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{57) Abstract: The present invention relates to new compounds for
the irhibition of blood clotting proteins, and mere particularly, to mal-
onic acid derivatives of the formula (1), wherein R(1}, R{2), R{3),
R(4), R(5}. and R(6) have the meanings indicated in the claims. The
compeunds of the formula (I} are inhibitors of the bloed clotting en-
zyme factor Xa. The invention also relates to processes for the prepa-
ration ¢l the compounds of formula (I), to methods of inhibiting factor
Xa actvity and of inhibiting blood clotting, to the usc of the com-

pounds of formula (I) in the treatment and prophylaxis of diseases,
which can be treated or prevented by the inhibition of factor Xa activity such as thromboembolic diseascs, and to the use of the com-
pounds of formula (1) in the preparation of medicaments to be applied in such diseases. The invention further relates to compositions
containing a compound ol formula (I), in admixture or otherwise in association with an inert carrier, in particular pharmaceutical
compositions containing a campound of (ermula (I) together with pharmaceutically acceplable carrier substances and auxiliary sub-
stances.
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NOVEL MALGCONIC ACID DERIVATES, PROCESSES FOR THEIR PREPARATION, THEIR USE AS IN-
HIBITOR OF PFACTOR XA ACTIVITY AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM

Novel malonic acid derivatives, processes far their preparation, their use and

pharmaceutical compositions containing them

The present invention relates to compounds of the formula |,

R(3)
Fl<(2) Fli(4) Q
R(1)/N N R(6)
O O R ()

in which R(1), R(2), R(3), R{4), R(5), and R(8) have the meanings as indicated belaow.
The compounds of formula | are valuable pharmacologically active compounds. They
10 exhibit a strong antithrombotic effect and are suitable, for example, for the therapy and
prophylaxis of cardiovascular disorders like thromboembolic diseases or restenoses.
They are reversible inhibitors of the blood clotling enzyme factor Xa and can in general
be applied in conditions in which an undesired activity of factor Xa is present or for the
cure or prevention of which an inhibition of factor Xa is intended. The invention also
15 relates to processes for the preparation of the compounds of formula |, to methods of
inhibiting factor Xa activity and of inhibiting blood clotting, to the use of the compounds
of formula | in the treatment and prophylaxis of diseases which can be treated or
prevented by the inhibition of factor Xa activity such as thromboembolic diseases, and
to the use of the compounds of forrmula | in the preparation of medicaments to be

20 applied in such diseases. The invention further relates to compositions containing a
compou'nd' of formula | in admixture or otherwise in association with an inert carrier, in
particular pharmaceutical compositions containing a compound of formula | together

with pharmaceutically acceptable carrier substances and auxiliary substances.

25 The ability to form blood clots is vital to survival, In certain disease states, however,
the formation of blood clots within the circulatory system reaches an undesired extent
and is itself a source of morbidity potentially leading to pathological consequences. It
is nevertheless not desirable in such disease states to completely inhibit the clotting

system because life threatening hemorrhage would ensue. In the treatment of such
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states a well-balanced intervention into the blood clotting system is required, and there
is still a need for substances exhibiting a suitable pharmacological activity profile for

achieving such a result.

5 Blood coagulation is a complex process involving a progressively amplified series of
enzyme activation reactions in which plasma zymogens are sequentially activated by
limited proteolysis. Mechanistically the blood coagulation cascade has been divided

_into intrinsic and extrinsic pathways, which converge at the activation of factor X.
| Subsequent generation of the thrombin proceeds through a single common pathway
10 (see Scheme 1).

Intrinsic Extrinsic

Xi| ——» Xlla VIl + TF

\

Xy ——» Xla

Il

IX ——» [Xa

v v

X —» Xa Platelet Aggregation
«

v e

Prothrombin ——————— Thrombin

\

Fibrinogen ———» Fibrin

Scheme 1: Blood coagulation cascade AVE D-2000/A012

Present evidence suggests that the intrinsic pathway plays an important role in the

15 maintenance and growth of fibrin formation, while the extrinsic pathway is critical in the
initiation phase of blood coagulation. It is generally accepted that blood coagulation is
physically initiated upon formation of a tissue factor (TF)/factor Vila complex. Once
formed, this complex rapidly initiates coagulation by activating factors IX and X. The

newly generated activated factor X, i. e. factor Xa, then forms a one-to-one complex
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with factor Va and phospholipids to form a prothrombinase complex, which is
responsible for converting soiuble fibrinogen to insoluble fibrin via the activation of
thrombin from its precursor prothrombin. As time progresses, the activity of the factor
Vilaftissue factor complex (extrinsic pathway) is suppressed by a Kunitz-type protease
inhibitor protein, TFPI, which, when complexed to factor Xa, can direétly inhibit the
proteclytic activity of factor Vllaftissue factor. In order to maintain the coagulation
process in the presence of an inhibited extrinsic system, additional factor Xa is
produced via the thrombin-mediated activity of the intrinsic pathway. Thus, thrombin
plays a dual autocatalytic role, mediating its own production a‘l_nd the bdnversion of

1

fibrinogen to fibrin.

The autocatalytic nature of thrombin generation is an important safeguard against
uncontrolled bleeding and it ensures that, once a given threshold level of
prothrombinase is present, blood coagulation will proceed to cémpletion, effecting, for
example, an end of the hemorrhage. Thus, it is most desirable to develop agents that
inhibit coagulation without directly inhibiting thrombin but by inhibiting other steps in

the coagulation cascade like factor Xa.

In many clinical applications there is a great need for the prevention of intravascular
blood clots or for anti-coagulant therapy. For example, nearly 50 % of patients who
have undergone a total hip replacement develop deep vein thrombosis (DVT). The
currently approved therapies are fixed dose low molecular weight heparin (LMWH) and
variable dose heparin. Even with these drug regimes 10 % to 20 % of patients develop
DVT and 5 % to 10 % deveiop bleeding complications.

Another clinical situation for which better anticoagulants are needed concerns subjects
undergoing transluminal coronary angioplasty and subjects at risk for myocardial . -~
infarction or angina. The present, conventionally accepted therapy which consists of |
administering heparin and aspirin, is associated witha 86 % to 8 % abrupt vessel
closure rate with 24 hours of the procedure. The rate of bleeding complications

requiring transfusion therapy due to the use of heparin also is approximately 7 %.
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Moreover, even though delayed closures are significant, administration of heparin after

termination of the procedures is of little value and can be detrimental.

The most widely used blood-clotting inhibitors are heparin and the related sulfated
polysaccharides, LMWH and heparin suifate. These molecules exert their anti-clotting
effects by promoting the binding of a natural regulator of the clotting process,
anti-thrombin Hll, to thrombin and to factor Xa. The inhibitory activity of heparin
primarily is directed toward thrombin, which is inactivated approximately 100 times
faster than factor Xa. Although relative to heparin, heparin sulfate and LMWH are
somewhat more potent inhibitors of Xa than of thrombin, the differences in vitro are
modest (3-30 fold) and effects in vivo can be inconsequential. Hirudin and hirulog are
two additiona! thrombin-specific anticoagulants that have been tested in clinical trials.
However, these anticoagulants, which inhibit thrombin, also are associated with

bleeding complications.

Preclinical studies in baboons and dogs have shown that specific inhibitors of factor
Xa pravent clot formation without producing the bleeding side effects observed with

direct thrombin inhibitors.

Several specific inhibitors of factor Xa have been reported. Both synthetic and protein
inhibitors of factor Xa have been identified, these include, for example, antistasin
("ATS") and tick anticoagulant peptide ("TAP"). ATS, which is isolated from the leech,
Haementerin officinalis, contains 119 amino acids and has a Ki for factor Xa of 0.05
nM. TAP, which is isolated from the tick, Ornithodoros moubata, contains 60 amino

acids and has a Ki for factor Xa of about 0.5 nM.

The effectiveness of recombinantly-produced ATS and TAP have been investigated in

- a number of animal model systems. Both inhibitors decrease bleeding time compared

30

to other anticoagulants, and prevent clotting in a thromboplastin-induced, ligated
jugular vein model of deep vein thrombosis. The results achieved in this model

correlate with resuits obtained using the current drug of choice, heparin.
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Subcutaneous ATS also was found to be an effective treatment in a
thromboplastin-induced model of disseminated intravascular coagulation (DIC). TAP
effectively prevents "high-shear" arterial thrombosis and "reduced flow" caused by the
surgical pltacement of a polyester ("DACRON") graft at levels that produced a clinically
acceptable prolongation of the activated partial thromboplastin time (aPTT), i.e. less
than about two fold prolongation. By comparison, standard heparin, even at doses

causing a five fold increase in the aPTT, did not prevent thrombaosis and reduced flow

- within the graft. The aPTT is a clinical assay of coagulation which is particularly
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' sensitive to thrombin inhibitors.

ATS and TAP have not heen developed clinically. One major disadvantage of these
two inhibitors is that administration of the required repeated doses causes the
generation of neutralizing antibodies, thus limiting their potential clinical use.
Moreover, the sizes of TAP and ATS render oral administration impossible, further
restricting the number of patients able to benefit from these agents.

A specific inhibitor of factor Xa with a favourable property profile would have
substantial practical value in the practice of medicine. In particular, a factor Xa inhibitor
would be effective under circumstances where the present drugs of choice, heparin

and related sulfated polysaccharides, are ineffective or only marginally effective.

Low molecular weight, factor Xa-specific bload clotting inhibitors, that are effective but
does not cause unwanted side effects have been described, for example, in WQ-A
96/29189). Indole derivatives as low molecular weight, factor Xa-specific biood cletting
inhibitors have been described in WO-A-89/33800. However, besides being an
effective factor Xa-specific blood clotling inhibitor, it is desirable that such inhibitors
also have further advantageous pharmacological properties, for instance good oral
bicavailabilty, high stability in plasma and liver and/or high selectivity versus other
serine proteases whose inhibition is not intended, such as thrombin. Thus there exists
an ongoing need for further low molecular weight factor Xa-specific blood clotting

inhibitors which are effective and have the above advantages as well. Arylalkanoyl and
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malonic acid derivatives, which are suitable Factor Xa inhibitors have been proposed
in European application nos. 99100001, 892100002, 89119537, and 93119538.

The present invention aiso satisfies the above needs by providing novel compounds of
the formula | which exhibit factor Xa inhibitory activity and are favourable agents for

inhibiting unwanted blood clotting and thrembus formation.

Thus, a subject of the present invention are compounds of the formula |,

R(3)
I?(Z) IT<(4) 0
R(1)/N N%{\R(e)
O 0O R 0
where

R(1) is hydrogen, {C1-Cg)-alkyl, (C2-Cs}-alkenyl, (Ce-C1o)-aryl, (Ce-C1q)-aryl-(C1-Ca)-
alkyl, where aryl in aryl-alkyl is unsubstituted or substituted by R(17);

R(2) is hydrogen or (C-Cy)-alkyl;

R(3) is (Cs-C1g)-aryl which is substituted by R(7);

R(4) is hydrogen or (Cq-Cy)-alkyl:

R(5) s (C-Ce)-alkyl, (C3-C7)-cycloalkyl, (C3-C7)-cycloalkyl-(C4-Cy)-alkyl, (Cs-C1o)-aryi,
(Ce-C1o)-aryl-(C4-Cy)-alkyl, where aryl in aryl-alkyl is unsubstituted or substituted by a

residue R(20), and where alkyl is unsubstituted ar substituted by a residue R(21); or

R(4) and R(5) together form a residue of the formula Il
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L

{(n;
R(6) is NR(8)R(8) or OR(22);

5 R(7) is R(17} or R(20);
L
R(8) is hydragen; (C4-C4)-alkyl, where alkyl is unsubstituted or substituted by a residue
R{20); heteroary-(C+-Ca)-alkyl; (Ce-Cig)-aryl-(C+-C,)-alkyl, where aryl is unsubstituted
or substituted by a residue R(17); '
10
R(9) is (Cs-Cqg)-aryl-(C+-Cyq)-alkyl,

HN. NH
¥ L

NH N OH Oy -NH,
“ |
R(10) R(10) R(10) R(40)
hig J ' ’
Q o] O O

R(17) O '
R{17)
/\[rﬁ(m)_ );‘/RUD) , R(10} or R(1T)

Q 0 o o

15 R(10) is NR(12)R(13), OR(14), or

R(15)
R
\N/j\rr (76)

H
O

R(12) is hydrogen or (C4-Cg)-alkyl;
20
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R(13) is hydrogen, (Ce-C1g)-aryl-(C4-Cq)-alkyl, or (C4-Ca)-alkyl;

R(14) is hydrogen, (C-Ca)-alkyl, (C-Cs)-alkeny! or (Cs-Cig)-aryl-(C1-Ca)-alkyl;
R(15} is (C3-C7)-cycloalkyl-(C4-Cys)-alkyl;

R(16} is R(20);

R(17) is -C(=N-R(L|8))-N(R(19))2;

R(18) is hydrogen, hydroxy, or an aminoc protective group;

R({19) is hydrogen, (C4-Ca)-alkyl, (Cs-C4g)-aryl-(C4-Cs)-atkoxycarbonyl, or an amino

protective group;
R(20) is N(R{19))s;

R(21) is hydroxy, (Cs-C1n)-aryl-(C4-Cy)-alkoxy, (Ce-Cg)-aryl-(Cq-Cs)-
alkoxycarbonylamino, carboxyl, or R(20);

R(22} is hydrogen or (C4-Cs)-alkyl;
X' is a physiologically acceptable anion;

in alf their sterecisomeric forms and mixitures thereof in any ratio, and their

physiologically acceptable salts.

Alkyl residues present in the compounds of formula | can be saturated or unsaturated
(and therefore cover alkenyl or alkyny! residues) and sfraight-chain or branched. This
also applies when they carry substituents or appear as substituents in other residues
such as for example, in alkoxy residues, arylalkoxy residues, alkoxycarbonyi residues,

cycloalkyl-alkyl residues, arylalkyl residues, heteroarylalkyl residues, and
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arylalkoxycarbonyl residues. Examples of saturated alkyl residues are methyl, ethy!, n-
propyl, n-butyl, isopropy|, isobutyl, sec-butyl, and tert-butyl, n-pentyl, n-hexyl, isopentyl,
isohexyl, neopentyl, 3-methylpentyl, and tert-pentyl, examples of unsaturated alkyl
residues are vinyl, 1-propenyl, 2-propenyl (i. e. allyl), butenyl, 3-methyl-2-butenyl,
pentenyl, hexenyl, (alkenyl residues) or ethynyl, 1-propynyl, 2-propynyl {i. e.
propargyl), butynyl, pentynyl and hexynyl (alkynyl residues).

Cycloalkyl residues present in the compounds of formula | can be mono-, di- or
tricyclic and are connected in the ring. This also applies when they appear as
substituents in other residues. Examples of cycloalkyl residues are cyclopropyl,
methyt-cyclopropyl, ethyl-cyclopropyl, dimethyl-cyclopropyl, propyl-cyclopropyl, methyi-
ethyl-cyclopropyl, butyl-cyclopropyl, methyl-propyl-cyclopropyl, diethyl-cyclopropyl,
cyclobutyl, methyl-cyclobutyl, ethyl-cyclobutyl, cyclopentyl, methyl-cyclopentyl, ethyl-
cyclopentyl, dimethyl-cyclopentyl, cyclohexyl, methyl-cyclohexyl, and cycloheptyl,
where ethyl, propyl, and butyl, can be straight-chain or branched as described above.

Examples of aryl are phenyl or naphthyl.

Arylalkyl residues present in the compounds of formula | can consist of an alkyl
residue, which can contain one to three aryl moieties. Examples of arylalkyl residues
are phenyl-methyl, phenyl-ethyl, phenyl-propyl, phenyl-butyl, naphthyl-methyl,
naphthyl-ethyl, naphthyi-prepyl, naphthyl-butyl, diphenyl-methy!, diphenyl-ethyl,
diphenyl-propyi, diphenyl-butyl, naphthyl-phenyl-methyl, naphthyl-phenyl-butyl,
dinaphthyl-butyl, and triphenyl-ethyl.

Examples of heteroaryl residues are pyridyl, pyridazinyl, pyrimidyl, pyrazinyl, furanyl,
pyrrolyl, imidazolyl, 1H-pyrazolyl, thiazolyl, oxazolyi, thiophenyl, 1H-benzoimidazolyl,
benzothiazolyl, benzofuranyl, indolyl, thieno[3,2-c]pyridinyl, thienof2,3-c]pyridinyl,
furo[3,2-clpyridinyl, furo{2,3-c]pyridinyl, 3H-imidazo[4,5-cipyridinyl, [1,2 4]oxadiazolyl,
quinolinyl, and isoquinolinyl. The residues can be bound at every possible position.
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Examples of pyridyl residues are 2-pyridyl, 3-pyridy! and 4-pyridyl. This also applies to
pyridyl residues in which the nitrogen atom is substituted by an alkyl group efc. this
substitution leading to a positively charged pyridinium group. This pyridinium group

has an X as counterion.

In monosubstituted phenyl residues the substituent can be located in the 2-position,

the 3-position or the 4-position.

Naphthyl residues can be 1-naphthyl and 2-naphthyl. In substituted naphthyl residues
the substituents can be in any position, i. . in monosubstituted t-naphthyl residues in
the 2-, 3-, 4-, 5-, 6-, 7-, or 8-position and in monosubstitued 2-naphthyl residues in the
1-, 3-, 4-, -, 6-, 7-, or 8-position.

A preferred (Cg-Cig)-aryl-(C1-Cy)-alkyl residue in compounds of formula | is benzyl
(phenyimethyl).

Suitable amino protective groups are known to those skilled in the art and encompass
for example those which are customarily used in peptide synthesis. Suitable amino
protective groups in the residues R(18) and R(19) can be for example the following
residues:

(C1-Ce)-alkyl, (C1-Ce)-alkylcarbonyl, (C+-Ce)-alkoxycarbonyl, (C1-C1s)-alkylcarbonyloxy-
(C1-Ce)-alkoxycarbonyl, optionally substituted (Cs-Cys)-arylcarbonyl, optionally
substituted (Ce-Cqs)-aryloxycarbonyl, (Cg-Ci4)-aryl-(C1-Cg)-alkoxycarbanyl which can
also be substituted in the aryl moiety; cyano, nitra, amino, hydroxy, (C1-Cg)-alkoxy, and
(Ce-Ca)-aryl-(C-Cs)-ailkoxy which is unsubstituted or substituted in the aryl moiety for
example by (C-Cs)-alkoxy, preferably methoxy, chloro, or (C4-Cy)-alkyl, preferably
methyi.

(C4+-Ca)-alkyl means alkyl having 1, 2, or 3 carbon atoms.
(C+-Cy)-alkyl means alky! having 1, 2, 3, or 4 carton atoms.
(C+-Ce)-alkyl means alkyl having 1, 2, 3, 4, 5, or 6 carbon atoms.

{C2-Cs)-alkenyl means alkenyl having 2, 3, or 4 carbon atoms.
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1

{C2-Cg)-alkenyi means alkenyl having 2, 3, 4, 5, or 6 carbon atoms.
(Ce-C1o)-aryl means aryl having 6, 7, 8, 9, or 10 carbon atoms.
(Cs-C14)-aryl means aryl having 6, 7, 8, 9, 10, 11, 12, 13, or 14 carbon atoms.

(C4-Cy4)-alkoxy means alkoxy having 1, 2, 3, or 4 carbon atoms.

5 (C1-Ce)-alkoxy means alkoxy having 1, 2, 3, 4, 5, or 6 carbon atoms.

(C1-Cg)-alkoxycarbony! means alkoxycarbonyl having 1, 2, 3, 4, 5, or 6 carbon atoms

in the alkoxy part.

-, {C1-Ce)-alkylcarbonyl means alkyicarbonyl having 1, 2, 3, 4, 5, or 6 carbon atoms in
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the alky! part.

{Ce-Cqp)-arnyl-(C4-Cs)-alky! means aryl-alkyl having independently from each aother g, 7,
8, 9, or 10 carbon atoms in the aryl partand 1, 2, 3, or 4 carbon atoms in the alkyl
part.

(Cs-C14)-aryl-(C4-Cg)-alkoxy means aryi-alkoxy having independently from each other
8,7,8,9, 10, 11, 12, 13, or 14 carbon atoms in the aryl partand 1, 2, 3,4, 5, or 8
carbon atoms in the alkoxy part.{Cg-C1g)-aryl-(C4-Cs)-alkoxy means aryl-alkoxy having
independently from each other 6, 7, 8, 9, or 10 carbon atoms in the aryl part and 1, 2,
3, or 4 carbon atoms in the alkoxy part.

Heteroaryl-(C{-C4)-alkyl means heteroaryl-alkyl having 1, 2, 3, or 4 carbon atoms in the
alkyl part.

{C1-Cyg)-alkylcarbonyloxy-(C4-Cg)-alkoxycarbonyl means alkylcarbonyloxy-
alkoxycarbonyl having independently from each other 1, 2, 3, 4, 5,6, 7,8, 9, 10, 11,
12, 13, 14,15, 16, 17, or 18 carbon atoms in the alky! hart and 1,2,3,4,5,0r0
carbon atoms in the alkoxy part.

(Ce-Cha)-arylcarbonyl means arylcarbonyl having 6, 7, 8, 9, 10, 11, 12, 13, or 14
carbon atoms in the aryl part.

(Cs-Chg)-aryloxycarbonyl means aryloxycarbonyl having 6, 7, 8, 9, 10, 11, 12, 13, or 14
carbon atoms in the aryl part.

(Cg-C1a)-aryl-(C4-Cg)-alkoxy means aryl-alkoxy having independently from each other
B,7,8, 9,10, 14, 12, 13, or 14 carbon atoms inthe aryl partand 1, 2, 3,4, 5, or 6
carbon atoms in the alkoxy part.
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{Ce-C1a)-aryl-(C4-Cs)-alkoxycarbonyl means aryl-alkoxycarbonyl having independently
from each other 8, 7, 8, 8, 10, 11, 12, 13, or 14 carbon atoms in the aryl part and 1, 2,
3, 4, 5, or 6 carbon atoms in the alkoxy part.

{Cs-Cio)-aryl-(C4-Cy)-alkoxycarbonyl means aryl-alkoxycarbonyl having independently
from each other 8, 7, 8, §, or 10 carbon atoms in the aryl part and 1, 2, 3, or 4 carbon
atoms in the alkoxy part.

(C3-Cy)-cycloalkyl means cycloalkyl having 3, 4, 5, 8, or 7 carbon atoms.

- {C3-Cq)-cycloalkyl-(C4-Cy4)-alky! means cycloalkyl-alkyl having independently from each

10
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other 3, 4, 5, 6, or 7 carbon atoms in the cycloalkyl part and 1, 2, 3, or 4 carbon atoms

in the alkyi part.

It is understood that residues present mare that one time in a compound of formula |,
e.g. the residues R(17), R(18), R(19), R(20) and R(21)}, are independent of one

another and can be identical or different.

Physiologically acceptable anions X', which are present in the compounds of formula |
if a positively charged group is present, can be anions derived from suitable inorganic
acids or organic carboxylic acids or sulfonic acids. Suitabie acids are, in particular,
pharmaceutically utilizable or non-toxic salts. Examp!eé of such acids are those given .
below as examples of acids which can form physiologically acceptable salts with the
compounds of formula 1 containing basic groups. If a compound of formuia | contains
an anion X" and simultaneously is present as an acid addition salt formed at a basic
group, the anion X can be the same or different as the anion introduced by salt
formation. The present invention also covers inner salts (or betaines) of the

compounds of formula 1.

Physiologically acceptable salts of the compounds of formula | are, in particuiar,
pharmaceutically utilizable or non-toxic salts. Such salts are formed, for example, from
compounds of formula | which contain acid groups, for example carboxylic acid
groups. Examples of such salts are, for example, salts containing cations of alkali
metals or alkaline earth metals, such as, for example, sodium, potassium, magnesium

or calcium, or the unsubstituted ammonium cation or organic ammonium cations, the
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latter including cations obtained from physiologically acceptable organic amines, such
as, for example, methylamine, ethylamine, triethylamine, ethanolamine, tris(2-
hydroxyethyl)amine or amino acids by protonation, or suitable quaternary ammonium

cations like, for example, tetramethylammonium.

Compaounds of formula | which contain basic groups, for example an amino group or
an amidino group, form acid addition salts with, for example, inorganic acids, organic
carboxylic and organic sulfonic acids. Examples of such acids the anions of which can
be present in physiologically acceptable salts of the compounds of formula | are
hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, acetic acid, benzoic
acid, oxalic acid, malonic acid, succinic acid, maleic acid, fumaric acid, malic acid,
tartaric acid, citric acid, methanesulfonic acid, p-toluenesuifonic acid or

naphthalenesulfonic acids.

Physiologically acceptable salts of the compounds of formula | can be prepared
according to standard procedures, for example by combining the compound of formula
| with the desired base, for example an alkaline metal hydroxide or carbonate or
hydrogen carbonate or an amine, or with the desired acid in a solvent or diluent. A
physiclogically acceptable salt of a compound of formula [ can also be prepared from
another salt, for example triflucroacetic acid salt by cation exchange or anion
exchange by standard procedures. The present invention also covers in general salts
of the compounds of formula | which are, for example, obtained during the chemical
synthesis of the compounds and which can be used as starting materials for the
subsequent preparation of a desired physiologically acceptabie sait. The present
invention further covers solvates of the compounds of formula 1, for example hydrates

or alcoholates. .

The cdmpounds of formula | according to the invention can contain optically active
carbon atoms which independently of one another can have R or S caonfiguration.
They can thus be present in the form of individual enantiomers or individual
diastereomers or in the form of enantiomeric mixtures including racemates, or

diastereomeric mixtures. The present invention relates both to pure enantiomers and
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mixtures of enantiomers in all ratios and to pure diastereomers and mixtures of
diastereomers in all ratios. The invention covers mixtures of two sterecisomers as well
as mixtures of more than two sterecisomers of formula I, and all ratios of

stereoisomers in the mixtures.

The compounds of formula | can also be present as E isomers or Z isomers. The
present invention relates to both pure E and Z isomers and o mixtures of E/Z isomers
in all ratios. Diastereomers, including E/Z isomers, can be separated into the individual
isomers, for example, by chromatography. Racemates can be separated into the two
enantiomers by chromatography on chiral phases or by resolution according to o
standard procedures. Pure enantiomers can otherwise also be obtained by employing

into the synthesis optically active starting materials.

The compounds of formula | according to the invention can further contain mabile
hydrogen atoms, i.e. they can be present in various tautomeric forms. The present

invention ailso relates to all these tautomers.

The invention also includes derivatives and modifications of the compounds of the
formula i, for example prodrugs, protected forms and other physioiogically tolerable
derivatives including esters and amides, as well as active metabolites of the
compounds of the formula |. Such esters and amides are, for example, (C4-C4)-alkyl
esters, unsubstituted amides or (C4-Cg)-alkylamides. The invention relates in"particular
to prodrugs and protected forms of the compounds of the formula | which can be
converted into compounds of the formula | under physiological conditions. Suitable
prodrugs for the compounds of the formula |, i. e. chemically modified derivatives of
the compounds of the formula | having properties which are improved in a desired
manner, for example with respect to solubility, bioavailability or duration of action, are
krnown to those skilled in the art. More detailed information relating to prodrugs is
found in standard literature like, for example, Design of Prodrugs, H. Bundgaard (ed.),
Elsevier, 1985; Fleisher et al., Advanced Drug Delivery Reviews 19 (1996) 115-130C; or
H. Bundgaard, Drugs of the Future 16 (1891) 443 which are all incorporated herein by

reference. Suitable prodrugs for the compounds of the formula | are especially ester
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prodrugs and amide prodrugs of carboxylic acid groups, and aiso acyl predrugs and
carbamate prodrugs of acylatable nitrogen-containing groups such as amino group,
amidino group and the guanidino group. [n the acyl prodrugs and carbamate prodrugs
one or more, for example one or two, hydrogen atoms on nitrogen atoms in such
groups are replaced with an acyl group or an oxyacyl group. Suitable acyl groups and
oxyacyl groups for acy! prodrugs and carbamate prodrugs are, for example, the groups
RP-CO- and RP0-CO-, in which R®! is hydrogen, (C4-C1g)-alkyl, (C3-Cr)-cycloalkyl,
{Ca-Cr)-cycloalkyl-(C1-Cy)-aikyl-, (Ce-Cra)-aryl which is unsubstituted or substituted by a
residue (C¢-Cj)-alkyl, (C1-Cz)-alkoxy, fluoro, or chloro; heteroaryl-, (Cs-C14)-aryl-(C+-
Ca)-alkyl- where aryl is unsubstituted or substituted by a residue (C4-Cy)-alkyi, (C4-Cy)-
alkoxy, fluora, or chloro; or heteroaryl-(C4-C,4)-alkyl- and in which RP* has the meanings

indicated for RP" with the exception of hydrogen.

Preferred are compounds of the formula |, wherein

R(1) is hydrogen, (C1-Cg)-alkyl, allyl, phenyl, benzyl, or 4-carbamimidoyl-benzyl;
R(2) is hydrogen or (C1-Cy)-alkyi;

R(3) is phenyi or naphthyl, preferably 2-naphthyl which are substituted by R(7);
R(4) is hydrogen or methy!;

R(5) is n-butyl, sec-butyl, tert-butyl, cyclohexyl, cyclohexylmethyl, phenyl, benzyl, 2-
phenyl-ethyl, 1-naphthylmethyl, 2-naphthylmethyl, aminobenzyl, preferabiy 4-
aminobenzyl, hydroxymethyl, benzyloxymethyl, carboxymethyl, 2-carboxy-ethyl, 3-

amino-propyl, or 4-(benzyloxycarbonylaming)-buty!; or

R(4) and R(5) together form a residue of the formula Il
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CC

an;
R(6) is NR(8)R(9), OH, or OCHj;
5 R(7) is amidino, hydroxyamidino, amino, or dimethylamino;

" R(8) is hydrogen, pyridylmethyl, preferably 4-pyridylmethyl, 3-carbamimidoylbenzyl, or
4-amino-hbutyl; R

10 R(9) is naphthylmethyl, preferably 1-naphthylmethyi,

OH 0 NH,

HNs_ NH,
b X
NH N ,
g
R{10) R{10) R(10) R(10)
O 0 Q

_. 0O
NH
N, NH,
WRHO), /¢R{10), R(10) | or R(10) NH
] ! I ! |
R(10) is NR(12)R(13), OR(14) or
15
R(15)
\HJ\WR“E)

R(12) is hydrogen or methyl;

20 R(13) is hydrogen, phenyl-(C+-C,)-alkyl, or methyl;
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R(14) is hydrogen, (C+-Cz)-alkyl, benzyl, or allyl;
R(15) is cyclohexylmethyl;

R(16) is amino;

. X is a physiolegically acceptable anion;

10

15

20

25

30

in all their stereoisomeric forms and mixtures thereof in any ratio, and their

physiologically acceptable salts.

Preferred are also compounds of the formula | where

R(1) is hydrogen, (C4-Ca)-alkyl, allyl, phenyl, benzyl, or 4-carbamimidoyf—benzyl;
R(2) is hydrogen or (C,-Cg)-alky!;

R(3) is phenyl or 2-naphthyl which are substituted by R(7);

R(4) is hydrogen or methyl;

R(5) is n-butyl, sec-butyl, tert-butyl, cyclohexyl, cyclohexylmethyl, phenyl, benzyl, 2-
phenyl-ethyl, 1-naphthylmethyl, 2-naphthylmethyl, 4-aminobenzyl, hydroxymethyt,
benzyloxymethyl, carboxymethyl, 2-carboxy-ethyl, 3-amino-propyi, or 4-
(benzyloxycarbonylamino)-butyl; or

R(4) and R(5) together form a residue of the formula i

L

0 ;
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R(6) is NR(8)R(9), OH, or OCHa;

R(7) is amidino, hydroxyamidino, or dimethylamino;
5
R(8) is hydrogen, pyridyimethyl, preferably 4-pyridylmethyl, 3-carbamimidoylibenzyl, or

4-amino-butyl;

R(9) is naphthylmethyl, preferably 1-naphthyimethyi,
10

OH

R(1G)

4 $

R(‘JO) Lof R(10) NH

R(10) is NR(12)R(13), OR(14), or

15 0 ;
R(12) is hydrogen or methyl;
R(13) is hydrogen, phenyl-(C-Cz)-alkyl, or methyl;

20
R(14) is hydrogen, '(C1~C2)~alkyl, benzyl, or allyl;
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R(15) is cyclohexylmethyt;
R(16) is amino;
5 in all their stereoisomeric forms and mixtures thereof in any ratio, and their

physiologically acceptable saits.

Particularly preferred are compounds of the formula [, where
10
R(1) is hydregen, (C4-Cs)-alkyl, allyl, phenyl, benzyl, or 4-carbamimidoyl-benzyl;
R(2) is hydrogen or (Cq-Ca)-alkyl;
15 R(3) is phenyl or naphthyl, preferably 2-naphthyi which are substituted by R(7);
R(4) is hydrogen or methyl;
R(5) is n-butyl, sec-butyl, tert-butyl, cyclohexyl, cyclohexylmethy!, phenyl, benzyl, 2-
20 phenyl-ethyl, 1-naphthylmethyl, 2-naphthylmethyl, aminobenzyl, preferably 4-
aminobenzyl, hydroxymethyl, benzyloxymethyl, carboxymethyl, 2-carboxy-ethyl, 3-

amino-propyt, or 4-(benzyloxycarbonylamino)-butyl; or

R(4) and R(5) together form a residue of the formula il
25

R(8) is NR(8)R(9), OH, or OCHj3;

30 R(7)is amidino, hydroxyamidino, or dimethylamino;
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R(8) is hydrogen, pyridylmethyl, preferably 4-pyridyimethyl, 3-carbamimidoylbenzyl, or
4-amino-butyl;

R(9) is naphthylrethyl, preferably 1-naphthylmethyl,

IéR(m) R(10) R(10}.
S

,Eg
NH,
10) R(10) o R(10) NH

R(10) is NR(12)R(13), or OR(14);
10
R(12) is hydrogen or methyl;
R{13) is hydrogen, phenyi-(C4-Cy)-alkyl, or methyt;

15 R{14) is hydrogen, {C1-Cy)-alkyl, benzyl, or aliyl;

in all their stereoisomeric forms and mixtures thereof in any ratio, and their

physiclogically acceptable salts.
20 Most particularly preferred are compounds of the formula | where

R(1) is methyl, allyl, phenyl, or benzyl, preferably methyl or benzyl;
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R(2) is hydrogen or methyl;

R(3) is phenyl which is substituted by R(7};

R{4) is hydrogen,

PCT/EP91/01928

R(5) is butyl, preferably n-butyl, cyclohexyl, cyciohexylmethyl, phenyl, benzyl, 2-

- phenyl-ethyl, 1-naphthylmethyl, 2-naphthylmethyl, aminobenzyl, preferably 4-

10

15

aminobenzyl, benzyloxymethyl, carboxymethyl, or 2-carboxy-ethyl;

R(6) is NR(8)R(9);

R({7) is amidino or hydroxyamidino;

R(8) is hydrogen;

R(9) is

20 -

25

R{10} is NR{12)R(13) or OR({14),
R(12) is hydrogen or methyl;
R(13) is hydrogen or phenyl-(C4-C;)-alky!;

R(14) is hydragen, (C+-Ca)-alkyl, or allyl;
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in all their stereoisomeric forms and mixtures thereof in any ratio, and their

physiclogically acceptable saits.

Mast particularly preferred compounds of the formula | which may be mentioned are:

2-(4-Carbamimidoyl-benzyl)-N-[{ 1-carbamoyl-4-guanidino-butylcarbamoyl)-cyclohexyl-

‘methyl]-N',N'-dimethyl-malonamide trifluoroacetic acid salt, less polar diastereomer,

2-(8)-{2-(8)-[2-(Benzyl-methyl-carbamoyl)-3-(4-carbamimidoyl-phenyl)-
propionylaming]-2-cyclohexyl-acetylamino}-5-guanidino-pentanocic acid allyl ester

trifluoroacetic acid salt, less polar diastereomer,

N-Benzyl-2-(4-carbamimidoyl-benzy!)-N'-{(8)-(1-(S)-carbamoyl-4-guanidino-
butylcarcamoyl)-cyclohexyl-methyil-malonamide trifluoroacetic acid salt, more polar

diastersomer,

N-Benzyi-2-(4-carbamimidoyl-benzyl)-N"-{(8)-(1-(S)-carbamoyl-4-guanidino-
butylcarbamoyl)-cyclohexyl-methyll-malonamide trifiuoroacetic acid salt, less polar

diastereomer,

N-Benzyl-N'-{(5)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyl)-cyclohexyi-methyll-2-
[4-(N-hydroxycarbamimidoyl)-benzyl]-malonamide trifluoroacetic acid salt,

N-[2-(4-Amino-phenyl-1-(S)-(1-(S)-carbamoyl-4-guanidina-butylcarbamoyl)-ethyl]-2-(4-
carbamimidoyl-benzyl)-N',N'-dimethyl-malonamide trifluoroacetic acid salt,

2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyl)-

pentyl]-N'-methyl-malonamide trifluoroacetic acid salt,

4-(S)-[3-(4-Carbamimidoyl-phenyl)-2-dimethylcarbamoyl-propionylamino]-4-{1-(S)-

carbamoyl-4-guanidino-butyicarbamoyl)-butyric acid,
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2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyi)-2-
naphthalen-2-yl-ethyl]-N',N'-dimethyl-malonamide trifluorcacetic acid salt,

2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1~(S)-carbamoyl-4-guanidino-butylcarbamoyl)-3-

phenyl-propyl}-N',N*-dimethyi-malonamide trifluoroacetic acid salt,

3-(S)-{3-(4-Carbamimidoyl-phenyl)-2-dimethylcarbamoyl-propionylamino]-N-(1-(S)-

carbamoyi-4-guanidino-butyl)-succinamic acid triflucroacetic acid salt,

2—(4-Carbamihidbyl-benzyl)—N-[(S)-( 1-(S)-carbamoyl-4-guanidino-butylcarbamoyl)-
phenyl-methyi]-N'-methyl-malonamide trifluoroacetic acid salt,

2-(4-Carbamimidoyl-benzyl)-N-[{S)-(1-(8)-carbamoyl-4-guanidino-butylcarbamoyl)-
phenyl-methyl]-N'|N'-dimethyl-maionamide trifluoroacetic acid salt,

N-[2-Benzyloxy-1-(S)-(1-(S)-carbamoyl-4-guanidine-butylcarbamoyl}-ethyl}-2-(4-
carbamimidoyl-benzyl)-N',N'-dimethyl-malonamide trifluoroacetic acid salt,

2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyl)-
pentyll-N',N'-dimethyl-malonamide trifiucroacetic acid sait, less polar diasterecmer,

2-(S)-{2-(S)-{3-(4-Carbamimidoyl-phenyl}-2-dimethylcarbamoyl-propionylamino]-

hexanoylamino}-5-guanidino-pentanoic acid trifluoroacetic acid salt,

2-(8)-{2-(S)-[3-(4-Carbamimidoyl-phenyl)-2-dimethylcarbamoyl-propionylamino]-2-
cyclohexyl-acetyiamino}-5-guanidino-pentanoic acid; compound with triflucro-acetic

acid trifluoroacetic acid salt,

2-(S)-{2-(8)-[3-(4-Carbamimidoyl-phenyl)-2-methylcarbamoyl-propionylamino]-2-

cyclohexyl-acetylamino}-5-guanidino-pentanoic acid trifluoroacetic acid satt,
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2-(8)-{2-(8)-[2-Benzylcarbamoyl-3-(4-carbamimidoyl-phenyl)-propionylamino]-2-
cyclohexyl-acetylamino}-5-guanidino-pentanocic acid triflucroacetic acid salf,

2-(S)-{2-(S)-{3-(4-Carbamimidoyl-phenyl}-2-dimethylcarbamoyl-propionylaming]-3-
5 cyclohexyl-propionylamino}-5-guanidino-pentanoic acid triflucroacetic acid salt,

2-(4-Carbamimidoyl-oenzyl)-N-[1-(5)-(1-(S)-carbamoyl-4-guanidino-butylcarbamaoyl)-2-
phenyl-ethyl]-N',N'-dimethyl-malonamide trifluoroacetic acid salt, less polar
diastereomer,

10
2-(4-Carbamimidoyl-benzyl)-N-{ 1-(S)-(1-(S)-carbamoyi-4-guanidino-butylcarbamoyl)-2-
naphthalen-1-yl-ethyl}-N',N'-dimethyl-malonamide {rifiuoroacetic acid salt,

2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)-carbamoyl-4-guanidine-butylcarbamoyl)-
15 peniyl)-N',N'-dimethyl-malonamide trifiluoroacetic acid salt,

2-(4-Carbamimidoyl-benzyl)-N-{(8)-({1-(8)-carbamoyl-4-guanidino-butylcarbamoyf)-

cyclohexyl-methyl]-N'-methyl-malonamide trifluoroacetic acid sal,

2-(4-Carbamimidoyl-benzyl)-N-{1-(S)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyl)-2-
20 cyclohexyl-ethyl]-N',N'-dimethyl-malonamide friffuoroacetic acid sait,

N-Benzyl-N-[(S)-(1-(S)-carbamoyl-4-guanidino-butytcarbamoyl)-cyclohexyl-methyl]-2-
[4-(N-hydroxycarbamimidoyl)-benzyl]l-malonamide trifluoroacetic acid salt, less polar
diastereomer,

25
2-(S)-{2-(S)-[3-(4-Carbamimidoyl-phenyl)-2-dimethylcarbamoyl-propionylamino]-2-
cyclohexyl-acetylamino}-5-guaniding-pentanaic acid ethy!l ester hydrachioric acid salt,

2-(S)-{2-(S)-[2-Benzylcarbamoyl-3-(4-carbamimidoyl-phenyl)-propionylamino]-2-
30 cyclohexyl-acetylamino}-5-guanidino-pentanoic acid ethyl triflucroacetic acid salt, less

polar diastereomer,
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2-(4-Carbamimidoyl-benzyl)-N-[(S)-cyclohexyl-(4-guanidino-1-(S)-phenethylcarbamoyl-

butylcarbamoyl)-methyi]-N',N'-dimethyi-malonamide hydrochioric acid salt,

N-Benzyl-2-(4-carbamimidoyl-benzyl}-N'-[(S)-(1-(S)-carbamoyl-4-guanidino-
5 butyicarbamoyi)-cyclohexyl-methyl}-malonamide trifluoroacetic acid salt, more polar

diastereomer,

N-Benzyl-2-(4-carbamimidoyl-benzyi)-N'-[(S)-(1-(S)-carbamoyl-4-guanidine-
butytcarbamoyl)-cyclohexyl-methyl]-malonamide triftuoroacetic acid salt, iess polar

10 diastereomer,

N-Benzyl-2-(4-carbamimidoyl-benzyl)-N'-[(8)-(1-(S)-carbamoyl-4-guanidino-
butylcarbamoyl)-cyclohexyl-methylj-N-methyl-malonamide triflucroacetic acid salt,

15 2-(8)-{2-(5)-[2-(Benzyl-methyl-carbamoyl)-3-(4-carbamimidoyl-phenyl)-
propionylamino}-2-cyclohexyl-acetylamino}-5-guanidinc-pentancic acid hydrochioric

acid salt,

2-(S)-{2-[2-(Benzyt-methyl-carbamoyi)-3-(4-carbamimidoyi-phenyl)-propionylamino}-2-
20 cyclohexyl-acetylamino}-5-guanidino-pentanoic acid methyl ester trifluoroacetic acid

salt, least polar diastereomer,

N-Benzyl-N'-{[1-(S)-(benzyl-methyl-carbamoyl)-4-guanidino-butylcarbamoyl]-

cyclohexyl-methyl}-2-(4-carbamimidoyl-benzyl)-N-methyl-malonamide trifluoroacetic
25 acid salt, less polar diastereomer,

The invention also relates to compounds of formula |, wherein

R(1) is hydrogen, (C1-Ceg)-aikyl, (C2-Cg)-alkenyl, (Cs-Cig)-aryl, (Cs-Cio)-aryl-(C1-Cq)-
30 aikyl, where aryl in aryl-alkyl is unsubstituted or substituted by R(17);

R(2) is hydrogen or (C4-C4)-alkyl;
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R(3) is {Cs-C1o)-ary! which is substituted by R(7);

R(4) is hydrogen or (C1-Ca)-alkyl:

R(5} is (C1-Cg)-alkyl, (Ca-Cr)-cycloalkyl, {C5-Cs)-cycioalkyl-(C4-Cs)-alkyl, (Cs-Cqg)-aryl,
(Cg-Chg)-aryl-(C1-Ca)-alkyl, where aryl in aryl-alkyl is unsubstituted or substituted by a

residue R(20), and where alkyl is unsubstituted or substituted by a residue R(21); or

10 R{4) and R(5) together form a residue of the formula ||

L

(i ;

R(6) is NR{8)R(9) or OR(22):
15
R(7) is R(17) or R(20);

R(8) is hydrogen; (C4-C4)-alkyl, where alkyl is unsubstituted or substituted by a residue
R(20); heteroaryl-(C4-Cg)-alkyl; {Cg-C1o)-aryl-(C4-Cy)-alkyl, where aryl is unsubstituted

20 or substituted by a residue R(17);

R(9) is
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HN NH?_ X_
NH /r!:*
“ |
o) 0
7
(R“ ) R(17)
R(10), L _-R(10), R(10) o R(10)
o) 0 o) o)

R(10) is

R(17) is -C(=N-R(18))-N(R{19))2;

R(18} is hydrogen, hydroxy, or an amino protective group;

10 R(19) is hydrogen, {C4-Cy)-alkyl, (Ce-C1o)-aryl-(C4-Cy)-alkoxycarbonyl, or an amino

protective group ;

R(20) is N(R(19))z;

15 R(21) is hydroxy, {Ce-Cio)-aryl~(C4-Cy)-alkoxy, (Ce-Cio)-aryl-(C4-Ca)-
alkoxycarbonylamino, carpboxyl, or R(20);

R(22) is hydrogen or (C4-C,)-alky!;

20 X is a physiologically acceptable anion;
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in all their sterecisomeric forms and mixtures thereof in any ratio, and their
physiclogically acceptable salts.
The invention also relates to compounds of formula I, wherein
R(1) is hydrogen, (C4-Cys)-alkyl, allyl, phenyl, benzyl, or 4-carbamimidoyl-benzyi;
R(2) is hydrogen or (C1-Ca)-alkyl;
R(3) is phenyl or 2-napnthy! which are substituted by R(7);
R{4) is hydrogen or methyl};
R(5) is n-butyl, sec-butyl, tert-butyl, cyclohexyl, cyclohexylmethyl, phenyl, benzyi, 2-
phenyi-ethyl, 1-naphthylmethyl, 2-naphthyimethyl, aminobenzyl, preferably 4-
aminobenzyl, hydroxymethyl, benzyloxymethyl, carboxymethyl, 2-carboxy-ethyl, 3-

amino-propyl, or 4-(benzyloxycarbonylamino)-butyl; or

R(4) and R(5) together form a residue of the formula I

or

R(6) is NR(8)R(9), OH, or OCHyg;

(1) ;

R{7) is amidino, hydroxyamidino, amino, or dimethylamino;

R(8) is hydrogen, pyridylmethy|, preferably 4-pyridyimethyl, 3-carbamimidoylbenzyl, or

4-aminc-butyl,
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R(9) is
HNy NH, X
NH /IL’ OH Os-NH,
|
R(10) R(10) R(10) R(10)
C o o 0
. O
NH, O NH,
/\WRUO)", R, R(10) | or R{10} NH
O o G O .
5 R(10) is
NH,
0%
~y N
H
8]

X is a physiologically acceptable anion;

10 in all their stereoisomeric forms and mixtures thereof in any ratio, and their

physiologically acceptable salts.

Preferred are compounds of the formula | where

15 R(1) is propyl or butyl; preferably butyl;

R(2) is propyl or butyl;preferably butyl;

R(3) is phenyl which is substituted by R(7);
20
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R(4) is hydrogen;
R(5) is cyclohexyt;
5 R(8) is NR(8)R(9);
R(7) is amidino, or amino;

R(8) is hydrogen;

10
R(9) is
HNs._NH,
e 'S
NH /N
]
R(1D) o -~ R(10)
o] 0 :
15 R(10) is
NH,
0
e, N

N
H
0

X is a physiologically acceptable anion;
20
in all their stereoisomeric forms and mixtures thereof in any ratio, and their

physiclogically accepiable salts.

Particular preferred compounds which may be mentioned are:
25
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2-(4-Carbamimidoyl-benzyl)-N-((S)-{1-(S)-{1-(S)-(2-(S)-carbamoyl-pyrrolidine-1-
carbonyl)-3-methyl-butylcarbamoyl]-4-guanidino-butylcarbamoyl}-cyclohexyl-methyi)-

N’ N'-diisopropyl-malonamide trifluoroacetic acid salt, less polar diastereomer,

5 32-(8S){2-(8)-{3-(4-Carbamimidoyl-phenyl)-2-diisopropylcarbamoyl-propionylaminc]-
2-cyclohexyl-acetylamino}-2-[1-(S)-(2-(S)-carbamoyl-pyrrolidine-1-carbonyl)-3-methyl-
butylcarbamoyl]-ethyl}-1-methyl-pyridinium trifluoro-acetate trifluoroacetic acid, less

" polar diastereomer,
10 2-(4-Amino-benzyl)-N-((S)-{1-(S)-[1 -(S)-(2-(8)—carbam6yl-byrrolid ine-1 ;carbonyl)-B-
methyl-butylcarbamoyl}-4-guanidino-butylcarbamoyl}-cyclohexyl-methyl)-N',N'-

diisopropyl-malonamide trifluoroacetic acid salt, less polar diastereomer,

2-(4-Carbamimidoyl-benzyl)-N-((S)-{1-(5)-[1-(S)-(2-(S)-carbamoyl-pyrrolidine-1-
15 carbonyl)-3-methyl-butylcarbamoyl]-4-guanidino-butylcarbamoyl}-cyclohexyl-methyl)-

N’,N'-diisobutyl-malonamide trifluoroacetic acid salt, more polar diasteromer,

The compounds of formula | can be prepared by utilizing procedures and technigues
well known and appreciated by one of ordinary skill in the art. Starting materials or

20 building blocks for use in the general synthetic procedures that can be applied in the
preparation of the E:ompounds of formulé | are readily available to one of ordinary skill
in the art. In many cases they are commercially available or have been described in
the literature. Otherwise they can be prepared from readily avaiiable precursor
compounds analogously to procedures described in this application.

25
The reactions described below that are carried out in the syntheses of the compounds
of the formula | can generally be carried out according to the methods of conventional
solution phase chemistry as well as according to the methods of solid phase chemistry
which are well known, for example, from peptide synthesis.

30
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Compounds of the formula i can be prepared, for example, by method A described in
the schemes 2 and 3, where the residues R(1), R(2), R(3), R(4), R(5)}, R(6) are defined

as indicated above.

Scheme 2
R(2)
R(3a)
N
0 O LG-CH,R(3a) R(1)” “H RE) R(3a)
W v 0 o VI I
Y . N OH
O O R(Y”

e 0

I U >v< Ovu :

H. _R(3a)
hig
0

Va

Meldrum acid lll can be alkyiated by using base for example potassium carbonate,
sodium hydrate, or triethylamine and 1V, wherein
10

LG is a leaving group like a halogen or a substituted hydroxy group like tosyloxy or
mesyloxy;
15 R(3a) is (Ce-C1o)-aryl which is substituted by R(23);

R(23) is N(R(24))2, nitro, or cyano;

R(24)is (C1-Ce)-alkyi, (Cs-Cqo)-aryl-(C1-Cy)-alkyl, (C1-Cg)-alkylcarbonyl, or
20 (C4-Ce)-alkoxycarbonyl;

to give V, or by condensation of meldrum acid 11l with the aldehyde Va in presence of

a reducing agent for example sodiumcyanoborohydride,
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while ring opening of V can be achieved by reaction of an amine Vi, preferably in the
presence of a silylating agent, for example N,O-bis-(trimethylsilyl}-acetamide in an
organic solvent, for example in dichloromethane under refiux to give the malonic acid

5 amide VIl

Compounds of the formulae I, [V, IVa, and VI are commercially available or can be

prepared by standard procedures, which-are known to one skilled in the art.

10
Scheme 3
R(3a)
@ 0 R@) R@ O
coupling raagent N
vi + o OR(26) —R(1)” N OR(25)
R(S) 0 O R
Vi X
R(3) ")
z(z) 2(4) 0 @) "9 o
R(1)” OR(25) R(1) _N HR(?) {xi)
@) O R(5) saponification g 8 R(s) ooupling reagent
X

Xl

Coupling of VI with VI, where R{25) is an easily cleavable ester {(such as for example
(C4-Ca)-alkyl, benzyl, or 4-methoxybenzyl), to yield 1X can be carried out by common

15 coupling reagents used in peptide synthesis. Such coupling reagents are, for example,
carbodiimides like dicyclohexylcarbodiimide (DCCI) or diisopropylcarbodiimide (DIC),
carbonyldiazoles like carbonyldiimidazole and similar reagents, proﬁy!phosphonic
anhydride, O-((cyano-(ethoxycarbonyl)-methylen)amino)-N,N,N',N'-tetramethyluronium
tetraflucroborate (TOTU), N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-blpyridin-1yi-

20 methylene]-N-methylmethanaminium hexafluorophosphate N-oxide (HATU), and many
others. Compounds of the formula VIil are commercially available or can be prepared

by standard procedures, which are known to one skilled in the art.
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Conversion of R(3a) to R(3) (IX = X), if necessary, can be made by introduction of an
amidino group as described below, or by reduction of a nitro group by hydrogenation
with for example Raney-Nickel, palladium/charcoal or other catalysts in the presence

of hydrogen.

Amidines can be prepared from the corresponding cyano compounds by addition of

. alcohols, for example methanol or ethanoi, in acidic anhydrous medium, for example

10

15

20

25

| dioxane, methanol or ethanol, and subsequent aminolysis, for example treatment with

ammonia in alcohols such as, for exampie, isopropanocl, methanol or ethanol (G.
Wagner, P. Richter and Ch. Garbe, Pharmazie 29 (1974), 12-55). Further methods of
preparing amidines are the addition of hydrogen sulfide to the cyano group, followed
by alkylation, for example methylation, of the resulting thioamide and subsequent
reaction with ammonia (GDR Patent No. 235 868), and the addition of hydroxylamine
which may be obtained from a hydroxylammonium salt with a base, to the cyano group
followed by conversion of the amidoxime to the amidine, for example by catalytic

hydrogenation.

Saponification of the ester of compounds of the formula X to give compounds of the
formula X! can be carried out by standard methods. Coupling of Xi with Xli to give
compounds of the formula | can be carried out with coupling reagents as described
above. Compounds of the formula Xli are commercially available or can be prepared

by standard procedures which are known to one skilled in the art.

Compounds of the formuia | can also be obtained by method B as drawn in schemes 4
and 5.
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R(3a)

R(3) R(3)
Il?(2) Fl"~(2) l?(Z)
Y — R(1)/N PG __, R(1)/N OPG ___ R(1)/N OH
o) O O O O

Xl

After protection of the carboxyifunction with an easily cleavable protection group PG

5 (such as for example (C1-Cq4)-alkyl, benzyl, or 4-methoxybenzyl) by standard methods,
the residue R(3a) in compounds of the formula V!l can be transformed to the residue
R(3) and deprotected as outlined above to give compounds of the formula XIII.

Scheme 5

coupling reagent
~N e

PG oH + X - >~ PG R(6)

I?
N X
H R(6) - I
coupling reagent

10
The protected amino acid XIV, wherein PG is a suitable amino protection group, for
example Fmoc, benzyloxycarbonyl (Z), or Boc, preferably Fmoc, can be coupled by
standard methods as described above with compounds of the formula XII to give
campounds of the formula XV. Compounds of the formula XiV can be prepared by

15 standard procedures, which are known to one skilled in the art.
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Compounds of the formula XV can be deprotected by standard methods, for example
by standard methods for Fmoc-deprotection (L.A. Carpino et al., J. Org. Chem. 1988,
53, 6139-44} to give compeounds of the formula XVI. Compounds of the formula XVI|
can be coupied with compaounds of the formula Xilt by standard methods to give
compounds of the formula L.

Compounds of the formula | can also be obtained by solid phase peptide synthesis

- (method C) as drawn in scheme 6. Such methods are described, for example, by

~ Steward and Young (Solid Phase Peptide Synthesis (Freeman and Co., San Francisco,

15

1969), which is incorporated herein by reference.

Where solid phase synthesis methods are employed, the chemical composition of a
compound can be manipulated while the nascent peptide is attached to the resin or
after the peptide has been cleaved from the resin to obtain, for example, an N-terminal
derivative. Similar modifications can also be made to a carboxy group of a compound,
including a C-terminus carboxy group, which, for example, can be amidated. One
skilled in the art can also synthesize a compound of the invention using solution phase

organic chemistry.
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Scheme 6

R(4) 0 R(25) R(4} R(26)
N couplIng reagent IH‘I

Fmoc”” N ‘
H
@]

t H, N
R(5) R(5)
XV / XiX
base
; R(3a)

Fmoc™

R(4) R@S) R(Z) L
Vil N
N ! N ’
- . —_——— R’ N \.
) (5) N coupling reagent O © R 0
X
caupling reagent
R(3)
;3(2) FlQ{4) O R(26) H
K ) N — ]
R(1) ¥ \.
0O O R o
XXl

/. bound to an acid cleavable resin

Using this method (C) (scheme 6) compounds of the formula XVIIl, where an amlno
acid is coupled to a suitable carrier, which are for instance Wang , Trityl or Rink resin

5 or other acid cleavable resins which are known to a person skilled in the art, and

wherein

R(26) is hydrogen, -CHz-R(17), 1-naphthylmethyl, -(CHz)s-NR(28)-C(=N-R(27))-NH-
R(28)
10
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"
rlf OH 04 -NH;
A j/
SN
¥ , Y . ,or

R(27) is R(28), cyano, hydroxy, (Cq-Cg)-alkoxy, (Cg-C1s)-aryl-(C4-Cg)-alkoxy
which is unsubstituted or substituted in the aryl moiety, or.-amino;

R(28) is hydrogen, {C4-Cg)-alkyl, or (C4-Cg)-alkylcarbonyl;

can be coupled with an for example Fmoc-protected amino acid XVI| using standard
techniques. The use of other protected, for instance Boc-protected amino acid XVl is

10 also possible, however, the use of Fmoec-protected amino acid XVI! is preferrad.

Compounds of the formula XVill can he prepared by standard procedures, which are
known to one sKilled in the art.

15 The resulting dipeptide XIX can be deprotected using base, for example a solution of
20-50 % of piperidin in dimethylformamide to obtain compounds of the formula XX with
a primary or secondary amino group, which can be coupled to the building blocks VI
or Xl prepared using methods A and B to yield compounds of the formula XXI or XXI1.
Conversion of the residue R(3a) of the resuiting compound XXI to the residue R(3) can

20 be done as described ahove to yield compounds of the formula XXII. Compounds cf
the formula | can be obtained by cleaving compounds of the formula XXII under acidic
conditions for example trifluoroacetic acid/water in different concentrations depending

on the used resin varying from 1 % to 95 % of trifluoroacetic acid.

25 These synthesized compounds can be purified using well known methods such as
reverse phase-high pressure liquid chromatography (RP-HPLC) or other methods of
separation based, for example, on the size, charge or hydrophobicity of the

compound. Similarly, well known methods such as aminc acid sequence analysis or
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mass spectrometry (MS or HPLC/ESMS) can be used for characterizing the structure

of a compound of the invention {(see Example 1).

Thus , the present invention also relates to a process for the preparation of a

5 compound of formula |, which comprises

i)

al) alkylating a compound of the formula il

OWO

>
with a compound of the formula IV,
15 L G-CH2-R(3a) (V)

wherein LG is a leaving group like a halogen or a substituted hydroxy group like

tosyloxy or mesyloxy and wherein
20 R(3a) is (Cs-Cyq)-aryl which is substituted by R(23);
R(23) is N(R(24)),, nitro, or cyano;
R(24)is (C+-Ce)-alkyl, (Cs-C1g)-aryl-(C1-Cy)-alkyl, (C4-Cs)-alkylcarbonyl, or

25 (C4~Ceg)-alkoxycarbonyl;

in the presence of a base to give a compound of the formula V,
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or reacting a compound of the formula Il with a compound of the formula 1Va,
0

PR

H R(3a)
IVa

in the presence of a reducing agent to give a compound of the formula V;
7b1) reacting a compound of the formula V with a compound of the formula VI,

R(2)

N
R TH
10 Vi

wherein R(1) and R(2) are as defined above, {o give a compound of the formula Vi,

R@ _R(3a)
R(1)/N OH
O O
VI

15

c1) coupling of a compound of the formula VIl with a compound of the formula Vi,
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wherein R(4) and R(5) are as defined above and R(25} is an easily cleavable ester to
yield a compound of the formula X,

5
R{3a)
11?(2) 13(4) Q
R(1)” N N OR(25)
O O R
IX

d1) optionally introducing an amidino group or reduction of a nitro group, by converting
a compound of the formula IX into a compound of the formula X,

10
R(3)
R@2) R4 O
Ry N OR(25)
0 O RE)
X

wherein R(3) is as defined above;

15 e1) saponification of the ester group R(25) and coupling the resulting compound XI
according to step ¢1) with a compound of the formula Xii

HR(6) (XII)

20 wherein R(B) is as defined above to give a compound of the formula |; or
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¢2) protecting the carboxylfunction in a compound of the formula VI with an easily
cleavable protecting group and introducing an amidino group or reduction of a nitro
group according fo step d1) to give after deprotection of the carboxylfunction a

5 compound of the formula XHI; and
d2} coupling a compound of the formula Xlil according to step c1)

R(3)
1?(2)

N _OH
R(1Y”

10

with a compound of formula XVI;

15 to give a compound of the formula [; or

i)

a) coupling a compeound of the formula XVIil,

R(26)

HzN/kg/ N‘

20 Xviil
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which is bound to a suitable carrier, for example an acid cleavable resin, and wherein

R(26) is hydrogen, -CH2-R{17), 1-naphthylmethyl, -(CHz)3-NR(28)-C(=N-R(27))-NH-

R(28)
5
.
,L+ OH Oy NH,
z
SRS
‘ . ,or
R(27) is R(28), cyano, hydroxy, (C1-Cg)-alkoxy, (Cs-Ci4)-aryl-(C1-Cg)-alkoxy
which is unsubstituted or substituted in the aryl moiety, or amino;
10

R(28) is hydrogen, {(C41-Cg)-alkyl, or (C4-Cg)-alkylcarbonyl;
and R(17) is as defined above;

with a compound of the formuia XVIl
15

wherein R(4) and R(5) are as defined above to give a compound of the formula XiX -

$(4) 0 R(26) H
N

YT

20 XixX

4

Fmoc””
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b) and after deprotecting a compound of the formula XIX with a base coupling the

deprotected compound XX to a compound of the formula VIl or XIil to give a

compound of the formuta XX! or XXII;

R(3a) R(3)
1?(2) II%(‘%) 0 R(26)H }12(2) ll?(f%) 0 R(26)H
N N N N N N
Te Te
c O R 0 O O R 0
XX XXl

c) optionally converting a compound of the formula XXl| to a compound of formula XXII
(i.e. transforming the residue R(3a) to a residue R(3) by introducing an amidino group

or reduction of a nitro group)

and d) cleaving a compound of the formula XXII off the resin

to give a compound of the formula |,

As is demonstrated in the pharmacological tests described below, the compounds of
formula | inhibit factor Xa activity. They can therefore advantageously be used as
pharmaceuticals, especially when it is desired to reduce factor Xa activity or to
produce effects that can be achieved by inhibiting factor Xa activity in a system, such
as influencing coagulation or inhibiting blood clotting. Thus, the present invention also
relates to the compounds of formula | for use as pharmaceuticals as well as for the
production of medicaments, especially of medicaments for treatment or prophylaxis of
the conditions and diseases mentioned below and above. Further, the present

invention provides a method of specifically inhibiting factor Xa activity by contacting

23 factor Xa with a compound of formula |. More specifically, an effective amount of a

compound of the invention inhibits factor Xa catalytic activity either directly, within the
prothrombinase complex or as a soluble subunit, or indirectly, by inhibiting the

assembly of factor Xa into the prothrombinase complex. A preferred embodiment of
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the invention comprises such compounds of the formula | which can inhibit factor Xa
activity with a K; < 10 puM and, preferably, with a K; < 100 nM.

As used herein, the term "factor Xa activity" refers fc the ability of factor Xa, by itself or
in the assembly of subunits known as the prothrombinase complex, to catalyze the
conversion of prothrombin to thrombin. When used in reference to factor Xa activity,
the term "inhibition” includes both the direct and indirect inhibition of factor Xa activity.

Direct inhibition of factor Xa activity can be accomplished, for example, by the binding

. of a compound of formula | to factor Xa or to prothrombinase so as to prevent the

10
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binding of prathrombin to the prothrombinase complex active site. Indirect inhibition of
factor Xa activity can be accomplished, for example, by the binding of a corhpound of
the invention to soluble factor Xa so as to prevent its assembly into the
prothrombinase complex. As used herein, the term "specific” when used in reference
to the inhibition of factor Xa activity means that a compound of formula | can inhibit
factor Xa activity without substantially inhibiting the activity of serine proteases such
as, for instance, thrombin, trypsin or kallekrein (using the same concentration of the
inhibitor). Such proteases are involved in the blood coagulation and fibrinolysis

cascade.

Inhibition of factor Xa activity or the production of effects achieved by such an
inhibition can take place in vivo, i. e. in an individual. As used herein, the term
"individual' means a vertebrate, including a mammal such as, for example a mouse, a
rat, a rabbit, a dog, a pig, a monkey, and especially a human, in which factor Xa is
involved in the clotling cascade. It can also take place outside the body of an
individual, for example, in an extracorporeal circulation or in the treatment of blood
samples from an individuat, and generally in vitro. in vitro uses of the compounds of
formula | are, for example, the use as a biochemical tool in scientific or analytical
investigations or the use for in vitro diagnoses. A compound of formula | can
advantageously be used as an anticoagulant, which can be contacted with a blood
sample to prevent coagulation. For example, an effective amount of a compound of
formula | can be contacted with a freshly drawn blood sample tc prevent coagulation
of the blood sample.
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As used herein, the term “effective amount" when used in this connection means an
amount of a compound of formula [ that inhibits factor Xa activity te the desired extent.
The skilled artisan would recognize that an effective amount of a campound of the
invention can be determined using the methods disclosed herein or otherwise known

in the art.

In view of the disclosed utility of the compounds of formula |, the skilled artisan also
would recognize that an agent such as heparin can be replaced with a compound of
the invention. Such a use of a compound of formula | can result, for example, in a cost

saving as compared fo other anticoagulants.

In a further embodiment, the present invention provides a method of inhibiting factor
Xa in a patient in need thereof, comprising administering to said patient an effective
factor Xa inhibitory amount of a compound of formula |. As used herein, the term
“patient” refers especially o a warm-blooded animal inciuding a mammal and
particularly a human. A patient is in need of treatment to inhibit factor Xa when the
patient is suffering from a disease state that can be beneficially influenced by inhibiting
factor Xa activity or that is expected by the dlinician to be beneficially influenced by

inhibiting factor Xa acitivity.

The identification of those patients who are in need of treatment to inhibit factor Xa is
well within the ability and knowledge of one skilled in the art. A clinician skilled in the
art can readily identify, by the use of clinical tests, physical examination and

medical/family history, those patients who are in n_eed of such a treatment.

Since a compound of formula | can inhibit factor Xa activity, such a compound can be
used for reducing or inhibiting blocd clotting in an individual. Thus, the present
invention further provides a method of reducing or inhibiting the formation of blood
clots in an individual, especially in a patient in need thereof, by administering a

therapeutically effective amount of a compound of formuia 1.
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A therapeutically effective amount relating to the production in an individual of an
effect like inhibition or reduction of blood clotting, or an effective factor Xa inhibitary
amount of a compound of formula | means the amount or the dose of a compound of
formula | that has to be administered to an individual in order to achieve or to maintain
the desired effect or to inhibit factor Xa activity in the individual to the desired extent.
Such an effective amount or dose to be administered has o be adjusted to the

individual circumstances in each case. It can be readily determined by the use of

. conventional techniques using the methods described herein or otherwise known in
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the art, and by observing results obtained under analogous circumstances. In
determining the effective dose, a number of factors are considered including, but not
limited to: the species of patient; its size, age, and general health; the specific disease
involved; the degree or the involvement or the severity of the disease; the response of
the individual patient; the particular compound administered; the mode of
administration; the bioavailability characteristics of the pharmaceutical preparation
administered; the dose regimen selected; and the use of concomitant medication. An
appropriate dosage can be established using clinical approaches well known in the

medical art.

In general, in view of the ahove factors it is evident that the effective factor Xa
inhibitory amount or the therapeutically effective amount of a compound of formuia |
will vary and can be varied within wide limits. Usually, an effective amount wili vary
from about 0.01 milligram per kilogram of body weight per day (mglkg per day) fo
about 20 mg/kg per day. A daily dose of from about 0.1 mg/kg to about 10 mg/kg is
preferred. These data refer to a human of about 75 kg of body weight. in particular
when administering relatively large quantities, it can be favorable o subdivide the daily

dose into several, for example 2, 3 or 4 subdose administrations.

A compound of formula | can be administered to an individual for the treatment of a
variety of clinical conditions, including, for example, the treatment and prophytaxis of
cardiovascular disorders or complications associated, for example, with infection or
surgery. Examples of cardiovascular disorders include restenosis, for example
restenosis following angioplasty, reocclusion prophylaxis, conditions after coronary
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bypass operations, arterial, venous and microcirculatory disease states, cardiac
infarction, angina pectoris, thromboembolic diseases, thromboses, embolism, adult
respiratory distress syndrome, multi-organ failure, stroke or disseminated intravascular
coagulation clotting disorder. Examples of related complications associated with
surgery include,' for example, deep vein and proximal vein thrombaosis, which can
occur following surgery. Thus, a compound of the invention is useful as a medicament

for reducing ar inhibiting unwanted coagulation or blood clotting in an individual.

The compounds of formula |, their physiologically acceptable salts and other suitable
derivatives thereof can be employed as medicaments or pharmaceuticals in the
above-mentioned methods on their own, in mixtures with each other or in the form of
pharmaceutical compositions which comprise, as the active ingredient, an effective
amount of at least one compound of formula | and/or of a physiologically acceptable
salt and/or another suitable derivative thereof in admixture or otherwise in association
with one or more pharmaceutically acceptable carrier substances and auxiliary

substances.

In effecting treatment of a patient, compounds of formula | on their own or
pharmaceutical compositions comprising them can be administered in any form or
mode which makes the compounds of formula | bicavailable in effective amounts,
including oral and parenteral routes. For example, they can be administered orally, for
example in the form of pills, tablets, lacquered tablets, coated tablets, granules, hard
and soft geiatin capsules, solutions, syrups, emulsions, suspensions or aerosol
mixtures; rectally, for example in the form of suppositories; parenterally, for example
intravenously, intramuscularly, transdermally, intranasally, or subcutaneously; in the
form of injection solutions or infusion solutions, microcapsules, implants .or rods;
percutaneously or topically, for example in the form of ointments, solutions or
tinctures, or in other ways, for example in the form of aercsols or nasal sprays. Oral.
administration is generally preferred but depending on the specific case other modes
of administration can also be favourable, for example in an acute stage of a disease
intravenous administration by means of injection or infusion. One skilled in the art of

preparing formulations can readily select the proper form and mode of administration
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depending upon the disease state {o be treated, the stage of the disease, and other

relevant circumstances.

Pharmaceutical compgsitions or medicaments comprising a compound of formula |
and/or a physiologically acé;a'plstable salt and/or another suitable derivative thereof can
be made by combining the compounds of formula | and/or their physiological[y
acceptable salts and/or other suitable derivatives thereof with pharmaceutically
acceptable carrier substances and auxiliary substances, the proportion and nature of
which are determined by the chosen route of administration and standard
pharmaceutical practice. The pharmaceufical compositions or medicaments are
prepared in a manner well known in the pharmaceutical art. The pharmacetitical
compositions will, in general, contain an effective amount of a compound of formula |
and/or a physiologically acceptable salf and/or another suitable derivative thereof
together with a suitable amount of a carrier so as to comprise the proper dosage for
administration to an individual. The pharmaceutical compaositions may be adapted for
oral or parenteral use and may be administered to the patient in the form, for example,
of tablets, capsules, suppositories, solufions, suspensions, ointments, tinctures, nasal
sprays, aerosol mixtures, implants, rods, rhicrocapsules or the like. Thus, together with
the claimed compounds the present invention provides useful pharmaceutical
compositions or medicaments for inhibiting factor Xa activity and blood clotting in an

individual.

The present invention further encompasses a process for the preparation of
pharmaceutical compositions or medicaments which comprise .at least one cofnpound
of formula | and/or a physiclogically acceptable salt and/or another suitable derivative
thereof, as well as it encompasses the use of the compounds of formula { and/or
physiologically acceptable salts and/or other suitable derivatives thereof for the
preparation of medicaments, especially of medicaments for the treatment or

prophylaxis of the above-mentioned diseases.

Pharmaceutically acceptable carrier and auxiliary substances are referred to as

substances or compasitions that are non-toxic {o an individual or have acceptable
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toxicity as determined by the appropriate regulatory agency. The carrier substance or
excipient may be a solid, semi-solid, or liquid material which can serve as a vehicle or
medium for the active ingredient. As used herein, the term "pharmaceutically
acceptable carrier" encompasses any of the standard pharmaceutical carriers such as
liquid carriers, for example phosphate buffered saline, water, an emulsion such as an
oil/water or water/oil emulsion, or solid or semi-solid carriers such as, for example,
lactose, corn starch, fats, waxes, etc. Suitable pharmaceutical carriers and their
formulations are well known in the art and are, for example, described by Matrtin in
Remington’s Pharmaceutical Sciences, 15th Ed. (Mack Publishing Co., Easton 1975)‘
which is incorporated herein by reference also with respect to other aspects of the

ingredients and the preparation of pharmaceutical compositions.

Examples of auxiliary substances are fillers, disintegrants, binders, glidants, wetting
agents, stabilizers, emulsifiers, preservatives, sweeteners, dyes, flavorants,
aromatizing agents, thickeners, diluents, buffering substances, solubilizing agents,
agents for achieving a slow-release effect, salts for altering the osmotic pressure,

coating agents, antioxidants, etc.

For the purpose of oral administration, the compounds of formula | may be
incorporated with excipients or inert diluents or edible carriers and used in the form of,
for exampie, tablets, film tablets, coated tablets, pills, troches, capsules, granules,
solutions, suspensions, emulsions, elixirs, syrups, wafers, chewing gums and the like,
or they may be enclosed in gelatin capsule. The pharmaceutiéal compositions for oral
administration may be varied depending upon the particular form. Usually they contain
at least 1 % of the active ingredient of formula | and may conveniently contain up fo
about 90 % of the weight of the unit. Preferably the content of the compounds of
formula | and/or their physiologically acceptable salts and/or other suitable derivatives
is from about 4 % to about 70 % by weight. The amount of the active ingredient
present in the compositions is such that a unit dosage form suitable for administration
will be obtained.
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The tablets, pills, capsules, troches and the like may also contain, for example, one or
more of the following carrier and auxiliary substances: binders, such as
microcrystalline cellulose, gum tragacanth or gelatin; excipients, such as starch or
lactose, disintegrating agents such as alginic acid, Primogel, corn starch and the like;
lubricants, such as magnesium stearate or Sterotex; glidants, such as colloidal silicon
dioxide; and sweetening agents, such as sucrose or saccharin may be added or

flavoring agents, such as peppermint, methy! salicylate or orange flavoring. When the

. dosage unit form is a capsule, it may contain, in addition to matertals of the above
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type, a liquid carrier such as polyethylene glycol or a fatty oil. Other dosage unit forms
may contain other various materials which modify the physical form of the dosage unit, |
for example, as coatings. Thus, fablets or pills may be coated with sugar, shellac, or
other enteric coating agents. A syrup may contain, in addition to the active ingredient,
for example sucrose as a sweetening agent and certain preservatives, dyes and

colorings and flavors.

For the purpose of parenteral administration, the compounds of formula | and/or
physiologically acceptable salts thereof and/or other suitable derivatives therecf may
be incorporated into a solution or a suspension. The solutions or suspensions may, for
example, also include one or more of the following carrier and auxiliary substances:
sterile diluents such as water for injection, saline solution, fixed oils, polyethylene
glycols, glycerine, propylene giycol or other synthetic solvents; antibacterial agents
such as benzyl alcohol or methyl paraben; antiox-iggnts such as ascorbic acid or
sodium bisulfite; chelating agents such as ethylene diaminotetraacetic acid; buffers
such as acetates; citrates or phosphates; agents for the adjustment of toxicity such as
sodium chloride or dextrose. The content of the compounds of formulz | in the
preparations for parenteral adminstration may be varied. Usually they contain at least
0.1 % by weight of the compound of formula 1. Preferably the con.tent of the compound
of formula | and/or the physiologically acceptable salts thereof and/or other suitable
derivatives thereof is from about 0.1 % to 50 %. The parenteral preparations can be
enclosed in ampules, disposable syringes, multiple dose vials made of glass or plastic,
or infusion bottles. Suitable excipients for microcapsules, implants and rods are, for

example, mixed polymers of glycolic acid and lactic acid.
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Materials used in preparing the various pharmaceutical compositions should be

pharmaceutically pure and non-toxic in the amounts used.

Besides one or more compounds of formula | and/or one or more physiologically
acceptable salts thereof and/or one or mare other suitable derivatives thereof as active
compounds the pharmaceutical compositions according to present invention may also

contain one or more other pharmacologically active compounds.

In another, more general embodiment the present invention provides compositions
comprising at least one compound of formula | and/or salt thereof and/or another
suitable derivative thereof in admixture or otherwise in association with one or more
inert carriers. These compositions are useful, for example, as assay standards, as
convenient means of making bulk shipments, or as pharmaceutical compositions. An
assayable amount of a compound of formula | is an amount which is readily
measurable by standard assay procedures and techniques as are well known and
appreciated by those skilled in the art. Assayable amount of a compaound of formula |
will generally vary from about 0.001 % to about 90 % of the composition by weight.
Inert carriers can be any material which does not degrade or otherwise covalently
react with a compound of formula |. Examples of suitable inert carriers are water;
aqueous buffers, such as, for example, those which are generally useful in High
Pressure Liquid Chromatography (HPLC) analysis; organic solvents, such as
acetonitrile, ethyl acetate, hexane and the like; and pharmaceutically acceptable

carrier and auxiliary substances.

The compounds of formula | can also be used as starting materials or chemical
iInfermediates in the preparation of other compounds, especially in the preparation of
other pharmacologically active compounds. Examples for such conversions of
compounds of the invention into other compounds of the invention are given below.
For this use, besides the compounds of formula | and their physiologically acceptable
salts also other salts of the compounds of the formula | can be useful which are not

suitable or less suitable for use as pharmacetuticals, Thus, the present invention also
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relates to compounds of the formula | and their salts in general as chemical
intermediates, especially as intermediates in the preparation of pharmacologically

active compounds.

The following tests can serve to investigate the pharmacological activity and to
illustrate the utility of the compounds of the present invention as factor Xa inhibitors.

Test 1: In Vitro Inhibition of Selected Purified Coaguiation Enzymes and Other Serine

Proteases

The ability of a compound of formula | to inhibit factor Xa, thrombin, plasmin, elastase
and trypsin may be assessed by determining the concentration of compound of
formula | that inhibits enzyme activity by 50 % (ICsg). Purified enzymes are used in
chromogenic assays. To determine the inhibition constant, the 1Csq value is corrected

for competition with substrate using the formula:”
Ki = ICs x (141 + {(substrate concentration)/substrate Km)})

where Km is the Michaelis-Menten-constant (Y.-C. Chen and W.H. Prusoff, Biochem.
Pharmacol. 22: 3099-3018 (1973), which is incorporated herein by reference).

a.Factor Xa Assay

TBS-PEG buffer (50 mM Tris-Cl, pH 7.8, 200 mM Nacl, 0.05 % (w/v) PEG-8000, 0.02
% (w/v) NaNz} is used for this assay. The ICsg is determined by combining in
appropriate wells of a Costar half-area microtiter plate 25 pl human factor Xa (Enzyme
Research Laboratories, Inc.; South Bend, IN) in TBS-PEG; 40 1 10 % (v/v) DMSO in
TBS-PEG (uninhibited control) or various concentrations of the compound to be tested
diluted in 10 % {(v/v) DMSO in TBS-PEG; and substrate S-2765 (N-benzyloxycarbonyl-
D-Arg-Gly-L-Arg-p~nitroanilide; Kabi Pharmacia, Inc.; Franklin OH) in TBS-PEG.
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The assays are performed by pre-incubating thé compaund of formula | plus enzyme
for 10 min, then the assay is initiated by adding substrate {o obtain a final volume of
100 ul. The initial velocity of chromogenic substrate hydrolysis is measured by the
change in absorbance at 405 nm using a Bio-tek Instruments kinetic plate reader
(Ceres UV900HDI) at 25 °C during the linear portion of the time course (usually 1.5
min after addition of substrate). The concentration of inhibitor that causes a 50 %
decrease in the rate of substrate hydrolysis is predicted by linear regression after

plotting the relative rates of hydrolysis (compared to the uninhibited control) versus the

log of the compound of formula | concentration. The enzyme concentration is 0.5 nM

and substrate concentration is 140 uM.

b. Thrombin Assay

TBS-PEG buffer is used for this assay. The ICs is determined as above for the Factor
Xa assay, except that the substrate is S-2366 (L-PyroGlu-L-Pro-L-Arg-p-nitrecanilide;
Kabi) and the enzyme is human thrombin (Enzyme Research Laboratories, [nc.; South

Bend IN). The enzyme concentration is 175 uM.
¢. Plasmin AéSay

TBS-PEG buffer is used for this assay. The ICsg is determined as described above for
the factor Xa assay, except that the substrate is S-2251 ((D)-Val-L-Leu-L-Lys-p-
nitroanilide; Kabi) and the enzyme is human plasmin (Kabi). The enzyme
concentration is 5 nM and the substrate concentration is 300 pM.

d.Trypsin Assay

TBS-PEG buffer containing 10 mM CaCl; is used for this assay. The ICsp is
determined as described above in the factor Xa assay, except that the substrate s
BAPNA {Benzoyi-L-Arg-p-nitroanilide; Sigma Chemical Co.; St. Louis MO) and the
enzyme is bovine pancreatic trypsin (Type Xlll, TPCK treated; Sigma). The enzyme

concentration is 50 nM and the substrate concentration is 300 uM.
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e.Elastase Assay

Tris-Cl, pH 7.4, 300 mM NaCl, 2 % (v/v) N-methyl-pyrrolidone, 0.01 % (w/v) NaN;
buffer is used for this assay. The ICs; is determined as described above in the factor
Xa assay, excepti that the substrate is succinyl-Ala-Ala-Ala-p-nitroanilide (Calbiochem-
Nova Biochem Corp.; San Diego CA) and the enzyme is human neutrophil elastase
{Athens Research and Technology, Inc.; Athens GA). The enzyme concentration is 75
nM and the substrate concentration is 600 uM. The control compound is "TENSTOP"
(N-alpha-tosyl-Gly-p-amidinophenylalanine methyl ester; American Diagnostica, Inc,;
Greenwish CT), which is a reversible factor Xa inhibitor (Stuerzebecher et al., Thromb.
Res. 54: 245-252 (1989); Hauptmann et al., Thromb. Haem. 63: 220-223 (1990), each

of which is incorporated herein by reference).
Test 2: Assays for Determining Inhibition of Coagulation

The effectiveness of compounds of formula | may be assessed by the in vitro
prothrombin time (PT) assay using pooled human donor plasma. An ex vivo assay
may also be used in which plasma is collected at various times after intravenous (iv)
administration of a compound of formula [ to rats or to rabbits or intraduodenal (id)
administration to rats and analysis using the PT assay to determine ptasma half-life.
The PT assay is initiated with a thrombopiastin dilution selected to obtain an extended
and highly reproducible coagulation endpoint, referred to as the "dilute PT assay” as
described below. The effectiveness of various compounds may also be determined

using an in vivo rat arteriovenous shunt model of thrombosis.
a.ln Vitro Dilute Prothrombin Time Assay

100 Pl prewarmed (37 °C) pooled human platelet poor plasma (PPP) is added to a
fibrometer cup (Baxter Diagnostics., Inc.; McGaw Park IL). 50 yl of various
concentrations of a compound of formula | in TBS-BSA with calcium (50 mM Tris-Cl,
100 mM NaCl, 0.1 % (w/v) bovine serum albumin, 20 mM CaClp) is added. In control



WO 01/62735 PCT/EP01/01928

o6

experiments, TBS-BSA with calcium but without test compound of formula | is added
for measurement of uninhibited coagulation time. 150 pl diluted prewarmed rabbit
thromboplastin (Baxter) with calcium is added to the fibrometer cup and the fibrometer
timer is started. A rabbit thromboplastin dilution curve is obtained prior {o treating the
compound and is used to choose a thromboplastin dilution that allows approximately
30 sec PT time for uninhibited controls. The experimental concentration giving 50 %
inhibition of coagulation (ECsy) with test compound is calculated from the dilution curve

~ times.
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Alternatively, the dilute prothrombin time assay is conducted using the "research"
mode on an Instrumentation Laboratories (IL) ACL3000-plus automated coagulation
instrument (IL; Milan, ltaly). Thromboplastin is diluted until a clotting time of 30-35 sec.
is achieved. This clotting time is taken as 100 % activity. A standard curve for
calibration is established by serial 2-fold dilution of the diluted thromboplastin reagent
(rabbit brain IL-brand thromboplastin). During the assay, a 50 ul sample (plasma
separated by centrifugation) is mixed with 100 pit thromboplastin reagent and
nephelometric readings are taken over 169 sec. Coagulation time is determined from
the maximal rate of change of light scatter calculated by the instrument. Inhibition is

expressed as percent activity as determined by comparison with the calibration curve.
b.Ex Vivo Dilute Prothrombin Time Assay .

A test compound of formula | is administered iv either through the tail vein (rat) or ear
vein (rabbit) following an approved protacal. 0.5 ml blood samples are removed at
timed intervals after administration of a test compound of formuia | from a cannulated
carotid artery (rat) or auricular artery (rabbit). After centrifugation to obtain PPP, the

plasma is immediately stored on ice or frozen.

For dilute prothrombin time determination, the plasma is prewarmed and assayed as
described above. Percent inhibition is calculated from a thromboplastin dilution curve,
which is run with each series of samples, and used to determine the time at which

approximately 50 % of the initial anticoagulant activity remains in the plasma (Ty).
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The test compounds of formula | can also be administered to rats using an
intraduodenal dosing protocol. Male Sprague-Dawley rats weighing approximately 300
g are anesthetized with a combination of ketamine/xylazine, subcutaneously, following
an approved protocol. The right carotid artery is cannulated for blood sampling. A
laparotomy is performed and duodenum is cannulated with a bali-tip needle and tied
into place to ensure that the suture is distal to the point of insertion. An additional tie is
placed proximal to the insertion point to prevent leakage of gastric contents. The
effectiveness of the suture in preventing a compound from reaching the site of
insertion is tested by pressure testing at the conclusion of each experiment. The point
of insertion is approximately 4 cm from the duodenal-gastric junction. Compounds are
administered in 1 ml normal saline. A 0.7 ml blood sample is drawn prior to
administration of the test compound of formula | and at 15, 30, 60, 80 and 120 min
after administration. Plasma is separated by centrifugation'and assayed for inhibition

of coagulatioh using the dilute prothrombin time assay.
c. Rat Arteriovenous Shunt Model of Thrombosis

The anti-thrombotic efficacy of various compounds of the invention may be assessed
using rat extracorporeal arteriovenous (AV) shunt. The AV shunt circuit consisted of a
20 cm length of polyethylene (PE) 60 tubing inserted into the right carotid artery, a 6
cm length of PE 160 tubing containing a 6.5 cm length of mercerized cotton thread (5
cm exposed to blood flow), and a second length of PE 60 tubing (20 cm) completing
the circuit into the left jugular vein. The entire circuit is filled with normal saline prior to

insertion.

Test compounds of formuta [ are administered by continuous infusion into the tail vein
using a syringe pump and butterfly catheter (infusion volume 1.02 ml/h). A compound
is administered for 30 min, then the shunt is opened and blood allowed to flow for a
peﬁod of 15 min (total of 45 min infusion). At the end of the 15 min period, the shunt is

clamped and the thread is carefully removed and weighed on an analytical balance.’
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Percent inhibition of thrombus formation is calculated using the thrombus weight

obtained from control rats, which are infused with saline.
The following Table 1 shows the facter Xa inhibitory activities (K-values) of selected

5 compounds of the formula | (festing the compounds for inhibitory activity was
accomplished using the in vitro Factor Xa assay described above (Test 1a).

10 Table 1 Factor Xa inhibitory activity (Ki-values ):

f Example [ Ki (FXa) [uM]

, 3 0.1558
5 0.0006
6 0.0010
8 0.0351
10 0.6040
14 0.0218
17 2.29
21 8.37
28 0.047
30 0.153

38 11

40 0.0107
45 26.5
54 3.01
56 0.0021
58 0.0575
61 0.957
69 0.285

l_ 72 4.3
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82 0.0393
89 6.48
a2 5.93
94 1.7
97 0.04
104 6.5
129 0.36
136 0.01
144 0.011
154 0.001
Examples

5 The following examples present typical syntheses of the compounds of formula 1.
These examples are understood to be illustrative only and are not intended to limit the
scope of the present invention in any way. The compounds of the examples were
characterized by mass spectra (MS) and/or NMR spectra and/or melting point.

When in the final step of the synthesis of a compound an acid such as trifluoroacetic
10 acid or.acetic acid was used, for example when trifluoroacetic acid was employed to

remove a tert-butyl group or when a compound was purified by chromatography using

an eluent which contained such an acid, in some cases, depending on the work-up

procedure, for example the details of a freeze-drying process, the compound was

obtained partially or completely in the form of a salt of the acid used, for example in
16 the form of the acetic acid salt or trifluoroacetic acid salt or hydrochloric acid salt.

Example 1

General Method for Synthesis of Malonic Acids Derivatives on solid phase

20
General solid-phase peptide synthesis was used to produce most of the compounds of
this invention. Such methods were described, for example, by Steward and Young (Soiid
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Phase Peptide Synthesis (Freeman and Co., San Francisco, 1969), which is
incorporated herein by reference.

Unless indicated otherwise, compounds were synthesized on polystyrene resin cross-
linked with 1 % divinylbenzene. An acid sensitive linker (Rink Linker) was coupled to the
solid support (Rink, Tetr. Lett. 28:3787 (1987); Sieber, Tetr. Lett. 28:2107 (1987), each

of which is incorporated herein by reference). All compounds were synthesized on a
semi-automated peptide synthesizer built in house. Boc-and Fmoc-protected L- and D-

amino acid derivatives were from various commercial sources like Advanced ChemTech

~(Louisville, KY 40228-9973, USA); Bachem (King of Prussia, PA 19406, USA) and
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PerSeptive Biosystems (Framingham, MA 01701, USA).

Synthesis of compounds of the formula | was carried out according to the classical
Fmoc methodology (E. Atherton and R.C. Sheppard in,, Solid Phase Peptide Synthesis:
A Practical Approach”, IRL Press, Oxford, England, 1989) using diisopropyl-carbodiimide
and benzotriazol-1-ol as activating reagents. All couplings were done in
dimethylformamide or dimethyiformamide: dichloromethane {1:1 mixture) at room
temperature for 40 min. Completion of coupling was monitored by ninhydrin test as
described by Kaiser (Kaiser et al., Anal. Biochem. 34:595 (1970)}, which is incorporated
herein by reference. A secend (double) coupling was performed where coupling in the
first instance was incomplete.
After completion of peptide assembly on the resin, the final Fmoc deprotection was
performed then followed by normal wash cycles and determination of the amount of
Fmoc group released by deprotection at 302 nm. Then the malonic acid derivatives were
similarly coupled by diisopropyl-carbodiimide/benzotriazol-1-ol procedure. The finished
resin was washed successively with dichloromethane, dimethylformamide and
dichloromethane, then dried under vacuum and used in the next step.

Solid-Phase Synthesis of Amidoxime:

The general procedure was by mixing the resin (from the step above) of the nitrile
containing substance with 20-40 equivalents of hydroxylamine hydrochloride in presence
of 1:1:1 (by volumes) mixture of friethylamine, pyridine and dimethylformamide. The
suspension was usually sonnicated for about 30 sec. and shaked at room temperature
for 12-24 hours. The completion of conversion of nitrile to amidoxime was monitored by
either FT-IR (KBr disk) [ooking for the disappearance of —-CN absorption at 2225 em™ or
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by cleavage of small sample of the resin by triflucroacetic acid: H2O (85:5) or reagent K
(see below) and determination of the molecutar weight by electrospray mass
spectroscopy. The finished resin was washed with dimethylformamide, 10 % H;O in
dimethyiformamide, ethanol, dichloromethane and dried in vacuum before its use in the
next step.

Solid-Phase Synthesis of Amidine:

Several methods were repoarted for the synthesis of amidine-containing compounds (for
review see P.J. Dunn (1995} in "Comprehensive Organic Functional Group
Transfarmations: Amidines and N-Substituted Amidines®, Vol. 5, 741-782 (edts. Alan R.

1C Katritzky, Otto Meth-Cohen & Charles W. Rees), Pergamon, N.Y., 1995). None of these
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methods were compatible with the solid-phase organic synthesis. Here we developed
the proper procedure of amidine synthesis via amidoxime precursor by reduction using
excess triethylsilane in presence of soluble catalyst (dichlorotetrakis (triphenylphosphine)
ruthenium (1), DCRu). it was found that addition of triphenylphosphine in presence of
acetic acid facilitated the reduction and enhanced the yield of amidine compounds. in a
typical experiment the dried resin was added to the reduction cocktait composed of
DCRu, triphenylphosphine, acetic acid, dimethylformamide and triethylsilane in a
stoppered reaction vessel (see example 4/5). The reduction usually will take 12-24 hours
at room temperature. Additional amount of triethylsilan was used in case of incomplete
reduction and the time of reaction was extended by 4-8 additional hours. The finished
peptidomimetic resin was washed with dimethylformamide, ethanol, dichloromethane
and suspended in reagent K (King et al., Int. J. Pept. Prot. Res. 36:255-266 (1990))
cocktail (5 mlfg peptide resin) for 180 min at room temperature. Then the cleavage
mixture was fittered in anhydrous diethyl ether and the solid precipitate was isolated by
centrifugation and dried in vacuum over solid pellets of KOH and the solid material was
dissolved in a mixture of 1.1 of 0.1 % trifluoroacetic acid in water and acetonitrile and
lyophilized. }

For purification of the compounds of fbrmula [, a sample of crude lyophilized compound
was dissolved in a mixture of 0.1 % aqueous trifluoroacetic acid containing 10 % to 50 %
acetonitrile. The compound solution usually filtered through a syringe connected to a
0.45 um nylon "ACRODISC" 13 (Gelman Sciences; Ann Arbor Mi) filter. A proper

volume of filtered peptidomimetic soiution was injected into a semi-preparative Cqs
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column (Vydac Protein and Peptide C18, 218TP1010; The Separation Group; Hesperia
CA). The flow rate of a gradient or isocratic mixture of 0.1 % trifluoroacetic acid buffer
and acetonitrile (HPLC grade) as an eluent was maintained using a Beckman "SYSTEM
GOLD" HPLC. Elution of the peptidomimetic was monitared by UV detection at 230 nm
(Beckman, System Gold, Programmable Solvent Module 126 and Programmable
Detector Module 166 controlled by "SYSTEM GOLD" software). After identifying the
peak corresponding to each diastereomer using MS, the compounds were collected,

_. lyophilized and biologically tested. MS was performed using a SCIEX API lil+

instrument. In addition, NMR was performed using a General Electric instrument (300
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MHz} or Bruker Avance DPX 300 (300 MHz). For NMR, samples typically were
measured in DMSO-d; or CDCl; (Aldrich).
Typical synthesis of individual compounds is summarized in Scheme 6 and the following

examples illustrate the experimental details.

Example 2 and 3

N-[(1-(S)-Carbamoyl-4-guanidino-butylcarbamovi)-(S)-cyclohexyl-methyl]-2-[4-(N-
hydroxycarbamimidoyl)-benzyl]-N',N'-dimethyl-malonamide trifluoroacetic acid salt,
more polar diastereomerand '
N-[(1-(S)-Carbamoyl-4-guanidino-butylcarbamoyi)-(S)-cyclohexyl-methyl]-2-[4-(N-
hydroxycarbamimidoyl)-benzyi]-N',N'-dimethyl-malonamide trifluoroacetic acid salt,

less polar diastereomer

a)f N-[(1-(8)-{Carbonyl-(Rink-resin)}-4-(bis-tert-butoxycarbonyl-guanidino)-
butylcarbamoyl)-(S)-cyclohexyl-methyl]-2-(R,S)-(4-cyano-benzyl)-N',N'-dimethyl-

malonamide

Fmoc-deprotected Rink resin (210 mg, 0.16 mmol) was coupled to 2-(Fmoc-amino)-4-
(S)-(N,N'-bis-tert-butoxycarbonyl-guanidino)-butyric acid (326 mg, 0.5 mmol, 2 eq.)
using benzotriazol-1-ol and diisopropyl-carbodiimide (2 eq. of each) as outlined in

example 1. After Fmoc-deprotection, the resin was coupled with (S)-cyclohexyl-(Fmoc-
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amino)-acetic acid (2 eq.} using the same coupling conditions. After Fmoc-
deprotection the resin was coupled with 2-(R,S)-(4-cyano-benzyl)-N,N-dimethyi-
malonamic acid (45 mg, 0.17 mmol, 1.1 eq.) using diisopropyl-
carbodiimide/benzotriazol-1-ol (1.1 eq. each) in dimethylformamide for 4 hours at room

temperature. The complietion of the reaction was confirmed by ninhydrin test. The

resin was washed with dimethylformamide, methano! and dichloromethane and dried

in vacuo for 2-3 hours.

b) N-{(1-(S)-Carbamoyl-4-guanidino-butylcarbamoyl)-(S)-cyclohexyl-methyl}-2-(R)-[4-
(N-hydroxycarbamimidoyi)-benzyl}-N',N'-dimethyl-malonamide trifluoroacetate and
N-[{1-(R)-Carbamoyl-4-guanidino-butylcarbamoyl)-(S)-cyclohexyl-methyl]-2-(8)-[4-(N- .
hydroxycarbamimidoyl)-benzyl}-N',N'-dimethyl-malonamide trifluoroacetate

The dried resin from step a was transferred into a screw-capped 20-ml vial and mixed
with hyroxylamine hydrochloride (350 mg, 5 mmoale, 25 eq.). To the reaction vial was
added a mixture of triethylamine, pyridine and dimethylformamide (1:1:1, 8 ml), the vial
capped, and sonnicated for 30 sec. The reaction was rocked at room temperature over
night. The completion of the reaction was checked as mentioned in example 1. The
finished resin was split into two portions. One portion was cleaved and processed as
outlined in example 1 to give the title compound. Analysis by MS gave M.WWt. 573.4

(cal. 573.3). The second portion. of the resin was used in example 4 and 5.

Example 4 and 5

2-(4-Carbamimidoyl-benzyl)-N-[(1-carbamoyi-4-guanidino-butylcarbamoyl)-cyclohexyi-
methyl]-N',N'-dimethyl-malonamide trifluoroacetic acid salt, diastereomeric mixtureand

less polar diastereomer
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A solution of dichlorotetrakis {triphenyiphosphine)ruthenium (1) (20 mg) and
triphenylphosphine (80 mg) in dimethylfarrmamide (1 ml) and glacial acetic acid (135
) was heated at 50°C for 10-15 minutes to give a clear brown colored solution. The
reaction vial was cooled to room temperature and the second portion of the dried resin
(100 mg) from example 2/3b was added followed by triethyisilane (1 ml). The vial was
capped under Nz and shaked at room temperature for 12 hours. Completion of
reduction to amidine was manitored by cleavage of small amount of the resin and
testing the product with HPLC/ESMS. The finished resin was washed with
dimethyiformamide, methanol, dichloromethane and processed as outlined in example
1. The lyophilized product (14 mg) was purified by HPLC and the two disterecisomers
were separated. The purified product was analyzed by ESMS cal. 560.35; found 560.

Exampile 6 and 7

2-(8)-{2-(S)-[2-(Benzyl-methyl-carbamoyl)-3-{4-carbamimidoyl-phenyl)-
propionylaminol-2-cyclohexyl-acetylamino}-5-guanidino-pentanoic acid allyl ester
trifluoroacetic acid salt, less polar diastereomer and
2-(5)-{2-(8)-[2-(Benzyl-methyl-carbamoyl)-3-(4-carbamimidoyl-phenyl}-
propionylamino]-2-cyclohexyl-acetylamiho}-S—guanidino-pentanoic acid ally! ester

trifluoroacetic acid salt, more polar diastereomer
a) N-Benzyl-2-(R,S)-(4-cyano-benzyl)-N-methyl-malonamic acid

A solution of benzyl-methylamine (120 ml, 887 mmol), bis-(trimethyisilyl}-acetamide
(118 ml, 482 mmol) and anhydrous dichloromethane (1000 ml) was heated to reflux
for 3 hours. The reaction mixture was allowed to cool to room temperature and 4-
(R,S)-(2,2-dimethyl-4,6-dioxo-{1,3]dioxan-5-yImethyl)-benzonitrile (25 g, 87 mmol) was
added portiocnwize. The reaction mixture was refluxed for further 3 hours, allowed to
cool to room temperature and poured into a cool mixture of 1700 ml 1 n hydrochloric
acid and 800 ml ethylacetate, brought to pH 4 with 8 n sodium hydroxid solution, and
extracted with ethylacetate and dichloromethane. The combined organic layers were



W0 01/62735 PCT/EPD1/01928

65

washed with brine, dried and concentrated in vacuo. The precipitated crystals were
sucked off and dried to give 25.0 g (80 %) of the desired product.
mp: 152-153°C (dc).

5 b) (S)—[2-(Benzyl-methyi—carbamoyl}~3-(R,S)—(4—cyano—phenyi)-propionyiamino]-

cyclohexyl-acetic acid methyl ester

A solution of N-benzyl-2-(R, §)-(4-cyano-benzyl)-N-methyi-malonamic acid (25.0 g, 78
- mmol), (S)-amina-cyclohexyi-acetic acid methyl ester (14.2 g, 83 mmol),

10 diisopropylethylamine (16 ml, 84 mmol), 3-hydroxy-3H-benzo[d][1,2,3]triazin-4-one
(3.2 g, 20 mmol), and dimethylformamide (520 ml) was cooled to 10°C. A solution of
dicyclohexyi-carbodiimide (18.7 g, 91 mmol) in toluene (30 ml) was added dropwize
and the reaction mixture stood over night. The precipitated urea was sucked off, the
filtrate was evaporated in vacuo, solved in ethylacetate, washed with saturated sodium

15 hydrogen carbonate solution and brine, dried, and evaporated in vacuo. Crystallization
from n-heptanefiscpropanol gave 6.3 g (17 %) of the desired product. mp: 118-120°C.
The filtrate was evaporated and purified by column chromatography on silica gel with
n-heptane/ethyl acetate = 10/1 as eluent. Combined fractions gave 6.1 g (17 %) of the
desired product. mp: 120-121°C.

20
c) {2-(Benzyl-methyl-carbamoyl}-3-(R,S)-[4-(N-hydroxycarbamimidoyl}-phenylj-
propionylamina}-(S)-cyclohexyl-acetic acid methyl ester

A suspension of [2-(benzyl-methyl-carbamoyt)-3-(R,S)-(4-cyano-phenyl)-

25 propionylamino]-(S)-gyclohexyt-acetic acid methyl ester (12.0 g, 26 mmol) and
hydroxylamine (4.3 g, 130 mmol)} in ethano! (150 ml) was heated to reflux for 4 hours. |
The reaction mixture was cooled to room temperature, evaporated in vacuo, solved in |
ethanol and poured in ice-water. The precipitate was collected by suction and dried at
60°C in vacuo to give 11.6 g (90 %) of the desired product.

30 mp: 135-138°C, MS: 509 (M+H),



WO 01/62735 PCT/EP01/01928

66

d) [2-(Benzyl-methyi-carbamoyi)-3-(R,S)-(4-carbamimidoyl-phenyl}-propionylaminoc)-

(S)-cyclohexyl-acetic acid methyl ester

{2-(Benzyl-methyl-carbamaoyl)-3-(R, S)-[4-(N-hydroxycarbamimidoyi)-phenyl}- -

5 propionylamino}-(S)-cyclohexyl-acetic acid methyl ester (11.0 g, 22 mmo!) was
hydrogenated in acetic acid with palladium/charcoal to give 9.2 g (77 %) of the desired
product which was used without further purification in the next step.
mp: 123-124°C, MS: 493 (M+H)

10 e) [2-(Benzyl-methyl-carbamoyl)-3-(R,S)-(4-carbamimidoyl-phenyl)-propionylamino]-

(8)-cyclohexyl-acetic acid triflucroacetic acid salt

The above [2-(benzyl-methyl-carbamoyi)-3-(R,S)-(4-carbamimidoyl-phenyli)-
propionylamino]-(S)-cyclohexyl-acetic acid methyl ester (9.2 g, 19 mmol) was
15 suspended in acetonitrile (350 ml), water/concentrated hydrochloric acid (1/1, 500 mi)
was added and the reaction mixture was stirred at room temperature, After 4 days the
reaction mixture was evapagrated, water was added and the mixture was lyophilized.
The product was purified by column chromatography on silica gel with
dichloromethane/methanol/trifiuoroacetic acid = 15/1/0.5 to 4/1/0.5. Collected fractions
20 gave 8.2 g (74 %) of the desired product.
MS: 479 (M+H).

f) 2-(8)-{2-(S)-[2-(Benzyl-methyl-carbamoyl)-3-(4-carbamimidoyl-phenyl)-
propicnylaminal-2-cyclohexyl-acetylamino}-5-guanidino-pentancic acid allyl ester
25 triflucroacetic acid salt, less polar diastereomer.and
2-(8)-{2-(S)-[2-(Benzyl-methyl-carbamoyl)-3-(4-carbamimidoyl-phenyl)-
propionylaminol}-2-cyclohexyl-acetylamino}-5-guanidino-pentancic acid allyl ester

trifluoroacetic acid salt, more polar diastereomer

30 To a solutton of [2-(benzyl-methyi-carbamoyl)-3-(R,S)-{4-carbamimidoyl-phenyl)-
oropionylamino]-(S)-cyclohexyl-acetic acid triﬂuoroagetic acid salt (2.9 g, 4.9 mmol} in
dimethylformamide (350 ml) were added collidin (2.4 g, 19.6 mmol) and HATU (2.1 g,
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5.4 mmal) at 0°C. The reaction mixture was stirred at this temperature for 30 minutes,
then (8)-2-amino-5-guaniding-pentanoic acid allyt ester (1.2 g, 4.9 mmol) was added.
The reaction mixture was allowed to warm up to room temperature and stood for 60
hours. The solvent was evaporated in vacuo and the residue was purified by MPLC on
5 RP;s material using water/ethanolftrifluoroacetic acid (9/1/0.1 to 5/5/0.1) as eluent to
give 1.0 g (23 %) of the more polar diastereomer and 584 mg (13 %) of the less polar
diastereomer. Both fractions showed the correct MS spectrum.The following

compounds were prepared using the procedures described above:

| Expl. [Name IMS | Method
8 N-Benzyl-2-(4-carbamimidoyl-benzyl)-N'-[{S)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl}-cyclohexyl- phase

methyl]l-malonamide trifluoroacetic acid salt, more
polar diastereomer

9 N-Benzyl-2-(4-carbamimidoyl-benzyh)-N'-[(S)-(1-(S)- ok solid
carbamoyi-4-guanidino-butylcarbamoyl)-cyclohexyl- | phase

methyl]-malonamide ftrifiuoroacetic acid salt, less
polar diastereomer o
10 2-[3-(4-Carbamimidoyl-phenyl)-2-dimethylcarbamoyl- | ok solid

propionylj-1,2,3,4-tetrahydro-isoquinoline-3-(S)- ‘phase

carboxylic acid (1-(S)-carbamoyl-4-guanidino-butyl)-
amide trifluoroacetic acid salt

11 2-(4-Carbamimidoyl-henzy)-N-[1-(S)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamayl)-2-phenyi- phase

ethyf]-N'-methyl-malanamide trifluoroacetic acid salt
12 N-Allyl-2-(4-carbamimidoyl-benzyi)-N'-[1-(5)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-2- phenyl- phase

ethyl}-malonamide trifluoroacetic acid salt

13 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- ok. solid
carbamoyl-4-guanidino-butylcarbamoyl)-2-phenyl- phase

ethyl]-N'-phenyl-malonamide trifluoroacetic acid sait

14 N-Benzyl-N-[(S)-(1-(S)-carbamoyl-4-guanidinc- ok solid
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butylcarbamaoyl)-cyclohexyl-methyl]-2-[4-(N- phase
hydroxycarbamimidoyl)-benzyl]-malonamide
trifluoroacetic acid salt

15 N-[2-(4-Amino-phenyl)-1-(S)-(1-(S)-carbamoyl-4- ok solid
guanidino-butylcarbamoyl)-ethyl]-2-(4-carbamimidoyl- phase
benzyl)-N'-methyl-malonamide triflucroacetic acid salt

16 N-{2-(4-Amino-phenyl}-1-(S)-(1-(S)-carbamoyi-4- ok solid
guanidino-butylcarbamoyl)-ethyl}-2-(4-carbamimidoyl- phase
benzyl)-N',N'-dimethyl-malonamide trifluoroacetic
acid salt

17 N-Allyl-N'-[2-(4-amino-phenyl)-1-(S)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-ethyi]-2-(4- phase
carbamimidoyl-benzyl)-malonamide trifluorcacetic
acid salt o

18 N-[2-(4-Amino-phenyl)-1-(S)-(1-(S)-carbamoyl-4- ok solid
guanidino-butylcarbamoyl)-ethyi]-2-{(4-carbamimidoyl- phase
benzyl)-N'-phenyl-matonamide

19 2-(4-Carbamimidoyl-benzy)-N-[1-(S)-{1-(S)- ok solid
carbarnoyl-4-guanidino-butylcarbamoyl)-2-methyl- phase
buty!]-N,N'-dimethyl-malonamide

20 N-Ailyl-2-(4-carbamimidoyl-benzyl)-N'-[1-(S)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-2-methyl- phase
butyl}-N'-methyl-malonamide trifiuoroacetic acid salt R

21 2-(4-Carbamimidoyl-benzy!)-N-1-{S)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-2-methyl- phase
butyl]-N-methyl-N'-phenyl-malonamide trifluoroacetic
acid salt

22 2-(4-Carbamimidayl-benzyl)-N-[1-(8)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-2-phenyl- phase
ethyt]-N,N'-dimethyl-malonamide trifluoroacetic acid
salt

23 N-Allyl-2-(4-carbamimidoyl-benzyl)-N'-[1-(S}-(1-(S)- ok solid
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carbamoyl-4-guanidino-butylcarbamoyl)-2-phenyl-

ethyl]-N'-methyl-malonamide trifluoroacetic acid salt

phase

24 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-{1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyf)-2-phenyl- phase
ethyl}-N-methyl-N'-phenyl-malonamide trifluoroacetic
acid salt

25 2-(8)-[3-(4-Carbamimidoyl-phenyl)-2- B ok solid
methylcarhamoyl-propionyll-1,2,3,4-tetrahydre- phase
isoquinoline-3-carboxylic acid (1-(S)-carbamoyi-4-
guanidinlo—butyi)-amide trifluoroacetic acid salt

26 2-(8)-12-Allylcarbamoyi-3-(4-carbamimidoyl-phenyl)- ok sofid
propionyi]-1,2,3,4-tetrahydro-isoquinoiine-3- phase
carboxylic-acid (1-(S)-carbamoyl-4-guanidino-butyl)-
amide triflucroacetic acid salt

27 2-(S)-[3-(4-Carbamimidoyl-phenyf)-2- ok solid
phenylcarbamoyl-propionyl]-1,2,3,4-tetrahydro- phase
isoquineline-3-carboxylic acid {(1-(S)-carbamoyl-4-
guanidino-butyl)-amide trifluoroacetic acid sait

28 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-{1-(S)- ok solid
carhamoyl-4-guanidino-butylcarbamoyl)-pentyl}-N'- phase
methyl-malonamide trifluoroacetic acid salt B

29 N-Allyl-2-(4-carbamimidoyl-benzyl)-N'-[1-(S)-(1-(5)- I ok solid
carbamoyl-4-guanidino-butylcarbamoyl}-pentyl}- - phase
malonamide trifluoroaciic acid salt

30 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- ok solid
carbamoyl-4-guanidino-butyicarbamoyl)-pentyl]-N'- phase
phenyl-malonamide trifluoreactic acid salt |

31 4-(8)-{3-(4-Carbamimidoyl-phenyl)-2- ok salid
methy[carbamoyl—prclapionylamino]~4-( 1-(8)- | phase
carbamoyt-4-guanidino-butylcarbamoyl)-butyric acid
trifluoroactic acid salt

32 4-(S)-[3-(4-Carbamimidoyl-phenyi)-2- ok solid
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dimethylcarbamoyl-propionylaminoj-4-(1-(S)- phase |
carbamoyl-4-guanidino-butylcarbamoyl)-butyric acid |

33 4-(5)-{2-Allylcarbamoyi-3-(4-carbamimidoyl-phenyl)- | ok solid
propionylaming]-4-(1-(S)-carbamayl-4-guanidino- phase
butylcarbamoyl)-butyric acid trifluoroacetic acid sait

34 4-(S)}-{3-(4-Carbamimidoyl-phenyl)-2- ok solid
phenylcarbamoyl-propionylaminol-4-(1-(S)- phase
carbamoyl-4-guanidine-butylcarbamoyl)-butyric acid

35 2-{(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamovi)-2- phase
naphthalen-2-yi-ethyl]-N"-methyl-malonamide
trifluoroacetic acid salt

36 2-(4-Carbamimidoyl-benzyl)-N-[1-(S}-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamaoyl}-2- phase
naphthalen-2-yl-ethyf]-N',N'-dimethyl-malonamide
trifluoroacetic acid salt

37 N-Allyl-2-(4-carbamimidoyl-benzyl)-N'-[1-(8)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-2- phase
naphthalen-2-yl-ethyl}-malonamide trifluoroacetic
acid salt

38 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-2- phase
naphthalen-2-yl-ethyl}-N'-phenyl-malonamide
trifluoroacetic acid

P 39 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- ok solid

carbamoyl-4-guanidino-butylcarbamoyl)-3-phenyl- phase
propyl]-N-methyl-malonamide trifluorcacetic acid salt

40 2-{(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- ok solid
carbamoyl-4-guanidinc-butylcarbamoyi)-3-phenyi- phase
propyl]-N',N'-dimethyl-malonamide trifluoroacetic acid
salt

41 N-Allyl-2-{4-carbamimidoyl-benzyh)-N'-[1-(S)-(1-(S)- ok solid
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carbamaoyl-4-guanidino-butyl)-succinamic acid

trifluoroacetic acid sait

71
carbamoyl-4-guanidino-butylcarbamoyi)-3-phenyl- phase
propyl]-malonamide trifluoroacetic acid sait

42 2-(4-Carbamimidoyl-benzyl)-N-[1-(8)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-3-pheny!- phase
propyl}-N'-phenyl-malonamide trifluroacetic acid salt

43 N-[4-Amino-1-(8)-(1-(8)-carbamoyl-4-guanidino- ok solid
butylcarbamoyl)-butyl}-2-(4-carbamimidoyl-benzyl)- phase
N'-methyl-malonamide triflucroacetic acid salt

44 N-[4-Amino-1-(8)-(1-(8)-carbamoyl-4-guanidino- ok solid
butylcarbamoyl)-butyl]-2-(4-carbamimidoyl-benzyl)- phase
N',N'-dimethyl-malonamide trifluoroacetic acid salt

45 N-Alyl-N'-[4-amino-1-(S)-(1-(S)-carbamoyl-4- ok solid
guanidino-butylcarbamoyl)-butyl}-2-(4-carbamimidoyi- phase

, benzyi)-malonamide trifluoroacetic acid salt

ET 46 N-[4-Amino-1-(S)-(1-(S)-carbamoyl-4-guanidino- ok [ solid w

: butylcarbamoyl)-butyl]-2-(4-carbamimidoyl-benzyl)- phase

! N'-phenyl-malonamide trifluoroacetic acid salt E

| 47 3-(S)-[3-(4-Carbamimidoyl-phenyl)-2- ok solid
methylcarbamoyi-propionylamino]-N-(1-(S})- , phase
carbamoyl-4-guanidino-butyl)-succinamic acid .
trifluoroacetic acid salt '

48 3-(8)-[3-(4-Carbamimidoyl-pheny!)-2- ok solid
dimethylcarbamoyl-propionylamino]-N-(1-(S)- phase
carbamoyl-4-guanidino-butyl)-succinamic acid .
trifluoroacetic acid satt !

49 3-(S)-[2-Allylcarbamoyl-3-(4-carbamimidoyl-phenyl)- i—oﬁkﬁ solid
propionylaminol-N-(1-(S)-carbamoyl-4-guanidino- phase
butyl)-succinamic acid triflucrcacetic acid salt l

50 3-(S)-[3-(4-Carbamimidoyl-phenyl)-2- ! ok | solid
phenylcarbamoyl-propionylamino]-N-(1-(S)- ‘ phase
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51 2-(4-Carbamimidoyl-benzyl}-N-[1-(S)-(1-(S)- ok solid

carbamoyl-4-guanidino-butylcarbamoy!)-2-hydroxy- phase
i ethyl]-N'-methyl-malonamide triflucroacetic acid salt

52 2-(4-Carbamimidoyl-benzyl)-N-[1-(8)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-2-hydroxy- phase
ethyi]-N',N'-dimethyl-malonamide triflucroacetic acid
salt

53 N-Allyi-2-(4-carbarmimidoyl-benzyl)-N'-[1-(S)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl}-2-hydroxy- phase
ethyl]-malonamide trifluoroacetic acid sait

54 2-(4-Carbamimidoyl-benzyl)-N-[1-(8)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-2-hydroxy- phase
ethyl]-N'-phenyl-malonamide trifluoroacetic acid salt

55 2-(4-Carbamimidoyl-benzyl)-N-{(S)-(1-(S)-carbamoyl- | ok solid
4-guanidino-butylcarbamoyl)-phenyl-methyl]-N'- phase
methyl-malonamide trifluoroacetic acid sait

56 2-(4-Carbamimidoyl-benzyl)-N-[(S)-(1-(S)-carbamoyl- | ok solid
4-guanidino-butylcarbamoyl)-phenyl-methyl}- N',N'- phase
dimethyl-malonamide trifluocroacetic acid salt

57 N-Allyl-2-(4-carbamimidoyl-benzyl)-N'-[(5)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)- phenyl- phase
methyl]-malonamide frifluoroacetic acid salt

58 2-(4-Carbamimidoyl-benzyl)-N-[(S)-(1-(5)-carbamoyl- | ok solid
4-guanidino-butylcarbamoyl)-phenyl-methyl]- N'- phase
phenyl-malonamide triflucroacetic acid salt

59 N-{2-Benzyloxy-1-(S)-(1-(S)-carbamoy!-4-guanidinc- ok solid
butylcarbamoyl)-ethyl}-2-(4-carbamimidoyl-benzyl)- phase
N'-methyl-malonamide trifluoroacetic acid salt

60 N-[2-Benzyloxy-1-(3)-(1-(S)-carbamoyl-4-guanidino- | ok | soid
butylcarbamoyl}-ethyl]-2-(4-carbamimidoyl-benzyl)- | phase
N',N'-dimethyl-malonamide trifluoroacetic acid salt

61 N-Allyl-N'-{2-benzyloxy-1-(S)-(1-(S)-carbamoyl-4- ok solid
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guanidino-butylcarbamoyl)-ethyl]-2-(4-carbamimidoyl- | phase
benzyl)-malonamide trifluoroacetic acid salt

62 N-[2-Benzyloxy-1-(S)-(1-(S)-carbamoyl-4-guanidinc- ok solid
butylcarbamoyl)-ethyl]-2-(4-carbamimidoyl-benzyl)- phase
N'-phenyl-malonamide triflucroacetic acid sailt

63 [5-(S)~[3-(4-Carbamimidoyl-phenyl)-2- ok solid
ethylcarbamoyl-propionylamino]-5-(1-(S)-carbamoyl- phase
4-guanidino-butylcarbamoyl)-pentyl]-carbamic acid
benzyl ester -

B4 [5-(S)-[3-(4-Carbamimidoyl-pheny!)-2- ok solid
imethylcarbamoyl-propionylamino]-5-(1-(S)- phase
carbamoyl-4-guanidino-butylcarbamoyl)-pentyl]-
carbamic acid benzyl ester

65 [6-(S)-[2-Allylcarbamoyl-3-(4-carbamimidoyl-pheny!)- | ok solid
propionylamino}-5-(1-(S)-carbamoyi-4-guanidino- phase
butylcarbamoyl)-pentyl]-carbamic acid benzyl ester

66 [5-(S)-[3-(4-Carbamimidoyl-phenyl)-2- ok solid
phenylcarbamoyl-propionylamino]-5-(1-(5)- phase
carbamoyl-4-guanidino-butylcarbamoyl)-pentyl]-
carbamic acid benzyl ester

67 2-{(4-Carbamimidoy!-benzyl)-N-[1-(S)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-pentyl]-N',N'- phase
dimethyl-malonamide triflucroacetic acid salt, more
polar diastereomer

68 2-{4-Carbamimidoyl-benzyl)-N-{1-(S)-(1-(S})- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-pentyl}-N',N'- phase
dimethyl-malonamide trifluoroacetic acid salt, less
polar diastereomer

69 4-(S)-[3-(4-Carbamimidoyl-phenyl)-2- ak solid
dimethylcarbamoyl-prapionylamino]-4-[1-(S)-(1-(S)- phase

carbamoyl-2-cyclohexyl-ethylcarbamoyl}-4-guanidino-

butylcarbamoayll-butyric acid trifiucroacetic acid salt
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70 4-(S)-[3-(4-Carbamimidoyl-phenyl)-2- ok solid
methylcarbamoyl-propionylaminol-4-{1-(S)-(1-(S)- phase
carbamoyl-2-cyclohexyl-ethylcarbamoyl)-4-guanidino-
butylcarbamoyl]-butyric acid trifluoroacetic acid salt

71 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- ok salid
carbamoyl-4-guanidino-butylcarbamoyl)-pentyl]-N',N'- phase
dimethyl-malonamide trifluoroacetic acid salt
trifluoroacetic acid salt

72 2-(8){2-(R)-[3-(4-Carbamimidoyl-phenyl)-2- ok solid
dimethy[carbamoyl-propionylamino]-héxanoylamino}- phase
5-guanidino-pentanoic acid trifluoroacetic acid salt

73 2-(S)-{2-(R)-[3-(4-Carbamimidoyl-phenyl)-2- ok solid
methylcarbamoyl-propionylaminal-hexanoylamino}-5- phase
guanidino-pentanoic acid trifluoroacetic acid salt

74 2-(8)-{2-(R)-[2-Benzylcarbamoyl-3-(4-carbamimidoyl- | ok solid
phenyl)-propionylamino]-hexanoylamino}-5- phase
guanidino-pentancic acid triflucrcacetic acid salt

75 2-(4-Carbamimidoyl-benzyl)-N-{1-(S){1-(S)- ok solid
carbamoyl-2-{(4-hydroxy-phenyl)-ethylcarbamoyl}- phase
pentyl}-N',N'-dimethyl-malocnamide triflucroacetic acid
salt

76 2-(3-Carbamimidoyl-benzyl)-N-{1-(S)-[1-(S)- ok solid
carbamoyl-2-(4-hydroxy-phenyl)-ethylcarbamoyl]- phase
pentyl}-N',N'-dimethyl-malonamide trifluoroacetic acid
salt |

77 2-(S)-{2-(S)-[3-(4-Carbamimidoyl-phenyl)-2- ok solid
dimethylcarbamoyl-propionylamino}-hexanoylamino}- phase
5-guanidino-pentanoic acid trifluoroacetic acid salt

78 2-(8)-{2-(5)-[3-(4-Carbamimidoyl-phenyi)-2- ok solid
methylcarbamoyi-propionylamino]-hexanoylamino}-5- phase
guanidino-pentanoic acid triflucroacetic acid salt

79 2-(S)-{2-(S)-[2-Benzylcarbamoyl-3-(4-carbamimidoyi- solid

GkJ
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r phenyl)-propionylamine]-hexanoylamino}-5- phase

guanidino-pentanocic acid triflucroacetic acid salt

80 2-(8)~{2-(8)-[3-(4-Carbamimidoyl-phenyl)-2- ok solid
dimethylcarbamoyl-propionylamino]-2-cyclohexyl- phase
acetylamino}-5-guanidino-pentancic acid; compound
with trifluoro-acetic acid trifluoroacetic acid salt

81 IE_S—)~{2-(S)—[3-(4-Carbamimidoyl-phenyl)-2- ok solid
methylcarbamoyl-propionylaminoc]-2-cyclohexyl- phase
acetylamino}-5-guanidino-pentanoic acid
trifluoroacetic acid sait

82 2-(8)-{2-(5)-[2-Benzylcarbamoyl-3-(4-carbamimidoyl- | ok solid
phenyl)-propionytamino]-2-cyclohexyl-acetylamino}-5- phase
guanidino-pentancic acid triflucroacetic acid salt

83 2-(S)~{2-(S){3-(4-Carbamimidoyl-phenyl}-2- ok solid
dimethylcarbamoy!-propionylamino]-3-cyclohexyl- phase
propionylamino}-5-guanidino-pentanoic acid
triflucroacetic acid sait

84 2-(8)-{2-(S)-[3-(4-Carbamimidoyl-phenyl)-2- ak solid
methylcarbamaoyl-propionylaminol-3-cyclohexyl- phase
propionylamino}-5-guanidino-pentanoic acid
trifluoroacetic acid salt

85 2-(S)-{2-(S)-[2-Benzylcarhamayl-3-(4-carbamimidayi- | ok solid
phenyl)-prapionylamine]-3-cyclohexyl- phase
propionylamino}-5-guanidino-pentanoic acid
triﬁuoroacetic acid salt

86 2-(4-Carbamimidoyl-benzyl)-N-{1-(R)-(1-(R)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-2-cyclohexyl- phase
ethyi}-N',N'-dimethyl-malonamide trifluoroacetic acid
salt

37 2-(3-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl-pentyl]-N',N'- phase

dimethyl-malonamide trifluoroacetic acid salt
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88 4-(S)-[3-(4-Carbamimidoyl-ghenyl)-2- ok solid
phenylcarbamoyl-propionylaminoj-4-[1-(S)-(1-(S)- phase
carbamoyl-2-cyclohexyl-ethylcarbamoyl)-4-guanidino-
butylcarbamoyl]-butyric acid trifluoroacetic acid sait

8a 4-(S)-[2-Allylcarbamoyl-3-(4-carbamimidoyl-phenyi)- ok solid
propionylamino]-4-[1-(S)-(1-(S)-carbamoyl-2- | phase
cyclohexyl-ethylcarbamoyl)-4-guanidino-
butylcarbamoyl}-butyric acid trifluoroacetic acid salt

80 2-{(4-Carbamimidoyl-benzyl)-N-{(S)«(2-carbamimidoy!l- | ok solid
1-(S)-carbamoyl-ethyicarbamoyl)-cyclohexyi-methyl]- phase
N',N'-dimethyl-malonamide trifluoroacetic acid salt,
mare paolar diasterecmer |

91 2-(4-Carbamimidoyl-benzyl)-N-{(S)-(2-carbamimidoyl- | ok solid
1-(S)-carbamoyt-ethylcarbamoyl)-cyclohexyl-methyl}- W phase
N',N'-dimethyl-malonamide trifluoroacetic acid salt,
less polar diastereomer

92 2-(4-Carbamimidoyl-benzyi)-N-{1-(S}-[(3- ok solid
carbamimidoyl-benzyl)-carbamoylmethyl-carbamoyi]- phase
pentyl}-N' N'-dimethyl-malonamide trifluoroacetic acid
salt

93 2-(4-Carbamimidoyi-benzyl)-N-({S)-{1-(S)-[1-(S)-(2- ok solid
(S)-carbamoyl-pyrrolidine-1-carbonyl)-3-methyl- phase
butylcarbamoyl}-4-guanidino-butylcarbamoyi}-
cyclbhexy!-methy!)-N',N'—diisopropyl-malonamide
triffuoroacetic acid salt, less polar diastereomer i

94 3-{2-(3)-{2-(S)-[3-(4-Carbamimidoyl-phenyl)-2- ok solid
diisopropylcarbamayl-propianylaminol-2-cyclohexyl- phase
acetylamino}-2-[1-(8)-(2-(8)-carbamoyl-pyrrolidine-1-
carbonyl)-3-methyl-butylcarbamoyl]-ethyl}-1- methyi-
pyridinium trifluoro-acetate trifluoroacetic acid, more
polar diastereomer

95 [3-{2-(S)42-(S)-[3-(4-Carbamimidoyl-phenyl)-2- B ok solid
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diisopropylcarbamoylapropionylamino]—Z-cyc[oHexyla

acetylamino}-2-[1-(8)~(2-(S)-carbamoyl-pyrrolidine-1-
carbonyl)-3-methyl-butylcarbamoyl]-ethyi}-1- methyl-
pyridinium trifluoro-acetate trifluoroacetic acid, less

polar diastereomer

phase

(96

2-(4-Amino-benzyl)-N-((S)-{1-(S)-[1-(S)-(2-(S)-
carbamoyl-pyrrolidine-1-carbonyl)-3-methyi-
butylcarbamoyl}-4-guanidino-butylcarbamoyl}-
cyclohexyl-methyl)-N',N'-diisopropyl-malonamide

triflucroacetic acid salt, more polar diastereomer

g ———

ok

solid

phase

97

898

2-(4-Amino-benzyl}-N-((S)-{1-(S)-[1-(S)-(2-(S)-
carbamayl-pyrrolidine-1-carbonyl)-3-methyl-
butylcarbamayl]-4-guanidina-butylcarbamoyi}-

cyclohexyl-methyl)-N' N'-diisepropyl-malonamide

ok

solid

phase

| 2-(4-Carbamimidoyl-benzyl)-N-{(S)-{1-(S)-{1-(S)-(2-
(S)-carbamoyl-pyrrolidine-1-carbonyl)- 3-methyl-
butylcarbamoyl]-4-guanidino-butylcarbamoyi}-
cyclohexyl-methyl)-N' N'-diisobutyl-malonamide

trifluoroacetic acid salt, more polar diasteromer

k

o

solid

phase

99

trifluoroacetic acid salt, less polar diastereomer J
2- (4~Carbam|mzdoyl benzyl)-N-((S)-{1-(S)-[1-(S)-(2- i
(S)-carbamayl-pyrrolidine-1-carbony!)-3-methyl-
butylcarbamoyl]-4-guanidino-butylcarbamoyl}-

cyclohexyl-methyl)-N'N'-diisobutyl-malonamide

trifluoroacetic acid salt, less polar diasteromer

ok

solid
phase

100

N-[(S)-(1-(S)-Carbamoyl-4-guanidino-
butylcarbamoyl)-cyclohexyl-methyl]-2-(4-
dimethylaminc-naphthalen-2-ylmethyl)-N',N'-
diisopropyl-malonamide triflucroacetic acid salt, more

polar diastereomer

ok

solid

phase

[ 101

butylcarbamoyl)-cyclohexyl-methyl]-2-(4-
v :

N-[(8)-{1-(S)-Carbamoyl-4-guanidino-

ok

solid

phase




WO 01/62735

PCT/EP01/01928

78

diméthylamino—naphthalen—Z-ylmethyl)-N',N'ﬂ
diisopropyl-malonamide trifluoroacetic acid salt, less

polar diastereomer

A1

[

102 N-{(S)-(1-(S)-Carbamoyl-4-guanidino- ok solid
butyicar‘oam6yl)-cyclohexyi~methyl]-2-[4~(N- phase
hydroxycarbamimidoyl)-benzyl}-N' N'-dimethyl-
malonamide trifluoroacetic acid salt, more polar
diastereomer

103 N-[(S)-(1-(S)-Carbamoyi-4-guanidino- ok solid
butylcarbamoyl)-cyclohexyl-methyl]-2-[4-(N- phase
hydroxycarbamimidoyl)-benzyl]-N',N'-dimethyl-
malonamide {riflucroacetic acid salt, less polar
diastereomer

104 2-(4-Carbamimidoyl-benzyl}-N-[(S)- ok solid
(carbamoylmethyl-pyridin-4-yimethyl-carbamayl)- phase
cycldhexyl-methyl]—N',N'-dimethyi-ma!onamide
trifluoroacetic acid salt, more polar diastereomer

105 2-(4-Carbamimidoyl-benzy!)-N-{(S})- ok class.
{carbamoylmethyl-pyridin-4-yimethyl-carbamoyl)- Synth.
cyclohexyl-methyl]-N',N'-dimethyl-malonamide
trifluoroacetic acid salt, less polar diasiereomer

108 N-{(S)-[{4-Aminc-butyl)-carbamoylmethyl-carbamoyl]- | ok solid
cyclohexyi-methyif}-2-(4-carbamimidoyl-benzyl)-N',N'- phase
dimethyl-majonamide trifluoracetic acid salt, more
polar diastereomer

107 ' N-{(S)-[(4-Amino-butyl)-carbamoylmethyl-carbamoyl}- | ok class.
cyclohexyl-methyl}-2-(4-carbamimidoyl-benzyi)-N' N'- Synth.
dimethyl-malonamide frifluoracetic acid salt, less
polar diastereomer |

108 2-(4-Carbamimidoyl~ben;7_;yl)—N—[1 -(S)-(1-(S)- ok class.
carbamoyl-4-guanidino-butylcarbamoyi)-2-phenyl- Synth.

ethyl]-N' N'-dimethyl-maionamide triflucroacetic acid




WO $1/62735 PCT/EP01/01928
79
salt, less polar diastereomer [

109 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- ok class.
carbamoyl-4-guanidinc-butylcarbamoyi)-2-phenyl- Synth.
ethyl]-N',N'-dimethyl-malonamide trifluoroacetic acid
salt, more polar diastereomer

110 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- ok class.
carbamoyl-4-guanidino-butylcarbamoyl)-2- Synth.
naphthalen-1-yl-ethyl]-N' N'-dimethyl-malonamide
trifluoroacetic acid salt

11 | 2-(a-Carbamimidoyl-benzy)-N11-8)-(1-(5)- ok | soid
carbamoyl-4-guanidino-butylca rbamoyl)-2—methfﬂ~ - phase
butyl]-N,N'N'-trimethyl-malonamide trifluoroacetic
acid salt

112 2-(4-Carbamimidoyi-benzyl)-N-{1-(S)-(1-(S)- ok solid
carbamoyi-4-guanidino-butylcarbamoyl)-2-phenyl- phase
ethyl]-N,N',N'-trimethyl-malonamide trifluoroacetic
acid sait

113 2-(8)-[3-(4-Carbamimidoyi-phenyl)-2- ok solid
dimethyicarbamoyl-propionyl]-1,2,3,4-tetrahydro- phase
isoguinoline-3-carboxylic acid (1-(S)-carbamoyl-4-
guanidino-butyl)-amide trifluoroacetic acid salt

114 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-pentyl]- phase
N',N'-dimethyl-malonamide trifluoroacetic acid salt

115 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- ok solid
carbamoyi-4-guanidino-butylcarbamoyl)-2,2-dimethyl- phase
propyl]-N'-methyl-malonamide frifluoroacetic acid salt

116 2~-(4-Carbamimidoyl-benzy)}-N-[1-(8)-(1-(S)- ok solid
carbamoyi-4-guanidino-butylcarbamoyl)-2,2-dimethyl- phase
propyl]-N',N'-dimethyl-malonamide trifluoroacetic acid
salt

7 N-Allyl-2-(4-carbamimideyl-benzyl}-N'-{1-(S)-(1-(S)- ok solid
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carbamoyl-4-guanidino-butylcarbamoyl)-2,2-dimethyl- | phase
propyll-malonamide triflucroacetic acid sait %

118 2-(4-Carbamimidoyl-benzyl)-N-[1-(8)-(1-(S)- i ok solid
carbamoyl-4-guanidino-butylcarbamoyl()-2,2-dimethyi- phase
propyl]-N-phenyi-malonamide trifluoroacetic acid sait

119 2-(4-Carbamimidoyi-benzyl)-N-[(S)-(1-(S)-carbamayl- { ok solid
4-guanidino-butylcarbamoyl}-cyclohexyl-methyl]-N'- g phase
methyl-malonamide trifluoroacetic acid salt ; l

120 N-Allyl-2-(4-carbamimidoyl-benzyl)-N'-[(S)~(1-(S)- ok solid
carbamoyl-4-guanidino-butylcarbamoyi)-cyclohexyi- phase
methyl]-malenamide triflucroacetic acid salf

121 2-(4-Carbamimidoyl-benzyl)-N-[(S)-(1-(S)-carbamayl- | ok solid
4-guanidino-butylcarbamoyl)-cyclohexyl-methyl}-N'- phase
phenyl-malonamide trifluoroacetic acid salt

122 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- } ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-2-cyciohexyl- phase
ethyl]-N"-methyl-malonamide trifluoroacetic acid sal

123 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S})- ok solid
carbamoyi-4-guanidino-butylcarbamoyl}-2-cyclohexyl- phase
ethyl]-N',N'-dimethyl-malonamide trifluoroacetic acid
salt

124 N-Allyl-2-(4-carbamimidoyl-benzyl)}-N'-[1-(5)-{1-(S)- ok solid
carbamoyl-4-guanidino-butyicarbamoyl)-2-cyclohexyl- phase
ethyll-malonamide trifiucroacetic acid salt |

125 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)}-(1-(S)- 5 ok solid
carbamoy1-4-guanidino—butyl.cafbamoyl)-2-cyciohexy|— phase
ethyl]-N-phenyl-malonamide trifluoroacetic acid salt

126 2-(4-Carbamimidoyl-benzyl)-N-[1-(8)-(1-(S)- | ok solid
carbamoyl-4-guanidino-butylcarbamoyt)-2-phenyi- phase
ethyl]-N'-methyl-malonamide trifluoroacetic acid salt

127 N-Allyl-2-(4-carbamimidoyl-benzyl}-N'-[1-(8)-(1-(8)- ok solid
carbamoyl-4-guanidino-butylcarbamoyl)-2- phenyl- phase




ethyl]-N'-phenyl-malonamide trifluoroacetic acid salt
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p ethyi-malonamide trifluoroacetic acid salt
128 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(S)- ok solid
carbamoyl~4-guanidino-butyicarbamoy[)QZ—phenyL o phase

129 N-Benzyl-N'-[(8)-(1-(S)-carbamoyl-4-guanidino- ok solid
butylcarbamovyl)-cyclohexyl-methyl]-2-[4-(N- phase
hydroxycarbamimidoyl)-benzyll-malonamide
trifluoroacetic acid salt, more polar diastereomer

130 N-Benzyl-N-[(S)-(1-(5)-carbamoyl-4-guanidino- ok solid
butylcarbamoyl)-cyclohexyl-methyl}-2-[4-(N- phase
hydroxycarbamimidoyl)-benzyi}-malonamide
triflucroacetic acid salt, less polar diastereomer

131 2-(8)-{2-(S)-[3-(4-Carbamimidoyl-phenyl)-2- ak class.
dimethy!carbamoyl—pmpionylamino]-z-c:ydohexyl- Synth.
acetylamina}-5-guanidino-pentancic acid ethyl ester
hydrochlaric acid salt

132 (S)-{2-Benzylcarbamoyl-3-(4-carbamimidoyl-phenyl)- | ok class.
propionylaminol-cyclohexyl-acetic acid, less polar Synth.
diasterecmer

133 (S)-[2-Benzylcarbamoyl-3-(4-carbamimidoyl-phenyl)- | ok class.
propionylamino]-cyclohexyl-acetic acid, more polar Synth.
diastereomer

134 2-{2-{3-(4-Carbamimidoyi-phenyl)-2- ok class.
dimethylcarbamoyl-propionylaminoe]-2-cyclohexyl- Synth.
acetylamino}-pentanedioic acid diamide hydrochioric
acid salt T

135 2-(S)-{2-(S)-[2-Benzylcarbamoyl-3-(4-carbamimidoyl- | ok class.
phenyi)-propionylamino}-2-cyclohexyf-acetylamino}-5- Synth.
guanidino-pentanoic acid ethyl ester trifluoroacetic
acid salt

136 2-(S)-{2-(5)-[2-Benzyicarbamoyl-3-(4-carbamimidoyl- | ok class.
phenyl)-propionylaming}-2-cyclohexyl-acetylamino}-5- Synth.
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— 1

guanidino-pentanaic acid ethyl triflucroacetic acid

salt, less polar diastereomer

137 2-(4-Carbamimidoyl-benzyh)-N-[(S)-cyclohexyl-(4- ok class.
guanidino-1_{S)-phenethylcarbamoyi— Synth.
butylcarbamoyl)-methyl]-N',N'-dimethyl-malonamide

hydrochloric acid sait

138 2-(8)-{2-(8)-[3-(4-Carbamimidoyl-phenyl)-2- ok class.
dimethylcarbamoyl-propionylamino}-2-cyclohexyl- Synth.
acetylamino}-5-guanidino-pentanoic acid benzyl ester

hydrochloric acid acetic acid salt

139 'N-Benzyl-2-(4-carbamimidoyl-benzyh)-N'-{(S)- ok class.
cyclohexyl-[(naphthalen-1-ylmethyl)-carbamoyl]- Synth.

methyl}-malonamide trifluoroacetic acid salt

Example 140 and 141

N-Benzyl-2-(4-carbamimidoyl-benzyl)-N'-[(S)-(1-(S)-carbamoyl-4-guanidinoc-
butylcarbamoyl)-cyclohexyl-methyl]-malonamide trifluoroacetic acid sali, less polar
diastereomer and
N-Benzyl-2-(4-carbamimidoyl-benzyl)-N'-[(S)-(1-(8)-carbamoyl-4-guanidino-
butylcarbamoyl)-cyclohexyl-methyi]-malonamide trifluoroacetic acid salt, more polar

diastereomer
a) N-Benzyl-2-(R,S)-(4-cyano-benzyl)-malonamic acid

A solution of benzylamine (58.6 g, 534 mmol), bis-(trimethylsilyl}-acetamide (71 ml, 90
mmol) and anhydrous dichloromethane (600 ml) was heated to reflux for 3 hours. The
reaction mixture was allowed to cool to room temperature and 4-(R,8)-(2,2-dimethyl-
4,6-dioxo-]1,3]dioxan-S-yimethyl)-benzonitrile (15 g, 58 mmol) was added portionwize.
The reaction mixture was refluxed for further 3 hours, allowed to coal to room
temperature and poured into a cocl mixture of 1000 ml 1 n hydrochioric acid and 500
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ethylacetate. The combined organic layers were washed with brine, dried and
concentrated in vacuo. The precipitated crystals were sucked off and dried to give
11.07 g (62 %) of the desired product.

mp: 152-153°C (dc), MS: 309 (M+H).

b) [2-Benzylcarbamoyl-3-(R,8)-(4-cyano-phenyl)-prapionylaminol-(S)-cyclahexyl-acetic

acid methyl ester

A solution of N-benzyl-2-(R,S)-(4-cyano-benzyl)-malonamic acid (10 g, 32.4 mmol),
(S)-amino-cyclohexyl-acetic acid methyl ester (5.94 g, 34.7 mmol),
diisopropylethylamine (6.45 ml, 37.9 mmol}, 3-hydroxy-3H-benzo[d][1,2,3]iriazin-4-one
(1.32 g, 8.1 mmot), and dimethylformamide (100 ml) was cooled to 10°C. A solution of
dicyclohexyl-carbodiimide (7.83 g, 37.9 mmol) in toluene (10 ml) was added dropwize
and the reaction mixture stood over night. The precipitated urea was sucked off, the
filtrate was evaporated in vacuo, solved in ethylacetate, washed with saturated sodium
bicarbonate-solution and brine, dried, and evaporated in vacuo. Crystallization from n-
heptanefisopropanol gave 9.91 g (66 %) of the desired product.

mp: 170-174°C, MS: 462 (M-+H).

c) {2-Benzylcarbamoyl-3-(R,S)-[4-(N-hydroxycarbamimidoyl)-phenyl]-propionylamino}-
(S)-cyclohexyl-acetic acid methy! ester

A suspension of [2-benzylcarbamoy!-3-(R,S)-(4-cyano-phenyl)-propionylamino]-(S)-
cyclohexyl-acetic acid methyl ester (9.0 g, 19.5 mmuol) and hydroxylamine (3.22 g, 97.5
mmol) in ethanol (180 ml) was heated to reflux for 4 hours. The reaction mixture was
cooled to room temperature, evaporated in vacuo, solved in ethanol and poured in ice-
water. The precipitate was collected by suction and dried at 50°C in vacuo to give 7.9
g (82 %) of the desired product.

mp: 101-104°C, MS: 495 (M+H).

d) [2-Benzylcarbamoyl-3-(R,S)-(4-carbamimidoyl-phenyl)-propionylamino}-(S)-

cyclohexyl-acetic acid methy! ester
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{2-Benzylcarbamoyl-3-(R,S)-[4-(N-hydroxycarbamimidoyl)-phenyl]-propicnylamino}-
(S)-cyclohexyl-acetic acid methyl ester (7.6 g, 15.4 mmol) was hydrogenated in acetic
acid with palladium/charcoal to give the desired product which was used without
further purification in the next step.

mp: 101-104°C, MS: 479 (M+H).

e) [2-Benzylcarbamoyl-3-(R,S)-(4-carbamimidoyl-phenyl}-propionylaminol-(S)-
cyclohexyl-acetic acid hydrochloride

The above [2-benzylcarbamoyl-3-(R,S)-(4~-carbamimidoyl-phenyl)-propionylamino}-(S)-
cyclqhexyl-acetic acid methyl ester was suspended in water/concentrated hydrochloric
acid (1/1, 200 ml) and stirred at room temperature. After 8 days acetonitrile (100 ml)
was added and stirred for further 2 days. The reaction mixture was filtered and poured
in ice-water.

The precipitate was collected by fractionized crystallization:

Fr.1: 3.36 g (52 %, diast. mixture:6.7 % more polar, 78.0 % less polar)

Fr.2: 857 mg (13 %, diast. mixture: 55.3 % more polar, 31.8 % less polar), oil

Fr.3: 4681 mg (7 %, diast. mixture: 3.8 % more polar, 93.5 % less polar), mp: 166°C
(subl.}

Fr.4: 455 mg (7 %, 96.7 % less polar diastereomer), oil

HPLC: polar diastereomer: 15.62 min, non-polar diastereomer: 16.21 min.
HPLC-conditions: Nucleosil 250/4, 7 uM, 1 ml/min, gradient: 100 % (H,O + 0.1 %
trifluoroacetic acid) to 100 % acetonitrile in 30 min, 100 % acetonitrile 5 min, =254
nm.

MS of all fractions show: 465 (M-+H).

it was tried to purify Fr.1 by flash chromatography on silica gel
(dichloromethane/methanol/ glacial acetic acid = 9/1/0.5), but isomerization of the

malonic chiral center took place to give the acetic acid salt of the title compound.

f) N-Benzyl-2-(R}-(4-carbamimidoyl-benzyl)-N'-[(1-carbamoyl-4-guanidino-

butylcarbamoyl)-cyclohexyl-methyl]-malonamide triflucroacetic acid salt and
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N-Benzyl-2-(S)-(4-carbamimidoyl-benzyl)-N'-[(1-carbamoyl-4-guanidino-

butylcarbamoyl)-cyclohexyl-methyl]-malonamide trifluoroacetic acid salt

A solution of [2-benzylcarbamoyl-3-(R, 8)-(4-carbamimidoyl-phenyl)-propionylamino}-
(S)-cyclohexyl-acetic acid acetate (103 mg, 0.20 mmol), benzotriazol-1-ol hydrate (32
mg, 0.24 mmol), 2-(S)-amino-5-guanidino-pentanoic acid amide in dimethylformamide
(4 ml) was stirred for 30 min and cooled to 0 to —5°C. A solution of 1,3-dicyclohexy!

~ urea (49 mg, 0.24 mmol) was added and the reaction mixture was stirred for 24 hours

10

15

at 0°C. The solvent was evaporated and the residue was purified by preparative HPLC
to give 4.5 mg (3 %) of F1 {more polar diastereomer) and .7.8 mg (5 %) of F2 (less
polar diastereomer).

HPLC-conditions: Nucleosil 250/21 mm, 7 uM, 15 ml/min, 68 % H,O + 0.1 %
triflucroacetic acid, 32 % acetonitrile.

F1: mp.: 150-154°C, MS m/z : 620.5 (M+H)", 9 %), 310.9 (M+2H)*", 100 %).

F2: mp.: 102-106°C, MS m/z : 620.5 (M+H)", 5 %), 310.9 (M+2H)*", 34 %), 150.0

(100 %).

20

The following compounds were prepared using the procedures described above:

142 2-(4-Carbamimidoyl-benzy!)-N-{(S)-[2-(3- ok class.
carbamimidoyl-pheny!)-1-carbamoyl-ethylcarbamoyl}- Synth.
cyclohexyl-methyl}-N',N'-dimethyl-malonamide

trifluorocacetic-acid salt, more polar diastereomer
143 2-(4-Carbamimidoyl-benzyl)-N-{{S)-[2-(3- ok class.
carbamimidoyl-pheny!)-1-carbamoyl-ethylcarbamoyi}- Synth,

cyclohexyt-methyl}-N',N'-dimethyl-malonamide

trifluoroacetic acid salt, less polar diastereomer

144 N-Benzyl-2-{4-carbamimidoyl-benzyl)-N'-[(S)-(1-(S)- ok class.
Earbamoyl-4-guanidEno—butylcarbamoyt)-cycfohexyi- Synth.
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’methyl]-N-methyl—maIonamide trifluoroacetic acid sait

1

145 2-{S)-{2-(8)-[2-(Benzyl-methyl-carbamoyl)-3-(4- ok class.
carbamimidoyl-phenyl}-propionytaminoj-2-cyclohexyi- Synth.
acetyfamino}-5-guanidino-pentanoic acid hydrochloric
acid salt |

146 2-{2-(S)-[2-(Benzyl-methyl-carbamoyl)-3-(4- ok class.
carbamimidoyl-phenyl)-propionylamino]-2-cyclohexyl- Synth.
acetylamino}-3-naphthalen-1-yl-propionic acid ethyl
ester trifluoroacetic acid salt, less polar diastereomer

147 2-{2~(8)-[2-(Benzyl-methyl-carbamoyl)-3-(4- ok class.
carbamimidoyl-phenyl)-propionylamino]-2-cyclohexy!- Synth.
acetylamino}-3-naphthalen-1-yl-propionic acid ethyi
ester trifluoroacetic acid salt, more polar
diastereomer

148 2-(8)-{2-[2-(Benzyl-methyl-carbamoyl)-3-(4- ok class.
carbamimidoyl-phenyl)-propionylamineol-2-cyclohexyi- : Synth.
acetylamino}-8-guanidino-pentanoic acid methyl
ester triflucroacetic acid salt, least polar
diastereomer

149 2-(S)-{2-[2-(Benzyl-methyl-carbamoyl)-3-(4- ok class.
carbamimidoyl-phenyl)-propionylamino]-2-cyclohexyl- Synth.
acetylamino}-5-guanidino-pentanoic acid methyl
ester trifluoroacetic acid salt, less polar diastereomer

150 2-(S)~{2-[2-(Benzyl-methyl-carbamoy!)-3-(4- ok class.
carbamimidoyl-phenyl)-propionylamino]-2-cyclohexyl- Synth.
acetylamino}-5-guanidino-pentanoic acid methyi
ester trifluoroacetic acid salt, more potar
diastereomer

151 2-(S)-{2-[2-(Benzyl-methyl-carbamoyl)-3-(4- ok class.
carbamimidoyl-phenyl)-propionylaming]-2-cyclohexyl- Synth.

acetylamino}-5-guaniding-pentanoic acid methyl

ester trifluoroacetic acid salt, most polar

L,




PCT/EP01/01928

WO 01/62735
87
diastereomer
192 N-Benzyl-N'-{[1-(S)-(benzyl-methyl-carbamoyl)-4- ok class.
guanidino-butylcarbamoyl]-cyclohexyl- methyl}-2-(4- Synth.
carbamimidoyl-benzyl)-N-methyl-malonamide
trifluoroacetic acid salt, most polar diastereomer
163 N-Benzyl-N'-{[1-(S)-(benzyl-methyl-carbamoyl)-4- ok | class.
guanidino-butylcarbamoyl]-cyclohexyl- methyl}-2-(4- Synth.
carbamimidoyl-benzyl}-N-methyl-malonamide
| trifluoroacetic acid salt, more polar diastereomer
E[ 154 N-Benzyl-N'-{{1-{S)-(benzyl-methyl-carbamoytl)-4- ok class.
guanidino-butylcarbamoyl}-cyclohexyl- methyl}-2-(4- Synth.
carbamimidayl-benzyl}-N-methyl-malonamide
trifluoroacetic acid salt, less polar diastereomer
185 -} N-Benzyl-2-(4-carbamimidoyl-benzyl)-N'-[cyciohexyl- | ok class.
(1-(S)-dimethylcarbamoyl-4-guanidino- Synth.
butylcarbamoyl)-methyl]-N-methyl-malonamide
trifluoroacetic acid salt
156 (S)-[2-(4-Carbamimidoyl-benzylcarbamaoyl)-3-(4- ok class..
carbamimidoyl-pheny!)-propicnylamino]-cyciohexyl- Synth.
acetic acid methy! ester triflucroacetic acid salt
157 (S)-[2-(4-Carbamimidoyl-benzylcarbamoyl)-3-(4- ok class.
carbamimidoyl-phenyl)-propionylamino]—cyclohexyl:J Synth.

acetic acid trifluoreacetic acid salt

Abbreviations used:

aPTT
ATS
AV
BAPNA

activated partial thromboplastin time
Antistasin
Arteriovenous

benzoyl-L-Arg-p-nitroanilide
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h
HATU

HPLC
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classical synthesis
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Decomposition

Dicyclohexylcarbodiimide
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Dichiorotetrakis (triphenylphosphine) ruthenium (in

disseminated intravascular coaguiation

Diisopropylcarbodiimide
Dimethylsulfoxide
deep vein thrombosis

Equivalent

electro spray mass spectra

Example

fast atom bombardment

9-ﬂuorenylmethoxycarbonyl

fourier transformed infrared

Gram

Hour

.+ N-[{dimethylamino)-1H-1 ,2,3-triazolo[4,5-b]pyridin-1yl—methyfene]-

N-methylmethanaminium hexafluorophosphate N-oxide

high pressure liquid chromatography

high pressure liquid chromatography/electro Spray mass specira

intraduodenal
Intravenous

Kilogram

Michaelis-Menten-constant

low molecular weight haparin

Milligram
Megahertz
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min
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mM
mmol
MS
mp.

ul

um

HM

nm

nM
NMR
PE
PEG
PG
PPP
PT

sec
TAP
TBS-BSA
TBS-PEG
TF
TFPI
TOTU-

TPCK
TRIS-CI

uv
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Minutes

Mililiter

Millimolar

Millimol

mass spetra

melting point

Microliter

Micrometer

Micromolar

Nanometer

Nanomolar

nuclear magnetic resonance
Poiyethylene
Polyethyleneglycole
protecting group

platelet poor blood
prothrombin time
Seconds
tick-anticoagulant peptide

tris buffered saline bovine serum albumin
tris buffered saline polyethylene glycole

tissue factor

tissue factor pathway inhibitor
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O-((cyano—(ethoxycarbonyi)-methylen)amino)-N, N,N',N'-tetra-

methyluronium tetrafluoroborate

Tosyl phenyl chloromethy! ketane

bis(2-Hydroxyethyl)imin ofris(hydroxymethyl)methane

2~bis(2-Hydroxyethyl)am]no—z-(hyd roxymethyi)-1,3-propanedicl,

chloride salt
Ultra violett



10

15

20

25

WO 01/62735 PCT/EPO1/01928

Q0
Patent claims
1. Compounds of the formula |,
R(3)
??(2) F§(4) O
N N
R(1)” j)\R(G)
0] 0 R(5) )
wherein
R(1) is hydrogen, (C1-Ceg)-alkyl, (C2-Ce)-alkenyl, (Ce-C1o)-aryl, (Ce-C1o)-aryl-(C+-Cy)-

alkyl, where aryl in aryl-alkyl is unsubstituted or substituted by R(17);
R(2) is hydrogen or (C4-Caratkyl;
R(3) is (Ce-Cqo)-aryl which is substituted by R(7);
R{4) is hydrogen or (C4-Cq)-alkyl;
R(5) is (C4-Cg)-alkyl, (C3s-C7)-cycloalkyi, (C3-Cy)-cycloalkyl-(C4-C,)-alkyl, (Ce-C1g)-aryl,
(Ce-C1o)-aryl-(C4-C4)-alkyl, where aryl in aryl-alkyl is unsubstituted or substituted by a
residue R(20), and where alkyl is unsubstituted or substituted by a residue R(21); or
R(4) and R(5) together form a residue of the formula I}

CQ an ;

R(6) is NR(8)R(9) or OR(22);
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R(7) is R(17) or R(20);
R(8) is hydrogen; (C4-Cy)-alkyl, where alkyl is unsubstituted or substituted by a residue
5 R(20); heteroaryi-(C4-Cs)-alkyl; (Cs-Cip)-aryl-(C1-Cy)-alkyl, where aryl is unsubstituted

or substituted by a residue R(17);

' R(g) is (Ca—C10)-aryi-(C1-C4)-alky!,

HNYNHa e
NH /IL' OH Oy NH,
]
R(10) R(10) | R(10) R(10)
0 0 C | o) ’

S

R(17) /©\R(m
WR(?O) . /[((R(H}) , R(10) | or /Kn/a{m)
10 o ’

O 0 O

R(10) is NR(12)R(13), OR(14)}, or

R{15)
\N)}(RUS)
H

15
R(12) is hydragen or {C-Cy)-alkyl;

R(13) is hydrogen, (Cg-Cqo)-aryl-(C4-Cy)-alkyl, or (C4-C4)-aikyl;
20 R(14) is hydrogen, (C;-C4)-atkyl, {Cz-Cy)-atkenyt or {Cs-Cqo)-aryl-(C-Cy)-alkyl;

R(15) is {C3-Cy)-cycloalkyl-(C4-Cy)-alkyl;
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R(16) is R(20});

R(17) is ~<C(=N-R{18))-N(R(19))z;
5
R{18) is hydrogen, hydroxy, or an amino protective group;

R{19) is hydrogen, (C4-Cy)-alkyl, (Ce-C1p)-aryl-{C4-Cq)-alkoxycarbonyl, or an amino
protective group;

10
R(20} is N(R(19))2;

R(21) is hydroxy, (Ce-C1p)-aryl-(C1-C4)-alkoxy, (Ce-Cio)-aryl-(C1-Cy)-
alkoxycarbonylamino, carboxyl, or R{20);

15
R(22) is hydrogen or (C4-Cy)-alkyl,

X is a physiclogically acceptable anion;

20 in all their sterecisomeric forh'ls and mixtures thereof in any ratio, and their

physiologically acceptable saits.
2. Compounds of the formula | as claimed in claim 1, wherein
25 R(1) is hydrogen, (C1-C4)-alkyl, allyl, phenyl, benzyl, or 4-carbamimidoyl-benzyl;
R(2) is hydregen or (C-Cg)-alkyt;
R(3) is phenyl or naphthyl, which are substituted by R(7);

30
R4} is hydrogen or methyt;
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R(5) is n-butyl, sec-butyl, tert-butyl, cyclohexyl, cyclohexylmethyl, phenyl, benzyl, 2-
phenyl-ethyl, 1-naphthylmethyl, 2-naphthylmethyi, aminobenzyl, hydroxymethyl,
benzyloxymetnyl, carboxymethyl, 2-carboxy-ethyl, 3-amino-propyl, or 4-

(benzyloxycarbonylamino)-butyl; or

R(4) and R(5) together form a residue of the formuia I!

L

10 R(6) is NR(8)R(9), OH, or OCHj;

(n;

R(7) is amidino, hydroxyamidino, amino, or dimethylamino;

R(8) is hydrogen, pyridylmethyl, 3-carbamimidoylbenzyl, or 4-amino-butyl;
15
R(9} is naphthylmethyl,

HNy_ NH,
hd X
N N OH O NH,
“ ]
R(10) R(10) e R(10) R{10)
@] @] e} O
NH ‘
NH, NA,
WRUOL R(10) R(10) . or R(10) NH
] @] QO 0

20 R(10) is NR(12)R(13), OR(14) or
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R(15)
~ )\H/R(TG}
R({12) is hydrogen or methyl;
5 R(13) is hydrogen, phenyl-{(C;-Cy)-alkyl, or methyl;
| R(14} is hydrogen, (Cy-C;)-alkyl, benzyl, or ally;
R(15) is cyclohexylmethyl;
10
R(16} is aming;

X is a physiologically acceptable anion;

15 in all their sterecisomeric forms and mixtures thereof in any ratio, and their

physiologically acceptable salts.
3, Compounds of the formula | as claimed in claim 1 and/for claim 2, whersin
20 R(1) is hydrogen, (C4-Ca)-alkyl, allyl, phenyl, benzyl, or 4-carbamimidoyl-benzyl;
R(2) is hydrogen or (C+-Ca)-alkyl;
R(3) is phenyl or 2-naphthyl which are substituted by R(7);
25
R(4) is hydrogen or methyi;
R(5} is n-butyl, sec-butyl, tert-buty!, cyclohexyl, cyclohexylmethyl, phenyl, benzyl, 2-
phenyl-ethyl, 1-naphthylmethyl, 2-naphthyimethyl, 4-aminobenzyl, hydroxymethyl,

30 benzyloxymethy!, carboxymethyl, 2-carboxy-ethyl, 3-amino-propyl, or 4-

(benzyloxycarbonylamino)-butyl; or
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R(4) and R(5) together form a residue of the formula il

L

 R®)is NR(8)R(2), OH, or OCHg;

(n;

R(7) is amidino, hydroxyamidino, or dimethylamino;
10 R(8) is hydrogen, pyridylmethyl, 3-carbamimidoylbenzyl, or 4-amino-butyl;

R(9) is naphthylmethyl,

:—1r~:§/r~1H2
= OH Oy NH
NH 2
ﬁ: /(? Y
R{10) /grﬂ(m) R(10)
R(10} , : /Y :
o) o o o)

NH,

or R(10) NH

15
R(10) is NR(12)R(13), OR(14), or

R{18)
* )\H/RUG)

N
b

20 R(12) is hydrogen or methyl:
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R(13) is hydrogen, phenyl-(C-Cy)-alkyl, or methyi;
R(14) is hydrogen, (C4-Cg)-alkyl, benzyl, or allyi;
R(15) is cyclohexylmethyl;

R{16) is amino;

10 in all their sterecisomeric forms and mixtures thereof in any ratio, and their

physiologically acceptable salts.

4. Compounds of the formula | as claimed in one or more of claims 1 to 3, wherein
15 R(1) is hydrogen, (C4-Cs)-alkyl, allyl, phenyl, benzyl, or 4-carbamimidoyl-benzyl;

R(2) is hydrogen or (C4-Cs)-alkyl;

R(3) is phenyl or naphthyl, which are substituted by R(7);
20

R{4) is hydrogen or methyi;

R{5) is n-butyl, sec-butyi, teri-butyl, cyclohexyl, cyclohexylmethyl, phenyl, benzyl, 2-

phenyl-ethyl, 1-naphthylmethyl, 2-naphthylimethyl, aminobenzyl, hydroxymethyl,
25 benzyloxymethyl, carboxymethyl, 2-carboxy-ethyl, 3-amino-propyl, or 4-

{benzyloxycarbonylamino)-butyl; or

R(4) and R(5) together form a residue of the formula li

L

30 n;
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R(6) is NR(8)R(9), OH, or OCHs;
R(7) is amidino, hydroxyamidino, or dimethylamino;
5

R(8) is hydrogen, pyridylmethyl, 3-carbamimidoylbenzyl, or 4-amino-butyl;

J R(9) is naphthylmethyl, preferably 1-naphthyimethyl,

H YNHZ

NH OH Oz NH,

/i:R(m) R(10} R{10} WRUOL

N
0 0 0 0
I I
NH
NH, 2
/¢R(10) , R(10)  or R(10) NH
10 0 0 ol :
R(10) is NR(12)R({13), or OR(14);
R(12) is hydrogen or methyl;
15
R{13) is hydrogen, pheny!-{C+-C;)-alkyl, or methyl;

R(14) is hydrogen, (C41-Cy)-atkyl, benzyl, or aliyl;

20 in all their stereocisomeric forms and mixtures thereof in any ratio, and their

physiclogically acceptable salts.

5. Compounds of the formula | as claimed in one or more of claims 1 to 4, wherein
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R(1) is methyl, aliyl, phenyl, or benzyl;
R(2) is hydrogen or methyl;
5
R(3) is phenyl which is substituted by R(7};
. R(4) is hydrogen,

10 R(5) is butyl, cyclohexyi, cyclohexylmethyl, phenyl, benzy!, 2-phenyl-ethyl, 1-
naphthylmethyl, 2-naphthylmethyl, aminobenzyl, benzyloxymethyl, carboxymethyl, or
2-carboxy-ethyl;

R(6) is NR(B)R(9);
15
R(7) is amidino or hydroxyamidino;

R(8) is hydrogen;

20 R(9) is
HNYNHZ

R(10)

R(10) is NR(12)R(13) or OR(14);
25
R{12) is hydrogen or methyl;

R(13) is hydrogen ar phenyl-(C4-Cy)-alkyi;
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R(14) is hydrogen, {Ci-Cy)-alkyl, or allyl;

in al! their sterecisomeric forms and mixtures thereof in any ratio, and their

5 physiologically acceptable salts.
8. Compounds of the formula | as ¢laimed in one or more of claims 1 to 5, which are

' 2-(4-Carbamimidoyl-benzyl)-N-[(1-carbamaoyl-4-guanidino-butylcarbamaoyl)-cyclohexy!-
10 methyl}-N',N'-dimethyl-malonamide trifluoroacetic acid salt, iess polar diastereomer,

2-(38)-{2-(S)-[2-(Benzyl-methyl-carbamoyl)-3-(4-carbamimidoyl-phenyl)-
propionylamino]-2-cyclohexyl-acatylamino}-5-guanidino-pentanoic acid allyl ester
trifluoroacetic acid salt, less polar diastereomer,

15
N-Benzyl-2-(4-carbamimidoyl-benzyl)-N'-{(S)-(1-{S)-carbamoyl-4-guanidinc-
butylcarbamoyt)-cyclohexyl-methyl]-malonamide trifluoroacetic acid salt, more polar

diastereomer,

20 N-Benzyl-2-(4-carbamimidoyl-benzyf)-N'-[(S)-(1-(S)-carbamoyl-4-guanidino-
butylcarbamoyl)-cyclohexyl-methyi]-malonamide trifluoroacetic acid salt, less polar

diastereomer,

N—Benzyi-N'-[(S)-ﬁ-(S)-carbamoyl-4—guanidino-butylcarbamoyl)-cyclohexyl—methyl]—2~
25 [4-(N-hydroxycarbamimidoyl)-benzyl]-malonamide trifluoroacetic acid salt,

N-[2-(4-Amino-phenyl)-1-(S)-(1-(S)-carbamoyi-4-guanidino-butylcarbamoyl)-ethyl]-2-{4-

carbamimidoyl-benzyi)-N',N'-dimethyl-malonamide trifluorcacetic acid salt,

30 2-(4-Carbamimidoyl-benzyl)-N-[1-(S)-(1-(8)-carbamoyl-4-guanidino-butylcarbamayl)-
pentyl}-N'-methyl-malonamide trifluoroacetic acid salt,



10

15

20

25

30
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4-(3)-[3-(4-Carbamimidoyl-phenyh-2-dimethylcarbamoyl-propionylaming}-4-(1-(S)-
carbamoyi-4-guanidino-butylcarbamoy!)-butyric acid,

2-(4- Carbamlmldoyl benzyl)-N-[1-(S)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyfl)-2-
naphthalen-Z yl-ethyl]-N' N'-dimethyl-malonamide trifluocroacetic acid salt,

2-(4-Carbamimidoyi-benzyl)-N-[1-(S)-{1-(8)-carbamoyl-4-guanidino-butylcarbamoyi)-3-
phenyi-propyll-N',N'-dimethyl-malonamide trifluoroacetic acid satt,

3-(8)-{3-(4-Carbamimidoyi-phenyl}-2-dimethylcarbamoyl-propionylaminol-N-(1-(S)-

carbamoyl-4-guanidino-butyl}-succinamic acid trifluaroacetic acid salt,

2-(4-Carbamimidoyl-benzyl)-N-[(S)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyl)-
phenyl-methyl]-N'-methyl-malonamide triflucroacetic acid salt,

2-(4-Carbamimidoyl-benzyl)-N-[(8)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyl!)-
phenyl-methyl]-N' N'-dimethyl-malonamide trifluoroacetic acid salt,

N-[2-Benzyloxy-1-(5)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyl)-ethyl]-2-(4-
carbamimidoyl-benzyl)-N',N'-dimethyl-mailonamide triflucroacetic acid salt,

2-(4-Carbamimidayl-benzyl)-N-{1-(8)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyl)-
pentyl]-N',N'-dimethyl-malonamide triflucroacetic-acid salt, less polar diastereomer,

2—(5)-{2-(8)-[3—(4-03rbamimidoyl—phenyl)-z-dimethy[carbamoy!-propionylamino]~
hexanaylamino}-5-guanidino-pentanoic acid trifluoroacetic acid salt,

2-(S)-{2-(S)-[3~(4-Carbamimidoyl-phenyl)-2-dimethylcarbamoyl-propionylamino]-2-
cyclohexyl-acetylamino}-5-guanidino-pentancic acid; compound with trifluoro-acetic

acid trifluoroacetic acid salt,
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2-(8)~{2-(S)-[3-(4-Carbamimidoyl-pheny()-2-methylcarbamoyl-propionylamino]-2-

cyclohexyl-acetylamino}-5-guanidine-pentanoic acid trifluoroacetic acid salf,

2-(S)-{2-(S)-[2-Benzylcarbamoyl-3-(4-carbamimidoyi-phenyl)-propionylamino]-2- |

5 cyclohexyl-acetylamino}-5-guanidino-pentanoic acid trifluoroacetic acid salf,

2-(8}-{2-(8)-[3-(4-Carbamimidoyl-phenyl)-2-dimethylcarbamoyl-propionylamina]-3-
cyclohexyl-propionylamino}-5-guanidino-pentanoic acid trifluoroacetic acid salt,

10 2-(4-Carbamimidoyl-benzyl)-N-{1-(8)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyl)-2-
phenyl-ethyl}-N',N'-dimethyl-malonamide trifluoroacetic acid salt, less polar '

diastereomer,

2-(4-Carbamimidoyl-benzyi)-N-[1-(S)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyl)-2-
15 naphthalen-1-yl-ethyi]-N'.N'-dimethyl-malonamide triflucroacetic acid salt,

2-{(4-Carbamimidoyl-benzyl)-N-{1-(S)-(1-{8)-carbamoyl-4-guanidino-butylcarbamoyi)-
pentyl]-N',N'-dimethyi-mailonamide trifluoroacetic acid salt,

20 2-(4-Carbamimidoyl-benzyl)-N-[(S)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyl)-

cyclohexyl-methyl]-N'-methyl-malonamide triflucroacetic acid saft,

2-(4-Carbamimidoyl-benzyl)-N-{1-(8)-(1-(S)-carbamoyl-4-guanidino-butylcarbamoyl)-2-
cyclohexyl-ethyl]-N',N'-dimethyl-malonamide trifluoroacetic acid salt,

25 '
N-Benzyl-N'-[(8)-(1-(8)-carbamoyl-4-guanidino-butylcarbamoyh)-cycichexyl-methyl}-2-
[4-(N-hydroxycarbamimidoyl)-benzyi}-maionamide trifiuoroacetic acid salt, less polar

diastereomer,

30 2-(S)-{2-(5)-[3-(4-Carbamimidoyl-pheny!)-2-dimethylcarbamoyl-propionylamino]-2-

cyclohexyl-acetylamino}-5-guanidino-pentanoic acid ethyl ester hydrochloric acid salt,
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2-(8)-{2-(S)-[2-Benzylcarbamoyl-3-(4-carbamimidoyl-phenyl)-propionylaminocj-2-
cyclohexyl-acetylamino}-5-guanidino-pentanoic acid ethyl trifluoroacetic acid salt, less

polar diastereomer,

5 2-(4-Carbamimidoyi-benzyl)-N-[(S)-cyclohexyl-(4-guanidino-1-(S)-phenethylcarbamoyl-
butylcarbamoy!)-methyl}-N' N'-dimethyl-malonamide hydrochloric acid salt,

N-Benzyl-2-(4-carbamimidoyl-benzyl)-N-[(S)-(1-(S)-carbamoyl-4-guanidino-
butylcarbamoyl)-cyclohexyi-methyll-malonamide trifluoroacetic acid salt, more polar

10 diastereomer,

N-Benzyl-2-(4-carbamimidoyi-benzyl)-N'-[{S)-(1-(S)-carbamoyl-4-guanidino-
butylcarbamoyi)-cyciohexyi-methyll-malonamide trifluoroacetic acid salt, less polar
diastereomer,

15
N-Benzyl-2-(4-carbamimidoyi-benzy}-N'-[(S)-(1-(S)-carbamoyl-4-guanidino-
butylcarbamoyl)-cyclohexyl-methyl}-N-methyl-malonamide triflucroacetic acid salt,

2-(8)-{2-(8)-[2-(Benzyl-methyl-carbamoyl)-3-{4-carbamimidoyl-phenyl)-
20 propionylamino]-2-cyclohexyi-acetylamino}-5-guanidino-pentanoic acid hydrochloric

acid salt,

2-(5)-{2-[2-(Benzyl-methyl-carbamoyl)-3-(4-carbamimidoyi-phenyl)-propionylamino}-2-
cyclohexyi-acetylamino}-5-guanidino-pentanoic acid methyl ester triﬂuoroacetic acid

25 salt, least polar diastereomer,

N-Benzyl-N'-{[1-(S)-(benzyl-methyl-carbamoyl)-4-guanidino-butylcarbamoyi]-
cyc!ohexyl-methyi}-2~(4-carbamimidoyl—benzyi)-N—mé’[hyl—malonamide frifluoroacetic
acid salt, less polar diasterecomer,

30
and/or their physiologically acceptable salfs.
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7. Compounds of the formula I,
R(3)
l§(2) l$(4) Q
N N
R(1)” \HLR@
) 0 R(5) 0
.
wherein

R(1) is hydrogen, (01-C5)~alkyl, (Cz-Cs)-aikenyl, (CS'Cm)‘aI'YL (Cs—C{o)-&I’YI-(CrCzt)-
alkyl, where aryl in aryl-alkyl is unsubstituted or substituted by R(17);

10 R(2) is hydrogen or (C4-Cy4)-alkyl!;
R(3) is (Cs-Cqo)-aryl which is substituted by R(7);
R(4) is hydrogen or (C:-C,}-alkyi;
15
R(5) is (C4-Ce)-alkyl, (C5-C7)~cycloalkyl, (C3-Cy)-cycloalkyl-(C1-Cq)-alkyl, (Cg-Cio)-aryl,

(Ce-Cro)-aryl-(C1-C,)-alkyl, where aryl in aryl-aikyl is unsubstituted or substituted by a
residue R(20), and where alkyl is unsubstituted or substituted by a residue R(21); or

20 R(4) and R(5) together form a residue of the formula ]
-
R{6) is NR(8YR(S} or OR(22),

25
R(7) is R(17) or R(20);



WO 01/62735 PCT/EPO1/01928

104

R(8) is hydrogen; {C,-C,)-alkyl, where atkyl is unsubstituted or substituted by a residue
R(20); heteroaryl-(C1-Cy4)-alkyl; (Ce-C1g)-aryl-(C-Cy4)-alkyl, where aryl is unsubstituted
or substituted by a residue R{17);

5 R(9) is
HNYNHZ X
NH lll . OH OuNH,
" .
“ i
R(10) R(10) R(10) R(10)
o} 0 s! o
R(17) O R
/\H,R(m)‘ R(10) , R(10)  or R(10)
e} @] [a] Q ;
R(10) is
NH,
D
\H N
10 o ;

R(17) is ~C{(=N-R{18))-N(R(19))2;

R(18) is hydrogen, hydroxy, or an amino protective group;
15
R(19) is hydrogen, (C4-Ca)-alkyl, (Cs-Cqo)-aryl-{C4-Cy)-alkoxycarbonyl, or an amino.

protective group ;

R(20) is N(R(19));
20
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R(21) is hydroxy, (Ce-C1o)-aryl-(C1-Cs)-alkoxy, (Ce-Cqg)-aryl-(C4-Cy)-
alkoxycarbonylamino, carboxyl, or R{20);

R(22) is hydrogen or (C4-C4)-alkyl;
X is a physiologically acceptable anion;

. in all their sterecisomeric forms and mixtures thereof in any ratio, and their
| physiclogically acceptable salts;
10
8. Compounds of the formula [ as claimed in claim 7, wherein

R{1) is hydrogen, (C1-Cs)-alkyl, allyl, phenyl, benzyl, or 4-carbamimidoyl-benzyi;
15 R(2) is hydregen or (C4-Cy)-alkyl;
R(3) is phenyl or 2-naphthyi which are substituted by R(7);

R(4) is hydrogen or methyl;

20 -
R(5) is n-butyl, sec-buty), tert-butyl, cyclohexyl, cyclohexylmethyi, phenyl, benzyl, 2-
phenyl-ethyl, 1-naphthylmethyl, 2-naphthylmethyi, aminobenzyl, preferably 4-
aminobenzyl, hydroxymethyl, benzyloxymethyl, carboxymethyl, 2-carboxy-ethyl, 3-
amino-propyl, or 4-(benzyloxycarbonylamino)-butyl; or

25

R(4) and R(5) together fofm a residue of the formula li

: : (1

30 R(6) is NR(8)R(9), OH, or OCHg;
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R(7) Is amidino, hydroxyamidino, amino, or dimethylamino;

R(8} is hydrogen, pyridylmethyl, preferably 4-pyridylmethyl, 3-carbamimidoylbenzyl, or
5 4-amino-butyl;

R(9) is
N NH, -
NH ,L OH Oy_-NH,
v
g
R(10) R(10) R(10) R(10}
o} o} 0 Q :
NH, NF,
WR@O)I R(10) R(0} o R(10} NH
O O O o] .
10
R(10) is
NH,
0&3
\ﬁ N
o}

X is a physiologically acceptable anion;
15
in all their stereaisomeric forms and mixtures thereof in any ratio, and their

physiologically acceptable salts.

9. Compounds of the formula | as claimed in claim 7 and/or claim 8, wherein
20
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R(1) is propyl or butyl;

R(2) is propyl or butyl;

5 R(3) is phenyl which is substituted by R(7);

R(4) is hydrogen;

R(5) is cyclohexyl;

10

R(6) is NR(8)R(9);

R(7) is amidino, or amino;

15 R(8) is hydrogen;

R(9) is
HNy NH,
Y S
o . NH /N
« |
R(10) 4, R(10)
Q . o] :
20
R(10) is
NH2
Q
\N N
H
@]

25 X is a physiologically acceptable anion;

PCT/EP01/01928
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in all their stereocisomeric forms and mixtures thereof in any ratio, and their

physiclogically acceptable salts.

10. Compounds of the formula | as claimed in one or more of claims 7 to 9, which are
2-(4-Carbamimidoyl-benzyl)-N-{(8S)-{1-(S){1-(S)-(2-(S)-carbamoyl-pyrrolidine-1-
carbonyi)-3-methyl-butylcarbamoyl]-4-guanidino-butylcarbamoyl}-cyclohexyl-methyl)-

. N'.N'-diisopropyl-malonamide trifluoroacetic acid salt, less polar diastereomer;

10

15

20

25

3-{2-(S)-{2-(S)-[3-(4-Carbamimidoyl-phenyl)-2-diisopropylcarbamoyl-propionylaminoj-
2-cyclohexyl-acetylamino}-2-[1-(8)-(2-(S)-carbamoyl-pyrrolidine-1-carbonyl)-3-methyl-
butylcarbamoyl]-ethyl}-1- methyl-pyridinium trifluoro-acetate trifluoroacetic acid, less

polar diastereomer,

2-(4-Amino-benzyl)-N-({S)-{1-(S){1-(S)-(2-(S)-carbamoyl-pyrrolidine-1-carbony!)-3-
methyl-butylcarbamoyl}-4-guanidino-butylcarbamoy(}-cyclohexyl-methyl)-N',N'-

diisopropyl-malonamide trifluoroacetic acid salt, less polar diastereomer,

2-(4-Carbamimidoyl-benzyl)-N-((S)-{1-(S)-[1-(S)-(2-(S)-carbamoyl-pyrrolidine-1-
carbonyl)-3-methyl-butylcarbamoyl]-4-guaniding-butylcarbamoyl}-cyclochexyl-methyl)-
N’ N'-diisobutyl-malonamide trifluoroacetic acid salt, more polar diasteromer,

and/or their physiclogically acceptable salts.

11. Process for the preparation of a compound of formula | as claimed in one or more

of claims 1 to 10, which comprises

1)

a1l) alkylating a compound of the formula li1

OWO
0 0]

Pl
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with a compound of the formula 1V,

5 LG-CH,-R(3a) (IV)

wherein LG is a leaving group and wherein

R(3a) is {Cs-C10)-aryl which is substituted by R(23);

10
R(23} is N(R(24)),, nitro, or cyano;
R(24) is (C1-Cg)-alkyl, (Ca-C1o)-aryl-(C1-Cy)-alkyl, {C1-Cs)-alkylcarbonyl, or
(C4-Cg)-alkoxycarbonyl;
15

in the presence of a base to give a compound of the formula V,

R(3a)

20 or reacting a compound of the formula Hl! with a compound of the formula 1Va,
0

HJ\R

WVa

(3a}

in the presence of a reducing agent to give a compound of the formula V;

25 b1) reacting a compound of the formula V with a compound of the formula VI,
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l{?(?-)

N
R(1)” TH
Vi

wherein R(1) and R(2) are as claimed in one or more of claims 1 to 10, to give a

5 compound of the formula VII;

F’3(2) R(3a)
R )/N OH
0O O
Vi

10 ¢1) coupling of a compound of the formula Vil with a compound of the formula VII,

R(4) O

-~

H OR(25)

R(5)
vl

wherein R(4) and R(5) are as claimed in cne or more of claims 1 to 10 and R(25) is an

15 easily cleavable ester o yield a compound of the formuia IX,

R(3a)
F}\’{Z) F§(4) Q
R(U/N OR(25) -
O O R
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d1) optionally introducing an amidino group or reduction of a nitro group, by converting

a compound of the formula IX into a compound of the formula X,

R(3)

R@) K R@) 9
R(‘I)/N\”/\H/N\%LOR(ZS)
O O ROB)

wherein R(3) is as claimed in one or more of ¢laims 1 to 10;

e1) saponification of the ester group R(25) and coupling the resulting compound X
according ta step ¢1) with a compound of the formula XlI

10
HR(6) (XII)

wherein R(6) is as claimed in one or more of claims 1 {0 10 to give a compound of the
formula I, or

15
c2) protecting the carboxylfunction in a compound of the formula VIl with an easily
cleavable protecting group and introducing an amidino group or reduction of a nitro
group according to step d1) to give after deprotection of the carboxylfunction a
compound of the formula XII[; and

20
d2) coupling a compound of the formula X!1I according to step c1)

R(3)
Fﬁ(Z)

N QCH
R(1Y”

Q O
X
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with a compound of formula XVI;
F}{(4) 0
H” R(B)
R(3)
Xvi
5
to give a compound of the formula I; or
ii)
a) caupling a compound of the formula XVIill,
10
R(26) .
@
0
Xvill

which is bound to a suitable carrier, and wherein

15 R(26) is hydrogen, -CH2-R(17), 1-naphthylmethyl, (CHz)s-NR(28)-C(=N-R(27))-NH-

R(28)
)
/,1,* CH Oy NH,
) T
IS G

20 R(27) is R(28), cyano, hydroxy, (C-Cg)-alkoxy, (Cs-C1s)-aryl-(C4-Cg)-alkoxy
which is unsubstituted or substituted in the aryl moiety, or amino;
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R(28) is hydrogen, {C(-Cg)-alkyl, or {C+-Ce)-alkylcarbonyt;
and R(17) is as claimed in one or more of claims 1 to 10;

with a compound of the formula XVII

wherein R(4) and R(5) are as claimed in one or more of claims 1 to 10 to give a
compound of the formula XIX
10

R4 O REe) .

Trre

XX

Z

Fmoc™”

b} and after deprotecting a compound of the formula XIX with a base coupling the
deprotected compound XX to a compound of the formula VIl or Xlll to give a
15 compound of the formula XX or XXII;

R(3a) R(3)
Il?(2) ?(4) o] R(ZS)H F|<(2) Il?(‘i) 0 R(zs)H
~N N N N N N
Te A
0O O R 0 - O O R(5) 0
XX XXt

20 c) optionally converting a compound of the formuia XX! to a compound of formula XX

and d) cleaving a compound of the formula XXII off the resin
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to give a compeund of the formula .
12. A pharmaceutical composition, comprising one or more compounds of the formula |

as claimed in one or more of claims 1 to 10 and/or their physiologically acceptable salts
together with a pharmaceutically acceptable carrier and/or auxiliary substances.

- 13. A compound of the formula | as claimed in one or more of claims 1 to10 and/or its

10

15

20

25

30

physiologically acceptable salts, for use as a pharmaceutical.

14. A compound of the formula | as claimed in one or more of claims 1 to 10 and/or its

physiclogically acceptabie salts, for use as an inhibitor of factor Xa.

15. A compound of the formula | as claimed in one or more of claims 1 to10 and/or its

physiologically acceptable salts, for use as an inhibitor of blood clotting.

16. A compound of the formula | as claimed in one or more of claims 1 to 10 and/or its
physiologically acceptable salis, for use in the treatment or prophylaxis of cardiovascular

disorders or thromboembalic conditions.

17. A compound of the formula | as claimed in one or more of claims 1 to 10 and/or its
physiclogically acceptabie salts, for use in the treatment or prevention of complications

associated with infection or surgery.

18. A compound of the formula | as claimed in one or more of claims 1 to 10 and/or its
physiclogically acceptable salts, for the use as claimed in claim 16, where cardiovascular
disorders are restenosis, restenosis following angioplasty, reocclusion prophylaxis,
conditions after coronary bypass operations, arierial, venous and microcirculatory
disease states, cardiac infarction, angina pectaris, thromboembolic diseases,
thromboses, embolism, adult respiratory distress syndrome, multi-organ failure, stroke

or disseminated intravascular coagulation clotting disorder.
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19. A compound cf the formula | as claimed in one or more of claims 1 to 10 and/or its
physiologically acceptable salts, for the use as claimed in claim 17, where
complications associated with surgery are deep vein and proximal vein thrombosis,

which can occur following surgery.
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EF
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BAR;
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R(4) A& (C—C) R,

R(5) & (C—Co-HE, (CCH-HFHKE, (CC)-HKBA-(C-C)-
A&, CCo-FE, CCo)-FEC-C)-BE, APAFARAF
BTEZRABRBARGREELRQORK, e L PRA T AHEAHXK
HAEERCERA; X

R(4)$R(5) —REABIIGAL

CC

R(6) ZNR(8)R(9) &OR(22);

R(TDARQT) ZR(20);

RBZA; (CCl-k¥E, A PRAERR#BARGHEALRQ0)
BA; RFE-CC)-HE; (CCo)-FAC—C)-BE, ZPrie
ARG XBEALRQT) BA;

I,
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HNy NH, X
K /t!t‘ QH OnNH,
]
R{10) ‘ R(10) R(10} ‘ R(w)‘
R(17) R(17)
/\H,R(m) /[!rR(m) R(10) | R{10)

R(10) ZNR(12)R(13), OR(14),

R({15)

\ﬁ)\n’m)

R(12) R 4% (C—C) K&

R(13) R &, (CCio)-FAE(C-C)-RE, X(C-C)-KR;

R(14) A4, C—Co-8E, (CC)-HBHBAX (CCo)-FE(CC)-
A,

R(15) & (C,~C;) ~FHHE - (C,~C)) R A&,

R(16) £R(20);

R(17) #-~C(=N-R(18))-N(R(19) ),

R(18) R4, &, XKARPLE;

R(19) &, (C—C)-RE, (CCo)-FEC-C)-REAXLBE, X
fRAFFE

R(20) AN(R(19));

R(21) REX, (CCu)-F R (C-C)-REAX, (C—Cu)-F K (C-C)-
REABEARKE, BE, HR(0);

R(22) Z &% (C—C) -k X;

XARERFLITREURE T,
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CERACNGIRAFRAEBAPENELETILEGREY, &
BREAGARSFETETHE.
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RA)ZE, CCO-BRE, BAL, FE, FA J4-8LA&KY¥
R
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RO ZEETE,
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NH N OH Oy NH,
«
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o ! o o)
I (
NH, N2
/\{ra(w)_ R(10), rRi10) | & R(10y NH
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4
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RAU3)RZR A, ¥E-(C-C)-R#t, XNFL;

R(14) R &, (C—C)-R%, FAIFAL;

R(15) AR TAFH;

R(16) Z &%,

XRABETRHCHHET;

CIEMBENG LA FHEL X CNEETREGRZESY, 2
AEMGERFETEZGHE,

3. A E K 1P /A A E 20X THLEH, LT

R(IDAR; (CC)-kik, Hak, ki, FX KRI4-8EE&KYT
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5
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AEPNEBRIRH/BEXIGHRNES B AFRAALE S, ELEY
BB FXadp W EHF LR R A BAH 6 ik 5 B g o o AR
FRHEMN.

B, AAHGEELELIGLEY,
R(3)

R(2) R4) O

Ry N R(6)
O O R@) 0

K F

R(1) A&, (C—Co)-Bt&, (C-C)-#MW&k, (C—Co)-F %, (C—Cu)-
FRCCIO-RE, A FAFERE 695 EE AHBAGRERAT)
BAX;

R(2) Z & (C,-C) - X

R (3) & THR(7) BAM (C—Cro) ~F 5

R(4) R && (C,—C) B X,

R(G)Z (C-C-E, (CC)-FRE, (CC)-HFRA-(C-C)-
A, CCo)-FH CCH-FECC)-RE, APaFARLP
BFRZRBERRGIAEEERQORA, PLPRAZA#RBRAHX
HAEERL)BA; X

R(4)FR(B) —RERBXITHE A
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: : (I

R(6) ZNR(8)R(9) &O0R (22);

R(7) ZR(17) RR(20);

R(8) £ &; (C—C)-R&, Jt ¥Rk RA 3 #ALRQ0)
B EFA-CC)-BE CC)-FRECCI)-BA AFFALE
ARRARS EEALROQT) R, |

R(9) & (Co—Cyo) -3 2 (C,—C.) &,

HNg N, X
N A
: NH /N OH 8] NH,
o
R{10) R{10) R{10) R(10})
O o] o G
R{17) O 'R(1 7)

/\H/RUU) . /Q(RUO) , ROUIDY | & R{10)

o o o} (8] :

R(10) ZNR(12)R(13), OR(14),

R(15)

\N/l\n,ﬂ( 16)
H

R(12) Z &% (C,-C) -3,
R (1 3) 7%_%4: (CG_CIU) "%g (Cl_C4) _ﬁg: 5‘2 (01“04) _%g;
R(14) £ 2, (C—C)-RE, (CC)-BHE & (C—Co)-FE(C,-C)-
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b

R(15) & (C—C,) - A - (C-C) - KX,

R(16) £R(20);

R(17) #~C(=N-R(18))-N(R(19)).;

R(18) A4, X, REARYE;

R(19) R &, (C—C)-%#k, CTCo)-FECC)-RAXEE, &
AERYPE;

R(20) ZN(R(19));

RQ1)ZEZE, (C—Cuw)-F X (C—C)-RER, (C—Cyp)-F X (C-C)-
HRAEEERR, £E, HR(20);

R(22) Z & & (C,-C,) R E;

XRERFETESORASL T

BEMACNG LEFAEG AP ECNELETEEARL Y, A
REMGERFETHESHR.

ABAX GG PHREAREARBIBPOXRahe (ALE
ETHBEIBRARR) P EARIBRY. AECNEFTRAEXES
PREEACERAT (Pl ERAEXAZL FARALAL REAAR
AEE, FRE-REZL, FEAREARE 2FARAAL fxR
HREAEREEAAZAAT)EANLER. B RAZLAGHTFIFR, ©
X, R, ETE, Fai, FTH #TE SpRTE EXL
ETE, FRE, FOE, FHAE -FEKE AEREXA Fif
REREGHTRLERX, 1-AHX, 2-FHAFHERL), THA,
-FER-2-THE, KX, ol EHBAZL Il -8
A, 2-Agkt(rat), Toi KEifoiBAid).

AR AT HENFRARLA GRS R - —-X =K HA
EXTHE. BECNEARREEACEAFHANLER. K5
EAREGHTRFRE, PE-RAL CEA-FEL, —VE-;RHL,
Akxak, vE-ZA-xaHR, TA-XxHE, FE-mAxxah,
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—CE-rAE, RKTE, FE-XTHE, LE-xTH AL FX
AR E, LE-FRAE ZFE-RAE KRTLE FA-RIA #
A APCE, B, THE ST ELARIHY, oLk,

FROPTREREREL,

AEXIEHTAESTEAREARLAE SR ERLER, EH
BOFL-SAFAERRS. FAREAZALAH TFRELE-FR, ¥4
T, FE-R/A, RE-TH, BA-FE, BR-2K RE-a4,
AE-THE, —XVE —¥A-TE, —¥E-R"RE —FE-TH,
BE-FR-9R, BEA-¥A-TE —EE-TH #=%E%-T1.

RFRXRLGH TR, g, Fwd, gk, =wh i,
whel Ak, ke B, IH-whed R, Eed R Eep B ¥R IH-¥f%
e X, FE R, Xifekwhh, #pX, &3, 2-c]ubwik, =%
wyrf (2, 3-clubee &, =kag3F[3, 2-clwboe ik, kvl 3F[2, 3-clwter &,
SH-2k 3[4, 5—clwbwe ik, [1,2,4]E vkt wgiit Fojpvdghst.
BRARBES - THROLE LRE,

et AR K4 F22-mbot i, 3-bee s b, XBEA
TRATRETFHRREAFRAGUTERE, X—RAFEREURFES
GRRGER. X RARAEANATH S THX.

AEBRRGERAL Y, BRAEEBS L T2-41, 3-ER41{2E.

ERAERSRI-EXF2-FR, ERRGEAZLF, HRA
Ao MEEI L, PEFRRGI-ZEAAZEFL T2, 3-, 4-,
5-, 6-, T-, X8 L EELRNKG2-EEAAEF&T1-, 3-, 4-,
5-, 6-, 7T-, &8-4r kL.

ABX IS THRAEN (CTCo)-FEACC)-BAEREXZFA
(XX PHR). |

GEHBREBRPERIFERARTRER KA Rty if 3
Pl w A THREGRGRE EZRERU)MARUI) THLE/ERR
FEARZTTHAEL:

(C—C)-HE, (CCI)-RAZEE, CC)-BARBE, (CCu-
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REZAE-CC)-REEER, HRBRAYCCH)-FEBE, &£
BBERSG (CC)-FEEABRE, CCH)-FECC)-RaLzL,
METREFELEHFES FHIBR; KA, A% &4, 24, (CC)-
RKAE, #(C—C)-FRACC)-REAKL, CAEAFEALEHRLITAER
RIAEFELEHF S PH #H CC)-RELXHEAETAER), &, X
(C.—Co) A (L P ) A,
(CC)-REZIAAL 2X3ABEFHEL,
(C—CO-RERIBAAL 2, 3XAABRTHRA.
(C-Co)-ERIBEAL 2, 3, 4, 5X6ABRETHRE,
(CoCH)-BEARIAAL, IFAANBETHEHL.
(Co—Co) - ERZIAA2, 3, 4, 5HXARETHHBHL,
(CoCio)-FERILBAHG, 7, 8, IXIONAFERTHLTA.
(CC)-FXZILAEAG, 7, 8, 9, 10, 11, 12, 13RU4ABE
FeFE.
(C—CH)-RAXZIEAL, 2, 3F4ABETFHRER.
(C—C)-REAZILAHL 2, 3, 4, 5XABRTFHRAL.
C—C)HAAERRARRAKRALNRSPAAL 2, 3, 4, 5X64
BRETFHRAKXEE.
C—CI-REBERXZMAEREFS TAAL 2, 3, 4, 5HABE
Fagbe i A,
(CoCi)-F R (C—C)-RERKAFEAFI TE AR IEASG,T,
8, ORIOANAERFAEREES TAAL 2, 3HAANBR TG X4
.
(CCu)-FE(CC)-HAXREEFERS L ALIWNAA
6,7,8,9,10,11, 12, 13X M4A R R T LAREL NS T ALAL, 2, 3,
4, SN KR THFE-RAL. CC)-FXCC)-RAXLZIHA
FEELSTEARIMAEAS 7, 8, ORIABETAARALES
FTREAL 2, 3RAAMBRIGFA-BAA,
R2FE-CC)REARBEAREIFSTAAL, 2, 3FAABERT
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0 ek K-Sk,

(C—Co) - REZFEA-CCO-RELABEAEIRAREIFLS TEA
¥FWwERL, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14, 15,
16, 1TRISABRTHRERALRSTEAL 2, 3, 4, SXA6ARKR
FTHRAREL-RAaERL. .

C—C)-FEEERARAFAF S TAAEG6, 7, 8, 9, 10, 11, 12,
13RIV BERFHFEAEE.

C—CH-FRAEBAZIREF LSS TAAG, 7, 8, 9, 10, 11,
12, 13RVUABRETFHFAAEZE.

(C—TCu)-FECC)-REARBAF ARSI TE AL AAS,
7, 8, 9, 10, 11, 12, BRUABRTHFERALARLSTAAL 2,
3, 4, SREABRTFHFEA-REL. |

(C—C)-FE-CC)-RAXBEARBAFTARS TR ALIR
BA6, 7, 8 9, 10, 11, 12, 13RV4ABRTHAERALFSI T L
£1,2,3, 4,536 KR FTHFE-RAKLERE. (CGCiw)-FE-(C~C)-
RAABEARIKEFANRS TE AL IMWEAG, 7, 8 IRNIOAER
FhRAEREABZEARSFTELAL 2, 3JAABRTFHFEA-RALAEL,

(CoC-FBRAELIRBEAS, 4, 5, 6 XRTAERTF L. (C-C)-
HFRE-(CC) HERBAXRKERS TELARIWAAS 4, 5, 6
RIABERTRERER S FEAL 2, 3BAABRTFEURREA-RE.

TARBGE, BEEZLEGLBNIMEITALE—KRAE, #
3% AR(17), R(18), R(19), R(20) #R(21) stk 5 i BB 4 F
HAKH.

W RAFLEAFECTGRA, MEBXIEGH PAENERLETE
ZHRETXRERIMNSGEGANBEIANERERXRR LGNS
F. AEGBRR, LE, THERNIALHFGE. REBRMHTRETE
HARGHTLHEGAL ZRESEARERAGALILEHT
BRAEZETESHE. pREXIGLEGBIL AR S TFX RRANAESE
BEALAA LR ERSGEALE NPRETFXRSARAXNKAE, 44
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WAREIANNRET. AXAVEEEZTAXNINS IO & (RAKR).

BXIALOPHERETESHEZ, AL, THAOXLFNE.
HEEZIA LS EREHLRR LRGBS B HBAG. i
HHFR, i, 2ARLEIBLEE (HwA, 47, £3B)HM
BFXARBRKSERS TAEREMEETOE, AREMETCH
BARFUEAREZETESH ALK TR, LE. ZLEAE,
LB, ZQ-RLA)EXRRKARKFSEE T, RE4EGHFEEMS
F&, #Hli, wPE,

LB BAEE B RARKEGE X TILEH RS 5 H] 4o LHLE,
ANBBRAFAWRBRERENSE. REABRSH T, cHRETRSE
ABXINSHHAR L TESHETHE, LIS, S88, AE,
e, L&, EV8, U8, AR, BA%, LE%, TLE, ¥
e, BLo®g, HER THR dTPEFRIAESER.

BRI YN AER T THESHLABRBRERABESA XS, #Hd
BARBXILEGIERNENR, PR EAE LR EREIER
AR, REHMEARAZNIFBBEMNTRS. B INLESHGERE
PTESHLELESHRERAFT FBIMETIRARE FIHASR
—#H, Pl R LBEAFE. A AP —BEHEEZ THALTLEY
g, cHPEBEREVHRFEREIBEYTRFAHFANKEMELEZL
TEEHEDEEHNEAGRBEA. ALXVH - FTEZBX 14D
BEMLY, kS XTEAY.

BREFIZPAHGAX IS HRB S ARAZR T, €A E IR
AARESHE., SMBREB AL AT AERS a o fH4k
AR AN FEDIENRGREB ARG FHERSY
WHRAE. AXAVRAHF R LGS FHESESHFd e FHEENE
WEGRS DI G R oG Ef St B ARENAR
2GRS Y. AXAVELETAXINBHH I AFHEGREHALESX
IAFALEIEFHEGRESY, PERSHTEIAHIARARTHEGL
Wik &
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BAINESHELRBEANEFMERIFHEALE. AXPRART R
SHEMIF T EE/IF R EBRAARESRESY. kRN
&, QEE/IFHBREER, #4858 EFHAK, A, BT EEL.
shE#BEBBIRTF MG EEZ SR AAIRERAFT XGH
SHEAESBERFAH S FHE. O FHEASLEBEIE
&3 P AR A e X E R 4 B kKA.

BFELALAGEX SRS - T EAFTERART, FEM
HRBABIFAZERMBAALE. AEXANETFEHAZIET X FHK.

AZZE o AXLSHGAEmfd sy, Plodihddh, %
BB APRRACELBLTELGTA QLR PBRE, AABX]
oG EREREY. HEEPBER, fl, (CC)-REEE, £
HPARGBER (C-C)- i stk. XAPAALFABXIALSHGW
KEBFTRPOBN, ENREELEZFATHARBEXINLS
Y. BXINGHOGSENEEY, FEMAES XA T HE Bl
stFEAE. AHPMEIEAFLENE) GBI ESHGLF R
Froad, RARAMBRTRERRAR A Oy, LS HM% e
FimgiZ B El ALK P LY, £4# dDesignofProdrugs,
H. Bundgaard( % ) , Elsevier , 1985 ; Fleisher F A ,
AdvancedDrugDeliveryRevieﬁle(1996) 115-130; = H. Bundgaard,
DrugsoftheFuturel6(1991)443, EMNELHF#HIIALIELE,. @ X1
PO EENAED AL LRI BB A BN A ST A S,
AR THAGLSRER AL, KEPBAGBRLI A KEHFPRLT
RENASGS. AREANASDARETRETAZD P, ERER
AP ERTLE - AREA(Ble—AXBAN) LB TTHEEREA
ABEARK. BANALSHPREATRESEHNASHOSERLREL
BIEZ, #Hlde, XAHER'-CO-FR¥0-CO-, L PFR"ZEA, (C-Cu)-RA,
(CC) 2B E, (CG-C)-HREA-(C—C)-RE-, (CGC)-F&, &L
AMBROGIBAERL(C-C)- A, CCREE. ARXERRK; £
-, (CGCH-FHE-(CC)-BHE-, A+PFEAZAHBRKGIAAZL
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C-Cr-E., CC)-RARE, RRARK;, XEFE-(C-C)-RA
~-Fe L PRPAA A TROBEGEL, AR,

Hhk e ABXINGKLS S, LT+

RIDAEL, CCo-RE, Hak, $4, ¥4 34+ KL&KRYT
B X (carbamimidoyl) —F &;

R(2) Z & & (C—C,) B3k

RB)AFERER, £k2-E4, SMNHERT)BRK;

R(4) A &R TE;

RG)ZRETHR, #TH, &TH, R, RO EAFTH, XA,
FR, 2-XA-K, -REAPFHE, 2-RAFH, RAFEL, HhE4
AKEFE, BVE, FREATE, BVHE, 2-BA K, 3-8%-
Ak, RA-CFREEARL)-THA; &

R(4)#R(5) —RHBRBAXITHAL

R(6) ZNR(8)R(9), OH, = 0CH.;
R(T)ZBA, ARAKE, KE, X-—FERE;
RBYAZAZR, R EAFE, 4w AFTHE -fEASKFTHRE

FE, Z4-8EA-T
ROOIZEEATFE, b 1-EA PR,

HNyNH, i -
Y X
NH N OH O NH,
“ |
R{10) R(10) R{10) R{10}
QO 8} O Q
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HZ
/\ﬂ/R(‘IO) , R(1 C), R{10) ) R(10} NH
o ;

R(10)ZNR(12)R(13), OR(14) &

R{15)
\E/LH/RU 6)

R(12) # & X F 4

RUI3)Z &, ¥E-(C-C)-RE, RFE;

RO4)Z A, (C-C)-R%i, FEAIXBRL;

RUG) RAFRTEFE;

R(16) Z RX;

XREBFETEZNRSET;

CERAECMGLEFHAEAB X ECNBETLEGRESY, 2
Refgtgs b T,

MBI Ed, L

RODAS, C-C)-RE, Haik, XX, ¥X 4-2E8KY
R R O

R(2) R A (C,—C,) i,

R(B)AFEH2-KXE, CMHR(7)RMA;

R(4) R EXTFE;

RGYZETHR, ##TE, RTHE, RTK, rTEAFE, XA,
FE, 2-FXE-TH, 1-FEAFE, 2-EAPR 4-REFR BFAL,
FREAFTR, 294 2-58128, 3-&gA-AE, H4-(FEAH
AERR)-THE X

R(4)#R(B) —RHRBEIXTIHAEL
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CC

R(6) ZNR(8)R(9), OH, O0CH;;

R(7)ZERE, #HABKE, X-FLEK;

R(B) A&, kA FTHE, k4w EFHE, -FARKFELE
FE, R4-KE-TE;

RO)ZEEFR, thk1-BZEAFR,

HNg_NH,
NI OH O NH,
/d/r"“m ROO) R(10) WRUB).
' o 0 0
o
NH i
®
NH
R(120) , R(10) . & R(10) NH
0 o o)

R(10) ZNR(12)R(13), OR(14),

(i ;

R{15)
R{16
\N)\‘r {16)

"o

R(12) 2 &% P %,

R(13) &, ¥X-(C-C)-BE, X¥E;

R(14)E &, (C-C)-R%i, FAIXHHEL;

R(15) RIKTEAFX;

R(16) 2 &&;

BEHEFAACNG LEFHEABAFCNELTREGRLY, I
ReMEEF ETESGH.
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¥AHAHRIAXIHLESS, KT

RIDZEA, (C-Co-%k, Haik, & FE a4££ikW
LR —F A

R(2) R &% (C,-C,) - K X

R(B)ZAFEARENE, H#2-XHE, TNHRT)RK;

R(4) R AXRFX;

ROYAETE, ##TH, &TH, FTHE, RKTAFE, XX,
FA, 2-XE-THE, 1-RAFE, 2-RETFE, RAFE, Kk
EATE, BVE, FREATHE, BPE, 2-BHTH, 3-84-
AR, RA-CFARAZFARL)-THE X

R(4) #R(5) —RHRBEXTIH AL

o

M
R(6) ZNR(8)R(9), OH, #OCH,;
R(DAMRE, 2EAKRE XR-FERKL;
RB)ZE, e AFPE, 4w EAFL, -FELERKFHE
FE, R4-R|E-TH;
ROOIARXREAFTHE, sb1-ZEAPLE,

R{10) g R(10) /YRUO)
é 0
Rmo) /: Lw) , %
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R(10) ZNR(12)R(13), #HOR(14);

R(12) ZE&XF X,

RO REA, ¥E-(C-C)-E, ¥,

R(14) A&, (C—C)-&RA, FAIFAL;

BEMACMGIARFREB I ENBEETLEGRSH, 2
REMHAERZETRSHH.

REAKAGRBIGLSY, L)

RODAFTE, Hak, £E, FE KAPERXFL

R(2)ZEX T,

R(3) A TH#HR(T) B ¥EL;

R(4) Z &;

RG)ATE, H#JETE, ek, RKTEAFTE, $4, F4,
2-FA-TH, 1-REPE, -FATHE, SAFR, K4S AFH,
FERETE, BFHE, R2-BA YL,

R(6) ZNR(8)R(9);

R(7) AKRERBAKE;

R(B)A&,;

R(9) &

HNy_NH,

NH

ng“ 0)

o

R(10) RNR(12)R(13), ZOR(14);

R(12) R AR FE;

R(13) L &XRF X~ (C-C.)-RA;

R(14) &, (C,-C)-%i, XHRL;
CEAAENGIARFHREBIA P CSNBETHREGRSS, 2

38



01805589. 3 % OB B FE18/75;|

AeMeAEFrTHRZHE,

TAREGEFH A LG BEXIGHEHA:
2-(4-REA AR TFERE-FHEO-N[Q-AFEBE - 4-BE-TEREE
PREA)-FLAPRI-N N-ZFR-F_BEZALRE Ky H
& 3 3+ B S H 4k,
2-(S)-(2-O)-[2-CFA-PA-KRATPHRL)--G- A RRTH
A2-¥H)-msARE] 2-FROEA-TBRE)-5-I K- K& & K8
ZRLEE, Ryl ESRFHE
N-FE-2-(4-BRABERFRE-FTE)-N-[O)-1-O)-KAF#&
E-4-BE-TRAEAFTHRL)  -ROA-FR]-F_BBE_R &% 7
A 64 4 2wk e K,
N-FRE-2--RERRFTEE-FTR)N-[O-(1-O)-AAFH
E-a-BE-THAEAPHL) -RLEA-FLA]-A_SEZRL8E &K
F MOHE Y 3F 3 Rk B4R,
N-FE-N-[S)-(1-)-KRFPHE4-BE-TEREFHL)-K
TE-FR]-2-[4-(N-BEREEARFPEBL)-FRA]-F B E=ZRT
B,
N-[2-(4-8A-FL)-1-O)-1-S)-RFBE-4-BEA-TERE
PEA)-CEI-2-U-RARKFEEA-FEA)N,N-_FE-A &
BEZfL&E,
2-(4~-RARRKRFHE-FH)-N-[1-()-(1-(S)-RFE AL -4-5
A-TERAFTHEL)-REA]-N-FR-m_mE=RL&E,
4-S)-[3-(-BEEKRFHEE-FR)-2-—FEERATHREA-A&
EEE]-4-(0-S)-AFsA-4+-BEA-TERATHRE)-TH,
2-(4-RARRKRFBE-FRE)-N-[1-S)-(-S)-RFEE A -4-M5
E-TEREATHSA)-2-B2-R-ZH]-N ,N-—_FR-m_8E=L
LB A,
2-(A-RARRFPEA-FE)N[1-O)-1-S)-K FamLA-4-1
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A-TEREATPHRE)-3-¥XA-FEIN N —PEA-F _BEZRT

& 3,
3-)-[3-U-EAERPHE-FR)2-—FHLREFTHRE-7&

AREI-N-(1I-S)-RPBE4--BE-TH)-RARER =R LRI,

2-(4-REABERPERE-FE)-N-[O)-Q-S)-RF# A -4 L
TERATFTHL)-XE-FEAI-N-FEA-B_SE=R8H,

2-(4-R[EAERFBE-FH)-N-T[S)-Q-S)-KFE A4 K-
TREAREAFERE)-XA-FA]-N ,N —_9PA-F_BE-ZR0L5L,

N-[2-FRE-1-O)-01-O)-RFSE-4-BE-TERATSE
E)-TE]2-4-REARRFBE-FA)N N-—_FRA-H 8K =
R,

2- (- EBRFERE-FE)-N-[1-(S)-(1-(S)-A Fa L -1-1
A-TEREAPEBREA)-AE]-N N-—FPR-H_sBE=R.8% %
¥ #6432 Bk S H 4K,

2-(S)-{2-F)-[3-U- KA ERPHA- X L) 2 —FPEEAFHR
A-ARARA]-CHRARA) 5-BEA-KB A& H,

2-S)-{2-)-[B- - EAERPHA-FR)2-—FERAFH
A-AARE]-2-RTA-CBRES-KNE-KB; BEZALBBA
ZRLEH,

2-()-{2-S)-[3-4- KA RNRNFERE-XL) 2 —_FLEA TS
A-RABRARE] - k-somadt)-5-BA- KB =R oa i,

2-(S)-{2-S)-[2-FEX AL FEBE--U-REARFRRE-X
A)-ABERA] 2-RTA-LBEd) 5-BA-AEZRLBE,

2-(S)-{2-(S)-[3-4-BARRTFHRA-X L) 2-—FRERAFSH
A-ABARL]-3-FoA-Aot A 8 R ]-5-MA- KB -fLB

2-(4-BEERFTEBREA-FE)-N-[1-0)-(1-S)- K FE8 L -1-1%
A-TEREAFBRA)-2-¥A-ZHAT-N,N-—F¥EA - F_BEZL2
R, BRyREaEstiik,

- RERRFBRA-FR)N-[1-(S)-1-S)-£ FE L -4-15
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EA-TESAFHRE) 2-E1-2- AN N —FE-A_BRE=ZLA
LHE,

2-U4-RERRFEHEE-FE)-N-[1-O)-(1-S)- KPS E-4-15
HA-THEEAAFERL)-XA]I-N N —FA-s_sE=-f8% %,

2-(4-REA BN FEHA-FE)-N-[O)-(1-S)-RKFE A4 X~
TERATERR)-FRIEA-FRAIN-FEX-m_BEZRALRE,

2-(4-RERRFHRA-FE)-N-[1-O)-(1-(S)-KFB A -4
E-TERETSRE)-2-RTE-ZAI-N ,N-—FEL-H _BE=ZL
L8,

N-FEN-[O)-(1-S)-RFHBE1--BE-TEAREFEEL)-1
CE-FEI-2-[4-(N-EZEEEARRFPHEL-FRA]-A-BEZRT
B3k, 0 HUME 6 dF st e JE A,

2-(S)-{2-S)-[3-4-BEARNRFTREA-X L) 2 —FLEA TR
E-ABARA]2-HKLEA-CBEA)--BE- KR LEIERE,

2-(S)-{2-S)-[2-F AR ATFHBRE - UKL ANRTHRE-X
A)-ABEAEA] 2-KLEA-LHEA] S-BEA-KBRCLE=ZRA LB
&, &I HpegdEstuFHA,

2-(4-RBABRFTHE-FL)-N-[(S)-KTE-U-BE-1-(S)-%
LERATFTHRA-TEARAPFEL)-FAI-N N PR/ -_stki
Bk,

N-FE2-(4-RERRKFEHEE-FR-N-[OS)-(1-S)-KA T8
E-4-BE-TAEEATFRE FLEA-FR]-F_BE-_RL&HE, &
=R A SEISE g Sk

N-FE-2-(4-BEAERFHREA-FR)-N-[O)-1-S)-A F&
A-4-BE-TEREAPHRL)-RKLE-FR]-d_BE=RLEHE &
F# 6 3F 2 R 4K,

N-FRE-2-(4-REARRFEEE-FL)-N-[(S)-(1-()-RTF&HLA
“4-BE-TERATERA)-FLEA-FRAIN-FRA-H_BE-_A 8
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2-(S)-{2-S)-[2-(FE-FEA-EXAFHL)-3- - [REKRTH
E-(R)-ABAEA]2-KOA-ZBEA) 5-KE-XBABHE,

2-(S)—{2-[2-(FE-FR-FEAFHE)-3--KREAKRFo K-
¥R)-AmARL] 2-ROEA-LER) 5 HE-XBRPE-ZAZR
#, RV RESETHFHE,

N-FEN-{[1-S)-(FE-FRA-EAPBEL)4-BE-TERE
PEEE]-HRTE-FE]-2--EEKRFEHA-FE)-N-FH-H 8
MR O8E, &M A,

AEZPEFEBX1G0EHm, L)

R(D R &, (C-C)-E&, (C-C)-#HR, (CCu)-F X, (C—Cw)-
FEECC)-E, EPEFEREFHFRA T RABBKGIHERAT)
B

R(2) R &% (C,—C) - &

R(3) A THR(7) BAM (C~Co) -F X,

R(4) £ 4% (C,—C) -,

R(B) & (C,—Co) Ik, (CC)-HBRE, (C-C)-HBEE-(C—C)-
A&, CCod-FE, CC)-FECC)-REL, RFAaFRAREAY
6 5 R R RPN XA X ERCO)BRAR, i 5 R 2 ok A 6 XK
HEARCL) BA; X

R(4)FR(G)—RHBBABXIIGEL

L

R(6) ZNR(8)R(9) X,0R(22);

R(7T)ZR(7)%R(20);

RB)YAZ&; (CCo-5E, H iR T ko BUK 6 34k % AR (20)
BAG #FE-CC)-RE; (CCo)-FX(C—C)-5R, AFER
AR I ARR(17) RA;

R(9) %

(I ;
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HNy NH, X
NH /nh‘ OH O NH,
<
R(10) R(10) R(10) R(10)
o) ‘ 0 | 0 O

R(17) O R(1T)
/\WR(m)' /grmjo), R(10) | % R(10)

@]
R(10) 2

R(17) £ —-C(=N-R(18))-N(R(19));

R(18) Z &, £X, XAKAKPFE;

R(19) £ &, (CC)-BE, CTCu)-FEC—C)-RAEEL, &
fXERF L

R(20) RN(R(19));

R (21) ;‘é"&i&, (Ca“‘Cm) "%g (C1‘C4) "%iiy (Ce—Cm) _%£ (Cl"C4) -
REXAZEARE, BE, XRQ20);

R(22) & &% (C,-C,) - &%

XREZLYTHEZHNAE T,

CQEMACNG I EFHAEAEXpENEEMLEGREH, &
BeMrB2F LTEZHHE,

AEXPEFABXIGRESH, KT

R(IDEK, C-Co-%ik, Hak, X FE JH4-8LE&KYF
BT A

R(2) £ A& (C.—C) -HE;

R(B)AFXK2-EA, ©MNHER)BK;

R(A) R AXFA;

ROGYZRETR, #TH, TR, rTEX, srTEFE, XE,
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FR, -¥FE-X, 1-EZAFE, 2-FZEFE, KREAFE, K&
REFA, BPE, FAARATVE, BVAE, -8R LK, 3-8%-
A, R4-(FREBLEL)-TH;, X

R(4) #R(5) —R W ABXIIHELE

CC

R(6) ZNR(8)R(9), OH, HXO0CH;

R(T)RERE, 2ERE, &4, KR=-FERL;

RB)Z &, RAFH, 4t EAFH, -REAKRTFHLE
FE, R4-8EA-TX;

R(9) £

(n;

HNg_NH, -
Ta:; /rlq‘ OH Os-NH,
|
F s
o o o 0
"
NH, NH,
R(40), i:;R(m), . __rpgy | & ﬁio}m
/\lg © 0 o ;

R(10) £
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XREBETRBSHAET;
CEMAFECNSIKAFAAB AP CNEBELTLEGREY, A
e F b s,
#ikeg R BT854, Xf
RINDAFERTE; KATE;
R(2) ZAAERTHE, KATE;
R(3) & T#R(7) BA A,
R(4) & &
R(5) KT A,
R(6) ZNR(8)R(9);
R(7)ZAEE, HREAHK;

R(8) 7 &;
R(9) &
HNy -NH, -
e e
\I
R{10) i - R{1Q}
o 8] :
R(10) 2 0%
| ey
H .

XRAFLTESORASE T

GEMACNOGLEAFAEABIXFECNEEMLEGRESY, 2
Rems2sr b,

TREGHFHE LGS Z:

2-(4-RA KR FBHE-FH)-N-(()-{1-S)-[1-(S)-(2-(S)-&
PEEA- B R-1-BR)--FE-TEARAFESA]4-BE-THAER
VEEA)-FLA-PR)N,N-_JFRHEA-F_BE_ALERE &Y
Pk &g 4F 2 Bk 4 4K
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3-2-)-{2-C)-[-U-EAEKNRFBA-FE)-2-—FHEEK
AvPsmi-Aas AR A]-2-rTE-2HEEI2-[1-0)-2-O)-&
PEEA- S R-1-B ) 3-FE-TAREAFESA]-ZA)-1-PA-+
REZP-LBE=ZRLE, & FVREGEFgEk,

2-(4-RBE-FE)-N-((S)-{1-(8)-[1-(S)-(2-(S) - R VT H# A it
B 1-EE)--FR-THARAFESE]-4-MEA-TAREFHA]-
FOLE-FR)N N-—FEA-AH_BEZRLELE &Vl
*§ BT A,

2-(4-HERRPBE-FHN-(O)-{1-(8)-[1-(S)-2-(S)-&
FEEA- R R-1-FA)-3-FPE-TERATSRA]-4-BE-TEXEAR
FEA-FLE-FR)N N-ZFTA-A-_BBEZLALRE, &1
AGEISEN S LW

BAXINEGHREBANALIBAGR T EABRRKARA BT RS
BEFPEAXAHAE. AETATFTAX IS YOH LG —KOREZA T
A REREHARBERTAFERARAER T EBRARAARESER
. ERSBFATEMNTATZLEEANRCEHAEAEIHEY. Fite
MBS PR PHEGBFEMBRE D ERGIELEY £ H
%.

ABAIMLEHGERATHAGTERSL —BRBEELEGE
BT F R ABRBERLT F kAR, XEFEH P EKRSR
AR F R AP S

BATHEHEBALI AR S HE2PITHES T FARS L,
EFAIERQ), R(2), R(3), R(4), R(5), R(6) I LATMZ.
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B R p# 2

R(2)
R(3a) l REa)

N.
0] O LG-CHZR(38) R(‘])/ H R(2)
YY v 0 o Vi ! o
O O - - R(1)”
Pl © O
I \\W// v Y

X% 8% (Meldrun acid) ITTAE 4@ s34 B st m i B2 49, &1L
B, XR=ZCTEFIVimaZit, L&
LCAB I AAZ RN EFXARARGEEIALPEBRRAL R FHBRE

R(3a) & (Co~Cio)—F &, € THR(23) BA;

R(23) £ N(R(24))., X, RFAL

R(24) # (C,—Co) -3t %, (C—Cuw)-FE(C—C)-BE, (CC)-%i
BE, REC-C)-REABL,;

FEV, RBIXHFEBRITTEBIVafi® B H 4o AW A 1S
BLETHEEGRLRE kAL,

Hut, VA Reesdd, KA RLHA LN O-R(ZFLY
HRE)-LHRBEEETEAREN T, A E_KPRTADAKS
T, BVIGE B X SH, HHR_BBEKVIL

BAIL. IV, WaFVIKREW R TH LT LR G X eBd Bt AR
KGR FEBBERARCoIiF TN E.
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B B3 3
R(3a)
' R#4) O R(2) R4) O
N ﬁ%ﬁ'} N N

vi + H OR(25) — =R~ OR(25)

R(5) G O R

Vil X
e R(3)
1?(2) F§(4) 0 ‘?(2) ll?(4) o
ROy N\(u‘omzm RAY" N\HJ\OH HR(6) (X1
O O R({ 2R R 6 O Re %47
* X1

VIISVIIIBA R IXEE, X PREOAZHEARGE (Fld
CCo-xE, FX, 4-TAEXFR), BB LAKRESRFHAY
EBBSEM AT, REBEMNE, Hld, BL_EEEZ KT
A B OCCD) X —FREHE Lk (DICT), BE - FE — s
Fe 205 XM, AEBRE, -(RE(ZRAEXEZX)-EFE) K
E)-NNN N-wP R Ehwgam i (TOTY), N-[(=F A K
A)-10-1,2,3- == jf [4,5-bItw-1- X -F P RAI-N-FEAF K4S
( methanaminium) < B#5& EN-A14 (HATU), FF. @AXVIIIH
WEeHAFHETERH G BRI ELABARRTEBRAAR O
GiFEF kP E.

o X%, RGa)IHRA) (X~ X) it B B LN AT HES
pA, i A deRaneysl, L/ ERERRXELCHEALNELLFAT
09 AR B4 AR E R R AT,

HRERGSAT G HEALGHHE, BEERHELKNF (4=
i, FTEIALE)PABEEA R TEXLE, PHSHAERH
P RAEGEL A, THRRLETHRKEFLAE) (G Vagner,
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P. Richter#=Ch. Garbe, Pharmazie29(1974), 12-55). # &K EHE T
FEARBALEMRB{LL, BEIEMERFGERREREITRENL (Bl
PR, FMEL KK (GDR¥#FINo. 235866), L& & (7T ABMAE
G FF)AEEE Lok, BAESERE LR (Feidid 4 840).
BXXGA LG FHAXXIGS I RESE
FAREF AT, XIBXIIHBEFHBEXIGHEGIYIRESA
b LR G BAH kitfr. BXXITHG IR FTH ETERGX S
B ABAGRTFERARRAAR LT k4.
BXIGLEBETAEIERE BHFA4f5F L85 & kK F.
BB i A2 4

R(3 R(3
Fﬁ(z) R(3a) !? 2 (3) Fll ) 3)
0PG N OH
Vi— R(1)/N OGS R(1)/N TR
O O O O O O

Xl
EARHFERAFERES LGB EAAPCHd (C-C)-2K&, Fi&,
FA-FREVYLBRYVEATHAE, EBXVIISLAY Fa5% LR (3a)
RBHT RALRG) oA LA L RS, F3EXXTI8464%5.
B F B #5

R4) 9 R(4) ©
N %4 N
PG oH + X - PG~ R(6)
R(5) R(5)
XV / XV
R4 O
N X
H R(6) - |
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SRYVHRLABXIY, LEPPeROZLEGERARY R, #HldoFnoc. F
A 8K (Z) #Boc (fhikFmoc), #BEA LA LA MAFAFT HHEX
XIT6h 46284, 2 @XXVea%. BXXIVE A% 5t 4 i
AR KGR T EBRBRAARN Cotiinfs ik kFlg.

AXXVEI LSS AT AT E, PlioiBd A TFooc-EEFH
A& F % (L. A. Carpino¥ A, J.Org.Chem. 1988, 53, 6139-44), *
(P mFHBXXVIgaY. AXXVIGALSHRGERKREF &
5@ XXITI#a-migs, HFEBRXINLEH.

BXIANESYETUABEAILER SN BOTHEGEARKESRF &
(F#HECO 2¥HF. WEF EH O LEBSteward e Young# /T T #53£
(Solid Phase Peptide Synthesis (Freeman and Co., SanFrancisco,
1969), EXARBIIAAL L LE.

A AEREGRSEN, LoWHLFARKSHITAY, ®5
R HmAGREETHELXAKRCEZEAMBESRZE, KFT
Bl e RALBAFT A, EMRGBCREEES 43T AW 6 B R k31T,
FHA B OEC-EnB L, EEApESBEL. AHERATHR
AARLESEAEZMANNE S EREGREAXBGLLSDY.

B B.% 6

it

R(4) O R(26) R4:Q  R(26) 4

I H A
N N ﬁ = ﬁ']
Emoc” \])J\OH + HzN)\n/ \0 Fmoc/NYu‘ﬁ’kn’N\a
o R(5) ol
XVl

R(5)
Xvii
XX
/
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red

R{3a)

R@4) O R{2
T4 R0 - (2 R4y 9 Ree)

H N R(1) N
RS 0 \0 Gl O o0 RE " b \e
XX

Xil . *xi
% 4

R{3)

F}(Z) 1‘2(4) O  R(26)
N N E ———
oA g '
R(5) o}

0 o

XX

BETRISAAWEL

#ERX—Fk(C) (REH#6), AXXVIII®EH, A FaREAR
BEaSENRARL, ZHRAH I EVNang., Trityl LRink#H KX T E
BARAGRG L LA CpOECRTHAGREL, fFid

R(26) & &, -CH,R(17), 1-E K ¥, - (CH.) .-NR(28) -C (=N-R(27))
-NH-R (28), o

X
ri:' OH  Ox NH, :
i } r© j/ rQR(m
| .
R(27)7%. R(28): 'ﬁga ﬁg, (CL'"CG) —ﬁig&, (CG_CM)'—%/%(CL_CG)_
RAK, CAFEALHFS T RERRIHBRK, AL
R(28) A&, (C~Co) I, H(C-Co)-HAZK;

RESEAFERAR, 5# bFrockf W RERXVIIES. LTS
’f%:b&éfj, gq&“BOC*%#%-ﬁg&XVIIé{I&Fﬂ&J%‘Tﬁ%ﬁ‘{], ﬁﬂ’?], Fmoc
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By HREBRXVITOE A K.

BAXVIIINALA D G AL AR RERTERBERAARA S0
WAEFFEANE.

PR 69 ZRXIXAE B AR, Pl kT E_FEAFHRETHRE
20-50%45 B kAT X RY, KFAA XA AL GEXXXNGLEH,
CREHRBBLSINBIEAF EAPBHHENEHERVIIXXIIIE,
7538 AXXTRXXIT 65044, FTRFH LS P XXTHEARBa) #HAK
EERQ) S LA k34T, FHAXXXIINGLASY. EXIGHES
HRGERELEHTHRERRARERETHEAGHE, BRER
1%F|95% M Z R L) M Z R LB/ AT, Bd 45 2l XXX %
®A.

XELSRGUEGHRBERAR BN ST E R A-FEEME
#% RP-HPLO) A A C R TH oW R+, € RERKEG L EF
FokIE., EMK, XA F A f AR AT WAREINF
% (MS 2 HPLCIESMS) it Bl T R e X X Wit -4 ey & # (R R L34 1).

B, XAMEFRHAGAX TSI TE, COE

i)

al) ERALETABX IV LGS

LG—CH,—R (3a) (IV)

¥id X 111 856l it

O 0

e

]

EFLCREZ AU Z U FABRGEEAEFERRALK PHIS
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g SR S

R(3a) & (Co~Cio) -F &, € THR(23) BA;

R(23) Z N(R(24))., #X, HRAK;

R(24) . (Ci-Co) - 3K, (CCuw)-FHA-(CCh-H%E, C-C)-Rr#E
BE, X (C-C)-RALZEAE,

FaAEAX VSaHLESH,

REZRMNAATILBEX I W HEX IVaIEBRE,
Q

M

H R(3a)
IVa

Z3):E A VegiLs;
bl)iti@ X Vet 58X VI LR K,

ﬁ?(Z)
R(n/N“H
vi
EAFRM AR A EFEZL, FHAEX VII 65ibd i,
IT(Z) R(3a)
R(1)/N OH
Vil
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cl)@BX VII 4o E58X VIII i4-H1546,
FI{(4) @)

e OR(25)
R(5)
Vil
EFRAARG) AU LHEZLARQ)ZAEZHN,E A, FIHE
K IX#giba4,

R(3a)
?I?(Z) ﬁ2(4) O
R(1}/N N OR(25)
O O R®

X

dI)HEEIAKRERAITEBR X IXGEHHEHALRBAXXGLESY
ki EEERE,

R(3)
R(2) R(4) O
_N N
R(1) OR(25)
O O R
X
EFR(3) ik LA L

el) S AR(25) ¢ AL Aok B F Bcl) TR IFiL oM 5 8 X XTI
8- B 1% o~

HR(6) (XI1)

EFRO) Wk EAFZ N, FHBAIGHEY; X

CRBEG S ZNRPEAGTABIAVIIR S PHRAFT AR
IANBAIBETBEINWAANLRREFLEZATRANEIRYF
B TAXIIIINEY; #

d2) it #kEF Hcl) BB AXTIIN LY
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R(3)
_N OH
R(1)
@] O
X
5@ XXVIN L4184
wqo
_N
H R(6)
R(3)
XV1
FRE XI5 s; X
ii)
a) b X XVITI&S 449,
R(ZE}H
N
H,N '
N
Xvil

CRETEENRENARRTSEAGAEL, LT

R(26) # &, -CH-RQ7), 1-EX X F X, -(CH),—NR(28)-C

(=N-R(27) ) -NH-R (28),

X
N l OH  Oy_NH,
p R(I7Y
. . X

R (27) )%R (28) ’ %%: ﬁg) (CL_CS) _ﬁigv (CG—CH) _%g (Cl—cs) -

RAE, CEFEALEHRS FARBRRIBRR, XKL

R(28) R A, (CCo-A, £(CC)-HABE, #RANDZ LW

LB X
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58 X XVII&gi 448 5
R(4) Q
Fmoc’N\l)LOH
R(5}
xvil

EPFRAFRG) X EARZN, FHAXXIXHLESH
53(4) 0 R(ZS)H
N

=TT @
R(5) o

XX

by ABR ERBEBIXXIXNHES LRI EIL LB SILLEY
XX/ 52 B X VIIRXITI694e 4 b, F3)# X IXTRXKI16104-4;

R(3a) R(3)

R@) F;l(4) 0  R(28) H R(2) ?(4) 0  R(26) "
NP T Y T @
O O R(B o} C 0O R(5 O
XX XXn

)R E XXX 4T RBAXXIIGAESH (FEL T A
RARBIHEGERIFEALRGa) HERAER®D)),

Fod) ¥l XXXI15LEBAMRE L3, FREXIGL45.

Ee BT @AEGEEXBFHEAGRE, AX 1G0T
BFXaibh., SNAARBERERANEW, LESH2RIKE FXa
ERERFE B, IEHLRRGBEIWHEAALATH TXaFHEE
A, wPBAREAXWF i sE., Hit, XAVUEFEASHEH AR
ATHMN., LARATRARBAG TaR LaMRASERFERNH
Mg EF P BXIHEY. o, KEXPEAETH FabdE AT
EHBEREAF T HA FXaiElt k. ZAKRRL, ALEY
AZPEONE DXL ERLERETSHAINITEREELLRE
HRHHE TXaff LB, REZEIWEHE FXaBA S RB LB RER
SRR BRHEEC., FAPGHALHRFT EOIEAKI10unffhit
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AKi<100oM¥ 4 B FXaiE ey b £ @ X 169149

REFEAAGEKE BFXaZR " 2 HRETFRASH U BAEDL
B 5 Bg 554 6 T 3 5T 404 R 1R AU BT A B R 3 AL A 5 e B 69 BB
XHFEETXaFR AN, ZXE B "RAHCHEEHTXaEHG
EEARERH. BFXaZ b AR HFRSEdHed X ILEHE
HETHFXaRLESTEREEE, AMBLEMERELSTRLER
BESWERREERETR. BFXafEl s tdadsil
LS YEATITERAF e bl LE AR R RETL A MR
LA, BELAFaZFHaHHnt A KE 77 2HHEX
IR BB HE TXaE R R EEHFHALABEGE L b 4o
BBy, MEGERAT2%E % (Kallekrein) 8 7F WM (E AR XA
FHMN). REZ OGS ETTHLBZREAMFRETGEBRERK.

BTXaEHWHAXBBEHRHATERAGERG T ERBETHKRA
FPEAKRALLE, XEEAGKE S IREEIDIH, GFERIL
a4, Hedbd, K& AF. 8. B, BT, RAELA, A¥HTF
XaF RPN RAEABEK. CETREMO FERASRE, Bl hsbif
AFPREEBARG ARG EY, FRAFEEK};. BAXIHLS
HeGERISMERE, B, ERFRERFATAELEILF LS
ATk, BXINNSPRSIBIWAERZELN, TRESY
fHEREGILEER. i, AREGAXNIGLGH RS S HHRY
f AR L A B,

XAAXFHEAN, XEZEAGAE AT "E2HHHETXa
AHAHEREGAX GOSN E. BRAEHEAAR TLIAER
#H, XXV EBHEFRERBEAIENFAFTERILARK T
E i o5 ik k.

ETHRIAINASHHMATRE, REGERAARLLNEEHH
W FRBBIAVHLSHRK. BXILLHHET ARG S
&, i, RATY, 5LECHRIELF M.

ERECERFEF, ARARBTAETELAGELIRANSE
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FXXatdF ik, QAN EELAAARXGE FXaH 29 A XIGAHE
Y, FERAGRE EE AL BRBLFH, OEFLD BN
MAER., SELEEARA-—HERHEFEEZAETAWHE TXa, BX
BB WHMEFXaER AL RS BRI TR AEAELAMBELN
HEFXaEH LA RS H.

FELATAWHBATXaI R LI FHEZIMBRRFRTHRR
AR —E#Hdbin. B3EAEARE. SERXI LW/ FER
¥, ABEAGR PO ERAELARBEDREZTRRELTHRLEE
%.

AABA TGS EBSHEE TXaFH, LEALSHES A T
YRFFHAKCAG LERER. B, AEAPE - SR|ETEAIRAR
HAABEGBAICEYRR AW HEMOGEA, LREEZLST
BELAN LRGSR —FF .

LEEAAARAZARAERSHARBR S ZEORXRGFLEAXY
BXINSWREFALE, RAXIMSIH ARG E FXaleH TR
BATERREHAMARIFPHNARAGE TXaEZRIMERLER
A TARNAX IS WY EIAMNE. EEHEATELEANX—
AR EFRAMEELZHARGARRAMERF—LBY. ERSER
ERAREFREREBABRATC ek, RAIRNELAERFRAT
MO ER, HEBHASRAREIRAL. AR ZAZNEW,
HEBETEELE, GERXRT: 508 EL, ki, $4£,
Fo—BEERN; BRGBEEXRILKRAXSTEY, AREENAE;
i Re Bites, M rX; FMIaAGERRHNGEBARE
o, MAFGHNELE S PREGSHPGER. EXGNER
EREHRRGRTALAEEFT R kAL,

Ay, AR LER |, SREXILLWEALGE FXatrd =
XAEF AKX ERL TR ATABEKR. 8%, ARXZTHAKL0.01
ELHAFTHEER (ng/kg/ B K) Bl XK 4 20ng/kg/ H XK. K %
0. 1mg/kg®) K #10mg/kg®I B M T 2L oy, X BLHIE 45 X # 75kg
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hEGA. LA XRERAAT, AHOZEINEFS5ARA, #
422, 3FxAASH TR

BRI HRBEATARAETEFGARE, QLS
ERRREF I BEIIHFRAA XN SR EGEFTFRAEG. Ch
ERESHTOREFEE, AT RABAZEHAELRE, FAE
e, ERRDIRFBFAZIENRE, DK, #HHEPEBIRERR
A, OMBE, S&H, hBbHRERER ERak, BE, KA
REGESE, SRETESR, FRAAKRZRLATAHARRREARE. 5
SR FRAELGMEAFLEGH T O, B, ESHRHFRZIERE
MELRTPEMEET B, B, FERGLEHTRIER YR
IR AR AR B A 6B E X ok B 62 AL

BAIGAESY, SNYARETESYERACHELBEEGEGTE
BEERE. URAGRSDEIXI NG AL HEGE AL T
PHUEZMNIEGY, ZHEPIBUEWOEFITHALIOIARXLENZEY
— BRI YR/ RECHERETESGEF/REHF —FHEE
At ARAMRBESABELG—HASHTEHAGKAD K83
P .

AEZLTE, BXINGLEHALZRLACNGEHAESHE
BRAEFMBARF XER, BHARSXATHEAX LS IARLER
ABAR, e oRPERBALR. fib, SRS ORLSHE, #
ki, AW, ZEAM, GRAHM, BEM, FPEVKREEHM,
Ek, BEMN, L&, EFRALENBRSHEHX, AL, #
ARG, BHINER, HeFhALE, MAEH, BELY,
SRLY, AATELY, AZHERIARAER, BRE HBEABHR
¥, ZRIEHFLE, Pled&F, ERIAEHNBX, RAELEFX,
Bl AR ERAFARENBX. oRAFIEEY, ERETEKA
GHA, REHLUBEIXLIARY, Pt sihdada
HEBABRALYE., EHERHAMNGBAABRFTURAATES
RETZATHAERRE, AROBE, PATCREARALAE HHR
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FoEGLEH A EA.

AEBXINLE D F/ REHNEABZETEZGEP /X —F 4
EH AN A SAE A BN EBSELIRAIX ISR/ RED
AR ITTEZEEP/ RS —FLESFTEBETHEANEKED R F
BHRBRABSEERSYS, cNGE45ARERAR BT HATHLY
BERG AW EIRERAR. BEHDESWRAENERGHE L FLA
FHFTAREE. BEBASHAFTLAARETNEAXNINLEHF/
REHERBILTESHER/RF —HEEHFTAEDREAEFHERK,
AR OESEGH B AEAIANANRLE,. ARG TUAHBRRE
Bt R A kR, HESAF AN, KEMN, A, F&, BFR,
®F, BTA, BAREN, AEKRSY, HAY, 5K, HEHN
FHHXAATEE. B, 5AEXGLEH 8, AXURHLT
ARG EHEBEASGHXBENABEHR P EAAEEANGEH TXaF P hZE
E.
AEXR#—FOELXEEF - FHAX QLS HF/REGER L
TELOEP/ XA —FHEGEGHTESS BT ASYRENSIHNES
%, REAAXPELEBIINE DR/ R CGERETEZGESR/2E
CHENITEDATHEEN, AAFSHELERBH L FRATHA
&G 25 ) 69 A £,

THERGRAPYGRNBRABETARLEFRBEANSEETE
MBI TETYOEZRGDRRAEGY. ZHRED R I H T
REBAEEERSHENBHINARAGE K. FERKRIEERHAH. X
FRAGRKE THRAGEA  QEREGHEK P HET—FF, &
RARK, Pl AZAEK, K, Libd/ KK/ HLE, &
BAXFEEKRK, Hlde, LB, FRiEH, K, HF. 4585
P BAR T E AN BT BT BB AR B T XA e 83 B e B Martin
# # £ Rewmington’ sPharmaceuticalSciences , % 15 k&
(MackPublishingCo., Eastonl1975) ¥, # L ##& 3| AiX E 4 54,
AR ARAXEHBLBGRYSFHENEECF G —A.
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B R B RGP FRAER, BB, LN, BAN, HEN, H
2/, LR, GEMN, BaH, 2R, FLE, FaN, EHM,
BEMN, Z4BR, BEMN, FREHELAXRGEN, REXSTZENH
&k, RER, RALHN, FF.

AToRBe, BXIHRKABTASEBHNABERERENX TR
BEEARRBSGIFBEARMN, BAFN, GRAMN, HA, &M, KE,
BA, Bk, E%&, Lk, BM, BREM BB, vFBEF, K€
MTEOHEREN. oRGEHHESGHTARELARGH X LT,
BECNEAEVISHBXINERLRI P TRF RS AL L6
EF3RAH%GF . ik, BAIGLES P/ RECNGERZLTES
BEF/ZELCEGEGTEDOHL TRAXY4HH XLT0%(EHE ).
EASHTHEEGERRIU IR EBTARFTIES TLHNEL
A, |

BEM, BHh, BKE, ENFLTLA, A, THHAEPHH
BRI —FREFH: HEHN, @l SHHEE, TERRIER K
B, bEHIRALE, BN ER, ZTBHETLEA (Prinogel),
EREHE BHEN, oBEBRSE XSterotex; BIAEN, wEKAZR
ks Fodk M, o TAFREBEIBHREEN, pHEF, AHBHR
PEIXEALRH. ST EEHXRAKES, BT EX EMGH R,
CETASABRRERPRL_EXMGd. REMNEEEHA T
SAXREMNEEZANGIBORLCEFHHR, wa R, B, HHRE
T AEARE, K, A CHELEN. BT EHRS, BRT
AE A Bl e BB A RN AL EG BHM. FHPEH A%

NTHAESERGEY, AXIGLS R/ R ERETELH
P/ RECEENTAEDTUAIANNERREFTRT. ERNEFR
Bl & T O3 —F X $# T 7| AR A B0 H W A

LBOHREMNEHAK, EE%, BTHE, RL 8, H#,
ABRALCEREMN RAMNPTERXREXTRTE;, RALHL
I R ERBEEAN; AN EWLE; SR E,
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BEERESIERYL AYSHROXNELAXTEHRE. EHFIL
LA TRAXINAHGLETRAALEA. BFEMNLSAENO0. 1otk
HBRXIGLESY. ik, BXIGLEGH/RENSERLETESY
Eh/RENMHEEeSESTERG S EA KRS0 193] X 450%. & FH
bR RS O HESR, —KABEHE, HEABRBHIANE
KA EFTHMK, RBREAT. HEEN. HABPRELFAGESERT
FE, Floo, LEBPILIRGRESRESY.
ATHRESHAWASHGHABERRABZHEEFPERETAE
.
BRTHAFHRLEHGAIIY - FHXEALSH P/ XML
BETESHER/REMNGRLCEESTLEY, RELABGE DA
SHETEA-—FREHACHBERGLEY.
EA—AE—BRGERTEY, RARRB{—FHasHh, ok
Fr—#HAXIGKE R/ RECHER/RESH —HE4EG5TED
FHRERLESG—FHXESHEEEAK. I8 5BHLTANAKE
AR, AP RHEEERH S (bulk shipments) A &5 # # 7 X
(means), HEHHBAEGH. TLHWH AKX IGLEHRAE G HAT
BERTRERAA RN oG ESWEFAPERANEG—F
. TOMEHBXIGHAHABAFTRAEZAS PN KRS0.001%3 X %
90%(E£2). BHEARBIXIBEININLEHAFERREGHE
AERBREGENHHR. GEGHRERESHTRR SRHER
B, Bide, —HM T & EEMEEE HPLC) 547 F & AR, AHIEM,
WL, CRLE, ORE; fTHAGREAFHNBA.
BAIGLASBELEBELCHLSYGHE T, LEARXCHERE
S HE THRAAEREEARALFFHAEK. THLE THELALR
LS HHURALBOLChEPe 4. ARAR, BTHEKXT
G ENHERETRESOES, B INKESHELE S8
A, REECRESTARKRESTAAESEY. B, XXPEFR
HARFFRK, LEMALERZERALBORNETE T RAGE
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X1t o F A 4.

THORBESATEESRTRPHALLAGRESHHEAHE
FXadp HlH 65 F &,

AEl: HAFALALBREABPFLECLIREQBGEESFHE
A

BXIGHSHIWHE TXa, Bl FEEFQES BHEOE
Fo kB G B L ) T I B 4 B 75 X 50% (1C50) 6938 X 14044
R ERBATON. LA TEEGIN. A THAZHFTH,
AT X425 K69 3% R K IETC5044:

K:=1Cs x(1/ {1+ (KRR E) / KHKn) })

# F KmZMichaelis—Menten % # (Y. —C. Chen and W.H. Prusoff,
Biochem. Pharmacol.22:3099-3018(1973), 3IAXX4t5¥),

a. B-FXas#

TBS-PEG & * #% (50mM Tris—Cl, pH7.8, 200mM NaCl,
0. 05% (w/v) PEG-8000, 0. 02% (w/v)NaN;) A FiX —4-#r. #id f£Costar
FIREBEBEFHIMGRELELRTEST250 1ATBS-PECY B AE
FXa(Enzyme Research Laboratories, Inc.; South Bend, IN); 40
p 185 £ TBS-PEG ¥ 10% (v/v) DMSO (& #7 4] 65 xt B 4 ) X /£ TBS-PEG
10% 3% & (v/v)DMSO ¥ # B 65 & FF K B 609 Fr X & %; # f£ TBS-PEG
b8 K HS-2765(N-F A A B X D-Arg-Gly-L-Argp- A B E X E
(anilide); kabi Pharmacia, Inc.; Franklin OH).

Bl T ABATSH: FAXIGHSH+ 8- RFIZHR1054,
REBIRMEDEFIOON IHRLEEREARESH. EFHAGE
BHESF(BFEAEREDIZEH1.504), £25C T4 A
Bio-tekInstruments 3 5 ¥ % # & #& # £ (kinetic plate
reader) (Ceres UVGOOHDi), #1£405nmn T RAE TR T X & K
BRKBOWERE. ERLKBOATREE (5 RIH 6 B att) st
B IEHGREGloglitI X2 E, BAEMEBRFEMITIR
B K BEFERLOT e e & MR B, ZEERE RO SaMf R %k B
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140 p m.

b. & e 55 5 #7

TBS-PEGE ¥ #& A TiX —4#F. #EIC505 Ak Lxt-T B FXag # F
B Z, RAZRKRSAZS-2366(L-PyroGlu-L-Pro—L-Argp-#EBEFX
B, Kabi) #iZ 8 % A %% £ 8 (Enzyme Research Laboratories, Inc.;
South Bend IN). EERBER1ITouM,

c. #4% e % % (plasmin) K%

TBS-PEGE # & A TX—4# . IC05RA LT ZA B FXadH
AT £, RAAYZLS-2251((D)-Val-L-Leu-L-Lys—p-# &
Bt X B, Kabi) mikBERA S B %E G5 & (Kabi). %853K B 2 5nMm
J A R E A 300 1 M.

d. BE Q&85

4-#10mM CaCl.# TBS-PEGE # & A FiX—4#F. & IC505 Lk
EBFXas M PHERAMHFERNEZ, REKADZBAPNA(E VLA
—L-Arg-p- A A BB X 8, Sigma Chemical Co.; St.Louis MOQ) fa i
BEFBRIEHEE G XIIIA, TPCKAE; Signa). & &K B % 50nM
1 K O E 300 p M.

e. LXK

Tris—Cl, pH7.4, 300mMNaCl, 2%(v/v)N- ¥ & —vk =% 5 &,
0.01% (w/v)NaNZ & A T — 4 #. HIC50R 5 LER T Xap#
PHAERMNFENT, RRAPI X HEBBEE-Ala-Ala-Alap- A EBEH
# k& (Calbiochem~Nova Biochem Corp.; San Diego CA) #=iz B5 & A
ok 4 M3 M & & B (Athens Researchand Technology, Inc. :
AthensGA) . EE XK E R 7ooMA= R R E X600 u M. A B EH 2
“TENSTOP” (N~ @ ~tosyl-Gly-p~-BR A X X /A £ 8 ¥ & American
Diagnostica, Inc.; Greenwish CT), € & * i & B F Xadv #] )
(Stuerzebecher ¥ A., Thromb. Res. 54: 245-252(1989); Hauptmann
% A, Thromb.Haem. 63: 220-223(1990), R ¥ & —4## 3] A A4
5%).
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K2 MEAREGHHAGEE

BRIGESHHA S TEIEAREGABHR L R, HEEKST
WReENRE P SHFERRTHIN. FEISHETRAER, KX
PEBXILSHEHEK(GVEBSETAAXRLETLATFRT =8B A G
BEHETXZZENAFAERKERE, ReBAEEAPTONF M Z
FFEREARATHIN. AMASFNRELRERBERFELFHIPTRE
AEBFREGGFZETHAGRELE, HELTHES HBEPTR
B>, EFHESBAEAHETRAEA B ERGEFRAKXEL I FRS
R kA .

a. EHRI BB TR R KB

H100p 1F#e) BTC)REGA LK T Z 232 (PPP) Im A 3
fibrometer # (Baxter Diagnostics., Inc.; McGaw ParkIL) ¥. &%
M50 p 1658 XIS ETBS-BSAY S HREGER, €4 A4 (5uM
Tris—Cl, 100mM NaCl, 0.1%(w/v) F iZ &% &, 20mM CaCl2). &
HEERY, FHEAAABXIGERLIS P GTES-BSAR T I, AR
S AW s i, FE 55 150ul HBE TR G ZAL R o B8 B L85
(Baxter) mA F|fibrometer 4 ¥ & Ffibrometerit W B. A XL iz
AP ZHEFTTLAREBRESEAEDE A TAERRE SR
BEHE, ARAWHGNBY A KLG30PPTHE. KHH b & eHE
HHEEAXBSHEFTERG50% 8 £ o 6d TRRE (ECy).

5 5h#, A Instrumentation Laboratories (IL)YACL3000-#e Lt §
HGaEEEAE (L RZ, EXADE, 8 "B L#HH
B m B A B R X B, R B R BB AR KF30-35 6 & EH
B sk, X —BEHRERAI00%EE., BIAFFGAR L RE
BEAMN(ABIL-AAERRELREREE) GEFI-EAHAE, ZIREAH
AHE, EXE2HNE, soulHR (BB, ERGgRE)S5100p1
R8s R BERANES, L6 EREEER. AREHESR
HHEGTNGERERANZELNN, PHEZFLRASE AL
R FE 5 F M.
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b. EH AR B 6 9 5 o B R ] K 42

ERMAEGAE, ETEFHK(KR) XFHK (L) Livy X34k
RBXINRELSY. EAXINGRBLEHREAZE, I—ZHH
] A Ra KR F oA bk (KR X F 3 bk (&) PH#HIO0. 5ol e b, £ 5
A EZPPPE, GhR2IFERERA KA.

HTHREBEHNRLENAME, ZhE#FAdde Lt kXE.
MRFEEEREEFEWEIT LT WHE, cRF -2 HLE
HATHATREARR THEE T WHARE A EHGKLG50%6H 6 5
" (T1/2).

BAINEBASHELAESAIFERAT _EBARNETLHE L&
AT AR, K€ X4300g4) 4t Sprague-Dawley k &8 it B R4 65
MAE, ATEHA{ER/FTEAEEGLESMWRAR. LRAKRKEET
AR TRk, TFHBEF AT B RARBL 4T TR EHETHE
SEZAAVUKFEBERBEEBAL. KRR E AN LOMWELE
FEERNEZEE. REM LS HHEAEALEGR AR AL ES—
FERMAENEAREABX., BASZES T BT84k
BHapk. LeH X EILERZR R FHRA. LB X1 EXBIALES BN
AZ WA EHBZ B30, 60, 901205 4 K0, TnLintf. BI B
SHALS BRI EAREGA RN RXB LM EXEROWH.

c. R EG KA FHHIiH;AER

AERG IS HGE B RGARKTAIER XL SR
Nk (AV) SR ERATHSM. AV AEBHIEA L H HBHG20cnk
RLH(PE)GOE, A6 5cnKENLAKY L GenkEThAT)H
6em Kk BEPEIOE P AR EHBHEANLFTBKGE — ¥ F 9PE60 %
(20cm) AR, AHAZW, GEADBAHEREXK.

B AEZHEZAENFTAER ZALIF LR (B EAR
1.02m1/h) P k& BB XY XBAESY. LOoBHAEAI LS, KE
TP RIXBIF L RAD I B (ER4508%3). A
X154 HAG AL, FALBHRXE, IM2HRRESEIFESH
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P i

BRAMBMETERGTBAAKAN a2, L bW RE

B o E E.

FTath 12 TARAIXIGHAEERSHGE TXadr 4 & H Ki-
1) (MR FELSHGHE FERELATE A LA G EASE T Xaik

3% (KEla) R TR .
X1 BA-FXa¥gHEH K-1H):

At Ki(FXa) [ 1 M]

3 0. 1558
5 0. 0006
6 0. 0010
8 0. 0351
10 0. 6040
14 0.0218
17 2.29
21 8. 37
28 0. 047
30 0.153
38 1.1

40 0. 0107
45 26. 5
54 3.01
56 0. 0021
58 0. 0575
61 0.957
69 0. 285 ]

|

72 4.3

82 0. 0393
89 6. 48

92 5.93

94 1.7

97 0. 04
104 6.5
129 0. 36

136 0.01

144 0.011
154 0. 001
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5 3e.45)

Fa g TAXINGSGIGRY SR FiE. XL H
BERARAES ML, REAETHZ XBRHALLAGER., TELE
Fleg o TR R EMS) Ao/ A BB ERER/ B S ERLRE. 24
HEPLERHRET R R AR Z R LBEXLEN, #ird ZH/T
BEATEREEIERTAAXNSEASALERGEMM b &% X Lits
e, E—2HALT, RETELARER, FHBRETETIHG S
iy, EUAPFSRIAZTEAMABRGELX, A TBEE X
ZRALREXERESGHXKE.

L4 1

BASRA_BRITEBG — KT & |

— RO BAMRERERTERTEFRAUG KR5GS, E
# k¥l 4o & % W StewardFo Young# 47 7 #5i£ (Solid Phase Peptide
Synthesis (Freemanand Co., San Francisco, 1969), #Z X ## 5] A
AXHERE.

BREZARLE, THASCHREAIS_LHEEAXIRGRERXLE
W LEameg., BHAHEEH Rink Linker) B4 B A &KL
(Rink , Tetr.Lett.28:3787(1987) ; Sieber , Tetr.Lett.
28:2107(1987), H#— 4 XK#EIAEEE), £FHLEHRIERK
AMEGF aDHGKRERE LS R, Boc—HFmoc— R ¥ #L—FD-
2 A B WA AEANKRNESEHFH B LR AEKRB, 4 Advanced
ChemTech(Louisville , KY40228-9973, USA) ; Bachem(King of
Prussia, PA19406, USA) #sPerSeptive Biosystems(Framingham,
MA01701, USA).

BIGHEHGERRABLER — FRABH - EEFEH =
g -1-8AE A EAHR M, B IEHE S 8 Fooec & & (E. Atherton and
R. C. Sheppard in “Solid Phase Peptide Synthesis: A Practical
Approach”, IRL Press, Oxford, England, 1989) k #t4765. 43K
BEREEBRTETFEATREXR -FATRE: —A PR (18RS
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)P AT405 . B85 8 2 AR T BKaiser (Kaiser F A,
Anal. Biochem. 34:595(1970) ) # & 65 % = RX B AR, & LKBIA
XEREE., FoARARBERALE —FHHATBERTLHRAT.

AR ERBETRZE, #HITREMNFoock Ry, RERTA
BOEEBBARAAINMmT EFEY IEAGFnockHAG TR 2.
REZR _BTADIER -_FRAA-BAU_ R/ X =2-1-84
FikEMBBLS. TIORBRAR ZATHR, —FTEAFERERP A
PRk RELAZTTFRAATT-HET.

Bt 5 6 B AR A A

BREZLE. XA FRPEEGL: L1 (BAR) REBEE
T, #EBPRAARBCGRAA LS R) 520- 0S5 2 LB R RS
) #HTE-REF. EEFREFT ) FALBRYIDPEER
3% 12-24 8. BFT-IR(KBr B k) F4K £2225cn-1 4 -CNEOK 85 7 X
AWZRTEB HOO5: ) RAMNK(LTR)SEAMBES ISR
electrospray RSB Z L T2, AEARFERERGELE L
B. ELLHHEE - FATEE, 210%.0685 —F X PELK, UH,
/P RnEk AEATT—FERIWEHAAT TR

FR o Bl AR G- Ak,

N TFAEARORLE Y SREOCRET EAF & (Hl e f AL
P. J.Dunn(1995) &£ “Comprehensive Organic Functional Group
Transformations:Amidines and N—Substituted Amidines ™, Vol.D,
741-782(edts. Alan R. Katritzky, Otto Meth-Cohen & Charles
W. Rees), Pergamon, N.Y., 1995). X & F k44— FHR X5 EHMA
ANEA AT, XEEMFAXTETERELN (R (ZXEH)
D, CRALATEAL T ZZALARETER, ZBEFAKRY
REBREERTF. CBAA, ELBRAEETZEAABYEMAAT
RRFE RSP TE, ERRGERT, EXTEHORESE
ETHTFRARBE WA HDCRu, ZXAR, 8. —FEATEESR
ZREEHRAREAER BEHE (cocktai)”F. G X RBFALATR
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HFT12-240 0. FTRAEZLERSGHER, TR ARNES Z LA
AR AENREXBRRRG4-8A DB, 32 T & KHEM
(peptidomimetic) WA — PR PEAE, L8, —fVYREARFLE
2 F & % &£ X # KKEing F A , Int.].Pept.Prot.Res.
36:255-266 (1990)) B &4 (5nl /g HiE) +X 1804 4. KEiE4#H
REVEAKA LB TIBEABARRZIHEL S SHA k5 & HAKH
GEAERLAT TR KRERAASRETO IS RTLELEKRT
BERMLENL:1RSD T, £T.

s TAXICASHGRE, RAGETALEGBHERET LS H10%
- S0%ZAEM0. IS =R LB AKERG RS V. Lo ERBFAELE
E#0.45unk X ACRODISC”?13(Gelman Sciences; Ann Arbor MI)
FEEGEZHBERTE. FE SRR G T E G KIE B (peptido
mimetic) M E R ENF# & HCAH F (Vydac Protein and Peptide
Cs, 218TP1010; The Separation Group; Hesperia CA). 4 A
Beckman“SYSTEMGOLD”HPLC, 2 #H A M AEM0. IX= R TLEEF R
Fo LR (HPLCA) B BER FRERS W AZ. KRAEEMY (peptido
mimetic) &9 BLiB id 2304 K T 8UVE R & K # (Beckman, System
Gold, Programmable Solvent Modulel26 and Programmable Detector
Modulel66, 81 SYSTEMGOLD”# ##4#1). 748 FAMSE A1 5 &4 4k 2 ok
FHEBYEGEE, KEAESY, ATRAFTEHFIL. MSIEA
SCIEXAPIIIT+4L B # f7. % sF, # T 1 A General Electricf &
(300MHz) 3 Bruker Avance DPX300(300MHz) #t /7NMR. *} T NMR, * &
i A 3, L DMSO—-d6%,CDC13 (Aldrich) ## %

ENABHHEEBERF EELEERRFECY, TR ALY
TRmy.

L] 2423

N-[A-S)-RAFEHAEA-4-BA-TERAFTRBA)-S)-3KT K-
FEI-2-[4-(FEEAREARZRTHEL-FEIN N -Z¥E-7 &
BREZACELE, 8BS ETEFHEK
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N-[(1-O)-8AFPEHEE4-BE-TERAFRL)-O)-KTX-
PR]I-2-[4-(N-EZARRAERFTEHL)-FAIN N-—_FE-5 %
BZgZEHE, MGt ii

A)N-[(1-(S) - (F - Rink-HE) } 4-(RM-BRTAREEE-BE) -
TEAREATTEHEA)-C)-FLE-FRAI-2-R,-U-REA-F
A)-N N -—FE-% 8k

BEBELEFIVHE, A3 AX =% 1- B _Fat-git=
k(& 825F), HFuoc-kHEF GRink# I8 (210ng, 0. 16mmol) 1%
&3 2- Fnoc—- & A)-4-S)-(NNN-R-BTEEZA-BL)-T#
(326mg, 0. 5mmol, 2% ) k. EFnockB¥F G, EARHGBLSL
#, WS S)-HFTHK-(Fooc-8X)-TR (2% %)B4. fAFmockH
P2, AEZRTHEIERE_FEATFRETY —FREA-BAL_2E
[ F A= -1-B(EAL1EZE)EMEE2-R - A-F
A)-N,N-ZF R K BB & (45mg, 0.17mmol, 1.1%E)®/4-. REH
TR FZMEABIEE. ZREA_TEAIRE, FHEAF AFR
kAT FR2-30H,

BN-[(1-(S)- B A FEBA4--BEA-TREAERATFHL)-S)-rTE
~PEI2-R)-4- (-2 R EEANRTERE)-FAIN N -ZF R
A _BEZRLE S |

N-[A-R-BEAFPEBE4-BE-TERETHEL)-S)-3RT K-
PAI-2-O)-4-(N-BEREERPHRL)-FEIN N-ZFE-5
IEBEZALER

A AV HRat§ THRMABEREBINFEETAN2001ITHHRY, 5&
B 3 & & 24 (350mg, Smmol, 25%F). WA EEHBATRERZLE,
R A PR VR (1:1:1, 8nl) 8RS, HETHAKNA, £
KAHEIF. GRREAERTRANE—R. R AN ZRER LR 1T AT
EAEE. BXALERBSRANRS. —AFSBERBRIHEFLFHE
HATS R, FHEEALLSD. MSHMF M WL.573. 4GHE /A
573.3). HF K45 E MM T E#RHI4F5F.
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L3P 4F5

2- (4-REABNFBE-FR)-N-[Q-RAFEEA4-BE-THE
APBA)-ROA-FAI-N ,N-—FRA- F_BE=f &%, st
BR 6 RS- Aok AP AG dE st ek MK

F—fw (CEEB 4D Qmg) =X KX B (80ng) E_FAF
Bt (1mL) Fo ok BE AR (1350 1) P8 ER TS50T m# 10-15404, F3#
REEEER. RREEFHMANIER L H oL i £HH2/3b65 5
ZHiEFRMERE (100mg), MEFS =LA &R (Inl). ZEEFHBEEN,
AEATEHPAETRTHRS12IH. ERAKRGRE LN T RAAL Y
TR SR MHPLC/ESMSRI R A R B L T OHERA —F R
VELE, V&, —fWVhkttdk, BEBELHEMIPHEASRFTLE. £ F
65 3 (14mg) B HPLCIR 4, 4 F E HFr b fHk. REG Y
BT ESMS 441, # H18560. 35; ZLRE560.

EHH 6F27

2-)-{2-O)-[2-(FE-FE-KREATFHRE)-3-4-REEARKFE
A-FR)-ABARKE]-2-X-LB A -5-BME-R&RBILE
ZRALEYE, Kype kst F g

2-(S)-{2-O)~[2-(FE-FPE-BAFHL)-3-U-KELERTH
A-FXE) - A RA]-2-RO A -CBAL)-5-MEA-KBH A&
ZRLBRE, FHEGESBRFHE

a)N-FE-2-(R, S)~ (4-RE-FR)-N-FHE-7 8 KR

FA-F A (120nl, 887mmol), R (ZFAFHEEL) - 8K
(118mL, 482mmol) F» XK = £, ¥ % (1000mL) & 2 5% 4% m 4 =7 3% 3 /] B .
BERGHHEAREER, 5 HEMI-R,9)-(2,2-=FE-4,6-=
AAR-[1, 3] —B5-5-K FH)-FH (258, 97mmol). RE RSV EA
F9r3ber, AFB T EPMHHEA1T00nL INE R F800nL 8 T B G &
HFREWT, RonAAMAZTZAY EpH4, ALBLEF —RFTRFE
R, S AMEREKREER, TRPESKS. RRGHARAR
Fom ik T3, F3)25.0g(80%)HE =H.

72



01805589. 3 W Wt EH2/75m

mp: 152-1537T (dc).

b) (S)-[2-(FA-FA-RAFEL)-3-R S)-(4-RE-XH)-&
BAERE]-FLE-LRTE

HFN-FE-2-R,$)-(4-RA-FH)-N-F -5 8tk & (25. 0g,
78mmol), (S)-RA-FRTHA-Z & V& (14.2g, 83mmol), —FHEL
B (16mL, 94mmol), 3-FZ K -3H-%3t[dl[1,2,3] =%-4-8 (3. 2g,
20mmol), A= P R FEb A (520mL) M &R A HFE 10T, W IR FA-
AL = f& (18.7g, 9lmmol) £ F X (30ml) $P895 &, RERESHHE
—R. REGHEEER, FEREAEFTERER FRBALBRLEYT,
AafHagimErdERRE, TR PEATSTEL. AER
B/ RREBEFE R, 756 3g(1T)E FH. np: 119-120T. #EER
HATERE, BEER/LBLE=10/14I MR, AgBELELHE
G EER%. AHHELRH6. 1g(17%) G E 4. np: 120-121T,

) (2-FE-FRA-RAFHL}-3-RS)-[4-N-BAREEKRKT
BA)-FEA]-ABELER)-O)-FLE- LR TE

B-CFEA-FA-EE981)-3-RO-@U-REA-XK) AR
AA1-(S)-3rT K-8 ¥ & (12. 0g, 26mmol) £ k& (4. 3g, 130mmol)
EZE(50mL) PHERRETRIIE. ARGV #HAFH TR,
BETVPERE, ERACE PAHEHAER- AT, BT BRREKERE
W, E60CTFEET®R, F311.6g(90%) FTE >4.

mp: 135-138T, MS: 509 (M+H).

D2-(FA-FPE-RAFTHE)-3-R, -G HEEAAKTFTHEA-X
B)-wmsA&A]-O)-HFoEA-LBTE

- (FHE-FHE-RELFBAL)3-RS)-+-EZEXAARRTPH
EI-XA)-H8ERE]-(S)-K A - B 75 (11. 0g, 22mmol) £Z
By A/ ErRERAAL, B9 28(TNNME Y, SLEH—
FREKXTHT TS & F.

mp: 123-124T, MS: 493 (M+H).

e) [2-(FRA-FA-RAFHRL -3-RD-G-RAERRFHRA-X
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) -ABEAERE]-O)-HFLEA-LER=RL8®HE
FrEE[2-(CFA-FPEA-RAPHE)-3-R )-A-EERRTH
E-¥R)-FJoBAERA]-S)-KTEA-TETE (9.2g, 19mmol) EF T
Z R (350mL) F, FAuk/kEE (1/1, 500ul), REREGHEETET
B, BAXERERAVHITEAR, FhikfeREdh&ET. E5P
BB YR/ FE/Z82L%=15/1/0.584/1/0.5, EEKELHE
GRS, TRENBSFHNS 25(TAN A E .
MS: 479 (M+H).
£)2-(S)-{2-S)~[2-(FA-FE-BEAFHE)-3--AEAERYT
mA-FR)-AREAEA-2-HROA-ZBRAR--HE-ABRHERE
BEZACRE, BRyHEGESwFALSP
2-(S)-{2-(8)-[2-(FEA-FE-ZRAFTHL) -4 REAAKTH
A-FR)-ABARE] 2-KRIA-TEBHAA-S-BEA-REHAE=
FOBE, HAEGEEFME
AOCTRR2-(FA-FEA-RATBRL)-3-RS)--AEARRYT
BAEA-AR)-ABEARKA]-O)-FTLE-ZR =R L& H# (2. 9,
4. 9mmol) f£ = P X P B (350mL) P8 B & FH e = P gk (2. 4g,
19. 6mmol) ##HATU (2. 1g, 5.4mmol). A A RS HAEX —R E THH30
ok, REFM(S)-2-KA-5-MA-X&IF A& (1. 2g, 4 9mmol). K
BRAWIETR, HFHE60IH, EMATATEALAFLPEAGYE
MA/TE/ZR T & (9/1/0. 185/5/0. 1) 4 X B 7 i@ i3 £ RP18H
HEGMPLCR 4T 4, 8 1.0g@3%) G S G FH/AER
584mg (13%) 894 ¥ b 69 Ik xT v F A4k, AR S 2Tk £ 5 GMSH.
AAELHEGEFHE T AAGHES:

Expl. |&# MS ¥k |
8 N- F £ 2-(4- £ X & R 7 &% £ - ¥y |BA
E)-N-[-(1-S)-EET7FHE-4-BE-TAELYT
BA)-HOA-FA-A-_BEZA LY, FRBNE i
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s s K

N~ F R -2-(4- & 2 £ R 7 & X - ¥
E)-N-[@)-(1-(S)-EFHA 4 BE-TAEA?H
2)-HLE-FE)-F_BEKZALRE K pa3
ok 4 K

B

10

2-[3-(4-fA R AR PEEA-FH) 2 —FREEFTHRE
- EA]-1,2,3,4-wE - EHk-3-(S)-FH & (1-(S)-
SFME-4-BEA-TH -SE=RALBH

i

E 48

11

2-(4-BEERFHRA-FE)-N-[1-G-1-O)-AF
A -4-BEA-TEEAFPHRELD 2-¥%-ZAT-N-F
X-H A LEL

B A8

12

N- % & K -2-(¢- & 2 R R ¥ & X - F
E)-N-I1-)-(1-S)-aF%E4-BA-TEELYT
A -2-¥A-ZA)-/m-osEZACLES

4

13

2-4-REERFBEA-FA-N-[1-S-1-(O-&F
BA-4-BE-THEERAFHL) 2-¥XEA-ZAI-N-%
RA-m_mE=ZALESE

Bj 48

14

N-FE-N-[O--S)-REFBE-4-BE-TER
EPsA)-oh-FR]I-2-4-(N-RELEARAEK TR
B)-FR]-m-_sEBE=fL%d

B} 48

N-[2-(4-BE-FX)-1-S)-(1-S)-E XL FRE-4-36
RA-TEEEAFERL)-TA]-2-4-EXLERPEA-F
EB)-N-FER-F_sEkZgo&id

B 45

16

N-[2-(4-BE-FX)-1-)-1-O)-fEXAFHE-4- B
E-TEEEFHL AT 2 - EX AR FA-F
E)-N ,N-—¥R-F BB EF

B 48

17

N-HRE-N-[2-(4-REA-FH)-1-(S)-(1-()-& &
TRAE-A-BRE-TERAFRLA)-ZE)-2-(4-8 £ &
RPBE-FR)-B_BE=ZRLEHE

*}L

B A8
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18

N-[2-(4~-EE-XK)-1-G)-(1-®)-A X T X -4-5
E-TEARETFHA)LA)-2-4-EEARRFHE-F
)N -FE-& _BE

¥

-

B A8

19

2-(4-REEKXFEBE-FL)-N-[1-(-0-()-& %
TEHEE-4&-BE-TAREFT®RE)2-F4-T
EI-NN-ZY¥E-H 8K

¥

B 48

20

N- % & K 2-(4- &£ X2 A R ¥ & & - F
E)-N-[1-O)-(1-(S)-8EXFBEA 4+ BE-TERE
PRE)-2-FR-TR|-N-FEA-F-_BE-_RL%

Bl 4g

21

2-4-AXRENRFHRA-FER-N-II--0-(8)-& 4
PEE-4-BEA-TREEAPHRL)-2-FE-TEI-N-7
E-N-FEA-H_HEZRLEE

B 48

22

2- (- AR ERFTHE-FL)-N-[1-(S)-1-(9)-& %
Fait-4-BE-TERATPFRE)2-FXK£-2
EI-NN-—_FER-B-_BE-F8HH%

iF

B 48

23

N- 8 &7 & -2-(4- & £ 8 R ¥ &% £ - ¥
E)N-[-)-1- -5 E -4 BE-TERE
PEE)-2-FE-ZEI-N-FR-A-_BEZRL&HE

B 48

24

2-(4- AR ERFTBE-FL)-N-[1-(-0-(S)-& X
FEA-4-BEA-TEEEAFRE)-2-¥4-CE]-N-¥
E-N-FX-H-_BE-ALEE

& 45

25

2-(H-B3-U-REERTHE-FL) 2-PEAXTR
AX-AmEl-1,2,3,4- A2 -FEHh-3-8& (1--&
XA -4-BA-TR-SHE=_F8H

*F

26

2-(S)-[2-H A AR LA FPHEL - 3-U-BREATFTHEL-
¥ -mmiL]-1,2, 3,498 -FEHh-3-% 8 (1-(S)-
FEPRE 4 BE-THBEZALE S

¥

Bl 8

27

2-(9)-[3-(4-BABRFTHEA-EX) 2-$EEL- 5

i_‘,’_

BA]-1,2,3,4-wH-FEH-3-ER(1-(S)-f L FE

%J
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E-4-BA-TH -BE=ZRLEE

[

28

--RARRPBRE-FA)-N-[1-(O)-(1-(9)-& X
FPHA-4-BE-TEAREFRA) -AX)N-FE-&
TBREZRLE R

& 48

29

N~ & X -2-(4- & X & R ¥ & % - F
E)-N-[1-S)-(1-S) - A FH A -4-BE-TARE
TeEk) -KA]-m sk ALEH

G

30

-(4-REARRFBE-FEX)-N-[1-O-(1-S)-& £
TEX-4-BME-TEREAFTERE)-RAIN-¥%-5
—mEZfLME

B 48

31

4-(S)-I3-4- A ERFPHRA-F L) 2-PRELAPH
X-AHARE]4-(1-Q) -2 F&E4-BE-TE
AETFRA)-THR A&

Bl 49

32

4-(S)-[3-(4-REABARFHAL-¥XX)-2-—FRLALYF
BE-HHEAL]I4-(1-©)-REAFHRE-4-BEA-T
EaE9mA)-T&

B A1

33

4-(S)-[2-H A EREFRE - REARTFTHRA-
¥R -ABERRA]I4-(1-)-REAPEE4-BE-T
EEAPRA)-TRZALER

B AR

34

4-(S)-[3-U-E AR FPBE-X L) 2-X884%-58
BAERA] 4-(1-()-AXPRE-4-BEA-TEALYP
EE)-TH

B 48

35

2-(4-RAERTFBE-FER-N-NI--1-) -8 X
FTRE-4-BE-TERETHRLA)2-X-2-X-C
A]-N-¥E-ZF _BMEZALSER

Bl 45

36

2 (- R EARRPRA-FH-N-11-9-(1-(S)-R £
A4 BA-TAERATHLE)2-E2-%-2
E]-N N-Z—FA-H_KE-fL%H%

ﬂ

B Am

37

N—- % A & -2-(4- & X &8 R ¥ &% & - F
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E)-N-[1-O)-(1-S) -8 X FmE-4-BE-THEER
WEE)-2-R-2-E-ZR)-H_BEZALESR

38

TeA-4-BEA-TERAPRE)2-X-2-%-7
AI-N-FE-w-_BEZL18%

2-(4- KA BRFHBRE-FH)-N[1-5)-(-(S) -/ A

E 45

39

PREA-4G-BE-TERLAPSRL)--X4-m54]-N~
PRA-H_BE-ZALER

-4 R EBARFBE-FL)-N-[1-(S)-(1-(S)-R &3¢

B 45

40

PEEE4-BE-TEASAPHRE)--X4-5
XI-N N-—_FR-Fo#MEZFTLEKR

-4 R EARFBRE-FE)-N-[1I-)-(1-(S)-& &%

B g

41

B)-N-[1-)-(1-)-R A oA -4-BE-TERL
FHA)-3-XR-wl)-A-MK=ARE

N- % & A 2-(4- & & & K ¥ & £ - FF

B 48

42

ok 1-ME-TEEEFHRL) -3-¥£-m541-N-
$E-A_BEBERL&H

2-A- B EEARTHBE-FL)-N-[1-)-(~-(S) - K L%

B 49

43

AFBA)-TAI2-(4- KX ARFHRE-FL)-N-¥F
R-H_mE=RL%3E

N-[4-8E-1-S)-(1-S)-£ X FHE-1-BE-TEE ¥

B 48

44

AP BEA)-TE] 2-2UW-E A ERFHELE-F
)N N-—_9h-[mosBExE-fL88

N-[4-EE-1-S)-(1-()-EAFEEA41-BEA-TEAE |

B 48

45

BE-TEREFPHRLD -TAI2-U-EEEKFREL-
FL-BoEEZfo&H

N-FREN-[4-8E-1-)-(I-S)-KA FaEt a-47

B 45

A8 -TAI2-G-RARARPRL-FH-N-%

A-A_MEZRALH L N

N-[4-8X-1-S)-(1-S)-REFTomL 4 BE-TEAEAF

B 48
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47

3-()-B-U-fARARFRL-X L) 2-FRAARLTFH
E-mHEAAL]IN-(U-C)-AEAFPEE-4-BE-T
) -BmmEg=RI8E

¥ (B8

48

3-(S)-[3-W-REENRFHL-FX)2-—FLELY
BRE-ABREEEIN-O-O) -8 XTFBE-4-3%-7T
B)-EaBER =R L8

49

-(S)-[2- A AL TFTHEL - -EXERFEA-
FH)-aELAAIN--C)-f AP E-4-BE-T
B -8 - ALg

¥ (B

50

I-S)-[3-UW-REARARTPERE-FX)2-¥X8FX-5
BEAEIN-(1-S)-EEXFHmA4-BE-TEX) -85
MES-AL8H

51

-4~ REEARFHRE-FEN-[I--0-(-&%
TEA-4-BE-TAREAFHL)-2-BA-ZA]I-N-
PR-HoSEZRLER

52

2-(4-R AR PFHRE-FEAO-N-1--U-)-& £
TEREAE4-BE-TEELAFRRE)2-82%-C
EI-N N-—_FE-m-_EE=8L8%i

¥ (EA8

53

N- B A K -2-(4- R KX & K F B X - F
B)-N-[1-)-(1-Q)-REAFHE-4-BE-THEEHL
FRL)-2-2A-ZA)-A_BEZRALAE

54

2-(4-REBEERFHBE-FH)-N-[1-9)-(-(5)- &%
PERA4-BE-TEARATRE)-2-2E-LE]-N-
¥E-aosmRTsE

Bl 48

| A-mE=RLEE,

-(4-RERKXFHA-FE)-N-[(S-Q-)-F 21 ¥
A -4-BE-TEAEXTSRL)-¥EA-FR]-N-FH£-

|

2-4-REARRFRA-FR-N-[(D-(1-(-A X ‘?]

*F B 43

BEA-4-BEA-TEAEATHRA)-FA-FAI-N, N -=|
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PR-m-osm-RfEd

57

N- % B K 2-(4- R 2 R R ¥ & K - F
AYN-[(SH-Q1-S)-BREAFHE-4L-BE-TESEEYT
SE)-¥R-FRI-m_mE-ALEHE

= 48

58

-G-RAERTHL-FL-N[-(-)-£4A ¥
MR- A-TEARAFTERLE -XE-FAIN-FE-
ABEZALES:

ﬁ

R

59

N-[2-FEEI-S)-1-(D-AXPEEX4-BE-TH
EAFHL-TA]I-2-U-RERRFBE-FL-N-
PR-H_BE-ZRLER

H 49

60

N-[2-F EEA-1-S)-(1-(-BEFHEA 4B E-TE
EAFTHEAEA)-ZAI2-U-REEARTRE-F
X)-N N-—FE-R_#E-RLEHL

B 48

61

N- R E-N-[-FEE-1-O)-(1-C)-KETHE
A-BE-TEAREAFHL -ZH)2--REEARTHR
E-FR)-m_murfLsd

B 48

62

N-[2-FE&A-1-S)-Q-S)-& L Pt 4-BE-THE
RATHA)-ZA]-2-U-REARRFHEA-FE)-N-
Ax-AomEZAZEHR

Ej 48

63

(5-(S)-[3-(4- AR ERFHE-EXL)-2-LEREYT
BE-REARA]I S-(1-O)-KREAFTSHA 4B E-T
Ao Avel)-XA-SAPRTAS

Bl A8

64

(5-(S)-B-U-REERFPEHE-FH)2-—FEKE
PRE-GHRELERAT5-(1-C) -8B L PHE-4-BE-
TRAEREPEL) -AR]-BAPRTES

B 45

65

(5~ -[2-FALEAFTRE-I-I-RARKFRE-
AR -mmEER]5-(1-C)-RAFEREA 4 HE-T
ARAFRL) KAl fAFRFLAS

*F

E 48

66

[5-(S)-[3-(4- A ERFHA-XX) 2-¥X8B8LA-F

¥

_
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REAR)-5-(I-Q)-EXAFPHE - BE-TEREY
B -RE)-EAFRFLAE

67

2-(4-RALKRFHRE-FR)-N-[1-0)-(1-)-& &
PRAE-4-BE-TEAREAFRL-RE]-N,N-Z¥
X-/H-SEZALsE, FRESESRFHE

B 48

68

2-4-REARFEREA-FHRON-DI-O-0-)-&%
PERE-4-BE-TERAFHRL -RAI-N ,N-—_¢
A-Bm -8B ALY, By deithmik

B8

69

4~(Q)-3-A-REAERFTREA-FXX)2-—PEAEAY
BEA-ARAARL]-4-[1-0)-0-S)-£E FEA-2-
FOEA-CEAERATEHR)4-BA-TERATHRE]-T
BERLEHE

A

70

4-(S)-[B3-(4-REAERFHE-FH)2-FELEA T
2-maAaA)4-11--0-6G)-axFm A 2-3
CE-ZEARATHEL)-4-BE-TARAFERA]-TH
ZRLEE

B 45

71

-4 R A ERFBE-FR)N-[1I-O-(1-(-&%
PEEX-4-BEA-THEAREAPHRL-RE]N N-_F
A-H_BEZRAZEE=ZALER

B 4n

72

2-(S)—{2-(R-B-U-REERFRE-FK)-2-—F
ERATHA-ABAAR]-TBEERA)5-BEA- X%
ZRZLEH

B 44

2-(9)-{2-(R)-[3-U-REAERFHE-XK)-2-F 4
FAFRE-ARASE]-OBRASE) S-HRA-KH=
fsd

Bl 48

74

2-()-{2-R)-[2-FRAAEFHRE-3- G- RERKT
BEE-¥XE)-masA 84 OHASA-S-HEA-KEK=
roEH

B8

2-(4-FAERFEBE-FA)-N-{I-9)-[1-()- X

*F

B4
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T

78

-C-RAEAEARTFTHRE-F L) N-U-C)-L-G)-&E
FEE-2-(4-RE-XR)-CERKRATFT®EA]- AL
N N -ZFPA-HoBREKZALRE

*F

|
&

77

2-(-{2-(H-[3-U-E X EARTFHEA-FK)-2-—F
Ea A Feit-astaX]-TREARE)S-BA-AR
ZRLEE

B 48

78

2-()-{2-()-[3-U-[REERTBRE-XL)-2-F 4%
SEAFRA-ABREARLE)-LHREARE S-BE-RE=
gLEHE

B 45

79

2-(9)-{2-(S)-[2-FEX KA FHE-I-(4-REEART
BRA-¥1)-amAEL]-omEAL)S-EA-XE
ZALES

B 48

80

2-(S)~{2-S)-[3-U-BEA RN TEHE-XE)-2-—F
Egirvmt-wmAat]-2-rat-oE|A)-5-
BE-XE, BZRUETBAZRALES

i 48

81

2-(-12~()-[3--REAENFHRE-FEL)2-F 4
SAPERRE-AHRARE] 2-FLEA-LHBAK) 5K
E-Am=fomi

82

2-(S)-{2-(S)-[2-FARATPHRE--(4-REXARYT
BA-FRA)-mmiA gt -2-noA-Lmat 5%
A-AEZRACES

.\j.ﬂ—]

B A8

48

83

2-(§)-{2-()-[3~U- R ERRFHE-FL)-2-— ¢
LFEATFEBRELA-ABEARE] - FLEA-ABELR
£} 5-BE-XMZRTLR®E

B4

2-(S)-{2-()-3-4- A BN TFHEA-XA)-2-F 4
AATHEL -SSR LEERLA--HOA-FHAEL) 5
BEA-NBZfTEHE

3
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A-HomE-ZLLEE

B A8
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B 48
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4~-S)-[2-H HE AL PEE 3--EXARKFRE-
FE) -/ EAEL]4-1-O)-(1-(D-A A T k-2~
FOEA-CEEAFHE 4-BA-TRASAP®RA]-T
B REE

Bl 48
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-4 EEENRTFRE-FE)N-[O)-C-EEXAANRT
BE-1-O)-fAFHE-CARAPHRA) - A
A]I-N N-—FE-R-_ME=LL8HE, FrEGIE
LT R

B 48
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2-(4-RERRPRE-FR)-N-[S)-(2-ELERT
BE-1-O)-BELAFREA-LEAEATFRA) - EA-F
EI-N N-ZFR-Z_MBEZALHEE BFrRHEH
FE A B MK

B 48
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2-(4-REBARFRE-FLA)-N-U1-)-[B-8X 8K
FTHE-FRA)-EATFHATYRA-SAPEEL]-X
)N N-ZFR-BSAEZR&%E

*F

Bl 48
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ZR-LEBREZRATLER, ERBAFTRFHE
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B A8
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FREALTFRE-ABRLARE]-2-KTEA-LE®E
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E)-3-FR-TEREAFEA)-ZR)-1-FE-%TH
ZH-LBRE=ZRLE, B EdFplEk

R

96

-4~ R E-FA)-N-((®-{1-) -[1-(DH-(2-()- &
EFsA-sbd-1-F2)3-FRA-TARA A
El-4-BE-TERATFHRA) - RO EA-FL)-N,N-
—FAE-FoAEZALRE, FRBEGESRFAK

*F

43

97

2-(4- B & -F E)-N-(()-(1~(8)-[1-(S) - (2-(S) - &,
EFsmA-abdbli-1-BH)-3-PR-TEREA YR
Al 4-BE-TEERATFTHE)-FKTEA-FL)-N N -
ZRAat-aosEZALRE, R RBEG TR
'3

¥

B 48

98

2-¢- & X & KR ¥ = X - F
H)-N-(S)-{1-()-[1-(-2-(S)-R A FE L ok
B-1-BE)-3-FE-TEREATREI4-BE-THE

EFRE)-FIA-FRN N-ZFTEA-F_8E
ZRLERE, ERBSFETRFAL |

B 48

99

2-(4- & K A KR ¥ & £ - %iﬁj@i#ﬂ

84
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A)-N-(S)-[1-®-[1-(D-2~-(-AA TR E- %%
R1-EE)-3-FEA-TARKRATHA]I-4¢-BEA-TAL
2782 -FCEA-FXON N-ZFTEX-H 8K
ZRLEL, BEyRAGSESEFAR

100

N[O -(1-S)-BEFRE4-BE-TEREATHR
E)-FRTLE-FEI-2-G—FEEE-F2-%¥%
A)-N N-—_Frat-a-_&u-88%, FHHES
3 & Bk H 4k

B A8

101

N-[()-(-(S-AEFBRELE4-BE-TEAREFE
E)-mMoE-FRI-2-G—FRAK-E-2-47F
X)-N N-—fpal-g stk g8 Krapn
o 3 ek F A

B 48

102

N[O - (- -REAFHREABE-TEAIATR
Ao R-FEI-2-[-(N-BEAREARRTFTRL)-F
AN N-ZFE-F_®BEZAZRE SRBEWE
*§ w8 &

B A5

103

N[O --O)- A X FRE-4-BEA-TEARETH
A)-HFLEA-FE]-2-(4-(N-BEEERRTFHE)-F
AI-N N-ZFh-S_BB=_A8E, ErRUEd
3E =5k JF H 4

B 43

104

2-U-RAFRPEE-FE)-N-[O)-(AREFHAT
A-mbw4- XA FE - KA F®MEA)-ZxTA-F
AN N-ZFR- [ -_MEZRL&%E, #HEG3E
*f gk 5 M 4K

*F

B 43

105

2-(4-RABRRFBREA-FE)-N-IO-(RXFH®AYT
E-mE4-AFA-fAFH®A)- KT E-F
AI-NN-—FE-R-_BE=HL8% £raneg
w4

N-{(S)-[U-BE-TE)-EXATFHETE-SAFAR

*F
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Eil-mT X-FE12-G-ALARKRFTHRAE-F
BN N-—FR-m_BuE-pA8&d FHBEGE
gk - H 4

=

1Q7

N-(()-[4-BRE-TE)-BEATHRETFTEA-RAFH
A]l-ro A-FR)-2-t-ER2ARKTHE-F
2N N-—FEA-F_BEZA L8 BYRKEH
i 2t B F K

*F

H 54 R

108

TEA4-BE-TEARAFTHEA)2-XX-T
RN, N-—PR-F_BE=ZLZLEE BEFraHEd
JExiuk FABE

- RAERFERRA-FL)-N-[1-)-(1-()-R &P

56 &

109

2-(4-RERRFHRA-FTHRN[1-O-(1-()-&4
TEREAE-4-BE-TEAREPHRE)-2-X4X-2
AN N-—Fh-m-_BEZRo8d sHRGE
o B4 &

56 R,

110

A4+ BE-TERAFPHA)-2-K-1-X-2C
AN N-—FE-Hm_BEZRALHEE

-A- B A ARFTEEA-FTE)-N-[1--(1-) -8 X ¥w

b 1,

111

PEE-4-BEA-TEALEFPHEL)-2-2FRX-T
E)I-NN,N-ZPL-H_BREZHL7ESE

@ RARRTFHREA-FTAL)-N-1-)-0-O-R & ¥

B 45

112

PEA-4-BE-TEREAPHE)2-XX-2
EI-NN,N-Z¥FRA-H_E=ZRZER

2-(4-f AR EARFHE-FTE)N-[1-O-(1-(S)-K LD

R

113

2-(S)-[3-(4-REAERFEHA-XX)-2-—FLALXF
BE-AAR]-1,2,3,4-wEa-FEH-3-B M8 (1-(S)-
fETFERE4-BE-TH) - B LEH

114

-(4-BARARFPBRE-FH-N-N1--01-(S)-R £

¥

B 48

J?ﬁg—cz—mg—d‘gag Pal)-KEI-N N-ZF|
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k-momuE—fomi

115 2-(4-RAARKFTHE-FHEON(1-O-(1-)-& 4 BAE
ek -4-BE-TEREFHE)-2,2--FE-7
EI-N-FE-F-_muZfrMml

116 -~ R EERFHE-FL)-N-[1-O-(1-()-K L B8
TR -4-BEA-TEARATRE)-2,2-2F -8
EI-N N-ZFE-H-BEZALRE

117 N~ 3% & X 2-4- &R 2 &R KR F & X - ¥ |HH
E)-N-[1-)-Q-S)-f A Frmi-4-BEA-TEEE

B wEd)-2,2-—FRA-JA)]-A-BEZRLRE

118 2-(4- R A ERFEELE-FRN-[1--0-(®)-&& |5 |HAH
FHRE-4-BA-TEAREFTRE)-2,2-2F4-5&
AI-N-¥E-H_BMmmZATHE

119 -U-BEABARTFTHBE-FRA)N-[)-U-Q)-K XL F¥ B s
A A-BE-TERATHRL -FTE-FEI-N-F
A-H_BEZACLRE

120 N~ B X -2-¢4- A XA A K F®R XA - FF  |BAME
A)-N-[O-1-)-[ETFRE-4-BE-TEKAT
) - A-FRI-HomE-pfoni

121 2-(4-AERARFPERRE-FL)-N-[O)-(1-O)-A XTI 44
A 4-BE-TERELAPFHRE)-FTA-FEAI-N-%X
A-Ho_sEZfLEE

122 (4R EAERTFERE-FE)-N-[1---(S)-R K ¥ k3
Fat-4-BE-TEREAFPHRI)-2-FLE-T
X]-N-FRA-Hm_BEZACLKE

123 2-(-RE AR FRE-FL)-N-[1-O-1-()-KAPF BHAHE
Fat-4-BRE-TAEETFRA) 2- KT E-C
AN N-—FPR-FH-mEZRLEE

124 % A K 20 S EE AT RA-TH Ak
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BY-N-N1-0)-(1~-O) -85 78 E-4-BE-TEEX
8K -2-HLE-CLR)-ABKZALESE

125

2-(4- AR AR TFHBRE-FE)-N-[1-B)-(1-()-K X
TEREE-4-BE-TEEREAFH®E)-2-5THE-C
BI-N-¥X-F_SK=R &L

B 48

126

2-4-RAEARFHBE-FH2)-N-[1-O-(1-(S)-& ¥
A -4-BE-THAREFPHE)-2-X4-ZE)-N-¥F
A-Ho_BE-pLEE

_k}

B 48

127

N- 3% & £ 2-(4- £ 2 AR ¥ % X - F
E)N-[1--(1-(S-KFBE-4-BE-TARRY
BA)-2-¥X-ZA]-m_mEZALEE

B} 48

128

- REBRTFEEX-FE)N-1--0-(-&F
HA-4-BE-TEEEAFRE) - 2-XX-LEI-N-%
A2-AomEZRACLES

E) 48

129

N-FE-N-[Q-1-S)-BEFRE4-BE-TESR
E9Psi)-rok-FE]-2-4-(N-BREEA SR FTH
E)-FA-FomE=RL8E, FREGESRFEN
*®

E A

130

N-FE-N-[TO)-0-O)-REF®E-4-BE-TEE
E9&E) - A-FEI-2-[4-(N-REAERXERTE
2)-FR]I-momEZRALEYE, BEVYRESEfRRF
&

B A4

131

2-S)-2-S)-B3-U-AEARKRFRE-ER)-2-—F
AAATFRA-mg A REA]I2- oA -LBEAR)5-
BE-XBTESgE

132

GO -[2-FEERELATFTHRE-I- G- AL ERFHE-X
A)-AMARA]-FLA-28, By G ETRER
*

33

133

S)~-[2-FERATHA--U-SARARPRA-¥

.31
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E)-ABRERA)-HFLA-LB, FHAHGENBRFHE

|

134

2-(2-3-U-fARARTFHE-FL)2-—_FEREEY
s - A ] 2- RO X-LBAR- KoM mEn
&

HE A R,

135

2-(S)-{2-(S)-[2-FREAATHRE-I-L-AEE&RTF
BEA-¥R)-mHmAEA]) 2T E-LHBAX] 5K
A-XELE=f L

GE XY

136

2-(S)-2-O)-[2-FAEAFHRE-I--EXENT
BREA-¥XR)-mB LR 2- KO A-LHAL) 5K
A-ABLE=ZfLE BYBaRESESRFHE

£ 5.6 R,

137

2-(4-REERTFHEA-FHR)-N-[(S)-FrTA-(4-BE
- 1-S)-FXZEAAETFREA-TAAXTFRE)-F
XN N-—9X-m-_smuigd

(i3 X093

138

2-(S)-(2-(S)-[3-U- A X AR FHmE-EXRX)2-=¢F
EEATPHE-IBEAAR] - X-ZBR L) -5
BA-ABEFEAEEMLEE

AR,

139

N-FRE2-(-REERFEBE-FR)N-S-raT Xk
~[((B-1-AFR)-SAFERA]-FE} -5 _BE=ZA
[ %1

5% 8-,

A 140F141
N-FRE-2-U-RARRFBRE-FR)N-[O)-1-(S)-KELAFH&
AA4-BE-TREEAFHRL)-ROEA-FRA]-FostE_fe8E &
F AR PE &G 4F 3T Bk S A R e
N-FE2-(4-REARRFHE-FL-N-[C)-U-)-RLF&
FA-BE-TAERAFPH L) -KA-PR]-E_BE=F 5%, §
HOME 65 35 2 B S M 4R

a)N-

FE-2-(R,S)-4-fE-FR)-AdKH
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¥ B (58. 6g, 534mmol), R(ZFAFALE)- L8tk (T1ul,
90mmo]) = KK = & F 55 (600mL) 635 & e B w1 A3 D . LR B BA
Al FE, RES UG HFM-RS)-(2,2-=F X -4,6-=HK
~[1, 3] ==&B:-5-%& F &) —F B (15g, 58mmol) . R B RA W = K3 D H,
AR ERAHEEHAI000nlinERF500ml LB LEHAFRESDT.
S AEMEREKRE.R, THRFAZERE., RIESHERR R e
VAFIE, #23(11.07g(62%) FTE >H4.

mp:152-153T (dc), MS:309(M+H).

M2-FAREAFHLE--RD-U-RE-XEX)-a8 LR
AI-(S)-FTE-LEFE

FN-FE-2-R,S)-(4-FE-FX) - w8tk &% (10g, 32. 4mmol),
(S)-RAE-FO K-8 V8 (5.94g, 34.Tmmol), —FAXTE
(6. 45mL, 37.9mmol), 3-FFE-3H-¥4f[d1[1,2, 3] =%-4-% (1. 32g,
8. lmmol), = F A P& (100nL) 895 % A HF10C. HmRF LR
~H AL = ¥ e (7.83g, 37.9mmol) AF X (10mL) $83E %, RAEAREGY
HE—R. REGHEERR, ZEREATYALR, BERMELRLE
¥, AafgREaAREPERELR, TB REEZEAK. AEER/
FEE VL LEE9.91g(66%) GAE FH.

m.p.: 170-174T, MS:462(M+H).

) 2-FEARAFTHE-3-R)-[4+-(N-EARKRAKRRKTERE)-X
X1-mAEE)-S)-HRLA-LBTE

BR-FEARAFBRBE--R)-U-REA-XE)-ABKL K
H]-(S)-F T AT B FE (9. 0g, 19. 5Smmol) #» 2 k& (3. 22g, 97. Smmol)
ALK (180nl) PHEN R A ALIH. LERAOD#HA I TR,
BETVEE, ERELHE PRHEBER-KP. 3K HiBiBIR kK
%, ES0CTAZTH, RH7.92B2%) GHE .

mp:101-104T, MS:495(M+H).

D 2-FRAEEAFHEA--R -G EKLRRFoA-¥XEL)-H5t
EAEE]-(S)-HTEA-LBRVE
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-FERAFPHE-ROD-A-(N-BARAERNRFHRE)-X
A]1-A8 A RE}-)-RTA-Z 8 P& (7.6g, 15.4mmol) £ LB ¥
Rée/Emd B, FAMEH, ELEX—FTREXTET TR
P4k,

mp: 101-104T, MS:479 (M+H).

) 2-FAREFTHEAEA-I-RS)-U-AARRTEREA-ARX)-A%
ERE]-S)-rot-Tmigs

FRAE[2-FAREAPEHES-RS)-U-REAARPEE-X35)-
ABEEARA]-S)-RTLEA-ZHBTPEESFTA/RER(1/1, 200nl) F
o EBETHRE. ASKXEFMLKE (00mL), #—FHEH2K. AR
o AT R A bR 8 A kK .

BREHBAHHRE [ RKE:

% 41: 3.36g(52% FFAekFHAERESY: 6. T%SHHE, 78 0%K
)

%452 85Tmg(13%, FxtvkF MRS 55 %FHHE, 31.9%
KA PE), &

%43 461mg (7%, FExTekfrAER S 3.8%S MM, 93. 5%
BE), mp: 166T (subl.)

B 454: 455mg (7%, 96. THKAMHIEfekFHk), &

HPLC: #pkdE xbmk F#34k: 15.62min, 3F 4 bE 3 3t ok 5F 44 4
16. 21mmn.

HPLC-4#: Nucleosil250/4, 7uM, Iml/min, #E: £ 30min
A 100% (H.0+0. 1% = £. L&) £100%Z 5, £5ninA100%Z 45, =254nm.

43R E 5 HIMS 27 465 (M+H).

cRBIERAK IR EEFFE (K TR/ TR/ AER
=9/1/0.5) kR ELZ 41, EH B FHRFE A FHLFHIFEALS
ey LER 3.

ON-FE-2-R)-4-REERFHE-FHN-[O-REXFHL

A4-BE-TEEEATHRRE) -KILEA-FRA]-A - BEZRLEER
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N-FE-2-O)-U-REARRTHEL-FER)-N-[(-EEXFmE
~4-BAEA-TAEAFTHRL)-RECA-FR]-A-BKZRALRE

[-FRAEAFTHE-3-R S)-U-REENRTFHE-FL)-A8E
SA1-6)-%T A -8 &% (103ng, 0.20mmol), ¥ =-1-%
A &% (32ng, 0.24mmol), 2-(S)-RA-5-ME-XEBEKLE-FTREATP
St (4nl) P B RMBEH 054, REAHFH0CE-5TC. Fiwl, 3-
R IK & A Bk (49mg, 0. 24mmol) &%, R R RS M AT T A 2418,
EKEBEMN, RGHETH S HHAPLCER s fF 214, Smg (3%) #9F1 (E4LHE
& 4 2t Bk A 4R) Fo 7. Smg (5%) #9F2 (B F ML #G 3F kA4 4R) .

HPLC- &4 : Nucleosil250/21mm, 7uM, 15ml/min, 68%H.0+0. 1%
ZRLE, 32%90TH.

F1: mp.: 150-154C, MSm/z: 620. 5 ((M+H) +, 9%), 310. 9 ((M+2H) ™,
100%) .

F2: mp. : 102-106T, MSm/z: 620. 5( (M+H) +, 5%), 310. 9 ((M+2H)*,
34%), 150.0(100%).

R EHESEFHET BeILsB:

142 2~ RERRTHEA-FH) N (O - G-KELRHF [HEEX
oL EL)-1-REAFTHE-CARRTRA]-KT L
~FRI-N N -ZVA-Eo_mEZALRE FHHES
3E =3 mk - A 4K h
143 2~ REERTFRE-FHRN-{(O-[2-C-RL &R ¥ |[HasAk
TEA-FA)-1-RRATRA-CZAAATRA]-FLE
-FRAI-N N -ZFRA-A_mEZRALEE, YR
& 3 =t ok e A 1

144 N~ F X -2-(4- & X A R F B X - F¥F |Har4K
E)-N-[O-1-®)-[EFHEA4-BE-TERAT
 BA) - A-FAIN-FR-aoBEZRALEE
145 2-(9)-12-®)-[2- (FA- PR AATHE) 3 (- 8F  BaA
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EEARFHRE-FL)-ABAEX]2-HTE-LER
X)-5-BmA-xmAsd

1

146

2-{2-(S)-[2-(FEA-FHA-REAFBIL)-3-U-RELK
REBE-XL)-mmEEL]2-XTLEA-THE
A)-3-F-1-A-ARLEGALERE BYRESES
B JF H 4K

58 A&,

147

2-{2-)-[2-(FE-FER-AXFEE)-3--AL4
RPBEE-XL)-aBERE]2-HFLE-THEA
El-3-E-1-RA-ARLE=RA8mE, #HBdEstn
FH &

%S R,

148

2-S)-{2-[2~(FE-FE-ELFH%E)-3-L-AXL A
RKYBEE-FE)-FBELL] 2-HTE-THE
Rl-5-ME-XEFE-_RLEE R YHadaEdeRt
# 4k

149

2-(S)-{2-[2-(FE-FX-EEXFHmA)-3-4-REEK
RFEE-FZEX)- s EAL]-2-xTEX-LH®EA
Al-5-BA-REFE-_Lo8d By dgEde it
&

%6 m%,

150

2-(S)-(2-[2-(FEA-FE-EXFRE)-3-(4-&EE L
RKRYBE-FE)- gL L L]-2-0X-Z 8K
A)-5-ME-XBPE BB FRREGESRFH
ik

R E R

151

2-(S)-{2-[2~(FE-FE-fRAPEBRLE)-3-U-EXA
RYBRE-ZXE)- s AL 2-KTEA-TEBA
K)-5-BE-XSEFPE-_RLHEE ZBBEGSESRFH
1%

55 R,

152

N-FEN-{[1-S)-(FEA-FE-REFHRL)-4-KE
- TEAEETFHA]- RO A-FA)-2-U-RAERFTH
E-FEON-FR-H_ME-FLME BHEMEHE

% E R,
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i e
153 IN-FAEN-{[1-)-(FE-FE-REAFHL)4-BEP HESA
~TAREAFHRE]-XOX-F4)2-G-REAARTFH
A-FR)N-FR-HF_BEZLLEE, EhRHaEs
Bl ¢ M

154 N-FEN-{[1-)-(FE-FTE-BEPEHE) -4 BE |Hrsdh
~TRAEATERA]-FCEATFR]I-2--RERRTH |
A-FER)N-FEA-F_BREZATEE, By RHENIE
23 gk S 4

155 N-FE-2-U-EEEARFRE-FE)-N-[FLEH |[HEER
~(I-S)-—FERATFRE4-BEA-TERLETHR
E)-FEAI-N-FPE-R-BEZALER

156 (()-[2-4-REAARTHREA-FEREFTERL)-3-UF |[HESR
REAARTBA-XL)-ABE AL HIE-ZLRVE
ZRTER

157 (S)-[2-U-BEAARTFSHA-FEALTRL)-3-(U-3F |[HELSR
AR TRE-XL)-ABEAAL]-FTE-ZE=L

|z &
iR
aPTT &5 5 fo E BE N )
ATS Bl
AV SRR
BAPNA XPBEA-L-Argp-AEBEXE
Boc ®RTAEER
T BHRBE
cal o il
CDC1, A& AT

Class. Synth. % &5 6 A&
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cm
dc
DCCI
DCRu
DIC
DICI
DMSO
DVT
eq.
ESMS
expl
FAB
Fmoc
FT-IR
g

h
HATU

HPLC
HPLC/ESMS
id
iv
kg
Km
LMWH
ng
MHz
min
ml

)& 3

3

Sl NP T B Y -
ZRwW (ZXEB) 47 QD)
W H R E R
i PV L A Y
= K,
AR o BT R,

E

TR A E

% 56 5]
Bk BT &&
S-HEAFTREAZE
HJart R4
52

B

N-[ (=P EEKIHK)-1H-1, 2, 3~ =k 5[4, 5-b] ket
“1-R-FFE]-N-FEAPE~EHEEN-A1%

HERIEZE

S ERAE &R/ TR R E

ZHd+ B

R A

VY
Michaelis—-Menten—"% 3
&% -F £haparin

£ 4

It #

4 %5F

£ 7t
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mM EEREE

mmol E B R

MS &

mp. 15 &

nl At

Hom - & 3

M BRI

nm R

nM WE K

NMR B LR

PE RO

PEG RL-B

PG R

PPP s R R

PT B 5% o 85 B R

sccC ﬁ

TAP B # R 3% e Bk

TBS-BSA ZREVTEARETREAGEARFLFZEE

TBS-PEG ZERPREEEFREFGERRT -8

TF HBERET

TFPI M2 BT B35 M

TOTU O-((RA-(ZEAFX)-EFR) &K
A)-N,N,N N -w PR EGwame

TPCK PEREEIEATLAR

TRIS-C1 B2-RLA)REE=Z (FFRA)FR2-N(2-ET
R)ax-2-(BFH)-1,3-A_8, fiuE
uv ¥ 5
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