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New thrombin inhibitors, their preparation and use 

Field of the Invention 

s This invention zelates to novel phannaceutically usefill compounds, in particular competitive 

inhibitors of trypsin-like serine proteases, especially tbrombin, their use as medicaments, 

pharmaceutical compositions containing them and synthetic routes to their production. 

JO 

Background 

Blood coagulation is the key process involved in both haemostasis (i.e. the prevention of 

blood loss from a damaged vessel) and thrombosis {i.e. the formation of a blood clot in a 

blood vessel or in the heart, sometimes leading to vessel obstruction). 

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

m this series of reactions is ~e conversion of the proenzym.e prothrombin to the active 

enzyme tbrombin. 

lbrombin is known to play a central role in coagulation. It activates platelets, leading to 

20 platelet aggregation, converts fibrinogen into fibrin monomers, which polymerise 

spontaneously into fibrin polymers, and activates factor XIII, which in tl1m crosslinks the 

polymers to form insoluble fibrin. Furthennore, tluombin activates factor V and factor VIII 

Jeading to a "positive feedback" generation of thrombin from protbrombin. 

2S By inhibiting the aggregation of platelets and the formation and crosslinking of fibri&. 

,. effective inhibitors of tbrombin would therefore be expected to exhibit antithrombotic 

activity. In addition, antitbmmbotic activity would be expected to be enlvmced by effective 

inhibition of the positive feedback mechanhnn. 
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Prior Art 

The development of low molecular weight inhibitors of thrombin has been described by 

Chason in Blood Coagul. Fibrinol. (1994) 5, 411. 

Blom.back et al. (1. Clin. Lab. Invest. U, suppl. 107, S9, (1969)) reported tbrombin inhibitors 

based on the amino acid sequence situated around the cleavage site for the fibrinogen Aa. 

cbaW. Of the amino acid sequences discussed, these authors suggested the sequence Phe-Val­

Arg (P9-P2-PJ, hereinafter zeferred to as the P3-P2-Pl sequence) would be the most effective 

10 inln'bitor (for a classification of substrate specificity see Schechten and Bergen. Biophys. Res. 

Commun. (1967) 27, 157 and (1968) 32, 898). 

lbrombin inhibitors based on dipeptidyl deriva1ives with an a,m-aminnaJkyl gnani<line in the 

Pl-position are known ftom US Patent N° 4,346,078 and lntemational Patent Application 

1s WO 93/11152. Similar, structurally related. dipeptidyl derivatives have aJso been ieported. 

20 

For example International Patent Application WO 94/29336 discloses compounds wjth, for 

example, aminomethyl benzamidines, cyclic aminoalkyl amidines and cyclic aminoalkyl 

guanidines in the Pl-position; European Patent Application 0 648 780, discloses compounds 

with, f'or example, cyclic aminoelkyl guanidines in the Pl-position. 

Tbrombin inlu.Oitors based on peptidyl deri\181ives, also having cyclic aminoalkyl guanidines 

(e.g. either 3-or 4- aminomethyl-1-amidinopiperic:tine) in the Pl-position, are known fiom 

Eumpean. Patent Applications 0 468 231, 0 SS9 046 and 0 641 779. 

25 lbrombin inlu.1>itors based on tripeptidyl derivatives with arginine aldehyde in the Pl· 

position were fust disclosed in European Patent Application 0 185 390. 

Mme recently, arginine aldehyde-based pepddyJ derivatives, modified in the Pl-position, 

have been reported. For example, International Patent A.. >lication WO 93/18060 discJoses 
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hydroxy acids, European Patent Application 0 526 Sn des-amino acids, and European Patent 

Application O 542 525 0-metbyl mandelic acids in the Pl-position. 

Inhibitors of serine proteases (e.g. thrombin) based on electrophilic lcetones in the Pl-position 

s are also known. For example, European Patent Application 0 195 212 discloses peptidyl u­

keto esters and amides, European Patent Application 0 362 002 fluoroalkylamidc ketones, 

European Patent Application 0 364 344 u,p,3-triketocompounds, and European Patent 

Application 0 530 167 a-Rlkoxy ketone derivatives of arginine in the Pt-position. 

10 Other, structurally different, inlu'bitors of trypsin-like serine proteases based on C-terminal 

boronic acid derivatives of arginine and isotbiouronium analogues thereof~ known ftom 

European Patent Application 0 293 881. 

More recendy, tbrombin inhibitors based on tripeptidyl derivatives have been disclosed in 

as European Patent Applications 0 669 317, 0 686 642 and 0 648 780 and International Patent 

Applications WO 95135309, WO 95123609 and WO 94129336. 

However, there remains a need for effective inhibitors of trypsin-like serine proteases, such as 

thrombin. There is a particular need for compounds which are both omUy bioavailable and 

20 selective in inhibiting thrombin over other serine proteases. Compounds which exhibit 

competitive inlul>itory activity towards thrombin would be expected to be especially useful as 

anticoagulants and therefoie usetul in the therapeutic treatment of thrombosis and related 

disorders. 
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Disclosure of the lnvendon 

According to the invention then: is provided a compound of formula I. 

R'' 1 ·;_ A "N y 

(CH2)p (CHa}q x 
1

2 
j
3 

/(CHz>,.-B 
R R 0 N~ 

5 

p and q independently represent 0, l, 2, 3 or 4; 

R1 representsH,2,3-epoxypropyl, C1-6 alkyl (which latter group is optionally substituted or 

10 terminated by one or more hydroxy group), a structural fragment of formula Ia 

15 

CH\. /H3 

.A_ ,. 

)-{A'+ 
wherein A~ represents a single bond or c1 ... alkylene and Rx represents Hor c1 ... alkyl, 

provided that there are no more than six carbon atoms in the chain R.x-C-C-A1
, or, when p 

represents 0, together with R2 represents a structund fragment of fonnula lb, 

~ lb 

o~ 
R' 

"' 

• 
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wherein R" represents H or C1.3 alkyl; 

R2 represents H, Si(Me),,, naphthyl, indolyl, CHR21R22 or c1 ... alkyl (which latter group is 

optionally substituted ortaminated by one or more fluorine or hydroxy group) or Cw 
cycloalkyl or phenyl (which latter two groups are optionally substituted by one or more of 

s c 1 ... alkyl, c 1_. alkoxy, halo, hydroxy, cyano, nitro, methylenedioxy, triflumomethyl, 

hgment of formula lb; 

R3 represents H, Si(Me)J, naphthyl, indolyl, CHR.ZSa.26 or C1"6 alkyl (which latter group is 

optionally substituted or tenninated by one or more fluorine or hydroxy group) or C3-1 

10 cycloalkyl or phenyl (which latter two groups are optionally substituted by one or more of 

c1_. alkyl, C1.,. alkoxy, halo, hydroxy, cyano, nitro, methylenedioxy, 1riftumomethyl, 

N(H)R27 or C(O)OR.3); 

R.21
, R22

, R25 and R26 independently represent cyclohexyl or phenyl; 

R23 and R27 independently represent H, C1..c alkyl or C(O)R29
; 

1s R.24
, R21 and R29 independently represent H or C1_. alkyl; 

R4 represents H or c, ... alkyl; 

Y represents C1•3 allcylene optionally substituted by C1_. alkyl, hydroxy, methylene or oxo; 

20 n represents 0, 1, 2, 3 or4; and 

B represents a structural fiagment of formula IVa, IVb or JVc 

IVa IVb IVc 
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whelein 

R5 represents ~ halo or C1-t alkyl; and 

x• and X2 independently represent a single bond or CH2; 

5 provided that when R1
, R2 and R4 all represent H, p represents 0, y represents (CHlll, D 

represents 1 and: 

(a) R.J ieprelents unsubstituted phenyl and:-

(i) B represents a structural fragment of formula IVa and R5 represents H, then q does 

not iepresent 0 or l; and 

10 {ii) B represents a structuraJ ftagment of formula IVb and X1 and X2 both represent 

CH2, then q does not represent O; and 

(b) R3 represents unsubstituted cyclobexyl, B represents a structural fragment of formula 

IVa and R5 represents H, then q does not represent O; 

is or a pharmaceutically acceptable salt thereof (hereinafter refeued to as "the compounds of the 

inventionj. 

20 

The compounds of the invention may exhibit tautomerism.. All tautomeric forms and 

mixtures thereof are included within the scope of the invention. 

The compounds of the invemion may also contain one or more uymmetric carbon atoms and 

may tberefme exhibit optical and/or diastereoisomerism. All c:tiasteJeoisomers may be 

separated Using conventional techniques, e.g. chromatogmpby or fiactional crystallisation. 

The various steieoisomers may be isolated by separation of a racemic or other mixture of the 

25 compounds using conventional, e.g. fiactional ciystallisation or HPLC, techniques. 

Altanatively the desired optical isomers may be made by reaction of the appropriate 

optically active starting materials undercondi1ions which will not cause racemisation or 

epimerisation, or by derivatisation, for example with a homocbiral acid followed by 

separad.on of the diasteleomeric estas by conventional means (e.g. HPLC, chromatography 

30 over silica). All stereoisomers me included. within the scope of the invention. 

• 
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Alkyl groups wbichR1,Rx, a>', R2
, R3

, R4
, R5

, R23
, R24

, R27
, R21 anclR29 may iepresentand 

which R2
, R3 and Y may be substituted by; cycloalkyl groups which R2 and R3 may 

represent; and alkoxy groups which R2 and R3 may be substituted by may be linear or 

bnmched, saturated or unsaturated. Alkylene groups which A1 and Y may represent may be 

saturated or unsatumtecl. 

Halo. groups which R5 may repteSCnt and which R2 and R3 may be substituted by include 

ftuoro, chloro, bromo and iodo. 

The wavy lines on the carbon atom in the fragments of formulae la, lb, IVa, IVb and IVc 

signify the bond position of the fragment. 

Abbreviations are listed at the end of this specification. 

When B represents a structural fragment of formula IVa, IVc or IVb in which latter 

fiagment X1 and X2 both represent CH2, prefened compounds of the invention include those 

wherein n represents 1. 

20 When B represents a structural fragment of formula IVb in which X1 represents a single 

bond and X2 represents either a single bond or CH2, preferred compounds of the invention 

include those wherein n represents 2. 

When B represents a structural ftagmcnt of formula IVa, preferred compounds of the 

25 invention include those wherein R5 represents H. 

Preferred compounds of formula I include those whaein: 

R.1 represents H, methyl, 2,3-dihydroxypropyl or (2,2-dimethyl-1,3-dioxalan-4-yl)methyl; 

p represents O; 

30 R2 represents H, optionally substituted C1_. alkyl, or optionally substituted phenyl; 
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q represents 0, 1 or 2; 

R3 represents C1"' alkyl, naphthyl, indolyl,. optionally substituted cyclohexyl or optionally 

substituted phenyl; 

Y represents CH2, (CHu.i, (CH2lJ, CH2CH(CHJ)CH2, CH2C(=O)CH2 or CH2C(=CHi)CH2; 

s R4 
represents H. 

10 

When R2 represents C1_. alkyl, preferred optional substituents include hydroxy. Preferred 

points of attachment for the hydroxy group include the carbon atom which is a to the 

carbon atom to which OR 1 is attached. 

More preferred compounds of the invention include those wherein: 

a• represents H; 

R2 represents H, methyl, hydroxymethyl or ethyl; 

q represents O; 

1s a.3 represents optionally substituted phenyl or optionally substituted cyclohexyl; 

Y represents CH2, (CHV2 or CH2C(=CHJ)CH1; 

When R 1 and R2 both represent H, R3 represents unsubstituted phenyl or unsubstituted 

cyclohexyl and q iepresents 0 or 1, preferred compounds of the invention include those 

20 wherein Y represents CH2 or CH2C(=CH2lCff2· 

25 

30 

When R 1 represents H, R3 
l'C)RSCJlts unsubstituted phenyl or unsubstituted cyclohexyl and 

q represeDts 0 or I, prefened compounds of the invention include those wherein R2 

represents methyl, hydroxymedlyl or ethyl 

When R3 represents cyclohexyl or phenyl, preferred optional substituents include hydroxy, 

fluoro, chloro, methyl, methoxy, amino, nitro, trifluoromethyl, methylenedioxy, ethoxy and 

propoxy. Particular substituents include hydroxy, mono- or ditluom. cblom, methyl, 

metboxy and methylenedioxy. 

• 
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Particularly preferred compounds of the invention inClude those wherein 

Y represents CH2; 

B represents a structural ftagm.ent of formula IVa. 

s Compounds of the invention in which the a-amino acid carbon in the fragment 

R' 

is in the S-configuration are preferred. The wavy lines on the nitrogen and carbon atom in 

the above 1iagment signify the bond position of the bgment. 

10 When R1 and R2 both represent H and p represents 0, preferred compounds of the invention 

are those in which the a-carbon in the fragment 

15 

HO~ 
H (Cf:Yq 

13 
R 

is in the R-configuration. The wavy line on the carbon atom .in the above 1iagment signifies 

the bond position of 1he tiagment. 

Prefcned compounds of the invention include: 

Ch-(R,S)CH(OH}C(O)-Aze..Pab; 

Ch-(R)CH(OH)-C(O)-Azc..Pab; 

Ph-(R)CH(OH)-C(O}Az-Pab; 

20 Ph(3-Me}(R,S)CH(OH)-C(O)-Az-Pab; 
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Ph(3..QMe)-(R.S)CH(OH)-C(0)-Az.e-Pab; 

Ph(3,S-di0Me)-(R,S)CH(OH)-C(O)-A7.e-Pab; 

Ph(3..QMe,4-0H)-(R.S)CH(OH)-C(0)-A7.e-Pab; 

Ph-(R.S)C(EtXOH)-C(O)-Aze-Pab; 

s Ph-(R,S)C(EtXOH)-C(O)-Pro-Pab; 

(PhllC(OH)-C(O)-Aa-Pab; 

Ph(3-0Me,4-0H)-(R.S)CH(OH}C(O)-Pro-Pab; 

Ph-(R.)CH(OH)-C(O)-A7.e-Pac; 

Ph-(R)CH(OH)-C(O)- (R,S)Pic(ci.r-4-Me)-Pab; 

10 Ph(3,4-(-0-cH2-0-)}{R,S)CH(OH)-C(O)-A7.e-Pab; 

Ph(3-0Me)-(R,S)CH(OH)-C(O)-Pro-Pab; 

Ph(3,S-di0Me)-(R.S)CH(OH)-C(O)-Pro-Pab; 

Ph{R,S)C(MeXOH)-C(O)-Aze-Pab; 

Ph(3,S-diMe)-(R.S)CH(OH)-C(O)-A7.e-Pab; 

JS Ph(3-NH~S)CH(OH)-C(O)-A7.e-Pab; 

Ph(3-NH:z}(R.S)CH(OH)-C(O)-Pro-Pab; 

Pb(3-NO:a}{R,S)CH(OH)-C(O)-Pro-Pab; 

Ph(l,4-(-0-CHrO-))-(R,S)CH(OH)-C(O)-Pro-Pab; 

Ph(3J-diF)-(R,S)CH(OH)-C(O)-Pro-Pab; 

20 Ph-(R)CH(O-CH1-(R,S)CH(-O-C{CH3)J-O-CH2-))-C{O)-A7.e-Pab; 

Ph-{R)C(Me)(OH)-C(O)-Pro-Pab; 

Ph-(S)C(Me)(OH)-C(O)-Pro-Pab; 

Ph(3,4-diF)-(R,S)CH(OH}C(0)-Pro-Pab; 

Ph-(R.)CH(OH)-C(0)-(R.S)Pic(4-methylene)-Pab; 

25 Ph(3-Cl}(R,S)CH(OH)-C(O)-Aa-Pab; 

30 

Ph-(R,S)C(-O-C(CH3h-Q-CHr )-C(O)-Aze-Pab; 

Ph-(R,S)C(-O-C(CH3)r0-CH1-)-C(O)-Pro-Pab; 

Ph-(R,S)C(CH20H)(OH}C(O)-Aze.Pab; and 

Ph-(R,S)C(CH20H)(OH)-C(O)-Pro-Pab. 

• 

.. 
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Prepantion 

According to the invention there is also provided a process for the prepmation of compounds 

of formula I which comprises: 

(a) the coupling of a compound of formula V, 

0 

(CH. (CHJ)q 

12 13 
R R 

v 

wherein p, q, R1
, R2 and R3 are as hereinbefore defined .with a compound of formula VI, 

VI 

(b) the coupling of a compoWld of fotmula Vil, 

15 vm. 
vm 
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wherein n and B are as heMinbefore defined; 

for example in the presence of a coupling system (e.g. oxalyl chloride in DMF, EDC, DCC or 

TBn.J), an appropriate base (e.g. pyri~ DMAP or DIPEA) and a suitable organic solvent 

' (e.a. dichloromethane, acetonitrile or DMF). 

Compounds of formula V are either commercially available, are well known in the literature, 

or me available using known techniques. 

10 For example, compounds of formula V wherein R 1 and R2 both n:present H, p and q bOtb 
tepieSCDt 0 and R3 

iepresents naphtbyl or phenyl optionally substituted by one or more of 

C1-c alkyl, C1-c alkoxy, halogen. hydroxy, cyano, methylenedioxy, nitro, trifluoromethyl, 

N(H)R27 or C(O)OR21 may be prepared by reaction of an aldehyde of formula IX, 

RhcHO ~ 

is wherein R311 represents naphthyl or phenyl optionally substituted by one or more of C1-c 

alkyl, c 1 ... alkoxy, halogen, hydroxy, cyano, methylenedioxy, nitro, 1ritluoromethyl, N(H)R27 

or C(O)OR21 and R27 and R21 are as hereinbefore defined, with: 

20 

(i) a compound of formula X, 

R"CN x 
wherein R" represents Hor (CH3))Si, for example at elevated temperature (e.g. above room 

temperature but below IOO°C) in the presence of a suitable organic solvent (e.g. 

chloroforin) ~ ifnece5S11Y, in the presence ofa suitable catalyst system (e.g. 

benzylammonium chloride), followed by hydrolysis in the presence of an appropriate base 

:zs (e.g. NaOH); 

(h") chloroform, for example at elevated temperature (e.g. above room temperature but 

below 1 OO°C) in the presence of a suitable organic solvent (e.g. chloroform) and, if 

~. in the presence of a suitable catalyst syste. (e.g. benzylammonium chloride), 

JO followed by hydrolysis in the pieseiu: of an appropriate base (e.g. NaOH); 
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(iii) a compoWld of formula XI, 

XI 

wherein M represeilts Mg or Li, followed by oxidative cleavage (e.g. omnolysis or osmimn 

s or ruthenium catalysed) under conditions which are well known to those skilled in the art; or 

(iv) tris(methylthio )methane under conditions which are well known to those skilled in the 

art, followed by hydrolysis in the presence of an appropriate base. 

10 Compounds of formula V ~in R 1 represents ff, R2 represents CH20H. p and q both 

represent 0 and R3 repn:sents naphthyl or phenyl optionally substituted by one or more of 

C1_. alkyl, C1,,. alkoxy, halogen, hydroxy, cyano, methylenedioxy, nitro, trifluoromethy~ 

N(H)R27 or C(O)OR21 may be prepared by reaction of a compound of fonnula XII, 

Rhc(O~Hs XII 

u wherein R31 is as hereinbefore defined with sodium hypochlorite for example at room 

temperature in the presence of a suitable solvent (e.g. water). 

Compounds of formula VI and VU are either commercially available, me well known in the 

litaature, or are available using known techniques. For ex•mpJe compounds of formuJa VI 

20 may be made by standard peptide coupling of a compound of formula xm, 

XIII 

wbcrcin R4 and Y are as haeinbefore defined with a~ of formula VIll as 

hcRinbefore defined for example under conditions such as those described hereinbefore for 

synthesis of compounds of formula I. Similarly compound of formula vn may also be 
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made by standard peptide coupling of a compound of formula xm as herein.before defined 

with a compound of formula Vas hereinbef'ore defined for example under conditions such 

as those described hereinbefore for synthesis of compounds of formula I. 

5 Compounds of formula VIII, IX, X, XI, XII and XIII are either commeidally available, are 

well known in the literature. or are available using known techniques. Substituents on the 

phenyl group in compounds of formula V, VD, IX and XII may be inteiconverted by 

techniques well known to those skilled in the art. . 

10 The compounds of the invention may be isolated from their reaction mixtures using 

conventioml techniques. 

15 

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

functional groups of intennediate compounds may need to be protected by protecting groups. 

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

guanidino and carboxylic acid. Suitable protecting groups for hydroxy include trialkylsilyl 

and diarylalkylsilyl groups (e.g. terd>utyldimetbylsilyl, tel'tbutylctipbenyJsilyl or 

trimethylsilyl) and tetrahydropyranl. Suitable protecting groups for hydroxy groups, which 

20 llOUPS are attached to adjacent carbon atoms include 0,0'-isopropylidene.. Suitable 

pmtecting gioups for amino, amidino and guanidino include tertbutyloxycarbonyl or 

benzyloxycarbonyl. Amidino and guanidino nitrogens may be either mono- or diprotected. 

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

25 The prott:clion and deprotectioa of timdional groups may take place before or after coupling. 

ID particular, the compounds of the invention may be prepared by proc:csses comprising the 

coupling of an N-acylated amino acid or an N-protected amino acid. When an N-protected 

amino acid is used the acyl group may be added after coupling and depmtection of the 

JO nitrogen atom may tbm be effected using standard methods thereafter. 

• 
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Protecting groups may be removed in accordance with techniques which are well kn~ to 

those skilled in the art and u descn'bed hereinafter. 

s Cerlain protected intennediates of formula I, in which the amidino and guanidino nitrogens in 

B are protected, and which may be made prior to a final cleprotection stage to form 

compounds of the invention, are novel. 

10 

15 

According to a further aspect of the invention there is provided a compound of formula XIV, 

~1~ J<\. -....N y 

(CHz)p (~ ~y 
i l3 O~N~(CHz),tB' 

wherein 8 1 represents a structural fragment offonnula IV~ IVe or IVf 

IVd IVe M 

D1 and tY independently represent Hor benzyloxycarbonyl and p, q, R1
, R2

, R.3, R4
, Y, n, R5

, 

X1 and -,f- are as hminbefore de1inecl, provided that D1 and D2 do not both represent H. 

The wavy lines on the carbon atom in the fragments of formulae IVd, IVc or IVf signify the 

bond position of the fiagment. 
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The use of protec1ing groups is tblly described in "Protectiv~ Groups in Organic Chemistry", 

edited by 1 W F McOmie, Plenum Press (1973), and "Protective Groups in Organic 

Synthesis", 2nd edition, T W Greene & PG MW~ W"dey-lntascience (1991). 

5 It will also be appm:iated by those skilled in the art that, although such protected derivatives 

of compounds of formula I may not possess pharmacological acd~ as such, they may be 

administeied parenterally or orally and thereafter metabolised in the body to form compounds 

of the invention which are pbarmacologitally active. Such derivatives may therefore be 

described as "prodrugs". All prodmgs of compounds of formula I are included within the 

10 scope of the invention. 

Protected derivatives of compounds of formula I which are particularly useful as prodmgs 

include compounds of formula XIV. 

ts Medical and pharm.aceutieal me 

The compounds of the invention are useful because they possess pbannacological activity. 

They are therefore indicated as phannaceuticals. 

20 According to a tbrther aspect of the invention there is thus provided the compounds of the 

invention for use as pbannaceuticals. 

25 

In particul8r, the compounds of the invention are potent inhibiton of thrombin, for example 

as demonstrated in the tests described below. 

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 me thus indicated in the treatment or prophylaxis of 

30 tbmmbosis and hypercoagulability in blood and tissues of animals including man. 
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The compounds of the invention are fiarther indicated in the treatment of conditions where 

there is an undesirable excess of tbrombin without signs of hypacoagulability, for example in 

neurodegenerati diseases such as Alzheimer's disease. 

Particular disease S1JdeS which may be mentioned include the treatment of and/or prophylaxis 

of venous thmmbosis and pulmonary embo~ arterial thrombosis (e.g. in myocardial 

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

systemic embolism usually &om 1he atrium dming arterial fibrillation or ftom 1he left 

10 ventricle after 1ransmural myocardial infarction. 

IS 

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

occlusion (Le. thrombosis) after tbrombolysis, percutaneous trans-luminal angioplasty 

(PTCA), coronary bypass operatiom, miClOSW'gery and vascular surgery in genesal. 

Further indications include the treatment and prophylaxis of disseminated intravascular 

coagulation caused by~ multiple trauma, intoxication or any other mechanism; 

anticoagulant treatment when blood is in contact with foreign surfaces in the body such as 

vascular grafts, vascular stents, vascular catheters, mechanical and biological pmsthetic 

20 valves or any other medical device; and an1icoagulant 1reatment when blood is in contact with 

medical devices oulSide the body such as during cardiovascular surgery using a heart-lung 

machine or in haemodialysis. 

Jn addition to its effects on the coagulation process, thrombin is known to aclivate a large 

25 number of cells (such as neutmphils, fibroblasts, endothelial cells and smooth muscle cells). 

Therefore, the compounds of the present invention may also be usetul for the 1mdment or 

prophylaxis of idiopathic and adult iespiratory distress syndrome, pu1monaiy fibrosis 

following treatmeDt with radiation or chemotherapy. septic shock, septicemia, inflammatory 

responses, which incl• but are not limited to, edem' _ :ute or chronic atherosclerosis such 
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as coronary arterial disease, cezebral arterial disease, periphenl arterial disease, reperfiJsion 

damage, and restenosis after percutaneous trans-luminal angioplasty (PTCA). 

CompolDlds of the present invention 1hat inhibit trypsin and/or tbrombin may also be usetu1 

s in the treatment of pancreatitis. 

Acconling to a further aspect of the in~ there is provided a method of1reatment 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 above, or a 

10 pbannaceutically acceptable salt thaeot: to a person suffering from, or susceptl"ble to, such a 

condition. 

Pbannaceutiealpreparations 

., The compounds of the invention will nonnally be administered oially, subcu1aneously 

buccally, rectally, dermally, nasally, lntcheally, bronchially, by any otherparenteial route or 

vitl inhalation. in the form of pharmaceutical piq>arations comprising the active inpxtient 

either as a free ~ or a pharmaceutical acceptable non-toxic organic or inorganic acid 

addition salt, in a pharmaceutically acceptable dosage form. Depending upon the disOJder and 

20 patient to be 1reated. and the route of administration, the compositions may be admhristered at 

varying doses. 

The compounds of the invention may also be combined with any antitluombotic agent with a 

different mechanism of action, such as the antiplatelet agents acetylsalicylic acid, ticlopidine, 

2S clopidogrel, tbromboxane receptor and/or synthetase inhibitors, fibrinogen ieceptor 

antagonists, pn>SllC)'clin mimetics and phosphodiesterase inhibitors . 

The compounds of the invention may further be combined with thmmbolytics such as tissue 

plumimgen activator (natural or rec0mbinant), sttq>tokinase, mokinase, prou!Olcinase, 

30 anisolated stlepto1cinase plasminogen activator complex (ASPACh animal salivary gland 
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plasminogen activators, and the like, in the treatment of thrombotic diseases, in particular 

myocardial infiuction. 

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

s formulation including a compound_ of formula I as hereinbefoie defined, or a 

pbannaczutically acceptable salt theieof, in admixture with a phmmaceutically acceptable 

adjuvant, diluent or carrier. 

Suitable daily doses of the compounds of the invention in therapeutical treatment of humans 

10 are about 0.001-100 mglkg body weight at peroral actn,jnistration and 0.001-50 mg/kg body 

weight at parenteral administration. 

The compounds of the invention have the advantage that they may be more efficacious, be 

less toxi~ be longer acting, have a broader range of activity, be more potent, produce fewer 

15 side effects, be more easily absorbed than, or that they may have other useful 

pharmacological properties over, compounds known in the prior art. 

Biological Tests 

20 TestA 

De.termjnatjon oflbmmbin clottina Time OD 

Human thrombin (T 6769, Sigma Chem Co) in buffer solution, pH 7.4, 100 µI, and inhibitor 

solution, 100 µI, were incubated for one min. Pooled normal citrated human plasma, 100 pl, 

was then added and the clotting 1ime measured in an automatic device (KC 10, Amelung). 

The clotting time in seconds was plotted against the inhibitor concentration, and the IC501T 

was determined by interpolation. 

IC50IT is the concentration of inhibitor that doubles 1he tbmmbin clotting time for human 

30 p)8$1M 
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Imll 
flctmpjnatjon of Activated J>artial Jbromboplutin Time (APID 

- APIT was determined in pooled nonnal human citrated plasma with the ieagent PIT 

s Automated S manufactum1 by Stago. 1be inhibitors w= added to the plasma (lOpl inhibitor 

solution to 90Jd plasma) followed by the reagent and calcium chloride solution and AP1T 

was determined in the mixture by use of the coagulation analyser KCIO (Amelung) accmding 

to the instructions of the reagent producer. The clotting time in seconds was plotted against 

the inhibitor concentration in plasm• and the ICsoAPIT was detenninecl by intelpoladon. 

10 

ICsoAPTf is defined as the conceJ111'aDon of inhibitor in luunan plasma that doubled the 

Activated Partial 'lbromboplastin Tmie. 

15 Detemrination of thmmbin time er yjyo 

The inlu"bition of thrombin after oral or parenteral administmtion 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 artay. On the 

experimental day blood samples were withdrawn at fixed times after the adminisflation of the 

20 compound into plastic tubes containing 1 part sodium citrate solution (0.13 mol per L) and 9 

parts of blood. The tubes were celdrifuged to obtain platelet poor plasma. The plasma was 

used for determination of thrombin time as described below. 

The ci1rated rat plasma, 100 pL, was diluted with a saline solution. 0.9%, 100 J&L, and plasma 

25 coagulation was started by the addi1ion of human tbrombin (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. Oemumy). 

Where a compound of fonnula XIV was administered, concentra1ions of the appropriate 

30 active thrombin inlu"bitor of fonnula I in the rat plasma WCJe estimated by the use of standard 
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curves relating the tbrombin time in the pooled citrated rat plasma to known concen11ations of 

the c:orrespondina "active" thrombin inhibitor dissolved~ saline. 

IestD 

s Determination oftbrombjn time in urine ex yjyo 

Conscious rats were placed in metabolism rages for 24 hours following oral administration of 

compounds of the invendon. The tbrombin time was detennined on the collected urine as 

descnDed below. 

10 Pooled normal citrated human phmna (1 OOµL) was incubated with the concentrated rat urine, 

or saline dilutions thereof: for one minute. Plasma coagulation was then initiated by the 

administration ofhmnan thrombin (T 6769, Sigma Chem Company) in buffer solution (pH 

7.4; lOOµL). The clotting time was measured in an automatic device (K.C 10; Amelung). 

is Where a compound of fonnula XIV was administered, concentrations of the appropriate 

active thrombin inhibitor of formula I in the rat urine were estimated by the use of standard 

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

concentmtions of the cmresponding ~ve" thrombin inhibitor dissolved in. concentrated rat 

mine (or saline dilutions theieot). By multiplying the total rat urine pmduction over the 24 

20 hour period with the estimated mean concemration of the aforementioned active Uihibitor in 

the urine, the amount of the active inhibitor excreted could be calculated. 

1be invention is illustrated by way of the following examples. 

25 Enmples 

Mass spectnL were recorded on a Finnigan MAT TSQ 700 triple quadrupole mass 

spectrometer equipped with an electrospmy interface (FAB-MS) and VG Platform D mass 

30 spectrometer equipped with an electrospray interface (LC-MS) . 1H NMR and 13C NMR. 
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measurements were performed on BRUKER ACP 300 and Varian UNITY plus 400 and SOO 

spectrometers, operating at 1H frequencies of300.13, 399.96 and499.82 Miit respectively, ·• -

and at 13C fiequencies of7S.46, 100.58 and 125.69 Mbz respectively. 

s Example 1 

(i) Boc-Aze..OH 
Di-tert-butyl dicarbonate (13.75 g; 63 mmol) was added with stining at room temperature to 

10 amixtureofS.777 g {57 mmol) ofL-azetidine-2-carboxylic acid (H-Aze-OH)and6.04 g (57 

mmol) of sodium carbonate in SO mL of water and 100 mL of 'lllF. After 60hthe1HF was 

removed in vacuo and the mixture was clilutecl with water and acidified with 2 M potassium 

hydrogen sulphate. Extmction with methylene chloride followed by drying (magnesium 

sulphate) and evaporation of the solvent gave.a.residue which was ciys1allized &om 

15 methylene chloride:hexane to give 10.87 g (95%) of colourless crystals. 

1H-NMR.(300 MHz; CDCl3): 6 4.85-4.7 (br s, 1), 4.0-3.75 (m, 2), 2.65-2.JS (m, 2).1.4 (s, 9). 

(Ii) Boc-Aze-Pab(ZJ 

20 At mom temperature. EDC (13.S g; 70 mmol) was added to a mixture ofBoc-Aze-OH (10.87 

g; S4 mmol; from step (i) above), H-Pab(Z) x HCI (18.31 g; 57 mmol; prepared according to 

tbe method described in International Patent Application WO 94129336) and DMAP (9.9 g; 

81 mmol) iii acetonitriJe (270 mL). After 16 h the solvent was removed in wzcuo and replaced 

by edlyl acetate. The mixture was washed with water and an aqueous solution of citric acid. 

is The organic layer was dried (magnesium sulphate) and the solvent was removed in YaC110 to 

give a n=sidue which gave Boc-Aze..Pab(Z) (17.83 g) upon crystallization ftom a mixture of 

methylene chloride, toluene, dlisopropyl ether and petroleum ether. 

1H-NMR(300MHz; CDCl3): & 7.85-7.75(d,1), 7.45-7.2 (m, 7), S.2 (s,2),4.7(t,1)9 4.6-4.4 

30 (~ 2), 3.95-3.8 \q". l)t 3.8-3.7 (q, 1), 2.S-2.3 (m, 2). 1.4 (S. 9). 
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(iii) H-Al&-Pab(Z) 

Boc-M.e-Pab(Z) (2.44 g; S.2 mmol; iom step (il) above) was dissolved in a mixtme of 10 

mL of trifluoroacetic acid and 10 mL of methylene chloride. After 30 minutes the solvent and 

s trifluoroacetic acid were removed in W1CUO and the residue was dissolved in methylene 

chloride. The organic phase was washed with 10% sodium carbonate solution and dried 

(potassium carbonate). Removal of the solvent in wacuo gave a residue which gave H-A7.e­

Pab(Z) (1.09S g; S?0.4) as colourles.ct crystals upon crystallimion ftom. methylene chloride. 

10 
1H-NMR.(300 MHz, CD30J;>): 6 7.85-7.75 (d, 2), 7.45-7.2S(m, 7), S.2 {s, 2), 4.S (s, 2), 4.3 (d, 

1), 3.65 (q, 1), 3.4-3.3 (m. l), 2.7-2.S {m, 1), 2.4-2.2 (m, 1). 

(iv) Ch-(J..S)CH(Oli)-C(O)-Am-Pab(Z) 

Prepmed in accordance with the method described: by Kelly and LaCOlU' (Synth. Comm. 22, 

1s 859 (1992)) in the following way. To a solution of (R,S)-hexahydromandelic acid (0.30 g, 1.9 

mmol), a catalytic amount of DMAP, and pyridine (0.31 g, 3.9 mmol) in methylene chloride 

(S mL) was added TMSCI (0.42 g; 3.9 mmol) dropwise. 1he reaction was stined at room 

temperature for 4 h. The reaction was cooled to 0°C and a catalytic amount ofDMF (3 drops 

from a 2 mL syringe) was added followed by oxalyl chloride (0.25 g; 2.0 mmol). 1be 

20 Jeaelion was stixred for 1 hat OOC, a mixture ofH-Aze-Pab(Z) (0.IJ7 g; 1.8 mmol; from step 

(lii) above) and pyridine {O.SO g; 6.3 mmol) was added and the reaction was allowed to wann 

to room tempemture and stirred over night. A 10% solution of citric acid in methanol (6 ml.) 

was added to the mu:tion. After 30 minutes, the reaction was pomed into a separating fimnel 

and diluted with 3~ mL of ethyl acetate and the aqueous phase was exuactecl with ethyl 

2S acetate. The combined organic layers wae washed with a saturated bicarbonate solution 

followed by brine and dried (N~S04). After evaporation and ftash chromatography on silica 

gel using methylene chloride:metbanol (99: 1 to 92:8) as elucntthe sub-tide compound (60 

mg; 6%) was obtained. 
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1H-NMR (300 MHz; CDCl3l 3 1.0-1.9 (m, 11 H), 2.4-2.7 (m, 2 Hh 3.80 (d, 1 H), 4.0S-4.25 

(m, 1 H),43-4.S (m, 2 H), 4.BS-S.O(m, I H), S.18 (s,2 H), 7.1-7.S (m, ?H), 7.65-7.8 (m,2 

H), 7.86 (bt, 1 H, minor diastereomer and/or rotamer), 8.33 (bt, I H, major diastereomer 

mad/or rotamer) 

s 13C-NMR(7S ~ CDC13) amidine and carbonyl carbons: a 174.8, 170.6, 168.0and164.S. 

(v) Clt(B.S)CH(OH)-C(O)-Am=Pah x HC1 

Cli-(R,S)CH(OH)-C(O)-Aze.Pab(Z) (60 mg; 0.12 mmot; fi:om step (iv) above) was dissolved 

in ethanol (S mL), and 5% Pd/C and HCI (O.l mL; cone.) wete added. The mixture was 

10 hydrogenated at atmospheric pressun: for 2 hours. After filtration and evapomtion the product 

was purified through preparative RPLC using (O.OOS M Nff..OAc, O.OOS M H0Ac):CH3CN 

4:1 as eluent. After freez.e dryin& HCI (aq) was added and the solution was tieez.e dried. The 

yield of the title product was l S ms (31 %). 

1s 1H-NMR (300 MHz; l)p) the spectrum was complicated due to diastemomers and/or 

rotamcrs): 8 0.7-2.0 Cm. 11 H). 2.25-2.4 Cm. 1 H), 2.65-2.9 (m, 1 H), 3.79 Cd. 1 H. minor), 

4.03 (d, 1 H, major), 4.05-4. IS (m, 2 H, minor), 4.35-4.45 (m (bt), 2 H, major), 4.S-4.6 (m, 2 

H), S.20 (~ 1 H, minor, the major sigmd overlapping with the HOD signal), 1.S-1.6S (m, 2 

H), 7.7S-7AS (m, 2 H). 

20 13C-NMR. (7S MHz; CDCl3) amidinc and carbonyl carbons (ctiastereomers and/or rotamers): 

& 176.3, 175.4, 173.7,.173.3, 167.2and167.0. 

30 

Example2 

Clt{B)CH(OHKXQ>-As:Pabx HQ 

{i) Ch-(B)CH(QH)-C(O)=M;-PaMZ) 

The sub-title compound was prepared according to the method described in Example I (iv) 

(R)-hexahydromandclic acid (fiom 0.60 g; 3.8 mmol) yielding 0.15 g (100.4.). 
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(ii) Ch-(B.lCH(OH)=C(Q)-A7.e·Pab x HCI 

The title compound was prepared acconting to the method described in Example l(v) from 

Ch-(R)CH(OH)-C(O)-~Pab(Z) (0.12 g; 0.24 mmol; &om step (i) above). Yield: 52 mg 

(54%). 

1H-NMR. (300 MHz; ~O; the spectrum was complicatccl due to rotamers): & 0.7-2.0 (m, 11 

H), 2.25-2.4 (m, 1 H), 26-2.9 (m, 1 H), 3.79 (d, 1 H, minor), 4.02 (d, 1 H, nugor), 4.0S-4.lS 

(m, 2 H, minor), 4.3S-4.4S (m (bt), 2 H, major), 4.S-4.6 (m, 2 H), S.19 (m, 1 ff, minor, the 

major signal overlapping with the HOD signal). 7.5-7.65 (m, 2 H), 7. 75-7.85 (m, 2 H). 

10 
13C-NMR. (75 MHZt CDClJ) amidine and carbonyl carbons (rotamers): 171.9, 170.2, 169.8 

and 163.8. 

15 

20 

Example3 

CEll2C(Ql{)-C(O)=Aze-Pab x HCI 

(i) H-Aze-Pab(Z) x 2 HC1 

The subtide compound was prepared by reaction of Boc-A7.e-Pab(Z) (see Example I (ii) 

above) with EtOAc staurated with gaseous HQ. The reaction mixture was evaporated after 

half an hour to give H-Aze-Pab(Z) x 2 HCI in a quantitative yield. 

(ii) (.EtlJC(OH.l-C(O)-As-Pab(lJ 

A mixture of ctiethylglycolic acid (0.13 g; 0.80 mmol}, H-A7.e-Pab(Z) x 2 HCl (0.39 g; 0.88 

mmol; from step (i) above), TBlU (0.28 g; 0.18 mmol) in DMF (IS mL) was cooled on an 

ice • DIPEA (0.41 g; 3.2 mmol), was added and the ieaction mixture was stllred at room 

:is temperature overnight. The iaultant mixture was poured into 500 mL of water and extracted 

3 times wi1b. ethyl acetate. The combined organic phase was washed with aqueous NaHC03 

and water, dried {NBJS04) and evaporated. The crude product was flash chromatographecl OD 

silica gel using methylene chloride:THF as eluent. Yield: 30 mg (8%). 
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1H-NMR. (400 MHz; CDCI,): 6 8.04 (bt, lH), 7. 77 (d;2H), 7.40 (d, 2H), 7.35-7.2 (m, SH), 

5.17 (s, 2H), 4.90 (m, l H), 4.46 (dd, 1 H), 4.39 (dd, I H), 4.3-4.2 (m, 2 H), 2.66 (m, 1 H), 

2.44 (m, 1 H), 1.8-1.S (m, 4 H), 0.9-0.75 (m, 6 H). 

s (di) <.f.OJC(Oli)-C(O)-Nc-Pab x HCI 

The title compouncl was pepared according to the method described in Example l(v) fiom 

(Et)JC(OH}C(O)-Am-Pab(Z) (30 mg; 0.063 mmol; from step (Ii) above). Yield: 19 mg 

(79%). 

10 
1H·NMR (300 MHz; ~O; ~spectrum was complicated due to mtameis): 3 7.80 Cd. 2 H), 

1.65-1.S {m, 2 H), S.43 (m, 1 H, minorrotamer) 4.90 (m, 1H,mltjonotamer,4.6-4.S (m, 3 

H), 4.11 (m, I H, rotamer), 3.70(m, lH, rotamer), 2.8-2.SS (m, I H), 2.35-2.IS (m, 1 H), 

1.9-1.6 (m, 4 H), 1.0-0. 75 (m, 6 H). 
13C-NMR (75 MHz; OiO) amidine and carbonyl carbons (rotamers): 8 178.3, 177 .4, 175.0, 

IS 173.5, 167.2. 

Example4 

<PhlJC(OH):C(O)=AZJ!-Pab x HCJ 

20 (i) <J>IUJCCPm-aO)-A7kPab(Z) 
The sub-title compound was pepared according to the method described in Example 3(ii) 

from benzilic acid (0.18 g; 0.80 mmol). Yield: 0.16 g (35%). 

1H-NMR (300 ~ ~0): 3 7.93 (bt, 1 H), 7.71 (d, 2 H), 7.54-7.15 (m, 17 H), S.14 (s, 2 H), 

25 4.89 (m, 1 H), 4.57 (m, 1 H), 4.41 (dd, l H), 435 (dd, 1 H), 3.60 (m, 1 H), 3.44 (m, 1 H), 

2.44 (m, 1 H), 2.23 (Ills 1 H). 

(u) (lh4C(Oli)-C(Ql-Azc-Pah x HQ 

The title compound was pepared according to the method descn"bed in Example l(v) from 

JO (Ph)JC(OH)-C(O)-A»Pab(Z) (0.16 g; 0.28 mmol; &om step (i) above). Yield: 90 mg (68%). 
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1H-NMR (400 MHz; ~O) the spectrum was complicated due to rotamers: 3 1.6S-1~SS (m, 2 

H), 7.4-7.1 (m, 12 H), S.13 (m, I H, minor rotamer), 4.77 (m, I H, ~or rotamer), 4.43 (cl, 1 

H), 4.40 (d, 1 H), 4. 12 (m, 1 H, major rotamer), 4.0S-3.9 (m, I H, plus 1 H minor rotamer), 

s 2.SS (m, I H, minor rotam.cr), 2.39 (m, I H, major rotamer), 2.08 (m, 1 H). 
13C-NMR (75 MHz, OiO) amidine and carbonyl carbons (rotamers): B 11S. 1, 174.9, 174.6, 

173.4, 167.1 

ExampleS 

10 ~.ll=(B.S)CH(OW-C(OJ-A1c-Pah x HCI 

15 

20 

25 

(i) ~11-(B.S)CH(OH)-C(Q)=Am:Pab(ZJ 

The sub-title compound was prepared accon:ling to the method described in Example 3(ii) 

above from (R.S)-2-hydroxyoctanoic acid {0.13 g; 0.80 mmol yielding 0.25 g (61 %). 

1H·NMR {400 MHz; CDCh): 6 8.24 (bt, lH, one diastelmmec), 7.89 (bt, lH, one 

diastereomer), 7.8·7.75 {m, 2H), 7.4-7.45 (m, 2H), 7.35-7.25 (m, SH), S.18 (s, 211), 4.95-4.BS 

(m, 1 H), 4.55-4.35 (m, 2 H), 4.2-4.0 (m, 3 H), 2.8-265 (m, 1 H), 2.6-2.4 (m, 1 H), 2.0-1.2 

(m,10 H), 0.9-0.8 (m, 3 H). 

(Ji) ~.u-Ol.S)CH(PH)-C(Q)-M.e-Pab x ffCl 

1be title compound was prepared according to the method described in Example l(v) from n· 

C'1f13-(R,S)CH(OH)-C(O)-Am-Pab(Z) (0.14 g; 0.28 mmol; from step (i) above) yielding 88 

mg(78%). 

1H-NMR{400MHz; ~0): 3 7.7-7.6 (m, 2 H), 7.45-7.3 (m,2H),_S.03 (m, 1 H,one 

diastereomer) 4.74 (m, 1 H, one diastcreomer overlapping with the water signal), 4.45-435 

(m, 2 H), 4.3-4.1 (m, 2 H), 4.0-3.8 (m, UI), 2.6S-2.4S (m, 1 H), 2.3-2.1 (m, 1 H), 1.6-0.9 (m, 

10 H), 0.75-0.65 (m, 3 H). 
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13CNMR (75 MHz; DiO) amidine and carbonyl carbons {diastereomen and rotamers): 8 · 

176.8, 176.4, 176.0, 173.5, 173.3, 173.2, 167.2. 

Example§ 

s Pb-(l)CH(OH)=C(.Q)=Aze-Pab 

(i) Ph-(BlClf(Ofl)-C(O.)=An:-Pab(1J 

The sub-title compound was pl'Cpll'Cd llCCOiding to the method describecl in Example l(ii) 

ftom (R)-mandelic acid (0.12 g; 0.8 mmol). The crude product (0.315 g) WIS purified by 

10 flash chromatography (Si-gel; 1HF:Et0Ac (6:4)). Yield 0.128 g (32%) of white powder, 

purity 91.2% (HPLC) . 

1H-NMR ( 499.803 MH7., CDCl3): 8 8.14 (t, lH), 7.72 ( d, 2H), 7.42 (d, 2H), 7.33 (t, 411), 7.28 

{m, 3H), 7.22 (d, 2H), S.18 (s, 2H), 4.92 (s, lH), 4.79 (dd, lH), 4.54 (broads, lH), 4.39 (d, 

15 2H),4.00(q, lH),3.53(q,1H),2.48{m, tH),2.24(~ lffh2.19(broads, lH) 
13C-NMR. (125.688 MHz; CDCIJ){carboxylic andamidinc carbons): & 173.1, 170.3, 168.1, 

164.S 

(n) Ph-QUCH(OH):C(O)=t\m:Pab 

20 Ph-(R)CH(OH)-C(O)-Aze-Pab(Z) (107 mg; 0.214mmol;1iom step (i) above) was dissolved 

in 1llF:water (2: I), 37 mg of PdfC (4 mo1% Pd) was added and the resulting solution was 

hydrogenated over 6 hours. 1be solution was fil1ratecl through hyflo, and evaported to 

dryness. To the resulting white powder was added 20 mL of water acidified with 0.42 mL of 

IM HCI (ca. 2 equivalents). The msulting solution was washed with S mL ofEtOAc and 10 

25 mL of diethyl ether, and fn:c=.dried twice. Yield: 72 mg (84%) of white powder. Purity: 

91%(HPLC) 

1H·NMR. (399.968 ~ 0i0): 5 7.57 (t, 2H), 7.36 (cl, l~ 7.32 (s,3). 7.27 (s, IH), 7.25 (cl, 

lH), 7.19(111. IH), 5.17 (s, l~~or), 5.09(s, lH, minor), S.OO(dd, l,minor),4.38 (s,2, 

Jo major), 4.20 (dd, lH, major), 3.98 (dd, 2H, minor), 3.97 (m, lH. major), 3.7S (dd, lH), 2.68 
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(s, IH, minor), 2.65 (m, lH, minor), 2.35 (m, IH, major), 2.12 (m, IH, major), 2.03 (m, lH, 

minor) 
13C-NMR. (111.581 MHz; DiO)(carbonyl and amidine carbons): 6 174.S, 173.2, 172.S, 172.4 

s Enmple7 

Ph(4-CFJHR.SlCH(Ow-am-A1J!-Pab x HCI 

(i) Ph(+a'V-Ol.S)CH(Oli)-C(O)-Az.e-PabCZ) 

The sub-title compound was prepared according to method described in Example 3(ii) from 

10 (R,S)-4-tritluoromethylmandelic acid (0.19 g; 0.88 mm.al). Flash chromatography (Si-gel, 

CH2Cl2:TIIF (6:4)) yielded 0.13 g (26%) of white powder. 

1H-NMR. (300 MHz; CDCIJ): 3 9.6-9.2 (b, lH), 8.1 (bt. 1 H, diasteieomer), 7.9 (bt, 1 H, 

diastereomer}, 7.7-7.1(m,13H),S.16(s,2~S.07(s,1 H,diastereomer},4.98(s.1 H, 

15 diastereomer), 4.80 (m, 1 H), 4.5-4.2 (m, 2 H), 4.1-3.S (m, 2 H), 2.S-2.2 (m, 2 H) 
13C-NMR (75 MH7.; CDCI3), amidine and carbonyl carbons (diastereomers): 6 173.3, 172.4, 

170.3, 168.3, 164.4 

(il) Pb(4-CFi}(JLS)CH(OH)-<XQ)-Am:Pab x HQ 

20 Prepared according to the method described in Example l(v) fiom Ph(4-CF3){R.S)CH(OH)­

C(O)-Aze-Pab(Z) (133 mg; 0.23 mmol; ftom step (i) above) to give the title compowid as a 

white crystalline powder. Yield 77 mg (70%). 

1H-NMR. (300 MHz; DiO): & 8.84 (m, I H, diastereomer/rotamer). 8. 73 (m, 1 H, 

2S diastereomcr/rotamc:r), 8.52 (m, 1 H, diastereomer/rollmer), 7.8-7.4 (m, 8 ff1 S.46, S.44, 

S.30, S.20 (singlets, 1H,diasteJmmerslrotamers),4.96 (m, 1 H, cliastereom.er/rotamer, other 

signals from the same proton overlapping with the HOO-signal), 4.6-4.0 (m, 4 H), 2.9-2.S (m, 

1 H), 2.4-2.1 (m, 1 H) 
13C-NMR. (75 ~ J¥)), amidine and carbonyl carbons (diastereomers and rotamen): 6 

30 173.6, 173.3, 173.1, 173.0, 172.9, 167.0 
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Example8 

Ph(4-0Me}(J..S)CH(,Ol{)-C(O)-Az&.Pab x HCl 

(i) Pb(+oMe)=l&.S)CH(Qll)-C{0)-Ap-PabCZ) 

PCT/SE96iooa78 

s The sub-title compound was prepared according to method 3fd) ftom (R,S) 4-

methoxymandelic acid (O.l 8 g; 1.0 mmol. Plash chromatography (Si-gel; EtOAc:MeOH 

(95:5)) yielded 27 mg (1 ?OAt) of white powder. 

Diastereomeric ratio 8S:lS; signals fiom the major diastereomer: 

10 
1H-NMR(400MHz;coc131:as.19cm, tH), 1.socc1,2H). 7.4S(d,2H), 7.4-7.2Cm. 7H). 

7.13 (d, 2 H, minorrotamer), 6.90 (d, 2 a major rotamer), 6.82 (d, 2 ff, minor rotamer), 5.21 

(s, 2 H), 4.9-4.85 (m, 2 H; thereof a singlet at 4.89 (I H)), 4.6-4.4 (m., 2 H), 4.02 (111p 1 H), 

3.81 (s, 3 H), 3.SS (m, 1 H), 2.62 (m, 1 H), 232 (m, 1 H) 

lS 

20 

13C-NMR (100.MHz; CDCIJ) amidine and carbonyl carbons: 5173.6, 170.3, 167.8, 164.6 

(ii) Ph(4-0Mc)=(J.S)C;H(Ol{)-C(Q)-M;-Pab x HQ 

The title compound was prepared according to method descnDed in Example l(v) from 

Pb(4-0Me}(R.S)CH{OH)-C(O)-Aze..Pab(Z) (27 mg; 0.05 mmol; from step (i) above). Yield 

15 mg (68%) of white powder. 

Diastm:omeric ratio 85:15; signals fiom the major diastereomer: 
1H-NMR.(400 MHz; J>.iO): 3 7.7·7.6 (m, 2 H), 7.S-7.3 (m, 4 H), 7.18 (d, 2 H, rotamer), 6.97 

(d, 2 H, rotamer), 6.9-6.85 {m., 2 H, rotamer), 5.19 (s, I H, rotamer}, S.14 (s, 1 H, rotamer), 

5.01 (m, 1 H, mtamer), 4.76 (m, 1 H rotamer), 4.48 (s, 1 H), 4.3-3.7 (m, 7 H, thereof2 

25 singlets at 3.78,3.77 { 3H)), 2.73 (m, 1H,rotamer),2.46 (m, I H,IOtamer),2.3-2.0 (m, 1 H) 
13C-NMR. (75 MHz, ~O), amidine and carbonyl carbons (rotamers): & 175.S, 174.1, 173.3, 

173.1, 167.1, 167.0 

JO 
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Bxample9 

Ph(4-0I:l)-(Jl.S)CH(QH)-C(Q)-Am=Pah x HCl 

(i) Ph(4-0Hl-C.B.S)CH(QH)-C(Q)-Am:Pab00 

PCT/SD6/008'18 

s The sub-tide compound was prepared according to the method described in Example 3(Ji) 

from (R,S)-4-hydroxymandelic acid (0.34 g; 2.0 mmol). Flash cluomatograpby (Si-gel, 

EtOAc/EtOH 9/1) yielded 0.18 g (17%). 

1H-NMR (400 MHz; CDC13): & 7.70 (d,2 H, minordiastereomer/rotamer)s 7.64 (d, 2 H, 

10 major diastaeomer/rotamer), 1.S-1 .0 (m, 7 H), 6.82 (d, 2 H, major diastereomer/rotamer), 

6.67 (d, 2 H. minor cliastercomerlrotamer), 6.43 (d, 2 If. major diastereom.er/rotamer), S.30, 

526, 522, 521 (singlets, 2 H, diastereomerslrotamers), 4.95-4.8 (m, 2 H), 4.15-4.0S (m, 2 

H), 4.0-3. 7 (m, 2 H), 2.1-2.S, (m, 2 H) 

u (ii) Ph(4-0l{)-(B.S)CH(0W-C(O)-Aze-Pah x HCJ 

The sub-title compound was prepared according to the method described in Example l(v) 

from Ph(4-0H)-(R,S)CH(OH)-C(O)-Aze..Pab(Z) C94 mg; 0.18 mm.ol; ftom step (i) above). 

Y"ICld: 37 ma (49%) of white powder. 

20 1H-NMR(600 MHz; DP): 6 7.76, 7.72, 7.71, 7.68, 7.52, 7.47, 7.40, 7.35, 7.25, 7.19, 7.IJ, 

6.97, 6.82, 6.76, 6.73, 6.71(doublets,8 H, diastereomerslrotamers), S.19 (s, 1 H, 

diastereomer/rotamer), S.17 (s, 1 H, diastercomer/rotamer), S.14 (s, 1 H, 

diutereomerlrot), s.01 (m, t H, ciiastereomerlrotamer), 4.88 Cm. 1 H, 

diastcreomerlrotamer; other signals ftom the same proton overlapping with the HDO-signal), 

zs 4.6-3.8 Cm. 4 H), 2. 77 (m, 1 H, diastereomer/rotamer), 2.62 (m, 1 H, diasteleomer/rotamer), 

2.49 Cm. I H, cliastereomerlrotamer), 2.3-2.1 (m. 1 H} 
13C-NMR (75 MHz; J>iO), amidine and carbonyl carbons (diastereomeis and rotamers): & 

175.9, 174.8, 174.3, 173.3, 173.2, 172.9, 167.1 
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ExarnPIO 
Ph-Cffr(.R)CHCOl{)=C(Q)-A7.e-Pab x HCJ 

- (i) Ph-CHPJUCH(OH)=C(Q)-Aze-Pah(Z,) 
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s The sub-title compound was piepared according to method described in Example J(ii) from 

(R.)-phenyllac1ic acid (0.25 g; 1.S mmol. Flash chromatography (Si-gel, CH2Cl2:THF (6:4}) 

yielded 0.21 g (36%). 

1H-NMR(SOOMHz;CDCJJ):38.19(m, l H), 7.72(d,2H), 7.43{~2H), 7.4-7.1 (m, IOH), 

10 S.19 (s, 2 H), 4.73 (m, 1 H),4.45-4.25 (m, 2 H), 4.19(m, I H), 3.86 (m, 1H),3.18(m,1 H), 

3.0-2.9 (m, 2 H), 2.42 (m, I H), 2.14 (m, 1 H) 
13C-NMR (125 MHz; CDC11), amidine and carbonyl carbons: a 174.S. 170.2, 167.9, 164.3 

(ii) Ph-CHrCJ.)CH(OH)-C(Q)-Aze-Pab x HCI 

15 1be title compound was prepared according to the method described in Example l(v) fiom 

Ph-CH2-(R)CH(OH)-C(O)-A7.C-Pab(Z) (0.22 g; 0.43 mmol; from step (i) above) to yield 

101.5 mg(S7%)ofwhitepowder. 

1H-NMR {600 MHz; J¥)): 8 7.73 (d, 2 H, major ro1amer), 7.62 (cl, 2 H, minor rotamer), 7.5-

20 7.4(m, 2H), 7.4-7.2 (m, 5 H), 7.IO(m, 2 H, minormtamer), 4.71 (m.1 H,majorrosamer), 

4.S-4.4 (m, 2 H), 4.34 (m, I a minor rotamer), 4.14 (m, I ff). 4.03 (m, I H), 3.53 (m, 1 H), 

3.0S-2.9S (m, 2 H, major rotamer}, 2.9-2. 7 (m, 2 H, minor rotamer), 2.65-2.S (m, 1 H, minor 

rotamer), 2.5-2.3 (m, 1 H, nutjor mtamer), 2.3-2.1 (m, 1 H) 
13C-NMR. (75 MHz; J>iO), amidine and carbonyl carbons (rotamas): 8175.9, 175.0, 173.7, 

25 173.2, 167.1, 166.8 

30 
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Expple 11 

(i) Boe-Pie-OH 
s Prepared according to M.Bodmmky and A.Bodanszky ("1be Practise of Peptide Synthesis", 

Springer-Verlag) using 1HF instead of dioxan as solvent 

10 

1HNMR.(300 MHz; CDCl3): 35.0-4.8 (brd, IH),4.0(brs, lH), 3.0(brs, IH), 2.20 (cl, lH), 

1.65 (m, 2H), 1.5-1.3 (s + m, 1311) 

(hj Boc-Pic-pab(Z) 

The sub-title compound was prepared accordina to the method described in Example l(li) 

above ftom Boe-Pie-OH (2.02g; 8.8 mmol; from step (i) above) yielding 1.59g (44%). 

is FAB-MS m/z49S (M + 1t 

:zo 

25 

lH NMR. (400 MHz; CDCIJ): 3 7.83 (cl, 2H), 7.43 (cl, 2H), 7.36-7.J I (m, SH), 6.52 (bs, NH), 

S.20 (s, 2H), 4.81-4.72(m,18), 4.61-4.34 (m, 2H), 4.10.3.90 (m, lH),2.79-2.64 (m, 111), 

2.36-2.25 (m, lH}, 1.7-J.3 (m, 14H} 

(ah") H-J>ic..Pab(Z) x 2 HCI 

Boc-Pic-Pab(Z) (1.59 g; 3.25 mmol; fiom step (ii) above) was dissolved in 100 mL ofEtOAc 

saturated with HCI. The :saction mixture was evaporated after half an hour to give the tide 

poduct in quantitative yiekl 

FAB-MS mlz39S (M +It 

1HNMR (300 MHz; DiO):li 7.82 (cl, 2H), 7.63-7.41 (m, 7H), S.47 (s, 2H), 4.69-4.49 (AB­

system centered at g 4.59, 2H), 4.03 (dd, lH),3.52 (bd, 111), 3.10 (dt, lll), 2.29 (dd, lH), 

30 2.08-1.61 (m, SH) 
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(iv) H-Pjc-Pab(Zl 

The sub-title compound was genemted by dissolving the dihydrochloride from step (ili) 

above in 2M NaOH followed by extraction with CH2Cl2 and evapomtion of the organic 

s solvent. 

(v) Ch-(B.)CH(OHl-C(Q)-Pic-Pab@ 

The sub-title compound was prepared according to the method described in Example 3(11") 

from (R)-hexahydromandelic acid (0.152 g; 0.96 mmol) and H-Pic-Pab(Z) (0.417 g; 1.06 

10 mmol; &om step (iv) above). Flash chromatography (Si gel, first EtOAc:toluene (3:2), then 

EtOAc) yielded 90 mg (18%). 

1H·NMR(300 MHz; CDClJ): li 7.82 (d, 2H), 7.S-72 Cm. 7H), 6.63 (t, X part of ABX-system, 

NH), 5.21(s,2H), 5.14 (d, lH), 4.46 (ABX-system. 2H), 426 (apparent s, lH), 3.61 (bd,1~ 

IS 3.52 (bd, 111). 3.06 (cit; IH), 230(bd, lH), 1.92-1.0 (m, 14H), 0.95-0.8 (m, lH) 
13C-NMR (7S MHz; CDCl3) amidine and carbonyl carbons: & 174.8, 170.3, 167.8 and 164.6. 

(YI) Cb-(B)CH(OH)-C(O}Pic;..Pab x HCI 

The title compound was prepared according to 1be method described in Example l(v) fiom 

20 Ch-(R)CH-{OH)C(O)-Pic-Pab(Z) (fiom 59 mg; 0.11 mmol; ttom step (v) above) yielding 19 

mg (400/0). 

FAB-MSm/z401 (M+ It 
1H-NMR (300 MHz; ~O) the spectrUm was complicated due to rotamem: 3 7.91-7.72 (m, 

25 major and minor ro1amer, 2H), 7.SB (d, minor rotamer,2Hh 7.53 (d, major rotamer, 2H}, S.17 

(apparent bs. major rotamer, lH), 4.66-4.28 (m, 3H), 3.96 (bd, ~or rotamer, IH), 3.26 (bt, 

major n>tamer, lH), 3.0S-288 (m, minor mtamer, JH), 239-2.20 (m, lH), 2.0-0.75 (m, 16H) 
0 c-NMR (75 ~ MeOD) amidine anc1 cmboayl carbons at a 11s.86, 11320, 168.sJ 

JO 



WO 97/02284 

Example12 

Cb-CHr(R,)Cli(OH)=C(.0)-Pic-Pab x HCI 

(i) Cb·CHrQUC1l(OH)=C(O)OH 
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5 A solution of phenylJactic acid (2.57 g) and rhodimn on alumina (0.75 g) in MeOH (170 mL) 

was hydrogenated in H;ra1m0spherc at 3 atmospheres for 2 days. The mixture was filtered 

duough byflo and evaporated to dryness to give the product in quantitative yield. 

1H-NMR (400 MHz; CDCl3): 6 4.23 (bdd, llf), 3.24 (apparent s, OH), 1.68 ~ 111), 1.63-

10 1.43 (m, 611), 143-1.31 (m, IH), 1.21-1.0 (m, 3H), 0.95-0.75 (m, 157 mg (0.91mmol)2H) 

(Ii) Cb-CllpJUCH(OW-CCO)-Pic-Pab(lJ 

The sub-1itle compound was prepared according to the method descnDed in Example l(iv) 

from H-Pic-Pab(Z)x 2 HCl (353 mg; 0.76 mmol; see Example 1 t(lli) above) and 

1s Ch-CH2-(R)CH-(OH)-COOH (157 mg; 0~91 mmol; from step (i) above). The product was 

flash cbromatographed (Si gel, EtOAc:toluene (7:3)) yielding 92 mg (22%). 

1H-NMR (300 MHz; CDCIJ): & 7.72 (d, 2H), 7.46-7.1 (m, 7H), 6.90 (t, NH), 5.18 (s, 2H), 

S.01 (d, IH),4.45 (bd, lffh 4.37 (d, 2H), 3.73-3.47 (m, 2H), 3.10 (bt, lH), 2.24 (bd, lH), 

20 2.15-2.0 (m. IH), 1.90 (bd, IH), 1.80-1.05 (m, 12ffh 1.05-0.75 (m, 311) 
13C-NMR (75 MHz; CDC13) amidine and carbonyl carbons: & 175.88, 170.43, 168.04 and 

164.58. 

(Iii) ~((>l:D=C(Q)-Pic-Pab x HCJ 

25 The title compound was prepared according to the method descn'bed in Example l(v) above 

from Ch-CHr(R.)CH(OH)-C(O)-Pic-Pab(Z) (62 mg; 0.113 mmol; fiom step (Ii) above) 

yielding 47 mg (92%). 

FAB-MSm/z41S(M+ It 
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1H-NMR (300 MHz; DzO) the spectnun was complicated due to mtamers: 3 7.85-7. 71 Cm. 
major and minor rotamer, 2H), 7.56 (d, minor rotamer,2H); 7~50 (d, major rotamer, 2H), S.12 

(apparent bs, major rotamer, lH), 4.68-4.25 (m. 3H,partly hidden by HOO), 3.80 (bd, nuV<>r 
rotamer, lH), 3.24 (bt, major mtamer, IH), 2.89 (bt, minor rotamer, IH), 2.25 (m, lli), 1.92-

s 0.82 (m, l 7H), 0.60-0.40 (m, major rotamer, lH) 
13C-NMR. (75 MHz; ~0) amidine and carbonyl carbons(rotamers): ~ 177.10, 173.88, 

173.07, 167.24 

Example 13 
10 Ph-(B.)Cll{OMe)=C(O)-Aze-Pab x HCI 

(i) H-Ar.e-QMe x HCI 

MeOH (200 ml} was cooled to -4D°C under an argon atmosphere. Thionyl chloride (47.1 g; 

0.396 mol) was added dropwise and 1he reaction mixture was stirred at -10°C for JS 

15 minutes. H-A7.e-OH (10~0 g; 0.099 mol) was added and the mixture was stiJred at room 

temperature overnight The reaction mixture was subsequently evaporated to yield 16.1 g 

(100%) of the title compound. 

1H NMR (400 MHz; CDCl3): 6 S.12-5.24 (m, I H), 4.08-4.29 (m, 2 H), 3.84 (s, 3 H), 2.65-

20 2.87 (m, 2 H). 

(ii) Pb·(R)CH(QMc)=C(Q)-A7kOMe 

The subtitle compound was prepared according to the procedure described in Example l(h) 

from R(-)-a-metboxypbcnyl acetic acid (0.60 g; 3.6 mmol) and H-Aze.OMe x HCI (0.SS g. 

zs 3.6 mmol, from step (i) above) yielding 0.32 g (34%). 

30 

1H NMR. (400 MHz; CDO,): 8 7.29-7.48 (m, SH), 4.71-S.08 (m, 2 H), 3.92-4.31 (m, 2 H), 

·3.69-3.83 (m, 3 H), 3.19-3.46 (m, 3 H), 2.13-2.65.(m, 2 H). 
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(lil1 Ph-(RJCH(QMe)-C(Ql-Ar.c;-OH 

To a solution of Ph-(R)CH(OMe)-C(O)-Aze-OMe (0.32 g; 1.2 mmol; :&om step (ii) above) 

in THF (10 ml) a solution oflitbimn hydroxide monohydrate (0.071 g; 1.7 mmol) in H20 

(6 ml) was added. The reaction mixture was stined for 3 hand was subsequently 

s evaporated. The residue was dissolved in H20 and was extracted with toluene. The pH of 

the H20 layer was adjusted to 3 with aqueous HCI followed by an extraction with ethyl 

acetate ( 4 times). The combined organic layer was evaporated to yield 0.28 g (92%) of the 

title compound. 

10 
1H NMR (300 MHz; CDC13): a 7.30-7.SO (m, s H), 4.95-S.10 (m, 1 H), 4.80 (s. 1 H), 4.10-

4.35 (m, 2 H), 3.40 (s, 3 H), 2.40-2.80 (m, 2 H). 

(iv) Ph-(jl)CH(.OMc)-C(Q)-Am-Pab(,Z) 

The sub-title compound was prepared according to the procedure describecf:in Example l(Ii) 

as fiom H-Pab(Z) x HCI (0.36 g; 1.0 mmol)and Ph;.CH(0Me}C(O)-A7.e-OH (0.25 g; 1.0 

mmol; from step (iii) above) to yield 0.39 g (76%) as a white powder. 

1H-NMR.(400 MHz; CDCl3): 6 8.29(m, 1 H), 7.77 (d,2H), 7.45 (cl, 2 H), 7.4-7.2(m, JOH), 

S.22 (s, 2 H), 4.93 (m, 1 H). 4.69 (s, 1 H), 4.44 (m, 2 H), 4.lS {m, 2 H), 3.3S (s, 3 H), 2.69 

20 (m, 1 H), 2.42 (m, l H) 

(v) Ph-(lt)CH(.OMe}QQ)=M;-hh x HC1 

The title compound was prepared according to method descnDed in Example l(v) fiom Ph­

(R)CH(OMe)-C(O)-Aze-Pab(Z) (O.IS g; 0.29 mmol; fiom step (iv) above) yielding S0.4 mg 

25 (41%) as a white powder. 

JO 

1H-NMR (400 MH7; CD,OD; the cx-hydrugen of Aa and the beozylic hydrogen mm the 

mandelatewerc obscuredbytheCD30H-signal): a 7.J-7.6 (m,211), 7.6-7.4 (n1,2H). 7.4-7.1 

(m, S H). 4.6-4.4 (m, 2 H). 4.3-4.0 (m, 2 H), 3.29 (s, 3 H), 2.7-2.S (m, 1 H). 2.4-2.1 (m, 1 H) 
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PbQ-OMe)=(B.S)CH(OH.l-C(O,)-Ap-Pab x HCJ 

(i} PhQ..QMe)=(Jl.S)CH(OHl=C(Q)=Aze-Pab(lj 

s The sub-tide compound was prepared according to the method descn"bed in Example 3(ii) 

fiom (R,S)-3-methoxymandclic acid (270 mg; l.S mmol) yielding 340 mg (43%); 

diastercomeric ratio 1: 1. 

FAB-MSm/zS3l (M+ It 

10 
1H;.NMR. (400 MHz; CDC13): 6 8.14 (m, lH, diastereomerh 7.87 (m, IH, diastereomer), 7.8-

7.0 (Int IOH), 6.9-6.7 (m, 3H), S.16 (s, 2H), 4.96 (s, lH, diasteieomer), 4.88 (s, tH, 

diastereomer), 4.15-4.7 (m, IH), 4.4-4.2 (m, 2H), 4.0S-3.9 (m, IH), 3.71 (s, 3H, 

diastereomer), 3. 71 (m, IH, diastereomer), 3.66 (s, 3H, diasteieomer), 3.58 (m, IH, 

diastereomer), 2.S-2.35 (m, lH), 232 (m, IH, diastereomer), 2.20 (m, JH, diastereomer). 

is 13C-NMR (100 MHz; CDCIJ) amidinc and carbonyl carbons (diastereomers): B 173.9, 173.0, 

170.S, 170.4, 168.3, 168.2, 1.64.S. 

(ii) ]>b(3.QMc}(R.S)CH(QH)::C(Q)=A7&:Pab x HCI 

The title compound was prepared according to the method desc:ribed in Example J(v) from 

20 Ph(3-0Me}(R,S)CH(OH}-C(O)-Aze..Pab(Z) (230 mg; 0.43 mmol; from step (i) above) 

yielding 126 mg (67%) of product. Diastereomeric ratio l :1. 

FAB-MS mJz 397 (M +I)+ 
1H-NMR. (400 MHz; D20; complicated due to (diastereomershotamers) and some 

25 impurities): & 7.6-7.1 (m, SH), 6.9-6.6 (m, 3H), 5.2-4.7 (m, l-2ff14.4-3.7 (m, 4-SH), 3.63 (s, 

311, diastaeomerhotamer), 3.SS (m, 311, diastereomer/rotamer), 2.S-2.3 {m, 111) 2.2-2.0 (m, 

IH). 

30 

13C-NMR. (75 MHz; ~0) amidine and carbonyl carbons (diastereomenhotamers): 6 175.8, 

175.4, 174.8, 174.6, 168.S. 
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Example lS 

Ph(J-Mtl-£.R.S)CH(om-ca>)-Am.Pab x HQAc 

(i) (J..~)-3-Metb)1mandelic acid 

PCTISE96/008'78 

.s A mixture of 3-methylbenzalclebyde (12.0 g; 0.1 mol) and benzyltriethylammonium 

chloride (1.23 g; O.OOS mol) in CHC13 (16 ml) was stirred at S6°C. A solution ofNaOH 

(25 g) in H20 (2S ml) was added dropwise to the mixture. When the addition was 

completed the reaction mixture was stirred for I h. 1be reaction mixture was diluted with 

H20 (to give 400 ml) and extracted with diethyl ether (3 x SO ml). The pH of the mixture 

10 was adjusted to I with H2S04 (cone.) followed by an extraction with diethyl ether (6 x SO 

ml). The combined organic layer was dried (MgSO.J and evapomted. The crude product 

(11.6 g) was recrystalli7.ed from toluene to give 8.47 g (51%) of the title compound. 

LC-MS m/z 165 (M-1)", 331(2M-1r 

as 1H NMR (600 MHz; CD30D): 6 7.10-7.28 (m,4 H),. S.08 (s, I ff). 2.32 {s,3 H). 

(ii) PbQ-Me)-(R.S)CH(.OH)-C(Q)-A7,e-Pab(L) 

The sub-title compound was prepared according to the method described in Example 3(ii) 

ftom (R,S)-3-methylmandelic acid (0.22 g; 1.3 mmol; from step(i) above) yielding 0.37 g 

20 (54%). 

LC-MS m/z SIS (M + l)+ 
1H NMR (400 MHz; CDC13): & 8.11-8.21 (t, NH), 6.97-7.89 (m., 13 ff1 S.18-S.24 (m, 2 H), 

4.83-S.OO (m, 2 II), 4.37-4.58 (m., 2 H), 3.S0-4.11 (m, 2 H), 2.39-2.71 (m 2 H), 2.27-2.38 

25 (m, 3 H). 

(iii) PhC3-Mc)-(Jl,S)CHC,OW-CCQ)-Aze-Pab x H()Ac 

A mixture of Ph(3-Me}{R,S)CH(OH)-C(O)-Aze-Pab(Z) (O.lOS g; 0.20 mmol; from step 

(ii) above), acetic acid (0.012 g, 0.20 mmol) and Pd/C (S%, 0.14 g) in ethanol (12 ml) was 

JO hydrogenated at atmospheric pressure for 6 h. The ieaction mixture was filtrated and the 
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filtrate was evapontecl. The crude product (97 mg) was dissolved in H20 and freeze.dried 

resulting in a sticky product. The product was dissolved in :tIOAc and was freeze.dried 

again without any improvement. The product was dissolved in H20, filtered through a 

- HPLC-fiher and was freae..dried. The yield was 67 mg (76%) of the title compound. 

LC-MS mlz 381 (M + It 
1H NMR (400 MHz; 0 20): 6 6.89-7. 72 (m, 8 H), 4. 79-S.23 (m, 2 H), 3. 76-4.SI (m, 4 H), 

2.~8-2.82 (m, 2 H), 2.1 S-2.27 (m, 3 H) 
13C NMR. (75.5 MHz; D20; complicated due to diastereomers/rotameis) amidine and 

JO carbonyl carbons: & 181.21, 175.43, 174.38, 173.94, 173.23, 173.06, 172.16, 167.00 

Example 16 

Ph(,1-0Et)-(Jl.S)CHCOl:D-C(P.)-Aze-Pab x HQAc 

15 (i) (R,S)-3-Ethoxymandelic acid 

(R,S)-3-hydroxymandelic acid (0. 712 g; 4.236 mmol) was dissolved in acetonitrile (1 S ml). 

K2C03 {2.34 a, 16.94 mmol) was added and ethyl iodide (1.03 ml, 12.71 mmol) was added 

dropwise. The reaction mixture was refluxed for 2 h and was subsequently evaporated. 

1he residue was dissolved in H20 (25 ml) and acetone (6 ml) and the mixture was stirred at 

20 room temperature for 3 h. The reaction mixtme was evaporated and the resulting H20 

layer was extracted with ethyl acetate. The pH of the H20 layer was adjusted to 2 with 

aqueous KHS04 and more H20 was added to dissolve formed salts. The H20-solution was 

extracted with ethyl acetate (3 times). The combined organic layer was washed with H20, 

dried (Na2SO..) and evaporated. The residue was subjected to preparative RPLC (2S% 

2S acetonitrile:75% 0.1 M HOAc) and the &actions containing pJOduct was evaporated. The 

resulting H20 layer was extracted with ethyl acetate (3 times) and the combined organic 

layer was washed with H20, dried CNll?S04) and evaporated. 1be yield was 182 mg (22%) 

of the sub-title compound. 

30 LC-MS MIZ 195 (M- 1r. 391 (2M- 1r, 587 (3M- l)" 
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1HNMR (400 MHz; CD30D): &6.80-7.27 (m, 4 H), S.08 (s, 1H),3.99-4.13 (m,2 H) l.34-

1.40 (t, 3 H). 

(ii) Ph(l-OEt)-(jl.S)C;H(OW-C(Q)-Alc-Pab(Z) 

s 1be sub-title compound was prepared according to the method described in Example 3(1i) 

ftom (R,S)-3-ethoxymandelic acid (0.178 g; 0.907 mmol; from step (i) above) yielding 259 

mg(S2%). 

LC-MS m/z S4S (M + 1)+ 

10 1H NMR (400 MHz; CDC13): & 6.77-7.77 (m, 13 H), 5.16-S.21 (~ 2 H), 4.78-4.99 (m, 2 

H), 4.27-4.S 1 (m, 2 H), 3.53-4.07 (m, 4 H), 2.21-2.60 (m, 2 H), 1.29-1.41 (m, 3 H). 

(iii) Ph(l-OEt)-(&S)CH(OH)-C(O)-Al.e-Pab x HOAc 

The title compoWld was prepared according to the method described in Example lS(iii) 

as above from Ph(3-0Et)-(R.S)CH(OH)-C(O)-A7.e-Pab(Z) (0.182 g; 0.33 mmol; from step (ii) 

above) yielding 157 mg (100%). 

LC-MS m/z411(M+1t 
1H NMR (400 MHz; C~OD): & 7.71-7.79 (m, 2 H), 7.49-7.60 (m, 2 H), 7.19-730 (m, 1 

20 H), 6.94-7.02 (m, 2 H), 6.81-6.90(m. I ff), S.09-S.18 (m, 1H),4.74-4.81 (m, lH), 4.39-

4.62 (m, 2 H), 3.93-4.35 (m, 4 H), 2.10-2.61(m,2 H), 1.32-1.40 (m, 3 H). 

13 C NMR (100.6 MHz; ~O; complicated due to diastereomers/rotamers) amidine and 

carbonyl cai'bons: & 180.68, 174.30, 173.50, 173.07, 172.44, 172.26. 

25 Example 17 

(i) CB.S)-3-All,vlnumandelic add 

(R.S)-3-Hydroxymandelic acid (0.504 g; 3.0 mmol) was dissolved in dry acetone (25 ml) 

JO in nitrogen atmosphere. Allyl bromide (0.907 g; 7 .S mmol) and dry K2CO, (1.037 g; 7.5 
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mmol) was added and the reaction mixture was stined in nitrogen atmospher for 16 h. The 

reaction mixture was subsequently evaporated. 1be residue was dissolved in H20 (25 ml) 

and acetone (6 ml) and the mixture was stirred for 2 h (the reaction was followed by 

HPLC). 1be mixture was evaporated and the water layer was extracted with ethyl acetate. 

s The pH of the water layer was adjusted to 2 with aqueous KHS04 and extracted with ethyl 

acetate (3 times). The combined organic layer was washed with H20, dried (N8JS04) and 

evaporated to give the sub-title product in a yield of 0.175 g (28%). 

1H NMR (SOO MHz; CDCl3): & 6.87-7.30 (m, 4 H), S.97-6.10 (m, 1 H), 5.26-5.44 (m, 2 H), 

10 S.20 (s, 1 H), 4.Sl-4.SS (cl. 2 H). 

(ii) Pb(3-0CffaCH=CH2H.R-SlCH(OfD-C(OJ-Aze-Pab(Z) 

The sub-tide compound was prepared according to the method descnl>ed in Exam.pie 3(ii) 

from (R.S)-3-allyloxymandelic acid (0.167 g; 0.8 mmol; from step (i) above) yielding 260 

IS mg(58%). 

20 

25 

JO 

1H NMR (500 MHz; CDCIJ): & 8.09-8.17 (t, NH), 6.79-7.87 (m, 13 H), 5.94-6.09 {m, 1 H), 

S.20-S.44 (m, 4 H), 4.86-S.02 (m, 2 H), 4.32-4.62 (m, 4 H), 3.S44.1S (m, 2 H), 2.30-2.74 

(m,211). 

(Iii) PhQ-OPr(n))=(R.S)CH(OW-C(O)-Am=Pab x HQAc 

The title compound was prepared accordinc to the method descnbed in Example 15(iii) 

tiom Ph(3•0CH2CH-cHz)-{R.S)CH(OH)-C(O)-Aze-Pab(Z) (0.06 g; 0.1 mmol; from step 

(ii) above) yielding 47mg (97%). 

LC-MS m/z42S (M+l)+,423 (M- tr 
1HNMR (500 MHz; D20):&6.70-7.71(m,8 H), 4.70-5.25 (m, 2H),3.78-4.53 (m, 6 H), 

2.0S-2.80 (m, 2 H), 1.56-1. 75 (m, 2 H), 0.82-0.95 (m, 3 H) .. 
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Example 18 

{i) CR.Sl-3-iSOJ>fOPOXY!Danclelic acid 

s The sub-title compound was prepared according to the method described in Example 16(i) 

above from (R.S)-3-hy~xymandelic acid (0. 70 g; 4.16 minol), CS;iC~ (5.87 g; 16.65 

mmol) and isopropyl iodide (1.25 ml; 12.49 mmol) yielding 62 mg (7%). 

LC-MS m/z 209 (M- tr 
10 

1H NMR. (400 MHz; CD30D): 8 6.81-7.25 (m, 4 H), S.08 (s, 1 H), 4.53-4.64 (m, 1 H), 

1.28-1.32 (d, 6 H). 

(ii) PhCJ-OJ>rCisa))-(R.S)CH(OH)-C(O)-Az.e-Pab(Z) 

The sub-title compound was prepared according to the method described in Example 3(ii) 

as above from (R,S)-3-isopropoxymandelic acid (0.063 g; 0.3 mmol; fiom step (i) above) 

yielding 60 mg (34%). 

LC-MS m/z 559 (M +1)+ 
1H NMR. (400 MHz; CDCIJ): & 6.75-7.79 (m, 13 H), S.18-5.24 (m, 2 H), 4.81-4.99 (m, 2 

20 H), 4.31-4.58 (m, 3 H), 3.97-4.15 (m, 1H),3.55-3.77 (m, 1H),2.24-2.64 (m, 2 H), 1.23· 

1.33 (m, 6 H). 

(iii) Ph(,1.QPr(irQ))=(R.S)CH(Ol{l-C(Q)=Az.e-Pab x H0Ac 

The title compound was prepared according to the method described in Example IS(iii) 

2S above from Ph(3-0Pr(i.ro))-(R,S)CH(OH}-C(O)-Aze-Pab{Z) (0.05 g; 0.090 mmol; from 

step (ii) above) yielding 41 mg (94%). 

LC-MS m/z 425 (M + l)+ 
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1H NMR. (400 MHz; CD10D): 8 6.81-7.~0 (m, 8 H), S.08-5.18 (m, 1 H), 4.74-4.80 (m, 1 

H), 4.53-4.64 (m, 2 H), 4.41-4.Sl (m, 1 H), 3.93-4.JS (m, 2 H), 223-2.60 (m, 2 H), 1.25-

1.32 (m, 6 H). 

-
13C NMR (100.6 MHz; ~O; complicated due to diastereomershotamers) amidine and 

s carbonyl carbons: 3 181.10, 173.60, 173.IS, 172.48, 16639. 

Example 19 

Ph(2-0Mc)=(R.S)Cll(OH)-C(O)-As-Pab x HOAc 

10 (i) 00..QMe)-(R.S)C:H(OW-CCO)-Aze-J>ab<Z.) 

The sub-title compound was prepared according to the method described in Example J(h) 

above from (R,S)-2-methoxymandelic acid {0.18 g; 1.0 mmol) yielding 80 mg (17%). 

1H NMR.(SOOMHz; CDC13): 8 8.16-8.22, (t, NH). 6.81-7.85 (m, 13 H), S.16-5.20 (m,2 

u H), 4.79-4.91 (m, 1 H), 4.35-4.49 (m,2 H), 3.84-4.02 (m, 2 H), 3.63-3.80 (m, 3 H), 3.32· 

3.S6 {m~ 1H),2.21-2.57 (m, 2 H). 

(ii) PbQ-OMe)=(B..S)CH(PH)-C(Q)-Aze-Pab x HOAc 

The title compound was prepared according to the method described in Example IS(iii) 

20 above from Ph(2-0Me)-(R,S)CH(OH}C(O)-~Pab(Z) (0.08 g; 0.15 mmol; fiom step (i) 

above) yielding 4S mg (71%). 

FAB-MSm/z397(M+ It 
1H NMR csoo MHz; nio>: a 6.83-1.10 (m, s H), 4.71-4.97 Cm, 1H),4.34-4.St (m, 2 H), 

25 3.87-4.22 (m, 3 H), 3.67-3.75 (m, 3 H), 2.00-2.14 Cm. 2 H). 

JO 

13C NMR (7S.S MHz; op; complicated due to ctiastereomerslrotamers) amidine and 

carbonyl carbons: 8179.96, 176.28. 174.97, 174.SO, 173.44, 173.39, 173.29, 173.10, 

167.12. 
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Exmple20 

Ph(3.S-diQMe)-(B.,S)CH(0W-C(O)=Am=Pab x HOAc 

(i) Pb(3,S-di0Mc)=(B,S)CH(0W-CCQ)=A1.c:-Pab(Z) 

s The sub-title compound was prepared according to the method described in Example 3(ii) 

above from (R,S)-3,S-dimethoxymandelic acid (0.21 g; 1.0 mmol; prepared according to 

the method described in Synthesis (1974) 724) yielding 0.31 g (62%). 

1HNMR.(SOO MHz; CDC13): 6 8.11-8.16 (tNH), 7.17-7.86 (an. 9 H), 6.41-6.49(m, 3 H), 

10 S.21-5.24 (d, 2 H), 4.84-5.03 (m, 2 H), 4.29-4.66 (m, 2 H), 3.67-4.17 (m, 8 H), 2.32-2.72 

(m.2H). 

(ii) Pb(.l.5-diOMe)-(ll.S)CH(.OH)-C(Q)-Al.e-Pab x HOAc 

The title compound was prepared according to the method described in Example 1 S(iii) 

ts above from Ph(3,S-di0Me)-(R,S)CH(OH)-C{O)-A7.e-Pab(Z) (0.lS 1; 0.27 mmol; from step 

(i) above) yielding 120 mg (1000/0). 

1H NMR (500 MHz; ~O): a 7.34-7.75 (m, 4 H), 6.44-6.66 (m, 3 H), 4.61 .. s.12 (m, 1 H), 

3.97-4.SS (m, SH), 3.79 (s, 3 H), 3.71-3.74 Cm. 3 H), 2.14-2.85 (m, 2 H). 

20 
13C NMR (75.5 MHz; 0 10; complicated due to diastereomerslro1amers) amidine and 

carbonylcarbons: 181.17, 174.BS, 173.92, 173.53, 173.09, 172.98, 182.90, 166.77. 

Eumple21 

Pb(3-0Mc.4-0H)=(R,s.lCii(Ol:ll-C(O)-As-bh x HOAc 

(i) Ph(l.QMe.4-0Jil-(Jt.S)CH(OH)-C(Q)-Am-Pab(ZJ 

1be sub-title compound was prepared according to the method described in Example 3(U) 

above fiom (R,S)-4-hydroxy-3-methox:ymandelic acid (0.20 g; 1.0) yielding 89 mg (16%). 

JO LC-MS m/zS41(M -t 1)~, 545 (M- tr 
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1HNMR.(400 MHz; CDCI,): 8 8.07-8.15 (m, NH), 6.64-7.86 (m, 12 H), S.20-S.27 (m, 2 

H), 3.57-S.OO (m, 9 H), 2.31-2.74 (m, 2 H). 

(ii) Ph(3-0Me.4-0H)=(R.S)CH(Olll-C(O)=Ar.e-Pab x HOAc 

s The title compound was prepared according to the method described in Example lS(iii) 

above from Ph(3-0Me,4-0H}(R,S)CH(OH)-C(0)-Az-Pab(Z) (0.085 g; 0.16 mmol; ftom. 

step (i) above yielding 57 mg (78%). 

FAB-MSm/z413 (M+lt 

10 
1H NMR (500 MHz; ~O; complicated due to diasteremoerslrotamers): 8 6.66-7.83 (m, 8 

H), 4.80-5.25 (m, 2 H), 3.88-4.59 (m, 4 H), 3.68-3.88 (m, 3 H), 2.10-2.SS (m, 2 H). 
13C NMR (75.S MHz; ~O; complicated due to diastereomerslrotamers) amidine and 

carbonyl carbons: 8 182.01, 17S.S6, 174.43, 174.04, 173.20, 173.0S, 166.90, 166.SS. 

1s Example 22 

Ph(2-F.S-Cfi)·(R.S)CH(Ol{)-C(O)-A7.e-Pah x HOAc 

(i) Ph(2-F,S-Cf:1)-(B.S)CH(QH)-C(Q)-Azc-Pab(Z) 

1be suJ>.title compound was prepared according to the method descnDed in Example 3(ii) 

20 above from (R,S)-2-tlumo-S-tritluoromcthybmmdelic acid (0.3 g; 1.2 mmol; prepared 

according to the method described in Org. Synth. Coll. I, 336) yielding 0.32 g (S 1 %). 

FAl)..MS m/z S87 (M +l)+ 

'H NMR. (400 MHz; CDCIJ): 3 7.lS-7.87 (m, 12 H), S.19-S.30- (m, 2 ff14.87-S.OO (m, 1 

zs H), 4.36-4.60 (m, 3 H), 4.0S-4.20 {m, I H), 3.6().3. 73 (m, 1 H), 232-2. 72 (m, 2 H). 

(ii) 00-F,S-CF.i}{&S)CH(OHl-C(Ql-Al.e-Pab x HOAc 

1be tide compound was prepared accozding to the method descn"bed in Example IS(ili) 

above from Ph(2-F,S-CF3}(R,S)CH(OH)-C(O)-Aze·Pab(Z) (0.15 g; 0.26 mmol; from step 

30 (i) above yielding 110 mg (90%). 
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1H NMR (500 MHz, J>iO): 3 7.28-7.83 (m, 7 H), S.43-S.6S (m, I H), 4.82-5.18 (m, I H), 

3.97-4.56 (m, 4 H), 2.14-2.85 (m, 2 H). 

13C NMR. (75.5 MHz; JliO; complicated due to diastereomerslrotamers) amictine and 

s carbonylcarbons:6173.61, 173.33, 173.06, 172.83, 172.68, 172.62, 166.86, 164.27, 

161.15, 160.92. 

lO 

15 

Example23 

Ph-QLS)Cl.El)(Oli)-C(.0.)-M.e-Pab x H0Ac 

(i) Ph-£.B,,SX:f'.Pt)(.Oli)-C(Q)-Aze-Pab(Z) 

The sub-tide compound was prepared according to the method described in Example 3(ii) 

above from (R,S)-2-hydroxy-2-phenyl butanoic acid (0.18 g; 1.0 mmol), yielding 79 mg 

(15%). 

LC-MS mlz 529 (M + 1)\ 527 (M - 1r 
1H NMR. (400 MHz, CDC13): a 7.27-7.86 (m, 14 ff), 5.22 (s, 2 ff), 4.82-4.93 (m. 1 H), 

4.39-4.57 (m, 2 H), 3.84-3.98 (m, 2 H), 2.02-2.64 (m, 4 H), 0.86-0.93 (~ 3 H). 

20 (ii) Ph-(R.S)C(Et)(OJD-C(O}-Al.e-Pab x HOAc 

The title compound was prepaRKI according to the method described in ExampJe IS(iii) 

above from Ph-(R,S)C(EtXOH)-C(O)-Aze-Pab(Z) (0.08 g; 01.5 mmol; from step (i) above 

yielding 62 mg (90%) of the tide compound. 

zs FAB-MS mlz 395 (M + l)+ 

30 

1H NMR. (400 MHz; D20): & 7.27-7.84 Cm. 9 H), 4.83-S.35 (m, 1 H), 3.89-4.60 (m, 4 H), 

2.40-2.61 (m. I ff), 1.95-2.30 (m, 3 H), 0.78-0.95 (m, 3 H). 
0 c NMR. (1S.S MHz; DiO; complicated due to diastereomenlrotaers) amidine and 

carbonyl carbons: 5 182.09, 175.79, 175.48, 173.53, 173.23, 167.0S. 
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Example24 

Ph-(J.S)C(Me)(OH)-C(Q)-Aze-Pab x HOAc 

(i) Ph-(R.S)CXMc)CORl=C(Q)-An;:Pab(1.) 

PCl'ISEW008'78 

s The sub-tide compound was prepared according to the method descnbed in Example 3(ii) 

above from (S)-(+)-2-hydroxy-2-phenyl propionic acid (0.20 g; 1.2 mmol) yielding 0.17 g 

(31%). 

1HNMR(SOOMHz; CDC3): 8 8.04-8.14 (t, NH), 7.17-7.80 (m, 14 H), S.20(s, 2 H), 4.76-

10 4.86 (m, 1 Jn 4.31-4.SO (m, 2 H), 3.76-3.94 (m, 2 H)10 2.19-2.44 (m, 2 ff). 1.70 (s, 3 H). 

(ii) Ph-(B,s.lC(Mc.l(ORl-C(Q)-Aze-Pab x HQAc 

The tide compound was prepared according to the method described in Example I S(iii) 

above from Ph-(R.S)C(Me)(OH)-C(O)-A7.C-Pab(Z) (0.08 g; 0.16 mmol; from step (i) 

J5 above) yielding 48 mg (78%), diasteromeric ratio: 85:15. 

1HNMR csoo MHz; ~o): a 1.30-1.19 (m, 9 H), 3.99-4.82 Cm, s H), 2.09-2.14 (m, 2 H), 

1.70-1.77 (m, 3 H). 
13C NMR (75.5 MHz; J>iO; complicated due to mtamers) amidine and carbonyl carbons: a 

20 176.90, 176.34, 173.89, 173.48, 167.00. 

Example2S 

Pb-Ql)CH{.OJ{)-C(Q)-Aze·hc x HOAc 

25 (i) Boc-Am-OSu 

A mixture of Boc-A7.e-OH (S & 25 mmoJ) and HOSu (2.88 & 25 mmol) in 25 ml oflHF 

was coolccl on an ice bath. EDC (4.3 ml. 2S mmol) was added and the solution was stirred 

ovemight. It was evapo~ dissolved in ethyl acetate, washed with KHSO, (aq, 0.3 M), 

NazC03 (aq, UM), dried (MgSO,) and evaporated. CrystaJHnrion from ethyl 

30 acetate~petroleum ether afforded 3. 78 g (Sl%) of sub-tide compound. 
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1H NMR (300 MHz; CDC13) 5 4.89 (m, 1H), 4.07 (m, _IH), 3.95 (m, lH), 2.85 (s, 4H), 2.67 

(m. lH), 2.4S (m, 111), 1.42 (s, 9H) 

s (ii) BOC=N.e=Pac(Z) 

A mixture ofH-Pac(Z) x 2 HCl (0.227 g, 0.63 mmol), Boc-A7.e-0Su (0.194 g, 0.65 mmol) 

and triethylamine (0.2 ml, 1.4 mmol) in 10 ml ofTHF was stirred at IOOID temperature for 

18 h. After evaporation the residue was dissolved in ethyl acetate, filtered through a plug 

of Celite and cbromatographed on a silica gel column with ethyl acetate:THF (2: 1 ). The 

10 eluent was evaporated, dissolved in ethyl acetate, washed with water, dried (MgSO.) and 

evaporated to give 0.250 g (81 %) of sub-title compound. 

lHNMR.(300 MHz; CDC13) & 7.4-7.2 (m, SH), S.OS (s, 211), 4.SS (bt, lH), 3.85 (bq, lH), 

3.72 (bq, IH), 3.2-3.0 (m, 2H); 2.4-2.2 (m, 2H), 2.10 (m, lH), 1.9-1.7 (m, 4H), 1.5-1.3 (m, 

ts llH, thereofs at 1.37, 9H) 1.0-0.8 (m, 2H) 

20 

(iii) H-Aze-Pac(Z) 

The subtitle compound was prepared according to the method described in Example 3(i) 

ftom Boc-Aze-Pac(Z) (from step (ii) above) followed by an alkaline extractive work up. 

(iv) Ph-C.B)CH(QTBDMS)-C(Q)-Ap-Pac(Z) 

The sub-title compound was prepared analogously to the method described in Example 

l(ii) above from Ph-(R.)CH(OTBDMS)-C(O)OH (0.236 g, 0.89 mmol, prepared according 

to Hamada et al. J.Am. Chem. Soc., (1989) 111, 669) and H-Aze..Pac(Z) (0.2S g; O.SJ 

25 mmol; iiom step (di) above; previously activated by stirring in CH2Cl2:1ritluoroacetic acid 

(1:1; 10 ml) for 30 minutes) yielding 160 mg (48%). 

1HNMR(500Mllz; CDCIJ): 3 7.20-7.44(m, JOH), S.22(s, 1 If), S.06-S.16 (m,2H), 

4.80-4.90(m, 1II),3.92-4.43 (m, 2 H), 2.88-3.12 (m, 2 ff), 2.35-2.60 (m, 2 H), 1.2S-2.10 

JO (m, 10 H), 0.84-0.94 (m, 9 H), 0.00-0.IS (m, 6 H) 
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(v) Pb-QUCH(Oll)-C(Ql-Aze-Pac x HOAc 

The title com.pound was prepared according to the method described in Example 15(aii) 

above from Ph-(R)CH(01BDMS)-C(O)-Aze-Pac(Z) (0.16 g; 0.25 mmol; ftom step (iv) 

s above), with purification by RPLC yielding 15 mg (14%). 

FAD-MS mlz 373 (M + l)+ 

Example26 

10 Ph=(R)CH(OH)-C(Q)-M.e-Pia x HOAc 

(i) Boc;-A7&-Pi8(Z) 

1be subtitle compound was prepared analogously to the method described in Example l(Ji) 

from Boc-A2.e-OH (1.03 g; S.12 mmol; see Example l(i) above) and H-Pig(Z) x 2 HCI (1.86 

JS g, S.12 mmol; prepared according to the method descnbed in Intemational Patent Application 

W094129336)yielding 1.24 g(Sl%). 

1H NMR. (400MHz; CDCl3): & 7.27-7.43 (m, S H), S.12 (s,2 H), 4.60-4.67 (t, I ff), 4.16-4.26 

(d, 2 H), 3.86-3.95 (m, I H), 3.74-3.82 (m, 1 H), 3.11-330 (m, 2 H), 2.78-2.89 (m, 2 ff),. 

20 2.33-2.52 (bs, 2 H), l.71-1.83 (m, 3 H), 1.44(s. 9 H), 1.15-1.29(m, 211). 

(ii) H-Mc=Pi&(ZJ x 2 HCI 

Boc-An>:Pig(Z) (1.2 g; 2.53 mmol; from step (i) above) in ethyl acetate saturated with HCJ 

(75 ml) was stined at room temperature for 1 h. The ieaction mixture was~ 

25 diluted with water and extracted with toluene. 'The water layer was freeze.dried to give 

1.08S g (96%) of the tide compound. 

1H NMR. (500 ~ CD,OD): & 732-7.46 (m, 5 H), S.21(s,2 H). 4.99-5.0S (t, 1 H), 4.08-

4.16 (m, 1 H), 3.91-3.99 (m, 3 H), 3.13-3.25 (m, 4 H), 2.79-2.88 (m, 1 H), 2.47-2.57 (m, I 

30 H), 1.82-1.96 (m, 3 H), 1.26-1.40 (m, 2 H). 
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(iii) Pb-CJQCH(.QIBDMS)-C(Q)-Al.e-Pia(Z) 

The sub-title compound was prepared analogously to the method described in Example 

25(iv) above from Ph-(R.)CH(OTBDMS)-C(O)OH (0.401 g; 1.S mmol) and H-Az-Pig(Z) 

s x 2 HCI (0.672 g; l.S mmol; ftom step (iii) above) yielding 350 mg (46%). 

LC-MS m/z 508 (M + l)+, 530 (M +Nat 

(iv) Pb-CR)CHCOJD-C(O)-Aze..Pia x HOAc 

lo The title compound was ~arecl according to the method descn"bec:l in Example IS(iii) 

above from Ph-(R)CH(OH)-C(O)-M.e-Pig(Z) (0.1 g; O.l 97mmol; from step {iv) above) 

yielding 81 mg (95%) of the title compound. 

LC-MS m/z 374 (M + I)+ 

15 
1H NMR (400 MHz; CD30D): 5 7.25-7.50 (m, 5 H), 5.15 (s, l H), 4.65-4.75 (m, 1 H), 

4.25-4.JS (m, 1H),3.80-4.00 (m, 3 H), 2.95-3.50 (m, 4 H), 2.05-2.50 (m, 2 H), l.75-1.90 

(m, 3 H), l. l S-1.30 (m, 2 H). 

Example27 

zo Ph-(R)CH(OlD-C(.0)-Pm-{Jl.S)Hia x HOAc 

(i) H-m,.S)Hi&(Z) x 2 HCI 

The subtitle compound was prepared according to the method described in Example 3(i) 

from Boc-{R,S)Hig(Z) (prepared according to the method descn"bed in International Patent 

2S Application WO 94/29336) 

(ii) Ph-QUCWQmDMS)-C(O)-Pro-OBn 

1be sub-tide compound was prepared according to the method described in Example l(ii) 

from L-proline benzylester x HCJ (2.0 g, 8.26 mmol) and Ph-(R)CH(OTBDMS)-C(O)OH 
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(2.0 g, 7.Sl mmol, prepared according to the method described by Hamada et al in J. Am. 

Chem. Soc. (1989) 111, 669) yielding 2.0 g (59%). 

- 1HNMR.(SOO MHz; CDCl3): & 7.22·7.SS (m, 10 H), 5.45 (s, 1 II). S.IS (s, 2 H), 4.45-4.SS 

s (m, 1 H), 3.70-3.82 (m, 1 H), 3.0S-3.15 (m, 1 H), 1.65-2.lS (m, 4 In 0.85-1.05 (m, 9 H), 

0.00-0.22 (m, 6 H). 

(Iii) Ph-(J.)CH{.OTBQMS)-C(Q)-Pm-OH 

A mixture of Ph-(R)CH(OTBDMS}C(O}Pro-OBn (1.9 g, 4.19 mmol, ftom step (ii) 

10 above) and Pd/C (10%, 0.21 g) in ethanol (80 ml) was hydrogenated at atmospheric 

pn:ssure for 3 h. The reaction mixtule was filtered through celite and the filtrate was 

evaporated. The yield was 1.36 g (91 %) of the title compound. 

LCMS m/z 362 (M - 1r 

1s 
1HNMR (500 MHz; CD30D): 8 7.20-7.SO (m, SH), S.45 (s, 1 H), 4.30-4.40 (m, 1 H), 

3.30-3.70 Cm. 2 H), 1.75-2.30 (m, 4 H), 0.85-1.00 (m, 9 ~ 0.00-0.20 (m, 6 H). 

(iv) Ph-(1UCH(OI8DMS)-C(O)-Pro-(Jl.S)-Hj&(L) 

The sub-title compound was prepared analogously to the method described in Example 

20 2Sfiv) above ftom Ph-(R)CH(OTBDMS)-C(O)-Pro-OH (0.36 g; 1 mmol; from step (iii) 

above) and H-(R,S)Hig(Z) x 2 HCl (0.36 g; l mmol; from step (i) above yielding 0.63 g of 

crude product which was used without further purification in the proceeding step. 

LCMS m/z 636 (M + It 

2S 
13CNMR (100.S MHz; CDC13) amictine and carbonyl carbons: 5171.57, 171.20. 163.79, 

159.22. 

(v) Ph-(R)Cll{DH)-C{O)-Pm-(R-S)Hia(ZJ 

A mixture of Ph-(R)CH(OTBDMS}C(O)-Pm-(R.,S)Hig(Z) (0.63 g; I mmol; from step (iv) 

JO above) and TFA (10 ml, 20% in CH2Cli) was stirred at room temperatme for lb. The pH of 
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the reaction mixture was adjusted to 9 with aqueous KiCOJ and the reaction mixture was 

subsequently extracted with CH2Cl2• The combined organic layer was dried (Na2SO,.) and 

evaporated. The crude product was purified by flash chromatography on a silica gel 

column (40 g) eluted with CH2C12 (100 ml). CH2Cl2:EtOH 95:5 (100 ml) and 

s CH2Cl2:EtOH (9:1; 300 ml). The yield was 138 mg (26%) of the sub-tide compound. 

10 

15 

LC-MS mlz 522 (M + tt 
13C NMR (100.S MHz; CDCIJ) amidinc and carbonyl carbons: 6 172.21, 171.20, 163.64, 

159.11. 

(vi) Ph-CJUCH(Ql;{)-C(O,)=Pro-(B..S)ma x HOAc . 

The title compound was prepared according to the method described in Example lS(lii) 

above from Ph-(R)CH(OH)-C(O)-Pro-(R,S)Hig(Z) (0.071 g; 0.14 mmol; from step (v) 

above yielding 49 mg (80%). 

LC-MS m/z 388 (M + It 
1H NMR (400 MHz; D20; complicated due to diastereomers/rotamers): lS 7.32-7.56 (m, S 

H), S.37-S.52 (m, 1 H), 4.32-4.64 (m, 1 H), 3.S7-3.7S (m, 2 H), 3.24-3.56 (Ills 4 H), 2.89-

3.15 (m, 2 H), 1.25-2.80 (m, 9 H). 

20 
13C NMR. (75.5 MHz; ~O; complicated due to diastereomerslrotamers) amidine and 

carbonyl carbons: 181.92, 174.92, 173.69, 173.03. 

Example28 

Ph-l.BJCH(.Oll)-C(.Q)=Pm-Dia x HOAc 

(i) Ph-(B.)CH(OmDMS)-C(O)-Pm-Di&ClJ 

The sub-title compound was prepared analogously to the method described in Example 

2S(iv) above ftom H-Dig(Z) (0.14 g; 0.507 mmol; see International Patent Application 

WO 94129336) and Pb-(R)CH(OTBDMS)-C(O)-Pro-OH (0.23 g; 0.608 mmol; see 
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Example 27(di) above) yielding 316 mg of crude product which was used in 1he 

proceeding step without further purification. 

LC-MS m/z 622 CM+ It 

(ii} Pb:(JUCH(QH)-C(Q\=Pm=Di&(2'J 

Trifluoroacetic acid (6 ml; 20% in CH2Cl~ was added to Ph-(R.)CH(OTBDMS)-C(O)-Pro­

Dig(Z) (0.3 lS g; O.S06 mmol; from step (i) llbove) at 0°C and the mixture was stirred at 

room temperature for 2 h. The pH of the reaction mixture was adjusted to 8 with aqueous 

lo K2C~ and was extracted ~th CH2Cl2• The organic layer was washed with aqueous NaCl, 

dried <N8280.c) and evaporated. 1be crude product (250 mg) was flash chromatographed 

on a silica gel column using CH2Cl2:MeOH (9:1) as eluent yielding 180 mg (700.4) of the 

title compound. 

15 
1H NMR. (400 MHz; CDC13): 6 7.25-7.39 (m, 10 H), S.32-5.31(bs,1H),5.08-5.19 (m, 2 

H), 4.40-4.49 (m, 1H),4.21-4.35 (m, 2 H), 3.87-4.03 (m, 2 H13.71-3.79 (m, 2 H), 3.18-

332 (m. 2 H), 3.00-3.10 (m, 1H),2.61-2.73 (m, I H), 2.14-2.24(m, 1H),1.62-2.07 (m, 8 

H). 

20 (Di) Ph-(B)CH(Ol{)=C{,C))-Pm-Dia x HOAc 

The title compound was prepared according to the method descn'bed in Example IS(iii) 

above from Ph-(R)CH(OH)-C(O)-Pro-Dig(Z) (0.14 g; 0.276 mmol; &om step (iii) above 

yielding l l2 mg (94%). 

25 
1H NMR (400 MHz; CD30D): & 7.27-7.44 (m, SH), 5.34 (s, l H), 4.29-4.35 (m, 1 H), 

4.17-4.25 (m, 2 H), 3.75-3.83 (m, 2 H), 3.63-3.73 (m, 1H),3.25-3.34 (m, 1H),3.08-3.23 

(m,2 H), 2.79-2.90(m,1H),1.71-2.10 (m, 6 H). 
13CNMR. (100.6 MHz; CD30D) amidine and carbonyl signals: 6174.79. 173.26, lS8.l6. 

JO 
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Example29 

Ph-(R)CH(Oli)-C(Q)-(B. or S)Pic(c:M-Me)=Pab x HQAc and 

Ph-(JUCH<OH)-C(O}(B or R)Pic(cit+Me)-Pab x HOAc 

s (i) (.LS)-N-Bgc-Pic(cit+Mc)-PabfZJ 

PCT/SEffl008'78 

The sub-1itle compound was prepared analogously to the method described in Example 

l(li) from ~)-N-Boc-Pic(cls-4-Me}OH (0.88 g; 4.1 mmol; prepared according to the 

method described in Shuman et al J. Org. Chem. (1990), 55, 738) yieJtling 40S mg (19%). 

10 FAB-MS mlz 509 (M + It 
1HNMR.(400 MHz; CDCIJ): 6 7.25-7.90 (m, 9 H), S.20 (s, 2 H), 4.4S-4.SO (m, 2 H), 4.30-

4.40 (m, t H), 3.15-3.70 Cm. 2 H}, 170-2.00 (m, 4 H), 1.45 (s, 9 H), 1.15-130 (m, 1 H), 

0.90-1.0S (m, 3 H). 

is (ii) H-(Jl.8.)Pic(cit+Me)-Pab(l.) 

(R,S)-N-Boc-Pic(cis-4-Me)-Pab(Z) (0.40 g; 0.79 mmol; from step (i) above) was dissolved 

in CH2Cl2 (5 ml). Trifluoroacetic acid (S ml) was added and the mixtme was stirred for O.S 

h. The reaction mixture was evaporated and the iesiduc: was dissolved in CH2Cl2t washed 

with aqueous Na2C039 dried (MgSOJ and evaporated. 1be crude product was pmified by 

20 flash chromatography on a silica gel column eluted with CH2Cl2:MeOH 95:5 and 

CH2C 2:MeOH 9: 1. The yield was 300 mg (94%) of the sub-tide compound. 

FAB-MSm/z409(M+ tt 
1H NMR. (SOO MHz; CD,OD): & 7.25-7.85 Cm. 9 ff). S.lS (s, 2 H), 4.3S-4.4S (m, 2 H), 

2S 2.SS-3.60 (.m, 3 H), 1.85-2.0S (m, 1 H), 1.35-1.65 (m, 2 H), 0.90-1.20 (m, SH). 

(ihj Plt(B)CH(OTBDMS)=C{.Q)-(Jt.S)Pic(cfl-4-MQ)=Pab{Z) 

The sub-tide compound was prepared analogously to the method described in Example 

3('1i) above fiom H-(R.S}Pic(cis-4-Me)-Pab(Z) (0.290 l 0.71 mmol; from step ("d) above) 

JO and Ph-(R)CH(OTBDMS)-C(O)-OH (0.189 g; 0.71 mmol; prepared aCCOJding to the 



W097/02284 

56 

method described in Hamada et al J. Am. Chem. Soc. "(1989) 111, 669) yielding 0.40 g of 

crude product which was used in the proceeding step without purification. 

(iv) Ph:;(R)COOllD-C(Q)=(.R.S)Pic(ci&-4-Me)-Pab(Z) 

s Ph-(R)CH(OTBDMS)-C(O)·(R,S)Pic(cis-4-Me)·Pab(Z) (0.40 g; crude from step (iii) 

above) was treated with trifluoroacetic acid (20% in CH2Clll for 3 h. The reaction mixture 

was evaporated and the residue was purified by flash chromatography on a silica gel 

column eluted with CH2Cl2:MeOH (98:2, 95:S and 9:1). The yield was 4S mg (11%) of 

the sub-title compound. 

JO 

(v) PMR)CH(OW-C(.Q)-(R or S)Pic(eis-4-Mc)-Pab x HOAc and 

Pb(R)CH(OW-C(Q)=(S or R)Pic(W-4-Me)-Pab x HOAc 

A mixture of Ph-(R)CH(OH)-C(O)-(R,S)Pic(cis-4-Me)-Pab(Z) (0.045 g; 0.083 mmol; from 

step (iv) above) and Pd/C (5%; 0.06 g) in ethanol (8 mL) was hydrogenated at atmospheric 

1s pressure for 2.S h. The reaction mixture was filtered and the filtrate was evaporated. The 

crude product was subjected to preparative RPLC (0.IM Nff.aOAc; 30% acetonitrile) where 

the diastereomers were separated. The yield was 7 mg of compound 29A with a 

diastereomeric ratio >99:1 and 11 mg of compound 29B with a diastereomeric ratio 98:2. 

20 Compound 29A: 

LC-MS mlz409(M+1)+. 407 (M- tr 
1H NMR (500 MHz; 0i0): a 7.20-7.80 (m, 9 H), S.65 (s, 1 H), 4.65-S.3S (m, 1 H), 4.40-

4.55 (m, 2 H), 3.85-4.00 (m, I H), 3.65-3.75 (m, I H), 2.65-3.lS (m, 2 H), 2.05-2.20 (m, 1 

H), 1.0S-1.1S (m, 2 H), 0.70-0.90 (m, 3 H). 

25 Compound 29B: 

30 

LC-MS mlz 409 (M + t)•, 407 (M- •r 
1H NMR (500 MHz; ~0): & 7.25-7.80 (m, 9 H), 4.SS-5.15 (m, 2 H), 4.35-4.SO {m, 3 H), 

3.75-3.85 (m, 1 H). 2.10-2.so Cm. 1 H1 1.80-2.20 (m, l H), 0.10-1.10 (m, 6 H). 
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Example 30 

Ph-(CHzla-(R)CH(Olil-C(OJ-A7&-Pab x HCI 

(i) Ph=(CHz)a-(B,)CH{Ql{)-C(Q)-A=-Pab(Z) 

PCTISE9'/00878 

s The sub-title compound was prepared analogously to the method described in Example 

3(ii) above from H-A7.e-Pab(Z) x 2 HCl (0.434 g, 0.988 mmol) and (R)-(-)-2-hydroxy-4-

phenylbuturic acid (0.162 g; 0.898 mmol), TB11J (0.433 g, 1.348 mmol) and N­

methylmorpholine (0.363 g; 3.S9 mmol) in DMF (IS ml) yielding 105 mg (22%). 

10 LC-MS mlz 529 (M + 1)+, 527 (M - 1r 
1H NMR (500 MIU; CDCl3): & 8.17-8.25 (m, NH), 7.0S-7.72 (m, 14 H), 5.16-5.22 Cm, 2 

H), 4.71-4.88 (m, 1H),4.32-4.41(m,2 H), 3.92-4.04 (m, 2 H), 3.79-3.88 (m, 1 H), 2.62-

2.86 (m, 2 H), 2.29-2.57 (m, 2 H), 1.80-1.98 (m, 2 H). 

1s (ii) Ph-(CH~=(R)CH(QH)-C(OJ-Aze-Pab x HCI 

The title compound was prepared according to the method descn1>ed in Example l(v) 

above from Ph-(CH2h-(R)CH(OH}C(O)-Aze-Pab(Z) (0.112 g; 0.212 mmol; from step (i) 

above) yielding 77 mg (84%). 

20 LC-MS mJz 395 (M + tt, 393 (M - tr 

2S 

JO 

1H NMR (400 MHz; CD30D): 5 7.77-7.77 (m, 9 H), 4.73-5.19 (m, 1H),4.40-4.62 {m, 2 

H), 3.92-4.34 (m. 3 H), 2.48-2.84 {m, 3 H), 2.09-2.33 (m, 1 H), 1.83-2.05 (m, 2 H). 

13C NMR (100.6 MHz; 0 20; complicated due to rotamers) amidine and carbonyl carbons: 

a 175.66, t74.80, 172.56, 112.49, 166.14, 16s.11. 
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Example31 

2-Naphthyl-(R,S)C;H(.Qlil-C(O)-Am-Pab x HOAc 

-(i) (&S)-(.2-naphtllJl)alycolic acid 

PCT/SE9'/008'78 

s The sub-title compound was prepared according to the method described in Example 1 S(i) 

above from 2-naphtbaldebycle (IS.6 g; 100 mmol) yielding 12.37 g (61%). 

10 

15 

LC-MS m/z 201 (M- l)+, 403 (2M • 1)" 
1H NMR (500 MHz; CD30D): a 7.43-7.98 (m, 7 H), S.29-S.3S (m, 1 H). 

(ii) 2-Napbthyl-(R.S)CH(QH)-C{Q)-Al.e-Pab(lJ 

The sub-title compound was prepared according to the method described in Example 3(ii) 

above from (R.S)-(2-naphthyl)glycolic acid (0.162 g; 0.8 mmol; from step (i) above 

yielding 266 mg (600A.). 

LC-MS m/z 551(M+1)+ 
1HNMR.(400 MHz; CDCI,): a 7.18-7.91(m,16 H), 4.86-5.26 (m, 3 H),4.0S-4.60(m, 3 

~ 3.52-3. 78 (m, 2 H), 2.24-2. 73 (m, 2 H). 

20 (di) 2-Naphthyl-(R.S)CHCOH)=CCQ)-Aze-Pah x HQAc 

The title compound was prepared according to the method described in Example l S(iii) 

above from 2-napbthyl-(R,S)CH(OH)-C(O)-Aze-Pab(Z) (0.266 g; 0.48 mmol; from step 

(ii) above yielding 202 mg (88%). 

zs LC-MS m/z417(M + l)+ 

30 

1H NMR (SOO MHz; CD30D): & 7.28-7.96 (m, 11 H), 5.30-5.40 (m, I ~ 3.95-4.82 (m, S 

H), 2.09-2.59 (m, 2 H). 
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Example32 

3-lndolyl-C~-(B,,S)CH(QH)-C(OJ-~-Pab x HOAc 

(i) 3-lndolyl-CH~-<R.S)CH(OH}C(Q)-Am=J>ab(Z) 

PCT/SU6/00878 

s The sub-title compound was prepared according to the method described in Example 3(ii) 

above from (R,S)-3-(3-indolyl)lactic acid (0.21g;1.0 mmol) yielding 0.22 g (45%). 

lO 

15 

1H NMR (500 MHz.; CDCI:-): 8 6.57-7.80 (m, 14 H), 5.24 (s, 2 H), 4.59-4.83 (m, 1 H), 

4.19-4.51(m,3 H), 3.69-3.99 {m, 2 H), 3.03-3.36 (m, 2 H), 2.31-2.56 (m, 2 H). 

(ii) 3-Jndotyl-CH;r(R.SlCH(QID-C(O)-Aze-Pab x HOAc 

The title compound was prepared according to the method described in Example 1 S(iii) 

above from 3-indolyl-CHr(R,S)CH(OH)-C(O)-M.e-Pab(Z) (0.11 g; 0.20 mmol; from step 

(i) above yielding 75 mg (800At). 

FAB-MS m/z420(M+1)+ 
1HNMR (500 MHz; ~0): & 7.00-7.75 (m, 9 H), 4.61-4.71 (m, l H), 3.74-4.Sl (m, SH), 

3.00-3.28 (m, 2 H), l .95-2.42 {m, 2 H) 

13C NMR (75.5 MHz; 0 20; complicated due to diastereomers/rotamers) amidine and 

20 carbonyl carbons: & 179.38, 176.19, 175.56, 173.06, 166.78. 

Example33 

LCH~H-(R)CH(Ol{)-C(Q)-A7&-Pab x HOAc 

25 (i) (.CHa)zQl-CRlCH(QH)-C(OJ-Az.e-Pab(Z) 

The sub-title compound was prepared according to the method described in Example 3(ii) 

above from (R)-2-bydroxyisovaleric acid (0.12 g; 1.0 mmol) yielding 68 mg (16%). 
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1HNMR (300 MHz; CDClJ): 8 8.25-8.40 (t, NH), 7.15-7.90 (m, 9 H), 5.20 (s, 2 H), 4~85-

4.95 (m, 1H),4.30-4.SS (m, 2 H), 4.05-4.25 (m, 2 H), 3.75-3.90 (m, I H), 1.65-2.75 (m, 3 

H), 0.70-1.0S (m, 6 H). 

s (ii) (CHJ)JCH-CJUCH(QH)-C(O)-Al.e=Pab x HOAc 

The title compound was prepared according to the method described in Example lS(iii) 

above from (CH3)JCH-(R)CH(OH)-C(O)-Aze-Pab(Z) (0.068 g; 0.15 mmol; froms step (i) 

above) yielding 13 mg (23%). 

10 
1H NMR (300 MHz; ~0): 6 7.45-7.80 (m, 4 H), 4.85-S.25 (m, 1 H), 4.45-4.65 (m, 2 H), 

4.30-4.40 {m, 1 H), 3.80-4.10 (m, 2 H), 2.60-2.80 (m, 1 H}, 2.20-2.35 (m, 1H),1.90-2.0S 

(m, l H), 0.70-1.00 (m, 6 H). 

15 

13C NMR (15.S MHz; ~O; complicated due to rotamers) amidine and carbonyl carbons: 

182.37. 176.34, 175.38, 173.84, 173.26. 167.16. 

Example34 

(.CHJlaCH-(CHz)a-(Jl.S)CH(C»{)-C(Q)-Aze-Pab x HOAc 

(i) LCHJll~S)CH(Oli)-C(Q)-Aze-Pab(Z) 

20 The sub-title compound was prepared according to the method described in Example 3(ii) 

above from (R,S)-isoleucic acid (0.12 g; 0.88 mmol) yielding O.JS g (36%). 

1H NMR (300 MHz; CDCIJ): 6 7.lS-7.80 (m, 9 H), S.20 (s, 2 H), 4.85-4.95 (m, 1 H), 4.35-

4.SS (m, 2 H), 3.85-4.20 (m, 3 H), 2.40-2.80 (m, 2 H), 1.75-2.lO(m, l H), 1.20-J.SS (m, 2 

25 H), 0.75-1.00 (m, 6 H). 

(ii) !CH.i)Pl·CCH~-(R.S)CH(QH)-C(.Q)-As-Pab x HOAc 

The title compound was prepared according to the method descn'bed in Example lS(iii) 

above from (CHmCH-(CHm-<R,S)CH(OH}C(O}Aze-Pab(Z) (0.13 g; 0.27 mmol; from 

30 step (i) above) yielding 0.11 g (100-.4). 
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1HNMR(400 MHz; D20): 8 7.63-7.69(m,2 ~ 7.37-7.46 (m, 2 H),4.72-S.12 (m, I H), 

4.40-4.46 (m, 2 H), 4.17-4.31 (m, 2 H), 3.90-4.02 (m, 1 H), 2.S0-2.69 (m, 1 H), 2.11-2.27 

(m, l H), 1.12-1.72 (m, 3 H), 0.61-0.85 (m, 6 H). 

s 13C NMR (75.5 MHz; OiO; complicated due to diastereomers/rotamers) amidine and 

carbonyl carbons: 6 176.97, 176.80, 176.61, 176.19, 173.38, 173.28, 173.17, 173.10, 

166. 78, 182.02. 

Example 35 

to Ph(3.QJD-(R,S)CH(.Ol{)-C(Q)-Pro-Pab x HCJ 

(i) Boc-Pm-Pab(lJ x HCl 

The subtitle compound was prepared according to the method described in Example l(ii) 

from Boe-Pro-OH (10.2 g, 47.4 mmol)and added H-Pab(Z) x HCI (15.9 g, 49.8 mmol), 

as yielding 21.74 g (95.5%) 

FAB-MS mlz 481 (M + l)+ 
1H NMR (400 MHz; CD30D) 6 8.0-7.8 (m, 2H), 7.S-7.25 (m, 7H), 5.17 (s, 28) 4.6-4.15 

(m, 3H), 3.6-3.35 (m, 2H), 2.3-2.1 (m, lH), 2.1-1.8 (m, 3H), 1.5-1.3 (two broad singlets, 

20 rotamers of Boe, 9H) 

(ii) H-Pm-Pab{Z) 

The subtitle compound was prepared according to the method described in Example 3(i) 

from Boc-Pro-Pab(Z) x HCI (from step (ii) above) followed by an alkaline. ex1raetive work 

25 up. 

(iii) PhQ-OH)-CR.SlCHCOHl-CfO)-J>m..Pab(Z) 

The sub-title compound was prepared according to the method described in Example 3(ii) 

above from (R,S)-3-hydroxymandelic acid (0.25 g; 1.S mmol) and H-Pro-Pab(Z) (0.63 g; 

30 1.6Smmol; from step (ii) above) yielding 51 mg (6%) of the title compound. 
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FAB-MS mlz531 (M+ It 

(iv) Pb(3-0H)-C,&S)CH(OHl=C(C>.)-Pro-Pab x HCI 

s The title compound was prepared according to the method described in Example l(v) 

above from Ph(3-0H)-(R,S)CH{OH)-C(O)-Pro-Pab(Z) (O.OS g; 0.094 mmol; from step (iii) 

above) yielding 30 mg (74%). 

FAB-MS m/z 397 (M + l)+ 

10 
13C NMR (15.S MHz; ~O; complicated due to diastereomers.lrotamers) amidine and 

carbonyl carbons: & 175.36, 175.13, 172.92, 167.13. 

15 

Example36 

Ph(J.5-djOMe)-lR.S)CH(QH)-C(O)-Pm-Pab x HOAsc 

(i) fh(3.5-djOMe)-(.R,S)CH(Oii)-C(O.)-Pto-Pab{Z) 

The sub-tide compound was prepared according to the method described in Example J(ii) 

above from (R.S)-3,S-dimethoxymandelic acid (0.08 g; 0.38 mmol; prepared according to 

the method described in Synthesis (1974), 724) and H-Pro-Pab(Z) (0.16 g; 0.42 mmol; see 

20 Example 3S(ii)) yielding 61 mg (28%). 

25 

JO 

1H NMR (SOO MHz; CDCIJ): 6 7.70-7.80 (t, NH), 7.08-7 .SO (m, 9 H), 6.30-6.50 (m. 3 H). 

5.20 (s, 2 H), S.00-S.10 (m, 1 H), 4.25-4.70 (m, 3 H), 3.60-3.80 (m. 6 H), 3.35-3.SS (m, 1 

H), 2.9S-3.2S (m, 1 H), 1.70-225 (m, 4 H). 

(ii) Ph(3.S-di0Me)-(R.S)CH(OH)-C(Q}-Pm-Pab x HOAc 

The title compound was prepared according to the method described in Example 1 S(iii) 

above fiom Ph(3,S-di0Me)-(R.,S)CH(OH)-C(O)-Pro-Pab(Z) (0.06 g; 0.10 mmol; from step 

(i) above) yielding 3S mg (72%). 
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1H NMR. (500 MHz; 0 20): 8 7.23-7.80 (m, 4 H), 6.41-6.65 (m, 3 H), S.3S-S.4S (m, 1 H), 

4.35-4.60 (m, 3 H), 3.80 (s, 3 H), 3.10-3. 75 (m, 5 H), l. 70-2.35 (m, 4 H). 
13C NMR (75.5 MHz; DzO; complicated due to diastereomerslrotamers) amidine and 

carbonyl carbons: s 175.28, 175.05, 174.03, 173.46, 172.80, 172.73, 167.l 1, 166.95. 

Example37 

00-QMe)-CR.S)CHCQH}CCQ)-Pm-Pab x HOAc 

(i) Ph(3-0Me)=(R.S)CH(OH)-C(.Q)-Pro-Pah(Z> 

10 The sub-title compound was prepared according to the method described in Example 3(ii) 

above from (R,S)-3-methoxymandelic acid (0.27 g; 1.S mmol) and H-Pro-Pab(Z) (0.57 g; 

1.5 mmol; see Example 35(ii) above) yielding 158 mg (200JO). 

FAB-MS m/z 545 (M + tt 
15 

1H NMR. (400 MHz; CDC13): a 7.77-7.84 (m, 2 H), 7.01-7.48 (m, 8 H), 6.80-6.91(m,3 H), 

S.20-5.24 (m, 2 H), S.06-S.1 l (m, I H), 4.30-4. 72 (m, 3 H), 3.68-3. 79 (m, 3 ~ 3.38-3.57 

(m, I H), 2.91-3.17 (m, 1 H), l.68-2.31(m,4 H). 

(ii) PhC)-QMe,)-<J..S)CH(QW-C(Ol-Pro-Pab x HOAt; 

:zo The title compound was prepared according to the method described in Example l S(iii) 

above fiom Ph(3-0Me)-(R,S)CH(OH)-C(O)-Pro-Pab(Z) (0.06 g; 0.11 mmol; fiom step (i) 

above yielding 39 mg (75%). 

LC-MSmlz411 (M+ l)+,409(M-1f 

25 
1H NMR {400 MHz; 0 20): 6 6.81-7.84 (m, 8 H), S.47 (s, 1 H), 4.35-4.59 (m, 3 H), 3.60-

3.88 (m, 4 H), 3.07-3.29 (m, 1H},1.74-2.37 (m, 4 H). 

JO 
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Example38 

Pb(3.4-(..Q-CH2-0-)HR.S)CH(Ol{)=C(Q)-Aze-Pab x HQAc 

·(i) Ph(3,4-(-Q-CH2-0-))-(.B..S)CH(QJ{)-C(O)-Aze-Pab(Z) 

PCl'/SEH/00871 

5 The sub-title compound was prepared according to the method described in Example J(ii) 

above &om (R,S)-3,4-methylenedioxymandelic acid (0.20 g, 1.0 mmol, prepared according 

to the method descnl>ed in Synthesis (1974) 724) yielding 0.22 g (44%). 

1H NMR (400 MHz; acetone~): a 6.68-8.12 (m, 12 H), S.94-6.0S (m. 2 H), 5.18 (s, 2 H), 

10 J.81-5.12 (DJ. 6 H), 2.30.2.54 (m, 2 H). 

(ii) Pb(3.4-(·0-CH2·Q..))=(R,S)CH(OH)-C(O)-An;-Pab x HOAc 

1be title compound was prepared according to the method described in Example IS(iii) 

above from Ph(3,4-(-0-CHr0-))-(R,S)CH(OH)-C(O)-Aze-Pab(Z) (0.11 g; 0.20 mmol; 

15 from step (i) above) yielding 72 mg (76%). 

1H NMR (500 MHz; ~O): & 6.64-7.80 Cm. 7 H), 5.91-6.01 (m, 2 H), 4.80-5.24 (m, 2 H), 

3.88-4.57 (m, 4 H), 2.11-2.84 (m, 2 H). 
13C NMR (7S.S MHz; ~O; complicated due to diastereomers/rotamers) amidine and 

20 carbonyl carbons: 8 176.03, 175. 70, 175.07, 174.82, 168.86. 

Example39 

Ph(3-0MeA-OID-(ll.S)CH(Ql{)-C(O)-Pro-Pab x HOAc 

2S (i) Ph(3-0Me.4-0H)-(R.S)Cli(.Ql{)-C(P.)-Pm-Pab(Z) 

The sub-title compound was prepared according to the method described in Example 3(ii) 

above tiom (R.,S)-4-hydroxy-3-methoxymandelic acid (0.40 g; 2.0 mmol) and H-Pro­

Pab(Z) (0.76 g; 2.0 mmol; see Example 35(ii)) yielding 132 mg (12%). 

30 FAB-MSm/z561(M+1)+ 
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1H NMR (400 MHz; CDCl3): a 6.62-7.84 (m, 12 H), S.20-S.2S (m, 2 H), 4.JS-S.08 (m, 3 

H), 3.42-3.84 (m, 4 H), 2.91-3.25 (m, 1H),1.66-2.37 (m, 4 H). 

(ii) Ph(J..QMe.4-0li)=(R.S)CHCOHl-C(Q)=Pro-Pab x HOAc 

s The title compound was prepared according to the method described in Example IS{iii) 

above from Ph(J-OMe,4-0H)-(R,S)CH(OH)-C(O)-Pro-Pab(Z) (0.048 g; 0.09 mmol; from 

step (i) above) yielding 23 mg (SS%). 

FAB-MS mlz 427 (M + It 

10 
1HNMR (400MHz; D20): ~ 6.72-7.83 (m, 7 H), 5.42 (s, l H), 4.38-4.68 (m, 3 H), 3.55-

4.10 (m, 4 H). 3.09-3.29 (m, 1 H), 1.72-2.37 (m, 4 H). 
13C NMR (75.5 MHz; DzO) amidine and carbonJy carbons: a 175.12, 173.25, 167.09. 

Example40 

as Ph-(R.S)C(EtXOH)-C(OJ-Pro-Pab x HO&; 

(i) Ph-(B.S)C(Et)(OH)-C(Q)-Pm-PabQ'.) 

The sub-title compound was prepared according to the method described in Example 3(ii) 

above from (R,S)-2-bydroxy-2-phenyl butanoic acid (0.36 g; 2.0 mmol) and H-Pro-Pab(Z) 

20 (0.76 g; 2.0 mmol; see Example 3S(ii) above) yielding 57 mg (5%). 

25 

FAB-MSmlzS43(M+1)+ 
1HNMR (400 MHz; CDC13): S 7.24-7.88 (m, 14 H), 5.23 (s, 2 H), 4.444.81(m,3 H), 

2.98-3.25 (m, 2 H), 1.49-2.32 (m, 6 H), 0.85-0.95 (m, 3 H). 

(ii) Pb-OU)C(Et)(QlQ-C(O,)-Pm-Pab x HOAc 

The title compound was prepared according to the method described in Example I S(iii) 

above from Pb-(R,S)C(EtXOH)-C(O)-Pro-Pab{Z) (0.055 g; 0.1 mmol; from step (i) above 

yielding was 34 mg (72%). 
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F AB-MS mlz 409 (M + I)+ 
1H NMR (400 MHz; 0 20): 87.33-7.82 (m, 9 H), 4.38-4.60 (m, 3 H), 3.19-3.71(m,2 H), 

1.54-2.34 (m, 6 H), 0. 73-0.90 (m, 3 H). 

· 13c NMR (75.S MHz; 0 20; complicated due to diastereomerslrotamers) amidine and 

s carbonyl carbons: & 182.0S, 176.42, 175.73, 175.59, 174.70, 174.47, 167.18. 

Example41 

Pb(3.S=tliMe)-(R,S)CH(OH)-C(.Q)-A1.e=Pab x H0Ac 

10 (i) (&S)-3.S-DimethYlmanclelic acid 

15 

20 

1be sub-title compound was prepared according to the method described in Example lS(i) 

above from 3,S-dimethylbem.aldehyde {S.O g; 37 mmol) yielding 2.8 g (42%). 

1H NMR (400 MHz; CD30D): & 7.05 (s, 2 H), 6.94 (s, 1 H), 5.04 (s, 1 H), 2.28 (s, 6 H). 

(ii) Ph(,1.5-diMe)-(J,,S)CH(.OW-C(.Q)=Aie-Pahl.Z) 

The sub-title compound was prepared according to the method described in Example 3(ii) 

from (R,S)-3,5-dimethyJmandelic acid (0.2.7 g; I .S mmol; from step (i) above) yielding 

0.403 g (SI%). 

FAB-MS mlz 529 (M + tt 
1H NMR csoo MHz; CDCl3): a 6.85-7.88 (m, 12 H), s.22-5.26 Cm. 2 H), 4.84-5.03 (m, 2 

H), 4.43-4.62 (m, 2 ~ 3.57-4.13 (m, 2 H), 2.25-2.74 (m, 8 H}. 

25 flii) Ph(l,S-diMe,)-(Jl.S)CH(Of{)-C(Ql-Azc;-Pab x HOAc 

The dtle compound was prepared according to the method described in Example lS(iii) 

from Ph(3,S-diMe)-(R,S)CH(OH)-C(O)-M.e-Pab(Z) (0.102 g; 0.194 mmol; from step (ii) 

above) yielding 74 mg (84%). 

30 FAB-MS mlz 395 (M + It 
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1H-NMR (400 MHz; 0 20): 3 6.76-7.82 (m, 7 H), 4.80•5.27 (m, 2 H), 3.87-4.62 (m, 4 H), 

2.20-2.87 (m, 8 H) 

13C-NMR (75.5 MHz; D20; complicated due to diastereomerslrotamen) amidine and 

carbonyl carbons: a 182.07, 175.60, 174.49, 174.37, 173.96, 173.23, 173.09, 173.0S, 

s 172.93, 166.98, 166.90. 

Example!2 

Pb(.1-NH.,)-(R.S)CH(OJil..C(.C})-As-P@b x HQAc 

10 (i) Ph(3-NQa)-OLS)CH(OH}C(Q)-Aze-Pab(ZJ 

The sub-title compound was prepared according to the method described in Example 3(ii) 

ftom (R.S)-3-nitromandelic acid (0.30 g; 1.S mmol) yielding 0.40 g (48%). 

LC-MS mlz 545 (M + 1)+ 

is 1H NMR (400 MHz; CDC13): 8 7.16-8.22 (m, 13 H), 5.18-5.23 (m, 2 H), 4.85-5.15 (m, 2 

H), 4.08-4.60 (m, 3 H}, 3.65-3.81 (m, 1H),2.31-2.71(m,2 H). 

(ii) PbQ-NHV=CR.S)CH(OH)-C(Q)-A7,e-Pab x HOAc 

The tide compound was prepared according to the method described in Example lS(iii) 

20 from Ph{3-NO:J-(R,S)CH(OH)-C{O)-Aze-Pab(Z) (0.102 g; 0.19 mmol; fiom step (i) 

above) yielding 0.074 g (890.4). 

LC-MSmlz382(M+ It 
1H-NMR (400 MHz; 0 20): 8 6.58-7.82 (m. 8 H), 4.80-5.25 (m, 2 H), 3.60-4.60 (m, 4 H}, 

25 2.12-2.88 (m, 2 H) 

30 

13c NMR (75:5 MHz; D20; complicated due to diastereomers/rotamers) amidine and 

carbonyl carbons: & 181.96, 175.27, 174.25, 173.84, 173.19, 173.01, 166.93. 
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Bxample43 

Anisole (0.030 g; 0.27 mmol) and tritluoromethanesulfonic acid (0.138 g; 0.92 mmol) was 

s added to a mixture of Ph(3-NO~S)CH(OH)-C{O)-A7.e-Pab(Z) (0.100 g; 0.18 mmol; 

see Example 42(1) above) and CH2Cl2 (10 ml). The ieaction mixture was stirred at room 

temperature for 10 minutes. H20 was added and the pH was adjusted to 9 with Na2C()taq. 

The CH2Cl2 was removed in WlCUO and the remaining H20-layer was extracted with 

diethylether (3 x S ml) followed by fteez.e drying. The crude product was subjected to 

10 preparative RPLC yielding 62 mg (60%) of the title compound after fteem drying. 

1H NMR (400 :MHz; ~0): a 7.38-8.31 (m, 8 H), 4.83-S.SO (m, 2 H), 4.03-4.57 (m, 4 H), 

2.17-2.86 (m, 2 H) 
13C NMR (75.5 MHz; 0 20; complicated due to diastereomers/rotamers) amidine and 

as carbonyl carbons: & 181.5, 173.84, 173.39, 173.15,. 173.04, 172.96, 17280, 166.85. 

Example44 

Ph(3-Nffll-(B..S)CH(OH)-C(Q)-Pm-Pab x HOAc 

20 (i) PhQ-NOJl-(R.S)CH(Ol{)-C(C»-Pm-Pab(Z,) 

The sub-title compound was prepared according to the method described in Example 3(ii) 

from (R,S)-3-nitromandelic acid (0.30 g; 1.S mmol) and H-Pro-Pab(Z) x 2 HCI (0. 15 g; 

1.6Smmol; see Example 35(ii) above) yielding 0.61 g (73%) • 

.zs LC-MS m/z 560 (M + It 

JO 

1H-NMR (400 MHz; CDC13): 3 7.26-8.23 (in. 13 H), 5.20-5.28 {m 3 H), 4.33-4. 73 (m. 3 

ff), 3.46-3.68 {m, 1H),2.92-3.14 (m, 1H),1.79-2.33 (m, 4 H) 
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(ii) Ph(J-NUJ)-(Jl,S)CH(.QfD-C(O)-Pro-Pab x HOAc 

The tide compound was prepared according to the method described in Example 1 ~(iii) 

from Ph(3-NOi)-(R,S)CH(OH}C(0)-Pro-Pab(Z) (0.104 g; 0.19 mmol; from step (i) above) 

yielding 64 mg (76%). 

LC-MS mlz 396 (M + 1)+ 

1H-NMR (400 MHz; ~O): 8 6.74-7.82 (m, 8 H), 5.34-5.40 (m, 1 H), 4.35-4.SS (m, 3 H), 

. 3.09-3.78 (m, 2 H), l.75-2.35 (m,4H) 

13C-NMR (75.5 MHz; ~O; complicated due to diastereomers/rotamers) amidine and 

10 carbonyl carbons:~ 182.04, _175.38. 175.18, 173.12, 173.04, 167.07 

Example4S 

Ph(3-NO.i)=(B. or S)CH(.08)-C(O)-Pro-Pab x HQAc 

The title compound was prepared according to the method described in Example 43 from 

1s Ph(3-NO:z)-(R.S)CH(OH}C(O)-Pro-Pab(Z) (0.117 g; 0.21 mmol; see Example 44(i) 

above). Some fractions were concentrated to give 23 mg (45%) ofa compound with a 

diastereomeric ratio of >99: l. 

LC-MSmlz424{M-1)";426(M+ 1)+ 

20 
1H-NMR (500 MHz; DiO): 8 7.31-8.35 (m, 8 H), S.SO-S. 71 (m, I II). 3.64-4.57 (m, 4 H), 

3.24-3.32 (m, 1 H), 1.76-2.42 (m, 4 H) 

13C NMR (75.S MHz; 0 20; complicated due to rotamers) amidine and carbonyl carbons: 6 

175.21, 173.98, 172.58, 172.18, 167.12, 166.82 

25 (Earlier &actions were concentrated to give 22 mg (43%) of the epimer of the above 

compound with a diastereomeric ratio of >99: 1 ). 

30 
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Example 46 

Ph(3.4-(-0-CHJ-O-))-(Jl.S)CH(.OW·C(Q)-Pro-Pab x HCI 

. (i) Pb(3.+(-0-CHpl-))-(R.S)Clf(OH)=C(O)-Pm:Pab(Z) 

s The sub-title compound was prepared according to the method described in Example 3(ii) 

above from (R,S)-3,4-methylenedioxymandelic acid (0.20 g, 1.0 mmol, prepared according 

to the method described in Synthesis (1974) 724) and H-Pro-Pab(Z) x 2 HCI (0.35 g; 0.91 

mmol; see Example 3S(ii) above) yielding 80 mg (16%). 

10 F AB-MS mlz SS9 (M + It 
1H-NMR. (SOO MHz; CDCl3): 3 6.69-7.89 (m, 12 H), 5.91-6.04 (m, 2 H), 4.30-5.28 (.m, 2 

H), 3.00-3.61 (m, 6 H), 1.95-2.35 (m, 4 H). 

(ii) Ph(3,4-(-0-Clii-O-))-(.R.S)CH(Ol{)=C(Q)-Pro-Pab x HCl 

rs The title compound was prepared according to the method described in Example l(v) 

above from Ph(J,4-(-0-CHz-O-)}-(R,S)CH(OH}C(O)-Pro-Pab(Z) (0.08 g; 0.14 mmol; 

from step (i) above) yielding 48 mg (73%). 

FAB-MS m/z425 (M + tt 
20 

1H-NMR (500 MHz; D20): 6 6.81-7.85 (m, 7 H), 5.90-6.05 (m, 2 H), S.33-S.44 (m, 1 H), 

4.37.-1.90 (m, 3 H), 3.62-3.77 (m, lH), 3.13-3.28 (m, 1 ffh 1.80-2.36 (m, 4 H) 

25 

JO 

llc NMR {75.5 MHz; 0 20; complicated due to diastereomerslrotamers) amidine and 

carbonyl carbons: 6175.37, 175.09, 173.66, 173.08, 173.00, 167.03. 
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Example47 

Ph(3.S-djf)-CR.S)CH(QH)-C(.Q).Pro-Pab x HQAc 

(i) Ph(,1,5-dif)-(R.S)CH(.Of{)=C(Q)-Pro=Pab£Z) 

s The sub-title compound was prepared according to the method described in Example 3(ii) 

above from (R,S)-3,S-c:lifluoromandelic acid (0.28 g; 1.S mmol) and H-Pro-Pab(Z) x 2 HCI 

(0.75 g; 1.65 mmol; see Example 35(ii) above) yielding 0.42 g (51%). 

LC-MS mlz 549 (M- 1r; 551 ( M + l)+ 

10 
1H-NMR (400 MHz; CDC13): 3 6.72-7.84 (m, 12 H), 5.22 (s, 2 H), 5.08 (s, J H), 4.34-4.73 

(m, 3 H), 3.41-3.60 (m, 1H),2.96-3.19(m, 1H),1.80-2.34 (m, 4 H) 

(ii) Ph(3.5-dif)-(ll.$)CH(OJD-C(O}Pro-P@b x HOAc 

The title compound was prepared according to the method described in-Example 1 S(iii) 

1s above from Ph(3,5-diF)-(R,S)CH(OH}C(O)-Pro-Pab{Z) (0~104:g; 0.19 mmol; from step (i) 

above) yielding 79 mg (8So.4). 

LC-MS mlz 415 (M • l)'; 417(M+1)+ 
1H NMR (400 MHz; D20): & 6.86-7.;80 (m, 7 H), S.SO (s, l H), 3.58-4.72 (m, 4 H), 3.19-

20 3.32 (m, 1 H), 1.80-2.37 (m, 4 H). 
13C NMR. (15.S MHz; ~O; complicated due to diastereomerslrotamers) amidine and 

carbonyl carbons: 5 181.87, 175.21, 174.98, 174.12, 172.57, 172.12, 171.97, 167.10, 

165.24. . 

25 Example 48 

Eb-l.R)CH(Q-CHa=(R S)CH(OID£11JOH)-C(O)=A1.e-Pab x HOAc 

{i) Ph-(R)CH(.OH)=C(QJOBn 

(R)-Mandelic acid (3.0 g, 19.7 mmol) was dissolved in DMF (SO ml) and cesium carbonate 

JO (3.21 g, 9.86 mmol) was added. The reaction mixture was stined at room temperature 
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overnight. The mixture was diluted with H20 (200ml) and the H20-layer was extracted 

with EtOAc. After separation the organic layer was washed with NaCl/aq, dried {NBJS04) 

and evaporated. The yield of the sub-title compound was 4.2 g (88%). 

s LC-MS m/z 265 (M +Nat 
1H-NMR (400 MHz; CDCIJ): 6 7.17-7.44 (m, 10 H), S.12-5.27 {~ 3 H) 

(ii) Plt-(B.)CH(O=CHrCH=CftVC(..O)OBn 

A mixture of Ph-(R)CH(OH)-C(O)OBn (1.0 g; 4.13 mmol; ftom step (i) above), 

10 magnesium sulphate (0. l g; 0.83 mmol) and silver (I) oxide (2.58 g; 11.2 mmol) in 

petroleum ether (bp 40-60°C; 25 ml) .was· stirred at room tempenttme in nitrogen 

atmosphere and darkness. Allyl bromide (0.75 g; 6.19 mmol) was added dropwise 

followed by silver (I) oxide c2~sa g; 11.2 mmol) in.two. portions. The reaction mixture was 

stirred at room temperature overnight. The mixture was subsequently filtered through 

1s celite and the filtrate was-evapmated:yielding:'l.143 g (98%) of.the sub-title compound. 

1H-NMR (SOO MHz; CDCl3): 6.7.20-7.SO (m, 10 H), 5.89-5~99(m,1H),5.09-5.31Cm.4 

H), 4.99 {s, 1 H), 4.03-4.11 (m, 2 H). 

20 (iii) Ph-(R)CH(O-CHr(R~S)CH(OW:CHzPW-C(OJQBn 

A mixture of Ph-(R)CH(O-CH2-CH=CH;z)-C(0)0Bn (0.74 g; 2.62 mmol; from step (ii) 

above), N-methyJmorpholine-N-oxide (0.425 g; 3.15 mmol) and osmium tetroxide (0.0027 

g; 0.01 mmol) in H20:acetone (2:1; 10 ml) was stirred at room temperature for 2 days. 

Sodium pyrosulfite (1.S g; 7.89 mmol) was added and the mixture was stirred for 1 h. The 

25 reaction mixture was subsequently filteled through celite and the IDtrate was evaporated. 

The yield of the sub-title compound was 0.51 g (62%). 

1H-NMR (400 MHz; CDC13): 8 7.16-7.44 (~ 10 H), 5.09-5.20 (m, 2 H), 4.96 (s. 1 H), 

3.SS-3.97 (m, S H). 
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(iv) Ph-(.B.)CH(O..Cffa=(R.S)CH(-0-C(CHJla-0-Clla-))-C(Q)OBn 

Ph-(R)CH(O-CH:r(R,S)CH(OH)-CH20H)-C(0)0Bn (O.Sl g; 1.61 mmol; &om~ (iii) 

above) was dissolved in acetone (20 ml). p-Toluenesulfonic acid monohydrate (0.007 g, 

0.037 mmol) was added and the mixture was stirred at room temperature for 24 h. 

s Potassium carbonate (0.09 g) was added and the reaction mixture was stirred at room 

temperature for I h. The mixture was subsequently filtered through celitc and the filtrate 

was evaporated yielding 0.559 g (97%) of the sub-title compound. 

1H-NMR (400 MHz; CDCl3): 3 7.18-7.48 (m, 10 H), 5.01-S.21(m,3 H), 4.27-4.40 (m, 1 

10 H),4.02-4.11{m,1H),3.76-3.90 (m, 1H),3.49-3.67 (m, 2 H), 1.34-1.41(m,6 H) 

{v) Ph-(B..)CH(O-Cliz-W,,S)CH(.Q..C(.CHWo-CH2-))-C(Q)OH 

Ph-(R.)CH(O-CH2-(R,S)CH(-O-C(CH3n-O-CHr})-C{O)OBn (0.183 g; 0.51 mmol; from 

step (iv) above) was dissolved in ethanol (10 ml). Pd/C (So/o; 0.09 g) was added and the 

1s reaction mi~ was hydrogenated at atmospheric pressure for I h. The mixture was 

subsequently filtered through celite and the filtrate was evaporated yielding 0.137 g 

(lOOoAa) of the sub-tide compound. 

LC-MS m/z 26S (M - 1 f 
20 

1H-NMR (400 MHz; CD30D): () 7.28-7.48 (m, s H), 4.97 (s, 1 H), 4.25-4.35 (m, 1 H), 

4.01-4.09 (m, 1 H), 3.72-3.84 (m, 1 H), 3.43-3.65 (m, 2 ff), 1.30-1.37 (m, 6 H) 

(vi) Pb-(R)CH(O-CH2·W.,S)CH(-O..C(.Cffila-O-ClJ;-))-C(O)-Ar.e-Pab(Z) 

The sub-tide compound was prepared according to the method described in Example 3(ii) 

25 above from Ph-(R.)CH(O-CH:r(R,S)CH(-0-C(CH3l2-0-CH2·)}C(O)OH (0.16S g; 0.62 

mmol; &om step (v) above) yielding 0.20 g (52%). 

LC-MS m/z 613 (M - lf; 615 (M + It 
1H-NMR (500 MHz; CDC13): 3 7.22-7.88 (m, 14 H), ~. ~2 (s, 2 H), 4.87-4.9S (m, 2 H), 

JO 3.40-4.54 (m, 9 H), 2.36-2.76 (m, 2 H), 1.22-1.42 (m, 6 H). 
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(vit) Ph-(R)CH(O-CllJ-(jt.S) CH(-0-C(CHalJ-O-CH1-)}-C(OJ-Aze-Pah x H0Ac 

The title compound was prepared according to the method described in Example 1 S(iii) 

above from Ph-(R)CH(O-Cllr{R,S)CH(-0-C(CH3)J-O-CH2-))-C(O}-Aze-Pab(Z) (0.20 g; 

0.325 mmol; from step (vi) above) yielding 179 mg (100°"}. 

LC-MSm/z479(M-tr,481 (M+ l)+ 
1H-NMR (SOO MHz; ~0): & 7.33-7.80 (m, 9 H), 4.81-S.31(m,2 H), 3.94-4.59 (m, 6 H), 

3.25-3.80 (m, 3 H), 2.16-2.88 (m, 2 H), 1.29-1.44 (rn, 6 H) 
13C-NMR (75.5 MHz; OiO; complicated due to diastereomers/rotamers) amidine and 

10 carbonyl carbons: 5 181.99, 173.12, 172.93, 172.18, 166.84. 

(viii) Ph-(B..)CH(O-Cffi-(R,S)CH(OH)-CH2'>1{)-C(0)-A7.e-Pab x HOAc 

Ph-(R)CH(O-CHr(R,S)CH(-O·C(CH3)2-0-CH2-))-C(O)-Aze..Pab x HOAc (0.094 g; 0.17 

mmol; from step (vii) above) was dissolved in HOAc:H20 (4:1; 10 ml) and the reaction 

1s mixtme was stilred at room temperature for 24 IL The mixture was evaporated and the 

residue was dissolved in H20 and fteez.e dried. The yield of the title compound was 85 mg 

(100%). 

LC-MSm/z439(M-lr;441 (M+'I)+ 

20 
1H-NMR. (SOO MHz; ~O): & 7.32-7.78 (m. 9 If), 4.81-5.28 (m, 2 H), 3.28-4.56 (m, 9 H}, 

2.15-2.90 (m, 2 H) 
13C-NMR (100.6 MHz; 0 20; complicated due to diastereomers/rotamers) amidine and 

carbonyl carbons: 5179.14, 172.93, 172.89, 172.St~ 171.96, 166.54. 

25 Example 49 

Ph-(R)CH(O.CH2..Ql.S)CH(OH.KffPJ.D..C(Q)-Pm-Pab x HOAc 

(i) Ph-(Jl)CH(Q-Cffa(B.S)CH(-O-C(CH~2-ll-CCO)-Pro-Pab(]J 

The sub-title compound was prepared according to the method described in Example 3(ii) 

30 above from Ph-(R)CH(O-CHi(R,S)CH(-0-C(CH3)J-0-CH2·))-C(O)OH (0.108 g; 0.4 
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mmol; see Example 48(v) above) and H-Pro-Pab(Z) x 2 HCI (0.202g; 0.46 mmol; see 

Example 35(ii) above), yielding 0.10 g (40%). 

LC-MS mlz 627 (M - If; 629 (M + tt; 651 (M +Nat 

s 1H-NMR (500 MHz; CDCl3): 3 7.23-7.87 (m, 14 H), 5.03-5.27 (m, 3 H), 3.34-4.64 {m, 10 

H), l.71-2.39(m,4H), 1.23-1.41 (m,6H) 

(ii) Pb=QUCH(Q-CH.r(&S,)CH(-O-C(CHJ)a-O-CH2-))=C(O)-Pm:Pab x JiOAG 

The sub-title compound was prepared according to the method described in Example 

10 15(iii) above from Ph-(R)CH(O-CH2-(R,S)CH(-O-C(CH3n·o-alr))-C(O)-Pro-Pab(Z) 

(0.lOOg; 0.159 mmol; from step (i) above yielding SS mg (96%). 

LC-MS mlz 493 (M- tr, 495(M+1)"" 
1H-NMR. (500 MHz, ~O): 7.30-7.82 (m, 9 H). S.22-5.38 (m, 1H),4.32-4.62 (m, 4 H), 

as 4.01-4.11(m.1m.3.22-3.83 (m, s·m. 1.11.:.2.22 (m, 4 H), t.33-1.44 (m;6·H) · 
13C-NMR {l 00.6 MHz; 0 10; complicated due to diastereomerslrotam.ers) amidine and 

carbonyl carbons: & 181.47,. 174.74, 173.53, 171.64, 171.SO, 171.00, 170.94, 166.58. 

(iii) Ph-(.R.)CH(Q..CH2-Qi.S)CH(OH)-Cffi01{)-C(.Q)-Pm-Pab x H0Ac 

20 The title compound was prepared according to the method descn"bed in Example 48(viii) 

above from Ph-(R)CH{O-CHr(R,S)CH(-0-C(CH3lJ-O-CH1-))-C(O)-Pro-Pab x HOAc 

(0.038 g; 0.069 mmol; from step (ii) above) yielding 35 mg (98%). 

LC-MS mlz 453 (M- If; 455 (M + 1t 

25 
1H-NMR(SOO MHz; ~O): 8 7.30-7.82 (m, 9 H), S.20-S.38 (m, l H), 3.18-4.60 (m, 10 H), 

1.70-2.38 (m, 4 H) 

30 

13C-NMR (100.6 MHz; 0 20; complicated due to ctiastereomershotamers) amidine and 

carbonyl carbons: & 180.26, 174.74, 173.47, 171.80, 171.26, 166.61. 
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Example SO 

Ph-(B. or S)C(-0..C(C~-O=Clia-)=C{O.)-Aze-Pab x HQAc and 

Pb-(S or R)C(-0-C{CHJ)a·O:Cfla-)-C(O.)=Aze-Pab x HOAc 

s (i} Ph-(.R.S)C(-0-C{CHWo-Cffa-}=C(O)OH 

The sub-title compound was prepared analogously to the method described m Example 

48(iv) above from a-hydroxytropic acid (3.5 g; 20.35 mmol; prepmed according to Guthrie 

·er al., Can. J. Chem. (1991) ''· 1904) yielding 3.37 g (74%). 

10 
1H-NMR (SOO MHz; CDCl3 ): 3 7.30-7.65 (m, SH), 4.9S (d, I H), 4.10 (d, I H), 1.70 (s, 

311), l.SO (~ 3 H). 

(ii) Pb=(ll. S)C(-O-C(CHill-0-C"1-)-C(0)-Aze-Pah(Z> 

The sub-title compound was prepared according to the method described in Example 3(ii) 

1s above from Ph-(R, S)C(:-.0.-C(~·}C(O)OH-(0.lS &i 1.12 mmol; from step (i} 

above) yielding 0.30 g (S3%). 

20 

1H-NMR (400 MHz; CDC13 ): & 7.20-7.90 (m, 14 H), 5.22 (s, 2 H), 3.70-5.10 (m, 7 H), 

2.15-2.75 (m, 2 H). 1.40-1.65 (m, 6 H). 

(iii) Ph=CR or SJC(-0-C(CH~-0-Cffr}CCO)-N&-Pab x HOAc and 

Ph-(.5 ot R)C(-O=C(.CH;W-0-Cff1-)-<XQ)-A1,e-Pab x HOAc 

A mixture of Ph~ S)C(-0-C(CHJlrO-CHr)-C(O)-Aze..Pab(Z) (0.30 g; O.S3 mmol; from 

step ('u) above), ammonium formate (030 g, 4.76 mmol), formic acid (3 drops) and Pd/C 

zs (So/o, 0.30 g) in methanol (10 ml) was stirred at room temperature for 30 minutes. The 

ieaction mixture was filtered through celite and the filtrate was evaporated. The crude 

product (0~29 g) was subjected to preparative RPLC. Some Uactions were concen1rated to 

give 80 mg (35%) of compound SOA with a diastereomeric ratio >99: 1. Later fractions 

were concentrated to give 80 mg (35%) of compound SOB with a diastereomeric ratio of 

30 98:2. 
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Compound SOA: 

LC-MS mlz 437 (M + tt 
1HNMR(400 MHz; CD30D): & 7.28-7.85 (m, 9H), 3.70-4.95 (m, 7 H), 2.10 .. 2.ss (m,2 

5 H), 1.SS (s, 3 H), 1.50 (s, 3 H) 

Compound SOB: 

10 

LC-MS m/z 437 (M + l)+ 
1H-NMR (4()t) MHz; CD30D ): 6 1.2S-1.80 (m, 9 H), 3. 70-S.OO (m, 7 H), 2.2S·2.4S (m, 2 

H), 1.60 (s, 3 H), 1.48 (s, 3 H). 

Example St 

Ph-CR or S)C(OIDCC"1QH)-C(Q)-A7,e-Pab x HCI and 

Pb-CS or RlC(OHl(CH:PHKXOJ-A7.e-Pab x HCJ 

1s (i) Ph-CR or S)C(QHl(CHiOW-CCOJ-Al.e-Pab.x HCJ 

Ph-(R. or S)C(-0-C(CH3)i-O-CH2-)-C(O)-Aze-Pab x HOAc (0.060 g; 0.12mmol; 

compound SOA from Example SO above) was dissolved in acetic acid (4 ml) and H;zO (1 

ml) was added. The mixture was stirred at room temperature overnight followed by stirring 

at 90°C for 6 b. HCI (cone.; 1 ml) was added and the mixture was stirred at room 

20 temperature for 5 minutes. The acetic acid and HCl were removed in vacuo in the presence 

of toluene and EtOH and the residue was dissolved in H20 (4 ml) and :free7.e dried. The 

crude product was subjected to preparative RPLC to give 9 mg (16%) of the title 

compound.· 

25 LC-MS rnlz 395 (M-1)', 397 (M + l)+ 
1H-NMR(400MHz; CD30D): 6 7.20-7.BS (m. 9H), 3.90-4.70(m. SH), 3.30-3.70(m,2 

H), 2.00-2.65 (m, 2 H} 
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(ii) Ph-($ or R)C(QW(CHpH)=C(O)·Ne-Pah x HCI · 

The tide compound was prepared according to the method de$cn'bed in step (i) above from 

Ph-(S or R)C(-0-C(CH3)i-0-CH2-)-C(O)-.A7.e-Pab x HOAc (0.060 g; 0.12mmol; 

- compound SOB from Example SO above) yielding 22 mg (409A.). 

LC-MS m/z 397 (M + I)+ 
1H-NMR (400 MHz; CD,OD): a 7.20-7.85 (m, 9 H). 3.90-4:7S (~ 6 H), 3.S0-3.60 (m. I 

H), 2.10-2.50 (m, 2 H). 

10 Example S2 

Ph-(B. or S)C(=O-C(Cffa)z-0-CJ\-)-C(Q)-Pm-Pab x HQAc and 

Pb-CS or RlC(-0-C(CHi)a-O-Cffa-)-C(Q)-Pro-Pab x H0Ac 

(i) Pb-(B..S)C(-0-C(.CHila-O-CHr)-C(O)-Pro-Pab(Z) 

u The sub-title compound.was preparedaccording-t&-themethod described in Example 3(ii) 

above from Ph-(R,S)C(-0-C(CH3)i-O-CH2-)-C(O)OH (0.25 g; 1.12 mmol; see Example 

SO(i) above) yielding 0.19 g (32%). 

FAD-MS m/z SIS (M + It 
20 

1H-NMR. (400 MHz; CDCl,): a 7.20-7.95 (m, 14 H). S.25 (s, 2 H). S.10-5.20 (m, 1 H). 

4.32-4.70 C~ 3 H), 3.65-3.95 (m, 2 H13.00-3.25 Cm. I H), t.30-2.35 Cm. 10 H). 

(ii) Ph-(R or S)C(-Q-CC.CHila-Q-CH2-)-CXO)-Pro-Pab x HQAc and 

Ph-(S gr R)C(-O-C(.C~2-)=C(O)-Pm-Pab x HOAc 

25 The title compounds were prepared according to the method described in Example SO(iii) 

above from Ph-(R,S)C(-O-C(CH3ll-0-CHr)-C(O)-Pro-Pab(Z) (0.37 g; 0.63 mmol; from 

step (i) above). Some fractions were concen1rated to give 120 mg of compound 52A with a 

diastereomeric ratio >99: 1. Later fractions were concentrated to give 120 mg of compound 

528 with a diastereomeric ratio of 98:2. 

30 

I 
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Compo1Uld S2A: 

LC-MSm/z451 (M+ It 
1H-NMR (400 MHz; C~OD): 6 7.25-7.80 (m, 9 H), 4.35-S.OS (m, 4 H), 3.80-3.95 (m, 1 

H), 3.60-3.65 (m, 1 ff), 3.00-3.10 (m, 1H),2.10-2.20 (m, I H), l.75-1.90 (m, 3 ff), I.SS (s, 

5 3 H), 1.45 (s, 3H). 

10 

Compound 528: 

LC-MS m/z 4Sl (M + I)+ 
1H-NMR (400 MHz; CD30D): 8 7.25-7.80 Cm. 9 H), 4.40-S.10 (m, 4 H), 3.30-3.80 (m. 3 

H), 1.75-2.20 (m, 4 H), l.SO-l.SS (m, 6 H) 

Example SJ 

Pb-C,B. or S)C(OWCCHplH)-C(O)=Pm-Pab x HCI and 

Ph-CS or R.lCCOWCCH20ID-CC.Ol-Pm-Pab x HCI 

rs (i) Ph-{R or S)C(.OH)(CH1,0w-a;Q)-Pro-Pab x HCI 

The title compound was prepared according to the method described in Example S 1 (i) 

above from Ph-(R or S)C(-O-C(CHJ)z-O-CH2-)-C(O)-Pro-Pab x HOAc (0.060 g; 0.12 

mmol; compound S2A from Example 52 above) yielding 2 mg (2%). 

20 LC-MS m/z 409 (M- 1r. 411 (M + •t 
1H-NMR. (400 MHz; CD30D): & 7.20-7.SS Cm. 9 H), 4.40-4.60 (m, 3 H), 4.0S-4.30 (m, 1 

H), 2.95-3.90 (m, 3 H), 1.60-2.20 (m, 4 H). 

(ii) Ph-(S or R)C(Oft)(CffzOHl-C(Ol-Pm-Pab x HC1 

25 1be tide compound was prepared according to the method described in Example S 1 (i) 

above from Ph-(S or R)C(-0-C(CH,JrO-CHr)-C(O)-Pro-Pab x HOAc (0.060 g; 0.12 

mmol; compound 528 from Example 52 above) yielding 1 mg (1%). 

LC-MS m/z 409 (M- If, 411 (M +It 
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1H-NMR.(400 MHz; CD30D): & 7.2S-7.8S (m,9 H), 4.40-4.65 (m, 3 H), 4.0S-4.20 (m, I 

H), 3.25-3. 1S (m, 3 H), 1.40-2.20 (m, 4 H). 

ExmnpleS4 

s Pb·CJUC(Me)(OH)-C{O)-Prp-Pab x HCI 

(i) Ph-(R)C(Me)(OH)-C(P.)-Pm-Pab(Z) 

The sub-title compound was prepared according to the method described U. Example 3(ii) 

above from (R)-(-)-2-bydroxy-2 .. phenylpropionic acid (0.20 g; 1.2 mmol) and H-Pro-

10 Pab(Z) x 2 HCI (O.SO g; 1.1 mmol; see Example 3S(ii) above) yielding 0.13 g (22%). 

1H-NMR (500 MHz; CDCl3): 3 7.18-7.87 (m, 14 H), S.2S (~ 2 H), 4.37-4.61(m,3 H), 

3.03-3.19 (m, 2 H). l.S0..2.17 (m, 7 ff) 

15 (ii) fh-OOC(Me)(OH)-C(Q)-Pto-P&b"X HCI 

The tide compound was prepared analogously to the method described in Example l(v) 

above from Pb-(R)C(Me)(OH)-C(O)-Pro-Pab(Z) (0.13 g; 0.25 mmol; from step (i) above) 

yielding 94 mg (89%). 

20 F AB-MS m/z 395 (M + It 

25 

JO 

1H-NMR(SOO MHz; D20): 8 737-7.91(m,9 H), 4.33-4.6) (m, 3 ff), l.15-4.01(m,2 H), 

1.72-2.33 Cm. 7 H) 
13C-NMR (1S.S MHz; D,O; complieated due to rotamers) amicline and carbonyl carbons: 

176.06, 175.49, 174.88, 166.90 
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ExarnpleS3 

Ph-(,S)C:(Me){OW-C(Q)-Pm-Pab x HCJ 

{i) Ph-C.S)C(Me)(OH)-C(.Q)-Pro-Pah<ZJ 

s 1be sub-titJe compound was prepared according to the method described in Example 3(li) 

above &om (S)-(+)-2-hydroxy-2-phenylpropionic acid (0.20 g; 1.2 mmol) and H-Pro­

Pab(Z) x 2 HCI (O.SO g; 1.1 mmol; see Example 3S(ii) above) yielding 0.19 g (33%). 

1H-NMR (SOO MHz; CDC13): 6 7.20-7.77 (m, 14 H), S.22 (s, 2 H), 4.53-4.58 (m, I H), 

10 4.32-4.44 (m, 2 H), 3.13-3.38 (m, 2 H), 1.53-2.04 (m, 7 H). 

(ii) Ph-{S)C;(Me)(.OfD-C(C))-Pro-fab x HCl 

The title compound was prepared according to the method described in Example l(v) 

above from Ph-(S)C(Me)(OH)-C(O)-Pro-Pab(Z) (0.12 g; 0.23 mmol; from step (i) above) 

1s yielding 80 mg (82%). 

FAB-MS m/z 395 (M + 1r 
1H-NMR (500 MHz; DiO): & 7.35-7.84 (m, 9 H), 4.47-4.63 (m, 3 H), 3.30-3.70 (m, 2 ff). 

1.60-2.29 (m, 7 H). 

20 
13C-NMR (75.S MHz; ~O; complicated due to rotamers) amidine and carbonyl carbons: & 

175.SB, 175.23, 174.79, 167.07. 

25 

30 

Example 56 

Pb(J.4-diF)-(Jl S)CH(Oli)-C(Q)=Pro-Pab x HCJ 

(i) Ph(3.4:djf)-(B.S)CH(OHl-C(Q)-Pro-Pab(Z) 

The sub-title compound was prepared according to the method described in Example 3(ii) 

above from (R,S)-3,4-ditluoromandelic acid (0.20 g; 1.06 mmol) and H-Pro-Pab(Z) x 2 

HCI (0.53 g; 1.17 mmol; see Example 35(ii) above) yielding 44S mg (76%). 
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LC-MS mlz549 {M ·If; SSI (M + l)+ 
1H-NMR (400 MHz; CDC13): 8 6.98-7.74 (m, 12 H), S.16-5.21(m,2 H), S.06-5.01(m.1 

H), 4.22-4.56 (m, 3 H), 3.32-3.58 (m, 1 H), 2.88-3.12 (m, 1 H), 1.70-2.12 (m, 4 H). 

s (ii) Ph(3.4-diF)=(R.S}CH(Qll)-C(O)-Pro-Pab x HCI 

The title compound was prepared according to the method described in Example 1 (v) 

above tiom Ph(3,4-diF)-(R,S)CH(OH)-C(O)-Pro-Pab(Z) (0.175 g; 0.31 mmol; from step (i) 

above) yielding 127 mg (88%). 

10 LC-MS m/z417 {M+ lt 

15 

I . . 
H-NMR. (400 MHz; CD30D): & 7.11-7.86 (m, 7 H), 5.37 (s, 1H),4.36-S.OO (m, 4 H), 

3.66-3.78 (m, 1H},1.80-2.31(m,4 H) 
13C-NMR (100.6 MHz; 0 20; complicated due to diastereomers/rotamers) amidine and 

carbonyl carbons: 5174.66, 174.40, 171.96, 171.82, 166.48. 

Example57 

Ph-(JOCH(OH)-C(Q)-(R.S)Pic(4-oxo)-Pab x HOAc 

(i) Boc-(B.S)Pic(4=oxo)=OCHJ 

20 A mixture of Boc-(R,S)Pic(4-hydroxy)-OCH3 (1.1 g; 4.25 mmol; prepared according to 

Gillard et al., J. Org. Chem., (1996) 61, 2226), PCC (1.8 g; 8.S mmol) and molecular 

sieves (powdered; 3 A; 1.0 g) in CH2Cl2 (20 ml) was stirred at room temperature for 4 h. 

Diethyl ether (60 ml) was added and the reaction mixtme was filtered through a short silica 

gel column eluted with EtOAc:Hexane (1: 1 ). The filtrate was evaporated yielding 1.0 g 

2S (92%) of the sub-title compound. 

30 

FAD-MS m/z2S8(M+1)+ 
1H-NMR (500 MHz; CDCl3): 3 4.75-5.20 (m, 1 H), 3.SS-4.15 (m, S H), 2.40-2.90 (m, 4 H), 

1.30-1.65 (m, 9 H) 
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(ii) H-(B,SlPic(4-oxo)-0Cffi 

Boc-(R,S)Pic(4-oxo)-OCH3 (0.48g; 1.87 mmol; from step (i) above) was treated with 

triOuoroacetic acid in CH2Cl2 (S0°..4, 4 ml) at room temperature for 30 minutes. The 

reaction mixture was evaporated and the residue was dissolved in CHiC12, washed with 

s N~COJl'aq, dried (K2COJ) and evaporated. The yield of the sub-title compound was 0.23 

g(78%). 

10 

1H-NMR. (SOO MHz; CDCl3): 6 3.65-3.80 (m. 4 H), 3.30-3.40 (m, 1 H), 2.90-3.00 (in, 1 H), 

2.30-2. 70 (m, 4 H). 

{iii) Ph-(R)CH(.01BDMS)-C(QHR,S)Pic{4-oxo)-OCH1 

The sub-title compound was prepared analogously to the method described in Example 

3(ii) above from H-{R,S)Pic(4-oxo)-OCH3 (0.22 g; 1.4 mmol; :&om step (ii) above) and Ph­

(R)CH(OTBDMS)-C(O)OH (0.372 g; 1.4 mmol; prepared according to the method 

1s described in Hamada et al J. Am. Chem. Soc. ( 1989).111,. 669) yielding 288 mg (51 %). 

FAD-MS mlz 406 (M + 1r 
1H-NMR (500 MHz; CDCIJ): 6 7.20-7.SO (m, SH), S.25-5.70 (m, 2 H), 4.lS-4.75 (m, JH), 

3.20-3.80 (m. 4 H), 2.00-2.90 (m, 3 H), 1.30-1.65 (m.1 H), 0.85-1.15 (m.9 H), 0.10-0.35 

20 (m,611). 

(iv) Pb-CB)CH(.OmDMS)-C(O)-(B,S)Pic(4-oxo)-OH 

A mixture·of Ph-(R)CH(OTBDMS)-C(O)-(R,S)Pic(4-oxo)-OCH3 (0.28 g; 0.69 mmol; 

from step (iii) above) and a solution oflithilDD hydroxide (2 M, 10 ml) in THF (10 ml) was 

25 stirred at room temperature for 1.5 b. The 1llF was removed in vacuo, the residue was 

acidified (pH 2) with KHS04 (2 M) and extracted with EtOAc. The organic layer was 
washed with H20, dried (MgS04) and evaporated. The yield of the sub-title compound 

was 0.24 g (89%). 

30 FAB·MSm/z392(M+tt 
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1H-NMR (400MHz;CDCI3):6120-1.ss (m, s ff). s.1s-s.1s (m, 2 H), 4.10-4.30 (m, 1 H), 

3.20-3.80 (m, 1 H), 2.0S-3.00 (m, 4 H), 1.35-1.55 (m, 1 H), 0.90-1.05 (m, 9 H), 0.10-0.25 

(m,6H) 

J (v) Ph-(R)CH(.QTBDMS)-C(O}(R.S)Pjc(4-oxo)-Pab(Z) 

The sub-title compound was prepared analoaously to the method desaibed in Example 

l(ii) above from Ph-(R.)CH(OTBDMS)-C(O)-~S)Pic(4-oxo)-OH (0.227 g; 0.58 mmol; 

from step (iv) above) yielding 92 mg (24%). 

10 F AB-MS m/z 6S1 (M + I)+ 
1H-NMRJSOO MHz; CDC13): 6 6.90-7.90 (m, 14 H), S.10-5.80 (m, 4 H), 3.60-4.70 (m, 3 

H), 2.10-3.20 (m, 4 H), 1.40-1.70 (m,1H),0.80-1.10 (m, 9 H), 0.00-0.25 (m, 6 ff). 

(vi) Ph-(R.)CH(Oli)-C(.Q):(B.S)Pic:<4-oxo)-Pab(Z) 

1s The sub-title compowid was prepared analogously.to.the method described in step (ii) 

above from Ph-(R)CH(OTBDMS)-C(0)-(R,S)Pic(4-oxo)-Pab(Z) (0.09 g; 0.14 mmol; from 

step (v) above) yielding 61 mg (82%). 

F AB-MS mlz 543 (M + I)+ 

20 
1H-NMR (SOO MHz; CDClJ): & 6.95-7.90 (m, 14 H), S.00-S.SS (m, 4 H), 3.95-4.70 (m, 2 

H), 3.20-3.70 Cm. 2 ff), 1.20-2.80 (m, 4 H) 

(vii) Ph-C.R)CH(QJ.D-C(Q)-(B.S)Pic(4-oxo)-Pab x HOAc 

The title compound was prepared according to the method described in Example 1 S(ih) 

25 above from Ph-(R.)CH(OH)-C(O)-(R.S)Pic(4-oxo)-Pab(Z) (0.061 g; 0.11 mmol; from step 

(vi) above) yielding 46 mg (90%). 

LC-MS mlz 407 CM- 1)"; 409(M+1)+ 
1H-NMR (400 MHz; ~O): 3 7.20-7.85 (m, 9 H}, S.OO-S.80 (m. 2 H), 4.35-4.SS (m, 2 H), 

JO 3.404.0S (m, 2 H), J.80-3.10 (m,4 H) 
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Example SB 

Ph-Ci)CH(QJ.{)-C(O)-(R or S)Pic(4-metbylene)-Pab x HOAc and 

Ph-(R)CliC.Qm-ccoHS or RlPic;(4-methylmg)-Pab x HOA.c 

(i) Boc-(R.S)Pic(4-m.lene)-0Cffa 

PCT/SU6/00878 

Methyltriphenylphosphonium bromide (268 g; 7.S mmol) was dried under vacuum for 20 

minutes and was then suspended with dry THF (20 ml) at O°C. Butyllitbium fl.6 Nin 

hexane; 4. 7 ml; 7.S mmol) was added dropwise and the mixture was stirred at room 

10 temperature for 30 minutes. The reaction mixture was cooled to -78°C and Boc­

(R,S)Pic( 4-oxo )-OCH3 (1.3 g; S.O mmol; see Example 57(i) above) was added. The 

reaction mixture was stirred at -78°C for 30 minutes followed by 2 h at room temperature. 

Ammonium chloride was added to the reaction mixture and after separation the H20-layer 

was extracted twice with diethyl ether. The combined organic layer was dried and 

ts evaporated to give a crude produet·whicb-was purified by flash chromatography eluting· 

with EtOAc:Hexane (30:70) to give 480 mg (37%) of the sub-title compound. 

FAB-MS m/z 256 (M +It 
1HNMR.(SOO MHz; CDCl3): 64.70-S.10 (m, 3 H), 3.95-4.IS (m, 1H),3.70 (s, 3 H}, 2.10-

20 3.10 (m, SH), 1.35-l.60(m, 9H). 

(ii) H-l,R,S)Pic(+metbylene.)-OCH.1 

Boc-(R.S)Pic(4-methylene}OCH3 (0.48 g; 1.88 mmol; from step (i) above) was tre~.ted 

with trifluoroacetic acid (SOOAt in CH2Cl2, 6 ml) at room temperature for 40 minutes. The 

25 reaction mixture was evaporated and the residue was dissolved in CH2Cl2, washed with 

Na2C03 (saturated), dried (K.2C~) and evaporated. The yield of the sub-title compound 

was 0.27 g (95%). 

1H-NMR. (500 MHz; CDC13): c; 4.70-4.85 (m, 2 H}, 3.75 (m, 3 H), 3.35-3.4S (m. 1 H), 

30 3.15-3.25 (m, I H), 2.SS-2.70 (m. 2 H), 2.10-2.30 (m, 3 H) 
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(iii) Ph=(B.)CH(.OmDMS)=C:(Q}(Jl.S)Pic(4=metbyls;ne.)-OCH1 

The sub-title compound was prepared analogously to the method described in Example 

3(ii) above ftom Ph-(R.)CH(OTBDMS)-C(O)OH (0.37 g; 1.4 mmol; prepared according to 

s the method described in Hamada et al J. Am. Chem. Soc. (1989) 111, 669) and H­

(R,S)Pic(4-metbylene}OCH3 (0.21 g; 1.4 mmol; from step (ii) above) yielding 0.283 g 

(52%). 

FAD-MS m/z404 (M + tt 
10 

1H-NMR (SOO MHz; CDCl3): li 7.25-7.SS (m, s H), S. tS-S.70 (m, 2 ff), 4.20-4.BS (m, 3 H), 

3.65-3.15 (m, 3 H), 1.90-3.20 (m, SH), 0.90-1.10 (m, 9 H), 0.10-0.30 (m, 6 ff). 

(iv) J>h-®CH(OTBDMS)-C(Q)-(JLS)Pic(4-metbylene)=OH 

The sub-title compound was prepared according to the method described in "Example S7(iv) 

is above from Ph-(R.)CH(OTBDMS)-c(O~S)Pic(4-methylene)-OCH3 (0.28 g; 0.69 mmol; 

ftom step (iii) above) yielding 0.24 g (89%). 

FAB-MS m/z 390 (M + 1t 
1H-NMR (SOO MHz; CDC13): 6 7.15-7.SO (~ S H), S. tS-S.95 (m, 2 H), 3.SS-S.00 (m, 3 H), 

20 1.75-3.25 (m, SH), 0.85-1.0S (m, 9 H), 0.10-0.25 (m, 6 H). 

(v) Ph-<JUCH(OmDMS)-C(.0)-(LS)Pic(+metb)'b;pc)=Pab(Z) 

The sub-title compound was prepared analogously to the method described in Example 

3(ii) above ftom Ph-(R)CH(01BDMS)-C(OHR,S)Pic(4-metbylene)-OH (0.23S g; 0.6 

25 mmol; fi'om step (iv) above) and H-Pab(Z) x HCI (0.211 g; 0.66 mmol) yielding 0.124 g 

(35%). 

FAB-MSm/z65S(M+ 1)+ 
1H-NMR. (SOO MHz; CDCl3): 6 7.10-7.90 (m, 14 H), s. : 'i-S.70 (m, 4 Hh 4.10-S.05 (m, 4 

30 ff), l.7S-3.05 (m, 6 H), 0.80-1.10 (m, 9 H}, 0.00-0.2S (m, 6 H). 
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(vi) Ph·CBJCHCOii)=C(Q)=(R,S)Pic(4=metbyJene)-Pab(1J 

The sub-tide compound was prepared analogously to the method described in Example 

. S7(vi) above from Ph-(R)CH(01BDMS)-C(O)-(R.S)Pic(4-methylene)-Pab(Z) (0.08 g; 

s 0.12 mmol; fiom step (v) above) yielding 0.06 g (91%). 

10 

LC-MSm/z541 (M+ It 
1H-NMR. (SOO MHT.; CD30D): 3 7.lS-7.90 (m, 14 H), S.20-S.80 (m, 4 H), 435-4.90 (m, 4 

H), 3.70-4.IS (m, 1 H), 3.20-3.40 (m, l H), 1.10-2.90 (m, 4 H). 

(vii) Ph-(R)CH(OH)-C(.0)-(B or S)Pjc(4-methylene)=Pab x HOAc and 

Ph-QQCH(OW-CCQ)-(S or R)Pic(4-methYJene)-Pab x HQAc 

A mixture of Ph-(R)CH(OH}C(O)-(R,S)Pic(4-methylene)-Pab{Z) (0.03S g; 0.065 mmol; 

from step (vi) above), ammonium acetate (O.SO g, 7.4 mmol) and imidazole (0.20 g; 3.0 

is mmol) in methanol (5 ml) was stirred at 6ff'C overnight The reaction mixtme was 

evaporated and the residue was subjected to preparative RPLC. Some fractions were 

concentrated to give 1.8 mg of compound SSB. Later fractions were concentrated to give 7 

mg of compound SBA. 

20 CompoundSSA: 

LC-MS m/z405 (M- tr; 407 (M +It 
1H-NMR.(400 MHz; DiO): 6 7.15-7.80 (m, 9 H), S.6S-S.10 (m, 1H),4.80-5.25 (Ills 1 H), 

4.45-4.60 (m, 2 H), 3.60-4.00 (m, 2 H), 1.30-3.30 (m, 6 H). 

Compound SBB: 

2S LC-MS m/z407 (M + l)+ 

JO 

1H-NMR.(400MHz; ~0):6 7.30-7.SO(m, 9H).S.4S-S.15 (m, I H),4.80-5.20(m, 1 H), 

4.35-4.70 (m. 3 H), 3.75-3.90 (m, I H), 1.70-3.05 (m, 6 H) 
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ExampleS9 

Ph(,l-CD-C.&SlCH(Olil-C(Q)-Af:e-Pab x HOAc 

(i) (B.S)-3-CbJoromgdeljc @cld 

s The sub-title compound was prepared according to the method described in Example 1 S(i) 

above from 3-chlorobemaldebyde (7.03 g; SO mmol) yielding 2 g (21 %). 

10 

15 

LC-MS m/z 185 (M - l)", 370 (2M • If 
1H NMR (400 MHz; C~OD): 8 7.28-7.51 (m, 4 Hh 5.14 (s, 1 H). 

(ii) Ph(l-Cl)=(B.S)CH(OH)-C(Q)-A1.0-Pab{Z.) 

The sub-title compound was prepared according to the method described in Example 3(ii) 

above ftom (R,S)-3-chloromandelic acid (0.149 g; 0.8 mmol; from step (i) above) yielding 

0.30 g (70%). 

1H-NMR (SOO MHz; CDC13): 6 7.08-7.84 (m, 13 H), S.18-S.24 (m, 2 H), 4.86-S.OI (m, 2 

H), 4.02-4.56 (m. 3 H), 3.57-3.76 (m, 1 H), 2.30-2.72 (m, 2 H). 

(iii) PhQ-C1)-(R,S)CHCOHl-C(.Q)-Aze-Pab x HOAc 

20 The title compound was prepared according to the method clcscribed in Example 43 above 

from Pb(3-Cl)-(R,S)CH(OH)-C(O)·Aze·Pab{Z) (0.10 g; 0.19 mmol; from step (ii) above) 

yielding SS mg (63%). 

LC-MS m/z 399 (M- IY, 401 (M + 1t 

25 1H-NMR. (400 MHz; !>iO): 8 7.10-7.SS (m, 8 H), 4.82-5.37 (m, 2 H), 3.96-4.79 (~ 4 .H), 

2.14-2.BS (m, 2 H) 

30 

13C NMR (100.6 MHz; DiO; complicated due to diastereomenlrota) amidine and 

carbonyl carbons: & 174.00, 173.17, 172.83, 172.61, 166.59. 
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Eump}e60 

Ph(3-Cl,4.0Hl:(R.S)CHCOl{)-C(OJ-Pro-Pab x HCI 

(i) PhQ-CJ.401{)-(R.S)CJi(.QJD=C(Q)=Pm-Pab(Z) 

s The sub-title compound was prepared according to the method described in Example 3(ii) 

above from (R,S)-3-chloro-4-hydroxymandelic acid (0.2S g; 1.23 mmol) and H-Pro-Pab(Z) 

x 2 HCI (0.61S g; 1.35 mmol; see Example 35(li) above) yielding 382 mg (SS%). 

LC-MS mlz 564 (M - 1r 

10 
1H-NMR(400 MHz; CD30D): 3 6.80-7.IS (~ 12 H), 5.16-5.25 (m. 3 H), 4.35-4.Sl (m, 3 

H), 3.4S·3.7S (m, l H), 3.07-3.42 (m, I H), 1.72-2.18 (m. 4 H). 
13C NMR (100.6 MHz; CD30D; complicated due to diastereomerslrotamers) amidine and 

carbonyl carbons: & 174.62, 174.27, 173.02, 172.88, 170.41, 165.04. 

IS (ii) Ph(J-Cl.4-0H)-(R.S)CH{,Ol{)-C(.O)-Pro-pab x HCI 

zo 

The title compound was prepared analogously to the method described in Example 43 

above from Ph(3-Cl,4-0H)-(R,S)CH(OH)-C(O)·Pro-Pab(Z) (0.10 g; 0.177 mmol; from 

step (i) above), 1rifluoroacetic acid (3. 7 ml; 48 mmol) and thioanisole (1.04 ml; 8.85 mmol) 

yielding S7 mg (70%). 

LC-MSm/z431 (M + tt 
1H NMR(SOO MHz; D20: 5 6.84-7.86 (m, 7 H), S.29-S.42 (~ 1ff),4.30-4.68 (m, 3 ff), 

3.05-4.0S (~ 2 H). I. 70-2.37 (m, 4 H). 

2S Example 61 

The title compounds of Examples 1 to 60 were tested in Test A above and were all found to 

exlu"bit an IC50 TI value of less than 0.3µM. 
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Abbreviations 

aq= aqueous 

~- azetidine-2-carboxylic acid 

5 Boe= tert-butyloxycarbonyl 

Bn= benzyl 

Bu= butyl 

Ch= cyclohexyl 

DCC= dicyclohexylcarbodiimide 

10 DIPEA= diisopmpylethylamine 

DMAP= N,N-dimethylamimpyridine 

DMF= dimetbylformamide 

BDC= 1-(3-dimethylaminopropyl)-3-etbylcarbodiimide hydrochloride 

Et= ethyl 

u EtOH= ethanol ... . . ... 

h= hours 

HCI= hydrochloric acid 

HOAc= acetic acid 

HOSu• N-hycboxysuccinim 

20 H-Dig= 1-amictino-3-aminoethylaetidine 

H-Dig(Z)= 3-aminoethyl-1-(N-benzyloxycarbonylamidino)aetidine 

H-Hig= 1-amiclino-3-aminoethylpynolidine 

H-Hig(Z)= 3-aminoethyl-1-(N-benzyloxycarbonylamidino)pym>lictine 

H-Pac= 1-amiclino-Mminomethylcyclohexane 

25 H-Pac(Z)= 4-aminomethyl-1-(N-benzyloxycarbonylamidino)cyclohexane 

H-Pic= pipecolinic acid 

ff-Pig= 1 • din 3-aminometh 1 • . dine .am1~ y pipen 

H-Pig(Z)= 3-aminomethyl-t-(N-benzyloxycarbodino)piperidine 

H-Pab= l-amidino-4-aminomethylbemene 

30 H-Pab(Z) = 4-aminomethyl-1-(N-~xycarbonylamidi)bemene 
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PCC• pyridinium chlorochromate 

HPLC= high performance liquid chromatography 

Me= methyl 

Ph= phenyl 

5 RPLC= reverse phase high perfonnance liquid chromatography 

Su= succinimide 

TBDMS= tert-butyldimethylsilyl 

TB1U= [N,N,N' ,N'-te1Jamethyl-<>-(benzotriazol-1-yl)monium tetratluoroborate] 

'IHF= tetrahydmfimln 

10 1HP= tettahydropyranyl 

TMS= trimethylsilyl 

WSCI= water soluble carbodiimide 

Z= benzyloxycarbonyl 

1s Prefixes n, s, i and t have their usual meanings: normal, iso, secondary and tertiary. The 

stereochemistry for the amino acids is by default (S) if not otherwise stated. 
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Claims 

1. A compolDld of fonnuJa I, 

s 

wherein 

p andq independently represent 0, 1, 2, 3 or4; 

R1 
represents H, 2,3-epoxypropyl, C1~ alkyl (which latter group is optionally substituted or 

10 terminatm by one or more hydroxy group), a structural fragment of formula la 

15 

CH\. rH3 

./<...._ ta 

)--{.+ 
wherein A 1 represents a single bond or C1_. alkylene and Rs represents H or C1-t alkyl,. 

provided that there are no more than six carbon atoms in the chain Rs-C-C-A 1, or, when p 

iepresents 0, together with R2 represents a structural Dagment of formula lb, 

c~ lb 

o~ 
R' 
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wherein R' represents H or C1..J alkyl; 

R2 represents a Si(Me)J, napbtbyl, indolyl, CHR21R22 or C1..c alkyl (which latter groµp is 

optionally substituted or terminated by one or more fluorine or hydroxy group) or C3-1 

cycloaJkyl or phenyl (which latter two groups are optionally substituted by one or more of 

s c 1 ... alkyl, c1 .. alkoxy, halo, hydroxy,. cyano, nitro, methylenedioxy, tritluoromethyl, 

N(H)R23
,. C(O)OR14 

), or, when p represents 0, together with R 1 represents a structural 

fragment of formula lb; 

R3 represents H, Si(Me)J, naphthyl, indolyl. CHR25R26 or C1"' alkyl (which latter group is 

optionally substituted or terminated by one or more fluorine or hydroxy group) or Cu 

10 cycloalkyl or phenyl (which latter two groups are optionally substituted by one or more of 

c, ... alkyl. c1 .. alkoxy, halo, hydroxy, cyano, nitro, methylenedioxy, trifluoromethyl, 

N(H)R27 or C(O)OR~; 

R21
, R22

, R25 and R26 independently represent cyclohexyl or phenyl; 

R23 and R27 independently represent H, C1-4 alkyl or C(O)R29
; 

1s R24, R21 and R29 independently represent Hor C1"' alkyl; 

R4 represents H or c1 .. alkyl; 

Y represents C1•3 alkylenc optionally substituted by C1"' alkyl, hydroxy, methylene oroxo; 

20 n represents 0, 1, 2, 3 or 4; and 

8 represents a structural fragment of fonnula IVa, IVb or IVc 

IVa IVb IVc 
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wherein 

R5 represents H, halo or C1,.. alkyl; and 

X1 and X2 independently represent a single bond or CH2; 

s provided that when R1
, R2 and R4 all represent H, p represents 0, Y represents (CH:zb, n 

represents 1 and: 

(a} R3 represents unsubstituted phenyl and:-

(i) B represents a structural fragment of fomiula IVa and R5 represents ff. then q does 

not represent 0 or 1; and 

10 (ii) B represents a s1rUCtUlal fiagment offonnula IVb and X1 and X2 both represent 

CH2' then q does not repiacnt O; and 

(b) R3 represents unsubstituted cyclohexyl, B represents a structural fragment of formula 

IVa and R5 represents H, then q does not represent O; 

is or a pharmaceutically acceptable salt thereof. 

20 

2. A compowid as claimed in claim I wheiein n represents 1 when 8 represents a structural 

fragment of fonnula !Va, IVc or IVb in which latter fragment X1 and X2 both represent 

CH2. 

3. A compound as claimed in claim 1 wherein n represents 2 when B represents a structural 

fragment of formula IVb in which fragment X1 represents a single bond and X2 represents 

either a single bond or CH2. 

25 4. A compound as claimed in claim 1 or claim 2 wherein R5 represents H when B represents 

a structma1 fragment of fmmula IVL 

S. A compound as claimed in any one of claims 110 4 wherein R4 represents H. 

30 6. A compound as claimed in any one of claims I to 5 whe!ein p repn:sents 0. 
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7. A compound as claimed in any one of claims 1 to 6 wherein Y represents CH2, (CHVJ, 

(CH,2)39 CH2CH(CH3)CH2, CH2C(=O)CH2or CH2C(=CHz>CH2. 

s 8. A compound as claimed in claim 7 wheiein Y represents CH21 (CH:zh or 

CH2C(=CHJ)CH2. 

10 

9. A compound as claimed in any one of claims 1 to 8 wherein R1 represents H, methyl, 2,3-

dihydroxypropyl or (2,2-dimethyl-1,3-dioxalan-4-yl)methyl. 

10. A compound as c:Jaimed in claim 9 wherein R 1 represents H. 

11. A compound as claimed in any one of claims I to 10 wbeiein q represents 0, 1 or 2. 

1s 12. A compound as claimed in claim 11 wherein q represents 0. 

13. A compound as claimed in any one of claims 1 to 12 wherein R2 represents a optionally 

substituted C1_. alkyl or optionally substituted phenyl. 

20 14. A compound as claimed in claim 13 ~when R2 represents optionally substituted 

C1.,.alkyl, the optional substituent is hydroxy. 

25 

IS. A compound as claimed in claim 14 wherein when the hydroxy group is attached to the 

carbon atom which is a to the carbon atom to which OR1 is attached. 

16. A compound as claimed in claim 13 wherein R2 represents H, methyl, hydroxymethyl or 

ethyl. 

17. A compound as claimed in any one of claims 1 to 16 wherein R3 represents 
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Ca-6 alkyl, naphthyl, indolyl, optionally substituted cyclohexyl or optionally substituted 

phenyl. 

18. A compound as claimed in claim 17 wherein R3 represents optionally substituted phenyl 

s or optionally substituted cyclohexyl. 

10 

19. A compound as claimed in any one of claims 1 to 18 wherein Y represents CH2 or 

CH2C(=CHi)CH2 when R1 and R2 both represent H, R3 represents unsubstituted phenyl or 

unsubstituted cyclohexyl and q represents 0 or 1. 

20. A compound as claimed in any one of claims 1 to 18 wherein R2 represents methyl, 

hydroxymethyl or ethyl when R 1 represents H, R3 represents unsubstituted phenyl or 

unsubstituted cyclohexyl and q represents 0 or 1. 

1s 21. A compound as claimed in any one of claims 1 to 20 wherein R3 is substituted by one or 

more of hydroxy, tluoro, cbloro, methyl, methoxy, amino, nitro, trifluoromethyl, 

methylenedioxy, ethoxy or propox:y, when it represents optionally substituted phenyl or 

optionally substituted cyclohexyl • 

20 22. A compound as claimed in claim 21 wherein R3 is substituted by one or more of 

hydroxy, mono- or ditluoro, chloro, methyl, methoxy or methylenedioxy. 

23. A compound as claimed in any one of claims 1 to 22 whemn Y represents CH2• 

25 24. A compound as claimed in any one of claims 1 to 23 wbelein B represents a structural 

fragment of formula IVL 

25. A compound as claimed in any one of claims 1 to 24 whaein the a-amino acid carbon in 

the fragment 
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26. A compound as claimed in any one of claims 1 to 25 wherein, when R1 and R2 both 

s represent H and p represents 0, the a-carbon in the fragment 

HO~ 
H (CHz)q 

is in the R-configuration. 

I, 
R 

27. A compound as claimed in claim 1 which is: 

10 Ch-(R,S)CH(OH)-C(O)-.A7.e-Pab; 

Ch-(R)CH(OH)-C(O)-Aze-Pab; 

Ph-(R)CH(OH)-C(O)-Aze-Pab; 

Ph(3-Me}(R,S)CH(OH)-C(O)-Aa-Pab; 

Ph(3-0Me}(R,S)CH(OH)-C(O)-Aa-Pab; 

IS Ph(3,540Me}(R.S)CH(OH)-C{O)-Aze..Pab; 

Ph(3-0Me,4-0H)-(R.S)CH(OH)-C(O)-Aze..Pab; 

Ph-(R,S)C(EtXOH)-C(O}Aze-Pab; 

Ph-(R,S)C(EtXOH)-C(O}Pro-Pab; 

(PhhC(OH)-C(O)-Aze-Pab; 

20 Ph{3-0Mc,4-0H)-(R.S)CH(OH}C(O)-Pro-Pab; 
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Ph-{R)CH(OH)-C(O)-Aze·Pac; 

Ph-(R)CH(OH}C(O)- (R,S)Pic(cls-4-Me)-Pab; 

Pb(3,4-(-0-CH2-0-))-(R,S)CH(OH)-C(O)-Az-Pab; 

- Ph(3-0Me)-(R,S)CH(OH)-C(O)-Pro-Pab; 

s Ph(J,S-diOMe)-(R,S)CH(OH)-C(O)-Pro-Pab; 

Ph-(R,S)C(Me)(OH)-C(O)-Al.e-Pab; 

Pb(3,S-diMe)-(R,S)CH(OH)-C(O)-M.c-Pab; 

Pb(3-NHJ)-(R.S)CH(OH)-C(O)-M.e-Pab; 

Pb(3-NH:z}-{R,S)CH(OH)-C(O)-Pro-Pab; 

10 Ph(3-NOi)-(R,S)CH(OH)-C(O)-Pro-Pab; 

Ph(3,4-(-0-CH2-0-))-(R,S)CH(OH)-C(O)-Pro-Pab; 

Ph(3,S-diF)-(R.,S)CH(OH)-C(O)-Pro-Pab; 

Ph-(R)CH(O-CH2-CR.S)CH(-0-C(CH3)i-O-CH2-))-C(O)-Az.e-Pab; 

Ph-(R)C(Me)(OH)-C(O)-Pro-Pab; 

ts Ph-(S)C(Me)(OH}-C(O)-Pro-Pab; 

Ph(3,4-diF)-(R.S)CH(OH)-C(O)-Pro-Pab; 

Ph-(R)CH(OH)-C(O)-(R,S)Pic(4-methylene)-Pab; 

Ph(J-Cl)-(R.S)CH(OH)-C(O)-Aze-Pab; 

Ph-(R,S)C(-0-C(CH3)z-O-CHr )-C(O)-A7.e-Pab; 

20 Ph-(R,S)C(-O-C(CH3)z-O-CH2• )-C(O)-Pro-P~; 

Ph-(R,S)C(CH20H)(OH)-C(O)-Az.e-Pab; or 

Ph-(R,S)C(CH20H)(OH)-C(0)-Pro-Pab. 

28. A pharmaceutical formulation including a compound as defined in any one of claims I to 

2s 27, or a phannaceutically-acceptable salt thereof, in admixture with a pharmaceutically­

acceptable adjuvant, diluent or carrier. 

30 

29. A compound as defined in any one of claims 1 to 27, or a pharmaceutically-acceptable 

salt thereo( for use as a pharmaceutical. 
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30. A compound as defined in any one of claims 1 to 27, or a phannaceutically-acceptablc 

salt thereof. for use in the treatment of a condition where inhibition of thrombin is required. 

31. A compound as defined in any one of claims 1 to 27, or a pharmaceutically acceptable 

s salt thereof, for use in the treatment of thrombosis. 

32. A compound as defined in any one of claims l to 27, or a pharmaceutically acceptable 

salt thereof. for use as an anticoagulant. 

10 33. The use of a compound as defined in any of one claims 1 to 27, or a phannaceutically 

acceptable salt thereof, as active ingmlient in the manufacture of a medicament for the 

tleatmcnt of a condition where inlubition of thrombin is required. 

IS 

34. Use as claimed in claim 33, wherein the condition is thrombosis. 

35. Use of a compmmd as defined in one any of claims 1 to 27, or a pharmaceutically 

acceptable salt thereof, as active ingredient in the manufacture of an anticoagulant. 

36. A method of treatment of a condition where inhibition of thrombin is required which 

20 method comprises administration of a therapeutically effective amount of a compound as 

defined in any one of claims 1 to 27, or a pbannaceutically acceptable salt thereof, to a person 

suffering from, or susceptible to, such a condition. 

30 

37. A method as claimed in claim 36, wherein the condition is thrombosis. 

38. A method as claimed in claim 36, wherein the condition is hypercoagulability in blood 

and tissues. 
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39. A process for the preparation of a compound as defined in claim I which process 

comprises: 

(a) the coupling of a compound of formula V, 

~ v 
(CHz), (CHz)11 

12 I a R R 
5 wherein p, ~ R 1, R2 and R3 are as defined in claim 1 with a compotmd of fmmula VI, 

15 

wherein R4
, Y, n and Bare as defined in claim 1; or 

(b) the coupling of a compound of fommla "Va 

vm, 
H2N-CCH:z).-B 

wherein n and B are as defined in claim 1. 

VI 

vm 
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40. A compomd of formula XIV, 
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(CHi), (Ct\>ci ·y 
~ i oAN~<cHi>n-e, 

wherein B1 represents a·structmal ftagment of formula IVd, IVe or IVf 

IVd IVe IVf 

5 D1 and02 independently representHorbeDzyloxycarbonyl andp,q, R1
, R2

• R3
, R4

, Y,n, R5
, 

X1 and rare as defined in claim I, provided that 0 1 and n2 do not both represent H. 

li1li1Ui~li1Uf 


