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soluble substances may passwely penetrate into the cells, while small molecules such as water and urea
may pass through the pores. In addition to these simple physical processes, carriermediated and active
45 transport processes govern the movement of many molecules through the BBB. Thus, it is generally
accepted that lipid solubility, degree of ionic dissociation or protonation and the ability of temporary
combination with membrane constituents affect delivery through the BBB. It has been shown, for example,
that in the class of barbiturates, a quantitative correlation could be established between their ease to pass
into the brain (as reflected by the different times of onset of anesthetic action) and their lipid/water partition
50 coefficient. Mark et al, J. Pharmacol. and Exp. Therap., 123, 79 (1957). The role of lipid solubility in drug
penetration through the BBB is also exemplified by the better absorption of the sparingly water-soluble
thiamine propyl disulfide (TPD) as compared to the water-soluble thiamine hydrochloride (THCI). Thomson
et al, Ann. Int. Med., 74, 529 (1971). Some materials such as glucose and amino acids are transported by
active mechanism, characterized by saturation, bidirectional molecular specificity, bidirectional competitive
55 inhibition and bidirectional countertransport. Fishman, Am J. Physiol., 206, 836 (1964).
Changes in permeability of the BBB can be caused by several pathologlcal and toxicological processes.
Pardridge, Connor and Crawford, CRC Crit. Rev. Toxicol., 179 (1975). A general increase in the barrier
permeability, such as a nonspecific breakdown of the barrier has, however, severe consequences, including

3



0 the CNS slowy or hardly at all. A nunber of theories concerning
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critically designed to control the release rate of the active drug species from the quaternary drivative
thereof, as well as being critically functionally coordinated with the particular chemical and therapeutic
activity/nature of the antitumor drug species itself; Bodor et al, J. Pharm. Sci., supra.
Accordingly, acutely serious need exists in this art for a truly effective generic but nonstheless flexible
45 method for the site-specific, or sustained delivery, or both, of drug species to the brain, while at the same
time avoiding the aforesaid noted and notable disadvantages and drawbacks associated with penetration of
the blood-brain barrier, with dihydropyridine latentiated prodrug forms of drug species themselves compris-
ing a pyridinium salt active nucleus, and with the necessity for introducing critically coordinated and
designed, release rate-controlling substitusnts onto any particular drug carrier moiety.
50 Recently, Bodor et al, Science, Vol. 214, December 18, 1981, pp. 1370-1372, have reported on site-
specific sustained release of drugs to the brain. The Science publication outlines a scheme for specific and
sustained delivery of drug species to the brain, as depicted in the following Scheme 1:
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ei ther by nonsel ective bulk flow or by active transport nechani sm
associated wth the choroid plexus or other nondefined structures in the
CSF conpartnent. It is generally &Poepto$stBiat hi ghly |ipid-sol ubl e drugs
| eave the CSF nore rapidly than poorly |ipid-soluble ones, but the barrier
to passage of compounds from CSF has only superficial simlarity to the
bl ood- CSF barrier. 15 Drug elimnation processes fromthe brain are
significantly directly el adert Fa=dtlqpagrt-ad-i onden the brain. It is
general |y assuned that efflux i?P"rie¥ opposFrdus ction invol ves al nost the
sanme processes as for entry, except that ¢ role of the bulk flow and the
e olfc processes in the br¥tirate to be overl ooked. The two
el N®nation processes studied i ier literature ,ape®hich can be
said to have a certain Qo present _jnVention invol ve
elimnation fromt “A of ionic species. sm,,jﬁ{’i‘;g”‘?*éﬂhd t hat
non- met,gbol i zed | pARACLABECI €S, such as t he iacatalagonyogstelave a three tines
slower elimnation rjgte fromthe CSF than from ¥ BPbod. Freundt, Arz.,
Forsch., 23, 949 (19¥3). An even nore dramatic charlge in the elimnation
rate was found in fhe cdsedf a quaternary pi pe%‘if difni Um¥é¥d t. The
quaternary salt, fOrfrecexidstiopt u after delivery 4 heeHEfRyl ami ne, which
"undergoes cyclizatioh to the quaternary salt, in tHe brain, as well, 25 was
found to have an at |east ten tinmes slower elimnatfion rate fromthe brain
than fromthe rest of the body. It was concluded by the authors (Ross and
Froden, Eur. J. Phireitor— hamardd [shiiibikc ROBuUt fl ow rate of the
qﬁernary salt cdrrespoitiddcidavighc diaiviga] rintd=sBiteRY| JFt*fesul t s were
obtai ned for the eryfh- x;odytes: the efg uk of thelquaternary salt was very
slow. Ross, J. Pharm Pharracol ., 27, 322 [1975). And while it too has been
suggested to deliverja drug species, specifically nmet hyl pyri di ni um 2- 30
car bal doxi ne chloridg¢ (2-PAM, into the brhin, thetactive nucl eus of which
in and @f itself cons,tzituti ng a quatemary pyridinigmsalt, by way of the
di hydropyridine | atepti mied peagtrug fiarm t hemgof , Jucky approach is

e

conspi cuously delimtedjto regl atively smal§ nol eculle quaternary pyridinium
ri ng-contai ni ng drugjspg&s esjeﬁﬂd does not provide fthe overall ideal result
of brain-specific,_sustdipedjelease of th esireq drug, with concomtant

rapi d edpi m nati on frbhmthe g FEBci r cul at i o, enffanced drug, efficacy and
decreased toxicity. 85 nce,y no "trappi ng" i nzidaemakieai N of the 2- PAM
formed in situ resul t-s, *and dbvi ously no brain-specific, sustained delivery
occurs as any consequence thereof: the 2-PAMis elimnated as fast fromthe
brain as it is fromthe general circulation and other organs. Conpare U. S
Pat ent s%Nos. 3, 929, 81388 13 88 216k liras® barrier. Bodor et al, J. Pharm Sci.,
67, No. 5, 685 (1978). It has also been speculated to deliver, e.g., an
antitunor agent into the brain by utilizing a di hydropyridine/pyridinium
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. cordi he’ scheme i jonice, { . er fier 1L /
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wel | as beydidqéddrmahyCalt which, asdub biais lidhict R@Fdphifadhadctir, Shdulti Ibe rgpRit éliinatd from
cheni cal afglgenbiairciaRiér & tRGody Whils/tvaiidsd-Bradfbaiibreshaunt préventts etthninggorsfoecine brain
i tsel f; sBqros 18] keab ks) Endyfnaticrileatigé of ths (HOA]* thet tsOMatkan in/the it effests 8 sustained
need exi Stdvlivery df Mesdray speties [DA fbllowddybyeltst motal eliminpdiore tké )cmésaholisnn denrpretty selocted
flexibl e AaneElOtyailf aso behaidhi diimingtedint the brainr(ks st &4).cHenauge efdhe faclle gliminationgd {I
of drug speeit em the geheaeal lsirculation, vy ininoramotiiie of<diygeare released in the body (ks > ka); [D] will
be released primarily in the brain (ks > kz). The overall result ideally will be a brain-specific sustained
50 release of the target drug species.
Bodor et al have reported, in Science, their work with phenylethylamine as the drug model, which was
coupled to nicotinic acid, then quaternized to give compounds of the formula
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time avoiding the aforesaid noted and notabl e di sadvant ages and dr awbacks
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ci rcul ad or y Ty siistenca ot a blogdastisrbarrier (BTB) by which some substances are prevented from beligv Ol n
vi vo 111 carriedntalthe is@mniniferous tubules long has been suspected [P.R.H. Bruyn, R.(Go Rotmbetédnand BS Farr,

CD- Cel - Anat. Rens¥08n@49i (¢950)ERdyBeldace and B. Sylven, NaweC{Londan)t 184, 8% (4959); R.J. Goldacre

ai n cai r celdB- Sylyens ysGangar.218, 306 (1962); T.S. Ro and H. BuschcBischemRiephug)Acta (Amsh§08y817 Do
+ OQCl12 (1965)]. Sqny invpstigatoqsﬁq suggested a simiilly betwgen the_RBP and thg BT {A.Tj [Sjowip, A.K.
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E C& } Eeaﬁgw a@ |:g)gested théa:?‘%?permeab ility bartier is not in t testis capll.gry
walls because these more closely resemble the capillaries of muscle than those involved in the BBB. M.

C/ 20 Dym and Don W. Fawcett, Biology of Reproduction, 3, 308 (1970) concluded that the epithelioid contractile
layer around the seminiferous tubules constitutes a significant permeability barrier augmented by an
apparently more efficient barrier involving tight cell-to-cell junctions between sertoli cells that inhibits
penetration of substances through the germinal epithelium. Despite such histological differences, phar-
macokinetic studies [K. Okumura, I.P. Lee and R.L. Dixon, J. Pharmacol. Exp. Therap., 194, 89 (1975); L.P.

25 Lee and R.L. Dixon, Environmental Health Perspectives, 24, 117 (1970)] have demonstrated that the
functional BTB resembles the BBB in transport characteristics, both depending on lipid solubility and
molecular size. Thus, delivery of drug species to the testes is often seriously limited by the blood-testis
barrier. Site-specific delivery and sustained delivery of drugs to the testes are even more difficult. To date,
no useful simple or generic techniques to achieve such results are known to the art. It is thus apparent that

30 a serious need exists in this art for a method for the site-specific and/or sustained delivery of drug species
to the testes to elicit the desired therapeutic, e.g., hormonal or tumor-inhibiting, response.

Summary and Objects of the Invention:

35 Accordingly, a major object of the present invention is the provision of a generic method for the specific
and/or target enhanced delivery to the brain of a wide variety of drug species and to achieve brain-specific
drug delivery by effecting the bidirectional transport of the drug species into and out of the brain employing

: dihydropyridine == pyridinium salt carrier type redox systems.
G Another object of the invention is to provide for brain specific drug delivery utilizing a dihydropyridine

40 == pyridinium salt carrier type redox system, which drug/carrier system is characterized by enhanced drug
efficacy and decreased toxicity. Indeed, consistent herewith systemic toxicity is significantly reduced by
accelerating the elimination of the drug/quaternary carrier system, and even central toxicity is reduced by
providing a low level, sustained release of the active drug species in the brain.

Yet another object of this invention is the provision of a chemical delivery system for the site-specific

45 and sustained release of drug species to the brain, and one in which a special pro-prodrug reduced form of
an active drug species is actually delivered to the body of a patient, not a prodrug as such and not a
drug/carrier entity necessarily comprised of critically tailored release rate-controlling substituent(s). _

Still another object of this invention is to provide an effective testicular specific chemical delivery
system, for the site-specific and/or sustained eliciting of significant drug response in the testes.

50 Yet another object of this invention is to provide enhanced delivery to the brain and testes of a wide
variety of centrally acting agents which are not themselves able to penetrate the blood-brain and blood-
testis barriers to any considerable extent.

In accord with the foregoing, the present invention provides, in one aspect, compounds adapted for the
site specific/sustained delivery of a centrally acting drug species to the brain, said compounds being

s§5 compounds of the formula
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di stributed throughout the body, ER@INQ85nB1t he brain. The di hydro form
[D-DHC] is then in situ oxidi zed (rate constant ki) (by the NADW- NADH

becaush B e kR arrx t've O&%%%, teé&heiﬁ “at%fa "” 3 3up oS

fromthe atle o 1 e%l A
shoul d tbr,g%ﬁg 'gai,grﬂ{,% L Qld cf Q,g)%at n. geﬁwnﬂ?ﬁ

Enzymat i g, ocke |n the brain effects a
suEﬁu ned ellvery of "t he drug speci es [D] followed by its nornal
el M nation (ks), nmetabolism A properly sel ected carrier [QC]+ will also

be rapidly elimnated fromthe brain (kgdl> k2). Because of the facile
elimnation of [D- QC]+ fromtheggen raIHC|rcuIat|on only m nor anounts of
drug are released in the body (kfj 3=RITCiD] will be released primarily in
the brain (kg > k2). The overall It ideally will be a brain-specific
sustai ned 50 release of the targety drug species. Bodor et al have
reported, in Science, their work wRth phenyl et hyl am ne as the drug nodel
which was coupled to nicotinic acid, then quaternized to give conpounds of

the frmula 55 5 EP 0 110 955 Bl enpl oyin rodrug ew g N Bodor
K B. S|v615_ in R'rls Iqtqp h?r baml Red s. r?;cate the enc n
M FeliP ’t| W hydrop ldl o car cByl q{gﬂp tgch

an d H éﬂ'g B%yl ine ﬂng, ng s co mIn ’functlo roup thes e
Ty S :fm,:" h;:t"‘"a %? iy %’ﬁ ke %% o
S Jl)[ N1 LAY {ha ant, ster: 9%5 6ﬁ erR‘:rF %ﬁée?' n,
Ann. étlalkaﬁla mo I nd uce unwant ed sid

Ion
ef f ect S. ‘?taltsenats'&&ssdt c"atel d‘es@rﬁ%&h?{n &&)‘de@bl&n R h&ang HeJormliat hi s art to _
delivery a dopaminergic agent directly and specifically to the brain, in a

sust aisnqd-goenngm, and there elicit the desired dopaninergic response, e.g.,
for the treatnent of Parkinsonismor hyperprolactinema. to The

exi st enoshewin [B] islacmakrale 8dting diog species cqnBinBp db jeastione lpactiveeOH; UG RS SN &

pr event etiHf goop Kisdutipg caroups edchi #st @nitdscand dmides, fas rveell ast piilnaly eand | sepapdérg amineen
suspect enoup$). SJHQACRrigijhe, hyfroghilicRotje pyridinivmasall famf Radihydropyiidine ~Rewidiniurogait 279
(1950%0; rpyo3 cards] with dhecoreyisel thet whely [Qd'is Nat ure (London), 184, 63 (1959); R J.
CGol dacre and B. Sylven, J. Cancer, 16, 306 (1962); T.S. Ro and H. Busch,

Bi ochem Bi ophys Acta (Anst), 108, 317 (1965)]. Sone investigators have
suggested a simlarity between th B ayd the BTB [A.T. Cowie, A K 15
Lascelle and J.C. Wallace, J. Ph gandon), 171, 1976 (1964); RE
‘Manci#i, 0. Vilar, B. Alvarez an } Seiguer, J. H stochem Cytochem,
13, 376 (1965); M Kornano, Acta P' iol. Scand., 71, 125 (1967);
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wherein R is lower alkyl or benzyl and the carbonyl group is attached at the 2, 3 or 4. position of the
pyridinium ring, and [D] is a drug species containing a single amino or OH functional group, the single
amino or OH group when present being a primary or secondary amino or primary or secondary OH group,
said drug species being linked directly through said amino or OH functional group to the carbonyl function

45 of [QC]*, then [D] must be other than a sympathetic stimulant, steroud sex hormone, memory enhancer,
long chain alkanol or anticancer or antitumor agent.

In one preferred aspect of the present invention, there are provided compounds of the formula [D-DHC]
and their non-toxic pharmaceutically acceptable salts, wherein [D] is a centrally acting drug species which
is glycine, glutamic acid, aspartic acid, fryptophan, an enkephalin, an endorphin or other amino acid or

so small peptide containing 2 to 20 amino acid units; GABA, y-vinyl GABA, or y-acetylenic GABA; norepineph-
rine, or epinephrine; serotonin; 5-hydroxy-2-n-propylpentanoic acid, 4-hydroxy-2-n-propylpentanoic acid, or
3-hydroxy-2-n-propylpentanoic acid; methyldopa; tyramine; dopamine, or levodopa; ampicillin; cephalexin;
L-alanosine; melphalan; DON, or acivicin; or glucosamine, or 6-amino-6-deoxy-D-glucose; and [DHC] is the
reduced, biooxidizable, blood-brain barrier penetrating lipoidal form of a dihydropyridine == pyridinium salt
§5 redox carrier having the formula



M Kormano, Hi stochemc, g, 327 (1967)]. Don W Fawcett, Lee V. Leak and
Paul M Heidger, Jr., J. Reprod. Fert. Suppl. 10, 105 (1970) have suggested
that the perneability barrier is B0 119 BESBTt est i s capillary walls because
these nore closely resenble the capillaries of muscle than those invol ved
inthe BBB. M C, 20 Dym and Don W Fawcett, Biology of Reproduction, 3,
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cell-tg-cell junctions between se Jcells that inhibits penetration of
sug;}ances t hrough the germ nal epitMelium Despite such histological

di Tferences, phar- macokinetic st udiles [ K. Okunura, |1.P. Lee and R L.
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of drug species and to achieve brain-specific drug delrvery by effecting
the bidirectional transport of the drug species into and out of the brain
enpl oyesng di hydropyridi ne - pyridinj plt carrier type redox systenms. O
Anot her object of the invention is flo pripvide for brain specific drug
delivery utilizing a dihydropyridi ne™M@” -pyridiniumsalt carrier type
redox system which drug/carrier systdgmis characterized by enhanced drug
- efficacy and decreased toxicity. Indedl, consistent herewith systemc
toxici®y is significantly reduced by accelerating the elimnation of the
drug/quaternary carrier system and even central toxicity is reduced by

provi di n hereings| 'WéF’kV' SiRopzyl anddhe doftediling ingicatpsthe presancasof @rdgeplesbang incaither et he
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object of this invention is to provide enhanced delivery to the brain and
testes of a wide variety of centrally acting agents which are not

t hense¥ves able to penetrate the bl godd<f§rain and bl ood- testis barriers to
any considerable extent. In accord vt f oregoi ng, the present

i nvention provides, in one aspect, unds adapted for the

50

wherein R is lower alkyl or benzyl and the dotted line indicates the presence of a double bond in either the

2 or 3 position of the dihydropyridine ring, a ring carbon atom of each dihydropyridine ring system being

connected via a bridging group to a reactive hydroxyl functional group in the centrally acting drug species.

55 In a related preferred aspect of the invention, there are provided the corresponding ionic pyridinium salt
type compounds of the formula [D-QCT*.

In still another preferred aspect of the invention, there are provided compounds of the formula [D-DHC]

and their non-toxic pharmaceutically acceptable salts, wherein [D] is a centrally acting drug species which

9



site specific/sustained delivery of a centrally acting drug species to the
brain, said conpounds bei ng 55 conpounds of' the fornula [ D DHC] (r 7
EP0110955B1 and the non-toxi c ph&BP@eHd@§5% B&l | y acceptabl e salts thereof,
wherein [D] is a centrally acti ng drug species containing at Ieast one
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positiyon of the dihydropyridine rlngﬁland [D] is a drug species containing

a single amno or OH functional gr ourg the single amno or OH group when

present being a primary or secondary amino or primary or secondary OH

group, C~ 20 said drug species being |inked directly through said am no or
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G biooxidizable, blood-brain barrier penetrating lipoidal form of a dihydropyridine == pyridinium salt redox
25 carrier comprising a dihydropyridine ring system of the formula

30 | |

85
a ring carbon atom of the dihydropyridine ring system being connected via a bridging group to a reactive
-COOH, amide or imide functional group in the centrally acting drug species. In a related preferred aspect
O of the invention, there are provided the corresponding ionic pyridinium salt type compounds of the formula
[D-QCT*.

40 In still a further preferred aspect of the present invention, there are provided compounds of the formula
[D-DHC] and their non-toxic pharmaceutically acceptable salts, wherein [D] is a centrally acting drug
species containing at least one reactive -OH, -COOH, -SH, -NH- or -NH: group (including groups such as
amides and imides, as well as primary and secondary amino groups), and [DHC] is the reduced,
biooxidizable, blood-brain barrier penetrating lipoidal form of a dihydropyridine == pyridinium salt redox

45 carrier comprising a dihydropyridine ring system of the formula.

COR;

sol I I

55
wherein Ry is -NH2 or -ORz wherein Rz is alkyl, the dihydropyridine ring optionally being fused to a
benzene ring, the nitrogen atom of the dihydropyridine ring system being connected via a bridging group to
a reactive -OH, -COOH, -SH, -NH- or -NH2 group in the centrally acting drug species. In a related preferred

10



wherein Ris lower alkyl or benzyl and the carbonyl group is attached at
the 2, 3 or 4 position of the pyridiniumring, and [D] is a drug species
containing a single am no or OH f AR 1896 Bfr oup, the single am no or OH
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O [D-DHC] (1)

40 and non-toxic pharmaceutically acceptable salts thereof, wherein [D] is a dopamine having the structural
formula

p4o) NH

50 in which each Y is independently hydrogen or a hydrolytically or metabolically cleavable hydroxyl protective

group, and [DHC] is defined as above. In still another aspect, the present invention provides compounds
having the formula

[D-QCT* (I

65
wherein [D] is a dopamine having the structural formula

1



30 wherein Ris lower alkyl or benzyl and the dotted |ine indicates the
presence of a double bond in either the 2 or 3 position of the

di hydropyridine ring, a ring carEBR 110889 B each di hydropyridine ring
system bei ng connected via a bridging group to a reactive hydroxyl
functional group in the centrally acting drug species. 35 In a related
preferred aspect of the inwgtion, there are provided the corresponding
ionic pyridiniumsalt type coMpQHIING eAordula [D-QC]+. In yet another
preferred aspect of the inventig¢ 'g bre are provided conpounds of the
formuka [D-DHC] and their non-tg phar maceutical ly acceptable salts,

wh in [D] is a centrally yag#f nONUg speci es which 0) IS an
antycancer/anti tunmor and/or ant.iviral agent, said drug species having a
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V\,herel n [D] TS a centrx acting drug species which 9 EP O 110 955 Bl

Is a ster0|dal progestln or steroidal estrogen, said progestin or estrogen

having at | east one reactive hydroseeszf uncti onal group, one such group

bei ngsa tertiary hydroxyl functionabegioup in the 17-position; and [DHC] is
t he reduced, biooxidizable, bloo elparrier penetrating, Iipoidal form
of a di hydropyr| di ne- pyridinium redox carrier conprising at |east one
di hydr opyri di ring systemof th ormJIaC150~0 10 R wherein Ris |ower

al kyl or benz Md the dotted |in@indicates the pr esegéeoqf a doubl e bond

in ei¥her th 2%tz gosition WF™ hy#rbpy i di ing, a ring
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40
2
CHg=Nm elimination
MO
L 4
L,

circulatory system

As per the above Scheme 2, for the brain specific delivery of dopamine (1), structure 2 is one chemical
delivery system consistent herewith, and 4 is one precursor locked in the brain and eliminated rapidly from
the rest of the body. Structures 3 depict intermediates formed during the stepwise hydrolysis and oxidation

50 processes.

Brief Description of the Drawings:

FIGURE 1 is a graph plotting the time course of 1-methyl-3-{N-[8-(3,4-dipivalyloxyphenyl)-ethyl}-
65 Jcarbamoyl-1,4-dihydropyridine 5c (O) and its products, monopivalyl-dihydro derivative 11 (V), the

dihydrodopamine derivative 5a (a) and the quaternary dopamine precursor 6a (@) in plasma; T

FIGURE 2 is a graph plotting the time course of 1-methyl-3-{N-[8-(3,4-dipivalyloxyphenyl)-ethyl}-

Jcarbamoyl-1,4-dihydropyridine 5c (O) and its products, monopivalyl-dihydro drivative 11 (V) and the

12



connected via a bridging group to the tertiary 17-hydroxyl functional group
in the progestin or estrogen, a ring carbon atom of any remaining
di hydropyridine ring system bei ng BEPOhhE¥8BWi a a bridgi ng group to anot her
reactive hydroxyl functional group in said progestin or estrogen. In a

' ' there are provided the
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-SH, -NH orwhéNHRs Byidauy protectivie@ropg istacyll(ley whet it ingn dnganis reqient fesived fram acarkeiddic ed
pref erred atio by refidd d H@OEyBBtyl gprIcE peferablyaenresonisai oyl radinal seleciedofrant e oy
t he cormespeisthong alkewyichapiyy Rdo Aicerhensaitres; aleneyldheyifsoenaPs vk dqupje bonds and 3 to 8

carbon atoms;

e}
% loalkyl-C_H g
cycioa o= -
44 4 n 2n
O wherein the cycloalkyl portion contains 3 to 7 ring atoms and n is zero, one, two or three; phenoxyacstyl;
40 pyridinecarbonyl; and

o)
il

phenyl -CnH2 n-C-

whersin n is zero, one, two or three and phenyl is unsubstituted or is substituted by 1 to 3 alkyl each having
1 to 4 carbon atoms, alkoxy having 1 to 4 carbon atoms, halo, trifluoromethyl, dialkylamino having 2 to 8
s0 carbon atoms or alkanoylamino having 2 to & carbon atoms.

When the acyl group is alkanoyl, there are included both unbranched and branched alkanoyl, for
example, acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl, 2-methylbutanoyl, pivalyl (pivaloyl), 3-
methylpentanoyl, 3,3-dimethylbutanoyl, 2,2-dimethylpentanoyl and the like. Pivalyl and isobutyryl are
especially preferred.

55 When the acyl group is alkenoyl, there are included, for example, crotonyl, 2,5-hexadienoyl and 3,6-
octadienoyl.
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formula [D-QC]J. In yet a further preferred aspect of the present
I nvention, there are provi ded conpounds of t'he formula [D-DHC] and their
non-toxi ¢ pharnaceutically acceptEh® #1&%%XB1 wherein [D] is a centrally
acting drug 5 species containing at |east one reactive -OH, -COOH, -SH,
-NH or -N rou I ncl udi ng groups such as am des and imnmdes, as well as
primary anlc_ﬁ'éegé'l?rfgﬂ&? “&l¥i no groups), and [DHC] is the reduced,
bi ooxi di zabl e, bl ood-brain barrier penetrating |ipoidal form of a
di hydropyridine % pyridiniumsalt redox carrief conprising a
di hydroqui nol i ne or di hydroi soquinoline ring sy$tem a carbon atom of the
ni t@en- containing ring porug;‘aléglmdcrnaﬁ—eyst em bei ng connected via a
bridegl ng group to a reactive - -NH-or -NH2 group in the
centrally acting drug species. In a related preferred aspect of the
I nvent i Ofherel diei@udetl Sydiamaneckisdnfl Bmi GolbaRRGKEGDYIFoubORhetsirDHié tydiotlkdnepSridnical Y pe
conpoundsptidhally bearf1osrmaiblieyl piougdGlst substituents) re@s eytlopiopanecattionyl, f-rsthyioytiopopandcaes a
generic wetyhod f oyclepepandacatyl,and/ os-mbityigebprepshescetdd del il-wethylcycpptopanedretyl, N of
a W de vaydloptopangprogienyt reerhdtlyylcycienrapgnegropignys pReisebetyicycapohaneprapienyk geciobiuiagecelr ug
del i very bl ng3.&timethylextlopitenseaneonyli diayelelutaneradtyls r Aésfirathyl-Gbthylevslobitangacsiyeci es
into and cmﬁpemne@mnﬂ-roavI?hewewn@c@mepenmraw icyftiohentanegropignyk i di ni um sal t
carriéf t J pihep deposcykgreupdsrpyridinecashapth aare &8 dnelugled pigplinoyl @wiginesaspayik pigefinoy!
provi des %Yé'd'&‘?‘fa’@?'\”@é'ﬂ isRaicefingy (bryriditacprionyl-st em  conpounds having the
formul a [ D-Wgg;the acyl #°“BE and non-toxic pharmaceutical ly acceptable salts
thereof, wherein [D] is a testicularly acting drug species and [DHC] is the
re@ﬁ%" bi ooxi di zabl e, bl ood-testis barrier @enetrating, |ipoidal form of
hydropyridine - pyridiniumsalt redox carier. In still another aspect,
the present invention provides ghenylws ve@Qg the formula 25 [D-QC] +
(I'l) wherein [D] is a testicularly acti r‘}b ug series and [QC]+ is the
hydrophilic, ionic pyridiniumsalt formof a dihydropyridine - pyridinium
sal t rdewereCas inciaded, fonelAIbS, ¥nzdy) PRePyIaRBRE Giphorlyfprdplafyl,i sidptRMIrePlnyIC fHRAL ACS 30
excl uded tduy, tdrGlup G¥hARBzEE {p-BB-bitfibertdyl) 34 @méthylsshzogie Rinkitdyl-@thylisshzoyD 12p6- as
(1) and (riniehybeizej,nadrethgipengadetyk @visobetylpheaylatdpll shpstRylphbhyd)prapivag) pharylt m-t hi s
I nvent i omnisdyl e reeanissyl,hemaippropegbencgtl ap-getheyphenyiaebtipd ni-sobupypbeérylacetgndmer
target edietypienridobeeroyly Srmetiiosy-4-biboxytmntayt 34.5-simehekgbenzayl, ep-fibwflanisabenzoyll amt-y
act i ngo dputgxyberaavi, e 84.6-gigthbixybergeyl, c 8i-disthexyehenylacetyld r 41§.4 GddnmeioryphéryDmepiai ect ed
via the Isdelenzoyk i rerhramoenzayk ploghiorebpnzpyle pdiuerepenzngle | omamt-ehlasehdnasult 2g6-rithe
t est es biprabeazad. ofP-cHorRphenFepwl di srter-bromenhenyDripRineyls a| Rrtrifugiomeiylbangayh 1 ddteix
systens. (tESfB'°'°me"PWb9’B?V'aHb‘f' P"‘S'@HE‘PPV'*"’PWE f)ﬁpetgfé'nrpmﬁthx}@mxﬂarﬁw%n vEaedy4as an

ffect é‘eﬁ' B?PF% Dy t he P
For mul% @ Pl i v % g%&‘ iy fae@e'maam@e"é%ﬁt%
thereof, a§rot clive ro ?' ate roupmg %Msl{ﬁe slt||ru&ural formula

O

40 "
 Yt*-0-C~

i.e., it is an organic radical which can be considered to be derived from a carbonic acid by removal of the
45 hydroxyl group from the COOH portion. Y' preferably represents alkyl having 1 to 7 carbon atoms; alkenyl
having one or two double bonds and 2 to 7 carbon atoms;

cycloalkyl-C,Hap-

50 wherein the cycloalkyl portion contains 3 to 7 ring atoms and n is zero, one, fwo or three; phenoxy; 2-, 3- or
4-pyridy!; or

phenyl-C,Hap-
55 wherein n is zero, one, two or three and pheny! is unsubstituted or is substituted by 1 to 3 alkyl each having
1 to 4 carbon atoms, alkoxy having 1 to 4 carbon atoms, halo, trifluoromethyl, dialkylamino having 2 to 8

carbon atoms or alkanoyiamino having 2 to 6 carbon atoms. Most preferably, Y* is C1-C7 alkyl, particularly
ethy! or isopropyl.
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formula YtO NH 2 45

0 50 in which each Y is independently hydrogen or a hydrolytically or

met abol i cal |y cl eavabl e hydroxyl R0 &t 986BYroup, and [DHC] is defined as
above. In still another aspect the present invention provides conpounds
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2, d wheék seibdig 1Bk function of dopamine 1s appropriately linked to

t he di hydr opsienplar @adhydeRtrahRbdiihd Brud ¥Socioé ro Wit ENS-drfifos GRd eBElenvbub eybtbra igénts,

advant ageauaher sympdtiié @€ parbsympaicltd.¢, phadyldhyatine £adpamids, tgratiné, cl-DORM) Gihusae ,

e.g., tihe radixpits atayduilieds end iahtidagrbssatts b.g., Thedzddizzapine Spequilitere sich asddibzepan yandf

dopam ne, ogazegahne plEnbibinziesteanglilizers tsuahcps alarphendziea flepheragina: andethe dikes enld medjstiongs a

successi ornaidesipy @k varedics, | seddtivasi angl bypneligs, | nareotisf antagenigls, hyasipulap poénts, simulantsy t o

t he corr egpestheicacsmsy pertides sueh 9aithe o-f 61 tetear ang patapentidesc angratheg pmalh f0caminoacid

pr OVi des tuhib cantpining Fepfides, | Khenepkpriraling ({igr pxempla. TwrElyrily-Brecliew), whigh Pegides jbgingf

the, e.%§. 2nakevies, yitislesapiqryc patiuiy g tt'P%E'P'UraédQF?s FhakérP Zab% tenioldclower “than Jercffecting

4- nonopi véﬂ‘ °s'ésat°@’|'tys lgrger Pertidegy Fy a"f'?pd‘?ﬂt'ﬁ and

whi ch can? 'fﬂé “’%F F'!z ng‘ Ipdi gorfyd%['t

er(\% such as
efoid, rm%g_% 89 PRI ?gl cEH 59
e 6?%% ;&%5 mﬂ"“‘jﬂ A

CON -.WA 8§ ant| antlhypertenswes, agents to enhance
J 133%2 ~c§§aﬁfff§ﬁd~1§~ﬁ€rﬁo?y pro dmg treatment of dementias, such as Alzheimer's
&lji - dlsease. antibactbridisOcairaly! £iive hypoten Bdehts! digResidNagbnts, such a4 FhdidWkardaceut-
eavsaet L GcalsNRordbr@ing ofddase (MAO) inhibitor drugs, CNS or brain importantiessential amino acids, such as
0t Ea ’i@ﬁto;ﬁ@%hﬁij?a%y like centrally acting compounds.

Other illustrative ultimate species of centrally active drug entities are: amphetamine, dextroam-
phetamine, levamphetamine, methamphetamine, phenmetrazine and phentermine, which are stimulants and
appetite suppressants; codeine, oxycodone, pentazocine, anileridine, hydromorphone, morphine and ox-
ymorphone, which are narcotic analgesics; desipramine, noririptyline, opipramol and protriptyline, which are

30 stimulates used, e.g., in endogenous depressions; clonidine and methyldopa, which are sympatholytic
" agents used, e.g., in hypertension; biperiden, cycrimine and procyclidine, which are centrally acting
anticholinergics; tranylcypromine, a sympathomimetic stimulant and MAO inhibitor; acetophenazine, car-
phenazine, fluphenazine, perphenazine and piperacetazine, which are phenothiazine-type tranquilizers;
chlordiazepoxide, clorazepate, nitrazepam and temazepam, which are benzodiazepine-type tranquilizers;

35 haloperidol and clopenthixol, which are transquilizers; norepinephrine, a sympathetic stimulant/adrenergic
agent; nalorphine and naloxone, narcotic antagonists; hydralazine, a hypotensive; ethotoin, phenobarbital
and aminoglutethimide, anticonvulsants; ethamivan, a medullary stimulant; bemegride, a barbiturate antago-
nist; amiphenazole, a stimulant; iopydol, iodopyracet, iodouppurate, iodamide and iopanoic acid, which are
O radiodiagnostics; ephedrine, pseudoephedrine, oxymetazoline and phenylephrine, which are sym-
40 pathomimetic amines and decongestants; estradiol, estrone and estriol, the natural estrogens; amoxicillin,
oxacillin, carbenicillin and ampicillin, pencillin-type antibiotics; amobarbital, a sedative; trihexyphenidyl, a
cenirally acting anticholinergic; hydroxyzine, a tranquilizer; chlortetracycline, tetracycline and methacycline,
which are tetracycline-type antibiotics; clindamycin, lincomycin, nalidixic acid, oxolinic acid and
phenazopyridine, antibacterials/antibiotics; flurazepam, bromazepam and lorazepam, tranquilizers;

45 phenytoin, an anticonvulsant; glutethimide, a mild hypnotic/sedative; bethanidine and guanethidine, hypoten-
sives/sympatholytics; methyprylon; propranolol, a 8-blocker antihypertensive; dicloxacillin, an antibacterial;
butalbital, a barbiturate sedative; GABA, y-vinyl GABA, y-acetylenic GABA, neurotransmitters for possible

use in epilepsy; valproic acid and its metabolites such as 5-hydroxy-2-n-propylpentanoic acid, 4-hydroxy-2-
n-propylpentanoic acid, 3-hydroxy-2-n-propylpentanoic acid, for use as anticonvulsants; apomorphine, a

50 narcotic depressant; methotrexate, podophyliotoxin derivatives (etoposide, teniposide), doxorubicin,
daunomycin and cyclophosphamide, anticancer/antitumor agents; methylphenidate, a stimulant; thiopental,

an anesthetic; naloxone, a narcotic antagonist; ethinyl estradiol and mestranol, estrogens; norgestrel and
norethindrone, progestins; cephalothin, cephalexin and cefoxitin, cephalosporin antibiotics; atenolol and
metoprolol, g-blockers/hypotensives; ACTH corticotropin); LH-RH, a neurotransmitter; sulfadiazine and other

s5 sulfonamide antibiotics; ribavirin and acyclovir, antiviral agents; chlorambucil and melphalan, nitrogen
mustard-type anticancer/antitumor agents; methotrexate and aminopterin, which are folic acid antagonist-
type anticancer/antitumor agents; cisplatin-analogue type anticancer/antitumor agents; doxorubicin,
daunamycin, dactinomycin and mitomycin C, used in cancer chemotherapy; thioguanine, a
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t he above Schene 2, for the brain specific delivery of dopanmine (1),
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gr aph phﬁkiaidﬂﬂmlﬁlﬂlhﬁe@t’lﬂlﬁi |vﬂ&&trr%9ﬁht{h%ﬁnet b%rn@farabmosrde 6-mercaptopur|ne, throguamne,
1- met &y Is-adacyiidirle, Rethciredetd] ialriathy X YekuRubitin), -dagiofydir, JFgomyand ydlypBtiab, Cinfiopidhif at | on
(6a) i n dactiadriyclht nitandini € dal @EabphyRgtoxird bdrivativédQ sifl s topbsidat (VPA8)Qdnd keripabify/ | -
3-{N-[, BmoBg the dirtivial ageyts ey ety mentitinby liblayirirt adyliavii) thaniadin, -diinjityratin@p giich ds ne
(5c), wistamidinee-(G-rmidino-B-aergofimuii)ioddle ant54',6-diimigaztiinhi2-phenyibérzGbRiopHenieS 2-amigsaph
. pl ot t i n@zaldsesuehf ds@eguenidirfo-dSedipomyieaiie dhdP-gaanitingd.5(dibherartirazolb;eazingidazble Wha- at 1
my/ k gfo d degiees| secheds, theogyn ncbant dsomens 1oF @lydwokyiminaisheyd] methy-ad@-methylethylsulfonyi}-1H-
benzrmrdazol-z-amme, bridgehead C-nucleosides such as 5,7-dimethyl 2-8-D-ribofuranosyl-s-triazole(1 5-a)-
pyrimidine; glycosides such as 2-deoxy-D-glucose, glucosamine, 2-deoxy-2-fluoro-D-mannose and 6-amino-
6-deoxy-D-glucose; phenyl glucoside derivatives such as phenyl-8-chloro-6-deoxy-g- -D-glucopyranoside;
(S)-9-(2,3-dihydroxypropyl)adenine; 6-azauridine; and 5,6-dichloro-1-8 -D-ribofuranosylbenzimidazole. Among
35 the tranquilizers, there can be mentioned benzodiazepine tranquilizers such as diazepam, oxazepam,
lorazepam, chlordiazepoxide, flurazepam, bromazepam, clorazepate, nitrazepam and temazepam; hydan-
toin-type tranquilizers such as phenytoin, ethotoin, mephenytoin; phenothiazine-type tranquilizers such as
acetophenazine, carphenazine, fluphenazine, perphenazine and piperacetazine; and others. Among the
O hypotensives, there can be mentioned clonidine, methyldopa, bethanidine, debrisoquin, hydralazine and
40 guanethidine.

By “testicularly acting drug species™ as used herein, there is intended any drug which is capable of
exerting a useful pharmacological effect when delivered to the testes. Generally speaking, those centrally
acting drug species disclosed hereinabove for delivery to the brain can likewise be delivered to and
concentrated in the testes utilizing the instant dihydropyridine == pyridinium salt carrier type redox system;

45 - any such centrally acting drugs which exert a therapeutic or other useful biological effect when delivered to
the testes are considered to be within the ambit of the expression "testicularly acting drug species”.

Exemplary of the drugs contemplated for delivery to the testes in accord with the present invention are
antibiotics/antibacterials, antiviral agents, anticancer agents, hormonal agents and analgesics. The antibiot-
ics/antibacterrials can be, for example, sulfonamides, penicillins, cephalosporins, tetracyclines, and other

so antibacterials, such as nalidixic acid and phenazopyridine. Among the antiviral agents, there can be
mentioned especially ribavirin and acyclovir (ACV). The drugs used in cancer chemotherapy contemplated
for delivery to the testes include nitrogen mustards, folic acid antagonists, platinum coordination complexes,
antibiotic cancer agents, podophyllotoxins, purine and pyrimidine antagonists, alkaloids, urea derivatives,
and hormonal anticancer agents. Among the hormonal agents contemplated for delivery to the testes are
56 pituitary gonadotropins, such as follicle stimulating hormone (FSH), which maintains spermatogenesis and
may be used to treat male infertility and cryptorchism; nonpituitary gonadotropins, such as human chorionic
gonadotropin (HCG), which may be used for treatment of cryptorchism or hypogonadism in the mals;
adrenal cortical hormones, particularly glucocorticoids, which may be used in the treatment of inflammation
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Det ai |l ed Description of the Invention: (> 20 More particularly in accord
with the present invention, the follown 8 definitions are appl i cabl e: The
term"lipoidal" as used herein isBPR& Bl de5|gnate a carrier noiety

which is lipid-soluble or lipophilic. The expreSS|on "hydr oxyl protectlve
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3 3- d' met hrydrig érty Q. QC]+2wh%h GosUR v RENIANE % |daﬂ5Hj|s rph}eenltddlf m effluX fénY the (or
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al kenoyl , edulv@ier® badecoupi Ukke Grug fspacie® XBINK [ty quateRiafaakrier RICT Qaﬁé&b%ﬂﬁﬂleﬂm
3,6- oed awlmmegults in Bistained délively bilifle Srdd [DBIn thN I EIn (o Bst8s) hd f@Eil0 Wiimihdtion of the carrier
moiety [QC]*. Such "covalent or equivalent bond" bstween the drug and the quaternary carrier can be a
simple direct chemical bond, e.g., an amide, an ester, or any other like bond, or same can even be
comprised of a linking group or function, e.g., a thiazolidine bridge or a peptide linkage, typically
necessitated when the drug species is not susceptible to direct chemical coupling to either the
se dihydropyridine carrier or the quaternary carrier. Nonetheless, the bond in the formulae [D-QCT* and [D-
DHC] is intended to be, and is hereby defined as inclusive of all such alternatives. And the cleavage of the
[D-QC]* prodrug to sustainedly delivery the drug species [D] in the brain (or testes) with concomitant facile
elimination of the carrier moiety [QC]* is characterrstrcally enzymatic cleavage e. g by esterase, amldase,
35 might result, whether enzymatic, metabolic or otherwise, of course remains within the ambit of this
invention. Thus, the drug release rate controlling parameter of the subject pro-prodrugs is imparted simply
via the cleavable bonding between drug and carrier, and not by any releass rate controlling substituent(s).
The expression "non-toxic pharmaceutically acceptable salts” as used herein generally includes the
O nontoxic salts of compounds of formula (I), wherein [D] is a cenirally acting (or testicularly acting) drug
40 species and [DHC] is the reduced, biooxidizable, blood-brain barrier penetrating form of a dihydropyridine
= pyridinium salt redox carrier as hersinbefore defined formed with nontoxic, pharmaceutically acceptable
inorganic or organic acids HX. For example, the saits include those derived from inorganic acids such as
hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, nitric and the like; and the salts prepared from
organic acids such as acetic, propionic, succinic, glycollic, stearic, lactic, malic, tartaric, citric, ascorbic,
45 pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, sulfanilic, fumaric, methanesul-
fonic, toluenesulfonic and the like.

In one embodiment according to this invention, simple nontoxic carrier systems [D-QC]* = [D-DHC]
are envisaged, utilizing a wide variety of models for D, such as those above outlined. Representative such
carrier systems and models are:
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0Q cycl oal kyl - COH2n-c- there are

i ncl uded cycl oal kanecar bonyl and cycl oal kaneal kanoyl groups wherein the
cycl.oal kane portion can o opti BRAITQIEB! 1 or 2 al kyl groups as
substituents, e.g. cycl opropanecarbonyl, 1- nethylcyclopropanecar- bonyl ,

cycl opropaneacetyl, u- nethylcyclopropaneacetyl

- met hyl cycl opr opanea ~ cycl opr opanepro

a- met hyl cycl opr opanegr OR, 2- Lt yl ¢ cI propi onyl ,
cycl obut anecar- bonyl% ) 3- dlnethylcyclo carbonyl

cycl olut aneacetyl, 2, 2rd|nethyl 3- ethylcyclpbutaneacetyl

cy pentanecarbonyl Bl ohexaneacet yl cydﬁpheptanecarbonyl and

cy heptaneproplonyl 15 g o-V¥eR ﬁﬁ_,q;yl group is pyridinecarbonyl, there
are included picolinoyl (2- byrldlﬁecarbonyl) ni cot i noyl
(3-pyridinecarbonyl) and isonicotinoyl (4-pyridinecarbonyl). Wen the acyl
groupm s Q-~~~~~~ 0 ~ ~ 20 phenyl-CnH2n -G 25 there are included, for
exanpl e, benzoyl, phe acetyl, a-phenyl prophonyl, f8-phenyl propionyl,

p-toluyl, m toluyl, g.0- elhwl benz yI - but yl benzoyl ,

3, 4- di et hyl benzoyl , {2° thyk‘ 4 ef Myl benz 2 %{ tri met hyl benzoyl ,

m et hyl phenyl acet yl , *lsobutylphenylacetyl 6 (p et hyl phenyl ) - pr opi onyl ,
p-ani oyl , m ani soyl , ®r,0-ani soyl, n}lsopré?oxybenzoyl,

p- met hoxyphenyl acetyl, mi sobut oxyphenyl acelyl,. m diethyl am nobenzoyl,

3- met hoxy- 4 et hoxybenzoyl 3,4,5-trinmet hoxybenzoyl p- di but yl am nobenzoyl ,

p-n- 30, yalug f chis toF bﬁ%ﬁ%pgl by ot eﬁbcﬁia'}i?ﬁ%}‘ﬁgﬁ%h iyl

1 Qﬁ’ gb ﬁ\blgﬁto 9 X IQ/’I nibdi % otmgts & Yethered
QLA sch: s a'é‘aﬁﬁé 7a96/ ol r'ﬁngrl Adiine QN-M ﬁ‘\{ﬁ&ﬁ ic ac?d) it 16 lgGitd-

| or obenzgpé ive ads &afHeR it QI3H RN Wﬁ%ﬁted frétn hE CRIURETARREE Yirthdhy ﬁ&it@ﬂd{

p-trifl uor pEgdahinb prREER Yrventior? prbviels-a fidiblef drsefd thmp)mﬁmwynammm salt redox

mtrifl uakerEbdyd pldepydiiesataned delivérpof Vittdaliy eyQishitayiefiogéy | acliigQdlgOspyties as

2- met bsy | hefbinbarors [Uetingd @the Yiainftestes. NoredvrbrD iry-dihyiob\eidivd@smidinivih ,salt redox carrier entity

, - ( 3- met dsydefindd hixbio risDinMplatsd rajpintomipt herstjy- geBdrically, and any such carrier moiety need not

di met hy| trantioib @ptzdpyivatized (Wilh rmetrigyrbledde adté yéndroiingGsubetitver titically- taitoet! dermdetberteoy | |,

m pr opi owandinaedwithz thy icherical nahirepand -ddlivery edquirambolp lebthy ba@slawrugammes sought fo be

p- acet antreferpiiellyyadminisfsredriy the brireer testas. Apydilizeg npreipy the ter ("earielrie tapej usdegstood

car boFPatﬁ? Cgmr@mﬁu such g nprpderiygizedsnondrugigaragr coqidinatadentiiy dor gonsistey. herewith it is the j ¢

i s an or GAAYC optidT Yol | angyapicihe aatvre tob apy ARy o drpfease, “5% CQIE’P'I"\Qé'@PdW'lSn?UQS“B‘&Ptbonl C

acid by ¥ &fmt‘ﬁ'b“’t fﬁ%p’%'ﬁ"qq 'Efrflﬁi' f bs} c?B ific op iRFticHar-seRsigy

rm S S i ) Ragn
e %aﬁs%w égfg It o gLy Fighin @ﬁﬁg}ga 5@ n
WB

li ¥k dndi
t he c%l%%ﬁ?ytf BS ?%Wae" n ?"Hs c?nesﬁ nar Snd™W i's zero, one,
or three; phenoxy; 2-, 3- or 4-pyridyl; or
. L3
O - -
40 Ry sz-z-b CeZ=D
"& .
R 1
= s X = nz or O
45
O OR4
R,»-CO
3
2 L x Yo O
4
50 R,0 OR4 cdy
2
85 Yet other redox carriers include those comprising an acidic chain directly linked to the heterocyclic

nitrogen, in quaternary or tertiary amine form. Also the hydroxide type carriers, e.g., the glucosamine analog
indicated below. Representative are:
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phenyl - C. H2n- 55 wherein n is zero, one, two or three and phenyl is
unsubstituted or is substituted by 1 to 3 al-kyl each having 1 to 4 carbon
atoms, al koxy having 1 to 4 carborFPa@ dHE955HRY 0, trifl uoronet hyl,

di al kyl am no having 2 to 8 carbon atons-or al kanoyl am no having 2 to 6

carbon atons. Most preferably, Y ig,Cl 3C , N rly ethyl or
i sopropyl. 14 B 955 B E’loﬁ"ar ?’?ﬁg)bhe‘&'pggsés"li‘gﬁk?car boxyl
protective group” nt eagde flo dsi gnate “a¥gesaFeititth prevents premature
met abol i sm of a S group or QO¥wdaps pri n{ «t @xfhe conpound’ s reaching the
desiredssite in thet body. Typic boxyl protecti.ng S t he groups
en assed by Y a’bﬁ?é?! especi qul_(%_a% -07 al Kyl" g(gpacl’?ihf:]"{sjulg:z‘;l'mraI‘i}‘;-!'{ralte'hyl or

i sopfopyl. O 8 By "centmally acting" dr utfYipdeitednd sta 2tk® agent or
conmpound as utilized herein, there is of pcaudsg—~iy eneed any drug species
or the like, the principal pharmacol ogical activity of which is CNS and a
result of direct action in the brain. Exenplary such centrally acting drug
species are the CNS-am nes and other nervous system agents, whet her

synpat het P@PE#iofar asynpat hetic, e.g., phenyl et hyl am ne, dopani ne, tyranine,
L- DOPA, nmuscle 1o relaxants, tranquilizers and anti depressants, e.g.,

benzodi azepi ne tranquilizers such as di azepam and ‘gxaz Ram phenot hi azi ne
tranquifi zers such rcﬁﬁienazi ne, fluphenazine Eell ike, mld and
strong anal gesics a r cot i eSiyN-dgth®Nves—3amd h fJi cs, narcotic

ant agoni sts, vascul ai,¥ydgents, stimulants, anesthe S, smaldxr“pepti des, such
as the di-, tri, tetrp- and_ pentapeptides, and ot hgf |1 6-20 am noacid
upTt cgpt ai ni ng pepid n"ec.lg., t he enkephalins (for exanple,

T d y-d y-Phe-Leu ich, besides being i5 anajgesics, initiate
epileptic activity e brain at doses that are hi5o” °% 8¥f0l d | ower than

for effecting anal gestic activity, larger peptides,¢such as pituitary
hornones and rel ated ¥%ents, antiepileptic and antfconvul sant drugs
general$y, including hydantoi ns such as phenytoin and ethotoin, barbituates

such as phenobarbital, hornones Ras the ste Prones, e.g.,
estradiol, testosterone, 17 a-ft hyhyletraspster- and the like (recent

studi es on histol ogi cal mappi n§ @i/ hor nbne-sensi Y ¥ and specific steroid
binding 20 cells in the brain have underscored thg igportance of the
steroid®action in the brain on s&G& behavior), anbhetanine-like drugs,
anti cancer and anti-Parki nsoni sm agents, antihypertensives, agents to
enhance | earning capacity and the nenory processes, including treatnent of
dementi as, such as Al zheiner's disease, antibacterials, centrally active
hypot epsi ve agents, diagnostic agents, such as radio-pharnaceut- icals,
nonoam ne oxi dase (MAO inhibitor drugs, CNS or brain inportant/essenti al
am no acids, such as 25 tryptophan, and any |ike centrally acting
conpounds.
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O her illustrative ultimte species of centrally active drug entities are:
anphet am ne, dextroam phetam ne, | evanphetam ne, nethanphetam ne,
phennetrazi ne and phenterm ne, WEP®HI189885B1i nul ants and appetite
suppressants; codei ne, oxycodone, pentazocine, anileridine, hydronorphone,
nmor phi ne_and ox- ynorphaone, which_are narcotic anal gesics; desipran ne,
nortri pt'V?t?%é’,f:"bb%/“{?raéﬁ'olA—"%& UPJEY 63%}” ine, which are 30 stinmulates used,
e.g., in endogenous depressions; clonidine and nethyl dopa, which are

synpat hol yti c agengs\uses,_ ¢€8®; in hypertension; Ripekebglen, cycrimne and
procyglidine, whi ‘ xGi cst tranyl cyprom ne,
a at hom netic 2 and MO bitp acetoghenazi ne, car-

ph zi ne, fluphenastne®¥ perphenazi ne and pipers "zi ne, which are

phenot hi azi ne-type trang{ui_éci_aer s, chl ordi azepoxi deg_Sghog azopate, nitrazepam
and temazepam whi ch are3benzodi azepi ne-type tranqu"f l'izers; 35 hal operi dol
and chopent hi xol , which are transqﬁj,l i zers; norepinephrine, a synpathetic
stinmul ant/adrenergi c agent; nal orphine and nal oxone, narcotic antagonists;
hydr al azi ne, a hypotensive; ethotoin, phenobarbital and am nogl utethi m de,
anti convul sants; etham van, a nedullary stinulant; benmegride, a barbiturate
ant ago- ni st; am phenazole, a stinulant; iopydol, iodopyracet,

i odouppur ate, iodani d§¥2¥d i opanoi Bd, which are 0 :

radi odi agnosti cs; ephedri ne, pseudogphedrine, oxynetazoline and

phenyl ephrine, which ¥m 40 ppthogl netic am nes and decongestants;
estradi ol, estrone riol, t naf\pir al _estrogens; anoxicillin,

o] -iI2Iin, car beni ci nmi im ncillin-type antibiotics;
avobafbital, a sedato ' ,,“a centrally a¢tin

antichol i nergic; hydroxygine, a trahqulizerqehlortejsac ne,

tetracycline and nethacyc®i ne, which a: racycl i né-Aype, anti biotics;
clindanmycin, linconycin, nalidixic“aci ol =€ ac and)phenazopyri di ne,
anti bacterial s/antibiotics; flurazepa )mazepam an azepam

tranquilizers; 45 phenytoin, an anticonvul sant; glutethimde, a mld
hypnoti c/ sedative; bethani dine and guanet hi di ngy) hypot en-

si ves/ synpat hol ytics; methyprylon; propranolol, a p-bl ocker

anti hypertensive; dicloxacillin, an antibacterial; butalbital, a

bar bi ur at e sedati ve; GABA, y-vinyl GABA, y-acetylenic GABA,

neur ot r ans @enerally prefayypd dibydsopiglidine /S epyfidinium F#“efp@a;ca'via’ﬁ fiar oise inglbe eregantiinyqntion
net abol i ipeludedhedpllonigs Generp drreprgaents the grugl 1dnBrieusty dhecconespending difydie 9sme: 2-

n- pr opy| peRttherpyridiniyge p¥§tems. hy dr oxy- 2- n- propyl pent anoi ¢ acid, for use as
anti convul sants; aponorphine, a so narcotic depressant; methotrexate,
podopfyl | ot oxi n i vatives (etoposihde, tenjposide doxor ubioci n,
daunonyci n and dy hog_gham' de, | i ) agent s;i

net hyl pheni dat e, i nulant; thilg CEafiPanedt T Cha1%%Bne, a

n otic antagoni &F; ethinyl estrati Ol and ngggrama¥ estrogens; norgestrel
a ngy et hi ndroneg, progesti ns; cepHal ot hi n, cephal dxi n and cefoxitin,
cephal osporin antiDBiotigcs; atenol ol®ian ifptoprol ol "2 (114)
fl-bl ockers/ hypot ensi vEd: ACTH corti cot ropin); LHRH a neurotransmtter;
sul fadi azi ne and other 55 sulfonam de antibiotics; ribavirin and

acycl ovi r,in ahith #é bédicteaicsandtifient Gshih @iecay84 ©F 4- pasiibn)amk Faad GyRC; dlkyt 6raB3eio aralkyl,
must amdd- t \ppederabht matisyhareiehzyht | t unor agents; net hotrexate and am nopterin,
whi ch ar e (b)ate pyridigind systeragoni st - type anti cancer/antitunor agents;

ci spl ati n-anal ogue type anticancer/antitunor agents; doxorubicin,

daunanyci n, dactinonycin and mtonygi oaggd i n cancer chenot herapy;
t hi oguani ne, a 15 O -
)
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in which Rs is Cy to C3 alkylene, i.e., (CHz2), where n=1-3;
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EP O 110 955 Bi purine/pyrimdine antagoni st used in cancer treatnent;
vincristine and vinbl astine, anticancer al kal oi ds; hydroxyurea and DON,
anticancer urea derivatives; N, N ERiGI@®%®AIRIracetyl)-1, 8-oct anet hyl ene

di am ne, an agent for male fertility inhibition; |evorphanol, a narcotic
anal gesi c; aggg .benzqs.t rol and diet ?%I stil bestrol, synthetic estrogens. 5
Preferred dPAaEuigginimand ayinoliniun $¥s8S 4r ugs for use herein are the central
neurotransmtters, steroids, Q anti cancer and antitunor agents,
antiviral agents, tranqgili®ers, nenory enhancers and hypotensives. Anong
the neyrotransmtters, thetePcan be nentioned am no acidsg such as GABA,
gl ne, glutamc acigd aspartic acid; catechealagRgs.c-duch as dopam ne,
ne; and peptides
such as neurotensin, +NQg h8PT none-rel e ) pne (LHRH),
somatostatin, to enkey Mguch as met 5- enkepial i ¥and | eu5- enkephal i n,
endor phe ns such as 'y-, a-_.and fli - endor phins, oxytoci /M and_yasopressin.
Anong t he steroids, t her &can be nentioned ant| | nflammtorgv%fdrenal
cortical steroids such as hydrocortisone, betanethasone, cortisone,
dexanet hasone, fl unethasone, fl uprednisolone, neprednisone, nethyl

pr edni sol orf@whigly Rsdnflafigednsa@boverasdini sone, tri anci nol one, cort odoxone,

f 1 udr o&or t i @difeauinpinimand jseaHitobie® HelM®ni de par anet hasone and the |ike; nale
sex hornones, such as testosterone and i5 nethyl testosterone; and fenale
sex hornones, both estrogens and progestins, e.g., etdah#yl estradiol,

norgestrel, nestranol. nggethi one, ethisteron esirddiol, estriol,

e@ ong, di net hi st @ (7 F&82r enol , Cinges erone, |ynestrenol,
nd¥gest er one, norvi 53 IB’ et hynodi ol , oxog gestol, quinestrol
and the |ike. Anpbng

301 cancer Bd antitund M there can be
mentioned Ara-AC, pentostlatin(2'- deoxycofornycin), Ar a-é?s't?—"d’éazag-uani ne,
di hydro- 5-azacytidine, tiazt8rin, sangivanycin, Ara-A, 6-MWR 20 PCNU,
spiromastine, bisbepaiy dazole, L-alanosine, DOsky! CRF, trimethyl TMWM
5-nmet hyl tetrahydrohonofolic acid, glyoxylic acid sulfonyl hydrazone, DACH,
SR- 2555, SR-2508, desnethyl- m soni dazole, mtoxantrone, nenogarol,
acl aci nony dn whigh, Rspib yéfinechéshabsved The doaespariain idihydrafolmstkd ¢t foregoinh @rasevad pyridinium
r i ngt oni ne saliseay® depirtedawivlv, wiereiry the ipositiop tane jeledtinobfdle stuctonalivadabjesranas indicated
chl or afbuciaovecycl ophosphani de, uracil nustard, nelphal an, 5-FUDR,
vincristine, vinblastine, cytosine arabinoside, 6-nercaptopurine,
t hi oguani ne, 25 b5-azacytidine, methotrexate, adriamycin (doxorubicin),
daunonycin, | argonyci ne pol ypeptide, am nopterin, dactinomnmycin, mtonycin
C, and_podophyl | ot oxi n derivatives, such as etoposide (VP-16) and
teni pogl de. Anong the antiviral agents, there can be nentioned ribavirin,;
acycl ovir, amantadi ne, diarylam dines such as
5- am di no- 2- (5- am di no- 2- benzof uranyl )i ndol e and

6- di i m dazol i no- 2- phenyl benzo(b)t hi ophene; 2-am nox- azol es such as
2-guanjdi no- 4, 5-di - n- propyl oxazol e and 2- guani di no- 4, 5- di phenyl oxazol e;
benzi m dazol e ana- 30 |ogues such as the syn and anti isoners of
6[ [ (hydroxyi mi no) phenyl] nethyl]-1-[(1-nethylethyl)sulfonyl]-IH
benzi m dazol - 2- am ne; bridgehead C- nucl eosides such as 5, 7-di net hyl
2-,8-Dribofuranosyl -s-triazole(1,5-a)- pyrimdine; glycosides such as
2- deox#s- D- gl ucose, gl ucosam ne, 2-deoxy-2-fluoro-D nannose and 6-ami no-
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6- deoxy- D- gl ucose; phenyl glucoside derivatives such as

phenyl - 6- chl or o- 6- deoxy-f | - D- gl ucopyr anosi de;

(S)-9-(2, 3-di hydroxypropyl ) adeni ER0 130 86%:8B1 i di ne; and

5, 6-di chl oro-1-, a- D-ri bof uranosyl benzi m dazol e. Anmong 35 the
tranquilizers, there can be nentioned benzodi azepi ne tranquilizers such as
di azepam oxazepam |org@zopam chlordi azegoxide, flurazepam§ bromazepam

cl orazopate, nitrazepapfend tenazep em- toin-t aMgBi i zers such
as phenytoin, ethoy0i mephenyt oi f; enot hi azi ne-ffyp# tranquilizers such
as O acet opheflazilpe, carphenagingl fluphenazi er phenazi ne and

pi acet azine; and™®fhers. Among th§ hypot.ensives, tihere can.be nenti oned
cl onf di ne, met hyl dopsy, bet hani di ne, 8gbrisoquin, hydfhlazine.and 40

guanet hidine. By "testigularly acting d?gg speci es” as ysg¢ herein, there
is intended any drug which is capable of exerting a useful pharnmacol ogi cal
ef fecto when delivered to the testes. Generallygsspeaking, those centrally
acting drug species disclosed herei nabove for ¢ghivery to the brain can

| i kewi se be delivere R&®goncentrated in tHe testes utilizing the

i nst ant dihydropyridihe ] pyri di.ni um sal 8N type yedox system 45
any such centrally acWN dr ugs "whi ch exg frabeuth or ot her useful
bi ol o@i cal effect when Jdgljiyered to the tes ane, considered to be within
the anbit of the expression "testicularly acting dﬁug speci es".. Exenpl ary
of the drugs contenplated fgr delivery to thqv{estes in accord with the
present invention are antibiotics/antibacterials, antiviral agents,

a 'c%ncer agents, hornonal agents and anal gesics. The anti bi ot -

[ antibacterrials can be, for exanple, sulfonam des, penicillins,

cephal osporins, tetracycline and other 50 antibacterials, such as
nal i di xi c aci d and ¢ ™ MNP 3k agents, there can
be nentioned especi CV). The drugs used in
canceg chenot her apy ¥dntarfpl ated for deli very te-fThe testes include

ni trogen nustards, folicﬁgcid ant agoni st s, platﬁpuﬁusoordination conpl exes,
antibiotic cancer agents, pedephyl | otoxins, purine andvifayri m di ne

ant agoni sts, al kal oi ds, urea derivatives, and hornonal anticancer agents.
Anong t he hornonal agents contenplated for delivery to the testes are s5
pi tui goary gonadotropins, such as follicle stinulating hornone (FSH), which

mai nt ai ns spernatqgenesisTﬁWd may be used to treat male infertility and
h

cryptorchi sm nonpi t onadot ropi ns, such as human chorionic
gonadotropi n (HCG , |whi y be used for treatnment of cryptorchism or
hypogonadi smin the ) enal cortical hornones, particularly

gl uco®orticoids, which may be*u$8® in the treatnent of inflammtion 16
EP 0 110 955 Bl (and pesshbly also in neoplasm, such as, for exanple,
hydrocorti sone, betanethasone, dexanethasone, fl unethasone,

{Upr edni SR N BERBIRRON % 8 bl Ek&ﬁi  SOLER. adleRrBi SRL ABGhe BRHIRI SONE

a . t 50' %rm%& | (T::in}ee'ﬁeéig@ E&nﬁe ritfon qlo Eﬁegd érﬁ&‘lstl'a{m,' rJllbl&nwit mgch1 lowdd Q:Bﬁ-s

whi ch i rgaataliond Wb BEHPRE cifcufdfionhld 6 t3&ies) ATRIRY dSHBRING &S thivfel 4rBspeSibCahdas

N, N - bi s{ #lidnBlinaraseahdibr) syster v i daicbhol M6ty tHeBH il Gsrtal dfaAGE BSing SoyBied, o.g.,

t est 0St efcerptied or pivalylated. According to Scheme 3 which follows, one specific delivery system for dopamine,
compound 5, on administration (e.g., by injection) is distributed throughout the body and by reason of its

45 lipophilic character facilely penetrates the blood-brain barrier and enters the CNS. Following oxidation both
in the brain and in the other tissues, the corresponding hydrophilic quaternary salt (6) is formed. The
quaternary salt 6 is essentially "locked in" the brain and its concentration is considered to increase with
time until reaching a maximum, which depends primarily on the relative rates of entrance of the dihydro
compound (5) to the brain (Ki) as compared to Kz to the other tissues, the rate of oxidation of the dihydro

so0 form to the quaternary (Ks and K7) and the rates of its disappearance from the brain (K¢ + Ks). At the
same time, the very water soluble quaternary form(s) 6 is/are excreted readily-via the kidney and the liver
(Ks > K). Derivatives 6 are considered to be essentially inactive forms (Ks > Ks), and thus systemic
activity/toxicity is minimized. Hence, the conceniration of 5 and 6 in the blood rapidly increases. The ratio of
the quaternary salt 6 in the brain relative to the blood increases fo the point where 8, or metabolites thereof,

55 can only be found in the brain. The quaternary 6, whether in the brain, blood or other tissues, is deemed to
release dopamine and the non-toxic compound, trigonelline, depending upon the rates of site-specific
conversion of the precursor 6 to the drug at each of these sites. The concentration of any released
dopamine at any time is much higher in the brain than in the blood or other tissues. Also, as the enzymatic
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5 and nethyl testosterone, agents of this type being useful for treating
nale hypogonadi sm cryptorchismand Q the male climateric, as well
as for maintaining or inproving n&Prl108RBY function in the nale and
preventrng decline in testicular. functron and antiandrogens whi ch may be
of use in gg%e cdgnrace tion a%% de mal eﬁ%f %g Ee %%w‘) mits a
especi al | é%

i ncl ude n ‘qeﬁﬁ?%f’?i‘aes lso'En‘:) és :t%gs PP BT PROAG 8 g€§1r§ g%@'
and Oxyrm t er bepgﬁ % uﬁd E‘(l) ctpgs &J?fﬁ) nﬂ st nﬁy bé Q&ﬁrﬁ@&kd of
testi Cu% Sa%r ﬁi\ﬁé fortn o chficd oRtEbIE SdRCRdreot, Yol 8 salt

t egThcu agil éﬁ%b ,Hgtﬁmeﬁ&ﬁghmn e apparent o t ose skilled in the
ar Presentqy pre erred drug species contenplated for adm nistration to

the testes utilizing the present dihydropyridine - pyridiniumsalt carrier
type redox system are the hornonal~agemks, principally the androgens, i.e.,
testostigrone and its close anal og (€3 such as nethyltestosterone; and the
anti cancer agents, e iall _Fnomm to be useful in the treatnment
of testicular cancerf, i.[e., i1, mel phal an, methotrexate and
cisplatin-type conp nd It will be appreciated that by "di hydropyridi ne
carrier' "[DHC] " there is intended any ReniQXd&s GAld a8 igDI ety as
herernbefore def i ned cSapri sing, containing ofchésd uzhi ng t he

di hydr opyri di ne nucl eus, mhether or not a part of any Iarger basi ¢ nucl eus,

and whet her substit t or nsu ted t h . criter
herofor PAEAANEE ‘{*’" *‘?s e o Waﬁf Rt
tmgg; Ei an a | n(rﬁsen m vuvo not rat:g(g E%‘g}uﬂ Hﬁ&g{dﬂ% 3% %ﬁheé_

isu i kt i f
whi ch v es esas tl'; ?: o}fr'ldvé:) In%!( QE%H 5 e*a%t |ﬁ§n@tyr%ﬂtﬁ@guoilfc$m|&f dt ltHe%orfnﬁ&rH& t he

brain (orsq ﬁhﬁ ,m bﬁymgkngmm$ﬁgﬂgt e general circulation is
accel erate sequent y, the covalent or equivalent bond coupling the

drug sggcres [D] to the quatemary carrier [QC]+ is nmetabolically cleaved 25
which results in sustained delivery of the drug [D] in the brain (or
testes) and facile elimnation of the carrier noiety [QC]+. Such "coval ent
or equival ent bond" between the drug and the quaternary carrier can be a
sinple direct chem cal bond, e.g., an am de, an ester, or any other Ilike
bond, ow sane can even be conprised of a linking group or function, e.g., a
t hi azolidine bridge or a peptide |linkage, typically necessitated when the
drug species is not susceptible to direct chemi cal coupling to either the
30 di hydropyridine carrier or the quaternary carrier. Nonetheless, the bond
inthe formulae [D-QC]+ and [D- DHC] is intended to be, and is hereby
defined®as inclusive of all such alternatives. And the cl eavage of the
[D-QC] + prodrug to sustainedly delivery the drug species [D] in the brain
(or testes) with concomtant facile elimnation of the carrier noiety [QC]+
i haracteristically enzymatic cl eavage, e.g., by esterase, am dase,

C inegterase, hydrolytic enzyne, or peptidase, albeit any type of in
brain (or in testis) cleavage which 35 m ght result, whether enzymati c,

met abolic or otherw se, of course remains within the anbit of this
invention. Thus, the drug release rate controlling paranmeter of the subject
pro-prodrugs is inparted sinply via the cleavabl e bondi ng between drug and
carrierss and not by any release rate controlling substituent(s). The
expressi on "non-toxi c pharmaceutically acceptable salts" as used herein
generally includes the Q nontoxi ¢ salts of conpounds of formula (1),
wherein [D] is a centrally acting (or testicularly acting) drug

o—
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40 species and [DHC] is the reduced, biooxidizable, blood-brain barrier
penetrating formof a dihydropyridine = pyridiniumsalt redox carrier as
her ei nbefore defined fornmed w t hER@X18862B1phar maceutical ly acceptabl e

i norgani c or organic acids HX For exanple the salts include those derived
frominorganic acids such as hydrochloric, hydrobromc, sulfuric, sulfamc,
phosphoric, nitric and the |ike; and ghe sglts prepared fron1organ|c aci ds
such as acetic, propionic, succinic,1ﬂ%ﬂ§§llc stearic, lactic, malic,
tartaric, citric, ascorbic, 4S panoic, maleic, hydroxynalelc phenylacetic,
gl utangic, benzoic, salicylic, sulfanilic, funaric, met hanesul - fonic,

t olienesul fonic and the like. In one enbodi nea gerording to this

i nwenition, sinple nontoxic carrier sysﬁﬁSEsLE§§Sif j [D-DHC] are envisaged,
utilizing a wde variety of nodel hose above outl i ned.
Representative such carrier - -syste nddnxkﬂs ar&® so 55 17 EP O 110

955 Blp e COOR - _ s R 5
1i 1 RaE, = R2 R 0- or
R - D10 CONHRL =CONHR 15 1

R Ra2Rz wherein R> Edaki nsegRakiy| , e. eCICHGH3 (ebr benzyl, albeit virtually

any other effective substituent isyint ded.%? 20 Exenplary of such sinple

carri & systens are N-al kyl nicoti Ptotinate ester derivatives,

tethered to such drug species as dgpam ne and nel phal an. The trigonelline

(N-nethyinicotinic acid) systegbsngibse effective as a carrier; it alsois

readl ly elim nahedeissoe the gircul ati onQgn®,i 8=atprtual |y non- toxic. | ndeed,
present i nvention proedes a flexible senal of dihydropyridine -

p di*hi um sal t redox riers for the site- ci fic/sustained delivery of

virtually any central®y/testicularly acting druYy species as 25

herei nbefore defingd to the brain/testes. Mreover, any

di hydropyri di nekpyf ictigicton sal t redox casxeesiognikiy as defined herein is

contegpl ated and i it ended hereby generically, angl any such,carrier noiety

. - : . R .
need not be, and i5 not_deriokati zed WiPR a drug,rele te controlling
substituent critiecally ored to nee
chem cal nat Ya! €QUI I emen

00 d'_ with, the

1 e % ul & drug species
sought to b % "
30 N §(amc)
' x §(a~c) cu, X
- KS
35 ”
Dopamine
-
O Excretion Dopamine Excre<ion
40 X,
+ Trigenelline
Trigonelline xlo

Excretion, Metabolism

45

Excretion, Muatabolism

With specific reference to the immediately above, the 1,4-dihydropyridine derivatives (5) were prepared
50 as in the following Scheme 4:
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preferentially adm nistered to the brain or testes. As utilized herein, the
term"carrier” is to be understood 30 as connoting just such a
non-derivatized, non-drug/carrier EPODIHN99&tBId entity, for consistent
herewith it is the "carrier” entity itself and not the nature of any
activity or release rate controlling/nodifying su?stituent mhicr S f
responsi ble for providing the desir Akh-specific or testicular-specific
resEIt Addltlon2| exanpl es of such%gég%xktarrlers i ncl ude the quaternary
pyri di ni um al cohols (1), the anal og isoquinoline acid and al cohol systens
(2), and multicharged dglivery forms, exenplified by structure 3 (D 35
reé;zsents drug, Z cgllal ent 1ink) and obviously the correspondi ng di hydro

forms. 40 () OH R2 CH2 zD
Cz-D1 2 X a or 045 HZ on O ON
~~~~1 50 R30 OR3 : (B3 3 55
Yet other redox carriers j oHle t lpgspdimenpri si . %n. directly
i nked to the hetergpycll itrogenTBEp'qﬂatern orf tertiary am ne form
Al so the hydroxBee,N rrexs, e.g., the glucY¥santhe anal og indicat ed
bel ow. Representative are: 18 EP 0 110-955 Bl CORIz "> t-xl Ji
- NzU2 OKh and the like WO 'U J *2 al coho
resi dud®, 5, Ng 1o 13 (CR2)AL émll aqu
13- COD or up to Cl2 bra
aryI al kyl ,. and the |IkE BR2 or -Gss 10 Prgp rat|
- )CR >
1g;%)hggzl . K:B/n‘ A C| or 20
, -ON or DNN2 éa 1' £
reduction 8
25
N H
30 { c
CH, 2

R = H (a), COCHz (b), COC{CHs)s (c)
35 DCC = dicyclohexylcarbodiimide
Similar schemes can be shown for the preparation of the other dopamine derivatives of the invention.
The step which introduces the protecting groups is of course only required when it is desired to protect the
catechol hydroxyl groups. Moreover, when carbonate rather than acyl protecting groups are desired, the
O step of introducing the protecting groups will involve reacting thee catechol with a halocarbonate of the type
40 Y'OCOCI or Y'OCOBr (formed by reaction of Y'OH with COCl2 or. COBr2), rather than with an acyl halide
YCl or YBr, Y and Y' being as generically defined hereinabove. Also, the order of steps shown in Scheme 4
may be altered; quaternization, followed by reduction, need not be in the final two steps but may be carried
out earlier in the reaction sequence. Yet other reaction schemes and reactants (e.g., using an anhydride
rather than an acyl halide to convert 7 to 8) will be readily apparent to those skilled in thee art, Scheme 4
45 being simply a preferred approach for the specific compounds there depicted. Variations of this approach
are likewise applicable to preparing derivatives of other hydroxy-containing amines.
In an attempt to ascertain whether any biotransformation of the free catechol is taking place by COMT
(catechol-O-methyltransferase) either before or after oxidation, the possible O-methyl metabolites 9 and
10) were synthesized separately following Scheme 4 with 3-methoxytyramine hydrochlonde as the starting
50 material.

56

25



25 30 13CO 3- COD
35 0 40 46 50 55 19 EP O 110 955 B1 Method of: H Lattre et al.,

‘Annal en, 579, 123 (1953). CORI EPO0 110 955 B1 vC CRL |~ +
R3-CO-D R3-CO-D 10
W) 15 CH20 - 20H ) OH -b..- OH O
(i 20 , NE2
+~~ - -bll CO, |/ 25 z
h~~~~. L 25 (Cc 30 Cener @ pr Mye opyri dine -pyridiniumsalt
redoxgcarriers for use in theNgg€semt invention i*ncl ude the foll owing
( e D represents the drug), tgnd ohvi ousl® the correspondi ng di hydro
forms: (a) the pyridinium syst 3*F0 e~ 0 CGD
t JCHaCUD CHZ OC-D O
3~ ~ ~~ + and 40 ox | R (U
10
Oi: =

15 3

The stability of the 1,4-dihydropyridine derivatives (5) was determined in the presence of the oxidizing
agents, alcoholic AgNOs and hydrogen peroxide. The in vitro rates-of oxidation of the 1,4-dihydropyridine
derivative {5c) in 80% plasma, 20% brain homogenate, 20% liver homogenate and in whole blood were

O 20 determined.

The dihydropyridine derivative (5c) was then selected for the in vivo study. A solution in DMSO
(dimethylsulfoxide) was injected through the jugular vein to a group of male Sprague-Dawley rats which
were then sacrificed at various time intervals; their blood and brains were analyzed for the quaternary
percursor of dopamine (Ba). The in vivo dopaminergic activities of the selected compounds 5¢c vs. Ba were

25 then determined.

Consistent with the above, it was found that N-nicotinoyldopamine (7) could be obtained in good yields
by coupling dopamine hydrobromide with nicotinic acid in pyridine as a solvent and with dicyclohexylcar-
bodiimide as the coupling agent. Attempts to prepare 7 by using dopamine free base were largely
unsuccessful. As for the catechol protecting groups, the acetyl and pivalyl moieties were selected due to

30 their rather different steric and partitioning parameters. Acylation could be accomplished with the acyl
chlorides by using conventional methods. Reduction of the quaternaries (6a-c and 9) was accomplished by
using sodium dithionite in mildly basic aqueous solution, (NaHCO3). It was observed that the dihydro
compound obtained in the case of the quaternary 6b gave a faint green color with ferric ions, indicating
partial hydrolysis of at least one of the acetyl moieties during reduction, even in the cold, weakly basic

35 solution used as a medium. The dihydropyridine derivatives isolated (5a-¢ and 10) were determined to have

' the expected 1,4-dihydropyridine structure, based on their NMR and UV spectra. Attempts to prepare the 8-
protonated enamine salts of the isolated dihydro derivatives were also largely unsuccessful, due to acid

catalyzed addition reactions The 1,4-dihydropyridine derivatives (5a-c) were found to be relatively stable

O towards oxidation. Compound 5c was quantitatively oxidized to the correspondlng quaternary salt 6¢c by

40 H202 or alcoholic AgNOs solution.

The diacetyl derivatives (5b and Bb) appeared to be labile to hydrolysis and therefore were not pursued
in vitro. The dipivalyldihydro derivative (5¢) was thoroughly investigated for its in vitro rates of disappear-
ance and metabolic degradation in various biological fluids. It is evident that 5c represents a rather complex
case, as besides oxidation, a two-step hydrolysis will also take place. Scheme 5 illustrates the interconver-

45 sion of the possible components.
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in which the depicted substituent is in the 2-, 3- or 4- position, and Rl
s C -Cr7 alkyl or C7-C o aralkyl, referably nmet hyl or benzyl; (b)
he pyri di ni um system 50 EP°11° 55 B1 p
R3-CO-D -iv) 55 in which R3is G to C3 alkylene, i.e., (CH2)n where n =
1-3; 20 EP 0110 955 Bl (c) the isoquinoliniumand quinoliniumsystens O

10 (V) Scheme S: R,
tvi) in which R is defined as above; and is (d) the quinoliniun1and
i soqui nol i niumsystens Ct2E )C20 OCO N _*_ -COD ~3-C0-D 25
I 1) in mhlch R3 is defined

(vil 5
as‘apove. The correspondi ng the,foregoing preferred
pyrtdi niumsalts are depict i nGCRetposition and identity of

the structural variables ar above: 35 0 40 45 50 55 21

10

15

25

30

35

40

Figures 1-4 illustrate the results of such an investigation. The apparent half-lives for the disappearance
of 5c in biological fluids at 37°C were.calculated. Although the process does not truly follow first order
kinetics, the data fit very closely a pseudo first order process (Figure 5). The obtained values, 51 min (80%

50 plasma), 17 min (20% brain homogenate), 18 min (whole citrated blood) and 6 min (20% liver homogenate),
reflect an acceptable stability of the dihydro derivative 5c. The disappearance of 5¢ is accompanied by
formation of some monoester (11) and dihydroxy dlhydro form (5a) in all the media except the liver
homogenate. The rate of hydrolysis of the first ester moiety is faster than the second and a reasonable
amount of monoester 11 builds up with time. The monohydroxy quaternary 12 could not be detected except

s5 in the blood as a very v small peak which does not change significantly with time. A steady increase in the
concentration of the dihydroxy quaternary 6a was observed in all media except liver homogenate. Thus, it is
established that this derivative, Ba, is forming as the main product of the various interconversion routes and
it is the direct precursor thus concluded to be locked in the brain in the in vivo experiment. No formation of
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concent ra‘nniﬁqmtlx)cﬂiﬁw frore [vehigipeikliected controls, by 60 and 120 min. These resulis are summarized in
30 Figure 7. The rapid onset and prolonged inhibitory effects of 5¢ on prolactin secretion is consistent with the
time course of the appearance of 6a in the brain following administration of 5¢. The "trapping” of 6a in the
brain subsequent to L.V. injection of 5c provides a constant source of a potent dopaminergic agent, either
dopamine or Ba itself. The significantly lower effect of 8a when administered LV. does not unequivocally
clarify which alternative is the more responsible. This was resolved by in vitro comparison of the relative
35 activities of dopamine versus 6a.
Fresh anterior pituitaries obtained from female rats were incubated with various concentrations of
dopamine (DA) and Ba, respectively, and their effects on the rate of release of prolactin were measured. It
was found that at 2x10~8M concentrations, neither DA nor 6a had any effect, but at 2x10~7 M, DA caused a
O 57% reduction of the prolactin rate secretion, while 8a had no effect. These results are summarized in the
40 following Table I
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dopam ne at any time is nmuch higher in the brain than in the blood or other
ti ssues. Also, as the enzymatic 22 EP O 110 955 Bi transfornmation of the
quaternary percursor 6 to the drugERP@3189HBY is relatively slow, sane
permts a sustained rel ease of dopam ne. Too, the sinultaneous

protection/lipophilic derivatization,of the catechol, system.in dopam ne has
al so now been&&h&‘r atGRmparafive in yitro aghiv 'Jf i e % gﬁm?f(irnd of
formula (1), &

gdnpound 5, may be administered as o depicted in

Schenme 3, or in the formof a non-toxic pharmaceutically acceptable salt
thereof , i.e., a salt whi ch can be repreésented by the fornula 10

aX T BTSN VSR TEY-Y- M S e

Sch 3) wherejn HX is as defi nedy,t;ﬁcgf,,e,,g/@nq,bt hat, regardl ess of {he
actual formin wht ' ted in
vivo to a quaterhary salmpﬁin'gtdm)ccorrpound type, the“ﬂ‘hi on X- being ()

20 an anion prep ' coaacany Seh Jmlns—é ani on
be introduced asicoardl O%’h mpbu 2. ,,mAr Coatreh .Ht  Gontedp t'gd,

used inits saltf{form 'S ngf necesg I lylthe sk that
present in conpo . nt exh |d< DL _1t he i C
portion of the c%ﬁﬂjr‘ds%gés % 7%{1 "o .ff%-%ep %’%‘é% (%%%31 ?@Lﬁ‘
transfoffmation. 25 30 35 U 40 45 50 55 Z3 EP O ITU 955 Bl Xchene

2on freshly cbtained anterior pituitary (AP) at 37°C. All

values are average of 9 separate AP-S.

O 20

bProlactin release rate of the incubated AP-S.

°We.i.ght of the AP-S: Control 4.6-1- 0.2mg.
DA treated 4.

% dWeight of the AP-S: Control

4
62 treated 4.
*P<0.0S

30 These results indicate that if 6a has any activity, it must be significantly less than that of DA. Based on
the delayed onset of the actlwty when Ba was administered LV. and considering the in vitro results, it
logically follows that the high and prolonged activity of the 8a locked in the brain followmg administration of
5c is due to the fact that 6a is slowly releasing the active DA in the brain.

Accordingly, provided hereby is a potent, brain-specific dopaminergic agenis comprising a lipophilic

35 dihydropyridine carrier-type chemical delivery system of dopamine ["pro-prodrug™ or "pro-pro-prodrug” in

.the case of the catechol protective group(s)], which penetrates the BBB by passive transport. The rapid
oxidation in the brain of the carrier moiety to the corresponding quaternary pyridinium salt results in an
activated amide of dopamine. The oxidation process is much faster than amide cleavage of the beginning
compound 5 or of 6. Morsover, the ionic nature of the activated quaternary salt results in a significant -

4 slowdown of the efflux of this specific form through the BBB, resuliing in a selective concentration
enhancement of the precursor 8a in the brain. Too, brain-specific dopaminergic activity is assured, logically
as dopamine is released from this activated form upon hydrolytic, enzymatic or metabolic cleavage, as is
facile excretion of the carrier moisty from the brain.

In yet another embodiment of the invention, like synthesis of the analogous tyramine system has been

45 carried out, and the corresponding determinations made. Such tyramine system is represented as follows:

oR,
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adm nistration Distribution other tissues 1J 1
Drain O 20 17 oxi dati on EP 0 110 955 B1 oxi dation X3 25
S z 45

~~~~~~~~~~

OR H 30
Natural_y‘L selection icular dih i alt redox carrier to be used will
-0 CI\Q%ep ?53‘ 9t d ‘?S‘ﬁy{'dé? mvg"t (g &

end on the chemica stru ure of the specific grggw~~v~eg~~ not onl It ould th nature of tn
110 functional group which is to be linked to the carrier system be consi érécgﬂ@ L lhé.'ﬁ\e Ellrlg’f)ﬂﬁlt ine
~~~~~~~~ r in which the at ?mpoun re ared . should lor d to the sence of any other
5 rEEZEg% % s%‘ the ?&%IQ a%pieg r@)f sb etc b/E&H. Bjﬂblﬁéﬂ%' nki Gheir
reyenencgah A hyforal b{ﬁpos Qllu ratiGHCShYY:mE QIaMHof 16 108 Boridibrby iHhitat@S ( 5)

Pr eRak ysmatgo%\,ér the follow ng Schene 4. 55 24 EP 0 110 955 Bi

Scheme 4: §flfs, ifond spbific illustration, thdIledidd drug is 17Bethynyltestosterons, estradiol or €Al likdand
Pyri di nethe selected carrier system is tigondlline = dihydrotrigonelline; according to this embodiment, the drug is
10 reacted with nicotinoyl chloride, the resultant ester is then quaternized with methyl iodide, and the
quaternary iodide is then reduced with Na2S20: to afford the drug-CDS (chemical delivery system).
Another specific illustration involves selecting melphalan and the same type of carrier system as above,
but forming an amide rather than an ester linkage. Thus, melphalan is converted to its hydrobromide, which
is reacted with nicotinic acid to afford the amide having the formula

ud— O

N

CH CH ZCJ'
HOOC-CH-CH \
cuzcl

which can be esterified, if desired (to increase lipoidal characteristics), followed by, when the ethyl ester is
prepared, quaternizing same with methyl iodide to form

15

25

30
2 -
NE-& O T
35 ~CHy
CH,CH.C1
2772
H,C,00C-CH~CH, n<
Q : cH,CcHCL
40
which can then be reduced to afford the melphélan-CDS
45 :
- \
N-CH4
50 . /CHZCHZCI
HgC,00C-CH-CH N
CHZCHZCJ. *

55
As one of several alternative schemes, melphalan can be derivatized by first esterifying it, e.g., to convert
the carboxy function to the ethyl ester, then reacting the resultant melphalan ethyl ester with nicotinoyl
chloride to form the amide of the formula

30



715 RCl or

otfh acyl haide O-R OR
20 EP 0 119955 B1

OR 311 - reduction 8 25

1" 0 OR O ~~~CR 30 1 CE3 R=H(a), COCHa (b),
COC(CH3)3 (O 35 DCC = di cyckoh rbodiimde Simlar schenes can be
shown for the preparation of t pam ne derivatives of the

i nvention. The step which intrpduces protecting groups is of course

only required when it is desirpd to protect the cat.echol hydroxyl groups.
Mo ver, when carbonate rathef than ac I protecting groups are desired,

t he™0 step of introduci the 4 cti n §RHEIwi I | invol ve
reacting thee catechol Wsf#Po5" t he type 40 Y' OCOCl or

Y OCOBr (forned by reaction of YYOH W CO 12 rather than with
an acylehalide YCI or YBr, Y and Y' being as generi IIy defi ned

her ei nabove. Al so, the order of steps shown in Schene 4 may be al tered,

quat er ni z#kighosen ﬂfealbpmermmﬂ ang thecaternary sritesdbseauentycreduged émcindicated|abovedo affoes

but may b s2Rp mplekplanEDSes deniciad abeyet he reaction sequence. Yet other reaction
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pkatce by COMI (cat echol 0- et hyItransferase) ei t her bef ore or after
oxi dation, the possible O-nethyl netabolites (9 and 10) were synthesi zed

separately followng S 4 with 3-nmethoxytyram ne hydrochl oride as the
starting so material. /65 28 § EP 0 £10 955 /CHZCHZCI
2 / C~OCH CH,0C (CH,) 4 £

¥ ,CH,CL

tn

3

30 On the other hand, when a polyhydroxy compound is reacted with nicotinic acid in the first step, a
variety of products are possible. Thus, for example, when inositol is used, the final product may contain
anywhere from 1 carrier/5 drug residues to 5 carrier/1 drug residue. In the case of the inositol trinicotinate
intermediate

conditions for reacting same with chlorambucil can be selected so that one, two or three of the hydroxy
functions react with the acid. When all three hydroxys react, the ultimate chlorambucil-CDS has the formula
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63 1- 10 13 - I SIf
010 t 5~~~~~~~ a The stability of the 1,4-dihydropyridine derivatives (5) was
determined in the presence of thEP&d1095% BY agents, al coholic AgNO8 and
hydrogen peroxide. The in vitro rates of oxidation of the '

1, 4-di hydropyridine O derivative (5c) in 80% plasma, 20% brain
honogenate, 20% | iver honogenat ¢ iD ol € bl ood were 20 determ ned.
The di hydropyri di ne derivative Nen sel ected for the in vivo

study. A solution in DVo-Rdi pe )

jugul gr vein to a groug Ne-awW gy rats which were then

sa@fi ced at various tNne i/ntekval s; the\i:n I3ood and brai ns were anal yzed
for—the quaternary percurygr of dopam ne (6a). The in,vivo dopani nergic
activities of the sel ectedfjconpounds 5¢c vs. 6a were 2 t hen det erm ned.
Consi stent with the above, Il@g was fo hat _MCR,@QE1 poyl dopami ne (7) coul d
be obteai ned i n good yields {(OCR) g ne hydroprom de with nicotinic
acid in pyridine as a solvent and wi cycl hsg@eﬁ - bodiimde as the
coupling agent. Attenpts tp prepare 7 by using dopém pe free base were

| argel y unsuccessful. As fbr the catechol protecting oups, the acetyl and
pi valyl noieties were selected due to 30 their rather different steric and
parti t% oni.n araneters. Acyl ation could be acconplished with the acyl
chlori de%“dg N isr‘g‘%dgﬁ*ﬂi'g h‘f"ld A e ”H'ﬁ%ss. Reduction of the quaternaries
(6a-c and 85 21WRE FHRRPPIYrASBY &5 sérgﬁfrﬁ'r#?r@?’?hi onite in nildly basic
aqueous solution, (NaHC03). It was observed that the di hydro conpound

](c)gl:?i ped in the case gﬂt he quaternary 6b gave a faint green color with

e

ic ions, indicati partial hydrofissis of at | t one of the acetyl

basic 35 solution used

noi eties during reducf fon, evenQ tire-cagid, 2

as a medium The di h?zopyri di ri vat%i s i(Sa-c and 10) were
determ ned to have t g _gxdecct e /4 di hydr ri dinedtructure, based on
theirzsNVR and UV speckra. Attenpef to preparevfhe ¥1- PPotonat ed enamnine

salts of the isolated®®Bhydro derivatives were also |largely unsuccessful,
due to acid O catal yzed addition reactions The 1, 4-di hydropyridi ne
der i vat i cae e (dBrivatizpd wimilarly fto ghioramiuch wia ite [carbgxy ddngtiogshiglge utiliging thegnasitdl digpiebn.
Conpoundin@es exaglugesaming angloguee| y oxi di zed to the correspondi ng quaternary
salt ®c byAsi@ furiiorpgxagplo.gpodeniylofoxin Agt‘#\l@ deriyrtiyes eaq. beTinkecdioak eaar syeian ghthisyes
@b and Nysytion.Jihese daigs £ hesenrespitedby the Hyeirabfoedla and t herefore were not
pursued in vitro. The dipivalyldi hydro derivative (5c) was thoroughly
investigated for its in vitro rates of is_afgg%g- ance and netabolic
degradation in various biol o8jcal fluids? It Ts dvident that 5c represents

a ratfier conmplex ca as beS{ desaoxi daki OrPE a PedPrE @<t/ dr ol ysis wil |
al so take place. Acimyf frayes the intefcogver- 45 sion of the
passi bl e conmponegts. o / 2o
R, = CE
“ X ’{‘\ OH
o

R, (R, = CH,~stoposide
ocH., - { D 3
C!: 3

‘| ll « teniposide)

s0 and can be derivatized by reacting the hydroxy group in podophyliotoxin (Rs = OH) or the hydroxy groups in
the glycosidic portions in Rs with acidic type redox carriers, e.g., in a inner analogous to the testosterone-
CDS depicted above. Known cisplatin analogues, in which typically the amino groups have been replaced
with organic radicals, can be similarly derivatized according to the invention, the method of choice
depending on the nature of the functional groups in the organic radicals.

55 Similarly, syntheses and like determinations as regards the redox carrier-linked enkephalins can be
carried out. First synthesized is the known leucine enkephalin XI. The quaternary pyridinium analog XlI, the
corresponding O-benzyl ether Xlll and the amide XIV are next synthesized.
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26 EP O 110 955 B1 r ~ Go St 10 O 20 1/

\ 25s~~~~S 1\1 i

CN 3 / 3 35 on EP 0 110 955 B1 0~~~0
O~~~ 40~~~0W Sa

12~~L 35 ~ ~ ~ ~ ~ ~~ 3 4050 Figures 1-4 illustrate the results of such an

i nvestigation. The appar enttytr@hj-chy-masréda0or t he di sappedrance of Sc in

bi ol ogi cal fluids at 37- C were.gcalculated. Although the process does not
truly follow first order kinetics, the data fit very closely a pseudo first
order pyocess (Figure 5). The obtai ned values, 51 mn (80%50 plasm), 17

m 20% br ai n honogenate), 18 rg,p ol e rﬁ&t rat,g;j bI o and 6 mn (20%
| i v€r honogenate), reflga A | SusdaOivhdak e? di hydro
0

derivative 5c. The dis c®1s aéconpant ed t%or mati on of sone

ro form (53 K qFﬂ the medi a except the
ol ysis of tiéstaester nmoi ety is
faster than the second amgja r nabl e anmoun ndnodster 11 builds up
with time. The nonohydroxy quaternary lgycould not be detected except 55 in
the bl ood as a very small peak Whi ch” does not change significantly with
time. A steady increase in the concentration of the dihydroxy quaternary 6a
was obd®rved in all nedia except |iver hormpgenate. Thus, it is established
that this derivative, 6a, is formng as the main product of the various
i nt erconversi on routes a?d it is the direct precursor thus concluded to be
N

nonoester (11) and di hydFoxy
| i ver honogenate. The rat,e of

| ocked in the brain in ELPSLy-rBéiLau-bier f Or mati on of 27

O =
&

OCH,CcBy X111
25

O co-!’y:-cly-cly-vhc-uu-mlz

30

*
CHy X1V

35 The O-benzyl pentapeptide ethyl ester derivative of Xl is synthesized, sequentially and then coupled

with nicotinic acid, followed by methylation. Alternate methods involve introduction of carrier at earlier stage
in the synthesis. The reduction of Xll and XIll results in a mixture of products due to the base sensitivity of

O the ester. Likewise prepared are the corresponding leucinol trigonelline ester XV and its dihydro derivative
XV
40
o =
8§ -
:y:-cly-cly-rhe-xa-fa-caz-o-c: O
1
45 ca ! ) x
Ci{ -\cn 'l“' | {
xv ) 3 3 ﬂ{: -. ?33
xVI

50
Thus, the site-specific brain delivery of the enkephalins for the treatment of epilepsy is established
consistent with the Scheme 1, as is their analgesic activity.
Similarly, as regards the benzodiazepine tranquilizers, e.g.:

55
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EP 0 110 955 B1 the nethoxy derivatives 9 and 10 could be detected in ay of
the biological fluids studied; 5a and 6a do not appear to be good
substrates for COMI. The first oBPOCtIPOB5BA the in vivo studies was to
trace the appearance and di sappearance of 6a in blood and brain follow ng
adninist{g& ﬁ% of 5¢c. Figure 6 summarizes such results, and is consistent
with th "hanlsnlshown in Schene 3. After one single injection of the
1, 4-di hydropyridine derivative 5¢c to the rat, O t he di hydr oxy

quaternary 6a (ion), whi&h [s the only detectapl e derivative, could be seen
6a

to pear and then todi pear quickly f Iood th a half-life of
27 n. On the contfr i ) Q creasing in the
brarn steadily,

re

adm ni strati on. scepdi ng portion qlndl cat ds a {: e of
di sappearance fromthe of about 3.2 h. N&Fgfernfiti oncsf 0- 1o methyl
netab® ites (9, 10) cou detected in the brain. is_confirnms the in

vitro results that 6a ( a) is not a good substrate rfor- . To

det er ni ne whet her dopamine itself was finally rel eased‘—| the brai n upon

conpl etion of the aforesaid conplex delivery process, '.5 wayg adm ni stered

i nt ra; ugul arly and changes in brain-dopam ne concentr a- F‘ ns foll ow ng

that Zdninistration were studied. Sone of the rats showedcxbo to threefold

increase in the i5 dopam ne concentrations, others practically none. Since

it is possible (and even desired) that -the intrinsic brain netabolism of

the dopaitbaspsres not permt significant build-up of its concentration,

|;o| C ‘p‘h‘ar‘r‘r‘acol ogic activity was investigated, using changes in the in
70

prol actin secretio It is Known that dgpam ne and its agonists
decr ease prolaQin secrefPpn followi ng theirybl nding to stereospecific
receptors O : on | act ophogpN !'TF@%’T pituitary (AP)
gland [G P. Miell el i npRTTST J. es and K.E. 20 Moore,
Neur omndocri nol og (1976) o E. Cassell and J Meites,

Endocri nol ogy, 8 971) .A. ®enens, TE B. Smalstig.and C.J. Shaar,
Acta Endocrinol., 79, 23@5{51975)] This effecdgsi s dose- de dent and it
can al so be observed in vitro, incubating anterior pitui ri W th

dopami ne or its agonists [R M MacLeod Ed. L. Mafti"ni andlw Ganong,
Raver®Press]. It was then determined that exposure of mal e',‘rats to
17-fi-estradiol for two days el evated serum 25 prolactin |asyels to greater
than 150 ng/ M. Intravenous admi nistration of 5c caused a 49% decrease in
serum prol actin concentrations ang this dramati c reduction jwas mai nt ai ned
through 120 min after treatnent. contrast, 6a1haaliﬁeysi ni ficant effect
on the serumprolactin concentratio by 15 m n,,, 3RdaG a 67% reduction
by 30 min. Thereafter, serum prolacti |Ievels increase pr gressively to

| eyel s which are not significantly difkerent from vehi cl'e Jj ett ed

@trol s, by 60 and 120 min. These sesaines badia sunmari ze O Figure 7.
The rapi d onset and prol onged i nhi bf$6¥% & ¥¥8ts of 5c o actin
secretion is consistent with the tinme course of the appearance of Ba in the
brain follow ng adm nistration of 5c. The "trappi ng" of 6af the brain
subsequent to WV. injection of 5c provides a constant source of a potent
dopam nergi c agent, either dopam ne or 6a itself. The significantly | ower
effec® of 6a when admi nistered |.V. does not unequivocally clarify which

al t er natffiy E2apten sehempyiilizes; coaystinasl 9pening T the 7upemberring] ageaindayied by edubling of the

conp ari ggﬁlattggh? ﬁ:érn?r |Ta? Ifq}lgwmg drugs can be similarly derivatized to the corresponding dihydro
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35 activities of dopam ne versus 6a. Fresh anterior pituitaries obtained
fromfemale rats were incubated with various concentrations of dopam ne
(DA) and 6a,  respectively, and th&RO&IFRESIBI on the rate of rel ease of
prolactin were nmeasured. It O was found that at 2x10-8M
concentrations, neither DA nor 6a had any effect, but at 2x10-7 M DA
caused a 57%reduction of the prolactin rate s getlon whil e 6a had no
effect. These results are summari zed |nchh§, 2fBIIovvlng Table I. 45 50 55
28 EP O 110 955 Bl TABLE I: Conparaq|3e°ﬁh1% %ro activity of 6a vs.

dopam ngea 5 Prorlactin ngfug. h.l aprne (DA) C
sad 10 montrl 2DAH  Contol DA Control

C CGontrol X 15 344550 DOOF—=.328234 - 121*38* 342*38
386t 29 25X3 277*32 on, fre&kly obt 'nea anterior pituijtay (AP) at

37iC. Al values are average of 9 sepdPafff AP-S. O 20b bProlactin
rel easeorate of the incubated AP-S *Wapght of the AP-S: Control 4.6
0.2nyg. DA treated 4.5. 0.3ny. uraze d' Wi ght of the AP-St Control

4.6+0.3 6a treated 4.7T0. 4 *P<0 .05 BBam ‘These results indicate that if
Ba has any activity, it must be S|gn|f|§a y less than that of DA. Based
on the del ayed onset of the activ was adm nistered |.V. and
considéting the in vitro results, ly follows that the high and
prol onged activity of the 6a |g 1ENbrain foll ow ng adm ni stration
of 5¢c is due to the fact that 6a is sl W releasing the active DA in the
brain. Accordingly, provided hereby i sla potent, brain-specific
qggﬁniggrgic agents conprising a lipophrlic

bromazepam

And in another preferred embodiment of the invention, there is provided the effective, selective and
25 nontoxic treatment of epilepsy, based upon the mechanism illustrated in Scheme 1. Indeed, commencing
from the "GABA-hypothesis" of epilepsy, the brain-specific, enhanced and sustained release of GABA {y-
aminobutyric acid) itself, and various other compounds either directly or indirectly affecting the concentra-
tions of GABA in the brain, is circumscribed consistent herewith. Model compounds include carboxylic
_ acids, most specifically valproic acid, as well as some of the GABA analogs which inhibit irreversibly the
30 GABA-T, such as y-vinyl and/or y-acetylenic GABA. Using the aforesaid trigonelline (N-methylnicotinic acid)
== dihydrotrigonelline system, for example, the selected compounds can be effectively delivered per
Scheme 1. Thus, representative target compounds are the dihydropyridine carrier-drug combinations 1 and

the corresponding pyridinium carrier-drug species, for example, GABA and its esters:

36

CONECBZCHZCOORZ

40 la
45 R1 = CHs, CaH7 or CH2CgHs
Rz = H, Cz2Hs, CH(CHs)2, etc.
Related derivatives for y-vinyl and y-acetylenic GABA are:
50 cr cH
2 &
Cﬂ/ ¢|: 7
i
R,NH-CRCH,CH-COOR, R NECHCH,CH,COOR, R
N N
55 2 and 22 3 and la ) 1
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35 di hydropyridine carrier-type chem cal delivery system of dopam ne
["pro-prodrug" or "pro-pro-prodrug” in the case of the catechol protective
group(s)], which penetrates the EB® Y0 85a8d4i ve transport. The rapid
oxidation in the brain of the carrier noiety to the correspondi ng
quaternary pyridiniumsalt results in an activated am de of dopam ne. The
oxi dat i 0H¥*}3r%iee°g§a"?'§° ?ﬁlfjélﬁts‘?'z?&'@”"e?ﬁ?h am de cl eavage of the beginning 0
conmpound 5 or of 6. Moreover, the ionic nature of the activated quatenmary
salt results in a significant sl ondown of the efflux ofa this specific
form through the BBB, resultigig a sglective ;’oncent-ra nhancenent of
t hg precursor Gatithy) efEEBral 1ol X5marn- @5E# 26598 & activity is
as ed, logically as dopam ne~Ng rel eased fromthis acti d form upon
hydrol ytic, enzymatic a net abo%'tihc cl eavage, a&ris facile éxcr etion of the
carrier noiety fromthe brain. yet anot her enbodi nent oflthe invention,
| i ke soynthesis of the anal ogous tyram ne system has been 45 carried out,
and the correspondi ng determni nati ons made. Such tyram ne systemis

repr esent e a#, CONH0GNORBRCHY. ad, zoome t z J COR 65
CH3 Inxangther embodiment of like delivery system, applicakgéH-gr boitithe GABA and related com@B®®- ( bi
(CH3) 3Cmdiandhe cahoxyiic Eridy] IIBBHBRthRldrug spetiss, to be linked foowchod carfes efieer direstiy err

di hydieoppdireetlynke- masiatep b i Garposdic acit. oo Buecicracidy ortathep linkagoeproviged|is g aeagrer on

t he chenpa¥ajubtitutsd oulpxc palyol (fechsgsdpgsitql or enogrg) havipe e drigonalling - sihverpirigonelinsul d
t he nat ygtergfanq 8 cPmprErdsdnag Iyraseintiadite the sane moleryle|3F pyaaplifieg by e QARAcaser
syst em bR TCBRNEPUEPRF 1 @ET ¥t i ng the carrier, but the manner in which the
u@r@ote conmpound is prepared should be tailored to the presence of any

o] rO 5 reactive gr oupsnjm t herol ecul e. The folnl4owi ngorxanpl es of
specific drug/carrier conbi napeds and their manner of dt hesi s are set

forth for the I i n pe nsi der ed
limtative in %8%%%2%&0 T%?}!? nc;)!??zzé%gf 9 us‘ﬁzati on, the
sel ecked drug is 17a-et hynyl t£STRst erone, estradiol or & i ke and the
sel ected carri eszayshem is Roi goneu ine -e=dydaotriggoel | i®Ry according to
this enbodinent, the drug is 10 reacted with nicotinoyl chloride, the
resultant ester is then quaternized with nmethyl iodide, and the quaternary
i odi de iR # e GABARdweledic\rit,bulNa RE20de ofd« 3f f or d t he drug- CDS (chemi cal

delivery system). Another specific illustration involves selecting
nmel phal an and the sane type of carrier system above, but form ng an
am de rather than an ester -kgn e. Thus,-aoel lan is converted to its
hydr obrom de, which is reacte @ aLaati niff acfid to afford the am de
havingstheforrrula 15 - ~ N~~~ IH -C

N N

[ ]

CHy CHy
O _ (in 5a and 6a) {in 5 and 6)

40 .

R: can be partially replaced by additional GABA or valproic acid, changing the carrier/drug ratio as
necessary. Some of the valproic acid metabolites can be coupled with carriers of the redox type, via the
various hydroxy groups formed during the oxidative degradation:

45

50

56
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O<) 20 HOOC-C -CH22CH\ 2 25 o
CXCH2. C2C1 whi ch can be esterified, if desired (to increase |ipoidal
characteristics), followed by, whelFP P1308%hB1 ester is prepared,

guat erni zing same with nethyl iodide to form 30 40 which can then be
reduced to afford the nel phal an- COS 45 50

N t-0oCN3 C 2 55 As one of several alternative schenes, nel phal an can
be derivatized by fi rst esterifying it, e.g., to vert the carboxy
function to the e# gﬁ zfg‘]en reacti i.ng the re ul tant mel phal an et hyl
ester wgth nicoti 4yp z#? 20 forp' e am orrrula 30 EP O
11 55 Bl "SC2 X CGQ cg..c o] 2aC2ﬁ poR.C3N then be

uaterni zed and the qu alt s uent reduceﬁ as |ndﬂbated above
?o afford to same nelpﬂ%ﬁéﬁgf%%zas deplége 2another specific

Il lustration utilizes chloranbucil as the target drug, I n mhlch case the
desiredoi 5 nicotinic acid cay rle% ?%stentis i nked to th gg via a

bri dgi ng group. Thus, ni cot ini®P%ec can be reacted mnth BFbprlate di -
or pol yhydroxy conpound such as et hyl ene glycol, propy!ene egcoI or

I nositol and the result internmediate is linked via its free hydroxy
group(s) to the carboxy acid function of chloranbucil. That internedi ate

is the quatermz&# eﬁ ghhe quaternary salt is reduced to afford the

chl oranbuci | - CDS. T3 TR :go coti nic acid and et hyl ene gl ycol

starting materials, the chjporanbuci€-CDS 20 has the fornula <2 CH .CCN

1ZCN2CD CC1>2) 2 GFRLTHICH . 2
3,30 On the other hand, when a pol yhydroxy conpound is reacted

WI nicotinic acid in the first step, a variety of products are possible.

Thus, for exanple, whefl BRdsi%| is used, the final product may contain

llustrative examples are the corresponding derivatives of the 5-, 4-, and 3-hydroxy-2-n-propyl pentanoic

25 acid derivatives. Additional carrier systems, such as the isoquinoline = dihydroisoquinoline system can also
be developed consistent herewith.

Moreover, based upon the observation that NADH content is significantly reduced in epileptic and like
seizures, the use of the subject redox system (in reduced form) will bias the NAD == NADH balance
towards NADH during the dihydro carrier — quaternary transformation. Also, the brain-specific delivery of

so small peptides consistent herewith, e.g., the enkephalins which have been found to initiate epileptic
seizures, has led to the design of a variety of long lasting potent antagonists.

And the subject chemical delivery system is also useful for the delivery of other anticonvulsants in a
sustained, brain-specific fashion, e.g., the benzodiazepines and hydantoins, and those compounds, like
apomorphine, which are useful in the treatment of photosensitive epilepsy.

35 It will of course be appreciated in the immediately above regard that the drug treatment of epilepsy has
always posed formidable problems. There are many different anticonvulsants available, some more specific
for different types of seizures. Indeed, there exist a wide variety of opinions as to which is the most suitable
drug for any particular type of seizure, and drug mixtures are typically employed. An inevitable result of the

O traditional therapy is the development of chronic toxicity, but such result is conspicuously avoided

40 according to the present invention.

It too will be appreciated that the desired therapeutic effects of all antiepileptic agents investigated, as
well as their undesired toxic effects, reflect a statistically significant correlation with the drug levels in
plasma. This correlation is based upon a close relationship between the drug concentrations in plasma and
brain tissue. In contrast, a primary attribute of this invention is to enable attainment of high and sustained

45 Dbrain levels of the selected active agents, essentially against the plasma-brain concentratton gradient and
independent of the drug concentration in the blood.

GABA and related compounds are logical candidates. It has been shown that GABA neuron function is
impaired in at least cerfain types of human epilepsy. Animal studies also showed that seizures are induced
by reduction of GABA neuron function to a critical degree by (1) inhibition of GABA synthesis, (2) blockade

50 of GABA receptors or (3) inhibition of GABA-receptor mediated ionic events. In addition, enhancement of
GABA synaptic activity (by direct receptor stimulation or by increasing GABA levels in the synapse) has a
potent and wide spectrum anticonvulsant effect. These findings foreshadowed that an enhanced and
sustained GABA brain delivery or a brain-specific delivery in a sustained manner of a good GABA-agonist
would be efficacious in different forms of epilepsy It is well known that GABA itself, when administered

55 systematically, does not penetrate the normal blood-brain barrier to any significant extent. Among the
potential sites at which drugs may act to influence GABA-mediated synaptic function, the first target is fo
affect the BBB transfer of GABA via a redox delivery system. The second main target is to effect the
catabolism of GABA. This invention, accordingly, specifically provides for the efficacious delivery of the
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anywhere from1l carrier/5 drug residues to 5 carrier/i drug residue. In the
case of the inositol trinicotinate internmediate 35 40 0] 3 45 conditions for
reacting same with chloranbuci| &8P H® B8IBIcted so that one, two or three
of the hydroxy functions react with the acid. Wen all three hydroxys

react, tAgak LIRSS S Pf e qgﬁwa l.f?m? Pg{"‘f"l equér%‘ﬂd

9S5 B1

d W|thout requm h| l)latm nB eves vi
carrier gjt éé%%t% avege e(?y hﬁ? JBQ%%‘% %éve in the tjq e value of CB
structur gl |(9a d in m es of ep Y. It i ent that valfrmc acnd roduces
<h2 C_'sms@ﬁﬂaﬁ??nc adok Y@Bdﬂz m%h(frkjt Qgtgs\ﬁmgl cgﬁ(% Sﬂs aYdrcﬁc |ts

fu [ oné,&&,s.veemgabol,stﬂl I zi ng the 1nosi to trigonel- li1nates or

gl ochsam ng, @PsieOBkhtary3fe presenﬁﬁveﬁtlofm l;bFoTwB%r foﬁ%tf&ntlﬁ%%@ttelaﬂ{e% ;B‘pué&@ its
deri vat i sRIScocamitine rddildlibier téxiditPofGaufnbétof Sr)ﬁS[Slle;SbelfugtsBéoTas IRt ih @Be. Add RS
drugs casvaiblerte ffecis&in iscl varityt dh Gmgsoktand @brdundsPsuthilagt GABA and a wealth of GABR-ergtz  Of
cl 3 / Vo Oagents~~~ / N. 46 CB3d(QCR ac3

a4C¥%® acR34t. wik pe spphrent @om the- foregeing piesisglim) of Sspecifie niluge@nieb eontbénationa tthar @ dvidey
react i ngvarbte ohguithetiojapgroaches can feoulitisstlydepertdimgion teRehemic@tiptuc of tiieesolegied druy.
groups i ¥eretteillgstrgiive Syrihatic seempd as appiedip edecific gantrally cactingpdrugseid ecasdwith éviss,
e.g., i nimenigasr sohiogh bejeytis thepseptipn eptitlad HlystativanBynthelfodMetods e Whilp tad eageencK plown

ci spl é"t i ‘i‘?a“éfﬂ’h 188 be variegyin manyiopeescin jopReral e gl sty G'EI thp £9% gheetiendl &3t aced

formation) will be réduction of a pyridinium compound of formula () to the correspondmg dihydropyridine

compound of formula (I). The reduction is usually conducted at a temperature from about -10°C to room

temperature, for a period of time from about 10 mins to 2 hrs, conveniently at atmospheric pressure.

Typically, a large excess of reducing agent is employed, e.g., a 1:5 molar ratio of reducing agent to starting

O 20 [D-QCJ* compound. The process is conducted in the presence of a suitable reducing agent, preferably an

alkali metal dithionite such as sodium dithionite or an alkali metal borohydride such as sodium borohydride

or lithium aluminum borohydride, in a suitable solvent. Sodium dithionite reduction is conveniently carried

out in an aqueous solution; the dihydro product [D-DHC] is usually insoluble in water and thus can be

readily separated from the reaction medium. In the case of sodium borohydride reduction, an organic

25 reaction medium is employed, e.g., a lower alkanol such as methanol, an aqueous alkanol or other protic
solvent.

Suitable nontoxic pharmaceutically acceptable carriers (j.e diluents or vehicles) for use with the topic
compounds [D-DHC], e.g., those less toxic than the target drug species themselves, will be apparent to
those skilled in this art. Compare, for example, Remington's Pharmaceutical Sciences, 4th Edition (1970).

30 Obviously, the choice of suitable carriers (i.e diluents or vehicles) will depend upon the exact nature of the
particular dosage form selected, as well as upon the identity of the active drug species [D]. The therapeutic
dosage ranges for administration of the compounds according to this invention will generally be the same
as, or less than, those characteristically used in this art for administration of the known drug species [D],
per se. Naturally, such therapeutic dosage ranges will vary with the size of the patient, the condition for

35 which the [D-DHC] compound is administered, the particular dosage form employed, and the like. The
quantity of given dosage form needed to deliver the desired dose of [D] will of course depend upon the
concentration of [D-DHC] in any given pharmaceutical composition/dosage form thereof.

The ability of the topic compounds to cross the BBB, as well as the BTB in the male, and to be "locked
O into" the brain and testes allows administration of the drug in a site-specific manner. A combination of the
40 present dihydropyridine = pyridinium salt redox system with a sustained release system will further
enhance this site-specificity. Thus, a preferred embodiment of the invention comprises formulating the [D-
DHC] compound or the salt of a [D-DHC] compound utilizing a sustained release carrier (ie diluent or
vehicle) system and/or route of administration capable of slowly releasing the chemical, e.g., sustained
release tablets and capsules for oral administration; subcutaneous injection, or implantation of drugs in solid

45 pellet form (for example, distributed in a biodegradable polymer); intramuscular injection of the compound
in solution in oil or suspended in a repository vehicle; a transdermal delivery device or form such as an
ointment to be applied locally to the desired site (when the drug is susceptible of delivery through the skin)
and the like. The rate of release of compound from the sustained release system should be comparable to
the rate of in vivo oxidation of the dihydro form of the redox system in order to achieve the greatest degree

50 of enhancement of specificity.
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with organic radicals, can be simlarly derivatized according to the

i nvention, the nmethod of choice dependi n% on the nature of the functional
groups in the organic radicals. 5FPO10§ERBIar |y, syntheses and |ike
determ nations as regards the redox carrier-linked enkephalins can be

carried OHlEstrat!\:/ie Stread BiLhe ized is the known | euci ne enkephalin Xi. The
quaternary—pw—é?’—m—u-m—a-nﬁog X, the corresponding O benzyl ether X Il and
the am de| mtﬁ?‘grﬁ dg%{izi@ynﬁzhgs_ﬁg_e,:qncﬁg% in Dmg? 0 110 955 B1 syrclycly?-Ph-IR

XI5 0)Tyr y Ay Ph.
LAU - CZmbkedcAlc ON~ccRcoKHBI - c00cal 10

Ly - c~N 25 - -O G ly-Gly-Phe-Lou-oft O 20 d2
O0CH"2C1B3  The druflié! retioted Wit ickinofH oyiidhde; Wit aicdthid adklydride, or with nicotnid Geill: i \kaY
CH3 presence of a suitable d¥i{drabiy agent sudl a®-divgdiatigkylca@odiimpmieDini Bheappiobijdte Orgarey

deri vati veoheit, Xi affced shenddrespoiing, nicothaamidat iTad Inigotiardidé e thet @ugabraigbdwtyipleally by

ni cot i me ctreebmedt withohdthylhedideoip arsaitably lomhriospivedt] tb effandithe quatriancisrivativedDAAET*, which

i nt r oduct isctherofeduced r ye treartent awth isediurg tditigjenite rer tsdiurs yhotohwskifles .as Teeerallp cesdribesh  of
X'l and Xherqinabeved afford;the desirgidcpmpaundiD-i@duct s due to the base sensitivity
of the est erThe [epleganjalive qsyas fatpdolplons maavt Recder\slized #ibis nangr todhr paresPoRdingg Bl | ne

ester XV ¥WdPPHE! ¥MRYMAS derivative 0 XVI. 40 05
Tyr-AY2dY-Ph.-NR-CHCGO0-.C 45
CZ~f xv CCHMC
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50 Thus, the site-specific brain delivery of the enkephalins for the
treatnent of epilepsy is established consistent with the Schene 1, as is
their analgesic activity. SinlafR01W95&far ds t he benzodi azepi ne
tranquilizers, e.g.: 55 33 EP O 110 955 Bl 1. Oxazepam O

OHu '<tb ~~~C

CHOS5 -Ho C3 O 2. Diazepam 20 cz3 o c 3 NCCC
H2-NN-CO-R1 25 .1 ~~~Ci A C Cs8 |
C685 Ri N Ca3 35 o z Ny 6\
11 delgvery 21 oxidati oan 0 N
@l ned brain 40 ) : (RYAY;
This reaction schemac\ ilizes conventional openP" of the 7-nmenber
r| ng, acconpani ed by couplgng of the drug to the car .« The follow ng
drugs can be sig}larly der tized to the correspondlémf dro
derivatives: 5 - o=o0
1 o=y i
Q ] T
Sl ? -4
7 \\_E L =
2 2
15
g

0
]

[e]
i
NH=C=CH=-NHC
CH-Ci,
"oy

25 . . +©

+
¢ 0
a 7 N—E =
35 g
G z
o1 » I =
0 559 »
i 1 5 5
g o=c'> V4
45 UJ ="° x
Q z o]
o = =4
il 0 5 - ol
2 4 \ = -N .—o-l
s = z 8
0 H 8
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55 34. EP O 110 955 B1 HCH AC2"S O 5

- 71 22N9®R2CH 10 fl urazepam %\H Br N Q 20 bromazepam And in
anot her preferred enmbodi nent of thEPOMBRESBM, there is provided the
effective, selective and 25 nontoxic treatnment of epilepsy, based upon the
mechanismillustrated in Schenme 1. Indeed, commencing fromthe

" GABA- hypot hesi s" of epilepsy, the brain- speC|f|c enhanced and sustai ned
rel ease of GABA (y- am nobutyric acgﬁ) itself, and garlous ot her conpounds
either directly or indirectly affect\ t he concentr tlons of GABA in the
brajn, ks circunscribed consistent he it h. Nbdel c unds i ncl ude

car ylic acids, nost specifically. pr oi ¢ aci as sone of the
GABA anal ogs which inhibit irrevefsizaly, the 30 - -Jb such as y-vinyl
and/ or y-acetylenic GABA=Using tWgZaflfresaid tri dﬁel |ne
(N-net hyi ni cotinic acid) @i hydrotrfgon®l |ine systgm for exanple, the

sel ect e® conpounds can b&fef f ect i =y omlivered p Schenme 1. Thus,
representative target co oundsppreg-]- dlhydrop i di ne carrler-drug

conmbi nations 1 and the correspoRd i di ni um cayLier-drug species, for

exanple GABA and its esters: 35 N 2C"' 20A2 _ CONSCN2CH
COOR2 _=~~~~~~~~ i 40 - R
Rz 45 ° R = CH3, C3 H7 or CH2Cg H5 R2 = H, C2Hs, CH(CH9)2, etc. Rel ated
derivatives for y-vinyl and y-acetylenic GABA are: 50CHC R NH CHCH2CH COOR2
R3NHCH2 c H2 COOR2 'C 55 2 and 2a
3 and 3
20
vy
3] ]
(51 .
A\ -
+
. e e
o E S0
g A0 Vool
% A oo g

Cl

35

\\Nﬂcﬂa

45
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35 EP 0 110 955 Bi In the case of valproic acid, other alternatives are:
O 5 (n-C37) 1CNCOO-CH2 X = (n-C37)
2CHCOOOC2- X 4 1 EP 0 110 955 B1 4& 10 X = H, CONH2, CHNORZ,
etc. In another enbodi nent of |ike delivery system applicable for both the
GABA and rel ated conpounds and for the carboxylic acids, or for any other
drug species to be linked to such a carrder, gither dlrectly or 15
indirectly, i.e., mediated by a carboxy§ic acid, e.g., succinic acid, or

ot her |inkage, provided is a nono-or p y- bktituted nontoxic polyol (such
as 1ngsitol or sugars) having the t= | i s -di hydrotrigonelline system
a he conpounds to be del igyer ed Ii ked J

exenplified by the GABA cas&{(5 -5 nd vaI 2

dcid (6 - 6a): O 20 R40

014 40 _.J OR4/—FN CHzR2cO ORAL

(n- C317) 2CK- COOR4. 25 5= 581 / ZRia ORES 6=6a

R40 10 OR4. s= H GABA or vaI§ﬁ0|c aci d~B(t at |east one of R4 is: 30
-CB - -co 36 - 1 CH3

CE3 Q ' n(in‘ﬁa and 6) (in 5 and

6) 40 R4 can be partially replaced by additional GABA or val proic acid,
changlng the carrier/drug ratio as necessary. Some of the val proic aC|d

net ab8l i tes can be coupled with carriers of the redox type, via the various
hydr oxy groups formed during the oxidative degradation: 45 50 55 36

OZO
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EP O 110 955 B1 OR4 \ 5 t~~~4 0 CH2CH2CH2 ., 0CH3Cl 1- CH2%

OCE- C CH COOR2_ CE3CH2CO2 OR2 C H3CE2C2 7 and
7a EP O 130:965:B1or4 f 4 151 CHCH2CH 3 2
>H COOR 2 CHE3CH2CH2 O 20 9 and 9a Illustrative exanples are the

correspondi ng derivatives of the 5-, 4-, and 3-hydroxy-2-n-propyl pentanoic
25 acid derivatives. Additional carrier swywstens, such as the isoquinoline -
di hydr oi soqui nol i ne system can al so be d eloped consi gtent herew th.

Mor eover, based upon the observation that conten is significantly
reducedsin epileptic and |ike seizures, thg yse of the\z j ect redox system
(i educed form will bias the NAD - NADH Ppal ance to NADH during the
di iydro carrier - quaternary transformatiorg=®l so, the bJain_specific
delivery of 30 small peptides consistent hegewith, e.g./thg enkephalins
whi ch have been foundyto initiate epileptic| seizures, |£d to the design
of a vdfiety of |ongglasting poteniy antagpfigts. And the spbject chem ca
delivery systemis alf§o useful for4 he de :ry of ot her i convul sants in
a sustained, brain-sggcific fashidh, e.g., jthe benzp gf%es and

hydant oi ns, and those conpoundsgodd ke apomgfphi ne, e useful in the
treat nept of photosensitive epilepdy.~28 It will e be
appreC|ated in the i medi ately abovd 2 that t gu reat nent of
epi | epsy has al ways posed fOFﬁl;i\ gbl ens. Thery e many different

anticonvul sants avail able, so \ffgoyent types of
sei zures. Indeed, there exist a*wde variety of opi‘;aié as to which is the
sugptable drug for any particul ar type of seizure, and drug m xtures
typically enployed. An inevitable fﬁsult of the traditional

a
therapy is the devel opnent of chronic tﬁz;ﬁity, but ch result is

conspi cuously avoi ded 40 according to t resent inv n.
25 g=o : ™
o=v §
+ \ /
=) =
g 1) [}
- = 8
30 = 8 Qw
o= “ 8
S )8
x o
Z=0

: v

CHZCHZCHZ-N

ki cn
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45

3
Starting Material
Co¥s
O,
P
~

(X
0

protriptyline

50

55

43



It too will be appreciated that the desired therapeutic effects of al
antiepileptic agents investigated, as well as their undesired toxic
effects, reflect a statisticallyEBOGHPO58BAt correl ation with the drug

| evels in plasma. This correlation is based upon a close relationship

bet ween the drug concentrations in plasma and brain tissue. In contrast, a
prinmary attribute of this inventiog is to enafpe attainnent of high and
sustai ned 45 brain | evels of the S‘|£Cted actvve agents, essentially

agai nst the plasna-brain concent FARjOn gradlen d i ndependent of the drug

concetration in the blood. GABA a -Iated cC unds are | ogi cal

C ydates. It has been sh t hat A0 finction is inpaired in at
| e certain types of hung epi | =( Ani 1ye dies al so showed t hat
sei zures are induced by re@pcti g \B\ Ae8r ghZf unction to a critical
degree by (1) inhibition ofj GABA s esi s ?® bl ockade 50 of GABA
receptoors or (3) inhibition of GA aceptor nediated ionic events. In

addi ti on, enhancenent of GABA s
stinmulation or by increasing GABA
w de spectrum anticonvul sant effe ose findings foreshadowed that an
enhanced and sustai ned GABA brain very or a brain-specific delivery in
a susffi ned manner of a good GABA-agoni st would be efficacious in different
forns of epilepsy It is well known that GABA itself, when adm nistered 5s
systematically, does not penetrate the normal blood-brain barrier to any
significant extent. Anong the potential sites at which drugs nay act to
ichu ce GABA-nedi ated synaptic f@inction, the first target is to affect

t transfer of GABA via a r : dellvery‘J ystem The second main
target is to effect the catabolism\gi_ GABA TQ& nvention, accordingly,
specifically provides for the effi pus del i of the 37 EP0110955B1
GABA-T i nhibitors, -y-vinyl and . v engesaBl, but the delivery of

val prei c acid, specificallgl to the)br&in a : requiring high
circulating blood levels, Yjs al 38 ) €T Brder to achieve the
required activity, sodi umagal proat §=fst have 8 relatively high, 50-100
Lg/m, level in the blood. The vg Vvalproic acid is well established
in nost types of epilepsy. It is & t hat val proic acid produces s
signi P cant increases in both brai chSynaptosonaI GABA concentrati ons.
Val proic acid itself undergoes ext @ netabolism In capsule sumary,
the present invention provides forwH& significantly inproved treatnent of
epi | epsy, and concom tant reduction in toxicity of a nunber of
antleglleptlc drug species currently in use. And nade available to the
brain*is a variety of inportant conpgunds, such as GABA and a weal th of
GABA-ergic io agents. It will be appgrgnt fromthe foregoing discussion of
specific drug-carrier conbinati onsek@Qa® a w de variety of synthetic

appy oaches can be utilized, .dependin A, the chem cal nature of the
sef’ectged drug.

tivity (by direct receptor
sin the synapse) has a potent and
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Various illustrative synthetic schenes as applied to specific centrally
acting drugs in accord with this invention are set forth belowin the
section entitled "Illustrative SyrEmedi®e8Bhods". Wile the sequence of is
reaction steps can be varied in many cases, in general, the final step
(except in the case of optional salt formation) will be reduction of a

pyri di ni um conpound of forrmula (l11) to the correspondi ng di hydropyri di ne
conpound of forrmula (1). The reduct&on is usually conducted at a
tenperature fromabout -10 IC to roﬁmterrperatuf‘e, for a period of tine
fromabgut 10 mins to 2 hrs, conv&g_{‘,e;tly at at"qos heric pressure.

Ty ally, a large excess of reducing’agent is e yed, e.g., a 1:5 nol ar
ratTo of reducing agent to arting D QC + ound. The process is
conducted in the presence d&| a suit§ PR gdgent, preferably an

al kali metal dithionite su as sodi pmi peFoan al kali net al

bor ohydei de such as sodi um&or ohy§ ' 3 mzal um num borohydride, in
a suitabl e sol vent. Sodium dit hi oni Ne=££ducti on® s conveni ent | y carried out
in an aqueous sol ution; the dihydro uct [D-DHC] is usually insoluble in
wat er and thus can be readily sep% \ omthe reaction nedium In the
case of sodi um borohydride reductio g ganic 25 reaction nediumis

empl oydl, e.g., a lower al kanol suc{ ot hanol , an aqueous al kanol or

ot her protic solvent. Suitable nont oy pharmaceutically acceptabl e
carriers (i.e diluents or vehicles) for use with the topic conpounds
[D-DHC], e.g., those less toxic than the target drug species thensel ves,
\/\Q bg,apparent to those skilled in this art. Conpare, for exanple,

Rermf ngton' s Pharmaceuti cal Scienceg 4th Edition (1970). 30 Cbviously, the
choice of suitable carriers (i.e diguents or ¥hicles) will depend upon the
exact nature of the particular dosdgeg form selacted, as well as upon the
identity of the active drug specPER pD]. The ti € euti c dosage ranges for
adm ni 2kration of the conpounds accgrdiNg to thissgfnvention will generally
be the sane as, or less than, thosd - i fally used in this art for
adm ni stration of the knowa grug spee

t her apeuti ¢ dosage ranges | v exof the patient, the
condition for 35 which the K- DHC] Rampbdund i's &dministered, the particul ar
dosage® orm enpl oyed, and t li ke. guantity of given dosage form

needed to deliver the desired dost @ °wi Il of course depend upon the
concentration of [D-DHC] in any givea=ghagmaceutical conposition/dosage
formthereof. The ability of the o<@a:il to cross the BBB, as well
as the BTB in the male, and to be "Ng #d JID into" the brain and
35 L. . . . P

testes all ows adm nistration of the drug in a site-specific manner. A
conbi nation of the 40 present di hydr®pyridine - pyridiniumsalt redox
systemw th a sustained rel ease systgmwi || further enhance this

-specificity. Thus, a preferred Enbodi nent of the invention conprises
formul ading the [D- DHC] conpound %57tfe salt of a [D DHC] conpound
utilizing a sustained rel eagg carrier di l uent or vehicle) system and/ or
route of adm nistration capghlle of s aS\g the chemcal, e.g.,
sustai ned rel ease tablets ar@ capsul €y @ ni stration,

subcut aneous i njection, or | ant & 8857  solid 45 pellet form
(for eganple, distributed in bi ode Abl e pol yner%; intranuscul ar

injection of the conpound ingpolutio il or suspended in a repository
vehicle; a transdernmal delively de® orm such&as an ointnent to be

applied locally to the desi r:e:
deIivegoy t hrough the skin) w

56



and the like. The rate of release of conpound fromthe sustained rel ease
system shoul d be conparable to the rate of in vivo oxidation of the dihydro
formof the redox systemin ordeEPib1HI8RIe t he greatest degree so of
enhancenent of specificity. 55 38 EP0110955B1 Il lustrative Synthetic

Met hods |. Methods for Derivatizing -NH2 or -NH Functions in Drugs 5

Met hod A The drug is reacted with nicotinoyl chloride, with nicotinic

anhydride, or with nicotinic acidsn the presence of a suitable dehydrating
agent such as dicycl ohexyl carbodi ¥m de

, I'n an appropriate organic solvent,
to afford the corresponding b oti nde. The nicotinam de is then
qu rnized, typically by 10n§£reat t wwth nethyl iodide in a suitable
h

or ic solvent, to afford t guat efnary derivative [DQC]+, which is then
reduced by treatnment with sodEim dgdbi onf r sodi um bor ohydri de as
general |y descri bed herei nabove to a& desired conpound [D-DHCI. The
representative drugs listed below may b atized in this manner to the
corresponding [D-QC] + and [D-DHC] conpounds. 15 O 20 26 30 35 40 45 50 55

39 EP 0110 955 B1 10 YSO
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This is a variation of Method A used when the drug contains a -COOH function which is to be protected.
The drug is first converted to the corresponding ethyl ester by conventional esterification techmques
That ester is then used as the starting material and Method A is repeated.
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This variation of Method A can be used when the drug contains one or more OH and COOH functions
which are to be protected. The protecting groups, typically the ethyl ester and pivalyloxy groups, are
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function and thus forms a suitable bridging group. The resultant compound is then reacted with nicotinic
acid in the presence of a suitable dehydrating agent, or with nicotinoyl chloride or nicotinic anhydride, to
15 form the corresponding nicotinic acid ester of the partial formula

O = c13c-fnog@ .
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The resultant intermediate is then quaternized and reduced as in Method A.
The representative starting drugs listed below may be derivatized in this manner to the corresponding
25 [D-QCIt and [D-DHC] compounds.
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The resultant internediate is then quaternized and reduced as in Method A
The representative starting drugs |listed bel ow nay be derivatized in this
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Method F

Method A is followed, except that in the first step, the drug is reacted with 3-quinolinecarboxylic acid or
its acid chloride or anhydride instead of nicotinic acid or its acid chloride.
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Simlarly, Method H may be conbined wwth Methods B. Cor Dto afford the
correspondi ng derivatives, QO e.g. of the drugs listed with those
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wherein n = 1-3, preferably 2, is used in place of nicofinic acid. (That starting material may be prepared
from nicotinamide, e.g. when n = 2, by reacting 3-iodopropionic acid with nicotinamide.)
The drugs listed below may be derivatized in this manner to the corresponding [D-QC]* and [D-DHC]

75 compounds, as may the remaining drugs listed with Method A. Tranylcypromine, methamphetamine,
phenmetrazine, dextroamphetamine, levamphetamine and phenylethylamine may be similarly derivatized to
the corresponding [D-QCT* and [D-DHC] compounds.

Similarly, Method H may be combined with Methods B, C or D to afford the corresponding derivatives,
e.g. of the drugs listed with those methods.
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CONH2 10
1-3, preferably 2,
-COO (CH 2) n-

)

&P 0 110 955 B1

W (C2) nOR 15 whereinn
to convert the -COOH function to the correspondi ng

CONE2 ester grouping. That ester is thus quaternized and subsequently
reduced as described above in Method A Wien the drug contains nore than

one reactive carboxyl

25 nore than one carboxyl

(The starting al cohol
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acting 2-iodoet hanol
d bel ow may be d&rivatize

functi on,
funcéio

n wil

t hi s manner

reaction conditions nmay be varied so that
be converted to egler groupings.
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35 [D-DHC] 40 O A *H U JC NH, ~
| 24 N<«i, CHCA-NH G- N-l . g H 50
CHL “HO=~~mmmmm e CE Cl - OC2HZ- HP-0-110856-B1-———~ 55 122 EPO 110955B1

Met hod O Method N is repeated,
has the fornmula 5

(B

—~— i~ ~—

(That starting material may be prepared by reacting nicotigic acid with

1, 2- propyl ene gl ycol

in the presence of dicycl oheyl carbodgi m de.) The

corresponding [D-QC] + 15 and [ D-DHC] conpounds, as nay the

representative drugs |listed bel ow may be derivatized in th nner to the
Lefai ni ng dr
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Met hod N is repeated, except that the starting al cohol enployed has the
formula CONE HOCH2 1 OH 15 (That starting naterial nay be prepared by
reacting bronogl ucose with nicot BRI ®WE56 Blhe drugs |isted bel ow may be
derivatized in this manner to the corresponding [ D-QC] + and [ D- DHC]
conmpounds, as may the remaining,drugs listed with Method N. Q 20 25 30
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This is a variation of Method | used when the drug contains a -COOH function which is to be protected.

The drug is first converted to the corresponding ethyl ester by conventional esterification techniques.
That ester is then used as the starting material and Method | is repeated. The -COOH group may be
similarly converted to other ester groups.

66 The representative drugs listed below may be derivatized in this manner to the corresponding [D-QCJ*
and [D-DHC] compounds.
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O ~ An ether solution of [D-DHC] is treated with an equival ent amount of
anhydrous p-tol uenesul fonic acid O s dissolved in dry ether. Mxing at
roomtenperature is continued untBP01KB55 B ni um salt precipitates out of
solution. The salt is then renmoved by filtration. In order to further
illustrate the present invention and the advantages thereof, the follow ng
specific exanples are givem it being understood that same are intended

only as illustrative and i nowise |inmitative. 10 In the exanpl es

i mredi ately to follow, II8rreIt|ng poi nts ver e taken on ge Mel - Tenp

apparat us and are not cowefected. El enental al yse8 wer egsperforned at

At | ic Mcrolab, Inc.,=ZAtlanta, Cegygi a. ﬁfraré’d pecdra were determ ned
usi ng a Beckman Accul ab doubl e- beeﬁn recondi ng spe bpphot onet er. NWVR
spectra were determ negrbrereans of r| T60A orsf O spectroneter.

Al chemnical shifits refrtd are in a 8?( arts ga lion) relatives
to tetsanet hyl s ane la t ’&yi ol et abso e:: pectra Vv J;eleS det er m ned

using a Cary M 219 @pﬁtrophotonmﬂg ==HP3;'C anal ysi s Wgr'e performed on
WAt ers Associ at L| quid romat ogr aph wigh ¥del 60004 s&hvent delivery
system Mbodel UBK i nj or and Model 440 @bsBrbance dePecBor. And in all
cases where Anal. C is indicated, the elenentary analysis of the
conpothd was found wi Tih 0.4 of the calculated value. O 20 EXAMPLE 1
Preparation of D etk "3, 5-pyridi nedi carboxyl ate: To suspension of 8.35 g
(0.05 nol) of 3,5-pyridi nedi carboxylic acid in 30 m .of absol ute ethanol,
10.mM 25 of concentrated sulfuric acid were dropped while stirring. The
ifx t %ﬁ was then refluxed on a water bath for 5 hrs and poured onto crushed
_ e solution was then gade al kaline by the addition of solid KHCO3 in
smal | anounts. A white solid*separated which was filtered, washed with
wat er and dried. M p. 42°\4 £* C. The not her £ quid was extPacted wth
CH2Cl 2 when anot her crop the di ester was ¢btai ned& ThegBverall yield of
the crside ester was 9.1 gF 82% of sufaﬁl cie purlty} ghe exanples to
fol low NMVR (CDC13) aQ%\(d 2H, 300J 2 : Qand@épyridine

protons), 8.76 , 2 Hz; C4 proton), T4. (g, 4H, J =7
Hz, 2 OCH2), 1. (t, 6H~ IS4 Hz, 2 LE 2 35 r ration of
5- Car boet hoxy- 3¢ yridi neﬁ,@r Bgxylic acid: Tg agolution g (0.045 nol)

of dié&hyl 3,5-pyridi nedgcaﬁboxyl ate i f=gagn DY et hyl ﬁccﬂé‘bl 25 m of 2N
al coholi ¢ KOH were addedawhile stirring. Std rrj"ng was ccgm,gmed for J hour
at roomns tenperature. ci"!the m xture, 12.5-m &f 4N HC wer® added while

:F

stirring. The solid whi separated was filtered and washed 40 wth

al cohal . The conbi nﬁgj rate and washings were distilled on rotovap and

the r&idue was washed with water, filtered and crystallized from et hanol .

Yield 7.5 g (86%, mp. 180-1820 C NMR (CDC13/DWVBSO-ds) 8 10.56 (bs, 1 H,

C@) 9.26 (d, 2H, J = 2 Hz, C and Cr pyridine protons), 8.75 (t, 1 H J
Hz,

4 pyrlmne protons), 4.4 (g, 2H, J=7 Hz, O CH2), 1.42 (t, 3H, J=7

Hz, Cl;js) 45 EXANPLE @ Pgeparation of 5-Carboet‘boxy-3-(l\l-,8-p‘genethyl)
car banoyl pyri di df: \U/ 3 3 =
g = g § ] § <
% 2 9 9 L 9 2
5 A\N 1L D 3 10 3 Lo
45 +J x = ce [~ ‘Cg
5 %% 435 INs 48 _/\. &%
e 5 & 1 & £ X 1e BF X OLs
n ~ ™ > Q 0 (5] »J N O > U
= - X o Tz = ™~ X Qu F ~ x Q.
Q o Q = O-—U” - O —~t U” = O
i N Dy Uy N Q S D
e 38 5 -~ §8 § =~ T8
50 . z9 s =9 o £
1 [ - 1 o

n - [ae}
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To 10 g (0.05 nmol) of 5-carboethoxy-3-pyridinecarboxylic acid, 30 m of

t hi onyl chloride were added and so the mxture was warned on a water bath
while stirring until clear .3 hrER 0 18B8%8B1+t hi onyl chloride was distilled
under vacuum The residue was cooled to roomtenperature and 50 m of

sodi um drmﬂ@ggene was added. The solution was cooled in an ice bath and a
sol ution g (0.051 nol) of phenethylamne and 4 nl of pyridine in 50
m of dry b Li and the m xture was
left overni %%tﬁdg? 's\r/*@%vr\ﬁgt{ g%@&é%?dng %g'; sg%ué) X'gtena%f E’fo'm"\/vf?xshed wth water
until fgee fromCd - (tested by 55 AgNGsTS). The organl c layer was dried

i Na2SO4 and distilled. The resite @ ystallized fromether/pet.
ether mxture. Yield 9.0 g (67%, 159461 IC, ir (KBr) 3300 (NH), 1725
(ester CO and 1650 cm (am de CO, ¥ 13) 8 9.13-9.96 (two doubl ets,
2H, J=2 Hz, C2 and Cs pyridine pl’OtQéﬁ%] GodB (t, 1H J=2 Hz, 4 pyr|d| ne
proton)’ 7.16 (s, 6H, C6H5 + CONH), 4.%6%(q, 2H J=7 Hz, OCHZ) 3.4 (q, 2H,
128 EP 0 110 955 Bl1 J=7 Hz, N-CH2), 2.9 (5, 2H, J=7 Hz, CH2-0), 1.33 (t,
3H, J=7 H;_wher@p@)— 1,’6,rmqferat{lg mqueq;g@gr) Me]hoq-H. ifNisedEX fxlab &F n¢otrﬂ|"c acide 5

Pr epar at i on The representative drugs Ilsted below may be derivatized in this manner to the corresponding [D-QC]*

5- Car boet REKIP-DHCI pemnqynds. s mtdggﬁj%ﬁr"ﬁam%yrl di ni um i odi de: To a

sol uti df

f A | cteﬂ:bmed with M J to afford the corresponding derivatives, e.g. of the
5- car boet ﬁd’?&sta %’%;i@'ﬁygﬂ i r am)él ri d| ne i n 5 m of acetone,
of methyl ,Qg,l, d‘ {; °‘H§ g‘? ' [ﬁqs §°€‘6’fhi E;F@”'@q for ?'F‘W@}c F?B‘i‘ 8

"D_.ID'

hrs and the 1Bt 6V et T Ghe-P "@\?\79(‘9’ Jper tmRihed,

p plzt,ated was flltered, washed wi t h acetone, dried and to crystallized
from acetone. Wight 3.5 g (82%, mp.1 68-1701C, ir (KBr) 3250 (NH), 1725
(ester CO and 1670 cm' (amde CO, U V. max (buffer pH 7.4) 268 (weak

pl at eau) and 268 nm (E = 53, 667), NMR (DVMsO-dr6) a 9.53 (bs, 2H, C2 and C6
pyridine protons), 9.33-9.10 (m 1 H, C4 pyridine proton), 7.16 (s, 5H, Cs
Hs), 4.263-4.26 (conplex nultiplet, 5H -N -CH3 + OCH2), 3.56 (q, 2H, J =6
Hz, 20 -N-CH } O 20~~~~~~~~~~~~~~~
2.90 (t, 2H, J 6, CH2-4), 1.4 (t, 3H J 7 Hz, CHa). Anal. (C, 8H211 N203) C,
H, N. 25 EXAMPLE 5 Preparation of '

5- Car boet hoxy- 1- net hyl - 3- (N-, 8- phenet hyl ) car banoyl - 1, 4- di hydr opyri di ne:

Thi s cdhpound was prepared follow ng the same general procedure as for the
ot her di hydropyridine 30 derivative exenplified hereinbelowusing 1.0 g
(0.002 nol) of 5-carboethoxy-1-nethyl-3-(N-, 8-phenethyl)-

car banoyl pyridiniumiodide, 1.0 g (0.012 nol) sodium bi carbonate and 1.42 g
(0.008 ol ) sodiumdithionite.

O
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Yield, .60 g (84% of orange-yellow viscous oil which reduced al coholic
silver nitrate, but very slowy. U V. max (buffer pH 7.4) 205 and 390 nm
NMR (CDClI3) 7.33 (s, 5H, Cs H5), EP.QOI10H65BY C2 and CQ pyridi ne protons),
5.8-5.3 (hunp, 1 H CONH), 4.2 (q, 2H, J =7, OCH2), 3.66 (q, 2H, J =7 Hz

35 0O 3.16 (bs, 2H, C4 pyridine proton), 3.0 (g, 2H J=7, CH2-#), 1.4
(t, 3H, J=7, CH3). 40 EXAMPLE 6 Preparation of o _

3, 5- Di E( N- A- phenet hyl ) car baftoyl ] pyri di ne: 45 To & solution of 2.53 ¢
(0.01 nmol) of diethyl 3,5-@yridinedi garboxylate in 1@ n. of nethanol, 3.0 g
(0,02% nol) of phenethyl am re agded. The m xture g} ref | uxed

oV ight and then distilled\,#hgf rg&si due was washed w very dilute HC
sol ution and water, dried andhcr |1ized form ethanol &field 2.9 g (80%,

mp. 189-190 - C NI\/R(CDCI3)oS Q@?d J =2 Hz, 2H, Zps6-dipyridyl), 8.33
(5, J =2, 1 H 4-pyridyl), 7830 (8, YWOH, 2 CBHs), 6.93%5.40 (hunp, 2H 2
COHN) 70 3. 83 (g, J=7, ,4H, 2°-=u?,CI—|2)$ 300 (t, J=7, 4H°’Z=QCI—|2 #). Anal. 50
(C23H23N102) =%, H, d 7 e=epdyat |on of

1- Met hyl - 3, 58] [ (N-, Oy R yI)caPay ]p¥r|d| ni umIOSVdEZ S& To a

sol uti on of go e} (5.3 phenethyl)cayrbarm ]pyridine in
10 M of ace 2 m yl i 0dide T added a was
refluied for 24 hrs. ow cryst afR lid whighl se arate S
filtered, washed with ac and dried®#ght 1.48 T&r, m B,

186- 1880C. U.V. 129 EPNO 49 955 Bl sumo K solLet i on |n==phosphate
buffer 7.4 showed a plateau at* 75 nm a Shqul den 254nm and a@“sharp
o@ af 203 nm (c=67, 356). Ir fKBr) 3240 (NHg 16§ nd51650 gn.g (twin
barfd, C=0). NI\/R(CDCLS/D2 9.35 (d, 2H, J=2, : pyri di Rg
protons) 8.56 (d, 1H, J= Hz C4 pw di ne proton .20 (s, 105 2 C6Hs5),
4.56 (s, 3H# Pp~~~~~~~~~~~ 6 , @H, J=7 Hz, CHZ) 2. 96 "f 4H, J=7
Hz, 2 CH2-#)g] Anal . (CZ4H2\@ EXAIVPLE 8 oY

1- Met &yl - 3, 5¢Hi (N-, 8- phenet hij -1, 4-di hyropyr|d| nen Thi s
conpound vvase- repared foI I ovvrﬁwﬂg t g arre procedure as in Ex using 1
g (0.002 nol) of
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1- et hyl - 3, 5-di (N-, B- phenet hyl ) car banoyl pyridiniumiodide, 1.0 g (0.012
nol ) sodi um bi carbonate and 1.4 ¢ éo. 008 npol) sodiumdithionite. Yield .65
g (86% of orange-yellow sen sol i cERRi13098%BId not be crystallized. Its
al cohol i c. solution shows a sl ow reduction to alcoholic silver nitrate
solution. U V. max (buffer pH 7.4) 388 and 210 nm NWR (CDCls) 7.13 (s, 5H
CsH5), 6.76 (s, 1H, C2pyridine protons), 3.51 (g, 4H J=7 Hz, 2 O 20
-IF-CH 2). 3.06-2.60 ( 9H, O CH2 + C4 pyridine proton + NgCHa). 25
EXAMPLE 9 Preparation i cotincyl dopani ne (conpound 2) 2 30 To a
pyridi ng sol ution cont ai 11.7 g (0.05 nol) dopamn obrom de and
6.1 g (0.05 mol) nicotinfjg acid at 00C were added 10. (0.05 nol)
di cycl ohexyl car bodi i m de CC). The reaction mxture wa$ stirred at room
tenperature for 24 hours gpd the forned di cycl ohexyl uregfwas renoved by
filtration. 35_The pyridi % was renoved in vacuo and thé’,{ﬂiﬁsi due was
crystal®i zed fg m wat er 8 00 C. The product was i sol at@j iltration and
dried over ph0§ hor ousepent oxi de. Recrystallization fr ]S bpanol gave
9.0 g (0.035 m) ), 70% N¢ni | dopani nﬁ,z"z !

color with %e#3 and reduced

sol ution of the conmpoung ga X
AgNQB; ir (KBr) 3300, 29 1520, 1430,™ 1R90,

720 and®710 cm'; NWR ( 9. 25- 7H, 3.3 (m 2.65

(m 2H) ppm Anal. 40 ( 4AN203) C, Hi N IMPLE 10 Prepai®at/ of

3-{N-[,6-(3, 4-D acet oxyp | ) et hyl ] }ca@armyl pyridine: 45 TH cold
50 m

: hl gpoform 1.56 g (40 muaft) of acety) chloride were dropped whil'8
s ring. The mixture #as refluxed for hree then filtered. The filtrate
was washed wiih water Gntjl the washi nm not give test @or chloride ions
with AgNGs T. Chl orofo as distill rotavap and_t e residue was

suspension of 2.06 g (8 mmlg finely po?ﬂered ni coti noyi dopam ne

nsc

crystallized. fclrom ether/pgt. ether. Yield 50 2.2 g ( NMR (CDC s) 8.90
(bs, 1k C2 pwli dine protgh), 8.56 (bd, 1H Cs pyridi roton), 8.16-7.83
(m 1 H C4 pyridine protgm), 7.36-7.03 (m 5H, Cs H3+:,!=<€5 pyri di ne proton
+ NH), 3.60 (g, 2H, J = ®Hz, -V-CE2 ), 55 2.90 (t, 2HYJ= Hz, -CH2). 130
o=g $ ;
o, o=0
30 Ykz . -4

)

40

-8

Starting Material

i 2
K = T B '
= /.—-_ a
v U O
g = o
O . 8 & \ /\z ) \ 3
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50 = e
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55 Method L

Method 1 is followed, except that in the first step, the drug is reacted with 3-quinolinecarboxylic acid or
its acid chloride or anhydride instead of nicotinic acid or its acid chloride.
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EP 0110 955 Bl EXAMPLE 11 Preparation of 3-fN [f- (3

, 4- Di pi val yl oxyphenyl)- Q 5 et hyl ] car banoyl pyri di ne
(compound _c): To a suspension ofEPP 1‘6’3}5(3.102 mol ) finely powdered
ni coti noyi doparri ne in 100 m chloroform 7.23 g to (.06 nol)

trimet hyI acl‘ﬁg pegenta(i] r svlvgte dded un (:‘:\I;atlstI ! h| nganner Cnd] Xrt uroe V\B[E- ]+
N e e e

with wat g,rugsl'g anqbﬁ:ggm was evaporat e t e reS|

chrg ogr %Fdﬂﬁ\@luﬁ&’arﬁbﬁ#h@ Qi@ oSits! defd RniGRle 0@&9&"“@3"%& b8 KubSRtutad ReP hicthic acid or

chl @ f ORSTRA cibHlo B N@IRb E b Qfidril ot cobrbapBrdingekeiives,0.4. &F 13 Chirad disBy MR it ed
and t he membdlue was crystallized fromether/petroleumether. Yield, 6.2 ¢

(73%9 of a white is crystalline solid, mp. 112-114 C, NWR (CDCl9) a 9.06
(bs, 11H, C2 pyridine proton), 8.73 (bd, 1H, Cs pyridine proton), 8.30-8.13
(m 1Hp C4 pyridine proton), 7.46-7.10 (m 5H, CsH3 + Cs pyridine proton +
CONH), 3.66 (q, 2H, J = 6.25 Hz, -N-CH2), 3.0 (t, 2H, J =6 Hz, -CH2), 1.41
(s, 18H, 2-C(CH3)3). Anal. Calcd for C24H30N20s: C, 67.58; H, 7.09; N,
6.56. Found: C, 67.61; H 7.10; N, 6.54. O 20 EXAMPLE 12 Preparation
of I-Meth [|-3-(N--Q(3,4-dihvdroxV- 25 phenyl) ethyl) I
}car bd?myl pyridiniumiodide (conpound LaO To a solution of 1.26 g (5 nmol)
of nicotinoyidopamine () in 10 m of acetone, 1.41 g (10 mmol) of nethyl
i odi de were added and the m xture was refluxed under stirring for 6 hrs.
The acetone was renoved 30 and the residue was crystallized from

npl/ether. Yield, 1.7 g (87%, mp. 155-157 C(dec). Aqueous sol ution
gave a green col or wlth Fe+3, NWR (D20) a 9.30-8.28 (ms, 4H, CO5H4 A), 7.00
(bs, 3H, C61H3), 4.60 (s, 3H, -N-CH3), 3.80 (t, 2H, J=7 Hz, -N-CH2), 2.93
(t, 2H, J=7 Hz, CH2). Anal. Calcd for C sH17l N203 - H20: C, 43.11; H, 4.55;
N. 6.70. Found: C, 43.83; H, 4.23; N, 6.81. 35 EXAMPLE 13 Q)
Prepaeration of |-Methyl-3-[N tB- (3, 4-diacetoxv- 40
phenyl ) et hyl 1} car banmoyl pyri di ni um i odi de (conpound fib): To a solution of
1.71 g (5 mol) of 3-{N[,f-(3,4-diacetoxyphenyl)ethyl J}carbanoyl pyridine
(prepared as compound 8c), 1.41 g (10 nmol) of nethyl iodide were added and
the m xture was refluxed overni ght 45 under stirring The acetone sol ution
was tBen decanted fromthe insoluble oily residue. Ether was added to the
acetone solution and the solid separated was crystallized from
acetone/ether. Yield, 1.9 g (78% of yellow crystalline needles, mp.
171-1730C. U.V. (methanol) 215, 265 nm NWR (D20) 5 8.86-7.63 (ns, 4H,
CsH. A), 6.66 (bs, 3H GCs6H3), 4.4 (s, 3H, -A-CH3), 3.50 (t, 2H -NCH2),
3.03 %"[ 2H, CH2), 2.21 (bs, 6H, 2 COCH3). Anal. Calcd for COs H21 I N2 05:
C, 47.12; H 4.37; N, 5.78. Found: C, 47.23; H 4.38; N, 5.78. 50

40
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55 131 EP O 110 955 B1 EXAMPLE 14 Preparation of |-Methyl-3-{N
[-(3,4-dipivalyloxy- 0 5 phenyl ) et hyl ; | car banoyl pyri di ni um i odi de
(compound fic): To a solution of SER0J199EE B1 yp| ) of conpound 8c in 20 n
of acetone, 3.3 g (23.4 mvl) of nmethyl so iodide were added and the

m xture was refluxed under stirring for 6 hrs, then cool ed. The orange
crystalline solid which separated wgs~filtered, washed with ether and
crystallized for acetone/gther. Yi e 5.9 (85%, m 163-165 C. U V.
(buffer pH 7.4) 270, 215 NVR (D/S®d) 5 7.68-7.0 , 4, Cs NAN +
C6 +sNH), 4.56 (s, 3H,=A-GMB), 4?2 (q, 2H, J=7 NeEB2), 3.19 (t,
2 J=7 Hz, CH2), 1.32 ( F8H 2 -§=¢ (CH3) 3) . Anal . ;
C, 52.82; H 5.85; N, 4.92. Found: dg 52.76; H, 5.87;
15 Preparation of |-Metf§g-3- (N-rB-
phenyl ) et hyl ] car banog+ByZ di ni um i odi =
N- ni cot®noyl - 3- met hoxyt yram ne was. pr epaxeg’ by fol | ow fg
for the prepd&tlati on of 25 conpound 7. T#e |sol ated crud&sed
quat erni zed @rectly wi@hynet hyl iodi de i

preparation &} conpound . @rystalliza
crystal %i ne com pound,\n}P-C192-194-C W

compound } L.

cal cul ated on the basis[of 3-net hoxyt yrafi ng®starting materia R (D20)

closely simlar to th&%of 6a except for/tfe singlet at 5 3. 6¢ OCHS. 30

EXAMPLE 16 Preparation of—# Methyl-3-{NY - (3 ,4-di hydroxypheny2¢- ethy
yidipe (conp 5a): T, nice cold s@ution of

d wmer, 1.265g (15
Bré¢d into the m xture
ded gradually to the
1sr and the m xture was

. ] Jcar banmoyl -1 o, 4-di hyd
(0yg (2.5 mml) of conp&tmd_6a in 200 deaer
Mo ) sodi um bi carbonate wefe(added. Nt en was

and 1.74 g (40 nmmol) of 40X s diumdiKﬁTz ite was
m xture undergistirring. Sti g was oontf nued for
~then extractéfl twice wth &kt ract was washed with
water, 28lried8yth a rous 2804 and evapor at ed=4,0 g yfess. Yield, 0.36 g
(54% of a yellow sog , gPg—#90- 93* C (dec.) whi ch T% a green color with
ferric chloride test\ajid Pezluckd al coholic AgNO3 i nYgan . WV (CHaOH) 220,
350 nm NWR (CDCl/D20) a 7. 9 (nms, 4H, Cs Ha + C2 (i hygreRyri di ne

proton), 5.6 (m~1°F3 C6 45 dignydropyridine proton),
di hydr 8byri di ne Frotén), 3. 2H, -N-CH2), 3.1-2.7 (m

| 4
: £
35 n 5
o
43
I
o
O 5
40 e
=
s ®
a -t
2
45 o & & o=t °
E-8-.8 > = g
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o] 2 N -
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b ) 0
> Q 0
z = = &
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CH3 + C4 di hydropyridine protons + CH2). Anal. Calcd for ClsHISN203 * JH20:
C, 63.59; H 6.76; N, 9.88. Found: C, 63.56; H 6.85; N, 9.72. EXAMPLE 17
50 Preparation of |-Methyl-3-{N[ERQ31095Bhcet oxyphenyl)-"
ethylj]}carbanoyl -1, 4-dihydropyridine (conpound 5b): 55 To an ice cold
solution of 1.4 g (3 mmol) of conpound 6b in 200 M of deaerated water, 1.5
g (18 mml) of sodi um bi carbonate was addede~ A stream of N2 was bubbl ed
into the mxture and 2.1 g 132 EPOlJ:_.BQSSBl' mol ) of sodi um
dithionite were gradual |y ajeéd under stirr@ng. Stirring was continued for
30 mins and then the m xtur —eotracted i th ethyl acetate. The extract
wal shed with water, drie i th anhydrou$sNa2SO4 and evaporated to
dryness. The yel |l owi sh sepegol id mass remaigi ng gave a faint green col or
with ferric chloride test ipdicating partia-liydrolysis of the ester
functions. It reduggd al cohn®lic silver ni D instantly. U V.
(CH30Kp 220, 273 arf] 355 nrg NWVR (CDCl el . ¥$3-6.80 (nms, 4H, CGH3 + C2
0J di hydr opyr}di neprokon), 5.53 (do doubl ets, 1H, C%
di hydropyri dine pr@&lon), 4.%3-4.46 (m 1H, di hydr opyridi ne proton), 3.33
(t, 2H, J=6.5 Hz, -N CH2)p=(3.06-2.66 (m CH3 + C4 di hydropyri di ne
proton + CH2), 1.8 (s, 6H RCOCH3). 1o E 18 Preparation of
car banoyl -1 ., 4-di hydropyridi fn@ (conpound ,c)} 75 To a cold m xture of 2.0
g (3.5 mol) of conpound C, 0O m of deaerat ‘x_\@g"ér and 100 m of ethyl
ugg dithionite were added. t 20 The m e was stirred under N2
f 20 m ns. The ethyl acetate gwas separ d @nd the aqueous |ayer
was washed with cofjfl deaerated=gater, dried over afhydrous Na2SO4 and
distilled on rotov@por. The visgous yellow oily re;"sidue was dissolved in 5
reduced pressure. e solid resfdue was dried undg™ vacuum over P205in N2
at mosphere. It reduced al coholig AgNO3 25 instantfaneously and gave no
and 355 nm NMR (CDCI3) 5 7.Q4.b.92 (m 4H GCs i Bydropyri di ne
protoff), 5.71-5.61 (doublet o J

| -Met K1 -3-{N- [B - (3, 4-didpi val yl oxyphenyl ) 52t hyl ]

acetate, 1.14 g (14 mmol SO m bi car bonat nd 2.43 g (14 mmol ) of
was re-extracted with 100 m ofrz(hyl acetate. The=~gonbi ned et hyl acetate
m of 2sacet one, fil®ered under at nosphere and t-@n evapor at ed under
color with FeCl3 test. Yield, 1E3 g (83% mp. 457N C, WV (CHa OH) 210
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doublets, 1 H Cs dihydropyridine proton), 4.81 (bs, 1 H CONH), 4.60-4.51
(m 1 H G5 di hydropyridine proton 3.53 (g, 2H, J =6.3 Hz, -NCH2), 2.36
(bs, 2H, C4 dihydropyridine. protoné"oﬂwi-"’i%‘ 3H N-CH3), 2.79 (t, 2H
J=6.3 Hz, CH2), 1.33 (s, 18H CO C(CH3)3). Anal. Calcd for C25H34N205 *
1jH20: C, 63.9; H 7.93; 30 N, 5.96. Found: C, 63.4; H 7.81; N, 5.94.
EXAMPLE 19 35 Preparation of |-Methyl-3-{N tB-
(4- hvdr oxv- 3- met hoxv- ph ) ethyll |carbanoyl -1, 4-dihydropyridine
(conpound 10): 40 This co ungt was prepared follow ng the sane net hod as
for t hespreparation of c ii’™d _c. The crude solid obtained showed the
NVR (CDCI 3/ D20) pattérn as conpound 5a, except for a peak at 5 3.5 for
the OCH9 protons. It wa8=8ufficient ure for the determnation of its
retention time follow ng g'he HPLC od_gf analysis detailed in Exanple 28
below. No trials were madg* for its QuiEh@r crystall} ion or 45 el enental
anal ysi’s. EXAMPLE 20 Pr edﬁr ation of Ni coti noyl tyr ne: 0 To an ice cold
suspensi on of 4. 69 g ( m)l) nfedtinic acid in asoFutd on of 5.2 g (0.03
nol ) tyram ne ydrochl Cid n 400 of pyridine, 4 8:g (0.03 nol) of

di cycl ohexyl ca:r bodi i n¥de z DCC) eadual | y added V\,hnl e _stirring.
d the forned

St|rr|n% cont i ak~room te

dlcyclo exylure ‘ endved by - The pyridin- ps renoved by
distillation in va¥o and,the res ds~triturated %5/ W\th col d water,
filtered and cryswal | iz=e8l from5 lueous net hanol . Fiel d, 5 g (86%,
mp. 179-181 *C. DVBO- dr / D20Y—& 9. 0- 8. 66 (m 2H, C2 3 pyridine
e‘ ons), 8.33-8. C4 pyridjne proton), 7.66-7%4% € 1 H GCs
pYyi di ne proton), - (m rH & H4), 3.56 (t, 2H =- ), 2.90 (t,
2H, CH2). Anal. (Cl4H14 &, H N 133 EPO 110 955 Bi“-=AMPLE 21
Preparation of 3-{N[, 8-t=#f pi val yl oxyphenyl ) et hyl fl car banoyl py®™ di ne: 5

of 4.84 0.02 nol) N-nicotinyoltyramne in 100
C) o,f, trimethylacetyl chloride were

yi ght and t he
{i|grate was washed

To an ice cold suspensi@
m chlesoforgpn,3.6 g (0.8
dropped whil egptirring. dhe m xtur \/msurefluxed 0
non-react ed n#coti noylty§am ne.was {1 tered off. -Th
with water ungj | freef chlorloavg
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i ons, washed once with 5% solution of NaHCO3 and then with water.
Chloroforn1mas evaporated on rotavap and the residue was crystallized from
ether/pet. ether. Yield 3.9 g (66)011095RBI0-82- C. PWR (CDAd) 5 10
8.66-6.93 (m 8H, CO H4N + CsH4) 3.56 (g, 2H, J=7 Hz, <2) 15 2.86 (5, 2H,
J=7 Hz, gﬁg(,M1.33 (s, 9H, G (CHs)s). EXAMPLE 22 Preparation of

1- Met hyl = [, n-(4-hydroxyphenyl)ethyl ])carbanoyl pyridini umiodide: O 20
To a sol ut |M;9,°@f,33°"g;e freatel| C 10 m of acetone,
1.41 g (10 mmol ) of rrgfqaﬁ(yé/étl odlﬁg%\/&eérmg Q%ﬁ%e&&& ehQ%"i"( ure was refluxed
whi sstirring for 6 hrs. The fine, ye||OM/SO|Id separated was filtered and
cr al 1i zed from net hanol et her QOQHZBOQH(93% , mp. 208-210-C. PMR
(DVBO-ds/ D20) 5 9.23-8.26 (m 4 H4|H) 7.33-6.83 (m 4H, CsH4), 4.50
(s, 3H, 25 4. 3.70 (t, J7 Hz, 2H™N80 N-CE2), 2.93 (t, J=7 Hz, 2H, CH2). 35
EXAMPLE 23 Q Preparation of 1

-Methy® -3-{N-[,f-(4- plvaIyIoxyphenyl)ethyl]}carbannylpyrldlnlun1|od|de 40
To a sol'ﬁt“felgr'l"el?"e?f'@]@t' Ce@ mml ) of the product of Exanple 21 in 10 m of
acet one, 1.Theregre °Bt9“ g5 ligiest bplow maydie dlerivatined inthisl endnnentd theheoraspridingdD@SH

refl uxeda"& |?JPH b"g F’%HF"I és@?‘ﬁ tf‘? fepgining fruos listed witeMethaddr was separated by

sted,w

decant attye ] SI

¥ °s9?mb'6?q V*“r'\é%m&uleto\aﬁ%fd #ieyestregponding dervatiyps. e.g. of
met hariol "’bt 49 r{g L glelgn?algc% Pel\/;bs Dzo)for5n§2@.1c?qc% 00
(m 4H, | Eﬁi iffad id 2H,
J=7 Hz, - "9 °"7’a‘H*z’s' e dft’g%“e(’%"‘“ﬁﬂm%h CH3)3). Anal .

t byl -3-{N-[,]-(4-hydroxyphenyl)ethyl]}carbanoyl -1, 4-di hydropyri di ne: 55
To™an ice cold solution of 1.15 g (3 mml) of the product of Exanple 22 in
200 M of deaerated water, 1.5 g (18 mmol) sodi um bi carbonate were added.
While the m xture was bubbled with N2 gas, 2.09 g (12 mol ) of sodium
dithionite were gradually added to the m xture. The m xture was stirred
under2zN2 for 1 hr

(@?HZSNZOM) C H, N. 50 EXAI\/PLE 24 Preparatl on of
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and then extracted twice, each with 100 ml of ethyl acetate. The conbi ned
extract was washed with water, 134 EP O 110 955 B1 dried over anhydrous
Na2SO4 and distilled on rotovap. YFRPJ10858BB1g (50% of yell owi sh senisolid
whi ch reduced al coholi c AgNO3TS i nstantaneously. (PMR as expected.) EXAMPLE
25 Preparation of 1
-Met hyl - 3-{ N- [ f 8- 4- pi val yl oxyphenyl )} car banoyl - 1, 4-di hydr opyri di ne: To an
ice cold mxture of 2.34 g (5 nmmol) of the product of .Exa#ple 23, 200 m of
deaerated water and 100 m of ethyl acetate, 1.63 g 20 mml ) sodi um
bi car bogate and J74F"®¥ (20 mmol ) .sodiumdithionite weye 40 added while
stirping the m xt . Stirring was continued under jR gaujg for 30 mn. The
et hyl acetate | aygey was separated and;-;'f'he aqueous | ay was extracted with
100 M of ethyl acBiate. The conbi nediet hyl acetateqe§tr was washed with
100 ' col d deaepaZed er, dried ovBe anhydsous Na2&CH evaporated on
rotavapiwo The visco® | ow resi due $ag ¥Sol ved in o m—4f acetone,
filtered under N2 has ough fol ded paper and di on rotavap.
The solid residue was P 2205 in 15 phere. It
reduced al coholic Ag nt aneousl \eyd, 1.06 g (629%YyLP
expected.) E LE 26 ¢ A dati on by gen Peroxi de: OO To 10 m
of 30% ¥202 W§ added & Nf t he di hyo A~ di ne derivatiwe_(products of
Exanpl es 5 or i ). The m e was stirred an@#%arrpl es were takeYs to check
the UV spectr Conpl ete ox¥gdation to the corgesponding quaternary salts
was observed. 25 (ii) Oxidation by Silver Mtgate: To 5 ml of saturated
anol,i ¢ AgNG3 sol ution was added 1 nl of S%gethanolic solution of the
didveydropyri di ne derivative. The nmixture was ﬁa en apdfd=efF for 5 mn for
conpl ete precipi t@mﬁof silver, centrifuged™and an quot was taken to

check the UV spec m Conpl et e oxi dati onSo the quat rn@ry salts 30 was
observed. (iii) o)

gi bration Curves W_study of the & o&nds prepared in
Exanples 4, .5, 7 arRgd B reveal ed that Ghey obey Beer'sglaw

vy wi th good
coefficients+and af al e range of digution”|evel sS=g fdy was-done at
350 nm for thg| dPAg rivatives ang a6z Cand 220 Ry all the
quat ernary an$} di hygr. D EXAMRLE 40 Kinet i QS’ i dation of
the Di hydro OBfivat LVgSs:
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In Plasma: 0.2 ml of (6.25 x 10-4 M freshly prepared solution of the

di hydro derivative in nmethyl alcohol was diluted to 10 mM with 20% pl asna
(diluted with phosphate buffer pfPO 10955 5ol ution was kept at 37 . C and
W spectrum was scanned from 400 nmto 300 nmevery 10 min for 2 hrs

agai nst reference 45 made by dilution of 0.2 m nethyl alcohol with 20%
plasma to 10 mM. In Wwole Blood: In each of 5 tubes, 8.1 m of 10 x 10-4 M
met hanol i ¢ solution of the freshly prepared di hydro @Sri vative, was added 2
m of fresh heparinized whol e human bl ood and the tub re kept at 37 C
in_a water bath. At the end of the tinme period to be i@tigated, 8 m of
acetpnitrile was added, shaken vigorously and centrifugdd. The extension of
t he supernatant solution at 350 nm was neasured. .A 50°F&f er ence sanpl e was
made by addition of 0.1 m of nethyl alcohol instead of a?he sanpl e sol ution
foll ow ng the same proce g..z‘-fn Brai n Honogenate: 2.0=§ of rat brain

ti ssué& were honogeni zed @0 m of phosphate buffey, 7.4. The
honogenat e was ntrifuged for 15 mn at 3000 rpm é??z;éd, heated in a
wat er bath at 5&| C for % nsand then centrifuged dgai BR super nat ant
solution was dil#ted to 108" y1h phosphate buf f=E, p}

Sample: 0.2 m @& methylcqb"c ol\\was diluted to 10 )
homogenat e sol ution, and the sol yEion was used to ré the base |ine on
Cary 219 spectrophotoneter an#@ a reference for th_d hydro derivative
sanple solution. 135 = EP 0 110#55 Bl Di hydro Derivativwe Sanple
Solutions: 0.2 m of 6.25 x 10 4=V nethanolic solution of the freshly
aﬁaed di hydro derivative was diluted to 10 m vvithmt he brai n honogenat e
sotUtion. The m xture was scanned at 37 * C from 400gnmto 300 nm every 10
mn for 2 hrs on Cary 210 spectrophotoneter. O 5 [In\Liver Honobgenate:

Li ver Honpbgenate Solution: 5.0 g of rat liver tissue honogeni zed in 50
m of phosphate buffer, pH 7.4. The honbgenate was cen uged, decanted,
heate® in a wat bath at 50 - C for 5 min and then ceyifuged again. The
supernat ant hon@jyenate was diluted to 250 ml w th phospite buffer, pH 7.4.

10 Ref erencg{Sample: 0O ni~of nethyl alcohol was diguted to 10 ml with

the |iver honogemate solu ~dnd the solution vvasouseod"do record the base

line on a Cary 219 spectr otoneter and as a refer for the dihydro
gtion: 0.2 m of

deri v&tive sanple sol uti ggig Di)a-)\dro Derivative Sanplg S
R

6.25 x 10-4 M sol ution of regRly prepared di hydro ive in nethyl

al cohol was diluted to 1g_§I "\ | i ver honpbgenat e™sQl uyi o he m xture
was scanned is at 37 ICT 400znm to 300 nm every n for 1 hr.
36 =
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TABLE Il Kinetics of Oxidation ,.-Hehy |-3,S-dlIN-phenethy

5- Cazboet hoxy-| -nmethyl -3- CN- Q UP. caxbanyl |, 4-dihYdropyidin*

phenet hyl ) lazboyl -1, 4-di hy pri &Prik11085601H _ 25 Br.n

4 x 10-6 22.9 1.74 x 101S 5.1 h Honoenate n- 6

'9997 . Meth%'siogD%ivﬂi'&-COOH Funct%?siigll?ruggw' 993 V\hil_g Bl ??9949 4.9 X 10-5

5 Z-F§!£2[§5 Studi es of the Dopam ne Derivatives EXAMPLE 28 (,)

al ytica ods: 40 A high pressure liquid chromatography (HPLC) met hod
vas. devel opegs Gi9p istbiied Wittbesss Qoo B #i8G@da- tion of the di hydropyridine

d ne derivative. The chromatographic anal ysis was perforned on a
component system consisting of a Waterg %Od ate Mbdel 6000A sol vent
delivery system Mdel UGK injectg~a el 440 dual channel absorbance
detector operated at 254 and 280 ni&)JA 30 T x 3.9 nm 45 (internal

di anetaes) reverse phase alLBondapak 8 colum (Waters Associ ates), operated
at anbi ent tenperature, was used chgg)loxeparati ons. The nobil e phase used
for the separation of the di hydropyri iRe derivative, its degradati on
products and oxidation products consisted of 0.005 M solution of
1-heptanesul - fonic acid sodiumsalt (PIC B-7 Eastman Kodak) in CH3CN, 0.01
M aquedtis WER'SHE i=c1-RPrAfARARlR: 191F8%/BR §1p cCQCH tynctipn to thepenasrfdi8g al ways shown at a
retention time of 2.2 min which is believed to be a nonodeacyl ated so

di hydropyridi ne derivative, since it eventually did result in 6a. 55 136

EP 0 110 955 Bl EXAMPLE 29 Det%%i Qgt on t he Enzymatic Hydrol ytic
'vagg Q 5 andl {8 o i on of Conpound .c: |In Human

3_
8.
r.
3.
n_
An

ester grouping. That ester is thus quaternized and subsequently reduced as described above in Method A.
When the drug contains more than one reactive carboxyl function, reaction conditions may be varied so that
25 more than one carboxyl function will be converted to ester groupings. (The starting alcohol may be
prepared from nicotinamide, e.g. when n = 2, by reacting 2-iodoethanol with nicotinamide.)
The representative drugs listed below may be derivatized in this manner to the corresponding [D-QC]*
and [D-DHC] compounds.

30

35

50
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The freshly collected plasm used was obtained at the C vitan Regi onal

Bl ood Center, Inc. (Gainesville, Florida) and contai ned about 80% pl asma
diluted with anticoagul ant citraf® GHOLSERBIe dextrose solution U S.P. The
pl asma was stored in a refrigerator and used the next day. One hundred al
of a freshly prepared 0.61 M solution of conpound 5c in methanol was added
to 20 M of plasma, previously equilibgated to 15 37 in a water bath and
m xed thoroughly to result el N a |n|t|§a concentrati o of 3.05 x 10-3

noles/liter. One m sarrpl asma e wi t hdr awn t4e test medi um
added ¢ nmedi ately to -5 ni ﬁ colda nitrile, shaffe i gorously and
pl in a freezer. \Wen QJ arrpl es hadjpeen coll ecte ey were
centrifuged and the superr&at s were fi I'ﬁered t hrough Wad@man 1 filter
papers and anal yzed to HBFC. 20 IngHuman Bl ood: T Xreshly

col | ected hepari ni zed /bl 6jd (s obt ai ned @t {se Cvitan @a%o?al Bl ood
Centerg Inc. (Gainesviylle [Fforida). The was stored I\ aAaefrigerator

and used the next day. hundred al of & fﬁﬂeshly pr epar ed¥07]19 ,Sol uti on
of conpound_pc in neth was added to nk of bl ood, presd &y 25
equilibrategdlto 37 * i foa water bath a n?xedthoroughf’yto result in an
initial cond ntration @f 9 x 10-4 noles/I¥ter. One m sanpl es f bl ood were
wi t hdf®awn f@apm t he tesk nedi umevery 5 mnutes, added imedi at83|y to 5 m
of ice col d acet oni e, shaken vigorously and placed in a f@ezer When
all sanples had b col l ected, they were centrifuged and the grnatants
weLe filtered usi atman, 4 fikter paper and anal yzes by HPL I n Rat
@ sHfonogenat e: e brai@ ho enate was prepared bg the fol | Queag

od. Five Sprague- Dawli were killed by decap i oM and the brains
were removed, weighed (to i ght 9. 8& g) and hormge‘@ in 49.3 m of
35 aqueous 0.11 M phosph@ue*“buffer pE 7.4. The honog was centrifuged
and the supernatant was u dnfor the te€st, 100 all of O. fl~8=M sol uti on of
conpognd 5Cc was m xed 1@ mM of ho ate, previousley, Requilibrated to.
37- Cin avater bat t ult in an i ial concentrggi 1.8 x 10-3
nmol es/ | i ted} Sanpl es f_ 1.0 n1'-were wi t hdraw¥etery 40 m nut es
fromthe t&t nedium Jadded i mrediately t@ 5 m of ice col &eéto,mtrlle
and pl aced8|n a freezgr—\When all sanpl eghad been collected, {th§y were
centrff uged. Each 40 &upernatant was fi|§3LQﬂ’ t hrough twoo%thailman 1 filter
papers and anal yzed b8 HPLC. In Rat Li veg_,ml—%ogenate The |ivgr honpgenate
was prepared by the f P'I OWI ng met hod. ThP,eec"'jg,pragug- Dawl ey ra§s were killed

by 45 decapitati livers were rEm)ged weg ghed and hgwogeni zed by
ti ssug homogeni z 0 1 M aqueous phc?phate buf er, pH 7. 49 to nake 20%
e hon@genate was centrifuged é’ad t he super@t was

| i ver "honobgenat e.
used for the test. 100 al‘'ef 0.1 M solution of cowpound 5c in t hlanol were

d wwth 20 M of the nogenate, previously gqu rated to Cin a
: nitial concentrati u,x 10-4 nol es/titer.
awn every 5 m nutes g test 50 nedium

r bath, to result A«
SarrpI@s of 1.0 M weip WA

added i mnag ately to of ice colg acetonitril e Igen vi gorously and
placed in affreezer. g o
8 B8
q 2 R g
45 = 8 o 5~ a., -61
g N S L S
- I e VR 5 7 = 3
[ n o 8 — ¥
4 =~ & 2 - o
© @ & d- 3
3] g )
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sanpl es had been collected, they were centrifuged and each
supernatant was filtered through Whatman 1 filter

When al

paper and anal yzed by
HPLC. Rates of disappearance (gweriabB5oR1 dati on and degradation) of
conmpound 5c: (i) |

in Plasma: 55

R =2.25 x 10-4 sect t=51.3 mnr
137 EP O 110 955 B1 n =

= 0.998
= (3 x6) (ii) In 20% Brai n Honbgenate: 5
R =6.7x 10-4 sec' %i =17.2 mnr = 0.996 n = (3 x 6) 10 (i) In
Blood: R=6.3 x 10-4«to = 18.2 min r = 0.997 15
n = (3x7) (iv) In LiBer

: R =1.93 x 10-3 0 20
to =59 nmnr = 0.95

= (3 x 5) EXAMPLE 30 25 Determ nation of
Concentration of Conmpoun

6a in Brain and Bl ood aft Par ent er al
i Ai stration of 5c: SQ‘ Mal e Sprague-Dawl ey, rats o ~ﬁﬂjage wei ght of
were used. The rats:wpre anest heti zed m%th
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IMinjection of Inovar and the jugul ar was exposed. Conpound 5c was
injected intrajugularly in the formof 10% solution in DVSO at a dose of
64.2 ng/ kg (equivalent to 50 ng/ KEP ¢d1PASBI 6a). The injection was 35
given at a rate of 24 al/mn using a calibrated infusion punp. After
appropriate tine periods, 1 m of blood was withdrawn fromthe heart and
dropped imediately into a tared tube. containing 3 m acetonityile, which
was afterwards wei ghed to determ ne the weight of the bl ood t%en. The
ani mal was then perfused with 20 O _n~ m of saline s fon,
decapifated and the brain was renoveds The weighed brain honogeni zed
Wi t@i’o. 5 V. mgof distilled water, of acetonitrilelyas added and
t he™m xture was geni zgd t horoughly=740 centrifuged, i ltered and

t hen anal yzed for ¢o oundga usi ng the _leLC met hod. The t@es contai ni ng
t he bl ood wgrie shak vi gordusly, centrjJaged, decanted an

for cogpoundg|6a usi -

recovery stafjdard cuf
ei t her brai mhonogerg

Phar macol oqi cal itudieg/ 50 vivo effect ituitary
prol actin secretion: Adultdnale rats (Cha'es Rivers, CD-1) weirghing 200
to 225 g were provi ded food:"and water ad libitum55 for at |east<0One week
period to experinentation. %o el evate serumprolactin levels, each rat
received a single s.c. inplant of a Silastic tube (1.57 mminterior

digans ter, 5 mmx 3.15 nmoverall size) packed with crystalline
1 PwefB8-Bstradi ol . Two days later the rats were lightly anesthetized wth
ether and a small incision was made over the right jugular veEn for

intravenous (I.V.) administration of the tgst drugs. Conpgoynd86a 138 EP
0 110 955 Bl was injected at a dose of 1 @/kg body wei gi{Dfi saline and
groups;of six rats wege decapitated at_A45¢ 30, 60 and 120+f1n |later to

col l ect bl ood sanpl esd Congtol rats (tff 0) received an |=V. injection of
t he saline vehicl d Wer§ decapitated$30 min later. Conpggund Sc was
di ssolved in 10% nol i§ saline and wgs injected 1V. R@s were

decapitated-at 15, BO and 20 nmin latgr g Contrale (tine 0) a | s Jecei ved

r
the 10% 5 hanol ¥eh\cl & and were sZapl ed 30 Fin later, 2z . Trunk
bl cod was cdifl ected3 a d to clot $eb 2Mand the serum eparated and
stored at - C for’s uent assay f§ ACL kN concent/ati\gns. Each

serum sanpl e was assay ™0 duplicate by t N_ddubl eant i body\ 4
radi oi mmunoassay procetur e%descri bed by the National Pituitary\Agency
Hornor®® Distribu- tion Pro§sam Serum prolactin concentrations &ke
expressed in ternms of the BRL-RP-2 reference preparation =

ot - =
’ 40 ; 3]
5 g 3
(u —
=z Q
= =N — (3} -
o o) = 8 - 3 -
b Q - = e - “& o
- = © O o
= = o Z—0Q [ ]
45 ’.‘" 8 o Qe O T
s (8] 4 .-E‘ —N [4] ———— U
4 © 2] o ';
©v / 3 \ / 9 N/ |
- = C a o
Z - g -
Cn = o] 3} ".':'
o -t ™ =
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10 provided. The intraassay coefficient of variation for 10 replicate
sanpl es of pooled serumobtained frommale rats was 13.8% The effects of
conpounds 5c¢ and 6a on serum prol &t® KHOBS_EInt rati ons were eval uated by
one-way anal ysis of variance and Student-Newran Keuls tests. A probability
| evel of less than 0.05 was selected for significance. See FIGURE 7 and the
di scussi on thereof hereinabove. 15 In vitro evaluation of t8ie prolactin
inhibitory effect of 6a: £ 20 Adult fenale rats (Charleg"F{g’\‘/erS Lab.)
wei ghi ng 225-250 g were n@intained on food and water ad ligttdm Aninals
were sacrificed by decapit n, their piturtapy gl ands we‘f\eﬁf]ui ckly

re@ed fromthe cranium anterior pititary (AP) of ea ani mal was

di sSected into two equal hales,afd pl aced i ncubati on dia. (G bco's
M ni mal Essential Media suppi™ G and | Bi ol ogi c . was used.)
The 25 incubation was conducged/at B7 C, un cong&t nuous tion (95% 02,

5% C02y¢ the pH was 7.2. After ne_hour ©
di scarded and replaced with fresh opeS cont ng either DAL 2 x 10-8M,
6a ( 2 x 10-8) orffascorbic acid (10f4 M. Id¢ all cases,_ onegialf of AP
recei ved the tstg drug; the ot ger—the ascdbate contr®l. After one hour,
sanpl es were txken omthe nmedia and the r i ning medi a re di scarded.
Fresh rftdi a cqyjt ai ieeg DA™ 2 x 10-g), 6a (2 x 10-7) ane=asedrbate,
respectively, re ?J;;‘ added. @e hour.a.ater, the @- ¢ sanpl es were
taken After the 3 hg R i on perigd, eafhlldl f AP's were weighed. The
sanples were dilute X5 v\% th phosphate buffeéred saline and then, assayed

rein-e-ub"ation, t e nedi a were

0

y nethod described. The dé&ha “are given
a%wMg prolactin rel easeg rrg! wet t/h. Paired Student's T-tgstowas used
to -evaluate the signifijcance of inhibitory effects of the& tdst drugs
on prolactin 35 secretPbn The contRet AP half and the drug treaféd half
were enpl oyed in each paireg conparj son. See TABLE | and the di §Jcussion
t her eofss her ei igbove. I n theEexanpl & i mred at°|y to follow allzsglting
points were taden on:a Ml -Fenp apparatus \gnd] are not correctdd. kl'enental
anal yses were glerforned at &tlantic Mcrol Inc., Atlanta, gi a.
I nfrared spectTa were deterfi ned by neans Beckman Accul ab Ua
doubl e- beam recor di ng spect fophotoneter. 4 sfiectra were det® m ned by
means @ a Varian T60A spegthpneter. A P Theni, aTr shifts reporte@ are in a
(parts per mllion) relgti o tetranethyl ane. Utravi @ et sor bance
spectra were determ neg usifig a Carey l\/bde§ 219 spect r ophotSomnet ., HPLC
anal yses were perfor N @ Waters Associgtes Liquid chro graph with
Model 6000A sol ve@t liery system Model UK injector and eP 440
absor bdhce det ect &r™\45 HBXAMPLE 32 | |

M =
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Preparati on of the 1-Methyl-3-carbanoyl pyridi ni um derivative of

Tyr-d y-Ad y-Phe- Leu- 0C2Hs (1- Met hyl - 3- car banoyl pyri di ni um derivative of

| eu5- enkephal in ethyl ester): 50ERGI0BSEBIycar bonyl - 0- benzyl -L-tyrosine (7

g, 0.019 nol) was dissolved in tetrahydrofuran in a three- neck round

bottom fl ask which was cooled to approxinmately -10 * Cin an ice/acetone

bath under a nitrogen atnosphere. N-gethyl norpholing (6.3 nl, 0.06 nol) was

added to the stirred solution, folldgwed by 2.5 n (@ nol ) of i sobutyl

chloroformate. Inmediately after the ition of isobdl chl or of or mat e,

N-pet hyl 55 norpholine hydrochloridelpeecipitated. Aftgr 5 mn, 3.7 ¢

(0 9 nol) of L-leucine ethyl ester hygdrochloride, disgplved in

di met hyl f or rami de, were added. The rea&kion mxture wasgstirred at this

tenperature for an-hour, after which tfe sol vent was gaporated. The

resi due obtai ned wHb dissolved in et byl acetate/ water apeqthe organic |ayer

was extracted withf7sodi um bi carbonate gol uti on, water,

The organic 139 ZFP 0 110 955 Bl | ay®r was dried over fie

evaporation of the solvent an oil was $btained. Crysbakl i zgtd

CHCl s/ petrol eum ether yielded 7.4 g (02014 nol, 76% mdp. &04-107 C, of

N-c-t - but oxycar bonyl - O-benzyl - L-tyresdykgl ycyl gl yci ne eg.‘ﬁ'xl ester. 'H NWR

(cbC1¥ a 7.2 (5H, s), 6.9 (4H doubl el _of doubl ets)F=& 0 £2H, s), 1.1

(12H, in). The ethyl ester wag cleavd treati ng 62 =012 nol) of it

w th an equival ent anount of > 2 i n et hanol sol ution was

stjrred at roomtenperature Bor half hour agter. whic he solvent Y
eyaporated. An equi val ent@unt o§ 2N HCl §was added to the cool ed

r due and the solid obtaine s filtered an ied to yield 3.5 g (96%,

m p. 118-122VC, of the free (t-lutoxycarbonyl - nzyl) -

tyrosyl gl ycyl gl yci ne. t-Butoxygarbonyl phenyl al any¥| euci ne ethyl ester was

prepared starring with 6g (0.0%9 nol) of t-butoxytarbonyl-L-phenyl al ani ne,

and 379 (0.019 nmol) of | euci®§ et hyl ester hydrPchloride. Work 10 up and

crystallization fl’jE CHCI 3/ pet ol eum et her yi &1 TRd 6.5 g (84%, mp.

109-112 C, of the 8esired conpdund. 1H NWVR (CDCl 7.2 (5H, s), 6.4 (1H,
bm, 5.1 (1H, bm,a@. 3 (4H, bid), 3.1 (2H, bm, Y3 (20H m. The
t - but oxycar bonyl protecting grgup was cleaved by tneatnent of 4.9 g (0.012
nmol ) Bf t-butoxycar- bonyl phgﬁl"'ﬁl anyl | euci ne®&fhyI$¥&ter with 60 m of 33%
trifluoroacetic acid/ CH2Cl 2. Zhe, sol uti on was s't°.j~£f d 15 at room
tenperature for half an hour, er which thesgfvent .was evaporated and
the residue was treated wi th aybi carbonate sofufli oﬂ,v\fﬂch resulted in the
formafion of a solid. The soli§, phenylalanyll @é‘ et hyl ester, was
filtered, rinsed with water an#l dried to yield g (97%, mp. 150-154 C.
t - But oxycar bonyl - Gspenzyld yrosyl gl ycyl gl ycyl phenyl al anyl | euci ne ethyl ester
prepared by thg samb O, . nmethods using 0.01 nol of starting
sterials, (t-butoglycar bcgpyl - O benzyl )d=% osyl gl ycyl gl yci ne and
’ 3

40
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= = o
9 i g
- % N
t o= =0 E : o= Q=0
g Qg o
;JJ L+ ’>'! ;s -
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. 20 phenyl al anyl | euci ne ethyl ester. A white solid was obtained which was

recrystallized fromnethyl al- cohol/water to yield 4.9 g (63%, mp.

149-152 * C. The t-butoxycarbonyl &P 8uJj0 855 B1

t - but oxycar bonyl - O benzyl t yrosyl gl ycyl gl ycyl phenyl al anyl | euci ne et hyl ester

was cl eaved as previously described to give

O benzyl -tyr-gly-gly-phe-leu-CEt * TFA (tri+fluoroacetic acid) salt. Anal.

calc. of Ca9H48CsN5F3 * %20 C, 58.13; H 6.25; N, 8g %9 Found: C, 58. 06;
o]

H 6.26; N, 25 8.69). Nfotinic acid (160 ny, L 32 Ie) and

o zyk-tyr-gly-gty -leu-OEt. TFA salt (1 /3 nol e) wer-e di ssol ved
in ridine and 28 Z.3 mol e) of dicycl ohex | carbodi i m de were .added.
The m xture was stir at roomtenperature for s, after which the

di cycl ohexyl urga vvasffl}zer ed and the pyridine dasti¥fled in vacuo. Water
was added to e resi and the solid obtained filtered and washed

w th noe 30 Phat erg 5°|'he solid N-nicotinoyl -0 ber@&yl pent apepti de et hyl
ester was rec agilgzed by hanol /wat er. M N¥R gave t hafYexpected
pattern. The N-%i coti pe%pepti de deri Bt ive)BQ0 g, §.64 mnol)

obt ai ned above i n 10% form c acy : ol | oned by
addi tion of 500 | Jum bl ack. The m x&dr & atirred overni ght at

roomteﬁperature ff ter whigh the solvent was gvapor % e@v The residue was
neutralized with a".saturege"u 35 NaHCOB sol uti 00 and tb‘acted wi th ethyl
acetate The sol ve % %orat g and the res stal grlized from
ethyl acetate/eth -%t— yielm 370 ng (0.5 4% oF product. 'H
ﬁgavzg t he expected patteyn mﬁrrespondl ng to 40 > zn. ==--<=

>- gl y- gl y- phe- NmcHcooc f - = (%k( 0.2 45
(tyr) ) Anal. calc. for C3sH4 * 4H20: C,

56.83; H. 6.89; N, 11.04. Fo
(30 nmg, 0.44 mmol) was dissol
-was adeed. The,50 sol ution wa
was evapor at eggjand t he r%s@'ﬁ

d: &, 56.88, H 6.56; N, 1#& 48= That product

in acetone and an éxcess)-_az met hyl i odide
.'refl uxed for 8 hrs, after gthich the sol vent
was filteped frometh etgher. A yellow sh

(260 ng, 0.31¢% , 11% ;)roduc was obté ned, corregondiRg to thej
1- net hyl - 3- c&jbanoyl pyr8 e of |eus- © ester.
Anal . calc. for G 37H4708 @‘P\Iﬁl 5.70; N, 1 53. 44;
H 4.77? N 10.07. 55 140 fE 174,955 Bi EXAMPLE
==N § =N
g an % 8
8.5.5-8-8
35 o
=
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Preparation of N-[2-(3-Indolyl)ethyl]nicotinamde: 5 To a sol ution of
1.97 g (10 nmol) of tryptam ne hydrochl oride and 1.23 g (10 mvl) of
nicotinic acid in 10 m of dry pHPiONIRSSRBICOC were added 2.20 g (10.7
mrol ) of dicycl ohexyl carbodiim de. The reaction m xture was stirred at room
tenperature for 24 hrs, and the forned di cycl ohexyl urea was renoved by
filtration (2.34 ghtaIQEngth@bﬁﬁawas renoved in vacuo, and 10 m of
met hanol were ad | nsol ubl e di cycl ohexyl urea i n net hanol
was renoved by filtration (0.05 g). The nethanol was renoved in 1o vacuo
and_1Q@ nl of nethylene chloride was added to the resipdue. Insoluble
coﬁ%bund in methylene chlorigle was renoved by filtrafion (0.04 g). The
met hyl ene chl ori deyypa ed in vacuo and the resi 80®was crystallized

I»ation from met hanol /i ser opanol gave 1.92 g
’I)et yI]nlcotlnanlde S pa brown plates, mp.
150-1%2 C. IR (KBr) 323 AP0, 2940, 16449 R2 1412, 1302, 1102, 740,
697 cm'. Anal. calb. fgr CilHl sSNSHEHTHHTY 5 8791, N 15.84. Found: C
72.51; 15 H 5.74; N 15.77. EXAMPLE 34 C# anpaﬁatlon of
1- Met hyl - 3- {[N—2 (3 |ndonI)ethyI]IcarbanDyIpyr|d|nlbn1|od|de 20 To a
sol ution of ;é D .of N-[2-(3-indolyl)ethyl[nicotinamide in 5 ni
of mefthanol , 1 ni ( *etradydrehomefiolic adiide was added. The nmi xture was
refl uxed for 5 hrs. The nmethanol and excess nethyl iodide were renoved in
vacuo. The residue was recrystallized from nmethanol risopropanol to yield
1.42 g (87.49% of 1-nethyl-3f[N2-(3-indolyl)ethylflcarbanoyl pyridinium
gggd§ as yellow needles, mp. 215- 25 217-C. IR (KBr): 3280, 3000, 2940,

1540, 1500, 1ﬁiﬁgcﬂ?20 735 cm'. Anal. calc. for G 7H sN301: C
50.13; H 4.46; N 10.32,"1, 31.16. Found: C, 50.22; H, 4.49; N, 10.27; |
31.06. EXAMPLE 35 30 Preparation of 1 CoNg
- Met hyl - 3-{ N 2- ( 3- |ndoI¥J)ethyI]}carbanDyI 1, 4-dfhydropy idine2 To a
sol ut eon of 0. &G4 1.5 ol ) of
1- net hyl - 3{[ N- 2- § )ethyl]}carbanDyIpyrldln|Mh4() ein 50 m of
deaerated water ) m jof ethyl acetate 1. Od?b (12 mmol ) of sodi um
T. ) #ed 9 an ice bath and 1.65 g (8

mol ) of sodlun1d|nu|oné e wa ey der 35 nitrogen. The
m xt upe was stirred for 6 hrs, the etl acetatd Ia decanted and the
wat er | ayer was extracted mnth et hyl acetate. sol ution was
washed with water, dried w th anhydrous sodiun1§ulfate and & sol vent
renoved in vacuo. A yield of 2
1- neth | -3{N 2- (3-indolyl)ethyl]}carbanoyl -1, 4- di hydropyridine of 0.29 9
(69@@ S obtained.as a yellow semsolid, mp. 40-70 * C IR (KBr) 3250,
2900, 1670 cm'. Anal. calc. for C17HI9N30 * fH20: C, 70.32; H 6.94; N
14md7. Found: C, 70.4B-DHCIs 76; N 40 14.52. EXAMPLE 36 Preparation of
5nzy| oxygram ne: 45
’ 40

from i sopropanol . 'ReCx¥
(72.5% of N-[2- (3-ipQ

A

CON

0
8 oc.u u:i'>
| 24 \~—
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A solution of 8.90 g (0.04 nol) of 5-benzyloxyindole in 40 m of dioxane
was added dropw se, over the course of 30 mins, to an ice-cooled, stirred
m xture of 40 ml of dioxane, 40 m EBO He865Blacid, 3.2 ml of 37% aqueous

f ormal dehyde (0.04 nol) and 8.8 nml of 25% aqueous di net hylam ne (0.05 nol).
The solutign was stirred and cooled for two hrs and then allowed to warmto
room t enpetatte- over ni ght. The next day, 500 50 m of water were added,
and the turbj ] [ [ e addition of
char coal . Thl\eﬁ‘hﬁ ﬁsg%%at%s&%ggga?%tﬁg P%\%&F{’Igl%ﬁagq‘g%" ﬁ'ﬁﬁﬁoo m of 10%
sodium Rydr oxi de solution. The gram ne quickly solidified and was filtered
of f ter cooling in the refriger ©9@SHy ght . Washing with water, and
drying gave 9.20 g (82.0% of co@kpowc&aqo&m p.. 125-1280 C.
Recrystallization fromethyl acetale gavec':gl ightly green glittering cubes,
m p. 136-1370C, of the desired 5-benzyl oxy@&am ne. IR (KBr) 3110, 3020, 55
2920, 2840, 2800, 2755, 1610, 1575, 1470, 1455, 1480, 1210, 1190, 1000 and
780 cm'. 141 EP 0110955 Bl EXAMPLE 37 Preparation of

5- Benzy| oxyhah startieg. raateriabmayhechsepagd by reagling picalinic ¢id with B2-arepwieng olyaBinrisl peseice

5- benzyl 0xX3f gexsahpuecarbediimide) (0. 15 nol ) of sodi um cyanide, 120 ml of Q

et hanol and 3% 'ﬁ$r°§9f'ta"€)@ldé‘ﬁs {ied helow may ba deriyatizedhin{fig, mannerrtp dhecgrreppending (ALK
cont ai n®d 8 FEPYFISLTPUpds: 28 maxhe rampinjpadiugs;listed withMelod &% wat er and cool ed in
the refrigerator. The crystalline nmaterial which separated was washed
thoroughly with water and dried, giving 4.40 g (52.3% of a slightly brown
sticky tan powder, mp. 137-140 C. Recrystallization from nethanol | benzene
srry,ll needl es, mp. 156-158 C, of 5-benzyl ox- 10 yi ndol e- 3- acet am de.
| R~KB) 3400, 3290, 3180, 1645, 1610, 1580, 1485, 1450, 1275, 1210, 1200
and 795 cm,. EXAMPLE 38 i5 Preparation of 5-Benzyl oxytryptam ne

hydrochl oride: 4.21 g (0.015 nol) of 5-benzyl oxyi ndol e-3-acet am de whi ch
were dissolved in 200 M of tetrahydrofuran were added gradually to a
solutios of 3.80 g (0.1 nol) of lithiumalum numhydride in 200 m of ether
over a 30 mnute period and under a nitrogen atnosphere. The sol uti on was
refluxed for 24 hrs. The excess 0 20 hydride was deconposed with

et hanol and then water was added to ensure conpl ete deconposition of the
preci pitated conpl ex. The ether |ayer was decanted and the residue was
washed ®ith fresh ether. The conbi ned sol uti on was washed with water and
dried over solid potassium hydroxi de. The sol vent was evaporated in vacuo
and the oily residue was taken up in ether and precipitated with hydrogen
chl oride gas. The pal e purple 5-benzyl oxytryptam ne hydrochl ori de gas
recrystallized fromethanol/ether, yield 3.00 g 25 (66.0%, mp.
263-265-C. IR (KBr) 3290, 3010, 2910, 1600, 1580, 1480, 1200, 1100 and 1000
cm'.
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EXAMPLE 39 Preparation of N-{2-[3-(5-benzyl oxy)indolyl]ethyl)nicotinam de:
30 To a solution of 303 ng (1 mmol) of 5-benzyl oxytryptam ne hydrochl ori de
and 123 ng (1 mmol) of nicotinic BcQ 14 965Bhi of pyridine at 0 *C was added
220 mg (1.07 mmol ) of dicycl ohexyl carbodiimnm de. The reaction m xture was
stirred at roomtenperature for 24 hrs and the for rred di cycl ohexyl urea was
renmoved by filtration. The pyridine was renoved in gacuo and t he residue
was recrystallized fromnetha- 35 nol/isopropanol. X eld 218 ng (58.9%,

m p. 192-194-C of N-{g [ & (5-benzyl oxy)indol yl ] et hyl }§itptinanide. IR (KBr)

3280, £050, 2900 165 &890, 1535, 1480 13%'0 1220, 1185, 1020, and
71@m * & 40 40 Prepafdatfon of o=y
1- Met hyl - 3- N-{2 [ 3- (5”8= yl oxy) i ndol yl yI}carbam)ylao ~ di ni um i odi de:

To a solution of 185 (0.5 mmol) of o=

o
N-{2-[3-(5-benzyl oxy) i nfol yl ] et hyl } ni cotmam de in 2 S 0 thanol t here
was adeded 0.2 m (3.2 ) of nethyl lég_ de. The m xt /Was:nrefluxed for

3 hrs. The nmethanol a cess net hyl de were renoved vac,uo The
resi due of yefffow soli dyQradual |y turnedg45 spurplish. Yidld 1@

(50.0%, mp. F28-230 Cl=IR (KBr) 3210, iq-zﬁ 1670, 1494 1190, 1025,
1000, 770 cm A The progact has the f or N8l a0 O Cg2 m
2CgZNI—E J~rt 0 60 ~~~~0 C 200&“ g2 NHC CH Cateﬁyl ic

hydr ogenol ysi s, using p&l | adi um on-charcgal catal yst, of cﬁ

1-met hyl - 3-N-{ 2-[ 3- (5g€nzyl oxy) - indol ] €t hyl } car banoyl pyri um i odi de
af | ords 1 -net hyP"S’nN-fZ [ 3- (5- hydroxy)indolyl]- :
| Lgar banoyl pyri di ni gm i odi de.  Subsequent esterification "

2t hyl acetyl chl or P#& af f or'ls ‘Lhe cor- 142 EP 0 110 955 r espondi ng
pi val yl ester of the fpfaula :ESCB 10 whi ch can then be reduced as descri bed

her ei nabove to the cor pondig |hydro derl,yatl ve the formul a (CE3)
3cco + CHZeErZ C {, - O/Accord prOV| ereby are not only
a genegic mstéj d an® novel cl.as§ of pro drugs for ¥ o
. -1
I
a2 =8, o= §
8 8

CH3

30

cH Ci,CH,
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specific and/or target enhanced delivery to the brain (and testes) of a

w de variety of drug species via the bidirectional transport of the drug
species into and out of the brain BPhHI®BWSBs) enpl oyi ng di hydropyridi ne -
pyridiniumsalt carrier redox systenms, but also a system providing insight
into the H Eiﬁ transport 25 processes (both active and passive) of, and
enzymati c ities in, the blood-brain (and blood-testis barrier), as
well as int \ S, | L n of the brain
(and test es;hehﬁgN @eb&%ﬁt%&?f@%ﬁ% séa?tg'ﬁgﬁﬂggerﬁp%ggs%%gE’Hqﬁnhlge bi oreversi bl e
redox delivery systemaccording to this invention is the toxicity

|rﬂ§) cation, for significantly reduce Qat emic toxicity by accel erating
the el i mination of the drug/ quat er na arrier system And even central
toxicity is reduced by providing for W | evel, sustained 30 release of
the active drug species in the br BP %:nd testes) Low toxicity is provided
both aseregards the quaternary car el and |ﬁ%ponb|nat|on wi th the drug.
Clains Clains for the followi ng CoRpgatting States: BE, OH, DE, FR GB, LI
LU NL, SE 35 1. A conpound adaptrBd|T post he site specific/sustained
delivery of a centrally acting drugisp&cies to the brain, said conpound

bei ng a conpound of the formula O [D-DHC] (I) 40 or a non-toxic
pharnad%utlcallﬁ acce table salt thereo1, mhereln centrally acting
drug specf®@ 9

NH2
I SR ot oy o eyl et 9(@ °°a§8%‘1"r9 ey P B
g;ggﬁdgwcé’?ﬁ H"(S’ggggmﬁ re"?fﬁ'ﬁ’gﬁg fstqowitp ggrglfjced bi ooxi di zatj;(ra %

d- Rpain barrier penetrating |ipoidal formof a dihydropyridine

p,. dintum salt redox 45 carrier, with-the proviso that when [DHC] is
50 N R 55 wherein Ris lower alkyl or benzyl, the dotted |line indicates the
presence of a double bond in either the 2 or 3 position of the

di hydropyridine ring and the carbonyl group is attached at the 2, 3 or 4
positien of the dihydropyridine ring; and [D] is a drug species containing
a single amno or OH functional group, 143 EP 0 110 955 Bl respondi ng

pi val yl ester of the formula

80
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40
45
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(CE3) u3C CH cR 10 which can then be reduced as descri bed
her ei nabove to the correspondi ng di hydro derivative of the fornmula 15
N~~~ e Om CE 3 (CH3 ) FPdbl10 955 Bl CH2CEHNHC C 20
Accordingly, provided hereby are not only a generi.c nethod and novel class
of pro-prodrugs for the specific and/or target enhanced delivery to the
brain (and testes) of a wide variety of drug species via the bidirectional
transport of the drug spgﬁies into and out of the brain (and testes)

enpl oyi ng di hydropyridi r@ pyridiniumsalé garrier redox systens, but also a
sysiemg provi ding insight qto the basic&r@nsport 25 processes (both

act and passive) of, Q tic agi ities in, th& blood-brain (and
bl ood-testis. barrier), a i i esses specific to
the function of the brai y significant
aspect of the biorevessi '

systemic toxicity b ternary
carrier system And g for | ow
| evel , sustaimfed 30 rain (and
testes). LowEjoxicity h St enparw carrier
and i ®° conbi ngti on wi oW ng
Contracting ates: BE, : conmpound

. \it. . .
adapted for the site speci¥ic/sust ed delivery of a ce |y acting drug
spegies to the brain, said conpgundwbei ng a conpound of the\fornula 3
[ g (1) 40 or a non-toxic maceutical ly acceptabl e s&st thereof,

reactive -OH, -COOH_ e~ SH, -NH or -NHZ ggoup (including groups such as

am des and i m des, wel | as primary sant\secondary am no groups), and

[DHC] is the reduce bi ooxi di zabl e, b? 00g~% alQ barsier penetrating

| i poi el form of a dj redi ne i ON=H © i © reqpx 45 carrier,

with the proviso tha fhordd-n R EE | ower al kyl or
T8 doubl e bond in either

benzyl, the dotted I|i i Lates prﬁ?enc- _
ghydr opyr i e ring and the r bonyl ,group is
r 4 position t he di hydr opyri di I a@g,[D] is

wh®ein (Dl is a centrally acting drugmsggcies contai ning at ® east one

the 2 or 3 pbdition
attached at e 2,‘3_

a druff speci coot gg a single no or OH functionagwg oudl
e £
8 8
m -
o 2]

COOH

45

s
, CONH
& 0
,~0-cocH,,

coon
=
>

H,C

Starting Material

clorazepate
CH
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143 EP 0 110 956 B1 [ 1111121 L121121 12212 11 111 the
single am no or OH group when present being a primary or secondary am no or
primary or secondary OH group, sai BP&118 9§g§éi es being linked directly

t hrough said am no or OH functional group to the carbonyl function of
[DHC], then [D] nust be other than a synpathetic stinulant, steroid sex

hor none, nmenory enhancer, |ong chain al kanol or anticancer or antitunor
agent. f-5 O 2. Aconpe‘.ung,,of the formula [D-QC]+ (11) to

wherein [D] is a centrally aﬁht‘i Eg drug species containing at |east one
reagtjve -OH COOH, -SH, -NH5 oF NH2 group (inclyding groups such as am des
an ides, as well as prinmary/Aand secondary am |§0 groups), and [QC]+ is

the hydrophilic, ionic pyridir§umsalt formof a%di hydropyridine
pyridiniumsalt redox carrieg ith the proviso t whenz QC] + is 15 t C~-

0 20 ~ R wherein Ris
| ower al’kyl or benzyl and th rbonyl group is=a.LLa.%$%i the 2, 3 or 4
position of the 25 pyri di niungsri ng, and [ D] gi S a g2speci es
containing a single amno or GH f&nctional gr oug__gﬂe single amno or OH
group when present bei a pri_é"g‘nslr"'J or secondaryzank™o or primary or
seconda;sy OH group, saiE drug ¢ pe@;ﬁcﬁzl i nRedirectly through said
ami no or OH functional jgroup te th rbomyP fu tPon of [QC]+, then [D]
must be other than a symnpat hetﬁui_%é; steBoi d sex hornone, nenory
enhancer, |ong chain al kanol or anticancérg or antitunor agent. 30 3. A
Coiound adapted for the site-specific/sustained delivery of a centrally

a g #rug species to the bri‘a‘i g said conmpound being a conmpound of the
fo la [D-DHC] (1) 35 or a @org“t oxi ¢ pharmaceutically acceptable salt

t hereof, wherein [D] is a cendYally acting drug species, said drug species
bei ng gl yci ne, glutamc aci d,°\a§«‘barti c acid, tryptophan, an enkephalin, an
endorphin or other amno acid & snall peptide containing 2 to 20 am no
acid urts; GABA, y-vinyl GABAALoOr y- O acetyl eni c GABA; ,
nor epi nephrine, or epi“'.cl:;. phri der ot oni n; 5- hydrxq.xy- 2- n- propyl pent anoi c

acid, 4- & Z
1
o
a L
- Z
30 N
g 8 3
bl ~
) -3 =z
§ 20 927?‘3 = g
- o7 ¥—5 8 2
g = L_ z2_ ="
=& g
35 g oz
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2 O S ©
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40 hydr oxy- 2- n- propyl pent anoi ¢ aci d, or 3-hydroxy-2-n-propyl pentanoic
aci d; nethyidopa; tyram ne; dopam ne, or |evodopa; anpicillin; cephal exin;
L- al anosi ne; mnel phal an; DON, or &R QIW S BY gl ucosam ne, or

6- am no- 6- deoxy- D- gl ucose; and [DHC] is the reduced, biooxidizable,

bl ood- brw %g?{srf%r:%ggenet rating |ipoidal formof a di hydropyridine

pyridini um OPatoR; er havi ng the formula 45 so
~~~~~~ N rein Ris methyl or benzyl and the dotted line indicates the
presence doubl e bond in either the 55 2 or 3 position of the

ri Qg jbei REsdRRAHESy bReraMiRG & fodif teRiPbiafareqs cahyitlio® i thb Wil pidéiSiaRds ot of he
centr al | ¥oigeh.I TR sdltlisBerieMmeled By filddligh.at | east one of the renmining reactive
functional i1glorep® fulthet Gst@BIthe predeyit inEdntionCand heJadvirtagbe theldst] the flibwihg epeditlc by a
hydr ol yt iexsndpley a@rgivam itdbiog urdiadstoyd thit@anadré itohyed rooly s illastrative BAdiGx ydwigarioktaies.i ve

gr oup.1 144 In thelelamples-immedizidiy 1o fAIAG 18l nidlibg Blinis Weke takdnl onla Mel-Terap applratub/and £88 , 4.
A conpoumet eiredidrie Elegnentell aalydos Efet+perforhiel @ Atlantic Migrglabgiing.. [ADhnta, SGeargize infrared | v
acti ng dmsergira werei dstermaireddusing reeBeckmanGhceiipt 3, dophieibga@Cpaording spietrobothmsishi NNIRE |

i oni c ) spectra were detgimine jby imeanssef [at Vafiasy TR0 or BX180 Bgagirenelar-i Adlichemion! shifis reefirted um
salt reddse ®at upitse (s, pprgmflliq@) felafives | tg teframgthylsilane. Ultraviolet absorbance specira were

1 R 1595wdeipaingd psing 8, GpmiyModst 2k ﬁ&er&?\mph?t?féet‘?fal“B'cﬁ“l palysignpare PR o8 Yaters e

i di ni GRCPRABLNE Fhpmstoapehvith Model, 60004 solyent defivery Systemy, Madel Ye)s inipior and Modg)
b | et aunt R Gl PR e R
remai ni némppé’g?: Wag doupq withyn i talp% E)a ivﬁu?.'he centrally acting drug species
Ew gr%&mlt,%ﬁ by a ( 20 hydrol ytically or netabolically cleavable

P OXY | oxyl protective group. 5. A conpound according to Caim3

or 4, whetRhhioh BEDisth 9 5DRRfe@SartioRyide;: dOPan ne having the structural formla
25 30~~ 30 VX
To suspension of 8.35 g (0.05 mol) of 3,5-pyridinedicarboxylic acid in 30 ml of absolute ethanol, 10 mi
25 of concentrated sulfuric acid were dropped while stirring. The mixture was then refluxed on a water bath for
5 hrs and poured onto crushed ice. The solution was then made alkaline by the addition of solid KHCOs in
small amounts. A white solid separated which was filtered, washed with water and dried. M.p. 42-44°C. The
mother liquid was extracted with CH2Clz when another crop of the diester was obtained. The overall yield of
the crude ester was 9.1 g (82%) of sufficient purity for the examples to follow. NMR (CDClsz) § 9.62 (d, 2H,
30 J-2 Hz, C; and Cs pyridine protons), 8.76 (t, 1H, J=2 Hz; C, pyridine proton), 4.43 (q, 4H, J=7 Hz, 2
OCHz), 1.41 {t, 6H, J=7 Hz, 2 CHa).

di h@?‘r £PYT 1Al dir Ghitin of [BOHERSHRRYY witHEHCdohiPdlonP EthARESH antlydfus b-oidhdaRbhiL déidn®

EXAMPLE 2

35 Preparation of 5-Carbosthoxy-3-pyridinecarboxylic acid:

: To a solution of 10 g (0.045 mol) of diethyl 3,5-pyridinedicarboxylate in 75 ml of ethyl alcohol, 25 ml of
" 2N alcoholic KOH were added while stirring. Stirring was continued for ¢ hour at rooms temperature. To the
O mixture, 12.5 ml of 4N HCI were added while stirring. The solid which separated was filtered and washed
40 with alcohol. The combined filtrate and washings were distilled on rotovap and the residue was washed with
water, filtered and crystallized from ethanol. Yield 7.5 g (86%), m.p. 180-182°C, NMR (CDCl;/DMSO-d;) &
10.56 (bs, 1H, COOH), 9.26 (d, 2H, J=2 Hz, Cz2 and Cs pyridine protons), 8.75 (, 1H, J=2 Hz, Cs pyridine

protons), 4.4 {q, 2H, J=7 Hz, O-CHg), 1.42 (t, 3H, J=7 Hz, CHs).

45 EXAMPLE 3

Preparation of 5-Carboethoxy-3-(N-g-phenethyl) carbamoylpyridine:

To 10 g (0.05 mol) of 5-carboethoxy-3-pyridinecarboxylic acid, 30 m! of thionyl chloride were added and

so the mixture was warmed on a water bath while stirring until clear ( =3 hrs). Excess thionyl chloride was
distilled under vacuum. The residue was cooled to room temperature and 50 mi of sodium-dry benzene was
added. The solution was cooled in an ice bath and a solution of 6.2 g (0.051 mol) of phenethylamine and 4

mi of pyridine in 50 ml of dry benzene was dropped while stirring over 1 hr and the mixture was left
overnight at room temperature. The mixture was then washed with water until free from Ci~ (tested by

55 AgNOsTS). The organic layer was dried with Na:SOs and distilled. The residue was crystallized from
ether/pet. ether mixture. Yield 9.0 g (67%), m.p. 159-161 °C; ir (KBr) 3300 (NH), 1725 (ester CO) and 1650
cm™! (amide CO), NMR (CDCls) 5 9.13-9.96 (two doublets, 2H, J=2 Hz, C> and Cs pyridine protons), 8.53

(t, 1H, J=2 Hz, C, pyridine proton), 7.16 (s, 6H, C¢Hs + CONH), 4.36 (q, 2H, J=7 Hz, OCH>), 3.4 (g, 2H,
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wherein each Y is independently hydrogen or a hydrolytically or

nmet abol i cal |y cl eavabl e hydroxyl protective group, with the proviso that at
| east one Y is an acyl group or aEPRBb B1group, preferably 35 _

wherein: one Y is pivalyl and the other Y is hydrogen or pivalyl; one Y is

i sob l,_
latsh)o;;%:/;?/f)(_)ge? |\}&$)C}t9f}§ pherﬁ@&q %?1’?30 gHI oﬂ;bﬁ%' Eﬁ%éyﬁ(‘:ngr 7“"26330 36 Y is

[ sopropoxmﬁ_@rkyl and the other Y is hydrogen or i sopropoxycar bonyl . | f

6. A conpound adapted for the site-specific/sustained delivery of a

ce @balé Y PRparktidl ofth-Cibos 8 188etilyP3-INJE pifbRethyl)cartiind|IByridifigh Goa@mpound bei ng a
co und of The Tormul'a [ D- DHC] ) or a non-toxic pharmaceutically
accept abl e s@ld séilton @09 gt emdl) bD§-cdrisosoxy @FN/BhbRsthaifdaibBrgoylbytigineSiAEE imB of 45
whi ch i s adetoastai rli of adethqigedide, webdadalad. iThé) inbxupa s orefluxeit vehile stilringgforrealirs erid tBendeft an
est rogen evachighhiTod yelowt @ystedlina tsolidestich drevipitatehwas fitteredy ashed, Withf aewtone, adnied and

gr oups,o aqutﬁlllzbﬁrorh scdtdne. Weight SSdg (887%h anxp-tH8A@G1 G ir (KBrd 82B0LNH). M725{estér £1O) and
penetrati ?sjt b|(aem<||° Ok Vo imay (Ruff 6hy268dvenk plateay)r4ndi268 um €258, PEHAIMR

carrier ¢ ) h&5hfos| 2a St angifes Ryrich @W} PER-AE0 (M. Y. Gyryridien ePtoRhe!& Sl a
50 N 55 Gshs), 463-4 6 (complex multiplet, 5H, R wherein Ris | ower

al kyl or benzyl and the dotted |line indicates the presence of a double bond
in eitA®r 145 EP 0 110 955 B11l 11%§tm]1111 1 111 111 the 2 or 3
position of the dihydropyridine ring, ari g carbon atom of each

di hydr opyr,i VS bei ng connected via a bridging group to a
reactive h galsy‘lﬁ%%t']l tgﬁgl group in the centrally acting drug species. Os

5 . ,goconpound of the fornula [D-QC (11) wherein [D] is a centrally
ac»f ng drug species which is an anti Vis SF‘z gent, an antiinflanmatory
ster0| d, a 10 narcoti c or an estrogen and which contains at |east two

reactive hyelg@uyl=4,¢cAsh), 0.0 3Hy UV RS, CHR) Andl. @k Hz1 INSOd) o,y dr ophi lic, ionic
pyridiniumsalt formof a dihydropyridine -pyridiniumsalt redox carrier
conpri 2 ngxAMPUE&Gast one pyridiniumring systemof the formula 15 ~~~~~~~~~ R
20 wherein Ris lower alkyl or benzyl, a ring carbon atom of each

pyri di ni uRieparatign giesCagivehenytignathyldidcs-pidnethyl)carbamoyl-1.4-dihydropyridine:

This compound was prepared following the same general procedure as for the other dihydropyridine

30 derivative exemplified hereinbelow using 1.0 g (0.002 mol) of 5-carboethoxy-1-methyl-3-(N-8-phenethyl)-

carbamoylpyridinium iodide, 1.0 g (0.012 mol) sodium bicarbonate and 1.42 g (0.008 mol) sodium dithionite.

Yield, .60 g (84%) of orange-yellow viscous oil which reduced alcoholic silver nitrate, but very slowly. U.V.

max (buffer pH 7.4) 205 and 390 nm. NMR (CDCl;) 7.33 (s, 5H, CgHs), 7.0 (s, 2H, C2 and Cg pyridine
protons), 5.8-5.3 (hump, 1H, CONH), 4.2 (q, 2H, J=7, O-CHz), 3.66 (q, 2H, J=7 Hz,

N CH
—g- 2) ’
Q 3.16 (bs, 2H, C, pyridine proton), 3.0 (g, 2H, J=7, CHz-¢), 1.4 (i, 3H, J=7, CHs).

EXAMPLE 8

Preparation of 3,5-Di[{N-8-phenethyl)carbamoyllpyridine:

45 To a solution of 2.53 g (0.01 mol) of disthyl 3,5-pyridinedicarboxylate in 10 mi of methanol, 3.0 g (0.025
mol) of phenethylamine were added. The mixture was refluxed overnight and then distilled. The residue was
washed with very dilute HCI solution and water, dried and crystallized form ethanol. Yield 2.8 g (80%), m.p.
189-190° C. NMR (CDCl3) 8 9.00 (d, J=2 Hz, 2H, 2,6-dipyridyl), 8.33 (5, J=2, 1H, 4-pyridyl), 7.30 (s, 10H, 2
CgHs), 6.93-6.40 (hump, 2H, 2 COHN), 3.83 (q, J=7, 4H, 2 -N-CHz), 3.00 {, J=7, 4H, 2 -CHz-¢). Anal.

50 (C23H23Na02) C, H, N.

EXAMPLE 7

Preparation of 1-Methyl-3,5-di[(N-8-phenethyl)carbamoyllpyridinium iodide:

§6
To a solution of 2.0 g (5.3 mmol) of 3,5-di[(N-8-phenethyl)carbamoyllpyridine in 10 ml of acetons, 2 ml

of methyl iodide were added and the mixture was refluxed for 24 hrs. The yellow crystalline solid which
separated was filtered, washed with acetone and dried. Weight 1.4 g (51%), m.p. 186-188°C. U.V,
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via a bridging group to a reactive hydroxyl functional group in the
centrally acting drug species. 25 & A conpound according to Claim6 or 7,
wherein [D] is an antiviral agentEP ®110888&tpound according to Claim6 or 7,
wherein [ D is an antiinfl ammat ory st eroi d 10 A corrpound according to
es7t o en ound according to

G aim o gecthm SEEE ooy ple wt @zf"n Sgpler 4£228 11 i
cortison ] E é 371 é; C=0).
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diol, estradiol, estriol, Ara-Ag, ent ostatin, dihydro-5-azacytidine,
tiaZofuri n, sangi varryci n, Ara-A, 35‘13"' § MWPR, 5- FUDR, cytosine
ar abi nosi de, 5-azacytidine, ribavirin, 5,7-dinethyl-2-,B-Dribofuranosyl-s-
tri azol e§.d6 &4H)J 7ML, 2FNICHS, 2,98l Y%7 Bz G}Q%ﬁ-\nalg@@gﬁmﬁe,
2-deoxo/- 2-f |l uor o- D- mannose, 6-am no-6- deoxy-D- gl ucose,
phenyl - 6EXAMRLE 8- 6- deoxy-, B- D- gl ucopyr anosi de,
(S)-9-(2,3-di hydr oxypr opyl )adem ne, 6- azaur| d| ne,
5 6 dic ‘?r--‘ d- onsihviiearhaimg ; jdigeror phone, aponor phi ne,

phi ne, ox- ycodone, naloxone nalorphlne benzestrol or
d| et hy'1 R9pnd weg szafe%m {oiRg dhersama @epedute o it Examele 5, using 1 g (0.002 mol) of
site- spe 'i“g é‘P %ﬁ“‘& pV&F'"'&’“(’P@Iﬁ’P’r‘aﬂqSP%%F‘P'hﬁ’d'(el isatbpnatei apd 146 t he
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rg} I dactl ng g speC| és hP- 184S A Garpvriding pretpnsh A tsf fqu r’ 5r’|"67’%r

Vi raI agent, sal d drug speci es having.a purine or pyrimdine base-type
structure bearing a singly or multi ?cﬁzlh'oxyl ated substituent, and [DHC
I s the reduced, biooxidizable, blood-brain barrier penetrating, |ipoidal
- form of :Eoedadoxndrgmpropglmc,, pydind plbtoh WrN-8aJ)1 redox so carrier conprising
at | east one di hydropyridine ring systemof the formula 55 .
1 146 BEXMPEQ10 955 Bl 1111111111 ML111 wherein R
is Iower alkyl or benzyl and the doffed line indicates the presence of a

doubl e bond Hh?é +i88 & _%im &I, &Jﬂfn dj' e ring, a
ring carbon a %#Mﬂ'#ected via a
bridgfng group to a reactive hydroxyl functional group in the centrally

acting drug species. 5
0 a pyridine solution containing 11.7 g (0.05 mol) dopamine hydrobromlde and 6.15 g (0.05 mol)

nicotinic acid at 0°C were added 10.3 g (0.05 mol) dicyclohexylcarbodiimide (DCC). The reaction mixture
was stirred at room temperature for 24 hours and the formed dicyclohexylurea was removed by filiration.
35 The pyridine was removed in vacuo and the residue was crystallized from water at 0°C. The product was
isolated by filtration and dried over phosphorous pentoxide. Recrystallization from isopropanol gave 9.0 g
(0.035 mol), 70% N-nicotinoyldopamine, m.p. 159-162° C; aqueous solution of the compound gave a green
O color with Fe*3 and reduced AgNOs; ir (KBr) 3300, 2960, 1725, 1630, 1590, 1520, 1430, 1290, 1190, 1115,
720 and 710 cm™'; NMR (ds-DMSO) & 9.25-6.25 (m, 7H), 3.3 (m, 2H) and 2.65 {m, 2H) ppm. Anal.
40 (CiaHi4N203) G, H, N.

EXAMPLE 10

Preparation of 3-{N-[8-(3,4-Diacetoxyphenyl)ethyll}carbamoylpyridine:

45

To an ice cold suspension of 2.068 g (8 mmol) finely powdered nicotinoyldopamine in 50 ml of

chloroform, 1.56 g (10 mmol) of acetylchloride were dropped while stirring. The mixture was refluxed for 3

hrs, then filtered. The filtrate was washed with water until the washing did not give test for chloride ions with

AgNOs T.8. Chloroform was distilled on rotavap and the residue was crystallized from ether/pet. ether. Yield

50 2.2g (81%) NMR (CDCl3) 8.90 (bs, 1H, C; pyridine proton), 8.56 (bd, 1H, Cs pyridine proton), 8.16-7.83 (m,
1H, G4 pyridine proton), 7.36-7.03 (m, 5H, CsHa + Cs pyridine proton +NH), 3.60 (g, 2H, J=7 Hz,

-g"cnz ),

55
2.90 (t, 2H, J=7 Hz, -CHy).
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(9 ~ 13. A compound of the formula [D-QC]+ (11) 10 wherein [D] is a
centrally acting drug species which is an anticancer/antitunor and/or
antiviral agent, said drug speci esER@10§5%Bpuri ne or pyri m di ne base-type
structure bearing a singly or nultiply hydroxylated substituent, and [QC]+
is the hy ionic pyridiniumsalt formof a dihydropyridine
-pyridini dé’)&% 1Cedox carrier conprising at |east one pyridiniumring
system of the forrmula 15 20

| wherein Ris |Waﬁéﬁi{6nobfb§ﬂm-[@-ﬁ[@-ﬁfﬁb@ﬂlﬁl@%e@@d}-pyr' di ni um
ri ng.sygtem bei dr oxyl

fu onal groug , )35 14 A conpound
according to Claim12 or 13, vvhereln [D] is an antiviral agent. 15. A
compound according to Claim12 or 13, wherein [D] is Ara-AC, pentostatin,
Ara- C, di hydTwa Susparsiac ytt 5.16 1602 rhdl)hinelf powdared HRohbydopsbihdlin 180 e SnloréforVPBs g -
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5. 7-di met rﬂl'Pa gel Groqiumny #df 3% amtjlsw inschjordfoip s difel sluebt. e first fractipmeas doflected and
conpound &4 {a@a #‘6 fthey fggidug; was. 'Fﬁrq o glserppirriaymaethar. B9l &% 9 780 raf raawtity
acting ﬁr 8 1R 1HTGiNMR (CDCK) & 9iPB d?ﬁmd"'b@# A 'd!§° b f7d BF. tHh&e

formul a 3 51351 %&yf' °tHH %ﬂ“ é ICF‘ dc Ce pyridige @roion
her eof b P %? Helg)- Anal. G
Storof Pr qgg CE HH s't:°r"'(')§ g’fﬂl 5

st er oi daI et oi"dal t| n or estrogen
g ,gt Elxﬁﬁlﬁlt.E pne 40 reactive hydroxyl functional group, one such
gr mg—a tertiary hydroxyl functional group in the 17- position; and

[ DHC] | s the reduced, bl ooxi di zabl e, bl ood- bra| n barri er penetrating
| i poi dal formamtjj_b do@p L-Mé gdroxnes ri er
COM 15100 3l 655} ORGP URO T e L4111 L3, (a0
al kyl or benzyl and the doffed line indicates the presence of a double bond
in either the 2 or 3 position of the dihydropyridine ring, a ring carbon
atom of one T ayautiopyir1.26 & mmelyof cstineylidpamine (7) inciOngl of @cet@et 4l g (18 namol) of

bri dgi ng @retiujyodide werreadded aridztheymikipreryad rafiuxed ufiden stiringrierl 6 tgs. Ghpadetond hias removed
progest¥n 26¢ thadesidypens crastalizad frem mothanciietam \idid, 4i7yg BE%him)- 165-th7hOdeadpAqueas ne
_ring syst éﬂPtBE|ggFﬁ;g_'%?ﬁﬁ§€Péwa°é3 AMB(P |5r?§°1%r2§dms 48, %Hd’d)hé@o {ba Bttt CaHe), 4.60

hydr oxy!l A <57 7d Har B 398 (bedr dGEHZ, CHz). Anal. Caled for
15H17INzOs°H20 C, 4311 H, 455; N, 6. 0 Found: C, 43.83; H, 4.23; N, 6.81.

35 EXAMPLE 13

O ' Preparation of l-Methyl-3-{N-[B-(3 ,4~diacetoxy-
N phenyl)ethyl] }carbamoylpyridinium iodide (compound gb):

40

To a solution of 1.71 g (6 mmol) of 3-{N-[8-(3,4-diacetoxyphenyl)ethyl]}carbamoy! pyridine (prepared
as compound 8c), 1.41 g (10 mmol) of methyl iodide were added and the mixture was refluxed overnight
45 under stirring The acetone solution was then decanted from the insoluble oily residue. Ether was added to
the acetone solution and the solid separated was crystallized from acetone/ether. Yield, 1.9 g (78%) of
yellow crystalline needles, m.p. 171-173° C U.V. (methanol) 215, 265 nm, NMR (D20) 5 8.86-7.63 (ms, 4H,
CsH4N) 6.66 (bs, 3H, CsHa), 44 (s, 3H, -N-GHa), 3.50 (t, 2H, -N-CHz), 3.03 (t, 2H, CHy), 2.21 (bs, 6H, 2
COCHj3). Anal. Caled for C1sHz21IN20s: C, 47.12; H, 4.37; N, 5.78. Found: C, 47.23; H, 4.38; N, 5.78.
50

55
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147 EP 0110 955 Bl1 17. A conpound according to any one of Clains 6, 12
and 16, wherein each di hydropyridine ring system together with the

bri dgi ng group connected theret o ERCOMHISEI t he formula JO s N 10RR wherein
Ris lower alkyl or benzyl and the dotted |line indicates the presence of a
doubl e bond. in either the 2 or 3 position of the di hydropyridine ring;

parti cul B ¥n the dotted line indicates the presence 15 of a double
bond in the 2 position of the dihydropyridine ring, or when Ris nethyl, or

uhen the cahalyladGhifof S124bRYadstiin-ts S(ypsidipivalylony
g: @r?pyr?‘#nc ]{I’)I o gd };\ﬁ;; POoaTrTd d.LL,Lg I.]‘h J w ll‘i éi gaCh

ropyr plienyl) 1 T oup
connected thereto, has the forrrul aS 20 25 30 19. A compound according to
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bridgi ng greupsdiesheeioeg! (1h 1einel)Qf cdimtburid g2 it 20 Alibfacatinep3.3 g(2320kainAiCet idhyNo
OH3 450 2 @bdidé\were pdud ik B6 riixse Wasrofluketi unfer stirring] 1r)6- K@ then cdolel) Thalomngs anyskalbhe | s a
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f unct i ona&H). 56 U 3HoMECHE M B2 du. Rl J Bé dizi NieCHa), BAP 1t 2\ =HTykis §Rall 1-32usct8HSE
group i n(@Hak). el Siglstl for GrsHsdies {€04-82; He5.4nN. 4B2dToyphCl $276: SN PP di ni um
salt 9% form of a di hydropyridi ne pyridi niumsalt redox carrier
conpri si E§AMPLE ¥ast one pyridiniumring systemof the formul a

preparation of l~Methyl-3=-{N-[g~-(4-hydroxy~3-methoxvys
O 2 phenyl)ethyl] }carbamoylpyridinium iodide (compound 39):

N-nicotinoyl-3-methoxytyramine was prepared by following the procedure used for the preparation of

25 compound 7. The isolated crude amide was quaternized directly with methyl iodide following the method

used for the preparation of compound 6a. Crystallization from methanol gave a yellow crystalline com-

pound, m.p. 192-194°C with overall yleld of 84%, calculated on the basis of 3-methoxytyramine starting
material. NMR (D20) closely similar to that of 6a except for the singlet at & 3.66 for OCHs.

s0 EXAMPLE 16

P_rebaration of l-Methyl-3-{N-[B-(3,4~-dihydroxyphenyl)-
eth}l.] }carbamoyrl-l,4-dihy§rogrridine (compound 5a):

O To an ice cold solution of 1.0 g (2.5 mmol) of compound 6a in 200 ml of deaerated water, 1.26 g (15
- ‘ mmol) sodium bicarbonate were added. Nitrogen was bubbled into the mixture and 1.74 g (10 mmol) of
40 sodium dithionite was added gradually to the. mixture under stirring. Stirring was continued for 1 hr and the
mixture was then extracted twice with 50 ml of ether. The ether extract was washed with water, dried with
anhydrous Na.S0, and evaporated to dryness. Yield, 0.36 g (54%) of a yellow solid, m.p. 90-93°C (dec.)
which gave a green color with ferric chioride test and reduced alcoholic AgNOs instantly. UV (CH; OH) 220,
350 nm. NMR (CDCI3/D20) § 7.2-69 (ms, 4H, CsHs + G dihydropyridine proton), 5.6 (m, 1H, Cs
45 dihydropyridine proton), 4.6-4.4 (m, 1H, Cs dihydropyridine proton), 3.4 (m, 2H, -N-CHz), 3.1-2.7 (m, 7H, N-
CH;z + C, dihydropyridine protons + CHz). Anal. Calcd for CisHigN20Os « $H20: C, 63.59; H, 6.76; N,

9.88. Found: C, 63.56; H, 6.85; N, 9.72.

EXAMPLE 17
50

Preparation of l-Methyl-3=-{N-[B-(3,4-~-diacetoxyphenyl)-
ethyl] }carbamoyl-1,4-dihydropyridine (compound 5b):

56

To an ice cold solution of 1.4 g (3 mmol) of compound 6b in 200 ml of deaerated water, 1.5 g (18
mmol) of sodium bicarbonate was added. A stream of N2 was bubbled into the mixture and 2.1 g (12
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group is pgilotoachen)ats ¢.leHcoeai) i on of the pyridiniumring. 22. A conpound

according to Caim?2l1, wherein each pyridiniumring system together with

t he brirdgEXSVRIED8BD connected thereto, has the formula 30 0 Il G 35 C

O-~~~~~~ H3 40 23. A conpound according to Caim 21, wherein each pyridinium
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COCH2 C-15 50 ethjgl] }carbamogl-l 4-dihydropyridinex (compound 5c¢):

To a cold mixture of 2.0 g (3.5 mmol) of compound 6c, 200 ml of deaerated water and 100 ml of sthyl
. acetate, 1.14 g (14 mmol) of sodium bicarbonate and 2.43 g (14 mmol) of sodium dithionite were added.
O 20 The mixture was stirred under N2 for 20 mins. The ethyl acetate layer was separated and the aqueous layer
was re-extracted with 100 ml of ethyl acetate. The combined ethyl acetate was washed with cold deaerated
water, dried over anhydrous Na:SO: and distilled on rotovapor. The viscous yellow oily residue was
dissolved in 5 ml of acetone, filtered under N> atmosphere and then evaporated under reduced pressure.
The solid residue was dried under vacuum over P2Osin N2 atmosphere. It reduced alcoholic AgNOs
25 instantaneously and gave no color with FeCly test. Yield, 1.3 g (83%) m.p. 45-48°G, UV (CH;OH) 210 and
355 nm; NMR (CDClk;) & 7.04-6.92 (m, 4H, GsHs + C: dihydropyridine proton), 5.71-5.61 (doublet of
doublets, 1H, Cs dihydropyridine proton), 4.81 (bs, 1H, CONH), 4.60-4.51 (m, 1H, Cs dihydropyridine
proton), 3.53 (g, 2H, J=6.3 Hz, -N-CH.), 2.36 (bs, 2H, C, dihydropyridine proton), 2.91 (s, 3H, N-CHs), 2.79
(t, 2H, J=6.3 Hz, CHy), 1.33 (s, 18H, CO-C(CHs)s). Anal. Calcd for C25H3aN20s « 14H20: C, 63.9; H, 7.93;

30 N, 5.96. Found: C, 63.4; H, 7.81; N, 5.94.

EXAMPLE 19

Preparation of l-Methyl-3-{N-[B-{4-hvdroxy=-3 -methoxv=
phenyl)ethyl] }carbamoyl-1l,4-dihydropyridine

::_ ' (compound 10):

This compound was prepared following the same mesthod as for the preparation of compound 5¢. The
crude solid obtained showed the same NMR (CDCl3/D20) pattern as compound 5a, except for a peak at &
3.5 for the OCH; protons. it was sufficiently pure for the determination of its retention time following the
HPLC method of analysis detailed in Example 28 below. No trials were made for its further crystallization or
45 elemental analysis.

35

EXAMPLE 20

Preparation of N-Nicotinoyltyramine:

50

To an ice cold suspension of 3.69 g (0.03 mol) nicotinic acid in @ solution of 5.2 g (0.03 mol) tyramine

hydrochloride in 100 ml of pyridine, 6.18 g (0.03 mol) of dicyclohexylcarbodiimide (DCC) were gradually

added while stirring. Stirring was continued at room temperature for 24 hrs and the formed dicyclohexylurea

was removed by filtration. The pyridine was removed by distillation in vacuo and the residue was triturated

s5 with cold water, filtered and crystallized from 50% aqueous methanol. Yield, 6.25 g (86%), m.p. 179-181°C.

PMR (DMSO0-ds/D20) 5 9.0-8.66 (m, 2H, C2 and Cs pyridine protons), 8.33-8.10 (m, 1H, Cs pyridine proton),

7.66-7.46 (m, 1H, Gs pyridine proton), 7.23-6.70 (m, rH, CsHs), 3.56 (t 2H, -NCHz), 2.90 (t, 2H, CHz). Anal.
(C1aH14N202) C, H, N.
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CH3 55 24. A conpound according to Claim16 or 20, wherein [D] is
mestranol, quinestrol, norgestrel, norethin- drone, ethisterone,

di net hi sterone, allylestrenol, ciBfett0A5S Bt hynerone, |ynestrenol,

nor gest erone, nor- 149 EP 0 110 955 Bl vinisterone, ethynodiol or
tigest ol g e compound adapted for the site-specific/sustained delivery
of a centratty acting drug species to the brain, said conpound being a

conpound : f. ; .). or a non-toxic _
phgfmcezﬁuaé%mg/f N Bpivdlyloxyphenylethyl1fRarbiidylpyfidinb: n (0TS a centrally acting

dr ug speci a6 ak @8 lcaiti Rigpensdh of £86§ (OVGndiARMLiNBItyrinld Tn 186 P EvdSs rin!’%.&'ﬁ (0.03

fuqQc) i onmbl) o temigthylazBll dhidkilid wérs dfopod! vfile! Stfng. Fhb mixturebsbé%q'éﬂuﬁédzﬁib nfght and the

bl 0od- br sunfiedoad hicetinoyitpraming s fil@red | BOTHAtrafeOkddwakhod wilh WtEY BV de HoREchloride

pyri di ni iams, gashéd eneelwith E2a solition of MAMDO4 &ridbn avithliwkyrd CIGHYBACES RvdpbidBd S fotafsp Of

t he f or nardahel @si@ld3waCnatallizeddrocaetizeet adtimm Yidld 8.0¢ (E0%5)y Bp0 BY-82 @ PRI (CDGL)SY St €M
bei ng & oheR3de, &, & k& Not iCeldi). 186 G, 80/ <70Hza reactive - COOH, anmide or imide
functional group in the centrally acting drug species. 25 26. A conpound
according to Claim 25, wherein the G-ant:asbl,-y acting drug species [DI
contains at |least one reactive anide'or Fmde group and the di hydropyridine

: i i dai h the structural forrmula O
LON9 WYL ROPIIRL o)t s (SHPC G0 9roup has the struc

N CH3 0 MPLE 22 Wherein Ris -CCl3, -H 40 45 or -CH9. 27. A conpound
accordi i m25, wherein the centrally acting drug species [D]

c &t_fii NSprgdaratibifot -M3th§1-3-{N-{8-(4-hydroxyphenyl)ethyiTicarbamoylpyridinium iodide:

20
To a solution of 1.21 g (5 mmol) of nicotinyoltyramine in 10 ml of acetone, 1.41 g (10 mmol) of methyl
iodide were added and the mixture was refluxed while stirring for 6 hrs. The fine, yellow solid separated was
filtered and crystallized from methanol ether. Yield 1.78 g (93%), m.p. 208-210°C. PMR (DMSO0-ds/D20) 5
9.23-8.26 (m, 4H, CsH, N), 7.33-6.83 (m, 4H, CsHs), 4.50 (s, 3H,
25

PR R

3.70 (t, J=7 Hz, 2H,
30

N-CE,),
293 (t, J=7 Hz, 2H, CHy).

EXAMPLE 23

O Preparation of 1-Methyi-3-{N-[8-(4-pivalyloxyphenyl)ethyll}carbamoylpyridinium iodide:

40 To a solution of 1.63 g (5 mmol) of the product of Example 21 in 10 ml of acetone, 1.41 g (10 mmol)
- methyl iodide were added and the mixture was refluxed overnight while stirring. The acetone layer was
separated by decantation and the yellowish, oily residue was crystallized from methanol/ether. Yisld, 1.94 g
(83%), m.p. 155-157°C PMR (D20) 5 9.16-8.00 (m, 4H, CsHN), 7.33-6.83 (m, 4H, CsHs),4.40 (s. 3H, N-
CHs), 3.5 (t, 2H, J=7 Hz, .

45
"'}""'cnz ) ’

2.90 (t, 2H, J=7 Hz, CHy), 1.30 (s, 9H, C-(CHa)s). Anal. (C20H25N203 HC,H N
50
EXAMPLE 24

Preparation of 1-Methyl-3-{N-[8-(4-hydroxyphenyl)ethyl]}carbamoyl-1 A-dihydropyridine:

65 To an ice cold solution of 1.15 g (3 mmol) of the product of Example 22 in 200 ml of deaerated water,
1.5 g (18 mmol) sodium bicarbonate were added. While the mixture was bubbled with N gas, 2.09 g (12
mmol) of sodium dithionite were gradually added to the mixture. The mixture was stirred under Nz for 1 hr
and then exiracted twice, each with 100 ml of ethyl acetate. The combined extract was washed with water,
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50 reactive amde or imde group and the di hydropyridine ring system
together with the bridging group has the structural formula 55 15

1111H .1 11 EP 0 110 965 B1 0 EP0110955 B1 11 - CHOCCH20C N CHs 10
wherein Ris -CC13, -H, 15 O or-CH3. 28. A corrpound according to
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reactive a or. imde group and the pyridiniumring systemtogether with

t he brldg»—%ﬂ@ﬁﬁsp has the 50 structural fornula

G (i) Oxidation by Hydrogen Peroxide:
20

To 10 ml of 30% H20. was added 0.2 g of the dihydropyridine derivative {products of Examples 5 or
8). The mixture was stirred and samples were taken to check the UV spectrum. Complete oxidation to the
corresponding quaternary salts was observed.

25 (i) Oxidation by Silver Nitrate:

To 5 ml of saturated methanolic AgNO; solution was added 1 ml of 5% methanolic solution of the
dihydropyridine derivative. The mixture was shaken and left for 5 min for complete precipitation of silver,
centrifuged and an aliquot was taken to check the UV spectrum. Complete oxidation to the quaternary salts

30 was observed.

(it) Calibration Curves

UV study of the compounds prepared in Examples 4, 5, 7 and 8 revealed that they obey Beer's Law
35 with good coefficients and at a wide range of dilution levels. The study was done at 350 nm for the dihydro
derivatives and at 262 and 220 nm for all the quaternary and dihydro.

. O EXAMPLE 27

40 Kinetics of Oxidation of the Dihydro Derivatives:

In Plasma: 0.2 mi of (6.256 x 10~* M) freshly prepared solution of the dihydro derivative in methyl
alcohol was diluted to 10 ml with 20% plasma (diluted with phosphate buffer pH 7.4). The solution was kept
at 37°C and UV spectrum was scanned from 400 nm to 300 nm every 10 min for 2 hrs against reference

45 made by dilution of 0.2 ml methyl alcohol with 20% plasma to 10 ml.

In Whole Blood: In each of 5 tubes, 0.1 ml of 10 x 10~* M methanolic solution of the freshly prepared
dihydro derivative, was added 2 ml of fresh heparinized whole human blood and the tubes were kept at
37°C in a water bath. At the end of the time period to be investigated, 8 ml of acetonitrile was added,
shaken vigorously and centrifuged. The extension of the supernatant solution at 350 nm was measured. A

50 reference sample was made by addition of 0.1 ml of methyl alcohol instead of the sample solution following
the same procedure.

In Brain Homogenate: 2.0 g of rat brain tissue were homogenized in 10 ml of phosphate buffer, pH 7.4.
The homogenate was centrifuged for 15 min at 3000 rpm, decanted, heated in a water bath at 50°C for 5
min and then centrifuged again. The supernatant solution was diluted to 100 ml with phosphate buffer, pH

55 7.4.

Reference Sample: 0.2 ml of methyl alcohol was diluted to 10 ml with the brain homogenate solufion,
and the solution was used to record the base line on Cary 219 spectrophotometer and as a reference for
the dihydro derivative sample solution.
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-CHOG OH8 o0 wherein Ris -CC1l,.-H, 15
o or -CHs. 0 20 31. A conpound adPdf HOAPSE Cl ai m 29, wherein the centrally
acting drug species [D] contains at |east one reactive am de or imde group
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derivative in methyl alcohol was diluted to 10 ml with liver homogenate solution. The mixture was scanned
15 at 37°C from 400 nm to 300 nm every 5 min for 1 hr.

TABLE II
O Rinetics of Oxidation
20
Comp. t—ue:hyl-s,s-di[fn-a—phenethyl)v S5=Carboethoxy=1-methyl-3-(K-
arbamoyi-1,4~dihydropyridine | |a-phenethyl) carbomyl~1,4-aihydro~
idine L
_ Medium
Homogenate { ne6 =, 997 n=6 =,993
IMhole Blood| 4.9 x 10°5 3.9 1.13 x 1074 1.7h
80 n=5 r=,949 n=5 r=,972

35 Studies of the Dopamine Derivatives

EXAMPLE 28

O Analytical Methods:

A high pressure liquid chromatography (HPLC) method was developed for the studies of the degrada-
tion of the dihydropyridine dopamine derivative. The chromatographic analysis was performed on a
component system consisting of a Waters Associate Model 6000A solvent delivery system, Model UK
injector and Model 440 dual channel absorbance detector operated at 254 and 280 nm. A 30 cm x 3.9 mm
45 (internal diameter) reverse phase mBondapak Cig column (Waters Associates), operated at ambient

temperature, was used for all separations. The mobile phase used for the separation of the dihydropyridine

derivative, its degradation products and oxidation products consisted of 0.005 M solution of 1-heptanesul-
fonic acid sodium salt (PIC B-7 Eastman Kodak) in CHsCN; 0.01 M aqueous dibasic ammonium phosphate

(2.5:1). A peak was always shown at a retention time of 2.2 min which is believed to be a monodeacylated
50 dihydropyridine derivative, since it eventually did result in 6a.

56
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in Rat Brain Homogenate:

The brain homogenate was prepared by the following method. Five Sprague-Dawley rats were killed by

decapitation and the brains were removed, weighed (total weight 9.85 g) and homogenized in 49.3 ml of

35 aqueous 0.11 M phosphate buffer, pH 7.4. The homogenate was centrifuged and the supernatant was used

for the test. 100 wl of 0.18 M solution of compound Sc was mixed with 10 ml of homogenats, previously

equilibrated to 37 *C in a water bath, to result in an initial concentration of 1.8 x 10—2 moles/liter. Samples of

O . 1.0 ml were withdrawn every 10 minutes from the test medium, added immediately to 5 ml of ice cold

: ' acetonitrile and placed in a freezer. When all samples had been collected, they were centrifuged. Each
40 supernatant was filtered through two Whatman 1 filter papers and analyzed by HPLC.

In Rat Liver Homogenate:

The liver homogenate was prepared by the following method. Three Sprague-Dawley rats were killed by
45 decapitation and the livers were removed, weighed and homogenized by tissue homogenizer in 0.11 M
aqueous phosphate buffer, pH 7.4, to make 20% liver homogenate. The homogenate was centrifuged and
the supernatant was used for the test. 100 ! of 0.1 M solution of compound 5c in methanol were mixed
with 20 ml of the homogenats, previously equilibrated to 37°C in a water bath, to result in an initial
concentration of 9 x 10™* moles/liter. Samples of 1.0 ml were withdrawn every § minutes from the test
s0 medium, added immediately to 5 ml of ice cold acetonitrile, shaken vigorously and placed in a freezer.
When all samples had been collected, they were centrifuged and each supernatant was filtered through
Whatman 1 filter paper and analyzed by HPLC. _
Rates of disappearance (overall oxidation and degradation) of compound 5c:
(i) in Plasma:
55
R = 225x 10~ sec™!
3 = 51.3 min
r = 0.998
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benzene ring, the nitrogen atom of the dihydropyridine ring system being
connected via a bridging 04 group to a reactive -OH, -COOH, -SH,
-NH- or -NH2 group in the centralBP0 H&98_EB1dr ug species. 40 38. A conpound
according to Caim37, wherein the centrally acting drug species [D
contains at | east one reactive pri ”ﬁL¥3 0{) secondary am no group or at |east
one reactive -OH group, and the di H‘yd o’b ridi ge ring syste{nto?et{]ﬁr with
the bridgig oD HI: L.Nng the di hydropyridine ring systemto e ani no
or -CH g?o({?gn ?{]&F%jnﬁggﬁeﬁtg structural fornmula 45 CORL 50 _ _

0 -G 55 R =67x10~*sec ! _ 0 wherein R is
as\dgfined in daim37 and Rs is (&2 mherein nis 1-10 or up to Cl2
branched 153 EP 0 110 955 Bl al kyknes preferabl y wherein the

di hydropyridine ring systemtogether=yxé) the bridging group has the
structural fornula 0 y.,CONH2Z N (CH2)n-C O wherein nis 1, 2 or 3. il 39.
A conpoundiide8oedii ng to Caim 37, wherein the centrally acting drug species
[D] contains at |east one reactive -SH group, and the di hydropyridine ring
system together with the bridgi ngRgr@&dp1®bnnecting the di hydropyridine ring
systemto the -SH group in [D had¥Ei82aminuctural fornmula 0.20 Cy oCONH2
(CH2)n-C 11 0 30 r = 0.807

n={@8x7)
(iv) In Liver:
" R=193x10"°
Q 20 t¥ = 59 min
' r = 0.950
n = (3x5)
EXAMPLE 30

25

Determination of Concentration of Compound 6a in Brain and
Blood after Parenteral Administration of Sc:

30

Male Sprague-Dawley rats of average weight of 150 * 10g were used. The rats were anesthetized with
IM injection of Inovar and the jugular was exposed. Compound 5c¢ was injected infrajugularly in the form of
10% solution in DMSO at a dose of 64.2 mg/kg (equivalent to 50 mg/kg compound 6a). The injection was
35 given at a rate of 24 ul/min using a calibrated infusion pump. After appropriate time periods, 1 ml of blood
was withdrawn from the heart and dropped immediately into a tared tube containing 3 ml acetonitrile, which
_ was afterwards weighed to determine the weight of the blood taken. The animal was then perfused with 20
"N\ ml of saline solution, decapitated and the brain was removed. The weighed brain was homogenized with 0.5
O' ml of distilled water, 3 ml of acetonitrile was added and the mixture was rehomogenized thoroughly,
40 centrifuged, filtered and then analyzed for compound 6a using the HPLC method. The tubes containing the
blood were shaken vigorously, centrifuged, decanted and also analyzed for compound Ba using the HPLC
method. Quantitation was done by using a recovery standard curve obtained by introducing a known
amount of 6a in either brain homogenate or blood and then treated in the same manner. See FIGURE 6 and
the discussion thereof hereinabove.

4
EXAMPLE 31
Pharmacological studies:

50 In vivo effect on pituitary prolactin secretion:

Adult male rats (Charles Rivers, CD-1) weighing 200 to 225 g were provided food and water ad libitum

s6 for at least one week period to experimentation. To elevate serum prolactin levels, each rat received a
single s.c. implant of a Silastic tube (1.57 mm interior diameter, 5 mm x 3.15 mm overall size) packed with
crystalline 17-g-estradiol. Two days later the rats were lightly anesthstized with ether and a small incision
was made over the right jugular vein for intravenous (I.V.) administration of the test drugs. Compound 6a
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wherein nis 1, 2 or 3. 40. A conpound according to C aim 37, wherein the
centrally acting drug species [D] contains at | east one reactive primary or.
secondary amino group or at |east BM@11@8%Ble - OH group, and the
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25 significance. See FIGURE 7 and the discussion thereof hereinabove. Q wherein n is
1, 2 or'®3. 30 42. A conpound agccording to Claim37, wherein the centrally
acting drug speci e BLEESNFERREAGCOR OfsthgnBrebagtin dnihitory- NH2 group
which is part of aréﬁgcgeogrs m de structure or wiarcn 15 a row pKa prinmary
or iecondary am no he di hydropyridine ring systemtogether with

t priglgi ng group
Adult female rats (Charles Rivers Lab.) weighing 225-250 g were maintained on food and water ad
libitum. Animals were sacrificed by decapitation; their pituitary glands were quickly removed from the
cranium. The anterior pituitary (AP) of each animal was dissected into two equal halves and placed into
incubation media. (Gibco's Minimal Essential Media supplied by Grand Island Biological Co. was used.) The
25 incubation was conducted at 37°C, under continuous aeration (95% Oz, 5% CO:); the pH was 7.2. After
one hour of preincubation, the media were discarded and replaced with fresh ones containing either DA ( 2
x 1078M), Ba ( 2 x 10™8) or ascorbic acid (10~* M). In all cases, one-half of AP received the test drug; the
other, the ascorbate control. After one hour, samples were taken from the media and the remaining media
were discarded. Fresh media containing DA ( 2 x 1077), Ba (2 x 10~7) and ascorbate, respectively, were
30 then added. One hour later, the second samples were taken After the 3 h incubation period, each half AP's
were weighed.
The samples were diluted 1:50 with phosphate buffered saline and then assayed in triplicate by the
radioimmunoassay method described. The data are given as ng prolactin released/mg wet weight/h. Paired
Student’s T-test was used to evaluate the significance of the inhibitory effects of the test drugs on prolactin
35 secretion The control AP half and the drug treated half were employed in each paired comparison. See
TABLE | and the discussion thereof hereinabove.
In the examples immediately to follow, all melting points were taken on a Mel-Temp apparatus and are
P not corrected. Elemental analyses were performed at Atlantic Microlabs, Inc., Atlanta, Georgia. Infrared
O spectra were determined by means of a Beckman Acculab 1 double-beam recording spectrophotometer.
40 NMR spectra were determined by means of a Varian TB0A spectrometer. All chemical shifts reported are in
& (parts per million) relative to tetramethylsilane. Ultraviolet absorbance spectra were determined using a
Carey Model 219 spectrophotometer. HPLC analyses were performed on a Waters Associates Liquid
chromatograph with Model 6000A solvent delivery system, Model U6K injector and Model 440 absorbance
detector. '

EXAMPLE 32

Preparation of the 1-Methyl-3-carbamoylpyridinium derivative of Tyr-Gly-Gly-Phe-Leu-OC2Hs {1-Methyl-3-
carbamoylpyridinium derivative of leuS-enkephalin ethyl ester):

50
N-a-t-Butoxycarbonyl-O-benzyl-L-tyrosine (7 g, 0.019 mol) was dissolved in tetrahydrofuran in a three-

neck round bottom flask which was cooled to approximately -10°C in an ice/acetone bath under a nitrogen
atmosphere. N-methylmorpholine (6.3 ml, 0.06 mol) was added to the stirred solution, followed by 2.5 ml
(0.019 mol) of isobutyl chloroformate. Immediately after the addition of isobutyl chloroformate, N-methyl

55 morpholine hydrochloride precipitated. After 5 min, 3.7 g (0.019 mol) of L-leucine ethyl ester hydrochioride,
dissolved in dimethyiformamide, were added. The reaction mixture was stirred at this temperature for an
hour, after which the solvent was evaporated. The residue obtained was dissolved in ethyl acetate/water and

the organic layer was extracted with sodium bicarbonate solution, water, .01 N HCI and water. The organic
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connecting the dihydropyridine ring systemto the -NH or -NH2 group in [D]
has the structural formula 35 CONH2 0 - CHOC( CH2) nN 40
R wherein Ris -0013, -H, 48 or ERQ31189§5B1is 1, 2 or 3. 43 A conpound
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t-Butoxycarbonyl-O-benzyltyrosylglycylglycylphenylalanylleucine ethyl ester was prepared by the same
method using 0.01 mol of staring materials, (t-butoxycarbonyl-O- -benzyljtyrosylglycylglycine and
phenylalanylleucine ethyl ester. A white solid was obtained which was recrystallized from methy! al-
cohol/water to yield 4.9 g (63%), m.p. 149-152°C,

The t-butoxycarbonyl group of t-butoxycarbonyl-O-benzyItyrosylglycylgIycylphenylalanylleucnne ethyl
ester was cleaved as previously described to give O-benzyl-tyr-gly-gly-phe-leu-OEt « TFA (trifluoroacstic
acid) salt. Anal. calc. of CagHigOsNsFa ¢ H20: C, 58.13; H, 6.25; N, 8.69.. Found: C, 58.06; H, 6.26; N,
8.69).

Nicotinic acid (160 mg, 1.3 mmole) and O-benzyl-tyr-gly-gly-phe-leu-oEt' TFA salt (1g, 1.3 mmole)
were dissolved in pyridine and 268 mg (1.3 mmole) of dicyclohexylcarbodiimide were added. The mixture
was stirred at room temperature for 24 hrs, after which the dicyclohexylurea was filtered and the pyridine
distilled in vacuo. Water was added to the residus and the solid obtained was filtered and washed with more
water. The solid N-nicotinoyl-O-benzylpentapeptide ethyl ester was recrystallized by methanol/water. 'H
NMR gave the expected pattern.

The N-nicotinoyl pentapeptide derivative (500 mg, 0.64 mmol) obtained above was dissolved in 10%
formic acid/methanol, followed by addition of 500 mg of palladium black. The mixture was stirred overnight
at room temperature, after which the solvent was evaporated. The residue was neutralized with a saturated
NaHCO;s solution and extracted with ethyl acetate The solvent was evaporated and the residue recrystal-
lized from ethyl acetate/ethyl ether to yield 370 mg (0.54 mmol), 84% of product. 'H NMR gave the
expected pattern, corresponding fo

{}m?xc-gly-gly-phe-m?ncoocz He .
CH,CH(CH;) ,
(tyr) (leu)

Anal. calc. for CssHss OsNs + 4H.0: C, 56.83; H, 6.89; N, 11.04. Found: C, 56.88; H, 6.56; N, 10.48. That
product (30 mg, 0.44 mmol) was dissolved in.acetone and an excess of methyl iodide was added. The
solution was refluxed for 8 hrs, after which the solvent was evaporated and the residue was filtered from
ethyl ether. A yellowish (260 mg, 0.31 mm), 71%, product was obtained, corresponding to the 1-methyl-3-
carbamoylpyridinium derivative of leuS-enkephalin ethyl ester. Anal. calc. for Cs7Hi70sNgl: C, 53.50; H,
5.70; N, 10.12. Found: C, 53.44; H, 4.77; N, 10.07.
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40 45 wherein R is -NH2 or -OR2 wherein R2 is alkyl, the pyridiniumring
optionally being fused to a benzene ring, the nitrogen atom of the .
pyridiniumring system bei ng conne®R 8414886 B1 bri dgi ng group to a reactive
-OH, -COOH, -SH, -NH or -NH2 group in the centrally acting drug speci es.
50 46. A %accordi ng to Cl aim45, wherein the centrally acting drug

speci es | ns at | east one reactive primary or secondary am no grﬁup
or at lea react l.ve - . .and the pyridiniumring systemtogether
with the %I{ep fofon oF R 12 ¥y i) pyridiniumring systemto the am no

or -OH grouprd Nsdidibn aB7 5N RhbIG riibtathind RaBMIGice 2hd 2B g (10 ol oot
YN\ \ibbhi’of dry pyridide ﬁtP(T' c%ﬂ*&f’ée’&.zé G0 Rimbn of éicﬁloﬂ%}yl fhidle. ihd Toadtion 2
or 3. 47. nixteWRe diitfbd A GedmiemPeritre GradaMRrét Ind WMaSbRled dichiEoneBittdadwds rerdvbd BY
drug specifiiation [@.34HNTIRI gyadiRt wdsGafidve® MSvabu®, and 10MAE nbikahoPWidréTBddéd & thé R ar y
am no gr oursolosle dityclob@glured iremetRMOlt Was@emdvbll By Gitition WS d).Mhe Mybtriabl Was! FmobeddGn
syst em wogadubend D triil df nastiylehel ghiorigle gvae wpded O iwC tekiti@. In3@lukily EdntHolidUiN rhatiy@kne
Syst em t o chlbrisie avas recoead by@Hfatipndip# g)nTHeDhettylse tHintide wasremomod in viacuorant &he Gsitiue

00 SCONF Mapgystallized from isopropanol. Recrystallization from methanolisopropanol gave (.@2g J425%) ofON-[2-
wher ei n n (§-igdotyllethylinigptingnidesgs ppl, browniatasonad! 564525 1CalIR(I§Br) 32801 39529, 164BI626, n

t he cent r dM2y/ 1302+ 1107 7¢} 6% apécinalscaicpior Ershisdb @isC. 7242 Ha8.01; din ¢5-34e Band:\Ge 72.58:+

or -NHZ°groep*Whi%H-is part of an amide or inide structure or which is a

low pKa priiBLy: 54

Q Preparation of 1-Methyl-3-{[N-2-(3-indolyl)ethyl]}carbamoylpyridinium iodide:

20

To a solution of 1.06 g (4 mmol) of N-[2-(3-indolyl)ethyllnicotinamide in 5 ml of methanol, 1 ml (16

mmol) of methyl iodide was added. The mixture was refluxed for 5 hrs. The methanol and excess methyl

iodide were removed in vacuo. The residue was recrystallized from methanolisopropanol to yield 1.42 g

(87.4%) of 1-methyl-3{[N-2-(3-indolyl)sthyl]}carbamoyl pyridinium iodide as yellow needles, m.p. 215-

25 217°C. IR (KBr): 3280, 3000, 2840, 1660, 1540, 1500, 1316, 1220, 735 cm™". Anal. calc. for C;7H;gN3Ol: C,
50.13; H, 4.46; N, 10.32; |, 31.16. Found: C, 50.22; H, 4.49; N, 10.27; |, 31.06.

EXAMPLE 35

30 Preparation of 1-Methyl-3-{N[2-(3-indolyl)ethyl]}carbamoyl-1,4-dihydropyridine:

To a solution of 0.61 g (1.5 mmol) of 1-methyl-3{[N-2-(3-indolyl)ethyi]}carbamoylpyridinium iodide in 50

ml of deaerated water and 50 ml of ethyl acetate, 1.00 g (12 mmol) of sodium bicarbonate was added. The

mixture was stirred in an ice bath and 1.65 g (8 mmol) of sodium dithionite was added gradually under

35 nitrogen. The mixture was stirred for 6 hrs, the ethyl acetate layer was decanted and the water layer was

extracted with ethyl acetate. The combined solution was washed with water, dried with anhydrous sodium

sulfate and the solvent removed in vacuo. A yield of 1-methyl-3{N[2-(3-indolyl)ethyl]}carbamoyl-1,4-

Q dihydropyridine of 0.29 g (69%) was obtained as a yellow semisolid, m.p. 40-70°C. IR (KBr) 3250, 2900,

- 1670 cm™. Anal. calc. for Ci7H1sNsO « tH.0: C, 70.32; H, 6.94; N, 14.47. Found: C, 70.47; H, 6.76; N,
40 14.52.

EXAMPLE 36

Preparation of 5-Benzyloxygramine:

A solution of 8.90 g (0.04 mol) of 5-benzyloxyindole in 40 ml of dioxane was added dropwise, over the
course of 30 mins, to an ice-cooled, stirred mixture of 40 ml of dioxane, 40 ml of acetic acid, 3.2 ml of 37%
aqueous formaldehyde (0.04 mol) and 8.8 ml of 25% aqueous dimethylamine (0.05 mol). The solution was
stirred and cooled for two hrs and then allowed to warm to room temperatue over night. The next day, 500
50 ml of water were added, and the turbid mixture which resulted was filtered after the addition of charcoal.
The filtrate was made alkaline (to pH 8-9) with 400 ml of 10% sodium hydroxide solution. The gramine
quickly solidified and was filtered off after cooling in the refrigerator overnight. Washing with water, and
drying gave 9.20 g (82.0%) of coarse powder, m.p. 125-128°C. Recrystallization from ethyl acstate gave
slightly green glittering cubes, m.p. 136-137°C, of the desired 5-benzyloxygramine. IR (KBr) 3110, 3020,

55 2820, 2840, 2800, 2755, 1610, 1575, 1470, 1455, 1480, 1210, 1190, 1000 and 780 cm™"1.
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or secondary amino group, and the pyridiniumring systemtogether wth the
bridgi ng group connecting the pyridiniumring systemto the -N+ or -NH2
group in [D has the structural EBMMRLSSBICONH2 0 a 40

- QCHOC( CH2) n- NQ wherein Ris -CC3, -H 45 50 or -CHs and nis 1, 2 or 3.
49. A co 1g saccording to Caim45, wherein the centrally acting drug
speci es %ai ns at | east one 55 reactive -COOH group, and the

pyri di ni Hgbgrét,g,gof%y@;,%‘,&g@;tsgg&ag@eth the bridging group connecting the
umring System|

pyridiniT group in [D has the structural formula

157 s EP @ sbilfbn®p8.4BY (0.03 mol) of 5-benzyloxygraminbl2d & ko.fsLrhdl %Mium %&;%aﬂ mbof L
N ¥ CSna) and G8) bi-wWhtbr Waktioflx8t #r 9CShotrs. Phe @blu n, whith caiflainefl seiR&Brakiptitediart ed
for the diufoe watpeod ii 6 veated tand ERRd Gethd Yeligeralt. The CABEINMR! thaterRClHidNseparaEl HRECI €S
to the bwasheu, thaaigtly sdtivpatanshd iied) giving @A0RAEET6)QH atslitly BrowUstRky tBh rmp( 1)
16 01374 447 Reaystallizgiba from o@thbnolizEntene gave espialh héedles; ah.p. 1566582 0f of mﬁyak-n [ D]
is a mnxlmqale’ra;acawdm@ (118 §400p3A8D.c B 06451 610,MG8R 114850 2460, 1@NS; 12182 €200 \efd 7d5H,
-COOH, -®M- -NH or -NH2 group (including groups such as am des and i mides,
as well as EI‘I mary and secondary am no groups), and [DHC] is the reduced,

bi ooxi di | ood-brain barrier penetrating Iipoidal formof a
di hydrop ridine | d| n| um sal t redox carrier conprising a
dlhydi’ot' Rirdptaniag,iydiopnianide; o r|ng system acarbon atom of the )

20 NigLpge 9%.” 3 @Len%, eps%gt' Do e g s St%fgf?e% pvdrogypa
connect e\ger ngolﬁro .1 moré 0 hthl umlﬂm& j! 'E. ?rﬁ) erta0
group | nsot ﬁutg%% idddnk On was 1o t g' é st
CI o© ChydM86¥a8 labkon @se& %ﬁﬂ 5’( yan@fﬁteﬁ Wger(uay gdd%@ %Cdn q? e eo& ;;L |t|on of the O—I
0 r eaCﬁréc‘ﬁf:ﬁatSH tdhibiak. e e?ﬁ'e?% a6 ddbanttd b HiPreSbueShas é%tj Srefrcét
group, agafhbih&e solftion was WhdR¥S! Wil WhtBOhdd ie® lovél | B Ris S ll'lW?’BJlden?hJ Wntswyai
t oget herevigotdibdtini@acty dnd Geltily @6iBueRvas QREHSHLiA BflorlaREprocipitated with hydrogen chloride gas.

The pale purple 5-benzyloxytryptamine hydrochloride gas recrystallized from ethanol/ether, yield 3.00 g

25 (66.0%), m.p. 263-265°C. IR (KBr) 3290, 3010, 2910, 1600, 1580, 1480, 1200, 1100 and 1000 cm™".

EXAMPLE 39

Preparation of N-{2-[3-(5-benzyloxy)indolyliethyl)nicotinamide:
30

To a solution of 303 mg (1 mmol) of 5-benzyloxytryptamine hydrochloride and 123 mg (1 mmol) of
nicotinic acid in 5 ml of pyridine at 0°C was added 220 mg (1.07 mmol) of dicyclohexylcarbodiimide. The
reaction mixture was stirred at room temperature for 24 hrs and the formed dicyclohexylurea was removed
by filiration. The pyridine was removed in vacuo, and the residue was recrystallized from metha-

35 nol/isopropanol. Yield 218 mg (58.9%), m.p. 7192194 C of N- -{2-[3-(5-benzyloxy)indolyllethyl}nicotinamide.
IR (KBr) 3280, 3050, 2900, 1655, 1580, 1535, 1480, 1310, 1220, 1200, 1185, 1020, and 710 cm™".

O EXAMPLE 40

40 Preparation of 1-Methyl-3-N-{2-[3-(5-benzyloxy)indolyllethyl}carbamoylpyridinium iodide:

To a solution of 185 mg (0.5 mmol) of N-{2-[3-(5-benzyloxy)indolyl]ethy!}nicotinamide in 2 ml of
methanol there was added 0.2 ml (3.2 mmol) of methyl iodide. The mixture was refluxed for 3 hrs. The
methanol and excess methy! iodide were removed in vacuo. The residue of yellow solid gradually turned

45 purplish. Yield 128 mg (50.0%), m.p. 228-230°C, IR (KBr) 3210, 3020, 1670, 1495, 1480, 1190, 1025, 1000,
770 cm™. The product has the formula

CH
+
0 N/ 3

;
50
@..cﬂzo y cnzcnzunc@
T .

N

H I

55
Catatylic hydrogenolysis, using palladium-on-charcoal catalyst, of 1-methyl-3-N-{2-[3-(5-benzyloxy)-
indol]ethyl}carbamoylpyridinium . iodide affords 1-methyl-3-N-{2-[3-(5-hydroxy)indolyl}-
ethyl}carbamoylpyridinium iodide. Subsequent esterification with trimethylacetyl chloride affords the cor-
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ring systemto the amno or -CH group in [D has the structural formula O
o) C 35 R 0)

wherein Rl is G -C7 alkyl or C7- Cﬁ"@‘é@&ﬁ(?l partlcul arly when Rl is

met hyl . 40 52. A compound according to C aim50, wherein the centrally |
acting dr [ at | east one reactive primary or secondary
am noggrog%pgﬁﬁgfﬁﬁg[gg%rog%gtfo?@g%t ive -OH group, and the dihydroquinoline or
di hydr oi soqui noline ring systemtogether with the bridgi n& group connecting
the ring systemto the amng@ or -OH group in [D ohas t e-SBguctural fornul a
45 50s ? 1 N-R1 55 wherein
RL{g C -C7 alkyl or (%83)GC0axred e ?qzqﬂziﬁcy R is methyl. 158
EP 0 110 955 B1 53. A conpound Jg to O aim50, Wwherein the centrally
acting drug species [D contains 3
amno group or at |east one reactive -OH group or at |east one reactive -SH
group, &nd the di hydroquinoline or dihydroi soquinoline ring systemtogether
wi t h the Mhicheanibpnde seduced @n desctitied herginabovei t the Syrespantitgdibyde darivathe. b the fdohlior

- SH group in [D] has the structural formula 5~~~~~~~~ 11 G 10Q N GB 15
54. A conpound according to Claimb50, wherein thg centr acting d_r_ug
speC|es [D] contains at Ieas one reactive -NH pr up which is part

of an afide or imde q&gupt&g&_@m:cf,tszaﬁbm pg mary
O w

Accordingly, provided hereby are not only a generic method and novel class of pro-prodrugs for the
specific and/or target enhanced delivery to the brain (and testes) of a wide variety of drug species via the
bidirectional transport of the drug species into and out of the brain (and testes) employing dihydropyridine
= pyridinium salt carrier redox systems, but also a system providing insight into the basic transport
25 processes (both active and passive) of, and enzymatic activities in, the blood-brain (and blood-testis

barrier), as well as into the various processes specific to the function of the brain (and testes). Again,

another very significant aspect of the bioreversible redox delivery system according to this invention is the

toxicity implication, for significantly reduced is systemic toxicity by accelerating the elimination of the

drug/quaternary carrier system. And even central toxicity is reduced by providing for low level, sustained
30 release of the active drug species in the brain (and testes). Low toxicity is provided both as regards the
quaternary carrier and in combination with the drug.

Claims
Claims for the following Contracting States : BE, CH, DE, FR, GB, LI, LU, NL, SE
85
1. A compound adapted for the site specific/sustained delivery of a centrally acting drug species to the
brain, said compound being a compound of the formula

O [D-bHC] 0}

40
or a non-toxic pharmaceutically acceptable salt thereof, wherein [D] is a centrally acting drug species
containing at least one reactive -OH, -COOH, -SH, -NH- or -NH. group (including groups such as
amides and imides, as well as primary and secondary amino groups), and [DHC] is the reduced,
biocoxidizable, blood-brain barrier penetrating lipoidal form of a dihydropyridine = pytridinium salt redox

45 carrier, with the proviso that when [DHC] is

i
c.._

50

55
wherein R is lower alkyl or benzyl, the dotted line indicates the presence of a double bond in either the
2 or 3 position of the dihydropyridine ring and the carbonyl group is attached at the 2, 3 or 4 position of
the dihydropyridine ring; and [D] is a drug species containing a single amino or OH functional group,
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_ _ ——
20 or secondary am no group, the redox carrier [DHC] conpri a :
di hydroqui noline ring systemand the bridging gro mm‘“m\mt\ﬂmure 0 25
Il -CHOC- | R 30 wherein R i €P-003005581. 35 ““\ S

Q or -CH3, the carbonyl function of the bridging group bking connected to a

carbon atom of the nitrogen- containing ring portion of the
- di hydr odeirardingpivaiy aster e fulagg 55. A conpound of the fornula [D QC +

(rr) 45 wherein [D] is a centrally acting drug speci es containing at

| east one reactive -OH, - , -SH, -NH or -NHg groug%#&¢l udi ng groups
such as am des and imdes,§as well as primry amd dary am no groups),
andy [QC]+ is the hy dCBRh ¢TeE-—iOR{C ] CHL,ARYNHE m of a

diflydropyri di ne - pyridihi um DX carrier co “sing a quinolinium or
i soqui noliniumring system a CafbY”atom of the nitrogeg= containing ring
portion of said ring system being Rnnected via a bri dging group to a
reactive -OH 50 -COOH, -SH, -NH or -NH2 group in the centrally acting
drug spewhicdsan thén be'xedosd a3 U8sEriB&EIRFelhabie tothd torrbsPohding dMytioistivative®f he irmath | v
acting drug species [D contains at | east one reactive primary or secondary
am no group or at |east one reactive -CH group,, and the i nol i ni um or

i soqui noliniumring system@together with the brg dgi grodp connecting the
ring #ystemto the a@dgg} or* 55 -OH ox NHC hgs the structural
formula  EP 0O 110 BEC whefeih R1L i &~ -C7 alkyl or C7-Gio
aral kyl, particularly when Rl yl. 57. A conpound acéording to Claim
55, wherein the centrally acting drig species [D] contains at |east one is
active primary or secondary am'no group or at |east one reactive -COH

3 20 . Lo
. up, andAéch%inSlV,l ﬂ}g)ideg 'h%'rgﬂ)yogre not only a generic method and novel class of pro-prodrugs for the
specific and/or target enhanced delivery to the brain (and testes) of a wide variety of drug species via the
bidirectional transport of the drug species into and out of the brain {(and testes) employing dihydropyridine
== pytidinium salt carrier redox systems, but also a system providing insight into the basic transport
25 processes (both active and passive) of, and enzymatic activities in, the blood-brain (and blood-testis.
barrier), as well as into the various processes specific to the function of the brain (and testes). Again,
another very significant aspect of the bioreversible redox delivery system according to this invention is the
toxicity implication, for significantly reduced is systemic toxicity by accelerating the elimination of the
drug/quaternary carrier system. And even central toxicity is reduced by providing for low level, sustained
30 release of the active drug species in the brain (and testes). Low toxicity is provided both as regards the
quaternary carrier and in combination with the drug.

Claims
Claims for the foliowing Contracting States : BE, CH, DE, FR, GB, LI, LU, NL, SE
35
1. A compound adapted for the site specific/sustained delivery of a centrally acting drug species to the
- brain, said compound being a compound of the formula

} | [D-DHC] ()

or a non-toxic pharmaceutically acceptable salt thereof, wherein [D] is a centrally acting drug species

containing at least one reactive -OH, -COOH, -SH, -NH- or -NHz2 group (including groups such as

amides and imides, as well as primary and secondary amino groups), and [DHC} is the reduced,

biooxidizable, blood-brain barrier penetrating lipoidal form of a dihydropyridine = pyridinium salt redox
45 carrier, with the proviso that when [DHC] is :

O

50

55
wherein R is lower alkyl or benzyl, the dotted line indicates the presence of a double bond in either the
2 or 3 position of the dihydropyridine ring and the carbony! group is attached at the 2, 3 or 4 position of
the dihydropyridine ring; and [D] is a drug species containing a single amino or OH functional group,
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i soqui noliniumring system toget her w t h t he bridgi ng t he
ring systemto the amno or - grou LD] has the.s imn ﬂﬁlgﬂﬂ”ﬂm
K)-20 10 955

(N RI wherein RLis G -C7 al kyI or C7-C10 aral kyl,

t I lng.to CI aim 55,
werein el s se il st SR T N

i
reactive - fligup &'ne Mirkonf) f%ﬁbn | nﬁaf usp esv Batillemz Htgjowe or

Which is ashemike nidhoRBdnbanedr, I&ﬁ%ﬂaﬂ QEa)ﬁol%P%rﬂEhnngg%tItu gbgdOX Car reer
[ +scorrpr| ses a quinoliniumring systemand the bridging group has the

st ture AZofMpoukddthe fdthuisherein R is - CC3, -H 45 50 or -CH3, the carbonyl
function of the bridging group being connected to a carbon atom of the
ni trogen- UBACRKI nkig ring portion of the quinoliniumring system 59. A
conpound according to any one of Clains 37, 45, 50 and 55, wherein [D] is a
centr#@ newhesein B ére contral§ acting druge speciascontaining aff lbashome reactive SAHE ICOI0H, -SH, -HitHesroi d
sex hor non8H: greun findluding @emupruch gt pmidespandainisias, as awall ah prirdry aid segendary agnino
tranquili 7 @ioups) apgh G ésgﬁﬁ’&ﬁ'{@}@ﬂ'c’ '@'qi}vp@@'@nnga't\f@'mageﬁthydr@pvswu pyddingym salt
hypnoti c, HIoGRTier Wiy T prodsahat whendQET iSyi | epti c agent, a stimulant, a
narcoti c anal gesic or antagonist, a dopam nergic agent or an antibiotic or
anti b3ct eri al agent. 160 1 11111121 11211 112121 2111 EP
0 110 955 Bi 60. A conpound accordi - any one of Cainms 37, 45, 50 and
55, wherein [D is an am no acid or Cpeptide containing 2 to 20
am no acid units. 61. A conpound ack ng to any one of Claim37, 45, 50
y55, Wherein ID] is a dopanine havI g the structural formula

wherein R is lower alkyl or benzyl and the carbonyl group is attached at the 2, 3 or 4 position of the
25 pyridinium ring, and [D] is a drug species containing a single amino or OH functional group, the single
amino or OH group when present being a primary or secondary amino or primary or secondary OH
group, said drug species being linked directly through said amino or OH functional group to the
carbonyl function of [QC}*, then [D] must be other than a sympathetic stimulant, steroid sex hormons,
. memory enhancer, long chain alkanol or anticancer or antitumor agent.
30
3. A compound adapted for the site-specific/sustained delivery of a centrally acting drug species to the
brain, said compound being a compound of the formuia

[D-DHC] (b
35

or a non-toxic pharmaceutically acceptable salt thereof, wherein [D] is a centrally acting drug species,
said drug species being glycine, glutamic acid, aspartic acid, tryptophan, an enkephalin, an endorphin
e or other amino acid or small peptide containing 2 to 20 amino acid units; GABA, y-vinyl GABA, or y-
O acetylenic GABA; norepinephrine, or epinephrine; serotonin; 5-hydroxy-2-n-propylpentanoic acid, 4-
40 hydroxy-2-n-propylpentanoic acid, or 3-hydroxy-2-n-propylpentancic acid; methyldopa; tyramine;
' dopamine, or levodopa; ampicillin; cephalexin; L-alanosine; melphalan, DON, or acivicin; or
glucosamine, or 86-amino-6-deoxy-D-glucose; and [DHC] is the reduced, biooxidizable, blood-brain
barrier penetrating lipoidal form of a dihydropyridine == pyridinium salt redox carrier having the formula

50

wherein R is methyl or benzyl and the dotted line indicates the presence of a double bond in either the
55 2 or 3 position of the dihydropyridine ring, the carbonyl function adjacent the dihydropyridine ring being
bonded to a reactive amino or hydroxyl functional group in the centrally acting drug species, and at
least one of the remaining reactive functional groups in the centrally acting drug species being
protected by a hydrolytically or metabolically cleavable hydroxyl or carboxyl protective group. .
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100 in which each Y is independently hydr ogen or a_hydr—el—yti cal ly-er—
met abol i cal Iy cl eavabl e hydroxyl 15 rotective grou 0
according to any one of Clains 37 EPLDS]HE!SS&BId 55, wiﬂui) u “ ”FﬁﬁA
glycine, glutamc acid, aspartic acid, dopam ne, no

epi nephrl ne, serotonin, tryptam ne, neurotensin, LHRH somat ost ati n “Zan
enkephal i ft, Aspmeadopie miayt ocin' M vasopressin, hydrocorti sone,

bet anmet hasoners)é:g) } 20 dexamet hasone, cortisone, flunethasone,
f I upredni sol !B ms(& edni sone, nethyl prednisol one, pred- nisolone,

predni sone, trianginal S f
ac ni 5de, hc:rer:rlnu % cgrnr%n dzl%f i:%?jégaﬁ as ]cr!“Ljﬁg& EIEJWBI&) é?lﬂ?@?ﬁ]d gm&%ﬂﬂ%gl&ﬁc
estradi ol , rges rrest rano noret hi n one et hi sterone, estradiol,

estriol, estrone, dlnethlsterone al lyl estrenol, cingestol, ethynerone,

| ynestrenol, norgesterone, norvininsterone, €1hynodio|, oxogest one,
tigestgp, quinestrol, Ara-AC, pentost Afla-C, 25 3- deazaguani ne,
di hydr o-5-azacytidi ne, tiazofurin, s3 €m, Ara-A 6-MWPR, PCNU

spi ronustine, bisbenzi m dazole, L-al DON, L-ICRF, trinethyl TMV
5-nmet hyl tetrahydrohonofolic acid, glyd ylic acid sul fonyl hydrazone,
DACH, SR-2555, SR-2508, desnethyl m soniRlazol e, m toxantrone, nenogarol,
acl aci menyci n A, phyll ant hosi de, bact obolin, aphidocolin

honmoharri ngt oni ne, | evonantradol, acivicin, st re ozot oci n, l}/dr QXyr ea
chi or anbuci | WheggcR dsomeras 19 henag th%lF%’t’Eﬂ“Y' fﬁ‘ﬂﬁg‘i" °°" nigp fing_be ded

cyt osi ne ar a‘B?‘i‘lY?s?"ﬂ'é’ °'6Y‘?5?-3ﬁy'c‘ ﬁnth? ggpeﬁfﬁ ?Ft afﬁéeét’":" the
trexat e®m F?” "°t' ﬂ té wg%’ff'e% P ooy chrym n
pd"&ophthFE?VB ‘h°rcfé°|tai (’)5? veave ? v‘ixY °r°aré’(’:‘¥/8 oviT 2 aant adl ne,

5 am di no-, 2 AS &rﬁﬁgﬁagré \H? E}ﬁ% ﬁrgg species is a dopamine having the structural

4,6-dii m & "{‘;‘

2- guanldlno di - n propyloxazole 2- guani di no- 4, 5- di phenyl oxazol e,
61[ (hydgoxyi m no) -

phenyl ] met hyl ] - 1-[ ( 1- met hyl et hyl
5, 7-di net hyl - 2-, 8- D-ri bof uranosyl*- ‘-!\ razol e(l, 5-a)pyrimdine,
2- deoxy- D- gl ucose, gl ucosam ne, - f | uor o- D- mannose, 6-am no- 6-
deoxy- D- gl ucose, phenyl -6-chl oro-6- ,5,‘,’ 8- D- gl ucopyr anosi de,

(S) - 9- (48, 3- di hydr oxypr opyl ) adeni 6- “azauri di ne,

5, 6-dichloro-1-, - D ri bof uranosyl benzi m dazol e, di azepam oxazepam

| orazepam chlor- di azepoxi de, flurazepam bromazopam clorazepate,
nitrazepam Weeriny eashry sph@ﬁrﬂmde'i'th hygiogRt ’éﬁ‘hhy iRl Y hetpboligallt YFé’l?a'iVF'E‘?@"
car phenazi nepropetiup Breypa ¥thise gy ﬂﬁﬁh@ﬁ@"eﬁr ra‘é)’(‘: 8@5&?" a’bET‘ @ﬂL prefey

| fonyl]-IH be i dazol - 2- am ne,

met hyi dSpa, U’@E%ﬁi“iﬂ‘( f?ep"’abl(eﬂf’ |“§(R!ﬂ?f ¥ is hydap g‘l the °tlhe'

hal operi dol ?’b?(%??%gy H a‘g er @\ gr°gf'§/°r§ RFKTPRIVE O VR,

phepobar bi taY is"isopop opyl pnd thg, WQP en °g5|' u‘fr%‘f%‘fcar " ami nogl ut et hi mi de,
pryl vaI roic

A '@dr A %;ncgr@ﬁﬁd %@% WY lagale bl) §YNAP Sof oo spoces 0.1

met hanp‘fglet am ne phentermn 'H n- rret razi ne, dext roarrphet am ne,

| evanphet am geppd@mpliet am ne, phenyl et hyl am ne, nethyl pheni date, 45

tranyl cypromne, protriptyline, opipranol, desipramne, nortriptyline,

benmegri de, a PhRASFEIhErmadditically Gicéptkibldcsalt gbiO Wi [N &, a Coxydlip agting deng species

aponor pi ne, whievie apbainel agetDinpantiinfRmmaBIyt stafa; ia Mercotic odan eseogen andowitithroentains at

nal oxone, nalegst Pl reactivé hydddxgpiasationat grpepsi arel, [DHEY B dop seducerpbicoxidizabte, blood-brain

anoxi ci | |i n, bavied péretrating liaialsermi of k Idihidigpydding| & parsinium salt redbi earrieecompising 4t jeast

t et racycl i negnerdiltytirapyyiding rirg, systerh pfdhedornulaci d, cephal exi n,

50

56

wherein R is lower alkyl or benzyl and the doited line indicates the presence of a double bond in either
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cephal ot hin, cefoxitin, clindamycin, |incomycin, oxol i ni ¢_aci d,
phenazopyri di ne, sul fadi azi ne, thiopental, 50 benzes”!lm memj"w, ‘",
diethylstilbestrol. 63. A procesEPfQ)ﬂOtﬂSéBprepar ation of

clainmed in CI aim 1 Whl ch corrprl ses reducing the correspondi ng corrpou Ad &s
claimed in

maceut i cal osition of matter
conpri si ngthe 2 2y °§§hbﬁh¥}? ﬁ‘&ﬂgﬁ’%""ﬁn "9 érbﬂf a ﬁ‘?zi?h‘i' ydgpty’@'"e:t[:%g sypi§m1 9,
25-28, 37- zﬁ% ie ¥ SRR GBIt SoAR YR PL AR RURIN AP postrally acing any
one of dains ) when dependent on daim6, or in Caim1l4 or 15 when
ngent, qrbogl,@,hgrbﬂ,gefo,q{u,al n Caim24 when dependent on aim16, or in
CI 33 when dependent on Claim 28, or on any one of 161 I
LidiT! 11 o 14811 11 111 EP O 110 955 Bi C ains 34-36 when dependent

on Caim25, or on any one of O ains 59-62 when dependent on C aim 37 or
50, and a mbereit (Dii<a pnbalNRCRY diug 3pdcies FRIEIEHR i Brtidiral @fokt] &1 antiRfiaRFy: stdrdidiaTs
for the folnércotic nganGshibgenabd WichSatties at AekstIwd reactive hydioxyl AunptioR4l @foSips, ed [QBe _
preparati ofs Hhé hydrephilipoiamicl ppridiniume sditofomubfaa [dibyddigididine( +) pysidinium sal lreddx Rarert OXi C
phar maceut icerpirisigg atdessione byridinivelring systemebthe famhgaein [D] is a centrally acting
drug species containing at |east one reactive -OH -COOH, -SH, -NH or -NH2
group . (including groups such as amd nd imdes, as well as primary and
secontary amino groups), and [DHC] i reduced, biooxidizable,

bl ood-brain barrier penetrating |ipoi ormof a di hydropyridine -
pyridiniumsalt redox carrier, with théNbroviso that when [DHC] is 15 0 020
N2 25 wherein Ris |lower alkyl or nzyl, the dotted line indicates the
p epce of a double bond in either the'2 or 3 position of the

eropyrl dine ring and the carbonyl group is attached at the 2, 3 or 4

posi ti on Olyndr&leRH BV ARG by S rinky Rtbon &bt Ryridnidlh H t]gpﬁ Eo‘ﬂﬁ‘éc%' m ng
ey

a singl e aphB@ridying GHup W HrbichRAHy dr&FyPMRmo ouplif! @enﬂsﬂy
present being a primary or secondary am no or primary or-secon ary

groupszs sai fl cothpbgndsdesdifgto [ORINMG of 7, Wkééln (D] sef tahiivirdl Bgeatigh sai d ani no or
functional 30 group to the carbonyl function of [DHC], then [D] rrust be
ot her t FeanAgomspourbich@ding-to Clainisl ber) heréih (1) @ikl antinflari@éitéRp BGroidENDr Yy enhancer
| ong chai n al kanol or anticancer or antitunor agent; said process being
char act @i Aesemipynd asdudingntg Claine6 oot wesgnidisrag estegpound of the fornul a

30

11. A compound according to Claim 6 or 7, wherein [D] is hydrocortisone, betamethasone, dexamethasone,
cortisone, flumethasone, fluprednisolone, meprednisone, methyl prednisolone, prednisolons, pred-
nisone, triamcinolone, cortodoxone, fludrocortisone, fluandrenolone acetonide, paramethasone, ethinyl
estradiol, estradiol, estriol, Ara-AC, pentostatin, dihydro-5-azacytidine, tiazofurin, sangivamycin, Ara-A,

35 6-MMPR, 5-FUDR, cytosine arabinoside, 5-azacytidine, ribavirin, 5,7-dimethyl-2-g-D-ribofuranosyl-s-
triazole(1,5-a) pyrimidine, 2-deoxy-D-glucose, glucosamine, 2-deoxy-2-fluoro-D-mannose, 6-amino-6-
deoxy-D-glucose, phenyl-6-chloro-6-deoxy-g8-D-glucopyranoside, (S)-9-(2,3-dihydroxypropyl)adenine, 6-

S azauridine, 5,6-dichloro-1-8-D-ribofuranosylbenzimidazole, oxymorphone, apomorphine, morphine, ox-
O‘ ycodons, naloxone, nalorphine, benzestrol or diethylstilbestrol.

40

12. A compound adapted for the site-specific/sustained delivery of a centrally acting drug species to the
brain, said compound being a compound of the formula

[D-DHC] ()

or a non-toxic bharmaceutically acceptable salt thereof, wherein [D] is a centrally acting drug species
which is an anticancer/antitumor and/or antiviral agent, said drug species having a purine or pyrimidine
base-type structure bearing a singly or multiply hydroxylated substituent, and [DHC] is the reduced,

biooxidizable, blood-brain barrier penetrating, lipoidal form of a dihydropyridine == pyridinium salt redox
50 carrier comprising at least one dihydropyridine ring system of the formula

55
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[D-QC + (11) 35 wherein [D is defined above, d [QC] + he
hydrophilic, fonic pyrid ?r:mpfzrrgw;&:;ﬁﬁ' Fé‘éi Py Z'OHHIHI ] lrlllrﬂlll

L

0O [UC 45 . RwherernRrsIower

al kyl or benz and the carbon ched t r 4

pOSi tion of gr@{ W g.: Ian dln |n i %eg@ e om 'H rtrgr
pQs hy erl ri ac yridin gs

single am nob nne?te vra % rou I 59 roxXy I unctlonal gou ﬂgﬂhé cegﬂ r?'cj

when present ﬁ "é r?a 8nd5r no of ' far seconda

gro said o'ir%d’ specr es ber ng | | nked di rectly through sai d am no or

fu@i onalgg gg olirfd of A6 rr@liPony! function of [QCl+, then [D nust be ot her

tham a synpat hetic stinmulant, steroid sex hornone, nmenory enhancer, |ong

chai n al kanob-goy anfy cancer or antitunor agent. 55 2. A process for the
preparation of a conpound of the fornmula [D-DHC] (1) 162

Cl 13.111 IviheheinD 18 Shcehirall) lakting drugRpétiet Mbich SbanBintiGhceRarifitthol #ndio€ antiviral agent,
phar maceut i csaldl grugaegeeips ablirg & alrine tdngpyrnaitiine \nisettypie rstridjre ibdaring Gesitghya bl multydy | Ng
drug speci eshydeailatbddiubsijtusmp.cand ¢8CIh dsi they hygrophilia) donic glyxidinum saltfarmogf aadifyyaropyiridine

aci d, trypt optraridiniamsalimddeptearior compeising-al thest johe pyridiniurp rihgesystamiohthe foonwde or snal |
peptide containing 2 to 20 amno acid units; GABA, y-vinyl GABA or '-
acetyl @ni ¢ GABA; norepi nephrine, or epipegphrine; serotonin;

5- hydr oxy- 2- n- propyl pentanoi c acid, 4 5

‘hydr oxy- 2- n- propyl pentanoi ¢ acid, or :@n oXYy- 2- n- propyl pent anoi ¢ aci d;
met hyl dopa; tyram ne; G dopam™Ng or | evodopa; anpicillin;

c I exr n; L-al anosi ne; nel phal an; DON,l or acivicin; or glucosam ne, or

6- NG 6- deoxy D gl ucose; and [DHC] i s Rhe reduced, biooxidizabl e,
bt ood-brain barrier penetrating |ipoidal formof a dihydropyridine -

pyridinium S\meremr@g%epﬁl(ﬁ brEUenﬂfiX 'rlﬁﬁg d%ﬁ a{oﬂrdFUAcﬂ ranmlrﬁ system belng connected

b R wherein J%a&.dgﬁa Wi 19'b rdBBINE ¥ dr&h rrcrb%araarus ﬁ'-.c{h eenrf"aur h&é’rﬁ@&ae i

presenge of a double bond in eit or 3 position of the

di hydr opyr&.04 &fnpbindGiccotdivg t&eﬁhpm&1§,wn&5mm].saalraa@ﬁmgdnhe di hydr opyri di ne

ring being bonded to a reactive am no or hydroxyl functional group in the

central | y18cA icorgpotifidi gccofaing i t€ Clairnd @t13, wherein [D] is Ara-AC, pentostatin, Ara-C, dihydro-5-
azacytidine, tiazofurin, sangivamycin, Ara-A, 6-MMPR, desmethylmisonidazole, 5-FUDR, cytosine ar-

30 abinoside, 5-azacytidine, ribavirin, acyclovir, (8)-9-(2,3-dihydroxypropyl)adenine, 6-azauridine, 5,6-dich-

loro-1-g-D-ribofuranosylbenzimidazole or 5,7-dimethyl-2-8-D-ribofuranosyl-s-triazole(1,5-a)pyrimidine.

16. A compound adapted for the site-specific/sustained delivery of a centrally acting drug species to the
brain, said compound being a compound of the formula

35
[D-DHC] (1)
e . or a non-toxic pharmaceutically acceptable salt thereof, wherein [D] is a centrally acting drug species
‘ _ which is a steroidal progestin or steroidal estrogen, said progestin or estrogen having at least one
40 reactive hydroxyl functional group, one such group being a tertiary hydroxyl functional group in the 17-

position; and [DHC] is the reduced, biooxidizable, blood-brain barrier penetrating lipoidal form of a
dihydropyridine = pyridinium salt redox carrier comprising at least one dihydropyridine ring system of
the formula

45

50

wherein R is lower alkyl or benzyl and the dotted line indicates the presence of a double bond in either
the 2 or 3 position of the dihydropyridine ring, a ring carbon atom of one dihydropyridine ring system

55 being connected via a bridging group to the tertiary 17-hydroxyl functional group in the progestin or
estrogen, a ring carbon atom of any remaining dihydropyridine ring system .being connected via a
bridging group to another reactive hydroxyl functional group in said progestin or estrogen.
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| east one of the remaining reactive functional groups in the centrally
acting drug species being protected by a hydrolytically or netabolically
cl eavabl e hydroxyl or carboxyl pEBOdd@i98®Bdroup; said process being
characteri zed by reducing t he corresponding conpound of the fornula 25

D + 1) wherein s defj b e t he hydro
|[ ole((::] py1r7§ &i “%‘H“B‘?‘I‘P %“S I't‘ﬁf°"%1°fl 598‘3\/ gt:rL"QC Edlaw{o RV sgsm’di'
carrier halRoRge e the §p "9?6"?5'"%%9 °mp"\/\?1ere| is methyl or benzyl,

t he carbonyl function adjacent the pyridiniumring being bonded to a
reactive am no or hydroxyl functional gr oug in the centrally acting drug

s ess and at | east one of the re Nnglireactive functional groups in

t he centrally acting drug species b |n ; —<ected by a hydrolytically or
nmet abol i cal Iy cl eavabl e hydroxyl or ﬁ[ poxyl protective group. 45 3. A
process according to Caim 2, V\/ner ei nit he drug species is a dopam ne having
the stguctural formula vy NHK2 50

0 55 wherein each Y is |ndependently hydrogen or a hydrolytically or

met abol i cally cl eavabl e hydroxyl protective group, with the proviso that at
| east one Yhersin &is lewerl alkyiran benzyrancithe detisd fiegt indiegies e, Presensp erwuge Bpnginpither one
Y is pival ye 2:er® nositioncf therdihydrpryridinaifingprarficelprlyjhen Id°“°8r'r'é° ipdipates; taa,ipy

and tire ot lebe deutilesbengidn digch Pesition & B‘Gt“@T’V?PPV"GH% ring, {05 Wm"h%ﬂe'ar‘ﬂoﬂwhea t he
other Y is °H9Wb@‘éﬁ '%?“a"éleﬁé%%%i"ﬁ@ﬂy?f °d’|'hVQ'J’P!§’"‘1'B°3"“9

111111 11111 IJII 11111 I 11 1h é‘% d'sem sstem toget rw‘t the
i sopr opody %’I d 'ﬂ‘e]? t\f' §'"L;75ﬂ8 YrorgdineSTing, YRRy, A0 4. A
ppddess forb"‘i.’qlﬂg ‘1”85%{1"3?? ther%? 2 e, nhd of the fornula s 5 I[DDHC]
(MN<0f° a non-toxi ¢ phar maceut i caIIy acceptabl e salt thereof, wherein [D is
a centrally acting drug species which i@ an antiviral agent, an
antlinflammtory steroid, a narcotic or ||an estrogen and whi ch contains at

| east two reactive hydroxyl functi ggal g~eups, and [DHC] is the reduced,

I er penetrating |ipoidal formof a

carrier conprising at |east one

bi ooxigi zabl e, bl ood-brain 10 ba
di hydropyri di ne -pyridini um sal t |Ir ed
di hydropyridine ring systemof t M

30

19. A compound according to Claim 17, wherein each dihydropyridine ring system, together with the
bridging group connected thereto, has the formula
35

'-' | ] I

Q COCHC—

40 I I
(Y |

i
CHs

20. A compound of the formula
50 [D-QCTt (i)
whersin [D] is a centrally acting drug species which is a steroidal progestin or steroidal estrogen, said
progestin or estrogen having at least one reactive hydroxyl functional group, one such group bearing a

tertiary hydroxyl functional group in the 17-position; and [QC]* is the hydrophilic, ionic pyridinium salt
55 form of a dihydropyridine = pyridinium salt redox carrier comprising at least one pyridinium ring

system of the formula
o C L M S x.




)20 wherein Ris |lower alkyl or benzyl and the dotted |ine indicates the
presence of a double bond in either the 2 or 3 position of the

SyStenbeing Comnecved i a2 b 6 g roup 1o a react vel AN KA

functional group in the centrally acting drug species; sai d process belng ;!
characterized by reduci ng the correspondiNgg conpound of the 25 formul a
[D-OC]+ (11) wherein [DJ is defined § and [ QCJ+ is the hydrophilic,
ionic pyridiniumsalt formof a 30 dropyridine - pyridiniumsalt
redax carrier conprising at |east one pyidiniumring systemof the fornula
I A wherein Ris |ower
al kyl or benzyl, a ring carbon atom of g%ch pyridiniumring system being
connected via a bridging group to a reactive hydroxyl functional group in

t he central |whe@iitR iBQowdr alkyl 6{IRa1y€E 2.rind Barbdn. atof ¢FoAE PEEInBMCIAG dysieh being@orrietibd!,
wher ei no[ D] viiasa aridghg tgronp @ khe atertiany 17-Bydrofyl fuindtion sl yraup G thel i proggedtio ofbdtiogend a ring
wherein [ D] dagomptommt anyrérhaningegyddiniurs rigg syssielm béing fonpeatedietasa idgiag groupgo timtteh ai m
4, wher ei n [rBjctivedwerxybivoationbarour30sa8l prdgegtinee edtregeaccor ding to C ai m 4,

wher ein [Ei i's hydrocortisone, betanethasone, dexanmethasone, cortisone,

f | umret has8he? coMRepIdernsPrding Emany ongf SAMsSHNS, anﬁ@@hwerqyr eashpytidinime ring system,
predni $8l oné°9°B\°b‘ﬂth the krigging arpypicaprerterbherRe, compisen B IYAYE f | udr ocorti sone,

f I uandr enol one acet oni de, paranet hasone, ethinyl estradiol, estradiol,
estriol, Ara-AC, pentostatin, dihydro; zacWt i di ne, tiazofurin,

sangi vanycin, Ara-A, 55 6- MVPR, R, /Yt osine arabi nosi de,

5 cyjidine, ribavirin, 5,7-dineth f-D-ri bof uranosyl -

tr.;zole(l,S-a) pyrim di ne, 2-deoxy-D cose, glucosam ne,

2- deoxy- 2-f | uor o- D- mannose, 6-ami no-6- ldeoxy- D-gl ucose,

phenyl - 6- chl or o- 6- deoxy- $- D- gl ucopyr andési de,

(S)-9-(2, 3-di hydroxypropyl ) adeni ne, 6- azauri di ne,

5, 6- di @kl or Grhérejn- B>ig i1daer biky® 10 Birlz{ae PariiciladlawRuneR .@mymwdahﬂ.a.e,meamm r&muaes

nor phi ne, OXattach&dlat the 3 position of the pyridinivk ring) | | | || -  EP~~~~~=

11111 111112195511113111 * C L M S * ycodone, naloxone, nal or phi ne,
benzest r ol2.0¥ capetridydcedrdingoie Stairo 121, vihereiA qactopyeigisiuth oing Bystenp tagptheratith atre wikigiag

conpound of drdwe cormected therglo,has the formyldd- DHC) (1)
30

Il
C—

O CHs

40

23. A compound according to Claim 21, wherein each pyridinium ring system, together with the bridging
group connected thereto, has the formula

45
50 O

55

24. A compound according to Claim 16 or 20, wherein [D] is mestranol, quinestrol, norgestrel, norethin-
drone, ethisterone, dimethisterone, allylestrenol, cingestol, ethynerone, lynestrenol, norgesterone, nor-
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or a non-toxic pharmaceutically acceptable salt thereof, wherein [D] is a
centrally acting drug species which is an anticancer/antitunor and/or

antiviral agent, said drug speci BBO0HA0i985 B4 purine or pyrin di ne base-type
structure bearing a singly or nultiply hydroxylated substituent, and [ DHC]

is the reduced, 10 _bi goxi di zabl e, bl ood-brain barrier penetrating,
| i poi dal f SMRYEPS: gthm"ﬂ'?)cfﬂoﬂ?ﬁ b di ne v- pyridiniumsalt redox carrier

i Si [ L Qi ' t f the f lLa 1
120 where ﬁ%ﬁ‘;ﬁ%’:‘éﬁ%@ ?:%;55 o gpe 5%;%%%%:%&%@&%%@& bR it e et ne

presegce of a dou ° y or 3 position of the

in erther the
di ropyrislbi€ rigng, a ring carbon atom of each di hydropyridine ring
system bei ng connected via a bridging group to a reactive hydroxyl

functi onal og4 AshRosidpHaltaceBicHly adcbptabRCéalt Rdredf, Whorsil £ iS5 conBahly Getihh QRGSPecRB! NY
char act er i zenthirkng at @it Ohé ghattive -COOH, @M6 el inide KRIIDRLEGBupY Bind DRCER the reddesd, MUl a
[ D-4Ce+  pidddizabie hebdbhibbartiar peedriting dpddabiden 6ttty odytidihe=t gyadiRiva sarbdoki C,

i oni ¢ pyri cémer gemmsisihg a fibydrpgridina rig@system otlihb Yoemwapyr i di ne = pyri di ni um sal t
redox carrier conprising at |east one pyridiniumring systemof the fornula
35 40 wherein Ris |lower alkyl or benzyl, a ring carbon atom of each

pyridiniumring system bei ng connect a a bridging group to a reactive
hydr o¥yl functional group in the cerdfrallly acting drug species. 10. A
process according to Caim9, wherei isan antiviral agent. 45 11. A

process according to Claim9, whereinND] is Ara-AC, pentostatin, Ara-C,
di hydro-5-azacytidine, tiazofurin, sa H anmycin, Ara-A 6- MWPR
d@&,hyl m soni dazol e, 5-FUDR, cytosine arabinoside, 5- azacytidine,
ridavirin, acyclovir, (S)-9-(2, 3-di hydroxypropyl)adeni ne, 6-azauridine,
5, 6-di chl of Gagd edtbdn- atdrh P tHd" AYAIANBRS FidEydR ;:%e g%onnected via. a bridging groun 1o
5, 7- di met hysheti -»Cboﬂ,'JrﬁiMr‘ilﬁiaé]?%&ﬁaﬁgr&Jp'i@ﬁQE‘ rinl’yéétf?t% @G s ne. o 8612 2 a

process for the preparation of a conpound of the forrml'glgc l%'}DHC] (1) 55
Or & 2801261 AXbriipoliPacBEaiIRy o CRith b, wh&rIR BleabhtailSatidg dritedpe&ds [DIVoRERE & daRlonbS @
central | y eadtive1gmids bigimideapaup andite ClihytirSpyidind BgOdyetah teehBrewiin the Bridghb @Fdap dal
estrogen, bgitté spoadga sdnnula or estrogen havi ng at | east one reactive hydroxyl
functional group, one such group being a tertiary hydroxyl functional group
in the 17- position; and [DHC] is the Qeduced, biooxidizable, blood-brain
barri®r penetrating, |ipoidal for chiflOé 165

|
CHs
O wherein R is -CCls, -H,

O

27. A compound according to Claim 25, wherein the centrally acting drug species [D] contains at least one
50 reactive amide or imide group and the dihydropyridine ring system together with the bridging group
has the structural formula

or -CHs.

&5
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EP 0110 955 Bl di hydropyridi ne pyridiniumsalt redox carrier conprising

at | east one dihydropyridine ring systemof the formula O5

e R 10 wherein Ris |lower alkyl orE%QMQI%'SeﬂlU the dotted line indicates the
presence of a double bond in either the 2 or 3 position of the

di hydropyridine ring, a ring carbon atom of one di hydropyridine ring system
bei ng connected via a bridging group t@ theQertiary 17-hydroxyl functional

group in the progestin or 15 e Qrdgsﬂ, ring carbon atom of any
remai ni ng di hydropyridine ring sYEé a@

on ted via a bridging group
to_anotfier reactive hydroxyl functgonal groupfjn sgid progestin or

est r bgen; said process being characterized by |fedugi ng the correspondi ng
conmpound of the formula [D-QC]+ (Il) fj 20 N wherein [D] is defined
above, and [QC]+ is the hydrophilic, ionic pyri%&giun1 salt form of a

di hydropyridine - pyridiniumsalt redox carrier fprising at |east one
pyridinpumring systemof the fornmula 25 30

| Rwherein Ris |ower alkyl or benzyl, a ring carbon atom of one

pyri di ni um rwhagindist€&a, Hi ng connected via a bridging group to the tertiary

17- hydroxyl functional group in the progestin or estrogen, a ring 35

carbon atom of any remai ni ng pyridini um rz system bei ng connected via a
bridgi Ay group to another reactive hydrg nctional group in said
progestin or estrogen. 13. A process acc g to any one of Clains 4, 9,
and 12, wherein each pyridiniumring syst t oget her vO -with the

bridgi ng group connected thereto, conprises the fornula 40 45 N+ R 50
fiehei g, R i s lgyper al kyl or benzyl, particularly when Ris methyl or when
t Me“ carbonyl group is attached at the 3 position of the pyridiniumring.
14. A pr oo Sconipbiht SkddeidgQo Slai 38, widrei & Eitrdll %aﬁ.g dRY 'shedied 1] hritdifd %t R¥st bd™
toget her W tréactivieeCOOH dBUP BrdIhd BrRRighe BRES EddRedtifttthe iﬂydr&b@&iﬁehﬁg PidHodhe drug

is derived from a di- or polyhydroxy compound, at least one hydroxy function of which is attached to a

25 reactive -COOH group in the drug and at least one other hydroxy function of which is attached via a
carbonyl! function to the dihydropyridine ring system.

29. A compound of the formula
30 [D-QCF* M)
wherein [D] is a centrally acting drug species containing at least one reactive -COOH, amide or imide
functional group and [QC]* is the hydrophilic, ionic pyridinium salt form of a dihydropyridine =

pyridinium salt redox carrier comprising a pyridinium ring system of the formula
35

40
]
CHs
45 a ring carbon atom of the pyridinium ring system being connected via a bridging group to a reactive
-COOH, amide or imide functional group in the centrally acting drug species.
30. A compound according to Claim 29, whersin the centrally acting drug species [D] contains at least one
reactive amide or imide group and the pyridinium ring system together with the bridging group has the
50 structural formula ) :

55

o NN R \[!l'



55 166 202 1220 21))2 22222 1| 1|1 * C L M S*
EP 0110 95 B1 O Il ¢- 20 o~~~ CH3 15. A process
according to Claim 13, wherein e&P® 1YPEBERAIi umring system together wth
the bridging group connected thereto, has the formula 15 0 011 I
COCH2C- 020 CH3 25 16. A process according to Caim12, wherein [D is
mestranol, quinestrol, norgestrel; nor @ hi ndr one, et hi sterone,

di met hi sterone, allylestrenol, cin , ethynerone, |ynestrenol,

nor gest erone, nor- 30 Vi ni ster’g?a iol or tigestol. 17. A
process for the preparation of a coRpound he formula [D-DHC] (1) 35 or
a @-tom c pharmaceutically acceptable s hereof, wherein [D] is a
centtally acting drug species containing atNteast one reactive -COCOH, am de
or imde functional group, and (DHC] is t he l educed, bi ooxi di zabl e,

bl ood-brain barrier penetrating |ipoidal fo %f a di hydropyridine --

pyri di;gi um salt redox carrier. conprising a dihydropyridine ring system of

t he for mul avhé@in4Ss -CCls, -H, ON CH3 50

a ring carbon atom of the di hydropyridine ring system being connected via a
bridging group to a reactive -COOH, am de or imde functional group in the

centrally acting drug species; said
15

or -CHs.
O-
il 31. A compound according to Claim 29, wherein the centrally acting drug species [D] contains at least one
reactive amide or imide group and the pyridinium ring system together with the bridging group has the
structural formula

* ? 1]
—(I:HOCCHzoc
R ( )

30

|

CHs
35 wherein R is -CCla, -H,

o, -©
or -CHs.

45 32. A compound according to Claim 29, wherein the centrally acting drug species [D] contains at least one
reactive -COOH group and the bridging group connecting the pyridinium ring system to the drug is
derived from .a di- or polyhydroxy compound, at least one hydroxy function of which is attached to a
reactive -COOH group in the drug and at least one other hydroxy function of which is attached via a
carbonyl function to the pyridinium ring system.

50

33. A compound according to Claim 28 or 32, wherein the bridging group is derived from ethylene glycol,

propylene glycol, inositol or a sugar.

34. A compound according to Claim 25 or 29, wherein [D] is a central neurotransmitter, an anticancer or

55 antitumor agent, an antiviral agent, a tranquilizer, a sedative or hypnotic, an anticonvulsant or
antiepileptic agent, a dopaminergic agent or an antibiotic or antibacterial agent.
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bei ng characterized by reducing the correspondi ng conpound of | a
[DDQC]+ (11) 55 wherein [D] is defined above, and | M I“H “lnru
hydrophilic, ionic pyridinium sal tER@11 %5 R di hydr opyk B PYE i d4 Ni um
salt redox carrier conprising a pyridiniumring systemof the fornula 167
*11 11111 L AHdI Lo t)f 110 955 Bl ~~~~~~~~~ 10
ring car bgﬁi étm’mdaifj%%‘c{'t ?:;:I 1"h?5u°rh§§iwg'§re'§ 2 ‘B %"('a"i'onaé:'dcoéﬁﬁ@%@gﬁm{]/eicgm%nmgaz
bridging group to a reactive -COOH, amide or imde functional group in the

central ly sﬁtCA bMhofd et iinf o Caim 28 or £, RhAGF s} 1PEASN, HhGb, btaflcB) dfaridMaRy i n
the_cenfrally,@fchdd) UHAl, U erRPRdIR S lehorfhNbtoBiA Milvadofrassin, 88&azkdRate! HoraiH de
or de gr OdaRgiARgcid, VECNRY rspifbindbting) L-bifvdsine BOND LLIOEIE t S3@5thyM thtfahjdRdhobrbiid Gciig
group has t hglyokyic acid ssifbhyhyaredindl DAGH, Brl2855) sh-bs508Cbdciobdi® Qcivicin, hydroxyurea, chloram-
0 R—~ 25 bugcil, uracil mustard, melphalan, 5-FUDR, methotrexate, aminopterin, mitomycin C,Glt8virid) adyetovir, R
Is -Cla, -H,6-@8uridbe0roxazadm, bezepdmpr evedizzemeide)r ttomgzepam,Clciraaepbis, nikezepamn
t he centr al | phemytdi, reshotbinu gnephepgioie.s melbyldapan tratinyl SGABA, | e&cstyle@in €GABA, phenobarbital,
reactive ani aiwbabital, riuthibitajr gutpthioivd. ehisoghyethiniide)i methypivieg, vafweie reidoGrbydwey-2v¥ t h
the bri dgi ngerepytyenanaiggcid.Hehydoxy-2-n-prapyinecianeiceacids Shydrexe?-0-propyipeptanoic acid, hemegs
- CHOCCH20C dtisle, tryptophan, levodopa, ampicillin, amoxicillin, oxacillin, carbenicillin, dicloxacillin, chlortetracycliney|3
wherein R i Stetrag@jj@,. msa}q,acysli\t;e, nalidixic acid, cephalexin, cephalothin, cefoxitin, clindamyein, lincomycin or

15 oxolinic acid.

37. A compound adapted for the site-specific/sustained delivery of a centrally acting drug species to the
brain, said compound being a compound of the formula

O 20 [D-DHC] ()

or a non-toxic pharmaceutically acceptable salt thereof, wherein [D] is a centrally acting drug species
containing at least one reactive -OH, -COOH, -SH, -NH- or -NH2 group (including groups such as
amides and imides, as well as primary and secondary amino groups), and [DHC] is the reduced,

25 biooxidizable, blood-brain barrier penetrating lipoidal form of a dihydropyridine = pyridinium salt redox
carrier comprising a dihydropyridine ring system of the formula

COR;

||
N
|

wherein Ry is -NHz or -OR2 wherein Rz is alkyl, the dihydropyridine ring optionally being fused to a
' benzene ring, the nitrogen atom of the dihydropyridine ring system being connected via a bridging
O group to a reactive -OH, -COOH, -SH, -NH- or -NHz group in the centrally acting drug species.

30

35

40
38. A compound according to Claim 37, whersin the centrally acting drug species [D] contains at least one
reactive primary or secondary amino group or at least one reactive -OH group, and the dihydropyridine
ring system together with the bridging group connecting the dihydropyridine ring system to the amino
or -OH group in [D] has the structural formula
45
COR;
50 l |
Y
Rg—ﬁ
55 o

wherein Ry is as defined in Claim 37 and Rs is (CHz), wherein n is 1-10 or up to Cy2 branched
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or -CHa. 20. A process according to Claim17, wherein the centrally acting
drug species [D] contains at | eaBP0B9%9YB1  reactive - COOH group and the
bri dgi ng group connecting the pyrldlnluntrlng systemto the drug is derived
froma di o C east. one nction of whi ch
is attac heaﬁgﬁg ,l;é{f"%éﬁ %éfem %&ﬁ]ydm%' g“" o ey H?&tn%ﬁvdtﬁ»ﬁ{ tt"é%l’égc 9B e r
hydr oxy function o mhlch is attached via a carbonyl function to the

pyridiniumring system 15 21. A process_according to Caim 20, wherein

t he _bgi dgi ng group is derived from I Nbf2ycol , propyl ene gl ycol,
inQ;Dtol or a sugar. 22. A processjjaccirding to Caim1l7, wherein [D] is a
central neurotransmitter, an anticqncey or antitunmor agent, an antiviral
agent, a tranquilizer, a sedative orNhypnotic, an anticonvul sant or
antiepileptic agent, 20 a doDanh@@éﬁhc agent or an antibiotic or

anti bwcterial agent. 23. A process to daim1l7, wherein [D] is an
amno acid or a small peptide containing ZJ()ZO amino acid units. 25 24.
A process according to Claim17, wherein [D] is GABA glycine, glutamc
aci d; aspartlc acid, neurotensin, LHRH, an enkephalin, an endorphin,
oxytOC|n hM’%%%BBreggﬁ@l 3 deazaguanlne tlazofurln sangivanycin PCNU,

spi r offu a anosi % th I tetra drohoanollc aci d,
gl yoxyl i 8%'_390 fash IP ? "éF{’vB :r i rmbﬁ fog Dﬁ; % garggggﬂﬁ@;‘;

) 0 DR,
ﬁ; xlof:’ gxaﬁx {hgawpgfﬁ r|n the -Cl ﬂrotp in ctur(,g b SVI r. 30

cbaMrldlne oxazepant Iorazepant chlordlazopOX|de bronazepam
azepate, nitrazepam phenytoin, ethot dﬂﬂ mephenyt oi n, net hyi dopa,
y vinyl GABA, y-acetylenic GABA, p anobar bi tal, butal bital,
gl ut et hi m de, am nogl ut et hi m de, hyq yl on, valpr0|c aci d, 5-hydroxy- 2 n-
propyl pent anoi ¢ aci d, 4-hydroxy- 2- r yIpentan0|c aci d,

3- hydsoxy- 2- n- propyl pent anoi ¢ aci d, - ride, tryptophan, | evodopa,
anpicillin, anmoxicillin, oxacillin, gﬂiﬁﬁnl LJ|In dicloxacillin
chlortetracycline, s5 tetracyclln t Hacycline, nalidi xic acid,
cephal exi n, cephal othin, cefoxitin, cllndaﬁ90|n | i ncomycin or oxolinic
aci d. C525 A process for the preparation of a conmpound of the fornula 40
[ D- DHE] (1) or a non-toxic pharmaceutically acceptable salt thereof,

wher ei n [ DMeren misdeheBal |y acting drug species containing at | east one

reactiv COCH, -SH -NH-_or -NH2 grou i ncl udin roups such as
EZ\Io. gt_:ibmpound accordmg to Claim 37, wherein the cgntrallyp ac(ing drug specuegs [8] contguns at least one

reactive primary or secondary amino group or at least one reactive -OH group, and the dihydropyridine
35 ring system together with the bridging group connecting the dlhydropyndme ring system to the amino
or -OH group in [D] has the structural formula

| O COR,

40

45 RaC

wherein Ry is as defined in Claim 37 and Rs is (CHz), wherein n is 1-10 or up to Ci2 branched
50 alkylene, preferably wherein the dihydropyridine ring system together with the bridging group has the
structural formula

55
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am des and imdes, as well as primary and secondary am—nem
[DHC] is the reduced, 45 bi ooxi di zabl e, bl ood-brain bay i “ﬁ“\ng
| i poi dal form of a di hydropyri di neEP pyin0 865Btm sal t redoﬁﬂﬂ\@%\\aﬂ“ﬁm ,_
conprising a dihydropyridine ring systemof the formula coOL » S % 0.
0 55 wherein R is -NH2 or -OR2 wherein R2 is al kyl, the dihydropyridine
ring optionally being fused to a bepzene (i ngodMR,Ni trogen atom of the

di hydropyri di ne ring system bei ng gonng GyVia a Dridging 169

I T T T T T I | EP0110955B1 ¢ alreactive -OH, -COOH, -SH, -NH
or -NH2 _group in the centrally acti™Rg speci es; said process being

cha terized by reducing the correspondijng conpound of the fornula [D QC] +
(rry G wherein [D] is defined [ [QC]+ is the
hydrophilic, ionic pyridinium salt form of a I hydr opyri dine -h
pyridiniumsalt redox carrier conprising a pyridiniumring systemof the

f or mul azl 0 COR1 15 wherein
R is -NH2 owheréiRRiswheses.n R2 is alkyl, the pyridiniumring optionally
bei ng fused to a benzene f-20 ring, the nitrogen atom of the

pyri di ni untr Aregmpapsd earoridieg fecClado BRedbrel the cantallbadtiofpdrugyspgeiendp] toptains at least one
reacti ve - OHreact@ @ihary @ldocondidry argino griviEr girleashone meattve -Qhb arovrs eidytheadibyidragyrigiing g
speci es?’s 26. rimy yystewdegsthercwithrtell rigginggroipatonnezting thehdilydtopyridine ringesysten| 1 the aminong
drug speci eso[Bf srypindPhigs He sinectueal fogla 1 eacti ve primary or secondary ami no
group or at |east one reactive -OH group, and the pyridiniumring 25
systemtogether with the bridging group'?QBHnecti ng the pyridiniumring
sygtemto the amino or -OH group in [D]} has the structural fornmula CONH2
309N (BH2)n-C 11 35 XX 0
wherein nis 1, 2, or 3. 40 27. $ according to Claim25, wherein
the centrally acting drug specie Qi ns at | east one

Il
o

25

whereinnis 1,2 or 3.

30 42. A compound according to Claim 37, wherein the centrally acting drug species [D] contains at least one
reactive -NH- or -NHz2 group which is part of an amide or imide structure or which is a low pKa primary
or secondary amino group and the dihydropyridine ring system together with the bridging group
connecting the dihydropyridine ring system to the -NH- or -NHz group in [D] has the structural formula

35

CONH.
O —GHOC(CHan—N
T e A

wherein R is -CCls, -H,

45 \_,—-__/\
50
or-CHs andnis 1,2 or 3.
43. A compound according to Claim 37, wherein the centrally acting drug species [D] contains at least one
reactive -COOH group, and the dihydropyridine ring system together with the bridging group connect-
58 ing the dihydropyridine ring system to the -COOH group in [D] has the structural formula

185



reactive primary or secondary am no group or at |east ehe—+teactive -CH
group, and the pyridiniumring systemtogether with the bri dEI ng group

connecting the pyridiniumring syER@mtil@ 85§ Bt ani no or rcﬂlm MLIIHHFIE]IHWS

the structural formula 45 <, COCO% 50 (CH2)nr-C 0 55 whe

3. 170 v akii 11111 11111 EP 0 110 955 BI ,
process according to Oaim25, wherein the cG@NH2 |y acting drug speC| es
[D] contains at |east one reactive -NH pL—¢NH2 group which is part of. an

am de or imde structure or whi c?g a,lfow pKa primary or secondary am no

gro and the pyrldlnlumrlngs gether with the bridging group :
@étlng the pyridiniumring systemto -NH or -NH2 group in [D] has

con
theStructural formula 0 _CHOC(CH2)nA 101 R wherein Ris -C1,3, -H 15 40
0.20 ~whdrein 183, 26BN 1S 1, 2 or 3. 29. A process according to Claim

25, wherein the centrally acting drug species [D contains at |east one
react i ve 44CAGChnghuadIgcordingltot Geim BY, rwiheksin itherSeiittamgactiygsdrégspbagd Dhentains dtheastude
bri dgi ng gr magive @00cgroupgartiiee ditydropyridjpy ringlsystemstogethengjthtyestiridging grodphenaeGOCH
group i n [ Dig taglihydrepygdinering sysdm fodrerG0QH @GOMHR [A(has the structural formula
~~~~~~ (CH2) 2N ( 35 wherein nis, 2 or 3. 30. A process for the
preparation of a conpound of theforrrula[DDlgﬁ]_ (n)

2

15 CO.
Oy

N
Ozo

25

45. A compound of the formula
30
[D-QCI* ()

wherein [D] is a centrally acting drug species containing at least one reactive -OH, -COOH, -SH, -NH-
or -NHz group (including groups such as amides and imides, as well as primary and secondary amino

35 groups), and [QC]* is the hydrophilic, ionic pyridinium salt form of a dihydropyridine == pyridinium salt
redox carrier comprising a pyridinium ring system of the formula

O | COR;
O

wherein Ry is -NHz or -ORz wherein Rz is alkyl, the pyridinium ring optionally being fused to a benzene
ring, the nitrogen atom of the pyridinium ring system being connected via a bridging group to a
reactive -OH, -COOH, -SH, -NH- or -NHz group in the centrally acting drug species.
50

48. A compound according to Claim 45, wherein the centrally acting drug species [D] contains at least one
reactive primary or secondary amino group or at least one reactive -OH group, and the pyridinium ring
system together with the bridging group connecting the pyridinium ring system to the amino or -OH
group in [D] has the structural formula
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40 or a non-toxic pharmaceutically acceptable salt thereof

a centrally acting drug species containing at | east one reactive -

-COOH, -SH, -NH or -NH2 group (i ®PQHIORFSHEIoups such ‘T\ml mm\des
as well as primary and secondary am no groups), and [D&Eﬂl

bi ooxi di zabl e, bl ood-brain barrier penetrating |ipoidal for'm &f a

di hydropyridine - pyridiniumsalt redox 45 carrier conprising a

di hydr oqui nol i ne or di hydroi soqui nol j tem a carbon atom of the
ni t rogen-containing ring portion of [gai¥lring system being connected via a
bri dgi group to a reactive -OH, -QQQAJ-SH, -NH or -NH2 group in the
ceptyally acting drug species; said Fcess bei ng characterized by reducing
t he=—cor respondi ng conpound of the foy@g%g . [DQC" (11) wherein [D]
is defined above, and [QCJ+ is the h |I c, ionic pyridiniumsalt form
of a di hydropyridine v- pyridiniumsalt redd} carrier conprising a

qui nol izeti um or isoquinoliniumring system a carbon atom of the
nitrogen-containing ring portion of said ring system being connected via a
s5 bri dgregingrio@ or@. a reactive -OH, -COOH, -SH, -NH or -NH2 group in
the centrally acting drug species. 31. A process accordln? to C ai m 30,
wher ei n t B Aeamppend| apcoxding; to §laky 4Py wigsin the gentrally agting e §Recies [Reamiainsc loast one
reacti V& pri'PRgHVp RIMaRy 8 sReaRdRTY BAVAOHPUR Pbﬂfaatrmafea?t@%lﬂ“ GoHP: 9 ha F?V!')@"'“’Ug
group, and 1eter 199atHer; With e Byjdaifg group Connecting the pyridinium ring system do the amino H

*- 1 EP (18 iBbhasine STUAi fPYRi um ring system together with the
bridging group connecting the ring system toéSﬁHgm no or -OH group in [D
hggt he structural formula 0 0150 _#8

N3RY 15° wherein R is Cl-C7
R is nmethyl. 32. A process accor

. [-Cia aral kyl, particularly when
o ZVaim30, wherein the centrally

acting drug species [D] contains af easlﬂ one reactive primary or secondary
am no group or at |east one reactive - rou and the quinolinium or

i soqui gl iniumring systemtogether wt Tdging group connecting the
ring systemto the amno or ) 20 -O—lqyoupin[D] has t he
structural fornmula 0 26 C_
OON+ RI

whereinnis 1, 2, or 3.
30
48. A compound according to Claim 45, wherein the cenirally acting drug species [D] contains at least one
reactive -NH- or -NH2 group which is part of an amide or imide structure or which is a low pKa primary
or secondary amino group, and the pyridinium ring system together with the bridging group connecting
the pyridinium ring system to the -NH- or -NHz group in [D] has the structural formula
35 .

CONH;

- o)
Q —cl:Hoé':(CHg)n—f NO

R

wherein R is -CCls, -H,

_©

49. A compound according to Claim 45, wherein the centrally acting drug species [D] contains at least one
55 reactive -COOH group, and the pyridinium ring system together with the bridging group connecting the
pyridinium ring system to the -COOH group in [D] has the structural formula

50

or-CHs andnis 1,2 or 3.
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30 wherein Rl is G -C7 alkyl or -C7-C10 aral kyl, particularly when R is

met hyl . 33. A process according to Caim30, wherein the centrally acting

drug species [D] contains at | easEPEhHOBEEB1 reactive. ”ﬂi“ﬂullummlﬂlﬁm

which is part of an am de or imde structure or which is

or secondary am no group, the redox carrier [QC]+ conprises a qw fol ©ni Um:

ring systemand the bridging group has the stCONHg e - CHOC- R 45 wherein R

is -CC13, -H, 50 0 or

-CH3, the carbonyl function of HI&_P

carbon atom of the nitrogen- 55

qui iniumring system 34. A process aceerding to Caim25 or 30, wherein

[D] Ts a central neurotransmtter, an antiinflammtory steroid, a steroid

sex hornonewhaBinaid i,@apger or antitunor agent, an antiviral agent, a

tranquilizer, a 172 1111112111112112111121 211111 111111 * C L M S *

EP 0 110 Sb3 &mpomedaispteinftrane eits;specificisistdine siblivary af @ kéntrally trdadrug/spedss to the

hypnot i c, arbramsaicampaind beibg @compaindepthé ptilc agent, a stinmulant, a narcotic

anal gesi ¢ or antagoni st, a dopam nergic agent or an antibiotic or

anti bacteri aP-DHgent() 5 35. A process according to Caim 25 or 30, V\,herei n-

[D] is an amno acid or a small peptide containing 2 to

am no &ti d ®hRNeN-1oxiE Pharmageylicaliy §°°&E’é'6? m'tﬁ r?°6 whprain 29]2536?“"3'0 actiigedreg ?Pef“tﬂ i's

a dopam ne W&Qfd?"g i‘tHE"sEP'P"u'E?F‘Eﬁ'Y"arO d ?ry 6;" -NHz group ('"c'”d'"g %’Tﬁ: r:féﬁiet

i n which eadf E u

rret abol i cal 107 fiz a E{ hyd?ﬁy?'?e 'F'B('f’%‘ sglt redox
r_comp! dro noll om a o om of the

m J-'g t% élr?ze%l-cmtz??ng J ing portio %Elslnng

m E%? nectéﬁ ST Beeing BRbE I oo aited

COOH, -SH, -NH- or -NHz group in the centrally acting drug species.

51. A compound according to Claim 50, wherein the centrally acting drug species [D] contains at least one

reactive primary or secondary amino group or at least one reactive -OH group, and the

25 dihydroquinoline or dihydroisoquinoline ring system together with the bridging group connecting the
ring system to the amino or -OH group in [D] has the structural formula

O
Il
30 C—
N
85 I
O wherein Ry is C1-G7 alkyl or C7-C1o aralkyl, particularly when Ry is methyl.
40
562. A compound according to Claim 50, wherein the centrally acting drug species [D] contains at least one
reactive primary or secondary amino group or at least one reactive -OH group, and the
dihydroquinoline or dihydroisoquinoline ring system together with the bridging group connecting the
ring system to the amino or -OH group in [D] has the structural formula
45
i
C—
50
N

N—R,
65

wherein Ry is C1-Cy alkyl or G7-Cio aralkyl, particularly when R is methyl.
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dopam ne, norephi nephrine, epinephrine, serotonin, tryptam ne, neurotensin,
LHRH, somatostatin, an enkephalin, an endorphin, oxytocin M vasopressin,
hydrocorti sone, betanet hasone, dex&EhedHh8®B! cortisone, flunethasone,
fluprednisolone mepr edni sone, et hyl prednisolone prednisolone pred 25

giczg)(r)lﬁl do! 5a§°'$p§' one ort(%ga{oxg(pe f H]dro 0 ua:}g{né’g‘g %

4

Ve |

i di ol . nma or sbco £l arTmo ou at le on reacn rou Ieas on?
estradi o n%n G rg%mg fibiino cﬁ%&b o ﬁ “tnd bdghg
estriol , esty W,.[.wt } R0 1@ bt ng agmes% Y%A
Iynestr;nol nor gest erone, norV|n|nsterone yno |o oxogest one,
tigestol, qU|nestroI Ara- AC, pentostatin Ara C 3- deazaguanine

di Rydr o- 5- azacytidine, tiazofurin, sangivanycin, Ara-A 6-MWPR PCNU,
spi romnustine, 30 bi sbenzi m dazol e, L- | _anosi ne, DON, L-ICRF, trinethyl
TMM 5-net hyl tetrahydrohonof o gi-yox- ylic acid sul fonyi hydrazone,

DACH, SR-2555, SR-2508, desnet m i flazol e, m toxantrone, nenogarol,
Q=2 t opol i n, aphi docoli n,

acl aci nonycin A, phyllanthosid
honohar ri ngt oni ne, | evonantradol? aciVicin, st rept ozot oci n, hydroxyurea,

chl oranbuci |, cycl ophospham de, ur aC||I rrust ard, nel phal an, 5- FUDR,
cyt osi ne ar abi nosi de, 6-nercaptopuri s t hi oguani ne, 5-azacyti di ne,
met hot r'@xat e, doxorubicin, 35 daunonyci n, am nopterin, dactinonycin,

mtonycin C, a podophyl | ot oxi n derivative, ribavirin, acyclovir,
amant adi ne

6-di i ni &a%g TF}QQ no- -rFu éam}n%f eq'elzanb;ﬁ IEY e nycjn)gi slggmels(ib] contains at least one

ni g| no- |rh|de s’? WhIC is a low Kré primary
6[% gro@ﬁ%? iar F‘é ﬁ 0 nyﬁ&as? and the

H benzi m dazo -Z-am ne, thyI 2 fI - D ri bof ur anosyl -
triazole(l,5-a)pyrimdi ne, 2 deoxy D- gl ucose, gl ucosan ne,

2- deoxy- 2-f| uor o- D- mannose,. 6-ani no-6- 40 o deoxy D gl ucose,

phenyl -#- chl or o- 6- deoxy-, 8- D- gl ucopyr anc

(S)-9-(2, 3-di hydr oxypr opyI ) adeni ne, 6- a “di ne,

5, 6-di chl oro-1-, 8-D-ri bofuranosyl benzi ni@azol e, di azepam oxazepam

| orazepam chl or- di azopoxide, flurazepam bronazepam clorazepate,
nitrazopam temazepam phenytoin, ethotoin, nephenytoin, acetophenazine,
car phersazi newhefdinfplscb@izrthe, per phenazi ne, pi peracet azi ne, cl onidi ne,

nmet hyi dopa, bet hani di ne, debrisoquin, hydral azi ne, guanet hi di ne,

hal operi dol, hydroxyzi ne, clopenthixol, 4 y-vinyl GABA, y-acetylenic
GABA, phenobarbital, anmobarbital, butZ aI gl ut et hi ni de,

am nogl ut et hi m de, nethypryl on, val proi c"

5- hydr d%y- 2- n- propyl pent anoi ¢ aci d, 4- hydsex4/-2-n-pro- pyl pentanoi ¢ acid,
3- hydr oxy- 2- n- pr opyl pent anoi ¢ aci d, rret hanphet am ne, phenterm ne, phen-

nmeLL azi ne, X ]
p @ | et hyl %{%%n?ggg &rﬁﬁk{%ﬁon ﬁ:éil ri%a%%?{ﬁ%% g&:%tga??o&ai/ofn of the nitrogen
prangl , desipramne, nortriptyli ne, rregrl de, am phenazol e, an- 50

i I er i di ne g5y ednpeiaRP @8 rm@x y MOr phone, aponor phi ne, | evorphanol, norphine,
pent azoci ne, codei ne, oxycodone, nal oxone, nal orphi ne, tryptophan,

tryam ne, | goamtypa,panpicillin, anmoxicillin, oxacillin, carbenicillin,
dicloxacillin, chlortetracycline, tetracycline, nethacycline, nalidixic

aci d, cephalwherein [DLisphahteihadting dred epecips containing ratilaasy anerveactivenOBMCOION, -Stix-dH-ni
aci d, phenazwpyiti giupdincledingfasetipisich es amidéscrpd invidds, asyeall 2 ptimasy angk secondary amino

di et hyI sti | lsapslond [QET* Igthenhyslraphilios ipnig prisiniimnagit foom afha dibweeopyiding re pysidisivedsath g

cl ai ms, wher'@4% camersgoRarisingrasauifolinim B igeuinglinium ripg Syptely a carbon atom of the nitrogen-
containing ring portion of said ring system being connected via a bridging group to a reactive -OH,

650 -COOH, -SH, -NH- or -NHz group in the centrally acting drug species.

56. A compound according to Claim 55, wherein the centrally acting drug species [D] contains at least one
reactive primary or secondary amino group or at least one reactive -OH group, and the quinolinium or
isoquinolinium ring system together with the bridging group connecting the ring system to the amino or

65 -OH group in [D] has the structural formula

-
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t he reducing agent. 171 11111111121 11i1 i0811 111 173

L EP O 110 955 Bi 39. A process according to Caim 38, wherein the
alkali metal dithionite is sodi uRP&¥IA8BRPBIe. 40. A process according to
any one of Clainms 1-37, wherein an alkali nmetal borohydride is used as the
reducing agent. Q' ~ 41. A process accordig to Caim40, wherein the
al kali metal borohydride is sodi um borohydridp. PatentansprUche
PatentansprL che fiir fol gende Vertragsstaatex BE, CH DE, FR GB, LI, LU,
NL, SE 10 1. Verbindung, die fUr Sspezi fische Langzeit abgabe ei ner
zent rgl wrkenden Arzneimttel spe bk Hi m angepal 3t ist, welche
Vendung ei ne Verbi ndung der Folls ; (1) 15 oder ein

ni cht -t oxi sches, pharmazeuti sch akzept abl’®ts Sal z davon ist, worin [D] eine
zentral wi rkende Arzneimttel spezies ist | wel che m ndestens eine reaktive
OH, COOH, SH, NH oder NH2-Gruppe (ei ®ychlieBlich G uppen, wie z.B.

Am derund I m de, sow e prinmare und sekundare Am nogruppen) tN

enthalt, und [DHC] die reduzierte, biooxydierbare, die Bl ut/H m-Schranke
dur chdr i ngehetein R} [soiCd @lkFor f1-0ro alyl, particularlyetharB is methyl.

Di hydropyri di n*Pyridi ni unsal z- Redoxtragers ist, mt der Mfgabe, dal, wenn
[ DHCJ a 95 Amompeund accoigisg to-Claim b ivharei s cogtratly Rﬁ}'l‘g GIH%FPGB%[Pg'W"P‘é‘P at 'ﬂ?séme
gepunket et e "E2PHYP ErTAAL OXASFANGRN AMLR BFPUR P |'°a E%‘i"@ct" r@lti% fniymsor

Posi tion 2% SRy Mty ﬂrbf'q?fj‘@ ring} SéfS‘Eﬂ fHBRETC Yr uppe
an der Posi “F’zmﬁ%ﬂﬂgwﬁ& Bi'flydr opyri di nri nges angebracht ist; und

[D] eine Arznel mttel - spezies ist, welche eine einzel ne funkti onel I e
m oder OH G uppe enthlilt, wobei di ® einzel ne 35 Am no- oder

uppe wenn si e vor handen |st eine pyimare oder sekundare Am no- oder
ei ne primre oder sekundare O—I—Gruppe i s
di e funktionelle Am no- oder OH Gu
[ DHC] gebunden ist, dann [DJ etwa
Sti nmubsans, ein Steroidgeschl echts
| angket -

“wel che Arzneinittel spezi es Qber
ekt an di e Carbonyl funktion von
ein muB al s ein synpat hi sches
_@1dgcht ni sverstlrker, ein

wherein R1 is C1-C7 alkyl or C7-C1o aralkyl, particularly when Ry is methyl.
30
58. A compound according to Claim 55, wherein the centrally acting drug species [D] contains at least one
reactive -NH- or -NHz group which is part of an amide or imide structure or which is a low pKa primary
or secondary amino group, the redox carrier [QC]* comprises a quinolinium ring system and the
bridging group has the structure
35

[
40 R

_@

or -CHa, the carbonyl function of the bridging group being connected to a carbon atom of the nitrogen-
containing ring portion of the quinolinium ring system.

wherein R is -CCl, -H,

50

59. A compound according to any one of Claims 37, 45, 50 and 55, wherein [D] is a central neurotransmit-

55 ter, an antiinflammatory steroid, a steroid sex hormone, an anticancer or antitumor agent, an antiviral
agent, a tranquilizer, a memory enhancer, a hypotensive agent, a sedative or hypnotic, an anticonvul-

sant or antiepileptic agent, a stimulant, a narcotic analgesic or antagonist, a dopaminergic agent or an

antibiotic or antibacterial agent.
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*0 tiger Al kanol oder ein Anti krebs- oder Antitunormttel. io 3
Ver bi ndung der Formel [D-QCJ+ (11 worin [D] eine zentral w rkende
Arznei mi ttel spezies ist, welche m o‘bﬁoe?@%‘l ne reaktive OH, COOH, SH,
NH oder NH2- G uppe (einschliellich Guppen, wie z.B. Amde oder Imde

sowi e pri r/@cdrm:gu qu@ ga@'ﬁnggigél P@?n)ts %5]%%5 Whewf]nd[D Igll ammo acnd or a small
hydrophi | e, Jepds 3 é W

ydropyri di n(g?yrl di ni umsal z- Redoxt rni gers ist, mt der Mafgabe, daB, wenn

[ QC] + 50 8‘Q“A‘66?ﬁ‘p3ﬁnd58co% n157t6 any one of Claim 37, 45, o Jahd éd willélraiﬂ- iﬁ] %&%&%Jﬁe IhLv_mJggI

EP _Q 110 95Strlitural formula 111111 11 11i117 I* ist, worin el n ni ederes
Al ky) oder Benzyl ist und die Carbonyl gruppe an der P05|t|on 2, 3 oder 4
des Pyridini unringes angebracht _ist, und [D] e| Arznei mttel spezies ist,
vel che eine einzelne funktioRel I'% uppe enthalt, wobei die
ei nzel ne Am no- oder OH G uppe, wen vor handen I st, eine prinmare oder
sekundd? e Am no- oder eine prinare « ekundare O+ G uppe ist, welche 5
Arzneimttel spezies Cber die fu [ | e Am no- oder OH G uppe direkt an
di e Carbonyl funktion von [QC] + gebunden ist, dann [D] etwas anderes sein
mul 3 als ein s ath sches Stinulans, ein St er oi dge- schl echtshornon, ein
Gedf cht ni své’? ah Y 55 idgpansigntixt hvArgesn %Iﬁ(%)ﬁ’fﬁyt&?ﬂé Pr BPiaboligAly Rlemplle hydtewl
Antitudbr- M egr°7'8 & Ver bi ndung, die flr eine ortsspezifi sche

Langzei t afgab 0L oy Y qlen i gstel e Jn
angepal t IStacnd gcrh ﬁﬁﬁ?eo u{fm aéiﬁa sel onm,gﬁtamm (}eéj on I?gl % 'S

oder ein ni Ghhat s%hséﬁ eph S etamethasone:rI n

[ mm BE Zer&leaﬁJethwoﬁé< %Hﬂfon@‘rfﬁlﬂ%égo brednih yl;[predn solone ﬁbg;d- .

Arefiei mi tt elnfpiel Qﬁed@sdﬁﬁ' ﬂlam&dlﬂn@%d?@é’d%r%; fI &ﬁlrtl@cﬂb nﬁuﬁ”& Snolo ara-
Enkephal i n, nfékhasdablcestqeidhdie, Ofetiyl QdsidSterditd] @fhfyl S5t aHis HafgBstiaf Rlestindl, Kor&hi
Pept i d vveI etheRrode, dsBaditi) efiFibIN@&FHS! BiRbiRBRIohS RINRREEI, Emge@ﬁBmedéroyé Mlestfehs
oder ' y- acemyiestirgehesinbaBRne, Nawidion 8igsstohe Oestol ERinsial) IAFAC, PortesiaR| Aa-C,
5- Hydr exy - 2-3mlemagpyihg dihydiors-azsrytiding) tikdotrin egngRamydi;, AR, PAMFR) SO, QpRARENs- Hy-
20 dr ox pisbenpimjsiazejey |-plenvisinn AN EICRFEKigthyl TP, 5-Mpthalrbtrahydadp@ctolie a6ideglyox-
Levodopa; Anjifi cickd| isuifonythygiazone x DACH.L SRAR5%6) 08R-2508 VilbgniedtlyisoniD@hle, adlexantrone,
Aci vi ci n; oderogerol édeciainyein Achbyllaghesidi.rhactabolie arydoplig) hemokagingietine, iemahantradol,
' acivicin, streptozotocin, hydroxyurea, chlorambucil, cyclophosphamide, uracil mustard, melphalan, 5-
30 FUDR, cytosine arabinoside, 6-mercaptopurine, thioguanine, 5-azacytidine, methotrexate, doxorubicin,
daunomycin, aminopterin, dactinomycin, mitomycin C, a podophyllotoxin derivative, ribavirin, acyclovir,
amantadine, 5-amidino-2-(5-amidino-2-benzofuranyl)indole, 4',6-diimidazolino-2-phenylbenzo(b)-
thiophene, 2-guanidino-4,5-di-n-propyloxazole, 2-guanidino-4,5-diphenyloxazole, 6[[(hydroxyimino)-
phenylimethyl}-1 -[(1-methylethyl)sulfonyl]-1H-benzimidazol-2-amine, 5,7-dimethyl-2-8- -D-ribofuranosyl-s-
35 triazole(1,5-a)pyrimidine, 2-deoxy-D-glucose, glucosamine, 2-deoxy-2-fluoro-D-mannose, 6-amino-6-
deoxy-D-glucose, phenyl- 8-chloro-6-deoxy-8-D-glucopyranoside, (S)-9-(2,3-dihydroxypropyl)adenine, 6-
azauridine, 5,6-dichloro-1-8-D-ribofuranosylbenzimidazole, diazepam, oxazepam, lorazepam, chior-
: diazepoxide, flurazepam, bromazepam, clorazepate, nitrazepam, temazepam, phenytoin, ethotoin,
O mephenytoin, acetophenazine, carphenazine, fluphenazine, perphenazine, piperacetazine, clonidine,
40 methyldopa, bethanidine, debrisoquin, hydralazine, guanethidine, haloperidol, hydroxyzine, clopenthixol,
y-vinyl GABA, y-acetylenic GABA, phenobarbital, amobarbital, butalbital, glutethimide,
aminoglutethimide, methyprylon, valproic acid, 5-hydroxy-2-n-propylpentanoic acid, 4-hydroxy-2-n-pro-
pylpentanoic acid, 3-hydroxy-2-n-propylpentanoic acid, methamphstamine, phentermine, phen-
) metrazine, dextroamphetamine, levamphetamine, amphetamine, phenylethylamine, methylphenidate,
45 tranylcypromine, protriptyline, opipramol, desipramine, nortriptyline, bemegride, amiphenazole, an-
ileridine, hydromorphone, oxymorphone, apomorphine, levorphanol, morphine, pentazocine, codeine,
oxycodone, naloxone, nalorphine, tryptophan, tryamine, levodopa, ampicillin, amoxicillin, oxacillin,
carbenicillin, dicloxacillin, chlortetracycline, tetracycline, methacycline, nalidixic acid, cephalexin,
: cephalothin, cefoxitin, clindamycin, lincomycin, oxolinic acid, phenazopyridine, sulfadiazine, thiopental,
50 benzestrol or diethylstilbestrol.

63. A process for the preparation of a compound as claimed in Claim 1 which comprises reducing the
corresponding compound as claimed in Claim 2.

55 64. A pharmaceutical composition of matter comprising a compound as claimed in any one of Claims 1, 3,
8, 12, 16-19, 25-28, 37-44 and 50-54, or in Claim 5 when dependent on Claim 3, or in any one of
Claims 8-11 when dependent on Claim 86, or in Claim 14 or 15 when dependent on Claim 12, or in
Claim 24 when dependent on Claim 16, or in Claim 33 when dependent on Claim 28, or on any one of
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* [ L M S *




[ DHC] die reduzierte, biooxydierbare, die Blut/H rn-Schranke

dur chdri ngende; |ipoide Form ei nes
Di hydr opyri di n4=Pyri di ni unsai z- FERI@RP 8BRBE nit der Formel 25 30
NIl ist, worin R Met hyI oder Benzyl I st und d| e gepunkt ete Linie das

Vbrhandenseln elner

ESORAR: 4 ins faé'ﬁ ﬁ'g‘gp E‘HZ.W Tahi L “5%11& S T e Sepebdeillonudle!

Di hydr opyr an el ne oneI I e reakti ve Am no-

oder HydéI méf&ﬁ“@%‘ﬁo‘biﬂ F.tra%ﬁﬂ {e V¢ kenden Arzneim ttel spezi es gebunden

i st un estens arng der ve e| benden reaktiven funktionellen G uppen
| n(as? ZPnwp?clceéeﬂfér%%%Qraﬂn%ﬂgbmpk&rﬁlémsifdrma durch eine hydrol ytisch oder
0* nmet abol i sch abspal tbare Hydroxyl - oder Carboxyl schutzgruppe
geschUt zt ya-pdg) 4Qy4. Verbindung der Fornel [D-QCl+ (I11) 45 worin [D
ei ne zent raI w rkende Arzneimttel spezies, wie in Anspruch 3 definiert,
I st, wnd [ QCh horktbic pharhiaagltcdie acdemﬁbléssdltehel%pf iwtiérein (Ditad ednbraliinagling slgug species
Di hydr opyr icetitaiitigyati lebisnonanmeactive- Red eCQAHAgeH, SNHH or el gFoup rindiud®g groups such as
0 55 amides and imides, as well as primary and-sesondarRaininp gronps)i Fnd BEDNEL iﬁyqte teduced,
Benzyl i st piowddireble,dilcod-Grainiberisn ropetitinodipidatifoam efeﬁrﬁ'WWP!d'id'ﬁ? Thewidigium spbesar t
ist, 175 carfi wWith e posyiso Biat when (RHGR ISt unkt i onel | e reaktive Amino- oder
Hydroxwl gruppe in der zentral w rkenden Arzneinittel spezies gebunden ist,
und m ndestens eine der verbleibenden reaktdven funktionellen Guppen in
der zentral w rkenden Arzneimttels (?rch ei ne hydrol yti sch oder
net abol i sch abspal t bare Hydr oxyl - . | schut zgr uppe geschUt zt wird.
(9 5. Ver bi ndung nach Anspruchl3 oder 4, wobei die Arzneimttel spezies
eig O8panin nit der Strukturformel 7 Y
NH2 10 Y ist, worin jedes Y unabhangi g Wasserstoff oder eine hydrol ytisch
oder netabolisch abspal tbare Hydroxylschutzgruppe i st mt der Mafl gabe,
daB m ndestens ein Y eine Acyl gruppe oder eine
25 wherein R is lower alkyl or benzyl, the dotted line indicates the pt"es'ence of a double bond in sither the
2 or 3 position of the dihydropyridine ring and the carbonyl group is attached at the 2, 3 or 4 position of
the dihydropyridine ring; and [D] is a drug species containing a single amino or OH functional group,
the single amino or OH group when present being a primary or secondary amino or primary or
secondary OH group, said drug species being linked directly through said amino or OH functional
30 group to the carbonyl function of [DHC], then [D] must be other than a sympathetic stimulant, steroid
sex hormone, memory enhancer, long chain alkanol or anticancer or antitumor agent; said process
being characterized by reducing the corresponding compound of the formula

[D-QCT* ()

36
wherein [D] is defined above, and [QCT* is the hydrophilic, ionic pyridinium salt form of a
dihydropyridine = pyridinium salt redox carrier, with the proviso that when [QC}* is

40 o

wherein R is lower alkyl or benzyl and the carbonyl group is attached at the 2, 3 or 4 position of the
pyridinium ring, and [D] is a drug species containing a single amino or OH functional group, the single

50 amino or OH group when present being a primary or secondary amino or primary or secondary OH
group, said drug species being linked directly through said amino or OH functional group to the
carbonyl function of [QC]*, then [D] must be other than a sympathetic stimulant, steroid sex hormone,
memory enhancer, long chain alkanol or anticancer or antitumor agent.

s5 2. A process for the preparation of a compound of the formula

[D-DHC] () ——
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Car bonat gruppe ist, worin bevorzugt: ein Y Pivalyl und das andere Y
Wasserstoff oder Pivalyl ist; ein Y Isobutyryl und das andere Y WAsserstoff
oder |sobutyryl ist; ein Y Ethoxy®&R®dt955Bd das andere Y 20

Wasser st of f odor Ethoxycarbonyl ist; oder ei n Y I sopropoxycarbonyl und das

zrﬁ:fa?s:%z;.%fg et ol W
i

halin, an endorphin
Arzneimttel ¥ ‘fgesge%\?? gg 8 ephalin, a p

dacid
nyi !dABA, or y-

Ver bi ndung o & tylen?c ‘EA org{ e, or %@ih rser@tbrﬁn rﬁ Jox}@ﬁ‘br% ftanoic acid, Z

phar mazeuti s Z5B no' abid. 09 yhr% yhz-MQrﬁﬂ)yrbeLt 0ic laél® Kfl@iﬁ}’lﬂ@h Wrd’rﬂﬁﬁﬂde

Ar imttel %vodo\’:)@l th:ﬁcnlﬁd NeoPhdichdh! NUstdibdide€ | melghbln; DON, or acivicin; or

ent ndUﬂQSh@ oﬁ%—%ﬁxﬂb-@»de&&@-dh‘fééééoﬁﬁd< [ACEGs the re@Uded, bRiokidifblsl OIgEbrais t
und wel che %aﬂii?ﬁén@ﬁ’rh%ngzneﬂhal Koo lof & MRy dFopydine SR pYridiaiumsalt BdoKl cgtispeny tatohauia
und [DHC] die reduzierte, biooxydierbare, die Blut/Hrn-Schranke

dur chdrgngende, |ipoide Form ei nes

Di hydropyri di n*Pyri di ni unsal z- Redoxtraggrs i ? wel cher m ndestens ein

Di hydropyri di nri ngsystem der Fornel 3

R unfa~t, worin R ein niederes Al kyl {lo Beg'zyl I st und di e gepunktete

Li ni e das Vorhandensein einer Doppel bimgtting an entweder der Position 2 odor
3 des Dehydropyridinringes anzeigt, wobel ein 4S Ri ngkohl enst of f at om

j edes Di hydropyridi nringsystens Uber eiffe Brtl ckengruppe an eine
funktionell e reakti ve Hydroxyl gruppe | n der zent ral w rkenden

Arznei mitels eZI e n en r bl :qu b E&rcggldmﬁ)% bon m[eli?ie%"'
I r en me m lca he prese
,(A\ Y\?{rﬁlsnm 'E gg;'”gi? e r(li: TE di Enop 11 t?elnB

. %d o a re Ctl %ro ﬁ\rtﬂé ntrﬁiyrkcll\‘@
ein est rogen,gl, s thd ¥éhirbilNacting® B8 sSecnes belng
Hydr oxyl gr up rg ctgtm)y 'a ﬁydro {Lally[r llcﬁll SHR hydfoxyl| P RArB&&Eprotective group; said

Pyri di ni umsal, g1l plidy disractenzed by redi)b. éeméé;iodalﬁb Bynbbuitl B tilaul Redoxt r gger s
i st, wel,cher mndestens ein Pyrid |n| unringsystem der Fornel 176 . EP O

110 955 Bl 1fp.qer uphalt, worin R ein niederes Al kyl odor Benzyl ist, wobel
ei n Ri ngkohl enst of fatom j ades Pyridinium ringsystens Uber eine :
Br Uckengr upp@ehedin gDN& deinkd iaievef ek [QCihds |tes hydiopbilis | ignici myddiniym delt foranof &
dihydropyridine = pyridinium salt redox carrier having the formula
30

o
@ |
c_

40 wherein R is methyl or benzyl, the carbonyl function adjacent the pyridinium ring being bonded to a
reactive amino or hydroxyl functional group in the centrally acting drug species, and at least one of the
remaining reactive functional groups in' the centrally acting drug species being protected by a
hydrolytically or metabolically cleavable hydroxyl or carboxyl protective group.

4 8. A process according to Claim 2, wherein the drug species is a dopamine having the structural formula

Y NHz
50
Y
66 wherein each Y is independently hydrogen or a hydrolytically or metabolically cleavabie hydroxyl

protective group, with the proviso that at least one Y is an acyl group or a carbonate group, preferably
wherein: one Y is pivalyl and the other Y is hydrogen or pivalyl; one Y is isobutyryl and the other Y is
hydrogen or isobutyryl; one Y is ethoxycarbonyl and the other Y is hydrogen or ethoxycarbonyl; or one

" N O O
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wi rkenden Arzneimttel spezies gebunden ist. 8. Verbindung nach Anspruch 6
oder 7, worin [D] ein Antivirusmttel ist. 15 9. Verbindung nach Anspruch 6
oder 7, worin [D] ein entzOndungER&MBARBISt eroid ist. 10. Verbi ndung nach
Anspruch 6 oder 7, worin [D] ein Ostrogen ist. O 20 11. Verbi ndung
nach Ansprych_ 6 er 7. worin [D] .ist: drocortison, Betanethason,

Dexanet hgsgr']s, % roggxlycs:aé???y' IEP{J{R%? th?{]s\(dﬁﬁydﬁg%?rés&ﬁrlo%o&'cg ?ﬁyhepr edni son,

Met hyl prodgi r LSOl ' - anti nol on, Cortodoxon,

Fl udr ocoér')t Pg%%%s@%rargﬁff?%hﬁg gﬁg%oﬁgﬁg&fﬁgg’%%t hason, Et hinyl ostradi ol ,
Cstray di ojp-plt rigpl , Ara- AC, Pentostatin, D hydro-5-azacytidin,

Ti @zpf uni n, Sangi vanycin, Ara-A, 6-MWR, 5- FUDR, Cytosinarabinosid,

5- acyti dofa ndﬂi-tbité\/ﬂ)rﬁin&ceutically acceptable salt thereof, wherein [D] is a centrally acting drug species

5, 7- Di met hyhietRis fal addviral fxhtylsroaneisamniatobyt steddid) la(ndrcbtic @) an edfrogen andPyHidhBoRthiRs at

2- Deoxy- D- phst 0ws esactivh gdroqfunctionit Bleapsy antt IDHCD fs- thd PeiGRa S Bigoxidizable, blood-brain

6- Am m0- 6- tade perdirating trwisial, forPhat i ihy depyhidiger==(yitinduny saft iredBe cprrisc comprisinmo ledst

(S) - 9- (2, 3o diydmopyriipe dngysyterd efitheform@laAz aur i di n, 5, 6- Di chl or -

1-f 8- D-ri bof uranosyl benzi mi dazol, Oxynorphon, Aponorphin, Morphin,
Oxycodon, Nal oxon, Nal orphin, Benzostr oder Diethylstilbostrol. 30 12.
Ver bi ndung, die fOr eine ortsspezifi angzei t abgabe ei ner zentral

wi rkefiden Arzneinittel spezi es an das [H mgngepaet ist, wel che Verbindung
ei ne Ver bi ndung der Fornol [D-DHC] ()NS5 odor ein nicht-toxisches,
phar mazeuti sch akzeptables Salz davon ibkt, worin [D] eine zentral w rkende
Arzneinittel spezies ist, welche ein AntRkrobs/ Antitunor- und/ oder ein
Agttyvjrusmttel ist, welche Arznei- mttel spezies eine Struktur vom Typus

ePReT PUri PrerditIR s 15wy bt 3 BHAZT ndFis>diditd line WRISHBE 1n6 BREDEL A&k AR, JRYT fach
hydr oxyl i efqb@nyr &pbsitoh Bﬂﬁ@ﬁﬁfhr&p&rﬁﬂ{e,rin ,Q:Chr:E Eyéfn aﬁUnﬁofregﬁL@Hy%ﬁﬁdine ring system

bi ooxydi er bekigeconsbicRd Blald Midging yraad ird kidcté! hdiekil 888 Egrolp' iR WelSontrfdy Bt NeS
Di hydr opyr éirdlg 363R)ee; shid prdt8e s IbéindReRtRacteFiR@EHYS reddting the IcSrtaspdhBihg REhpdhd G b ENS
ei n Dishydrmyud di nringsystem der Fornel 45 N R 50 unfaet, worin R ein
ni ederes Al kyl oder Benzyl ist und die gepunktete Linie das Vorhandensein
ei ner DoppE+@Clhdufly an entweder der Position 2 oder 3 des

Di hydropyri di nri nges anzei gt, wobei ein Ri ngkohl enstoffatomjodes

Di hydr opyr Whtirein i[Rg &5y defieers atyer ansi [RCIBriOee hygirappifice ienic eyrivinivmurskit ifomebfl e
Hydr o®y| gr fipyseoryrising &t pyrisiniumagalt gdex eawipe normrising: trieast ene pydidinius ringedystend oh the st
55 13. Ver®Mfung der Formel [D-QC+ (Il1) 177
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40

wherein R is lower alkyl or benzyl, a ring carbon atom of each pyridinium ring system being connected
via a bridging group to a reactive hydroxyl functional group in the centrally acting drug species.

45 bB. A process according to Claim 4, wherein [D] is an antiviral agent.
6. A process according to Claim 4, wherein [D] is an antiinflammatory steroid.

7. A process according to Claim 4, wherein [D] is an estrogen.
50

8. A process according to Claim 4, wherein [D] is hydrocortisone, betamethasons, dexamethasone,
cortisone, flumethasone, fluprednisolone, meprednisone, methyl prednisolone, prednisolone, pred-
nisone, triamcinolone, cortodoxone, fludrocortisone, fluandrenolone acetonide, paramethasone, ethinyl
estradiol, estradiol, estriol, Ara-AC, pentostatin, dihydro-5-azacytidine, tiazofurin, sangivamycin, Ara-A,
55 6-MMPR, 5-FUDR, cytosine arabinoside, 5-azacytidine, ribavirin, 5,7-dimethyl-2-g-D-ribofuranosyl-s-
triazole(1,5-a) pyrimidine, 2-deoxy-D-giucose, glucosamine, 2-deoxy-2-fluoro-g-manﬁose. 6-amino-6-
deoxy-D-glucose, phenyl-6-chloro-6-deoxy-B-Q-gIucopyranoside, (S)-9-(2,3-dihydroxypropyl)adenine, 6-
" azauridine, 5,6-dichloro-1 -8-D-ribofuranosylbenzimidazole, oxymorphone, apomorphine, morphine, ox-

Y
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EP 0110 955 B1 worin [D] eine zentral wrkende Azneimttel spezies ist,
wel che ein Anti krebs/Antitunor- und/oder ein Antivirusmttel ist, welche

Arznei m ttel spezi es eine Struktur EPdM BBl ner Puri nlmﬂmm;l“‘HHHMM‘a%
besitzt, wel che eonen einfach oder nmehrfach hydroxyliert} t ¥

tragt, und [ Q]+ die hydro-.phile  ionisch ri di ni unsal 2f dr m‘ei fles® %
Di hydr opyri di nC r"|alo |°'r'19|}'/ﬂar‘{%?i']"§°1 Ili?é’z S’t)ﬁ' P %ezr?yésg'foes@f?l' der m nde- O 5

t _ noyrtar
stens el ngPyy rg&e@é#d%“}%ﬂﬁ&?@aq "ﬁ%%ﬁrﬂgﬁer Benzyl ist, wobei ein

N 15 unfaft, worin R elrn niederes

Ri ngkohl enstgipnaj omyy edes Pyridinium ringsystems fber eine BrOckengruppe
an ne reaktive funktionelle Hydroxyl gruppe in der zentral w rkenden

Ar znei m tt el s paeh-Bic PRIMEEIRally ecepthble sifEthérbdl dihB@inTBEIB aABRANYISHngldrud sdtiesl 3,
worin [ D] eivhicAd anvantidafdbinitiRinod @htiior dhliviral\égeh) said g spevids hAVirgR podile & Dy@alaifie 13,
worin [D] | Hase-thpeastiiCiure Bearing it sivigiynor riitialy Gydrbkylated rsobsBtuert,cediyf {DHIF] s the reduced,

Ti azof uei n, HBmridizablnylaidrbrain‘trasie\pentiralifd MoidBidermedf A dihydrepgridingerz lridinmddDidox
Cyt osi nar abiaauiei admpésingahleast griei ditiydropyRilibearingrsystem gidhecbroular |

(S)-9-(2, 3-D hydroxypropyl ) adeni n, 6-Azauri din,

5,6-Di chlor-1-,8-D-ribofuran- osyl benzi pidazol oder

5,7-Di net hyl -2-fl -D-ri bof uranosyl -s-triffazoh] 1, 5-a) pyri m din. 25 16.

Ver bi ndting, die fU eine ortsspezifisclle Ldhgzeit abgabe ei ner zentral

Wi rkenden Arzneimttel spezies an das Hi ngepaSt ist, wel che Verbi ndung
ei ne Ver bi ndung der Fornel [D DHC| (1) 130 oder ein nicht-toxisches,

phar mazeuti sch akzoptabl es Sal z davon i stF! worin [D] eine zentral w rkende
AyzZivei g'%ttel spezies ist, welche ein Steroidprogestin odor ein

Stye#0i

str Qu!%ini ﬁé 1ow\ép4llgpt§'§)eﬁz§(pﬂ9 %idaﬁéaqﬁé in@é&gsqwe%&%@§ h&m% b%ild"iﬁ either
d

reaktive fungd s enehdstod HWHWLDPHBIRE il 8 hife darbol/BBR of Sch QihgPdpyhdine@ny Ronfi NE
funktionel | &efnglcbindétsy it drmAQMgIGrpRS al BactiR hydrRi trineidnal Grdup tin thd Renttall Gdingli €
reduzierte, daigospeyiod; @hiB3r0cdSs being EdracttrizBd Bl Ubdublng MreSediestaridingdbnpashal srarnde,
| i poi des For mew@es Di hydr opyri di nOPyri di ni unsal z- Redox- tragers ist, der

m ndest ens ei n D hydropyridinringsystem der Fornel 040

C N R 45 Upicelt wirin R ein ni ederes Al kyl oder Benzyl ist und die
gepunktete Linie das Vorhandensei n ei ner Doppel bi ndung an ent weder der
Position 2 odetein3[Ricis dofivedd ekows randii [RET nigetbe ahydiophific, ianisbeyridinium salt form of a

Ri ngkol® enstditverapysidinge Fnidinium et 9aex qadiehgomprisingsat ogp) pyridisjumaring system of the

Br| Cckengr ugp®uan die tertiure funktio- _

\
O R
wherein R is lower alkyl or benzyl, a ring carbon atom of each pyridinium ring system being connected
via a bridging group to a reactive hydroxyl functional group in the centrally acting drug species.

10. A process according to Claim 9, wherein [D] is an antiviral agent.

11. A process according to Claim 9, wherein [D] is Ara-AC, pentostatin, Ara-C, dihydro-5-azacytidine,
tiazofurin, sangivamycin, Ara-A, 6-MMPR, desmethylmisonidazole, 5-FUDR, cytosine arabinoside, 5-
azacytidine, ribavirin, acyclovir, (S)-9-(2,3-dihydroxypropyl)adenine, 6-azauridine, 5,6-dichloro-1-8-D-
ribofuranosylbenzimidazole or 5,7-dimethyl-2-8-D-ribofuranosyl-s-triazole(1,5-a)pyrimidine.

50
12. A process for the preparation of a compound of the formula

[D-DHC] ()
85 or a non-foxic pharmaceutically acceptable salt thereof, wherein [D] is a centrally acting drug species
which is a steroidal progestin or steroidal estrogen, said progestin or estrogen having at least one

reactive hydroxyl functional group, one such group being a tertiary hydroxyl functional group in the 17-
position; and [DHC] is the reduced, biooxidizable, blood-brain barrier penetrating, lipoidal form of a
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-nell e 17-Hydroxyl gruppe im Progestin odor Ostrogen gebunden ist, wobel ein
Ri ngkohl enst of f at om 50 ei nes_ver bl ei benden Di hydropyridinri ngsyst ens
Uoer eine Brfckengruppe nit el neFP&d88&HBleaktiven funktionellen

Hydr oxyl gruppe i m Pr ogestl n oder Ostrogen verbunden ist. 17. Verbi ndung

nach ei nemdg ropyti r%r gm?niu@n sa?l%edd garf]b@ bﬁl&lgé"?t{l o%e dlhbdrcé)yn%ne r|n8a¥stem of

Di hydr opyr kdld hlﬁ' m zusamren engru

gebunden i st, Fornel 55 178 1 Il inji lii 1! B I1l
EP 0 110955 Bi 5 ~~N. R 10 auf wei st ,
worm R ein niederes Al kyl oder Benzyl und di e gepunktete Linie das

Vo handensei n ei ner Doppel bi ndung an |ent der Position 2 oder 3 des

D hydropyri di nri nges anzei gt; insbesoRdere, wenn di e gepunktete Line das

Vor handensei n ei ner Doppel bi ndung in d Position 2 des D hydropyrid-
inrings anzeigt, oder wenn R Methyl istg oder wenn die Carbonyl gruppe an
der Position 3 des Dihydropyridinringes angebracht ist. i5 18. Verbindung
nach Anspruch 17, worin jodes D hydropyridinringsystem zusamen mit der
Br Ockengr uphe’?i@aﬂ igjipwer glieyl gn besiay arrbibe datigd linedidicates thegresence) ofz(double bond in either

0 2 he 2 or 3 pos:tlon of the dihydropyridine ring, a ring carbon atom of orpdihydropysidiae fing system

Ver b| ndun bﬂ%&:??" b’f?‘"g FE9LR F? Efé‘?’ylj7 ?fP’Hb petignah F'i°\’ﬁg‘§9§ﬁt Rgest  @amen
m t d¥r Br&¥ %‘W F gpd ohapnpe é‘?'i° vadine o sygigfp peing gannected via a

%{%‘q abr other reactlveﬁ roxyl unctlon group in gaid progestin or estrepe&_ﬁld wcess
?5"9

aut wei st. PR eHEPe 8 PHIEFPPERggeoungef o gpnule
[D-QCT (1)
O
Rt wherein [D] is defined above, and [QC]* is the hydrophilic, ionic pyridinium salt form of a
dihydropyridine = pyridinium salt redox carrier comprising at least one pyridinium ring system of the
formula
25
N+
30 Fli

wherein R is lower alkyl or benzyl, a ring carbon atom of one pyridinium ring system being connected
via a bridging group to the tertiary 17-hydroxyl functional group in the progestin or esirogen, a ring

35 carbon atom of any remaining pyridinium ring system being connected via a bridging group to another
reactive hydroxyl functional group in said progestin or estrogen.

Va 13. A process according to any one of Claims 4, 9, and 12, wherein each pyridinium ring system, together
-with the bridging group connected thereto, comprises the formula

40
@ i
C—
45
. I:li-
R
50 wherein R is lower alkyl or benzyl, particularly when R is methyl or when the carbonyl group is

attached at the 3 position of the pyridinium ring.

14. A process according to Claim 13, wherein each pyridinium ring system, together with the bridging
group connected thereto, has the formula
55
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worin [D] eine zentral wrkende Arzneimttel spezies ist, welche ein

St eroi dprogestin oder ein Steroido- strogen ist, weiches Progestin oder
Ostrogen mindestens eine reaktive FROKIPORGBNe Hydr oxyl gruppe besit zt,
wobae ei ne sol che G uppe eine funktionelle tertiare Hydroxyl gruppe in der
Position 17 tragt; und [QC]+ die hydrophile, ionische Pyridiniunsal zform

ei nes Di hydropyridi n* Pyridiniunsal z- Redoxtrd- 55 gers ist, der

m ndest ens ei n Pyridiniunringsystem der r mal EP 0110 955 B1 @ R

unfal 3t, worm R ein niederes Al kyl oder nzyl ist, wobei ein

Ri ngekohl enst of f at om ei nes Pyri di ni ringsystens Uber eine

Br ngruppe an die funktionelle @ are 17- Hydroxyl gruppe i m Progestin
oder~0strogen gebunden ist, und ei NRrgkohl enst of ffat om ei nes ver bl el benden
Pyri di ni unringsystens Qber eine BrUcK€ngruppe an ei ne andere reaktive
funktionel | e Hydroxyl gruppe i m Progegiyn oder 65strogen gebunden ist. 15
21. Verld ndung nach ei nem der AnsprUche 7, 13 und 20, worin jedes

Pyridi ni unringsystem zusanmen mt der BrUckengruppe, die daran gebunden
ist, die Fornel @O0 25 unfalt, worin R ein niederes Al kyl oder Benzyl ist,

i nsbesondetbe AnerpgessRadording o Claim $3 evhergia reachdpidigium bying ysiygienu Jeasthenwithethe [Baddingi on
3 des Pyri di mtouprednnested therplpe hasdesformulat . 22, Ver bi ndung nach Anspruch 21,
worin jé&es Pyridiniunringsystem zusamen mt der BrUckengruppe, 30

di e daran gebunden ist, die Fornel 0 Gy 35 40 besitzt. 23. Verbindung
nach Anspruch 21, worin jedes Pyridinifgnringbystem zusamen mt der
Br Uckengr uppe, 45 di e daran gebundg@QGi¥C—di e Fornel O 0 COCH2C- 50
Q- O
[
CHs

25

16. A process according to Claim 12, wherein [D] is mestranol, quinestrol, norgestrel, norethindrone,
~ ethisterone, dimethisterone, allylestrenol, cingestol, ethynerone, lynestrenol, norgesterons, nor-
30 vinisterone, ethynodiol or tigestol.

17. A process for the preparation of a compound of the formula
[D-DHC] (O
or a non-toxic pharmacsutically acceptable salt thereof, wherein [D] is a centrally acting drug species
containing at least one reactive -COOH, amide or imide functional group, and [DHC] is the reduced,

Y biooxidizable, blood-brain barrier penetrating lipoidal form of a dihydropyridine == pyridinium salt redox
O - carrier comprising a dihydropyridine ring system of the formula

40
|,
® N
|
CHjs
50 a ring carbon atom of the dihydropyridine ring system being connected via a bridging group to a
reactive -COOH, amide or imide functional group in the centrally acting drug species; said process
being characterized by reducing the corresponding compound of the formula
[D-QCF ()
55

wherein [D] is defined above, and [QC]* is the hydrophilic, ionic pyridinium salt form of a
dihydropyridine == pyridinium salt redox carrier comprising a pyridinium ring system of the formula
—_—
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CH3 55 besitzt. 180 * C L M S * EP 0110 955 B1 24. Ver bi ndung
nach Anspruch 16 odor 20, worin [D] ist: Mestranol, Chindstrol, Norgestrel,
Nor et hi ndron, Ethisteron, D nethiEReith9ssB1yl 6strenol, G ngestol,

Et hyneron, Lyndstrenol, Norgesteron, Norvinisteron, Ethynodiol oder
Tigestol. 5 25. Verbindung, die fO eine ortsspezifische Langzeitabgabe

ei ner zentral w rkenden Arzneimttel spezies an cdas H m angepalt ist,

wel che Ver bi ndung ei ne Ver bi ndung derE&xpol [ D DHC] (j) 10 oder ein
ni cht -t oxi sches, pharmazeuti sch akzop ¢s Sal z davon ist, worin [D] eine
zentral wrkende Arzneimttel spezies\N wel ehe m ndestens eine reaktive
fu@ onolle COOH, Am d- oder |Imdgruppe enthait, und [DHC] die

reduZi erte, biooxydi erbare, die Bl ut/ Higs gchranke dur chdri ngende, i poide
Form el nes Di hydropyri di n*Pyri di ni unsal z- Rodoxtr Agers ist, der ein

D hydropyri di nri ngsystem der Fornmol .15 0 O '
. OH20 wnf aSf ring\edadh afinof le@MaRile AR Sslomtl Kding Eosnetibd1visl b ®RYYIngréupitd @ $eattve s
Uber ei ne BroODKe#agadidrtidéfandional groupah the cérrallytacting dfugispdciesnel | e COOH-, Ami d-
oder I mdgruppe in der zentral w rkenden Arzneinmttel spezies gebunden ist.
26. Ver bitadapgcesaabcoflivgpe Giim 25 whevein ithe aintelly eqting dilug wpecies (] @ontains at least one

Ar znei m t t efesgiezanside Pridhidergreckeanddirespyddiniem riegasystem dogairerdvith dhcridging aiepp hgpthe
ent hal %, ungfruekdrs! foymladr opyri di nri ngsyst em zusammen nit der BrUcken- 30
gruppe die Strukturfornmel 0 3CHOC ~

| ~~~~~ | 35 40 b@itzt, wrin R-COs, -H 45

oL | -cliﬂoc@

|
25 . ' CHs

@

19. A process according to Claim 17, wherein the centrally acting drug species [D] contains at least one
O reactive amide or imide group and the pyridinium ring system together with the bridging group has the

wherein R is -CCls, -H,

30

35
or -CHs.

40 structural formula
I} cl?
© —(l}HOCCHZOC
" O
|
50 CHs

wherein R is -CCls, -H,

55
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27. Ver bi ndung nach Anspruch 25, worin die zentral w rkende _
Arzneimttel spezies [Dl m ndestens eine reaktive Am d- oder | m dgruppe
enthAl t, und das Di hydropyri di nri s $t0985RIsammen nmit der BrUcken- gruppe

die Strukturfornel 55 181 C L M S EP0110965B1 o
0 - CHOCCH20C B R CH3 10 besit zt,
worin R-COs, -H .t5 20 oder -CH3 i 0 20 2& Verbi ndung nach

Anspruch 25, worin die zentral w rkende '” mttel spezies [D] m ndestens

ei ne reaktive COOH G uppe enthalt und :@0 kengruppe, die das _

Di hydrapyridinringsystemmt dem Arznei m t+t+ef verbindet, von einer Di- oder

Pogy}ydroxyverbi ndung abgel eitet ist, von welcher m nde- stens eine

Hydroxyf unktdragHsan ei ner reakti ven COOH Gruppe imArzneimttel angebracht

ist, und von 25 wel cher m ndestens ei ne andere Hydroxyfunktion Cber

ei ne Car bemA proceks beeordiag todisimDi7hiebrepis icetitaity dclingQSibsspedivs DY Edhtame At lehst bre 29.

Ver bi ndang deactiveoCOBH gthep ahd theddrid @iy group dobheQBh-the pyridibiimwing ispstdnilo @6 BRYg is

zentral wi r ldernge fromzndH oripolyiidepe zangounds &t leasiedne Hhgdrosyrforesdneot svhieh iseattachad tol /e

f unkti onel | geaCBEHCOOKgogP inditie drup idiajriessipme etiehiaidtoxy tuncliof QGihichds ettached via a

hydr ophi | e, cedenysiptiopp thedhyyidiniyms drigsyeierm ei nes

Di hydropyridi n4=Pyri di ni unsal z- Redoxtragers ist, der ein

Pyri di Af uft iggggffﬁ AreiRg to Elgjny . wharein the pridging group is dgriype fem etideneiglyes!ypropylene

R ngkohl enstFPHeBH! 8e&suUBRr i di ni unri ngsyst ens Uber eine Brlckengruppe mit

ei ner reag,‘;iAven funktiong) ) d m dgr.uppe i.n der zentral
|

Wi r kenden®ar Sﬁ\%’t ain%’FIg% %@ 1?%%“\ .IS -a_scfr?t%ﬂeunl'otrans ittel},) Bn anticancer or antitumor

| |
ai tiviral a en%, a ranqufla‘lzer, a sedative or hypnotic, an anticonvulsant or antiepileptic agent,
20 a dopaminergic agent or an antibiotic or antibacterial agent.

23. A process according to Claim 17, wherein [D] is an amino acid or a small peptide containing 2 to 20
amino acid units.

25 24. A process according to Claim 17, wherein [D] is GABA, glycine, glutamic acid, aspartic acid,
neurotensin, LHRH, an enkephalin, an endorphin, oxytocin M, vasopressin, 3-deazaguanine, tiazofurin,
sangivamycin, PCNU, spiromustine, L-alanosine, DON, L-ICRF, 5-methyl tetrahydrohomofolic acid,
glyoxylic acid sulfonylhydrazine, DACH, SR-2555, SR-2508, bactobolin, acivicin, hydroxyurea, chloram-
bucil, uracil mustard, melphalan, 5-FUDR, methotrexate, aminopterin, mitomycin C, ribavirin, acyclovir,

30 6-azauridine, oxazepam, lorazepam, chlordiazepoxide, bromazepam, clorazepate, nitrazepam,
phenytoin, ethotoin, mephenytoin, methyldopa, y-vinyl GABA, y-acetylenic GABA, phenobarbital,
amobarbital, butalbital, glutethimide, aminoglutethimide, methyprylon, valproic acid, 5-hydroxy-2-n-
propylpentanoic acid, 4-hydroxy-2-n-propylpentanoic acid, 3-hydroxy-2-n-propylpentanoic acid, bemeg-
ride, tryptophan, levodopa, ampicillin, amoxicillin, oxacillin, carbenicillin, dicloxacillin, chlortetracycline,

35 tetracycline, methacycline, nalidixic acid, cephalexin, cephalothin, cefoxitin, clindamycin, lincomycin or
oxolinic acid.
O 25. A process for the preparation of a compound of the formula
40 [D-DHC] (]

or a non-toxic pharmaceutically acceptable salt thereof, wherein [D] is a centrally acting drug species
containing at least one reactive -OH, -COOH, -SH, -NH- or -NHz group (including groups such as
amides and imides, as well as primary and secondary amino groups), and [DHC] is the reduced,

45 biooxidizable, blood-brain barrier penetrating lipoidal form of a dihydropyridine = pyridinium salt redox
carrier comprising a dihydropyridine ring system of the formula

CORy

|
N

50

55

wherein Ry is -NHz or -ORz wherein Rz is alkyl, the dihydropyridine ring optionally being fused to a
benzene ring, the nitrogen atom of thedihydropyridine ring system being connected via a bridging

h [T




30. Verbi ndung nach Anspruch 29, worin die zentral wrkende

Arzneimttel spezies [Dl m ndestens eine 50 reaktive Am d- oder

| mi dgruppe enthalt, und das PyriERAQi1i@B$nBtyst em zusanmen nit der Br Ucken-
gruppe die Strukturformel 55 182~~~~~~~~~~~~~~~m~~mmees s 1 11 1|1
EP O 110 955 Bl C83tO~~~~~ tZt

ist. fl 209’2“9"3 Y%Iﬂlf'dl.% qa '%g;? J m dom ofs dﬁraﬁi%g& 9 ﬁ’ec ende
Ar znei m tt%’f’%aﬁ% SRS R €S ugipgthe PeftesRog kgtl V er Im dgruppe

ent hal t, fbdQ‘?’a ﬂ/rl di ni unri ngsystem zusamren mt der BrCcken- gr upge die

Strukturfo
. @EHZOO%I.I Sin~ Tﬁ]’“”“’dé"fmed %ﬁove, and §Gd1t 34 theVBYdrdphite, - ibifid Pyrididium 46 QSR of &H3

45 32 ginodedobids grﬁﬁlﬁj 20 FRREX @RI Bmpiiditiga gHidhidherigl spdterivof themfkula
Ar zneimttelspezies E ¥ m ndestens eine reaktive COO+ G uppe enthalt und

di e Brackengruppe, die das Pyridiniunringsystemmt dem Arznei- mttel

ver bi pdet, von oi ner D - odor Pol yhydrowal ndung abgel eitet ist, von

woi cher m ndestens ei ne Hydroxyfunktion/an ner reaktiven COC]—I-Guppe i m
Arzneimttel angebracht ist, und vop sk m ndest ens ei ne andere

Hydr oxyfunkti on Cber sine Car bonyl f on an das Pyridiniunringsystem 50
angebracht ist. 33. Verbindung nach pruch 28 odor 32, worin die

Br Uck®ngr uppe von Et hyl engl ycol , PropyT engl ycol, Inositol oder einem Zucker
abgeleitot ist. 55 34. Verbindung nach Anspr uch 25 oder 29, worin [D] ein
zentral er Neur otransm’ tter ei n Anti kr ebs- oder Anti turmrm' ttel, ein

'Qntl VBWT@;%&' seda Lves ode Qno'tuée%qgugg nz&{e

in mum riny "] ""9 otk élé n'grdup ¢
AP Odef’ea i\ti? aﬁ %e&ilﬁ ékﬁﬁ ﬂﬂ BI'O‘?D&B x%'k '"9 drug species. .

26. A process according to Claim 25, wherein the centrally acting drug species [D] contains at least one

reactive primary or secondary amino group or at least one reactive -OH group, and the pyridinium ring

25 system together with the bridging group connecting the pyridinium ring system to the amino or -OH
group in [D] has the structural formula -

' CONH,
30 @j

35

O wherein nis 1, 2, or 3.

40 27. A process according to Claim 25, wherein the centrally acting drug species [D] contains at least one
reactive primary or secondary amino group or at least.one reactive -OH group, and the pyridinium ring
system together with the bridging group connecting the pyridinium ring system to the amino or -OH
group in [D] has the structural formula

(D

45

50 : |

55
wherein nis 1, 2, or 3.
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les Mttel ist. 183 EP 0 110 955 Bi 35. Verbindung nach Anspruch 25 oder
29, worin [D] eine Am nosaure odor_ ein kieines Peptid, welches 2 bis 20

Ani nosaur eei nhei ten enthilt, ist. B0 11%9%iBbung nach Anspruch 25 oder 29,
worin [D] ist: GABA, dycin, d ut ani nsaure, Aspar agl nsaure, _aS

Neur ot ens LHRH, ein. Enkeph n En I e \|4‘assal 14
|2£! ' A pro ss ac %m %ﬁ%maid wherem B\G qrai’ ac"tlng d %:fee%o ﬁoﬁ%%ﬁiéyé?y

hjch is paft of an &
L- Al anosi n, 5? @
G yoxal saur al : i Aclvicin,
Hydr oxyhar ngtﬁéci fﬂgI i Iﬁ- gsgt;e}r?b%g , l(J)F act | sen? NEI phal an 5 FUDR
Me{ hotrexat, Am nopterin, Mtonmycin C, Ribavirin, C|OVII’ 6- Azauri di n,
OxaZepam Lorazepam Chl ordi azopoxid, Brorrazepa i/'br acepat Ni trazepam
Pheny- 10 toin, Ethotoin, Mephe t0| n, rykdopa, y-Vinyl-GABA,
y-acetyl eni sches GABA, Phenobaigyy _nbN bital, Butal bital,
GQutethbom d, Am noglutethimd, Meth pr va
5- Hydr oxy- 2- n- pr opyl pent - ansatﬁe, 4- Hydroxy- = propyl pent ansi ur e,
3- Hydr oxy- 2- n- propyl pent ansaure, Benegrid, Tryptophan, Levodopa,

3- Deazaguanl i
ive
(E brld in group connecting .

Ampicillin, Amoxicillin, Oxacillin, Carbenicillin, Dicloxacillin,
Chl ort et racy‘(’,*lereﬁ‘n'fe?(F'ac'?cl in, Mthacyclin, Nalidixinsaure, Cephal exin,
Cephal d¢hin, Cefoxitin, di ndanyci n, Lincomycin oder Oxolin- 15 sgure.

37. Verbi ndung, die fOr eine ortsspezifig

w rkenden Arzneimttel spezies an das R )opal t ist, wel che Verbindung

ei ne Verbi ndung der Fornel Q 20 [ R=PHEC (I') oder ein

nm toxi sches, pharmazeutisch akzeptables Salz davon ist, worin [D eine
al w rk&n&.@ MG ANel Btd el spezies ist, welche mndestens G ne reaktive

OH; COOH, SH, NH odor NH2- G uppe (ei nschllelllch G uppen, we z.B.

Ami de und 2!) N 9@ces§ QWoRING 'té BRAE25, WhorSi® thd RPfafly &lﬂﬁwé}ﬂs_ﬁbﬂé%:ﬂio] &6ntains at RAStIAL T,
und [ DHC]  di aciR0-¢DDR gdap, sl B BYriliniribg Qystéh BodBher ks Bridgh ok Bonnecting the
dur chdrzs ngengfdinilirh BRY SSted@s e GOVBSgroup in [D] has the structural formula

D hydropyri di nOPyri di ni unsal z- Redoxtrigers ist, welcher ein

D hydropyridi nringsystem der For- nel 30

COR1L U 35 O unfaft, worin R -NH2 o@@ONHEPRZ ist, worin R2 Al kyl
i st, wobel der D hydropyridinring gegebonenfafls an ei nen Benzolring
kondengPert ist, und das Stickstoffatom dés~) hydropyridinringsystens Ober
ei ne 40 Br Cckengruppe mt ei ﬁ(QHz)nakN O+, COOH, SH, NH odor
NH2- Gruppe in der zentral w rkenden

Langzei t abgabe ei ner zentral
O

35 whersinnis 1, 2 or 3.

30. A process for the preparation of a compound of the formula

O [D-DHC] ()

40
or a non-toxic pharmaceutically acceptable salt thereof, wherein [D] is a centrally acting drug species
containing at least one reactive -OH, -COOH, -SH, -NH- or -NH2 group (including groups such as
amides and imides, as well as primary and secondary amino groups), and [DHC] is the reduced,
biooxidizable, blood-brain barrier penetrating lipoidal form of a dihydropyridine == pyridinium salt redox

45 carrier comprising a dihydroquinoline or dihydroisoquinoline ring system, a carbon atom of the
nitrogen-containing ring portion of said ring system being connected via a bridging group to a reactive
-OH, -COOH, -SH, -NH- or -NH2 group in the centrally acting drug species; said process being
characterized by reducing the corresponding compound of the formula

50 [D-QCT* ()

wherein [D] is defined above, and [QC]* is the hydrophilic, ionic pyridinium salt form of a
dihydropyridine == pyridinium salt redox carrier comprising a quinolinium or isoquinolinium ring system,
a carbon atom of the nitrogen-containing ring portion of said ring system being connected via a
55 bridging group to a reactive -OH, -COOH, -8H, -NH- or -NHz group in the centrally acting drug species.

31. A process according to Claim 30, whersin the centrally acting drug species [D] contains at least one
reactive primary or secondary amino group or at least one reactive -OH group, and the quinolinium or
:\
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Arzneimttel spezi es verbunden ist. 38 Verbindung nach Anspruch 37, worin
die zentral wirkende Arzneimttel spezies |ID] m ndestens el ne reaktive

pri mare odor sekundare Am nogrupfEP OHtx955iBidest ens ei ne reakti ve OH Gruppe
enthalt und 45 das D hydropyridinringsystem zusamren nit der

Br Cckengr up d| e das Di hydr op ridinrin stemmt der, Am no- ode

OH G uppe | E% VE[E]W g@[n togsih \g@rﬂMHQH?%a/rﬂm comggﬁ rggsystem to the ammo or

R3-C - -Oprayp B heg o sfrucligl (g \worin R wie in Anspruch 37 definiert
i st und R3 (CH2)On ist, worin n 1-10 oder bis zu einem verzwei gten

Cl2-A kylen ist, worin vorzugswei se das Di hyd;oopyrl di nringsystem zusanmen
n1t®er Brackengruppe die Strukturfornmel CONHR 1
| ~~~~~~ (CH2)rrO 15 besitzt, wor{n oder 3 ist. 39. Verbindung
nach Anspruch 37, worin die zent r @ Arnzeimttel spezies [D]

m ndest ens ei ne reakt| ve SH G uppé¢ & nd das Di hydropyridinringsystem
zusamygn mt der BrUckengruppe, dire@ds™NNydropyridinringsystemmnmt der

SH Gruppe in [D[ verbindet, die Strukturﬂornel o] 20 CONH2 25

N (CH2)n-c- 0 30 aufweist, worin n 1, 2 Bder 3 ist. 40. Verbi ndung nach
Anspruch 37, worin die zentral w rkende Arzneimttel spezies [D m ndestens
ei ne reaktive primare oder sekundfre Am nogruppe oder m ndestens eine

reakt i‘ge ORehereifghds @nerallyt or G GBalkyl, pariiylarhDiviiep v ésg99tvlli nri ngsyst em zusamen
mt der Brtckengruppe, die das Di hydropyridinringsystemnit der Am no- oder
oH G upp 82 A c’f g9es 90ézpllg|na G%F'a'mo‘?%wﬁf?"hﬂ‘ﬁ lgpqtu@pyn@png(%&specles [D] contains at least one

reactive primary or secondary amino group or at least one reactive -OH group, and the quinolinium or
, isoquinolinium ring system together with the bridging group connecting the ring system to the amino or
O 20 -OH group in [D] has the structural formula

25

ONL R4

wherein Ry is C1-C7 alkyl or C7-C1o aralkyl, particularly when Ry is methyl.

30

33. A process according to Claim 30, whersin the centrally acting drug species [D] contains at least one

385 reactive -NH- or -NHz group which is part of an amide or imide structure or which is a low pKa primary

or secondary amino group, the redox carrier [QC]* comprises a quinolinium ring system and the
bridging group has the structure

wherein R is -CCl3, -H,

so ©

or -CHa, the carbonyl function of the bridging group being connected to a carbon atom of the nitrogen-
55 containing ring portion of the quinolinium ring system.

34. A process according to Claim 25 or 30, wherein [D] is a central neurotransmitter, an antiinflammatory
steroid, a steroid sex hormone, an anticancer or antitumor agent, an antiviral agent, a tranquilizer, a

RN T AR A
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40 @45 R3-C - 0 aufwei st,
worin Rl wie in Anspruch 37 definiert ist und R3 (CH2)n ist, worin n 1-10
oder bis zu einem so ver zwei gtEPO OD2868|Bdy| en i st, worin vorzugswei se
das Di hydropyridinringsystem zusanmen nmit der Brackengruppe die
Strukturformel 55 EP 0 110 955 Bi ON CONH2 (CHZ%fn- C 1l 0.10 hesitzt,
worin n 1, JNengspengances a hypetensiya aganh g g t“ﬁﬁ’& WPA?ﬁFﬁ"L?E °@7'sa%fg;ﬂepg‘?p c i‘l’é’ﬁt‘ r al
wi rkende Ar Zngimiapt  nerpliciaarlogsieior AftagqEt  depamingigic,agent of ok aiplolly ¢ Snihagipe

sekundar e Arﬁg?fB'gr uppe oder m ndestens eine reaktive OH G uppe enthlit und

15 da | hydr o LAl nrd. - ] = dise. das
R kLo e i L TR R
di t r ukt urtornel 2 Q 20 25

Q auf wei sk, ARbdeBs Lcdrdingto@ih 2530r 38  wherdlh DAL a dofRmIAb RElHG Ghe B GdlurdNsiRGIAICh 37,
worin die zentral wirkende Arzneimttel spezies [D m ndestens eine reaktive
NH odgy NH2- G uppe onthalt, welche Teil einer Am d- oder |mdstruktur ist
oder wel che eine primare odor sre# ndare Am nogrqﬂﬁg mt niedrigem pKa ist,
und das Di hydropyri dinringsyste NS 2LANE der Br Uckengruppe, die das

D hydropyridinringsystemmt der NH NH2- G uppe in [D] verbindet, die
Strukturformel 35 2 r. ~CONH2
- CHOC( @2) - N 40 YO
-H

-2ln besitzt, worin R -CCl 3,

in which each Y is independently hydrogen or a hydrolytically or metabolically cleavable hydroxyl
protective group.

20
Q 87. A process according to Claim 25 or 30, wherein [D] is GABA, glycine, glutamic acid, aspartic acid,
dopamine, norephinephrine, epinephrine, serctonin, tryptamine, neurotensin, LHRH, somatostatin, an
enkephalin, an endorphin, oxytocin M, vasopressin, hydrocortisone, betamethasone, dexamethasone,
cortisone, flumethasone, fluprednisolone, meprednisone, methyl prednisolons, prednisolone, pred-
25 nisone, triamcinolone, cortodoxone, fludrocortisone, fluandrenolone acetonide, paramethasone, testos-
terone, methyl testosterone, ethinyl estradiol, norgestrel, mestranol, norethindrone, ethisterone, es-
tradiol, estriol, estrone, dimethisterone, allylestrenol, cingestol, ethynerone, lynestrenol, norgesterone,
norvininsterone, ethynodiol, oxogestone, tigestol, quinestrol, Ara-AC, pentostatin, Ara-C, 3-
deazaguanine, dihydro-5-azacytidine, tiazofurin, sangivamycin, Ara-A, 6-MMPR, PCNU, spiromustine,
30 bisbenzimidazole, L-alanosine, DON, L-ICRF, trimethyl TMM, 5-methyl tetrahydrohomofolic acid, glyox-
ylic acid sulfonylhydrazone, DACH, SR-2555, SR-2508, desmethylmisonidazole, mitoxantrons,
menogarol, aclacinomycin A, phyllanthoside, bactobolin, aphidocolin, homoharringtonine, levonantradol,
acivicin, streptozotocin, hydroxyurea, chlorambucil, cyclophosphamide, uracil mustard, melphalan, 5-
FUDR, cytosine arabinoside, 6-mercaptopurine, thioguanins, 5-azacytidine, methotrexate, doxorubicin,
85 daunomycin, aminopterin, dactinomycin, mitomycin C, a podophyllotoxin derivative, ribavirin, acyclovir,
amantadine, 5-amidino-2-(5-amidino-2-benzofuranyl)indole, 4' 6-diimidazolino-2-phenylbenzo(b)-
thiophene, 2-guanidino-4,5-di-n-propyloxazole, 2-guanidino-4,5-diphenyloxazole, 6[i(hydroxyimino)-
- phenyl]methyl]-1-[(1-methylethyl)sulfonyl]-1H-benzimidazol-2-amine, 5,7-dimethyl-2-8-D-ribofuranosyl-s-
O triazole(1,5-a)pyrimidine, 2-deoxy-D-glucoss, glucosamine, 2-deoxy-2-fluoro-D-mannose, 6-amino-6-
40 deoxy-D-glucose, phenyl-6-chloro-6-deoxy-8-D-glucopyranoside, (S)-9-(2,3-dihydroxypropyl)adenine, 6-
azauridine, 5,6-dichloro-1-8-D-ribofuranosylbenzimidazole, diazepam, oxazepam, lorazepam, chlior-
diazepoxide, flurazepam, bromazepam, clorazepats, nitrazepam, temazepam, phenytoin, ethotoin,
mephenytoin, acetophenazine, carphenazine, fluphenazine, perphenazine, piperacetazine, clonidine,
methylidopa, bethanidine, debrisoquin, hydralazine, guanethidine, haloperidol, hydroxyzine, clopenthixol,
45 y-vinyl GABA, «-acetylenic GABA, phenobarbital, amobarbital, butalbital, glutethimide,
aminoglutethimide, methyprylon, valproic acid, 5-hydroxy-2-n-propylpentanoic acid, 4-hydroxy-2-n-pro-
pylpentanoic acid, 3-hydroxy-2-n-propylpentanocic acid, methamphetamine, phentermine, phen-
metrazine, dextroamphetamine, levamphetamine, amphetamine, phenylethylamine, methylphenidate,
tranylcypromine, protriptyline, opipramol, desipramine, nortriptyline, bemegride, amiphenazole, an-
§0 ileridine, hydromorphone, oxymorphone, apomorphine, levorphanol, morphine, pentazocine, codeine,
oxycodone, naloxone, nalorphine, tryptophan, tryamine, levodopa, ampicillin, amoxicillin, oxacillin,
carbenicillin, dicloxacillin, chlortetracycline, tetracycline, methacycline, nalidixic acid, cephalexin,
cephalothin, cefoxitin, clindamycin, lincomycin, oxolinic acid, phenazopyridine, sulfadiazine, thiopental,

benzestrol or diethylstilbestrol.

55

38. A process according to any one of the preceding claims, wherein an alkali metal dithionite is used as

the reducing agent. _—
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45 50 oder -CH3 ist und n 1, 2 oder 3 ist. 43. Verbindung nach Anspruch 37,
worin die zentral wirkende Arzneimttel spezies [D] m ndestens eine reaktive
COOH Gruppe enthilt und das D hyEP opyeRss Bli ngsystem zusammen nit der

Brf ckengruppe, 55 di e das Di hydropyridinringsystemmt der COOH G uppe
in [Dl verbindet, die Strukturforpel 186 * C . L M S * EP 0 110
955 Bi m?rociﬁs ‘according to Claim 38, wherein the alkali metal dithionite is sodium d|th|0(1@_|2) n SN

f t 4. Verbi h
vorin di® Bicpa ﬁf?%ﬁ&@v ) A0 M (5T pavTes el P ey R Rt o i ve
guppe enenart und das Di hydr opyri di nri ngsyst em zusamen mt der
@ %UR@ a@coEﬁ‘u t&lg%d?%'éfetn%ﬂlﬂapgéﬁl%o%ﬂ}m& is Sediuni &Sty sAagPre 1 n [ D]
ver bi nd

tru for

CONH2 Cgl%%ntansprilche -CH 25
HOKL  bespatehtansgifiche/far folfdhdd VisHriss@aten FBE,OH, DE,PRIEE, 11, LU, seorin [ D] eine

zentral wrkende Arzneimttel spezies ist, vel che mindestens eine reaktive
OH, COQHt VerBibdung, dieStt eind\diﬂssped&&hemlaagz&augweeibaizmmnikefdbﬂ Abndiiitiglpedias i €

z. B. Am dedasrHim langegas; ist @uithe Verbindengeine Werbinelay dekeffoamel\ri dogr uppen) enthli t,
und [ QC] + di e hydrophile, ionische Pyridiniunsal zf orm ei nes Di h-

ydropyri di H@Wli dihi unsal z- Redoxtrigers ist, welcher ein

Pyri disni unti ngsyst em der Fornel CCORI 00 45 unf aBt worin R -NH2 oder -OR2
i st, wor i nodRp ein| night-toxisches, pharyagzeylisgh ghigap aﬂ'Pﬁﬁ%l?rﬂ@"ﬁ é‘@@’b@iéﬁ? aentral wigkendenen
Benzol r | ngA'IEEﬁ‘fHB?i%’PE?St ik, g@'chwadms S'L“? (S‘?@Ettvef‘?"!i-t ireSH- NH- oder NH,-Gruppe

Pyr| di ni unfd 3’3 p’ﬁﬂe}’"eeﬁ nd eile, geyvie prim ?lﬁ' ée'ﬁ‘i“{é""ef‘ﬁﬁi’g"ﬂ@a’ﬂt i ven
ent nd gg :ﬁ q_}o (rj b r d{f Iutl ?ﬁ %ﬁie, lipoide Form
élnes IHydropyndm yridiniumsal z- oxtrﬁgers ist, mit der aBgabe, aB wenn

@]
N
l C—

25

30
ist, worin R ein niederes Alkyl oder Benzyl ist, die gepunkiete Linie das Vorhandensein einer
Doppelbindung an entweder der Position 2 oder 3 des Dihydropyridinringes anzeigt und die Carbonyl-
gruppe an der Position 2, 3 oder 4 des Dihydropyridinringes angebracht ist; und {D] eine Arzneimittel-
spezies ist, welche eine einzelne funktionelle Amino- oder OH-Gruppe enthdlt, wobei die einzeine
35 Amino- oder OH-Gruppe, wenn sie vorhanden ist, eine primére oder sekunddre Amino- oder eine
primidre oder sekundire OH-Gruppe ist, welche Arzneimittelspezies {iber die funktionelle Amino- oder
OH-Gruppe direkt an die Carbonylfunktion von [DHC] gebunden ist, dann [D] etwas anderes sein muB
O als ein sympathisches Stimulans, ein Steroidgeschlechtshormon, ein-Gedéchtnisverstédrker, ein langket-
B tiger Alkanol oder ein Antikrebs- oder Antitumormittel.
40
2. Verbindung der Formel

[D-QCTt (1)

45 worin [D] eine zentral wirkende Arzneimittelspezies ist, welche mindestens sine reaktive OH-, COOH-,
SH-, NH- oder NHz-Gruppe (einschlieBlich Gruppen, wie z.B. Amide oder Imide, sowie primére und
sekundire Amidogruppen) enthdlt, und [QC]* die hydrophile, ionische Pyridiniumsalzform eines Dih-
ydropyridin€ Pyridiniumsalz-Redoxtrégers ist, mit der MaBgabe, daB, wenn [QC]*

50

65
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Arzneim ttel spezies verbunden ist. 46. Verbindung na : -N“frl n
die zentral wirkende Arzneimttel spezi esﬁ#Dé m ndest; E‘M‘ * l | -
pri mare oder sekundare Am nogrupp BAd10 BsHBEst ens ei e feeakilve ‘G uppe
enthalt und 55 adas Pyridi ni unringsystem zusamren mt der Brfckengruppe,

die das Pyridi Qbdt'R bif A8YerdsCiityToder HéHzyI AT LM e E96dnyIShbra SRR pdsH -

ver bi ndet, dpgidmiuf : b B?Hl”f%w(y izﬁ(;g:?d (D] iir:e Arznei:nittelspenz‘i,essaﬁﬁv&:ﬂ:h L&?Lﬁiﬁ%ﬁ%ﬁ%ﬁﬁil
-1 EPARind-1dderdSHrafabp i€ wober dib(binzeine Amino- oder OH-Grupge, wenn sie vorhanden ist,
~~~~~~~~ ( CH2gikg" Brim&e DdérZ ekund¥Bre| AiRo- loder eifél RFimate | odibr se%?ndé&eé -bFUEbH‘%t, r@e(ﬁ:lﬂe

AnS@uch 45, ArtiniittslspbAos ZBBH dié Funktiohdne Aehho Abdeh OHIGrigp6 lFeke &h 818 dafgbnyfliRERSILE NS
t

ei reakt i ViQGpTgshunden istldann siletwasl andos £6in MOYEILIPP Syntlschid BERAFNS b StbrbBiBge-
reakti ve OH @hleghtsborains, leinl Gediuhthislebstirker, ethtangktiigoCiAlnd! Gtidr REFyifHréda) celdSAHITIRBY- M t
der Br Uckengriighpe, di e das Pyridiniunringsystemmt der Am no- oder
OH G uppe in [D verbindet, die Strukturfornmel CONH2 Q0
0 N ( Cgmzﬁn_Yarbilgigng, die flr eine ortsspezifische Langzeitabgabe einer zentral wirkenden Arzneimittelspezies an 0
besi tzt, wor9as Hin angegadigetewelche Verpindugg eineg Yerbindungtlerdormg! nach Anspruch 45,
worin die zentral w rkende Arzneimttel spezies [D] mindestens eine reaktive
NH- odor NHZ[P@J'Wﬂ)pe(')ent halt, welche Teil einer Amd- oder Im _dstruk}(ur_ I st
oder welche ofne, e.fcatgﬂf z;ggﬁ REBMTITR piobics S St N7 B ong gl aghende
und das Pyri L;Qimlftigs :@g , 8ich Arznemittolsp %p tam g@% A{ég?@?sﬁﬂf + TryRigpan,
Pyridi ni unti fosysiy = ég hin' Sder N and:ﬁ?ﬁinos‘gt? oder ein'klgines Peptid, we?chés 2 bis 20
Str ukt ur f or ngingdBy iten Qnthélt; GABA, -Vinyl-GABA oder y-acetylenisches GABA; Norepinephrin oder
- - CHOC( CH2) 'Eb‘u%bl‘ﬂ'ig; ﬁrotonin; 5-Hydroxy-2-n-propylpentansiure, 4-Hydroxy-2-n-propylpentanséure oder 3-Hy-
20 droxy-2-n-propylpentansiure; Methyldopa; Tyramin; Dopamin oder Levodopa; Ampicillin; Cephalexin; L-
Alanosin; Melphalan; DON, odsr Acivicin; oder Glucosamin, oder 6-Amino-6-deoxy-D-glucose ist; und
[DHC] die reduzieris, bicoxydierbare, die BlutHirn-Schranke durchdringende; lipoide Form eines
Dihydropyridin€Pyridiniumsalz-Redoxtrigers mit der Formel

25

30

ist, worin R Methyl oder Benzyl ist und die gepunktste Linie das Vorhandensein einer Doppelbindung

35 an entweder der Position 2 oder 3 des Dihydropyridinringes anzeigt, wobei die Carbonylfunktion, die

dem Dihydropyridinring benachbart ist, an eine funktionelle reaktive Amino- oder Hydroxylgruppe in der

zentral wirkenden Arzneimittelspezies gebunden ist und mindestens eine der verblsibenden reaktiven

; funktionellon Gruppen in der zentral wirkenden Arzneimittelspezies durch sine hydrolytisch oder
O metabolisch abspaltbare Hydroxyl- oder Carboxylschutzgruppe geschuitzt wird.

40
4. Verbindung der Formel
[D-QCI* ()
45 worin [D] eine zentral wirkende Arzneimittelspezies, wie in Anspruch 3 definiert, ist, und [QC]* die
hydrophile, ionische Pyridiniumsalzform eines Dihydropyridin€Pyridiniumsalz-Redoxtrigers mit der
Formel

50

l;h-
R

56

ist, worin R Methyl oder Benzyl ist, wobei die Carbonylfunktion, die dem Pyridiniumring benachbart ist,
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besitzt, worin R-CCl's, -H 45 so~- 50 oder -CH3 ist und n 1, 2 odor 3 ist.
49. Ver bi ndung gemAB Anspruch 45, worin die zentral w rkende

Arzneimttel spezies [D] m ndest enEP 8iii@9%%Bkt i ve COOH G uppe enthalt und
das Pyridini unringsystem zusamren rrit der Bri ckengr uppe die 55 das

Pyridiniunrin SeYPun m e D ver die se
(?Eiélrjkgu[fs? r 9?’% ?rz %&r%%stens, c;allln tdeg;‘ F ::gie#r:%esn rae%] lvenétur%, :’\;ﬁgﬁu g\?\ﬂ:\n 'He%al

ei ner zent r %}% {g m ang s vvel che
VErbln dung elne ndu

Bﬁh%orrral [ D- DHC| (I) 15 oder e|n

Cﬁr) toxg, S%}Eiﬁdunﬁhébh 'Kﬁgp?déﬁ b 364 4%&%&@&:@%.@@ zieS BiH PBpamtt mit Y& Sriktlriblimefi NE
zentral wi rkende Arzneimttel spezies ist, e m ndestens eine reaktive
O+, COOH, SH, NH odor NH2- G uppe (ei nschl [ e8| ich Guppen, wie z.B.
Am de und Imde, sowie primre 0 sekundare Am ruppen) enthilt, und
[ DHC] @i e reduzierte, blooxydie Schranke durchdri ngende,
| i poi de Form ei nes Di hydropyridin i unsal z- Redoxt ragers ist, welcher
ein D hydrochinolin- oder D hydroi chinolinringsystemunfaft,
wobal ei n Kohl enst of f at om des SNi@kst off - ent hal tenden Ringteils des R ngs-
ystens fiber eine Brlickengruppe mt einer reaktiven O, COOH, SH, NH

oder N#2-Gruppe in der zentral w rkenden Arzneinittel s ezies verbunden i st.
51. Verbind ‘ﬁ‘f&dﬁje%n\'s Pﬂ?&#ﬁ‘gsomiﬁﬂﬁ% °€l?’e°‘§°e Rydrelytisehy ¢ érﬁ'&?éam"s"h absPa"‘ba'e

?;iﬂﬁhg‘r teti g p@g ?t’%? |v| mmdest Qg% in rﬁrc rlu 8, |erl1n$
i u ef. ) u bo

Bs@k@xgrogg%% ?abuﬁﬁsfme R A

I e I’ U UI‘

ver bi ndet nel

01f C 365 Verbindung, die fllr eine ortsspeztf‘ ische Langzeitabgabe emer zentral wirkenden A&heﬂﬂﬂelspeznes an
auf wei st , vvggslmmlgﬁgeggtgg tfgvg;lbm Mblmdi St, 1 nsbesondere wenn
RL Methyl ist.

[D-DHC] (1)

oder ein nicht-toxisches, pharmazeutisch akzeptables Salz davon ist, worin [D] eine zentral wirkende
Arzneimittelspezies ist, welche sin Antivirusmittel, ein entzlindungshemmendes Steroid, ein Narkotikum

30 oder ein Ostrogen ist und welche mindestens zwei reaktive funktionelle Hydroxylgruppen enthilt, und
[DHC] die reduzierte, biooxydierbare, die Blut/Hirn-Schranke durchdringende, lipoide Form eines
Dihydropyridin© Pyridiniumsalz-Redoxiréigers ist, welcher mindestens ein Dihydropyridinringsystem der
Formel

35 <

umfaBt, worin R ein niederes Alkyl oder Benzyl ist und die gepunktete Linie das Vorhandensein einer
Doppelbindung an entweder der Position 2 oder 3 des Dihydropyridinringes anzeigt, wobei ein

45 Ringkohlenstoffatom jedes Dihydropyridinringsystems {ber eine Brlickengruppe an eine funktionelle
reaktive Hydroxylgruppe in der zentral wirkenden Arzneimitielspezies gebunden ist.

7. Verbindung der Formel
50 [D-QC}* ()
worin [D] eine zentral wirkende Arzneimittelspezies ist, welche ein Antivirusmittel, ein entzlindungshem-
mendes Steroid, ein Narkotikum oder ein Ostrogen ist und welche mindestens zwsi reaktive funktionelle

Hydroxylgruppen enthédlt, und [QC]* die hydrophile, ionische Pyridiniumsalzform eines
55 Dihydropyridin©Pyridiniumsalz-Redoxtréigers ist, welcher mindestens ein Pyridiniumringsystem der

UL
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52. Ver bi ndung nach Anspruch 50, worin die zentral w rkende

Arzneimttel spezies [Dl m ndestens eine reaktive prinmare oder sekundare

Ami nogr uppe oder m ndestens ei ne rERR1G85EBI G uppe enthalt und das

Di hydrochi nol i n- oder Di hydroi sochinolinringsystem zusammen mt der

Brlickengruppe, die das 45 . Ringsystemmt der Am no- odor OH G uppe in

[D] verbindet, die Strukturfornel 0 11 50

C ,NRL~-R 55 aufweist, worin RL G -C

i nsbesondere wenn R1L Methyl ist. 189

Anucg 50, worin die zentral w rkend
t

| oder C7-d oAral kyl ist,
0 955 Bi 53. Verbindung nach
neimttel spezies [D m ndestens

gruppe oder m ndestens eine

ei ne Jreaktive primare oder sekundare Am

reaktive OH Gruppe oder ninde- stens eing reaktive SH Gruppe enthalt und

das Di hydrochi nolin- oder Di hydroisochin0Olinringsystem zusamen mt der

Brackengruppe, die das R ngsystemmt der Am no- oder OH odor SH G uppe in
10 [rikstyedrin i R eie iniedalescAlyl basf tBandyDistr@bbeD ein IRingkbhlenstoffatom jedes Pyridinium-

c N 15 ringsystems Uber eine Brlickengruppe an eine reaktive funktionelle Hydtvewgrappb .in 2ier Zefiral

Ver bi ndung naigfendan syaneimitielSBziesgebundendise zentral w rkende Arznei m ftel spezies

[D] mindestens eine reaktive NH odor NH2- G uppe enthailt, welche Teil

ei ner Am & Yerbindupgrash Angpruchy B odes ¢, VmﬁéfDl\ﬂEIA@Wéusél'tF?b's‘prl mar o odor sekundare

A nogr@ppe nit niedri %ﬂsm pKa ist, der Redoxtrager [DHC] ein D hydrochinol -
inri ngsyst%m"%fﬁ'f‘%ﬁ‘%f‘acﬂ Pk 6 pienZiar ] gip @ntgindungshemmerdes Stsroiddgloc. 30

R auf wei st
10. Verbindung nac%:%nspruch E‘ oder 7, worin [D] ein Ostrogen ist.

Q 20 11. Verbindung nach Anspruch 6 oder 7, worin [D] ist: Hydrocortison, Betamethason, Dexamethason,
o Cortison, Flumethason, Fluprednisolon, Meprednison, Methylprednisolon, Prednisolon, Prednison, Tri-
amcinolon, Cortodoxon, Fludrocortison, Fluandrenolonacetonid, Paramethason, Ethinyldstradiol, Ostra-
diol, Ostriol, Ara-AC, Pentostatin, Dihydro-5-azacytidin, Tiazofurin, Sangivamycin, Ara-A, 6-MMPR, 5-
FUDR, Cytosinarabinosid, 5-Azacytidin, Ribavirin, 5,7-Dimethyl-2-8-D-ribofuranosyl-s-triazol(1,5-a)-
25 pyrimidin, 2-Deoxy-D-glucose, Glucosamin, 2—Deoxy-2'-fluor-_I:_)-mannose. 6-Amino-6-dsoxy-D-glucose,
Phenyl-6-chlor-6-deoxy-8-D-glucopyranosid, (8)-8-(2,3-Dihydroxypropyl)adenin, 6-Azauridin, 5,6-Dichlor-
1-8-D-ribofuranosylbenzimidazol, Oxymorphon, Apomorphin, Morphin, Oxycodon, Naloxon, Nalorphin,

Benz&strol oder DiethylstilbSstrol.

- 80 12. Verbindung, die flr eine ortsspezifische Langzeitabgabe einer zentral wirkenden Arzneimittelspezies an
das Hirn angepaBt ist, welche Verbindung eine Verbindung der Formel

[D-DHC] (1)

35 oder ein nicht-toxisches, pharmazeutisch akzeptables Salz davon ist, worin [D] eine zentral wirkende
Arzneimittelspezies ist, welche ein Antikrebs/Antitumor- und/oder sin Antivirusmittel ist, welche Arznei-
_ mittelspezies eine Struktur vom Typus einer Purin- oder Pyrimidinbase besitzt, welche einen einfach
_ Q oder mehrfach hydroxylieten Substituenten trégt, und [DHC] die reduzierte, biooxydierbare, die
Blut/Hirn-Schranke durchdringende, lipoide Form eines Dihydropyridin©Pyridiniumsalz-Redoxtragers

40 ist, weicher mindestens ein Dihydropyridinringsystem der Formel

50 umfaBt, worin R ein niederes Alkyl oder Benzyl ist und die gepunktete Linie das Vorhandensein einer
Doppelbindung an entweder der Position 2 oder 3 des Dihydropyridinringes anzeigt, wobei ein
Ringkohlenstoffatom jedes Dihydropyridinringsystems Uber eine Brlickengruppe an eine funktionelle
Hydroxylgruppe in der zentral wirkenden Arzneimittelspezies gebunden ist.

65 13. Verbindung der Formel

[D-QCI* (I
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35 - Q ( odor
-CH3 ist, wobei die Carbonyl funktion der Brlckengruppe mt einem

Kohl enst of f at om des Stickstoff- EBO110985BHal t enden Ringtoils des

Di hydr ochi nol i nri ngsyst ens ver bunden ist. 55. Verbi ndung der For nel [D Q| +

gnlﬁzjeg?enswgn% n? Izw e Iﬁt%{;dee'sb\lg Zne t t % % | Stdndy\ﬁer em
(einschlie 'Tfaé) 819 ﬁ%& pus em rm ‘fx;y t P rlmldm ase
sekundar e eS| we | ’elna { eh %aw % dro-
ri Pyridi o fhinde-.
Pyri digni umgg f ﬁ H%s | n| umsa ﬁgofoxt ri ers I st,
@u ein | no I nium 0 I soc noI I ni unTl ngsystem 50 unf aI 3t,
Wo ei n Kohl enst of f at om des Sti ckst off-enthal tenden Ringteils des

Ri ngsystens (Cber eine Br Cckengruppe i ner reaktiven OH, COOH, SH,
NH oder NH2- G uppe in der zentral en Arzneimttel spezies verbunden
i st. 6. Verbindung nach Anspruch 55, in die zentral wrkende
Arzneimttel spezies [D] m ndestens eing 55 reaktive primare oder
sekundar e Ami nogruppe oder mindestens & ne reaktive OH G uppe enthalt und
das Chinolinium oder |sochinoliniunringsystem zusamren nmit der

Br Cckengruppe, die das R ngs- ystem mt der Am no- odor OH Guppe in [D

ver bi fidet , ugHagt, serinyR eiiiriiedprae Alkil pder Benzyl ist, wobei Plnlﬁrpﬂhlenstaft@mmdq8|jvr'ql-mw-n |
|| 1111 * ringsystems Uber eln\e> BrUekengrupmgeq f@gg%&vegunktlonelle Hydroxylgruppe in der zentral
00~~~~~m~~ anrkenden Arzneimittelspezies gebunden ist. N 10 auf wei st

R, C 7 Al k c b d R1 Met hyl

o 57, AP e RSk 12 e oh B oL Rl B RS r el i oo
5

ol dgr&,t mms&peﬁch[&p Iu;,shﬁoag sl d mas-gcé&rfe?:‘f&é?l\d o b flfn,

das Chi nol W T a6 Nisp zlsrb.wom%wﬁ. i), EUSRHEHE 8 o1Bidhigh £5-D-roturan- ]

BrUCkengrUB @ |6b% m;ﬁéth 51 H?S\‘ut‘ I tﬁéEo . ﬁrd upp‘e i n [D
ver bi pdet , ﬁﬁbe Stlruktu?forma ot fem. anS’s%s K'IQia)ﬂﬂ in

Il G 256. Verbindung, die fir sine ortsspezmsche Laididsitabgabe sinerizehttal wirkenden Arzneimittelspezies an
das Hirn angepasBt ist, welche Verbindung eine Verbindung der Formel

[D-DHC] (1)
30
oder ein nicht-toxisches, pharmazeutisch akzeptables Salz davon ist, worin [D] eine zeniral wirkende
Arzneimittelspezies ist, welche ein Steroidprogestin oder ein Steroiddstrogen ist, welches Progestin
oder Ostrogen mindestens eine reaktive funktionelle Hydroxylgruppe besitzt, wobei eine solche Gruppe
- eine funktionelle tertidre Hydroxylgruppe in der Position 17 ist; und [DHC] die reduzierte, bicoxydierba-
35 re, die Blut/Hir-Schranke durchdringende, lipoide Form eines Dihydropyridin©Pyridiniumsalz-Redox-
trégers ist, der mindestens ein Dihydropyridinringsystem der Formel

umfaBt worin R ein niederes Alkyl oder Benzyl ist und die gepunktete Linie das Vorhandensein einer
Doppelbindung an entweder der Position 2 oder 3 des Dihydropyridinringes anzeigt, wobei ein
Ringkohlenstoffatom eines Dihydropyridinringsystems Uber eine Brlickengruppe an die tertifire funktio-
nelle 17-Hydroxylgruppe im Progestin oder Ostrogen gebunden ist, wobei ein Ringkohlenstoffatom
50 eines verbleibendon Dihydropyridinringsystems Uber eine Briickengruppe mit einer anderen reaktiven
funktionellen Hydroxylgruppe im Progestin oder Ostrogen verbunden ist.

17. Verbindung nach einem der Ansprliche 6, 12 und 16, worin jedes Dihydropyridinringsystem, zusammen
mit der Briickengruppe, die daran gebunden ist, die Formel
55 :

LR ) R l!l! .



aufweist, worin R G -CrAWyl oder Cr7-CoAral kyl ist, insbesondere wenn R
Met hyl i1st. 30 58. Verbi ndung nach Anspruch 55, worin die zentral wrkende
Arznei mttel spezies [D] m ndestendEP9 ht0 9858k i ve NH oder NH2- G uppe
enthalt, welche Tell olner Am d- oder Imdstruktur ist oder welche eine
primre oder sekundire Am nogruppe mt niedrigempKa ist, der Rodoxtriger
[QC] + ein Chinolinium ringsystemunfaBt undddi e BrUckengruppe di e Struktur

35 a -CHOC- ol 40 aufweist, worin R - H-I 46 50 odor -CH3 ist,
wobei di e Carbonyl funktion der Brickdhgr mt sinem Kohl enst of f at om des
Stickstpff- enthaltenden Ringteils dég: nol i ni unri ngsystens ver bunden

i st.)}59. Verbindung nach einem der AnspfCche 37, 45, 50 und 55, worin [D]
sin“zentraler Neurotransmitter, sin entgUndungshemmendes Steroid, ein

St er oi dgeschl echt shornmon, sin Antikrebs- oder Antitunormttel, 515 sin
Antivirusmttel, sin Tranquilizer, sin Gedichtnisverstdrker, sin

hypot engi vesaulvelst abrin Rseim nidetiest AlkyLisden Beniy! ésit Onddigd Gepumkietdiaitie d4st\Vomandehdeln einer

ant i konvul siRogeeldindungebn enteedesdan Rasitianed oder (3t des diilgdropridingriges enzsigtirisbasbrae®,

si n nar kot i senedie gepuhidels Lkie gasobehandanseincpiner Boppelbindungl mpianfPosition? desiDitydivbyridel
oder sin antiiBgerzsighederowenn R rMsityh st eadere wpnasdie/|Gatbeylgrupd an der Posiion 3 des 1
1 111j 1111Phydropyrigipringps angsbrachtist.  Epp 110 955B1 60. Ver bi ndung nach ol nem
der Ané’p\r,ébr{% 37, 45, 50 und 55, worin [D] eine Am noslure oder ein kleines
Peptid, witc E’ag‘d%:magh PPty 3{0 & ifidesPiRySEqPyridipringsy e zusameien mi der Byigkeiomiung
nach ei nem F8rTnfpy4eRYNEeI%: digBormel g 55 worin [D] ein Dopamin nit der
Strukturfornmel NHz 100 ist, in welcher jedes Y unabhangi g Wasserstoff oder
eiat® hygdrol ytisch odor netabolisch abspaltb&e is Hydr oxyl schut zgr uppe
i 4 62. Verbi ndung nach ei nem der AnsprUchg 37, 45, 50 und 55, worin [D]

ist: GABA, dycin, G utam nsaure, %f}ﬁ?sj-&r e, Dopam n, Norepinephrin,

Epi nephrin, Serotonin, Tryptam n, Ne rotj sin, LHRH, Sona-

25 : N
l.

CH,

30 besitzt,

19. Verbindung nach Anspruch 17, worin jedes Dihydropyridinringsystem, zusammen mit der Brlickengrup-
pe, die daran gebunden ist, die Formel '

35

il l
| | COCH,C—
O, (Y
y
CHj

45 aufweist.
20. Verbindung der Formel

[D-QCTt (1)
50
worin [D] eine zentral wirkende Arzneimittelspezies ist, welche ein Steroidprogestin oder ein Steroidé-
strogen ist, welches Progestin oder Ostrogen mindestens eine reaktive funktionefle Hydroxylgruppe
besitzt, wobei eine solche Gruppe eine funktionelle tertifre Hydroxylgruppe in der Position 17 trigt;
und [QCT* die hydrophile, ionische Pyridiniumsalzform eines Dihydropyridin& Pyridiniumsalz-Redoxtri-
65 gers ist, der mindestens ein Pyridiniumringsystem der Formel
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tostatin, ein Enkephalin, ein Endorphin, Oxytocin M Vasopressin,

Hydr ocorti son, Betanethason, Dexa- 20 nmet hason, Cortison, Fl unethason,
FI upr edni sol on, Mepredni son, Met B§O18&B% Bdl on, Prodni sol on, Pred- nison,
Tri anci nol on, Cortodoxon, Fludrocortison, Fluandrenol onacetonid,

Par anet hason, Testosteron, Methyltestosteron, Ethinylostradiol, Norgestrel,

Mostranol , Norethindron, Ethisteron, adi ol, Ostriol, Gstron,

D net hi steron, Allyl6stronol, C nges neron, Lyn6strenol,

Nor gest eron, Norvi ni nsteron, Ethynod ogeston, Tigestol, Chinestrol,
Ara~Ag, Pentostatin, Ara-C, 3-Deazagua , Di hydro-5- 25 azacytidin,
Ti &zefurin, Sangivanycin, Ara-A; 6-MP PCNU, Spi romnusti n,

Bi sbenzi m dazol, L-Al anosin, DON, L-I , “Trimethyl-TWM

5- Mot hyl t ot r ahydr ohonof ol saure, d yoxal sauresul f onyl hydrazon, DACH,

SR- 2555, Shn2808qrin Beaimpibdeyédsmiliyboded Barall, istMrdbeixeimRingskohlehiofa@ar gides Pyridinium-

Acl acionony tigaystems e dirgrRrivkengaippeBaciednktionalle téqidve dDHydraxpigrupierimPaogestingti@ni n,
Levonant r afigffogenngsbyriden jst, ugl gin Ringkableastdfiatom dinds wadgléibangent Ryfidiniur@itigsysamb Ubar| |
Cycl ophos phiBarP#ckengrurep 28 @inge andes fedidiveaiunktighekeUiyRroxiyrurps| im Hregletin @gérddstrogen

6- Mer capt oftbHiden isgQ Thi oguani n, 5-Azacytidin, Methotrexat, Doxorubicin,
Daunonycj.n,, Am nopterjn, Dactinonycin, Mtom- cin C ein .
PodopHy 13" ol gRT9AR ‘i‘c{}gi"g,m EprgRTighn 7 134 %?W’an'",leﬁﬁﬁvﬂdgﬂmpgsvstem- zusammen mit

5- Ami di no- % CECEIYPRELLIS A5 BeBYnder jptodie PRl ol |

4' , 6-Di i m dazol i no- 2- phonyl benzo(b)t hi ophon
2- @Quani di no- 4, 5-di - n- propyl oxazol Cani d¥
6_(45|ydroxyi m no) phonyl ] met hyl ] - 1-
H¥enzi m dazol - 2- am n,

o3

- no-4, 5-di phenyl oxazol ,
lethyl)sul fonyl]-1

2- Deoxy-D- gl ucose, 3 ucosamn, 2-De- g

6- Am no- 6- deoxy- D- gl ucose, Phenyl - 6-chl or - 6- deoxy-, B- D- gl ucopyr anosi d,

(S)-% (2, 3-Di hydroxypropyl )adenin, 6-Azauridin,

5, 6- Di chl ounfds:, WoriD-R' eito olederamnaiky lothee rBehayi ida inebesoridbra Zepia ) Médyi ist 5650 dhn die

Lor azepam Capranpgrdpreze dendtodition des Ryrisiniumyingss angebreghtiist. Cl or azepat, Nitrazepam

Temazepam Phenytoi n, Ethotoin, Mephenytoin, Acetophenazin, Carphenazin,

FI uphen&2i Yerbimiupg, pash Anspruch 27 porie iadesaPyridininmringsystemel rusammvert iniy detdstickengruppe,

Bet hafi di ndie ggs¥ygebyden ist diefermal azi n, Guanet hi din, Hal operidol, Hydroxyzin,

40 Cl opent hi xol , y-Vinyl-GABA, -y-acetyl enisches GABA, Phenobarbital,

Anmobarbital, Butalbital, Gutethi- md, A¥Ynoglutethimd, Methyprylon,

Val pronsaure, 5-Hydroxy-2-n-propyl pentans , 4- Hydroxy-2-n-

propyjpentansi ure, 3-Hydroxy-2-n-pr pyYipent ansaur e, Met hanphet ani n,

Phenterm n, Phonnetrazin, Dextroanp af n, Levanphetam n, Anphetam n,

Phenyl et hyl am n, Met hyl pheni dat, S ypromn, Protriptylin, Opipranol,

jpramn, Nortriptylin, Benegrid, 1 phenazol, Anileridin, Hydronorphon,

Oxynor phon, Aponor phin, Levor ol , Morphin, Pentazocin, Codein,

Oxycaglon, Nal oxon, Nal orphin, Tryptophan, Tyram n, Lovodopa, Anmpicillin,

Anmoxycillin, Oxacillin, Carbenicillin, Dicloxacillin, Chlortetra- cyclin,

Tet racycl iesitzMet hacycl i n, Nali di xi nsaure, Cephal exin, Cephal ot hi n,

Cefoxitin, dindamycin, Linco- mycin, Oxolinsaure, Phenazopyridin,

Sul f adi 8%i Yerbinphingonseim AadpruciB@h 2@n jedds RyddiniurDingsyistpins tusinfiet mioter Bsickengdippe,

Ver f ahr en dqdaraigebunden istndie Emelr  Ver bi ndung, wi e in Anspruch 1 beansprucht,

wel ches ein Reduzieren der entsprochenden Verbi ndung, wie in Anspruch 2

beansprucht, unfaSt. 64. Pharnmazeutisc Zus%menset zung, unfassend eine

Ver bi ndung, wi e in einemder AnsprUche Cﬁlz 12, 16-19, 25-28, 37-44 und

50-54 odor in Anspruch 5, wenn v ruc abhi ngi g, oder in einem55

der ,&ﬁspr ache 8-11, wenn von Ans 6 abhangi g, oder in Anspruch 14 oder

15, wenn von Anspruch

56

besitzt.
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12 abhingi g, oder in Anspruch 24, wenn von Anspruch 16 abhlngig, oder in
Anspruch 33, wenn von Anspruch 28 abhangi g, oder in einemder AnsprUche
34-36, wenn Anspruch 25 abhangi g, BB&r11985&Bhem der AnsprUche 59-62, wenn
von Anspruch 37 odor 50 abhlngi g, beansprucht, und einen nicht- 192

Iplidl 212132 11) ii | EP 0110 955 Bl toxi en ' .
akzopt bl o Yrpers g pooven b g v bR Berlln SURREAR Bt ot
1. Verfahren g ;%“ffg.@;ﬁﬁg AR\ ATy der IE—C%r el F&%ﬁ%f '?'ﬁ')

0 n

I
1) oder
ei nes nicht-f |;§ﬁ% afmazeuti sch akzeptabl en Sal zes davon, worin [D]

eine zent Eﬁ Vi B,d(ﬁ; #%ine orASAIRLRE Lah@oitBgbb Sfer Sitral WRbIISR ARMIRIRGEHEHS M NE
da

re ve Hhgepatitiist, whibhe VRFHRHduY die WokbiMBhg (i kbeedd| 1 ef f 1 i ch Gruppen, wi e
z. B~Am de und I m de, sowi e primare und sekundare Am nogruppen) enthalt,
und [DHC] di ep-baeuziggrte, biooxydierbare, die Blut/Hrn-Schranke

dur chdri ngende, |1 poide Form ei nes

Di hydr opyr i dicgr Ry nicht-tokisunes paariReelatetir Sigeptables Shlz dadot istlevorid/ED] gpitle ezentdh Wrkendenn
[DHC] 15 )  AZMeimittelspezies ist, welche mindestens eine reaktive funktionelle CORH{R Amig- odexdmidgruppeei n
ni eder es Al kyhthiicland [BH@Izdjd refigierte, dhioexydietherakdie BluvHirn-§rhuanie durshdringarrigcipgide form

ei ner 25 eDepPitydvipyrigingPyddinienselzBddodrigers isheley qin BiRVAroPyiflYingsy s der Formel

D hydropyridi nri nges anzei gt und di e Carbonyl - gruppe an der Position 2, 3
oder 4 #es D hydropyridinringes angebracht ist; und [DJ eine Arzneimttel-
spezies ist, welche eine einzel ne funkti e Ami no- oder OH G uppe
enthalt, wobei die einzel ne Am no- odorl|OH+ G uppe, wenn sie vorhanden ist,
ei ne primare oder sekundare Am no- oder \gi ng’ pri mare oder sekundare

OH- up%e_i_i st, wel che Arzneinittel spezi esNlber die funktionelle Anino- oder
304 G uppe direkt an die Carbonylf ud&ﬁi on von [DHC] gebunden ist,
dann [D] etwas anderes sein nmuB als ein synﬁat hi sches Stinul ans, ein

St er oi dgeschl echt shornon, ein Gedacht ni sverstarker, ein |angket- tiger

Al kanol oder gkdat AVabdi linCRifigkoléhBibriafM bibs DRYdRdpiditringsyédntehBiser s fBritkenBruppe an
gekennzgj chn@ine irsektive Winkkbndie DOOHE IARiTd- B84r 1AIAGEEDe T B r2evtial Witksridlom dizngimitieispezies
Fornel 35 gobUdddGdt+ (11) worin [D] oben definiert ist und [QCl+ die

hydr ophi |l e, ionische Pyridiniunsal zformeines

Di hydr opyr eliveibiigirigthach Anspaic -2Rewmin tdieg gamiral wirkende iyancindittelsidkieg) E anindealBns ¢ieann

[QC] + 40 reaktive Amid- oder Imidgruppe enthiit, und das Dihydropyridinringsystem zusammep mit-ger Brlicken-
80 gruppe die Strukturformel
0
i
—CEHOC
35 .
R0
-- \
Q CHs
%0

besitzt, worin R -CCls, -H,

50 oder -CHs ist.

27. Verbindung nach Anspruch 25, worin die zeniral wirkende Arzneimittelspezies [D] mindestens eine
reaktive Amid- oder Imidgruppe enthiit, und das Dihydropyridinringsystem zusammen mit der Brlicken-
gruppe die Strukiurformel

56
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1. 45R Rist, worin R ein niederes Al kyl oder Benzyl ist und die
Car bonyl gruppe an der Position 2, 3 oder 4 des Pyridiniunringes angebracht
ist, und [DJ eine Arznei mttel spesht @310985 Blel che ei ne ei nzel ne

funktionelle 50 Am no- oder OH G uppe enthalt, wobei die einzelne
Am no- oder OH G uppe, wenn sie vor handen ist, eine primare oder sekundaire
Am no- oder eine prinmare oder sekund Gruppe ist, welche

Arzneimttel spezies Uber die funjttfn) 8 m no- oder C]—I-Gruppe di rekt an
d| e Car bonyl funktion von [QC] + gepunden ?s [D] etwas anderes sein
| s ein synpathisches Stinuldbs, ein Ste oI d - schl echtshornon, ein

Ge @ tni sverstarker, ein | angkettiger Al kand| ein Antikrebs- odor
Ant i tunor- 55 mttel. 2. Verfahren zur HersNeI I ung ei ner Verbi ndung der
Formel 193 1 11 Liall Q. 1 oc L M
S~~~ A EP 0 110 955 B1 [ D DHC] () r eines nicht-toxischen,

phar megeut i sch akzept abl en Sal zes davon, worin [D] elne zentral w rkende
Ar znei mi t t ebhesipe ModrsR FGs, -HMel che Arzneim ttel spezies dycin, G utam nsaure,
Aspar agi nsl ure, Tryptophan, 5 : ei n Enkephal in, ein Endorphin oder
el ne andere Am nosaure oder ein koines Peptid, welches 2 bis 20 K)

Am nosaur eei nheiten enthalt; GABA, 1ly-Vj GABA odor y-acetyl eni sches
GABA; ™or epi nephri n oder Epi nephrin; -S¢ '
5- Hydr oxy- 2- n- propyl pent ansaur e, 4- Hydr 8Xy<2- n- propyl pent ansaure odor 3- Hy-
dr oxy- 2- n- propyl pent ansaure; Met hyl dopa; Tyram n; Dopam n oder Levodopa;
Ampi ci | T'in; od gzpalgm n; L- Al anosin; Mel phal an; DON, oder Acivicin; odor

G sam n, °6e Am no- 6- deoxy Dgl ucose ist: und 10 [ DHC] die

For m ' glr tﬁgsre ;%‘%%ﬁ% "gm Hé’ 'z'batm Qﬁ%@éﬁ%@&%ﬁ%ﬁiﬁeﬂﬂ?m&é B%de

20 ist, worah, %}M de?%ﬁ de‘r %ly brﬁm&lﬁ&lé eﬁ&tht Yor ! vielcHét Sminde-
Vor handens elhs 2B ¢lydiRRARRIoR af H&qea&iveﬁ pH&h ARASIktbiICMgebrRAGE, thadBs
Di'hydrpyr i gdidhed M@Esstons ZiRd Gﬁdereywa%kyfﬂikﬁn%éb&ﬁhytérwﬂhfuhﬂ&x aﬁ b BiRyBropyridin-

Di hydr opyr i fhgiystemGngsbraitiigart ist, an eine funktionelle reaktive Am no-
oder Hydroxyl gruppe in der 25 zentral w rkenden Arzneimffel spezies
gebunden 28.sVertisting1den BasbladasFoeele der ver bl ei benden reaktiven funktionellen
G uppen in der zentral w rkenden Arzneimttel spezies durch eine

hydr ol9gt i sclR-@dor M) :

worin [D] eine zentral wirkende Arzneimittelspezies ist, weiche mindestens eine reaktive funktionslie
COOH-, Amid- oder Imidgruppe enthélt, und [QCI* die hydrophile, ionische Pyridiniumsalzform eines
Dihydropyridin&Pyridiniumsalz-Redoxtrégers ist, der ein Pyridiniumringsystem der Formel

35

40

CHgj

45 umfaBt, wobei sin Ringkohlenstoffatom des Pyridiniumringsystems Uber eine Brlickengruppe mit einer
reaktiven funktionellen COOH-, Amid- oder Imidgruppe in der zentral wirkenden Arzneimittelspezies
verbunden ist.

30. Verbindung nach Anspruch 28, worin die zentral wirkende Arzneimittelspezies [D] mindestens eine

50 reaktive Amid- oder Imidgruppe enthélt, und das Pyridiniumringsystem zusammen mit der Briicken-
gruppe die Strukturformel '

55
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met abol i sch abspal t bare Hydroxyl - oder Carboxyl schutzgruppe geschUt zt wi rd;

wel ches Verfahren gekennzei chnet ist durch ein Reduzieren der

ent sprechenden Ver bi ndung der ForRROBWESEBY D-QC]+ (I11) worin [D oben

definiert ist, und [QC]+ die hydrophile, ionische Pyridiniunsal zf orm ei nes

D hydr opyri di n*Pyri di ni unsal z- Redoxtrl gers mt der Fornmel 35

0 *40 Ist, worin R Methyl oder Benzyl is¥, wobei die Carbonyl funktion, die

dem Pyridi niunring benachbart ist, a ; funktionell e reaktive Am no-

odor Hydroxyl gruppe in der zentral wijkend neimttel spezies 45

gebunden ist, und m ndestens eine deRver bi|¢ den reaktiven funktionellen

G gppen in der zentral w rkenden Arzneimtt pezi es durch eine

hyt+ol yti sch oder netabolisch abspal tbare Hyd¥oxyl - oder

Car boxyl schut zgruppe geschftzt wird. 3. Verf n nach Anspruch 2, wobel

die Arzneimttel spezies ein Dopamin mt der Strukturfornel 50 NH2 55Y i st,

worin ji@edes Y unabhl ngi g Wasserstoff oder eine hydrolytisch oder

met abol i sch lebigp abina Gl 194 [ TR i i [ EP 0 110 955

Bl C LM 1 Hydroxyl schutzgruppe ist, mt der Ml gabe,

daB m ndestens ein Y eine Acyl gruppe oder ne Carbonatgruppe I'st, worin

bevorzugt: ein Y Pivalyl und das andere Ma3ser st of f odor PlvaIyI ist; ein

Y I sobdfyryl und das andere Y WAsser stT Ny | sobutyryl ist; einY

Et hoxycar bonyl und das andere Y WAsserstd Oder Ethoxycarbonyl ist: oder

einyY Isopropoxycarbonyl und das andere Y Wasserstoff O 5 oder

Isopropoxycarboe I'st. 4. Verfahren zur Herstellung einer Verbindung der
% ?‘10 oder el nes nicht-toxischen, pharmazeutisch

ta%l 8! \gﬁjlféﬁf% %MCNH n}ﬁﬁ éb erIR] dl?'zaﬁalzﬁmgﬁdglA%lmﬁgﬂg&es [D] mindsstens eine

Ar znei m ttel shee tda‘é'F’&Hﬁrﬁﬂrﬁrﬁ&ﬁystelﬁ zllsammen mit der Brlicken-
entzUndunngﬁﬁgggggﬁu hg| e|n hhrkotlkunloder ein Gstrogen ist und

wel che mindestens zwei reaktive funktionelle Hydr oxyl gruppen enth~lt, und
[DHC] dse reduzierte, blooxydierbare, ofie abut/Hirn-Schranke

aye

durchdringende, |ipoide Form eines 15|
D hydr opyri di n*Pyri di ni unsal z- Red-@éﬂ@@@iﬂ@c | cher m ndestens ein
Di hydropyri di nri ngsystem der é (::>
30
[
CHs
35 besitzt, worin R -CCla, -H,
O, | O
oder -CHjs ist.

45 32. Verbindung nach Anspruch 29, worin die zentral wirkende Arzneimittelspezies [D] mindestens eine
reaktive COOH-Gruppe enthélt und die Briickengruppe, die das Pyridiniumringsystem mit dem Arznei-
mittel verbindet, von siner Di- oder Polyhydroxyverbindung abgeleitet ist, von welcher mindestens eine
Hydroxyfunktion an einer reaktiven COOH-Gruppe im Arzneimittel angebracht ist, und von welcher
mindestens eine andere Hydroxyfunktion Uiber eine Carbonylfunktion an das Pyridiniumringsystem

50 angebracht ist.

33. Verbindung nach Anspruch 28 oder 32, worin die Briickengruppe von Ethylenglycol, Propylenglycol,
Inositol oder sinem Zucker abgeleitet ist.

55 34. Verbindung nach Anspruch 25 oder 29, worin [D] ein zentraler Neurotransmitter, ein Antikrebs- oder

Antitumormittel, ein Antivirusmittel, ein Tranquilizer, ein sedatives oder hypnotisches, ein antikonvulsi-
ves oder antiepileptisches Mittel, sin dopaminergisches Mittel oder sin antibiotisches oder antibakterisl--

- L




Formel 020 R 25 unfaft, worin R ein niederes Al kyl oder Benzyl ist und die
gepunktete Linie das Vorhandensei n ei ner Doppel bi ndung an entweder der
Position 2 oder 3 des Di hydropyrEROMDAgEB1anzei gt, wobei ein

Ri ngkohl enst of f at om j edes Di hydropyridinringsystems Cber eine Br Uckengr uppe
an eine funktionelle reaktlve Hydr ox; ruppe .in, der zentral w rkenden

Ar znei ni %t ¥orei gg rg‘@ én ofer29, Wgé'ﬁég'e\ﬁé}'@ﬁfee‘ﬁ’e@ﬂ“ k'e'"esdbéR%HE'gleﬁﬁnot

i st durch BFA f‘@ﬂ H&Y %‘W‘teiﬂ'eer“th@hfsgprechenden Ver bi ndung der Formel [D QCr+

( 11) V\Drés 111 nac?\blgns ra jﬁ gre r£9 rf [D&'%g G[A%] é-lyé:iir{ %l téﬁ%?&@ Asgaradm%mrg(:he
Pyridi nLu g’i em V)\ggacm M, Vasopr sm 3-Deazaguanin, Tiazofu-
py{lg' n @i 2p égi'&i Ao, e EHcRE) BARHYIE RSy &bibmefoiszure

i ni U”b % u?r& Kon ﬁ‘Jdr -2555, SR-2508, Bactobolin, Acivicin, Hydroxyharmstoff, Chlo-

ABlracild&Hk, | NikigRa lﬁ'd 8-FODA ét%e;é}t mlnopldﬁhr NB@H\%)(\'C |Fﬁl§avmr‘/\%ﬁﬂovi¢| n
Rl ngkohl ensiAQJuf.aﬁ QR eBAHE SLoRYdphili ONiGHRkzepdx/A0 BibmbRREM, (dMRFackial) NitlBedpak SP@hyDDE
an ei ppe r ek, Et@oih, WRIShdn0BiR) MéhykdseH, QXhySEABAD S adolyletiSthed GABA, RheridbareInal@ifo-
Ar znei i t t-eirbifak Bitgbitap Gltdthived) AmBibglut&himidemétavipryn, VapmhsiirsiHydedty-2-n-prapiigdnt-[ D]
ei n Anti vi ensgire,t 4-Bydroxg-L-n-pPylfentaveiufon BiHgdroxyatprépyppitansiure]  Bemodoidi Tiyppphen,n
ent zOndung sévedapenareicilt, oinmixigillih,s Oxaciiin, Uabdnizliiine Diclvzastiin AGkiprtetredyclif, Teiggwdlin,[ D]
ei n Gst r ogMethhaytlin, BEidiginsavker Cephalexn, Genbhlothins@afexitin Qlindamybiey| Lifc@hycinsqder Oxolin-
Hydr oort i s&we- Bet anet hason, Dexanet hason, Cortison, Flunethason,
FI upr edni sol on, Mepredni son, Met hyl pr edni soI on, Pr edn| sol on, Pr edn| son,
Tri anci N8l Mﬂb'"@aﬁt BRP, orqsﬁpaaffsgl@d,aenglghgabgplﬂg{ﬁmﬂ@h\mkeml%érlzgﬁl{leeISPeZIes an
Par anmet has 8%, H"E@Pﬁ‘*ﬂ?ﬂ‘ EBt”’?'&'lﬂ’lV(?fb'"df’@s"E"Pé’a'ibﬁf’““Q6'§‘tFr°f’?ﬁ Ara- AC, Pentostatin,
D, r o- 5- gjzgﬁé(] gi Ti azof urin, - Sangi vanycin, Ara-A, 6-MWR, 5-FUDR,
109

obf’- 55B1 nar abi nosi d, 5-Azacytidin, Ribavirin,
S, 7 Di mat hX %mf rhchRoxnécE%vEﬁa%&g ka&%? hglg‘ dgofi‘ sp Wohrﬂlﬂ elhe zgntlra}e&?%nde
D- gl ucose, 3 -, SH-, NH- oder NH.-Gru
6- Ani no- 6- @?}9 yilisse iy Jﬁ,@ae ol R o b RS

Hxﬁpe%ewne
(S)-95( 2, ?’ell;ﬂ\j%M ap (E]rcﬁbo%él)zﬁgé‘ 'Blo&ydu@rbﬁ'@eﬂtg BIGtHin-Schranke durchdringende, l|p0|de Form

5, 6- D Chl Obinds hyd ARy Fidiium B o RRIRTerd! il Scher diR IR RRRIrindNPASHH LB Foh.,
Mor phi n, Oggcodon, onon Nal or phi n, Benzdstrol oder s

Di et hyl stil b6st rol .

30 OCOFH
N
% |
> umfaBt, worin Ry -NH2 oder -ORz ist, worin Rz Alkyl ist, wobei der Dihydropyridinring gegebenenfalls
O an einen Benzolring kondensiert ist, und das Stickstoffatom des Dihydropyridinringsystems Uber eine
40 Briickengruppe mit einer reaktiven OH-, COOH-, SH-, NH- oder NHz-Gruppe in der zentral wirkenden

Arzneimittelspezies verbunden ist.

38. Verbindung nach Anspruch 37, worin die zentral wirkende Arzneimittelspezies [D] mindestens eine

reaktive primédre oder sekundédre Aminogruppe oder mindestens eine reaktive OH-Gruppe enthilt und

45 das Dihydropyridinringsystem zusammen. mit der Brlickengruppe, die das Dihydropyridinringsystem
mit der Amino- oder OH-Gruppe in [D] verbindet, die Strukturformel

COR;
50
?II.
55 Rs""fl: -
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(- 9. Verfahren zur Herstellung einer Verbindung der Formel [D-DHC] (1)
10 oder eines nicht-toxischen, pharmazeutisch akzeptabl en Sal zes davon,
worin [D] eine zentral wrkende AfER@Q11 $558BLpezies |st, welche ein

Anti krebs/ Antitunor- und/oder ein Antivirusmttel ist, welche Ar znei

mttel spezi es, ejne St ukt yr . vom T ner ode
besi t zt , vvela(‘,‘f’f”(?'sblwﬂ ﬁf"hé Py y)ﬁﬂ% Iﬁc‘lfrﬂ "E’y{gﬁg; iu

rm vorzugswe hyd Idln )%{em § Jn ﬁ\q
tragt, und [‘@E@E uﬁ E% ;n bi o(9xycfe’era'f§)areY
Bl uVHi r n- Schr anke aur c rlngen e, | i poi de Form ei nes
Di hydropyri di n*Pyri di ni unsal z- Redoxtrggers bﬁNHgWEl cher m ndestens ein
Di @ropyrl di nri ngsystem der For nel

5 unfaBt, worin R ein niederes Ikyl| oder Benzyl ist und die
gepunktete L|n|e das Vor handensei n ekper ppel bi ndung an entweder der
Position 2 oder 3 des Di hydropyridinri rlrbes anzei gt, wobei ein
Ri ngkohbenst of fat om j edes Di hydropyri (cg_ga)ng_ sysLens Uber ei ne Br Gckengruppe
an eine funktionelle Hydroxyl gruppe in zen\t ral w rkenden
Arzneimttel spezi es gebunden ist; welches Ver@ahren gekenn- 30 zei chnet
i st durch ein Reduzieren der entspr echenden Ver bi ndung der Fornel [D QC]+
(I'l) worin [DI oben definiert ist, und [QC]+ die hydrophile, ionische
Pyri di i unsabesizb it h@edg3ist. D hydropyri di nvayri di ni umsai z Redoxt ragers
ist, der m ndest ens ein ridiniunri n%s'?/st em er For rre
gg%m

ke By o R SESa duah g%féﬁgv" M o iy ?’”PES&’P?‘\?
j edes Pyri d| ? %L:E'
fu i oneI | e % P"E{Wf'% B?‘Y@tem £ pe' Ver gl%e?g rznel "M ttel spezi es
g déf ist. 10. Verfahren nach Anspruch 9, vvorl n[D] ein Antivirusmttel
ist. 50 11. Verfahren nach Anspruch 9 r ist: Ara-AC, Pentostatin,
Ara-C, Di hydro-5-azacytidin, Tiazof L sangi vanycin, Ara-A, 6- MPR
Desnet hyl m soni dazol, 5- FUDR, Cyt osi ar alji nosi d, 5-Azacytidin, R ba- virin,
Acycl ovkr, (S)-9-(2,3-Di hydroxypropyl»>Rdeni n, ~6- Azauri din, ' '
5,6-Dichlor-1-,f-D-ribofuranosyl benzi nil- dazqg] oder
5, 7-Di net hyl - 2-a- D-ri bof ur anosy!l -s-tri(@fh)ﬂ\"I, -a)pyrimdin. 55 12.
Verfahren zur Herstellung ei ner Verbindung d Formel [D-DHCG (1) 196
|l 111111 11121121 1121 111 11 11111

30

aufweist, worin n 1, 2 oder 3 ist.

40. Verbindung nach Anspruch 37, worin die zentral wirkende Arzneimittelspezies [D] mindestens eine

reaktive prim3re oder sekunddre Aminogruppe oder mindestens eine reaktive OH-Gruppe enthilt und

35 das Dihydropyridinringsystem zusammen mit der Brlickengruppe, die das Dihydropyridinringsystem
mit der Amino- oder OH-Gruppe in [D] verbindet, die Strukturformel

O ' COR1

40

1.
Rg-C -

45 “

o

aufweist, worin Ry wie in Anspruch 37 definiert ist und Rs (CH2), ist, worin n 1-10 oder bis zu einem
50 verzweigten Ciz-Alkylen ist, worin vorzugsweise das Dihydropyridinringsystem zusammen mit der
Briickengruppe die Strukturformel

55
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EPO 110 955 BI oder eines nicht-toxischsn, pharmazeuti sch akzept abl en

Sal zes davon, worin [D] eine zentral wi rkende Arzneinittel spezies ist,

wel che ein Steroidprogestin oder ERiOl18t98% Bldost r ogen i st, wel ches Progestin
oder Ostrogen m ndestens eine reaktive funktionelle Hydroxyl gruppe besitzt,
wobei eine sol che G uppe 5 ei ne funktionelle tertiare Hydroxyl gruppe
in der Position 17 ist; und [DHC] di duziGONEi; bi ooxydi erba- K ]

re, die Blut/H rn-Schranke durchd y | i poi de Form ei nes

Di hydr opyri di nOPyri di ni unsal z- Rs tragdrs ist, der mndestens ein

Di hydr,opyri di nringsystem der For M A unfalt, worin R ein niederes

Al oder Benzyl ist und die gepunktete Linie das Vorhandensei n ei ner
Doppel bi ndung an entweder der Position{@Hzpref>-3 des Di hydropyri di nringes
anzei gt, wobei ein Ringkohl enstoffatom eines [ hydropyridi nringsystens Cber
ei ne Brackengruppe an die tertilre funktio- kj 20 nel |l e

17- Hyar oxyl gruppe i m Progestin oder Ostrogen gebunden ist, wobei ein

Ri ngkohl ensesiitf wdriom1e2 odes3 iskr bl ei benden Di hydr opyri di nri ngsystens Uber ei ne
Brackengruppe mt einer anderen reaktiven funktionellen Hydroxyl gruppe im
Pr ogest i - Yerbindung tnagfy Anspruety BUnbsm dieszentrajwirkdndes Aizaqimitieisneriosy il enintlestensi eirienet

i st durch eaiivREMEP erlas solgagareAmiaearupee adr aVndowens cine uprstive OF-Grapngesnthiibund

[ D- QCJ5%+ (F89 D\Wtf’r’_‘?ﬂxf"gq OSBRI ZHRIMMAD 8t dey Hrlckangrypredip dag) DibygdrpRivigipinpsystem

i oni sche P)rnlti(ﬁli AingT 98T OHAF1vRPE inRL verbindst, die Strukturformel

Di hydropyri di nOPyri di ni unsal z- Redoxtrl gers ist, der nindestens ein

Pyri di ni unri ngsystem der Fornel 30 0-C 2 _

| Bt, worin R ein niederes Al kyl ¢der Benzyl ist, wobei ein

Ri*dekohl enst of f at om ei nes Pyr jr i i ngsystens Qber eine Brfckengruppe
an die funktionelle tertiare 1 gr uppe im Progestin oder 40
6strogen gebunden ist, und ei N\® st of fat om ei nes ver bl ei benden
Pyridi ni unri ngsystens fber eine rfckengr@@m_‘f ne andere reaktive
funkt pgonel | e Hydroxyi gruppe i m Progestin oder @l ogen gebunden ist. 13.
Ver f ahren nach ei nem der Ansprfche 4, 9 und 12, vobei jedes

Pyridi niunringsystem zusammen mt 45 der Br Uckengruppe, die daran
gebunden i stfyeisli veorif-oraéde3 80 R 55

30 42. Verbindung nach Anspruch 37, worin die zentral wirkende Arzneimittelspezies [D] mindestens eine
reaktive NH- oder NHz-Gruppe enthilt, welche Teil einer Amid- oder Imidstruktur ist oder welche eine
primédre oder sekunddre Aminogruppe mit niedrigem pKa ist, und das Dihydropyridinringsystem
zusammen mit der Brlickengruppe, die das Dihydropyridinringsystem mit der NH- oder NH2-Gruppe in
[D] verbindet, die Strukturformetl

85

CONH,

- I
O ~GHOC(CHan—N
40 R

besitzt, worin R -CCla, -H,

45 :
50
oder -CHs ist und n 1, 2 oder 3 ist.
43. Verbindung nach Anspruch 37, worin die zentral wirtkende Arzneimittelspezies [D] mindestens eine
reaktive GOOH-Gruppe enthéit und das Dihydropyridinringsystem zusammen mit der Brlickengruppe,
565 die das Dihydropyridinringsystem mit der COOH-Gruppe in [D] verbindet, die Strukturformel

- ) DAY A



unfaet, worin R ein niederes A kyl oder Benzyl ist, insbesondere wenn R
Met hyl 1st oder wenn di e Carbonyl gruppe an der Position 3 des

Pyridi niunri nges angebracht ist. 1EP0110955B1 |l *C L M S *o
EP 0 110 955 Bi 14. Verfahren nach Anspruch 13, wobei jedes

Pyridi niunringsystem zusanmen mt der Brackengruppe, die daran gebunden
Ist, die Fornel 0 5 :

~ttc- 10 CH3 besitzt. 15 15. Verfahren nach CBM'!% 13, wobel jedes
Pyridi ni unringsystem zusammen nmit der Br gruppe, die daran gebunden
ist, dig Fornel O 0 20 —(CHo)p=

H2 (oQOCH2C- 25 CH3 besitzt. 90 16. Q3N en_Aach Anspruch 12, wobei [D]
i st Mestranol, Chinostrol, Norgestrel, Norethindron, Ethisteron,

D net hi steron, Allyl6strenol, Ci ngestol, Ethyneron, Lyn6strenol,

Nor gest er on, aUNasisy, iwdlirsi €r2@aer thynodi ol oder Tigestol. 35 17. Verfahren zur
Her st el 4oung m ner Verbi ndung der Fornel [D-DHC] (1) oder eines

ni cht - t oxi4g.cYebindupd) asaveAnsprichs37) walre dip tzafiitab wirksedez AraneiiiineispezieadP] minfidsiene ieine
zentral w rkeade GQOH-Grupge enthéiitund tiesl Rilneirppislinringsystame zuséramen mitl deyt Briirkengrupps.
reakti ve funéie desriiydopyddlingsysiam roit dey §OPH{Gnipde inuiRlrerbindatitid StrukiunfidmeIDHCI di e
reduzi erte, biooxydierbare, die BlutfUirn-Schranke durchdri ngende, |i poide
Form eifies Di hydropyri di n*Pyri di ni unsal zsReda@ONHzgers ist, der ein

Di hydr opyri di nri ngsystem der For nel

O =

00

25

besitzt.
g0 45. Verbindung der Formel
[D-QCT* (I

worin [D] eine zentral wirkende Arzneimittelspezies ist, welche mindestens eine reaktive OH-, COOH-,
35 SH-, NH- oder NHz-Gruppe (einschlieBlich Gruppen, wie z.B. Amide und Imide, sowie primére und

sekunddre Amidogruppen) enth#lt, und [QC]* die hydrophile, ionische Pyridiniumsalzform eines Dih-

ydropyridin&Pyridiniumsalz-Redoxirdgers ist, welcher ein Pyridiniumringsystem der Formel

O ) COR,
0 -

" |

umiaBt, worin Ry -NHz oder -OR; ist, worin Rz Alkyl ist, wobsei der Pyridiniumring gegebenenfalls an
einen Benzolring kondensiert ist, und das Stickstoffatom des Pyridiniumringsystems liber eine Briicken-

50 gruppe mit einer reaktiven OH-, COOH-, SH-, NH- oder NH2-Gruppe in der zentral wirkenden
Arzneimittelspezies verbunden ist. .

46. Verbindung nach Anspruch 45, worin die zentral wirkende Arzneimitislspezies [D] mindestens eine

reaktive primire oder sekundire Aminogruppe oder mindestens eine reaktive OH-Gruppe enthiit und

56 das Pyridiniumringsystem zusammen mit der Briickengruppe, die das Pyridiniumringsystem mit der
Amino- oder OH-Gruppe in [D] verbindst, die Strukturformel

[

" A



456 0 50 CH3 unfatt, wobei
ean Ri ngkohl enst of f at om des Di hydropyri di nri ngsystens Uber el ne

Br Cckengruppe an eine reaktive fGRIt110985 B3 COOH-, Anmi d- oder |midgruppe in
der zentral w rkenden Arzneimttel spezies 55 gebunden ist; wel ches
Ver f ahren gekennzei chnet ist durch ein Reduzieren der entsprechenden

Ver bi n- dung der Fornel [D-QCl+ (11l 198CONH, LI T T

EP 0 110 955 Bl worin [D] oben defj irst, und [QC]+ die hydrophile,

i oni sche Pyri di ni unsal zf orm el nes

Di hydrgopyri di noPyri di ni unsal z- Redo ers ist, der ein

Py i niunringsystem der Fornmel O~~~3 ~02 10

1 unfalt, wobei ein Ringkohl enst(@H{afet@ees Pyridiniunringsystens Cber
eine Brlickengruppe mt einer 15 r eakt i%en funktionell en COOH, Am d-
oder I mdgruppe in der zentral w rkenden Arzneimttel spezies verbunden ist.

18. Ver fahren nach Anspruch 17, wobel die zentral w rkende

Arznei m tt bbsitgewaries 1] DpdenB istiest ens el ne reaktive Am d- oder | m dgruppe
enthalt, und das Pyridiniunringsystem zusammen nmt der Bracken- 20

gruppe 4% VSbingddop una¢ho Arpptucip 45, GrdhT dfeszentral wirkende Arzneimittelspezies [D] mindestens eine

| CH3 30 béagktive primgip ofles spkunddrg Aminogiyppg gdey'mindsstens eine reagsiiye OH-@rpepe; epthdlt gl 19.
Ver f alfr en (&% Ryridiipmringsystery uspipipen mijder Brdehengsyppgy di dasciyridipigrenopysteremi §eizi es
[D] ni ndestABiS- eHeH-Grmrg in (R veringet. disRiuktyrferealr uppe enthlit, und das

Pyri di ni unringsystem zusammen mt der Brfcken-

O oo

25 O

besitzt, worin n 1, 2 oder 3 ist.

30 48. Verbindung nach Anspruch 45, worin die zentral wirkende Arzneimittelspezies [D] mindestens eine
reaktive NH- oder NH2-Gruppe enthélt, welche Teil siner Amid- oder Imidstruktur ist oder welche sine
primdre oder sekunddre Aminogruppe mit niedrigem pKa ist, und das Pyridiniumringsystem zusammen
mit der Brliickengruppe, die das Pyridiniumringsystem mit der NH- oder NHz-Gruppse in [D] verbindet,
die Strukturformel

35

CON
O Hz-

O —?Hé)g(CHz)n-:NO
R

40

besitzt, worin R -CCls, -H,

45
50
oder -CHs ist und n 1, 2 oder 3 ist.
49. Verbindung gem#B Anspruch 45, worin die zentral wirkende Arzneimittelspezies [D] mindestens eine
reaktive COOH-Gruppe enthélt und das Pyridiniumringsystem zusammen mit der Briickengruppe, die
55 das Pyridiniumringsysiem mit der COOH-Gruppe in [D] verbindet, die Strukturformel

-

T



gruppe die Strukturfornmel 45 0

O - CHOCCH20C R e 50 CH3 55 besitzt, worin R -CCl 3, -H,
199 [I'I~lij hul! 11BR0 11095581 111 EP O 110 955 Bl 5 oder
-CH3 i St. 20. Verfahren nach Anspruch 17, wobei die zentral w rkende

Arzneimttel spezies [D] m ndestens eine 10 reakti ve COOH G uppe enthflt

und di e Brtckengruppe, die das PyridiniunringgOMNe nit dem Arznei- mttel
ver bi ndet, von einer Di- oder Polyhydroxyverbfndung abgeleitet ist, von
wel cher mi ndestens eine Hydroxyfunkti on.,.g Ner reaktiven COOH Gruppe im
Arzneinittel angebracht ist, und—{fef ndestens ei ne andere

Hy yTunktion Qber eine Car bonyl f unkti on—aH das Pyridi ni unti ngsystem

an racht ist. J5 21. Verfahren nach Anspruch 20, wobel die BrUckengruppe
von Et hyl englpwesik worl @PY Radditcol , I nositol oder ei nem Zucker abgel eitet

I st. 22. Verfahren nach Anspruch 17, wobei [D] ein zentraler

Neur ot r @ns0l VérBiidung;idid i diriekortsupszifiséhd @ anghéitabdabidBlfier zénfrhl wienden Arzridiniiftetspeziesian
Ant i vi rusm t §a3lHimn angapaBt iawaléhs iVaRindung ieine Vartiaduny @& Fodel hypnoti sches, ein
anti konvul si ves oder antiepileptisches Mttel, ein dopam nergi sches Mttel
oder ein ant[DIDHAli sghes oder antibakterielles Mttel ist. 23. Verfahren
nach Anspruch 17, wobei [D] eine Am nosaure oder ein kleines Peptid,

wel chests2 bi edepgin Jeht-toxiscisi phetesaeutiechraizapteblps Saiz faypy ist W§'ﬂ" (D} gine werjrelygkende

nach Anspr ucfrznejmitigizepeias iFtDpelpher m'"@&Bﬂ? 9'(5’ Wl‘tl’fe Qtf G OPH-n St N+ oder NH?'G’”ppe
Aspar agi nsau(e@s"hl@lﬁho@é?&ef‘-nw'e 13fRi4mide pndeiiiden, soyyiq H““‘éé? H"‘Eﬁﬁ]ﬁ?dﬁfﬁ fiminegy

M Vasopres SP"ﬁhﬁit [93_' Uﬁlertefpla lﬂ'p réey dleSBélHl rQ/ nko.qu I|p0|d orm
Spwrmst in, e'{',es "“ ymspl ' *‘5‘2 % f’?fﬁﬁ’ ydroiso-
al Baur e fefhenggon enst é ré& e ot

n
ke emef rea | Hz- gér !

Acivicin, Hy (WA rac ’I sen @ﬁ

é" lﬁ] P&%A(?f s z%gpe Jjeﬁl avi rin, Acycl OVI r, 6 Azaurl di n,

Met hot rexat m nop

Oxaze- parg, QbGP AL Qgggihds@%mpme ChontRl AMBARPAFReirIPEAREB R nindestens sine

N trazegam Boawy bithdte odet {51 AnfYkogruppe oder mindestens eine reaktive OH-Gruppe enthélt und
das Dihydrochinolin- oder Dihydroisochinolinringsystem zusammen mit der Brlickengruppe, die das
Ringsystem mit der Amino- oder OH-Gruppe in [D] verbindet, die Strukturformel

@
30 T
C—
35 : :N:
O i
. 40 aufweist, worin Ry C1-C7Alkyl oder C7-CioAralkyl ist, insbesonders wenn R; Methyl ist.

52, Verbindung nach Anspruch 50, worin die zentral wirkende Arzneimittelspezies [D] mindestens eine
reaktive prim3re oder sekundidre Aminogruppe oder mindestens eine reaktive OH-Gruppe enthlt und
das Dihydrochinolin- oder Dihydroisochinolinringsystem zusammen mit der Briickengruppe, die das

45 Ringsystem mit der Amino- oder OH-Gruppe in [D] verbindet, die Strukturformel
i

50 C—
~

55

aufweist, worin Ry C1-C7Alkyl oder Cy-CioAralkyl ist, insbesondere wenn Ry Methyl ist.

1o 00O R R R
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phenyt oi n, Met hyl dopa, 1ly-Vinyl-GABA, y-acetyleni sches GABA, Phenobarbital,
Am nobarbital, Butalbital, dutethimd, Am noglutethimd, Methyprylon,

Val pronsgure, 5- Hydr oxy- 2- n- pr op§P 910988 Blr e, 4-Hy- 35

dr oxy- 2- n- propyl pent ansaure, 3-Hydroxy-2-n-propyl pentansaure, Benegrid,

Trypt oph O P56 wd .h é’ﬁP&f kdnbid Rbilolibd 10y GRS 1 1
Di cl oxacl lr,véerlb ve?ar*v glcz uc ? e ﬁiﬁeﬁé@&%%ﬁ eé BH-[ é oder :unclie-
di xi nsaur e o (EBhal hr&nd Bifydrdchinolid bdbH BiRY&rbiSochidiRiaERémN

oder Oxol i Q%Hﬁmgn mit der BrUcke ppé/Q‘f @3 PR syioh rhl@ﬂ&tﬁ(?rhr{ouﬂtﬁr ©HNEeder ¥RIGRAIPPE NG
der_Fqr nel g]QerQd@I-Agsﬂukt(,ﬁ&mader ei nes ni cht-toxi schen, pharnmazeutisch

aktabl en Sal zes davon, worin [D] eine zentral w rkende

Arziieimttel spezies ist, welche m ndestens eine reaktive OH4, COOH, SH,
NH oder NH2- Gruppe 45 (einschlieflich uppen, wie z.B. Am de und

I mde, sowi e primare und sekundare Am nogrupflen) enthalt, und [DHC] die
reduzierte, blooxydierbare, die Blyt/H Scfiranke durchdrl ngende, |ipoide
Form ei nes Di hydropyridi n*Pyri di piangy pdoxtrggers ist, weicher ein

Di hydropyri di nri ngsystem der For 50 COR1 200 C

L EPO 110 955 Bi unfal 3t, worm IR~ odor -OR2 ist, worm R2 Al kyl ist,
wobei der Di hydropyridinring gogebononf | s an einen Benzolring kondensiort
i st, Uhd das Stickstoffatom des Di hydro i di nringsystens Uber eins

Br Uckengruppe mt einer reaktiven OH, , SH, NH odor NH2-G uppe in
der zentral w rkenden Arzneimttel spezies verbunden I st; wol ches Verfahren
gekennzel chsthz i st durch ein Reduzieren der O 5 ent sprechenden

V g&junga Formel [D-QCJ+ (Il) worin [D] oben definiert ist, und [QQ+

di ydr Wme}bﬁxdudgorﬂlbﬁ ARl 5b Civdth WS 2dn#dl QHirkan@b A&Seirhfelspezios [D] mindestens eine

Di hydr opyr irghiive R b8 me@eﬂﬁd%dhb 6l §indr Abnid- V& TRI@trultrist oder welche eine

Pyri di ni umphings \b8drBRuAidske ArihdRppéiaithiedrgertrpKa i3f) dét IHoddxirdge TDHCTeiRDihydMdRingkd e r
-OR2 ist, Wlingsystéir uifabiytnd bis Brickgreppeder Stlytiri di ni unTi ng gogebenenfal I's an

ei nengaenzol ring kondensiert ist, und das Stickstoffatom des

Pyri di ni unri ngsystens Uber eine Br(cken- ghuppe mt einer reaktiven OH,

COOH, SH, NH oder NH2-Guppe in de_r_ca%rgral w r kenden

30 H

aufweist, worin R -CCls, -H,

ss ©

O oder -CHa ist, wobei die Carbonylfunktion der Briickengruppe mit einem Kohlenstoffatom des Stickstoff-
' 40 enthaltenden Ringteils des Dihydrochinolinringsystems verbunden ist.

55. Verbindung der Formel
[D-QCT* (I

worin [D] eine zentral wirkende Arzneimittelspezies ist, welche mindestens eine reaktive OH-, COOH-,
SH-, NH- oder NHz-Gruppe (einschlieBlich Gruppen, wie z.B. Amide und Imide, sowie primire und
sekundire Amidogruppen) enthélt, und [QC]* die hydrophile, ionische Pyridiniumsalzform eines Dih-
ydropyridiné&Pyridiniumsalz-Redoxtréigers ist, welcher ein Chinolinium- oder Isochinoliniumringsystem

50 umfaBt, wobsei ein Kohlenstoffatom des Stickstoff-enthaltenden Ringteils des Ringsystems Uiber eine
Briickengruppe mit einer reaktiven OH-, COOH-, SH-, NH- oder NHz-Gruppe in der zentral wirkenden
Arzneimittelspezies verbunden ist.

56. Verbindung nach Anspruch 55, worin die zentral wirkende Arzneimittelspezies [D] mindestens eine
55 reaktive primire oder sekunddre Aminogruppe oder mindestens eine reaktive OH-Gruppe enthélt und
das Chinolinium- oder Isochinoliniumringsystem zusammen mit der Brlickengruppe, die das Rings-

ystem mit der Amino- oder OH-Gruppe in [D] verbindet, die Strukturformel

| O
s e L e s L




Arzneim ttel spezies verbunden ist. 25 26. Verfahren nach Anspruch 25, wobei
die zentral wirkende Arzneimtte] spezi es.é_.[l.h[a1 m ndest ens ei ne reaktive

pri mare oder seokundare Am nogru'p;é ildest ens si ne reaktive OH G uppe
enthalt und das Pyridiniunringsystem zusanmen mt der BrUckengruppe, die
das Pyridiniunringsystemmt der Amino- oder O4 Guppe in [D] verbindet,
die Strukturformel 30 Q0CONH2 35 ﬁ

Il (L;H2)n-C 0 40 besitzt, worin n 1, 2 oder Sijt. 27. Verfahren nach
Anspruch 25, wobei die zentral wirk s rmttel spezies [D] m ndestens
ei ne reaktive primre oder sekundi ppe oder mnindestens eine
re@i ve OH G uppe enth~lt und 45 I di ni unTi ngsystem zusamen mt
de ri ckengruppe, die das Pyridiniumr Nfstemmt der Ami no- oder

OH Gruppe in [D] verbindet, die Strukturfqrrrel CON] H2 50

OIll tCH)n-c- 0O bssitzt, worrmnl 2 odgy, 3 ist. 201

L EP®110955B1 28. Verfahren nach Anspruéh 25, wobei die zentral wrkende
Arzneimttel spezies [D] m ndestens eine reaktive NH odor NH2- Guppe
enthlit, welaéﬁ'é'sq'\!?’!" R Gy AllghPder CoBlefraliytiih dqsbesradare Wean RbM@PY'\'ﬁéI che ei ne
primare oder sekundar e Am no%rup e mt n| edr| lr_a!’):g'Ka |st un

Pyri di ni uﬁ?‘l grtge cl2 "“(ﬂé? 2z imi ] mindestens eine
imare m p er enthadlt un
Pyridi At unr i sp{g‘%\ﬂ; %ochmo lmuntisrlla;gsysﬁslm zuscg)m ckengruppe, d%:[ das ngsqj

die Strukt ur m i de mino- oder OH-Gruppe in [D] verbindet, die Strukturformel
\/ i
C

25 O .
N™—R;

aufweist, worin R: C1-C;Alkyl oder C;-CioAralkyl ist, insbesondere wenn Ry Methyi ist.
30
58. Verbindung nach Anspruch 55, worin die zeniral wirkende Arzneimittelspezies [D] mindestens eine
reaktive NH- oder NH2-Gruppe enthélt, welche Teil siner Amid- oder Imidstruktur ist oder welche eine
prim3re oder sekunddre Aminogruppe mit niedrigem pKa ist, der Redoxiriger [QC]* ein Chinolinium-
ringsystem umfaBt und die Briickengruppe die Struktur
35

il
—CHOC—

40

aufweist, worin R -CCls, -H,

50 oder -CHs ist, wobei die Garbonylfunktion der Briickengruppe mit sinem Kohlenstoffatom des Stickstoff-
enthaltenden Ringteils des Chinoliniumringsystems verbunden ist.

§9. Verbindung nach einem der Ansprliche 37, 45, 50 und 55, worin [D] ein zentraler Neurotransmitter, ein
entzlindungshemmendes Steroid, ein Steroidgeschlechishormon, ein Antikrebs- oder Antitumormittel,
65 ein Antivirusmittel, ein Tranquilizer, ein Gedichtnisverstéirker, ein hypotensives Mittsl, ein Sedativum
oder ein hypnotisches Mittel, ein antikonvulsives Mittel oder ein antiepileptisches Mittel, ein Stimulans,
ein narkotisches Analgesikum oder Antagonist, ein dopaminergisches Mittel oder ein antibiotisches oder
antibakterielles Mittel. .
—_—

" (A L



10 [l -CHOC(CH2)n- Nd i5 besit zt,
worin R-COs, -H .Q0 -D
odor -CH3 ist und n 1, 2 oder 3 FBO 119095981 \/erfahren gemAB Anspruch 25,
wobei die zentral w rkende Arzneimttel spezies [D] ‘mindestens eine reaktive

COOH G und r.i.digi n em zusa .
Br al Cke;@?%ergm ungéngc?mem IDEr[lche 39161%%%%{ %% on{m[ré eine %gﬁé@ opdgr elrl'n He'ﬁﬁ]
ver bi ndet or rre %ﬁé é?t 2)~ IN O 35 aufwei st
V\Dr' nn éiz Vgrbﬂ&tﬁb n§:h'e§1tem dbe AnsprUche 39 45\6@ B@EH @&unz[ﬂfelmpﬁtnﬁlnlltwag& fidrmel

| gdung der For nel oder eines nicht-toxischen;
ph zeuti sch akzept abI en Sal zes davon vvobe| [D] eine zentral w rkende

Arzhei mttel spezies ist, wel che# ' ndest ens ei neNq-Eakt ive OH, COCH, SH,

NH oder NH2- Gruppe (ei nschi i effPgh pPEN z.B. Am de und Imde
sow e primare und sekundare Am nog @ ent halt, und [DHC] die
P Schranke durchdrlngende | i poi de

reduzreerte, biooxydierbare, die Bl
Form ei nes Di hydropyridi n*Pyri 147 umsal z- Redoxtrigers ist, welcher ein
D hydrochi nolin- oder Di hydroiso- chinolinringsystem unf aBt wobei ein
Kohl enst of f at om des St [ ckst of f-enthal tenden Ringteils des R ngs- ystens

Uber eine BFUkKEHE H'i‘atbh%‘P'ﬁé’lvasF%ﬁ‘Pd“c ?%ﬂmmdro's@m#der mbollwma@are
NH2- GfsuppeHV‘ﬁmHE?h”? Heéﬁt wi r kenden Arzne| mttel spezi es verbunden ist;

wel ches f ren kennze t | nb5 I% 2| er der

5 ]

ent Spr EC rag § Wﬁ lq&rfmﬁﬁmrizé I oro o I Ié,\rﬁﬁﬁ © Sl glfr? m ert
|st und[ % 'ﬁ) Ja U gg”s(g

opyr ggt@;isg

exa-
? ms lgl)?or,l ﬂ’b&lm
oA R, Imanwrroiongéomar&srﬁ rﬁu hﬁénoshaaet iy
Sti ckst of f Ma a5 Sthinfl ksl Nor QL%I ﬁ'eaﬂay SNicRdHin eEthﬁieF&ﬁ &rtrf,, iG] 6&.@1{ uppe
mit einer ®gak! bitRihisteldn, AfylBskinol, SiigestolMEthyRéieH, Lidrdabll npﬁestaord%wm%ml
w r kenden Eih?rﬁﬁ'bl,’n@(&gélsﬁrpeﬂge&al ‘Oﬁlh&ﬂ&ﬂﬂﬁ-ﬂ(ﬁ tPente¥thtin,* Ara-CC3-Debzaguahin, Difydro-5-
25 azacytidin, Tiazofurin, Sangivamycin, Ara-A, 6-MMPR, PCNU, Spiromustin, Bisbenzimidazol, L-Alanosin,
DON, L-ICRF, Trimethyl-TMM, 5-Methyltetrahydrohomofolsdure, Glyoxalsiuresulfonylhydrazon, DACH,
SR-2555, SR-2508, Desmethylmisonidazol, Mitoxantron, Menogarol, Aclacinomycin A, Phylanthosid,
Bactobolin, Aphidocolin, Homoharringtonin, Levonantradol, Acivicin, Streptozotocin, Hydroxyharnstoff,
Chlorambucil, Cyclophosphamid, Uracilsenf, Melphalan, 5-FUDR, Cytosinarabinosid, 6-Mercaptopurin,
30 Thioguanin, 5-Azacytidin, Methotrexat, Doxorubicin, Daunomycin, Aminopterin, Dactinomycin, Mitomy-
cin C, ein Podophyllotoxinderivat, Ribavirin, Acyclovir, Amantadin, 5-Amidino-2-(5-amidino-2-benzof-
uranyl)indol, 4',6-Diimidazolino-2-phenylbenzo(bjthiophen 2-Guanidino-4,5-di-n-propyloxazol, 2-Guanidi-
no-4,5-diphenyloxazol, 6-[[(Hydroxyimino)phenyl]methyl]-1-[(1-methylethyl)sulfonyi]-1H-benzimidazol-2-
amin, 5,7-Dimethyl-8-D-ribofuranosyl-s-triazol(1,5-a)pyrimidin, 2-Deoxy-D-glucose, Glucosamin, 2-De-
35 oxy-2-fluor-D-mannoss, 6-Amino-6-deoxy-D-glucose, Phenyl-6-chlor-6-deoxy-g-D-glucopyranosid, (S)-9-
(2,3-Dihydroxypropyl)adenin, 6-Azauridin, 5,6-Dichlor-1-8- D-ribofuranosylbenzimidazol, Diazepam, Oxa-
_ zepam, Lorazepam, Chlordiazepoxid, Flurazepam, Bromazepam, Clorazepat, Nitrazepam, Temazepam,
O Phenytoin, Ethotoin, Mephenytoin, Acetophenazin, Carphenazin, Fluphenazin, Perphenazin, Piperaceta-
zin, Clonidin, Methyldopa, Bethanidin, Debrisoquin, Hydralazin, Guanethidin, Haloperidol, Hydroxyzin,
40 Clopenthixol, y-Vinyl-GABA, y-acetylenisches GABA, Phenobarbital, Amobarbital, Butalbital, Glutethi-
mid, Aminoglutethimid, Methyprylon, Valpronséure, 5-Hydroxy-2-n-propylpentansure, 4-Hydroxy-2-n-
propylpentanséure,  3-Hydroxy-2-n-propylpentanséure, Methamphetamin, Phentermin, Phenmetrazin,
Dextroamphetamin, Levamphetamin, Amphetamin, Phenylethylamin, Msthylphenidat, Tranylcypromin,
Protriptylin, Opipramol, Desipramin, Nortriptylin, Bemegrid, Amiphenazol, Anileridin, Hydromorphon,
45 Oxymorphon, Apomorphin, Levorphanol, Morphin, Pentazocin, Codein, Oxycodon, Naloxon, Nalorphin,
Tryptophan, Tyramin, Levodopa, Ampicillin, Amoxycillin, Oxacillin, Carbenicillin, Dicloxacillin, Chlortetra-
cyclin, Tetracyclin, Methacyclin, Nalidixins&ure, Cephalexin, Cephalothin, Cefoxitin, Clindamycin, Linco-
mycin, Oxolinsiure, Phenazopyridin, Sulfadiazin, Thiopental, Benz&strol oder Diethylstilb&strol.

50 63. Verfahren zur Herstellung einer Verbindung, wie in Anspruch 1 beansprucht, welches ein Reduzieren
der entsprechenden Verbindung, wie in Anspruch 2 beansprucht, umfast.

64. Pharmazeutische Zusammensetzung, umfassend eine Verbindung, wie in einem der Anspriiche 1, 3, 6,

12, 16-19, 25-28, 37-44 und 50-54 oder in Anspruch 5, wenn von Anspruch 3 abhiingig, oder in einem

56 der Anspriiche 8-11, wenn von Anspruch 6 abhéingig, oder in Anspruch 14 oder 15, wenn von Anspruch
12 abhingig, oder in Anspruch 24, wenn von Anspruch 16 abhingig, oder in Anspruch 33, wenn von
Anspruch 28 abhéingig, oder in einem der Ansprliche 34-36, wenn Anspruch 25 abhingig, oder in

einem der Ansprliiche 59-62, wenn von Anspruch 37 oder 50 abh#ingig, beansprucht, und einen nicht-

=l l!llllj I

192



EP 0 110 955 61 31. Verfahren nach Anspruch 30, wobel die zentral w rkende
Arzneimttel spezies [Dl m ndestens eine reaktive primare oder sekunddre
Anmi nogr uppe oder mi ndestens ei ne rERRA14955®BE G uppe enth~It und das

Chi nol i ni um oder Isochinoliniunringsystem zusamren mt der BrCckengruppe,

die das Rings- ystemmt d er. G uppe in [0] verbindet, die
St r ukt ur f or %S’f's%enop'fimaée“t'i%~5@9@a@~u eigaf@j% wei st, worin R Gi-C7Al kyl oder
C7- CoAr al %{eniaﬁ%ﬂué,ﬁl 3 z %&ﬁemp%tﬂa: thyl ist. 32. Verfahren nach

Anspruch rzneimttel spezies [D] m ndestens
eine J~z) 4, \%}ahrem@h&rstmﬁ ﬁ.hd?%ﬁ...&lﬂeaer%mdare Ari nogr uppe  oder
m stens el ne reaktive G uppe enthalt und das Chinolinium oder
S i nol i ni BHopgsYst em zusanmmen nit der BrUckengruppe, die das Rings-
ystemmt der Am no- oder OH Guppe in [D] verbindet, die Strukturformel 25
0 G 30 oder eines nicht-toxischen, pharmazeutisch akzeptablen Salzes davon, worin [ONeihe Rintrallifikaids t ,
worin Rb Cl Arzbhiditiolspeaiedast, @slehelmiodushsgihe repktive Ok DEIHAASH-C Nite nder RIH, Medppy |
i st. 35 33. (dieschiiicbnGroppetn wie R Wolide3ghd Imitlecbowtbi priniea tindh bekundéitecArdieogruppen)
Ar znei m f f el enthéltiued [QHO] dieirerddziertecbisoxpedigiieare, dial@iut/Hign-Sdhkaniodiurchdda@en®. lipgide Form
ent hal t, wel @itee Dihgdirppygdin@PyridiniunsalzRpdpxiriigarelist mi RerMaBgabe, dejmeniBHEhe ei ne
primdre oder sekundare Am nogruppe mt niedrigem pKa ist, der Redoxtrager
[QC] + €Pn Chinolinium Of ringsystemunfait und die BrUckengruppe
die Struktur 40 0 -CHOC- 45 aufwei st, -CC13, -H 50
_ 55 oder -CH3 ist, wobei die Ca j on der Brl Gckengruppe mt
ei nem Kohl enst of fat om des Sti ckstof f al tenden Ri ngteils des

I |2g| unri ngsystens verbunden i st. , -1 111]11

8 A~LH 111 11 1| |

ist, worin R ein niederes Alkyl oder Benzyl ist, die gepunktete Linie das Vorhandensein einer

25 Doppelbindung an entweder der Position 2 oder 3 des Dihydropyridinringes anzeigt und die Carbonyl-
gruppe an der Position 2, 3 oder 4 des Dihydropyridinringes angebracht ist; und [D] eine Arzneimittel-
spezies ist, welche eine einzelne funkiionelle Amino- oder OH-Gruppe enthilt, wobei die einzelne
Amino- oder OH-Gruppe, wenn sie vorhanden ist, eine primire oder sekunddre Amino- oder eine
primére oder sekundire OH-Gruppe ist, welche Arzneimittelspezies Uiber die funktionelle Amino- oder

30 OH-Gruppe direkt an die Carbonylfunktion von [DHC] gebunden ist, dann [D] etwas anderes sein muB
als ein sympathisches Stimulans, ein Steroidgeschlechtshormon, ein Gedéchtnisverstédrker, ein langket-
tiger Alkanol oder ein Antikrebs- oder Antitumormittel; welches Verfahren gekennzeichnet ist durch
Reduzieren der entsprechenden Verbindung der Formel

35 [D-QCT* (I)

worin [D] oben definiert ist und [QC]* die hydrophile, ionische Pyridiniumsalzform eines
Q Dihydropyridin& Pyridiniumsalz-Redoxirigers ist, mit der MaBgabe, daB, wenn [QC]*

40

. iy

ist, worin R ein niederes Alkyl oder Benzyl ist und die Carbonylgruppe an der Position 2, 3 oder 4 des

Pyridiniumringes angebracht ist, und [D] eine Arzneimittelspezies ist, welche eine einzelne funktionelle
60 Amino- oder OH-Gruppe enthilt, wobei die einzelne Amino- oder OH-Gruppe, wenn sie vorhanden ist,

eine primére oder sekundire Amino- oder eine primdre oder sekundire OH-Gruppe ist, welche

Arzneimittelspezies Uber die funktionelle Amino- oder OH-Gruppe direkt an die Carbonylfunktion von

[QC]* gebunden ist, dann [D] etwas anderes sein muB als ein sympathisches Stimulans, ein Steroidge-

schlechtshormon, ein Gedéichtmsverstérker, ein langkettiger Alkanol oder ein Antikrebs- oder Antitumor-
65 mittel.

2. Verfahren zur Herstellung einer Verbindung der Formel

S T
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EP O 110 955 Bi
zentral er Nourotransmtter,
St er oi dgeschl echt shor non,

Anti vi rusm

hypot ensi ves M ttel

34. Verfahren nach Anspruch 25 oder 30, wobei [D] ein
ei n ent zl ndungshem nendes Steroid, ein
G n AnEPIr8B955Bdor Antitunornmittel, Gn

ttel, ein Tranquilizer, ein Gedachtnisverstarker, ein

ant i konvul 081 M®t el odor ein anti epil ept

ei n narkoti

ches r Ana esi k er
Mttel odeP |eﬁl9 Oﬂi-gof( aze |s?hg< ptaé)

Verfahr en

@hren

St rukt urford
ist, in V"e'A‘i%h@d‘n .M% ﬁ&an, DOR,
met aqu i schp

Anspruch 2y

" é%ﬁ §pezues zn | els /9|'un

ei n Sedativum oder ein hypnoti- sches M ttel, Gn

isches Mttel, ein Stlrml ans,

%99& n, fodh [IPARUeRRS finahdies
I rtl ; ésp[agr]:gmsﬁu?e, ‘ﬁfoﬂﬁh 35.
ire gdep an ééﬁbﬁﬁd" WBicK¥s @ bisSaoN

ypﬁﬁﬂl&%ﬁ L RERIdnRBheS HABA! Koregirfebhrin 1dder36

Aspar agi nsdure, Dopam n, Norepi nephrin, Epi
Neur ot ensin, LHRH, Somatostatin, Gn 25

xytocin M

Cortison, Flumethason, Fl uprednisol
Pr edni sol on, Predni son, Tri- antinollon,

Fl uandr enol

Et hi nyl ost radi ol ,

di ol ,

whét on,

Oxogest on,

D hydr o- 5-

Spironustl
5- Met hyl t et

ranmbuci |, Cycl ophospham d, Uracil senf,

Vasopressin, Hydrocortis Bet

onacet oni d, Paranet hason,

Gstriol, Ostron, Dlrrethl steﬁon

8
h&]%afo’tbﬁl : opyiprRRLsule DI-HEdréky DHRAPy Beritnksutedder 3-Hy-
ntansaure, Methyldopa, Tyramin; Dopamin oder Levodopa; Ampicillin; Chphatex) L-
aduBN@idih; Vs BRIcdaminf oddel 6vAmmoBeiebyydr-ghlicpsd istc mdodor
s@ia rbdaabi, ioa%@msibheC bidt BIGUHiHDBEhrank4 duidfiringéade, eipsidm Forarc kines
pyridine Pyiiwimséihedostiziger&hBAer Fatmeti N, G ut ami nsaure,

nephri n, Serotonin, Tryptam n,
Enkephal i n, ei n Endor phin,

kt hason, Dexanet hason,

gdoi son, Met hyl predni sol on,

bodoxon Fl udrocorti son,

stosteron, Methyltest- osteron,
Nor gestrel, Mest randl Nor et hi ndron Et hi st er on,

Al |yl ost r enol , Cingestol,

Lynostrenol Nor gest eron, Norvininsteron, Ethyno- 30 di ol ,

;p éZitFplllléthy %R zryp'ls‘t un %ﬁﬂ%ﬁmk@l@q n%sc;a@%rﬂandéfs@in gineralﬁﬁﬁi@ﬂh@m n,

&laBr poblyef 2 HJ 13y
aﬁ;dﬂtil Qézhb:al'l |ﬁesaﬁ'3ﬂ§ kuktio

MAENEgES an28idt; WobelOdidWatBanyiiakiidn, die

rea'diVe =, oddrHyBRkyigrdppd MMer

l%)’ l@]mmfrﬂlalﬁﬁt@l%ﬁemeggéﬂﬂmh $ UhE Mihbdseny biny déraz@Ribekdelirbaktiobh
2555, SR- 25{Rsionbien NErishsh Mh Lo &h&0kirkehdoh QataakvitdRpezIvE NUBEAT éie, hydedhaisdhnadey Ci n
A, Phyl | antfhdsokbch BB&hlrareDRydrdkyl- At CrBRYIschytzgripp® [yaschitrtgdia iweiches Verfahren
Levonant r adgkennAfhast Bi durchSinFegiizzedtdecsnisprethstden Vpibindurgtdef FormeCh| o- 35

Mel phal an, 5- FUDR,

Cyt osismar alipramgi d,(6- Mer capt opurin, Thi o- guanin, 5-Azacytidin,
Doxorub| cin, Daunorrym n, Amnopterin, Dactinonycin, Mtonycin
C, ein Podophiy| [Ddt ohen ndeinie aist, WadhRGTH | dle el iignischanRidiymsalzform  eines
5 Ani di no- P'%Emamdmﬁ?dﬂcﬁm%ﬁ'zﬁﬁm?@)‘m dercagnel
, 6-Di i m dazol i no- 2- phenyl benzo(b)thl ophon,

Met hot r exat ,

di phenyl oxazol ,

5,

2- Deoxy D gl ucose A ucosam n, 2- Deox 2-fl

2. Guar?Fdl no- 4, 5-di - n- propyl oxazol , 2- ni d| 0-4,5- 0
6- [ thyf-et hyl )sul fonyl]-1

(Hydroxyi m no) phenyl ] met hyl ] - 1-
_:ZI m dazol - 2-ami n, 40
--Di rret hyl -, 8-D-ri bof uranosyl s-tri alzol (1,5-a)pyrimdin,

u_

ist, worin R Methyl oder Benzyl ist, wobei die Carbonylfunktion, die dem Pyridiniumring benachbart ist,
an eine funktionelle reaktive Amino- oder Hydroxylgruppe in der zentral wirkenden Arzneimittelspezies
gebunden ist, und mindestens eine der verbleibenden reaktiven funktionellen Gruppen in der zeniral
wirkenden Arzneimittelspezies durch eine hydrolytisch oder metabolisch abspaltbare Hydroxyl- oder

50

55

Carboxylschutzgruppe geschiitzt wird.

Verfahren nach Anspruch 2, wobsi die Arzneimittelspezies ein Dopamin mit der Strukturformel

Y .

Y

NH2

ist, worin jedes Y unabhﬁhgig Wasserstoff oder eine hydrolytisch oder metabolisch abspaltbare
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or - D- mannose, 6- Am no- 6- deoxy- D- gl ucose, _
ey i or6-deoxy. & 0l weopy oot «9-9- 2. > NN
5,6-Di chlor-1-,-Dri bof uranosyl benzi m dazol Di azepam O<azepam Lor azepam

Chl or di azepOX| , FI uraze am Br o ora e at raz m Temazopam

Phony- toin, 041’&%’? fUppe odsr” sihe

Fl uphenazi n, 'I’fg r uc,g *F' 'St ein Y
C ér ls lS‘t ox car dere Y

Bet han| di n, [% L o gﬂ :E%] QXN &b

d o- h| X Qger 13 o ; \?arb -y- ace? I en| CQ:Z\ enobar g taI

Aol b| tal, ut a tal, ut et hi md, Am nogl utethimd, Methyprylon,

Val pronsaune,Veﬁahkéﬁ%méfst&uﬁg%mﬂ»mnéw&m& 4- Hydr oxy- 2- n- pr opy! -
pentansaur e, 3-Hydroxy-2-n-propyl pentansaure, Methanphetanin, Phenterm n,

Phonnet r azi n,jpbegj r ogy anphet am n, Levanphet am n, Anphet am n,

Phenyl etifiyl am n, Met hyl pheni dat; Tranyl cypromn, Protrip- sO tylin,

Qpi pranol , Deséreirasnioht-toxiatten, phtrynazaotisciBeiregaticn, Salkos e @t [D] dind tedtral alirkende
Hydr onor phon Arfpgivniteispezies 3h weldosim Agiirusmittbl cejroentdiaduog sherivbendbs Steroileain Barkntikum
Codei n, Oxycoedergin Sitiogendist, unfiiafelohepiindestenis sl eaktivh funktionBjle Hydrexylgiueren otilt, und
Anpi ci 1 n, ARdKydip | pdugiertepdinsividieibare, digr BietftiiraSthiranke dbichdriogands. | lippide Form sines
Chl ort ety acyd?'hyﬁfopvr'évﬁéi’&w'qﬂﬁalz-mqoﬁ&s% fst. pyelchaa indpsianp §'al§’ffbfdr°l@éﬁﬁra'pww der
Cephal ot hin, fe@ebxitin, Cindamycin, Linconycin, Oxolinsaure,

Phenazopyri di n, Sul f adi azi n, Thi opent al, Benzost rol oder

Di et hyI stil bost rol. 55 38. Verfahren na nem der vor hergehenden

ht | che, wobei ein Alkalinetalidithi n| i das Reduk- tionsmttel
wéndét wird. 204 C L N S * 0 110 955 Bi

1 11211] 110Jr 11111 111111 * € LNM S * 39. Verfahren nach
Anspruch 38, wobei das Alkalinetalldithiofit Natriundithionit ist. 40.
Ver f ahren nach ei nem der Ansprlche 1-37, bei” ein Al kal i netallborhydrid
al s das.,Reduktionsmttel verwendet wird. 5 O 41. Verfahren nach
Anspruch 40, uwnsewoflnr ol dicables ik |obétBehiflisi dhd Rt debuhrdRr Lmvddds VothgAdensein einer
Revendi cat | omepidioe edlchioadr et Poditdh IloadrS3 @ed DINgarbFFitifringes Wi ‘wobdt, eiflCH,
DE, FR, GB, IHingkdhldnstbtiatomSedesDidydropinidntreystnisclibdr bife Bilbl@hgrippenan eine funktionelle
pr ol ongee/ s pGezkiiviedHyearoxligmpps int der zetral cwrkendanUArzralimitieispeies igbtindeddstomainbeo Ganglgens:
acti on eont r gel@nndeigthet isictureh emdRedyzivren desrentspragieaden Yerbindumgdbrd-ofnid! DHC] ()

[D-QCTF (1)
worin [D] wie oben definiert ist, und [QC]* die hydrophile, ionische Pyridiniumsalzform eines Dihydro-
35 pyridin&Pyridiniumsalz-Redoxtrégers ist, welcher mindestens ein Pyridiniumringsystem der Formel
) “.‘E
R
45 umfaBt, worin R ein niederes Alkyl oder Benzyl ist, wobei sin Ringkohlenstoffatom jedes Pyridinium-

ringsystems Uber eine Briickengruppe an eine reaktive funktuonelle Hydroxyigruppe in der zentral
wirkenden Arzneimittelspezies gebunden ist.

§. \Verfahren nach Anspruch 4, wobei [D] ein Antivirusmittel ist.
§0
6. Verfahren nach Anspruch 4, wobsi [D] ein entzlindungshemmendes Steroid ist.

7. Verfahren nach Anspruch 4, wobei [D] sin Ostrogen ist.
55 8. Veriahren nach Anspruch 4, wobei [D] ist: Hydrocoriison, Betamethason, Dexamethason, Cortison,
Flumethason, Fluprednisolon, Meprednison, Methylprednisolon, Prednisolon, Prednisen, Triamcinolon,

Cortodoxon, Fludrocortison, Fluandrenolonacetonid, Paramethason, Ethinyl8stradiol, Ostradiol, Ostriol,
Ara-AC, Pentostatin, Dihydro-5-azacytidin, Tiazofurin, Sangivamycin, Ara-A, 6-MMPR, 5-FUDR, Cytosi-

195



15 ou un de ses eels non toxiques pharmacouti quenent acceptables, formulo
dans laquelle [D] represente une entit6 nbdi canenteuse a action centrale
contenant au noins un groupe - OHEPOXIBISEBIH - NH ou -NH2 reactif (y
conpris des groupes tels quo des groupes anmide et inide, ainsi quo des

ani L&) ibofl ent e for nmo
|glr gg%?que%ﬂﬁ?g yt%@ﬁéﬁgz-f?ze? ﬁx&gﬁbgakﬁﬁ-aﬁe 2 ﬁlulcgﬁa% Egché r- -de-
h6mat o- enc shén (§)@@@f ihydir .E, QAL i ,9 s-o?c r- 3 -D-%io\éfu?n- Ul e

pyri di ni UMosyRRHAmMIBEDE Y 6h, ADSMoRSHHE Oxly ol REMOR,
0 25 30 darﬁgﬁs&m?&mﬂe Rﬁnrogeagr 65ent°zﬁun groupeyai e Inferi eur ou enzyl e,

|gne di scontinue indique |.a présence d' une double liaison en position 2

La)du 910 Variehbh ayrtHetspjluing GinaicVeftindli®y F Fap@ car bonyl e est fix6 en position
2, 3 ou 4 du noyau di hydropyridine ; et [ID] reprsento une entite
medi canment &rBEClcor®enant un soul groupe fonctionnel amino ou OH, |e seu
group® amino ou OH lorsqu'il est present 35 etant un groupe am no
pri mai re ogdesePeneight-fosisehan Charpadentistlr ekzeptabloe Salpasalavan, wiria dP) alnecatiial eirkende
medi canmen- AZBeiBEelgReze is} wejghe firy ArdikrebsiAntitumerr unidéedér teingAntvirgemified st twelshen diznaini no
“ou OH a | a@%ﬁ&?!eaﬁ'"eéﬁf%ﬁgp'e Tyfeus| eineCPuring pdor §v& '"b§€ﬁ bosiiayt welshey ginemeinfach

sti nul ant g 3 d’°ﬁi’ﬂ %o???ﬁﬁ'ée“‘?é%[?& |4ad JPkiFodinj redyAerte. (pipoxgisrbere, die
sti nuf®ant 'g‘ %. B lIP@ide. ﬁ%{f’h%‘"‘?so‘?f EoPyisingtPyrdpivmsaziesaxaisenr oux
ou anti t unby APy gin ?‘e"&S'HB ¥ oRyddiprinpsysip PO+ (11) dans laquelle [D]

represente une entit6 nedi canentouse a action central e contenant au noins

un 45 groupe -OH, -COCH, -SH, - By -NH2 reactif (y conpris des
grespgs tels quo des amides et des i 'd i nsi quo des groupes ani no
p ire et am no secondaire), et | cpresente la fornme sel de

pyr| di ni um i oni que hydrophile d' un sup@b redox di hydropyridine = sel de

pyridinium sous r6serve quo, |orsque [FQX] + repr 6esente un groupe de

formul e 50 0If [>C 55

R dans | aquell e R represente un groupe al kyI e inf6rieur ou benzyle et le

groupe car bt worig t eih nirdbresrAli0&der Berzi i€ uddl fie Q6gunitidte Linie das Vorhandensein einer
Doppelbindung an entweder der Position 2 oder 3 des Dihydropyridinringes anzeigt, wobei ein
Ringkohlenstoffatom jedes Dihydropyridinringsystems tber eine Briickengruppe an eine funktionelle
Hydroxylgruppe in der zeniral wirkenden Arzneimittelspezies gebunden ist; welches Verfahren gekenn-

30 zeichnet ist durch ein Reduzieren der entsprechenden Verbmdung der Formel

[D-QC* ()

worin [D] oben definiert ist, und [QCI* die hydrophile, ionische Pyridiniumsalziorm eines
35 Dihydropyridin€&Pyridiniumsalz-Redoxtrégers ist, der mindestens ein Pyridiniumringsystem der Formel

N
l

R

45 " umfaBt, worin R ein niederes Alkyl oder Benzyl ist, wobei ein Ringkohlenstoffatom jedes Pyridinium-
ringsystems Uber eine Brilickengruppe an eine reaktive funktionelle Hydroxylgruppe in der zentral
wirkenden Arzneimittelspezies gebunden ist.

10. Verfahren nach Anspruch 9, worin [D] ein Antivirusmitte! ist.
50
11. Verfahren nach Anspruch 9, worin [D] ist: Ara-AC, Pentostatin, Ara-C, Dihydro-5-azacytidin, Tiazofurin,
Sangivamycin, Ara-A, 6-MMPR, Desmethylmisonidazol, 5-FUDR, Cytosinarabinosid, 5-Azacytidin, Riba-
virin, Acyclovir, (S)-9-(2,3-Dihydroxypropyl)adenin, 6-Azauridin, 5,6-Dichlor-1-8- -D-ribofuranosylbenzimi-
dazol oder 5,7-Dimethyl-2- B-D-ribofuranosyl-s-triazol(1,5-a)pyrimidin.
55
12. Verfahren zur Herstellung einer Verbindung der Formel

-

.  mmm

[D-DHC] (1)



position 2, 3 ou 4 du noyau pyridinium at [DJ represente une entit4
medi canent euse cont enant un soul groupe fonctionnel amno ou OH |e seul

groupe amino ou OH, lorsqu'll est ER@IEHOSS5 Bt ant un groups amino prinaire
ou secondaire ou un groups OH prinmaire ou secondaire, ladite entite
nbdi cament euse 6t ant liee di rectenent par |'internediaire dudit groups

fonctionnel a 8,— [‘Ps h&{’f' ? armazgu lg Al ﬁ%z%{ ry éa‘?ze davon worm Di%m)&%lral wnr%n% S

[D] soit aut}€ ot ﬁz[ %Be hes Pr(c;gbestm
bds i ppe

rZnel ezIesS |
st 6r or di enne, stgf on mmdestens
chatpe Longuanffd Hoholl 6 Rkro @parb,@@n,s 4% &at.mtﬂ.& URB fBHO) dis rdcRaBRSHopidhba | a
i at | on  Pf0kiQ BEGRim-SRAMe ! duktH&ingbnkid) llﬁélaeeFonﬂlémG@b’ﬁﬁﬁébyndﬂ\émdlﬁ%éaizﬁiedox-

mBdi cament euﬁﬁeélﬁ%iﬂﬁdéﬁm&@blﬁydr padinrrmg%wmm@mmm un conpose de fornule
10 ED-DHC] () ou un de ses sels non toxiques pharnaceuti quenent

acceptabl es, fornmule dans laquelle [D] repr6esente uno entite

medi cament ouse A action centrals, |adi gyt i t 6 nedi canent euse consi st ant
en glycine, 15 acide glutam que, afji de artique, tryptophane, une
enkephal i ne, une endorphine ou un autr ¥noaci de ou petit peptide
contenant 2 A 20 notifs am noacide; le A, |le "y-vinyl-GABA ou | e GABA
.y-acdtyl eni que; |a nor6pinephrine, ou |' gpin6phrine ; |a serotonine;

| " aci de’s5- hydroxy 2-n- propylpentanquué I'acide

4u2yd|rgx3r/mt2hn IInloﬁgerllt anoT ueyloge Bac)‘ﬂ g \P(},’PR%H@?@?“I%I Ny
9 I a c6phal e er ?p lnrl qgg bséi ein

i : Vi (F; neo, %{s Dllaé | nrmgéy e’ms U%er m keng an ie ertl

r epresent e I d' y n. L%’ms g'é{h %ﬁ?&] ﬂé‘n& hlerfs N"n%‘
barri er o he”ﬁﬂ ghﬁ Wcrhssdvaameﬁ sékeﬁiﬁ
pyri di ni um rge%gﬁapgur& p dgna;; ,Eoe,gg|esent e un groups

nmet hyl e ou benzyle et a |gne dlscontlnue |nd|que | a presence d' une doubl e
| i ai sonsen pgsadi ongg ou 3 du noyau di hydropyridine, Ia fonction carbonyle
adj acente au noyau di hydropyridine 6tant |i6e a un groups fonctionnel anino
ou hydr oxy| ewsrhaqnli boehamsfinierteist,i U 3GCT*  die NRyEirophilBE ridnisaise Piiditdrisalafone ndineal s,
et au noi ns DinydiegridjreRypddisiuhalzdeloniigelsdsts deaminddsiens eis Paidinismdagsgstdm dan Fprmel
nddi cament euse A action centrals etant prot6gee par un groups protecteur de
| a fonc®i on hydroxyl e ou carboxyle, A cI vage hydrol yti que ou n6tabol i que.
9Q 4. Conpose de fornule 40 1D Q (11) dans | aquelle |ID
represente une entite nedi canent euse centrals repondant a la

d~finition suivant |la revendication 3 ‘N (L] + represente |a forns sel de
pyri di ni umioni que hydrophile d' un 45 | support redox dihydropyridine
sel de PByridi niumrepondant a |a fornul eR50

t~l- 5a dans laquelle R represente un groups nbthyle ou benzyle, la

ringsystems Uber sine Brlickengruppe an die funktionelle tertiéire 17-Hydroxylgruppe im Progestin oder

40 Ostrogen gebunden ist, und ein Ringkohlenstoffatom eines verbleibenden Pyridiniumringsystems Uber
eine Brlickengruppe an eine andere reaktive funktionelle Hydroxyligruppe im Progestin oder Ostrogen
gebunden ist.

f @[ ion car 9!9#3%,' ﬁoriﬁq{ &r? ﬁigée?esaﬁﬁ(ypg%ﬁ‘genzyl ist, wobei ein Ringekohlenstoffatom sines Pyridinium-

13. Verfahren nach einem der Anspriiche 4, 9 und 12, wobei jedes Pyridiniumringsystem, zusammen mit

45 der Brilickengruppe, die daran gebunden ist, die Formel
i
50 ‘- @c-.
N+
|
R

55
umfa8t, worin R ein niederes Alkyl oder Benzyl ist, insbesondere wenn R Methyl ist oder wenn die
Carbonylgruppe an der Position 3 des Pyridiniumringes angebracht ist.

| D O R R
_ *x¢c L m s =




pyridiniumetant 1lie A un groups fonctionnel am no ou hydroxyle reactif
dans |'entit6 nedi canenteuse A action centrale, et au noins un des groupes
fonctionnels rb6actifs restants daFRO0[11@8%8 Bt nedi canen- teuse A action
centrals etant proteg6e par un groups protecteur de |la fonction hydroxyle
ou carboxyle, 206 I'C 11111111 1111111113111111!]| EP 0 110 Bi &

o' vage. Y JRGeY s Al s oo st P Akdreern o
ou 4, dans PRHUE IPUERYT i d° F¥E ament suse est une dopami ne rdpondant & |a
formul e structurale y>>~~N N2 10 Y dans

| aquel e chaque groupe Y represente indepenflanment |' hydrogbne ou un groupe
profegteur de la fonction hydroxyle, clivablbe—par hydrol yse ou par action
nbt alsol i que, sous reserve qu' au noi NE groupe Y represente un
groupe acyle ou un groupe carbonate, df 6rence dans | aquelle: un groupe
Y repr6sente un groupe pivalyle et |™a e groupe Y represente |'hydrogbne
ou un g@roupe pivalyle ; un groupe Y repr6sente un groupse isobutyryle et

| *autre groupe Y represente |' hydrogen&Hy un groupe isobutyryle; un groupe
Y repr6sente un groupe 6t hoxycarbonyle et |'autre groupe Y represente

| * hydrogene ou un groupe ethoxycarbonyle ; ou un groupe Y repr6sents un
groupe i sopbssffgixycar bony- 20 le et |"autre groupe Y reprdsente

| ' hydr®$gbne ou un groupe i sopropoxycarbonyle. 6. Conpose apte a |a

| i b6rati df- ¥ershrem gecd/ Anprivght I3qebetiiedas Ryridiglumringsystem,y, giggmmepn Mk dereBifigkengruppe,

n6di cament etié darap GRpNagKisL dAFPEPl | edit conpose dtant un conpose de fornul e

25 [D-DHC] (lI) ou un de ses sels non, toxiques pharnaceuti quenent

accent abl es, formule dans |aquelle [D] rébrase e une entite medi cament euse
20 . .

& agiaon centrale qui est un agent antiv Cﬁ?H n_stdroTde

anti-inflammatoire, un narcotique oesir6gbne et qui contient au noins

deux groupes fonctionnels hydroxyl ctifs, 30 et [DHC] reprb6sente | a

forme |ipoTdi que rdduite, biooxyd passant a travers |la barribre

hemat ognce- phal i que, d' un support | dox di hydropyridine -sel de pyridinium
conprenant au noins un systbne cycltgye di hydropyri di ne de fornule 35 00
dans | aquelle R repr6sente un groupe é?kyle inferiour ou benzyle et la
| i gne discontinue indique |a presence d' une double liaison an position 2 ou
3 du noyau besktadr opyri di ne, un atone de carbone du

30

16. Verfahren nach Anspruch 12, wobei [D] ist: Mestranol, Chinﬁsfrol, Norgestrel, Norethindron, Ethisteron,
Dimethisteron, Allyldstrenol, Cingestol, Ethyneron, Lyn&strenol, Norgesteron, Norvinisteron, Ethynodiol
oder Tigestol.

35 17. Verfahren zur Herstellung einer Verbindung der Formel
[D-DHC] ()

O oder eines nicht-toxischen, pharmazeutisch akzeptablen Salzes davon, worin [D] eine zentral wirkende
- 40 Arzneimittelspezies ist, welche mindestens eine reaktive funktionelle COOH-, Amid- oder Imidgruppe
enthdlt, und [DHC] die reduzierte, biooxydierbare, die Blut/Hirn-Schranke durchdringende, lipoide Form

eines Dihydropyridin®Pyridiniumsalz-Redoxtrégers ist, der ein Dihydropyridinringsystem der Formel

45

)
50 CHj

umfaBt, wobei sin Ringkohlensioffatom des Dihydropyridinringsystems Uber eine Brlickengruppe an
eine reaktive funktionelle COOH-, Amid- oder Imidgruppe in der zentral wirkenden Arzneimittelspezies

55 gebunden ist; welches Verfahren gekennzeichnet ist durch ein Reduzieren der entsprechenden Verbin-
dung der Formel

[D-QCI* (1)

NS



cycl e de chaque systbne cyclique di hydropyridi ne etant connecte par un
groupe de pontage a un 45 groupe fonctionnel hydroxyle reactif dans

| "entite nbdi canent euse a action ceEmon#d 855 B1 Conpoa6 de forrmule [D QC] +
(11) 50 dans laquelle [D represente une entite nmedi canenteuse & action
centrale qui est un agent antiviral, un stdrorde anti-inflannatoire un

nar coti que ou un oestrogbne qui contlent au [ deux groupes fo§ft|onne s

hydroxyl e rdeinj {0 oegn [definjert fsé $ FC% fﬂ‘?é"esd‘i’"'sa'ée %!%F' '@'"Pﬁaﬁ M oW %Gue
hydr ophi | e dD'ﬂ}‘F’%?ﬂﬂlﬁ'?y” It §?'Z ﬂ% BBYT [ R PeEniuEngsY PGS e c ompr enant
au noins un systene cyclique pyridinium 55 de formul e 207

11(:>|CF {0111111211211 1212112 21 ]'I1 EP- 0,110 955 Bl dans laquelle R
represente un groupe al kyle infdrieur o yl e, un atonme de carbone du
cycle de'to chaque systbne cyclique i nium etant connecte par un
groupe de pontage a un groupe fonctionn roxyle reactif dans I'entite
medi cangnt euse a action centrale. & Conp§s4 suivant |a revendication 6 ou
7, dans lequel [D] represente un agent anggiral. is 9. Conpose suivant |a

revendi cation 6 ou 7, dans |1 quel [D] repre§%nte un stdrofde
anti-inflammtoire. 10. Conpos6 suivant |a revendication 6 ou 7, dans

| equel [D] r epagtsestbiccin Ringlebiénsbfatore deslmrldlﬁbnmwemalﬂwmneIBdJCK@O@Pm niheingsn 6
ou 7, dans | egkieén fubitionotiqer @@t Amid: hqer iroidgrkape o der, zoptal wiskendddt Agnsinitietspgzies o
ne, | a dexanwrimdewig, | a cortisone, |la flumethasone, la fluprednisolone, la
nbpr edni sone, |a mdthyl - prednisolone, |a prednisolone, |a prednisone, |a

trianci nol §n¥erfahrgn d'é‘?ht Bresauethd7. wokeit dig, @pnyialopirkeadsArznejmitiplsgeaing 10} °St°B"§ :‘"e

f I@dr 6nol offakiive pdordmidaruppgcenthik. aing, dps Pysidiaimdigsysfem fusgramen, miy dgy Bricken-
‘Sedtriol, PuPpedie ktu'l'°éf"?1entostat|ne | a di hydro-5-azacytidine, |a

tiazofurine, | a sangi vanycine, le Ara-A e 6-MWR, e 5- FUDR, e

cyt osi ne-arabi noside, |la 5-azacytidine,.|l ribavirine, la

5, 7-di mdt hyl - 2-, p- D-ri bof ur annosyl! - s=cR8C tr| azole(1,5-a)pyrimdine, le
2- d6ésoxy- D-gl ucose, la glucosamne, |p 2-d§ 2-fluoro-D-mannose, |le 6-

ani no- 6- désoxy- D- gl ucose, |e phenyl - ®chl or esoxy-,8-D—gIucopyranoside,
la (S)-9-(2, 3-di hydroxy- propyl)adenine, |a auridine, | e

5,6-dich|oro-1-,B—D—ribofurannosylbenzinidazoNe, | " oxynor phone,

| aponor phi ne, |a norphine, |'oxycodone, la n one, |la nalorphine, le

benzoesgr ol ou le didthylstilboes- trol. 30 12. "Conpose apte & la

| i beration prol ong6e/specifique d un site, au cerveau, d une entit6

m~di canment eusesit&, wwginiRoGCle.eHtral e, | edit conpose etant un conpose de fornul e

Q oder -CHs ist.

19. Verfahren nach Anspruch 17, wobei die zentral wirkende Arzneimittelspezies [D] mindestens eine
reaktive Amid- oder Imidgruppe enthélt, und das Pyridiniumringsystem zusammen mit der Brlicken-
gruppe die Strukturformel

I Il
'—?HOCCHdDC

R | O

50

55 besitzt, worin R -CCls, -H,

0] lﬂl[!:ll!ﬂ i l
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[D-DHC] (1) 35 ou un de ses sels non toxiques pharmaceuti quenent

accept abl es, fornule dans | aquelle JaDI]M reprdsente une Witit6 ntbdi canent euse
& action centrale qui est un ageﬁf hi0% 98 er eux/ anti t unoral et/ ou
antiviral, o |l adite entite nbdi canent euse possedant une structure
du type base purique ou base pyrimdique O portant un substituant
hydr oxyl 4 uni que ou nmultiple, et [DHC] represente la fornme |ipoTdi que,
reduite, 40 bi ooxydabl e, passant h @a s la barribre

hemat oencephal i que d' un support redox d\Mydyopyridi ne = sel de pyridinium
conprgnant au noins un systbnme cyclique difydropyridine de fornmule 45 50
dapsyl aquel l e R represente un groupe al kyle inferieur ou benzyle, la |ligne
di nt i nuedsrndiiste | a presence d' une double |iaison en position 2 ou 3 du
noyau di hydropyridi ne, un atone de carbone du cycle de chaque systhne

cycl i que2tdiVesfatreopyach dinspeucht1dnvokeb dinebtthl pirkendm Agneinifielspeziesp i tnaigestansueine

gr oupe? f onaeakliya $EI0HHrehpe egthidit ung dist Brifckenarvpped, diedes Pwidineuiingaystant mitidem Arzaeit | on
central e. uitel wrbigdghpensainer Bi- Par ollyydfoRyvendipdung eligpleitet fsEver) waldhpr indestehs eiel N
11 EP dhdroxvbniiopen einas repidivenc CP@H-Gryppe oy Aeseimittel angebrashit it and von welcher

nedi canent SKEsteps gine; gqere dydroxyfunklinn; Ubsk ping Farbgryfiunkiipnt anc dag cRyridiniumringsystem

reux/ ant it GRPEFMBE ou antiviral, ladite entite nedicamenteuse ayant une

strucl’sur,czal Qi bvRe base purique ou pyrim dini portant un se%L oy
R X TS I Y R T T
geu;;ﬂj{j?n%ﬁ%?&%@%éﬁvﬁgbgﬁl e d un P[:tiw;;;);rtgir&;dox di hydr opyri di ne sel

de pyri djiviianfR MREHEAR LA, WotleDfb) Ui SMSlol NE rdtd it SinPAriikrSHs bat i Runicp mul e
10,35 412N njiaf o Aﬁva&%ﬁr sl gém@vﬂgﬁﬁ&ﬁ@pdoﬁgcﬁersl S R OV g U

atQne de C%ﬁt‘éﬁl&ﬁ’tis@&és WHEEeh, RinCtRparrgiEnes Wit BBor GM CnfitibiSchBY Sde hritbdkb)i&ib & Mol
connecte pat |'Internbdiaire d un groupe de pontage a un groupe fonctionnel

hydroxyl e rdactif dans |'entit6 nbdi canenteuse a action centrale. O
20 14. 2BowvpEhien echvAspruthal 7, eissh (D] e AMincdRiréd bidel 3in KbBS Pbptig Udichbb bRSdo un
agent 2sant i Wmina$duredibheitéioampigiist.sui vant | a revendi cation 12 ou 13, dans | oquel
[D] reprdsente le Ara-AC, |la pentostatine, le Ara-C, la :
di hydr o-23- Neriabign inetihfesprich 17.iwebed {R]1ist:RABA] Glycina Glytaminsgucd, AsnarapiesireaNelyotdnein,
6- MVPR, | e Ld@!d eiet Balygphelin, sin Endorphin, Oxytocin M, Vasopressin, 3-Deazaguanin, Tiazofurin, Sangivamy-

cin, PCNU, Spiromustin, L-Alanosin, DON, L-ICRF, 5-Methyltetrahydrohomofolsiure, Glyoxalsiuresulfo-

30 nylhydrazin, DACH, SR-2555, SR-2508, Bactobolin, Acivicin, Hydroxyharnstoff Chlorambucil, Uracilsenf,
Melphalan, 5-FUDR, Methotrexat, Aminopterin, Mitomycin C, Ribavirin, Acyclovir, 6-Azauridin, Oxaze-
pam, Lorazepam, Chlordiazepoxid, Bromazepam, Chloracepat, Nitrazepam, Phenytoin, Ethotoin, Me-
phenytoin, Methyldopa, y-Vinyl-GABA, v-acetylenisches GABA, Phenobarbital, Aminobarbital, Butalbital,
Glutethimid, Aminoglutethimid, Methyprylon, Valpronsiure, 5-Hydroxy-2-n-propylpentansiure, 4-Hy-

35 droxy-2-n-propylpentanséure, 3-Hydroxy-2-n-propylpentanséure, Bemegrid, Tryptophan, Levodopa, Am-
picillin, Amoxicillin, Oxacillin, Carbenicillin, Dicloxacillin, Chlortetracyclin, Tetracyclin, Methacyclin, Nali-
dixinsdure, Cephalexin, Cephalothin, Cefoxitin, Clindamycin, Lincomycin oder Oxolinsture.

{ } 25. Verfahren zur Herstellung einer Verbindung der Formel
40
[D-DHC] ()

oder eines nicht-toxischen, pharmazeutisch akzeptablen Salzes davon, worin [D] eine zentral wirkende
Arzneimittelspezies ist, welche mindestens eine reaktive OH-, COOH-, SH-, NH- oder NH»-Gruppe

45 (einschlieBlich Gruppen, wie z.B. Amide und Imide, sowie primdre und sekundire Aminogruppen)
enthdlt, und [DHC] die reduzierte, biooxydierbare, die BlutHirn-Schranke durchdringende, lipoide Form
-eines Dihydropyridin©Pyridiniumsalz-Redoxirégers ist, welcher sin Dihydropyridinringsystem der For-
mel

50

COR;4

|
56 N

I —

R R m



soni dazol e, |le 5-FUDR, |e cytosine-arabinoside, |a 5-azacytidine, la
ribavirine, |I"acyclovir, la (S)-9-(2,3- 25 di hycroxypropyl)adenine, |a
6-azauridine, le 5,6-dichloro-1-, 'U’M(b%’fﬁﬁhnnosyl benzi mi dazole ou la 5, 7-
di m6t hyl - 2-f1-D-ri bof urannosyl -s-triazole-1 , 5- a)pyrlnldlne 16. Conpose

apte Ala liber tloan r'QI on Cv.': fn}n qll{ ), e:ta% a
ol camen o LIS ix%ﬁ% il ﬂ%" shodgs E@é Gl Yot

de fornule 3 mit r N Sn der =z ntral wirkenden
phar maceut i qperERgl el£ I\o%ﬁust v%l ﬂa‘H%c r@t urbi Bih Eﬁe‘?enuﬁb?
entjt6 gedlcaﬁgﬂkﬁﬂgﬁ\gdﬁﬁ,bqgr i al e qU| est une progest 6r one

st iTdi enne ou un oestrogbne 35 steroTdi en, |ladite progest6rone ou

| edi't oestrogegg* ay@ant au noins un groupe fonctionnel hydroxyle r6actif, un
tel groupe consistant en un groupe fonctionnel hydroxyle tertlaire en
position 17 woriat [}]Dbkgn efipreis &nt end dQCIOr die hydpphilodiianiseher eRytidii@ysalzform eines

bi ooxydabl e, Dipyiscpsuitin<sPytidisivresalz-Redoxbhdpersi ify vesiche reint Ryridimiowinbsyston der, Forthaln
support redox di hydropyridine -sel de pyridinium conprenant au noins un
syst hme cycli que di hydropyridine de fornule 145 R dans laquelle R
repr6sente un groupe al kyle inferieur ou nzyl'e, la |ligne discontinue

i ndi que |la 50 prdsence d' une doubl ison en position 2 ou 3 du noyau
di hydr ofiyri di ne, un atone de carbone | e d'un systhbne cyclique
di hydr opyri.di ne 6tant connect6 par un e de pontage au groupe

fonctionnel 17-hydroxyle tertiaire dans ''a progesterone ou |'oestrogbne, un
atone de carbone du cycle de n'inporte guel systhne cyclique
diﬂzgrquridine restant etant connecte par un groupe de pontage a un autre

ONCt jy B Slorl YAIT-RAY beddr LR Gdt! roril B Ay BB ébePlie? SFrihrRinRE qoidndnsitiils
oest rogone. B Jé%nﬁgmma&séhsvamd AR AV ol e b sHe BAitRord.
12 et 16, daggpdeCikiSinef NeMiilBn O BOBHS YoM, KIS oddk fG?Lib}Sé'ud'dalezzentral wirkenden
conj oi nt eNenprzififioldpBziddvordiiiesi . pont age connecte a ce systene, conprend | a

formul es209 oxrrrrrr i ii 10 EP 0 110 955 Bl o
N . ~~~~~~ -26.3%erfahren nach Anspruch 25, wobei die zentral wirkende Arzneimittelspezies [D] mindestens [€ine
reaktive primdre oder sekunddre Aminogruppe oder mindestens eine reaktive OH-Gruppe enthiit und
das Pyridiniumringsystem zusammen mit der Briickengruppe, die das Pyridiniumringsystem mit der
Amino- oder OH-Gruppe in [D] verbindet, die Strukturformel
30

35

besitzt, worin n 1, 2 oder 3 ist.

27. Verfahren nach Anspruch 25, wobei die zentral wirkende Arzneimittelspezies [D] mindestens eine

reaktive primére oder sekundire Aminogruppe oder mindestens eine reaktive OH-Gruppe enthilt und

45 das Pyridiniumringsystem zusammen mit der Brlickengruppe, die das Pyridiniumringsystem mit der
Amino- oder OH-Grupps in [D] verbindet, die Strukturformel

CONHa
w o0
. N

55 O

besitzt, worin n 1, 2 oder 3 ist. . \\‘*‘\“i\\\\\““&\\\‘\!\“‘*\\ |
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10 dans laquelle R repr6sente un groupe al kyle inferieur ou benzyle, la
| i gne di scontinue indique |a présence d' une double |iaison en position 2 ou
3 du noyau di hydropyridine, en p&Pt0iJ0QI98B1| orsque | a |igne discontinue
i ndi que | a presence d' une doubl e’liaison en position 2 du noyau
di hydr opyy i di ne auhlors Rre resent w 5%%% § oudbl en eIlorsque
le group é’ IL%] -odeé\%l ?uéi ent ﬁ llzﬁ [?ﬁ“;‘?‘ (#U Imids ﬁll‘l der welc GITI;ES 18.
Conpos6 suifahil e@ssk%xa% A M nﬁ% gtus i S
di hydr opyr il g il Db e S
syster;e " R cgad H:

~~~~~~~ N 30 19. Conpos6 suivant |a

re’ndl cation 17, dans | equel chaque systene cyclique di hydropyridi ne, en
associ ation avec | e groupe de pont age connect 6 £@NWHsystbrme, r6pond a la
fornmule o o 35 I I

COCH2& 40 OH3 46 20. Conpos h&@‘lgu + -(I'l) dans laquelle [D
reprdsente une entitd nedica Nact entral e qui est une
progestirone 50 stdroTdi egne ou un oest ne stdrordien, ladite

progestdrone ou |l edit oestrogbne ayant au noins un groupe fonctionnel

hydr oxyl e reactif, un tel groupe consistant en un groupe fonctionnel

hydr 0%yl e foesitel worip & -ERlsplsition 17 et [QC]+ represente la forme sel de

pyri di ni umioni que hydrophile d un support redox di hydropyridine sel de
pyri di ni um conprenant au noins un systbne_cyclique pyridiniumde fornmule 55

210 I full 11D 11131 11¥ANN p EPO. 110955B1 dans | aquel |l e
R Eesente un groupe al kyle inferie ( enzyl e, un atonme de carbone du
C ' un 10 systbme cyclique pyridixiym et ant connecte par un groupe de

pont age au groupe fonctionnel 17-
oder -CHs ist und n 1, 2 oder 3 ist.

25 29. Verfahren gem&B Anspruch 25, wobei die zentral wirkende Arzneimittelspezies [D] mindesiens eine

reaktive COOH-Gruppe enth#it und das Pyridiniumringsystem zusammen mit der Brlickengruppe, die
das Pyridiniumringsystem mit der COOH-Gruppe in [D] verbindset, die Strukturformel

CONHz

~cran-N()

30

35
aufweist, worin n 1, 2 oder 3 ist.

O 30. Verfahren zur Herstellung einer Verbindung der Formel
) [D-DHC] (O

oder eines nicht-toxischen; pharmazeutisch akzeptablen Salzes davon, wobsi [D] sine zentral wirkende
Arzneimittelspezies ist, welche mindestens eine reaktive OH-, COOH-, SH-, NH- oder NH:-Gruppe
(einschlieBlich Gruppen, wie z.B. Amide und Imide, sowie primdre und sekunddre Aminogruppen)
45 enthilt, und [DHC] die reduzierte, biooxydierbare, die Blut/Hirn-Schranke durchdringende, lipoide Form
eines Dihydropyridin€ Pyridiniumsalz-Redoxtragers ist, welcher ein Dihydrochinolin- oder Dihydroiso-
- chinolinringsystem umfaBt, wobei ein Kohlenstoffatom des Stickstoff-enthaltenden Ringteils des Rings-
ystemns Uiber eine Briickengruppe mit einer reaktiven OH-, COOH-, SH-, NH- oder NH»-Gruppe in der
zentral wirkenden Arzneimittelspezies verbunden ist; welches Verfahren gekennzeichnet ist durch ein

50 Reduzieren der entsprechenden Verbindung der Formel

[D-QCT* ()

worin [D] oben definiet ist, und [QC]* die hydrophile, ionische Pyridiniumsalziorm eines

55 Dihydropyridin€ Pyridiniumsalz-Redoxtréigers ist, welcher ein Chinolinium- oder Isochinoliniumrings-
ystem umfaBt, wobei ein Kohlenstoffatom des Stickstoff-enthaltenden Ringteils des Ringsystems {iber
eine Brlickengruppe mit einer reaktiven OH-, COOH-, SH-, NH- oder NH:-Gruppe in der zentral
wirkenden Arzneimittelspezies verbunden ist.
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hydroxyl e tertiaire dans |a progesterone ou | Poestrogbne, un atone de
carbone du cycle de n'inporte quel systene cyclique pyridiniumrestant
et ant connecte par un groupe de pofPAyEI0088MB1aut re groupe foncti onnel

hydr oxyl e r6actif dans | adite progesterone ou Iedit oestrogbne 15 21

Conmpos6 su QP une uelc ngque des, revendlcat 9
© o _ze6| Wi I i e
I eq;JeI cha%ﬂ:l dﬁf%eé?r E‘@g rgfg?"( dlerzelia’ é:gfn :sefgeel iﬂ? We rt:i;‘)p%e ol % de
802 5age Conn mol%mm- o molunlm%%ﬁg zﬁs ﬁ)% cken&rulpﬁneé d'.s das ngs—
stem mit der Ami o- oder O pe in [D&)vertbndet di

represente url groupe al kyle |n PRt enzy en partlculler | orsque R
repente un groupe nbt hyI e ou Iorsque | e groupe carbonyle est fixe en
posi i

on 3 du noyau pyridinium 30 22. Conpos6 @uivant |a revendi cation 21,
dans | equal chaque systene cyclique pyrldlnlunlﬂen associ ation avec le

on 21, dans | equel chaque
Vec | e groupe de pontage

connecte a ce systbne, r6pond a | a oI 0 50

|1 Il COCH2C- CH3 211 * C S - EPO 110955B1 24. Conpose
suivant | a revendication 16 ou 20, dans | adiel | e [ D] represente | e
mestrandt, |e quinestrol, |e norgestrel, |a nor6thindrone, | ethlsterone,

| a dlnﬁthlsterone |"allylestrenol, |e cingestol, |I'ethynerone

| ynest r~nol ‘a’e'ﬁbw@é’t’ &Y &h%IkV' po %?vf\rmkvgfsgIrapréonqereafemﬁbwsw %o e

I A la |ib I / d'
geso Cgvvggfwenn S35 okt b B R LSS SR e

n co Vi nm re oder, se J: n ﬁ estens einé Ive Gruppe enth
u ”QB? %hl ini 8 thlr qs olini rmgL m zusammen mit der Brlickengrupps, die das Rings-
ystem mit der Amino- oder OH-Gruppe in [D] verbindet, die Strukturformel

25 o .
Il )
C—

so O
. N'—'R1

aufweist, worin Ry C1-CyAlkyl oder C7-CroAralkyl ist, inshesondere wenn Ry Methyl ist.
35
33. Verfahren nach Anspruch 30, wobei die zentral wirkende Arzneimitieispezies [D] mindestens eine
reaktive NH- oder NHx-Gruppe enthilt, welche Teil einer Amid- oder Imidstruktur ist oder welche eine
O primére oder sekundive Aminogruppe mit niedrigem pKa ist, der Redoxtréiger [QC]* ein Chinolinium-
- ringsystem umfaBt und die Briickengruppe die Struktur
40

I}
—?HOC—
R

45

aufweist, worin R -CCl;, -H,

55 oder -CHs ist, wobei die Carbonylfunktion der Brlickengruppe rhit einem Kohlenstoffatom des Stickstoff-
enthaltenden Ringteils des Chinoliniumringsystems verbunden ist.
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10 QU un de ses sels non toxiques pharnaceutiquenment acceptabl es,
formul e dans laquelle [D] repr6sente une entite nbdi.camenteuse A action
central a contenant au noins un gEBUPHOESART onnel - COOH, amide ou inide
reactif, at [ DHC] representa Ia for rrul e I [ po ~di que redui te, biooxydabl e,
e, d.un sugfort r edox

passant (raernsnaLa barr o E a? gu ngshem-
di hydr opyr 'n%ﬂ '%,tzli t l&% ?ﬂ & ? mon, eln lt'gb:{J oder %nﬂtumormltt ein t|V|rusm|ttel
I

di hydr opyrl ze, er, ein snves M| |, ein Sed | der ein hypnoti-
0 sche¥ lt@ Qﬂ%n%nvﬁ@i Cmt?el r(éh‘ tls Nos , e| | ul em narkotlsches
di h dr50 PYT i sbinRikdrh B8 Aﬁﬁﬁﬁﬁ%{: b cBﬁ’d’mndéFblsgﬁ B 3htd sc hibs Brislles
fo I onnelmitdl. , amde ou imnde reacti ent | carren euse a

action centrale. 26. Conpose suivant |a revend| cat i on 25 dans I aquel

| enti t e3sreeifahaEatiCARpruch 25CédeO80, GEBY (D3 leie [Alinosire oder & Ribihéd Pepfd! walhddS UN
groupa am @ 20 Aminosdimeinksted énthaltist! € systenme cycli que di hydropyridine en
associrati on avec | e groupa de pontage repond A la fornmule structurale 0 35
| | - CHOG364 (Yerfahren nach Anspruch 25 oder 30, wobei [D] ein Dopamin mit der Strukturformel CH C, H3 dans
I aquel | e R repr6sente un groupa -CCl 3, -H 45 50 ou -CHa. 27. Conpose
suivant |a revendication 25, dans |oquel |"entjpgg nddi camenteuse A action
centrala [D 55 contient alk&ir sa 1 de ou imde rb6actif et
le sy& enme cyclique di hydropyri di associ ati on avec | e groupa de
pontage repond a la fornmule struc p 212 * C L N & EP 0 110 955
Bl o 0 -CHOCCH20C 05 YO

O 20 ist, in welcher jedes Y unabhingig Wasserstoff oder eine hydrolytisch oder metabolisch abspaltbare
i Hydroxylschutzgruppe ist.

37. Verfahren nach Anspruch 25 oder 30, wobsi [D] ist: GABA, Glycin, Glutaminsiurs, Asparaginsiure,
Dopamin, Norepinephrin, Epinephrin, Serotonin, Tryptamin, Neurotensin, LHRH, Somatostatin, ein
25 Enkephalin, ein Endorphin, Oxytocin M, Vasopressin, Hydrocortison, Betamethason, Dexamethason,
Cortison, Flumethason, Fluprednisolon, Meprednison, Methylprednisolon, Prednisolon, Prednison, Tri-
amcinolon, Cortodoxon, Fludrocortison, Fluandrenolonacetonid, Paramethason, Testosteron, Methyltest-
osteron, Ethinyl8stradiol, Norgestrel, Mestranol, Norethindron, Ethisteron, Ostradiol, Ostriol, Ostron,
Dimethisteron, AllylSstrenol, Cingestol, Ethyneron, Lyn&strenol, Norgesteron, Norvininsteron, Ethyno-
30 diol, Oxogeston, Tigestol, Chinestrol, Ara-AC, Pentostatin, Ara-C, 3-Deazaguanin, Dihydro-5-azacytidin,
Tiazofurin, Sangivamycin, Ara-A, 6-MMPR, PCNU, Spiromustin, Bisbenzimidazol, L-Alanosin, DON, L-
ICRF, Trimethyl-TMM, 5-Methyltetrahydrohomofolsiure, Glyoxals3uresulfonylhydrazon, DACH, SR-
2555, SR-2508, Desmethylmisonidazol, Mitoxantron, Menogarol, Aclacinomycin A, Phyllanthosid, Bacto-
bolin, Aphidocolin, Homoharringtonin, Levonantradol, Acivicin, Streptozotocin, Hydroxyharnstoff, Chlo-
35 rambucil, Cyclophosphamid, Uracilsenf, Melphalan, 5-FUDR, Cytosinarabinosid, 6-Mercaptopurin, Thio-
guanin, 5-Azacytidin, Methotrexat, Doxorubicin, Daunomycin, Aminopterin, Dactinomycin, Mitomycin C,
ein Podophyllotoxinderivat, Ribavirin, Acyclovir, Amantadin, 5-Amidino-2-(5-amidino-2-benzofuranyl)-
> indol, 4',6-Diimidazolino-2-phenylbenzo(b)thiophen, 2-Guanidino-4,5-di-n-propyloxazol, 2-Guanidino-4,5-
O diphenyloxazol, 6-[[(Hydroxyimino)phenyllmethyl}-1 -[(1-methylethyl)sulfonyl]-1H-benzimidazol-2-amin,
40 5,7-Dimethyl-g-D-ribofuranosyl-s-triazol(1,5-a)pyrimidin, 2-Deoxy-D-glucose, Glucosamin, 2-Deoxy-2-flu-
or-D-mannose, 6-Amino-6-deoxy-D-glucose, Phenyl-6-chlor-6-deoxy-8-D-glucopyranosid, (S)-9~(2,3-Dih-
ydroxypropyl)adenin, 6-Azauridin, 5,6-Dichlor-1-g-D-ribofuranosylbenzimidazol, Diazepam, Oxazepam,
Lorazepam, Chlordiazepoxid, Flurazepam, Bromazepam, Clorazepat, Nitrazepam, Temazepam, Pheny-
toin, Ethotoin, Mephenytoin, Acetophenazin, Carphenazin, Fluphenazin, Perphenazin, Piperacetazin,
45 Clonidin, Methyidopa, Bethanidin, Debrisoquin, Hydralazin, Guanethidin, Haloperidol, Hydroxyzin, Clo-
penthixol, y-Vinyl-GABA, y-acetylenisches GABA, Phenobarbital, Amobarbital, Butalbital, Glutethimid,
Aminoglutethimid, Methyprylon, Valprons&ure, 5-Hydroxy-2-n-propylpentansiurs, 4-Hydroxy-2-n-propyl-
pentanséure, 3-Hydroxy-2-n-propylpentansiure, Methamphetamin, Phentermin, Phenmetrazin, Dextro-
amphetamin, Levamphetamin, Amphetamin, Phenylethylamin, Methylphenidat, Tranylcypromin, Protrip-
50 tylin, Opipramol, Desipramin, Nortriptylin, Bemegrid, Amiphenazo!, Anileridin, Hydromorphon, Oxymorp-
hon, Apomorphin, Levorphanol, Morphin, Pentazocin, Codein, Oxycodon, Naloxon, Nalorphin, Trypto-
phan, Tyramin, Levodopa, Ampicillin, Amoxycillin, Oxacillin, Carbenicillin, Dicloxacillin, Chlortetracyclin,
Tetracyclin, Methacyclin, Nalidixinséure, Cephalexin, Cephalothin, Cefoxitin, Clindamycin, Lincomycin,
Oxolinsdure, Phenazopyridin, Sulfadiazin, Thiopental, Benz&strol oder Diethyistilbdstrol.
55
38. Verfahren nach einem der vorhergehenden Ansprliche, wobei ein Alkalimetalidithionit als das Reduk-
tionsmittel verwendet wird.

204 O] O RN
’ : * [ L M S * ,



CH3 10 dans laquelle R repr6sente un groupe -CC18 -H, 15 ou -CH8. 20 28. _
Conpose suivant |a revendi cation 25, dans | equel ‘entite I1 ;
action centrale 1D contient au roFR8 130985 Bipe -COC]—I r6acm Iﬁmwmﬁmu)ml '
de pont age connect ant | e systbne cyclique di hydropyridine ad nbdi cartent® edt -

déri ve dl ?achnsé)PulélﬁQ lelpengs%(X n%hloﬁ'yN{Wu{n%}a%Q‘?sff onct ' on hydroxy

de ce corrp05| gr oupe - e ntdi canent et

au 25 diiD\/éH% rﬁﬁ‘%aéﬁ Je?n deP %ép‘rtﬁﬁ% li'-‘éf' rv%é‘ e%eAlﬁaﬂm&QIIE%%ﬁd &ls2a AobidididnsmiRdi

| i nt er medi aidgondetWitg. fONCti on carbonyl e au systhne cyclique

di hydropyridine. 29. Conpos6 de formule 30 [D-QC+ (I1) dans laquelle
[ DI( Nepr esAnV&tatidf nh AhdpRuch 6] wessIBaR L MistaibaiG diiPRatfmibbilig istont enant  au
noi S un groupe fonctionnel -COOH, amide ou imde reactif, et [QCL+

r epr esent erRevendications sel de pyridiniumioni que hydrophile d un support redox
di hydr opy rReslemitcatiorsscpoud es [Ejats conriackants Gnigands1oBE, CHNDE FBi Bk, B8, NL, SEcycl i que
pyri di ntioum de forrmule 040 Q CH3 45 un atone de carbone du cycle du systbne
cycl i que plyr Compesé aied dantbéreton meniongéefsaéeifigue djurotitp.caudtervepund’ungesntité médicamsnteese
fonctionnel 2@xtopicentiaie. drslit gempogd éient preepmppde dedermvle’ ent i t 6 nedi canent euse k
action centrale. 50 30. Conpos6 suivant |a revendication 29, dans |equel
|"entite nmedlfdnt duse a actlon central e [DI contient au noins un groupe

am de oﬁlmde r~act|f et tbnec E%/rldgf, en as Biatlon
avec le gr ou T'%l 8 t?" 'ﬂ\‘a? rjﬁ? esc ‘gﬁq“g%é représento
Uth 11 Q‘ Ie co enan au moins un groupe H, -SH-, -NH-
z rea iy compns es groupes els que des groupes amide et imide, ainsi que des groupes
amino primaire et amino secondaire), st [DHC] représente la forme lipoidique réduite, bioxydable,

Q 20 passant & travers la barriere hémato-encéphalique, d'un support redox dihydropyridine == sel de
» pyridinium, sous réserve que, lorsque [DHC] représente un groupe de formule

2 [ v C—

D—Z

30
dans laquelle R représente un groupe alkyle inférieur ou benzyle, la ligne discontinue indique la
présence d'une double liaison en position 2 ou 3 du noyau dihydropytridine et le groupe carbonyle est
fixé en position 2, 3 ou 4 du noyau dihydropytidine ; et [D] représente une entité médicamenteuss
contenant un seul groupe fonctionnel amino ou OH, le seul groupe amino ou OH lorsqu'il est présent

385 étant un groupe amino primaire oil secondaire ou OH primaire ou secondaire, ladite entité médicamen-
teuse étant lide directement par ledit groupe fonctionnel amino ou OH & la fonction carbonyle de

_ [DHC], alors [D] soit autre qu'un stimulant sympathique, une hormone sexuelle stéroidienne, un agent

o stimulant la mémoire, un alcanol & chaine longue ou un agent anticancéreux ou antitumoral.

40 2. Composé de formule
[D-QCT* ()
dans laquelle [D] représente une entité¢ médicamenteuse & action centrale contenant au moins un
45 groupe -OH, -COOH, -SH-, -NH- ou -NHz réactif (y compris des groupes tels que des amides et des
imides, ainsi que des groupes amino primaire et amino secondaire), et [QC]* représente la forme sel
de pyridinium ionique hydrophile d'un support redox dihydropyridine = sel de pyridinium, sous réserve
que, lorsque [QCI* représente un groupe de formule

50

&6 H
dans laquelle R représente un groupe alkyle inférieur ou benzyle et le groupe carbonyle est fixé en

205



10 dans laquelle R représente un groupe -CCl 3, -H 75

0 ou -CH3. 31. Conpose suivant |a revend| cation 29, dans |equel lentite
n6di canent euse & action central e TB] B8R Blnt au noins un groupe anide ou
imde r~actif et |le systenme cyclique pyridiniumen association avec |le

groupe de SRR i, D Freprsdetfolubd SHifd nt tenant |
DA AP n&%ﬁ“ i @aaé e géii*é.o Fleamartouso contonetur sl

- CCI a, - ,a.ﬂ Bhimairb 1ot secdmdaire’ 6u G Poriatdid/ G ec rﬁaufeei!&ié%ﬁ@hb@&n?e usgans
l'equel r enbﬂaﬁtﬁiéér&féu@.aaﬁ asraﬂwméa.aﬁsaudargm@séwoﬁ@b@e|[aﬂnocoerdH 18 fonBtién EBbhFleUN
gr oupe - COg¥l[aE8Glidrd (D3 tsoit UG qUtHR tifiRarid @YThaeRuE, AUNB B6HRAS sdxBelld swkdM@Ans; Y&l | que
py I NI UMagot afSHdraR MO E, tun dibdnoMOcheiné! lingue 31 Grs sgehti anticanté RO yhantumaryll 1 que,
au 1oi ns une fonction hydroxy de ce conposd etant fix6e a un groupe - COCH
reactif lagsmposé afield tlivératon tolongéenspéciiuel d'en sitet auccefveauc d'urerentitsy dhé dizamedieuses
conpose 4t anttioh conGale, it compond éantenlcamposd dd' fermelef oncti on car bonyl e au 50
systere cyclique pyridinium 33. Conpose6 suivant |a revendication 28 ou
32, dans | &ybrefl Ié‘)groupe de pontage est dé6drive de |'4thyl bneglycol, du
propylbneglycol de |"inositol ou d' un sucre. 55 34. Conpos6 suivant |a
revendi cat PHI %59669'?99" ‘Ei%ﬂ"lg gqutiqueinent aeqep @n?'@"”f?rf’aﬂ%‘ﬁ‘i‘ﬁ‘ﬂer[ah'§ﬂ‘§iel‘@ur
central, ulSag¥k m% TMEURES Orh geniy w'f‘l'f?r(?f’ meﬂ' a t?l'ﬁe gt reﬁlgyc'ﬂ?l

tranqlfllllg%\. glufg °§ _ & Tp_\',f‘?/ o208 N

et 2 'ﬁﬁi“"" 4 e i pm.n%g ,;% f‘}%&?ﬂi‘i e'ﬁ’ e o

NS x DR ﬁ% '°'§$§m"é2{ *és% Shopa e p%.'.’;é'ﬁ bS] b Ou

297 ydgns l@n%a ell erpﬁmnewnﬁomc.m&%qa oShirdBu i&e&arﬁ.nocbeﬁsw gg&ggﬁeznant
i

2%+20 not bf HHBIMRRENIR formb -lipSFAGIBABUitS, Widbyahbld, DassBM AN Fdverdlia Bhid
dans | equebndspilatiqus BUR SpRsH BddxRli nd.heaesgslawélpwumdm @pdrdéht  la formule

N . o -
3d-

N

R

30

dans laquelle R représente un groupe méthyle ou benzyle et la ligne discontinue indique la présence
d'une double liaison en position 2 ou 3 du noyau dihydropyridine, la fonction carbonyle adjacente au
noyau dihydropyridine étant liée & un groupe fonctionnel amino ou hydroxyle réactif dans I'entité
35 médicamenteuse & action centrale, et au moins un des groupes fonctionnels réactifs restanis dans
I'entité médicamenteuse & action cenirale étant protégée par un groupe protecteur de la fonction

hydroxyle ou carboxyle, 2 clivage hydrolytique ou métabolique.

O 4. Composé de formule

40
[D-QCF ()

dans laquslie [D] représente une entité médicamenteuse & action centrale répondant & la définition
suivant la revendication 3 st [QC]* représente la forme sel de pyridinium ionique hydrophile d'un

45 support redox dihydropyridine = sel de pyridinium répondant & la formule
C—
50
. : bll T
R
55 dans laquelle R représente un groupe méthyls ou benzyle, la fonction carbonyle adjacente au noyau

pyridinium étant liée 2 un groupe fonctionnel amino ou hydroxyle réactif dans l'entité médicamenteuse
a action cenirale, et au moins un des groupes fonctionnels réactifs restants dans I'entité médicamen-
teuse & action centrale étant protégés par un groupse protecteur de la fonction hydroxyle ou carboxyle,

* € L M s x _
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5 gl utam que, |'acide aspartique, |a neurotensine, |la LHRH, une
enkdphal i ne, une endor phi ne, |'oxytocine () M | a vasopressine,
| a 3-deazaguani ne, |a tiazofurine, EPQ 138888 Bhnycine, e PCNU, |a
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3- hydr oxy- 2 n- propyl pent anorque, |e benegride, |le trypto- 15 phane, |a
| 6vodopa, | ' dangilagpellp clrpgue grouparyYoREspIte indspendagmgeti"hydragene quain geopproidteddur flele,

| a dicl oxaC| fonff‘tﬁ@ hyqrexylenlissblecpar thydiplyse| qurrer agtign méiapeligyes spuscréselvg qu'au moins un
net hacy®l i ne9’°'|’p° Yoreprésepigun grounecacye °1’ o %"@ éF’B%aﬁ?ede RrEerenep H%ﬂs(ﬁqh?"ﬂe”" greppe

cef oxi tine, Igée SPTE?’B* éi't‘;ﬁ]é’“’a'w% of hay té Rygpeite 'gg Se”&f?lull cﬁg{g R?ep“";{/yggll;:
Conpose apt e; ébg'

R 3‘3;; s #;;@ f’:%ie séztszfaf;:;gg%ﬁ;%og A
ph cout i querren orﬂurl aa&'&h ﬁp chaﬁﬁg reprdsente 25

une entit§, ”Eg\gﬁﬁﬁé Q'léslﬁ’é@hoﬁ Pdlo%befsﬁé?:hu&@é d?uncéﬂata'é‘ R§08au 2undRhits m@&lcﬂeﬁ’tﬁ&@
n cen

-OH, - COOH,  » Sifton cenblils, 12 corhiides Stk édmpbsk deQéFRIIES des groupes tel's que d
am des et des imdes, ainsi que des groupes amino primaire et am no

secondaisr e) , [mchf]DH@} repré6esente la forme |ipo~dique rdduite, biooxydable,
passant a travers |a barriers hdmato-encephalique, d' un support redox

di hydr opyr i donen desseb sakenqgp\iedgdésihermacantiqueesre adceptibles)yfoimalzaiansyladusil[B] représente

di hydr opyr i diumeeentité nfédicansnteu(® £G@hI cedfalolqui est un dgamt artiviglieh ktéroTab anteipfasgatobe un
groupe - NH2 wunarORiiedams obstrogied ofR@i ¢oplianbaandins depx greupepionciibiagls bydréxgle méapiisl

di hydr ofgyr i dptriBH@remdsente laforma tipajdigye riduitep bidemdable apesant itravery labatjidie hématepnes-

| " at ome d' az®hetiaugud'ayaupeariredaxdinveraryriding yuseh gy pyridiniye comaienant athmeips i prgieme

| i nt er medi af¥ctavgdihyrepyédifgdedempPnt age a un groupe -OH, -COOH, -SH, -NH ou
-NH2 reactif dans |'entite nbdi camenteuse a action centrale. 45 38.
Conmpose suivant |a revendi cation 37, dansalequel ['entite nbdi canenteuse &
action ®entrale [D] contient au noins grqupe am no prinaire ou am no
secondaire r6actif ou au npins un grou reactif, et le systbne

_cy;JF- i que di hydropyridine en association c |l e groupe de pontage

C ctant |le systbne cyclique dihydropyridi ne au groupe am no ou - OH dans
[D répgnd a la formule structurale 50 55

dans laquelle R représente un groupe alkyle inférisur ou benzyle et la ligne discontinue indique la

présence d'une double liaison en position 2 ou 3 du noyau dihydropyridine, un atome de carbone du

cycle de chaque systéme cyclique dihydropyridine étant connecté par un groupe de pontage & un
45 groupe fonctionnel hydroxyle réactif dans I'entité médicamenteuse & action centrale.

7. Composé de formule

[D-QCTH ()
50 :
dans laquelle [D] représents une entité médicamenteuse & action centrale qui est un agent antiviral, un
stéroide anti-inflammatoire, un narcotique ou un oestrogéne qui contient au moins deux groupes
fonctionnels hydroxyle réactifs, et [QC]* représente la forme sel de pyridinium ionique hydrophile d'un
support redox dihydropyridine sel de pyridinium comprenant au moins un systéme cyclique pyridinium
55 de formule

LT



215 \ 1 EP O 110 955 B1 CORI 05~ o~~ | RK3-C -
.11 0 10 dans laquelle RL repond a la definition nentionnee dans |a
revendi cation 37 et Rs reprdsent ERAIWWHA (CH2) n dans | equel n a une
valeur de 1 a 10 ou un groupe alkylene ramfie ayant jusqu'b 12 atones de
carbone, de pr6f6rence dans | equel |e systbnme cyclique di hydropyridine en
associ ation 15 avec | e groupe de ge repond a la formule
structurale CONF2 O 20 -
Il (L;H2)n-C 0 25 dans laquelle n es
suivan{ | a revendi cation 37, dans |eque

I I

| a 1, 2 ou 3. 39. Conpos6
| " entite nedi canenteuse a action
cqu;p e [D 30 contient au noins uﬁ groupe -SH reactif et |e systene
cyct“que di hydropyri di ne en associ ation avec | e groupe de pontage
connectant | e systene cyclique di hydropyridine au groupe -SH dans [ D]
répond a | agaho gadie RSbgrébehtsl uRlgRusSikyle inférieur ou benzyle, un atome de carbone du cycle de
(CONl ;g2 N 4dhaque systeme cyclique pyridinium étant connecté par un groupe de popag®3 mn §Loupl fahetivenel
| aquel | e n gEkoxylrdhctifdahs I'edtité théBcambbteukd 2 aGBlipmpesrelesui vant | a revendi cati on
37, dans lequel |'entite n6di canenteuse a action centrale [D]

8. Composé suivant la revendication 6 ou 7, dans lequel [D] représente un agent antiviral.

. 15 9. Composé suivant la revendication 6 ou 7, dans lequel [D] représents un stéroide anti-inflammatoire.
10. Composé suivant la revendication 6 ou 7, dans lequel [D] représente un oestrogéne.

11. Composé suivant la revendication 6 ou 7, dans lequel [D] représente I'hydrocortisone, la bétaméthaso-
20 ne, la dexaméthasone, la cortisone, la fluméthasone, la fluprednisolone, la méprednisone, la méthyl-
prednisolone, la prednisolone, la prednisone, la triamcinolone, la cortodoxone, la fludrocortisone,
I'acétonide de fluandrénolone, la paraméthasone, I'éthinyloestradiol, I'oestradiol, I'oestriol, le Ara-AC, la
pentostatine, la dihydro-5-azacytidine, la tiazofurine, la sangivamycine, le Ara-A, le 6-MMPR, le 5-
FUDR, le cytosine-arabinoside, la 5-azacytidine, la ribavirine, la 5,7-diméthyl-2-8-D-ribofurannosyl-s-
25 triazole(1,5-a)pyrimidine, le 2-désoxy-D-glucoss, la glucosamine, le 2-désoxy-2-fluoro-D-mannose, le 6-
amino-8-désoxy-D-glucose, le phényl-6-chloro-6-désoxy-8-D-glucopyranoside, la (S)-9-(2,3-dihydroxy-
propyl)adénine, la 6-azauridine, le 5,6-dichloro-1-g-D-ribofurannosylbenzimidazole, I'oxymorphone,
I'apomorphine, la morphine, I'oxycodone, la naloxone, la nalorphine, le benzoestrol ou le diéthylstilboes-

trol.

30
12. Composé apte 2 la libération prolongée/spécifique d'un site, au cerveau, d'une entité médicamenteuse
A action centrale, ledit composé étant un composé de formule
[(D-DHC] ()
35
ou un de ses sels non toxiques pharmaceutiquement acceptables, formule dans laquelle [D] représente
une entité médicamenteuse & action centrale qui est un agent anticancéreux/antitumoral et/ou antiviral,
ladite entité médicamenteuse possédant une structure du type base purique ou base pyrimidique
O portant un substituant hydroxylé unique ou multiple, et [DHC] représente la forme lipoidique, réduite,
40 bicoxydable, passant & travers la barriére hématoencéphalique d'un support redox dihydropyridine =
sel de pyridinium comprenant au moins un systéme cyclique dihydropyridine de formule
45
50
dans laquelle R représente un groupe alkyle inférieur ou benzyle, la ligne discontinue indique la
présence d'une double liaison en position 2 ou 3 du noyau dihydropyridine, un atome de carbone du
cycle de chaque systdme cyclique dihydropyridine étant connecté par un groupe de pontage & un
groupe fonctionnel hydroxyle réactif dans I'entité médicamenteuse 2 action centrale.
55

13. Composé de formule

[D-QCT* (I
—

20 AR o |



contient au noins un groupe amno prinmaire ou secondaire reactif ou au
noi ns un groupe -CH reactif, et le systene cyclique di hydropyridine en
associ ati on avec |le groupe de pont ER@ 1d8AEBIant | e systene cyclique
di hydr opyri di ne au groupe am no ou - OH dans [D] repond ala fornule

struct uraI e 50 855 216 1 1111721 Tiii! 11111 1111 * C
L M e Tyt esama uik Qgﬂédg R?’ a e gns;Laque

epona <SR E%‘ TRt o e e o ﬁ:"ff:t A §{é'°:. T
groupe (CH antnunaseHr&ﬁ plt&l d? £u r% Cﬂq%

ramfie ayanﬁe bﬁﬁﬂi&m’% o AYd6HRR &éh SBd QEH%x d ?dr &Q@E‘de

sygtgme cycl wgMeindinyslERPNchddb PRIdRIIMRS $@miigt | On avec |e groupe
pontdge repond | la fornmule structurale -V 20 X CONH2 Q 20

(CHWR)Nn7-C- 0 25 dans laquelle nest egal a 1, 2 ou 3. 41. Conpose suivant
| a revendi cation 37, dans |oquel 1'entj £A®6di canenteuse a action centrale
[D] 30 70 contient au noins un groupq primai re ou secondaire reactif
ou au nmoins un groupe -OH reactif, et Le &st eme cyclique di hydropyridine
en associ ation avec |e groupe de pontagd“ onnectant | e systenme cyclique

di hydr opyri di ne au groupe am no ou - CH qgns [Dl repond a la formule
structurale cON2 0 "~ N )40

CH2)n-€ 0 dans laquelle n est egal a 1, 2 ou 3.
( ) dans Iaquellg R représente un groupe alkyle inférieur ou benzyle, un atome de carbone du cycle de

chaque systéme cyclique pyridinium étant connecté par I'intermédiaire d'un groupe de pontage & un
groupe fonctionnel hydroxyle réactif dans I'entité médicamenteuse 2 action centrale.

O 20 14. Composé suivant la revendication 12 ou 13, dans lequel [D] est un agent antiviral.

15. Composé suivant la revendication 12 ou 13, dans lequel [D] représente le Ara-AC, la pentostatine, le
Ara-C, la dihydro-5-azacytidine, la tiazofurine, la sangivamycine, le Ara-A, le 8-MMPR, le desméthylmi-
sonidazole, le 5-FUDR, le cytosine-arabinoside, la 5-azacytidine, la ribavirine, I'acyclovir, la (S)-9-(2,3-

25 dihycroxypropyl)adénine, la 6-azauridine, le 5,6-dichloro-1 1-g-D-ribofurannosyibenzimidazole ou la 5,7-
diméthyl-2-8-D-ribofurannosyl-s-triazole-1,5-a)pyrimidine.

16. Composé apte 2 la libération prolongée/spécifique d'un site d'une entité médicamenteuse & action
centrale au cerveau, ledit composé étant un composé de formule
30
[D-DHC] (1)

ou un de ses sels non toxiques pharmaceutiquement acceptables, formule dans laquelle [D] représente
une entité médicamenteuss & action centrale qui est une progestérone stéroidienne ou un oestrogéne
35 stéroTdien, ladite progestérone ou ledit oesirogéne ayant au moins un groupe fonctionnel hydroxyle
réactif, un tel groupe consistant en un groupe fonctionnel hydroxyle tertiaire en position 17 ; et [DHC]
représente la forme lipotdique réduite, biooxydable, passant & travers la barriére hémato-encéphalique,
d'un support redox dihydropyridine = sel de pyridinium comprenant au moins un systdme cyclique

q } dihydropyridine de formule
bl 40

dans laquelle R représente un groupe alkyle inférieur ou benzyle, Ia ligne discontinue indique la
50 présence d'une double liaison en position 2 ou 3 du noyau dihydropyridine, un atome de carbone du
cycle d'un systdme cyclique dihydropyridine étant connecté par un groupe de pontage au groupe
fonctionnel 17-hydroxyle tertiaire dans la progestérone ou I'oestrogéne, un atome de carbone du cycle
de n'importe quel systdme cyclique dihydropyridine restant étant connecté par un groupe de pontage &
un autre groupe fonctionnel hydroxyle réactif dans ladite progestérone ou ledit oestrogéne.
55
17. Composé suivant I'une quelconque des revendications 6, 12 et 16, dans lequel chaque systdme
cyclique dihydropyridine, conjointement avec le groupe de pontage connecté & ce systéme, comprend

la formule
-

)



45 42. Conpose suivant | a revendication 37, dans lequel |'entite

nmedi canent euse & action centrale éD] contient au noins un groupe -NH ou
-NH2 reactif qui fait partie d uFROSIP88%Ble ani de ou inide ou qui est un
groupe am no prinmaire ou secondaire ayant une val eur de pKa basse et |le
systene cyclique di hydropyridine en associ ati on avec | e groupe de pontage
connectant | e systene cyclique di hydropyri© so di ne au groupe -NH ou
-NH2 dans [D] repond a la formule strmgiurgl e CONH2 55

-CHOC(CHAI - N2 217 * ¢ L n s * P_@110 955 Bl dans laquelle R
repr6gente un groupe -CCla, -H, ou UCHslet h est 6gal a 1, 2 ou 3. 10 43.
Co se suivant |la rovendication 37, ¥ans |equel |'entite nbdi canenteuse a
actTon centrale [D] contient au noi nslun groupe -COOH reactif, et le

syst bme cycli que di hydropyridi ne on a&oci ation avec |l e groupe de pontage
connectant | e systene cyclique di hydropyridine au groupe - COOH dans [ D]
repond h | dansdaquelleaR geprésente up | groupd atRyDpirigur2@e benzyle, la ligne discontinue indique la

- (CH2) h- N @aprace digasedauble fiaizonten ggsifion2 au 3 gdu peya® dihgdsopyudine, e pastieyier savealat | a
revendi cat figng dispontigygirdique ia psgsencestung deubledigisensafenesitiansdumnoyed diydropwridine.ciue [ DI
contiont alersied Bseptﬁﬁ%w@pe Oéhyle. o4 Riep florsaugle grauPessaEioRiRest 4] anpgeition 3 du

di hyd;fgpyrf’?)’ia\’lé‘hmp&r ciation avec |e groupe de pontage connectant |e
syste yel i gue di hydropyridine_a rou -COOH dans [D] r nd ala
ol o & QAT el SRl e GUP s syl sl o

association avéc le groupe d tage connecie & cé systtme, répon ormu
O- N

C_‘_.
. (J
25

30
19. Composé suivant la revendication 17, dans lequel chaque systtme cyclique dihydropyridine, en
association avec le groupe de pontage connecté & ce systéme, répond 2 la formule

35

o 18

N

40 - . {

CHg

] il
COCH,C—

45 20. Composé de formule
[D-QCT* (i

dans laquelle [D] représente une entité médicamenteuse & action centrale qui est une progestérone
50 stéroidienne ou un oestrogéne stéroidien, ladite progestérone ou ledit oesirogéne ayant au moins un
groupe fonctionnel hydroxyle réactif, un tel groupe consistant en un groupe fonctionnel hydroxyle
tertiaire en position 17 ; et [QC]* représente la forme sel de pyridinium fonique hydrophile d'un support
redox dihydropyridine = sel de pyridinium comprenant au moins un systéme cyclique pyridinium de
formule
55
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[D-QC]+ (11) 46 dans laquelle [D] repr6sente une entit6 medi canent euse A
action contrale contenant au noins un groupe -OH, -COOH, -SH, -NH ou -NH2
reactif (y conpris des groupes tel BPQII0I8ZBAni des et des imdes, ainsi quo
des groupes amino prinmaire et amno secondaire), et [QC]+ represente |a
forme sel de pyridiniumionique hydrophile d un support redox

di hydropyridi ne -sel de pyridiniumconp nt 50 un systbnme cyclique de
pyridi niumde formule 55 218 L M | 1 EP 0 110
955 B1 CORI 5 70 dans laquelle R ente un groupe -NH2 ou -OR2
dans | equel R2 repr6sente un groupe al kyIN& | e noyau pyridini um et ant

fa tativenment condens4 avec un noyau bgnzdni que, |'atone d' azote du
systbne cyclique pyridinium 6tant connect® par |'intermediaire d un groupe

de pontage a un groupe -COH, - COOH, -SH, -NH ou -NH2 r6actif dans I'entite
medi cament eudans dagaelt iIRompréentd rua lgeupel GkylbGniéieongtbzyRy i/ &tthe decakidiendtyeRiduan
45, dan® | eqewiéme’ emliqué gynidah émnrecvhmegepan uaqroupe de epodhiagd eu [gid)ipeC Adtiomial 1AaU
moi Ns un gr ohyskoxgaritentiirg dénsdd pregesiérone ow rdstiogéner Geatorid dectartmoe dDEYTE dem'igpadiepe
- OH r6act i f, qel sysiemeeyeligypcpyddiaium epstantfjant ehinrrctérnacyn greupe cie atritags Aaneotrd groupe
groupe de pofergigenethyflivuede entif daas laditgprogestérgne op ipdibogsyedeal- ni um au gr oupe ani no
ou -OH dans E(E{)L repond A la formulo structurale 20~0 N2  CONF2 25
(CH2) n- & 91y Sgnegge suivant Lyne quelgenaye desyrependicgigng 7.4131 ot 20, dignslequely chaguppistome
suivant lar %?n%ﬂlﬁ’aip(‘f%d["l“ﬂh °) $SSOFAA ayeg |} APURe HOMPYS FPRRACE Aneentyeliiae campreRd Bn
centrale [DJ CONti ent au noins un groupe am no prinmaire ou secondaire
réactif et au noins un groupe -OH r6actif, et |le systbne cyclique

pg@i nj;,um en associ ati on avec | e groupe de nt age connectant | e systene
35% cyclique pyridiniumau groupe oYy -OH dans [D] r6pond | la
formuls structurale CONH2 - ' -

|
25 R

dans laquelle R représente un groupe alkyle inférisur ou benzyle, en particulier lorsque R représente

un groupe méthyle ou lorsque le groupe carbonyle est fixé en position 3 du noyau pyridinium.
30

22. Composé suivant la revendication 21, dans lequel chaque systéme cyclique pyridinium, en association
avec le groupe de pontage connecté & ce systéme, répond & la formule

40

45 23. Composé suivant la revendication 21, dans lequel chaque systéme cyclique pyridinium, en association
avec le groupe de pontage connecté & ce systéme, répond & la formule :
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0~0 (CH2)n-C 11 0O 45 dans laquelle n est egal a 1, 2 ou 3. 48. Conpose
sui vant | a revendi cation 45, dans lequel |'entite nedi canenteuse a action
centrale [D] 50 contient au nBPAd10@85yBbupe -NH ou -NH2 reactif qui
fait partlie d une structure am de ou irride ou qui est un groupe am no

primaire OUB%%‘%O da\%é aya {9 une (iia.(g as; o ﬁ S lgl que
pyri di ni ffh 2 ’ o) ; %“ﬁ % e
cyclique pyf ? g?é a*nglggggne '%Eﬁﬁﬂﬂéﬂ?? Qﬁ;f% RS 'I'%éﬂf

structural e”B 0"Q s
- CHO( g*%”é&ﬁp @fﬁe Eqm%aﬂoﬁ lJn l%% eed'&ms«tg raglégﬁe %Jng’enmé_'még &n’%ﬁte&g
t n eglc ntr&fe, tedit ,pdg,;géta q°r§‘ulbvant a revendication 45,
dan -l squel | entl e medi canent euse action centrale [D 20 conti ent
au noi ns unpgbeeipe ¢y COOH reactif, et I e systeme cyclique pyridiniumen
associ ation avec le f groupe de pontage connectant | e systene

cycligwe pybu ch b s8sé@tinaiddiges phaitiatdutiiament biceptalildidrmlel dand 1aquBiel [B] représents
struct ur al eufsCtit? nigbicantehtehis)naclith cafiratbasosteraaiCiu@iding un gesiie foig:iidnnal -GOOL, atidle 3.
50. Conposeoapiids @adtita et IDbHIST evpiéemntepia ddrrovig) tmidique céduiteq) bieoxgdahle, pastant 2 anavers la
cerveau, d' banderedhénato-engéhhalique Wiue gemport redox dihydropyridine = sel de pyridinium comprenant
un systéme cyclique dihydropyridine de formule
16

Ozo N !

25 un atome de carbone du cycle du systéme cyclique dihydropyridiné étant connecté par un groupe de
pontage & un groupe fonctionnel -COOH, amide ou imide réactif dans I'entité médicamenteuse & action
cenirale.

26. Composé suivant la revendication 25, dans lequel I'entitt médicamenteuse & action centrale [D]

30 contient au moins un groupe amide ou imide réactif et le systtme cyclique dihydropyridine en
association avec le groupe de pontage répond 2 la formule structurale

35

It
-CHOC

40

O—Z

Ha

dans laguelle R représente un groupe -CCls, -H,

27. Composé suivant la revendication 25, dans lequel I'sntité médicamenteuse & action centrale [D]
&5 contient au moins un groupe amide ou imide réactif et le systtme cyclique dihydropyridine en
association avec le groupe de pontage répond & la formule structurale

O O

50
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& action centrale, ledit conpos6 etant un conpose de fornule 35 [ D DHC]
(I') ou un de ses sels non tOX|queslpharnaceutiquenent accept abl es, fornule
dans laquelle [D] represente O . 0 1109551 enti t e nedi cament euse a action

central e contenant au noins un groupe -OH, -COOH, -SH, -NH 40 ou - NH2
reactif (y conpris des groupes tels gue des groupe am de et imde, ainsi
que des groupes amno prinaire et secyndai et [DHC] reprb6sente |la forne

| i poTdi que reduite, biooxydabl e, 47308 dgg ravers | a barriere
hemat o- encephal i que, d'un support Iredox hy idine - sel de pyridinium
conprenant un systene cyclique dlﬁﬁdrqu|noId|ne u di hydr oi soqui nol ei ne,

u yomre de carbone de |a portion cyclique con{epdant de |'azote dudit
systbne cyclique etant connect6 par |'internediBlire d un 45 groupe de
pontage a un groupe -OH, -COOH, -SH, -NH ou - dans |'entite

medi canment euse A action centrale. 51. Conpose suiVant |a revendi cation 50,
dans |l oquel |'entite nedi canenteuse a action centrale [D] contient au npins
un groupe anianslaguella@irepsate warmpel€iCke-H eacti f ou au noins un groupe -CH
reactif, 50 et | e systenme cyclique di hydroqui nol ei ne ou

di hydr oi soqui nol ei ne en associ ati on avec roupe de pontage connectant le
systene cyclique au groupe am no ou -H D] r6pond A la fornule

struct Ufal e 55 220 } o1l I~ CI N S * EP 0 110
955 B1 0. C_a5) 5 | RI1.
10 dans laquelle R repr6sente un groupe alkyle en G a C7 ou aral kyle
en C7. Co, e, | rtlculler dans laquelle Rl repr6sente un groupe nethyle.

5 Conpos6 sur'vint |a revendication 50, dans | oquel |'entite

am”%ué&\p%séag&\}a&”la%%&%lu& b5l aafi® Malidt Mot mBREARntdike 95 QURE RRaRO[D]

pr| Maire ou SRfdslPhbifs Erf6ipb -COOH RdctiBi 10 Drdips &4 PUARSe cdrhbdidiffelsydemeldclique ©t

l e systbme cymdicpiHaing i )Y HERAMbI UsE bEHes @ttin Lokhpsbs Odi-S & BoihiBkyigue€ Bu moins une

associ ati on B¥A6n hydirdly ab'RE céifipdd BlaR GRELH A GRUFICOOR BacET SINE 1 Yi6didaftioRt &4y

groupe 2am Noméiks ufd-Hadl@NBndtiéd hyddx@Nd & kémgoss Btahterds IpdC Vibtedéaiaire d'une fonction
carbonyle au systéme cyclique dihydropyridine.

29. Composé de formule
80 [D-QCT* ()
dans laquelle [D] représente une entité médicamenteuse & action centrale contenant au moins un

groupe fonctionnel -COOH, amide ou imide réactif, et [QCI* représente la forme sel de pyridinium
ionique hydrophile d'un support redox dihydropyridine = sel de pyridinium comprenant un systéme

35 _  cyclique pyridinium de formule
O, O
2
|
CHg
45

un atome de carbone du cycle du systéme cyclique pyridinium étant connecté par un groupe de
pontage & un groupe fonctionnel -COQOH, amide ou imide réactif dans I'entité médicamentsuse & action
centrale. .

s0 30. Composé suivant la revendication 29, dans lequel I'entité médicamenteuse & action centrale [D]
contient au moins un groupe amide ou imide réactif et lo syst®éms cyclique pyridinium en association
avec le groupe de pontage répond 2 la formule structurale

56
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0 20 11 &G nmN-~~Rl 25 dans
| aguel l e RI repr6sente un groupe alkyle en C, A C7 ou aral kyle en C7 a C o,
en particulier dans laquelle R EP®DBOBSBIun groupe nbthyle. 30 53.
Conmpose suivant |a revendi cation 50, dans lequel |'entit6 nbdi canenteuse a
action centrale [D contient au noins yn,groupe amno prinmaire ou
secondaire r6actif ou au noins un grouée -CH i6actif ou bien au noins un
groupe -SH r6actif, et |le systenme—gjghgque di hydroquinol ei ne ou

di hydr oi soqui no- |eine en associatilon a groupe de pontage connect ant

l e systeme cyclique au groupe anmi n&®ou - bien -SH dans [D] repond |
la(fornul e structurale 35 0 G 40 45
4. Conpose suivant -l a revendi cation 5* dans | equel l'entite

medi cament euse a action centrale [D] conti Q‘-m au noins un groupe -NH ou

-NH2 reactif qui fait partie d une structure i de ou inide ou qui 50

est ume groupe am no prinmaire ou secondaire ayant une val eur de pKa basso,

| e support daesdaguelfePHepréspown gradpetdCls,yBt ene cycl i que di hydroqui noleine et |e
groupe de pontage r6pond | Ila formule structurale 0 -CHOC- R1
11111.11111111111112 EP 0 110 955 Bi dans laquelle R represento un groupe
-CC13, -H, ou -CH3, la fonction carbonyl/e~Qu groupe de pontage etant
conned¢toe a un atone de carbone de |a :@

cyclique contenant de |'azoto
et du systenme cyclique di hydroqui nol ei n& 55. Conpose de fornmule [D-QC +
(11) |

ou -CHs.

20
O 31. Composé suivant la revendication 29, dans lequel I'entité médicamenteuse & action centrale [D]
contient au moins un groupe amide ou imide réactif et le systtme cyclique pyridinium en association
avec le groupe de pontage répond & la formule structurale ‘

25

il i
—-(I3HOCCH20C
" O
30
f
CHs

85 dans laquslle R représente un groupe -CCls, -H,
40 @

ou ~CHs.

45 32. Composé suivant la revendication 29, dans lequel I'entité médicamenteuse & action centrale [D]
contient au moins un groupe -COOH réactif et le groupe de poniage connectant le systéme cyclique
pyridinium au médicament est dérivé d'un composé di- ou polyhydroxylique, au moins une fonction
hydroxy de ce composé étant fixée 2 un groupe -COOH réactif dans le médicament et au moins une
autre fonction hydroxy de ce composé étant fixée par Fintermédiaire d'une fonction carbonyle au

50 systéme cyclique pyridinium.

33. Composé suivant la revendication 28 ou 32, dans lequel le groupe de pontage est dérivé de
I'éthyldneglycol, du propyleneglycol, de Finositol ou d'un sucre.

55 34. Composé suivant la revendication 25 ou 29, dans lequel [D] représente un neurotransmetteur central,

un agent anticancéreux ou antitumoral, un agent antiviral, un tranquillisant, un sédatif ou un hypnotique,
un anti-convulsivant ou un agent anti-épileptique, un agent dopaminergique ou un agent antibiotique ou

e N




S dans laquelle [D] represente une entite medi canentouse & action
central e contenant au nobins un groupe -OH -COOH, -SH, -NH ou -NH2
reactif (y conpris des groupes telEP801&08%BYroupes ami de et des groupes
i mde, ainsi quo des groupes amno primaire et am nohsecogdai re), et [QCL+
repr 6sent gl .Sal ri di g umJd Qni_que rophile d un s ort redox
di hydr opy‘réls'dfjﬂtgg%%%gt “n% Iag%ﬁ%aﬁjﬁm:?ggprg%"ﬁaﬁueﬂéprse{/"g eé'lr?eu"cwmaag%g“ un port
qui nol i ni um ou Isoquinolinium un atome de carbone de |a portion 20
cyclique @enEsHRSE slil@nt 1a AkeHdRatibH 5 tou D4SERE Roghel %]'lﬁ&eﬁg HEABLMGER, Riige UN
groupe ge pPogitaBiguedsasiie A5RMRE, (ehrorisinela LARM une adibbhae, unblekdofdRRE, IrotytddAe'S
|’ @I t e medmeia VRBbredsms, I&?.-aé‘dzédaéhirfé,elttiﬁz@‘u@ne, faRanglvRRMS Qe §UNU.§5]§pirblﬂustine, la L-
revendi cat i odlanbsine, A MON| &0 UECRF, Tadidel $-MéwTidirangdrerdmBidhicRe, ta MulidnPilydeinb 't [ D
contient au giixyligud) e DAGH, RESFRZES50e SR-2508] I @adtdbole dREddRd, EhytidRuideS lo Ghlorahbu-
noi Ns un gr ocilpeune Gldutaida otatife, lo 2ieiphalan, &t 5-FUDRS leahdhvee:aieriamitioptéithe) 18 @litorAyding1G) U
I soqui rvel i ni laribaviting d'ecyciowit, il Brazavridine] Eoxgpéprnpds Wazdpami B gdlocipripegtians blotazé-
syst bme cycl paquée clerazgpatey frenitiazénam. Guphéitdinda 'itholdDle, laamiphéhyiéink,da fréthpiddps, le v-
st ruct ur al e (YtGABY le GABA v-acétylénique, le phéncbarbital, I'amobarbital, le bytalbital, 18 Glutéthimide,
| dans | aquelfamirogiqtthipisiecls é?ﬁ"é'ﬂm?"-q'la'é@@ﬁ)‘@'%ﬂmy-l lacidnS-tyHrery-27-proayleanientiguect'agn  C7
a do, on pafrtgronestaapupenignoiue, liagidn Ehydexr2-mpeopyleastaneigueln biméarige lerivy | e.
57. Corfpos6 RgHe, B évoriopa, kampig P%éﬁi‘%‘l‘f_" ige; l'oxagifie. laygrhépicifines l3digiqxacilline, la chiorts-
n6di canent ouSsYS "ea#‘i i? gﬁcy&"@ﬁt gt T?ﬁ"“% At %Hﬁ!’qﬁ'ﬂ” 7 FEPhEIRINGY (U BePhERIRG, 12
primaire ou Secondairt a"r“é’ﬁ'&'??""?)’ﬁ UR Y FEBE LM 6act i f, etI l e syst bm;
cyclique gl,[i (5}9:{ L,£éi d Ii. SN BBJ\ 60/se i dabﬁssf?ec oy Eén(r)egu advu(ra\g ent% r%o? 3 gn ue
PTG, CONEALE et o T %&aﬁd[m %&gs@gg%@e it S R, ke
[ Bl46pond a la formul e structurale - dans | aquelle Rl represente
un groupe alfpHe;onmC, C7 ou aralkyle en C7 a G0, en particulier dans
laquel | e Rl represente un groupe nethyle. 222~ ~~ ~~ _.- H11ll H 11]1
15 11 EP & vh 10 s&bisthdn biiquésPhanasRutfdnvenl dccdpiablos Y@ML AaHsi1d20ele T0] réldisnte
| equel 25" entunt Gniid chédicaM2tb e SactonaBitiaRtoferidht Al rRoidsh ofddPé LEH) LCBBH, NEH-NJHUN
groupe - NH ocuu-NHNKE2ctf @acdmdis ges grbaries tqiaduel dds AmidBE otSdes liikie; @inglIjuél desDgtoupad de
oU qui est amigr EiopEe ahamico pecontiaire).cet JDHE cemésasts I foenyea lidoiditne rédaites BlooX@abia
basse, | e sujapwnt 2 ftravbesx la i@Rjere hémato-encéphalique, d'un support redox dihydropyridine = sel de
pyridinium comprenant un systéme cyclique dihydropyridine de formule
30

| COR,
|
40 dans laquelle R: représente un groupe -NHz2 ou -OR:z dans lequel Rz représente un groupe alkyle, lo

noyau dihydropyridine étant facultativement condensé avec un noyau benzénique, I'atome d'azote du
systéme cyclique dihydropyridine étant connecté par Iintermédiaire d'un groupe de pontage 3 un
groupe -OH, -COOH, -SH, -NH- ou -NHz réactif dans I'entité médicamenteuse & action centrale.

45 38. Composé suivant la revendication 37, dans lequel I'entité médicamenteuse 2 action centrale [D]
contient au moins un groupe amino primaire ou amino secondaire réactif ou au moins un groupe -OH
réactif, et le systéme cyclique dihydropyridine en association avec le groupe de pontage connectant le
systéme cyclique dihydropyridine au groupe amino ou -OH dans [D] répond 2 la formule structurale

50
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conprend un systene cyclique quinoliniumet |e groupe de pontage possede |a
structure 0 511 -CHOC- R 10 dans laquelle R represente un groupe -COs, -H,
15 EP0110856B1 < 20 ou -CHa, la fonction
carbonyl e du groupe de pontage 6tant connectee a un atone de carbone de |l a
portion cyclique contenant de |'azote et du systene cyclique quinolinium
59. ConposW sui vant |'une quel conque des,GQRendi cations 37, 45, 50 et 55,

dans | equel [D] repr6sente un neur ot nmetteur central, un steroide
anti-inflammatoire, une hornone sexjjel | § st 6roTdi enne, un agent 25
anticgncé6reux ou antitunoral, un aggnt gntiviral, un tranquillisant, un
ag am-l i orant |a nenoire, un agent'NAypotenseur, un sedatif ou un

hypmot i que, un anticonvul sivant ou unlagent antiepileptique, un stimulant,
un anal gési que narcoti que ou ant agoni €€ narcoti que, un agent
dopam nergi que ou un agent anti biotique anti bact6rien. 30 60. Conpos6
sui vand |'une quel conque des revendications 37, 45, 50 et 55, dans | equel
[ D] repr6sente un am noacide ou un petit peptide contenant 2 a 20 notifs
am noaci de.da6s] laq@lenBo 3épond  via wiéfinition) mentipnade ciang lscrevhadicatieny 8h 61 Barapgsentssm 45
50 et 55, dmevpe (@hliatand iBjuek epuessleued h@ 1§op Aniorure Foibnel amificaypn usey i e
st ruct ur al eat®®s yeNgagpongy de préférence gangdpryel| Ig gyddmeccyslipye divderyrigies §n pepriatidbnt e
i nd6pahdanfyeh le BropRecledgaire erend ik laderuip &tryskiedeect eur de | a fonction
hydroxyl e, & clivage hydrol yti que ou netabolique. 45 62. Conpose suivant
| * une quel conque des revendications 37, 4@Oﬁﬂ$et 55, dans |lequel [D]

l'ut a

represente le GABA, |la glycine, |'agCl que, |'acide aspartique, |la
ep; ggnine, | a nor~pi n6phrine, 1' pind hri- ne, la s6rotonine, |a
tryptanne, |a neurotensine, la LH somat ost ati ne, une enk6phal i ne,
une endor phine, |I'ocytocine M |a vasppressine, |'hydrocortisone, |a

b8t anet hasone, | a dexanet hasone, | a @EHz)-nyﬂj sone, |a flunbthasone, |a
fl upr edni sol one, | a nepredni sone, |a netﬂyQSrednisolone, | a predni sol one,

| a preglni sone, la triantinolone, |a cortodoXone, |a fludrocortisone,

| " acetoni de de filuandrenol one, | a paranethasone, |la testosterone, la

met hyl t est ahblaqiais n ést édahd nyPoodstradi ol , | e norgestrel, le nestranol, |a
nor et hi ndrone, |'ethisterone, |'oestradiol, |"'oestriol, |'oestrone, |la
di m6t hi sBSrComeesél SuMahtyls oewndiGtion 37, dang jlaquel j'ensitéo médicamentaysa G @fiien ceeirale [D]
| i nestsp enol contieat awagnaifssn @raypre;SH) réactifcat 1 ybibrae eictinye dihydrenyridinecrn; agsociation avec le

| ' oxogest orgsoupp de Bentage cprngetant is) systbree exgliqye siihydspoyridine ayrgioupe-SH dang) B répetdid i ne,
| e Ara-C, |afgogrgmedaPni ne, ['a di hydro-5-azacyti di ne,

35 CONH,
or
O | )
 CHano—
o

dans laquelle n est égal & 1, 2 ou 3.

40. Composé suivant la revendication 37, dans lequel l'entitt médicamenteuss & action centrale [D]
contient au moins un groupe amino primaire ou secondaire réactif ou au moins un groupe -OH réactif,
et le systtme cyclique dihydropyridine en association avec le groupe de pontage connectant le
systéme cyclique dihydropyridine au groupe amino ou -OH dans [D] répond 2 la formule structurale
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| a tiazofurine, |a sangivanycine, le Ara-A |le 6-MWR 1e PCNU, |a
spi ronustine, |e bisbenzimdazole, |a L-alanosine, le DON, le L-ICRF, |le
trimethyl-TMM |'acide 5-nethyltet FRRyA® 8BBbf ol i que, | a sul fonyl hy-
drazone d' aci de glyoxylique, |le DACH |e SR 2555, |le SR-2508, le
desnet hyl m soni dazol e, la mtoxan- 223 . iig-il L1 1
EP O 110 955 Bl trone, |e nenogarol, I'aclac‘ﬁ@ﬁycine A, | e phyllanthoside,
| a bact obol i ne, I'"aphidocoline, I’ ok Qg- tonine, |le | evonantradol,
| "acivicine, |la streptozotocine, I’ 6e, | e chloranmbucil, le
cycl.ophgspha- m de, une noutarde a\Rs (on_uracile, le nelphalan, le

- K , |l e cytosinearabinoside, la 6-"ner®Eptopurine, la thioguanine, |la
5-azacytidine, le nmethotrexate, |a doxoru 'c%fe, | a daunomycine, O 5

I

| ' ami nopterine, |a dactinonycine, |a nmitoffcyne C, un ddriv4 de
podophyl | otoxi ne, la ribavirine, 0.J acyclovir, |I'amantadine, le
5- am di ®o- 2- ( 5- ami di no- 2- benzof urannyl)indole, le 4',6-diim dazolino-2-
phenyl benzo(b)t hi ophene, | e 2-guani di no-4, 5-di - n-propyl oxazole, le

2- guani di no- 4ans lagpele 8nyarendod (9| definition s@Yapiig cavendication 136 phRerepisdantdtun\drdupd (GHe )
- et hyl 6t hy| §3&8 99891 # Lne yaleyede it é o b gpuRenglityiene [ramifls, qyantijvegu'hyiR atomes de
2-, 6- D-ri bof CAROAN GEPréreence dans lonusl Ip systdmacyeliaye eihysopyridine n gesseistipn Byeg e aronpe
| a gl ucBsani fePoniege 5eqpd & fgrmyle sirgeturale ¢ | {61 - D- mannose, |e '

6- am no- 6- desoxy- D-gl ucose, le

phényl - 6- chl or 0- 6- desoxy- p- D- gl ucog L de, CONH,

(S)-9-(2, 3-di hydroxypr opyl ) adeni n¢ uridine, le

5,68~¢i chl or o- 1- p- D-ri bof ur annosy! ol e, | e diazepam |'oxaz6pam Ile
| Ox@zepam | e chl ordi azepoxyde, le kgpam | e bronazepam |e
clorazepate, le nitraz6pam |e t6maz6paml | a phenytoTne, t'6thotoThe, le

n6phényt oTne, |'acetoph6nazi- no, |a car ., la fluph6nazine, la
por phdnazi ne, | a piperacetazine, |a cIonidine,' a mthyldopa, lais

b6t hanisi ne, |a d6brisoquine, |'hydral azi ne, | & guan6thi di ne,

| * hal operidol, 1'hydroxyzine, |le clopenthixol, le -y-vinyl-GABA, |e GABA
-y-acdtyl eni dpoelaqielle péstégsban P dqudl , | ' anobarbital, e butalbital, le
glut6thimde, |'am noglut6thimde, |le nethylprylon, |'acide val proTque,

| aci de 54hyenmpest. suivgoiple gpyenieationn A% Tipoe leqkel deitité chédicamentsuse & action centrale [D]

4- hydr d®y- 2-9¢0 %g’!’%dﬁ IR|8raino primgire el seonaipith ré3oit g ay-mnins vy Igpsupe Do¥eptie,

| a met hanpheftdpisHaEme syeligefihypiopyiidine |ep 3s5ensiatient 3vas, fengroureader pontage amsiacteririe ne,
| a | evanphet ¥FPARSYcfavs gihyferyidinecu oroupaaipiausOH dens [D] répopd i faformle strysturale

n6t hyl phdni date, | a tranylcypromne, la protriptyline, |'opipranol, |a
désiprapine, la nortriptyline, le b6ne§ONM; |' ani ph6nazol e, |'anileridine,
| ' hydr onor phone, |'oxynorphone, |1'aponmgrphi- ne, le |evorphanol, |a

nor phi ne, |a pentazocine, |a codg < sxycodone, |a nal oxone, |la

nalor phine, le tryptophane, |a f a levodopa, |'anpicilline,
I.xiciIIine, | "oxacilline, |a _ni,I\Iine, la dicloxacilline, |la
chTortasracycline, la t6tracycline, |a nbt EEmd+Ges |' aci de nalidixi que,

| a c6phal exine, la 25 c6phal ot hine, |a choxiE&ne, | a clindanycine, |a
| i nconyci ne, |'acide oxolinique, |a ph6nazopyridilke, |a sulfadiazine, le
thi opental, | e benzoestrol ou | e di6thylstilboestrol. 63. Proced6 pour |la

pr epar at i on déhapquelsnpestégabiul,2ani. | a revendi cation 1, qui conprend | a
reduct ion du
42. Composé suivant la revendication 37, dans lequel I'entité médicamenteuse 3 action centrale [D]
contient au moins un groupe -NH- ou -NH> réactif qui fait partie d"une structure amide ou imide ou qui
est un groupe amino primaire ou secondaire ayant une valeur de pKa basse et le systdme cyclique
dihydropyridine en association avec le groupe de pontage connectant le systdme cyclique dihydropyri-

50 dine au groupe -NH- ou -NH; dans [D] répond 2 la formule structurale
CONH;,
1 -
55 —CHOC(CH)n—N
R —_—

a1 ) 00N
* c L ] S * .



conpose correspondant suivant |a revendication 2. 30 64. Conposition

phar maceuti que conprenant un conpos6 suivant |'une quel conque des
revendications 1, 3, 6, 12, 16- 18P 0240885 B87-44 et 50-54, ou suivant la
revendication 5 lorsqu' ell e depend de |a revendi cation 3, ou suivant |'une
guel conque g’l‘e§ T SY r}giré:grgti onnsr°u8 8‘:&1 orsqu' el l e dépend de | a revendi cation
6, ou sui v SHE Taauele S\TRRIRP TR HRIPE 256 s | orsqu' el |l e depend de | a

revendi cation 12, ou 35 suivant |la revendication 24 |lorsqu' elle depend
de | a revendication 16, ou suivant |la rewerdication 33 |lorsqu' elle depend
de | agrevendi cation 28, ou suivant t'_upe gl conque des revendications 34 a
3 brsqu’' el | e ddpend de | a revendi cat i\ b ou suivant |'une quel conque
desrevendi cations 59-62 lorsqu'elle depermd de | a revendi cation 37 ou 50,
et un support non toxi que pharmacouti quenent V acceptable. 40
Revendi cat bw+Csls pousst égabB at2 co@nt r act ant sul vant: AT 1. Proc6de de

pr eparoati on d' un conpose de fornule 45 [ D- DHC] (I') ou d un de ses

sel s nomst Gmrpse suigdntlareevendicatiqu e dans deqvelpiteatilé ewdiciroantautec d dastine ¢eatpie[Ble [ DI
r epr 6sent ocantient anmeinsunrgiavipe LA réactifest & systbing pycliqua dihydrepyddinet aarsageriation avesi ns
un groupe leQrpupe dem9ntageseennectanfile sygierog\rylique iyppyriding gingropre HEOHGaRs) s

tel s quo affPend ide frmyiRigructypiasi que des groupes so amno primiire et

am no'®secondaire), et [DHC] represente la forne |ipoTdi que reduite,

bi ooxydabl e, passant a travers |la barriero Q&H’!ﬁenpohal i que, d'un support
redox di hydropyridine - sel de pyridinium—Sous reserve que, |orsque [DHC]
represente un groupe de fornule ?@H 24 l 111111 1
1344111 1 111 EP 0 110 955 Br nT ___Jdans laquelle R repré6sente un
g s al kyle inf6rieur ou benzyle, la l e discontinue indique |la
presence d' une double liaison en position 2 ou 3 du noyau di hydropyri di ne
st | e groupgsmsGRLidNen¥sBgash, 2 bu® en position 2, 3 ou 4 du noyau

di hydropyridine ; et. [%J reprdsente une entit6 nbdi canment euse contenant un
seul ' gr c14pSohBE tsliGmnI & refdtididgtion 187 Clibns | IEqusiershtitg) miBdidEmentouseD A Cddtidnattdntdls gy’ i |
est pr esenton@énhall molits GHI'gBAIPS -CODHYEacifl étNEBsyseme tyclide dihgkiopyAdielon@ssopistion@vece Ou
secondai r ele gragbtde penthge epnneethniclarsgstemel Byclique tdifydrepyeitiinen bu lgroupe di0OkiCdapsnidit par
| ' i nt er nbdiéapnde lelipdinule guctwple f oncti onnel amino ou OH & | a fonction

CONH;
J

N
-CH;

HOO :
O ' OH - -

30

35

40
45. Composé de formule

[D-QCT+ (D]

45
dans laquelle [D] représente une entité médicamenteuse & action centrale contenant au moins un
groupe -OH, -COOH, -SH-, ~NH- ou -NH> réactif (y compris des groupes tels que des amides et des
imides,. ainsi que des groupes amino primaire et amino secondaire), et [QCI* représente la forme sel
de pyridinium ionique hydrophile d'un support redox dihydropyridine == sel de pyridinium comprenant

50 un syst&éme cyclique de pyridinium de formule

55

' * [ L M H *
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carbonyle de [DHCL, alors [D] soit autre qu' un stinmulant synpathi que, une
hor none sexuell e steroTdi en- ne, un agent aneliorant |la nenoire, un al canol
& chatne | ongue ou un agent anti caFR8M&BHBI antitunoral; ledit proc6d6

4t ant caracterise par la reduction du conpose correspondant de fornule 20
[DQCI+ (11) dans laquelle [DJ r6pond A la d6finition pr6cit6e, et [QC]+
represente la fornms sel de pyridiniumioni mpydrophi | e d' un support redox
di hydropyridine sel de pyridium sous regerve que, |lorsque [QC+
représente un groups de fornule 25 [ X} I 95 dans laquelle R
represepte un groups al kyle inferi eurenzyl e, et Is groups carbonyle
esQiXG en position 2, 3 ou 4 du noyadspyridinium; et [D] represents une
en e nedi canent euse contenant un seul jgroups fonctionnel amno ou OH |e
seul groups amno ou OH, lorsqu'il est present, etant un groups am no
primaire ou secondaire ou OH primaire ou secondaire, ladite entite

nbdi cament eudaas taduelle Ry représenfd @mgrodpe GiRH.(our-©8F @42 Mqud a réprdstrite tMBrdipai akgledaidi t
gr oups f onct noyanejridaivinn dta@Haqultdtigerfeo céndesé Gascham yibyau henzéique, I'atprigCld'azoté@lldor s
[ D] soit aut systtne cysliqust pyridihiam Etastyerpreect i pgu bintermédiaitecd' umgraips & pearitdge & un groupe
st dr of di enne;OHINCERIDNEH. shilil-reu Hibhtrédctif dadrientiteméditamanteuse dlaction cdnirdlé.s | ongue ou
un agent anticancereux ou antitunmoral. 2. Proced6 de preparation d' un
conpose's dd#6+ GImAgp sujeant la rependiggtion 45, dans drquel ligpit) enédieamestopse & @ation entepise D]
phar maceut i qEPefRzheY AR AphiPe aminp BHP G&‘??ﬁd‘#’&?&@!f pleay myinsus groupe ritbréetie
entite nmedi caripRTRTELYE qﬁ%?Y’UH'”E‘e??t?ajg?m“I %ﬁﬁ Péﬁ%lm A% ROVASA CONDRFFN L WESBP ant

la glycine, TYCiupREiIduRY groypr.amina oy D dang IRl1eRopd 4 fa formyle struckyalio nane  une

en ha))i ne, une endorphine ou un autre 50 am noaci de ou petit psptide
e bnant 2 a 20 notifs am noaci de; | e~GABAONEL' y- vi nyl - GABA ou | e GABA

y-acétyl dni que ; |a norepi nephrine, epi nephrine; |a serotonine;

| " aci de 5- hydroxy-2-n- propyl pent an@, | ' aci de

4- hydr oxy- 2- n- propyl pent anoTque ou | “ggf'de 3- hydr oxy- 2- n-propyl pent anot -

qgue, | asnbt hyl dopa; la tyramne ; |a dbpam ne ou | a | evodopa; |'anpicilline

. la cephalexine ; la L- alanosine; |&Henph@ran; e DON ou |'acivicine ;

ou |l a glucosam ne ou | e 6-am no-6-desoxy-D ghucose; 55 et [ DHC|

représente |la foornms |ipoTdi que rdduite, biooXydable, passant a travers |la
barri bre hémat o- enc6phal i que d' un support redox di hydropyridine -sel de
pyri di eum répdlagueha n &t Paal  drdaulde 225~~ ~~~~~~~mmmmem N

-ttt o H 1] ] EP O 110 955 Bi O
47. Composé suivant la revendication 45, dans lequel I'entité médicamenteuse & action centrale [D]

contient au moins un groupe amino primaire ou secondaire réactif et au moins un groupe -OH réactif,
et le systdéme cyclique pyridinium en association avec le groupe de pontage connectant le systéme

385 cyclique pyridinium au groupe amino ou -OH dans [D] répond 3 la formule structurale
CONHg
Q.
B
(CHz)n"ﬁ—
@)

45
dans laquelle n est égal &4 1, 2 ou 3.

48. Composé suivant la revendication 45, dans lequel I'entité médicamenteuse & action centrale [D]
50 contient au moins un groupe -NH- ou -NHz réactif qui fait partie d'une structure amide ou imide ou qui
est un groupe amino primaire ou secondaire ayant une valeur de pKa basse et le systtme cyclique
pyridinium en association avec le groupe de pontage connectant le systtme cyclique pyridinium au

groupe -NH- ou -NH2 dans [D] répond & la formule structurale

&5

/
LU

n
L
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5o e R dans |l aquelle R represente un
groupe nethyle ou benzyle et |la |ligne discontinue indique |a présence 10

d' une double |iaison en positionEP &}1088§BIhoyau di hydropyridine, |a
fonction carbonyl e adj acente au noyau di hydropyridine dtant liee a un
groupe fonctionnel am no ou hydroxyle r6actif dans |'entit6 ntdi canment euse
a action centrale, et au noins un des groupes fg@mi.@nnel S reactifs
restants dans |'entitd n6di canent gyse & actions/centrale dtant prot6gee par
un groupe protecteur de |a fonctidh hydroxyle\Qu carboxyle, a clivage
hydrolg/ti que ou net abol i que T-ﬂ?HﬂJG(Qﬁ/zbr t caract6rise par la 15
requgti on du conpose correspog%ant de for s/ D QC]+ (11) dans laquelle
[D] repond a |la definition precitee et [QC]+ represente la forne sel de
pyridi ni umionique O 20 : hydr ophi |l e d' un support redox

di hydr opyr iddhsriequelioeR} représeppun diopper@C.6dondant a |la fornmul e O~~~~~~~~ 25 R 30
dans I"aquell e R repr6sente un groupe nbthyle ou benzyle, la fonction
carbonyl e adj acente au noyau pyridinium6tant |liee a un groupe fonctionnel

am no ou hydroxyle reactif dans |'entit i canent euse a action centrale,
et au nmoins un des groupes fonctionn tifs restants dans |'entite
nddi capen- teuse & action centrale 4tan ot eg6 par un groupe protecteur

de lafonction hydr oxyl e ou carboxyl e, & clivage hydrol ytique ou

nmet abol i que,, _ I j vant | a revendication 2, dans |equel |'enQt
medi canment gﬂs%ﬁeeg? e%ﬁ aqgggzaéfﬁ%he répondant & la fornule structurale 040

)/ 49, c°’“E°Sé. suivant la Wgnc&aﬁ]bﬁ &?%§nsl l@&”ﬁfe " nﬁtécrnécﬂ:g evgiugéjgeatg nrg nl’;rag?B]t €
I 8N damgBikbnt lau 6 Q8 BREpC\é0BA EHRUR S R gﬁi}c‘%ﬂe fidinidin 57 Qs%i&ia(?igq avec le_.
hyQwoxyl e, ghsugd deVRRgd yonhdatat b Q}éﬁm‘aléréﬁﬁ&eaﬂﬁ iniGhh Su gradpdc @ﬁﬁéﬂ‘é%]&é’poﬁtyé Hpr ns
un groupe Yorh@PERBRAIS UN groupe acyle ou un groupe carbonate, de
preference dans | aquelle: un groupe Y 50 reprdsente un groupe pivalyle
et |'"autre groupe Y repré6sente |'hydrogbne oeadigﬁgro_upe pivalyle ; un
groupe Y reprdsente un groupe isobutyryle et re groupe Y represente

| " hydr ogbne ou un groupe isobutyryle ; um—gfoupe Y represente un groupe

6t hoxycarbonyle et |'autre grou.pY@%)ﬁem he -1 ' hydrogbne ou un groupe

dt hoxycarbonyl e ; ou un groupe represq..J n groupe isopropoxycarbony- |e
et |"autre groupe Y represente |'hydrogbne ou un groupe

i sopr ¥poxycar bonyl e. 55
prop ydans aqugflenestégaIéLZou 3.

§0. Composé apte & la libération prolongée/spécifique d'un site, au cerveau, d'une entité médicamenteuse
& action centrale, ledit composé étant un composé de formule
35
[D-DHC] (1)

_ ' ou un de ses sels non toxiques pharmaceutiquement acceptables, formule dans laquelle [D] représente

o- une entité médicamenteuse & action centrale contenant au moins un groupe -OH, -COOH, -SH-, -NH-

40 ou -NHz réactif (y compris des groupes tels que des groupe amide et imide, ainsi que des groupes

amino primaire et secondaire), et [DHC] représents la forme lipodique réduite, biooxydable, passant &

travers la barrigre hémato-encéphalique, d'un support redox dihydropyridine = sel de pyridinium

comprenant un systtme cyclique dihydroquinoléine ou dihydroisoquinoléine, un atome de carbone de

la portion cyclique contenant de I'azote dudit systéme cyclique étant connecté par I'intermédiaire d'un

45 groupe de pontage & un groupe -OH, -COOH, -SH-, -NH- ou -NH; dans I'entité médicamenteuse 2
action centrale.

51. Composé suivant la revendication 50, dans lequel I'entité médicamenteuse 4 action centrale [D]
contient au moins un groupe amino primaire ou secondaire réaciif ou au moins un groupe -OH réactif,

50 et le systtme cyclique dihydroquinoléine ou dihydroisoquinoléine en association avec le groupe de
pontage connectant le systtme cyclique au groupe amino ou -OH dans [D] répond 3 la formule
structurale '

55

]



4. Proc6d6 de preparation d' un conpose de fornmule [D-DHC] (1)- 226
piilbid i 10, EP O 110 955 Bi ou d'un de ses sels non toxiques
phar maceut i quenent accept abl es, foFffI14088HB1| aquelle [D] represente une
entite nbdi canenteuse a action centrale qui est un agent antiviral, un

sterorde anti- inflanmatoire, un narcotique Ol un oestrogbne et qu
contient au noins deux groupes fonctionnels 5f° hydr oxyl e reactifs, et
[ DHC] repr6sente la forme |ipidique redui ftooxydabl e, passant a travers

| a barribre hemat ooncephal i que d' un
de pyrigini um conprenant au noins u cyclique di hydropyridine de

formdyl e 10 R 15 dans laquelle R represéntéNun groupe al kyle inferieur ou
benzyl e at la |ligne discontinue indique Ialpresence d' une doubl e liaison on
position 2 ou 3 du noyau di hydropyri di ne, Bh atone de carbone du cycl e de
chaque systbne cyclique di hydropyridi ne etant connecte par un groupe de
pont ageroa und4® laquelle §i cappiseriteomcdroupn ribyle bry Gr & Ly be amikde én €7 &l &nvs e pagtivulier dans
mddi canment oukauelie Bcreprésenteangroapegnéthyleedi t procedd 6t ant caracterise par |a

redox di hydropyridine o sel

reduction du conpose correspondant de fornule [D-QC]+ (I1) 25 dans
| aquel | e [38] Coisehauieen & weariaation G fane deaueleeatté [mdicameniopiedd aiglios qeptrale e
sel de pyri dPefieRtRY BANYUNEOPHPA BBISA Pridaitg oy §ecordsisd FPact Rty Mey rOreARt -

sel de Byri dftif SHt iqye (hvdreauipglpipg oy, dib %i%ﬂ@'%g:‘i 31%"3 r V8% 5 %Tpaéle
fornul e 30 Rp%"sagagﬂ'g'e e FYSEEMR PVEIGHR Q1 9UPR, AP SH B RS, T "Prerd A B P
benzyl e, un $6H8°de car bone du cycl e de chaque systbne cyclique pyridinium
dt ant connecte par un groupe de pontage a 4gn groupe fonctionnel O
hygkoxy)e r6actif dans |'entit6 nddi canentgpuse & action centrale. 40 5.
Prcgdd suivant |a revendication 4, dans leguel [DJ repr6sente un agent
antiviral. 6. Proced6 suivant |a revendicalion 4, dans | equel [D]
represente un stwoyde anti-infl anmagei 2H 7. Procddd suivant |a
revendi cation 4, dans |equel [D] rep@ NB-ppest rogbne.

25

te

dans laquelle Ry représente un groupe alkyle en C; & C; ou aralkyle en C7 & Co, en particulier dans
laquelle Ry représente un groupe méthyle.

30 53. Composé suivant la revendication 50, dans lequel I'entité médicamenteuse & action centrale [D]
contient au moins un groupe amino primaire ou secondaire réactif ou au moins un groupe -OH réactif
ou bien au moins un groupe -SH réactif, et le systtme cyclique dihydroquinoléine ou dihydroisoquino-
léine en association avec le groupe de pontage connectant le systéme cyclique au groupe amino ou
-OH ou bien -SH dans [D] répond & la formule structurale

35
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64. Composé suivant la revendication 50, dans lequel I'entité médicamenteuse a action centrale [D]
contient au moins un groupe -NH- ou -NHz réactif qui fait partie d'une structure amide ou imide ou qui
50 est un groupe amino primaire ou secondaire ayant une valeur de pKa basse, le support redox [DHC]
comprend un systdme cyclique dihydroquinoléine et le groupe de pontage répond & la formule
structurale '
55 [l
—?HOC—
R
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& Proc6de suivant |a revendication 4, dans |oquel [D] represente
"hydrocortisone, |a b8tanethasone, |a dexanbthasone, |la cortisone, |a

fI umet hasone, |a fl uprodni sol.one, E'?ﬁ%%ﬁ%ﬁhl sone, |a n®Bt hyl prodni sol o- ne,

| a prednisolone, |a prednlsone | a triancinolone, |a cortodoxone, |la

fI udrocorti fl uandr enol one, | a paranet hasone,

' et hi nyl oeé Eﬂ‘l’e ?ﬂrerpré%%rg? 'F"a%?u(?? OCCI""“ dbstriol, le Ara-AC, |a pentostatine,

Ia di hydro-5-azacytidine, |a tiazofurine a sangivanycine, le Ara-A le

B-MWPR, le 5-FUDR, |e cytosine- arabingédg\ |a 5-azacytidine, la
ribavigine, la 5,7-din6thyl-2-,8-Dribd dﬁbrnosyl-s-triazole(1,5-a)-
pyr{ mpdi ne, | e 2-desoxy-D-glucose, |a gltuegsami ne, |e

2- d6soxy- 2- f |l uor o- D- mannose, | e 6-am no-6- desoxy-D-glucose, le

phényl - 6- chbw ok Oia dshesos eabordeJduUR QUPY e Poridge tand ddnnectée 2 un atome de carbone de la
(S)-9- (2, 3- girlydyaifysontpish de I'adote ot du &dRMb BEliqueaihGdraqumalsingli ne, | e

5, 6-di @hl oro- 1-, 8- D-ri bof urannosyl benzi m dazol e, |' oxynor phone, |'aponor-
phi ne, | &5mComivséds foimutexycodone, | a nal oxone, la nal orphine, |e benzoestrol
ou le didthylstilboestrol. EP O 110 955 BI 9. Proc6d6 de preparation

d' un conpos®-@*foflhule [D-DHC] (1) Q 8 QU d' un de ses sels non

t oxi ques pharnaceutlguenent accept abl es, formule dans | aquolle %
repr6sént e 636 laysliet[R] WEGF%‘Mt%@é"%"’a’BW‘ﬂW & g geptr '1"°“L§§i"t ?1“}2 h’f‘
ant i cancer e@®yReP FtGﬂBFaP eﬁ%b&‘ & compiiz ) m@ﬁ?ts qg%

O?tt sen e Ia

t ‘?SLR'E %pr
st e mﬁg 9” ﬁy%;:zw?éi.m” E, S e
[ LePL g Ejﬁj‘ Hb &am s,mgesa/ 91};

9@5& ama 4
triygh® i a 2 iaime fcllys fam St bl n wroubl ao pteas’a un

dihydropyrl | e r se e pyr| |n|un1conprenant au noi ns un systene cyclique
di hydr opyggi @b,nﬁosd%u.mf U }efendRatidn 55, dans 16HABISIhRS WRdicEmdRisl RN QM @nivdle g¥jOUPE
al kyl e i nf epdn@dhk a@hﬁouh@ﬁ}i&b@e afiino pﬂméub@ﬂ%edéhd‘aﬁ@%ttm bead MelhOhgrdupe POLE BRAR €

d' une- goubl gt lsi §st5M@E cFliqwOGiikdiMiin du Asbodindibiur Gyddssddiativndavep e igMdute de Pontaijo OMe
de carbone edhnsyant 18 sE@ntRclige diyEdupertindCouG-DH qares [Of rspodd & ayforimilierseucttraent
connecte par un groupe de pontage d un groupe fonictionnel hydroxyle
reactif dans |'entite nedi canenteuse a actloanentraIe ; [edit procede 25
etant caracterise par |a reduction du conposellcorrespondant de fornule
[D-QC]*® (11) dans laquelle [D repon q¢finition precitee et [QC] +
represente la fornme sel de pyridi e 30 hydrophile d"un
support redox di hydropyridine - s i ni
systane cyclique pyridiniumde for

cxasowg
Eo

% I

Q dans laquelle Ry représente un groupe alkyle en Ci & C7 ou aralkyle en C; & Cqo, en particulier dans
40 laquelle R représente un groupe méthyle.

§7. Composé suivant la revendication 55, dans leque! l'entité médicamenteuse & action centrale [D]
contient au moins un groupe amino primaire ou secondaire réactif ou un groupe -OH réactif, et le

systéme cyclique quinolinium ou isoquinolinium en association avec le groupe de pontage connectant
45 le systéme cyclique au groupe amino ou -OH dans [D] répond & la formule structurale

0O
i

ONLR1

dans laquelle Ry représente un groupe alkyle en Ci & C7 ou aralkyle en C; & Cio, en particulier dans

laquelle Ry représente un groupe méthyle. //

=
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dans laquelle R repr6sente un groupe al kyle inferieur ou benzyle, un atom
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d' un conposu de formula 55 [D-DHC] HI) ou d' un de ses sels non
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travers | a barribre hémato- enc6phal i que, d'un support redox
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cycl i que di hagntaptbidtigierne antibadtériet. et ant connecte par un groupe de pontage &
20 un autre groupe fonctionnel hydroxyle reactif dans ladite

pr ogestBr GheCompopioslivantd'una quglgenaue des|revdidicalinne 86 4. 8teh bY. densrieayeldP] reprégeate uha
reducti on dUNEGWﬁ@%@“@UPWéﬁﬂﬁﬁG@ﬁwmﬂé5ﬂ@ﬂwﬂ$9mwgm@€]+ (11) 25 dans

| aquel | e repond a la d6finition precitse et [5(90‘]+reresentelaforne
sel de py 'dWWR?Fﬁ §ubrﬁqt éng quelconque des revendications 37, 45, 55, dans lequel [D] représente une
dopamine répondant a la formule structurale

Y NH,

O .

v

dans laquelle chaque groupe Y représente indépendamment I'hydrogéne ou un groupe protecteur de la
fonction hydroxyle, & clivage hydrolytique ou métabolique.

62. Composé suivant l'une quelconque des revendications 37, 45, 50 et 55, dans lequel [D] représente le
GABA, la glycine, I'acide glutamique, I'acide aspartique, la épidopamine, la norépinéphrine, I'épinéphri-
ne, la sérotonine, la tryptamine, la neurotensine, la LHRH, la somaiostatine, une enképhaline, une
endorphine, I'ocytocine M, la vasopressine, I'hydrocortisone, la bétaméthasons, la dexaméthasone, la

60 cortisone, la fluméthasone, la fluprednisolone, la méprednisone, la méthylprednisolone, la prednisolone,
la prednisone, la triamcinolone, la cortodoxone, la fludrocortisons, I'acétonide de fluandrénolone, la
paraméthasone, la testostérone, la méthyltestostérone, I'éthinyloestradiol, le norgestrel, le mestranol, la
noréthindrone, I'éthistérone, I'oestradiol, I'oestriol, I'oestrone, la diméthistérone, I'allyloestrénol, le cin-
gestol, I'éthynérone, le linestrénol, la norgestérone, la norvininstérone, I'éthynodiol, I'oxogestone, le

65 tigestol, le quinestrol, le Ara-AC, la pentostatine, le Ara-C, la 3-déazaguinine, la dihydro-5-azacytidine,
la tiazofurine, la sangivamycine, le Ara-A, le 6-MMPR, le PCNU, ia spiromustine, le bisbenzimidazole, la
L-alanosine, le DON, le L-ICRF, le triméthyl-TMM, I'acide 5-méthyltétrahydrohomofolique, la sulfonylhy-
drazone d'acide glyoxylique, le DACH, le SR-2555, le SR-2508, le desmethylmlsomdazole, la mitoxan-

& - [N IIIH il llll




hydrophil e d'" un support redox di hydropyridi ne -sel de pyridinium
conprenant au noins un systene cyclique pyridiniumde fornulo 30 R 35 dans
| aquslie R represente un groupe aFRPI1d0@8% Bli eur ou benzyle, un atone de
carbone du cycle de chaque systfne cyclique pyri di ni um et ant connecte par
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noyau pyri diSHouz3-dit@itoxypropylyadénine, la ¢-h2auriding, 112 i sl6-didhibfo11t4-D-tibofurannBsy Iberizk@d288 Bl
14. Pr oc6d6les dirxépab, l'axazépame rielilgaépam IQ&hlodlanQDO*ygqulel fluggiaérgue les peomgrepam, lo
cyclique pyrlodiépatarte niarépans dec¥meséorm, da/rhémitaneg I'dthetpinedle mephinyoiee, Fandtopéngz-A ce
systeme, reporkicaphieazing i filipbéngziner 3 pemhénszinepla pipdiaestaziop U%lﬁ?"'q"& leanddiyidrreatei on
13, daffs | e§éteanidinpde debrissasing Yaydeajaging. d%u@'aﬂ?b’r'q"@ﬂ FheleRsrideinthydrapyeine de elepeatisl | o
groupe de p!ﬂﬂ"d’@’éaé% AR ERRA racélyléaigus, j5phéndbeyita, Hargobprbital, Jo H‘ﬂ?"%tab lo 9' “2 ide,
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tigestol. tryptophane, la tryamine, la lévodopa, I'ampicilline, I'amoxicilline, l'oxacilline, la carbénicilline, la

dicloxacilline, Ia chlortétracycline, la tétracycline, la méthacycline, I'acide nalidixiqus, la céphalexine, la

25 céphalothine, la céfoxitine, la clindamycine, la lincomycine, I'acide oxolinique, la phénazopyridine, la
sulfadiazine, le thiopental, le benzoestrol ou le diéthylstilboestrol.

r-é‘*

63. Procédé pour la préparation d'un composé suivant la revendication 1, qui comprend la réduction du
composé correspondant suivant la revendication 2.
30
64. Composition pharmaceutique comprenant un composé suivant I'une quelconque des revendications 1,
3, 6, 12, 16-19, 25-28, 37-44 et 50-54, ou suivant la revendication 5 lorsqu'elle dépend de la
revendication 3, ou suivant l'une quelconque des revendications 8 & 11 lorsqu'slle dépend de la
revendication 8, ou suivant la revendication 14 ou 15 lorsqu'elle dépend de la revendication 12, ou
35 suivant la revendication 24 lorsqu'slle dépend de la revendication 16, ou suivant la revendication 33
lorsqu'elle dépend de la revendication 28, ou suivant I'une quelconque des revendications 34 & 36
lorsqu'elle dépend de la revendication 25 ou suivant I'une quelconque des revendications 59-62
lorsqu'elle dépend de la revendication 37 ou 50, et un support non toxique pharmaceutiquement
O acceptable.

Revendications pour I'Etat contractant sulvant : AT
1. Procédé de préparation d'un composé de formule
45 [D-BHC] ()
ou d'un de ses sels non toxiques pharmaceutiquement acceptables, formule dans laquelle [D]
représents une entité médicamenteuse a action centrale contenant au moins un groupe -OH, -COOH,
-SH-, -NH- ou -NH: réactif (y compris des groupes tels que amide et imide, ainsi que des groupes
50 amino primaire et amino secondaire), et [DHC] représente la forme lipoidique réduite, biooxydable,

passant & travers la barridre hématoencéphaliqus, d'un support redox’ dihydropyridine = sel de
pyridinium, sous réserve que, lorsque [DHC] représente un groupe de formule

56
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17. Proc6de de preparation d' un conpose de formule 35 [D-DHC] (1) ou
d'un de ses sels non toxiques pharnaceuti quenent acceptables, fornule dans
| aquel l e [D]. represente une entit e BRedl Mleuse a . action centrale
contenant au noins un groupe fonctionnel -COCH am de ou imde r6actif, ot
[DHC] represente la forne |ipoTdi que reduite, biooxydable, passant a 40
travers | a barribre h6mato-enc6phal i que, d' unpsupport redox di hydropyridine
- sel de pyridinium conprenant un sys cyclli que di hydropyri di ne de
formule 45 CH3 50 un atone de carbone|du —du systene cyclique

di hydropyri di ne 4tant connecte par un\Q[gdpe de pontage a un groupe

fo } onnel -COCH, am de ou imde react f dans |'entite medi cament euse a
act™on contrale; ledit proc6d6 etant capgacterise par |la reduction du
conpos4 correspondent de formule 55 [D-QC]+ (11) dans laquelle [D repond
a la definition precit~e et [QC]+ repr6sente |a forme sel de pyridinium

i oni que 1230 dans laquelle R| repré$entei unl grDlipe| dlkylblihfsrielid ok lbbrizyle, la Higisl §i8@HHEB4. indique la
hydr ophi | e d'nrsensapioe tiouble digisonchin ipgeition Byouidciurmeyau difwtiropleidipg, etilel gnavperparbonyle est
conpr enant urfixé pr pesition @8 ok Gudy neyay divvdiopyridige ; fobDiuspessentgyine entité médicamenteuse

t 10 contenant un seul groupe fonctionnel amino ou OH, le seul groung amino pu Hklorgau'ibest pésrst du
cycl e du systé&&Rbuncgreupp gmisc pymairaop sesRRdaire i Ol pritealie P sqserdair, lagitespiite mégicamen-
pont age & un® B@E@ ljég irpqtasontopar Vintpmddiaise, dudit gioppe fangfionnel aminp ou 3 g fopgtien + o
medi canent euseeaviede; [BCl-as éF‘%{‘_“i%q“l%.s‘"P‘f ﬁgﬁfﬁgi’% 4y hormpnp soxuslig stetpidien;

.t n
o Gamenl o tte, iy ‘agart amgllorzat, e smoi. i gl Ao o
L7, dans | 00 Rt ol ol B bt LIRS b b

I
P s o ReE

[s]
S ue pyridiniumen

as I at,j on EEM-%]‘J e (@roupe de pontage repond a la forrmule structurale r.,
20 0 020
- CHCE dans laquelle [D] répond 2 [a définition précitée, et [QC]* représente la forme sel de pyridinium ionique

hydrophile d'un support redox dihydropyridine = sel de pyridium, sous réserve que, lorsque [QCI*
représente un groupe de formule
25

O
il
C—
30 N
1
R
85 dans laquelle R représente un groupe alkyle inférieur ou benzyle, et le groupe carbonyle est fixé en

position 2, 3 ou 4 du noyau pyridinium ; et [D] représente une entité médicamenteuse contenant un

seul groupe fonctionnel amino ou OH, le seul groupe amino ou OH, lorsqu'il est présent, étant un

groupe amino primaire ou secondaire ou OH primaire ou secondaire, ladite entité médicamenteuse

O étant liée directement par I'intermédiaire dudit groupe fonctionnel amino OH & lafonction carbonyle de

40 [QCT*, alors [D] soit autre qu'un stimulant sympathique, une hormone sexuelle stéroidienne, un agent
stimulant la mémoire, un alcanol & chaihe longue ou un agent anticancéreux ou antitumoral.

2. Procédé de préparation d'un composé de formule
45 [D-DHC] ()]

ou d'un de ses sels non toxiques pharmaceutiquement acceptables, formule dans laquelle [D]
représente une entité médicamenteuse & action centrale, ladite entité médicamenteuse étant la glycine,
I'acide glutamique, I'acide aspartique, le tryptophane, une enképhaline, une endorphine ou un autre
50 aminoacide ou petit peptide contenant 2 2 20 motifs aminoacide ; le GABA, le ~y-vinyl-GABA ou le
GABA +-acétylénique ; la norépinéphrine, ou I'épinéphrine ; la sérotonine ; l'acide 5-hydroxy-2-n-
propylpentanoique, I'acide 4-hydroxy-2-n-propylpentanoique ou I'acide 3-hydroxy-2-n-propylpentanoi-
que, la méthyldopa ; la tyramine ; la dopamine ou la lévodopa ; I'ampicilline ; la céphalexine ; la L-
alanosine ; le melphalan ; le DON ou I'acivicine ; ou la glucosamine ou le 6-amino-6-désoxy-D-glucose ;
55 et [DHC] représenie la forme lipoidique réduite, biooxydable, passant & travers la barriére hémato-
encéphalique d'un support redox dihydropyridine == sel de pyridinium-répondant & la formule

I
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25 CHN 30 dans laquelle R est un groupe -Cda, -H 35 ou -CH3. Q) 40
19. Procdd6 suivant la revendication 17, dans lequel |'entit6 .

medi canent euse a action central e FDP 1d8REF BAt au noins un groupe anide ou
imde reactif et |l e systenme cyclique pyridiniumen association avec |le
groupe de pontage r6pond A la formnule strucbural e 0 0 46
|1 | f - CHOCCH20C 50 , . R CH3 dans

| aquel | e R est un groupe -CC13, -H, [|552 E&_O 110 955 Bi C _ ou
-CH3. 20. Procede suivant la revend on I7, dans lequel |'entite

n6di cagent euse & action centrale [D] ntient 10 au noins un groupe
C@ reactif et le groupe de pontagelconnectant |e systeme cycli que
pyridi ni um au n6di canent est ddriv6 dRun conpos4 di - ou pol yhydroxyli que,
au noins une fonction hydroxy de ce conpos6 etant fixe & un groupe - COOH
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25 "
N+
l
R
30 dans laquelle R représente un groupe méthyle ou benzyle, la fonction carbonyle adjacente au noyau

pyridinium étant liée & un groupe fonctionnel amino ou hydroxyle réactif dans I'entité médicamentsuse
& action centrale, et au moins un des groupes fonctionnels réactifs restants dans I'entité médicamen-
teuse 2 action centrale étant protégé par un groupe protecteur de la fonction hydroxyle ou carboxyle, &
clivage hydrolytique ou métabolique.
35
3. Procédé suivant la revendication 2, dans lequel I'entité médicamenteuse est une dopamine répondant 4
la formule structurale

Y NHp

Y .

dans laquelle chaque groupe Y représente indépendamment I'nydrog&ne ou un groupe protecteur de la
fonction hydroxyle, & clivage hydrolytique ou- métabolique, sous réserve qu'au moins un groupe Y
représente un groupe acyle ou un groupe carbonate, de préférence dans laquelle : un groupe Y
50 représente un groupe pivalyle et l'autre groupe Y représente I'hydrogéne ou un groupe pivalyle ; un
groupe Y représente un groupe isobutyryle et I'autre groupe Y représente I'hydrogéne ou un groupe
isobutyryle ; un groupe Y représente un groupe éthoxycarbonyle et I'autre groupe Y représente
I'hydrogéne ou un groupe éthoxycarbonyle ; ou un groupe Y représents un groups isopropoxycarbony-
le et l'autre groupe Y représente I'hydrog&ne ou un groupe isopropoxycarbonyle.
65
4. Procédé de préparation d'un composé de formule

[D-DHC] (1)
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|l a dicloxacilline, la chlort6tracycline, #a tdtracycline, |a nethacycline,
| " aci de nal i di xi que, |a cephalexine, la (R c6phal ot hine, |a

c6foxiti'he, la cllndanycine | a |incomycine ou |'acide oxolinique 40 25.
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| i poTdi que r goldicie, (nlooxydable passant a travers la barriere

hemat o- encéphal i que, d'un support redox di hydropyridine -A sel de 50

pyri di neaim C aiamsrisneRiDLEpEY & lLdhinity priciseet (O1Y1epreRIs itbm sdfiel fFidMing iofigue? 32
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un groupe -OH, -COOH, -SH, -NH ou -NH : dans |'entit6

nmedi canent euse a action centrale ; |edi oced6 6t ant

H7=£2
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I
R

35

: dans laquelle R représente un groupe alkyle inférieur ou benzyle, un atome de carbone du cycle de
. chaque systéme cyclique pyridinium étant connecté par un groupe de pontage 4 un groupe fonctionnel
' O hydroxyle réactif dans I'entité¢ médicamenteuse & action centrale.
40
6. Procédé suivant la revendication 4, dans lequel [D] représente un agent antiviral.

6. Procédé suivant la revendication 4, dans lequel [D] représente un stéroide anti-inflammatoire.
45 7. Procédé suivant la revendication 4, dans lequel [D] représente un osstrogéns.

8. Procédé suivant la revendication 4, dans lequel [D] représente I'hydrocortisone, la bé&taméthasone, la
dexaméthasone, la cortisons, la fluméthasone, la fluprednisolone, la méprednisone, la méthylprednisolo-
ne, la prednisolone, la prednisone, la friamcinolone, la cortodoxone, la fludrocortisone, I'acétonide de

60 fluandrénolone, la paraméthasone, I'éthinyloestradiol, I'cestradiol, I'cestriol, le Ara-AC, la pentostatine, la
dihydro-5-azacytidine, la tiazofurine, la sangivamycine, le Ara-A, le 6-MMPR, le 5-FUDR, le cytosine-
arabinoside, la 5-azacytidine, la ribavirine, la 57-d|methyl-2-/3-D-rlbofurannosyl-s-tnazole(1 ,5-a)-
pyrimidine, le 2-désoxy-D-glucose, la glucosamine, le 2-désoxy-2-fluoro-D-mannose le 6-amino-6-
désoxy-D-glucose, le phényl-6-chIoro-6-désoxy-/3 -D-glucopyranoside, la (S)-9-(2,3-dihydroxypropyl)-

85 adénine, la 6-azauridine, le 5,6-dichloro-1-g-D-ribofurannosylbenzimidazole, I'oxymorphons, I'apomor-
phine, la morphine, I'oxycodone, la naloxone, la nalorphine, le benzoestrol ou le diéthylstilboestrol.
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caract6rise par |l a reduction du conpose correspondant de formule 15 [D QC] +
(11) dans laquelle [D] repond a la definition prdcit~e et [QC + represente
la forme sel de pyridiniumioniquePfy#e8phBIe d' un support redox

di hydropyridine sel de pyri di ni um conprenant un systene cyclique O 20
pyridi niumde fo s | aquel le Rl represente un groupe -NH2

ou - OR2 (?angmfégﬁH%Pré?@at'f"éﬁ}"b%"gﬁf’sé‘ﬁ °YRupe al kyle, |e noyau pyridini um

6tant facul [a (ée ?t condens6 avec un noyau benzenique, |'atonme d' azote du
syst hnme cyc e [¥) g@ idi ni um etant connectd par un groupe de pontage a un
groupe,- G@Q 11§ Hsers Wb ues%rﬂa@&ﬁﬁdeﬁneﬂ%ed’tabﬁgt folfuidTeslisCiaqBiY fise a
act@]t Cent F BiéSonteuhe <its Thddlcfiéntenst ¥ ation c@ntrraﬁvcﬁﬂgét @R labéMD artieancErdddanktirdial |

e mbghG %mﬁlml OhHHE eMitEmbdimemsUb hfthEurs BlrudtPdI il §PS baY pliRué Su Pyintdique Pe
an no pri mahd@ntQM s gd&ﬁylé Bridife Ioli 068 kBB IhfioxyBs BLIBNKICet {BHE] repassbritd la et
l e systhme gjkd igdidRudisaiie] Hidotybable, pRSERQI tRldrd R haiite hiRatgomdfiaidie, onuppe
connecfpant |eGoxSIIBAIRPRIdRY 6+ bel| € pytidinium cofprbhatit dul rooinsan sgstionepaycliigne ditlydapyridDel
dans [D] repeopande | a formule structurale CONR 45 Il (CH2)n-C a 50~~~~~~~
dans laquelle n est egal A1, 2 ou 3. 27. Proced6 suivant |a revendication
25, dans loquel |'entit6 nbdi canenteuse A action centrale [DI contient au
NDIi NS un groupe am no primire ou secoadadye r6actif ou au noins un groupe
-OH retctif, et le 65 systene cycli hu + di ni um sn associ ati on avec |le
groupe de pontage portant |le systhne c jque pyridiniumau groupe am no ou
-OH dans [D] repond a la formule structufal e 233
11 INC L M S EP 0 110 955 BIR

20 :

O dans laquelle R représente un groupe alkyle inférieur ou benzyle, et la ligne diconstinue indique la
.présence d'une -double liaison en position 2 ou 3 du noyau dihydropyridine, un atome de carbone du
cycle de chaque systtme cyclique dihydropyridine étant connecté par un groupe de pontage a un
groupe fonctionnel hydroxyle réactif dans I'entité médicamenteuse & action centrale ; ledit procédé

25 étant caractérisé par la réduction du composé correspondant de formule :

[D-QCT* (I

dans laquelle [D] répond 2 la définition précitée et [QC]* représents la forme sel de pyridinium ionique
30 hydrophile d'un support redox dihydropyridine == sel de pyridinium comprenant au moins un systéme
cyclique pyridinium de formule

35

N
{

O "
dans laquelle R représente un groupe alkyle inférieur ou benzyls, un atome de carbone du cycle de

chaque systéme cyclique pyridinium étant connecté par un groupe de pontage & un groupe fonctionnel
hydroxyle réactif de I'entité médicamenteuse & action centrale.

45 10. Procédé suivant la revendication 9, dans lequel [D] représente un agent antiviral.

11. Procédé suivant la revendication 9, dans lequel [D] représente le Ara-AC, la pentostatine, le Ara-C, la
dihydro-5-azacytidine, la tiazofurine, la sangivamycine, I'Ara-A, le 6-MMPR, le desméthylmisonidazole,
le 5-FUDR, le cytosine-arabinoside, la 5-azacytidine, la ribavirine, I'acyclovir, la (S)-8-(2,3-dihydroxypro-

50 pyhadénine, la 6-azauridine, le 5,6-dichloro-1-8-D-ribofurannosylbenzimidazole ou la 5,7-dimethyl-2-8-
_ D-ribofurannosyl-s-triazole(1,5-a)pyrimidine.
12. Procédé de préparation d'un composé de formule
55 [D-DHC] (1)

ou d'un de ses sels non toxiques pharmaceutiquement acceptables, formule dans laquelle [D]
représente une entité médicamenteuse 2 action centrale qui est une progestérone stéroidienne ou un

- U ) A
* [ L ] S * ’




CONH2 5 No I C3

~~~~~~~ (CH 23n- 0 10 dans laquelle n est egal a 1, 2 ou 3. 2& Proc6d6
suivant la revendication 25, dans IBR109858# ite nedi camenteuse a action
centrale [D contient au nnlns un groupe -NH— ou -NH2 r6act|f qui fait

B?:‘ :‘-Tlaler g g{]e 0%&&80 (a;lgrgfero'lt?e |e |'0 I m UI estrﬁ ol gr Ou e%?mdl%gnel |
s R e a@%ﬁ i e
cyclique pyrl hél'iaﬁeal& uH"SApIIOR re dll‘R{Urop

yrld
struct Uraa" € e cycli ue dihydropyridine de formule
Z)n- Y q ﬁaﬁg l aguel e R repr6sente un groupe -CCl's, -H 30

omprenant au moms un

35 ou- CHa et n est egal al, 2ou3. 29 Procede suivant |a
revendi cation 25, dans loquel |'entite xanenteuse a action centrale [D
contient au noins un gorupe -COCH reactlif, e systeme cyclique

pyri di nitum en associ ati on avec | e groups _de’pontage connectant | e systane
cyclique pyridiniumau groupe -COCH dans {D] repond a |la fornule 40
structurale CONH2 45 -(CH2)n- +N so dgns laquelle n est 6gal a 1, 2 ou
3. 30. Procede de preparation d' un conpose de fornule [ D DHC| (I') 65 ou
d'un de ses sels non toxiques pharnmaceutiquenent acceptables, fornule dans
| aquel | & [ D] dﬁf&gﬁé@%ﬁéﬁnﬁf@m@ e |9f°épfhﬂEVi'ec e denzyle 5t {4 ligne diseantinab dndique la

cont enant au son posn dy-poyau\glihydrogyridigeiunyatamet defcafbgne du
conpris des 8 Ujﬁ eﬁ?’!‘ncﬂ@e@‘f PAINI@OuPs; despontagr: 2 g9upes 4

101l 1111 T i fﬂi e lau;e da rqg roneou I'oestrogéne, un atome de carbone du cycle

| me cyclique di ydropyndme restant étant connecté par un groupe de pontage 2

PN 20 un autre groupe fonctionnel hydroxyle réactif dans ladite progestérone ou ledit oestrogéne ; ledit

D procédé étant caractérisé par la réduction du composé correspondant de formule
[D-QCY () .
25 dans laquelle [D] répond & la définition précitée et [QC]* représentoe la forme sel de pyridinium ionique

hydrophile d'un support redox dihydropyridine == sel de pyridinium comprenant au moins un systéme
cyclique pyridinium de formule

30

[;]+
R

dans laquelle R représente un groupe alkyle inférieur ou benzyle, un atome de carbone du cycle de
- chaque systéme cyclique pyridinium étant connecté par un groupe de pontage au groupe fonctionnel
O_ 17-hydroxyle tertiaire dans la progestérone ou I'oestrogéne, un atome de carbone du cycle de
= 40 n'importe quel systéme cyclique pyridinium restant étant connecté par un groupe de pontage & un
autre groupe fonctionnel hydroxyle réactif dans ladite progestérone ou ledit oestrogéne.

13. Procédé suivant I'une quelconque des revendications 4, 9 et 12, dans lequel chaque systéme cyclique

pyridinium, en association avec le groupe de pontage connecté & ce systéme, comprend la formule
45

0
|
c

50

D—-=

65 dans laquelle R représente un groupe alkyle inférieur ou benzyle, en particulier lorsque R représente
un groupe méthyle ou lorsque le groupe carbonyle est fixé en position 3 du noyau pyridinium.

\
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EP 0 110 955 B1 groupes amno primaire et secondaire), et |IDHC] represente
la forne |ipoTdi que r6duite, biooxydable, passant a travers |la barriere
hdmat o- encephal i que, d' un suppor tER 8d&&9% Bl dr opyri di ne - sel de pyridini um
conprenant un systbne cyclique dihydroquinoleine ou dihydroisoquinoIGine,
un atone baone de ti cont enant dudi.t.
systbme dyc fr°%rg 2 Swyanilp '% 'h‘ﬁcg@’f’ég Xf? steeguhaque ¢ f@%lg#c"%% Py '%e"gssﬁﬁ'a“&?oupe
-OH, - °uRﬁ—Eep°" TR rqgacctesY AEnEPINdg “m-di cament euse a acti on
central e ; ledit proced6 6tant caract6rjse par |a rdduction du conpose
correspondant de formule [D-QC] + (11) dans laquelle [D] rbpond a la
defdnition prdcitde et [QC]+ repr~ ntecl—a forme sel de pyridiniumionique
hy bhil e d' un support redox di yridine - sel de pyridinium
conprenant un systene cyclique g ni um ou i soqui nolinium un atome de
carbone de la portion cyclique co i-(‘. ant de |"azote dudit systeme cyclique
etant monnect6 par un groupe de porgage a un groupe -OH, -COOH, -SH, -NH
ou s5  -NH2 reactif dans |'entit&Hgldi camenteuse & action centrale. 31.
ProcodE suivant |a revendication 30, dans |equel i'entitd nedi canenteuse &
action centrale [D] contient au nbins un groupe amno prinmaire ou
secondaire rdactif ou au noins un groupe -OH rdactif, et |e systbne

cycl i otie 1§uPrAetIf svivam 18 sevpadisgion 131 FaA7 leayeb phagues é‘le‘a? F’tﬁ'iq“&\PéEd"l"é“ - P GERsEiatigR
pont age conft&e egrRuPsie Popigge connegte & cesishmer (Fpend @ v foumley r oupe ami no ou - OH
dans [D] repond & la fornmule structurale, 0 25 30 dans |aquelle R
repr6sente un groupe alkyle en G a C7 o aralcléyl een C7 & CD, en

pa@c I|er dans laquelle R reprdsente COCHITPE ndt hyl e. 35 32. Proc~d6

su nt la revendication 30, dans -1"1~ |"entTte nbdi canent euse & action
centrale [D] contient au noins un {¢ e amno primaire ou secondaire
rdactif ou au noins un groupe -COH e, if, et le systbnme cyclique

qui nol i ni um ou i soqui noliniumen asspci ati on avec | e groupe de pontage
connecdsant | e systbne cyclique au gr e amno ou -OH dans [D] repond a |la
formul e structurale 40 0 G 50 danS laquelle Rl represente un groupe
alkyle en G a C7 ou aralkyle on C7 a G o, en particulier dans

16. Procédé suivant la revendication 12, dans lequel [D] représente le mestranol, le quinestrol, le
30 norgesirel, la noréthindrone, I'éthistérons, la diméthistérone, I'allylestrénol, le cingestol, I'éthynérons, le
lynestrénol, la norgestérone, la norvinistérone, I'éthynodiol ou le tigestol.

17. Procédé de préparation d'un composé de formule
35 [D-DHC] ()
ou d'un de ses sels non toxiques pharmaceutiquement acceptables, formule dans laquelle [D}
" représente une entité médicamenteuse & action centrale contenant au moins un groupe fonctionnel
O- -COOH, amide ou imide réactif, et [DHC] représente la forme lipoidique réduite, biooxydable, passant &

40 travers la barriere hémato-encéphalique, d'un support redox dihydropyridine = sel de pyridinium
comprenant un sysi&me cyclique dihydropyridine de formule

45 l |

50

un atome de carbone du cycle du systéme cyclique dihydropyridine étant connecté par un groupe de
pontage & un groupe fonctionnel -COOH, amide ou imide réactif dans I'entité médicamenteuse & action
centrale ; ledit procédé étant caractérisé par la réduction du composé correspondant de formule

55 _

[D-QCFF (i)

dans laquelle [D] répond & la définition précitée et [QC]* représente la forme sel de pyridinium ionique

= I




| aquel l e RI represente un groupe m~thyle. 33. Procdd6 suivant |a

revendi cation 30, dans |loquel |'entitd nedi canenteuse a action centrale [D]
contient au moins un groupe -NH &P OMBI®HLtif qui fait partie d une
structure am de ou imde ou qui est un 5s gr oupe anlno prlnalre ou

Sl b1 5B B Ry aRRE 8o ARl Skl SRR S e

s
syst Ane cycl
235 dﬁwluﬂﬂ Q el \11\1 EP O 110 955 Bl 0 -CHCC s

AR dans | aquelle R represente un groupe -£C13, -H, 10 15 ou -CH3, la
foncti on carbonyl e du groupe de ponta ant connectoe a un atone de
carbgne de | a portion cyclique conte e |'azote du systbne cyclique

qu linium 34. Proc6dd suivant lar i catsi on 25 ou 30, dans |equel [D]
repr6sente un neurotransnetteur central® un o 20 steroTde
anti-inflammtoire, une hornone sexuellé st dr oTdi enne, un agent

anti caneereux ou antitunoral, un agent an?|V|raI un tranquillisant, un
agent aneliorant |la nbnoire, un agent hypotenseur un s6datif ou un

hypnot i que, Wmnaterefede cerhqrsedlymreip@mﬁ%mmvcmuwwl%ﬁtan lectirpas Ui igpupmee  un
anal g6si que RPAPESH B0 oraipe Tngtionnsl HOR: arpide erdmids réastf defisdentitfmédizamenteuse 2 action

dopanlnsrgldﬁ'Q&lun agent antlblothue ou anti bacterien. 25 35. Procede

t’| t 2 t d
ou un pet it 5 Iﬂg"%%‘:ﬁ‘ﬂ“tgéﬁfféﬁﬁt';@% % s st;i;g ggq%?ﬁr ;%;:Z::?s;a i %,gg‘m?c' e
I di

oo o o e S o Gl |

i NH2 35

y gdans Joquel chaque groupe Y representec,nd6pendannent | * hydr ogene ou un

g Cﬂhe protecteur de la 0 40 )fonction hydroxyle, A clivage hydrolytique ou
mbtabol i que. 37. Proc6de suivant Ia—(§«96U|c tlon 25 ou 30, dans lequel [D]
represente le GABA, |a egC|ne acilde gl ue, |'acide aspartique, la
dopam ne, | a norepi nephrine, 6p|ne6ﬂr|ne 6rotonine, la tryptam - ne,

| a neurzetensine, la LHRH, |a sonatostatlne e’ enkephal i ne, une
endor phine, |'oxytocine M |a
CHa
30 dans laquelle R est un groupe -CCls, -H,
ou -CHs.

O 40 19. Procédé suivant la revendication 17, dans leque! I'entité médicamenteuse & action centrale [D] contient
au moins un groupe amide ou imide réactif et lo systétme cyclique pyridinium en association avec le
groupe de pontage répond a la formule structurale

IR
—CHOCCHZOC
" @
u
CHg

50

dans laquelie R est un groupe -CCls, -H,
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vasopressi ne, |'hydrocortisone, |a betantthasone, |a dexantthasone, |a
cortisone, la flumthasone, |a 45 fl upredni sol one, | a ntpredni sone, |a
met hyl pr edni sol one, |a prednisol 05%°1F%9ﬁ511n| sone, la triantinolo- ne, la
cortodoxone, |a fludrocortisone, |'acetonide de fluandr6nolone, |a

par anet hasone, | a testost6rone, |a nbthyltestosterone, |'ethinyloestradiol,
| e norgestrel, |le nestranol, |a nor6thindcope, |'ethist6rone, |'oestradiol,
| " oestriol, |'oestrone, |a dinethisteropge \al lylestrénol, |e cingestol,

| 6t hynérone, le linestre- nol, la nor g one, | a norvininst6rone,

|* 6t hypodi ol , |'oxogestone, le tigestol,+e/quinestrol, le Ara-AC, la 50
pentostatine, le Ara-C, |a 3-deazaguinine, |a dihydro-5-azacytidine, la

ti axef uri negu IcR,.sangi varry0| ne, le Ara-A |e 6-MWR, |e PCNU, |a
spironustine, |e bisbenzimdazole, la L-alanosine, le DON, le L-ICRF, le
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phenyl - 6- chilanogineg -lel Odix ye LASAT, d'Beidsoprinéthyitdtahsdrohomafolique, la sulfonylhydrazine d'acide
(S) 9-%2, 3- dytryligra e/ Ph }q ?B-Zﬁﬁ-eﬂ BR@508, lg bactebplingy liagiigies, I'tydroxyurée, le chlorambu-

, 6- di chl or €le: unegneyigrder ff‘?ﬂe%ﬂ"l B?eﬁﬂphﬂ'@aie& EUDFF de Eﬂé@?ﬂiﬁﬂ?ﬂ "al“‘"SRt%i‘Bp'a
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per phéniazi nprb ac| eallzhy roxy- -n-pro é Iac1d Ff)éqhﬂyrox @_ y ‘e,nta:glque

bdt hani di ne, Séélﬁt 5 1 ﬂ’Qod pa | ,{Lﬁ“ne q%zf §
"hal oper i dfjliovotm g Héfﬂ cyclng I cu'Yé ng‘ y:
acgryy eni qugs a&m&ﬁ re@f el a'?ndanlyc. RN

gI ti m de, am nogl ut 6thim de, e rret hyI prylon, I’ aC| de vaI prquue

aci de Ezshyrd&aa;ue BréparBbo@iid apbde Teiv@e | ' aci de 4- hydr oxy- 2-n-

pr opyl pent anor que, |'acide 3-hydroxy-2-n-propyl pentanoTque, |a

met hanphet aip-oHs] | @ phenterm ne, | a phenntbtrazine, |a dextroanphetamne, |a

| evanph6t am ne, |'anphetam ne, |a phenyl6thylanine, le is

net hyl4sheni daden deasdsr salsy hay priquasngharmiageytiquetent picgdpitables, fotmogsi gananiaquelld (D]

d6si pram nereprspnigone |ent|ﬁ ynédnmentbt@e a action centrale contenant au moins un groupe -OH, -COOH,
-SH, -NH- ou -NH; réactif (y compris des groupes tels que des groupes amide et imide, ainsi que des
groupes amino primaire et secondaire), et [DHC] représente la forme lipoidique réduite, biooxydable,
passant & travers la barrigre hémato-encéphalique, d'un support redox dihydropyridine = sel de

60 pyridinium comprenant un systéme cyclique dihydropyridine de formule
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bdnbgri de, |'am ph6nazole, |'anil6ridine, |I'hydronorphone, |'oxynorphone,

| ' aponor phine, |e | 6vorpha- nol, |a norphine, |a pentazocine, |a cod~ine,
| ' oxycodone, |a nal oxone, |a nal or BRIOWH0 958 Bl ypt ophane, la tryanine, la
| evodopa, |'anpicilline, I"amoxicilline, 1'oxacilline, la carb6nicilline,
|l a dicloxacilline, la chlort6tracycline, la t6tracycline, |a methacycline,

| " aci de nalidixi que, |a c6phal exine, la oGpBaF?t hine, la f'\ 20

c6foxitine, la clindanycine, la |inconyci{g; taci de oxolinique, |a

ph6nazopyridi ne, |la sulfadiazine, le tifi opg tal, le benzoestrol ou le

diethyl stil boestrol. 38 Proced6 suiva ne quel conque des

reyendi cati ons pré6c6dentes, dans | equel dithionite de netal alcalin et

ut iN-s6 comre agent r6ducteur. 25 39. Prqcede suivant |a revendi cation 38,

dans lequel le dithionite de netal alcali'n est le dithionite de sodium 40.

Proced6 suivant |'une quel conque des revendications 1 & 37, dans |equel un

bor ohydrar e densniajualle RBOreprésente &th geupea-NEis bu LR, | dasHlequehRerepr§ente uh@ebupd akife, 14 1.

Proced6 sui vanyauldiydrepyediat éart faouitath@mend zorglehsé ezl un| reyducheodipidua, i'gorae d'adsteadu

al calin et | sydfoeodygignedibydihpyristing iétant co@®c par uh@rope 8OpPBILS ¥in groupe -OH, ~-COCH,

t | i SH, -NH- ou |-NHg yéactif dans] I'entité mddjcpmanteuse & action centrale ; ledit procédé étant
caractérisé par la réduction du composé correspondant de formule

15
[D-QCI* (I

dans laquslls [D] répond 2 la définition précités et [QCT* représente la forme sel de pyridinium ionique

hydrophile d'un support redox dihydropyridine == sel de pyridinium comprenant un syst®éme cyclique
O 20 pyridinium de formule

COR;

. @
I

dans laquelle Ry représente un groupe -NHz ou -ORz dans lequel Rz représente un groupe alkyle, le
noyau pyridinium étant facultativement condensé avec un noyau benzénique, I'atome d'azote du
systéme cyclique pyridinium étant connecté par un groupe de pontage 2 un groupe -OH, -COOH, -SH,
-NH- ou -NH: réactif dans I'entité médicamenteuse & action centrale.

30

26. Procédé suivant Ia revendication 25, dans lequsl I'entité médicamenteuse & action centrale [D] contient
au moins un groupe amino primaire ou secondaire réactif ou au moins un groupe -OH réactif, et le
P systéme cyclique pyridinium en association avec le groupe de pontage connectant le systéme cyclique
O pyridinium au groupe amino ou -OH dans [D] répond 2 la formule structurale
& 40

CONH,

45 |:l
(CHgln—C—

50
dans laquelle n est égal & 1, 2 ou 3.

27. Procédé suivant la revendication 25, dans lequel I'entité médicamenteuse & action centrale [D] contient

au moins un groupe amino primaire ou secondaire réactif ou au moins un groupe -OH réactif, et le

856 systéme cyclique pyridinium en association avec le groupe de pontage portant le systéme cyclique
pyridinium au groupe amino ou -OH dans [D] répond 4 ta formule structurale

zs | NN DR
) * c L M s * -
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O CONHz
)
(CHoln-C—
o

dans laquelle n est égal 2 1, 2 ou 3.

Procédé suivant la revendication 25, dans lequel I'entité médicamenteuse 2 action centrale [D] contient
au moins un groupe -NH- ou -NH2 réactif qui fait partie d'une structure amide ou imide ou qui est un
groupe amino primaire ou secondaire & valeur de pKa basse, et le systtme cyclique pyridinium en

association avec le groupe de pontage connectant le systéme cyclique pyridinium au groupe -NH- ou
-NH2 dans [D] répond 2 la formule structurale

CON
o Hp

I .
iHOC@H@;,—-— NO,

dans laquelie R représente un groupe -CCls, -H,

ou-CHs et nestégal & 1,2 0u 3.
Procédé suivant la revendication 25, dans lequel I'entité médicamenteuse 2 action centrale [D] contient
au moins un gorupe -COOH réacitif, et le systéme cyclique pyridinium en association avec le groupe de

pontage connectant le systéme cyclique pyridinium au groupe -COOH dans [D] répond & la formule
structurale

CONHz

~cHan-N()

dans laquelle n est égal & 1, 2 ou 3.

Procédé de préparation d'un composé de formule 

[D-DHC] ()

ou d'un de ses sels non toxiques pharmaceutiquement acceptables, formule dans laquelle [D]

représente une entité médicamentsuse 2 action centrale contenant au moins un groupe -OH, -COOH,
-S8H, -NH- ou -NH2 réactif (y compris des groupes tels que des groupes amide et imide, ainsi que des

"
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groupes amino primaire et secondaire), et [DHC] représente ia forme lipoidique réduite, biooxydable,
passant & travers la barrigre hémato-encéphalique, d'un support redox dihydropyridine = sel de
pyridinium comprenant un systdme cyclique dihydroquinoléine ou dihydroisoquinoléine, un atome de
carbone de la portion cyclique contenant de I'azote dudit systéme cyclique étant connecté par un
groupe de pontage & un groupe -OH, ~COOH, -SH, -NH- ou -NH. réactif dans l'entité médicamenteuse
2 action centrale ; ledit procédé étant caractérisé par la réduction du composé correspondant de
formule ' '

[D-QC}* (W)

dans laquelle [D] répond 3 la définition précitée et [QC]* représente la forme sel de pyridinium ionique
hydrophile d'un support redox dihydropyridine = sel de pyridinium comprenant un systéme cyclique
quinolinium ou isoquinolinium, un atome de carbone de la portion cyclique contenant de I'azote dudit
systéme cyclique étant connecté par un groupe de pontage & un groupe -OH, -COOH, -SH, -NH- ou
-NHz réactif dans I'entité médicamenteuse 2 action centrale.

Procédé suivant la revendication 30, dans lequel l'entiié médicamentsuss & action centrale [D] contient
au moins un groupe amino primaire ou secondaire réactif ou au moins un groupe -OH réactif, et le
systéme cyclique quinolinium ou isoquinolinium en association avec le groupe de pontage connectant
le systéme cyclique au groupe amino ou -OH dans [D] répond 2 la formule structurale

@

I
Ry

dans laquelle Ry représente un groupe alkyle en Ci & C; ou aralkyle en C; & Cio, en particulier dans
laquelle Ry représente un groupe méthyle.

Procédé suivant la revendication 30, dans lequel I'entité médicamenteuse & action centrale [D] contient
au moins un groupe amino primaire ou secondaire réactif ou au moins un groupe -OH réactif, et le
systéme cyclique quinolinium ou isoquinolinium en association avec le groupe de pontage connectant
le systéme cyclique au groupe amino ou -OH dans [D] répond 2 la formule structurale

O
i

ONLR1

dans laquelle R; représente un groupe alkyle en C; & C; ou aralkyle en CG; & Cyg, en particulier dans
laquelle Ry représents un groupe méthyle.

Procédé suivant la revendication 30, dans lequel I'entité médicamenteuse 2 action centrale [D] contient

- au moins un groupe -NH- ou -NH réactif qui fait partie d'une structure amide ou imide ou qui est un

groupe amino primaire ou secondaire & valeur de pKa basse, le support redox [QC]* comprend un
systéme cyclique quinolinium et le groupe de pontage posséde la structure

. =
= |
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dans laquelle R représente un groupe -CCla, -H,

ou -CHs, la fonction carbonyle du groupe de pontage étant connectée & un atome de carbone de la
portion cyclique contenant de I'azote du systéme cyclique quinolinium.

. Procédé suivant la revendication 25 ou 30, dans lequel [D] représente un neurotransmetteur central, un

stéroTde anti-inflammatoire, une hormone sexuelle stéroidienne, un agent anticancéreux ou antitumoral,
un agent antiviral, un tranquillisant, un agent améliorant la mémoire, un agent hypotenseur, un sédatif
ou un hypnotique, un agent anticonvulsivant ou anti-épileptique, un stimulant, un analgésique narcoti-
que ou antagoniste de narcotique, un agent dopaminergique ou un agent antibiotique ou antibactérien.

. Procédé suivant la revendication 25 ou 30, dans lequel [D] représente un aminoacide ou un petit

peptide contenant 2 & 20 motifs aminoacide.

Procédé suivant la revendication 25 ou 30, dans lequel [D] représente une dopamine répondant 2 la
formule structurale

Y NH;
Y

dans lequel chaque groupe Y représente indépendamment 'hydrogéne ou un groupe protecteur de la
fonction hydroxyle, & clivage hydrolytiqus ou métabolique.

Procédé suivant la revendication 25 ou 30, dans lequel [D] représente le GABA, la glycine, I'acide
glutamique, I'acide aspartique, la dopamine, la norépinéphrine, I'épinéphrine, la sérotonine, la tryptami-
ne, la neurotensine, la LHRH, la somatostatine, une enképhaline, une endorphine, I'oxytocine M, la
vasopressine, I'nydrocortisone, la bétaméthasone, la dexaméthasone, la cortisone, la fluméthasone, la
fluprednisolone, la méprednisone, la méthylprednisolone, la prednisclone, la prednisone, la triamcinolo-
ne, la cortodoxone, la fludrocortisone, I'acétonide de fluandrénolone, la paraméthasone, la testostérone,
la méthyltestostérone, I'éthinyloestradiol, le norgestrel, le mestranol, la noréthindrone, I'éthistérone,
I'oestradiol, I'oestriol, I'oestrone, la diméthistérone, I'allylestrénol, le cingestol, I'éthynérone, le linestré-
nol, la norgestérone, la norvininstérone, I'éthynodiol, I'oxogestone, le tigestol, le quinestrol, le Ara-AC, la
pentostatine, le Ara-C, la 3-déazaguinine, la dihydro-5-azacytidine, la tiazofurine, la sangivamycine, le
Ara-A, le B-MMPR, le PCNU, la spiromustine, le bisbenzimidazole, la L-alanosine, le DON, le L-ICRF, le
triméthyl-TMM, l'acide 5-méthyltétrahydrohomofolique, la sulfonylhydrazone d'acide glyoxylique, le
DACH, le SR-2555, le SR-2508, le desméthylmisonidazols, la mitoxantrone, le ménogarol, I'aclacinomy-
cine A, le phyllanthoside, la bactoboline, I'aphidocoline, I'homoharringtonine, le Iévonantradol, I'acivici-
ne, la streptozotocine, I'hydroxyurée, le chlorambucil, le cyclophosphamide, une moutarde a fonction
uracile, le melphalan, le 5-FUDR, le cytosine-arabinoside, la 8-mercaptopurine, la thioguanine, la 5-
azacytidine, le méthotrexate, la doxorubicine, la daunomycine, I'aminoptérine, la dactinomycine, ia
mitomicyne C, un dérivé de podophyllotoxine, la ribavirine, I'acyclovir, I'amantadine, le 5-amidino-2-(5-
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amidino-2-benzofurannyl)indole, le 4',6-diimidazolino-2-phénylbenzo(b)thiophéne, le 2-guanidino-4,5-di-
n-propyloxazole, le 2-guanidino-4,5-diphényloxazole, la 6[[hydroxyimino)phényllméthyl]-1-[(1-méthylé-
thyl)sulfonyl]-1H-benzimidazole-2-amine, la §,7-diméthyl-2-8-D-ribofurannosyl-s-triazole(1,5-a)-
pyrimidine, le 2-désoxy-D-glucose, la glucosamine, le 2-désoxy-2-fluoro-D-mannose, le 6-amino-6-
désoxy-D-glucose, le phényl-6-chloro-6-désoxy-8-D-glucopyranoside, la (S)-9-(2,3-dihydroxypropyl)-
adénine, la 6-azauridine, le 5,6-dichloro-1-g-D-ribofurannosylbenzimidazole, le diazépam, I'oxazépam, le
lorazépam, le chlordiazépoxyde, le flurazépam, le bromazépam, le clorazépate, le nitrazépam, le
témazépam, la phénytoine, I'éthotoihe, la méphénytoine, I'acétophénazine, la carphénazine, la fluphé-
nazine, la perphénazine, la pipéracétazine, la clonidine, la méthyldopa, la béthanidine, la débrisoquine,
I'hydralazine, la guanéthidine, I'halopéridol, I'hydroxyzine, le clopenthixol, le y-vinyl-GABA, le GABA y-
acétylénique, le phénobarbital, I"amobarbital, le butalbital, le glutéthimide, !'aminoglutéthimide, le
méthylprylon, l'acide valproique, I'acide 5-hydroxy-2-n-propylpentanoique, I'acide 4-hydroxy-2-n-
propylpentanoique, I'acide 3-hydroxy-2-n-propylpentanoique, la méthamphétamine, la phentermine, la
phenmétrazine, la dextroamphétamine, la lévamphétamine, 'amphétamine, la phényléthylamine, le
méthylphénidate, la tranylcypromine, la protriptyline, I'opipramol, la désipramine, la noririptyline, le
bémégride, I'amiphénazole, I'aniléridine, I'hydromorphone, I'oxymorphone, I'apomorphine, le Iévorpha-
nol, la morphine, la pentazocine, la codéine, I'oxycodons, la naloxone, la nalorphine, le tryptophane, la
tryamine, la lévodopa, I'ampicilline, I'amoxicilline, |"oxacilline, la carbénicilline, la dicloxacilline, la
chlortétracycline, la tétracycline, la méthacycline, 'acide nalidixique, la céphalexine, la céphalothine, la
céfoxitine, la clindamycins, la lincomycine, I'acide oxolinique, la phénazopyridine, la sulfadiazine, le
thiopental, le benzoestrol ou le diéthylstilboestrol.

Procédé suivant I'une quelconque des revendications précédentes, dans lequel un dithionite de métal
alcalin ot utilisé comme agent réducteur. .

. Procédé suivant la revendication 38, dans lequel le dithioni:te' de métal alcalin est le dithionite de

sodium.

Procédé suivant I'une quelconque des revendications 1 & 37, dans lequel un borohydrure de métal
alcalin est utilisé comme agent réducteur.

Procédé suivant la revendication 40, dans lequel le borohydrure de métal alcalin et le borohydrure de
sodium. '
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