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Prodrup of Thmmbin Inhibitors 

Field of the Invention 

s This invention relates to pharmaceutically useful prodrugs of 

phannaceutically active compounds, which active compounds are, in 

particular, competitive inhibitors of trypsin-like serine proteases, 

especially thrombin, the use of the prodrugs as medicaments, 

pharmaceutical compositions containing them and synthetic routes to their 

10 production. 

Background 

Blood coagulation is the key process involved in both haemostasis (ie the 

IS prevention of blood loss from a damaged vessel) and thrombosis (ie the 

formation of a blood clot in a blood vessel, sometimes leading to vessel 

obstruction). 

Coagulation is the result of a complex series of enzymatic reactions. One 

20 of the ultimate steps in this series of reactions is the conversion of the 

proenzyme prothrombin to the active enzyme thrombin. 

Thrombin is known to play a central role in coagulation. It activates 

platelets, leading to platelet aggregation, converts fibrinogen into fibrin 

2S monomers, which polymerise spontaneously into fibrin polymers, and 

activates factor XIII, which in tum crosslinks the polymers to fonn 

insoluble fibrin. Furthermore, thrombin activates factor V and factor VIII 

leading to a •positive feedback" generation of thrombin from prothrombin. 

30 By inhibiting the aggregation of platelets and the formation and 

.··.~-- ... ·.-:·· ··: -.-~·:!~~-----
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crosslinking of fibrin, effective inhibiton of thrombin would therefore be 

expected to exhibit antithrombotic activity. In addition, antithrombotic 

activity would be expected to be enhanced by effective inhibition of the 

positive feedback mechanism. 

Prior Art 

The development of low molecular weight inhibitors of thrombin has been 

described by Claesson in Blood Coagul. Fibrin. (1994) S, 411. 

Blombick et al (in J. Clin. Lab. Invest. ~' suppl. 107, 59, (1969)) 

reported thrombin inhibitors based on the amino acid sequence situated 

around the cleavage site for the fibrinogen Aa chain. Of the amino acid 

sequences discussed, these authors suggested the tripeptide sequence Pbe-

1s Val-Arg would be the most effective inhibitor. 

Low molecular weight peptide-based thrombin inhibiton have 

subsequently been disclosed in, _for example, US Patent N° 4,346,078; 

International Patent Applications WO 93/11152, WO 94/29336, WO 

20 9~/18060 and WO 95/01168; and European Patent Applications 648 780, 

468 231, 559 046, 641 779, 185 390, 526 877' 542 525, 195 212, 362 

002, 364 344, 530 167, 293 881, 686 642 and 601 459. 

More recently, thrombin inhibiton based on peptide derivatives have been 

2S disclosed in European Patent Application 0 669 317 and International 

Patent Applications WO 95123609, WO 95135309, WO 96/25426 and 

WO 94/29336. 

In particular, the latter application discloses the peptide derivatives 

30 R'OOC-CH1-(R)Cgl-Aze-Pab-H, wherein R• represents H, benzyl or C1"' 
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alkyl. 

Although these active compounds arc known to exhibit significant 
antithrombin activity, it would be beneficial to improve their 

s pharmacokinetic properties both after oral and parenteral administration. 
Examples of pharmacokinetic properties which it is desirable to improve 
include: 

{a) providing an improved absorption from the gastro-intestinal tract, 

10 with a view to reducing intra- and/or inter-individual variability in 

relation to the bioavailability of the active compounds; 

(b) flattening the plasma concentration time profile (ie reducing the 

peak/trough ratio in the plasma concentration over the dosing interval), 
15 with a view to reduci~g the. risk of falling outside the therapeutic 

interval and the side effects caused by a concentration peak which is too 
high (eg bleeding), and those caused by one which is too low (eg 
thrombus formation); and 

20 (c) increasing the duration of action of the active compounds. 

25 

30 

Moreover, oral and parenteral administration of active thrombin inhibitors 
may Jead to undesirable local bleeding (eg in the intestinal lumen or 
subcutaneously) as a result of a high local concentration, 

Finally, orally administered active thrombin inhibitors which also inhibit 
trypsin and other serine proteases in the gastrointestinal tract may exhibit 
additional side effects, including indigestion (eg if trypsin is inhibited in 

the intestinal lumen). 
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Although certain N-benzyloxyca.rbonyl derivatives of the aforementioned 

active compounds are also disclosed as thrombin inhibitors in International 

Patent Application WO 94/29336, that these derivatives may be useful as 

prodrugs is not mentioned. In fact, WO 94129336 makes no mention of 

s suitable prodrugs of the active compounds. 

We have found that the above problems may be solved by administering 

compounds according to the present invention which, whilst inactive per 

se., upon oral and/or parenteral administration are metabolised in the body 

to to form active thrombin inhibitors, including those mentioned above. 

Disclosure of the Invention 

According to the invention there is provided a compound of formula I, 

15 R10(0)C-C1Ii·(R)Cgl-Aze-Pab-R2 I 

wherein 

R1 represents -R' or -A1C(O)N(R4)R' or -A1C(O)OR4; 

A 1 represents C1•5 alky lcnc; 

R2 (which replaces one of the hydrogen atoms in the amidino unit of 

20 Pab-H) represents OH, OC(O)R6, C(O)OR7 or C(O)OCHCR->OCCO)R'; 

R' represents H, C1•10 alkyl, or C1•3 alkylphcnyl (which latter group is 

optionally substituted by C1"' alkyl,. C1"' alkoxy, nitro or halogen); 

R4 and R' independently represent H,. C 1-6 alkyl, phenyl, 2-naphthyl or,. 

when R1 represents -A1C{O)N(R4)R', together with the nitrogen atom to 

25 which they are attached represent pyrrolidinyl or piperidinyl; 

R6 represents C1•17 alkyl,. phenyl or 2-naphthyl (all of which are optionally 

substituted by c,-6 alkyl or halogen); 

R7 represents 2-naphthyl, phenyl, C1•3 alkylphenyl (which latter three 

groups are optionally substituted by c,-6 alkyl, c,-6 alkoxy, nitro or 

30 halogen), or C1•12 alkyl (which latter group is optionally substituted by C 1"' 

.• ..,'::"".:::=o::'~·= ... ~i::•· :"~-~;5;:'?1-=1"-""!::"'"="'"="·"=="·~-·~-.· ·· .... - - -··- ... -·--- ......•... -----·-····-······---· -...- ----------·· 
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alkoxy, C1•6 acyloxy or halogen); 

R' represents H or c1 ... alkyl; and 

5 

R9 represents 2-naphthyl, phenyl, C1"' alkoxy or C1.a alkyl (which latter 

group is optio~ally substituted by halogen, C1-6 alkoxy or C1-6 acyloxy); 

s provided that when R 1 represents R3
, R3 represents benzyl, methyl, ethyl, 

n-butyl or n-hexyl and R2 represents C(O)OR7, then R1 does not represent 

benzyl; 

10 

or a pharmaceutically-acceptable salt thereof (hereinafter referred to as 

"the compounds of the invention•). 

The compounds of the _invention may exhibit tautomerism. AU tautomeric 

forms and mixtures thereof are included within the scope of the invention. 

The compounds of the invention may also contain one or more asymmetric 

ts carbon atoms and may therefore exhibit optical and/or diastereoisomerism. 

All diastereoisomers may be separated using conventional techniques, eg 

chromatography or fractional crystallisation. the various stereoisomers 

may be isolated by separation of a racernic or other mixture of the 

compounds using conventional, eg fractional crystallisation or HPLC, 

20 techniques. Alternatively the desired optical isomers may be made by 

reaction of the appropriate optically active starting materials under condi­

tions which will not cause racemisation or epimerisation, or by 

derivatisation, for example with a homochiral acid followed by separation 

of the diastereomeric derivatives by conventional means (eg HPLC, 

25 chromatography over silica). All stereoisomers are ·included within the 

scope of the invention. 

Aceording to a further aspect of the invention there is provided the use of 

a compound of formula I, as hereinbefore defined but without the proviso, 

30 as a prodrug. 
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Alkyl groups which R3
, R4

, R5
, R6

, R7 and R9 may represent may be 

linear or, when there are a sufficient number of carbon atoms, be 

branched, be cyclic or partially cyclic, be saturated or unsaturated, be 

interrupted by oxygen and/or be substituted or terminated by OH, 

5 provided that the OH group is not attached to an sp2 calbon atom or a 

carbon atom which is adjacent to an oxygen atom. 

By •partially cyclic alkyl groups" we mean groups such as C~Ch. 

10 Alkyl groups which R1 may represent, and R3, R6 and R7 may be 

substituted by, may ·be linear or, when there are a sufficient number of 

carbon atoms, be branched, be saturated or unsaturated and/or be 

interrupted by oxygen. 

is The alkyl portion of alkylphenyl groups which R3 and R7 may represent 

may be linear or, when there are a sufficient number of carbon atoms, be 

branched and/or be saturated or unsaturated. 

Alkylenc groups which A1 may represent may be linear or, when there arc 

20 a sufficient number of carbon atoms, be branched and/or be saturated or 

unsaturated. 

Alkoxy groups which R9 may represent, and R3, R7 and R9 may be 

substituted by, may be linear or, when there are a sufficient number of 

2S carbon atoms, be branched and/or be saturated or unsaturated. 

30 

Acyloxy groups which R7 and R' may be substituted by may be linear or, 

when there are a sufficient number of carbon atoms, be branched and/or 

be saturated or unsaturated. 
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Abbreviations are listed at the end of this specification. 

According to a further aspect of the invention there is provided a 

compound of formula I, as hereinbefore defined, with the additional 

s provisos that: 

(a) R1 does not represent -A 1C(O)OR4; 

(b) R4 and R' do not independently represent H; 

(c) R6 does not represent C1_17 alkyl, when R1 represents OC(O)R'. 

10 According to a further aspect of the invention there is provided a 

15 

compound of formula I, wherein: 

(a) R1 represents -A1C(O)OR4; 

(b) R4 and R' independently represent H; 

(c) R6 represents C1•17 alkyl, when R1 represents OC(O)R6
• 

When R1 represents -A1C(O)N(R')R5
., preferred compounds of the 

invention include th<>Se wherein: 

A 1 represents C1•3 alkylene; 

R4 represents Hor C1•6 alkyl; 

20 R5 represents C1-6 alkyl or C" cycloalkyl; or those wherein 

R4 and R5 together represent pyrrolidinyl. 

When R1 represents -A1C(O)OR4
, preferred compounds of-the invention 

include those wherein: 

25 A 1 represents C1•5 alkylene; 

R4 represents C1•6 allcyl. 

When R 1 represents R3, preferred compounds of the invention include 

those wherein R3 represents H, C1•10 alkyl (which latter group may be 

30 linear or, when there are a sufficient number of carbon atoms, may be 

···. ·:·~··- ··~·-:=.··::.·.-~·.-·::-~.:----..~,.~ ........ ..__ ................. ,,....,, ........... " .. "····-·---------···· , .. ·-. ...... ·. ··-··.·~-, ...... _..,... •..... ·--·----------· -·· ··----. , .... -.,~-·-·----.......... _________ ................ -- -·· ----·--·-·-
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branched and/or be partially cyclic or cyclic), or C1•3 alkylphenyl (which 

latter groups is optionally substituted, may be linear or, when there are a 

sufficient number of carbon atoms, be branched). 

s Preferred compounds of the invention include those wherein R2 represents 

OH, OC(O)R6 (wherein, in the latter case, R' represents optionally 

substituted phenyl or C1•17 alkyl (which latter group may be linear or, 

when there are_ a sufficient number of carbon atoms, may be branched, be 

cyclic or partially cyclic, and/or be saturated or unsaturated)), C(O)OR7 

10 (wherein, in the latter case, R7 represents optionally substituted phenyl, 

C1•12 alkyl (which latter group is optionally substituted, may be linear or, 

when there are a sufficient number. of carbon atoms, may be branched, 

cyclic or partially cyclic, and/or saturated or· unsaturated), or C1•3 

alkylphenyl (which latter group is optionally substituted, may be linear or, 

15 when there are a sufficient number of carbon atoms, may be branched)), 

or C(O)OCH(R')OC(O)R9 (wherein, in the latter case, R8 represents H or 

methyl, and R' represents phenyl, or C1•1 alkyl (which latter group is 

optionally substituted, may be linear or, when there are a sufficient 

number of carbon atoms, may be branched aDd/or cyclic or partially 

20 cyclic)). 

More preferred compounds of the invention include those wherein: 

R1 represents H, linear C1.10 alkyl, branched c3-10 alkyl, partially cyclic 

c4-IO alkyl, c ... 10 cycloalkyl, optionally substituted linear C1.3 alkylphenyl, 

2S optionally substituted branched C3 alkylphenyl, -A 1C(O)N(R4)R' 

(wherein, in the latter case, A 1 represents C1•3 alkylene, and R4 represents 

Hor C1•3 alkyl and R5 represents C1-6 alkyl or C5-6 cycloalkyl, or R4 and 

R' together represent pyrrolidinyl),. or -A 1C(O)OR4 (wherein, in the latter 

case, A 1 represents C1•5 alkylene and R4 represents c1 ... alkyl); 

30 R1 represents OH, OC(O)R6 (wherein, in the latter case, R6 represents 

, ........... ., •. • .. • ••. ~'=":O _ "'·~·~.-~ ... ···:~-- ..... ':"'. :!':"""=c=-:"':"'""·'·'''"·- ··- :· .·• . . ------.· --· .. -· ~--.-.-· .• ~ ..•.• ·. ., 
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optionally substituted phenyl, linear C14 alkyl, branched C34 alkyl or cis­

oleyl), C(0)0R7 (wherein, in the latter case, R7 represents optionally 

substituted and/or optionally unsaturated linear c1_. alkyl or optionally 

substituted and/or optionally unsaturated branched~ alkyl, optionally 

s substituted phenyl, or optionally substituted linear C1•3 alkylphenyl or 

optionally substituted branched C, alkylphenyl) or C(O)OCH(R')OC(O)R9 

(wherein, in the latter case, R8 represents H or methyl and R9 represents 

phenyl, C,.7 cycloalkyl, linear C1"' alkyl, branched Cu alkyl or partially 

cyclic C7.a alkyl). 

10 

Particularly preferred compounds of the invention include those wherein: 

R1 represents linear C1-11 alkyl, C6-1o cycloalkyl, or optionally substituted 

linear C1•3 alkylphenyl; 

R2 represents OH, 0C(O)R6 (wherein, in the latter case, R6 represents 

ts linear C 1•3 alkyl or branched <; alkyl), C(O)OR7 (wherein, in the latter 

case, R7 represents optionally substituted linear C14 alkyl or optionally 

~ubstituted branched C34 alkyl, optionally substituted linear C1•3 

alkylphenyl or branched C, alkylphenyl) or C(O)OCH(R8)0C(O)R9 

(wherein, in the latter case, R1 represents H and R9 represents C,_7 

20 cycloalkyl, linear C 1"' alkyl or partially cyclic c, .. alkyl). 

25 

When R 1 represents R3 and R3 represents optionally substituted C1•3 

alkylphenyl, preferred optional substituent include C1"' alkyl (especially 

methyl). 

When R2 represents C(O)OR7 and R7 represents optionally substituted C1•11 

alkyl, preferred optional substituents include halogen (especially chloro) 

and C1"' alkoxy (especially methoxy). 

30 When R2 representS C(O)OR7 and R7 represents optionally substituted 

"·.'"":-""":-··: .•· .•: :.~·:··.--::--:- .. ·.-r:o'T.1, .. ________ .. ______________ .. __ ....,...._._.,....,, ____ ,. ... , .. - ..... - ...... .,.-,,~-,.. •.•••• - .... ·--·-·--···---------·---· • -- •.• . 
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phenyl, preferred optional substituents include C1•6 alkyl (especially 

methyl), C1"' alkoxy (especially methoxy) and halogen (especially chloro). 

When R2 represents C(O)OR7 and R7 represents optionally substituted C1_3 

5 alkylpheriyl, preferred optional substituents incJude nitro. 

Preferred compounds of the invention include the compounds of Examples 

1 to 68. 

10 More preferred compounds of the invention include: 

EtOOCCH2-(R)Cgl-Aze-Pab-COOCH2CH =C~; 

nPrOOCClli-(R)Cgl-Aze-Pab-COOC~CH=C~; 

tBuOOCCH2-(R)Cgl-Aze-Pab-COOC~CH =CH2; 

EtOOCC~-(R)Cgl-A7.e-Pab-COOEt; 

15 EtOOCC~-(R)Cgl-Aze-Pab-COO-nBu; 

PrlC(O)C~C~C~OOCCH2-(R)Cgl-Aze-Pab-Z; 

ChNHC(O)CH200CCH2-(R)Cgl-A7.e-Pab-Z; 

{nPr),,NC(O)CH200CCH2-(R)Cgl-Aze-Pab-COOC~OOCC(CH3),; 

EtOOCCH2-(R)Cg1-A7.e-Pab-COOCHiOOCC(CH,)3; 

20 EtOOCCH2-(R)Cg1-.A7.e-Pab-COOCH(CH3)00CCH3; 

MeOOCCH2-(R)Cgl-Az.e-Pab-OOCPh; 

MeOOCCH2-(R)Cgl-Aze-Pab-OH; 

EtOOCC~-(R)Cgl-Aze-Pab-OH; 

BnOOCC~-(R)Cgl-Aze-Pab-OH; 

25 nPrOOCCH2-(R)Cgl-Aze-Pab-Z; 

nPrOOCCH2-(R)Cgl-Aze-Pab-OH; 

iPrOOCCH2-(R)Cg1-Aze-Pab-OH; 

tBuOOCCH2-(R)Cgl-Aze-Pab-OH; 

(nPrhNCOCI:IiOOCCH2-(R)Cgl-Aze-Pab-OH; 
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ChNHCOCH100CCHr(R)Cgl-Aze-Pab-OH; 

EtOOCCH1-(R)Cgl-Aze-Pab-OAc; 

HOOCCH1-(R)Cgl-Au-Pab-OH; 

HOOCCH2-(R)Cgl-Aze-Pab-0-cis-Oleyl; 

s Cyclooctyl-OOCCH2-(R)Cgl-Aze-Pab-Z; 

tBuC~OOCCH2-(R)Cgl-Aze-Pab-Z; 

(2-Me)BnOOCC~-(R)Cgl-Aze-Pab-Z; 

ChC~OOCCHz-(R)Cgl-Aze-Pab-Z; 

ChOOCC~-(R)Cgl-Aze-Pab-Z; 

10 PhC(Me)100CCH2-(R)Cgl-Aze-Pab-Z; 

(Me)zCHC(Me)zOOCCJI,-(R)Cgl-Aze-Pab-Z; 

BnOOCCH2-(R)Cgl-Aze-Pab-COOPh(4-0Me); 

ChC~OOCCH2-(R)Cgl-Aze-Pab-COOPh(4-0Me); 

{2-Me)BnOOCC~-(R)Cgl-Aze-Pab-COOPh(4-0Me); 

is EtOOCCH2-(R)Cgl-Aze-Pab-COOPh(4-Me); 

BnOOCCH2-(R)Cgl-Aze-Pab-COOPh(4-Me); 

BnOOCCH2-(R)Cgl-Aze-Pab-COO-nBu; 

iPrOOCCH2-(R)Cgl-Aze-Pab-COOCH,CH =CH1; 

EtOOCCH1-(R)Cgl-Aze-Pab-COO-iBu; 

20 BnOOCCH1-(R)Cgl-Aze-Pab-COO-nPr; 

Et00CCH2-(R)Cgl-Aze-Pab-COOCH200CCJ:l; 

Et00CCH1-(R)Cgl-Aze-Pab-COOC~OOCCH2Ch; 

EtOOCCH1-(R)Cgl-Aze-Pab-COOCH(Me)OOCPh; 

EtOOCCH1-(R)Cgl-Aze-Pab-COOCH100CPh; 

25 BnOOCC~-(R)Cgl-Aze-Pab-COOCH(Me)OAc; 

EtOOCCH1-(R)Cgl-Aze-Pab-COOC~OAc; 

tBuOOCCffi-(R)Cgl-Aze-Pab-COOCH20Ac; 

MeOOC-C( =CHEt)C~-OOCCH2-(R)Cgl-Aze-Pab-Z; 

Men-OOCCH1-(R)Cgl-Aze-Pab-COOPh(4-0Me); and 

PCT/SE%101680 
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EtOOCCH2-(R)Cgl-A:a.-Pab-COOCH2CC13 • 

Particularly preferred compounds of the invention include: 

EtOOCCH2-(R)Cgl-Aze-Pab-COOCH2CC13; 

s BnOOCC~-(R)Cgl-Aze-Pab-COOnBu; 

nPrOOCCH2-{R)Cgl-Aze-Pab-Z; 

Cyclooctyl-OOCCH2-(R)Cgl-Aze-Pab-Z; 

EtOOCCH2-(R)Cgl-Aze-Pab-COOCHzOOCCh; 

MeOOCCH2-(R)Cgl-Aze-Pab-OH; 

10 EtOOCCH2-(R)Cgl-Aze-Pab-OH; 

IS 

20 

nPrOOCCH1-(R)Cgl-Aze-Pab-OH; 

i'PrOOCCH2-(R)Cgl-Aze-Pab-OH; 

BnOOCC~-(R)Cgl-Aze-Pab-OH; and 

EtOOCCHz-(R)Cgl-Aze-Pab-OAc. 

Preparation 

According to ·the invention there is also provided a process for the 

preparation of compounds of formula I which comprises: 

(a) Preparation of a compound of formula I wherein R2 represents OH by 

reaction of a ~rresponding compound of formula I, wherein R2 represents 

OC(O)R6 and R6 is as hereinbefore defined, with an alkoxide base (eg an 

alkali metal alkoxide), for example at room temperature in the presence 

2S of an appropriate organic solvent (eg THF). 

(b) Preparation of a compound of formula I wherein R2 represents OH by 

reaction of a corresponding compound of formula I wherein R2 represents 

C(O)OR1 and R7 is as hereinbefore defined with hydroxylamine, or an acid 

30 addition salt thereof, for example at room temperature in the presence of 
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a suitable base (eg potassium carbonate or triethylamine) and an 

appropriate organic solvenf(eg THF or EtOH). 

(c) Preparation of a compound of formula I by reaction of a corresponding 

s compound of formula II, 

H-(R)Cgl-Aze-Pab-R1 n 
wherein R2 is as hereinbefore defined with a compound of formula Ill, . 

R10(0)C-C"2-L1 DI 

wherein L 1 represents a leaving group, for example halide (eg bromide) 

10 or alkylsulphonate (eg triftuoromethylsulphonate) and R1 is as hereinbefore 

defined, for e~ple between room and elevated temperature (eg 40°C) 

in the presence of a suitable base (eg potassium carbonate) and an 

appropriate organic solvent (eg THF t DMF or acetonitrile). 

15 (d) Preparation of a compound of formula I wherein R1 represents H and 

R1 represents OH o~ C(O)OR' and R7 is as hereinbefore defined by 

reaction of a corresponding compound of formula I wherein R1 represents 

C 1•10 alkyl or C1•3 alkylphenyl, and R2 represents OH or C(O)OR7
, with a 

suitable base (eg an alkali metal alkoxide or hydroxide), for example at 

20 room temperature in the presence of an appropriate organic solvent (eg 

water or MeOH). 

(e) Preparation of a compound of formula I wherein R2 represents 

OC(O)R' and R' is as hereinbefore defined, by reaction of a corresponding 

2S compound of formula I wherein R1 represents OH, with a compound of 

formula IV, 

R6C(0)-0-C(O)R6 

or a compound of formuJa V, 

R6C(O)Hal 

IV 

v 
30 wherein Hal represents Cl or Br and, in both cases, R6 is as hereinbefore 
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defined, for example at room temperature in the presence of a suitable 

base (eg triethylamine, pyridine or DMAP) and an appropriate organic 

solvent (eg methylene chloride or THF). 

s (f) Preparation of a compound of formula I wherein R 1 represents H and 

R2 represents 0C(O)R6, and R6 is as hereinbefore defined, by reaction of 

a corresponding compound of formula VI 

P10(0)C-C~-(R)Cgl-Aze-Pab-R2 VI 

wherein P1 represents an acid labile ester protecting group (eg tBu or Bn), 

10 and R2 represents OC(O)R6, wherein R6 is as hereinbefore defined, with 

a suitable acid (eg TF A), for example at room temperature in the presence 

of an appropriate organic solvent (eg methylene chloride). 

(g) Preparation·of a compound of formula I wherein R1 represents R3, R3 

1s represents C1•10 alkyl or C1., alkyJphenyl, R1 represents OH or C(O)OR7, 

and R7 is as · hereinbefore defined, by a trans-esterification of a 

corresponding compound of formula vn, 
R1-0(0)C-CH1-(R)Cgl-Aze-Pab-R2 VII 

wherein R1• represents a C1•10 alkyl or C1•3 alkylphenyl group other than 

20 that being formed and R2 is as hereinbefore defined or an alternative labile 

alkyl substituent, under conditions which are well known to those skilled 

in the art. 

Compounds of formula II may be prepared by deprotection of a compound 

25 of formula VIII, 

Boc-(R)Cgl-Aze-Pab-R2 VIII 

wherein R2 is as hereinbefore defined, under conditions which are well 

known to those skilled in the art. 

30 Compounds of formula VI and VII may be prepared analogously to those 

·---------·--"=~·~·-----··---·----
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methods described hereinbefore for preparation of compounds of formula 

I, in which R1 represents R3 and R3 represents C1.10 alkyl or C1•3 

alkylphenyl. 

s Compounds of formula Vin may be prepared by reaction of a compound 

of formula IX, 

H-Pab-R2 IX 

wherein R2 is as hereinbefore defined with Boc-Cgl-Aze-OH, for example 

at room temperature in the presence of a suitable _coupling system (eg 

10 EDC), an appropriate base (eg DMAP) and a suitable organic solvent (eg 

dichloromethane or acetonitrile). 

Compounds of formula VIIl, wherein R2 represents OH may be prepared 

by reaction of a corresponding compound of formula Vlll, wherein R2 

IS represents C(O)OR7 or C(O)OCH(R~OC(O)R', with hydroxylamine, or 

an acid addition salt thei-eof, for example at room temperature in the 

presence of a suitable base (eg potassium carbonate or triethylamine) and 

an appropriate organic solvent (eg THF or EtOH). 

20 Compounds of formula VID, wherein R2 represents C(O)OR7 or 

C(O)OCH(R')OC(O)R9, may be prepared by reaction ofBoc-(R)Cgl-A7.e­

Pab-H with a compound of formula X, 

L2C(O)OR:z. x 
wherein L2 represents a leaving group (eg halogen or phenolate) and R:z. 

25 represents R7 or -CH(R')OC(O)R9 and R1
, R1 and R9 are as hereinbefore 

defined, for example at or below room tempenture in the presence of a 

suitable base (eg NaOH) and an appropriate organic solvent (eg TIIF). 

Compounds of fonnu.la VIII, wherein R1 represents OC(O)R6 may 

30 alternatively be prepared by reaction of a corresponding compound of 

_·:.-1"."7':'!-··:··::":.-.-::7.=:!::':!?::::.~··:.·.··.·: .·.;..·.;·.:~· .····.;·;· ... _, .. ·. --·--:•·--------............ ::: . ..,,,..,..,..,_,.., .. ,..,.,,... ........... • • ...__ ______________ .. , •...•.••.... ------ ... --------·-······-----·····--·-······· .•. 
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formula VIII, wherein R2 represents OH with a compound of formula IV 

as hereinbefore defined or a compound of formula V as hereinbefore 

defined, for example at room temperature in the presence of a suitable 

base (eg triethylamine, pyridine or DMAP) and an appropriate organic 

s solvent (eg methylene chloride or THF). 

Compounds of formula VIII wherein R2 represents OC(O)R6 may 

alternatively be prepared by reaction of Boc-(R)Cgl-A7.e-Pab-H with a 

compound of formula XI, 

10 R6C(0)-0-0-C(O)R6 XI 

wherein R6 is as hereinbefore defined, for example at room temperature 

in the presence of an appropriate organic solvent (eg THF). 

Compounds of formula VIII wherein R2 represents OH may be prepared 

15 by reaction of a corresponding compound of formula vm, wherein R1 

represents OC(O)R6 and R6 is as hereinbefore defined with a suitable base 

(eg an alkali metal alkoxide), for example at room temperature in the 

presence of an appropriate solvent (eg THF). 

20 Compounds of formula IX are well known in the literature or may be 

prepared using methods analogous to those described hereinbefore. For 

example,. compounds of formula IX wherein R2 represents C(O)OR' or 

C(O)OCH(R1)0C(O)R9 and R7, R1 and R9 are as hereinbefore defined may 

be prepared by reaction of H-Pab-H, or a protected derivative thereof, 

25 with a compound of formula X, as hereinbefore defined, for example at 

or below room temperature in the presence of a suitable base (eg NaOH) 

and an appropriate organic solvent (cg THF). 

Boc-(R)Cgl-Aze-Pab-H may be prepared by reaction of H-Pab-H, or a 

30 protected derivative thereof, with Boc-Cgl-Aze-OH, for example as 
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described hereinbefore for compounds of formula Vlll. 

Boc-(R)Cgl-Aze-Pab-H may alternatively be prepared by deprotection of 

a compound of formula XII, 

s Boc-{R)Cgl-Aze-Pab-P2 XII 

wherein P2 represents a protecting group orthogonal to Boe, under 

conditions which are well known to those skilled in the art. 

Compounds of formula Ill, IV, V, X, XI and XII are either eommercially 

10 available, are well known in the literature, or are available using known 

techniques (eg as described hereinafter). 

15 

The compounds of the invention may be isolated from their reaction 

mixtures using conventional techniques. 

It will be appreciated by those skilled in the ·art that in the process 

described above the functional groups of intermediate compounds may 

need to be protected by protecting groups. 

20 Functional groups which it is desirable to protect include hydroxy, amino, 

amidino and carboxylic acid. Suitable protecting groups for hydroxy 

include trialkylsilyl and diarylsilyl groups (eg t-butyldimethylsilyl, t­

butyldiphenylsilyl or trimethylsilyl) and tetrahydropyranyl. Suitable 

protecting groups for carboxylic acid include C1"' alkyl or benzyl esters. 

2S Suitable protecting groups for amino and amidino include t­

butyloxycarbonyl or benzoyloxy carbonyl. Amidino nitrogens may be 

either mono or diprotected. 

Protecting groups may be removed in accordance with techniques which 

30 are well known to those skilled in the art, such as those described 
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hereinafter. 

The use of protecting groups is fully described in 'Protective Groups in 

Organic Chemistry', edited by J W F McOmie, Plenum Press {1973), and 

s 'Protective Groups in Organic Synthesis', 2nd edition, T W Greene & P 

GM Wutz, Wiley-lnterscience (1991). 

Medical and pharmaceutical use 

10 The compounds of the invention are useful because they are metabolised 

in the body to form compounds which possess pharmacological activity. 

They are therefore iiidicated as pharmaceuticals and in particular as 

prodrugs. 

ts In particular. the compounds of the invention, although they are inactive 

to thrombin per se, are metabolised in the body io form potent inhibitors 

of thrombin, for example as demonstrated in the test described below. 

By •the compounds of the invention are inactive to thrombin per se• we 

20 mean that they exhibit an IC50IT value, as determined in Test A below, 

of greater than 1 µM. 

2S 

The compounds of the invention are thus expected to be useful in those 

conditions where inhibition of thrombin is required. 

The compounds of the invention are thus indicated both in the therapeutic 

and/or prophylactic treatment of thrombosis and hypercoagulability in 

blood and tissues of animals including man. 

30 lt is known that hypercoagulability may lead to thrombo-embolic diseases. 
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Thrombo-embolic diseases which may be mentioned include activated 

protein C resistance, such as the factor V-mutation (factor V Leiden), and 

inherited or acquired deficiencies in antithrombin III, protein C, protein 

S, heparin cofactor II. Other conditions known to be associated with 

s hypercoagulability and thrombo-embolic disease include circulating 

antiphospholipid antibodies (Lupus anticoagulant), homocysteinemi, 

heparin induced thrombocytopenia and defects in fibrinolysis. The 

compounds of the invention are thus indicated both in the therapeutic 

and/or prophylactic treatment of these conditions. 

10 

15 

The compounds of the invention are further indicated in the treatment of 

conditions where there is an undesirable excess of thrombin without signs 

of hypercoagulability, for example in neurodegenerative diseases such as 

Alzheimer's disease. 

Particular disease states which may be mentioned include the therapeutic 

and/or prophylactic treatment of venous thrombosis and pulmonary 

embolism, arterial thrombosis {eg in myocardial infarction, unstable 

angina, thrombosis-based stroke and peripheral arterial thrombosis) and 

. 20 systemic embolism usually from the atrium during arterial fibrillation or 

from the left ventricle after transmural myocardial infarction. 

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

prophylaxis of re-occlusion (ie thrombosis) after thrombolysis, 

2S percutaneous trans-luminal angioplasty (PTA) 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 

30 of disseminated intravascular coagulation caused by bacteria, multiple 
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trauma, intoxication or any other mechanism; anticoagulant treabnent 
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 anticoagulant 

s treatment when blood is in contact with medical devices outside the body 
such as during cardiovascular surgery using a heart-lung machine or in 

haemodialysis. 

In addition to its effects on the coagulation process, thrombin is known to 

10 activate a large number of cells (such as neutrophils, fibroblasts, 

endothelial cells and smooth muscle cells). Therefore, the compounds of 

the invention may also be useful for the therapeutic and/or prophylactic 

treatment of idiopathic and adult respiratory distress syndrome, pulmonary 
fibrosis following treatment with radiation or chemotherapy, septic shock,. 

15 septicemia, inflammatory responses, which include, but are not limited to, 

edema, acute or chronic atherosclerosis such as coronary arterial disease, 

cerebral arterial disease, peripheral arterial disease, .. reperfusion damage, 
and restenosis after percutaneous trans-luminal angioplasty (PTA). 

20 Compounds of the invention that inhibit trypsin and/or thrombin may also 
be useful in the treatment of pancreatitis. 

According to a further aspect of the present invention, there is provided 

a method of treatment of a condition where inhibition of thrombin is 

2S required which method comprises administration of a therapeutically 

effective amount of a compound of formula I as defined above, or. a 

pharmaceutically acceptable salt thereof, to a person suffering from, or 

susceptible to such a condition.· 

30 The compounds of the invention will normally be administered orally, 
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buccally, rectally, dermally, nasally, tracheally, bronchially, by any other 

parenteral route or via inhalation, in the form of pharmaceutical 

preparations comprising the prodrug either as a free base, or a 

pharmaceutical acceptable non-toxic organic or inorganic acid addition 

s salt, in a pharmaceutically acceptable dosage fonn. Depending upon~ 

disorder and patient to be treated and the route of administration, the 

compositions may be administered at varying doses. 

The compounds of the invention may also be combined and/or co-

10 administered with any antithrombotic agent with a different mechanism of 

action, such as the antiplatelet agents acetylsalicylic acid, ticlopidine, 

clopidogrel, thromboxane receptor and/or synthetase inhibitors, fibrinogen 

receptor antagonists, prostacyclin mimctics and phosphodiesterase 

inhibitors and ADP-receptor (P2T) antagonists. 

IS 

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

administered with thrombolytics such as tissue plasminogen aetivator 

(natural or recombinant), streptokinase, urokinase, prourokinase, 

aniso1ated streptokinase plasminogen activator complex (ASP AC), animal 

20 salivary gland plasminogen activators,. and the like, in the treatment of 

thrombotic diseases, in particular myocardial infarction. 

According to a further aspect of the invention there is thus provided a 

pharmaceutical formulation including a compound of formula I as 

2S hereinbefore defined, or a pharmaceuticalJy acceptable salt thereof,. in 

admixture with a pharmaceutically acceptable adjuvant, diluent or carrier. 

Suitable daily doses of the compounds of the invention in therapeutical 

treatment of humans are about 0.001-lOOmg/kg body weight at peroral 

30 administration and 0.001-SOmg/kg body weight at parenteral 
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administration. 

The compounds of the invention have the advantage that they may have 

improved pharmacokinetic properties, such as those identified 

s hereinbefore, both after oral and parenteral administration, when 

compared with compounds of formula: 

10 

R'O(O)C-C~-(R)Cgl-A7.e-Pab-H 

wherein R• is as hereinbefore defined, and in particular the compound 

wherein R• represents H. 

The compounds of the· invention are inactive to thrombin, trypsin and 

other serine proteases. The compounds thus remain inactive in the 

gastrointestinal tract and the potential complications experienced by orally 

administered anticoagulants which are active per se, such as bleeding and 

15 indigestion resulting from inhibition of trypsin, may thus be avoided. 

20 

Furthermore, local bleeding associated with ~ after parenteral . 
administration of an active thrombin inhibitor may be avoided by using the 

compounds of the invention. 

The compounds of the invention may also have the advantage that they 

may be more efficacious than, be less toxic than, be longer acting than, 

have a broader range of activity than, produce fewer side effects than, be 

more easily absorbed than, or that they may have other useful 

2S pharmacological properties over, compounds known in the prior art. 
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Biological Tests 

Test A 

Determination of Thrombin clQUin~ Time m:> 
s Human thrombin (T 6769, Sigma Chem Co, final concentration of 1.4 

NIH units/mL) in J>uffer solution, pH 7 .4, 100 µL, and inhibitor solution, 

100 p.L, were incubated for one min. Pooled normal citrated human 

plasma, 100 p.L, was then added and the clotting time measured in an 

automatic device (KC 10, Amelung). 

10 

The clotting time in . seconds was plotted against the inhibitor 

concentration, and the IC50IT was determined by interpolation. 

IC50TT is the concentration of inhibitor that doubles the thrombin clotting 

is time for human plasma. 

20 

25 

TestB 
'I 

Determination of tbrombin time in plasma ex viva 
The inhibition of thrombin after oraJ or parenteral administration of the 

compounds of the invention were examined in conscious rats which, one 

or two days prior to the experiment, were equipped with a catheter for 

blood sampling from the carotid artery. On the experimental day, the 

compound, dissolved in ethanol:Solutol,..:water (5:5:90), was administered 

and blood samples were withdrawn at fixed times into plastic tubes 

containing 1 part sodium citrate solution (0.13 mol per L.) and 9 parts of 

blood. The tubes were centrifuged to obtain platelet poor plasma. The 

plasma was used for determination of thrombin time as described below. 

The citrated rat plasma, 100 µL, was diluted with a saline solution, 0.9%, 

30 100 µL, and plasma coagulation was started by the addition of human 
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thrombin (T 6769, Sigma Chem Co, USA) in a buffer solution, pH 7.4, 

100 µL. The clotting time was measured in an automatic device (KC 10, 

Amelumg, Germany). 

s The concentrations of the active thrombin.inhibitor HO(O)C-CH2(R)Cgl­

Aze-Pab-H (see International Patent Application WO 94129336) in the rat 

plasma were estimated by the use of standard curves relating the thrombin 

time in the pooled citrated rat plasma to known concentrations of the 

aforementioned active thrombin inhibitor dissolved in saline. 

10 

Based on the estimated plasma concentrations of the active thrombin 

inhibitor HO(O)C-Cliz(R)Cgl-Aze-Pab-H (which assumes that thrombin 

time prolongation is caused by the aforementioned compound) in the rat, 

the area und~r the curve after oral and/or parenteral administration of the 

15 prodrug was calculated (AUCpd) using the trapezoidal rule and 

extrapolation of data to infinity. 

The bioavailability of the active thrombin inhibitor HO(O)C-Clli(R)Cgl­

Aze-Pab-H after oral or parenteral administration of the prodmg was 

20 calculated as below: 

[(AUCpd/dose)/(AUCactive,iv/dose] x 100 

where AUCactive,iv represents the AUC obtained after intravenous 

2S administration of HO(O)C-CH2(R)Cgl-Aze-Pab-H to conscious rats as 

described above. 
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TestC 

Detenninatjon of thrmnbin time in urine ex vivo 

The amount of the active thrombin inhibitor HO(O)C-CH2(R)Cgl-Aze-Pab-

5 H that was excreted in urine after oral or parenteral administration of the 

compounds of the inventio~ dissolved in ethanol:Solutol111:water (5:5:90), 

was estimated by determination of the thrombin time in utjne a vivo 

(assuming that thrombin time prolongation is caused by the 

aforementioned compound). 

10 

JS 

Conscious rats were placed in metabolism cages, allowing separate 

collection of urine and faeces, for 24 hours following oral administration 

of compounds of the invention. The thrombin time was determined on the 

collected urine as described below. 

Pooled normal_ citrated human plasma (lOOµL) was incubated with the 

concentnted rat uri.ie, or saline dilutions thereof:J. for one minute. Plasma 

coagu_lation was then initiated by the administration of human thrombin (T 

6769, Sigma Chem Company) in buffer solution (pH 7.4; IOOµL). The 

20 clotting time was measured in an automatic device (KC 10; Amelung). 

The concentrations of the active thrombin inhibitor HO(O)C-CH2(R)Cgl­

Aze-Pab-H in the rat urine were estimated by the use of standard curves 

relating the thrombin time in the pooled normal citrated human plasma to 

25 known concentrations of the aforementioned active thrombin inhibitor 

dissolved in concentrated rat urine (or saline dilutions thereof). By 

multiplying the total rat urine production over the 24 hour period with th.e 

estimated mean concentration of the aforementioned active inhibitor in the 

urine, the amount of the active inhibitor excreted in the urine 

30 (AMOUNTpd) could be calculated. 
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The bioavailability of the active thrombin inhibitor HO(O)C-C~(R)Cgl­

Aze-Pab-H after oral or parenteral administration of the prodrug was 

calculated as below: 

s [(AMOUNTpd/dose)/(AMOUNTactive,iv/dose] x 100 

10 

where AMOUNTactive,iv represents the amount excreted in . the urine 

after intravenous administration of HO(O)C-C~(R)Cgl-Aze-Pab-H to 

conscious rats as descn"bed .i>ove. 

TestD 

Detennination of HO(Q)C-CfL-(RlC&l-Aze-Pab-H in urine by LC-MS 

The amount of the active thrombin inhibitor HO(O)C-C~-(R)Cgl-Aze-

1s Pab-H that was excreted in urine after.~ or parenteral administration of 

the compounds of the inventiont dissolved in ethanol :Solutol ... :watcr 

(5:5:90), was measured by LC-MS analysis as described below. 
f 

The animal studies were performed as described in Method C above. 

20 Urine samples were collected and fro7.en at -20°C before they were 

analysed. 

Urine samples were analysed for their content of HO(O)C-Clii-(R)Cgl­

Aze-Pab-H according to the following method: 

Thawed urine samples were mixed and, if required, spinned in a 

centrifuge. Solid phase extraction tubes (Analytichem Bond Elut. No. 

1210-2059) were activated with 1.0 mL of methanol and conditioned with 

1.0 mL of acetonitrile:water (SO:SO), followed by 1.0 mL of 0.1 % formic 

30 acid. SO µL ·of the working internal standard (20 µmol/L) was added to 
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each extraction tube. For urine· standards, 50 µL of standard solution was 

added. 200 µL of a sample or, for urine standards, blank urine was added 

to each tube and thereafter pulled through via gravity or a gentle vacuum. 

Residual urine was washed out with 1.0 mL of ammonium acetate (2 

s mmol/L), before elution with 1.0 mL of acetonitrile:amrnonium acetate (2 

mmol/L) (35:65). The collected eluate was transferred to autosampler 

vials. 30 µL of the extract was injected onto the LC column (Hypersil 

BDS-Cl8; 3 µm; 75 mm x 4.0 mm i.d.; Hewlett-Pach.rd No. 79926 03-

354), eluted with ammonium acetate buffer (I.~ mmol/L) with 40% 

10 acetonitrile and 0.1 % formic acid at 0. 75 mL/min. The effluent was split 

so that 30 µL/min entered the electrospray ion source of a P-E Sciex API-

3 mass spectrometer. HO(O)C-CH2-(R)Cg1-Aze-Pab-H and HO(O)C-C~­

(R)Cgl-Pro-Pab-H (internal standard) both have retention times near 1.5 

IS 

20 

.· 
minutes. Their molecular ions ((M+H)+) were monitored at m/z 430.2 

and 444.2 respectively, at unit mass resolution. Urine standards at two 

levels, one ~ing at the limit of quantification, were used for calibration 

based on peak area ratios of HO(O)C..CH1-(R)Cgl-Aze-Pab-H over the 
·' 

internal standard. Linearity of the method was checked over the range 

0.050-20 µmol/L. The coefficient of variation was 1-2% at 1-20 µmol/L 

a~ 7 % at 0.50 µmol/L. The limit of quantification was 0.050 µmol/L. 

By multiplying the total urine production over the 24 hour period by the 

measured concentration of HO(O)C-CH2-(R)Cgl-Aze-Pai>-H in the urine, 

the amount of the active inhibitor excreted in urine (AMOUNTpd) could 

2S be calculated. The bioavailability of the active thrombin inhibitor was 

then calculated as described in Method C above. 

The invention is illustrated by way of the following examples. 
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Examples 

General Experimental J>rocedures. 

s Mass spectra were recorded on a Finnigan MAT TSQ 700 triple 

quadrupole mass spectrometer equipped with an electrospray interface. 

lbe 1H NMR and 13C NMR measurements were perfonned on BRUKER 

· ACP 300 and Varian UNITY plus 400 and SOO spectrometers, operating 

10 at 1H frequencies of 300.13, 399.96 and 499.82 MHz respectively, and 

at 13C frequencies of 75.46, 100.58 and 125.69 MHz respectively. 

Chemical shifts are reported in o units. 

JS 

Preparation of starting materials 

Boc-(R)Cgl-Aze-Pab-H, Boc-(R)Cgl-Aze-Pab x HCl, H-(R}A7.e-Pab-Z, 

H-(R)Aze-Pab-Z x HCl, Bn-OOCCH2-(R)Cgl-Aze-~~b-Z, 

Boc-(R)Cgl-Aze-Pab-Z, Boc-(R)Cgl-Aze-OH and Pab-Z. x HCl were 

prepared according to the methods described in International Patent 

20 Application WO 94/29336. 

Example 1 

EtOOCCJL-CR>C&l-Aze-Pab-CQOCJLCH =CH2 

2S (i) Boc-CRlCd-Aze-Pab-COOCH2CH=CJ-L 

To a solution of Boc-(R)Cgl-Aze-Pab-H (6.1 g; 13 mmol) in THF (125 

mL) and 2M NaOH (70 mL; 140 mmol) at O~C was added dropwise allyl 

chlorofonnate (1.7 g; 14 mmol). After stirring at 0°C for lb, the reaction 

was mixture concentrated, water was added (100 mL) and the resulting 

30 aqueous phase was extracted with methylene chloride (3xl00 mL). The 
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combined organic phases were concentrated to give 6.4 g of a crude 

product which was purified by flash chromatography using 

EtOAc:THF:~N (68:29:3) as eluent. Concentration gave 5.8 g (81 %) of 

the subtitle compound as a white solid. 

1H NMR (500 MHz, CDCl3): a 8.19 (bt, lH), 7 .78 (d, 2H), 7 .26 (d, 211), 

6.02 -5.92 (m, lH), 5.32 (d, J=17 Hz, lH), 5.18 (d, J=lO Hz, IH), 

5.06 (d, J =7 Hz, IH), 4.82 (bs, lH), 4.61 (d, J =6 Hz, 2H), 4.58-4.48 

{m, lH), 4.38-4.27 (rri, 2H), 4.14-4.03 (m, lH), 3.77-3.68 (m, lH), 

10 2.60-0.90 (m, 24H). 

13C NMR (125 MHz, CDCl:J carbonyl and amidine signals: o 172.70, 

170.74, 168.02, 164.54, 155.98. 

. 
(Ii) H-CR>C&l-Ar.e-Pab-COOCH2CH =CJL x 2TFA 

1s To a solution of Boc-(R)Cgl-A7.C-Pab-COOC1iiCH =Clfi (2.03 g; 3 .65 

mmol; from step (i) above) in methylene chloride (15 mL) at 0°C was 

added TFA (15 mL). The reaction mixture was stirred at ambient 

temperature for 3 h followed by concentration to give the 2.8 g of the 

subtitle compound as a white solid. 

20 

2S 

1H NMR (500 MHz, MeOH (d4)): o 7 .80 (d, 2H), 7.57 (d, 2H), 6.02 (m, 

lH), 5.45 (d, J=17 Hz, lH), S.33 (d, J=lOHz, lH), 5.91-4.80 (m, 3H), 

4.56 (s, 2H), 4.38 (bq, 1=8 Hz, lH), 3.71 (d, J=7 Hz, lH), 2.76-2.60 

(m, lH), 2.35-2.20 (m, lH), 1.9-1.0 (m, llH). 

(iii) EtOQCCJL-ClOC&l-Aze-Pab-COOCH2CH =CJL 

A mixture of H-(R)Cgl-Aze-Pab-COOCH1CH=CH2 x 2TFA (649 mg; 

0.9S mmol; from step (ii) above), ~C03 {656 mg, 4.8 mmol), water (0.1 

mL), and THF {10 mL) was stirred at 40°C for 2 h followed by addition 

30 of ethyl bromoacetate (190 mg; 1.14 mmol) in THF (1 mL). After stirring 
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at 40°C for 4 hand at ambient temperature for 14 h the reaction mixture 

was filtered, concentrated, and purified by flash chromatography using 

EtOAc:THF:Et,N (68:29:3) as eluent to give 244 mg (47%) of the title 

compound as a white solid. 

1HNMR (40C>'MHz, CDCl:J: 8 8.46 (bt, lH), 7.81(d,2H), 7.35 (d, 2H), 

6.08-5.94 (m, lH), 5.35 (d, J=18 Hz, IH), 5.23 (d, J=ll Hz, UI), 4.93 

(dd, J=6 and 9 Hz, lH), 4.66 (d, 2H), 4.62-4.38 (AB part of an ABX­

spectrum), 4.16-4.04) (m, 4 H), 3.20 (d, 2H), 2.86 (d, IH), 2.64-2.45 

10 (m, 2H), 2.0-1.0 (m 17H). 

lS 

20 

13C NMR (100 MHz, CDCI,) carbonyl and amidine signals: 8 175.33, 

172.24, 170.72, 168.19, 164.35. 

Example2 

nPrOQCCH2-(/{>Cgl-A:ze-Pab-COOC1J&H =CJL 

The title compound was prepared according to the procedure described in 

Example l(iii) from H-(R)Cgl-Aze-Pab-COOC~CH=Clli x 2TFA (503 

mg; 0.74 mmol; see Example l(ii) above) and n-propyl bromoacetate (160 

mg, 0.88 mmol) to give Tl1 mg (68 % ) as a white solid. 

1H-NMR (400 MHz, CDC13): 8 8.48 (bt, lH), 7 .83 (d, 2H), 7 .35 (d, 2H), 

6.76 (broad, lH), 6.02 (m, lH), 5.37 (dd, lH), 5.24 (dd, lH), 4.94 (t, 

1H), 4.67 (dd, 2H), · 4.49 (AB part of an ABX-spectrum, 2H), 4.12 (m, 

2H), 3.98 (t, 2H), 3.24 (AB-system, 2H), 2.87 (d, lH), 2.S2 (m, 2H), 

25 1.99 (bd, 2H), 1.80-1.50 (m, 7H), 1.61 (q, 2H), 1.30-1.10 (m, 2H), 1.00 

(qd, 2H), 0.90 (t, 3H). 
13C-NMR (100 MHz, CDCI,) amidine and carbonyl signals: ~ 175.4, 

172.3, 170.7, 167.9, 164.S 
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Example 3 

tBuQQCCHdR>Cd-Aze-Pab-COOCff&H =C~ 

The title compound was prepared according to the· procedure described in 

Example l(iii) from H-(R)Cgl-Aze-Pab-COOC~CH=CH2 x 2TFA (285 

s mg; 0.42 mmol; see Example l(ii) above) and t-butyl bromoacetate (96 

mg; 0.50 mmol) to give 93 mg (39%) as a white solid. 

1H NMR (500 MHz, CDCl,): i 8.SO (ht, IH), 7.81 (d, 2H), 7 .36 (d, 2H), 

6.07-5.97 (m, lH), 5.36 (d, J=16 Hz, lH), 5.22 (d," J=lOHz, lH), 4.93 

10 (dd, J=9 and 6 Hz, lH), 4.76 (d, J=6 Hz, 2H), 4.57-4.46 (m, 2H), 

4.18-4.04 (m, 2H), 3.19-3.08 (AB-spectrum, J.u =20 Hz, 2H), 2.86 (d, 

J=S Hz, lH), 2.72-2.53 (m, 2H), 2.0-0.9 (m, 23H). 

lS 

13C NMR (100 MHz, C.DCIJ) amidine and ~~nyl signals: a 175.28, 

171.53, 170.76, 167.81, 164.1. 

Examp1e4 
. . 

EtOOCCH2-CRlCgl-Ar,e-Pab-COOEt 

(i) Boc-CR)Cgl-Ar.e-Pab-CQOEt 

20 The sub-tide compound was prepared according the procedure described 

in Example l(i) from Boc-(R)Cgl-Aze-Pab-H (600 mg; 1.3 mmol) and 

ethyl chloroformate (150 mg; 1.4 mmol) yielding 240 mg (34 % ) as a 

white solid. 

2S 1H-NMR (300 MHz, CDC13): o 9.37 (bs, lH), S.16 (bs, lH), 7.72 (d, 

2H), 7.18 (d, 2H), 5.17 (d, lH), 4.73 (t, lH), 4.47 {dd, lH), 4.27 (m, 

2H), 4.06 (q, 2H), 3.66 (t, IH), 2.48 (m, lH), 2.37 (m, lH), 1.4-1.8 

(m, 7H), 1.22 (s, 9H), 1.3-0.8 (m, 7H). 
13C-NMR (75MHz, CDC13) carbonyl and amidine signals: 8172.6, 170.7, 

30 167.9, 164.8, 156.0 
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(ii) H-(RlC&l-Aze-Pab-COOEt x 2HC1 

To a solution of Boc-(R)Cgl-Aze-Pab-COOEt (240 mg; 0.44 mmol; from 

step (i) above) in EtOAc (20 mL) was added hydrogen chloride at 0°C 

over 5 minutes. The reaction mixture was stirred at 0°C for 1 h folJowed 

s by concentration to give 225 mg (100'5) as a white solid. 

1H-NMR (300 MHz~ D20): 8 7 .85 (d, 2H), 7 .61 (d, 2H), 4.98 (dd, lH), 

4.60 (s, lH), 4.44 (p, SH), 3.90 (d, lH), 2.73 (m, IH), 2.37 (m, lH), 

2.0-1.65 (m, 9H), 1.39 (t, _3H), 1.4-1.1 (m, 7H), 0.98 (m, lH). 

10 13C-NMR (75 MHz, OiO) amidine and carbonyl signals: a 172.7, 169.4, 

166.8, 154.3. 

(ill) EtOQCQL-(R>C1l-Aze-Pab-COOEt . ··'\ 

The title compound was prepared according to the procedure described in 

ts Example l(iii) from H-(R)Cgl-Ar.e-:Pab-COOEt x 2HC1 (160 mg; 0.31 

mmol; from step (ii) above) and ethyl bromoacetate (52.S mg; 0.31 

mmol). Yield: 100 mg (61 %) as a light yellow pow~er . 

. 1H-NMR (300 MHz, CDCl,): 8 8.48 ( bt, 1H), 7.81 (d, 2H), 7.38 (d, 

20 211), 4.51 (AB part of an ABX-spectrum, 2H), 4.21 (q, 2H), 4.15-4.05 

(m, 4H), 3.21 (AB-spectrum, 2H), 2.86 (d, lH), 2.68 (m, lH), 2.53 (m, 

lH), 1.96 {bd, 2H), 1.90-1.70 (m, 12H), 1.35 (t, 3H), 1.22 (t, 6H), 1.30-

0.95 (m, 2H). 

J3C-NMR (75 MHz, CDCl3) carbonyl and amidine signals: 8 .15.S, 172.2, 

2S 170.7, 167.6, 164.9 
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Example 5 

EtOOCCfb-CIQC&l-Aze-Pab-COO-nPr 

(i) Boc-CRlCal-Aze-Pab-COO-nPr . 

s The sub-title compound was prepared according to the procedure described 

in Example l(i) above using Boc-(R)Cgl-Aze-Pab-H (6.0 g; 13 mmol;) and 

n-propyl chloroformate (1.57 mL; 14 mmol). Yield S.4 g (76%). 

1H-NMR (400 MHz, CDCl,): o 8.25 (ht, lH), 7.82 (d, 2H), 7.31(d,2H), 

10 5.09 (bd, lH), 4.87 (dd, lH), 4.58 (dd,. lH), 4.39 (ddlt 2H), 4.14 (q, 

lH), 4.10 (t, 2H), 3.79 (t, lH), 2.54 (dm, 2H), 2.21 (s, lH), l.87-1.SS 

(m, 8H), 1.33 (s, 9H), 1.45-1.0 (m, 4H), 0.99 (t, 3H). 

IS 

20 

13C-NMR (100 MHz, CDCI,) amidine and carbonyl signals: 8 172.7, 

170.6, 167.8, 165.0, 155.9. . . 

(ii) H-CR)CaJ-Aze-Pab-COO-nPr x 2TfA 

The sub-title compound was prepared according to the procedure described 

in Example l(ii) using 2~ 1 g (3. 7 mmol) of Boc-(R)Cgl-Aze-Pab-COO-nPr 

(from step (i) above). Yield 3. 7 g. 

1H-NMR (400 MHz, MeOH-d.J: 8 7.77 (d, 2H), 7.60 (d, lH), 4.86 (dd, 

lH), 4.56 (AB part of an ABX-spectrum, 2H), 4.33 (m, 4H), 3. 72 (d, 

lH), 3.30 (m, lH), 2.~8 (m, lH), 2.28 (m, lH), 1~9-1.7 (m, 9H), 1.4-

1.1 (m, 6H), 1.02 (t, 3H). 

2S 13C-NMR (100 MHz, MeOH-dJ carbonyl and amidine signals: 8 172.7, 

169.3, 168.0, 161.4. 

30 

(iii) EtQOCCJL-CIDCgl-Ar.e-Pab-COO-nPr 

The title compound was prepared according to the procedure described in 

Example l(iii) from H-(R)Cgl-Aze-Pab-COO-nPr x 2TFA (472 mg; 0.69 
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mmol; from step (ii) above) and ethyl bromoacetate (138 mg; 0.83 mmol) 

to give 0.22 mg (58%) as a white solid. 

1H-NMR (400 MHz, CDCI,): 8 8.46 (ht, lH), 7.82 (d, 28), 7.32 (d, 2H), 

s 4.92 (dd, IH), 4.49 (AB part of an ABX-spectrum, 2H), 4.10 (m, 6H), 

3.23 (AB-spectrum, 2H), 2.80 (dm, 2H), 1.98 (bd, 2H),l.74 (q, 2H), 

1.63 (dd, 2H), 1.52 (m, 1), 1.21 (t, 3H), 1.20-1.10 (m, 2H), 0.98 (t, 

3H). 
13C-NMR {100 MHz, CDC13) carbonyl and amidine signals: ~ 175.3, 

10 172.2, 170.7, 167.6, 164.8. 

Example 6 

MeOQCCH2-(RlC&l-Aze-Pab-COO-nPr 

The title compound was prepared according to the procedure described in 
15 Example l(iii) above from H-(R)Cgl-Aze-Pab-COO-nPr x 2TFA (365 mg; 

0.53 mmol; see Example 5(ii) above) and methyl bromoacetate (98 mg; 

0.64 mmol) to give 114 mg (41 %) as a white solid. 

1H-NMR csoo MHz, cnc1J): a 8.44 (ht, lH), 1 .s2 (d, 2H), 1 .32 c (d, 
20 2H), 7.04 (broad, lH), 4.92 (dd, IH), 4.49 (AB part of an ABX 

spectrum), 4.12 (m, 2H), 4.10 (t, 2H), 3.63 (s, 3H), 3.24 (s, 2H), 2.87 

(d, IH), 2.65 (m, lH), 2.52 (m, lH), 2.01 (broad, lH), 1.96 (bd, 2H), 

1.75 (q, 4H), 1.63 (bdd, lH), 1.53 (m, lH), 1.3-1.1 (m, SH), 0.99 (t, 
3H). 

2S 13C-NMR (100 MHz, CDCI,) carbonyl and amidine signals: o 175.3, 

172.5, 170.7, 167.7, 165.0. 

·--··---------
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Example 7 

EtQOCCfb-(B)C&J-Aze-Pab-COOCH2CJLOMe 

(i) Boc-U{)Ccl-Aze-Pab-COOCJLCH20Me 

s The sub-title compound was prepafed according to the procedure described 

in Example l(i) above using Boc-(R)Cgl-Aze-Pab-H (6.0 g; 13 mmol) and 

2-methoxyethyl chlorofonnate (1.94 g; 14 mmol). Yield 3.9 g (529'). 

1H-NMR (400MHz, CDCI,): & 8.24 (ht, IH), 7.83 (d, 28), 7.31(d,2H), 

10 5.08 (bd, JH), 4.87 (dd, lH), 4.58 (dd, lH), 4.39 (dd, 2H), 4.30 (t, 2H), 

4.15 (m, lH), 3.79 (bt, lH), 3.68 (t, 2H), 3.40 (s, 3H), 2.65-2.45 (m, 

2H}, 2.20 (broad, lH), 1.9-1.55 (m, 6H), 1.34 (s, 9H), 1.3-0.95 (m, 6H). 
13C-NMR (100 MHz, CDC13) carbonyl a~ amidine signals: B 172.7, 

JS 

20 

170.7, 167.8, 164.6, 155.9. . 

(ii) H-<I()Cg1-Aze-Pab-COOCJLCH20Me x 2TFA 

The sub-title compound was prepared according to the procedure described 

in Example l(ii) above using 1.71 g of Boc-(R)Cgl-Aze-Pab­

COOCffiCffiOMe (from step (i) above). Yield 1.89 g (88%). 

1H-NMR (400 MHz, MeOH-d4): ~ 7. 77 (d, 2H), 7 .59 (d, 2.H), 4.85 (dd, 

lH), 4.56 (d, 2H), 4.49 (m, 2H), 4.37 (m, lH), 4.28 (m, lH), 3.70 (m, 

3H), 3.37 (s, 3H), 2.68 (m, lH), 2.28 (m, lH), 1.9-1.7 (m, 7H), 1.4-1.1 

(m, 6H). 

2S 13C-NMR (100 MHz, Me0H-d4) carbonyl and amidine signals: 6 172.7, 

169.3, 168.0, 154.6. 

(iii) EtQOCCH:z-{R>Cel-Aze-P&b-CQQCJLCfLOMe 

The title compound was prepared according to the procedure described in 

30 Example l(iii) above from H-(R)Cgl-Ar.e-Pab-COOCH2CH20Me x 2TFA 
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(487 mg; 0.69 mmol; from step (ii) above) and ethyl bromoacetate (138 

mg; 0.83 mmol) to give a crude product which was purified by flash 

chromatography using THF:methylene chloride (3:1) as eluent. The yield 

was 0.13 mg (34 %) as a white solid. 

1H-NMR (400 MHz, CDCI,): 8 8.46 (bt, l_H), 7 .83 (d, 2H), 7 .32 (d, 2H), 

7 .21 (broad, lH), 4.92 (dd, lH), 4.49 {AB part of an ABX spectrum, 

2H), 4.30 (t, 2H), 4.12 (q, 2H), 4.07 (q, 2H), 3.68 (t, lH), 3.40 (s, 3H), 

3.24 (s, 2H), 2.62 (m, lH), 2.52 (m, lH), 2.07 (broad, IH), 1.97 (bd, 

10 lH), 1.8-l.S (m, SH), 1.3-1.1 (m, 6H), 1.05-0.95 (m, 2H). 
13C-NMR (100 MHz, CDCI,) carbonyl and amidine signals: {, 175.3, 

172.2, 170.7, 167.8, 164.6. 

Example 8 

lS MeOQCCJb-CR)Cd-Aze..Pab-COOCJLCHPMe 

The title compound was prepared according to the method . described in 

Example l(iii) above from H-(R)Cgl-Aze-Pab-COOC~CHiOMe x 2TFA 
. . . 

(490 mg; 0.7 mmol; see Example 7(ii) above) and methyl bromoacetate 

(128 Ing; 0.84 mmol) to give a erode product which was purified by flash 

20 chromatography using TIIF:methylene chloride (3:1) as eluent. The yield 

was 155 mg (41 %) as a white solid. 

1H-NMR (400 MHz, CDCI,): 8 8.44 (t, lH), 7 .83 (d, 2H), 7 .31 (d, 2H), 

4.92 (dd, IH), 4.49 (AB part of an ABX spectrum, 2H), 4.30 (t, 2H), 

2S 4.13 (m, 2H), 3.68 (t, 2H), 3.63 (s, 3H), 3.39 (s, 3H), 3.2S (s, 2H), 2.87 

(d, lH), 2.62 (m, IH), 2.52 (m, IH), 1.96 (bd, lH), 1.8-1.S (m, 6H), 

1.3-1. l (m, SH), 1.00 (q, 2H). 

30 

13C-NMR (100 MHz, CDCI,) carbonyl and amidine signals: 8 175.2, 

172.6, 170.7, 167.8, 164.5. 
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Example 9 

EtOQCCfL-CRlCil-Ar&-Pab-COO-nBu 

(i) Boc-CR)Crl-Aze-P&b-COO-nBu 

5 The sub-title compound was prepared according to the procedure described 

in Example l (i) from Boc-(R)Cgl-A7.C-Pab-H (1.01 g; 2.1 mmol) and n­

butyl chloroformate (0.32 ·g; 2.4 mmol). After stirring at ambient 

temperature for 1.5 h the reaction mixture was concentrated and extracted 

with three portions of methylene chloride. The combined organic phase 

10 

IS 

20 

2S 

was then washed with water, dried over N82S04, and concentrated to give 

1.0 g (83 % ) of the sub-title compound as a white solid. 

1H-NMR (300 MHz, CDCIJ: 6 9.81-9.31 (bs, lH), 8.36-8.20 (m, lH), 
. . . 

7 .35 (d, 2H), 7 .84 (d, 2H), 6.78-6.43 (bs, IH), S.OS-4.82 (m, 2H), 4.69-

4.lS (m, 3H), 4.IS-4.08 (m, 3H), 3.86-3.70 (m, lH), 2.68-2.42 (m, 2H), 

1.92-0.88 (m, 2SH). 
13C-NMR (12S MHz, CDClJ amidine and carbonyl signals: 6 172.S, 

170.7,. 167.9, 164.9, 156.0. 

FAB-MS: (m+1)=572 (m/z) 

(n") H-(l()Cal-Aze..Pab-COO-nBu x 2HCI 

The sub-title compound was prepared according to the procedure described 

in Example 4{ii) from Boc-(R)Cgl-Aze-Pab-COO-nBu (2.S g; 4.4 mmol; 

from step (i) above) to give 2.4 g (100%) as a white solid. 

1H-NMR (300 MHz, Me0H-d4): 8 7.78-7.60 (m, 2H), 4.66 -4.49 (m, 

2H), 0.98 (t, 2H), 4.49-4.35 (m, 3H), 4.35-4.22 (m, lH), 3.75 (d, lH), 

1.92-1.67 (m, SH), 1.56-1.07 (m, SH). The signal of one of the protons 

is partially obscured by the CD30H-signal 

30 13C-NMR (100 MHz, MeOH-d4) amidine and carbonyl signals: 6 172.7, 
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MS (m+ 1)=472 (m/z) 

38 

(iii) EtOOCCH2-CR>Cgl-Aze-Pab-COO-nBu 

s The title compound was prepared analogously to the procedure described 

in Example 1 (iii) from H-(R)Cgl-Aze-Pab-COO-nBu x 2HCI ( 400 mg; 

0. 74 mmoJ) and ethyl bromoacetate (147 mg; 0.88 mmol). The product 

was purified by flash chromatography using methylene chloride and EtOH 

gradient 0.1 % = > 12.8 % as eluent to give 290 mg (70%) as a white solid. 

10 

1H-NMR (300MHz, CDCI,): 6 9.70-9.36 (bs, lH), 8.47 (t, lH), 7.81 (d, 

2H), 7.32 (d, 2H), 7.07-6.73 (bs, IH), 4.97-4.87 (dd, lH), 4.62-4.35 (m, 

2H), 4.20-3.98 (m, 6H), 3.27:-3.12 (m, 2H), 7._84 ~s, lH), 2.70-2.40 (m, 

2H), 2.03-0.85 (m, 22H) 

ts 13C-NMR (7SMHz, CDCI,) amidine and carbonyl signals: o 175.3, 172.3, 

170.8, 167.9, 165.0 

FAB-MS: (m+ 1)=558 (m/z) 

Example JO 

20 PrlCCOlCfLCJLCfLOOCCJL-CRlCel-Aze-Pab-Z 

(i) PrlCCOlCJLCJbCfLOH 

A mixture of 'Y-butyrolactone (4.0 g; 46.5 mmol) and pyrrolidine (6.6 g; 

92.8 mmol) was stirred at room temperature for 2.5 h. The product was 

2S concentrated in vacuum to give 14.5 g (100%) of the product as a yellow 

oil. 

30 

iH-NMR (300MHz, Me0H-d4): 8 3.S8 (t, 2H), 3.50 (t, 2H), 3.40 (t, 

2H), 2.42 (t, 2H), 2.06-1.75 (m, 6H) 
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(ii) J>rJC(O)CJLCH&fl200CCH:Jlr 

To a mixture of PrlC(Q)CH2CH2CH20H (7 .2 g; 45.8 mmol; from step (i) 

above) and DMAP (S.6 g; 45.8 mmol) in methylene chloride at 0°C was 

added dropwise bromoacetyl bromide (4.0 mL; 45.8 mmol). After stirring 

s at room temperature for 1.5 h another portion of bromoacetyl bromide 

(1.0 mL, 11.4 mmol) and DMAP (1.4 g, 11.4 mmol) was added and 

reaction was refluxed for 1.5 h. Water was added and the methylene 

chloride was extracted 3 times. The organic phase was dried with N~S04 

and concentrated to give 10.3 g (81 %) of the product as a yellow oil. 

10 

1H-NMR (400 MHz, CDCl:J: a 4.15 (t, 2H), 3.75 (s, 2H), 3.40-3.31 (m, 

4H), 2.30 (t~ 2H), 1.98-1.83 (m, 4H), 1.81 -1.73 (m, 2H) 

• ·
7 (iii) PrlCCO>caCH&ILOOCCH2-CIDC&l-Aze-~b(Z) 

is The title compound was prepared· according to the procedure described in 

Example l(iii) from H-(R)Cgl-Aze-Pab-Z (6 g; 10.4 mmol) and 

PrlC(O)CH2CH2CffiOOCCJiiBr (3.S g; 12.4 mmol; from step (ii) above) . 
• 

The crude product was purified by flash chromatography using 

beptane:EtOAc:isopropanol (1 :2:2) as eluent to give 4.2 g which was then 

20 purified by using preparative RPLC using 44% acetonitrile in O.lM 

NH..OAc as eluent to give 2.64 g (36%) of the product as a white solid. 

1H-NMR csoo MHz, cnc1,>: a 9.80- 9.22 (b s, lH), s.36 (t, lH), 1 .96 

-7.S8 (m, 3H), 7.45 (d, 2H), 7.37 -7.22 (m, SH), 5.20 (s, 2H), 4.95 -

2S 4.88 (dd, lH), 4.72 -4.29 (m, 2H), 4.15 -4.04 (m, 2H), 4.04 -3.88 (m, 

2H), 3.40 (t, 2H), 3.34 (t, 2H), 3.28 -3.17 (m, 2H), 2.85 (d, lH), 2.67 

-2.48 {m, lH), 2.23 (t, 2H), 2.14 -0.93 (m, 18H). 

DC-NMR (125 MHz, CDCl3) amidine and carbonyl signals: a 175.3, 

172.4, 170.9, 170.4, 168.2, 164.6 

30 FAB-MS: (m+ 1)=703 (m/z) 
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Example l l 

ChNHC(O)CJLOOCCH2-(RlC1l-Aze-P8b-Z 

(i) ChNBCCQ)CH2QH 

s A mixture of cyclohexyJamine (9.9 g; 99.8 mmol) and 2,5-dioxo-1,4-

dioxanc (3.0 g, 25.9 mmol) was stirred at 100°C for 2.5 h. The product 

was concentrated to give 8.1 g (100%) of the product as a brown solid. 

1H-NMR (500 MHz, MeOH-d4): 8 3.92 (s, 2J:I), 3.75 -3.65 (m, lH), 

10 1.90 -1.SS (m, SH), 1.43 -1.07 (m, SH). The signal of two of the protons 

are obscured by the CD30H-signal. 

15 

13C-NMR (125 MHz, MeOH-d4) amidine and carbonyl signals: 6174.0, 

62.S, 33. 7, 26.5, 26.1, 26.0 The signal of one of the carbons is obscured 

by the CD30D-signal. 

(ii) CbNffCCOlCHzQOCCJLBr 

To a mixture of ChNHC(O)CH20H (8.0 g; S0.9 mmol; from step (i) 

above) and DMAP (6.2 g; S0.9 mmol) in methylene chloride (80 mL) at 

0°C was added dropwise bromoacetyl bromide (4.0 mL; 45.8 mmol). 

20 · After stirring at room temperature for l .S h further portions of 

bromoacetyl bromide (1.0 mL, 11.4 mmol) and DMAP (1.4 g, 11.4 

mmol) were added and the reaction mixture was refluxed for 1.S b. Water 

was added and the aqueous phase was extracted with three portions of 

methylene chloride. The organic phase was washed with water, dried with 

2S NaiS04 , and concentrated to give 10.3 g (73%) of the product as a brown 

solid. 

1H NMR (400 MHz, CDCl3): a 6.12-6.00 (bs, lH), 4.62 (s, 2H), 3.90 (s, 

2H), 3.84-3.76 (m, lH), 1.95-1.86 (m, 2H), 1.75-1.65 (m, 2H), 1.65 -

30 1.56 (m, IH), 1.43-1.29 (m, 2H), 1.24-1.10 (m, 3H). 
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(iii) ChNliCCOlCH200CC}b-(8)Cel-Aze-Pab-Z 

The title compound was prepared analogously to the procedure described 

in Example l(iii) with starting from H-(R)Cgl-Aze-Pab-Z (6 g; 10.4 

mmoJ) and ChNHC(O)CHiOOCC~Br (3.S g; 12.4 mmol; from step (ii) 

s above). The crude product was purified by flash chromatography using 

heptane:EtOAc:isopropanol (5:2:2) as eluent followed by concentration 

and then by preparative RPLC using 50% acetonitrile in O. lM NH.OAc 

as eluent. Concentration and freeze drying gave 2.6 g (36%) of the 

product as a white solid. 

10 

1H-NMR (500 MHz, CDCI:J: 8 9.78-9.25 (bs, lH ), 7.90 (t, lH), 7.78 

(d, 2H), 7 .44 (d, 2H), 7 .38-7 .24 (m,. SH), 6.66 (t, lH), 5.20 (s, 2H), 

4.90-4.83 (dd, lH), 4.60-4.45 (m, 2H), 4.18-3.9~ (m, 4H), 3.73-3.62 (m, 
. .. .. 

lH), (d, lH), 3.23, 3.44 (AB, 2H), 2.87, 2.65-2.08 (m, 3H), 1.98-0.93 

is .cm, 22H) 

13C-NMR (125 MHz, CDCl3) amidine and carbonyl signals: 8 175.1, 

171.7, 170.7, 168.8, 166.1, 164.4 

FAB-MS: (m+ 1)=703 (m/z) 

20 Example 12 

CnPr}:zNCCOlCHJ)OCCtL-CRlCgl-Aze..Pab-COQCff:tQOCC(CJLl, 

(i) CnfrlifiCCO)CH:DH 

A mixture of 2,5-dioxo-1,4-dioxane (2.02 g; 17 .4 mmol) and di-n-

2S propylarnine (5 ml; 36.5 mmol) was heated at 50°C for 1 h and at 90°C 

for 66 h. Toluene was added and subsequently removed in vacuo with 

excess di-n-propylamine. The residue was purified by flash 

chromatography using 10'5 methanol in methylene chloride as eluent to 

give 4.18 g (66%) of the desired compound. 

30 
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1H NMR (300 MHz, CDC13): 8 4.1 (d, 2 H), 3.65 (t, 1 H), 3.25-3.35 

(Iii, 2 H), 2.9-3.0 (m, 2 H), 1.45-1.6 (m, 4 H), 0.8-0.95 (m, 6 H) 

{ii) CnPr'bNCCOlCJLOOCCHJ3r 

s A mixture of (nPr)2NC{O)C~OH (0.743 g; 4.7 mmol; from step (i) 

above), DCC (0.951 g, 4.6 rnmol), and bromoacetic acid (0.704 g; 5.1 

mmol) in methylene chloride (15 ml) was stirred at room temperature for 

l .S h. The precipitate was removed by filtration and the solvent was 

removed from the filtrate in vacuo. Kugelrohr distillation of the residue 

10 

IS 

gave 0.66 g (50%) of the desired compound. 

- . 
1H NMR (300 MHz, CDC13): 8 4.8 (s, i H>io 4.0 (s, 2 H), 3.2-3.3 (mio 

2 H), 3.05-3.15 (m, 2 H), 1.5-1.7 (m, 4 H), 0.8-1.0 (dt, 6 H) 
. .... ... •. : 

(iii) Piva]oyloxymetbyl 4-nitro.phenyl carbonate 

A mixture of silver pivalaie (1.5 g; 2S mmol) and iodomethyl 4-

nitrophenyl carbonate (Alexander et al, J. Med. Chem. (1988) 31, _318; 

7 .99 g; 25 mmol) was refluxed in benzene (50 ml) for 2 h. The bemene 

was removed in vacuo and the residue was dissolved in toluene. Filtration 

20 through hyflo and purification by flash chromatography using toluene as 

eluent afforded 4.00 g (54%) of the sub-title compound. 

1H NMR (300 MHz; CDCl3): 8 8.25 (d, 2 H). 7 .40 (d, 2 H), 5.85 (s, 2 

H), 1.2 (s, 2 H) 

2S 13C NMR (15 MHz, CDCI,) amidine and carbonyl signals: 8 176.T/, 

155.06 

(iv) Boc-llQC1l-Aze-Pab-COOCfLOOCC(CH~3 
A solution of pivalyloxymethyl 4-nitrophenyl carbonate (1.18 g; 4 mmol; 

30 from step (iii) above) in methylene chloride (20 ml) was added at room 
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_temperature to a solution of Boc-(R)Cgl-Aze-Pab-H (1.88g; 4 mmol) and 

triethylamine (0.66 ml; 4.75 mmol) in methylene chloride (20 ml). After 

1 h the methylene chloride was replaced by EtOAc and the mixture was 

purified by flash chromatography using EtOAc as eluent to give 1.27 g 

s (50%) of sub-title compound. 

1H NMR (300 MHz, CDCl,): B 9.5 (bs, 1H),8.25 (t, 1 H), 7.8 (d, 2 H), 

7.3 (d, 2 H). 7.0 (bs, 1H),5.0-4.8 (m, 2 H), 4.65-4.5 (m, 1 H), 4.5-4.3 

(m. 2 H), 4.2-4.05 (m, 1 ff), 3.75 (t, 1 H), 2.7-2.4 (m, 2 H), 1.9 -1.45 

10 (m, S H), 1.45 - 0.8 (m, 24 H) 

(v) H-(R>Cal-Aze-Pab-CQ()C}L,OOCCCCH:tl, 

Boc-(R)Cgl.;Aze-Pab-COOCJliOOCC(CH,), (327 mg; 0.52 mmol; from 
' c 

step (iv) above) was dissolved in a mixture of methylene chloride (5 ml) 

ts and TFA (1.2 ml). After 2 h the reaction mixture was concentrated in 

vacuo, acetonitrile _ was added, and the solvent was again removed in 

vacuo to give crude sub-title product which w,~s used without further 

purification in the next step. 

20 (vi) CnP£WC(Q>CHJ>OCCl;L-CR>Cal-Aze-Pab-COOCJLQQCC(CH,h 

The residue from step (v) above was mixed with 

(nPr)zNC(O)C~OOCCH2Br (150 mg; 0.53 mmol; from step (ii) above) 

and ~C03 (480 mg; 3.S mmol) in 1HF (5 ml) and hea~ for 3 hat 

40°C. The reaction mixture was filtered and concentrated to a crude 

25 product which was purified by preparative RPLC to give 78 mg (21 ~) of 

the tide compound. 

1H NMR (300 MHz, CDCJ,): 8 9.3-9.6 (bs, 1 H), 8.S (m, 1 H), 7.95-

8.15 (bs, 1 H), 7.8S-7.9S (d, 2 H), 7.2-7.3 (d, 2 H), S.8 (s, 2 H), 4.8-4.9 

30 (dd, 1 H), 4.5-4.7 (m, 3 H), 4.0-4.4 (m, 3 H), 2.8-3.4 (m, 5 H), 2.2-2.7 
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(m, 3 H), 1.75-1.3 (m, 9 H), 1.3-1.0 (m, 14 H), 1.0-0.7 (m, 7 H). 

13c· NMR (75 MHz, CDC13) amidine and carbonyl signals: o 177.24, 

175.30, 171.85, 170.79, 168.78, 165.82, 163.14. 

s Example 13 

EtOQCCH2-CR)CaJ-Aze-Pab-COOCJLOOCCCCHih 

The tide compound was prepared analogously to to the procedure 

described in Example 12(vi) above from crude Boc-(R)Cgl-Au-Pab­

COOCH200CC(CH,)3 (0.41 g; 0.65 mmol; see Example 12(iv) above) 

10 using acetonitrile (10 ml) as solvent. After stirring over night at room 

temperature, the solvent was removed in vacuo ~d the residue was 

partitioned between EtOAc and water. The aqueous phase was extracted 

three times with EtOAc and the combined organic phases were dried 
. . . 

(N1.zSOJ and the solvent was removed in vacuo. The residue was 

15 subjected to flash chromatography using methylene chloride/methanol as 

eluent. Freeze drying from glacial acetic ac~d gave 84 mg (21 % ) of the 

tide compound. 

1H NMR (300 MHz, CDCl3): 8 9.9 (bs, 1 H), 8.5 (t, 1 H), 7 .35 (d, 2 

20 H), 5.85 (s, 2 H), 5.90 (dd, 2 H), 4.6-4.35 (m, 2 H), 4.15-4.0 (m, 4), 

3.2 (s, 2 H), 2.85 (d, 1 H), 2.7-2.45 (m, 2), 2.0-1.9 (m, 2 H), 1.8-1.45 

(m, ·5 H), 1.3-0.9 (m, 18 H). 

25 

13C NMR (75 MHz, CDC13) amidine and carbonyl signals: i 177.23, 

175.48, 172.29, 170.80,. 168.85, 163.14. 

Example 14 

EtOOCCH2-(RlCgl-Aze-Pab-COOCHCCH.,)OOCCH, 

(i) Boc-CR>C&l-Aze-Pab-COQCHCCHJOOCCH3 

30 A solution ofBoc-(R)Cgl-Aze-Pab-H (6.38 g; 13.5 mmol), 1-acetoxyethyl 
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4-nitrophenyl carbonate (Alexander et al, J. Med. Chem. (1988) 31, 318) 

(3.05 g; 12 mmol), and triethylarnine (1.95 ml; 14 mmol) in methylene 

chloride (40 ml) was stirred at room temperature for 16 h followed by 

addition of EtOAc. The resulting solution was slightly concentrated and 

s washed with aqueous N~C03 (10%), concentrated to a crude product, 

which was purified by flash chromatography using EtOAc as eluent, to 

give 5.59 g (17%) of the sub-title compound. 

1H NMR (300 MHz, CDC13): 8 9.5 (bs, 1 H), 8.25 (t, 1 H), 7.85 (d, 2 

10 H), 7.35 (d, 2 H), 6.95 (q, 1 H), _6.7 (bs, I H), 5.0-4.85 {m, 2 H), 4.65-. 

4.5 (m, 1 H), 4.S-4.25 (m, 2 H), 4.2-4.0S (m, 1 H)3.75 {t, 1 H), 2.65-

2.45 (m, 2 H)2.05 (s, 3 H), 1.9-1.45 (m, 11 H), 1.45-0.8 (m, 12 H). 

13C NMR (75_ MHz, CDCJ3) amidine and carbonyl signals: & 172.61, 

15 

20 

. . ... . 

170.80, 169.54, 168.91, 162.50, 156.02. -

(ii) H-(R)Cgl-Aze-Pab-COOCH<s:;H3)QQCC~. 

The crude sub-title comp0und was prepared according to the procedure 

described in Example 12(v) above from Boc-(R)Cgl-Aze-Pab­

COOCH(CH,)OOCCH3 (2.21 g; 3.68 mmol; from step (i) above). 

(iii) EtOQCCH2-CR>C1l-Aze..Pab-COOCH(CHJOOCCJL 

The crude H-(R)Cg1-Aze-Pab-COOCH(CH:JOOCCH3 from step (ii) above 

was dissolved in methylene chloride (150 mL). The mixture was washed 

with a 10% NB:iC03 solution and the organic phase was dried with ~C03 
2S and filtered. To the resulting solution as added K2C03 (756 mg, S.S 

mmol) and ethyl (0-trifluoromethanesulphonyl)-glycolate (790 mg; 3.3 

mmol) in methylene chloride (5 ml). The reaction mixture was stirred for 

S-10 minutes at room temperature and then concentrated in vacuo. The 

residue was dissolved in EtOAc and the resulting mixture was filtered 

30 through celite. The filtrate was subjected to flash chromatography using 
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EtOAc as eluent followed by HPLC to give 475 mg (22 % ) of the title 

compound. 

1H NMR (300 MHz, CDC13): 8 9.S (bs, 1 H), 8.3 (t, 1 H), 7.7 (d, 2 H), 

s 7.2 (d, 2 H), 6.8S (q, 1 H), 4.8 (t, 1 H), 4.45-4.25 (m. 2 H), 4.1-3.85 

{m, 4 H), 3.1 {s, 2 H), 2.75 (s, 1 H), 2.5-2.3 (m, 2 H),1.95 (s. 3 H), 

1.9-1.8 (m, 1 H), 1.7-1.25 (m, 8 H), 1.25-1.75 (m, 8 H). 

10 

13C NMR (75.5 MHz, CDCl3) amidine and carbonyl signals: 6 175.26, 

172.34, 170.81, 169.49, 168.80, 162.43. 

Example 15 

MeOOCCH2-(J{)C1J-Aze-Pab-OOCf>h 

(i) Boc-(IQC1t-Aze-Pab-OOCPh 

IS To a solution of Boc-(R)Cgl-Aze-Pab-H (1.0 g; 2.1 _mmol) and NaiHP04 

(18.7 g; 105 mmoJ) in THF (45 mL) at 20° C was added dropwise 

dibenzoyl perOxide (556 mg; 2.3 mmol) dissolved in THF (10 mL) over 

45 minutes. After stirring at 20°C for 24 h, the reaction mixture was 

concentrated and the resulting crude product was subjec~ to preparative 

2D RPLC. This gave 124 mg {10%) of the sub-title compound as a white 

solid. 

1H-NMR (500 MHz, CDC13): 8 8.26 (m, lH), 8.09 (m, 2H), 7.72 (m, 

2H), 7.59 (m, lH), 7.48 (m, 2H), 7.36 (d, 2H), S.13 (s, 2H), 4.87-4.98 

2S (m, 2H), 4.54-4.61 (m, lH), 4.33-4.47 (m, 2H}, 4.13-4.19 (m, lH), 3.81 

(t, lH), 2.53-2.63 (m, 2H), 1.73-1.86 (m, 3H), 1.66-1.72 (m, 2H), 1.36 

(s, 9H), 0.968-1.28 (m, 6H). 
13C-NMR (100 MHz, CDCI,) amidine and carbonyl signals: o 172.7, 

170.6, 163.9, 157.0, 155.9. 

30 LC-MS: m/z 592 (M+H+); m/z 614 (M+Na+). 
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(ii) H-CR>C1iJ-Aze-Pab-OOCPh 

To a solution ofBoc-{R)Cgl-Aze-Pab-OOCPh (600 mg; 1.01 mmol; from 

step (i) above) in methylene chloride (18 mL) was added TFA (6 mL) at 

20°C. After stirring for 14 h, the reaction mixture was concentrated and 

s the resulting crude product was partitioned between BtOAc:O. l M NaOH. 

The phases were separated and the organic layer was dried CN&:SOJ and 

evaporated. Yield: 480 mg (96$) as a white solid. 

1H-NMR (400 MHz, MeOH-<14): 3 8.18 (m, 2H), 7.77 (m, 2H), 7.64 (m, 

10 lH), 7.52 (m, 2H), 7.43 (d, 2H), 4.75-4.81 {m, lH), 4.50 (s, 2H), 4.18-

4.34 (m, 2H), 3.12 (d, lH), 2.57-2.68 {m, lH), 2.23-2.33 (m, lH), 1.88-

1.96 (m, IH), 1.73-1.84 (m, 2H), 1.59-1.71(m,2H), 1.45-1.57 (m, lH), 

0.80-1.34 (m, SH) 

15 

LC-MS: m/z 492 (M+H+); m/z 514 (M+Na+) 

(iii) MeOOCCH2-CR>Cgl-Aze-Pab-OOCPb 

To a solution of H-(R)Cgl-Aze-Pab-OOCPh (480 mg; 0.97 mmol; from 

step (ii) above), :KiC9, (270 mg; 2 mmol) in acetonitrile (5 mL) at 20°C 

was added methyl bromoacetate (177 mg; 1.16 mmol). The reaction was 

20 stirred at 20°C for 14 h. The reaction mixture was filtered and 

concentrated to give a crude product which was purified by preparative 

RPLC to give gave 269 mg (49%) of the title compound as a white solid. 

1H-NMR (500 MHz, CDCl:s): 6 8.43 (m, lH, NH), 8.0CJ (m, 2H), 7 .69 

2S (m, 2H), 7 .59 (m, IH), 7 .47 (m, 2H), 7 .34 (m, 2H), 5.27 (s, 2H), 4.93 

(dd, IH), 4.59 (dd, lH), 4.40 (dd, lH), 4.12 (m, 2H), 3.65 (s, 3H), 2.87 

(d, lH), 2. 72-2.63 (m, lH), 2.55-2.48 (m, lH), 1.96 (m, IH), 1. 74 (m, 

2H), 1.67 (d, lH), 1.59 {d, lH), 1.56-1.50 (m, lH), 1.29-1.08 (m, 4H), 

1.04-0.94 (m, lH) 

30 13C-NMR (100 MHz, CDC13) amidine and carbonyl signals: o 175.1, 



W097/23499 PCT/SE96/0J 680 

172.S, 170. 6, 164.0, 157 .1 

LC-MS: m/z 564 (M +ff+) 

Example 16 

48 

s MeOOCCH2-CJQCel-Aze-Pab-OH 

To a solution of MeOOCCH2-(R)Cgl-Aze-Pab-OC(O)Ph (260 mg; 0.46 

mmol; see Example 15(iii) above) in THF (4.6 mL) was added KOMe 

(1.6 mL; 0.29 M; 0.46 mmol) at 20°C. After 15 minutes of stirring the 

mixture was concentrated and subjected to preparative RPLC. This gave 

10 109 mg (S2 % ) of the title compound as a white solid. 

1H-NMR (500 MHz, Me0H-d4): o 7 .59 (d, 2H), 7 .34 (d, 2H), 4.83 (s, 

2H), 4.82-4.76 (m, lH), 4.48 (d, lH), 4.33 (d, lH), 4.15-4.30 (m,2H), 
h 

3.64 (s, 3H), 3.04 (d, lH), 2.57 (m, lH), 2.26 (m, lH), 1.95 (m, lH), 

ts 1.7S (m, 2H), 1.58-1.70 (m, 2H), 1.53 (m, lH), 1.31-1.10 (m, 4H), 1.04 

(m, lH) 

20 

13C-NMR (100 MHz, Me0H-d4): amidine and carbonyl signals: 8175.9, 

174.3, 172.7, 155.2 

LC-MS: m/z 460 (M+H+), m/z 482 (M+Na+) 

Example 17 

EtOOCCJL-<RlC&l-Ar.e:Pab-OH 

To a solution of EtOOCCH2-(R)Cgl-Aze-.Pab-C(O)OCH(CH3)00CCH3 

(184 mg; 0.31 mmol; see Example 14(iii) above), hydroxylamine 

25 hydrochloride (120mg; 1.72 mmol) and triethylamine (0.8 ml; 5.7 mmol) 

in EtOH (95%; 4.0 mL) was added, and the mixture stirred at room 

temperature for 4 days. The reaction mixture was concentrated and the 

crude product subjected to preparative RPLC. This gave 85mg (58 % ) of 

the tide compound. 

30 



W097/23499 PCT/SE96/01680 

49 

1H-NMR (300 MHz, CD30D): l> 7 .6 (d, 2H), 7 .35 (d, 2H), 4. 75-4.85 (m, 

lH), 4.4-4.55 (m, 2H), 4.0-4.35 (m, 4H), 3.35 (d, 2H), 3.05 (d, lH), 

2.S-2.65 (m, lH), 2.2-2.35 (m, lH), 1.9-2.05 (m, lH), 1.4-1.85 (m, SH), 

0.85-1.35 (m, 8H) . 
s 13C-NMR (7S.5 MHz, CD30D): amidine and carbonyl signals: 8 175.97, 

173.91, 172.72, 155.23 

LC-MS:(m+1)=474 (m/z) 

Example 18 

10 BnOOCCJb-(R)C&l-Aze-Pab-QH 

To a solution of hydroxylamine hydrochloride (320mg; 4.59mmol) and 

triethylamine (1. 7ml; 12.24mmol) in EtOH, BnOOCClli-(R)Cgl-Aze-Pab­

Z (1.0g; 1.52mmol) was added. The reaction mixture was stirred at room 
• .t 

temperature for 40 hours and. then concentrated. ·The crude product was 

ts purified by preparative RPLC using 50% acetonitrile in O.lM NH40Ac as 

eluent to give 0.34g (42%) of the title compound. 

LC-MS:(m+ 1)=536 (m/z) 

20 Example 19 

nPrOOCCH2-<8)C&l-Am-Pah-Z 

The title compound was prepared analogously to the procedure described 

in Example 1 (iii) from H-(R)Cgl-Aze-Pab-Z x 2HC1 (700mg; 1.2mmol) 

and n-propyl bromoacetate (268mg; l.45mmol). Yield 259mg (35%). 

FAB-MS:(m+ 1}=606 (m/z) 

Example 20 

nPrQOCCfb-CJOC&l-Aze-Pab-OH 

30 The title compound was prepared analogously to the procedure described 
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in Example 18 from.nPrOOCCH2-(R)Cgl-Aze-Pab-Z (182mg; 0.3 mmol; 

see Example 19 above). The crude product was purified by preparative 

RPLC using 40% acetonitrile in O.lM NH,OAc as eluent to give 74mg 

(51 %) of the desired compound. 

LC-MS:(m+1)=488 (m/z) 

Example 21 

iPrOOCCH2-CRlC&)-Aze-Pab-OH 

10 The tide compound was prepared analogously to the procedure described 

in Example 18 from iPrOOCCH2-(R)Cgl-Aze-Pab-~ (590mg; 0.7mmol; 

see Example 39 below). Yield 110 mg (32%) 

15 

LC-MS:(m+ 1)=488 (m/z) 

Example 22 

tBuQQCCJL-<RlC&J-Ar.e-Pab-OH 

The title compound was prepared analogously to the procedure described 

in Example 18 from tBuOOCC~-(R)Cgl-Aze-Pab-Z (738mg; 1.2mmol; 

20 see Example 37 below). Yield 290mg (48%). 

LC-MS:(m+ 1)=502 (m/z) 

Example 23 

25 CnPr),iNCOCJ100CCJL-CR>Ca1-Aze-Pab(QH) 

(i) HOOCCff:dRlC1lCBoc>-Aze-Pab-O-Boc 

A solution of HOOCCH2-(R)Cgl-Aze-Pab-OH (670mg; l .5mmol; see 

Example 28 below), (Boc)20 (654mg; 3mmol), and DMAP (92mg; 

30 0.75mmol) in TIIF:water (10:1) was stirred at room temperature for 2 h. 
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The reaction mixture was concentrated and purified by preparative RPLC. 

Freeze drying yielded l l 2mg (12 % ) of the sub-title compound as a white 

solid. 

s LC-MS:(m-1)=643 {m/z) 

(ii) CnPrl2NCOCfLQOCC~-(RlC1J(Bocl-Aze-Pah-O-Boc 

A solution ofHOOCCH2-(R)Cgl(Boc)-Aze-Pab-0-Boc (lOOmg; O. lSmmol; 

from step (i) above), {nPr)2NCOCH20H (27mg; 0.17mmol; see Example 

10 12(i) above)7 EDC (40mg; 0.21mmol) and DMAP (IOmg; 0.075mmol) in 

acetonitrile (SmL) was stirred at room temperature for 4 days. The 

reaction mixture was concentrated, purified by preparative RPLC and 

freeze dried to give 21 mg (18 % ) of the sub-title compound. 

15 

. ~ 

LC-MS:(m-1)=787 (m/z) 

(iii) (nPr)JiCOCJL.OOCCH2-CB,)C1d-Aze-Pab-OH 

A solution of (nPrhNCOC~-(R)Cgl(Boc)-Aze-Pab-0-Boc (20mg; 

0.02Smmo1) in TFA:methylen~ chloride (1:1) was stirred at room 

20 temperature for S minutes. The reaction mixture was concentrated and 

freeze dried from acetonitrile and water to give Smg (349') of the title 

compound. 

25 

LC-MS:(m + 1)=587 (m/z) 

Example 24 

ChNHCOCH200CCH2-CRlCgJ-Aze-Pab-OH 

The title compound was prepared analogously to the procedure described 

in Example 18 from ChNHCOCH200CCH2-(R)Cgl-Aze-Pab-Z (l 18mg; 

30 0.17mmol; see Example ll(iii) above). Yield 1.8 mg. 
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LC-MS:{m+ 1)=585 (m/z) 

Example 25 

MeNHCOCH,OOCCHz-CR)Cal-Aze-Pab-OH 

s The title compound was prepared analogously to the procedure described 

in Example 18 from MeNHCOC~-(R)Cgl-Aze-Pab-Z (8lmg; 0.12mmol, 

see Example 36 below). Yield lOmg (16%). 

10 

LC-MS:(m+ 1)=517 (m/z) 

Example 26 

EtOOCCH2-CRlC&l-Ar&;-Pab-OAc 

(i) H-(R)CeJ-Aze-Pab-OAc 
. . . . ...... 

ts The sub-title compound was prepared analogously to the method described 

in Example Tl below (steps (i), {ii) and (iii)) using acetic acid anhydride 

instead of propanoic acid anhydride. 

20 

2S 

LC-MS:(m + 1) =430 (m/z) 

(ii) EtOOCCfL-(filCgl-Aze-Pab-OAc 

The title compound was prepared analogously to the procedure described 

in Example l(iii) above from H-(R)Cgl-Aze-Pab-OAc (370mg; 0.6mmol) 

and ethyl bromoacetate (105mg; 0.63mmol). Yield 67mg (22~). 

LC-MS:(m+ 1)=516 (m/z) 
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Example 27 

EtOQCCfb-<KlC1t-Aze-Pab-OCCQ.)Et 

(i) Boc-(,R)Cel-Aze-Pab-OH 

s To a solution of hydroxylamine hydrochloride and triethylamine in EtOH 

was added Boc-(R)Cgl-A7.e-Pab-Z (l .Og; 1.S2mmol). The reaction mixture 

was stirred at room temperature for 40 hours and then concentrated. The 

crude product was purified by preparative RPLC. 

10 LC-MS: (m+l) = 488 m/z 

(ii) Boc-(R)C1t-Ar.e-Pab=OC(Q)Et 

A solution ofBoc-{R)Cgl-Aze-Pab-OH (SOOmg; 0.91mmol; from step (i) 

above) and p~anoic acid. ~.iliydrld~ (3.S -~)·:·was stlrred at room 

ts temperature for 45 minutes and then concentrated. The crude product was 

purified by preparative RPLC using 50% acetonitrile in O.lM Nff.tOAc as 

20 

2S 

. . 

eluent to give 266mg (54 % ) of the sub-title compound • . 

LC-MS:(m+ l)= 544(m/z) 

(iii) H-(R)Cgl-Aze-Pab-OC(QlEt 

The sub-title compound was prepared analogously to the procedure 

described in Example l(ii) from Boc-(R)Cgl-Aze-Pab-OC(O)Et (238mg; 

0.44mmol; from step (ii) above). Yield 290mg (100%). 

LC-MS:(m+ 1) = 444(m/z) 

(iv) EtOQCCJL-Cl{)Cd-Aze-Pab-QC(OlEt 

To a solution of H-(R)Cgl-Aze-Pab-OOCEt (300mg; 0.45mmol; from step 

30 (iii) above) and K;iC03 (308mg; 2.23mmol) in methylene chloride (6 mL) 
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at 0°C was added dropwise EtOOCCH20S~CF3 (lOSmg; 0.45mmol, 

prepared from triflic anhydride and ethyl glycolate). After the reaction 

mixture was stirred at room temperature for 1 h the reaction mixture was 

washed with water, citric acid and water, dried (NaiSOJ and 

s concentrated. The crude product was purified by preparative RPLC using 

45% acetonitrile in O.lM NH..OAc as eluent to give 63mg (27") of the 

tide compound. 

10 

15 

LC-MS:(m+ l)= 530(m/z) 

Example 28 

HOOCCH2-CR)C&l-Aze;..fab-OH. 

.. ~- . - ,: 

(i) tBuOOCCH2-CR>Cgt:.Aze-Pab-OOCPb 

The sub-title compound was prepared analogousiy to the procedure 

described in Example l(iii) from H-{R)Cgl-Aze-Pab-OOCPh (2S0mg; 

O.Smmol; see Example IS(ii) above) and t-butylbromoacetate (l 19mg; 
: ~: • : •: I 

0.6mmol). Yield 2llmg (69%). 

20 LC-MS:(m+ 1)=606 (m/z) 

(ii) HOOCCH2-ClOC:l-Ar.e-pqb-OOCPh 

The sub-title compound was prepared analogously to the procedure 

described in Example 1 (ii) from tBuOOCCliz-(R)Cgl-Aze-Pab-OOCPh 

2S (233mg; 0.3mmol; from step (i) above). Yield 6Smg (37"). 

LC-MS:(m+l)=5SO (m/z) 

(iii) HOOCCH2-(B)Cgl-Aze-Pab-OH 

30 A solution ofHOOCCH2-(R)Cg1-Aze-Pab-OOCPh (60mg; O.lmmol; from 
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step (ii) above) and KOMe (0.2M; 0.2mmol) in THF (lOmL) and 

methanol (l .5mL) was stirred at room temperature for 5 minutes. The 

reaction mixture was concentrated and freeze dried from water and 

acetonitrile to give 28mg (63%) of the title compound. 

LC-MS:(m+ l}= 446(m/z) 

Example 29 

HOOCCa-{RlCgl~Aze-Pab-0-ci.t-Oleyl 

(i) rBuQQCCH2-(R>CglCBocl-Ar.e-Pab-Z 

A solution of tBuOOCCffi-(R)Cgl-Aze-Pab-Z (l.7g, 2.8mmol; see 

Example 37 below), {Boc)zO (672mg; 3.08mmol) and DMAP (68mg; 
. . . . . -:"" :• 

0.56mmol) .in THF (30mL) was stirred at .rooni._temperature for 24 h. 

ts Additional (BochO (305mg; 1.4mmol) was added at 5°C. After another 

24 h the reaction mixture was concentrated and purified by preparative 

RPLC to give 587mg (30%) of the desired compound. 

EC-MS:(m+l)= 720 (m/z) 

20 (ii) tBuQQCCHclfOCglCBoc)-Aze-Pab-QH 

The sub-title compound was prepared analogously to the procedure 

described in Example 18 from tBuOOCCH2-(R)Cgl(Boc)-Ar.e-Pab-Z 

(580mg; 0.8mmol; from step (i) above). Yield 341mg (71 %). 

2S EC-MS:(m+l)= 602 (m/z) 

(iii) rBuOOCCH2-CRlCgJCBocl-Aze-Pab-0-cis-Qleyt 

A solution of tBuOOCCH2-(R)Cgl(Boc)-Aze-Pab-OH (340mg; 0.56mmol; 

from step {ii) above), cis-oleylchlorlde {170mg; O.S6mmol) and 

30 triethylamine (62mg; 0.61mmol) in methylene chloride was stirred for S 
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minutes. The reaction mixture was concentrated and purified by 

preparative RPLC to give 326mg (67 % ) of the sub-title compound. 

EC-MS:(m+l)= 867(m/z) 

(iv) HQOCCH2-(RlC&l-Aze-Pab-O-cis-Qleyl 

The tide compound was prepared analogously to the procedure described 

in ExampJe l(ii) from tBuOOCCH2-(R)Cgl(Boc)-Aze-Pab-O-cis-OJeyl 

(223mg; 0.25mmol; from step (iii) above). 

LC-MS:(m+I)= 710 (m/z) 

Example30 
. ·.. .. ··- .. - '· ... ... ~:~ ... : (· .; . 

CyclooctyJ-OQCCHrUQCi:l-AR-Pah-Z 

(i) Cyclooctyl-bromoacetate 

Cyclooctanol {1.3g; lOmmol) and DMAP (0.3g) was dissolved in 

methylene chloride followed by addition of bromacetyl chloride (1 mL; 

12mmol). After stirring for 18 h the reaction mixture was washed with 

20 aqueous NazC03 (2M) and HCJ (lM), dried, concentrated and pllrified by 

flash chromatography using petroleum· ether:methylene chloride (50:50) 

to give 1.8g (72%) of the sub-title compound. 

(ii) CyclooctyJ-OOCCH2-CIOCgl-Aze-Pab-Z 

25 The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-{R)Cgl-Aze-Pab-Z x 2HCI (703mg; l.2mmol) 

and cyclooctyl bromoacetate (363mg; l .46mmo1; from step (i) above). 

Yield 379mg (46%). 

30 FAB-MS:(m+ 1)= 674(m/z) 
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Example 31 

tBuCJLQOCCJb-(R>C1J-Aze-Pab-Z 

PCT/SE96/0l 680 

The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-(R)Cgl-Aze-Pab-Z x 2HCI (2.5g; 4.3mmol) and 

s tertbutylmetyl bromoacetate (I°.08g; S.2mmol). Yield l.87g (69%). 

FAB-MS:(m+ l)= 634 {m/z) 

Example 32 

10 <2-MelBnOOCCJL-CRlCaJ-Aze-Pab-Z 

(i) Methylbenul brOmoacetate 
> 

The sub-title compound was prepared analogou~ly to the procedure 
·• . . .. . . . . . .. . . . . . : .. . . . . .. . . . ~ ",. . 

described in Example 30(i) from 2-methylbenzylalCC)hol (Sg; 4lmmol) and 

1s bromacetyl chloride (12.6g; 80Mmo1). Yield 8.2g (829'). 

(ii) (2-MelBnOOCCH2-<R)Cg1-Aze-Pab-Z 

The tide compound was preplred analogously to the procedure described 

in Example l(iii) from H-(R)Cgl-Aze-Pab-Z x 2HCI (S80mg; lmmol) and 

20 2-metbylbenzyl bromoacetate (290mg; 1.2mmol; from step (i) above). 

Yield 30mg (4.5%). 

LC-MS:(m+ l)= 668 (m/z) 

2S Example 33 

ChCl;LOOCCfL-CRlC&J-Ae-Pab-Z 

A solution of BnOOC~-(R)Cgl-Aze-Pab-Z (1.41g; 1.7mmol) and 

cyclohexyl methylalcohol (6mL) in triethylamine (474 p.L) and methylene 

chloride (3mL) was refluxed for 4 days. The reaction mixture was worked 

30 up to give a crude product which was purified by flash chromatography 
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using methylene chloride:methanol (95:5) as eluent to give 801mg (71 %) 

of the title compound. 

s 

FAB-MS:(m+l)= 660 (mlz) 

.Example 34 
CbOOCCJL-CRlC&J-Aze-Pab-Z 

(i) Cyclobexyl bromoacetate 

10 The sub-title compound was prepared analogously to the procedure 

described in Example 32(i) above from cyclohexanpl (lg; IOmmol) and 

bromacetylchloride (I mL;· 12mmol). 

• .. • • lJ :_:r.. . ... . ; . • • ,... .......... ,.,... ... ; T ., 

(ii) ChOOCCJL-CR)CJ)-Aze-Pab-Z 

IS The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-(R)Cgl-Az.e-Pab-Z x 2HCJ (2.Sg; 4.32mmol) and 

cyclohexyl bromoacetate (1.Sg; 5.2mmol). Yield _1.7g (60%). 
. ( 

20 

FAB-MS:(m+ 1)= 646 (m/z) 

Example 35 

PbC<Me):J)OCCH2-CRlC&l-A7&-Pab-Z 

(i) 2-Phenyl-2-propyl bromoacet&te 

2S The sub-title compound was prepared analogously to the procedure 

described in Example 30(i) from 2-phenyl-2-propanol (3g; 22mmol) and 

bromacetylchloride (4.16g, 26mmol). Yield 1.2g (44%). 

(ii)PbCCMe>,QQCCfL-@C&l-Aze-Pab-Z 

30 The title compound was prepared analogously to the procedure described 

· .... • 
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in Example 1 (iii) from H-(R)Cgl-Aze-Pab-Z x 2HCI (1.2g; 2.2mmol) and 

2-phenyl-2-propyl bromoacetate (640mg; 2.Smmol; from step (i) above). 

Yield 1.3g (86%). 

s 1H-NMR (500 MHz; CDCI,) 8 9.3 (br s, 1H), 8.35 (t, lH), 7. 75 (d, 2H), 

7.45 (d, 2H), 7.30-7.0S (m, lOH or llH), 5.15 (s, 2H), 4.78 (t, IH), 

4.40-4.30 (AB part of ABX spectrum, 2H), 3.95 {q, lH), 3.74 (q, lH), 

3.27-3.19 (AB-spectrum, 2H), 2.72 (d, lH), 2.43 (q, 2H), ·1.93 (br d, 

lH), 1.75-1.60 (m, 9H or lOH), 1.54 (d, IH), 1.49-1.40 (m, lH), 1.25-

10 1.0 (m, 4H), 0.92 (q, lH) 

Example 36 

MeNHCOCH2QOCCJL-CRlC&)-Aze-Pab-Z .. 
.... ~ . 'ne title compolind WaS-p~p~t:~i anal~g~~~·;;to :~e ~cedure de;cribed 

JS in ExampJe l(iii) from H-(R)Cgl-Aze-Pab-Z x 2HC1 (1.0g; 1. 7mmol) and 

MeNHCOC~OOCCH2Br (440mg; 2mmol; prepared analogously to the 

procedures described in Example l 1 above (steps (i), (ii) and (iii)) using . 
methylamine instead of cyclohexylamine). Yield, 380mg (35%). 

20 FAB-MS:(m+ 1)= 635 (m/z) 

Example 37 

tBuQOCm=CR>CgJ-Aze-Pab-Z 

The title compound was prepared analogously to the procedure described 

25 in Example l(iii) from H-(R)Cgl-Aze-Pab-Z x 2HC1 (SOOmg; l.OmmoJ) 

and t-butyl bromoacetate (23lmg; 1.2mmol). Yield 420mg (69%) .. 

LC-MS:(m+ 1)= 620 (m/z) 
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Example 38 

CMe1CHCCMeh00CCHdR>Cel-A7&-Pab-Z 

PCTISE96/01680 

The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-(R)Cgl-Aze-Pab-Z (787mg; l .4mmol) and 2,3-

s dimethyl-2-butyl bromoacetate (364mg; l.63mmol). Yield 590mg (67%). 

FAB-MS:(m+l)= 648(m/z) 

Example 39 

JO i'PrOQCCJL-CR>Cel-Aze-J>ab-Z 

The title compound was prepared analogously to the procedure described 

in Example 1 (iii) from H-(R}Cgl-Aze-Pah-Z (700mg; l .2mmol) and 

.. ·. . , .... i_~prOJ>)!t ~~~-~~~tct .~~?-JJ}~iJ;:~~~'?l>~ -~~~l~-~~Srng (31 % ) 

1s FAB-MS:(m+ 1)= 606(m/z) 

Example 49 
BnQQCCJL-CR>Cel-Aze-Pab-COOPh<+oMel 

20 (i) Boe=(IQC1l-Aze-P8b-COOPb!4-0Me) 

The sub-title compound was prepared analogously to the procedure 

described in Example l (i) from Boc-(R)Cgl-Aze-PalJ..H and 4-

methoxyphenyl chloroformate. 

2S FAB-MS:(m+ 1) = 622(m/z) 

(ii) H-CR>C&l-Aze-Pab-COOPhC4-0Me) x 2HCI 

The sub-title compound was prepared analogously to the procedure 

described in Example 4(ii) from Boc-(R)Cgl-Aze-Pab-C00Ph(4-0Me) 

30 (from step (i) above). 

·~ \···. --·~ 
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(iii) BnQQCCH2-CR)C&l-Aze-Pab-COOPhC 4-0Mcl 

The title compound was prepared analogously to the procedure described 
in Example l(ili) from H-(R)Cgl-Aze-Pab-COOPh(4-0Me) x 2HC1 (8Smg; 

0.16mmol; from step (iii) above) and benzyl bromoacetate (90mg; 

s 0.2mmol). Yield 60mg (56 % ). 

FAB-MS:(m+ 1)= 670 (m/z) 

.. Example 41 . 

10 ChCH2QOCCa-cmcgl-Aze-Pab-COOPhC4-0Mel 

The title compound was prepared· analogo~~ly to the procedure described 
in Example l(iii) from H-(R)Cgl-Aze-Pab-COOPh(4-0Me) (554mg; 

0.64mmol; see Example 40(ii) above) and ¢yclohexylmethyl bromoacetate _ 
·~'"'·" .... [..! ,-..,..~~ ... ;;a....11 • • ..i· . .-~·.;,;.._.. ·"'.t~:-··, .. ~ •. ,":.:.,.:··.·.:--.;.(~;.,::c·: .. ·..¥ .. .-:······:. ·;...,, .... ~·. -:.:.-:.~: ... ~~ ... ,-.,t.==:"·:::-: .. --:·.~"'1'4=·~~=~--""·"!".· _-· .: ··.· . .... : ... . ·-:· ... :. · ... ·:.. ····;:-.: .... _ .... :-:;.,;,.;.·_ ... " .. ·· .... : . 

· (16Smg; 0.7mmol). Yield 34mg (8~);· · 

15 

FAB-MS:(m+l)= 676 (m/z) 

·:.: i 
Example 42 

Q-Mc)BnOQCCJL-CRlC&l-Azc-Pab-COOPbC4-QMel 

20 The title compound was prepared analogously to the procedure described 
in Example l(iii) from H-(R)Cgl-Aze-Pab-COOPh{4-0Me) (S22mg; 

lmmol; see Example 40(ii) above) and 2-(methyl)benzyl bromoacetate 

(36Smg; 1.Smmol). Yield 158mg (23%). 

25 LC-MS:(m+ 1)= 684 (m/z) 
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Example 43 · 

EtOQCCH2-CRlCd-Aze-Pah-COOPhC4-Me) 

(i) Boc-(B>C&l-Aze-Pab-COOPJt(+Mel 

s The sub-title compound ·was prepared analogously to ·the procedure 

described in Example l(i) from Boc-(R)Cgl-Aze-Pab (1.96g; 4.56mmol) 

and 4-tolyl-chlorofonnate (850mg; 4.99mmol). Yield 1.39g (55%). 

FAB-MS:(m+ l)= 606(m/z) 

10 

(ii) H-(RlC&J-Aze-Pab-COOPh(4-MG) 

The sub-title compound was prepared analogously to the procedure 

.-~.-. ;.~-.. ··1.: ~- ~.;}.i;i ·--~~-P]~~-~w.,"~~~~-'~~~~~~~~~~~~09J.>~(+~.e>_~·· 

15 

(388mg;_ 0.64mmo1; from step (i) ~hove). Y~eld 29~_-mg (91 % ). 

FAB-MS:(m+ 1):- 506(m/z) .· 

. ! 
(iii) EtQOCCH2-(R)C&]-Aze-Pab-COOPbC4-Me) 

The title compound was prepared analogous~y to th~ procedure described · 

2.0 in Example l(iii) from H-(R)Cgl-Aze-Pab-COOPh(4-Me) (288mg; 

0.6mmol; from step (ii) above) and ethyl bromoacetate (114mg; 

0.7mmol). Yield 8lmg (24%). 

FAB-MS:(m+ l)= 592 (m/z) 

Example 44 

BnOQCCH2-CRlC&l-Ar,e-Pab-COOPhC4-Mel 

The title compound was prepared analogously to the procedure described 

in Example l(ili) from H-(R)Cgl-Aze-Pab-C00Ph(4-Me) (272mg; 

30 0.54mmol; see Example 43(ii) above) and benzyl bromoacetate (147mg; 

• · .• ; ... : _,;. -.• .• ..._ r•• .. • 
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0.6mmol). Yield 107mg (31 %). 

FAB-MS:(m+l)= 654{m/z) 

s Example 45 

BnOOCC~-CBlC1l-.Azc-Pab-CQQ-nBu 

The title compound was prepared analogously to the procedure described 

in Examp1e l(iii) from H-(R)Cgl-Aze-Pab-COO-nBu x 2HCI (400mg; 

0.74mmol; see Example 9(ii) above) and benzyl bromoacetate (210mg; 

10 0.88mmol). Yield 220mg (48%). 

FAB-MS:(m+l)= 620 (m/z) 
. ~ 

··~ ..:'~~ -·· - -~ -'· .; .. · ";.· : ........ i3Xamiile~46· : .. ,; .. ;;~ -.: .. ·,; .;;.·.;;.")! ~· ~.;:.w;.~: :~\~;,;:,~;c;.,.. .... , ,.; .. ::·~· .. .;;-~:t ~ . .-·.. ..·. ,. . . ........... 

:• 1s jPr00CC"2-CJOC&l-~-Pab-C6ocJLCH =CH2 ; 

.• 

20 

2S 

. . 

The title comp0und. was prepared analogously to the procedure described 
. . 

in Example l(iii) from H-(R)Cgl-Aze-Pab-C~CH=Cffi x 2TFA 

(456mg; 0.67mmol; see Example l(ii) ab~~e) and isopropyl bromoacetate 

{145mg; 0.8mmol). Yield 294mg (79%). 

FAB-MS:(m+l)= SS6 (m/z) 

Example 47 

EtOOCCJ:L-CR>CaJ-Am-Pab-COO-lBu 

(i) Boc-Pab-COO-iBu 

To a solution of Boc-Pab-H (500mg; 2.0 mmol; prepared from Pab-Z and 

(Boc)zO (forming Boc-Pab-Z)9 followed by hydrogenation over Pd/C) and 

triethylamine (400mg; 4.0mmol) in methylene chloride (lOmL} was added 

30 t-butyl chloroformate (270mg; 2.2mmol) at 0°C. After stirring for S h~ 

. ~ .. 
·...,_ :..· ... ,. . .... . ~ ... ~ ~ .... 
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water was added. The organic phase was dried (Na:iSOJ and concentrated 

to give 530mg (16 % ) of the sub-title compound. 

1H-NMR (500 MHz, CDCI,) 8 9.S (bs, lH), 7.82 (d, 2H), 7.31 {d, 2H), 

s 6.6 (bs, lH), 5.0 {bs, lH), 4.33 (bd, 2H), 3.93 (d, 2H), 2.04 (m, IH), 

1.45 (s, 9H), 0.97 (d, 6H) 

(ii) H-Pab-COO-zllu x 2BCI 

The sub-title compound was prepared analogously to the procedure 

10 described in Example 4(ii) from B~c-Pab-COO-iBu {S20mg; l .Smmol; 

from step (i) above). Yield 430mg (8~%). 

1H-NMR (SOO MHz, MeOD) 8 7 .89 (d, 2H), 7. 75 (d, 2H)I> 4.30 (s, 2H), . . 
·:.O.\~· .• ·.. ··:·. ·'· .. :·._. -~·4;11 ca~· .. 2H)/2·.~li::;i~os (m; 11I)~;t:·o2: (a;·6H) ._,_ .. · .. :;:. · · . 

-~· 

··: : t 

IS 

(iii) Boc-CRlC1l-Az;e-Pab-COO-iBu 

To a solution of Boc-(R)Cgl-Aze-OH (480mg; 1.4mniol), H-Pab-C00-1'Bu 

x 2HC1 (430mg; l.3mmol; from step (iir above) ind DMAP (6SOmg; 

S.3mmol) in acetonitrile (20mL) was added EDC (270mg; l .4mmol). 

20 After stirring for 3 days at room temperature the reaction mixture was 

concentrated and then dissolved in water and EtOAc. The organic phase 

was washed with NaHC03 (aq) and dried (Na:iSO..), concentrated and 

purified by flash chromatography using EtOAc as eluent to give SlOmg 

(52 % ) of the sub-tide compound. 

2S 

30 

(iv) H-(R)CeI-Aze-Pab-COO-iBu x 2HCI 

The sub-tide compound was prepared analogously to the procedure 

described in Example 4(ii) from Boc-(R)Cgl-Ar.e-Pab-COO-iBu (SOOmg; 

0.88mmol; from step (iii) above). Yield 360mg (87%}. 

: • ..-> • .: -~ • 
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(v) Et00cca-ancet-Aze-Pab-COO-iBu 

The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-(R)Cgl-Aze-Pab-COO-iBu x 2HCI (290mg; 

0.53mmol; from step (iv) above) and ethyl bromoacetate (llOmg; 

s 0.64mmol). Yield 140mg (47%). 

FAB-MS:(m+ I)= 558 (m/z) 

Example 48 

10 BnOOCCH2-CRlC&l-Aze-Pab-COO-nPr 

JS 

20 

The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-(R)Cgl-A7.C-Pab-COO-nPr x 2TFA (902mg; 

l.3mmol; see Example S(ii) above) and benzyl brqmoacetate ( 362mg; 1.6 
. • - - . ·• . -:: .• ~- • .-.1,.· .. ... • .. .-'.:.-~.;.·.·~•-·-.:~~ .... ·;.,·:.::.: ...... ~:.· ...•.. -·~ . . 

mmol). Yield _199mg (25%). · .·. 

1H-NMR: (400MHz; CDC1,) o 8.43 (bs, lH), 7.78 (d, 2H), 7.38-7.27 (m, 

7H), S.05 (s, 2H), 4.90 (dd, lH), 4.56-4.39 (AB Part of ABX spectrum, 

2H), 4.12-4.03 (m, 3H)~ 3.98-3.91 (q, lH), 3.33-3.22 (AB-spectrum, 

2H), 2.85 (d, lH), 2.65-0.94 (m, 19H) 

Example 49 

EtOOCCJL-QOC1l-Aze-Pab-COOC1LOOCCh 

(i) EtSCOOCH200CCh 

2S To a solution oftetrabutylammonium hydrogensulphate (1S.6g, 45.6mmol) 

and cyclohexane carboxylic acid (S.8Sg, 46mmol) in methylene chloride 

was added NaOH (9.lmL,lOM; 68mmol) at 0°C. After stirring for 5 

minutes the reaction mixture was filtered, washed with methylene 

chloride, dissolved in toluene, concentrated and dissolved in THF to give 

30 [Bu.NJ•coocchi-. EtSCOOCH2Cl (4g; 25.9mmol; see Folkmann and 
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Lund, J. Synthesis, (1990), 1159) was added to the THF solution of 

[Bu,.N]+[QOCCh]" at room temperature. After stirring at room temperature 

for 12 h the reaction mixture was concentrated and purified by flash 

chromatography to give 2.S7g (40%) of the sub-title compound. 

1H-NMR (400 MHz, CDCJ,) diagnostic peaks ~ S.80 (s, 2H, 0~-0), 

2.85 (q, 2H, Cffi-S) 

(ii) ClCOOCH200CCb 

10 To EtSCOOCH200CCh (2.9g;· t t .8mmol; from step (i) above) was added 

dropwise SC>iC~ (3.18g; 23.6mmol) at O~C. After stirring for 30 minutes 

the reaction mixture was concentrated to give 1.82g (70%) of the desired 

compound. 
. • .. -:~·:. : . '':•>"i':-::-·"· . ·: .. .;.:::,·.:-·· ·· ... :: .: '~.- . ·.;.·.;.: 

is 1H-NMR (500 MHz, CDC13) diagnostic peaks B 5.82 (s, 2H, O-C~-0) 

(iii) Boc-CRlC&J-Aze..Pab-COOCJLQOCCb .. 
The sub-title compound was prepared analogously to the procedure 

described in Example 1 (i) from Boc-(R)Cgl-A7.e-Pab-H (750mg; 

20 1.59mmol) and ClCOOCH200CCh (460mg; 2.1 mmol; from step (ii) 

above). The crude product was purified by preparative RPLC. Yield 

35Smg (9%). 

25 

30 

FAB-MS:(m+ 1)= 656(m/z) 

(iv) H-CR>C&l-Aze-Pab-COOCH20QCCh x 2TFA 

The sub-title compound was prepared analogously to the procedure 

described in Example 1 (ii) from Boc-(R)Cgl-Aze.;.Pab-COOC"200CCh 

(from step (iii) above). 
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(v) EtOOCCH,-<R>CgJ-Aze-Pab-COOCH200CCh 

The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-(R)Cgl-Aze-Pab-COOC"200CCh x 2TFA 

(193mg; 0.3Smmol; from step (iv) above) and ethyl trifluoroacetate 

s (83mg; 0.35mmol). Yield 87mg (39%). 

1H-NMR (400 MHz, CDCI,) o 8.48 (t br, lH), 7 .83 (d, 2H), 7 .37 (d, 

2H), 5.86 (s, 2H), 4.95 (dd, lH), 4.15-4.39 (AB part of ABX spectrum, 

2H), 4.18-4.05 {m, SH), 3.26-3.17 (AB-spectrum, 2H), 2.87 (d, lH), 

10 2. 75-0.95 (m, 298) 

Example SO 

EtOQCCJL-(BlC:J-Aze-Pab-COOCfLOOCCfLCb 
I •' .. , . • . -~ .· • ."' ." .,·.; .• ~ .. ;,..,.:··.·· ....... .:..; ':~. . :.· •. :,,.; .• ~.~ • • • • . 

. . . The title compound was prq)a.rCd analogously tO the procedure described 

15 in Example 49 above starting with cyclohexyl acetic acid instead of 

cyclohexane carboxylic acid. Yield 74mg (17%). 

. ,. 
FAB-MS:(m+l}= 656(m/z) 

20 Example 51 

EtOOCCJL-UOC1i:J-A7.e-}>ab-COQCHCMe>OOCPh 

The title compound was prepared analogously to the procedure described 

in Example 49 above starting with EtSCOOCH(CH,)Cl (prepared from 

CICOCH(CH3)Cl and EtSH using the procedure described by Folkmann 

2S et al in J. Synthesis, (1990), 1159) instead ofEtSCOOC"2Cl. Yield 70mg 

(23%). 

FAB-MS:(m+ 1}= 650 (m/z) 
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Example 52 

EtOOCCfL-CIOCaJ-Aze-Pah-COOCfLOOCPh 

The title compound was prepared analogously to the procedure described 

in Example 49 above using benzoic acid instead of cyclohexane carboxylic 

s acid. Yield SOmg (39%). 

1H-NMR (300 MHz, CDCIJ 6 9.73-9.25 (s br, lH), 8.45 (t, lH), 8.0S 

(d, 2H), 7.83 (d, 2H), 7.60-7.10 (m, 6H), 6.10 (s, 2H), 4.96-4.84 (dd, 

lH), 4.62-4.30 (ABX, 2H), 4.20-3.93 (m, 4H), 3.2S (s, 2H), 2.84 (d, 

10 lH), 2.73-2.41 (m, 2H), 2.41-0.87 (m, 15H) 

15 

20 

2S 

13C-NMR (300 MHz, CDCl3, amidine and carbo~yl carbons) o 163.1, 

165.3, 169.0, 170.8, 172.3, 175.S 

. .• . 
. . 

Example 53 
"' • • ~··Y• • .• •"" 0 .... ~H ... 

BnOOCCH2-!RlC&l-Aze-Pab-COOCHCMelOAc 

The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-(R)C;l~Aze-Pab-Coc.?CH(CHJOC(O)CH3 

(108mg; 0.21mmol; see Example 14(ii) above) and.benzyl bromoacetate 

(36µL; 0.23mmo1). Yield 4lmg (30%). 

FAB-MS:(m+ 1)= 650(m/z) 

Example S4 

EtQQCCH2-CR>C~J-Aze-Pab-COOCf\OAc 

(i) H-CR>C&J-A:r.e-Pah-COOCHJ>Ac x 2TFA 

The sub-title compound was prepared analogously to the procedure 

described in Example 14 (steps (i) and (ii)) above using acetoxymethyl 4-

nitrophenylcarbonate (prepared analogously to the method descn"bed in 

30 Example 12(iii) using silver acetate instead of silver pivalate). Work up 
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gave the sub-title compound which was used in the next step without 

· further purification. 

(ii) EtOOCCH2-(.R)C1t-Aze-J>ab-COOCfbOAc 

s The title compound was prepared analogously to the procedure described 

in Example 1 (iii) above from H-(R)Cgl-Aze-Pab-COOC~OAc x 2TF A 

(0.83mmol; from step (i) above) and ethyl bromoacetate (2.2mmol). Yield 

286mg. 

10 FAB-MS:(m+l)= 574 (m/z) 

Example SS 
-

tBuOOCCH2-CR)Cat-Aze-Pah-COOCH20Ac 
• • • - . • • .. ; l • •• ~~ ,..·.. • • • • . • 

· · · The title c0lnpoun(fwas preparecfal\atogously to the procedure clCscribecf 

is in Example l(iii) above from H-(R)Cgl-Aze-Pab-COOC"20Ac x 2TFA 

(0.313mmol; see Example 54(i) above) and t-butyl bromoacetate (73mg; 

0.376mmol). Yield l56mg (83%). ·· 

20 

FAB-MS:(m+ I)= 602(m/z) 

.• 1 

' 

Example 56 

BnOOCCJL-CIDCil-Aze-Pab-CQOCH200C-tBu 

The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-(R)Cgl-Aze-Pab-COOCH200C-tBu (379mg; 

2S 0.71mmol; see Example 12(v) above) and benzyl bromoacetate (13SµL; 

0.85mmol). Yield 146mg (30%). 

FAB-MS:(m+ 1)= 678(m/z) 

,._,, ...... ~-········=~-------·--------·--·····-------- -· 



W097/l3499 PCT /SE!.Hi/01680 

70 

Example 57 

EtOQCCH2-<R)C1l-Aze-Pab-CQQCfLCCJ3 

s The sub-title compound was prepared analogously to the procedure 

described in Example 1 (i) from Boc-(R)Cgl-Aze-Pab-H (l .Og; 2.12 mmol), 

2M NaOH (11.7 ml) and trichloroethyl chlorofonnate (494 mg; 2.33 

mmol). Yield 1.08g (79$). 

10 (ii) H-(RlC&l-Aze-Pab:COOCJLCCI, 

The sub-title compound was prepared analougou~ly to the procedure 

described in Example l(ii) from _Boc-(R)Cgl-A7.e-Pab-COO~CCJ., 

(1.~g; 1.607 mm~l; from_ step _(i), a~ove). Yield l.43g (99">· . 
. . . . . . . . .. . . .. . . .. ... .. . ... ;· .. ;. .. -~- :.~·.. . . . . . . . .... :; 

20 

2S 

30 

.. 
1H-NMR: (SOOMHz; CD30D) 6 7.79 (d, 2H), 7.61 (d, 2H), S.10 (s, 28), 

4.87-4.81 (m, 2H), 4.63-4.52 (q, 2H), 4.41-4.34 (m, lH), 4.30-4.24 (m, 
. .. 

lH), 3.72 (d, IH), 2.72-2.63 (m, lH), 2.32-2.25 (~, IH), 1.88-1.10 (m, 
. . 't . :-

14H). 

(iii) EtOOCCfL-CIDC&l-Aze Pab-COOCHJ;Cl3 

The title compound was prepared analogously to the procedure described 

in Example l(rli) from H-(R)Cgl-Aze-Pab-COOCffiCCJ., (400 mg; O.S2 

mmol; from step (ii) above) and ethyl·bromoacetate (95 mg; 0.57 mmol). 

Yield 8 mg (23 $ ). 

1H-NMR: (500MHz; CDCI,) 8 8.47 (bt, 1 H), 7 .83 (d, 2H}, 7 .48 (bs, IH), 

7.31 (d, 2H), 4.92 (dd, lH), 4.85 (s, 2H), 4.58-4.39 (AB part of ABX 

spectrum, 2H), 4.16-4.06 (m, 4H), 3.24 (s, 2H), 4.87 (d, lH), 2.65-2.59 

(m, lH), 2.56-2.48 (m, lH), 2.10-0.95 (m, 16H) 
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Example 58 

MeOOC-C( =CEtlCH200CCH2-CR)C&l-Aze-Pab-Z 

(i) MeOOC-CC =CHlCCOH)Et 

s Propionaldehyde (10.1 g; 0.174 mol) was added dropwise to a solution 

of methyl acrylate (10g; 0.116mol) and 1A-diazobicyclo[2,2,2]octane (1.3 

g; 0.0116 mol). The reaction mixture was stirred at room temperature for 

14 days. Ethyl acetate (ISO ml) was added. The organic phase was washed 

with water and brine, dried (N~SOJ, filtered and concentrated to give the 

10 desired compound. Yield 15.Sg (93%). 

1H-NMR: (400MHz; CDCl,) 6 6.24 (s, lH), 5.81 (s, lH), 4.34 (t, IH), 

3.78 (s, 3H), 2.82 (bs, lH), 1.69 (m, 2H), 0.95 (t, 3H) 
.· ...... :· 

".,Q.. 

;. 

IS (ri) MeOOC-C<=CEt)CIL.Br 

HBr (6.5 ml, -48~) was added dropwise to MeOOC-C(=CH)C(OH)Et 

(3 g; 20.8 mmol;. from ·step (i) aibove) at 0°C. ~ftcr 5 minutes H2S04 
"! •. · 

(cone.; 6 ml) was added dropwise: The reaction mixture was stirred for 

12 hours at room temperature. Two phases was separated and the top 

20 phase was diluted with ether. The ether phase was washed with water and 

aqueous NaHC03, dried (N&iS04 and charcoal) and concentrated. The 

residue was purified by flash chromatography. Yield 1.7g (40%). 

1H-NMR: (400MHz; CDCI,) 6 6.97 (t, 3H), 4.23 (s, 2H), 3.8 (s, 3H), 

2S 2.32 (m, 2H), 1.13 (t, 3H). 

(iii) tBuOOCCii1-(JOC&l-Aze-Pab-Z 

The sub-title compound was prepared analogously to the procedure 

described in Example l(iii) from H-(R)Cgl-Aze-Pab-Z (2.1 g; 3.6 mmol) 

30 and t-butyl bromoacetate (780 mg; 4.0 mmol). Yield 1.73g (78~). 
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(iv) HOOCCfii-CR>Ct:l-Ar.e-Pab-Z 

A solution of tBuOOCCH2-(R)Cgl-Aze-Pab-Z (from step (iii) above) and 

TF A in methylene chloride was stirred in room temperature for 3 h. The 

rection mixture was concentrated and freeze dried from water and HCI 

s (cone.; 10 eq.). 

(v) MeQQC-CC =CEt)CJLOOCCJL-CJOCd-Aze-Plb-Z 

A solution of HOOCCH,-(R)Cgl-Aze-Pab-Z (263 mg; 0.41 mmol; from 

step (iv) above), NaOH (IM; 1.239 ml; 1.239 mmol) and water (4 ml) 

10 was free7.e dried. DMF (5 ml) was added, followed by dropwise addition 

ofMe-OOC-C(=CEt)CHiBr (103 mg; 0.496 mmol; from step (ii) above) 

at 0°C. The reaction mixture was stirred for 24 hat room temperature, 

diluted with toluene (~ ml), ~s~~ with w~r, .~ed (NaiSO..) and 
. . . . ·~· .... ·. ~: ' . . ... .: ;· 

concentrated. The residue was purified by flash chromatography using 

is EtOAc:methanol (95:5) as eluent. Yield 95 mg (33$). 
~-

FA~MS:(m+ l)= 690 (~z) 

Example 59 

20 MenOQCCJL-CRlC1J-Aze-Pab-COOPb(4-0Mel 

(i) McnOOCCJ-LDr 

The sub-title compound was prepared analogously to the procedure 

described in Example 30(i) above from MenOH (10 mmol) and 

2S bromoacetyl chloride (12 mmol). Yield 1.Sg (S4"). 

(ii) MenOOCCJL-CRlCal-Ar&-Pab-COOPhC+OMe> 

The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-(R)Cgl-Aze-Pab-COO-Ph(4-0Me) (521 mg; 1 

30 mmol; see Example 40(ii) above) and MenOOCCffiBr (416 mg; 1.S 
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mmoJ; from step (i) above). Yield 36 mg (5 % ) . 

FAB-MS:(m+l)= 718 (m/z) 

s Example 6o 

tBuQOCCH2-CR>C&l-Aze-Pab-COOnPr 

The title compound was prepared analogously to the procedure descnl>ed 

in Example l(iii) from H-(R)Cgl-Aze-Pab-COO-nPr (575. mg; 0.837 

mmol; see _Example S(ii) above) and t-butyl bromoacetate (196 mg; 1.01 

to mmol). Yield 110 mg (23%). 

IS 

20 

25 

LC-MS:(m+ 1)=572 (m/z) 

. . .... .. Example 61 · · · ~- :·,. · · · . .. :---
... :"' -~·· ··.:.:~ 

MenQQCCJL-(R>CgJ-Aze-Pab-Z 
.... 

The tide compound was prepared analogously to the procedure descnl>ed 
- . . .. 

in Example l(iii) from H-(R)CiJ-Aze-Pab-Z (0.7 g; 1.21 mmol) and 
• ~. • •. : ·I" 

MenOOCCffiBr (0.4 g; 1.45 mmol; ·s~ Example 59(i) above). Yield 

0.33g (38%). 

FAB-MS:(m+ 1)= 702 (m/z) 

Example 62 

BnQOCCH:z-C/QC11-Aze.Pab-COO-BnC4-NQ,) 

(i) Boc-CRlC1l-A7.e-Pab-COO-BnC4-NO,J 

The sub-title compound was prepared analogously to the procedure 

described in Example l{i) from Boc-(R)Cgl-Aze-Pab-H (l.03g; 2.18 

mmol), 2M NaOH (24 mL) and 4-N02-~nzyl chloroformate (518 mg; 2.4 

30 mmoJ). Yield l.32g (93%). 
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FAB-MS:(m+ 1)=651(m/z) 

(ii) H-CR>Cgl-Aze-Pab-COO-BnC4-N~l 

The sub-title compound was prepared analogously to the procedure 

s described in Example 4(ii) from Boc-(R)Cgl-Aze-Pab-COO-Bn( 4-NOJ 

(1.32 mg; 2.03 mmol; from step (i) above). Yield 1.0g (79%). 

FAB-MS:(m+ 1)==55l(m/z) 

10 (iii) BnOOCCJL-!R>Cgl-Aze-Pab-CQQ-Bnc+NCb) 

15 

The title compound was prepared analogously to the procedure described . . 

in Example l(iii) from H-(R)Cgl-Aze-Pab-COO-Bn(4-NOJ (0.5g; 

0.80mmol; from step (ii) abov~) a~d benzyl bromoa.cetate (220 mg; 0.90 
·m~oi). · ·: · :.-·. ,·. · .:. :· . . : ... 

FAB-MS:(m+ 1)=699(m/z) 

Example 63 

Et00ccH2-CIDC1t-Am-Pab-BnC4-NQil 

20 The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-(R)Cgl-A7.C-Pab-COO-Bn(4-N()J (211 mg; 

· 0.38mmol; see Example 62(ii) above) and ethyl bromoacetate (47 JLI; 0.42 

mmol). Yield 44 mg (18%). 

25 1H-NMR: (300MHz; CDCl3) & 9.55 (bs, lH), 8.50 (bt, lH), 8.20 (d, 

2H), 7 .80 (d, 2H), 7 .60 (d, 2H), 7 .35 (d, 2H), 6.87 (bs, lH), 4.95 (dd, 

lH), 4.6S-4.40 (AB part of ABX spectrum, 28), 4.18-4.04 (m, SH), 

3.27-3.15 (AB-spectrum, 2H), 2.87 (d, lH), 2.75-2.60 (m, lH), 2.57-

2.45 (m, lH), 2.00-0.95 (m, 16H). 

30 
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Example 64 

PrlCCOlCJbQQCCJL-CR>C&l-Aze-Pab-Z 

(i) PrlCCOlCJLOH 

s A mixture of 2,S-dioxo-1,4-dioxane (2.0 g; 17 mmol) and pyrrolidine (8 

ml; 97 mmol) was refluxed for 1 h. The excess pyrrolidine was removed 

by evaporation. Yield 4.4g (99%). 

10 

IS 

20 

FAB-MS(m + 1) = 130(m/z) 

(ii) PrlC(Q)CHJ>OCCJLBr 

To a solution of PrlC(O)CffiOH (0.4 g; 3.1 mmol; from step (i) above) 

in DMF (15 ml) was added dropwise bromoacetyl bromide (0.63 g; 3.1 
. . 

.. . . . ... -·· ... . ·. ,_;.; . .. .. ' . ' 
mmol) at 0°C. The reaction mixture was stirrecffor 1.5 hat 0°C and 3 h 

at room temperature. Additional bromoacetyl bromide (0.63 g; 3.1 mmol) 

was added and the reaction mixture was heated to 80°C, stirred at room 

temperature for 12 hand c0ncentrated. Yield 320 mg (41 %) 
. . 

FAB-MS(m + 1)=252(m/z) 

(iii) PdCCQ)CJLOOCCJL-lRlC&J-Aze-Pab-Z 

The title compound was prepared analogously to the procedure described 

in Example l(lii) from H-(R)Cgl-Aze-Pab-Z (580 mg; 1 mmol) and 

Pr1C(O)CH200CCH2Br (300 mg; 1.2 mmol; from step (ii) above). Yield 

2S 400 mg (60%). 

FAB-MS{m+1)=67S (m/z) 

1H-NMR: (SOOMHz; CDCl3) 8 9.66-9.42 (bs, lH), 8.64-8.S6 (m, IH), 

8.03-7.93 (d, 2H), 7.89-7.66 (bs, lH), 7.45 (d, 2H), 7.45-7.25 (m, SH), 

30 5.20 (s, 2H),. 4.98-4.92 (dd,. lH), 4.82-4.74 (m, lH), 4.62, 4.58 (AB 
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spectrum, 2H), 4.26-4.05 (m, 39),3.47-3.16 (m, 6H), 2.95 (d, lH), 2. 78-

2.68 (m, IH), 2.54-2.42 (m, IH), 2.03-1.95 (m, 16H) 

Example 65 

s (2-MelBnOOCCJL-<JOC&l-A7.e-Pab-COO-BnC4-N~ 

10 

IS 

The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-(R)Cgl-Aze-Pab-COO-Bn(4-NOJ (500 mg; 

0.80mmol; see Example 62(ii) above) and 2-(methyl)benzyl bromoacetate 

(234 mg; 0.96 mmol; see Example 32(i) above). Yield 528 mg (92%). 

1H-NMR: (400MHz, CDCI,) a 9.34 (bs,._ lH), 8.38 (t, IH), 8.09 (d, 2H), 

7.72 (d, 2H), 7.48 (d, 2H), 7.37 (bs, lH), 7.23 (d, 2H), 7.17-7.0S (m, 

4lij, 5.18 (s~ la), 5.00.(s, ~' 4.81 (dd, _lH),4:.45-4.34 (AB part of 
• , . . . . . : .....•. ;:. . I,;:•".' . • ··• • .,.. ;~'~ .. 

ABX spectrum, 2H), 4.04-3.97 (q, lH), 3.93-3.~~ (q, IH), 3.27-3.17 . . . 

(AB spectrum, 2H), 2.79 (d, lH), 2.54-2.35 (m,2H), 2.22 (s, 38), 1.91-

1.84 (bd, lH),1.71-1.39 (m, SH), 1.19-0.84 (m, 4H). 
: . :· 

Example 66 

MeOOCCH2-CRlC&l-Aze-Pab:.COOEt 

20 The title compound was prepared analogously to the procedure descnDed 

in Example l(iii) from H-(R)Cgl-Aze-Pab-COOEt (305 mg; 0.69 mmol; 

see Example 4(ii) and methyl bromoacetate (126 mg; 0.83 mmol). Yield 

188 mg (53%). 

2S LC-MS:(m+ l)=Sl6(m/z) 
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Example 67 

CnPthNC(OlCff&OCCfL-(filC&J-Az.e-Pab-COO-Bn{4-N~ 

(i) (nPt.bNC(O)CJLOOCC&Cl . . . 
s A mixture of (nPr)2NC(O)CH20H (244 mg; 1.S3 mmol; see Example 

10 

12{i) above) and bromacetyl chloride (270 mg; 1.72 mmol) was stirred at 

room temperature for 12 hours. The mixture was poured into aqueous 

NaHC03 and extracted with methylene chloride. The organic phase was 

washed with aqueous KHS04 (0.2M) and brine, dried and concentrated. 

FAB-MS:(m+ 1)=237(m/z) 

1H-NMR: (400MHz, CDCI~ o 4.82 (s, 2H), 4.22 (s, 2H), 3.31-3.26 (t, 

2H), 3.10-3.15 (t, 2H), 1.68-1.52 (m, 2H), 1.97-9.86 (m, 6H) 
·.·. 

·· .... ":· .. - ·~· :.: 

. : 
1s · (ii) (nPr),,NCCO>CH200CCHrCIDC&1-Aze-Pab-C90-Bn(+NO.z) 

20 

The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-(R)Cg1-Aze-Pab-COOBn(4-NOJ (343 mg; 
•• .t 

0.62mmol; see Example 62(ii) above) and (nPrhNC(O)CffiOOCCffiCI 

(160 mg; 0.68 mmol; from step (i) above). Yield 89 mg (19%). 

FAB-MS:(m+ 1)=750(m/z) 

Example 68 

l2-MelBnQQCCH2-CRlCgJ-Aze-Pab-COOCH200CIBu 

2S The title compound was prepared analogously to the procedure described 

in Example l(iii) from H-{R)Cgl-Aze-Pab-COOCH200CtBu (380 mg; 

0.71 mmol; see Example 12(v) above) and 2-(methyl)benzyl bromoacetate 

(21S mg; 0.88 mmol; see Example 32(i) above). Yield 37 mg (J.5%). 

30 FAB-MS:(m+ 1)=692(m/z) 

. ,..:··. 
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Example 69 

The compounds of Examples 1 to 68 were all tested in Test A above and 

were all found to exhibit an IC50 IT value of more than l.OµM (ie they 

were are inactive to thrombin per se; cf. the active inhibitor HOOC-CH:z-

s (R)Cgl-Aze-Pab-H which exhibits an IC50Tf of 0.01 l'M). 

Example70 

The compounds of Examples 1 to 68 were tested in one, two or all of 

Tests B, C and/or D above, and were all found to exhibit oral and/or 

10 parenteral bioavailability in the rat as the active inhibitor HOOC~­

(R)Cgl-.A7.e-Pab-H, either as the free acid and/or .as one or more ester 

thereof. Based on the assumption that HOOC-CH2-(R)CgJ-A7.e-Pab-H is 

fonned in the rat, the bioavailability .. was cal~I~ according to the 

15 

20 

2S 

• • ~ I .~: • ~ ._ • •" • .• • -, .' • 

fonnulae described in Test B and/or Test C as appropriate. 

Abbreviations 

Ac= 

aq = 

A== 

Boe= 

(Boc)iO= 

Bn = 

Bu= 

Cgl= 

Ch= 

DCC= 

DMAP= 

EDC = 

acetyl 

aqueous 

S-Azetidine-2-carboxylic acid 

t-butyloxycarbonyl 

di-t-butyldicarbonate 

benzyl 

butyl 

cyclohexylglycine 

cyclohexyl 

dicyclohexyl carbodiimide 

N ,N-dimethyl amino pyridine 

1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

hydrochloride 
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Et= 

EtOH = 

EtOAc= 

h= 

s HCI = 
H-Pab-H = 
H-Pab-Z = 

HPLC = 

10 K,C03= 

Me= 

Men= 

Pab-OH= 

15 Piv(aloyl) = 

Pr= 

Prl = 

RPLC = 

20 TFA = 
THF = 
Z= 

... ·.~· ..... .:.:: 

ethyl 

ethanol 

79 

ethyl acetate 

hours 

hydrochloric acid 

PCT/SE96/0l 680 

1-amidino-4-aminomethyl benzene 

4-aminomethyl-1-(N-benzyloxycarbonylamidino) 

benzene 

high performance liquid chromatography 

anhydrous potassiu_m carbonate 

methyl 

(1R,2S,SR)-menthyl 

4-aminomethyl-benzamidoxime (4-aminomethyl-1-

·. (amirio:-ilydtoxyimi~o~1hy~> heme~ . 

2,2-dimethylacetyl 

propyl 

N-pyrrolidinyl 

.· 

. . .. ~ 
reverse phase high --. perform ace liquid 

chromatography 

trifluoroacetic acid 

tetrahydrofuran 

benzyloxy carbonyl 

Prefixes n, s, i and t have their usual meanings: normal, iso, sec and 

2S tertiary. Prefixes in the NMR-spectra s, d, t, q, and b mean singlet, 

doublet, triplet, quartet, and broad, respectively. The stereochemistry for . 

the amino acids is by default (S) if not otherwise stated. 
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Claims 

1. A compound of formula I, 

R10{0)C-CH2-(R)Cgl-Aze-Pab-R1 I 

s wherein 

R 1 represents -R3 or -A 1C(O)N(R')R5 or -A 1C(O)OR4; 

A1 represents C1•5 alkylene; 
. . 

R2 (which replaces one of the hydrogen atoms in the amidino unit of 

Pab-H) represents OH, OC(O)R6
, C(O)OR7 or C(O)OCH(R1)0C(O)R9; 

10 R3 represents H, C1•10 alkyl, or C1•3 alkylphenyl (which latter group is 

optionally substituted by C1"' alkyl, C1"' alkox:y, nitro or halogen); 

15 

R" and R5 independently represent H, C1"' allcyl, phenyl, 2-napbthyl or, 

when R1 re.pres_ents -A1C(O)N(R4)R5, together wi~. the nitrogen atom to 

' "which th~y are auaChed ~~--pyrrolidinyl .or piperidinyl; 

R6 represents C1•17 alkyl~ phenyl or 2-napbthyl (all of which are optionally 

substituted by C1-6 alkyl or halogen); 
. . 

R7 represents 2-naphthyl, phenyl, C1•3 alkylphenyl (which latter three 
~ I •; ·. .. . 

groups are optionally substituted by C1"' alkyl, C1"' alko:xy, nitro or 

halogen), or C1•11 alkyl (which latter group is optionally substituted by C1-6 

20 alkoxy, C1"' acyloxy or halogen); 

R8 represents H or C1-4 alkyl; and 

R' represents 2-naphthyl, phenyl, C1-6 alkoxy or C1-a alkyl (which latter 

group is optionally substituted by halogen, C1•6 alkoxy or C1"' acyloxy); 

provided that when R 1 represents R3
, R3 represents bcnzyl, methyl, ethyl~ 

25 n-butyl or n-hexyl and R2 represents C{O)OR7, then R7 does not represent 

benzyl; 

or a pharmaceutically-acceptable salt thereof. 

2. A compound of formula I, as defined in Claim 1, wherein A 1 represents 

30 C1•3 alkylene when R1 represents -A 1C(O)N(R4)R5
• 
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3. A compound of formula I, as defined in Claim 1 or Claim 2, wherein 

R4 represents H or C1"' alkyl when R 1 represents -A 1C(O)N(R4)R5
• 

4. A compound of formula I, as defined in any one of Claims 1 to 3, 

s wherein R' repiesents C1-6 alkyl or C4-6 cycloalkyl when R 1 represents 

-A 1C(O)N(R')R5• 

S. A compound of formula I, as defined in any one of Claims 1 to 3, 

wherein R4 and R5 together represent pyrrolidinyl when R1 represents 

10 -A 1C(O)N(R4)R5 • 

6. A compound of formula I, as defined in any one of Claims 2 to 5, 

wherein A 1 represents C1•3 allcylene, and R4 represents H or C1•3 alkyl and 

. R' repre8ents ~ alkyl or c~·:hycfoalkyl, ~r R' ~ R5 together represent 

IS pyrrolidinyl. 

20 

25 

.. 

7. A compound of formula I, as defined in Claim 1, wherein A 1 represents 
. -. : ... 

C1., alkylene when R1 represents -A 1C(O)OR4 • 

8. A compound of formula I, as defined in Claim· I or Claim 7, wherein 

R4 represents C1-1 alkyl when R1 represents -A1C(O)OR4• 

9. A compound of formula I, as defined in Claim 7 or Claim 8, wherein 

A1 represents C1•5 allcylene and R4 represents C1-4 alkyl. 

10. A compound of formula I, as defined in Claim 1, wherein R3 

represents H, C1•10 alkyl (which latter group may be linear or, when there 

are a sufficient number of carbon atoms, may be branched and/or be 

partially cyclic or cyclic), or C1•3 alkylphenyl (which latter groups is 

30 optionally substituted, may be linear or, when there are a sufficient 
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number of carbon atoms, be branched), when R1 represents R'. 

11. A compound as claimed in Claim 1 or Claim 10, wherein R 1 

represents H, linear C1•10 alkyl, branched C,_10 alkyl, partially cyclic C.._10 

s alkyl, C.._10 cycloalkyl, optionally substituted linear C1_3 alkylphenyl, 

optionally substituted branched C3 alkylphenyl. 

10 

12. A compound as claimed in Claim 11, wherein R1 represents linear C1-1 

alkyl, C6-IO cycloaJkyl, Of Optionally SUbStituted linear Cl-3 alkyJphenyl. 

13. A compound of formula I, as defined in any one of Claims 1 to 12, 

wherein R1 represents OH. 

·14. A coinpowld of formula I, .s··d~fincd in any·~~ of Claims 1 to 12, 
. -

15 wherein R6 represents optionally substituted phenyl or Ci-11 alkyl (which 

20 

25 

latter group may be l~near or, when there are a sufficient number of 

carbon atoms, may be branched, be cyclic or ~y cycl,ic, and/or be 
. -· ·. : . ~ ·;{ 

saturated or unsaturated) when R1 represents OC(O)R6• 

IS. A compound as claimed in Claim 14 wherein R6 represents optionaDy 

substituted phenyl, linear c1 ... allcyl, branched C,... alkyl or cis-oleyl. 

16. A compound as claimed in Claim 15 wherein R6 represents linear C1_3 

alkyl or branched c, alkyl. 

17. A compound of formula I, as defined in any one of Claims 1 to 12, 

wherein R7 represents optionally substituted phenyl, C1_12 alkyl (which 

latter group is optionally substituted, may be linear or, when there are a 

sufficient number of carbon atoms, may be branched, cyclic or partially 

30 cyclic, and/or saturated or unsaturated), or C1_3 alkylphenyl (which latter 
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group is optionally substituted, may be linear or, when there are a 

sufficient number of carbon atoms, may be branched) when R2 represents 

C(O)OR7• 

s 18. A compound as claimed in Claim 17 wherein R7 represents optionally 

substituted and/or optionally unsaturated linear c,... alkyl or optionally 

substituted and/or optionally unsaturated branc~ed C,... alkyl, optionally 

substituted phenyl, or optionally substituted linear C1•3 allcylphenyl or 

optionally substituted branched C3 alkylphenyl. 

10 

15 

19. A compc)Und as claimed in Claim 18 wherein R7 repiesents optionally 

substituted linear c1 ... alkyl or optionally substituted branched C,... alkyl, 

optionally substituted linear C1•3 alkylphenyl or branched C3 alkylphenyl. 
. -- .. 

20. A compound of formula I, as defined in any one of Claims 1 to 12. 

wherein R1 represents H or methyl, when R2 represents 

C(O)OCH(R1)0C(O)R'. 

21. A compound of formula I, as defined in any one of Claims 1 to 12 or 

20 Claim 20, wherein R' represents phenyl, or C1•1 alkyl (which latter group 

is optionally substiiut.ed, may be linear or, when there are a sufficient 

number of carbon atoms, may be branched and/or cyclic or partially 

cyclic) when R2 represents C(O)OCH(R')OC(O)R9• 

2S 22. A compound of formula I, as defined in Claim 20 or Claim 21 

wherein R1 represents H or methyl and R9 represents phenyl, C,.7 

cycloalkyl, linear C1~ alkyl, branched Cu alkyl or partially cyclic C7•1 

alkyl. 

30 23. A compound as claimed in Claim 22 wherein R1 represents Hand R9 
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represents C,_7 cycloalkyl, linear C1•6 alkyl or partially cyclic C7•1 alkyl. 

24. A compound as claimed in any one of the preceeding claims wherein, 

when R 1 represents R' and R3 represents optionally substituted C1•3 

s alkylphenyl, the optional substituent c.-6 alkyl. 

10 

15 

20 

25. A compound as claimed in Claim 24 wherein the substituent is methyl. 

26. A compound as claimed in any one of the preceeding claims wherein, 

when R1 represents C(O)OR7 and R7 represents optionally subsitutcd C1•12 

alkyl, the optional substituent is selected from halogen and C1•6 alkoxy. 

27. A compound as claimed in Claim 26 wherein the substituent is 
-· - . .;,:· . 

selected from chloro and methoxy. 
.... 

28. A compound as claimed in any one of the preceeding claims wherein, ....... 
when R2 represents C(O)OR7 and R' represents .optionally subsituted 

. : : ~ 

phenyl, the optional substituent is selected from C1-6 alkyl, C1•6 alkoxy and 

halogen. 

29. A compound as claimed in Claim 28 wherein the substituent is 

selected from methyl, methoxy and chloro. 

30. A compound as claimed in any one of the preceeding claims wherein 

2S when R2 represents C(O)OR7 and R7 represents optionally subsituted C1•3 

alkylphcnyl, the optional substituent is nitro. 

31. A compound as claimed in Claim 1 which is 

EtOOCCH2-(R)Cgl-A-a>-Pab-COOCffiCH =CH2; 

30 nPrOOCCH2-(R)Cgl-Aze-Pab-COOCH2CH =CH2; 
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tBuOOCCH2-(R)Cgl-Aze-Pab-COOCH2CH=CH2; 

EtOOCCH2-(R)Cgl-Aze-Pab-COOEt; 

EtOOCCH2-(R)Cgl-Aze-Pab-COO-nBu; 

PrlC(O)CffzCH2C~OOCC"2-(R)Cgl-A7.e-Pab-Z; 

111111111111111111111111111111 
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s ChNHC(O)~OOCCffz-(R)Cgl-Aze-Pab-Z; 

(nPr)iNC(O)C~OOCC~-(R)Cgl-Aze-Pab-COOCIJiOOCC(CH~; 

EtOOCCH2-(R)Cgl-Aze-Pab-COOCH200CC(CH,)3; 

Et00CCH2-(R)Cgl-Aze-Pab-COOCH(CH,)OOCCH3; 

MeOOCCH2-(R)Cgl-Aze-Pab-OOCPh; 

to MeOOCCH2-(R)Cgl-Aze-Pab-OH; 

EtOOCCH2-(R)Cgl-Aze-Pab-OH; 

BnOOCCH2-(R)Cgl-Aze-Pab-OH; 

. _nPrOOCCffz-(-!l}Cgl-Aze-Pab-Z; 
. ' . 

nPrOOCCH2-(R)Cgl-Aze-Pab-OH; 

ts iPrOOCCffz-(R)Cgl-Aze-Pab-OH; 

tBuOOCCH2-(R)Cgl-Aze-Pab-OH; 

(nPrl2NCOCHzOOCCH2-(R)Cgl-Aze-Pab-OH; . . . 

ChNHCOC"200CCH2-(R)Cgl-Aze-Pab-OH; 

EtOOCCffz-(R)Cgl-Aze-Pab-OAc; 

20 HOOCCH2-(R)Cgl-Az.e-Pab-OH; 

HOOCCH2-(R)Cgt-Aze-Pab-O-cis-Oleyl; 

Cyclooctyl-OOCCH2-(R)Cgl-Aze-Pab-Z; 

tBuC~OOCCH2-(R)Cgt-Aze-Pab-Z; 

(2-Me)Bn00CCH2-(R)Cgl-Aze-Pab-Z; 

2S Ch~OOCCffz-(R)Cgt-Aze-Pab-Z; 

ChOOCCffz-(R)Cgl-Aze-Pab-Z; 

PhC(Me)200CCH2-(R)Cgl-Au-Pab-Z; 

(Me)2CHC(Me)zOOCCH2-(R)Cgl-Aze-Pab-Z; 

Bn00CCH2-(R)Cgl-Au-Pab-C00Ph(4-0Me); 
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ChCH200CCH2-(R)Cgl-Aze-Pab-COOPh(4-0Me); 

(2-Me)BnOOCCH2-(R)Cgl-Aze-Pab-COOPh(4-0Me); 

EtOOCC~-(R)Cgl-A7.e-Pab-COOPh(4-Me); 

BnOOCCH2-(R)Cgl-Aze-Pab-COOPh(4-Me); 
. . 

s BnOOCCH2-(R)Cgl-Aze-Pab-COO-nBu; 

iPrOOCCH2-(R)Cgl-Aze-Pab-COOC~CH =Cllz; 

EtOOCCH2-(R)Cgl-Aze-Pab-COO-IBu; 

BnOOCCH2-(R)Cgl-Aze-Pab-COO-nPr; 

EtOOCCH2-(R)Cgl-Aze-Pab-COOCH200CCh; 

10 EtOOCCH2-(R)Cgl-Aze-Pab-COOCH200CCffiCh; 

EtOOCCH2-(R)Cgl-Aze-Pab-COOCH(Me)OOCPh; 

BtOOCCH2-(R)Cgl-Aze-Pab-COOC.HiOOCPh; ... 

BnOOCCH2·(R)Cgl:-Aze-~~9oc11.cMe)_OAc; ·: 
... . . . . . . . . ···~· . . ... . . . . . '"·~ 

EtOOCCH2-(R)Cgl-Aze-Pab-COOCJi10Ac; 

ts tBuOOCClli-{R)Cgl-AzC-Pab-COOC~OAc; 

MeOOC-C( =CHBt)CH2-00CCHr(R)Cgl-Aze-Pab;,Z; 

Men-OOCCH1-(R)Cgl-Aze-Pab-COOPh(4-0Me); ~ 

20 32. A compound as claimed in Claim I which is 

EtOOCCH2-(R)Cg1-Aze-Pab-COOCJ1iCCl3; 

BnOOCCH2-(R)Cgl-Aze-Pab-COOnBu; 

nPrOOCCH2-(R)Cgl-Aze-Pab-Z; 

CycJooctyl-OOCCffi-(R)Cgl-Aze-Pab-Z; 

2S EtOOCCH2-(R)Cgl-Aze-Pab-COOCH200CCh; 

MeOOCCH2-(R)Cgl-Aze-Pab-OH; 

EtOOCCH2-(R)Cgl-Aze-Pab-OH; 

nPrOOCCH1-(R)Cgl-Aze-Pab-OH; 

iPrOOCCH2-(R)Cgl-.A7.e-Pab-OH; 

.. 

111111111111111111111111111111 
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Bn00CCH2-{R)Cgl-Aze-Pab-OH; and 

EtOOCCH2-(R)Cgl-Aze-Pab-OAc. 

33. A compound of formula I, as defined in Claim 1, with the additional 

s proviso that R 1 does not represent -A 1C(O)OR4• 

10 

IS 

20 

34. A compound of formula I, as defined in Claim l, with the additional 

proviso that R' and R5 do not independently represent H. 

35. A compound of formula I, as defined in Claim 1, with the additional 

proviso R6 does not represent C1•21 alkyl, when R~ represents 0C(O)R6
• 

36. A compound of formula I, as defined in ·claim 1, wherein R1 

.. ~resents -A ic(O)OR". . . . ,. .. / 
-:. .. 

37. A compound of formula I, as defined in Claim 1, wherein R' and R5 

' 
independently represent H. 

38. A compound of formula I, as defined in Claim 1, wherein R6 

. 2 6 represents C1•17 alkyl, when R represents OC(O)R. 

39. A pharmaceutical fonnulation including a compound of formula I as 

defined in any one of Claims 1 to 38, or a pharmaceutically acceptable salt 

thereof, in admixture with a pharmaceutically acceptable adjuvant, diluent 

2S or canier. 

40. A compound of formula I, as defined in any one of Claims 1 to 38, 

or a pharmaceutically acceptable salt thereof, for use as a pharmaceutical. 

30 41. A compound of formula I as defined in any one of Claims 1 to 38, or 
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a pharmaceutically acceptable salt thereof, for use in the treatment of a 

condition where inhibition of thrombin is required. 

42. A compound of fonnula I as defined in any one of Claims 1 to 38, or 

s a pharmaceutically acceptable salt thereof, for use in the treatment of 

thrombosis. 

10 

1S 

43. A compound of formula I as defined in any one of Claims 1 to 38, or 

a phannaceuµcally acceptable salt thereof, for use as an anticoagulant. 

44. The use of a compound of formula I as defined in any one of Claims 

1 to 38, or a pharmaceutically acceptable salt the~f as active ingredient 

in the manufac~ of a medicament for the treatment of a condition where 
iRhibiti~n of thrombin is ~ui~~. . .. · ·. ·· 

45. The use as clai~ in Claim 44, wherein the condition is thrombosis. 

46. nc use of a compound of formula I as defined.in any one of Claims 

1 to 38, or a pharmaceutically acceptable salt thereof, as active ingredient 

20 in the manufacture of an anticoagulant. 

47. A method of treatment of a condition where inhibition of thrombin is 

required which method comprises administration of a therapeutically 

effective amount of a compound of formula I as defined in any one of 

25 Claims 1 to 38, or a pharmaceutically acceptable salt thereof, to a person 

suffering from, or susceptible to, such a condition. 

30 

48. A method as claimed in Claim 47, wherein the condition is 

thrombosis. 

------- THIS SHEET HAS BEEN 
REPLACED 
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49. A method as claimed in claim 47, wherein the condition is 

hypercoagulability in blood and tissues. 

50. The use of a compound of formula I, as defined in Claim 1 but 

s without the pro~sos, as a prodrug. 

S 1. A process for the preparation of compounds of formula I which 

comprises: 

(a) for compounds of formula I in which R1 represents OH, reaction of a 

10 corresponding compound of formula I, wherein R2 represen~ OC(O)R6 

and R6 is as defined in Claim 1 with an allcoxide base;. 

(b) for compounds of formula I in which R2 represents OH, reaction of a 

corresponding ~nd of formula I wherein R1 ~resents C(O)OR7 and 

R7 is as defined.in Claim ·1··~iih hydroxyliuii.ne," ~ran acid addition· salt 

as thereof; 

(c) reaction of a corresponding compound of formula Il, 
. < 

H-(R)Cgl-Aze-Pab-R2 n 
wherein R2 is as defined in Claim : 1 with a co~~und of formula m, 

R10(0)C-Cffi-L1 m 
20 wherein L1 represents a leaving group and R' is as defined in Claim l; 

{d) for compounds of formula I in which R1 represents H and R2 

represents OH or C(O)OR7, reaction of a corresponding compound of 

formula I wherein R1 represents C1•10 alkyl or C1•3 alkylphenyl, and R2 

represents OH or C(O)OR7
, with a base; 

2S (e) for compounds of formula I wherein R2 represents OC(O)R6 and R6 is 

as defined in Claim 1, reaction of a corresponding compound of formula 

I wherein R2 represents OH, with a compound of formula IV, 

R6C(0)-0-C(O)R6 IV 

or a compound of formula V, 

30 R6C(O)Hal 
--------·-···--

THIS SHEET HAS BEEN 
REPLACED 
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wherein Hal represents Cl or Br and, in both cases, R6 is as defined in 

Claim 1; 

(f) for compounds of formula I in which R1 represents H and R2 represents 

OC(O)R6, and R6 is as ~efined in Claim 1, reaction of a corresponding 

5 compound of fonnula VI, 

P10{0)C-CH2-(R)Cgl-Aze-Pab-R2 VI 

wherein P1 represents an acid labile ester protecting group and R2 

represents OC(O)R6, wherein R' is as defined in Claim 1, with an acid; 

(g) for compounds of formula I in which R1 represents R3
, R' represents 

10 C1•10 alkyl or C1•3 alkylphenyl, and R2 represents OH or C(O)OR7, and R1 

is as defined in Claim 1 by a tran~terification of a corresponding 

compound of formula VD, 

'·· .... ,, 

15 

R1-<?<0)C~-(~Cgl-~Pab-R~ VII 
-- -~~rei~-R1•: represents a C1•1~ ~j or C1•3 alkylphenyl group other ~an 

that being formed, or an alternative labile alkyl substituent and R2 is as 

defined in Claim 1 ~ 


