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SERINE PROTEASE INHIBITORS 

The invention relates to a serine protease inhibitor having a piperidine side chain, a 

phannaceutical composition containing the same. as well as the use of said inhibitor for the 

5 manufacture of a medicament for treating and preventing thrombin-related diseases. 

Serine proteases are enzymes which. amongst other things. play an important role in the blood 

coagulation cascade. Members of this group of proteases are for example thrombin, trypsin. 

factors Vila, IXa. Xa, XIa, XIIa, and protein C. 

10 Thrombin is the serine protease which regulates the last step in the coagulation cascade. The 

prime function of thrombin is the cleavage of fibrinogen to generate fibrin monomers, which 

form an insoluble gel by cross-linking. In addition, thrombin regulates its own production by 

activating factors V and Vlll earlier in the cascade. It also bas important actions at cellular 

level, where it acts on specific receptors to cause platelet aggregation, endothelial cell 

1 S activation and fibroblast proliferation. Thus thrombin has a central regulatory role in 

haemostasis and thrombus formation. Since inhibitors of thrombin may have a wide range of 

therapeutical applications. extensive research has been perfonned in this area. 

In the development of synthetic inhibitors of serine proteases. and more specifically of 

thrombin. the interest in small synthetic peptides that are recognized by proteolytic enzymes in a 

20 manner similar to that of natural substrates, has increased. As a resuk. new peptide-like 

inhibitors have been prepared, such as the transition state inlul>itors of thrombin. 

The search for more effective and more selective thrombin inhibitors continues unabated in 

order to obtain thrombin inhibitors which can be administered in lower dosages and which have 

fewer and less severe side effects. Furthermore; special attention is paid to oral bioavatlability. 

25 Potent intravenous thrombin inhibitors are clinically effective in acute care settings requiring the 

treatment of thrombin-related diseases. However, particularly the prevention of thrombin­

re1ated diseases such as myocardial infarct, thrombosis and stroke require long-term therapy. 

preferably by orally dosing an anticoagulant. 

30 Most of the peptide· like thrombin inhibitors disclosed in prior publications contain side chains 

of arginine. A problem of the those arginine containing thrombin inhibitors is that they have low 

oral bioavailability. A number of thrombin inhibitors contain lysine side chains instead of 

arginine have been reported in literature. The lower basicity of lysine, rdative to arginine, was 

expected to result in increased oral bioavailability. Examples of lysine containing thrombin 
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inhibitors are the inhibitor N-Me-D-Cha-Pro-Lys-COOH and derivatives thereof: disclosed by 

Jones et al .• J. Enzyme Inhibition. .2 (1995), 43-60, and the inluoitors N-Me-D-Phe-Pro-Lys-X. 

X being a carboxamide or carboxylic aci~ disclosed by Lewis et al .• Thrombosis and 

Haemostasis, ~ (1995). 1107-12. However, the expected improvement was not observed. 

S the oral bioavaiJabilities of several lysyl thrombin inhibitors being similar to that reported for 

inhibitors having an arginine side.chain (Lewis et al., Thrombosis and Haemostasis. ~ 

(1995), 1107-12). Other thrombin inhibitors are disclosed in WO 94/2SOS1 wherein the lysine 

or arginine side chain is replaced by aminocyclohexyl moieties which may be regarded as lysine 

isosters. 

10 

It has now been found that serine protease inhibitors, and in particular thrombin, Xa and VIia 

inhibitors. having a piperidine side chain, according to the fonnula I 

9.. 
A· B • X - NB - CB - C(O) - Y ( I ) 

·wherein 

lS A is H. optionally substituted D.L a-hydroxyacetyl, R1
• R1-0-C(O)-. R1-C(O)-. R.1-SO:z-, 

R200C-(CHR2) .. -SO:z-, R200C-(CHR.2)..-. H,,NCO-(CHR.2}.-, or an N-protecting group, 

wherein R1 is selected tiom (l-12C)alkyl, (2-l2C)alkenyl. (2-12C)alkynyl and 

(3-SC)cycloalkyl~ which groups may optionally be substituted with (3-8C)cycloalkyl. 

(l-6C)alkoxy, oxo, OH. COOH. CFJ or halogen, and from (6-14C)aryl, (7-lSC)aralkyJ and 

20 (8-16)aralkenyl, the aryl groups of which may optionally be substituted with (l-6C)alkyl, 

{3-SC)cycJoalkyl, (1-6C)a1koxy, OH, COOH, CF3 or halogen; each group R2 is 

independently H or has the same meaning as R1
; m is l, 2 or 3; 

B is a bon~ an amino-acid of the fonnula -NH-CH[(CHi),C(O)OHJ·C(O)- or an ester 

derivative thereof and p being 0, l. 2 or 3, -N((l-12C)alkyl)-CH:z-CO-, 

25 -N((2-12C)alkenyl)-CHrCO-, -N((2-l2C)alkynyl)-CH2-CO-, -N(benzyl)-CH2-CO-. D-1-

Tiq, D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a L- or D-amino acid having a hydrophobic, 

basic or neutral side chain. which amino acid may optionally be N-(l-6C)alkyJ substituted; 
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or A and B together are the residue R3R'N-CHR'-C(O)-, wherein R3 and R' independently 

are R1
• R 1-0-C(O)-. R 1-C(O)-. R.1-SOr, R200C-{CHR2

)111-SC>i-, ll200C-(CHR2)m-, 

ffiNCO-(CHR.2}...-, or an N-protecting group, or one of R3 and R4 is connected with R5 to 

form a S- or 6-membered ring together with "N-C" to which they are bound, which ring 

S may be fused with an aliphatic or aromatic 6-membered ring; and R' is a hydrophobic, 

basic or neutral side chain; 

X is an L-amino acid with a hydrophobic side chain. serine, threonine, a cyclic amino acid 

optionally containing an additional heteroatom selected from N, 0 or S, and optionally 

substituted with (1-6C)alkyl. (1-6C)atkoxy. benzyloxy or oxo. or Xis .. NR2-Clh-C(O)- or 

IO the fragment 

or 

wherein n is 2. 3, or 4, and W is CH or N; 

Y is H. -CHF2, -CF,, -CO-NH-(1-6C)alkyJene-.~-'• -COOR6 and R' being H or 

(l-6C)alkyl, -CONR.1R8 and R7 and R1 being independently Hor (1-6C)allcyl or R.' and R.1 

l S together being (3-6C)alkylene, or Y is a heterocycle selected from 2-thiazole, 2-thiazoline, 

2-benzothiazole, 2-oxazole, 2-oxazoline and 2-benzoxazole, which heterocycles may 

optionally be substituted with (l-6C)alkyl, phenyl, (l-6C}alkoxy, benzyloxy or oxo~ 

and r is o. 1~ l or l; 

or a prodrug thereof or a phannaceutical1y acceptable salt thereof, are potent and selective 

20 inJul>itors. In addition. some of the compounds of the invention show good bioavailability after 

oral administration. 

The compounds of the present invention are useful for treating and preventing thrombin­

mediated and thrombin-associated diseases. This includes a number of thrombotic and 

25 prothrombotic states in which the coagulation cascade is activated which include. but are not 

limited to, deep vein thrombosis, pulmonary embolism, thrombophlebitis, arterial occlusion 

from thrombosis or embolism, arterial reocclusion during or after angioplasty or thrombolysis, 

restenosis following arterial injury or invasive cardiological procedures, postoperative venous 
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thrombosis or emboUsm, acute or chronic atherosclerosis, stroke, myocardial infarction, cancer 
and metastasis, and neurodegenerative diseases. The compounds of the invention may also be 
used as anticoagulants in extracorporeal blood circuits. as necessary in dialysis and surgery. 
The compounds of the invention may also be used as in vitro anticoagulants. 

Preferred compounds according to the invention have the fonnula I, wherein X is an L-amino 
acid with a hydrophobic side chain, serine, threonine or -NR2-CH:rC(0)-. 
Other preferred compounds of formula I are those, wherein A is as previously defined; B is a 
bond, an amimracid of the fonnu)a -NH-CH[(CH2),C(O)OH]-C(O)- or an ester derivative 

10 thereof and p being 0, 1, 2 or 3, -N((l-6C)alkyl)-CH:i-CO-, -N((2-6C)alkenyl)-CHrCO-, 

-N(benzyl)-CHrCO-, D-1-Tiq, D-3-Tiq. D-Atc, Aic. D-1-Piq. D-3-Piq or a D-amino acid 
having a hydrophobic side chain, which amino acid may optionally be N-(J-6C)alkyl 
substituted; or A and B together are the residue R3R.'N-CHR.5 -C(O)-; and X is a cyclic amino 
acid optionally containing an additional heteroatom selected from N, 0 or S, and optionally 

IS substituted with (1-6C)alkyl, (l-6C)alkoxy, benzyloxy or oxo, or Xis -NR2-CHrC(O)- or the 

fi'agment 

or 

More preferred are compounds of formula I, wherein A is H, 2-hydroxy-3-qtelohexyl­
propionyl-, 9-hydroxy-fluorene-9-carboxyl, R1

• R1-SOi-, R200C-(CHR2)..-SC>r. 
20 R200C-(CHR.2}..-. HiNCO-(CHR2).-, or an N-protecting group. wherein R1 

is selected from 

(l-12C)alkyl, (2-12C)alkenyl, (6- I 4C)aryl, (7-ISC)aralkyl and (8-l 6)aralkeny1; each. group R2 is 

independently Hor has the same meaning as R1
; Bis a bond. D-1-Tiq, D-3-Tiq. D-Atc, Aic, D-

1-Piq. D-3-Piq or a D-amino acid having a hydrophobic side chain, which amino acid may 

optionally be N-(1-6C)alkyl substituted~ or A and 8 together are the residue R3R4N-CHR
5
-

25 C(Oh Y is -CO-NH-(l-6C)alkylene-C6H,, -COOR6
, -CONR7R8

, or Y is a heterocycle selected 
from 2-thiazole, 2-thiazoline. 2-benzothiazole, 2-oxazol~ 2-oxazoline and 2-benzoxazole. 
In particular preferred are those compounds, wherein A is H, R1-S0r or R

2
00C-(CHR.

2
).-; B 

is a bond, D-1-Tiq, D-3-Tiq, D-Atc, Aic. D· 1-Piq, D-l·Piq or a D-amino acid having a 
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hydrophobic side chain; or A and B together are the residue R~'N-CHR.s-C(Oh wherein at 

Jeast one of RJ and R4 is R200C·(CHR2
)...- or R1-SOr and the other independently is 

(l-12C)aUcyJ, (2-12C)allcenyl. (2-12C)alkynyl, (3-8C)cycloalkyl. (7-lSC)aralkyJ, R1-S0r or 

R200C-(CHR2
).,.-. and R5 is a hydrophobic side chain; Y is -CO-NH-(l-6C)alkylene-CJls. 

S -COOR' and R' being H or (l-3C)alkyl, -CONR1R1
, R7 and R1 being independently H or 

(1-3C)alkyl or R7 and R1 together being (3-SC)alkylene. or Y is a heterocycle selected from 

2-thiazole. 2-benzothiazole, 2-oxazole or 2-benzoxazole. 

When A is R2ooC-(CHR.1}..-, preferably Bis a D-amino acid having a hydrophobic side chain; 

or A and B together are the residue R3R.'N-CHR'-C(O)-. wherein at least one ofR.1 and R4 is 

10 R2c>OC-(CHR2).- and the other independently is (l-l2C)alkyl. (2-6C)alkenyl, 

(3-8C)cycloalkyl. benzyl, Rt·SOr or R200C-(CHR2}.-; 8nd Xis 2-azetidine carboxylic aci~ 

profine, pipecolic aci~ 4-thiazolidine c:arboxylic acid, 3,4-dehydro-proline, 2-octahydroindole 

carboxylic acid or-[N(3-8C)cycloalkyJ)-CHrC(O)-. More preferred are compounds wherein A 

is HOOC-CH2-; B is D-Phe, D-Cha, D-Coa, D-Dpa, p-Cl-D-Phe, p-OMethyl·D·Phe, p-OEthyl-

l S D-Pbe, D-Nle. m-Cl-D-Phe, 3,4-di-OMe-D-Phe, D-Chg; or A and B together are the residue 

R1R~-CHR'-C(O)-, wherein at least one of R3 and R4 is HOOC-Clli- and the other 

independently is (J-4C)alky1. (l-4C)alkyl-S02- or HOOC-Cffr and R' is (3-BC)cydoalkyl, 

(3-SC)cycloalkyl( l-4C)alkyl, phenyl, benzyl, optionally substituted with chlorine or 

(l-4C)atkox:y. Most preferred are those compounds wherein A is HOOC-CH:z-; Bis D-Cha; X 

20 is proline or-(N(cyclopentyl)J-CHrC(O)-. 

When A is R1-S02-. preferably Bis a bond, D-1-Tiq, D-l-Tiq. D-Atc, Aic, D-1-Piq, D-3-Piq oc 

a D-amino acid having a hydrophobic side chain; or A and B together are the residue 

R3R"N-CHR5-C(O)-, wherein at least one ofR3 and R4 is R.1-S~- and the other independently 

is (l-12C)alkyl or R1-S02-; X is 2-azetidine carboxylic acid. proline, pipecolic acid, 

25 4-thiazolidine carboxylic acid, 3,4-dehydro.proline., 2-octahydroindole carboxylic aci~ 

-[N(3-8C)cycloalkyl]-CHrC(O)-. or the fragment 

or 
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More preferred are compounds wherein A is Ethyl-S02- or Benzyl-S~-; B is a bond. D-Phe. 

0.Cha. O.Coa. D-Dpa, p-Cl-D-Phe. p-OMethyl-D-Phe, p-OEthyJ-D-Phe, D-Nle. m-Cl-D-Phe. 

3,4-di-OMe-D-Phe. D-Chg; or A and B together are the residue R.lR'N-CHR.5-C(O)-. wherein 

at least one of R3 and R' is .Ethyl-SO:r or Benzyl-SOr and the other independently is 

s (l-12C)alkyl or R1-SC>i- and R' is (3-8C)cycloalkyl, (3-8C)cycloalkyl(l-4C)alkyl, phenyl, 

benzyl, diphenylmethinyl, which groups are optionally substituted with chlorine or 

(1-4C)alkoxy. Most preferred are those compounds wherein A is Ethyl-~-. B is D-Cha; X is 

praline or ·[N( cyclopentyl)]-CH2-C(O)-. 

10 

Most preferably r is 1 in the compounds of formula I. 

The N-protecting group as defined in the definition of moiety A is any N-protecting group as 

used in peptides. Suitable N-protecting groups can be found in T.W. Green and P.G.M. Wuts: 

Protective Groups in Organic Synthesis., Second Edition (Wiley, NY, 1991) and in The 

Peptides, Analysis, Synthesis, Biology. Vol. 3 E. Gross and I. MeienhoCer. Eds., (Academic 

15 Press, New York, 1981). 

The tenn optionally substituted D.L a.-hyd.roxyacetyl means a group of the formula 

HO-Cll9R•-C(o)-, wherein a• and R.• independently are H, a hydrophobic side chain. or a• and 

R" together form a S- or 6-membered ring, which is optionally fused with one or two aliphatic 

20 or aromatic 6-membered rings, and which 5- or 6-membered ring consists of carbon atoms and 

optionally one heteroatom selected from N. 0 and S. Preferred D.L a-hydroxyacetyl groups are 

2-hydroxy-3-cyclohexyl-propionyl- and 9-hydroxy-ftuorene-9-carboxyl. 

The tenn (l-12C)alkyl means a branched or unbranched alkyl group having l to 12 carbon 

atoms. such as methyl. ethyl. t-butyl, isopentyl, heptyl, dodecyt, and the like. Preferred alkyl 

25 groups are (l-6C)alkyl groups. having 1-6 carbon atoms. Most preferred in the definition ofR'. 

R.7 and R 8 are (J-3C)alkyl groups, having 1-3 carbon atoms, such as methyl, ethyl, isopropyl. 

A (2-l2C)alkeny1 group is a branched or unbranched unsaturated hydrocarbon group having 2 

to 12 carbon atoms. Preferred are (2-6C)alkenyl groups. Examples are ethenyl, propenyl, aUyl, 

and the like. 
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The tenn {l-6C)a1kylene means a branched or unbranched alkylene group having 1 to 6 carbon 

atoms, such as -(CHz)..- and m is 1 to 6, -CH(CH3)-, -CH(CH3)-(CH2)-, etc. Prefenm alkylene 

groups in the definition of Y are ethylene and methylene. 

A (2-12C)alkynyl group is a branched or unbranched hydrocarbon group containing a triple 

S bond and having 2 to 12 carbon atoms. Preferred are (2-6C)atkynyt groups, such as ethynyl and 

propynyl. 

A (6-14C)aryl group is an aromatic moiety of 6 to 14 carbon atoms. The uyl group may further 

contain one or more hetero atoms, such as N. s. or 0. Examples of uyl groups are phenyl, 

naphthyl. (iso)quinolyl, indanyl, and the like. Most preferred is the phenyl group. 

10 (7-lSC)AralkyJ and (8-16C)aralkenyl groups are alkyl and alkenyl groups respectively, 

substituted by one or more aryl groups, the total number of carbon atoms being 7 to 15 and 8 

to 16, respectively. 

The term (l-6C)alkoxy means an alkoxy group having 1 ·6 carbon atoms. the alkyl moiety of 

which having the meaning as previously defined. 

IS The term (3-8C)cycloalkyJ means a cyctoalkyl group having 3-S carbon atoms, being 

cyclopropyl, cyclobutyl. ')'clopentyl, cyc:lohexy~ cyc:loheptyl or cycJo-oc:tyl. Cydopentyl and 

cyclohexyl are preferred cyctoaJJcyl groups. 

The term halogen means fluorine, chlorine, bromine or iodine. 

The tenn ester derivative means any appropriate ester derivative, preferably (l-4C)alkyl-esters, 

20 such as methyl-, ethyl- or t-butyl-esters. 

The terms 1- and 3-Tiq mean 1,2,3,4-tetrahydroisoquinoline-l- or -3-carboxylic acid, 

respectively; 1- and 3-Piq are 1- and 3-carboxyperhydroisoquinoline, respectively; Ate is 

2-aminotetralin-2-carboxylic acid; Aic is amino indane carboxylic acid; Phe is phenylalanine; 

Cha is cyclohexylalanine; Dpa is diphenylalanine; Coa is cyclooctylalanine; Chg is 

25 cyclohexylg1ycine; Nie is norleucine; Asp is aspartic acid. 

The tenn hydrophobic side chain means a (1-12C)alkyl. optionally substituted with one or more 

(3-8C)cycloalkyl groups or (6-14C)aryl groups (which may contain a heteroatom. e.g. nitrogen) 

such as cyclohexyl, cycto-octyl, phenyl, pyridinyl. naphthyl, tetrahydronaphthyl, and the like. 

which hydrophobic side chain may optionally be substituted with substituents such as halogen. 

30 trifluoromethyl, Jower alkyl (for instance methyl or ethyl). lower alkoxy (for instance methoxy), 

phenyloxy, benzylox:y, and the like. 
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In the definitions, the term substituted means: substituted by one or more substituent. 

Amino acids having a basic side chain are for example, but not limited to, arginine and lysine. 

preferably arginine. The tenn amino acids having a neutral side chain refers to amino acids such 

as methionine sulphon and the like. 

S Cyclic amino acids are for example 2-azetidine carboxylic acid, proline, pipecolic acid, l-amino­

l-carboxy-(3-SC)cycloalkane (preferably 4C, SC or 6C), 4·piperidine carboxylic acid, 

4-thiazolidine carboxylic acid, 3,4-dehydro-proline, azap.roline. 2-octahydroindole carboxylic 

aci~ and the like. Preferred are 2-azetidine carboxylic acid, proline, pipecolic acid, 

4-thiazolidine carboxylic acid, 3,4-dehydro·ptoline and 2-octahydroindole carboxylic acid. 

10 The term prodrug means a compound in which the nitrogen atom of the piperidine group of the 

compound of formula I is protected, e.g. by a hydroxy, (1-6C)alkoxy or (1-6C)alkoxycarbonyl 

group. 

The invention further includes a process for preparing a compound of formula I, including 

15 coupling of suitably protected arnino acids or amino acid analogs. followed by removing the 

protective groups. 

The compounds according to formula I may be prepared in a manner conventional for such 

compounds. The modified amino acid having the piperidine side chain is introduced in a way 

20 similar to methods known for other amino acids. 

To that end. suitably Na. protected (and side-chain protected if reactive side-chains are present) 

amino acid derivatives or peptides are activated and coupled to suitably carboxyl protected 

amino acid or peptide derivatives either in solution or on a solid support. Protection of the a­

amino functions generally takes place by urethane functions such as the acid-labile tett-

25 butyloxycarbonyl group (Boe), benzyloxycarbonyl (Z} group and substituted analogs or the 

base-labile 9-fluorenyl-methyJoxycarbonyl (Fmoc) group. The Z group can also be removed by 

catalytic hydrogenation. Other suitable amino protective groups include Nps, Bmv. Bpoc, Msc, 

etc. A good overview of amino protective groups is given is given in The Peptides. Analysis, 

Synthesis, Biology, Vol. 3 E. Gross and J. Meienhofer, Eds .. (Academic Press, New York, 

30 1981). Protection of carboxyl groups can take place by ester fonnation e.g. base-labile esters 

like methyl- or ethylesters, acid labile esters like tert-butylesters, or hydrogenolytically-labile 
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esters like benzylesters. Protection of the piperidine side chain may be accomplished by using 

the aforementioned groups. Activation of the carboxyJ group of the suitably protected amino 

acids or peptides can take place by the azide, mixed anhydride, active ester, or carbodiimide 

method, especially with the addition of catalytic and racemization-suppressing compounds like 

S 1-hydroxybenzotriazole, N-hydroxysuccinimide, l·hydroxy-4-oxo-3>4-dihydro-1,2.3-benzo­

triazine, N-hydroxy-S-norbomene-2,3-dicarboximide. See, e.g. The Peptides, Analysis. 

Synthesi~ Biology (see above) and Pure and Applied Chem. 59{3). 331-344 (1987). 

The compounds of the invention, which can be in the form of a free base, may be isolated from 

10 the reaction mixture in the fonn of a pharmaceutically acceptable salt. The pharmaceutically 

acceptable salts may also be obtained by treating the tree base or fonnula I with an organic or 

inorganic acid such as hydrogen chloride, hydrogen bromide, hydrogen iodide, sulfuric acid, 

phosphoric acid, acetic acid, propionic acid, glycolic acid, maleic acid, malonic acid. 

methanesulphonic acid, fumaric acid, succinic acid, tartaric acid, citric acid, benzoic acid, and 

15 ascorbic acid. 

The compounds of this invention possess one or more chiral carbon atoms, and may therefore 

be obtained as a pure enantiomer, or as a mixture of enantiomer~ or as a mixture containing 

diastereomers. Methods for obtaining the pure enantiomers are well known in the art, e.g. 

20 crystallmtion of salts which are obtained from optically active acids and the racemic mixture, 

or chromatography using chiral columns. For diastereomers straight phase or reversed phase 

columns may be used. 

The compounds of the invention may be administered enteratly or parenterally, and for humans 

25 preferably in a daily dosage of 0.001-100 mg per kg body weight, preferably 0.01-10 mg per kg 

body weight. Mixed with pharmaceutically suitable auxiliaries, e.g. as described in the standard 

reference, Gennaro et al., Remington's Pharmaceutical Sciences, (18th ed., Mack Publishing 

Company. 1990, see especially Part 8: Pharmaceutical Preparations and Their Manufacture) the 

compounds may be compressed into solid dosage units, such as pills. tablets. or be processed 

30 into capsules or suppositories. By means of pharmaceutically suitable liquids the compounds 



W097/31939 PCTIEP97/00!>39 

10 

can also be applied in the form of a solution. suspension. emulsion. e.g. for use as an injection 

preparation. or as a spray, e.g. for use as a nasal spray. 

For making dosage units, e.g. tablets, the use of conventional additives such as fillers, colorants, 

polymeric binders and the like is contemplated. In general any phumaeeutically acceptable 

S additive which does not interfere with the function of the active compounds can be used. 

10 

Suitable carriers with which the compositions can be administered include lactose, starch. 

cellulose derivatives and the like, or mixtures thereof, used in suitable amounts. 

The invention is further illustrated by the following examples. 

EXAMPLES 

The terms -Ppa'l'[COCO)-OH, -Ppa-OMe and -Ppa-(2-thiazolyl) mean 

q 
-NH-CH-C(O)-Y 

• 
wherein Y is COO~ OCH3 and 2-thiazoJyl. respectively. 

l S Azt • 2·azetidine carboxylic acid; Boe = tert-butyloxycarbonyl; Cbz = benzylox.ycarbonyl; 

TsOH = p-toluenesulphonic acid 

EXAMPLE 1 

20 HOOC-CHa-P-Cha-Pro-Ppa'l'ICQCOJ-OR 

(a) H-D-Cba-OMe.HCl 

To cold (-20 6C) and dry methanol ( 195 ml) was added dropwise thionylchloride (28 ml). H-D­

Cha-OH.HCI (40 g) was added and the reaction mixture was heated under reflux for 5 hours 

25 The mixture was concentrated in vacuo and coevaporated with methanol {3 times). The residue 

was crystallized from methanoVdiethyl ether yielding H-D-Cha-OMe.HCl as a white crystalline 

powder (40.9 g). 
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TLC: Rf= 0.66, silica gel, n-butanoVacetic acid/water 10/113 v/v/v. 

(b) N-(t-Butyloxycarbonylmetbyll-D~Cha-OMe 

t-Butyl-bromoacetate (36 g) was added to a stirred solution H-D-Cha-OMe.HCI (40.9 g) in 

S 400 ml of acetonitrile. The pH of the mixture was adjusted to l.S with N,N­

diisopropylethylarnine. The mixture was stirred for 16 hours at room temperature and 

evaporated in vaeuo. The residue was dissolved in dichloromethane and the solution was 

washed with water, dried on sodium sulphate and evaporated in vacuo. Chromato,graphy over 

silica ge) eluting with heptane/ethyl acetate 9/1 v/v gave 64 g ofN-(t-butyloxycarbonylmetllyl)-

10 D-Cha-OMe. 

TI..C: Rf.= 0.2Sp silica gel, ethyl acetate/heptane 1/1 v/v. 

(c) N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-OMe 

The pH of a solution of N-(t-butyloxycarbonylmethyl)-D-Cha-OMe (64 g) and di-t-butyl 

15 dicatbonate (40.3 g) was adjusted to 8.S with N,N-diisopropylethylamine. The mixture was 

stirred for 16 hours at room temperature. The solvent was removed in vacuo. Diddoromethanc 

and water were added to the residue. The organic layer was separated_ washed with cold lN 

hydrochloric acid. water. S % sodium hydrogencarbonate and water, dried on sodium sulphate 

and the filtrate was evaporated to an amorphous solid ofN-(t-butyloxycarbonyhnethyl)-N-Boc-

20 D-Cha..OMe with a yield of 59.6 g. 

TLC: Rf.= 0.SO, silica gel, ethyl acetate/heptane l/l v/v. 

(d) N-(t-Butylox;ycarbonylmethyl)-N-Boc-D-Cba-OH 

A solution of N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-OMe (S9.6 g) in 900 ml of 

25 dioxane/water 9/1 v/v was treated with sufficient 6 N sodium hydroxide to keep the pH at 12 

for 6 hours at room temperature. After acidification, the mixture was poured into water and 

was extracted with dichloromethane. The organic layer was washed with water and was dried 

on sodium sulphate. The filtrate was evaporated and yielded 54 g of N-(t-butyloxycarbonyl­

methyl)-N-Boc-D-Cha-OH. 

30 TLC: Rf= 0.60, silica gel, dichloromethane/methanol 9/J v/v. 
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(e) N-(t-Butyloxycarbonylmethvll-N-Boc-D-Cha-Pro-OBzl 

To a cold (O °C) solution ofN-(t-butyloicycarbonylmethyl)-N-Boc-D-Cha-OH (13.S g) in N.N­

dimethylfonnamide (150 ml) were successively added I-hydroxy benzotriazole (HOBT) 

(7.09 g), dicyclohexyJ carbodiimide (DCCI) (7.61 g), H-Pro-OBzl.HCJ (9.31 g) and 

S triethylamine (6 ml). The mixture was stirred at O •c for 1 hour and then kept at room 

temperature overnight. The mixture was cooled to -20 °C and dicyclohexylurea was removed 

by filtration. The filtrate was evaporated to dryness. The residue was dissolved in ethyl acetate 

and washed successively with S % sodium hydrogencarbonat~ water, 3 % citric acid and brin~ 

dried over sodium sulphate and concentrated in vacuo. The residue was chromatographed on 

10 silica gel eluting with heptane/ethyl acetate 3/J v/v as eluent. The fractions c:ontaining N-(t­

butyloxycarbonylmethyl)-N-Boc-D-Cha·Pro-OBzl were pooled and evaporated. Yield: IS g. 

TLC: Rf= 0.70, silica gel. heptane/ethyl acetate 111 vlv. 

(t) N-(t-ButylogycarbonylmethYl)-N-Boc-D-Cba-Pro-OH 

15 10 % palladium on charcoal (750 mg) was added to a solution of N-(t-Butyloxycarbonyl­

methyl}-N-Boc-1)..Cha-Pro-OBzl (JS g) in methanol (ISO ml). The mixture was hydrogenated 

at atmospheric pressure at room temperature for 1 hour. The palladium catalyst was removed 

by fdtration and the solvent was removed by evaporation at reduced pressure yielding 11.2 g 

N-(t-butylox.ycarbonylmethyl)-N-Boc-D-Cha-Pro-OH. 

20 TLC: Rf= 0.659 silica gel, ethyl acetate/pyridine/acetic acid/water 213/2016/11 v/v/v/v. 

(g) Diethyl 2-acetamido-2-[(pyridin-4-yl)methyl]-malonate. 

A 46 g portion of sodium metal was added to 3 .5 I of ethanol and heated. Diethyl acetamido 

maJonate (217 g) and 4-picolyl chloride hydrochloride (164 g) were added to the resultant 

25 solution of sodium ethoxide. The reaction mixture was heated to 100 °C for 4 hours, cooled. 

filtered and concentrated in vacuo. The residue was dissolved in dichloromethane filtered over 

diacd and silica gel and concentrated in vacuo. The residue was treated with I l of diethyl ether~ 

filtered and washed with diethyl ether. Yield 142 g. 

TI.C: Rf= 0.5 in ethyl acetate:pyridine:acetic acid:water 63/S/l .S/2. 75 v/v/v/v on silica gel. 

30 {h) Ethyl 2-acetamido-2-[(pyridin-4-yl)metbyl]-malonate 
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A solution of 142 g of diethyl 2-acetamido-2-[(pyridin-4-yl)methyl]-maJonate, 46 g of 

potassium hydroxide in 2 I of ethanol and 800 ml of water was stirred for 16 hours. The mixture 

was acidified and concentrated in vacuo. Coevaporation with methanol and toluene gave J 87 g 

of ethyl 2-acetamido-2-{(pyridin-4-yl)methyl]-malonate (contains potassium chloride). 

S TLC: Rf: 0.95 in ethyl acetate:pyridine:acetic acid 63/5/1.S/2. 15 vlvlvlv on silica gel. 

(i) Ethyl 2-N-acetylamino-3-(pyrjdin-4-yl)-propaooate. 

A solution of 394 g of ethyl 2-acetamido-2-[(pyridin-4-yl)methyl]-maJonate in 1.S I of N,N­

dimethylfonnamide was refluxed for 1 ~ hour and concentrated in vacuo. The residue was 

10 dissolved in water and the pH adjusted to 11.S. The mixture was extracted with ethyl acetate, 

dried on sodium sulphate and concentrated in vacuo. Yield: 1 S8.8 g. 

n.c: Rf.= O.l S in ethyl acetate:pyridine:acetic acid:water 63/S/1.S/2. 7S v/vlv/v on silica gel. 

(j) Ac-Ppa-0Et 

15 A solution of 39~S g of ethyl 2-N-acctylamino-3-(pyridin-4-yl)-propanoate in 1 I ethanol was 

reduced under an hydrogen atmosphere using 4 8 of palladium on activated carbon 1 o % as a 

catalyst. After 18 hours., the catalyst was removed by filtration and the filtrate was concentrated 

to dryness to yield 40 g of the desired compound. 

20 (k) H-Ppa-OH. 

A solution of 81.S g of Ac-Ppa-OEt in 6 N hydrochloric acid was refluxed for 4 hours The 

reaction mixture was concentrated in vacuo and yielded 90 g ofH-Ppa-OH.HCl. 

TLC: Rf.= 0,97 in 1-butanol:pyridine:acetic acid:water 813/l/4 v/v/v/v on silica gel. 

25 (I) Cbz-Ppa(Doct)-QH. 

The pH of a solution of 90 g of H-Ppa-OH, S l .23 g of copper (II) sulphate pentahydrate and 

166 g of di-t-butyl dicarbonate in water (1730 ml) and dioxane (1250 ml) was adjusted to 9 

with 2N sodium hydroxide. The mixture was stirred for 16 hours at room temperature. The 

precipitate was collected and washed well with water. The filtercake was dissolved in dioxane 

30 and the pH adjusted to 12.S with 4N sodium hydroxide and 200 g of benzyloxycarbonyJ­

oxysuccinimide was added. The mixture was stirred for 16 hours. The precipitate was collected 
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and washed with dioxane. The filtrate was concentrated to a small volume and the pH was 

adjusted to 2.S. The residue was diluted with ethyJ acetate. The organic layer was washed with 

water dried on sodium sulphate and evaporated to dryness and gave 160 g of the tide 

compound. 

5 TLC: RF 0. 77 in ethyl acetate:pyridine:acetic acid:water 63/20/6/11 v/v/v/v on silica gel. 

(m) Cbz-Ppa@ocl-OMe 

To a solution of 160 g of Cbz-Ppa(Boc)-OH in dichlorornethanelmethanoJ 9/1 v/v (3 I) was 

added 120 8 of 2-{IH-benzotriazol-1-yl)-J,J.3,3-tetrametbyf uronium tetrafluoroborate 

10 (TBTU), whereafter the pH was adjusted to 8.S with triethylamine. The mixture was stirred for 

1 hour at room temperature. The organic layer was washed with 2N hydrochloric acid. watery 

S % sodium hydrogencarbonate solution and water, dried on sodium sulphate and concentrated 

in vacuo. The residue was chromatographed on silica gel eluting with dichloromethanl'lethyl 

acetate 9/1 v/v. The fractions containing the methyl ester were pooled and the solvent removed 

1 S in vacuo. The residue was crystallized from diisopropyl ether/diethyl ether and gave a first crop 

of 75 g of the desired product. The mother liquor was chrornatographecl in toluene/ethyl acetate 

812 v/v and gave 34 g of Cbz-Ppa(Boc~OMe. 

TI.C: Rf.= 0.77 in dichloro methane:methanol 95/S v/v on silica gel. 

20 (n) 2-Acetgxy-3-(benzyloxycatbonylamino)-4-(l-t-butyloxycarbonyl(piperidin-4-yl)-butanitriJe. 

At -78 °C. 908 ml of precooled diisobutylaluminurn hydride (1.0 M solution in hexane) was 

added to a stirred solution of J 09 g of Cbz-Ppa(Boc)·OMe in dichloromethane (3 l) at such a 

rate that the temperature was kept below -70 °C. The solution was stirred for I hour at -70 °C 

and 1 l of a saturated solution of citric acid was added. The mixture was poured into 2 I of a 

25 citric acid solution and extracted with dicltloromethane. The combined extracts were washed 

with water, S % sodium hydrogencarbonate solution and water. dried on sodium Stllphate and 

filtered. The filtrate was cooled to O °C. and subsequently 15 g of benzyttriethyl ammonium 

chlorid~ 58 ml of acetic anhydride and a solution of l l 8 g of sodium cyanide in water ( 1.5 1) 

were added. The mixture was vigorously stirred for 30 min. The organic layer was separated, 

30 washed twice with water. dried on sodium sulphate and concentrated in vacuo. The residue was 
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chromatographed on silica gel eluting with hexane/ethyl acetate 6/4 vlv. to give the title 

compound as a solid: 98 g. 

TLC: Rf.= 0.65 in dichloro methane/methanol 9515 v/v on silica gel. 

5 (o) Cbz-Pga'l'(CHQffCO]-QMe 

A stirred suspension of 98 g of 2-acetoxy-3-(benzylox.ycarbonylamino)-4-(I-t-butyloxy­

carbonyl(piperidin-4-yl)-butanitrile in 3 L of a mixture of diethyl ether/methanol 911 v/v was 

treated with gaseous hydrogen chloride (260 g) at -20 °C. The mixture was stirred at 0-S °C for 

24 hours Then the mixture was cooled to -20 °C and 408 ml of water was added. The reaction 

l O mixture was stirred for 4 hours at 20 °C and the organic layer was separated. The pH of the 

aqueous layer was adjusted to 8 with 25 % ammonia, followed by extraction of this layer with 

l·butanol. The combined extracts were washed with brine, dried on sodium sulphate and 

evaponted to dryness and gave 57 g of Cbz-Ppa'P[CHOHCO]-OMe. 

lS 

nc: Rf= o.s in ethyl acetate/pyridine/acetic acid/water 63120/6/11 v/v/v/v on silica. 

(p) CbZ·Ppa(Boc)'l'(CHOHCO]-OMe 

The plf of a solution of Cbz-Ppa'l'[CHOHCO]-OMe (57.9 g) and 40 g of di-t-butyl 

dicarbonate in SOO ml ofN,N-dimethylformamide was adjusted to 8.S with triethylamine. The 

mixture was stirred for 4S min at room temperature. The solvent was removed in vacuo. The 

20 residue was dissolved in ethyl acetate washed with 0.1 N hydrochloric a~ water, 5 % sodium 

hydrogencarbonate and water. The organic layer was dried on sodium sulphate and evaporated 

to dryness. The residue was chromatographed on silica gel eluting with heptane/ethyl acetate 

614 v/v and gave J l g of an oil. 

25 (q) N-(l-BytyloXYQrbonylmetbyl)-N-Qoc-D..Cba-Pro-Ppa(Boc)'l'[.CHOHCO]-OMe 

A solution of 120 mg ofCbz-Ppa(Boc)'l'[CHOHCO}-OMe, 0.27 ml l N hydrochloric acid and 

12 mg of palladium on activated carbon 10 o/., as catalyst in N,N-dimethyJformamide (4 ml) was 

hydrogenated under atmospheric pressure. When the reaction was complete~ the catalyst was 

removed and the pH of the solution was adjusted to 8.S with triethylamine. The solution was 

30 added to a stirred solution of 137 mg ofN-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-OH. 

40 mg l-hydroxy-benzotriazole and 61 mg of l.3-dicyclohexylcarbodiimide in 10 ml of N,N-
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dimethylfonnamide. The reaction mixture was stirred for 16 hours at room temperature. The 

solvent was removed in vacuo and dichloromethane was added to the residue. The precipitate 

was filtered and the filtrate washed with J N hydrochloric acid, water, S % sodium 

hydrogencarbonate solution and water. The organic layer was dried on sodium sulphate and 

s evaporated in vacuo and gave 220 ms of the desired compound. 

TLC: Rf.= 0.6 in ethyl acetate//pyridine/acetic acid/water 63/5/1.S/2. 15 vlvlv/v on silica gel. 

(r) N-(t-Butylomarbonylmetbyl)-N-Boc-D-Cba-Pr0=Ppa(Boe)\f'[CHOHCO}-OH. 

The pH of a solution of 220 mg of N-(t-butyloxycarbonylmethyl}-N-Boc-D-Cha-Pro-

10 Ppa(Boc)'l'[CHOHCO)-OMe in IS ml of dioxanelwater 9/1 vlv was adjusted to 12 with l N 

sodium hydroxide. The reaction mixture was stirred for 1.S hours The pH was adjusted to 2.S 

with I N hydrochloric acid and the mixture was poured into water and extracted with ethyl 

acetate. The organic layer was washed with water. dried on sodium sulphate and evaporated to 

dryness. Yield 210 mg of the title compound. 

15 TLC: Rf.= 0.21 in ethyl acetate/pyridine/acetic acid/water 63/S/l .S/2. 75 v/v/vlv on silica gel. 

(s) N·O·Dutyloxycarbonyhnetbyl)-N-Boo-D-Ch1-Pro-Ppa(Boc;)'f[COCQ]-OH 

To a solution of 210 mg of N-(t-butyloxyearbonylmethyl)-N-Boc-D-Cha-Pro­

Ppa(Boc)T[CHOHCO)-OH in 20 ml of dichloromethane was added 177 mg of 1,1,1-

20 triacetoxy-l,1-dihydro--1,2-benziodoxol-3 (lH)-one (Dess-Martin reagent). The mixture was 

stirred for 4 hours at room temperature, poured into a solution of sodium thiosulphate (S % in 

water) and extracted with dichJoromethane. The organic layer was washed with water, dried on 

sodium sulphate and concentrated in vacuo. Yield 340 mg. 

25 

TLC: RF 0.4 in ethyl acetate/pyridine/acetic acid/water 63120/6/11 v/v/v/v on silica gel. 

(t) HOOC-CHrD-Cha-Pro-Ppa'l'[COCO)-OH 

A solution of 340 mg of N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro­

Ppa(Boc)'l'[COCO]-OH in 20 mt of 90 G/o tritluoroacetic acid was stirred for 4 hours at room 

temperature. The solvent was removed in vacuo and the residue was purified on preparative 

30 HPLC supelcosil LC-18-BD column using a gradient elution system of A: 20 %; B: 80 %; C: 

O % to A: 20 %; B: 55 %; C: 25 o/o over 45 min at a flowrate of 20 mVmin. (A: O.S M 
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phosphate buffer pH = 2.1; B: water; C: acetonitrile:water 3:2 v/v1 yielding a mixture of 

diastereomers 53. 7 mg. 

Rt (LC): 22.65 min; A: 20 %; B: 80 %; C: O % to A: 20 %; B: 20 %: C: 60 % in 40 min. 

s EXAMPLE2 

HOOC.·CIL-p..cha-N-cyclopentyt-Gly-Ppa'ffCQCOl-OR 

(a) N-s;yclopemyJ-GJy-OMe HCI 

IO H-Gly-OMe.HCI (46.4 g) was dissolved in 400 ml methanol, cydopentanone (34 g) and sodium 

eyanoborohydride (14 g) were added and the reaction was allowed to proceed for 16 h at room 

temperature. The reaction mixture was quenched with 6 M hydrochloric acid until pH 2 and 

stirred for 30 min at room temperature. The solvent was removed by evaporation under 

reduced pressure, the residue was dissolved in water and washed with diethyl ether. The pH 

IS was adjusted to pH>lO by addition of 6 M sodium hydroxide solution. the product was 

extracted with diehloromethane, washed with brine, dried over sodium sulphate, filtered and 

concentrated under reduced pressure. The compouad was crystallized &om ethyl acetate as the 

HCl-salt. Yield : 43.S g. 

20 

nc: Rf.= 0.71. silica gel, ethyl acetate/pyridine/acetic acid/water 88/J 111817 v/v/v/v. 

(b) N-(t-Bytyloxycarbonylmethyl)-N-Boc-D-Cba-N-c;yclopemyl-(ily-OH 

N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-N-cyclopentyl-Gly-OH was prepared according 

to the procedure described in example 1 for the dipeptide moiety, using TBTU as activator. 

25 (c). HOOC-CHz-D-Cha-N-cyclopentyl-Gly-Ppa'l'[CQCQ]-OH 

The DCCllHOBt-coupling between N--(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-N­

cyclopentyl·Gly-OH and H-Ppa(Boc)'l'[CHOHCO]-OMe.HCI, saponification. Dess-Martin 

oxidation. deprotection and purification were done according to the procedures described in 

example 1 to give the title compound as a diastereomeric mixture. 

30 Rt (LC): 29. 72 min. 20 % A 180 % B to 20 % A/ 20 % B / 60 % C in 40 min. 



W097J31939 PCTIEP97/00,39 

18 

EXAMPLE3 

BOOC-CRrD-Phe-Pro-Pua'flCOCOJ-OR 

5 N-(t-ButyJoxycarbonylmethyJ)-N-Boc-D-Phe-Pro-OH was prepared as described in example I 

starting from H-D·Phe-OH.~Cl. 

The DCCIIHOBt-coupJing between N-(t-butyloxycarbonylmethyl)-N-Boc-D-Phe-Pro-OH and 

H-Ppa(Boc)'l'[CHOHCO]-OMe.HCl, saponification, Dess-Martin oxidation~ deprotection and 

purification were done according to the procedures described in example l. The tide compound 

10 was obtained as a diastereomeric mixture. 

R.(LC): 17.77and18.19min. 20% A/80 % B to20%A/20%B /60%C in40min. 

EXAMPLE4 

15 JU>OC-CBrm-0-D,kPhe-Pro-Ppa'l'lCOCOl-OR 

H-m-Cl-D,L-Phe-OH.HCI was prepared according a similar procedure as described in example 

53 starting from 3-chlorobenzylbromide. Next, the fully protected tripeptide was assembled 

according to the same procedures as described in example 1. The title compound was obtained 

20 as a diastereomeric mixture. 

Rt (LC): 22.24123.07 min. 20 % A I 80 % B to 20 % A/ 20 % B / 60 % C in 40 min. 

EXAMPLES 

25 HOOC-CH1-v=O-D-Phe-Pro-Ppa'flCOCOJ-OH 

(a) N-(t-Butyloxycarbonylmetby1l-N-Boc-p-Cl-D-Phe-OH. 

According to analogous procedures as described in example l, H-p-Cl-D-Phe-OH. HCl (10 g) 

was converted into N-(t-butyioxycarbonylmethyl)-N-Boc-p-Cl-D-Phe-OH. Yield: 16.7 g. 

30 TLC: Rf= 0.27, silica gel, ethyl acetatelmethanol 9/1 v/v. 
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(b) N-(t-ButyloxycarbonylmethyJ>-N-Boc-p-Cl-D-Phe-OSu. (Su = succinimide) . 

A solution of N-(t-butyloxycarbonylmethyl)-N-Boc-p-Cl-D-Pbe-OH (l 4.67 g) in 250 mJ 

acetonitrile was treated with N-hydroxysuccinimide (4.11 g) and l-(3-dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride (6.86 g} overnight at room temperature. The reaction mixture 

5 was evaporated to dryness and the residue was dissolved in ethyl acetate. The organic phase 

was washed with water, dried over sodium sulphate and concentrated to a1ford 19.11 g active 

ester, which was directly used in the next step. 

(c) N-(t-Butyloxyc8fbonylmetbyl):N-Boc-p-CJ-D-Phe-Pro-OH. 

10 H-Pro-ORHCI (10.79 g) was dissolved in 100 ml ofN,N-dimethylformamide and 100 ml of 

water. The pH of the reaction mixture was adjusted to 8 with a IN sodium hydroxide solution_ 

whereafter N-(t-butyloxycarbonylmethyl)-N-Boc-p-Cl-D-Phe-OSu (19.11 g), dissolved in 120 

ml of N,N-dimethylfonnamid~ was added dropwise. The reaction was stirred overnight at 

room temperature at pH • S. The reaction mixture was cooled and adjusted to pH 2 with l N 

15 hydrochioric acid. The aqueous layer was extracted with dichloromethane. The organic phase 

was washed with water. dried over sodium sulphate and evaporated in vacuo. Silicagel 

purification. using a gradient ethyl acetate/methanol 9/1 to 111 vlv. aiforded 7.04 g of the 

desired dipeptide. 

20 

n.c: Rf-= 0.24~ silica gel, ethyl acetate/methanol 812 v/v. 

(d) HOOC-CH:z-p-Cl-D-Phe-Pro-Ppa'l'[COCQJ-OH 

The DCCllHOBt-coupHng between N-(t-butyloxycarbonylmethyl)-N-Boc-p-Cl-D-Phe-N­

cyclopentyl-Oly-OH and H-Ppa(Boc)'l'[CHOHCO}-OMe.Ha, saponification, Dess-Martin 

oxidation, deprotection and purification were done according to the procedures described in 

2S exampJe l. The title compound was obtained as a diastereomeric mixture. 

Rt(LC): 23.67 min. 20% A/80 %8 to 20% A/20% B /60% C in 40 min. 

30 
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EXAMPLE6. 

HOOC-CRz-D:v-MeQ:Phe=Pr0aPpaffCOCO}:OH 

S The tripeptide was prepared similar to the route followed for example I starting from 

H-p-MeO-D-Phe-OH to yield the title compound as a diastereomeric mixture. 

Rt(LC): 19.lSmin. 20%A/SO %B to20%A/20%B/60% C in40 min. 

EXAMPLE7 

10 

BOOC·CHrD.kCoa-Pro-Pm'f'fCOCOJ-OB 

(•) Cyclo-octylmetbyl bromide 

Cydo-octybnetbanol (S.16 g) was dissolved in 47 % HBr-solution (70 ml) and refluxed for I 

IS hour at 130 °C. The reaction mixture was poured onto ice water {SOO ml) and saturated sodium 

hydrogencarbonate solution (SOO ml) was added. The aqueous solution was extracted with 

dichloromethanc. The combined organic phases were washed with water, brine and dried over 

sodium sulphate. filtered and concentrated in vacuo. The residue was chromatographed on 

silica gel eluting with toluene as eluent. The ftactions containing cyclo-octylmethyl bromide 

20 were pooled and evaporated. Yield: 9.85 g. 

n.c: Rf:= 0.95, silica gel, toluene 

(b) CR. Sl-Etbyl-2-acetylamino-2-cyano-l-cyclooctyJ-proJrionate 

Potassium t-butylate (6.8S g) and ethyl acetamidocyanoacetate (8.1 g) were dissolved in 

25 dimethylsulfoxide (100 ml) at room temperature. Cyclooctylmethyl bromide was dissolved in 

dimethylsulfoxide (25 ml) and added dropwise to the reaction mixture. The mixture was stirred 

at room temperature for 44 hours. After pouring onto SOO ml water the precipitate was filtered 

and dried to yield (R.S)-Ethyl-2-acetylamino-2-cyano-3-cyclooctylpropionate (2.95 g} 

TLC: Rf= 0.50. silica gel, heptane/ethyl acet~te Jn v/v. 

30 
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(c) H-D.L-Coa-OH.HCI 

(R.S)-Ethyl-2-acetylamino-2--cyano-3-cyclooctylpropionate (2.95 g) was suspended in IOO ml 

of 20 % hydrochloric acid and refluxed for 22 hours. The reaction mixture was cooled to S •c 
and the precipitate formed was filtered. washed with diethyl ether and dried. Yield : 2.69 g of 

S H-D,L-Coa-OH.HCI. 

n..c: Rf= 0.27, silica gel. ethyl acetate/pyridine/acetic acid/water 63/20/6/J l v/vlv/v. 

In a similar maMer as described in example I HOOC-Cffr.D,L-Coa-Pro.Ppa'l'[COCO}-OH 

was prepared. The title compound was obtained as a diastereomeric mixture. 

10 &(LC): IS.J9min ;20%A/60%B/20% Cto20%A/80%C in30min. 

Ra (LC) : 2S. 71 min ; 20 % A/ 80 % B to 20%A120 % B / 60 % C in 40 min. 

EXAMPLES 

IS HQQC·CB2-D-Nle-PntPpa'l'ICOCOJ-OR 

20 

The tripeptide was prepared similar to the route followed for example 1 starting &om H-D-Nle. 

OH to yield the tide compound as a diastereomeric mixture. 

ltt(LC): 19.SOand 20.24 min; 20 % Al 80%B to20% Al 50%8130% C in40min. 

EXAMPLE9 

HOOC-cH.i-D·Dpa-Pro-Ppa'flCOCOJ-OH 

25 The tripeptide was prepared similar to the route followed for example l starting ftom H-D­

Dpa-OH to give the title compound as a diastereomeric mixture. 

R. (LC): 29.18 min; 20% A/ 80 o/oB to20% A/20%B / 60 % C in 40 min. 

30 
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EXAMPLE 10 

Q-Hnt-Pro-Poa:(?-thiazolyll (Hpl = 2-hydroxy-3-phenyl lactic acid) 

5 (a) THP-D-Hpl-Pro-OH, 

The synthesis of THP-D-Hpl-Pro-OH starting with H-D-Cha-OH is described in example 20. 

(b) D-HpJ-Pro-Ppa-(2-thiazolyl). 

Coupling of TIIP-D-Hpl-Pro-OH with H-Ppa(Cbz)-(2-thiazolyl).TFA. followed by 

IO deprotection and purification, according to the methods as described in example 45, yielded D­

Hpl-Pro-Ppa-(2-thiu.otyt) as a mixture of diastereomers. 

R.(LC): 23.42 and 24.36 min. 20 % A, 60% B and 20 % C to 100 % C in 40 min. 

EXAMPLE ti 

15 

HOOC-CUrv-Ms:))=Phe-Pro-Ppa'PICOCQJ-OB 

(a) Fmoccp-Me-D-Phe-OMe 

Fmoc-p-Me-D-Phe-OH (5 g) was dissolved in dichloromethane/methanol 9/1 v/v (SO ml). 

20 2-(IH-benzouiazol-l-yl)-l.t.3,3-tetramethyluronium tetrafluoroborate (4.4 g) was added and 

the solution adjusted to pH 8 by addition of triethylaminc. The reaction mixture was stirred for 

16 hours at room temperature. The mixture was washed successively with cold IN hydrochloric 

acid solution. water. So/o sodium hydrogencarbonate. and water and dried over sodium sulphate. 

The filtrate was evaporated yielding 5.6 g ofFmoc-p-Me-0 -Phe-OMe as an oil. 

25 TLC: Rf= 0.55, silica gel, ethyl acetate/heptane 614 v/v. 

(b) H-p·Me-D-Phe-OMe 

Fmoc-p-Me-D-Phe-OMe (5.6 g) was dissolved in 35 ml of N~N-dimethylformamide/piperidine 

411 and stirred for 30 min at room temperature. The mixture was evaporated and the residue 

30 was taken up in ethyl acetate and washed with 0. t M hydrochloric acid. The pH of the 

combined waterlayers was adjusted to pH 9 by addition of 1 M sodium hydroxide solution. 
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After extraction with dichJoromethane. the resulting oil was chromatographed on silica gel 

eluting with ethyl acetate/methanol 95/S v/v. The fractions containing H-p-Me-D-Phe-OMe 

were pooled and evaporated. Yield : 2.33 g. 

TLC: Rf= 0.10, silica gel, heptane/ethyl acetate 3/2 v/v. 

Next, the fbHy protected tripeptide was assembled according to the same procedures as 

described in example I. The title compound was isolated as a diastereomeric mixture. 

R. (LC) : 22.SS min ; 20 % A/ 80 % B to 20 % A 120 % B / 60 % C in 40 min. 

10 EXAMPLE 12. 

IS 

BenzylSOrnort.eu(gclo>-Gly-S-Poa'l'ICOCOJ-OH 

norLeu( cyclo )-Gly means a structural fragment of the fonnula 

f(CHi)4' 

-NH-~N-CHrC(0)-

0 

(a) 3-(piperidin-4-yl)=pmpanoic acid 

A mixture of ll.S g of3-(4-pyridyl)-acrylic acid and 1.25 g of Pd/C 10 % as a catalyst in 1 l of 

ethanol and 83 ml of 1 N hydrochloric acid was shaken in a hydrogen atmosphere fur 64 hours. 

The catalyst was removed by filtration and the filtrate was evaporated to dryness yielding 13 g 

20 of the desired compound. 

TLC: Rf= 0.1. silica gel, butanoV pyridine/acetic acid/water 4/1/1/2 v/v/v/v. 

(b) 3-[ 1-(t-Butyloxycarbonyl)piperidin-4-yllpropauojc acid 

A suspension of l·(piperidin-4-yl)propanoic acid in SOO ml of N,N-dimethylformamide was 

· 25 treated with 30.9 g of di t-butyl dicarbonate. The pH of the reaction was adjusted at pH 8.S 

using triethylamine and stirred for 4 hours at room temperature. The mixture was poured in 65 

ml of a cooled 2 N sodium hydroxide solution and washed with ethyl acetate. The aqueous 

phase was acidified with 2 N hydrochloric acid pH 2 and extracted with ethyl acetate. The 
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combined organic layers were washed with brine, dried on sodium sulphate and evaporated in 
vacuo to yield 37 g of the desired compound. 

TI.C: Rf= 0.7. dichloromethane/methanoJ 9/1 v/v on silica gel 

5 (c) (4S)-J-[3-C 1-(t-BytyJoxycarbonyl)piperidin-4-yl)-1-oxo-prqpyl}-4-(phenylrnethyl)=2-
oxazolidiQone 

The conversion of27 g of l-(l-(t-butyJoxycarbonyl)piperidin-4-yJ)propanoic acid in 325 ml of 
dry tetrahydrofuran was accomplished by treatment with 13.7 ml ofpivaloyl chloride and lS.6 
ml oftriethylamine at -72 °C . The mixture was stirred for I hour at 0 °C. To a solution of 18.S 

10 g of S-4-benzyl-2-oxazolidinone in 325 ml of dry tetrahydrofuran was added dropwise at 
-72 °C under nitrogen atmosphere 75 ml ofa 1.4 M solution of n-BuLi in hexane. The mixture 
was stirred for 20 min. at -70 °C . The suspension of the above prepared mixed anhydride was 
added and the reaction mixture was stirred for 20 min. at -70 °C. The reaction was quenched by 
pouring into water and extraction with ether. The combined organic layers were washed with 

15 cold 1 N hydrochloric acid, water, S % sodium hydrogencarbonate solution and water. The 
solution was dried on sodium sulphate and evaporated in vacuo to yield 47.S gas an oa1. 
Flashchromatography on silica gel eluting with heptan~ethyl acetate lit v/v yielded 28.2 g of 
the title compound. 

20 

TLC: Rf= 0.7 in heptane /ethyl acetate lit v/v on silica. 

(d) (3(2S).4S)-3-[2-Azido-3[ l-Ct-butylox;ycarbonyl)piperidin-4-yll-1-oxo-progyl]-4-(phenyl· 
metbyl)-2-oxaznlidinone 

To 110 ml of dry tetrahydrofuran stirred at -78 °C under nitrogen atmospherewas added 136 ml 
of potassium hexamethyldisilazide O.S Min toluene. To the resulting solution was added via 

25 cannula a precooled solution -78 °C of 25 g of (4S)·3-[3-[1-(t-butyloxycarbonyl)piperidin-4-
yl)-l-oxo-propyl)-4-(phenylmethyl)-2-oxazolidinone in 350 ml of dry tetrahydrofuran and the 
stirring was continued for 30 min at -75 °C under nitrogen atmosphere. To the above solution 
of the potassiumenolate stirred at -75 -0c was added a solution of 24 g oftrisylazide (litt. JCS 
Perlein Trans (1991). 1629) in 215 ml of dry tetrahydrofuran. After S min. the reaction was 

30 quenched with 17 ml of acetic acid. The mixture was stirred for 20 min at -7S 
0c and 16 hours 

at room temperature. 



W097131939 
PCT/EP97/80939 

25 

Flashchromatography on silica gel eluting with heptane/ethyl acetate 7/3 v/v and treatment with 

heptane gave 19 g of the title compound as a solid. 

TLC: Rf= 0.6 in dichloromethanelethyl acetate 9/1 v/v on silica. 

5 (e) (lS)-2-Azido-3-[( 1-ft-butyJoucarbonyl)l>iJ>eridin-4-yl]-propanoic acid 

To a solution of 19 g of (l(2S)t4S)-3-[2-azido-3[1-(t-butyloxycarbonyl)piperidin-4-ylJ-1-oxo­

propyt)-4-(phenylmethyl)-2-oxazolidinone in 600 ml of tetrahydrolbran. 18 ml of 

hydrogenperoxide 300/0 and 170 ml of water was added 3. 7 g of solid lithium hydroxide at O 0c 
under nitrogen atmosphere. The mixture was stirred for 30 min at O •c under nitrogen 

10 atmosphere. A solution of2S.3 g of sodium sulphite in 133 ml of water and S30 ml of a S % 

sodium hydrogencarbonate solution were added. The temperature was raised to room 

temperature and the stirring was continued for 30 min. The solvent was removed in vacuo and 

the residue was dissolved in water and washed with ethyl acetate. The aqueous phase was 

acidified with 6 N hydrochloric acid to pH 2 and extracted with ethyl acetate. The extracts were 

1 S washed with brine, dried on sodium sulphate and evaporated in vacuo. CrystaUlr.ation of the 

residue trom ether/heptane gave 11.9 g of a crystalline solid. 

TLC: RF 0.8 in dichloromethanelmethanol 9515 v/v on silica. 

{t) (2S}·N-Methyl-N-methoxy-2-azido-3-( l-(t-butyloX}'carbonyt)piperidin-4-yl]-propanamide 

20 To a solution of 5.7 g of (2S)-2-azido-3-((1-(t-butyloxycarbonyl)piperidin-4-yl)-propanoic acid 

in 150 mJ of dichtoromethane was added 2.1 g ofN,0-dimethythydroxylamine. HCl and 6.4 g 

ofTBTU. The pH was adjusted at pH= 8.S with triethylamine. The mixture was stirred for 30 

min at room temperature, then washed with 1 N hydrochloric acid, watert 5 % sodium 

hydrogenca.rbonate and water. The organic layer was dried on sodium sulphate, filtered and 

25 evaporated in vacuo to yield 7.4 g of the title compound as an oil. 

TLC: Rf= 0.6 in dichloromethanelmethanol 9S/S v/v on silica. 

(g) Methyl (2$)-2-azido-3-[( l={t-butylaxycarbonyl)piperidin-4-yl]-prqpaooic acid 

The pH of a mixture of (2S)-2-azido-3-[(l-(t-butyloxycarbonyl)piperidin-4-yl)-propanoic acid 

30 (example 12e) and 6.94 g of TBTU in 100 ml of dichloromethanelmethanoJ 9/l v/v was 

adjusted at pH 8.5 with triethylamine. The mixture was stirred for 30 min at room temperature, 
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then washed with I N hydrochloric acid, water, S % sodium hydrogencarbonate solution and 

water. The organic layer was dried on sodium sulphate filtered. evaporated in vacuo and gave 

1.4 g of the title compound as an oil. 

nc: RF 0.85 in dichloromethane/methanol 95/S v/v on silica 

(h) H·S-Ppa(B®)-OMe 

A solution or methyl (28)-2-Azido-3-[(l-(t-butyloxyaubonyl)piperidin-4-yl)-propanoic acid 

(7.4 g). 0.5 g of Pd/C (10 %), and 21.9 ml of JN hydrochloric acid in tetrahydrofuran (300 ml) 

was hydrogenated at atmospheric pressure. The catalyst was filtered off and the solvent 

IO removed in vacuo to yield after ether treatment 6.8g of a 4'ristalline solid 

TLC: Rf.= 0.85 in ethyl acetate/pyridine/acetic acid/water 252120/6/11 v/v/v/v. 

(i) Cbz-S-Ppa(Boc)-QMe 

The pH of a solution of 6.S g of H-S-Ppa(Boc)-OMe and 5.6 g of benzyloxycarbonyloxy-

15 succinimide in 70 ml ofN,N-dimetbylformamide was adjusted at pH 8.S with triethylamine. The 

mixture was stirred for 6 hours at room temperature, poured into water and extracted with 

ethyl acetate. The combined organic layers were washed with I N hydrochloric acid, water, S % 

sodium hydrogencarbonate and water, dried on sodium sulphate and evaporated in vacuo to 

yield 7 .9 g of the title compound as an oil. 

20 TI.C: RF 0.85 in heptane/ethyl acetate l/l v/v on silica 

© Cbz-S-Ppa(Boc}-H 

To a solution of 7.5 g of Cbz-S-Ppa-(Boc)-OMe in 225 mt of dry dichloromethane at -7S °C 

under nitrogen atmosphere was added dropwise 68.1 m) of a l M solution of 

25 diisobutylaluminumhydride in hexane keeping the temperature below -70 °C. The mixture was 

stirred for t hour at -75 °C under nitrogen atmosphere. The mixture was poured out in a citric 

acid solution and extracted with ethyl acetate. The combined extracts were washed with water. 

S % sodium hydrogen carbonate solution and water and concentrated in vacuo to yield 7.5 g of 

the title compound. 

30 11..C: Rf.= 0.45 in dichloromethane/methanol 95/5 v/v on silica 
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(k) (3 Sl-2-Agetoxy-3-{beneyl<>X)'Carbonylaminol-4-C l-t-butyloxycarbonyl{piperidin±yl)J­

butanitrile 

Cbz-S-Ppa(Boc}H (7.S g) (example 12(i)) was converted to (3S}-2-Acetoxy-3-(benzyloxy­

carbonylamino)-4-[J-t-butyloxycarbonyl(piperidin-4-y0]-butanitrile according to a procedure 

S similar to the one described in example l(n). 

UC: Rf .... 0.7S in dichloromethane/methanol 9S/S v/v on silica 

(I) Cbz-S-Ppa(Boc)'l'lCHOHCO]-QMe 

(38}2-Acetoxy-3-(benzyloxycarbonylamino)-4-(1-t-butyloxycarbonyl(piperidin-4-yl)J-

10 butanitrile was converted to the title compound according to the procedure described in 

example l(o). 

n.c: RF <>.S in dichloromethanefmethanol 95/S v/v on silica. 

(m) H-S-Ppa(Poc)'P[CHOHCOJ-OMe.HCI 

IS ff..S-Ppa{Boc)'l'[CHOHCO}-OMe.HCI was prepared according to the hydrogenation 

procedure described in example l(q). 

(n) N-Boc-L-a.-AminH-CAProlactam 

To a stirred solution of L-a-Amin0-6-caprolactam (10 g) in dioxanelwater (2/1 v/v) (30 ml) 

20 was added IN sodium hydroxide solution (7.8 ml) foHowed by di-t-butyl dicarbonate (l&.& g). 

The mixture was stirred for I 6 hours at room temperature and concentrated in vacuo. The 

residue was dissolved in ethyl acetate and washed with water and brine, dried over sodium 

sulphate, filtered and evaporated in vacuo. The crude material was triturated by hexane. filtered 

and dried in vacuo to yield N-Boc-L-«-Amino-£-caprolactam (16 g). 

25 TLC: Rf.= 0.8S. ethyl acetate/heptane 111 v/v on silica. 

(o) Boe:norLeu(cyclo)-Gty-OMe. 

N-Boc-L-a-Amino-e-caprolactam (10 g) was dissolved in dichloromethane (100 ml). At-20 °C 

a J M solution of bis (trimethylsilyl)amide in tetrahydrofuranlcyclohexane 1/1 v/v (l equiv.} 

30 was added slowly and the mixture was stirred for 30 min. Methyl bromoacetate (4 ml) was 

subsequently added ar1d the mixture was stirred for 2 hour at room temperature. Additional 
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bis(trimethylsilyl)amide in tetrahydrofuran/cyclohexane 111 v/v was added to force the reaction 

to completion. The mixture was diluted by dichloromethane and washed with 0.1 N 

hydrochloric acid sotution, water. S % aqueous sodium hydrogencarbonate solution and brine, 

dried over sodium sulphate, filtered and evaporated in vacuo. The residue was purified by 

S chromatography on silica (eluent: heptane/ethyl acetate 6/4 v/v) to yield 12 g Boc­

norLeu(cyclo)·Gly-OMe. 

TLC: RF O.SS~ ethyl acetate/heptane 614 v/v on silica. 

(p) BerqylSQ,-norLeu(ecyclo)-Gly-OMe. 

10 Boc-norLeu(cyclo)-Gly-OMe (3 g) was dissolved in TFA/dichloromethane 111 v/v (30 ml) and 

stirred for 1 hour at room temperature. The reaction mixture was evaporated in vacuo. The 

crude amine was dissolved in dichloromethane (2S ml) and a solution of benzyJsulphonyf­

chloride (2.25 g) in dichlorosnethane (10 ml) was added slowly at 0 °C. Triethylamine was 

added to keep the pH at 8 during the reaction. The mixture was stirred for I hour at room 

IS temperature. whereafter the mixture was concentrated in vacuo. The residue was dissolved in 

ethyl acetate and washed with S % sodium hydrogencarbonate solution. water and brine. dried 

over sodium sulphate. filtered and evaporated in vacuo. The residue was purified by 

cluomatography on silica (eluent: dichloromethane/ethyl acetate 9S/S vlv. to yield benzylSOr 

norLeu{eyclo)-Gly-OMe {3.9 g) 

20 n.c: RF 0.40, dichloromethanelethyl acetate 9/1 v/v on silica. 

(q) BenzytS(b-norLeu(cyclo)-G\y-QH. 

A solution ofbenzylSOi-norLeu(cyclo)-Gly-OMe (3.9 g) in 100 mt ofdioxane /water 9/1 was 
treated with sufficient IN sodium hydroxide to keep the pH at 13 for 2 hours at room 

25 temperature. Aft.er acidification. the mixture was poured into water and extracted with 

dichloromethane. The organic layer was washed with water and dried on sodium sulphate The 

filtrate was evaporated and yielded 3.6 g of the title compound. 

TLC: Rf= 0.60, ethyl acetate/pyridine/acetic acid/water 63/20/6/l l v/v/v/v on silica. 

30 (r) BenzylSQz-norLeu(cyclo)-Gly-S-Ppa'l'[COCO)-OH 
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The DCCIIHOBt-coupling between benzylS~-norLeu(cyclo)-Gly-OH and H-S­

Ppa(Boc)'l'[CHOHCO]-OMe.HCl, saponitication, Dess-Martin oxidation, deprotection and 

purification were done according to the procedures described in example I. 

Rt (LC): 27.41 min. 20 % A I 80 •;0 B to 20 % A/ 20 % B / 60 % C in 40 min. 

EXAMPLE13 

1-Pia-Pro-Ppa'PFCOCOl-OR 

10 N-CCbzl-1-Pjg-QH. 

N-(Cbz)-1-Piq-OH has been synthesised as described in EP0643073, example 1. 

TLC: RF 0.85, ethyl acetate/pyridine/acetic acid/water 6312016/11 v/v/v/v on silica. 

(a} N.(Cbz)= 1-Pig-fro=OtBu. 

lS To a cold solution (O °C) of N-(Cbz)-1-Piq-OH (SOO mg) in N,N-dimethylfonnamide (S ml) 

were successively added DCCI (342 mg), ROBT (319 mg). H-Pro-OtBu. (270 mg) and 

triethylamine (O.SS ml). The reaction mixture was stirred at 0 °C for 1 hour and then kept at 

room temperature overnight. The reaction mixture was cooled to -20 •c and the DCU (I.3-

dicyclohexylurea) was removed by tiltration. The filtrate was concentrated in vacuo and the 

20 residue was dissolved in ethyl acetate. This solution was washed successively with S % aqueous 

sodium hydrogencarbonate solution, 3 % aqueous citric acid solution, water and brine, dried 

over sodium sulphate and concentrated in vacuo. The residue was purified by chromatography 

on silica (eluent: heptane/ethyl acetate 4/1 v/v) to yield N-(Cbz)-1-Piq-Pro-OtBu (634 mg). 

TLC: Rf= 0.90. ethyl acetate/pyridine/acetic acid/water 63120/6/11 v/v/v/v on silica. 

25 

(b) N-(Cbzl-1-Pig-Pro-QH. 

N-(Cbz)-l-Piq-Pro-0-t-Bu (600 mg) was stirred in a mixture of dichloromethane (1 ml). 

trifluoroacetic acid (3 ml). anisole (0.1 S ml) for 1 hour at room temperature. The reaction 

mixture was concentrated in vacuo at low temperature and the residue was dissolved in water at 

30 pH of 9.5. The aqueous phase was washed with diethyl ether, whereafter the aqueous layer was 

acidified to pH 2.5 by 2 M hydrochloric acid solution. The aqueous layer was extracted with 
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ethyl acetate and the organic phase was washed with brine. dried over sodium sulphate and 

concentrated in vacuo to yield N-(Cbz)-1-Piq-Pro-OH (588 mg). 

TLC: Rf= 0.54. ethyl acetate/pyridine/acetic acid/water (J()/3/112 v/v/v/v on silica 

5 (c) J-Pig-Pro-Ppa'l'[COCQ)-OH 

The DCCIIHOBt-coupling between N{Cbz)-1-Piq-Pro-OH and H-Ppa(Boc)'l'[CHOHCO]­

OMe.HCI. saponification, Dess-Martin oxidation. deprotection and purification were done 

according to the procedures described in example I. The tide compound was isolated as a 

diastereomeric mixture. 

10 R.(LC):l9.8 and20.31min.20% A/ 80%B to 20%A/20%B/60%C in40min. 

EXAMPLEJ4 

H-D-Pbe-Pro-Poa'l'ICOCOl·OR 

15 Boc-D-Phe-Pro-OH was prepared according to a similar procedure as described in exampJe l. 

20 

The DCCl/HOBt-coupling between Boc-D-Phe--Pro-OH and H-Ppa(Boc)'l'[CHOHCO]­

OMe.HC, saponifieation. Dess-Martin oxidation, deprotection and purification were done 

according to the procedures described in example l to give a diastereomeric mixture. 

Rt(LC): 16.24 and 16.90 min. 20% A/80%B to20% A/20% B /60%C in40min. 

EXAMPLElS 

3,3-Diphenylpropionyl-Pro-Ppa.'l'ICOCOJ-OH 

25 3,3-Dipheny1propionyl-Pro-OH was prepared according to a similar procedure as described in 

example l. The DCCIIHOBt-coupling between 3,3-0iphenylpropionyl-Pro-OH and H­

Ppa(Boc)'fl[CHOHCO]-OMe.HCI. saponification, Dess-Martin oxidation, deprotection and 

purification were done according to the procedures described in example l to give a 

diastereomeric mixture. 

30 Rt (LC): 36.60 min. 20 % A/ 80 % B to 20 % A 120 % B / 60 % C in 40 min. 



WO !>7131939 PCT/EP97/00939 

31 

EXAMPLE16 

H-<N-Me)-D-Cha-Pro-Ppa"PJCOCOl-QR 

5 (a) Boc-D-Cha-OMe 

Boc-D.Cha-OH (20 g) was dissolved in dichloromethanelmethanol 9/1 vlv (400 ml). 2-(lH­

benzotriazol-l-yl)-1,1,3,3-tetramethyJuronium tetrafluoroborate (22. 7 g) was added and the 

solution adjusted to pH 8 by addition oftriethylamine (IO ml). The reaction mixture was stirred 

for 16 hours at room temperature. The mixture was washed successively with cold I N 

l 0 hydrochloric acid solution. water, S o/o sodium hydrogencarbonate, and water and dried over 

sodium sulphate. The filtrate was evaporated and the residue was chromatographed on siliea gel 

eluting with ethyl acetate/heptane 213 v/v as eluent. The fractions containing Boc-D-Cha-OMe 

were pooled and evaporated. Yidd: 19.38 g. 

lS 

TI.C: RF 0.90, silica gel, ethyl acetate/heptane 3/1 v/v. 

(b) Boc-(N-Me):D-Cha-OMe 

Boc-D-Cha-OMe (19.35 g) was dissolved in 200 ml dry N,N-climethylformamicle under 

nitrogen atmosphere. Methyliodide (4.22 ml) was added and the mixture was cooled to O °C. 

2. 71 g sodium hydride (60 o/o dispersion in oil) was added and the reaction mixture was stirred 

20 for 3 hours at room temperature. The mixture was partiaHy concentrated, ethyl acetate was 

added and the organic layer was washed with O.tM hydrochloric acid, water. S o/o sodium 

hydrogencarbonate solution and brine, dried over sodium sulphate and concentrated. Yield: 

21.07 g. 

25 

TLC: Rf= 0.55, silica gel, ethyl acetate/heptane ln v/v. 

(c) H-(N-Me)-D-Cha-fro-Ppa'f'(COCO]-OH 

Boc-(N-Me)-D-Cha-Pro-OH was prepared according to a similar procedure as described in 

example 1. The DCCI/HOBt-coupling between Boc-(N-Me)-D-Cha-Pro-OH and H­

Ppa\f'[CHOHCO]-OMe.HCI, saponification., Dess-Manin oxidation, deprotection and 

30 purification were done according to the procedures described in example I. The title compound 

was iso)ated as a diastereomeric mixture. 
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Rt(LC): 23.l4 min. 20% A/80% B to 20 % A/20% B /60 % C in40min. 

EXAMPLEl7 

S H-CN-Me).D-Pbe;Pro-Pea'fCCOCOJ-OR 

Boc-(N-Me)-D-Phe-PTO-OH was prepared according to similar procedures as described in 

example J. The DCCI/HOBt-coupling between Boc-(N-Me)-0-Phe-Pro-OH and H­

Ppa(Boc)'l'[CHOHCOJ-OMe.HCI, saponification, Dess--Martin oxidation, deprotection and 

purification were done according to the procedures described in example 1 to yield the titJe 

10 compound as a diastereomeric mixture. 

Rt (LC): 16.26116. 90 min. 20 % A/ 80 % B to 20%A120 % B / 60 % C in 40 min. 

EXAMPLE JS 

l S l;thylSO,-D-Cha-Pro:Ppa\f'ICOCOJ-OB 

Boc-1)..Cba-Pro-OPac (OPac = Phenacyl ester) 

Boc-D-CIJa..Pro-OPac was prepared according a similar manner as described in example l using 

Boc-0..Cha-OH and H-Pro-OPac. 

20 n..c: Rf= 0.5, dichloromethanelmethanol 9S/S v/v on silica 

(a) EtbylSQz-D-Cba-Pro-OPac 

Boc-D-Cha-Pro-OPac (3.8 g) was dissolved in TFA!dichloromethane 1/J v/v (25 ml) and 

stirred for 30 minutes at room temperature. The reaction mixture was evaporated in vacuo. The 

25 crude amine was dissolved in dichloromethane (50 ml) and ethanesuJphonyl chloride (0.8 ml) 

was added at -7& °C. Triethylamine was added to keep the pH at 8 during the reaction. The 

mixture was stirred for 3 hours at 0 °C, whereafter water (25 ml) was added. After additional 

stirring for 30 minutes at room temperature. the reaction mixture was concentrated m vacuo. 

The residue was dissolved in diethyl ether and washed with l N hydrochloric acid solution. 

30 water. 5 % sodium hydrogencarbonate solution aad brine, dried over sodium sulphate, filtered 



----------~--------·---·-- ---

W097/319J9 PCT/El'97/00939' 

33 

and evaporated in vacuo. Trituration of the crude material with methanol yielded ethylS~D­

Cha-Pro-OPac (3.0 g). 

TLC: Rf= 0.6~ dichloromethane/methanol 9515 v/v on silica. 

S (b) EthylSCQ-D-Cha-Pro-QH 

To a solution of ethylS02-D-Cha-Pro-OPac (10 g) in tetrahydrofuran (250 ml) was added J M 

solution of tetrabutylammomum fluoride in tetrahydrofuran (84 ml). The reaction mixture was 

stirred for 30 minutes at room temperature and poured into water (I I). The aqueous solution 

was extracted with ethyl acetate. The combined organic layers were successively washed with 

10 lN hydrochloric acid solution and water7 dried over sodium sulphate and concentrated in 

vacuo. The residue was purified by crystallisation from ethyl acetate/diisopropylether to yield 

ethyJSOi·D-Cha-Pro-OH (6.0 g}. 

TLC: Rf-= 0.2, ethyl acetate/pyridine/acetic acid/water 163120/6/l 1 v/v/v/v on silica. 

1 S (c) EtbylSQz-P:Cha-Pro-Ppa'f[COCOJ-OH 

The DCCl/HOBt-coupling between ethylSOrD-Cha-Pro-OH and H-Ppa(Boc)'P(CHOHCO]· 

OMe.HCI. saponification, Dcss--Martin oxidation, deprotection and purification were done 

according to the procedures described in example I to yield the title compound as a 

diastereomeric mixture. 

20 R. (LC): 35.90 min. 20 % A I 80 % B to 20 % A/ 20 % B / 60 4Y'o C in 40 min. 

25 

EXAMPLE 19 

N-Me:D-Cha-Azt-Poa-(2-thinolyll 

(a) H-Azt-0Bz1.HCl 

N·Boc-Azt-OH (4.60 g) was dissolved in dichloromethane (50 ml) and treated with benzyl 

alcohol (2.47 g}, 2-{ l H-benztriazole-l-yl)-1. l ,3, 3-tetramethyluronium tetratluoroborate 

(7.40 g) and triethylamine (6.3 ml) and stirred for l hour at room temperature. The reaction 

30 mixture was diluted with 1 N hydrochloric acid, whereafter the organic phase was separated, 

washed with water, S % sodium hydrogencarbonate and brine. Filtration, followed by 
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evaporation in vacuo aft'orded the crude product. which was purified by silica gel 

chromatography in heptane/ethyl acetate 3/1 v/v to give N-Boc-Azt-OBzl (6.0 g). Subsequent 

removal of the Boe protecting group in a 3M hydrochloric acid solution in dioxane (60 ml) for 

1 hour at room temperature afforded, after evaporation to dryness, the desired product (S.26 g) 

5 TLC: Rf= 0.SO, silica gel, ethyl acetate/pyridine/acetic acid/water 63/20/6/l t vlv/vlv. 

(b) Boc-(N-Me)-D-Cha-Azt-OH 

l.S g Boc-(N-Me)-0-Cha-OH (see example 58) and 1.5 g H-Azt-OBzl.HCJ were coupled 

according to the methods as described in example I for the synthesis of the dipeptide. 

10 Hydrogenolysis (see example I) of the benzyl ester afforded 1.22 g Boc-(N-Me)-D-Cha-Azt­

OH. 

TLC: llf-= 0.50, silica gel, ethyl acetate/pyridine/acetic acid/water= 63/20/611 l vlv/v/v. 

(c) N-Me=I>-Cha-Azt-Ppa-(2-thiazolyl). 

15 Coupling o£B~-Me}D-Cha-Azt-OH (370 mg) with H-Ppa(Teoc)-(2-thiazolyl).TsOH (610 

mg) as described in example 48 yielded Boc-(N-Me)-D-Cha-Az:t-Ppa(Teoc)-(2-thiazolyl) (614 

ms» after silica gel purification in dichJoromethaMlmethanol 9S/S vlv. Subsequent removal of 

the protecting groups (see example 48) gave after HPLC purifieation the two separated 

diastereomers. 

20 Yield:76 mg. Rt(LC): 26.9 min, 20 % A, SO% B to 20 % A, 20 % B and 60 % C in 40 min. 

Yield: 76 mg. R.(LC): 30.3 min. 20 % A. 80 % B to 20 % A. 20 •1o B and 60 % C in 40 min. 

EXAMrLE20 

25 H-D-Hpl-Pro-Ppa'f lCOCOJ-OR 

(a) H-D-Hpl-OMe. 

H-D-Cha-OH (1.0 g) was dissolved in a mixture ofl N hydrochloric acid (4.8 ml), water {19.4 

ml) and acetic acid (9.7 ml}. At 0 °C a solution of sodium nitrite (3.4 g) in water (S.& ml) was 

30 added slowly and the mixture was stirred overnight at room temperature. Hydrochloric acid, 

37 %. (4.8 ml) was subsequently added and the mixture was stirred for 15 min at room 
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temperature. The reaction mixture was concentrated and the residue was dissolved in 

ether/acetone. After filtration, the solution was concentrated in vacuo and the crude material 

was stirred in methanol (25 ml) for 18 hours The pH was 1.5. The reaction mixture was 

evaporated to dryness and the residue was purified by chromatography on silica (eluent: 

S toluenelmethanol 97/3 v/v. to yield H-D-Hpl~Me (612 mg) 

TLC: Rf.= 0.9, ethyl acetatelpyrictine/acetic acid/water 163/20/6/l l v/v/v/v on silica. 

(b) THP-D-ffi>l-OMe. (THP = tetrahydropyran) 

To a stirred solution of H-D-Hpl-0Me(4SO mg) in dichloromethane (2 ml) was successively 

10 added 3,4-dihydro-2H-pyran (0.29 ml) and pyridinium p-toluenesulfonate (60 mg). The mixture 

was stirred for 6 hours at room temperature and diluted with ether. This mixture was washed 

with brine. dried over sodium sulphate, filtered and evaporated in vacuo. The crude material 

was purified by chromatography on silica (eluent: ethyl acetate/heptane 1/4 v/v) to yield TIIP­

D-Hpl-OMe {498 mg). 

IS TLC: Rf- 0.64. ethyl acetate/heptane 112 v/v on silica. 

(c) DIP-D-Hpl-QH. 

A solution ofTHP-D-Hpl-OMe (10.3 g) in dioxane/water 9/1 v/v (200 ml) at room temperature 

was treated with sufficient IN sodium hydroxide to keep the pH at 12 for 18 hours. After 

20 acidification. the mixture was poured into water (500 ml) and extracted with dichloromethane. 

The organic )ayer was washed with water and dried on sodium sulphate The filtrate was 

evaporated and yielded 6.6 g of the title compound. 

TLC: Rf= 0. 78, ethyl acetate/pyridine/acetic acid/water 163/20/6/11 v/v/v/v on silica. 

:25 (d) IHP-D-Hpl-Pro-OH. 

To a solution ofTHP-D-Hpl-OH (5.87 g) in acetonitrile (75 ml) was successively added EDCI 

(1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride) (4.84 g) and N-hydroxy­

succinimide (2. 9 g). The reaction mixture was stirred at room temperature for 16 hours The 

mixture was concentrated in vacuo and the residue was dissolved in ethyl acetate. This solution 

30 was washed with water and brine, dried over sodium sulphate and concentrated in vacuo. The 

crude material was dissolved in N,N-dimethylfonnamide (100 ml) and added to a solution of 
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proline.HCI (6.99 g) in N,N-dimethylfonnamide/water, Ill, v/v {200 mt), which was adjusted 

to a pH of 8.5 by sodium hydroxide. After stirring overnight the reaa.ion mixture was 

concentrated in vacuo and the residue was dissolved in water. This aqueous solution was 

adjusted to pH 2.S at O •ct followed by extraction with ethyl acetate. The combined organic 

S layers were successively washed with water and brin~ dried over sodium sulphate and 

concentrated in vacuo. The crude material was purified by chromatography on siUca (eluent: 

ethyl acetate/methanol, 8/2 to 614 v/v) to yield THP-D-Hpl-Pro-OH (6. 75 g). 

TLC: Rf= O.S2, ethyl acetate/pyridine/acetic acid/water 163/20/6111 vfv/v/v on silica. 

10 (e) H-D-HpJ-P[O:Ppa'l'[COCQ]-OH 

JS 

The DCCl/HOBt-coupling between THP-D·Hpl-Pro-OH and H-Ppa(Boc)'l'[CHOHCO)­

OMe.HCI, saponification, Dess-Martin oxidation, deprotection and purification were done 

according to the procedures described in example 1 to give a diastereomeric mixture. 

R.(LC): 31.0S min. 20% A/80 %B to20% A/20%B /60%Cin40min. 

EXAMPLE21 

3.l;Diphenylpropionyl-Pro-Ppa'flCOCOJ-OMe 

3,3-Diphenylpropionyl-Pro-OH was prepared according to similar procedures u described in 

20 example l. The DCCl/HOBt-coupling between 3,3-Diphenylpropionyl-Pro-OH and H­

Ppa(Boc)'l'[CHOHCO}-OMe.Hct. Dess-Manin oxidation. deprotection and purification were 

done according to the procedures described in example 1 to yield the title compound as a 

diastereomeric mixture. 

R. (LC): 21. 7 min. 20 % A/ 600/o B I 20 % C to 20 % A I 80 % C in 30 min. 

2S 

EXAMPLE22 

EthylSOrD=Cha-Pro-Ppa'l'ICOCOl-OMe 

EthylS(h-D-Cha-Pro-OH is described in example 18. The DCCI/HOBt-coupling between 

30 ethylS01-D-Cha-Pro-OH and H-Ppa(Boc)'l'[CHOHCO]-OMe.HCJ. Dess-Manin oxidation. 
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deprotection and purification were done according to the procedures described in example 1 to 

give the title compound as a diastereomeric mixture. 

Rt (LC): 39.06 min. 20 % A/ 80 % B to 20 % A/ 20 % B / 60 % C in 40 min. 

S EXAMPLE23 

UOOC-CHrCh11-Pro-Poa'l'fCOCOJ-OMe 

N-(t-ButyloxycarbonyJmethyl)-N-Boc-D-Cha-Pro-OH is described in e>1:ample I. The 

10 DCCVHOBt-coupling between N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-OH and H­

Ppa(Boc)'P[CHOHCO)-OMe.HCI, Dess-Martin oxidation. deprotection and purification were 

done according to the procedures described in ex.ample I to give a diastereomeric mixture. 
Ra(LC): 25.1S min. 20% A/80% B to 20% A/20%B/60%C in40min. 

15 EXAMPLE 24 

EthylSOt-D-Cba-Pro-Pna'l'CCOCQJ-OEt 

EthylSOrD-Cha-Pro-OH was prepared according to similar procedures as described in 

20 example 18. 

(a) Cbz-Ppa'P(CHOHCO}-OEt 

A solution of Cbz-Ppa(Boc)'l'[CHOHCO]-OMe (1 g) in 50 ml of a 3 M hydrogen 

chloride/ethanol at -20 •c was stirred for 4 hours while raising the temperature to room 

25 temperature. The mixture was evaporated in vacuo yielding 0.9 g of the title compound as an 

oil. 

TLC: Rf= 0.8S, silica gel, ethyl acetate/pyridine/acetic acid/water 63/20/6111 v/v/v/v. 

(b) Cbz-Ppa(Boc)'l'[CHOHCQ]-OEt 

30 The pH of a solution of 0.9 g of Cbz·Ppa'l'[CHOHCO]-OEt and O.SS g of di-t-butyl 

dicarbonate in 10 ml of N,N-dimethylformamide was adjusted to pH 8.S by addition of 



WO 97/3193!> PCT/EP97/00939 

38 

triethylamine. The mixture was stirred for I hour at room temperature, poured into water and 

extracted with ethyl acetate. The combined extracts were washed with I M hydrochloric acid, 

water, S % sodium hydrogencarbonate-solution and water, dried over sodium sulphate and 

evaporated in vacuo. yielding 0. 99 g. of the ride compound as an oil. 

S TLC: Rf.= 0.60, silica gel, heptane/ethyl acetate J/l v/v. 

(c) EtbyJSOzD:Cba-Pro-Ppa'l'[.COCOJ-OEt 

Cbz-Ppa(Boc)'l'[CHOHCO]-OEt was hydrogenated according to example 2(q) to give H­

Ppa(Boc)'l'[CHOHCO]-OEt.HCl. The DCCJ/HOBt coupling between ethylSOrO.Cha-Pro-

10 OH and H-Ppa(Boc)'l'[CHOHCO]-OEt.HCI~ Dess-Martin oxidation. deprotcction and 

purification were done according to the procedures described in example l toyield the title 

compound as a diastereomeric mixture. 

R.(LC): 41.SB min. 20%A/80 % Bto 20%A/20% B/60%C in40min. 

IS EXAMPLE 2S 

ROQC-CJb·P..Qa-fro..Poa'l'(COCOJ-OEt 

N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-OH is descnoed in example .1. The 

20 DCCI/HOBt-coupling between N-(t--butyloxycarbonylmethyl)-N-Boc-D-Cha·Pro-OH and H­

Ppa(Boc)'l'(CHOHCO}-OEt.HCl, Dess-Martin oxidation. deprotection and purifieation were 

done according to the procedures described in example l to yield the title compound as a 

diastereomeric mixture. 

R.(LC): 28.20min. 20 % A/80 % B to 20% A/20% B/60%C in40min. 

25 

EX6MPLE26 

EthylSOa-D-Phe-Pro-Ppa'l'ICOCOJ-OEt 

30 EthylS<h-D-Phe-Pro-OH was prepared according to similar procedures as described in example 

18. The DCCl/HOBt-coupling between ethylSCh-D-Phe-Pro-OH and 
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H-Ppa(Boc)'P[CHOHCO]-OEt.HC~ Dess-Manin oxidation, deprotection and purification were 

done according to the procedures described in example 1 to give a diastereomeric mixture. 

Rt(LC): 34.89min. 20% Al 80 %8 to20% A/20%8/60 % C in40min. 

S Ex:AMPLE27 

EtbylSPz-0.Cha-Pro-Ppa(Eocl'l'ICOCOl-OEt (Eoc = ethoxycarbonyl) 

(a) EthylSOz-D-Cha-Pro-Ppa\f'CCHOHCOl-QEt 

lO EthylSOrD-Cha-Pro-Ppa(Boc)'P[CHOHCO)-OEt was prepared according to a similar manner 

as described in example 24. The hydroxy-ethylester (200 mg) was treated with triDuoroacetic 

acidldichloromethane 1/l for I hour at room temperature yielding 210 mg of the title 

compound. 

ts 

TLC: RF o.ss. silica gel. ethyl acetate/pyridine/acetic acid/water 63/20/6/11 v/v/v/v. 

(b) EtbylSO.z-D-Cha-Pro-Ppa(Eocl'PCCHOHCOl-OEt 

The pH of a solution of 210 mg of ethylSOi-D-Cha-Pro-Ppa'l'[CHOHCO)-OEt and 43.6 µI 

ethyl chloroformate in 10 ml N.N-dimethylfonnamide was adjusted to pH 8.S by addition of 

triethylamine. The mixture was stirred for 1 hour at room temperature, poured into water and 

20 extracted with ethyl acetate. The combined extracts were washed with I M hydrochloric acid. 

water, S % sodium hydrogencarbonate-solution and water. dried over sodium sulphate and 

evaporated in vacuo, yielding 220 mg of the title compound as an oil. 

n.c: RF 0.SO, silica gel, ethyl acetate/pyridine/acetic acid/water 463/20/6/1 l v/v/v/v. 

25 (c) EthylS(b-D-Cha-Pro-Ppa(Eoc)'l'[COCO]·OEt 

30 

The Dess-Martin oxidation and purification were done according to the procedures described in 

example l to yield the title compound as a diastereomeric mixture. 

Rt (LC): l3.9S min. 70 % BI 30 % C to 30 % B / 70 % C in 40 min. 
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13XM1PLE28 

EthylSOz-D-Cha=N-cyclonentyt..Gly:S-Ppa-C2·thiazglyll 

S (a) EthylSQz-D-Cha-N-cyclopentyl-G)y-OH. 

Boc-~Cba-OH (2.6S g) w~s coupled with N-cyelopentyl-GJy-OMe.HCI (See exampJe 2) 

according to the dipeptide synthesis as described in example 1, to give N-Boc-D-Cha-N­

cyclopentyl-Gly-OMe (3.S g) after silica gel purification. Subsequent removal of the Boe 

protective group in TFA/dichloromethane 1/1 v/v (38 ml), followed by the ethyl sulfonylation, 

JO as descaibed in example 18, afforded ethylS~-D-Cha-N-cyclopentyl-Gly-OMe (1.4 g). 

Hydrolysis of the methyl ester was performed according to the procedures as described in 

example 2, yielding ethylSOrD-Cha-N-cyclopentyl-Gly-OH. 

TLC: Rf= 0.2. silica gel, dicbloromethane/methanol 9/1 v/v. 

IS (b) (2S)-2-Azido-3-(piperidin-4-yl)..pr9J>1noic acjd 

A solution of 3.7 g of (2S)-2-azido-3-[l-(t-butyloxycarbonyl)piperidin-4-yl}-propanoic acid 

(example 12{e)) was treated with 30mlof3M hydrogen chloride in ethyl acetate. The mixture 

was stirred for 30 min. at room temperature. evaporated in vacuo and gave 3 .O g of a aystalline 

solid. 

20 TLC: Rf= 0.3S in ethyl acetate/pyridine/acetic acid/water 63120/6111 v/v/v/v on silica. 

( c) (2S)- -2-azido-3-(1-[(2-trimethylsi)yl)ethoucarbonyl]piperidin4-yl]-prawaoic acid 

The pH of a mixture of 3.0 g of (2S)-2-azido-3-(piperidin-4-yl)-propanoic acid and l-{2-

(trimethylsilyl)ethoxycarbonyloxy]pyrrolidin-2,S-dione (T eocOSu. reference: Synthesis 1987, 

25 346) was adjusted at pH 8.S with triethylamine The reaction mixture was stirred for 30 min at 

room temperature, poured into water and extracted with ethyl acetate. The combined extracts 

were washed with l N hydrochloric acid, water. 5 o/o sodium hydrogencarbonate. and water and 

dried on sodium sulphate. Evaporation in vacuo gave 4.93 g of the desired compound as an oil 

TLC: Rf= 0.85 in ethyl acetate/pyridine/acetic acid/water 63120/6/11 v/v/vlv on silica. 

30 



W097f.Jl939 PCT/EP.97/00939 

41 

( d) {ZS)-N-Methyt-N-methoxy-2-azido-3-[ l-[{2-trimethylsilyllethoucarbonyijpjperidin-4-Jl]­

prqpanamide 

(2S)-N-Methyl-N-methoxy-2-azido-3-[ 1 ·[(2-trimethylsilyl)ethoxycarbonyl}piperidin-4-yJ]­

propanamide was prepared according to similar manner as described in example 12(t) using 

S (2S)-2-azido-3-[l-[(2-trimethytsilyl)ethoxycarbonyl]piperidin-4-yl]propanoic acid. 

TI..C: .Rf= 0.85, silica gel. ethyl acetate/pyridine/acetic acid/water 63/20/6/11 v/v/vlv. 

(e) H-S-PpaQ'eoc)-N(Me)OMe 

Hydrogen was passed through a mixture of 4.9 g of (2S)-N-methyl-N-methoxy-2-azido-3-[l-

10 {(2-trimethylsilyl)ethoxycarbonyl]piperidin-4-yl]-propanamide and O.S g of Pd/C (lO %) in 100 

ml of tetrahydrofuran and 13.3 ml of I N hydrochloric acid until all starting material had 

disappeared. The catalyst was filtered off and the solvent removed in vacuo to yield S. 7 g of the 

desired compound. 

IS 

TLC: Rf= 0.9 in ethyl acetate/pyridine/acetic acid/water 63/20/6/11 v/v/vlv on silica. 

(t) Boc-S-PpaITCOQ):N(Me)OMe 

The pH of a solution of 4.7 g ofH-S-Ppa(T eoc)-N(Me)OMe and 2.8 g of di-t-butyl dicarbonate 

was adjusted at pH 8.S with triethylamine. The mixture was stilTecl for 1 hour at room 

temperatur~ poured into water and extracted with ethyl acetate. The combined organic layers 

20 were washed with IN hydrochloric acid • water, S % sodium hydrogeRQl'bonate and water, 

dried on sodium sulphate and evaporated in vacuo to yield S.2 g of the title compound as an oil. 

TI..C: Rf= 0.8S in ethyl acetate/pyridine/acetic acid/water 63/20/6/l1 v/v/v/v on silica. 

Chiral HPLC on a chiralpack colum Chir 11 2SOx4.6 in hexane/ethanol 9/1 v/v gave 91 % ee. 

25 (g) Boc--S-Ppa<Teoc)-(2-thiazolvtl 

To a solution of31.7 ml of I.OS M. n-BuLi in ether at -78 °c under nitrogen atmosphere was 

added S.46 ml of2-bromothiazole. The resulting precooled yellow solution (2.S eq) was added 

via a cannula to a solution ofBoc-S-Ppa(Teoc)-N(Me)OMe in 46 ml of dry tetrahydrofuran at 

-78 °C under nitrogen atmosphere. The reaction mixture was stirred for 30 min at -78 °c under 

30 nitrogen atmosphere. poured into S % sodium hydrogencarbonate and extracted with ethyl 

acetate. The combined organic layers were washed with water, dried on sodium sulphate and 



s 

W097/31939 PCT/EP97/0093!> 

42 

evaporated in vacuo and to give 5.0 g of an oily residue. Flashchromatography in heptane/ethyl 

acetate 7/3 v/v on silica yielded I. 7 g of the tide compound. 

TLC: Rf= 0.7S in heptane/ethyl acetate 7/3 v/v on silica. 

[a]n - + 31.9° (c = 0.4S in CHCh) 

(h) H-S-PpaQ'em;}{2-thiaiolyl).TsOH 

To a solution of 1.54 g ofBoc-S-Ppa(Teoc)-(2-thiazolyl) in 14.2 ml of dry ether were added a 

solution of 0.96 g of p-toluenesulphonic acid. mono hydrate in 2.8 ml of dry ethanol. The 

solution was kept 1 hour at 30°C and the ether was removed. The resulting solid was washed 

10 with dry ether and gave l.5 g of the title compound as a solid. 

TLC: Rf-= 0.SS in dichloromethanelmethanol 9/1 v/v 

(i) EthytSQz-D-Cha-N-gclgpentyl-Gly-S-Ppa=(Z-thiazolyl). 

Coupling of ethylSOi-D-Cha-N-cyclopentyl-Gly-OH (395 mg) with H-S-Ppa(Teoc)-{2-

15 thiazolyl). TsOH. according to the methods descnDed in example 48, afforded 400 mg of fillly 

protected tripeptide. The Teoc group was removed (see example 48) to give 300 mg crude 

ethylS{}z-D..Cha-N-cyclopentyl-Gly-S-Ppa-(2-thiazolyl). TF A. This salt (I SO mg) was purified 

by HPLC to yield 112 mg of the target compound. 

R.(LC): 32.06 min, 20 % A, 60 % B and 20 % C to 100 % C in 40 min. 

20 

EXAMPLE29 

EfhvlS01-D-Cha-N-~vclopentyl-Gtv-S-Ppa<Eoc)-<2-thia19Ml 

25 EthylSOrD-Cha-N-cyclopentyl-Gly-S-Ppa·{2-thiazolyl).TF A ( 1 SOmg) (example 28) was 

dissolved in N,N-dimethylfonnamide (10 ml) and treated with ethyl chloroformate (38 µI) at 

pH::=:: 8.5 (triethyl amine) and stirred for 2 hours at room temperature. The reaction mixture 

was diluted with ethyl acetate (100 ml). washed with lN hydrochloric acid. water, S o/o sodium 

hydrogencarbonate and water. The organic phase was dried over sodium sulphate, filtered and 

30 evaporated to dryness to yield ethylSOrD-Cha-N-cyclopentyl-Gly-S-Ppa~)-(2-thiazolyl) 

(100 mg) 
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TLC: Rf-= 0.4S, silic' dichloromethane/methanol 9/1 v/v. 

EXAMPLE JO 

5 BOOC-CftrP..Qa-Pro-fpa'flCOCOJ-Nfh 

(a) N-(1-Butyloucarbonylmethyl)-N-Boc-D-Cha-Pro-Ppa(Boc)'P[CHOHCO]-OH 

N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-OH is described in example 1. The 

DCCVHOBt coupling between N-(t-butyloxycarbonyJmethyl)-N-Boc-D-Cha-Pro-OH and H-

t 0 Ppa(Boc)'l'(CHOHCOJ-OMe.HCl. and the saponification were done according to the 

procedure described in example 1. 

TLC: Rf-= 0.80. silica gel, ethyl acetate/pyridinctlacetic acid/water 63/20/6/l J v/v/v/v. 

(b) N-(1-ButJl.oXYQrhonylmethyl)-N-Boc-0..cba-Pro-Ppa(Bao)'l'{CHOHCO]-NfL 

15 N-(t-Butyloxycarbonylmethyl)·N-Boc-D-Cha-Pro-Ppa(Boc)'l'[CHOHCOJ-OH (400 mg) was 

dissolved in N,N-ctimethytfonnandde (12 ml). The solution was cooled on a icc--water bath and 

91.3 mg ofHOBT, 91.3 µI ofN-methylmorpholine, 50.S mg of ammoniumchloride and 102 mg 

of EDCI were subsequently added. The reaction mixture was stirred for 16 hours at room 

temperature. The mixture was poured out in a lM hydrochloric acid and extracted with ethyl 

20 acetate. The combined extracts were washed with water, S% sodium hydrogen.carbonate 

solution. water. dried over sodium sulphate and evaporated in vacuo to yield 400 mg of the title 

compound. 

TLC : Rf:=- 0.2S, silica gel. ethyl acetate/pyridine/acetic acid/water 63/20/6/1 J v/v/v/v. 

25 (c) HOOC-CHrD-Cha-Pro-Ppa\f[COCO)·Nfh 

30 

The Dess-Martin oxidation, the deprotection and purification were done according to the 

procedure described in example 1. Yield: 94.2 mg of the title compound as a diastereomeric 

miwre. 

Rt(LC): 22.97 min. 20%A/ 80 % B to 20% A/20 %B /60 %Cin40 min. 
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EXAMPLE JI 

HOOC-CH3-P-Cha-Pro-Ppa'PfCOCOJ-NRMe 

N-(t-butyloxycarbonyJmethyl)-N-Boc-D-Cha-Pro-Ppa(Boc}'l'[CHOHCOJ-NHMe was 

S prepared according to example 30 using methylamine. The Dess-Martin oxidation. the 

deprotection and purification were done according to the procedure described in example I to 

give the title compound as a diastereorneric mixture. 

Rt (LC): 24.22 and 24.99 min. 20 % A/ 80 % B to 20 % A/ 20 % B / 60 % C in 40 min. 

10 E:xAMPLB32 

HoocCBrD-Cha=Pm-Pna'flCQCOJ.(1-azetidin> 

N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-Ppa(Boc)'l'[CHOHCOJ-( 1-azetidine) was 

prepared acc:ording to example 30 using azetidine.HCI. The Dess-Manin oxidation, the 

IS deprotection and purification were done according to the procedure described in example 1 to 

give a diastereomeric mixture. 

20 

R. (LC): 28.0S and 28.34 min. 20% Af800A. B to 200A A/20% B/60% C in 40 min. 

BXAM.PLE33 

pooc-cu1-D-Ch1-Pro-Ppa'J'ICOCOJ-<NH-<Qhh-PhenyU 

N-(t-ButyJoxycarbonylmethyl)-N-Boc-D-Cha-Pro-Ppa(Boc)'l'[CHOHCO}-(N-(CHz)i-Phenyl} 

was prepared according to example 30 using 2-(phenyJ)ethylamine. The Dess-Martin oxidation, 

the deprotection and purification were done according to the procedure described in example 1 

25 to give the title compound as a diastereomeric mixture. 

Rt (LC): 38.82 min. 20% A/800A» B to 20% A/20% DJ60o/o C in 40 min. 

30 
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EXAMPLE34 

HOOC-CHz-D-Cha-Pro-Ppa'l'ICOCOJ-CNH-CHzPhenyll 

N-(t-ButyloxycarbonyJmethyl)-N-Boc-D-Cha-Pro-Ppa(Boc)'f'[CHOHCO]-(NH.CffiPhenyl) 

S was prepared according to example 30 using beaz.ylamine. The Dess-Martin oxidation, the 

deprotection and purification were done according to the procedure described in example J to 

yield the title compound as a diastereorneric mixture. 

Re (LC): 36.46 min. 20 % A/ 80 % B to 20 % A/ 20 % B / 60 % C in 40 min. 

10 BXAMPtE 3S 

EthylS0rD-Cha-Pro-ha'PJCOCOJ-NB3 

EthyJSOrD-Cha-Pro-OH is described in example 18. The DCCJ/HOBt-coupling between 

15 ethylSOrD-Cha-Pro-OH and H-Ppa(Boc)'l'(CHOHCO]-OMe.HCI, saponification and EDCl­

coup.ling with ammoniumchloride were done according to the procedures described id example 

lO. Dess-Manin oxidation, deprotection and purification were done according to the 

procedures described in example I to give a diastereomerie mixture. 

Rt(LC): 36.70 min. 20% A/80% B to 20o/o A/20%B /60%C in40 min. 

20 

EXAMPLE36 

EthylSQ3-D-Cha-Pm-Pg'f'ICOCOl-lNH-CR1Phenyll 

2S EthylS02-D-Cha-Pro-OH was prepared as described in example 18. The DCCIIHOBt-coupling 

between ethylSO:z-D-Cha-Pro-OH and H-Ppa(Boc)'l'[CHOHCO)-OMe.HCl. saponification and 

EDCI-coupling with benzylamine were done according to the procedures described in example 

30. Dess-Martin oxidation. deprotection and purification were done according to the 

procedures described in example I to give the title compound as a diastereomeric mixture. 

30 Rt(LC): 28.76 and 29.l min. 20% A/60% B/20%C to20% A/80%C in 30 min. 
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EXAMPLE37 

EthylSOrJ>..Cha-Pro-Poa'PlCOCOl-NMea 

S EthylS02-D-Cha-Pro-OH was prepared as described in example 18. The DCCl/HOBt-coupling 

between ethyJSC>i-D-Cha-Pro-OH and H-Ppa(Boc)'l'[CHOHCO]-OMe.HCJ, saponification and 

EDCI-coupling with dimethylamine were done according to the procedures desmDed in 

example 30. Dess-Martin oxidation, deprotection and purification were clone according to the 

procedures described in example l to give the title compound as two diastereomers. 

10 A: Rt(LC): 41.96min. 20% A/80% Bto20% A/20% B/60%Cin40min. 

B: Rt (LC): 43.49 min. 20 % A/ 80 % B to 20%A120 % B / 60 % C in 40 min. 

EXAMPLE38 

IS Etl!JISOrD-l'be-Pro-Ppa'flCOCOJ·ND1 

BtbylSOrD-Phe-Pro-OH was prepared according to similar procedures as describecl in example 

18. The DCCIJHOBt-coupling between ethylSOrD-Phe-Pro-OH and H­

Ppa(Boc)'P[CHOHCOJ-OMe.HCl. saponification and EDCl-coupling with ammoniumchloride 

were done according to the procedures described in example 30. Dess-Martin oxidation, 

20 deprotection and purification were done according to the procedures descnl>ed in example 1 to 

give the title compound as a diastereomeric: mixture. 

25 

Rt(LC): 28.81and29.25 min. 20% A/80%B to20 %A/20%B/60%C in40min. 

EXAMPLE39 

HOOC-CHrp-0-D-Phe-Pro-Ppa'l'ICOCOJ-NBz 

N-(t-Butyloxycarbonylmethyf)-N-Boc-p-Cl-D-Phe-Pro-OH was prepared as described in 

example 5. The DCCI/HOBt-coupling between N-(t-butyloxycarbonylmethyl)-N-Boc-p-Cl-D­

Phe-Pro-OH and H-Ppa(Boc)'l'[CHOHCOJ-OMe.HCI, saponification and EDCI-coupling with 

30 ammoniumchJoride were done according to the procedures described in example 30. Dess-



·-··- ~·----· 

W097131939 
PCTJEP97/00939 

47 

Martin oxidation. deprotection and purification were done according to the procedures 

described in example 1 to give the tide compound as a diastereomeric mixture. 

Ra(LC): 23.35 min. 20 % A/80%8 to20% A/20%B/60% C in 40min. 

5 WCAMJ>LE40 

HOOC-Cfta-p=CJ-~Phe-Pro-Ppa'l'fCOCOJ-INB-CHzPhenyll 

N-(t-Butyloxycarbonylmethyl)-N-Boc-p-Ct-D-Phe-Pro-OH was prepared as described in 

example S. The DCCl/HOBt-coupling between N-(t-butyloxycarbonylmethyl)-N-Boc-p-Cl-D-

10 Phc-Pro .. QH and H-Ppa(Boc)'l'[CHOHCO]-OMe.HCI,, saponification and EDCI-coupling with 

benzylamine were done according to the procedures described in example 30. Dess-Martin 

oxidation. deprotection and purification were done according to the procedures described in 

example I to give two diastereomers. 

A: R. (LC): 19.29 min. 20 % A 160 % B / 20 % C to 20 % A/ 80 % C in 30 min. 

IS B: Rt(LC): 37.61min.20%A/80%B to20%A/20%B/60%Cin40 min. 

EXAMPLE41 

fl-Ollo-1.-13-(phqJlmethJlsalnhonylaminoH-Ollo-lB-pyridin-1-ylletltyll-Poa'l'ICOCOJ· 

20 (llfH-CR1Phenvll 

(a) [3-lPhenylmetbylsulphonylamino)-2-oxo-2H-P,Yridjn-l-yl)-acetic acid 
(3-amino-2-oxo-2H-pyridin-l-yl)-acetic acid ethyl ester is described in J. Med. Chem •• 1996, 37. 

3090-3099. Subsequent sulphonylation and saponification is performed according example 12. 

25 TLC: Rf:= 0.4, silica gel. ethyl acetate/pyridine/acetic acid/water 63/20/6/l 1 v/v/v/v. 

(b) BenzvlSOr3-NfL-1-carboxymetqylpyridin-2-one-Ppa'l'(COCQ]-(NH-CH2Phenyl). 

The coupling between benzylS02-3-NHi-1-carboxymethylpyridin-2-one and H­

Ppa(Boc)'l'(CHOHCO]-OMe.HCI (see example 1). the saponitication, the amide-coupling, the 

30 Dess-Martin oxidation, the deprotection and the purification were done according to the 

procedures as described in example 34 to give two diastereomers A and B. 
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A: R.(LC): 21.6 min, 20 % A, 60 % B and 20 % C to lOO % C in 40 min. 

B: Rt(LC): 22.8 min. 20 % A. 60 % Band 20 % C to 100 % C in 40 min. 

EXAMPLE42 

BenglS03-norLeuCcyclo)-Gly§:Pu'l'lCOCQJ-CNH-CH,Phenyll 

BeozylSOrnorLeu(cyclo)·Gly--OH was prepared according to similar procedures as described 

in example 12. The DCCl/HOBt-coupling between benzylSC>i-norLeu(cyclo)-Gy1-0H and H-S­

Ppa(Boc)'l'[CHOHCO]-OMe.HCI (example 12{m)) • .saponific;ation and EDCI-coupling with 

10 benzylamine were done according to the procedures described in example 30. Dess-Martin 

oxidation, deprotcction and purification were done according to the procedures described in 

example 1. 

Rt(LC}: 13.46 min. 20% A/60% B/20% C to 20o/oAI 80% C in 30min. 

IS EXAMPLE 43 

ROOC-CH:z-D-Cha-Pro-Ppa-C2-benzothiazolyl) 

(a) Boc-Ppa(Cbz)-OMe 

20 Boc-Ppa(Cbz)-OMe was prepared from Boc-Ppa(Cbz)-OH (example 45) according a similar 

procedure as described in example l(m). 

(b) Doc-Ppa(O>z)-Q-benzothiazo)yD 

To a cold (-30 °C), stirred solution of n-BuLl in hexane (3. 9 ml~ 1.3M)y was added, dropwise, a 

25 solution of benzothiazole (675 mg) in tetrahydrofuran (25 ml). The solution was stined at -

30 °C for 15 min. whereafter it was added slowly to a solution ofBoc-Ppa(Cbz)-OMe (1.0 g) in 

dry tetrahydrofuran (2S ml) at - 40 °C. The mixture was stirred at -20 °C for 2 hours, then S % 

aqueous sodium hydrogencarbonate was added. The mixture was allowed to warm to room 

temperature and the layers were separated. The aqueous layer was extracted with ethyl acetate. 

30 The combined organic layers were washed with water, dried over sodium sulphate, filtered and 
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evaporated yielding 1. 83 g of an oil. The residue was purified by chromatography on silica 

( eluent: heptane/ethyl acetate 112, v/v) to yield the title compound (230 mg). 

TLC: Rf= 0.35, silica get, heptane/ethyl acetate 112 vlv. 

S ( c) N-(t-ButylmsycarbonylmethyJ)@ocl-D-Cha-Pro--PpaCCbzl-C2-benzotbjazolyl) 

The deprotection of Boc-Ppa(Cbz)-(2-benzothiazole) and the coupling to N-(t­

Butyloxycarbonylmethyl)(Boc)-D-Cha-Pro-OH was performed according to the procedure 

described in example 4S. Purification by chromatography on silica gel eluting with a gradient of 

heptane/ethyl acetate l/l v/v to heptane/ethyl acetate 1/2 v/v yielded 200 mg of the title 

10 compound. 

TLC: R.F-o.s. silica gel, heptane/ethyl acetate 112 v/v. 

(d) HQQC-CHrD-Cha-Pro-Ppa-(2-benzothiazolyJ> 

To a mixture of 6 ml of trifluoroacetic acid and 0.6 ml of thioanisole was added at room 

IS temperature 0.4S g of N-(t-butyloxycarbonylmethyl)(Boc)-D-Cha-Pro-Ppa(Cbz)-(2-

bemothiazolyl). After 4 hours the reaction mixture was concentrated and the residue dissolved 

in water. The aqueous phase was washed with diethyl ether and concentrated in vacuo. The 

crude material was purified on a preparatieve HPLC Deltapack C18 l S µm lOOA column using 

a gradient elution system of 20 % A / 80 % BI to 20 % A/ 35 % B / 4S % C over 45 min at a 

20 flow rate of SO mVmin to give the title compound as two diastereomers. 

2S 

Yaeld: 197 mg. Rt (LC): 38.70 min, 20 % A I 80 % B to 20 % A/ 20 % B / 60 % C in 40 min. 

Yaeld: ISi mg. Rt(LC): 41.75 min. 20% A/80%8 to 20% A/20%B /60%Cin40min. 

EXAMPLE44 

HOOC-CHa-P-Cha-Pro-Pua-<l-Gxazglyll 

(a) l-[(2=(trimethylsilyl)ethoxx)carbonyl]-4-(2-(l-butylmsylcarbonylamino)-3-bydroxy-3-

Coxazol-2-yl)propyllpiperidine 

30 To a solution of 3.03 g of Boc-Ppa(Teoc)N(Me)OMe (example 48) in SO ml of 

dichloromethane at -78 °C under a nitrogen atmosphere was added 20 ml of I M 
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diisobutylaJuminiumhydride solution in hexane. After one hour the cooling bath was Temoved, 

100 ml of 0.25 M hydrochloric acid and additional dichloromethane were immediately add~ 

and after S min the resulting suspension was filtered. Brine was added to the filtrate, the organic 

layer was separated, dried (sodium sulphate) and concentrated to give 2.36 g of Boe-

s Ppa(Teoc)-H as an oil. This aldehyde (2.36 g) and l.86 s of2-(trimethylsilyl)oxazole (Edwards, 

P.D., Wolanin, D.j,, Andisik D.W., and Davis W., J. Med. Chem. 38, 76 (1995)) were mixed 

and heated at SO °C for 3 hours. Then the reaction mixture was allowed to cool to room 

temperature and after three days the reaction mixture was concentrated. The TeSidue was 

dissolved in 1 O mJ of tetrahydrofuran and I ml of J N hydrochloric acid. After 1 hour at room 

10 temperature ethyl acetate and brine were added and the organic layer was separated. The 

aqueous layer was extracted three times with ethyl acetate and the combined organic layers 

were dried (sodium sulphate) and concentrated. The hydrolysis was not complete and the 

residue was again dissolved in 10 ml of tetrahydrofuran and l ml of 1 N hydrochloric acid. 

After one hour at room temperature ethyl acetate and brine were added and the organic layer 

15 was separated. The aqueous layer was extracted three times with ethyl acetate and the 

combined organic layers were dried (sodium sulphate) and concentrated. Purification by colunul 

chromatography on silica gel eluting with ethyl acetate/heptane 3/2 vlv yielded 0.70g of the title 

compound. 

20 

TLC: Rf= 0.l. silica gel, ethyl acetatelheptane 1/1 v/v. 

(b) Boc-PpaUeoc>-(2-oxazoJyl) 

To a solution of 0.70 g of 1-[2-(trimethylsilyl)ethoxy]carbonyl]-4-(2-(t-butyloxylcarbonyl­

amino)-3-hydroxy-3-(oxazol-2-yl)propyl]piperidine in to ml of dichloromethane was added 0.6 

g of Dess-Martin reagent. Aft.er one hour stirring at room temperature SO ml of aqueous S % 

25 sodium thiosulphate was added and the mixture was stirred for 45 min at room temperature. 

30 

The organic layer was separated, washed with water, aqueous S % sodium hydTOgencarbonate 

and brine, dried over sodium sulphate and concentrated. Purification by chromatography on 

silica gel eluting with heptane/ethyl acetate 3/2 v/v yielded 455 mg of the title compound. 

TLC: Rf= 0.5, silica gel. heptane/ethyl acetate l/J v/v. 
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(c) N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-PrcrPpa(Teoc)-C2-oxazolyl) 

To a solution of 477 mg of Boc-Ppa(Teoc)-(2-oxazoJyI) in 12 ml of diethyl ether and 2 ml 

ethanol was added 213 mg of p-toluenesulfonic acid mono hydrate and the ether was removed 

under reduced pressure at 30 •c. The oily residue was heated at 60°C for 20 min_ then the 

5 ethanol was removed under reduced pressure and the residue was dried in vacuo to yield O.S g 

ofH-Ppa(Teoc)-(2.--oxazolyl).TsOR To a solution of 0.29 g ofN-(t-butyloxycarbonylmethyl)­

N-Boc-D-Cha-PrcrOH (desen"bed in example 1) in 10 ml N,N-dimethylfonnamide under a 

nitrogen atmosphere at -20 •c was added 0.078 ml isobutyl chlorofonnate and 0.208 ml N,N­

diisopropyJethylamine. After JO min a solution of 0.25 g H-Ppa(Teoc)-(2-oxazolyl).TsOH. in 

10 N,N-dimetbylfonnamide and O.OSO ml N,N-diisopropylethylamine was added and the reaction 

mixture was allowed to warm to room temperature. After two hours the reaction mixture was 

concentrated under reduced pressure. The residue was dissolved in ethyl acetateJ washed with a 

S% sodium hydrogencarbonate solution and brine, dried (sodium sulphate) and concentrated. 

Purification by chromatography on silica gel eluting with a gradient of heptane/ethyl acetate 1/1 

ts v/v to heptane/ethyl acetate 112 vlv yielded 200 mg of the title compound. 

n.c: Rf.=: O.S, silica gel, heptane/ethyl acetate 112 v/v. 

(d). HOOC-Cfb-D=Cba-Pro-Ppa-{2-oxazolyl) 

To a solution of 0.20 g N-(t-butyloxycarbonylmethyJ)(Boc)-D-Cha-Pro-Ppa(Teoc)-(2-oxamlyl) 

20 in 2 ml of dichloromethane was added 2 ml of tritluoroacetic acid and stirred at room 

temperature. After 4 hours the reaction mixture was concentrated and purified on a 

preparatieve HPLC Deltapack C 18 l S µm 100 A column using a gradient elution system of 

20 % A I 80 % B IO% C to 20 % A I S 1 % B / 29 % C over 45 min at a flow rate of20 mVmin 

to give the title compound as two diastereomers. 

25 Yield: 49 mg. Rt (LC): 27.83 min. 20 % A/ 80 % B to 20%A120 % B / 60 % C in 40 min. 

Yield: 46 mg. Rt (LC): 30.04 min. 20 % A/ 80 % B to 20 % A/ 20 % B / 60 % C in 40 min. 

30 
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EXAMPLE45 

ROOC-CR2-D-Chn-fnp-Pn·<1-thiazolyll 

S (a) Boc-Ppa(Cbt)-OH 

The pH ofa solution of70 g ofH-Ppa-OH. 39.SS g of copper (JI) sulphate pentahydrate and 

147 g ofbenzytoxycarbonyloxysuccinimide was adjusted to 9 with 2N sodium hydroxide. The 

mixture was stirred for I 6 hours at room temperature. The precipitate was coUected and 

washed well with water. The filtercake was dissolved in dioxane and the pH adjusted to 12.S 

10 with 4 N sodium hydroxide and 129 g of di-t-butyl dicarbonate were added. The mixture was 

stirred for 16 hours. The precipitate was collected and washed with cfaoxane. The filtrate was 

concentrated to a small volume and the pH was adjusted to 2.5. The residue was diluted with 

ethyl acetate. The organic layer was washed with water dried on sodium sulphate and 

evaporated to dryness to sive J 00 g of an oil. 

15 n..c: Rf= 0.77 in dichtoromethane/methanol 911 v/v on silica gel. 

(b) Boc-Pp@(Q>z)-N<Me)COMe) 

To a solution of 22.Sg of Boc-Ppa(CBz}OH in SOO ml of dichloromethane was added 7.54 g 

ofN,0-dimethylhydroxylamine.HCl and 24.75 g ofTBTU. The pH was adjusted at pH 8.5 with 

20 trietbyJamine. The mixture was stirred for 2 hours at room temperature. then washed with lN 

hydrochloric acid. water. S % sodium hydrogencarbonate solution and water, dried on sodium 

sulphate and evaporated in vacuo to yield 15.4 g as a white solid on crystallization from 

diisopropyl ether. 

25 

TLC: RF 0.5 in dichloromethane/ethyl acetate 812 v/v on silica 

( c) Boe=Ppa(Cbz)-C2-thiazob'J) 

To a cold (-78 °C), stirred solution of n-BuLi (O. l l mol) in diethyl ether (100 ml). was added, 

dropwise. a solution of2-bromothiazole (18.2 g .• 0.11 mot) in diethyl ether (JOO ml). After the 

solution had been stirred at -78 °C for 30 min. a solution ofBoc~Ppa(Cbz)-N(Me)(OMe) (15 g, 

30 0.035 mot) in dry tetrahydrofuran (300 ml) was added slowly. The mixture was stirred at -78 °C 

for 1 hour, then S % aqueous sodium hydrogencarbonate was added. The mixture was allowed 
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to wann to room temperature and the layers were separated. The aqueous layer was extracted 

with ethyl acetate. The combined organic layers were washed with water. dried over sodium 

sulphate. filtered and evaporated yielding 15. l g of an oil. The residue was purified by 

chromatography on silica (eluent: dichloromethane/methanol 99/1 v/v) to give 3.2 g of the tide 

S compound. 

TLC: Rf-= 0.45, silica gel, dichloromethane/methanol 95/5 v/v 

(d) H-Ppa(Cbz)-(2-thjazolyl).IFA 

N-Boc-Ppa(Cbz)-(2-thiazolyl) (SOO mg) was dissolved in JO ml triOuoroacetic 

10 acid/dichJoromethane 1/1 v/v and stirred for 1 hour at room temperature. The cnade amine was 

isolated as an oil in quantitative yield after removal of the solvent by evaporation, and used 

immediately to prepare N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-Ppa(Cbz}(2-

tbiazolyl). 

IS 

TLC: RF 0.40, silica gel, ethyl acetate/pyridine/acetic acid/water 63/20/6/11 v/v/v/v. 

(e) N=(t-Butyk>xycarbgQYJmethyl)-N-Boc-D·Cha-Pro-Ppa(Cbz)-(2-tbiazqlJJ) 

Isobutyl chlorofonnate (130 pl) was added to a stirred solution of N.(t­

butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro--OH (490 mg) and N,N-diisopropylethylamine (170 

µl) in dry N,N-dimethylformamide (12 ml) at -lS °C under nitrogen atmosphere. After lS min 

20 H-Ppa(Cbz)-(2-thiazolyl).TFA dissolved in dry N.N-dimethylfonnamide (10 ml), was added 

dropwise to the cold mixed anhydride solution, maintaining the pH at 8.S by addition ofN.N­

diisopropylethylamine. The reaction mixture was stirred for 60 min at -IS •c. The reaction 

mixture was evaporated to dryness. The residue was dissolved in ethyl acetate and successively 

washed with 2 % aqueous citric acid-soluti~ water and brine, dried over sodium sulphate and 

2S concentrated in vacuo. The residue was purified by chromatography on silica (e1uent: 

dichtoromethane/methanol 99/1 v/v to yield 470 mg of N-(ten-butyloxycarbonylmethyl)-N­

Boc-D-Cha-Pro-Ppa(Cbz)-(2-thiazolyl). 

TLC: RF 0.65, silica gel, dichloromethane/methanol 95/S vlv. 

30 
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(f) HOOC-Clb-D-Cha-Pro-Ppa-(2-thiazolyl) 

A solution of 470 mg of N-(t-butyloxycarbonylmethyl)-N-Boc-~Cha-Pro-Ppa(Cbz).(2-

thiazolyl) in S ml trifluoroacetic acid and O.S ml thioanisole was stirred for 4 hours at room 

temperature. The solvent was removed in vacuo and the residue was purified on preparative 

S HPLC Delta-Pak Cur-RP column using a gradient elution system of A: 20 %; B: 70 %; C: 10 % 

to A: 20 %; B: 20 %; C: 60 % over 40 min at a flowrate of 80 mVmin. 

(A: 0.S M phosphate buffer pH= 2.1; B: water; C: acetonitrile:water 3:2 v/v). 

Yield 177 mg. R. (LC): 33.57 min. 20%A180 % B to 20 % A/ 20% B / 60 % C in 40 min. 

10 EXAMPLE 46 

HOOC-CHa-p=MeO-D-Phe-Pro-Ppa..(2-thiazolyl>. 

The synthesis of N-(t-butylox:ycarbonylmethyl).N-Boc--p-MeO-D-Phe-Pro-OH has been 

IS deseribed in example 6. The coupling to H-Ppa(Cbz)-(2-thiazolyt) (13S mg), subsequent 

deprotection and purification were done according to the procedure described in example 45 

resulting in two separated diastereomers. 

20 

Yield: 37 mg. Rt: 27.17 min .• 20 % A. 80 % B, 0 % C to 20 % A, 20 % 8, 60 % C in 40 min. 

Yield: 47 mg. Rt: 30.15 min., 20 o/o A. 80 % B, O % C to 20 % A, 20 % B. 60 % C in 40 min. 

EXAMPLE47 

HOOC-CIL-n=Cl-D-Phe-Pro-Ppn..(2-!hiazo1y!) 

25 The synthesis of N-(t-butyloxycarbonylmethyl)-N-Boc-p-Cl-D-Phe-Pro-OH has been descn1>ed 

in example 5. The coupling to H-Ppa(Cbz)-(2-thiazolyl) (322 mg), subsequent deprotection and 

purification were done according to the procedure described in example 45 resulting in two 

separated diastereomers. 

Yield: 73 mg. Re: 31.07 min .• 20 % A, 60 % B, 20 % C to 20 % A. O % B. 80 % C in 30 min. 

30 Yield: 94 mg. R.: 18 .21 min .• 20 % A, 60 o/o B, 20 % C to 20 o/o A, 0 % B, 80 % C in 30 min. 
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EXAMPLE48. 

JIOOC·CJL-D-Nle-Prg-Pwt:f2-thiazolyll. 

5 The synthesis of N-{t-butyloxycarbonylmethyl)-N-Boc-D-Nle--Pro-OH has been described in 

example8. 

(a) Boc-Ppa-N(Me)OMe 

To a solution of Boc.-Ppa(Cbz)-N(Me)OMe (example 4Sb) (820 mg) in N,N-

10 dimethylformamide (2S mJ) was added 2N hydrochloric acid (0.91S ml) and JO% Paladium on 

carbon (100 mg) whereafter the mixture was hydrogenated during I hour at room temperature. 

The reaction mixture was filtered over diaceJ. washed with N,N-dimethylfonnamide and 

neutralised with triethylamine (0.1 S ml). The product was used crude in the synthesis of Boc­

Ppa(TeocrN(Me)OMe. 

IS 

(b) Boc-PpaCieoc)-N(Me)OMe 

To the crude solution of Boc-Ppa-N(Me)OMe were successively added 1-(2-

(trimethylsilyl)ethoxycarbonyloxy)pyrrolidin-2,S-dione (TeocOSu, reference: Synthesis 1987, 

346) (567 mg) and triethylamine (0.350 ml) and stirred for 4.S hours at room temperature 

20 under a nitrogen atmosphere. The pH of the solution was kept at 8 with triethylamine. The 

solvent was removed by evaporation at reduced pressure. dichloromethane was added and the 

solution was washed with O.lN hydrochloric acid (100 ml). water. S % sodium hydrogen­

carbonate solution and water. dried over magnesium sulphate and concentrated in vacuo. The 

residue was purified by chromatography on silica gel eluting with heptane /ethyl acetate 812 v/v 

25 as eluent. Yield: 784 mg. 

TLC: Rf= 0.37 , silica gel, heptane/ethyl acetate l/l v/v. 

(c) Boc-Ppa(Teoc)-(2-thiazqlyl) 

To a cold (-70 °C) solution of n-butyllithium in diethyl ether (68.4 ml 1.07 molJl), under a 

30 nitrogen atmosphere, was slowly added a solution of2-bromothiazole (6.S9 ml) in diethyl ether 

(SO ml) and stirred for 30 min. at -70 °C . This lithiumthiazolide solution was added very slowly 
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to a cold (- 70 °C) solution ofBoc-Ppa(Teoc)-N(Me)OMe (16.8 g) in dry tetrahydrofuran (150 

ml) and stirred for I hour at -70 •c under a nitrogen atmosphere. The reaction mixture was 

diluted with 0.2 N hydrochloric acid (200 ml), extracted three times with dichloromethane, the 

organic layers were washed with water, 5 % sodium hydrogencarbonate solution and water, 

5 dried over magnesium sulphate and concentrated in vacuo. The residue was chromatographed 

on silica gel eluting with heptane/ethyl acetate 812 v/v as efuent. Yield: 11.3.S g. 

TLC: Rf= 0.68 , silica gel, heptane/ethyl acetate l: 1 vlv. 

(d) H-Ppa(feoc;)..(2-thiazo)yl).TsOH 

10 To a solution ofBoc-Ppa(Teoc)-(2-thiazolyl) (2.S g) in diethyl ether (JOO ml) wu added p­

toluenesulfonic acid (1.2 g). The reaction mixture was slowly evaporated at 30 °C at 200 mbar 

for l.S hour at 15 mbar. Yield: 3.03 g. 

(e) HOOC-CJL-D-Nle-Pro-Pp;a-(2-thiazolyl). 

IS The coupling of N-(t-butyloxycarbonylmethyl)-N-Boc-D-Nle-Pro-OH to H-Ppa(Teoc)-(2-

thiamlyl).TsOH (307 mg), subsequent deprotection and purification were done according to 

example 4S resulting in two separated diastereomers. 

20 

Yield: 96 mg. Rt: 23.4S min., 20 % A, 80 % B, O % C to 20 % A, 20 % B, 60 % C in 40 min. 

Yield: 99.6 mg. ~: 26.60 min., 20 % A. 80 % B, 0 % C to 20 % A. 20 •19 B, 60 % C in 40 min. 

EXAMPLE49 

BOOC-C'HJ-m-Cl-D,kPhe=Pro-Ppa-(l-thiazolyll. 

The synthesis of N-(t.butyloxycarbonylmethyl)-N-Boc-m-Cl-D,L-Phe-Pro-OH has been 

25 described in example 4. The coupling to H-Ppa(Teoc)·(2~thiazolyl).TsOH (32S mg). the 

subsequent deprotection and the purification were done according to the procedure descn"bed 

in example 48 resulting in four separated diastereomers. 

Yield: 80 mg. R.: 28.68 min., 20 % A. 80 o/o B. 0 % C to 20 % A. 20 % B. 60 % C in 40 min. 

Yield: 40 mg. R..: 31.02 min .• 20 % A. 80 o/o B, 0 % C to 20 % A. 20 % B. 60 % C in 40 min. 

30 Yield: 72 mg. Rt: 32.62 min., 20 % A. 80 % B. 0 % C to 20 % A, 20 % B, 60 % C in 40 min. 

Yield: 52 mg. Rt: 34.22 min., 20 % A. 80 % B. O % C to 20 % A, 20 % B, 60 % C in 40 min. 
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EXAMPLE SO 

HOOC-CH1-D-Dpa-Pro-Ppa-C2-thiazolyll. 

S (a) Boc-D-Dpa-Pro-OBzl 

Boe-D-Dpa-Pro-OBzl was obtained by reacting Boc-D-Dpa-OH (4.77 g) with H-Pro-OBzJ 

(3.8 g) according to the coupling conditions descn1>ed in example l. Yield: 8.4 g. 

TLC: Rf= 0.95 • silica gel. ethyl acetate/pyridine/acetic acid/water 560/31/1 sn vlv/v/v. 

l 0 (b) Boc-D-Dpa-Pro-QH 

Boc-D-Dpa-Pro-OH was obtained by catalytic hydrogenation of Boc-D-Dpa-Pro-OBzl (7 g) 

according to the procedure described in example l. Yield: S.S g. 

TLC: Rf= O.S9 • silica gel, ethyl acetate/pyridine/acetic acid/water S20/3 l/1Bn v/v/v/v. 

ts (c) Boc-P-Dua-Pro-Ppa(Teoc)-(2-thiazolyt) 

The coupling of Boc-D-Dpa-Pto-OH (SOO mg) to H-Ppa(Teoc)-(2-thiazoiyl).TsOH (573 mg) 

was done according to the procedure described in example 48. Yield: 712 mg. 

UC: Rf= 0.44 • silica gel. heptane/ethyl acetate 4:6 v/v. 

20 (d) N{t-ButyloxycamonylmethyD-D-Dpa-Pro-PpaITeoc.)-(2-thiazolyl) 

Boc-D-Dpa-Pro-Ppa(Teoc)-(2-thiazo!yl) (712 mg) was treated with p-toluene suffunic acid 

according to the procedure described in example 48 to yield H-D-Dpa-Pro-Ppa(Teoc)-(2-

thiazolyl) (761 mg}. N-(t-butyloxycarbonyJmethyl)-D-Dpa-Pro-Ppa(Teoc}(2-thiazolyl} was 

obtained from the alkylation of H-J>..Dpa-Pro-Ppa(Teoc)-(2-thiazolyl) (16 l mg) with t-butyl 

25 bromoacetate (0.138 ml) according to the procedure described in example l. Yield: 674 mg. 

TLC: Rf= 0.54 , silica gel, heptane/ethyl acetate 3/7 v/v. 

(e) HOOC-CH2-D-Dpa-Pro-Ppa-(2-thiazotyl). 

The subsequent deprotection and the purification were done according to the procedure 

30 described in example 48 resulting in two separated diastereomers. 

Yield: 64 mg. Rt: 35.16 min .• 20 % ~ 80 % B~ 0 % C to 20 % A. 20 % B, 60 % C in 40 min. 
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Yield: 96 mg. Re: 36.80 min .• 20 % A. 80 % B. 0 % C to 20 % A. 20 % B. 60 % C in 40 min. 

EXAMrLESJ 

5 ROOC£Ba-D-Q!a-Ohi-Pu-f2-tbiazolyll. 

(a) N-(1-ButyJoX)'Carbonylmethyll-N-Boc-D-Cha-OH 

N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-OH was prepared as described in example 45. 

10 (b) H-Qhj-QMe HCJ 

To a -lS °C solution of dry methanol (10 ml), 0.43 ml (0.7 g) of thionylchloride was added 

dropwise. The mixture was stirred for 20 min at -10 °C after which octahydro indolin-2-

carboxylic acid (H-Ohi-OH) (O.S g) was added and the solution was refluxed for 3 hours. The 

mixture was concentrated and coevaporated with methanol in vacuo to yield 66S mg H-Ohi-

1 S OMe.HCl. 

TLC: Rf= 0.68. silica geJ, butanol/pyridinelacetic acidlwater 4/11112 v/v/v/v. 

(c) N=(t-ButyJomarbonylmethyl)-N-BQC:Q-Cba-Ohi-OMe 

To a cold {O ·c) solution of N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-OH (1.2 g) in 

20 dichlorornethane (40 ml) were added I-hydroxy benzotriazole (460 mg), dicyclohex:yl 

carbodiimide (700 mg) and stirred for 20 min at O °C. Next H-Ohi-OMe.HCl (66S mg) and 

N,N-diisopropylethylamine (0.075 ml) were added to this reaction mixture. The mixture was 

stirred at o·c for l h. and then kept at room temperature during 1 days keeping the pH of the 

solution at 7 with N.N-diisopropylethylamine. The mixture was cooled to -20 ·c and 

2S d\cye\ohexylurea was removed by filtration. The filtrate was evaporated to dryness. The residue 

was dissolved in ethyl acetate and washed with IN hydrochloric acid, saturated sodium 

hydrogencarbonate and brine. dried over sodium sulphate and concentrated in vacuo. The 

residue was chromatographed on silica gel eluting with heptane/ethyl acetate 3/1 v/v as eluent. 

Yield: 1.07 g. 

30 TLC: Rf= 0.41. silica gel, heptane/ethyl acetate 311 vlv. 
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(d) N-(t-Butyloxycarbonylmetbyl)-N-Boc-D-Cha-Ohi-OH 

To a solution of N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-Ohi-OMe (1.05 g) in 

dioxane/water 2/1 v/v (30 ml) lithium hydroxide monohydrate(0.32 g) was added. The mixture 

was stirred at room temperature for 6.S hours. Dioxane was removed by evaporation at 

S reduced pressure. ethyl acetate was added, the pH was adjusted to 1.S using hydrochloric acid 

and the water layer was extracted three times with ethyl acetate. The organic layer was washed 

with water and brine. dried on sodium sulphate and concentrated in vacuo. The residue was 

chromatographed on silica gel eluting with heptane/ethyl acetate 112 v/v as eluent. The 

&actions containing N-(t-butyloxycarbonyfmethyl}-N-Boc-D-Cha-Ohi-OH were pooled and 

10 evaporated. Yield: SOO mg. 

UC: ru;.. 0.25, silica gel, ethyl acetate/heptane 21 I v/v . 

(e) HOOC-CJL-D-Cha-Ohi-Ppa-(2-thiazolyl). 

The coupling of N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-Ohi-OH and H-Ppa(Teoc}-(2-

lS thiazolyl).TsOH (428 ms), subsequent deprotection and the purification were done according 

to the procedure described in example 48 resulting in two separated diastereomcrs. 

Yield; BS mg. Ra: 37.72 min .• 20% ~ 80%B,0% C to20% ~ 20%B, 60%Cin40min. 

Yield: 127 mg. R.: 42.46 min., 20 % ~ 80 % B, 0 % C to 20 o/o ~ 20 % B, 60 % C in 40 min. 

20 EXAMPLE S2 

HOOC-CIL-D-Cha-Pro< 4-cis-ethyl)-Ppa-(2-thiazolyll 

(a) N-(t-Butylaxycarbonylmethyl)-N-Boc-D-Cha-Pro(4 .. cis-etbyl)-0Et. 

25 N-(t-ButyloxycarbonylmethyJ)-N-Boc-D-Cha-OH was prepared as described in example 4S. 

To a cold (0 °C) solution of N.-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-OH (3.7 g) in 

dichloromethane (15 ml) were added 1-hydroxy benzotriazole (1.43 g). dicydohexyl 

carbodiimide (2.18 g) and stirred for IS min at 9 °C. Next H-Pro(4-cis-ethyl)-0Et.HCl (1.99 

g), which was prepared according to WO 95123608, and N.N-diisopropylethylamine (0.150 ml) 

30 were added to this reaction mixture. The mixture was stirred at o·c for l hour and then kept at 

room temperature during 2 hours keeping the pH of the solution at 7 with N~-
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diisopropylethylamine. The mixture was cooled to -20 ·c and dicyclohexylurea was removed by 

(titration. The filtrate was evaporated to dryness. The residue was dissolved in ethyl acetate and 

washed with I N hydrochloric acid, saturated sodium hydrogencarbonate, water and bri~ 

dried over sodium sulphate and concentrated in vacuo. The residue was chromatographed on 

S .silica gel eluting with heptane/ethyl acetate 3/1 v/v as eJuent. The fractions oontaining N-(t­

butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro(4-cis-ethyl)-0Et were pooled and evaporated. 

Yidd: 3.87 g. 

n.c: Rf.= 0.46, silica gel, heptane/ethyl acetate 311 v/v. 

10 (b) tf-(t-butylmc;arbonylmetbyl)-N-Boe=D-Cha-Pro(4-cis-ethyJ}=OH 

To a solution ofN-(t .. butyloxy-carbonylmethyl)-N-Boc-D-Cha-Pro(4-cis-ethyJ)-OEt (3.85 g) in 

dioxanelwater 9/1 v/v (50 ml) IN sodium hydroxide (7.5 ml) was added. The mixture was 
.siirred at room temperature. After 60 hours 70 mg lithium hydroxide monohydrate in 10 ml of 

water was added and stiJTed for an additional 12 hours. The reaction mixture was diluted with 

IS 100 ml of water, the pH was adjusted to l .S with hydrochloric acid and the water layer was 

extruted three times with diddoromelhane. The organic layer was washed with water and 

brin~ dried on sodium sulphate and concentrated in vacuo. The residue was chromatographed 

on silica gel eluting with heptane/ethyl acetate 1/2 v/v as eluent. The fractions containing N-(t­

butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro(4-cis-ethyl)-OH were pooled and evaporated. 

20 Yield: 1.39 g. 

n..c: Rf.= 0.79, silica gel, ethyl acetate/pyridine/acetic acid/water 126120/1116 v/vJvlv. 

(c) HOOC-Ob-Q-Cha-Pro{ 4-cis-etbyl)-Ppa-<2-thipolyl). 

The coupling of N-(t-butyloxycarbonyhnethyl)-N-Boc-0-Cha-Pro(4-cis-ethyl)-OH and H-

25 Ppa(Teoc}-(2-thiazolyJ).TsOH (325 mg), subsequent deprotection and purification were done 

according to the procedure described in example 48 resulting in two separated diastereomers. 

Yield: 77 .S mg. Rt: 36.61 min., 20 % A. 80 o/o B, O % C to 20 % A. 20 % B. 60 o/o C in 40 min. 

Yield: 104 mg. R..: 40.05 min., 20 o/o A, 80 o/o B, 0 % C to 20 o/o A. 20 % B. 60 % C in 40 min. 

30 
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EXAMPLES3 

HOOC·CH1·D.Coa-Pro=Poa-<l·thiaz91vll. 

S (a) Diethyl 2-acetxlamino-2-(sryclooctyfmethyJ)-maJonate 

To a cold (0 °C) suspension of sodium hydride (S.36 g) in dioxane (100 ml) was added 

dropwise (very sJow) dry ethanol (134 ml) and stirred for l.S hours at 0-C under a nitrogen 

atmosphere. This resulting sodium ethanolate solution was added dropwise to a solution of 

cycJooctylmethylbromide (example 7(a}) (27.49 g). sodium iodide (2.0 g) and diethyl 

1 O acetylaminornalonate (29. l O g) in dioxane (200 ml)/ ethanol (20 ml) and stirred vigorously for 

165 hours at 80 °C. The solvent was removed by evaporation at reduced pressure, ethyl acetate 

was added, washed with water, S % sodium hydrogencarbonate solution and brine, dried on 

magnesium sulphate and concentrated in vacuo. The residue was chromatographed on silica gel 

eluting with heptane/ethyl acetate 7/l v/v as eluenl The fractions containing the de.sired 

15 compound were pooled and evaporated. 

Yield: 19.60 g. TLC: Rf.= O.S3 ,silica gel, heptane/ethyl acetate 7/3 v/v. 

(b) H-D.kCoa-OH 

The amino acid H-Coa-OH was obtained by refluxing a solution of diethyl 2-acetylamino-2-

20 (cyclooctylmethyl)-malonate (19.60 g) in 4N hydrochloric acid/acetic acid 2:1 v/v (4SO ml) for 

7S hours After cooling. the crystals were collected by filtration and washed with diethyl ether. 

Yield: 9.83 g. 

TLC: Rf= O.S9 , silica gel, ethyl acetate/pyridine/acetic acid/water 63120/6111 v/v/v/v. 

25 ( c} N-Ct-Butylox;ycarbonylmethyl)-N·Boc-D.L-Coa-Pro-OBzl 

The synthesis of N-(t-butyloxycarbonybnethyl)-N-Boc-Coa-Pro-OBzt was performed 

according to the procedures described in example 1. 

(d) HOOC.CHrD=Coa-Pro-Ppa-(2-thiazolyl) 

30 The N-(t-butyloxycarbonylmethyl)-N-Boc-Coa-Pro-OH was obtained by hydrogenation of N­

(t-butyloxycarbonylmethyl)-N-Boc-Coa-Pro-OBzl (19.61 g) according to the prcx:edure 
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described in example 1. The resulting oil was treated with diethyl ether after which both 

diastereomers of N-(t-butyloxycarbonylmethyl)-N-Boc-Coa-Pro-OH were separated by 

filtration. The filtrate was evaporated at reduced pressure (yield 9_34 g.) and used for coupling 

to H-Ppa(Teoc}(2-thiazolyJ). TsOH ( 400 mg), the subsequent deprotection and the purification 

S were done according to the procedure described in example 48 resulting in two separated 

diastereomers. 

Yield: 137 mg. Re: 36.10 min., 20 % A. ao % B, o % C to 20 % A. 20 % B. 60 % c in 40 min. 

Yield: 139 mg. Rt: 38.94 min .• 20 % A. 80 % B, O % C to 20 % A. 20 % B, 60 % C in 40 min. 

10 EXAMPLE S4 

HOOC-CBrP:Cba-Azt-PDa-Cl-thjazolyll. 

(a) N-(t-ButyloxyqrboQy1rnetbyD-Ji=Boe:l).-Cba-OH 

15 N-(t-Butyloxycarbonylmethyl)-N-Boc--D-Cha-OH was prepared as described in example l. 

(b) N:{t-Butyloxycarbogylmethyll-N-Boe:D-Cha-Azt-OH 

lsobutyl chlorofonnate (0.71 ml) was added dropwise to a cooled (-15 - -20 °C) solution ofN­

(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-OH (J.90 g) and N-methyl morpholine (0.6 ml) in 

20 ts ml dichloromethane. After 45 min. H-Azt-OH (0.50 g) was added. After 1 hour, the organic 

phase was extracted with water. the organic layer was dried on sodium sulphate. filtered and 

the solvent was removed under pressure. Yield: 2.3 g of the title compound as a nearly 

colorless oil. 

2S 

FAB-MS: m/e = 469 (M+H+}. 

(c) HOOC-Cfu-D-Cba-Azt-Ppa-(2-tlUazolyl) 

The coupling to H-Ppa(Teoc)-(2-thiazolyl) (428 mg). the subsequent deprotection and the 

purification were done according to the procedure described in example 48 resulting in two 

separated diastereomers. 

30 Yield: 72 mg. Re: 28. l 0 min., 20 % A, 80 % B, 0 % C to 20 % A, 20 % B. 60 % C in 40 min. 

Yield: 88 mg. Rt: 31.46 min .. 20 % A, 80 % B, O % C to 20 % A. 20 % B, 60 % C in 40 min. 
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EXAMPLE SS 

RQOC.fCH1\rD-Cha·Pr;g-Pa-(2-tltiazolyl). 

5 (a) N-(2-(t-Butyfoxycarbonyllethyll-D-Cha-OMe 

To a suspension of7.ll g of D-Cha-OMe.HCI in 25 ml of acetonitrile was added 2.6 ml of 

N,N-diisopropylethylamine and 2S ml of ten-butyl acrylate. This reaction mixture was heated at 

4o•c and mantained at pH 8 (spot test on a moist pH paper) using N,N-diisopropylethylamine. 

After one week the reaction mixture was concentrated. The residue was dissolved in ethyl 

to acetate, washed with water and brine, dried (sodium sulphate) and concentrated to afford 11. 78 

g of the title compound that was used without further purification. 

TLC: Rf= 0.7, silica gel, ethyl acetate/heptane l/l v/v. 

(b) N-Q=(t-Butyloxyqrbonyl)etbyl)-N-Boe:D-Cha-OMe 

IS According to the procedure described for N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-OMe 

{example I) N-{2-(t-butyloxycarbonyl)ethyl)-D-Cha-OMe (l l.78 g) was transfonned into N­

(2-(t-butyloxycarbonyl)ethyl)-N-Boe>D-Cha-OMe (8. 78 g). 

UC: R.f-0.7. silica g~ ethyl acetate/heptane 1/1 v/v. 

20 (c) N:Q=(t-ButyloxycarbonYl)etbyl)-N-Boc-P..Cha-OH 

25 

According to the procedure described for N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-OH 

(example 1) N-(2-(t-butyloxycarbonyl)ethyl)-N-Boc-D-Cha-OMe {10.0 g) was saponified to 

give N-(2.-(t-butyloxycarbonyl)ethyJ)-N-Boc-D-Cha-OH ( 4.31 g). 

TLC: Rf.= 0.1, silica gel. ethyl acetate/heptane l/S v/v. 

(d) N-C2-(t-Buty1wcarbonyl)etbyl}-N-Boc:()-Cba-Pm-0Bzl 

According to the procedure described for N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro­

OBzl (example 1) N-(2-(t-butyloxycarbonyl)ethyl)-N-Boc-D-Cha-OH (3.14 g) was coupled 

with Pro-OBzl.HCl to give N-(2-(t-butyloxycarbonyl)ethyl)-N-Boc-D-Cha-Pro-OBzl (4.36 g). 

30 TLC: RF 0.5, silica ge~ ethyl acetate/heptane 112 v/v. 
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(e) N-C2-lt-Butyloxycarbogyllethyl}-N-Boc-D-Cha-Pro-OH 

According to the procedure described for N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro­

OH (example 1) N-(2-(t-butyloxy~rbonyl)ethyJ)-N-Boc-D-Cha-Pro-OBzl (4.33 g) was 

hydrogenated to give N-(2-(t-butyloxycarbonyl)etbyl)-N-Boc-D-Cha-Pro-OH (3.96 8). 

S 11£: RF 0.1 s. silica gel, ethyl acetate. 

(f} N-(2=(t-Buty!oxycarbonyl)ethyl)-N-Bocc-D-Cha-Pro-Ppa(Teocl-C2-thiazolyl) 

According to the procedure described for N-(t-butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro­

Ppa(Teoc~(2-oxazo1yl) (example 44) N-(2-(t-butyloxycarbonyl)ethyl)-N-Boc-D-Cha-Pro-OH 

10 (342 mg) was coupled with H-Ppa(Teoc)-(2-thiazolyl).TsOH (described in example 48) to give 

N-{2-(t-butytoxycarbonyl)ethyl)-N-Boc-D-Cha-Pro-Ppa(Teoe)-(2-thiazoJyt) (468 mg). 

TLC: Rf- 0.25. silica gel, ethyl acetate/heptane 111 v/v. 

(g) ffOQC.CfL.CHa-D-Cha-Pto-Ppa-Q-tbiazolyQ 

l S According to the procedure described for HOOC-CHr-D-Cha-Pro-Ppa-(2-oxazolyl) (example 

44) N-(2-(t-Butyloxycarhonyl)ethyl)-N-Boc-D-Cha-Pro- Ppa(f ~)-(2-thiazolyl) (468 mg ) 

was deprotected to give N-(HOOC-CH2CH2)-D-Cha-Pro-Ppa-(2-thiazolyl) as two 

diastereomers. 

Yteld: 123 mg. R. (LC): 30.2 min, 20 % A, 80 % B to 20 % A ,20 % B. 60 % C in 40 min. 

20 Yield: 138 mg. Rt (LC): 33.6 min, 20 % A, 80 % B to 20 % A. 20 % B, 60 % C in 40 min. 

25 

EXAMJ>LES6 

HOOC-CHrfN-Me)-D-Cba-Pro-Ppa:fl-thiazolyD 

(a) Boc-D-Cba-OMe 

Boc-D-Cha-OH (20 g) was dissolved in dichloromethane/methanol 9/1 vlv (400 ml). 2-(IH­

benzotriazol-1-yl)-1.1,3,3-tetramethyluronium tetrafluoroborate (22.7 g) was added and the 

solution adjusted to pH 8 by addition oftriethylamine (10 ml). The reaction mixture was stirred 

3 O for 16 hours at room temperature. The mixture was washed successively with cold l N 

hydrochloric acid solution, water. 5 % sodium hydrogencarbonate, and water and dried over 
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sodium .sulphate. The filtrate was evaporated and the residue was chromatographed on silica 

gel eluting with ethyl acetate/heptane 213 v/v as eluent. The fractions containing Boc-D-Ctaa.. 

OMe were pooled and evaporated. Yield: 19.38 g. 

TLC: Rf= 0.90, silica gel, ethyl acetate/heptane 3/1 v/v. 

(b) Boc-(N-Me)=D-Cba-OMe 

Boc-D-Cha-OMe (19.3S g) was dissolved in 200 ml dry N,N-dimethylfonnamide under 

nitrogen atmosphere. Methyliodide (4.22 ml) was added and the mixture was oooled to <fC. 

2.71 g of sodium hydride (60 % dispersion in oil) was added and the reaction mixture was 

10 stirred for 3 hours at room temperature. The mixture was partially concentrated, ethyl acetate 

was added and the organic layer was washed with O. l M hydrochloric acid. water, S % sodium 

hydrogencarbonate solution and brine, dried over sodium sulphate and concentrated. Yield : 

21.07g. 

ts 
TLC: Rf.= 0.SS, silica gel, ethyl acetatelheptane 3fl v/v. 

(c) Boc-(N-Mc):D-Cha-OB 

A solution ofBoc-(N-Me)-D·Cha-OMe (20 g) in 400 ml of dioxanelwater 9/1 v/v was treated 

with sufficient 2 M sodium hydroxide solution to lceep the pH at 12 for 16 hours at room 

temperature. After acidification. the mixture was poured into water and was extracted with 

20 dichloromethane. The organic layer was washed with water and was dried over sodium 

sulphate. The filtrate was evaporated and yielded 21.2 g ofBoc-(N-Me)-D-Cha-OH. 

TLC: Rf= 0.75. silica gel, ethyl acetate/pyridine/acetic acid/water 63/20/6/11 v/vlvlv. 

(d) Bgc=(N-Me)=D-Cka..QBzl 

25 B<Xr(N-Me)-D-Cha-OH (2 g) was dissolved in dichloromethane (20 ml). Benzylalcohol (0.76 

g) and 2-( lH-benzotriazol-1-yl)-1, l ,3,3-tetrametbyluronium tetratluoroborate (2.24 g) were 

added and the solution adjusted to pH 8 by addition of triethylamine ( l 0 ml). The reaction 

mixture was stirred for 1 hour at room temperature. The mixture was washed successively with 

cold I N hydrochloric acid solution, water, 5 % sodium hydrogencarbonat~ and water and 

30 dried over sodium sulphate. The filtrate was evaporated and the residue was chromatographed 
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on silica gel eluting with ethyl acetate/heptane 113 v/v as eluent. The fractions containing (N­

Me)-Boc-D-Cha-OBzl were pooled and evaporated. Yield: 1.56 g. 

TLC: Rf= 0.75, silica gel, ethyl acetate/heptane 3/l v/v. 

S (e) H=(N-Me)-D-Cha:QBzl 

10 

Boc-(N-Me)-D-Cha-OBzl (l.S6 g) was treated with SO% trifluoroacetic acid/dichloromethane 

(20 ml) for l hour at room temperature. The reaction mixture was evaporated to dryness 

yielding 1.6 g of the title compound. 

1LC; Rf= 0.50, silica gel, ethyl acetate/pyridine/acetic acid/water 63/20/6/11 v/v/v/v. 

(t) N=(t-BytyloxycarbonylmethyQ-CN-Me)=D-Cba-OBzt 

t-Butyl bromoacetate (0.81 g) was added to a stirred solution ofH-(N-Me)-D-Cha..QBzl (1.6 

g) in 40 ml of acetonitrile. Tetrabutyt ammoniumiodide (ISO mg) was added and the pH of the 

mixture was adjusted to S.S with N.N-diisopropylethylarnine. The mixture was stirred for 16 

l S hours at SO •c and evaporated in vacuo. The residue was dissolved in ethyl acetate and the 

solution was washed with S % sodium hydrogencarbonate soh1tion and water. dried on sodium 

sulphate and evaporated in vacuo. Chromatography over silica gel eluting with heptane/ethyl 

acetate 411 v/v gave 1.11 g ofN.(t-butyloxycarbonylmethyl)-{N-Me)-D-Cha-OBzl. 

20 

TLC: Rf= 0.95~ silica gel. ethyl acetate/pyridine/acetic acid/water 63/20/6/11 v/v/v/v. 

(g) N-(t-Butyloxycarbonylmetbyll=(N-Me.)-D-Cha-OH 

100.4 Palladium on charcoal (100 mg) and 1.43 ml ofa 2 M hydrochloric acid were added to a 

solution of N-(t-butyloxycarbonylmethy1)-(N-Me)-D-Cha-0Bzl (1.11 g) in methanol (20 ml). 

The reaction mixture was hydrogenated at atmospheric: pressure at room temperature for 1 

25 hour. The palladium catalyst was removed by filtration and the solvent removed by evaporation 

at reduced pressure yielding 970 mg ofN-(t-butyloxycarbonylmethyl)-(N-Me)~D-Cha-OH. 

nc: Rf= 0.15. silica gel, ethyl acetate/pyridine/acetic acid/water 163/2016111 v/v/v/v. 

(b) HOOC-Cfu:(N-Me)-D-Cha-Pro-Ppa-{2-thiazolyl) 
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N-(t-Butyloxycarbonylmethyl)-(N-Me)-D-Cha-Pro~OH was prepared according to the 

procedure as described for example 1. The mixed anhydride-coupling, the deprotection and the 

purification were done according to example 48. Yield two diastereomers both 79 mg. 

A : Rt (LC) : 30.87 min ; 20% A/80% B to 200A A/200A B/600/o C in 40 min 

S B : Rt (LC) : 34.SS min ; 200.4 A/800..4 B to 20% A/20% B/60% C in 40 min 

10 

EXAMfLES7 

EtOOC-Cl(,-J>..Cha·Pro-Ppa-C2-thjazolvll 

N-(t-Butyloxycarbonylmethyl)-N-Boc-D-Cha-Pro-Ppa(Teoc)-(2~hiazoly1) wu prepared 

according to the procedure described in example 48. Deprotection was carried out with 3M 

hydrogen chloride/ethanol. Purification yielded two diastereomers; 37 mg and 44 mg. 

A: R. (LC): 35.24 min. 20% A/800.4 B to 20 % A/20% B/60% C in 40 min. 

15 B: Rt (LC): 38.12 min. 20"/0 A/800.4 B to 20 % A/20% B/60% C in 40 min. 

E:xAMPLES8 

R-(N-Mel-Q-Cha-Pro-Ppa-C2-thimb1l. 

20 

Boc-(N-Me):D-Cha-Pro-QH. 

The synthesis ofBoc-(N-Me)-D-Cha-Pro-OH is described in example 16. 

N-Me-D-Cha-Pco-Ppa-(2-thiazolyl) 

2S According to the methods as described in example 45. Boc-(N-Me}-D-Cha-Pro-OH (400 mg) 

was coupled with H-Ppa{Cbz)-(2-thiazolyl).TFA. The obtained tripeptide was treated in a 

mixture of TFA and thioanisole (see example 45) and purified by HPLC to afford the title 

compound (218 mg) as a mixture of diastereomers. 

Rt(LC): 31.96 min. 20 % A. 80 % B to 20 % A. 20 % B and 60 % C in 40 min. 

30 
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EXAMPLES9 

EfbylSOrQ..Cha-Pro-Ppa-(2-thiazolyll. 

S (a) EtbylSO.z:D-Cha-Pro-OH. 

The synthesis of ethylS02-D-Cha-Pro-OH is described in example 18. 

(b) EtfWSCb-D=Cba-P,o-Ppa-(2-tbjazolyl). 

Coupling of ethylS02-D-Cha-Pro-OH (300 mg) with H-Ppa(Cbz)-(2-thiazolyl) as in example 

10 45, afforded ethylS02-D-Cha-Pro-Ppa(Cbz)-(2-thiazolyl) (560 mg) after purification. 

Deprotec:tion and purification according to the methods in example 4S gave ethylS(h-D.Cha­

Pro-Ppa-(1-thiazolyl) ( 190 mg) as a diastereorneric mixture. 

Rt(LC): 26.67 and 28.20 min. 20 % A, 60 % Band 20 % C to I 00 % C in 40 min. 

ts EXAMPLE 60 

EthJISQz-D-Phe-Pre-Ppa-C2-1hiazolyll. 

Coupling of ethylSOi-D-Phe-Pro-OH (example 26) with H-Ppa(Teoc)-(2-thiazolyl).TsOH 

(example 47). according to the procedures as described in example 48. afforded the tb11y 

20 protected tripeptide. After deprotection (see example 48), two diastereomers could be 

seperated by HPLC.Yield of the two diastereomers: 

so mg. Rt(LC): 39.87 min, 20% A. 80% B to 20% A, 20°/e Band 60% C in 40 min. 

69 mg. R.(LC): 42.4S mi~ 20% A, 800/o B to 20% ~ 20°/e B and 600.4 C in 40 min. 

25 EXAMPLE61 

Benzy!SO,-norLeu(gdol-Gly-Pwa-(2-thiazolyll. 

235 mg BenzylSOrnorLeu(cyclo)-Gly-OH (see example 12) was coupled with H-Ppa(Cbz)-(2-

thiazolyl).TFA under the same conditions as described in example 45. Removal of the 

30 protecting group from the obtained tripeptide (example 45) gave. after HPLC purification. the 

two separate diastereomers: 
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Yield: 99 mg. Rt(LC): 37. 99 min, 200JO A, 80% B to 20% A, 20% B and 60018 C in 40 min. 

Yield: 86 mg. Rt(LC): 38.68 mint 20% A, 80% B to 200/e A, 20% B and 60% C in 40 min. 

EXAMPLE62 

Solid-Phase upthqis of comPOUnds of formula HOOC-CHrD-Cha-X-Poa-l1-thiazolyD 

ITable62l 

(a) Teoc-Ppa(Boc}=OH 

10 To a solution of 18.4 g ofH-Ppa-OH and 6.8 g of copper (II) sulfate pentahydrate in water 

(312 ml) and dioxane (234 ml) was added 33.9 g of di-t-butyl dicarbonate while the pH was 

adjusted to 9 with 4 N sodium hydroxide. The mixture was stiaed for 16 hours at room 

temperature. The precipitate was collected and washed with water. The filter cake was 

suspended in dioxane and the pH adjusted to 12.S with 4N sodium hydroxide. 24 ml of 2-

1 S trimethylsilylethyloxycarbonyl chloride was added in two portions with O.S hour interval. The 

mixture was stirred for 16 hours. The precipitate was filtered and washed with dioxane. The 

fihrate was concentrated to a small volume and the pH was adjusted to 2.S. The mixture was 

diluted with ethyl acetate, washed with water, dried on sodium sulfate and evaporated to 

dryness to give 24.9 g of an oil. 

20 TLC: RF 0. 79 • silica gel, ethyl acetate/pyridine/acetic acid/water 63/2016111 v/v/v/v. 

(b) Teoc=Ppa(Boc)-N(.Me)QMe 

To a solution of 29.8 g of Teoc-Ppa(Boc)-OH and 7.54 g of N,0-dimethyl-hydroxylamine 

hydrochloride in 370 ml of dichloromethane was added 23 g of ()..(benzotriazol-l-yl)-

2s N,N,N' ,N' -tetramethyluronium tetrafluoroborate and 20.2 ml of triethylamine and the mixture 

was stirred for 2 hours. The reaction mixture was extracted with water and aqueous 0.9 M 

sodium hydrogencarbonate, dried with magnesium sulphate and concentrated. The residue was 

chromatographed on silica gel with 0-.5 % methanol in dichloromethane to give 32.2 g of the 

title compound. 

30 TLC: Rf.= 0.42,silica gel, toluene/acetone 3/1 v/v. 
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(c) Teoc-PpaCBoc)-(2-thiazolyl) 

70 ml of n-Butyllithium (0.72 Min diethyl ether) was added dropwise to a cooled (-78 -C) 

solution of 4.55 ml of freshly distilled 2-bromothiazole in 40 ml of diethyl ether. The reaction 

mixture was stirred for an additional 15 minutes whereupon 7.2 g of T~Ppa(Boc)-

S N(Me)OMe dissolved in 40 ml tetrahydrofuran was added slowly. After stirring for 30 min the 

reaction mixture was poored into aqueous sodium hydrogencarbonate solution (200 ml). The 

ether layer was separated and the aqueous layer was extracted with ether. The combined ether 

extracts were washed with water, dried on magnesium sulphate and concentrated. The residue 

was purified by silica gel chromatography to give 6.43 g of the title compound. 

10 TI..C: Rf= 0.61, silica gel. in toluene/acetone 3/1 v/v. 

(d) Teoc-Ppa-C2-thiazolyl).TsOH 

3.16 g p-Toluenesulphonic acid (1 Hz()) was added to a solution of8 g ofTeoc-Ppa(Boc}-(2-

thiazolyl) in 116 ml diethyl ether. The mixture was slowly concentrated on a rotavapor at 30 •c. 

IS The oily residue was stirred for an additional 2 hours on the rotavapor in vacuo to give 9.2 g of 

the p-toluenesulphonate salt. 

n.c: Rf= 0.6, silica gel, ethyl acetate/pyridine/acetic acid/water 63/20/6/J 1 vlv/v/v. 

(e) Immobilisation of Teoc-Ppa-C2-tbjazolyl).IsOH on bydroX)'IDetbyl polystyrene (Teoc-

20 Ppa(C(.O)OCfbP<>l)-(2-thiazolyl)). 

To a suspension of 10.0 g ofhydroxymethyl polystyrene (HOCH2Pol) (0.97 mM/g) and 12.9 g 

of di(N-succinimidyl)carbonate in acetonitrile (SO ml) and dichloromethane (50 ml) was added 7 

ml triethylamine. The resulting mixture was shaken for 2 hours at room temperature. The resin 

was filtered. washed successively with dichloromethane. l-methyt-2-pyrrolidinone and 

25 dichloromethane. The resin was resuspended in acetonitrile (SO ml) and dichloromethane (SO 

mJ). Then, 8.3 g Teoc-Ppa-(2-thiazolyl).TsOH and 3.7 ml oftriethy1 amine were added and the 

mixture was shaken for 17 hours. The resin was collected by filtration. washed successively 

with dich1oromethane. l-methyl-2-pyrro\idinone. dichloromethane and diethyl ether, and dried 

in vacuo tot give 13.3 g of resin. 

30 
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(f) H-Ppa(C(O)OCH2Po0-(2-th;azoJyll.HCI 

l .S ml of a mixture of trifluoroacetic acid and dichJoromethane ( 1: 1 v/v) was added to SO mg of 

Teoc-Ppa(C(O)OCH2Pol)-(2-thiazolyl) and the reaction mixture was shaken for 30 min. The 

resin was filtered, washed with dichloromethane. O.S M HCJ in dioxane-dichloromethane (Jn 

5 v/v) and dichloromethane. 

(g) Boc-J>he-Ppa(C(Q)OCff:Pol)-(2-thiazglyJ) 

To a solution of 40 mg ofBoc-Phe-OH and 20 mg of 1-hydroxybenzotriazoJe in J-methyl-2-

pym>lidinone (1 ml) was added 23 µI ofN,N-diisopropylcarbodiimide. After stirring for 5 min 

10 the mixture was added to the resin. Then, S µI of 4-methyl morpholine was added and the 

resulting suspension was shaken for 2 hours. fil~ washed with l-methyl-2-pyrrolidinone. 

dichforomethane and diethyl ether. Other N-t-butyloxycarbonyl aminocarboxylic acids were 

attached in the same fashion. 

15 (h) H-Phe-Ppa(C(P)OCJhPoll{2-thiazoryll.HCI 

Removal of the N·t-butyloxycarbonyl groups from Boc-Phe-Ppa(C(O)OQY>ot)-(2-thiuolyl) 

performed in a similar fashion as described above for the removal of the Teoc group of Teoc­

Ppa(C(O)OCHJPol)-(2-thiazolyl). 

20 (i) N-(l-BU1Yloxycarbonylmetbyl)-N-Boc-D-Cba-Pbe .. Ppa(C(.O)OCH2Pol)-(2-tbiazolyl) 

N-(t-Butoxycarboxymethyl)-N-Boc-D-Cha-OH was attached to H-Phe-Ppa(C(O)OCH2Pol)-(2-

thiazoJyl).HCI in a similar fashion as described above for the attachment of Boe-Phe-OH with 

H-Ppa(C(O)OCH2Pol)-(2-thiazolyl). 

25 G) HQQC-CHz-D-Cha-Phe-Ppa-(2-tbiazottJ) 

The resin was treated with I mJ trifluoroacetic acid/thioanisole 10/1 v/v and shaken for 4 hours 

The reaction mixture was filtered, washed with triftuoroacetic acid and toluene. The combined 

filtrate and washings were concentrated. Heptane was added to the residue and the mixture was 

vortexed vigorously. The heptane layer was removed and the insoluble oily residue was washed 

30 with heptane. After drying in vacuo the residue was redissolved in water. filtered through a 

0.45 u filter and lyophilized. The crude peptide was purified by preparative size exclusion 
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chromatography (column: Superdex Peptide HR.10130; flow: 0.75 ml/min; eluent: 

water/acetonitrile 4/1 v/v). Lyophilisation of the appropriate fractions gave 6.4 mg ofHOOC­

CHrD-Cha-Phe-Ppa-(2-thiazolyl). 

5 (k) HOOC-CJL-D-Cha-X-Ppa-(2-thiazplyl) (table 62) 

Compounds of fonnula HOOC-CH2-D-Cha-X-Ppa-(2-thiazolyl) were pcepared as described for 

HOOC-CHrD...Cha-Phe-Ppa-(2-thiazolyl). All compounds were characterised by reversed­

phase liquid chromatography on a Supelcosil LC-18-DB column using the following conditions: 

tlow: 1.0 ml/min; buffer A: O.S M potassium phosphate buffer (pH 2.1 ); buffer B: water; buffer 

10 D: acetonitrile-water (9:1). Gradient: 0-+30 min: 200/aA/65%B/1So/.D to 20%A/2S%B/SSo/.D. 

UV-detection at 210 nm. Retention times in Table 62 are recorded in minutes. 
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Table62 

~ 
HO'j("NHyX-NH 

0 0 ° 

x Retention x Retention 
time time 

(a)Phe 27.S (h) Thr 15.8 

(b) Pro 21.7/23.8 (i) Gly 18.5/19.9 

(c) Ini 20.7/21.1 (j) Gin lS.8/16.6 

(d) Sar 20.3 (k)Om 12.0112.8 

(e) Ile 15.7 (1) Glu 17.8/19.3 

(f)D-Phe 21.8 (m)Cha 20.8 

(g) ~-Ala 19.0/19.5 

Ini - isonipecotic acid ( 4-piperidinecarboxylic acid) 

S Sar = sarcosine {N-methylglycine) 

Om = omithine (S-(+)-2, 5-diaminopentanoic acid) 
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EXAMPLE63 

The following compounds can be prepared by using the methods of the present invention: 

- N-Me-D-Phe-Pro-Ppa-(2-thiazolyl) 

5 - HOOC-CH2-D-Phe-Pro-Ppa'l'[COCOJ-OH 

- HOOC-CHi-D-Phe-Pro-Ppa-(2-thiazolyl) 

- HOOC-CHrD-Cha-(N-cyclopentyl)-Gly-Ppa-(2-thiazolyt) 

- HOOC-Cffz-D-Cha-Pec-Ppa'l'[COCO)-OH 

- HOOC-CHrD-Cha-Pec-Ppa-(2-thiazolyJ} 

l 0 - HOOC-CHrD-Cha-(N-cyclohexyl)-Gly-Ppa'l'[COCO]-OH 

- HOOCCHi-D-Cha-(N-cyclohexyJ)-Gly-Ppa-(2-thiazolyl) 

- HOOC-CH2-D-Cha-(N-cyclopropyl)-Gly-Ppa'l'{COCO)-OH 

- HOOC-CH:rD-Cha-(N-cyclopropyl)-Gly-Ppa-(2-thiazolyl) 

- N-Me-0-Phe-(N-cyclopentyl)-Gly-Ppa'l'(COCO]-OH 

15 - N-Me-D-Phe-(N-cyclopentyl)-Gly-Ppa-(2-thiazoJyl) 

- 2-propyl-pentanoyJ..Asp(OMc}-Pro-Ppa'l'[COCO]·OH 

- 2-propyl-pentanoyl-Asp(OMe)-Pro-Ppa-(2-thiazolyl) 

- 2-propyl-pentanoyl-Asp-Pro-Ppa'l'[COCO]-OH 

- 2-propyl-pentanoyl-Asp-Pro-Ppa-(2-thiazolyl) 

20 -1-Piq-(N-cyclopentyl)-Gly-Ppa'l'[COCO]·OH 

- l-Piq-(N-cyclopentyl)-Gly-Ppa-(2-thiazolyl) 

- Diphenylpropionyl-Pro-Ppa-(2·thiazolyl) 

- N-Me-D-Nle-Pro-Ppa'l'[COCO]-OH 

- N-Me-D-Nle-Pro-Ppa-(2-thiazolyl) 

2S - EtSOi-D-Pbe-Pro-Ppa'l'[COCO]-OH 

- EtS~-N(Me)-D-Cha-Pro-Ppa'l'[COCO]-OH 

- EtS02-N(Me)-D-Cha-Pro-Ppa-(2-thiazolyl) 

- EtS02-N(Me)-D-Cha-Pro-Ppa-(2-oxazoly1) 

- HOOC-CH2-N(Me)-D-Cha-Pro-Ppa'l'[COCO]-OH 

30 - HOOC-CHrN(Me)-D-Cha-Pro-Ppa-(2-thiazotyl) 

- HOOC-CH2-N(Me)-D-Cha-Pro-Ppa-(2-oxazolyl) 
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EXAMPLE64 

Anti-thrombin asgy 

Thrombin (Factor Ila) is a factor in the coagulation cascade. 

S The anti-thrombin activity of compounds of the present invention was assessed by measuring 

spectrophotometrically the rate of hydrolysis of the chromogenic substrate s-2238 exterted by 

tbrombin. This assay for anti-thrombin activity in a buff'er system was used to assess the IC,.,­

value of a test compound. 

Test medium: Tromethamine-NaCJ-polyethylene glycol 6000 (TNP) buffer. Reference 

I 0 compound: 12581 (Kabi) vehicle: TNP buffer. Solubilisation can be assisted with 

dimethylsulphoxide, methanol. ethanol. acetonitrile or tert.-butyl alcohol which are without 

adverse effects in concentrations up to 2.S % in the final reaction mixture. 

Tecbniqye 
IS l\Qamta•: 1. Tromethamine-NaC1 (TN) buffer. Composition of the buffer: Trometbamine 

(Tris) 6.057 g (SO mmol). NaCl S.844 g (100 mmol), water to 1 l. The pH of the solution is 

adjusted to 7.4 at 37 °C with HCI (10 mmol·r1
). 2. TNP buffer: Polyethylene glycol 6000 is 

dissolved in TN buffer to give a concentration of 3 g·l"1 
• 3. S-2238 solution: One vial S-2238 

(25 mg; K.abi Diagno&tica, Sweden) is dissolved in 20 ml TN buffer to give a concentration of 

20 l.25 mg-m1"1 (2 mmol·r1
). 4. Thrombin solution: Human thrombin (16 000 nKat-viar1

; Centraal 

Laboratorium voor Bloedtransfusie. Amsterdam, The Netherlands) is dissolved in TNP buffer 

to give a stock solution of 835 nKat·mr1
• Immediately before use this solution is diluted with 

TNP buffer to give a concentration of3.34 nl<at·mr1
. 

- •All ingredients used are of analytical grade 

25 - For aqueous solutions ultrapure water (Milli-Q quality) is used. 

-'~~m~ .. 9.0~~tim~.~e@n.®.~~~nd.~~hni9»~ 
The test and reference compounds are dissolved in Milli·Q water to give stock concentrations 

of 10·2 mol·r'. Each concentration is stepwise diluted with the vehicle to give concentrations of 

30 10·3, 10_. and 1 o·' mol·r1
• The dilutions. including the stock solution, are used in the assay (final 
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concentrations in the reaction mixture: 3·10·3; 10·3 ~ 3·10"'; 104
; 3·10"5

; 10·'; 3·10"' and 10• 

mol·r1
, respectively). 

P.m~r.e 

S At room temperature 0.075 ml and 0.025 ml test compound or reference compound solutions 

or vehicle are alternately pipetted into the wells of a microtiter plate and these solutions are 

diluted with 0.115 mJ and 0.0165 ml TNP bulTer, respectively. An aliquot of0.030 ml 8·2238 

solution is added to each well and the plate is pre-heated and pre-incubated with shaking in an 

incubator (Amersham) for IO min. at 37 °C. Following pre-incubation the hydrolysis of S-2238 

10 is started by addition of 0.030 ml thrombin solution to each well. The plate is incubated (with 

shaking for 30 s) at 37 °C. Staning after I min of incubation, the absorbance of each sample at 

40S nm is measured every 2 min. for a period of 90 min. using a kinetic microtiter plate reader 

(Twinreader plus. Flow Laboratories). 

All data are collected in an IBM personal computer using LOTUS-MEASURE. For each 

IS compound concentration (expressed in mol·r1 reaction mixture) and for the blank the 

absorb&Me is plotted versus the reaction time in min. 

Evaluation of responses: For each final concentration the maximum absorbance was c:alQJlated 

from the assay plot. The ICwvaJue (final concentration. expressed in µmol·r* .. causing SOOAt 

20 inhibition of the maximum absorbance of the blank) was calculated using the logit 

transformation analysis according to Hafner et al. (Arzneim.-Forsch./Drug Res. 1977; 27(11): 

1871-3). 

In the following tabl~ IC50-values of compounds of the invention are listed: 

Example ICso-value (µM) 

3 O.S4 

15 0.95 

31 0.24S 

38 1.8 

47 2.83 

53 2.6 
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CLAIMS liiHfliOr 
l. A compound having the fonnu1a I 

9,, 
A·B-X-NB-CH-C(O)-V (I) 

wherein 

A is It optionally substituted D,L a-hydroxyacety~ R1, R1-0-C(O)-. R1-C(O)-, R 1-S02-, 

R200C-{CHR2).-SOi-. R200C-(CHR2
).-. H2NCO-(CHR2

).-. or an N-protecting group, 

wherein R1 is selected ftom (1-12C)alkyl, (2-12C)alkenyl, (2-12C)alkynyl and 

(3-SC)cycloalkyl, which groups may optionally be substituted with (3-SC)cycloalkyl. 

10 (l-6C)alkoxy, oxo, OH, COOH, CF, or halogen, and from (6-14C)aayl. (7-lSC)aralkyl and 

(8-16)aralkenyl, the aayl groups of which may optionally be substituted with (1-6C)alkyl, 

{3-8C)cycloa1ky1, (l-6C)alkoxy, OH. COOH. CF3 or halogen; each group R2 is 

independently Hor has the same meaning as llt; mis 1, 2 or 3; 

B is a bond, an amino-acid of the formula -NH-CH{(CH2),C(O)OH]-C(O)- or an ester 

lS derivative thereof and p being o, 1, 2 or 3, -N((l-12C)alkyl)-Cllz-CO-, 

-N((1-12C)alkenyl)-CHi-CO-. -N({2-12C)alkynyl)-CH2-CO-. -N(benzyl)-CffrC()-, D-1-

Tiq, D-l-Tiq, D-Atc. Aic, D-1-Piq. D-3-Piq or a L- or D-amino acid having a hydrophobic. 

basic or neutral side chain, which amino acid may optionally be N-(1-6C)alkyl substituted; 

or A and B together are the residue R3R~.CHR.'-C(O)-. wherein R3 and R4 independently 

20 are R1
, R1-0-C(O)-. R1-C(O)-, R1-S02-, R200C-(CHR2)...-S0i-. R2c>OC-(CHR2).-, 

H2NCO-(CHR2)m-, or an N-protecting group, or one of R' and R4 is connected with R' to 

form a 5- or 6-membered ring together with "N-C" to which they are bound, which ring 

may be fused with an alipharic or aromatic 6-membered ring; and R, is a hydrophobic, 

basic or neutral side chain; 

25 X is an L-amino acid with a hydrophobic side chain. serine, threonine, a cyclic amino acid 

optionally containing an additional heteroatom selected from N, 0 or S, and optionally 

I f lllllt llf Ill lllll lllf 1111111 
* C L M S * 
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substituted with (1-6C)alkyl, (t-6C)alkoxy, benzyloxy or oxo, or Xis -NR2-CH:rC(O)- or 

the fragment 

or 

wherein n is 2., J. or 4. and Wis CH or N; 

S Y is Ii. -CHF2. -Cf 3. -CO-NH-(1-6C)alkylene-C6'i,, -COOR' and R' being H or 

(l-6C)alkyl • ..CONR"R.' and R.7 and R' being independently Hor (J-6C)alkyl or R7 and R1 

together being (J~C)alkylene, or Y is a heterocycle selected &om 2-thiazo~ 2-thiazoline, 2-

benzothiazole, 2-oxazole. 2-oxazoline and 2-benzoxazole. which heterocycles may optionally 

be substituted with (l-6C)atkyl, phenyl, (1-6C)alkoxy, benzyloxy or oxo; 

10 and r is 0, 1. 2 or 3; 

lS 

or a prodrug thereof or a phannaceutically acceptable salt thereof. 

2. The compound of claim 1, wherein Xis an L-amino acid with a hydrophobic side chain, 

serine. threonine or -NR1-CHi-C(O)-. 

3. The compound of daim I, wherein A is as previous1y defined; 

B is a bond, an amino-acid of the fonnula -NH-CH[(CH2),C(O)OH]-C(O)- or an ester 

derivative thereof and p being o. 1, 2 or 3, -N{(l-6C)alkyl).CHrCO-, 

-N((2-6C)alkenyl)-CH2-CO-. -N(benzyl}-CH2-CO-, D-1-Tiq, D-3-Tiq, D-Atc. Afo, D-l-Piq, 

20 D-3-Piq or a D-amino add having a hydrophobic side chain, which amino acid may 

optionally be N-( l-6C)atkyl substituted; 

or A and B together are the residue R3R'N-CHR5-C(O)-; 

and X is a cyclic amino acid optionally containing an additional heteroatom selected from N, 

0 or S, and optionally substituted with (I-6C)atkyl, (1-6C}alkoxy, benzyloxy or oxo, or Xis 

25 -NR2-CH2-C(O)- or the fragment 

\ \11\11\ \\\I\\ Ill\\ \\1\1 l\ \II\ 
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w 

-NHO-CH2-C(O)­

O 

4. The compound of claim 3, wherein A is H, 2-hydroxy-3-cycJohexyl-propionyJ-, 9--hydroxy. 

fluorene-9-carboxyl, R1
, R1-S0r. R200C-(CHR2).-SO:i-. R2ooC(CHR2

).-. 

S IbNCO-{CHR.2).-, or an N-protecting group, wherein R1 is selected fi'om {l-12C)alkyl, 

(2-l2C)alkenyl, (6-l4C)aryl, (7-lSC)aralkyl and (8-16)aralkenyl; each group R2 is 

independently H or has the same meaning as R 1; 

Bis a bond, D-1-Tiq, D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a D-amino acid having a 

hydrophobic side chain, which amino acid may optionally be N-( l-6C)alkyl substituted; 

10 or A and B together are the residue R3R4N-CHR.i ·C(O)-; 

Y is -CO-NH-{l-6C)atkylene-C4Hs. -COOR', -CONR.7R1
, or Y is a heterocycle selected 

&om 2-thiazole, 2-thiazoline, 2-benzothiazole. 2-oxazole, 2-oxazoline and 2-benzoxazole. 

S. The compound of claim 4, wherein A is H, R1-S02• or R200C-(CHR2
).-; 

IS B is a bond. D-1-Tiq. D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a D-amino acid having a 

hydrophobic side chain; 

or A and B together are the residue R3R 4N-CHR5-C(Oh wherein at least one oraa and R4 is 

R1c>OC-(CHR2).- or R1-SOr and the other independently is (l-12C)alky~ (2-12C)alkenyt. 

(2-12C)alkynyl, (3..SC)cycloalkyl, (7-15C)aralkyl, R1-S02- or R200C(CHR2).-. and R.5 is a 

20 hydrophobic side chain: 

Y is -CO-NH-(l-6C)alkylene-Cdis. -COOR' and R6 being Hor (l-3C)alkyl, -CONR7R8
, R7 

and R.1 being independently Hor (l-3C)alkyl or R7 and R8 together being (3-SC)alkylene, or 

Y is a heterocycle selected from 2-thiazole, 2-benzothiazole, 2-oxazole or 2-benzoxazole. 

25 6. The compound of claim S, wherein A is R 200C-(CHR2)m-; 

B is a D-amino acid having a hydrophobic side chain; 

llflirs SHEET HAS ·f&fW 
J REPLACED 
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or A and B together are the residue RJR4N-CHR'-C(Oh wherein at least one ofR3 and a• is 

R200C-(CHR1)m- and the other independently is (l-12C)alkyl, (2-6C)aUceny~ 

(3-8C)cycloalkyl, benzyJ, R 1-802- or R200C-(CHR2)111-; 

and X is 2-azetidine carboxylic acid, profane, pipecofic acid. 4-thiazolidine carboxyJic acid, 

S 3,4-dehydro-proline, 2-octahydroindole carboxylic acid or -[N(3-8C)cycloalkyl]-CH:z-C(O)-. 

7. The compound of claim 6. wherein A is HOOC-CHi-; 

B is D-Phe, D-Cha, D-Coa, D-Dpa, p-Cl-D-Phe, p-OMethyl-D-Phe, p-OEthyl-D-Phe, 

D-Nle. m-CJ-D-Phe. 3,4-di-OMe-D-Phe. D-Chg~ 

10 or A and B together are the residue R3R"N-CHR'·C(Oh wherein at least one ofR.3 and R' is 

HOOC-CHr and the other independently is (l-4C)alkyl, (1-4C)alkyl-SOz- or HOOC-CHr 

and R.5 is (3-8C)cycloalkyl, (3-8C)cydoalkyl{l-4C)atkyl, phenyl, benzyl, optionally 

substituted with chlorine or ( l-4C)alkoxy. 

15 8. The compound of claim 7, wherein A is HOOC-CHr; B is D-Cha; X is proline or 

-[N(cyclopentyl)J-CHrC(O)-. 

9. The compound of claim S, wherein A is R'-SOr; 

Bis a bon~ D-1-Tiq. D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a D-amino ac:id having a 

20 hydrophobic side chain; 

or A and B together are the residue R3R~-CHR5-C(Oh wherein at least one ofR3 and R• is 

R1-S02-and the other independently is(l-12C)alkyl or R1-SOr; 

Xis 2-azetidine carboxylic acid. proline, pipecolic acid. 4-thiazolidine carboxylic acid, 3,4-

dehydro-pro1ine. 2-octahydroindole carboxylie acid, -[N(3-8C)cycloalky1]-CH2-C(O)-, or the 

25 fragment 

or 

10. The compound of claim 9. wherein A is Ethyl-SOi- or Benzyl-SOr; 
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B is a bond, D-Phe, D-Cha. D-Coa. D-Dpa. p-Cl-D-Phe. p-OMethyl-D-Phe. p-OEthyl-D­

Phe, D-Nle, m-Cl-D-Phe, 3,4-di-OMe-D-Phe, D-Chg~ 

or A and B together are the residue R3R.4N-CHR'-C(O)-. wherein at least one ofR3 and R• is 

Ethyl-S02- or Benzyl-S02- and the other independently is (l-12C)alkyl or R1-SOr and R.5 is 

S (3-8C)cycloaJky~ (3-8C)cycloalkyl(l-4C)alk:yl, phenyl, benzyJ, diphe11yJmethiny1, which 

groups are optionally substituted with chlorine or (J-4C)atkoxy. 

JO 

IS 

20 

ti.The compound of claim 10, wherein A is Ethyl-$02-. B is D-Cha; X is proUne or 

-[N(cyclopentyf)]..CH2-C(O)-. 

12. The compound of any one of claims l to 11, wherein r is 1. 

I l.A pharmaceutical composition comprising the compound of any one of claims I to 12 and 

phannaceutically suitable auxiliaries. 

14. The compound of any one of claims 1 to 12 for use in therapy. 

IS.Use of the compound of any one of claims l to 12 for the manufacture of a medicament for 

treating or preventing thrombin-related diseases. 
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CLAIMS (NEW CLAIM I) i1Diii~J1UT 
1. A compound having the formula I 

>r 
A - B - X - NB - CH - C(O) - Y (I) 

5 wherein 

A is H, optionally substituted D,L a.-hydroxyacetyl, R1
, R 1-0-C(O)-. R 1-C(O)-, R 1-SOr. 

R200C-(CHR2
)111-S02-, R200C-(CHR2)m-, H2NCO-(CJIR.2)m-. or an N-protecting group, 

wherein R1 is selected from (1-12C)alkyl, (2-12C)alkenyl. (2-12C)alkyny1 and 

(3-8C)cycloaJkyl, which groups may optionally be substituted with (3-8C)cycJoalkyl, 

10 (I-6C)alkoxy, oxo, OH, COOH. Cf3 or halogen, and from (6-14C)aryl, (7-ISC)aralkyl and 

(8-16)aralkenyl, the aryl groups of which may optionally be substituted with {l-6C)alkyl, 

(3-8C)cycloalkyl, (I-6C)alkoxy, OH, COOH, CF3 or halogen; each group R2 is 

independently Hor has the same meaning as R1 ~ mis 1, 2 or 3; 

B is a bond, an amino-acid of the formula -NH-CH[(CH2)pC(O)OH]-C(O)- or an ester 

15 derivative thereof and p being 0, l, 2 or 3, -N((l-12C)alkyl)-CH2-CO-. 

-N((2-12C)alkenyl)-CH2-CO-, -N((2-12C)alkynyl)-CH2-CO-, -N(benzyl)-CH2-CO-, D-1-

Tiq, D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq, or B is a L- or D-amino acid having a 

hydrophobic side chain, the side chain being a (l-12C)alkyl. optionally substituted with one 

or more {3-SC)cycloalkyl_ groups or (6-14C)aryl groups (which may contain a heteroatom, 

20 e.g. nitrogen) such as cyclohexyl, cyclo-octyl, phenyL pyridinyl, naphthyL 

tetrahydronaphthyl, and the like, which hydrophobic side chain may optionally be substituted 

with substituents such as halogen, trifluoromethyl, lower alkyl (for instance methyl or ethyl), 

lower alkoxy (for instance methoxy), phenyloxy, benzyloxy, and the like, or Bis a L- or D­

amino acid having a basic side chain, which is for example, but not limited to, arginine and 

25 lysine, or B is a L- or D-amino acid having a neutral side chain, such as methionine sulphon 

and the like, which hydrophobic, neutral or basic ammo acid may optionally be 

N-(1-6C)alkyl substituted; 
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or A and B together are the residue· R3R4N-CHR\C(O)-. wherein R3 and R4 independently 

are R1
, R1-0-C(O)-, R1-C(O)-, R1-S02-, R200C-(CHR.2)m·S02-, R200C-(CHR2)m·, 

H2NCO-(CHR2)m-, or an N-protecting group, or one of R3 and R4 is connected with R5 to 

form a 5- or 6-membered ring together with "N-C,, to which they are bound, which ring 

5 may be fused with an aliphatic or aromatic 6-membered ring; and Rs is a hydrophobic, 

basic" or neutral side chain; 

Xis an L-amino acid with a hydrophobic side chain, the side chain being a (l-12C)alkyl, 

optionally substituted with one or more (3-SC)cycloalkyl groups or (6-14C)aryl groups 

(which may contain a heteroatom, e.g. nitrogen) such as cyclohexyl, cycJo-octyl, phenyl, 

10 pyridinyl, naphthyl. tetrahydronaphthyl, . and the like, which hydrophobic side chain may 

optionally be substituted with substituents such as halogen, trifluoromethyl, lower alkyl (for 

instance methyl or ethyl). lower alkoxy (for instance· methoxy). phenyloxy, benzyloxy, and 

the like, or X is serine, threonine. or X is a cyclic amino acid. being for example 2-azetidine 

carboxylic acid, proline, pipecolic acid. l-amino-1-carboxy-(3-SC)cycloalkane, 4-piperidine 

15 carboxylic acid, 4-thiazolidine carboxylic acid. 3,4-dehydro-proline, azaproline, 2-octahydro-

indole carboxylic acid, and the like, which cyclic amino acid optionally contains an additional 

heteroatom selected from N, 0 or S, and is optionally substituted with (1-6C)alky~ 

(l-6C)alkoxy, benzyloxy or oxo. or Xis -NR2-CH2-C(O)- or the fragment 

or 

20 wherein n~is ~ 3, or 4. and W is CH or N; 

w 

-NH~)-CHi-C(0)-
0 

Y is H, -CHFi. -CFJ, -CO-NH-(l-6C)alkylene-CJls. -COOR6 and R6 being H or 

(1-6C)alkyl, -CONR7R8 and R7 and R8 being independently Hor (I-6C)alkyl or R7 and R8 

together being (3-6C)alkylene, or Y is a heterocycle selected from 2-thiazole, 2-thiazoline, 2-

benzothiazole, 2-oxazole, 2-oxazoline and 2-benzoxazole, which heterocycles may optionally 

25 be substituted with (1-6C)alkyl. phenyl, (l-6C)alkoxy,·benzyloxy or oxo; 

and r is 0, 1, 2 or 3; 

or a prodrug thereof or a pharmaceutically acceptable salt thereof. 
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2. The compound of claim l, wherein X is an L-amino acid with a hydrophobic side chain, 

serine, threonine or -NR2-CH2-C(O)-. · 

3. The compound of claim l, wherein A is as previously defined; 

5 B is a bond, an amino-acid of the formula -NH-CH[(CH2)pC(O)OH]-C(O)- or an ester 

derivative thereof and p being 0, I, 2 or 3, -N((l-6C)alkyl)-CHi-CO-, 

-N((2-6C)alkenyJ)-CHz-CO-, -N(benzyl)-CH2-CO-, D-1-Tiq, D-3-Tiq, D-Atc, Aic, D-1-Piq, ~ 

D-3-Piq or a D-amino acid having a hydrophobic side chain, which amino acid may 

optionally be N-(l-6C)alkyl substituted; 

10 or A and B together are the residue R3R4N-CHR.5-C(O)-; 

15 

and X is a cyclic amino acid optionally containing an additional heteroatom selected from N, 

0 or S, and optionally substituted with (l-6C)alkyl, (1-6C)alkoxy, benzyloxy or oxo, or Xis 

-NR2-CH2-C(O)- or the fragment 

or 

4. The compound of claim 3, wherein A is H, 2-hydroxy-3-cyclohexyl-propionyl-, 9-hydroxy­

fluorene-9-carboxyl, R 1, R1 -SOi-, R200C-(CHR.2)m-S02-, R200C-(CHR2)m-, 

H2NCO-(CHR2)m-. or an N-protecting group, wherein R1 is selected from (l-12C)alkyl, 

(2-12C)alkenyl, (6-14C)aryL (7-lSC)aralkyl and (8-I6)aralkenyl; each group R2 is 

20 independently H or has the same meaning as R 1; 

B is a bond. D-1-Tiq, D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a D-amino acid having a 

·hydrophobic side chain, which amino acid may optionally be N-(l-6C)aJkyl substituted; 

or A and B together are the residue R3R4N-CHR.s-C(O)-; 

Y is -CO-NH-(1-6C)alkylene-C,Hs. -COOR', -CONR7R8, or Y is ~ heterocycle selected 

25 from 2-thiazole, 2-thiazoline, 2-benzothiazole, 2-oxazole, 2-oxazoline and 2-benzoxazole. 

5. The compound of claim4, wherein A is H, R1-S{}z- or R200C-(CHR2)m-; 
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Bis.a bond, D-1-Tiq, D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a D-amino acid having a 

hydrophobic side chain; 

or A and B together are the residue R3R4N-CHR.5-C(O)-, wherein at least one ofR3 and R4 is · 

R200C-(C.HR2),.- or R1-SD2- and the other independently is (I-12C)alkyl, (2-12C)alkenyl, 

5 (2-12C)alkynyl, (3-SC)cycloalkyl, (7-15C)aralkyl, R1-SO:r- orR200C-(CHR2)m-, and R5 _is a 

hydrophobic side chain; 

IO 

Y is-CO-NH-(l-6C)a1kylene-CJis. -COOR6 and R6 being Hor (l-3C)alkyl, -CONR7R8
, R7 ~ 

and R1 being independently Hor (J-3C)alkyl or R7 and R8 together being (3-SC)alkylene, or 

Y is a heterocycle selected fr?m 2-thiazole, 2-benzothiazole, 2-oxazole or 2-benzoxazole. 

6. The compound of claim S, wherein A is R200C-(CHR2)m-; 

B is a D-amino acid having a hydrophobic side chain; 

or A and B together are the residue R3R"N-CHR5-C(O)-, wherein at least one ofR3 and R4 is 

R200C-(CHR2)m- and the other independently is (1-12C)alkyl, (2-6C)alkenyl, 

15 (3-SC)cycloalkyl, benzyl, R1-S02- or R200C-(CHR2)m-; 

and X is 2-azetidine carboxylic acid. proline, pipecolic acid, 4-thiazolidine carboxylic acid, 

3,4-dehydro-proline, 2-octahydroindole carboxylic acid or -[N(3-8C)cycloalkyl]-CH2-C(O)-. 

7. The compound of claim 6, wherein A is HOOC-CH2-; 

20 B is D-Phe, D-Cha, D-Coa, D-Dpa, p-Cl-D-Phe,. p-OMethyl-D-Phe, p-OEthyl-D-Phe, 

D-Nle, m-CI-D-Phe, 3,4-di-OMe-D-Phe, D-Chg; 

or A and B together are the residue R3R4N-CHR5-C(O)-, wherein at least one ofR3 and R4 is 

HOOC-CJir and the other independently is (1-4C)alkyl, (1-4C)alkyt-SOr or HOOC-CHr 

and R5 is (3-SC)cycloalkyl, (3-8C)cycloalkyl{l-4C)alkyl, phenyl. benzyl, optionally 

25 substituted with chlorine or (1-4C)alkoxy. 

8. The compound of claim 7, wherein A is HOOC-CH:r-; B is D-Cha; X is proline or 

-[N( cyclopentyl)]-CH2-C(O)-. 

30 9. The compound of claim 5, wherein A is R1-S02-; 
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Bis a bond, D-1-Tiq, D-3-Tiq, D-Atc, ~c, D-1-Piq, D-3-Piq or a D-amino acid having a 

hydrophobic side chain~ 

or A and B together are the residue R3R4N-CHR5 -C(O)-, wherein at least one ofR3 and R4 is 

R1-S02- and the other independently is (l-12C)alkyl or R1-S02-; 

5 Xis 2-azetidine carboxylic acid, proline, pipecolic acid, 4-thiazolidine carboxylic acid, 3,~ 

dehydro-proline, 2-octahydroindole carboxyJic acid, -[N(3-8C)cycloalkyl]-CHrC(O)-, or th~ 

fragment 

or 

w 

-NHO-CHrC(O)­

o 

10 10. The compound of claim 9. wherein A is Ethyl-SO, or Benzyl-S02-; 

B is a bond, D-Phe, D-Cha, D-Coa, D-Dpa, p-Cl-D-Phe, p-OMethyl-D-Phe, p-OEthyl-D­

Phe, D-NJe, m-Cl-D-Phe, 3,4-di-OMe-D-Phe, D-Chg; 

or A and B together are the residue R3R4N-cHR5 -C(O)-, wherein at least one ofR3 and R4 is 

Ethyl-SOr or Benzyl-SC>r and the other independently is (1-12C)alkyl or R1-SOr and R5 is 

15 (3-8C)cycloalkyl, (3-8C)cycloalkyl(l-4C)alkyl, phenyl, benzyl, diphenylmethinyl, which 

groups are optionally substituted with chlorine or (1-4C)alkoxy. 

20 

25 

11.The compound of claim 10, wherein A is Ethyl-SOr, B is D-Cha; X is proline or 

-[N( cyclopentyl)]-CHrC(O)-. 

12. The compound of any one of claims I to II, wherein ris I. 

13.A pharmaceutical composition comprising the compound of any one of claims 1 to 12 and 

pharmaceutically suitable auxiliaries. 

14.The compound of any one of claims I to .12 for use in therapy. 
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IS.Use of the compound of any one of cJaims ~ to 12 for the manufacture ofa medicament for 

treating or preventing thrombin-related diseases. 
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CLAIMS (NEW CLAIM I) 

1. A compound having the fonnula I 

>r 
A - B - X - NH - CH - C(O) - Y ( I) 

wherein 

REPLACEMENT SHEET 

I 2 1 AUG 1998 J 

A is IL optionally substituted D,L a-hydroxyacetyl, R1. R1-0-C(O)-, R1-C(O)-, R1-SOi-, 

R200C-(CHR.2)m-S0i-. R200C-(CHR2)m-, H2NCO-(CHR.2)111-. or an N-protecting group, 

wherein R1 is selected from (l-12C)alkyl, (2-12C)alkenyl, (2-12C)alkynyl and 

(3-8C)cycloalkyl, which groups may optionally be substituted with (3-8C)cycloalkyl, 

(l-6C)alkoxy, oxo, OH, COOH, ~f3 or halogen, and from (6-14C)aryl, (7-15C)aralkyl and 

(8-16)aralkenyl, the aryl groups of which may optionally be substituted with (I-6C)alkyl, 

(3-8C)cycloalkyl, (l-6C)alkoxy, OH, COOH, CF3 or halogen; each group R2 is
1 

independently Hor has the same meaning as R 1; m is I, 2 or 3; 

B is a bond, an amino-acid of the formula -NH-CH[(CH2)pC(O)OH]-C(O)- or an ester 

derivative thereof and p being 0, 1, 2 or 3, -N((l-12C)alkyl)-CHi-CO-, 

-N((2-12C)alkenyl)-CH2-CO-, -N((2- l 2C)alkynyl)-CH2-CO-, -N(benzyl)-CH2-CO-, D-1-

Tiq, D-3-Tiq, D-Atc, Ale, D-1-Piq, D-3-Piq, or B is a L- or D-amino acid having a 

hydrophobic side chain, the side chain being a (1-12C)alkyl, optionally substituted with one 

or more (3-8C)cycloalkyl groups or (6-14C)aryl groups (which may C<?ntain a heteroatom, 

e.g. nitrogen) such as cyclohexyl, cyclo-octyl, phenyl, pyridinyl, naphthyl, 

tetrahydronaphthyl, and the like, which hydrophobic side chain may optionally be substituted 

with substituents such as halogen, trifluoromethyl, lower alkyl (for instance methyl or ethyl}, 

lower alkoxy (for instance methoxy), phenyloxy, benzyloxy, and the like, or Bis a L- or D­

amino acid having a basic side chain, which is for example, but not limited to, arginine and 

lysine, or B is a L- or D-amino acid having a neutral side chain, such as methionine sulphon 

and the like, which hydrophobic, neutral or basic amino acid may optionally be 

N-( 1-6C)alkyl substituted; 
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or A and B together are the residue R3R4N-CHR.5-C(O)-, wherein R3 and R4 independently 

are R1
, R1-0-C(O)-, R1-C(O)-, R1

-Sb2-, R200C-(CHR2)m-S02-, R200C-(CHR2)m-, 

H2NCO-(Cl-IR.2)m-, or an N-protecting group, or one of R3 and R4 is connected with R5 to 

form a 5- or 6-membered ring together with "N-C" to which they are bound, which ring 

may be fused with an aliphatic or aromatic 6-membered ring; and R5 is a hydrophobic, 

basic or neutral side chain; 

X is an L-amino acid with a hydrophobic side chain, the side chain being a ( l- I 2C)alk:yl, 

optionally substituted with one or more (3-8C)cycloalkyl groups or (6-14C)aryl groups 

(which may contain a heteroatom, e.g. nitrogen) such as cyclohexyl, cyclo-octyl, phenyl, 

pyridinyl, naphthyl, tetrahydronaphthyl, and the like, which hydrophobic side chain may 

optionally be substituted with substituents such as halogen, trifluoromethyl, lower alkyl (for 

instance methyl or ethyl), lower alkoxy (for instance· methoxy), phenyloxy, benzyloxy, and 

the like, or X is serine, threonine, or X is a cyclic amino acid, being for example 2-azetidine 

carboxylic acid, proline, pipecolic acid, l-amino- l-carboxy-(3-8C)cycloalkane, 4-piperidine 

carboxylir acid, 4-thiazolidine carboxylic acid, 3,4-dehydro-proline, azaproline, 2-octahydro­

indole carboxylic acid, and the like, which cyclic amino acid optionally contains an additional 

heteroatom selected from N, 0 or S, and is optionally substituted with (I-6C)alkyl, 

(l-6C)alkoxy. benzyloxy or oxo. or Xis -NR2-CH2-C(O)- or the fragment 

or 

wherein n is 2, 3, or 4. and W is CH or N; 

w 

-NHO-cHrccor 
0 

Y is H. -CHF2, -Cf3, -CO-l\11-1-( l-6C)alkylene-C6Hs, -COOR6 and R6 being H or 

(l-6C)a1kyl, -CONR7R8 and R7 and R8 being independently H or (l-6C)alkyl or R7 and R8 

together being (3-6C)alkylene, or Y is a heterocycle selected from 2-thiazole, 2-thiazoline, 2-

benzothiazole, 2-oxazole, 2-oxazoline and 2-benzoxazole, which heterocycles may optionally 

be substituted with ( I-6C)alkyl, phenyl, ( 1-6C)alkoxy, benzyloxy or oxo; 

and r is 0, 1. 2 or 3; 

or a prodrug thereof or a pharmaceutically acceptable salt thereof 
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- 2. The compound of claim 1. wherein X is an L-amino acid with a hydrophobic side chain, 

serine, threonine or -NR2-CH2-C(O)-. 

3. The compound of claim 1, wherein A is as previously defined; 

B is a bond. an amino-acid of the formula -NH-CH[(CH2)pC(O)OH]-C(O)- or an ester 

derivative thereof and p being 0, l, 2 or 3, -N((l-6C)alkyl)-CH2-CO-, 

-N((2-6C)alkenyl)-CH2-CO-, -N(benzyl)-CH2-CO-, D-1-Tiq, D-3-Tiq, D-Atc, Aic, D-1-Piq, 

D-3-Piq or a D-amino acid having a hydrophobic side chai~ which amino acid may 

optionally be N-(l-6C)alkyl substituted; 

or A and B together are the residue R3R4N-CHR.5-C(O)-; 

and X is a cyclic amino acid optionally containing an additional heteroatom selected from N, 

0 or S, and optionally substituted with (I-6C)aJkyl, (l-6C)alkoxy, benzyloxy or oxo, or X is 

-NR2-CH2-C(O)- or the fragment 

or 

4. The compound of claim 3, wherein A is H, 2-hydroxy-3-cyclohexyl-propionyl-, 9-hydroxy­

fluorene-9-carboxyl, R1
, R1-S0i-~ R200C-(CHR.2)m-S02-, R200C-(CHR.2)m-, 

H2NCO-(CtIR.2)m-, or an N-protecting group, wherein R1 is selected from (1-12C)alk:yl, 

(2-12C)aJkenyJ, (6-14C)aryl, (7-15C)aralkyl and (8-16)aralkenyl; each group R2 is 

independently H or has the same meaning as R 1; 

B is a bond. D-1-Tiq, D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a D-amino acid having a 

hydrophobic side chain, which amino acid may optionally be N-(I-6C)alk:yl substituted; 

or A and B.together are the residue R3R4N-CHR5-C(O)-; 

Y is -CO-NH-(1-6C)alkylene-C6Hs, -COOR6
, -CONR7R8

, or Y is a heterocycle selected 

from 2-thiazole, 2-thiazoline, 2-henzothiazole, 2-oxazole, 2-oxazoline and 2-benzoxazole. 

5. The compound of claim 4, wherein A is H, R1-S02- or R200C-(CHR.2)m-; 
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B is a bond, D-1-Tiq, D-3-Tiq, D-Atc, Aic, D-1-Piq, D-3-Piq or a D-amino acid having a 

hydrophobic side chain; 

or A and B together are the residue R:;RiN-CHRs-C(O)-, wherein at least one ofR3 and R4 is 

R 200C-(CHR2)m- or R 1-SOi- and the other independently is ( l- l 2C)alkyl. (2- I 2C)alkenyl, 

(2-12C)alkynyl, (3-SC)cycloalkyl, (7-ISC)aralkyl, R1-SOi- or R200C-(CfIB.2)m-. and R5 is a 

hydrophobic si~e chain; 

Y is -CO-NH-(l-6C)alkylene-C6Hs, -COOR6 and R6 being Hor (l-3C)alkyl, -CONR7R8
, R7 

and R8 being independently Hor (l-3C)atkyl or R7 and R8 together being (3-5C)alkylene, or 

Y is a heterocycle selected from 2-thiazole, 2-benzothiazole, 2-oxazole or 2-benzoxazole. 

6. The compound of claim 5, wherein A is R200C-(CHR2)m-; 

B is a D-amino acid having a hydrophobic side chain; 

or A and B together are the residue R3R4N-CHRs-C(O)-, wherein at least one ofR3 and R4 is 

R2aOC-(CHR2)m- and the other independently is (l-12C)alkyl, (2-6C)alkenyl, 

(3-8C)cycJoalkyl, benzyl, R 1-SOz- or R200C-(CHR2)m-; 

and X is 2-azetidine carboxylic acid, praline, pipecolic acid, 4-thiazolidine carboxylic acid, 

3,4-dehydro-proline, 2-octahydroindole carboxylic acid or -(N(3-8C)cyc1oalkyl]-CHi-C(O)-. 

7. The compound of claim 6. wherein A is HOOC-CHi-; 

B is D-Phe, D-Cha, D-Coa, D-Dpa. p-Cl-D-Phe, p-OMethyl-D-Phe, p-OEthyl-D-Phe, 

D-Nle, m-Cl-D-Phe, 3,4-di-OMe-D-Phe, D-Chg; 

or A and B together are the residue R3R4N-CHR5-C(O)-, wherein at least one ofR3 and R4 is 

HOOC-CH2- and the other independently is {l-4C)alkyl, { l-4C)alkyl-S02- or HOOC-CH2-

and R5 is (3-8C)cycloalkyl, (3-8C)cycloalky1(1-4C)alkyl, ·phenyl, benzyl, optionally 

. substituted with chlorine or ( 1-4C)alkoxy. 

8. The compound of claim 7. wherein A is HOOC-CH2-; B is D-Cha; X 1s proline or 

-[N( cyclopentyl) ]-CH2-C( 0 )-. 

9. The compound of claim 5, wherein A is R 1-SOi-; 
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B is a bond, D-1-Tiq, D-3-Tiq, D-Atc,_ Aic, D-1-Piq, D-3-Piq or a D-amino acid having a 

hydrophobic side chain; 

or A and B together are the residue R3R4N-CHR5-C(O)-, wherein at least one ofR3 and R4 is 

R1-S02- and the other independently is (I-12C)alkyl or R1-S02-~ 

Xis 2-azetidine carboxylic acid, proline, pipecolic acid, 4-thiazolidine carboxylic acid, 3,4-

dehydro-prolirie, 2-octahydroindole carboxylic acid, -[N{3-8C}cycioalkyJ]-CHi-C(O)-, or the 

fragment 

or 

10. The compound of claim 9, wherein A is Ethyl-SOr or Benzyl-S02-; 

B is a bond, D-Phe, D-Cha. D-Coa, D-Dpa. p-Cl-D-Phe, p-OMethyl-D-Phe, , p-OEthyl-D­

Phe, D-Nle, m-Cl-D-Phe, 3,4-di-OMe-D-Phe, D'-Chg; 

or A and B together are the residue R3R4N-CHR5-C(O)-. wherein at least one ofR3 and R4 is 

Ethyl-SC>i- or Benzyl-SOr and the other independently is (l-12C)alkyl or R1-S02- and R5 is 

(3-8C)cycloalkyl, (3-8C)cycloalkyl(l-4C)a1kyl, phenyl, benzyl, diphenylmethinyl, which 

groups are optionally substituted with chlorine or (l-4C)alkox:y. 

11. The compound of claim 10, wherein A is Ethyl-S02-, B is D-Cha; X is proline or 

-[N( cyclopentyl)]-CH2-C(O)-. 

12. The compound of any one of claims l to 11, wherein r is I. 

13.A pharmaceutical composition comprising the compound of any one of claims 1 to 12 and 

pharmaceutically suitable auxiliaries. 

14.The compound of any one of claims 1 to 12 for use in therapy. 
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15. Use of the compound of any one of claims I to I 2 for the manufacture of a medicament for 

treating or preventing thrombin-related diseases. 
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