in EtOAc to give 

:.:-,e c:::.·.:::2..:.::; :::=~du:::., 15E.J (0.4 9, 37.2 %) • ltt NMR 

~==~::1 S ;-;.;; <:., 2H), 7.61-7.11 (m, 20H), 5.37 (s, 
I . 

"'.:..:;, Ct'.: 1<~ .. ,'T-== ::.::.9 P.z, 2E), 3.78-3.73 (rr., 4H), 3.59 

~:, ~ =- t.:· ~::, ~.E~, 3.18-2.97 (rr., 6P.), 0.90 (t. J s: 8.0 

!-:::, ~:-:), C.::; (S, 18P.) . 

....... l"'\t'°:)"r .......... __ 

.. - a """• 

... - - -... 

:o~p:~~~ l5EJ was treated with 4M HCl in dioxane 

~-· • . I..- ,..u, • ..,. 
---- l'c;..- -··'' 

I 

~.:.~. ;;lc.:e-

~he residue was purified on reverse 

~~ give the desired comp~und as c 
lr. NV;:; (l"T"\":l"'I~' ~ "': -:·• ("'.l:; 2::, . . . . "-- - ._,_ . u . . .... ... , 

r 
- . .. :. . ~::. ' J :· , 2 ~·= ' ' - ' : :• -· •~ " : ~~ { ~ I 

I 

'• ·. 
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10H), 7.10-7.0
1

8 (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); 
I 

i3c NMR cco3oo) S163.80, 141.26, 139.94, 137.20, 134.78, 

130.67, 130.ll, 129.52, 128.88, 127.40, 127.08, 125.22, 

5 72.00, 67.72, :57.38, 33.60; HRMS: calcd. for 

C39H39N603: 6~9.3084; found 639.3089. 

10 

.2 C· . 

Example lSBL ; 

Compound .15BK in MeOH was treated with 4M HCl in 
I 

dioxane and the resulting solvents ware evaporated under 

full vacuur., t~ aive the hydrochloride salt. lH NMR 
<:D30:,) 5 9.C2 

1\d, .J = 1.1 Hz, 2H), 7.87 (d, J = l.1 Hz, 

2.H), 7.65-7.3J (m, 8H), 7.19-7.17. (m, 6H), 6.93-6.90 

(:;-., 4H), 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, 
i 

2H); l3c NMF-
1
(C030D) S 163.41, 141.11, 141.04, 135.9.1, 

:.34.S7; 131:95, 130.89, 130.51, 129.-47, 128.16, 128.10, 

12'7.43, 12€.0~, 11€.38, 71.80, 69.21, 57.87, 33.73 . 

I. 

2-'!:-imet~yl:.in-N-dimethylsulfamoyl-imidazole was 
I 

25 prepared ir. s.ltu by lithiation of N-dimethylsulfamoyl-
o 

ir:.iciazole < l. 7 5 g, 10 mmol) in THF (30 mL) at -78 C with 

n-B".JLi Cl. 6M, 17. 5 mL), followed by quenching with 

trimethyltin chloride (2.19 g, 11 nunol). A coupling 

react.ion of the tin reagent (1.2 g, crude) and MEM-

30 protected compound 12J (0.8 g, 0.86 nunol) in the 

presence of PqCPh3P)4 (0.18 g, 0.16 nunol) was carried 

out under ref~ux ove1·night. After being cooled to room 

temperature, the reaction mixture was poured into 

E:OAc/H20. The orgar.ic layer was dried over MqS04 and 

co~ce~:rated o~ a ro:.ary evaporator. The residue was 
0 

d!ss~lved !~ ~e2~, sa:~ra:ed with H:l (gas) at 0 C for 5 
I 
' 

--·:----.---.----;-... -.:·.-·.-7-··· 
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~!n~tes and then stirred at that temperature for 1 hour. 
I 

The resuating mixture was worked up and purified on 

column with EtOAc to give compound lSBM as a solid(450 
mg, 61 \). lff NMR (CD30D) & 7.61-7.11 (m, 22H), 4.86 (d, 

5 J ~ 14.3 1 Hz, 2H), 3.61-3.59 <•, 4H), 3.10-2.92 (m, 6H), 

2.54 (s, 
1
6H); 13c NMR (CD30D) & 163.98, 148.97, 141.21, 

139.37, 132.57, 132.17, 131.55, 130.98, 130.69, 129.63, 

129.50, 128.30, 127.53, 123.61, 71.92, 66.99, 56.66, 

38 . .23, 331.74. HRMS: calcd. for C43H49N907S2: 853.3166; 

10 fo~nd 853.3163. 

·. , 

A sc:~~!o~ c: ~-iodopyrazole (l.54 9, B nunol) in 

,...:..::- (2C. ::.:), ~a!: -:.rea'ted with· NaH (~.3 9, 10.6 mmol), 

~:::~we~ b; q~e~c~!ng w!th dimethylsuifamoyl chloride 
I 

':. 2 e ~ ~ ; . t :r.:nc:) tc· !orr.-1 the N-proteCted pyrazole (2. ~ 

;-, 92 s.:. ·,Tr.is i!"'.termediate (1.5 g, 5 mmol) was reacted 

\.·~::-. :-.e>:a:r.e:!:ylc:.-:!:-. (1.8 g, 5.5 mmol) in the presence 

: : : :: (? ::-. :c :· ! .; { : . C : ~ g , 0 . 0 l m.-r:c. J ) ::. n THF ( 2 5 m:.) a: 

~: : =~s=~!c~: ~c c!v~ cru~e '-~r!rnethyltin-N­

~~~~:~~:E~i~a~~y:-~y:azc~e. 
I 

:·:.= ::!-·.: =~ ~ .:.:. coi;.pour:d wa£ reacted wi tr. MEM-
' 

~=::~::~~ c~: 12; CC.932 9, 1.0 m.«ol) in the presence o: 
::c.1:::.3~;~ ~c:.:.s g, 0.16 mmoll under reflux to form-the 

cc~;:~~ F%=F~=~, wh!ch was deprotected by general 
hy~r::lys~s p:ccedure, followed by purification on 

\ 

r€·.·e:-se: phc.~e TLC plate with 85 % MeOH in water to qive 
c:.::-.;. ::'\.:.:.::. : 53:; as a solid. lri NMR iCD300) 8 i. 77-7 .12 (Ir., 

t;;-:\, ;,;.&-€.SS Cr:., 18H), 4.72 (d, J = 14.3 Hz, 2P.), 
I 

:::.:::--::.::. (:!., 4E;, 3.02-2.88 (m, 6H); 13c NMR (CD30D) 8 

:-::.~£, :~:=.€3., !3S.40, 133.75, 130.19, 129.83, 129.18, 

:.2"7.t.~, :2'.'3~, 127.12, 125.47, 122.79, 71.64 .. 66.46, 

.... ,-

.:....·: .·. -..• -

..... ...... ': '"':I I 

~ ... - • - -1• 

.......... ..... 

.. 
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MEM-prote1cted mono-m-bromobenzyl cyclic urea was 
I . 

made by general procedure for preparation of 
I 

monoalky1ated :cyclic ureas. The monoalkyated 
5 intermediate (2. 4 g, 3. 56 mmol) was dissolved·= in DMF (15 

mL> and treatelp with NaH (0. 43 9, 10. 75 mmol), follo~ed 
' 

by addition of' methyl m-bromomethylbenzoate (1.63 9, 7.1 

mmol) to give pure desired.asyir.metric cyclic urea (1.6 
' . 

g, 55 %) • 

10 Tr.is asymmetric urea (1.6 g, 2 mmol) was coupled 
with 5-borono-~-SEM-pyrazole (0.48 9, 2 mmol) by the 
same pro::::ed:.::-e: described for· example 15BJ above· to 

I 

provide pure coupled product, which was further 

de:;:::-c~e::::.e::: by1 ge:leral hydrolysis procedure to form 
:i.: corr.pound l5E? 1( C. 9 g, 7 3. 2 . \ for the two steps) . lH NMR 

<::·30D) B 7. 85-"1. 62 (rr., 2H.), 7. 66-7. 57 (m, 4H), -7. 35-7. 01 
I 

(:7., 13E), €.5€1 (s, lli), 4.76 (d, J-= 14.3 Hz, lH), .4.69 

(d, J = l-L3 Hz, lH), .3.77 (s, 3H), 3.72-3.58 (m, 4H), 
3. :.1-3. 02 .. (r.., 4H), 2. 94-2. 84 (m, 2H) ; 13c NMR -(CD30D) 6 

• ~1 . . 
' • i 

2: 1€€.7~, 1e2.2~r 139.69. 139.59, 138.56, 13s.5o, 133.63, 

:3:.C·S-, 129.16f 128.7S, 128.61, 128.46, 128.29, 128~16, 

:2€.5~, 12€.0E, 12i;.6C 1 102.00, 70.50, 66.36, 66.31, 

:::.99,. 55.€::, ~.:.32, 32.23, 32;15; ·i.Jw.S: 631.4 (M+l, 

l~K 5c l; HR?·:S:; calcd. for .c39H39N_405: 631.2920; found 

25 6~:.291€. 

Example 1513~ 

I 

To a solulion of compound lSBP (63 mg, 0.1 mmol) in 
30 THF (l m~) was ladded LiBH4 (2M in THF, 0.3 mL) and MeOH 

(57. 6 mg, 1. 8 mmo.l) and the resulting mixture was 
I 

stirred at rootp temperature overnight. The mixture was 

acidified to pH l with 2N HCl and extracted with EtOAc. 
The orga~ic layer was washed with H20, brine, dried over 

I 
~~S~~' and con=entrated. The residue was purified on TLC 

::-la:e "'.:.~:-. EtO.i.:: ~c give the desired compound (46 mg, 

.. .• , ·-· ..••. -.-: ••.•..•• ··-· ~ ·.-oi:·~ ..... '"'<;"'" 
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7€.3 %) • , lr. NMF. <:D30T)) S 7.78-7.60 (m, 4H), 7.50-7.07 

(rr., 15H)~ 6.68 (d, J • 2.2 Hz, lH), 4.90-4.81 (m, 2H), 

~.66 (bs,\ 2H), 3.79-3.63 (m, 4H), 3.18-3.00 (m, 6H); 

13c NMR (\CDJOD) ~163.92, 143.24, 141.32, 141.23, 139~41, 
I 

5 130.67, 130.17, 129.93, 129.69, 129.57, 129.53, 129.30, 

lC 

129.0~, 1\28.04, 127.45,· 127.41, 127.25, 126.01, .103.33, 

72.02, 71'.96, 67.04, .64.97, 57.30, 57.07, 33.63, 33.57; 

LRMS: 603:.2 (M+l, 100 \); HRMS: calcd. for C37H39N404: 

EC2.291; found 603.2968. 

! 
Exarr.:t=.le l5BR 

~-d!~e~hyls~lf a~oyl-i~ida2-2-yl zinc c~loride was 
I 

~~e:a:ej in s!tu t~ l!thiation of N-
• • • • I ,. 

:i!:-:-e:.::~·.:.~·.;:l:a:-:-.::z·:!r.-!~azole (C.97 g, · 5.5 mmcl) in THF (20 

r..:.. ;.;:. :.:. t-E~:.:. . {:.. 7?·:, £. 7 r..:..) , fellowed by quenching 
I 

•.:.::. :::.:-.:- t::.:.:·:~d~ i: .87 g, 13.75 rrunol). 

~ =~~b::..n~ r~ac:ion c~ the zi~c reaqent (crude> and 
!·:::.:·:-:.::.::·:e=:ed cpd l2J .CC.932 g, ·l.O mmol} in the 
·--.,,., ... --" ··-= :;...:r:.~-: ·, <" 12 ·a ·o· 1 -"'o')· was car.,.._i·e ...... · 0• 1 '!: :-· - - ':"" - . . .... . • , - - .. v \ .... .:_. .. ; ":. v_ • _ / • • .1'"~' .... - -

.• : ........ .... c.~ .!, .. ,. .... ---·~··- ,., ..... -·· .,. t' -··-·:- -~:---:-'· '-''•E:-1.--=i··-· r ..... E.:- coo .. ing 0 room 
~~::-.?::-a:.;;:::.;, ~:.e. react.ion rr.ixture wa's poured into 

t::. :.:..: .iE2:. ,':':::<;:- :::ga:-.ic laye::: was dried over MgSO~ and 
. 

~:::::-. .:-=::-.::-a::-1::: :::-• .:.. :o:c.ry evapcrator. The residue was 

~:.E~::~e~ :~ ~~:~, a~d trea:ed with 4M H:~ in dioxane 

-..:~~~: =s~:~~ i~= 2 ~o~=s. The resclc!ng mixture was 

":::!:E::: -..:; af.d p-.:.r.:.:ie::i or. a reverse phase TLC plate with 

::: Si t·:c::i !~; water to give compound 15BR as a solid. lF. 
I 

~~=-:: \::~::" ·c· : . 75-7. 70 (rr., 4H), 7 .42-7 .33 (m, 2H}, 

~.::-~.:: ~rr., 12f.,, 7.00-6.94 {m, 4H), 4.73 (d, J • 14.3 

:::::, 2:::·, .:. :_ (bs, 4H), 3.14 (d; J = 13.9 Hz, 2H), 3.04-

2.;.,;. 1.:-:, ::-::1, 2.es-2.77 (m, 2H); l3cNMR CCD30D)~ 

:-: ~ . ~ ~ • :. .; -: . i 2 -; I .:.. 3 9 . :. 6. I 13 B • B 7 , 13 0 . 2 3 , 12 9 . 3 € ' 12 9 . 11 , 
. ·.:- :~ .... :. ,..- .,..: '"·r. 
.- .~., ·-- ·~~r .L~.~w 1 125.89, 124 . .3£., '.i.22.6~. 70.3?., 

.. ·., :.-_ ... ~. :::.2~ 
; 

:_ '.': ~ :--. ... '.... ·• ; .. ~ 5 r. £ :: . 
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Exa~.~le lSBS 

Compound_15BR was dissolved in HeOH, and treated 

5 with 4M HCl in i dioxane at r. t. for 1 minute. The 

resulting mixture was concentrated in vacuo to give the 
solid dihydrochloride salt. lH NMR (CD30D) & 7.81-7.79 

\ . 

(rr., 2H), 7.73 (s, 2H), 1.65 (s, 4H), 7.61-7.57 (m, 4H), I . 

7.13-7.11 (rn, SH), 6.86-6.84 (m, 4H), 4.59 (d, J • 13.9 
10 Hz, 2H), 3.84 ~s, 2H), 3.76 (d, J• ll.7Hz, 2H); 3.45 

(d, ~ - 14.l Hz, 2H), 3.06 (d, J - 12.2 Hz, 2H), 2.75-
2 . 6 8 ( m, 2 H) ; 13 C NMR C CD 3 OD) S l 6 3 . 3 9 , 14 5 . 9 4 , 141. 6 3 , 

15 

l~C.9.!i, 13.!i.79, 131.26, 130~46, 129.44, 129.13, 127.38, 

127.14, 124.31, 121.37, 71.58, 69.54; 57.82, 33.84. 

Exampe lSE':' 

'Jo compc;>~md lSEP ( 63 mg, 0. l mmol) was added 4- (2-

a~.inoe~h}-'l) morpholine, -(0.13 g, l mmol) and the resulting 

2: ·~ixture was stirred a: 110°C overni9ht. The m~xture was 

evap=rated i~ vacuo to remove the ~~cess 4-(2-

a~!noethyl)mcrpboline, rand the residue was purified on 

:-:.: :t:la:.e ~=-:.~,'lC ~ Me:iH i~ EtOAc to give pure product 
(~'i rr.;, 6C..~ il. lr; NMR (.Cl:'30!:·) S 8.04 (s, lH), 7.73-

25 6.99 .(rr., lSE),16.59 (d, J= 2.2 Hz, lH), 4.72 (d, J= 

lL~ Hz, 2E),.~.69-3.64 (m, SH), 3.36 (t, J• 6.6Hz, 

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) & 

I 169.8.!i, 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, 

·­...... 

71.96, 71,91, 68.26, 67.75, 58.62, 58.37, 
I 

37.76, 35.76, ~3.69, 33.62; HRMS: calcd. 

C43H49N60S: 729.3764; found 729.3753. 

E>:a:;.:;:.:i.e 1 SB:.." 

58.45, 54.68, 

for 

.... :·~·. ·-· :--·: " , 



·.•·· 

WO 94/19329 PCTIUS94/01609 

• 
. -2·36-

HEM-protected rnono-m-bromobenzyl cyclic urea was 

made by •eneral procedure for preparation of 
monoalkylated cyclic ureas. The mono cyclic urea (2.4 9, 

3. 56 mmo~) in OMF. (.15 mL) was coupled with 5-borono-N-
5 SEM-pyra.zole by the .same procedure used to make compound 

20AX ~o ~rovide pure coupled product, HEM-protected mono 

m-(N-SEM-pyraz-5-yl)benzyl cyclic urea. 
Thisi, intermediate (0.2 q, 0.25 mmol) in DMF (5 mL) · 

I 

was trea~~d with NaH (0.04 q, 1.0 nunol), followed by 
lC quenching\ with m-picolyl chloride· hydrochloride (0.123 

g, 0.75 mmol) to give desired asymmetric cyclic urea, 
which was,f~rthe~ deprotected by general hydrolysis . 
~~~=ec~=e ~~ fo=rn compound 15BU. lH NMR (CD30D) 8 8.51-

. :: 

.... -

e .~~ (r.., 2.l-:), 7.83-7.63 (rr., 4H), 7.48-7.03 (m, 13H), 

( :. , : = 2.2 P.z, :!.R), 4.t.4 (d, .J = H.3 Hz, lH), 

l. 
•• 
r • (~, .: = :~.3 E::, lf.J, 3.85-3.7~ (r.-,, 4H), 3.20-2.€3 

( ~: I EE; ,· I. ~ - l'' ·- ( -· - ..... ,... ) i:: •• "' - € ') " ~ " , 2 1 " 9 2 2 I - - - \~·.:. ._ _·:: ..J;.) fJ J. t.-' • '"' t .l. :i .I. ' "" t "S • I 

:c.:.:., .:.;:.07, J.39.C., :.::5.9S, 130.60, 130.55, 130.2~, 

:.:;..(.;, 1i~.60, l~e.O~, 127.5~, 126.08, 125.34, 103.35, 
I 

-:.;..:,, :: . .:~:., Ef>.";L, =s.:..:., 33.7:., 33.61; H~.5: calcd. 
C' ... ~ ,.. - - ,,,.. 
-1':. • .!C~~.i found 57.;,2s11. 

::::::.:-:-~:: c :.'i: :t.e:::. rnc;.c rn- <N-SEM-pyraz-5-yl) -benzy: 

-~·::-:..:. ·..:.::;-::.;. (7£3 r.g,.l m.-r.ol), described in procedure of 

-:.::~::.;:.E: ::·-~ ,,.as c:iissclved in DMF (8 rr.L) and treated with 

l~c.E ( ~.: € q, ·L 0 m.-nol, 60 % in mineral oil) r followed b~· 

~·.:.-:.:.:. ::;.:..:-, ;- w.:.. th o-bromc.·-m-tcluni trile (0. 392 9, 2. 0 mmol) 

:: ':· : c. ;-.:.. ve de.::;ired asym:netric cyclic urea, which was 

!~~~~e= deprctec:ed by general hydrolysis procedure to 
'fc..::-:7. c:..:-:\~:,,-.::::: l5E'.". lH NMF< !CD30D) S I. 99-7. 0"7 (lr., 19H}, 

t. c.:: , ..... :- "\ ':.. '. '- .., (· ( c , ' ..... - , .. r .. ' • . . \,,." 13.9 Hz, lP.), ~.64 td,;:;.,. 
I -·· ... ';..' 

... •·, • ... I 

. - . \ -

~- ~ .. - - ,.. 
:...' . ':' .: - .: . · .... { :': I 

... "'.: "": r ..... .. . . - . .. .. . -- ·~ . 
... ,.. -. 
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:2S.62, 129.7:, 1 12E.16, 127.66, 119.67, 113.62, 103.40, 

7:.C:2, il.67, 68.67, 57.14, 33.79, 33.62; HRMS: calcd. 

=~·= C37P.36N503 :;, 596. 2818; found 598. 2813. 

5 Example 15BW 

To a solution of compound lSBV (50 mg, 0.084 mmol) 

in pyridine (3 
1

mL) was added hydroxylamine hydrochloride 

C36 mg, 5.2 mmql) and the resulting mixture was refluxed 

10 over~ig~:. After being cooled to room temperature, the 

rr.ix-;ure was evaporated in vacuo. 'to remove pyridine. The 

res~l~i~g residue was· worked up and puiif ied ~n TLC 

~la:e ~i:~ E:O~= to give pure .amidoxime (32 mg, 60.6 \). 

lf. N!·:::. c::::>3~Di 5 7.96-7.05 (rr., l9H), 6.59 (d, J = 2.2 Hz, 

. -... _ 

2C 

I 

lF.J, 4 .. iS-·Cd, .J·= l~.3 .. Hz, lH), 4.75 (d, J-= 14.3 Hz, 

lE), ·3.70-3.59 (rr., 4H), 3.11-3.03 Cm, 4H), 2.96-2.88 (m, 

2Ei; ::: 2;:.~::. ~C:·30:;) 0 163.82, 141.25, 141.14, 140.02, 
\ 

:::?.":'"':', :3L52; :3.1;.o:, 131.6E, 130.62, 130.16, 129.93, 

: 2 So • E So I : 2 9 . 5 E ) : 2 9 . 5 4 I 12 s . 0 t; , 12 7 . 4 ~ , 12 6 . 01, . 10 3 . 32, 

-:.~-:-, €"7.€5, h.5E, 57.3:, 5€.97, 33.€7, 33.56. 

Mono-m-(N-SEM-pyraz-5-yl)-benzyl cyclic urea 

2~ Frepared abovej in procdure of Example 15BU was 

dep:o:ected byi general hydrolysis procedure to give 

corr.po-.:~ci XS6le. lH Nl~R cco30D) l) 7. 67-7. 05 (M, 15H), 

6.56 (ci, .J = 4'.0 Hz, lH), 4.80 (d, J • 14.'7 Hz, lH), 
I 

3.66-3.62 (m, lH), 3.71-3.62 (m, 2H); 3.51-3.48 (m, lH), 

30 3 .16-2. 99 (m, 4H) , 2. 80-2. 72 (m, lH); 13c NMR (CD30D) s 
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, 

72.99, 72.55, 66.50, 66.47, 55.27, 35.13, 34.32; 

ER~5: ca!c~. for C29H31N403; 483.2400; found 483.2401. 
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I 

ME~-protected mono m-(N-SEM-pyraz-5-yl)benzyl 
cyclic u!rea described above (220 mg, 0.28 m.Ttlol) was 

I 

dissolved in D~ (3 mL) and treated with NaH (0.045 9, 
5 l. 12 nunol, 60% in mineral oil) , followed by quenching 

I 

with p-b;nzyloxybenzyl chloride (0.13 g, 0.56 mmol) to 
give thejdesired asymmetric cyclic urea, which was 

I 

deprotected by general hydrolysis procedure to give 
compound 1 15BY. lH NMR (CD30D) 67.68-6.91 (m~ 24H), 6.58 

I • 

10 Cd, J -= 2. 2 Hz, lH), 5. 02 (s, 2H), 4. 78 (d, J • 13. 9 Hz, 

lF.), 4.6~ (d, J • 13.9 Hz, lH), 3.67-3.54 (m, 4H), 3.08-
2.6E Cr:-., i€.H); 13: NHR CCD30D) l) 163.88, 159.84, 141.29, 

:3E..E3, .. -- --• ,! ~ • ; ~I 131.58, 130.69, 130.64, 130.15, 129.56, 

129.~s, :12::.~t., :2e.s2, i20.so, 120.03, 127.46, 127.37, 

: : :: • ~=I : t. ~ • c "'.'. f j_ c:: • 3 2 f 7 2 , 0 ~ t 7 2 , 02 I 6 6 , e: I 5 6 , 4 5 t 

~~.E:, ~~.SS; Hru~:: calcd. for C43H43N404: 6779.3284; 

•. !: =- -·r--

I 
,,... -~-.-·-....: --· :--- .. -- .... -.. - =-·=.- (.{5 rr~, G.07.'.i mmol) was added ~-

lC:.:-:-.:..::-.c;:-;~:.:\,~·:n,~·:::-i=.::.:-,e <C..077 g, 0.71 mmol) and the 

=~~~:~~~;\~!~:~=e ~as ~~irred at 110°C overnight. The 
:;:-.:..:·:~ ·.; :·e ... .-a.: e·.ra::;c:::-a-::.ed in vacuo to remove the excess 3-

:~ (~~:..~o~~~~r:>-~r:idine. The residue was purified on TlC 
;:~:e ~::~ l~~ M~O~ in E:OAc to give pure product (37 
ir . .;;, 7~.E ~i). ~.H N!.::<. ccr;30D) 07.80-6.95 (rn, 23 H), 6.59 

( ::: , : .. - .:. . i:; E z , 1 E ) , ~ . 7 7 - 4 . 7 2 ( rr 1 H ) , 4 • 6 8 ( d, J a:: 

:.~.~:~z, ::-:\, ~.:;s (d, J = 2.2 Hz, 2H), 3.66-3.64 Crn, 

::.~ (E~, .3.:5 '.,::, J = 1(.3 Hz, lf!), 3.06-2.82 (m, SH); l3c 

t::·~ c::.3:.:1) b 17C·.03, 163.83, 152.96, 149.63, 141.32, 

:~:.~.;, :..;:.:;:, :37.4:, 136.9~, 135.eO, 134.04, 130.il, 

::::.2~, :;:.cs, 129.75, 129.66, i2a.~2, 127.67, 127.54, 

-- .. - ': , 

' ·. ., . 
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Example 15AC 

Hydrogenati1on of compound lSBY in MeOH in the 

presence of cata~ytic amount of 10\ Pd/C produced the 
I 

5 hydroxyrnethyl compound in good yield. lH NMR (CD30D) & 

7.68-7.58 (m, 3~), 7.39-7.0S (m, 12H), 6.98 (d, J • 8.4 
Hz, 2H), 6.73 (~, J • B.4 Hz, 2H), 6.58 (d, J • 2.2 Hz, 
lH), 4.78 (d, J • 14.3 Hz, lH), 4.66 (d, J -~13.9 Hz~ 

lH), 3.68-3.50 (m, 4H), 3.08-2.83 (m, 6H); 13c NMR 
10 (CD30D) S 163. 94, 158 .15, 141. 31, 140 .11, 131. 73, 

, I:. 
-w· 

130.69, 130.65, 130.16, 129.96, 129.56, 129.48, 128.04, 
. I 

127.46, 127.351•.125.98, 116.39, 103.32, 72.10, 72.02, 

6L~2, 57.22, 56.37, 33.5€; HRMS: calcd. for 

C36H37N~04° 589.2815; found 589.2811. 
' I 

. ' 
I 

Example 15BC 

I 

'Io co:rr.pou'nd l S:S? ( H mg, 0. 0 7 mmol) was added 2-
1 

(ar.-.inornethyl)p:z•ridine (0.077 9, 0.71 mmol) and the 

1C res~lting mixture wa3 stirr~d at ll0°C overnight. The 

~ixture was e~aporated in ·vacuo to remove the excess 2-
1 

<arr.inomethyl> pyridine. The residue was purified on a TLC 

plate i.:it.h 20% MeOH in EtOAc t.o give pure product (35 
mg, 71 %}. lttNMR·(CD30D)8 .8.45 (d, J"" 4.8Hz, lH}, 

25 7.80-6.98 (rr.,
1 

22H), E.58 (d, J • 1.5 Hz, lH), 4.77 Cd, J 

""H.3 Hz, lH), 4.71 Cd, J • 14.3 Hz, lH), 4.66 (d, J • 

4.8 Hz,. 2H>, 13.68-3.65 (m, 4H), 3.17-2.82 (rn, 6H;; 13c 
NMR (CD30D) SI 169.99, 163.il, 159.28, 149.75, 141.25, 

l-'l.14, 140.17, 139.98, 138.80, 135.79, 133.94, 130.63, 
I 

30 130.18, 129.96, 129.92, 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.SQ, 57.30, -45.92, 33.69, 33.65; HRMS: calcd. 

for C43H43NJ04: 707.3346; found 707.3344. 

I 

35 Exarr.ple 15CC 

···-· .... 't<".··-
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1 ~M-p:::-otected monc· m-(N-SEM-pyraz-5-yl)benzyl 

cyc!~c urea (200 mg, 0.254 mmol) was dissolved in OMF (5 

ffi:) and treated with NaH (0.041 9, 1.02 mmol, 60% in 
mine~al oil}, followed by quenching with m,p-

5 dibenlzyloxybenz~l chloride (0.172 9, 0.51 nunol) to give 
I 

the desired asymmetric cyclic urea. After deprotection 
. I 

by qe~eral hydrolysis procedure, the urea was 
hydro~enated to give the dihydroxy compound. lH NMR 
(CD30:ll S 7.83-7.07 (m, 15H), 6.81-6.71 (m, 3H), 6.53 

lC (s, lHt_), 4.86 (d, J-= 13.9 Hz, lH), 4.72 (d, J • 13.6 

Hz, lP.), 3.80-3.66 (m, 4H), 3.19-2.82 (m, 6H); 13c NMR 
<::-3::::> B 1€~.lC, 149.97, 146.56, 146.12, 141.43, 

::..~:.29, :3~.53, .133.55, 130.82, 130.71, 130.67, 

~.:;:.2?,\ ::.2.9.6~. :29.53, 128.23, 127.51, 127.42, 126.14, 
--~ ,._ ' --- l.~ ••• -c. "O" 5c 72 1- 72 Cl 67 77 _,,:,..._ __ .:.,,\ --· .... ~, ~~t . ..!..,., ~ ~. _,, • ..,, • , • , 

£::.E:, ~'7.2~, SE.25., 33.El, 33.(5; HRXS: calcd. fc:-
1 

.. -: ~:..: ': - '. ''".:: € "·· ::. r; 7 € l. ' f C" ... "' 6 0: -;. 7 5 C '- - : . - .. i' ~ .. : ... - . - -, -· ·"" ..>." • 

:-:;:.1.::-.t--=:~'f:c:.e:i rno:10 n:- Cl~-SE?~-pyraz-5-yl)-benzyl 

::-:.:::...: -..:.=tc. (560 mg, 0.'.71 mmol) was dissolved in OMF 

<:S r..:, \,\"a.: t.=eatec with NaH (0.114 g, 2.84 mrnol, 60 'l 

.:..:-. r.::.:.s=a,.:.. c.!.::.), fc:.lowed by quenching of m-nitrobenz~·l 

.: ~- c.:-. .:...:.: .::.~"=' : ·: .. .'.HC ;- , 2 .13 mmol) to give desired asymmetric 
c:::.:.:.: :.:=:i: a. bf";er deprotection by general de-MEM 

~=~=~c~r~! ~he urea was purified on TLC plate with EtOAc 
-:.:; ;:iv-!'> ::-:.::e p;rod-.:ct. lH NM?. (CD30D) 6 8.11-8.06 (rn, 

2:::,, l.c:·<.!5 er.,, l3H), 7.06-6.95 (re, 4H), 6.59 (d, J = 
..:. . 2. 2 :::: , l::p, ~. 76 (d, J = 13. 9 Hz, lH), 4. 61 (d, J • 

:c2 F.z, ::-:1, 3.78-3.56 (m, 4H), 3.15-2.79 (m, 6H); 13c 
,.,.~.- , ... -....... ~." o~ ie~ 7: ~,,,9 67 1", 71:. 141 12 140 97 J~ ...... -. l _.;.. • .; --· W • - • ..,,, I .a. --a • I "t. - • --'I • t • I 

~ ~ &:' - • 
- - .. • ' - I 

• r·. :': -- ........ 
- - . 

...... . .. 

:.;: .7e, 130.53, 130.21, 129.93, 129.73, 129.5'7, 

. .. 
~-- ,._'"t" .;,,.. ...... : \, --:""-

• • ._ ... • I • '\...• -· • • . • • • 
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Hydrogenation of compound lSCD (210 mg, o.34 mmol) 
5 ir. MeOH (5 mL) and lN HCl · (1 mL) in the presence of 10' 

Pd/C was carried out at roorr. temperature overnight. The 
catalyst was removed by filtration, and the filtrate was 
concer.trated. The residue was purified on TLC plate with 
EtOAc to ~ive the amino compound (140 mg, 61 \). lff NMR 

10 (CD30Dl B 8.31 (s, lH), 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 
N!-S (CD 3 OD ) 5 l € 3 . 9 9 , . 14 9 . 0 9 ~ 14 1. 3 8 , 14 i . 2 3 , 14 0 . 01, 

13:.73, ~3C.E5, 130.35, 130.15, 129.93, 129.55, 129.46, 

126.0~, :27,,2, ."127.35, 125.97, 120.06, 117.33, 115.81, 
15 103.32, 72·.1:, 71.99, 66.39, 57.28, 56.97, 33.66, 33.53; 

H?J·~S: calcc. for C36H39N503: 588.2975; found 588.2983. 

-
E:>:a:;.ple 15CF 

~o ME~-prot.ect.ed mc::1o m-(N-SEM-pyraz-5-yl)-benzyl 
cyc:ic urea <2~0 mg, 0.3 rrimol) was dissolved in DMF (5 
r:.:.) and treated wit.h.·NaH C0.049 g, 1.2 mmol, 60% in 
~ineral oil), fellowed by addition of m-cyano-p­
:!luoroben:yl brorr.ide (0.l.28 g, 0.6 mmol) to give desired 

25 asymme~ric cyclic urea. After deprotection by general 
hydrolysis procedure, the urea was purified on TLC plate 
wi~h EtOAc to give pure compoun'd lSCF (72 mg, 39\). lff 
N!.ffi (CD30D) 57.68-6.86 (rr., 18H), 6.57 (d, J • 0.7 Hz, 

l:: ) , ~ . 7 2 ( d , J = l ~ . 1 Hz , l H ) , 4 . 3 6 ( d , J -= 13 . 8 Hz , 
30 lH), 3.82-3.55 (m, 4H), 3.16-2.69 (m, 6H); HRMS: calcd. 

for C37H35N503F: 616.2713; found 616.2710. 

Example lSCG 

A sclut.ior. of compound 15BX in MeOH was treated 

w!:~ 4~ H:l i~ d!0xane, a~~ the res~lting solution was 
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evaporated to dryness in vacuo to give the hydrochloride 
salt.. l:H NI-~ (CD30D) cSS.31 (d, J = 2.6. Hz, lH), 7.72-

7.06 (rr,, 15F.), 4.68 (d, 

3H) I 3. 73-3. 60 (r.1, lH), 

3H), 2. 69-2. 65 (m, lH) ; 

J = 15 Hz, lH), 3.83-3.75 Cm, 

3.59-3.41 (rn, lH), 3.23-3.03 (m, 
13c NMR (CD30D) 6163.52, 148.75, 

141.15, 140.30, 136.47~ 132.50, 130.88, 130.49, 130.35, 

129.62, 129.46, 128.32, 127.53, 127.35, 127.04, 106.27, . . 
73.H, 72.49, 67.06,. '58.97, 55.16, 35.61, 34.93. 

10 Example l5GH 

- t" 

..: . 

~ -... _ 

.A solutio~ c: the compound of Example 9P (0.11 9, 

:.2 m~c:l a~~ hydroxylamine hydrochloride (0.014 mg, b.2 
r:-~-:-.:::) .:..:-. py:.:..c..:..:-.€: (2rr.:.) was refluxed overnight. Workup 

a~~ ~~~ifica~i~~ using HPLC wit.h a solvent gradient frore 

: :.~ t.e>:a:-.e .::-. E:.C~ t.c 100% c.: EtOH pro,rided compound 
:.::;.:: ;22 rr.;.. ·- m':~. (CD30!.i) 67.89-7.86 (m, lH), 7.81 

1s, :Ej, ";.'54 (:::!, .J =LO Hz, lH), 7.45-7.00 (m, 15H), 

C".'.: (j,.: =~(.~Hz, lE), i:.7: (d, J = 14.2 Hz, lH), 

- ,.. - -- ' .:. • ~...:.-..: t ~:. ~., (E;, 3.:7 (d, J = 14.2 H~, lH), 3.0&-3.CS 

.., ..... ,, :..:-: (c, J = J..Cl nz,. lH), 2.96-2_.83 _(m, 2H), 

:..:..; 's, 3E;, 2.:E: (t:, 3H); l3c NMR (CD30D) 6200.03, 

:c::.E:, :.:..:..~:, .:i.4:.19, 1(1.16, 140.19, 139.40, 139.00, 

:~:.C: 1 :;s.:::, :3~.77, 130.62, 130.59, 130.48, 130.07, 
-~~ -· .,,.. .. ,..,. 
- t.. ~ ' ' ... r. ~ ' !: • t,; "' I 128.71, 128.ll, 127.50, 126.35, 
- 60 ,. .... 

: - • ;:: :: I -:-:.s:;, C'.8:, 67.2~, 57.15, 57.09, 33.65, 26.72, 
I • • ~ 

., .,. c. ~ I 

- - • ~ •I !or C37H4QN30s: 606.2966; found 

E~E-~-:;a~c-;-!!corobenzyl cyclic urea was prepared 

~s~~~ ~e~e~~: a:~y~atio~ and deprotection procedures. 

':"":.E- '.;!:c:: c• .4- ~· C.iS. r.i."noll i::l THF (20 rr.Ll was treat.ec 

.:::. !·'.,::·:.:.:.: (.'.'::·:, ::·.:. rr.:, .5 mrnol) under reflux for 3 

r- """r,.. 
.... ,1 I .~ ......... 

This Sheet Has Been Replaced 

1111111111111111111111111 

• 



WO 94/19329 PCT /US94/01'°9 

• 
-245-

40~ EtOAc in CH2Cl2, followed by further purification on 

HPLC with 85% hexane in EtOH gave compound 15CI (40 mg) 

and compound 15CJ (80 mg). 
Example 15CI: lH NMR (CDCl3) &7.64 (dd, J • 7.0 

5 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 Hz, 6H), 2.51 (b, 2H); 13c NMR CCDCl3) 

10 &196.31 (d, J • 3.1 Hz), 161.71, 161.46 (d, J • 255.6 

Hz), 139.39, 135.78 (d, J .. 9.2 Hz), 134.74, 130.82 (d, 

J .. 2.3 Hz), 129 .. 31, 128.60, 126.48, 125.38 (d, J .. 13.0 

Hz), 116.97 (d, J ... 14.4 Hz), 70.89, 65.58, 55.08, 

32.78, 31.26 (d, J ... 7~6 Hz); HRMS: calcd. for 

15 C37H37N205F2: 627.2671; found 62.2670. 

Example 15CJ: lH NM?. <CDCl3) 7.74 (dd, J • 7.0 

Hz, J = 2.2 Hz, 2H), 7.57-7.00 (m, 14H), 4.80 (d, J ~ 

l~.·3 Hz, lH), 4.62 (d, J = 14.3 Hz, lH), 3.90 (bs, 2H), 

.3.71-3.61 (rr., 2H),· 3.53 (ci, J • 14.6 Hz, lH), 3.29 (d, J 

20 = 14-3 Hz, lP.), 3.25-3.17 Cm, 4H), 2.93-2.82 (m, 2H), 

2.68 (s, 3H), 2.66 (s, 3H); l3c NMR.(CDCl3)5196.48 (d, 

~ = 2.3 H::), 162.37 (d, J = 259.4 Hz), 161.75, 161.58 

cc, : = 255.c Hz), :39.2~, 139.15, 136.02 Cd, J - 8.4 

f.::l, ::.3~,.e5 Cd, J = 6.4 Hz), 135.34 (d, J ... 3.8 Hz>, 

25 13~.62 (d, J ~ 3.0 Hz), 134.31, 130.76, 129.24, 128.68, 

l2E.62, 126.63, 126.59, 125.42 (d, J .. 13.0 Hz), 117.03 

(d, J .. 14.4 Hz), 116.41 Cd, J • 19.9 Hz), 113.67, 

101.28 Cd, 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: 

30 calcd. for C36H34N304F2: 610.2517; found 610.2534. 

Example 15CK 

In the synthesis of compound 90, compound lSCK was 

~= a ~inc: stereoisomer and was isolated on HPLC with 80% 

hexane in E:OH. lE NMF. (CD3:)D) B 7. 55-7. 53 (m, 2Hl, 7. 48 
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(S, 2H), 7.33-7.14 (rr., lOH), 7.10-7.07 (m, 4H), 4.75 (d, 

J = 14.6 Hz, 2H), 3.61-3.58 (m, 4H), 3.08-3.04 (m, 2H), 

2.99 (d, J =1~.3 Hz, 2H), 2.96-2.90 (rn, 2H), 2.17 (s, 

6H); 13c NMR (CD~OD) ~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 C37H41N40s: 621.3077; found 620.3091. 

10 

~ ' . -

Exa:nple l5CL 

By the same procedure used to make Example 90 , 
cor:":~o~nd lS:L was obt.ained from compound 15CI in good 
y:.E: ... (;.. :r. l\!·:F. (C:l3~D) B 7 .31-7 ~02 (m, l6H), 4. 63 (d, J = 
:;.:- E:, 2~), 3.62-3.56 (m, 4P.), 3.09-2.99 (m, 4H), 

2. !?:-.::. ~.: (::-., 2:-:), 2 .16 (d, J = 2 .2 Hz, 6H}; 13c NMR 

·::.:::.;· o:£2.i€, 1£:.28 (d, J = 248.7 Hz), 153.70, 

:. ~ :. . :. :. , : .:: 5 . ~ ~ ( c. , ~ = 3 . e Hz ) I 13 2 • 5 7 ( d I J = 8 . 4 Hz ) ' 

:::..Ef. .cc, : = .3.8 F.z), 130.60, 129.59, 127.49, 127.13 

1=., : = :~.":' P.z), 1~7.21 (d, J-= 22.9 Hz), 71.~0, 67.41, 

: -: . ~ -~ . . .:: .:: . € -C, : ~ • £ < d, J = ~ . 6 Hz) ; HRi-.:S: ca led . for 
:.,:.·.-.·::~.!:..;:.~::: £:.'7 . .£Ee'.";·; found £57.287.:. 

~:: :::-:-.;:::·.;:.::: :.::>: was obtained from compound XS534 by 

~-=-·~ s:::-:~ ;:;::::e~·..:::-e u~eci to make Example 90. lH NMR 
c::,::::·i s 7.34-i''.C2 (rr., 16H}, 4.66 (d, J - 14.2 Hz, lH), 

~.£; (:;: : = :~.2 Hz, lH}, 3.64-3.54 (m, 4H), 3.09-2.83 
<~;, ~!~, :.::. (=,;; = 2.4 Hz, 3H); i:>c NMR (CD30D) 8 

3: :.€.~.€.::, :(:.:;. (d, J = 248.0 Hz), 161.08 (d, J • 250.3 

.t:;:~, :..s~.c:·, ::.:.E::, 141.21, 141.16, 135.44, 133.40 (d, 

,, = . ... :: : ' , : 2 .'.: . ~ E ( d I J = 8 . 4 Hz ) , 13 2 . 2 0 , 131. 9 8 ( d , 

: ==- .:.c ::.:;, :2C·.t1, :29.63, 127.49, 121.14 (d, J-=.13.7 

:-::--:, ::.::..:=·- ·::;, '·::: 13.77 Hz), 117.43 (d, J-= 22.9 Hz), 

:··.:: ··· .. - "· :;.S- Lz;, 7J.8t;, (:7,t,1, 66.95', .$6.3~. 

•• 
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5 € . 9 E I 3 3 . 7 4 I 3 3 . 5 6 , 14 . 7 8 ( d, J ., 5 • 3 Hz ) ; HRMS : 

cal=d. fc= C36H39N505F2: 658.2841; found 658.2838. 

To a stirred solution of 3.66 9(10 mmol) of 

compound XXVIIIf in 15 mL of DMF and '7 rnL of THF, cooled· 

to Occ, was added 1.2 9(40 mmol} of an 80\ dispersion of 

sodiurr. hydride in mineral oil. The mixture was stirred 

10 5 mir.., and 4.66 9(40 mmol) of 3-furylmethylchloride was 

added. The mixture was warmed to ambient temperature 

over 30 rr.ir.. and then recooled to ooc. The reaction was 

quenched by the additior. of 0.4 N HCl, and ·the.resulting 

rr.i>:-: ure was ex-:racted with Et20. The organic extract 

l~ was washed wi-:h sa~'d aq. NaHC03, then-brine, dried 

CMgSOcl, and concentrated under reduced pressure to 

a::crd 4.92 g(93~> o! alkylated intermediate. la NMR 
t:v:l3) 0 7.ll-7.42tm, '7H}; 6.32(s, lH); 4.'72(d, lH); 

3.66Cs, lH); 3.82(rr;,··1E); 3.03(d, lH); 2.79-2.9'7(m, 2H); 

2 C :. • ~ C· ( s , 6H l • 

To 0.20 gC0.38 mrnol) of acetonide protected bis(N-

3-:i;rylmethyl cyclic urea above was 'added 8 mL of MeOH 

ar.c : rr.~ o:· co~c. a~. HCl. The solution was stirred l h 

a-: ar:-.Zie::~ ter..perature a:H:i poured into water. The white 
25 cc:~oical suspensio~ was extracted with 1:1 Et20-Et0Ac, 

a~d the organic extract was washed with sat'd aq. 
NaHC03, brine, dried (M9S04), and concentrated under 

reduced pressure to afford an off-white solid. This 

material was dissolved in '7 mL of EtOAc and warmed to 

30 boiling. Hexane, 20 mL, was introduced, and the 

solution was concentrated to -6 mL. The product was 

triturated with 3 mL of hexanes and allowed to cool. 

Solvent was removed by pipette, and the white 

crystalline solid was washed with 9:1 hexanes-EtOAc. 

35 The diol lSFN, following removal of residual solvent at 

.... ~.. . -··~ ··~· -· -
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va::u-.:r:-. pump pressure, weighed lllmg (60% of 

theoret.ical). 

Example 15FO 

To 0.22 mL (2.3 mmol) of stirred, cooled POCl3 was 

added 0.20 mL (2.5 nunal) of DMF. The solution was 

stirred 5 min., and a solution of 530 mg (l.O mmol) of 
acetonide protected bis(N-3-furylmethyl)cyclic urea, 

10 described ir. example lSFN above, in 0. S mL of THF and 
0.5 rnL of DMF was introduced. The solution was warmed 
:c arr~:.e~: tempera~ure wi~h stirring over 25 min., 
whe=eupo:-. a:-. ad:i:. :.ional 0 .10 mL of POCl3 was introduced. 

,:,. -

;r. -··· 

!he rea=~io~ was hea:ed ~o reflux for 30 min., cooled, 

~~= ;=~=e~ i~:c ~a=e:. The resulting colloidal solid 
-v:~z e;.:: :a :::ed w.:. :..:. l:: Et.20-EtOAc, and the organic 

~:::=.=.:: wa:: was::-.s:. w.:.t.!"i sa<;'d aq. NaHC03, water, then 

~=~~e. ~~y:.~; <~;s~,l, and concentration urtder reduced 
--e,,.c:··-"" - .1:•,..-a ...... a \..-o··:-i 01', :;'· -----.c: ... _..,,._ -- ..... "· -· Chromatography on silica 
-::< 1;-::.:~:~.:--: e-:·.: ... ~::-:-. -..-.:.~:r. 3:; tc 1:1 hexanes-EtOAci 
a::::-::iE:::.:. :.::: r.;- <~~~,; c! monoc:.lciehyde interrnediate as a:-i 

c.:._. :~ 2::.::r c:r:cl~; 5 9.41 Cs, lH, CHO); 7.52 (s, lH, 

!~=y:;; ~.c~-~.3Sl~, 12H, aryl); 6.59(s, lH, furyl); 
(.;:\~, :;:, :·..:.:-y:.1; ,,.60(d, n:, J =.14.6 Hz, one of 
;::::: i. ~-~: .. ~:: .. ::::, .; = 14.6 F.z, NC.H2); 3.7'7-4.03Crn, SF., 

~x:::~. ~~E c~_K:~2. CH~:(CH3)20:H); 2.68-302(m, SH, one 

r.:..: ~~:::.:, ~x:-:pi; : . 4' (s, 3F., CH3); l .42 (s, 3H, CH3). 

':c. a s::':.=re::i solut.ion of .100 ir1g (0 .18 mmol) of the 
r..:;,::-;oa :ae:~y::E .!.r.'terrr.ediate in 10 mL of MeOH and 1 mL of 

wa~~= ~a~ cdjeO C.5 m~ of cone. aq. HCl. The solution 
~a: s~~==~~ :c= : h at ambient temperature, poured into 
·,.;~:s!". a:-.::: ~:::rac-:ed wit.h 1: :i. Et.20-EtOAc. The organic 

tx:=~=: ~~s ~ashed w!th brine, dried (M9S04), and 

-:~:~:~=~~s:· ~~=e= re~uc~ti pressure to afford dicl lSFC 
... a:-. :. ;.._. 1 H; ; .7 . 51< ~- • l B} ; 

u::· = ._.. · ..• : . 

>:. 
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,J = 15 Hz); 4.64(d, lH, ·J • 15 Hz); 3;55-3.78(rn, SH); 
2 . 6 2 -3 . 14 ( m, 6H ) . 

Example lSFP 

To a stirred solution of 530 mg (l.00 mmol) of 
acetonide protected bis(N-3-furylmethyl cyclic urea, 
described in example lSFN above, in 8 mL 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 lN 
H::. The mix~ure was extracted with Et20, and the 
organic ex~rac~ was washed with brine, dried(MgS04}, and 

15 concentrated under reduced pressure. Chromatography on 
silica gel (elution with 1:1 EtOAc-hexanes) afforded, 
after removal of solven~, 310 mg (53%) of dialdehyde . 
i~termediate as an oil. lH NMR (CDCl3) 8 9.42(s, lH); 

i.52(ci, lH, J=2Hz);·7.20~7.36(m, SH); 6.58(d, lH, J= 
2C: 2E>; -4.lS{ABq, 2H,-JAB = 13 Hz, Av= 330 Hz); 4.00(br. 

s, lf.); 3.90(d, lH, J = 11 Hz); 2.84(ABx, 2H, JAB= 13.5 
Hz, JAx = 1.7 Hz, Jax= 11.3 Hz, llv • .78 Hz); l.45Cs·, 

6F.) •. 

To a stirred, cooled ·(-78°C) solution of 120 mg 
25 (C.21 m.~ol) c! the dialdehyde intermediate in 4 mL of 

E~20 was added 2 m~ (2 mmol) of 1 M diisobutylaluminum 
hydride in CH2Cl2. The solution was stirred 15 min at 
-76°C, the dry ice bath was removed, and the reaction 
was quenched with saturated aqueous sodium potassium 

30 tartrate. The mixture was diluted with Et201 and the 
two phases were stirred together for 30 min. The phases 
were separated, and the organic phase was dried (MgS04), 
concentrated, and chromatographed on silica gel. The 
prod~ct was eluted with EtOAc, concentrated, and re-

3S dissolved in 8 ml of MeOH. This solution was treated 
~~:~ C.~ ffiL o: con. aq. H:l, stirred lh, and poured into 

This Sheet Has Been Replaced 
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water. The colloidal suspension was extracted with 

EtOAc, and the orga~ic extrac~ was washed with brine, 
dried CMgSO~), and concentrated under reduced pressure. 

Chromatography on silica gel (elution with EtOAc) 

5 afforded a glass which was lyophilized from benzene­

acetoni tr i le to give 62 mg (57\) of tetraol lSFP as a 
powder. la NMR (CD30D) ~ 7.43(d, lH, J • 2 Hz); 7.20-

7.37(m, 3H); 7.ll(dd, 2H, J - 8.1, 1.1 Hz); 6.37(d, lH, 
J = 2H); 4.22{ABq, 2H, JAB• 13.3 Hz, Av• 33 Hz); 

10 3.'76(ABq, 2H, J-= 14.6 Hz, llv • 460 Hz); 3.65(br. s, 

lH); 2.56(br. d, lH, J • 11 Hz); 2.98(ABx, 2H, JAB• 

13.3 Hz, JA>: = l.S F.z, .J:e>: • 12.l Hz, /lv.: 54 Hz}. Mass 

s:::;-e:;. CKE3-:I l:>I:i:?) : :,2 9 ( (M+H-H20) +, 100\) ; 

c:. •. 

'::.· a .s:..:..=r-e:i .s~.:..-.::'ticr. c: :.~ r.-.g (0. l mmol) of 

r:-.:.:.:'.)E. ld€:t:::ie ir.":.erme::.ia:.e ~repared in example 15FO in· 2 

::.: c: E~:..:-: a;;-:. l rr.:... c·:! ,,;at:er was added 35 mg (0.5 m.'Ylol) 

a:-.~ e:r.t.ractec:i \oiith E-:.C.J..:::. The organic extract was 

wc..s::-.~ ~ v:.::. :.:. !:..::. :.:-;e, c.= .::.e:i (!~; S-0~) , and concentrated under 

r~=;ced ~:E:EE~~e tc a!~crd 33 roq (58%) of oxime 15FQ as 

a: ~~=r~~~~t ~=:!~. Mass Spec. (NH3-Cl/D~!P): 

~:;:. ::-:.o.;:,-, E·.~:; ~:.~:-; tM+E-B.2~)"', 100\i. lH NMR (CD:l3i 6 
- --· ···· · c· 7 --c 13~) , ._,-~ {~., .. ::, ; , . ~- .,:,err., •• ; 6.47(s, lH); 6.32(.s, 

li-:); ~.5;-.c7E:(r:1, 2F.i; 3.55-3.8~(~, 4H); :.25(c, lH, J= 

, ... __ 
~=: r .. 

c. i '!·-:: c;. ~---~:::!·ed s:•l'..l~ior. of 50 mg (0.097 mrnol) o: 

.. • ;:. ·: c. ;·.;" ..... -
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rewarmed to ambient temperature-with stirring over 6h. 
The rea=tior. was quenched with 10% aq. HOAc, stirred for 

3C rr.i~., and extracted with EtOAc. The organic extract 
was washed with brine, dried (MgS04), and concentrated 

5 under reduced pressure. Chromatography on silica gel 
(elution with EtOAc) followed by lyophilization afforded 
45 mg (90%) of triol lSFR as a white powder. lg NMR 
(CDCl3 l 6 7. 05-7. 38 (Ir., llH); 6. 85 (s, lH); 6. 82 (s, lH); 

6.30(s, 2H); 4.5l-4.6l(m, 2H); 4.3l(d, lH, J • 13 Hz); 

10 3.93Cdd, J-= 14, 5 Hz); 3.65-3.77(m, 2H)3.Sl-3.60(m, 

lH}; 2. 7'-3 .12 (m, 6H). Mass Spec. (NH3-CI/DDIP): 
5:7CCM-'"N'H~-f.20)•, 7\); 499((M+H·-H20)+, 100%). 

1: 
Exa:~:e l5F5 and l5FT 

~ :iask was charged wi~h lithium chloride (1~02 g, 
2t;.C m."Tlol, 1.2 equiv.) and flame dried in vacuo. A 

~~:.=oge~ atmosphere was introduced and dry 

di~e:.hy:forrna~ide <12.0 ml) was added. The flask was 
c . . . . . 

co:::.ed t.c. 0 C and the st.a=ting alco~ol,· 2-furylmethanol 
(:.7 r..:, 2C .. O m.'Tlo!) .was added via.syringe. The reagents, 

2,E-l....::.idine .. (3 .. 5 rr.l, 30.0 mmol, 1";·5··equi'7., distilled 

fro~ calc!u~ hydride) and methan~sulfonyl chloride (1.7 
r:-.:, 22. C: rr .. ;.:::i:, 1. :i. equiv.}; were added and stirring 

25 cc~:inued for one hour. The reaction was poured onto ice 
. . . 

a:-1d e>::..::-a::ted wit.r. et.her. The ethereal layer ·was washed 
witt a sa~urated aqueous solution of sodium'carbonate, 

whereupon a precipitate formed. The precipitate was 

removed by filtration and the layers separated. The 

30 organic 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 

35 w~:~ dry dime:hy!forma~ide (20.0 ml). This solution 
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containing 2-ch~orornethylfuran was used without 
characterization in the next reaction. 

The cyclic urea acetonide XXVlllf (1.02 g, 2.79 
rr~ol) 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 cont'inued for one 
hou·:r. The reaction was then quenched by the addition of .. 
water and extracted with ethyl ·acetate-hexanes (1:1). 

The orgar.ic phase was washed twice with water, once with 
i: brine, and dried over anhydrous magnesium sulfate. 

~ -... 

Filtrat.ion and evaporation gave the crude product which 
was p~=ified by f last column chromatography (30% ethyl 

ace:a:e-7C~ hexa~es>. The column provided two major 

!=a::!c::£: a nor:p=la= f=action containing the 
s:..g~i!!ca~::y cc~:a~inated bis-alkylated product and a 
p:.:.a=- frac:..i.o:: cor:t.ainir.g adequately pure mono-alkylatec 
c~·:.:..:.: u=ea i:-.t.ermed!ate (343 mg) . lH-NMR (300 MHz, 
c:.::.3) a -; .2E (!1.F., r..)' 6.27 (lH, t)' 6.05(1H, d) I 

:.:-;;:E, Ci, ~.e3(lE, d), 4.22(1H, dd), 3.88(2H, m), 

3.:~-~'.E~~(~, m), .. 2.70(lH, t), l.48(3!!, !), 

.. :-::.:·:.: c;:;:;. :I) Calculated for C27H31N204 

(!·:-:·"': ~~"i.~25~; cb~erved: 447.2277. The nonpolar 
& .. =--·~op ··::.c: -f'u .... ~ ... - p·•-i'fi'ed by flash column __ ""-'_ ... _ .. "'--. - _.., .. _ ........ 
c~~=~a~~;=a~hy t:3~ echyl aceta~e - 85% hexanes) to give 
-.· • .. - l-- ' ~ - -· •. • • ·' - - c .: ~ ~ c - d . t ( 7-:i 4 5 ci.) lH-NMR r--~ •-- ~-K;~~--~ _n __ .me l.a e ~. mg, ~ , 
: ::: : : ~:::: , : : : : .: > o 7 . :; ~ - 7 . 0 9 C 111!, m) , 6 • 2 7 ( 2 H, dd) , 

c02:2...:,::, .;.s.;<2E, a>, 3.90<2H, s>, 3.82(2H, bl, 

3.(3(2:-'., d;, ~.9'~(4!-i, rr.), l.41(6H, s). 13CNMR (75.4 

?·::: :. • : : ~: :. ::: 5 :. 6 0 . i ~ ' : 5 l. 9 3 , 14 2 • l 9 , 13 B • 8 6 I 12 9 • 4 5 , 

:2:.~-, :~~-~€, 110.21, 108.71, 75.26, 61.49, 48.45, 
~2.E~, ~€.7:. ~S(NE3 CI) rn/e 527 (M+H). 

::-::e r.-\::::::.alkyla<:ed cyclic urea acetonide above (33. 5 

r:-.;;, : .Ci5 rr:..::) was dissolved in methanol (3.0 ml). p-

~-::·.~,;;:-.~::::~:::-:!".:.: c.-:~C rnonohydrate (2.9 m9) was added an~ 

· ·· · · ~ :-.:.:. .:.:-:.;-=.:: ::.:- fou:r hours. The reactic!" w'2.~ 

;~ , ....... 6.":i ,..., •• ("" . '·-:. .... · .. ._ ..... 

~-. 
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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 15.FS (27 .8 1119, 9ll) in excellent ·yield~ ls-NMR 

(300 MHz, C030D) B 7 •• 3 (lH, s), 7. 34-7 .12 (10H, m), 

6.31(1H, m), 6.lO(lH, d), 4.75(1H, d), 3.86(1H, dd), 

3.65(2H, m), 3.39(1H, m),· 3.11(2H, m), 3.0l(lH, dd), 
2.88(1H, d), 2.77(1H, dd). 13c NMR (75.4 MHz, CD30D) 6 

10 162.17, 151.45, 142.30, 139.79, 139.74, 129.10, 129.06, 

128.0S, 127.91, 125.96, 125.64, 109.80, 108.15, 70.90, 
70.53, 65.28, 58.73,. 32.70, 31.94. HRMS(NH3 CI) 

Calculated fer C24H27N204 CM+H): 407.1971; Observed 

4C7.1961. 
, c. _ _. The bisalkylated acetonide was deprotected using 

the same procedure. Flash silica gel chromatography 

using 50% ethyl aceta~e-50% hexanes gave 15FT in 83% 
yi~ld. lH~N?-!R ( 4 00 MHz, CD30D) 8 7. 44 (2H, dd), 7. 32-

7 .13 C lOf., rr.), 6. 33. (2F., dd), 6 .15 (2H, d), 4. 75 (2H, d), 

2C 3.6.!i(2E, bd), 3.60(2E, s), 3.05-2.89(6H, m). 13cNMR 

ClC~.€ :t-«..f.::, CD30D) 6 1€3.11, 153.01, 143.93, 130.63, 

25 

30 

129.~7, 127.38, 111.36, 110.01, 71.75, 67.24, 48.88, 

32.99. HR~S(NH3 Cl): Calculated for C29H31N205j(M+H) 

~el.2233; Observed: 467.2226. 

The starting 3-carbomethoxy-2,5-dihydrothiophene 

was prepared from l,4-dithiane-2,5-diol, 

trirnethylphosphonoacrylate and triethylamine as 

described in the literature [J. Org. Chem. 43 (23) 4431 

(1978)]. 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 

d.:isob~<;ylaluminurn hydride (11.9 ml, 17.88 mmol, 2.5 

eq~~v., 1.5 ~ i~ toluene) was added and stirring 



WO 94119329 . PCT /US94/01605> 

• 
-254-

con~ inued for two hours. The reaction was then briefly 
0 

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 ad~itional 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 

c:.lc= .:.de i . The resulting 3-hydroxymethyl-2, 5-

d~~yd=o~hiophe~e was isolated in 91% yield (753.7 mg>. 
:::-1~:-::: <300r.::-:::, co::..3) S 5.77(1H, bs), 4.22<2H, d), 

- , 
~-. 

:: .... ~~~:-:, r..), 2.C·?(lf., t). 13c NMR (75.4 MHz, CDCl3) 5 
:.~:. -- , :.:.; . :.3, L .. ..:_::, 38.~5, 38.21. MS(CH4 CI) m/e 117 

; '·'- ';,... 

'!:!'".s c.:c-;t.o:. (6€3.0 mg, 5.72 mmol) was diss.olved in 

t~~ ~e~~y:e~e_ ct:o:ide (20 ml) under a:nitiogen 

c:-:·::::;..::€:~t. !:·:-~!" :.::iet.h~:lamir1e Cl.2 rr.1, 8.57 mrriol, :i.·.5 
0 

~;--~ ., -~~! addsd &~~ t.he reaction cooled to 0 C. 

,,.-:;~ c.:i::ie.c a::.:. react.ion continued ·for 0.5 hours. The 

=~~=~i=~ ~s! til~~e:i with methylene chloride and washed 

~!~~ ~~:..~:e ~~~=~~~:o=ic acid and brine. Drying over 

~a~~~:~~~ ~~:!a~e, f.:.lt.ration and evaporation gave the 

c=~~~ rees~:a:e which was used without purification. 

~~~ =cs:::i~e was dissolved in dry dimethylformamide 
I::. ,. - • ' 
\ • I - •• - I 

'fr- .. l-. 
~•·::: I • • • -

c.::.:.: ~r.e c:,..•clic urea acetonide XXVIIIf (524. 5 

r:-:..:.:) was added. Sodium hydride (172 mg, 5.i2 

r.-.:r.:;:, c.::.r :::a ~ ec;::...i v., 80\: oil dispersion) was added and 

.s~:.::-:::-.:.::-.:; c~:::inue::: cve?:"night. The reaction was quenched 

:.:: -::-.~: cc.::-e:.:.:.. addition of water and extracted with 505<. 

~:~_·_ !=~~a~~-5J~ hExan~s. The organic phase was wbshed 

... • -.:~.:i;.::. c;.~~ 1.·i.th bri:-".;:, ar.d drie:::. over 
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crude product which was purified by flash silica gel 
chrorr.a-;ography (15\ ethyl acetate-85% hexanes). The 
desired bisalkylated product was obtained in excellent 
yie:d (720.1 mg, 90\i). lH-NMR (300MHz, CDCl3) 3 

5 7.29(6H, m), 7.14(4H, d), 5.40(2H, s), 4.32(2H, d)~ 

4.06(2H, s}, 3.83(2H, d), 3.78~3.49(8H, m}, 3.06(2H, 
dd), 2.87(2H, d),· 2.83(2H, dd), l.31(6H, s}. HRMS(NH3 
CI) Calc~lated :for C32H39N203S2 (H+H)+: 563.2402; 
Observed: 563.2394. 

10 Removal of the acetonide protecting group using the 
hydrolysis procedure described in· the procedure of 
exarr.~:.e 15FS gave compound lSFu·. (3.;.1 mg, 78%). lH-NMR 
C3::. M~z, CDC:.3l 0 "7.36-7.ll(lOR, m), 5.45(2H, bs}, 

.;,2-;c2r., d), 3.93(2H, bs), 3.82-3.49Cl0H, m), 3.16(2H, 
15 c::), 2.87(2E, dd), 2.64(2H, d)~ 2.62{2H, bs). 13c-NMR 

("75.~3 K~z. CD:.:.3) 0 lc2.H, 139.66, 139.10, 129.-36, 

:2E.€£, 12e.5:., 12€.iC, 71.81, 63.01, 50.97, 39.70, 
3s.;:, 32.9:. HR~SCNH3 CI) Calculated for C29H35N203S2 
(!-~-::; :. 522.2069; Observed: 523.2071. 

E.>:a:-:-.:;::e: Fv: 

Co~pound 15FU, prot~cted as the acetonide, (53.2 
j.,; I c, c 9~ ';' mmol) Was, dissolved in dry methylene chloride 
( 2. C :-:-.:. l under ·a ni trog'en at.mosphere. The reaction was . 

25 coc:ec to Cc C Snd solid. m-chlorOperoxybenzoiC acid 
CE~.~~;. C.386 mmol, ~.1 equiv.~ circa 80i active) was 
added and stirring continued for three hours with 
gradual warming to roorr, temperature. The reaction was 
the~ d~lut.ed with methylene chloride and washed 

30 successively with saturated sodium bisulfite, saturated 
sodiu~ carbonate, and brine. The organic phase was dried 
with magnesium sulfate, filtered and evaporated. The 
crude product was purified by flash silica gel 
ch=o~a~ograp~y (50' et~yl acetate-50% hexanes) to give 
~he t:s-s~::cne a=etor.ide C61.5 mg,· slightly more than 

This Sheet Has Been Replaced 

1111111111111111111111111 
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the subsequen~ transformations. lH-NMR (300 MHz, CDCl3) 
0 7.39-€.95(10H, m), 5.60(2H, bs), 4.22(2H, d), 4.06(2H, 

s), 3.83-3.47(10H, m), 3.13(2H, d), 2.99(2H, d), 
2.73(2H, dd), l.31(6H, ·S). MS(NH3 CI) m/e 563(M+H-S02)j 

5 499(MTH-2502). 
Removal of the acetonide protecting group using the 

hydrolysis procedure described in the procedure of 
example 15FS gave compound lSFV (17. 4 mg, 65%). la-NMR 
(300 MHz, CDCl3) s 7.28(6H, m), 7.11(4H, d), 5.57(2H, 

10 bs), 4.16(2H, d), 3.92C2H, s), 3.83-3.45(10H, m), 

3.23(2H, d), 2.92(2H, d),_2.~.4(2H, t). 13C-NMR (100.6 
MH:, CDC.!.3) s 1€1.99, 1~9.oo," 13.5.52, 129.32, 128.84, 

. :: 

:2:.a~, 1.23.28,. 7l.C4, 63.84, 56.53, 53.07, 33.14. 
F.R:·=s ffAE (gl.yce:-c:/:-:;:..)): Calculated for C29H35N207S2 

f!·:-:-::·: SE':' .. :s~c; :ir..served: 5E7.1889. 

:~~~~~~= 15F~, ~=o~ected as the acetonide, (46.6 -•· ol• _ ... : .::::- :---.::-.:::-:) v,-~~ c.:.ssolved in dry 1,2-dichloroethane 
·: ·~ ::-: ... :..:::::.:..:..:..:.:. c..: 2,3-dichloro-5,6-

c:c~·a::-.:!::ie:.zc;::?.inc:.~ (~L,4 mg, 0.182 i'nmol, 2.2 equiv.) 
:-e£.·..: .! :.~:; ::.:. a::-. i.::-.s-:.ar.:.aneous conversion to product. The 
rea:~.:.=~ ~s~ app:i~d t~ a flash silica gel column and 

.. 
i:.:.·..:~.·.::: -..:.:.:.:. ~.:.=~~ rnet.hylene chloride then 5~ methano.!.-
s: ;. r:.e::-.:::.c.E: c:.:c=!de. The desired bis-thiophene 
~~:~=m~~~a:.e ~as isola:ed in 92~ yield (42.4 mg). lH-
K!·:::--. ::::~ ?-~:-:.;:., C;)Cl3) ~ 7.37-7.20(8H, m}, 7.10(4H, d), 

t. ~ :- ~ ~::, c_, , £. S5 C2h, b), 4. BB (2H, d), 3. 83 (2H, bs), 
.... '"''"'· f ""..' ~-.... ._. ... 1- ... , !:;..:(cb~=uredil, 3.l6(2H, d}, 2.92C2H, dd), 
2 .. s: :2:-:, c:::;, : .37 (6l-:, s). l3C-NMR (75.4 MHz, COCl3) 6 
>.::.:~.:, ::~.::, :.3t:.6~, 12.9.43, 128.71, 127.74, 126.53, 
.... .- --, . . ... _ """'. - ' 

I • • ~ : • : • 

.. -- ,. -, ... > ' 
- c.. - • - ', 75.59, 60.89, 51.00, 33.58, 

.. 
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After deprotection of the acetonide as descirbed 
for example lSFS, the resulting residue was applied to a 
preparative silica gel plate (0.25 mm) and eluted with 
50% ethyl acetate-SO% hexanes. Isolation of the 

5 appropriate fractions gave compound lSFW (12.9 mg, 61,). 
lH-NMR (300 MHz, CDCl3) 6 7.38{8H, m), 7.12{4H, d),. 

7.00C2H, dd), 6.97(2H, bd), 4.82{2H, d), 3.64(2H, s), 
3.58(2H, bd), 3.16(2H, d), 3.04(2H, dd), 2.89(2H, dd), 
2.34 (2H, bs). l3C-NMR (75.4 MHz, CDCl3) 6 161.69, 139.4, 

10 138.92, 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). 

ExamFle 15FX 

15 Corr.pound l SFV, protected as the acetonide, ( 15. 5 
mg, 0.02~ mmol) was dissolved in dry toluene (5.0 ml) 
under nitrogen. The reaction was heated at reflux for 
sever. hours ther. allo~ to cool overnight. The solvent 
was removed under reduced pressure and the residue 

2: E.pplied to a prepara~ive silica gel plate (0.25 mm) and 
eluted with 25l ethyl acetate-75% hexanes. The bis-diene 
intermedia~e was isolated in 61\ yield (7.5 mg). lH-NMR 
(300 ¥..~z, CDCl3l B 7.37-7.17(10H, m), 6.31(2H, dd), 

5.35(2H, dl, 5.H(2f., s), 5.l3(2H, d), 4.83(2H, d), 
25 4.70{2E, Cl, 3.88(2E, S), 3.85(2H, m), 2.89(4H, m), 

2.6~(2n, d), 1.44(6H, s) 13C-NMR (100.6 MHz, CDCl3) 6 
l~l.68, 142.93, 139.49, 136.85, 129.39, 128.64, 126.49, 
120.23, 115.46, 110.22, 75.76, 59.19, 52.81, 33.40, 
26.90. MSCNH3 Cl) m/e 499(M+H). 

30 After deprotection of the acetonide as described 
for example 15FS, the resulting residue was applied to a 
preparative silica gel plate {0.25 mm) and eluted with 
50% ethyl acetate-SO\ hexanes. Isolation of the 
appropriate fractions gave compound lSFX (2.9 mg, 42%}. 

35 lE-Nt-:r. (400 M?.z, CDCl3) S 7.37-7.16(10H, m), 6.31(2H, 

dd), 5.3.;(2f., d), 5.J.7(2H, s), 5.12(2P., d), 4.79(2H, S), 

... ,, · .. : .. : . ::-:;i;-:-:--:---.. 
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~. 74 ( 2H, d), 3.76(2H, S), 3.64(2H, d), 3.06-2.88(4H, m), 
2. 67 (2H, d>, 2. 28 C2H, s) • 13c-NMR (100. 6 MHz, coc13> 6 

162.02, 143.05, 139.93, 136.88, 129.48, 128.68, 126.47, 

120.CS, 115.61, 71.89, 63.06, 52.42, 32.68. HRMSCNH3 

5 Cl): Calculated for C29H35N203 (M+H): 459.2648; 

Observed: 459.2653. 
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1 "IJ m- Wr.H5C'll;i''- rn- w,.11,,;·ll .o·- I I I I I+ 114. 6 27 . ;.:; 
C' {n) NHCll,1C ~·111:<1 (' (0) NIH. 11. · • ('llrl!I ~ 

t..l 

) -r 1,1! 1rH , ·· ) ·-C,,ll.1 r '' \0 

, 'in m·- m- I ~ I I 11 :• JJ. 7 651.33 27 
{fl;oW~H7C (Cl) NI!\ (lt;>Nr.11_,!· ,, '~.Jll\ ·-

~ 
c.,11 1r;n:- .. I!': r · •. 11.11·;11 . ;,· ! 

::i-
___ ....... 

---"' l."i5 m-(L- m- (T,- I 1 I 10n. 6 947.43 21 

- Vl 
Cr.H5CH20C(O)NH-- c,.n5r.n,or (I}) mr-

--.=~ 
~ Clf(CHJJC(O)Ull)- CH(C'H1)I'. ('')l!il) ·-
::r: C(,H4CHr C,.,H.,CH •. • -

-~ -"' 15T m- ( L-C ,H5Cll 1n- m- (L-C'\,H·,C"ll;-0- ~I ! 107.9 1099.50 21 t;:I 
-n 

(b C (Cl) NHCH (C'll;ir. ,,!' c (0) Nnrn f".·11 .•': "" t 
--;:I • ,,., 5)C(O)Nff)- 5)C(O)tJll)· 
---(""" --o C5H4CHr c,t14CH..,-~~~ -I" 15U m-(L- m-(L- 112 .3 679.36 21 _(", + ~ ~· 

(1) I 
a. H2NCH(CH3)C(O)N H7NCH (C!l _1 l t:: WIN N 

°' H)-C,H4CH.,- ll)-C6H4':H.- C> 
I 

••• HCl ••• HCl 
lSV m-(L- m-(L- +++ 210.6 831. 42 27 

ff2NCH(CH2C6H5)- H2NCH cc11,c i;!I•,) -

C(O)NH)- C(O)NH)-
C6H4CH2- ••. HCl C6H4CH,- ... l!Cl 

15VA H 4- ++ ++/+ 437 
oxocyclohr:-xyl-
methyl. 

15V8 H 4,4-dimethoxy- ++ H/+ 452 
cyclohexylmethy (469) 
l a 
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lSVD 
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15VE 
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==~ 15VF iiiiiiiiiiii :r: -"" "' -to 
=o -o -= iiiiiiiiiiii !A:l 15VG 
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-'O ---t.> -,., 
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15VH 

15VI 

15VJ 

lSVK 

H 

CH3NHC(•O)-
(CH2) 5 -

HO(CH2)6 -

HO(Cff2)6 -

H 

HO(CH2)5 -

HO(CH2)5 -

HO(CH2)5 -

HO(CH2)s -

Tabl_e 2d (cont.) 

4-(oxime)- ++ 
cyclohexylmethy 
l 

CH1NHC(=O)-
(Cf17) r, -

Cl (CH7h; -

CHJNHS01 (CH;» r. 
-

· HO(Cff7) s -

b-Naphthyl-CH7 

Ci;Hc;CH, -

CH3S (CH~,) 5 -

p-(HOCH1>­
c,H4CH1 -

++ 

H· 

H 

+++ 

+++ 

+++ 

++ 

H+ 
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\0 .... -++/+ 451 ... 
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(H+H- w ..,, 
OCH3) 

\0 

++ 581 
(598) 

+++ 545 28 
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N 

0.. 
CH;i - CJI; -

°' N 
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lWO HO (CH2) 6 - b-tJapht_ln,. ·. -r:ll;i ·f +·I IH 567 

JSVR HOfCH7)5 - m-HOC,.,H,,CH;;- - If I- 1-H 519 
'. -

15VS HO (Cll2) '5 - CH3~07(r:ll··}·, - +H +~+ 561 
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Table 2d (cont.) :::: 
d . " 
'ID l ~ -. 

15W HO(CH2)s -
... 

C1H5CH7 - +H· ••• 467 --~- . ~ ··:~ 
w 
'ID 

15VV CH30(CH2)c; - CH10(CH,)•, - .. + ... 527 34 ; ·-~; 
( 544) 

: 
._, ,. 

15VW HO(CH2)s - CH30(CH;i) c; ,... + •.• +++ 513 35 :.;· 

...., 
::r ---. --"' -en 15VX HO(CH2)s - m-CN-C6H4CH2 - ..... ·H+ 528 

!!!!!!!!!!!!!!! ::r (545) 
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-(!) 

==!!. 
iiiiiiii ::r: _,,,, -(I'> 
==to 15VY HO(CH2)s - m-(C;iH50C(=O))- +++ +++ 575 f-::. 

=ro I .• 

--(!) C6H4CH7 - (592) .~ -:::i 
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--<1> 
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---o -- 15VZ CH3CH (OH) (CH2) 4 527 36 -"' CH3CH (OH) (CH,;1) 4 +++ ...... j: 
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<1> - (544) i 
0. - ;-, 
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15WA CH3CH(OH) (CH2)4 b-Naphthyl-CH2 +++ +++ 80.7 567 36 
j:: 
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(584) ... 
'·· 

lSWB CH3C (•0) (CH2) 4 CH3C (>=O) ccn,) 4 ++ 
·1.:: 

++ 523 32 

-
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(CH2) 4 - (CH2)4 - 2 
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C1;ll1CH;o- C,,H.1Cll, ·· 

1!.'WG rn-(Heo2r.)- m-(Et;tlC!.."' - f I I I I ~ (681) 39 .. ;. 

C6HeCH2- C r.H .1Cll ,' • . • 
l~WH m-(Me02C)- m- (P.tt-JIH~ <O\) - l I I· + +· ~ (653) 39 I 

N 
CfiH4Cl!2- Cr:.ll~Cll;i- a' 

~ 
I 

l ~·WI H m- (HOCfl ;d · I I I IH 176- 447 40 
C"r,H4C'll;- 177 

15WJ m-(HOCH,;i)- m-Et 2Nc cm - +H + ++ 88.9- 636 39 
_;i c,,H4CHr Cr,ll4CH7- 90.0 (20\) 
=-- -· = ~ =; zff 
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~ :::::-=tit 
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!? ::::::: j;;" ! 
_, 

I") 
fl) 
Q.. .... ·.1 

~ ·.:; 
'\O 

.1 ~ 



::: 
d 

-~ Table 2d (cont.) 'Cl .... ---"' --en ~ !!!!!!!!!!!!!!! ::r -0 lSWH m-(PrNHC(O))- m-(PrNllC(O))- +++ H• 677 38 
..., 

==~ "' 
iiiiiiiii ::r: C6H4CHr Cr.H4CH,--Ill -"' ==ti:i 
==o lSWN m-(iPrNHC(O))---o m--::s ·H+ .. I f 1 f;4- 636 39 
iiiiiiiii :;i;:i (H02C)C6H4CH,- Cr.H.4CH, 167 
--o 
--'"O - ...... -Ill --n 

0 lSNQ m- m-(PrNHC(O))- ++t- H·+ 151- 636 39 0. 

CH01C) C6H4CH,- C6H'1CH,- 153 (32\) 

15WP m- Benzyl +++ +++ 122- (568) 39 
(H02C) C6H4CHr 124 

I • N 
lSNQ m- Cyclopropyl- +++ +++ 135- (532) 39 °' l11 

(H07C) C6H4CH,- methyl 137 I 

15WR p-(HOCH7)- m- +++ +++ 130- (598) 39 
CgH4CHr (HO;iC) C6H'1CH7- 132 

lSWS m-(HOCHz)- 3-picolinyl +++ +++ 538 39 
C6H4CH2-

lSWT p-(HOCH2)- m-(H2NC(O))- +++ +++ 123- 580 39 
C6H4CH2- C1";H4CH2- 124 q 

lSWU m-(H2N)C6H4CHr 2- +++ +++ 572 39 i naphthylmethyl a -I 
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0. 

1~1WX m-(HOCH7)- m-fF.tHNCf\1))- ++I ·I I • Rll-89 580 JCJ 

Ct:Hi1CH2- Cr,11.,CHr 

15WY m- '"OCH;·)- rn- HI· I I • l 11- 552 39 

C6H4CH,- (MeHHl l".'1,!11•"'.I!;-- 113 • 
l 5W7. m- 2- f. I I · 4 I I 98- 586 39 I 

'" (HeNH)C6H4CH;i- Ne1pht: hy lrn••t hy 1 100 "' "' I 

15XA p- p-(HOCll;I- IH .f ' 1598) 41 
CH07C) C61f4l':ll_.- c6n11 <:n_,.-

15XB p-(HC(O))- p-(HOCH;i)- +H ~-++ 565 42 
CgH4CHr C6H11CHr 

15XC m-(MeNHCH2)- m-(MeNHCHJ)- ++ ~H 593.3483 
C,;H11CH2- • HCl Cr,H4CH,;i- • HCl "'!:I 
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lSXD m-(CH3CHOH)- m- (CH 3CllOll) - +++ ·H+ 595.3177 c en 
C6H4CH2- C6fl11CH1:- (612) ~ 
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C&H4CH,-
m-(2-(N,N-
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m-(2-(N,N- +++ 
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~ 
lSYP I I I 1 l')-117 605.311364 ·~ 'IC 

yl mrthy.1 tll!I'. ('·(1)) -

r:,,11 11c111 ·· 

i~.n: f"\'C" lopropy lmr! h rn- ( (2-·pyt i1lyl) -

v' mt!thyltllll"(-n) )- .• 

Cr,fl11CH;i ·' · .. ·) 

lSYF m- (p-tol•Jyl m-:- ( p- t (I l 11 y l I I H+ 169-171 
!'U lC ony l hy<i r i1 ·- su.lfonyh;••!r a-
zone-) C' <>H.1Cll: . Z('llC) C(,l14Cll7 

lSYG m-(N-morpholino. · m- CN-mo rphc- J 1 n<l ++ i I+ 110-112 765 • 
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I 
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Ci;H4CH;i C6H.,Cll.;> 
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15YL m-(3-pyrazole)- m-(3-pyrazolP.)- +H fH 208-210 639.4 ..., 
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C6H4CH;i- <:r,H4Clfr 

15YM m-(3-pyrazole)- m-(3-pyrazole)- ·H+ ++-+ 195-197 
C6H4CH2-•HCl C1;H4CH1-•HCl 
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CO) -C5H4CH;i- CO)-Cr,H4CH7-
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i 
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-"' lSAA m~(ClCH2C(O)NH m- (ClCH2C(O) NH. ++ .. +H 51 -(/) 
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NHN ... CH-Cf'in 1CH .' NHN,..CH) -Cr,H4CH, 
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3-( (5-(CH1) ,Ncn,) 3- ( (5- (CHJ) ,Ncn,, 165(dec) 

---=to 
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+++ +H 
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\0 

~ 

-1,2,4-oxadiazol -1,2,4-oxadiazol 

=---= yl)-C5H4CH,• y l )' -C,;H4CH7 • 

~ 

=---.fj 
HCl 

HCl ·. 

-
--=~ 

lSAP m-(N-methyl-N'- H 
+ 117-149 467 2 

0 piperuinyl) 
0. propyl•HCl 

. :; 

.·, 

lSAQ m-cyanoC6H4CH, p-hydroxyC6H4CH7 +++ 

.• 

·Hf 
548 54 

;, .}- ' 

:·_·'. 

15AR m-cyanoCfiH4CH2 m-3-pyridylmethyl +++ ++• 533 55 
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:_-.1 

I 
N 

" 

15AS m-(N-methyl-N'- H 
+ +/H 150 467 2 

w 

piperazinyl) 

I 

propyl•HCl 

• 

15AT m-CH2NCC•NOH))- H 
+++ +++ 172-179 475 2 

c,H4CH2 

!-~·: 
! · .. 

lSAU m- (H2NC (=NOH) ) - p-hydroxyC6H4CH1 +++ +++ 195-197 581 44 

c,H4CH2 

.• ·1 

15AV m-(HzNC(•NOH))- p-benzyloxy- ++ 180-182 671 44 

·! · .. , .. 

c,H4CH2 C5H4CH7 

- . i 

a 
2! 
fl) 

: cs ... s 

I 

.j 
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t r,.J\W m- 111,NC/-p.1111). ·1- p yr \ft•; ~ n·.-· t. h,. 1 1711-192 566 

~ 
44 t..J 

'D 

•:.,,ll~C!I: 

1 51\X J11-(7.- n·- (2- '' ?0"1 1)1) 46 
bP'l7.im.i•.!.J•N'.1 VJ) - l"''n7.i1~l 1 ! ;:•,,l,r'' -

,! •, .. 

c ,; " 1c11.' ('1,ll.1Cll .' 

!SAY m-(2- m- (7.- 11 ~1"1-219 739 46 • henzimirt:o;n 1y1' - k-Pn7. irTli d 1-.·.n l y I) -
C\:~4CH1 •llCl Ci;ll.1rll7 •I!'' I 

JSAZ m- (f"'H3NHC (=-"'1011) I - m- (t""I! ,t1- 11•: ( -NOii) ) - t • t ! I 4 1 IJ;! (d'!C) 651 46 
CC6H4Clf;- c"'11,,c:~ .' -

I 
N 

" lSAA m- (C3H7NHC (=NC'll)) -m- (C3ll7NllC (=NOH') - •· H . ~ ., 177 707 46 ~ 
I 

C6H4CHr Cr,ll4Cll: · 

./. 

15RB m-(2-amino- m- (2-amj no·· ~ ' 726-227 693 45 
pyrimidin-4-yl>- pyrimi~in-4-yl)-

C')H4CHr Cr,H4Cll;--

15BC cyclopropylme.thyl 4-fluoto-3-cyano- H 514 44 
c6n.,cn.,_ 

>-l :::r 1580 m-(2-amino-4- m-(2-amino-4- +++ H+ 151-160 703 ----. ---Ul 
-C/l thienyl)-C6H4CH~- thienyll -r.'.i;ll4CH;i-!!!!!!!!!!!!!!! :::r a -(1) ---(1) --- ... 
iiiiiiiiiiiiim ::z:: 569 i _,,, l5BE cvclopropyl~thyl m-(2-amino-4- ·H + H·+ 118-127 -"' =tti th lenyl) -r,,n4cn7 _ 
=(l) ---o 0 
-::: -iiiiiiiiiiiiim ~ O'I ---o .... ~ ... ---'"Cl --_,,, 
---n 

0 
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Table 2d (cont .. ) .... -.... ..::_'i ~ .. ..., .. 

15BF m-(2-chlorornethyl m-(2-chloromethyl H ... 17R-181 503 ..., 
-2-propenyl)- -2-propenyl)-

- 1..:~ C6H4CH,- C,;H4Cll;i-
.... ·'"' 15BG m- m- .. .,l-RO 467 

(2-hydroxymethyl (2-hydroxyrnethyl 
-2-propenyl)- -2-propenyl)-

i; 

C6H4CH2- C6H4CHr I• ~ 
~-.} 

15BH cyclopropylmethyl ((2- -4++ ++f. 155-164 643 
benzimidazolyl)-

' CH2NHC(O))-
; ·. C6H4CHr ! 

1581 m-(benzyloxy m-Cbenzyloxy +H +f.+ 803.S 
methylcarbonyl)- methylcarbonyl)-
C6H4CH2- CfiH4CHr • N 

15BJ m-(l-SEM-5- m- (l-SEM-5- +f.+ +++ 899.5 ...... 
U'1 

imida zoy 1) - imidazoyl)- I 

C6H4CH2- G6H4CH,-

15BK m-(5- m'."" (5- +++ ++. 171-175 639 )·.: 

imidazoy 1) - imidazoyl) -
C6H4CH2- C6H4CHr 

·-.; 15BL m-(5- m-(5- +++ ·Hf. 
imidazoyl) - imidazoyl) -
C6H4CH2-•HCl C6H4CHr•HCl 

15BM m-(1-(N,N- m-(1-(N,N- ++ +++ 853 
dimethyl dimethyl ;SJ 

-~ sulfamoyl)-2- sulfamoyl) -2- ""i 

"' imidazoyl) - imidazoyl)- a 
~ C&H4CH2- c,H4CH2- i .. ; .,, ., 

cs . -:·.', ---=.,, 
'<i-_ ~ .... .... ;: § : ~ 
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-en \Cl -en !!!!!!!!!!!!!! ::i-- "" --
-Cl) .... 
==~ ~ --.::r; 1 ~1f1N m- (4-pyrrtz•"'!.1••) .. m-.(4-J"'!'"·':-<"1••)- IH I I + "' -~ 

\C -(ll (",,lf4~H,-- •til.' 1 C 1;H4Cll.' · • :1;· 1 ==tti 
=Cl) 
-Cl) -= ---ltl l ~nP. m..;.,..i1 rl:-C"lm ... t· ht· 'I( y-- m- 0-riv'." "'.'~ rJ . ~ I ·+ I 11· 12"1-130 631.4 
===~ =j;j ~ ,, ".., ("Jf 7- C 1, fl~ ("II_,.. .· .. 
-n 

Cl) 
0. 

lSf\Q 111-hydr.oxymct ~,,..1 - in-: (3-pyr;i "'le) - t I I· ~ I I 60.L2 
C',;H1<"llr C 1;n.,r:I!;-

.. 

lSRR m-(2- m-<".2- ~ I I I I+ 178-180 639.4 
imida:r.ciyl)- i m.lda :r.i:-y l 1 -

• t 
CfH4CH,- C6ll4CH;- - I 

N ..... 
1585 m-(2- m- (2-. I t- I +H· 191-194 °' I 

imidazoyl)- imida":znv I ) -
C6H4CHi-•HCl c.,11.,r.11:. • 1:•· 1 

15~T m- ( <2-morpholi.no m-(3-pyr;irnl,..)- ~I+ I • t- 729.S 
ethyl)amino Cc,ll4Clf,-
cartJonyl)-Ci.H4CH, 

lSBU 3-pyrldinylm~thyl m- (3-pyr,17ole) - +++ +++ 133-136 574.2 ---C(iH4CH,-

lSBV m-cyano-C6H4CH2- m-(3-pyra:zole)- +++ +++ 598.2 
Ct'H4CH;i- .,, 

n 
~ 

158H m-(H2NC(,..NOH)J- m- (3-pyra::o l".') - +I+- ·11· + a 
<:r,fl4CH2- · Cf.H4CH1- i 

0 ... 
= \Cl 

'I ' n 
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.Iablc 2d (cont.) 0 
"° .... ._ -lSBX H m-(3-pyrazole)- +++ +++ 483.2 ~ ..... 
"° Cr,H4CH,-

lSBY p-(benzyloxy)- m-(3-pyrazolr)- +++ ........ 679.3 
~ ·'.: C6H4CH2- Ci;H4CH7- .·-.· 

·~: "> 

-:t:~ 

lSBZ m-( (3-pyddinyl m-(3-pyrazole)- +++ +++ 707.5 
methyl) amino Ci;H4CH7-
carbonyl)~C6H4CH7 

;l 15CA p-hydroxy-C6H4CH:r m- (3-pyrazole) - +++ +t-+ 150-153 589.3 --- C6H4C_H,--"' -rzi !!!!!!!!!!!!!!! ::;--
-0 
===~ I 
iiiiiiiii :J::: 15CB m- ( (2-pyridiny 1 m-(3-pyrazole)- +++ +++ 707 t N 
_,,, 

........ -"' methyl) amino C6H4CH;:i- ........ 
=to carbonyl)-C6H4CH7 I 
=o -o 
-::l 
iiiiiiiii ~ 15CC m,p-dihydroxy- m-(3-pyrazole)- +++ +++ 177-180 622 --o ---o C6H4CH2- C6H4Cff;:i---_,,, 
-n 

0 
Q. 

15CD m-nitro-C6H4CH7- m...:(3-pyrazole)- ........ +H (635) ' 
C6H4CH.,-

15CE m-amino-C6H4CH7- m-(3-pyrazole)- H+ +++ 136-138 605 -C6H4CH,- .,, 
~ 

15CF m-cyano-p-fluoro- m-(3-pyrazole)- ....... +++ 118-120 616 ~ C6H4CH2- C,H4CH,- \0 ... 
Ci -s 

,, 

-{ 
. ;.:_l 
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"··' '·' ·11 :· -

. .' 
15CI rn-ttcetyl-·p-flririro 111-;icE"tyl .,-fluoro 203-204 649.3 

"'.c,ll.1CH;- - Cr,ll1CH,.- (M+Na) 

15CJ m-cyano-p-flunro- m-ttcet.vl ··p ·fJuoro 192-193 632.3 
CbH4CH,- Cr.ll1Cll,- (Mrna) 

• 
lSCK m- (CH3C ("'NOii)) - m-CCH3C(-NOll))- 621.4 I 

N 

C'r;H4CH2- C1;H~Cll;·- " en 
I 

15CL m-(CH3C(=NOH))- m- (CllJC ('=NOH)) - 657.3 
p-fluoro-C6H4CH2- p-f luoro-Cr.ll11CHr 

lSCH m-(H2NC(•NOH))- m-(CH3C(=NOH))- 658.4 

p-fluoro-C6H4CH,- p-fluoro-C6H4CH2-

::J lSCN 2-naphthylmethyl 5-methyl-S- + .. + +H 627 
-~--"' carbomethoxy 
-(/) 
~O" hexyl 
-I'll 
=I'll 

i 15CO 2-naphthylmethyl 595 
.,, -Pl 5-methyl-5- +++ +++ n 

-"' carboxyh,.xyl 
~ ==tD c 

-o i -o 
~::s 
~:;ti 0 
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lSCQ 

5,5-dimethyl-6-
hydroxyhexyl 

p-aminobenzyl 

.Iable 2d (cont.) 

5,5-dimP.thyl-6-
hydroxyh~xyl 

p-Aminobenzyl 

t+ 
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\0 ..., . "" .._ 
---t:?: -1 Sf~'( f,·-1 nda '-"I\" i :·"" hy I li-inr!,,;,·.!ylm···t-.l•yl ~ I I 111 170-175 \0 ---VJ w -en t.1 
~::r 'IC 
-(1) ---o ----
iiiiiiiiii = -I» ( 'l-~thy 1-?-nl(n- n-rnrt hyl-:'-nxo--Vl 1 5("7. +I I I 11 1 <n-200 
=i:o =o :,.-h,.nz irnid.171- I yl) r•-bt>11:• im:cl.171,lyl. ---o 
-::I -m6.?thyl -m••t t•vl 
iiiiiiiiii to ---o ---'O 

J ~r-1\ S·· l io1;1t i nylm1~t hy 1. ">-i~•H i-1·:lm·~thrl I I I 1%-200 -- 4 t I -I» ---o 
(1) 

Cl-

lSDF\ ( 3-hydrcxy j mi 110-'l- 3-hy•h···"Y i mi 110-5- I I I I ' I :'<17.-245 
o" indo ly.I.) mi•t hy I ox i nd1~ l ~·I m•~f hy1 • 

15DC (2-oxo-5-benz (2-oxo-5-henz .... l -H.J. 181-185 I 
N 

oxazolin-2-yl) - oxazolin-7.-yll- CX> 
0 

methyl methyl I 

lSDD 5-oxindolylmethyl 5-ox.indolylm~thyl ++~- ...... 170-175 

l 5PF: 5-indolylmethyl 5-indolylmethyl +++ H+ 170 (dee) 

15DF (3-amlno-5- (3-amino-5- +++ +++ 180-184 
indazolyl)methyl. indazolyl)methyl 

a ·' 
lSDG (3-amino-5- (3-amino-S- +++ +++ 153-158 ~ 

benzlsoxa'Zolyl) benziso:irn7.oly1) ~ 
methyl methyl ~ c .... 

°' ~-

.. ~~ 
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15DH (3-methylamino-5- (3-methylamino-5- +•+ 
indazolyl)methyl indazolyl)rnethyl 

1501 (3-chloro-5- (3°:..chloro-5- +++ 
indazolyl)methyl indazolyllmethyl 

lSDJ (3-ethylamino-5- (3-ethylamino-5- +++ 
indazolyl)methyl indazol v 1) methyl 

. -
lSDK (3-methylamino-5- (3-methylamino-5- +++ 

benzisoxazolyl) benzisox;1zolyl) 
methyl methyl 

lSDL (3-isopropylam!no-(3-isopropylamino-+++ 
5-indazolyl) 5-indazo 1 yl) 
methyl methyl 

lSDM H 5-benzotriazolyl +++ 
methyl 

lSDN benzyl 5-benzotriazolyl +++ 
methyl 

1500 2-naphthylmethyl 5-benzotriazolyl , +++ 
methyl 

--;;i lSDP cyclopropylmethyl 5-benzotriazolyl +++ ;;;;;:; -t;· methyl 
~ '!!!! g? 
.!!!:: !!!!' I"» 
~t"D 
;;;;;:; ziii ..... = =;:: ::::. ~"' 

::::- ~ to 
;;;;:: iii ~ 
;;;;; iii ::s 
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t-' 

o:l r_: 111,,r:lf;- rn1 .. ' )1 ~~· ! '° (1) 

g 
to 

=--(1) 

m· t1v<lrr:y,yr•1.11.r·11,-= -~ l~DH 5-hl"n:•('I! r i.1;·rdyl I I I I I ~ .?Q6-298 
-~ rn••t hy 1 (1) 

p... 

15DS m- (3-pyr.un l y tJ !"1-hf•n:-:f.t .. i •17.C l yl ·f • f .f 11 1113-186 
C,;H~CHr m\~l.hv I 

150T "'-iodt'C6n4r11;- S-henznt !. i.n:ol y l I f.l 153-156 
m"'thyl • 

I 

151'U m-cyanomethyl m-cyanolTll"thyl 585.2 
N 

++ +++ °' C6H4CHi- <;6H4CH7- N 
I 

l5DV m-(H2NC (0) CH;,) - m-(H2NC(0)CH,)- ·H+ H·+ 621.4 
C5H4CHr C6H4CH;i- -~ 

15DW m-(carbomethC\xy m-(carbomethoxy +H· +++· 651.4 . -,~ 

... 
methyl)-C6H4CH,- methyl)-C6H4CH.,- -.~ 

··:·: 
:• .. t; 

15DX m- m- +++ +++ 595.4 
(2-hydroxyethyl)- (2-hydroxyethyl)· 
c,H4CHr C6H4CH;i- a .:~:1 

15DY o-hydroxy- a-hydroxy- +H +++ 539.3 a 
C6ff4CH2- C6H4Clfr {/) 

~ :·~i~ 0 -:~} ...... 

s 
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Cl> 
p.. 

l ~1Ft 

l ·.r- } 

15r.K 

lSEL 

15F.M 

15EN 

!SEO 

15EP 

T .il · l ·.~ . 2 ·l (r:,_1nt . ) 

p-"'~·t.hyL·f,l'·'·i; - p-hydr""!',"'''"' hyl- I I I 

c,,11.1c11;·-
'.' 

!j ··hycko'l<y -'• •;- hy•i '"'•'14; y. •; - I' 

fl'l''t hylh~·v.vl 1m•t !iyl h•'"'Y I 

5- (met hy 1 ill" in·' ~- (mr:'t liy J .1m.i nn 'I 

cinbonyloxyl C'lrho.riy 1 •' ·•y\ 

P"ntyl r"nt. v I 

7-11,1,4,4 trtra 7-(l, 1,4,4-t.P.t.r.i ·I 

methyl-1,2,J,4- mE>thyl-1,;',J,4-
tetrahydro tetrahyd10 
naphthyl)methyt naphthy 1) mf'.'t hy 1 
S-i\Zidopeutyl 5-a:r. .1 rtor('nt. yl. .f I· 

5-(methylsulfcnyl 5-(methyl~ulfnnyl ~• 

amino)-pf'ntyl ilmino) ··pt>11t. yl 

5- (p-methylphenyl 5- (p-methy.lphenyl ++ 
f'ulfonyl) pentyl sulfonyl) p•?ntyl 

5-aminopentyl 5-aminopent. y l + 

\1'1-175 551 

! ' 555 

I I 613 

' I It 727 . 

+H 549 
(566) 

H/t (670) 

H/+ (822) 

++/+ 497 

• 
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0 
\0 
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-~ Table 2d (cont.) 0 
_vi "° -en .... -. 
~::r" --(0 15EO S~methoxycarbonyl 5-methoxycarbonyl t+ ++/+ (630) IO 
--ro It-' - .... 
iiiiiii ;I: aminopentyl aminopentyl N 

"° -I» -"' = tP 
=ro -ro 15ER 5-(phenylamino 5-(phenylamino ++ ++/+ -;::l 

iiiiiii ::0 carbonylamino) carbonyl amino) -ro 
--o pentyl p~ntyl ---I» -n 

(0 
p.. 15ES 5-(methylamino 5-(methylamino ++ ++/+ 611 

carbonylamino) carbonylamino) (628) 
pentyl pentyl .: ~,' 

15ET 5-(acetylamino) 5-(acetylamino) ++ ++/+ (598) 
pentyl pentyl 

15EU 5- ( (3-pyridinyl 5- ( (3-pyr idinyl +++ ++ + 767 • methoxy)carbonyl methoxy)carbonyl 
amino)pentyl•HCl amino)pentyl•HCl I 

N 
CX> 

15EV 5-( (methylamino) 5- ( (methylamino) ++ ++/+ 643 
(Ji 
I 

thiocarbonyl thiocarbonyl 
amino);...pentyl amino)-pentyl 

lSEW 5- ( (phenylamino) 5- ( (phenylamino) ++ ++/+ 767 
thiocarbonyl thiocarbonyl 
amino)-pentyl amino)-pentyl 

!SEX 5-(benzoylamino)- 5-(benzoylamino)- ++ ++/+ (722) 
pentyl pentyl• -· 

lSEY · 5- ( ( 3-fluoro 5- ( (3-fluoro ++ +++ 741 a 
2! 

benzoyl) amino) - benzoyl) amino) - i pentyl pentyl -0 -~ 
'IO 

i ~ : i 
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;uni"''' J'''"' y 1 ·'I< I ,1rni11fl)J·"11' ·11 •!I' I 
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l~fl\ 5 ·· ( 1 - py r i .f i n y I ~- ( 4-pyr; "i nv \ 'I ! 11 707 
r·.i r honv l.11n i •!•! 1 c.1 rt•ony \.w1.; n") -
r·r•1t \'1 •II!'\ f·t>nl.y 1•1!1 ·: it' 

l ~'Fil 5- ( (2-flnnrn ~ (7-fl ur·r n I I· H• 741 
h.f>n:r.oyl) ami.nol - hen:r.oyl .... ···innl- (75R) 
penlyl pt•ntyJ ...., 

::r' _ ..... 
lSFC 5- ( (4-fluoro 5- ( ( 4-!luor n ' . I I/,,_ 741 ---"' g! benzoyl)arnino)-. b~ru:oy 1) m:~ i no) - (7581 • 

~ rentyl p~ntyJ --::r: -"' l5FD 4-cyano~utyl 4-cyilm+ut.y l I I· ·I ~ 489 I __..."' N co ( 506) (X) 
0 Cl -o 

-;::: I 

~ -o 
-~ 15FF. 5-(4-morpholinyL 5-(4-morphoJinyl .f • It-/+ 151 ---!'.) 
-n methylcarbonyl methyl carbonyl 0 

p.. 
am1no)-pentyl•HCl amino>-rentyl•HC. 

l5F'F 5- (2-pyrazinyl 5-(2-pyrazinyl + H/+ (726) 
carbonyl<tmino)- carbonylamino)-
pentyl pentyl 

lSF'G 5-((J,5-difluor.o 5-((3,5-rlifluoro ... H/+ (7941 
benzoyl) aminn) - benzoyl) .1m,.~no) ·-
pentyl pentyl .. ~ n 

""I 
lSFH 4-(dimethyl~mino) 4-(dimethylamino) I • I+/+ 525 C:! 

butyl•HCl butvl•HCJ i cs 
~ 
0\ 
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15FI 

15FJ 

15FK 

15FP 

4-aminobutyl•HCl 

5- ( (3-trif luoro 
methylben7.oyl > 
amino)-
pentyl 
4-(1-imidazolyl)­
pentyl•HCl 

Table ·2d (cont .. ) 

4-aminobuty~ •HCl f. 

5-((3-trifluoro +f. 

methylbenzoyl) 
amino)-
pPntyl 
4-(1-imidazolyl)- f. 

pentyl•HCl 

(5-hydroxymethyl- (5-hydroxymethyl- +++ 
3-furyl)-methyl 3-furyl)-methyl 

H/+ 469 

H/+ R41 
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-('1) 
-"O ---"' ---n 

(I) 

0.. 

1 '.'FO 

1 '.iFI\ 

l5FS 

lSFT 

lSFU 

lSFV 

15FW 
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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 

5 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 l~J using the conditions 

10 described for Example 6ZI in Table 2C. 

(18) Prepared from the compound of Table 2C, Example 6ZI 
~sing me:hanes~lfonic anhydride. 

15 Cl9) Prepared fro~ Example 6ZI using-isocyanic acid. 

(20) A solution (60ffil) of borane in tetrahydrofuran 
CTHF, 2~) was added dropwise into a cooled solution 
co0 c> o~ bis-formamide 6ZM (9.lBg, 15.5 mmoles) in 

2C . anhydrous THF (200rnl). The mixture was stirred for 16 

ho".: rs a-: roorr. temperature, followed by dropwise addition 

c~ me:hanol (50ml). When the effervescence had 

s~bsided, hydrochloric acid {cone., 35ml) was added. 

The residue was s:irred ~~r 30 minutes, evaporated to 
2~ dryness, ar.d partitioned between ethyl acetate and 

sodium Byd~oxide (1 N) . The organic layer was washed 
w~-:h brine, dried over magnesium sulfate, filtered and 
evaporated to give 8.659 of the product. 

30 (21) Prepared from Example 6ZI using benzyl 

chloroformate. 

(22) Prepared from Example 150 using the conditions 

described of 6ZM. 
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(23) Prepared froffi Example l5H using the conditions 

described for Example· 6Z!. 

(2~) Prepared from Example lSF using the procedure 

5 described for Example lSD. 

(25) Prepared form Example 6ZI using methyl isocyanate. 

(26) The formamide of Example lSA was prepared by the 

lC procedure Example 6ZM, followed by reduction described 

fer Example lSD. 

(2~) T~e a~!de bend is formed between an amino acid and 
a~!nobe~z~: cyclic urea using dicyclohexylcarbodiimide/ 

ca:.aly:.!c l-hydroxybenzotriazole iri N,N­
c..::..::-.e:.:.~·:::.:-::-;c.mide ir. t.he proper prop9rt.ions. Wher. the 

ces!re~ Frodu=t is to be a primary or secondary amine, 

:.~~ ~-:.er~i~~s of the amino acid was first suitably 

~ ':'~-: e :::.ec, based on the ··compatabili ty with later 
==::.::-:..:!.~:-. .:: csee ''.L\C Greene and P~G.M. ·wuts, "Prot.ecting 
-:-.-.··-.,. , .. C:.,..c=-~,.. !:,v ..... he·s~·s" ....., ___ ~ .... -·· .. _,... .. _'- ~""·- - , 

.. ·· 
2nd editic~, Wiley (199l)j 

a~~ ~~e~ :a:er rernov~d. 

c:~; Cy=::.~ urea XX!!~ was alkylate~ with sodium hydride 
: :C : e-::_·-::. v > and THPO (CH2) 5E:r (prepared in 2 steps fro:rn 

::::- c:r:".: ::::.; :~ equiv) in DMF to give the monoalkylated 

;==d~=~· K~~=e upon further treatment with sodium 

t.:.·::.:-::.. :iE: a:-.d a second bromo-alkylating agent provided an 

~~~~=~~~~E:e wtiLh was deprotected using methanolic HC: 

.:. :. C.:.(".;.;a:-~-= ": :::> provide the product. 

::;' ~=epa:-~~ by acidic deprotection of the monoalkyated 

.. 
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(30) Prepared from intermediate (XXII) by treatment. with 
phe~yllithium, borori trifluoride a~d 1,2-epoxybutane, 
~c:lowed by acidic deprbtection. 

5 (31) Prepared from intermediate ·cxxII) by treatment with 
phenyllithium, boron trifluoride and 1,2-epoxyhexane, 
followed by acidic deprotection. 

<32) Prepared by pyridinium chlorochromate oxidation of 
1 C the corresponding alcohol. 

., :.. 

?. c 

(22) Prepared froffi Example 15VQ using hydroxylamine 

<~~> See preparation of Example 15VW using excess 
reager-.-=.s. 

C25) Prepated by selective monoalkylation of ihe 
c.:.a:kyla~e·d diol using sodium hydr'idei methyl iodide. 

<3El Prepared by substittiting CH3tHC6THP) (CH2)4Br in the 
:i::-o::ech.:re described for Exampie · 1s\7E. Bromide is 
prepared frore CH3CH(OH) (CH2>40H ·by the following 
se:;-~er:::e: (1) Ac2:; (2) TR?, E"•;. (3) NaOH; (4) CBr4, 

(37) Prepared by substituting Ph2C•N(CH2>2Br in the 

procedure described for Example lSVE. Bromide is 
prepared from H2N(CH2>20H by the following sequence: (1) 

30 Ph2CO: (2) CBr 4, Ph3P. 

(38) See note 7, Table 2d. 

C29) See note 3, Table 2d. 

(4:i See nc:e 2, ~able 2d. 
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C~l) The intermediate was prepared by following 
Procedure 5 under the title of synthesis of monoalkyl 
cyclic urea. This was followed by alkylation with 

5 Bromo-m-tolunitrile. This intermediate (670 m9, 0.82 
mmol) was treated with potassium hydroxide. (0.49, 7.13 

mmol) in ethylene glycol at l40°C overnig~t. The . 
solut.ion was acidified with pre-cooled hydrochloric acid 
(lN) and extracted with ethyl acetate. The organic phase 

10 was concentrated to 9ive·415 mg (61%) of MEM-protected 
dicl. Procedure for hydrolysis of this product is 
cove.:-ed under procedure 5. 

C~2J Tte inte=mecia:.e was prepared by following 
::=.:-: :-ed·..;:-e 5 unde= the tit.le of synthesis of monoalkyl 

c~::~= ~=ea ~cl:ow~d by alkylat.ion ~ith Bromo-m-
-:cl:.::.:-:=.:.:~. Tr . .:.s int.ermediatt:: (210 mg, 0.26 mrnol) was 

't::ea:.e:::: wi:.:. D!BAL-H (u.19 mL, l.SM in toluene, 0.286 

stirred at -78°C for 1 
:-.::: ·..; :::- a:-.::: F.: !-:::.:- 3 ho-:.:.::s. The reaction was q"Jenched with 

=~::~~ ~Y~=~=~~==!c aci~ (lNl~and worked up in the usual 
:-:-.a:-.:-.~= :.i:: 9:..ve l_E: mg_ <81%> of ~·the HEM-protected 
~==~~=~. Hy~:o:y~!s cf this .product is covered under 

c.;.:, !:,1:-::::.:.::.e:.~.:1:fcr:r.a;r.ide dirnet.hyl acetal (2.lrnl, 15.9 
rr..::-:1::1 ~as added t.o a solution of ketone 9P (940 mg, l.5~ 

mrr.:·l) ir. e·_:~ancl. The mi~ture was heated at reflux 

ove=~~;~:, a~c the solvent waE removed on a rotary 
eva~~=2:0:. The residue was purified on silica qel 15' 
r.-.e:t!".c.:-,c:i./c~ . .::.o::c.forrr.) to provide the product (940 mg, 
C: , f. ' 
C6:r. ... : I 

I l. , 
\ . " 7~E !~~e=~~jiate was prepared by following 

,.. .. - .... .... . -··. - . :~~ ~==-~a!kylation prcduc: ~as furthe~ 
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a:kylated with bromo-m-tolunitrile. This intermediate 
(l85mg, 0.24 mmol) was treated with hydroxylamine·HCl 
<25 mg, C.37 mmol), and triethylamine (0.05 ml, 0.37 
m.~l) in refluxing ethanol for 16 h. The resulting 

5 solution was partitioned between ethyl acetate/water. 

10 

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%) prdduct 9C. 

(45) Guanidine carbonate (7.2g, 40.23 mmol) was added to 
E>: lSA!: in xylene. The mixture was heated at 130°C until 
n~ starting material was left. The solution was 
par:it.ioned. betwee~ ethyl acetate/water and the organic 

1: laye= washed with water twice. The organic residue was 
p~=if ied on silica ge: Cl0% methanol/ ethyl acetate) to 
p=cvide the pure produc:(3C7 mg, 37%). 

l~E> To a solution of MEM-protected formaldoxime 6C ( 
2:· C .5 g, 0.65 mol) in o~ was added 1/3 of N­

c~lcrosuccinimide (173 mg, 1.3 mmol) . The mixture was 
s:irred for l~ min followed by 2 min of heating at.40-
scc:. h!ter~s:iriing fer ~nether 10 min, the ·rest of NCS 
w:s added ... The rr.:.>:t~re wa.s stirred· at room temperature 

2:- fer overr,ight .·The solution was then partitioned between 
e:hy~ acetate/water. The organic layer was washed with 
wat.er and dried over MgS04. Treatment of the hydroximoyl 

chloride with 3 equivalents of o-phenylenediamine in 
ethanol gave a single product which can be further 

30 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 
hydrochloride (110 mg, 0.59 mmol) followed by potassium 

0 
ca=bo~ate ( 187 mg, 1.35 mrnol) a~ O c. The mixture was 
s:!r=ed fc= 2 ~ a~d the~ slowly warmed up to room 
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ternpe=ature overnigh-:. The mixture was part~tioned 

•, .· .. 

be-;ween ethyl acetate/water. The organic layer was 
washed twice with water and dried over M9S04. The 

residue was purified on silica gel (5% methanol/ethyl 

5 acet~te) to gave the product (52 mg, 26\). 

(48) The benzoyl chloride intermediate (0.519, 0.72 

m.~~l)was prepared by following procedure (41) & (7) 

without removing HEM-protecting group. To the residue, 

lC 2C rr.l me:.hylene chloride was added, followed by pyridine 

(0.11 m:, 1.44 mmol) and tert-butyl carbazate (190 mg, 

l.~~ mmol). The mixture was stirred at.room temperature 

cYe:-:-. ig!"-.:.. T!i.e rr.ix-:.ure was washed with water & dried 
eve= M;s:~. ~he residue was purified on silica gel (10% 

e:.~y: a:e:a-;e/methylene chloride) . Following the 

~y~:::~s!s ;=~:ed~~~ d~xcribed abov~, the produc-:. (162 

•·:: "~;.2 :s.::a:.e:. ::. <:7~ yield. 

( ~;. .' - - :.:-.-: ~:::1-:-:t::-ot.ect.ed hydrazide lOM ( 450 mg, 0. 72 

:.: :-;·:a::e \<>"cE: added 165 mg (1. 5 mmol) of CNBr 
- . . . 

: ..: - ·• :;. ..,_. -=· ~ .. :.:~· ;;-. s:.:.::~~:. cf 125 mg (1.5 nunol) of sodiurr. 

t :.ca=bc:-.a:.e: :..ri lC- ::-.. :i. water. The resulting mixture was 

~:~==e~ 2 t a: roo~ temperature. The solution was 

c=~=~.~:=~:ed ;= l/~ volume in vacuo. The mixture was 

~~:~:.e~ ~~:~ :c ~: cf wate; and the resulting solid 

:!::a~e~ ~:.~~::rE~~on and purified on silica gel (15% 

~e~~a~~:/c~lcr=~~=~> to provide (38.~ mg, 8%). 

(:: i ·--:::·..::y:. ca..:::-baza:.E; · (264 mg, 2 mmol) was added to 

.s: d~!".y::i-:..~ :-·: (..; 5C' mg, 0. 8 mmol) in ethanol. The mixture 

~:! s~~==~~ a:. room temperatur~ for 2 h and heated at 

=~~:~x ov~=~!gt~. Th~ residue was purified on silica gel 

(::~ e:~;: a:e:ate/methylene chloride) to provide the 

:.. : : ::. .: :-. : c : - ::- r:.s . ~ e ;._ l . 
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To a~solution of an:iline 3K(l60 mg, 0.3 mmol) in 

0 
ct.loroacetyl isocyanate was added dropwise at 0 C. 

The mixture was stirred for 0.5 hand then slowly warmed 

up to roore temperature overnight. The solution was 
5 partitioned between ethyl acetate/water. The organic 

phase was washed with water and dried over M9S04. The 

residue was purified on silica gel (5' 

methanol/chloroform) to gave 217 mg in 93' yield. 

10 (53) Tc a solution of 333 mg ( 6.16 mmol) of anhydrous 
NaOCH3 in 20 ml of anhydrous methanol at 0°C was added 

855 mg (€.1€ ~~oll of aminoguanidine carbonate followed 
b::· 2 rr.: m'ethanol. The resulting mixture was treated 
dropwise with 500 mg (0.77 mmol) of ethyl ester llF 

15 whic~ was made by following procedure (10) in 5 ml of 
methane~. The ~ixture was heated at reflux overnight, 
the~ poured intc ice water, brought to PH 7 with 5\ 
aquec~s HCl, filtered, and purified on silica gel (10% 

me~ha~cl.chlorof~r~) to give 20 mg (4%) product. 
2C 

(5~) A solutio~ c: MEM-protected cyclic urea wherein 
p,22 and P.2.3 are CF.2NC (=NOH)) benzyl (210 mg, 0. 26 rnmol) 
a~= Et3N (0.18 rel, 1.3 mmol) was treated dropwise with a 

sol~~io~ c: ct.loroacetyl chloride c 0.046 ml, 0.57 mmol) 
2: i~ CHC~3. The reixture was stirred at room temperature 

for 2 days and theri evaporated, and the residue was 

redissolved in ethyl acetate .. The solution was washed 
with water, brine,dried over Na2S04. The residue was 

purified on silica qel (10\ ethyl acetate/methylene 

30 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 

w!t~ ethyl acetate. The extracts were washed with water, 
~~ dried ove~ MgSO~. Following the usual hydrolysis 
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Froced~=e, the product (15.6 mg) was isolated. in 10% 

yield. 

Listed below are a representative list of data for 

compounds listed in Table 2d: 

Example lSVA: NMR (CDCl3) : 8 7.19-7.40 (m, lOH) 4.66 

(d, lH) 3.99-4.12 cm; 2H) 3.59-3.69 (m, 2H) 3.37-3.49 

( r,", I 2H) 3.10-3.21 (m, 2H) 2.25-2.38 (m, 3H) l. 90-2. 00 

( :f, I 2P.) 0.85-0.92 (m, SH) • 

Example lSVE: NMR (CD30D): 87.50-?.70 (m, lH) 7.10-7.35 

(::-., 9F.J 3. ~5 (r.., 2H) 3. 53-3. 10 (m, 2H) 3. 40-3. 50 (rn, .2H) 

3.CC·-3.2C (r:., 3ni 2.75 (t, lH) 2.30 (rr., lH) 1.60-2.10 

(r:., 7F.J l.2E (rr,, 2P.) 0.81-1.10 (rr,, 2H) . 

.:::;.~a:-;-,:;:.l; 15V:: m-~:::. (CDCl:l: 8 7.15-7.~0 (m, lOH) 4.70 

. _, 
,_ , ... , 
~ .. .. ... 

ccs 
.'.':. 07 

(::-., 2~1 3.50-3.70 (m, 3H) 3.57 (rn, lH) 3.2C 

( s I 3P.) ::: . c 5 ( s, 3H) 2. 7 5 ( t, lH) 2 • 5 9 ( s, 
£ ~:; <:-, 2:n ::..4~·-::..~s Cr.., ~El 1.17-1.32 <m, 2Hi 

·.::-· .. ::'I::., 2E). 

E.:-:a:-:\;.:e :..:-.·:: ?\?·::::. (:DCl3): 8 7.05-7.30 (m, lOH), 5.55 

!r:: :;, 2E.', 3.£-2 (s, 2E), 3.66- 3.8~ (rr., 4H), 3.53 (d, 

(c, 2E:, 2.85-2.92 (i.., 2E), 2. Sl (d, 6F.), 

: . ~ s - :. . ~ r , :-:-. , e E 1 , o . SI 6- : . :. 2 < r: = r.:, 12 H > • 

Exam::.:.-: 15\7.::: NMF, {CDCl3): 0 7.17-7.34 (m, lOH), 3.99 

I c: 2E ~ , 3.~::-3.73 (m, 4H) I 3.43-3.53 (rn, 4H), 3.05-3.13 ,_, 

( :t., 2::) , :;; . 9~-3. co tm, 2H), 2.58 (br d, 2H), 2.15- 2.28 

(:~,I .2 :-: j , 1.12-1.ec (br rr., 17H) 

1~ .. ~ ~i..:) ~ l'\C (• "t.!\ ':l c..9 (c- ""') ,...,. __ , -··, "';..vc; .... , Lr.11 ...J.:; v 1 £!":., 3.60-3.72 (rr., 

~ ;-: . . :: . :: S · : . 2 E j , :~ • 4 E - ; . :: ~ Ir:., 2 :'. : . .:: . ~- 5-3 . :. 3 (:: , 2:; . , 
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2. 89-3. 00 (m, 2H),·2.78 (d, 3H), 2.70·(br s,- 2H),· 2.14-
2 .2.; (rr., 2H>, 1.12-1.80 (br m, l7H). 

Examp:i.e 15VG: NMR (CDCl3): s 7 .10-7. 37 (m, lOH), 4.80 

5 ( d, lH) I 3. 92 (s, 2H) I 3.20-3.70 (br m, 6H), 3.00-3.19 
(m, .4H) I 3.61-3.77 (m, lH), 2.21 (br s, lH), 1.10-1. so 
(br m, 7H) • 

Example 15VH: NMR (CDCl3): 8 7.64-7.84 (m, 3H), 7.05-

10 7.57 (m, 14H), 4 .. 96 (di lH), 3.92 (m, lH), 3.38-3.80 (m, 
6H), 3.21 (d~ lH), 2 .99-3.18 (m, 3H), 2. 75-2.98 Cm, 2H), 
2 .. 43 Cbr s, lH), 2.20-2.35 (m, lH), 1.10-1.88 (br m, 
7HJ. 

15 Example l~V::. NMR (CDCl3): S 7.04-7.40 (m, lSH), 4.80 

(d, lH), 3.9.; (rr., lH), 3.42-3.80 (m, 7H), 2.83-3.17 (m, 
6H), 2.6.; (br s, lH}, 2.19-2.31 (m, lH), 1.16-1.50 (br ·. :·· 

r.-., 6Hl • 

2~ . ExarnFle lSV:: N~R CCDCl3): S 7.11-7.35 (m, lOH), 3.99 

( s, 2 f.) , 3 . .:3-3.69 (m, 6H) , 3.10 Cm, 2H), 2.95 (m, 3H) , 

2 .. E: ( 5 I lli) , 2 .. 38 ( t, 2H), 2.20 (rn, 2H), 2.02 (s, 3H) , 
1.16-1.5€ (br rr., .13H) . 

25 Exai..F:i.e 15vr:: N~?. (CDCl3): s 7.05-7.40 (rn, 14H), 4.79 

(c, lH)' .; . 56--::. 7C (rr., 2H), 4. 50 (d, lH), 3. 91 (m, lH), 
3.4C·-3.75 (rr., 6HJ, 2.98-3.14 (rn, 4H), 2.81-2.95 (rn, 2H), 
2.72 (S, lH), 2.25 (m, lH), 2.07 (br s, lH), 1.16-1.50 
(br m, 6H) . 

30 

35 

Example lSVL: NMR (CDCl3): 8 7.18-7.36 (lOH, m) 4.53 

ClH,s) 3.95 (2H,s) 3.79 ClH,m) 3.51 (lH,m) 3.33 (2H,m) 
3.13 (6H,m) 2.72 (lH,t) 2.60 (lH,s) 1.33 C2H,m) 0.84 
(3H,t). 
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Example l5VM: NMR (CDCl3): S 7.20-7.34 (lOH,rn) 4.57 

(lH,s) 3.94 (2H,s) 3.79 (lH,rn) 3.52 (lH,m) 3.38 (lH,m) 

3.32 (lH,d) 3.13 (5H,rn} 2.94 (2H, .bs) 2.72 (lH,t) 1.26 

( 6H, Ir;) 0 . 8 6 ( 3 HI t) . 

Example 15VQ: NMR (CDCl3): 6 7.14-7.35 (lOH, m) 4.63 

(2H,d) 4.41 (2H,s) 3.49 (2H,d) 3.34 (2H,m) 3.14 (2H,m) 

2.85 (2H,d) 2.45 (2H,s) 2.10-2.32 (4H,m) 0.99 (6H,t). 

lC Exa~ple l5V?: Nt-ffi(CDC13): S 8.81 (2H,s) 7.23 ClOH, m) 

4.SC (2H,d) 4.14 (4H, rn) 3.68 (2H, rn) 3.14 (2H, rn) 2.60 

( 2 f. • d.) 2 . 4 4 ( 2 H, rr.) 2 . 0 3 C 2 H, rr.) 0 . 9 8 ( 6H, t) . 

E.xa:-:-.:;:::e :5v:_: K!V::=. CCDCl3): 0 i.64-7.E2 (:r., 3H), 7.07-

.. : .: ( ::-. , : ~::. :, , ~ . S £ ( c, 1 E} , 3 . E :- 3 . 9 € ( rr., l.F.) , 3 • 4 4-

3.c: (:: .. :~;, '.':.2: (d, Ui), 2.9S--2.:6 (r:,, 3H), 2.84-2.92 

{::., :;.:,, 2.:: (s, lE), 2.1~-2.33 (m, 2E), 1.08-1.5€ (b;: 

:- . ~ =-~ . . 

_:.!..:-:-: ... -·:.· __ .; 

-.~: (;:., ::.:-:}, €.i~; (~., ·2H), 6.52 (C, lH), ~.73 (d, lE), 

~.::~ <~, 2:-:,, 3.e~-3.9{ (rr., lE;, 3.38-3.76 Cbr rr., 7H), 

~.E:-;.:.: ct~ r:., 5r:), 2.07-2.19 (rr., lE), :.1€-1.52 (br 
, . -

.• . . . . 

~ :. , ~ :· . 
- .... Ir - • ( ,...Dr' ) · i;: 7 1r::. .., -;i~ ( 10i.;) " 0"1 "-" --3. l.l . --'·--' :r., .... , -:ii ...... 

t~, ~::), 2.4~-3.£9 (m, SH), 3.10 (ci, 2H), 2.88-2.98 (rn, 

~:: .. ~.E:. .~, 3E.·, 2.56-2.7f (:r., 2H), 2.17-2.35 (.n, 2F.), 

::. . : E - : I E ~ ( ::. , l SE J • 

""C:"'"""" • ... •-' \ .._ . N!·:f<- (CDCl3): o 7.10-7.36 (rr., 10n), 4.04 

r:-., :.::J, :..3?-3.79 Cbr sr., 7H), 2.7&-3.22 (1:·:- rr., 6H), 

' -... ' '.: . 4 - ( ~, .:· :. ' c . : ,: ·. . .. :~ ·~.: ·. 
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Example l 5VV: N~ (CDCl3) : l) 7 .15-7. 33 (rn, lOH), 3. 99 

(S, 2E}, 3.65 (rr., 2H}, 3.49 (d, 2H), 3.25 (s, 6H), 3.21-

3.33 (rr., 4H), 3.04-3.14 (m, 2H), 2.89-3.00 (m, 2H), 2.63 

5 (s, 2H), 2.18 (rr., 2H), 1.72 (br s, 2H), l.15-1.52 (br m, 

lOH) • 

Example 15VW: NMR (CDCl3): l) 7.13-7.33 (m, lOH), 3.99 

(s, 2P.l, 3.45-3.71 (br m, 6H), 3.24 (s, 3H), 3.20-3.33 

lC (m, 3H), 3.10 (d, 3H), 2.89-3.00 (m, 2H), 2.10-2.28 (m, 
2H), l. 85 (br d, 2H), l .15-1. 53 (br m, llH) • 

. ::. 

E>:a:':".~:.e :5V>:: N!·:i=. (CJ::l3J: 0 7.13-7.57 (br m, llH), 

E.9S Cd, 3E), ~.66 (d, lH), 3.98 (rr,, lH), 3.74-3.83 (m, 

2E), 3.~E-3.69 (rr., 3E), 3.22 (d, lH), 3.01-3.18 (m, 3H), 

2.S:-2.9'3 (r.., 3H), 2.66 (br d, 2H), 2.23 (rr., lH), 1.18-

:£..5£ (b:: r.-., 6H). 

E>:a:':".;:::.e 15V':': N!·:::. (C::::::l3): S 7.91 (r.., lH), 7.83 (s, 

2 ~ : E j r ":' • l "';' - i . 3 9 ( rr. ' 1 0 H ) ' "7 • c 9 ( d , 2 H ) I 4 • 8 4 ( d , 1 H ) , 

~.::: (q, 2E), 3.95 (dd., lH), 3.62-3.'72 (m, 2H), 3.48-

3. E: (rr., ~E}, 2.SE-3.lE (br m, SH), 2.57 (br s, lH), 

(b:: s, lH}, 2.29 (rr., lH), 1.05-1.52 (br m, lOH). 

2: Exa~:::.e 15\'Z: Nr-:;. (CJCl3): S 7.17-7.32 (lOH,m) 3.99 

(2E,sl 3.6S (~E,rn) 3.SC (2H,d) 3.09 (2H,dd) 2.94 (2H,t) 

2 . E 2 ( 2 E , s ) 2 . 2 :3 ( 2 H , rr. ) 1 . 3 3 ( l 4 H , m) 1 • 12 ( 6H , d ) . 

Example lSWE: NMR (CDCl3): B 7.13-7.33 (m, lOH), 4.02 

30 (s, 2H), 3.61 (m, 2H), 3.50 (d, 2H), 3.10 (dd, 2H), 

2.85-2.97 (rn, 2H), 2.82 (s, 2H), 2.33 (t, 4H), 2.18 (m, 

2H), 2.06 (s, 6H), 1.18-1.50 (brm, SH). 

Example 1sw::: NMR CDMSO-dG): B 10.17, 10.09 (2 

~::. s~r.gle~s, 2H - 3:1 ~ixture of isomers), 7.08-7.32 (m, 

10::•, 5.21 (s, 2Hl, 3.70 (s, 2H), 3.48 (rr., 2H), 3.38 (d, 
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2.E), 3.03 (d, 2E), 2.81 (rn, 2H), 1.91-2.19 {br :m, 6H), 

l.61-1.71 (m, 6P.), 1.15-1.39 (m, SH). 

Exar.iple 15\C·: NXR (DMSO-d6) : S 6. 91-7. 40 (br rn, 14H), 

5 5. 01-5. 22 (m, lH) , 4. 61 (m, lH), 4. 42-4. 50 (m, lH), 3. 66 

(m, lH), 3.12-3.54 (br m, 7H), 3.06 (d, lH), 2.75-2.99 

(rr,, 4H), 2.32-2.57 {m, 4H), 1.94-2.07 (m, lH), 1.05-1.38 

(br rn, SH) . 

10 Example 15W;:.: NMR (CDCl3): 5 7.18-1.38 (m, lOH), 7.33 

(s, lH), 7.06 (rr., 3H), 4.80 (d, lH), 4.60 (d, 2H), 3.94 

(rr., lH), 3 . .;6-3.75 (rr., 7H), 2.80-3.15 (m, 7H), 2.23-2.42 

(:'.'., 2H!, : . :e-:. 58 Cbr rr., 6Hl. 

(~+P.~, 100~). lH NMR (CD30D, 

:· . 4 ( :71, 2 E ~ , 0 . 8 ( m, l H) , l . 9 (?':.I 

- •. I 

,._ - . ... , .... ( rr. I 2 H) , 3 . 6 ( :r., 1 E ) , 

(r., .;,,;-. ; I .;. • c ( r:., lr:.l, c.; <d,lHl, 6.8-7.4 (rr.,13Hl. 

( - -.... - - - ,.. r, ,.. ) s:: - 0 r· ( 
- •• ~ _. - t ~ \,) "'' • •.;-.:: l,.I .;, • '.J j., I 6F.) , 3 • 6 ( r". I 4 E) , 

, .. 
··- .. . -., ~:.:. 2:-::, f.s---:.: ·-'···· 18~'. 

:::. , :: . ·: 1:7, (!-:)I :? . £ (r.-., 4H) I 4 .3 (q, 2H) I .; • 8 

-:.c--:- . .;. (:-:-, ~.E:;, 1.f-e.o < :r., 3H>. 

-=:,-.1·-- ........ . 
~ 

-E MNR (CD30J, 300¥£~~ 

c .: . c ,, .. , c;., 3.€ (:!., ~EJ, .;.,6 (:r:-,, 2H), 6.E-7.e (~, 

I loo_. I 

.... -·· ·' . 

c.'"· -:. r. - ..... €:-: > , 3 . ; (:n, 4E}, I,. 7 (d, 2H), ~. 8 (d, lP.) I 

' .. -- =~ ?.. ~- •• :._·-.· ,. •• ·- , ,.... ... - r •· -•·- ...... - \w_,~.__, ( ~ 1 12::) I .: • 0 (:'!'., 

\:,-~:-:,,:; ~ (£, ~E:, ~.t (~r ... -:=:5~::.,2E ·• (: ,., -......... 
- - .... 

' . - "':. ... •.. I - ;.: • • :,.. .-• .:... ! ' .... • 
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The structures of the Examples below are shown in 

Table 2e. 

5 Ketal format.ion: Preparation of Triacetonide (XXVIa): 

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 O 0 c over 10 

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 

in acetone (75 rn:) to which 2,2-dimethoxypropane (20 mL, 
16E.€ mr.iol) and camphorsulphonic acid (20 gr, 84.3 mmol) 

1: were added in four portions. Reaction becomes clear for 
a few minutes and then 2 precipitate forms. Reaction 

stirred at. room temperature for 14 h. Solvent volume 

then reduced by 2/3 at reduced pressure and then poured 
ir.t.o EtOAc, washed with saturated NaHC03, dried (MgS04) 

20 . and concentrated. Solid residue taken up in hexane and 

=~:te=ed thr~ a pad of silica gel. Filtrate concentrated 

to give tr iacetonide (XXVIa) as a yellowish solid ( 7 .1 

g:, 80t). rr .. p. 72-74 °C; MS: 303 (M+H,100%); NMR 
(CI:':l3,300ME=): B~.25 (rr., 2f.), 4.15 (rn, 2H), 4.05 (m, 

2 5 4 E i , 1. 5 ( s, 6H) , 1. 4 5 ( s, 6H) , 1. 4 ( s, 6H) . 

Selective Acetonide Deprotection: Preparation of Tetraol 

(XXVIb) : 

30 Compound (XXVIa) (14 gr) in 70% AcOH (200 mL) was 

stirred at 4 5 °C for 2 h. Sol vent 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 solid 
CE.2 9::, SOU. rr .. F. 9:!.-93 °C; [a)o c -26.40 Cc=3, H20); 



.. .... .. , ·-<;:. ···:··. \·.: . 
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MS: 240 (M+NH4,lOO\); NMR (CDCl3,300MHz): g3,95 (m, 6H), 

3.75 (rn, 4H), 2.5 (bs, 2H), l.4 (s,6H). 

Epoxide Formation: Preparation of Diepoxide (XXVIc): 

A solution of Compound (XXVIb) (1 9, 4.5 mmol) in 

pyridi~e (5 mL> was cooled to -20 oc and treated with p­

toluenesulf onyl chloride (1. 8 9 g, l 0 mmol) . Stirring 

continued at -20 oc for 20 min, 0 oc for 20 min, and 23 
0 c for 20 min. The reaction was then diluted with 

10 methylene chloride and washed with 2N HCl and NaHC03. 

~ .. 
-···' 

. 

The organic extract was dried over MqS04' and 

co~=e~-;rat.ed. The ,crude product was then taken up in 

rne:hanol Cl~ r..:...) ~nd cooled to 0 °c. Next, K2C03 (3.11 9, 

22 mmc:i was added and the reaction stirred at roorr. 

te~per~-=~=e === 30 ffiin. The methanol was then stripped 

c!! c-::::- n=-: e·:aporate to dryness, epoxide is volatile) 

a:.c ~~1e crude was washed with water, extracted wit:h 
e~he=, dr~ed over Mg$0~, filtered, and concentrated. The 

cc~.~~~:-.d i,;as purified on Si02 and eluted witn · 30-60\ 

e-:: . .,-,~-/l=~.:.!"::.:.e..;:-. e:tl'.-:::· to affo::-d the diepoxide- ·co.63 c;, 
i5~~, a~_=.:-. c.:.:. NM?. (:DCl3,300MHz): a3.8l (m, 2H), 3.10 

.(::-., ~E;, 2.e.:; (t, '2E), 2-.68 '(rn, 2H), 1.40 (s, 6H,1 CH3). 

:!-~€::-.:.::; c: Epoxidf:: Prepepartion of Diol (XXVI,d): 

:::. ~ s~s~e~sio~ of cuprous bromide-dimethyl sulfide 

co~pl.ex ( ~. e g, 8. 7 mrnc.l) in anhydrous THF (5 mL) at -20 
0 : ~as a=ded 8.5 ~1 benzylmagnesium chloride (2M in THF, 

: 7 r::r,·:.: : .. Rea=-=.ion stirred at -20 oc l.'.or 30 min and at 0 

o: 
T"'-~~ 

:!o~ 

~- ... -.... _ 

(5 

... 

:::. ~ •. Next, Compound (XXVIc) (0.54 9, 3 mmol) in 

::-.:. j was added, and the reaction stirred at 0 oc 

t. T~e excess reagent was quenched with saturated 

~o2-.:~i::n and allowed to warm to room temperature. 

~~.€ ::c~:.'=:.: s were the~ washed with water and brin€, 

~:-::.:::":.::.i:-.: .. ·:.:.:-. e~he~, dried eve?" MgSO~, fi!.tered, ar::: 
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> - " · .>: ~~·oi;_.. -303- : · .· · ·. .,i/~.'./;~~~:·~f:t..::Y~t.<· 
:.,n·oA.::-Rrr·~-;~,9P.•P.PY ~Ht.O~~o.& te.;ther/petrdleum fether.J~ (Sifyilti"d .. ~ .. : ... ·. -.- "" ".:_· · 
... O ··:.8.4.·:·~9·;.::· ('7~~.) :. q,f,,,1 a:J\:;. i.oil-·.•:. MS:: ·3,71· --(M+H, 66')~i. JNMR . 
. ;, '.'· ( ~I;>~_f3!: 3 go~;~ t a i'··;~-;:·7. 4: ·(m! : l ()H) I ·.:4 ;;:65 .-..-.( s I.,. 2H) i. 3. '6-3. 8 . . .. . ' 

"'II• ,t•· • I. ~ •'· r· 1"" .:_.., • .·.(,·~.•"!."la(' .... ,, .. ,' ~.·.:~:' .•. · •• < .• ,· •· .. '· · .. ···.' ~·'""".·.';:··,:. ' .. ":.· ... ;·.·"' .. l.~.'.. ..2.:.~·: .. _,~~. ·. , "' · . ., ~.d:~.~< ._··~:t· ~kt1 '1 °""V:. 1
f ~;.· -~ -~:f·p::_'J:'!''·.I~·, ~~ .. i .. ,,,f.,' .. ~_;. ~ ... ;- • .. •.• \. -- -....-

5 ·.:. 1 H;'~f.fxY;., D~~~~-~i.~,me.ri~~=r- Pr,~~a~a~;i_~~·:-:of B.i.~z~_~e ~~;~t: 
.. . . . . ;~,i :. . . ,.. . 

To a solution of Compound (XXVId) ·.· (0. 48 g, 1. 3 ~ol) "·and 

tripheny7,,_Pe,9.~ph~~~r~ 9.~~:~9~ r·~ ~o.J.,_L in 'l'~~.s (5 inL> at 0 
0 c was added';' diethyiazod.icarboxylate (0. 6i mL, 3. 9 ~ol) 

, an~.· d;_pl.le)_'~Ph~sphory~•z.ide <O. 8.4: .mL1··. 3 .·~9.; mmbl) -~;~Contents 

10 . ,-. ~e~~ ·.: all.p~e~n1!--o .W.~-~,,:~o. ,room· •. tel\\perature '1n'1 the:iace- bath :··;: 

· ., f,c;>r-.. 1, Jh ~-~~ Tl;l~ u,e~ce . .s:s:~~ reagents.: ~wer:e:-: quenched-~; by: :"1:-lie 

:·~ .. :: a_d~.i~~op -r:-:,otr!~et..l:lt:P.nol -~Jo. 2 .. ·.mL,, :~s .. iftmol) :'8,.t!··\ o ~;9c·:::: .;.'J'h.e · 
~:, ~:i·l:;_~;e "-~-~~ ~}!~n .. -~~t,A·rr,ed~ at :r.oom:~temp'e'rature·.':.for·· -~30 ~inin · 
. C~ijp ~~:?W CC!Il,:(;~trat~.(i~ ~O·.~ 8 sma~~·~vo·lume .) ·c~·~(l~·j·~~~-:,.t~ei~ 

l:: . :·.P~.i·i;A,:si;if?.~ ~~92 .u~i.~-~-; ~1-: 4.QJ.~:et:h~l-':a,petat•lhe:Xarh(fg+_~·~n9· ·: -
... 9·.2;;,t)~ . . ~~~\) :,.:.~#.: .. ~~t,, ~.il,~.-,.}'1$):_u4~38 ·:.U-5:+~.H.h::B.'.~)-.>·:;lt~.-. 

.. ~c:>~~3, :aqo~~i>..; 8,7 .. 2,;,.·i.·. 4 >.en-~;.-~ rofij·,:9.4:·~ 1a .... (s,:.~.-~:ar~·;·~.a«1:.1;~l~·o 
- "· : , •. t .•. ti.·:, · ·i,_'., :. '. .: ' -~ · :~ l .• \·. , .-~.·-~: •. ".'. / .:e'. :.,· '". ~~· ··.:·· ·: "".·· ~i~ ' ... ~.,; ~·· '. :·:~. -~' r · ,, · .· " ~· ;:·. ·,_ ··.' '.: .· .·. · ,· 
·n·:Jtrr., .;. ~.f.J'.ft r~ .~ ~~:. 3 !'." ,_((;,_ • :t·a.;t, . ,l~._:S:~ ... ( s, :-~~) • "' ~· ·: '<! :. ~.4 -~·::::~.'.~. ~ .· .... :• .. · 

·. . . . . . ' . • . ·•• • . . .;. . . .• : .. ·' ~-. · l- . 

:.·~·f ;) -·~· .. {"rt.:;: ··_:1.~.~- .... . i .. :t : ... ~f;_:.~~~:~ ·~-~)' :~~· ... :7';•~; .. ~·.:, ~".:.'.·:~··. ·~·;:·.:::·~·~·!·8 ~·::·:··: .. !•: .: ..•. ·'·: 

. . .. Reduc~ion~. of Diaz.i.de :.(Xx\Tie)~·::: .· .. ·. , . '/ . · · · 
·~.d~i.: ·.;; t .·~· J· '~-~-;~~~-.: \°-:f.,1: .. r~<~. , .. { .. ~i~. -~ :···; . ~1 .. ~' :;...;·, ._.,,, : ;:·:~· ,.~~·-~: r· • :· ' 1

""·'' ·.'•: ... ,,··N '.~ .. 
• : ' ' ·. • • : ' . .;;, • ... ' ..• ·:.... ." _,., '' • '.=' :··~· •. • '• fl,:•' ... • • .:..: ,: •·. .. .. ,· '' '•·· ;>"-:(::, • I." 

2c '!'c ·coirit>ound · cxxv1e >; 1 tb1• 2..f"s c:ii"; b ~·se.,.;inmbi) · -1n:.··t;t.ifanbft·~c6 .·.·:. 
~ . . - . ... . . . . . 

25 

30 

: ~,Z..L~.~?.~:.f ~:~~a;~,,l~~\$~~:~:·~~.~\: ;g{irc.~~~:~~·s: .:mg __ ,;~ .:~~~.~~~~~~~t:>~· .· .. 
i{eaction s~irrea under H2 atmosphere.at _room tempe~a~ure 
overnite. Crude was then filtered ·through celite ·and 

conc;_en.~.~ig.teQ.:~-1,0. ?i ··. 9·. ·:.C 9_6~> ,;; of.• .tthe'..:diami·ne:.wa~ · -~coll:ected ·. 
•.... . . . . . ... 

~-~:·.blHJ ~~c;>i11 ~):.~~d~ }.~aJt~~ rr.onto .•··ne.xt~ step.i -~witholit:~~·-further 
PB.:C-4-~i._c~~1~0~.~.:-l:~~r.~;-~~36~.<~+~~.~QQ~) ·i:.~·i~-~: (CJ;>.Cl~h.:3QQ~z).; 8 
:!·<0._5·:}.:.!~ 3.:. <.rn,.. · lQHb ·-.r3 . ., 9 _(bs,.:.:, 2H> , ~~ 3 .•. 05 :'(bs.' •. : 4H) "'' ·2 .·8 :_:Cm, 
2H).:i,;:~.,~·6, tm,:· ... H) ,·.· l.:"h~.(bs·,-_-·4H) ,·' 1.~·35 ·(s;· 6HH· . ·.·:.:0,;: '. .:. 

· .. ~: . .,. .... 41.r~·· a.,.., . ,. .. .:. · ~ : ... ~ .. , ~ ( ..... ·r""j :~:-:-:.;.·· ·¥ .· ... : .;,,··· :'· .. ; .. ~:. ~-. · ~ ~<. :: .:. '..·· ; :~, _ 
, .. c':V~ii'zati9n '6'i ~t:~·e oi,·attjine ;· For.tion P1 _Cyclic_ P.~e~ . 

... ::S·.L·;)I~ .... ~~t.' /(l. \ :.~~, ·.-. :·:· ;:.·,.)-:=-...... ·, .•. --:. /~::·:} ~ ·:··r .. ~--·_····.···~:.·'I'· ... '.. · .. ·,:.. :.- •·• ... · ..... 

-~ ;·:,:: ';,?.Y'.G(,f.:.:::c:J} ::·· (~'(I.~)_:~·:·:··n c.; __ : :.>~' - · · 

The ··. dfamirie .- (·O .~21 · 9, 
~ 

0.57 mm~l) was dissolved in 

metr.ylene chloride (50 m~) and carbonyldiimidazole 



~ ~ . 
WO'~~E:~~ .. .,/l . ~: ' . • .. cvt~ . ~304~ /· . " ... . • >:,]lj~i'~lt~;:~~~f 

0Jt<O~t1oc· 9·,., ~-Y..-,63 .;mmon~. :.wa$ ·:add6d 1a11d"itiHe ·.t.,1fction~ 1·at'~-tired· ::'' ·:,··. ·:: .. 
. >~ .• :·at 23,' ~C. :overnit·e·~ The'· solution'·:, wa:~' then .. eoncerit:ratecl 

. and. purified !on·- ~'Si02 using-=: 75% ethyl3 ace€a£elhe:kai1e: as . 
e;lu:.ten .. t; which £gave<B5mg.: ·(:38%) .. ·of· (.XXVff.f··as·a.•.foam."·~S: . 5. 395_. (M+H,100\); ·NMR (COCl3,300MBz): 87.0-7.2. (m,: 10~), :_ · ~L'6:£4-to 'cln;:; ;:~ifi: ,:.. (3 ::6.;;2 ~;f"'crii·;··7 4·=a~ ,').-·1r:'a£ir:' ~ '.,:. c~::·-•1h·/\ :L 3 c: 

. . ·-~.· .... ·,.· _,(,,. s '· .·.·.· .,~.-,H .. ,·_·._,> .... · .•.. -. . . . · . . ... .. , ., . · .. ··,· ,_,. _;_ .·.~. , ..... r .:·. ,.,_ .:=: · ·: .~ ·7· 
.., - ~~ y" • ~'.:·; ~·i ~' ... ~ ·!·> • -~·, .:· · ... ··J::· j r~ ~::_r;·;i(r.r~· ... ~.c-.... := .. ~-: - ._. 

. ·. ·,) "'j-<.' ~'.f· 1·\ ,:' •',,''· ..• • .. :~··,;: .• •· ., :•·. •~.:·. ···:-.~.:;,•:.~.:·.: •. :.·':., ~···1: ... ·:~~·~··.:.··n .... ... · · ·, '- ·. ' ·· Alkylation "of the Cyclic Urea (~I~) : · · _ " · ••'-. - " •:r ~·· 
1 1 

• • • '· • .~ •.. :. • • .. ".•, • ·.~ ·:--~ ':' :f, ··:,: .~· ~·.~:.: ::;. •." • • • ·~I ;. :,. .... ' •: t, ·~ ~~,. :: .. "... •) :• ,... " ""I 

::1 ta'o.~,'Coropound <"CXXVlf > ·CB Sing~·· 0·~·2·2. ··mmol)·: ::frV:dry :'DMF: f3 '·Dal.>" 
io ;~ was: edded · .. 60.'5 .NaH . <O .,:07:;·9;<: ... 1·.' lmlloll' • .:--The ·=aolution·;wa~ H • . . . 

. ·.: .. f"li -1'. i" • ··~ •••• ;. ... ~:(l~tirred,•-..£or·~i.s m-d..m . .,at .rodm~'temperature: .. " Next,1.. benzyl 
h;''brom.i"de -".: (0·.J. m:..;; :J.0. 86 mmoll. was :·:add~d~·ind=~~he'"' rea:Ction .. 
n tf:'t i·J're-d ia t :•. 2 3 •', 9·C.; ove rnite . ~ ~\ Rea"c:t·io·n "was th~n'.'' quenched · 

· :".::.~~;~~~wtn§~li"ii.Pcl: ··uts:everal=~ drops;>·; .>:'~w~lshed·~·-w~tln ts•IQ ,> · 
::. ;-:: :.e~t~a~t<·ed ~·.W!tn"s:ethe=:,_.«: dr.·ie'd' ::(Mg'S04 F1 ::.i.il~ . c~n.c~btr•tici".·, ·~:. . :-:~.,C!-ude:.s; -~·a;si'<'th;en;Vp~rified·; =& • . :§j:iica.'-i9~:t: ~s~h:g::·,.;i:1 .. -~ :liexane/.e~-~y1 <:acetate, aif!ordln9: o·-::o3_ 9z.; t2s·'5:)1".~8f° -~~s.·f>~s~ 

;:·~~-~~~-e~c""~~~a~·· :zrs··. a-.: foa:. _:,M~~ .1$75::::·.~:·t~~H~:iot>ii~;{,_.-:·~~=:: .. ~· ......... -:, ............... ).S7~.:..-7.4 ( ... , 20P.),.5!1 <d, 2H),.4.0 Cd,··· .~ .. '"' .,. .... :~ ···.,r. '· .· ::.~ .. , .~: .·· :·r -:.,.. ~· .. ..... _._: _:_; .. _. ,, _,· .··~.".;.\_~-: . . . .· .... · . . .. ~ ~:> .· =· . .. ~:: 2: · ::-. : , . ~. ~: <~:si;~~-'2~-T~ ·3\·5 ;:oflr,~ ··)ii'>~~· ~2~~··f ~·c1n~· 2a>; ::.-2. 6 :-'<m, . 
• 2t:J · :: c;-2.c 'r:.·. ~E\ 1.25.•(,_s,.:6H> •. ~ •.. ;; .. : .. ; .~<> .. : ... ~.;..;:.: ... :..: "~ . -"';· 1 ;f"i..r:.'<:·"'.:. -~··, ... , 6;•1,-.. (i' · c; ;J: .. V:.. ,.... • .. :_;;l ..•. , .. .,,:~·-1· "' .. ;,_._."''~···.-.,..... .. • · .• •x.· 
:Y,' :·~'"- ."t. 1· •.:.J·:,.. .. .,.,._ .. '.i' • w ~·-':• '~' .. " 1, ,.,. ~ •. •. ·' .• :· • . . ·~· . .";_ · .· ( ... "i ~- e;.y;,-.. 1.QF cm l r-.';; • :) · ;.,,·::- . .; '.i< ·~;;.,~h$ '!i~:· .. ir .. ~ ::~ · ~df.,; .· · ·. -~; · · · '"D·-:::.r=-:-e~:."id::- c-·· 1-~ce'~oniCfo·: Preparation of~ Example 16A: · ~~~l (~ '~ s 1: ~~! ;-.~ .. :~··:!) ::: '.f•. :· :·~.) ·:i ::: .•·j ·~I ·,~ ',.> 4 ~ .:·~ ::.', :::, :j: -~· '~~ ~~ ;-{ •"~ !";! ~:·; t:.::.: ,::. s ~~ "~! t. ::t "• ~".":.:·~:;~ ·· .. ~': .' '';.· ::::. ~;--~ 

. . 
. 2:. :r dri. fa5/rr:nd'i.) .. :(in ··,THF.:;. ( 2 mL )<at :>room temperature Iwas aaded'.· .:_: ~ I seve~g~;.:ar6ps::!o! ·cohcenti~fea, 8:::1 :' ::·Reaction··.ist·fr'r~d at 

.;zc:::r. ~'te:r.1:>e·ra~ur:e fOr 2 h.~ .. Reaction':was ·then ··washed .with 
: l~ Na:OH, ext.racted with ethyl· acetate,'.'dried (MgS04), 
":l::i ·ccnce:rtrated. Chromatography (silica, 1-5'5 methanol ::.~?'.Jri~~h~,:~-~~:~chlc:iide}. gave ':'d.':02·4 ]g :'(:as()·.: ~f. ex~pii· 16A 
as c foarr.. MS: ~ 35 CM+P., looi'·{j NMR CCDCl3, 300MHz) : s 7 .1-

·:· .• : .. : :·~_.;7:, ... . fY.~=~, _.~.:s (d, 21-i), .3.~ (d, 2P.), 3.5 <:bs, 2H>r . .-
::."' ,. . • ' •· .• : .~ .. ·~ i .. : . -. ""! 

;~ ' 

., 
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. '.: ·1:~t~:t~:·syai-61is1s:': :· sYAi'iii'iii~:litn~1~ditf'£.·iv~:) 

·~ :. . ... •.- .· .. · ... ·). •' ,' . ·i~:, '," •.: ~·. :· ·.. .. ; C: ,. ;~ .. · ..... ··:.~.~ ~~ .. : "f ;~, .. !o; .3 =.·;i'tl . 

,. .... · 'J'o· a· solution·of '100.7 ·g (458.0 mmol) .P~ J~R,5R),~. 
' ):.~;• , I J ~ ''\ ...... •'°r~I :''. ~' ': ~·-·:x '"~(~ ' .. ,~ ... ~:.:.: i~ ,.:·,f.~l,..,.• :~:H.:-i ·• .i .. ~ '( •J_'-..,.i .; .. 

(-)-dimeth'yl-2·13~<rlsopropylidi~e-~-tartra~e .i~ ,~~q. ~ . 
.• ·, . . . .. " . . ·•"' ~. :. -... ·?•4,·;·,·.... ..: ~ : . ., ; .. ·.'.:_'; -~""''.·.'.,;. ~). :t.J .: ..; .. :)~.?.:.' .. ':":-: '·"""' \.. ,·.,) 

10 'of·: e·thanol ·was added 450·-·m1··of 15'. sod~~. ~yc;lro.~i.de .in .. : 
/""I •• ,, •,i',•' •. it.'j.. '•• - '••• .... • -~I ,"• ~I• ,c..: .~ ... '!.:,~:·''l :-•t.i-;jf" i.l·.'l~ . .Ji., ....• t(';,: :::t.t .... i ·: •·•..: •. "':~ 

wat•r~;·.Af~f!f·· stirrincf '5h'· the ~o~vei;i~, W~I! P.l!r.~,it~~~ ) . :. '";'!, 
~~imov$(P\lnei~t'~r~ch1e~d 'pte$15~r~"·and.i.t~e ''re~ici,;e ""~as.-~~;~.·: . 

• . . .. • ~ • ., .. t . . , ."": .~ ......... . ...... ~ .. , .. ·1t·~·.!J:"4::; ,tr· .J.· ·.; .... -...~~·~ ') .:::9',=:..:~_·_,:, .. ).;;.· 
. ~:a!1\itear·.w:s.€i\~tiatt!.t'"afi~··~H<t.racted\i!_~ii:~EiC?~:c: .·. ~~e..~d· ~., ·;·.·· .. 

aqueous~·11iye·~ :i"~~i-'tH~r(igid!~ier·;¥tli~ c~~c. adi,~ ~·· -... .. 
15 stttur.teac·~itti-:1Naci; :;,~rid:"iixfi.le:£ia\J'fih 2tif0Ag;-- ,."ijh:~c ·' :~·:· -~. 

~~irl5~.~~d ~:~~~ari~~·t• ~i!~~.~~~e*~ :~~€~-~~~.:-~:~~~i ~~f ~~~:~~J{~:· ·.df:~-.~~ 
over·"Mgso~. '~~h~"'"lolvent:- was .~emov~d und~. x:~ctµcecl··· ... _ .. ·., 
pr~:f!s~'llian! 'tbe' ~~lid-!-~re'~'id;~~ ·.;,~~~ t;flt~;at~~t-~.i~h~. , ::.: 

2 o - · ~~~~~;~·?w~t~/J1:~19~,;;_:;bt~~~~ [~~:t:t~(;~o~ttt~ >' - · 
CD30~l s_..4·~e3' (~,·2H, CH),· 1.54 rs·; '6H, ·ca3). •', 

. . .· . . · ... 

Preparat.iori o~ Weirir~~;!~i'.de r~. ~YV.~fi:~~~\s :Ji·ti~':: ·:· ·.~ .. -~ ·::~ :~ .. 

25 · ·J'~s. '~To-.;ilJ.otiiti:6R;r-~f :;:36I~ . <'1si; e itiiioJ./:.i,i<tIVa:. in·:·· lL of 
riiet:1i~1ene: . .-~elhti±:fc!--e~ .;~:5,,, a'cfCi~tt 6\o· ~-·"dVo :·o:~~i}';·6.?1~ i ·~··' 
carhdrii1:'ciiim1i"dlil£01e ?"' :i£t;~t::·~ .• '.:t:!·I'ikin9f ·;'6ii:~·.::;34·j,:'.·~ c3so .. •: ., 
mmo1 > ot'~Ji~ioJatlili!)thyii-lici~o)t~1•mi~~ iiVd'r~~tii~iid~. ~-~ '· : · .. 

.... .. ·::·... . .. ~ -~ . .. r-. ~· ... ·~r~ ~ ;- s, ? .· :. · ... > ~-- ..... J ~· .·.~_:1 ~~ ~:::"'.!..:.. .;:; ~.; ... '.·:· .·~ ·:~ ... ·~··~ ·,.:. ::· 
added and· the resli'ltinq solution was stirred overnight. 

30 'l'he1'.·'s6ivent:~··w~~s· ~art:i~ffy ·~~riaov~~tti~iae~· fed~·~~d--pr~ssur~ 
: • • .. .,.... ' I .. .._ •. •" . ~ \. ~· ':'t'' ~.-, ~.,I, •' • • ~ .:., "} •1; • ' • ".;Ii ·; •• .:,,'~ • ' •' • : :~ ··.•. ... .•." 

and the' residu~· w'as' "diluttfd 'with" ethyl" a'cetate; The 
solut iotl:~ wiis :, t'h.'.n'· ;a·cI"dif.iecf~itit~N' H~r;;~ -~tur~ted ·~ith 
'N"ac1, ancf~~trabfe·d·'·with EtOAc':··'r.;,Th~":·e:i>~l~~d-,~~~ga~ic. 

· .,., .. \ •. ·.~:·· ;, .· ...... " .... ...... r·1··:1·.·1 .·°''.' .~.·· ·,·.~·1 ·. · :·.:. 

layers wer~·· wa'shed· with'' brine ·and 'd.r'ied over_.MgS04. 'l'he. 
35 sol ve:~-t. was removed' u:nder reduc'~d pressure' and the 

resid~e was triturated with ethyl acetate and hexanes to 

.. 
•·. 

. .. .;, 

··--·": 

,;.:;. 

'· .·. 

· .... .' .. ·. 
.. .·· .. ~ .. 

. -~;:.. 

·-.:. 
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gi ve 35. 6 g (82\) of the bis~Weinreb arr.ide LIVb as a tan 
solid. mp. 78-80°C. lH NMR {300 MHz, CDCl3) 6 5.16 (s, 
2H, CH), 3.'70 (s, 6H, OCH3), 3.22 (s, 6H, CH3), 1.52 (S, 

6H, CH3); MS CCI,NH3) m/e 277 (M+l). 

Addition of Gri9nard Reagent: Synthesis of diketone LIVc 

To a solution of 4.0 g (14.5 nunol) of the LIVb in 
100 mL of THF was added 20 mL (40 nunol) of 2M 

10 octylrnagnesium bromide in THF dropwise. After stirring 
3.5h, the solution was quenched with saturated NH4Cl, 

2: 

acidified with lN HCl, and was extracted with EtOAc. The 
co~~ined organic layers were washed with brine and dried 
over MgS~~. The solver.twas removed under reduced 
press~re a~d the residue was chromatographed on silica 
g~~- E~~~!o~·wi~h 7.5~ eth~i acetate in hexanes gave 
C.E€ g (88\) c! ~h~ b{s-o~tyl ketone LIVc as an oil. lH 
?:~·:.':... C3:i0 M~=:, CD:l~) li 4 .55 (s, 2H, CH), 2.64 (d~, 4H_, 

CE;_), 1.€2 (r:,,_ ~E, CH2}, l.42 (5, 6H, CH3), 1.27 (broad 
r, 2C~, CH=1, O.BE (~, 6H, CH3); MS (CI,NH3) m/e 383 

..... - ..... 

Cx~~~ Fc:~a~io~: Sy&~h~sis of LIVd 

':::. c. s::;~-;;t.i.o:i cf '9.€5 g (12.2 mmol) of LIVc in 140 

···- c.:: e: :.:::a:.c: and 35 Jr.: of water was added 2. 22 q (32. 2 
r..::-.:..:.) c ! .t.y?-roxylamine hydrochloride. After stirring 
cve:r:.i;:.: -che solvent was partially removed under 
red:..:.~ec pressure: and the 1.esidue was diluted with water 
a:.c ex:.ract.ec with EtOAc. The combined organic layers 
w~re washed with brine and dried over MgS04. The 
sclvc;.~ was removed under reduced pressure and the 
reE~du~ waE chrornatographed on silica gel. Elution with 

15~ e~~~: a:~:a~e in hexanes gave 3.76 9 (75%) of the 
! _ ~ -:;::::-:. ~· _ c>:ir:v: L!Vd aE a rr.i>: of isomers. ?J,S ((:I, NH3; 

... ·. 
"': - .: 
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Red~c~ion cf Oxime: Synthesis of diamine LIVe 

Tc a scl~~io~ of 3.68 g (8.9 mmol) of LIVd in 70 mL 
5 of toluene at 0°C was added 53 mL (80 mmol) of l.SM 

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 MgS04. The solvent 
was re~oved unde= reduced pressure and the residue was 
c~=o~a~o;rap~ed c;. silica ge.:.. Elution with 10% 

metha;.:: i;. rne~hylene chloride gave 2.33 g (68%) of the 
1: dia:-:-.i:.-= :.:rve as a;. oi.:.. lH NM?. (300 MHz, CDCl3) S 3.80 

(E, 2::, CE), 2.EE (;:-., 21:, CH), l.43 (rr,, 4H, CH2) 1 1.41 

(::;, E::, C!-i,;l, : .2-; (broad s, 2~E, CH2l, 0.88 (t, 6H, 
,...~ -........ .: 

2: Cyc::za~ic;. c: ~he Ciarnine: Formation of Cyclic Urea 
(XXVlf) : 

:: a sc:-.;~ic:-. of 1.35 g {3.5 mmol) of LIVe in 50 mL 

cf :,:,2,2-tetrac~:croethane was added 620 mg (3.8 

25 m.-r.c:i cf :,2 1 -carbor.yldiimidazole. After stirring 10 

mir. the solution was added dropwise over 30 min to 150 

mL of refluxing 1,1,2,2-tetrachloroethane. The solution 
was cooled ar.d was washed with dilute HCl, water, brine, 
and was dried over MgS04 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~ l cf the cyclic urea XXVIf. lH NMR (300 MHz, CDCl3) 
0 .:.2.; (c, 2E, K::;, 4.07 (s, 2H, CH), 3.33 (rr., 2H, CH), 
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1. £: (r.., 4H, CH~), 1.43 (s, 6H, CH3), 1.26 (broads, 

24E, Cf.:;J, 0.88 Ct., 6f., CH3); MS CCI,NH3) m/e 411 (M+l). 

Exam~1e 15AJ 

Alkylation of the cyclic urea XXVIf and removal of 

the acetonide protec~ing group was carried out using the 

procedures described above to give compound 15AJ in a 
68% yield. mp. 66-70°C. lH NMR (300 MHz, CDCl3) & 7.32 

lC (::-., lCE, arcI":"1a~ic),5.15 (d, 2H, CH2), 3.87 (d, 2H, CH2), 

.. 

3.46 (s, 2H, CH), 3.26 (br d, 2H, CH), 1.96 (s, 2H, OH), 

1.€': (rr., 4E, CH:;), 1.26 (r.., 24H, CH2), 0.89 (t, 6H, CH3); 

E.: c:::,~:::;;, r:-.1e 5:.: W.,.ll . 

~~ - S!"'E:: - . ' B~~7 .K~ ~· .. .:-! ~ --.&.. .... 
' 

.. - . t.. :: HP:.': 
-~ 

-.. r. ~ ... ~€::-.:-: ... ·: be:-.:z.·.·: 2-naphthy:: ++"" 
met.hy.i. 

:.c r .. : •· c cy:::.op=opy: cyclop::opyl 2-napht.hyl +++ 
ir.e~ 

.... ,, me~h:yl methyl ·J -

~ : :-~ . -- - 3-cyanocenzyl 3-cyancbenzyl 2-naphthyl 
methyl 

. :: ~ . 4-d..:.hycrc·>:y 3, 4-dihyd:::-oxy 2-naphthy:: - r. · ... : _, 
be:;.zy:: be:::z.y.~ methyl 

: ;. .. . . 
cy:.:;,ot:irc.ry~ 2-thie~;·: ':y:::.~cprc;~:· _ 

:-:,e::; :,· - :':"t~:.r.y.: me th:,·: 

t;- ~"' 

... 

: 

l 

-
-
.:. 
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l6F RSSR 3- 3- 2-thienyl +++ 2 

(H2NC(•NOHJ)- (H2NC(•NOHJ)- methyl 
benzyl benzyl 

l6C RSSR benzyl benzyl 4- +++ l 
methylthio 
benzyl 

16R RSSR 3- 3- 2-methoxy ++ 1 
methoxybenzyl methoxybenzyl benzyl 

165 RSSR cyclopropyl cyclopropyl 2-methoxy ++ l 
methyl methyl benzyl 

16'!' RSSR benzyl benzyl 2-methoxy ++ 1 
benzyl 

l6U RSSR benzyl benzyl 4- l 
methylsulfo 
nylbenzyl 

1 €": RSSF. benzyl benzyl 3- 1 
ar!'.inobenzyl 

16~ RSSF. ber.zy: benzyl 4- 1 
an:inobenzyl 

H>: RSSF. r,-hexyl n-hexyl isopropyl +++ 2 

:. £".::' RSSR be:-:zyl benzyl 3- ++ 2 
indolylmetr. 
yl 

, . -
~t- RSSF.. be:-.zy: benzyl isobutyl ++ 2 

:. tl--~. RSSR benzy: benzyl 2- + 2 
methylthio 
ethyl 

l EJ..E RSSR cy::lopropy: cyclopropy.l 2- + 2 
methyl methyl methylthio 

ethyl 
10..: RSSF. benzyl benzyl l-benzyl-3- ++ 2 

indolyl 

16~ RSSR benzyl benzyl isobutyl +++ 2 

16AE RSSR n-butyl n-butyl isobutyl ++ 2 

16AF RSSR 4- 4- 2- + 2 
hydroxymethyl hydroxymethyl methylthio 
benzyl benzyl ethyl 

This Sheet Has Been Replaced 

1111111111111111111111111 
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RSSR benzyl benzyl 

RSSR benzyl benzyl 

RSSR benzyl benzyl 

RSSR benzyl benzyl 

RSSR benzyl benzyl 

RSSF<. ber.zyl benzyl 

be:-:zy: benzyl 

be;.:z.yl 

b~:"".Z\•! 

a:!yl 

.. 
'"·- ... ;- -

c..:.:yl 

c. _ -'./- c.:~y: 

.:,- 4-
hy:;ror.:_."!O.st hyl hydroxyr:-.et.hyl 
benz:::·: b£:1zy: 

· · ?repa:ed as in Scheme 4. 

n-butyl 

n-pentyl 

n-hexyl 

n-octyl 

3-butenyl 

4-pentenyl 

2-
ethylbu~yl 

5-hydroxy 
pent.yl 

4-hydrcx:: 
butyl 

n-octyl 

n-hex::·: 

4-pentenyl 

3-b'..lteny: 

n-butyl 

,..~ .... ~ ........ - - ~: ?:e:pare:: as ccr:-.j:)ound::. :..r. Ta.!::-:e lA. 
-· Prepared cs in Schem~ 2e. 

..... . ·. .. -..---·---··-- ..... 
. . . 

~ :-; :-. :. ~· ·~-: .. :: :"'.:. .:: : ... 

3 

++ 3 

++ 3 

3 

+ 3 

... 3 

++ . 

+ ::: , ~ 

+ 3, ( 

+- -

+ -

-
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Exa!:'.F:e 1€::1: 
- . .::..>:ar:;F ..!.E 16!<.: 

Exa::-.:;:..e 16S: 

Exarr.ple l 6'I: 

Example 16U: 

Example 16X: 

rr.p 214°C 

mp 192-193°C 

mp 155-156°C 

mp l 94-l 95°c 

mp 244°C 

-311-

mp 112-ll3°C. MS 427 (100, M + 1) 
Exar:r;:le 16Y: MS: 585.2 (100, M+H). NMR(CDC13 ) 5S.02 (s, 
2.Hl, 7.55 (d, 2H}, 7.4 (d, 2H), 7.01 (m, 4H), 6.79 (s, 
2.H), 4.84 (d, 2H), 3.78 (s, 4H), 3.2 (m, 6H) 
Example 162: MS: 475.2 (100, M+H). NMR(CDCl3) 8 7.4S-
7.22 (rr., 10.H), 4.76-4.4 (dd, 4H), 3.S (s, 2H), 3.62 (m, 
2H), 2.23 (S, 2H), 1.73 (rr., 2H), 1.59 (m, 4H), 1.36 (m, 
4 ~) , () . 7 6 ( d I 6H) , 0 . 61 ( d, 6H) 
Exa::-.;.:..e 16AA: KS: i;75.C (100, M+H). NMRCCDCl3) 5 
-:-.c--:-.:e (::-., 10E), 5.Cl (d, 2H), 4.01 (d, 2H), 3.65-
3 . .;: <::-.,SH), 3.C: (dd, lH), 2.6-2.3 (m, 6H), 2.0 (m, 
6::1, 1.25 (rr., 2HJ 
Exa:-:-.;::..e 161.=: MS: 403.2 (100, M+H). NMR(CDC1 3) 5 3.97 
!s, 2r.:, 3.E-3.E (r.., 4H), 2.8-2.4 (m, SH), 2.24 (m, 2H), 
:.£:? (S, 2E), l.C.3 (rr., 2H), 0.52 (m, 4H), 0.32-0.14 (m, 
4:: ,' 
Exa:-:-.:;::le 16h:: MS: 765.5 (59, M+H) 382.l (100), 274 (97). 
i;!·:.c:::::·Cl 3 > S 7.53 Cd, 2H), 7.35-7.0 Cm, 26H), 6.63 (s, 
2::), 5.2.; (S, 2E), 5.23 (s, 2H), 4.82 (d, 2H), 3.8 (S, 
4:::, 3.:!-3.0S (i.., 6Hl, 2.:-7 (s, 2H) 
Exa=r.:;:::..e 16;..:: ?-':::· 439.2 CM+H) NMR(CDC1 3 ) 5 7.39-7.28 
(::.I 10::) , 5 . l 9 ( d I 4 E) , 3 . 8 5 ( d I 4 H) ' 3 . 5 0 ( s' 2H) ' 3 • 3 8 
(c, 2E), 1.95 Cs, 2H), 1.75 (rr., 4H), 1.38 (m, 2H), 0.92 
(c, 6E), 0. ES (d, 6H) 

Exa:-:-:p:..e 16J..:: :t-:.S: 439.2· (M+H). NMR(CDC13) 5 7.39-7.26 
( ::. , l 0 E J I 5 . 1 9 ( d I 4 H ) I 3 . 8 5 ( d , 4 H ) ' 3 • 5 0 ( s , 2 H ) , 3 • 3 8 
(c, 2H), 1.95 (s, 2H), 1.75 (rn, 4H), 1.38 (m, 2H), 0.92 
(c, 6!-:;, 0.85 Cd, 6Hl 

MS: (M+H)+ = 439.2 
ExamFle 16AE: MS: 371 (M+H). NMR(CDCl3} 5 4.0 (m, 2H), 
3.85 (S, 2H), 3.35 (d, 2H), 2.65 (rn, 2H), 2.35 (S, 2H), 
1.E2 (r.., 2H), 1.75-1.24 (rn, 12H), 0.91 (rn, lSH) 
Exa~ple 16AF: MS: 552 (100, M+NH 4), 535 (61, M+H), 516 

(81). NMR(CDCl3) 57.38 (d, SH), 5.05 (d, 2H), 4.6S 
(S, 4H), 3.98 (d, 2H), 3.65 (s, 2H), 3.52 (m, 2H), 3.43 
( s , 2 H ) , 2 . 5 7 ( m, 2 H ) , 2 . 4 2 ( m, 2 H) , 2 • 0 3 ( s , 6H) , l. 9 7 
(::-., 4H), 0. 84 (m, 4H) 

Thil11/i~'1iff 1i1i1il~if ed 
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Example 16.h:; : mp 109-114°:::. MS m/e 439 (M+H) 

Example 16AH: mp 94-97°C. MS m/e 467 (M+H) 

Exarnp:e 16A:: mp 7 9-82°C. MS m/e 495 (M+H) 

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 16AX: mp 9l.:94°C. MS m/e 495 (M+H) 

Example 16.A.~: mp lll-ll 6°C. MS m/e 499 (M+H) 

Exarr.ple: 16A~: MS m/e 483 (M+H) 

Example 16AP: mp 73-74°C. MS m/e 451 (M+H) 

Example 16AQ: rr.p 7 3-75°C. MS m/e 395 (M+H) 

E.xamF.:.e 16;...::~ : rr.p 108-111°C. MS m/e 363 (M+H) 

E>:a!':".r: :e 1 €.;s: r.":f: 110-114°C. MS m/e 335 (M+Hl 

EAa:-:-t:=: e : 5;.:: -~ : H-116°C. MS rr./e 499 (M+H) •l•;-

Sy~:tesis o! Thiourea (XXVIIa): 

r:·:.a::.:.:-.~::::..r.:e:':'. Cc:-:-.;.ound (XX!c) (22. 45g, 47 .1 mmol) 

.,,.-~r c.:.~r~l'\"e::: :.:. 2CC rr.: cf t.Et::ahydrofuran and to this 

.:.:.. .. ·.~· . .:.::-. ·..;~·,: .::..::::"':: S.23g <:.-:..s rruncl) of t:r.iocarbonyl 

~:.:..~:.da:c~E. A~:E= stirring the mixture for 18 hours at 

=~~~ ~e~?era:~~e =~= (10:1:10 ethyl acetate: ethanol: 

r.::::·::.:-.e ~ i::-:.:::. ::e::-e:::: cc:-:-.ple:e rea::~ion. The reaction 

~~x~~=e ~~~ tak~~ :o dryne~s and the solid residue 

~~=~~~~j ~Y ~:e~~ c~rmatography (silica gel, 250g, 1:1 

e:- :.~-:. a:~:c.·--=: r~e>:a::e) to prcvide solid which was 

:=i=~=a:ej ~i:~ hexane to provide 17.Sg (73% yield) of 

~~·:-;:.he.::i.s of Compcund (XXVIIb) : 

:c:-:-._::.:..;:-.::: (Y.X\':la) (3.108.:;, 6mmoll was dissolved ir. 

e:~::~~~=~:e a~~ to ttis solu:io~ was added methy2 
. - . . . . 

-~· ... ·-- -······-
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to d=yness. The residue was dissolved in 30ml 

dimethylformamide and to this solution, cooled in a 0°C 

ice bath, was added NaH (60% in oil) 720mg (18rnrnol) 

slowly (EVOLUTION!). The contents were stirred at room 

5 temperature for 30 minutes. The mixture was cooled in a 

0°C ice bath and benzyl bromide (2.052g, 12mmol) was 

added via syringe and stirred at room temperature for 18 
hours. T~C (2:3 EtOAc:Hexane Rt=0.25) indicated a 

complete reaction. The reaction was worked up by 

10 diluting with water (300ml) and extracting with diethyl 

ether (3x50ml). The organic layer was dried over 

magnesium sulfate and the filtrate taken to dryness. 
The resid~e was pu:ified on Si02 gel (200g; 2:3 

EtOh=:Hexane> to provide 2.923g (78.2% yield) of XXVIIb 
~c as a colorless oil. 

Co:-:-.pc~;.:: (XX'·:l:t:J (2. 90Cg, 4. 65mrnc!) was dissolved in 

2C 25~: py:idine and to t~is solution was added 742mg 

(4.ESr..:r:c:.; ber:zylhydroxylamine hydrochloride. The 

cc~ter.ts we=e refluxed in a 125°C oil bath for 18 hours. 

cca~ticr.: Methyl rne:captan is a by-product and the 

reactic~ s~o~:d be vented to a Clorox scrubber) . TLC 

2S i"-dicated a co~Flete reaction. The reaction was diluted 

3
,... , .. 

~itt 150~: dic~loromethane. The organic layer was 

washed with lN HC: (2x300ml) followed by sat. sodium 

bicarbonate solution (100rnl) . It was separated and 

dried over magnesium sulfate and the filtrate taken to 

dryness. The residue was purified on Si02 9el(l30g; 

using 1:3 EtOAc:Hexane) to provide 584mg (18.0\ yield) 

of Compound (XXVIIc) as a colorless oil. 1:2 

EtOAc:Hexane was used to provide 2.113g of a side 

product thiourea (XXVIId). 

S~"-thesis of Oxi~e (XXV:Ie): 

1111/ill 1iii1i1i~1~ilf 
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Corr.pou:-1d (XXVI!c) (584mg, 0.84mrmnol) was dissolved 

in Srnl dimethylformamide and to this solution, cooled in 

a 0°C ice bath, was added NaH( 60% in oil) 80mg (2mmol) 

5 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 Rf=0.26) indicated a 

lC ccrr.ple:.e reaction. The reaction was worked up by 

diluting ~ith water C50ml) and extracting with diethyl 

e~~e= C2x25ml). The organic layer w~s dried over 

~ag~es.:..~~ s~lfa~e and the filtrate taken to dryness. 
~~e resid~e was purified on Si02 gel (33g; 1:3 

49lrng (74.2% yield) of a 

~:~-~-a:i~~ c~ Die~: Compound (XXVIIIaJ: 

E;.:a:-:::le lX (3.517g, 7.58mmol) was dissolved in 25rr.:. 

;;=~j~~~ a~~ to t~is solution, cooled in a 0°C ice bath, 

v~~ a~~~~ 250~g C-Dimethylaminopyridine and 7.16rnl 

. · ~-. ~ .:::::-~-·.:.:.; a ::e: .:..c anhydride. The contents were stirred 

c.::. !":'.).:~ -;~7'<?E:ra:.u.::e for 18 hours. TLC (1:4 EtOAc:Hexane 
r ::=<.::; .:.:-.:::.:.ca:ed a complete reaction. The reaction was 

c .:::...:.._E.:::. .,,-:_ :.:-. 250rr.l dichloromethane. The organic layer 

~~= ~as~~= ~i~~ 1N HCl (2x300ml) followed by sat. sodiu~ 

t:.ca~t~~~:~ solution (100rnl). It was separated and 

c=~~j =~~~ rnag~esiurn sulfate and the filtrate taken to 
::i::- ::::-. €.:; £ . ::,e re:£ idue was purified on Si02 gel (200g; 
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K!:. ra:.ion of Benzyl Group: Compound (XXVII!b) and 

(XXVII le) : 

Corr.pound (XXVI!Ia) (518mg, lm:nol) was dissolved in 
s 4~: acetonitrile and to this solution, cooled in a -40°C 

d.:-y ice-acetone bath, was added 4.4ml (2.2mmol) O.SM 
Kitroniu~ tetrafluoroborate in sulfolane. The contents 
we:-e stored in a -40°C freezer for 18 hours. TLC 
indica:.ed a complete reaction. The reaction was diluted 

10 wi:.h lOOml ether and washed with water (2x50ml). The 
organic layer was dried over magnesium sulfate and the 
fil:.ra:.e take~ to dryness. The residue was purified on 
S:.C:;. gel (75g; 1:3 EtOA::Hexane for XXVI!Ib, 1:2 

.;. -

2: 

25 

E:.:A=:Hexa~e fer XXV!!Ic) to provide l06mg (17.4% yield) 
c~ xxv:I!t as a whi~e solid and 159mg(26.2% yield) of 
xx~:::c as a whi:.e solid. 

1-• . Sy:-::.hesis of ~-Fluorobenzyl Cyclic Urea (XXXI) : 

0 

H, Jl ,H F 
N N ~ 

~' " MEMO 

(XXXI) 
The synthesis of 4-fluorobenzyl cyclic urea is 

o'l::.lined in Scheme 7. N-acetyl-D-4-f luorophenylalanine 
me:.hyl ester (23. 9 g, 0.1 mol), obtained using the 
procedure of M.J. Burk (J. Am. Chem. Soc. 1991, 113, 
8518), was dissolved in 40 mL of acetic acid and treated 
with 100 mL of concentrated HCl, 40 mL of water and 

3S heated to reflux for 5 hrs. The solution was cooled to 
roo~ temperature and the:-: made basic (pH = 10) with 50~ 
~a:~ wh!:e cocl:.:-:g i:-: a~ ice batt. Benzy: chloroform.ate 

Th11u111i 1ii11r11111ir~r 
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(25 ~:, 29 g, 0.17 mcl) and NaOH are added in four 

portio~s a~d tte solution is maintained alkaline by the 

addi~ion of NaOH. The mixture is then stirred at rt for 

3C mi~. The alka~ine solution is extracted with ether (2 

5 x SOC mL) and the solution acidified with cone HCl to pH 

1. The precipitate is extracted into methylene chloride 
and dried over MgS04 • The solution is filtered and 

conce~~rated to 9ive·20 g of the N-Cbz-D-4-

fluorophenylala~ine as a white solid that is used 

10 withe~~ further purification. 

L. 

A solution of N,O-dimethylhydroxylamine 

hydrochloride (8.0 g, 0.082 mol) in DMF is prepared by 

ge~~le war~i~;. The solution is allowed to cool slightly 

a~c trea~ed wit~ K-rne~hylmorpholine (8.2 g, 0.082 mol) 

a~= dil~:e~ wi:~ ~EF to facilitate transfering of the 

l-. s::·..:::>::-. c: i-:-cbz-D-4-!"luo::::ophenylalanine (20 g, 

:.~£~ ~::, ~~ :~~ is treated with N-methylmorpholine 

(;.: 9 ~.CS rn:_J a~d cocled to 0°C in an ice bath. Tc 

-- -- . _, .. so!~tic~ i! added isobutyl 

:.: ~: :::.:::"'.':-:-.=..:·-· .: . ·:": s! C.0€3 i-:~~l) in small por~ions ove= 

a ~s=~== c! :: ~i~~. Tnen the solutio~ of N,0-

:::::-.-::::-.~·.:.::-.~·C.=:::>:yla:r.ir:e ir. DY-: prepared above is added an::: 

:~~ ~e~=:i:~ ~!x:~=e is s:irred for 20 mins. Most o! thE 

~. z:-~~~~ · ~ ~e~=~ej on a rotorary evaporator and the 

=~!:=~~ __ ~~=:!:~~ned between wate= and methylene 

:~::=~::0. :t~ c=?a~ic layer is washed successively w!~h 

: t: R::, · ~; l~a:·~, water, brine and then dried over 

~?S: •. -~~ s~l~~!=~ is then filtered and concentrated 

~::::.~ t~~ =~sid~e chrornatographed on silica gel (50% 

~: :...:..= .·::u:) :o give 16 g of the amide. 

~~i~; ~he ~~ocedure of by J-A. Fehrentz and B. 

c ::. : : .:: ~ 1 ~ y:: : r.-:: s .;, .; , 19 8 3, 6 7 6 } 11 g ( O • O 3 1 mo l ) of N-Cb z -

:·- ·~ - ::- : :: ~=c:;: ::-:e::::.~· :-a l.anine N, 0-dimethylhydroxylamide wa~ 

·:·.~·~::£~ :: S.C ~ o! N-Cbz-D-4-fluorop~e~ylalanina: 
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obtained as a thick oil_that .was used without further 

pl;rification. 

N-Cbz-C•-4-f luorophenylalaninal ( 9. 0 9 , 0. 031 mol) 
was converted, using procedure 1, to (2R,3S,4S,5R)-2.5-

5 bis (N-Cbz-amino) -3, 4-dihydroxy-l, 6-di (4-
fluorophenyl) hexane· (4 9) obtained as a white solid. 
MS: (CI, NH3> (M+H)+ • 605., 

The (2R,3S,4S,5R)-2,5-bis(N-Cbz-amino)-3,4-
dihydroxy-l,6-di(4-fluorophenyl)hexane (4.0 9, 0.0066 

10 mol) was converted, as described in procedure 4, to 1.3 
9 of the 4-fluorobenzyl cyclic urea CXXXI) obtained as a 
white solid. MS: (CI, NH 3 > CM+H)+ • 539.3 

E. The 4-fluorobenzyl cyclic urea (XXXI) (270 mg, 
15 C.5 m.~o:> was alkylated with 3-benzoxybenzyl chloride 

(35C rng, 1.5 mmol) according.to general procedut:e 5. The 
res~lting 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 

2:· the~ removed, according to general procedure 5, to give, 
after chromatography on HPLC (silica gel, 10\ 
Me:nUCHC1 3 >, 140 mg of .~xa~ple 20G. as a white foam. MS: 
(C:, l\H3l (M•~n+ = 575.2 (100\). 

25 :EXam;le·20W 

E:; variation of the above-described methods, the 
title compound was prepared. NMR (CDCl3): 57.12-7.32 (rn, 

12H) 6.61-6.83 Cm, 6H). 4.91 (d, 2H) 3.80 (s, 6H) 3.64 

30 (rn,2H) 3.55 (m, 2H) 3.10 (d, 2H) 3.00 (m, 4H) 2.11 (S, 

2H) . 
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R22 ~ R23 
'-N N'° 

R'Y-'R' \ 
HO bH. 

E>:. .E.22, E_23 B4 
~ 

2C:.. 3- (M2NC (0)) -

ben%y: 
4-fluoro 
ben%yl 

2C!·: <-<CH;::H<OH))- benzyl 
benz::l 

20!~ .:!-CCH:,C(O})- 4-fluoro 

....... -

2 r -. 
~ .... 

......... 
~. ~ 

I! • -

..: . ...... 

.... 

:-::yc::c-.oer.::y.l 

3- c:r.:.:.n:;Cr.:­
c t::.: 1-ber.::y: o.,.. . 

·J.:. ·~· CH3 N I....: 
. ~ 

benzyl 
4-!luor::.. 
.benzyl 
4-!.iuoro 
benzyl 
ber.zy: 

C.t-t benzy~ 
C-;.kt.;~ 

c.~ 4-flucro 
ci.-;~..C.·r-;~-.. bi;:-,zyl v 
~-!E::H2.- 4-fluorc 
bs~::v: b~~zyl 

S-f2~·=<~:Ell- 4-flucrc 
benzyl 

3-
. · methcxy-
ben~yl 

2:; ;·: 2- Oi; 1:: (•?-l~l-: l ) - 4-fluc re 
benz~: benzyl 

2r~ ~- 3,4-
ca:-b~rr.ethoxyber. difluoro 

zyl benzy: 
4- 3,4-

Ci::i:".=!!le:.l":cxyben di.fluoro 
zyl benzyl 

~-:.:~·::::-cx~€~t".yl 3, ,_ 
te~2~: d~!luc:~ 

B7 

4-fluoro 
benzyl 
benzyl. 

4-fluoro 
benzyl 
4-fluoro 
benzyl 
4-f luoro 
benzy.! 
benzyl 

ber::yl 

~-!luorc 

benzyl 

4-.f luorc 
benzyl 
4.-fluorc.-
benzyl 
benzyl 

3-
methoxy-
benzyl 
4-fluoro 
ben%yl 

3,4-
difluoro 
benzyl 
3,4-

dif luoro 
benzyl 
3,~-

difluO! · 
cc·.z ... 

J 

HPLC 
Ki 

+++ 

+++ 

+++ 

++ 

+++ 

+++ 

++ 

++ 

+++ 

++.,. 

+++ 

+++ 

+++ 

+++ 

++ 

++.,-

~·~ . ·. . . 

PCT /US94/01609 

~li m..J2,.. 
!C 

+++ 

+++ 

+++ 

++-+ 

+++ 

+++ 

+++ 

++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

.._..:.. .... 

Mass 
Spec 
JWi 

UWili,5..l. 
(646.4) 

595.2 

(6H. 4) 

c£:C.2> 

(7CC.5l 

£7l.4 

a:::.: 

ES"i.: 

E23.2 

695.~ 

C7l~ . ..; 
) 

,- . . -.: ~. -

·c 

r 
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20AE 4-hyc:lroxymethy: 3,4- 3,4- +++ +++ 639.4 
benzyl c:lifluoro difluoro 

benzyl benzyl 
20A: 3-(H2N:(Oll- 3,4- 3,4- +++ +++ 665.2 

benzy: di!luoro difluoro 
benzyl benzyl 

20A: 3-(H2N:(•NOHll- 3,4- 3,4- +++ +++ 695. 
benzyi difluoro difluoro 

benzyl benzyl 
20A£ R22• 4-fluoro 4-f luoro +++ +++ 123- 573.2 

cyclopropyl benzyl benzyl 126 
me thy 
R~3. 

3-C3-pyrazolyl 
benzyl 

20AF cyclopropyl 4-methoxy 4-methoxy +++ 145- 495 
methyl benzyl benzyl 147 

20.AG .benzyl 4-methoxy 4-methoxy +++ 567 
benzyl benzyl 

20Af. 2-naphthyl 4-methoxy 4-methoxy +++ 667 
methyl ber.zyl benzyl 

201-.: 4-carbornethoxy 4-methoxy 4-methoxy + 700 
benzy: benzyl benzyl 

20A: 4-hydroxymethyl4-methoxy 4-methoxy +++ 644 
benzyl benzyl benzyl 

20AY. benzyl 4-hydroxy 4-hydroxy +++ 179- 539 
benzyl benzyl 180 

- ·. 20A:. a.:.1y.:. 4-methoxy 4-methoxy +++ 467 
benzyl benzyl 

20A."'. benzv: 
~ 

4-(2- 4-(2- +++ 129- 627 
hydroxy hydroxy 131 (644) 

' ethoxy) ethoxyl .. 
benzyl benzyl 

201.1: benzyl 4-(2- 4-(2- +++ 101- ·765 
rnorpholin hydroxy 103 
ylethoxyl ethoxy) 

benzyl benzyl 
201-.: ... H. :;-met.boxy 3-methoxy ++ ++ 205.4 387 

benzyl. benzyl 
2ChF n-buty.:. 3-hydroxy 3-hydroxy ++ + 182.l 541 

benzyl benzyl 
20A';.; 3-hydroxy 3-hyciroxy 3-hyciroxy +++ +++ 181.2 571 

benzyl benzyl · benzyl 
20AR n-butyl 3- 3- +++ 101.3 581 

CH2NC (0) (H2NC (0) 
CH20) CH20> 

benzyl benz:f_; 
20AS cyclopropyl 3-methoxy 3-methoxy +++ +++ 495 

methyl benzyl benzyl 
20AT 4-hydroxy 3-methoxy 3-methoxy +++ +++ 627 

methylbenzyl benzyl benzyl 
20AU. 3-methoxy 3-methoxy 3-methoxy +++ ++'4 627 

benzyl benzyl benzyl 
20AV cyclopropyl 3- 3- ++ 639 

methyl (EtOC (0) (EtOC (0) 
Cl-!20l CH20l 
benzy: benzyl 

Thili1iili 1Ui1l1lf i1illir 
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Table 2j 

0 
R22 II . 
'N~N. 

··''''~ ·v 
5 OR 

MS 
t:"v N-:·. ,B.22 .B Ki l.Cgo !Wi -· (H+NH4) 

2. t" -- 3-be::zy:.oxy H + ++/+ 505.2 
-be:.::y.:. 

- 0 - H + 424 .... , - .:- + .~ .. -. 
c: .. ·a:-.obe:-,zy l 

...:.. - - It.: .. "I• -

\ ·•tt·"' - ( ')) ) ;-: ++ •+ .. 4~2. c 
be:-.~~·~. 

,.. ..... 
i: ++ +++ , - ..:-.. -.. 

";.: ,.., .. _ -l., .... \ ~ (4 7') ... .:··- 1-•• _::1 .. 
e .. ~ .. ' ..... .! -

::.-<: ~-~::·.;:-·_ . ..:.::--:-c: c.: th~ Exarr.plt:.s below are showr. in 

F:e~a=!~~:~ c! the Cyclic Ur~a (XXX!lla): 

OH 
1::. 

"/.-... !-·:-e;:.s.:.·a~.ic:; .c: .;-J\..T.ino-~- (t-butoxycarbonylamino)-

: , : ·· :i :.;-:.e:-.~· :- ~ - ( 2-rne-:.ho>:yethoxyrnethyl) pentane. 
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A' rr.ixture of 595 ·m·g (1. 50 r.unole) of ·4-azido-2- (t-

butoxycarbonylamino-l, 5-diphenyl-3-hydroxypentane (EP 0 
402 646 Al}, 10 ml of dioxane, 0.2 ml (1.75 lllJT\Ole) of 
ME¥. chloride, and 0.32 ml (1.83 nunole) of 

5 diisopropylethylamine was heated at 80°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 oil. Mass spec 
(M+H)+ • 485.2. This was reduced to the title compound 

10 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. Preparatio~ o! 2,4-diarnino-l,5-diphenyl-3-. 
15 hyciroxypentane . 

. The product from Part A (218 mg) was dissolved in 2 
ffi~ of ice cold l:l trifluoroacetic ~cid -
dichloromethane. After 1 hr the solution was poured 

2: · ·intc a ~ixture o! sodiu~ bicarbonate sol~tion and ethyl 
a::etate. -~The ethl·l acetate extract yielded 163 mg of 
the desired dia~ino compound. 

25 

C. · Cyclization o! the Diamine 

The 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. 

30 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 (XXXIIIa) : 
35 
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D. The product £rom Part C (93 mg) was dissolved in 
2.5 ml of anhydrous DMF, and 100 mg 0£ 60% NaH in 
mineral oil was added. The mixture was stirred for one 
hr. m-Benzyloxbenzyl chloride (350 mg) was added, and 

5 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 qive 105 mg (54%) of the 

10 desired bis-alkylated product. Mass spec (M+H) + • 
777.5 

Le:;:::-o~e:::~ic:: c! Protecting Groups (Example 22A) : 

rte prod~c~ fro~ part5 (103 mg) was dissolved in 4N 

fc::- !€hrs. The scl~~io~ was evaporated anc 
p~ri!ie~ ty prep ~~= o~ ~ilica qel with 60:40 hexane -
e~t~: ac~~a~e. Mass spec (M+H)~ • 689.4. The purified 

rrs:eri~: ~a~ hydrogenat~d for 16 hrs in the presence o! 

2 ~: e~~a~~:. C.2 ~: of acetic acid,. and 35 mg of 10~ f~ 
. ;_ ::=.::!:·~~- :. :, c;=.v~ !.xamp~f:. 221-. .. ?-I.ass spec (H+H) +. == 

:-:.-e !::.="..:::.:.:.=e:~ c: t.he Exartples belo"' are show:; i:-: 

Sy: . .._r~-e~: s c: Intermediate (XXY.lVa) : Compound XXIc 

::.~~E.;, ;,.ssm."Tlc.1) was dissolved in pyridine (37.5mL) 

c.:.:. ~ c tt.~s solution was added sulfamide ( 572mg, 

:: . :::-~::-.'":I~:) • T:ne contents were refluxed in a 125°C oil 
(Caution: Ammonia is a by-produc~ 

a~~ ~~~ reac~ion should be well vented~. TLC(l:l 
E:.::.:::E-:>:ar1e P\f=0.2) indicated a complete reactio:-.. r 

.......... c ...... -

.... ... .. . .. - . - .. . . .. ... .. -
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11\ H::.. (2xl00ml) and. s,at .. sodi.urn bicarbonate solution 

(25~1). The organic layer was dried over magnesium 

s·..:.lfa-=.e and the filtrate taken to dryness. The residue 

was p~rified on Silica gel (130g; using 1:1 EtOAc:Hexane 

5 followed by 20:1:20 EtOAc:EtOH:Hexane) to provide 2.4129 

(75.3% yield) of the desired int~rmediate (XXXIVa) as a 

white solid .. 

Intermediate (XXXIVa) (269mg, O.Smmol) was 

10 dissolved in dimethylformam;de (3mL) and to this 

solution, cooled in a 0°C ice. bath, was slowly added 

sodium hydride (60% in oil, 80mg, 2mmol) (EVOLUTION!). 

The contents were stirred at room temperature for 30 

~i~utes. The mixture was cooled:in a 0°c ice bath and 

15 CbromometI'.yl)cyclopropane (0.19mL, 2mmol) was added via 

syringe and sti.rred at room temperature for 18 hours. 

'!'l.C C:: 1_ Et_Oh=.:.Hexane Rf=O. 3) indicated a complete 

reac-=.ion. The reaction was worked up by diluting with 

wa-=.er(50~~) and extracting with diethyl ether (2x25mL). 

2~ T~e orga~ic layer was dried over magnesium sulfate and 

t~e f!l~rate taken to dryness. The residue was pl3ced 

i:-. a 50:r.: R. B .. flask and dissolved in methanol · (3mL) and · 

tc the flask was added_4M HCl in dioxane (3mL, 12mmol) 

a:-.::i t.he rr,i>:-;.t:rE: s-=.irred at roo~ temperature for 18 

2: ho~rs. T~C (2:3 EtOAc:Hexane Rf•0.3) indicated a 

co~ple-=.e reaction. The mixture was worked up by 

que~ching ir. sat.. sodium bicarbonate (25ml) and 

extracting with dichloromethane (2x25mL) . The organic 

extracts wer~ dried over magnesium sulfate and the 

30 filtrat.e taken to dryness. The residue was purified on 

silica gel (55g; 1:2 EtOAc:Hexane followed by 1:1) to 

provide 129mg (54.8~ yield) of the title compound as a 

white solid. rr..p.71-72°C 

35 



WO 94119329 PCT IUS'4/01609 

• ·-324-
Example 23C· 

Intermediate (XXXIVa} from Example 23F (538m9, 
l.Om.~ol) was dissolved in N,N-dimethylformamide (SmL) 

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 
ternpera~ure for 30 rnlnutes. The mixture was cooled in a 

0°C ice bath and m-benzyloxybenzyl chloride (93lmg, 

1 O 4mmol) was added as a solid and the mixture stirred at 

room temperature for 18 hours. TLC (1:2 EtOAc:Hexane 
Rf=C.25) indicated a complete reaction. The reaction 

~ss wcrked up by diluting with water(lOOmL} and 

ex~:a:t!~g wi:~ diettyl ether (2x50mL). The organic 
. :::. 

r -

"- -

la~·-=:- was cir ~e:: ove:- magnesium sulfate and the filtrate 

~a~e~ ~c ~:-yneE~. The residue was purified on silica 

q~: Ci5~; ::~ fc::cwed by 1:1 EtOAc:Hexane) to provide 
7:5::-.; (e~. 3 ~-yield} cf the intermediate (XXXIVb) (where 
z:.:: ... -F::.:: = rn-be~:y.loxybenzyl) as a colorless foam. 

::-,:.1::·:::;:-.~;;:.c:.e (>:X>:::\r.o) (700mg,· 0. 7Smmol) was 

c.:,~::.:·: vs:: !r. r.1e:h.ancl ( 3. 5J'nL) and to this solution 
~=~:ed i~ a cc: ice bath, was added 4M HCl in dioxane 

(.?.~r..:, ~4IT' .. ":'.:..!) a:;:! ·the mixture stirred at room 

:.-::·:;::c:c.::-..:re fc:- i:: hours. TLC (1:2 EtOAc:Hexane 

~- :< . :: ~. ::-.d::. ::a:.e:: a complete reaction. The mixture wa~ 
v::: 1:-:::: ·.:.;: t.:: quE:;:.chin9 in sat :sodium bicarbonate (50m!.) 
a:-.:: e:-::.:a-:::.~rag t.:.ith dichloromethane (2x50mL). The 
c:-;-.'lr.:: E:Xt rac~~ w~re dried over magnesium sulfate and 

t!'.e : i l:. :-a: E taker. to dryness. The residue was purified 

c:: ~:::cc= _gE:l (i5g; 1:2 followed by 2:3 EtOAc:Hexane) to 

:;:-.::-.-.-.:..~·::: .:57~.~ (E2. lfi: yield) of the title compound as a 
,,.. ::-. ::. ._ -:: .:. :. :. : :. . r;: • ; . 1 s 4 -1 9 5 ° c 

'· 
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Example 23C (257mg, 0.34mmol) was dissolved in a 
mixture of ethanol (5mL) and dioxane (SmL) . To the 

5 mixture was added palladium hydroxide on .. Carbon (20t, 
lOOmg) and the .. suspension stirred for 18 hours.under 

10 

15 

.. . . 

hydrogen Cl atm). TLCC10:1:10 EtOAc:EtOH:Hexane Rf•0.3) 
indicated a complete reaction. The suspension was 
filtered through a celite pad and the filtrate 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 ,,..hite solid. m.p.123-124°C. 

Table 2m 

o~ ~o 
~ ~ 

This Sheet Has Been Replaced R22N, S ... NR23 

11111111111111 11111111111 Ph~·-.,,,,.,Ph 
~ 

HO . OH 

MassSpec 
~- lH M+H 
K;.. E22 ~ icgo mR1 °c (H:!:.Wic > 

23J.. H + ++ 253-255 363.1387 
23E p-CHOCH2>-C6H~CH2- . +++ +++ 189-190 603.2528 
23: m-!CeH~CH20)~CeH~CH2~ ++ ++ 194-195 755.3155 
23:::> :m- (HO) -CeH,CH;;- .. +++ +++ 123-124 575.2216 
23£ allyl ++ +++ 112-113 443 .2005 
23F cyclopropylmethyl +++ +++ 11-12 411.2318 
23G n-butyl +++ +++ oil 475.2631 
23H 2-naphthylmethyl +++ +++ 211-212 643.2631 
23I benzyl ++ +++ 159-161 543.2306 
23J p-cc,H5CH20)-C,k4CH2- + ++ 755.3147 
23K p-(HO)-C,H4CH2- +++ +++ 223-225 (592 .2486) 
23L m-nitrobenzyl ++ +++ 196-198 633.2014 
23M m-aminobenzyl +++ +++ 212-214 573.2535 
23N m-(HOCH2>-C,H~CH2- +++ +++ 603.2540 
23.C m- ( (CH3) 2NCH2CO) - +++ +++ 137-139 143.3596 

c,HcCH2-
23F m-(CH30CH~)-CeH~CH;- ++ ++ 152-154 631.2832 
23Q m-(CHO>-CeH4CH~- +++ +++ 91-93 599 .2211 
23R CH;-tetrahydro- ++ +++ 97-99 531.2533 

fu::-an-3-yl 
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235 m-(HON•CHl-CEH~CH2-

23: m-(CH3COl-CEH4CH2-
23~ re-(HON•C(CH3))-C6H4CH~-

23V CH3 
23W CH2CH3 
23X CH2CH2CH3 
23Y m-(CN)-C6H4CH2-
23Z m- C2- C4.-morpholino>-

ethylNHCC•O) > C,H4CH2-
23A11. m-(2-(N,N-dimethyl­

amino)-ethylNHC(•O) )­
C6H4CH2-

23AB rn-(2-a~~no-4-thienyl)-

C6H4Cffr 
23A: 5-hydroxypentyl 
231.:) 6-hydroxypentyl 
23AE R22 • S-hydroxypentyl 

R23 -= H 
23k:" P.::~ = 5-hy::i:;oxypentyl 

p::::: = 2-
r,ap!':t!":ylmet:t.yl 

2:.;..-:; p_:::: = 5-hydroxypen'tyl 
J..:-.::. = r=·- (H:·:H~ i -

r·: :=. r.-·-<r.:>:r::;­
C.,;r;~::;!-;;:-

-326-
+++ +++ 
+++ +++ 
+++ +++ 

+ ++/+ 
++ ++ 

+++ +++ 
++ +++ 
++ +/++ 

++ ++ 

+++ +++ 

+++ +++ 
+++ +++ 
++ ++/+ 

+++ +++ 

+++ ++ ... 

+++ ...... + 

·· .. ·· 

105-107 (646.2708) 
96-99 627.2523 
110-113 657.2739 
200-203 391.1696 
182-185 419.2007 
145-148 447 .2316 
146-149 593.2227 
119-122 855.4111 

127-130 771.3,03 

185-190 739 

(552) 
(580) 
(466) 

(606) 

(586) 

<SB 6) 

!:.~:: r.·.;, C.21 rn.Tfl:::.).ir~ ethanol <3 m!.-), was added 

;:.--:.c~u~::-.ez·.:lfo::-.iC"' ac:.d monohydrate (39 mg, 0.21 mmol.). 

;..=:~::: ~:..:==i.ng fer 10 r.-.ir.., dimethylacetarnide dimethyl 

ace-:a.:. <:.C34 r.-i::..., 0.21 mmol.) was added. The reaction 

10 ~a~ ther. !"tirred at room temperature for 25 min. and 

"\ :: 

: ;,-;:.!". :-~! l uxed £0::: 2 h. After cooling to room 

-:.er..pe:ratu:r:, the reaction was evaporated in vacuo and 

pa:r:i~ic~ed betwee~ 5% NaOH and CH2Cl2. The organic 

p~as~ wa£ then washed with saturated NaCl, dried 

n::::;:s:,~ i a:-,d. evaporated leaving 100 mg of Intermediate 
~ c- -
.~. • G y~J.2o-:,.• c--:'.: (95~. yieldi. 

1b11111111' 1iii1r~ri 1irar 

:··.:' 

.. 
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Examples 24E apd 24C 

To a suspension of 60% NaH (160 mg, 4.0 mmol; 

5 washed twice with hexane) in DMF (3mL) 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 mrnol.) in DMF (2 mL) was added followed by 

10 addition of potassium iodide (0.33 g, 2.0 mmol.). After 

stirring overnight, additional chloride (XXXIVc) (0.53 

g, 2.20 mmol.) was added and the reaction was heated to 

scOc and stirred overnight. The reaction was quenched by 
addition o: acetic acid (l mL) in Et20 (100 rr~). After 

15 basi!icatio~ ~ith St NaOH, the organic phase was washed 
with water (2X), brine (2X), dried (Na2S04), and 

evap=rated leaving 2.1 9 of a yellow oil. This material 

was taken up ir. methanol (10 mL) an? 4N HCl i_n dioxane 

· ( 5 rr,:) was added. After stirring ov·ernight, the reaction 

2C .waE evaporated in va=uo and partitioned between 5% NaOH 
a~d CH2Cl2. The orgar.ic phase was· dried and evaporated 

leaving 1.1 go: an orange oil. Column chromatography 
(!las~ silica gel; 5~ MeOH/ CH2Cl2 and 0.1% NH40H} gave 

1E2 ~g o: Exa~~:e 2~E and 300 mg o: Example 24C, both as 

25 w~ite sclids. 

~ass spe=. MH+= 445.2; mp = 1os-11ooc 

(HCl salt) 

30 Exam;; le 24C: Mass spec. M+ • 565.5; mp • 72-75 oc 

35 

(Note: The mass spec is M+ since this is already a 

charged species.) 

Example 241\ 
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By an analogous process reported above, and instead 

using benzyl chl?ride, the .desired product was obtained. 
The acid deprotection step was not performed in this 

ins:.ance. 

Exam:;: le 24A: la NMR (300MHz, CDCl3): 6 6. 90-1. 35 (m, 15 

H), 4.09-~.14 (m, 2 H)i 3.56 ·(dd, 2 H), 3.13 (dd, 1 H), 

2.50-2.95 (m, 5 H}, 1.91 (s, 3 H). Mass spec. HH+-
415.1, mp a 130-137 oc. 

,., ... 
.! -a .. -. 

r.- (H:)) ".'" 

C6H~CH2-
r.- (P.0) -

C6F.4CH2-

Table 2n 

ben:zyl 
be·nzyl 

benzyl 

O~M 

OH 

OH 

MS 
(M+Pl+ 

415.~ 

445.2 

(5€5.2~ 

-:~~ ~--=-~=:.~:-e.E o: the Examples below a:?:e shown ir. 
:a··:..-:;:.:.. 

... _•·i::..--::.-''·•o (X':'H·)· (3$ SR)-5-f(l'R)-l'-[(t--··---'··- ..... •c. .. - _,yc:, I I 

E~~ylcxy=2=bonyl) aminoJ-2'-phenethyl]-3-

p:-.e:-iy ::-:-,i;:.:.~· ~::.e~ :rar.ydrofuran-2-one, can be prepared from 

1~-=::.::-:i:he:.:.:lc.lar.ir:e following the 8-step procedure of 
::::.:::. . ::=e-:.:e::-, e: el [Eiocherr.. 1992, 3::.., 6646-6659~. !~i:: 

: : ~:..- ·."E ~:.-:- ~. 
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B .E. Evans, et al [J. Org. Chem. 1985, SO~ 4615-4625], 
wherein a solution of (35,SR)-5-((l'R)-1'-[(t­
Butyloxycarbonyl) amino]-2'-phenethyl]-3-
phenylmethyltetrahydrofuran-2-one (XLVa} C.11.0 g, 2 .5 

5 nunol) in 15 mL of dioxane/7.5 mL of water was treated 
with 2.7 mL of l 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 

10 ether. The ether extract was washed with water, brine 
and dried over MgS04. The solution was filtered and 
concentrated to give the hydroxy.acid as white solid. 

The hydroxy acid was immediately dissolved in dry 
Dl~ and treated with t-butyldimethylsilyl chloride 

15 < 2. 6g, 17. 5 nunol) and imidazole' (2. 29) . The mixture was 
s~irred overnight at room temperature. Analysis by TLC 
(50: 50 E~OAc/Hex) ··showed no starting materia1 ·remained, 
a~ which time the solution was concentrated in vacuo and 
the residue acidified.to pH 4 with 10% cittic acid and 

2C · extracted into ether. The ether extract was washed with 
wat.er, brine an:i dried over MgS04. The solution was 
filtered and concentrated to give 1.7 g of the silyl 
e~her-silyl ester as a colorless syrup. 

A solution of the s~lyl ether-silyl ester in 
25 te~rahydrofuran (THF, 10 mL) was treated with 10 mL of 

glacial acid and water (3 mL) • The solution was stirred 
at roo~ temperature for 2.5 hrs until analysis by TLC 
showed complete conversion to silyl ether- acid (XI.Vb). 
The solution was concentrated in vacuo and the resulting 

30 residue diluted with water and extracted into ether. 
The ether extract was washed with water, brine and dried 
over MgS04. The solution was filtered and concentrated 
to give the acid (XLVb) as a solid. 

A solution of the acid (XLVb) in dioxane was 
35 treated with N-hydroxy succinimide (290mg, 2.5 mmol) and 

:,3-dicyclohexylcarbodiimide (DCC, SOOmg, 2.5 rr.mol) and 
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st irred overnight~·: The· solution was cooled in '·an ice -

ba~h and the solids. were filtered off. The filtrate was 
concentrated to give the activated ester (XLVc) as a 
sticky foam. MS (M+H)+ • 625.S (41t); ·(M+H-BOC)+ --

5 525.4 ~100\). 

The abov~ 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 Jn vacuo at RT to give a 
lC white foam. This was dissolved in THF (100 mL) and made 

basic with triethyamine (3 mL) • The resulting suspension 
was stirred at room temperature overnight. The solution 
was concer.tra;ed and the residue was chromatographed on 

s~::=a gel (medium pressure LC, ethyl acetate). This was 
fur~her puri~ied:by HPLC chromatography ori silica gel 
< 5 ~:: :, :: Et.:J.Ac/Hex) .to give 170 mg ( 17% overall yield/ 6 
st.e:;: s }_ c! the lactam (XLVd) as a colorless oil. MS 

<~~H>• • ~10.2 __ (100\) 

J.. scl~t.iO!'l o~ (XLVd} (170 mg, :o.42 mmol) in DMF was 
2· =~::e~ :o .c~: a~d ~reated with 60% NaH in oil dispersio:: 

,. -
.._ -

·::. n.;, (. 6~ rr:.-.::.1) and stirred at 0°C for 30 minutess. 
he:.zyl. l::=crnicie (105 mg, 0.44 mmol) was added and stirred 

=~= : h~~= a~d the reaction was allowed to warm to roo~ 
:.e.:-:-.:;:.e:-a-: \:!'E.. The mixture w~s cooled to 0°C and quenched 
~i:~ : ~ H:l a~d diluted with water. The suspension was 
e>::.:-a ::te:l i.::~~ e:hyl acetate, washed with water, :brine, 

c:~e= eve= M9S04 and concentrated. The residue was HPLC 
c!:lrc::r.ato;=aphed ora silica gel (30% EtOAc/Hex) to give 

:~~ r.g c: <XLV!) as a colorless film. MS (M+H,+ • 500.2 

·r-:r.e silyl ether-lactam CXLVf) (130 mg, 0 .26mmol) 

wa: cissolved in tetrabutylammonium fluoride (TBAF, 1 M 
:....:-. :::·::, 5::-.:.) sclution and stirred at room temperature 

~== ~: ~~~~te!. The solution was dilut~d with water an~ 
~:::.:-:..:::.t..:: i:::.o e~hyl acetate. Tt1e eY.~racts were was~e.:: 

~-- _ ~E:t:. t=~~e, d:-ied over MgSO~ 2~~ conce~trated. 

.. 
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'!'r.e resid·Je ...:as P.P:..: chromat.ographed on silica gel ( 65% 
Et.OAc/He>:) to give 79mg of Example 25A (XLVg) as a white 
foa~. MS (M+H)• ~ 38€.2 (100%). 

This Sheet Has Been Replaced 

1111111111111111111111111 
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Table 2o 

OH 

MS 
~ a22 a23 a4 .Ki fM+H>+ 2: .. ?-. be:-A=Y: be:1zyl benzyl + 386.2 

'I::i-:. s:.:::"..::::.\.:!'ES cf the Examples below are shown in : a::.:.:~ 

Exampl.,. 26A 

~ ~~x:.~~e c~ 5E-dibenzo [A,DJ cyclohepten-5-on~-: ~, : : -d.:..::.::·:::c--: C, 1 j_-diolacetate (ester) ( l OOmg, :.2:~~::i a~~ s~diu~ hydroxide 50% aqueous solution (5 ~==F:: ~~~ ~~!~!ve~ in methanol (10 ml). The mixture 1,.·::.: s: . .:.::: : ~~ c:.:. roe::- temperature for 5 minutes, ne~:.rc:.:~=e~ ~~:.h concentrated hydrochloric acid and e:-::.ra:::.~= \.:.::..:.:. ethyl acetate twice. The organic layer ·.;a2 wc.z!':<::.'.i ,..-.:.:.::. wa~e=, brine, dried WJ.th magnesium s.·.::.:a:.-: c:.:.::i ~h-:n concentrated in vacuo. The concentrate -.;a.:: c.:.~ s:::·: ve~ with c. minimum amount of methylene 2 ~. c:. ~ ::r .:..-::i.Eo a:-.:: r.exane was added to the cloudy point. The rE-::. ·.::: : .. :.g F=-~ :::ipi tate: was filtered to give opaque fine ne-:::.:€ i::-:,.'.s:.:.l~ (t;7rr.g, 64~). mp 107.5-107.9°C, Mas.!: 
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P., 5•03; ~ound: C,·:74.70;. H, ·s.01:~ 'lH NMR (CDCl3/TMS} 8 
7.85(2H, m), 7.67(2H, m), 7.57C2H, m), 7.44(2H, m), 
5.C2(2H, m), 3.03(2H, m). 

Table·2p 

This Sheet Has Been Replaced 
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15 

HO OH 

MS 
.tLJi.:. E,22-R~ . E,23-R'7 lh ~' o_c CM+Hl+ 

26J.. fused fused + 107.5- 241 
.. aromatic aromatic 108 

The st.ruc~ures o: the Examples below are shown· in 
'Table 2q. 

..; 
27A 

,. 

Compound xx I Ib_ c 3 • O 9, 4 • 8 nuno~.) was dissolved in 
cf anhydiou~ acetonitrile (40 ml) and to this solution 

... 

was added benzyl b_:romide 4820 mg) and tetrabutylammonium 

iodide (20 mg) . The contents were heated at reflux 

20 under a ni~ro_ger. a"tmosphere -~or l~ h and the solvent was 
removed under reduced pressure. The crude residue was 
chromatographed on silica gel using ethyl acetate-hexane 
(l:l)as the eluent. , The major fraction contained 2.5 g 

(76% yield) of Intermediate (LIIIa) as a white solid. 
25 MS: (M+H)+ 699.4, (100'); lH NMR (CDCl3): 87.25 (m, 12 

H), 6.99 (m, 3H}, 4.~5 (d, lH), 4.82 (d, lH), 4.65 (d, 

lH), 4.50 (d, lH), 4.15 (m,lH), 3.85 (m, lH), 3.62 (m, 
lE), 3.60 (rr., lH), 3.5€ (m, lH), 3.4 (S, 3H), 3.39 (m, 
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lH), 3._35 (s, 3H), 3.12 (rn,lH),- 2~92 (m, lH}, 2.10 (s, 

3H) • 

Intermediate (Lilla) (300 mg, 0.48 mmol) was 

dissolved in methanol (5 ml) and a solution of 

5 hydrochloric acid in dioxane (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 extensive washing with 
methanol followed by evaporation) . The crude residue 

10 was chromatographed on silica gel using a 10% ethyl 
acetate in methylene chloride as the eluent. The major 
product contained 115 mg (81%) of Example 27A. mp: 91-

. 93°: 1-:S: (M+H)'+ 523.2, .(100%). IR (KBr, cm-1): 3416, 
30€£, 15e~ a:-:c 1282. lH NM?. (CDCl3): s 7 .25 (m, 10 H), 

15 5.E:. CC, lt-:), 3.80 (rr., lH), 3.£5 Cd, lH}, 3.38 (s, lF.), 

::.:::-2.~~ (::-.. 2!-:),2.2:!. (~, lHi. l3c NMR <CDCl3, pprr.} 

:.;.::.e:, :~:.9, :37.£, :=..30.·2, 130.1, 129.1, 128.8, 128.3, 

: .: -,, . C· , i 2 . C , l 7 • 7 , £ 2 • 2 , 3 2 • 8 . 

7!'.E- a.bo·:e: rE:acti~m (remove.! of the MEM protecting 

~= ~==~;! c~~ als~ be d~ne by d!esclving the star=in; 

. . -~ 

~~~ !:!~:~c~ fo~ 5 min at -10°c and then stirring a: 
" ' . 

::-c::.:: 't.e:-:.perat.ure for 20· min. Similar work up. o! the 

::::-s:. F=c~ed".l:-e lead~ t.o thE- der:ired Example 271-.. 

Exam~lE 77:S 

E·:r' s~b!>t.itu't.ing cyclop ~opylmethyl bromicle into 

3:, pr~=e::i~::e of Example 27A and using the appropriate mono­

alkylet.ed cyclic thiourea, Example 27B was prepared in 

gocd y.iel~. rnp: 84-860C; MS: (M+H)+ 451.1; lH NMR 

(C:.-:13>:0'7.3:-7.20 (m, SH}, 5.C (d, lH), 4.85 (d, lH), 

4.:0 (::-., 2!-:), 3.95 (rr., lH), 3.7:; (m, lH), 3.~5 (l':',, 2P.), 

\ :·. , .... :: . 
-' .. • l I 3.2 (rr, lE), J.f..' 2.78 !:--.• H:). 

!·: . .. , : ·- .• ·. (n·.,~:·. ~ 0 .. . ~ ... 
•·I -· . 
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Example 27C 

5 Using an analogous procedure to that described for 

10 

Example 27B, Example 27C was prepared in good yield. 
mp: 257-259 oc; MS: (M+H)+ 583.2; lH NHR (CDCl3): 87.25-

7.15 (m, 9H), S.80 (m, 2H), 4.7S (s, 2H), 3.82 (m, lH), 

3. 42 (rr., lH), 3, 35 (m, 2H), 2. 9S (m, 2H). 

Example 27D 

Using an analogous procedure to that described for 
Example 27A, Example 270 was prepared in good yield (m-

15 t-::E~:>CH2C5H5CH2Br was the· alkylating agent) . mp: 253-

2550C; ·MS (CD! l: m/e 583.3 (100%, M+H); lH NMR (CD30D, 300 

. 1"'..E z l S 2 • 9 5 ( rr. ," 2 H ) , 3 • 2 C ( rr., l H ):r 3 • 4 0 ( m, 1 H ) , 3 • 7 8 ( m • 

-1El, 5.82 (r:-., lnl and 7.15-7.30 (m, 9H). 

2 C Exarr,kle 27E 

Ey using t.he appropriate alkylating agent (m­

cyanobenzylbromide), Example 27E was· prepared 'in an 

a:.cl6go-...:s· procedure to E.xample ~7A·; mp: 1S4-15SOC; 

25 MS(CD!) : rn/e 546.2 (100%, M+H); lH NMR (CD30D, 300 MHz) 

S2.e1 (rr., lHl, 2.95 (r.i, 2H), 3.20 (rn, lH), 3.25 Cm, 2H), 

3.85 (r.., lH), 3.90 (m, lH), 5.25 (m, lH), 5.80 (m, lH}, 

7.10 (~, SH), 7.15 (rn, lOH) and 7.25 Cm, 4H). 

30 Example 27F 

Example 27F was made hy using p-MEMOC6H5CH2Br as 

the alkylating agent in the procedure of Example 21A. 
rr.~: 162°C; ~S(CDI): m/e SS5.2 (100%, M+H);lH NMR (CD30D) 

·- O 2.85 (?':'., 2H), 3.:.2 (rr., 2H), 3.8 (m, lH), S.80 (m, 

lE1, E."75 (:":"., 2E), €.95 (?':'., 2Hl and 7.15 (rr., SH). 

. ·:,.·.- ... 
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Example 27G 

Example 27G was prepared according to the procedure 
5 described for Example 21A, using m-MEMOC6H5CH2Br as the 

alkylating agent. mp: 82°C; MSCCDI): m/e 583.2 (100\, 
M-t-H),; lH NMR (CD30D, 300 MHz>&2.B5 (m,2H), 3.25 (m, 2H), 

3 .. 62 (s, 3H), 3.90 <m, lH), 5.80 <m, lH), 6.80 (m, 3H) 

and 7.10-7.20 (m, 6H). 

10 

~ . 
.:.. 

Example 27H 

Exampl~ 2iH was prepared using an analogous 
prccedu:e to t.r.at described for Example 27A by employing 
~-NC~t:B.5CF.;2Er as the alkylating agent. mp: ll0°C; 
2-:.: \:::1: r.:1e 57":" .2 (MTH); lH NMR (CD30D, 300 MHz) ~2.€ 

( ::. , 2 f. ;- I 
': •. c ' ( r.-., 2B), 3.~5 (m, 2E), 3.65 (m, lH), 3.70 

( :: . I 
., .... _r. J , 3.62 (r., lF.) , 4.15 (rn, lH), 5.28 (m, l,H) , 5.82 

,_ "!':.:I - "' - ( ::-. , ~~)I 7.40 C rr., 10 H) and 7.80 Cm, 4F.) \ .. , -.. ' , . .:::: 

""\ •t ... .. : ... 

::.xa:n:: :.e: 271': was prepared by treating Example 27H 
~!:~ tydrcxy~a~i&e.HCl, using an analogous procedure to 

.- ::.=.: des·::=i.be:. f::.r EY.ample 27?L mp: 130-132°C; MS(CDI): 
:-: f c::: .2 <:OC·'::, ?·:+H1; ln Nl·1R <.CD30D, 300 MHz) 02.81 (rr., 

.... :-.,, -·-- 1::., 2E>, 3.~5 (m, 2H), 3.8 (m, 2H), 4.72 (m, 

.:.:.,., 5.E: (::-., 2P.> anci7.25 (m, 18H). 

Exarn;ile 27J 

txa~~~e 27: ~as synthesized in a similar fashion to 
t.r.~: des::::: ibed :f~::: Example 27F by using m-MEMOC6H5CHi8r 

~! t~~ a:ky!a:!~g agent. mp: 125'C; M~(COI): m/e 555.3 
• .. • - I 

... - ~~ • : ~ ..... _,:: ( ,... .. - ,.. - - ·~ ! , .... ;.J.. ": "; t"I;; - ";> 2 r, (.... .., t.: • J.. -~· ......... ~ ••. .....,,i.)~_._, ,.,, .. ~ ... · ........... 1 o_.\.- ... .,,J. -~ ···: £ •• , r 

,. 



. ··- •'-.""'· .· 
- r· -··· -· ~~ ... -- . ·- .. ·-.- ..... ···-···· 

WO 94/19329 PCT /USM/01609 

5 

., -337-
3. 4l-3.60 (m, 2H), 3.95 (m, lH), s·.s2 (m, iH), 6.80.(m, 

3H) and 7.20 -7.45 (m, 6H). 

Example 27K 

Example 27M was prepared using an analogous 
procedure to that described for Example 27A by using m­
N~C6HsCH2Br as the alkylating agent. -mp: 102°C; MS(CDI): 
m/e 573.3 (100\, M+H); lH NMR (CD30D, 300 MHz} &2.80 (m, 

10 lH), 3.05 (m, lH), 3.20 (m, lH), ·3.42 Cm, lH), 3.78 (m, 

lH), 5.15 (m, lH), 7.15 (m, 2H), 7.25 (m, 3H), 7.45 Cm, 
lH) and 7.60 (rn, 3H). 

15 

Ex.ample 27L 

. -~~ To a solution containing 200 mg CO. 34 mmol} of 

Ex~mple 27M in 10 mL of anhydrous ethanol was adde~ 60 

mg (0.S? Jtm\Ol) of hydroxylamine.HCl and 87 mg: (0.87 

mmol) of triethylamine. The reaction mixture was heated 

2C · a: reflux un:.i! the s~arting material could not be 
de:.ect.ed b~· TLC}, and then· the solvent was removed under 

reduced pressure. The residue was chromatographed on a 

C1s silica column using a 20\ solution of water in 

me:.hanol as the eluent. The major fraction isolated 
25 cont.ained 97 mg ( 45% yield) of thiourea, Example 27N. 

rnp: 15C"c; MS (DC!): m/e. 639.2 (100%, M+H); lH NMR (CD30D, 

300 t-".i.H;z.) S2.85 (rr., 2H), 3.15 (m, lH), 3.25 (m, lH), 3.80 

(rn, lHl , 5. 82 (m, lH), i .15 (m, SH) and 7. 45 (m, 4H) • 

30 Example 27M 

To a solution of containing 5.0 g ( 10.S mmol) of 
Di-amine-Di-MEM compound III in iS ml of THF was added 
2.20 g (22.0 mmol) of K2C03 and 4.48 g (23.0 mmol) of 4-

35 fluoro-3-cyanobenzyl bromide. The reaction mixture was 

stirred a: roo~ temperature for 18 h and then 100 mL of 

··:··.·· 

7~~-~· ·.-~ ':·,c~:~~:-::·r~ ~"';"":° 
.. 
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water was.added. ·The mixture was extracted with CH2Cl2 
and the organic layer was dried over M9S04 and filtered. 
The filtrate was treated with 1.73 g (15.0 nunol) of 
thiophosgene and 2.0 9 (20.0 mmol) of triethylamine. 

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 MgS04 
and filtered. The solvent was removed under reduced 
pressure and the residue was chromatographed on silica 

10 9el using a 50\ solution of ethyl acetate in hexane as 
the eluent to give 2.45 9 (30% yield ) of the alkylated 
intermedicate. Removal of the the HEM groups was done 
l::~· usir1; a::1alo9ous p::o::edure to that described for 
i~~e::media~e L!I!a The.thiourea compound obtained 

: 5 !::o!':". tt.e pre·:io\:s step was converted to example 27P by 
ap::.:.ying t.r,e same porcedu;-e described for Example 271; . 
r..:;:._ • c,cc,.... 

~ ;;,J .... , 1·:5 CDC:) : m/e 6.7 5. 2 ( 100%' M+H); lff NMR (CD30D, 
-:. ,.I,..• ME.z) 2.E5 (m, 2H), 3.35 (m, lH), 3.52 (m, lH), 3.78 _, w w 

( r.., - t:'' .L" J I !';-. € 1 . ( rr,, lH) I 7.10 .· (m, lH) and 7.25 <m, SH). 
"'; ~-... 

Tat. l ~ 2g 

B Replaced 

i\ii~\ i\11i~i1\11\\1 

s:.e ·e: HPLC Mas~ 
r .. ,._ "" -: .. ~ f.22 .B,23 E4 E. 7 ~i ~90 

0 fM-FI ---~ 
6- .. ... Gr c 

211-. RSSF. C6HsCH2- C6HsCH2- +++ +++ 92-94 523.2 
27C R,t-C•; .., .... ,l. (C3H5) CHr C6HsCH2- +++ +++ 84-86 451. ~ 
2i~ R.:SSF. p-HOC6H4CH~- C6H5CH2- +++ +++ 257-258 583.~ . . . P.Ss:r . m-HOCH2- m-HOCH;;- +++ +++ 253-355 583.: ~ .... 

C6H4CH~- C6H,CH2-, .. _ 
- 1: RS~i= rn-cyano- 'C6H4CH:;- +++ +++ 154-155 SH.: 

CEH~CH~-- ..... 
~--- p-H:>C~H<CH;- p-HD- ++ ... +•· ~ lC. c... -, 

Cc,H~CH;-· 

·:,_ 

S.pe: 
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27G RSSR m-CH30- m-CH30- +++ +++ 82. 

C6H4CH2- C6H4CH2~ 
2'7H RSSR m-cyano- p-HOCH2- +++ +++ 110 

C6H4CHr C6H4CHr 
27'! RSSR m-HONNH2- p-HOCH2- +++ +++ 130-132 

C6H4CH2- C6H4CH,r 
2iJ RSSR m-Ho- m-HO- +++ +++ 125 

C6H4CHr c,H4CHr. 
2'7}( • RSSR m-cyano- m-cyano- +++ +++ 102 

C&H4CHi- C6ff4CH2~ 
27:.. RSSR 111- m- +++ +++ 150 

(H2NC (•NOH)) (H2NC (•NOH) ) 
C6H4CHr : CgH4CHi-

2'7M RSSR m- 111- +++ +++ 152-153 
(H2N: (•NOH).) (H2NC (•NOH)) 
-p-f luoro- -p-fluoro-

C6H4CH2- CgH4CH2-

The s~ruc~ures of the Examples below are shown in 

Table 2r. Compounds in Table .2r were prepared as shown 
5 i:: S ::heme 2 8 . 

Example 28p 

?r~para~ion of Oiamine (La) : 
10 Tc a suspension of 10 9 of :(2R,3S,4S,5R)-2,S-bis-

583.2 

57'7.2 

611.2 

555.3 

573.3 

639.2 

675.2 

(N-::bz-arr.ino)-3, 4- (dihydroxy)-1, 6-diphenylhexane in 200 

rr.:.. of methylene .chloride was added 10.8 mL of 2,2-

dimethoxypropane and 0. 4.1 g of ~amphorsulfonic acid •. 

The mixture was ·stirred at room temperature for 48 hr, 
15 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 crystallized from 

20 ether/hexane (l/10 v/v) to give 6.6 9 (60% yield) 

acetonide as white needles. mp 76-77°C. 

To a solution of 6.6 9 of.this acetonide in 100 mL 

cf tetrahydrofuran/ethanol (1/1 v/v) was added 0.7 g of 

:o~ Pd/C. The mixture was stir~ed vigorously under l 

25 a:mosphere o: hydrogen gas for 18 hr. The catalyst was 
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isolated by filtration and washed with tetrahydrofuran. 
The combined filtrate and washings were concentrated on 
a rotary evaporator. The residue consisted of 3.6 9 
(100~ yield) of diarnine, La, which was used without 

5 further purification. 
To a solution of 2 g of compound La in 15 mL of 

anhydrous tetrahydro~uran, maintained at o-1o•c under a 
nitrogen atmosphere with efficient stirring, was added 
1.8 mL (2.2 eq) of triethylamine followed by dropwise 

1 O addition of a solution of 0. 9 mL ( 1 eq) of 
phenyldichlorophosphate in 4 mL of tetrahydrofuran. The 

. :. --

-' mixture was stirred for 16 hr a~ room temperature. The 
res~~ting triet~ylamine hydrochloride was isolated by 
:iltratic~ and washed with tetrahydrofuran. The 
co::-.::.:nec !i.lt=ate and washings were concentrated on a 
r:ta=y evaporat==, taken up in methylene chloride/ethyl 
e:~e: c:1: v/v), and washed successively with water 
(2XJ, a~d saturated sodium chloride solution (lX}. 
h!tE: tiryi~g over anhydrous magnesium sulfate, the 
:=;::.:-. i: :aye:- was concentrated on a ro.tary evaporator. 
::·.::-.:.::.;:.a:.:.::.:-. c: t.r.e ·residue by column chromatography 
~sing a short pad of silica gel elut1ng with 
hexa:-:e/e-:.r.yl acetate (l/1 v/v) ·gave 1.8 g (645E yield) of 
tr.-: cy=:.:..~:: phosphorart:\ide, ·· Lb, as a sticky· white foam. 

':."-::. a sc:-.:'tion of 0. l 9 of compound Lb in 3 mL of 
a:.:.y:i=~·..:.s !~, N-dimethylformamide, maintained under a 
n:'..~=~?er. e~rr.osphere at room temperature, was added 35 mg 
c: E~:% Na:: (by weight., dispersed in oil). The mixture 
~a~ ~~.:..r:-ed for 10-15 min iollowed by addition of 0.16 

3:: :':".:_ r_::o:"!lc:rte:hyleyclopropane. The mixture was stirred for 

4 6 h:.- e: roor:. temperature, then quenched by water 
e::.:::.: .:..o:-.. 'Ine product was extracted with ethyl acetate 
C3Xi. ~~e corr~ined extracts were washed successively 
~~:~ wa:e= C2X) and saturated sodium chloride solutio~ 
.:~:, c=i~j o~E= anhydrous magnesium sulfate, and 

ThE• res id'.!€ \<.'"' .. 

\, 
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purified using rotary preparative tlc eluting with 
hexane/ethyl acetate (4/1 v/v) to give 97 mg (79\ yield) 
of the bisalkylated product as an amber oil. 
To a solution of 97 mg of this bisalkylated product in 2 

5 mL of anhydrous methylene chloride, maintained under an 
argon atmosphere at -78°C, was added O.S mL of a 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 
10 at -78°C. The mixture was then transferred via syringe 

to a rapidly stirring mixture of 1 mL tetrahydrofuran 
and 0.5 mL aqueous saturated sodium hydrogen carbonate 
solution. After stirring for 5 min, the mixture was 
extracted with ethyl acetate (3X) . The combined 

15 extracts were washed successively with 10\ aque.ous 
potassium hydrogen sulfate solution and saturated sodium 
chloride solution: After drying over anhydrous 
magnesium sulfate, the organic layer was concentrated by 
rota·ry evaporation. The residue. was purified by rotary 

20 preparative tlc eluting with hexane/ethyl acetate (4/1 

v/v) t>o give 70 mg (785! yield) of compound 28D as an 
am~rphous white solid. MS 547- (M+H)+ 453 (100\, M+H­
CeHsOH)+. lH NMR(CDCl3) 00.24 (4H,m) 0.44 (4H,m) 0.95 

(2H,m) 2.22 (lH,d) 2.52 .(lH,m) 3.18 (4H,m) 3.38 (2H,m) 

25 3.€3 (lH,rr.) 3.90 (lH,t) 4.03 (2H,m) 7.00 (lH,m) 7.06 
(2E,t) 7.24 (10 H,m) 7.50 (2H,m) 

30 

ExaDJple 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-trifluoroacetamido)benzyl bromide. A solution 
o! C.27 g cf the bisalkylation product, thus prepared, 

35 i;, 7 mL cf methanol was treated with 4 eq of solid 
pc~ass!urn ca~bcnate. The mixture was stirred for 48 hr 
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at. roorr. temperature, diluted with water, and extracted 
with methylene chloride. The extract was washed 
successively with saturated sod_ium hydrogen carbonate 
solution and saturated sodium chloride solution, then 

5 dried over anhydrous magnesium sulfate. Concentiation 
by rotary evaporation and purification of the residue by 
column chromatography using silica gel eluting with 
hexane/ethyl acetate (l/l v/v) gave the free amino 
compound in 57% yield. 

10 To a solution of this diamine in 3 mL of methanol was 
added 0.01 9 p-toluenesulfonic acid monohydrate. ~he 
solution was. stirred for l hr at room temperature, then 
cor1ce:r:.rat.ed by rotary evaporation. The residue .~as 

" :: 

take~ up in ethyl acetate, washed with saturated.sodium 
hy~:ogen carbonate solution, .and dried over anhydrous 
r:.a;:.~si·.:.:-:-. s~:fa:.f::. Concentration by rotary evaporation 
a:-1~ p:.:::i:ica~icr: by column chrorr.atography on silica gel 

usi~g rr;et.:.ylene chl~ride/ethyl acetate/ethanol 

(10/:C/C..:- vol~mE: ratios) gave a 19\ yield of compound 
2·: 2E:.:. !-~£: 523 CM~.H-Ct>HsOH) .. ·1H N~. (CDCl3): & 2.58"'."2.r: 

"'):. 

,~., .~:-: .. ; :.-;c_ l£·, 3f.J: 2.78 <s, 3H);.3.02 Cd, 2H); 3.20-

~.~~ C:, 2~); 3.,~ (d ~f d, .2H); 3.50-3.73 (m~ 2H}; 3.86 

(s:., 2!:); ~ .3v-' .59 (rr., 4H); 6.42-6.52 (rn, 4H>; 6.55-

£. C .. (r .. , 
I-• .... •· 
'-1 ""'-·I • 

~-;...·' . 
- ••I ' 6.95 Id, 2H); 7.00-7.37 (rn, 10 H); 7.52 

Tat:le 2r 
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Ex. R~~·•. p.23 p.4 - R' ~24A 1<1 ICgc. mp, •c Mass 
Ne. HPLC Spec 

CM+H) 
28A H benzyl phenyloxy + ++ 456 

(M+NH4J 
2S::: 2-naphthyl benzyl phenyloxy ++ +++ 

methyl 
28C cyclopropyl benzyl phenyloxy ++ +++ 541 

methyl . 
280 n-butyl benzyl phenyloxy ++ +++ 551 
28E 4-CHOCH2)- benzyl phenyloxy ++ +++ 

benzyl 
28F H benzyl et.boxy + ++/+ 245-~46 408 

CM+NH4) 
391 

2BG cyclopropyl benzyl dimethyl + ++ 498 
methyl amino 

28H 4-(HOCH2)- benzyl methoxy ++ ++ 617 
benzyl 

2E: .;-(HOCH~>- benzyl dimethyl ++ ++ 159-160 630 
benzyl amino 

26.: 3-(HOCH,;)- benzy! phenoxy ++ ++ 109-llO 
benzyl 

28Y. ber.zyl benzyl methyl ++ 541 
2e:. 3-ICH,:NHl- benzyl phenoxy ++ ++ 

benzyl 

The Exarr.ples below are representative procedures 

fc= the p::-epa::-a-;ion cf the compounds shown in Table 2s 
below. 

txam;ile 29A 

Compound of example SU ClL340g, 20mmol) was 

dissolved in ~60~: tetrahyd~6furan.and cooled to 0°C. 

cii-t-bu~yl-?;~ N-diethylphospho;-amidite 13. 0009 (52mmol) in 

10 ~O ~~ te~rahydrofuran was added followed by additon of 

7.28g(l04mmol) of tetrazole. The contents 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 21.5g(62.4mmol) 
15 of soi m-chloroperoxybenzoic acid in lOOml 

dichloromethane added over a· ·10 minute period and 

stirred for S minutes in the same bath and then 15 
~inutes in a water bath at approximately 23°C. The 

reaction ~as quenched with 250ml of 10% aqueous sodium 
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bisulfite at 0°C. The aqueous 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 

5 bicarbonate (lOOml) . The organic layer was separated 

·and dried over magnesium sulfate and the filtrate taken 
to dryness. The residue was purified on Si02 gel (7509; 

using chloroform (500ml) followed by 1% 

Methanol:Chloroform (4 liters) followed by 1.5% (4 

10 liters)) to provide 14.4109 (75.8% yield) of the 

bisphosphate ester as a white solid. Caution! The 

"flash chroma~ography" column should be done as fast as 

pc-ss.::..ble t.c avcid a:-1y decomposition on the column 
s-;ppor:.. lE NMR.(3001".:Hz) (CDCl3) S 1.441 (36H,d,J"•4Hz}, 

2.~";'~(€::,r.:), 3.3:: (2E,s), 3.49{4H,m), 

~.s::::2::,~,J=E:H::), <L91~ (4H, d, J= 14Hz), 

:.::: (:8::,:,J==EHz:, 7.293CEF.,rn}; 3lp NMR{l21MHz) (CDCl3) 

,... .... t:. 

- 4~ - -
..:: .c. =- .. c-
~--- --- :.,.. ... e.,....:..-..:i:a ... e: c-;,r.- ~., 85mmol) was dissolved -·· - ... ,~_._.__ -.. ..... """"''::::, -'' . . 

...• :·:: : : ~:.-£. :.:.:::: . .:..~ a:-~d t.c. tr • .i . .::. sch:: ior. was added .! . 6 g 
.·. 

::..: .f..::-.be::::.ys:. ~5 :.c:-. exct~ange resir.. The contents were 

E:.!:rej a:. re!l~~ fer 5 hours. The mixture was filtered 

~~=o~;~ a cel:.~e pad and concentrated to afford 279 
~:· (~S.:;:) :.: C:::::pm.::;C. 29A as a white solid. lH NMR (DMSO­

=t· c 2.E~:2("E,n.), 2.~55 (2:H,rr.), 3.336(2H,s), 
,. 

~.4~0;2::,~,J=::F.z1, ~.6C2(2n,d,J=~.2Hz), 

.i;,E22(~H,c,J=€.SHz), 7.016(4H,d,J•6.9Hz), 
:.oc~(~~,c,J=7.i Hz), 7.26€(10P.,m); 3lp NMR (DMSO-d6) 0 

-c . .i;E :z,C.ecoupledi. 

Examril i; 2 9r. 

C:.:-:-.;ic..::-.:: 2;;.. (2.178g, 3mmcl) was treatd slowly with 

~:~:-:-~-:.::.:) c.: .:. . c2.i;i.; Po·.:.a.ssiu~. bica:::-bcnate 

This Sheet Has Been Replaced 
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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 SU (8.2 g, 14.4 mmol) was dissolved in 
methylene chloride (170 ml) under a nitrogen atmosphere. 
N, N-Dimethylglycine (1.78 9, 17.3 mmol, 1.2 equiv.) was 

10 added followed by the reagents, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 
(3.32 g, 17.3 mmol, l.2 equiv.) and 4-

dimethylaminopyridine (2.ll g, 17.3 mmol, 1.2 equiv.). 

Af~er stirring overnight, silica gel (40 g, 230-400 
15 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 )2. Further chromatography 

using 15\ isopropanol-85% methylene chloride gave the 
2:· . desired monoester (2. 54 g, .. 27%). · lH NMR (300 MHz, 

c:;:13)_ s 7.:35-7.02(1.SH, m), 5.06·(2H, s), 4.85(1H, d), 

-'.80(1H,· d), 4.50(2f., s), 3.46(6H, m),· 3~07(2H, s), 
2. 9€. (7H, rn), 2 .22 ( 6H, s)-. l3c .NMR (75. 4 MHz, CDCl3) 3 

170 • 2 I 16 2 o l , 14 0 , 2 r '. 13 9 • 6 r 13 8 ~ 4· t: 13 7 o 3 I 13 4 • 8 I 12 9 • 5 I 
25 :29.,, 128.9, .12s·.s,.12e·.s, i2a.1, 127.1, 126.4, 1i.1, 

71.0, 66.0, 64.3, 63.8,: 60.l, 55.3, 55.1, 45.1, 32.6. 
This mono-ester (1.39 g, 2~14 mmol) was dissolved 

in a mixed solvent system (88 ml, 9\ isopropanol-91\ 

ether}. h solution of hydrochloric acid (0.59 ml, 2.35 

30 rnmol, 1.1 equiv., 4.0 Min 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 290 as it~. mono-hydrochloride-

35 m~~ohydrate (l.39 9, 92~ for the monohydrate). lH NMR 
C30C MF.z, CD30Dl B 7 .38-7 .01 (lBH: m), 5.26 (2H, s), 
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4. 82 (lH,_ d), 4.78(1H,·d),. 4.56.(2H, s), 4~12(2HI dd), 

3.58(4H, If,), 3.09-2.78(6H, m), 2.91(6H, s) •. 13cNMR 
(100.6 MHz, CD30D) S 166.89, .163.83, 142.37, 141.30, 

l•0.24, 140.1'7, 138.14, 135.64, 130.86, 130.65, 130.48, 

5 129.93, 129.67, 129.57, 128.24, 12'7.48, 72.05, 71.90, 

68.81, 67.81, 66.93, 64.79, 57.99, 57.07, 56.72, 44.49, 

33.64, 33~58. MS (NH3 CI) m/e 652(M+H-HCl). 

10 

Exag>lg 29& 

Compound SU (5.0 g, 8.82 IM\ol) was dissolved in 
tr.ethylene chloride (50 ml) u·nder a nitrogen· atmosphere. 
A:-, excess o! 2,2-dimethoxypropane (10 ml) and a 
cat.alyt.ic arr.::>unt c! p-toluenesulfonic acid monohydrate 
(2~-: r.-.gi we::-e then added. After stirring for one hour, 
wa:er (25 ~l) was added and,stirring continued for ten 
~~n~t.e~. 7he reaction was then transferred to a 
sepa:-atory funnel where the layers were separated .. The 

c::-ga~~c phase was was successively with a saturated 
2:. a~·-:e::.:s scll.1~icr~-: of. sodium bicarbonate and brine. Afte:-

~~~!~; ~ve: anhydrous magnezitirn ~~lfate, ·the crude 
t::=cc:.;=: was .isolated by filtration and evaporation. 
?~:~f ice~ic~ was ·accomplished by flash silica gel ·colurr~. 
ct.roma~og=ap!".l (5t methanol-95% ·methylene chloride) ~- The 

ace-;:c::-.i::~ was obtained in 90~ yield (4. 759) . lH NMR 
<~(.;: l·S:. CDC13) o 7.37-:'7.23(10H, m), 7.09(8H, .d), 

.;.Ec(2:-i, d/, 4.€5(4H, 'd), 3.82(2H,.s), 3.76(2H, b), 

3.Ci4(2E, C.), 2.92(4H, m), 1.94(2H, t), 1.34(6H, s). 13c 
Nl·!: ( -; ; . .; V.&H z , c D c 13 ) 0 l 61. 7 ' 14 0 • 2 , 13 8 • 8 I 13 7 • 6 , 

1.25:.~, :29-.3, 129.2, 128.7, 12'7.2, 126.6, 110.2, 75.5, 

€5.C,. 6C.e, 56.0, 33.5, 26.7. 

7h~s acetcnide (999 mg, 1.67 mmol) was dissolved in 

~E~hyle~~ chloride (10.0 ml) under a nitrogen 
a:.r:::.s:;·he=e .. t~, N-Dimethylglycine C 431 mg, 4. 18 mmcl, 2. :, 

e~civ. 1 a~~ the reagents 1-(3-dimethylaminopropyl)-3-
,.,,,.... 
.1.:.•, 2.~ 
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equiv.) and 4-dimethylaminopyridine (Slf.mg;:4.18 mmol, .. · ... , 

2.5 equiv.) were added and stirring continued overnight. 
The reaction was applied directly to a flash silica gel 
colu~n and eluted with 10% methanol-90' ether. The 

5 desired bis-ester was obtained in 73' yield (0. 95 9) •.. 
lH NMR (300 MHz, COCl3) 8 7.36-7.04(1SH, m), ·s.14(4H, 

'• ·, 

s}, 4.92(2H, d), 3.86(2H, s), 3.77(2H,
0

d), 3:18(4H, s), 
3.08C2H, d), 2.92(4H, m}, 2.33(12H, s), l.37(6H, s). MS 
(NH3 CI) m/e 777(M+H). 

10 This bis-ester (402 mg, 0.518 mmol) was dissolved 
ir. methanol (5.0 ml) and hydrochloric acid (l.O ml, 1.0 
N solution) was added. After stirring for 0.5 hour the 
sol vent was removed by rotary ev·aporation and the 
residue azeotropically dried with toluene. Further 

1: d::-ying ir: vacuo gave 29E (383 m9). 

20 

Ex. Ne. 

29A 
29B 
29C 
290 

29£ 
29F 

29G 

2 9.H 

P03H2 
P03• (K+) 
Me2NCH2C(O)-
R22. H, R23. 
Me2NCH2C(O)- •HCl 
Me2NCH2C(O)- •HCl 
(3-pyridinyl)-
CH2C(O)­
(4-pyridinyl)­
CH2C <O> -
<1-morpholinyl>­

CH;eC !Ol-

~·•111R1· 

. ... 
"' • OH 

J<i ICgo mp, °C 
(HPLC> 

Mass 
Spec 
(M+H) 

652 

73'7 
805 

'7 '7'7 

821 
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• 
291 (3-pyrldinyl)-

CH.;.CHC<O),;. . 
29J Cl-morpholinyl>-

(CH2> 3C (0)-
~9K (4-methyl-1-

piperazinyl)­
(CH2)3C(0)-

29L (l-piperidinyl)-
CCH2)3CCO>-

29M (4-methyl-1-
piperazinyl) -
CH2C (0)- • 

29N (l-piperidinyl)-
CH2C{O)-

290 (4-phenyl-1-
piperazinyl)- · 

,CH2C(0)-
29P (l-morpholinyl)-

(CH2) 2C (0) -
2~: (CH3l2C(NH2)C(C)-
29~ CH~:n(NH;)C(0)-
29S 3-

( l-i:r.o::;::hclinyl 
r..e:hy.::. l :!P-.;: (Cd -

+ 

4- + 

2 •.. ::- .. 

0-r..:::t=!"::li~yl 
me:hy:>Cen~C<C>-

.3-(_ItNH:i-:;:) -
Ce;r.4: (C! -. •H·:: 
~- \E:.?::-:::!o:: 1-
C-:~~= (:·; - •r.:: 
~-(2-

CfH~: (C! - •r.::. 
~ - \ 4 -r.-.e-..:: y : - ::. -
t=i::e:c~:..nyl 
~s:h~:;-:E~~C(O)-

~- I 4-rne:t.yl-l- · 
:i::ipera:.ir;yl 
~~:hyl)-:eH~C(Ol­
•:?J-::l 

+, 

++ 

++ 

PCT /US94/01'09 

-348-
829 

877 

903 

837 

847 

817 

971 

849 

737 
709 

+++· 167-168 

++ ... 165-l 6i 

+++ 124-126 

+ ..... 134-136 

+++ 169..;,l 70 
.·• ·:.· 

+•or 224-225 

++.-. 195-196 

: :.-:: L>:a:r.F lt::;. shewn in Table 2t were prepared 
---·--~.-­... -....... -- .. 
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Table 2t 

w 
R22N,,,, 'NR23 

Ph }n 
5 x y 

Ex.No. w R22.R23 n X,Y Ki mp, oc 
30A c-o benzyl 1 H,OH + 52-56 

(:t) 
30B c-o 4-(HOCH2)-benzyl l H,OH + 10-16 
30C c-o 3-cyanobenzyl l H,OH + 56-65 
30D c-c 4-hydroxybenzyl 1 H,OH + 78-85 
30£ c-o cyclopropyl l H,OH + 

methyl 
30F C-=C 2-naphthylmethyl .1 H,OH + 59-66 
30G c-6 6-hydroxyhexyl l H,OH + 
30H S02 benzyl 1 .H,OH 123-125 
30I S02 2-naphthylmethyl l H,OH ++ 188.S-

190 
30.J S02 cyclopropyl 1 H,OH + 

. methyl . 
30Y. SO.;: 4-hydroxymethyl l H,OH + 
3CL c-o t>enzyl 2 H,OH + 134-136 
30~ C•O 2-naphthylmethyl 2 H,OH + 179-181 
301' C•::. ~-(HOCH,;:)-benzyl 2 H,OH ++ 72-75 
30:' c-o cyclopropyl 2 H,OH + 

methyl 
30P C•O 3-cyanobenzyl 2 H,OH + 142.5-

144 
30Q SO.;: benzyl 2 H,OH + 118 .120 
3CR C•O 3-CH2NC(•NPHll- 2 H,OH +++ 

benzyl 
30S C•O benzyl 2 •O + 
30'! Ceo benzyl 2 •NOH + 
30~ c-o benzyl l H,OH + 

(R) 
30V C•O benzyl 1 H,OH + 

(Sl 

The Examples in Table 2u were prepared using the 
10 procedures outlined in Example 23f above. Compounds 

where R4 • R1 • 4-f luorobenzyl were prepared from 
(2R,25,45,4R)-2,5-bis(N-Cbzamino)-3,4-
dime~hoxyethoxymethoxy-l, 6-di-(4-fluorophenyl)hexane. 

Thfli11ilf 1iii1l11if 1iff lif 'd 
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-350-Further manipulations to X and Y were carried out using methods well known to one of ordinary skill in organic chemistry. 

···-, 7 R 

x 
Table 2u 

.Ex. ~tereo _ R22 ... R23 . R4 -R; x, y Ki IC go 
Ne. ~I 3, ~Is. 

(HPLC) 
3:1. RSSR 3-carbomethoxy 4-f luoro OH, or. ++ +++ benzyl benzyl 3' io--- F.SE? 4•:::arbomethoxy 4-fluoro OH, OH ++ +++ benzyl benzyl · 3~--- R~:T 3-hydroxyrnethyl 4-fluoro OH, O!i +++ +++ benzyl benzyl 3:: RS Sr, 4-hydroxyiraethyl 4-fluoro OH, OH +++ +++ benzyl benzyl -:-.~ -·- P .. S.£?. ·benzyl 4-f luoro OH, H ++ +++ benzyl 3:: r~s;.~ •ber.z·.-.:. benzyl epoxy --+ ++/• 

Mass 
Spec 
(M+H) 
712.4 

(M+NH.;l 
695.4 

639.4 

65~.2 
(M+NH.;) 
527.2 

525.: 
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Scheme 4 
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CLAIMS 
I I/Ill~ 1111~ ll~l lll/l 111/11 

WHAT IS CLAIMED IS: 

1. A compound of the formula (I): 

R7A 

R7R7 
Re 

n 

(I) 

or a pharmaceutically acceptable salt form thereof 

wherein: 

15 R4 and R; are independently selected from the following 

20 

25 

groups: 

hydrogen; 
C1-cs alkyl substituted with 0-3 Rll; 

c2-cs alkenyl substituted with 0-3 Rll; 

c2-cs a_~kynyl substituted with 0-3 Rll; 

a C3-C1~ carbocyclic ring system substituted with 

0-3 Rll or ~-3 R12; 

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 R12; 
-oR13; -sR13; C02Rl3; 

30 R4A 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 C1-C2 

alkoxy; 
-oR13; -sR13; C02R13; 

R4 and R4A can alternatively join to form a 5-7 membered 

carbocyclic.ring substituted with 0-2 Rl2; 

10 R/ and R7A can alternatively join to form a 5-7 membered 

carbocyclic ring substituted with 0-2 R12; 

n i £- 0, l, or 2; 

15 RS is selected from H; halogen; C1-C6 alkyl substituted 
~i~t 0~3 R!1, -N(R20)2, -sR20, -oR20, or -N3; 

R6 is independently selected from: hydrogen, halogen, 
c1-ce alkyl substituted with 0-3 R11, -N(R20>2, 

2c -~?2c, -op,21, or -N3; 

25 

30 

~5 and FE can alternatively join to form an epoxide or 

aziridine ring; -OCH2SCH20-; ~OC(-=0)0-; -OCH20-; 

-OC(=S)O-; -OC(=O)C(=O)O-; .-OC(CH3)20-; 

-0: ( ( CP..2) 3NH2}. { CH3) 0-; -OC ( OCH3) ( CH2CH2CH3) 0-; 

-OSC=O)O-; -NHC(=O)NH-; -OC(=O)NH-; -NHC(=O)O-; 
-NH:H20-; -OCH2NH-; -NHC(-S)O-; -OS(=O)NH-; 

-NHC(=O)C(=O)O-; -OC(•O)C(•O)NH-; -NHC(•O)C(•O)NH-; 
-NHC(CH3}20-; -OC(CH3)2NH- or any group thlt, when 

adr.:inistered to a mammalian subject, cleaves to 

f orffi a free dihydroxyl or diamino or hydroxyl and 

arr.i.no; 

p5a is selected from hydrogen, halogen, C1-C6 alkyl, 
--',• !";J 20'-;, -c:?20 0,... -QR20 · ", ... · 1,1 _ ... , I - I 

T \' .· 

\ 
' 
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R 6a is ·selected from: hydrogen, halogen, C1-C6 alkyl, 

RS 

R6 

R20 

-N<R20>2, -sR20 or -oR2l; 

and Rsa can alternatively join to form •O, -s, 
· ketal ring; 

and R6a can alternatively join to form •O, -s, 
ketal ring; 

and R21 are independently selected from: 

hydrogen; 
C1-C6 alkyl substituted with 0-3 Rll; 

C3-C6 alkoxyalkyl substituted with 0-3 Rll; 

C1-C6 alkylcarbonyl substituted with 0-3 Rll; 

or a 

or a 

15 C1-C6 alkoxycarbonyl substituted with 0-3 Rll; 

C1-C6 alkylaminocarbonyl ~ubstituted with 0-3 Ril; 

benzoyl substituted with 0-3 Rl2; 

phenoxycarbonyl substituted with 0-3 Rl2; 

phenylaminocarbonyl substituted with 0-3 Rl2; or 

·20 ·any· group that, when administered to a mammalian 

subject, cleaves to.form a free hydroxyl, 

amino or su'lfhydryl; 

Rll is selected from one or more of the following: 
25 H, keto, halogen; cyano, ~CH2NR13Rl4, -NR13R14, 

-co2R13, -oc <•O> R13, ·'· -oR13, -s <O> mR13, 

-NHC (•NH) NHR13, -C-(•NH) NHR13, -C (-=0) NR13R14, 

-NR14c(•O)R13, -NoR14, -NR14c(•O)QR14, 

-OC(•O)NR13R14, -NR13C(•O)NR13Rl4, 
30 -NR14so2NR13Rl4, -NR14so2Rl3, -so2NR13Rl4, 

-OP (0) (OR13> 2·, C1-C4 alkyl, c2-C4 alkenyl, 

C3-C6 cycloalkylmethyl, benzyl, phenethyl, 

phenoxy, benzyloxy, nitro, C7-C10 arylalkyl, 

hydroxamic acid, hydrazide, boronic acid, 

35 sulfonamide, formyl, C3-C6 cycloalkoxy, C1-C4 

\ 
\. 
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alkyl substituted .. wit.h. -NR13Rl4, c1-C4 

hydroxyalkyl, methylenedioxy, ethylenedioxy, 

C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 
alkoxycarbonyl, pyridylcarbonyloxy, C1-C4 

alkylcarbonyl, C1-C4 alkylcarbonylamino, 

-OCH2C02H; 2-(1-morpholino)ethoxy, azido, or 

-C(Rl4)•N(OR14); 

1-3 amino acids linked together via amide bonds, 

said amino acid beinq linked via the amine or 

carboxylate terminus; 
C3-C10 cycloalkyl substituted with 0-2 Rl2; 

C1-C4 alkyl substitued with 0-2 Rl2; 

arylCC1-C3 alkyl) substituted with 0-2 Rl2; 

c2-C6 alkoxyalkyl, substi.tuted with 0-2 Rl2; 

15 C1-C4 alkylcarbonyloxy substituted with 0-2 Rl2; 

.C£-C10 aryl.carbonyloxy substituted with 0-2 Rl2; 

-,r, , .... 

a :5-C1.; carbocyclic r~sidue substituted with 0-3 
Rl2; 

... · 

a~- to lO~mernbered heterocyclic.;ing.system 

containing l to .4· he~eroatoms independen-.:ly 

se:i.ect~d from oxyg~n, nitr_ogen or sulfur, saic 

heterocyclic ring system being substituted 

with 0-3 F,12; 

2: F.::A .. is selected from one or more_ of the. following: 
E, keto, halogen, cy~no, -cH2N(Rl3B) (R14B), 

-N(R13B) (R14B), -co2H, -OC(=O) CC1-C3 alkyl), 

-OH, C2-C6 alkoxy~lkyl, -C(•O)NH2, 

-OC(=O)NH2, -NHC(-O)NH2, -so2NJ'2, c1-C4 alkyl, 

30 c2-C4 alkenyl, C3-C10 cycloalkyl, C3-C5 

cycloalkylmethyl, benzyl, phenethyl, phenoxy, 
benzyloxy, nitre, C7-C10 arylalkyl, hydroxamic 

acid, hydrazide, boronic acid, C3-Ce 

cycloalkoxy, C1-C4 alkyl substituted with 
?:: -N22, C1-C4 hydroxyalkyl, methylenedioxy, 

\ 
b r. 
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ethylenedioxy, c].trc4.haloalkyl, C1-C4 
haloalkoxy, ci-C4 alkoxycarbonyl, ·c1-C4 
alkylcarbonyloxy~ C1-C4 alkylcarbonyl, C1-C4 
alkylcarbonylamino, -OCH2C02H, 
2-(1-morpholino)ethoxy, azido, aryl(C1-C3 
alkyl), a C5-C14 carbocyclic residue; 

a 5- to 10-membered heterocyclic ring system 
containing·l to 4 heteroatoms independently 
selected from oxygen, nitrogen or sulfur, said 
heterocyclic ring system substituted with 0-3 
R12A; 

Rl2, when a substituent on carbon, is selected from one 
or more of the following: 

15 phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 

20 

25 

30 

35 

halogen, hydroxy, nitro, cyano, C1-C4 alkyl, 

C3-C6 cycloalkyl, C3-C6 cycloalkylmethyl, C7-

C10 arylalkyl, C1-c4·a1koxy, ~co2H, hydroxamic 

acid, hydr~zide, .boronic acid, sulfonamide, 
formyl, C3-C6 cycloalkoxy, -oR13, C1-C4 alkyl 

· substituted with -NR13R14, -NR13Rl4, C2-C6 

alkox.yalkyl optionally substituted with 
-Si(CH3)3, C1-C4 hydroxyalkyl, rnethylenedioxy, 

ethy.lenedioxy, C1-C4 halo~lkyl, C1-C4 

haloalkox~, C1-C4 alkoxycarbonyl, C1-C4 
alkylcarbonyloxy ,·· Ci-C4 alkylcarbonyl, C1-C4 
alkylcarbonylamino, -S(O)mR13, -so2NR13Rl4, 
-NHS02R14, -OCH2C02R13, 

2-<l-morpholino)ethoxy, -C(Rl4)•N(OR14); or 

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

or Rl2 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 

This Sheet Ilas Been 

fill/DI HIBi I if 
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.. _.ring being optionally substituted on the 

aliphatic. carbons with halogen, c1-C4 alkyl, 

C1-C4 alkoxy, hydroxy, -NR13Rl4; or, 

when R12 is attached to a saturated carbon atom, it 

may be •O or •S; or when Rl2 is attached to 

sulfur it may be -o; 

Rl2, when a substituent on nitrogen, is selected from 

one or more of the following: 
phenyl, benzyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cycloalkyl, C3-C5 cycloalkylmethyl, 

-CH2NR13Rl~, -NR13Rl4, C2-C6 alkoxyalkyl, C1-

C~ haloalkyl, C1~C4 alkoxycar~onyl, -co2H, C1-

C~ alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

-C (!'.~.;) =N (OR14) ; 

F.~2;;.., ~r.e:. a substituent. on carbon~ is selected from one 

c: mere cf.the following: 

phe~~l, be~zyl, phenethyl, phenoxy, benzyloxy, 

haloge&, hydroxy, nitre, cyano, C1-C4 alky:, 

C3-C6 cycloalkyl, C3-C6 cycloalkylmethyl, C7-

C1Q a:ylalkyl, C1-C4 alkoxy, -co2H, hydroxamic 

ac;.d, hydrazide, .. boronic acid, sulfonamide, 

formy:~ C3-C£ cycloalkoxy, -oRl3, C1-C4 alkyl 

. subs~ituted with -NH2, -NH2, -NHMe, c2-C6 

alko:>~yalkyl optionally substituted with 

-Si(CH3)3, c1-C4·hydroxyalkyl, methylenedioxy, 

e~hylenedioxy, C1-C4 ha:oalkyl, C1-C4 

haloalkoxy, C1-C4 a~koxycarbonyl, C1-C4 

alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 

alkylcarbonylamino, -S(O)mMe, -S02NH2 1 

-NES02Me, -OCH2C02Rl3, 2-(l-morpholino)ethoxy, 

-C(=NO:i)NF.2; or 
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a 5- or 6-membered heterocyclic ring ··contain"ing 

from 1 to 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur; 

or Rl2A 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,-NH2; or, 

when Rl2A is attached to a saturated carbon atom, 

it may be •O or -s; or when R12 is attached to 

sulfur it may be •O; 

R12A, when a substituent on nitrogen, is selected from 

one or more of the following: 

phenyl, benzyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6-

cycloalkyl, C3-C6 cycloalkylmethyl, -CH2NH2, 

-NH2, C2-C6 alkoxyalkyl, C1-C4 haloalkyl, C1-

20 C4 alkoxycarbonyl, -co2H, C1-C4 

alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

-C (=NOH} NH2; 

25 

30 

35 

R:3 is selected from: 

H; 

phenyl substituted with -0-3 RllA; 

benzyl substituted with 0-3 RllA; 

C1-C6 alkyl substituted with 0-3 RllA; 

C2-C4 alkenyl substituted with 0-3·RllA; 

C1-C6 alkylcarbonyl substituted with 0-3 RllA; 

C1-C6 alkoxycarbonyl substituted with 0-3 RllA; 

C1-C6 alkylaminocarbonyl substituted with 0-3 RllA; 

C3-C6 alkoxyalkyl substituted with 0-3 RllA; 

an amine protecting group when Rl3 is bonded to N; 

a hydroxy protecting group when R13 is bonded to O; 
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R14 is h~drogen,· hydroxy, CF3, C1-C6 alkyl: substituted 

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

halogen, NHz, -NH(Cl~C4 alkyl), C1-C6 alkoxy, C2-C6 

alkenyl, phenyl, benzyl, an amine protecting group 

5 when Rl4 is bonded to N, a hydroxy protecting group 

when R14 is bonded to O; 

10 

'i: 

R13 and Rl4 can alternatively join to form -CCH2)4-, 

-(CH2>s-, -cH2CH2N(RlS)CH2CH2-, or -CH2CH20CH2CH2-; 

Rl3B and Rl4B are independently selected from H or C1-C6 

alkyl, or R13B and R14B can alternatively join to 

form -(CH2)4-, -(CH2)5-, -cH2CH2N(RlS)cH2CH2-, or 

-CH2CH20CH2CH2-; 

rn is C , 1 or 2 : 

2C K ~s s~le=tej from: 

-NCR~2)Ct=S)C(=S)N(R23)-; 

-~(R22)C(=NR24)C(=NR24)N(R23)-; 

-~cR22)S(=Z')N(R23)-; 

-~: cr.22) s (=Z') 2N (R23)-; 

.. :.:: -::(F'.2;:iP(-=Ol (R24a)N(R23)-; 

-:o~25> (R26)S(=Z')C(R27) (R2B)-; 

-:0~ .. 2=-) {P.26)S(=Z' >2cu~.~7) (R28)-; 

-c(p.25i (R26)P(-=0) (R24a)C(R27) (R28)-; 

-C(R25) (R26)S(=Z')N(R2'3)-; 

30 -C (R25) (R26)S(=Z' )2N{R23)-; 

- C CR 2 5 ) CR 2 6) S ( =O) 2 0- ; 

-c CR2s, (R26)p (=0) (R24a)N(R23>-; 

-c cR25> rn26)P (=O> <R24a>o-; 

-C(R25)C(F2)C(=O)N(R23)-; 

-C(~25):(F2)S(~0)2N(R23)-; 

.,, . 
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-SC(-Z)-; 
-C(R25) (R26)C(R34) (R35)C(R27) (R28)-; 

-N(R22)C(R34) (R3S)N(R23)-; 

-N=C(R36)N(R23)-; 

5 -N+(R22)•C(R36)N(R23)-; 

-N(R22}P(R24a)N(R23)-; I lllllll llllll lllll lllll II llll 
* c L 

-C(•Z)-; 

-P (•0} (R24a) - ; 

-S(•Z'}-; 

10 -S(•Z'l2-; 

-N(R22)C(•C(R36a) (R36b))N(R23)-

-N(R22)C(•Z)N(R23)C(=Z)-

wherein: 

15 

Z is O, S,- NR24; 

Z' is O or NR24; 

20 R22 and R23 ar~ inde~endently selected from the 

following·: 

hydrogen; 

c1-cs alkyl substituted with 0-3 R3l; 

C2-Cs alkenyl substituted with 0-3 R31; 

25 c2-ca alkynyl substituted with 0-3 R3l; 

M s * 

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 heteroatoms independently 

30 selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 0-2 R32; 

-oR22a; -N(R22a) (R22b); 

35 R22a and R22b are independently selected from the 

fo~lowing: 
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hydrogen; 
C1-Ca alkyl substituted with 0-3 R3l; 

c2-ce alkenyl substituted with 0-3 R3l; 

c2-ce alkynyl substituted with 0-3 R31; 

a C3-C14 carbocyclic rin9 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 

10 heterocyclic ring system being substituted 
with 0-2 R32; 

R24 i~ selected from: hydrogen; hydroxy; amino; C1-C4 

alky:; C1-C4 alkoxy; mono- or di-(C1-C6 

!5 alkyl)amino; cyano; nitre; benzyloxy; -NHS02aryl, 

a:ry: beir.q optionally substituted with 

30 

c:·::.-C6> alkyl; 

R24a ~E selected frorn: hydroxy; amino; C1-C4 alkyl; 

c:-C4 alkoxy; mono- or.d:i-:-CC1-C6 alkyl)amino; 

cyL~~; ~itro; benzyloxy; or phenoxy; 

a-~ ":;-27 ··- ... a.re independently selected from the 

hy:!:-ogen; 

C1-C& alkyl substituted w~th 0-3-R31; 

c2-C5 alkenyl substituted with 0-3 R31; 

c2-ca alkynyl substituted with 0-3 R31; 

a C3-C14 carbocy; ·lie. ring system substituted wit.h 

0-5 R31 or 0-5 R32; 

a 5- to 10-mernbered heterocyclic ring system 

containing l to 4 heteroatorns independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 
wit.I'. 0-2 R32; 

- ... ·:-. -- ; -C:t.:13. 
.. .., "' I 
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R26 and R28 are independently selected from: 

hydrogen; 

halogen; 
C1-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; 
-0R13; -sR13; 

R29 is selected from: 

hydrogen; 
C1-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; 

alternatively, R22, ·R2s, or R26, independently, can join 

with R~ '.Or: R4A.,to form .a ·5- or 6-membered fused 

heterocyclic ring or carbocyclic ring substituted 

wit.h 0-2 Rl2, ·said heterocyclic ring containing 1-3 

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

or 

25 alternatively, R23, R2~, or R28, independently, can join 

with R7 or R7A to form a 5- or 6-membered fused 

heterocyclic ring or carbocyclic ring substituted 

with 0-2 Rl?, said hete,rocyclic ring containing 1-3 

heteroatoms independently selected from N, S, or O; 

30 

35 

or 

alternatively, R22, R25, R26, R23, R27, R28, R34, or R35 

can join with RS or R6 to form a 0- to ?-membered 

bridge to form a carbocyclic or heterocyclic ring, 

sa~d bridge being substituted with 0-2 Rl2 and said 

bridge ccntair.ing 0-3 heteroatorns independently 
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selected from N, S, or O (i.e., a 0-membered bridge 
is f~rmed when R22, R25, R26, R23, R27, R28, R34, 

or R35 are taken together with R5 or R6 to form a 

direct bond) ; 

alternatively R28 or R23 can ·join with R7A 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: 

ke~o, halogen, cyano, -CH2Nal3Rl4, -NR13Rl4, 

-co2R13, -C(=O)Rll, -OC(-O)Rl3, -oRl3, c2-C6 

b:koxyalkyl, -S(O)mR13, -NHC(=NH)NHR13, 

-C(=NH)NHR13, -C(=O)NR13Rl4, -NR14c(=O)Rl3, 

=NOR14, -NR14c(=OlOR14, .:.oc(=O)NR13Rl4, 

-NR13c(•0)NR13Rl4, -NR13cc=S)NR13Rl4, 

-NRl'so2NRl~R~4, -NR14so2R13, -so2NR13Rl4, C1-

:::4 alkyl, C2-:C4 ... alkenyl, -C3-C10 cycloalkyl, 

C3-C5:cycl.oalkylmethyl,.ben2yl1 phenethyl, 

phenor.y, benzyloxy, nitre, C7-C10 arylalkyl, 

hydrcxamic acid, hydrazide, oxime, boronic 
acid, sul·fonamide,· formyl, C3-C6 cycloalkoxy, 

C1-C4 alkyl substituted with -NR13Rl4, C1-c, 

hydroxyalky 1, methylenedioxy, ethylenedio>:y, 

C1-C4 baloalkyl, C1-C4 haloalkoxy, C1-C4 
alkox: ·carbonyl,: C1-C4 alkylcarbonyloxy, C1-C4 

alkylcarbonyl, C1-C4 alkylcarbonylamino, 

-OCH2C02R13, 2-(1-morpholino)ethoxy, azido, 

-C(R14)=N(OR14); or 

:-~ a~ino acids, linked together via amide bonds, 

said amino acid being linked via the amine o= 

c~=boxylate terminus; 
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a C5-C14 carbocyclic re~s'idue substituted with o-s 

R32; or 

a 5- to 10-membered heterocyclic ring system 

containing l to 4 heteroatoms independently 
selected from oxygen, nitrogen or.sulfur, said 
heterocyclic ring system.being substituted 
with 0-2 R32; 

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

or more of the following: 
phenethyl, phenoxy, C3-C10 cycloalkyl, C3-C6 

cycloalkylmethyl,· C7-C10 arylalkyl, hydrazide, 

oxime, boronic acid, t2-C6 alkoxyalkyl, 

methylenedioxy, ethylenedioxy, c1-C4 
alk~lca~bonyloxy,·'-NHS02Rl4, benzyloxy, 

halogen, :2-(1-morpholino)ethoxy, -co2R13, · 

hydroxamic acid, -CONR13NR13R14, cyano, 
sulfonamidei -CHO, C3-C6 cycloalkoxy, 
-NR13R14, .:..ccR14)-N(OR14):;· -N02, -oR13, 

-NR40R41, -SOmRl3, -SOmNR13R14, -C(•O)NR13R14, 

-oc (=0) NR13R14, -c (•0) Rll, ·~oc (•O) Rll, 
-oco2R1.3,. phenyl,· -C<•b>NR13-cc1-.c4 alkyl)-

NR13R,14, -C(=O)NR40R41; C1-C4 haloalkyl, C1-C4 

hal6al~oxy, C2-C4 ~aloalke~yl, C1-C4 

haloalkynyl; 
-C(=O)NR13C(Rll)2NR13Rl4; 

-c (•0) NR13c (Rll) 2NR13co2Rl3; . 

-c (•0) NR13- (C1-C4 alkyl)-NR13co2Rl3; 

-C(=O)NCR13)-(C1-C4 alkyl)-Rll; 
-C(=O)C(Rll)2NR13Rl4; 

-C(=O)C(Rll)2NR13C02R13; -C(•O)-(C1-C4 alkyl)-

NR13Rl4; -C(=O)-(C1-C4 alkyl)-NR13co2R13; or 

C1-C4 alkoxy substituted with 0-4 groups selected 
from: R1 1 , C3-C6 cycloalkyl, -C02R13, 

-C(=O)NR13Rl4, -NR13Rl4 or OH; 

ilil1miii1i1lHiil'd 
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C1-C4 alkyl substituted with 0-4 groups selected 

from: Rll, •NR14, •NNR13c(•O)NR13Rl4, 

•NNR13c(=O)OR13, or -NR13Rl4; 

C2-C4 alk.enyl substituted with 0-4 Rll; 

C2~C4 alky~yl substituted with 0-4 Rll; 

a 5- or .6-mernbered ~eterocyclic ring containing 

from l to 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur, substituted 

with 0-2 Rl2; 

or R32 may be a 3- or 4- carbon chain attached to 

adjacent carbons on the ring to form a fused 

5- o= 6-membered ring, said 5- or 6- membered 

rin; being optionally substituted on the 
15 aliphatic carbons with halogen, C1-C4 alkyl, 

C1-C4 ·alkoxy, hydroxy, -NR13Rl4; or, 

20 . 

30 

. . 

wr.oe:-i P.3.2 is attached to a saturated carbon , it may 

be .=O, =S, •NOH; or when R32 attached to 

sulfur'. it may be aQ; 

.• 

whe~ a subs:ituent on nitrogen, is selected fro~ 

c~e c= more of the following: 
pr:e:iyl, benzyl, phenethyl, hydroxy, C1-C4 . . . 

hydrpxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-Cf 

cycloalkyl, C3-C6 cycloalkylmethyl, 

-CP.2m:..13Rl 4, -Np,13R14, C2-C6 alkoxyalkyl, C1 -

C.; haloalkyl, .c1 -C4 alkoxycarbonyl, -co2H, C1-

C~ alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

-C{Rl4)=N(OR14); 

p34 is selected from: 

hydrogen; 

OR13; 

ha l ogE:r.; 

•.· 
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C1-C6:: alkyl substituted with 0-3 Rll; · ..-. 

c1-C6 alkoxy substituted with 0-3 Rll; 

C1-C6 thioalkyl substituted with 0-3 Rll; 

5 R35 is selected from: 

PCT/US'4/01609 

hydrogen; 
OR13; 

SR13; 

halogen; 

111111111111111111111111111111 
* C L M S * 

10 N (R38) (R39) 

c1-C6 alkyl substituted with 0-3 Rll; 
C1-C6 alkoxy substituted with 0-3 Rll; 

C1-C6 thioalkyl substituted with 0-3 Rll; 

15 R3~ 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 Rll; 

20 

25 

30 

35 

R36 is selected from: 

H 

C1-C6 alkyl substituted with 0-3 Rll; 

-coR37 ;. · 

-NR38R39; 

-CN; 

-N02 

R37 is selected from: 

hydrogen; 
C1-C6 alkyl substituted with 0-3 Rll; 

hydroxyl; 
C1-C6 alkoxy substituted with 0-3 Rll; 

-NR38R39; 

This Sheet Has Been Replaced 
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R38'and R39 are independently selected from: 

hydrogen; 
C1-C6 alkyl substituted with 0-3 Rll; or 

an amine protecting group; 

R40 is selected from: H, C1-C3 alkyl; 

R41 is selected from: 
-C (=0) NR13Rl4; 

-C(=O)NR13NR13Rl4; 
-C(•O}C(Rll) 2NR13Rl4; 

-C(=O)C(Rll)2NR13NR13Rl4; 

-C(==O)C(Rll)2NR13co2Rl3; 

-C<==O)H; 

-C (=0) Rl~; 

-:(=~)-(Ci-C4 alkyl)-NR13Rl4; 

-:(=O)-(C1-C~ alkyl)-NR13co2Rl3; 

l-3 amino acids linked together via amide bonds, 

and linked to the N atom via the carboxyla~e 

20 ter~inus; 

2:. 

wn~n K is -OC(=Z)O-, -SCC=Z)-, -C(=Z)-, 
-!:- {=-CJ) cr:,24 a) - , -s (=Z') - or -s (=Z') 2-, R4 and R7 are not: 

hyd::oge: .. 

3C 

~. h compound of Claim 1, of formula (II): 
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(II) 
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or a pharmaceutically acceptable salt form thereof 

5 wherein: 

10 

R4 and R7 are independently selected from the following 

groups: 

hydrogen; 
C1-C4 alkyl substituted with 0-3 Rll; 

C3-C4 alkenyl substituted with 0-3 Rll; 

15 R6 is hydrogen or -oR21; 

20 

R20 and R21 are independently hydrogen or any group 

that, when administered to a mammalian subject, 

cleaves to for~ a free hydroxyl; 

Rll is selected from one or more of the following: 
H, keto~ halogen, -CH2NR13R14, -NR13Rl4, -oR13, 

c2-C4 alkoxyalkyl, c2-C4 alkenyl, ·.; 

C3-C10 cycloalkyl substituted with 0-2 Rl2; 

25 C1-C4 alkyl substituted with 0-2 Rl2; 

aryl(C1-C3 alkyl) substituted with 0-2 Rl2; 

aryl substituted with 0-3 R12; or 

30 

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 Rl2; 

Rl2, when a substituent on carbon, is selected from one 

35 or more of the following: 
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phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 

halogen, c1-C4 alkyl, ci-c10 arylalkyl, C1-C4 
alkoxy, 2-{l-morpholino)ethoxy, -C02H 1 

hydroxamic acid, hydrazide, -C(R14)•NCOR14), 
cyano, boronic acid, sulfonamide, formyl, C3-

C6 cycloalkoxy, -oRl3, c1-c4 alkyl substituted 

with -NR13R14, -NR13Rl4, methylenedioxy, C1-C4 

haloalkyl, C1-C4 alkylcarbonyl, C1-C4 

alkylcarbonylamino, hydroxy, hydroxymethyl; or 

a 5- or 6-rnembered heterocyclic ring containing 

from 1 to 4 heteroatorns independently selected 

from oxygen, nitrogen or sulfur; 

Fl2, wher. a sl!bs~ituent o:i nitrogen, is selected from 

JS be~zyl or methyl; 

~, -~-

30 

. ·­--· 

er be:.zyl; 

- . 
-;._.., :s C-:, P., C'.r3, C1-C4 alkyl, C1-C4 alko:xy, NH2, C2-C4 

alke~~:, or benzyl; 

a~j R:c can altern~tively Join to form -(CH2>4-, 

-(:~2>5-, -CH2CH2N(Rl5)CH2CH2-, or -CH2CH20CH2CH2-; 

select.ea from: 

- !: ! F-. 2 2 ) C ( = Z ) 0- ; 

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

-C(t-.25) {R26)C(=Z)S-; 

-~fR22)S(=Z')N(R23)-; 
-~cp,22)S(=Z')2N(R23)-; 

-1; (R22) p (=O} (R24a) (N (R23)-; 

-:(?.2:-, (R2C)S(=Z' }C(R27} (R28)-; 

-:;;;~:1 (?.2E)S(=Z') 2c(R27i m28)-; 
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-C(R2s, (R26)P(•O) (R24a)C(R2i)cR2Bj-;: 

-C(R25) (R26)S(•Z')N(R23)-; 

-C (R25) (R2 6) S (•Z') 2N (R23)-; 

-C(R25)C(F2)C(•O)N(R23)-; 

5 -C(R25)C(F2)S(•0)2N(R23)-; 

-C(•Z)-; 
-P (-0) (R24a)-; 

-SC•Z')-; 111111111111111111111111111111 
-S(•Z')2-; 

* C L M S * 

10 
wherein: 

Z is 0, S, or N-CN; 

15 Z' is O; 

20 

R22 and R23 are independently selected from the 

following:· 

·hydrogen; 

't1-cs alkyl substituted with 0-2 R,31; 

c2-C6 alkenyl substituted with 0-1 R31; 

C2-C4 alkynyl substituted with 0-1 R31; 

R2~a is selected from -OH, Ci-C4 alk6xy, mono- or di-

25 CC1-C6 alkyl) amino; 

R25 and R2i are independently selected from the 

following: 

hydrogen; 

30 C1-C4 alkyl substituted with 0-3 R31; 

c2-C4 alkenyl substituted ~ith 0-3 R31; 

R26 and R28 are hydrogen or halogen; 

35 R31 is selected fro~ one or more o! the following: 
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keto, halogen,' ·~CH2NR13Rl4, -NR13Rl4 I -oR13, c2-C4 

alkoxyalkyl, c1-C4 alkyl, c2-C4 alkenyl, C3-
C10 cycloalkyl, -C(Rl4)-N(OR14), -C02R13, 

-S (0) mR13; 

aryl 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 R32; 

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

o= more of the following: 
phenethyl, phenoxy, C3-C6 cycloalkyl, C3-C6 

cycloa!kylmethyl, c1-c10 arylalkyl, hydrazide, 

ox~rr.e, boronic acid, c2-C6 alkoxyalkyl, 

me~hylenedioxy, ethylenedioxy, C1-C4 
alkylcarbonyloxy, -NHS02R14, 

benzyloxy, halogen, 2-(1-morpholino)ethoxy, 
-co2R13, hydroxamic acid, -CONRl3NR13Rl4, 

cyanc, boronic acid, sulfonamide, -CHO, C3-Ce 
cycloalkoxy, -NR1~Rl4, -C (Rl4) =N (QRH) , N02, 
-oR12, -NR40R41, -SOmR13, -SOmNR13Rl4, 

-Ct=O)NR13Rl4, -OC(=O)NR13Rl4, -C(=O)Rll, 
-0C(=0)R~l, -oco2Rl3, phenyl, -C(=O)NR13-(C1-C4 
alkyl)-NR13Rl4, -C(=O)NR40R41, C1-C4 

hcloalkyl, C1-C4 haloalkoxy, C2-C4 .. . . 

haloalkenyl, C2-C4 haloalkynyl, or 
-C(=0)C(R11)2NR13Rl4; -C(=O)C(Rll)2NR13co2Rl3; 

-C(=O)-(C1-C4 alkyl)-NR13Rl4; 

-C(=O)-(C1-C4 alkyl)-NR13co2Rl3; or 

C1-C4 alkoxy substituted with 0-3 groups selected 

from: R11 , C3-C6 cycloalkyl, -C02Rl3, 

-C(=O)NR13Rl4, -NR13Rl4 or OH; 

This Sheet Has Been Replaced 

1111111111111111111111111 



·.;·. ····----:·.·.: __ ·::· .. ·. ~- .. : __ -·-- :· __ . --- ... . -: .... . .. : . : .. :.~--.- - ..:~ ._._:_:.':~~,..~~---· :~-~ . - .. -~: . . . .................. _. _______ .;·- -~---~·-.---.--- ~-.-·-.:-· ····-- ··:·--.:--:-~~--·: :~--:::::-:-:~::~: ...... . 

I lllllll llllll lllll lllll ll llll 
WO '4/1'329 * C L M S * PCT/U~/01'°9 

5 

10 

15 

20 

25 

30 

• -40.9-
C1-C4 alkjl substituted with 0-3 qroups ~elected 

from: Rll, •NR14, •NNR13C(•O)NR13R14 or 

-NR13Rl4; 

C2-C4 alkenyl substituted with 0-3 Rll; 

C2-C4 alkynyl substituted with 0-3 Rll; 

a 5- or 6-membered heterocyclic rinq containinq 

from 1 to 4 heteroafoms independently selected 

from oxyqen, nitroqen or sulfur, substituted 

with 0-3 R12; 

R32, when a substituent on nitroqen, is selected from 

benzyl or methyl; 

rr. is 

R34 

R35 

R34 

O, l, or 2; 

is selected from: 

hydrogen; 

c1-c2 alkyl; 

c1-c2 alkoxy; 
' 

is selected from: 

Th1i1u11~'1iii1i11~n'"r hydrogen; 
c1-c2 alkyl; 

C1-c2 alkoxy; 

and R35 can be taken together to form a ketal ring, 

a 3- to a-membered carbocyclic ring, or a 5- or 

6-membered heterocyclic ring containing 1-2 

heteroatoms independently selected from the group 

o, N, or S; 

R36 is selected from: C1-c2 alkyl; COR37; NR38R39; CN; 

CCl3; 

35 R37 is selected from: 

: : •'.'' 
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hydrogen; c1-C2 alkyl substituted with 0-1 Rll; 

hydroxyl; C1-c2 alkoxy substituted with 0-1 Rll; 

NR38R39; 

5 R38 and R39 are independently selected from: 

10 

15 

2C 

30 

hydrogen; C1-C2 alkyl substituted with 0-3 Rll; or 

an amine protecting group; 

R40 is selected from: H, C1-C3 alkyl; 

R~l is selected from: 
-C (=0) NRl3Rl4; 

-C {=0) NRl3NRl4; 

-C<=O)C(Rll) 2NR13Rl4; 

-C(=O)C(Rll)2NR13NR14; 

-C(=O)C[R!l)2NP13co2Rl3; 

-C(=OiH; 

-C (=0) Rl~; 

-~(=O)-(C1-C4 alkyl)-NR13Rl4; 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ l\l\ 
* C L M S 

-:::: (=0)- (C1-C4 alkyl)-NR13co2R13; 

~-~ a~i~o acids linked together via amide bonds, 

and !inked to the N atom via ·the carboxyla~e 

"=.e=rr.inus; 

R~ and R7 are not both hydrogen; 

whe~ Wis -C(=Z)-, -P(=O) (R24a)-, -S(=Z')- or 
-S<=Z'>2-, R4 and R7 are not hydrogen; 

when R4 is hydrogen, at least one of the following 
is r.ot hydrogen: R22, R25, R26 and R28. 
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. · 3. A .. compound of Claim 2, or a pharmaceutically 

acceptable salt form thereof, wherein: 

R4 and R7 are selected from benzyl, fluorobenzyl, 

5 pyrrolylmethyl, methoxybenzyl, isobutyl, 

nitrobenzyl or aminobenzyl, thienylmethyl, 

hydroxybenzyl, pyridylmethyl, naphthylmethyl; 

10 

15 

20 

25 

30 

35 

Rs is -OH; 

R6 is hydrogen or -OH; 

R13 is H, C1-C4 alkyl, C2-C4 alkenyl, or benzyl; 

Rl4 is OH, H, CF3, C1-C4 alkyl, C1-C4 alkoxy, NH2 1 C2-C4 

alkenyl, or benzyl; 

R13 and Rl4 can alternatively join to form -(CH2}4-, 

-{CH2}5-, -CH2CH2NCRlS)CH2CH2-, or -CH2CH20CH2CH2-; 

w is selected from: 
-N(R22>sc~o>2N(R23)-; 

-C(=O)-; 

-C(=N-CN)-; 

R22 and R23 ·are independently selected from the 

following: 

hydrogen; 
C1-ca alkyl.substituted with 0-2 R31; 

C2-C6 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, -oR13, C1-C4 alkyl, C3-C10 cycloalkyl, 

-C(Rl4)=N(OR14), -C02Rl3, -S(O)mR13; 

aryl substituted with 0-5 R32; or 
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a heterocyclic ring system·chosen from pyridyl, 

pyrimidinyl, triazinyl, furanyl, thienyl, 
pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, 
benzofuranyl, indolyl, quinolinyl, 
isoquinolinyl, oxazolidinyl, benzimidazolyl, 
benzotriazolyl, indazolyl, benzoxazolinyl, 
benzoxazolyl, said heterocyclic ring being 
substituted with 0-2 R32; 

10 R32, when a substituent on carbon, is selected from one 
or more of the following: 

15 

., ,.. 
" ... 

30 

-CONH2, -C02H, -CHO, -CH2NHOH, -CH2NR13Rl4, 
-NR13Rl4,·hydroxy, hydroxymethyl, 
-C(Rl~)=NCOR14), halogen, methoxy, methyl, 
nitre,· cyano, allyloxy, -C02CH3, -NHCHO, 
-NHCOCH~, -OC02CH3, -CH=NCH2CH20H, 
-ocmrncH2C6H5, -OCONHCH3, oxazolidinyl, -C=C­
CH20H, -COCH3, hydroxyethyl, C1-C3 ·alkyl (said 

a~kyl substituted with 0-4 halogen, or OH), 
t.e:.razolyl, -OCH2CONH2, -CONHNH2, 
-:::=1;?rncm;::2, -CONHOCH3, -CH2CH (OH) CH20H, 

adamantamido, hydroxyethoxy~ dihydroxyethyl; 
-C(NE2)=NH, -CONHCH3, -B(OH)2, benzyloxy, 
-COl~ECH2CH3, -CON (CH2CH3) 2 1 · methylthio, 
-S02CE;:, ..-NHCONH2 1 . -NHCONHCH3, 
-?:HCOCH2N(CH3)2, -NHCOCH2NHCH3, 
-NHCOCH2NHC02CH2C6H5, -NHCOCH2NH2, 
-NHCC:H(CH3)NHC02CH2C6H5, 
-NHCOCH(CH2C6H5)NHC02CH2C6H5, -NHCOCH(CH3)NH2, 
-NHCOCHCCH2C6H5}NH2, -C02CH2CH3, 
-CONHCH2CH2CH3, -CONHCH(CH3)2, -CH2-imidazole, 
-CvC(CH3)3, -CH(OH)CF3, -CO-imidazole, -co-
pyrazolyl, oxadiazolidinonyl, -COCF3, 
-COCH2CH3, -COCH2CH2CH3, pyrazolyl, -S02NH2, 
-C(CH2CH3)=N(OH) or -C(CF3)=N(OH), phenyl, 
a=e:.oxy, hydroxyamino, -NCCH3) (CHO), 
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cyclopropylmethoxy, -CONR13R14, -CONHOH, 

(diethylaminoethyl)aminocarbonyl, 

(N-ethyl,N-methylaminoethyl)aminocarbonyl, 

(4-methylpiperazinylethyl)aminocarbonyl, 

(pyrrolidinylethylf amiriocarbonyl, 

(piperidinylethyl)aminocarbonyl, 

-NHCOCH2NHCH3, N-(2-(4-. 
morpholino)ethyl)aminocarbonyl, or N-(2-(N,N-

dimethylamino)ethyl)aminocarbonyl; 

R32, when a substituent on nitrogen, is methyl. 

4 . A compound of claim 1 of formula (I Id) 

o~,o 
. ~s 

R22N"',... '°NR23 

R' '°R7 

\ 
"OH 

(!Id) 

or a pharmaceutically acceptable salt form thereof, 

wherein: 

R4 and R7 are independently selected from: benzyl, 

fluorobenzyl, pyrrolylmethyl, methoxybenzyl, 

isobutyl, nitrobenzyl or aminobenzyl, 

thienylmethyl, hydroxybenzyl, pyridylmethyl, 

naphthylmethyl; 

R22 and R23 are independently selected from the group 

30 consisting of: 



WO 94/19329 

5 

10 

15 

2G 

30 

I lllllll llllll lllll lllll II llll J 
* C L M S * PCT/USM/01609 
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hydrogen·, ·allyl, methyl, : ethyl, propyl, 

cyclopropylmethyl, n-butyl, i-butyl, 
CH2CH=C(CH3)2, pyridinylmethyl, methallyl, n-

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

propargyl, picolinyl, methoxyethyl, 

cyclohexylmethyl, dimethyl-butyl, ethoxyethyl, 

methyl-oxazolinylmethyl, naphthylmethyl, 

methyloxazolinylmethyl, vinyloxyethyl, 

pentaf luorobenzyl, quinolinylmethyl, 
carboxybenzyl, chloro-thienyl, 

benzyloxybenzyl, phenylbenzyl, adamantylethyl, 

cyclopropylmethoxybenzyl, methoxybenzyl, 

me':.hylbenzyl, ethoxybenzyl, hydroxybenzyl, 

hydroxymethylbenzyl, aminobenzyl, 

fo=mylbenzyl, cyanobenzyl, cinnamyl, 

allyloxybenzyl, f luorobenzyl, diflucrobenzyl, 

chlorobenzyl, chloromethylbenzyl, 

f luoromethylbenzyl, iodobenzyl, bromobenzyl, 

cyclobutylmethyl, formaldoximebenzyl, 
cyclopentylmethyl, nitrobenzyl, (H2NC<•O))­

be:iz~·:, .carbomethoxybenzyl, carboethc>:ybenzyl, 

te~razolylbenzyl, and dimethylallyl, 

a~ino~ethylbenzyl, CO-benzyl-

fcr~aldoxime) benzyl, (0-methyl­
for~aldoxime)benzyl, (CH302CO)-benzyl, 

(H~CH2CH2N=CH)-benzyl, 

N-be~zyla~inocarbonylbenzyl, N-

rnethylaminobenzyl, N-ethylaminobenzyl, 
N-e':.hylaminomethylbenzyl, acetylbenzyl, 

ace':.oxybenzyl, N-hydroxylaminobenzyl, 

phenylmethyl-boronic acid, N­

hyd=oxylaminomethylbenzyl, 
(hydroxyl)ethylbenzyl, (CH3C(sNOH))-benzyl, 

tH2NNHC (=0)) -benzyl, <H2NC (=0) NHN=CH) -benzyl, 
CCH30l;Hc (=0) )-benzyl, CHONHC (=0)} -benzyl, 

This Sheet Has Been Replaced 
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N,N-dimethylaminocarbonylbenzyl, 
(HOCH2CH(OH)CH20)-benzyl, hydroxyethoxybenzyl 

(oxazolidinyl)-benzyl, (hydroxyl)hexyl, 
hexenyl, (hydroxy)octyl, (hydroxyl)pentyl, 
(carboxy) pentyl, ·ccarbomethoxy) pentyl; 
(methylthio)benzyl, ·(methylsulfonyl)benzyl, 
N,N-dimethylaminomethylbenzyl, 
N-methylaminomethylbenzyl, glycylaminobenzyl, 
N,N-dimethylglycylaminobenzyl, 
alanylaminobenzyl, (N-
phenylmethoxycarbonyl) alanylaminobenzyl, 
phenylalanylaminobertzyl, (N­

phenylmethoxycarbonyl) 
phenylalanylaminobenzyl,. (CH3CH2NHC(•O))-

benzyl, N,N-diethylaminocarbonylbenzyl, 
N-ethylaminocarbonylbenzyl, 
N-propylaminocarbonylbenzyl, 
N,N-diisopropylaminocarbonylbenzyl, N, N-di-n­
propylaminocarbonylbenzyl, 
(hy~roxypropynyl)benzyl, (imidazolyl-C(=O))-
benzyl, (pyr~zq~yl-C(=O))-benzyl, 

(pyridylme~hylaminocarbonyl)benzyl, 

(oxadiazolidinonyl)benzyl, 

trifluoroacetylbenzyl, (pyrazolyl)benzyl, 
<H2NS02)-benzyl, dihydroxyethylbenzyl, 

(MeHNC(=O)NH)-benzyl, (H2NC(•O)NH)-benzyl, 

(HC(•O)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-diethylaminoethyl)aminocarbonylbenzyl, 

(4-methylpiperazin-1-

· ... 
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ylethyl)aminocarbonylbenzyl, (benzyl-
NHC (-O)O)benzyl, (CH3NHC(•O)O)benzyl, 

(NH2C(•O)CH20)benzyl, (NH2C(•NH))benzyl, 

( (N-phenylmethoxycarbonyl)_glycylamino)benzyl, 
(imidazolylmethyl)benzyl, ((CH3)3C­

C(•O))benzyl; (N-methyl-N­
ethylaminoethyl)aminocarbonylbenzyl, 
(pyrrolidinylethyl)aminocarbonylbenzyl, 
(piperidinylethyl)aminocarbonylbenzyl, 
(H2NC(•NOH))benzyl, (H2NC(•NOH))fluorobenzyl, 

benzimidazolylmethyl, benzotriazolylmethyl, 

indazolylmethyl, benzoxazolinylmethyl, 

benzisoxazolylmethyl, thienylmethyl, 

furylmethyl. 

11 compound of Claim. 1 of formula (Ild) : 

Ph 

._- .. 0~~0 
s 

. R22N/ 'NR23 

(I Id) 

. .. 
~OH 

or a pharmaceutically acceptable salt form thereof, 

selected from the group consisting of: 

the compound of formula (I Id) wherein R22 is 4-

hydroxymethylbenzyl and R23 is 4-

hydroxymethylbenzyl; 

the compound of formula (!Id) wherein R22 is 3-
hydroxybenzyl and R23 is 3-hydroxybenzyl; 
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the compound of formula (IId) wherein R22 is 

cyclopropylmethyl and R23 is 

cyclopropylmethyl; 

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 R22 is 3-

aminobenzyl and R23 is 3-aminobenzyl; 

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

hydroxymethylbenzyl and R23 is 3-

hydroxymethylbenzyl; 

the compound of formula (lid) wherein R22 is 
3-(Me2NCH2CC=O)NH)-benzyl and R23 is 3-

(Me2NCH2C(•O)NH)-benzyl; 

the compound of formula (Ild) wherein R22 is 

3-f ormaldoximebenzyl and R23 is 3-

formaldoximebenzyl; 

the compound of formula.(IId) wherein R22 is 
3-(CH3C(=N-OH})-benzyl and R23 is 3-(CH3C(=N­

OH))-benzyl; · 

the compound of formula (Ild) wherein R22 is 3-(2-

amino-4-thienyl) ben·zyl and R~3 is· 3- (2-amino-

4-thienyl) benzyl; 

the compound of formula {lld) wherein R22 is 5-

hydroxypentyl and R23 is 5-hydroxypentyl; 

the compound of formula (Ild) wherein R22 is 6-

hydroxypentyl and R23 is 6-hydroxypentyl; 

the compound of formula CIId) wherein R22 is 5-

hydroxypentyl and R23 is 2-naphthylmethyl; 

the compound of formula (IId) wherein R22 is 5-

hydroxypentyl and R23 is 4-

hydroxymethylbenzyl; 

the compound of formula (Ild) wherein R22 is 5-

hydroxypentyl and R23 is 3-

hydroxyrnethylbenzyl. 
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6. A compound of the formula (I): 

(I) 

o:- a pharmaceutically acceptable salt form thereof 
wbe:-eir.: 

~~ anc R; are independently selected from the following 

c:-ce alkyl substituted with 1-3 RllB; 
C2'-:E alkenyl substituted wi_th 1-3 RllB; 

c2-:e alky~yl substituted with l-3 RllB; 
-c:.r:.1~; -sP.13; co2R13; 

P~~ a~c R~~ a=~ indep~ndently selecte~ .. from the 
.!cl:6~ing g~oups: 

hyd::-ogen; 
C1-C~ alk~! subs~ituted with 0-6 halogen o= 0-3 C1-

C2 alkoxy; 
benzyl sutstituted with 0-6 halogen or 0-3 C1-c2 

alkoxy; 
-o?:~; -sR13; C02Rl3; 

r.4 a::-.d R~A can alternatively join to form a 5-7 membered 
ca=bccyclic ring substituted with 0-2 Rl2; 

3C p7 a:.~ R7A can alternatively join to form a 5-7 me~~ered 
carbo=yclic ring substitut~d with 0-2 Rl2; 
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n is O, 1, or 2; 

Rs is selected from H; halogen; c1-C6 alkyl substituted 

with 0-3 Rll, -N(R20)2, -sR20, -oR20, or -N3; 

R6 is independently selected from: hydrogen, halogen, 

C1-C6 alkyl substituted with 0-3 Rll, -N(R20)2, 

-sR20, -0R21, o~ -N3; 

10 RS and R6 can alternatively join to form an epoxide or 

aziridine ring; -OCH2SCH20-; -OC(-0)0-; -OCH20-; 

-OC(•S)O-; -OC(•O)C(•O)O-; -OC(CH3)20-; 

-OC((CH2)3NH2> (CH3)0-; -OC(OCH3) (CH2CH2CH3)0-; 

-OS(•O)O-; -NHC(•O)NH-; -OC(•O)NH-; -NHC(•O)O-; 

lS -NHCH20-; -OCH2NH-; -NHC(-S)O-; -OS(•O)NH-; 

-NHC(•O)C(-0)0-; -OC(•O)C(sQ)NH-; -NHC(•O)C(=O)NH-; 

-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 

20 amino; 

R5a is selecte.d from hydrogen, halogen, . C1 "'."'C6 alkyl, 

. -N CR20> 2, -sR20, or -oR20; 

25 R6a is.selected from: hydrogen, halogen, C1-C6 alkyl, 

-N(R20)2, -SR20 or -pR21; 

30 

RS and RSa can alternatively join to form sQ, •S, or a 

ketal ring; 

R6 and R6a can alternatively·join to form -o, •S, or a 

ketal ring; 

R20 and R21 are independently selected from: 

35 hydrogen; 
C1-C6 alkyl substituted with 0-3 Rll; 

-··-.:- .• "T·~- ... --•· ·--::· -
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C3-C6 alkoxyalkyl substituted with 0-3 Rll; 

C1-C6 alkylcarbonyl substituted with 0-3 Rll; 

C1-C6 alkoxycarbonyl substituted with 0-3 Rll; 

C1-C6 alkylamiriocarbon.yl substituted with 0-3 Rll; 

benzoyl substituted with 0-3 Rl2; 

phenoxycarbonyl substituted with 0-3 Rl2; 

phenylaminocarbonyl substituted with 0-3 Rl2; or 

any group that, when administered to a mammalian 

subject, cleaves to form a free hydroxyl, 

amino or sulfhydryl; 

Rll is selected from one or more of the following: 

' -. ... -

..., = ... -

3C 

c, ketc, haloqen, cyano, -CH2NR13Rl4, -NR13Rl4, 

-co2Rl3, -OC(=O)Rl3, -oRl3, -S(O)mRl3, 

-N.HC.(=NH} NHR13, -C (sNH) NHR13, -C (=0) NR13Rl4, 

-N?.14c (=0) Rl3, =NOR14, -NR14c (=0) OR14, 

-OC(=O)NR13R14, -NR13c(=O)NR13Rl4, 
-NR14so2NR13Rl4, -NR14so2Rl3, -so2NR13Rl4, 

. ' 
-OP(O) (OR13)2, C1-C4 alkyl, c2-C4 alkenyl, C3-

C6 cyclo~lkylmethyl, benzyl, phenethyl, 

phencxy, benzyloxy, nitre, C7-C10 arylalkyl, 

hydroxamic acid, hydrazide, boronic acid, 

sulfonamide, formyl, C3-C6 cycloalkoxy, C1-C4 

alkyl substituted with -NR13Rl4, C1-C4 

· hydroxyaH:yl, methylenedioxy, ethylenedioxy, 

C1 -:4 haloalkyl, · C1-C4 haloalkoxy, C1 -C4 
alkoxycarbonyl, pyridylcarbonyloxy, C1-C4 

alkylcarbonyl, C1-C4 alkylcarbonylamino, 

-o:H2C02H, 2-Cl-morpholino)ethoxy, azido, 

-C (RH) =N (0Rl4); 

~-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 Rl2; 
C1-:~ al~yl substitued with 0-2 Rl2; 
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aryl<C1-C3 alkyl) substituted with 0-2 Rl2; 

c2-C6 alkoxyalkyl, substituted with 0-2 Rl2; 
C1-C4 alkylcarbonyloxy substituted with 0-2 R12; 
C5-C10 arylcarbonyloxy substituted with 0-2 Rl2; 

5 a C5-·c14 carbocyclic residue substituted with 0-3 

10 

Rl2; 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 0-3 Rl2; 

RllA is selected from one or more of the following: 
H, keto, haloqen, cyano, -CH2NR13BR14B, -NR13BR14B, 

15 -C02H, -OC(•O) (C1-C3 alkyl}, -OH, c2-C6 
alkoxyalkyl, -C(•O)NH2, -OC(•O)NH2, 

-NHC(=O)NH2, -so2NH2, C1-C4 alkyl, c2-C4 

alkenyl, C3-C10 cycloalkyl, C3-C6 

cycloalkylmethyl, benzyl, phenethyl, phenoxy, 

~o 

25 

30 

35 

benzyloxy, nitro, C7-C10 arylalkyl, hydroxamic 

acid, hydrazide, boronic acid, C3-C5 

cycloalkoxy, C1-C4 alkyl substituted with 
-NH2, C1-C4 hydroxyalkyl, methylenedioxy, 

ethylenedioxy, C1-C4 haloalkyl, C1-C4 

haloalkoxy, ·c1-C4 alkoxycarbonyl, C1-C4 
alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 
alkylcarbonylamino, ·-ocH2C02H, 

2-(l-morpholino)ethoxy, azido, aryl(C1-C3 

alkyl), a C5-C14 carbocyclic residue; a 5- to 

10-membered heterocyclic ring system . 

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

heterocyclic ring system substituted with 0-3 
Rl2A; 
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RllB. is selected from one or more of the following: 

-CH2NR13AR14, -NR13AR14, -co2Rl3A, -OC(•O)Rl3A, 
-oR13A, -S(O)mR13A, -NHC(•NH)NHR13A, 
-C(•NH)NHR13A, -C(=O)NR13AR14, -NR14c(•O)R13A, 

5 -OC(•O)NR13AR14,. -NR13Ac(•O)NR13AR14, 
-NR14so2NR13AR14, -NR14so2R13A, -so2NR13AR14, 
-cH2NR13Rl4A, -NR13Rl4A, -C(•O)NR13R14A, 
-NR14Ac(-O)Rl3, •NOR14A, -NR14cc-o)oR14A, 
-OC(•O)NR13R14A, -NR13c(•O)NRl3R14A, 

10 -NR14Aso2NR13Rl4A, -NR14Aso2R13, -so2NR13Rl4A, 

15 

20 

30 

3 ~. 

nitre, hydrazide, boronic acid, formyl, C3-C6 
cycloalkoxy, C2-C4 alkyl substituted with 
-NR13Rl4, C1-C4 hydroxyalkyl, methylenedioxy, 
ethylenedioxy, C1-C4 haloalkyl, C1-C4 
haloalkoxy, pyridylcarbonyloxy, C1-C4 
alkylcarbonyl, -OCH2C02H, 
2-(l-morpholino)ethoxy, azido, 
-C (Rl4) •N (QR14), -OP (0) (ORl3) 2; 

C7-C10 cycloalkyl substituted.with 0-2 R12; 
c1~c, alkyl substitued with 1-2 Rl2; 

, .., arylCC1-C3 alkyl) substituted with 1-2 R4L; 
C2-C6 alkoxyalkyl, substituted with 1-2 Rl2; 
C1-C.i:; alkylcarbonyloxy substituted with 1-2 Rl.2; 
C€-C:c arylcarbonyloxy substituted with 1-2 Rl2; 

R~~, whe~ a substituent on carbon, is selected from one 
o~ rno=e cf the following: 
phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 

halogen, hydroxy, nitro, cyano, C1-C4 alkyl, 
C3-C6 cycloalkyl, C3-C6 cycloalkylmethyl, C7-
C10 arylalkyl, C1-C4 alkoxy, -C02H, hydroxaraic 
acid, hydrazide, boronic acid, sulfonamide, 
formy:, C3-C€ cycloalkoxy, -OR13, C1-C4 alkyl 
substituted with -NR13R14, -NR13R14, c2-c5 
alkcxyalkyl ~ptiona!ly subs~ituted with 
-2~(:H~l3, C:-C4 hy1rnxya!k~:, rnethylenedioxy, 
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ethylenedio~y, C1-C4 haloalkyl, C1-C4 
haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4 
alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 
alkylcarbo_nylamino, -s (0) mR13, -so2NR13R14, 
-NHS02R14, -OCH2C02R13, 

2-(1-morpholino)ethoxy, -C(Rl4)•N{OR14); 
a 5- or 6-membered heterocyclic ring containing 

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

or Rl2 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, -NR13Rl4; or, when Rl2 

is attached to a saturated carbon atom, it may 
be =O or =S; or when Rl2 is attached to sulfur 
it may be =O; 

20 R12, when a substituent on nitrogen, is selected from 
one or more of the following: 
phenyl, benzyl, ~henethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 ~lkoxy, Ci-C4 alkyl, C3-C6 
cycloalkyl,. C3-C6 cyc~oalkylmethyl, 

2 5 -CH2N.Rl3Rl4, · -NR13R:14, . C2-C6 alkoxyalkyl, C1-
C4 haloalkyl, C1-C4 alkoxycarbonyl, -C02H, C1-
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, 
-C(Rl4)•N(OR14); 

30 Rl2A, when a substituent on carbon, is selected from one 
or more of the following: 

35 

phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 
halogen, hydroxy, nitre, cyano, C1-C4 alkyl, 
C3-C6 cycloalkyl, C3-C6 cycloalkylmethyl, C7-
C1c arylalkyl, C1-C4 alkoxy, -C02H, hyd:oxarnic 
acid, hydrazide, boronic acid, sulfonamide, 
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formyl, C3-C6 cycloalkoxy, -oR13, c1-c4 alkyl 

substituted with -NH2, -NH2, -NHMe, c2-C6 

alkoxyalkyl optionally substituted with 
-Si(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy, 

ethylenedioxy, C1-C( haloalkyl, C1-C4 

haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4 
alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 

alkylcarbonylamino, -S(O)mMe, -so2NH2, 

-NHS02Me, -OCH2C02R13, 2-(1-morpholino)ethoxy, 

-C{-=NOH)NH2; 
a 5- or 6-membered heterocyclic ring containing 

from 1 to 4 heteroatoms independently selected 

from oxygen, nitro~eri or sulfur; 
or R12A may be a 3- or 4~ carbon chain attached to 

adjacent carbons on the ring to form a fused 

5- er 6-membered ring, said 5- or 6- membered 

ring being optionally substituted on the 
a~iphatic carbons with halogen, C1-C4 alkyl, 

C1-C~ alkoxy,· hydroxy, or -NH2; or, 

"'·:-.-=;. F.:!.2~. is ettached to a saturated carbon atom, 

~: ~ay b~ =O or =S; or ~heri R12 is attached tc 

s~!fui it mai be =o;· 

a substituent ori nitrogen, is selected fro~ 

c~f or more cf the following~ 
phe~yl, benzyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cycloalkyl, C3-C5 cycloalkylmethyl, -CH2NH2, 

-NE2, C2-C6 alkoxyalkyl, C1-C4 haloalk •l C1-. , 
C~ alkoxycarbonyl, -C02H, C1-C4 

alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

-C(=NOH)NH2; 

F:3 is sElected fro~: 
~ . 
••I 

. . . . . 
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benzyl substituted with. 0-3 RllA; 

c1-C6 alkyl substituted with 0-3 RllA; 

C2-C4 alkenyl substituted with 0-3 RllA; 

C1-C6 alkylcarbonyl substituted with 0-3 RllA; 

S C1-C6 alkoxycarbonyl substituted with 0-3 RllA; 

C1-C6 alkylaminocarbonyl substituted with 0-3 RllA; 

C3-C6 alkoxyalkyl substituted·with 0-3 RllA; 

10 

15 

20 

an amine protec~ing group when Rl3 is bonded to N; 

a hydroxy protecting group when Rl3 is bonded to O; 

Rl3A is selected from: 

phenyl substituted with 1-3 Rll; 

benzyl substituted with 1-3 Rll; 

c1-ce alkyl substituted with 1-3 Rll; 

C2-C4 alkenyl substituted with 1-3 Rll; 

C1-C6 alkylcarbonyl substituted with 1-3 Rll; 

C1-C6 alkoxycarbonyl ~ubstituted with 1-3 Rll; 

c1-C6 alkylaminocarb~nyl.substitute~ with 1-3 Rll; 

C3-C6 alkoxyalkyl substituted with 1-3 Rll; 

an amine protecting groµp when Rl3 is bonded to N; 

a hydroxy protecting grqup when R13 is. bonded tc- O; 

R14 is hydrogen, hydroxy, CF3, C1-C6 alkyl substituted 

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

25 halogen, NH2, -NH(C1-C4 alkyl), C1-C6 alkoxy, C2-C6 

alkenyl, phenyl, benzyl, an amine protecting group 

when Rl4 is bonded to N, a hydroxy protecting group 

when Rl4 is bonded to O; 

30 Rl4A is C1-C6 alkyl substituted with 1-3 groups selected 

from OH, C1-C4 alkoxy, halogen, NH2, -NH(Cl-C4 

alkyl), C1-C6 alkoxy, C2-C6 alkenyl, phenyl, benzyl, 

an amine protecting group when R14 is bonded to N, 

a hydroxy protecting group when Rl4 is bonded to O; 

35 

1
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R13 and R14 can ·alternatively join to form - (CH2) 4-, 

-(CH2)5-, -CH2CH2N(RlS)CH2CH2-, or -CH2CH20CH2CH2-; 

R13B and Rl4B are independently selected from H or Ci-Cs 
5 alkyl, or Rl3B and R14B can alternatively join to 

form -(CH2)4-, -(CH2)5~, -CH2CH2N(RlS)cH2CH2-, or 
-CH2CH20CH2CH2-; 

10 

P.15 is H or CH3; 

m is O, 1 or 2; 

W !s sele=ted from: 
-N(Ri2~C(=Z)N(R23)-, 

15 -OC(=Z)u-, 

- N ( R 2 2 ). C ( = Z ) 0- , 

-C(R25) (R26)C(=Z)C(F~27) (R2B)-, 
-NCR22)C(-=Z)C(P.27) (R2B)-, 
-C (p,25) (R2 6) C (=Z) 0-, 

20 . -N(R22)C(=O)C(=O)N(R23)-, 
-c(:.;25) rn2€)C(F2)C·(R27) (R28)-, 

-C(F.25) (F:26)N(CH3) (0)C(R27) (p,28)-, 
-:cR25) (p,26)1-J<OR29)c(R27) u~28)-, 
-C(R25icR26)C(=Z)S-, 

2: -Nc?22)S(=O)N(R23)-; 

w:i.e:::-el.n: 

Z is 0, S, NR24; 

3C p22 and R23 are independently selected from the 

3:: 

following: 

hydrogen; 
c1-ce alkyl substituted with 0-3 R31; 
c2-cs alkenyl substituted with 0-3 R31; 

alkyr:yl substitut~d witr. G-3 
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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 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 0-2 R32; 
-oR22a; -N (R22a) (R22b) ; 

10 R22a and R22b are independently selected from the 

15 

·20 

following: 

hydrogen; 
C1-ca alkyl substituted with 0-3 R31; 

c2-ca alkenyl substituted with·0-3 R31; 

c2-cs alkynyl substituted with 0-3 R31; 

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 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system ~eing substituted 
with 0-2 R32; 

R2' is selected from: hydrogen; hydroxy; amino; c1-C4 

25 alkyl; C1~C4 alkoxy; mono- or di-(C1-C6 

alkyl)amino; cyano; nitre; benzyloxy; -NHS02aryl, 

aryl being optionally substituted with 
(C1-C6)alkyl; 

30 R25 and R27 are independently selected from the 

following: 

hydrogen; 
C1-cs alkyl substituted with 0-3 R31; 

c2-ca alkenyl substituted with 0-3 R31; 

35 c2-ca alkynyl substituted with 0-3 R31; 

.: .. ·.· 
· .. ·· 
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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 heteroatoms independently 

selected from oxygen,· nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 0-2 R32; 
-0R13; -sR13; 

10 R26 and R28 are independently selected from: 

hydrogen; 

15 

halogen; 
C1-C~ alkyl substituted with 0-3 halogen or 0-3 C1-

C2 alkoxy; 

benzyl substituted with 0-3 halogen or 0-3 C1-c2 

a.lkoxy; 
-o?..:3; -SP.~3; 

R29 is selected from: 

20 hydrogen; 

25 

30 

c:-Cc al~yl substituted wi~h C-3 halogen or 0-2 

C1-(:2 alkoxy; 

benz;: sub~~!tuted wi~h 0-3-ha~ogen or 0-3 C1-C2 

alkoxy; 

al~ernatively, R22, R25, or R2e,· independently, can join 

w!th R~ or F4A to form a 5- or 6-membered fused 

heterocyclic ring or carbocyclic ring substituted 

with 0-2 p12, said heterocyclic ring containing 1-3 

he~eroatoms independently selected from N, S, or O; 

or 

alterna:ively, R23, R2 7 , or R28, independently, can join 

with R7 or R7A to form a 5- or 6-membered fused 

he~e~ocyclic ring or carbocycl!c ring substituted 

heter:i~y:::lic containing :i.-3 

This Sheet Has Been Replaced 
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heteroatoms independently selected from N, S, or O; 

or 

alternatively, R22, R25, R26, R23, R27, R28, R34, or R35 

5 can join with RS or R6 to form a o- to 7-membered 

bridge to form a carbocyclic or heterocyclic ring, 

said bridge being substituted with 0-2 Rl2 and said 

bridge containing 0-3 heteroatoms independently 

selected from N, S, or O (i.e., a 0-membered bridge 

10 

15 

is formed when R22, R25, R26, a23, R27, a28, R34, 

or R35 are taken together with RS or R6 to form a 

direct bond); 

alternatively R28 or R23 can join with R7A to form a 

direct bond; 

alterna.tively R26 or R22 can join with R4A to form a 

direct bond; 

2C R31 is selected from one .or more o_f the following: 
keto, halogen, ·cyano, -CH2NR13Rl4, -NR13Rl4, 

-co2R13, -c <=o> R11, -oc <-o> R13, --0R13, c2-c6 

alkoxyalkyl, -S(O}mRl~, -NHC(~NH}NHR13, 
-C(=NH)NHR13, -C(=O}NR13R14,· -NR14c(=O)R13, 

25 =NOR14, -NR14c(=O)OR14, -OC(=O)NR13Rl4, 

-NR13cc=O)NR13Rl4, -NR13c(-S)NR13R14, 

30 

35 

-NR14so2NR13Rl4, -NR14so2R13, -so2NR13R14, C1-

C4 alkyl, c2-C4 a~kenyl, C3-C10 cycloalkyl, 
C3-C6 cycloalkylmethyl, benzyl, phenethyl, 

phenoxy, benzyloxy, nitro, C7-C10 arylalkyl, 

hydroxamic acid, hydrazide, oxime, boronic 

acid, sulfonamide, formyl, C3-C6 cycloalkoxy, 

C1-C4 alkyl substituted with -NR13Rl4, C1-C4 

hydroxyalkyl, methylenedioxy, ethylenedioxy, 

C1-C~ haloalkyl, C1-C4 haloalkoxy, C1-C4 
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alkoxycarbonyl, C1-C4 alkylcarbonyloxy, C1-C4 
alkylcarbonyl, c1-C4 alkylcarbonylamino, 
-OCH2C02Rl3, 2-Cl-morpholino)ethoxy, azido, 
-C(Rl4)•NCOR14); or 

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

a C5-C14 carbocyclic 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 R32; 

::-.32, w!1en a sul:::st.ituen:. on carbon, is selected from one 
o= mere cf the following: 
phenethyl, phenoxy, C3-C10 cycloalkyl, C3-C6 

cycloalkylmethyl, C7-C10 arylalkyl, hydrazide, 
cxirne, boronic acid, c2-C6 alkoxyalkyl, 
~e:.tylenedioxy, ethylenedioxy, C1-C4 
alkylcarbcnyloxy, -NHS02Rl4, benzyloxy, 
halogen, 2-Cl-morpholino)ethoxy, -co2Rl3, 
hyd=o>:ar..ic acid, -CONR13NR13Rl4, cyano, 
s~l!onami~e, -CHO,· C3~C6 cycloalkoxy, 
-1;Rl3R1~, -ccR14>=NCOR14>, -No2 , -oR13, 
-NR40R~l, -SOmRl~, -SOmNRl3R14, -C(=O)NR13Rl4, 

-OC(•0)NR13Rl4; -C(•O)Rll, -OC(•O)Rll, 
-oco2R13, phenyl, -c <=O)NR13-cc1-c4 alkyl)-
NR:3R14, -C(=O)NR40R4l, C1-C4 haloalkyl, C1-C~ 

haloalkcxy, C2-C4 haloalkenyl, C1-C4 

haloalkynyl; 
·--: (=0) NF.13c (Rll) 2NR13RH; 

-Cf=O)NP13ccRll)2NRl3co2Rl3: 

. ~ . :. 



. ~· . 
.. ............ ,. 

WO '4/19329 
I ~I/IQ II/~/ ll(U /~//11/IJ 

,. PCT/US94/01609 

5 

10 

15 

20 

25 

30 

... 
. . ·-431-· 

-C(•O)N(R13)-(C1-C4 alkyl)-Rll;. or 

-C(•O)C(Rll) 2NR13Rl4; 

-C(•O)C(Rll)2NR13co2Rl3; 

-C(•O)-(C1-C4 alkyl)-NR13Rl4; 

-c (•0)- (C1-C4 alkyl)-NR13co2Rl3; 

C1-C4 alkoxy substituted with 0-4 groups selected 

from: Rll, C3-C6 cycloalkyl, -C02Rl3, 

-C(•O)NR13R14, -NR13R14 or OH; 

C1-C4 alkyl substituted with 0-4 groups selected 

from: Rll, •NR14, •NNR13c(•O)NR13Rl4, 

•NNR13c(•O)OR13, or -NR13Rl4; 

C2-C4 alkenyl substituted with 0-4 Rll; 

C2-C4 alkynyl su~stituted with 0-4 Rll; 

a 5- or 6-membered heterocyclic ring containing 

from 1 to 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur, substituted 

with 0-2 Rl2; 

or R32 may be a 3- or 4- carbon chain attached to 

adjacent carbons on ~he ~ing 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, 

wher: R32 is attached to a saturated carbon , it may 

be =O, =S, =NOH; or when R32 attached to 

sulfur it may be =O; 

R32, when a substituent on nitrogen, is selected from 

one or more of the following: 

phenyl, benzyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cycloalkyl, C3-C6 cycloalkylmethyl, 

-CH2NR13Rl4, -NR13R14, C2-C6 alkoxyalkyl, C1-

C4 haloalkyl, C1-C4 ·alkoxycarbonyl, -C02H, C1-

Thil111i~' 1iii1l1lf I 1if~ird 
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C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

-c CR1 4) =N (OR14): 

R40 is selected from: H, C1-C3 alkyl; 

R41 is selected from: 
-C (•0) NR13R14; 

., 
'. 

-C (•0) NR13NR14; 
-C(•O)C(Rll) 2NR13Rl4; 

-C(•O)C(Rll)2NR13NR14; 

-C(•O)C(Rll)2NR13co2Rl3; 

-C(=O)H; 

-C (=0) Rll; 

-C(=O)-(C1-C4 alkyl)~NR13R14; 

-C(=O)-{C1-C4 alkyl)-NR13co2Rl3; 

:-3 arr.inc acid~ linked together via amide bonds, 

and linked to the N atom via the carboxylate 

t.erminus. 

'J... corr.pound of Claim 6, of formula (II) : 

--lw .. '>-· ... 

. R4 . )--{ - R7 

Rs Rs . 

(II) 

or a pharmaceu~ically acceptable salt form thereof 

w:ierein: 

R4 a~d ~7 are independently selected from the following 

3C groups: 

hydrogen; 
C1-:~ alkyl subs~ituted with 1-3 Rll; 

C3-:4 alkenyl substituted with 1-3 Rll; 
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Rs is selected f~om -oR20; 

R6 is hydrogen or -oR21; 

R20 and R21 are independently hydrogen or an·y group 

that, when administered to a mammalian subject, 

cleaves to form a free hydroxyl; 

10 Rll is selected from one or more of the following: 

15 

H, keto, halogen, cyano, -CH2NR13R14, -NR13Rl4, 
• -co2Rl3, -OC(-O)Rl3, -oR13, -S(O)mR13, c2-C4 

alkenyl, C3-C6 cycloalkylmethyl, nitre, 

hydrazide, boronic acid, formyl, ~3-C6 

cycloalkoxy,, methylenedioxy, ethylenedioxy, 

C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 

_alkoxycarbonyl, C1-C4 alkylcarbonyl, C1-C4 

alkylcarbonylarnin~, -OCH2C02H, 
-· ....... 

-:-C (Rl~) =N (OR14); 

20 C3-c10 cyc~oalk~~ subsiituted ~it~·0-2 Rl2; 

C1-~4 alkyl substitued wit~ O-i Rl2; 
. . ' t • . .. . 

25 

30 

aryl<C1-C3 alkyl) substituted with 0-2 Rl2; 

c2-C6 alkoxy~lkyi,· s~bstituted with 0-2 R12; 

C1-C4 alkylc~rbon~loxy ~ubstituted with 0-2 R12, 

C6-C10 arylcarbon~loxy ~ubstit~ted with 0-2 R12, 

aryl substituted with o-3 Rl2; or 
I "• ' ' 

a 5- to 10-membered heterocyclic ring system 

containing 1 to 4 heteroatorns independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 0-2 Rl2; 

RllB is selected from one or more of the. following: 

-CH2NR13AR14, -NR13AR14, -co2Rl3A, -OC(=O)R13A, 

35 -oR13A, -S(O)mR13A, -CH2NR13R14A, -NR13Rl4A, 

nitro, hydrazide, boronic acid, formyl, C3-C6 

This Sheet Has Been Replaced 
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cycloalkoxy, C1-C4 hydroxyalkyl, 
methylenedioxy, ethylenedioxy, C1-C4 

haloalkyl, C1-C4 haloalkoxy, C1-C4 
alkylcarbonyl, C1-C4 alkylcarbonylamino, 
-OCH2C02H, -C(Rl4)•N(OR14); 

C7-ClO cycioalkyl substituted with 0-2 Rl2; 
C1-C4 alkyl substitued wi~h 1-2 Rl2; 
aryl(C1-C3 aikyll substituted with 1-2 Rl2; 
c2-C6 alkoxyalkyl, substituted with 1-2 Rl2; 
C1-C4 alkylcarbonyloxy substituted with 1-2 Rl2; 
C6-Cfl.O arylcarbonyloxy substituted with 1-2 Rl2; 

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 
alkoxy, 2-(1-morpholino)ethoxy, -co2E, 
hydroxamic acid, hydrazide, -C(Rl4)=N(OR14), 

·. 

_cyano, boronic acid, sulfonamide, formyl, C3-
C6 cycloalkoxy, -OR13, C1-C4 alkyl substituted 
w!.t.h ·-NR13R14,· -NR13R14, methylenedioxy, C1-c~ 
hai6~l~yl, ~i-C4 alkylcarbonyl, C1-C4 
alkylcarbonylarnino," ·hydroxy, hydroxymethyl; o.:-

a 5- or 6-rnembered heterocyclic ring containing 
from 1 t6 4 heteroatoms independeritly selected 
from oxygen, nitrogen or sulfur; 

Rl2, wheri a substituent on nitrogen, is selected from 
benzyl or mEthyl; 

R13 is P., C1-C4 alkyl, C3-C6 alkoxyalkyl, C2-C4 alkenyl, 
or benzyl; 

Rl3A is selected from: 

phe~y! substi~uted with 1-3 Rll; 
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benzyl substituted with 1-3 Rll; 

C1-C6 alkyl substituted with 1-3.Rll; 

C2-C4 alkenyl substituted with 1-3 Rll; 

C3-Cs alkoxyalkyl substituted .with 1-3 Rll; 

an-amine protecting group when Rl3 is bonded to N; 

a hydroxy protecting group when R13 is bonded to O; 

R14 is OH, H, CF3, C1-C4 alkyl, C1-C4 alkoxy, NH2, C2-C4 

alkenyl, or benzyl; 

Rl4A is C1-C6 alkyl substituted with 1-3 groups selected 

from OH, C1-C4 alkoxy, halogen, NH2, -NH(Cl-C4 

alkyl), C1-C6 alk~xy, C2-C6 alkenyl, phenyl, benzyl, 

an amine protecting group when Rl4 is bonded to N, 

a hydroxy protecting group when Rl4 is bonded to O; 

I'·. . 

Rl3 arid R14 can alterna~ively.join to form -(CH2)4-, 

-(CH2>5-, -CH~CH2~(~15)CH2CH2-, or ~cH2CH20CH2CH2-; 

w is sele.cted from: 
-N(R22)C(=Z)N(R23)-; 
-NCR22)C(=Z)O-; -

25 -N(R22)ct=:=Z)C(R27) (R28)-; 
-N(R22)C(=O)C(=O)N(R23)-; 

wherein: 

30 Z is 0, S, N-CN 

35 

R22 and R23 are independently selected from the 

following: 

hydrogen; 
C1-ca alkyl substituted with 0-2 R31; 

c2-C6 alkenyl substituted with 0-1 R31; 

C2-C4 alkynyl substituted with 0-1 R31; 

. ~ .. ,. !·.'". . ••··. ' 
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R27 is selected from the following: 
hydrogen; 
C1-Ce alkyl substituted with 0-3 R31; 

5 c2-ce alkenyl substituted with 0-3 R3l; 
C3-C9 alkynyl substituted with 0-3 a31; 

R28 is hydrogen or halogen; 

10 R31 is selected from one or more of the following: 

15 

20 

2:. 

30 

35 

ke~o, halogen, cyano, -CH2NR13R14, -NR13Rl4, 

-co2Rl3, -C(•O)Rll, -OC(•0)Rl3, -oR13, c2-C6 

alkoxyalkyl, -S(O)mR13, -NHC(•NH)NHR13, 

-c <=NH> NHF.13, -c c-o> NR13R14, -NR14c c-o> R13, 

=NOR14, -NR14c(=0)0R14, -OC(=O)NR13R14, 

-NR13c(~O)NR13Rl4, -NR13cc=S)NR13Rl4, 

-N?.14 S02NR13R14 I -NP.14 S02R13, -so2NR13R14, C1-

C4 alkyl, c2-C4 alkenyl, C3-C10 cycloalkyl, 

C3-CE cycloalkylrne~hyl, benzyl, phenethyl, 

phenoxy, benzyloxy, nitro, C7-C10 arylalkyl, 

hydroxarr.ic acid, hydrazide, oxime, boronic 
acid, sulfonamide, formyl, C3-C6 cycloalkoxy, 

C1-Cc alkyl substituted with -NRl3Rl4, C1-C4 

hydroxyalkyl, rnethylenedioxy, ethylenedioxy, 

C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 
c.lk~:-:ycar.bonyl, C~-C4 alkylcarbonyloxy, C1-C4 

c.lky:carbonyl, C1-C4 alkylcarbonylarr.ino, 

-OCE2C02Rl3, 2-(l-rnorpholino)ethoxy, azido, 

-C(P.l4)=N(OR14); er 

1-3 arr.inc acids, linked together via amide bonds, 

said amino acid being linked via the amine or 

carboxylate terminus; 

a C5-C14 carbocyclic residue substituted with 0-5 

R32; or 

a 5- to 10-rnembered heterocyclic ring system 

containing l to 4 heteroatorns independently 

selected fro~ oxygen, ~itrogen or sulf~r, sa:d 
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heterocyciic ring system being substituted 

with 0-2 R32; 

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

5 or more of the following: 

10 

15 

20 

25 

30 

35 

phenethyl~ ph~rioxy, C3-C10 cy6loalkyl, C3-C6 

cycloalkylm!thyl, C7-C10 arylalkyl, hydrazide, 

oxime, boronic acid, c2-C6 alkoxyalkyl, 

methylenedioxy, ethylenedioxy, C1-C4 

,., 

alkylcarbonyloxy, -NHS02Rl4, benzyloxy, 

halogen, 2-(1-morpholino)ethoxy, -co2Rl3, 

hydroxamic acid, -CONR13NR13Rl4, cyano, 

sulfonamide, -CHO, C3-C6 cycloalkoxy, 
-NR13Rl4, -C(Rl4)=N(OR14), -N021 -oR13, 

-NR40R41, -SOmRl3, -SOmNR13R14, -C(s:Q)NR13Rl4, 

~occ=O)~R13Rl4, -C(=O)Rll, -OC(=O)Rll, 
-oco2~13, phenyl, -C(=O)NR13-(c1-c4 alkyl>­

N:Ri3Rl4, -C(=0)NR40R41, C1-C4 haloalkyl, C1-C4 

haloalko~y,·C2-C4 haloalkenyl, C1-C4 

haloalkynyl, 
-C (=0) NR13c {Rll) 2NR13Rl4; 

~C(•O)NR13c(Rll)2NR13co2Rl3; 

-C<=O)NR13-(C1-C4 alkyl)-NR13C02Rl3; 

-C(=0)N(R13>-CC1-C4 alkyl)-Rll; or 
-C(=O)C(Rll)2NR13Rl4; 

-C(=O)C(Rll)~NR13co2Rli; 

-C(=O)-(C1-C4 alkyl)-NR13Rl4; 

-C(=O)-(C1-C4 alkyl)-NR13co2Rl3; 

C1-C4 alkoxy substit~ted with 0-4 qroups selected 

from: Rll, C3-C6 cycloalkyl, -C02R13, 

-C(-=0)NRl3Rl4, -NR13Rl4 or OH; 

C1-C4 alkyl substituted with 0-4 groups selected 

from: Rll, -=NR14, -=NNR13C(=O)NR13Rl4, 

=NNR13C(=O)OR13, or -NR13R14; 

C2-C~ alkenyl substituted with 0-4 Rll; 

C2-Cc alkynyl subs:ituted with 0-4 Rll; 

'·· 



.• ,. . . :- ! .. ·~: :; •·.·· 

I lllllll llllll lllll lllll II llll 
* C L M S * 

WO 94/19329 PCT/,USM/01'09 

5 

10 

-438-
a 5- or 6-meml:>ered heterocyclic ring containing 

from 1 to 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur, substituted 
with 0-2 R12; 

or R32 may be a 3- or 4- carbQn chain attached to 

adjacent carbons on the rinq to form a fused 

5- or 6-meml:>ered ring, said 5- or 6- membered 

ring being optionally substituted on the 
aliphatic carbons with haloqen, C1-C4 alkyl, 
C1-C4 alkoxy, hydroxy, -NR13Rl4; or, 

when R32 is attached to a saturated carbon , it may 

be •O, •S, •NOH; or when R32 attached to 

sulfur it may be •O; 

15 p,3~, when a substituent on _nitrogen, is selected from 

2
,. 
v 

30 

35 

ffiore cf the following: 
phe~y:, benzyl, phenethyl, hydroxy, C1-C4 

tydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cycloalkyl, C3-C6 cycloalkylmethyl, 

-CH2N~13Rl4, -NR13R14, C2-C6 alkoxyalkyl, C1-

C~ ~aloalkyl, C1~C4 alkoxycarbonyl, -co2H, C:­
c~ alkylcarbonyloxy, C1~C4 alkylcarbonyl, 

-C(R1'>=N(OR14);. 

rr is C, _, c::: 2.; 

R~~ i~ selected from: 

-C (==0) NR13Rl4; 

-C (=0) NR13NR14; 

-C(=O)C(Rll)2NR13Rl4; 

-C(=O)C(R:l)2NR13NR14; 

-C(=O)C(~ll)2NR13co2Rl3; 

-C (=-=C·} P.; 

--: ~.=Ji? . .:.-; 
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-C (•0) - (C1-C4 alkyl)-NR13R14; 

-C(•O)-(C1-C4 alkyl)-NR13co2R13; 

1-3 amino acids linked together via amide bonds, 

and linked to the N atom via the carboxylate 

5 terminus. 

10 

8. A compound of the formula (I): 

(I) 

R'" 
R' 

R~ 
R' Jn 

or a pharmaceuti~ally acceptable salt form thereof 

15 wherein: 

R~ and R7 are independently selected from the following 

groups'. 

hydrogen; .. 
20 C1-Cs alkyl substituted with 0-3 Rll; 

c2-cs alkenyl substituted with 0-3 Rll; 

c2-cs alkynyl substituted with 0-3 Rll; 

25 

30 

a C3-C14 carbocyclic ring system.s~bstituted with 

0-3 Rll or 0-3 Rl2; 

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 Rl2; 

-oRl3; -sRl3; C02R13; 

This Sheet Has Been Repl:.iced 
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R4A and R7A 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; 
-oR13; -sR13; C02Rl3; 

10 R4 and R4A can alternatively Join to form a 5-7 membered 
carbocyclic ring substituted with 0-2 Rl2; 

!5 

R7 a:1d R7A can alternativeiy join to form a 5-7 membered 
carbocyclic ring substituted with 0-2 Rl2; 

n ::.. s C, 1, or 2; 

R5 ~s selected from H; halogen; C1-C6 alkyl substituted 
wi~~ 0-3 Rll, -N(R20)2, -sR20, -oR20, or -N3; 

~e iE independently· selected from: hydrogen, h~logen, 
c1-ce alkyl substituted with 0-3 R11, -NCR20)2, 
-sR20, -oR21~ or ~N3; 

25 ;: a~~ RE can alter~ati~~ly join to form an epoxide or 
azi=icine ririg; -OCH2SCH20-; -OC{•O)O-; -OCH20-; 
-O:(=S)O-; -OC{=O)C(=O)O-; -OC(CH3)20-; 
-O:((CH2)3NH2) (CH3)0-; -OC(OCH3) (CH2CH2CH3)0-; 
-CS(=O)O-; -NHC(=O)NH-; -OC(=O)NH-; -NHC(=O)O-; 

30 -NH·:H20-; -OCH2NH-; -NHC (=S) 0-; -OS (=0) NH-; 

-NHC(=O)C(=O)O-; -OC(=O)C(=O)NH-; -NHC(=O)C(=O)NH-; 
-NHC(CH3)20-; -OC(CH3)2NH- or any group that, when 

ad.~i~istered to a manunalian subject, cleaves to 
for~ a free dihydroxyl or diamino or hydroxyl and 

This Sheet Has Been Replaced 
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R5a is selected from hydrogen, halo9en, C1-C6 alkyl, 
-N(R20>2, -sR20, or -oR20; 

5 .R6a is selected from: hydrogen, halogen, c1-C6 alkyl, 
-N<R20>2, -sR20 or -oR21; 

R5 and Rsa can alternatively join to form •O, -s, or a 

ketal ring; 

10 
R6 and R6a can alternatively join to form -o, -s, or a 

ket.al ring; 

R20 and R21 are independently selected from: 
15 hydrogen; 

C1-C6 alkyl substituted ~ith 0-3 Rll; 

C3-C6 alkoxyalkyl substituted with 0-3 Rll; 

C1-C6 alkylcarbonyl substituted with 0-3 Rll; 

C1-C_6 alkoxycarbonyl s~bstituted with 0-3 Rll; 

20 C1-C6 alk~larninocarbonyl substituted with 0-3 Rll; 

benzoyl substituted with 0-3 R12; 

25 

phe_no:xycarbonyl substituted with 0-3 Rl2; 

phenylaminocarbonyl substituted with 0-3 Rl2; or 

any group .that, when administered to a mammalian 

subject, cleaves to form a free hydroxyl, 

amino or sulfhydryl; · 

Rll is selected from one or mo~e of the following: 
H, keto, halogen, cyano, -CH2NR13Rl4, -NR13Rl4, 

30 -co2R13, -OC(=0)Rl3, -oR13, -S(O)mR13, 

-NHC(=NH)NHR13, -C(=NH}NHR13, -C(•O)NR13Rl4, 

-NR14c(s0)Rl3, •NOR14, -NR14c(•0)0Rl4, 

-OC(-O)NR13Rl4, -NR13c(•O)NR13R14, 
-NR14so2NR13Rl4 ,_ -NR14so2R13, -so2NF<l3Rl4, 

35 -OP(O) (QR13)2, C1-C4 alkyl, c2-C4 alkenyl, C3-

ce cycloalkylmethyl, benzyl, phenethyl, 

.. -
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phenoxy, benzyloxy, nitro, C7-C10 arylalkyl, 

hydroxamic acid, hydrazide, boronic acid, 
sulfonamide, formyl, C3-C6 cycloalkoxy, C1-C4 
alkyl substituted with -NR13Rl4, c1-C4 

hydroxyalkyl, methylenedioxy, ethylenedioxy, 

C1-C4 haloalkyl; C1-C4 haloalkoxy, C1-C4 
alkoxycarbonyl, pyridylcarbonyloxy, C1-C4 

alkylcarbonyl, C1-C4 alkylcarbonylamino, 

-OCH2co2H, 2-(l-morpholino)ethoxy, azido, 

-CCR14 )•N(ORl4); 

l-3 amino acids linked together via amide bonds, 

said amino acid being linked via the amine or 

ca=boxylate terminus; 
C3-C1c cycloalkyl substituted with 0-2 Rl2; 

c:-c~ alkyl substitued with 0-2 Rl2; 

a:y:(C1-C3 alkyl) substituted with 0-2 Rl2; 

c2-:e alko~yalk~l, substituted with 0-2 R12; 

c:-C4 alkylcarbonyloxy substitute~ with 0-2 Rl2; 

Ce-C1~ ·arylcarbonyloxy substituted with 0-2 R12; 

a C~--c:~ carbocyclic residue substituted. with 0-3 

e --- ~o 10-membered.heterocyclic ring system 

c~ntaining ·1 to 4 heteroatoms independently 

~elected from oxygen, nitrogen or sulfur, said 

25 he~e~ocyclic ring system being substituted 
w:..t.h 0-3 R12; 

p:lh is selected from one or more of the following: 
~, ke~o, halogen, cyano, -CH2NR13BR14B, -NR13BR14B, 

38 -C02H, -OC(=O) (C1-C3 alkyl), -OH, c2-C6 

alkoxyalkyl, -C(=O)NH2, -OC(=O)NH2, 

-NHC(=O)NH2, -so2NH2, c1-C4 alkyl, c2-C4 

a~kenyl, C3-C10 cycloalkyl, C3-C6 

c~cloalkylmethyl, benzyl, phenethyl, phenoxy, 

te~zyloxy, ·nitre, C7-C10 arylalkyl, hydroxa~ic 
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acidr hydrazide, boronic acid,·C3-C~ 
cycloalkoxy, C1•C4 alkyl substituted with 

-NH2, c1-C4 hydroxyalkyl, methylenedioxy, 

ethylenedioxy, C1-C4 haloalkyl, C1-C4 
haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4 
alkylcarbonyloxy, C1-C4 alkylcarbonyl, c1-C4 
alkylcarbonylamino, -OCH2C02H, -2-(l-morpholino)ethoxy, azido, aryl(C1-C3 
alkyl), a C5-C14 carbocyclic residue; 

10 a 5- to 10-membered heterocyclic rinq system 

15 

20 

25 

30 

35 

containing 1 to 4 heteroatoms independently 
selected from oxygen, nitroqen or sulfur, said 
heterocyclic ring system substituted with 0-3 
Rl2A; 

Rl2, when a substituent on carbon, is· selected from one 
or more of the following: 
phenyl, benzyl, phenethyl,· phenoxy, benzyloxy, 

halogen, hydroxy, nitr:o, cyano, C1 -C4 alkyl, 

C3-C6 cycloalkyl, C3-C6 cycloalkylmethyl, C7-
C10 arylalkyl, C1-C4 alkoxy, -co2H, hydroxamic 

acid, hydrazide, boronic acid, sulfonamide, 
formy1,· C3-C6 cycloalkoxy, -oR13, C1-C4 alkyl 
substitut~d with·-~Rl3Rl4, ·-NR13R14, C2-C6 

alkoxyalkyl optionally substituted with 
-SiCCH3)3, C1-C4 hydroxyalkyl, methylenedioxy, 

ethylenedioxy, C1-C4 haloalkyl, C1-C4 
haloalkoxy, c1-C4 alkoxycarbonyl, C1-C4 
alkylcarbon.yloxy I c1-C4 alkylcarbonyl, c1-C4 
alkylcarbonylamino, -S(O)mR13, -so2NR13Rl4, 
-NHS02Rl4, -OCH2C02Rl3, 

2-(1-morpholino)ethoxy, -C(Rl4)•N(OR14); or 

a 5- or 6-membered heterocyclic ririg containing 

from 1 to 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur; or 
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Rl2 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 -NR13Rl4; or, 

when Rl2 is attached ~o a saturated carbon atom, it 

may be •O or •S; or when R12 is attached to 

sulfur it may be ~O; 

R12, when a substituent on nitrogen, is selected from 

one or more of the following: 
phenyl, benzyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cycloalkyl, C3-C6 cycloalkylmethyl, 

-CH2NR13Rl4, -NR13R14, C2-C6 alkoxyalkyl, C1-

C4 haloalkyl, C1-C4 alkoxycarbonyl, -co2H, C1~ 

C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

-CCR14 )=N(OR14); 

'f'~'J.., -..hen a substituent ·.on carbon, is selected from one 

or more of the following: 

phecyl, benzyl, phenethyl, ·phenoxy, benzyloxy, 
halogen, hyd+oxy, nitro, cyano, C1-C4 alkyl, 

C3-C6 cycloalkyl, C3-C6 cycloalkylmethyl, C7-

C10 arylalkyl, C1-C4 alkoxy, -C02H, hydroxamic 

a=id, hydrazide, boronic acid, sulfonamide, 
formyl, C3-C6 cycloalkoxy, -oR13, C1-C4 alkyl 

substituted with -NH2, -NH2, -NHMe, c2-C6 

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-C4 alkylcarbonyl, C1-C4 

alkylcarbonylaminc, -S(O}mMe, -so2NH2, 

... 
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-NHSOiMe, -OCH2co2Rl3, 2-(1.::morpholino)ethoxy, 

-C(=NOH)NH2; or 
a 5- or 6-membered heterocyclic ring containing 

from l to 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur; or 
Rl2A 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 .;..NH2; or, 

when Rl2A is· attached to a saturated carbon atom, 
it ·may be •O or •S; or when R12 is attached to 

sulfur it may be •0; 

Rl2A, ·.when a substituent on nitrogen, is selected from 

one or more of the following: 
·phenyl, benzyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cycloalkyl, C3-Cs cycloalkylmethyl, -CH2NH2, · 

-NH2, C2-CG alkoxyalkyl, C1-C4 haloalkyl, C1-
C4 alkoxycarbonyl, -co2H, C1-C4 
a·lkylcarbonyloxy, · C1-C4 alkylcarbonyl, 

-C (=NOH) NH2; 

Rl3 is· selected from: 

H; 

phenyl substituted with 0-3 RllA; 

benzyl substituted with 0-3 RllA; 
C1-C6 alkyl substituted with 0-3 RllA; 
C2-C4 alkenyl substituted with 0-3 RllA; 

-C1-C6 alkylcarbonyl substituted with 0-3 RllA; 

C1-C6 alkoxycarbonyl substitu.ted with 0-3 RllA; 

C1-C6 alkylaminocarbonyl substituted with 0-3 RllA; 

C3-C6 alkoxyalkyl substituted with 0-3 RllA; 

ar. amine protecting group when R13 is bonded to N; 

Thil1llilf 1iU1li1iff lif ed 
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a hydroxy protecting group when Rl3 is bonded to O; 

Rl3A is selected from: 

phenyl sub,stituted with 1-3 Rll; 

benzyl substituted with 1-3 Rll; 

c1-C6 alkyl substituted with 1-3 Rll; 

C2-C4 alkenyl substituted with 1-3 Rll; 

C1-C6 alkylcarbonyl substituted with 1-3 Rll; 

C1-C6 alkoxycarbonyl substituted with 1-3 Rll; 

C1-C6 alkylaminocarbonyl substituted with 1-3 Rll; 

C3-Cs alkoxyalkyl substituted with 1-3 Rll; 

an a~ine protecting group when Rl3 is bonded to N; 

a hydroxy protecting group when Rl3 is bonded to O; 

..,,_14 -~ s h . h d r. • yaroge::, y roxy, C1-C6 alkyl substituted with 

C-3 groups selected from OH,. C1-C4_alkoxy, halogen, 

NH2, -NE<:i-cc alkyl), C1-C6 alkoxy,.C2-C6 alkenyl, 

phenyl, benzyl, an amine protecting group when Rl4 

is bonded ~o N, a hydroxy protecting group when R14 

20 i~ bonded ~~ ~; 

Fl~~ :~ C1-Ce a:kyl substituted with .1-3 groups selected 

frorn OH, C1-C4 alkoxy, ~alogen, NH2, -NH(Cl-C4 

alky:), C:-C6 alkoxy, C2-C6 alkenyl, phenyl, benzy!, 

25 E~ a~ine ~=ote~ting group when Rl4 is bonded to N, 

a hydroxy F=o~ecting group when Rl4 is bonded to O; 

3C 

... - ~ 

p13 and p14 can alternatively join to form -(CH2)4-, 

-(Cn2)5-, -:H2CP.2N(Rl 5 )CH2CH2-, or -CH2CH20CH2CH2-; 

F13E and R14B are independently selected from H or C1-C6 

alkyl, or Rl3B and Rl4B can alternativeiy join to 

form ··(CH2)~-, -(CH2)5-, -CH2CH2N(RlS)cH2CH2-, or 

-CH2CH20:H2CH2-; 

t: : :,; .; ,~ " • ::--- _...... .- -;.: - • 
..... .__ ·- .. ~ ... :·, 
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m is O, 1 or 2; 

w is selected from: 
s·· -N u~22) c (•Z) N (R23) .:.., 

-OC(•Z)O-, 
-N (R22) C (-=Z) 0-, 

-N(R22)C(=Z)C(R27) (R28)-, 

-N(R22)C(•O)C(•O)N(R23)-, 

10 -N(R22)5(•0)N(R23)-; 

15 

20 

25 

'·. 

wherein: 

Z is 0, S, NR24; 

~22 arid R23 ar~ ~ndependeritly selected from the 

following: 
C1·-ca aikyl· substituted with 1-3 R31; 

c2~ca ~lk~n,i ~tibstit~t~d-with 1-3 R31; 

C2-C8 alkynyl substituted with 1-3 R31; 

a C3-C14 carboeyclic ring system substituted with 
· · ~- 1-·s P.31 or 1-5 R32; 

a s-·· to 10-inernbered heterocyclic ring system 

cont-aining l to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 1-2 R32; 
-oR22a; -N (R22a) (R22b) ; 

30 R22a and R22b are independently selected from the 

following: 

hydrogen; 
c1-ce alkyl substituted with 0-3 R31; 

· c2-cs alkenyl substituted with 0-3 R31; 

35 c2-ca alkynyl substituted with 0-3 R31; 

Th~1111111iiilrnf f 1~i1r 
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a C3-C14 carbocyclic ring system substituted with 

0-5 R31 or 0-5 R32; 

a 5- to 10-merr~ered 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; 

R24 is selected from: hydrogen; hydroxy; amino; C1-C4 

10 alkyl; C1-C4 alkoxy; mono- or di-(C1-C6 

alkyl)arnino; cyano; nitro; benzyloxy; -NHS02aryl, 

aryl being optionally substituted with 

(C:-C6la.lkyl; 

15 ~~, !s selec~ed fro~ one or more of the following: 
-cr.2N:r:.:3;..f.14, -NR13AR14, -co2Rl.3A, -oc <=O> Rl3A, 

-oR13~, -S(O)rnR13A, -NHC(=NH)NHR13A, 

-C(=NE)NHR13A, -C(•O)NR13AR14, _-NR14c(sQ)R13A, 

-O:: (=O) NRl 3AR14, -.NR13Ac (=0) NR13AR14, 

~ C; -N?.14so2NR13A~l4, -NRl 4so2R13A, -so2NP.13AR14, 

-cE2NR13Rl4A 1 -NR13Rl~A, -C(=O)NR13R14A, 

25 

..... : 

-i::;;.14Ac c=oi R13, =NoR14A, -NR14c c=o> oR14A, 

-o:c=O)NR13Rl4A, ~NR~3cc=O)NR13Rl4A, 

-NR14Aso2NR~3Rl~A, -NR14Aso2Rl3, -so2NR13R14A, 

r.i trc, hydrazide, "bo:ronic acid, formyl, C~-C6 

cycloalkoxy, C2-C4 alkyl substituted with 

-NRl3Rl4, C1-C4 hydroxyalkyl, methylenedioxy, 

ettylenedioxy, C1-C4 haloalkyl, C1-C4 

haloalkoxy, C1-C4 alkylcarbonyl, -OCH2C02H, 

2-(1-morpholino)ethoxy, azido, or 

-ccxl4)=N(OR14A); 

ary! substituted with 1-5 R32; or 

a ::- to 10-membered heterocyclic ring system 

con~aining 1 .to 4 heteroatoms independently 

selec~ed from oxygen, n!trogen or sulfur, said 

B Replaced 

Th\1\\~\ i\11Ii1\11\\1 
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heterocyclic .··.ring system fbeing ·substituted 

with 1-2 R32; 

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

or more of the following: 
C7-C10 cycloalkyl, NHRS02Rl4A, -C02RllA, NR13AR14, 

NRl3Rl4A, -C(Rl4)•N(OR14A), -CONR13NR13Rl4, 

-NR40R41, :SOznR13A, -C(•O)NR13Rl4, 

-OC(•O)NR13Rl4, -C(•O)Rll, -OC(•O)Rll, 

-oco2Rl3, -C(=O)NRll-(C1-C4.alkyl)-NR13Rl4, 

OR13A, -C(=O)NR40R41, C2-C4 haloalkenyl, C1-C4 

haloalkynyl, or 
-C(=0)NRl3C(Rll)2NRl3Rl4; 

-C(=O)NRl3C(Rll)2NR13co2Rl3; 

-C(=O)NRl3-(C1-C4 alkyl)-NR13C02Rl3; 

-C(•O)N(Rl3)-(C1-C4 alkyl)-Rll; or 

-C (•0) C (Rll) 2NRl3Rl4; 

-C(=O)C(Rll)2NR13co2Rl3; -C(=O)~(C1-C4 alkyl)-

NRl3Rl4; -C(=O)-(C1-C4 alkyl)-NR13co2R13; or 

C1-C4 alkoxy substituted with 1-4 groups selected 

from: Rll, C3-C6 cycloalkyl, ·-C02Rl3, 

-C (-=0) NR13Rl4, -NP.1·3R14 or; OH; . · 

C1-C4 alkyl substituted with 1-4 groups selected 

from: Rll, =NR14, •NNRl3c(=O)NRl3Rl4, 

sNNRl3C(=0)6Rl3, or -NR13Rl4; 

C2-C4 alkenyl substituted with 0-4 Rll; 

Cz-C4 alkynyl substituted with 0-4 Rll; 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 Rl2; when R32 is attached to a 

saturated carbon, it may be •NOH; or when R32 

attached to sulfur it may be •O; 

35 R32, wher. a substituent on nitrogen, is selected from 

one or more of the following: 
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-CH2NR13AR14, -NR13AR14, -cH2NR13Rl4A, 
-NR13Rl4A,-C(R14)•N(OR14A); 

R40 is selected from: H, C1-C3 alkyl; 

R41 is selected from: 
-C (•0) NR13R14; 

-C (•0) NR13NR13Rl4; 
-C(•O)C(R11) 2NR13Rl4; 

-C(EO)C(Rll) 2NR13NR13Rl4; 
-C(•O)C(Rll)2NR13co2R13; 

-C(=O)H; 
-C (=0) Rll; 
-C(=O)-(C1-C4 alkyl)-NR13Rl4; 

-C(=O}-CC1-C4 alkyl)-NRl3.c02R13; 

,_~ a~~~o acids linked together via amide bonds, 
a~d linked to the N atom via the·carboxylate 
terminus; 

~:-. pro'\·.ide= tr~at.: 

25 

30 

..... · -· 

~c, R~h, R7 and R7A are not all hydrogen. 

~. 1-. compound· of Claim 8, or a pharmaceutically 
a==ep~at~e· salt form thereof wherein: 

R~ ar.d R7 are independently selected from the following 
g=oups: 

hydrogen; 
C1-C4 alkyl substituted with 0-3 Rll; 
C3-C4 alkenyl substituted with 0-3 Rll; 
C3-:4 alkynyl substituted with 0-3 Rll; 

R'~ a~a p7A are hydrogen; 

.... --- (...f :, C!" 2; 
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RS is selected from fluoro or -oR20; . 

R6 is independently selected from: hydrogen, fluoro or 
5 -oR21; 

RS and R6 can alternatively join to form an epoxide or 
aziridine ring; -OCH2SCH20-; -05(•0)0-; -OC(•O)O-; 
-OCH20-; -OC(•S)O-; -OC(•O)C(•O)O-; -OC(CH3)20-; 

10 -OC(OCH3) (CH2CH2CH3)0-; or any group that, when 
administered to a mammalian subject, cleaves to 
form a free dihydroxyl; 

• 15 

20 

25 

RSa is selected from hydrogen or f luoro; 

R6a is selected from: hydrogen or fluoro; 

RS and RSa can alternatively join to form •O, •S, or a 
ketal rinq; 

R6 and R6a can alternatively join to form •O, •S, or a 
ketal ring; · 

·R20 and R21 are"independently selected from: 

hydrogen; 
·c1-C6 alkylcarbonyl; 
.C1-C6 alkoxycarbonyl; 
benzoyl; or 

30· any.group that, when.administered to a mammalian 
~ubject, cleaves to form a free hydroxyl; 

Rll is selected from on.e or more of the following: 
H, keto, halogen, cyano, -CH2NR13Rl4, -NR13Rl4, 

35 -co2Rl3, -OC(=O)Rl3, -oR13, ~S(O)mR13, c2-C4 

alkenyl, C3-C6 cycloalkylmethyl, nitro, 

hydrazide, boronic acid, formyl, C3-C6 

cycloalkoxy, methylenedioxy, ethylenedioxy, 

40 
C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 
alkoxycarbonyl, C1-C4 alkylcarbonyl, C1-C4 

alkylcarbonylamino, -OCH2C02H, 

-C(R14)=N(OR14); 

C3-C10 cycloalkyl substituted with 0-2 Rl2; 

C1-C4 alkyl substitued with 0-2 Rl2; 
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aryl(C1-C3 alkyl) substituted with 0-2 R12; 
c2-C6 alkoxyalkyl, substituted with 0-2 Rl2; 
C1-C4 ~lkylcarbonyloxy substituted with 0-2 R12, 
C6-C10 arylcarbonyloxy substituted with 0-2 R12, 
aryl substituted with 0-3 R12; or 
a s~ to 10-membered heterocycl~c ring system 

containing 1 to 4 heteroatoms independently 
selected from oxygen, nitrogen or sulfur, said 
heterocyclic ring system being substituted 
with 0-2 R12; 

R12, when a substituent on carbon, is selected from one 
o= mc=e of the following: 

phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 
haloger., C1-C4 alkyl, C7-C10 arylalkyl, C1-C4 
alkoxy, 2-(1-morpholino)ethoxy, -co2H, 
hydroxamic acid, hydrazide, -C(R14)•N(OR14), 
cyano, b,~ronic acid, sulfonamide, formyl, C3-
C5 cycloalkoxy, -OR13, C1-C4 __ alkyl substituted 
with -NR13Rl4 -NR13R14 methy. lenedioxv C1-C" I I • I .. 

haloalkyl, C1-C4 alkylciarb~nyl, C1-c, 
alkylcarbony~amino, hydr6x~, h~droxymethyl; o= 

a ·5- or 6-membered 'heterocyclic ring containing 
from 1 to 4 heteroatoms independently selected 
from -'oxygen, nit'rogen or sulfur; 

F.!2, when a substituent on nitrogen, is selected from 
benzyl or methyl; 

30 R13 is H, C1-C4 alkyl, C3-C5 alkoxyalkyl, C2-C~ alkenyl, 
o= benzyl; 

R~3A is selected from: 

phenyl substituted with 1-3 Rll; 
be~zyl substituted witt 1-3 Rll; 

This Sheet Has Been Replaced 
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C1-C6 alkyl substituted, with 1-3 Rll; 

C2-C4 alkenyl substituted with 1-3 Rll; 

C3-C6 alkoxyalkyl substituted with 1-3 Rll; 

an amine protecting group when Rl3 is bonded to N; 

a hydroxy protecting group when Rl3 is bonded to O; 

Rl4 is OH, H, C1-C4 alkyl, C1-C4 alkoxy, NH2, C2-C4 

alkenyl, or benzyl; 

10 Rl4A is C1-C6 alkyl substituted with 1-3 groups selected 

from OH, C1-C4 alkoxy, halogen, NH2, -NH(Cl-C4 

alkyl),_C1-C6 alkoxy, C2-C6 alkenyl, phenyl, benzyl, 

an amine protecting group when Rl4 is bonded to N, 

a hydroxy protecting group when R14 is bonded to O; 

15 

20 

R13 and Rl4 can alternatively.join to form -(CH2>4-, 

~(CH2)5-, -CH2CH2N(RlS)6H2CH2-; or -CH2CH20CH2CH2-; 

Rl5 is H 6r CH3; 

w is selected from: 
-N (R22) C_(=Z)N CR?3)-; 
-N(R22)C(,;..Z)O-; 
-N(R22)C(=Z)C(R27) (!~28).-;. 

25 -N(R22)C(=O)C(=O)N(R23)-i. 

30 

35 

wherein: 

Z is 0, S, N-CN, N-OH, N-OCH3; 

R22 and R23 are independently selected from the 

following: 

hydrogen; 
C1-Ca alkyl substituted with 1-2 R31; 

C2-C6 alkenyl substituted with one R31; 

C2-C4 alkynyl substituted with one R31; 
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R27 is selected from· the· following: 

hydrogen; 
C1-Ca alkyl substituted with 0-3 R31; 
c2-cs alkenyl substituted with 0-3 R31; 

5 C3-C9 alkynyl substituted with 0-3 R31; 

R28 is hydrogen or halogen; 

R31 is selected from one or more of the following: 
10 -CH2NR13AR14, -NR13AR14, -co2Rl3A, -OC(=O)Rl3A, 

15 

20 

-oR13A~ -S(O)mR13A, -NHC(•NH)NHR13A, 
-C (•NH) NHR13A, -C (•0) NR13AR14' .-NR14c (-0) Rl3A, 
-OC(•O)NR13AR14, -NR13Ac(•O)NR13AR14, 
-NR14so2NR13AR14, -NR14so2R13A, -so2NR13AR14, 
-cH2NR13Rl4A, -NR13Rl~A, -C(=O)NR13Rl4A, 

-Kr.HA.: c=o> R13, =NoR14A, -NR14c c=o> oR14A, 
-0C(=0)NR13Rl4A, -NR13c(=O)NR13Rl4A, 
-Np!4Aso2NB13Rl4A, -NR14Aso2R13, -so2NR13Rl4A, 

r.it:::::, hydrazide, boronic acid, formyl, C3-C6 
cycloalkoxy, C2-C4 alkyl substituted with 
-?\:-).3p,14, C i-C4 hydroxyalkyl, methylenedioxy, 

e~~ylene~ioxy, C1-C4 haloalkyl, C1-C4 
haloalkcxy, C1-C4 alkylcarbonyl, -OCH2C02H, · 
2-Cl-rncrpholino>ethoxy, azido, or 

~~ -:1;:'J=N(OR14A); 

~, '• 
.,Ji.: 

- -:.2 .:--.- , 

a1: y s:.:.::-=:: .:.:: uted with l-5 R32; or 

a .:-· t.c 1 C·-membered heterocyclic ring system 
c0nt.aining l to 4 heteroatoms independentl:l' 
selected from oxygen, nitrogen or sulfur, said 
het.er~cyclic ring system being substituted 
with 1-2 p,32; 

~he~ a subs~ituent on carbon, is selected from one 
o= ~6re c: the following: 
C7-C10 cycloalkyl, NHRS02Rl4A, -co2Rl3A, NR13AR14, 

!·1r.13::-.! 4A, -C (Rl4) =N (OR14Al, -CONR13NR13pl 4, 
-""<!,(';::;-41 -SAR13A -C (=r') >-1pl3pl4 "'- · ~ · I VITI f V L'll ~ • I 
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-oc (•0) NR13Rl4, '_;c (•0) Rll, ·-oc (•OfRll, 

-oco2R13, -C(•O)NR13-(C1-C4 alkyl)-NR13Rl4, 

OR13A, -C(•O)NR40R41, C2-C4 haloalkenyl, C1-C4 

haloalkyny1,·or 
5 -C (•0) NR13c (Rll) 2NR13R14; 

-C(•O)NR13C(Rll)2NR13co2Rl3; 

-C(•O)NR13-(C1-C~ alkyl)~NR13co2R13; 

-C(•O)N(R13)-(C1-C4 alkyl)-Rll; or 
-C(•O)C(Rll)2NR13R14; 

10 -C(•O)C(Rll)2NR13co2Rl3; -C(•O)-(C1-C4 alkyl)-
NR13R14; -C(•O)-(C1-C4 alkyl)-NR13co2Rl3; or 

C1-C4 alkoxy substituted with 1-4 groups selected 

from: Rll, C3-C6 cycloalkyl, -C02R13, 

-C(•O)NR13R14, -NR13R14 or OH; 

15 C1-C4 alkyl substituted with 1-4 groups selected 

from: Rll, •NR14, •NNR13C(•O)NR13Rl4, 

•NNR13c(-O)OR13, or -NR13Rl4; 

C2-C4 alkenyl substituted wfth 0-4 Rll; 

C2-C4 alkynyl substituted with 0-4 Rll; or 

20 a 5- or 6-membered heter~cyclic ring containing . . . . .. . . ~. . .. 

25 

30 

from i. to -~-. P.-eteroatoms independently selected 

from oxygen, ~itrogen or sulfur; substituted 
with 1-2 Rl2; when R32 is attached to a 

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

attached to sulfur it may be =O; 

m is O, 1, or 2; 

R40 is selected from: H, C1-C3 alkyl; 

R41 is selected from: 

-C (•0) NR13R14 ; 

-C (=0) NR13NR14; 
-C(=O)C(Rll)2NR13Rl4; 

35 -C(=O)C(Rll)2NR13NR14; 
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-c (•0) c (Rll) 2NR13co2Rl3; 

-C(•O)H; 
-C (•0) Rll; 
-C(-O)-(C1-C4 alkyl)-NR13Rl4; 

-C(•O)-(C1-C4 alkyl)-NR13co2Rl3; 

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

10 provided that: 

, :: ... ~· 

2G 

R~ and R7 are not both hydrogen; 

whe~ R4 is hydrogen, at least one of the following 
is not hydrogen: R22 and R28. 

lC. A compound of Claim 8, of formula CII): 

(I!) 

o= a pha=mace~~ically acceptable salt form thereof 
25 wherein: 

30 

P~ and R7 are independently selected from the following 
groups: 

hydrogen; 
C1-C4 alkyl substituted with 0-3 Rll; 

C3-C4 alkenyl substituted with 0-3 Rll; 

F. 5 je ecl~-~e~ ~rom -~R20. 
_ ... # ~---· ...... """" - .11 .J \ ' 
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R6 is hydrogen or. -oR21; 

R20 and R21 are independently hydrogen or any group 
that, when administered to a mammalian subject, 

5 cleaves to form a free hydroxyl; 

Rll is selected from one or more of the following: 
H, keto,· halogen, cyano, -CH2NR13R14, -NR13Rl4, 

-C02Rl3, -OC(=O)Rl3, -oR13, -S(O)mR13, c2-C4 
10 alkenyl, C3-C6 cycloalkylmethyl, nitro, 

hydrazide, boronic acid, formyl, C3-C6 
cycloalkoxy, methylenedioxy, ethylenedioxy, 
C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 
alkoxycarbonyl, C1-C4 alkylcarbonyl, C1-C4 

15 

-20 

25 

alkylcarbonylamino, -OCH2C02H, 
-C(Rl4)=NCOR14); 

C3-C10 cycloalkyl substituted with 0-2 Rl2; 
C1-C4 alk~l substitued with 0-2 Rl2; 
aryl(C1-Cj.alkyl) substituted ~ith 0-2 Rl2; 
C2-C6 aikoxyalkyl, substituted with 0-2 Rl2; 
C1-C4 aikylcarbonyloxy substituted with 0-2 R12, 
C6-C10 arylcarbonyloxy substituted with 0-2 Rl2, 
aryl substituted with 0-3·Rl2; or 
a 5- to 10-membered heterocyclic ring system 

containing i to 4 h~teroatoms independently 
selected from oxygen, nitrogen or sulfur, said 
heterocyclic ring system being substituted 
with 0-2 Rl2; 

30 Rl2, when a substituent on carbon, is selected from one 
or more of the following: 

35 

phenyl, benz~l, phenethyl, phenoxy, benzyloxy, 
halogen, C1-C4 alkyl, C7-C10 arylalkyl, c1-C4 
alkoxy, 2-Cl-morpholino}ethoxy, -co2H, 
hydroxamic acid, hydrazide, -C(Rl4)=N(OR14), 

.. ' 
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cyano, boronic acid, sulfonamide, formyl, C3-

C6 cycloalkoxy, -oRl3, c1-C4 alkyl substituted 

with -NR13Rl4, -NR13Rl4, methylenedioxy, C1-C4 

haloalkyl, C1-C4 alkylcarbony.l, C1-C4 

alkylcarbonylamino, hydroxy, hydroxymethyl; or 
a 5- or 6-membered heterocyclic ring containing 

from 1 t~ 4 heteroatoms independently selected 

from oxygen, nitrogen or sulfur; 

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

benzyl or methyl; 

1:. 

,, ,._ 
/.' .... 

Rl3 is E, c1-c, alkyl, C3-C6 alkoxyalkyl, ·c2-C4 alkenyl, 

or benzyl; 

?~3~ is selected from: 

phe~yl substituted with 1-3 Rll; 

be~zyl substituted with 1-3 Rll; 
C1-C6 alkyl substituted with 1-3 Rll; 

C:-:~ alkenyl substituted with 1-3 Rll; 

C3-:6 a!koxyalkyl substi~uted with 1-3 Rl:; 

a~ amine protecting group when Rl3 is bonded tc N; 

s I:::ci=oxy protecting group when Rl3 is bonded to O; 

r· ':.... . 
...;. • I 

alkenyl, or benzyl; 

Rl~A is C1-C6 alkyl substituted with 1-3 groups selected 

fro~ OH, C1-C4 alkoxy, halogen, NH2, -NH(Cl-C1 

30 alky!), C1-C6 alkoxy, C2-C6 alkenyl, phenyl, benzyl, 

a~ a~ine protecting group when Rl4 is bonded to N, 

a hydroxy protecting group when P.14 is bonded to O; 

B:~ and R14 can alternatively join to form -(CH2)4-, 
-J,. - c-:.i-) ~- _ .... a.f'"'u21·("R151f'"'u2c;.:..,_ ,... .... -f'"+:7~u20 ... 'IJ2"a2-. 
-

1
·• \,,. .... , ~, "' .. L'-"·• "·~ ;,,,.. •• '"4, -- V••.¥ ... - ..... \...r. I 

Thiiiilil1' 1iU1rnlf 1illfll'd 
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·Rl5 is Hor CH3; 

w is selected from: 
-N(R22)C(~Z)N(R23)-; 

-459-

5 -N(R22)C(=Z)O-; 
I 1\\1\\I \11\11\\\1111\1) II 1\\1 

* C L 

10 

-N(R22)C(•Z)C(R27) (R28)-; 
-N(R22)C(•O)C(•O)N(R23)-; 

wherein: 

Z is O, S, N-CN 

R22 and R23 are independently selected from the 

following: 

15 hydrogen; 

20 

25 

R27 

R28 

C1-Cs alkyl substituted .with 1-2 R3l; 

C2-C6 alkenyl substituted with one R31; 

, C2-C4 alkynyl substituted with one R31; 

is selected from the following: 
hydrogen;· 
c1-ce alkyl substituted .with 0-3 R31; 

· .c2-ca alkenyl substituted with 0-3 R31; 
C3-C9 a.lkyn:yl substituted with 0-3 R31; 

is hydrogen or halogen; · 

R31 is selected from one or more of the following: 
-cH2NR13AR14, -NR13AR14, ·-co2Rl3A, -oR13A, 

30 -S(O)rnR13A, -cH2NR13Rl4A, -NR13Rl4A, or 

-C (Rl4) .;,N (QR14); 

35 

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 R32; 

.· ... · 
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R32, wher. a substituent on carbon, is selected from one 

or more of the following: 
C1-C10 cycloalkyl, NHRS02Rl4A, -co2Rl3A, NRl3AR14, 

NR13Rl4A, -c (Rl4) •N (QR14A), -CONR13NR13R14 I 

5 -NR40R41, -SOmR13A, -C(•O)NR13Rl4, 

-OC(•O)NR13Rl4, ·-C(•O)Rll, -OC(•O)Rll, 

-OC02Rl3, -C(•O)NR13-(C1-C4 alkyl)-NR13Rl4, 

OR13A, -C(=O)NR40R41, C2-C4 haloalkenyl, C1-C4 

haloalkynyl, or 
10 -C(=O)NR13C(Rl1)2NR13Rl4; 

. ::. 

-r 
L. 

r. . .:.s 

-C(=O)NR13c(Rll)2NR13co2Rl3; 

-CC=~)NR1 3-(C1-C4 alkyl)-NR13co2Rl3; 

-C!=8)N(R13)-CC1-C4 alkyl)-Rll; or 

-CC=C.)C(Rl1) 2NR13R14; 

-~ (=0): (P.11 > 2NRl3co2R13; -c (=0)- {C1-C4 "alkyl)-

N~l3F14; -C(~O)-(C1-C4 alkyl)-NR13C02Rl3; or 

C:::.-:~ e:J.ko:xy substituted with l-4 groups selected 

from: R11 , C3-C6 cycloalkyl, -C02Rl3, 

-CC=0iNR13R14, -NR13R14 or OH; 

::-:, alky: substituted with 1-4 groups selected 

fro:r:.: py~.-, =NF.14, =NNR13c (=0) NR13F_l4, 

=NNRl~C(=O)ORl3, or -NR13R14; 

C;-:~ alkenyl substituted with 0-4 Rll; 

::-:, al~y~yl substituted with 0-4 Rll; or 

a :-- er €-membered heterocyclic ring containing 

fro~ 1 to 4 heteroatoms independently se:.ected 

from 6xygen, nitrogen or sulfur, substituted 

with 1-2 R12; when R32 is attached to a 

saturated carbon, it may be =NOi; or when R32 

attached to sulfur it may be •O; 

G, : , O!'.' 2; 

· .... 
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R41 is selected from: 

-C (•0) NR13Rl4; 

-C (•0) NRl3NRl4; 
-C(•O)C(Rll)2NRl3Rl4; 

-C(•O)C(Rll)2NR13NR14; 5 

I qi/If! HI~! II~//~/ HqlJ 
,. 

-C(•O)C(Rll)2NR13co2R13; 

-C(•O)H; 

-C (•0) Rll; 

-C(•O)-(C1-C4 alkyl)-NR13R14; 
10 -C(•O)-(C1-C4 alkyl)-NR13co2Rl3; 

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

15 provided that: 

R4 and R7 are not both hydrogen; 

when R4 is hydrogen, at least one of the following 
20 is not hydrogen: R22 and R28. 

25 

30 

35 

11. A compound of Claim 10, or a pharmaceutically 
acceptable salt form thereof, wherein: 

R'~ and R; are selected from benzyl, fluorobenzyl, 
pyrrolylmethyl, methoxybenzyl, isobutyl, 
nitrobenzyl or aminobenzyl, thienylmethyl, 
hydroxybenz y l, pyridylmethyl, naphthylmethyl; 

RS is -OH; 

R6 is hydrogen or -OH; 
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Rl4 is OH!" H, CF3, C1-C4 alkyl, C1-C4 alkoxy, NH2, C2-C4 

alkenyl, or benzyl; 

Rl3 and Rl4 can alternatively Join to form -(CH2>4-, 

-(CH2)5-, -CH2CH2N(RlS)cH2CH2-, or -CH2CH20CH2CH2-; 

W is selected from: 
-N(R22)C(•O)N(R23)-: 
-N(R22)C(•N-CN)N(R23)-; 

10 -N(R22)C(•S)N(R23)-; 

15 

R22 and R23 are independently selected from the 

following: 

hydroger.; 
C1-cs alkyl substituted with 1-2 R31; 

~2-:6 alkenyl substituted with 1-2 R31; 

c2-C4 alkynyl substituted with 1-2 R31; 

p_?.1 is selected from one or more of the following: 
20 halogen, -oR13A, -co~H>=NCOR14),·-co2Rl3A, 

25 

30 

-S<r') -pl31,. v 11'1•. , 

aryl subs:ituted with l-5 R32; or 

a heterocyclic ring sys~em chosen from pyridyl, 

pyrimidinyl, triazinyl, furanyl, thienyl, 

pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, 

'benzofuranyl, indclyl, quinolinyl, 
isoqu:.nolinyl, oxazolidinyl, said heterocyclic 

ring being substituted with 1-2 R32, or 

be~ziffiidazolyl, benzotria~olyl, indazolyl, 

benzoxazolinyl, benzoxazolyl, optionally 

s~bstituted with 0-2 R32; 

R32, when a substituent on carbor., is selected from one 

or more of the following: 
35 -cE2NR13AplC, -Npl3AR14, -cR2~Rl3Rl4A, -NR13Rl4A, 

_,.. (1:::4 1·· =r crvc: .. :4.:-., .. ~ , .. ~ ......... , -r_o"'rf.-:: -l~HCHO 
'-•· •' '-""·· ti ---.J-V••,.:I -.!..-•~/ • I 
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-oco2CH3, -CH•NCH2CH20H, :ocONHCH2C5H5, 
-OCONHCH3, -c-c-CH20H~ "·-ocH2'CONH2, 

-CH•NNHCONH2, -CONHOCH3, -CH2CH(OH)CH20H, 

·adamantamido, hydroxyethoxy, dihydroxyethyl, 
-C(NH2)•NH, -CONHCH3, -CONHCH2CH3, 

-CON(CH2CH3}2, -NHCONH2, -NHCONHCH3, 

-NHCOCH2NCCH3)2, -NHCOCH2NHCH3, 
-NHCOCH2NHC02CH2C6H5, -NHCOCH2NH2, 
-NHCOCH(CH3)NHC02CH2C6H5, 

-NHCOCHCCH2C6H5)NHC02CH2C6H5, -NHCOCH(CH3)NH2, 

-NHCOCH(CH2C6H5)NH2, -co2CH2CH3, 

-CONHCH2CH2CH3, -CONHCH(CH3)2, -CH2-imidazole, 

-COC(CH3}3, -CH(OH)CF3, -CO-imidazole, -CO-

pyrazolyl, -COCF3, -CCCF3)•N(OH), acetoxy, 
-N(CH3) (CHO), -CONR13R14, -CONHOH, 

(diethylaminoethyl)aminocarbonyl, 

(N~ethyl,N-methylaminoethyl)aminocarbonyl, 

(4-methylpiperazinylethyl)aminocarbonyl, 

(pyrrolidinylethyl)aminocarbonyl, 

(piperidinylethyl)aminocarbonyl, 
-NHCOCH2NHCH3, N-(2-(4-

morpholino)ethyl)'aminocarbonyl, or N-(2-(N,N-

: dimethylaminotethyl)a~inocarbonyl. 

25 12. A compound· of 'Claim 8, or a pharmaceutically 

acceptable salt form thereof; of· the formula: 

30 wherein: 

v; is 

This Sheet Has Been Repta d 
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R4 and R' are independently select~d from: benzyl, 

5 f luorobenzyl, pyrrolylmethyl, methoxybenzyl, 

isobutyl, nitrobenzyl ~r aminobenzyl, 
thienylmethyl, hydroxybenzyl, pyridylmethyl, 

·naphthylmethyl; 

10 _R22 and R23 are independently selected from the qroup 

consisting of: 

15 

2 =· 

:c 

(H2NC(•O))-benzyl, carboethoxybenzyl, (0-benzyl-

forrnaldoxime)benzyl, (0-methyl­
formaldoxime) benzyl, · (CH302CO) -benzyl, 

(HOCH2CH2N=CH)-benzyl, 

.N-benzyla~inocarbonylbenzyl, CH2NNHC(==O))­

benzyl, (H2NC (•O)NHN•.CH)-benzyl, 

(CH30NHC(~O))~benzyl, (HONHC(•O))-benzyl, 

(CH3NHC (s:Q)_)-benzyl, 

N, N-dime.thylaminocarbony lbenzy 1, 

(HOCH2CH(OH}CH20)-benzyl, hydroxyethoxybenzyl, 

(carbomethoxy)pentyl,_ glycylaminobenzyl, 

?~, N-dimethyl9lycylaminobenzyl, 

alanylarr.inobenzyl, . (N-phenylmethoxycarbonyl) -

alany~a~inobenzyl, phenylalanylarninobenzyl, 

(N-pheny lrnethoxycarbonyl). 
phenylalanylaminobenzyl, (CH3CH2NHCC==O))-

benzyl, N,N-diethylaminocarbonylbenzyl, 
N-ethylaminoca·rbon! lbenzyl, 

N-propylaminocarbonylbenzyl, 

N,N-diisopropylaminocarbonylbenzyl, N, N-di-n­

propylaminocarbonylbenzyl, 

(hydroxypropynyl)benzyl, {imidazolyl-C{-0))­

benzyl, (pyrazolyl-C(=O))-benzyl, 

(pyridylrnethylarninocarbonyl)benzyl, 

:~i!luoroace:ylbenzyl, dihydroxye~hylbenzy!, 

B Replaced 

Thi1i\i\ i\11\~\1\11\\1 
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(MeHNC (•0) NH)-benzyl, <H2NC (•0) NH)-benzyl, 

CHCC•O)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-diethylaminoethyl)aminocarbonylbenzyl, 

(4-methylpiperazin-1-

ylethyl) aminocarbonylbenzyl, (benzyl­
NHC(•O)O)benzyl, (CH3NHC(•O)O)benzyl, 

(Nli2C (s0) CH20) benzyl, . (NH2C (•NH)) benzyl, 

((N-phenylmethoxycarbonyl)glycylamino}benzyl, 
(imidazolylmethyl)benzyl, ((CH3)3C­

C(=O))benzyl, (N-methyl-N­

ethylaminoethyl)aminocarbonylbenzyl, 

(pyrrolidinylethyl)aminocarbonylbenzyl, 

(piperidinylethyl)aminocarbonylbenzyl, 
20 CH2NC(=NOH))benzyl, (H2NC(•NOH))fluorobenzyl. 

25 

13. A·compound of Claim 8 of formula (Ila): 

Ph 

0 

R22N~NR23 

HO 
. ... 

ro;.OH 

(Ila) 

or a pharmaceutically acceptable salt form thereof, 

wherein: 

30 R22 and R23 are independently selected from the group 
cons~sting of: 
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(H2NC{•O))-benzyl, carboethoxybenzyl, (0-benzyl­

formaldoxime)benzyl, (0-methyl­

formaldoxime)benzyl, (CH302CO)-benzyl, 

(HOCH2CH2N•CH)-benzyl, 

N-benzylaminocarbonylbenzyl, CH2NNHC(•O))­

benzyl, (H2NC(•O)NHN-CH)-benzyl, 

(CH30NHC(•O))-benzyl, (HONHC(•O))-benzyl, 

(CH3NHC(•O))-benzyl, 

N,N-dimethylaminocarbonylbenzyl, 

(HOCH2CH(OH)CH20)-benzyl, hydroxyethoxybenzyl, 

(carbomethoxy)pentyl, glycylaminobenzyl, 

N,N-dimethylglycylaminobenzyl, 

alanylaminobenzyli (N-phenylmethoxycarbonyl)­

alanylaminobenzyl, phenylalanylaminobenzyl, 

(N-phenylmethoxycarbonyl) 

phenylalanylaminobenzyl, (CH3CH2NHC(=O))­

benzyl, .N,N-diethylaminocarbonylbenzyl, 

N-ethylaminocarbonylbenzyl, 

· N-propylaminocarbonylbenzyl, 

N,N-diisopropylaminocarbonylbenzyl, N, N-di-n­

propylaminocarbonylbenzyl, 

(hydroY.ypropynyl)benzyl, (imidazolyl-C(=O)l­

be~zyl, (pyrazolyl-C(=O))-benzyl, 

(pyridylm~thylaminocarbonyl)benzyl, 

:=!!luor6acetylb~nzyl, dihydroxyethylbenzy:, 

(MeHNC(=O)NH)-benzyl, CH2NC(=O)NH)-be~zyl, 

CF.:(=O)NH)-benzyl, methanesulfonylpentyl, N­

formyl-N-rriethylaminobenzyl, acetylaminobenzyl, 

pro~ionylbenz{l, butyrylbenzyl, 

(~rifluorohydroxyethyl)benzyl, (CF3C(=NOH))-

benzyl, (N-methylglycyl)aminobenzyl, 

((~-morpholino)ethyl)aminocarbonylbenzyl, 

(N,N-dimethylaminoethyl)aminocarbonylbenzyl, 

(N,N-diethylaminoethyl)aminocarbonylbenzyl, 

<'-m~thylpiperazin-1-

:: le:. r.~·:.) a!r.i nocarb'..J11yl be!": z y:... (be::cz y l-
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NHC (•0) 0) benzyl, (CH3NHC(•O)O)benzyl, 
(NH2C(•O)CH20)benzyl, (NH2C(•NH))benzyl, 
((N-phenylmethoxycarbonyl)qlycylamino)benzyl, 
(imidazolylmethyl)benzyl, ((CH3)3C-
C(•O))benzyl, (N-methyl-N­
ethylaminoethyl)aminocarbonylbenzyl, 
(pyrrolid}nylethyl)aminocarbonylbenzyl, 
(piperidinylethyl)aminocarbonylbenzyl, 
(H2NC(•NOH))benzyl, (H2NC(•NOH))fluorobenzyl. 

14. A compound of Claim 8 of formula (IIa}: 

ilf 11ilf 1iii1rnfi1iff lir Ph 

.. ~ 
~'-Ph 

15 

20 

25 

30 

HO 
(Ila) · 

or a pharmaceutically accepta~le salt form thereof, 
selected from the group consisting of: 

. i' - . 

the compound of formula (Ila) wherein R22 is 1-
cinnamyl and R23 is_ 1-cinnamyl; 

the compound of ·formula (Ila) wherein R22 is 
vinylbenzyl and R23 is vinylbenzyl; 

the compound of formula (Ila) wherein R22 is 3-
(NHCHO)benz.yl and R23 is 3- (NHCHO}benzyl; 

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

the compound of formula (Ila) wherein R22 is 3-
formaldoximebenzyl and R23 is 3-(N­
hydroxy)aminomethylbenzyl; 

the compound of formula (Ila) wherein R22 is 3-
(CH30C (=0) 0-l benzyl and R23 is 3-(CH30CC=O)O­
)benzyl; 
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the compound of formula .(Ila) wherein R22 is 3-
. (HOCH2CH2N•CH)benzyl and R23 is 3-

(HOCH2CH2N=CH)benzyl; 

the compound of formula (Ila) wherein R22 is 3-
(HOCH2CH2N•CH)be~zyl and R23 is 3-(2-

oxazolidinyl)benzyl; 
· the compound of formula (Ila) .. wherein R22 is 3-

(C6HSCH2NHC (•O)O)benzyl and R23 is 3-

(C6HSCH2NHC(•O)O)benzyl; 

the compound of formula (IIa) wherein R22 is 3-
(CH3NHC (=O) O) benzyl and R23 is 3-
(CH3NHC(=O)O)benzyl; 

the compound of formula (Ila) wherein R22 is 3-
(HOCH2CC) benzyl and R23 is 3-bromobenzyl; 

t·r-.c compound of formula (Ila) wherein R22 is 3-. 
aminocarbon~lbenzyl and R23 is 3-
aminocarbonylbenzyl; 

the compound of formula (Ila) wherein R22 is 3-
<H2NCOCH20> benzyl and R23 is 3-

(H2NCOCH20)benzyl; 

t.:i~ compound of-fotmula (Ila) wherein- R22 is 3-
(H2NNHC(=0))-benzyl ~nd R23 is 3-(H2NNHC(=0))-

. . 

benzyl; 
~h: compound of formula (Ila') wherein R22 is 4-

<H2HNHC(=O)) -benzyl and R23 is 4- (H2NNP.C (=0) ) -

benzyl; 

t.!':e compound of formula (Ila) wherein R22 is 3-
<H2NC (~O) NHN=CH) -benzyl and R23 is 3-

(H2NC(=0)NHN=CH)~benzyl; 

t.r.-e compound of formula (Ila) wherein R22 is 3- [ (N­
methoxy) arninocarbonyl]-benzyl and R23 is 3-

[ (N-met.hoxy)aminocarbonyl)-benzyl; 
the compound of. formula (Ila) wherein R22 is 4-[(N­

methoxy)am~nocarbonyl]-benzyl and R23 is 4-

[ (N-methoxy)arn~nocarbonyl)-benzyl; 
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the compound of formula· ·(IIa) wherein ·R22 is 3-

(HOCH2CH (0H) CH20)benzyl and R23 is 3-

(HOCH2CH(OH)CH20)benzyl; 

the compound of formula (Ila) wherein R22 is 3-(2-

5 hydroxyethoxy)benzyl and R23 is 3-(2-

hydroxyethoxy)benzyl; 

10 

15 

. 20 

25 

30 

the compound of formuia (Ila) wherein R22 is 3-

(l, 2-dihydroxyethyl)benzyl and R23 is 4-(1,2-

dihydroxyethyl)benzyl; 

the compound of formula (!Ia) wherein R22 is 3-

aminocarbonylbenzyl and R23 is 3-

C H2NC (•NH)) ben zy l; 

the compound ·of· formul'a (Ila) wherein R22 is 3-

carbomethoxybenzyl and R23 is 3-(N­

methylaminocarbonyl)benzyl; · 

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

(l, 2-dihydro~yethyl)b~nzyl and R23 is 3-(1,2-

dihydroxyethyl)berizyl; 

the compound of formula :(Ila) wherein R22 is 4-

(l, 2-dihydroxyethyl) benzyl and R23 is 4-(1,2-

dihydroxyethyl)beniyl; 

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

hydroxyinethylbenzyl and R23 is 3-CN­

methylaminocarbonyl)benzyl; 

the compound of .formula (Ila)· wherein R22 is 3-(N~ 
ethylaminocarbonyl)benzyl and R23 is 3-(N­

ethylaminocarbonyl)benzyl; 

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

carbomethoxybenzyl and R23 is 3-(N,N­

diethylaminocarbonyl)benzyl; 

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

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

(CH3NHC (•O) NH) benzyl and R23 is 3-
(CH3NHC (-O}NH}benzyl;. . . . ' . . 

the compound of formu.la (Ila) wherein R22 is 3-
( (N,N-dimethylaminoglycyl) amino)benzyl and R23 
is 3-((N,N-dimethylaminoglycyl}amino)benzyl; 

the compound of formula (Ila) wherein R22 is 3-((N­
methylaminoglycyl)amino}benzyl and R23 is 3-
((N-methylaminoglycyl)amino)benzyl; 

the compound of formula (Ila) wherein R22 is 
3- ( (N, N-dimethyl_aminoglycyl) amino) benzyl and 
R23 is 4-hydroxymethylbenzyl; 

the compound of formula (Ila) wherein R22 is 3-((N­
. phenylmethoxycarbonylaminoglycyl)amir.o)benzyl 
and R23 is 3-((N­
phenylmethoxycarbqnylaminoglycyl)amino)benzyl; 

· the compoun.d of formula. (Ila) wherein R22 is 
20 3-<glycylamino)benzyl.a~d R23 is 3-

25 

30 

(glycylamino)b~nzfl; 

the compound of formula (Ila) wherein R22 is 
3-Cglycylarnino)benzyl and R23 is 
4-hydroxymethylbenzyl; 

the compound.of formula (Ila) wherein R22 is 3-({N­
phenylmethoxycarbonylamino-L­
alanyl)amino)benzyl and R23 is 3-((N­
phenylmethoxycarbonylamino-L-
.11anyl) amino) benzyl; 

the compound of formula (Ila) wherein R22 is 3-(CN­
phenylmethoxycarbonylamino-L­
phenylalanyl)amino)b~nzyl and R23 is 3-((N­
phenylmethoxycarbonylamino-L­
phenylalanyl)amino)benzyl; 
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the compound of formula (Il20: ·wherein R22 is 3- (L­
alanyl) amino) benzyl and R23 is 3-CL­
alanyl)amino)benzyl; 

the compound of formula (Ila) wherein R22 is 3-(L­
phenylalanyl)amino)benzyl and R23 is 3-(L­
phenylalanyl)amiho)benzyl; 

the compound of formula ··cila) wherein R22 is 5-
hydroxy-l-pentyl and R23 is 3-
carboethoxybenzyl; 

the compound of formula (Ila) wherein R22 is 4-
oxime-1-hexyl and R23 is 4-oxime-l-hexyl; 

the compound ·of-formula (Ila) wherein R22 is 3-
CN,N-diethylaminocarbonyl)benzyl and R23 is 3-
CN, N-diethylamirl'ocarbonyl) benzyl; 

the compound of formula (Ila) wherein R22 is 3-
carbom·ethoxybenzyl arid R23 is 3- CN, N-

" diethylaminocarbonyl > benzyl; 
the compound of formula (Ila) wherein R22 is 3-

carbomethoxybenzyf and· R23 is 3- (N-
.: ~ · ethylaminocarbonyl) benzyl; ·· 

the compound "Of .. formula (Ila) wherein R22 is 3-
hyd~oxymeth'ylbenzyl and·R23 _is 3-(N,N­
diethylarninoccf:tbonyl) benz~yl; 

the ·compound 'of formula (Ila) wherein R22 is 3-
hydroxymethylbenzyl and R23 is 3-(N­
ethylaminocarbonyl)benzyl; 

the compound of formula· (Ila) wherein R22 is 3- (N­
propylaminocarbonyl)benzyl and R23 is 3-(N­
propylaminocarboriyl)benzyl; 

the compound of formula (Ila) wherein R22 is 3-
(H02C>benzyl and R23 is 3-(N-

isopropylaminocarbonyl)benzyl; 
the compound of formula (Ila) wherein R22 is 3-

CH02C) benzyl and R23 is 3-(N­

propylaminocarbonyl)benzyl; 
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bydroxymethylbenzyl and R23 is 3-

aminocarbonylbenzyl; 

PCT/USM/01609 

the compound of formula (Ila) wherein R22 is 

.cyclopropylmethyl and R23 is 3-

5 · .aminocarbonylbenzyl; 

10 

. ~ - _, 

2C 

2:. 

the compound of f.ormula (Ila) wherein R22 is 3-

aminocarbonylbenzyl and·R23 is hydrogen; 

the compound of formula (Ila) wherein R22 is 3-
hydroxymethylbenzyl and R23 is 3-(N­

ethylaminocarbonyl)benzyl; 
the compound of formula (Ila) wherein R22 is 3-(N­

. imidazolylmethyl)benzyl and R23 is 3- (N-

·imidazolylmethyl)benzyl; 

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

(2,2-dimethyl-l-propionyl)benzyl and R23 is 3-

(2,2~dimethyl-l-propionyl)benzyl; 

t.he compound of formula CIIa) wherein R22 is 3-

(2, 2, 2-trif luoro-l-hydroxyethyl) benzyl and R23 

is 3-(2,2,2-trifluoro-l-hydroxyethyl)benzyl; 

t~~ compound of formula (Ila) wherein R22 ie 3-(2-

~midazolyl-C(•O))benzyl and R23 is 3-(2-

imidazolyl~C(=O))benzyl; 

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

hydrcxy-1-prop~n-1-yl)benzyl and R23 is 3-(3-
. . 

hydroxy-1-propyn-l-yl)benzyl; 

th~ compound of formula (Ila) wherein R22 is 3-

(2, 2, 2-trifluoroacetyl) benzyl and R23 is 3-

(2,2,2-trifluoroacetyl)benzyl; 

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

30 .propionylbenzyl and R23 is 3-propionylbenzyl; 

the compound of formula (Ila) wherein R22 is 3-
(CH3CH2C (=N-OH)) benzyl and R23 is 3-

(CH3CH2C(=N-OH))benzyl; 

This Sheet Has Been Replaced 
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the.compound'of formula (IIa) wherein R22 is 3-
(CF3CH2C<-N-OH))benzyl and R23 is 3-

(CF3CH2C(•N-OH))benzyl; 

the cpmpound of formula (IIa) wherein R22 is 3-(5-

5 methyl-1,2,3-oxadiazolyl)benzyl and R23 is 3-

10 

15 

. , 

cs~methyl-1,i,3-oxadia~olyl)benzyl; 

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

(H2NC {•NOH)benzyl and R23 is 3-

(H2NC(•NOH)benzyl; 

the compound of formula ·(IIa) wherein R22 is 3-
CH2NC (•NOH) -4-fluorobenzyl and R23 is 3-

<H2NC(•NOH)-4-fluorobenzyl; 

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

chloro-5-indazolylmethyl and R23 is 3-chloro-

5-indazolylmethyl; 
the compound of formula ·(IIa) wherein R22 is 3-

., · methylamino-5-indazolylmethyl and R23 is 3-

·methylamino-5-indazolylmethyl; 
the compound of formula (Ila) wherein R22 is 3-

20 .. · ·,··ethylamino-5-i'ndazolylmethyl and R23 is 3-
• ··i· 

25 

30 

·, · .. ethy lamino-5-indazoly lmethyl; 

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

amino-5-benzisoxazolylmethyl and R23 is 3-

amino-5-be~zisoxaz·olylmethyl. 

15. A compound of Claim 8 of formula (IIaa): 

. ... 
~OH 

(Ilaa) 
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or a pharmaceutically acceptable salt form thereof 
wherein: 

R4 and R7 are independently selected from: benzyl, 
5 f luorobenzyl, pyrrolylmethyl, methoxybenzyl, 

isobutyl, nitrobenzyl aminobenzyl, hydroxybenzyl, 
4-pyridylmethyl, or thienylmethyl; 

. . 

R22 and R23. are independently selected from: 
10 (H2NC(•O))-benzyl, carboethoxybenzyl, (0-benzyl-

15 

20 

25 

30 

35 

formaldoxime)benzyl, (O-methyl­
formaldoxime)benzyl, CCH302CO)-benzyl, 

(HOCH2CH2N•CH)-benzyl, 
N-benzylaminocarbonylbenzyl, (H2NNHC{-O))-

benzyl,· (H2NC(•O)NHN=CH)-benzyl, 

(CH30NHC (=0). )-~enzyl, (HONHC (•0)) -benzyl, 

(CH3NHC(=O))-benzyl, 

N,N-dimethylaminocarbonylbenzyl, 
(HOCH2CH (OH) CH20)-be.nzyl, hydroxyethoxybenzyl, 

(carbomethoxy)pentyl, 9lycylaminobenzyl, 

N,N-dimethylqlycylaminobenzyl, 
a:anylaminobenzyl, CN-phenylmethoxycarbonyl)­
alanylaminobenzyl, phenylalanylaminobenzyl, 

CN-phenylmethoxycarbonyl) 
phenylalanylaminobenzyl, (CH3CH2NHC(=O))-

benzyl, H,N-diethylaminocarbonylbenzyl, 

N-et.hylaminocarbonylbenzyl, 
N-propylaminocarbonylbenzyl, 
N,N-diisopropylaminocarbonylbenzyl, N, N-di-n­

propylaminocarbonylbenzyl, 
(hydroxypropynyl)benzyl, (imidazolyl-CC=O))­

benzyl, (pyrazolyl-C(•O))-benzyl, 

(pyridylmethylaminocarbonyl)benzyl, 

trifluoroacetylbenzyl, dihydroxyethylbenzyl, 
CMeHNC(=O)NH)-benzyl, (H2NC(=O)NH)-benzyl, 

(HC(=O)NH)-benzyl, rnethanesulfonylpentyl, N­

~orrnyl-N-rnethylarninobenzyl, acetylarninobenzyl, 

This Sheet Has Been Replaced 

1111111111111111111111111 



·.:·{~~y.~· ... ·.·~~"." · .. · .. : ·· ·;··. \~r.~~=~.?~~'.!~~~~::~~:.-~~?!'o~-:·~r-~~·:}:·'.~~~~rc~·~~·:·~ .:~::.·: :~;~: ·<·r,;.~ .. :~· .. ,. ~~··.~· 
··:~.··~~0\·~· .. ~·- .. --

., ;··.:! .. ·.·~-. _::-·:.· ·.• .... ~ ... :~: ... .;.·, : .. ~:::. ~-· ·.: ... -.::'"'~--:~. ~-r:::r;;;~· 

W0'4/lm9 

5 

10 

15 

. 20 

........ ·-~·.··-?· 

111111~ 1111~ 11~11111111 1111 PCl'/US'4/01'09 .. 
-475-

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

benzyl, (N-methylglycyl)aminobenzyl, 

((4-morpholino)ethyl)aminocarbonylbenzyl, 

(N,N-dimethylaminoethyl)aminocarbonylbenzyl, 

(N,N-diethylaminoethyl)aminocarbonylbenzyl, 

(4-methylpiperazin-1-

ylethyl) aminocarbonylbenzyl, (benzyl­
NHC{•O)O)benzyl, (CH3NHC(•O)O)benzyl, 

(NH2C(•O)CH20)benzyl, (NH2C(•NH))benzyl, 

CCN-phenylmethoxycarbonyl)glycylamino)benzyl, 

Cimidazolylmethyl)benzyl, ((CH3)3C-

C(•O))benzyl, {N-methyl-N­

ethylaminoethyl)aminocarbonylbenzyl, 

(pyrrolidinylethyl)aminocarbonylbenzyl, 

· .. (piperidinylethyl) aminocarbonylbenzyl, 
(H2NC(•NOH))benzyl, (H2NC(-NOH))fluorobenzyl. 

16. A compound of formula (IIaa): 
·, ' 

R' . ... 
'°OH 

(IIaa) 

or a pharmaceutically acceptable salt form thereof, 

·25 selected from the group consisting of: 

3C 

the compound of formula (IIaa} wherein R4 and R7 

are isobutyl, R22 and R23 are 

cyclopropylmethyl; 

the compound of formula (IIaa) wherein R4 and R7 

are isobutyl, R22 and R23 are allyl; 

This Sheet Has Been Replaced 
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the compound of formula (IIaa)" wherein R4 is 

4-nitrobenzyl, R7 is 2-nitrobenzyl, R22 and 
R23 are cyclopropylmethyl; 

the compound-of formula (IIaa) wherein R4 and R7 
are 4-nitrobenzyl, R22 and R23 are 
cyclopropylmethyl; 

the compound of formula (Ilaa) wherein R4 is 
4-nitrobenzyl, R7 is 2-nitrobenzyl, R22 and 
R23 are n-butyl; 

the compound of formula (IIaa) wherein R4 is 
4-aminobenzyl, R7 is 2-aminobenzyl, R22 and 
R23 are cyclopropylmethyl; 

the compound of formula (Ilaa) wherein R4 and R7 

are 4-fluorobenzyl, R22 and R23 are 3-
hydroxybenzyl; 

the compound of formula (Ilaa) wherein R4 and R-; 

are 4-f luorobenzyl, R22 and R23 are 

cyclopropylmethyl; 
":.l"ie compound of formula (IIaa) wherein R4 and R7 

are 4-fluorobenzyl, R22 and R23 are 

C-hydroxymethylbenzyl; 
... \. " ....... .,,_ compound cf formula (IIaa) wherein R4 and R7 

are 4-flu6robenzyl, R22 and R23 are 

3-aminocarbonylbenzyl; 
t.!".~ compound of formula (IIaal wherein R4 and R7 

are 4-fluorobenzyl, R22 and R23 are 3-

acetylbenzyl; 

the compound of formula (IIaa) wherein R4 and R7 
are 4-f luorobenzyl, R22 and R23 are 3-

2C butyrylbenzyl; 

the compound of formula CIIaa) wherein R4 and R7 
are 4-fluorobenzyl, R22 and R23 are 3-

_ hydroxymethylbenzyl; 
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the .compound of formula (IIaa) wherein R4 and R7 

are 4-f luorobenzyl, R22 and R23 are 3-

(CH3C {•N-OH) benzyl; 

the compound of formula (Ilaa) wherein R4 and R7 

are 3-methoxybenzyl, R22 and R23 are benzyl; 

the compound of formula (IIaa) wherein R4 and R7 

are 4-f luorobenzyl, R22 and R23 are 3-

(H2NC (•NOH) benzyl; 

the compound of formula (IIaa) wherein R4 and R7 

are 4-fluorobenzyl, R22 and R23 are 3-

{H2NC (•NOH)-4-fluorobenzyl; 

the compound of formula (IIaa) wherein R4 and R7 

are 3-methoxybenzyl, R22 and R23 are 

cyclopropylmethyl; 

the_compound of formula ( IIaa) wherein R4 and R7 

are 3-methoxybenzyl, R22 and R23 are 4-

hydroxymethylbenzyl; 

the compound of formula (IIaa) wherein R4 and R7 

are 3-methoxybenzyl, R22 and R23 are 3-

methoxybenzyl; 

. ~he compound of formula (IIaa) wherein R4 and R7 

are 3-hydroxybenzyl, R22_ and R23 are 3-

hydroxybenzyl. 

the compound of formula _(Ilaa)- wherein R4 and R7 

are 4-meth~xybenzyl, R22 and R23 are 

cyclopropylmethyl; 

the compound .of _formula -(Ilaa) wherein R4 and R7 

are 4-methoxybenzyl, R22 and R23 are benzyl; 

the compound of formula (llaa) wherein R4 and R7 

are 4-methoxybenzyl, R22 and R23 are 2-

naphthylmethyl; 

the compound of formula (Ilaa) wherein R4 and R7 

are 4-methoxybenzyl, R22 and R23 are 4-

hydroxymethylbenzyl; 
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the compound of formula CIIaa) wherein R4 and R7 

are 4-hydroxybenzyl, R22 and R23 are benzyl; 

the compound of formula (Ilaa) wherein R4 and Ri 

are 4-methoxybenzyl, R22 and R23 are allyl; 

the compound of formula (IIaa) wherein R4 and R7 

are 4-(2-hydroxyethoxy)benzyl, R22 and R23 are 

benzyl; 

the compound of formula CIIaa) wherein R4 and R7 
are 4-(2-morpholinylethoxy)benzyl, R22 and R23 

are benzyl; 

the compound of formula (Ilaa) wherein R4 and R7 
are 3-CH2NCC=O)CH20}benzyl, R22 and R23 are n-

butyl; 

the corepound of formula (llaa) wherein R4 and R7 

are 3,4-difluorobe~zyl, R22 and R23 are 3~ 

hydroxyrnethylbenzyl; 

:.:-~~: c~mpcur~d cf formula (Ilaa) wherein R~ and R7 

are 3,4-difluorobenzyl, R22 and R23 are 4-

hydroxyme~hylbenzyl; 

~~~ cornpc~nd of formula (Ilaa) wherein R4 and R7 
are J,4-difluorobenzyl, R22 and R23 are 3-

CH2NC(=O) )benzyl; 

~~~ compc~~d cf formula (!Iaa) wherein R4 and R1 

a:::-E: 2,4-difluoroberizyl, p22 and R23 are 3-

<H2~CC=NOH) )benzyl; 

~ht corr.pound of formula (Ilaa) wherein R4 and R7 

are L-naphthylmethyl, R22 and R23 are benzyl; 

the compound of formula (IIaa) wherein R4 and R; 

are 2-naphthylmethyl, R22 and R23 are 

3:• cyclopropylmethyl; 

the compound cf formula (Ilaa) wherein R4 and R7 

are 2-thienylmethyl, R22 and R23 are 

cyclopropylmethyl; 
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·the· compound of formula (Ilaa) wherein R4 and R7 

are 2-thienylmethyl, R~2 and R23 are 3-
(H2NC (•NOH)) benzyl; 

the compound of formula (IIaa) wherein R4 and R7 

5 . are 4-methylthiobenzyl, R22 and R23 are . ( . ~ ~ . 

10 

benzyl; 

the compound of formula (IIaa) wherein R4 and R7 

ar~ iso;r-opyl,. R22 and R23 ~re n-hexyl; 

17. A compound of formula (Ila): 

Ph"-<_W (· .... .,/Ph 

.. · /"-~,_ 

.. HO OH 

(Ila) 

15 wherein: 

20 

25 

. 30 

w is: 
. -N (R22) C (-=S)N (R23)-,:. ,. 

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

R22 and R23 are independ~h".tly selected from: 

(H2NCC=O))-berizyl, carboethoxybenzyl, (0-benzyl­

formal~oxime)~enzyl, CO-methyl-
. formaldoxime)benzyl, (CH302CO)-benzyl, 

(HOCH2CH2N•CH)-benzyl, 

N-benzylaminocarbonylbenzyl, <H2NNHC(•O))­

benzyl, CH2NC(•O)NHN=CH)-benzyl, 

(CH30NHC(~O))-benzyl, (HONHC(-=0))-benzyl, 

(CH3NHC(=O))-benzyl, 

N,N-dimethylaminocarbonylbenzyl, 

(HOCH2CH(OH)CH20)-benzyl, hydroxyethoxybenzyl, 

(carbomethoxy)pentyl, glycylaminobenzyl, 

~,N-dimethylglycylaminobenzyl, 
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alanylaminobenzyl, (N-phenylmethoxycarbonyl)-

alanylaminobenzyl, phenylalanylaminobenzyl, 

CN-phenylmethoxycarbonyl) 
phenylala.nylaminobenzyl, (CH3CH2NHC (=0)) -

' . 
benzyl, N,N-diethylaminocarbonylbenzyl, 

. . .. •'•. 

N-·ethylaminociarhony lbenzyl, 

N-propylaminocarbonylbenzyl, 

N,N-diisopropylaminocarbonylbenzyl, N, N-di-n­

propylaminocarbonylbenzyl, 

(hydroxypropynyl) benzyl, (imidazolyl-.C (•0) )­

benzyl, (pyrazolyl-CC•O))-benzyl, 

(pyridylmethylaminocarbonyl)benzyl, 
trifluoroacetylbenzyl, dihydroxyethylbenzyl, 
CMeHNC(=O)NH)-benzyl, CH2NC(=O)NH)-benzyl, 

CHC(=O)NH)-benzyl, methanesulfonylpentyl, N­

forrnyl-N-methylarninobenzyl, acetylaminobenzyl, 

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

benzyl, (N-methylglycyl)aminobenzyl, 

((4-rnorpholino)ethyl)aminocarbonylbenzyl, 

CN,N-dimethylaminoethyl)aminocarbonylbenzyl, 

(N,N-diethylaminoethyl)aminocarbonylbenzyl, 
(4-rnethylpiperazin-1-

ylethyl) aminocarbonylbenzyl, (benzyl­
N~C (=O)O)benzyl, (CH3NHC(=O)O)benzyl, 

(NH2C(=O)CH20)benzyl, (NH2CC=NH))benzyl, 

((N-phenylmethoxycarbonyl)glycylamino)benzyl, 
(irnidazolylmethyl)benzyl, ((CH3)3C­

cc~O))benzyl, .(N-methyl~N­

ethylaminoethyl)aminocarbonylbenzyl, 

(pyrrolidinylethyl)aminocarbonylbenzyl, 

(piperidinylethyl)arninocarbonylbenzyl, 
CH2NCC=NOH))benzyl, (H2NC(=NOH))fluorobenzyl. 

le. A compound of Claim 16 of formula (!!b): 
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,CN 

N 

R22NANR23 

Ph 

HO 
(I lb) 

...... ,_Ph 

.• 
~ OH 

PCT/US94/01609 

or a pharmaceutically acceptable salt form thereof, 
5 selected from the group consisting of: 

10 

15 

20 

25 

30 

the compound of formula (IIb) wherein R22 is 4-
~ydroxybenzyl and R23 is 4-hydroxybenzyl; 

the compound of formula CIIb) 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 (Ilb) wherein R22 is 

3-hydroxybenzyl and R23 is 3-hydroxybenzyl; 

the compound of formula (Ilb) 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 R22 is 

cyclobutylmethyl and R23 is cyclobutylmethyl; 
the compound of formula (Ilb) 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-

f ormaldoximebenzyl. 

19. A compound c: Claim 18 of formula (Ibb): 
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(Ibb) 

. ... 
"OH 

or a pharmaceutically salt form thereof, selected from 

the group consisting of: 

the compound of formu·ia (lbb) wherein R22 is benzyl 

and R23 is hydrogen; 

10 the compound of formula (Ibb} wherein R22 is 

15 

2 (; 

25 

cyclopropylmethyl·and R23 is 

cyc!opropylmethyl; 

the compound of. formula (lbb) wherein R22 is benzyl 

and R23 is b~nzyl; 

the compound of formula Ubb) wherein R22 is 

3-hycroxybenzyl and R23 is 3-hydroxybenzy:; 

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

hydroxymethylb~hzyl and R23 is 3-

hydroxymethylbenzyl; 

the cornpcund of formula· (Ibb) wherein R22 is 4-

hydroxybenzyl and R23 is 4-hydroxybenzyl; 

'the compound of formula Cibb) wherein R22 is 3-

methoxybenzyl and R23 is 3-methoxybenzyl; 

t~e compound of formula (Ibb) wherein R22 is 3-

(H2NC(=NOH))benzyl and R23 is 4-

hydroxyrnethylbenzyl; 

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

(H2NC (=NOH)) benzyl and R23 is 3-

CH2t;c (=NOH) )benzyl; 
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the compound of formula (Ibb) wherein R22 is 3-. . 

(H2NC(•NOH))-4-fluorobenzyl and ~23 is 3-

(H2NC(•NOH))-4-fluorobenzyl. 

20. A compound of the formula (I): 

R7A 

R7R7 
R& 

n 

(I} 

or a pharmaceutically acceptable salt form thereof 

wherein: 

R4 and R7 are independently selected from the following 

15 groups: 

20 

· ... 

25 

hydrogen; 
c1-cs alkyl substituted with 0-3 Rll; . .~ ' 

c2-cs alkenyl substituted with 0-3 Rll; 

c2-ca ·alkynyl substitut;~-~" ~ith 0:-3 Rll; 

a ~3-Cl~ carbocycli~.ring system substituted with 
.. ~- . 

0-3.Rll .or 0-3 Rl~;_ 

a 5- to lO~membere~ heterocyclic ring system 

containing l to 4 -heteroatoms independently 

selected f~om o~ygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 
with 0-2 R12; 

-oR13; -sR13; C02R13; 

R4A and R7A are independently selected from the 

30 following groups: 

hydrogen; 
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' ' . -'~ . 0:\ -4 84- .. 
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;. . 
-oRl3; -sR13; C02Rl3; 

R4 and R4A can alternatively join to form a 5-7 membered 

carbocyclic ring substituted with 0-2 Rl2; 

10 R7 and R7A can alternatively join to form a 5-7 membered 

carbocyclic ring substituted with 0-2 Rl2; 

r. is O, 1, o:: 2; 

15 p5 is s~:e=~ed from hydrogen; bromine, chlorine, C1-C6 

a:kyl substituted with 1-3 R11, -N(R20>2, -sR20, er 

pf ~s selected fro~ bromine, chlorine, C1-C6 alkyl 

LC- s~bstituted with 1-3 Rll, -N(R20)2, "-SR2C, or -N3; 

2: 

RS a~d pf can alt~rriativ~l~ join to for~ an aziridine 
rir.;; -OCC(CH2)3N~~) (CH3)b-; -NHC(=O)NH-; 

-oc: ( =0) NE-; -~me (=0)()-.:. ·-NHCH20-; -OCH2NH-; 

-m~c (=S) o-; -OS (=0) NH-; -NHC (=0) c (=0) 0-; 

-OC<=C)C(=O)NH-; -NHC(~O)C(=O)NH-; -NHC(CH3)20-; 

-O:(CF.3)2NH-; or any group that, when administered 

to a manunalian su.bject, cleaves to form a diamino 

er hydroxyl and amino; 

R5a is selected from hydrogen, halogen, C1-C6 alkyl, 
-N(R20>2, -sR20,· or -oR20; 

p6a is s~l~~~ed fro~: hydrogen, halogen, C1-C6 alkyl, 

3:, -!; !?.2C; 2, -s?20 or -·oR2J; 

Thiii11iil 1iff 1i~f 1ililf 

. . . .. , .. ~· ........ :; .. 
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Rs and R5a can alternatively .join to form •O, •S, or a 

ketal ring; 

R6 and R6a can alternatively join to form •O, •S, or a 

5 ketal ring; 

10 

15 

20 

R20 and R21 ar~ .independently selected from: - . 

hydrogen; 
C1-C6 alkyl substituted with 0-3 Rll; 

C3-C6 alkoxyalkyl substituted with 0-3 Rll; 

C1-C6 alkylcarb~nyl substituted with 0-3 Rll; 

C1-C6 alkoxycarbonyl substituted with 0-3 Rll; 

C1-C6 alkylaminocarbonyl substituted with 0-3 Rll; 

benzoyl substituted with 0-3 Rl2; . 

phenoxycarbonyl substituted with 0-3 Rl2; 

p~enylaminocarbonyl substituted with 0-3 Rl2; or 

any group that, when administered to a mammalian 

subject, cleaves to form a free hydroxyl, 

.. amino or sulfhydryl; 

Rll is selected from one or more of the following: 
H, keto, halogen, cyano, -CH2NR13Rl4,·-NR13Rl4, 

-co2R13, -OC(=O)R13, ~oR13, -S(O)mR13, 

-NHC(=N~)NHR13, -~(•NH)NHR13, -C(=O)NR13R14, 

25 -NR14c <=:O> Rl3, •NOl~l4, . -NR1.4c (=0) oR14, 

-OC(=O)NR13R14, -NRi3c(=O)NR13R14, 

30 

35 

-NR14so2.NR13R14, -NR14so2Rl3, -so2NR13Rl4, 

-OP (0) <OR13> 2, c1-C4 alkyl, .. c2-c4 alkenyl, C3-

C6 cycloalkylmethyl, benzyl, phenethyl, 

phenoxy, benzyloxy, nitro, C7-C10 arylalkyl, 

hydroxamic acid, hydrazide, boronic acid, 

sulfonamide, formyl, C3-C6 cycloalkoxy, C1-C4 

alkyl substituted with -NR13R14, c1-C4 

hydroxyalkyl, methylenedioxy, ethylenedioxy, 

C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 
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alkoxycarbonyl, pyridylcarbonyloxy, C1-C4 

alkylcarbonyl, C1-C4 alkylcarbonylamino, 

-OCH2C02H, 2-(1-morpholino)ethoxy, azido, or 

-c Ull4 > •N COR14 >; . 
1-3 amino acids linked together. via amide bonds, 

said amino acid being iinked via the amine or 

carboxylate terminus; 
C3-C10 cycloalkyl substituted with 0-2 R12; 

C1-C4 alkyl substitued w~th 0-2 Rl2; 
10 aryl(C1-C3 alkyl) substituted with 0-2 R12; 

c2-C6 alkoxyalkyl, substituted with 0-2 Rl2; 

· C1-C4 alkylcarbonyloxy substituted with 0-2 Rl2; 

C6-C10 arylcarbonyloxy substituted with 0-2 Rl2; 

a C5-C14 carbocyclic residue substituted with 0-3 

15 F.12; 

25 

30 

35 

a 5- to 10-membered heterocyclic ring system 
containi·ng 1 to 4 heteroatoms independently 

~elected from ox~gen, nitrogen or sulfur, said 

heterocyclic ririg system being substituted 
with 0-3 Rl2; 

Rllh is seiected from one or more of the following: 
H, keio, halogen, cyano, -cH2NR13BR14B, -NR13BR14E, 

-co2H, ..;.oc <=O> <C1~C3 alkyl>, -OH, c2-C6 
. .·. 

alkoxyalkyl, ~C<=O)NH2, -OCC=O)NH2, 

-NHC(=O)NH2, -S02N'H2, C1-C4 alkyl, c2-C4 
alke;nyl, C3-C10 cycloalkyl, C3-C6 

cycloalkylmethyl, berizyl, phenethyl, phenoxy, 
benzyloxy, nitre, C7-C10 arylalkyl, hydroxarnic 

acid, hydrazide, boronic acid, C3-C6 

cycloalkoxy, C1-C4 alkyl substituted with 

-NH2, C1-C4 hydroxyalkyl, methylenedioxy, 

ethylenedioxy, C1-C4 haloalkyl, C1-C4 

haloalkoxy, C1-C4 alkoxycarbonyl, C1-C4 
alkylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C~ 
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2-(l-morpholino)ethoxy, azido, aryl(C1-C3 
alkyl), a C5-C14 carbocyclic residue; a 5- to 

10-membered heterocyclic ring system 
containing l to 4 heteroatoms independently 
selected from oxygen, nitrogen or sulfur, said 
heterocyclic ring system substituted with 0-3 
R12A; 

10 R12, when a substituent on carbon, is selected from one 
or more of the following: 

15 

. 20 

25 

30 

35 

phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 
halogen, hydroxy, nitro, cyano, C1-C4 alkyl, 

C3-C6 cycloalkyl, C3-C6 cycloalkylmethyl, C7-
c10 arylalkyl, c1-C4 alkoxy, -co2H, hydroxamic 

acid, hydrazi~e, boronic acid, s~lfonamide, 

formyl, C3~C6 cycloalkoxy, -oR13, C1-C4_ alkyl 
sub.stitu~_ed with .-1u~l3Rl4, ·. -NR13Rl4, c2-C6 

... 

alkoxyal.~yl optionally. substituted with 
·. . . -~ . 

-_Si CCH3} 3, C1-C4 hydroxyalkyl, methylenedioxy, 

~·u1~ ie.~edi~xy, C l".'C_4 haloalkyl, C1 -C4 

haloalk?xy, C1-C.4 alkoxycarbonyl, C1-C4 
alkylcarbonyloxy, C1-C4 alkylcarbonyl; C1-C4 
alkylcarbo~ylamin~, · -s CO) mR13, -so2NR13R14, 

~NHS02Rl~, ~OCH2C02R13, 
2-(l-morpholino)ethoxy, -CCR14)•N(OR14); or 

. ' 

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

or Rl2 may be a 3- or 4- carbon chain attached to 

adjacent carbons on the ring to form a fused 

5- or 6-membered r,ing, said 5- or 6- membered 

ring being optionally substituted on the 
aliphatic carbons with halogen, C1-C4 alkyl, 
C1-C4 alkoxy, hydroxy, or -NR13Rl4; or, 
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when Rl2 is attached to a saturated carbon atom, it 

may be •O or •S; or when Rl2 is attached to 
sulfur it may be •O; 

5 R12, when a substituent on nitrogen, is selected from 
one or more of the following: 
phenyl, ·benzyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 
cycloalkyl, C3-C6 cycloalkylmethyl, 

10 -CH2NR13R14, -NR13R14, C2-C6 alkoxyalkyl, C1-

C4 haloalkyl, C1-C4 alkoxycarbonyl, -co2H, c1-
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, 
-C(Rl4)=N(QR14); 

15 R12A, when a substituent on carbon, is selected from one 
or more of the following: 

20 

25 

30 

phenyl, benzyl, phenethyl, phen'oxy, benzyloxy, 
halogen, hydroxy, nitro, cyano, C1-C4 alkyl, 
C3-C6 cycloalkyl, C3-C6 cycloalkylmethyl, C7-
C10 arylalkyl, C1-ci4 alkoxy, -c62H, hydroxarnic 

·acid, hydrazide, bo~onic acid, sulfonamide, 
formyl,' C3-C6 cycloalkoxy, -oR13, C1-C4 alkyl 
substitu~ed ~ith -NH2, -NH2, -NHMe, C2-C6 

alkoxyalkyl optio~ally substituted with 
-Si(CH3)3, C1-C4 hydroxyalkyl, methylenedicxy, 
ethylenedioxy, t1-C4 haloalkyl, C1-C4 
haloalkoxy, C1-C4 alkoxycarbonyl, c1-C4 
alkylcarbonyloxy, C1-C4 alkylcarbony!, C1-C4 
alkylcarbonylamino, -S(O)mMe, -so2NH2, 
-NHS02Me, -OCH2C02R13, 2-(l-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 Rl2A 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 -NH2; or, 

when Rl2A is attached to a saturated carbon atom, 
it may be •O or •S; or when Rl2 is attached to 
sulfur it may be •O; 

Rl2A, when a substituent on nitrogen, is selected from 
one or more of the following: 
phenyl, benzyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 
cycloalkyl, C3-C6 cycloalkylmethyl, -CH2NH2, 

-NH2, C2-C6 alkoxyalkyl, C1-C4 haloalkyl, C1-
C4 alkoxycarbonyl, -C02H, C1-C4 

alkylcarbonyloxy, C1-C4 alkylcarbonyl, 
-C(=NOH)NH2; 

R13 is selected from: 

H; 

phenyl substituted with·0-3 RllA; 
benzyl substitu~ed with 0-3 RllA; 
C1-C6 alkyl substituted with 0-3 RllA; 
C2-C4 alken}il substit.ut.ed with 0-3 RllA; 

C1-C6 al~ylcarbonyl substituted with 0-3 RllA; 
C1-C6 alkoxycarbonyl substituted with 0-3 R11A; 
C1-C6 alkylaminocarbonyl substituted with 0-3 RllA; 
C3-C6 alkoxyalkyl substituted with 0-3 RllA; 

an amine protecting group when Rl3 is bonded to N; 
a hydroxy protecting group when R13 is bonded to O; 

Rl4 is hydrogen, hydroxy, C1-C6 alkyl substituted with 

0-3 groups selected from OH, C1-C4 alkoxy, halogen, 
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NH2, -NH(C1-C4 alkyl), C1-C6 alkoxy, C2-C6 alkenyl, 

phenyl, benzyl, an amine protecting group when R14 

is bonded to N, a hydroxy protecting group when R14 

is bonded to O; 

R13 and R14 can alternatively join to form -(CH2)4-, 

-(CH2)5-, -CH2CH2N(RlS)cH2CH2-, ~r -CH2CH20CH2CH2-; 

R13B and Rl4B are independently selected from H or C1-C6 

10 alkyl, or R13B and R14B can alternatively join to 

form -CCH2)4-, -CCH2)5-, -CH2CH2N(RlS)CH2CH2-, or 

-CP.2CP.20CH2CH2-; 

15 

F.J.5 is H or CH3; 

... is C, 1 or ~; 

W ~s selected from: 
-N(R22)C(=Z)N(R23J-, 

r -

·- ~; (?. 4 ·" i C ( = Z I 0- , 

-:(p,25) (?26)C(=Z)C(R2i) (R28)-, 

-K (~2~) C (=Z) C (R27) (R2B):-, 

- C. ( P. 2 :_ I (R 2 6 ) C ( = Z ) 0- , 
• • • • I 

2~ -NCF22)C(=O)C(=O)N(R23)~, 

-C(?.z:.) (F.26)C(F 2 )C(R27) (R28)-, 

-C(F.25; (R26)N(CH3) (O)C(R27) (R28)-, 

-C (R2~) (R2 6) N (QR2 9) C (R27) (R28)-, 

-C(R25) rn26)C(=Z)S-, 

30 -N(R22iS(=O)N(R23)-, 

where:i.r:: 
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R22 ~nd R23 are independently selected from the 

following: 
hydrogen; 
c1-ce alkyl substituted with 0-3 R31; 

c2-cs alkenyl substituted with 0-3 R31; 
c2-ce alkynyl substituted with 0-3 R31; 

a C3-C14 carbocyclic ring system substituted with 

0-5 R31 or 0-5 R32; 

a s~ 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 

-oR22a; -N(R22a) (R22b); 

R22a and R22b are independently selected from the 

following: 

hydrogen; 
c1-ce alkyl substituted with 0-3 R31; 

c2-ce alkenyl substituted with 0-3 R31; 
c2-ca"'·a1kynyl substit.uted with 0-3 R31; 

a C3-C14 carbocyclic ring system substituted with 

0-5 R31 or 0-5 R32; or 

a 5- to 10-membered heterocyclic ring system 

containing l to 4 heteroatoms independently 
selected from oxygen, nitro·gen or sulfur, said 

heterocyclic ring system being substituted 
with 0-2 R32; 

30 R24 is selected from: hydrogen; hydroxy; amino; C1-C4 

alkyl; C1-C4 alkoxy; mono- or di-(C1-C6 

alkyl)amino; cyano; nitro; benzyloxy; -NHS02aryl, 

aryl being optionally substituted with 
CC1-C6)alkyl; 

35 
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R25 and R27 are independently selected from the 

following: 
hydrogen; 
c1-ce alkyl substituted with 0-3 R31; 

c2-cs alkenyl ~ubstituted with 0-3 R31; 

c2-ce alkynyl substitu.ted with 0-3 R31; 

a C3-C14 carbocyclic ring system substituted with 

0-5 R31 or 0-5 R32; 

a 5- to lO~membered heterocyclic ring system 
containing 1 to 4 heteroatoms independently 

selected from o~ygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted 

with 0-2 R32; 

-0R13; -sR13; 

?.2€ and p,28 are independently selected from: 

hycirogen; 

halogen; 
c:-C4 alkyl substituted with 0-3 halogen or 0-3 C1-

c~ alkoxy; ... 

b~r.::yl subs~ituted with 0-3 halogen or. 0-3 -C1-C2 

alkoxy; 
-op,13; -SR13; 

"''" R~~ ~s selected from: 

C1-C4 alkyl substituted with 0-3 halogen or 0-3 C1-

c2 alkoxy; 

be~:y: substi~uted with 0-3 halogen or 0-3 Ct-C2 

alkoxy; 

a:terna~ively, R22, R25, or R26, independently, can join 

w~~b R4 or R4A to form a 5- or 6-membered fused 

h~~ero=yclic ring or carbocyclic ring substituted 

~~:~ t-2 Rl2, said heterocyclic ring containing 1-3 
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heteroatoms independently selected from N, S, or O; 
or 

alternatively, R23, R27, or R28, independently, can join 
5 ·with R7 or R7A to form a 5- or 6-membered fused 

10 

15 

20 

25 

heterocyclic ring or carbocyclic ring substituted 
with 0-2 R12, said heterocyclic ring containing 1-3 

heteroatoms independently selected from N, S, or O; 

or 

alternatively, R22, R25, R26, R23, R27, R28, R34, or R35 
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 Rl2 and said 
bridge containing 0-3 heteroatoms independently 
selected from N, S, or 0 (i.e., a 0-membered bridge 
is formed when R22, R25, R26, R23, R27, R28, R34, 
or R35 are taken together with RS or R6 to form a 
direct bond); 

alternative~y R28 or R23 can join with R7A 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, -CH2NR13Rl4, -NR13Rl4, 

-co2Rl3, -C(•O)Rll, -OC(•O)Rl3, -oR13, c2-C6 
30 alkoxyalkyl, -s (0) mR13, -NHC (•NH) NHR13., 

-C(=NH)NHR13, -C(•O)NR13Rl4, -NR14c(•O)R13, 
•NOR14, -NR14cc=O)OR14, -OC(•O)NR13Rl4, 
-NR13cc=O)NR13Rl4, -NR13cc=S)NR13R14, 
-NR14so2NR13R14, -NR14so2R13, -so2NR13Rl4, c1-

35 C4 alkyl, c2-C4 alkenyl, C3-C10 cycloalkyl, 
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C3-C6 cycloalkylmethyl, benzyl, phenethyl, 
phenoxy, benzyloxy, nitro, C7-C10 arylalkyl, 
hydroxamic acid, hydrazide, oxime, boronic 
acid, sulfonamide, formyl, C3-C6 cycloalkoxy, 
C1-C4 alkyl substituted with -NR13Rl4, C1-C4 
hydroxyalkyl, methylenedioxy, ethylenedioxy, 
C1-C4 haloalkyl, C1-C4 haloalkoxy, C1-C4 
alkoxycarbonyl, C1-C4 alkylcarbonyloxy, C1-C4 
alkylcarbonyl, C1-C4 alkylcarbonylamino, 
-OCH2C02R13, 2-(l-morpholino)ethoxy, azido, 
-C(Rl4)-N(OR14); or 

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

a C5-C14 carbocyclic residue substituted with 0-5 
R32; or 

a ~- to 10-rner:U:iered het.erocyclic ring syste:r. 
containing 1 to 4 heteroatoms independently 
selected from oxygen, nitrogen or sulfur, said 
heterocyclic ring system being substituted 
with 0-2 R32; 

p_.:..c, when a substituent on carbo.:1, is selected frorr. 
one or more of the following; 

phe~e~hyl, phenoxy, C3-C10 cycloalkyl, C3-C6 
cycloalkylmethyl, C7-C10 arylalkyl, hydrazide, 
oxime, boronic acid, C2-C6 alkoxyalkyl, 
methylenedioxy, ethylenedioxy, C1-C4 
alkylcarbonyloxy, -NHS02R14, 

benzyloxy, halogen, 2-(1-morphclino)ethoxy, 
-C02Rl3, hydroxamic acid, -CONR13N~13R:~, 
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cyano, sulfonamide, -CHO, C3-C6 cycloalkoxy, 
-NR13Rl4, -C(Rl4)•N(OR14), -N02 1 -oR13, 
-NR40R41, ~S0mRl3, -SOmNR13Rl4, -C(•O)NR13Rl4, 
-OC(•O)NR13Rl4, -C(•O)Rll, -OC(=O)Rll, 
-oco2R13, phenyl, -C(•O)NR13-<c1-C4 alkyl>-
NR13R14, -C(-O)NR40R41, C1-C4 haloalkyl, C1-C4 
haloalkoxy, C2-C4 haloalkenyl, C1-C4 
haloalkynyl; or . 

-C(•O)NR13C(Rll)2NR13Rl4; 
10 -C(•O)NR13C(Rll)2NRl3co2Rl3; 

15 

20 

25 

-C(•O)NRl3-(C1-C4 alkyl)-NR13co2Rl3; 
-C(•O)N(R13)-(C1-c4 alkyl)-Rll; or 
-C(=O)C(Rll)2NRl3Rl4; 

-CC•O)C(Rll)2NR13co2Rl3; -C(=O)-(C1-C4 alkyl)-
NR13Rl4; -C(=O)-(C1-C4 alkyl)-NRl3co2Rl3; or 

C1-C4 alkoxy substituted with 0-4 groups selected 
from: R11 , C3-C6 cycloalkyl, -C02Rl3, 
-C(=0)NR13Rl4, -NR13R14 or OH; 

C1-C4 alkyl substitut~d with 0-4 groups selected 
from: Rll, =NR14, =NNR13c(=O)NR13R14, 
=NNR13c(=O)OR13, or -NR13Rl4; 

C2-C4 alkenyl substitut~d with 0-4 Rll; 
C2-C4 alkynyl substitute~ with 0-4 Rll; 

a 5- or 6-membered heterocyclic ring containing 
from l to 4 hetero.atoms independently selected 
from oxygen, nitrogen or sulfur, substituted 
wi 'th 0-2 Rl2; 

or R32 may be a 3- or 4- carbon chain attached to 
adjacent carbons on the ring to form a fused 

30 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 -NR13R14; 

or, when R32 is attached to a saturated carbon , it 
35 may be =O, =S, =NOH; or when R32 attached to 

sul!~r i~ may be =O; 
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R32, when a substituent on nitrogen, is selected from 

one or more of the following: 
phenyl, benzyl, phenethyl, hydroxy, C1-C4 

hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-Cs 

cycloalkyl, C3-cs cycloalkylmethyl, 

-CH2NR13Rl4, -NR13R14, C2-C6 alkoxyalkyl, C1-

C4 haloalkyl, C1-C4 alkoxycarbonyl, -co2H, C1-
C4 alkylcarbonyloxy, C1-C4 alkylcarbonyl, 

-C(Rl4)•N(OR14); 

R40 is selected from: H, C1-C3 alkyl; 

, . -..... .t< is selected from: 
-C (=0) NR13R14; 

-C ("=0) NR13NR13Rl4; 
-C(=0)CCR11)2NR13Rl4; 

-Ct=O)C(Rl1) 2NR13NR13Rl4; 

-CC=O)C{Rll)2NR13co2Rl3; 

-C(==V}E; 

-C(=OJ-CC:-C4 alkyl)-NR13Rl4; 

-:r=~)-(C1-C4 alkyl)-NR13co2Rl3; 

:-3 amino acids li~ked together via amide bonds, 

•nd linked to th~ N atom vi~ the carboxylate 

terminus;· 

p:-ov.ided tha-:: 

R', RCA, R7 and R7A are not all hydrogen; 

~her: Wis -OC(=Z)O-, -SC(=Z)-, -C{=Z)-, 
-P(=O) (R24a)-, -S(=Z'}- or -S(=Z')2-, R4 and 

R7 are net hydrogen. 

This Sheet Has Been Replaced 
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21. A compound, or a pharmaceutically acceptable 

salt form thereof, selected from the following formulae: 

; ; ; 

5 

A"-( ·o 
\ ~ )l R23 RD , . 

0 N' 
. I 

N PhnR7 R' R'i--?'R7 
R4 

R6 
; HO OH R5 

; ; 

0 

Ph 0 
R22 ..---'l--

R4 ~o~ 
'N N R4 
~· 

OH R4 R7 

Rs • Rs R6 , ; ; 

0 0 0 

R22-NJlO R22_NJlNR23 R22-NJlS 

R4VR7 R'VR7 R'VR7 

10 
Rs . Rs 

; 
Rs 

; ; 

llillii/1iii11l11l"1ililir 
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0 

; 

.. I . o· . 

~-N)lN-Rz 
·fl"~R' 

0 F F 
; 
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; 

0 
R22 II R23 

'N..,A....N" 

R'UR' 
Rs R6 

; 
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wherein: 

5 R4 and R1 are independently selected from the following 
groups: 

hydrogen; 
C1-C3 alkyl substituted.with 0-1 Rll; 

io Rs is -0R20; · 

15 

R6 is hydrogen or -oR21; 

R20 and R2l are independently ~ydrogen or any group 

that, when administered to a manunalia~ subject, 

cleaves to form a free h~droxyl; - ' 
.. ' 

Rll is selected from one or more of the.following: 

H; halogen; -oR13; 

20 C3-C10 cycloalkyl substituted with 6-2 Rl2; 

C1-C4 alkyl substituted with 0-2 Rl2; 

aryl(C1-C3 alkyl) substituted with 0-2 Rl2;. 

aryl substituted with 0-2 R12; or 

25 

30 

a heterocyclic ring system selected from pyridyl, 

pyrimidinyl, triazinyl, £uranyl, thienyl, 

pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, 

benzofuranyl, indolyl, quinolinyl, 

isoquinolinyl, oxazolidinyl, said heterocyclic 

ring system being substituted with 0-2 Rl2; 

Rl2, when a substituent on carbon, is selected from one 

or more of the following: 
benzyloxy, halogen, methyl, C1-C4 alkoxy, CF3, 

2-(1-morpholino)ethoxy, -C02H, hydroxamic 
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acid, hydrazide, -C(R14)•N(OR14), cyano, 
boronic acid, sulfonamide, formyl, C3-C6 

cycloalkoxy, C1-C4 alkyl substituted with 

-NR13R14, -N~l3Rl4, hydroxy, hydroxymethyl; or 

R12, when a substituent on nitrogen, is methyl; 

10 Rl4 is OH, H, CF3, C1-C4 alkyl, C1-C4 alkoxy, NH2, C2-C4 

alkenyl, or benzyl; 

15 

R13 and Rl4 can alternatively join to form -(CH2>4-, 

-(CH2)5-, -CH2CH2N(RlS)CH2CH2-, or -CH2CH20CH2CH2-; 

W ~~ selected from: 
-N(R22)C(=Z}N(R23)-; 

20 -N(R22)C(=Z)O-; 
-C(R25) (·R26)C(=Z)C(R27) (R28)-; 
-N (R22) S (=Z') N'(R23)-; 
-N(R22)S(=Z'}2N(R23)-; 
-C(R25) (R26)C(R34) (R35)C(R27) (R2B)-; 

2~ -N=C(R3€)N(R23)-; 

3C-

-C(=Z)-; 

Z is 0, S,~or N-CN; 

" ' .; e.·· _,,...., -...... ...._ .....,,, 

F.~ .2 an::: f.2 3 are: independently selected from the 

fc::owing: 

hydrogen; 
3: c:.-ce alkyl substit•1ted with 0-3 R31; 

C2-:6 alkenyl subst~tuted with 0-3 R31; 

C2-C4 alkynyl substituted with 0-3 R31; 

p,25 and R27 are independently selected from the 

48 fellowing: 
hyd::-ogen; 
C:-C4 alkyl substituted with Q-j R31; 
C3-:~ alkenyl substituted with 0-3 R31; 
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R26 and R28 are hydroqen or haloqen; 

R31 is selected from one or more of the following: 

5 halogen, -oR13, c1-C4 alkyl, c3-C10 cycloalkyl, 

10 

-C(R14)•N(ORl4), -C02R13, -S(O)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~ 

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

or more of the following: 

20 

25 

30 

35 

benzyloxy, halogen, 2-(l-morpholino)ethoxy, 

-C02Rl3, hydroxamic acid, -CONR13NR13R14, 

cyano, boronic acid, sulfonamide, -CHO, C3-C6 

cycloalkoxy, -NR13Rl4, -C (Rl4) ~N (OR14), N02, 

-OR13, -NR40R41, -SOmRl3, -SOmNR13R14, 

-C(~O)NR13Rl4, -OC(=O)NR13R14, -C(=O)Rll, 

-OC (=0) Rl 1, -OC02Rl3, ph~nyl., . -C (•0) NRl3- (C1-C4 

alkyl)-NR13R14, -C1=0)NR~OR~l, C1-C4 

hal"oalkyl,,C1-C4 haloalkoxy, C2-C4 

haloalkenyl, C2-C4 haloalkynyl, -C(•O)NR13Rl4; 

-C(•O)C(Rll)2NR13Rl4; -C(=O)C(Rll)2NRl3NRl4; 

-C(=0)C(Rl1)2NR13co2R13; -C(•O)-(C1-C4 alkyl)-

NRl3Rl4; -C(•O)-(C1-C4 alkyl)-NR13co2R13; or 

C1-C4 alkoxy substituted with 0-3 groups selected 

from: R11, C3-C6 cycloalkyl, -C(•O)NR13Rl4, 

-NR13Rl4, or OH; 

C1-C4 alkyl substituted with 0-3 groups selected 

from: Rll, •NR14, •NNR13c(-O)NR13Rl4 or 

-NR13R14; 

C2-C~ alkenyl substituted with 0-3 Rll; 

10

f liliill 1iii1i~l1fillf 



·. : -~··: 

.. ·-~·: .... . . . ·r·. 
.. .. 

111111111111111111111111111111 
WO 94/19329 * C L M S * PCJ;IUSM/01609 

5 

10 
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• -502-
C2-C4 alkyriyl substituted with 0-3 Rll; 

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

from oxygen, nitrogen or sulfur, substituted 
with 0-2 R12; 

R32, when a substituent on nitrogen, is methyl; 

m is O, 1, or 2; 

R34 is selected from: 
hydrogen; 
c1-c2 alkyl; 
C1-C2 alkoxy; 

R35 is selec~ed from: 
hydroc;er.; 
C1-C2 alkyl; 
c:-c2 a~k::ixy: 

F.3€ is selecved·from: C1-C2.alkyl; COR37; NR38R39; CN; 
CCl3; . 

is selected f rorn: 

h::.·~ :-?~er:.; . 
C,·'-·cr,··a1}::"L• 1 "'..lb"'·-;:,..u .. .,,d with 0-1 Rll,. - ' -·J- w ---~ -~. 

hydroxyl; 
C1-:2 alkoxy su~stituted with 0-1 Rll; 

- •,•:. 3 8 p 3 ~ . .. .. . . r 

?~ 0 a~d R39 a=e independ~ntly _selected froffi: 
hydr::iger.; 
c1-c2 alkyl substituted with 0-3 Rll; or 
a~ amine protecting group; 

R4~ is s~lected fr~m: H, C1-C~ alkyl; 

R41 is selected from: 
-C (=0) NR13Rl4; 

40 -C(=OJNR13NR13Rl4; 
-~(=0)C(Rll) 2NR13Rl4; 
-C(=O)C(Rll)2NR13NR13Rl4; 
-C(=OJC(Plll2NR13co2Rl3; 
-:{=~}E; 

4 ::. -C{=:~:r;l~; 
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-c (•0)- (Cl..;.C4 alkylf-NR13:al4; 
-C(~O)-(C1-C4 alkyl)-NR13C02Rl3; 

1-3 amino acids linked together via amide bonds, 

and linked to the N atom via the carboxylate 

terminus. 

22. A process for preparing cyclic--compounds of 

formula (I) : 

wherein: 

R4A 
R4 

(I) 

R7A 

R?R7 
Rs 

n 

R~ and R7 are independently selected from the following 

15 groups: 

hydrogen; 
C1-cs alkyl substituted with 0-3 Rll; 

c2-ca alkenyl substituted with 0-3 Rll; 

20 C2-c~ alkynyl substituted with 0-3 Rll; 

25 

30 

a C3-C14 carbocyclic ring system substituted with 

G-3 Rll or 0-3 Rl2; 

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 

R12; 

. ·.·:.; ·~-- ... -· 

.·.--··· ... 
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R4A and R 7A are independently selected·· from the 

following groups: 

hydrogen; 
5 C1-C4 alkyl substituted with 0-6 halogen or 0-3 C1-

10 

15 

c2 alkoxy; 

penzyl substituted with 0-6 halogen or 0-3 C1-c2 

alkoxy; 
-OR13; -SR13; C02Rl3; 

R4 and R4A can 
.• 
alternatively join to form a 5-7 membered 

carbocyclic ring substituted with 0-2 Rl2; 

R7 and R7A can alternatively join to form a 5-7 membered 
carboc~·clic ring substituted with 0-2 Rl2; 

:-. :.s C', 1, or 2; 

RS is select€d from H; halogen; C1-C6 alkyl substituted 
20 w::. ~h c1-3 p_ll, -N (R2ol 2, -sR20, -oR20, or -N3; . 

25 

30 

p€ is. independently selected from: :tiydro9en, halo9er., 
C1-C6 alkyl substituted with 0-3 Rll, -N(R20)2, 
-sp,20, -op,21, or ·-N3; 

~~ acd R6 ca~ alternativeiy Join to form an epoxide or 
aziridine ring; -OCH2SCH20-; -OC(=O)O-; -OCH20-; 

-OC(~S)O-; -OC(=O)C(=O)O-; -OC(CH3}20-; 

-OC ( (C l2) 3NH2) (CH3) 0-; -OC (OCH3) (CH2CH2CH3) 0-; 

-OS(=O)O-; -NHC(=O)NH-; -OC(=O)NH-; -NHC(=O)O-; 
-NHCH20-; -OCH2NH-; -NHC(=S)O-; -OS(•O)NH-; 

-NHC(=O)C(=O)O-; -OC(=O)C(=O)NH-; -NHC(•O)C(=O)NH-; 

-NHC(CH3)20-; -OC(CH3)2NH- or any group that, when 

adrr.inis~ered to a mammalian subject, cleaves to 
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form a free ·. dihydroxyl or di amino or hydroxyl and 
amino;· 

RSa is selected from hydrogen, .halogen, C1-C6 alkyl, 
s -N(R20>2, -sR20,:or -oR20; 

10 

15 

.20 

25 

30 

35 

R6a is selected from: hydrogen, halogen, C1-C6 alkyl, 
-N(R20>2, -sR20 or -oR21; 

RS 

R6 

R20 

and Rsa can alternatively join to form •O, -s, or a 
ketal ring; 

and R6a can alternatively join to form •O, =S, or a 
ketal ring; 

and R21 are independently selected from: 

hydrogen; 
c1-C6 alkyl substituted with 0-3 Rll; 
C3-C6 alkoxyalkyl substituted with 0-3 Rll; 
C1-C6 alkylcarbonyl substituted with 0-3 Rll; 

C1-C6 alkoxycarbonyl substituted with 0-3 Rll; 
C1-C6·alkylaminocarbonyl substituted with 0-3 Rll; 

benzoyl substituted with 0-3 Rl2; 

ph~noxycarbonyl ~ubstituted with 0-3 Rl2; 
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; 

Rll is selected from one or more of the following: 

H, keto, halogen, cyano, -CH2NR13Rl4, -NR13Rl4, 
-co2Rl3, -OC(-0)Rl3, -oR13, -S(O)mR13, 

-NHC(•NH)NHR13, -C(=NH)NHR13, -C(=O)NR13R14, 

,· . .·.\ .. 
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-NR14c c-o)Rl3, •NOR14, -NR14c(•O)OR14, 
~OC(•O)NR13Rl4, -NR13cc=O)NR13Rl4, ·-NR14so2NR13Rl4, 

-NR14so2R13, -so2NR13Rl4, -OP(O) (OR13)2, C1-C4 

alkyl, c2-C4 alkenyl, .C3-C6 cycloalkylmethyl, 

benzyl, phenethyl, phenoxy, benzyloxy, nitro, C7-

c10 arylalkyl, hydroxamic acid, hydrazide, boronic 

acid, sulfonamide, formyl, C3-C6 cycloalko~y, C1-C4 
alkyl substituted with -NR13R14, c1-C4 

hydroxyalkyl, methylenedioxy, ethylenedioxy, C1-C4 

haloalkyl, C1-C4 haloalkoxy, C1-C4 alkoxycarbonyl, 
pyridylcarbonyloxy, C1-C4 alkylcarbonyl, C1-C4 

alkylcarbonylamino, -OCH2C02H, 

2-(1-rnorpholino)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 

ca=boxylate te~minus; 

C3-:10 cyclcalkyl substituted with 0-2 Rl2; 

c:-c~ a:kyl substitued with 0-2 Rl2; 

aryl<C1-c3 alkyl) substituted with 0-2 R12; 

c2-Cf alkoxyalkyl, substituted with 0-2 R12; 

c1-c~ alkylcarbonyloxy substituted with 0-2 Rl2; 

C ·-:!o arylcarbonyloxy substituted with 0-2 Rl2; 

a C5-C14 carbocyclic residue substituted with 0-3 
p,12; 

a 5- to 10-membered heterocyclic ring system 

containing 1 to 4 heteroa~o~s indepe~dently 
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selected from oxygen, nitrogeri or sulfur, said 

. heterocyclic ring system being substituted with 0-3 
Rl2; 

5 RllA is selected from one or more of the following: 

10 

15 

20 

25 

. H, .k~to, halogen, cyano, -CH2N (Rl3B) (Rl4B), 
-N(Rl3B) (Rl4B), -C02H, -OC(•O) (C1-C3 alkyl), -OH, 
C2-C6 alkoxyalkyl, -C(•O)NH2, -OC(•O)NH2, 
-NHC(•O)NH2, -so2NH2, C1-C4 alkyl, c2-C4 alkenyl, 
C3-C10 cycloalkyl, C3-C6 cycloalkylmethyl, benzyl, 
phenethyl,_ phenoxy, benzyloxy, nitro, C7-C10 
arylalkyl, hydroxamic acid, hydrazide, boronic 

· acid, C3-C6 cycloalkoxy, C1-C4 alkyl substituted 
with -NH2, · C1-.C4 hydroxyalkyl, methylenedioxy, 
ethylenedioxy,, C1-C4 haloalkyl, C1-C4 haloalkoxy, 
C1-C4 alkpxycarbonyl, C1-C4 alkylcarbonyloxy, C1-C4 
alkylcarbonyl, C1-C4 alkylcarbonylamino, 
-OCH2C02H, 2-(1-morpholino)ethoxy, azido, aryl(C1-
C3 alkyl), a C5-C14 carbocyclic residue; a 5- to 
10-membered heterocyclic ring system containing 1 ·. 
to 4 heteroatoms independently selected from 
o~ygen, ·nitrogen or sul~ur, said:heterocyclic ring 
sy~tem substituted with 0-3 R12A; 

Rl2, when a substituent on carbon, is selected from one 
or more of the following: 

phenyl, benzyl, phenethyl, phenoxy, benzyloxy, 
30 halogen, hydroxy, nitro, cyano, C1-C4 alkyl, C3-C6 

cycloalkyl, C3-C6 cycloalkylmethyl, C7-C10 arylalkyl, 
C1-C4 alkoxy, -C02H, hydroxamic acid, hydrazide, 
boronic acid, sulfonamide, formyl, C3-C6 cycloalkoxy, 
-oR13, c1-c4 alkyl substituted with -NR13Rl4, 

35 -NR13Rl4, c2-C6 alkoxyalkyl optionally substituted 
with -Si(CH3)3, C1-C4 hydroxyalkyl, methylenedioxy, 
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ethylenedioxy,_. C1-C4 haloalkyl, C1-C4 haloalkoxy, 
c1-C4 alkoxycarbonyl, C1-C4 alkylcarbonyloxy, c1-C4 

alkylcarbonyl, C1-C4 alkylcarbonylamino, -S(O)mR1 3, 

-so2NR13R14, -NHS02R14, -OCH2C02Rl3, 

5 2-(1-morpholino)ethoxy, -C(R14)•N(OR14): or 

10 

a 5- or 6-membered heterocyclic ring· containing from 

1 to 4 heteroatoms independently selected from 

oxygen, nitrogen or sulfur; 

or Rl2 may be a 3- or 4- carbon chain attached to 

adjacent carbons on the ring to form a fused 5- or 6-

mernbered ring, said 5- or 6- membered ring being 

optionally substituted on .. the aliphatic carbons with 
15 halogen, C1-C4 alkyl, C1-C4 alkoxy, hydroxy, or 

-NR:3~14; o:, when R12 is attached to a saturated 

ca.:bor. a torr., it may be -=O or -=S; or .when R12 is 

a~~ached to sulfur it may be •O; 

2C 'C . / 
,. .-- I whe~ a s~bstituent on nitrogen, is sel~cted from 

c~~ c.: more of the ~ollowing: 

p~e~;:i benzyl, phenethyl, hydroxy, .c1-C4 

hyd.:oxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-Cs 

c:_:::lcalY.yl, C3-Cfi cycloalkylrnethyl, -CH2NR13R14, 

-~~:3Rl4, C2-C6 alkoxyalkyl, C1-C4 haloalkyl, C1-C4 

a:~cxycarbonyl, -C02H, C1-C4 alkylcarbonyloxy, 

C1-:~ alkylcarbonyl, -C(R14)•N(ORl4); 

• "7 
? . .l...:r., when a substituent on carbon, is selected from one 

or m~re of the following: 

phe~j·:, be~zyl, phenethyl, phenoxy, benzyloxy, 
halogen, hydroxy, nitro, cyano, C1-C4 alkyl, C3-C6 

cy=lcal~y:, C3-Ce cycloalkylmethyl, c1-C10 arylalky!, 

C>-~~; c:.:k-:::·/, -COi!-:., hydroxamic acid, hydrazid~, 
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boronic acid, sulfonamide, formyl, C3-C6 cycloalkoxy, 
-oRl3, C1-C4 alkyl substituted with -NH2, -NH2, -NHMe, 
c2-C6 alkoxyalkyl optionally substituted with 
-Si(CH3)3, c1-C4 hydroxyalkyl, methylenedioxy, 

5 ethylenedioxy, C1-C4 haloalkyl, C1-C4 haloalkoxy, 
C1-C4 alkoxycarbonyl, c1-C4 alkylcarbonyloxy, C1-C4 
alkylcarbonyl, c1-C4 alkylcarbonylamino, -S(O)mMe, 

10 

. 
-so2NH2, -NHS02Me, -OCH2C02R13, 
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; 

15 or Rl2A 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 

20 -NF.2; or, when R12A is attached to a saturated carbon 
atom, it may be =O or =S; or when R12 is attached to 
sulfur it may be =O; 

R12A, when a substituent on nitrogen, is selected from 
25 one or more of the following: 

30 

35 

phenyl, benzyl, phenethyl, hydroxy, C1-C4 
hydroxyalkyl, C1-C4 alkoxy, C1-C4 alkyl, C3-C6 
cycloalkyl, C3-C6 cycloalkylmethyl, -CH2NH2, -NH2, 
C2-C6 alkoxyalkyl, C1-C4 haloalkyl, C1-C4 
alkoxycarbonyl, -C02H, C1-C4 alkylcarbonyloxy, 
C1-C4 alkylcarbonyl, -C(•NOH)NH2; 

R13 is selected from: 
H; 

phenyl substitu~ed with 0-3 RllA; 
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benzyl substituted· with 0-3 RllA; 

C1-C6 alkyl substituted with 0-3 RllA; 

C2-C4 alkenyl substituted with 0-3 RllA; 

C1-C6 alkylcarbonyl substituted with 0-3 RllA; 

5 C1-~6 alkoxycarbonyl substituted with 0-3 RllA; 

c1-C6 alkylaminoc~rbonyl substituted with 0-3 RllA; 

10 

15 

20 

C3-C6 alkoxyalkyl substituted with 0-3 RllA; 

an amine protecting group when R13 is bonded to N; 

a hydroxy protecting group when R13 is bonded to O; 

R14 is hydrogen, hydroxy, CF3, C1-C6 alkyl substituted 

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

halogen, NH2, -NH(Cl-C4 alkyl), C1-C6 alkoxy, C2-C6 

alkenyl, phenyl, benzyl, an amine protecting group 

when Rl4 is bonded to N, a hydroxy protecting group 

wher. :r.H is bonded to O; 

R13 and Rl~ can alternatively Join to form -(CH2)4-, 

-(CH2)5~, -CH2CH2N(RlS)c~2CH2-, or -CH2CH20CH2CH2-; 

::)32 and Rl.t;E are independently selected from H or C1-C€ 

alky:, or Rl3E and R14B can alternatively join to 

fo~~ -(CH2)4-, -(CH2)5-, -CH2CH2NCRlS)cH2CH2-, or 

-CH2CH20:H2CH2-; 

:: . .:.: is E o:r CP.3; 

rr. is C, l or 2; 

30 v: .:..s selected from: 

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

-N(R22)CC=S)N(R23)-; 

-N(R22)S(=0)2N(R23)-; 

~22 a~d ~23 a:e independently selected from the 
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hydrogen; 
c1-ca alkyl substituted ~ith 0-3 R31; 

c2-ce alkenyl substituted with 0-3 R31; 

c2-ce alkynyl substituted with 0-3 R31; 

-··:· ·'< 

a C3-C14 carbocyclic ring system substituted with 

0-5 ·R3l or R32; 

a 5- to 10-membered heterocyclic rinq system 

containing l to 4 heteroatoms independently 

selected from oxyqen, nitrogen or sulfur, said 

heterocyclic ring system being substituted with 0-2 

R32; 

provided that at least one of R22 or R23 must be H; 

R22a and R22b are independently selected from the 

. 2C fc:lowing: 

hydrogen; 
·C1-ca·alkyl.substituted with 0-3 R31; 

c2-cs alkenyl stibstituted with 0-3 R31; 

25 C2-cs al.kynyl substituted wit.h 0-3 R31; 

30 

a c3~C14 carbocyclic'ring system substituted with 

0-5 R31 or 0-5 R32; 

a 5- to 10-membered heterocyclic ring system 

containing l to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 

heterocyclic ring system being substituted with 0-2 

R32; 

35 alternatively, R22 cac join with R4 or R4A to form a S­

o= 6-me~~ered fused heterocyclic ring or 

.7.;·,·. 
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carbocyclic ring substituted with 0-2 R12, said 

heterocyclic ring containing l-3 heteroatoms 
independently selected from N, S, or O; er 

5 alternatively, R23 can join with R7 or R7A to form a 5-

10 

. :. 

·or 6-membered fused heterocyclic ring or 
carbocyclic ring substituted with 0-2 Rl2, said 

heterocyclic ring containing 1-3 heteroatoms 
independently selected from N, s, or O; or 

R31 is selected from one or more of the following: 

k~~c, halogen, cyano, -cH2NR13R14, -NR13R14, 

-::·2?.:3, -: (=0) p,11, -oc (-=0) Rl3, -oR13,: c2-C6 

c..:.k~x:~alk:i· J, -S (0) mR13, -NHC (=NH) NHR13, 

-: !=::.::) Nr:R.:2, -c <=o> NR13RH, -m~l'ic <=:>> Rl3, =No:r:.:..4, 

-NF~'=<=O)QRl~, -OC(=0)NR13Rl4, -NR13cc-=O)NR13Rl', 

-N~:3:(=S)~Rl3RlC, -NR14so2NR13Rl4, -NR14so2R13, 

. -s~;~?l3R14, c1-C4 alkyl, c2-c4~alkenyl, C3-c10 
'. 

c~·:-.: ::.=.: l:::i< .. , :2-:6 cycloa!kylroe~hyl, benzyl, 
::· .. . ... .. -~ - , 

hyd~oxa~ic acid, hydrazide, oxirne, 
.r.-:::-=::-. .:c acid, sulfonamide, formyl, C3-C6 
. ··-' .. ,. .... c r 1 1• ., br• '• t d 'th "~-c:3-. ,:. CJ -·--·:.-Y.o ... ,.., i- ... .; a r.).o. SU --1 ... U e WJ. -&..; ....... - ·, 

::-:~ ~r~~~~yalkyl, methylenedioxy, ethylenedioxy, 

. c:-::~ ·h.alo.s.lky:, C1-c~ haloalkoxy, C1-c.; 
a:~~x~:arbo~yl, c1-C4 alkylcarbonyloxy, C1-c, 
~:~~:carbonyl, C1-C4 alkylcarbonylamino, 
-::i:::2::>2F,D, 2- (1-morpholino) ethoxy, azidc, 

-: rz:..:'t" i =N COF.14) ; or 

:-3 a~~no acids, linked together via amide bonds, 

s~!~ a~!no acid being linked via the amine o: 

This Sheet Has Been Replaced 
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a C5-C14 carbocyclic residue substituted with 0-5 
R32; or 

a 5- to 10-membered heterocyclic ring system 
5 containing 1 to 4 heteroatoms independently 

selected from oxygen, nitrogen or sulfur, said 
heterocyclic ring system being substituted with 0-2 
R32; 

10 R32, when a substituent on carbon, is sele·cted from one 
or more of the following: 

phenethyl, phenoxy, C3-C10 cycloalkyl, C3-C6 
cycloalkylmethyl, C7-C10 arylalkyl, hydrazide, 

15 oxime, boronic acid, c2-C6 alkoxyalkyl, 

methylenedioxy, ethylenedioxy, C1-C4 
alkylcarbonyloxy, -NHS02Rl4, 

· · 'benz·yloxy, halogen, 2- (1-morpholino) ethoxy, -co2Rl3, 

hydroxamie acid, -CONR1.3NR13Rl4, cyano, sulfonamide, 
20· -CHO, C3-C6 cycloalkoxy, -NR13Rl4; -C(R14)-N(OR14), 

-N02, -oRl3, -NR40R4l, -SOmRl3, -SOmNR13Rl4, 

-C<•0)NR13Rl4, -OC(•O)NR13Rl4, -C(•O)Rll, 
-OC<=O>R11, -oco2R13, phenyl, -c<-6)NR13-cc1-C4 
alkyl)-NR~3Rl4, -C(•O)NR40R41, C1-C4 haloalkyl, C1-C~ 

25 haloalkoxy, C2-C4 haloalkenyl, C1-C4 haloalkynyl; or 

-C(•O)NRl3C(Rll)2NRl3Rl4; 

-C(•O)NRl3C(Rll)2NRl3co2Rl3; 

-C(•0)NR13-(C1-C4 alkyl)-NRl3C02Rl3; 
30 -C(•O)N(Rl3)-(C1-C4 alkyl)-Rll; or 

-C(•O)C(Rll)2NR13Rl4; 

-C(•O)C(Rll)2NRllco2Rl3; -C(•O)-(C1-C4 alkyl)-NP.13R14; 

-C(=O)-(C1-C4 alkyl)-NR13co2R13; or 

35 

i'"•. •• 
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C1-C4 alkoxy substituted with 0-4 9~oups selected 

from: R11 , C3-C6 cycloalkyl, -C02Rl3, -C(•O)NR13Rl4, 

-NR13Rl4 or OH; 

5 C1-C4 alkyl substituted_with 0-4 groups selected 

from: Rll, •NR14, -NNR13c(•O)NRl3Rl4, •NNR13c(•O)OR13, 

or -NR13R14; 

10 

' -
.~ . 

C2-C~ alkenyl substituted with 0-4 Rll; 

C~-:.; alkynyl substituted with 0-4 Rll; 

a 5- or 6-membered heterocyclic ring containing frorr. 

- tc 4 heteroatoms independently selected from 

cx~ge~, ~!~rogen or sulfur, substituted with 0-2 R: 2 ; 

adjacent carbons on the ring to form a fused 5- er 

6-rnerr~erec· ring, said 5- or 6- meJTlbered ring being 

~r:.io:;a:: :: S'!lbit.itut.ed on the- aliphatic carbo:is- w:.-;:r:: 
~~:~qe~, ~:-~c alky~, c1-~4 ilkoxy, hydrox~, o: 

-1:1::_: 2z.: ~; er, when R32 _is attached to a saturated 

ca:::-:t.:;:. ate::., it may be -o, =S, •NOH; or wher. R32 is 

:~~ ~~ ~==e c! the following: 

~~~~yl, benzyl, phenethyl, hydroxy, C1-C4 

ty~~oxyalk~l, c1-C4 alkoxy, C1-C4 alkyl, C3-C6 

cyclcalkyl, C3-C6 cycloalkylrnethyl, -CH2NR13R14, 

-?;F::.. 3p_: ~I c2-C6 alkoxyalkyl, C1-C4 haloalkyl, C1-C~ 
aJkoxycarbonyl, -co2H, c1-C4 alkylcarbonyloxy, 

:::-':~ aJV.yl::a:::bonyl, -C(RH)=N(OR14); 
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hydrogen; 
OR13; 

SR13; 

halogen; 
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5 N (R38) (R39) 

C1-C6 alkyl ·substituted with 0-3 Rll; 

C1-C6 alkoxy substituted with 0-3 Rll; 
C1-C6 thioalkyl substituted with 0-3 Rll; 

10 R35 is selected from: 
hydrogen; 
OR13; 

SR13; 

halogen; 
15 N (R3B) (R3S); 

C1-C6 alkyl substituted with 0-3 Rll; 

C1-C6 alkoxy substituted with 0-3 Rll; 

C1-C6 thioalkyl substituted with 0-3 Rll; 

PCT/lJS94/0ID 

20 R3.; and R35 can_be taken together to f_orm a ketal ring, 

a 3- to 6-membered carbocyclic ring, or a 5- or 
6-memhered heterocyclic ring containing l-3 
heteroato~s independently selected from the group 
O, N, or S, said ring substituted with 0-5 Rll; 

25 

p,~C is selected from: H, C1-C3 alkyl; 

R~l is selected from: 
-C (•0) NR13Rl4; 

30 -C (•0) NR13NR13Rl4; 

-C(•O)C(Rll)2NR13Rl4; 

-C(•O)C(Rll) 2NR13NR13R14; 

-C(•O)C(Rll)2NR13co2Rl3; 

-C(•O)H; 

35 -C (=0) R11 ; 

. . ____ ..... ~ . .- .. ; .... 
. . -.· , . :·. :.~ . 
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-C (•0)- (C1-C4 alkyl)-NR13co2Rl3; 

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

said process comprising the.step of reacting an acyclic 
diamine compound ·of the formula (III): 

NHR23 

R7 

n 

(III) 

cyclizing reagen~ in a suitable sclvec~. 

sc.lvE::-.~ c;:;:.ionally comprising a base, thereb.Y 'tu 

~~. A ~:ocess c! Clai~ 22 wherein: 

. . . . . ,. i!1ae:penaen ..... y sE:ected from the 
__ ........... ,, 
':! - ... -- : ~ 

F~~ and ~:: ar~ independently selected from hydrogen o: 
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Rll is selected from one or more of the following: 

H; halogen; -oR13; 
C3-C10 cycloalkyl substituted with 0-2 Rl2; 
C1-C4 alkyl substituted with 0-2 R12; 
aryl(C1-C3 alkyl) substituted with 0-2 Rl2; 

aryl substituted with 0-2 Rl2; or 

a heterocyclic ring system selected from pyridyl, 

pyrimidinyl, triazinyl, furanyl, thienyl, pyrrolyl, 
pyrazolyl, imidazolyl, tetrazolyl, benzofuranyl, 

indolyl, quinolinyi, isoquinolinyl, oxazolidinyl, 
said heterocyclic ring system being substituted 
with 0-2 Rl2; 

Rl2, when a substituent on carbon, is selected from one 
·or more of the following:· 

. 20 benzyloxy, halogen, methyl, C1-C4 alkoxy, CF3, 

2- C 1-morpholino) ethox~·, -co2H 1 hydroxamic acid, 

hydrazide~ -C(Rl4)•NCORl4), cyano, boronic acid, 
sulfonamide, formyl, C3-C6 cycloalkoxy, C1-C4 alkyl 

substituted wi~h -NR13R14, -NR13R14~ hydroxy, 

25 hydroxymethyl; or 

30 

Rl2, when a substituent on nitrogen, is methyl; 

R14 is OH, H, CF3, C1-C4 alkyl, C1-C4 alkoxy, NH2, C2-C4 

alkenyl, or benzyl; 

R13 and R14 can alternatively join to form -(CH2)4-, 

35 -(CH2>5-, -CH2CH2NCRlS)cH2CH2-, or -CH2CH20CH2CH2-; 
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R22 and R23 are independently selected from the 

following: 

hydrogen; 
C1-ce alkyl substituted with 0-3 R31; 

c2-C6 alkenyl substituted with 0-3 R31; 

C2-C4 alkynyl substituted with 0-3 R31; 

~31 is selected from one or more of the following: 

halogen, ~oRl3, C1-C4 alkyl, C3-C10 cycloalkyl, 
-C (R14 ) •IHORH), -C02Rl3, . -S (0) mR13; 

a :t.e:.e.::oc:,·~.:.:..c ring ~ystem chosen from pyridyl, 
py~i~.idi&y:, triazinyl, furanyl, thienyl, pyrrclyl, 

i:y::-azoly:, im.ida;zolyl, tetrazolyl, . benzo'furar:.y:, 

:..;.:::::::.y:, q:.:inolinyJ., .isoquinoliny:., OXd:lOlidin::·:., 
~ . . . . . . . . . 

said he:.erocyclic r~ng being su):>stituted with 0-2 
p);-; 

~: !'" -- "":.:::. a s:.:!:-!:.i~uent. or. carbon, is selected f~o!?". or,-e 

c::- ~==~ =~ ~he fellowing: 

:r,e:-.~ylo><.ii 1,alo9er1, 2- (1-morpholino) ethoxy, 

-:02f.13, hyd . .roxamic acid .. -CONR13NR13Rl4, cyano, 

tcronic acid, sulfonamide, -CHO, C3-C6 cycloalkoxy, 
-l~:-,13Rl4, -C(Rl4)=N(0Rl4), N02, -oR13, -NR40R41, 

-:.:,..,p..13, -SOrnNR13R14, -C (=0) NR13Rl4, -OC (•0) NR13RH, 

-~(=O)Rl~, -OC(=O)Rll, -oco2Rl3, phenyl, 

-:1=0)N~:3_<C1-C4 alkyl}-NR13R14, -C(=0)NR40R4l, 
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-S19-
C1-C4 haloalkyl, C1-C4 haloalkoxy,· C2-C4 
haloalkenyl, C1-C4 haloalkynyl, -C(•O)NR13R14; 
-C(•O)C(Rll)2NRl3Rl4; -C(•O)C(Rll)2NR13NRl4; 

-C(-O)C(Rll)2NRl3co2Rl3; -C(•O)-(C1-C4 alkyl)-NR13Rl4; 

5 -C(•O)-(C1-C4 alkyl)-NRl3co2Rl3; or 

10 

15 

C1-C4 alkoxy substituted with 0-3 groups selected 
from: Rll, C3-C6 cycloalkyl, -C(~O)NR13R14, -NR13R14 

or OH; 

C1-C4 alkyl substituted with 0-3 groups selected 
from: Rll, •NRl4, •NNRl3C(•O)NR13R14 or ~NR13R14; 

C2-:, alke~yl substituted with 0-3 Rll; 

C2-C, alkynyl substituted with 0-3 Rll; 

a 5- or 6-membered heterocyclic ring containing from 
l to 4 heteroatorns ind~pendently selected from 

20 oxyger., nit.rogen or sulfur, substituted with 0-2 Rl2; 

25 

R
":? --, whe~ a ·substituent on nitrogen, is methyl; 

rr. is C, l, or 2; 

R3€ is selected froffi: C1-C2 alkyl; COR37; NR38R39; CN; 

CCl3; 

R37 is selected from: 

30 hydrogen; 

35 

C1-C2 alkyl substituted with 0-l Rll; 

hydroxyl; 
C1-C2 alkoxy substituted with 0-1 Rll; 

-NR38R39; 

p3E a~~ R39 a:~ independently selected from: 

i1illiii 1iU1IT!ll 1i~lr 

· .. · 
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hydrogen; 
~1-c2 alkyl substituted with 0-3 Rll; or 
an· amine protecting group; 

5 R40 is selected from: H, C1-C3 alkyl; 

R41 is selected from: 
-C (•0) NR13R14: 
-C(•O)NR13NR13R14; 
-C(•O)C(Rll) 2NR13Rl4; 

-C(•O)C(Rll)2NRl3NRl~Rl4; 

-:(•O)C(Rll)2NR13co2Rl3; 

-c (=<;,) F.; 

-: !=0) pll; 

-:!=:1-c::-:c alkyl)-NR13Rl4; 
-: (~=>- (C:-:.; alkyl)-NF.13co2Rl::; 

:-~ a~i~~ £:ids linked together via amide bonds, 
a~d linked to the N atom via the carboxylate 


