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(57) Abstract

The present invention relates to compounds of formula (T), wherein R is phenyl, naphthyl, 1,2,3,4~tetrahydronaphthy), (iso)quinolinyl,
tetrahydro(iso)quinolinyl, 3,4-dihydro-1H~isoquinoliny], chromanyl or the camphor group, which groups may optionally be substituted with
one or more substitutents selected from ( I—8C)a1kyl or (1-8C)alkoxy; R? and R? are independently H or (1-8C)alkyl; R4 is (l—SC)alkyl or
(3-8C)cycloalkyl; or R3 and R4 togcther with the nitrogen atom to which they are bonded are a nonaromatic (4-—8)membercd ring optionally
containing another heteroatom, the ring optionally being substituted with (1-8C)alkyl or SOz-(l—BC)alkyl Q is a spacer having a chain
length of 10 to 70 atoms; and Z is a negatively charged oligosaccharide residue comprising two to six monosaccharide units, the charge
being compensated by positively charged counterions; or a phammccutlcally acceptable salt thereof or a prodrug thereof. The compounds
of the invention have antithrombotic activity an can be used in treating or preventing thrombin-related diseases.




inhibitors is the am no acid derivative '

Na- ( 2- napht hyl sul f onyl ) - gl ycyl - 4- am di nophenyl al ani n- pi peri di de
(NAPAP) (Stiirzebecher, J. et al., Thronb. Res. 29, 635-642, 1983).
However, the WO9§p¥ || e of NAPAP is unattractive for therapf&d 44100
applications: for exanple, the conpound has | ow thrombin specificity
and is poorly soluble. Derivatives of NAPAP were subsequently 30
prepared, such as the N-al kyl substituted derivatives disclosed in EP

0, 236,163 or the gl ycopepti de derivatives described EP 0, 558, 961,
Proc. Am Pept. Synp., 13th (60LXAW; 94;

2 pp. 643-5 (Stui : oNBéTic codMBounpgem , Struct. Biol.,),
Proc. Int. Synp. Controlled Rel ease Bi oact. Mater. (PCRMEY,

10220178); 94;Vol. 21 st; pp. 712-12 (Walter, E. et al.), and EP

0, 513, 543. wever. al t.hough these derivat.izations have, | t .

| mpr ovenent ofnvf’ﬁg n rel&es o nﬁﬁa?ﬁg?op\éﬁ%%aﬁlgﬂpngbfﬁ Inrggc\/‘\’/ﬁsenfg %&ﬁ%rarpgeop 5l°n’

NAPAP, 3l | phbigihcidicARotipoiitient coatspinymhe caimpounds as active digrddiena bd well asnthy uss
direct thronbi,n inhibitgors and they have a restricted plasma half-life and
a fast of said corpp ﬁ’ééhe(’i“l‘ﬂlé“&ié%ﬁ EHEATSe 1 anti-thronbin activity -
only for a short period of tine). It has now been found that

conpounds of the formula (1) [err] . ]
Serine proteases are enzymes whlch_play an important role in the blood coagulation cascade.

Members of this group of proteases are for example thrombin, trypsin, factors VIla, IXa, Xa,
10  Xla, XIa, and protein C. .

-Thrombin is the final serine protease enzyme in the coagulation cascade. The prime function of
thrombin is the cleavage of fibrinogen to generate fibrin monomers, which are cross-linked to
form an insoluble gel. In addition, thrombin regulates its own production by activation of factors
V and VIII earlier in the cascade. It also has important actions at cellular level, where it acts on

15  specific receptors to cause platelet aggregation, endothelial cell activation and fibroblast
proliferation. Thus thrombin has a central regulatory role in haemostasis and thrombus
formation. Since inhibitors of thrombin may have a wide range of therapeutical applications,
extensive research is done in this area. '

Another important serine protease, factor Xa, catalyzes the conversion of prothrombin into

20 thrombin.

In the development of synthetic inhibitors of serine proteases, and more specifically of thrombin,

the benzamidine moiety is one of the key structures. It mimics the protonated side-chain of the

basic amino acids Arg and Lys of its natural substrates. Compounds with ihis moict& have been

. 25 studied extensively and repeatedly. A very potent representative of this type of thrombin
inhibitors is the amino acid derivative Na-(2-naphthylsulfonyl)-glycyl-4-amidinophenylalanin-
piperidide (NAPAP) (Stiirzebecher, J. et al., Thromb. Res. 29, 635-642, 1983). However, the

profile of NAPAP is unattractive for therapeutical applications: for example, the compound has

low thrombin specificity and is poorly soluble. Derivatives -of NAPAP were subsequently

30 prepared, such as the N-alkyl substituted derivatives disclosed in EP 0,236,163 or the
glycopeptide derivatives described EP 0,558,961, Proc. Am. Pept. Symp., 13th (60LXAW); 94;



10 wherein R err] I's phenyl, naphthyl, 1,2,3,4-tetrahydronaphthyl,
(iso)quinolinyl, - tetrahydro(iso)quinolinyl,

3, 4-dhydro- 1Hi soqui nol i nyl, chromanyl or the carrphor group, L C

groups may opWOWHBY be substituted with one or nore substlF\é'vg’]ﬁfgmg’é’Pect ed
from (1-8C)al kyl or (1-8C) al koxy; Rlerr] and Rl err] are
I ndependently H or (1-8C)alkyl; 15 Rerr] is (1-8C) al kyl or

(3-8C) cycl oal kyl ;- or Rlerr] and Rerr] together with the nitrogen
atomto which they are bonded_are a nonaromatic (4-8) nenber ed
ring opti oblG4y- %éﬁ'@f&ﬁanQ‘ 3n Bevte Chear e toist- ddipl fﬂ’é"? i1pk Slmi’i Gertralied Beleass
substitute I 1. ) S

spacer hav?rﬁgbglig%al @en th g?”??’t?ga%&a%lg%s% 312 (Wilgr EZCtiqé'b’aanﬁ EP
negati vel yO,rSharSgIadHGWewgmsaldmhgh ithese rdesivatiretios pay daveg ledwy fmgprevements of the

nmonosaccharj de_uni t.s t he cha el a 0S| |ver
char ged coﬁmﬁw Gl profile when c%‘flpaéecggoa é%utaﬁggﬁ%\c}&&?@ ‘iﬁr B‘Fg rg s 4

t her eof 5 or stil zﬂm@dbﬂg a$ Biedce troabia iibind andrttey iaghh yesutitelaglasu half-life and a fast
antithronbotics. The corrpou&d of the_ jnvention have anti-thronmbin

activity, Bgtrangedthus displaying ther anti-ghrpmbin sedvigronyfer 2 ipoRsriad ofgele
selectively nodified so that they have a tuneabl e m xed 25 profile of
bot h non-nedi ated, direct anti-thronmbin (factor Ila) activity and

ant i -t hr onBihss now been found that compounds of the formula (I)

3 (AT-111) nedgated anti-Xa activity. The conpounds of the

I nvention thus are dual inhibitors. Conpounds of the invention have a
llong plasna half-life Qnd as a result, .they possess prol onged

anti -t hromyal | c} g,above reported derivatives.
Furt her, mﬂ%@ r%@ﬁé%n‘?&?%g(#n)/ & Bﬁréﬁi& gcape t he neutrali zing
action of platelet factor 4 (PF4). LQw 5 toxicity is also an

advant ageous aspect of conpounds of t' ention. Anot her type of
dual inhibitors is disclosed in EP O, §49,85%2. Contrary to the conpounds of
t he present invention the conj uacchar| de conpounds di scl osed

I n that docunent display

HN O, _.

10 wherein R' is  phenyl, naphthyl,  1,2,3,4-tetrahydronaphthyl,  (iso)quinolinyl,
tetrahydro(iso)quinolinyl, 3,4-dihydro-1H-isoquinolinyl, chromanyl or the camphor group, which
groups may optionally be substituted with one or more substituents selected from (1-8C)alkyl or
(1-8Calkoxy;

. RandR® are independently H or (1-8C)alkyl;

15 R'is (1-8C)akkyl or (3-8C)cycloalkyl;
or R® and R* together with the nitrogen atom to which they are bonded are a nonaromatic
(4-8)membered ring optionally containing another heteroatom, the ring optionally being
substituted with (1-8C)alkyl or SO,-(1-8C)alkyl;

Q is a spacer having a chain length of 10 to 70 atoms; and
20 Zis a negatively charged oligosaccharide residue comprising two to six monosaccharide units,
“the charge being compensated by positively charged counterions;
or a pharmaceutically acceptable salt thereof or a prodrug thereof are potent and highly versatile
antithrombotics. The compounds of the invention have anti-thrombin activity, but also the
structure of the compounds may be selectively modified so that they have a tuneable mixed
25 profile of both non-mediated, direct anti-thrombin (factor 1la) activity 4nd anti-thrombin III



indirect, AT-111 mediated anti-thronbin activity, in addition to AT-111

nmedi ated anti-Xa activity. 10 The conpounds of the present invention
are useful forghigadsdd and preventing thrombin- medi at ed
t hr onbi n- assoc‘l’vate d{seases Thi s includes a nunber of thr ONBSF&Q”é%H"’

prot hronbotic states in which the coagul at3 on cascade is activated which
I ncl ude, but are not limted to, deep vein thronbosis, pul nonary
enbol i sm thronbophlebitis, arterial occlusion from 15 t hronbosi s or

enbolism a [.al clu n_.duri af t asty or thrompol ysis,
rest enosi s 'Flbkl\ﬁ“ﬁ 8§ 5&31 aci“?ﬁ%rﬂ%o?"m'ﬁ& 9€q‘% PR dhus Are Guglciahibiters.
post oper at | @EmpAIRAs!Sf the inveritidh MEROS long PlasHA A% Bnd 2854 Rs@, tﬁe?rﬂa@egs prolonged
at heroscl erosji s, stroke, nyocardial I nfarction, cancer met ast asi s,

anddneur od eaiBrombin actiyite £empared hio NARYRINSs ftsf ahave repored mnvamys aFurthene
Qralyer s arTARSit e fiefith f6 LBl ndliEing abEoH o€l BERFITPEY. 1y,

as in vi& r ctoaicity isalksgah advantageous aspecT bfcompoendsyfohis ivemtiont he corrpounds of
the invention may be tuned by varying the nature of the
ol igosaccharide residue Z and the length of the spacer Q A range of

profiles i sAhdthérappe of\Gakl ialkibieors is BSclosed\Ry EP @g50|858] Fomhay &S the compounds of the
ol i gosacchari de resi due of 2.to 6 saccharide units is useable in the

conpounds offe¥Hk “BF’&?&H{ e W@ﬁ?ﬁeﬁ rfaceliatide; 5prPQUSEH) (ﬁ&ﬁ‘fh’é?e‘bﬂn tﬂWé dogymaent | dsplayr e
conmpounds  iudire MNET .Sl 'i‘neétaie?l ﬁtx&lﬁoﬁﬁhﬁ&n% m{'mmr ?ﬁi &9%% %ﬁw‘&ﬁ:

residue. Preferably, the ol gosaccharl de reS| er| ved from’an
ol i gosakkhari de whi ch has per se AT-111 nediated ant | -Xa activity,
such as th a d. 4 0 529 715. .30
Parti cul ar ?{/ﬁepge@ géé%glqhé L%%@ha?&égnraég %u%'g%or gre% agﬁeﬁ?ﬂt jog thrombin-

resi dues. Moediatpd efndr ﬂinbmbm-ﬁssoclated Hissastd eThisr fitcludes( lal )mmber of thrombotic and

4 [err] prothrombotic states in which the coagulation cascade is activated which include, but are not

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

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

20  The compounds of the invention may also be used as in vitro anticoagulants.

The mixed profile of the compounds of the invention may be tuned by varying the nature of the
oligosaccharide residue Z and the length of the spacer Q. A range of profiles is thereby available.

. 25  Any negatively charged oligosaccharide residue of 2 to 6 saccharide units is useable in the
compounds of the present invention. Suitable compounds of | the invention are compounds
wherein Z is a sulfated or phosphorylated oligosaccharide residuc. Preferably, the
oligosaccharide residue Z is derived from an oligosaccharide which has per se AT-III mediated
anti-Xa activity, such as the saccharides disclosed in EP 0,454,220 and EP 0,529,715.

30  Particularly preferred oligosaccharide residues are pentasaccharide residues. Most preferably, Z
has the formuta (II)



wherein R err] is independently OSJerr] or (1-8C)al koxy. Furt her
preferred conpounds of the invention are conpounds of formula |, wherein R
i's phenyl, 5 $o®lkBxy-2,3,6-trinmethylphenyl or naphthyl. | pdiEpbssasd
conpounds, NR[err]R err] represents the pi peri di nyl group.
Preferably, Rerr] is H The chemi4al structure of the spacer is of
m nor or no inportance for the anti-thronbotic activity of the
conpounds of the .invention, it may however not be conpletely rigid. Highly
flexible 10 spacers _are mre SUI%Pb|e t han ot hers Further, for
synt hetic reasons spgcers arg hore approprlateﬁihan ot hers.
Sui t abl e spacers a® ca ed Aav or /ex |l e the formul a
TDE < O-~(1-8C)alkyl
-[(CH err])][ err]-W(CHerr])[err]
- (ren) wher el Wi.s

-[ 1, 4- phenyl ene- NR[eFSr] C(OWMerr]- (éﬁﬂarr])ﬁarr]-s- R or an,

CH s 1l O (CH -
0 N err . St STy 0D o PR mon 1) 1 or (Decaiko:
m1- 12;n =1 - 8; p =0-4;q9=0 or 1, r = 1 -8,s =1 - =1- 8u-=1- 8 v-

1- 12;w thetotal nupber . of atons | he
-[(CH err]) Fg'mf e[eémd]cowgowié ofthe IYERtiOD, AFF eqrIReUnds °]f9°mglﬁg‘r ngffﬁ’&tﬁ‘ 5P ny
Preferres spapahckyd £6-triRethpeion daphthyl. In prefen'ed compounds, NR’R* represents the
piperidinyl group. Preferably, Rz isH.

The chemical structure of the spacer is of minor or no importance for the anti-thrombotic activity

of the compounds of the invention, it may however not be completely rigid. Highly flexible
10  spacers are more suitable than othérs.

Further, for synthetic reasons some spacers are more appropriate than others.

Suitable spacers that can easily be used have for example the formula (III):

-[(CH:),0]a-[(CH:)"NR-C(O)];-W-~(CHy)s- (Im),
15
wherein
W is -[1,4-phenylene-NR’-C(0)}~(CHz)-S-
or
~(CH,)-S~(CH2)u-[O(CHa)2)y-0-(CH:)w-C(0)-NR'-;
20
and R’ is independently H or (1-8C)alkyl;
m=1-12;n=1-8;p=0-4,q=0o0rl;r=1-8;5=1-8;t=1-8u=1-§v=1-12;w=
1 - 8; the total number of atoms is 10 - 70; and the moiety -[(CH,),0.- is the end with which Q
is attached to Z.
25
Preferred spacers are the following:

-[(CH2),0)5~(CHz)-NH-C(O)-CHy-S-CHy-;



-[(CH err])[err]O[err]-(CHerr])[err]-NHC(O-CHerr]-S-CHerr]-
5

J(Crert]) Ler widdbisgal - (CHerr]) [err] N+ GO Crlerr] - S (O peqbbofifdy [
CH err])[err]][err]-OCHerr]-C(O-NH(CH err])[err]-; and

-[(CH err])[err]O[err]-(CHerr])[err]- NH-é(O) 1

, 4- phenyl ene- NH- C( O) - CH2- S- CH2- . In the description of t he
conmpounds of formula (1) thefollovving deflnltlons are used. 5 The term
(oo a Kyl IRHSON-{UHANBCOQ)-Ciflos AORNRIO@EC L. 0L GHICRRNRY CIEF. 6 PO
atons, for exa thI et hyl, ., 1 soprop

sec-butyl, t-&GHpG]y( HaneNﬁl-C d,%phepylenwﬂh&}(o)amuz—s CHz— et hyl are _
preferred al kyl groups. The term (1-8C)al koxy nmeans an al koxy group
having 1-8 carbon atoms, the alkyl noiety having ' t he neani ng as

previ ousl y defthaddcrigiion Ioﬁth; cbsipouryds ef frteld (B) theofisflowihg definitidhs archized.t er m

S’f%%ﬁyf’%@e SRl A e <2 pBomaied ALk RSpRS |- GFebbn o, for
" cycl o-octyl .e )@thy@;riﬁiopyl lSO rtfp%ﬁ lbﬁiﬁ)gyd-b 1etep,l;ﬁftﬁr &?1 S GcQR! Nyl and

gr oups. T e spacer | ength e nunber atoms of the spacer,
count ed al orfghy n@mfev (b@ltylempn bet ween Z and the peptide part of

t he ol ecul eppeigin By fuBhs 9% ¥RER QB%%%&EP?QQI%OW uhﬂ%ﬁ@gﬁgﬂ% @nlé(‘)'iﬁ‘ﬁd

which is connected to 't he spacer. nean
of the i nverth¢ owaiing astpreviouslyalefinddnMethosy s agirefeired alkoxygremip dino-noiety is

P ompound of T teh, LB Radlo b L hstoalel caotn, Tinekle S seoben nokomp Boee
NAPAP- 20 mbbmgﬂebﬁbdﬂecﬁlqpﬁmyb chélSheiiI0 RyMbReptyd o3 L9LIBS R Cydibptaty EndY

met hods gener nown in the art, which conpound subsequently (a)
i s coupl ed t%a{gl'%‘ﬂ( Q&&TFQW@%““%&EP@PSMQ due or (b) is coupled to a

spacer, Whi Clhet §aéeri 1engiieid ﬁﬁth\ﬁl%ér‘@ftatbrﬁs b s Eé}qu@rE?de P?gosaccha% :c A

coupled to an ol 1 gosacchari de residue. Ar y suit
may be used HebveennZ sangugjp oReptid¢ part of the molecule, not counting the oxygen atom of the

15  oligosaccharide Z which is connected to the spacer. _
The term “prodrug” means a compound of the invention in which the amino group of the

amidino-moiety is protected, e.g. by hydroxy or a (1-6C)alkoxycarbonyl group.

The compounds of the present invention are prepared by derivatizing NAPAP (or a NAPAP-

20  analogue) at the glycine position with cysteine or lysine using methods generally known in the
art, which compound subsequently (a) is coupled to a oligosaccharide-spacer residue or (b) is
coupled to a spacer, which then is derivatized with a thiol group and subsequently is coupled to
an oligosaccharide residue. Any suitable oligosaccharide may be used for this purpose, for
example oligosaccharides known in literature (e.g. from EP 0,454,220 and EP 0,529,715, but

25 npot limited to these sources) or commercially available oligosaccharides. The oligosaccharides
may be phosphorylated at an appropriate time by methods e.g. described by Buijsman, R. et al.
(Abstracts of papers, 9th European Carbohydrate Symposium Utrecht 1997, Abstract A150).
The coupling of the spacer to the oligosaccharide can for instance be performed by using the
methods described in EP 0,649,854.

30



exanpl e ol i gosaccharides known in literature (e.g. fromEP 0, 454,220 and EP
0, 529, 715, but 25 not limted to these sources) or comercially avail able
ol i gosacchari des. The ol igosacchari des may be phosphoryl ated at an
appropri ate tiweyssomet hods e. g. described by Buijsman, R etpcalEr99/04100
(Abstracts of papers, 9th European Carbohygrate Synposi um Utrecht 1997,
Abstract A150). The coupling of the Spacer to the oligosaccharide can
for instance be performed by using the nmet hods described in EP

0, 649, 854. 30

6 o Thel‘hﬁewp'txdze coapling) @gproaedugalca?u rlﬁhh_st&bbvé meichbecﬁhceuﬁadd&scpiépbﬁdd the
met hod to prepare t nmpoupds of _t i nveniion carried. o

by methods CBWRSHALY EH’S\MHWP%‘P parfigd o methods <8 3‘“°W6rm the'a fof the

condensat i OQoup]ﬂ§ B?E&ddéﬁsa 16@? 8dS HeginéEs fkh w@y e 'aﬁS‘c ﬁi@ﬁb@quea a&ﬂsdnde
Iva

anhydri de hod, act ed ester nethod, or, preferabl
car bodi i ni denqmdhe@waf@é geter method.gry prefemebly, by th%mmmednethqai awyﬁlﬁlb' %ﬂ’i’él the

racem sagi o Qd&iﬂ@x%f&?z{b&ﬂ 6@ PREM Sor! gﬁv dﬁ%ﬁ@ﬁé{xﬁ%‘ﬁﬁé 5% c}g?dﬂﬁx&@ de and N-

hydr oxybénzotriazo n overview s en eptl na ysi
Synt heS| S myddoﬂﬂ’anMZole An o¥erview ﬁrg)mm he e s. Bial

Press, (0] 198 nct ons nt the corrpus may
be prot ecte gu’r"T and |, Mejgnhofss, |erﬁp E‘?“é é'eﬁ %ﬁ%iﬁlﬁé{}rot ecting group,
whi ch neans a group commonly used in peptide chemstry for the

protection of an a am no rqu%’ | i ke the tert-butyl oxycarbony| (Boc) .graqup,

t he be{¥ging fine it Wy fhe fompgunds feasobe PratsriEd yiring thyispaatigrmseseynre by
(Frmoc) qnourancN- tdigetiBg geakfwhmh mearts B {ghdur) ESHRontRRRTY & p&rud& hBerhisy F6it mg

groups can take pI ace in fferent ways, depending on t he nature of
t hose prot e@r¢tﬁi§logr®tﬁpsn Deaming ygmypr oh@ctthantqramopicabenxhn@@a@rm the

condi tions 32 e el 3 | ew of

protecting gro ps antg) %g?l)ug;cf)%% ﬁ)%eg ﬂuor%?}ﬁmgtﬂ ngryll sm%c en e A ‘ﬁ%@ﬁg%‘o%l

ment i oned TiRhtRegrioupl Remotnldfithe p:;otéBying peasips catBlade plage, m‘dtﬂ‘ere’in ways, depending on
the nature of those protecting groups. Usually deprotection takes place under acidic conditions

15 and in the presence of scavengers. An overview of amino protecting groups and methods for
their removal is given in the above mentioned The Peptides, Analysis, Synthesis. Biology, Vol 3.

The compounds of the invention, which can occur in the form of a free base, may be isolated
from the réaction mixture in the form of a pharmaceutically acceptable salt. The pharh:aceutica]ly

20  acceptable salts may also be obtained by treating the free base of formula (I) with an organic or
inorganic acid such as HCl, HBr, HI, H,SO,, HsPO,, acetic acid, propionic acid, glycolic acid,
maleic acid, malonic acid, methanesulphonic ﬁd, ‘fumaric acid, succinic'acid, tartaric acid, citric
acid, benzoic acid, ascorbic acid and the like,

25  The compounds of this invention possess chiral carbon atoms, and may therefore be obtained as
' a pure enantiomer, or as a mixture of enantiomers, or as a mixture containing diastereomers.
Methods for obtaining the pure enantiomers are well known in the art, e.g. crystallization of salts
which are obtained from optically active acids and the racemic mixture, or chromatography using
chiral columns. For diastereomers straight phase or reversed phase columns may be used.
30



The conmpounds of the invention, which can occur in the formof a free base,

may be isol ated fromthe reaction mxture in the formof a

phar maceut i cal tabl e salt. The pharmaceutically 20

salts may al so Oe&g%ﬁl ned by treating the free base of for mﬁ‘gre'%gg}&{bg?h an

organi c or I norganic acid such as HGO7 HBr, H, Herr]SJerr],

Herr]PJerr], acetic acid, propionic acid, gl ycolic aci d, mal eic

acid, malonic acid, nethanesulphonlc acid, fumaric acid, succinic acid,

tartarlc aci,g, citric ben o] aC|d ascorbic acid the |ike.
110 20 bbb of e it PR S iRy SRS bR e Bt

t her efore b@n@bégawmta&e compomﬂs ﬁhﬂ Corfiftititioh® thefeof Will MtceBsaily< eﬁeﬂ&nt upon
enant i oners, or as m xture cont ai ni ng di ast ereoners.

obt ai ni ng t ftke ?FG#%OQH%IW@WM%‘ jgstdo wehom the sgdicament Web%gtadn'@“ﬁefed the degl’ee of

tall f t t
B R A e

col umms. SForadulinigtiatiore orquires lowen idgages Hmg eother meh@dssddaqnhasmoolwhmsarﬁa;xoxbe
used. 30

The. compoundEPEISTHPOR SUERR PRy et Al dorare e Bpmps profeably 0.00f-100
parenteral | yng ﬂ'di&gébbdy:ﬁreldmmore preferably 0:03910Bg perf kg hds sveipghtipounds  and

conposition of will ccessarily be depend ypon t he needs of
the individ ?fﬁ‘fam‘ PpoiaciyRed ‘E“hﬂé oTpRONATS gfege# Hyentipn; mik plsp &g, used s
degree of  adjuvaitfih a&lte @ﬂn&ﬁgdlﬁﬁ%e’i‘ﬂ}ﬂ' 1} SudhUgl 8458 Nhe Fhedidafe¥Eid Ia@Rinistered with

practitioner. |In general parenteral adm ni stration requires | ower
dosages 1Pharethsr semponndnusesil irtroading ﬂacbtdlsmeﬁqtev,m ch are nore dependent

Upen oo Po e e BRIBRS. B3 SE RSP A8 e

body wei ght Gennaro et Bhe RamihgtonlseRtarmasautical: Sciereds, (18th ¢dieMackrPoblishisg momphn)s
her apy 1 n 1500 80esBEedtS on 3 pramaceBi ¥ iaunt 120 npi Moty R Tpppapods
conpounds usedylte cbmptesseaﬁma SolBlLdbbagd mmsechsis@ns,aablets, or be Wocededintotapsules or

harmaceuyti cal |y, sui tabl e au iaries, s.descried 1n the standard
Pef eren g suppc}éxtorlfles gy means o euncally smtaa,b(lsl hqmds the compounds can also be applied

in the form of a solution, suspension, emulsion, e.g. for use as an injection preparation, or as a

spray, e.g. for use as a nasal spray. _

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

polymeric binders and the like is contemplated. In general any pharmaceutically acceptable
20  additive which does not interfere with the function of the active compounds can be used.

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

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



Gennaro et al., Rem ngton's Pharmaceutical Sciences, (18th ed., Mack

Publ i shi ng Conpany, 1990, see especially Part 8: Pharnaceuti cal
Preparations and Their Manufacture) the conpounds may be conpressed
into solid doswig®evessd4 s, such as pills, tablets, or be procesperiErBOMa00
capsul es or 15 suppositories. By neans gf pharmaceutical ly suitable

| i qui ds the conpounds can al so be applied. in the formof a solution,
suspensi on, erulsion, e.g. for use as an injection preparation, or as a
spray, e.g. for use as a nasal spray. For maki ng dosage units, e.g.

tabl ets, thEneifwventién 8 @RRPiluaRAdd BoHe follvesngsaxadiples fillers, colorants,
polyneric binders and the like is contenplated. In general any
phar maceutically acceptable 20 additive which does not interfere with the

function ofgkRMpigki ve conpounds can be used. Suitable carriers with
whi ch the conpositions can be adm nistered include | actose, starch,

cel | ql ose derivatives and the like, or mxtures thereof used in suitable
anmount S5 Abbreviat 8

The invention Ts Pﬁ?’f‘ﬁgr: illustrated by the foll ow ng exanples.
EXAMPLES DBMAPABIN Nvdimtthplaminopyrittine - DVAP = NN-di net hyl am nopyri di ne
TEA = tri yl am. . Z = benzyl oxycar bonyl Ac = acetyl
10 MMTr ﬁrgnoﬁg‘f’%@ﬂ"f’?tyl Bn = benzyl DCHA =
di cycl ohexyZz amoeaibeityloxycarbonyl

Ac = acetyl

10 MMTr =monomethoxytrityl
Bn =benzyl
DCHA = dicyclohexylammonium
EDCI = 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
HOBt = 1-hydroxybenzotriazole
15 DIiPEA = diisopropylethylamine
Pyr = =pyridinyl
TEG = tetraethylene glycol
HEG = hexaethylene glycol
"APA = amidinophenylalanine
20 Cys = cysteine

The numbers of the compounds refer to the compounds on the formula sheets.

4-0-(4-0-(2,3,4,6-tetra-0O-acetyl-o-p-glucopyranosyl)-2,3,6-tri-O-acetyl-o-p-
25  glucopyranosyl)-2,3,6-tri-O-acetyl-a/B-p-glucopyranosyl trichloroacetimidate (4)
To a stirred solution of maltotriose (1) (2.0 g, 4.0 mmol) in pyridine (100 mL) was added acetic
anhydride (6.2 mL, 65 mmol) and a catalytic amount of DMAP (0.79 g, 6.5 mmol). After S h the
reaction mixture was poured into aqueous sodium hydrogencarbonate (1 M, 250 mL) and
extracted three times with ethyl acetate (200 mL). The combined organic layers were dried on
30 magnesium sulfate and concentrated in vacuo. The product was purified by column
chromatography (light petroleum/ethyl acetate, 1/1 to 0/1, v/v) giving 2 as a white foam (91%



EDCI = 1-(3-dinethyl am nopropyl)- 3-ethyl carbodi i m de hydrochl ori de-

HOBt = 1- hydroxybenzotriazole 15 Di PEA = diisopropyl et hyl am ne Pyr
= pyridinyl wo 9bsss34 = tetraethyl ene glycol HEG = hew;égygﬂﬁ

gl ycol APA = am di nophenyl al ani ne 20 Cys = cysteine he

nunbers of the compounds refer to the conp%unds on the fornula sheets.
4-0-(4-0-(2,3,4,6-tetra-0-acetyl-[err]-Dglucopyranosyl)-2,3,6-tri-0-acetyl
-[err]-D 25 gl ucopyranosyl )-2,3,6-tri-O acetyl-[err]-D gl ucopyranosyl
trichl or oacggkids 4ah eafdhleric d Rn$Hs abBSved By el t 'gﬁ(l .0
g, 4.0 mol) in p?r)i di nem(c_1(33?)(:3;1;”‘1‘_%t nas ad@eg 'g’ket %@Qn%ff?h%g’d’{'li € 8)6@11&5‘,
65 mmol ) and selutiana pf) hydrazing aestatef inDiethyformgmyde 6346 minv3.4 . mubdbh eor 3 h Aler

) ana | SoblBR £E S5 e R MR TR B RS PR L e i
combi ned or gaihim Hydipgeatbonste A1 i d3 an 230mL), NdRA Riaghesivet bilfatd) #dCconcentrated.
concentrgte l. Vacﬁfé..The product was purified %} col um

PF

chr omat oyr ap¥ficeten by siica geb pelgmp tography(light petrolegmisthyl acgtags, 33 toi 1B, wvias

a white foagaveR¥p% yield, 2.7 g). Compound 3 (2.7 g, 3.1 mmol) was dissalved in di
9 ylgael d, 3.°5ylg). Aﬁ)orr.eripg deac(etﬁ’ati%ﬁo ws?salgﬁql‘éeve dﬁ?/lofornggfmrreeﬁlts

of 2 (3.0 gml}and srighloroggetonitgle](1.7 mL) thgetlsir witlon cofalytiy dnmaninnef esskimtabomate

vacuo e ot o Aeliwerd adi et 10K o chocubh e o SRR il

Wi lt]b MEMWMQWSMM_. ]gHuriﬂc atﬁ)nX%thﬁe !Elh_)de dbir;i:dhﬁrﬂiaaiﬂ&ﬁdl itblgFaphy

sul fat e), and. concentrated. urjfication hy silica gel colum,

chr omat a)%r agﬁgt 29%"8%‘9 %@ﬂﬂﬁ?‘éﬁﬁﬁ?&rﬂi’(@éﬁ& @?8/,1’ W) tl’tf'ldfg ®ure4 g9 white foam (1.9
g, 71%).

N-Benzyloxycarbonyl-1-aminohexaethylene glycol 4-0-(4-0-(2,3,4,6-tetra-O-acetyl-a-p-
glucopyranosyl)-2,3,6-tri-O-acetyl-a-n-glucopyranosyl)-2,3,6-tri-0-acetyl-[3-n-

15 glucopyranoside (6)
A solution of donor 4 (0.69 g, 0.76 mmol) and acceptor 5 (0.31 g, 0.76 mmol) in
dichloromethane (1.5 mL) was stirred for 1 h under a flow of argon in the presence of activated
molecular sieves 4A (250 mg). The solution was cooled to -20 °C and a solution of trimethylsilyl
trifluoromethanesulfonate (15 pL) in dichloromethane (0.6 mL) was added dropwise to the

20  reaction mixture. After 10 min, TLC analysis (5% methanol in dichloromethane) showed the
presence of one product. Solid sodium hydrogencarbonate (0.3 g) was added té the reaction
mixture, which was stired for 10 min and then filtrated. The filtrate was diluted with
dichloromethane (50 mL), subsequently washed with aqueous sodium hydrogencarbonate (1 M,
2 x 25 ml), dried (magnesium sulfate), and concentrated in vacuo. The residue was

. 25  chromatographed on silica gel (0-4 % methanol in ethyl acetate) yielding pure 6 (0.57 g, 56%

yield).

N-Benzyloxycarbonyl-1-aminohexaethylene glycol 4-0-(4-O-(a-D-glucopyranosyl)-a-p-

| glucopyranosyl)-B-D-glucopyranoside (7)
30  Compound 6 (0.57 g, 0.43 mmol) was treated with a solution of potassium fers-butylate (43 mg,
10 mg per mmol Ac) in methanol (15 mL). After 1 h TLC analysis (ethyl acetate/pyrdine/acetic



gave 3 (92%yield, 2.7 g). Conmpound 3 (2.7 g, 3.1 mml) was dissolved in
di chl or onet hane (15 m.) and trichl oroacetonitri I e (1.7 rrL) toget her
with a catal ytic amount of cesium carbonate (0.2 g, 0.62

added. After WO9%6584reaction mixture was filtered and the f?FT’Fﬁ*P’@‘\R&s
concentrated under reduced pressure. Purifgcation of the crude 4 by colum
chromat ography 10 (i ght petrol eunt et hyI acetate/ TEA, 50/49/1 to 0/99/1,
v/iv/iv) yielded pure 4 as white foam (1.9 g, 71%.

N- Benzyl oxycar bonyl - 1- anm nohexaet hyl ene gl ycol

4- O (4- O 2, Widdwager, I HH1 G, abeévry) mfhgpﬁe]a prmplete conversion of 6 into 7. The reaction was

o} veopy: analide Ya el PA A LBl Iy SOPKERREFY) s fh s

0 76 ol ) mdocaﬁaﬂm«drmﬂe( eedﬁ&ecgpméhu?étdmﬁbr)i 7 1§0.37 g, 9d%clikldy, onkitth avae usdd 5

m.) was stirred 1 h, under a flow of argon in the presence of activated
nol ecul ar S‘V’Q%Pé‘g e CHHPP: The sol ution was cooled to -20 [err]C and a
sol uti o of trlmathylsHyI trifluoronmethanesul fonate (15 [err]L) in

di chl oronet hane (0.6 nlL) was added dropwi se to the 20 reaction m xture.
After 10 mnﬁ-Benmmaﬂgogvlsl-emmmmpm iglysiok 14+ Gr(ér@(crarglycopyranesy H2idA,6-

f dded
Pt heC T eacefiaRR A tiAyhosEhdiEn- 2R alfEoBY BB PR EbEn Ay on s ardi 351
fi Ibt r at edt lgTﬁﬁpEMﬁo&ﬂbl;ﬁ;&%ns(ﬂlbmyﬁhuéﬂﬂate)(59) di chl gr orr:at h?ne (50 n1_)
su seqguen ) aqu us SsoO um dr ogencar e

gn ed %ﬁ%@%& @?‘m%n%%mw% %ratn? wes ad%ﬂéﬁ wsrmgevia
y| eI dlct]ngogﬁi gwagbhﬁsi gﬂﬁn%hlscasa%g (104 ﬁm@mﬁ; Rkl dio8h /1 266 1fl). After
N- Benzy| ox ystisnitgo fiorl llham%bﬂ@x@lut ksabnme rmghyec(was cooled with an ice bath and zerr-

40 (40 (1B HSIMARIASK PR agca, sEeE A TAA0H JorPishdl HECBKIAGRE! de
pot assi um tamalysid ushgivad ethé Agrestice of onelGnail) POduckTPhrif@lion rbyneilibargel dokimn
M) A e dmatosraty (1001 Bo 6575 MmO o B ool 513 Fotshied pure 9 (311 mg, 92%

15 yield).

1-Aminohexaethylene glycol 4-0-(4-O-(a-D-glucopyranosyl 2,3,4,6-tetrakis phosphate)-a-
D-glucopyranosyl 2,3,6-triphosphate)-p-p-glucopyranoside 2,3,6-triphosphate (10)
Compound 9 (311 mg, 87 umol) was dissolved in tert-butanolVwater (6/1, v/v, 20 mL)

20 containing a few drops of acetic acid. The solution was stirred under a continuous stream of
hydrogen in the presence of 10% Pd/C (100 mg). After 3 h the Pd/C catalyst was removed by
filtration and the filtrate was concentrated in vacuo. Dowex 50 WX4-Na" ion-exchange then
furnished 10 (179 mg, 98 % yield).

* 25  N-2-Naphtalenesulfonyl-S-4-monomethoxytrityl-(L)-cysteine (12)
| To a stirred mixture of commercially available S-4-monomethoxytrityl-(L)-cysteine (11) (0.34 g,
1 mmol), dioxane (5 mL) and 10 % aqueous sodium carbonate (5 mL) was added 2-
naphtalenesulfonyl chloride (0.25 g, 1.1 mmol). After stirring for 1 h, the reaction mixture was
acidified by addition of 5 % aqueous citric acid (50 mL) and extracted with ethyl acetate (2 x 50
30 mL). The combined organic layers were dried (magnesium sulfate) and concentrated under
reduced pressure. The crude product was chromatographed on silica gel



10 acid/water, 5/7/4/1.6, v/v/v/iv) indicate a conplete conversion of

6 into 7. The reaction was neutralized with Dowex 50 WK4-H err] resin.
The resin was %gggy%g by filtration and the filtrate was concentrated
under reduced Bv E%P& to afford 7 (0.37 g, 95%yiel d), whi chPEEEPIR4I00

Wi t hout further purification. 11

N- Benzyl oxycar bonyl - 1- am nohexaet hyl ene gl ycol

4-0- (4-0-(a- D gl ucopyranosyl -2, 3, 4, 6- '

tetrakis-(di benzyll})_hosphat e)) - a- D- gl ucopyranosyl -2, 3, 6-tri s(di benzyl phospha
te))-[ err] - Gnethanol/dighlgrasmathane/visicthylamines 0198/ 1sto dt/ BEh 2%/V/ivh b yibld t18) (76 %) yield, 0.44\
sol ution of g Htetrazole (54 ng, 0.77 mmol) in acetonitril (1 nm) was
addded to a“nmi xture of 10 7 (86 ng, 95 [err]nol) and 8 (450 ny, 1.4 mmol)
in acetonitril/dioxane (2/1, v/v, 2 nm). After stirring for 1 h at 20

[err]C, the t m Xt ur s ¢cooled with an ice bath and tert-

but yi hydropé’g%paab?{i 'e@}wf- v 'Ey'a‘g'ﬂéﬂ‘?fe'!}‘(lr&)‘ﬂﬁe'ﬂﬁg" ontinued for 45 nin,
af t er whi sh A §olution ofarifthotsacetié AEWRAd tiliSob6 HARRELIn mEmhik A
Purification byusl?inlc? ca ell coll um cﬁﬁr omat oglrng%ﬁg&(eloom 698851/065/‘:/\,) was

di chl or onet RedE/ trePmapEId 12(0A4 g, 0T mmed). Aflerstinggfor 20gmingtheomigture waspolyred
1- Am nohexa = p NOSN:| .

2,54, 0t ot et End ARSI itokieaht (1 80 4P KhE B bhed orgasic layers were
2, 3, 6- t ri phdugsh an aaghesiunh silfayé and pyncentatedidn 2ad106 Tradep b rifhatreacei® acid in the
Compound 9 (311 87 [err]mo]) was dissolved in tert-butanol /water (6/1,
viv, 20 niL) g’%‘é" ‘H’%‘Bﬁ ‘é"F{?i ‘r?ﬁl’?f‘if é’&v“ﬂ“rVBB%’aB‘?“ &’&tgt‘f’g‘e%& iTél.e fﬁ@f%giﬁ il %(ﬁag'as
st i r r ed 10nde¢dissoleedihiisopfopansli(2.5aM)ind added dVFWIBIR a sdhutidhorIgRaRE® 27 406
Pd/ C (100 . JAfter 3 h the Pd/C catal yst was renoved by filtration
and the fil )b 0 SQPTOBFROLA Y afwseus goeticcarid (Bdwakv, 20 mios- ABigred ), TLC analysis
I on- exchanggdidaka th foHtd | g@,gp ,HgF - VAL

N- 2- Napht al enesul ftoenr;?c-ts.- Atf@%nomel%t%gééz% ty ?E’)a{%:%/ﬂgdgﬁeed ?nf%r)reduced i
stirred ni xftaces of acetipaeiddn 4he yesidue Wenshremoved by coevaporation with toluene. The crude
S- 4- nononet rdod Vi ' - 34. . . haxane (5
m.) and 10 &%&eﬁfﬁ%&%&%ﬁ%ﬁ% %ﬂl‘% gﬁ %o)tﬁmm%glugaxaggyéghexy e%g na’f) wgs
nﬁp ht al éfies addedngfterwhicly lcbnlpm(rﬂ.IZSprgcipiiatzd igaﬁmh% reaéﬂ'idlﬁﬁn]?ﬁﬁrk ra i3 DECHA-shlthThe
the reaction _mxture wa . .aci.difi ition of 5 9% agueous citric
acid (50 niLP™&R 8%“?58?"%@6" W%V%M§&y§@€9§ﬁ§g@))@ngdva§w vty S A gueoys Bittic
organi c | ayesis (26 30 eil)ethd G?Biéslhyé?‘vﬁdﬁ &bl S(inagRiived SR 3l nkiitiafed under

reduced pressure. The c¢crude 1oroduct. was chromatographed on silica
gel reduced pressure to afford pure 14 (55 % yield, 0.25 g).

20 N(NﬂV"—Z-Naphtalenesulfonyl-S-z-pyridinesuIfenyl—(L)-cysteinyl)—(n,L)—4-
amidinophenylalanyl) piperidine (16) '
To a solution of N-((D,L)-4-amidinophenylalanyl)piperidine dihydrochloride (15) (0.13 g, 0.39
mmol) and cysteine derivative 14 (0.16 g, 0.39 mmol) in dimethylformamide (2 mL) was added
HOBt (58 mg, 0.42 mmol), EDCI (82 mg, 0.42 mmol) and N-ethylmorpholine (110 pL, 0.78

25 mmol). After stirring for 16 h, the mixture was diluted with dichloromethane (20 mL) and
washed with water (2 x 10 mL). The organic layer was dried (magnesium sulfate) and
concentrated in vacuo. The residue was purified by silica gel column chromatography (first 10%-
20 % methanol in dichloromethane to remove impurities and then ethyl acetate/pyridine/acetic
acid/water (16/7/1.6/4, viv/v/v) to release product) and subsequently by gel filtration 6n

30  Sepbadex LH-20 (eluent: methanol/dichioromethane, 4/1, v/v) to yield homogeneous 16 (70%,
0.19 g). '



11 (et hanol / di chl oronet hane/ triethylamne, 0/99/1 to 4/95/1,
viviv) to yield 12 (76% vyield, 0.44 '

9) -
N- 2- Napht al enesyd §origass- S- 2- pyri di nesul fenyl - (L) - cystei ne (14)P A
T ane

solution of trifluoroacetic acid and triisopropylsilane in dic
(1/1/18, v/v/v) was added to conmpou¥d 12 (0.44 g, 0.76 mmol). After
stirring for 20 mn, the m xture was poured Into water and extracted
wi t h dichl oronethane (2 x 50 nmL). The conbi ned organic | ayers were

dried on magnesi um sul fate and concentrated in vacuo. Traces of
trifluoroacetic acid in the crude m xture were renoved by

coevapor at i Gendensationionpling of Faaltatriesetddcaphdsplste 1R wdth geptidad610 redi ssol ved

in i | (2.5 d_added dropwse. t lution of Aldrithiol[err
(1. 7o 7 et sbifign g P RionSathohiRe 1 (1t Db i1 0.4 eEEO bRton 10,
20 ni). AftgL, BHIM.5)Tis @dded WSdotution of N-hiitoerhi&hitlagl-2- 8AM a0 att Oy REufasPIet ©

and the m xture was_concentrated under reduced preSsure. q‘}races 04‘
acetic aci dPih Afisestingag fase hydhereaction yeinturs, waseppligshema Sephadéxt 625 oblumn elutefine

crude witk =T en \; ' n this solution
di cycl ohexyl am?%q(cg. 3 m%l %\%/g; 113% é@é@‘g’%?eog%t{g%pv\hi C %cl)e%p%n@ncc?mﬁ’m ed under
preci pi t at gedyced pressuee atclgwt temperaturet (256’ 30 iylekd EXtpdundi19. NAPAP analogue 16 (10

i pitat ' t ' | ved i t hyl t at 50 niL d hed
orth B 06 adtbdns e Fatdisoled 553 ibttute bt Sestiapol o) Sl hat Neetfilh e @r7oed
(magnesi ummly pHt 2)) &l&ﬂasﬁdﬂnﬁﬁrﬁaﬁs%‘%e%rﬂﬁgﬁ helium anfl S{U SEEGAAES S5 ethfs?sd?&tfoﬂr d

pure 14 (55 %yvyield, 0.25 g).
N( N N[ ek0r | -oibytiphesahias (451 pgoh@ml)zwamﬁdm ard the freastibn (iijtureywiscstingdl Junded,a) - 4

N-((DL) - 4- %%@8%?3?; ?Qf‘é%{, ?%?Fe%a?}?iﬁgﬁ%ﬁ%’s r‘ﬁ#b@?@%’% 8 Q’t‘gf{ 3 SogPlets. 39

cleavage of the 2-pyridinesulfenyl group and a solution of compound 19 in dimethylformamide
(0.25 mL) and 0.1 M Na,HPO, buffer (0.50 mL, pH 7.0) was added to the reaction mixture. The
mixture was stirred for 3 h, afterwhich the crude mixture was purified by gel filtration (Fractogel

15 HW-40, eluent: 0.15 M TEAB). Concentration of the appropriate fractions and subsequent
Dowex 50 WX-Na" ion-exchange gave after lyophilization homogeneous conjugate I-(10.1 mg,
47% yield). The two diastereoisomers were separated by semi-preparative HPLC column
chromatography (LiChrospher® RP-18 column, gradient: 17.5%-22.5% CH,CN in 0.05 M
aqueous TEAA) to give diastereoisomer I-a (retention time: 28.6 min) and diastereoisomer I-b

20  (retention time: 33.0 min). The two isomers were desalted by gel filtration (Sephadex G-25
DNA-grade Superfine), transformed into the Na'-form using Dowex 50 WX-Na' ion exchange
resin.
Diastereoisomer I-a: 'H NMR (D;0, 600 MHz, HH-COSY): maltotriose: (reducing end) 4.65
(bs, 1H, HI), 3.85 (m, 1H, H2), 4.35 (m, 1H, H3), 3.76 (m, 1H, H4); 5.50 (bs, 1H, H1"), 4.18

_ 25 (m, 1H, H2), 4.10 (m, 1H, H4'); (non-reducing end) 5.71 (bs, 1H, H1"), 4.09 (m, 1H, H2"), 4.45

(m, 1H, H3"), 4.15 (m, 1H, H4"); 3.95-3.84 (HS, maltotriose); spacer: 3.65-3.51 (m, 22H,
OCH; HEG), 3.35 (m,, 2H, CH,NH;), 3.15 (s, 2H, SCHx(0)); peptide: 8.31 (s, 1H, H,u NAS),
8.06-7.67 (m, 6H, Huwn NAS), 7.70, 7.17 (2 x d, 4H, Hyo APA, J=7.8 Hz), 428 (m, 1H, aCH
APA), 3.91 (m, 1H, aCH Cys), 3.30-3.04 (m, 4H, CH;N piperidine), 2.82-2.62 (m, 3H, pCH,

30 Cys, BCH APA), 257 (m, 1H, BCH APA), 145-125 (m, 6H, CH, piperidine);
ES-MS: [M-3H] 724.1, [M-2H]* 1086.7. |



mmol ) and cysteine derivative 14 (0.16 g, 0.39 mmol) in dinethylformam de

(2 m.) was added HOBt (58 ng, 0.42 nmmol ), EDCl (82 ng, 0.42 mol) and
N- et hyl mor phodiggye d9§;0 [err]L, 0.78 25 mmol). After stirri mgciEmondion, the
m xture was diluted with dichloronethane (20 nL) and washed with water

(2 x 10 mL). The organic |l ayer was dried fAagnesium sul fate) and
concentrated in vacuo. The residue was purified by silica gel colum
chromat ography (first 10% 20 % net hanol in dichl oronet hane to renove

(16171 1. 61 4DRsiRepes B ERBIE B0 o, BEELORY: manfior™, oy ine end) 3.50
filtration qn, 89 H2)SepdasetH H3503. a%dnuam,nmes hsa(usl 1H] Hi, or g, han 24 441
viv) to yield homgeneous 16 (70%

12 (mcHiqe a(PP'ErFFdBE‘H%PP@g‘ & %ﬂﬁofﬂ%é@%@edﬁhé@&qéﬁ@ (78 ML,

tide 16 8
Corrymol ) i 528 G INBE a7 P AR B0 FRig Pt pades sRasanac s S HID), 332

a solutidn @i, Zﬁ,f@m‘h}ssﬁb’t (&Bnild,yiicﬂz(@l)bmm 886 (S,rﬂ}hﬁﬂ.haMS)( 8.079.65 (m.) .

et B ALE A ASE T as PRAA R, 5 o
f
L o gy ceiencu v 3y s syt

t enperature I('h)
my, 15 [err¥ MBCHSM’M $811.24 finy6H,r GHarfipenidinelanol (1 nL) and 0.1 M

Na[err]HPq I 3 -~ pH 7.0) degassed by passing through
hel.i um and §ﬂslcsjﬁ¢l¥| C 694&%1?402?%10%%[ ution 10 tributyl phosphine (4.1 .

[err]L 126 [err]mol) was added and the reaction mxture was stirred under

RP18 col umﬂ%&“&ﬁ“@gﬁ&"'&éﬁ sze!%yfvd'ﬁfs%'ﬁr‘@a@g‘ﬁ' gi‘ ‘Pl"?egé‘?gg F‘fﬂg‘ﬁ{,ﬁ%‘r f enyl

group and adé&anuvateqzr)of conpound 19 in di net hyI f or mam de (0.25 )
and 0.1 M Na[err HPC];errJi buf f er OSOHLJ 0) was added to the
£

reaction ni pasee20 mmep (R. Westerduin £t é@ge%ﬁhsmhlm 24 dinghi 1986+ 33 3
gr ligeMngAlé? \Aé%%cgﬁ('g f&g‘{r{%@%ﬁgf@gﬁéfwll%ﬁb | at gﬁ%@gégt | ?nhcgibgn%e@l%sequeg%at -
Dowex 585 Ktrpatedwith ri-taatylamion éhgd). g"om satringrfot 9 pthe|reaction mixthre wayaoocentrated
conjugate | ;(19, 1 ‘Bfsolved in dichloromethane (50 mL) and washed with 5% aqueous citric acid (2 x
50 mL). The organic layer was dried and concentrated under reduced pressure. Silica gel column
chromatography (methanol/acetic acid/dichloromethane, 0/1/99 to 6/1/93, v/v/v) of the residue
yiclded pure 21 (0.80 g, 88% yield). Compound 21 (0.80 g, 2.1 mmol) was dissolved in
20  dichloromethane (10 ml) and N-hydroxysuccinimide (0.26 g, 2.3 mmol) and EDCI (0.45 mg, |
2.3 mmol) were added to this solution. After 1 b, the reaction mixture was diluted with
dichloromethane (50 mL), washed three times with ice water (20 mL), dried (magnesium sulfate)
and concentrated to give 22 (0.98 mg, 98% yield,), which was used without further purification.

25  N°-tert-Butyloxycarbonyl-N"-benzenesulfonyl-(L)-lysine (24)
Prepared as described for 12, using 23 and benzenesulfonyl chloride as starting materials. (0.86
g, 75% yield).

~ N°-(14-S-2-Pyridinesulfenyl-14-mercapto-3,6,9,12-tetraoxatetradecanoyl)-N°-
30 benzenesulfonyl-(L)-lysine (26)



47% vyield). The two diastereoi soners were separated by sem -preparative
HPLC col umm chromat ogr aphy (Li Chrospher RP-18 col umm, gradient:
17.5% 22.5% CH3CN in 0.05 M aqueous TEAA) to give diastereoi soner
|-a (retenti omwd99m393428. 6 m n) and di astereoi soonmer |-b 20 @PCEESR/I4H9
time: 33.0 mn). The two isonmers were desglted by gel filtration (Sephadex
G 25 DNA- gr ade Superfine), transformgd into the Na[ err]-form using
Dowex 50 WK-Na+ ion exchange resin. Di ast ereoi sonmer |-a: [err]H
NVR (Dferr] O 600 MHz, HH COSY): naltotriose: (reducing end) 4.65 (bs,
1H, H1), 3.8 n'gﬁlmdlﬁ (O"@ 2% Bmof)Was Hdateiith 33N¥1§dr6é9n chidrideHn ethyt aeBlafeDAger
1H, H1), 4.18 1H%3| , 410 (m 1H, H4') on- reducm end) 5.71
(bs, 1H, H1'1$ min tb@ rmtwqmctm was mmsntrated in (cmw 1 °¢ﬂ305 acid iny e(nﬁldwwere

EéGg ggg mgéegtgyég?l%%w% 15 s, @ﬁsz (]?ﬁ{sg‘rhrsfb%g?) pep

8.31 (s, 1HdiokhsrwibiAGyl, viv, 2.5 xﬂ..)Oﬁxd?toGtIns( solutidh, cobfpeund 2NASPS g7 27[)mnYol)12nc( 2

T o & s PR, b ey veis aidefl) ABEL 1k Sction guxisicyes dittad, Whth

[ err] CH err HicRidrométishe (160 flfhhd &E’sﬁkd \ﬂth@%(a?.xe&ﬁ,cnhsra&h@'lx 50°8B). The organic
1.45-1.25 (m 6H, CH[err] pi peri di ne) S- MVB: 3H [err] .724. 1,
[M2H [err ] la_yggga.vdned (magnesium sulfate) and concentrated in vacuo The residual oil was purified by

ot o0 004 BEEIART St AR ROOR D PR PR

=}

(m 1H, H4) (og;,ggsmgxeldDH H1'), 4.22 (m 1H H2'), 4.11 (m 1H, H4)
(non- requ ng end) 5.70 (bs, 1H, H1"), 4.22 (m 1H H2"), 4.52 (m 1H,
H3"), 4.24 (m 1H, H4"); 3.91-3.84 (H5, naltotriose); spacer:

?Ag3 gH52S(C%MY]-((I4@32*[Fylﬁhksdiﬁﬁ§l-143m3i(7cap&-3,6,(9§|_]|,2rte8‘hbea?Siiﬁid§¥%&7j[l)$Ng]5),( 3.17
err S er -/,
6H, Herr] NAW"“P%’?Y"@%?“'(@ (?sld""%""méﬁew lwnﬁpmsn ing @@), 4.62 Ent

1H, aCH APAPrepar g 2 6o
4H, ?:H[ err] N pi pegralsgléﬁfel?aﬁgr gélﬁm%Zéa&ﬁlégSt%@m@ﬂwm[ 2! r(ilagﬁ) (m

[err]CH err] APA), 1.88-1.24 (m 6H, CHerr] piperidine); ES- V5.
- by onysu GRarie gy bl mahitfost dobbbasphaty 18 01tk pPHIS LMD 15 o1 1 a0
tetra- - Prepared as described for 1, using 18 and 27 as starting materials. Purification of the crude I |
was effected by semi-preparative HPLC (LiChrospher® RP-18 column). Subsequent desalting by
gel filtration (Sepbadex G-25 'DNA-grade Superfine), transformation into the Na'-form using
Dowex 50 WX4-Na" ion exchange resin and lyophilization afforded pure II as a white fluffy
20  solid (8.5 mg, 23% yield from 18).
'H NMR (D0, 600 MHz, HH-COSY): maltotriose: (reducing end) 4.67 (m, 1H, H1), 4.07 (m,
1H, H2), 4.40 (m, 1H, H3), 4.06 (m, 1H, H4); 5.49 (bs, 1H, H1"), 4.24 (m, 1H, H2"), 4.66 (m,
1H, H3"), 4.10 (m, 1H, H4"); (non-reducing end) 5.73 (bs, 1H, H1"), 4.17 (m, 1H, H2"), 4.38 (m,
1H, H3"), 4.22 (m, 1H, H4"); 3.95-3.82 (HS, maltotriose); spacer: 4.03, 4.02 (2 x s, 2H,
25 OCH.C(0)), 3.73-3.59 (m, 36H, OCH; TEG, HEG), 3.38 (t, 2H, CH:NH;), 3.27, 3.26 (2 x s,
| 2H, SCHx(0)), 2.75 (2 x t, 2H, CH.S); pepfide: 7.81-7.52 (m, 5H, Hywm BS), 7.79, 7.76, 7.42,
7.41, (4 x d, 4H, Harom APA), 4.87, 4.66 (2 x t, 1H, aCH APA, Jocupgen=7.4 Hz), 4.07 (m, 1H,
aCH Lys), 3.37-3.73 (m, 8H, CH, Lys, BCH: APA, CH;N piperidine), 1.96-1.46 (m, 12H, CH;
piperidine, B/y,5CH, Lys);
30 ES-MS: [M+3H}** 801.2, [M+2H}* 1200 8.



decanoate (22) Spacer 20 (0.75, 2.4 mol) (P. Westerduin et al.,
Angew. Chem Int. Ed. Engl. 1996, 35, 3, . p33 1-333) and
Aldrithiol[err , 12.1 mmol ) was dissolved in dichloro L)
and 15 treatehv tﬁ n-butylamne (4 nL). After stirring forngEﬂ,ﬁ&?ﬁ'é]%g
reaction m xture was concentr at ed | L5vacuo, redissolved in

di chl oronet hane (50 nlL) and washed with 5% aqueous citric acid (2 Xx

50 nL). The organic |ayer was dried and concentated under reduced pressure.

Sili | t hanol / acet i '

aci d/ di chl o%‘&ﬁ%aﬁ'é"“&“ﬁ?“é‘g“%&%f@?gé (\r;? v/ S)H %of the residue - yiel ded

pure 21 (O. %ogm;&&%a&mrmzs@sm@ l\f&&)((ﬁcﬁ(htﬂsm&ét aunmhamvm ﬂ'1§§63'2V?£’ )
hy

in 20 di chl or onet hane (10 nL) and droxysucci ni ni de (0

and EDCl ( 0.PA873rd577) was dissolved fdimetiptipenamide (0-25omE hand wmﬁl'mh) S%Aftteeledlmﬂl

i e (1 mes koG b Repiddi 08 me 72 P RATRARMReiRRid dle.g BE)°

concent r &t edAftey sgirming &3 (Qnﬁﬁi THC £8Rsiyi(ethsl, acetardipyaidinerasetics acld/wate)0517/1.6/4,
further pur|f|c flon

N[ err] -t ert ~BYy BYpaled ‘38 FRPFUGG torbecomplrseandthe regeHpm mpixturs wes direetly gpplied onto

Prepared as adRBCIISI m.dnﬁ,omax?.waysm %&hamexhﬁamxem/fmwkmbj OftieGppfbpriate
starting materials. (O , 5% vyield)

N[ err] - ( 14- Sastiens;yeag H%%lﬁﬂ ‘F@rﬁﬂm%ﬂ% ¢ 8 small Yolgme andapplied e & Dowiek 30 XA | )
-Nerr 30 jon- L

a1 50 fon BRRARRIAM SO et he B ok Eberrated i pacue o el e 30,54 e
chl ori dd0i n 9d¥hyieldhcet at e. After 15 min the reaction mxture was
concentrated in vacuo. Traces of acid in the residue were removed by
coevaporation with toluene. The crude 25 was dissolved in a m xture of

- Sulfated pentasaccharide 32

Compound 30 (54 mg, 45 pumol) was dissolved in dimethylformamide (1 mL). Triethylamine
sulfurtrioxide complex (0.51 g, 5 equiv for each hydroxyl group) was added and the mixture was

15  stirred under a nitrogen atmosphere at 55 °C for 16 h. The mixture was subsequently cooled to 0
°C and aqueous sodium hydrogen carbonate ‘was added (5 equiv for each eq. of triethylarnine
sulfurtrioxide complex). The mixture was stirred for 1 h, concentrated to.a small volume and
applied onto a Sephadex G-25 column, which was eluted with 10 % acetonitril in water. The
appropriate fractions were pooled and concentrated to a small volume, which was subsequently

20 passed through a column of Dowex 50 WX4 (Na" form) eluted with water. The eluate was
concentrated and redissolved in 0.2 N hydrogen chloride (1 mL) and allowed to stand for 16 h at
4 °C. The reaction mixture was neutralized with 0.1 N sodium hydroxide and desalted on a
Sephadex G-25 column and eluted with 10 % acetonitril in water to afford homogeneous 31.
Compound 31 was dissolved in ferf-butanocl/water (6/1, v/v, 20 mL) containing a few drops of

25  acetic acid. The solution was stirred under a continuous stream of hydrogen in the presence of
10 % Pd/C (100 mg). After 3 h the Pd/C catalyst was removed by filtration and the filtrate was
concentrated in vacuo to furnish pure 32 (60 mg, 60% yield).

Condensation coupling of pentasaccharide 32 with peptide 16
30  Pentasaccharide 32 (15 mg, 6.5 pmol) was dissolved in 0.1 M NaH,PO, buffer (2 mL, pH 7.5)
and to this solution was added sulfo-SIAB™ (16 mg, 33 pmol). After stirring 3 h in the dark,



di oxane/water (4/1, v/v, 2.5 nm) and to this solution conpound 22 (0.98 g,
2.1 mol) and 5 D PEA (1.1 nm, 6.6 nmmol) were added. After 1 h, the
reaction mxture was diluted with di chl oronet hane (100 nlL) and washed
with 5 % aqueo¥@s¥$®d c acid (2 x 50 nL). The organic | SBEVERSB4100 | ed
(magnesi um sul fate) and concentrated in Vf% The residual oil was
purified by silica gel colum chro graphy (0-10% net hanol / et hyl
acetate) to give honbgeneous 26 (0.95 g, 67%yield). 10

N(N(N[ err]-(14-S- 2-Pyrinesul fenyl - 14- ner capt o- 3, 6, 9, 12-t et r aoxat etradecanoy

|)-N[err]- HPLC analysis (monoQ anion exchange) revealed the reaction to be complete and the crude 34
benzenesul f onyl - ’ﬁ l'ysinyl)-(D, L)-4-am di nophenyl al an [ per| d| ne (27)

Pr epar ed aswaes\mﬂeé@a g Supergex i%icwgm;zd 8% caceton; @t‘&%tt"

ng, 70%yi EcwO d 18
Wth pepti gt pogiefnd CORUBPIGE U B 154 ,%E?ng&i@ W’%‘*@
starting mednglogae 56 (g, 14 ,@mbm fia Miixtide e f@etit@ol (1 mL) and\0aisMat4,BHPO¢ butley (0.75
sem - presgaratwe HPLC (Li Chrospher[err] RP-18 col unm). Subsequent desalti ng

by el ™k PR %) 87ea38E Jyfrpesin *Esush\h?havla@é by, s9aHicatinm before ife W

:3250| ;ggm [ zat?ilponéaz’;ﬁ? %ggﬂd 0 pmé as W N? %w&ggggﬁl ﬁeréem’m

23% yield fanelysmﬂl).mhrosxwherﬁ EP{IFHOIWR) (ifieated] Ocoﬁﬂete I‘dl@vagdl-bfcﬁ&’!}pyndmesulfenyl

(o O %o b Sauitbr SighiBé befbastharide)34 iklidec fommamige (s B} and'g 1

L rln " 1%|'}y(1azl=@](-))'HbuﬂHleJ(0 sormL J;Irﬂi 7% ' was aﬁamaﬂdeﬂu cmftqreemk) stﬁrez:ﬁn( Mi Thélcrude
3.95-3. 1 (nqsnﬁuwaf applied §es° a §§l§%€?x Gé%@lumns O@“‘(hzw&s e;uter@ wlthz@ % deetonitril in

CCH
oH Eeﬂ ]r ]NﬁE %t] ) er. ¥ hz oﬁ%te( ﬂ%ctr%ﬁi\velgadbﬁeﬁr &on-ggﬁateﬁggrhrsn%]l ?)gluﬁ{f agg hLesalt()e(d ona

2H, CH er r|Syperds ép?toi q@umlz, wlnmlx s glntedswith HPeVer metB@)ol in wager. 7Coneentrpt1q12 and
[ oot Stk O i RSohe o s Wy PP L 1)
[ er r ] CH er r'H NNR ([, 600 Mz HHHO0SY)e$ 3.6D, 963,13.45(3 05, QEEFCHJDﬂ[Gg],rr}ngD 5.53
pper LN ol G LTS bm 90 r02)39 5% i, H Y4 8L e, 508 B | B 653 g 2,
4.13 (2 x m, 2H, H6, H6"); ring E: 4.70 (4, 1H, HI, J,,=8.1 Hz)), 4.21 (m, 1H, H2), 3.62 (m,
1H, H3), 3.92 (m, 1H, H4), 3.74 (m, 1H, H5); ring F: 539 (d, 1H, H1, J;,=3.8 Hz), 4.22 (m,
1H, H2), 4.56 (m, 1H, H3), 3.83 (t, 1H, H4, J;4=/;5=9.8 Hz), 4.12 (m, 1H, H5); ring G: 5.15
(bs, 1H, H1), 4.35 (m, 1H, H2), 3.76 (m, 1H, H3), 4.21 (m, 1H, H4), 4.80 (m, 1H, HS); ring H:
20 5.10 (4, 1H, H1, J:,=3.6 HZ), 4.31 (m, 1H, H2), 4.54 (m, 1H, H3), 4.21 (m, 1H, H4); spacer:
7.51,7.53, 7.13, 712 (4 x d, 4H, Hyrom SIAB), 3.73 (m, 2H, CH;CH;NH,), 3.66 (m, 12H, OCH,
TEG), 3.31 (m,, 2H, CH;NH,); peptide: 8.27, 8.22 (2 x s, 1H, Hyom NAS), 7.98-7.60 (m, 6H,
Haom NAS), 7.71, 7.64, 7.46, 7.44 (4 x d, 4H, Hyom APA), 4.60, 4.45 (2 x t, 1H, aCH APA,
Jacn ger=6.6 Hz), 4.00, 3.97 (2 x m, 1H, aCH Cys), 3.10-2.85 (m, 4H, CH,N piperidine), 2.82-
25 270 (m, 3H, BCH; Cys, BCH APA), 2.61 (m, 1H, BCH' APA), 1.55-1.15 (m, 6H, CH;
piperidine); ' |
ES-MS: [M-H] 2680.6

Using similar methods, the following compounds are prepared:
30



Partially protected pentasaccharide 30 Known pent asacchari de 29 (53
ng, 49 [err]mol) (R C. Buijsman et al., Chem Eur. J. 1996, 2, 12,

-p1572- 1577) wag ved in dimethylformam de (0.25 n) and ni)
and treated wt t?%BS%QJ‘ N- (benzyl oxycar bonyl oxy) - succi ni ni de (%%?9(’017‘2“
[err]npl) and N-ethyl norpholine (18.6 nlL).175 After stirring for 15 mn,
TLC anal ysis (ethyl acetate/pyridine/acetic acid/ water, 5/7/1.6/4,

v/ivivliv) reveal ed the reaction to be conplete and the reaction m xture was
directly appli onto a RP-18 col umm, which was eluted with

wat er / met hano /10 t o9/ 40) . 0appr opriate Pactions were
yrated g Snal plie o2 Dowex 50

WK4- H err] OQHN Qsf;e\was concentrat ed
in vacuo to e 4 My, cnyl fated
pent asacchar|i de Coggund 300894 ng, 4 d rr] nol bsmgs di ssolved ' in
di met hyl f or l_lTri et hyl am ne sul furt ri oxi de conplex (0.51
g, 5 equiv h was ded and the m xture was 15
stirred under\a ni & ' oS ol 8] C for 16 h. The m xture was

subsequent |y cool ed ] Cand aquedus §pd|
was added (5 equiv for each eq. of triethyl
conplex). The m xture was stirred for
and applied onto a Sephadex
acetonitril in water. The e %ractlons e pool ed and
concentrated to a snmall vol une, . was subsequent | passed t hrough
a colum of Dowex 50 WK4 (Na[err] form eluted with ws The el uate was
concentrated and redissolved in 0.2 N hydrogen chloride m.) and al | owed

hydr ogen carbonate
Ul trioxide

nce trated t alsmal |l vol une
AS=0WDi ch Wwas €l uted with 10 %

to stand for 16 h at 4 [err]C. The reaction m xtyre 2neutralized
with 0.1 N sodium hydroxi de and desalted on a Septtadex G 28Vdol um
and eluted with 10 % acetonitril in water to afford honbgeneous 31.

Compound 31 was dissolved in tert-butanol/water (6/1, v/v, 20 nl)
containing a few drops of 25 acetic acid. The solution was stirred under
a continuous spggam of hydrogen i rbé@f presence of % Pd/ C (100
ng). After 3 the Pd/ @amit al yst fwas em)ved byfllt a?soén and the filtrate
was o O—@, 60% vyield).
Condensati o r

Pent asacchafi de é 5 [err I ' VEd ThOOH1 M
NaH err] P ¢rr] BGFF er PEHS pH 7.59S0s anﬂcﬂz) thi s @¥suti on was added
sul f o- SI AB[

ryl (16 mg, [err].jl) Af per stlrr|n93h|nthe dar k,
o] .

HN v



16 HPLC anal ysis (nmonoQ ani on exchange) reveal ed the reaction to be
conplete and the crude 34 was purified on a Superdex 30 colum (10%
acetonitril in water). The appropriate fractions wer e pooI ed and
concentrat ed iOIYEWH at | ow tenperature (25 C). To a sol uti SAVEPHAIAP
anal ogue 16 (9 ng, 14 [err]nol) in a mxtyge of nethanol (1 m) and 0.1 M
Na[err]HPO err] buffer (0.75 5 [err]L, pH 7.0), degassed by passing

t hrough helium and by sonification before use, was added '

tributyl phosphine (3.9 [err]L, 15 [err]nol). After stirring for 1 h under
an argon at nospBoje, §@&i s (Li chrospher[@8@{ RP-18 col um)

“indicated a age of the°2 pyr| di rbesul fenylq group. A

sol ution of y i 8 ohox,nan de (0. 25 nl)
and 0.1 M added and the
m xture was|stir qggbs prdgbdet wasosopl ied onto a
Sephadex G 0 col um1 whi c s. s eluted with 10 %acetonitril in

wat er. The
vol une and
% et hanol in water
conjugate Il as a Wmte solid (9
(Dferr]O 600 Mz, HHCOSY): [err] 3.
CH err]derr]); ring D: 5.53 15H,dd
1H, H3), 3.56 (m 1H, H4), 3.92 (m 1
H6, H6'); ring EE 4.70 (d, 111, H1, J1 2 ? Hz,),

, concentrated to a small

| um which was eluted with 10
Iyopmlitlon yi el ded
@é‘ d) tj::E]H NVR
4

4.58 (m
(2 x m 21,
ym 1H, H2), 3. 62

(m 1H, H3), 3.92 (m 1H H4), 3.74 (m 1H H5)) g F: 5.39 (d, 1H,
H1, J[err]=3.8 Hz), 4.22 (m 1H, H2), 4.56 (m 1H, )...3.83 (t,.

H4, J[err]=J[err]=9.8 Hz), 4.12 (m 1H, H5); ring G 5, ¥8 NH, bs, 1H
H1), 4.35 (m 1H, H2), 3.76 (m 1H H3), 4.21 (m 1H H¥%y, 4 8dV@m 1H

H5); ring H 20 5.10 (d, 1H, H, J[err]=3.6 Hz), 4.31 (m 1H H2), 4.54

(m 1H H3), 4.21 (m 1H, H4); spacer: 7.51, 7.53, 7.13, 712 (4 x d,
4H, Herr] SIAB), 3.73 (m 2H, CHerr]CHerr]NHerr]), 3.66 (m 12H,

OCH err] TEG, 3.31 (m, 2H, CHerr]NHerr]); peptide: 8.27, 8.22 (2
x s, 1H, Herr] NAS), 7.98-7.60 (m 6H, Herr]), 7.71, 7.64, 7.46,

7.44 (4 X dl‘he4biplouicer adtivitibdAJ thedcoubpouridsAaf the present ihvebntiofthivefd Betermined by the
J[lerr]=6.6 }5@% eg?i g 3§ (2 x m 1, [err]CH Cys), 3.10-2.85 (m 4H,
CH er]rN pi Y’E‘gﬁ 270(m 3H, [err]CHerr] Cys, [err]CH
APA), 2.61 (m 1H, [err]CH APA) 1.55-1.15 (m 6H, CHerr]
pi peri di ne); ) .
1. Anti-thrombin assay
Thrombin (Factor IIa) is a factor in the coagulation cascade.
10 The anti-thrombin activity of compounds of the present invention was assessed by measuring
spectrophotometrically the rate of hydrolysis of the chromogenic substrate s-2238 exterted by
thrombin. This assay for anti-thrombin activity in a buffer system was used to assess the ICso-

value of a test compound.

15 Test medium: Tromethamine-NaCl-polyethylene glycol 6000 (TNP) buffer
Reference compound: 12581 (Kabi)
Vehicle: TNP buffer.
Solubilisation can be assisted with dimethylsulphoxide, methanol, ethanol,
acetonitrile or tert.-butyl alcoho! which are without adverse effects in
20 concentrations up to 2.5% in the final reaction mlxture



ES-Ms: [MH 2680.6 Using simlar nethods, the foll ow ng conpounds

are prepared: 30 17 Jerr] [err]
: WO 99/65934 PCT/EP99/04100
1S
Technigue Reagents*
1. Tromethamine-NaCl (TN) buffer
Composition of the buffer:
Tromethamine (Tris) . 6.057 g (50 mmol)
5 NaCl 5.844 g (100 mmol)
Water to ' 1 1
The pH of the solution is adjusted to 7.4 at 37 °C with HCI (10
mmol-T™).
2. TNP buffer
10 Polyethylene glycol 6000 is dissolved in TN buffer to give a

15

20

» 25

30

concentration of 3 g-I'*-

3. S-2238 solution
One vial S-2238 (25 mg; Kabi Diagnostica, Sweden) is dissolved in 20
ml TN buffer to give a concentration of 1.25 mg'mI" (2 mmol-1?).

4. Thrombin solution
Human thrombin (16 000 nKat-vial'; Centraal Laboratorium voor
Bloedtransfusie, Amsterdam, The Netherlands) is dissolved in TNP
buffer to give a stock solution of 835 nKat-ml”.
Immediately before use this solution is diluted with TNP buffer to give
a concentration of 3.34 nKat-ml".

* . All ingredients used are of analytical grade
- For aqueous solutions ultrapure water (Milli-Q quality) is used.

The test and reference compounds are dissolved in Milli-Q water to give
stock concentrations of 102 moll’. Each concentration is stepwise
diluted with the vehicle to give concentrations of 107, 10* and 10°
molT'. The dilutions, including the stock solution, are used in the assay
(final concentrations in the reaction mixture: 3-10%; 107; 3-10%; 107
310% 10% 3-10° and 10° molT", respectively).



5 The bi ol ogi cal
were determ ned by the

assay

activities of the conpounds of the present invention

follow ng test nethods. . Anti-thronbin

Thronbin (Factor Ila) is a factor in the coagul ati on cascade.
The anti-throweiawesessi vity of conpounds of the present i nverRGTHEPINEH00

‘assessed by neasuring

t he chronpgeni ¢ substrate s-2238 extert
anti-thronmbin activity in a buffer systemwas used to assess the ICJerr]-

10

spect rophotométori cally the rate of hydrol ysis of
ed by

- value of a test conpound. 15 Test medi um
Tr omet ham ne- Nad - pol yet hyl ene gl ycol 6000 (TNP) buffer Ref er ence
conpound: 12581 (Kabi) Vehi cl e: TNP buffer.

thronmbin. This assay for

Sol ubi | i sation can be assiteess¥rani t h di met hyl sul phoxi de, nmet hanol, ethanol,

acetonitrile or tert.-butyl J{‘ﬁg@%’% 6.0754E axd 6.594'b1 Y Erifoubid LR Rt

concentrations up to 2.5%1n

5

10

15

20

reaction m xture.
compound solutions or vehicle are alternately pipetted into the wells of a

microtiter plate and these solutions are diluted with 0.115 ml and 0.0165
ml TNP buffer, respectively. An aliquot of 0.030 ml S-2238 solution is
added to each well and the plate is pre-heated and pre-incubated with
shaking in an incubator (Amersham) for 10 min. at 37 °C. Following pre-
incubation the hydrolysis of 8-2238 is started by addition of 0.030 ml
thrombin solution to each well. The plate is incubated (with shaking for
30 s) at 37 °C. Starting after 1 min of incubation, the absorbance of each
'sample at 405 nm is measured every 2 min. for a period of 90 min. using a

kinetic microtiter plate reader (Twinreader plus, Flow Laboratories).

20

All data are collected in an IBM personal computer using LOTUS- '

MEASURE. For each compound concentration (expressed in moll’
reaction mixture) and for the blank the absorbance is plotted versus the

reaction time in min.

Evaluation of responses: For each final concentration the maximum absorbance was
calculated from the assay plot. The ICso-value (final concentration, expressed in pmolI", causing
50% inhibition of the maximum absorbance of the blank) was calculated using the logit
transformation analysis according to Hafher et al.” (Arzneim.-Forsch./Drug Res. 1977; 27(1I):

1871-3).
Antithrombin activity:
Example ICso (molT")
I (one diastereomer) 2x107
I 8x10°

111 . 3.5x 10"




19 Techni que Reagent s* 1.

Tromet ham ne-NaCd (TN) buffer - Conposi tion of
the buffer: Tr omet hani ne 057 g
(50 nmpl ) 5 WOY6S93 NaCl #CHihonty 001
g(lOO mmol ) 21 Water to I

The pHof the solution is adjusted to 7.4
at 37[err]CW|th HO (10 nol -1 [err]).
2. TNP buffer 10 ' Pol yet hyl ene gl ycol 6000 is

di ssolved in TN buffer to give a

concentr at imrmg{_ﬁgtogmgggh : 3. S-2238 solution
One vial S22 abj Di agnostj ca, Sweden) is dissolved _in 20

m TN buf f ekctivat Raetoa "X dXed it afacten e the %gww paseade. (The pntitXq petivity)of 15
4. Thronbin, ?ﬁ’s %ASQ}@ the prpsept invention was assessed by measuring ShERBpHoNHMally {1EGaR00

nkatvial [err traal oratorium voor
Bl oedt r &nsfafdydrolysisef the dbnomogéndc substiate b-amqmmadcbys}@a [This @ssay fof [afti-Xa activity

buffer to qgi ck sol uti.on_ of

I lreredi at el 3“%&’%?’8 %'Bv%aﬁ?’%dlé%f"ﬁfﬁséﬁe% °' 'I'eu?gége{ﬁ% °Hm?Rf|51dbuffer to g| ve 20
a concentration of 3.34 nKatm[err].

Al l di_ent f tical de

N ror "Sauo B E-SaL e JALRY PRSI B 55 CRIRIpS o anomps e e the s

Prepar at i ORpQimbirfibay?h dedcHH&ET H06E DIFGERSY A€ ifflattdiRBw. _
The test and reference conpounds are dissolved in MIli-Qwater to give

stock déncentrations of 10[err] nmol-I{err]. Each concentration is stepw se
Reference compound: benzamidine

Vehicle: ~ TNP buffer.
Solubilisation can be assisted with dimethylsulphoxide, methanol, ethanol,

acetonitrile or tert.-butyl alcohol which are without adverse effects in

15 _ concentrations up to 1% (for DMSO) and 2.5% (for the other solvents) in
the final reaction mixture.
Technique Reagents®

3. S-2222 solution
One vial $-2222 (15 mg; Kabi Diagnostica, Sweden) is dissolved in 10
20 ml water to give a concentration of 1.5 mg-mi” (2 mmoli™).
4. Xa solution
Bovine Factor Xa Human (71 nKat-vial'; Kabi Diagnostica) is
dissolved in 10 ml TNP buffer and then further diluted with 30 ml
TNP buffer to give a concentration of 1.77 nKat-mI". The dilution has
" 25 1o be freshly prepared. '
Instead of the S-2238 solution (in anti-thrombin assay), the above 5-2222

solution is added to each well in this assay.



diluted with the vehicle to give concentrations of 10[err], 10[err] and
10[ err] nmol -1 [err]. The dilutions, including
the stock solution, are used in the assay 30

(final concent W&%#6%34in the reaction mxture: 3-10[err]; 10[ @CT/EP99/04100

3-10[err]; 10[err]; 22 3-10[err]; 10[err]; 3
10[err] and 10[err] nol[err], respectively).
20 Procedure At

roomtenperature Q.075 ml and 0.025 m test conpound or reference
conpound soMti-fagtes Xgractidtyi cle are al ter natel y pi petted into the wells of a

5 nerottter—ptate these L.u..S aFe—ai--ut-ed
with 0.119 m_and B B¥ss nﬂ'ﬂ“@ buffer,

respectivdgl y. An all'muot of 0.030 nI S2238 Ssolution |ggs

added to each-well—and the plate is pre:hd with
shaking in an incubator (Anmershanm) for 10 mn. at 37 [err]C. Follow ng pre-
i ncubation the hydrolysis of S-2238 is started by addition of 0.030 m 10
thrombin solution to each well. The plate is incubated (with shaking for
30 s) at 37 [err]C. Starting after 1 mn of incubation, the absorbance of
each sanple at 405 nmis neasured every 2 mn.
for a period of 90 min. using a ki netic
mcrotiter plate reader (Tw nreader plus, Flow Laboratories). 15

Al'l data are collected in an | BM personal conputer using LOTUS-

MEASURE. For each conpound concentration (expressed in nol-I[err]

reaction mxture) and for the blank the absorbance is plotted versus the
reaction tinme in mn.




20 Eval uati on of
absor bance was
(final

responses: For each fi nal
cal cul ated fromthe assay plot.
concent o pss93dexpressed in [err]nol-l[err],

Ao ; PCT.
i nhibition of the maxi num absorbance of the_bl ank) was cal cul at eé&a

| ogi t transformati on anal ysis accor di%ﬁ to Hafner et al.
(Arznei m Forsch/Drug Res. 1977; 27(11): 1871-3). 25 Anti t hronbi n
activity: Exanpl e
G50 (ol -1[err]) FORMULA $HER?q di ast er eorer) 2 x
10[ err] |1 8
x 10[err] '
3.5 X 10[ err] OR* 21
1. Anti-factor XargaSsay i g—a—factor—+r—the
coagul ation casca e antj inds/ of _fhe pregent
i nventi on was ass d hot o NH2 of
hydr ol ysi s of t RO EMTO ni by Xa. This asgay
for anti-Xa activity in a boRfer systggtwas used tp assesg the
| err]-value of the test conpound. I n general t
procedure and test copditil&TRWre anal ogous to those of The ami=——
t hronmbi n assay as denge&‘-ﬂbwe. Di fferences are indifated brell\ﬁv. 10
Ref erence conpound: b&nzagidijngs-y B"O\P,N\r

Tlhe g Ri=Ac, R5=C-"CCI3 OBn

8

041

concentration the maxi num
The 1 err]-val ue
causi ng

0
Sl ng0 t he

OR* oR* oR*
0 0 o
#@o@@ °\€/\° NHR®
ORrR* OR* OR* s

6R*=Ac, R>=Z

7R*=H, R’=Z

9 R*=P(O)(OBn),, R’=Z
10 R*=PO;%, R*=H

.
i

vii



Vehi cl e: TNP buffer. Sol ubi l'i sation can
be assisted w th dinethyl sul phoxi de, nethanol, ethanol,

acetonitrile ogalggkless PUtyYl al cohol which are without adverse effects |n 15
concentratlons Gp 1o 4% (for DVBO and 2.5% (for the ot her soPGHERIPI

the final reaction m xture. Techni quez4 Reagent s*

3. S$-2222 solution One vial S 2222 (15 ny;
Kabi Di aghostica, Sweden) is dissolved in 10 20

m water to give a concentration of errlmferr] (2 mmol-I[err]).

4. Xa solution F&RR‘{}EASH%EW&% Factor Xa Human (71
nKat -vial[err]; -Kabi D agnostica) is .

dissolved in 10 mM_TNP buffer and then further diluted with 30 m

TNP buffer to gi Ra concentration of 1.77 nKat-m[err]. The dilution has
25 OH to be freshly prepared.

Pr odur e REHN | nst ead of the S—2 38 SFU'[I on (in
anti-thronbin assay), the above § 2222 soI ution
is added to each well in this assay v
22 . Anti-fictor Xa activity arrple
Uy e | ke, R%-mmare
E 12 R°=NAS, R’=MMTr
13 R%=NAS, R7=H NHHCI
1} 6= a
14 R°=NAS, R7=SPyr 16 R®=SPyr
E: 17 R®=H
o]
HCI'H N O ( A\ ( 5
— — 83
Wt ﬁ%
N o
SPyr NAS
NH,'HCI — g

HN
15



23 FORMULA SHEET 1 [err] 24 FORMULA

SHEET 2 [err] Il Re=N, R7=MMIr
' WO 99/65934 _ PCT/EP99/04100
25
FORMULA SHEET 3
OPO;* OPO,;* OPO,
> o O, + 17
OPO* - opo,> OPO,* 5

; L_. 18 R%=H
19 R%=BrAc

oPO;* OPO,* OPO,* o
° 0 0
. 2.
a2 OPO; 0-NOFO; OPO; o NH
0,PO Y ! !
°P°3 P°32- OPO;" o
B i o
| H
o O .
I NH,

HN



25 FORMULA SHEET 3 [err] 26 27
FORMULA SHEET 5
WO 99/65934 PCT/EP99/04100
26
FORMULA SHEET 4

o
0
R"O/U\(o/ﬁ \/\SRW —
. 3

o —_—
e
HN/U\’O{\/ ;3/\3 N7
E 20 Rl AC,R""‘H
‘_", 21 R"=SPyr, RM=H
22 R'°=SPyr, R"'=Succinimide v @—'sc',
§l
NHBoc 0
2%
Wl |@-
o
23 R'%=Boc, R!l=H
iii E 24R1°=Boc, R''=ps (o] SR12
¥ L 25 R1-p, R'-pS
o
II
s
1
] O
— 27RP=Spyr
il _ 28 R
[ vidi
opPo > OPO;? OPO; o
o) o o s o
. 0PO,> OPO,2" OPO,Z \(/\ " NH \/\(o/\),
O4,PO 2 5 ) 3
OPOy 0PO,> OPO,Z N Yo
o [ & 1
o o

NH,
HN



[err] 28 CLAI M5

[err] [err] 5 wher ei n Rlerr] is phenyl, naphthyl,

1,2, 3, 4-tetr ahW@98i6s3ht hyl , (i so)qui nolinyl, PCT/EP99/04100

t et rahydr o(iso)quinolinyl, 3,4-dihydro-1Hisoquinolinyl, chromanyl or the
canphor group, whi ch groups may op€ifonally be substltut ed with one
or nore substituents selected from (1-8QC) al kyl or (1-8C) al koxy;
Rlerr] and Rl err] are independently H or (1-8C)al kyl; 10 Rlerr] is

(1-C al kyl or (3-8C)cycl oaky; FORMUR £SHEET S R[err] together with the

nitrogen atomto which they are bonded are a nonaromatic
(4-8)nmenbered ring optionally containing another heteroatom the ring

optionally bei substitu with (1-8C)al kyl,,or
SJerr]-(1-8 g‘?kyl coo- 6'%(1 gﬂ ?
13 -0, e}
OR o g0 OR®
OR™ OR™ OR™ OIS3CH3

OR
\f/\ NHR' o o
i [: 29 RP=H, R¥=H ,\)L o - ]
L—, 31 R'3—SO3,R“=Z

ii§

o

32 RB=50;", R¥=H 33 o

. NH,
m HN



Qis a spacer having a chain length of 10 to 70 atons; and 15 Zis a
negatively charged oligosaccharide residue conprising two to six

nonosaccharide units, the charge being conpensated by _
charged count S0 BfE34 or a pharmaceutical ly acceptabl eF ‘gﬂﬁi’{o er eof
or a prodrug thereof. 2. The conpgénd of claim1l, wherein Zis
derived froman oligosaccharide which has per se 20 AT-111 medi ated
anti-Xa activity. 3. The compound of claim2, wherein Zis a

pent asacchayi resi due.

29 %—&‘A&%e compound of claim3, wherein Z has the formula (I1)
[err] . wherein Rlerr] is independently OSCfer+}—-or_(1 _

- 8C) al koxy. 5. The conmpound of any one of clains 4 wherein
Rlerr] is |15A§nmyt|md0f1hﬂeﬂ°ﬁ@¥§'(1? 3, 6- trinmethyl ”m’"ﬂﬁ"’”ﬂﬂr
Rlerr] is H ,”"’

l
Q

Rl-S(O) 2-N(H)-CIZ(H)-C(O)-N(R 2).C(H)-C(O)-NR 3R*

NH,
HN m, '

5 wherein R' is phenyl, naphthyl, 1,2,34-tetrahydronaphthyl,  (iso)quinolnyl,
tetrahydro(iso)quinolinyl, 3,4-dihydro-1H-isoquinolinyl, chromany! or the camphor group,
which groups may optionally be substituted with one or more substituents selected from '
(1-8C)alkyl or (1-8C)alkoxy;

R? and R are independently H or (1-8C)alkyl;

10 R is (1-8C)alkyl or (3-8C)cycloalkyl;
or R? and R* together with the nitrogen atom to which they are bonded are a nonarbmatic-
(4-8)membered ring optionally containing another heteroatom, the ring optionally being
substituted with (1-8C)alkyl or SO-(1-8C)alkyl; '
Q is a spacer having a chain length of 10 to 70 atoms; and

15 Z is a negatively charged oligosaccharide residue comprising two to six monosaccharide umits,
the charge being compensated by positively charged counterions;
or a pharmaceutically acceptable salt thereof or a prodrug thereof.

2. The compound of claim 1, wherein Z is derived from an oligosaccharide which has per se
20 AT-III mediated anti-Xa activity. |

3. The éompound of claim 2, wherein Z is a pentasacéharide residue.



and NRerr]R err] representé t he pi peridinyl group. 6. The conpound

of any one of clains 1 to 5, wherein Q has the formul

[(m[err])[eﬂ?a’ﬁf’%’f‘r] [(CHerr])[err]-NRlerr]-C(O] V\?‘%%F{”‘é’f“ﬂ“?[err]
I wh

[1 4- E)henill ene-NR[ err] - C((e);]el[grr] (Cl-l[err]l)[serr] S- 15 ~—-farf""""""""""""’""ﬂ"—

(CH[err])[err]-S—(CH[err])[err] [X(CHerr])[err]][err]-0( I l r“ﬂ“\
O-NRerr] - and R[err] IS |ndePendentIy H or (3 @“‘ ‘
m - 12:n 4 Theaecpmnadqﬂqb%m » Wherein Z3has the) forgula (1) 8- y1 - 8; L WA s W
=1 - 8; the total nunber of c%}oms '%510 70; and th%hrml ety

-[( i e

CHerr])[err]g][ end jwi th Qis attached to Z
7. The conpound of

-[(CH err])[erg] @raCalky! 25
-[(CH err])[eré4 - (CH[e”])[e”] [X
CHerr])[err]]derr]-O -
[(CH[err])[err]CIerr]R(CH[err )[err] , 4- pheny%]ene NH-C(O)(-IKD-I[err]
-S-CH

E)ﬁ maceFEmR dpindependently O8O és%a“fcﬁ‘@ conpound of any one of

O 00

. A ar
laine 1 to 7 and

5 5. The compound of any one of claims 1 to 4, wherein R' is is phenyl, 4-methoxy-2,3,6-
trimethylphenyl or naphthyl; R? is H;
and NR’R* represents the piperidinyl group.

6. The compound of any one of claims 1 to 5, wherein Q has the formula (III)

10
~[(CHz2)20]~[(CHz)s-NR*-C(O)},-W-(CH),- {i,
‘wherein
_ W is -[1,4-phenylene-NR*-C(0)}«(CHz),-S-
15 or

~(CHy)-S-(CHz)o[O(CH2)2}v~0O-(CH;)w-C(O)-NR-;

and R’ is independently H or (1-8C)alky};
m=1-12;n=1-8;p=0-4;q=0orl;r=1-8;5s=1-8;t=1-8u=1-8;v=1-12;

20 w=1- 8; the total number of atoms is 10 - 70; and the moiety ~[(CHz);0]u- is the end with
which Q is attached to Z.

7. The compound of claim 6, wherein Q is selected from
-[(CH;);0]s-(CH:),-NH-C(0)-CH.-S-CH;-;
25 ~[(CH;):0]s-(CH,);-NH-C(0)-CHz-8-(CHa)-{ O(CHz)2]5-0-CH,-C(0)-NH-(CHz)+-; and
-[(CH;),01:-(CH,),-NH-C(0)-1,4-phenylene-NH-C(0)-CH2-S-CH;-.



pharmaceutically suitable auxiliaries. 9. The conpound of any one of

clains 1 to 7 for use in therapy. 5 10. Use of the co_rrpound of any one of
claims 1 to 7 for the manufacture of a medicanent for . _treating or
preventing thwesbhesss or other thrombin-related diseases TTea/p4100

: //II/II////I//III////I/I///II/

8. A pharmaceutical composition comprising the compound of any one of claims 1 to 7 aud
pharmaceutically suitable auxiliaries.

9. The compound of any one of claims 1 to 7 for use in therapy.

10.Use of the compound of any one of claims 1 to 7 for the manufacture of a medicament for
treating or preventing thrombosis or other thrombin-related diseases.



