PCT/ EP2009/05 1 1 62 AM NO ACI D DERI VATI VES USED AS PHARMACEUTI CAL
SUBSTANCES The present invention relates to the use of an am doxi me am no
acid ester in a5 nmethod for inproving the bioavailability and enabling the

bl ood-brain barrier crossing of nedi ci hal subst ances, ic st
one or nore am dine functions, guanidine functions, N hyc})@gg@gﬁﬁhg
(am doxi ne) functions or N hydroxyguani dine functions, and drugs

cont ai ni ng co rmémgbkwquE§%W§§Bxyguam BIRES:. SGUBSTANCES

N-hydr oxyam di nes oxI nes) and I nes represent known
prodrug principles for increasing the or aI b| oavailability of am dines |

C enent, I\/bt hoden  zur handl un | .axe r ¥stis
carinii E’ﬁ@ YSESONSIS eteaﬁ%ép%ﬂs%lp FQ Héé’ﬂq %@1 %‘gﬁégﬁguﬁéen and
For muki erieBed fczwumpﬁ@bm@ttﬁb Hiedvailbesiagbea eNebinadte bidod3Rdihdbatried 6@35ingnd
guani di nes. 15 Pharnaceuti cal Rre par at| ons cont ai ni n%ma%? ?céﬂl ve agent

havi ng ofBMadiGieslsubsiaticas WBICh f\axRi il erStrQneceri HALE 8 oSt no
phar micok;ﬁgr'n@ﬁ"e ﬁlfnfcﬁﬁﬁs,' /V-h%?dxyﬁﬁ\@dhh@QEM%XImIﬁﬁJrQ'h%ﬁQ@G'/W—h?d‘rof(%uﬁldme

t herapeutical effect of an'active agent after oral adninistration is

r epr esenfunttiopsi and desgs ganitainirtg exrvespongingly giogifiast megicing sebstaners. nost

i nportant 20 nechani sm of such an effect is passive diffusion. The degree
of resorption by way of passive diffusion is dependent on the

| i popbi | inehytdroryamidimes (ahscboxlhms)aehdli/v iy drooty g e dioes yepresertekraotni pedagent .

H ghly basic compounds such as d|n S d uan din e t he
St o P2acp[sR 1oy Mg e Prdl cueaRap R ePARNIRESE BIthEur BBt |

pr ot onat ggk B@ﬁamduéhg LRE ProphyIakealidePnaUmbcyaeBicatiali PatumonieRAP) undqui res
t he passin |ipid bilayers of the nenbraneﬂgﬁf t he gastr0|nt @?lnal

tract, tR® @ﬁar%k@ﬂkyna@%apwmtﬁer&' RAUNGENHRHE AT UNGRI P GEPEHENDGIn ¢ he
medi cati g g_%agjft%m%t‘gaépqﬁ%zgf@z}hfgg’_rﬂ%?&ymggegross the 30 bI ood- brain

barrier. ra'n barrier' I's an effective barrier with regard to the
resoiipti on of substances into the brain. It ensures the selective uptake

oo o BSOS RPERERHLRE RS AT S IBCIRS G bR P ol
Vari ous pr gumde& fametiomy ekhibit dlmostheo pperreécadgionl effeetuntwrdrﬂp@ﬂicamm t he
brai n. A?’h %rn%ctlcgnofo?*tahﬁwrerlaggdtfc% efface oiparl]rlw %c’gi\?ewagent after oral administration
is represented by its resorption from the gastrointestinal tract. The most important
20 mechanism of such an effect is passive diffusion. The degree of resorption by way of
passive diffusion is dependent on the lipophilicity and thus also the acidity and

basicity of the active agent.

Highly basic compounds such as amidines and guanidines are present in the stomach
25 (pH 1) and small intestine (pH 6.4) in an almost completely protonated form. A
resorption after oral administration, which requires the passing of lipid bilayers of the

membranes of the gastrointestinal tract, therefore only occurs to a very low degree.

Another problem in the medication of many diseases is the necessity to cross the

30 blood-brain barrier. The blood-brain barrier is an effective barrier with regard to the
resorption of substances into the brain. It ensures the selective uptake and prevents
the penetration of substances. Furthermore, the blood-brain barrier does no only act
as a physical but also as an enzymatic barrier. Various processes are involved in the
penetration of substances into the brain. As compared to other indications, only few

35 drugs are marketed, which develop their effect in the central nervous system (CNS).
The greater part thereof reaches the CNS by diffusion. Diseases like epilepsy, chronic
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antiparaSitic agents against malaria, pneunocystis jiroveci (previously
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passing the blood-brain barrier. The transport is performed by the amino acid

transporter LAT1 (large neutral amino acid transporter). After the passage, the

decarboxylation into dopamine takes place [PARDRIDGE, W. M. Mo/ Interv 2003, 3,

20  90-105].

Diamidines are used as antiparasitic agents against malaria, pneumocystis jiroveci
(previously carinii) pneumonia, trypanosomiasis (African sleeping sickness), and
leishmaniasis [WERBOVETZ, K. Curr Opin Investig Drugs 2006, 7, 147-157].

25  Particularly in developing countries, these diseases represent a serious problem

involving high mortality rates.

Three diamidines to be applied parenterally are on the market. Pentamidine
(Pentacarinat®) has been used in the early stage of the African sleeping sickness
30 already for 60 years. Efficiency is no longer provided in the 2" stage of the African
sleeping sickness, the meningo-encephalitic stage, since the blood-brain barrier
cannot be passed successfully. As a result, highly toxic arsenic compounds must be
administered. There is a lack of medicinal substances which are efficient in the 2"

stage of the African sleeping sickness.
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15
The example pentamidine demonstrates that the transfer into the pentoxime ester
also entails a reduction of the solubility. This probably is also the reason for the
bioavailability of pentamidine not to reach one hundred percent after oral application
of the pentoxime ester [Clement, B.; Birenheide, A.; Rieckert, W.; Schwarz, J.,

20 ChemMedChem 2006, 1, 1260-7].

Furthermore, the reduced water solubility induces the disadvantage that an
administration of the medicinal substance is no longer possible by injecting aqueous
solutions. This is a problem, particularly when an oral administration is out of

25 question.

It is therefore the task of the present invention to increase the water solubility and
thus also the oral bioavailability of substances, which had been transferred into
amidoxime prodrugs or A-hydroxyguanidine prodrugs, and/or thus to enable the

30 passing of the blood-brain barrier.

The task is solved by the use according to the invention having the features of claim

1. The subclaims indicate advantageous arrangements of the invention.
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W HO~ NH HNPCI/EP2009/05 1 1 62 5 or the salts thereof, as a
‘substitute for one or nore amdine functions, N hydroxyam dine (am doxine)
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effecti B?ls}Seciﬁc amino acid and peptide transporters. A further advantage resides in the

15 fact that, due to the esterification of the amidoximes or A-hydroxyguanidines with

amino acids, injectable dosage forms are possible again, since the water solubility is
restored just as in the case of amidines. The novel prodrug principles according to the
invention provide the possibility of passing the blood-brain barrier. This would be a
decisive progress in the therapy of the African sleeping sickness, since the 2" phase

20 of the disease can thus also be treated efficiently.

According to the use according to the invention, the substituting of at least one or
more amidine functions, A-hydroxyamidine (amidoxime) functions, guanidine
functions or A-hydroxyguanidine functions by the amidoxime amino acid ester and A-

25  hydroxyguanidine amino acid ester achieves for the solubility of the medicinal
substance concerned to be increased. As a result, it can be firstly resorbed effectively
after oral administration, and subsequently be reconverted again into the actual
active form, the amidine, respectively, guanidine, by the body's own reductases and
N-reductases (prodrug principle). The excellent resorbability of the modified

30 amidoxime function or A-hydroxyguanidine function in the gastrointestinal tract is
obviously due to the increased solubility of the active agent molecules. Furthermore,
the novel prodrug principles are capable of enabling the blood-brain barrier to be

overcome.
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guar flour and/or cellulose derivatives, in particular methylcellulose and/or

carboxymethyl cellulose, as well as polymers of vinyl alcohols and/or

vinylpyrrolidones, alginates, pectins, polyacrylates, solid and/or liquid polyethylene

20 glycols, paraffins, fatty alcohols, vaselines and/or waxes, fatty acids and/or fatty acid

esters.

Moreover, in solid preparations, the extenders known per se, such as colloidal silicic
acid, talc, lactose, starch powder, sugar, gelatine, metal oxides and/or metal salts
25 may be contained. Stabilizers, emulsifiers, deflocculants and preservatives are

suitable as further additives.

The medicinal substances modified according to the use according to the invention
exhibit an excellent resorbability and thus bioavailability in oral administration,

30 whereby the pharmacological effect of the amidine or guanidine is distinctly
increased. As a result, an optimum dosage form for the oral application of amidines

may be provided.
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The listings above are merely exemplary, and the invention basically encompasses
any active agents, which have at least one amidine function or guanidine function
20 that has been transferred according to the invention into an improved prodrug. The
method according to the invention is thus applicable to a very wide range of
substance classes and indications and is capable of distinctly increasing the
bioavailability of many medicinal substances, the active form of which contains an
amidine or a guanidine.
25
As examples for compounds modified according to the method according to the
invention, valbenzamidoxime, pentamidine valine ester and diminazene valine ester

can be mentioned.

30 The preparation according to the invention is explained in more detail in the chapter

Material and Methods by means of exemplary embodiments.

Material and Methods




met hod according to the invention is thus applicable to a very w de range
of substance classes and indications and is capable of distinctly

i ncreasing the bioavailability of many nedicinal substances, the active
form of which contains an amdine or a guanidine. 25 As f
conpounds nodi fied according to the nethod according to tﬁgﬁgghggﬁ%ﬁ%ﬁ§z

val benzam doxi ne, pentam di ne valine esBer and di ni nazene valine ester can
be nentioned. 30 The preparation according to the invention is explained in
nor e deEaemplany tehebadimpheralbkhtanidakinadd Met hods by neans of exenpl ary
enbodi nents. Material and Methods PCT/ EP2009/051162 8 Exenpl ary enbodi nent
val benzam doxine NN4 O yl~ 2 HO NH2 5 1.21 g of benzam doxi ne was
dissolved in dried acetonitrile. After addition of 2.604 g of

tert-but oxycarbonyl valine, 154 ng of ,4:di nmethyl am nopyridine and 2.988 g
of dicycl ohexyl carbodiimde, the m re was stirred at roomtenperature
for three days. The conpl et enesspqf e reaction was checked by neans of
DC. 10 The solvent was wi thdrawn ang t hefraw product caused to crystallize
froma mxture of ethanol/water (3/1, VIV). Yield: 86% 15 Melting point:
147C IR (KBr): Nx/ 9 HCl

NH,

1.21 g of benzamidoxime was dissolved in dried acetonitrile. After addition of 2.604 g
of tert-butoxycarbonyl valine, 154 mg of 4-dimethyl aminopyridine and 2.988 g of
dicyclohexy! carbodiimide, the mixture was stirred at room temperature for three

days. The completeness of the reaction was checked by means of DC.

10
The solvent was withdrawn and the raw product caused to crystallize from a mixture
of ethanol/water (3/1, V/V).
Yield: 86%
15
Melting point: 147°C
IR (KBr):
V = 3496, 2928, 2850, 1744, 1686, 1612, 1392, 1374 cm™.
20
'H-NMR (300 MHz, DMSO-dj):
§/ppm (TMS) = 0.83 (d, 6H, >°J = 6.4 Hz, CH(CHs),), 1.40 (s, 9H, C(CH3)3), 2.08 (m,
1H, CH(CHs),), 4.05 (t, 1H, 3J = 8.0 Hz, CH-NH), 6.85 (s, 2H, NH,), 7.31 (d, 1H,°J =
9.2 Hz, NH), 7.44 (m, 3H, Ar-H), 7.52 (m, 2H, Ar-H).
25

13C-NMR (75 MHz, DMSO-dj):

8/ppm (TMS) = 18.25 (CHs), 18.96 (CH3), 28.15 (C(CHs)s), 30.13 (CH(CHs)2), 59.09
(CH-NH), 78.29 (C(CHs)3), 126.68 (Ca 2.6), 128.30 (Car 3.5), 130.46 (Car 1), 131.44
(Car 4), 155.73 (C=N), 156.96 (C=0), 168.88 (C=0).



V = 3496, 2928, 2850, 1744, 1686, 1612, 1392, 1374 cm1. 20 1H NMVR (300
Mz, DVBO-d6): S/ ppm (TMS) = 0.83 (d, 6H, 3J = 6.4 Hz, CH(CH3)2), 1.40 (s,
9H, C(CH3)3), 2.08 (m 1H, CH(CH3)2), 4.05 (t, 1H, 3J= 8.0 Hz, CH NH),

6.85 (s, 2H NH2), 7.31 (d. 1H 3J= 9.2 Hz, NH), 7.44 (m ) 2
(m 2H Ar-H). 25 13CNMR (75 Mz, DVBO-d6): S/ ppm ( TVB) i’%ﬂ@%(’?@%ﬁé

18.96 (CH3), 28.15 (C(CH3)3), 30.13 (CHCH3)2), 59.09 (CH NH), 78.29
(C(CH3)3), 126.68 (CAr 2.6), 128.30 (CAr 3.5), 130.46 (CAr 1), 131.44 (CAr
4), 155.73 (C=N), 156.96 (C=0), 168.88 (C=0). PCT/EP2009/051162 9 M
(ESI): %%E([)%): 693 [2MFNa'] (15), 336 [MtH ] (100), 280 [ M (CH3) 2C=CH2+H ]
(44), OtH ] (31), 119 [Val+H ] (5). 5 C17H25N3O4 (335.41): Ber. N
12. 54% &/6Q990% 4937 24-MMaGef1.5)\33@ [ B3% T (000 E280H M-(THY,LE-AFpr-H'] (44),
splitti ng-off the protectin grQ ? 300 ng of the bocval benzam doxi me was
di ssol véd’ [BAGHEKkAkél) HdP Bg% W/ai Phtroduced over a period of five ninutes

and stirred overnight. The free ester was precipitated by addi ng cold
et hyl acetate and subsequently washed several tines with ether. 15 Yield:
30% | RC(KsN:04\(33531138, 3052, 2910, 2744, 1800, 1682, 1600, 1374 cm1l. 20

"HNVR (300 Mz, %Qﬁh%)ag@gbggw%mi%ogz (d, 3H, 3J= 4.7 Hz, CH3),

1.04 (d.°3H, 3J= H CH(CH3)2), 3.94 (t, 1H, 3J=
5.4 Hz, GERF NH2) , N712B30s, 2 60NBYy 7HIB.718 3H,

10  For splitting-off the protecting group, 300 mg of the bocvalbenzamidoxime was
dissolved in dioxane. HCl gas was introduced over a period of five minutes and stirred
overnight. The free ester was precipitated by adding cold ethyl acetate and

subsequently washed several times with ether.
15 Yield: 30%

IR (KBr):
V = 3238, 3052, 2910, 2744, 1800, 1682, 1600, 1374 cm™.

20  'H-NMR (300 MHz, DMSO-dj):
§/ppm (TMS) = 1.02 (d, 3H, 3J = 4.7 Hz, CH3), 1.04 (d, 3H, *J = 4.7 Hz, CH;), 2.02
(m, 1H, CH(CHs),), 3.94 (t, 1H, 3J = 5.4 Hz, CH-NH,), 7.22 (s, 2H, NH,), 7.48 (m, 3H,
Ar-H), 7.72 (m, 2H, Ar-H), 8.80 (s, 3H, NH3), 9.03 (s, 1H, NH).

25 3C-NMR (75 MHz, DMSO-dj):
8/ppm (TMS) = 18.07 (CHs(CHs),), 29.38 (CH(CH3),), 57.24 (CH-NH,), 126.77 (Ca
2.6), 128.33 (Car 3.5), 130.62 (Car 1), 130.09 (Car 4), 157.62 (C=N). 165.40 (C=0).

MS (ESI):
30 m/z (%) = 493 [2M+Na*] (43), 471 [2M+H*] (42), 236 [M+H*] (100), 137 [BAO+H"]
(68), 121 [BA+H*] (20), 119 [BAO-H,0+H*] (38), 118 [Val+H*] (49).

C12H19N302Clz (30821)
Ber. C 46.76% H6.21% N 13.63%



Ar-H), 7.72 (m 2H, Ar-H), 8.80 (s, 3H, NH3), 9.03 (s, 1H, NH. 25 13C NWR
(75 MHz, DVBO d6): 6/ppm (TMS) = 18.07 (CH3(CH3)2), 29.38 (CH(CH3)2), 57.24
(CHNH2), 126.77 (CA, 2.6), 128.33 (CA 3.5), 130.62 (CAr 1), 130.09 (CAr
4), 157.62 (C=N). 165.40 (C=0). WMs (ESI): 30 ndz(% 49%

471 [2MeH ] (42). 236 [MeH ] (100), 137 [BAOH ] (68), ﬁ%ﬂ“ék@%
119 [BAO- H20+H | (38), 118 [Val +H ] (49P. Cl12H19N3C2Cl 2 (308.21): Ber.
46.76% H 6. 21% N 13. 63% PCT/ EP2009/ 051162 10 Gef. C 46. 54% H 6. 25% N

13. 12% Gef. provi G8.5¢% esoHpd.26% f r oM thé2¥astroi ntestinal tract and the
subsequent reduction to benzam di ne, the val benam doxine is orally

adm nistered to three rats. 5 The netabolization of the ester into
benzam plcb:n@rdvihg‘, tHesrezapsidrakienm ﬂkﬁgﬁstrcﬂntﬂs‘vmaaa'actf ahd ohe subsegideNtH N NH,

NHz NH, hydmyri. / N-re[8rclinn 10 benzam doxi benzam doxi ne
benzam Yﬂdh'ét‘ovéplbr%zé@t@?e I\@?H@fﬁemﬁ?l‘é\ﬁﬁé Ty FeRdce ree Sepy

a%!‘?za@l'ahr@' the ldsgyr RS bRREAThiIdiRdiPihis REseSEdNee & Holsbaisn
M n| stry of Agriculture, Environment and Rural Spaces on July 4, 2007. The

anaest hisdlowswas carried out using xylazine and ketam ne. Both were
adm ni stered 20 by intranuscular injection. The silicone catheters were
inplanted in the vena jugularis and the arteria carotis. They have locally

antithronbotiw anti-inflammatory
0.
(o]

N~ NH
|
NH, NH,
hydrolysu N reduction
10 benzamidoxime benzamidoxime benzamidine
valine ester

METHODS RELATED TO THE EXECUTION OF THE STUDY WITH RATS
15
The animal study was permitted by the Schleswig-Holstein Ministry of Agriculture,

Environment and Rural Spaces on July 4, 2007.

The anaesthesia was carried out using xylazine and ketamine. Both were administered
20 by intramuscular injection. The silicone catheters were implanted in the vena jugularis
and the arteria carotis. They have locally antithrombotic and anti-inflammatory
properties, but are not systemically active. During the surgery, the eyes were
protected with a cornea-protective ointment (Oculotect®), and 3 — 4 m! of Ringer
lactate solution was applied subcutaneously for improving the postoperative energy
25 supply. The animals were treated antiphlogistically (Finadyne®, 1 mg/kg of body
weight) and antibiotically (Amoxicillin® 15%, 10 mg/kg of body weight) and
postoperatively attended and kept warm until they woke up. The day after the
surgery, the animals got Nutri plus®, an energy paste (soy bean oil, molasses, cod-
liver oil, meat extract, mineral premixture, vitamin premixture).
30
After the test was completed, the animals were euthanized using pentobarbital (i.v.).



properties, but are not systenmically active. During the surgery, the eyes
were protected with a cornea-protective ointnment (Cculotect(r)), and 3 - 4
m of Ringer lactate solution was applied subcutaneously for inproving the

postoperative energy 25 supply. The aninmals were treated %’{&{'ﬁﬁﬁ %]%((fﬁtlﬁgfl |y

(Finadyne(r), 1 ng/kg of body weight) and antibiotically

15% 10 ng/ kg of body wei ght) and postldperatively attended and kept warm
until they woke up. The day after the surgery, the animals got Nutri

pl us(r) KEBRINBORYHRRATS (soy bean oil, nolasses, cod- liver oil, neat
extract, mneral prem xture, vitamn prem xture). 30 After the test was
conpl eted, the aninmals were euthanized using pentobarbital (i.v.).
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average wei ght of 200 g served as the test aninals. ani mal s fe 5 pt
e o8

i ndi vi d@ginaisiwered§es mdzwéiu?ll\é&W%gyefméﬁﬁ%td%’oﬁ@é!rﬂqtaﬁoéae?%if
Wat e% Watgf)?én&%‘g \A%\éaé\)aﬂﬁﬂal% 4 /ibjebit um  APPLI CATI ON OF THE SUBSTANCES
ei

For ng able to determne t accurate dosage of the substances, the
aninmals were 10 wei ghed the evening before the substance application. The

subst an istered orally were applied via a stonmach
t ube. ?Bkmﬂ&'}f%@ﬁowgﬁﬂﬂ%ﬁ] doxi mre was solved in 100 nM phosphat e
8uf9f er, OpH 6I 5. The i nt ravenousl y administered benzani di ne vvas solved in

. 9% Na ol uti revent aenol er th ectl on
rerinsi A %{ﬁe |tgégelter@1| © GLCiy absIRaRge gg hit §®.§tta%c% Hmaéﬁ WSiE .
The1@ubwe?g1fe% BHPE Ve d BBrdra tﬁé%t]bfrt%ﬁ@e tagghcaxto%perhensaﬂmme r(anruga'hm
prodrugs were adnministered to three rats. Benzam di ne was ap

i nlt [) aveh@@ﬂnymstereﬂv@fathawre 'ﬁlﬁ’@“@‘i‘ Xia § skempeh syke- é:&rdb’ssd%urBP e
va n .
enZ AR RO E m%%/i%&g Lop h%%h@@brﬂé}% byFRRZ BRI Al NenuagaRRdRE | 1

a concen ron o SAMPLI NG Si x bl oo
sanpl esadmrrmb’eredilbenzammm&)mesrsatved'ﬂhd) B%Naﬁéﬁﬁﬂuﬂoﬂoﬁo 8ad&o seENti on i s one

haemolysis. After the injection, rerinsing with at least 0.5 ml of 0.9% NaCl solution

15  was carried out. The substance application in each case took place in the morning.

The prodrugs were administered to three rats. Benzamidine was applied intravenously
to two rats. The orally administered doses of valbenzamidoxime were 50 mg/kg of
body weight. Benzamidine was applied in a concentration of 10 mg/kg of body

20  weight.
BLOOD SAMPLING

Six blood samples can be taken from one rat. The test period for one condition is one

25 day. The blood samples were obtained over a period of eight hours after oral
application, respectively six hours after intravenous application. After the oral
administration, the sampling took place after 30, 60, 90, 120, 240 and 480 minutes,
after intravenous application after 5, 10, 20, 40, 80 and 360 minutes. Prior to the
blood withdrawal, the catheter was emptied by a short aspiration until blood

30 appeared. The blood withdrawal (300 pl) was carried out by means of Multivetten
(Multivetten® 600, Sahrstedt, Niimbrecht). For keeping the catheter clear, about 0.3
ml of a mixture of heparin and NaCl were subsequently injected. The obtained full
blood was centrifuged (1500 g, 10 min, 4°C). After the centrifugation, about 150 pl

plasma was taken as a supernatant, pipetted into Eppendorf cups and frozen at



25 day. The bl ood sanples were obtained over a period of eight hours after
oral application, respectively six hours after intravenous application.
After the oral admnistration, the sanpling took place after 30, 60, 90,
120, 240 and 480 m nutes, after intravenous application af :
40, 80 and 360 m nutes. Prior to the blood wthdrawal, tﬁgﬁmﬁy@?@&ﬁ
enptied by a short aspiration until bl déd 30 appeared. The bl ood w t hdr awal
(300 I') was carried out by neans of Multivetten (Miltivetten(r) 600,

Sahr st ed80°MNi | nbrecht). For keeping the catheter clear, about 0.3 m of a
m xture of heparin and NaC were subsequently injected. The obtained full

bl ood was centrifuged (1500 g, 10 mn, 4C). After the centrifugation, about
150 Al RpPROTESWENG (FKERE 3 ODB>SpMPIESant , pipetted into Eppendorf cups and
frozen at PCT/ EP2009/ 051162 12 -80C. REPROCESSI NG OF THE BLOOD SAMPLES 5
After slowy defrosting, 150 gl of plasma was diluted with Agua O dest ad
600 §. e BROW CA?%%E/ ¥t. weieetD Rf. THel i d
phasée &Wééﬁ“@i%@?ﬁé’ (f;%%li tglf ghl}igng tﬁgﬁg%elrjdenﬁrt\?vit 1(%8% | of ma?.hanol
and equpldshbreasamigesiwtedre 5008equensly ragreceassere by .mearnseofssatisl Rhasspxtastiosn (600

i i ed..out. Th ; . | it i

B L oBfE sofRing Gacea ATy BDg (1BF MFetnRhh and BRutBrRify ARRIGRLLCD
by neansf %uétbal@iﬂi, gaétsampwagbmt?mag@bo(@) ﬂ/,af\bg\ﬂ)ied o]:lﬁtleTImupmtD,ent Wasel uat e
1S concentrate 0 ryness an absor pe .0 ua .

b oot MRS eGager o TAMOIVP AR on JHET GPD e Of SHbintic T eI KSR 1S s FoR

SEPARAT AR N a1biaEer, 18 Bamathdlbl {(Bet, syl ances
to be a%‘g{%ﬁed, t %&l@oﬁ%ﬁ%éﬂmtﬁd was usFZd:Bgt HPLC pg m:w\f\a'?ers 600

Det ect off hefgktpens t elpateisagns eAgtrd bh ey Moss @t absopRrdowitApt & 1l oipd@rd 717
DS AL RATD L& had g%g‘\/zmjaﬁé%n MEFL e Hpient/ Server Version 2.8 3

Build 2 ecor evaluation software stationary phase: Synergy
Max- RP 80A; 250* 4.6 mmw th precol um
HPLC ANALYSIS FOR SEPARATING BENZAMIDOXIME AND BENZAMIDINE

15  For separating the substances to be analyzed, the following HPLC method was used:

HPLC pump: Waters 600

Detector: Waters 2417 Tunable Absorbance Detector

Autosampler: Waters 717 plus Autosampler

Integrator: EzChrom™ Elite Client/Server Version 2.8.3 Build 2249
20 recording and evaluation software

stationary phase: Synergy Max-RP 80A; 250* 4.6 mm with precolumn

C 18 4.0* 3.0 mm (Phenomenex, Aschaffenburg)

Column temperature: 24°C constant, by means of column heater

Mobile phase: 10 mM of octy! sulfonate in Agua bidest., pH 2.5
25 (with conc. H3PO4)/acetonitrile (82.5/17.5, V/V)

Run time: 30 minutes

Detection: UV detector, 229 nm

Flow rate: 1.0 ml/min

Injection volume: 10ul
30 Detector sensitivity: absorbance units fullscale: 2,000

Retention times: benzamidoxime: 23.5 £ 0.5 min

benzamidine: 26.5 + 0.5 min



C 18 4.0* 3.0 mm (Phenonenex, Aschaffenburg) Colum tenperature: 24C
constant, by neans of colum heater Mbile phase: 10 nmM of octyl sulfonate
iV/nV)Aqugubi dest ., 38H 2.5 25 (with conc. H3PO4)/acetonitrile (82.5/17.5,

n tinme: m nutes Detection: UV detector, 229 nm 0
m/mn Injection volune: 101 30 Detector sensitivity: absd) Fﬁéﬁ%\ﬁe@%ﬁé%&z
full scale: 2,000 Retention times: benzidm doxine: 23.5 0.5 nin
benzam dine: 26.5 0.5 mn PCT/EP2009/051162 13 The eluant was filtered
usi ng aTSatewainISNaHaf'rlhemzdeuéihg teeSatpbiug nabeang filteral@se% wm arghdegassad dmi c
bath for 1 m nut S EEL Lt'\éSI S FOR SEPARATI NG THE VALBENZAM DOXI ME;
BENZAM be)H af B For separating the substances to be
anal yzed, the foI | owi ng HPLC met hod was used: HPLC punp: Waters 600
Detector: \Waters 2417 nabl e Absor bance Det ect or ut o 717
Pl s AUHBLEVALYSTS FOR SEPARGFINGILR rkmeAN oo & Bl 8B, s 5
Bui | d 224R Amggqel ng and eval uation software stationary phase RP Select B
W th precoF 4 (Merck KgaA, Darnstadt) Mobile phase: vl
ammoni ufipasepaating thegubstsndesto be pHalyzed aths iiowing éiP(_gznthpdyvawsgd 15
B: acet ﬂrﬁ_&rl |n$p.tl me mn A Wﬁers 600 15 100 0 15 - 35 80 20

Detector: Waters 2417 Tunable Absorbance Detector
Autosampler: Waters 717 plus Autosampler
10  Integrator: EzChrom™ Elite Client/Server Version 2.8.3 Build 2249
recording and evaluation software
stationary phase: RP Select B with precolumn 4 * 4 (Merck KgaA, Darmstadt)
Mobile phase: A: 25 mM ammonium acetate in Agua bidest.,
pH 6.3/acetonitrile (92.5/7.5, V/V)
15 B: acetonitrile
time [min] A [%] B [%]
0-15 100 0
15 - 35 80 20
35 -48 100 0
Run time: 48 minutes
Detection: 229 nm
20  Flow rate: 1.0 ml/min
Injection volume: 10ul
Detector sensitivity: absorbance units fullscale: 2,000
Retention times: benzamidine: 7.5 £ 0.3 min

benzamidoxime: 12.0 + 0.3 min

25 valbenzamidoxime: 32.0 = 0.5 min

The eluant was filtered using a Satorius membrane filter (0.45 pm) and degassed in

an ultrasonic bath for 15 minutes.

30 The results of the tests are shown in Fig. 1, in which the plasma level curves of

benzamidine after oral administration of the valbenzamidoxime are illustrated.



35 - 48 100 0O Run tine: 48 mnutes Detection: 229 nm20 Flowrate: 1.0
m/mn Injection volunme: 10l Detector sensitivity: absorbance units
fullscale: 2,000 Retention tinmes: benzamdine: 7.5 0.3 mn

benzam doxime: 12.0 0.3 mn 25 val benzam doxine: 32.0 O % ] 0;62@5?#?m
was filtered using a Satorius nenbrane filter (0.45 m anEJZ%g% [ an
ultrasonic bath for 15 minutes. 30 The Mesults of the tests are shown in
Fig. 1, in which the plasma | evel curves of benzam dine after oral

adm ni stration of the val benzam doxine are illustrated. PCT/EP2009/05 1 1

62 14 The netabolis f the dimnazene val.i er.is. il rated in Fig.
2. and THE MPaBET P e TEZBen A aens val s 2] i} Fidh Rt 8RS e
oral bi gryahdizki bf the péntahiedivenzaimetister if Figr 3oral admi ni stration of the
val benzam doxi ne could be determ ned fromthe obtained data (Tab. 1):

Tabl e 1: bioavailability of the benzam dine after oral adm nistration of
val benzank doxi ifBaddlioBiifg (Rithe ehis fidRaBrieRlord mnftrdidiesf dle on Rat 10
111.8 Rat 1 74.% 87.7 27.0 Rat 12 69.8 As can be seen fromthe Table
above, balbzazrdndidesinmasoadoerdetsirmingd frop die ggmingd éata ekt 1ddmi ni stration
of the val benzam doxi ne. This denonstrates that the prodrug was 15
conpletely resorbed after oral adm nistration and netabolized into the
active Toble 1:heinaeaiiatilitg.of the benzamidine after oral administration of

valbenzamidoxime

10
bioavailability mean value standard deviation
[%] [%] [%]
Rat 10 111.8
Rat 11 74.5 87.7 27.0
Rat 12 69.8

As can be seen from the Table above, benzamidine has a bioavailability of 88% after
oral administration of the valbenzamidoxime. This demonstrates that the prodrug was
15  completely resorbed after oral administration and metabolized into the active form

benzamidine.
Particular embodiments of the invention are:
20 1. Use of an amidoxime amino acid ester of the formula (I) or an A-

hydroxyguanidine amino acid ester of the formula (II) or amidoxime prolinyl

ester of the formula (III)

1) 0 (i

25
wherein R1 is selected from the group consisting of hydrogen, an alkyl radical,

an aryl radical, and one of the groups illustrated in the following



Particul ar embodi ments of the invention are: 20 1. Use of an am doxi ne
am no acid ester of the fornmula (1) or an N- hydroxyguani di ne am no acid
ester of the formula (11) or am doxine prolinyl ester of the fornmula (I111)

(0O () (1) NHz NHZ HN ORt ORL O NY ON 10 NHZ ~I H NHz in
Rl is selected fromthe group consisting of hydrogen, an EEE@P@%@& an
aryl radical, and one of the groups illldstrated in the follow ng

PCT/ EP2009/ 051162 15 NH, HS/~ ON 1 ~ HOJ~ HO' ~ NH, HN~~~~ H2N\
}rol~ HO" Ij~" HzN HO- HzN and the salts thereof, as a substitute for one
or nore am dine functions, N 5 hydroxyani di ne (am doxine) functions,

guani di ne functions or N hydroxyguani di ne functions of a nedi ci nal
substance in drugs for inproving the solybility, bioavailability and/or

capacity of the nedicinal ngstance to pQZ;s\t he bl ood-brain barrier. 10 2.
Use according to enbodi ments"1; charactefized in that the nedicinal

subst ance NH
o
“ Ioh
N HO

HO/‘\ Hoj\/

and the salts thereof, as a substitute for one or more amidine functions, V-
5 hydroxyamidine (amidoxime) functions, guanidine functions or A-

hydroxyguanidine functions of a medicinal substance in drugs for improving

the solubility, bioavailability and/or capacity of the medicinal substance to

pass the blood-brain barrier.

10 2. Use according to embodiment 1, characterized in that the medicinal substance
is selected from the group of protease inhibitors, DNA-intercalating and RNA-
intercalating compounds, inhibitors of viral enzymes and N-methyl-D-aspartate

receptor antagonists.

15 3. Use according to embodiment 2, characterized in that the protease inhibitor is
a thrombin inhibitor, an inhibitor of factor Xa, Factor VII, or of all of the

proteases of the coagulation cascade, or a matriptase inhibitor.



is selected fromthe group of protease inhibitors, DNA-intercalating and
"RNA- intercal ating conpounds, inhibitors of viral enzynmes and

N-net hyl - D-aspartate receptor antagonists. 15 3. Use according to

enbodi ment 2, characterized in that the protease inhibito n
inhibitor, an inhibitor of factor Xa, Factor VIIl, or of aﬁ)ﬁﬁpfor?é% ?m
prot eases of the coagul ation cascade, di® a matriptase inhibitor.

PCT/ EP2009/05 1 1 62 16 4. Use according to enbodi nent 2, characterized in
that the prousasecomimdid embosliment 2 didraczeizedln biatdhe Fotddse inlibdeding to
enbodi nent 2, cha acteri zeg in that the DNA-intercalating or 5

RNA- i nt er cal 4Pi'H§ @Sﬁ%éﬂmw ?'s pent ani di ne, di m nazene or isonetanidium 6.
Use according to enbodi nent 2, characterized in that the i nhi bitor of viral
enzynmes i s a neuramn ni dase i nhi bitor. 10 7. lZJge accaor 0 any one of the

precedi ng Bnb6aiaseanding Ehammodinented sharasgrized i thatd “IREFA AL Ol s
deS| ned for ﬁ\ﬂ\ln’?ér%m}i‘m )Qo?n;?(ﬂﬁl\d %é?‘lgé(m mé“&ﬁﬁﬁé’éenea&qé@rhe%@ﬂﬁﬁ)us

| ei s mani asi s rypanoso asi's, as€ of trypanosom asis, or
pneunoni a caused by pneurmcystl S carl nii, for inhibiting the growh of

mal i gn tuné)r Fe%gé?rié{g Pl tin 'mgﬁg Ca?a%é nbag@’m Hede dRk qmllb?t%r RE GRaHr €

reducti on, for viral ctions

i ncluding i nfehb';ﬁﬁé@tsﬁ@deh*a\#ﬂnﬁtfaetlnbllb&or.PCT/ EP2009/ 051162 17 Jainms 5 1.
Use of an am doxime am no acid ester of the fornula (1) or an N

hydr oxyguani di ne am no acid ester of the fornula (11) or am doxime prolinyl

estef of 7 hestaradlding td bhy @hel(dftheecdithg Nifbddiments]) claddeterized in that
the medicinal substance is designed for the prophylaxis and therapy of visceral
and/or cutaneous leishmaniasis, trypanosomiasis, the 2"¢ phase of
trypanosomiasis, or pneumonia caused by pneumocystis carinii, for inhibiting
the growth of malign tumors, for inhibiting blood coagulation, for blood
15 pressure reduction, for neuroprotection, and for combating viral infections

including influenza and HIV infections.



ANH ONO NHz ~H NHz NH 10 wherein R is selected fromthe group

consi sting of hydrogen, an alkyl radical, an aryl radical, and one of the
groups illustrated in the followng Nz HSS~ O v NHD HOO HAO~ HO
NHz HN H~~ H2N'~ O HO Ij H2NM/~ HOL1~1 NH HzN, Tr, -- 9/ 05
1162 18 and the salts thereof, as a substitute for onePGF%mé}égfg&he
functions, N hydroxyani di ne (am doxi n8Y functions, guanidine functions or
N hydroxyguani di ne functions of a nedicinal substance in drugs for
inmproving the solubility, bioavailability and/or capacity of the nedicinal
substance to 5 pass the blood-brain barrier, characterized in that the

nmedi ci nal substance is selected fromthe group of protease inhibitors,

wherein the protease inhibitor is a thronbin inhibitor, an inhibitor of
factor Xa, Factor VII or of all

Claims
5
1. Use of an amidoxime amino acid ester of the formula (I) or an A-
hydroxyguanidine amino acid ester of the formula (II) or amidoxime prolinyl ester
of the formula (III)
M {n ()]
NR, NH, HN
oy oy oI
N/O hﬁlo N/O
I {
/|\NH2 \HJ\NHZ )\NHZ
10

wherein R1 is selected from the group consisting of hydrogen, an alkyl radical,

an aryl radical, and one of the groups illustrated in the following

NH,

N
HN)\ NN H,N
PN
HO H,N
Ho ™

PN
o
e

©]

X



of the proteases of the coagul ation cascade, or a matriptase inhibitor, the
DNA-i ntercal ati ng and RNA-intercal ati ng conpounds, inhibitors of viral 10
enzymes and N-nethyl -D aspartate receptor antagonists. 2. Use according to

claim1l, characterized in that the DNA-intercal ating or RNA:. i r i n
conmpound i s pentam dine, dimnnazene or isonetam dium 15 %T@Eﬁ@@i@lg%gg
to claiml, characterized in that the il%hi bitor of viral enzynes is a
neur am ni dase inhibitor. 4. Use according to any one of the preceding

cl ai ms, char actsgyd #edsdlts theasoft las a swmditituteafor omlesdramoee amidioafflgeians, #or
'Jﬁ_i shmani asi s,

t he prophyl axi d the f. Vi | .20 .
t rypanogo%/i a)s(: z?yé‘trn%yafﬁrg? y@g%'dékﬁngg);@gﬁgg%%aﬂg{nﬁn%%@%ﬁ%ﬁtﬁ%i a caused by

pneunpcysti s Céﬁc})d%knga%;h@fﬂbrb&ttdﬁ%gof 4 RRadadieartdubstarivel ingfrugsifier isnprboing
i nhi biting blood coagul ation, for blood pressure_reductjon

I, C ror . . ., for
neur opr ot ect i orthezedulfibty, binryailphifjty pRGjoriGaPaety ghghe mﬁ?él“iﬁ'a?'n?j'%ﬂﬂ‘nlcﬁéﬁza
and tl;" V infect ';%?:@thg%lood-brain barrier, characterized in that the medicinal substance

is selected from the group of protease inhibitors, wherein the protease
inhibitor is a thrombin inhibitor, an inhibitor of factor Xa, Factor VII or of all
of the proteases of the coagulation cascade, or a matriptase inhibitor,

the DNA-intercalating and RNA-intercalating compounds, inhibitors of viral

10 enzymes and N-methyl-D-aspartate receptor antagonists.

2. Use according to claim 1, characterized in that the DNA-intercalating or RNA-

intercalating compound is pentamidine, diminazene or isometamidium.

15 3. Use according to claim 1, characterized in that the inhibitor of viral enzymes is

a neuraminidase inhibitor.

4. Use according to any one of the preceding claims, characterized in that the
medicinal substance is configured for the prophylaxis and therapy of visceral
20 and/or cutaneous leishmaniasis, trypanosomiasis, the 2" phase of
trypanosomiasis, or pneumonia caused by pneumocystis carinii, for inhibiting
the growth of malign tumors, for inhibiting blood coagulation, for blood
pressure reduction, for neuroprotection, and for combating viral infections

including influenza and HIV infections.
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