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NEW COMPOUNDS 

FIELD OF THE INVENTION 

s The present invention relates to novel compounds, and pharmaceutically acceptable salts 

thereof, which inhibit basic carboxypeptidases. more specifically carboxypeptidase U, and 

thus can be used in the prevention and treatment of diseases wherein inhibition of 

carboxypeptidase U is beneficial. In further aspects, the invention relates to compounds of 

the invention for use in therapy; to processes for preparation of such new compounds; to 

10 -phannaceutical compositions containing at least one compound of the invention, or a 

15 

pharmaceutically acceptable salt thereof, as active ingredient; and to the use of the active 

compounds in the manufacture of medicaments for the medical use indicated above. 

BACKGROUND OF THE INVENTION 

Fibrinolysis is the result of a series of enzymatic reactions resulting in the degradation of 

fibrin by plasmin. The activation of plasminogen is the central process in fibrinolysis. The 

cleavage of plasminogen to produce plasmin is accomplished by the plasminogen 

activators, tissue-type plasminogen activator (t-PA) or urokinase-type plasminogen 

10 activator (u-PA). Initial plasmin degradation of fibrin generates carboxy-terminal lysine 

residues that serves as high affinity binding sites for plasminogen. Since plasminogen 

bound to fibrin is much more readily activated to plasmin than free plasminogen this 

mechanism provides a positive feedback regulation of fibrinolysis. 

2s One of the endogenous inhibitors to fibrinolysis is carboxypeptidase U (CPU). CPU is also 

known as plasma carboxypeptidase B, active thrombin activatable fibrinolysis inhibitor 

(TAFla), carboxypeptidase Rand inducable carboxypeptidase activity. CPU is formed 

during coagulation and fibrinolysis from its precursor proCPU by the action of proteolytic 

enzymes e.g. thrombin, thrombin-thrombomodulin complex or plasmin. CPU cleaves basic 

Jo amino acids at the carboxy-terminal of fibrin fragments. The loss of carboxy-terminal 

lysines and thereby of lysine binding sites for plasminogen then serves to inhibit 

fibrinolysis. 
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By inhibiting the loss of lysine binding sites for plasminogen and thus increase the rate of 

plasmin formation, effective inhibitors of carboxypeptidase U would be expected to 

facilitate fibrinolysis. 

2-mercaptomethyl-3-guanidinoethylthiopropanoic acid is reported as a carboxypeptidase N 

inhibitor. More recently, this compound has been shown to inhibit CPU, Hendriks, D. et 

al., Biochimica et Biophysica Acta, I 034 ( 1990) 86-92. 

10 Guanidinoethylmercaptosuccinic acid is reported as a carboxypeptidase N inhibitor. More 

recently, this compound has been shown to inhibit CPU, Eaton, D. L., et al., The Journal of 

Biological Chemistry. 266 (1991) 21833-21838. 

IS 

DISCLOSURE OF THE INVENTION 

It has surprisingly been found that compounds of the Formula I are particularly effective as 

inhibitors of carboxypeptidase U and thereby useful as medicaments for the treatment or 

prophylaxis of conditions wherein inhibition of carboxypeptidase U is beneficial. 

20 In one aspect, the invention thus relates to compounds of the general Formula I. 

R1 
I 

XXR2 
Y R3 (I) 
I 
R4 

or a pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt, 

wherein 

R1 represents, 

2S C1-C6 alkyl, substituted with one or more basic groups such as amino, amidino and/or 

~anidino; 

cycloalkyl, substituted with one or more basic groups such as amino, amidino and/or 
guanidino; 
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heterocyclyl. containing at least one nitrogen atom: 

heterocyclyl, containing at least one hetero atom selected from S or 0, 

and substituted with one or more basic groups such as amino, amidino and/or 

guanidino; 

s or aryl, substituted with one or more basic groups such as amino, amidino and/or 

guanidino. 

Rz represents H, acyl, acylamino, alkyl, alkylcarbamoyl, alkylthio, alkoxy, aroyl, 

aroylamino, aryloxy. arylthio, amidino, amino, aryl, carbamoyl, carboxy, cyano, 

cycloalkyl, fonnyJ, guanidino, halogen, heterocyclyl, hydroxy, oxo, nitro, thiol, ZiN-

to C0-0-, ZO-CO-NZ- or ZiN-CO-NZ- group, 

R; represents COORs. SO(ORs), SO;Rs, P=O(ORs)2, B(ORs):?. P=ORs(ORs), or tetrazole, 

or any carboxylic acid isostere, 

R.i represents SH, S-CO-C1-4 alkyl or S-CO-aryl, 

Rs represents H, C1-C6 alkyl or aryl, 

is Res represents H or C1-C6 alkyl, 

X represents 0, S, SO, S02, C(Z)z, N(Z), ~S02, S02NRru NRcsCO or CON:Rcs, 

Y represents C(Zh, 

Z represents independently H, C1-C6 alkyl, aryl, cycloalkyl or heterocyclyl. 

20 Preferred compounds according to the present invention are those of Formula I, or a 

pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt, 

wherein 

R1 represents, 

cycloalkyl. substituted with one or more basic groups such as amino, amidino and/or 

2s guanidino; 

heterocycly1, containing at least one nitrogen atom; 

heterocycly1, conmining at least one hetero atom selected from S or 0, and substituted 

with one or more basic groups such as amino, amidino and/or guanidino; 

or aryl, substituted with one or more basic groups such as amino, amidino and/or 

30 guanidino; 

R2 represents H, acyl, acylamino, alkyl, alkylcarbamoyl, alkylthio, alkoxy, aroyl, 
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aroylamino, aryloxy, arylthio, amiclino, amino. aryl, carbamoyl, carboxy. cyano, 

cycloalkyl. formyl, guaniclino, halogen, heterocyclyl, hydroxy, oxo. nitro. thiol, Z2N­

CO-O-, ZO-CO-NZ- or Z2N-CO-NZ- group, 

R3 represents COORs, 

s ~represents SH, S-CO-C1-C6 alkyl or S-CO-aryl, 

Rs represents H, C1-C6 alkyl or aryl, 

R6 represents H or CrC6 alkyl, 

X represents 0, S, SO, SO:z, C(Z)2, N(Z). NRc,SC)i, SOiNR6 or CONR6. 

Y represents C(Zh, 

10 Z represents independently H, Ci-4 alkyl, aryl, cycloalkyl or heterocyclyl. 

More preferred compounds according to the present invention are those of Formula I, or a 

phannaceutically acceptable salt or solvate thereof, or a solvate of such a salt, 

wherein 

1s R1 represents, 

cycloalkyl, substituted with one or more basic groups such as amino, amiclino and/or 

guanidino; 

heterocyclyl, containing at least one nitrogen atom; 

heterocyclyl, containing at least one hetero atom selected from S or 0, and substituted 

zo with one or more basic groups such as amino, amidino and/or guaniclino; 

R:z represents H, C1-C3 alkyl, amino, halogen or hydroxy, 

R3 represents COORs, 

~represents SH, S-CO-C1-C6 alkyl or S-CO-ary1, 

Rs represents H, C 1-Ct; alkyl or aryl, 

25 X represents C(Zh, 

Y represents C(Z)2, 

Z represents independently Hor C1-C6 alkyl. 

Even more preferred compounds according to the present invention are those of Formula I, 

JO or a pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt, 

wherein 

R1 represents, 
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cycloalkyl, substituted with one or more basic groups such as amino, amidino and/or 

guanidino; 

heterocyclyl, containing at least one nitrogen atom; 

Ri represents H, F, or C1 alkyl, 

s R3 represents COOR.s. 

14 represents SH. S-CO-C1-C6 alkyl or S-CO-aryl, 

Rs represents H, C1-4 alkyl or aryJ, 

X represents C(Z)2. 

Y represents C(Z)i, 

10 Z represents independently H or Ci-4 alkyl. 

Most preferred compounds according to the present invention are those of Formula I or a 

pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt, wherein 

Rt represents cyclopentyl, pyridyl, pyrimidinyl, piperidinyl or thiazolyl, 

1s R:z represents H, F, or C1 alkyl, 

R3 represents COORs, 

~ represents SH. 

Rs represents H, 

X represents CHZ, 

20 Y represents CHZ, 

2S 

Z represents independently Hor C1-C6 alkyl. 

The following definitions shall apply throughout the specification and the appended 

claims! 

The term "basic group" denotes a basic group, wherein the conjugate acid of said basic 

group has a pKa of from about-5 to about 25, preferably of from l to 15. 

The term ••carboxylic acid isostere" denotes an acidic group having a pKa of from about -5 

30 to about 25~ preferably of from I to 15. 
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The term "C1-C6 alkyl" denotes a straight or branched, saturated or unsaturated, 

substituted or unsubstituted alkyl group having J to 6 carbon atoms in the chain wherein 

the alkyl group may optionally be interrupted by one or more heteroatoms selected from 0, 

Nor S. Examples of said alkyl include, but is not limited to, methyl, ethyl, ethenyl, 

s ethynyl, n-propyl, iso-propyl, propenyl, iso-propenyl. propynyl, n-butyl, iso-butyl, sec­

butyl, t-butyl, butenyl. iso-butenyl, butynyl and straight- and branched-chain pentyl and 

hexyl. 

The term "C1-C3 alkyl" denotes a straight or branched, saturated or unsaturated, 

10 substituted or unsubstituted alkyl group having 1 to 3 carbon atoms in the chain wherein 

the alkyl group may optionally be interrupted by one or more heteroatoms selected from 0, 

N or S. Examples of said alkyl include, but is not limited to, methyl, ethyl, ethenyl, 

ethynyl, n-propyl, iso-propyl, propenyl. iso-propenyl, propynyl. 

1s The term "C1 alkyl" denotes a substituted or unsubstituted alkyl group having I carbon 

atom. An example of said alkyl include, but is not limited to, methyl, 

20 

The term "C1-C; alkoxy" denotes an alkyl-0-group, wherein C1-C6 alkyl is as defined 

above. 

The term "'C1-C3 alkoxy" denotes an alkyl-0-group, wherein C1-C3 alkyl is as defined 

above. 

The term ••heterocyclyl .. denotes a substituted or unsubstituted, 4- to 10- membered 

2s monocyclic or multicyclic ring system in which one or more of the atoms in the ring or 

rings is an element other than carbon, for example nitrogen, oxygen or sulfur, especially 4-, 

5- or 6-membered aromatic or alifatic hetorocyclic groups, and includes, but is not limited 

to azetidine, furan. thiophene, pyrrole, pyrroline, pyrrolidine, dioxolane, oxathiolane, 

oxazolane, oxazole, thiazole, imidazole, imidazoline, imidazolidine, pyrazole, pyrazoline, 

30 pyrazolidine, isoxazole, isothiazole, oxadiazole. furazan, triazole, thiadiazole, pyran, 

pyridine, piperidine: dioxane, morpholine, dithiane, oxathiane, thiomorpholine, pyridazine, 

pyrimidine, pyrazine, piperazine, triazine, thiadiazine, dithiazine, azaindole, azaindoline, 
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indole, indoline. naphthyridine groups. and shall be understood to include all isomers of 

the above identified groups. The term "azetidinyl" shall for example by understood to 

include the 2-. and 3-isomers and the terms "pyridyl" and "piperidinyl" shall for example 

by understood to include the 2-, 3-, and 4-isomers. 

The term .. cycloalkyl" denotes a saturated or unsaturated, substituted or unsubstituted, non­

aromatic ring composed of 3, 4, 5, 6 or 7 carbon atoms. and includes, but is not limited to 

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclooheptyl, cyclobutenyl, cyclo­

pentenyl, cyclohexenyl, cycloheptenyl, cyclopentadienyl, cyclohexadienyl and cyclo-

10 heptadienyl groups. 

The tenn "halogen" includes fluoro, chloro, bromo and iodo groups. 

The tenn .. aryl" denotes a substituted or unsubstituted C6-C14 aromatic hydrocarbon and 

rs includes, but is not limited to, phenyl, naphthyJ, indenyl, antracenyl, fenantrenyl, and 

fluorenyl. 

The term "aryloxy" denotes an aryl-0-group, wherein aryl is as defined above. 

20 The term "acyl" denotes an alkyl-CO-group, wherein alkyl is as defined above. 

25 

3Q 

The term .. aroyl" denotes an aryl-CO-group, wherein aryl is as defined above. 

The term "alkylthio'' denotes an alkyl-S-group, wherein alkyl is as defined above. 

The term .. arylthio'· denotes an aryl-S-group. wherein aryl is as defined above. 

The term ••aroylamino" denotes an aroyl-N(Z)-group, wherein aroyl and Z is as defined 

above. 

The term "acylamino" denotes an acyl-N(Z}-group, wherein acyl and Z is as defined 

above. 
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The term "carbamoyl" denotes a H2N-CO-group. 

The term "alkylcarbamoyl" denotes a Z2N-CO-group wherein Z is as defined above. 

The term "substituted" denotes an "C1 alkyl", "C1-C3 alkyl'\ "C1-C6 alkyl", "cycloalkyl", 

"heterocyclyl'' or a "aryl" group as defined above which is substituted by one or more acyl, 

acylamino, alkyl, alkylcarbamoyl. alkylthio, alkoxy, aroyl, aroylamino, aryloxy, arylthio, 

amidino, amino, aryl, carb8IIloyl, carboxy, cyano, cycloalkyl, formyl, guanidino, halogen, 

10 heterocyclyl, hydroxy, oxo, nitro, thiol, thio, ZiN-C0-0-. ZO-CO-NZ-, or Z2N-CO-NZ­

groups. 

15 

Moreover, the compounds of Formula I wherein R.t is mercapto may be present in the form 

of a dimer which is bonded via -S-S-bond, which is also included in this invention. 

Both the pure enantiomers, racemic mixtures and unequal mixtures of two enantiomers are 

within the scope of the present invention. It should also be understood that all the 

diastereomeric forms possible are within the scope of the invention. Also included in the 

invention are derivatives of the compounds of the Formula I which have the biological 

20 function of the compounds of Formula I, such as prodrugs. 

25 

30 

Depending on the process conditions the compounds of Formula I are obtained either in 

neutral or salt form or as a solvate, e.g. a hydrate, and are all within the scope of the 

present invention. 

Preparation 

The present invention also provides the process A-C for the manufacture of compounds 

with the general Formula I. 

Process A 
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Process A for rnanufactu~ of compounds with the general Formula I. wherein Ri. R3. ~. 

and Y are as defined above and R1 is H, and X is C(Zh, comprises the foJlowing steps: 

a) Compounds of the general Formula Il, 

R1-X-OH (II) 

wherein Ri. is as defined for Formula I and Xis C(Z)z,which are either commercially 

available or are available using known techniques, can be converted into a coµipound of 

the general Formula ID, 

A1-X-L (III) 

wherein L is a suitable leaving group, such as chloro, bromo, iodo, triflate or tosyl, under 

standard conditions using a suitable reagent, such as PPh3/CBr4, TosCVpyridine or 

(CF3SO:z)20II'EA. 

ts b) Compounds of the general Formula III can thereafter be reacted with compounds of the 

general Formula IV, 

(IV) 

wherein Rz and R3 are as defined for Formula I, which are either commercially available, 

or are available using known techniques, in the presence of a suitable base, such as K1C03 

20 or NaH, under standard conditions to give compounds of the general Formula V. 

~1 
X R2 

HOOCXR3 (V) 

c) Compounds of the general Fonnula V wherein R 1 and R3 are as defined for Formula I and 

X is C(Zh and R1 is H can thereafter be converted to compounds of the general Fonnula 

VI, 
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by treatment with fonnaldehyd in the presence of a suitable base. such as Et2NH, under 

s standard conditions. 

d) Compounds of the general Formula VI can also be prepared by treating compounds of 

the general Formula VIl, 

10 wherein R3 and R5 are as defined for Formula I. with an alkylating agent of the general 

Formula m in the presence of a suitable base. such as LDA or NaH. under standard 

conditions to give compounds of the general Formula Vill, 

IS 

(VIII) 

e) Compounds of the general Formula vm can thereafter be reacted with an appropriate 

aldehyde or ketone OC(Z)2. in the presence of a suitable base. such as KOtBu, LDA or 

NaH, under standard conditions to give a compound of the general Formula VI. 

20 f) Compounds of the general Formula VI can be further reacted with compounds of the 

general Formula IX, 

RS-SH (IX) 
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wherein Rs is a suitable protecting group, such as Ac, Bz, PMB or Bn, alone or in the 

presence of a suitable base, such as NaOMe. NaH or triethylamine or alternatively in the 

presence of a free-radical initiator, such as AIBN under standard conditions to give 

compounds of the general Fonnula I, wherein Ri, R3, R,i. and Y are as defined for Fonnula 

s I and R2 is H and Xis C(Z)i. 

Process B 

Process B for manufacture of compounds with the general Formula I, wherein R1, R1, R3, 

to and R4, are as defined in Fonnula I and Y is CH2, and Xis 0, S, SO, S02, C(Zh, or N(Z), 

ts 

20 

25 

comprises the following steps: 

a) Reacting a compound of the general Formula X, 

R1-X-H (X) 

wherein R1 is as defined for Formula I and X is 0, S, or N(Z), with an alkylating agent of 

the general Formula XI, 

wherein R1 and R3 are as defined for Formula I and Lis a suitable leaving group, such as a 

chloro, bromo, iodo. triflate or tosylate group, under standard conditions using suitable 

reagents, such as NaH, Ag2C03, or Bu.iNHSOJNaOH, to give compounds of the general 

FonnulaXII. 
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b) Compounds of the general Formula XU can thereafter be reacted with carbon dioxide in 

the presence of a suitable base. such as LDA or KHMDS under standard conditions to give 

a compound of the general Formula XIIT, 

R1 
I 
X R2 

HOOCXR3 
(XIll) 

(c) Compounds of the general Formula XIII can thereafter be reacted with an alkyl 

chloroform.ate, such as ClCOOMe iil the presence of a base. such as triethylamine, and 

thereafter reducing the formed mixed anhydride with a suitable reducing agent, such as 

NaBH4. under standard conditions, to give a compound of the general Formula XIV 

~1 
'><R2 
f R3 

OH 

(XIV) 

(d) Compounds of the general Formula XIV may thereafter be reacted with a compound of 

the general Formula IX 

RS-SH (IX) 

wherein Rs is a suitable protecting group. such as Ac or Bz. in the presence of a suitable 

1s reagent, such as PPh3'J)IAD, under standard conditions to give compounds of the general 

Formula I, wherein R., R1. RJ. and R4, are as defined above and Y is CH2 and Xis 0, S, 

C(Z)2, or N(Z). 

e) Compounds of the general Formula I, wherein R1, R2, RJ, R.i and Y are as defined above 

20 and and Xis S may thereafter be reacted with a suitable oxidizing reagent, such as 

MCPBA under standard conditions to give compounds of the general Formula I, wherein 

Ra. R2, R3, RJ and Y are as defined above and and X is SO or 502• 
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ProcessC 

Process C for manufacture of compounds with the general Formula I. wherein R1, R2• R3, 

~. and Y, are as defined above and X is NR5CO, CON°R6, S~~ or ~S02 comprises 

s the following steps: 

a) Reacting a compound of the general Formula XV. 

R6HNXR2 

l R3 (XV) 
SRS 

wherein R2• R3, R6 and Y are as defined for Formula I and Rs is a suitable protecting 

10 group, such as Ac, Bz, PMB or Bn, with a compound of the general Formula XVI, 

R1-X (XVI) 

wherein R1 is as defined for Formula I and Xis COOH or S02Cl in the presence of suitable 

coupling reagents, such as PyBOPIDIPEA, DCC/HOBt, EDC!I'EA/DMAP or pyridine 

under standard conditions to give compounds of the general Formula I, wherein Ri. R2• R3, 

JS .R.i, and Y, are as defined above and Xis NR6CO or NR5S02• 

b) Reacting a compound of the general Formula XVII. 

XXR2 
Y R3 
I 
SRS 

(XVII) 

20 wherein R2, RJ, and Y are as de.fined for Formula I and X is COOH or S02Cl and R5 is a 

suitable protecting group, such as Ac, Bz, PMB or Bn. with a compound of the general 

Formula XVIIl, 

R6-N~ (XVIII) 
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wherein ~ is as defined for Formula I in the presence of suitable coupling reagents, such 

as PyBOP/DIPEA, DCC/HOBt, EDC/TEA/DMAP or pyridine under standard conditions 

to give compounds of the general Formula I, wherein R1, R2, R3, ~and Y are as defined 

above and X is CON~ or S02NR6. 

It will be appreciated by those skilled in the art that in the processes described above the 

functional groups of intermediate compounds may need to be protected by suitable· 

protecting groups. 

10 Functional groups, which it is desirable to protect, include hydroxy, amino, mercapto and 

carboxylic acid. Suitable protecting groups for hydroxy include trialkylsilyl or diarylalkyl­

silyl (e.g. t-butyldimethylsilyl, t-butyldiphenylsilyl or trimethylsilyl), tetrahydropyranyl 

and benzyl. Suitable protecting groups for amino, amidino and guanidino include t­

butyloxycarbonyl and benzyloxy-carbonyl. Suitable protecting groups for mercapto 

is include CO-C1-6 alkyl, p-methoxybenzyl and trityl. Suitable protecting groups for 

20 

carboxylic acid include C1-6 alkyl and benzyl esters. 

Protecting groups may be removed in accordance with techniques, which are well known 
to those skilled in the art and as described hereinafter. 

Certain protected derivatives of compounds of Formula I, which may be made prior to a 

final deprotection stage to form compounds of Formula I, are novel. 

The use of protecting groups is described in 'Protective Groups in Organic Synthesis', 2nd 

2s edition, T.W. Greene & P.G.M. Wutz, Wiley-Interscience (1991). The protective group 

may also be a polymer resin such as Wang resin or a 2-chorotrityl chloride resin. 

It will also be appreciated by those skilled in the art, although such protected derivatives of 

compounds of Formula I may not possess pharmacological activity as such, they may be 

30 administered parenterally or orally and thereafter metabolised in the body to form 

compounds of the invention which are pharmacologically active. Such derivatives may 
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therefore be described as "prodrugs". All prodrugs of compounds of Formula I are included 

within the scope of the invention. 

It should also be understood that all polymorphs. amorphous forms, anhydrates. hydrates, 

s solvates of the compounds of the present invention are within the scope of the invention. 

Pharmaceutical formulations 

In yet a further aspect, the invention relates to pharmaceutical compositions containing at 

10 least one compound of the present invention, or a pharmaceutically acceptable salt thereof, 

as active ingredient. 

For clinical use, the compounds of the invention are formulated into pharmaceutical 

formu-lations for oral. intravenous, subcutaneous, tracheal, bronchial, intranasal, · 

u pulmonary, transdermal, buccal, rectal, parenteral or other mode of administration. The 

pharmaceutical formulation contains a compound of the invention in combination with one 

or more pharmaceutically acceptable ingredients. The carrier may be in the form of a solid, 

semi-solid or liquid diluent, or a capsule. These pharmaceutical preparations are a further 

object of the invention. Usually the amount of active compounds is between 0.1-95% by 

20 weight of the preparation. 

In the preparation of pharmaceutical formulations containing a compound of the present 

invention the compound selected may be mixed with solid. powdered ingredients, such as 

lactose. saccharose, sorbitol, mannitol, starch, amylopectin, cellulose derivatives, gelatin, 

25 or another suitable ingredient, as well as with disintegrating agents and lubricating agents 

such as magnesium stearate. calcium stearate, sodium stearyl fumarate and polyethylene 

glycol waxes. The mixture may then be processed into granules or pressed into tablets. 

Soft gelatine capsules may be prepared with capsules containing a mixture of the active 

Jo compound or compounds of the invention, vegetable oil, fat, or other suitable vehicle for 

soft gelatine capsules. Hard gelatine capsules may contain granules of the active 

compound. Hard gelatine capsules may also contain the active compound in combination 
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with solid powdered ingredients such as lactose, saccharose, sorbitol. mannitol, potato 
starch, cornstarch, amylopectin, cellulose derivatives or gelatine. 

Dosage units for rectal administration may be prepared (i) in the form of suppositories 

s which contain the active substance mixed with a neutral fat base; (ii) in the form of a 

gelatine rectal capsule which contains the active substance in a mixture with a vegetable 
oil, paraffin oil or other suitable vehicle for gelatine rectal capsules; (iii) in the form of a 

ready-made micro enema; or (iv) in the form of a dry micro enema formulation to be 
reconstituted in a suitable solvent just prior to administration. 

10 

Liquid preparations may be prepared in the form of syrups or suspensions, e.g. solutions or 

suspensions containing the active ingredient and the remainder consisting. for example, of 
sugar or sugar alcohols and a mixture of ethanol, water, glycerol, propylene glycol and 
polyethylene glycol. If desired, such liquid preparations may contain colouring· agents. 

is flavouring agents. preservatives, saccharine and carboxymethyl celluJose or other 
thickening agents. Liquid preparations may also be prepared in the form of a dry powder to 
be reconstituted with a suitable solvent prior to use. 

Solutions for parenteral administration may be prepared as a solution of a compound of the 
20 invention in a pharmaceutically acceptable solvent. These solutions may also contain · 

stabilizing ingredients, preservatives and/or buffering ingredients. Solutions for parenteral 

administration may also be prepared as a dry preparation to by reconstituted with a suitable 
solvent before use. 

is The typical daily dose of the active substance varies within a wide range and will depend 
on various factors such as for example the individual requirement of each patient, the route 

of administration and the disease. In general, oral and parenteral dosages will be in the 

range of 0.1 to 1000 mg per day of active substance. 
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Medical and pharmaceutical use 

The compounds of the invention are inhibitors of carboxypeptidase U either as such or. in 

the case of prodrugs. after administration. The compounds of the invention are thus 

s expected to be useful in those conditions where inhibition of carboxypeptidase U is 

beneficial, such as in the treatment or prophylaxis of.thrombosis and hypercoagulability in 

blood and tissues of mammals. including man. 

It is known that hypercoagulability may lead to thrombo-embolic diseases. Conditions 

10 associated with hypercoagulability and thrombo-embolic diseases which may be 

mentioned include protein C resistance and inherited or aquired deficiences in 

antithrombin III. protein c. protein S and heparin cofactor IL Other conditions known to be 

associated with hyper-coagulability and thrombo-embolic disease include circulatory and 

septic shock. circulating anti.phospholipid antibodies. homocysteinami. heparin induced 

rs thrombocytopenia and defects in fibrinolysis. The compounds of the invention are thus 

indicated both in the therapeutic and/or prophylactic treatment of these conditions. The 

compounds of the invention are further indicated. in the treatment of conditions where there 

is an undesirable excess ofproCPU/CPU. 

20 Particular disease states which may be mentioned include the therapeutic and /or prophy­

lactic treatment of venous thrombosis and pulmonary embolism, arterial thrombosis (e.g. in 

myocardial infarction, unstable angina, thrombosis-based stroke and peripheral arterial 

thrombosis) and systemic embolism usually from the atrium during arterial fibrillation or 

from the left ventricle after transmural myocardial infarction. 

25 

30 

Moreover, the compounds of the invention are expected to have utility in prophylaxis of 

re-occlusion and restenosis (i.e. thrombosis) after thrombolysis, percutaneous trans-luminal 

angioplasty (PT A) and coronary bypass operations; the prevention of re-thrombosis after 

microsurgery and vascular surgery in general. 

Further indications include the therapeutic and/or prophylactic treatment of disseminated 

intravascular coagulation caused by haeteria, multiple trauma, intoxication or any other 
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mechanism, fibrinolytic treatment when blood is in contact with foreign surfaces in the 

body, such as vascular grafts, vascular stents, vascular catheters, mechanical and biological 

prosthetic valves or any other medical device, and fibrinolytic treatment when blood is in 

contact with medical devices outside the body, such as during cardiovascular surgery using 

s a heart-lung machine or in haemodialysis. 

The compounds of the invention may also be combined and/or coadministered with any 

antithrombotic agent with a different mechanism of action, such as the antiplatelet agents 

acetylsalicylic acid ticlopidine, clopidogrel. thromboxane receptor and/or synthetase 

10 inhibitors, fibrinogen receptor antagonists, prostacyclin mimetics and phosphodiesterase 

inhibitors and ADP-receptor (P2 T) antagonists and thrombin inhibitors. 

The compounds of the invention may further be combined and/or coadministered with 

thrombolytics such as tissue plasminogen activator (natural, recombinant or modified), 

is streptokinase, urokinase, prourokinase, anisoylated plasminogen-streptokinase activator 

complex (APSAC), animal salivary gland plasminogen activators, and the like, in the 

treatment of thrombotic diseases, in particular myocardial infarction and stroke. 

20 

25 

Jn vitro experiments 

The inhibiting effect of the compounds of the present invention was estimated using the 

assay described in: Dirk Hendriks, Simon Scharpe and Marc van Sande, Clinical 

Chemistry, 31. 1936-1939 (1985); and Wei Wang, Dirk F. Hendriks, Simon S. Scharpe, 

The Journal of Biological Chemistry, 269, 15937-15944 (1994). 

EXAMPLES 

General Experimental Procedures 

Mass spectra were recorded on a Finnigan MAT TSQ 700 triple quadropole mass 

spectrometer equipped with an electrospray interface (FAB-MS) and VG Platform II mass 

30 spectrometer equipped with an eleccrospray interface (LC-MS). 1H NMR and 13C NMR 

measurements were performed on Varian UNITY plus 400, 500 and 600 spectrometers, 

operating at 1H frequencies of 400, 500 and 600 MHz respectively. Chemical shifts are 
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given in ppm with the solvent as internal standard. Organic extracts were dried using 

MgS04 or Na2S04 as the drying agent. Chromatography separations were performed using 

Merck Silica gel 60 (0.063-0.200 mm). HPLC separations were performed on a 

HIGHCROM KR100-10C8 column. 

Example 1 

2-Mercaptomethyl-3-piperidin-4-yl-pro.pionic acid 

(a) 3-Piperidin-4-yl-propionic acid 

10 A solution of 3-pyridin-4-yl-acrylic acid (4.20 g, 28.0 mmol) in water (50 mL) and 

ammonia (aq, 25 %, 4 mL) was hydrogenated at 60 bar in a high pressure steel autoclave in 

presence of ruthenium (5 % on alumina, 439 mg). When hydrogen pressure remained 

constant (3 days) the catalyst was removed from the reaction mixture by filtration. The 

catalyst was washed with ethanol and water, and the ethanol was removed from the 

1s solution on a rotavapor and the aqueous solution was freeze dried to give 3-piperidin-4-yl­

propionic acid ( 4.30 g, 100 % ). 

(b) 4-(2-carboxy-ethyl)-piperidine-l-carboxylic acid tert-butyl ester 

A solution of 3-piperidin-4-yl-propionic acid (4.79 g, 30.5 mmol), di-tert-butyl-

20 dicarbonate (6.98 g, 32.0 mmol) and NaHC03 (2.69 g, 32.0 mmol) in THF/water (1:1,50 

mL) were stirred at room temperature for 22 h. Another portion of di-tert-butyl­

dicarbonate (2.00 g, 9.10 mmol) was added together with a catalytic amount ofDMAP, the 

resulting mixture was stirred for another four days. THF was removed under reduced 

pressure and the aqueous pha..1te was extracted with CH2C12• The aqueous was then acidified 

2s to pH 2 with IM HCl and the acid exttacteci with CH2Ch. The combined organic extracts 

were washed with brine, dried and coneeritrated in vacuo to yield 4-(2-carboxy-ethyl)­

piperidine-l-carboxylic acid tert-butyl ester as a white solid (6.36 g. 81 %). 

(c) 4-(3-Benzylsulfanyl-2-carboxy-proovll-piperidine-l-carboxylic acid tert-butyl ester 

Jo BuLi ( 1.6 M. 15.3 mL, 24.4 mmol) was added to a solution of diisopropylamine (3.43 mL. 

24.4 mmol) in THF (3 mL) at -78°C under argon. After a few min the solution was 

allowed to warm up to room temperature over a period of 15 min. The resulting LOA 
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solution was slowly added to a solution of 4-(2-carboxy-ethyl)-piperidine-1-carboxylic 

acid tert-butyl ester (3.07 g, 11.9 mmol) in THF (7 mL) at-7811C. The resulting solution 

was stirred at -78°C for I 0 min., THF (20 mL) was added during that time in order to 

dissolve the anion which had solidified. The dianion was cooled to -78°C and 

s bromomethyl thiobenzylether (2.72 g, 12.5 mmol) was added as a solution in THF (3 mL), 

the solution was stirred at-78°C for 30 min, at 0°C for 30 min and then allowed to wann 

up to room temperature and stirred overnight. The reaction mixture was acidified with 1 M 
HCl, diluted with EtOAc and the organic phase was washed with water and dried. The 

crude product was purified by flash chromatography (MeOH/CHC}s, l :9) to yield 4-(3-

10 Benzylsulfanyl-2-carboxy-propyl)-piperidine-l-carboxylic acid tert-butyl ester as a pale 
yellow oil (3.12 g, 66 %). 

(d) 4-(2-Carboxy-3-mercapto-propyll-piperidine-1-carboxvlic acid tert-butyI ester 

Sodium metal (513 mg, 22.5 mmol) was added in portions during 5 min. to a solution of 4-
is (3-Benzylsulfanyl-2-carboxy-propyl)-piperidine-l-carboxylic acid tert-butyl ester (0.9 g, 

2.29 mmol) in THF (45 mL) and liquid ammonia (50 mL) at -60°C under argon. After 

stirring for 15 min. ammonium chloride (1.7 g, 31.5 mmol) was added in portions. The 

cooling bath was removed and the ammonia was evaporated using a stream of argon. 0.5 

M NaOH was added and the mixture was washed with heptane. The aqueous phase was 
20 acidified with 2 M HCl and extracted with methylene chloride. The organic phase was 

washed with brine, dried and concentrated under reduced pressure to give 4-(2-Carboxy-3-

mercapto-propyl)-piperidine-l-carboxylic acid tert-butyl ester (0.7 g, 100 %). 

(e) 2-Mercaptomethyl-3-piperidin-4-yl-propionic acid 

is To a solution of 4-(2-Carboxy-3-rnercapto-propyl)-piperidine-l-carboxylic acid tert-butyl 

ester (0. 7 g, 2.29 mrnol) in methylene chloride (8 mL) under argon was added triethyl­

silane (731µL,4.58 mmol) followed byTFA (4 mL). The reaction mixture was stirred for 

60 min. and then concentrated under reduced pressure. Purification by HPLC ( 10 -4 30 % 

acetonitrile, 0.1 % TFA in water) gave the title compound as the TFA salt (447 mg, 61 %). 

30 
1H NMR(400 MHz, D20): o 1.34-1.50 (m, 2H), 1.54-1.76 (m" 3H), 1.90-1.99 (m, IH). 

2.0-2.1 (m, lH), 2.9-3.05 (m, SH). 3.38-3.48 (m, 2H). 

MS(+) 204 (M+l). 
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Example2 

3-( l-Acetyl-piperidin-4-vl}-2-mercaptomethvl-propionic acid 

A solution of 2-Mercaptomethyl-3-piperidin-4-yl-propionic acid TF A salt (0.1 g, 0.32 

s mmol) in acetic anhydride (2 mL) was stirred over night under argon and then concentrated 

under reduced pressure. Purification by HPLC (10 ~ 50 % acetonitrile, 0.1 % TFA in 

water) gave the title compound (63 mg. 80 %). 

1H NMR (SOO MHz, CD30D): 81.0-1.22 (m, 2H), 1.46-1.55 (m. lH), 1.55-1.66 (m, 2H), 

10 1.67-1.79 (m. IH). 1.81-1.92 (m. lH). 2.08 (s, 3H). 2.55-2.73 (m, 4H), 3.03-3.12 (m, lH), 

3.85-3.94 (m, I H), 4.45-4.53 (m, lH). 

MS(+) 246 (M+l). 

Example3 

ts >Mercapto-5-methyl-2-piperidin-4-ylmethyl-hexanoic acid 

(a) 4-Hydroxymethyl-piperidine-l-carboxylic acid tert-butyl ester 

To a solution of, 4-(hydroxymethyl)piperidine (5.00 g, 43.41 mmol THF/H20 (1:1, 120 

mL) was added cli-t-butyl dicarbonate (9.47 g, 43.41 mmol). The reaction mixture was 

20 stirred for 16 hat room temperature. The reaction mixture was then poured into H20 (500 

mL) and extracted with ethyl acetate (3 x 250 mL). The organic layers were combined and 

washed with water. The organic layer was dried over sodium sulfate, filtered. and then 

concentrated under reduced pressure to give 4-hydroxymethyl-piperidine-1-carboxylic acid 

tert-butyI ester (9.01 g. 96%). 

2S 

(b) 4-Bromomethyl-piperidine-1-carboxylic acid tert-butyJ ester 

To a solution 4-hydroxymethyl-pipe.tidine-1-carboxylic acid tert-butyl ester (8.75 g, 40.64 

mmol) in diethyl ether (200 rnL) at o0c under nitrogen. were added triphenyl phosphine 

(21.32 g, 81.28 mmoJ) and carbon tetra.bromide (26.96 g. 81.28 mmol). The mixture was 

30 allowed to warm to room te1nperatute and stirred under nitrogen for 48 h. The reaction 

mixture was filtered through a pad ofCeJite and the organic filtrate was washed with 5 % 

NaS20J. water, brine, and dried. The mixture wa<> filtered and concentrated under reduced 
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pressure. The crude product was purified by column chromatography (ethyl 

acetate/hexane, 1:9) to give 4-bromomethyl-piperidine-1-carboxylic acid ten-butyl ester 

(8.26 g, 73 % ). 

s ( c) 4-£2-tert-Butoxycarbonvl-2-( diethoxy-phosphoryl>-ethyll-pioeridine., 1-carboxylic acid 

tert-butyl ester 

tert-Butyl diethylphosphonoacetate (75.0 g, 297.32mmol) was added dropwise to a 

suspension of sodium hydride (8.03 g, 334.58 mmol) in DMF (450 mL) at o0c under 

nitrogen. The mixture was stirred at o0c for 0.5 h and at room temperature for 0.5 h. 4-

10 bromomethyl-piperidine-1-carboxylic acid ten-butyl ester (20.68 g, 74.34 mmol) in DMF 

(50 mL) was added dropwise to the reaction ~xture and the reaction was heated to 60°C 

and stirred for 16 h. The reaction was cooled to room temperature, poured into H20 and 

extracted with ethyl acetate. The organic layers were combined and washed with water. 

The organic layer was dried, filtered, and concentrated under reduced pressure. The crude 

is product was purified by column chromatography (ethyl acetate/hexane, 3:7) to give 4-(2-

tert-Butoxycarbonyl-2-(diethoxy-phosphoryl)-ethyl]-piperidine-l-carboxylic acid tert­

butyl ester and unreacted /-butyl diethylphosphonoacetate. The product was 47 % pure by 

HPLC. The product was further purified by vacuum distillation to give 77 % purity. This 

mixture was taken on to the next reaction. 

20 

( d) 4-(2-tert-Butoxvcarbonvl-5-methyl-hex-2-enyl}-piperidine-1-carboxyJic acid tert-butyl 

ester 

4-[2-tert-Butoxycarbonyl-2-(diethoxy-phosphoryl)-ethyl]-piperidine-l-carboxylic acid 

tert-butyl ester(S. l g) in 20 mL DME was added dropwise to a suspension of sodium 

25 hydride (1.04 g. 43.13 mmol) in DME (20 mL) at o0c under nitrogen. The mixture was 

stirred for 0.75 hand isovaleraldehyde (7.76 g, 90.1 mmol) was added dropwise to the 

mixture. The mixture was allowed to warm to room temperature and stirred for 48 h. The 

mixture was diluted with ether and washed with water. The organic layer was dried, 

filtered, and concentrated under reduced pressure to give 9 .4 g of a yellow oil. The crude 

30 product was purified by column c:Qromatography (ethyl acetate/hexane, 1:50) to give 4-(2-

tert-butoxycarbonyl-5-methyl-hex-2-enyl)-piperidine-1-carboxylic acid tert-butyl ester 

(1.53 g, 24 % ) for two reactions. 
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(e) 4-[2-terl-Butoxycarbonyl-3-{ 4-methoxv-benzylsulfany})-5-methyl-hexyll-piperidine-l­

carboxylic acid terr-butyl ester 

A solution of 4-(2-tert-butoxycarbonyl-5-methyl-hex-2-enyl)-piperidine-1-carboxylic acid 

s tert-butyl ester (2.0 g, 5.24 mmol) in DMF (5 mL) was added to a mixture of potassium 

carbonate (0.54 g. 3.93 mmol) and 4-methoxy-cx-toluenethiol { 1.17 g, l 0.48 mmol) in 

DMF (SO mL) under nitrogen. The mixture was refluxed for 5 h and allowed to cool to 

room·temperature. The reaction mixture was then poured into H:20 and extracted with ethyl 

acetate. The organic layers were combined and washed with water. The organic layer was 

10 dried, filtered and concentrated under reduced pressure to give 3.76 g of crude material. 

The crude product was purified by column chromatography (ethyl acetate/hexane, 1:10) to 

give 4-[2-tert-butoxycarbonyl-3-(4-methoxy-benzylsulfanyl)-5-methyl-hexyl]-piperidine­

l-carboxylic acid tert-butyl ester (l.77 g, 63 %). 

1s (f) 3-Mercapto-5-methyl-2-piperidin-4-ylmethyl-hexanoic acid 

A mixture ofH20 (2.6 mL) and TFA (26 mL) was frozen and then allowed to wann to 

room temperature under nitrogen. 4-[2-tert-butoxycarbonyl-3-(4-metboxy-benzylsulfanyl)-

5-methyl-hexyl]-piperidine-1-carboxylic acid tert-butyl ester (2.62 g, 4.89 mmol) was 

added and the mixture was refluxed for 16 h. The mixture was allowed to cool to room 

20 temperature and concentrated under reduced pressure. The crude product was purified by 

reverse-phase column chromatography (MeOH/H20, 3:2) to give the title compound as the 

TF A salt (0.40 g, 22 % ). 

1H NMR (300 MHz) (CD30D) ~ 0.88 (d,}, 0.94 (d,), 1.43 (m), 1-70 (br), 

zs 1.94 (rn), 2.48 (m), 2.90 (m), 2.99 (br), 3.34 (m). 

30 

MS(+) 260.2 (M-TFA). 

Example4 

3-Mercapto-4-phenyl-2-piperidin-4-ylmethyl-butyric acid 
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(a) 4-(2-tert-Butoxycarbonyl-4-phenyl-but-2-enyl)-piperidine-l-carboxylic acid tert-butyl 

ester 

A solution of 4-(2-tert-butoxycarbonyl-2-( diethoxy-phosphoryl)-ethyl]-piperidine-1-

carboxylic acid terr-butyl ester (3.0 g) in DME (8 mL) was added dropwise to a suspension 

s of sodium hydride (0.26 g, I 0.51 mmol) in DME (8 mL) at o0c under nitrogen. The 

mixture was stirred for0.75 h. Phenyl acetaldehyde (5.26 g, 43.81 mmol) was added 

dropwise to the mixture at o0c. The mixture was allowed to warm to room temperature 

and stirred for 16 h. The mixture was diluted with ether and washed with water. The 

organic layer was dried, fiJtered, and concentrated under reduced pressure to give 8.6 g of a 

10 yellow oil. The crude product was purified by column chromatography (ethyl 

acetate/hexane, 1:50 ~ 1:10) to give 4-(2-tert-butoxycarbonyl-4-phenyl-but-2-enyl)­

piperidine-l-carboxylic acid tert-butyl ester (1.32 g. 62 % yield) for two reactions. 

(b) 4-[2-tert-Butoxycarbonyl-3-( 4-methoxy-benzylsulfanyl)4-phenyl-butyll-pioeridine-l-

1s carboxylic acid tert-butyl ester. 

4-(2-tert-Butoxycarbonyl-4-phenyl-but-2-enyl)-piperidine-l-carboxylic acid /ert-butyl 

ester (0.8 g, 1.93 mmol) in DMF (10 mL) was added to a suspension of potassium 

carbonate (0.20 g, 1.44 mmol) ) and 4-methoxy-cx-toluenethiol (0.54 mL, 3.85 mmol) in 

DMF (10 ml.) under nitrogen: The mixture was heated to 75°C for 24 hand allowed to 

20 ·cool to room temperature." The reaction mixture was then poured into H20 and extracted 

with ethyl acetate. The organic layers were combined and washed with water. The organic 

layer was dried, filtered, and concentrated under reduced pressure to give 1.8 g crude 

material. The crude product was purified by column chromatography (ethyl acetate/ 

hexane, 1: 10) to give 4-[2-tert-butoxycarbonyl-3-( 4-methoxy-benzylsulfanyl)-4-phenyl-

2S butyl]-piperidine-1-carboxylic acid tert-buty.l ester (0.55 g, SO % ). 

(c) 3-Mercapto-4-phenvl-2-piperidin-4-ylmethyl-butyric acid 

A mixture ofH20 (0.65 mL) and TFA (6.5 mL) was frozen and then allowed to warm to 

room temperature under nitrogen. 4-[2-tert-butoxycarbonyl-3-(4-methoxy-benzylsulfanyl)-

30 4-phenyl-butyl]-piperidine-l-carboxylic acid tert-butyl ester (0.65 g, 1.14 mrnol) was 

added and the mixture was refluxed for 16 h. The mixture was allowed to cool to room 

temperature and concentrated under reduced pressure. The crude product was purified by 
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reverse-phase column chromatography (MeOH/H20, 1: l) to give the title compound as the 

TFA salt (0.27 g, 58 %). 

1H NMR (300 MHz) (DMSO) 51.22 (m), 1.49 (m). 1.67 (hr), 2.21(d,).2.98 (m), 7.25 (m, 

5H), 8.27 (br), 8.57 (br), 12.59 (br). 

s MS(+) 294.3 (M-TFA). 

Examples 

2-(2-Amino-pyridin-4-ylmethyl)-3-mercapto-propionic acid 

10 (a) N-{4-Methyl-pyridin-2-yl)-acetamide 

IS 

2-Amino..:4-methylpyridine (99.0 g, 91.5 mmol) in acetic anhydride (250 mL) was warmed 

to 70°C for two h. The mixture was cooled to room temperature and diethyl ether (100 mL) 

added. The product crystallized as white needle czystals. Filtering and dzying in vacuo 

afforded N-( 4-methyl-pyi"idin-2-yl)-acetamide (130 g, 95 % ). 

(b) 2-Acetylamino-isonicotinic acid 

A mixture of N-(4-methyl-pyridin-2-yl)-acetamide(40.0 g, 0.26 mol) and water (400 mL) 

was heated at 90°C until the solution was homogeneous. KMn04 (100 g, 0.62 mol) was 

added carefully in small portions with vigorous mechanical stirring over 2 h. The reaction 

20 mixture was kept at 90·95°C for further 3 h before filtering through Celite while still hot. 

2S 

The filtrate was concentrated to about 100 mL and concentrated HCI was added to adjust 

the pH to about 4. The reaction flask was cooled in an ice bath and the white solid filtered 

off. The crystals were washed with cold water and chloroform and dried in vacuo giving 2-

acetylamino-isonicotinic acid (12.0 g, 25 %). 

(c) 2-Amino·isonicotinic acid ethyl ester 

2-Acetylamino-isonicotinic acid (Hts g, 60.0 mmol) was suspended in ethanol (150 mL) 

and BF»0Et2 (22 mL. 138 mmol) was added. The mixture was refluxed overnight, and 

after cooling to room temperature 10 % NaHC03 (250 mL) was added. The product was 

30 extracted with chloroform and the toffi.biiled organic extracts were washed with water and 

dried. Filtering and concentration afror~ 2-amino-isonicotinic acid ethyl ester (7.46 g, 79 

% ) as pale yellow crystals. 
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(d) 2-IN.N-bisCtert-ButoxycarbonvDaminol-isonicotinic acid ethyl ester 

To a solution of 2-amino-isonicotinic acid ethyl ester (5.00 g, 30 mmol) in t-BuOH (45 

mL) and acetone (15 mL) was added DMAP (50 mg, 0.41 mmol) and di-t-butyl 

s dicarbonate (16.4 g, 75.0 mmol). The reaction was stirred at room temperature overnight 

and hexane (60 mL) was added. The reaction mixture was cooled in a refrigerator for 3 h 

and filtered to give 2-[.N,N-bis(tert-butoxycarbonyl)amino]-isonicotinic acid ethyl ester 

(8.71 g, 79 %). 

10 (e) (4-Hydroxvrnethyl-pyridin-2-yll-carbamic acid tert-butyl ester 

A solution of to 2-(.N,N-bis(tert-Butoxycarbonyl)amino]-isonicotinic acid ethyl ester (35.0 

g, 95.5 mmol) in THF (350 mL) was treated with LiAII4(7.25 g, 191 mmol) and refluxed 

for 1 h under nitrogen. The reaction mixture was poured carefully onto crushed ice and the 

product extracted several times with CHCh and CHCI): MeOH (9:1). The combined 

1s organic extracts were dried, filtered and concentrated under reduced pressure to give (4-

hydroxymethyl-pyridin-2-yl)-carbamic acid tert-butyl ester (18.5 g, 86 %) as a pale yellow 

solid. 

(t) ( 4-Bromomethyl-pyridin-2-yD-carbamic acid tert-butyl ester 

20 (4-Hydroxymethyl-pyridin-2-yl)-carbamic acid tert-butyl ester (8.00 g, 35.6 mmol) was 

dissolved in CH20 2 (150 mL) and treated with PPh3 (11.2 g, 42.8 mmol) under nitrogen. 

The reaction flask was cooled in an ice bath and CBr4 (142 g, 42.8 mmol) was added in 

small portions. The ice bath was removed after 30 min and the reaction mixture was stirred 

overnight at room temperature. The reaction mixture was concentrated under reduced 

2s pressure and acetonitrile (50 mL) was added. The reaction flask was placed in a 

refrigerator for 3 h and the precipitate filtered and washed with cold acetonitrile. The white 

solid was dried in vacuo giving (4-bromomethyl-pyridin-2-yl)-carbamic acid tert-butyl 

ester (8.38 g, 82 %). 

30 (g) 2-(2-tert-Butoxycarbonylamino-pyridin-4-ylmethyD-malonic acid diethyl ester 

To a solution ofNaH (80%, 0.17 g, 4.00 mmol) in THF (5 mL) at 0°C under argon was 

added diethyl malonate (0.64 g, 4.00 mmol). After the mixture was stirred for 15 min the 
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mixture was added to a refluxed mixture of (4-bromomethyl-pyridin-2-yl)-carbamic acid 

tert-butyl ester (1.00 g, 3.48 mmoJ) in THF (10 mL), and the mixture was refluxed for 2 h. 

The mixture was concentrated under reduced pressure and the residue was partitioned 

between water and chlorofonn. The organic layer was washed with water and brine and 

s dried. After filtration and evaporation of the solvent, the crude product was purified by 

flash chromatography (MeOH/ CH2Ch. 1:100) to give 2-(2-tert-butoxycarbonylamino­

pyridin-4-ylmethyl)-malonic acid diethyl ester (0.80 g. SS % ). 

(h) 2-(2-tert-Butoxycarbonylamino-pyridin-4-ylmethyl)-malonic acid monoethyl ester 

io A solution of KOH (0.19 g, 3.43 mmol) in ethanol (5 mL) was added to a solution of2-(2-

tert-butoxycarbonylamino-pyridin-4-ylmethyl)-malonic acid diethyl ester (1.20 g, 3.27 

mmol) in ethanol (5 mL) and methylene chloride (5 mL) at 0°C. The mixture was stirred 

for 18 h at room temperature. The mixture was concentrated under reduced pressure and 

water was added to the residue. The aqueous layer was washed with diethyl ether, acidified 

is to pH 4 by lM HCJ, and extracted with methylene chloride. The organic layer was washed 

with water, brine and dried. After filtration and evaporation in vacuo, the crude product 

was purified by flash chromatography (CH30H/CH2Ch, 1:20) to yield 2-(2-tert­

butoxycarbonylamino-pyridin-4-ylmethyl)-malonic acid monoethyl ester (0.90 g, 81 %). 

20 (i) 2-(2-tert-Butoxycarbonylamino-pvridin-4-ylmethyl}-acrvlic acid ethyl ester 

A solution of diethylamine (0.26 g, 2.67 mmol) in methylene chloride (4 mL) was added to 

a mixture of 2-(2-tert-butoxycarbonylamino-pyriclin-4-ylmethyl)-malonic acid monoethyl 

ester (0.90 g. 2.66 mmol) and 37 % aq. solution of formaldehyde (0.24 g, 3.00 mmol) at 

0°C. The mixture was stirred for 5 h at room temperature and the mixture was poured onto 

2s "ice-water and extracted with methylene chloride. The organic layer was washed with 5 % 

NaHC03 and dried. The crude product was purified by flash chromatography (I% 

methanol in CH2Ch) to yield 2-(2-tert-butoxycarbonylamino-pyridin-4-ylmethyl)-acrylic 

acid ethyl ester (0.58 g, 71 %). 
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(j) 2-Acetylsulfanvlmethyl-3-(2-tert-butoxycarbonylamino-pyridin-4-vl)-propionic acid 

ethyl ester 

A solution of2-(2-tert-butoxycarbonylamino-pyridin-4-ylmethyl)-acrylic acid ethyl ester 

(0.48 g. 1.57 mmol) and triethylamine (0.17 g, 1.64 mrnol) was added to thioacetic acid (3 

s mL) at 0°C under nitrogen. The mixture was stirred at room temperature for 4 h. The 

mixture was poured onto ice-water and extracted with CH2C}i. The organic phase was 

washed with saturated NaHC03 (aq) and dried. The crude product was purified by flash 

chromatography (2.5 % MeOH in CH2Ch) to give 2-acetylsulfanylmethyl-3-(2-tert­

butoxycarbonylamino-pyridin-4-yl)-propionic acid ethyl ester (0.60 g, 100 %). 

10 

(k) 2-AcetylsulfanylmethyJ-3-{2-amino-pyridin-4-yll-propionic acid ethyl ester 

TFA (0.5 mL) was added to a solution of 2-acetylsulfanylmethyl-3-(2-rert­

butoxycarbonylamino-pyridin-4-yl)-propionic acid ethyl ester (50 mg. 0.13 rnrnol) in 

methylene chloride under argon. The solution was stirred for 60 min and concentrated 

as under reduced pressure to give crude 2-acetylsulfanylmethyl-3-(2-amino-pyridin-4-yl)­

propionic acid ethyl ester (52 mg, 100 %). 
1H NMR (500 MHz, CT>JOD3): S 1.15 (t. 3H), 2.32 (s, 3H), 2.73-2.83 (m, 2H), 2.86-2.93 

(m, lH), 3.01-3.07 (dd, lH), 3.12-3.18 (dd, lH), 4.03-4.12 (m, 2H), 6.39 (s, lH), 6.43 (d, 

lH), 7.77 (d, lH). 

(1) 2-(2-Amino-pvridin-4-ylmethyll-3-mercapto-propionic acid 

2-Acetylsulfanylmethyl-3-(2-amino-pyridin-4-yl)-propionic acid ethyl ester (52 mg, 0.13 

mmol) was dissolved in cone. HCl (2 mL) under argon. The solution was heated to reflux 

for 1 h. Concentration under reduced pressure gave the title compound as the 

2s hydrochloride salt (32 mg, 100 %). 
1H NMR (500 MHz. CD30D): B 2.70 (bs, 2H), 2.85-3.0 (m, 3H), 6.76 (bs, lH), 6.81 (bs, 

lH), 7.67 (bs, IH). 

MS(+) 213 (M+l). 

JO Example 6 

3-(6-Amino-pvridin-3-yll-2-mercaptomethyl-propionic acid 
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(a) 6-Amino-nicotinic acid ethyl ester 

2-Amino-5-pyridinecarboxylic acid (25.0 g, 181 mmol) was suspended in ethanol (190 

mL) and SOCh (15 m4 206 mmol) was added. The mixture was refluxed for IO hs and 

more SOCI2 (16 mL) was added. After 3 days with reflux (and more SOCli (10 mL) added 

s each day), the reaction mixture was cooled to room temperature and diethyl ether was 

added. After 24 h at - 20°C the mixture was filtered. The crude salt was dissolved in 

methanol (214 mL) and a solution of NaOH (40.0 g. 23.5 mmoJ) in methanol (90 mL) was 

added. The reaction mixture was stirred for 1 h and THF (270 mL) was added. The 

reaction mixture was filtered through a plug of silica (THF/MeOH) and concentrated under 

10 reduced pressure to give 6-amino-nicotinic acid ethyl ester (36.2 g, 97 %). 

(b) 6-tert-Butoxycarbonylamino-nicotinic acid ethyl ester 

To a solution of 6-amino-nicotinic acid ethyl ester (36.0 g. 217 .0 mmol) in t-BuOH (308 

mL) and acetone (103 mL) was added DMAP (0.53 g, 4.34 mmol) and di-t-butyl 

1.s dicarbonate (72.0 g. 330 mmol). The reaction was stirred at room temperature for 10 h 

followed by addition of more di-I-butyl dicarbonate (2.60 g). After 10 h stirring at room 

temperature hexane (470 mL) was added. The reaction mixture was cooled to -20°C for 2 h 

and filtered. The filtrate was washed with hexane/dichloromethane (3:1) and and dried in 

vacuo to give 6-tert-butoxycarbonylamino-nicotinic acid ethyl ester (40.5 g. 70 %). 

20 

(c) (5-Hydroxymethyl-pyridin-2-yl)-carbamic acid tert-butyl ester 

To a stirred solution of 6-tert-butoxycarbonylamino-nicotinic acid ethyl ester (3.50 g, 13.l 

mmol) in THF (20 mL) under nitrogen was added LiAJH4 (0.91 g. 24.0 mmol) in THF (20 

mL) over a period of 2 h. The reaction mixture was stirred for 6 h, then Nl4Cl (sat.) was 

25 added (carefully) until neutral solution. The mixture was filtered and concentrated under 

reduced pressure to give (5-hydroxymethyl-pyridin-2-yl)-carbamic acid tert-butyl ester 

(2.00 g, 68 % ). 

(d) (5-Bromomethyl-pyridin-2-v]}-carbamic acid tert-butyl ester 

30 Triphenylphosphine (8.70 g. 33.1 mmol) and carbontetrabromide (17.0 g, 51.2 mmol) were 

added to a suspension of (5...;bydroxymethyl-pyridin-2-yl)-carbamic acid tert-butyl ester 

(7.00 g, 31.2 mmol) in CH2Ch (200 mL) at room temperature. Stirring was continued for 5 
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h followed by evaporation of the solvent. Acetonitrile (200 mL) was added and the mixture 

was cooled to -20°C for 2 h. The mixture was then filtered and the crystalline residue 

washed with cold acetonitrile (2 x 10 mL), to give (5-bromomethyl-pyridin-2-yl)-carbamic 

acid tert-butyl ester (5.96 g, 67%). 

(e) 2-(6-tert-Butoxycarbonylamino,.pyridin-3-ylmethyl>-malonic acid diethyl ester 

To a suspension ofNaH (0.49g,16.3 mmol, 80%) in THF(l5 mL) at0°C was added 

diethyl malonate (2.61 g, 16.3 mmol). The mixture was stirred for 15 min and was then 

added dropwise to a refluxed mixture of (5-bromomethyl-pyridin ... 2-yl)-carbamic acid tert-

10 butyl ester (3.90 g, 13.6 mmol) in THF (25 mL), and the resulting solution was refluxed for 

15 min. After evaporation of the solvent, the crude product was purified by flash 

chromatography (methanol/CH2Ch, 1:100 ~ 2.5:IOO)·to give 2-(6-tert­

butoxycarbonylarnino-pyridin-3-ylmethyl)-malonic acid diethyl ester (2.18 g, 44 %). 

is (t) 2-C6-tert-Butoxycarbonylamino-pvridin-3-ylmethy])-malonic acid monoethvl ester 

A solution of KOH (0.37 g, 6.54 mmol) in ethanol (5 mL) was added to a solution of 2-(6-

tert-butoxycarbonylamino-pyridin-3-ylmethyl)-malonic acid diethyl ester (2.18 g, 5.95 

mmol) in ethanol (25 mL) and methylene chloride (10 mL) at 0°C. The mixture was stirred 

for 18 h at room temperature. The mixture was concentrated under reduced pressure and 

20 the residue dissolved in water. The aqueous layer was washed with ether, acidified to pH 4 

by IM HCl and extracted with methylene chloride. The organic layer was washed with 

water, brine and dried. After flltration and concentration under reduced pressure, the crude 

product was purified by flash chromatography (methanol/ CH2Ch, 1:20) to yield 2-(6-tert­

butoxycarbonylamino-pyridin~3-ylmethyl)-malonic acid monoethyl ester ( 1.00 g, 5() % ). 

25 

(g) 2-(6-tert-Butoxycarbonylamino-pvridin-3-ylmethyl)-acrylic acid ethyl ester 

Diethylamine (0.29 g, 3.00 mmol), water (2 mL) and methylene chloride (2 mL) was added 

to a mixture of 2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-malonic acid mono­

ethyl ester (1.00 g, 2.96 mmol) and 37 % aq. solution of formaldehyde (0.25 g, 3.05 mmol) 

30 at 0°C. The mixture was stirred for 16 h at room temperature and then poured onto ice­

water and extracted with methylene chloride. The organic layer was washed with 5 % 
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NaHC03 and dried. Filtration and concentration under reduced pressure gave 2-(6-tert­

butoxycarbonylamino-pyridin-3-ylmethyl)-acrylic acid ethyl ester (0.75 g, 83 %). 

(h) 2-Acetylsulfanvlmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-propionic acid 

s ethyl ester 

2-(6-tert-butoxycarbonyJamino-pyridin-3-ylmethyJ)-acrylic acid ethyl ester (0.49 g. 1.60 ... •· 

mmol) and triethylamine (0.17 g, 1.64 mmol} were added to thioacetic acid (3 mL) at 0°C. 

The mixture was stirred at room temperature for 6 h. The mixture was poured onto ice­

water and extracted with CH2Ch. The organic phase was washed with saturated NaHC03 

10 and dried. The crude product was purified by flash chromatography (MeOH/CH2Clz, 

2.5:100) to give 2-acetylsulfanylmethyl-3-{6-tert-butoxycarbonylamino-pyridin-3-yl)­

propionic acid ethyl ester (0.36 g, 61 % ). 

(i) 2-Acetylsulfanylmethyl-3-(6-amino-pvridin-3-yll-propionic acid ethyl ester 

is TF A (0.5 mL) was added to a solution of 2-acetylsulfanylmethyl-3-(6-ter/­

butoxycarbonylamino-pyridin-3-yl)-propionic acid ethyl ester (100 mg, 0.26 mmol) in 

methylene chloride (2 mL) under argon. The solution was stirred for 60 min and 

concentrated under reduced pressure to give crude 2-acetylsulfanylmethyl-3-(6-amino­

pyridin-3-yl)-propionic acid ethyl ester (104 mg, 100 %). 

20 
1H NMR (500 MHz, C!>JOD): o 1.21 (t, 3H), 2.33 (s, 3H), 2.78-2.97 (m, 3H), 3.05-3.13 

(m, lH), 3.14-3.21 (m, IH), 4.08-4.15 (m, 2H), 6.99 (d, IH). 7.69 (s, lH), 7.85 (d, lH). 

(j) 3-(6-Arnino-pyridin-3-vll-2-mercaptomethyl-propionic acid 

2-Aeetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-propionic acid ethyl 

zs ester (38 mg, 0.096 mmol) was dissolved in cone. HCl (2.0 mL) under argon. The solution 

was stirred at room temperature for J h and then heated to reflux for 1 h. Concentration 

under reduced pressure gave the title compound (25.7 mg, 100 %) as the hydrochloride 

salt. 
1H NMR (500 MHz, CD30D): B 2.74-2.78 (m, 2H). 2.84-2.94 (m, 3H), 7.02 (d, lH). 7.72 

Jo (s, lH), 7.89 (d, lH). 

MS(+) 213 (M+l). 
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Example 7 

3-(6-Amino-pyridin-3-yD-2-mercaptomethyl-2-methyl-propionic acid 

PCT/SE00/00834 

(a) 2-(6-tert-Butoxycarbonylamino-pyridin-3-ylmethyll-2-methyl-malonic acid tert-butyl 

s ester ethyl ester 

A solution of tert-butyl ethyl methylmalonate (457 mg, 2.26 mmol) in DMF (4 mL) was 

added dropwise to a suspension ofNaH {90 mg, 2.26 mmol, 60 % in oil) in DMF (4 mL). 

The reaction mixture was stirred for 20 min. A solution of (5-bromomethyl-pyridin-2-yl)­

carbamic acid tert-butyl ester (500 mg, 1.74 mmol) in DMF {2.5 mL) was added and the 

10 reaction was stirred for 70 min. EtOAc was added and the mixture was washed with water 

and brine, dried and concentrated under reduced pressure. Chromathography (Heptane/ 

EtOAc, 3:1~1:3) gave 2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-2-methyl­

malonic acid tert-butyl ester ethyl ester (437 mg, 61 % yield). 

1s (b) 2-(6-tert-Butoxvcarbonylamino-pvridin-3-ylmethyll-2-methyl-malonic acid mono-tert­

butyl ester 

IM NaOH {2 mL) was added to a solution of2-(6-tert-butoxycarbonylamino-pyridin-3-

ylmethyl)-2-methyl-malonic acid tert-butyl ester ethyl ester (0.42g, 1.03 mmol) in 

THF/EtOH (4 mL, 1:1). The reaction mixture was stirred at 50°C for 16 h. CH2Cl2 was 

20 added and the mixture was washed with 0.5 M HCI and brine and dried. Concentration 

under reduced pressure gave 2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-2-

methyl-malonic acid mono-tert-butyl ester (348 mg, 89 %). 

(c) 3-(6-tert-Butoxycarbonylamino-pyridin-3-yll-2-hydroxymethyl-2-methyl-propionic 

25 acid tert-butyl ester. 

Methyl chlorofonnate (75 µL, 0.92 mmol) was added dropwise to a solution of 2-(6-tert­

butoxycarbonylamino-pyridin-3-ylmethyl)-2-methyl-malonic acid mono-tert-butyl ester 

(348 mg. 0.915 mmol) and Et3N {123 µL, 0.92 mmol) in THF (6 mL). The reaction 

mixture was stirred for 20 min .• filtered and added dropwise to a suspension of NaBRi (39 

30 mg, 1.04 mmol) in THF (6 mL) at 0°C. The reaction was stirred for 16 hat room 

temperature. 0.2 M HCI was added followed by EtOAc. The organic phase was washed 

with brine and dried. Concentration under reduced pressure followed by chromathography 
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(toluene/EtOAc. 3:1-+ 1:3) gave 3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-2-

hydroxymethyl-2-methyl-propionic acid terr-butyl ester (190 mg. 57 %). 

(d) 2-Acetylsulfanylmethyl-3-(6-tert-butoxycarbonylarnino-pyridin-3-yl)-2-methyl-

s propionic acid tert-butyl ester 

Diethyl azodicarboxylate (160 µL, LOI mmol) was added dropwise to a solution of 3-(6-

lert-butoxycarbonylamino-pyridin-3-yl)-2-hydroxymethyl-2-methyl-propionic acid tert­

butyl ester (180 mg, 0.49 mmol) and triphenylphosphine (266 mg. 1.01 mmol) in THF (6 

rriL) and the reaction was stirred for S min. Thiolacetic acid (96 µL, 1.34 mmol) was added 

1e> and the reaction was stirred for 16 h. Concentration under reduced pressure followed by 

chromathography (tolueneJEtOAc. 10:1-+ I: l) gave 2-acetylsulfanylmethyl-3-(6-tert­

butoxycarbonylamino-pyridin-3-yl)-2-methyl-propionic acid ten-butyl ester (137 mg, 65 

%). 

1s (e) 3-(6-Amino-pyridin-3-yll-2-mercaptomethyl-2-methyl-propionic acid 

2-Acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-2-methyl-propionic 

acid tert-butyl ester (4 mg. 9.4 µmol) was dissolved in cone. HCl under argon. The 

solution was heated to reflux for 1 h. Concentration under reduced pressure yielded the 

title compound as the hydrochloride salt {2.5 mg, I 00 % ). 

20 
1H NMR (500 MHz. C0300): 0 1.20 (s. 3H), 2.62 (d, IH), 2.76-2.83 (m, 2H), 2.95 (d, 

lH), 6.94 (d. lH), 7.64 (d, IH), 7.80 (dd. lH). 

MS (+) 227 (M+l). 

Example 8 

zs 2-(6-Amino-pvridin-3-ylmethyD-2-mercaptomethyl-butyric acid 

(a) [5-( 5-Ethyl-2.2-dimethV'l-4.6-dioxt>:.t J .3Jdioxan-5-ylmethyD-pyriclin-2-ylJ-carbamic 

acid tert-butyl ester 

(5-Bromomethyl-pyridin-2-yl)-carbalnic acid tert-butyl ester (1.0 g, 3.48 mmol) was added 

JO to a solution of2,2-dimethyl-5-ethYl-l,3·~dioxane-4,6-dione (600 mg, 3.48 mmol) and 

triethylrunine (0.51 mL, 3.66 inmol) in dimethyl .o:iulfoxide ( 40 mL) under nitrogen. The 

reaction mixture was stirretl over night and water (100 mL) was added. Filtration of the 
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precipitate gave [ 5-( 5-ethyl ... 2,2-dimethyl-4, 6-dioxo-[ 1.3] dioxan-S-ylmethyl)-pyridin-2-yl]­

carbamic acid tert-butyl ester (1.15 g, 87 %). 

(b) 2-(6-tert-ButoxycarbonyJamino-pyridin-3-ylmethyl)-2-ethyl-malonic acid monoethyl 

5 ~ 

A solution of sodium metal (140 mg. 6.08 mrnol) in ethanol (20 mL) was added to a 

solution of [5-(5-ethyl-2,2-dimethyl-4,6-dioxo-[l,3]dioxan-S-ylmethyl)-pyridin-2-yl]­

carbamic acid tert-butyl ester (1.15 g, 3.04 mmol) in ethanol (10 mL). The reaction was 

stirred for 90 min. and methylene chloride was then added. The mixture was washed with 

10 0.5 M HCI, dried and concentrated under reduced pressure to give 2-(6-tert-butoxy­

carbonylarnino-pyridin-3-ylmethyl)-2-ethyl-malonic acid rnonoethyl ester (1.05 g, 95%). 

(c) 2-( 6-tert-Butoxycarbonylarnino-pvridin-3-ylmethyll-2-hydroxymethyl-butyric acid 

ethyl ester 

1.s Methyl chloroformate (150 µL, 1.95 mmol) was added dropwise to a solution of2-(6-tert­

butoxycarbonylamino-pyridin-3-ylmethyl)-2-ethyl-rnalonic acid monoethyl ester (700 mg, 

1.91 mmol) and Et3N (275 µL, 1.97 mmol) in THF (15 mL) at -20°C under nitrogen. The 

reaction mixture was stirred for 50 min., filtered and added dropwise to a suspension of 

NaB~ (80 mg, 2.1 mmol) in THF (15 mL) at -20°C. The reaction was stirred for 16 hat 

20 room temperature. 0.2 M HCl was added followed by methylene chloride. The organic 

phase was washed with brine and dried. Concentration under reduced pressure followed by 

chromathography (toluene/EtOAc, 3: l -+ I :3) gave 2-(6-tert-butoxycarbonylamino­

pyridin-3-ylmethyl)-2-hydroxymethyl-butyric acid ethyl ester (300 mg, 45 % ). 

25 (d) 2-Acetvlsulfanylmethyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyll-butyric 

acid ethyl ester 

Diisopropyl azodicarboxylate (296 µL. 1.53 mmol) was added dropwise to a solution of ... 
triphenylphosphine (402 mg, 1.53 mmol) in THF (4 mL) at 0°C under argon and the 

reaction was stirred for 30 min. A solution of thiolacetic acid ( 109 µL, 1.53 mmol) and 2-

30 {6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-2-hydroxymethyl-butyric acid ethyl 
ester (0.27 g. 0.77 rnmol) in THF (2 mL) was added dropwise during 10 min. The reaction 

was stirred for 60 min. at 0°C and then for 16 h at room temperature. Concentration under 
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reduced pressure followed by chromathography (heptane/EtOAc, 10: 1 ~ 1: J) gave 2-

acetylsulfanylmethyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid 

ethyl ester (193 mg, 61 %). 

s • (e) 2-(6-Amino-pyridin-3-ylmethyll-2-mercaptomethyl-butvric acid 

2-Acetylsulfanylmethyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid 

ethyl ester (12.3 mg. 30 µmol) was dissolved in cone. HCI (2 mL) under argon. The 

solution was heated to reflux for 24 h. Concentration under reduced pressure gave the title 

compound as the hydrochloride salt (8.3 mg, 100 %). 

10 1H NMR (500 MHz. CD30D): 6 0.91(t.3H), l.71 (m, 2H), 2.68 (m. 2H). 2.92 (m. 2H). 

6.96 (d, lH}, 7.65 (bs, lH), 7.82 (dd, lH). 

MS(-) 239 (M-1). 

Example 9 

tS 3-(6-Amino-5-methyl-pvridin-3-yD-2-m.ercaptomethyl-2-methyl-pfQpionic acid 

(a) 2-fN.N-bis(/ert-Butoxycarbonynaminol-3-Methyl-5-(2.2,5-trimethyl-4.6-dioxo­

[ 1.3Jdioxan-5-ylmethyl}-pyridin 

2-[N,N-bis(tert-Butoxycarbonyl)amino J-5-bromomethyl-3-methyl-pyridin ( 1.6 g. 4.0 

20 mmol) was added to a solution of 2,2,5-trimethyl-I,3-dioxane-4,6-dione (630 mg. 4.0 

mmol) and triethylamine (0.58 mL, 4.2 mmol) in dimethyl sulfoxide (40 mL). The reaction 

mixture was stirred overnight and water (100 mL) was added. The mixture was extracted 

with EtOAc, the combined organic phases washed with water and brine and dried. 

Concentration under reduced pressure gave crude 2-[.N,N-bis(tert-butoxycarbonyl)amino]-

2s 3-methyl-5-(2,2,5-trimethyl-4,6-dioxo-[1,3]dioxan-5-ylmethyl)-pyridin (2.06 g) 

(b) 2-(6-fN.N-bis(tert-Butoxycarbonyl)aminol-5-methyl-pyridin-3-ylmethyD-2-methyl­

malonic acid monoethyl ester 

A solution of sodium metal (184 mg, 8.0 mmol) in ethanol (20 mL) was added to a 

JO solution of crude 2-[.N,N-bis(tert-butoxycarbonyl)aminoJ-3-methyl-5-(2,2.5-trimethyl-4,6-

dioxo-[l,3]dioxan-5-ylmethyl)-pyridin (2.06 g, -4.0 mmol) in ethanol (20 mL) under 

argon. The reaction was stirred for 60 min. and methylene chloride was then added. The 
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mixture was washed with 0.5 M HCI and brine. dried and concented under reduced 

pressure to give crude 2-(6-[N, N-bis(tert-butoxycarbonyl)amino ]-5-methyl-pyridin-3-

ylmethyl)-2-methyl-malonic acid monoethyl ester ( 1.9 g) 

s (c) 3-(6-[.N.N-bis(tert-Butoxycarbonyllaminol-5-methyl-pyridin-3-yl)-2-hydroxymethyl-2-

methyl-propionic acid ethyl ester 

Methyl chloroformate (338 µL, 4.4 mmol) was added dropwise to a solution of crude 2-(6-

[.N,N-bis(tert-butoxycarbonyl)amino]-5-methyl-pyridin-3-ylmethyl)-2-methyl-malonic acid 

monoethyl ester (1.9 g) and Et3N (641 µL, 4:6 mmol) in THF(30 mL) at -20°C. The 

10 reaction mixture was stirred for 50 min., filtered and added dropwise to a suspension of 

NaBIL (182 mg, 4.8 mmol) in THF (30 mL) at-20°C. The reaction was stirred for 16 hat 

room temperature. 0.5 M HCl was added followed by methylene chloride. The organic 

phase was washed with brine and dried. Concentration under reduced pressure followed by 

chromathography (toluene/EtOAc, 10:1 -+ 1:3) gave 3-(6-[.N,N-bis(tert-butoxycarbonyl)-

1s amino]-5-methyl-pyridin-3-yl)~2-hydroxymethyl-2-methyl-propionic acid ethyl ester (885 

mg,49 %). 

(d) 2-Acetylsulfanylmethyl-3-(6-fN.N-bis(tert-Butoxycarbonyl)aminol-5-methyl-pvridin-

3-y])-2-methyl-propionic acid ethyl ester 

20 Diisopropyl azodicarboxylate (755 µL, 3.91 mmol) was added dropwise to a solution of 

triphenylphosphine (1.026 g, 3.91 mmol) in THF (10 mL) at 0°C and the reaction was 

stirred for 30 min. A solutionofthiolacetic acid (279 µL, 3.91 mmol) and 3-(6-[N.N­

bis(tert-butoxycarbonyl)amino]-5-methyl-pyridin-3-yl)-2-hydroxymethyl-2-methyl­

propionic acid ethyl ester (885 mg. 1.96 mmol) in THF (5 mL) was added dropwise during 

zs 10 min. The reaction wa~ stirred for 60 min. at 0°C and then for 16 h at room temperature. 

Concentration under reduced pressure followed by chromathography (heptane/EtOAc, 10:1 

-t 1:3) gave impure 2-acetylsulfanylmethyl-3-(6-[N,N-bis(tert-butoxycarbonyl)amino]-5-

methyl-pyridin-3-yl)-2-methyl-propionic acid ethyl ester ( 1.46 g) 



W000/66557 PCTISE00/08834 

37 

(e) 2-Acetylsulfanylmethyl-3-(6-amino-5-methyl-pvridin-3-yll-2-methyl-propionic acid 

ethyl ester 

Crude 2-acetylsulfanylmethyl-3-(6-[.N,N-bis(tert-butoxycarbonyl)amino ]-5-methyl­

pyridin-3-yl)-2-methyl-propionic acid ethyl ester (l.46g) was dissolved in TFA (5 mL) and 

s stirred for 60 min. Concentration under reduced pressure followed by chromathography 

(toluene/EtOAc, 1:1 ~ 1:10 ~ 0:1) gave slightly impure 2-acetylsulfanylmethyl-3-(6-

amino-5-methyl-pyridin-3-yl)-2-methyl-propionic acid ethyl ester (696 mg, 84%) 

(f) 3-(6-Amino-5-methyl-pyridin-3-yll-2-mercaptomethyl-2-methyl-propionic acid 

10 2-Acetylsulfanylmethyl-3-(6-amino-5-methyl-pyridin-3-yl)-2-methyl-propionic acid ethyl 

ester (17 mg. 40 µmol) was dissolved in cone. HCl (2 mL) under argon. The solution was 

heated to reflux for 150 min. Concentration under reduced pressure gave the title 

compound as the hydrochloride salt (10.7 mg, 96 %). 

1H NMR (500 MHz, CD30D): ~ 1.20 (s, 3H), 2.23 (s, 3H), 2.61 (d, IH), 2.79 (2d, 2H), 

IS 2.94 (d, lH), 7.55 (m, lH), 7.69 (m, lH). 

MS(+) 241 (M+l). 

Example 10 

3-Mercapto-2-[(piperidine-4-carbonyn-aminol-propionic acid 

20 CH2Ch (70 mL) was added to 4-methoxytrityl chloride resin (7 g, L=0.91 mmol/g, 6.37 

mmol) under argon and the resin was allowed to swell for IO min and 2-amino-3-

mercapto-propionic acid ethyl ester HCI-salt (5.9 g, 32 mmol) was added. TFA (70 mL) 

was then added in small portions over 10 min. The slurry was shaken at room temperature 

for 1 hand concentrated under reduced pressure. When almost dry, toluene (150 mL) was 

25 added and the mixture was again concentrated under reduced pressure. This procedure was 

repeated twice. The now yellow resin wa.~ washed with DMF (3x60 mL). CH2Cb (2x60 

mL), TEA:CH2Ch (1:1, 2x60 mL), CH2Ch (2x60 mL), MeOH (2x60 mL) and dried under 

vacuum overnight. 

To calculate the loading of 2-amino-3-mercapto-propionic acid ethyl ester on the resin. 50 

30 mg of the product wa.~ treated with 10% TFA in CH2Ch for I minute, and this procedure 

was repeated 4 times. The mixture was concentrated under reduced pressure to give 2-
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Amino-3-mercapto-propionic acid ethyl ester (9.8 mg), indicating a loading of about 0.6 

mmol/g. 

A solution of piperidine-1,4-dicarboxylic acid mono-tert-butyl ester (28 mg, 0.12 mmol) in 

s DMF ( 1 mL) was added to the resin (I 00 mg, L=0.6 mmol/g, 0.06 mmol) in a plastic 

syringe, followed by PyBOP (62 mg, 0.12 mmol) in DMF (0.5 mL) and DIPEA (41 µL, 

0.24 mmol). The reaction was left at room temperature for 2 h with occasional stirring and 

the procedure was repeated once more. The resin was then washed with DMF (2x2 mL). 

CH2Ch (2x2 mL), MeOH (2x2 mL), CH2Ch (2x2 mL) and THF (2x2 mL). 

10 THF (800 µL) was added to the syringe and the resin was allowed to swell for 10 min. 

Then water (250 µL) and 10 M NaOH (50 µL) were added. The reaction was left at room 

temperature for 16 h With occasional stirring. The resin was then washed with THF:water 

(1:1, 2x2 mL), THF (2x2 mL), CH2Ch (2x2 mL), MeOH (2x2 mL) and CH2Ch (2x2 mL). 

1s 10 % TFA in CH2Ch (l mL) was added to the syringe and after 5 min the solution was 

collected in a tared vial. This procedure was repeated one more time and the combined 

organic phases were concentrated under reduced pressure to yield the title compound as the 

TFA salt (15.3 mg, 74 %). 
1H NMR (500 MHz, CD30D): S 1.85-2.10 (m, 4H), 2.65-2.72 (m, lH), 2.85-2;92 (m, lH), 

20 2.95-3.08 (m, 3H), 3.40.:.3.47 (m, 2H), 4.55-4.60 (m, lH). 

Exarople 11 

2-[(Azetidine-2-carbonyl)-aminol-3-mercapto-propionic acid 

The title compound was prepared from azetidine-1,2-dicarboxylic acid 1-tert-butyl ester by 

:zs the method described in Example 14. Yield: 13.8 mg (72 %). 
1H NMR (500 MHz, CDJOD): S 2.54-2.63 (m, lH), 2.82-3.05 (m, 3H), 3.93-4.15 (m. 2H), 

4.66-4.71 (m, lH). 5.05-5.10 (m, IH). 

Example 12 

30 3-Mercapto-2-f(piperidine-3-carbony))-aminol-propionic acid 

The title compound was prepared from piperidine-l.3-dicarboxylic acid 1-tert-butyl ester 

by the method described in Example 14. Yield: 15.1 mg (73 %). 
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1H NMR (500 MHz, CD)OD): ~ 1.73-2.10 (m, 4H), 2.84-2.92 (m, 2H), 2.95-3.14 (m. 2H), 

3.15-3.29 (m, 3H), 4.56-4.62 (m, IH). 

Example 13 

s 2-[(Azetidine-3-carbonyn-amino 1-3-mercapto-pro.pionic acid 

10 

The title compound was prepared from azetidine-1,3-dicarboxylic acid mono-tert-butyJ 

ester by the method described in Example 14. Yield: 13.5 mg (71 %). 
1H NMR (500 MHz, CD30D): & 2.86-3.02 (m, 2H), 3.72-3.80 (m, lH), 4.20-4.24 (d, 4H). 

4.62-4.67 (m, IH). 

Example 14 

3-( 6-Amino-5-methyl-pyridin-3-yl)-2-mercaptomethyl-propionic acid 

(a) 5-Bromo-2-[N,N-bis(tert-butoxycarbonyl)aminol-3-methyl-pyridin 

1s 2-Amino-5-bromo-3-methylpyridine (15.0 g, 80.2 mmol) in tert-butanol was treated with 

di-tert-butyl dicarbonate (43.6 g, 200 mmol) and DMAP (0.60 g, 4.91 mmol). The reaction 

mixture was left at ambient temperature ovemighc and was then concentrated under 

reduced pressure. Hexane was added and the product precipitated as a solid. Filtering 

afforded 5-bromo-2-[N,N-bis(tert-butoxycarbonyl)amino }-3-methyl-pyridin (22.0 g, 71 % ). 

20 

(b) 2-TN.N-bis(tert-Butoxycarbonyllamino 1-5-Ctert-butyl-dimethyl-silanyloxvmethyl)-3-

methylpvridin 

A solution of 5-bromo-2-[.N,N-bis(tert-butoxycarbonyl)amino]-3-methyl-pyridin (26.0 g, 

67.l mmol), tert-butyl-dimethyl-tributylstannanylmethoxy-silane (47.6 g. 109 mmol), and 

2s bis(triphenylphosphine)palladiuin(Il) dichloride (0.90 g, 1.42 mmol) in 1,2-dichloroethane 

(80 mL) was stirred at 90°C for two days. The mixture was cooled to 0°C and diethyl ether 

(200 mL) was added followed by saturated aqueous potassium fluoride (40 mL). The 

mixture was stirred vigourously for 30 min and filtered. The organic phase was washed 

with water, dried and concentrated under reduced pressure. Flash chromatography 

30 (hexane/EtOAc, 100:0 ~ 95:5) gave 2-[N,N-bis(ter/-butoxycarbonyl)amino]-5-(tert-butyl­

dimethyl-silanyloxymethyl)-3-meth.Ylpyridin (18.0 g, 59 %). 
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(c) 2-CNN-bis{tert-butoxycarbony))aminol-5-hydroxymethyl-3-methvlpyridin 

Tetrabutylammonium fluoride (25.J g, 79.6 mmol) was added to a solution of 2-[N,JY­

bis(tert-butoxycarbonyl)amino]-5-(tert-butyl-dimethyl-silanyloxymethyl)-3-methylpyridin 

(18.0 g, 39.8 mmol) in THF (150 mL). The reaction mixture was stirred overnight at room 

s temperature. Concentration under reduced pressure followed by flash chromatography· 

(hexaneJEtOAc, 50:50) gave"2-[iV:N-bis(/ert-butoxycarbonyl)amino]-5-hydroxymethyl-3-

methylpyridin (8.0 g, 59 % ). 

( d) 5-Bromornethyl-2-CN.N-bis(tert-butoxycarbonyllamino}· 3-methylpyridin 

10 Triphenylphosphine (7.43 g, 283 mmol) and CBr4 (9.49 g, 28.6 mmol) was added to a 

solution of 2-[N,N-bis(tert-butoxycarbonyl)amino )-5-hydroxymethyl-3-methylpyridin 

(8.00 g, 23.6 mmol) in dichloromethane (220 mL) at 0°C. The reaction mixture was stirred 

for 3 h and was then concentrated under reduced pressure. Flash chromatography 

(hexane/EtOAc, 80:20) gave 5-bromomethyl-2-[N.N-bis(tert-butoxycarbonyl)amino )-3-

is methylpyridin (8.0 g, 77 .% ). 

(e) 2-(6-CN, N-bis(tert-Butoxycarbony1lamino 1-5-methyl-pyridin-3-ylmethyl>- malonic acid 

diethyl ester 

To a suspension of NaH (0.24 g, 6.0 mmol, 60%) in DMF (5 mL) was added diethyl 

20 malonate (0.91 mL, 6.0 mmol) and the mixture was stirred for 15 min. A solution 2-[A:N­

bis(tert-butoxycarbonyl)amino]-5-bromomethyl-3-methyl-pyridin (2.0 g, 5.0 mmol) in 

DMF (5 mL) was added and the resulting solution stirred for 120 min at 60°C. Ethyl 

acetate was added and the mixture was washed with water and brine and dried. After 

evaporation of the solvent, the crude product was purified by flash chromatography 

25 (CH30H/CH2Ch, 1:100-+ 1:20) to give 2-(6-(N,N-bis(tert-butoxycarbonyl)amino]-5-

methyl-pyridin-3-ylmethyl)-malonic acid diethyl ester (1.2 g. 50 %). 

(f) 2-( 6-[N,N-bis(tert-butoxycarbony})amino 1-5-methyl-pyridin-3-ylmethy})-malonic acid 

monoethyl ester 

30 A SC?luti?n of KOH (154 mg, 2.75 mmol) in ethanol (2 mL) was added to a solution 2-(6-

[N,N-bis(tert-butoxycarbonyl)amino]-5-methyl-pyridin-3-ylmethyl)-malonic acid diethyl 

ester {1.2 g, 2.50 mmol) in ethanol (10 mL) and methylene chloride (4 mL) at 0°C. The 



'.:75" _...... .--..~-:---.-.. -:-.... E5777G-. -. -~. -. -

W000/665S7 PCT/SE00/00834 

41 

mixture was stirred for 18 h at room temperature. The mixture was concentrated under 

reduced pressure and the residue dissolved in water. Ethyl acetate was added and the 

organic layer was washed with 0.5 M HCI, water, brine and dried. After filtration and 

concentration under reduced pressure gave crude 2-{6-[N,N-bis(tert-butoxy-

5 carbonyJ)arnino]-5-methyl-pyridin-3-yJmethyl)-malonic acid monoethyl ester(l.O g. 88%). 

(g) 2-(6-CN.N-bis(tert-butoxycarbonyl)amino 1-5-methyl-pyridin-3-ylmethyl)-acrvlic acid 

ethyl ester 

Diethylamine (0.26 g. 2.67 mmol) was added a mixture of 2-(6-[N.N-bis(tert-

10 butoxycarbonyl)amino]-5-methyl-pyridin-3-ylmethyl)-malonic; acid monoethyl ester (1.0 

g, 2.2 mm.ol) and 37 % aq. solution of fonnaldehyde (0.24 g, 3.00 mmol) in methylene 

chloride (2 mL) at 0 °C. The mixture was stirred for 16 hat room temperature and ethyl 

acetate was added. The organic layer was washed with water and 5 % NaHC03 and dried. 

Concentration under reduced pressure followed by flash chromatography (toluene/ethyl 

is acetate, 3:1~1:2) gave 2-(6-[.N,N-bis(tert-butoxycarbonyl)amino]-5-methyl-pyridin-3-

ylm.ethyl)-acrylic acid ethyl ester (0.68 g, 73 % ). 

(h) 2-Acetylsulfanylmethyl-3-(6-[N.N-bis(tert-butoxycarbonyllaminol-5-methyl-pyridin-3-

yl)-propionic acid ethyl ester 

20 Triethylamine (0.234 mL. 1.68 mmol) was added to a solution of 2-(6-[N,N-bis(tert­

butoxycarbonyl)amino J-5-methyl-pyridin-3-ylmethyl)-acrylic acid ethyl ester (0.68 g, 1.61 

mmol) in thioacetic acid (3 mL) at 0°C. The mixture was stirred at room temperature for 16 

h. Ethyl acetate was added and the organic phase was washed with water, saturated 

NaHC03 and brine and dried. The crude product was purified by flash chromatography 

25 (toluene/ethyl acetate. 3:1~1:2) to give pure 2-acetylsulfanylmethyl-3-(6-[.N,N-bis(tert­

butoxycarbonyl)amino]-5-metbyl-pyridin-3-yl)-propionic acid ethyl ester (489 mg, 61 %) 

and slightly impure 2-acetylsulfanylniethyl-3-(6-[N,N-bis(rert-butoxycarbonyl)amino J-5-

methyl-pyridin-3-yl)-propionic acid ethyl ester (0.34 g, 43% ). 

JO (i) 3-(6-Amino-5-methyl-pyridin-3-y]);.2~tnercaptomethyl-propionic acid 

2-Acetylsulfanylmethyl-3-(6-[N,N-bis(tert-butoxycarbonyJ)aminoJ-5-methyl-pyridin-3-yl}­

propionic acid ethyl ester (17 mg, 0.034 intnol) was dissolved in cone. HCI (3.0 mL). The 



W000/66557 PCT/SE00/00834 

42 

solution· was heated to reflux for I h. Concentration under reduced pressure gave the title 

compound (8.9 mg. 100%) as the hydrochloride salt. 
1H NMR (500 MHz, CDJOD): o 2.26 {s, 3H). 2.72-2.75 {m, 2H). 2.83-2.91 (rn, 3H), 7.60 

(s, lH), 7.77 (s. lH). 

s MS(+) 227 (M+l). 

Example 15 

3-( 6-Amino-4-methyl-pyridin-3-yll-2-mercaptomethyl-propionic acid 

10 (a) 2-Amino-5-bromo-4-methylpvridine 

2-Amino-4-methylpyridine (110 g, 1.02 mol) in hydrobromic acid (I L, 48%) was stirred 

at 70°C and a solution of hydrogen peroxide (300mL,15 %) was added dropwise over a 

one h at such a rate that the temperature of the reaction mixture remained at 70 - 80°C. The 

mixture was stirred for 90 min at 70°C and poured onto crushed ice. The pH was adjusted 

is to 4-5 with sodium carbonate and the;: precipitated solid (containing mostly dibrominated 

products) was filtered off and discarded. The pH was subsequently raised to 9 and the 

precipitated product collected by filtration. Recrystallization from toluene gave 2-Amino-

5-bromo-4-methylpyridine (76.3 g, 40 %). 

20 (b) 2-[.N.N-bisCtert-Butoxycarbony})amino 1-5-bromo-4-methylpvridin 

2-Amino-5-bromo-4-methylpyridine (5.70 g, 30.5 mmol) in chloroform was treated with 

di-tert-butyl dicarbonate (20.0 g, 91.60 mmol) and DMAP (0.60 g. 4.91 mmol). The 

reaction mixture was left at ambient temperature overnight and was then concentrated 

under reduced pressure. Flash chromatography (hexane/EtOAc, 95:5) gave 2-[N,N-bis(tert-

2s butoxycarbonyl)amino]-5-bromo-4-methylpyridin (8.02 g, 68 %). 

( c) 2-CN.N-bis(tert-Butoxycarbonyl>amino J-5-(tert-butyl-dimethyl-silanyloxymethyll-4-

methylpyridin 

A solution of 2-[N,N-bis(tert-butoxycarbonyl)amino ]-5-bromo-4-methylpyridin ( 15.0 g, 

JO 38.70 mmol). tert-butyl-dimethyl-tributylstannanylmethoxy-silane (25.4 g, 58.3 mmol), 

and bis(triphenylphosphine)palladium(In dichloride (0.90 g, 1.42 mmol) in 1,2-dichloro­

ethane (50 mL) was stirred at 90°C for two days. The mixture was cooled to 0°C and 
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diethyl ether (200 mL) was added followed by saturated aqueous potassium fluoride ( 40 

mL). The mixture was stirred vigourousJy for 30 min and filtered. The organic phase was 

washed with water, dried and concentrated under reduced pressure. Flash chromatography 

(hexane/EtOAc, 95:5) gave 2-[.N,N-bis(tert-butoxycarbonyl)amino J-5-(tert-butyl-dimethyl-

s silanyloxymethyl)-4-methylpyridin (10.0 g, 57 %). 

(d) 2-fN.N·bisCtert-butoxvcarbonynaminol-5-hvdroxymethyI-4-methylpyridin 

Tetrabutylammonium fluoride (13.9 g, 44.1 mmol) was added to a solution of 2-[N,N­

bis(tert-butoxycarbonyl)amino)-5-(tert-butyl-dimethyl-silanyloxymethyl)-4-methylpyridin 

10 (10.0 g, 24.3 mmol) in THF (100 mL). The reaction mixture was stirred for 3 h at room 

temperature. Concentration under reduced pressure followed by flash chromatography 

(hexane/EtOAc. 50:50) gave 2-[.N,N-bis(tert-butoxycarbonyl)amino ]-5-hydroxymethyl-4-

methylpyridin (5.0 g, 67 %). 

is (e) 5-Bromomethyl-2-[N.N-bis(tert-butoxvcarbonyl)aminol- 4-methylpvridin 

Triphenylphosphine (4.69 g, 17.9 mmol) and CBr4 (4.89 g, 14.8 mmol) was added to a 

solution of 2-[.N,N-bis(tert-butoxycarbonyl)amino ]-5-hydroxymethyl-4-methylpyridin 

(5.00 g. 22.0 mmol) in dichloromethane (130 mL) at 0°C. The reaction mixture was stirred 

for 3 h and was then diluted with dichloromethane. The organic phase was washed with 

20 water, dried and concentrated under reduced pressure. Flash chromatography 

(hexane/EtOAc, 80:20) gave 5-bromomethyl-2-[N,N-bis(tert-butoxycarbonyl)am.ino ]-4-

methylpyridin (5.35 g, 90 % ). 

(f) 2-(6-f.N.N-bis(tert-Butoxvcarbonyllamino 1-4-methyl-pyridin-3-ylmethyl)- malonic acid 

2S diethyl ester 

To a suspension of NaH (0.24 g, 6.0 mmo1, 60%) in DMF (5 mL) was added diethyl 

malonate (0.91 mL. 6.0 mmol) and the mixture was stirred for 15 min. A solution 2-[N,N­

bis(tert-butoxycarbonyl)amino]~5-bromomethyl-4-methyl-pyridin (2.0 g, 5.0 mmol) in 

DMF (5 mL) was added and the resulting solution stirred for 120 min at 60 °C. Ethyl 

Jo acetate was added and the mixture was washed with water and brine and dried. After 

evaporation of the solvent, the crude product was purified by flash chromatography 

(CH30H/CH2Ch, 1:100 ~1:20) to give· a pure fraction 2-(6-[.N,N-bis(tert-butoxy-
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carbonyl)amino)-4-methyl-pyridin-3-ylmethyl)-malonic acid diethyl ester (l.15 g, 48 %) 

and an impure fraction 2-( 6-[N,N-bis(ten-butoxycarbonyl)amino )-4-methyl-pyridin-3-

ylmethyl)-malonic acid diethyl ester (1.1 g). 

s (g) 2-(6-[N.N-bis(tert-butoxycarbonyI>aminol-4-methyl-pvridin-3-ylmethyll-malonic acid 

monoethyl ester 

A solution of KOH (141 mg, 2.52 mmol) in ethanol (2 mL) was added to a solution 2-(6-

(N,N-bis(tert-butoxycarbonyl)amino ]-4-methyl-pyridin-3-ylmethyl)-malonic acid diethyl 

ester (1.1g,2.29 mmol) in ethanol (10 mL) and methylene chloride (4 mL) at 0°C. The 

10 mixture was stirred for 18 hat room temperature. The mixture was concentrated under 

reduced pressure and the residue dissolved in water. Ethyl acetate was added and the 

organic layer was washed with 0.5 M HC1, water, brine and dried. After filtration and 

concentration under reduced pressure gave crude 2-(6-[N,N-bis(tert-butoxycarbonyl)­

amino]-4-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl ester (1.0 g, 97 % ). 

IS 

(h) 2-(6-CN,N-bisCtert-butoxvcarbonyl)aminoJ-4-methyl-pyridin-3-ylmethyll-acrylic acid 

ethyl ester 

Diethylamine (0.26 g, 2.67 mmol) was added a mixture of 2-(6-[N,N-bis(tert­

butoxycarbonyl)amino ]-4-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl ester (1.0 

20 g, 2.2 mmol) and 37 % aq. solution of formaldehyde (0.24 g, 3.00 mmol) in methylene 

chloride (2 mL) at 0°C. The mixture was stirred for 16 hat room temperature and ethyl 

acetate was added. The organic layer was washed with water and 5 % NaHC03 and dried. 

Concentration under reduced pressure followed by flash chromatography (toluene/ethyl 

acetate, 3:1 ~ 1:1) gave 2-(6-[N,N-bis{tert-butoxycarbonyl)amino]-4-methyl-pyridin-3-

is ylmethyl)-acrylic acid ethyl ester (0.81 g, 88 % ). 

(i) 2-Acetylsulfanylmethyl-3-(6-[N.N-bis<tert-butoxycarbonyl)aminol-4-methyl-pyridin-3-

yl}-propionic acid ethvl ester 

Triethylamine (0.279 mL, 2.0 mmol) was added to a solution of2-(6-[N,N-bis(tert-

30 butoxycarbonyl)amino ]-4-methyl-pyridin-3-ylmethyl)-acrylic acid ethyl ester (0.8 g, 1.9 

mmol) in thioacetic acid (3 mL) at 0°C. The mixture was stirred at room temperature for 16 

h. Ethyl acetate was added and the organic phase was washed with water, saturated 
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NaHC03 and brine and dried. The crude product was purified by flash chromatography 

(toluene/ethyl acetate, 3:1 ~ 1:2) to give pure 2-acetylsulfanylmethyl-3-(6-[N,N-bis(tert­

butoxycarbonyl)amino]-5-methyl-pyridin-3-yl)-propionic acid ethyl ester (200 mg, 21 %) 

and slightly impure 2-acetylsulfanylmethyl-3-(6-[N,N-bis(tert-butoxycarbonyl)amino]-4-

s methyl-pyriclin-3-yl)-propionic acid ethyl ester (0.68 g). 

(f) 3-(6-Amino-4-methvl-pvrtdin-3-yD-2-mercaptomethyl-propionic acid 

2-Acetylsulfanylmethyl-3-(6-[N,N-bis(tert-butoxycarbonyl)amino]-4-methyl-pyridin-3-yl)­

propionic acid ethyl ester (36 mg, 0.072 mmol) was dissolved in cone. HCI (3.0 mL). The 

10 solution was heated to reflux for 1 h. Concentration under reduced pressure gave the title 

compound (18.7 mg, 98 %) as the hydrochloride salt. 

1H NMR (500 MHz, CD30D): ~ 2.42 (s, 3H). 2.72-2.95 (m, 5H), 6.81 (s, IH), 7.58 (s, lH). 

MS(+) 227 (M+l). 

is Example 16 

2-Mercaptomethyl-3-piperidin-4-yl-butyric acid 

(a) 4-formyl-piperidine-1-carboxvlic acid tert-butyl ester 

Periodinane (26.9 g, 63.5 mmol) was added to a solution of l4ert-butoxycarbony1-

20 piperidine-4-methanol (10.5 g, 48.8 mmol) in methylene chloride (200 mL) and the 

mixture was stirred for 90 min. Diethyl ether was added and precipitates were removed by 

extraction with 10 % Na2Sz03'saturated NaHC03 (1:1, 300 mL). The organic layer was 

washed with 0.5 M NaOH and brine. dried and concentrated under reduced pressure. Flash 

chromatography (hexane/EtOAc, 8:2) gave 4-formyl-piperidine-1-carboxylic acid tert-

25 butyl ester (8.5 g, 81 % ). 

(b) 2-H-tert-Butoxvcarbonyl-piperidin-4-ylmethylene)-malonic acid diethyl ester 

To a solution of diethyl malonate (710·µL, 4.7 mmol) and 4-fonnyl-piperidine-1-

carboxylic acid tert-butyl ester (1.0 g~ 4.7 mmol) in methylene chloride (5 mL) was added 

3o piperidine (46 µL, 0.47 mmol) and acetic'aeid (27 µL. 0.47 mmol). The reaction mixture 

was stirred for72 hat room temperature ahd then fot 16 hat 45°C. EtOAc was added and 

the mixture was washed with water and brine, dried and concentrated under reduced 
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pressure. The crude was purified by flash chromatography (heptane/EtOAc, 3: l ~ 1:3) to 

give 2-(1-tert-butoxycarbonyl-piperidin-4-ylmethylene)-malonic acid diethyl ester (0.69 g, 

40%). 

s (c) 2-fl-<I-tert-Butoxvcar~onyl-piperidin-4-yll-ethyll-malonic acid diethyl ester 

MeLi (5.34 mL, 8.54 mmol, 1.6 Min diethyl ether) was added dropwise to a slurry of Cul 

(0.74 g, 3.88 mmol) in THF (5 mL) at-78°C under argon and the mixture was stirred for 30 

min. A solution of 2-( J-tert-butoxycarbonyl-piperidin-4-ylmethylene )-malonic acid diethyl 

ester (0.69 g, 1.94 mmol) in THF (5 mL) was added dropwise and the reacton mixture was 

10 stirred for120 min at -78°C and was then allowed to warm to room temperature during 60 

min. Concentrated aqueous N~OH was added and the mixture was then extracted with 

EtOAc, washed with concentrated aqueous NILOH and brine, dried and concentrated 

under reduced pressure. The crude was purified by flash chromatography (heptaneJEtOAc, 

3: 1 ~ 1 :6) to give 2-( 1-( 1-tert-butoxycarbonyl-piperidin-4-yl)-ethyl]-malonic acid diethyl 

is ester (0.39 g, 54 % ). 

(d) 2-[l-(l-tert-Butoxycarbonyl-pipericlin-4-yll-ethyll-malonic acid monoethyl ester 

A solution of KOH (84 mg, 1.16 mmol) in EtOH (2 mL) was added dropwise to a solution 

of 2-(1-(1-tert-butoxycarbonyl-piperidin-4-yl)-ethyl]-malonic acid diethyl ester (0.39 g, 

20 1.01 mmol) in methylene chloride (4 mL) and EtOH (10 mL) at 0°C. The resulting mixture 

was stirred at room temperature over night. EtOAc was added and the mixture was washed 

with 0.5 M HCI and brine, dried and concentrated under reduced pressure to give 416 mg 

of crude 2-[1-(l-tert-butoxycarbonyl-piperidin-4-yl)-ethyl)-malonic acid monoethyl ester. 

is (e) 4-(2-Ethoxycarbonyl-1-methyl-allyll-piperidine-l-carboxylic acid ten-butyl ester 

Formaldehyde (132 mg, 1.65 mmol, 37 % in water) was added to a solution of of crude 2-

(1-(1-tert-butoxycarbonyl-piperidin-4-yl)-ethyl]-malonic acid monoethyl ester (416 mg) in 

methylene chloride (2 mL) at 0°C. Diethylamine (153 µL, 1.47 mmol) was added dropwise 

and the mixture was stirred at room temperature over night. EtOAc was added and the 

30 mixture was washed with water and saturated NaHC03, dried and concentrated under 

reduced pressure. The crude was purified by flash chromatography (toluene/EtOAc, 3: I) to 
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give 4-(2-ethoxycarbonyl-l-methyl-allyl)-piperidine-l-carboxylic acid tert-butyl ester 

(0.18 g, 49 % over two steps). 

(f) 4-(3-Acetylsulfanvl-2-ethoxycarbonyl-l-methyl-propyl>-piperidine-1-carboxylic acid 

s tert-butyl ester 

TEA (86 µL, 0.617 mmol) was added to a solution of 4-(2-ethoxycarbonyl-1-methyl-allyl)­

piperidine-1-carboxylic acid tert-butyl ester (0.18 g, 0.59 mmol) in thioacetic acid (2 mL) 

at O"C. After stirring for 6 h more thioacetic acid (2 mL) was added and the mixture was 

stirred at 45°C over night. EtOAc was added and the mixture was washed with water, 

10 saturated NaHC03 and brine, dried and concentrated under reduced pressure •. The crude 

was purified by flash chromatography (toluene/EtOAc, 5:1 ~ 1:1) to slightly unpure 4-(3-

acetylsulfanyl-2-ethoxycarbonyl-1-methyl-propyl)-piperidine-l-carboxylic acid tert-butyl 

ester (0.17 g, 75 % ). 

is (g) 2-Acetylsulfanylmethyl-3-piperidin-4-yl-butyric acid ethyl ester 

1FA (2 mL) was added to a solution of 4-(3-acetylsulfanyl-2-ethoxycarbonyl-1-methyl­

propyl)-piperidine-l-carboxylic acid tert-butyl ester (0.17 g, 0.439 mmol) in methylene 

chloride (10 mL). The reaction was stirred for 90 min and concentrated under reduced 

pressure. The crude product was purified using HPLC ( 10 ~ SO % acetonitrile in water. 

20 0.1 % TFA) to give 2-acetylsulfanylm.ethyl-3-piperidin-4-yl-butyric acid ethyl ester (101 

mg. 54 % ) as the TF A salt. 

(h) 2-Mercaptomethyl-3-piperidin-4-yl-butyric acid 

Cone. hydrochloric acid (4 mL) was added to 2-acetylsulfanylmethyl-3-piperidin-4-yl-

25 butyric acid ethyl ester TFA salt (0.101 g, 0.252 mmol) under argon. The reaction was 

heated to reflux for 5 b and then concentrated under reduced pressure to give a 

diastereomeric mixture of the title compound (73.7 mg) as the hydrochloride salt. 
1H NMR (500 MHz, CD30D) for the major diastereomer: 8 1.10 (d, 3H). 1.36-1.58 (m, 

2H). 1. 71-1.78 (m, 2H). 1.93-1.99 (m, 1H), 2.05-2.11 (m, IH), 2.60-2.66 (m, 2H), 2.80-

30 2.86 (m, lH), 2.94-3.02 {m, 2H), 3.38-3.45 (M, 2H). 

MS{+) 218 (M+l). 
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Example 17 

3-(6-Amino-pyridin-3-yl}-2-mercaptomethyl-butyric acid 

(a) (5-formyl-pvridin-2-yl)-carbarnic acid tert-butyl ester 

PCTISE00/00834 

s (5-hydroxymethyl-pyridin-2-yl)-carbamic acid terr-butyl ester (7.00 g, 31.2 mmol) was 

dissolved in dry DMSO (50 mL) and the reaction flask immersed in a waterbath at 15°C. 

TEA (13.1ml,94.0 mmol) was added, followed by sulfur trioxide pyridine complex (15.0 

g, 94.0 mmol) in portions. The reaction mixture was stirred for further 45 min and poured 

onto crushed ice. The product was extracted with diethyl ether and the combined organic 

1 o extracts were washed with brine, dried and concentrated under reduced pressure. 

Recrystallisation from hexane/CH2Ch afforded (5-formyl-pyridin-2-yl)-carbamic acid tert­

butyl ester (5.40 g, 78 %) as white crystals. 

(b) 2-(6-tert-Butoxycarbonylamino-pyridin-3-ylmethylene)-malonic acid diethyl ester 

is To a solution of diethyl malonate (710 µL, 4. 7 mmol) and (S-fonnyl-pyridin-2-yl)­

carbamic acid tert-butyl ester (1.04 g, 4.7 rnmol) in methylene chloride/DMF (1:1, 5 mL) 

was added piperidine (46 µL, 0.47 mmol) and acetic acid (27 µL, 0.47 mmol). The reaction 

mixture was stirred for 72 h at room temperature and then for 16 h at 45°C. Heptane was 

added slowly to give 2-(6-tert•butoxycarbonylamino-pyridin-3-ylmethylene)-malonic acid 

20 diethyl ester (0.69 g, 40 %) as grey crystals. 

(c) 2-(1-(6-tert-Butoxycarbonylamino-pyridin-3-yl)-ethyll-malonic acid diethyl ester 

MeLi (6.5 mL, 10.4 mmol, 1.6 M in diethyl ether) was added dropwise to a slurry of Cul 

(0.9 g, 4.73 mmol) in THF (28 mL) at-78°C under argon. The reaction mixture was stirred 

2S ·for 30 min. A solution of 2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethylene)-malonic 

acid diethyl ester (0.84 g, 2.3 mmoJ) in THF (7 mL) was added dropwise and the reaction 

was stirred for 180 min at -78°C. Saturated aqueous NH.iOH was added dropwise and the 

mixture was extracted with EtOAc. The organic phase was washed with saturated aqueous 

NH40H and NaCl, dried and concentrated under reduced pressure. Flash chromatography 

JO (toluene/EtOAc, 3: l-+ 1:6) gave 2-(1-(6-tert-butoxycarbonylamino-pyridin-3-yl)-ethyl]­

malonic acid diethyl ester (0.723 g, 82.4 %) as a white solid. 
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(d) 2-fl-C6-tert-Butoxycarbonylamino-pvridin-3-y11-ethyl1-m!"~nic acid monoethvl ester 

A solution of KOH (113.6 mg, 2.04 mmol) in EtOH (2 mL) was added dropwise to a 

solution of 2-[ 1-(6-tert-butoxycarbonylamino-pyridin-3-yl)-ethyl]-malonic acid diethyl 

ester (0.7 g. 1.84 mmol) in methylene chloride (4 mL) and EtOH ( 10 mL) at 0°C under 

s argon and the reaction mixture was stirred over night. IM KOH (100 mL) was added and 

the mixture was washed with methylene chloride. The aqueous phase was acidified to pH 2 

using 2 M HCI and extracted with EtOAc. The organic phase was dried and concentrated 

under reduced pressure to give the crude 2-(1-(6-tert-butoxycarbonylamino-pyridin-3-yl)­

ethyl]-malonic acid monoethyl ester (423 mg, 65 %). 

10 

(e) 2-fl-{6-tert-Butoxycarbonylamino-pyridin-3-yD-ethylJ-acrylic acid ethyl ester 

Diethylamine (0.153 mL, 1.473 mmol) was added to a solution of 2-[l-{6-/ert-butoxy­

carbonylamino-pyridin-3-yl)-ethyl]-malonic acid monoethyl ester (423 mg, 1.2 mmol) and 

fonnaldehyde (132 mg, 1.626 mmol, 36 % in water) in methylene chloride (2 mL) at 0°C 

is under argon. The mixture was stirred at room temperature over night. EtOAc was added 

and the solution was washed with water, NaHC03 and brine, dried and concenttated under 

reduced pressure. Flash chromatography (toluene/EtOAc, 3: 1) gave 2-[1-(6-tert­

butoxycarbonylamino-pyridin-3-yl)-ethyl]-acrylic acid ethyl ester (158 mg, 41 %). 

20 (f) 2-Acetylsulfanylmethyl-3-(6-tert-butoxycarbonvlamino-pyridin-3-yl)-butyric acid ethyl 

ester 

TEA (0.076 mL. 0.542 mmol) was added to a solution of2-[1-(6-tert-butoxycarbonyl­

amino-pyridin-3-yl)-ethyl]-acrylic acid ethyl ester (158 mg, 0.493 mmol) in thioacetic acid 

(2 mL) at 0°C under argon. The mixture was stirred at 45°C over night. EtOAc was added 

25 and the solution was washed with NaHC03 and brine, dried and concentrated under 

reduced pressure. Flash chromatography (toluene/EtOAc, 5:1 ~ 1:1) gave slightly unpure 

2-acetylsulfanylmethyl-3-( 6-tert-butoxycarbonylamino-pyridin-3-yl)-butyric acid ethyl 

ester (178 mg, 91 % ). 

JO (g) 2-Acetvlsulfanylmethyl-3-(6-amino-pyridin-3-yl)-butyric acid ethyl ester 

TFA (2 mL) was added to a solution of 2-acetylsulfanyJmethyl-3-(6-tert-butoxycarbonyl­

amino-pyridin-3-yl)-butyric acid ethyl ester ( 178 mg, 0.449 mmol) in methylene chloride 
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(2 mL). The mixture was stirred for 60 min.and concentrated under reduced pressure. Flash 

chromatography (toluene/ EtOAc. 1 :6) gave unpure 2-acetylsulfanylmethyl-3-(6-amino­

pyridin-3-yl}-butyric acid ethyl ester (176 mg, 95 %). Further purification by HPLC (10 ~ 

70 % acetonitrile in water, 0.1 % TFA) gave 2-acetylsulfanylmethyl-3-(6-amino-pyridin-3-

s yl)-butyric acid ethyl ester (104 mg, 56 %) as the TFA salt. 

(h) 3-(6-Amino-pvridin-3-yll-2-mercaptomethyl-butyric acid 

Cone. hydrochloric acid (4 mL) was added to 2-acetylsulfanylmethyl-3-(6-amino-pyridin-

3-yl)-butyric acid ethyl ester (104 mg, 0.253 mmol) under argon. The reaction was heated 

10 to reflux for 5 h and then concentrated under reduced pressure to give a diastereomeric 

mixture of the title compound (61mg.92 %) as the hydrochloride salt. 

15 

1H NMR (500 MHz, D20) for the major diastereomer: o 1.26 (d, 3H), 2.49-2.53 (m, 2H), 

2.64-2.77 (nl, lH), 2.95-3.02 (m, lH), 7.02 {d, lH), 7.69 (d, lH). 7.88 (m. IH). 

MS(+) 227 (M+l). 

Example 18 

3-(6-Amino-2-methyl-pvridin-3-yll-2-mercaptomethyl-propionic acid 

(a) (5-Bromo-6-methyl-pyridin-2-yll-carbamic acid tert-butyl ester 

20 5-Bromo-6-methyl-pyridin-2-ylamine (25.0 g, 133.7 mmol) in THF/tert-butanol ( 1: 10, 550 

mL) was treated with di-tert-butyl dicarbonate (39.3 g, 180.0 mmol) and DMAP (2.40 g. 

19.6 mmol). The reaction mixture was stirred for 4 hat 40°C and concentrated under 

reduced pressure. Flash chromatography (methylene chloride) gave (5-bromo-6-methyl­

pyridin-2-yl)-carbamic acid tert-butyl ester (17.0 g, 44 %). 

25 

(b) [5-(tert-Butyl-dimethyl-silanyloxvmethyll-6-rnethyl-pyridin-2-yll-carbamic acid tert­

butyl ester 

A solution of (5-bromo-6-methyl-pyridin-2-yl)-carbamic acid tert-butyl ester (27.5 g, 95.8 

nimol), tert-butyl-dimethyl-tributylstannanylmethoxy-silane (43.5 g, 100.2 mmol), and 

30 bis(triphenylphosphine)palladium(m dichloride (1.00 g, 1.40 mmol) in 1,2-dichloroethane 

(350 mL) was stirred at reflux for48 h. Additional bis(triphenylphosphine)palladium(II) 

dichloride (l.00 g, l.40 mmol) was added every 12 h. The mixture was cooled to 0°C and 
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diethyl ether (300 mL) was added followed by saturated aqueous potassium fluoride (100 

mL). The mixture was stirred vigourously for 60 min and filtered. The organic phase was 

washed with water, dried and concentrated under reduced pressure. Flash chromatography 

(Me0WCH2Ch, 1 :99) gave [5-(tert-butyl-dimethyl-silanyloxymethyl)-6-methyl-pyridin-2-

s yl]-carbamic acid tert-butyl ester (15 g, 47 % ). 

(c) (5-Hydroxymethyl-6-methyl-pvridin-2-yl>-carbamic acid tert-butyl ester 

Tetrabutylammonium fluoride (19.6 g, 62.4 mmol) was added to a solution of [5-(tert­

butyl-dimethyl-silanyloxymethyl)-6-methyl-pyridin-2-yl]-carbamic acid tert-butyl ester 

10 (10.5 g, 31.23 mmol) in THF (100 mL) and stirred at room temperature overnight. Water 

was added and the product extracted with chloroform. The organic phase was dried and 

concentrated under reduced pressure. Flash chromatography (MeOWCH2Ch. 2.5:77.5) 

gave (5-hydroxymethyl-6-methyl-pyridin-2-yl)-carbamic acid terr-butyl ester (6.0 g, 81 

%). 

IS 

-( d) 5-Bromomethyl-2-[N.N-bis(tert-butoxvcarbonyllaminol-pvrimidin 

Triphenylphosphine (9.83 g. 37.5 mmol) and CBr4 (17.7 g, 53.5 mmol) was added to a 

solution of (5-hydroxymethyl-6-methyl-pyridin-2-yl)-carbamic acid tert-butyl ester (8.50 

g. 35.7 mmol) in dichloromethane (30 mL) at 0°C. The reaction mixture was stirred for 3 h 

20 at room temperature and was then diluted with dichloromethane. The organic phase was 

washed with water, dried and concentrated under reduced pressure. Flash chromatography 

(CH2Cl2) gave 5-bromomethyl-2-[N,N-bis(tert-butoxycarbonyl)amino]-pyrimidin (4.05 g, 

38 %). 

25 ( e) 2-< 6-tert-Butoxycarbonylamino-2-methyl-pyridin-3-ylmethvll-malonic acid diethyl 

ester 

A solution of diethyl malonate (1.21 mL. 7.97 mmol) in DMF (2 mL) was added dropwise 

to a suspention of NaH (348 mg, 7.97 mmol, 55 % in mineral oil) in DMF (5 mL) at 0 °C 

under argon. The reaction mixture was stirred for 45 min and a solution of (5-bromo-

30 methyl-6-methyl-pyridin-2-yl)-carbamic acid tert-butyl ester (2.0 g, 6.64 mmol) in DMF (5 

mL) was added dropwise. The mixture was stirred over night (0°C -t 20°C). EtOAc was 

added and the solution was washed with water and brine, dried and concentrated under 
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reduced pressure. Rash chromatography (heptane/EtOAc, 4:1) gave 2-(6-tert-butoxy­

carbonylamino-2-methyl-pyridin-3-ylmethyl)-malonic acid diethyl ester (1.87 g, 74 %). 

(f) 2-(6-tert-Butoxycarbonylamino-2-methyl-pyridin-3-ylmethyll-malonic acid monoethvl 

s ester 

A solution of KOH (300 mg, 5.35 mmol) in EtOH ( 4 mL) was added to a solution of 2-(6-

tert-butoxycarbonylamino-2-methyl-pyridin-3-ylmethyl)-malonic acid diethyl ester (1.85 

g, 4.86 mmol) in EtOH/methylene chloride (2: 1. 21 mL) at 0°C. The mixture was stirred 

for 40 h at room temperature and EtOAc was added. The mixture was washed with 0.5 M 

10 HCl and brine, dried and concentrated under reduced pressure to give crude 2-(6-tert­

butoxycarbonylamino-2-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl ester (1.45 

g). 

(g) 2-C6-tert-Butoxycarbonylamino-2-methyl-pyridin-3-ylmethyl)-acrylic acid ethyl ester 

is Diethylamine (359 mg, 4.90 mmol) was added dropwise to a solution of 2-(6-tert­

butoxycarbonylamino-2-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl ester (1.44 g, 

4.09 mmol) and formaldehyde (464 mg, 5.72 mmol, 37 % in water) in methylene chloride 

(35 mL) at 0°C under argon. The mixture was stirred at room temperature over night. 

Methylene chloride was added and the solution was washed with Na2COJ and brine, dried 

20 and concentrated under reduced pressure to give 2-(6-tert-butoxycarbonylamino-2-methyl­

pyridin-3-ylmethyl)-acrylic acid ethyl ester (1.03 g, 79 %). 

(h) 2-Acetylsulfanylmethy1-3-C6-tert-butoxycarbony1amino-2-methyl-pyridin-3-yll­

propionic acid ethyl ester 

25 TEA (0.556 mL, 3.99 mmo1) was added to a solution of 2-(6-tert-butoxycarbonylamino-2-

methyl-pyridin-3-ylmethyl)-acrylic acid ethyl ester (1.23 g, 3.84 mmol) in thioacetic acid 

(10 mL) at 0 °C under argon. The mixture was stirred at room temperature for 64 h. EtOAc 

was added and the solution was washed with Na2C03 and brine, dried and concentrated 

under reduced pressure. Flash chromatography (toluene/EtOAc. 5: 1 ~ I: 1) gave 2-

Jo acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-2-methyl-pyridin-3-yl)-propionic 

acid ethyl ester ( 1.33 g. 87 % ). 
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(i) 3-(6-Amino-2-methyl-pyridin-3-yl)-2-mercaptomelhyl-propionic acid 

Cone. hydrochloric acid (2 mL) was added to 2-acetylsulfanylmethyl-3-(6-lert­

butoxycarbonylamino-2-methyl-pyridin-3-yl)-propionic acid ethyl ester (77 mg, 0.19 

mmol) under argon. The reaction was heated to reflux for 110 min and was then 

s concentrated under reduced pressure to give the title compound (39 mg, 76 % ) as the 

hydrochloride salt. 
1H NMR (500 MHz, D20): ~ 2.49 (s, 3H), 2.73-2.92 (m, SH), 6.81 (d, lH), 7.77 (d, iH). 

MS(+) 227 (M+l). 

10 Example 19 

2-AcetylsulfanyJmethyl-3-(2..:amino-pyrimidin-5-yl)-propionic acid ethyl ester 

(a) 2-fNN-bis(tert-Butoxycarbonyllaminol-5-bromopyrimidin 

2-Amino-5-bromopyrimidine (9.00 g, 51.7 mmol) in THF/tert-butanol (1:1, 100 mL) was 

ts treated with di-tert-butyl dicarbonate (34.0 g, 156.0 mmol) and DMAP (3.00 g. 24.5 

mmol). The reaction mixture was left at ambient temperature overnight and concentrated 

under reduced pressure. The residue was partitioned between dichloromethane and water 

and pH was adjusted to 4 with I M HCL The solution was extracted with dichloromethane, 

dried and concentrated under reduced pressure. The crude product was suspended in 

20 hexane and filtered to yield 2-(N,N-bis(tert-butoxycarbonyl)amino)-5-bromopyrimidin 

(15.0 g, 77 %). 

(b) 2-TN.N..;bis(tert-Butoxycarbonyl)aminol-5·{/ert-butyl-dimethyl-silanyloxymethyl)­

pyrimidin 

2s A solution of2-[.N,N-bis(tert-butoxycarbonyl)amino]-5-bromopyrimidin (16.0 g. 45.0 

mmol), terr-butyl-dimethyl-tributylstannanylmethoxy-silane (20.5 g, 47.1 mmol). and 

bis(triphenylphospbine)palladium(Il) dichloride (LOO g, 1.40 mmol) in 1,2-dichloroetbane 

(50 mL) was stirted at reflux overnight. Additional bis(criphenylphosphine)palladium(II) 

dichloride (LOO g, 1.40 nimol) was added and the solution was refluxed for 8 h. The 

30 mixture was cooled to 0°C and diethyl ether (200 mL) was added followed by saturated 

aqueous potassium fluoride (SO mL). The mixture was stirred vigourously for 60 min and 

filtered. The organfo phase was washed with water, dried and concentrated under reduced 
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pressure. Flash chromatography (Me0H/CH2Cl2, 1 :99) gave 2-[N,N-bis(tert­

butoxycarbonyl)amino ]-5-(tert-butyl-dimethyl-silanyloxymethyl)-pyrimidin ( 10.2 g. 55 

%). 

s (c) 2-lN.N-bisCtert-Butoxycarbonvllaminol-5-hydroxymethyl-gyrimidin 

Tetrabutylammonium fluoride (15.3 g, 48.6 mmol) was added to a solution of2-[N,N­

bis(tert-butoxycarbonyl)amino ]-5-(tert-butyl-dimethyl-silanyloxymethyl)-pyrimidin ( 10.0 

g, 24.3 mmol) in THF (100 mL) and stirred at room temperature overnight. Water was 

added and the product extracted with chlorofonn. The organic phase was dried and 

io concentrated under reduced pressure. Flash chromatography (MeOH/CH2Cl2, 2.5:77.5) 

gave 2-[.N,N-bis(tert-butoxycarbonyl)amino]-5-hydroxym.ethyl-pyrimidin (4.20 g, 53 %). 

( d) 5-Bromomethyl-2-CN.N-bis(tert-butoxycarbonyllaminol-pvrimidin 

Triphenylphosphine (2.71 g, 10.73 mmol) and CBr4 (4.89 g, 14.8 m.mol) was added to a 

1s solution of 2-[.N,N-bis(tert-butoxycarbonyl)amino ]-S-hydroxymethyl-pyrimidin (3.20 g, 

9.83 mmol) in dichloromethane (30 mL) at 0°C. The reaction mixture was stirred for 1 h 

and was then diluted with dichloromethane. The organic phase was washed with water, 

dried and concentrated under reduced pressure. Flash chromatography (CH2Cii) gave 5-

bromomethyl-2-[N,N-bis(tert-butoxycarbonyl)amino ]-pyrimidin (2.55 g, 67 %). 

20 

(e) 2-C2-[.l\l,N-bis(tert-Butoxycarbonyl)amino]-pyrimidin-5-ylmethyll-malonic acid diethyl 

~ 

A solution of diethyl malonate (0.704 mL, 4.64 mmol) in DMF (2 mL) was added 

dropwise to a suspention of NaH (200 mg, 4.64 mmol, 55 % in mineral oil) in DMF (4 

2s mL) at 0 °C under argon. The reaction mixture was stirred for 30 min and a solution of 5-

bromomethyl-2-[.N,N-bis(tert-butoxycarbonyJ)amino ]-pyrimidin (1.5 g. 3.86 mmol) in 

DMF (4 mL) was added dropwise. The mixture was stirred at room temperature for 3 h. 

EtOAi;: was added and the solution was washed with water and brine, dried and 

concentrated under reduced pressure. Flash chromatography (heptane/EtOAc, 3:2) gave 2-

30 (2-[N,N-bis(tert-butoxycarbonyl)amino]-pyrimidin-5-ylmethyl)-malonic acid diethyl ester 

(0.87'g, 40 %). 
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(t) 2-{2-fN.N·bis(tert-butoxycarbonyl>aminoJ-pvrimidin-5-vlmetbyl)-malonic acid 

monoethyl ester 

A solution of KOH ( 106 mg, 1.88 mmol) in EtOH (2 mL) was added to a solution of 2-(2-

[N.N-bis(tert-butoxycarbonyl)amino]-pyrimidin-5-ylmethyl)-malonic acid diethyl ester 

s (0.80 g, 1.71 mmol) in EtOH/methylene chloride (2: l, 12 mL) at 0°C. The mixture was 

stirred for 16 h at room temperature and EtOAc was added. The mixture was washed with 

0.5 M HCI and brine, dried and concentrated under reduced pressure to give 2-(2-[N.N­

bis(tert-butoxycarbonyl)amino]-pyrimidin-5-ylmethyl)-malonic acid monoethyl ester (0.67 

g, 89 %). 

JO 

(g) 2-(2-[N,N-bis(tert-butoxvcarbonvllaminol-pyrimidin-S-ylmethy})-acrylic acid ethyl 

ester 

Diethylamine (0.124 mL, 1.69 mmol) was added dropwise to a solution of2-(2-[N,N­

bis(tert-butoxycarbonyl)amino]-pyrimidin-5-ylmethy1)-malonic acid monoethyl ester (0.62 

rs g, 1.41 mmol) and formaldehyde (160 mg, 2.0 mmol. 37 % in water) in methylene chloride 

(15 mL) at 0 °C under argon. The mixture was stirred at room temperature over night 

EtOAc was added and tbe solution was washed with water, NaHC03 and brine, dried and 

concentrated under reduced pressure to give crude 2-(2-[.N,N-bis(tert-butoxycarbonyl)­

amino )-pyrimidin-5-ylmethyl)-acrylic acid ethyl ester (0.54 g, 94 %). 

20 

(h) 2-Acetylsulfanylmethyl-3-(2-CN.N-bisCtert-butoxycarbonyl)aminol-pyrimidin-5-yll­

propionic acid ethyl ester 

TEA (0.189 mL, 1.35 mmol) was added to a solution of2-(2-[N.N-bis(tert­

butoxycarbonyl)amino]-pyrimidin-5-ylmethyl)-acrylic acid ethyl ester (0.53 g, 1.30 mmol) 

2s in thioacetic acid (13 mL) at 0°C under argon. The mixture was stirred at room temperature 

for 40 h. EtOAc was added and the solution was washed with Na2C03 and brine, dried and 

concentrated under reduced pressure. Flash chromatography (heptane/EtOAc, 5: 1 ~ I: 1) 

gave 2-acetylsulfanylmethyl-3-(2-[N,N-bis(tert-butoxycarbonyl)amino J-pyrimidin-5-yl}­

propionic acid ethyl ester(0.56 g, 89 %). 

30 
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(i) 2-Acetylsulfanylmethyl-3-(2-amino-pyrimidin-5-vl}-propionic acid ethyl ester 

TFA (1.5 mL) was added to a solution of 2-acetylsulfanylmethyl-3-(2-[N,N-bis(tert­

butoxycarbonyl)amino]-pyrimidin-5-yl)-propionic acid ethyl ester (225 mg. 0.46 mmol) in 

methylene chloride ( 1.5 mL). The reaction was stirred for 120 min and concentrated under 

s reduced pressure.to give the title compound (172 mg, 94 %} as the TFA salt. 
I . H NMR (500 MHz, CD30D): S 1.22 (t, 3H), 2.35 (s, 3H), 2.80-3.00 (m, 3H). 3.00-3.22 

(m, 2H), 4.13 (q, 2H). 8.43 (s, 2H). 

MS(+) 284 (M+l). 

10 Example 20 

2-( 6-Amino-pyridin-3-ylmethyD-3-mercapto-butvric acid 

(a)· 3-( 6-ten-Butoxycarbonylamino-pyridin-3-yll-2-Cdiethoxy-phosphoryll-propionic acid 

ethyl ester 

1s To a suspension of NaH (1.17 g, 60% in mineral oil, 29.3 mm:ol) in DMF (70 mL) was 

added trietbyl phosphonoacetate (6.01 g, 26.82 mmol) at 0°C. The reaction mixture was 

allowed to stir at 0 °C for 0.5 h. To the reaction was added (5-bromom.ethyl-pyridin-2-yl)­

carbamic acid tert-butyl ester (7.0 g, 24.38 mmol) at 0°C and the reaction mixture was 

stirred at room temperature for 16 h. The reaction was quenched with the slow addition of 

20 saturated aqueous ammonium chloride (70 mL). The mixture was extracted with EtOAc, 

washed with brine and dried. The crude product was purified by column chromatography 

(CH2Ch/Et0Ac, 1:0 ~ 1:1 ~ 0:1) to give 3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-2-

(diethoxy-phosphoryl)-propionic acid ethyl ester (5.1 g, 50%). 

2S (b) 2-(6-tert-Butoxvcarbonylamino-pyridin-3-ylmethyl}-but-2-enoic acid ethyl ester 

To a suspension of NaH (278.8 mg, 60% in mineral oil, 6.97 mmol) in THF (25 mL) at 

0°C was added a solution of 3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-2-(diethoxy­

phosphoryl)-propionic acid ethyl ester (2.5 g, 5.81 mmol) in THF (30 mL). The reaction 

mixture was allowed to stir at 0°C for 1 h. To the reaction was added acetaldehyde (512 

30 mg, 11.6 mmol) dropwise at 0°C. The reaction mixture was allowed to warm to room 

temperature and then stir for 16 h. Acetaldehyde (2.0 g) was added to the reaction vessel 
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and the reaction mixture was allowed to stir at room temperature for an additional 16 h. 

The reaction was quenched with the slow addition of saturated aqueous ammonium 

chloride (30 mL). The mixture was extracted with EtOAc, washed with brine and dried to 

afford the crude product. The crude product was purified by column chromatography 

s (EtOAc/hexane, 1:8) to give ethyl 2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-but-

2-enoic acid ethyl ester as a mixture of isomers (1.1 g, 60% ). 

(c) 3-Acetvlsulfanyl-2-(6--tert-butoxycarbonylamino-pyridin-3-ylmethyll-butvric acid ethyl 

~ 

10 To thiolacetic acid (15 mL) were added Et3N (1.5 g, 14.8 mmol) and ethyl 2-(6-tert-

butoxycarbonylamino-pyridin-3-ylmethyl)-but-2-enoic acid ethyl ester (920 mg, 2.9 mmol) 

at room temperature. The reaction mixture was stirred at 40-45°C for 7 days (additional 

thiolacetic acid (1.5 mL) was added to the reaction mixture every two days). The reaction 

mixture was cooled to room temperature and then diluted with BtOAc (50 mL). The 

1s organic layer was separated. washed with sat. NaHC03, brine and dried. The combined 

organic layers were concentrated under reduced pressure. The crude was purified 

subsequently by three chromatography columns (CH2Ch, EtOAclhexane, 1:5 and 

acetone/hexane, 1:8) to afford 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-

ylmethyl)-butyric acid ethyl ester as a diastereometric mixture (780 mg, 68% ). 

20 The diastereomeric mixture was separated using preparative chiral chromatography 

according to the procedure described below to give the four isomers 3-acetylsulfanyl-2-(6-

tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl ester/ A, 3-acetylsulfanyl-

2-( 6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl ester/B, 

3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-yJmethyl)-butyric acid ethyl 

25 ester/C and 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric 

acid ethyl ester/D. 

3-AcetvlsuJfanyl-2-(6-tert-butoxycarbonylamino-pvridin-3-ylmethyl)-butvric acid ethyl 

ester ID 

30 3-Acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl 

ester/D was separated from a mixture;of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino­

pyridin-3-ylmethyl}-butyric acid ethyl ester/A, 3-acetylsulfanyl-2-{6-tert-
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butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl ester/B, 3-acetylsulfanyl-2-

(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl ester/C and 3-acetyl­

sulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl ester/Don 

a chiralcel OJ column eluting with isohexane:acetonitrile: isopropyl alcohol:diethyl amine 

s (99; 0.5; 0.5; 0.1). The enantiomeric excess was> 99% as measured by HPLC using a 

chiralpak OJ column eluting with isohexa~e: ethanol: diethyl amine (99; 1; 0.5). 

3-Acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl 

ester/A 

10 3-Acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl 

ester/A was separated from a mixture of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino­

pyridin-3-ylmethyl)-butyric acid ethyl ester/ A, 3-acetylsulf anyl-2-(6-tert-butoxycarbonyl­

amino-pyridin-3-ylmethyl}·butyric acid ethyl ester/B and 3-acetylsulfanyl-2-(6-tert­

butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl ester /C on a chiralcel OJ 

is column eluting with isohexane:l-propanol: diethyl amine (98; 2; 0.1). The enantiomeric 

excess was > 99% as measured by HPLC using a chiralpak OJ column eluting with 

isohexane: ethanol: diethyl amine (99; l; 0.5). 

3-Acetylsulfanyl-2-(6-tert-butoxycarbonylarnino-pyridin-3-ylmethyll-butvric acid ethyl 

20 ester/B 

3-Acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl 

ester/B was separated from a mixture of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino­

pyridin-3-ylmethyl)-butyric acid ethyl ester/B and 3-acetylsulfanyl-2-(6-tert-butoxy­

carbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl ester/C on a chiralcel AS column 

is eluting with hexane: ethanol: diethyl amine (99: 1: 0.5). The enantiomeric excess was 

> 99% as measured by HPLC using a chiralpak. AS column eluting with isohexane: 

ethanol:diethyl amine (99; l; 0.5). 

3-Acetylsulfanyl-2-(6-ren-butoxycarbonylamino-pyridin-3-ylmechyl)-butyric acid ethyl 

30 ester/C 

3-Acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl 

ester/C was separated from a mixture of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-
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pyridin-3-ylmethyl)-butyric acid ethyl ester/Band 3-acetylsulfanyl-2-(6-tert­

butoxycarbonylamino-pyridin-3-ylmethyl)-butyric acid ethyl ester/C on a chiralce] AS 

column eluting with hexane: ethanol: diethyl amine (99: 1: 0.5). The enantiomeric ex:cess 

was 87 % as measured by HPLC using a chiralpak AS column eluting with isohexane: 

s ethanol:diethyl amine (99; I; 0.5). 

(d) 2-( 6-Amino-pvridin-3-ylmethyl}-3-m.ercapto-butyric acid I A 

A solution of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric 

acid ethyl ester/A (45 mg; 0.11 mmol) in concentrated HCI (2 mL) was refluxed under 

10 argon for 1 hour. The reaction mixture was allowed to cool to room temperature and 

concentrated under reduced pressure to afford 28.4 mg of the title compound as the 

hydrochloride salt. 
1H NMR (400 MHz, !>iO): o 7.89 (d, lH). 7.71 (s, lH), 7.03 (d, JH), 3.23-3.33 {m, lH), 

3.1-3.2 (m. IH), 2.75-2.9 (m, 2H). 1.47 (d, 3H). 

IS MS(+) 227 (M+l). 

(e) 2-C6-Amino-pyridin-3-ylmethyD-3-mercapto-butyric acid /B 

A solution of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric 

acid ethyl ester/B (55 mg; 0.14 mmol) in concentrated HCl (2 mL) was refluxed under 

20 argon for 1 hour. The reaction mixture was allowed to cool to room temperature and 

concentrated under reduced pressure to afford 39.4 mg of the title compound as the 

hydrochloride salt. 
1HNMR(400MHz.D20): S7.89(d, lH). 7.71 (s, lH), 7.03 (d, lH), 3.23-3.33 (m, IH), 

3.1-3.2 (m. lH), 2.75-2.9 (m, 2H). 1.47 (d. 3H). 

2s MS(+) 227 (M+l). 

(f) 2-(6-Amino-pvridin-3-ylmethy))-3-mercapto-butyric acid/C 

A solution of 3-acetylsulfanyl-2-( 6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric 

acid ethyl ester/C (9 mg; 0.02 mmol) in concentrated HCL (0.5 mL) was refluxed under 

JO argon for 1 hour. The reaction mixture was allowed to cool to room temperature and 

concentrated under reduced pressure to afford 6.4 mg of the title compound as the 

hydrochloride salt. 
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1H NMR (400 MHz, D20): ~Vi.82-7.9 (m, lH), 7.67 (br s, lH), 7.0 (d, IH), 3.16-3.28 (m, 

lH), 2.96-3.04 (m, lH). 2.76-2.86 (m, 2H), 1.47 (d, 3H). 

MS(+) 227 CM+ 1). 

s Cg) 2-(6-Amino-pyridin-3-ylmethyll-3-mercapto-butyric acid/D 

A solution of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-butyric 

acid ethyl ester/C (9 mg; 0.02 mmol) in concentrated HCL (0.5 mL) was refluxed under 

argon for 1 hour. The reaction mixture was allowed to cool to room temperature and 

concentrated under reduced pressure to afford 6.8 mg of the title compound as the 

10 hydrochloride salt. 
1H NMR (400 MHz. ~0): o 7.82-7.9 (m, lH), 7.67 (br s, IH), 7.0 (d, lH), 3.16-3.28 (m, 

lH), 2.96-3.04 (m, lH), 2.76-2.86 (m, 2H), 1.47 (d, 3H). 

MS(+) 227 (M+l). 

1s Example 21 

6-Amino-pvridin-3-ylmethyll-3-mercapto-pentanoic acid 

(a) 2-(6-tert-Butoxycarbonylamino-pyridin-3-ylmethyll-pent-2-enoic acid ethyl ester 

To a solution ofNaH (290.5 mg, 60% in mineral oil, 7.5 mmol) in THF (25 mL) at 0°C 

20 was added a solution of 3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-2-(diethoxy­

phosphoryl)-propionic acid ethyl ester (2.5 g, 5.81 mmol) in TIIF (30 mL). The reaction 

mixture was allowed to stir at 0°C for 1 h. To the reaction was added propionaldehyde 

(725 mg, 12.5 mmol) dropwise at 0°C. The reaction mixture was allowed to stir at room 

temperature for 16 h. Propionaldehyde (2.5 g) was added and the mixture was stirred at 

zs room temperature for an additional 16 h. The reaction was quenched with the slow addition 

of saturated aqueous NRiCl (30 mL). The mixture was extracted with EtOAc, washed with 

brine and dried. The crude product was purified by column chromatography 

(EtOAc/hexane, 1:8) to give 2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-pent-2-

enoic acid ethyl ester as a mixture of isomers ( 1.2 g. 60% ). 

30 
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(b) 3-Acetylsulfanyl-2-C6-tert-butoxycarbonvlamino-pyridin-3-ylmethyl)-pentanoic acid 

ethyl ester 

To thiolacetic acid ( 15 mL) were added Et3N (1.8 g. 17 m.mol) and 2-(6-tert-butoxy­

carbonylamino-pyridin-3-ylmethyl)-pent-2-enoic acid ethyl ester (LI g, 3.3 mmol) at room 

s temperature. The reaction mixture was stirred at 65°C for 8 days (additional thioacetic acid 

(1.5 mL) was added to the reaction mixture every 2 days). The reaction mixture was cooled 

to room temperature and then diluted with EtOAc. The organic layer was separated. 

washed with saturated NaHC03, brine and dried. The combined organic layers were 

concentrated under reduced pressure. The residure was purified subsequently by two 

10 chromatography columns (CH2Cl2 and EtOAc/bexane, l :5) to afford 350 mg of a mixture 

of desired products and unreacted starting material. The crude product was further purified 

by HPLC (EtOH/Hexane, 1:9) and then column chromatography (acetone/hexane. 1:8:) to 

give the title compound as a diastereometric mixture (180 mg. 18%). The diastereomeric . 

mixture of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-pentanoic 

is acid ethyl ester was separated using preparative chiral chromatography according to the 

procedure described below to give the four isomers 3-acetylsulfanyl-2-(6-tert­

butoxycarbonylamino-pyridin-3-ylmethyl)-pentanoic acid ethyl ester/A, 3-acetylsulfanyl-

2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-pentanoic acid ethyl ester/B, 3-

acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-pentanoic acid ethyl 

20 ester/C and 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-pentanoic 

acid ethyl ester/D. The diastereomeric mixture was separated on two chiralcel OJ columns, 

which were connected to each other, eluting with isohexane: isopropyl alcohol: methanol 

(97:1; 2). The enantiomeric excess was measured by analytical HPLC using two chiralcel 

OJ columns. which were connected to each other, eluting with with isohexane: isopropyl 

2s alcohol: methanol (97:1: 2). For 3-acetylsulfanyJ-2-(6-tert-butoxycarbonylamino-pyridin-

3-ylmethyl)-pentanoic acid ethyl ester A through C the enantiomeric excess was found to 

be> 99%. whereas it was found to be 97% for 3-acetylsulfanyl-2-(6-tert-butoxycarbonyl­

amino-pyridin-3-ylmethyl)-pentanoic acid ethyl ester D. 

Jo (c) 6-Amino-pyridin-3-ylmethyl)-3-mercapto-pentanoic acid/A 

A solution of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl}­

pentanoic acid ethyl ester/A (50.4 mg: 0.12 mmol) in concentrated HCl (2 mL) was 
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refluxed under argon for 1.5 hours. The reaction mixture was allowed to cool to room 

temperature and concentrated under reduced pressure to afford 33.9 mg of the title 

compound as the hydrochloride salt. 

1H NMR (500 MHz, D20): a 7.87 (dd, IH), 7.67 (d, lH), 7.0 (d, lH), 3.02-3.16 (m, 2H), 

s 2.79-2.87 (m, 2H), 1.79-1.88 (m. IH), 1.53-1.64 (m, lH), 1.07 (t, 3H). 

MS(+) 241 (M+l). 

Cd) 2-( 6-Amino-pyridin-3-ylmethyll-3-mercapto-pentanoic acid/B 

A solution of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-

10 pentanoic acid ethyl ester/B (51.6 mg; 0.13 mmol) in concentrated HCI (2 mL) was 

refluxed under argon for 1.5 hours. The reaction mixture was allowed to cool to room 

temperature and concentrated under reduced pressure to afford 34. 7 mg of the title 

compound as the hydrochloride salt. 
1H NMR (500 MHz, D:?O): 5 7.87 (dd, IH), 7.67 (d, lH), 7.0 (d, lH), 3.02-3.16 (m, 2H), 

1s 2.79-2.87 (m, 2H), 1.79-1.88 (m, lH), 1.53-1.64 (m, lH), 1.07 (t, 3H). 

MS(+) 241 (M+l). 

(e) 2-( 6-Amino-pvridin-3-ylmethyll-3-mercapto-pentanoic acid/C 

A solution of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-

20 pentanoic acid ethyl ester/C (4.3 mg; 0.01 mmol) in concentrated HCI (2 mL) was refluxed 

under argon for 1.5 hours. The reaction mixture was allowed to cool to room temperature 

and concentrated under reduced pressure to afford 2.9 mg of the title compound as the 

hydrochloride salt. 
1H NMR (500 MHz, D20): ·~ 7.86 (dd, IH). 7.66 (br s. lH), 7.0 (d, lH), 2.94-3.04 (m, 2H), 

2S 2.74-2.9 (m, 2H), 1.88-1.97 (m, lH), 1.55-1.66 (m, lH), 1.05 (t, 3H). 

MS(+) 241 (M+l). 

(f) 2-(6-Amino-pyridin-3-ylmethyl)-3-mercaptci-pentanoic · acid/D 

A solution of 3-acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-

30 pentanoic acid ethyl ester/D (19.2 mg; 0.05 mmol) in concentrated HCI (2 mL) was 

refluxed under argon for 1.5 hours. The reaction mixture was allowed to cool to room 
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temperature and concentrated under reduced pressure to afford 12.9 mg of the title 

compound as the hydrochloride salt. 
1H NMR (500 MHz. D20): a 7.86 (dd, lH), 7.66 (br s, lH). 7.0 (d, lH), 2.94-3.04 (m, 2H). 

2.74-2.9 (m, 2H), 1.88-1.97 (m, lH). 1.55-1.66 (m, lH). 1.05 (t, 3H). 

s MS(+) 241 (M+l}. 

Exatnple22 

3-(6-Amino-5-chloro-pvridin-3-vl}-2-mercaptomethyl-propionic acid 

10 (a) 6-Amino-5-chloro-nicotinic acid ethyl ester 

N-Chlorosuccinimide (21.7 g, 0.162 mol) was added to a suspension of 6-amino-nicotinic 

acid ethyl ester (18.0 g, 0.108 mol) in acetonitrile (270 ml) and the mixture was refluxed 

for 2 h. The reaction mixture was filtered and concentrated under r~duced pressure. The 

residue was dissolved in dichloromethane, washed with water and dried. Flash chromato-

1s graphy (2.S % MeOH in CH2Clz} gave pure 6-amino-5-chloro-nicotinic acid ethyl ester 

(17.23 g, 79 %). 

(b) 6-bis(tert-butoxycarbonyl>-amino-5-chloro-nicotinic acid ethyl ester 

DMAP (0.11g,0.9 mmol) and (Boc)20 (21.54 g, 99 mmol) was added to a solution of 6-

20 amino-5-chloro-nicotinic acid ethyl ester (9.0 g, 45 mmol) in dichloromethane (250 ml). 

2.5 

The reaction mixture was stirred for 24 h. DMAP (0.02 equiv.) and (Boc)20 {3 x 0.5 

equiv.) was added during the reaction time. The reaction mixture was washed with water 

and dried. The crude product was washed with hexane to give pure 6-bis(tert­

butoxycarbonyl)-amino-5-chloro-nicotinic acid ethyl ester ( 11.87 g, 66 % ). 

(c) (3-chloro-5-hydroxymethyl-pyridin-2-vl)-carbamic acid tert-butyl ester 

LiA1}4 (2.4 g, 63.2 mmol) was added in portions over a period of 3.5 h to solution of 6-

bis(tert-butoxycarbonyl)-amino-5-chloro-nicotinic acid ethyl ester (11.5 g, 28.6 mmol) in 

THF (70 ml) at 0°C. The reaction mixture was stirred in room temperature over night, then 

30 NlLCl (sat.) was added carefully followed by water. The solution was filtered, dried and 

concentrated under reduced pressure to yield crude (3-chloro-5-hydroxymethyl-pyridin-2-

yl)-carbamic acid terr-butyl ester (5.86 g, 79 % ). 
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(d) (5-bromomethyl-3-chloro-pyridin-2-yI>-carbamic acid /ert-butyl ester 

Triphenylphosphine (2.61g,9.7 mmol) followed by carbontetrabromide (4.58 g, 13.8 

rnmol) was added to a suspension of (3-chloro-5-hydroxymethyl-pyridin-2-yl)carbamic 

s acid /ert-butyl ester (2.38 g, 9.2 mmol) in CH2Ch (69 ml) at 0°C. The mixture was stirred 

at room temperature for 5 hand concentrated under reduced pressure. Acetonitrile (40 ml) 

was added and the mixture was kept to -20°C overnight. The mixture was then filtered and 

the crystalline residue washed with cold acetonitrile. The filtrate was concentrated under 

reduced pressure and another crop of bromide was obtained as described above. (5-

10 bromomethyl-3-chloro-pyridin-2-yl)-carbamic acid tert-butyl ester (1.86 g, 63 %) was 

obtained as white crystals. 

(e) 2-(6-tert-butoxycarbortylamino-5-chloro-pvridin-3-ylmethyI>-malonic acid diethyl ester 

Diethyl malonate (1.87 ml, 12.31 mmol) was added to a suspension ofNaH (0.54 g, 12.31 

15 mmol, 55 %) in dry DMF (15 ml) at-8°C. This mixture was stirred for 15 min. before it 

was added dropwise to a solution of (S-bromomethyl-3-chloro-pyridin-2-yl)-carbamic acid 

tert-butyl ester (3.30 g, I 0.26 mmol) in dry DMF (50 ml) at 0°C. The resulting solution 

was stirred for 40 minutes at 0°C, then NH.iCl (5 ml, sat.) was added carefully. Stirring at 

room temperature overnight and concentration under reduced pressure gave a residue, 

20 which was dissolved in water/CH2Ch. The aqueous layer was extracted with CH2Ch and 

the combined organic extracts were dried, filtered and concentrated under reduced 

pressure. Flash chromatography ( 1 % MeOH in CH2Ch) gave 2-(6-tert­

butoxycarbonylamino-5-chloro-pyridin-3-ylmethyl)-malonic acid diethyl ester {2.45, 60 

% ) as a sticky clear oil. 

25 

(f) 2-(6-tert-butoxycarbonylarnino.;5-chloro-pyridin-3-ylmethyll-malonic acid monoethyl 

ester 

A solution of KOH (0.44 g, 6.72 mmol, 85 %) in ethanol (5 ml) was added to a solution of 

2-( 6-tert-butoxycarbonylamino-5-chloro-pyridin-3-ylmethyl)-malonic acid diethyl ester 

30 (2.45 g. 6.11 mmol) in ethanol (25 ml) and methylene chloride (10 ml) at 0°C. The mixture 

was stirred for 18 hat room temperature. The solvent was evaporated in vacuo and the 
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residue dissolved in water. The aqueous layer was washed with ether, acidified to pH 4 by 

1 M HCl and extracted with methylene chloride and ethyl acetate. The combined organic 

layers were washed with water and brine and dried. Filtration and concentration under 

reduced pressure gave the crude product which was purified by flash chromatography (10 

s % MeOH in CH2Cl:?) giving 2-(6-tert-butoxycarbonylamino-5-chloro-pyridin-3-ylmethyl)­

malonic acid monoethyl ester ( 1.4 l g. 62 % ) as a yellow-white glassy foam. 

(g) 2-(6-tert-butoxycarbonvlamino-5-chloro-pyridin-3-ylmethyl)-acrvlic acid ethyl ester 

Diethylamine (3.67 ml. 3.67 mmol) was added dropwise followed by water (2.5 ml) and 

10 CH2Ch(2.5 ml) to a mixture of2-(6-tert-butoxycarbonylamino-5-chloro-pyridin-3-

ylmethyl)-malonic acid monoethyl ester (1.40 g, 3.64 mmol) and 37 % aq. solution of 

formaldehyde (029 ml. 3.75 mmol) in CH2Cla (2 ml) at 0°C. The mixture was stirred for 

20 h at room temperature and then poured onto ice-water and extracted with methylene 

chloride. The organic layer was washed with 5% NaHC03• dried and concentrated under 

is reduced pressure. FJash chromatography (1-2.5% methanol in CH2Ch} yielded 2-(6-tert­

butoxycarbonylamino-S-chloro-pyridin-3-ylmethyl)-acrylic acid ethyl ester 0.81 g (65 %). 

(h) 2-Acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-5-chloro-pyridin-3-ylmethyD­

propionic acid ethyl ester 

20 Tbioacetic acid (4 ml) was added to a suspension of 2-(6-tert-butoxycarbonylamino-5-

chloro-pyridin-3-ylmethyl)-acrylic acid ethyl ester (0.732 g. 2.16 mmol) and triethylamine 

(0.31 ml. 2.23 mmol) at 0°C. The mixture was stirred at room temperature under argon 

overnight, poured onto ice-water and extracted with CH2Ch. The organic phase was 

washed with saturated NaHC~ until gas evolution ceased and then dried. The crude 

i.s product was purified twice with flash chromatography (CH2C}:z. 1-2.5 % MeOH in CH2Ch 

and Hexane/EtOAc, 5:2 ~ I: 1) to give pure 2-acetylsulfanylmethyl-3-(6-tert-butoxy­

carbonylamino-5-chloro-pyridin-3-ylmethyl)-propionic acid ethyl ester (0.79 g. 87 % ). 

(i) 3-(6-Amino-5-chloro-pyridin-3-yll-2-mercaptomethyl-propionic acid 

30 A solution of 2-acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-5-chloro-pyridin-3-

yl)-propionic acid ethyl ester (55mg, 0.132 mmol} in concentrated HCl (4 mL) was 
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refluxed for 90 min. The reaction was cooled and concentrated under reduced pressure to 

give the title compound as the HCI salt (36mg, 96.4 %) 
1H NMR (400 MHz, D20): 5 2.70-2.97 (m. SH), 7.73 (s, lH), 8.09 (s, lH) 

MS(+) 248 (M+l) 

Example 23 

3-(6-Amino-5-hydroxymethyl-pvridin-3-yll-2-mercaptomethyl-propionic acid 

(a) 6-bis(tert-Butoxycarbonyl>amino-S-vinyl-nicotinic acid ethyl ester 

10 A mixture of 5-bromo-6-bis(tert-butoxycarbonyl)amino-nicotinic acid ethyl ester (4.50 g, 

10.1 mmol), vinyltributyltin (3.52 g, 11.1 mmol) and tetrakispalladium triphenyphosphin 

(0.50 g, 0.40 mm.al) in THF (15 ml) was stirred at reflux for 24 h. Tetrakispalladium 

triphenyphosphin (0.50 g) was added and after 24 h at reflux the reaction mixture was 

cooled and diluted with dichloromethane (100 ml). Saturated aqueous KF (25 ml) was 

1s added and the solution stirred for I h. Water was added and the product extracted with 

dichloromethane, the organic phase was dried and concentrated under reduced pressure. 

Flash chromatography (1 % MeOH in dichloromethane) gave 6-bis(tert-butoxycarbonyl)­

amino-5-vinyl-nicotinic acid ethyl ester 3.20 g, (81 % ). 

20 (b) (5-hydroxvmethyl-3-vinyl-pvridin-2-yl)carbamic acid ten-butvl ester 

DIBAL (25 ml, IM in hexane) was added dropwise to a solution of 6-bis(tert-butoxy­

carbonyl)amino-5-vinyl-nicotinic acid ethyl ester (2.00 g, 5.1 mmol) in THF (40 ml) at 

0°C.The mixture was stirred at room temperature for 1 h. NH4CI (sat.) was added carefully 

followed by water, and the mixture was concentrated under reduced pressure. The residue 

2s was suspended in 5% MeOH in dichloromethane and filtered through silicagel. The filtrate 

was dried and concentrated under reduced pressure to give (5-hydroxymethyl-3-vinyl­

pyridin-2-yl)carbamic acid tert-butyl ester (1.00 g, 78 %). 

(c) (5-bromomethyl-3-vinyl-pyridin..:2...:yl)carbamic acid tert-butyl ester 

30 To a stirred suspension of (5-hydroxymethyl-3-vinyl-pyridin-2-yl)carbamic acid ten-butyl 

ester (10.0 g, 40.0 mmol) in CH2Cb (150 mJ) and THF (60 ml) was added triphenyl-
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phosphine (11.5 g, 44.0mmol) followed by carbontetrabromide (19.9 g, 60.0 mmoJ) at 

0°C. The mixture was stirred at room temperature for 1 h and then concentrated under 

reduced pressure. Acetonitrile (100 ml) was added and the mixture was kept at -20°C 

overnight. The mixture was then filtered and the crystalline residue washed with cold 

s acetonitrile. The product was purified by flash-chromatography ( 1 % MeOH in dichloro­

methane) to give (5-bromomethyl-3-chloro-pyridin-2-yl)-carbamic acid tert-butyl ester 

(4.5 g, 36 %). 

{d) 2-( 6-tert-Butoxycarbonylamino-5-vinvl-pyridin-3-ylmethyD-malonic acid diethyl ester 

10 Diethyl malonate (2.30 g, 14.3 mmol) was added to a suspension ofNaH (0.61g,14.3 

mmol, 55 %) in dry DMF (75 ml) at 0°C. The mixture was stirred for 15 min and then 

added dropwise to a solution of (5-bromomethyl-3-chloro-pyridin-2-yl)-carbamic acid tert­

butyl ester (4.50 g, 14.3 mmol) in dry DMF (100 ml) at <>°C. The resulting solution was 

stirred for 40 min at 0°C, then ~Cl (30 ml, sat.) was added carefully. Concentration 

ts under reduced pressure gave a residue. which was dissolved in water/CH2Ch. The aqueous 

layer was extracted with CH2Ch and the combined extracts were dried, filtered and con­

centrated under reduced pressure. flash chromatography (1 % MeOH in CH2Cl2) gave 2-

(6-tert-Butoxycarbonylamino-5-vinyl-pyridin-3-ylmethyl)-malonic acid diethyl ester (4.30 

g, 77 %). 

20 

( e) 2-(6-tert-Butoxyc:irbonyJamino-5-vinyJ-pyridin-3-ylmethyl)-malonic acid monoethyl 

ester 

A solution of KOH (0.71g,12.6 mmol, 85 %) in ethanol (10 ml) was added to a solution 

of 2-(6-tert-butoxycarbonylamino-5-vinyl-pyridin-3-ylmethyl)-malonic acid diethyl ester 

2S (4.30 g, 11.0 mmol) in ethanol (25 ml) and dichloromethane (10 ml) at 0°C. The mixture 

was stirred for 6 h at room temperature. The solvent was evaporated in vacuo and the 

residue dissolved in water. The aqueous layer was washed with ether, acidified to pH 4 by 

I M HCl and extracted with dichloromethane. The organic layer was washed with water 

and brine and dried. Filtration and concentration under reduced pressure followed by flash 

JO chromatography (10 % MeOH in CH2Cl:z) gave 2-(6-tert-butoxycarbonylamino-5-vinyl­

pyridin-3-ylmethyl)-malonic acid monoethyl ester (3.05 g, 76 % ). 
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(f) 2-(6-tert-Butoxycarbonvlamino-5-vinyl-pyridin-3-ylmethyl)- acrylic acid ethvl ester 

Diethylamine (0.85 ml, 8.80 mmol) was added dropwise to a mixture of 2-{6-tert­

butoxycarbonylamino-5-vinyl-pyridin-3-ylmethyl)-malonic acid monoethyl ester (3.05 g, 

s 8.37 mmol) and 37 % aq. solutio~ of formaldehyde (0.71g,8.80 mmol) in CH2Cli(2 ml) 

at 0°C. The mixture was stirred for 3 h at room temperature and then poured onto ice-water 

and extracted with dichloromethane. The organic layer was washed with 5% NaHC03 and 

dried. Flash chromatography (1 % methanol in CH2Cl:z) yielded 2-(6-terl­

butoxycarbonyJamino-5-vinyl-pyridin-3-ylmethyl)- acrylic acid ethyl ester (1.70 g, 61 %). 

JO 

(g) 2-Acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-5-vinyl-pyridin-3-yll­

propionic acid ethyl ester 

Thioacetic acid (4 ml) was added to a suspension of2-(6-tert-butoxycarbonylamino-5-

vinyl-pyridin-3-ylmethyl)-acrylic acid ethyl ester (0.73 g, 2.16 mmol) in triethylamine 

15 (0.31 ml, 2.23 mmol) at 0°C. The mixture was stirred at room temperature under argon 

overnight, poured onto ice-water and extracted with CH2Ch. The organic phase was 

washed with saturated NaHC03 until gas evolution ceased and then dried. Flash 

chromatography (1 % MeOH in CH2Ch) gave 2-acetylsulfanylmethyl-3-(6-tert-butoxy­

carbonylamino-5-chloro-pyridin-3-ylmethyl)-propionic acid ethyl ester (0.51 g, 70 %). 

20 

(h) 3-(6-tert-butoxycarbonylamino-5-hydroxymethyl-pyridin-3-yl)-mercaptomethyl­

propionic acid ethyl ester 

Ozone was bubbled through a solution of 2-acetylsulfanylmethyl-3-(6-tert­

butoxycarbonylamino-5-vinyl-pyridin-3-yl)-propioriic acid ethyl ester {0.65 g. 1.60 mmol) 

25 in ethanol (25 ml) at -78°C. 0 2 was then bubbled through the mixture for 5 min followed 

by N2 bubbling for 15 min. A mixture ofNaB~ 0.30 g. 8.00 mmol) in water was carefully 

added to the mixture at -78°C. and the reaction mixture allowed to reach 0°C. Stirring was 

continued for 3 h. Acetone (10 ml) was added and the reaction mixture evaporated to 1/3 

of the initial volume. 50 % NaCl (aq) was added and the mixture was extracted with 

Jo dichloro-methane, dried and concentrated under reduced pressure to give crude 3-(6-tert-
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butoxy-carbony1amino-5-hydroxymethyl-pyridin-3-yl)-mercaptomethyl-propionic acid 

ethyl ester (0.38 g. 63 % ). 

(i) 2~Acetvlsulfanylmethyl-3-(6-tert-butoxycarbonylamino-5-hydroxymethyl-pyridin-3-

s yll- propionic acid ethyl ester 

A mixture of crude 3-(6-tert-butoxycarbonylamino-5-hydroxymethyl-pyridin-3-yl)­

mercaptomethyl-propionic acid ethyl ester (0.38 g, 1.0 mmol) and KHC03 (0.11 g, I.I 

mmol) in acetic acid anhydride (1 mL) was stirred at room temperature for 5 h. ~Cl 

(sat.) and water was then added. The mixture was extracted with dichloromethane, dried 

10 and concentrated under reduced pressure. Flash chromatography (CH2Ch. 2.5 % MeOH in 

CH2Ch) gave 2-acetylsulfanylm.ethyI-3-(6-tert-butoxycarbonylamino-5-hydroxymethyl­

pyridin-3-yl)- propionic acid ethyl ester (0.23 g, 60 %). 

G> 3-(6-Amino-5-hydroxymetbyl-pyridin-3-yll-2-mercaptomethyl-propionic acid 

is A solution of 3-(6-tert-butoxycarbonylamino-5-hydroxymethyl-pyridin-3-yl)-2-mercapto­

methyl-propionic acid ethyl ester (50 mg, 135 mmol) in concentrated HCI (2 mL) was 

refluxed for 60 min. The reaction was cooled and concentrated under reduced pressure to 

give the title compound as the HCl salt (37mg, 98.3 %). 
1H NMR (400 MHz, 0 20): B 2.70-2.95 (m. 5H), 4.65 (s, 2H). 7.68 (s, lH). 7.88 (s, IH) 

20 MS(+) 244 (M+l) 

Example24 

2-Mercaptomethyl-3-pmolidin-3-yl-propionic acid 

25 (a) fl-Benzyl-pyrrolidin-3-yl}-methanol 

Red-Al (160 mL of a 3.5 M solution in toluene, 560 mmol) was added to a solution of 1-

benzyl-5-oxo-pyrrolidine-3-carboxylic acid (20 g. 91 mmol) in dry THF (650 mL) under 

argon. The reaction mixture was refluxed for 2.5 h and then poured onto a mixture of 

crushed ice and NaOH (20 %). The phases were separared, the aqueous phase was 

30 extracted with toluene and the combined organic phases were dried and concentrated under 

reduced pressure to give 17.9 g of the crude product as a yellow oil. 
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(b) 3-Hydroxvmethyl-pyrrolidine-1-carboxylic acid. terr-butyl ester 

10% Pd-C (6.1 g) and ammonium formate (lOg, 158 mmol) were added to a solution of (l­

Benzyl-pyrrolidin-3-yl)-mechanol (6.1 g, 32 mmol) in methanol (220 mL) under argon. 

After reflux for 15 minutes the reaction mixture was filtered while warm through a pad of 

s celite, the celite was further washed with methanol. and the combined organic phases were 

concentrated. The residue was dissolved in THF (35 mL) and water (35 mL), the solution 

was cooled to 0°C and K2C03 (22 g, 159 mmol) and di- tert- butyl dicarbonate (6.95 g, 32 

mmol) were added. The reaction mixture was stirred at room temperature overnight. The 

THF was removed under reduced pressure, water added and the aqueous phase was 

10 extracted with EtOAc. The combined organic phases were dried and concentrated under 

reduced pressure to give 4.64 g of the crude product. Flash chromatography 

(Heptane/EtOAc: 1/0 ,. 68/32) of the crude product afforded 3-hydroxymethyl­

pyrrolidine-1-carboxylic acid tert-butyl ester (3.82 g. 60%) as a colorless oil. 

is (c) 3-Trifluoromethanesulfonyloxymethyl-pyrrolidine-1-carboxylic acid tert-butyl ester 

Metbanesulfonyl chloride (0.4 mL, S.17 mmol) was added dropwise to a solution of 3-

hydroxymethyl-pyrrolidine-l-carboxylic acid tert-butyl ester (1 g, 4.97 mmol) and triethyl 

amine (1.04 mL. 7.46 mmol) in CH2Ch (15 mL) at 0°C. The reaction mixture was stirred at 

room temperature overnight. After filtration CH2Ch was added. and the organic phase was 

20 washed with 1 M HCI, dried and concentrated under reduced pressure to yield 3-

trifluoromethanesulfonyloxymethyl-pyrrolidine-1-carboxylic acid tert-butyl ester ( 1.4 g, 

97%). 

(d) 3-Bromomethyl-pvrrolidine-1-carboxylic acid tert-butyl ester 

25 A mixture of 3-trifluoromethanesulfonyloxymethyl-pyrrolidine-1-carboxylic acid terl­

butyl ester (3.85 g, 13.8 mmol) and LiBr (3.61 g, 42 mmol) in dry acetone (30 mL) was 

refluxed overnight. The reaction mixture was allowed to cool to room temperature, filtered 

and concentrated. The residue was dissolved in CH2Ch and washed with water, drie~ and 

concentrated under reduced pressure to give 6 g of the crude product. Purification by flash 

.30 chromatography (Heptane/EtOAc: 1/0 '°"' 68/32) afforded of 3-bromomethyl-pyrrolidine-1-

carboxylic acid /ert-butyl ester (2.84 g, 78%) as a colourless oil. 
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(e) 2-Cl-tert-Butoxvcarbonyl-pyrrolidin-3-ylmethyll-malonic acid diethyJ ester 

Diethyl malonate (l.93 mL, 12.7 mmol) was added dropwise to a solution ofNaH (60%; 

0.51 g, 12.8 mmol) in dry THF (15 mL) at 0°C. The mixture was stirred at room 

temperature for I h after which it was added to a refluxed mixture of 3-bromomethyl-

s pyrrolidine-1-carboxylic acid terr-butyl ester (2.8 g, 10.6 mmol) in dry THP (30 mL). The 
reaction mixture was further refluxed for 19 h, and then concentrated to almost dryness. 

Water (1 L) was added, and the product was extracted with CH2Ch. The combined organic 

phases were dried and concentrated under reduced pressure to yield 3.3 g of the crude 

product. Purification by flash chromatography (CH2Ch/EtOAc: 110 ~ 68/32) afforded 2-

10 (1-tert-butoxycarbonyl-pyrrolidin-3-ylmethyl)-m.alonic acid diethyl ester (1.64 g. 45%). 

(t) 2-C l-tert-Butoxycarbonyl-pyrrolidin-3-ylmethyJ)-malonic acid monoethyl ester 

A solution of KOH (0.26 g; 4.6 mmol) in ethanol (7 mL) was added to a solution of 2-( l­

tert-butoxycarbonyl-pyrrolidin-3-ylmethyl)-malonic acid diethyl ester (1.52 g; 4.4 mmol) 

is in ethanol (7 mL) at 0°C. The reaction mixture was stirred at room temperature overnight, 

concentrated under reduced pressure and the residue was dissolved in water (500 mL). The 

aqueous layer was washed with diethyl ether. acidified to pH 3 by 0.5 M HCI, and 
extracted with diethyl ether. The organic phase was dried and concentrated under reduced 

pressure to yield 2-(1-tert-butoxycarbonyl-pyrrolidin-3-ylmethyl)-malonic acid monoethyl 

20 ester (l.13 g, 81 %). 

(g) 3-(2-Ethoxycarbonyl-allyl)-pvrrolidine-l-carboxylic acid tert-butyl ester 

Diethyl amine (0.34 mL; 3.3 mmol) was added to a mixture of 2-(1-tert-butoxycarbonyl­

pyrrolidin-3-ylmethyl)-malonic acid monoethyl ester (0.69 g, 2.19 mmol) in 36% aqueous 

25 solution of formaldehyde (0.27 mL. 3.5 mmol}. CH2Ch (1.6 mL) and water (1.6 mL) at 

0°C. The reaction mixture was stirred at room temperature overnight, poured onto ice­

water (500 mL) and extracted with CH2Ch. The combined organic phases were washed 

with 5% NaHC03, dried and concentrated under reduced pressure to yield 3-(2-ethoxy­

carbonyl-allyl)-pyrrolidine-1-carboxylic acid tert-butyl ester {0.55 g, 87%) as a colourless 

30 oil. 
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(h) 3-(3-Acetylsulfanvl-2-ethoxycarbonyl-propyl)-pyrrolidine-l-carboxvlic acid tert-butyl 

ester 

Thioacetic acid (5 mL), which had been cooled to 0°C, was added to a mixture of 3-(2-

etboxycarbonyl-allyl)-pyrrolidine-1-carboxylic acid tert-butyl ester (0.72 g: 2.54 mmol) 

s and triethyl amine (0.37 mL; 2.67 mmol) at 0°C. The reaction mixture was stirred at 0°C 

for 30 minutes, at room temperature for 23 hours and then poured onto ice-water (400 mL). 

The aqueous layer was extracted with CH2Cla. The combined organic phases were washed 

with saturated NaHC03, dried and concentrated under reduced pressure. The crude product 

was purified by flash chromatog~aphy (CH2Ch/Et0Ac: 1/0 -+ 68/32) to yield 3-(3-

10 acetylsulfanyl-2-ethoxycarbonyl-propyl)-pyrrolidine-l-carboxylic acid terr-butyl ester 

(0.72 g, 79%) as an oil. 

(i) 2-Mercaptomethvl-3-pyrrolidin-3-yl-propionic acid 

A solution of 3-(3-acetylsulfanyl-2-ethoxycarbonyl-propyl)-pyrrolidine-l-carboxylic acid 

is terr-butyl ester (0.52 g; 1.45 m.mol) in concentrated HCI (15 mL) was refluxed under argon 

for 1 h. The reaction mixture was allowed to cool to room temperature and concentrated 

under reduced pressure to afford a diasteromeric mixture of the title compound as the 

hydrochloride salt (0.33 g; l 00% ). 

1H NMR (500 MHz, 0 20): a 1.60-1.92 (m, 3H), 2.19-2.32 (m, lH), 2.32-2.42 (m, IH), 

20 2.66-2.83 (m, 3H), 2.84-2.96 (m, lH), 3.23-3.32 (m, IH), 3.40-3.58 {m, 2H). 

25 

MS(+) 190 (M+l). 

Example 25 

3-( Cis-4-amino-cyclopent-2-enyll-2-mercaptomethyl-propionic acid 

(a) Cis-methanesulfonic acid 4-tert-butoxycarbonylamino-cyclopent-2-enylmethyl ester 

Methanesulfonyl chloride (0.76 mL, 9.8 mmol) was added lO a solution of cis-{4-

hydroxymethyl-cyclopent-2-enyl)-carbamic acid tert-butyl ester (2 g. 9.4 mmol) and 

triethyl amine (1.96 mL, 14.l mmol) in CH2Ch (30 mL) at 0°C. The reaction mixture was 

30 stirred at room temperature overnight. After filtration CH2Ch was added, and the organic 

phase was washed with 1 M HCI, dried and concentrated under reduced pressure to yield 
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of cis- methanesulfonic acid 4-Jerr-butoxycarbonylamino-cyclopent-2-enylmethyl ester 

(2.64 g, 96%). 

(b) Cis-(4-bromomethvl-cyclopent-2-enyl)-carbamic acid tert-butyl ester 

s A mixture of cis-methanesulfonic acid 4-tert-butoxycarbonylamino-cyclopent-2-

enylmethyl ester (2.51 g, 8.6 mmol) and LiBr {2.24 g, 25.8 mmol) in dry acetone (20 mL) 

was refluxed overnight. The reaction mixture was allowed to cool to room temperature, 

filtered and concentrated. The residue was dissolved in CHiCh and washed with water, 

dried and concentrated under reduced pressure to give of cis-(4-bromomethyl-cyclopent-2-

10 enyl}-carbamic acid tert-butyl ester (2.23 g. 94%). 

(c) 2-(Cis-4-tert-butoxvcarbonylamino--cyclopent-2-enylmethyll-malonic acid diethyl ester 

Diethyl malonate (1.29 mL, 8.5 mmol) was added to a mixture of NaH (60%, 0.34 g; 8.5 

mmol) in DMF (10 mL). After stirring at room temperature for 15 min a solution of cis-(4-

ts bromomethyl-cyclopent-2-enyl)-carba.mic acid tert-butyl ester (1.95 g. 7.1 mmol) in DMF 

(12 mL) was added. and the reaction mixture was stirred at 60°C for 19 h. EtOAc was 

added and the organic phase was extracted with water and brine, dried and concentrated 

under reduced pressure to give 2.44 g of the crude product. Purification by flash 

chromatography (CH2Ch/Et0Ac: 1/0 ~ 68/32) afforded of2-(cis-4-tert-

20 butoxycarbonylamino-cyclopent-2-enylmethyl)-malonic acid diethyl ester (J.47 g, 58%). 

( d) 2-C Cis-4-tert-butoxycarbonylamino-cyclopent-2-envlmethvl)-malonic acid monoethyl 

ester 

A solution of KOH (0.19 g; 3.4 mmol) in ethanol (6 mL) was added to a solution of 2-(Cis-

zs 4-tert-butoxycarbonylamino-cyclopent-2-enylmethyl)-malonic acid diethyl ester (l.15 g; 

3.2 mmol) in ethanol (6 mL) at 0°C. The reaction mixture was stirred at room temperature 

overnight, concentrated and ice-water (400 inL) was added. The aqueous phase was 

washed with diethyl ether (the emulsion formed during the extraction was treated with 

brine in order to get good phase separatioiiJ. acidified to pH 3 with 0.5 M HCI, and 

30 extracted with diethyl ether. The organic pba~e was dried and concentrated under reduced 

pressure to afford 2-(cis-4-tert-butoxycarbonylamino-cyclopent-2-enylmethyl)-malonic 

acid monoethyl ester (0.86 g, 81 %) as white crystals. 
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(e) 2-(Cis-4-tert-butoxycarbonvlamino-cyclopent-2-enyJmethvl)-acrylic acid ethyl ester 

Diethyl amine (0.31 mL: 3.0 mmol) was added to a mixture of 2-(cis-4-tert-butoxy­

carbonylamino-cyclopent-2-enylmethyl)-malonic acid monoethyl ester (0.66 g, 2.0 mmol) 

s in 36% aqueous solution of formaldehyde (0.25 mL, 3.2 mmol), CH2CI2 ( 1.6 mL) and 

water ( 1.6 mL) at 0°C. The reaction mixture was stirred at room temperature overnight, 

poured onto ice-water (400 mL) and extracted with CH2Cl:?. During the extraction, phase 

separation was improved by the addition of brine. The combined organic phases were 

washed with 5% NaHC03, dried and concentrated under reduced pressure to yield 2-(cis-4-

10 tert-butoxycarbonylamino-cyclopent-2-enylmethyl)-acrylic acid ethyl ester (0.56 g, 94%) 

as an oil. 

(f) 2-Acetylsulfanylmethyl-3-Ccis-4-tert-butoxycarbonylamino-cyclopent-2-enyl)­

propionic acid ethyl ester 

1s Thioacetic acid (4 mL). which had been cooled to 0°C, was added to a mixture of 2-(cis-4-

tert-butmtycarbonylamino-cyclopent-2-enylmethyl)-acrylic acid ethyl ester (0.56 g, 1.9 

mmol) and triethyl amine (0.28 mL, 2.0 mmol) at 0°C. The reaction mixture was stirred at 

0°C for 30 min, at room temperature for 19 hand then poured onto ice-water (400 mL). 

The aqueous layer was extracted with CH2Clz. The organic phase was washed with 

20 saturated NaHC03, dried and concentrated under reduced pressure to give 1.7 g of the . 

crude product. Purification by flash chromatography (CH2Ch/Et0Ac: 1/0 ~ 68/32) 

afforded 2-acetylsulfanylmethyl-3-(cis-4-tert-butoxycarbonylamino-cyclopent-2-enyl)­

propionic acid ethyl ester (0.46 g, 65% ). 

2s (g) 3-CCis-4-amino-cyclopent-2-enyll-2-mercaptomethyl-propionic acid 

A solution of 2-acetylsulfanylmethyl-3-(cis-4-tert-butoxycarbonylamino-cyclopent-2-

enyl)-propionic acid ethyl ester (86 mg, 0.23 mmol) in concentrated HCl (5 mL) was 

refluxed under argon for 1 h. The reaction mixture was allowed to cool to room 

temperature and concentrated under reduced pressure to afford a diasteromeric mixture of 

JO the title compound as the hydrochloride salt (65 mg). 
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1H NMR (400 MHz. 0 20): ~ 1.35-1.47 (m. 2H), 1.60-1.72 (m. lH). 1.74-1.92 (m, 2H), 

1.92-2.04 (m, lH), 2.67-2.92 (m, !OH), 4.34-4.43 (m, 2H), 5.79-5.85 (br s. 2H), 6.12 (d, 

lH). 6.18 (d, IH). 

s Example26 

2-Mercaptomethyl-3-piperazin-1-yl-prooionic acid 

(a) 4-(2-Ethoxycarbonyl-allyl)-piperazine-l-carboxylic acid tert-butyl ester 

To a solution of 2-bromomethyl-acrylic acid ethyl ester (1.93 g, 10 mmol) in N,N-

10 dimethylfonnamide (25 mL) was added piperazine-1-carboxylic acid tert-butyl ester (1.86 

g, 10 mmol) and then, clropwise, ethyl-diisopropyl-amine (1.71 mL, 10 mmol). After 

stirring for 16 h at room temperature the solvent was removed under reduced pressure and 

water (50 mL) and dichloromethane (SO mL) were added. After stirring for 2 min the 

layers were separated, the organic was washed with water and brine, and dried over 

is magnesium sulphate. The solvent was removed under reduced pressure to give crude 4-(2-

ethoxycarbonyl-allyl)-piperazine-1-carboxylic acid terr-butyl ester (2.456 g, 82%). 

(b) 4-(3-Acetylsulfanyl-2-ethoxvcarbonyl-propyl}-piperazine-1-carboxylic acid terr-butyl 

ester 

2-0 To crude 4-(2-ethoxycarbonyl-allyl)-piperazine-l-carboxylic acid tert-butyl ester (2.45 g, 

8.2 mmol) was added thiolacetic acid (7 .5 mL) under argon. The mixture was cooled to 

0°C and triethylamine (1.14 mL, 8.2 mmol) was added dropwise. The mixture was then 

stirred at room temperature for.2 d and thiolacetic acid (2.5 mL) was added. Stirring was 

continued for I d, then aqueous sawrated sodium hyclrogencarbonate solution was added 

2S carefully until neutral reaction and the .mixture was extracted three times with dichloro­

methane. The combined organic layers were washed twice with aqueous saturated sodium 

hydrogencarbonate solution and once with brine. After drying over magnesium sulphate 

the solvent was removed under reduced pressure and the residue was purified by column 

chromatography (silica gel, 1.7% methanol in dichloromethane) to give 4-(3-acetyl-

30 sulfanyl-2-ethoxycarbonyl-propyl)-piperazine-l-carboxylic acid terr-butyl ester (0.29 g, 

9.4%). 
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(c) 2-Mercaptomethyl-3-piperazin-1-yl-prooionic acid 

To 4-(3-acetylsulfanyl-2-ethoxycarbonyl-propyl)-piperazine-l-carboxylic acid terr-butyl 

ester (0.095 g, 0.25 mmol) argon saturated hydrochloric acid (3 mL, 37%) was added and 

the mixture was heated under argon to reflux for 2.5 h. The solution was concentrated 

s under reduced pressure to give t~e title compound as the dihydrochloride salt (0.071 g. 

quantitativ). 

10 

1H NMR (300 MHz, 020): a 3.86 - 3.49 (m, 10 H), 3.36- 3.28 (m. 1 H), 3.01 - 2.88 (m, 

2 H). 

MS 205 (M+H). 

Example 27 

3-(6-Amino-pyridin-3-yl)-2-mercaptomethyl-pentanoic acid 

(a) 2-[1-(6-tert-Butoxycarbonylamino-pvridin-3-yll-propyll-malonic acid diethyl ester 

is To a stirred suspension of copper iodide (5.71 g, 30 miilol) in diethyl ether (120 mL) under 

argon was added ethylmagnesium bromide (3 M solution in diethyl ether, 20. mL, 20 · 

mmol) within 10 min at 0°C. After 5 min stirring the mixture was cooled to -78°C and a 

solution of 2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethylene )-malonic acid diethyl 

ester (5.47 g, 15.0 mmol) in tetrahydrofurane (60 mL) was added dropwise with in 0.5 h. 

20 During this period tetrahydrofurane (40 mL) was added. The mixture was allowed to stir at 

-40°C for 2.5 h. Then a solution of ammonium chloride (5%) in aqueous ammonia solution 

(5%) was added with vigorous stirring, allowing access of air, and the mixture was warmed 

up to room temperature. The mixture was extracted twice with ethyl acetate. The combined 

organic layers were washed successively with aqueous ammonia solution (5%) and brine, 

2S and dried over magnesium sulphate. The solvent was removed under reduced pressure and 

the residue was recrystallised from a mixture of diisopropyl ether and tetrahydrofurane 

(5: l, vol./vol.) to give 2-( 1-( 6-terr-butoxycarbonylamino-pyridin-3-yl)-propyl]-malonic 

acid diethyl ester (3.23 g, 55%). 

30 b) 2-Cl-(6-tert-Butoxycarbonylamino-pyridin-3-yll-propyll-malonic acid monoethyl ester 

2-(1-(6-tert-Butoxycarbonylamino-pyridin-3-yl)-propyl]-malonic acid diethyl ester (3.23 g. 

8.19 mmol) was dissolved in a mixture of dichloromethane ( 12 mL) and ethanol (24 mL, 
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99.5% ). To this solu6on was added dropwise a solution of potassium hydroxide (0.528 g, 

87%. 8.20 mmol) in ethanol (16 m.L, 99.5%) at 0°C over 0.5 h. Stirring was continued for 

16 h while the mixture was allowed to warm up to room temperature. After concentration 

under reduced pressure to 5 - 10 mL, water (50 mL) was added and the resulting emulsion 

s was stirred for 0.5 h. and then filtered. The fiJtrate was washed twice with a mixture of 

ethyl acetate and diethyl ether (2: l, voVvol). The aqueous layer was acidified by addition 

of a solution of citric acid in water (10%) to reach a pH of 4 to 5, and extracted three times 

with ethyl acetate. The combined organic layers were washed with brine, dried over 

magnesium sulphate, and the solvent was removed under reduced pressure to yield 2-(1-(6-

10 tert-butoxycarbonylamino-pyridin-3-yl)-propyl}-malonic acid monoethyl ester (2.47 g, 

82%) 

(c) 2-Cl-C6-rert-Butoxycarbonyl-pvridin-3-yD-prororIJ-acr:ylic acid ethyl ester 

To a solution of 2-[ 1-(6-tert-butoxycarbonylamino-pyridin-3-yl)-propyl]-malonic acid 

is monoethyl ester (2.45 g, 6.69 mmol) in dichloromechane (11 mL) were added an aqueous 

solution of formaldehyde (0.49 m.L, 37%) and diethylamine (0.62 mL, 6.4 mmol) at 0°C. 

After stirring the mixture vigorously for 16 h water (40 mL) and ethyl acetate (40 mL) 

were added. After additional 2 min stirring at room temperature the layers were separated 

and the aqueous was extracted twice with ethyl acetate. The combined organic layers were 

20 washed with a saturated aqueous solution of sodium hydrogencarbonate and brine. After 

drying over sodium sulphate the solvent was removed under reduced pressure to afford 2-

[ 1-(6-tert-Butoxycarbonyl-pyridin-3-yl)-propyl]-acrylic acid ethyl ester (l.21g,54%). 

( d) 2-Acetylsulfanylmethyl-3-( 6-tert-butoxycarbonylamino-pyridin-3-yl )-pentanoic acid 

2s ethyl ester 

2-[1-(6-tert-Butoxycarbonyl-pyridin-3-yl)-propyl]-acrylic acid ethyl ester (1.20 g, 3.59 

mmol) was dissolved in thiolacetic acid (4 mL) under argon and triethylamine (0.56 mL, 

4.0 mmol) was added. The mixture was heated to 60°C. After 22 h thiolacetic acid (2 mL) 

was added. After additional 14 h the mixture was cooled to room temperature and a 

30 saturated solution of sodium hydrogenacarbonate was added slowly to obtain a neutral 

solution. This was extracted three times with ethyl acetate. The combined organic layers 

were washed with aqueous saturated sodium hydrogencarbona~e solution and brine, and 
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dried over magnesium sulphate. After concentration under reduced pressure the residue 

was purified by column chromatography (silica gel, 1.7% methanol in dichloromethane) to 

yield 2-acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-pentanoic acid 

ethyl ester (1.22 g, 83%). 

The mixture of diastereomers was separated in preparative scale by chiral chromatography 

using a Chiralpak AD column (250*4.6 mm) as stationary phase and hexane (mixture of 

isomers)/ethanol mixture (85: 15), containing diethylamine (0.05%) at a flow nite of I 

mUmin with a sample concentration of 5 mgfmL. 

10 The enatiomeric excess was determined analytically by chiral HPLC on the same column 

with hexane/ethanol mixture (85:15) as eluent. 

2-Acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-pentanoic acid ethyl 

ester/A: 

1s Retention time 10.72 min, ee = 99%. 

20 

2-Acetylsulfanylmethvl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-pentanoic acid ethvl 

ester/B 

Retention time 14.41 min, ee =98% 

2-Acetylsulfanylmethvl-3-(6-tert-butoxycarbonylamino-pyridin-3-yD-pentanoic acid ethvl 

ester/C 

Retention time 23.01 min, ee = 98% 

2S 2-Acetylsulfanylmethyl-3-C 6-tert-butoxycarbonylamino-pyridin-3-yD-pentanoic acid ethvl 

ester/D 

Retention time 29.83 min, ee = 97% 

(e) 3-(6-Amino-pvridin-3-"yll-2-mercaptomethyl-pentanoic acid 

30 Hydrochloric acid (38%, 4 mL) was added to 2-acetylsulfanylmethyl-3-(6-tert­

butoxycarbonylamino-pyridin-3-yl}-pentanoic acid ethyl ester (0.041g,0.1 mmol) under 

argon and the mixture was heated to reflux for 4 h. Concentration under reduced pressure 
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and drying (45°C, 0.3 mbar) afforded the title compound as the hydrochloride salt (0.027 

mg, 97%). 

3-f 6-Amino-pyridin-3-y0-2-mercaptomethvl-pentanoic acid J A 
. 

s This compound was obtained from 2-acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-

10 

pyridin-3-yl)-pentanoic acid ethyl ester/A by the method described above. 
1H NMR (300 MHz, 0 20): 5 7.79 (dd, I H). 7.69 (d. 1 H), 7.05 (d, l H), 2.81{m,2 H), 

2.51 (m. 2 H), 1.66 (rn. 2 H). 0.72 (t, 3 H). 

MS+241 (M+H). 

3-(6-Amino-pvridin-3-yD-2-mercaptomethvl-pentanoic acid/B 

This compound was obtained from 2-acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino­

pyridin-3-yl~pentanoic acid ethyl esterJB by the method described above. 
1H NMR (300 MHz, 0 20): 5 7.85 (dd, 1 H), 7.64 (d, l H), 7.01 (d, 1 H), 2.98- 2.64 (m, 4 

IS H), 1.89 (m, 1 H), 1.60 (m, 1 H), 0.74 (t, 3 H). 

MS+ 241 (M+H). 

3-(6-Amino-pyridin-3-yll-2-mercaptomethyl-pentanoic acid IC 

This compound was obtained from 2-acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-

20 pyridin-3-yl)-pentanoic acid ethyl ester/C by the method described above. 
1H NMR (300 MHz. D20): o 7.85 (dd, I H), 7.64 (d, 1 H). 7.01(d,1H),2.98-2.64 (m, 4 

H). 1.89 (m. 1 H), 1.60 (m, 1 H), 0.74 (t, 3 H). 

MS+ 241 (M+H). 

2s 3-(6-Amino-pyridin-3-vl>-2-mercaptomethyl-pentanoic acid/D 

This compound was obtained from 2-acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino­

pyridin-3-yl)-pentanoic acid ethyl esterlD by the method described above. 
1H NMR (300 MHz. 0 20): o 7.79 (dd, 1 H), 7.69 (d, 1 H), 7.05 {d, 1H).2.81(m,2 H), 

2.51 (m, 2 H), 1.66 (m, 2 H). 0.72 (t, 3 H). 

30 MS+ 241 (M+H). 



W000/66557 

80 

Example28 

3-(6-Amino-pyridin-3-yl)-2-mercaptomethyJ-4-methyl-pentanoic acid 

PCT/SEOD/00834 

(a) 2-[ 1-( 6-tert-Butoxvcarbonylamino-pyridin-3-yl)-2-methyl-propyll-malonic acid diethyl 

s ester 

To a stirred solution of copper cyanide (3.58 g, 40 mmol)in tetrahydrofurane (50 mL) at -

15°C a solution of isopropylmagnesium bromide (40 mL, 2 M, 80 mmol) in tetrahydro­

furane was added under argon over 15 min. After additional 15 min stirring a solution of 2-

(6-tert-butoxycarbonylamino-pyridin-3-ylmethylene)-malonic acid diethyl ester (3.78 g, 

10 10.4 mmol) in tetrahydrofurane (50 ml) was added dropwise over 15 min. After stirring for 

16 h the mixture was allowed to wann up to room temperature. Then a solution of 

a~monium chloride (5%) in aqueous ammonia solution (5%) was added with vigorous 

stirring, allowing access of air. The mixture was extracted twice with ethyl acetate. The 

combined organic layers were washed successively with aqueous ammonia solution (5%) 

as and brine, and dried over magnesium sulphate. The solvent was removed under reduced 

pressure and the residue was purified by column chromatography (silica gel, 1.7% 

methanol in dichloromethane) to give crude 2-[1-(6-tert-butoxycarbonylamino-pyridin-3-

yl)-2-methyl-propyJ]-malonic acid diethyl ester (2.85 g, 25%). 

20 (b) 2-f 1-( 6-tert-Butoxvcarbonylamino-pyridin-3-yll-2-methyl-propylJ-malonic acid 

monoethyl ester 

To a solution of 2-[ 1-(6-tert-butoxycarbonylamino-pyridin-3-yl)-2-methyl-propyl]-malonic 

acid diethyl ester (1.569 g, 3.84 mmol) in a mixture of dichloromethane (6 mL) and 

ethanol ( 12 mL, 95%) at 0°C a solution of potassium hydroxide· (0.272 g, 85%, 4.2 mmol) 

2s in ethanol (6 mL, 95%) was added dropwise over 40 min. After additional 1 h stirring the 

mixture was allowed co warm up to room temperature and stirring was continued for 18 h. 

Then water (30 mL) and dichloromethane (30 mL) were added, and after 3 min stirring the 

layers were separated. The organic was extracted once with water and the combined 

aqueous were washed once with ether. Then an aqueous solution of citric acid (10%} was 

30 added to adjust the pH to 4, and the solution was extracted three times with ethyl acetate. 

The combined organic layers were washed with brine and dried over magnesium sulphate. 
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After evaporation of the solvent crude 2-[ I-( 6-tert-butoxycarbonylamino-pyridin-3-yl)-2-

methyl-propyl)-malonic acid monoethyl ester {0.94 g. 64%} was obtained. 

(c) 2-Cl-(6-tert-Butoxvcarbonyl-pyridin-3-yl)-2-methyl-propyll-acrylic acid ethyl ester 

s To a solution of 2-[ 1-(6-tert-butoxycarbonylamino-pyridin-3-yl)-2-methyl-propyl]·malonic 

acid monoethyl ester (0.94 g, 2.47 mmol) in dichloromethane (4 mL) were added an 

aqueous solution of formaldehyde (0.18 ml., 37%) and diethylamine (0.23 mL, 2.32 mmol) 

at 0°C. After stirring the mixture vigorously for 16 h water (30 mL) and ethyl acetate (30 

mL) were added. After additional 2 min stirring at room temperature the layers were 

w separated and the aqueous was extracted twice with ethyl acetate. The combined organic 

layers were washed with a saturated aqueous solution of sodium hydrogencarbonate and 

brine. After drying over sodium sulphate the solvent was removed under reduced pressure 

and the residue was purified by column chromatography (silica gel, I.7% methanol in 

dichloromethane) to give 2-[1-(6-tert-butoxycarbonyl-pyridin-3-yl)-2-methyl-propyl]-

1s acrylic acid ethyl ester (0.24 g, 28% ). 

(d) 2-Acetylsulfanylmethvl-3-{6-tert-butoxycarbonylamino-pvridin-3-yl)-4-methyl­

pentanoic acid ethyl ester 

2-[I-(6-tert-Butoxycarbonyl-pyridin-3-yl)-2-methyl-propyl)-acrylic acid ethyl ester (0.431 

20 g. 1.24 mmol) was dissolved in thiolacetic acid (4 mL) under argon and triethylamine (0.21 

mL, 1.5 mmol) was added. The mixture was heated to 60°C. After 24 h thiolacetic acid (2 

mL) was added. After additional 20 h the mixture was cooled to room temperature and a 

saturated solution of sodium hydrogenacarbonate was added slowly to obtain a neutral 

solution. This was extracted three times with ethyl acetate. The combined organic layers 

25 were washed with aqueous saturated sodium hydrogencarbonate solution and brine, and 

dried over magnesium sulphate. After concentration under reduced pressure the residue 

was purified by column chromatography (silica gel, 1.7% methanol in dichloromethane) to 

yield 2-acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-4-methyl­

pentanoic acid ethyl ester (0.284 g, 54%) as a mixture of diastereomers (6:1). 

30 
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(e) 3-(6-Amino-pyridin-3-vl}-2-mercaptomethyl-4-methyl-pentanoic acid 

Acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-4-methyl-pentanoic 

acid ethyl ester (0.085 g, 0.20 mmol) was dissolved in argon saturated hydrochloric acid (5 

mL, 37%) and heated to reflux under argon for 5.5 h. Concentration under reduced 

s pressure and drying at 45°C/0.3 mbar gave the title compound as the hydrochloride salt 

(0.058 g. 99%) as a mixture of diastereomers (6:1). 

10 

1H NMR (300 MHz, D20): & 7.81 {m, 1 H), 7.62 (m, 1H),6.98 (m, 1H),3.18-3.06 (m, 1 

H), 2.93 - 2.40 (m, 3 H). 2.23 - 1.93 (m, 1 H), 0.93 - 0.74 (m, 6 H). 

MS255(M+H) 

Example 29 

3-( 6-Amino-pyridin-3-yI>-2-mercaptomethyl-3-phenyl-propionic acid 

Ca) 2-CC6-tert-Butoxycarbonylamino-pyridin-3-yll-phenyl-methyll-malonic acid diethyl 

1s ester 

To a vigorously stirred suspensin of copper(l)cyanide (1.71 g, 19.06 mmol) in dry THF 

( 18 mL) was added a solution of phenylmagnesium bromide (12. 7 mL 3 M in ether, 38.11 

mmol) at 0°C under argon. The mixture was allowed to warm to room temperature, giving 

a dark brown solution. After 150 minutes a solution of 2-(6-tert-butoxycarbonylamino-

20 pyridin-3-ylmethylene)-malonic acid diethyl ester (1.74 g, 4.76 mmol) in dry THF (19 mL) 

was added at 0°C. The mixture was left stirring for 3 days then aqueous ammonium chlo­

ride was added. The aqueous layer was separated and extraeted with ethyl acetate. The 

combined organic layers were washed with brine and dried. Removal of the solvent in 

vacuo gave a residue, which was suspended in hexane. Filtration of the crystals gave 2-((6-

25 tert-butoxycarbonylamino-pyridin-3-yl)-phenyl-methyl]-malonic acid diethyl ester (1.85 g, 

88%). 

(b) 2-[(6-tert-Butoxycarbonylamino-pyridin-3-yl)-phenyl-methyll-malonic acid monoethyl 

ester 

30 A solution of KOH (0.266 g, 4.11 mmol) in ethanol (14 mL) was added to a solution of2-

[(6-tert-butoxycarbonylamino-pyridin-3-yl)-phenyl-methyl]-malonic acid diethyl ester 

( 1.82 g. 4.11 mmol) in ethanol (12 mL) and methylene chloride (13 mL) at 0°C. The 
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mixture was stirred overnight at room temperature. More KOH (80 mg dissolved in 3 mL 

ethanol) was added at 0°C. The reaction mixture was stirred for additional 18 h. The 

mixture was concentrated under reduced pressure and ethyl acetate, and 0.5 M HCl were 

added to the residue. The organic layer was washed with brine and dried. After filtration 

s and evaporation in vacuo, the residue was suspended in hexane. Filtration of the crystals 

gave 2-{(6-tert-butoxycarbonylamino-pyridin-3-yl)-phenyl-methyl]-malonic acid 

monoethyl ester (1.7 g. 98%). 

(c) 2-((6-tert-Butoxycarbonylamino-pyridin-3-yl)-phenyl-methyll-acrylic acid ethyl ester 

10 Diethylamine {0.52 mL. 5.04 mmol) was added to a mixture of 2-[(6-tert-butoxycarbonyl­

amino-pyridin-3-yl)-phenyl-methyl]-malonic acid monoethyl ester (1.7 g, 4.1 mmol) and 

37 % aq. solution of formaldehyde (0.42 mL, 5.6 mmol) in methylene chloride (6.5 m.L) at 

fi'C. The mixture was stirred overnight at room temperature and then diluted with ethyl 

acetate. The organic layer was washed with aqueous saturated sodium bicarbonate and 

is brine and dried. After filtration and evaporation in vacuo the crude product was purified by 

flash chromatography (CH2Ch) to yield 2-[(6-tert-butoxycarbonylamino-pyridin-3-yl)­

phenyl-methyJ]-acrylic acid ethyl ester (0.36 g. 23% ). 

(d) 2-Acetylsulfanylmethvl-3-(6-tert-butoxycarbonylamino-pyridin-3-yll-3-phenyl-

20 propionic acid ethyl ester 

Triethylamine (0.105 g, 1.04 mmol) was added to a solution of 2-((6-tert-butoxycarbonyl­

amino-pyridin-3-yl)-phenyl-methyl]-acrylic acid ethyl ester (0.36 g. 0.94 mmol) in 

thioacetic acid (4 mL) at 0°C under argon. The mixture was heated at 45°C for 24 h. Ethyl 

acetate was added and the organic phase. was washed with aqueous saturated sodium 

25 bicarbonate and brine and dried. After filtration and evaporation in vacuo the crude product 

was purified by flash chromatography (toluene/ethyl acetate, l :0 ~ 5: 1) to give 2-

acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-3-phenyl-propionic 

acid ethyl ester (0.314 g, 73%). 
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3-(6-Amino-pyridin-3-yll-2-mercaptomethvl-3-phenyl-propionic acid 

2-Acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-3-phenyl-propionic 

acid ethyl ester {58 mg, 0.125 mmol) was dissolved in cone. HCI (3.0 mL). The solution 

was heated to reflux for 130 min under argon. Concentration under reduced pressure gave 

s the title compound as the hydrochloride salt (41mg,100 %). 
1H NMR (500 MHz, DzO)! () 8.03-7.83 (m, 2H), 7.5-7.3 (m, 5H), 7.05-6.95 (m, lH), 4.27-

4.15 (m, lH), 3.6-3.45 (m, IH), 2.84-2.58 (m, 2H). 

MS(+) 289 (M+l). 

10 Example 30 

3-(6-Amino-pyridin-3-yI>-2-mercaptomethyl-4-phenyl-butyric acid 

(a) 2-f 1-(6-tert-Butoxycarbonylamino-pyridin-3-yl)-2-phenyl-ethyll-malonic acid diethyl 

ester -

is To a vigorously stirred suspensin of copper(I)cyanide (0.66 g, 7.32 mmol) in dry THF (5 

mL) was added a solution of benzylmagnesium bromide (5 mL 2.93 Min ether, 14.64 

mmol) at 0°C under argon. The mixture was allowed to warm to room temperature, giving 

a dark brown solution. After 60 minutes a solution of 2-(6-tert-butoxycarbonylamino­

pyridin-3-ylmethylene)-malonic acid diethyl ester (0.67 g, 1.83 mmol) in dry THF (4 mL) 

20 was added at 0°C. The mixture was stirred overnight at room temprature then aqueous 

ammonium chloride was added. The aqueous layer was separated and extracted with ethyl 

acetate. The combined organic layers were washed with brine and dried. Removal of the 

solvent in vacuo gave a residue which was purified by flash chromatography (CH2Cl:z/ 

ethyl acetate, 1:0 ~ 100:15) to give 2-[J-(6-tert-butoxycarbonylamino-pyridin-3-yl)-2-

25 phenyl-ethyl]-malonic acid diethyl ester (0.44 g, 53%). 

(b) 2-£1-{6-tert-Butoxycarbonylamino-pyridin-3-yl}-2-phenyl-ethyll-malonic acid 

monoethyl ester 

A solution of KOH (0.067 g, 1.03 mmol) in ethanol (3 mL) was added to a solution of2-

30 [l-(6-tert-butoxycarbonylamino-pyridin-3-yl)-2-phenyl-ethyl]-malonic acid diethyl ester 

(0.44 g, 0.96 mmol) in ethanol (3 mL) and methylene chloride (2 mL) at 0°C. The mixture 
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was stirred for 48 h at room temperature. The mixture was concentrated under reduced 

pressure and ethyl acetate and 0.5 M HCl were added to the residue. The organic layer was 

washed with brine and dried. Filtration and evaporation in vacuo gave 2-(1-(6-tert­

butoxycarbonylamino-pyridin-3-yl)-2-phenyl-ethylJ-malonic acid monoethyl ester (0.37, 

s 90%). 

(c) 2-[l-( 6-tert-Butoxycarbonylamino-pyridin-3-yll-2-phenyl-ethyll-acrvlic acid ethyl ester 

Diethylamine (0.27 mL. 2.59 mmol) was added to a mixture of 2-[1-( 6-tert-butoxy­

carbonylamino-pyridin-3-yl)-2-phenyl-ethyl]-malonic acid monoethyl ester (0.37 g. 0.86 

10 mmol) and 37 % aq. solution of formaldehyde (0.22 mL, 2.9 nunol) in methylene chloride 

(3.5 mL) at 0°C. The mixture was stirred overnight at room temperature. More form­

aldehyde (0.24 mL) and diethylamine (0.24 mL) was added. Stirring at room temperature 

was continued for 18 h and ethyl acetate and water was then added. The organic layer was 

washed with aqueous saturated sodium bicarbonate and brine. dried and concentrated 

is under reduced pressure to give 2-[1-(6-tert-butoxycarbonylamino-pyridin-3-yl)-2-phenyl­

ethyl]-acrylic acid ethyl ester (0.34 g, 99% ). 

(d) 2-Acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-4-phenyl-butvric 

acid ethyl ester 

20 Triethylamine (0.096 g, 0.95 mmol) was added to a solution of 2-[1-(6-ten-butoxy­

carbonylamino-pyridin-3-yl)-2-phenyl-ethylJ-acrylic acid ethyl ester (0.34 g, 0.86 mmol) 

in thioacetic acid (3.5 mL) at 0°C under argon. The mixture was heated at 45°C for 24 h. 

Ethyl acetate was added and the organic phase was washed with aqueous saturated sodium 

bicarbonate and brine and dried. After filtration and evaporation in vacuo the crude product 

25 was purified by flash chromatography (CH2Ch/ethyl acetate, 1 :0 ~ 100:5) to give 2-

acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-4-phenyl-butyric acid 

ethyl ester (0.264 g. 65% ). 

(e) 3-(6-Amino-pyridin-3-vn-2-mercapmmethyl-4-phenvl-butyric acid 

30 2-Acetylsulfanylmethyl-3-(6-tert-butoxycarbonylamino-pyridin-3-yl)-4-phenyl-butyric 

acid ethyl ester (0.14 g, 0.3 mmol) was dissolved in cone. HCJ (5.0 mL). The solution was 
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heated to reflux for 4.5 h under argon. Concentration under reduced pressure gave the title 

compound as the hydrochloride salt ( l 00 mg. 98 % ). 
1H NMR (500 MHz, D20): l5 7.90-7.83 (m, lH), 7.43 (d, lH), 7.34-7.18 (m, 3H), 7.17-

7.06 (m. 2H), 7.01-6.9 (m, lH), 3.4-2.5 (m, 6H). 

s MS(+) 303 (M+l). 

Example 31 · 

2-C6-Amino-pvridin-3-ylmethyll-3-mercapto-5-phenyl-pentanoic acid 

10 Cal Ethyl CE.Zl-2-({6-[{tert-butoxycarbonyllaminol-3-pyridinyllmethyll-5-phenyl-2-

pentenoate 

To a suspension ofNaH (310 mg, 7.12 mmol, 55% in mineral oil) in THF (25 mL) at 0°C 

under argon was added a solution of (ethyl 3-{ 6-((tert-butoxycarbonyl)amino]-3-

pyridinyl }-2-(diethoxyphosphoryl)propanoate (2.55 g, 5.95 mmol) in THF (25 mL). After 

is 1 h, a solution of 3-phenylpropanal ( 1.59 g, 11.9 mmol) was added dropwise. The reaction 

was stirred for 17 h at room temperature, then quenched with Nl4Cl (50 mL, sat, aq). The 

mixture was extracted with ethyl acetate, the organic layer was washed with brine, dried 

(Na2S04), filtered and concentrated under reduced pressure. Column chromatography 

(CH2Cl2/Et0Ac 20: 1 ~ 10.1) gave ethyl (E,Z)-2-( { 6-[(tert-butoxycarbonyl)amino]-3-

20 pyridinyl}methyl)~S-phenyl-2-pentenoate (2.49 g, 100%). 

Cb) Ethyl 3-(acetylsulfany))-2-{{6-[(tert-butoxycarbonyl)aminol-3-pyridinyllmethyl}-5-

phenylpentanoate 

Triethylamine ( 1.22 mL, 0.617 mmol) was added to a solution of ethyl (E,Z)-2-( { 6-[(terr-

zs butoxycarbonyl)amino]-3-pyridinyl}methyl)-5-phenyl-2-pentenoate (400 mg, 0.597 mmol) 

in thioacetic acid (10 mL) at 40°C. After stirring for 90 h., the mixture was concentrated 

under reduced pressure. Column chromatography (CH2Ch/Et0Ac 20: 1 ~ 10.1), then 

(toluene/EtOAc, 10:1) and then (heptane/EtOAc 2:1) gave ethyl 3-(acetylsulfanyl)-2-((6-

[(/ert-butoxycarbonyl)amino]-3-pyridinyl}methyl)-5-phenylpentanoate (126 mg, 27%) as a 

Jo diastereomeric mixture l: 1. 
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(cl 2-( 6-Amino-pvridin-3-ylmethy})-3-mercapto-5-phenyl-pentanoic acid 

Ethyl 3-(acetylsulfanyl)-2-( { 6-[(lert-butoxycarbonyl)amino]-3-pyridinyl }methyl)-5-

phenylpentanoate (9 mg, 18.5 µmol) was dissolved in cone. HCI (1 mL) under argon. The 

solution was heated to reflux for 4.5 h. Concentration under reduced pressure yielded the 

s title compound as the hydrochloride salt (6.4 mg, 98 % ) as a diastereomeric mixture 1: 1. 
1H NMR (400 MHz, D20): 5 1.78-2.20 (m, 2H), 2.70-3.04 {m. 6H), 6.88, 6.92 (2d, lH), 

7.22-7.39 (m, SH), 7.52, 7.54 (2d,1H), 7.69, 7.75 (2d, lH). 

MS(+) 317 (M+l). 

10 Example 32 

3-[3-( 6-Amino-pvridin-3-yl)-2-ethoxvcarbonyl-propyJclisulfanylJ-2-(6-amino-pvridin-3-

ylmethy})-propionic acid ethyl ester 

fa) 3-[3-(6-tert-Butoxycarbonylamino-pyridin-3-yl)-2-ethoxycarbonyl-propyldisulfanyll-2-

ts f6-tert-butoxycarbonylamino-pVridin-3-y1methy})-propionic acid ethyl ester 

3-Acetylsulfanyl-2-(6-tert-butoxycarbonylamino-pyridin-3-ylmethyl)-propionic acid ethyl 

ester (150 mg. 0.392 mmol) was dissolved in ethanol (15 mL) saturated with NH3 (g). 
After stirring for 160 min., the mixture was concentrated under reduced pressure. The 

residue was dissolved in EtOH (10 mL) wherea{ter a solution ofl2 in EtOH (0.5 M, 0.784 

20 mL) was added. The reaction was stirred for 30 min. at room temperature, then diluted 

with CH2Ch, washed with saturated aqueous Na2S20 5 and saturated aqueous NaHC03. 

dried. filtered and concentrated under reduced pressure to give 3-[3-(6-tert­

butoxycarbonylamino-pyridin-3-yl)-2-ethoxycarbonyl-propyldisulfanyl]-2-(6-rert­

butoxycarbonylamino-pyridin-3-ylmethyl)-propionic acid ethyl ester (130 mg, 98%). 

2S 

Cb) 3-£3-(6-Amino-pvridin-3-yD-2-ethoxycarbonyl-propyldisulfanyll-2-(6-amino-pvridin-

3-ylmethyl)-propionic acid ethyl ester 

Etylacetate saturated with HCI (g) ( 15 mL) was added to a solution of 3-[3-(6-tert­

butoxycarbonylamino-pyridin-3-yl)-2-ethoxycarbonyJ-propyldisulfanylJ-2-( 6-tert-
J<> butoxycarbonylamino-pyridin-3-ylmethyl)-propionic acid ethyl ester (130 mg, 0.191 

mmol) in ethylacetate (7 mL) at 0°C. The reaction was aUowed to attain room temperature 

and was stirred for 19 h, then evaporated under reduced pressure. The residue was 
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dissolved in water, saturated aqueous Na2C03 was added and the aqueous phase was 

extracted with CH2Ch. The organic layer was dried and concentrated under reduced 

pressure to give the title compound (90 mg, 98% ). 

1H NMR (400 MHz, CDCI]): o 1.19 (t, 3H), 1.20 (t, 3H), 2.68-2.86 (m, 6H), 2.90-3.01 (m, 

s 4H), 4.07-4.14 (m, 4H), 6.45 (d, 2H), 7.28 (m, 2H), 7.87 (s, 2H). 

10 

MS(+) 479 (M+l). 

Example 33 

3-(6-Amino-pvridin-3-yll-2-mercaptomethyl-hexanoic acid 

(a) N-(5-Butvrvl-pvridin-2-yl}-2.2-dimethyl-propionamide 

A solution of N-(5-bromopyridin-2-yl)-2,2-dimethyl-propionamide (3.582 g, 13.9 mmol) 

in diethyl ether (36 mL) was cooled to-78°C under argon and n-butyllithium (1.6 M, 19 

mL, 30.4 mmol) was added dropwise within 20 min. 5 min after complete addition the 

is mixture was allowed co warm up to 0°C. N-Methoxy-N-methyl butyramide (3.65 g, 27.8 

mmol) was added within less than 5 min and stirring was continued for 45 min. The clear 

solution was acidified with 2 N hydrochloric acid to pH 2. After vigorous stirring for 15 

min the mixture was neutralised with sodium hydrogen carbonate and the layers were 

separated. The aqueous layer was extracted three times with diethyl ether. The combined 

20 organic layers were washed with brine, dried and concentrated under reduced pressure. The 

resulting oil was dried in oil pump vacuum to remove the excess reagent. After flash 

chromatography (dichloromethane I methanol 60: 1) crude N-(5-butyryl-pyridin-2-yl)-2,2-

dimethyl-propionamide (2.47 g, 71 % ) was obtained as a light orange oil which was not 

purified further. 

25 

(b) N-f 5-C I-Hydroxy-butyI>-pvridin.,.2-yll-2.2-dimethyl-propionamide 

To a solucion of N-(5-butyryl-pyridin-2-yl)-2,2-dimethyl-propionamide (2.47 g, 9.95 

mmol) in ethanol (20 mL) sodium borohydride (185 mg. 5.0 mmol) was added. After 40 

min stirring at room temperature the mixture was acidified with 1 N hydrochloric acid to 

30 pH 2 and stirred for 10 min. After neutralisation with sodium hydrogencarbonate the 

mixture was extracted three times with dichloromethane. The combined organic extracts 

were washed twice wilh sodium hydrogen carbonate solution and once with brine. After 
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drying and concentration under reduced pressure the residue was purified by flash 

chromatography (dichloromethane/methanol 30:1) to give K-f5-(l-hydroxy-butyl)-pyridin-

2-yl]-2,2-dimethyl-propionamide (1.025 g, 41 %). 

s (c) 2-{ 1-f6-(2.2-Dirnethyl-propionylaminol-pyridin-3-y1l-butvll-malonic acid monoethyl 

ester 

To a solution of N-[5-(l-hydroxy-butyl)-pyridin-2-yl]-2,2-dirnethyl-propionamide (l.025 

g, 4.09 mmol) in trichloromethane (12 mL), thionylchloride (6 mL) was added and the 

mixture was heated to 55"C for I h. Then the solution was concentrated under reduced 

10 pressure to leave crude N-[5-(l-cbloro-butyl)-pyridin-2-yl]-2,2-dimethyl-propionamide 

hydrochloride as a colourless solid. 

To a solution of diethyl malonate (1.31 g, 8.2 mmol) in dimethylfonnamide (20 mL) 

sodium hydride (60% dispersion in mineral oil. 350 mg, 8.7 mmol) was added and the 

mixture was stirred at room temperature for 15 min. After cooling to 0°C the solution of 

ts the intennediate N-[5-( l-chloro-butyl)-pyridin-2-yl]-2,2-dimethyl-propionamide 

hydrochloride in dimethylformamide (5 mL) was added. After I h stirring the solvent was 

concentrated under reduced pressure and ethyl acetate (25 mL) was added followed by 

ammonium chloride solution (half-saturated) for neutralisation. The layers were separated, 

the aqueous was extracted with ethyl acetate and the combined organic layers were washed 

20 three times with water and brine, and dried. After concentrated under reduced pressure the 

residue was filtered through silica gel with dichloromethane/methanoJ mixture (30: 1) as 

solvent. 

This crude 2-{ 1-[6-(2.2-dimethyl-propionylamino )-pyridin-3-yl]-butyl}-malonic acid 

diethyl ester was dissolved in a mixture of dichloromethane (2.5 mL) and ethanol (5 mL) at 

25 0°C and a solution of potassium hydroxide (87%, 111 mg, 5.4 mmol) in ethanol (4 mL) 

was added. The mixture was allowed to wann up slowly to room temperature and stirring 

was continued for 24 h. Then dichloromethane (20 mL). water (20 mL) and brine (3 mL) 

was added. The mixture was stirred vigorously for 2 min. Then the layers were separated, 

the aqueous was washed with dichloromethane. The combined aqueous layers were 

Jo acidified (pH 5) with citric acid, and e.Xtraeted three times with dichloromethane. The 

combined organic layers were washed with brine and dried. Concentration under reduced 
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pressure gave crude 2-{ 1-(6-(2,2-dimethyl-propionylamino)-pyridin-3-yl]-butyl)-malonic 

acid monoethyl ester (258 mg, 41 % ). 

(d) 2-{ l-[6-(2.2-Dimethyl-propionylamino)-pyridin-3-yll-butyll-acrylic acid ethyl ester 

s To a solution of 2-{ 1-(6-(2,2-dimethyl-propionylamino)-pyridin-3-yl]-butyl}-malonic acid 

monoethyl ester (712 mg, 1.95 mmol) in THF (6.5 mL) at 0°C formaldehyde (37% in 

water, 0.3 mL) was added within 5 min. Stirring was continued for 10 min. then piperidine 

(0.26 mL, 2.63 mmol) was added dropwise within 10 min. The mixture was allowed to 

warm up overnight to room temperature. After 14 h the mixture was concentrated under 

10 reduced pressure to one third of its volume, then ether and water were added (15 mL each). 

After 2 min vigorous stirring the layers were separated, the aqueous was extracted with 

ether and the combined organic layers were washed with water, 4 % citric acid, water and 

brine. Drying and concentration under reduced pressure gave 2-{ l-[6-(2,2-dimethyl­

propionylamino)-pyridin-3-yl]-butyl}-acrylic acid ethyl ester (550 mg, 85%) as a 

1s colourless solid. 

(e) 2-Acetylsulfanylmethyl-3-[6-(2.2-dimethyl-propionylamino)-pyridin-3-yll-hexanoic 

acid ethyl ester 

2-{ 1-(6-(2,2-Dimethyl-propionylamino)-pyridin-3-yl]-butyl}-acrylic acid ethyl ester (550 

20 mg, 1.65 mmol) was dissolved under argon in thiolacetic acid (4 mL), and triethylamine 

(0.24 mL, 1.7 mmol) was added dropwise. After stirring for 16 hat 50°C thiolacetic acid (2 

mL) was added and stirring was continued for 14 h. The solution was cooled to room 

temperature and neutralised by addition of sodium hydrogen carbonate solution. The 

mixture was extracted three times with ethyl acetate. the combined extracts were washed 

2s with sodium hydrogen carbonate solution and brine. After drying and concentration under 

reduced pressure the residue was purified by flash chromatography (dichloromethane/ 

methanol, 60: 1) to give 2-acetylsulfanylmethyl-3-( 6-(2,2-dimethyl-propionylamino )­

pyridin-3-yl]-hexanoic acid ethyl ester (619 mg, 92%) as a viscous oil. 

JO (f) 3-(6-Amino-pvridin-3-yl)-2-mercaptomethvl-hexanoic acid 

2-Acetylsulfanylmethyl-3-[ 6-(2,2-dimethyl-propionylamino )-pyridin-3-yl)-hexanoic acid 

ethyl ester (40.4 mg. 99 µmol) was dissolved under argon in aqueous hydrochloric acid 
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(37%, 4.2 mL) and heated under reflux for 2 h. Concentration under reduced pressure (0.3 

t<>rr, 40°C) gave the title compound as the hydrochloride salt (28 mg, 97% ). 
1H NMR (300 MHz. D20): S 7.86 {d, lH). 7.65 (d, lH), 7.02 (t, lH), 2.98-2.42 (m. 4 H). 

1.85-1.54 (m, 2 H). 1.19-1.00 (m, 2 H), 0.87-0.77 (m, 3H). 

s MS (+) 255 (M+l). 

Example 34 

3-(2-Amino-thiazol-5-yll-2-mercaptomethyl-propionic acid 

io (a) 2-(2-Amino-thiazol-5-ylmethylenel-malonic acid diethyl ester 

To a solution of 2-amino-thiazole-5-carbaldehyde (47%; 6 g~ 23 mmol) in CH2Ch (30 mL) 

and DMF (30 mL), was added 4A molecular sieves. diethyl malonate (3.5 mL; 23 mmol), 

piperidine (1.1 mL; 11.5 mmol) and acetic acid (0.7 mL; 11.5 mmol). The reaction mixture 

was stirred at room temperature for 96 hours. Then EtOAc was added, and the reaction 

15 mixture was filtered through celite in order to remove the precipitate formed. EtOAc (500 

mL) was added to the filtrate, and the organic phase was washed with NaHC03 and brine. 

The organic phase was dried and concentrated to yield 4.9 g of the crude product. Addition 

of petroleum ether to a solution of the crude product in ethanol followed by filtration 

afforded 2-(2-amino-thiazol-5-ylmethylene)-malonic acid diethyl ester (1.13 g, 18%). 

20 

(b) 2-(2-Amino-thiazol-5-ylmethyn-maionic acid diethyl ester 

NaCNBH3 (l.88 g; 29.9 mmol) was added to a stirred solution of 2-(2-amino-thiazol-5-

. ylmethylene)-malonic acid diethyl ester (1.13 g; 4.2 mmol) in ethanol at 0°C. The pH of 

the solution was monitored by addition of a small amount of Bromocresol Green to the 

2s solution. Concentrated HCI was added dropwise until the solution turned yellow. The ice 

bath was removed, and the reaction rhixtlire was stirred at room temperature for 5 hours. 

Water was added and the product was extracted with CH2Cl:?. The combined organic 

phases were dried and concentrated to yield 2-(2-amino-thiazol-5-ylmethyl)-malonic acid 

diethyl ester {I g, 87.8%). 

30 
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(c) 2-(2-tert-Butoxycarbonylamino-thiazol-5-ylmethy))-malonic acid diethyl ester 

BOC20 (0.6 g; 27.5 mmol) was added to a solution of triethyl amine (0.4 mL; 30.l mmol), 

4-(dimethylamino)pyridine (0.34 g; 27.8 mmol) _and 2-(2-amino-thiazol-5-ylmethyl)­

malonic acid diethyl ester (0.75 g; 27.5 mmol) in CH2Cb (5 mL) at 0°C. The reaction 

s mixture was stirred at room temperature overnight. Additional BOC20 (0.15 g; 0.7 mmol) 

was added at 0°C, and the reaction mixture was stirred at room temperature for I hour. 

CH2Ch was added, and the organic phase was extracted with 0.3 M KHS04 and brine). 

The organic phase was dried and concentrated to yield 0.78 g of the crude product. NMR 

indicated that approximately 40% of 2-(2-amino-thiazol-5-ylmethyl)-malonic acid diethyl 

10 ester remained. BOC20 (0.6 g; 27.5 mmol) was added to a solution of the crude product 

(0.78 g), triethyJ amine (0.4 mL; 30.1mmol),4-(dimethylamino)pyridine (0.34 g; 27.8 

mmol) in CH2Ch (5 mL) at 0°C. The reaction mixture was stirred at room temperature 

overnight and the work up procedure was repeated. The crude product (I g) was purified 

by flash chromatography (Heptane/EtOAc; 1: I) and HPLC to afford 2-(2-tert-

is butoxycarbonylamino-thiazol-5-ylmethyl)-malonic acid diethyl ester ( 184 mg, 17 .9% ). 

(d) 2-(2-tert-Butoxycarbonylamino-thiazol-5-ylmethyll-malonic acid monoethyl ester 

2-(2-tert-Butoxycarbonylamino-thiazol-5-ylmethyl)-malonic acid diethyl ester (158 mg; 

0.43 mmol) was dissolved in ethanol (1 mL) and THF (0.5 mL), and a solution of KOH (24 

20 mg; 0.43 mmol) in ethanol (0.14 mL) was added at 0°C. The reaction mixture was stirred 

at room temperature for 96 hours, and then poured onto ice-water. The aqueous phase was 

extracted with diethyl ether, acidified to pH 3 by addition of 0.5 M HCI, and extracted with 

diethyl ether. The combined organic phases were dried and concentrated to yield 2-(2-tert­

butoxycarbonylamino-thiazol-5-ylmethyl)-malonic acid monoethyl ester (97 mg, 66.4%). 

25 

(e) 2-(2-tert-Butoxycarbonylamino-thiazol-5-ylmethyn-acrylic acid ethyl ester 

To a mixture of2-(2-tert- butoxycarbonylamino-thiazol-5-ylmethyl)-malonic ~cid 

monoethyl ester (94 mg; 0.27 mmol), a 36% aqueous solution of formaldehyde (36µ1; 1.2 

mmol), CH2Ch (0.2 mL) and water (0.2 mL) was added at 0°C diethyl amine (30 µ1; 0.40 

30 mmol). The reaction mixture was stirred at room temperature overnight, poured onto ice­

wacer and extracted with CH2Ch. The combined organic phases were washed with 5% 



---------:--·. ·..--'"'"""!-'""'"_? 

W000/66557 PCT/SE00/00834 

93 

NaHC03• dried and co.ncentrated to yield 2-(2-tert-butoxycarbonylamino-thiazol-5-

ylmethyl)-acrylic acid ethyl ester (69 mg. 80.9% ). 

(f) 2-Acetylsulfanvlmethvl-3-(2-tert-butoxycarbonylamino-thiazol-5-yl)-propionic acid 

s ethyl ester 

Triethyl amine (32 µ1; 0.23 mmol) was added to a solution of 2-(2-ter/-butoxycarbonyl­

amino-thiazol-5-ylmethyl)-acrylic acid ethyl ester (67 mg; 0.21 mmol) in thioacetic acid 

(0.4 m.L) at 0°C. The reaction mixture was stirred at room temperature for 48 hours, and 

then poured onto ice-water. The aqueous layer was extracted with CH2Clz. The combined 

10 organic phases were washed with saturated NaHC03, dried and concentrated to yield 190 

mg of the crude product. The crude product was purified by flash chromatography 

(Heptane/EtOAc: 1:0 ~ 68:32) to yield 2-acetylsulfanylmethyl-3-(2-tert-butoxycarbonyl­

amino-thiazol-5-yl)-propionic acid ethyl ester (43 mg, 51.6%). 

JS (g) 3-(2-Amino-thiazoJ-5-yl}-2-mercaptomethyl-prqpionic acid 

A solution of 2-acetylsulfanylmethyl-3-(2-tert-butoxycarbonylamino-thiazol-5-yl)­

propionic acid ethyl ester (43 mg; 0.11 mmol) in concentrated HCI (1.5 mL) was refluxed 

under argon for 1.5 hours. The reaction mixture was allowed to cool to room temperature 

and concentrated under reduced pressure to yield 30 mg of the crude product. The crude 

20 product was purified by preparative HPLC to afford the title compound (8 mg~ 21 %) as the 

hydrochloride salt. 

1H NMR (500 MHz, D20): ¢ 2.75-3.l (m, SH). 7.0 (br s, lH). 

MS(+) 219 (M+l). 

2s Abbreviations 

Ac= acetate 

aq =aqueous 

AIBN = a,a'-azoisobutyronitrile 

Bn =benzyl 

30 Bu= butyl 

Bz =benzoyl 

DCC= dicyclohexylcarbodiimide 
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DIAD = diisopropyl azodicarboxylate 

DIPEA = diisopropylethylamine 

DMAP = N,N-dimethyl amino pyridine 

DME = 1,2-dimethoxyethane 

s DMF = dimethylformamide 

DMSO = dimethylsulfoxide 

94 

EDC = 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

ee = enantiomeric excess 

Et= ethyl 

10 EtOAc =ethyl acetate 

EtOH = ethanol 

h=hour 

HOAc = acetic acid 

HOBt = 1-hydroxybenzotriazol 

is HPLC =high performance liquid chromato~phy 

KHMDS = potassium bis(trimethylsilyl)amide 

LDA =lithium diisopropylamide 

MCPBA = 3-chloroperbenzoic acid 

Me=methyl 

20 MeOH = methanol 

min = minutes 

PMB = 4-methoxybenzyl 

Ph =phenyl 

Pr=propyl 

PCT/SE00/00834 

2S PyBOP = (benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate 

TEA = trietylamine 

TF A = trifluoroacetic acid 

THF = tetrahydrofuran 

Tos = toluene-4-sulfonyl 
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1. A compound of general Fonnula I 

95 

CLAIMS 

R1 
1 

XXR2 y R3 (I) 

R4 

or a pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt, 

wherein 

R1 represents, 

C1-C6 alkyl. substituted with one or more basic groups such as amino, amidino and/or 

10 guanidino; 

cycloalkyl, substituted with one or more basic groups such as amino. amidino and/or 

guanidino; 

heterocyclyl, containing at least one nitrogen atom; 

heterocyclyl, containing at least one hetero atom selected from S or o. 
1s and substituted with one or more basic groups such as amino, amidino and/or 

guanidino; 

or aryl, substituted with one or more basic groups such as amino, amidino and/or 

guanidino, 

R2 represents H. acyl. acylamino, alkyl. alkylcarbamoyJ, aJkylthio. alkoxy, aroyl, 

20 aroylamino, aryloxy, arylthio, amidino, amino, aryl, carbamoyl, carboxy, cyano, 

cycloalkyl. formyl. guanidino, halogen, heterocyclyl, hydroxy, oxo. nitro, thiol, Z2N­

CO-O-, ZO-CO-NZ- orZ2N-CO-NZ- group, 

R3 represents COORs. SO(ORs). S03Rs, P=0(0Rs)2• B(ORs)2, P=ORs(ORs), or tetrazole, 

or any carboxylic acid isostere, 

25 ~represents SH, S-CO-C1-C6 alkyl or S-CO-aryl. 

Rs represents H, C1-C6 alkyl or aryl, 

R6 represents Hor C1-C6 alkyl. 

X represents 0, S, SO, S02, C(Z)2. N(Z), NR6S02, S02NR6, NR6CO or CONR6, 

Y represents C(Zh, 

1111111 Jllllf 1111111111 f 11111 
* C L . M S * 



W000/66557 PCT/SE00/00834 

96 

Z represents independently H, C1-C6 alkyl, aryl, cycloalkyl or heterocyclyl. 

2. The compound according to claim 1, or a pharmaceutically acceptable salt or solvate 

thereof, or a solvate of such a salt, 

s wherein 

R1 represents, 

cycloalkyl, substituted with one or more basic groups such as amino, amidino and/or 

guanidino; 

heterocyclyl, containing at least one nitrogen atom; 

10 heterocyclyl, containing at least one hetero atom selected from S or 0, and substituted 

with one or more basic groups such as amino, amidino and/or guanidino; 

or aryl, substituted with one or more basic groups such as amino, amidino and/or 

guanidino; 

R2 represents H, acyl, acylamino, alkyl, alkylcarbamoyl, alkylthio, alkoxy, aroyl, 

1s aroylamino, aryloxy, arylthio, amidino, amino, aryl, carbamoyl, carboxy, cyano, 

cycloalkyl, fonnyl, guanidino, halogen, heterocyclyl, hydroxy, oxo, nitro, thiol, Z2N­

CO-O-, zo.;CQ-NZ- or ZiN-CO-NZ- group, 

Rl represents COORs, 

~represents SH, S-CO-CrC6 alkyl or S-CO-aryl, 

20 Rs represents H, C1-C6 alkyl or aryl, 

R6 represents H or C1-C6 alkyl, 

2S 

X represents 0, S, SO, S02, C(Z)2, N(Z), N~S02, S02N~, or CON~. 

Y represents C(Z)2, 

Z represents independently H, C1-C6 alkyl, aryl, cycloalkyl or heterocyclyL 

3. The compound according to claim 1 or 2, or a pharmaceutically acceptable salt or 

solvate thereof, or a solvate of such a salt, 

wherein 

R1 represents, 

30 cycloalkyl, substituted with one or more basic groups such as amino, amidino and/or 

guanidino; 

heterocyclyl, containing at least one nitrogen atom; 

\ \ll\ll\ "Ill\ Ill!\ 111\J II 1\11 
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heterocyclyl. containing at least one hetero atom selected from S or 0, and substituted 

with one or more basic groups such as amino. amidino and/or guaniclino; 

R2 represents H, C1-C3 alkyl. amino, halogen. hydroxy, 

R3 represents COORs. 

s R.i represents SH, S-CO-C1-C6 alkyl or S-CO-aryl, 

Rs represents H, C 1-C6 alkyl or aryl, 

10 

X represents C(Zh, 

Y represents C(Z)2, 

Z represents independently Hor C1-C6 alkyl. 

4. The compound according to any previous claim, or a pharmaceutically acceptable salt or 

solvate thereof, or a solvate of such a salt. 

wherein 

R1 represents, 

is cycloalkyl, substituted with one or more basic groups such as amino. amidino and/or 

guanidino; 

heterocyclyL containing at least one nitrogen atom; 

R2 represents H, F, or C1 alkyl, 

R3 represents COORs. 

20 Ri represents SH. S-CO-Ci-4 alkyl or S-CO-aryl, 

Rs represents H, C 1-C6 alkyl or aryl, 

X represents C(Zh, 

Y represents C(Z)2. 

Z represents independently H or C1-C6 alkyl. 

5. Tbe compound according to any previous claim, or a pharmaceutically acceptable salt or 

solvace thereof, or a solvate of such a salt, wherein 

R1 represents cyclopentyl, pyridyl, pyrimidinyl, piperidinyl or thiazolyl, 

R2 represents H, F, or C1 alkyl, 

30 R3 represents COOR:;, 

R.i represents SH, 

Rs represents H, 

f lllJlll If llll lllll Hll Jf 1111 
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X represents CHZ, 

Y represents CHZ, 

98 

Z represents independently H or C 1-C6 alkyl. 
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s 6. A process for the preparation of a compound according to any one of claims 1-5, 

wherein R1• RJ, ~. and Y are as defined in claim I and X is C(Zh and R1 is H, comprising 

the step of; 

10 

reacting a compound of Formula VI, 

wherein R1t R3 and Y are as defined in claim 1 and X is C(Z)2, with a compound of 

Formula IX, 

RS-SH (IX) 

wherein Rs is a suitable protecting group, such as Ac, Bz, PMB or Bn, alone or in the 

is presence of a suitable base, such as NaOMe, NaH or triethylamine or alternatively in the 

presence of a free-radical initiator, such as AIBN under standard conditions. 

7. A process for the preparation of a compound according to any one of claims 1-5, 

wherein R1, R2. RJ, and~ are as defined in claim 1 and Y is CH2 and Xis 0, S, C('.lh, or 

20 N(Z), comprising the step of: 

reacting a compound of Formula XIV, 

~1 
XXR2 
f R3 

OH 

(XIV) 

I 1111111 111111 11111 1111111 1111 
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wherein R1. R2• and Rj are as defined in claim l and Xis 0~ S, C(Z)2. or N(Z). with a 

compound of general Formula IX. 

RS-SH (IX) 

wherein Rs is a suitable protecting group, such as Ac or Bz, in the presence of a suitable 

s reagent. such as PPh3/DIAD, under standard conditions. 

8. A process for the preparation of a cotnpound according to any one of claims 1-5, 

wherein Ri. R2, R3. Jli, and Y are as defined in claim 1 and X is N~CO, or NR6S02 
comprising the step of: 

10 reacting a compound of the general Formula XV, 

IS 

R6Ht:XR2 (XV) 
Y R3 
I 
SAS 

wherein Ri. R3. ~ and Y are as defined in claim 1 and Rs is a suitable protecting group, 

such as Ac, Bz, PMB or Bn, with a compound of the general Formula XVI, 

R1-X (XVI) 

wherein R1 is as defined for in claim I and X is COOH or S02Cl in the presence of 

suitable coupling reagents, such as PyBOP/DIPEA, DCC/HOBt, EDCfl'EA/DMAP or 

pyridine, under standard conditions. 

20 9. A pharmaceutical formulation containing. a compound according to any one of claims l 

to 5 as active ingredient in combination with a phannaceutically acceptable adjuvant, 

diluent or carrier. 

10. The use of a compound according to any one of claims I to 5 in therapy. 

25 
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11. The use of a compound according to any one of claims I to 5 for the manufacture of a 

medicament for the inhibition of carboxypeptidase U. 

12. A method for treatment or prophylaxis of conditions associated with inhibition of 

s carboxypeptidase U, comptjsing administering to a mammal, including man, in need of 

such treatment an effective amount of a compound as defined in any of claims 1-5. 

13. A pharmaceutical formulation for use in the treatment or prophylaxis of conditions 

associated with inhibition o~ carboxypeptidase U, comprising a compound as defined in 

10 any of claims 1-5 in combination with a phannaceutically acceptable adjuvant, diluent or 

carrier. 

14. A pharmaceutical formulation, comprising: 

(i) a compound of Formula I or a pharmaceutically acceptabie salt or solvate thereof, or a 

1s solvate of such a salt, and 

(ii) one or more antithrombotic agent with a different mechanism of action, such as an 

antiplatelet agent, thromboxane receptor inhibitor, synthetase inhibitor, fibrinogen 

receptor antagonist, prostacyclin mimetic, phosphodiesterase inhibitor or ADP-receptor 

(P2T) antagonist, 

20 in admixture with a pharmaceutically acceptable adjuvant, diluent or carrier. 

15. A kit of parts comprising: 

(i) a pharmaceutical formulation containing a compound of Formula I, or a 

pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt, in 

2s admixture with a pharmaceutically acceptable adjuvant, diluent or carrier; and 

(ii) a pharmaceutical formulation containing one or more antithrombotic agent with a 

different mechanism of action, such as an antiplatelet agent, thromboxane receptor 

inhibitor, synthetase inhibitor, fibrinogen receptor antagonist, prostacyclin mimetic, 

phosphodiesterase inhibitor or ADP-receptor (P2T) antagonist, 

Jo in admixture with a phmmaceutically acceptable adjuvant, diluent or carrier; 

I Ill/If 1111~ Ill/I //Ml U Ill/ 
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which compound (i) and ~gent (ii) are each provided in a form that is suitable for 

administration in conjunction with the other. 

16. A method for treatment of a patient suffering from, or susceptible to, a condition in 

s which inhibition of carboxypeptidase U and a different antithrombotic mechanis~ are 
required or desired, which method comprises administering to the patient a therapeutically 

effective total amount of 

(i) a compound of Formula I, or a pharmaceutically acceptable salt or solvate thereof, or a 

solvate of such a salt, in admixture with a pharmaceutically acceptable adjuvant, diluent 

10 or carrier; in conjunction with 

(ii) one or more antithrombotic agent with a different mechanism of action, such as an 

antiplatelet agent, thromboxane receptor inhibitor, synthetase inhibitor, fibrinogen 

receptor antagonist, prostacyclin mimetic, phosphodiesterase inhibitor or ADP-receptor 

(P2 T) antagonist, 

is in admixture with a phannaceutically acceptable adjuvant, diluent or carrier. 

17. A method for treatment of a patient suffering from, or susceptible to, a condition in 

which inhibition of carboxypeptidase U and a different antithrombotic mechanism are 

required or desired, which method comprises administering to the patient a formulation as 

20 defined in claim 14. 
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