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The present invention relates to the compounds of formula I 

R 

I 
O R1 CH2 O 
11 I I 11 

..,, 

THIS SHEET HAS BEEN 
REPLACED 

4-19421/NCGC 1672 

HO-N-c-c-N-S-Ar (I) 
I I II 
H R2 0 

-, (a) wherein 

Ar is carbocyclic. or heterocyclic aryl; 

R·is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic 

aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower 

alkyl, CrC,-cycloalkyl, ~-C,-cycloa1kyl-lower alkyl, (oxa or thia)-~-C6-cycloalkyl, 

[(oxa or thia)-~-C6-cycloalkyl]-:~ower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl, 
' ;~ . . 

lower alkoxy-lower alkyl, IOwer "alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino, 

mono- or di-lower ~')~iµiho)-fower. alkyl, acYlamino-lower alkyl, (N-lower 
ii!",.• •, ... 'l'I:,· I 

alkyl-piperazino or N-Carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower .alkyl, 

or (morpholino~ thi.omorp_~qfufofp1p~~ll!o. pyrrolidino, piperidyl or N-lower 

aik 
• . · 1 . . . .:· . "~~,....- \~r'U~ .. _~: .... ~·: ·~ .. 7 .. . 

ylp1pendy }:lowe~ alkyl, :~:'::--., . ;;.::··;·;~ ;. '·. ~. /·.: 
~:' • • :,..:· • • • ~-.=·';.. • :-:. : \ /. 

:::\ .:i>"' '·.. " · ...... 
R1 is hy~gen, lower alkyl, carbqcycijc aryl-lower ~l. carbocyclic aryl, heterocyclic 

:: ~- . . ~ . -~- .~ . ,''\': 

aryl, biaryl, biaryl-low~r alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower 

alkyl, ~-C,-cy,clo~l. CrC,-cycloalkyl-lower alkyl, hydroxy-lower alkyl. 

acyloxy-lower alkyl,Iower alkoxy-lower alkyl, (carbocyclic or heterocyclic aryl)-lower 
-U.. , 

alkoxy-lower alkyl,. lower 'alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or 

di-lower alkylamino)-lower alkyl. (N-lower alkyl-piperazino or N~carbocyclic or· .. 

. ,·:- ,··. 

" 
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heterocyclic aryl-lower alkylpiperazino)-lower alkyl, (morpholino, thiomorpholino, 

piperidino, pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl, acylamino-lower 

alkyl, piperidyl or N-lower alkylpiperidy1, 

R2 is hydrogen or lower alkyl; 

(b) or wherein Rand R1 together with the chain to which they are attached form a· 

1,2,3,4-tetrahydro-isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrolidine ring, 

each unsubstituted or substituted by lower alkyl; and Ar and R2 have meaning as defined 

under (a); 

(c) or wherein R1 and R2 together with the carbon atom to which they are attached form a 

ring system selected from CrC,-cycloalkane which is unsubstituted or substituted by 

lower alkyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin, piperidine or piperidine 

substituted on nitrogen by acyl, lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl, 

-, (carboxy, esterified or amidated carboxy)-lower alkyl or by lower alkylsulfonyl; and Ar 

and R have meaning as defined under (a); 

pharmaceutically acceptable prodrug derivatives thereof; and pharmaceutically acceptable 

salts thereof; 

further to a process for the preparation of these compounds, to pharmaceutical 

compositions comprising these compounds, t6 the use of these compounds for the 

therapeutic treatment of the human or animal body or for the manufacture of a 

pharmaceutical composition. 

The compounds of formula I defined under (b) above can be represented by formufa Ia 

x 
/' 

0 CH2 CH2 O 
11 I I 11 

HO-N-C-C-N-S-Ar (Ia) 
I I II 
H R1 0 

wherein X represents methylene or 1,2-ethylene each unsubstituted or substituted by lower 

alkyl, or X represents oxygen, sulfur, or 1,2-phenylene; and Ar and Ri have meaning as 
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The compounds of formula I defined unde: (c) above can be represented by formula lb 

R 

I 
0 CH 0 

II I 
2 

II 
HO-N-C-C-N-S-Ar (lb) 

I c( "ca2 II 
H "/ 0 y 

wherein Y is a direct bond, C1-C4-straight chain alkylene optionally substituted by lower 
alkyl, CH20CH2, CH2SCH2, 1,2-phenylene; CH2-l,2-phenylene or CH2N(R6)-CH2 in 

which ~ represents hydrogen, lower alkanoyl, di-lower alkylamino-Iower alkanoyl, aroyl, 
carbocyclic aryl-lower alkanoyl. lower alkyl, carbocyclic or heterocylic aryl-lower alkyl, 
(carboxy, esterified or amidated carboxy)-lower alkyl or lower alkylsulfonyl; and Ar and 

·,. R have meaning as defined above. 

A preferred embodiment of the compounds of fonnula lb relates to the compounds of 
fonnulalc 

R 
I 

0 CH2 0 
11 I II 

HO-N-CuN-S-Ar e II 
. 0 

y• 

(le) 

in which Y' represents oxygen, sulfur, a direct bond, methylene or methylene substituted 
by lower alkyl, or NR6; ~represents hydrogen, lower alkanoyl. di-lower 
alkylamino-lower alkanoyl, carbocyclic aryl-lower alkanoyl, lower alkyl,.carbocyclic or 
heterocyclic aryl-lower alkyl, (carboxy, esterified or amidated carboxy)-lower alkyl or 
lower alkylsulfonyl; Ar and R have meaning as defined above; pharmaceutically 
acceptable prodrug derivatives; and pharmaceutically acceptable salts thereof. 

Preferred are said compounds of formula I, la, lb and le wherein Ar is monocyclic 
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carbocyclic aryl such as phenyl or phenyl mono-, di- or tri-substituted by C1-C10-alk.oxy, 

hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy, CrCrcycloalkyl-lower alkoxy, 

(lower alkyl, carbocyclic or heterocyclic a:ij'l-lower alkyl or CrCrcycloalkyl-lower 

alkyl)-thio, lower alkyloxy-lower alkoxy~ halogen, lower alkyl, cyano, nitro, 

trifluoromethyl, lower alkyl-(sulfinyl or sulfonyl), amino or mono- or di-lower 

alkylamino; or Ar is phenyl substituted·on adjacent carbon atoms by C1-C2-alkylenedioxy 

or oxy-C2-Cralkylene; or Ar is heterocyclic monocyclic aryl such as thienyl or thienyl 

substituted by lower alkyl; the other symbols have meaning as defined; pharmaceutically 

acceptable prodrug derivatives thereof; and pharmaceutically acceptable salts thereof. 

Further preferred are the compounds of formula I wherein Ar is phenyl which is 

unsubstituted or mono-, di- or tri-substituted by C1-C10-alkoxy, hydroxy; phenyl-lower 

alkoxy wherein phenyl is unsubstituted or substituted by lower alkyl, lower alkoxy, 

halogen or trifluoromethyl; heterocyclic aryl-lower alkoxy wherein heterocyclic aryl is 

selected from pyridyl, tetrazolyl, triazolyl,. thiazolyl, thienyl, imidazolyl and quinolinyl, 

each ·unsubstituted or mono- or disubstituted by lower alky~ or halogen ; 

.c;-<:,-cycloalkyl-lower alkoxy, (lower alkyl, phenyl-lower alkyl or CrC,-cycloalkyl-

lower alkyl)-thio, lower alkyloxy-lower alkoxy, halogen, lower alkyl, cyano, nitro, 

trifluoromethyl, lower alkyl-(sulfinyl or sulfonyl), amino, mono- or di-lower alkylamino 

or, on adjacent carbon atoms, by C1-C2-alkylenedioxy or oxy-CrC3-alkylene; or Ar is 

thienyl, isoxazolyl or thiazolyl each of which is unsubstituted or mono- or di-substituted 

by lower alkyl; 

R is hydrogen, lower alkyl, phenyl-lower alkyl wherein phenyl is unsubstituted or 

substituted by lower alkyl, lower alkoxy, halogen or trifluoromethyl; phenyl which is 

unsubstituted or mono-, di- or tri-substituted by lower alkoxy, hydroxy, halogen, lower 

alkyl, cyano, nitro, trifluoromethyl, lower alkyl-(thio, sulfinyl or sulfonyl), amino, mono­

or di-lower alkylamino or, on adjacent carbon atoms, by C1-C2-alkylenedioxy or 

oxy-Ci-Cralkylene; or a heterocyclic aryl radical selected from pyridyl, tetrazolyl, 

triazolyl, thiazolyl, thienyl, imidazolyl and quinolinyl, each unsubstituted or mono- or 

disubstituted by lower alkyl or halogen; biphenylyl which is unsubstituted or substituted 

by lower alkyl, lower alkoxy, halogen, trifluonnethyl or cyano; biphenylyl-lower alkyl 

wherein biphenylyl is unsubstituted or substituted by lower alkyl, lower alk.oxy, halogen, 

trifluormethyl or cyano; (pyridyl, thienyl, quinolinyl or thiazolyl)-lower alkyl, 

trifluormethyl, CrC,-cycloalkyl, CrCrcycloalkyl-lower alkyl, (oxa or 

thia)-CrC6-cycloalkyl, [(oxa or thia)-CrC6-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, 
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lower alkanoyloxy-lower alkyl, lower alkoxy'."lower alkyl, lower alkyl-(thio, sulfinyl or 

sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl, lower 

alkanoylamino-lo~er alkyl, (N-lower alkyl-piperazino or N-phenyl-lower 

alkylpiperazino)-lower alkyl or (morpholino, thiomorpholino, piperidino, pyrrolidino, 

piperidyl or N-lower alkylpiperidyl)-lower alkyl; 

R1 is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or 

substituted by lower alkyl, lower alkoxy, halogen, trifluoromethyl or, on adjacent carbon 

atoms, by C1-Cralkylenedioxy or oxy-C2-Cralkylene; phenyl which is unsubstituted or 

substituted by lower alkyl, lower alkoxy, halogen or trifluoromethyl; pyridyl, thienyl, 

biphenylyl, biph~nylyl-lower alkyl; heterocyclic aryl-lower alkyl wherein heterocyclic 

aryl is selected from thiazolyl, pyrazolyl, pyridyl, imidazolyl and tetrazolyl each 

unsubstituted or substituted by lower alkyl; trifluoromethyl, CrC,-cycloalkyl, 

Cr~-cycloalkyl-lower alkyl, hydroxy-lower alkyl, lower alkanoyloxy-lower alkyl, lower 

alkoxy-lower alkyl, (phenyl or pyridyl)-lower alkoxy-lower alkyl, lower alkyl-(thio, 

sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl, 

(N-lower alkyl-piperazino ·or N-phenyl-lower alkylpiperazino)-lower alkyl, (morpholino, 

thiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl; 

lower alkanoylamino-lower alkyl; RrCONH-lower alkyl wherein R3 represents (di-lower 

alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino 

or N-alkylpiperidyl)-lower alkyl; piperidyl or N-lower alkylpiperidyl; 

R2 is hydrogen or lower alkyl; 

(b) or wherein Rand R1 together with the chain to which they are attached form a 

1,2,3,4-tetrahydro-isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrolidine ring, 

each unsubstituted or mono- or di-substituted by lower alkyl; and Ar and R2 have meaning 

as defined under (a); 

{c) or wherein R1 and R2 together with the carbon atom to which they are attached form a 

ring system selected from CrC7-cycloalkane which is unsubstituted or substituted by 

lower alkyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin and piperidine which is 

unsubstituted.or substituted on nitrogen by lower alkanoyl, di-lower alkylamino-lower 

alkanoyl, lower alkoxycarbonyl, (morpholino, thiomorpholino or piperidino)-carbonyl, 

lower alkyl, (phenyl or pyridyl)-lower alkyl, (carboxy, lower alkoxycarbonyl, 

benzyloxycarbonyl, aminocarbonyl or mono- or di-lower alkylaminocarbonyl)-lower alkyl 
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or by lower alkylsulfonyl; and Ar and R have meaning as defined under (a); 

a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 

acceptable salt thereof. 

Especially preferred are the compounds of fonnula I wherein Ar is phenyl which is 

unsubstituted or mono-, di- or tri-substituted by C1-C,-alkoxy, hydroxy. phenyl-lower 

alkoxy. C3-C,-cycloalkyl-lower alkoxy, lower alkyloxy-lower alkoxy, halogen, lower 

alkyl, cyano, nitro, trifluoromethyl, lower alkyl-(sulfinyl or sulfonyl), amino, mono- or 

di-lower alkylamino or, on adjacent carbon atoms, by C1-Ci-alkylenedioxy or 

oxy-C2-Cralkylene; or Ar is thienyl, isoxazolyl or thiazolyl each of which is 

unsubstituted or mono- or di-substituted by lower alkyl; 

R is hydrogen, lower alkyl. phenyl-lower alkyl; phenyl which is unsubstituted or mono-, 

di- or tri-substituted by lower alkoxy, hydroxy, halogen, lower alkyl, trifluoromethyl, or, 

on adjacent carbon atoms, by C1-C2-alkylenedioxy or oxy-C2-Cralkylene; or a 

' heterocyclic aryl radical selected from pyridyl, thiazolyl and quinolinyl, each 

unsubstituted or mono- or disubstituted by lower alkyl; biphenylyl; biphenylyl-lower 

alkyl; (pyridyl or thienyl)-lower alkyl, trifluonnethyl, CrC,-cycloalkyl, 

C3-C,-cycloalkyl-lower alkyl, (oxa or thia)-CrC6-cycloalkyl, [(oxa or 

thia)-CrC6-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, (N-lower alkyl-piperazino or 

N-phenyl-lower alkylpiperazino)-lower alkyl or (morpholino, thiomorpholino, piperidino, 

pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl; 

R1 is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or 

substituted by lower alkyl, lower alkoxy, halogen, trifluoromethyl or, on adjacent carbon 

atoms, by Ci-C2-alkylenedioxy; biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl 

wherein heterocyclic aryl is selected from thiazolyl, pyrazolyl, pyridyl, imidazolyl and 

tetrazolyl each unsubstituted or substituted by lower alkyl; CrC,-cycloalkyl, 

CrC,-cycloalkyl-lower alkyl, hydroxy-lower alkyl, (phenyl or pyridyl)-lower 

alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or 

di-lower alkylamino)-lower alkyl, (N-lower alkyl-piperazino or N-phenyl-lower 

alkylpiperazino)-lower alkyl, (morpholino, thiomorpholino, piperidino, pyrrolidino, 

piperidyl or N-lower alkylpiperidyl)-lower alkyl, lower alkanoylamino-lower alkyl; 

RrCONH-lower alkyl wherein R3 represents (di-lower alkylamino, N-lower 

alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or 
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N-alkylpiperidyl)-lower alkyl; piperidyl or N-lower alkylpiperidyl; 

R2 is hydrogen or lower alkyl; 
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(b) or wherein Rand R1 together with the chain to which they are attached form a 

thiazolidine or pyrrolidine ring, each unsubstituted or mono- or di-substituted by lower 

alkyl; and Ar and R2 have meaning as defined under (a); 

(c) or wherein R1 and R2 together with the carbon atom to which they are attached form a 

ring system selected from CrC,-cycloalkane which is unsubstituted or substituted by 
lower alkyl; oxa-cyclohexane, thia-cyclohexane and piperidine which is unsubstituted or 

substituted on nitrogen by lower alkanoyl, di-lower alkylamino-lower alkanoyl, lower 

alkoxycarbonyl, (morpholino, thiomorpholino or piperidino)-carbonyl, lower alkyl, 
(phenyl or pyridyl)-lower alkyl, (carboxy, lower alkoxycarbonyl, aminocarbonyl or mono­
or di-lower alkylaminocarbonyl)-lower alkyl or by lower alkylsulfonyl; and Ar and R 
have meaning as defined under (a); 

a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 
acceptable salt thereof. 

A particular embodiment of the invention relates to the compounds of formula II 

cm 

wherein 

R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic 

aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower 
alkyl, CrC,-cycloalkyl, CrC,-cycloalkyl-lower alkyl, (oxa or thia)-C3-C6-cycloalkyl, 
[(oxa or thia)-CrC6-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl, 
lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino, 

mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl, (N-lower 
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alky.l-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl. 
or (morpholino. thiomorpholino, piperidino, pyrrolidino or N-lower alkylpiperidyl)-lower 

····.• .. ···.· 
alkyl; 

R1 is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic. 
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower 

alkyl, C5-Crcycloalkyl, C5-Crcycloalkyl-lower alkyl, hydroxy-lower alkyl, 
acyloxy-lower alkyl, lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or 

sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl, (N-lower 
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl, 

(morpholino, thiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower 

alkylpiperidyl)-lower alkyl, piperidyl, N-lower alkylpiperidyl, or acylamino-lower alkyl 

represented by RrCONH-lower alkyl; 

R2 is hydrogen; 

R3 in RrCONH-lower alkyl is lower alkyl, carbocyclic or heterocyclic aryl, di-lower 
alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino, 

pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower alkylpiperazino, 

morpholino, thiomorpholino, piperidino, pyrrolidino, pyridyl or N-lower 
alkylpiperidyl)-lower alkyl; 

R.i is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy, 
lower alkylthio or carbocyclic or heterocyclic aryl-lower alkylthio, lower alkyloxy-lower 
alkoxy, halogen, trifluoromethyl, lower alkyl, nitro or cyano; 

Rs is hydrogen, lower alkyl or halogen; 

or R4 and Rs together on adjacent carbon atoms represent methylenedioxy, ethylenedioxy, 
oxyethylene or oxypropylene; 

or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 
acceptable salt thereof. 

Another preferred embodiment of the invention relates to the compounds of formula II 
wherein Rand R1 together with the chain to which they are attached form an 

•lTh~1if i~ iU1!1U11iir~ 
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1,2,3,4-tetrahydro-isoquinoline, piperidine, thiazolidine or pyrrolidine ring; and R2, R4 and 
Rs have meaning as defined above; pharmaceutically acceptable prodrug derivatives; and 
pharmaceutically acceptable salts thereof. · Such compounds correspond to compounds of 
formula Ia wherein Ar is optionally substituted phenyl as defined above. 

Another preferred embodiment of the invention relates to the compounds of formula II 

wherein R1 and R2 together with the carbon atom to which they are attached form a ring 
system selected from cyclohexane, cyclopentane, oxacyclohexane, thiacyclohexane, 
indane, tetralin, piperidine or piperidine substituted on nitrogen by acyl, lower alkyl, 
carbocyclic or heterocyclic aryl-lower alkyl or by lower alkylsulfonyl; and R. R4 and R5 

have meaning as defined above; pharmaceutically acceptable prodrug derivatives; and 
pharmaceutically acceptable salts thereof. Such compounds correspond to compounds of 
formula lb wherein Ar is optionally substituted phenyl as defined above. 

Particularly preferred are the compounds of fonnula ill 

R 

I 
0 CH2 O 

Ho-N-~-cH-A-~-o-· ~ . ~ R4 (III) 
I I II -
H R1 0 . 

wherein R represents lower alkyl, trifluoromethyl, C5-C,-cycloalkyl, (oxa or 
thia)-C4-C5-cycloalkyl, biaryl, carbocyclic monocyclic aryl or heterocyclic monocyclic 
aryl; R1 represents hydrogen, lower alkyl, C5-C,-cycloalkyl, monocyclic carbocyclic aryl, 
carbocyclic aryl-lower alkyl, heterocyclic aryl-lower alkyl, lower alkoxy.;.lower alkyl, 
lower alkyl-(thio, sulfmyl or sulfonyl)-lower alkyl, di-lower alkylamino-lower alkyl, 
(N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino or pyrrolidino)-lower 
alkyl or RrCONH-lower alkyl; R3 represents lower alkyl, carbocyclic aryl, heterocyclic 
aryl, di-lower alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino, 

piperidino, pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower· 
alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or 
N-alkylpiperidyl)-lower alkyl; R4 represents lower alkoxy or carbocyclic or heterocyclic 
aryl-lower alkoxy; or a pharmaceutically acceptable prodrug derivative thereof; or a 
pharmaceutically acceptable salt thereof. 
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Further preferred are compounds of formula III wherein R represents monocyclic 
carbocyclic aryl or monocyclic heterocyclic aryl; R1 and R4 have meaning as defined 
above; pharmaceutically acceptable prodrug derivatives; and pharmaceutically acceptable 

salts thereof. 

More particularly preferred are said compounds of formula III wherein R represents 
heterocyclic monocyclic aryl selected from tetrazolyl, triazolyl, thiazolyl, imidazolyl and 
pyridyl. each unsubstituted or substituted by lower alkyl; or R represents phenyl or phenyl 

substituted by lower alkyl, lower alkoxy. halogen or trifluoromethyl; R1 represents lower 
alkyl. cyclohexyl, or RrCONH-lower alkyl wherein R3 represents (di-lower alkylamino, 
N-lower alkylpiperazino. morpholino, thiomorpholino. piperidino, pyrrolidino or 
N-alkylpiperidyl)-lower alkyl; and R4 represents lower alkoxy or phenyl-lower alkoxy; or 
a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 
acceptable salt thereof. 

A further preferred embodiment relates to said compounds of formula III wherein R 
·,_ represents 2-, 3- or 4-pyridyl or phenyl; R1 represents C1-C4-alkyl, cyclohexyl or 

RrCONH-C1-C4-alk.yl wherein R3 represents di-Ci-C4-alkylamino-Ci-C4-lower alkyl; 
and R.i represents lower alkoxy; or a pharmaceutically acceptable prodrug derivative 
thereof; or a pharmaceutically acceptable salt thereof. 

Particularly preferred are said compounds of formula m wherein R represents 3-pyridyl or 
4-pyridyl; R1 represents isopropyl or cyclohexyl; and R4 represents lower alkoxy; or a 
pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable 
salt thereof. 

The invention relates especially to the specific compounds described in the examples, 
pharmaceutically acceptable prodrug derivatives thereof and pharmaceutically acceptable 
salts thereof, and in particular to the specific compounds described in the examples and 
pharmaceutically acceptable salts thereof. 

Pharmaceutically acceptable prodrug derivatives are.those that may be convertible by 

solvolysis or under physiological conditions to the free hydroxamic acids of the invention 
and represent such hydroxamic acids in which the CONHOH group is derivatized in form 
of an 0-acyl or an optionally substituted O'."benzyl derivative. Preferred are the optionally 
substituted 0-benzyl derivatives. 

lThi•1il~ iiii1Ul1ITUi~ 
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The compounds of the invention depending oii the nature of the substituents, possess one 
or more asymmetric carbon atoms. The re~ulting diastereoisomers and enantiomers are 

encompassed by the instant invention. 

Preferred are the compounds of the invention wherein the asymmetric carbon in the above 
fonnulae (to which are attached R1 and/or R:z) corresponds to that of a D-aminoacid 
precursor and is assigned the (R)-configuration. 

The general definitions used herein have the following meaning within the scope of the 

present invention, unless otherwise specified. 

The term "lower" referred to above and hereinafter in connection with organic radicals or 
compounds respectively defines such as branched or unbranched with up to and including 

7, preferably up to and including 4 and advantageously one or two carbon atoms. 

A lower alkyl group is branched or unbranched and contains 1 to 7 carbon atoms, 
preferably 1-4 carbon atoms, and represents for example methyl, ethyl, propyl. butyl, 
isopropyl or isobutyl. 

A lower alkoxy (or alkyloxy) group preferably· contains 1-4 carbon atoms, advantageously 
1-3 carbon atoms, and represents for example ethoxy, propoxy, isopropoxy, or most 
advantageously methoxy. 

Halogen (halo) preferably represents chloro or fluoro but may also be bromo or iodo. 

Mono- or poly-halo-lower alkyl represents lower alkyl preferably substituted by one, two 
or three halogens. preferably fluoro or chloro, e.g. trifluoromethyl or trifluoroethyl. 

Ary! represents carbocyclic or heterocyclic aryl. 

Prodrug acyl derivatives are preferably those derived from an organiC carbonic acid, an 
organic carboxylic acid or a carbamic acid. 

An acyl derivative which is derived from an organic carboxylic acid is, for example, lower 
alkanoyl, phenyl-lower alkanoyl or unsubstituted or substituted aroyl, such as benzoyl. 
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An acyl derivative which is derived from an organic carbonic acid is, for example. 
alkoxycarbonyl. especially lower alkoxyca.rbonyl, which is unsubstituted.or substituted by 
carbocyclic or heterocyclic aryl or is cycloalkoxycarbonyl, especially 

CrCrcycloalkyloxycarbonyl, which is unsubstituted or substituted by lower alkyl. 

An acyl ~erivative which is derived from a carbamic acid is, for example, amino-carbonyl 
which is substituted by lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl, 
carbocyclic or heterocyclic aryl. lower alkylene or lower alkylene interrupted by 0 or S. 

Prodrug optionally substituted 0-benzyl derivatives are preferably benzyl or benzyl 
mono-, di-, or tri-substituted by e.g. lower alkyl, lower alkoxy, amino, nitro, halogen 
and/or trifluoromethyl. 

Carbocyclic aryl represents monocyclic or bicyclic aryl, for example phenyl or phenyl 
mono-, di- or tri-substituted by one, two or three radicals selected from lower alkyl, lower 
alkoxy, hydroxy, halogen, cyano, trifluoromethyl, lower alkylenedioxy and 

oxy-C.2-Cral.kylene; or 1- or 2-naphthyl. Lower alkylenedioxy is a divalent substituent 
attached to two adjacent carbon atoms of phenyl, e.g. methylenedioxy or ethylenedioxy. 
Oxy-Ci-Cralkylene is also a divalent substituent attached to two adjacent carbon atoms 
of phenyl, e.g. oxyethylene or oxypropylene. An example for oxy-C2-~-alkylene-phenyl 
is 2,3-dihydrobenzofuran-5-yl. 

Preferred as carbocyclic aryl is phenyl or phenyl monosubstituted by lower alkoxy, 
halogen, lower alkyl or trifluoromethyl, especially phenyl or phenyl monosubstituted by 
lower alkoxy, halogen or trifluoromethyl, and in particular phenyl. 

Heterocyclic aryl represents monocyclic or bicyclic heteroaryl, for example pyridyl, 
quinolinyl, isoquinolinyl, benzothienyl, benzofuranyl, benzopyranyl, benzothiopyranyl, 
furanyl, pyrrolyl, thiazolyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl, 

imidazolyl, thienyl, or any said radical substituted, especially mono- or di-substituted, by 
e.g. lower alkyl or halogen. Pyridyl represents 2-, 3- or 4-pyridyl, advantageously 2- or 
3-pyridyl. Thienyl represents 2- or 3-thienyl, advantageously 2-thienyl. Quinolinyl 
represents preferably 2-. 3- or 4-quinolinyl, advantageously 2-quinolinyl. Isoquinolinyl_ 
represents preferably 1-, 3- or 4-isoquinolinyl. Benzopyranyl, benzothiopyranyl represent 
preferably 3-benzopyranyl or 3-benzothiopyranyl, respectively. Thiazolyl represents 
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preferably 2- or 4-thiazolyl, advantageously 4-thiazolyl. Triazolyl is preferably 1-. 2- or 

5-(1,2,4-triazolyl). Tetrazolyl is preferably 5-tetrazolyl. lmidazolyl is preferably 

4-imidazolyl. 

Preferably, heterocyclic aryl is pyridyl. quinolinyl, pyrrolyl, thiazolyl. isoxazolyl. 

triazolyl, tetrazolyl, pyrazolyl, imidazolyl, thienyl, or any said radical substituted, 

especially mono- or di-substituted, by lower alkyl or halogen; and in particular pyridyl. 

Biaryl is preferably carbocyclic biaryl, e.g. biphenyl, namely 2. 3 or 4-biphenyl, 

advantageously 4-biphenyl. each optionally substituted by e.g. lower alkyl, lower alkoxy, 

halogen, trifluoromethyl or cyano. 

CrC,-Cycloalkyl represents a saturated cyclic hydrocarbon optionally substituted by 

lower alkyl which contains 3 to 7 ring carbons and is advantageously cyclopentyl or 

cyclohexyl optionally substituted by lower alkyl. 

(Oxa or thia)-CrC6-cycloalkyl represents a saturated cyclic radical wherein 1 or 2, 

preferably l, oxygen or sulfur atom(s) and 3-6, preferably 4-5, carbon atoms form a ring, 

. e.g. tetrahydropyranyl, tetrahydrofuranyl, tetrahydrothiopyranyl or tetrahydrothienyl. 

Oxa-cyclohexane means tetahydropyran, and thia-cyclohexane means tetrahydrothiopyran. 

Carbocyclic aryl-lower alkyl represents preferably straight chain or branched 

aryl-Ci-C4-alkyl in which carbocyclic aryl has meaning as defined above, e.g. benzyl or 

phenyl-{ethyl, propyl or butyl), each unsubstituted or substituted on phenyl ring as defined 

under carbocyclic aryl above. advantageously optionally substituted benzyl. 

Heterocyclic aryl-lower alkyl represents preferably straight chain or branched heterocyclic. 

aryl-C1-C4-alkyl in which heterocyclic aryl has meaning as defmed above, e.g. 2-. 3- or 

4-pyridylmethyl or (2-. 3- or 4-pyridyl)-(ethyl, propyl or butyl); or 2- or 3-thienylmethyl or 

(2- or 3-thienyl)-(ethyl, propyl or butyl); 2-, 3- or 4-quinolinylmethyl or {2-, 3- or 

4-quinolinyl)-(ethyl, propyl or butyl); or 2- or 4-thiazolylmethyl or (2- or 

4-thiazolyl)-(ethyl. propyl or butyl). 

Cycloalkyl-lower alkyl represents e.g. (cyclopentyl- or cyclohexyl)-(methyl or ethyl). 
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Biaryl-lower alkyl represents e.g. 4-biphenylyl-(methyl or ethyl). 

Acyl is derived from an organic carboxylic acid, carbonic acid or carbamic acid. 

Acyl represents e.g. lower alkanoyl, carbocyclic aryl-lower alkanoyl, lower 

alkoxycarbonyl. aroyl. di-lower alkylaminocarbonyl or di-lower alkylamino-lower 

alkanoyl.. Preferably. acyl is lower alkanoyl. 

Acylamino represents e.g. lower alkanoylamino or lower alkoxycarbonylamino. 

Acylamino-lower alkyl in R and R1 is RrCONH-lower alkyl in whiCh R3 represents e.g. 

lower alkyl, lower alkoxy, aryl-lower alkyl, aryl-lower alkoxy. carbocyclic or heterocyclic 

aryl. di-lower alkylamino, N-lower alkylpiperazino, rilorpholino, thiomorpholino, · 

piperidino, pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower 

alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino, pyridyl or N-lower 

alkylpiperidyl)-lower alkyl. 

Lower alkanoyl represents e.g. C1-Cralkanoyl including formyl, and is preferably 

C2-C4-alkanoyl such as acetyl or propionyl. 

Aroyl represents e.g. benzoyl or benzoyl mono- or di-substituted by one or two radicals 

selected from lower alkyl, lower alkoxy, halogen, cyano and trifluoromethyl; or 1- or 

2-naphthoyl; and also e.g. pyridylcarbonyl. 

Lower alkoxycarbonyl represents preferably C1-C4-alkoxycarbonyl, e.g. ethoxycarbonyl. 

Lower alkylene represents either straight chain or branched alkylene of 1 to 7 carbon 

atoms and represents preferably straight chain alkylene of 1 ~ 4 carbon atoms, e.g. a 

methylene, ethylene, propylene or butylene chain, or said methylene, ethylene, propylene 

or butylene chain mono-substituted by Ci-~-alkyl (advantageously methyl) or 

disubstituted on the same or different carbon atoms by C1-Cralkyl (advantageously 

methyl), the total number of carbon atoms being up to and including 7. 

Esterified carboxyl is for example lower alkoxycarbonyl or benzyloxycarbonyl. 

Amidated carboxyl is for example aminocarbonyl, mono- or di-lower alkylaminocarbonyl. 
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Pharmaceutically acceptable salts of the acidic compounds of the invention are salts 

fanned with bases, namely cationic salts such as alkali and alkaline earth metal salts, such 

as sodium, lithium, potassium, calcium, magnesium, as well as ammonium salts, such as 

ammonium, trimethyl-ammonium, diethylammonium, and tris-(hydroxymethyl)-methyl­

ammonium salts. 

Similarly acid addition salts, such as of mineral acids, organic carboxylic and organic 

sulfonic acids e.g. hydrochloric acid, methanesulfonic acid, maleic acid, are also possible 

provided a basic group, such as pyridyl, constitutes part of the structure. 

The compounds of the invention exhibit valuable pharmacological properties in mammals 

including man and are particularly useful as inhibitors of matrix-degrading 

metalloproteinase enzymes(= metalloproteinases). 

Matrix-degrading metalloproteinases, such as gelatinase, stromelysin and collagenase, are 

involved in tissue matrix degradation (e.g. collagen collapse) and have been implicated in 

many pathological conditions involving abnonnal connective tissue and basement 

membrane matrix metabolism, such as arthritis (e.g. osteoarthritis and rheumatoid 

arthritis), tissue ulceration (e.g. corneal, epidermal and gastric ulceration), abnormal 

wound healing, periodontal disease, bone disease (e.g. Paget's disease and osteoporosis), 

tumor metastasis or invasion, as well as HIV-infection (as reported in J. Leuk. Biol. 52 

(2): 244-248, 1992). 

As the compounds of the invention are inhibitors of stromelysin, gelati.nase and/or 

collagenase activity and inhibit matrix degradation, they are particularly useful in 

mammals as agents for the treatment of e.g. osteoarthritis, rheumatoid arthritis, corneal 

ulceration, periodontal disease, tumor metastasis, progression of HIV-infection and 

HIV-infection related disorders. 

Illustrative of the matrix degrading met.alloproteinase inhibitory activity, compounds of 

the invention prevent the degradation of cartilage caused by exogenous or endogenous 

stromelysin in mammals. They inhibit e.g. the stromelysin-induced degradation of 

aggrecan (large aggregating proteoglycan), link protein or type lX collagen in mammals. 

Beneficial effects are evaluated in pharmacological tests generally known in the art, and as 
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illustrated herein. 

The above-cited properties are demonstrable in in vitro and in vivo tests, using 
advantageously mammals, e.g. rats, guinea pigs, dogs, rabbits, or isolated organs and 

tissues, as well as mammalian enzyme preparations. Said compounds can be applied in 

vitro in the form of solutions, e.g. preferably aqueous solutions, and in vivo either 

enterally or parenterally, advantageously orally, e.g. as a suspension or in aqueous 

solution. The dosage in vitro may range between about 10-s molar and 10-10 molar 

concentrations. The dosage in vivo may range, depending on the route of administration, 

between about 0.1 and 50 mg/kg. 

One test to determine the inhibition of stromelysin activity is based on its hydrolysis of 

Substance P using a modified procedure of Harrison et al (Harrison, R.A., Teahan J., and 

Stein R., A semicontinuous, high performance chromatography based assay for 
stromelysin, Anal. Biochem. 180. 110-113 (1989)). In this assay, Substance Pis 

hydrolyzed by recombinant human stromelysin to generate a fragment, Substance P 7-11, 
which can be quantitated by HPLC. In a typical assay, a 10 mM stock solution of a 

compound to be tested is diluted in the assay buffer to 50 µM, mixed 1: 1 with 8 µg 

recombinant human stromelysin (mol. wl 45-47 kDa. 2 Units; where 1 Unit produces 20 

mmoles of Substance P 7-11in30 minutes) and incubated along with O.SmM Substance P 

in a fmal volume of 0.125 ml for 30 minutes at 37°C. The reaction is stopped by adding 
10 mM EDTA and Substance P 7-11 is quantified on RP-8 HPLC. The IC50 for inhibition· 
of stromelysin activity and Ki are calculated from control reaction without the inhibitor. 
Typically, Ki values of from 10 to 200 nM are obtained. 

Stromelysin activity can also be determined using human aggrecan as a substrate. This 
assay allows the confirmation in-vitro that a compound can inhibit the action of 
stromelysin on its highly negatively-charged natural substrate, aggrecan (large aggregating 
prtoeoglycan). Within the cartilage, proteoglycan exists as an aggregate bound to 
hyaluronate. Human proteoglycan aggregated to hyaluronate is used as an enzyme 

substrate. The assay is set up in 96-well microtiter plates allowing rapid evaluation of 
compounds. The assay has three major steps: 

1) Plates are coated with hyaluronate (human umbilical chord, 400 ug/ml), blocked with 
BSA (5 mg/ml), and then proteoglycan (human articular cartilage D l - chondroitinase 

ABC digested, 2 mg/ml) is bound to the hyaluronate. Plates are washed between each 
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2) Buffers+ inhibitor (1 to 5,000 nM) + i'ecQmbinant human stromelysin (1-3 Units/well) 
are added to wells. The plates are sealed with tape and incubated overnight at 37°C. The 

plates are then washed. 

3) A primary (3B3) antibody (mouse IgM. 1:10.000) is used to detect remaining 
fragments. A secondary antibody, peroxididase-linked anti-IgM, is bound to the primary 

antibody. OPD is then added as a substrate for the peroxidase and the reaction is s.topped 

with sulfuric acid. The IC50 for inhibition of stromelysin activity is graphically derived 

and Ki is calculated. 

Collagenase activity is determined as follows: ninety six-well. flat-bottom microtiter 

plates are first coated with bovine type I collagen (35 ug/well) over a two-day period at 
3Q°C using a humidified and then dry atmosphere; plates are rinsed, air dried for 3-4 
hours, sealed with Saran wrap and stored in a refrigerator. Human recombinant fibroblast 

collagenase and a test compound (or buffer) are added to wells (total volume= 0.1 ml) and 

plates are incubated for 2 hours at 35°C under humidified conditions; the amount of 

collagenase used per well is that causing approximately 80% of maximal digestion of 
collagen. The incubation media are removed from the wells. which are then rinsed with 
buffer, followed by water. Coomasie blue stain is added to the wells for 25 minutes, 
removed, and wells are again rinsed with water. Sodium dodecyl sulfate (20% in 50% 
dimethylf onnamide in water) is added to solubilii.e the remaining stained collagen and the 
optical density at 570. nM wave length is measured. The decrease in optical density due to 

collagenase (from that of collagen without enzyme) is compared to the decrease in optical 
density due to the enzyme in the presence of test compound, and percent inhibition of 

enzyme activity is calculated. IC50's are detennined from a range of concentrations of 
inhibitors (4-5 concentrations. each tested in triplicate), and Ki values are calculated. 

The effect of compounds of the invention in-vivo can be determined in rabbits. Typically, 

four rabbits are dosed orally with a compound up to fom hours before being injected 
intra-articularly in both knees (N=8) with 40 Units of recombinant human· stromelysin 
dissolved in 20 mM Tris, 10 mM CaC12, and 0.15 M NaCl at pH 7.5. Two hours later the 
rabbits are sacrificed, synovial lavage is collected, and keratan sulfate (KS) and sulfated 
glycosaminoglycan (S-GAG) fragments released into the joint are quantitated; Keratan 
sulfate is measured by a~ inhibition ELISA using the method of Thonar (Thonar, 



> 

- 18 -

THIS SHEET HAS BEEN 
REPLACED 

EJ.-M.A., Lenz, M.E., Klinsworth, G.~ .• Caterson, B., Pachman, L.M., Glickman, P., 

Katz. R., Huff, J., Keuttner, K.E. Quantitation of keratan sulfate in blood as a marker of 

cartilage catabolism, Arthr. Rheum. 28, 1367-1376 (1985)). Sulfated glycosaminoglycans 

are measured by first digesting the synovial lavage with streptomyces hyaluronidase and 

then measuring DMB dye binding using the method of Goldberg (Goldberg, R.L. and 

K.olibas, L. An improved method for determining proteoglycan synthesized by 

chondrocytes in culture. Connect Tiss. Res. 24,, 265-275 (1990)). For an i.v. study, a 

compound is solubilized in 1 ml of PEG-400, and for a p.o. study, a compound is 

administered in 5 ml of fortified com starch per kilogram of body weight 

The compounds of formula I can be prepared e.g. by condensing a carboxylic acid of 

fonnula IV, 

R 

I 
0 Rt CH20 
II I I II (IV} 

HO-C-C-N-S-Ar 
I . II 
R1 0 

or a reactive functional derivative thereof, wherein R, R1, Ri and Ar having meaning as 

defined in claim 1, with hydroxylamine of formula V, 

(V} 

jThi•1ir1w~iiill1n1ilmr 
optionally in protected form, or a salt thereof; 

and, if necessary, temporarily protecting any interfering reactive group(s}, and then 

liberating the resulting comp.ound of the invention; and, if required or desired, converting 

a resulting compound of the invention into another compound of the invention, and/or, if 

desired, converting a resulting free compound into a salt or a resulting salt into a free 

compound or into another salt; and/or separating a mixture of isomers or racemates 

obtained into the single isomers or racemates; and/or, if desired, resolving a racemate into 

the optical antipodes. 

In starting compounds and intermediates which are converted to the compounds of the 

invention in a manner described herein, functional groups present, such as amino, 
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carboxyl and hydroxy groups, are optionally protected by conventional protecting groups 
that are common in preparative organic chemistry. Protected amino, carboxyl and 
hydroxy groups are those that can be converted under mild conditions into free amino and 
hydroxy groups without the molecular framework being destroyed or other undesired side 
reactions taking place. 

The purpose of introducing protecting groups is to protect the functional groups from 
undesired reactions with reaction components under the conditions used for carrying out a 
desired chemical transformation. The need and choice of protecting groups for a 
particular reaction is known to those skilled in the art and depends on the nature of the 
functional group to be protected (hydroxy group, amino group, etc.), the structure and 
stability of the molecule of which the substituent is a part and the reaction conditions. 

Well-known protecting groups that meet these conditions and their introduction and 
removal are described, for example, in J.F.W. McOmie, "Protective Groups in Organic 
Chemistry", Plenum Press, London, New York, 1973, T. W. Greene, "Protective Groups in 
Organic Synthesis", Wiley, New York, 1.991. 

In the processes cited herein, reactive functional derivatives of carboxylic acids represent, 
for example, anhydrides especially mixed anhydrides, acid halides, acid azides, lower 
alkyl esters and activated esters thereof. Mixed arihydrides are preferably such from 
pivalic acid, or a lower alkyl (ethyl, isobutyl) hemiester of carbonic acid; acid halides are 
for example chlorides or bromides; activated esters for example succinimido, phthalimido 
or 4-nitrophenyl esters; lower alkyl esters are for example the methyl or ethyl esters. 

Also, a reactive esterified derivative of an alcohol in any of the reactions cited herein 
represents said alcohol esterified by a strong acid, especially a strong inorganic acid, such 
as a hydrohalic acid, especially hydrochloric, hydrobromic or ~ydroiodic acid, or sulphuric 
acid, or by a strong organic acid, especially a strong organic sulfonic acid, such as an. 
aliphatic or aromatic sulfonic acid, for example methanesulfonic acid, 4-methylbenzene­
sulfonic acid or 4-bromobenzenesulfonic acid. A said reactive esterified derivative is 
especially halo, for example chloro. bromo or iodo, or aliphatically or aromatically 
substituted sulfonyloxy, for example methanesulfonyloxy, 4-methylbenzenesulfonyloxy_ 
(tosyloxy). 

In the above processes for the synthesis of compounds of the invention can be carried out 
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according to methodology generally known in the art for the preparation of hydroxamic 
acids and derivatives thereof. 

The synthesis according to the above process (involving the condensation of a free 

carboxylic acid of formula IV with an optionally hydroxy protected hydroxylamine 

derivative of formula V can be carried out in the presence of a condensing agent, e.g. 
l,l '-carbonyldiimidazole, or N-(dimethylaminopropyl)~N' -ethylcarbodiimide or 
dicyclohexylcarbodiimide, with or without 1-hydroxybenzotriazole in an inert polar 
solvent. such as dimethylfonnamide or dichloromethane, preferably at room temperature. 

The synthesis involving the condensation of a reactive functional derivative of an acid of 
formula IV as defined above, e.g. an acid chloride or mixed anhydride with optionally 

hydroxy protected hydroxylamine, or a salt thereof, in presence of a base such as 

triethylamine can be carried out, at a temperature ranging preferably from about -78°C to 

+75°C, in an inert organic solvent such as dichloromethane or toluene. 

Protected forms of hydroxylamine (of formula V) in the above process are those wherein 

the hydroxy group is protected for example as a t-butyl ether, a benzyl ether or 

tetrahydropyranyl ether. Removal of said protecting groups is carried out according to 
methods well known in the art, e.g. hydrogenolysis or acid hydrolysis. Hydroxylamine is 

preferably generated in situ from a hydroxylamine salt, such as hydroxylamine 
hydrochloride. 

The starting carboxylic acids of formula IV can be prepared as follows: 

An amino acid of formula VI 

0 R 
II l 1 

HO-C-C-NH2 (VI) 
I 
R2 

wherein R1 and R2 have meaning as defined herein, is first esteritled with a lower alkanol, 
e.g. methanol, in the presence of e.g. thionyl chloride to obtain an aminoester which is 
treated with a reactive functional derivative of the appropriate arylsulfonic acid of the 
fonnula VII 
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(VII) 

wherein Ar has meaning as defined hereinabove. e.g. with the arylsulfonyl chloride, in the 

presence of a suitable base such as triethylamine using a polar solvent such as 

tetrahydrofuran, toluene, acetonitrile to obtain a compound of the formula vm 

tt i
1 

" R6-o-c-c-NH-S-Ar (VIII) 

I II 
R2 0 

wherein R1, R2 and AI have meaning as defined herein and~ is a protecting gr<:>up. e.g. 
lower alkyl. Treaunent thereof with a reactive esterified derivative of the alcohol of the 

formula IX 

wherein R has meaning as defined herein, such as the halide, e.g. the chloride, bromide or 
iodide derivative thereof, in the presence of an appropriate base. such as potassium 
carbonate or sodium hydride, in a polar solvent such as dimethylfonnamide. The resulting 

compound corresponding to an ester of a compound of fonnula IV can then be hydrolyzed 
to the acid of fonnula IV, using standard mild methods of ester hydrolysis, preferably 
under acidic conditions. For compounds of formula Ia (wherein R and R1 of formula I are 
combined) the starting materials are prepared by treating a carboxylic acid of formula X 

(X) 

or an ester thereof, wherein R2 and X have meaning as defined above, with a reactive 
functional derivative of a compound of the formula AIS03H (VIl) under conditions 
described for the preparation of a compound of formula VIII. 

The Starting materials of formula VI, VII, IX and X are either known in the art, or can be 



'· 

THIS SHEET H/iS BEEN ! 
REPLACED ~ 

---------~···"~.! - 22 -

prepared by methods well-known in the art or as described herein. 

The above-mentioned reactions are carried out according to standard methods, in the 

presence or absence of diluent. preferably such as are inert to the reagents and are solvents 

thereof. of catalysts, condensing or said other agents respectively and/or inert atmo­

spheres, at low temperatures, room temperature or elevated temperatures (preferably at or 

near the boiling point of the solvents used), and at atmospheric or super-atmospheric 

pressure. The preferred solvents, catalysts and reaction conditions are set forth in the 

appended illustrative examples. 

The invention further includes any variant of the present processes, in which an inter­

mediate product obtainable at any stage thereof is used as starting material and the 

remaining steps are carried out, or the process is discontinued at any stage thereof, or in 

which the starting materials are formed in situ under the reaction conditions, or in which 

the reaction components are used in the fonn of their salts or optically pure antipodes. 

Compounds of the invention and intermediates can also be converted into each other 

according to methods generally known per se. 

The invention also relates to any novel starting materials and processes for their 

manufacture. 

Depending on the choice of starting materials and methods, the new compounds may be in 

the form of one of the possible isomers or mixtures thereof, ·for example, as substantially 

pure geometric (cis or trans) isomers, optical isomers (antipodes}, racemates, or mixtures 

thereof. The aforesaid possible isomers or mixtures thereof are within the purview of this 

invention. 

Any resulting mixtures of isomers can be separated on the basis of the physico-chemical 

differences of the constituents, into the pure geometric or optical isomers, 

diastereoisomers, racemates, for example by chromatography and/or fractional 

crystallization. 

Any resulting racemates of final products or intermediates can be resolved into the optical 

. ~-_;\~tj,podes by known methods. e.g. by separation of the.diastereoisomeric salts thereof, 

obtained with an optically active acid or base, and liberating the optically active acidic or 

L 
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basic compound. The hydroxamic acids or carboxylic acid intermediates can thus be 

resolved into their optical antipodes e.g. by fractional crystallization of d- or 1-(alpha­

methylbenzylamine, cinchonidine, cinchonine, quinine, quinidine, ephedrine, dehydro­

abietylamine, brucine or strychnine)-salts. 

Finally, acidic compounds of the invention are either obtained in the free form, or as a salt 

thereof. 

Acidic compounds of the invention may be converted into salts with pharmaceutically 

acceptable bases, e.g. an aqueous alkali metal hydroxide, advantageously in the presence 

of an ethereal or alcoholic solvent, such as a lower alkanol. From the solutions of the 

latter, the salts may be precipitated with ethers, e.g. diethyl ether. Resulting salts may be 

converted into the free compounds by treatment with acids. These or other salts can also 

be used for purification of the compounds obtained. 

In view of the close relationship between the free compounds and the compounds in the 

form of their salts, whenever a compound is referred to in this context, a corresponding 

salt is also intended, provided such is possible or appropriate under the circumstances. 

The compounds, including their salts, can also be obtained in the form of their hydrates, or 

include other solvents used for their crystallization. 

The pharmaceutical compositions according to the invention are those suitable for enteral, 

such as oral or rectal, transdermal and parenteral admin!stration to mammals, including 

man, to inhibit matrix-degrading metalloproteinases, and for the treatment of disorders 

responsive thereto, comprising an effective amount of a pharmacologically active 

compound of the invention, alone or in combination, with one or more pharmaceutically 

acceptable carriers. 

The pharmacologically active compounds of the invention are useful in the manufacture of. 

pharmaceutical compositions comprising an effective amount thereof in conjunction or 

admixture with excipients or carriers suitable for either enteral or parenteral application. 

Preferred are tablets and gelatin capsules comprising the active ingredient together with a} 

diluents, e.g. lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or glycine; b) 

lubricants, e.g. silica, talcum, stearic acid, its magnesium or calciu~ salt and/or 

polyethyleneglycol; for tablets also c) binders e.g. magnesium aluminum silicate, starch 
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paste, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose and or 
polyvinylpyrrolidone; if desired d) disintegrants, e.g. starches, agar, alginic acid or its 
sodium salt, or effervescent mixtures; and/ore) absorbants, colorants, flavors and 
sweeteners. Injectable compositions are preferably aqueous isotonic solutions or 

suspensions, and suppositories are advantageously prepared from fatty emulsions or 
suspensions. Said compositions may be sterilized and/or contain adjuvants, such as 
preserving~ stabilizing, wetting or emulsifying agents, solution promoters, salts for 
regulating the osmotic pressure and/or buffers. In addition,.they may also contain other 
therapeutically valuable substances. Said compositions are prepared according to 
conventional mixing, granulating or coating methods, respectively, and contain about 
0.1to75 %, preferably about 1to50 %, of the active ingredient 

Suitable formulations for transdermal application include an effective amount of a 
compound of the invention with carrier. Advantageous carriers include ab~orbable 
pharmacologically acceptable solvents to assist passage through the skin of the host. 

, Characteristically, transdermal devices are in the form of a bandage comprising a ba~king 
member, a reservoir containing the compound optionally with carriers, optionally a rate 
controlling barrier to deliver the compound of the skin of the host at a controlled and 
predetermined rate over a prolonged period of time, and means to secure the device to the 
skin. 

Suitable formulations for topical application, e.g. to the skin and eyes, are preferably 
aqueous solutions, ointments, creams or gels well-known in the art. 

The pharmaceutical formulations contain an effective matrix-degrading metalloproteinase 
inhibiting amount of a compound of the invention as defined above either alone, or in 

combination with another therapeutic agent, e.g. an anti-inflammatory agent with 
cyclooxygenase inhibiting activity, each at an effective therapeutic dose as reported in the 
art. Such therapeutic agents are well-known in the art. 

Examples of antiinflammatory agents with cyclooxygenase inhibiting activity are 
diclofenac sodium, naproxen, ibuprofen, and the like. 

In conjunction with another active ingredient, a compound of the invention may be 
administered either simultaneously, before or after the other active ingredient, either 
separately by the same or different route of administration or together in the same 
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The dosage of active compound administered is dependent on the species of warm­

blooded animal (mammal), the body weight, age and individual condition, and on the form 

of administration. A unit dosage for oral administration to a mammal of about 50 to 70 kg 

may contain between about 25 and 250 mg of the active ingredient. 

The following examples are intended to illustrate the invention and are not to be construed 

as being limitations thereon. Temperatures are given in degrees Centrigrade. If not 

mentioned otherwise, all evaporations are performed under reduced pressure, preferably 

between about 15 and 100 mm Hg(= 20-133 mbar). The structure of final products, 

intermediates and starting materials is confirmed by standard analytical methods, e.g'. 

microanalysis and spectroscopic characteristics (e.g. MS, IR, NMR). Abbreviations used 

are those conventional in the art. 

Exainple 1: (a) N-(t-Butyloxy)-2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino]-

3-methylbutanamide (4.1 g, 9.13 mmol) is dissolved in dichloroethane (150 mL) 

containing ethanol (0.53ml, 9.13 mmol) in around bottom flask, and the reaction is cooled 

to -10°C. Hydrochloric acid gas (from a lecture bottle) is bubbled through for 30 minutes. 

The reaction is sealed, allowed to slowly warm to room temperature, an4 stirred for 2 

days. The solvent is reduced to 1/3 volume by evaporation and triturated with ether. The 

mixture is filtered, filter cake removed, and dried in vacuo to provide 

N-hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino ]-3-methylbutanamide 

hydrochloride as a white solid, m.p. 169-170°C (dee), and having the following structure: 
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Toa solution of D-valine (15.0 g, 128.0 mmol) in 1:1 dioxane/ water (200 mL) containing 
triethylamine (19.4 g, 192.0 mmol) at room temperature is added 4-methoxybenzene­

sulfonyl chloride (29.0 g, 141.0 mmol), and the reaction mixture is stirred at room 

temperature overnight. The mixture is then diluted with methylene chloride, washed with 
lN aqueous hydrochloric acid and water. The organic layer is washed again with brine, 

dried (NaiS04), and the solvent is evaporated to provide N-[4-methoxybenzenesulfonyl]­

(D)-valine as a crude product. A solution of this crude product (15.0 g) in toluene (100 

mL) containing N,N-dimethylformamide di-t-butyl acetal (50 mL, 206.5 mmol) is heated 

to 95°C for 3 hours. The solvent is then evaporated. The crude product is purified by • 
silica gel chromatography (30% ethyl acetate/hexanes) to provide N-[ 4-methoxybenzene­

sulfonyl]-(D)-valine t-butyl ester. 

To a solution of N-[4-methoxybenzenesulfonyl]-(D)-valine t-butyl ester (4.38 g, 13.0 
mmol) in dimethylformamide (200 mL) is added 3-picolyl chloride hydrochloride (2.3 g, 

14.0 mmol) followed by potassium carbonate (17.94 g, 130.0 mmol). The reaction 

mixture is stirred at room temperature for 2 days. The mixture is then diluted with water 
and extracted with ethyl acetate. The combined organic extracts are washed with brine, 

dried (Na2S04), and the solvent is evaporated. The crude product is purified by silica gel 

chromatography (ethyl acetate) to give t-butyl 2(R)-[N-[4-methoxybenzenesulfonyl]­

(3-picolyl)amino ]-3-methylbutanoate. 

t-Butyl 2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoate (5.3 g, 

12.2 mmol) is dissolved in methylene chloride (150 mL) and cooled to -10°C. 

Hydrochloric acid gas is bubbled into the solution for 10 minutes. The reaction mixture is 
then sealed, warmed to room temperature and stirred for 4 hours. The solvent is then 
evaporated to provide 2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methyl­

butanoic acid hydrochloride. 

2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoic acid hydrochloride 
(5.0 g, 12.06 mmol), 1-hydroxybenzotriazole (1.63 g, 12.06 mmol), 4-methylmorpholine 

(6.6 mL, 60.31 mmol), and 0-t-butylhydroxylamine hydrochloride (54.55 g, 36.19 mmol) 
are dissolved in methylene chloride (200 mL). N-[Dimethylaminopropyl]-N' -ethyl­
carbodiimide hydrochloride (3.01 g, 15.68 mmol) is added, and the reaction is stirred 
overnight. The reaction is then diluted with water and extracted with methylene chloride. 
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The combined organic extracts are washed with brine, dried (NaiS04), and the solvent is 
evaporated. The crude product is purified by silica gel chromatography (2% 
methanol/methylene chloride) to give N-(t-butyloxy)-2(R)-[[4-methoxybenzenesulfonyl]­
(3-picolyl)amino ]-3-methylbutanamide. 

(b) L-tartaric acid salt, m.p. 114-116°C. 

(c) Methanesulfonic acid salt, m.p. 139-141.5°C. 

(d) Maleic acid salt, m.p. 133-134°C. 

Example 2: The following compounds are prepared similarly to Example 1: 

a) N-Hydroxy-2(S)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanamide 

hydrochloride, m. p. 170.5-171°C, by starting the synthesis with L-valine, and carrying out 
the subsequent steps as described above. 

(b) N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-4-methylpentanamide 
hydrochloride, m.p. 128-129°C. 

The first two steps are carried out as described in example l, except the synthesis was 
started with D-leucine. The allcylation step is different, as described below. 

To a solution oft-butyl 2(R)-[[4-methoxybenzenesulfonyl]amino ]-4-methylpentanoate 
(10.0 g, 27 .92 mmol) in dimethylformamide (250 mL) at room temperature is added 

3-picolyl chloride hydrochloride (4.81g,29.32 mmol} followed by sodium hydride (2.79 
g, 69.80 mmol, 60% in oil}. -The reaction mixture is stirred at room temperature for 48 

hours. The mixture is quenched with water and extracted with ethyl acetate. The 
combined organic extracts are washed with brine, dried <NaiS04), and the solvent is 

evaporated. The crude product is purified by silica gel chromatography ( 45% ethyl 
acetate/hexanes) to provide t-butyl 2(R)-[[4-methoxybenzenesulfo~yl](3-picolyl)-

amino ]-4-methylpentanoate. 

All of the following steps are carried out as described above in example 1. 

(c) N-Hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl](6-chloropiperonyl)amino ]-4-methyl-· 
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pentanamide, m.p. 85-87°C, by starting the synthesis with D-leucine and alkylating with 

6-chloropiperonyl chloride(= 6-chloro-3,4-methylenedioxy-benzylchloride) in the third 

step. 

( d) N-Hydroxy-2(R)-[[ 4-methoxybenzenesulf onyl] (piperonyl)amino )-4-methylpentan­

amide, m.p. 145-147°C, by starting the synthesis with D-leucine and alkylating with 

piperonyl chloride(= 3,4-methylenedioxy-benzylchloride) in the third step. 

(e) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-4-methylpentan­

amide, m.p. 89-90°C, by starting the synthesis with D-leucine and alkylating with 2-

~ picolyl chloride in the third step. 

(0 N-Hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl](2-picolyl)amino )-3-methylbutanamide 

hydrochloride, m.p. 140-142°C, by starting the synthesis with D-valine and alkylating 

with 2-picolyl chloride in the third step. 

(g) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-4,4-dimethylpentan­

amide hydrochloride, m.p. 130-150°C (slow melt), by starting the synthesis with 

D-t-butylalanine and alkylating with 3-picolyl chloride in the third step. 

(h) N-Hydroxy-2(R)-[[4-methoxybenzenesulfony1](3-picolyl)amino]-2-cyclohexyl­

acetamide hydrochloride, m.p. 149.5-152.0°C, by starting the synthesis with 

(D)-cyclohexylglycine hydrochloride. 

The starting amino acid is prepared as follows: 

(D)-phenylglycine (10.0 g, 66.2 mmol) is suspended in 2N hydrochloric acid (100 mL) 

containing platinum (IV) oxide hydrate (267 mg). The mixture is shaken in a Parr 

hydrogenation apparatus for 24 hours under a hydrogen pressure of 50 psi. The resultant 

suspended crystalline material, (D)-cyclohexylglycine hydrochloride, was used without 

further purification. 

(i) N-Hydroxy-2(R)-[[(2,3-dihydrobenzofuran)-5-sulfonyl](3-picolyl)amino]3-methyl­

butanamide hydrochloride, m.p. 150.0-153.00C, by starting the synthesis with 

2,3-dihydrobenzofuran-5-sulfonyl chloride. 

Thi•1if1~11 ~ii1i1Ul1iur· 
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2,3-dihydrobenzofuran (6.0 g, 49.94 mmol) is added over 20 minutes to chlorosulfonic 
acid (29.09 g, 249.69 mmol) at-20°C. The reaction mixture is quenched by addition of 
ice followed by water (20 mL). The mixture is then extracted with ethyl acetate. The 
combined organic estracts are washed with brine, dried (NaiS04), and the solvent is 
evaporated. The crude product is purified by silica gel chromatography (30% ethyl 
acetate/hexane) to give 2,3-dihydrobenzofuran-5-sulfonyl chloride (3.3 g). 

G> N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl](3-picolyl)-amino ]-3-m ethylbutanamide 
hydrochloride, m.p. 139.5-142°C, by starting the synthesis with DL-valine. 

{k) N-Hydroxy-2(R)-[[4-ethoxybenzenesulfonyl](3-picolyl)-amino]-3-methylbutanamide 
hydrochloride, [a.]0

25=+34.35 (c=S.84, CH30H). 

(1) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-2-cyclohexylacet­
amide hydrochloride, m.p. 127-140°, by starting the syntheses with (D)-cyclohexylglycine 
hydrochloride, and carrying out the subsequent steps as described above. 

(m) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-methylthiazol-4-ylmethyl)amino]-2-
cyclohexylacetamide hydrochloride, m.p. 137-1390C, using 4-chloromethyl-2-methyl­
thiazole in the alkylation step. 

(n) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-quinolinylmethyl)aminoJ-2-cyclohexyl­
acetamide hydrochloride, m.p. 121-123°C, using 2-chloromethylquinoline hydrochloride 
in the alkylation step. 

Example 3: 2(R)-[[4-Methoxybenzenesulfonyl](benzyl)amino]-4-methylpentanoic acid 
(4.38 g, 11.2 mmol) is dissolved in methylene chloride (56.0 mL). To this solution is 
added oxalyl chloride (1.95 mL, 22.4 mmol) and dimethylformamide (0.86 mL, 11.2 
mmol), and the reaction is stirred at room temperature for 90 minutes. Meanwhile, in a 
separate flask, hydroxylamine hydrochloride (3.11g,44.8 mmol) and triethylamine (9.36 
mL, 67.1 mmol) are stirred in tetrahydrofuran (50.0 mL) and water (3.5 mL) at 0°C for 15 
minutes. After 90 minutes, the methylene chloride solution is added in one portion to the 
second flask, and the combined contents are stirred for three days as the flask gradually 
warms up to room temperature. The reaction is then diluted with acidic water (pH=-3), 
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and extracted several times with ethyl acetate. The combined organic layers are dried 

(Na2S04), and the solvent is evaporated. The product is purified by silica gel 

chromatography ( 1 % methanol/methylene chloride) to give N-hydroxy-2(R)-[[ 4-methoxy­

benzenesulfonyl] (benzyl)amino ]-4-methylpentanamide, m.p. 48-52°C. 

The starting material is prepared as follows: 

(D)-leucine (7.1 g, 53.9 mmol) is dissolved in dioxane (60.0 mL) and water (60~0 mL). To 

this solution is added triethylamine (11.3 mL, 80.9 mmol) and 4-methoxybenzenesulfonyl 

chloride (12.25 g, 59.3 mmol), and the reaction is stirred at room temperature overnight. 

The reaction is then diluted with methylene chloride and washed successively with 2.5N 

hydrochloric acid, water, and brine. The organic phase is dried <NaiS04), and the solvent 

is evaporated to give N-[ 4-methoxybenzenesulfonyl]-(D)-leucine, which is used without 

further purification. 

N-[4-methoxybenzenesulfonyl]-(D)-leucine (14.0 g, 46.5 mmol) is dissolved in ·toluene 

(100.0 mL), and heated to 90°C. N,N-Dimethylformamide di-t-butyl acetal (45.0_ mL, 

186.0 mmol) is added dropwise over 20 minutes, and then the reaction is kept at 90°C for 

another 2 hours. After cooling back down, the reaction is diluted with ethyl acetate and 

washed successively with saturated sodium bicarbonate, water, and brine. The organic 

phase is dried (NaiS04), and the solvent is evaporated. The product is purified by silica 

gel chromatography (20% ethyl acetate/ hexane) to give N-[4-methoxybenzenesulfonyl]­

(D)-leucine t-butyl ester. 

To a suspension of sodium hydride (0.68 g, 14.1 mmol) in dimethylformamide (60.0 mL), 

is added N-[4-methoxybenzenesulfonyl]-(D)-leucine t-butyl ester (5.02 g, 14.06 mmol) in 

dimethylformamide (10.0 mL). After stirring at room temperature for 20 minutes, benzyl 

bromide (1.67 mL, 14.06 mmol) is added, and the reaction is stirred overnight at room 

temperature. The reaction is then partitioned between ethyl acetate and acidic water 

(pH=5), the organic layer is dried (NaiSO~. and the solvent is evaporated~ The product is 

purified by silica gel chromatography (10% ethyl acetate/hexane) to give t-butyl 

2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-methylpentanoate. 

t-Butyl 2(R)-[[ 4-methoxybenzene_sulfonyl](benzyl)amino ]-4-methylpentan oate (5.38 g, -

12.02 mmol) is dissolved in methylene chloride (100.0 mL). Hydrochloric acid gas (from 

a lecture bottle) is bubbled through the solution for 20 minutes. The reaction is sealed and 

,:;;; 



- 31 -

. THIS SHEET tlAS BEEN 
REPLACED 

stirred overnight at room temperature. The solvent is then evaporated to give 2(R)-[[ 4-
rnethoxybenzenesulfonyl](benzyl)amino ]-4-methylpentanoic acid. 

Example 4: The following compounds are prepared similarly to example 3: -
(a) N-Hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl] (benzyl)amino ]-2-phenylacetamide, 
rn.p. 128-129°C, by starting the synthesis with (D)-phenylglycine, and carrying out the 
subsequent steps as described in example 3. 

(b) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-t-butylacetamide, m.p. 
69-73°C, by starting the synthesis with t-butylglycine, and carrying out the subsequent 
steps as described in example 3. 

(c) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](4-fluorobenzyl)amino]-4-methyl­
pentanamide, m.p. 48-51°C, by starting the synthesis with (D)-leucine, and carrying out 
the subsequent steps as described in example 3, with the exception that 4-fluorobenzyl 
bromide is used in place of benzyl bromide. 

(d) N-Hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-3-methylbutanamide, 
m.p. 179-180°C, by starting the synthesis with (D)-valine, and carrying out the subsequent 
steps as described in example 3. 

(e) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](benzyl}amino]-4,4-dimethylpentan­
amide, by starting the synthesis with (D)-neopentylglycine, and carrying out the 
subsequent steps as described in example 3. 

(t) N-Hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl(benzyl}amino ]-3-hydroxypropanamide, 
m.p. 65°, by starting the synthesis with (D)-serine, and carrying out the subsequent steps 
as described in example 3. · 

Qample 5: 3-[ 4-Methoxybenzenesulf onyl]-5,5-dimethylthiazolidine-4(S)-carboxylic acid 
(2.0 g, 6.0 mmol) is dissolved in methylene chloride (30.0 mL}. To this solution is added 
OXalyl chloride (1.1 mL, 12.1 mmol) and dimethylformamide (0.50 mL, 6.0 mmol), and . 
the reaction is stirred at room temperature for 2 hours. Meanwhile, in a separate flask, 
hydroxylamine hydrochloride (1.74 g·, 25.0 mmol} and triethylamine (5.0 mL, 36.0 mmol} 
are Stirred in tetrahydrofuran (25.0 mL) and water (2.0 mL) at 0°C for 15 minutes. After 2 
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hours, the methylene chloride solution is added in one portion to the second flask, and the 
combined contents are stirred overnight as the flask gradually warms up to room 
temperature. The reaction is then diluted with acidic water (pH=-3), and extracted several 
times with ethyl acetate. The combined organic layers are dried (Na2SO,J, and the solvent 
is evaporated. The product is purified by silica gel chromatography (60% ethyl 
acetate/hexane) to give N-hydroxy-3-[4-methoxybenzenesulfonyl]-5,5-dimethyl­
thiazolidine-4(S)-carboxamide, m.p. 68-71°C. 

The starting material is prepared as follows: 

(D)-5,5-Dimethylthiazolidine-4-carboxylic acid (1.0 g, 6.2 mmol) is dissolved in dioxane 
(10.0 mL) and water (10.0 mL). To this solution is added triethylamine (1.3 mL, 9.3 
mmol) and 4-methoxybenzenesulfonyl chloride (1.41 g. 6.82 mmol), and the reaction is 
stirred at room temperature for three days. The reaction is then diluted with ethyl acetate 
and washed successively with 2.SN hydrochloric acid, water, and brine. The organic 
phase is dried (Na2SO,J, and the solvent is evaporated to give 3-[4-methoxybenzene­
sulfonyl]-5,5-dimethylthiazolidine-4(S)-carboxylic acid, which is used without fllrther 
purification. 

Example 6: 1-[4-Methoxybenzenesulfonyl]-pyrrolidine-2(R)-carboxylic acid (1.12 g, 3.93 
mmol) is dissolved in methylene chloride (40.0 mL). To this solution is added oxalyl 
chloride (0.69 mL, 7 .85 mmol) and dimethylfonnamide (0.30 mL, 3.93 mmol), and the 
reaction is stirred at room temperature for 30 minutes. Meanwhile, in a separate flask, 
hydroxylamine hydrochloride (1.1g,15.7 mmol) and triethylamine (3.3 mL, 23.5 mmol) 
are stirred in tetrahydrofuran (20.0 mL) and water (4.0 mL) at 0°C for 15 minutes. After 
30 minutes, the methylene chloride solution is added in one portion to the second flask, 
and the combined contents are stirred overnight as the flask gradually warms up to room 
temperature. The reaction is then diluted with acidic water (pH=-3), and extracted several 
times with ethyl acetate. The combined organic layers are dried (MgS04), and the solvent 
is evaporated. The product is purified by silica gel chromatography (50% ethyl 
acetate/hexane) to give N-hydroxy-1-[ 4-methoxybenzenesulfonyl]-pyrrolidine-2(S)­
carboxamide, m.p. 163.5-165.5°C. 

The starting material i~ prepared as follows: 

(D)-proline (0.78g, 6.77 mmol) is suspended in methylene chloride (25.0 mL). To this 
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solution is added triethylamine (1.13 mL, 8.12 mmol) and 4-methoxybenzenesulfonyl 

chloride (1.4 g, 6.77 mmol), and the reaction is stirred at room temperature for two days. 

The reaction is then diluted with methylene chloride and washed successively with 1 N 

hydrochloric acid, water, and brine. The organic phase is dried (MgS04), and the solvent 

is evaporated. The product is purified by silica gel chromatography (10% methanol/ethyl 

acetate) to give 1-[ 4-methoxybenzenesulfonyl]-pyrrolidine-2(R)-carboxylic acid. 

Example 7: N-(t-Butyloxy)-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-

2-[2-(4-morpholino)ethyl]acetamide (2.65 g, 5.1 mmol) is dissolved in methylene chloride 

(30.0 mL) and ethanol (1.0 mL) in a glass sealed tube, and the reaction is cooled to 0°C. 

Hydrochloric acid gas (from a lecture bottle) is bubbled through the solution for 20 · 

minutes, and then the tube is sealed and kept at room temperature for 3 days. After that 

time, the solvent is removed, and the reaction is partitioned between ethyl acetate and 

saturated sodium bicarbonate. The organic phase is dried (NaiS04), and the solvent is 

evaporated. The product is purified by silica gel chromatography (2% methanoV­

methylene chloride) to give N-hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-

2-[2-(4-morpholino)ethyl]acetamide, m.p. 56-60°C. 

The starting material is prepared as follows: 

N-(2-chloroethyl)morpholine hydrochloride (12.0 g) is dissolved in water (200 ~L) and 

made basic with ammonium hydroxide {100.0 mL) to a pH=-11. The aqueous layer is 

then extracted several times with ether, the combined organic layers are dried (Na2S04), 

and the solvent is evaporated to yield an oil which is used immediately. 

Diethyl acetamidomalonate (11.4 g, 57 .08 mmol) is added to a freshly prepared solution of 

sodium ethoxide in ethanol (made from Na (1.32 g, 57~1 mmol) added to ethanol (34.0 

mL)), and the reaction is refluxed for 30 minutes. The reaction is then adjusted to 55°C, 

and potassium iodide (0.14 g, 0.8 mmol) and dimethylformamide (0.2 mL) are added. 

Finally, the N-(2-chloroethyl)morpholine (8.9 g, 59.6 mmol) prepared above is added in 

ethanol (14.0 mL), and the reaction is maintained at 55°C for 24 hours. 

The reaction is diluted with ethyl acetate and filtered through Celite to remove salts. The 

filtrate is evaporated, and then partitioned between ethyl acetate and brine. The organic 

layer is dried (Na2S04), and the solvent is evaporated. The product is purified by silica 

gel chromatography (first 50% ethyVacetate, then 5% methanoVmethylene chloride) to 
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uive diethyl [2-( 4-morpholino )ethyl]acetamidomalonate. 
~ 

Diethyl [2-(4-morpholino)ethyl]acetamidomalonate (8.0 g. 25.6 mmol) is dissolved in 
ethanol (128.0 mL). Sodium hydroxide (4.55 mL of a 6N aqueous solution, 27.35 mmol) 
is added. and the reaction is stirred at room: temperature for 24 hours. The ethanol is then 
evaporated, and the residue is diluted up in water, washed several times with ether. and 
then the aqueous phase is acidified with concentrated hydrochloric acid to pH =-5. The 
solution· is evaporated to dryness, then suspended in toluene (300.0 mL) and refluxed for 3 
hours. After cooling to room temperature, the reaction is diluted with chloroform (300.0 
mL). and the mixture is filtered through Celite. The filtrate is evaporated to give ethyl 

~ 2-(acetamido )-2-[2-( 4-morpholino )ethyl] acetate. 

Ethyl 2-(acetamido)-2-(2-(4-morpholino)ethyl]acetate (4.2 g, 16.28 mmol) is dissolved in 
6N hydrochloric acid (100.0 mL), and the reaction is refluxed for 4.5 hours. The water is 
then evaporated, and the product is azeotroped dry using toluene to give 2-amino-2-[2-
( 4-morpholino )ethyl]acetic acid dihydrochloride. 

2-Amino-2-[2-( 4-morpholino)ethyl]acetic acid dihydrochloride (4.0 g, 15.33 mmol) is 
dissolved in a solution of methanol (100.0 mL) and acetyl chloride (5.0 mL), and the 
reaction is refluxed for 24 hours. The solvent is then evaporated to give methyl 
2-amino-2-[2-( 4- morpholino )ethyl] acetate dihydrochloride. 

Methyl 2-amino-2-(2-(4-morpholino)ethyl]acetate dihydrochloride (6.0 g, 21.82 mmol) is 
dissolved in chloroform (110.0 mL) and triethylamine (9.12 mL, 65.46 mmol). To this 
solution is added 4-methoxybenzenesulfonyl chloride (4.51g.21.82 mmol). and the 
reaction. is refluxed for 4 hours. After cooling, the reaction is diluted with more 
chloroform. washed with saturated sodium bicarbonate, the organic layer is dried 
(N82S04). and the solvent is evaporated to give methyl 2-(4-~ethoxybenzenesulfonyl)­
amino-2-[2-(4-morpholino)ethyl]acetate. 

To a suspension of sodium hydride (1.03 g, 21.5 mmol) in dimethylformamide (108.0 
mL), is added methyl 2-(4-methoxybenzenesulfonyl)amino-2-[2-(4-morpholino)ethyl]ac 
etate (8.0 g, 21.5 mmol) in dimethylformamide (10.0 mL). After stirring at room 
temperature for 30 minutes, benzyl bromide (2.56 mL, 21.5 mmol) is added, and the 
reaction is stirred overnight at room temperature. The reaction is then partitioned between 
ethyl acetate and acidic water (pH=-5), the organic layer is dried (Na2S04), and the 
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solvent is evaporated. The product is purified by silica gel chromatography (3% 
rnethanoVmethylene chloride) to give methy~ 2-[[4-methoxybenzenesulfonyl](benzyl)­

arnino ]-2-[2-( 4-morpholino )ethyl]acetate. 

Methyl 2-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-2-[2-( 4-morpholin o )ethyl]acetate 

(7 .33 g, 15.86 mmol) is dissolved in methanol (80.0 mL). To this solution is added 

sodium hydroxide ( 17 .5 mL of a lN aqueous solution. 17 .5 mmol), and the reaction is 

stirred at room temperature for 8 hours. The reaction is then acidified to pH=-3 using 

2.5N hydrochloric acid. and then the solvent is evaporated. The residue is suspended in 
ethanol, the inorganic salts are filtered away, and the filtrate is evaporated to give 

2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[2-(4-morpholino)ethyl]acetic acid 

hydrochloride. 

2-[[ 4-Methoxybenzenesulfonyl](benzyl)amino ]-2-[2-( 4-morpholino )ethyl]acetic acid 

hydrochloride (4.24 g. 8.75 mmol), 1-hydroxybenzotriazole (1.34 g, 8.75 mmol), 

-, 4-methylmorpholine (3.85 mL. 35.02 mmol), and 0-t-butylhydroxylamine hydrochloride 
(1.10 g, 8.75 mmol) are dissolved in methylene chloride (44.0 mL), and the reaction is 

cooled to 0°C. To this solution is added N-[climethylaminopropyl]-N' -ethylcarbodiimide 

hydrochloride (3.35 g, 17 .5 mmol), and the reaction is allowed to warm up to room 
temperature and stir overnight The reaction is diluted with more methylene chloride, and 

the organic layer is washed with saturated sodium bicarbonate,. brine, dried (MgSO~. and 
the solvent is evaporated. The product is purified by silica gel chromatography (2% 

methanol/methylene chloride) to give N-(t-butyloxy)-2-[[4-methoxybenzenesulfonyl]­
(benzyl)amino ]-2-[2-( 4-morpholino )ethyl]acetamide. 

Example 8: The following compounds are prepared similarly to example 7: 

(a) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](isobutyl)amino ]-2-(2-( 4-morpholino)­
ethyl]acetamide, m.p. 62-64°C, using isobutyl bromide in the alicylation step in place of 
benzyl bromide. 

(b) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-2-[2-(4-morpholino)­

ethyl]acetamide dihydrochloride, m.p. 195-197°C, using 2-picolyl chloride in the 
alkylation step in place of benzyl bromide. 

(c) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-2-[2-(4-morpholino)-

I 



Thisl if til iii1ilUl1~Dtced' ,..._,,. ........... __________ .. ~-~-·-~-

m:PLACED 

- 36-

ethyl]acetamide dihydrochloride, m.p. >210°C, using 3-picolyl chloride in the alkylation 

step in place of benzyl bromide. 

(d) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-methylthiazol-4-ylmethyl)amino]-2- · 

[2-(4-morpholino)ethyl]acetamide dihydrochloride, m.p. 180°C, using 4-chloromethyl-

2-methylthiazole in the alkylation step in place of benzyl bromide. 

(e) N-Hydrox:y-2-(( 4-methoxybenzenesulf onyl](benzyl)amino ]-2-[2-( 4-thiomorpholino )­

ethyl]acetamide, m.p. so-s2°c. by starting the synthesis with N-(2-chloroethyl)thio­

morpholine, and carrying out the subsequent steps as described in example 7. 

(0 N-Hydroxy-2-[[ 4-methoxybenzenesulf onyl] (benzyl)amino )-2-[2-methylthiazol-

4-ylmethyl]acetamide, m.p. 79-81°C, by starting the synthesis with 4-chloromethyl:. 
2-methylthiazole hydrochloride, and carrying out the subsequent steps as described in 

example 7. 

(g) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[6-chloropiperonyl]­

acetamide, m.p. 70-74°C. by starting the synthesis with 6-chloropiperonyl chloride, and 
carrying out the subsequent steps as described in example 7. 

(h) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[(l-pyrazolyl)methyl]­

acetamide, m.p. 130-131°C. by starting the synthesis with B-pyrazol-1-yl-alanine 
(prepared following the procedure of J. Am. Chem. Soc .• 110, p. 2237 (1988)), and 
carrying out the subsequent steps as described in example 7. 

(i) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-2-[3-picolyl]acetamide 
dihydrochloride, m.p. >220°C, by starting the synthesis with 3-picolyl chloride, and 

carrying out the subsequent steps as described in example 7, but in addition, using 

3-picolyl chloride in the alkylation step in place of benzyl bromide in example 7. 

G> N-Hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[(l-methyl-4-

imidazolyl)methyl]acetamide hydrochloride, m.p. >200°C, by starting the synthesis with . 
N-t-methylhistidine dihydrochloride (prepared following the procedure of Recueil, 97, 
p.293 (1978)). and carrying out the subsequent steps as described in example 7. 

(k) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl](isobutyl)amino ]-2-[ (I-methyl-
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4-imidazolyl)methyl]acetamide hydrochloride, m.p. 194-195°C, by starting the synthesis 
. with N-t-methylhistidine dihydrochloride and carrying out the subsequent steps as 

described in example 7, using isobutyl iodide in the alkylation step in place of benzyl 

bromide. 

(1) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino ]-2-[( 1-methyl-4-

imidazolyl)methyl]acetamide hydrochloride, m.p. >220°C, by starting the synthesis with 

N-'t-methylhistidine dihydrochloride and carrying out the subsequent steps as described in 
example 7, using 3-picolyl chloride in the alkylation step in place of benzyl bromide. 

(m) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl] (2-picolyl)amino ]-2-[ ( 1-methyl-4-

imidazolyl)methyl]acetamide hydrochloride, m.p. 162-164°C, by starting the synthesis 
with N-t-methylhistidine dihydrochloride and carrying out the subsequent steps as 

described in example 7, using 2-picolyl chloride in the alkylation step in place of benzyl 

bromide. 

(n) N-hydroxy-2-[[4-methoxybenzenesulfonyl](2-methylthiazol-4-ylmethyl)amino]-2-

[(1-inethyl-4-imidazolyl)methyl]acetamide hydrochloride, m.p. 160-163°C, by starting the 

synthesis with N-i:-methylhistidine dihydrochloride and carrying out the subsequent steps 

as described in example 7, using 4-chloromethyl-2-methylthiazole in the alkylation step in 
place of benzyl bromide. 

(o) N-hydroxy-2-[[4-methoxybenzenesulfonyl](piperonyl)amino]~2-[(1-methyl-
4-imidazolyl)methyl]acetamide hydrochloride, m.p. 195°C, by starting the synthesis with 
N-'t-methylhistidine dihydrochloride and carrying out the subsequent steps as described in 
example 7, using piperonyl chloride in the alkylation step in place of benzyl bromide. 

Example 9: (a) Methyl 2-[[4-methoxybenzenesulfonyl](benzyl)amino]propionate (2.1 g, 
6.01 mmol) is dissolved in methanol (20.0 mL). To this solution is added hydroxylamine 
hydrochloride (0.84 g, 12.0 mmol), followed by the addition of sodium methoxide (7 .0 mL 

of a 4.37M solution). The reaction is stirred overnight at room temperature. The reaction 
is worked up by first removing all the solvent, and partitioning between ethyl 
acetate/hexane (211) and saturated sodium bicarbonate. The aqueous phase is extracted 
well with ethyl acetate/hexane, the combined organic layers are dried (MgS04), and. the 
solvent is evaporated. The product is purified by silica gel chromatography (ethyl acetate) 
to give N-hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]propionamide, m.p. 

_, -----=­... ~ --·- .:-:-:--
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l49-151°C. . 

The starting material is prepared as follows: 

o,L-Alanine (27.0 g, 300.0 mmol) is dissolved in·a solution of methanol (100.0 mL) 
saturated with HCl gas, and the reaction is refluxed for 2 hours. The solvent is then 
evaporated, and the residue triturated with ethyl acetate to give alanine methyl ester 
hydrochloride. 

Alanine me!hyl ester hydrochloride (7.0 g, 50.0 mmol) is dissolved in methylene chloride 
(100.0 mL) and triethylamine (20.0 mL, 143.0 mmol). To this solution is added 
4-methoxybenzenesulfonyl chloride (10.3 g, 50.0 mmol), and the reaction is stirred at 
room temperature briefly. The reaction is made basic with IN sodium hydroxide, and 
washed with n,ethylene chloride. The combined organic layers are dried (Na2S04}, and 
the solvent is evaporated. Hexane is added to the residue and the precipitate is collected 
to give N-(4-methoxybenzenesulfonyl]-alanine methyl ester. 

To a suspension of sodium hydride (0.60 g, 11.0 mmol) in dimethylformamide (20.0 mL), 
is added N-(4-methoxybenzenesulfonyl]-alanine methyl ester (2.6 g, 10.0 mmol) in 
dimethylfonnamide (10.0 mL). After stirring at room temperature for 30 minutes, benzyl 
bromide (1.22 mL, 10.0 mmol) is added, and the reaction is stirred for two hours at room 
temperature. The reaction is then partitioned between ether and brine, the organic layer is 
dried (Na2S04), and the solvent is evaporated. The product is purified by silica gel 
chromatography (20% ether/hexanes) to give methyl 2-(( 4-methoxybenzenesulfonyl]­
(benzyl)amino ]-propionoate. 

(b) Similarly prepared is N-hydroxy-2-((4-methoxybenzenesulfonyl](benzyl)amino]-4-
thiomethylbutyramide, m.p. 104-106°C, by starting the synthesis with D,L-methionine, 
and carrying out the subsequent steps as described above. 

&xample 10: A solution of methyl 2-((4-methoxybenzenesulfonyl](benzyl)amino]-
4-(methylsulfonyl)butyrate (900 mg, 2.0 mmol), sodium methoxide previously generated 
from sodium metal spheres (100.0 mg, 4.5 mmol), and hydroxylamine hydrochloride 
(280.0 mg, 4.0 mmol) is refluxed for 2 days. The mixture is cooled to room temperature, 
concentrated in vacuo, diluted with water, acidified \Yith citric acid, and extracted with 
ethyl acetate. The combined organic extracts are dried (MgS04) and and the solvent is 
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evaporated. The product is purified by silica gel chromatography (ethyl acetate) to give 

N-hydroxy-2-[[ 4-methoxybenzenesulfonyl](benzyl)amino]-4-(methylsulfonyl)butyramide, 

[M+lJ=l57. 

The starting material is prepared as follows: 

To~ solution of racemic methionine methyl ester (1.98 g, 10.0 mmol) in methylene 

chloride (25 mL) containing triethylamine (2.0 mL, 14.3 mmol) is added 4-methoxy­

benzenesulfonyl chloride (2.1 g, 10.2 mmol). After stirring for 2 hours at room 

temperature, the mixture is diluted with 1 N hydrochloric acid. The organic layer is 

removed and the aqueous layer is extracted with ether. The combined organic layers are 

washed with brine, dried (MgS04), and and the solvent is evaporated. The concentrated 

solution is triturated with ether, and the product is collected by filtration to give methyl 

2-[[4--methoxybenzenesulfonyl)amino]-4-(thiomethyl)butyrate. 

To a solution of methyl 2-[[4-methoxybenzenesulfonyl]amino]-4-(thiomethyl)butyrate 

2.lg. 6.2 mmol) in dimethylformamide (15 mL) containing potassium carbonate (4.0 g, 

:9.0 mmol) is added benzyl bromide (1.5 mL, 12.6 mmol). The reaction mixture is stirred 

':r 1 hour at room temperature. The mixture is quenched with water and extracted with 

~r. The organic extracts are washed with brine, dried (MgSO~. and and the solvent is 

~orated. The product is purified by silica gel chromatography (30% ethyl 

ietate/hexanes) to give. methyl 2-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-

1.(dliomethyl)butyrate. 

:solution of methyl 2-[[4-methoxybenzenesulfonyl](benzyl) amino]4(thiomethyl)-

'llyrate (925.0 mg, 2.17 mn;iol) in 25% peracetic acid (S mL) is stirred ove~ight at room 

~perature. The mixture is concentrated in vacuo, diluted with water, and extracted with 

~l acetate. The combined organic extracts are dried (MgS04) and the solvent is 

!ilporated to give methyl 2-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-(methyl­
llfonyt}butyrate. 

~: (a) To a solution of 2R-[[(4-methoxybenzene)sulfonylJ(benzyl)amino]­

~OUic acid ( 1.04 g, 2.98 mmol) in methylene chloride (50 mL) containing 

~Ylfonnamide (230 mL, 2.98 mmol) at room temperature is added oxalyl chloride . 

~11\L, 5.96 mmol) over 5 minutes dropwise. The mixture is stirred .. for 30 minutes at 

temperature, then added to a pre-fonned mixture of hydroxylamine hydrochloride 
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(828 mg, 11.92 mmol) and triethylamine (2.5 mL. 17.9 mmol) in tetrohydrofuran (20 

mL)/water (l.5 mL) at 0°C. The reaction mixture is stirred for.45 minutes at Q°C then 

slowly warmed to room temperature for 15.5 hours. The mixture is acidified with lN 

hydrochloric acid and extracted with methylene chloride. The combined organic extractS 

are washed with brine, dried (MgS04), and the solvent is evaporated. The crude product is 

recrystallized from diethyl ether/ethyl acetate (1:1) to give N-hydroxy-2(R)-[[4-methoxy­

benzenesulf onyl](benzyl)amino ]-propionamide, m. p. 127-129°C. 

The starting material is prepared as follows: 

To a solution of D-alanine methyl ester hydrochloride (3.0 g, 21.5 mmol) in methanol (10 
mL} is added benzaldehyde (2.3 mL, 22.6 mmol). The reaction mixture is stirred at room 

temperature for 3 hours. The solvent is then evaporated. To the resultant r~sidue is added 

acetic acid (15 mL) and methanol (1 mL) followed by portionwise addition of sodium 

cyanoborohydride (1.35 g, 21.5 mmol) at room temperature. The mixture is stirred 

overnight, and then the solvent is evaporated. The remaining residue is diluted with water 

(75 mL} and basified with Na2C03• The mixture is extracted with ethyl acetate (3x75 

mL}. The combined organic extracts are washed with brine (50 mL); dried (Na2S04), and 

the solvent is evaporated to give N-benzyl-D-alanine methyl ester. 

To a solution of N-benzyl-D-alanine methyl ester (-2 g) in methylene chloride {40 mL) 

containing_ triethyiamine (2.47 mL, 17.7 mmol) is added 4-methoxybenzenesulfonyl 

chloride (2.44 g, 11.8 mmol). The reaction mixnue is stirred overnight at room 

temperature. The mixture is acidified with lN HCl and extracted with methylene 
chloride. The combined organic extracts are washed with brine, dried (NaiS04), and the 

solvent is evaporated. The crude product is purified by silica gel chromatography 

(10%->20% ethyl acetate/hexanes) to provide methyl 2(R)-[[4-methoxybenzenesulfonyl]­
(benzyl)ainino] propionate. 

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino] propionate 

(l.05 g, 2.89 mmol) in tetrahydrofuran (60 mL) at room temperature is added lN aqueous· 

Sodium hydroxide (8.6 mL, 8.67 mmol). The reaction mixture is stirred for 19 hours at 

room temperature. The tetrahydrofuran is then evaporated. The remaining residue is 
acidified with IN hydrochloric acid and extracted with ethyl acetate. The combined 

organic extracts are washed with brine, dried (N~SO~. and the solvent is evaporated to 

1 give 2{R)-[[4-methoxybenzenesulfonyl](benzyl)amino] propionic acid. ---------

1 .. 
; 
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(b) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](benzyl)­

amino]-2-benzylacetamide, [M+l] = 441, by starting with (R)-phenylalanine, and carrying 

out the previously described steps. 

Example 12: (a) To a solution of N-(t-butyloxy)-2(R)-[[ 4-methoxybenzenesulfonyl--(benzyl)amino]-6-(N,N-dimethylamino)-hexamide (2.13 g, 4.21 mmol) in 

1,2-dichloroethane (140 mL) is added ethanol (250 mL, 4.21 mmol). The solution is 

cooled to -10°C and hydrogen chloride gas is bubbled in for 30 minutes. The reaction 

mixture is then sealed and allowed to warm to room temperature, stirring for 2 days. At 

this time point, the reaction mixture is cooled to -10°C and hydrogen chloride gas is 

bubbled in for an additional 30 minutes. The reaction mixture is sealed, warm~d to room 

temperature, and stirred for 24 hours. The mixture is reduced in volume by 112 in vacuo 

and triturated with ether. The mother liquid is removed and the remaining white solid is 

dried in vacuo to provide N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](benzyl)-

arnino ]-6-(N,N-dimethylamino )-hexanamide -hydrochloride salt, m.p. 17 5-177°C. 

The starting material is prepared as follows: 

To a solution of e-N-CBZ-(R)-lysine methylester hydrochloride (15.0 g, 45.10 mmol) in 

methylene chloride (250 mL) containing triethylamine (15.72 mL, 112.75 mmol) is added 

4- methoxybenzenesulfonyl chloride (10.25 g, 49.61 mmol) at 0°C. The reaction mixture 

is wanned to room temperature and stirred overnight. The reaction mixture is diluted with 

methylene chloride and washed with 1 N hydrochloric acid. The organic layer is washed 

with brine, dried CN82S04), and concentrated in vacuo to yield a yellow oil. The product 

is purified by silica gel chromatography (50% ethyl acetate/hexanes) to give methyl 

2(R)-[[ 4-methoxybenzenesulfonyl]amino ]-6-(N-benzylcarbamoyl) hexanoate. 

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl]amiilo]-6-(N-benzylcarbamoyl) 

hexanoate (12.4 g, 26.5 mmol) in dimethylfonnamide (100 mL) is added potassium 

carbonate (7 .5 g, 52 mmol) and benzyl bromide (3.3 mL, 28.0 mmol), and the reaction is 

Stirred for 24 hours at room temperature. The mixture is partitioned between water and 

SO% diethyl ether/ethyl acetate. The aqueous layer is removed and extracted with 50% 

diethyl ether/ethyl acetate. The combined organic layers are washed with brine, dried 

<MgS04) and the solvent is evaporated. The crude product is purified by silica gel 

chromatography (50% ethyl acetate/hexanes) to give methyl 2(R)-[[ 4-methoxybenzene-

·------·-1 
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To a solution of methyl 2(R)-[[ 4-methoxytenzenesulfonyl](benzyl)amino ]-6-(benzyl­
carbamoyl) hexanoate (8.61 g, 15.53 mmol) in 95% ethanol (150 mL} is added lN 

hydrochloric acid (15.5 mL, 15.53 mmol) followed by 10% Pd.IC (4.0 g). The reaction 

mixture is stirred at room temperature under 1 atmosphere of hydrogen gas for 2 hours. 
The mixture is filtered through Celite and the solvent is evaporated to provide methyl · 
2(R)-[[ 4-methoxybenzenesulfonyl](benzyl)amino]-6-aminohexanoate. 

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]"'.6-amino­

hexanoate (5.05 g. 12.02 mmol) in refluxing formic acid (120 mL) containing sodium 
fonnate (2.45 g, 36.07 mmol) is added 37% aqueous fonnaldehyde (2.70 mL, 36.07 

. mmol). While continuing to reflux the reaction mixture, three more aliquots of 37% 

aqueous formaldehyde (2.70 mL. 36.07 mmol each aliquot) are added at 10 minute 

interVals. The mixture is concentrated in vacuo to yield a yellow· oil. The crude product is 
purified by silica gel chromatography ( 10: 1 :0.5; ethylacetate/methanoVammonium 

hydroxide) to provide methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-

6-(N,N-dimethylamino) hexanoate. This procediire is repeated and the combined product 
is used in the next reaction. 

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-(N,N­

dimethylamino) hexanoaie (4.55 g, 10.7 mmol) in tetrahydrofuran (100 mL) is added lN. 

aqueous lithium hydroxide (20 mL. 20.33 mmol). The reaction mixture is stirred at room 
temperature ovemight. The reaction mixture is directly concentrated to dryness in vacuo 
to give the lithium salt of 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-(N,N­
dimethylamino) hexanoic acid. 

To a solution of 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-(N,N-dimethyl­

amino) hexanoic acid lithium salt (4.42 g, 10~18 mmol) in methylene chloride (100 mL) 

~ontaining N- methylmorpholine (6.73 mL, 61.06 mmol), 1-hydroxybenzotriazole mono­
hydrate (1.64 g, 10.687 mmol) and 0-t-butylhydroxyl amine hydrochloride (1.41 g, 11.20 
mmol) is added N-[ dimethylaminopropyl]-N' -ethylcarbodiimide hydrochloride (3.90 g, · 
20.36 mmol) at 0°C. The reaction mixture is allowed to warm to room temperature and 
Stirring is continued overnight. The mixture is di~uted with methylene chloride, washed 
With saturated sodium bicarbonate, then with brine, dried (N82S04) and the solvent is 
evaporated. The crude product is purified by silica gel chromatography (10: 1:0.5 ethyl 

I -
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acetate/methanol/ammonium hydroxide} to provide N-(t-butyloxy)-2{R)-[[4-methoxy­
benzenesulfonyl](benzyl)amino]-6-(N,N-dimethylamino) hexananiide. 

(b} Similarly prepared is N-hy~oxy-2-(R)-[[4-methoxybenzenesulfony1](3-picolyl)­

amino]-6-(N,N-dimethylamino)-hexanamide dihydrochloride, m.p. 179-180°C. 

The first step is carried out as described above. The alkylation step is carried out as 

follows: 

To a solution of methy1"2(R)-[[4-methoxybenzenesulfonyl]amino]-6-{benzylcarbamoyl)­

hexanoate {10.48 g, 22.43 mmol) in dimethylformamide (220 mL) at 0°C is added 

3-picolyl chloride hydrochloride (3.86 g, 23.55 mmol) followed by sodium hydride (2.24 

g, 56.07 mmol, 60% in oil). The reaction mixture is warmed to room temperature and 

stirred for 24 hours. The reaction mixture is quenched with water and extracted with ethyl 

acetate. The combined organic extracts are washed with brine, dried (N32S04), and the 

solvent is evaporated. The crude product is purified by silica gel chromatography (75% 

ethyl acetate/hexanes). to provide methyl 2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)­

amino ]-6-{benzylcarbamoyl) hexanoate. 

All of the following steps are carried out as described above. 

(c) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-picolyl)-

amino ]-6-(N~N-dimethylamino)-hexanamide dihydrochloride, m.p. 134-136°C, by 

alkylating with 2-picolyl chloride in the second step and carrying out the subsequent steps 

as described above. 

Example 13: N-(t-Butyloxy)-2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-

[(N,N-dimethylglycyl)amino] hexanamide (2.17 g, 3.86 mmol) is dissolved in 

dichloroethane {12 mL) containing ethanol (0;22 mL, 3.86 mmol), and the reaction is 

cooled to -10°C. Hydrochloric acid gas is bubbled through this solution for 30 minutes. 

The reaction is sealed, warmed to room temperature and stirred for 2 days. The solvent is 

reduced to 112 volume by evaporating solvent, and triturated with ether. The resulting 

solid is removed and dried in vacuo to provide N-hydroxy-2(R)-[[ 4-methoxybenzene­

sulfonyl](benzyl)amino]-6-[(N,N-dimethylglycyl}amino] hexanamide hydrochloride, m.p. 
105-108°C. 
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To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-amino 
hexanoate hydrochloride (7 .5 g, 16.44 mmol) in methylene chloride (170 mL) is added 

1-hydroxybenzotriazole monohydrate (2.64 g, 1726 mmol), N-methylmorpholine (5.44 

rnL. 49.34 mmol), and N,N-dimethylglycine (1.86 g, 18.08 mmol), and the reaction is 
coled to 0°C. N-[dimethylaminopropyl]-N' -ethylcarbodiimide hydrochloride (6.30 g, 

32.88 mmol) is added at 0°C. The reaction mixture is wanned to room temperature and 
stirred overnight. The mixture is diluted with methylene chloride and washed with 

saturated aqueous sodium bicarbonate, and then with brine. The organic layer is dried 
(N32S04), filtered, and and the solvent is evaporated. The crude product is purified by 
silica gel chromatography (10/0.5/0.5 ethyl acetate/methanoVammonium hydroxide) to 
provide methyl 2(R)-[[ 4-methoxybenzenesulf onyl](benzyl)amino )-6-[ (N ,N-dimethyl­
glycyl)amine] hexanoate (6.04 g). 

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-[(N,N­
dimethylglycyl)amino] hexanoate (3.95 g, 7.82 mmol) in tetrahydrofuran (75 mL) at 0°C 

is added lN lithium hydroxide (15.64 ml, 15.64 mmol). The reaction mixture is warmed 
to room temperature and stirred overnight The tetrahydrofuran is removed and the 
remaining aqueous layer is acidified with IN hydrochloric acid. The mixture is 

evaporated to dryness to yield 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-

6-[(N,N-dimethylglycyl)amino] hexanoic acid hydrochloride. 

To a solution of 2{R)-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-6-[(N,N-dimethyl­
glycyl)amino] hexanoic acid hydrochloride (4.12 g, 7.82 mmol) in methylene chloride (78 

mL) and dimethylfonnamide (5 mL) is added 1-hydroxybenzotriazole monohydratc (1.26 

g, 8.21 mmol), N-methylmorpholine (2.58 ml, 23.45 mmol), and 0-t-butyhydroxylamine 
hydrochloride (1.08 g, 8.60 mmol). The reaction is cooled to 0°C, and 
N-[dimethylaminopropyl]-N' -ethylcarbodiimide hydrochloride (3.0 g, 15.64 mmol) is 

added. The reaction mixture is warmed to room temperature and stirred overnight. The 
mixture is then diluted with methylene chloride and washed with saturated aqueous 
sodium bicarbonate, and then with brine. The organic layer is dried CNaiS04), filtered, and 
and the solvent is evaporated. The crude product is purified by silica gel chromatography 
(10/0.5/0.5 ethyl acetate/methanoVammonium hydroxide) to provide 
N-(t".butyloxy)-2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-[(N,N-dimethyl­
glycyl)amino] hexanamide. 

Thi·1if I i1til1iii 
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~ple 14: (a) To a solution of 4-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-

carboxy-tetrahydrothiopyran (413.0 mg, 1.0 mmol) in methylene chloride (10 mL) 

containing dimethylformamide (80.0 mg, 1.1 mmol) is added a 2N solution of oxalyl 

chloride in methylene chloride (1.0 ml, 2.0 mmol} at-10°C. The mixture is allowed to 

warm to 20°C for 30 minutes. This mixture is added to a pre-stirred mixture of 

hydroxylamine hydrochloride (280.0 mg, 4.0 mmol) in tetrahydrofuran (10 ml)/water (l 

ml) containing triethylamine (650.0 mg, 6.0 mmol) at 0°C dropwise. The reaction mixture 

is allowed to slowly warm to room temperature and stirring is continued for 1.5 days. The 

reaction is worked up by partitioning between 1 N hydrochloric acid and ethyl acetate. 

The aqueous layer is removed and repeatedly extracted with ethyl acetate. The combined 

organic layers are dried (N~S04} and the solvent is·evaporated. The crude product is 

purified by silica gel chromatography (2% methanoVmethylene chloride) to give 4-[N­

hydroxy-carbamoyl]-4-[[ 4-methoxybenzenesulfonyl](benzyl}amino ]-tetrahydrothiopyran, 

m.p. 179-181°C~ 

The starting material is prepared as follows: 

A solution of tetrahydrothiopyran-4-one (4.64 g, 40.0 mmol) in methanol (10 mL) is added 

to a mixture of sodium cyanide (2.0 g, 40.0 mmol) and ammonium chloride (2.36 g, 44.0 

mmol) in water (8 mL). The reaction mixture is heated to reflux for 14 hours. The 

mixture is diluted with water, basified with potassium carbonate, and extracted with 

diethyl ether. The organic extract is dried (MgSO~ and filtered. The solution is acidified 

with hydrochloric acid saturated with methylene chloride. The resulting precipitate is 

filtered off providing 4-amino-4-cyano-tetrahydrothiopyran hydrochloride salt. 

A solution of 4-amino-4-cyano-tetrahydrothiopyran (5.4 g, 30.3 mmol} in 6N aqueous 

hydrochloric _(250 mL) acid is heated to reflux for 24 hours. The mixture is triturated by 

addition of methanoVtoluene, and filtered. To the crude product, 4-amino-4-carboxy­

tetrabydrothiopyran is added 40 ml of methanol followed by careful addition of thionyl 

chloride (3.0 ml, 41.1 mmol)~ The reaction mixture is heated to reflux for ·12 hours, 

cooled to room temperature, and concentrated in vacuo to a reduced volume. The 

remaining mixture is triturated with ethyl acetate/diethyl ether, and the product is 

collected by filtration, to give 4-amino-4-carbomethoxy-tetrahydrothiopyran 

hydrochloride. 

,-
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ro a solution of 4-amino-4-carbomethoxy~· . . 
~etrahydroth1opyran h d hi .d 3 mrnol) in methylene chloride (75 mL) c . . . Y roe on e ( . l g. 15.0 

ontammg triethylamine (3 5 330 . 
added 4-methoxybenzenesulfonyl chloride c41 20 0 

· g, .0 mmol) 1s 
· g. · mmol) at room te Th 

reaction mixture is stirred at room temperature for 18 h . m_perature. e 
· · ours. The mixture 1s diluted with 

water and the orgamc layer 1s removed. The aqueous 1 . 
ayer is extracted with d. th I 

and the organic extracts are washed with brine, dried (MgSO ) 1~ Y ether 
. • • • 4 and the solvent 1s 

evaporated. The product is punfied by silica gel chromatog h (SO 
. rap Y % ethylacetate/ 

hex.anes) to provide 4-[[4-methoxybenzenesulfonyl]amino]-4-carbo th 
. me oxy-tetra-

. hydroth1opyran. 

To a solution of 4-[[ ( 4-methoxybenzene )sulfonyl]amino ]-4-carbomethoxy-tetrahydrothio­
pyran (690.0 mg, 2.0 mmol) in dimethylfonnamide (20 mL) at 0°C is added sodium 

hydride (100.0 mg, 2.5 mmol, 60% in oil) and benzyl bromide (0.5ml, 4.2 mmol). The 

reaction mixture is allowed to wann to room temperature and stirred for 16 hours. The 

mixture is quenched by addition of water and extracted with 50% ethyl acetate/diethyl 
ether. The combined organic extracts are dried (MgS04), filtered, and the solvent is 
evaporated. The product is purified by silica gel chromatography (50% diethyl 

ether/hexanes} to provide 4-[[4-methoxybenzenesulfonyl](benzyl}amino]-4-carbo­

methoxy-tetrahydrothiop~ran. 

To a solution of 4-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-carbomethoxy­

tetrahydrothiopyran (800.0 mg, 1.9 mmol) in methanol (50 mL} is added 1 N sodium 

hydroxide (25 mL}. The mixture is heated to reflux for 10 hours, and then solid sodium 
hydroxide is added (3.0 g, excess) and refluxing is continued for 18 hours. The mixture is 
concentrated to a volume of approximately 30 mL and acidified with citric acid (pH=5). 

The mixture is partitioned between ethyl acetate and water. The organic layer is removed, 

washed with brine, dried (MgS04), and the solvent is evaporated to give 
4-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-carboxytetrahydrothiopyran. 

(b) Similarly prepared is 4-[N-hydroxy-carbamoyl]-4-[[4-methoxybenzenesulfonyl]­

(benzyl)amino]-tetrahydropyran, m.p~ 137-140°C, by starting.with tetrahydropyran-4-one 

in the first step;. and cairying out the subsequent steps as described above. 

(c) Similarly prepared is 1-[N-hydroxy-carbamoyl]-l-[[ 4-methoxybenzenesulfonyl]­

(benzyl)amino]-cyclohexane, m.p. 149-151°C, by using commercially available 1-amino­

cyclohexanecarboxylic acid in the se~ond step, and carrying out-the subsequent steps as 
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described above. 

(d) Similarly prepared is l-[~-hydroxy-carbamoyl]-1-[[4-methoxybenzenesulfonyl]­
(benzyl)amino ]-cyclopentane, m.p. 67 .0-68.0°C, by using commercially available 

1.azninocyclopentane carboxylic acid in the second step, and carrying out the subsequent 

steps as described above. 

(e) Similarly prepared is l-[N-hydroxy-carbamoyl]-l-[[4-methoxybenzenesulfonyl](3-

picolyl)amino]-cyclohexane, m.p. 115°C, by using 1-aminocyclohexanecarboxylic acid in 
the second step, alkylating l-[carbomethoxy]-1-[[(4-methoxybenzene)sulfonyl]amino]­

cyclohexane with 3-picolyl chloride in the third step, and carrying out the other steps as 

described above. 

(f} Similarly prepared is l-[N-hydroxy-carbamoyl]-1-[[ 4-methoxybenzenesulfonyl]­
(3-picolylamino ]-cyclopropane hydrochloride, m.p. 205-207°C, starting with 1-amino-1-
cyclopropanecarboxylic acid. 

Example 15: 4-[N•t-Butyloxycarbamoyl]-4-[[ 4-methoxybenienesulfonyl](benzyl)amino ]­
Hbenzyl]piperidine is dissolved in dichloroethane (60 mL) and ethanol (1.0 mL) in a 
glass sealed tube. Hydrochloric acid gas (from a lecture bottle) is bubbled through the 
solution for 30 minutes at-10°C. The tube is sealed, gradually warmed to room 
temperature, and stirred overnight At this point, hydrochloric acid gas is again bubbled 
through the reaction mixture as done previously and stirred at room temperature for an 
additfonal 24 hours. The reaction mixture is reduced to 1/3 volume in vacuo and triturated 
with diethyl ether. The solid is filtered off and dried in vacuo to provide 
· 4-[N-hydroxy-carbamoyl]-4-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-1-[benzyl]­
piperidine, m.p. 135.5-142°C. 

The starting material is prepared as follows: 

A mixture of N-carboethoxy-4-piperidone (88.6 g, 517 .2 mmol), sodium cyanide (30.0 g, 
612.l mmol) in water (54 mL), ammonium chloride (34.0 g, 635.5 mmol) in water (72 

ml), and ammonium hydroxide (76 ml) is heated to 60-65°C for 5 hours, and then stirred 
at room temperature overnight. The resulting solid is filtered off, dissolved in methylene 
chloride, and washed with a small amount of brine. The organic layer is dried (MgS04), 

concentrated. in vacuo to 1/2 volume, and· triturated with hexane. The resulting precipate 
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is collected by filtration and dried under vacuum, to give N-carboethoxy-4-amino~ 

4.cyanopiperidine. 

A solution of N-carboethoxy-4-amino-4-cyanopiperidine (82.0 g) in water (700 mL) 

conutlning concentrated hydrochloric acid (800 mL) is stirred at room temperature for 4 

days. The solvent is then evaporated to give 4-amino-4-carboxypiperidine 

dihydrochloride. 

Into a heterogeneous mixture of 4-amino-4-carboxypiperidine dihydrochloride (61.0 g, 
0.34 mmol) in methanol (600 mL) is bubbled hydrogen chloride gas at room ·temperature. 

The reaction mixture is concentrated to dryness in vacuo. dissolved in 1,4-dioxane (200 
mL), and concentrated in vacuo. The residue is redissolved in methanol (1600 mL) into 
which hydrogen chloride gas is bubbled for 45 minutes. The reaction mixture is refluxed 
for 18 hours. Most of the solvent is then evaporated, the product is collected by filtration. 
and washed with ethyl acetate to give 4-amino-4-carbomethoxypiperidine 

dihydrochloride. 

To a mixture of 4-amino-4-carbomethoxypiperidine dihydrochloride (6.60 g, 28.7 mmol) 
1, 

and potassium carbonate (18.8 g, 143.5 mmol) in dioxane/water (350 ml/176 ml) at 0°C is 
added di-t-butyl-dicarbonate (8.14 g, 37.31 mmol) in dioxane (60 mL) over 2 hours. The 
reaction mixture is warmed to room temperature and stirred for 8 hours. To this mixture is 
added a solution of 4- methoxybenzenesulfonyl chloride (7.71g,37.31 mmol) in dioxane 
(60 mL) at 0°C. The reaction mixture is stirred at room temperature overnight An 

additional portion of 4- methoxybenzenesulfonyl chloride (7.71g.37.31 mmol) in dioxane 
(60 mL) is added to the mixture ~t 0°C. The reaction mixture is allowed to wann to room 
temperature and stirred overnight The mixture is concentrated in vacuo, diluted with 
water. and extracted with ethyl acetate. The aqueous layer is removed, saturated with 
sodium chloride, and re-extracted with ethyl acetate. The combined extracts are dried 
(MgS04), and the solvent is evaporated. The crude product is purified by silica gel 
chromatography (50% ethylacetatelhexane) to provide 4-[[4-methoxybenzeneslllfonyl]­
amino]-1-((t-butoxycarbonyl]-4-[carbomethoxy]-piperidine, contaminated with a small 
amount of 4-methoxybenzene-sulfonic acid. 

To a solution of 4-((4-methoxybenzenesulfonyl]amino]-l-[(t-butoxycarbonyl]-4-[carbo­

methoxy]-piperidine (4.0 g. 9.30 mmol) in dimethylfonnamide (150 mL) at 0°C is added 
SOdium hydride {1.12 g. 28.0 ml, 60% in oil) followed by benzyl bromide (4.8 g. 28.0 
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nunol). The reaction mixture is allowed to warm to room temperature for I hour. The 
rnixture is quenched with water and extracted with diethyl ether. The organic extract is 
dried (MgS04) and the solvent is evapora~d. The crude product is purified by silica gel 

chromatography (50% ethyl acetate/hexanes) to provide 4-[[4-methoxybenzenesulfonyl]­

(benzyl)amino )-1-[ (t-butoxycarbonyl]-4-[ carbomethoxy] piperidine~ 

To a solution of 4-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-1-[(t-butoxycarbo nyl]-4-
[carbomethoxy]-piperidine (1.8 g, 3.47 mmol) in ethyl acetate (10 mL) is added a 

hydrogen chloride gas saturated methylene chlotide solution (15 mL). The reaction 
mixture is stirred for 4 hours at room temperature. The mixture is concentrated in vacuo 
to give 4-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-[carbomethoxy]-piperidine. 

To a solution of 4-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-4-[ carbomethoxy ]- -
piperidine (1.0 g, 2.39 mmol) in dimethylfonnamide (160 mL) is added sodium hydride 
. (287.0 mg, 7.18 mmol, 60% in oil) at 0°C, followed by benzyl bromide (450.0 mg, 2.63 

mmol). The reaction mixture is slowly warmed to room temperature and stirred overnight 

The mixture is quenched with water and extracted with ethyl acetate. The combined . 

organic layers are washed with brine, dried <NaiS04) and the solvent is evaporated to give 
4-[[ 4-methoxybenzenesulfonyl](be~zyl)amino ]'." 1 :-[benzyl]-4-[ carbomethoxy ]-piperidin e. 

A heterogeneous mixture of 4-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-1-[benzyl]-

4-[carbomethoxy]-piperidine (1.2 g, 2.26 mmol) in 50% aqueous sodium hydroxide (10 

mL) and methanol (50 mL) is heated to reflux for 16 hours. The methanol is evaporated 
and the residue is neutralized with 4 N hydrochloric acid. The aqueous solution is 

extracted with ethyl acetate. The combined organic extracts are dried (NaSO~ and the 
solvent is evaporated to give 4-[[4-methoxy~nzenesulfonyl](benzyl)amino ]-1-[benzyl]-
4-[carboxy ]-piperidine. 

To a mixture of 4-[[4-methoxybenzenesulfonyl](benzyl)amino]-1-[benzyl]-4-[carboxy]­
piperidine (850.0 mg, 1.64 mmol) in methylene chloride (100 mL) containing 
N-methylmorpholine (0.6 ml, 5.4~ mmol) and 0-t-butylhydroxyl amine hydrochloride 
(620.0 mg, 4.94 mmol) is added N-[dimethylaminopropyl]-N' -ethylcarbodiimide 

hydrochloride (l.1 g, s.74 mmol}. The reaction mixture is stirred overnight at room 
temperature. The mixture is diluted with water and extracted with methylene chloride. 
The combined organic extracts are dried (NaiS04) and the solvent is evaporated. The 
crude product is purified by silica· gel chromatography (ethyl acetate) to provide 
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j.[N·t-butyloxy-carbamoyl]-4-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-1-[benzyl]­

·peridine. pl 

A}ternately, 4-(( 4-methoxybenzenesulfonyl]amino]-1-((t-butoxycarbonyl]-4-carbo-

thoxy]-piperidine is first hydrolyzed with sodium hydroxide to 4-[[4-methoxybenzene-tlle .. 
sulfonyl]atnino]-l-[(t-butoxycarbonyl]-4-( carboxy]-piperidine .. Treatment with 0-t-butyl-
bydroxylamine under conditions described above gives· 4-[N-t-butyloxy-carbamoyl]-4-

[[4.methoxybenzenesulfonyl](benzyl)amino]-l-[t-butoxycarbonyl]-piperidine. Reaction 
with lN hydrochloric acid in ethyl acetate yields 4-[N-t-butyloxy-carbamoyl]-4-[[4-

tllethoxybenzenesulfonyl](benzyl)amino]-piperidine, which is treated with benzyl bromide 

as described above. 

Similarly prepared# starting from 4-[[ 4-methoxybenzenesulfonyl(benzyl)amino J-4-( carbo­

methoxy]-piperidine, are the following: 

(a) 4-[N-Hydroxy-carbamoyl]-4-[[ 4-methoxybenzenesulfonyl](benzyl)-amino ]-1-

[ dimethylaminoacetyl]-piperidine hydrochloride, m;p. 145°C; 

(b) 4-[N-Hydroxy-carbamoyl]-4-[[ 4-methoxybenzenesulfonyl(benzyl)-amino ]-1-

[3-picolyl]-piperidine dihydrochloride, m.p. 167°C; 

(c) 4-[N-Hydroxy-carbamoyl]-4-[[ 4-methoxybenzenesulfonyl]{benzyl)-amino ]-1-
(carbomethoxymethyl]-piperidine hydrochloride, m.p. 183.5-185°C; 

{d) 4-[N-Hydroxy-carbamoyl]-4-[[ 4-methoxybenzenesulfonyl](benzyl)-amino ]-piperidine 
lrifluoroacetate;. 

(e) 4-[N-Hydroxy-carbamoyl]-4-([ 4-methoxybenzenesulfonyl](benzyl)-amino ]-1-
[t·butoxycarbonyl]-piperidine; 

(t) 4-[N-Hydroxycarbamoyl]-4-(( 4-methoxybenzenesulfonyl](benzyl)-amino ]-1-[methyl­
sulfonyl]-piperidine; 

(g) 4-[N-Hydroxycarbamoyl]-4-[[ 4-methoX:ybenzenesulfonyl](benzyl)amino ]-1-
[ntethyl]piperidine hydrochloride, m.p. 185.5-187°C; 
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. .4.[N-flydroxycarbamoyl]-4-[[methoxybenzenesulfonyl](benzyl)amino]-1-
th> rpholinocarbonyl]piperidine, m.p. 89-91°C; 
(tnO 

i) 4.[N-flydroxycarbamoyl]-4-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-1-[ 4-

~icolyl]piperidine dihydrochloride, m.p. 168°C. 

~:Ethyl ~-[[4-methoxybenzenesulfon~l](ben~yl}~ino]acetate (11.20. g, 30.9 
mmoD is dissolved m methanol (lOOmL). To this solution 1s added hydroxylamme 

hydrochloride ( 4.31 g, 62.0 mmol), followed by the addition of sodium methoxide, freshly 
prepared from sodium (2.14 g, 93.0 mmol) dissolved in methanol (55 mL). The reaction 

is stirred overnight at room temperature. The reaction is worked up by partitioning 
between dilute hydrochloric acid (pH=-3) and ethyl acetate. The aqueous phase is 

extracted well with ethyl acetate, the combined organic layers are dried CNaiS04), and the 

solvent is evaporated. The product is purified by silica gel chromatography (75 % ethyl 
acetate/ hexane)" to give N-hydroxy-2-[[ 4_-methoxybenzenesulfonyl](benzyl)amino ]­

acetamide, m.p. ll2-114°C. 

The starting material is prepared as follows:. 

Benzylamine (16.0 mL, 145.2 mmol) is dissolved in chloroform (110 mL}, and the 

solution is cooled to 0°C. To this solution is added 4-methoxybenzenesulfonyl chloride 
(10.0 g, 48.4 mmol). The reaction is stirred at room temperature for 1 hour. and then 
refluxed for 1 hour. After cooling. back to room temperature, the reaction is washed three 
times with 4N·hydrochloric acid (200 mL), twice with water (100 mL}, once with brine 
(SO mL), then dried (N32S04), and the solvent is evaporated to give N-(4-methoxy­
benzenesulfonyl]-benzylamine. 

Sodium hydride ( 1.56 g of a 50 % oil dispersion, 33.0 mmol} is suspended in tetrahydro­
furan (85 mL). To this is added a solution of N-[4-methoxybenzenesulfonyl]-benzylamine 

(9.0 g, 32.5 mmol) also in tetrahydrofuran (85 mL), and the reaction is stirred for 30 
minutes at room temperature. Then ethyl bromoacetate (5.40 mL, 48.8 mmol) is added, 

· and the reaction is stirred overnight at. room temperature. The reaction is quenched with a 

small amount of water, and all the solvent is removed. The crude mixture is partitioned 
between ethyl acetate and water, the aqueous phase is extracted several times with ethyl 
acetate, the combined organic layers are dried (N32S04), and the solvent is evaporated. 
The product is purified by silica gel chromatography (30% ethyl acetate/hexane) to give 
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[[4-rnethoxybenzenesulfonyl](benzyl)amino]acetate. 
c:tbYl -

le l7: Tue following compounds are prepared similarly to Example 16: 
~ ·. . 

N-I1ydroxy-2-[[4-methoxybenzenesulfonyl](isobutyl)amino]acetamide, m.p. 
iJ! _134oe, by coupling isobutylamine with 4-methoxybenzenesulfonyl chloride in the 
1
"
3 

rep and carrying out the subsequent steps as described in example 16. 
fJ1Sl s • 

b) N-HydrOxy-2-[[4-methoxybenzenesulfonyl](cyclohexylmethyl)amino]acetamide, m.p. 

~J5-l 46oC, by coupling cyclohexanemethylamine with 4-methoxybenzenesulfonyl 
,bloride in the first step, and carryiitg out the subsequent steps as described in example 16. 

<C) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](cyclohexyl)amino]acetamide, m.p. 
J48-149oC. by coupling cyclohexylamine with 4-methoxybenzenesulfonyl chloride in the 
first step, and carrying out the subsequent steps as described in example 16. 

Id) N-Hydroxy-2-[( 4-methoxybenzenesulfonyl](phenethyl)amino ]acetamide, m.p. 
l37-138oC. by coupling phenethylamine with 4-methoxybenzenesulfonyl chloride in the 
fust step, and carrying out the subsequent steps as described in example 16. 

te) N-Hydroxy-2-[[ 4-methoxybenzenesulfony1](3-methylbutyl)amino ]acetamide, m. p. 
lOS°C, by coupling l-amino-3-methylbutane with 4-methoxybenzenesulfonyl chloride in 

the first step, and carrying out the subsequent steps as described in example 16. 

IO N-Hydroxy-2-{[4-methoxybenzenesulfonyl](sec-butyl)amino]acetamide, m.p. 138°C, . 
by coupling (sec)-butylamine with 4-methoxybenzenesulfonyl chloride in the first step, 
and carrying out the subsequent steps as described in example 16. 

<g) N-Hydroxy-2-((4-methoxybenzenesulforiyl](ten-butyl)amino]acetamide, m.p. 
l50-15l°C, by coupling (tert)-butylamine with 4-methoxybenzenesulfonyl chloride in the 
first step, and c.anying out the subsequent steps as d~cribed in example 16. 

ilt) N-Hydroxy-2-([4-methoxybenzenesulfonyl](4-fluorobenzyl)amino]acetamide, m.p. 
115• l 190C, by coupling 4-fluorobenzylamine with 4-methoxybenzenesulfonyl chloride in 
:be rust step, and carrying out the subsequent steps as described in example 16. 
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(i) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl]( 4-chlorobenzyl)amino]ac tam•d · . e 1 e, m.p. 
121-123°C, by coupling 4-chlorobenzylamine with 4-methoxybenzenesulfonyl chloride in 
the first step, and carrying out the sutsequent steps as described in example 16. 

(j) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](isopropyl)amino]acetamide, m.p. 

139-141°C, by coupling isopropylamine with 4-methoxybenzenesulfonyl chloride in the 
first step, and carrying out the subsequent steps as described in example 16. 

(k) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl](4-methylbenzyl)amino] acetamide, m.p. 

133-135°C, by coupling 4-methylbenzylamine with 4-methoxybenzenesulfonyl chloride in 
the first step, and carrying out the subsequent steps as described in example 16. 

(1) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl](3-phenyl-l-propyl)amino ]acetamide by 
coupling 3-phenyl-1-propylamine with 4-methoxybenzenesulfonyl chloride in the first 
step, and carrying out the subsequent steps as described in example 16. 

(m) N-Hydroxy-2.:.[[4-methoxybenzenesulfonyl](4-phenylbutyl}amino]acetamide, m.p. 
109-112°C, by coupling 4-phenylbutylamine with 4-methoxybenzenesulfonyl chloride in 
the first step, and carrying out the subsequent steps as described in example 16 • 

. (n) N-Hydroxy-2-[[4-methpxybenzenesulfonyl](2-cyclohexylethyl)amino]acetamide, m.p. 
143-144°C, by coupling 2-cyclohexylethylamine .with 4-methoxybenzenesulfonyl chloride 
in the first step, and carrying out the subsequent steps as described in example 16. 

(o) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl](4-phenylbenzyl)amino]acetamide by 

coupling 4--phenylbenzylamine with 4-methoxybenzenesulfonyl chloride in the first step, 
and carrying out the subsequent steps as described in example 16. 

(p) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl](2,2,2-trifluoroethyl)amino ]acetamide, 
m.p. 142-143°C, by coupling 2,2,2-trifluoroethylamine with 4-methoxybenzenesulfonyl 

chloride in the first step, and carrying out the subsequent steps as described in example 16. 

(q) N-Hydroxy-2-[[benzenesulfonyl](isobutyl)amino]acetamide, m.p. 130-13 ~ °C, by 
coupling isobutylamine with benzenesulfonyl chloride in the first step, and carrying out 
the subsequent steps as described in example 16. 
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, ) i..r .fiydroxy-2-[[ 4-trifluoromethylbenzenesulf onyl](isobutyl)amino]acetam"d · 
(f l" . 1 e. m.p. 

130•131°C. by coupling isobutylamine with 4-trifluoromethylbenzenesulfonyl chloride in 
che first step, and carrying out the subsequent steps as described in example 16. 

(s) N-Hydroxy-2-[[4-chlorobenzenesulfonyl](isobutyl)amino ]acetamide, m.p. 126-127oc, 

bY coupling isobutylamine with 4-chlorobenzenesulfonyl chloride in the first step, and 
carrYing out the subsequent steps as described in example 16. 

(t) N·Hydroxy-2-[[ 4-methylbenzenesulfonyl](isobutyl)amino]acetamide, m.p. 138-140°C, 

by coupling isobutylamine with 4-methylbenzenesulfonyl chloride in the first step, and 
carrying out the subsequent steps as described in example 16. 

{u} N-Hydroxy-2-[[ 4-fluorobenzenesulfonyl](isobutyl)amino ]acetamide, m.p. 144-146°C, 

by coupling isobutylamine with 4-fluorobenzenesulfonyl chloride in the first step, and 
carrying out the subsequent steps as described in example 16. 

{v) N-Hydroxy-2-[[2-thiophenesulfonyl](isobutyl)amino]acetamide by coupling 

isobutylamine with 2-thiophenesulfonyl chloride in· the first step, and carrying out the 

subsequent steps as described in example 16. 

(w) N-Hydroxy-2-[[benzenesulfonyl](benzyl)amino]acetamide, m.p. 90-93°C, by coupling 

benzylamine with benzenesulfonyl chloride in the first step, and carrying out the 

·subsequent steps as described in example 16. 

(x) N-Hydroxy-2-[( 4-nitrobenzenesulfonyl](isobutyl)amino]acetamide, m.p. 128-130°C, 

by coupling isobutylamine with 4-nitrobenzenesulfonyl chloride in the first step, and 
carrying out the subsequent steps as described in example 16. 

(y) N-Hydroxy-2-([4-(tert)-butylbenzenesulfonyl](isobutyl)amino]acetamide, m.p. 

113-114°C, by coupling isobutylamine with 4-(tert)-butylbenzenesulfonyl chloride in the 
first step, and carrying out the subsequent steps as described in example 16. 

(z} N-Hydroxy-2-[[4-methylsulfonylbenzenesulfonyl](isobutyl)amino]acetamide, m.p. 

l59-l61°C, by coupling isobutylamine with 4-methylsulfonylbenzenesulfonyl chloride in 
the first step, and carrying out the subsequent steps as described in example 16. 
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(aa> N-Hydroxy-2-[[3-trifluoromethylbenzenesulfonyl](isobutyl)amino]acetamide, m.p. 

140_141°C, by coupling isobutylamine with 3-trifluoromethylbenzenesulfonyl chloride in 

the first step~ and carrying out the subsequent steps as described in example 16. 

(bb) N-Hydroxy-2-[[2,4,6-trimethylbenzenesulfonyl](isobutyl)amino]acetamide, m.p. 

142_143°C, by coupling isobutylaniine with 2,4,6-trimethylbenzenesulfonyl chloride in the 

first step. and carrying out the subsequent steps as described in example 16. 

(cc) N-Hydroxy-2-((2,5-dimethoxybenzenesulfonyl](isobutyl)arilino]acetamide, m.p. 
SO-S3°C, by coupling isobutylamine with 2,5-dimethoxybenzenesulfonyl chloride in the 
first step, and carrying out the subsequent steps as described in example 16. 

(dd) N-Hydroxy-2-[[3,4-dimethoxybenzenesulfonyl](isobutyl)amino]acetamide, m.p. 
146-t48°C, by coupling isobutylamine with 3,4-dimethoxybenzenesulfonyl chloride in the 
firstst.ep, and carrying out the subsequent steps as described in example 16. 

(ee) N-Hydroxy-2-((2,4,6-triisopropylbenzenesulfonyl](isobutyl)amino]acetamide, m.p. 
131-133°C, by coupling isobutylamine with 2,4.6-triisopropylbenzenesulfonyl chloride in 
the first step, and carrying out the subsequent steps as described above. 

(ff} N-Hydroxy-2-([3.5-dimethylisoxazole-4-sulfonyl(benzyl)amino]acetamide, m.p. 
140°C, by coupling benzylamine with 3,5-dimethylisoxazole-4-sulfonyl chloride in the 
first step, and carrying out the subsequent steps as described in example 16. 

(gg) N-Hydroxy-2-[[2,4-dimethylthiazole-5-sulfonyl(benzyl)amino ]acetamide, m. p. 55°C, 
by coupling benzylamine with 2,4-dimethylthiazole-5-sulfonyl chloride in the first step, 
and carrying out the subsequent steps as described in example 16. 

Example 18: Ethyl 2-[[4-methoxybenzenesulfonyl](4-methoxybenzyl)amino]acetate (0.90 
g, 2.3 mmol) is dissolved in methanol (20 mL). To this solution is added hydroxylamine 
hydrochloride (0.80 g, 11.5. mmol), followed by the addition of sodium methoxide {5.2 mL 
of a 2.67M solution). The reaction is stirred overnight at room temperature. The reaction 
is worked up by partitioning between dilute hydrochlOric.acid (pH=-3) and ethyl acetate. 
The aqueous phase is extracted well with ethyl acetate, the combined organic layers are 
Washed with brine, dried (N~SO.J, and the solvent is evaporated. The product is 

recrystallized from ether/ethyl acetate to give N-hydroxy-2-[[4-methoxybenzenesulfonyl]-
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Glycine ethyl ester hydrochloride (31.39 g. 225.0 mmol) is dissolved in dioxane (150 mL) 

and water (150 mL). triethylamine (69.0 mL. 495.0 mmol} is added. and the solution is 

cooled to 0°C. To this solution is added 4-methoxybenZenesulfonyl chloride (51.15 g. 

248.0 mmol) over 10 minutes. The reaction is wanned to room temperature and stirred 
overnight The next day the mixture is reduced to one-half volume by evaporating 
solvent. diluted with lN sodium hydroxide, and extracted well with ether. The combined 

organic layers are washed with brine, dried (N32SO~, and the solvent is evaporated. The 
product is recrystallized from ether/ethyl acetate/hexanes to give ethyl 2-[[ 4-methoxy­
be11zenesulfonyl]amino]acetate. 

To a suspension of sodium hydride (0.906 g, 22.67 mmol) in dimethylformamide (50.0 
mL), is added ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate (4.13 g, 15·.ll mmoi) 
and 4-methoxybenzyl chloride (2.17 mL, 15.87 mmol), and the reaction is stirred 
overnight at room temperature. The reaction is cooled to O°C, quenched with IN 
hydrochloric acid, and extracted well with ether. The combined organic layers are washed 
with brine, dried (N32S04), and the solvent is evaporated~ the product is recrystallized 
from ether/hexanes to give ethyl 2-[[4-methoxybenzenesulfonyl](4-methoxybenzyl)­
amino ]acetate. 

Examole 19: The following compounds are prepared similarly to example 18: 

(a) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-picolyl)amino]acetamide, m.p. 
138.5-139.S°C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate with 
2-picolyl chloride in the second step, and carrying out the other steps as described in 
example 18. 

(b) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino ]acetamide, m.p. 
144-145°C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]amino ]acetate with 
3-picolyl chloride in the second step, and carrying out the other steps as described in 
example 18. 

(c) N-Hydroxy-2-([4-methoxybenzenesulfonyl](piperonyl)amino]acetamide, m.p. 
-------"------
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143-144°C. by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate with 
piperonyl chloride in the second step. arid carrying out the other steps as described in 
example 18. 

( d) N-Hydroxy~2-[[ 4-methoxybenzenesulfonyl](2-piperidinylethyl)amino ]acetamide. m.p. 

120-122°C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate with 

N-(2-chloroethyl)-piperidine in the second step, and carrying out the other steps as 

described in example 18. 

Example 20: (a) N-(t-Butyloxy)-2-[[4-methoxybenzenesulfonyl](2-quinolinylmethyl)­

amino]acetamide (1.15g, 2.42 mmol) is dissolved in methylene chloride (30.0 mL) and 

ethanol (0.20 mL) in a glass sealed tube. Hydrochloric acid gas (from a lecture bottle) is 

bubbled through the solution for 20 minutes, and then the tube is sealed and stands at room 
temperature overnight The next day, additional hydrochloric acid gas is bubbled 
through the solution for 20 minutes, more ethanol (0.20 mL) is added, and then the tube is 

, sealed and stands at room temperature for two days. After that time, the solvent is 

removed. The product is purified by silca gel chromatography (5% to 15% methanoV­
methylene chloride with-1 % ammonium hydroxide} to give N-hydroxy-2-[[4-methoxy­

benzenesulfonyl](2-quinolinylmethyl)amino ]acetamide, m.p. l 77-l 78°C. 

The starting material is prepared as follows: 

To a suspension of sodium hydride (0.84 g, 35.0 mmol} in dimethylformamide (120.0 
mL), is added ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate (3.19 g, 11.67 mmol) 

and 2- (chloromethyl)quinoline (2.62 g, 12.26 mmol), and the reaction is stirred for three 
days at room temperature. Then, additional NaH (0.46 g, 11.67 mmol} is added, and the 
reaction is heated to 50°C for 5 hours. The reaction is cooled to OOC, quenched with 
water, and extracted well with ether. The combined organic layers are washed with brine, 
dried (Na2S04), and the solvent is removed to give ethyl 2-[{4-methoxybenzenesulfonyl]­

(2-quinolinylmethyl}amino]acetate. 

Ethyl 2-[[ 4-methoxybenzenesulfonyl](2-quinolinylmethyl}amino]acetate (4.0g, 9.63 

mmol) is dissolved in tetrahydrofutan (70.0 mL). To this solution is added lithium 
hydroxide (18.0 mL of a lN aqueous solution. 18.0 mmol}, and the reaction is stirred at 
room temperature overnight The tetrahydrofuran is evaporated, the reaction is then 
acidified to pH =-3 using lN hydrochloric acid, and extracted well with ethyl acetate. 
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The combined organic layers are dried (Na2S04), and the solvent is evaporated to give 
2-[[4-methoxybenzenesulfony1](2-quinolinylmethyl)amino]acetic acid hydrochloride. 

2-[[ 4-methoxybenzenesulfonyl](2-quinolinylmethyl)amino )acetic acid hydrochloride ( 1.49 
g, 3.35 mmol), l~hydroxybenzotriazole (0.539 g, 3.52 mmol), 4-methylmorpholine (1.55 

rnL, 14.9 mmol), and 0-t-butylhydroxyl amine hydrochloride (0.464 g, 3.70 mmol) are 

dissolved in methylene chloride (50.0 mL), and the reaction is cooled to 0°C. To this 
solution is added N- [dimethylaminopropyl]-N' -ethylcarbodiimide hydrochloride (1.35 g, 
7.04 mmol), and the reaction is allowed to wann up to room temperature and stir 
overnight. The reaction is diluted with more methylene chloride, and the organic layer is 

washed with saturated sodium bicarbonate, brme, dried (MgS04), and the solvent is 

evaporated. The product is purified by silica gel chromatography (1 % methanoJ/­
rnethylene chloride)to give N-(t-butyloxy)-2-[[4-methoxybenzenesulfonyl](2-quinolinyl-

. methyl}amino]acetamide. 

(b) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](4-picolyl)amino]­
acetamide hydrochloride, m.p. 193°C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]­
amino]acetate with 4-picolyl chloride in the second step, and carrying out the other steps 

as described above. 

Example 21: (a) 2-[[ 4-Methoxybenzenesulfonyl](6-chloropiperonyl)amino ]acetic acid 

(1.87 g, 4.51 mmol) is dissolved in methylene chloride (45.0 mL). To this solution is 

added oxalyl chloride (0.784 mL, 9.02 mmol) and dimethylformamide (0.35 mL, 4.51 
mmol), and the reaction is stirred at room temperature for 60 minutes. Meanwhile, in a 
separate flask. hydroxylamine hydrochloride (1.25 g, 18.04 mmol) and triethylamine (3.77 
mL, 27 .06 mmol) are stirred in tetrahydrofuran (20.0 mL) and water (5.0 mL) at 0°C for 
15 minutes. After 60 minutes, the methylene chloride solution is added in one portion to 
the second flask, and the combined contents are stirred overnight as the flask gradually 
warms up to room temperature. The reaction is then diluted with ac~dic water {pH ="-3), 
and extracted several times with ethyl acetate. The combined organic layers are dried 
(NaiS04), and the solvent is evaporated. The product is recrystallized from ethyl 
acetate/methanoJ/acetone to give N-hydroxy-2-[[4-methoxybenzenesulfonyl](6-chloro­
piperonyl)amino] acetamide, m.p. 168-1690C. 

The starting material is prepared as fallows: 



l 

-59-

THIS SHEET HAS BEEN 
R~PLACEO 

To a suspe~sion of sodium hydride (1.08 g, 27.06 mmol) in dimethylformamide (180.0 
mL), is added ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate (4.93 g. 18.04 mmol) 
and 6-chlOropiperonyl chloride (3.88 g, 19.0 mmol), and the reaction is stirred overnight at 

room temperature. The reaction is cooled to 0°C. quenched with lN hydrochloric acid, 

and extracted well with ether. The combined organic layers are washed with brine, dried 
(N~SO.J, and the solvent is evaporated. The product is recrystallized from ether/hexanes 
to give ethyl 2-[[4-methoxybenzenesulfonyl](6-chloropiperonyl)amino]acetate. 

Ethyl 2-[[4-methoxybenzenesulfonyl] (6-chloropiperonyl)amino ]acetate (2.12g, 4. 79 

mmol) is dissolved in tetrahydrofuran ( 40.0 mL). To this solution is added lithium 
hydroxide (10.0 mL of a lN aqueous solution, 10.0 mmol), and the reaction is stirred at 

room temperature overnight. The tetrahydrofuran is evaporated, the reaction is then 

acidified to pH = .... 3 using lN hydrochloric acid, and extracted well with ethyl acetate. 

The combined organic layers are dried (N32S04), and the solvent is evaporated to give 
2-[[ 4-methoxybenzenesulfonyl](6- chloropiperonyl)amino ]acetic acid. 

(b) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](3,4,S-trimethoxy­

benzyl)amino]acetamide, m.p. 116-118°C, by alkylating ethyl 2-[[4-methoxybenzene­
sulfonyl]amino]acetate with 3,4,5-trimethoxybenzyl chloride in the second step, and. 

carrying out the other steps as described above. 

(c) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](3-methoxybenzyl)­
amino]acetamide, m.p. 118-1190C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]­
amino]acetate with 3-methoxybenzyl chloride in the second step, and carrying out the 
other steps as described above. 

Exam pl~ 22: Ethyl 2-[[ 4-methoxybenzenesulfonyl](2-[ 4-morpholino ]ethyl)amino ]acetate 

(7.1g,18.4 mmol) is dissolved in ethanol (100 mL), follow~d by the addition of sodium 
spheres (1.1 g). To this solution is added hydroxylamine hydrochloride (2.47 g, 35.S 
mmol). The reaction is refluxed overnight The reaction is worked up by removing most 

of the solvent, and partitioning between saturated sodium bicarbonate and ethyl acetate. 

The aqueous phase is extracted well with ethyl acetate, the combined organic layers are 
washed with brine, dried (MgS04), and the solvent is evaporated. The product is purified 
by silica gel chromatography (80% ethyl acetate/16% methanoV4% acetic acid). The 
solvent is removed to give the product containing residual acetic acid. The product is 

part~tioned between ethyl acetate and water (pH = 7 .1 ), the organic phase is dried . 
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(MgS04). and the solvent is concentrated and then triturated with ether to give 
N-hydroxy-2-(( 4-methoxybenzenesulfonyl] (2-[ 4-morpholino ]ethyl)amino ]acetamide, m.p. 

108-112°C. 

The starting material is prepared as follows: 

Ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate (i3.7 g, 50.0 mmol) is dissolved in 

ethanol (500 mL), followed by the addition of sodium spheres (2.5 g, 109.0 mmol). To 

this solution is added N-(2-chloroethyl)morpholine hydrochloride (10.0 g, 53.7 mmol)~ the 

reaction is stirred at room temperature for 2 .hours, and then refluxed for 1.5 hours. The 

reaction is partitioned between ethyl acetate and brine. The aqueous phase is extracted 
well with ethyl acetate, the combined organic layers are dried (MgS04). and the solvent is 
evaporated to give ethyl 2-[[4-methoxybenzenesulfonyl](2-[4-morpholino]ethyl)amino]­

acetate. 

Example 23: N-Hydroxy-2-([4-aminobenzenesulfonyl](isobutyl)amino]acetamide, m.p. 

50-55°C, is obtained by hydrogenation of N-hydroxy-2-[[ 4-nitrobenzenesulfonyl]-

. (isobutyl)amino]acetamide (see example 17x), m.p. 128-130°, using 10% palladium on 

carbon. 

The starting material is prepared according to example 16 by coupling isobutylamine and 

4-nitrobenzenesulfonyl chloride in the first step thereof. 

Examole 24: N-Hydroxy-2-[[ 4-dimethylaminobenzenesulfonyl](isobutyl)amino]­
acetamide, m.p. 127-129°C, is obtained by·methylation of N-hydroxy-2-[[4-amino­

benzenesulfonyl](isobutyl)amino]acetamide using the procedure from Synthesis p. 709, 

1987. 

Example 25: Ethyl 2-[[4-hexyloxybenzenesulfonyl](isobutyl)amino]acetate (1.22 g. 3.05 

mmol) is dissolved in methanol (15 mL). To this solution is added hydroxylamine 

hydrochloride (0A3 g, 6.11 mmol), followed by the addition of sodium methoxide, freshly 

prepared from sodium (0.35 g. 15.3 mmol) dissolved in methanol (5 mL). The reaction is 

stirred for 36 hours at room temperature. The reaction is worked up by partitioning 

between dilute hydrochloric acid (pH=-3) and ethyl acetate. The aqueous phase is 
extracted well with ethyl acetate, the combined organic- layers are dried (Na2S04), and the 

solvent is evaporated .. The product is crystallized from hexnaelethyl acetate and collected 
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by filtration to give N-hydroxy-2-[[ 4-hexyloxybenzenesulfonyl](isobutyl}­
amino ]acetamide, m.p. 108-110°C. 

The starting material is prepared as follows: 

A solution of ethanethiol (15 mL) and methylene chloride (15 mL) is cooled to 0°C. 
Aluminum trichloride (9.62 g, 72.2 mmol) is added (the solution turns green), and the 

reaction is wanned to room temperature. Ethyl 2-[[4-methoxybenzenesulfonyl](isobutyl)­
amino]acetate (4.75 g, 14.44 mmol) is added in methylene chloride (5 mL), and the 

reactiom is stirred for 3.5 hours at room temperature. The reaction is then slowly 
quenched with water, and the crude reaction is partitioned between water and methylene 
chloride. The aqueous layer is extracted well with methylene chloride, the combined 
organic layers are dried (Na2SOJ, and the solvent is evaporated. The product is purified 
by silica gel chromatography (25% to 50% ethyl acetate/hexane) to give ethyl 
2-[[4-hydroxybenzenesulfonyl](isobutyl)amino]acetate. 

Ethyl 2-[[4-hydroxybenzenesulfonyl](isobutyl)amino]acetate (l.0 g. 3.17 mmol) is 
dissolved in dimethylformamide (16 mL). Cesium carbonate (1.03 g, 3.17 mmol) is added, 
followed by 1-iodohexane (0.47 mL, 3.17- mmol), and the reaction is stirred overnight at 
room temperature. The reaction is then partitioned between water and ethyl acetate, the 

aqueous layer is extracted well with ethyl acetate, the combined organic layers are dried 
(NaiSO.J, and the solvent is evaporated. The product is purified by silica gel 
chromatography (10% ethyl acetate/hexane) to give ethyl 2-[[4-hexyloxybenzene­
sulfonyl](isobutyl)amino]acetate. 

Example 26: The following compounds are prepared similarly to example 25: 

(a) N-Hydroxy-2-(( 4-ethoxybenzenesulfonyl](isobutyl)amino]acetamide,by using ethyl 
iodide in the cesium carbonate alkylation step, and carrying out the subsequent steps as 
described in example 25. 

(b) N-Hydroxy-2-[[4-butyloxybenzenesulfonyl](isobutyl)amino]acetamide, m.p. 
l25-127°C, by using iodobutane in the cesium carbonate alkylation step, and carrying out 
the subsequent steps as described in example 25. 

(c) N-Hydroxy-2-[[4-(3-methyl)butyloxybenzenesulfonyl](isobutyl)amino]acetamide, m.p. 
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~3_96oc, by using 1-iodo-3-methylbutane in the cesium carbonate alkylation step, and 

,;irrying out the subsequent steps as described in example 25 . 

. d) N-Hyclroxy-2-[[ 4-heptyloxybenzenesulfonyl](isobutyl)amino ]acetamide, m.p. . 
~20.123°C, by using 1-iodoheptane in the cesium carbonate alkylation step, and carrying 

out the subsequent steps as described in example 25. 

(e) N-Hyclroxy-2-[[ 4-( cyclohexylmethoxy)benzenesulfonyl]{isobutyl)amino] acetamide, 
in.p. 75-80°C, by using cyclohexylmethyl bromide in the cesium carbonate alkylation 
step. and carrying out the subsequent steps as described in example 25. 

(0 N-Hydroxy-2-[[4-isopropyloxybenzenesulfonyl](isobutyl)amino]acetamide, m.p. 

65.66oC. by using isopropyl bromide in the cesium carbonate alkylation step, and. carrying 

out the subsequent steps as described in example 2.5. 

(g) N-Hydroxy-2-[[ 4-ethoxyethoxybenzenesulfonyl](isobutyl)amino ]acetamide, m.p. 
lll-114°C, by using 2-bromoethyl ethyl ether in the cesium carbonate alkylation step, and 
carrying out the subsequent steps as described in example 25. 

Example 27: (a) N-(t-butyloxy)-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-
[(2-methyl-5-tetrazolyl)methyl]acetamide (0.77 g, 1.55 mmol) is dissolved in methylene 
chloride (2.0 mL) and ethanol (0.1 mL) in a glass sealed tube, and the reaction is cooled to 
OOC. Hydrochloric acid gas (from a lecture bottle) is bubbled through the solution for 20 
minutes, and then the tube is sealed at room temperature for 3 days. After that time, the 
solvent is removed, and the reaction is partitioned between ethyl acetate and saturated . 
sodium bicarbonate. The organic phase is dried (N~S04), and the solvent is evaporated. 
The product is purified by silica gel chromatography (2% methanoVmethylene chloride) to 
give N-hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[(2-methyl-5-
tetrazolyl)methyl]acetamide. m.p. 72-75°C •. 

The Starting material is prepared as follows: 

D-asparagine (13.2 g. 100.0 mmol) is dissolved in diox~e (75.0 mL) and water (125.0 
mt), triethylamine (21.0 mL. 150.0 mmol) is added, and the solution is cooled to 0°C. To 
this solution is added 4-methoxybenzenesulf onyl chloride (22. 7 g, 110.0 mmol) over 10 
lllinutes. The reaction is warmed to room temperature and stirred for 3 days. The 
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precipitate is then filtered off, the filtrate is acidified to pH=-4. and extracted well with 
ethYl acetate. A first crop of pure product precipitates from the ethyl acetate and is 

collected by filtration. A second crop is obtained by evaporating off the ethyl acetate, and 
rinsing the solid obtained with water to remove inorganic salts. The two crops are 
combined to give N-[ 4-methoxybenzenesulfonyl]-(D)-asparagine. 

N-(4-methoxybenzenesulfonyl]-(D)-asparagine (10.1g,33.3 mmol) is dissolved in 

dimethylfonnamide (167.0 mL). Cesium carbonate (5.43 g, 16.66 mmol) is added, 

followed by the addition of methyl iodide (2.22 mL, 33.3 mmol), and the reaction is 

stirred overnight. The reaction is then diluted with saturated ammonium chloride (366.0 

mL), and extracted well with ethyl acetate. The combined organic extracts are washed 

with brine, dried (N~SOJ, and the solvent is evaporated. The crude product is 

recrystallized from toluene to provide N-[4-methoxybenzenesulfonyl]-(D)-asparagine 

methyl ester. 

To a suspension of N-[4-methoxybenzenesulfonyl]-(D)-asparagine methyl ester (8.54 g, 

27.0 mmol) in methylene chloride (47 .0 mL) is added pyridine (10.9 mL, 135.0 mmol). 

Para-toluenesulfonyl chloride (10.3 g, 54.0 mmol) is added, and the reaction mixture is 

allowed to stand without stirring at room temperature overnight. The next day; saturated 

sodium bicarbonate is added (125.0 mL), and the mixture is stirred for 1 hoiir. The 

mixture is then diluted with water and extracted well with ethyl acetate. The combined 

organic extracts are washed with brine, dried (N82SO~. and the solvent is evaporated. 

The crude product is recrystallized from 20% tetrahydrofuran/methanol to provide methyl 
2(R)-[[ 4-methoxybenzenesulf onyl]amino ]-4-cyano-propionate. 

To a suspension of sodium hydride (0~93 g. 23.2 mmol) in dimethylfonnamide (95.0 mL). 

is added methyl 2(R)-[[4-methoxybenzenesulfonyl]amino]-4-cyano-propionate (6.92 g, 

23.2 mmol) in dimethylformamide (10.0 mL). After stirring at room temperature for 20 

minutes, benzyl bromide (3.1mL,25.5 mmol) is added, and the reaction is stirred 

overnight at room temperature. The reaction is then partitioned between ethyl acetate and 
acidic water (pH=-5), the organic layer is dried (N~S04), and the solvent is evaporated. 

The product is purified by silica gel chromatography (40% ethyl acetate/hexane) to give 

methyl 2(R)-[[ 4-methoxybenzenesulfonyl] (benzyl)amino ]-4-cyano-propionate. 

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-cyano­

propionate ( 1.34 g, 3.47 mmol) in dimethylfonnamide (5.4 mL) is added triethylamine 
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hydrochloride (0.95 g. 6.93 mmol) and sodium azide (0.45 g. 6.93 mmol). The reaction is 

.1 stirred at l l0°C overnight. The next day. the solvent is evaporated. the residue is acidified 

l with IN hydrochloric acid (16.0 mL). ana extracted well with ethyl acetate. The 

j combined organic extracts are washed with brine, dried (Na2S04), and the solvent is 

l evaporated to yield methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-

2-[(5-tetrazolyl)methyl]acetate. 

This crude tetrazole is dissolved in dimethylfonnamide (17 .4 mL). Cesium carbonate 

· (0.56 g, 1.73 mmol) is added. followed by the addition of methyl iodide (0.23 mL, 3.47 

mmol), and the reaction is stirred overnight The reaction is then diluted with brine and 

extracted well with ethyl acetate. The combined organic extracts are washed with brine, 

dried (NaiS04), and the solvent is evaporated. The product is purified by silica gel 

chromatography (40% ethyl acetate/hexane) io give separately the two regioisomers: 

methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[(l-methyl-5-tetrazolyl)­

methyl]acetate (0.50 g); and methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-

2-[(2-methyl-5-tetrazolyl)methyl]acetate. 

Methyl 2(R)-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-2-[(2-methyl-5 -tetrazolyl)- . 

methyl]acetate (1.0 g, 2.27 mmol) is dissolved in tetrahydrofuran (11.3 mL) and water 

(11.3 mL). To this solution is added lithium hydroxide hydrate (0.095 g, 2.27 mmol), and 

the reaction is stirred at room temperature for 2 hours. The reaction is then acidified to 

pH=-3 using IN hydrochloric acid, and extracted well with ethyl acetate. The combined 

organic extracts are washed with brine, dried (NaiSO.i), and the solvent is evaporated to 

provide 2{R)-[[ 4-methoxybenzenesulfonyl](benzyl)amino )-2-((2-methyl~S-tetrazolyl)­

methyl]acetic acid (0.96 g). 

2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[(2-methyl-5-tetrazolyl)methyl]acetic 

acid (0.96 g, 2.24 mmol). 1-hydroxybenzotriazole (0.30 g, 2.24 mmol), 4-methyl­

morpholine (0.86 mL, 7 .89 mmol), and 0-t-butylhydroxylamine hydrochloride (0.30 g, 

2.24 mmol) are dissolved in methylene chloride (75.0 mL). N-[dimethylaminopropyl]-

N' -ethylcarbodiimide hydrochloride (0.86 g, 4.48 mmol) is added, and the reaction is 

stirred overnight. The reaction is then diluted with water and extracted with methylene 

chloride. The combined organic extracts are washed with brine, dried (N~S04), and the 

solvent is evaporated. The crude product is purified by silica gel chromatography (50% 

ethyl acetate/hexane) to give N-(t-butyloxy)-2-[(4-methoxybenzenesulfonyl](benzyl)­

amino]-2-[(2-methyl-5-tetrazolyl)methyl]acetamide. 
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(b} Similarly prepared is the other te.trazolP. regioisomer, N-hydroxy-2-[[4-methoxy-
17enzenesulfonyl](benzyl)amino]-2-[(l-methyl-5-tetrazolyl)methyl]acetamide, m.p. 92-

960C, by completing the synthesis as described above. 

(c) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-
{(5-tetrazolyl)methyl]acetamide, m.p. 91-94°C, by completing the synthesis as described 
above, except trityl chloride is used to protect the tetrazole ring in place of methyl iodide. 

(d) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](4-p~enylbenzyl)­
amino]-2-[(5-tetrazolyl)methyl]acetamide, m.p. 184°C, by completing the synthesis as 
described above, except 4-chloromethylbiphenyl is used in place of benzyl bromide in the 
alkylation step • 

. Example 28: Oxalyl chloride (106 mL, 1.22 mol) is added over 1 hour to dimethyl­
formamide (92 mL) in methylene chloride (1250 mL) at OOC. To. this is added a solution 
of 2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino ]• 3-methylbutanoic acid 
hydrochloride (248 g, 0.6 mol) in dimethylfonnamide (450 mL) over 1 hour, maintaining · 
the temperature at O°C. This solution is stirred an additional 2 hours at room temperature, 
and then added dropwise to a mixture of hydroxylamine (460 g of a 50% aqueous solution, 
6.82 mol) in tetrahydrofuran (2400 mL). The reaction is stirred an additional 3 hours at 
5°C, and then at room temperature overnight The reaction mixture is filtered, the organic 
layer is collected, and the solvent is evaporated. The crude product is re-dissolved in 
methylene chloride (2 L), washed with water (2 X 1 L), saturated sodium bicarbonate (4 X 
IL), brine (1 L), dried CN82SO~, and the solvent is evaporated.-The product is dissolved 
in ethyl acetate (700 mL) and diluted with ether (1400 mL) to induce precipitation. The 
pure product is-collected· by·filtration to provide N-hydroxy-2(R)-[[4-methoxybenzene­
sulfonyl](3-picolyl)amino]-3-methylbutanamide. After conversion ta the hydrochloride 
salt, a white solid is obtained, ni.p. 169-170°C (dee). 

The starting material is prepared as follows: 

To a solution of D-valine (2000 g, 17.09 mol) in water (16.9 L) and acetone (9.5 L), 
. . 

cooled to 5°C, is added triethylamine {4769 mL, 34.22 mol), and the reaction is stirred for 
30 minutes. Then a solution of 4-methoxybenzenesulfonyl chloride (3524 g, 18.48 mol) in 
acetone (7 .4 L) is added over 30 minutes, and the reaction is stirred at room temperature 
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overnight. Most of the acetone is evaporated off. and the pH is adjuste4 to pH=8.25 with· 
6N sodium hydroxide. The crude product is washed with toluene (2 X 10 L). andthen the 

pH is re-adjusted to pH=2.2 with 6N hydrO\:hloric acid. The mixture is then extracted 

with methylene chloride (3 X 12 L), the combined organic layers are washed with 2N 

hydrochloric acid, water, dried (Na2S04), and the solvent is evaporated to provide 

N-[4-methoxybenzenesulfonyl]-(D)-valine. 

To a solution of N-[4-methoxybenzenesulfonyl]-(D)-valine (8369 g, 29.13 mol) in 
methanol (30 L) at 5°C is added thionyl chloride (2176 mL, 29.7 mol) over 2.5 hours. 
After stirring for 3 hours at 5°C~ the reaction is stirred for 36 hours at room temperature. 

Most of the solvent is evaporated, and the crude product is dissolved in toluene (80 L). 

The toluene layer is then washed with water (20 L}. saturated sodium bicarbonate (20 L), 
water again (20 L), 2N hydrochloric acid°C20 L), brine (20 L), dried (Na2SO~. and the 

solvent is evaporated. The solid obtained is dissolved in ethyl acetate (8 L) and heptane 
(16 L) is added to induce crystallization. The precipitated product is collected by filtration 
to provide methyl 2(R)-[[ 4-methoxybenzenesulfonyl]amino ]-3-methylbutanoate. 

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl]amino]-3-methylbutanoate 

(1662 g, 5.52 mol} in dimethylformainide (10.9 L) is added 3-picolyl chloride 

hydrochloride (947.3 g, 5.77 mol) followed by powdered potassium carbonate (2409.9 g. 

17 .36 mol). The reaction mixture is stirred at room temperature for 2 days. At that time, 
additional quantities of .3-picolyl chloride hydrochloride (95 g) and powdered potassium 
carbonate (241 g) are added, and the reaction is stirred for 3 more days. The solids are 
then filtered away; the crude product is poured into water (22 L), and the pH is .adjusted to 
pH=8 with 6N sodium hydroxide. This solution is extracted well with toluene (4 X 10 L), 
the combined organic layers are washed with water (2 X 12 L), and then with 6N 

hydrochloric acid (3 X 1600 mL). This aqueous layer is then re-adjusted to pH=8 with 6N. 
sodium hydroxide, extracted with toluene (4 X 10 L), dried (Na2S04}, and the solvent is 

evaporated. The oil obtained is re-dissolved in ethyl acetate (12 L), cooled to 5°C, and to 
this is added methanolic HCl (834 ml). After stirring for 2 hours,-the precipitated product 
is collected by filtration to give methyl 2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)­

amino]-3-methylbutanoate hydrochloride. 

Methyl 2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoate 
hydrochloride (7164 g, 16.7 mol} is added to a solution of water (27 L) and concentrated 
hydrochloric acid (9 L). and heated to 120°C for 3 days. After cooling down to room 

. I 
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temperature. charcoal (350 g) is added. stirring is continued for 45 minutes. the reaction is 
filtered. and the solvent is evaporated .. The crude solid is re-dissolved in methanol (7 .1 L) 

and ethyl acetate (73 L), and cooled to 3°C for 2 hours. The precipitated product is 
collected by filtration to give 2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)arnino ]-

3-methylbutanoic acid hydrochloride. 

Example 29: N-Benzyloxy-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)arnino]-

3-methylbutanamide (see example 29a) is reacted with hydrogen in the presence of 10% 

palladium on charcoal catalyst at room temperature and atmospheric pressure to yield -

N-hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanamide. 

After conversion to the hydrochloride salt, a white solid is obtained, m.p. 169-170°C 
(dee). 

(a) The N-(benzyloxy) substituted prodrug derivative of the above compound is prepared 

as follows: 

2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoic acid hydrochloride 

is reacted with 0-benzylhydroxylamine hydr0chloride under conditions described for 

reaction with 0-t-butylhydroxylamine hydrochloride to yield N-(benzyloxy)-2{R)-

[[ 4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methyl-butanamide, m.p. 7 4.5~ 76°C. 

(b) The corresponding N-(4-methoxybenzyloxy) substituted prodrug derivative, 

N-(4-methoxybenzyloxy)-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-
3-methyl-butanamide, is prepared as follows: 

2(R}-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino ]-3-methylbutanoic acid hydrochloride 

(2.41g.5.82 mmol), 1-hydroxybenzotriazole (0.786 g, 5.82 mmol), 4-methyl-morpholine 

(1.9 mL, 17.46 mmol), and 0-(4-meihoxybenzyl)hydroxylamine (1.78 g, 11.63 mmol) 

(prepared according to Pol. J. Chem. SS, 1163-1167 (1981)) are dissolved in methylene 

chloride (55 mL). N-[dimethylaminopropyl]-N' -ethylcarbodilmide hydrochloride (1.45 g, 

7 .57 mmol} is added, and the reaction is stirred overnight. The reaction is then diluted 

with water and ~xtracted with methylene chloride. The combined organic extracts are 

washed with brine, dried (Na2SO~. and the solvent is evaporated. The crude product is 
purified by silica gel chromatography (ethyl acetate followed by 5% methanol/ethyl 
acetate) to give N-( 4-methoxybenzyloxy)-2(R)-[[ 4-methoxybenzenesulfonyl]­

(3-picolyl}amino ]-3-methylbutanamide, m.p. 45-53°C. 
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Similarly prepared are: (c) the N-(2.4-dimethoxybenzyloxy)-substituted prodrug 

derivative, N-(2,4-dimethoxybenzyloxy)-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)­

aII1ino]-3-methyl-butanamide, m.p·. 45-60°C; 

(d} the N-(2-methoxybenzyloxy)-substituted prodrug derivative, N-(2-methoxybenzyl­

oxy)-2(R)-[[ 4-methoxybenzenesulfonyl](3:.picolyl)amino ]-3-methyl-butanamide, m.p. 

46-56°C. 

~ample 30: N-(t-Butyloxy).:.2(R)-[( 4-methoxybenzenesulfonyl] (3-picolyl)amino ]-

3(R)-(3-picolyloxy)butanamide (1.3 g, 2.4 mmol) is dissolved in methylene chloride (50 

rnL) containing ethanol (0.14 mL, 2.4 mmol) in a round bottom flask, and the reaction is 

cooled to -10°C. Hydrochloric acid gas (from a lecture bottle) is bubbled through for 20 

minutes. The reaction is sealed, allowed to slowly warm to room temperature, and stirred 

for two days. The solvent is reduced to 113 the volume by evaporation and the residue is 

triturated with ether.· The mixture is filtered, the fiter cake is removed and dried in· vacuo 
to provide N-hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino ] .. 

3(R)-(3-picolyloxy)-butanamide dihydrochloride as a white solid; [tt]0
25=+35.26° 

{c=5.58, DMSO). 

The starting material is prepared as follows: · 

To a solution of D-threonine (5.0 g, 0.042 mol) in water (50 mL) and dioxane (50 mL) 
containllig. tiiethylamine (8.9 mL, 0.063 mol) at room temperature is added 4;.methoxy­

benzenesulfonyl chloride (9.54 g, 0.046 mol). The reaction mixture is stirred overnight at 

room temperature. Most of the dioxane is evaporated off, and the pH is adjusted to pH=2 

with lN HCI. The mixture is then extracted with ethyl acetate. The combined organic 

extracts are washed with brine, dried CNaiS04), and concentrated in vacuo to provide 
N-[ 4-methoxybenzenesulf onyl]-(D}-threonine. 

N-[4-methoxybenzenesulfonyl]-(D)-threonine (4.0 g, 13.84 mmol), 1-hydroxybenzo­

triazole (1.87 g, 13.84 mmol), 4-methylmorpholine (7 .9 mL, 69.2 mmol), and 0-t-butyl­

hydroxylamine hydrochloride (5.22 g, 41.52 mmol} are dissolved in methylene chlpride 
(100 mL). To this solution is added N-[dimethylaminopropyl]-N' -ethylcarbodiimide 

hydrochloride (3.45 g, 17 .99 mmol), and the reaction is stirred overnight The mixture is 

then diluted with water and extracted with methylene chloride. The combined organic 
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extracts are washed with brine, dried (Na2S04), and concentrated in vacuo. The crude 

product is purified by silica gel chromatography (ethyl acetate) to give N-(t-butyloxy)-

2(R)-[[ 4-methoxybenzenesulf onyl]-amino ]-3(R)-hydroxybutanamide. 

To a solution of N-(t-butyloxy)-2(R)-[[4-methoxybenzenesulfonyl]amino]-3(R)­

hydroxybutanamide (3.04 g, 8.44 mmol) iii dimethylformamide (150 mL) is added 

3-picolyl chloride hydrochloride {1.45 g, 8.87 mmol) followed by potassium carbonate 

( 11.65 g, 84.4 mmol). The reaction mixture is stirred at room temperature overnight, then 

heated to 45°C for 5 hours. An additional amount of 3-picolyl chloride hydrochloride 

(692.0 mg, 4.23 mmol) is added at this point The reaction mixture is stirred at 45°C for . 

., 10 hours. The. reaction mixture is diluted with water and extracted with ethyl acetate. The 

combined organic extracts were washed with bnne, dried (NaiS04), and concentrated in 

vacuo. The crude product is purified by silica gel chromatography (ethyl acetate, then 5% 

methanoVmethylene chloride) to give N-(t-butyloxy)-2(R)-[[4-methoxybenzenesulfonyl]­

(3-picolyl)amino]-3(R)-(3-picolyloxy)butanamide. 

Example 31: (a) N-(t-Butyloxy)-2(R)-[[ 4-methoxybenzenesulfonyl]{4-picolyl)amino }­

cyclohexylacetamide (i.9 g, 3.9 mmol) is diSsolved in dichloroethane (50 mL) containing 

ethanol (0.21 ml, 3.9 mmol) in a round bottom flask, and the reaction is cooled to -10°C. 

Hydrochloric acid gas (from a lecture bottle) is bubbled through for 30 minutes. The 

reaction is sealed, allowed to slowly wann to room temperature, and stirred for 4 days. 

The solvent is reduced to 113 volume by evaporation and triturated·with ether. The 

mixture is filtered, filter cake removed, and dried in vacuo to provide N-hydroxy-2(R)-
[[ 4-methoxybenzenesulfonyl]( 4-picolyl)amino ]-2-cyclohexylacetamide hydrochloride as a 

white solid, m.p. 154.5-156°C. 

The starting material is prepared as follows: 

To a solution of D-cyclohexylglycine hydrochloride (10.4 g, 53.7 mmol) in 1:1 

dioxane/water (200 mL) containing triethylamine (37 .0 g, 366.0 mmol) at room 

temperature is added 4-methoxybenzenesulfonyl chloride (15.0 g, 73.0 mmol), and the 
reaction mixture is stirred at room temperature overnight The mixture is then diluted w1th 

methylene chloride, washed with. lN aqueous hydrochloric acid and water. The organic 
. . 

layer is washed again with brine, dried (NaiS04'. and the solvent is evaporated to provide 
N-(4-methoxybenzenesulfonyl]-(D)-cyclohexylglycine as a crude product A solution of 
this crude product in toluene (200 mL) containing N,N-dimethylfonnamide di-t-butyl 
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acetal (48.5 mL, 200.0 mmol) is heated to 95°C for 3 hours. The solvent is then 

evaporated. The crude product is purified by silica gel chromatography (30% ethyl 
. . 

acetate/hexanes) to provide N-(4-methoxybenzenesulfonyl](D)-cyclohexylglycine t-butyl 

ester. 

To a solution of N-[ 4-methoxybenzenesulfonyl]-(D)-cyclohexylglycine t-butyl ester (2.0 

g, 4.1 mmol) in dimethylformamide (100 mL) is added 4-picolyl chloride hydi-ochloride 

(0.74 g, 4.5 mmol) followed by potassium carbonate (5.61 g, 40.7 mmol). The reaction 

mixture is stirred at room temperature for 4 days. The mixture is then diluted with water 

and extracted with ethyl acetate. The combined organic extracts are washed with brine, 

dried (N32SO~. and the solvent is evaporated. the crude.product is purified by silica gel 

chromatography (ethyl acetate) to give t-butyl 2(R)-[[4-methoxybenzenesulfonyl]-· 

( 4-picolyl)amino ]-2-cyclohexylacetate. 

· t-Butyl 2(R)-[[4-methoxybenzenesulfonyl](4-picolyl)amino]-cyclohexyla cetate (2.0 g, 4.2 

mmol) is dissolved in methylene chloride (80 mL) and cooled to -10°C. Hydrochloric acid 

·gas is bubbled into the solution for 10 minuntes. The reaction mixture is then sealed, 

warmed to room temperature and stirred overnight The solvent is then evaporated to 

provide 2(R)-[[ 4-methoxybenzenesulfonyl]( 4-picolyl)amino ]-2-cyclohexylacetic acid 

hydrochloride. 

2(R)-[[ 4-Methoxybenzenesulf onyl]( 4-picolyl)amino ]-cyclohexylacetic acid hydrochloride 

(1.8 g, 4.2 mmol), 1-hydroxybenzouiazole (0.65 g, 4.81mmol),4-methyl-morpholine (2.4 

mL, 24.04 mmol), and 0-t-butylhydroxylaminehydrochloride (1.81g,14.4.mmol) are· 

diss_olved in methylene chloride (100 mL). N-[dimethylaminopropyl]-N' -ethyl­

carbodiimide hydrochloride (1.2 g, 6.25 mmol) is added, and the reaction is stirred 

overnight The reaction is then diluted with water and extracted with methylene chloride. 

The combined organic extrac_ts are washed with brine, dried (NaiSOJ, and the solvent is 

evaporated. The crude product is purified by silica gel chromatography (5% 

methanoVmethylene chloride). to give N-{t-butyloxy)-2(R)-[[ 4-methoxybenzenesulfonyl]-. 

( 4-picolyl)amino ]-2-cyclohexylacetamide. 

(b) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-(2-pyridyl)­

ethyl)amino ]-2-cyclohexyla~etamide, m.p. 131.5-134.0°C. 

The first two steps are carried out as described above. A Mitsunobu step is substituted for 
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To a stirring solution of N-[4-methoxybenienesulfonyl]-{D)-cyclohexylglycine-t-butyl 

ester(2.0 g, 5.25 mmol) in tetrahydrofuran (50 mL) is added triphenylphosphine (4.13·g, 

15.75 mmol) and 2-(2-hydroxyethyl)-pyridine (646.0 mg, 5.25 mmol) followed by diethyl 

.azodicarboxylate (2.28 g, 13.1 mmol). The reaction mixture is stirred at room temperature 

for 48 hours. The mixture is concentrated directly in vacuo. The crude mixture is applied 

to a column of silica gel (30% ethylacetatelhexane} to provide t-butyl 

2(R}-[N-[4-methoxybenzenesulfonyl](2-(2-pyridyl)ethyl}amino]- 2-cyclohexylacetate. 

,. All of the subsequent steps are carried out as described under (a). 

.... 

(c) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-(3-pyridyl)­

propyl)amino]-2-cyclohexylacetamide, m.p. 136.0-138°C, by using 3-pyridinepropanol in 

the Mitsunobu step, and carrying out the subsequent steps as described above. 

(d) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-methyl­

pyrid-5-ylmethyl)amino]-2-cyclohexylacetaniide, m.p. 156.5-157.0°C, by using 

6-methyl-3-pyridinemethanol (prepared as in J. Org. Chem. 53 3513 (1988)) in the 

Mitsunobu step. and carrying out the subsequent steps as described above. 

(e} Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](4-tetrahydro­

pyranmethyl)amino]-2-cyclohexylacetamide, m.p. 75.0'."87.00C, by using 4-(hydroxy­

methyl)tetrahydropyran {prepared as in Okrytiya. Izobrel 82 (1985)) in the Mitsunoba 

step, and cmying out the subsequent steps as described above. 

Example 32: N-(t-Butyloxy)•2(R)-[( 4-methoxybenzenesulfonyl)(benzyl)amino]-2-( 4-N- . 

methylpiperidinyl)acetamide (733.0 mg, 1.46 mmol) is dissolved in methylene chloride 

(60 mL) containing ethanol (67.0 mg. 146 mmol), and the reaction is cooled to -10°C. 

Hydrochloric acid gas (from a lecture bottle) is bubbled through for 15 minutes. The 

reaction is sealed, allowed to slowly warm to room temperature, and stirred for 6 days. 

The solvent is reduced to 1/3 volume by evaporation and triturated with ether. The mixture 

is filtered, filter cake removed, and dried in vacuo to provide N-hydroxy-

2(R)-[ ( 4-methoxybenzenesulf onyl){benzyl)amino ]-2-( 4-N-methylpiperidinyl)acetamide 

hydrochloride as a light tan solid, m.p. >160°C (dee} • 
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The starting material is prepared as follows: 

To a solution of ethyl 4-pyridylacetate (l l.17 g. 67 .62 mmol) in 2N hydrochlotj.c acid 
(100 mL) is added platinum (IV) oxide (275 mg). The mixture is shaken in a Parr 

hydrogenation apparatus for 60 hours under a hydrogen pressure of 50 psi(= 3.45 bar). 
The reaction mi.Xture is basified to pH 8-9 with saturated aqueous sodium carbonate and 
then washed with methylene chloride. The aqueous layer is concentrated in vacuo 

providing sodium 4-piperidyl acetate as a white solid. to a solution of the crude product 
(5.0 g. 30.3 mmol) in 3: 1 water/dioxane (200 mL) at 0°C is added a solution of 
di-tert-butyldicarbonate (6.38 g. 29.3 mmol) in dioxane (25 mL) in one portion. The 
cloudy reaction mixture is warmed to room temperature and stirred overnight. The mixture 
is then filtered;· cooled to 0°C and acidified with cold 6N hydrochloric acid (pH=2-3).This 
solution is extracted with ethyl acetate. The combined organic layers are dried (NaiS04). 

and the solvent"is evaporated to provide·N-t-BOC-piperidine-4-acetic acid as a white 

crystalline solid. 

To a solution of N-t-BOC-piperidine-4-acetic acid (4.67 g,-19.22 mmol) in tetrahydrofuran 
at -78°C is added triethylamine (2.53 g, 24.99 mmol) followed by pivaloyl chloride (2.55 
g, 21.14 mmol). The resultin~ white slurry is stirred at--78°C for 15 minutes, warmed to 

0°C for 45 minutes, then recooled to -78°C. In a separate flask, (R)-( + )-4-benzyl-2-
oxazolidinone (4.09 g, 23.l mmol) is dissolved in tetrahydrofuran (50 mL) and 1 M 
n-butyl lithium in hexanes (14.4 mL, 23.06 mmol) is added dropwise at -78°C. The 
solution is added via cannUia to the aforementioned white slurry at -78°C. The reaction 
mixture is st4Ted at -78°C for 15 minutes, then warmed to room temperature over 2.5 
hours. The mixture is quenched with saturated aqueous sodium carbonate and the 
tetrahydrofuran is evaporated in vacuo. The remaining aqueous layer is diluted with water 
and extracted with ethyl acetate. The combined organic extracts are washed with brine, 
dried (Na2S04), and the solvent is evaporated under vacuum. The product is purified by 
silica gel chromatography (75% to 50% hexane/ethyl acetate) to give 3-[2-(N-t-BOC-
4-piperidinyl)-1-oxoethyl]-4(R)-(benzyl)-2-oxazolidinone. 

To a solution of 3-[2-(N-t-BOC-4-piperidinyl}-l-oxoethyl]-4(R)-(benzyl)-2-oxazolidinone 
(7.54 g, 18.76 mmol) in tetrahydrofuran (175 mL) at-78°C is added a 0.5 M solution of 
potassium bis (trimethylsilylamide in toluene (37.5 mL, 18.76 mmol) dropwise. After 
stirring for 20 minutes at -78°C, a pre-cooled solution of trisylazide (7 .25 g. 23.4 mmol) in 
tetrahydrofuran (55 mL) is added via cannula at -78°C. The mixture is stirred for 15 

······· ··- .. ··--------
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minutes at -78°C. then acetic acid 3.38 g, 56.28 mmol) is added followed by immediate 
warroing to room temperature through immersion in a water bath. The reaction mixture is 
stirred for 1.5 hours at room temperature. The tetrahydrofuran is removed under vacuum 
and the resulting residue is partitioned between saturated aqueous sodium carbonate and 

ethyl acetate. The aqueous layer is removed and extracted with ethyl acetate. The 
combined organic extracts are washed with brine. dried (Na2S04}. and concentrated in 
vacuo. The product is purified by silica gel chromatography (30% to 50% ethyl 
acetate/hexanes} to give 3-[2-(R}-azido-2-{N-t-BOC-4-piperidinyl}-1-oxo­

ethY1]-4(R)-(benzyl)-2-oxazolidinone. 

• To a solution of 3-[2-(R)-azido-2-(N-BOC-4-piperidinyl)-1-oxoethyl]-4(R)-(benzyl)­
.., 2-oxazolidinone (5.84 g, 13.17 mmol) in 3:1 tetrahydrofuran/water/200 mL}-at 0°C is 

added 30% aqueous hydrogen peroxide (5.12 mL, 52.67 mmol) followed by lithium 
hydroxide monohydrate (1.11 g, 26.34 mmol). The reaction mixture is stirred at 0°C for I 
hour. The mixture is quenched by addition of sodium sulfite (7 .1 g} at 0°C. The 
tetrahydrofuran is removed in vacuo and the remaining aqueous layer is further diluted 
with water. This aqueous layer is then washed with methylene chloride and acidified with 
IN hydrochloric acid. The resulting acidic aqueous layer is extracted with ethyl acetate. .· 
The combined organic extracts are dried (N82SO~ and concentrated in vacuo to provide 
crude 2-(R)-azido-2-(N-t-BOC-4-piperidinyl)acetic acid. 

To a pre-stirred solution of tiri (II) chloride (3.14 g; 16.55 mmol) in methanol (100 mL} at 
4 0°C is added 2-(R}-azido-2-(N-t-BOC-4-piperidinyl)acetic acid (2.35 g. 8.27 mmol} in 

methanol (25 mL) dropwise. The reaction mixture is stirred at 0°C for 10 minutes then 
warmed to room temperature overnight The methanol is removed in vacuo to provide 
crude R-(N-t-BOC-4-piperidinyl) glycine, which is used directly in the next reaction 
without purification. The crude product from the above reaction is dissolved in 2: 1 
dioxane/water (120 mL} and triethylamine (7.53 g. 74.43 mmol) and cooled to 0°C. To 
this mixture is added 4-methoxybenzenesulfonyl chloride (2.22 g, 10.75 mmol) and then 
the reaction mixture is warmed to room temperature overnight The dioxane is removed in 
vacuo and the residue is partitioned between dilute aqueous sodium bicarbonate and ethyl 
acetate. The basic aqueous layer is removed, acidifed with 1 N hydrochloric acid, and · 
extracted with ethyl acetate. The resulting emulsion _is passed through a celite pad w~hing 

·with ethyl acetate. The organic filtrate is dried (Na2S04) and concentrated in vacuo to 
provide 2(R)-[(4-methoxybenzenesulfonyl)amino]-2-(N-t-BOC-4-piperidinyl) acetic acid 
as crude product. 
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A solution of crude 2(R)-[(4-methoxybenzenesulfonyl)amino]-2-(N-t-BOC-4-piperidin­
yl)-acetic acid (2.88 g) in dimethylfonnamide (60 mL) containing N ,N-dicyclohexylamine 

(1.22 g, 6.73 mmol) and benzyl bromide (1.15 g, 6.73 mmol) is stirred at room 

temperature for 3.5 hours. To this same reaction mixture is again added. benzyl bromide 
(1.26 g, 7.4 mmol) followed by potassium carbonate (6.5 g, 47.11 mmol). The reaction 
mixture is stirred over the weekend at room temperature. The mixture is diluted with 

water and extracted with ethylacetate. The combined organic extracts are washed with 
brine, dried (NaiS04), and concentrated in vacuo. The crude product is purified by silica 
gel chromatography (15% to 25% ethyl acetatelhexanes) to provide benzyl 

~ 2(R)-[ ( 4-methoxybenzenesulfonyl)(benzyl)-amino )-2-(N-t-BOC-4-piperidinyl)acetate. 

., 

A solution of benzyl 2(R)-[(4-methoxybenzenesulfonyl)(benzyl)amino]-2-(N-t-BOC-4-

piperidinyl) acetate (2.0 g, 3.3 mmol) in dichloromethane (50 mL) is cooled to 0°C and 

hydrochloric acid gas (from a lecture bottle) is bubbled through for 10 minutes. The 

reaction mixture is wanned to room temperature over 30 minutes. The solvent is removed 
in vacuo to yield benzyl 2(R)-[(4-methoxybenzenesulfonyl}(benzyl)-

amino]-2-(N-t-BOC-4-piperidinyl) acetate hydrochloride as a white foam. 

To a solution of benzyl 2(R)-[(4-methoxybenzene sulfonyl)(benzyl)amino]-2-(N-t-BOC-

4-piperidinyl) acetate hydrochloride salt 0.28 g, 2.35 mmol} heated to reflux is added 
sodium formate (480.0 mg, 7.06 mmol) and formaldehyde (0.57 mL, 7.06 mmol). The 
reaction mixture is refluxed for 10 minutes, then two additional aliquots of formaldehyde 
(0.57 mL, 7 .06 mmol) are added at 10 minute intervals. The reaction mixture is refluxed 
for an additional 3 hours. The formic acid is removed in vacuo and the residue is partioned 
between saturated aqueous sodium bicarbonate and ethyl acetate. The basic aqueous layer 
is further extracted with ethyl acetate. The ~ombined organic extracts are washed with 

brine, dried (NaiSO.J and concentrated in vacuo to provi~e benzyl 2(R)-[(4-methoxy­
benzenesulfonyl)benzyl)amino]-2-{4-N-methylpiperidinyl) acetate as a crude product. A 

solution of this crude product (1.23 g) in 3N HCl (40 mL) is refluxed at 120°C for 2 days. 

The mixture is concentrated in vacuo to provide acid as a crude product. To a solution of 
this crude product (1.08 g) in methylene chloride (75 mL)is added 1-hydroxy­
benzotriazole (0.312 g, 2.31 mmol), 4-methylmorpholine (1.64 g, 16.17 mmol), 
0-t-butylhydroxylamine hydrochloride (870.0 mg, 6.93 mmol), followed by 
N~[dimethylaminopropyl]-N' -ethylcarbodiimide hydrochloride (576.0 mg, 3.0 mmol). 
The reaction mixture is stirred at room temperature overnight The reaction is then diluted 

.·. 
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with water and extracted with methylene chl~ride. The combined organic extracts are 
washed with brine, dried (N~SO~. and the solvent is evaporated. The crude product is 
purified by silica gel chromatography (3% ·.:o 7% methanoVmethylene chloride containing 
0.5% ammonium hydroxide) to give N-(t-butyloxy)-2(R)-[(4-methoxybenzenesulfonyl)­
(benzyl)amino ]-2-( 4-N-methylpiperidinyl)acetamide. . 

Example 33: Preparation of 3000 capsules each containing 25 mg of the active ingredient, · -- . 

for example, N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)-
amino ]-3-methylbutanamide hydrochloride: 

Active ingredient 75.00 g 

Lactose 750.00 g 
Avicel PH 102 300.00 g 

(microcrystalline cellulose) 

Polyplasdone XL 30.00 g 
(polyvinylpyrrolidone) 

Purified water q.s. 

Magnesium stearate 9.00g 

The active ingredient is passed through a No~ 30 hand screen. 

The active ingredient, lactose, Avicel PH 102 and Polyplasdone XL are·blended for 15 

.·. 

.l minutes in a mixer. The blend is granulated with sufficient water (about 500 mL), dried in 

!It an oven at 35°C overnight, and passed through a No. 20 screen. 

Magnesium stearate is passed throug.h a No. 20 screen, added to the granulation mixture, 
and the mixture is blended.for S minutes in a mixer. The blend is encapsulated in No. 0 
hard gelatin capsules each containing an amount of the blend equivalent to 25 mg of the 
active ingredient. 



-

THIS SHEET HAS BEEN. 
R~PLACED 

-76-

Claims: 
;----

11111111111111 111111111111 1111 
* C L M S * 

L A compound of the formula I 

R 

I 
O R1 CH2 O 
11 I I . . 11 

HO-N-C-C-N-S-Ar en 
. I I ll 

H R2 0 

(a) wherein 

Ar is carbocyclic or heterocyclic aryl; 

R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic 

aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-low~r alkyl, mono- or poly-halo-lower 

alkyl, CrC,-cycloalkyl, C3-C7-cycloalkyl-lower alkyl, (oxa or thia)-C3-C6-cycloalkyl, 

[(oxa or thia)-~-C6-cycloalkyl]-lower alkyl, hydroxy-lower alkyl. acyloxy-lower alkyl, 

lower alkoxy-lower alkyl, lower alkyl-(thio. sulfinyl or sulfonyl)-lower alkyl, (amino, 

mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl. (N-lower 

alkyl-piperazino or N-carbocycli.C or heterocyclic aryl-lower alkylpiperazino)-lower alkyl, 

or (morpholino, thiomorpholino, piperidino. pyrrolidino, piperidyl or N-lower 

alkylpiperidyl)-lower alkyl; 

R1 is hydrogen; lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic 

aryl, biaryl. biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower 

alkyl, CrC,-cycloalkyl, CrC,-cycloalkyl-lower alkyl, hydroxy-lower alkyl, 

acyloxy-lower alkyl, lower alkoxy-lower alkyl, (carbocyclic or heterocyclic aryl)-lower 

alkoxy-lower alkyl, lower alkyl-(thio, sulfmyl or ~ulfonyl)-lower alkyl, (amino. mono- or 

di-lower alkylamino)-lower alkyl, (N-lower alkyl-piperazino or N-carbocyclic or 

heterocyclic aryl-lower alkylpiperazino )-lower alkyl, (morpholino, thiomorpholino, 

piperidino, pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl, acylamino-lower 

alkyl. piperidyl or N-lower alkylpiperidyl; 

R2 is hydrogen or lower alkyl; 
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(b) or wherein Rand R1 together with the chain to which they are attached form a 

1,2,3,4-tetrahydro-isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrolidine ring, 

each unsubstituted or substituted by lower a!kyl; and Ar and R2 have meaning as defined 

under (a); 

(c) or wherein R1 and R2 together with the carbon atom to which they are attached form a 
ring system selected from CrCrcycloalkane which is unsubstituted or substituted by 

lower alkyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin, piperidine or piperidine 

substituted on nitrogen by acyl, lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl, 

(carboxy, esterified or amidated carboxy)-lower alkyl or by lower alkylsulfonyl; and Ar 

and R have meaning as defined under (a); 

a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 

acceptable salt thereof. 

2. A compound according to claim 1 of the formula Ia 

(la} 

4 wherein X represents methylene or 1,2-ethylene each unsubstituted or substituted by lower 
alkyl, or X represents oxygen~ sulfur, or 1,2-phenylene; Ar and R2 have meaning as 

defi~ed in claim 1; or a pharmaceutically acceptable prodrug derivative thereof; or a 

pharmaceutically acceptable salt thereof. 

3. A compound according to claim 1 of the formula lb 

R 

I . 

n· 1
2 

" HO-N-c-c---N-S-Ar (lb) 

I c~ 'ca2 II 
H "'/ 0 y 

•·. 



--------" .. _T_HIS 8,HEET HAS BEEN 

111111111111111111111111111111 REPLACED 
- 78- * C L M S * 

wherein Y is a direct bond, C1-C4-straight chain alkylene optionally substituted by lower 
alkyl, CH20CH2, CH2SCH2, 1,2-phenylene, CHrl,2-phenylene or CH2N(R

6
)-CH

2 
in 

which R6 represents hydrogen, lower alkanoyl, di-lower alkylamino-lower alkanoyl, aroyl, 

carbocyclic ary1.:.1ower alk:anoyl, lower alkyl, carbocyclic or heterocylic aryl-lower alkyl, 

(carboxy, esterified or amidated carboxy)-lower alkyl or lower alkylsulfonyl; Ar and R 

have meaning as defined in claim 1; or a pharmaceutically acceptable prodrug derivative 

thereof; or a pharmaceutically acceptable salt thereof. 

4. A compound according to claim 3 of the fonnula le 

R 
I 

0 CH2 0 
II . I II 

HO-N-CuN-S-Ar 
~ · II 

0 

y• 

(le) 

in which Y' represents oxygen, sulfur, a direct bond, methylene or methylene substituted 

by lower alkyl, or NR6; Res represents hydrogen, lower alkanoyl, di-lower 

alkylamino-lower alkanoyl, carbocyclic aryl-lower alkanoyl, lower alkyl, carbocyclic or 

heterocyclic aryl-lower alkyl, (carboxy, esterified or amidated carboxy)-lower alkyl or 

lower alkylsulfonyl; Ar and R have meaning as defined in claim 1; or a pharmaceutically 

acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt thereof. 

5. A compound of formula I according to claim 1 wherein Ar is phenyl which is 

unsubstituted or mono-, di- or tri-su!>stituted by C19C10-alkoxy, hydroxy; phenyl-lower 

alkoxy wherein phenyl is unsubstituted or substituted by lower alkyl, lower alkoxy, 

halogen or trifluorometbyl; heterocyclic aryl-lower alkoxy wherein heterocyclic aryl is 

selected from pyridyl, tetrazolyl, triazolyl, thiazolyl~ thienyl, imidazolyl and quinolinyl, 

each unsubstituted or mono- or disubstituted by lower alkyl or halogen ; 

CrCrcycloalkyl-lower alkoxy; (lower alkyl, phenyl-lower alkyl or CrC,-cycloalkyl- -

lower alkyl)-thio, lower alkyloxy-Iower allcoxy, halogen, lower alkyl, cyano, riitro, 

trifluoromethyl, lower alk.yl-(sulfinyl or sulfonyl), amino, mono- or di-lower alkyla.mino 

or, on adjacent carbon atoms, by C1-C2-alkylenedioxy or oxy-Ci-Cralkylene; or Ar is 

thienyl, isoxazolyl or thiazolyl each of which is unsubstituted or mono- or di-substituted 

This Sheet-Has Been Replaced 
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R is hydrogen, lower alkyl, phenyl-lower allcyl whe · h . , 
. rem P enyl 1s unsubsututed or 

substituted by lower alkyl, lower alkoxy halogen or trifl 
. . . . . ' uoromethyl; phenyl which is 

unsubstituted or mono-, dt- or tri-substituted by lower alko h d 
. . xy, Y roxy. halogen, lower 

alkyl, cyano, mtro, trtfluoromethyl, lower alkyl-(thio sulfinyl l'" . . . . . . • or su 1onyl), ammo, mono-
or di-lower alkylammo or, on adjacent carbon atoms by c c alkyl d" • · r 2· ene 1oxy or 
oxy-C2-C3-alkylene; or a heterocyclic aryl radical selected from pyridyl t . . · . . . . . , etrazolyl. 
cnazolyl, th1azolyl, th1enyl. urudazolyl and quinolinyl, each unsubstituted or mono- or 
disubstituted py lower alkyl or halogen; biphenylyl which is unsubstituted or substituted 
by lower alkyl, lower alkoxy, halogen, trifluonnethyl or cyano; biphenylyl-lower alk 1 
wherein biphenylyl is unsubstituted or substituted by lower alkyl, lower allcoxy, halo~en, 
trifluormethyl or cyano; (pyridyl, thienyl, quinolinyl or thiazolyl)-lower alkyl, 

trifluormethyl, CrCrcycloalkyl, CrCrcycloalkyl-lower alkyl, (oxa or 

thia)-CrC6-cycloalkyl, [(oxa or thia)-C3-C6-cycloalkyl]-lower alkyl, hydroxy-lower alkyl • 
. , lower alkanoyloxy-lower alkyl, lower alkoxy-lower alkyl, lower alkyl-(thio, sulfmyl or 

sulfonyl)-lower alkyl, {amino, mono- or di-lower alkylamino)-lower alkyl, lower 
. alkanoylamino-lower alkyl, (N-lower alkyl-piperazino or N-phenyl-lower 

alkylpiperazino )-lower alkyl or (morpholino, thiomorpholino, piperidino, pyrrolidino, 
piperidyl or N-lower alkylpiperidyl)-lower alkyl; 

Ri is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or 
substituted by lower alkyl, lower alkoxy. halogen, trifluoromethyl or, on adjacent carbon 
atoms, by CrC2-alkylenedioxy or oxy-Ci-C3~alkylene; phenyl which is unsubstituted or 
substituted by lower alkyl, lower alkoxy, halogen or trifluoromethyl; pyridyl, thienyl, 
biphenylyl, biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl wherein heterocyclic 

aryl is selected from thiazolyl, pyrazolyl, pyridyl. imidazolyl and tetrazolyl each 

unsubstituted or substituted by lower alkyl; trifluoromethyl, C3-C,-cycloalkyl, 
C3-Crcycloalkyl-lower alkyl, hydroxy-lower alkyl, lower.alkanoyloxy-lower alkyl, lower 
alkoxy-lower alkyl, (phenyl or pyridyl)-lower alkoxy:..lower alkyl, lower alkyl-(thio, 

sulfinyl or sulfonyl)-lower alkyl. (amino, mono:.. or di-lower alkylamino)-lower alkyl, 
(N-lower alkyl-piperazino or N-phenyl-lower alkylpiperazino)-lower alkyl, (morpholino, 

thiomorpholino, piperidino, pyrrolidino, piperidyl or N-Iower alkylpiperidyl)-lower alkyl, 
lower alkanoylamino-lower alkyl; R3-CONH-lower alkyl wherein R3 represents (di-lower 
alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino 
or N-alkylpiperidyl)-lower alkyl: piperidyl or N-lower alkylpiperidyl; 
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R2 is hydrogen or lower alkyl; 

(b) or wherein Rand R1 together with the chain to which they are attached form a 

1,2,3,4-tetrahydro-isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrolidine ring, 
each unsubstituted or mono- or di-substituted by lower alkyl; and Ar and R2 have meaning 
as defined under {a); 

{c) or wherein R1 and R2 together with the carbon atom to which they are attached form a 
ring system selected from C3-C,-cycloalkane which is unsubstituted or substituted by 
lower alkyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin and piperidine which is 
unsubstituted or substituted on nitrogen by lower alkanoyl, di-lower alkylamino-lower 
alkanoyl, lower alkoxycarbonyl, {morpholino, thiomorpholino or piperidino)-carbonyl, 
lower alkyl, (phenyl or pyridyl)-lower alkyl, {carboxy, lower alkoxycarbonyl, 
benzyloxycarbonyl, aminocarbonyl or mono- or di-lower alkylaminocarbonyl)-IOwer alkyl 
or by lower alkylsulfonyl; and Ar and R have meaning as defined under (a); 

a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 
acceptable salt thereof. 

6. A compound of formula I according to claim 1 wherein Ar is phenyl which is 

unsubstituted or mono-. di- or tri-substituted by C1-C,-alkoxy, hydroxy, phenyl-lower 
alkoxy, CrC,-cycloalkyl-lower alkoxy, lower alkyloxy-lower alkoxy, halogen, lower 
alkyl, cyano, nitro, trifluoromethyl, lower alkyl-(sulfinyl or sulfonyl), amino, mono- or 
di-lower alkylamino or, on adjacent carbon atoms. by CrC2-alkylenedioxy or 
oxy-Ci-C3-alkylene; or Ar is thienyl, isoxazolyl or thiazolyl each of which is 

unsubstituted or mono- or di-substituted by lower alkyl; 

R is hydrogen, lower alkyl, phenyl-lower alkyl; phenyl which is unsubstituted or mono-, 
di- or tri-substituted by lower alkoxy, hydroxy, halogen, lower alkyl, trifluoromethyl, or, 
on adjacent carbon atoms, by C1-C2-alkylenedioxy or oxy-C2-Cralkylene; or a 
heterocyclic aryl radical selected from pyridyl, thiazolyl and quinolinyl, each 
unsubstituted or mono- or disubstituted by lower alkyl; biphenylyl; biphenylyl-lower 
alkyl; (pyridyl or thienyl)-lower alkyl, trifluonnethyl, C3-C7-cycloalkyl, 
CrC,-cycloalkyl-lower alkyl, (oxa or thia)-CrC6-cycloalkyl, [(oxa or 
thia)-CrC6-cycloalkyl)-lower alkyl, hydroxy-lower alkyl, (N-lower ~1-piperazino or 

111111111111111111111111111111 
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N-phenyl-lower alkylpiperazino)-lower alkyl or (morpholino, thiomorpholino, piperidino. 

pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl; 

R1 is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or 

substituted by lower alkyl, lower alkoxy~ halogen, trifluoromethyl or, on adjacent carbon 

atoms, by C1-C2-alkylenedioxy; biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl 

wherein heterocyclic aryl is selected from thiazolyl, pyrazolyl, pyridyl, imidazolyl and 

tetrazolyl each unsubstituted or substituted by lower alkyl; CrC,-cycloalkyl, 

CrCrcycloalkyl-lower alkyl, hydroxy-lower alkyl, (phenyl or pyridyl)-lower 

alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or 

di-lower alkylamino)-lower alkyl, (N-lower alkyl-piperazino or N-phenyl-lower 

alkylpiperazino)-lower alkyl, (morpholino, thiomorpholino, piperidino, pyrrolidino, 

piperidyl or N-lower alkylpiperidyl)-lower alkyl, lower alkanoylamino-lower alkyl; 

RrCONH-lower alkyl wherein R3 representS (di-lower alkylamino, N-lower 

alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or · 

N-alkylpiperidyl)-lower alkyl; piperidyl or N-lower alkylpiperidyl; 

R2 is hydrogen or lower alkyl; 

(b) or wherein Rand R1 together with the chain to which they are attached form a 

thiazolidine or pyrrolidine ring, each unsubstituted or mono- or di-substituted by lower 

alkyl; and Ar and R2 have meaning as defined under (a); 

(c) or wherein R1 and R2 together with the camon atom to which they are attached form a 

ring system selected from CrC7-cycloalkane which is unsubstituted or substituted by 

lower alkyl; oxa-cyclohexane, thia-cyclohexane and piperidine which is unsubstituted or 

substituted on nitrogen by lower alkanoyl, di-lower alkylamino-lower alkanoyl,lower 

alkoxycarbonyl, (morpholino, thiomorpholino or piperidino )-carbonyl, lower alkyl, 

(phenyl or pyridyl)-lower alkyl, (carboxy, lower alkoxycarbonyl, aminocarbonyl or mono­

or di-lower alkylaminocarbonyl)-lower alkyl or by lower alkylsulfonyl; and Ar and R 

have meaning as defined under (a); 

a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 

acceptable s8lt thereof. 

7. A compound according to claim 1 of the fonnula II · 
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R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic 
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower 

alkyl, CrCrcycloalkyl, CrC,-cycloalkyl-lower alkyl, (oxa or thia)-CrC6-cycloalkyl, 
· [(oxa or thia)-CrC6-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl, 

lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino, 

mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl, (N-lower 
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl, 

', or (morpholino, thiomorpholino, piperldino, pyrrolidino or N..;lower aJkylpiperidyl)-lower 

alkyl; 

R1 is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic 

aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower 
alkyl, C5-C7-cycloalkyl, C5-C7-cycloalkyl-lower alkyl, hydroxy-lower alkyl, 

acyloxy-lower alkyl, lower alkoxy-Iower alkyl, lower alkyl-(thio, sulfinyl or 
sulfonyl)-lower alkyl, (amino, mono.;. or di-lower alkylamino)-lower alkyl, (N-lower 
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl, 
(morpholino, tbiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower 
alkylpiperidyl}-lower alkyl, piperidyl, N-lower alkylpiperidyl, or acylamino-lower alkyl 

represented by RrCONH-lower alkyl; 

· R2 is hydrogen; 

R3 in RrCONH-lower alkyl is lower alkyl, carbocyclic or heterocyclic aryl, di-lower 

alkylamino, N-lower alkylpiperazino, morpholino, tbiomorpholino, piperidino, 
pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower alkylpiperazino, 

morpholino, ~iomorpholino, piperidino, pyrrolidino, pyridyl or N-lower 
alkylpiperidyl)-lower alkyl; ---------'----



11111111111111 1111111111111111 
* C L M S * 

- 83 -

fHll ~-MEFT HAS BEEN 
REPLACED 

R4 is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy, 
lower alkylthio or carbocyclic or heterocyc!ic aryl-lower alkylthio, lower alkyloxy-lower 
alkoxy, halogen, trifluoromethyl, lower alkyl, nitro or cyano; 

Rs is hydrogen, lower alkyl or halogen; 

or R4 and Rs together on adjacent carbon atoms represent methylenedioxy, ethylenedioxy, 
oxyethylene or oxypropylene; 

or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 

acceptable salt thereof. 

8. A compound according to claim 1 of formula Il 

(II) 

wherein 
R and R1 together with the chain to which they are attached form a 
1,2,3,4-tetrahydro-isoquinoline, piperidine, thiazolidine or pyrrolidine ring; 

R2 is hydrogen; 
R.i· is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy, 
lower alkylthio or carbocyclic or heterocyclic aryl-lower alkylthio, lower alkyloxy-lower 

alkoxy, halogen, trifluoromethyl, lower alkyl, nitro or cyano; 

R5 is hydrogen, lower alkyl or halogen; 
or R4 and Rs together on adjacent carbon atoms.represent methylenedioxy, ethylenedioxy, 
oxyethylene or oxypropylene; 
or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 

acceptable salt thereof. 

9. A compound according to claim 1 of formula II 
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R 

I 
O R1 CHz 0 R4 
11· I I 11-01/ . "HO-N-C-C-N--S 

I I II ·-
H ~ 0 ~ 

wherein 

(II) 
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R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic 

aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower 

alkyl, CrC,-cycloalkyl, CrC,-cycloalkyl-lower alkyl, (oxa or thia)-CrC6-cycloalkyl, . 

((oxa or thia)-C3-C6-cycloalkyl]-lower alkyl. hydroxy-lower alkyl, acyloxy-lower alkyl, 

lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino. 

mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl, (N-lower 

alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl, 

or (morpholino, thiomorpholino, piperidino, pyrrolidino or N-lower alkylpiperidyl)-lower 

alkyl; 
R1 and R2 together with the carbon atom to which they are attached fonn a ring system 

selected from cyclohexane, cyclopentane, oxacyclohexane, thiacyclohexane, indane, 

tetralin, piperidine or piperidine substituted on nitrogen by acyl, lower alkyl, carbocyclic 

or heterocyclic aryl-lower alkyl or by lower alkylsulfonyl; 

R4 is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy, 

lower alkylthio or carbocyclic or heterocyclic aryl-lower alkylthio, lower alkyloxy-lower 

alkoxy, halogen, trifluoromethyl. lower alkyl. nitro or cyano; 
Rs is hydrogen. lower alkyl or halogen; 

or R4 and Rs together on adjacent carbon· atoms represent methylenedioxy. ethylenedioxy, 

oxyethylene or oxypropylene; 
or a pharmaceutically acceptable prodrug derivativ~ thereof; or a pharmaceutically 
acceptable salt thereof. 

10. A compound according to claim 1 of formula m 

R 

I . 
0 CH2 O 

II I 11-0-1/ ~ HO-N-C-CH-N-S R4 

I I II -
H Rt 0 . 

am 
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wherein R represents lower alkyl, trifluoromethyl, C5-C,-cycloalkyl, (oxa or 
thia)-C4-C5-cycloalkyl, biaryl, carbocyclic monocyclic aryl or heterocyclic monocyclic 
aryl; R1 represents hydrogen, lower alkyl, c5-C,-cycloalkyl, monocyclic carbocyclic aryl, 

carbocyclic aryl-lower alkyl, heterocyclic aryl-lower alkyl, lower alkoxy-lower alkyl, 

lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, di-lower alkylamino-lower alkyl, 
(N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino or pyrrolidim?)-lower 
alkyl or RrCONH-lower alkyl; R3 represents lower alkyl, carbocyclic aryl, heterocyclic 
aryl, di-lower alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino, 
piperidino, pyrrolidino, N-alkylpiperidyl, or {di-lower alkylamino, N-lower 

alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or 
N-alkylpiperidyl)-lower alkyl; R4 represents lower alkoxy or carbocyclic or heterocyclic 
aryl-lower alkoxy; or a pharmaceutically acceptable prodrug derivative thereof; or a 
pharmaceutically acceptable salt thereof. 

-, 11. A compound of formula m according to claim 10 wherein R represents heterocyclic 
monocyclic aryl selected from tetrazolyl, triazolyl, thiazolyl, imidazolyl and pyridyl, each 
unsubstituted or substituted by lower alkyl; or R represents phenyl or phenyl substituted 
by lower alkyl, lower alkoxy, halogen or trifluoromethyl; R1 represents lower alkyl, 
cyclohexyl, or RrCONH-lower alkyl wherein R3 represents (di-lower alkylamino, 
N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or 
N-alkylpiperidyl)-lower alkyl; and R4 represents lower alkoxy or phenyl-lower alkoxy; or 
a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 
acceptable salt thereof. 

12. A compound of formula Ill according to claim 10 wherein R represents 2-, 3- or 
4-pyridyl or.phenyl; R1 represents Ci-C4-atkyl, cyclohexyl or R3-CONH-C1-C4-alkyl 
wherein R3 represents di-C1-C4-alkylamino-CrC4-lower alkyl; and R4 represents lower 
alkoxy; or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 
acceptable salt thereof. 

13. A compound of formula Ill according to claim 10 wherein R represents 3-pyridyl or 
4-pyridyl; R1 represents isopropyl or cyclohexyl; and R4 represents lower alkoxy; or a 
pharmaceutically acceptable prodrug derivative thereof; or a phannaceutically acceptable 
salt thereof. 
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14. A compound according to any one of claims 1-13 wherein the asymmetric carbon to 
which is attached R1 is assigned the (R)-configuration. 

15. A compound according to claim 1 which is N-hydroxy-2(R)-[[4-methoxybenzene­

sulfonyl](3-picolyl)amino]-3-methylbutanamide, a pharmaceutically acceptable prodrug 

derivative thereof or a pharmaceutically acceptable salt thereof. 

16. A compound according to claim 1 which is N-hydroxy-2(R)-[[4-methoxybenzene­

sulfonyl](3-picolyl)amino]-3-methylbutanamide or a pharmaceutically acceptable salt 

·thereof. 

17. A compound according to claim 1 which is N-hydroxy-2(R)-[[4-methoxybenzene­
sulfortyl](3-picolyl)amino ]-2-cyclohexylacetamide or a pharmaceutically acceptable salt 

thereof. 

-, 18. A compound according to claim 1 which is N-hydroxy-2(R)-[[4-methoxybenzene­
sulfonyl](benzyl)amino ]-4-methylpentanamide or a pharmaceutically acceptable salt 
thereof. 

19. Acompound according to claim 1 which is N-hydroxy-2(R)-[[4-methox.ybenzene­
sulfonyl](benzyl)amino]-6-[(N,N-dimethylglycyl)amino] hexanamide hydrochloride or a 

pharmaceutically acceptable salt thereof. 

20. A pharmaceutical composition comprising-a compound according to any one of claims 
1 to 19 and a phannaceutically acceptable carrier. 

21. A compound according to any one of claims 1 to 19 for use in a method for the 
therapeutic treatment of the animal or human body. 

22. A compound according to any one of claims 1 to 19 for use in the treatment of 
stromelysin and collagenase dependent conditions. 

23. The use of a compound according to any one of claims 1 to 19 for the manufacture of a 
pharmaceutical composition. 

24. The use of a compound according to any one of claims 1 to 19 for the manufacture of a 

111111111111111111111111111111 
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pharmaceutical composition for the treatment of stromelysin and collagenase dependent 
conditions. 

25. A process for the preparation of a compound of formula I according to claim 1, which 
comprises condensing a carboxylic acid of formula IV, 

R. 

I . 
0 Ri CH20 
II I 1·11 (IV) 

HO-C-C-N-S-Ar I II . 
R2 0 

or a reactive functional derivative thereof, wherein R, R1, R2 and Ar having meaning as 
defined in claim 1. with hydroxylamine of formula v. 

optionally in protected form, or a salt thereof; 

and, if necessary, temporarily protecting any interfering reactive group(s), and then . 
liberating the resulting compound of the invention; and. if required or desired, converting 
a resulting compound of the invention into another compound of the invention, and/or, if 
desired. converting a resulting free ~ompound into a salt or a resulting salt into a free 
compound or into another salt; and/or separating a mixture of isomers or racemates 
obtained into the single isomers or racemates; and/or, if desired, resolving a racemate into 
the optical antipodes. 
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Arylsulfonamido-substituted hydroxamic acids 

Abstract of the Disclosure 

Compounds of formula I 

R 

I 
O R1 CH2 0 
11 I I 11 

H~N-C-C-N-S-Ar 

I I II 
H R2 0 

en 

THIS SHEFT HAS BEEN 
REPLACED 

4-19421/NCGC 1672 

wherein R. R1• R2 and Ar are as defmed in the description. have valuable pharmaceutical 
properties and are effective especially as matrix metalloproteinase inhibitors. for example 
for the treatment of arthritis. They are prepared in a manner known per se. 
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Arvlsulfonamido-substituced hvdroxamic acids 

The present invention relates to the compounds of formula I 

R 
I 

O R1 CH2 O 
11 I I fl 

HO-N-C-C-N-S-Ar Cn 
I I II 
H R2 0 

· (a) wherein 

AI is carbocyclic or heterocyclic aryl; 
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R is hydrogen. lower alkyl. carbocyclic aryl-lower alkyl. carbocyclic aryl. heterocyclic 
aryl. biaryl. biaryl-lower alkyl. heterocyclic aryl-lower alkyl. mono- or poly-halo-lower 
alkyl. C3-Crcycloalkyl, CrCreycloalkyl-lowet alkyl. (oxa or thia)-CrC6-cycloallcyl. 
[(oxa or thia)-C3-C6-cycloalkyl]-lower alkyl. hydroxy-lower alkyl, acyloxy-lower alkyl, 
lower alkoxy-lower alkyl. lower allcyl-(thio. sulfmyl or sulfonyl)-lower alkyl. (amino, 
mono- or di-lower allcylamino)-lower alkyl, acylamino-lower alkyl, (N-lower 
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl. 
or (morpholino, thiomorpholino, piperidino. pyrrolidino, piperidyl or N-lower 
alkylpiperidyl)-lower alkyl; 

R1 is hydrogen, lower alkyl. carbocyclic aryl-lower alkyl. carbocyclic atyl. hecerocyclic 
aryl. biaryl. biaryl-lower alkyl. heterocyclic aryl-lower alkyl. mono- or poly-halo-lower 
alkyl. C3-C7-cycloalkyl. C3-Creycloallcyl-lower alkyl, hydroxy-lower alkyl, .. '"'":'·• 

acyloxy-lower alkyl. lower alkoxy-lower alkyl, (carbocyclic or heterocyclic aryl)-lower 
alkoxy-lower alkyl. lower alkyl-(thio. sulflnyl ~r sulfonyl)-lower alkyl, (amino, mono- or 
di-lower allcylamino)-lower alkyl. <!"l-lower allc:yl-piperazino or N-carbocyclic or 

·. 
. ;.··(' 

.·-: ·· .. ' 
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· heterocyclic aryl-lower alkylpiperazino)-lower alkyl;{morpholino. thiomni. l'TTh;n1TTTn-----~ 

.· piperidino, pyrrolidino. piperidyl or N-lower alkylpiperidyl)-lower alkyl. acylamino-lower 

.·. alkyl, piperidyl or N-lower alkylpiperidyt 

·. R., is hydrogen or lower alkyl; - . 

(b) or wherein Rand R1 together with the chain to which they are attached form a 
··· 1.2,3,4-tetrahydro-isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrolidine ring. 

each unsubstituted or substituted by lower alkyl; and Ar and R2 have meaning as defined 
under (a); 

(c) or wherein R1 and R2 together with the carbon atom to which they are attached form a 

ring system selected from CrCrcycloalkane which is unsubstituted or substituted by 

lower alkyl; oxa-cyclohexane. thia-cyclohexane. indane, tetralin, piperidine or piperidine 

substituted on nitrogen by acyl. lower alkyl. carbocyclic or heterocyclic aryl-lower alkyl, 
(carboxy, escerified or amidated carboxy)-lower alkyl or by lower alkylsulfonyl; and Ar 

and R have meaning as defined under (a); 

phannaceutically acceptable prodrug derivatives thereof; and pharmaceu.tically acceptable 
salts thereof; 

further to a process for the preparation of these compounds, to pharmaceuticat 

compositions comprising these compounds. to the use of these compounds for the 
therapeutic treatment of the human or animal body or for the manufacture of a 
pharmaceutical composition • 

. The compounds of formula I defined under (b) above can be represented by formula Ia 

x 
/' 

0 CH2 CH2 O 
11 I I II 

HO-N-c-c-N-S-Ar (Ia) 
I I II 
H R2 0 

wherein X represents methylene or 1,2-ethylene each unsubstituted or substituted by lower 
alkyl, or X represenrs oxygen. sulfur, or 1,2-phenylene; and At and R2 have meaning as 
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defined above . 

. The compounds of formula I defined unde: (c) above can be represented by formula ib 

R 

I 
0 CH 0 

II I 
2 

II 
HO-N-C-C-N-S-Ar (Ib) /' . I CH2 CH2 II . 

H "/ 0 y 

wherein Y is a direct bond, C1-C4-sttaightchain alkylene optionally substituted by.lower 
alkyl, CH20CH2; CH2SCH2, 1,2-phenylene, CH2-l,2-phenylene or CH2N(~)-CH2 in 
which R6 represents hydrogen, lower alkanoyl, di-lower alkylamino-lower alkanoyl, aroyl, 
carbocyclic aryl-lower alkanoyl, lower alkyl, carbocyclic or heterocylic aryl-lower alkyl. 
(carboxy, esterified or amidated carboxy)-lower alkyl or lower alkylsulfonyl; and Ar and 

·. R have meaning as defined above. 

A preferred embodiment of the compounds of formula lb relates to the compounds of 
fonnula Ic 

R 
I 

O CH2 0 
11 I II 

HO-N-CuN-S-Ar a II 
0 

.Y' 

in which "X' represents oxygen. sulfur, a direct bond, methylene or methylene substituted 
by lower alkyl, or NR6; R6 represents hydrogen, lower alkanoyl, di-lower 
alkylamino-lower alkanoyl, carbocyclic aryl-lower alkanoyl. lower alkyl, carbocyclic or 
heterocyclic aryl-lower alkyl, (carboxy. esterified or amidated carboxy)-lower alkyl or 
lower alkylsulfonyl; AI and R have meaning as defined above; pharmaceutically 
acceptable prodrug derivatives; and pharmaceutically acceptable salts thereof. 

Preferred are said compounds of formula I. Ia. lb and le wherein Ar is monocyclic 

.·. 
:• . 



. · . . _:. ~.:-. .· ... . . 

. . ·. : .. · 
. . . 

· .. - 4 ~··· 

.· . . •. . .·: . . . . . .... · ~·---·~..;..,.----I 
carbocyclic aryl such as phenyl or phenyl mono-, di- or tri-substituted by C1-C 10-alkoxy . 

. hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy, CrC,-cycloalkyl-lower. alkoxy, : 
(lower alkyl. carbocyclic or heterocyclic a,:yl-lower alkyl or CrC7-cycloalkyl-lo:wer 
alkyl)-thio, lower alkyloxy-lower alkoxy, halogen, lower alkyl. cyano, nicro. . · 

.· trifluoromethyl, lower alkyl-{sulfinyl or sulfo~yl), amino or mono- or di-lower .· 
alkylamino; or Ar is phenyl substituted on adjacent carbon atoms by C1-Ci-alkylenedioxy 
or oxy-C2-Cralkylene; or Ar is heterocyclic monocyclic aryl such as thienyl or thienyl 
substituted by lower alkyl; the other symbols have meaning as defined; pharmaceutically 
acceptable prodrug derivatives thereof; and pharmaceutically acceptable salts thereof. 

Further preferred are the compounds of formula I wherein Ar is phenyl which is 
unsubstituted or mono-, di- or tri-substituted by c1·-c10-alkoxy, hydroxy; phenyl-lower 
·alkoxy wherein phenyl is unsubstituted or substituted by lower alkyl, lower alkoxy. 
halogen or trifluoromethyl; heterocyclic aryl-lower alkoxy wherein heterocyclic aryl is 
selected from pyridyl, tetrazolyl, tr1azolyl, thiazolyl, thienyl, imidazolyl and quinolinyl, 
each·unsubstituted or mono- or disubstituted by lower alkyl or halogen; 
C;-C7-cycloalkyl-lower alkoxy, (lower alkyl, phenyl-lower alkyl or C;-C7-cycloalkyl­
lower alkyl)-thio, lower alkyloxy-lower alkoxy, halogen, lower alkyl, cyano, nitro, 
trifluoromethyl, lower alkyl-(sulfinyl or sulfonyl}, amino, mono- or di-lower alkylamino 
or, on adjacent ~arbon atoms. by C1-~-alkylenedioxy or oxy-C2-C3-alkylene; or Ar is 
thienyl, isoxazolyl or thiazolyl each of which is unsubstituted or mono- or di-substituted 
by lower alkyl; 

R is hydrogen. lower alkyl. phenyl-lower alkyl wherein phenyl is unsubstituted or 
substituted by lower alkyl, lower alkoxy, halogen or tritluoromethyl; phenyl which is 
unsubstituted or mono-. di- or tri-substituted by lower alkoxy, hydroxy, halogen, lower 
alkyl, cyano. nitro, trifluoromethyl, lower alkyl-(thio, sulfinyl or sulfonyl), amino. mono­
or di-lower alkylamino or, on adjacent carbon atoms. by C1-C2-alkylen,edioxy or 
oxy-C2-Cralkylene; or a heterocyclic aryl radical selected from pyridyl. tecrazolyl, 
triazolyl. thiazolyl. thienyl. imidazolyl and quinolinyl, each unsubstituted or mono- or 
disubstituted by lower alkyl or halogen; biphenylyl which is unsubstituted or substituted 
by lower alkyl, lower alkoxy. halogen, tritluormethyl or cyano; biphenylyl-lower alkyl 
wherein biphenylyl is unsubstituted or substituted by lower alkyl. lower alkoxy. halogen. 
trifluormethyl or cyano; (pyridyl. thienyl, quinolinyl or thiazolyl)-lower alkyl, 
trifluormethyl, C3-C7-cycloalkyl. C3-C1 cycloaJ.kyl-lower alkyl •. (oxa or 
thia)-C3-C6-cycloalkyl, ((oxa or thia)-C3-C6-cycloalkyl]-lower alkyl. hydroxy-lower alkyl. 
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·. tower al.kanoyloxy-lower alkyl, lower al.koxy-lower alkyl, lo~er al.kyl-(thio. sulfinyl or 

· .sulfonyl)-lower alkyl, (amino, mono- or di-lower al.kylamino)-lower alkyl, lowe_r 

· ·· alkanoylamino-lower alkyl. (N-lower al.kyl-piperazino or N-phenyl-lower 
·. al.kylpiperazino)-lower alkyl or (morpholino, thiomorpholino. piperidino, pyrrolidino, 

.. piperidyl or N-lower alkylpiperidyl)-lower alkyl; 

R1 is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or 

··substituted by lower _alkyl. lower alkoxy. halogen, trifluoromethyl or, on adjacent carbon 

atoms, by C1-C2-alkylenedioxy or oxy-Ci-C3-alkylene; phenyl which is unsubstituted or 
substituted by lower alkyl. lower alkoxy. halogen or trifluoromethyl; pyridyl, thienyl, 
biphenylyl. biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl wherein heterocyclic 
aryl is selected from thiazolyl. pyrazolyl, pyridyl. imidazolyl and tetrazolyl each 

unsubstituted or substituted by lower alkyl; trifluoromethyl, CrC,-cycloal.kyl. 

C3-C7-cycloalkyl-lower alkyl. hydroxy-lower alkyl, lower alkanoyloxy-lower alkyl. lower 
alkoxy-lower alkyl, (phenyl or pyridyl)-lower alkoxy-lower alkyl. lower al.kyl;.(thio, 

sulfinyl or sulfonyl)-lower alkyl. (amino, mono- or di-lower alkylamino)-lower alkyl. 
(N-lower alkyl-piperazino or N-phenyl-lower alkylpiperazino)-lower alkyl, (m<>rpholino, 

thiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower al.kylpiperidyl)-lower alkyl. 

lower alkanoylamino-lower alkyl; R3-CONH-lower alkyl wherein R3 represents (di-lower 
alkylamino; N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino 

or N-al.kylpiperidyl)-lower alkyl; piperidyl or N-lower alkylpiperidyl; 

R2 is hydrogen or lower alkyl; 

(b) or wherein Rand R1 together with the chain to which they are attached form a 

1,2,3,4-tetrahydro-isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrolidine ring, 

each unsubstituted or mono- or di-substi~ted by lower alkyl; and Ar and R2 have meaning 
as defined under (a); 

(c) or wherein R1 and R2 together with the carbon atom to which they are attached form a 

ring system selected from C3-C7-cycloalkane which is unsubstituted or substituted by 
lower alkyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin and piperidine which is 

unsubstituted or substituted on nitrogen by lower alkanoyl. di-lower alkylamino-lower 
alkanoyl, lower alkoxycarbonyl, (morpholino, thiomorpholino or piperidino)-carbonyl. 
lower alkyl, (phenyl or pyridyl)-lower alkyl, (carboxy, lower alkoxycarbonyl, 
benzyloxycarbonyl, aminocarbonyl or mono- or di-lower alkylaminocarbonyl)-lower alkyl 
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or by lower alkylsulfonyl; and Mand R have meaning as defined under (a); ·. 

a pharmaceutically acceptable prodrug deri\rative·thereof; or a pharmaceutically· 

.... acceptable salt thereof. 

· . Especially preferred are the compounds of formula I wherein Ar is phenyl which is 

·unsubstituted or mono-, di- or tri-substimted by C1-Cralkoxy, hydroxy. phenyl-lower 

alkoxy, C3-C,-cycloalkyl-lower alkoxy, lower alkyloxy-lower alkoxy, halogen, lower 

alkyl, cyano, nitre, trlfluoromethyl, lower allcyl-{sulfinyl or sulfonyl), amino, mono- or 

di-lower alkylamino or, on adjacent carbon atoms, by Ci-C2-alkylenedioxy or 

oxy-CrC3-alkylene; or Ar is thienyl, isoxazolyl or thiazolyl each of which is 

·unsubstituted or mono- or di-substimted by lower alkyl; 

R is hydrogen, lower alkyl, phenyl-lower allcyl; phenyl which is unsubstituted or mono-, 

di- or tri-substituted by lower alkoxy, hydroxy, halogen, lower alkyl, trifluoromethyl. or, 

on adjacent carbon atoms, by C 1-Cralkylenedioxy or oxy-C2-Crallcylene; or a 

heterocyclic aryl radical selected from pyridyl, thiazolyl and quinolinyl, each . 

unsubstimted or mono- or disubstituted by lower alkyl; biphenylyl; biphenylyl-lower 

alkyl; (pyridyl or thienyl)-lower alkyl, tritluonnethyl, CrC7-cycloallcyl, 

C3-Crcycloalkyl-lower alkyl, (oxa or thia)-CrC6-cycloalkyl, [(oxa or 

thia)-C3-C6-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, {N-lower alkyl-piperazino or · 

N-phenyl-lower alkylpiperazino)-lower alkyl or (morpholino, thiomorpholino, piperidino, 

pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl; 

R1 is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or 

substituted by lower alkyl, lower alkoxy, halogen, trifluoromethyl or, on adjacent carbon 

atoms, by C1-C2-alkylenedioxy; biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl 

wherein heterocyclic aryl is selected from thiazolyl. pyrazolyl, pyridyl, imidazolyl and 

tetrazolyl each unsubstituted or substituted by lower alkyl; CrC7-cycloalkyl. 

C3-C7-cycloalkyl-lower alkyl, hydroxy-lower alkyl. (phenyl or pyridyl)-lower 

alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl. (amino, mono- or 

di-lower alkylamino)-lower alkyl, (N-lower alkyl-piperazino or N-phenyl-lower 

alkylpiperazino)-lower alkyl. (morpholino. thiomorpholino, piperidino. pyrrolidino. 

piperidyl or N-lower alkylpiperidyl)-lower alkyl, lower alkanoylamino-lower alkyl; 

RrCONH-lower alkyl wherein R3 represents (di-lower alkylamino. N-lower 

alkylpiperazino, morpholino, thiomorpholino. piperidino, pyrrolidino or 

.. J 
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N-alkylpiperidyl)-lower alkyl; piperidyl or N-lower alkylplperidyl; 

Rz is hydrogen or lower alkyl; 
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.· (b) or wherein Rand R1 together wich the chain to which chey are attached form a 
thiazolidine or pyrrolidine ring, each unsubstituted or mono- or di-substituted by lower 
alkyl; and Ar and R2 have meaning as defined under (a); 

. (c} or wherein R1 and R2 together with the carbon atom to which they are attached form a 
ring syste~ selected from C3-C7-cycloalkane which is unsubstituted or substituted by 
lower alkyl; oxa-cyclohexane, thia-cyclohexane and piperidine which is unsubstituted or 
substituted on nitrogen by lower alkanoyl, di-lower alkylamino-lower alkanoyl. lower 
allcoxycarbonyl, (morpholino. thiomorpholino or piperidino)-carbonyl. lower alkyl. 
{phenyl or pyridyl)-lower alkyl, (carboxy, lower alkoxycarbonyl, aminocarbonyl or mono­
or di-lower alkylaminocarbonyl)-lower alkyl or by lower alkylsulfonyl; and AI and R 
have meaning as defined under (a); 

a phannaceutically acceptable prodrug derivative thereof; or a pharmaceutically 
acceptable salt thereof. 

A particular embodiment of the invention relates to the compounds of formula II 

R 

I 
O R1 CH2 0 R4 

11 I I 11-a· HO-N-c-c-N-S 'I 
I I II ~ 
H ~ 0 ~ 

cm 

wherein 

R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl. carbocyclic aryl. heterocyclic 
aryl, biaryl. biaryl-lower alkyl. heterocyclic aryl-lower alkyl. mono- or poly-halo-lower 
alkyl. C3-C,-cycloalkyl. CrC,-cycloalkyl-lower alkyl, (oxa or thia)-CrC6-cycloalkyl. 
[(oxa or thia)-CrC6-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl, 
lower alkoxy-lower alkyl, lower alkyl-(thio, sulfmyl or sulfonyl)-lower alkyl, (amino. 
mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl, (N-lower 

... 
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alkyl-piperazino or N-carbocyclic or heterocyclic aryl-iower alkyipiperazino)".lower alkyl. 
or (morpholino. thiomorpholino. piperidino. pyrrolidino or N-lower alkylpiperidyl)-lower 
alkyl; 

R1 is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl. carbocyclic aryl, heterocyclic 
aryt biaryl, biaryl-lower alkyl. heterocyclic aryl-lower alkyl. mono- or poly-halo-lower 
alkyl, C5-Crcycloalkyl. C5-Crcycloalkyl-lower alkyl. hydroxy-lower alkyl. 
acyloxy-lower alkyl. lower alkoxy-lower alkyl. lower alkyl-(thio. sulfinyl or 
sulfonyl)-lower alkyl. (amino. mono- or di-lower alkylamino)-lower alkyl, (N-lower .. 
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl. 

(morpholino, thiomorpholino, piperidino. pyITolidino, piperidyl or N-lower 
alkylpiperidyl)-lower alkyl. piperidyl, N-lower alkylpiperidyl. or acylamino-lower alkyl 

represented by RrCONH-lower alkyl; 

R2 is hydrogen; 

R3 in R3-CONH-lower alkyl is lower alkyl, carbocyclic or heterocyclic aryl. di-lower 
alkylamino. N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino, 
pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino. N-lower aL'l(ylpiperazino, 
morpholino. thiomorpholino, piperidino, pyrrolidino, pyridyl or N'-lower 
alkylpiperidyl)-lower alkyl; 

· ~is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy, 
lower alkylthio or carbocyclic or heterocyclic aryl-lower alkylthio, lower alkyloxy-lower 
alkoxy, halogen, trifluoromethyl, lower alkyl, nitto or cyano; 

R5 is hydrogen, lower alkyl or halogen; 

or R4 and Rs together on adjacent carbon atoms represent methylenedioxy, ethylenedioxy, 
oxyethylene or oxypropylene; 

or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 
acceptable salt thereof. 

Another preferred embodiment of the invention relates to the compounds of fonnula II 
wherein Rand R1 together with the chain to which they are attached fo~ a(l 
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1,2,3.4-tetrahydro-isoquinoline, piperidine, thiazolidine or pyrrolidine ring; ~~~""4L"'----;,.,J 
Rs have meaning as defined above; pharmaceutically acceptable prodrug derivatives; and 
pharmaceutically acceptable salts thereof. Such compounds correspond to compounds of 
formula Ia wherein Ar is optior~ally substituted phenyl as defined above. 

Another preferred embodiment of the invention relates to the compounds of formula II 

wherein R1 and R2 together with the carbon atom to which they are attached form a ring 
system selected from cyclohexane, cyclopentane, oxacyclohexane, thiacyclohexane, 
indane, tetralin, piperidine or piperidine substituted on nitrogen by acyl~ lower alkyl •. 

carbocyclic or heterocyclic aryl-lower alkyl or by lower alkylsulfonyl; and R. R4 and Rs 

have meaning as defined above; pharmaceutically acceptable prodrug derivatives; and 
pharmaceutically acceptable salts thereof. Such compounds correspond to compounds of 

formula lb wherein Ar is optionally substituted phenyl as defmed above. 

Particularly preferred are the compounds of fonnula m 

wherein R represents lower alkyl, trifluoromethyl, C5-C.1 cycloalkyl. (oxa or 
thia)-C4-C5-cycloalkyl, biaryl, carbocyclic monocyclic aryl or heterocyclic monocyclic 

aryl; R1 represents hydrogen, lower alkyl, C5-Crcycloalkyl, monocyclic carbocyclic aryl, 
carbocyclic aryl-lower alkyl, heterocyclic aryl-lower alkyl, lower alkoxy-lower alkyl, 

lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, di-lower allcylamino-lower alkyl. 
(N-lower alkylpiperazino, morpholino, thiomorpholino. piperidino or pyrrolidino)-lower 
alkyl or R3-CONH-lower alkyl; R3 represents lower alkyl, carbocyclic aryl. heterocyclic 

aryl. di-lower alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino. 

·. piperidino. pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino. N-lower 

alkylpiperazino, morpholino. thiomorpholino, piperidino, pyrrolidino or 
N-alkylpiperidyl)-lower alkyl; R4 represents lower alkoxy or carbocyclic or heterocyclic 

aryl-lower alkoxy; or a pharmaceutically acceptable prodrug derivative thereof; or a 
pharmaceutically acceptable salt thereof. 

I 
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Further preferred are compounds of formula III wherein R representS monocyclic 

carbocyclic aryl. or monocyclic heterocyc;lic aryl; R1 and R4 have meaning as defined · 

above; pharmaceutically acceptable prodrug derivatives; and pharmaceutically acceptable 

salts thereof. 

· .More particularly preferred are said compounds of formula III wherein R represents 

heterocyclic monocyclic aryl selected from tetrazolyl, triazolyl. thiazolyl, imidazolyl ~d 

pyridyl. each unsubstituted or s~bstiruted by lower alkyl; or Rrepresents phenyl or phenyl 

substituted by lower alkyl, lower alkoxy, halogen or trifluoromethyl; R1 represents lower 

ancyl, cyclohexyl, or R3-CONH-lower alkyl wherein R3 representS (di-lower alkylamino, 

N-lower alkylpiperazino, morpholino, thiomorpholino. piperidino. pyrrolidino or 

N-alkylpiperidyl)-lower alkyl; and~ represents lower alkoxy or phenyl-lower alkoxy; or 

a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 

acceptable salt thereof. 

A further preferred embodiment relates to said compounds of fonnula m wherein R 

, represents 2-, 3- or 4-pyridyl or phenyl; R1 represents C1-C4-alkyl. cyclohexyl or 

R3-CONH-C1-C4-alkyl wherein R3 represents di-C1-C4-alkylamino-C1-C4-lower alkyl; 

and ~ represents lower alkoxy; or a pharmaceutically acceptable prodrug derivative 

thereof; or a pharmaceutically acceptable salt thereof. 

Particularly preferred are said compounds of formula m wherein R represents 3-pyridyl or 

4-pyridyl; R1 represents isopropyl or cyclohexyl; and R4 represents lower alkoxy; or a 

pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable 

salt thereof. 

The invention relates especially to the specific compounds described in the examples, 

pharmaceutically acceptable prodrug derivatives thereof and pharmaceutically acceptable 

salts thereof, and in particular to die specific compounds described in the examples and 

pharmaceutically acceptable salts thereof. 

Pharmaceutically acceptable prodrug derivatives are those that may be convertible by 

solvolysis or under physiological conditions to the free hydroxamic acids of the invention 

and represent such hydroxamic acids in which the CONHOH group is derivatiz~d in fonn 

of an 0-acyl or an optionally substituted 0-benzyl derivative. Preferred are the optionally 

substituted 0-benzyl derivatives. 
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The compounds of the invention depending on the nature of the substiruencs. poss~ss one 
· or more asymmetric carbon atoms. The resulting diastereoisomers and enantiomers are 

encompassed by the instant invention. 

Preferred are the compounds of the invention wherein the asymmetric carbon in the above 
formulae (to which are attached R1 and/or R2) corresponds to that of a D-aminoacid 
precursor and is assigned the (R)-configuration. 

The general defmitions used herein have the following meaning within the scope of the 
present invention. unless otherwise specified. 

The term "lower" referred to.above and hereinafter in connection with organic radicals or 
compounds respectively defines such as branched or unbranched with up to and including 
7, preferably up to and including 4 and advantageously one or two carbon atoms. 

A lower alkyl group is branched or unbranched and contains 1 to "1 carbon atoms. 
preferably 1-4 carbon atoms. and represents for example methyl. ethyl, propyl. butyl. 
isopropyl or isobutyl. 

A lower alkoxy (or alkyloxy) group preferably contains 1-4 carbon atoms, advantageously 
1-3 carbon atoms. and represents for example ethoxy, propoxy, isopropoxy, or most 
advantageously methoxy. 

Halogen (halo) preferably represents chloro or fluoro but may also be bromo or iodo. 

Mono- or poly-halo-lower alkyl represents lower alkyl preferably substituted by one, two 
or three halogens, preferably fluoro or chloro, e.g. trifluoromethyl or trifluoroethyl. 

Ary! represents carbocyclic or heterocyclic aryl. 

Prodrug acyl derivatives are preferably those derived from an organic carbonic acid, an 
organic carboxylic acid or a carbamic acid. 

An acyl derivative which is derived from an organic carboxylic acid is, for example. lower 
allcanoyl, phenyl-lower alkanoyl or unsubstituted or substituted aroyl. such as benzoyl. 

· .. 

';", 
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. An acyl derivative which is derived from an organic carbonic acid is. for example. 

aUcoxycarbonyl. especially lower alkoxycarbonyl. which is unsubstituted or substituced.by 

. carbocyclic or heterocyclic aryl or is cycloalkoxycarbonyl, especially 

CrC1 cycloalkyloxycarbonyl. which is unsubstituted or substituted by lower alkyl.· 

An acyl derivative which is derived from a carbamic acid is. for example, amino:.carbonyl 

which is substituted by lower alkyl. carbocyclic or heterocyclic aryl-lower alkyl. 

carbocyclic or heterocyclic aryl, lower alkylene or lower alkylene interrupted by 0 or S. 

Prodrug optionally substituted 0-benzyl derivatives are preferably benzyl or benzyl 

mono-. di-, or tri-substituted by e.g. lower alkyl, lower alkoxy, amino, nitro, halogen 

and/or tri.fluoromethyl. 

Carbocyclic aryl represents monocyclic or bicyclic aryl, for example phenyl or phenyl 

mono-. di- or tri-substituted by one, tWo or three radicals selected from lower alkyl, lower 

allcoxy. hydroxy. halogen, cyano, trifluoromethyl, lower alkylenedioxy and 

oxy-C2-C3-alkylene; or 1- or 2-naphthyl. Lower alkylenedioxy is a divalent substituent 

actaehed to two adjacent carbon atoms of phenyl, e.g. methylenedioxy or ethylenedioxy. 

Oxy-C2-Cralkylene is also a divalent substituent attached to two adjacent carbon atoms 

of phenyl, e.g. oxyethylene or oxypropylene. An example for oxy-C2-Cralkylene-phenyl 

is 2,3-dihydrobenzofuran-5-yl. 

Prefe1Ted as carbocyclic aryl is phenyl or phenyl monosubstituted by lower alkoxy, 

halogen, lower alkyl or trifluoromethyl, especially phenyl or phenyl monosubstituted by 

lower allcoxy, halogen or trifluoromethyl, and in particular phenyl. 

Hecerocyclic aryl represents monocyclic or bicyclic heteroaryl, for example pyridyl, 

quinolinyl, isoquinolinyl, benzothienyl, benzofuranyl, benzopyranyl, benzothiopyranyl. 

furanyl, pyrrolyl, thiazolyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl, 

imidazolyl, thienyl, or any said radical substituted, especially mono- or di-substituted, by 

e.g. lower alkyl or halogen. Pyridyl represents 2-, 3- or 4-pyridyl, advantageously 2- or 

3-pyridyl. Thienyl represents 2· or 3-thienyl, advantageously 2·thienyl. Quinolinyl 

represents preferably 2-, 3- or 4-quinolinyl, advantageously 2-quinolinyl. Isoq.uinolinyl 

represents :preferably 1-, 3- or 4-isoquinolinyl. Benzopyranyl, benzothiopyranyl represent 

preferably 3-benzopyranyl or 3·benzothiopyranyl, respectively. Thiazolyl represents 

.·.,_: . 
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preferably 2- or 4-thiazolyl. advantageously 4-thiazolyl. Tt:iazolyl is preferably 1-. 2- or · 

5-(1,2.4-rriazolyl). Tettazolyl is preferably 5-tetrazolyl. Imidazolyl is preferably 

~-imidazolyl. 

Preferably, heterocyclic aryl is pyridyl. quinolinyl, pyrrolyl, thiazolyl, isoxazolyl, 

criazolyl, tetrazolyl, pyrazolyL imidazolyl, thienyl, or any said radical substituted. 

especially mono- or di-substituted, by lower alkyl or halogen; and in particular pyridyl. 

Biaryl is preferably carbocyclic biaryl, e.g. biphenyl, namely 2. 3 or 4-biphenyl, 

advantageously 4-biphenyl, each optionally substituted by e.g. lower alkyl, lower alkoxy, 

halogen, trifluoromethyl or cyano. 

C3-CrCycloalkyl represents a saturated cyclic hydrocarbon optionally substituted by 

tower alkyl which contains 3 to 7 ring carbons and is advantageously cyclopentyl or 

cyclohexyl optionally substituted by lower alkyl. 

(Oxa or thia)-CrC6-cycloalkyl represents a saturated cyclic radical wherein 1 or 2, 

preferably 1. oxygen or sulfur atom(s) and 3-6. preferably 4-5, carbon atoms form a ring •. 

e.g. tetrahydropyranyl, tetrahydrofuranyl, tetrahydrothiopyranyl or tetrahydrothienyl. 

Oxa-cyclohexane means tetahydropyran, and thia-cyclohexane means tetrahydrothiopyran. 

Carbocyclic aryl-lower allcyl represents preferably straight chain or branched 

aryl-C19C4-alkyl in which carbocyclic aryl has meaning as defined above, e.g. benzyl or 

phenyl-(ethyl, propyl or butyl), each unsubstituted or substituted on phenyl ring as defined 

under carbocyclic aryl above, advantageously optionally substitur.ed benzyL 

Heterocyclic aryl-lower allcyl represents preferably straight chain or branched heterocyclic 

aryl-C1-C4-alkyl in which heterocyclic aryl has meaning as dermed above, e.g. 2-, 3- or 

4-pyridylmethyl or (2·, 3- or 4-pyridyl)-(ethyl, propyl or butyl); or 2-·or 3-thienylmethyl or 

(2- or 3-thienyl)-(ethyl, propyl or butyl); 2-, 3- or 4-quinolinylmetbyl or (2-, 3- or 

4-quinolinyl)-(ethyl, propyl or butyl); or 2- or 4-thiazolylmethyl or (2- or 

4-thiazolyl)-(ethyl, propyl or butyl). 

Cycloalkyl-lower alkyl represents e.g. (cyclopent}'.'1- or cyclohexyl)-(methyl or ethyl). 
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BiarYl-lower alkyl represencs e.g. 4-biphenylyl-(methyl or ethyl). 

Acyl is derived from an organic carboxylic acid, carbonic acid or carbamic acid. 

Acyl represents e.g. lower alkanoyl. carbocyclic a.ryl-lower alkanoyl, lower 
alkoxycarbonyl, aroyl, di-lower alkylaminocarbonyl or di-lower alkylamino-lower 
alkanoyl. Preferably, acyl is lower alkanoyl. 

Acylamino represents e.g. lower alkanoylamino or lower alkoxycarbonylamino. 

Acylamino-lower alkyl in R and R1 is R3-CONH-lower alkyl in which R3 represents e.g. 
lower alkyl. lower alkoxy. aryl-lower alkyl, aryl-Iower alkoxy, carbocyclic or heterocyclic 
aryl. di-lower alkylamino, N-lower allcylpiperazino, morpholino. thiomorpholino, 
piperidino, pyrrolidino. N-alkylpiperidyl, or (di-lower alkylamino, N-Iower 
alkylpiperazino. morpholino, thiomorpholino. piperidino, pyrrolidino. pyridyl or N-lower 
alkylpiperidyl)-lower alkyl. 

Lower alkanoyl represents e.g. C1-C7-alkanoyl including fonnyl, and is preferably 
Ci-C4-alkanoyl such as acetyl or propionyl. 

Aroyl represents e.g. benzoyl or benzoyl mono- or di-substituted by one or two radicals 
selected from lower alkyl, lower alkoxy, halogen, cyano and trifluoromethyl; or 1- or 
2-naphth<:>yl; and also e.g. pyridylcarbonyl. 

Lower alkoxycarbonyl represents preferably Ci-C4-alkoxycarbonyl, e.g. ethoxycarbonyl. 

Lower alkylene represents either straight chain or branched alkylene of 1 to 7 carbon 
atoms and represents preferably straight chain alkylene of 1 to 4 carbon atoms, e.g. a 
methylene, ethylene, propylene or butylene chain, or said methylene, ethylene, propylene 
or butylene chain mono-substituted by C1-Cralkyl (advantageously methyl) or 
disubstituted on the same or different carbon atoms by Ci-Cralkyl (advantageously 
methyl). the total number of c~bon atoms being up to and including 7. 

Esterified carboxyl is for example lower alkoxycarbonyl or benzyloxycarbonyl. 

Amidated carboxyl is for example aminocarbonyl, mono- or di-lower alkylaminocarbonyl. 
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Pharmaceutically acceptable salts of the acidic compounds of the invention are salts 

fonned with bases, namely cationic salts such as alkali and alkaline earth metal salts, such 

as sodium, lithium, potassium, calcium, magnesium, as well as ammonium salts. such as 

ammonium, trimethyl-ammonium, diethylammonium, and tris-(hydroxymethyl)-methyl­

ammonium salts. 

Similarly acid addition salts, such as of mineral acids, organic carboxylic and organic 

sulf onic acids e.g. hydrochloric acid, methanesulfonic acid, maleic acid, are also possible 

provided a basic group, such as pyridyl, constitutes part of the structure. 

The compounds of the invention exhibit valuable pharmacological properties in mammals 

including man and are particularly useful as inhibitors of matrix-degrading 

metalloproteinase enzymes(= metalloproteinases). 

Matrix-degrading metalloproteinases, such as gelatinase, stromelysin and collagenase, are 

involved in tissue matrix degradation (e.g. collagen collapse) and have been implicated in 

many pathological conditions involving abnormal connective tissue and basement 

membrane matrix metabolism, such as arthritis (e.g. osteoarthritis and rheumatoid 

arthritis}, tissue ulceration (e.g. corneal, epidermal and gastric ulceration), abnormal 

wound healing, periodontal disease, bone disease (e.g. Paget's disease and osteoporosis), 

tumor metastasis or invasion·, as well as lilV-infection (as reported in J. Leuk. Biol. 52 

(2): 244-248, 1992). 

As the compounds of the invention are inhibitors of stromelysin, gelatiilase and/or 

collagenase activity and inhibit matrix degradation, they are particularly useful in 

mammals as agents for the treatment of e.g. osteoarthritis, rheumatoid arthritis, corneal 

ulceration, periodontal disease, tumor metastasis, progression of HIV-infection and 

HIV-infection related disorders. 

Illustrative of the matrix degrading metalloproteinase inhibitory activity, compounds of 

the invention prevent the degradation of cartilage caused by exogenous or endogenous 

stromelysin in mammals. They inhibit e.g. the stromelysin-induced degradation of 

aggrecan (large aggregating proteoglycan), link protein or type IX collagen in mammals. 

Beneficial effects are evaluated in pharmacological tests generally known in the art, and as 
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illustrated herein. 

The above-cited properties are demonstrable in in vitro and in vivo tests, using 
advantageously mammals, e.g. rats, guinea pigs, dogs, rabbits, or isolated organs and 
tissues. as well as mammalian enzyme preparations. Said compounds can be applied in 
vitro in the form of solutions, e.g. preferably aqueous solutions. and in vivo either 
enterally or parenterally, advantageously orally, e.g. as a suspension or in aqueous 
solution. The dosage in vitro may range between about 10·5 molar and 10-10 molar 
concentrations. The dosage in vivo may range, depending on the route of administration, 
between about 0.1 and 50 mg/kg. 

One test to determine the inhibition of stromelysin activity is based on its hydrolysis of 
Substance P using a modified procedure of Harrison et al (Harrison, R.A., Teahan J., and 
Stein R .• A semicontinuous, high perfonnance chromatography based assay for 
stromelysin, Anal. Biochem. 180, 110-113 (1989)). In this assay, Substance Pis 
hydrolyzed by recombinant human stromelysin to generate a fragment, Substance P 7-11, 
which can be quantitated by HPLC. In a typical assay, a 10 mM stock solution of a 
compound to be tested is diluted in the assay buffer to 50 µi"1, mixed 1:1with8 µg 
recombinant human stromelysin (moL wt. 45-47 kDa, 2 Units; where 1 Unit produces 20 
mmoles of Substance P 7-11in30 minutes) and incubated along with O.SmM Substance P 
in a final volume of 0.125 ml for 30 minutes at 37°C. The reaction is stopped by adding 
10 mM EDTA and Substance P 7-11 is quantified on RP-8 HPLC. The IC50 for inhibition 
of stromelysin activity and Ki are calculated from control reaction without the inhibitor. 
Typically, Ki values of from 10 to 200 nM are obtained. 

Stromelysin activity can also be determined using human aggrecan as a substrate. This 
assay allows the confirmation in-vitro that a compound can inhibit the action of 
stromelysin on its highly negatively-charged natural substrate. aggrecan (large aggregating 
pnoeoglycan). Within the cartilage, proteoglycan exists as an aggregate bound to 
hyaluronate. Human proteoglycan aggregated to hyaluronate is used as an enzyme 
substrate. The assay is set up in· 96-well microtiter plates allowing rapid evaluation of 
compounds. The assay has three major steps: 

l) Plates are coated with hyaluronate (human umbilical chord, 400 ug/ml), blocked with 
BSA (5 mg/ml), and then proteoglycan (human articular cartilage D 1 - chondroitinase 
ABC digested, 2 mg/ml) is bound to the hyaluronate. Plates are washed between each 
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seep. 

2) Buffers+ inhibitor (1 to S,000 nM) +recombinant human stromelysin (1-3 Units/well) 
are added to wells. The plates are sealed with tape and incubated overnight at 37°C. The 

plates are then washed. 

3) A primary (3B3) antibody (mouse lgM. 1:10,000) is used to detect remaining 
fragments. A secondary antibody, peroxididase-linked anti-IgM, is bound to the primary 
antibody. OPD is then added as a substrate for the peroxidase and the reaction is stopped 

with sulfuric acid. The IC50 for inhibition of stromelysin activity is graphically derived 

and Ki is calculated. 

Collagenase activity is detennined as follows: ninety six-well, flat-bottom microtiter 

plates are first coated with bovine type I collagen (35 ug/well) over a two-day period at 

30°C using a humidified and then dry atmosphere; plates are rinsed, air dried for 3-4 
hours. sealed with Saran wrap and stored in a refrigerator. Human recombinant fibroblast 
collagenase and a test compound (or buffer) are added to wells (total volume = 0.1 ml) and 

plates are incubated for 2 hours at 35°C under humidified conditions; the amount of 
collagenase used per well is that causing approximately 80% of maximal digestion of 
collagen. The incubation media are removed from the wells, which are then rinsed with 
buffer, followed by water. Coomasie blue stain is added to the wells for 25 minutes, 
removed, and wells are again rinsed with water. Sodium dodecyl sulfate (20% in 50% 
dimethylformamide in water) is added to solubilize the remaining stained collagen and the 
optical density at 570. nM wave length is measured. The decrease in optical density due to 
collagenase (from that of collagen without enzyme) is compared to the decrease in optical 

density due to the enzyme in the presence of test compound, and percent inhibition of 
enzyme activity is calculated. IC50's are determined from a range of concentrations of 
inhibitors (4-5 concentrations, each tested in triplicate), and~ values are calculated. 

The effect of compounds of the invention in-vivo can be detennined in rabbits. Typically, 
four rabbits are dosed orally with a compound up to four hours before being injected 
intra-articularly in both knees (N=8) with 40 Units of recombinant human _stromelysin 
dissolved in 20 mM Tris, 10 mM CaCI2, and 0.15 M NaCl at pH 7.5. Two hours later the 
rabbits are sacrificed, synovial lavage is collected, and keratan sulfate (KS) and sulfated 
glyc?saminoglycan (S-GAG) fragments released into the joint are quantitated. Keratan 
sulfate is measured by an inhibition ELISA using the method of Thonar (Thonar, 



REPLACEMENT SHEET 

16 JUL 1996 

- 18 -

EJ.-M.A., Lenz, M.E., Klinswonh, G.{(., Caterson, B., Pachman, L.M., Glickman, P., 

Katz, R., Huff, J., Keuttner, K.E. Quantitation of keratan sulfate in blood as a marker of 

cartilage catabolism, Arthr. Rheum. 28, 1367-1376 {1985)). Sulfated glycosaminoglycans 

are measured by first digesting the synovial lavage _with streptomyces hyaluronidase and 

then measuring DMB dye binding using the method of Goldberg (Goldberg, R.L. and 

Kolibas, L. An improved method for determining proteoglycan synthesized by 

chondrocytes in culture. Connect Tiss. Res. 24,. 265-275 (1990)). For an i.v. study, a 

compound is solubilized in 1 ml of PEG-400, and for a p.o. study, a compound is 

administered in 5 ml of fortified com starch per kilogram of body weight 

The compounds of formula I can be prepared e.g. by condensing a carboxylic acid of 

fonnula IV, 

R 

I 
0 Ri CH20 
II I I II 

HO-C-C-N-S-Ar (IV) 
I II 
R2 0 

or a reactive functional derivative thereof, wherein R, R1, R2 and Ar having meaning as 

defined in claim 1, with hydroxylamine of formula V, 

optionally in protected form, or a salt thereof; 

and, if necessary, temporarily protecting any interfering reactive group(s), and then 

liberating the resulting compound of the invention; and, if required or desired, converting 

a resulting compound of the invention into another compound of the invention, and/or, if 

desired, converting a resulting free compound into a salt or a resulting salt into a free 

compound or into another salt; and/or separating a mixture of isomers or racemates 

obtained.into the single isomers or racemates; and/or, if desired, resolving a racemate into 

the optical antipodes. 

In starting compounds and intermediates which are converted to the compounds of the 

invention in a manner described herein, functional groups present, such as amino, 
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carboxyl and hydroxy groups. are optionally protected by conventional protecting groups 

that are common in preparative organiC chemistry. Protected amino. carboxyl and 

hydroxy groups are those that cari be converted under mild conditions into free amino and 

hydroxy .groups without the molecular framework being destroyed or other undesired side 

reactions taking place. 

The purpose of introducing protecting groups is to protect the functional groups from 

undesired reactions with reaction components under the conditions used for carrying out a 

desired chemical transformation. The need and choice of protecting groups for a 

particular reaction is known to those skilled in the art and depends on the nature of the 

functional group to be protected (hydroxy group, amino group, etc.), the structure and 

stability of the molecule of which the substituent is. a part and the reaction conditions. 

Well-known protecting groups that meet these conditions and their introduction and 

removal are described. for example. in J.F.W. McOmie. "Protective Groups in Organic 

Chemistry", Plenum Press, London, New York, 1973, T. W. Greene, "Protective Groups in 

Organic Synthesis", Wiley, New York. 1.991. 
. . 

In the processes cited herein, reactive functional derivatives of carboxylic acids represent, 

for example. anhydrides especially mixed anhydrides, acid halides. acid azides, lower 

alkyl esters and activated esters thereof. Mixed anhydrides are preferably such from 

pivalic acid, or a lower allcyl (ethyl, isobutyl) hemiester of carbonic acid; acid halides are 

for example chlorides or bromides; activated esters for example succinimido, phthalimido 

or 4-nitrophenyl est.ers; lower alkyl esters are for example the methyl or ethyl esters. 

Also. a reactive est.erified derivative of an alcohol in any of the reactions cited herein 

represents said alcohol esterified by a strong acid, especially a strong inorganic acid. such 

as a hydrohalic acid, especially hydrochloric, hydrobromic or hydroiodic acid, or sulphuric 

acid, or by a strong organic acid, especially a strong organic sulfonic acid, such as an 

aliphatic or aromatic sulfonic acid, for example methanesulfonic acid, 4-methylbenzene­

sulfonic acid or 4-broinobenzenesulfonic acid. A said reactive esterified derivative is 

especially halo. for example chloro, bromo or iodo, or aliphatically or aromatically 

substituted sulfonyloxy. for example methanesulfonyloxy, 4-methylbenzenesulfonyloxy. 
(tosyloxy). 

In the above processes for the synthesis of compounds of the invention c~ be carried out 

. · ...... 
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according to methodology generally known in the art for the preparation of hydroxamic 
acids and derivatives thereof. 

The synthesis according to the above process (involving the condensation of a free 
carboxylic acid of formula IV with an optionally hydroxy protected hydroxylamine 

derivative of formula V can be carried out in the presence of a condensing agent. e.g. 
1, l '-carbonyldiimidazole. or N-(dimethylaminopropyl)-N' -ethylcarbodiiniide or 
dicyclohexylcarbodiimide, with or without 1-hydroxybenzotriazole in an inert polar 
solvent, such as dimethylformar:nide or dichloromethane. preferably at room. temperature. 

The synthesis involving the condensation of a reactive functional derivative of an acid of 
fonnula IV as defined above, e.g. an acid chloride or mixed anhydride with optionally 
hydroxy protected hydroxylamine, or a salt thereof, in presence of a base such as 
triethylamine can be carried out, at a temperature ranging preferably from about -78°C to 
+75°C, in an inert organic solvent such as dichloromethane or toluene. 

Protected forms of hydroxylamine (of formula V) in the above process are those wherein 
the hydroxy group is protected for example as at-butyl ether, a benzylether or 
tetrahydropyranyl ether. Removal of said protecting groups is carried out according to 
methods well known in the art, e.g. hydrogenolysis or acid hydrolysis. Hydroxylamine is 

· preferably generated in situ from a hydroxylamine salt, such as hydroxylamine 

hydrochloride. 

The starting carboxylic acids of formula IV can be prepared as follows: 

An amino acid of fonnula VI 

TI i1 

HO-C-C-NH2 (VI) 

I 
R2 

wherein R1 and R2 have meaning as defined herein, is first esterified with a lower alkanol, 
e.g. methanol. in. the presence of e.g. thionyl chloride to obtain an aminoester which is 
treated with a reactive functional derivative of the appropriate arylsulfonic acid of the 
fonnula VII 
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wherein Ar has meaning as defined hereinabove. e.g. with the arylsulfonyl chloride. in the 
presence of a suitable base such as triethylamine using a polar solvent such as · 
cecrahydrofuran. toluene. acetonitrile to obtain a compound of the formula vm 

tt i1 0 
R6-o-c-c-NH-S-Ar (V!Il) 

I II 
R1 0 

wherein R1, R2 and Ar have meaning as defined herein and~ is a procecting group, e.g. 
lower alkyl Treatment thereof with a reactive esterified derivative of the alcohol of the 

formula IX 

wherein R has meaning as defined herein, such as the halide. e.g. the chloride, bromide or 
iodide derivative thereof, in the presence of an appropriate base. such as potassium 
carbonate or sodium hydride, in a polar solvent such as dimechylformamide. The resulting 
compound corresponding to an ester of a compound of formula IV can then be hydrolyzed 
co the acid of formula IV. using standard mild methods of ester hydrolysis, preferably 
under acidic conditions. For compounds of formula Ia (wherein R and R1 of formula I are 
combined) the starting materials are prepared by treating a carboxylic acid of formula X 

......... x, 
O CH2 CH2 

II I I 
ao-c-c NH (X) 

I 
Rz 

or an ester thereof, wherein R2 and X have meaning as defined above. with a reactive 
fanctional derivative of a compound of the formula ArS03H (VII) under conditions 
described for the preparation of a compound of formula vm. 

The Starting materials of formula VI, VII, IX and X are either known in the art. or can be 
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prepared by methods well-known in the art or as described herein. 
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The above-mentioned reactions are carried out according to standard methods, in the 
presence or absence of diluent, preferably such as are inert to the reagents and are solvents 
thereof. of cawysts. condensing or said other agents respectively and/or inert atmo­
spheres, at low temperatures. room temperature or elevated temperatures (preferably at or 
near the boiling point of the solvents used), and at atmospheric or super-atmospheric 
pressure. The preferred solvents, catalysts and reaction conditions are set forth in the . 
appended illustrative examples. 

The invention further includes any variant of the present processes, in which an inter­
mediate product obtainable at any stage thereof is used as starting material and the 
remaining steps are carried out, or the process is· discontinued at any stage thereof, or in 
which the starting materials are formed in situ under the reaction conditions, or in which 
the reaction components are used in the fonn of their salts or optically pure antipodes. 

Compounds of the invention and intermediates can also be converted into each other 
according to methods generally known per se. 

The invention also relates to any novel starting materials and processes for their 
manufacture. 

Depending on the choice of starting materials and methods, the new compounds may be in 

the form of one of the possible isomers or mixtures thereof, for example, as substantially 
pure geometric (cis or trans) isomers. optical isomers (antipodes), racemates. or mixtures 
thereof. The aforesaid possible isomers ~r mixtures thereof are within the purview of this 
invention. 

Any resulting mixtures of isomers can be separated on the ~asis of the physico-chemical 
differences of the constituents, into the pure geometric or optical isomers. 
diasr.ereoisomers, racemates, for example by chromatography and/or fractional 
crystallization. 

,Any resulting racemates of final products or intermediates can be resolved into the optical 
antipodes by known methods. e.g. by separation of the diastereoisomeric salts thereof. 
obtained with an optically active acid or base. and liberating the optically active acidic or 
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basic compound. The hydroxamic acids or carboxylic acid intermediates can thus be 

resolved into their optical antipodes e.g. by fractional crystallization of d- or 1-(alpha­

methylbenzylamine, cinchonidine, cinchonine, quinine, quinidine, ephedrine, dehydro­

abietylamine, brucine or strychnine)-salts. 

Finally, acidic compounds of the invention are either obtained in the free form, or as a salt 

thereof. 

Acidic compounds of the invention may be converted into salts· with pharmaceutically 

acceptable bases, e.g. an aqueous alkali metal hydroxide, advantageously in the presence 

of an ethereal or alcoholic solvent, such as a lower alkanol. From the· solutions of the 

latter, the salts may be precipitated with ethers, e.g. diethyl ether. Resulting salts may be 

converted into the free compounds by treatment with acids. These or other salts can also 

be used for purification of the compounds obtained. 

In view of the close relationship between the free compounds and the compounds in the 

fonn of their salts, whenever a compound is referred to in this context, a corresponding 

salt is also intended, provided such is possible or appropriate under the circumstances .. 

The compounds, including their salts, can also be obtained in the form of their hydrates, or 

include other solvents used for their crystallization. 

The phannaceutical compositions according to the invention are those suitable for enteral, 

such as oral or rectal, transdennal and parenteral administration to mammals, including 

man, to inhibit matrix-degrading metalloproteinases. and for the treatment of disorders 

responsive thereto. comprising an effective amount of a pharmacologically active 

compound of the invention, alone or in combination, with one or more pharmaceutically 

acceptable carriers. 

The pharmacologically active compounds of the invention are useful in the manufacture of 

pharmaceutical compositions comprising an effective amount thereof in conjunction or 

admixture with excipients or carriers suitable for either enteral or parenteral application. 

Preferred are tablets and gelatin capsules comprising the active ingredient together with a) 

diluents, e.g. lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or glycine; b) 

lubricants, e.g. silica, talcum, stearic acid, its magnesium or calcium salt and/or 

polyethyleneglycol; for tablets also c) binders e.g. magnesium aluminum silicate, starch 
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paste. gelatin. tragacanth, methylcellulose. sodium carboxymethylcellulose and or 
polyvinylpyrrolidone; if desired d) disintegrants. e.g. starches, agar, alginic acid or its 
sodium salt, or effervescent mixtures; and/ore) absorbants, colorants. flavors and 
sweeceners. Injectable compositions are preferably aqueous isoconic solutions or 
suspensions, and suppositories are advantageously prepared from fatty emulsions or 
suspensions. Said compositions may be sterilized and/or contain adjuvants, such as 
preserving, stabilizing. wetting or emulsifying agents, solution promoters, salts for 
regulating the osmotic pressure and/or buffers. In addition. they may also contain other 
cherapeutically valuable substances. Said compositions are prepared according to 
conventional mixing, granulating or coating methods, respectively, and contain about 
0.1to15 %, preferably about 1 to 50 %, of the active ingredient. 

Suitable fonnulations for transdennal application include an effective amount of a 
... 

compound of the invention with carrier. Advantageous carriers include absorbable , .. 
pharmacologically acceptable solvents to assist passage through the skin of the host 
Characteristically, transdermal devices are in the form of a bandage comprising a ba~lcing 
member, a reservoir containing the compound optionally with carriers, optionally a rate 
controlling barrier to deliver the compound of the skin of the host at a controlled and 
predetennined rate over a prolonged period of time, and means to secure the device to the 
skin. 

Suitable fonnulations for topical application. e.g. to the skin and eyes, are preferably 
aqueous solutions. ointments, creams or gels well-known in the art. 

The pharmaceutical fonnulations contain an effective mattix-degrading metalloproteinase 
inhibiting amount of a compound of the invention as defined above either alone, or in 

combination with another therapeutic agent, e.g. an anti-inflammatory agent with 
cyclooxygenase inhibiting activity, each at an effective therapeutic dose as reponed in the 
art. Such therapeutic agents are well-known in the art. 

· ....... . 
Examples of antiinflammatory agents with cyclooxygenase inhibiting activity a;e. . ... 
diclofenac sodium, naproxen, ibuprofen, and the like. 

In conjunction with another active ingredient. ·a compound of the invention may be 
administered either simultaneously. before or after the ocher active ingredient. eicher 
separately by the same or different route of administration cir together in the same 

. . . . ~ 
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pharmaceutical formulation. 
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The dosage of active compound administered is dependent on the species of warm­

blooded animal (mammal), the body weight, age and individual condition, and on the form 

of administration. A unit dosage for or~ administration to a mammal of about 50 to 70 kg 

may contain between about 25 and 250 mg of the active ingredient. 

The following examples are intended to illustrate the invention and are not to be construed 

as being limitations thereon. Temperatures are given in degrees Centrigrade. If not 

mentioned otherwise, all evaporations are performed under reduced pressure, preferably 

between about 15and100 mm Hg(= 20-133 mbar). The structure of fmal products, 

intermediates and starting materials is confirmed by standard analytical methods, e.g. 

microanalysis and spectroscopic characteristics (e.g. MS, IR, NMR). Abbreviations used 

are those conventional in the art. 

Example 1: (a) N-(t-Butyloxy)-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-

3-methylbutanamide (4.1g,9.13 mmol) is dissolved in dichloroethane (150 mL) 

containing ethanol (0.53ml, 9.13 mmol) in around bottom flask, and the reaction is cooled 

to -10°C. Hydrochloric acid gas (from a lecture bottle) is bubbled through for 30 minutes. 

The reaction is sealed, allowed to slowly warm to room temperature, and stirred for 2 

days. The solvent is reduced to 1/3 volume by evaporation and triturated with ether. The 

mixture is filtered, filter cake removed, and dried in vacuo to provide 

N-hydroxy-2(R)-([4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanamide 

hydrochloride as a white solid, m.p. 169-170°C (dee), and having the following structure: 

xHCl 
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The starting material is prepared as folJows: 

To a solution of D-valine (15.0 g. 128.0 mmol) in 1:1 dioxane/ water (200 mt) containing 
triethylamine (19.4 g. 192.0 mmol) at room temperature is added 4-methoxybenzene- · 
sulfonyl chloride (29.0 g. 141.0 mmol). and the reaction mixture is stirred at room 
temperature overnig~t. The mixture is then diluted with methylene chloride, washed with 
IN aqueous hydrochloric acid and water. The organic layer is washed again with brine. 
dried (Na2S04). and the solvent is evaporated to provide N-( 4-methoxybenzenesulfonyl]­
{0)-valine as a crude product. A solution of this crude product (15.0 g) in toluene (100 
mL) containing N.N-dimethylformamide di-t-butyl acetal (50 mL, 206.5 mmol) is heated 
to 95°C for 3 hours. The solvent is then evaporate_d. The crude product is purified by • 
silica gel chromatography (30% ethyl acetate/hexanes) to provide N-(4-methoxybenzene­
sulfonyl]-(D)-valine t-butyl ester. 

To a solution of N-(4-methoxybenzenesulfonyl]-{D)-valine t-butyl ester (4.38 g, 13.0 
mmol) in dimethylfonnamide (200 mL) is added 3-picolyl chloride hydrochloride (2.3 g, 
14.0 mmol) followed by potassium carbonate (17.94 g, 130.0 mmol) .. The reaction 
mixture is stirred at room temperature for 2 days. The mixture is then diluted with water 
and extracted with ethyl acetate. The combined organic extracts are washed with brine. 
dried (N82SO~. and the solvent is evaporated. The crude product is purified by silica gel 
chromatography (ethyl acetate) to give t-butyl 2(R)-[N-[4-methoxybenzenesulfonyl]­
(3-picolyl}amino]-3-methylbutanoate. 

t-Butyl 2(R)-[[ 4-methoxybenzenesulfonyl] (3-picolyl)amino ]-3-methylbutanoate (5.3 g. 
12.2 mmol) is dissolved in methylene chloride (150 mL) and cooled to -10°C. 
Hydrochloric acid gas is bubbled into the solution for 10 minutes. The reaction mixture is 
then sealed.· warmed to room temperature and stirred for 4 hours. The solvent is then 
evaporated to provide 2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino ]-3-methyl­
butanoic acid hydrochloride. 

2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoic acid hydrochloride 
(5.0 g. 12.06 mmol), 1-hydroxybenzotriazole (1.63 g, 12.06 mmol}, 4-methylmorpholine 
(6.6 mt, 60.31 mmol), and 0-t-butylhydroxylamiile hydrochloride (54.55 g, 36.19 mmol) 
are dissolved in methylene chloride (200 mL). N-[Dimethylaminopropyl]-N' -ethyl­
carbodiimide hydrochloride (3.01 g, 15.68 mmol) is added. and the reacti.on is stirred 
overnight. The reaction is then diluted with water and extracted with methylene chloride. 
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The combined organic extracts are washed with brine, dried (NaiS04), and the solvent is 
evaporated. The crude product is purified by silica gel chromatography (2% 
methanol/methylene chloride) to give N-(t-butyloxy);.2(R)-[[4-methoxybenzenesulfonyl]-

. (3-picolyl)amino ]-3-methylbutanamicle. 

(b} L-tartaric acid salt. m.p. 114-116°C. 

(c) Methanesulfonic acid salt, m.p. 139-141.5°C. 

(d) Maleic acid salt, m.p. 133-134°C. 

Example 2: The following compounds are prepared similarly to Example 1: 

a) N-Hyclroxy-2(S)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanamide 
hydrochloride, m. p. 170.5-171 °C, by starting the synthesis with L-valine, and carrying out 
the subsequent steps as described above. 

(b) N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-4-methylpentanamide 
hydrochloride, m.p. 128-129°C. 

The first two steps are carried out as described in example l, except the synthesis was 
started with D-leucine. The alkylation step is different, as described below. 

To a solution oft-butyl 2(R)-[[4-methoxybenzenesulfonyl]amino]-4-methylpentanoate 
(10.0 g, 27.92 mmol) in dimethylfonnamide (250 mL) atroom temperature is added 
3-picolyl chloride hydrochloride (4.81g,29.32 mmol) followed by sodium hydride (2.79 
g, 69.80 mmol, 60% in oil). ·The reaction mixture is stirred at room temperature for 48 

hours. The mixture is quenched with water and extracted with ethyl acetate. The 
combined organic extracts are washed with brine, dried (N~SO.j, and the solvent is 

evaporated. The crude product is purified by silica gel chromatography ( 45% ethyl 
acetate/hexanes) to provide t-butyl 2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)-
amino ]-4-methylpentanoate. 

All of the following steps are carried out as described above in example 1. 

(c) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](6-chloropiperonyl)amino]-4-methyl-



- 28 -

f REPLACEWlENT SHEET 

r~JUL1996 l l .. :J 
pentanamide, m.p. 85-87°C, by starting the synthesis with 0-leucine and alkylating with 

6-chloropiperonyl chloride(= 6-chloro-3,4-methylenedioxy-benzylchloride) in the third 

step. 

( d) N-Hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl](piperonyl)amino ]-4-methylpentan­

amide, m.p. 145-147°C, by starting the synthesis with 0-leucine and alkylating with 

piperonyl chloride (= 3,4-methylenedioxy-benzylchloride) in the third step. 

(e) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-4-methylpentan­

amide, m. p. 89-90°C, by starting the synthesis with 0-leucine and alkylating with 2-

picolyl chloride in the third step. 

(t) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-3-methylbutanamide 

hydrochloride, m.p. 140-142°C, by starting the synthesis with D-valine and alkylating 

with 2-picolyl chloride in the third step. 

(g) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-4,4-dimethylpentan­

amide hydrochloride, m.p. 130-150°C (slow melt), by starting the synthesis with 

D-t-butylalanine and alkylating with 3-picolyl chloride in the third step. 

(h) N-Hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino ]-2-cyclohexyl­

acetamide hydrochloride, m.p. 149.5-152.0°C, by starting the synthesis with 

(D)-cyclohexylglycine hydrochloride. 

The starting amino acid is prepared as follows: 

(D)-phenylglycine (10.0 g, 66.2 mmol) is suspended in 2N hydrochloric acid (100 mL) 

containing platinum (IV) oxide hydrate (267 mg). The mixture is shaken in a Parr 

hydrogenation apparatus for 24 hours under a hydrogen pressure of 50 psi. The resultant 

suspended crystalline material, (D)-cyclohexylglycine hydrochloride, was used without 

further purification. 

(i) N-Hydroxy-2(R)-[[(2,3-dihydrobenzofuran)-5-sulfonyl](3-picolyl)amino]3-methyl­

.butanamide hydrochloride, m.p. 150.0-153.00C, by starting the synthesis with 

2,3-dihydrobenzofuran-5-sulfonyl chloride. 
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The starting sulfonyl chloride is prepared as follows: . 

2.3-dihydrobenzofuran (6.0 g, 49.94 mmol) is added over 20 minutes to chlorosulfonic 

acid (29.09 g, 249.69 mmol) at-20°C. The reaction mixture is quenched by additi~n of 

ice followed by water (20 mL). The mixture is then extracted with ethyl acetate. The 

combined organic estracts are washed with brine, dried CNa.iSO.J, and the solvent is 

evaporated. The crude product is purified by silica gel chromatography (30% ethyl 

acetate/hexane) to give 2,3-dihydrobenzofuran-5-sulfonyl chloride (3.3 g). 

G> N-Hydroxy-2-[[4-methoxybenzenesulfonyl](3-picolyl)-amino]-3-m ethylbutanamide 

hydrochloride, m.p. 139.5-142°C, by starting the synthesis with DL-valine. 

(k) N-Hydroxy-2(R)-([4-ethoxybenzenesulfonyl](3-picolyl)-amino]-3-methylbutanamide 

hydrochloride, [a]0
25=+34.35 (c=S.84. CH30H). 

(1) N-Hydroxy-2(R)-[(4-methoxybenzenesulfonyl](2-picolyl)amino]-2-cyclohexylacet­

amide hydrochloride, m.p. 127-1400, by starting the syntheses with (0)-cyclohexylglycine 

hydrochloride, and carrying out the subsequent steps as described above. 

(m) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl](2-methylthiazol-4-ylmethyl)amino ]-2-

cyclohexylacetamide hydrochloride, m.p. 137-139°C. using 4-chloromethyl-2-methyl­

thiazole in the alkylation step. 

(n) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-quinolinylmethyl)amino]-2-cyclohexyl­

acetamide hydrochloride, m.p. 12 l-123°C, using 2-chloromethylquinoline hydrochloride 

in the alkylation step. 

Example 3: 2(R)-[[4-Methoxybenzenesulfonyl](benzyl)amino]-4-methylpentanoic acid 

(4.38 g, 11.2 mmol) is dissolved in methylene chloride (56.0 mL). To this solution is 

added oxalyl chloride (l.95 mL. 22.4 mmol) and dimethylfonnamide (0.86 mL, 11.2 

mmol), and the reaction is stirred at room temperature for 90 minutes. Meanwhile, in a 

separate flask, hydroxylamine hydrochloride (3.11g.44.8 mmol) and triethylamine (9.36 

mL, 67 .1 mmol) are stirred in tetrahydrofuran (50.0 mL) and water (3.5 mL) at 0°C for 15 

minutes. After 90 minutes, the methylene chloride solution is added in one portion to the 

second flask. and the combined contents are stirred for three days as the flask gradually 

warms up to room temperature. The reaction is then diluted with acidic water (pH= .... 3), 
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and extracted several times with ethyl acetate. The combined organic layers are dried · 
(Na2SO.J, and the solvent is evaporated. The product is purified by silica gel 
chromatography (I% methanol/methylene chloride) to give N-hydroxy-2(R)-[[ 4-methoxy­
benzenesulfonyl](benzyl)amino]-4-methylpentanamide, m.p. 48-52°C. 

The starting material is prepared as follows: 

(D)-leucine (7 .1 g, 53.9 mmol) is dissolved in dioxane (60.0 mL) and water (60.0 mL). To 
this solution is added triethylamine (11.3 mL, 80.9 mmol) and 4-methoxybenzenesulfonyl 
chloride (12.25 g, 59.3 mmol), and the reaction is stirred at room temperature overnight 
The reaction is then diluted with methylene chloride and washed successively with 2SN 
hydrochloric acid, water, and brine. The organic phase is dried CNaiS04), and the solvent 
is evaporated to give N-[4-methoxybenzenesulfonyl]-(D)-leucine, which is used without 
further purification. 

N-(4-methoxybenzenesulfonyl]-{D)-leucine (14.0 g, 46.5 mmol) is dissolved in toluene 
(100.0 mL), and heated to 900C. N,N-Dimethylformamide di-t-butyl acetal. (45.0 mL, 
186.0 mmol) is added dropwise over 20 minutes, and then the reaction is kept at 90°C for 
another 2 hours. After cooling back down, the reaction is diluted with ethyl acetate and 
washed successively with saturated sodium bicarbonate, water, and brine. The organic 
phase is dried (N~S04), and the solvent is evaporated. The product is purified by silica 
gel chromatography (20% ethyl acetate/ hexane) to give N-[ 4-methoxybenzenesulfonyl]­
{0)-leucine t-butyl ester. 

To a suspension of sodium hydride (0.68 g, 14.1 mmol) in dimethylformamide (60.0 mL), 
is added N-[4-methoxybenzenesulfonyl]-(D)-leucine t-butyl ester (5.02 g, 14.06 mmol) in 
dimethylformamide (10.0 mL). After stirring at room temperature for 20 minutes, benzyl 
bromide (1.67 mL, 14.06 mmol) is added, and the reaction is stirred overnight at room 
temperature. The reaction is then partitioned between ethyl acetate and acidic water 
(pH=5), the organic layer is dried (Na.iS04), and the solvent is evaporated. The product is 
purified by silica gel chromatography (10% ethyl acetate/hexane) to give t-butyl 
2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-methylpentanoate. 

t-Butyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-methylpentan oate (5.38 g, 
12.02 mmol) is dissolved in methylene chloride (100.0 mL). Hydrochloric acid gas (from 
a lecture bottle) is bubbled through the solution for 20 minutes. The reaction is sealed and 



.-------~---------· ·--· 

- 31 -

stirred overnight at room temperature. The solvent is then evaporated to give 2(R)-[[ 4-

tnethoxybenzenesulfonyl](benzyl)amino}-4-methylpentanoic acid. 

example 4: The following compounds are prepared similarly to example 3: .--

(a) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-phenylacetamide, 
tn.p. 128-129°C, by starting the synthesis with (D)-phenylglycin~. and carrying out the 
subsequent steps as described in example 3. · .. 

(b) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-t-butylacetamide. m.p. 
69-73°C, by starting the synthesis with t-butylglycine. and carrying out the subsequent 
steps as described in example 3. 

(c) N-Hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl] ( 4-fluorobeiuyl)amino ]-4-methyl­
pentanamide, m.p. 48-51°C, by starting the synthesis with (D)-leucine. and carrying out 
the subsequent steps as described in example 3, with the exception that 4-fluorobenzyl 
bromide is used in place of benzyl bromide. 

(d) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-3-methylbutanamide, 
m.p. 179-lSOOC, by starting the synthesis with (D)-valine, and carrying out the subsequent 
steps as described in example 3. 

(e) N-Hydroxy-2(R}-[[4-methoxybenzenesulfonyl](benzyl)amino]-4.4-dimethylpentan­
amide, by starting the synthesis with (D)-neopentylglycine, and carrying out the 
subsequent steps as described in example 3. 

(t) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl(benzyl)amino]-3-hydroxypropanamide. 
m.p. 65°, by starting the synthesis with (D)-serine, and carrying out the subsequent steps 
as described in example 3. 

gamole 5: 3-( 4-Methoxybenzenesulfonyl]-5,5-dimethylthiazolidine-4(S)-carboxylic acid 
(2.0 g, 6.0 mmol) is dissolved in methylene chloride (30.0 mL). To this solution is added 
0xalyl chloride (1.1 mL. 12.1 mmol) and dimethylformamide (0.50 mL, 6.0 mmol). and .· 

· the reaction is stirred at room temperature for 2 hours. Meanwhile. in a separate flask. 
hydroxylamine hydrochloride (1.74 g, 25.0 mmol) and ttiethylamine (5.0 mL, 36.0 mmol) 
are stirred in tetrahydrofuran (25.0 mL) and water (2.0 mL) at 0°C for 15 minutes. After 2 
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hours, the methylene chloride solution is added in one portion to the second flask. and the 
combined contents are stirred overnight as the flask gradually warms up to room· 
temperature. The reaction is then diluted with acidic water (pH::....3). and extracted several 
times with ethyl acetate. The combined organic layers are dried (Na2S04), and the solvent 

is evaporated. The product is purified by silica gel chromatography (60% ethyl 

acetate/hexane) to give N-hydroxy-3-[4-methoxybenzenesulfonyl]-5,5-dimethyl­
thiazolidine-4(S)-carboxamide, m.p. 68-71°C. 

The starting material is prepared as follows: 

(0)-5,5-Dimethylthiazolidine-4-carboxylic acid (1.0 g, 6.2 mmol) is dissolved in dioxane 
(10.0 mL) and water (10.0 mL). To this solution is added triethylamine (1.3 mL, 9.3 
mmol) and 4-methoxybenzenesulfonyl chloride (1.41g.6.82 mmol). and the reaction is 
stirred at room temperature for three days. The reaction is then diluted with ethyl acetate 
and washed successively with 2.SN hydrochloric acid, water, and brine. The organic 

phase is dried (Na2SO.J, and the solvent is evaporated to give 3-( 4-methoxybenzene­
sulfonyl]-5,5-dimethylthiazolidine-4(S)-carboxylic acid, which is used without further 
purification. 

Examole 6: l-[4-Methoxybenzenesulfonyl]-pyrrolidine-2(R)-carboxylic acid (1.12 g, 3.93 
mmol) is dissolved in methylene chloride {40.0 mL). To this solution is added oxalyl 
chloride (0.69 mL, 7 .85 mmol) and dimethylfonnamide (0.30 mL, 3.93 mmol), and the 

reaction is stirred at room temperature for 30 minutes. Meanwhile. in a separate flask, 
hydroxylamine hydrochloride (1.1g,15.7 mmol) and triethylamine (3.3 mL. 23.5 mmol) 
are stirred in tetrahydrofuran (20.0 mL) and water { 4.0 mL) at 0°C for 15 mim1tes. After 
30 minutes. the methylene chloride solution is added in one portion to the second flask, 
and the combined contents are stirred overnight as the flask gradually warms up to room 
temperature~ The reaction is then diluted with acidic water (pH=:-3). and extracted several 
times with ethyl acetate. The combined organic layers are dried (MgS04), and the solvent 
is evaporated. The product is purified by silica gel chromatography (50% ethyl 
acetate/hexane) to give N-hydroxy-l-(4-methoxybenzenesulfonyl]-pyrrolidine-2(S)­
carboxamide, m.p. 163.5-165.5°C. 

The starting material is prepared as follows: 

(0)-proline (0.78g. 6.77 mmol) is suspended in methylene chloride (25.0 mL). To this 
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solution is added triethylamine (1.13 mL. 8.12 mmol) and 4-methoxyben%e:ne5~~L---1 
chloride ( 1.4 g. 6. 77 mmol). and che reaction is stirred at room temperature for two days. 

The reaction is then diluted with methylene chloride and washed successively with lN 
hydrochloric acid, water. and brine. The organiC phase is dried (MgS04'. and the solvenc 

is evaporated. The product is purified by silica gel chromatography (10% methanoVethyl 

acecate) to give 1-[4-methoxybenzenesulfonyl]-pyrrolidine-2(R)-carboxylic acid. 

E:camole 7: N-(t-Butyloxy)-2-((4-methoxybenzenesulfonyl](benzyl)amino]-
2-[2-(4-morpholino)ethyl]aceramide (2.65 g,. 5.1 mmol) is dissolved in methylene chloride 

(30.0 mL) and ethanol (1.0 mL) in a glass sealed tube,. and the reaction is cooled to 0°C. 

Hydrochloric acid gas (from a lecture bottle) is bubbled through the solution for 20 

minutes. and then the rube is sealed and kept at room temperature for 3 days. After that 

time. the solvent is removed. and the reaction is partitioned between ethyl acetate and 

saturated sodium bicarbonate. The organic phase is dried CNazSOJ. and the solvent is 

evaporated. The product is purified by silica gel chromatography (2% methanol/­

medtylene chloride) to give N-hydroxy-2-([4-methoxybenzenesulfonyl](benzyl)amino]-

2-[2-( 4-morpholino)ethyl]acetamide,. m.p. 56-60°C. 

Tne starting material is prepared as follows: 

N-(2-chloroethyl)morpholine hydrochloride (12.0 g) is dissolved in water (200 mL) and 

made basic with ammonium hydroxide (100.0 mL) to a pH=-11. The aqueous layer is 
then extracted several times with ether. the combined organic layers are dried (N~SOJ, 
and the solvent is evaporated to yield an oil which is used immediately. 

Diethyl acetamidomalonate (11.4 g, 57.08 mmol) is added to a freshly prepared solution of 

sodium ethoxide in ethanol (made.from Na (1.32 g. 57.1 mmol) added to ethanol (34.0 

mL)), and the reaction is refluxed for 30 minutes. The reaction is then adjusted to 55°C, 

and potassium iodide (0.14 g. 0.8 mmol} and dimethylforrnamide (0.2 mL) are added. 

Finally, the N-(2-chloroedtyl)morpholine (8.9 g, 59.6 mmol) prepared above is added in 

ethanol (14.0 mL). and the reaction is maintained at 55°C for 24 hours. 

The reaction is diluced with ethyl acetate and filtered through Celite to remove saltS. The 

filtrate is evaporated. and then partitioned between ethyl acetate and brine. The organic 
layer is dried (Na2S04). and the solvent is evaporated. The product is purified by silica 
gel chromatography (tir~t 50% ethyVacetate. men 5% methanoVmethylene chloride} to 
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aive diethyl [2-( 4-morpholino )ethyl]acetamidomalonate. 

Diethyl [2-(4-morpholino)ethyl]acetamidomalonate (8.0 g, 25.6 mmol) is dissolved in 
ethanol (128.0 mL). Sodium hydro~ide (4.55 mL of a 6N aqueous solution, 27.35 mmol) 
is added, and the reaction is stirred at room temperature for 24 hours. The ethanol is then 
evaporated, and the residue is diluted up in water, washed several times with ether. and 
then the aqueous phase is acidified with concentrated hydrochloric acid to pH =--.S. The 
solution is evaporated to dryness. then suspended in toluene (300.0 mL) and refluxed for 3 
hours. After cooling to room temperature, the reaction is diluted with chlorofonn (300.0 
mL). and the mixture is filtered through Celite. The filtrate is evaporated to give ethyl 
2-(acetamido )-2-[2-{ 4-morpholino)ethyl]ac~tate. 

Ethyl 2-(acetamido)-2-[2-{4-morpholino)ethyl]acetate (4.2 g, 16.28 mmol) is dissolved in 
6N hydrochloric acid (100.0 mL), and the reaction is refluxed for 4.5 hours. The water is. 
then evaporated, and the product is azeotroped dry using toluene to give 2-amino-2-[2-
( 4-morpholino )ethyl]acetic acid dihydrochloride_ 

2-Amino-2-[2-( 4-morpholino)ethyl]acetic acid dihydrochloride (4.0 g, 15.33 mmol) is 
dissolved in a solution of methanol (100.0 mL) and acetyl chloride (5.0 mL), and the 
reaction is refluxed for 24 hours. The solvent is then evaporated to give methyl 
2-amino-2-(2-(4- morpholino)ethyl]acetate dihydrochloride. 

Methyl 2-amino-2-[2-{4-morpholino)ethyl]acetate dihydrochloride (6.0 g, 21.82 mmol) is 
dissolved in chloroform {110.0 mL) and triethylamine (9.12 mL, 65.46 mmol). To this 
solution is added 4-methoxybenzenesulfonyl chloride (4.51g,21.82 mmol), and the 
reaction. is refluxed for 4 hours. After cooling, the reaction is diluted with more 
chloroform, washed with saturated sodium bicarbonate, the organic layer is dried 
(NaiSO.i), and the solvent is evaporated to give methyl 2-(4-methoxybenzenesulfonyl)­
amino-2-[2-(4-morpholino)ethyl]acetate. 

To a suspension of sodium hydride (1.03 g, 21.5 mmol) in dimethylformamide (108.0 
mL}, is added methyl 2-{4-methoxybenzenesulfonyl)amino-2-(2-(4-morpholino)ethyl]ac 
etate (8.0 g, 21.S mmol) in dimethylfonnamide (10.0 mL). After stirring at room 
temperature for 30 minutes, benzyl bromide (2.56 mL, 21.5 mmol) is added, and the 
reaction is stirred overnight at room temperature. The reaction is then partitioned between 
ethyl acetate and acidic water (pH=-5), the organic layer is dried (N~SO.i), and the 
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·solvent is evaporated. The product is purified by silica gel chromatography (3% 
· rnetha.nol/methylene chloride) to give methyl 2-([4-methoxybenzenesulfonyl](benzyl)-

3Jtlino ]-2-[2-( 4-inorpholino)ethyl]acetate .. ·· 

· Methyl 2-([4-methoxybenzenesulfonyl](benzyl)amino]-2-[2-( 4-morpholin o)ethyl]acetate 

(7.33 g, 15.86 mmol) is dissolved in methanol (80.0 mL). To this solution is added 

. sodium hydroxide (17 .S mL of a lN aqueous solution, 17 .5 mmol), and the reaction is 

stirred at room temperature for 8 hours. The reaction is then acidified to pH=-3 using 
2.5N hydrochloric acid, and then the solvent is evaporated. The residue is suspended in 
ethanol, the inorganic salts are filtered away~ and the filtrate is evaporated to give 
2·([ 4-methoxybenzenesulfonyl](benzyl)amino ]-2-[2-( 4-morpholino)ethyl]acetic acid 

hydrochloride. 

2-[[4-Methoxybenzenesulfonyl](benzyl)amino]-2-(2-(4-morpholino)ethyl]acetic acid 
hydrochloride (4.24 g. 8.75 mniol), 1-hydroxybenzotriazole (1.34 g, 8.75 mmol), 

.. 4-methylmorpholine (3.85 mL. 35.02 mmol), and 0-t-butylhydroxylamine hydrochloride 
(1.10 g. 8.75 mmol) are dissolved in methylene chloride (44.0 mL), and the reaction is 

cooled to O°C. To this solution is added N-[dimethylaminopropyl]-N'-ethylcarbodiimide 
hydrochloride (3.35 g, 17 .5 mmol), and the reaction is allowed to warm up to room 
temperature and stir overnight. The reaction is diluted with more methylene chloride, and 
the organic layer is washed with saturated sodium bicarbonate,. brine, dried (MgSO.J. and 
the solvent is evaporated. The product is purified by silica gel chromatography (2% 

methanoJ/methylene chloride) to give N-(t-butyloxy)-2-((4-methoxybenzenesulfonyl]­
(benzyl)amino ]-2-[2-( 4-morpholino)ethyl]acetamide. 

Examole 8: The following compounds ~ prepared similarly to example 7: 

(a) N-Hydroxy-2-(( 4-methoxybenzenesulfonyl](isobutyl)amino ]-2-(2-{ 4-morpholino )­
ethyl]acetamide, m.p. 62-64°C, using isobutyl bromide in the alicylation step in place of 
benzyl bromide. 

{b) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-2-[2-{+morpholino)­

ethyl]acetamide dihydrochlodde, m.p. 195-197°C, using 2-picolyl chloride in the 
alkylation step in place of benzyl bromide. 

(c) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-2-[2-(4-morpholino)-
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ethyl]acewnide dihydrochloride, m.p. >2l0°C, using 3-picolyl chloride in the alkylation 
step in place of benzyl bromide. 

. . . 

( d) N-Hydroxy-2-([ 4-methoxybenzenesulfonyl] (2-methylthiazol-4-ylrnethyl)amino ]-2-

(2-( 4-morpholino )ethyl]acetamide dihydrochloride. m.p. 180°C. usirig4-chloromethyl-
2-methylthiaz.ole in the alkylation step in place of benzyl bromide. 

(e) N-Hydrox¥-2-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-2-(2•( 4-thiomorpholino )­
ethyl]acetamide, m.p. S0-52°C. by starting the synthesis with N-(2-chloroethyl)thio~ 
111orpholine. and carrying out the subsequent steps as described in example 7. 

(t) N-Hydroxy-2-(( 4-methoxybenzenesulfonyl](benzyl)amino ]-2-(2-methylthiazol-
4-ylmethyl]acetamide, m.p. 79-81°C. by starting the synthesis with 4-chloromethyl-
2-melhylthiazol~ hydrochloride, and carrying out the subsequent steps as described in 
example 7. 

(g) N-Hydroxy~2·[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-2-[6-chloropiperonyl]­
acewnide, m.p. 70-7 4°C, by starting the synthesis with 6-chloropiperonyl chloride. and 
carrying out the subsequent steps as described in example 7. 

(h) N-Hydroxy~~-[[ 4-methoxybenzenesulfonyll(benzyl)amino ]-2-(( 1-pyrazolyl)methyl]­
acetamide. m.p. 130-131°C. by starting the synthesis with B-pyrazol-l·yl-alanine 
(prepared following the procedure of I. Am. Chem. Soc., 110, p. 2237 (1988)), and 
carrying out the subsequent steps as described in example 7. 

(i) N-Hydroxy:-f~[[4-methoxybenzenesulfonyl](3-picolyl)amino]-2-[3-picolyl]acetamide 

dihydrochloride. m.p. >220°C. by starting the synthesis with 3-picolyl chloride, and 
carrying out th~ suQsequent steps as described in example 7, but in addition, using 
3-picolyl chl9~~~ in the alkylation step in place of benzyl bromide in example 7. 

G) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-2-(( l-methyl-4-
imidazolyl)methyl]acetamide hydrochloride, m.p. >200°C, by starting the synthesis with 
N-t-methylhistidfue dihydrochloride (prepared follo~g the procedure of Recueil. 97. 
p.293 (1978)~. and carrying out the subsequent steps--.¥ described in example 7. 

(le) N-Hyd~oxy-2-(( 4-methoxybenzenesulfonyl](isobutyl)amino ]-2-( ( l-methyl-

. ..:,·.· 

.. ;.=: 



· ..... ·.·. .--..------;· ---
•. REPLACEMENTBHEET 

-3i.- . • .1 · 1 ,() JUL 19961/ 
· .. ·.. ·.·.· .·· .. ·_: .·: ·.. ':. ·. . .:· .. '. ·.· . 

.1-imidazolyl)methyl]acetamide hydrochloride. m.p. l94-195°C, by startimrirmr~Tl'nsri'l""'--~· 
with N-t-methylhistidine dihydrochloride and carrying out the subsequenc seeps as 

.·· described in example i. using isobucyliodide in the alkylation step in place of benzyl 

·.,bromide. 

·. 

(1) N-Hydroxy-2-([ 4-methoxybenzenesulfony1](3-picolyl)amino ]· 2-(( l-methyl-4-
. . 

imidazolyl)methyl]acecamide hydrochloride, m.p. >220°C. by starting the synthesis with 

N·i:-methylhistidine dihydrochloride and carrying out the subsequent steps as described in 

e.'<ample 7. using 3-picolyl chloride in the alkylation step in place of benzyl bromide. 

·· (rn) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-picolyl)amin!J]-2-((l-methyl-4-

Unidazolyl)methyl]acetamide hydrochloride. m.p. l62-164°C. by starting the synthesis 

wiEh N-'t-methylhistidine dihydrochloride and cmying out the subsequent steps as 

described in example 7. using 2-picolyl chloride in the alkylation step in place of benzyl 

bromide. 

(n) N-hydroxy-2-[[4-m~thoxybenzenesulfonylJ(2-methylthiazol-4-ylmethyl)amino]-2- · 

[(l-methyl-4-imidazolyl)methyl]acetamide hydrochloride, m.p. 160-163°C. by starting the 

synEhesis with N-t·methylhistidine dihydrochloride and carrying out the subsequent steps 

as described in example 7. using 4-chloromethyl-2-methylthiazole in the al.1<'jlation step in 

place of benzyl bromide. 

(o) N-hydrOxy-2-[[4-methoxybenzenesulfonyl](piperonyl)amino]-2-((1-methyl-

4-imidazolyl)methyl]acewnide hydrochloride, m.p. 195°C. by starting the synthesis with 
N·i:-mechylhistidine dihydrochloride and carrying out the subsequent steps as described in 
example 7. using piperonyl chloride in the alkylation step in place of benzyl bromide. 

Exarnole 9: (a) Methyl 2-[[4-methoxybenzenesulfonyl](benzyl)aniino]propionace (2.1 g, 

6.0 l mmol) is dissolved in methanol (20.0 mL). To this solution is added hydroxylamine 

hydrochloride (0.84 g. 12.0 mmol). followed by the addition of sodium methoxide (7.0 mL 

of a 4.37M solution). The reaction is stirred overnight at room temperature. The reaction . 
i.s worked up by first removing all the solvent. and partitioning between ethyl 

acetate/hexane (211) and saturated sodium bicarbonate. The aqueous phase is extracted 

well wich ethyl acetate/hexane, the combined organic layers are dried (MgSO.J. and the 

solvent is evaporated. The product is purified by silica gel chromatography (ethyl acetate) 

to give N-hydroxy-2-((4-mechoxybenzenesulfonyl](benzyl)amino]propionamide, m.p. 

:·~.~-
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.. Lile s=:r...ng mare."ial is prepared a.s follows: 

0,r..Afacine (27 .a g, 300.0 mmol) is cimolved. in a S<llution of metflanol (100.0 mt) 

~d wich a:a gas, and the reaction is cefiti2a for 2 hams. The solvent is then . . 

.. yaaO~ and the residue ttimrated with emyi acetate ca giVe atanine methyl ester ... . 
~ydICcitloride.. 

Ala"ice me:hyl ester hydrochloride (7.0 g. 50.0 m.mol} is dissolved. in methylene chloride 

{100.0 m!.} and a:iethy!amjni: (20.0 mL. 143.0 mmol). To tbis .salmian is added 

~onyl chloride (L0.31. ?9-0 mmol), and the teaCtfcn is stimd at 

EOOJI1 cemperamre briefly. Ihe reaction is made basic with lN S<ldium. ~ and 
washed with ~thylene chloride. The combined organic la.yer:s ue cfrled (N&zSOJ. and 
the solvent is evaporated. Hexane is added ta the~ and the pxedpitare is callec"..ed 
cc gi•te N{4-methoxybenz:nesulfonyl]-aian;ne met!:lyl ester. 

·. 

!a a ~ension of sodium hydride (0.60 g. 11.0 mmoO in dimethylformamide (20.0 mL), 
is added N-(4-methoxybem=esulfonyl]-atanjne methyl ester (2.a g, 10.0 mmol) in 
dimemylfomiamide (10.0 mL). ~stirring ac room temperamre for 30 minures, benzyl 

bromide (1.22 m!., 10.0 mmol) is added, and me reaction is stiired for two hours ac room 
cempe."lcure. The reacti~n is then pa.ttitioned between ether ~d bt...ne, tlle organic layer is 
dried CNazSOJ, and tlle solvent is evaporared. T.a.e product is puriz1ed by silica gel 
c!iromatography (20% echerlhexanes) to give methyl 2-((4-methoxybenzenesulfonyll­
raenr/i}amino ]-propionoace. 

fa} Si~i1ariy p.repared is N-h.ydroxy-2-[[4-m.echoxybenzenesulfonyl](oenzyl)amino]-4-
1.~cme~1lylbuc-tra-rnide, m.p. 104-lOOOC, by sw-iiig the synthesis wic.1 D,L·methionine, 
and ca.-cying oµt che subsequent steps as described above. 

~a.mole 10: A solution of methyl 2·([4-mechoxybenzenesulfonyl]("oeazyl)aminol­
~!Jl~thylsulfonyl)bucyrace (900 mg, 2.0 mmol}, sodium cnethoxide previously generated 
from sodium mecal spheres (100.0 mg, 4.5 mmol), and h.ydroxylamine hydrochloride 
(280.0 mg, 4.0 mmol) is refluxed for 2 days. Tne mixture is cooled co room temoerature, 

. . 
C:Jnce:tt:.c.ced hi vacuo, diluted with ware::-, acidifled with citric acid, and excracted with ·" 
ethyl acecace. Tne combined organic excracr.s are dri~d (MgSOJ.°!.rid and the solvent is 

. ··.::,: 

.· .... 

-, 
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evaporated. The product is purified by silica gel chromatography (ethylacetate) to give 
N-hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-(methysulfonyl)butyramide, 
[M+l]=l57. . 

The starting material is prepared as follows: 

To a solution of racemic methionine methyl ester (1.98 g~ 10.0 mmol) in methylene 
chloride 
(25 mL) containing triethylamine (2.0) mL, 14.3 mm.ol) is added 4-methoxy­
benzenesulfonyl chloride (2.lg, 10.2 mm.ol). After stirring for 2 hours at room 
temperature, the mixture is diluted with 1 N hydrochloric acid. The organic layer is 
removed and the aqueous layer is extracted with ether. The combined organic layers are 
washed with brine, dried (MgSOJ, and and the solvent is evaporated. The concentrated 
solution is triturated with ether, and the product is collected by filtration to give methyl 
2-[[4-methoxybenzenesulfonyl]amino]-4-(thiomethyl)butyrate. · 

To a solution of methyl 2-[[4-methoxybenzenesulfonyl]amino]-4-(thiomethyl)butyrate 
(2.lg, 6.2 mmol) in dimethylformamide (15 mL) containing potassium carbonate (4.0 g, 
29.0 mmol) is added benzyl bromide (1.5 mL, 12.6 mmol). The reaction mixture is 
stirred 
for 1 hour at room temperature. The mixture is quenched with water and extracted with 
ether. The organic extracts are washed with brine, dried (MgSOJ, and and the solvent is 
evaporated. The product is purified by silica gel chromatography (30% ethyl . 
acetate/hexanes) to give methyl· 2-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-
4-(thiomethyl)butyrate. 

A solution of methyl 2-[[4-methoxybenzenesulfonyl](benzyl) amino]-4-(thiomethyl}­
butyrate (925.0 mg, 2.17 mmol) in 25% peracetic acid (5 mL) is stirred overnight at 
room temperature. The mixture is concentrated in vacuo, diluted with water and extracted 
with 
ethyl acetate. The combined organic extracts are dried (MgS04). and the solvent is 
evaporated to give methyl 2-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-(methyl­
sulfonyl)butyrate. 

Example 11: (a} To a solution of 2R-[[(4-methoxybenzene)sulfonyl](benzyl)amino]­
propionic acid (1.04 g, 2.98 mmol} in methylene chloride (SO mL) containing 
dimethylfQrmamide (230 mL, 2.98 mmol) at room temperature is added oxalyl chloride 
(520 mL, 5.96 mmol) over S minutes dropwise. The mixture is stirred for 30 minutes at 
room temperature, then added to a pre-formed mixture of hydroxylamine hydrochloride 
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.. _ (828 mg~ 11. 92 mmol) and triethylamine (2.5 mL. 17 .9 mmol} in cetrohydrofuran (20 
mL)/water (l.5 mL) at 0°C. The reaction mixture is stirred for 45 minutes at Q°C then 
slowly warmed to room temperature for 15.5 hours. The mixture is acidified with l N 
hydrochloric acid and extracted with methylene chloride. The combined organic extracts . 
are washed with brine. dried (MgSO,J. and the solvent is evaporated. The crude product is 

"' >.- .·recrystallized from diethyl ether/ethyl acetate (1:1) to give N-hydroxy-2(R)-[[4-methoxy-
benzenesulfonylJ(benzyl)amino]-propionamide. m.p. 127-129°C. 

· . . The starting material is prepared as follows: · 

To a solution of D-alanine methyl ester hydrochloride (3.0 g,21.5 mmol) in methanol (10 
mL) is added benzaldehyde (2.3 mL. 22.6 mmol). The reaction mixture is stirred at room 
temperature for 3 hours. The solvent is then evaporated. To the resultant residue is added 
acetic acid (15 mL) and methanol (1 mL) followed by portionwise addition of sodium 
eyanoborohydride (1.35 g, 21.5 mmol) at room temperature. The mixture is stirred 
overnight. and then the solvent is evaporated. The remaining residue is diluted with water 
(75 mL) and basified with NazC~. The mixture is extracted with ethyl acetate (3x75 
mL). The combined organic extracts are washed with brine (50 mL), dried CNazSO.J, and 
the solvent is evaporated to give N-benzyl~D-alanine methyl ester. 

To a solution of N-benzyl-D-alanine methyl ester (-2 g) in methylene chloride (40 mL) 
containing triethylamine (2.47 mL, 17.7 mmol) is added 4-methoxybenzenesulfonyl 
chloride (2.44 g, 11.8 mmol). The reaction mixture is stirred overnight at room 
temperature. The mixture is acidified with lN HCl and extracted with methylene 
chloride. The combined organic extracts are washed with brine. dried CNazS04). and the 
solvent is evaporated. The crude product is purified by silica gel chromatography 
(10%->20% ethyl acetatelhexanes) to provide methyl 2(R)-([ 4-methoxybenzenesulfonyl]­
(benzyl)amino J propionate. 

To a solution of methyl 2(R)-([4-methoxybenzenesulfonyl](benzyl)amino] propionate 
(1.05 g. 2.89 mmol) in tetrahydrofuran (60 mL) at room temperature is added lN aqueous­
SOdium hydroxide (8.6 mL. 8.67 mmol). The reaction mixture is stirred for 19 hours at 
room temperature. The tetrahydrofuran is then evaporated. The remaining residue is 
acidified with lN hydrochloric acid and extracted with ethyl acetate. The combined 
organic extracts are washed with brine. dried CNazSOJ, and the solvent is evaporated to 
give 2(R)-[[ 4-methoxybenzenesulfonyl](benzyl)amino] propionic acid. 
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(b) Similarly prepared is N-hydroxy-2(R)-[(4-methox:ybenzenesulfonyl](benzyl)- . 
a111ino]-2-benzylacetamide, [M+l] = 441, by starting with (R)-phenylalanine. and carrying 
out the previously described steps. 

examole 12: (a) To a solution of N-(t-butyloxy)-2(R)-[[ 4-methoxybenzenesulfonyl-
.--
(benzyl)amino]-6-(N,N-dimethylamino)-hexamide (2.13 g, 4.21 mmol) in · 
1,2-dichloroethane (140 mL) is added ethanol (250 mL, 4.21 mmol). The solution is 
cooled to -10°C and hydrogen chloride gas is bubbled in for 30 minutes. The reaction 
mixture is then sealed and allowed to warm to room temperature, stirring for 2 days. At 
this time point, the reaction mixture is cooled to-10°C and hydrogen chloride gas is 

bubbled in for an additional 30 minutes. The reaction mixture is sealed, wanned to room 
temperature, and stirred for 24 hours. The mixture is reduced in volume by 1/2 in vacuo 
and triturated with ether. The mother liquid is removed and the remaining white solid is 
dried in vacuo to provide N-hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl] (benzyl)-
amino ]-6-(N .N-dimethylamino)-hexanamide hydrochloride salt. m.p. 175-177°C. 

The starting material is prepared as follows: 

To a solution of e-N-CBZ-(R)-lysine methylester hydrochloride (15.0 g, 45.10 mmol) in 
methylene chloride (250 mL) containing triethylamine (15.72 mL, 112.75 mmol) is added 
4- methox:ybenzenesulfonyl chloride (10.2S g, 49.61 mmol) at 0°C. The reaction mixture 
is warmed to room temperature and stirred overnight The reaction mixture is diluted with 
methylene chloride and washed with 1 N hydrochloric acid. The organic layer is washed 
with brine, dried CNaiS04'. and concentrated in vacuo to yield a yellow oil. The product 
is purified by silica gel chromatography (50% ethyl acetatelhexanes) to give methyl 
2(R)-[[ 4-methoxybenzenesulfonyl]amino ].;.6-(N-benzylcarbamoyl) hexanoate. 

To a solution of methyl 2(R)-[[ 4-methoxybenzenesulfonyl]amino ]-6.:.(N-benzylcarbamoyl) 
hexanoate (12.4 g. 26.5 mmol} in dimethylfonnamlde (100 ml) is added potassium 
carbonate (7.S g. 52 mmol) and benzyl bromide (3.3 mL. 28.0 mmol), and the reaction.~s 
Stirred for 24 hours at room temperature. The mixture is panitioned between water and. 
SO% diethyl ether/ethyl acetate. The aqueous layer is removed and extracted with ~0% 

· diethyl ether/ethyl acetate. The combined organic layers are washed with brine, dried . 
(MgS04) and the solvent is evaporated. The crude product is purified by silica gel 
chromatography (50% ethyl acetate/hexanes) to give methyl 2(R)-[[ 4-methoxybenzene-
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sulfonyl](benzyl)amino]-6-(N-benzylcarbamoyl) hexanoate. · 

ro a solution of mechyl 2(R)-[(4-mechoxytenzenesulfonyl](benzyl)amino]-6-(benzyl­
c:!!balUOyl) hexanoace (8.61 g. 15.53 mmol) in 95% eqiano1 (150 mt} is added lN . 
hydrOchloric acid (15.S mL. 15.53 mmol) followed by 10% Pd/C (4.0 g}. The reaction 
mi."Ctute is stirred at room temperature under l atmosphere of hydrogen gas for 2 hours. 
The mixture is filtered through Celire and the solvent is evaporared to provide methyl 
2(R}-[( 4-methoxybenzenesuJfonylJ (benzyl)amino J-6-aminohexano.ate. . .. 

To a solution of methyl 2(R)-[( 4-methoxybenzenesulfonylJ (benzyl)amino ]-6-amino­
hexanoate (5.05 g. 12.02 mmol) in refluxing formic acid {120 mL) containing sodium 
formate (2.45 g. 36.07 mmol) is added 37% aqueous formaldehyde (2.70 mL. 36.07 
mmol). While continuing to reflux the reaction mixture. three more aliquors of 37% 
aqueous formaldehyde (2.70 mL. 36.07 mmol each aliquot) are added at 10 minute 
interVals. The mixture is concenttated in vacuo to yield a yellow oil. The crude product t: 
purified by silica gel chromatography (10:1:0.S; ethylacetate/methanol/ammonium 
hydroxide) to provide methyl 2(R)-[[4-methoxybenzenesulfonylJ(benzyl)aminoJ-
6·(N.N-dimethylamino) hexanoate. This procedure is repeated and the combined product 
is used in the next reaction. 

To a solution of methyl 2(R)-[(4-methoxybenzenesulfonylJ(benzyl)amino]-6-{N,N­
dimethylamino) hexanoate (4.55 g, 10.7 mmol) in tetrahydrofuran (100 mL) is added lN 
19ueous lithium hydroxide (20 mL. 20.33 mmol). The reaction mixture is stirred at room 
temperature overnight. The reaction mixture is directly concentrated to dryness in vacuo 
to give the lithium salt of 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-{N,N­
dimethylamino) hexanoic acid. 

To a solution of 2(R)-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-6-(N .N-dimethyl­
amino) hexanoic acid lithium salt (4.42 g. 10~18 mmol) in methylene chloride (100 mL) 

. containing N- methylmorpholine {6.73 mL. 61.06 mmol). 1-hydroxybenzotriazole mono­
hydrate (1.64 g, 10.687 mmol) and 0-t-butylhydroxyl amine hydrochloride (1.41 g. 11.20 
rnmol) is added N-[dimethylaminopropyl]-N'-ethylcarbodilmide hydrochloride (3.90 g, · 
20.36 mmol) at 0°C. The reaction mixture is allowed to wann co room temperature and 
Stirring is continued overnight. The mixture is diluted wich methylene chloride, washed 
With saturated sodium bicarbonate. then with brine, dried (N~SOJ and the solvent is ·. · · 
evaporated. The crude product is purified by silica gel ch·romatography ( 10: 1:0.5 e~hyl 
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acecate/methanoVammonium hydroxide) to provide N-(t-butyloxy)-2(R)-([4-methoxy­
benzenesulfonylJ(benzyl)aminoJ-6-(N,N-dimethylamino) hexanamide. 

(b) Similarly prepared is N-hydroxy-2-(R)-[[ 4-methoxybenzenesulfonyl] (3-picolyl)­
amino]-6-(N,N-dimethylamino)-hexanamide dihydrochloride, m.p. l 79-180°C. 

The first step is earned out as described above. The alkylati~n step is canied out as 
follows: 

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl]amino]-6-(benzylcarbamoyl)­
hexanoate (10.48 g. 22.43 mmol) in dimethylfonnamide (220 mL) at 0°C is added 
3-picolyl chloride hydrochloride (3.86 g. 23.SS mmol) followed by sodium hydride (2.24 
g. 56.07 mmol, 60% in oil). The reaction mixture is warmed to room temperature and 
stirred for 24 hours. The reaction mixture is quenched with water and extracted with ethyl 
acetate. The combined organic extracts are washed with brine, dried (N~SO.J, and the 
solvent is evaporated. The crude product is purified by silica gel chromatography (75% 
ethyl acetate/hexanes) to provide methyl 2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)­
amino ]-6-(benzylcarbamoyl) hexanoate •. 

All of the following steps are canied out as described above. 

(c) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-picolyl)­
amino]-6-(N.N-dimethylamino)-hexanamide dihydrochloride, m.p. 134-136°C, by 
alkylating with 2-picolyl chloride in the second step and carrying out the subsequent steps 
as described above. 

Example 13: N-(t-Butyloxy)-2(R)-[[4-methoxybemenesulfonyl](benzyl)amino]-6-
[(N,N-dimethylglycyl)amino] hexanamide (2.17 g, 3.86 mmol) is dissolved in· 
dichloroethane (12 mL) containing ethanol co~22 mL, 3.86 mmol), and the reaction is 
cooled to -10°C. Hydrochloric acid gas is bubbled through this solution for 30 minutes. 
The reaction is sealed, warmed to room temperature and stirred for 2 days. The solvent is 
reduced to 1/2 volume by evaporating solvent. and triturated with ether .. The resulting 
solid is removed and dried in vacuo to provide N-hydroxy-2(R)-([ 4-methoxybenzene­
sulfonyl] (benzyl)amino ]-6-((N ,N-dimethylglycyl)amino] hexanamide hydrochloride, m. p. 
105-108°C. 
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· the scarting material is prepared as follows: 

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-amino 

hexanoate hydrochloride (7 .S g. 16.44 mmol) in methylene chloride ( 170 mL) is added 
1-hydroxybenzotriazole monohydrate (2.64 g, 1726 mmol)~ N-methylmorpholine (5.44 

· mL. 49.34 mmol). and N,N-dimethylglycine (1.86 g. 18.08 mmol), and the reaction is 

· coled to 0°C. N-[dimethylaminopropyl]-N' -ethylcarbodiimide hydrochloride (6.30 g. 

32.88 mmol) is added at 0°C. The reaction mixture is wanned to room temperature and 
stirred overnight The mixture is diluted with methylene chloride and washed with 

saturated aqueous sodium bicarbonate, and then with brine. The organic layer is dried 

· (N~SO.J, filtered, and and the solvent is evaporated. The crude product is purified by 
silica gel chromatography (10/0.S/0.5 ethyl acetate/methanoVammonium hydroxide) to 
provide methyl 2(R)-[(4-methoxybenzenesulfonyl](benzyl)amino]-6-[(N.N-dimethyl­

glycyl)amino] hexanoate (6.04 g) •. 

To a solution of methyl 2{R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-({N,N­

dimethylglycyl)amino] hexanoate (3.95 g, 7.82 rnmol} in tetrahyd.rofuran (75 mL) at 0°C 

is added lN lithium hydroxide (15.64 ml, 15.64 mmol). The reaction mixture is wanned 

to room temperature and stirred overnight. The tetrahydrofuran is removed and the 
remaining aqueous layer is acidified with lN hydrochloric acid. The mixture is 

evaporated to dryness to yield 2(R)-{[4-methoxybenzenesulfonyl](benzyl)amino]-

6·{{N,N-dimethylglycyl)amino] hexanoic acid hydrochloride. 

To a solution of 2(R)-[(4-methoxybenzenesulfonyl](benzyl)amino]-6-((N,N-dimethyl­
glycyl)amino] hexanoic acid hydrochloride (4.12 g, 7.82 mmol) in methylene chloride (78 

mL) and dimethylfonnamide (5 mL) is added 1-hydroxybenzotriazole monohydrate (1.26 

g. 8.21 mmol), N-methylmorpholine (2.58 ml, 23.45 mmol), and 0-t-butyhydroxylamine 

hydrochloride (1.08 g, 8.60 mmol). The reaction is cooled to 0°C, and 
N-[dimethylaminopropylJ-N' -ethylcarbodilmide hydrochloride (3.0 g, 15.64 mmol) is 

added. The reaction mixture is wanned to room temperature and stirred overnight. The 
mixture is then diluted with methylene chloride and washed with saturated aqueous 
sodium bicarbonate, and then with brine. The organic layer is dried (N~S04'. filtered, and 
and the solvent is evaporated. The crude product is purified by silica gel chromatography 
00/0.5/0.5 ethyl acetate/methanoVammonium hydroxide) to provide 
N-(t-butyloxy)-2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6_-[(N,N-dimethyl­
glycyl)amino] hexanamide. 
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_§!amole 14: (a) To a solution of 4-((4-methoxybenzeriesulfonyl](benzyl)amino]-4-
. carboxy-tetrahydrothiopyran (413.0 mg, 1.0 mmol) in methylene chloride (10 mL) 
· · containing dimethylformamide (80.0 mg, 1.1 mmol) is added a 2N solution of oxalyl 

chloride in methylene chloride (1.0 ml, 2.0 mmol) at-10°C. The mixture is allowed to 
warm to 20°C for 30 minutes. This mixture is added to a pre-stirred mixture of 

·. hydroxylamine hydrochloride (280.0 mg, 4.0 mmol) in tetrahydrofuran (10 ml)/water (1 

ml) containing triethylamine (650.0 mg, 6.0 mmol) at 0°C dropwise. The reaction- mixture 
iS allowed to slowly warm to room temperature and stirring is continued for 1.5 ·days. The 
reaction is worked up by partitioning between 1 N hydrochloric acid and ethyl acetate. 
The aqueous layer is removed and repeatedly extracted with ethyl acetate. The combined 

. organic layers are dried (N~SO.J and the solvent is· evaporated. The crude product is 
purified by silica gel chromatography (2% methanoVmethylene chloride) to give 4-[N­

hydroxy-carbamoyl]-4-[[4-methoxybenzenesulfonyl](benzyl)amino]-tetrahydrothiopyran, 

m.p.179-181°C. 

The starting material is prepared as follows: 

A solution of tetrahydrothiopyran-4-one (4.64 g, 40.0 mmol) in methanol (10 mL) is added 

to a mixture of sodium cyanide {4~0 g, 40.0 mmol) and ammonium chloride {2.36 g, 44.0 

mmol) in water (8 mL). The reaction mixture is heated to reflux for 14 hours. The 

mixture is diluted with water, basified with potassium carbonate, and extracted with 
diethyl ether. The organic extract is dried (MgSOJ and filtered. The solution is acidified · 

with hydrochloric acid saturated with methylene chloride. The resulting precipitate is 
filtered off providing 4-amino-4-cyano-tetrahydrothiopyran hydrochloride salt 

A solution of 4-amino-4-cyano-tettahydrothiopyran (5.4 g, 30.3 mmol) in 6N aqueous 
hydrochloric (250 mL) acid is heated to reflux for 24 hours. The mixture is triturated by 

addition of methanoVtoluene, and filtered. To the crude product, 4-amino-4-carboxy­
tetrahydrothiopyran is added 40 ml of methanol followed by careful addition of thionyl 

chloride (3.0 ml, 41.l mmol). The reaction mixture is heated to reflux for 12 hours, 

cooled to room temperature, and concentrated in vacuo to· a reduced volume. The 
remaining mixture is triturated with ethyl acetate/diethyl ether, and the product is .. 
collected by filtration, to give 4-amino-4-carbomethoxy-tetrahydrochiopyran 

hydrochloride. 

-. 
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T 0 :i 5olution of 4-amino-4-carbomethoxv-c · · . . ·. ~-__ ._:· """· """. -· ---._..;_--' 
. • etrahvdroth1oovran nvdrcch · · d ("' 1 -:nrnoD in methylene chloride (75 mL) co . . · ·. · · 1 

• 
1 ton e J. g. i ).0 

. . . nta1nutg tne:hvlami"le '3 - o ... ""O 0 . 
.idded 4-methox.ybenzenesulfonyl chloride c4.1 0 

., • • l . .::> .,. JJ · mmo[) is . 
~· -0.0 mmol) at ·oom t 

reaction mixture is stirred at room temperature for 18 h _ L • emper:m:re. T.ie 
· · · · ours. 1 ne m1:uure is diluted wi h water and the organic layer is removed. The aqueous lay .. . · u · 

. . e. is extracted with d' th 
· 10d the organic extracts are washed with brine. dried (~fgSO ) ie yl ether 

. . . . • ~ and the solvent is 
~vaporated. Tne product 1s punfied by s1hca gel chromatoo·a h. (SO · 

~· P Y % ethylaceiate/ 
nexanes) to provide 4-(( 4-methoxybenzenesulfonyl]amino ]-4-<:"'"b · th. 

. - ome oxy-teua-
hydroth1opyran. . . · 

To a solution of 4-([(4-methoxybenzene)sulfonyl]amino]-i-carbomethoxy-tetrahydrolhio­
pyran (690.0 mg, 2.0 mmol) in dimethylformamide (20 mL) at 0°C is added sodium 
hydride (100.0 mg. 2.5 mmol. 60% in oil) and benzyl bromide (0.Sml. 4.2 mmol). The 

reaction mixture is allowed to warm to room temperature and stirred for 16 hours. The 
mixture is quenched by addition of water and extracted with 50% ethyl acetate/diethyl 
ether. The combined organic extracts are dried (1-!gSO.J. filtered. and the solvent is 

::vaporated. The product is purified by silica gel chromatography (50% diethyl 
~ther/hexanes) to provide 4-(( 4-methoxybenzenesulfonyl](oenzyl)amino ]-4-carbo-

. methoxy-tetrahydrothiop~. 

Ta a solution of 4-((4-methoxybenzenesulfonyl](benzyl)amino]-4-carbomethoxy­

tetrahydrothiopyran (800.0 mg. 1.9 mmol) in methanol (50 mL) is added l N sodium 

hydroxide (25 mL). The mixture is heated to reflux for 10 hours, and then solid sodium 
hydroxide is added (3.0 g, excess) and refluxing is continued for 18 hours. The mixture is 

concentrated to a volume of approximately 30 mL and acidified with citric acid (pH=5). 
The mixture is partitioned between ethyl acetate and water. The organic layer is removed. 
washed with brine. dried (MgSOJ, and the solvent is evaporated to give 
4-([ 4-methoxybenzenesulfonyl] (benzyl)amino ]-4-carboxyret.rahydrothiopyran. 

(b) Similarly prepared is 4-[N-hydroxy-carbamoyl]-4-((4-methoxybenzenesulfonyl]­

(benz~l)amino]-tetrahydropyran, m.p. 137-140°C, by starting with tetrahydropyran-4-one 
in the first step, and carrying out the subsequent steps as described above. 

(c) Similarly prepared is l-[N-hydroxy-carbamoyl]-1-[[4-methoxybenzenesulfonyl]­
(benzyl)amino]-cyclQhexane, m.p. 149·151°C, by using commercially available 1-amino­
cyclohexanecarboxylic acid in the second step, and carrying out the subsequent steps as . 
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. · · described above. · . 

. td) Similarly prepared is 1-(N;.hydroxy-ca:bamoyl]-l-([4-methoxybenzenesulfonyl]-
. (benzyl)amino]-cyclopentane, m.p. 67.0-68.0°C, by using commercially available 

t-antlnocyclopentane carboxylic acid in the second step, and carrying out the sub~quent 

.. steps as described above. 

(e) similarly prepared is 1-[N-hydroxy-carbamoyl]-1-(( 4-methoxybenzenesulfonyl] (3-

picolyl)amino]-cyclohexane. m.p. l 15°C. by using 1-aminocyclohexanecarboxylic acid in 

·the second step. alkylating 1-(carbomethoxy]-l-[[(4-methoxybenzene)sulfonyl]amino]­

cyclohexane with 3-picolyl chloride in the third s_tep. and carrying out the other steps as 

described above. 

(f) Similarly prepared is l-[N-hydroxy-carbamoyl]-1-[4-methoxybenzenesulfonyl]­

(3-picolylamino]-cyclopropane hydrochloride. m.p. 205-207°C, starting with 1-amino-1-

cyclopropanecarboxylic acid. 

Examole 15: 4-[N-t-Butyloxycarbamoyl]-4-([ 4-methoX)'benienesulfonyl](benzyl)amino ]-

1-(benzyl)piperidine is dissolved in dichloroethane (60 mL) andethanol (1.0-mL) in a 

glass sealed tube. Hydrochloric acid gas (from a lecture bottle) is bubbled through the 

solution for 30 minutes at-10°C. The tube is sealed, gradually warmed to room 

temperature. and stirred overnight. At this point, hydrochloric acid gas is again bubbled 

through the reaction mixture as done previously and stirred at room temperature for an 

additional 24 hours. The reaction mixture is reduced to 1/3 volume in vacuo and triturated 

with diethyl ether. The solid is filtered off and dried in vacuo to provide 

4-[N-hydroxy-carbamoyl]-4-(( 4-methoxybemenesulfonyl] (benzyl)amino ]-1-[benzyl]­

piperidine, m.p. 135.S-142°C. 

The starting material is prepared as follows: 

A mixture of N-carboethoxy-4-piperidone (88.6 g. 517.2 mmol), sodium cyanide (30.0 g, 

612.1 mmol) in water (54 mL), ammonium chloride (34.0 g, 635.5 mmol) in water (72 

mL), and ammonium hydroxide (76 ml) is heated to 60-65°C for 5 hours, and· then stirred 

at room temperature overnight The resulting solid is filtered off, dissolved in methylene 
chloride, and washed with a small amount of brine. The organic layer is dried (MgS04). 

concentrated in vacuo to 1/2 volume, and triturated with hexane. The resulting precipate 
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is collected by filtration and dried under vacuum. to give N-carboethoxy-4-amino-
~..cyanopiperidine. · 

A solution of N-carboethoxy-4-amino-4-cyanopiperidine (82.0 g) in water (700 mL) 
. containing concentrated hydrochloric acid {800 mL) is stirred at room temperature for 4 

days. The solvent is then evaporated to give 4-amino-4-carboxypiperidine 
dibydrochloride. · 

Into a heterogeneous mixture of 4-amino-4-carboxypiperidine dihydrochloride (~ 1.0 g. 
0.34 mmol) in methanol (600 mL) is bubbled hydrogen chloride gas at room temperature. 
nie reaction mixture is concentrated to dryness in vacuo. dissolved in 1,4-dioxane (200 
tnL), and concentrated in vacuo. The residue is redissolved in methanol (1600 mL) into 

· which hydrogen chloride gas is bubbled for 45 minutes. The reaction mixture is refluxed 
for 18 hours. Most of the solvent is then evaporated, the product is collected by filtration, 
and washed with ethyl acetate to give 4-amino-4-carbomethoxypiperidine 
dihydrochloride. 

To a mixture of 4-amino-4-carbomethoxypiperidine dihydrochloride (6.60 g. 28.7 mmol) 
and potassium carbonate {18.8 g, 143.S mmol) in dioxane/water (350 m1/l 76 ml) at 0°C is 
added di-t-butyl-dicarbonate (8.14 g, 37.31 mmol) in dioxane (60 mL) over 2 hours. The 
reaction mixture is warmed to room temperature and stirred for 8 hours. To this mixture is 
added a solution of 4- methoxybenzenesulfonyl chloride (7 .71 g, 37 .31 mmol) in dioxane 
(60 mL) at 0°C. The reaction mixture is stirred at room temperature overnight An 
additional portion of 4- methoxybenzenesulfonyl chloride {7.71g.37.31 mmol) in dioxane 
(60 mL) is added to the mixture at 0°C. The reaction mixture is allowed to warm to room 
temperature and stirred overnight. The mixture is concentrated in vacuo, diluted with 
water, and extracted with ethyl acetate. The aqueous layer is removed, saturated with 
sodium chloride, and re-extracted with ethyl acetate. The combined ~xtracts are dried 
(MgS04), and the solvent is evaporated. The crude product is purified by silica gel 
chromatography (50% ethylacetate/hexane) to provide 4-[( 4-methoxybenzenesulf onyl]- · 
amino ]-1-((t-butoxycarbonyl]-4-[carbomethoxy]-piperidine, contaminated with a small 
amount of 4-methoxybenzene-sulfonic acid. 

To a solution of 4-(( 4-methoxybenzenesulfonyl]amino]-1-((t-butoxycarbqnyl]-4-[ carbo­
methoxy]-piperidine (4.0 g. 9.30 mmol) in dimethylformamide (150 mL) at 0°C is added 
SOdium hydride (1.12 g. 28.0 ml. 60% in oil) followed by beneyl bromide (4.8 g. 28.0 
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rnmol). The reaction mixture is allowed to wann to roam temperature tor our. e 
tni:c.ture is quenched with water and extracted with diethyl ether. The organic extract is 
dried (MgSOJ and the solvent is evapora~d. The crude product is purified by silica gel 
cflromatogra~hy (50% ethyl acetatelhexanes) to provide 4-([4-methoxybenzenesulfonyl]­
(benzyl)amino ]-1-((t-butoxycarbonyl]-4-[carbomethoxy] piperidine. 

ro a solution of 4-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-1-[(t-butoxycarbo nyl}·4-
[carbomethoxy]-piperidine (1.8 g, 3.47 mmol) in ethyl acetate (10 mL) is added a ·r 

hydrOgen chloride gas saturated methylene chloride solution (15 mL). The reaction . 
tniXture is stirred for 4 hours at room temperature.· The mixture is concentrated in vacuo 
co give 4-[[ 4-methoxybenzenesulfonyl](benzyl)amino }-4-[ carbomethoxy ]-piperldine. 

To a solution of 4-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-[carbomethoxy]- -
piperldine (1.0 g, 2.39 mmol) in dimethylformamide (160 mL) is added sodium hydride 
(287 .0 mg, 7 .18 mmoL 60% in oil) at 0°C, followed by benzyl bromide (450.0 mg, 2~63 
mmol). The reaction mixture is slowly warmed to room temperature and stirred overnight. 
The mixture is quenched with water and-exuacted with ethyl acetate. The combined . 
organic layers are washed with brine, dried <N81SOJ and the solvent is evaporated to give 
4-([ 4-methoxybenzenesulfonyl](be~l)amino]-l:-[benzyl]-4-[carbomethoxy]-piperidin e. 

A heterogeneous mixture of 4-[( 4-methoxybenzenesulfonyl](benzyl)amino]-l-[benzyl]-
4-(carbomethoxy]-piperlcline (1.2 g, 2.26 mmol) in 50% aqueous sodium hydroxide (10 
mL) and methanol (50 mL) is neated to reflux for 16 hours. The methanol is evaporated 
and the residue is neutralized with 4 N hydrochloric acid. The aqueous solution is 
extracted with ethyl acetate. The combined organic extracts are dried (NaSO.J and the 
solvent is evaporated to give 4-([ 4-methoxybenzenesulfonyl](benzyl)amino]-l-[benzyl]-
4-(carboxy]-piperidine. 

To a mixture of 4-[[4-methoxybenzenesulfonyl](benzyl)amino]-1-(benzyl]-4-[carboxy]­
piperidine (850.0 mg, 1.64 mmol) in methylene chloride (100 mL) containing 
N-methylmorpholine (0.6 ml, 5.4~ mmol) and 0-t-butylhydroxyl amine hydrochloride 
(620.0 mg, 4.94 mmol) is added N-[dimethylaminopropyl]-N' -ethylcarbodiimide 
hydrochloride (1.1 g, S.74 mmol). The reaction mixture is stirred overnight at room 
temperature. The mixture is diluted with water and extracted with methylene chloride. 
The combined organic extracts are dried (NtiS04) and the solvent is evaporated. The 
:rude product is purified by silica gel chromatography (ethyl acetate) to provide · 



.----------··--....: 
REPLACEMENT SHEET 

· .. ··•· : .· 
. · 1 6 JLJL 1996 

··-so~ 

J.[N-t•butyloxy-carbamoyl]-4~[[4-methoxybenzenesulfonyl]{benzyl)amino]-1-
(benzyl]-. 

·neridine. ·· · · 
ply-

,.\lcernacely, 4-([ 4-methoxybenzenesulfonyl]amino ]-l-[(t-butoxycarbonyl]-4-carbo- · 

111
etbo:ity]-piperidine is first hydrolyzed with sodium hydroxide to 4-[[4-methoxybenzene­

sulfonyl]amino ]-1-((t-butoxycarbonyl]-4-[carboxy]-piperidine. Treatment with 0-t-butyl­

hydrO:itYlamine under conditions described abov~ gives 4-[N-t-butyloxy-carbamoyl]-4-

[( 4-rnethoxybenzenesulfonyl](benzyl)amino ]-1 ~[t-butoxycarbonyl]-piperidine. Reaction 

with lN hydrochloric acid in ethyl acetate yields 4-[N-t-butyloxy-carbamoyl]-4-([4-

111emoxybenzenesulfonyl](benzyl)amino]-piperidine, which is treated with benzyl bromide 

as described above. 

sunilarly prepare~ starting from 4-[[ 4-methoxybenzenesulfonyl(benzyl)amino J-4-[ carbo­

medloxy]-piperidine, are the following: 

(a) 4-[N-Hydroxy-carbamoyl]-4-[[ 4-methoxybenzenesulfonyl]{benzyl)-amino ]-1-

[dimethylaminoacetyl]-piperidine hydrochloride, m.p. 14S°C; 

(b) 4-[N-Hydroxy-carbamoyl]-4-((4-methoxybenzenesulfonyl(benzyl)-amino]-l­

[3-picolyl]-piperidine dihydrochloride, m.p. 167°<:; 

(c) 4-[N-Hydroxy-carbamoyl]-4-[[ 4-methoxybenzenesulfonyl](benzyl)-amino 1-1-

[carbomethoxymethyl]-piperidine hydrochloride, m.p. 183.5-185°C; 

(d} 4-[N-Hydroxy-carbamoyl]-4-([ 4-methoxybenzenesulfonyl] (benzyl)-amino ]-piperidine 

trifluoroacetate; 

(e) 4-[N-Hydroxy-carbamoyl]-4-(( 4-methoxybenzenesulfonyl] (benzyl)-amino ]-1-

[t·butoxycarbonyl]-piperldine; 

(t) 4-[N-Hydroxycarbamoyl]-4-[( 4-methoxybenzenesulfonyl](benzyl)-amino ]-1-[methyl­

sulfonyl]-piperidine; 

(g) 4-(N-HydroxycarbamoylJ-4-[[ 4-methoxybenzenesulfonyl](benzyl)amino]-1-

[Rlethyl]piperidin~ hydrochloride. m.p. l 85.5-187°C; 
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: ~-[i-i-Hydroxycarbamoyl]-4-[[methoxybenzenesulfonyl](benzyl)amino ]· l-
.11) rpholinocarbonyl]piperidine, m.p. 89-91°C; .·.· · . . .· 
-~ . . . 
~ . . . . 

, il ~-[N-Hydroxycarbamoyl]-4-([ 4-methoxybenzenesulfonyl](benzyl)amino )-1~[4- . 
~icolyl]piperidine dihydrochloride, m.p. 168°C. · . · · .. · ·. 
r . 

.. ample 16: Ethyl 2-[[4-methoxybenzenesulfonyl](benzyl)amino]acetate (11.20 g, 30.9 
:;ol) is dissolved in methanol (100 mL). To this solution is added hydroxylamine 
:iydrochloride ( 4.31 g, 62.0 mmol), followed by the addition of sodium methoxide, freshly 

?cepared from sodium (2.14 g, 93.0 mmol) dissolved in methanol (55 mL). The reaction 
iS stirred overnight at room temperature. The reaction is worked up by partitioning 
between dilute hydrochloric acid (pH=-3) and· ethyl acetate. The aqueous phase is 
exiracted well with ethyl acetate, the combined organic layers are dried <NaiSO,J. and the 
~solvent is evaporated. The product is purified by silica gel chromatography (7 5 % ethyl 
icetatel hexane)· to give N-hydroxy-2-[[ 4-methoxybenzenesulfonylJ (benzyl)amino ]­

JCewnide, m.p. 112-114°C. 

The starting material is prepared as follows:. 

Benzylamine (16.0 mL, 145.2 mmol) is dissolved in chlorofonn (110 mL). and the 
solution is cooled to 0°C. To this solution is added 4-methoxybenzenesulfonyl chloride 
(10.0 g, 48.4 mmol). The reaction is stirred at room temperature for 1 hour, and then 
refluxed for 1 hour. Airer cooling back to room temperature, the reaction is washed three 
times with 4N· hydrochloric acid (200 mL), twice with water (100 mL). once with brine 
(50 mL), then dried CNaiS04), and the solvent is evaporated to give N-[ 4-methoxy­
benzenesulfonyl]-benzylamine. 

Sodium hydride ( 1.56 g of a 50 % oil dispersion, 33.0 mmol) is suspended in tetrahydro­
furan (85 mL). To this is added a solution ofN-[4-methoxybenzenesulfonyl]-benzylamine 
(9.0 g, 32.5 mmol) also in tetrahydrofuran (85 mL). and the reaction is stirred for 30 . 

minutes at room temperature. Then ethyl bromoacetate (5.40 mL, 48.8 mmol) is added, 
and the reaction is stirred overnight at room temperature. The reaction is quenched with a 
sman amount of water. and all the solvent is removed. The crude mixture is partitioned 
between ethyl acetate and water, the aqueous phase is extracted several times with ethyl 
acetate, the combined organic layers are dried (NaiS04), and the solvent is evaporated. 
The product is purified by silica gel chromatography (30% ethyl acetate/hexane) to give 

. ·"'' ..... 

.· ... 
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. ·~:The following compounds arc prepared sitnilarly to Example 16: 

. N-HydrOXY-2-[[ 4-methoxybenzenesulfonyl](isobutyl)amino ]acewnide. m.p. 

:.l:
3
•134oc. by coupling isobutylamine with 4-methoxybenzenesqlfonyl chloride in the 

:~~t step. and carrying out the subsequent steps as described in example 16. 

,b) N·HydrOxy-2-[[4-methoxybenzenesulfonyl](cyclohexylmethyl)amino]acetamide, m.p. 

~ 45• 146oC. by coupling cyclohexanemethylamine with 4-methoxybenzenesulfonyl 

~hloride in the first step, and carrying out the subsequent steps as described in example 16. 

~) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl]( cyclohexyl)amino ]acetamide, m. p. 
(1. • 

t.SS-149oC. by coupling cyclohexylamine with 4-methoxybenzenesulfonyl chloride in the 

iirStstep. and cmying out the subsequent steps as described in example 16. 

id) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl](phenethyl)amino ]acetamide, m.p. 

!37-l38°C, by coupling phenethylamine with 4-methoxybenzenesUlfonyl chloride in the 

fiist step, and carrying out the subsequent steps as described in example 16. 

!e) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](3-methylbutyl)amino]acetamide, m.p. 

lOS°C, by coupling l-amino-3-methylbutane with 4-methoxybenzenesulfonyl chloride in 

:he first step, and carrying out the subsequent steps as described in example 16. 

; 0 N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl](sec-butyl)amino ]acetamide, m.p. 138°C, 

~Y coupling (sec)-butylamine with 4-methoxybenzenesulfonyl chloride in the first step, 

llld carrying out the subsequent steps as described in example 16. 

f g) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl](tert-butyl)amino ]acetamide, m.p. 

ISQ.15 l °C. by coupling (tert)-butylamine with 4-methoxybenzenesulf onyl chloride in the 
r. 
•UStsrep. and carrying out the subsequent steps as described in example 16. 

•h) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](4-fluorobenzyl)amino]acetamide, m.p. 
115

• l l 90C, by coupling 4-fluorobenzylamine with 4-methoxybenzenesulfonyl chloride in 

~first step, and carrying out the subsequent steps as described in example 16. 
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(i) N-Hydrox.y-2-(( 4-methoxybenzenesulfonyl] ( 4-chlorobenzyl)amino]acetam·d 
. i e. m.p. 

t21-123°C, by coupling 4-chlorobenzylamine with 4-methoxybenzenesulfonyl chloride in 
the first step. and carrying out the sut,sequent steps as described in example 16. 

(j) N-Hydrox.y-2-((4-methoxybenzenesulfonyl](isopropyl)amino}aeetamide, m.p. 
139-141°C, by coupling isopropylamine with 4-methoxybenzenesulfonyl chloride in the 
first step, and carrying out the subsequent steps as described in example 16. 

(k) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl]( 4-methylbenzyl)amino] acetamide, m.p. 
133-135°C, by coupling 4-meth.ylbenzylamine with 4-methoxybenzenestJlfonyl chloride in 

the first step, and carrying out the subsequent steps as described in example 16. 

(1) N-Hydroxy-2-([ 4-methoxybenzenesulfonyl](3-phenyl-l-propyl)amino ]acetamide by 
coupling 3-phenyl-1-propylamine with 4-methoxybenzenesulf onyl chloride in the first 

step, and carrying out the subsequent steps as described in example 16. 

(m) N-Hydroxy-2-[[ 4-methoxybenzenesulfonyl]( 4-phenylbutyl)amino]acetamide, m. p. 

109-l 12°C, by coupling 4-phenylbutylamine with 4-methoxybenzenesulfonyl chloride in 

the first step. and carrying out the subsequent steps as described in example 16. 

(n) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-cyclohexylethyl)amino]acetamide, m.p. 

143-144°C, by coupling 2-cyclohexylethylamine .with 4-methoxybenzenesulfonyl chloride 

in the first st.ep, and curying out the subsequent steps as described in example 16. 

(o) N-Hydroxy-2-[[ 4-methoxybenzenesulfonylJ( 4-phenylbenzyl)amino]acetamide by 

coupling 4-phenylbenzylamine with 4-methoxybell?.enesulfonyl chloride in the first step, 
and carrying out the subsequent steps as described in example 16. 

(p) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2,2,2-trifluoroethyl)amino]acetamide, 

m.p. 142-143°C, by coupling 2,2,2-trifluoroethylamine with 4-methoxybenzenesulfonyl 

chloride in the first step, and carrying out the subsequent steps as described in example 16. 

(q) N-Hydroxy-2-[[benzenesulfonyl](isobutyl)amino]acetamide, m.p. 130-131°C. by 
coupling isobutylamine with benzenesulfonyl chloride in the first step, and carrying out 

the subsequent steps· as described in example 16 . 

.... I\ 
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.. ) N-Hydroxy-2-((4-trifluoromethylbenzenesulfonyll(isobutvl)amino]ac"tami·de \r 1 . • .. ' m.p. 
iJ0-13loC. by coupling isobutylamine with 4-trifluoromethylbenzenesulfonyl chloride in 
i.ite first step, and carrying out the subsequent steps as described in example 16. 

ts) N-Hydroxy-2-([4-chlorobenzenesulfonyl](isobutyl)amino]acetamide, m.p. 126-121oc. 

bY coupling isobutylan.iine with 4-chlorobenzenesulfonyl chloride in the first step. and . 
curYini out the subsequent steps as described in example 16. 

(t) N-Hydroxy-2-([ 4-methylbenzenesulfonyl](isobutyl)amino ]acetamide. m.p. 138-1400C, 

bY coupling isobutylamine with 4-methylbenzenesulfonyl chloride'in the first step, and 
C3IfYinl out the subsequent steps as described in example 16. 

(u) N-Hydroxy-2-[ 4-fluorobenzenesulfonyi](isobutyl)amino ]acetamide. m.p. 144-146°C, 

by eoupling isobutylamine with 4-fluorobenzenesulfonyl chloride in the first step, and 
carrying out the subsequent steps as described in example 16. 

(v) N-Hydroxy-2-([2-thiophenesulfonyl}(isobutyl)amino]acewnide by coupling 
isobutylamine with 2-thiophenesulfonyl chloride· in· the (ll'St step, and cmying out the 

subsequent steps as described in example 16. 

{w) N-Hydroxy-2-[[benzenesulfonyl](benzyl)amino]acetamide, m.p. 90-93°C. by coupling 
benzylamine with benzenesulfonyl chloride in the fust step. and carrying out the 
subsequent steps as described in example 16. 

{x) N-Hydroxy-2-[[ 4-nitrobenzenesulfonyl](isobutyl)amino Jacetamide. m. p. 128-l 30°C, 
by coupling isobutylamine with 4-nitrobenzenesulfonyl chloride in the first step. and 
carrying out the subsequent steps as described in example 16. 

(y) N-Hydroxy-2-[[4-(tert)-butylbenzenesulfonyl](isobutyl)amino]aceramide, m.p. 
l 13-l 14°C, by coupling isobutylamine with 4-(tert)-butylbenzenesulfonyl chloride in the 
first step. and carrying out the subsequent steps as described in example 16. 

(z) N-Hydroxy-2-[[4-methylsulfonylbenzenesulfonyl](isobutyl)amino]acewnide, m.p. 
159-I61°C. by coupling isobutylamine with 4-methylsulfonylbenzenesulfonyl chloride in 
the first step, and carrying out the subsequent steps as described in example 16. 
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"") N-Hydroxy-2-((3-trifluoromethylbenzenesulfonyl](isobutyl)amino ]acewnide, m.p . 
. l-
p0-1410C. by coupling isobutylamine with 3-trifluoromethylbenzenesulfonyl chloride in 

the first step. and carrying out the subsequent steps as described in example 16. 

·lbb)·N-Hydroxy-2-[[2.4,6-trimethylbenzenesulfonyl](isobutyl)amino]acetamide, m.p. 

142.143°C. by coupling isobutylamine with 2,4,6-trimethylbenzenesulfonyl chloride in the 

ruse step. and carrying out the subsequent steps asdescribed in example 16. 

(cc} N-Hydroxy-2-([2,5-dimethoxybenzenesulfonyl](isobutyl)amino]acetamide, m.p. 

so-53oC. by coupling isobutylamine with 2,5-dimethoxybenzenesulf onyl chloride in the 

fLtSt step, and carrying out the subsequent steps as described in example 16. 

(dd) N-Hydroxy-2-[[3,4-dimethoxybenzenesulfonyl](isobutyl)amino ]acetamide, m.p. 

t46-148°C, by coupling isobutylamine with 3,4-dimethoxybenzenesulfonyl chloride in the 

first step, and carrying out the subsequent steps as described in example 16. 

(ee) N-Hydroxy-2-[[2,4,6-triisopropylbenzenesulfonyl](isobutyl)amino ]acetamide, m. p . 

. 13 l-l33°C, by coupling isobutylamine with 2,4,6-triisopropylbenzenesulfonyl chloride in 

the first step, and carrying out the subsequent steps as described above. 

(ff) N-Hydroxy-2-([3,S-dimethylisoxazole-4-sulfonyl(benzyl)amino]acetamide, m.p. 

14QOC, by coupling benzylamine with 3,S-dimethylisoxazole4sulfonyl chloride in the 

fust step, and carrying out the subsequent steps as described in example 16. 

(gg) N-Hydroxy-2-[[~4-dimethylthiazole-5-sulfonyl(benzyl)amino]acetamide, m.p. SS°C, 

by coupling benzylamine with 2,4-dimethylthiazole-5-sulfonyl chloride in the first step, 

and carrying out the subsequent steps as described in example 16-. 

Example 18: Ethyl 2-[[4-methoxybenzenesulfonyl](4-methoxybenzyl)amino]acetate (0.90 

g, 2.3 mmol) is dissolved in methanol (20 mL). To this solution is added hydroxylamine 

hydrochloride (0.80 g, 11.5 mmol), followed by the addition of sodium methoxide (5.2 mL 

of a 2.67M solution). The reaction is sti.Ired overnight at room temperature. The reaction 

is worked up by partitioning between dilute hydrochloric acid (pH=-3) and ethyl acetate. 

The aqueous phase is extracted well with ethyl acetate, the combined organic layers are 

washed with brine, dried CNaiSOJ, and the solvent is evaporated. The product is 

retrystallized from ether/ethyl acetate to give N-hydroxy-2-([ 4-methoxybenzenesulfonyl}-
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The starting material is prepared as follows: ·. 

. ·. .· .l&t\ACBMENT SHEET 

JHJUL 19961 

Glycine ethyl ester hydrochloride (31.39 g, 225.0 mmol) is dissolved in dioxane (150 mL) 

and wacer (150 mL), aiethylamine (69.0 mL. 495.0 mmol) is added, and the solution is 

cooled to 0°C. To this solution is added 4-methoxybenzenesulfonyl chloride (5l~15 g, 

248.0 mmol) over 10 minur.es. The reaction is warmed to room.temperature and stirred 
overnight. The next day the mixture is reduced to one-half volume by evaporating 

solvent. diluted with lN sodium hydroxide, and extracted well with ether. The combined 
organic layers are washed with brine, dried CN82SO,J, and the solvent is evaporated. The 
product is recrystallized from ether/ethyl acetatelhexanes to give ethyl 2-(( 4-methoxy­

benzenesulfonyl]amino ]acetate. 

To a suspension of sodium hydride (0.906 g, 22.67 mmol) in di.methylfonnamide (50.0 
mL). is added ethyl 2-((4-methoxybenzenesulfonyl]amino]acetate ( 4.13 g, 15.11 mmoi) 
and 4-methoxybenzyl chloride (2.17 mL, 15.87 mmol), and the reaction is stirred 

overnight at room temperature. The reaction is cooled to O°C, quenched with lN 
hydrochloric acid, and extracted well with ether. The combined organic layers are washed 
with brine, dried (N82SOJ, and the solvent is evaporated. The product is recrystallized 
from ether/hexanes to give ethyl 2-([4-methoxybenzenesulfonyl](4-methoxybenzyl)­

amino] acetate. 

Example 19: The following compounds are prepared similarly to example 18: 

(a) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-picolyl)amino]acetamide, m.p. 
138.5-139.S°C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate with 

2-picolyl chloride in the second step, and carrying out the other steps as described in 

example 18. 

(b) N-Hydroxy-2-[(4-methoxybenzenesulfonyl](3-picolyl)amino]acetamide. m.p. 
• 144-14S°C, by alkylating ethyl 2-.[[4-methoxybenzenesulfonyl]amino]acetate with 

3-picolyl chloride in the second sr.ep. and carrying out the other steps as described in 
example 18. 

Cc} N-Hydroxy-2-([4-methoxybenzenesulfonyl](piperonyl)amino]acewnide, m.p . 

., ... 

...•. 
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143-144°C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetateLnmrh-------" 
piperonyl chloride in the second step, and carrying out the other steps as described in 
example 18. 

(d) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-piperidinylethyl)amino]acetamide, m.p. 

120-122°C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate with 
N-(2-chloroethyl)-piperidine in the second step, and carrying out the other steps as 
described in example 18. 

Example 20: (a) N-(t-Butyloxy)-2-[[4-methoxybenzenesulfonyl](2-quinolinylmethyl)­
amino]acetamide (1.15g, 2.42 mmol) is dissolved in methylene chloride (30.0 mL) and 
ethanol (0.20 mL) in a glass sealed tube. Hydrochloric acid gas (from a lecture bottle) is 
bubbled through the solution for 20 minutes, and then the tube is sealed and stands at room 
temperature overnight The next day, additional hydrochloric acid gas is bubbled 

through the solution for 20 minutes, more ethanol (0.20 mL) is added, and then the tube is 

sealed and stands at room temperature for two days. After that time, the solvent is 

removed. The product is purified by silca gel chromatography (5% to 15% methanol/­
methylene chloride with -1 % ammonium hydroxide) to give N-hydroxy-2-[[4-methoxy­
benzenesulfonyl](2-quinolinylmethyl)amino ]acetamide, m.p. 177-178°C. 

The starting material is prepared as follows: 

To a suspension of sodium hydride (0.84 g, 35.0 mmol) in dimethylformamide (120.0 
mL), is added ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate (3.19 g, 11.67 mmol) 
and 2- (chloromethyl)quinoline (2.62 g, 12.26 mmol), and the reaction is stirred for three 
days at room temperature. Then, additional NaH {0.46 g, 11.67 mmol) is added, and the 
reaction is heated to 50°C for 5 hours. The reaction is cooled to 0°C, quenched with 
water, and extracted well with ether. The combined organic layers are washed with brine, 
dried (Na2S04), and the solvent is removed to give ethyl 2-(14-methoxybenzenesulfonyl]­
(2-quinolinylmethyl)amino ]acetate. 

, Ethyl 2-[[4-methoxybenzenesulfonyl](2-quinolinylmethyl)amino]acetate (4.0g, 9.63 

mmol) is dissolved in tetrahydrofuran (70.0 mL). To this solution is added lithium 

hydroxide {18.0 mL of a IN aqueous solution, 18.0 mmol), and the reaction is stirred at 
room temperature overnight. The tetrahydrofuran is evaporated, the reaction is then 

acidified to pH =---3 using lN hydrochloric acid, and extracted well with ethyl acetate. 



-58 -

REPLACEMENT SfIBE] l 16JUL?J96J 

The combined organic layers are dried (Na2S04), and the solvent is evaporated to give 
2-[[4-methoxybenzenesulfonyl](2-quinolinylmethyl)amino]acetic acid hydrochloride. 

2-[[ 4-methoxybenzenesulfonyl](2-quinolinylmethyl)amino]acetic acid hydrochloride ( 1.49 
g, 3.35 mmol), 1-hydroxybenzotriazole (0.539 g, 3.52 mmol), 4-methylmorpholine (1.55 

mL, 14.9 mmol), and 0-t-butylhydroxyl amine hydrochloride (0.464 g, 3.70 mmol) are 

disSolved in methylene chloride (50.0 mL), and the reaction is cooled to OOC. To this 
solution is added N- [dimethylaminopropyl]-N' -ethylcarbodiimide hydrochloride (1.35 g, 
7.04 mmol), and the reaction is allowed to warm up to room temperature and stir 
overnight. The reaction is diluted with more methylene chloride, and the organic layer is 

washed with saturated sodium bicar~onate, brine, dried (MgSO.J, and the solvent is 
evaporated. The product is purified by silica gel chromatography (1 % methanol/­
methylene chloride)·to give N-(t-butyloxy)-2-[[4-methoxybenzenesulfony1](2-quinolinyl­

methyl)amino]acetamide. 

(b) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](4-picolyl)amino]­
acetamide hydrochloride, m.p. 193°C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]­

amino]acetate with 4-picolyl chloride in the second step, and carrying out the other steps 

as described above. 

Example 21: {a) 2-[[4-Methoxybenzenesulfony1](6-chloropiperonyl)amino]acetic acid 

(1.87 g, 4.51 mmol) is dissolved in methylene chloride (45.0 mL). To this solution is 
added oxalyl chloride (0.784 mL, 9.02 mmol) and dimethylformamide (0.35 mL, 4.51 
mmol), and the reaction is stirred at room temperature for 60 minutes. Meanwhile, in a 
separate flask. bydroxylamine hydrochloride (1.25 g, 18.04 mmol) and triethylamine (3.77 

mL, 27 .06 mmol) are stirred in tetrahydrofuran (20.0 mL) and water (5.0 mL) at 0°C for 

15 minutes. After 60 minutes, the methylene chloride solution is added in one portion to 
the second flask. and the combined contents are stirred overnight as the flask gradually 
warms up to room temperature. The reaction is then diluted with acidic water (pH =-3), 
and extracted several times with ethyl acetate. The combined organic layers are dried 
(NaiSOJ, and the solvent is evaporated. The product is recrystallized from ethyl 
acetate/methanol/acetone to give N-hydroxy-2-[[ 4-methoxybenzenesulfonyl](6-chloro­
piperonyl)amino] acetamide, m.p. 168-169°C. 

The starting material is prepared as follows: 
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To a suspension of sodium hydride (1.08 g, 27.06 mmol) in dimethylformamide {180.0 

mL), is added ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate (4.93 g, 18.04 mmol) 

and 6-chloropiperonyl chloride (3.88 g, 19.0 mmol), and the reaction is stirred overnight at 

room temperature. The reaction is cooled to 0°C, quenched with lN hydrochloric acid, 

and extracted well with ether. The combined organic layers are washed with brine, dried 

(N~SO,.), and the solvent is evaporated. The product is recrystallized from ether/hexanes 

to give ethyl 2-[[4-methoxybenzenesulfonyl](6-chloropiperonyl)amino]acetate. 

Ethyl 2-([ 4-methoxybenzenesulfonyl]( 6-chloropiperonyl)amino ]acetate (2.12g, 4. 79 

mmol) is dissolved in tetrahydrofuran ( 40.0 mL}. To this solution is added lithium 

hydroxide (10.0 mL of a lN aqueous solution, 10.0 mmol), and the reaction is stirred at 

room temperature overnight The tetrahydrofuran is evaporated, the reaction is then 

acidified to pH =-3 using lN hydrochloric acid, and extracted well with ethyl acetate. 

The combined organic layers are dried (N~S04), and the solvent is evaporated to give 

2-([ 4-m ~thoxybenzenesulfonyl]( 6- chloropiperonyl)amino ]acetic acid. 

(b) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](3,4,5-trimethoxy­

benzyl)amino]acetamide, m.p. 116-l lS°C, by alkylating ethyl 2-[[4-methoxybenzene­

sulfonyl]amino]acetate with 3,4,5-trimethoxybenzyl chloride in the second step, and. 

carrying out the other steps as described above. 

(c) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](3-methoxybenzyl)­

amino]acetamide, m.p. 118-1190C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]­

amino]acetate with 3-methoxybenzyl chloride in the second step, and carrying out the 

othe~ steps as described above. 

Examole 22: Ethyl 2-[[ 4-methoxybenzenesulfonyl](2-[ 4-morpholino ]ethyl)amino ]acetate 

(7.1 g, 18.4 mmol} is dissolved in ethanol (100 mL), followed by the addition of sodium 

spheres (1.1 g). To this solution is added hydroxylamine hydrochloride (2.47 g, 35.5 

mmol). The reaction is refluxed overnight The reaction is worked up by removing most 

of the solvent, and partitioning between saturated sodium bicarbonate and ethyl acetate. 

' The aqueous phase is extracted well with ethyl acetate, the combined organic layers .are 

washed with brine, dried (MgS04}, and the solvent is evaporated. The product is purified 

by silica gel chromatography (80% ethyl acetate/16% methanoV4% acetic acid). The 

solvent is removed to give the product containing residual acetic acid. The product is 

partitioned between ethyl acetate and water (pH= 7.1), the organic phase is dried 
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(MgS04), and the solvent is concentrated and then triturated with ether to give 
N-hydroxy-2-[[ 4-methoxybenzenesulfonyl](2-[ 4-morpholino ]ethyl)amino ]acetamide, m.p. · 
108-112°C. 

The starting material is prepared as follows: 

Ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate (13.7 g. 50.0 mmol) is dissolved in 
ethanol (500 mL}, followed by the addition of sodium spheres (2.5 g, 109.0 mmol). To 
this solution is added N-(2-chloroethyl)morpholine hydrochloride (10.0 g, 53.7mmol), the 
reaction is stirred at room temperature for 2 hours, and then refluxed for 1.5 hours. The 

,. 

reaction is partitioned between ethyl acetate and brine. The aqueous phase is extracted 
well with ethyl acetate, the combined organic layers are dried (MgSO~, and. the solvent is 

evaporated to give ethyl 2-[[ 4-methoxybenzenesulfonyl](2-[ 4-morpholino ]ethyl)amino ]-. 
acetate. 

Examole 23: N-Hydroxy-2-[[ 4-aminobenzenesulfonyl]{isobutyl)amino]acetamide, m.p. 
S0-55°C, is obtained by hydrogenation of N-hydroxy-2-[[4-nitrobenzenesulfonyl]­
(isobutyl)amino]acetamide {se_e example 17x), m.p. 128-1300, using 10% palladium on 
carbon. 

The starting material is prepared according to example 16 by coupling isobutylamine and 

4-nitrobenzenesulfonyl chloride in the first step thereof. 

Example 24: N-Hydroxy-2-[[4-dimethylaminobenzenesulfonyl]{isobutyl)amino]-
. acetamide, m.p. 127-129°C, is obtained by methylation ofN-hydroxy-2-[[4-amino­

benzenesulfonyl](isobutyl)amino]acetamide using the procedure from Synthesis p. 709, 
1987. 

Example 25: Ethyl 2-[[4-hexyloxybenzenesulfonyl](isobutyl}amino]ac.etate (1.22 g, 3.05 
mmol) is dissolved in methanol (15 mL}. To this solution is added hydroxylamine 
hydrochloride (0.43 g, 6.11 mmol}, followed by the addition of sodium methoxide, freshly 
prepared from sodium (0.35 g, 15.3 mmol} dissolved in methanol (5 mL}. The reaction is 

stirred for 36 hours at room temperature. The reaction is worked up by partitioning 
between dilute hydrochloric acid (pH= ... 3} and ethyl acetate. The aqueous phase is 

extracted well with ethyl acetate, the combined organic-layers are dried (Na2S04}, and the 
solvent is evaporated. The product is crystallized from hexnae/ethyl acetate and collected 
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by filtration to give N-hydroxy-2-[[ 4-hexyloxybenzenesulfonyl](isobutyl)- '----------­

axnino ]acetamide, m.p. 108-110°C. 

The starting material is prepared as follows: 

A solution of ethanethiol (15 mL) and methylene chloride (15 mL) is cooled to 0°C. 

Aluminum trichloride (9.62 g. 72.2 mmol) is added (the solution turns green). and the 

reaction is wanned. to room temperature. Ethyl 2-[[ 4-methoxybenzenesulfonyl](isobutyl)­

amino]acetate (4.75 g. 14.44 mmol) is added in methylene chloride (5 mL). and the 

reactiom is stiIIed for 3.5 hours at room temperature. The reaction is then slowly . 

quenched with water. and the CfU:de reaction is partitioned between water and methylene 

chloride. The aqueous layer is extracted well with methylene chloride, the combined 

organic layers are dried (N~SO.J, and the solvent is evaporated. The product is purified 

by silica gel chromatography (25% to 50% ethyl acetate/hexane) to give ethyl 

2-[[ 4-hydroxybenzenesulfonyl](isobutyl)amino]acetate. 

· Ethyl 2-[[4-hydroxybenzenesulfonyl](isobutyl)amino]acetate (1.0 g, 3.11 mmol) is 

dissolved in dimethylformamide (16 mL). Cesium carbonate (1.03 g. 3.17 mmol) is added, 

followed by 1-iodohexane (0.47 mL, 3.17· mmol), and:the reaction is stirred overnight at 

room_ temperature. The reaction is then partitioned between water and ethyl acetate, the 

aqueous layer is extracted well with ethyl acetate. the combined organic layers are dried 

(N~SO.J, and the solvent is evaporated. The product is purified by silica gel 

chromatography (10% ethyl acetate/hexane) to give ethyl 2~[[4-hexyloxybenzene­

sulfonyl](isobutyl)amino ]acetate. 

Example 26: The following compounds are prepared similarly to example 25: 

(a) N-Hydroxy-2-((4-ethoxybenzenesulfonyl](isobutyl)amino]acetamide,by using ethyl 

iodide in the cesium carbonate alkylation step, and carrying out the subsequent steps as 

described in example 25. 

, ,(b) N-Hydroxy-2-[[ 4-butyloxybenzenesulfonyl](isobutyl)amino]acetamide, m.p. 

125-127°C, by using iodobutane in the cesium carbonate alkylation step, and carrying out 

the subsequent steps as described in example 25. 

(c) N-Hydroxy-2-((4-(3-methyl)butyloxybenzenesulfonylJ(isobutyl)amino]acetamide, m.p. 
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~3_96oc, by using l-iodo-3-methylbutane in the cesium carbonate alkylation s ep, an , 

.::UTYing out the subsequent steps as described in example 25. 

d) N-Hydroxy-2-[[4-heptyloxybenzenesulfonyl](isobutyl)amino]acetamide, m.p. 

~ 20.123oC. by using 1-iodoheptane in the cesium carbonate alkylation step, and carrying 

t the subsequent steps as described in example 25. 
iJU . 

(~) N-Hydroxy-2-((4-(cyclohexylmethoxy)benzenesulfonyl](isobutyl)amino]acetamide, 
rn.p. 75-S0°C, by using cyclohexylmethyl bromide in the cesium carbonate alkylation 
step. and carrying out the subsequent steps as described in example 25. 

(0 N-Hydroxy-2-(( 4-isopropyloxybenzenesulf onyl](isobutyl)amino ]acetamide, m. p. 

65.66oC, by using isopropyl bromide in the cesium carbonate alkylation step, and· carrying 

out the subsequent steps as described in example 25. 

(g) N-Hydroxy-2-([4-ethoxyethoxybenzenesulfonyl]{isobutyl)amino]acetamide, m.p. 

l l l-l l 4°C, by using 2-bromoethyl ethyl ether in the cesium carbonate alkylation step, and 
carrying out the subsequent steps as described in example 25. 

Example 27: (a) N-(t-butyloxy)-2-[[4-methoxybenzenesulfonyl]{benzyl)amino]-2-
[(2-methyl-5-tetrazolyl)methyl]acewnide (0.77 g, 1.55 mmol) is dissolved in methylene 
chloride {2.0 mL) and ethanol (0.1 mL) in a glass sealed tube, and the reaction is cooled to 

OOC. Hydrochloric acid gas (from a lecture bottle) is bubbled through the solution for 20 
minutes, and then the tube is sealed at room temperature for 3 days. After that time, the 
solvent is removed, and the reaction is partitioned between ethyl acetate and saturated . 
sodium bicarbonate. The organic phase is dried (N32SO.J, and the solvent is evaporated. 
The product is purified by silica gel chromatography (2% methanoVmethylene chloride) to 
give N-hydroxy-2-([ 4-methoxybenzenesulf onyl](benzy~)amino ]-2-[(2-methyl-5-
cetrazolyl)methyl]acetamide, m.p. 72-75°C. 

The starting material is prepared as follows: 

0.asparagine (13.2 g, 100.0 mmol) is dissolved in diox~e (75.0 mL) and water (125.0 
• 'llt), triethylamine (21.0 mL, 150.0 mmol) is added, and the solution is cooled to 0°C. To 

tliis solution is added 4-methoxybenzenesulfonyl chloride (22. 7 g, 110.0 mmol) over 10 
minutes. The reaction is warmed to room temperature and stirred for 3 days. The 
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precipitate is then filtered off. the filtrate is acidified to pH=--4. and exttacted well with 

ethyl acetate. A first crop of pure product precipitates from the ethyl acetate and is 

collected by filtration. A second crop is obtained by evaporating off the ethyl acetate, and 

rlOSing the solid obtained with water to remove inorganic salts. The two crops are 

combined to give N-[4-methoxybenzenesulfonyl]-(D)-asparagine. 

N-[4-methoxybenzenesulfonyl]-(0)-asparagine (10.1 g, 33.3 mmol) is dissolved in 

dirnethylfonnamide (167.0 mL). Cesium carbonate (5.43 g, 16.66 mmol) is added. 

followed by the addition of methyl iodide (2.22 mL, 33.3 mmol), and the reaction is 

stirred overnight. The reaction is then diluted with saturated ammonium chloride (366.0 

mL). and extracted well with ethyl acetate. The combined organic extracts are washed 

with brine, dried (Na2S04), and the solvent is evaporated. The crude product is 

recrystallized from toluene to provide N-(4-methoxybenzenesulfonyl]-(D)-asparagine 

methyl ester. 

To a suspension of N-[4-methoxybenzenesulfonyl]-(D)-asparagine methyl ester (8.54 g. 

27.0 mmol) in methylene chloride (47.0 mL) is added pyridine (10.9 mL, 135.0 mmol). 

Para-toluenesulfonyl chloride (10.3 g, 54.0 mmol) is added, and the reaction mixture is 

allowed to stand without stirring at room temperature overnight. The next day~ saturated 

sodium bicarbonate is added (125.0 mL), and the mixture is stirred for 1 hour. The 

mixture is then diluted with water and extracted well with ethyl acetate. The combined 

organic extracts are washed with brine, dried (N82SO.J, and the solvent is evaporated. 

The crude product is recrystallized from 20% ietrahydrofuran/methanol to provi~e methyl 

2(R)-[[ 4-methoxybenzenesulfonyl]amino ]-4-cyano-propionate. 

To a suspension of sodium hydride (0.93 g. 23.2 mmol) in dimethylfonnamide (95.0 mL), 

is added methyl 2(R)-[[4-methoxybenzenesulfonyl]amino]-4-cyano-propionate (6.92 g. 

23.2 mmol) in dimethylfonnamide (10.0 mL). After stirring at room temperature for 20 

minutes, benzyl bromide (3.1mL,25.5 mmol) is added, and the reaction is stirred 

overnight at room temperature. The reaction is then partitioned between ethyl acetate and 

acidic water (pH=-5). the organic layer is dried CNaiSO.J, and the solvent is evaporated. 

The nroduct is purified by silica gel chromatography (40% ethyl acetate/hexane) to give 

methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amin~]-4-cyano-propionate. 

To a solution of methyl 2{R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-cyano­

propionate (1.34 g, 3.47 mmol) in dimethylfonnamide (5.4 mL) is added triethylamine 
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hydrochloride (0.95 g. 6.9~ mmol) and sodium azide (0.45 g, 6.93 mmol). The reaction is 

stirred at l l0°C overnight. The next day. the solvent is evaporated. the residue is acidified 

with lN hydrochloric acid ( 16.0 mL). and extracted well with ethyl acetate. The 

combined organic extracts are washed with brine, dried {N~O.J, and the solvet!-t is 

e11aporated to yield methyl 2(R)-([4-methoxybenzenesulfonylJ(benzyl)aminol-

2·[{S.tetrazolyl)methyl]acewe. 

This crude tetrazole is dissolved in dimethylfonnamide (17.4 mL). Cesium carbonate 

(0.56 g, 1.73 mmol) is added, followed by the addition of methyl iodide (0.23 mL, 3.47 

m.mol), and the reaction is stirred ovemighL The re~on is then diluted with brine and 

extraeted well with ethyl acetate. 'Ihe combined organic extracts are washed with brine, 

dried (NazSOJ, and the solvent is evapotated. The product is purified by silica gel 
chrOmatography ( 40% ethyl acetate/hexane} to give separately the two regioisomers: ·. 

methyl 2(R)-[[ 4-methoxybenzenesulfonyl](benzyl)amino ]-2-[(1-methyl-5-tetrazolyl)­
methyl]acetate (0.50 g); and methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-

2-[(2-methyl-5-tetrazolyl)methyl]acetate. 

Methyl 2(R)-([ 4-methoxybe~nesulfonyl](benzyl)amino]-2-[{2-methyl-5 -tetrazolyl)- . 

methyl]acetate (l.0 g, 2.27 mmol) is dissolved in tetrahydroforan (11.3 mL) and water . 

(11.3 mL). To this solution is added lithium hydroxide hydmte (0.095 g, 2.27 mmol), and 

the reaction is stirred at room temperature for 2 hours. The reaction is then acidified to 

pH= ... 3 using lN hydrochloric acid. and extracted well with ~thyl acetate. The combined 

organic extracts are washed with brine, dried (N~SO.J, and the solvent is evaporated to 

provide 2(R)-[[ 4-methoxybenzenesulfonyl](benzyl)amino]-2-[(2-methyl-5-tetrazolyl)­

methyl]acetic acid (0.96 g). 

2(R)-([4-methoxybenzenesulfonyl](benzyl)amino]-2-[(2·methyl-5-tetrazolyl)methyl]acetic 

acid (0.96 g, 2.24 mmol), 1-hydroxybenzotria.zole (0.30 g, 2.24 mmol), 4-methyl­

morpholine (0.86 mL, 7 .89 mmol), and 0-t-butylhydroxylamine hyd!ochloride (0.30 g, 
2.24 mmol) are dissolved in methylene chloride (75.0 mL). N-[dimethylaminopropyl]-

N' -ethylcarbodiimide hydrochloride (0.86 g, 4.48 mmol) is added, and the reaction is · · . 
stirred ove~ght The reaction is then diluted with water and extracted with methylene 

;·chloride. The combined organic extracts are washed with brine, dried (N~SO~. and the 

solvent is evaporated. The crude product is purified by silica gel chromatography (50% 

ethyl acetate/hexane) to give N·(t-butyloxy)-2-([4-methoxybenzenesulfonyl](benzyl)­

amino}·2-[(2-methyl-5-tetrazolyl)methy1Jacetamide. 

.·· ... 
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(b} Similarly prepared is the other terrazole regioisomer. N-hydroxy-2-([4-methoxy­

benzenesulfonyl](benzyl)amino]-2-((1-methyl-5-tetrazolyl)methyt]acetamide, m.p. 92-

960C. by completing the synthesis as described above. 

(c) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-

((5-tetrazolyl)methyl]acetamide, m.p. 91-94°C, by completing the synthesis as described 

above. except trityl chloride is used to protect the tetra.zole ring in place of methyl iodide. 

(d) Similarly prepared is N-hydroxy-2-([4-methoxybenzenesulfonyl](4-phenylbenzyl)­

amino]-2-[(5-tetrazolyl)methyl]acetamide, m.p. 184°C, by completing the synthesis as 

deSCribed above, except 4-<:hloromethylbiphenyl is used in place of benzyl bromide in the 

alkylation step. 

Example 28: Oxalyl chloride (106 mL, 1.22 mol) is added over 1 hour to dimethyl­

formamide (92 mL) in methylene chloride (1250 mL) at OOC. To. this is added a solution 

of 2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino ]-3-methylbutanoic acid 

hydrochloride (248 g, 0.6 mol) in dimethylformamide (4SO mL) over l hour, maintaining 

the temperature at O°C. This solution is stiaed an additional 2 hours at room temperature, 

and then added dropwise to a mixture ofhydroxylamine (460 g ofa 50% aqueous solution. 

6.82 mol) in tetrahydrofuran (2400 mL). The reaction is stir.red an additional 3 hours at . 

5°C, and then at room temperature ovemight The reaction mixture is filtered, the organic 
layer is collected, and the solvent is evaporated. The crude product is re-dissolved in 

methylene chloride (2 L), washed with water (2 X 1 L). saturated sodium bicarbonate (4 X 

1 L), brine (1 L), dried (Na2SOJ, and the solvent is evaporated.·The product is dissolved 

in ethyl acetate (700 mL) and diluted with ether (1400 mL) to induce precipitation. The 

pure product is· collected· by·filtration to provide N-hydroxy-2(R)-[[4-methoxybenzene­

sulfony1](3-picolyl)amino]-3-methylbutanamide. After conversion to. the hydrochloride 

salt, a white solid is obtained, m.p. 169-170°C (dee). 

The starting material is prepared as follows: 

To a solution of D-valine (2000 g, 17 .09 mol) in water (16.9 L) and acetone (9.5 L), 

cooled to S°C. is added triethylamine (4769 mL, 34.22 mol), and the reaction is stirred for 

30 minutes. Then a solution of 4-methoxybenzenesulfonyl chloride (3524 g, 18.48 mol) in 

.. .acetone (7 .4 L) is added over 30 minutes. and the reaction is stirred at room temperature 
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overnight. Most of the acetone is evaporated off. and the pH is adjusted to pH=8.25 with 

6N sodium hydroxide. The crude product is washed with toluene (2 X 10 L). and then the 

pH is re-adjusted to pH=2.2 with 6N hydrochloric acid. The mixture is then extracted 

with methylene chloride (3 X 12 L), the combined organic layers are washed with 2N · 

hydrochloric acid, water, dried (N~SO.J, and the solvent is evaporated to provide 

N-(4-methoxybenzenesulfonyl]-(D)-valine. 

To a solution of N-[4-methoxybenzenesulfonyl]-(D)-valine (8369 g. 29.13 mol) in 

roethanol (30 L) at 5°C is added tbionyl chloride (2176 mL. 29.7 mol) over 2.5 hours. 

Af.ter stirring for 3 hours at 5°C, the reaction is stirred for 36 hours at room temperature. 

Most of the solvent is evaporated, and the crude product is dissolved in toluene (80 L). 

The toluene layer is then washed with water (20 L), saturated sodium bicarbonate (20 L), 

water again (20 L), 2N hydrochloric acid (20 L), brine {20 L), dried (N~SO.J, and the 

solvent is evaporated. The solid ob_tained is dissolved in ethyl acetate (8 L) and heptane 

(16 L) is added to induce crystallization. The precipitated product is collected by filtration 

to provide methyl 2(R)-[[ 4-methoxybenzenesulfonyl]amino ]-3-methylbutanoate. 

To a solution of methyl 2(R)-[[ 4-methoxybenzenesulfonyl]aminoJ-3-methylbutanoate 

(1662 g, 5.52 mol) in dimethylformamide (10.9 L) is added 3-picolyl chloride 

hydroehloride (947.3 g, 5.77 mol) followed by powdered potassium carbonate (2409.9 g. 

17.36 mol). The reaction mixture is stirred at room temperature for 2 days. At that time, 

additional quantities of 3-picolyl chloride hydrochloride (95 g) and powdered potassium 

carbonate (241 g) are added, and the reaction is stirred for 3 more days. The solids are 

then filtered away. the crude product is poured into water (22 L), and the pH is adjusted to 

pH=S with 6N sodium hydroxide. This solution is extracted well with toluene (4 X 10 L), 

the combined organic layers are washed with water (2 X 12 L), and then with 6N 

hydrochloric acid (3 X 1600 mL). This aqueoas layer is then re-adjusted to pH=8 with 6N 

sodium hydroxide, extracted with toluene (4 X 10 L), dried (N~S04), and the solvent is 

evaporated. The oil obtained is re-dissolved in ethyl acetate (12 L), cooled to 5°C, and to 

this is added methanolic HCl (834 mL). After stirring for 2 hours, the precipitated product 

is collected by filtration to give methyl 2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)­

~ino ]-3-methylbutanoate hydrochloride. 

Methyl 2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoate 

hydrochloride (7164 g, 16.7 mol) is added to a solution of water (27 L) and concentrated 

hydrochloric acid (9 L), and heated to 120°C for 3 days .. After cooling down to room 
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temperature, charcoal (350 g) is added, stining is continued for 45 minutes, the reaction is 

filtered~ and the solvent is evaporated. The crude solid is re-dissolved in methanol (7 .1 L) 
and ethyl acetate (73 L), and cooled to 3°C for 2 hours. The precipitated product is 

collected by filtration to give 2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino ]· 

3-methylbutanoic acid hydrochloride. 

Examole 29: N-Benzyloxy-2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino ]-

3-methylbutanamide (see example 29a) is reacted with hydrogen in the presence of 10% 

palladium on charcoal catalyst at room temperature and atmospheric pressure to yield. 
N-hydroxy-2(R)-[[4-methoxybemenesulfonyl](3-picolyl)amino]-3-methylbutanamide. 

Aftl!rconversion to the hydrochloride salt, a white solid is obtained, m.p. 169-170°C 
(dee). 

(a) The N-(benzyloxy) substituted prodrog derivative of the above compound is prepared 

as follows: 

2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoic acid hydrochloride 

is reacted with 0-benzylhydroxylamine hydrochloride unde; conditions described for 
reaction with 0-t-butylhydroxylamine hydrochloride to yield N-(benzyfoxy)-2(R)-

[[ 4-methoxybenzenesulfony1](3-picolyl)amino]-3-methyl-butanam;4e, m.p. 74.5-76°C. 

(b) The corresponding N-( 4-methoxybenzyloxy) substituted prodrug derivative, 

N-(4-methoxybenzyloxy)-2(R)-[[4-methoxybemenesulfonyl](3-picolyl)amino]-

3-methyl-butanamide, is prepared as follows: 

2(R)-[[ 4-methoxybenzenesulf onyl] (3-picolyl)amino]-3-methylbutanoic acid hydrochloride 
. . 

(2.41g,5.82 mmol), 1-hydroxybenzotriazole (0.786 g, 5.82 mmol), 4-methyl-morpholine 

(1.9 mL, 17.46 mmol), and 0-(4-methoxybenzyl)hydroxylamine (1.78 g, 11.63 mmol) 

(prepared according to Pol. J. Chem. 55, 1163-1167 (1981)) are dissolved in methylene 

chloride (55 mL). N-[dimethylaminopropyl]-N'-ethylcarbodilmide hydrochloride (1.45 g, 

7 .57 mmol) is added, and the reaction is stirred overnight The reaction is then diluted 

· · with water and extracted with methylene chloride. The combined organic extracts are 

·washed with brine, dried (N~SO.J, and the solvent is evaporated. The crude product is 
purified by silica gel chromatography (ethyl acetate followed by 5% methanol/ethyl 
acetate) to give N-(4-methoxybenzyloxy}-2(R)-[[4-methoxybemenesulfonyl]­

(3-picolyl)amino ]-3-methylbutanamide, m.p. 45-53°C. 
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Similarly prepared are: (c) the N-(2,4-dimethoxybenzyloxy)-substituted prodrug 
derivative. N-(2.4-dimethoxybenzyloxy)-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)­

arnino ]-3-methyl-butanamide, m.p. 45-60°C; 

(d} the N-(2-methoxybenzyloxy)-substituted prodrug derivative, N-(2-methoxybenzyl­

oxy)-2(R)-[[ 4-methoxybenzenesulfonyl] (3-picolyl)amino ]-3-methyl-bu~amide, m.p. 
46-56°C. 

~ample 30: N-(t-Butyloxy)-2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino ]-

3(R)-(3-picolyloxy)butanamide (1.3 g, 2.4 mmol) is dissolved in methylene chloride (50 

mL) containing ethanol (0.14 mL, 2.4 mmol) in a round bottom flask, and the reaction is 

cooled to -10°C. Hydrochloric acid gas (from a lecture bottle) is bubbled through for 20 

minutes. The reaction is sealed, allowed to slowly warm to room temperature, and stirred 

for two days. The solvent is reduced to 1/3 the volume by evaporation and the residue is 

triturated with ether.· The mixture is filtered, the fiter cake is removed and dried in vacuo 
to provide N-hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)amino ].,. 

3(R)-(3-picolyloxy}-butanamide dihydrochloride as a white solid; [a]0
25=+35.26° 

(c=S.58, DMSO). 

The starting material is prepared as follows: 

To a solution of D-threonine (5.0 g, 0.042 mol) in water (50 mL} and dioxane (50 mL) 

containing triethylamine (8.9 mL, 0.063 mol) at room temperature is added 4-methoxy­
benzenesulfonyl chloride (9.54 g, 0.046 mol}. The reaction mixture is stirred overnight at 

room temperature. Most of the dioxane is evaporated off, and the pH is adjusted to pH=2 

with lN HCl. The mixture is then extracted with ethyl acetate. The combined organic 

extracts are washed with brine,. dried (Na2SO.i), and concentrated in vacuo to provide 
N-[ 4-methoxybenzenesulf onyl]-(D}-threonine. 

N-[4-methoxybenzenesulfonyl]-(D)-threonine (4.0 g, 13.84 mmol), 1-hydroxybenzo­

triazole (1.87 g, 13.84 mmol}, 4-methylmorpholine (7 .9 mL, 69.2 mmol}, and 0-t-butyl­
hydroxylamine hydrochloride (5.22 g, 41.52 mmol} are dissolved in methylene chloride 
(100 mL}. To this solution is added N-[dimethylaminopropyl]-N' -ethylcarbodiimide 
hydrochloride (3.45 g, 17 .99 mmol}, and the reaction is stirred overnight The mixture is 

then diluted with water and extracted with methylene chloride. The combined organic 
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extracts are washed with brine, dried (N~SOJ, and concentrated in vacuo. The crude 
product is purified by silica gel chromatography (ethyl acetate) to give N-(t-butyloxy)~ 
2(R)-([ 4-methoxybenzenesulf onyl]-amino ]-3(R)-hydroxybutanamide. 

To a solution of N-(t-butyloxy)-2(R)-[[4-methoxybenzenesulfonyl]amino]-3(R)­

hydroxybutanamide (3.04 g. 8.44 mmol) in dimethylfonnamide (150 mL) is added 
3-picolyl chloride hydrochloride (1.45 g. 8.87 mmol) followed by potassium carbonate 
(11.65 g, 84.4 mmol). The reaction mixture is stirred at room temperature overnight, then 
heated to 45°C for 5 hours. An additional amount of 3-picolyl chloride hydrochloride 
(692.0 mg, 4.23 mmol) is added at this point The reaction mixture is stirred at 45°C for . 
10 hours. The reaction mixture is diluted wi~ water and extracted with ethyl acetate. The 
combined organic extracts were washed wi~ brine, dried (N8250.J, and concentrated in 
vacuo. The crude product is purified by silica gel chromatography (ethyl ~etate, then 5% 

methanoVmethylene chloride) to _give N-(t-butyloxy)-2(R)-([ 4-methoxybenzenesulfonyl]­
{3-picolyl)amino ]-3(R}-(3-picolyloxy)butanamide. 

Example 31: (a) N-(t-Butyloxy)-2(R)-[[4-methoxybemenesulfonyl](4-picolyl)aminoJ­
cyclohexyiacetamide (i.9 g;3.9 mmol) is diSsolved in dichloroethane (50 mL) containing 
ethanol (0.21ml,3.9 mmol) in around bottom flask, and the reaction is cooled to-lOOC. · 
Hydrochloric acid gas (from a lecture bottle) is bubbled through for 30 minutes. The 
reaction is sealed, allowed to slowly warm to room temperature, and stirred for 4 days. 
The solvent is reduced to 113 volume by evaporation and triturated·with ether. The 
mixture is filtered, filter cake removed, and dried in vacuo to provide N-hydroxy-2(R)­
[[4-methoxybenzenesulfonyl]( 4-picolyl)amino ]-2-cyclohexylacetamide hydrochloride as a 
white solid; m.p. 154.5-156°C. 

The starting material is prepared as follows: 

To a solution of D-cyclohexylglycine hydrochloride (10.4 g, 53.7 mmol) in 1:1 
dioxane/water (200 mL) containing triethylamine (37 .0 g, 366.0 mmol) at room 
temperature is added 4-methoxybenzenesulfonyl chloride (15.0 g, 73.0 mmol), and the 
reaction mixture is stirred at room temperature overnight The mixture is then diluted with 

' · · methylene chloride, washed with lN aqueous hydrochloric acid and water. The organic 

layer is washed again with brine, dried (N~SO~. and the solvent is evaporated to provide 
N-[4-methoxybenzenesulfonyl]-(D)-cyclohexylglycine as a crude product A solution of 
this crude product in toluene (200 mL) concaining N,N-dimethylformamide di-t-butyl 
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acetal (48.5 mL, 200.0 mmol) is heated to 95°C for 3 hours. The solvent is then 

evaporated. The crude product is purified by silica gel chromatography (30% ethyl 

acetate/hexanes) to provide N-[ 4-methoxybenzenesulfonyl](D)-cyclohexylglycine t-butyl 

ester. 

To a solution of N-[ 4-methoxybenzenesulfonyl]-(D)-cyclohexylglycine t-butyl ester (2.0 

g. 4.1 mmol) in dimethylformamide (100 mL) is added 4-picolyl chloride hydrochloride 

(0.74 g, 4.5 mmol) followed by potassium carbonate (5.61g,40.7 mmol). The reaction 

mixture is stirred at room temperature for 4 days. The mixture is then diluted with water 

and extracted with ethyl acetate. The combined organic extracts are washed with brine, 

dried (N~SOJ, and the solvent is evaporated. The crude·. product is purified by silica gel 

chromatography (ethyl acetate) to give t-butyl 2(R)-[[4-methoxybenzenesulfonyl]-

( 4-picolyl)amino ]-2-cyclohexylacetate. 

· t-Butyl 2(R)-[[4-methoxybenzenesulfonyl](4-picolyl)amino]-cyclohexyla cetate (2.0 g, 4.2 

, mmol) is dissolved in methylene chloride (80 mL) and cooled to -10°C. Hydrochloric acid 

-gas is bubbled into the solution for 10 minuntes. The reaction mixture is then sealed, 

warmed to room temperature and stirred overnight The solvent is then evaporated to 

provide 2(R)-[[ 4-methoxybenzenesulfonyl] ( 4-picolyl)amino ]-2-cyclohexylacetic acid 

hydrochloride. 

2(R)-[[ 4-Methoxybenzenesulf onyl]( 4-picolyl)amino ]-cyclohexylacetic acid hydrochloride 

(1.8 g, 4.2 mmol), 1-hydroxybenzotriazole {0.65 g, 4.81mmol),4-methyl-morpholine (2.4 

mL, 24.04 mmol), and 0-t-butylhydroxylamine hydrochloride {1.81g,14.4 mmol) are· 

dissolved in methylene chloride (100 mL). N-[dimethylaminopropyl]-N' -ethyl­

carbodiimide hydrochloride {1.2 g, 6.25 mmol) is added, and the reaction is stirred 

overnight The reaction is then diluted with water and extracted with methylene chloride. 

The combined organic extracts are washed with brine, dried CNaiSO.i), and the solvent is 

evaporated. The crude product is purified by silica gel chromatography (5% 

methanoVmethylene chloride) to give N-{t-butyloxy)-2(R)-[[ 4-methoxybenzenesulfonyl]-. 

( 4-picolyl)amino ]-2-cyclohexylacetamide. 

(b) Similarly prepared is N-hydroxy-2{R)-[[4-methoxybenzenesulfonyl](2-(2-pyridyl)­

ethyl)amino ]-2-cyclohexylacetamide, m.p. 131.5-134.00C. 

The first two steps are carried out as described above. A Mitsunobu step is substituted for 



i . . . . . 

REPLACEMENT SHEET 

-71- [ 1 6JUL ?J96 l 
the alkylation step as described below. 

To a stirring solution of N-( 4-methoxybem.enesulfonyl]-(D)-cyclohexylglycine-t-butyl 

ester (2.0 g, 5.25 mmol) in tetrahydrofuran (50 mL) is added triphenylphosphine ( 4.13 g, 

15.75 mmol) and 2-(2-hydroxyethyl)-pyridine (646.0 mg. 5.25 mmol) followed by diethyl 

azodicarboxylate (2.28 g, 13.1 mmol). The reaction mixture is stirred at room temperature 

for 48 hours. The mixture is concentrated directly in vacuo. The crude mixture is applied 

to a column of silica gel (30% ethylacetatelhexane) to provide t-butyl 

2(R)-[N-[4-methoxybenzenesulfonyl](2-(2-pyridyl)ethyl)amino]- 2-cyclohexylacetate. 

All of the subsequent steps are carried out as described under (a). 

(c) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-(3-pyridyl)­

propyl)amino]-2-cyclohexylacetamide, m.p. 136.0-138°C, by using 3-pyridinepropanol in 

the Mitsunobu step, and carrying out the subsequent steps as described above. 

(d) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfony1](2-methyl­

pyrid-5-ylmethyl)amino]-2-cyclohexylacetamide, m.p. 156.5-157.00C, by using 

6-methyl-3-pyridinemethanol (prepared as in J. Org. Chem. 53 3513 (1988)) in the 

Mitsunobu step, and carrying out the subsequent steps as described above. 

(e) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](4-tetrahydro­

pyranmethyl)amino]-2-cyclohexylacetamide, m.p. 75.0-87.0°C, by using 4-(hydroxy­

methyl)tetrahydropyran (prepared as in Okrytiya. Izobret 82 (1985)) in the Mitsunoba 

step, and cmying out the subsequent steps as described above. 

Examole 32: N-(t-Butyloxy}-2(R)-[(4-methoxybenzenesulfonyl)(benzyl)amino]-2-(4-N­

methylpiperidinyl)acetamide (733.0 mg, 1.46 mmol} is dissolved in methylene chloride 

(60 mL) containing ethanol (67.0 mg, 146 mmol), and the reaction is cooled to -10°C. 

Hydrochloric acid gas (from a lecture bottle) is bubbled through for 15 minutes. The 

reaction is sealed, allowed to slowly warm to room temperature, and stirred for 6 days. 

The solvent is reduced to 1/3 volume by· evaporation and triturated with ether. The mixture 

- 'is filtered, filter cake removed, and dried in vacuo to provide N-hydroxy-

2(R)-[( 4-methoxybenzenesulf onyl)(benzyl)amino ]-2-( 4-N-methylpiperidinyl)acetamide 

hydrochloride as a light tan solid, m.p. >160°C (dee). 
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The starting material is prepared as follows: 

To a solution of ethyl 4-pyridylacetate (1LI7 g, 67.62 mmol) in 2N hydrochlotj.c acid 

(100 mL) is added platinum {IV) oxide {275 mg). The mixture is shaken in a Parr 

hydrogenation apparatus for 60 hours under a· hydrogen pressure of 50 psi (= 3.45 bar). 

The reaction mixture is basified to pH 8-9 with saturated aqueous sodium carbonate and 

then washed with methylene chloride. The aqueous layer is concentrated in vacuo 

providing sodium 4-piperidyl acetate as a white solid. To a solution· of the crude product 

(5.0 g, 30.3 mmol) in 3:1 water/dioxane (200 mL) at 0°C is added a solution of 

di-tert-butyldicarbonate (6.38 g, 29.3 mmol) in dioxane (25 mL) in one portion. The 

cloudy reaction mixture is. wanned to room temperature and stirred overnight The mixture 

is then filtered;· cooled to 0°C and acidified \l{ith cold 6N hydrochloric acid (pH=2-3).This 

solution is extracted with: ethyl acetate. The combined organic layers are dried (N82SOJ, 
and the solvent-is evaporated to provide·N-t-BOC-piperidine-4-acetic acid as a white 

crystalline solid. 

To a solution of N-t-BOC-piperidine-4-acetic acid (4.67 g, -19.22 mmol) in tetrahydrofuran 

at -78°C is added triethylamine (2.53 g, 24.99 mmol) followed by pivaloyl chloride (2.55 

g, 21.14 mmol). The resulting white slurry is stirred at·-78°C for 15 minutes, warmed to 

0°C for 45 minutes, then recooled to -78°C. In a separate flask, (R)-( + )-4-benzyl-2-

oxazolidinone ( 4.09 g, 23.1 mmol) is dissolved in tetrahydrofuran (50 mL) and 1 M 

n-butyl lithium in hexanes (14.4 mL, 23.06 mmol) is added dropwise at -78°C. The 

solution is added via cannula to the aforementioned white slurry at -78°C. The reaction 

mixture is stirred at -78°C for 15 minutes, then wanned to room temperature over 2.5 
hours. The mixture is quenched with saturated aqueous sodium carbonate and the 
tetrahydrofuran is evaporated in vacuo. The remaining aqueous layer is diluted with water 

and extracted with ethyl acetate. The combined organic extracts are washed with brine, 

dried (N82S04), and the solvent is evaporated under vacuum. The product is purified by 

silica gel chromatography (75% to 50% hexane/ethyl acetate) to give 3-[2-(N-t-BOC-

4-piperidinyl)-l-oxoethyl]-4(R)-(benzyl)-2-oxazolidinone. 

, To a solution of 3-[2-(N-t-BOC-4-piperidinyl)-1-oxoethyl]-4(R)-(benzyl)-2-oxazolidinone 

(7.54 g, 18.76 mmol) in tetrahydrofuran (175 mL) at-78°C is added a 0.5 M solution of 

potassium bis (trill!ethylsilylamide in toluene (37 .5 mL, 18.76 mmol) dropwise. After 

stirring for 20 minutes at-78°C, a pre-cooled solution of trisylazide (7.25 g. 23.4 mmol) in 

tetrahydrofuran (55 mL) is added via cannula at -78°C. The mixture is stirred for 15 
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rninutes at -78°C, then acetic acid 3.38 g, 56.28 mmol) is added followed by immediate 
warming to room temperature through immersion in a water bath. The reaction mixture is 
stU'fed for 1.5 hours at room temperature. The tetrahydrofuran is removed under vacuum 
and the resulting residue is partitioned between saturated aqueous sodium carbonate and _ 
ethyl acetate. The aqueous layer is removed and extracted with ethyl acetate. The 
combined organic extracts are washed with brine, dried (N~SO.J, and concentrated in 
vacuo. The product is purified by silica gel chromatography (30% to 50% ethyl 
acetatelhexanes) to give 3-[2-(R)-azido-2-(N-t-BOC-4-piperidinyl)-l-oxo­

ethYl]-4(R)-(benzyl)-2-oxazolidinone. 

To a solution of 3-[2-(R)-azido-2-(N-BOC-4-piperidinyl)-1-oxoethyl]-4(R)-(benzyl)-
2-oxazolidinone (5.84 g, 13.17 mmol) in ~:1 tetrahydrofuran/water/200 mL)-at 0°C is 

add~d 30% aqueous hydrogen peroxide (5.12 m~ 52.67 mmol) followed by li~um 
hydroxide monohydrate (1.11 g, 26.34 mmol). The reaction mixture is stirred at 0°C for 1 
hOur. The mixture is quenched by addition of sodium sulfite (7.1 g) at 0°C. The 
tettahydrofuran is removed in vacuo and the remaining aqueous layer is further diluted 
with water. This aqueous layer is then washed with methylene chloride and acidified with 

lN hydrochloric acid. The resulting acidic aqueous layer is extracted with ethyl acetate. 
The combined organic extracts are dried (N~SO.a) and concentrated in vacuo to provide 
crude 2-(R)-azido-2-(N-t-BOC-4-piperidinyl)acetic acid. 

To a pre-stirred solution of tin (II) chloride (3.14 g; 16.55 mmol) in methanol (100 mL) at 
0°C iS added 2-(R)-azido--2-(N-t-BOC-4-piperidinyl)acetic acid (2.35 g, 8.27 mmol) in 
methanol (25 mL) dropwise. The reaction mixture is stirred at 0°C for 10 minutes then 
wanned to room temperature overnight The methanol is removed in vacuo to provide 
crude R-(N-t-BOC-4-piperidinyl) glycine, which is used directly in the next reaction 
without purification. The crude product from the above reaction is dissolved in 2:1 
dioxane/water (120 mL) and triethylamine (7.53 g, 74.43 mmol) and cooled to 0°C. To 
this mixture is added 4-methoxybenzenesulfonyl chloride (2.22 g, 10.75 mmol) and then 
the reaction mixture is warmed to room temperature overnight. The dioxane is removed in 

vacuo and the residue is partitioned between dilute aqueous sodium bicarbonate and ethyl 
acetate. The basic aqueous layer is removed, acidifed with 1 N hydrochloric acid, and 
extracted with ethyl acetate. The resulting emulsion is passed through a celite pad washing 

·with ethyl acetate. The organic filtrate is dried (N~SOiJ and concentrated in vacuo to 
provide 2(R)-((4-methoxybenzenesulfonyl)amino]-2-(N-t-BOC-4-piperidinyl) acetic acid 
as crude product. 
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A solution of crude 2(R)-[(4-methoxybenzenesulfonyl)amino]-2-(N-t-BOC-4-piperidin­
yl)-acetic acid (2.88 g) in dimethylfonnanude (60 mL) containing N.N-dicyclohexylamine 
(l.22 g, 6.73 mmol) and benzyl bromide (1.15 g, 6.73 mmol) is stirred at room 
temperature for 3.5 hours. To this same reaction mixture is again added benzyl bromide 
(1.26 g, 7 .4 mmol) followed by potassium carbonate (6.S g, 47 .11 mmol). The reaction 
mixture is stirred over the weekend at room temperature. The mixture is diluted with 
water and extracted with ethylacetate. The combined organic extracts are washed with 
brine, dried (N~SO.J, and concentrated in vacuo. The crude product is purified by silica 
gel chromatography (15% to 25% ethyl acetatelhexanes) to provide benzyl 
2(R)-(( 4-methoxybenzenesulfonyl)(benzyl)-amino ]-2-(N-t-BOC-4-piperidinyl)acetate. 

A solution of benzyl 2(R)-[( 4-methoxybenzenesulfonyl)(benzyl)amino]-2-(N-t-BOC-4-
piperidinyl) acetate (2.0 g, 3.3 mmol) in dichloromethane (50 mL) is cooled to 0°C and 
hydrochloric acid gas (from a lecture bottle) is bubbled through for 10 minutes. The 
reaction mixture is warmed to room temperature over 30 minutes. The solvent is removed 
in vacuo to yield benzyl 2(R)-[(4-methoxybenzenesulfonyl)(benzyl)­
amino]-2-(N.;t-BOC-4-piperidinyl) acetate hydrochloride as a white foam. . 

To a solution of benzyl 2(R)-((4-methoxybenzene sulfonyl)(benzyl)amino]-2-(N-t-BOC-
. 4-piperldinyl) acetate hydrochloride salt 0.28 g, 2.35 mmol) heated to reflux is added 

sodium fo~ate (480.0 mg, 7.06 mmol) and fonnaldehyde (0.57 mL, 7.06 mmol). The 
reaction mixture is refluxed for 10 minutes, then two additional aliquots of fonnaldehyde 
(0.57 mL, 7 .06 mmol) are added at 10 minute intervals. The reaction mixture is refluxed 
for an additional 3 hours. The fonnic acid is removed in vacuo and the residue is partioned 
between saturated aqueous sodium bicarbonate and ethyl acetate. The basic aqueous layer 
is further extracted with ethyl acetate. The combined organic extracts are washed with 

brine, dried (N~SO.J and concentrated in vacuo to provide benzyl 2(R)-[(4-methoxy­
benzenesulfonyl)benzyl)amino]-2-(4-N-methylpiperidinyl) acetate as a crude product. A 

. solution of this crude product (1.23 g) in 3N HCI (40 mL) is refluxed at 120°C for 2 days. 
The mixture is concentrated in vacuo to provide acid as a crude product To a solution of 

· tbis crude product (1.08 g) in methylene chloride (75 mL) is added 1-hydroxy­
benzotriazole (0.312 g, 2.31 mmol), 4-methyhnorpholine (1.64 g, 16.17 mmol), 
0-t-butylhydroxylamine hydrochloride (870.0 mg, 6.93 mmol), followed by 
N-[dimethylaminopropyl]-N' -ethylcarbodiimide hydrochloride (576.0 mg, 3.0 mmol). 
The reaction mixture is stirred at room temperature overnight The reaction is then diluted 
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with water and extracted with methylene chloride. The combined organic extracts are 

washed with brine, dried CNaiSO~. and the solvent is evaporated. The crude product is 

purified by silica gel chromatography (3% m 7% methanol/methylene chloride containing 

0.5% ammonium hydroxide) to give N-(t-butyloxy)-2(R)-[(4-methoxybenzenesulfonyl)­

(benzyl)amino ]-2-( 4-N-metbylpiperidinyl)acetamide. 

g;ample 33: Preparation of 3000 c~psules each containing 25 mg of the active ingredient, 

for example, N-hydroxy-2(R)-[[ 4-methoxybenzenesulfonyl](3-picolyl)-

antlno ]-3-methylbutanamide hydrochloride: 

Active ingredient 

LaCtose 

Avicel PH 102 

(microcrystalline cellulose) 

Polyplasdone XL 

(polyvinylpyn:olidone) 

Purified water 

Magnesium stearate 

The active ingredient is passed through a No. 30 hand screen. 

75.00 g 

750.00 g 

300.00 g 

30.00 g 

q.s. 
9.00g 

The active ingredient, lactose, Avicel PH 102 and Polyplasdone XL are· blended for 15 

minutes in a mixer. The blend is granulated with sufficient water (about 500 mL), dried in 

an oven at 35°C overnight, and passed through a No. 20 screen. 

Magnesium stearate is passed through a No. 20 screen, added to the granulation mixture, 

and the mixture is blended.for S minutes in a mixer. The blend is encapsulated in No. 0 

hard gelatin capsules each containing an amount of the blend equivalent to 25 mg of the 

active ingredient. 
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Claims: -
· ... 1. A compound of the fonnula I 

R 
I 

O R1 CH1 O 
11 I I 11 

HO-N-C-C-N-S-Ar (I) 
I { II 
H R1 0 

(a) wherein 

Ar is carbocyclic or heterocyclic aryl: 

R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic 
a.cyl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower 
alkyl, CrC,-cycloallcyl, C3-C,-cycloalkyl-lower alkyl, (oxa or thia)-C3-C.rcycloalkyl. 
[{oxa or thia)-~-Coeycloalkyl]-lower alkyl. hydroxy-lower alkyl. acyloxy-lower alkyl. 

lower alkoxy-lower alkyl, lower alkyl·(tbio, sulfinyl or sulfonyl)-lower alkyl, (amino, 
mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl. CN-lower 
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl, 
or (morpholino, thiomorpholino, piperidino. pyrrolidino, piperidyl or N-lower 
alkylpiperidyl)-lower alkyl; 

R1 is hydrogen, lower alkyl. carbocyclic aryl-lower allcyl, carbocyclic aryl, heterocyclic 
aryl. biaryl, biaiyl-lower alkyl. heterocyclic aryl-lower alkyl, mono- or poly-halo-lower 
alkyl. CrC,-cycloalkyl, C3-Creycloalkyl-lower alkyl, hydroxy-lower alkyl, 

acyloxy-lower alkyl, lower alkoxy-lower alkyl, (carbocyclic or heterocyclic aryl)-lower 
alkoxy-lower alkyl, lower alkyl-(thio, sulfmyl or sulfonyl).tower alkyl, (amino, mono- or 
di-lower alkylamino)-lower alkyl, (N-lower alkyl-piperazino or N-car-bocyclic or 
heterocyclic aryl-lower alkylpiperazino)-lower alkyl, (morpholino. thiomorpholino. 
piperidino, pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl, acylamino-lo~er 
alkyl, piperidyl or N-lower alkylpiperldyl; 

·~ is hydrogen or lower alkyl; 

111111111111111111111111111111 
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(b) or wherein R and R1 together with the chain to which they are attached fonn a 
1,2,3.4-tetrahydro-isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrolidine ring, 

each unsubstituted· or substituted by lower a!kyl; and.AI and~ have meaning as defined 
under{a); ..... 

(c) or wherein R1 and R2 together with the carbon atom to which they are attached form a 

ring system selected from C3-Crcycloalkane which is unsubstituted or substituted by 

tower alkyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin, piperidine or piperidine 
substituted on nitrogen by acyl, lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl, 

(carboxy, esterified or amidated carboxy)-lower alkyl or by lower alkylsulfonyl; and Ar 

and R have meaning as defined under (a); 

a pharmaceutically acceptable prodmg derivative thereof; or a pharmaceutically 

acceptable salt thereof. 

2. A compound according to claim 1 of the fonnula Ia 

x 
/'. 

0 CH2 CHI 2 0 
II l II 

HO-N-c-c-N-S-Ar (Ia) 
I I II 
H ~ 0 

wherein X represents methylene or 1.2-ethylene each unsubstituted or substituted by lower 
alkyl. or X represents oxygen. sulfur, or 1,2-phenylene; AI and R2 have meaning as 

defined in claim l; or a pharmaceutically acceptable prodrug derivative thereof; or a 

pharmaceutically acceptable salt thereof. 

3. A compound according to claim 1 of the fonnula lb 

I 111\lll llllll llltl lllll ll llll 
* C L M S * 
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.·. wherein Y is a direct bond, Cl·C4-straight chain allcylene optionally substituted bv lower 

ailcyl. CH20CH2• CH2SCH2. 1.2-phenylene, Cffi-1,2-phen~lene or CH:N(~).;CHi in·. 

which R6 represents hydrogen, lower alkanoyl, di-lower alkylamino-lower alkanovl arovl 
. . " . .. ' 

carbocyclic aryl-lower alkanoyl, lower alkyl, carbocyclic or heteroeylic aryl-lower allcyl, 

( carboxy, es~rified or amidated carboxy)-lower alkyl or lower alkylsulfonyl: Ax and R 

have meaning as defmed in claim l; or a phannaceutically acceptable prodrug derivative 

thereof; or a phannaceutically acceptable salt thereof. 

4. A compo.und according to claim 3 of tl1e formula Ic 

R 
I 

0 cu- 0 
II . (~ ll 

HO-N-CuN-S-Ar a · 11 . 
. . • 0 

. . 

Y" . 

(I~) 

in which Y' represenrs oxygen. sulfur, a direct.bond. methylene or-methylene substituted 

by lower alkyl, or ~; ~ represents hydrogen, lower alkanoyl. di-lower 

a.!!cylamino-lower alkanoyl, carbocyclic aryl-lower alkanoyl. lower alkyl. carbocyclic or 

hecerocyclic aryl-lower allcyl, (carboxy. esterified or amidated carboxy)-lower alkyl or 

lower alkylsulfonyl; A:t and R. have meaning as defined in claim l; or a pharmaceutically 

acceptable prodrug derivative thereof: or a pharmaceutically acceptable salt thereof. 

5. A compound of foimula I according to claim 1 wherein A:t is phenyl which is 

unsubstituted or mono-, di· or tri-substi.tuted by C19C10-alkoxy. hydroxy; phenyl-lower 

alkoxy wherein phenyl is unsubstituted or substituted by lower allcyl. lower alkoxy, 

halogen or trifluoromethyl; heteroeyc-lic aryl-lower alkoxy wherein hererocyclic aryl is 

selected from pyridyt, tetrazolyl. triazolyl. rhiazolyl, -thienyl, imidazolyl and quinolinyl, 

each unsubstituted or mono- or disubstitute<i by -lower alkyl or halogen ; . 

C1-C7-cycloalkyl-tower alkoxy, (lower alkyl, phenyl-lower alkyl or CrCrCYcloalkyl­

lower alkyl)-thio, lower allcyloxy-lower allcoxy, halogen, lower allcyl. cyano. aicro. 

trifluoromethyl, lower a.lkyl-(sulfinyl or sulfonyl), amino, mono- or di-lower alkylamino 

or. on adjacent carbon at-oms. by C1-C2-allcylenedioxy or oxy-Cz-C3-alkylene; or Ar is 

thienyl, isoxazolyl or thiazolyl each of which is unsubstiwted or mono- or di-substituted· 

111111111111111111111111111111 
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by lower alkyl; 

R is hydrogen. lower alkyl. phenyl-lower !a'""l where· ph 
1

. - , 
. - 1 in eny IS unsubsututed or substttuted by lower alkyl. lower alkoxy. halogen or trifluo th , . . . . . _ rome yl. phenyl which 1s unsubstituted or mono-. d1- or tn-substituted by lower alkoxy h d • • - • Y roxy. halogen. lower alkyl. cyano, nitre, tnfluoromethyl, lower alkyl-(thio sulfinyl ors I'" l) . . . . - . - ' u 1ony . amino. mono-or di-lower alkylammo or, on ad1acent carbon atoms by c c alkylened· • i- r 1oxyor 

oxy-~-C3-alkylene; or a heterocyclic aryl radical selected from pyridyl, tetrazol I. 
triazolyl. thiazolyl, thienyl. imidazolyl and quinolinyl, each unsubstituted or mo:o- or 
disubstitut.ed by lower alkyl or halogen; biphenylyl which is unsubstituted or substituted 
by lower alkyl, lower alkoxy, halogen, tritluormethyl or cyano; biphenylyl-lower allcyl 
wherein biphenylyl is unsubstituted or substituted by lower alkyl, lower alkoxy, halogen, 
trifluormethyl or cyano; (pyridyl. thienyl, quinolinyl or thiazolyl)-lower alkyl, 
trifluormethyl, CrC,-cycloalkyl. C3-C,-cycloa1kyl-lower alkyl, (oxa or 
thia)-C3-C6-cycloalkyl, [(oxa or thia)-CrC6-cycloalkyl]-lower alky~. hydroxy-lower alkyl. 
lower alkanoyloxy-lower alkyl. lower alkoxy-lower alkyl, lower alkyl-(thio, sulfmyl or 
sulfonyl)-lower alkyl, (amino. mono- or di-lower alkylamino)-lower alkyl, lower 
alkanoylamino-lower alkyl, (N-lower a1kyl-piperazino or N-phenyl-lower 
alkylpiperazino)-lower alkyl or (morpholino, thiomorpholino. piperidino. pyrrolidino. 
piperidyl or N-lower alkylpiperidyl)-lower alkyl; 

R1 is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or 
substituted by lower alkyl. lower alkoxy. halogen, trifluoromethyl or. on adjacent carbon 
atoms, by Ci-Ci-alkylenedioxy or oxy-C2-C3-alkylene; phenyl which is unsubstituted or 
substituted by lower alkyl, lower alkoxy. halogen or trifluoromethyl; pyridyl, thienyl, 
biphenylyl, biphenylyl-lower alkyl; het.erocyclic aryl-lower alkyl wherein heterocyclic 
aryl is selected from thiazolyl, pyrazolyl, pyridyl, imidazolyl and tetrazolyl each 

·unsubstituted or substituted by lower alkyl; trifluoromethyl. C3-C,-cycloalkyl, 
C3-C7-cycloalkyl-lower alkyl, hydroxy-lower alkyl, lower allcanoyloxy-lower alkyl. lower 
alkoxy-lower alkyl. (phenyl or pyrldyl)-lower alkoxy-lower alkyl, lower alkyl-(thio. 
sulfinyl or sulfonyl)-lower alkyl, (amino. mono- or di-lower alkylamino)-lower alkyl, 
(N-lower alkyl-piperazino or N-phenyl-lower alkylpiperazlno)-lower alkyl. (morpholino, 
thiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl. 
lower alkanoylamino-lower alkyl; RrCONH-lower alkyl wherein R3 represents (di-lower 
alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino. pyqolidino 
or N-alkylpiperidyl)-lower alkyl; piperidyl or N-lower alkylpiperidyl; ________ _ 

111111111111111111111111111111 
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(b) or wherein Rand R1 together with the chain to which they a.re attached form a 
1,2,3,4-tetrahydro-isoquinoline. piperidine, oxazolidine, thiazolidine or pyrrolidine ring, 
each unsubstituted or mono- or di-substiruted by·lower alkyl; and Ar and R2 have meaning 
as defined under (a); 

(c) or wherein R1 and R2 together with the carbon atom to which they are attached form a 
ring system selected from C3-C,-cycloalkane which is unsubstituted or substituted by . . 

lower alkyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin and piperidine which is 
unsubstituted or substituted on nitrogen by lower alkanoyl, di;..lower alkylamino-lower 
alkanoyl, lower allcoxycarbonyl. (morpholino, thiomorpholino or piperidino)-carconyl, 
lower alkyl. (phenyl or pyridyl)-lower allcyl, (carboxy, lower alkoxycarbonyL 
benzyloxycarbonyl, aminocarbonyl or mono- or di-lower alkylaminocarbonyl)-lower alkyl 
or by lower alkylsulfonyl; and Ar and R have meaning as defined under (a); 

a pharmaceutically acceptable prodrog derivative thereof; or a pharmaceutically 
acceptable salt thereof. 

6. A compound of formula I according to claim 1 wherein Ar is phenyl which is 
unsubstituted or mono-, di- or tri-substituted by C1-Cralkoxy. hydroxy. phenyl-lower 
alkoxy, CrCreycloalkyl-lower alkoxy, lower alkyloxy-lower alkoxy, halogen, lower 
alkyl, cyano, nitro, trifluoromethyl, lower alkyl-(sulfinyl or sulfonyl), amino. mono- or 
di-lower alkylamino or, on adjacent c~bon atoms. by C1-~-alkylenedioxy or 
oxy-C2-Cralkylene; or Ar is thienyl, isoxazolyl or thiazolyl each of which is 
unsubstituted or mono- or di-substituted by lower alkyl; 

R is hydrogen, lower alkyl, phenyl-lower alkyl; phenyl which is unsubstituted or mono-, 
di- or tri-substituted by lower alkoxy, hydroxy, halogen, lower alkyl, trifluoromethyl. or, 
on adjacent carbon atoms, by C1-C2-alkylenedioxy or oxy-C2-Cralkylene; or a 

. heterocyclic aryl radical selected from pyridyl, thiazolyl and quinolinyl, each 
unsubstituted or mono- or disubstituted by lower alkyl; biphenylyl; biphenylyl-lower 
alkyl; (pyridyl or thienyl)-lower alkyl, crifluonnet:hyl, CrC7-cycloalkyl, 
C3-C,-cycloalkyl-lower alkyl, (oxa or thia)-C3-C6-cycloaJkyl, [(oxa or 
thia)-CrC6-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, ~-lower alkyl-piperazino or 

111111111111111111111111111111 
* C L M S * 

--·· ····-· .. J __ _ 



·, 

.,.; ,, ' ·-

N-phenyl-lower alkylpiperazino)-lower alkyl or (morpholino, thiomorpholino, piperidino, 

pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl; 

R1 is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or 

substituted by lower alkyl. lower alkoxy, halogen, trifluoromethyl or, on adjacent carbon 

atoms. by C1 -C2-alkylenedioxy; biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl 

wherein heterocyclic aryl is selected from thiazolyl, pyrazolyl, pyridyl, imidazolyl and 

tetrazolyl each unsubstituted or substituted by lower alkyl; C3-Crcycloalkyl. 

C3-C7-cycloalkyl-lower alkyl. hydroxy-lower alkyl, (phenyl or pyridyl)-lower 

alkoxy-lower alkyl. lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or 

di-lower alkylamino)-lower alkyl, (N-lower alkyl-piperazino or N-phenyl-lower 

alkylpiperazino)-lower alkyl, (morpholino, thiomorpholino, piperldino, pyrrolidino, 

piperidyl or N-lower alkylpiperidyl)-lower alkyl, lower alkanoylamino-lower alkyl; 

R3-CONH-lower alkyl wherein R3 represents (di-lower alkylamino, N-lower 

alkylpiperazino, morpholino, thiomorpholino, piperidino. pyrrolidino or 

N-alkylpiperidyl)-lower alkyl; piperidyl or N-lower alkylpiperidyl; · 

R2 is hydrogen or lower alkyl; 

(b) or wherein Rand R1 together with the chain to which they are attached fonn a 

thiazolidine or pyrrolidine ring, each unsubstituted or mono- or di-substituted by lower 

alkyl; and Ar and ~ have meaning as defined under (a); 

(c) or wherein R1 and~ together with the carbon atom to which they are attached form a 

ring system selected from C3-C7-cycloalkane which is unsubstituted or substituted by 

lower alkyl; oxa-cyclohexane. thia-cyclohexane and piperidine which is unsubstituted or 

substituted on nitrogen by lower allcanoyl, di-lower alkylamino-lower alkanoyl. lower 

alkoxycarbonyl. (morpholino, thiomorpholino or piperidino)-carbonyl. lower alkyl, 

(phenyl or pyridyl)-lower alkyl, (carboxy, lower alkoxycarbonyl, aminocarbonyl or mono­

or di-lower alkylaminocarbonyl)-lower alkyl or by lower alkylsulfonyl; and Ar and R 

have meaning as defined under (a); 

a pharmaceutically acceptable prodrug derivative thereof; or a p~armaceutically 

acceptable salt thereof. 

7. A compound according to claim 1 of the formula}! 

11111111111111111111111111 1111 
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R. 

I 
O ·· R1 CH2 0 · R4 

·. 11lI.··11-0 
HO-N-c-c-N-S '/.. 

I I II -
. H ~ .. ·. 0 . . ~ 

cm 

wherein 

R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl. heterocyclic 

aryl. biaryl, biaryl-lower alkyl .. heterocyclic aryl-lower alkyl. mono- or poly-halo-lower 
alkyl. C3-C,-cycloallcyl,. C3-Creycloalkyl-lower alkyl,. (oxa or thia)-C3-CoCYcloalkyl, 

[(oxa or thia)-C3-CQCYCloalkyl]-lower allcyl. hydroxy-lower alkyl, acyloxy-lower alkyl •. 
lower alkoxy-lower alkyl, lowet alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl,. (amino, 

mono- or di-lower allcylamino)-lower alkyl, acylamino-lower alkyl, (N-lower 

alkyl-piperazino or N-carbocyclic orheterocyclic aryl-lower alkylpiperazino)-lower alkyl, 

or (morpholino, thiomorpholino, piperidino, pyrrolidino or N-lower aJkylpiperidyl)-lower 
alkyl; 

R1 is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic 

aryl, biaryl. biaryl-lower alkyl. heterocyclic aryl-lower alkyl, mono- or poly-halo-lower 

alkyl. C5-C7-cycloa1kyl, Cs-Creycloalkyl-lower alkyl, hydroxy-lower alkyl, 
acyloxy-lower alkyl, lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or 

sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl. (N-lower 
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl, 

(morpholin~. thiomorpholino, piperidino, pytt0lidino. piperidyl or N-lower 
al..'<ylpiperidyl)-lower alkyl. piperidyl, N-lower alkylpiperidyl, or acylamino-lower alkyl 

represented by R3-CONH-lower aL1cyl; 

R2 is hydrogen; 

R3 in R3-CONH-lower alkyl is lower alkyl, carbocyclic or heterocyclic aryl, di-lower · 

, alkylamino, N-lower alkylpiperazino, morpholino. thiomo~holino, piperidino. 

pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino. N-lower allcylpiperazino. 

morpholino. ~omorpholino, piperidino, pyrrolidino. pyridyl or N-lower 

alkylpiperidyl)-lower alkyl: 

\ \11\11\ \\\I\\ 1111\ \\I~ \\ \ti\ 
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R4 is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower aLlcoxy, 
lower allcylthio or carbocyclic or heterocyc!ic aryl-lower alkylthio, lower alkyloxy-lower 
alkoxy. halogen, trifluoromethyl, lower alkyl, nitro or cyano; 

Rs is hydrogen, lower alkyl or halogen; 

. . 

or R4 and R5 together on adjacent carbon atoms represent methylenedioxy, ethylenedioxy, 
oxyethylene or oxypropylene; 

or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 
acceptable salt thereof. 

8. A compound according to claim 1 of formula II 

wherein 
R and R1 together with the chain to which they are attached form a 
1,2,3,4-tetrahydrO-isoquinoline, piperidine, thiazolidine or pyrrolidine ring; 
~ is hydrogen; 
R4 is hydrogen, lower allcoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy, 
lower alkylthio or carbocyclic or heterocyclic aryl;.lower alkylthio, lower alkyloxy-lower 
alkoxy, halogen, trifiuoromethyl, ~ower alkyl, nitro or cyano; 
Rs is hydrogen, lower alkyl or halogen; 
or R4 and Rs together on adjacent carbon atoms represent methylenedioxy, ethylenedioxy, 
oxyethylene or oxypropylene; 

· or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 
acceptable salt thereof. 

9. A compound according to claim 1 of formula II 

111111111111111111111111111111 
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wherein 
R is hydrogen, lower alkyl. carbocyclic aryl-lower alkyl. carbocyclic aryl. heterocyclic 
aryl. biaryl. biaryl-lower alkyl, heterocyclic aryl-lower alkyl. mono- or poly-halo-lower 
alkyl, CrC7.cycloalkyl. C3-C,.cycloalkyl-lower alkyl. (oxa or thia)·CrC6-cycloalkyl, 
[(oxa or thia)-CrC6-cycloalkyl]-lower alkyl. hydroxy-lower alkyl. acyloxy-lower alkyl, 
lower alkoxy-lower alkyl, lower alkyl-(thio, sulfmyl or sulfonyl)-lower alkyl, (amino, 
mono- or di-lower alkylamino)-lower alkyL acylamino-lower alkyl, (N-lower 
alkyl-piperazino or N.carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl, 
or (morpholino, thiomorpholino, piperidino, pyrrolidino or N-lower alkylpiperidyl)-lower 
alkyl; 
R1 and R2 together with the carbon atom to which they are attached fonn a ring system 
selected from cyclohexane, cyclopentane, oxacyclohexane, rhiacyclohexane, indane, 
tetralin, piperidine or piperidine substituted on nitrogen by acyl, lower alkyl, carbocyclic 
or heterocyclic aryl-lower alkyl or by lower alkylsulfonyl; 
R4 is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy, 
lower alkylthio or carbocyclic or heterocyclic aryl-lower alkylthio, lower alkyloxy-lower 
alkoxy, halogen, trifluoromethyl, lower alkyl, nitro or cyano; 
Rs is hydrogen. lower alkyl or halogen; 
or R4 and Rs together on adjacent carbon· atoms represent metbylenedioxy,ethylenedioxy, 
oxyetbylene or oxypropylene; 
or a pharmaceutically acceptable prodrug derivative thereof;. or a pharmaceutically 
acceptable salt thereof. 

10. A compound according to claim 1 of formula m 

R. 

I 
0 CHz 0 

HO-N-ll-cH-~-~-o-~ R.4 (Im 
I · I II -
H R.i 0 
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wherein R represents lower alkyl. trifluoromethyl. C5-Crcycloalkyl. (oxa or 

· · thia)-C4-C5-cycloalkyl. biaryl, carbocyclic monocyclic aryl or heterocyclic monocyclic 

aryl; R1 represents hydrogen. lower alkyl. C,-C,-cycloalkyl. monocyclic carbocyclic aryl. 

carbocyclic aryl-lower alkyl, heterocyclic aryl-lower alkyl, lower alkoxy-lower alkyl. 

·· 1ower alkyl-(thio. sulfmyl or sulfonyl)-lower alkyl, di-lower alky~ino-lower alkyl. 

{N-lower alkylpiperazino, morpholino, thiomorpholino. piperidino or pyrrolidino)-lower 

alkyl or RrCONH-lower alkyl; R3 represents lower alkyl, carbocyclic aryl, heterocyclic 

. aryl. di-lower alkylamino. N-lower alkylpiperazino, morpholino, thiomorpholino. 

piperidino, pyrrolidino, N-alkylpiperidyl. or (di-lower alkylamino, N-lower 

alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or 

N-alkylpiperidyl)-lower alkyl; R4 represents lower allcoxy or carbocyclic or heterocyclic 

aryl-lower alkoxy; or a pharmaceutically acceptable prodrug derivative thereof; or a 

pharmaceutically acceptable salt thereof. 

11. A compound of formula m according to claim 10 wherein R represents heterocyclic 

monocyclic aryl selected from tetrazelyl, triazolyl. thiazolyl, imidazolyl and pyridyl, each 

unsubstituted or substituted by lower alkyl; or R represents phenyl or phenyl substituted 

by lower alkyl, lower alkoxy, halogen or trifluoromethyl; R1 represents lower alkyl, 

cyclohexyl, or RrCONH-lower alkyl wherein R3 represents (di-lower alkylamino, 

N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or 

N-alkylpiperidyl)-lower alkyl; and ~ represents lower alkoxy or phenyl-lower alkoxy; or 

a pharmaceutically acceptable prodrog derivative thereof; or a pharmaceutically 

acceptable salt thereof. 

12. A compound of formula m according to claim 10 wherein R represents 2-. 3- or 

4-pyridyl or phenyl; R1 represents C1-C4-alkyl, cyclohexy~ or R3-CONH-C1-C4-alkyl 

wherein R3 represents di-C1-C4-alkylamino-Ci-C4-lower alkyl; and~ represents lower 

alkoxy; or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically 

acceptable salt thereof. 

l~. A compound of fonnula m according .to claim 10 wherein R represents 3-pyridyl or 

4-pyridyl; R1 represents isopropyl or cyclohexyl; and R4 represents lower alko~y; or a 

pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable 

salt thereof. 
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14. A compound according to any one of claims 1-13 wherein the asymmetric carbon to 
· .. ·· which is attached R1 is assigned the (R)-configuration. 

15. A compound according to claim 1 which is N-hydroxy-2(R)-([ 4:-rnethoxybenzene­
sulfonyl](3-picolyl)amino]-3-methylbutanamide. a pharmaceutically acceptable prodrug 
derivative thereof or a pharmaceuticall~acceptable salt thereof. . .. ·. · .•. · ·. 

,. 

16. A compound according to claim 1 which is N-hydroxy-2(R)-[[4-methoxybenzene­
sulfonyl](3-picolyl)amino]-3-methylbutanamide or a phannaceutically acceptable salt·· , 
thereof. 

17. A compound according to claim I which is N-hydroxy-2(R)-[[4-methoxybenzene­
sulfonyl](3-picolyl)amino]-2-cyclohexylacetamide or a pharmaceutically acceptable salt 
thereof. 

' ., 18. A compound according to claim 1 which is N-hydroxy-2(R)-([ 4-methoxybenzene-
sulfonyl](benzyl)amino]-4-methylpentanamide or a pharmaceutically acceptable salt 
thereof. 

19. A compound according to claim 1 which is N-hydroxy-2(R)-[[4-methoxybenzene­
sulfonyl](benzyl)amino]-6-[(N,N-dimethylglycyl)amino] hexanamide hydrochloride or a 
phannaceutically acceptable salt thereof. 

20. A pharmaceutical composition comprising a compound according to any one of claims 
1 to· 19 and a pharmaceutically acceptable carrier. 

21. A compound according to any one of claims 1 to 19 for use in a method for the 
therapeutic treatment of the animal or human body. 

22. A compound according to any one of claims 1 to 19 for use in the treatment of 
stromelysin and collagenase dependent conditions. 

- 23. The use of a compound according to any one of claims 1 to 19 for the manuf~cture of a 
pharmaceutical composition. 

24. The use of a compound according to any one of claims l to 19 for the manufacture of a 

rlllllll 111111 11111 1111111 1111 
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pharmaceutical composition for the treatment of stromelysin ~d collagenase dependent 
· conditions. 

25. A process for the preparation of a compound of formula I according to claim 1. which 
comprises condensing a carboxylic acid of fonnula lV, 

R. 
> I 

0 Rt CH20 
II I - I II (IV) 

HO-C-C-N-S-Ar 
I II 
R2 0 

or a reactive functional derivative thereof, wherein R. R1• R2 and Ar having meaning as 
defined in claim l, with hydroxylamine of formula V, 

optionally in protected form, or a salt thereof; 

and, if necessary, temporarily protecting any interfering reactive group(s), and then 
liberating the resulting compound of the invention; and, if required or desired, converting 
a resulting compound of the invention into another compound of the invention, and/or, if 
desired, converting a resulting free ~ompound into a salt or a resulting salt into a free 
compound or into another salt; and/or separating a mixture of isomers or racemates 
obtained into the single isomers or racemates; and/or, if desired, resolving a racemate into 
the optical antipodes. 
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. A.rvlsulfonamido-substituted hvdroxamic acids 

Abstract of the Disclosure 

.. Compounds of fonntila I· 

a 
I 

O R1 CH2 0 
11 I I · 11 

HO-N-C-C-N-S -Az CD 
I I II 

H R1 0 

wherein R. R1, R2 and Ar are as defined in the description, have valuable pharmaceutical 
proper-Jes and are effective especially as matrix metallopror.einase il'..hlbitcrs. t"or example 
for the rreaanent of arthritis. They are prepared in a manner known per se. 
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