
31 OCT 2005 DIPEPTIDE DERIVATIVES HAVING A N-TERMINAL 2-THIOACYL GROUP AS
VASOPEPTIDASE INHIBITORS Summary of the Invention The present invention
directed to novel vasopeptidase inhibitors described below  which are useful
as dual inhibitors of both angiotensin converting enzyme (ACE) and neutral
endopeptidase (NEP, EC 3.4.24.11). The compounds of the invention are
particularly useful  for the treatment and/or the prevention of conditions
which are responsive to ACE and NEP  inhibition, particularly cardiovascular
disorders, such as hypertension, isolated systolic  hypertension, renal
failure (including edema and salt retention), pulmonary edema, left
ventricular hypertrophy, heart failure (including congestive heart failure)
and atherosclerosis.  The compounds of the invention are also useful for
reducing elevated cholesterol plasma  levels in mammals. Furthermore, they
also inhibit endothelin converting enzyme (ECE) and  are useful for the
treatment and/or prevention of conditions which are responsive to ECE
inhibition. By virtue of their inhibition of neutral endopeptidase, the
compounds of the invention  may also be useful for the treatment of pain,
depression, certain psychotic conditions, and  cognitive disorders. Other
potential indications include the treatment of angina,  premenstrual
syndrome, Meniere's disease,  hyperaldosteronism,  hypercalciuria, ascites,
glaucoma, asthma and gastrointestinal disorders such as diarrhea, irritable
bowel syndrome  and gastric hyperacidity. By virtue of their inhibition of
ECE, the compounds of the invention may also be  useful for the treatment
and/or prevention of endothelin dependent conditions and diseases,
including cerebral ischemia  (stroke), subarachnoid hemorrhage, traumatic
brain injury,  cerebral vasospasm ,  arterial hypertrophy, restenosis,
Raynaud's disease, myocardial  



infarction, obesity; also prostate hyperplasia, migraine, diabetes mellitus
(diabetic  nephropathy), preeclampsia , glaucoma, and transplantation
rejection such as in aorta or  solid organ transplantation; as well as
erectile dysfunction. 1 31 OCT 2005 Detailed Description of the Invention
The present invention relates to compounds of formula I R 4 0 H 1R 6 0 alk
X-RI f 11 1 R3S- i C -N IG---- C-N-CH-COOR,  R  R5 R7 wherein (I) R
represents hydrogen, lower alkyl, carbocyclic or heterocyclic aryl-lower
alkyl or  cycloalkyl-lower alkyl; R, represents lower alkyl, cycloalkyl,
carbocyclic or heterocyclic aryl, or biaryl; or R,  represents (cycloalkyl,
carbocyclic aryl, heterocyclic aryl or biaryl)-lower alkyl; alk represents
lower alkylene; R3 represents hydrogen or acyl; R4 represents hydrogen,
optionally substituted lower alkyl, carbocyclic or heterocyclic  aryl,
(carbocyclic or heterocyclic aryl)-lower alkyl, cycloalkyl, cycloalkyl-lower
alkyl, biaryl,  biaryl-lower alkyl, oxacycloalkyl, thiacycloalkyl,
azacycloalkyl, or (oxacycloalkyl,  thiacycloalkyl or azacycloalkyl) -lower
alkyl; R5 represents hydrogen or lower alkyl; or 



R4 and R5, together with the carbon atom to which they are attached,
represent  cycloalkylidene, benzo-fused cycloalkylidene; or 5- or 6-membered
(oxacycloalkylidene,  thiacycloalkylidene or azacycloalkylidene), each
optionally substituted by lower alkyl or aryl- lower alkyl; I Rs represents
lower alkyl, carbocyclic or heterocyclic aryl, (carbocyclic or heterocyclic
aryl)-lower alkyl, cycloalkyl, cycloalkyl-lower alkyl, biaryl or
biaryl-lower alkyl; R7 represents lower alkyl, (carbocyclic or heterocyclic
aryl)-lower alkyl, cycloalkyl- lower alkyl or biaryl-lower alkyl; or Rr, and
R7, together with the carbon atom to which they are attached, represent 3-
to  I 0-membered cycloalkylidene which may be substituted by lower alkyl or
aryl-lower alkyl or  may be fused to a saturated or unsaturated carbocyclic
5- to 7-membered ring; or 5- or -2 6-membered (oxacycloalkylidene,
thiacyctoaikylidene or azacycloalkylid,ene), each optionally  substituted by
lower alkyl or aryl-lower alkyl; or 2,2-norbonylidene; x represents -0-,
-S(0}"-, -NHS02-, or -NHCO-;  n is zero, one or two; and COOR2  represents
carboxyl or carboxyl derivatized in form of a pharmaceutically  acceptable
ester; disulfide derivatives derived from said compounds wherein R3 is
hydrogen; and  pharmaceutically acceptable salts thereof. The present
invention is also directed to pharmaceutical compositions comprising  said
compounds; methods for preparation of said compounds; intermediates; and
methods  of treating disorders in mammals which ace responsive to ACE and
NEP inhibition by  administration of said compounds to mammals in need of
such treatment. 



Encompassed by the instant invention are also any prodrug derivatives of
compounds of the invention having a free carboxyl, sulthydrylor hydroxy
group, said prodrug  derivatives being convertible by solvolysis  or under
physiological conditions to be the free  carboxyl, sulfhydry and/or trydroxy
compounds. Prodrug derivatives are, e.g., the esters of  free carboxylic
accts and S-acy) and O-acyl derivatives of thiols, alcohols or phenols,
wherein aryl has meaning as defined herein. Pharmaceutically acceptable
esters are preferably prodrug ester derivatives, such  being convertible by
solvolysis or under physiological conditions to the free carboxylic acids
of formula I. Pharmaceutically acceptable prodrug esters are preferably,
e.g., lower alkyl esters,  aryl-lower alkyl esters, a-(lower
alkanoyloxy)-lower alkyl esters such as the  pivaloyloxymethyl  ,
pyrrotidinocarbonyl or di-Sower alkyiaminocarbonyl)-lower alkyl esters.
Pharmmaceutically acceptable salts are salts derived from pharmaceutically
acceptable bases for any acidic compounds of the invention, e.g., those
wherein COOR2  represents carboxyl. Such are, e.g., alkali metal salts
(e.g., sodium, potassium salts),  alkaline earth metal salts (e.g.,
magnesium, calcium salts), amine salts (e.g., tromethamine  salts). 31 OCT
2005 Compounds of formula 1, depending on the nature of substituents,
possess two or  more asymmetric carbon atoms. The resulting diastereomers
and optical antipodes are  encompassed by the instant invention. The
preferred configuration is indicated in formula la R4 0 H R6 O alk X-R1 II I
1 (Ila)  Ras- C C N i C- N-CH-COOR2  R  



R5 R7 wherein asymmetric carbons carrying the substituents - alk-X-R, and R4
typically have the  S-configuration. Preferred are the compounds of formula
I and la wherein R and R5 represent  hydrogen; R, represents lower alkyl,
C5- or C6-cycloalkyl, carbocyclic or heterocyclic aryl, or  (carbocyclic or
heterocyclic aryl)-lower alkyl; alk represents lower alkylene; X represents
-0- or -S(O)n wherein n represents zero or two; R3 represents hydrogen or
acyl; R4 represents  optionally substituted lower alkyl, oxacycloalkyl,
oxacycloalkyl-lower alkyl, or (carbocyclic or  heterocyclic aryl)-lower
alkyl; R5 represents hydrogen; or R4 and R5 combined with the  carbon atom
to which they are attached represent C5 or C5-cycloalkylidene; R5 and R7
represent lower alkyl; or R6 and R7, together with the carbon atom to which
they are  attached, represent 5- or 6-membered cycloalkylidene; COOR2
represents carboxyl or  carboxyl derivatized in form of a pharmaceutically
acceptable ester; disulfide derivatives  derived from said compounds wherein
R3 is hydrogen; and pharmaceutically acceptable  salts thereof. Further
preferred are said compounds of formula I and la wherein R and R5 represent
hydrogen; R, represents carbocyclic or heterocyclic aryl or (carbocyclic or
heterocyclic aryl)- lower alkyl; R3 represents hydrogen or optionally
substituted lower alkanoyl; R4 represents  lower alkyl, cycloalkyl,
tetrahydropyranyl or C,-C4-lower alkoxy-lower alkyl; R6 and R7 both
represent C,-C4-alkyl and are identical; X represents -0- or -S-; alk
represents methylene;  COOR2 represents carboxyl, lower alkoxycarbonyl,
(di-lower alkylaminocarbonyl)-lower  alkoxycarbonyl or (morpholinocarbonyl,
piperidinocarbonyl or pyrrolidinocarbonyl)-lower  alkoxycarbonyl; and
pharmaceutically acceptable salts thereof. Particularly preferred are said
compounds of formula I or la wherein R and R5  represent hydrogen; R,
represents carbocyclic aryl or carbocyclic aryl-lower alkyl in which  



carbocyclic aryl represents phenyl or phenyl substituted by one or two of
hydroxy, lower  alkanoyloxy, lower alkyl, lower alkoxy, trifluoromethyl,
trifluoromethoxy or halo; R3 represents -4 ?., i +a [fir lr nvrfi 73 'VVwf r
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rr?~a. 31 OCT 2005 Lower alkylene refers to a straight or branched carbon
chain having preferably 1 to 4  carbon atoms, which may be substituted,
e.g., by lower alkoxy, for example, -CH2-, -CH  (CH3)-, -CH2CH2- and the
like. A lower alkyl group preferably contains 1-4 carbon atoms which may be
straight  chain or branched and represents, for example, ethyl, propyl,
butyl or advantageously  methyl. A lower alkoxy group preferably contains
1-4 carbon atoms which may be straight  chain or branched and represents,
for example, methoxy, propoxy, isopropoxy or  advantageously ethoxy.
Cycloalkyl represents a saturated cyclic hydrocarbon radical which
preferably  contains 5- to 7-ring carbons, preferably cyclopentyl or
cyclohexyl. Oxacycloalkyl represents preferably 5- to 7-membered
oxacycloalkyl, e.g.,  tetrahydropyranyl, such as 4-tetrahydropyranyl.
Thiacycloalkyl represents preferably 5- to 7-membered thiacycloalkyl, e.g.,
tetrahydrothiopyranyl, such as 4-tetrahydrothiopyranyl. 



Azacycloalkyl represents preferably 5- to 7-membered azacycloalkyl, e.g.,
pyrrolidinyl  or piperidinyl in which the nitrogen may be substituted by
lower alkyl or aryl-lower alkyl. The term cycloalkyl-lower alkyl represents
preferably (cyclopentyl or cyclohexyl)- methyl, 1- or 2-(cyclopentyl or
cyclohexyl)ethyl, 1-, 2- or 3-(cyclopentyl or cyclohexyl)propyl,  or 1-, 2-,
3- or 4-(cyclopentyl or cyclohexyl)-butyl. Similarly (oxacyclyl,
thiacycloalkyl or  azacycloalkyl)-lower alkyl. A lower alkoxycarbonyl group
preferably contains 1 to 4 carbon atoms in the alkoxy  portion and
represents, for example, methoxycarbonyl, propoxycarbonyl,
isopropoxycarbonyl  or advantageously ethoxycarbonyl. Cycloalkylidene is 3-
to 10-membered, preferably 5- or 6-membered, and represents  a cycloalkane
linking group in which the two attached groups are attached to the same
carbon of the cycloalkane ring. S ac w jsh p + hPc~ s~ xr~s ar arh _ tn__the
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tower at~ AroyYis carDocytl c oflneterticynnc "MnnocvnTicheterocvciic
ar9vlls nrelerably pvnafta?oonyl or-ftenv-ica1DuTi1. _R 31 OCT 2005
Aryl-lower alkoxycarbonyl is preferably monocyclic  carbocyclic-lower
alkoxycarbonyl,  advantageously benzyloxycarbonyl. Biaryl represents
monocarbocyclic aryl substituted by monocyclic carbocyclic or  monocyclic
heterocyclic aryl, and preferably represents biphenylyl, advantageous
4-biphenylyl optionally substituted on one or both benzene rings by lower
alkyl, lower alkoxy,  halogen or trifluoromethyl. Biaryt-lower alkyl is
preferably 4-biphenylyl-lower alkyl, advantageously 4-biphenylyl methyl. The
novel compounds of the invention are ACE inhibitors inhibiting the
conversion of  angiotensin I to the pressor substance angiotensin II and
thus decrease blood pressure in  mammals. Furthermore, compounds of the
invention demonstrate inhibition of NEP and  thus potentiate the
cardiovascular (e.g., diuretic and natriuretic) effects of atrial
natriuretic  factors (ANF). The combined effect is beneficial for the
treatment of cardiovascular  disorders in mammals, in particular,
hypertension, cardiac conditions such as congestive  heart failure, and
renal failure. A further beneficial effect of the compounds of the invention
in the treatment of said cardiovascular disorders is the inhibition of ECE.
The above-cited properties are demonstrable in vitro and in vivo tests,
using  advantageously mammals, e.g., mice, rats, dogs, monkeys, or isolated
organs, tissues and  preparations thereof. Said compounds can be applied in
vitro in the form of solutions, e.g.,  preferably aqueous solutions, and in
vivo either enterally, parenterally, advantageously,  



orally (p.o.) or intravenously (i.v.), e.g., as a suspension or in aqueous
solution. The dosage  in vitro may range between about 10-8 molar and 10-9
molar concentrations. The dosage in vivo may range, depending on the route
of administration, between about 0.01 and  50 mg/kg, advantageously between
about 0.1 and 25 mg/kg. In vitro testing is most appropriate for the free
carboxylic acids of the invention. The  test compound is dissolved in
dimethyl sulfoxide, ethanol or 0.25 M sodium bicarbonate  solution, and the
solution is diluted with buffer to the desired concentration. The in vitro
inhibition of the ACE by the compounds of this invention can be
demonstrated by a method analogous to that given in Biochem. Pharmacol.,
Vol. 20, p.1637  (1971)_ The buffer for the ACE assay is 300 mM NaCl, 100 mM
KH2PO4 (pH 8.3). The  reaction is initiated by the addition of 100 pL of
hippuryt-histidyl-leucine (2 mg/mL) to tubes  containing enzyme and drug in
a volume of 150 pL and tubes are incubated for 30 minutes -9 31 OCT 2005 at
37C. The reaction is terminated by the addition of 0.75 mL 0.6 N NaOH. 100
pL of  freshly prepared O-pthaldehyde solution (2 mg/mL in methanol) is
added to the tubes, the  contents are mixed and allowed to stand at room
temperature. After 10 minutes, 100 pL of  6 N HCI is added. The tubes are
centrifuged and the supernatant optical density is read at  360 nM. The
results are plotted against drug concentration to determine the IC50, i.e.,
the  drug concentration which gives half the activity of the control sample
containing no drug. Typically, the compounds of invention demonstrate an
IC50 in the range of about  0.1-50 nM for ACE inhibition. Illustrative of
the invention, the compound of Example 6(a) demonstrates an IC50 of  about
20 nM in the ACE in vitro assay. Inhibition of ACE can be demonstrated in
vivo on p.o. or i.v. administration by  



measuring inhibition of the angiotensin I induced pressor response in
normotensive rats. The in vivo test for i.v. administered compounds is
performed with male,  normotensive rats, which are conscious ane thetized w
th sodium metof^^ A femoral artery  and femoral vein are cannulated
respectively for direct blood pressure measurement on i.v.  administration
of angiotensin I and i.v. or p.o. administration of a compound of this
invention.  After the basal blood pressure is stabilized, pressor responses
to 3 or 4 challenges of 300 ng/kg angiotensin I i.v., at 15 minute
intervals, are obtained. Such pressure responses  are usually again obtained
at 15, 30, 60 and 90 minutes, and then every hour up to 6 hours  after i.v.
or p.o. administration of the compound to be tested, and compared with the
initial  responses. Any observed decrease of said pressor response is an
indication of ACE inhibition. Illustrative of the invention, the compound of
Example 6(a) inhibits the angiotensin I  induced pressor response for 3
hours at a dose of 10 mg/kg i.v. Similarly, the compound of  Example 1(a)
inhibits the angiotensin I induced pressor response for 6 hours at a dose of
11.8 mg/kg p.o. The in vitro inhibition of NEP (EC 3.4.24.11) can be
determined as follows: NEP 3.4.24.11 activity is determined by the
hydrolysis of the substrate glutaryl-Ala- Ala-Phe-2-naphthylamide (GAAP)
using a modified procedure of Orlowski and Wilk (1981).  The incubation
mixture (total volume 125 pL) contains 4.2 pL of protein (rat kidney cortex
membranes prepared by method of Maeda et al., 1983), 50 mM tris buffer, pH
7.4 at 25C, -10 31 O C T 2005 500 pM substrate (final concentration), and
leucine aminopeptidase M. (2,5 pg). The mixture  is incubated for 10 minutes
at 25C, and 100 pL of fast garnet (250 pg fast garnet/mL  of 10%  Tween 20
in 1 M sodium acetate pH 4.2) is added. Enzyme activity is measure 



spectrophotometrically at 540 nm mM. One unit of NEP 24.11 activity is
defined as 1 nmol  of 2-naphthylamine released per minute at 25C at pH 7.4.
lC50 values are determined, i.e _,  the concentration of test compound
required for 50% inhibition of the release of 2-naphthylamine. NEP activity
can also be determined using ANF as a substrate. ANF degrading  activity is
determined by measuring the disappearance of rat-ANF (r-ANF) using a
3-minute  reverse phase-HPLC separation. An aliquot of the enzyme in 50 mM
tris HCI buffer, pH 7.4,  is pre-incubated at 37C for 2 minutes and the
reaction is initiated by the addition of 4 nmol  of r-ANF in a total volume
of 50 pL. The reaction is terminated after 4 minutes with the  addition of
30 pL of 0.27% trifluoroacetic acid (TFA). One unit of activity is defined
as the  hydrolysis of 1 nmol of r-ANF per minute at 37C at pH 7.4. IC54
values are determined, i.e.,  the concentration of test compound required
for 50% inhibition of the hydrolysis of ANF. Typically, the compounds of the
invention demonstrate an ICS0 in the range of about  0.1-50 nM for NEP
inhibition. Illustrative of the invention, the compound of Example 6(a)
demonstrates an IC50 of  about 5 nM in the GAAP in vitro assay. The effect
of the compounds of the invention on rat plasma ANF concentration can  be
determined as follows: Male Sprague-Dawley rats (275-390 g) are anesthetized
with ketamine (150 mg/kg)/acepromazine (10%) and instrumented with catheters
in the femoral artery and  vein to obtain blood samples and infuse ANF,
respectively. The rats are tethered with a  swivel system and are allowed to
recover for 24 hours before being studied in the conscious,  unrestrained
state. In the assay, plasma ANF levels are determined in the presence and
absence of  NEP inhibition. On the day of study, all rats are infused
continuously with ANF at 



450 ng/kg/min. i.v. for the entire 5 hours of the experiment. Sixty minutes
after beginning the  infusion, blood samples for baseline ANF measurements
are obtained (time 0) and the rats  are then randomly divided into groups
treated with the test compound or vehicle. Additional -11 1, ~ - ' `s. L.' -
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x'?-s4T'!'~'-'~'~''~_; lG'~iLf:lr,~`f't7~Ti 1i'i''r  a l t b o v e r ay W
I'D hm, Rt~i--.Si''f'~?a'._'-.=r`.~ a:rr J T1 b ~':''~'sS".Fa~~ir -s'.
'-'.?G 1itr'Y~? .,sr.-"~F`'  zwt'i'::1 p,J:, I r~`\.a(4 JI I..~.J.-~Y.. . ~
.X ,-w-;ii~~i!'.liJIJ~'`r?. . ?4`~J: ~'f~Z+t=`..._"r!~ &Aa,", fjf, a era
fi-.=aFair  $: ar5 k5 t vvu,i9 a'v 31 O C T 2005 Two days before an
experiment, the rats are anesthetized with methoxyflurane and  instrumented
with catheters in the femoral artery to measure arterial blood pressure.
Forty- eight hours later, baseline arterial pressure and heart rate are
recorded during a one hour  period. The test compound or vehicle is then
administered and the same cardiovascular  parameters are monitored for an
additional 5 hours. The diuretic (saluretic) activity can be determined in
standard diuretic screens, e.g.,  as described in "New Anti-hypertensive
Drugs", Spectrum Publications, pp. 307-321 (1976),  or by measuring the
potentiation of ANF-induced natriuresis and diuresis in the rat. The
potentiation of the natriuretic effect of ANF can determined as follows:
Male Sprague-Dawley rats (280-360 g) are anesthetized with Inactin (100
mg/kg i.p.)  and instrumented with catheters in the femoral artery, femoral
vein and urinary bladder to  measure arterial pressure, administer ANF and
collect urine, respectively. A continuous  infusion of normal saline (33
pLlmin.) is maintained throughout the experiment to promote  diuresis and
sodium excretion. The experimental protocol consists of an initial 15-minute
collection period (designated as pre-control) followed by three additional
collection periods.  



Immediately after completion of the pre-control period, test compound or
vehicle is  administered; nothing is done for the next 45 minutes. Then,
blood pressure and renal  measurements are obtained during a second
collection period (designated control, 15 minutes). At the conclusion of
this period, ANF is administered (1 pg/kg i.v. bolus) to all  animals and
arterial pressure and renal parameters are determined during two consecutive
15-minute collection periods. Mean arterial pressure, urine flow and urinary
sodium  excretion are determined for all collection periods. Blood pressure
is measured with a Gould  p50 pressure transducer, urine flow is determined
gravimetrically, sodium concentration is  measured by flame photometry, and
urinary sodium excretion is calculated as the product of  urine flow and
urine sodium concentration. The in vitro inhibition of ECE can be determined
as follows: ECE is partially purified from porcine primary aortic
endothelial cells by DE52 anion  exchange column chromatography and its
activity is quantified by radioimmunoassay (RIA)  as described in Anal.
Biochem., Vol., 212, pp. 434-436 (1993). Alternatively, the native  enzyme
can be substituted by a recombinant form of ECE, as described, for example,
in  Cell, Vol. 78, pp. 473-485 (1994). Human ECE-1 has been described by
several groups  (Schmidt et al., FEBS Letters, Vol. 356, pp. 238-243 (1994);
Kaw et al., 4th Int. Conf. on  Endothelin; April 23-25, London (UK) (1995)
C6; Valdenaire et al., J. Biol. Chem., Vol. 270, -13 I 1 M pp. 29794-29798
(1995); Shirnada et at, FSiochem. Biophys. Res. Commun., Vol. 207, pp.
807-8i2 (1995)). The ECE inhrb%on tan be determined as descr5l,,ed 5n
~3tiochern. Mot.  Biel. lnt., Vol. 31, to. 5, pp. 811=867 ('~g93), by RAMo
rr'easute E7-1 formed from big ET-1. Alternatively, recomhinai.burnan EC.E-1
frhECE-1) can be used. as follows: Chinese hamster ovary ce44s expressing
rhECE-i ti{aw et as.. 4th lnt. Cont. cn  



Endothelia; April 23-25, London AUK), (1995) Cfi) are cultured, zn OM'EUF12
medium  containing 10% fetal bovine serum and Ix ar~<ibf4 c-are irrsyeg e.
Left ac scraping, peileted by mrrtnifur t+ir, s, &iLe 4;`344 LL3~~~ lkt~L a'
+-~4 u 44^ a .lh~t ~ ~.'1 ~1+3~ti'lS'1~^ . cc  MgCIz, I VA4tii.-t,Ati;,,4, V
VI I .mM PMSF,- and 20 _mM Tris,. oH 7.Q. with a  ratio of 2 mL of bufferlmL
of cells. The cell debris is removed by brief centrifugation, and the
supernatant is centrifuged again at 100,000 x g for 30 minutes. The
resulting pellet is re- suspended in a Wier containing 200 midi 43ac3 and 50
mt Tes, pH 7.0, at a protein  concentrat`tioh al t 15 mgIM and stored in
aliquots at -& C. To assass- tb Pf eci of.an.inhihitnr on ECE-1 activitv,.
10 ,uc of protein is pre- incubated with the cornpound at a desired
concentration for 20 minutes at room temperature  in 50 mM TES, pH 7.0, and
0.005% Triton X-'IDD in a volume of 10 pL. Human big ET-'i (5 pL) is then
added to a final concentration of 0.2 p4& and the reaction mixture is
further  incubated for 2 hours at 3T C. The ceactton is stopped by adding
500 pt of Rth buffer  containing 13.101o Triton X-100, 0.2% bovine serum
albumin, and 11021/6 Nal't w phosphate- buffered saline. Diluted samples
(200 pt) obtained from the above enzyme assay are incubated at  40C
overnight with 25 pL each of ~asl}ET-A (10,404 cpmitube) and 1:20,000-told
diluted  rabbit antibodies that rec gnize specificaitry the tarboxrji
terminal tryptophan of F--f-1. Goat  anti-rabbit antibodies coupled to
magnetic beads 70 zg) are then added to each tube, and  the r y e is fir er
tncu a>?eo for rnshutes of s-u rtes ex-a tsr . s s s` ss`a~- -~ Ueted using
3 4m t i~us^ Ora.^k hs S 6p-w rimtact: c c acte&! c d bhp ia~ ~rtiutty .in
the  pellet is counted in a,pamma counter. Total and nonspecific binding are
measured in the  absence of non-radioactive ET-1 and anti-ET antibodies,
respectively. Under these  conditions, ET-1 and big ET-1 displace l i)ET-1
binding to the antibodies with 4050 values of  



21  2 and 260,  66,E fmoi (mean  SEM, n = 3-5), respectively. J f T C.f[ U
61 k_,~ a _ 1 it 9 .. a .ria.-J #~ :,w ~'..-c.:  U~tlll' 4 1L^-~ `~"~i"~`i~
cl~=~iGii1`vT-~, ~virrs. data to a one-sue moae~. ECE inhibition can also-be
determined-in vrvoby measurrn `7neifi- i t)n bpi Ei  n cecy iJ J JI II! ~Tv
CTl lY~ i iL `[i 7iivY~'r rtit~. ta~i+. sCS r v~;r ~~ :" 1~.,:T 76 measured
in SoraquelUawley rats as~estn~Ea~n~i~ pp. 8 -x~v~?[ .~1 .~x:r~ 'a '' 'vv rl
a~r,ncarro~7 i~? 1 ?~3F? , FiP F [i_FT-j-1 ! c instrumented will ca1ne'ers
inine'lemor) ahETy aMta- M-OUwuuila a'u'~15t f ''';~fn `f ; . A nn f;t[ ra?v
~ ~?~n~~~ ?? rfnrmP~ rt ~  4AP~ a ,;d canri tcts i tetnibetca eaT ucaa c~ ~
"  wiirnais 4s maM6)nub 'AY6 S) ~ n i ~a carp to-temp iiy al th ornir_ gar ~
s?i ~ mis n vWj1h -chlso tsor arruine  S nvg S] i:v_ are er reported as the
mazimum'increaselnlWAT probucea oy'oic 'i in an7ma~s~ie ii i rZ  a Tr s!+ -
h ohs zl , 7C"-- i r,_l aOriliri,ster drugs, respectively. ` -ne canneieis
aleAlwuabL-~ immu-i enab   "' f.fr ~"u nr R ! n-rf%? r=in'xsSnocc . T~?4? t~
?gyp ~_J K~1P ri  rem er ctttits q r ct vP- t administered via the femoralt
vein. Animals are thr l)enaed wit'ntiic 1) a-i nmd xxj i.v. ai  VUAMIT Ine
Baia areTepafi~Ebas n~ nan~E~~ 1`r,`i lsl u ' y' ig " ~  



i7;> rt~~tp+riXhl~ rnnne ids rmr~rprof~e1Gte Res. Lommun.,-,70). -20, pp
-`1b  '~Lsze~2-7t T' ' i~3x',~"i,ls`~F -rr -- --,.- ~~~`z-~'t -~~
~:~a~ii~sf~~~~~<sr'~-- 4s'~-_ -=~~s~"e.~-.~'.:-~-~-#--.;~~F=
z~-vsi~_'~Q~=`~~--;:~~,~`;-`E"~-,~-r-fi3~-~~~. ~, ~.~   .  l : 1 tZ`i' <#:~
b3.Y: a~ual~Lt: lrr'sr ~~~~~~''1~`~i-~"'-s~~_: '~-L T~.~'~;ti._:~~ ~"` _.
~'#~_  2 a^,..u'..~',`~ ~* 'fir` MR ,t e zc-w~ ~7il 7- .~'-_~iL:~--3..,;
-YsYs_a_i s~ffi~3   +"T Z, -,Y ~ A m *,- `'td ez-a7;xurr:f~=i~ J` J r
3'rf,rT71,E b) by condensing a compound of the formula Tv 9 S C C----NFI
P,4 COON 1ju ; I a ~ "a rr~r~ i'~rr rt`irtlirc~r ``ttdi'rG2firv~'kr
~t#'di~'rvr~'rTr #'i r~ ~ ~rs , ;~ ' -w R a ; j' F ,ewii. n, 3% 2t-~aue,
x0b. ar.. amix1Q acid p_sf r. of the formula V ~rl1s.~~? a 



k CH-COOR., wherein aik, X, R and R, have meaning as defined above and cDD Z
represents esiennefi  carbox)it; or ~} t~j tr 2 sing tsr1des baste ~
r+~itirrs r fi,~.~:nr! ~.f, tt~P tp,J~??~!~a \f~. r !! 1 ! !!  Y- II - t
1~-t1; C  R5 kXR,,  l : r ! - - G i . I ~t fKZ ?c wherein the symbols R, R,,
COOR2, R4-R7, aik and X have meaning as deYrned above and `f  represents a
reacirve eskeiWred'ny&uxjh gtti p 4a. ., ! irtr U-LrI fftl~r ri , ~~ a
~fvdfir7fiy'~''v ,  Wt, r..^J^rrpia.,fi Qf. t~P fprwi, r3 rA a satithm t,
~+s seSri f ~egsese~'~s a S3Y~ &V'sterMN V,P,,o y.,- t, t tt  aptinoally
substituted benzyf; and convertinq a resuittaq product to a compound of
formula I  wherein Rj is hydrogen; and in above said process, if temporary
protecting any interfering reactive group(s),  removing said protecting
group(s), and then isooairng the resuftmg compound or The  invention; and,
it desired, cmwer'tin9 any I-e-SOWing Lunpbund di Wre & M Wr ';;i i.zx-,
rppc d &' r Mirrx', W1,4d^,r, if, dj zke , --n, n :+'i? ?. f r<aKh- x? fir
arid f 1 nfJjan. rifnn  a pharmaceutically acceptable ester derivative, or
converting a resulting ester into the free  acid or into another ester
derivative; and/or, it desired, convening a resdfiing free commend  into a
salt or a resulting saVt into The free compound or into another sail, in Mtr
, '-f ~'t iii , -'!  31 O CT 2005 



separating a mixture of isomers or racemates, and/or, if desired, resolving
a racemate  obtained into the optical antipodes. In starting compounds and
intermediates which are convened to the compounds of  the invention in
manner described herein, functional group present, such as thiol, carboxyl,
amino and hydroxy groups, are optionally protected by conventional
protecting groups that  are common in preparative organic chemistry.
Protected thiol, carboxyl, amino and hydroxy  groups are those that can be
converted under mild conditions into free thiol, carboxyl, amino  and
hydroxy groups without other undesired side reactions taking place. The
purpose of introducing protecting groups is to protect the functional groups
from  undesired reactions with reaction components and 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 (thiol, carboxyl, 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,
N.Y. (1973), T.W. Greene and P.G.M. Wuts, "Protective  Groups in Organic
Synthesis", Wiley, N.Y. 3`d Ed.(1 999), and also in "The Peptides", Vol. I,
Schroeder and Luebke, Academic Press, London, N.Y. (1965). The preparation
of compounds of the invention according to process (a) involving the
condensation of an amine of formula 11 with the acid of formula III or a
functional reactive  derivative thereof, is carried out by methodology
well-known for peptide synthesis. The condensation according to process (a)
of an amino ester of formula II with a free  carboxylic acid of formula III
is carried out advantageously in the presence of a condensing  agent such as
dicyclohexylcarbodiimide or N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide  



and hydroxybenzotriazole, 1-hydroxy-7-azabenzotriazole,
chlorodimethoxytriazine,  benzotriazol-1-yloxytris(dimethylamino)phosphonium
hexafluorophosphate (BOP Reagent),  or O-(7-azabenzotriazol-1-yl)-N, N,
N',N'-tetramethyl uronium hexafluorophosphate (HATU),  and triethylamine or
N-methylmorpholine, in an inert polar solvent, such as  dimethylformamide or
methylene chloride, preferably at room temperature. 31 OCT 1005 The
condensation of an amino ester of formula Il with a reactive functional
derivative  of an acid of formula Ill in the form of an acid halide,
advantageously an acid chloride, or  mixed anhydride, is carried out in an
inert solvent such as toluene or methylene chloride,  advantageously in the
presence of a base, e.g., an inorganic base such as potassium  carbonate or
an organic base such as triethylamine, N-methylmorpholine or pyridine,
preferably at room temperature. Reactive functional derivatives of
carboxylic acids of formula III are preferably acid  halides (e.g., the acid
chloride) and mixed anhydrides, such as the pivaloyl or  isobutyloxycarbonyl
anhydride, or activated esters such as benzotriazole,  7-azabenzotriazole or
hexafluorophenyl ester. The starting material of formula 11 can be prepared
according to methods described  herein and illustrated in the examples. The
preparation of a starting material of formula II involves the acylation of
an ester  of formula VIII alk X R1  I RNH---CH--000R2 ( VIII ) wherein alk,
X, R and R, have meaning as defined hereinabove and COOR2 represents  



esterified carboxyl (e.g., wherein R2 is lower alkyl or benzyl) with an
appropriately  N-protected amino acid (or a reactive functional derivative)
of formula IX ReNF{ / COOH  C\ t~6 R7 ( IX) wherein R6 and R7 have meaning
as defined hereinabove and R8 is a labile amino protecting  group, e.g.,
t-butoxycarbonyl, to obtain the corresponding N-protected compound of
formula II. The condensation of a compound of formula VIII with a compound
of formula IX is  carried out by methodology well-known in peptide
synthesis, e.g., as described above for the  condensation of a compound of
formula II with a compound of formula Ill. The N-protecting  group is
removed according to methods well-known in the art, e.g., the
t-butoxycarbonyl is  removed with anhydrous acid such as trifluoroacetic
acid or HCI. -19 31 OCT 2005 The starting amino esters and acids of
compounds of formula VIII and IX,  respectively, are either known in the
art, or if new, can be prepared according to methods  well-known in the art,
e.g., or illustrated herein. The amino acid esters of formula VIII are
preferably the S-enantiomers. The starting materials of formula III are
known, or if new, may be prepared according  to conventional methods. The
starting materials are prepared, e.g., from the corresponding  racemic or
optically active a-amino acids, by conversion thereof to the a-bromo
derivative  followed by displacement thereof with inversion of configuration
using the appropriate thiol  derivative of formula VII, under basic
conditions, for example, as illustrated in European  



Patent Application No. 524,553 published January 27, 1993. S-debenzylation
of the  resulting final products is carried out by reductive cleavage, e.g.,
with Raney nickel in  ethanol. S-deacylation is carried out by, e.g., base
catalyzed hydrolysis with dilute aqueous  sodium hydroxide. Cyclic starting
materials of formula III can be prepared by treatment of  the cyclic
carboxylic acid (e.g., cyclopentanecarboxylic acid) with sulfur in the
presence of a  strong base such as lithium diethylamide. The preparation of
the compounds of the invention according to process (b) involving  the
condensation of an acid of formula IV with an amino acid ester of formula V
is carried out  in a similar fashion to process (a). Similarly, the starting
materials of formula IV are prepared by condensation of an acid of formula
III with an ester corresponding to gem- disubstituted amino acids of formula
IX (wherein R8 is now hydrogen) under conditions  similar to those described
above, followed by removal of the carboxyl protecting group. The preparation
of the compounds of the invention according to process (c) involving  the
displacement of a leaving group Y in a compound of formula VI with a thiol
derivative  R3'-SH as a salt thereof is carried out according to methods
well-known in the art. A reactive esterified hydroxyl group, represented by
Y, is a hydroxyl group esterified  by a strong inorganic or organic acid.
Corresponding Y groups are in particular halo, for  example, chloro, bromo
or iodo, also sulfonyloxy groups, such as lower alkyl- or  arylsulfonyloxy
groups, for example, (methane-, ethane-, benzene- or toluene-) sulfonyloxy
groups, also the trifluoromethylsulfonyloxy group. The displacement is
carried out in an inert solvent, such as dimethylformamide or  methylene
chloride in the presence of a base such as potassium carbonate,
triethylamine,  diisopropylethylamine, N-methylmorpholine, and the like at
room or elevated temperature. -20 31 O C T 2005 



Using a salt of R3'SH (e.g., potassium thioacetate), the reaction is carried
out in the absence  of a base, in an inert solvent such as tetrahydrofuran
or dimethylformamide. Similarly, the starting materials of formula VI can be
prepared by reacting the  dipeptide derivative of formula II with an acid of
the formula Y- C COON  4 (x) wherein R4 and R5 and Y have meaning as defined
above, under conditions described for  process (a). The compounds of formula
X wherein Y is halo, such as the a-bromocarboxylic acids  are known and are
prepared, e.g., as described in International Application WO 99/55726
published November 4, 1999. The compounds of the invention and
intermediates, e.g., those of formulas II, V and  VI, having the side chain
alk-X-R, are prepared from the corresponding compounds having  the alk-X'
side chain wherein X represents amino, hydroxy, thiol or a suitable leaving
group  according to methodology known in the art and illustrated herein. For
example, the acids  and esters of formula V can be obtained starting with
serine, homoserine, threonine,  cysteine and the like, preferably in
optically active form. Certain compounds of the invention and intermediates
can be converted to each  other according to general reactions well-known in
the art. The free mercaptans may be converted to the S-acyl derivatives by
reaction with a  reactive derivative of a carboxylic acid (corresponding to
R3 being acyl in formula I), such as  an acid anhydride or said chloride,
preferably in the presence of a base such as  triethylamine in an inert
solvent such as acetonitrile or methylene chloride. Free alcohols and
phenols can be converted to the corresponding acyl derivatives,  



e.g., by reaction with a corresponding acid chloride in the presence of a
base, such as  triethylamine. The free mercaptans, wherein R3 represents
hydrogen, may be oxidized to the  corresponding disulfides, e.g., by air
oxidation or with the use of mild oxidizing agents such  as iodine in
alcoholic solution. Conversely, disulfides may be reduced to the
corresponding -21  aptans: e g_,- with retlud n9 agents such-as sdb uni
corbn alae,-zinc: afi  'tic ack o~ Carboxylic add esters may'Depreparea`rrvm
-a caYoux tbi air .rtrrP~ citgfcLfZ f t~ ~e rese a~fa as ar ll~ar axcessr7
%q  ho) in The presence Qi an acid catalyst, according to mthndas-w U-
rfowI'hAttrlt5-al L. 3Ji such as alkali mefai caThonates or nyaroi es.' ac
rariae to r app gar ~c  e ~ r j i m e j , r e m v p a s , ra e. i1ecer t Pre
erab)y, and wnereverposst iie'tneprererrdu isorrrerSTuE`cr~ rr~ ~ ~ G
rmA,-'  ~ rct;n_ ertaacxers. `in casemJXtures dr rerecirsvmers' e
Aaaiize<ecrnei ;x, rate known ttrc dunes -rrc?r.-sfr'ac- rra sa iza as d
rhia at a 1 e_ ,  iin`layer, c(r)lumliagn_~~rtryra ptiral a i des o
racfibna(ct sea(ffzaf aar;Y- c l r- r r Jar ; cirr ho 3  inchonine,
griiriine, qurriuitne, bdny'oroani~tmyiariitme; orc-tne orrt~~n~ ~ai~~~~
Nam P. F#~it;x,1 1 -,i as ' Qf a7ef3 l l G /1d / Odl S 'fQC1S0/17S1S Frith
oplicaJiy acttvereagents"lsucn as opirc y a`Gt~r~ r rrr~'vr~ Srr -r~3 5ce<
~~ ~~~ ,  be 6--s-in a. u , -acerv etc lJaai ci i raJaaarrl racer  Racem
cproaucts can aiso'oe resdiveh ybrrirar r~rirrrrdio a try~C.y. y~f , p s~~st
ter, d.. aftaj trt usthc a rafa rietrt a as %r~ ~ic~SSa1r on, esq., ofesSrse
a7Kaiase. 



T j{ - ~ c r? ar rriedo taccr~rJi as~a ardrreth s )  tne prey rice tat
-utrc.e ~ ti~u t#rs, rt,rra`-x ry ab~ ns~ nr C d e aa~ a a ~  Solvents
thereof, afcatafcsts, a1i a a ~~c d <si~,y sa otJ~erage tsrespecJve~
drr~iitit ii rei t'CU'~trr~'rir`i~ia a~l i~ atsri~et~ Vie,^c~itsr..?1. c
cterrsrr Orsa a~ ac~err .sre / vs,)par~ ~nr}ner a r}sphe P.s, at Jv v
telaape a# jes,  irt3M"LWnrp2zrr:;~;rr,a?t~rrr~fcas~~rfs_  used, at
atrrerrcrsveratrr~csphicp~assar~ p , d taJ a ariysta e aftl process s ased
as a s#ar#~nr maser i and any  s~rsair.; ry ~r~~
rug,,ft~s.scccitssad~rai,grfpriz  which the s trrrg atertaJ.sarafor ed ri d
Iheraac))v movROQ s, t r)") whtcl V e -22 reaction components are used Sri
the form o thetir salts or opticatty pure arktipodes. Mair*  those starting
materials should be used in said reactions, that tread to the formation of
Those  compounds indicated above as being preferred. The present invention
additionally refutes to the use in mammals of the compounds  of the
iri'sentaori and their p asmaceu catty acceptable, aaa-taxtc acid addition
salts, or  pharrsraoeuttca campy tityans t i.erea#, as medtcamen s, for
4nhibitcng, Both ACE arnd fide,  and, e.g., for the prevention or treatment
of CardIOOascuiar disorders such as hy~pertenstion,  edema, salt retention
and congestive heart failure, either alone or in combination with one or
more other agents which are useful for the treatment of such disorders. Such
may be anti-- hq etent we agents, ante-at~~erosderotcc agents, cardsac
agents, dsucetic agecits, acitidiatietic  agents, cYioiesterai-iowertrig
agents and the ltilce. tiN er% used in camhirsation with other  therapeutic
agents such can be administered separateiy or in a mixed cornbinaticn.
Examples of therapeutic agents which can be used in combination are
angio%ensin t1  



receptor antagonists, such as valsartan, Josartan, candesa.rtan, eprosartan,
irbesartan and  telmissartan; toccers, such as tisapcotot, pcaanotat,
ateaaiat, satahit and metaprotoi; renin  iritiibitors; calcium channel
b\ockers, such as amlod'tpine, verapammis, diStiazarri, t eprK'f,
felodipine, isradipine, nicardipine, nifedipine, rtiimodipyna anti r,4sidip
ne; atdosterane  synthase inbibilorsfa osferone antagonists, such as
eplerenone, ()-fadrozole (WQ 0 86574 J, spirono'actone and canrenone;
diuretir:s, such as furo emide,  hydrochiorothiazide, Mdapam(de, metazotane,
aixiitoride and tciamteccnae; scasopressin  receptor antagaritista, such as
OPC 2'L2 ,8, Sri 49M9, SRt2t483A, SR49QSS, VP A,1395,  OPC31260 and '11V087;
cardiotonic drugs, such as enoxirrore and lesostirneridan;  endothelia
antagonists and ECE inhibitors, such as bosentan, BMS193884, TBC3711 and
cipottctds disclosed in WO 99155726, anti-atherosclerotic agents,
particularly cholesterol  lowering agents, such as We acrd a uestranis
(e.g., Chotestymcntrie and Gatestipai~;  choiesterol absorpttion tc iitors,
such as ezetictiihe; tibrates, such as %nolibmke -and  gemfibrozil; statin
HMG CoA reductase inhibitors, such as atorvastat n, #tusastat3ri,
Jovastatin, pravastatin, simvastatin and pitavastatin; and nicotinic acid
derivatives;  thyromimetic agents, such as those disclosed in U. S. Patent
Na. 5,589,674 and WO  00158279; also antidiabetcc agents, suct% as
repagttnide, nateg,tinide, cnetfocrttirt, rostg titazoria, oc~ikazone, glyhu
e, glip tide, gtirnepiride, ZPr 728, 4..AF237, NT- 22 and  DRF4158. 31OCT2O5
The present invention also relates to the use of the compounds of the
invention for  the preparation of pharmaceutical compositions, especially
pharmaceutical compositions  having ACE and NEP inhibiting activity, and,
e.g., anti-hypertensive activity. The pharmaceutical compositions according
the invention are those suitable for  enteral, such as oral or rectal,
transdermal and parenteral administration to mammals,  



including man, for the treatment of cardiovascular disorders, such as
hypertension,  comprising an effective amount of a pharmacologically active
compound of the invention or a  pharmaceutically acceptable salt thereof,
alone or in combination with one or more  pharmaceutically acceptable
carriers, as well as in combination with other therapeutic agents  also
useful for the treatment of cardiovascular disorders, as indicated above.
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 salts and/or  polyethyleneglycol; for tablets also c)
binders, e.g., magnesium aluminum silicate, starch  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, if desired,
absorbents, 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, the
compositions may also contain other  therapeutically valuable substances.
Said compositions are prepared according to  conventional mixing,
granulating or coating methods, respectively, and contain about 0.1- 75%,
preferably about 1-50%, of the active ingredient. Suitable formulations for
transdemial 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 backing  member, a reservoir containing the compound,
optionally with carriers, optionally a rate  controlling barrier to deliver
the compound to the skin of the host at a controlled and -24 31 OCT 2005
predetermined rate over a prolonged period of time, and means to secure the
device to the  skin A unit dosage for a mammal of about 50-70 kg may contain
between about 10 and  200 mg of the active ingredient. The dosage of active
compound is dependent on the  species of warm-blooded animal (mammal), the
body weight, age and individual condition,  and on the form of
administration. The following examples are intended to illustrate the
invention and are not to be  construed as being limitations thereon.
Temperatures are given in degrees Centigrade- If  not mentioned otherwise,
all evaporations are performed under reduced pressure, preferably  between
about 15 and 100 mm Hg. Optical rotations (expressed in degrees) are
measured  at room temperature at 589 nM (D line of sodium) or other wave
lengths as specified in the  examples. The structure of the compounds are
confirmed by standard analytical methods  such as mass spectrum, elemental
analysis, NMR, IR spectroscopy and the like. The prefixes R and S are used
to indicate the absolute configuration at each  asymmetric center. Example I
(a)
N-[2-[(S)-2-Acetylthio-3-methylbutanoylamino]-2-methylpropionyl]-O-benzy]-L-
serine  ethyl ester 0 



N  H O N-[2-[-[(R)-3-b romp-3-methyl buts noyl a m i no]-2-methyl pro
prionyl-O-be nzyl-L-serin e  ethyl ester(4.96 g, 10.5 mmol) is dissolved in
tetrahydrofuran (100 mL) and potassium  thioacetate (6.00 g, 52.5 mmol) is
added. The mixture is stirred at room temperature for 4 hours, then diluted
with ethyl acetate (500 mL) and washed with water (100 mL), sodium
bicarbonate solution (2 x 100 mL), water (2 x 100 mL) and then brine (50
mL). The solution  is dried over sodium sulfate and concentrated in vacuo.
The crude material is purified by -25 31 O C T 2005 flash chromatography
(silica gel, 3:2 hexanelethyl  acetate) to yield title compound;  m.p.
55.57C; [aj20o- 63.5 (c = 0.99, CH3OH); MS(M + H):467. The starting material
is prepared as follows: A solution of O-benzyl-L-serine (9.75 g, 50 mmol) in
ethanol (200 mL) is saturated  with HCI gas for 8 minutes. The mixture is
stirred overnight at room temperature, and then  concentrated in vacuo. The
solid is washed with diethyl ether and collected by filtration to  yield
O-benzyl-L-serine ethyl ester hydrochloride as a white solid. To a solution
of BOC-a-methylalanine (3.05 g, 15 mmol), O-benzyl-L-serine ethyl  ester
hydrochloride (3.89 g, 15 mmol), 1 -ethyl- 3-(3-d im ethylami
nopropyl)carbodiimid e  (EDCI, 2.88 g, 15 mmol) and
1-hydroxy-7-azabenzotriazole (HOAT, 2.04, 15 mmol) in  methylene chloride
(150 mL) is added triethylamine (1.52 g, 15 mmol). The mixture is stirred
overnight and then concentrated in vacua The residue is re-dissolved in
ethyl acetate and  washed with water, 1 N HCI, water, and brine. The
solution is dried over sodium sulfate and  concentrated to yield
N-[2-(BOC-amino)-2-methylpropionyl]-O-benzyl-L-serine ethyl ester of  



the formula The above carbarnate (6.12 g, 15 mmol) is dissolved in methylene
chloride (200 mL)  and chilled in an ice bath. The solution is saturated
with HCI gas for 10 minutes and then  stirred at room temperature overnight.
The residue is concentrated. Methylene chloride is  added and the residue is
concentrated again to give N-(2-amino-2-methylpropionyl)-O- benzyl-L-serine
ethyl ester hydrochloride as a foam; MS(M+H):309. To a solution of the above
amine hydrochloride (4.90 g, 14 mmol) in methylene  chloride (150 mL) is
added (R)-2-bromo-3-methylbutanoic acid diisopropyl amine salt  (4.03 g, 14
mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDCI,
2.70 g, 14 mmol) and 1-hydroxy-7-azabenzotriazole (HOAT, 1.90 g, 14 mmol).
The mixture  is stirred at room temperature overnight and then concentrated
in vacua. The residue is -26 31 OCT 2005 dissolved in ethyl acetate and
washed with water, dilute sodium bicarbonate, water, 1 N HCl'  and then
brine. The solution is dried over sodium sulfate and concentrated to give a
solid.  The solid is purified by flash chromatography (silica gel, 2:1
hexane/ethyl acetate) to give  N-[2-(R)-2-bromo-3-methylbutanoylamino]-2-m
ethyl prop ionyl]-O-benzyl-L-serine ethyl ester  of the formula Similarly
prepared are: (b)
N-[2-[(S)-2-acetylthio-3,3-dimethylbutanoylamino)-2-methylpropionyl]-O-benzy
l-L- serine ethyl ester O 31 0 CT 2005 (c)
N-[2-[(S)-2-acetylthio-3-methylbutanoylamino]-2-m
ethylpropionyl]-O-benzyl-L- threonine ethyl ester; m.p. 121-122C. 



(d)
N-[2-[(S)-2-acetylthio-3-methoxybutanoylamino]-2-methylpropionyl]-0-benzyl-L
- serine ethyl ester; MD 211 + 14 9 (c = 1.04, DMSO) (e)
N-[2-[(S)1-2-acetylthio-3-methylpentanoylamino]-2-methylpropionyl]-O-benzyl-
L- serine ethyl ester; [a]020 - 6.930 (c = 1.09, CH3OH) 3 1 OCT 2005 (0
N-[2-[(S)-2-acetylthio-3-methylbutanoylamino]-2-methylpropionyl]-O-(3-
trifluoromethylbenzyl)-L-serine ethyl ester CF3 ~'Ik 1 13 1 0 0 N  H The
starting O-(3-trifluoromethylbenzyl)-L-serine ethyl ester hydrochloride is
prepared as follows: To a suspension of sodium hydride (60% in oil, 3.04 g,
76 mmol) in  N,N-dimethylformamide (60 mL) at 0C is added BOC-L-serine (7.80
g, 38 mmol). The  mixture is stirred for 1 hour and then
m-trifluoromethylbenzyl chloride (7.39 g, 38 mmol) is  added- The mixture is
allowed to warm to room temperature and is stirred overnight. The  mixture
is quenched with water. Ethyl acetate is added and the mixture is washed
with  brine, dried over MgSO4 and concentrated to give a yellow oil which is
purified by flash  chromatography (Si02; hexane/ethyl acetate) to give a
clear oil. The residue is dissolved in  ethanol (120 mL), the solution is
cooled to 0C and saturated with HCI gas for 5 minutes.  The mixture is
allowed to warm to room temperature and stirred overnight- The mixture is  



concentrated to give O-(4-trifluoromethylbenzyl)-L-serine ethyl ester
hydrochloride. 31 OCT 2005 (g) N -[2-[(S)-2-a cetylthio-3-methyl
butanoylamino]-2-methylpropionyi]-O-(4-fluorobe nzyl)- L-serine ethyl ester
as an oil. (h)
N-[2-[(S)-2-acetylthio-3-methylbutanoylamino]-2-methylpropionyi]-O-(4-fluoro
phenyl)- L-homoserine ethyl ester as an oil. The starting
O-(4-fluorophenyl)-L-homoserine ethyl ester hydrochloride is prepared  as
follows: To a solution of BOC-L-homoserine t-butyl ester (3.2 g, 11.6 mmol)
in tetrahydrofuran  is added triphenylphosphine (7.59 g, 29 mmol),
p-fluorophenol (2.08 g, 18.6 mmol) and  1,1'-azobis(N,N-dimethylformamide)
(3.2 g, 18.6 mmol). The mixture is stirred overnight,  washed with brine,
dried over MgSO4, and the solvent is removed to give an orange oil. The  oil
is purified by flash chromatography (Si02, 85% hexane/1 5% ethyl acetate) to
give a clear  oil which is dissolved in ethanol (100 mL) and the solution is
saturated with HCI gas, then  stirred overnight. The mixture is concentrated
to give O-(4-fluorophenyl)-L-homoserine ethyl  ester hydrochloride as a
white solid. 31 OCT 2005 (i)
N-[2-[(S)-2-acetylthio-3-methyl-butanoylamino]-2-methylpropionyl]-O-(3- fl
uorophenyl)-L-homoserine ethyl ester O (j)
N-[2-[(S)_2-acetylthio-3-methylbutanoylamino]-2-methylpropionyl]-O-benzyl-L-
serine  morpholinocarbonylmethyl ester, purified by chromatography on silica
gel with hexane, ethyl  acetate, methanol (20:70:10) as a white solid. The
starting material is prepared as follows: O-Benzyl-L-serine (10.0 g, 51.3
mmol), di-tert-butyl-dicarbonate (11.2 g, 51.4 mmol)  



and 1 N sodium hydroxide (103 mL, 103 mmol) are stirred together in 100 mL
of dioxane at  room temperature for 16 hours. The mixture is concentrated in
vacuo, taken up in water,  acidified to pH 1 with 6 N HCI and extracted with
ethyl acetate. The organic layer is washed  with water, then brine, and
dried over anhydrous magnesium sulfate. The mixture is filtered  and
concentrated in vacuo to give BOC-O-benzyl-L-serine as an oil. 4-(2-
Chloraoacetyl)morpholine (1.22 g, 7.48 mmol) is added to a solution of
BOC-O-benzyl-L- serine (2.20 g, 7.46 mmol), triethylamine (0.75 g, 7.43
mmol) and sodium iodide (0.11 g,  0.73 mmol) in 5 mL of
N,N-dimethylformamide and the mixture stirred at room temperature  for 2
hours. The mixture is diluted with ethyl acetate, washed with water, then
with brine, -31 31 O C T 2005 and dried over anhydrous magnesium sulfate.
The mixture is filtered and concentrated  in vacuo to give a yellow oil. The
oil is chromatographed on silica gel with hexane:ethyl  acetate: methanol
(35:60:5) to give BOC-O-benzyl-L-serine morpholinocarbonylmethyl ester  as a
colorless oil. HCI gas is bubbled through a solution of the carbamate ester
(1.72 g,  4.08 mmol) in methylene chloride (50 mL) for 5 minutes and the
mixture is stirred at room  temperature for 3 hours. The resulting mixture
is concentrated in vacuo to yield O-benzyl-L- serine
morpholinocarbonylmethyl ester as a foam. (k)
N-[2-[(S)-2-acetylthio-3-methylbutanoylamino]-2-methylpropionyl]-O-benzyl-L-
serine  dimethylaminocarbonylmethyl ester, prepared and purified as
described for compound of  Example 10): (I)
N-(2-[(S)-2-acetylthio-3-methylbutanoylamino]-2-methylpropionyl]-O-benzyl-L-
seri ne  diethylaminocarbonylmethyl ester, prepared as described for
compound of Example 10) and  purified by chromatography on silica gel with
hexane, ethyl acetate, methanol (35:60:5).  



31 OCT 2905 (m)
N-[2-[(S)-2-[(methoxyacetyl)thio]-3-methylbutanoylamino]-2-methyl prop
ionyl]-O- benzyl-L-serine ethyl ester; [a]D- 55.27; (c = 1.084, CH3OH) O (n)
N-[2-[(S)-2-[(morpholinoacetyl)thio]-3-methylbutanoylamino]-2-methylpropiony
l]-O- benzyi-L-serine ethyl ester; [aID - 48.61  (c = 1.098, CH3OH) (o)
N-[2-[(S)-2-acetylthio-2-(4-tetrahydropyranyl)acetylamino]-2-methylpropionyl
]-O- benzyl-L-serine ethyl ester; [a]p20- 55.4 (c = 0.83, DMSO) 0 N  H O 3 1
OCT 2005 The starting (D)-a-bromo-a-(4-tetrahydropyranyl)-acetic acid can be
prepared as follows: A solution of sodium nitrite (4.71 g, 68.3 mmol) in 35
mL of water is added dropwise  to a chilled (0C) solution of
(D)-a-bromo-a.-(4-tetrahydropyranyl)-glycine (J. Am. Chem.  Soc., Vol. 117,
pp. 9375-9376 (1995) (7.05 g, 44.3 mmol) and 48% HBr (aq) (70 mL) in 35 mL
of water- Upon completion of the addition, the mixture is allowed to warm to
room  temperature and stirred at room temperature for 3 hours. The mixture
is extracted with ethyl  acetate; the organic layer is washed sequentially
with water, 5% aqueous sodium thiosulfate,  and brine, then dried over
anhydrous magnesium sulfate- The mixture is filtered and concentrated in
vacuo to yield (D)-a-brorno-a-(4-tetrahydropyranyl)-acetic acid as a solid.
(p) N-[2-[(S)-2-[(1-(1,2,4)-triazolyl)acetylthio]-3-methylbutanoylamino]-2-
methylpropionyl]-O-benzyl-L-serine ethyl ester, m.p. 106-107; [a]p- 61.46 (c
= 1.09,  



CH3OH) (q) N-[2-[(S)-2-[(4-m
ethylpiperazino)acetylthio]-3-methylbutanoyIamino)-2-
methylpropionyl]-O-benzyl-L-serine ethyl ester; m.p. 95-96; [a]p - 48.5 (c =
0.935, CH3OH) -34 31 O C T 2005 (r)
N-[2-[(S)-2-acetylthio-3-methylbutanoylamino]-2-ethylbutanoyl]-O-benzyl-L-se
rine  ethyl ester; [a]D - 83.6 (c = 1.07, CH3OH). (s)
N-[2-[(S)-2-(morpholinoacetylthio)-3,3-dimethylbutanoylamino]-2-methylpropio
nyl]-O- benzyl-L-serine ethyl ester; [a]o - 55.5 (c = 1.008, DMSO) (t)
N-[2-[(S)-2-[(methoxyacetyl)thio]-3,3-dimethylbutanoylamino]-2-methylpropion
yl)-O- benzyl-L-serine ethyl ester; [a]p- 61.67 (c = 1.024, DMSO) 11 H 0 0 0
31 OCT 2905 (u)
N-[2-[(S)-2-(acetylthio)pentanoylamino]-2-methylpropiony1]-O-ben
zyl-L-serine ethyl ester 0 (v) N-[2-[(S)-2-acetylthio-3-m
ethylbutanoylamino]-2-methylpropionyl]-O-(4- biphenylylmethyl)-L-serine
ethyl ester ~xamti~ti 2 F 4~ lsl  l] 
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fir r ;ti - ) berz rs)rrsy ?-eTes 31 OCT 2005 Example 3
N-[2-[(S)-2-Acetylthio-3-methylbutanoylamino]-2-methyl prop
ionyl]-(S)-2-amino-3- (benzylsulfonyl)-prop ionic acid ethyl ester The above
compound is prepared similarly to Example 1. 



The starting material is prepared as follows: To a solution of N-[2-(BO C-a
mino)-2-m ethyl propionyl]-S-benzyl-L-cysteine ethyl ester  (7.21 g, 17
mmol) in methylene chloride (250 mL) under an argon atmosphere is added
m-chloro-perbenzoic acid (8.77 g, 51 mmol) and the mixture is stirred
overnight at room  temperature. The mixture is evaporated to dryness and the
residue is dissolved in ethyl  acetate (300 mL). The solution is washed with
5% sodium bicarbonate (3 x 50 mL), water  (50 ml-) and brine (25 mL). The
solution is dried over sodium sulfate, filtered and evaporated in vacuo to
give N-[2-(BOC-amino)-2-methylpropionyl]-(S-)2-amino-3-
(benzylsulfonyl)-propionic acid ethyl ester. 31 O C T 2005 Example 4 (a)
N2-[2-[(S)-2-Acetylthio-3-methylbutanoylamino]
-2-methyipropionyl]-(S)-2-amino-3- (benzoylamino)-propionic acid methyl
ester A mixture of benzoyl chloride (0.085 mL, 0.73 mmol),
N2-[2-[(S)-2-acetylthio-3-
methylbutanoylamino]-2-methylpropionyl]-(S)-2,3-diaminopropionic acid methyl
ester  hydrochloride (0.29 g, 0.73 mmol) and triethylamine (0.15 mL, 1.49
mmol) in methylene  chloride (10 ml-) is stirred at room temperature for 16
hours. The reaction mixture is  evaporated to dryness in vacuo, the residue
is dissolved in ethyl acetate, and the solution is  washed with water, then
with saturated sodium bicarbonate solution and brine, dried over  anhydrous
magnesium sulfate, and evaporated to dryness to give an oil. The oil is
chromatographed on silica gel with hexane, ethyl acetate (50:50) to yield
the title compound  as a white foam; m.p. 48-54C. (b) Similarly prepared is
N2-[2[(S)-2-acetylthio-3-methylbutanoylamino]-2- methyl
propionyll-(S)-2-amino-3-(benzenesulfonamido)propionic acid methyl ester;
m.p. 47-51C; [a]e20- 41.72 (c = 1.03, CH3OH). 



The starting material is prepared as follows: A mixture of
(S)-2-amino-3-(BOC-amino)-propionic acid methyl ester hydrochloride  (4.6 g,
2.1 mmol), N-CBZ-a-methylalanine (5.0 g, 2.1 mmol), HOAT (2.87 g, 2.1 mmol),
EDCI (4.02 g, 2.1 mmol) and triethylamine (2.93 g, 2.1 mmol) in methylene
chloride (50 ml-)  is stirred at room temperature for 16 hours. The reaction
mixture is washed with brine, dried  over anhydrous magnesium sulfate and
concentrated in vacuo. The resulting oil is  chromatographed on silica gel
with hexane and ethylacetate (1:1) to yield N2-[2-(CBZ a
mino)-2-methylpropionyll-(S)-2-amino-3-(BOC-amino)-propionic acid methyl
ester as a  white foam; m.p. 100-101 C. -39 31 O C T 2005 A mixture of the
above product (2.14 g, 4.90 mmol) and 10% palladium on charcoal  (0.27 g) in
ethanol (50 ml-) is hydrogenated under 45 psi pressure in a Parr bottle for
4 hours. The mixture is filtered through a pad of Celite and concentrated in
vacuo to give
NZ-[2-amino-2-methylpropionyl]-(S)-2-amino-3-(BOC-amino)-propionic acid
methyl ester  hydrochloride as an oil. A solution of the above product (2.28
g, 8.09 mmol), (R)-2-bromo-3-methylbutanoic  acid diisopropyl amine salt
(2.16 g, 7.13 mmol), EDCI (1.43 g, 7.49 mmol) and HOAT  (1.15 g, 8.52 mmol)
in methylene chloride (75 mL) is stirred at room temperature for 16 hours.
The reaction mixture is evaporated to dryness in vacuo and the residue taken
up  in ethyl acetate. The ethyl acetate solution is washed with water,
saturated sodium  bicarbonate solution and brine, and then dried over
anhydrous magnesium sulfate, and  concentrated in vacuo. The resulting oil
is chromatographed on silica gel with hexane and  ethyl acetate (40:60) to
give N2-[2-[(R)-2-bromo-3-methylbutanoylamino]-2-methylpropionyl]-
(S)-2-amino-3-(BOC-amino)-propionic acid methyl ester as a white foam. 



A mixture of the above product (1.31 g, 2.82 mmol) and potassium thioacetate
(1.28 g, 11.2 mmol) in tetrahydrofuran (50 mL) is stirred at room
temperature for 4 hours and  diluted with ethyl acetate. The mixture is
washed with water, saturated sodium bicarbonate  solution, brine and then
dried over magnesium sulfate. The reaction mixture is concentrated  to
dryness in vacuo and the resulting oil is chromatographed on silica gel with
hexane and  ethyl acetate (40:60) to give
N-[2-[(S)-2-acetylthio-3-methylbutanoylamino]-2 methylprop
ionyl]-(S)-2-amino-3-(BOC-amino)-propionic acid methyl ester. Hydrogen
chloride gas is bubbled through a solution of the above compound (1.01 g,
2.19 mmol) in 50 mL of methylene chloride for about 5 minutes, the mixture
is stirred at room  temperature for 3 hours, and then concentrated in vacuo
to yield N2-[2-[(S)-2-acetylthio-3- methyl
butanoylamino]-2-methylpropionyl]-(S)-2,3-diaminopropionic acid methyl ester
hydrochloride. Example 5 To a solution of
1-[(R)-2-bromo-3-methylbutanoylamino]cyclopentanecarboxylic acid  (1 g, 3.42
rnmol), O-benzyl-L-serine ethyl ester hydrochloride (0.89 g, 3.42 mmol),
dicyclohexylcarbodiimide (0.7 g, 3.42 mmol) and 1-hydroxy-7-azabenzotriazole
(0.47 g,  3.42 mmol) in methylene chloride is added triethylamine (0.48 mL,
3.42 mmol). The mixture  is stirred for 24 hours and then washed with brine
and concentrated in vacuo to give a light -40 31 OCT 2005 yellow oil. The
residue is purified by flash chromatography (silica gel hexane/ethyl
acetate)  to give N-[1 -( R)-2-bromo-3-methylbutanoylamino]-cyClOPefltafleCa
rbonyll-O-benzyl-L-se rifle  ethyl ester of the formula Br_Y The bromo
compound (0.7 g, 1.41 mmol) is dissolved in tetrahydrofuran (50 mL) and  



potassium thioacetate (0.19 g, 1.69 mmol) is added. The mixture is stirred
at room  temperature for 18 hours and then diluted with ethyl acetate and
washed with brine, dried  over magnesium sulfate and concentrated in vacuo
to give yellow oil. The crude material is  purified by flash chromatography
(silica gel, hexane/ethyl acetate) to give a semi-solid which  is triturated
with hexane to yield N-[1-[(S)-2-acetylthio-3-methylbutanoylamino]-
cyclopentanecarbonyl]-O-benzyl-L-serine ethyl ester of the formula 0 The
1-[(R)-2-bromo-3-methylbutanoylamino]cyclopentanecarboxylic acid starting
material is prepared essentially by methodology described in WO 99/55726 by
condensation  of (R)-2-bromo-3-methylbutanoic acid diisopropylamine salt
(prepared from L-valine) with  cycloleucine methyl ester hydrochloride. 31
OCT 2005 Example 6 (a) N- [2-[(S)-2-Merca pto- 3-methyl buta noyla mi no]-2-
methyl pro pio nyl]-O-b e n zyl- L-seri n e To a solution of the S-acetyl
ethyl ester of Example 1 (0.47 g, 1 mmol) in methanol  (10 mL) is added 1 N
sodium hydroxide (5.0 mL, 5 mmol). The mixture is stirred at room
temperature for 4 hours, acidified to pH 1 with I N HCI and then
concentrated in vacuo. To  the residue is added ethyl acetate. The mixture
is washed with 1 N NaOH. The combined  aqueous phase is then acidified and
extracted with ethyl acetate. The organic phase is  washed with brine, dried
over sodium sulfate and then concentrated in vacuo. Trituration  with hexane
yields a white foam; m.p. 57-70C; HD")- 16.8 (c = 1.032, DMSO); MS(M +
H):397. Similarly prepared are the following: (b) N-[1 -[(S)-2-merca
pto-3-methyl buta noyla min o]-cyclopenta n eca rbonyl]-O-benzyl-L- serine;
m.p. 132-136C (crystallized from hexane/t-butylmethyl ether) 



(c) h!-(2-C{Sj- mercaptc- rrre~hy~~rrcyrarrrfre~'~~~~~crrr~~?.5h'~ i -u
threonine; m.p. fil 64't: (e)
t-2-[(Sj-2-~rcap~c-3,'irrrety~rrrffar~2-~rY~~~ror~~rr~~ 2 nnr ,Ldp  tt_ till
Kit 65, 1~72~5=~-mere` =~- 1'~tD 3An,CC ar)vb =i3=t1uQrobne1M-) ._1 Il 31 O
C T 2005 (i)
N-[2-[(S)-2-mercapto-3-methoxybutanoyfamino]-2-methylpropionyl]-O-benzyl-L-
serine; MD 20 + 18.85 (c = 0.997, DMSO) (j)
N-[2-[(S)-2-mercapto-2-(4-tetrahydropyranyl)acetylamino]-2-methylpropionyl]-
O- benzyl-L-serine; m.p. 184-189C; .[a]c20- 24.94 (c = 1.013, DMSO) Example
7 (a)
N-[2-[(S)-2-mercapto-3-methylbutanoylamino]-2-methylpropionyl)-S-benzyl-L-
cysteine ethyl ester 



0 -45 31 OCT 2095 Under an argon atmosphere, the thioacetyl compound of
Example 2 (0.48 g,  1.0 mmol) is dissolved in absolute EtOH (5 mL) and
treated with 1 N NaOH of (1.0 mL, 1.0 mmol). The mixture is stirred for 4
hours at room temperature before treatment with 1 N  HCI until pH 3. The
mixture is evaporated to remove most of the EtOH and the aqueous  residue is
extracted with EtOAc (2 x 10 rnL). The combined extracts are washed with H2O
(5 mL) and then with brine solution (5 mL). The solution is dried over
Na2SO4, filtered and  concentrated in vacuo. The product solidifies from
terf-butyl methyl ether/hexane to give  product; m.p. 87-91C. (b) Similarly
prepared is N-[2-[(S)-2-mercapto-2-(4-tetrahydropyranyl)acetylamino]-2-
methylpropionyl]-O-benzyl-L-serine ethyl ester; m.p. 85-93C; [a]p - 37.21
(c = 1.012,  DMSO) (c) Similarly prepared is N-[2-[(S)-2-me rca pto-3,3-di
methylbutanoylamino]-2- methylpropionyl]-O-benzyl-L-serine ethyl ester; oil;
[a]Q - 20.9 (c = 1.025, DMSO) 31 OCT 2005 (d) Similarly prepared is
N-[2-[(S)-2-mercapto-3-methyl butanoylamino]-2-ethylbutanoyI]-
O-benzyl-L-serine ethyl ester; [a]o - 31.48 (c = 0.955, CH3OH) 31 OCT 2005
WHAT IS CLAIMED IS: 1. 4 ,Rs p alk-X-Ri  



II i R3S- C N i - C- l -CH-00082  R R$ R7 A compound of the formula wherein
(I) R represents hydrogen, (C,-C7)-alkyl, monocyclic carbocyclic
aryl-(C1-C7)-alkyl,  bicyclic carbocyclic aryl-(C,-C7)-alkyl, monocyclic
heterocyclic aryl-(C,-C7)-alkyl, bicyclic  heterocyclic aryl-(C,-C7)-alkyl,
or cycloalkyl-(C1-C7)-alkyl; Ri represents (C1-C7)-alkyl, cycloalkyl,
monocyclic carbocyclic aryl, bicyclic  carbocyclic aryl, monocyclic
heterocyclic aryl, bicyclic heterocyclic aryl, biaryl; or R, represents
(cycloalkyl-(C,-C7)-alkyl, monocyclic carbocyclic aryl-(Cj-C7)-alkyl,
bicyclic carbocyclic aryl-(C1-C7)-alkyl, monocyclic heterocyclic
aryl-(C,-C7)-alkyl, bicyclic  heterocyclic aryl-(C1-C7)-alkyl; alk
represents (C1-C7)-alkylene; R3 represents hydrogen or acyl; R4 represents
hydrogen, (C,-C7)-alkyl, monocyclic carbocyclic aryl, bicyclic  carbocyclic
aryl, monocyclic heterocyclic aryl, bicyclic heterocyclic aryl, monocyclic
carbocyclic aryl-(C,-C7)-alkyl, bicyclic carbocyclic aryl-(C,-C7)-alkyl,
monocyclic heterocyclic  aryl-(C,-C7)-alkyl, bicyclic heterocyclic
aryl-(C,-C7)-alkyl, cycloalkyl, cycloalkyl-(C,-C7)-alkyl,  biaryl,
biaryl-(C,-C7)-alkyl; oxacycloalkyl, thiacycloalkyl, azacycloalkyl, or
(oxacycloalkyl,  thiacycloalkyl or azacycloalkyl)-(C,-C7)-alkyl; R5
represents hydrogen or (C,-C7)-alkyl; or R4 and R5, together with the carbon
atom to which they are attached, represent  



cycloalkylidene, benzo-fused cycloalkylidene; or 5- or 6-membered
(oxacycloalkylidene,  thiacycloalkylidene or azacycloalkylidene), each
optionally substituted by (C1-C7)-alkyl or  aryl-(C,-C7)-alkyl; 48 31 O C T
2005 R6 represents (C,-C7)-alkyl, monocyclic carbocyclic aryl, bicyclic
carbocyclic aryl,  monocyclic heterocyclic aryl, bicyclic heterocyclic aryl,
monocyclic carbocyclic aryl-(C,-C7)- alkyl, bicyclic carbocyclic
aryl-(C,-C7)-alkyl, monocyclic heterocyclic aryl-(C,-C7)-alkyl,  bicyclic
heterocyclic aryl-(C,-C7)-alkyl, cycloalkyl, cycloalkyl-(C,-C7)-alkyl,
biaryl or biaryl-(C,- C7)-alkyl; R7 represents (C,-C7)-alkyl, monocyclic
carbocyclic aryl-(C,-C7)-alkyl, bicyclic  carbocyclic aryl-(C,-C7)-alkyl,
monocyclic heterocyclic aryl-(C,-C7)-alkyl, bicyclic heterocyclic
aryl-(C,-C7)-alkyl, cycloalkyl-(C,-C7)-alkyl or biaryl-(C1-C7)-alkyl; or R6
and R7, together with the carbon atom to which they are attached, represent
3- to  10-membered cycloalkylidene which may be substituted by (C1-C7)-alkyl
or aryl-(C1-C7)- alkyl or may be fused to a saturated or unsaturated
carbocyclic 5- to 7-membered ring; or 5- or 6-membered (oxacycloalkylidene,
thiacycloalkylidene or azacycloalkylidene), each  optionally substituted by
(C,-C7)-alkyl or aryl-(Cy-C7)-alkyl; or 2,2-norbonylidene; X represents -0-,
-S(O)n-, -NHSO2-, or -NHCO-; n is zero, one or two; and COOR2 represents
carboxyl, (C,-C7)-alkoxy-carbonyl, (di-(C,-C7)-
alkylaminocarbonyl)-(C,-C7)-alkoxycarbonyl or (morpholinocarbonyl,
piperidinocarbonyl or  pyrrolidinocarbonyl)-(C1-C7)-alkoxycarbonyl; or a
disulfide derivative derived from a said  compound wherein R3 is hydrogen;
or a pharmaceutically acceptable salt thereof. 



2. A compound according to claim 1 of the formula R4  1 R6 0 alk-X-R, 1 (la)
R3S- C 0 N - C-i-CH-000R2  R R5 R7 or a disulfide derivative derived from a
said compound wherein R3 is hydrogen; or a  pharmaceutically acceptable salt
thereof. 3. A compound according to claim 1 wherein R and R5 represent
hydrogen;  R, represents (C,-C7)- alkyl, C5- or C6-cycloalkyl, monocyclic
carbocyclic aryl, bicyclic  carbocyclic aryl, monocyclic heterocyclic aryl,
bicyclic heterocyclic aryl, monocyclic  carbocyclic aryl-(C1-C7)-alkyl,
bicyclic carbocyclic aryl-(C,-C7)-alkyl, monocyclic heterocyclic 49
aryl-(Cf-C.7)-atky-~ . cry .l r qvci c ar i f t~- t -aQi. a Dfese s  , 7;
pia , Y.  dp-ieswfllv~ -13-'ZA W zt r 4r Iwo; 'R rer resew s tydror en of
4vv7',,  R4 rCOreseil , ui Wn tCj-C7i -}b4 ,--xaCy--4. W)4, v ^ ~}~~~v a nL
r? q{ mon-oyctic mrbocyc(rcao-mjtt-t7 -aii /L.' ityiiu ete5ocy~ei5e asy {C ,
-alk 4, b ~~~ac procyrti ary~- r :, -a it c ~; gen; -or R . r l h ar -9fa t^
wwd t y r b ~ rzrp Qn  Cs or CF-cycloalkyTrdene; RI, and R7 represent ,
aiic& u R5 w )d RT t t#*~~ sit e  1Dwbm alp th-- ara a acre , repr o -
W,6-m.emtereti COORz represents carboxyl, { 1-r a ~r L r ^ c~, ~ c;Sri- >
zcl %+ ns rhn i y_t oxyr-arny) orrnmbolinocarbnni. pe~in~rr,r,}r,,aart5_ 



~r!xea.r a~SkC fkvaVe~r;ue'rram sc5rr~pc~rr yeti r~ ti~ # i age , of  i5  1;
`3`r .` i5 ,f' 3fi,' 3 !~ . 51 r !l :4C~L? rA n R~ c r rr P r1 ~lr  a
harmace+ rcatiy acceptable sah Trereo. . P. c pw d ,Yd n ciakrn. 72 Wherein
R -ant; R i rep nts aWy;, -C5- r k lk3 r, 3trrk--srbc 4iic ark{1 rdt
carbocyctrcaryl, monocyciic'etemcy6t =aryi, iiit se#a rjci't aTi, znv--jdkc
,r. caecyciic -~ti y C-sue _ -akyr ~ i v r, brc tc1i--bates y-c sr_rr r -,_~
si q~rg , P f S X ar 3..r represents -0- or t0jh vdrr rein n e is 1253 or
Wow, re xQ .~?3s o car act;  c an nur?rcr nh r; ~-C -a~~; c t c rm* . a~ .
C, ,i a ~' iur~cC ~s ser ~s rc nir-f ~5i mcnbtvtiic  reteru:. , ~zr-crir,iic
terms a:rSG; attc~t, t5 rereserrls b r rogerr,or RA and Rs coniib nndd-of i
I -tam to -a `k. 5 - ey A,'z. M akt ad C5 or CC-cyrloa kvIidene; Re an i R,
represent or Rx and'Rj tt&tfher Wti i *e  tarn atom to Ati ttai arts a a1,
seresea or - r e berets c trl~i zr;ne;  COQ.; Mrrr h ar<yi, C = ;C~,-:yam '
=alk x_y carboo'i nr ~ + hnCLnnr alnnn; t ripen inocarbon or rr3#id J. ai 4}
irrc ?As 4f ch atve deal ed trorn a saw compound Wherein 5 I s -r~a a
u'iS1a~ \av 5~b`a.` `emu` 'Sve f ap ,a &L!. t 4 r~ nT 'c.r?~~ rriQsr rlr  a
phar aceubca ty ar wept' ' sdlt iere  arm d~ g c irein R it; seta #~ ~ : r
reset s" ,`~.:~~, c~ r cc4 , c c~i b is dL~ r mnn Cth'.:nr? er yj it aryl,
bicyc rc eter .err: arfr,Trro ruc i vwbw i C,-~~3-al `yl, ict~ctc c sh c 4c
a ,-r.:, VA, ono e ocym ar i 'i;'l- i ' -oi 



31 OCT 205 f!r~lk.~~:, r3rf. Ii Ois h?~f rnJft?.o IFL.; C;3-aIkanku.,
represents cvcioatkyt,_  tetrahy_dropyrranyl or
(C,-C4)-{C,-C7)-alkoxy-(C1-Cr)-alkyl; Rs and R7 bafh represent t_:3_4-
afK}tf and are dentrcar;'A reps er(a, v- zrr -, dle, ~ e3 tr, err hr rte; r
~r3r'.J~ 2 f2 ~t~ -:~1ky)ariainiar xbonv)3; C,,-C7 -aikoxycarbonvi or
(morpholinocarbony_t, piperidinocarbonyl or pyrrolidinocarbony!)-{C,-C;
)=alkoxycarbonyl; or a  pharmaceutically acceptddre safr'fnerei . S. ?,
~uMrr r~1rr~ ~ 'Jr~r~ + rf~im. 2 ' wb&r,,-jg. R. !?! > ~ rP.r~J a~ei
t_bvrfrr~c -ra.,  =,reWesents monocvclic carboc,dic aril,. bicyclic
carbocyclic aryl, monocyclic heterocyclic aryl, bicyclic heterocyclic aryl,
monocydre caf.Docyd"c aryl-(u, -~7 f-afKyr, Vrcydirc ZaT'tjuuvdr2
a'r-Cl-%)-dr)J1, rrrrser2'rrc~~r'rr~~1~~ , rsk,~,,.~~yir,.e'~n~~yJFr and:
,r`.E  r;1- kvi, R r resents hydrogen or (C,-C73-atkanovl; R4_ represents
{C1-C7)-alkyl, cycloalkyl,  tetrahydropyranyl or (C1-C4)-{C1-C4-alkoxy=(C;
Ci) adxyi; 8 anO R7'nofn represent c.., :C,4- al'Kyraria `r~ierirti~r,
nTepre3 tcs -' a- -Lr -S-, A, r rr~ tes~a CJ3039"rP ar , [ .; [ ,3-~lkr~xv-r
rb v.,f i-fC,-C73- aikytaminocarboriy41-(C,-C7)-aikoxycarbonyl or
(morphohnocarbony), piperidinocarbonyl or pyrr6fidinocafbonyf)-CL,,-:C;
)-aiKoxycafnon}ii; ora  trrarrrraz ec r~dfry acs. trdrlre t~; rervLf. ?.
.f.1~?~r~J?l~!?r J~t,jt1j, fn c,Iairn 'f. wherein R and RLreprf sent
hydrogen: R1 represents monocycllc carbocyclic aryl or monocydlic
carbocyefic dry"1-{ - 7}-atxyf'jn  which the monocydrrc cwbmr yt;rrc dryi-r
rw rtc3 hr&rryt, -u r&re?, 'drdtrr}r d lvr &- nr Wr- ,.-A ;r-i
c"-Wkin~}rani;, tr,-[' ,3-aJkv#., i C ,,-C7 -aikoxy, trifluorometlivi..
triftuoromethoxy or halo; R3 represents hydrogen or {C1-(;;)-alkanoyl; R4
represents (c;; -::+  alkyl; 4tarranydropyranyr 



;e.}h: ,, Y. ante ZP.r. #c. -r?-; alk. irev -.p-af. mp~vIene or e tivlene:,
and COOR2 represents  carboxyl or {C,-C7)-alkoxycai bonyl; or a
pharmaceutically acceptable salt fhereoi. A compound accorfiing'ro drarrn I
-WYfer6a(R drr6 r'~~ r r2 t~'rrq~r++ry r,  ~a1r ' ca fa~J~rirv vrir.:.r,
.~ylir ~. }.nr: o nr~Jir<rarh-Qrvrjirarvf-fC,-C,3-alkyl in  which the
monocyclic carbocychc aryl represents phenyl or phenyl substituted by one or
two  or nydroxy, (u,-C;,r-afrcanoyroxy: ' ~,,- aa-dl~dr,'~ S ?;-~tR[Jx ,
`rrfrrcr~rr~rrr trr~~, w# ~tk ;t W, t4ra; R.;-rWPsP-nf,%bv r -n. or r,C,-C73
atkanovf, R4 .represents (C,-C,3- alkyl, 4-tetrahydropyranyl or
(C,-C4)-{C1-C7)-alkaxy-G1-G4-{C1-C7)-alkyl; R6 and R7 represent  mefnyr; 'A
represerfrs u=;trcrerf rrrtrryrrrer z}trryrr+~, ~rrr'u ~f'.l'~Zrr~Frrtr~
mark x't Qr ,r..-r"Jkr~xyfs2rrzrana+ or a_pharmaceufically acceptable salt
thereof. 31 O CT 2005 9. A compound according to claim 1: wherein R and R5
represent hydrogen; R, represents phenyl, fluorophenyl, benzyl or
fluorobenzyl; R3 represents hydrogen, (C1-C7)- alkanoyl or (C1-C7)-alkanoyl
substituted by (C1-C7)-alkoxy; R4 represents isopropyl, tent-butyl,
1-methoxyethyl or 4-tetrahydropyranyl; R6 and R7 represent methyl; X
represents -0-; alk  represents methylene; and COOR2  represents carboxyl or
(C1-C7)-alkoxycarbonyl; or a  pharmaceutically acceptable salt thereof. 10.
A compound according to claim 2 wherein R and R5 represent hydrogen; R,
represents phenyl, fluorophenyl,  benzyl or fluorobenzyl; R3 represents
hydrogen, (C1-C7)- alkanoyl or (C1-C7)-alkanoyl substituted by
(C1-C7)-alkoxy; R4 represents isopropyl, tert-butyl,  1-methoxyethyl or
4-tetrahydropyranyl; R6 and R7 represent methyl; X represents -0-; alk
represents methylene; and COOR2  represents carboxyl or
(C1-C7)-alkoxycarbonyl; or a  pharmaceutically acceptable salt thereof. 11.
A compound according to claim 10 wherein R and R5 represent hydrogen; R1
represents phenyl; R3 represents hydrogen, acetyl or methoxyacetyl; R4
represents isopropyl  



or tent-butyl; R6 and R7 represent methyl; X represents -0-; alk represents
methylene; and  COOR2  represents carboxyl or ethoxycarbonyl;  or a
pharmaceutically acceptable salt  thereof. 12. A pharmaceutical composition
comprising an effective amount of a compound  of claim 1 in combination with
one or more pharmaceutically acceptable carriers. 52 




