1 B-Carbolines for treatnent of hearing danages and vertigo 5
Description The present invention is dilrected to R-carbolines,
preferably 9-al kyl-ft-carbolines (9- alkyl-BC), their production as
well as their use in prophylaxis and treatnment of 10heari ng damages,
vertigo and vesti bul ar di sorders and pharnaceuti cal conpositions
contai ning these derivatives. Background of the invention 15 The
conpounds accorg?;’gg to.the_invention rve the treatnent of acute and
chronic ear dis FRolines F@aﬁ"?ﬁﬁ“%ﬁﬂé@%m'Q@t"ﬁ"@ﬁﬁ%ﬁ“@é’@ﬁ'gﬂl ar

di sorders, in particular acute hearing |oss, acute acoustic traung,
expl gsion trauma, |abyrinthine deafness due to chronic noise
exposure, presbycusia, trauma during inplantation of inner ear
prosthesis (insertion trauma), ver Degorigdion o di seases of the inner
ear, vertigo in 20 relation with and/or as a synptomof Meniere's

di sease vesti bul ar disorders in relation with and/or as synptom of
Meni er e'TEedpresasleinveniipn tugirapigdnedbicagaliarageeeiaiably 8-alktlibeaibobaes (9-

and cyt afyaBS thapq;r@au@@rﬁlaxé %Rl a4 |thb¥PnusEt?Qrﬁ";ﬂ'o}ﬁﬁ Il Qﬁdsyéétﬁ{ent of
fro Hbd qQr _severe hearjng a;[[aﬂes r di ng i ndl{) 51
SPtRg éaam%aﬁlﬁmo(w%yes hdS ef% Sk tRﬁ%rﬁ‘%CSP %’ rﬁqmF?Qﬁ‘FéO“S

of peopbenmmngmﬁﬁwl\km;vhgarl ng damages and hearing | osses. Costs
of treatnents account for approximately 50 billion USD annually for
the US only. The German Society of People with Inpaired Hearing
reported for the year 2007 that approximately 19 percent of the
CGer man m*b%ﬂﬁa d’ﬁﬂ&‘?n@é}%&?e of 14 30suffers from heari ng
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percelvable source for other persons. In contrast, the 'objective
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- Buzzing and whistling noises 20- Sibilating Random noise Cracking

or knocki ng o
The percentage of people with impaired hearing is increasing with increasing age.

Hearing impairments in people above the age of 65 come in fourth place of

chronically physical impairments after diseases of bones and joints, hypertension and
35 heart diseases. Thirty-seven percent of people between 60 and 69 and 54 percent of

septuagenarians and older of the population are affected by hearing impairments.



The noise can be invariant inits intensity; it can have, however, a
rhythm c pul sating 25 character as weld. There is not always a real

noi se, which causes the sane acoustic inpressions as does a tinnitus.
One should clearly distinguish tinnitus from acoustic hallucinations,

too. AfpRKimatelyy 120t d52milens eratiests tswéepdpm alebyrinthine slepéassd and
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ear ise at | eaSt once in a fetime. Approximately, a third of all
el derlﬁ%r@@?ye states to percel ve an ear noise all the time. The
onset of the disease usually lies between the age of 40 to 50
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Descrl ption The invention is directed at the use of the conpounds of
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CQOCN, - COOCH3, - CO0C2H5, - COOC3H7, - 000- cycl o- C3H5, - COOCH( CH3) 2,

- 00OC( CHB) 3, - 00C- H7, 25
- 00C- cycl o- C3H5, 0%%%“%@@ @?%ﬁggs L CONH2, CONHCHB,

- CARHC2H5, - CC]\IHCSH?S' tatae cycl o- C3H5,
CONHI CH( CH3) 2] , - COVRh s SeHiBbile - CON(CH3)2 CON( C2HB) 2, - CON( C3H7) 2, -

CON(cycl o- CSHS) 2, - CH( - CON[ C( CH3) 3] 2,

NHOOCH3, - NHCOC2H5, ﬁ [‘j@@:}?ﬁ f?oﬂ cycl o- C3H5, 30

- NHCO- CH( CH3) 2, - NHCO- C( CH3) 3, - NHCO- OCH3, - NHCO- 0C2H5,

NHCO- 0 C:

- NHCO- %?%%‘%&f %&k&@hﬁﬁ&%@ twggh@a%e however, a rhythmic pulsating

25  character as well. There is not always a real noise, which causes the same acoustic

impressions as does a tinnitus. One should clearly distinguish tinnitus from acoustic
hallucinations, too.

Approximately 10 to 20 percent of the population are affected permanently by
30 tinnitus; just fewer than 40 percent detect such an ear noise at least once in a
lifetime. Approximately, a third of all elderly people states to perceive an ear noise all
the time. The onset of the disease usually lies between the age of 40 to 50, wherein
women and men are affected likewise. The number of patients with tinnitus has been
rising in industrialised nations of the Western world in particular.
35
The present invention is based on the problem to provide drugs as well as
pharmaceutical formulations, which are suitable for prophylaxis and treatment of
hearing damages, presbycusia, vertigo, and vestibular disorders.



4 -N(C2I-15)2, - N( C3H7) 2, - N( cycl o- C3H5) 2, - N[ CH( CH3) 2] 2, - N[ C( CH3) 312,

- SOCH3, - SOC2H5, - SOC3H?, - SO- cycl 0- C3H5, 3SOCH( CH3) 2,

SOC( CHB) 3, - S02CH3, - 302C2H5, - S02C3H7, - S02- cycl o- C3HS,

S02CH( CH3) 2, - S02C( CH3) 3, - SO3H, - SO3CH3, -303C2H5, - 303C3H7, 5

- S03- cydhe- temhsicabie @F%EGBBP@ theoadempmiet- oleifss - §0vess this problem. Further

0- COOCH e BG83 Foy Tas Y 8L @1SHBs COGHK G
O @6@ ok NH&@E%!:'_% 6%@%1’1@1 8Ll he invenfo k %he

NH CO- N é@ lengiaigsnilisipscrfionandine wxatess,

NH- CO- NH[ CH( CH3) 2] , - NH- CO- NH[ C( CH3) 3] , - NH- 00- N( CH3) 2, 10

- NH-00- N( C21- 15) 2, - NH- CO- N( C3H7) 2, - NH- CO- N( cycl 0- C3H5) 2,

- NH-00- N[ CH( CHB) 2] 2, - NH- 00- N[ O( CHB) 3] 2, - NH- CS- NH2,

- NH- CS- NHCH3, - NH- CS- NHC2H5, - NH- CS- NHC3H?,

NH- CS- NH cycl o- C3H5, - NH CS- NH CH( - NH[ C( CH3) 3],

- NH- CS- N( GHB) 2, - NH- CS- N( C2H5) 2, - N&j%ggkf’&gﬁ?) 2, 15

~NH- CS- N( cycl 0- C3HB) 2, - NH- CS- N[ CH( CHB) 2] 2, - NH- CS- N[ O( CH3) 3] 2,

- NH- C( =tihi: 1iNdhtiohhs Grebidy- Ak iBse Nﬁﬂg ctNHE_ Wbﬁhe eneral formula (1)

NH- (( =NH) - NHC3H7, - 0CBHA- 0CHB, - NFE ¢ NEFCyCl o C3HD,

- NHEE( =NH) - NH[ CH( CH3) 2] . - CF2d1 | - NH- C( NH) NH[ C( CH3) 3] .

NH- C( =NH) - N CH3) 2, - NH- O =NH) - NgC2H5) 2, - NH- C( =NH) - N( C3H7) 2, 20

N O(=NF) - NCcycl o- C36) 2, - 0O5FK: OHS, - NH G(=NH) - N[ CH( CHB) 2] 2,

NH C(=NH) - N[ C( CH3) 3] 2, - 0- CO- NH2) - 0- CO- NHC2Hb,
- 0- CO- NHC3H7, - 0- CO- NH- cycl o- C3H5/ CH( ) 2],

0- 0O NH[ O( CH3) 3] , - 0- CO- N( CHB) 2, -Q

~0- 0O N( C3H7) 2, - 0- CO- N( cycl o- C3HB)2: NCA(CrB) 2] 2, 25
- 0- CO- N[ C( CH3) 3] 2, - 0- CO- OCH3, - 0- 00- 0C2 -oc3H7

0- 00- 0- cycl 0- C3H5, - 0- CO- OCH( CH3) 2, - 0- 00 q CH2- COCH,

- CH2- COOCH3, - CH2- cooCc2H5, - CH2- 00C3H7, RCH2 CO- CYC OC3H5,

- CH2- COCH( CH3) 2, -CH2-COC(CH3)3. 30R7 -, R13 represent independently
of each other the follow ng noieties: 1
CH2F, - awhRgreiiCF3, - CH2Br , - CH21, - CH2- CH2F,

CH2- CHRRY ~dties {963 on&tdd 1 ftown T Ridibtrdsy: » - CH2- CH21,

15 -R"™, —-CR'R°R®, -NR'’R'™, -CO-NH-R", -CO-0O-R'*

R? — R® represent independently of each other the following moieties: —R’, -R¢,
-R°, R, —R", -H, -OH, -OR’, ~OCH3, —OCyHs, —OC3H;, —O—cyclo-C3Hs,
—OCH(CHz3);, -—OC(CHs)s, -0C4Hy, -OPh, -OCHy-Ph, -OCPhs, -SH,
20 ~SCHs, —-SCzHs, —SCsH;, —S-cyclo-C3Hs, —-SCH(CHz)a, —SC(CHsz)s, —NO,, —F,

~Cl, -Br, —I, —=N3, —-CN, —-OCN, -NCO, -SCN, -NCS, -CHO, —COCHjs,
~-COCzHs, —COC3zH;, —CO-cyclo-CsHs, —COCH(CH3);, —COC(CHs)s, —COOH,
~COCN, —COOCH;3, —COO0OC;Hs, ~CO0OC;H;7, —COO-cyclo-CsHs,
—~COOCH(CH3z), —-COOC(CHs)s, ~OOC-CHz;, -00OC-CyHs;, -—-OQOC-CjHy,
25 -~00C-cyclo-CsHs, —O0C-CH(CH3)s, —0Q0C-C(CHa3)s, —CONH,,
—CONHCH3;, —CONHC;Hs, —CONHC;3H5, —CONH-—cyclo-C3Hs,
~CONH[CH(CH3)2], —CONH[C({CH3)3], —~CON(CHj3)s, —CON(CzH5)2,
~CON(C3H7)2, —CON(cyclo-CsHs)z, —CON[CH(CHa3)2]2, ~CON[C(CH3)s)z,
—NHCOCHg3, ~NHCOC;Hs, ~NHCOC;Hj>, ~NHCO-cyclo-CsHs,
30 -NHCO-CH(CHgj),, ~NHCO-C(CHg3)a, —NHCO-OCHj, ~NHCO-0C,Hs,
—NHCO-0C3H5, —NHCO-0O-cyclo-CsHs, ~NHCO-OCH(CHj3),,
—~NHCO-OC(CHs)s, —NH,, —NHCHG3, —NHC;Hs3,

~NHC3H;,  —NH-cyclo-CsHs,  —NHCH(CHa), ~ —NHC(CHa)s,  —N(CHy)e,



cycl o- C3H5, cycl o- C4H7,
cycl o- O5H9, cycl o- C6H11, cycl o- C7H13, cydl o- O5H15, Ph, - CH2-Ph,
- CPh3, - CH3, - C2H5, - C3H7, - CH( CH3) 2, - C4H9, 35

- CH2- CH 2, - CH(CH3) - C2H5, - O( CHB) 3, - O5HI CH3) - C3H7,
- CH2- o%ma%a)@ms M]fr@%sdﬂ) CH( EJCﬁdsﬁtﬁ)zm[Qés-l "g)ﬂﬁ-C(G-B{I@(.CHS)s]z,

'CH(CZ H4- 6- _

CHCCHS 53202HS RGeS C4F19 oS CH( CH3) 5703 s, SOCH(CHs),,
- CH( i CHB) 2; G lscoHs, - @2C3H7, —S0z—cyclo-CsHs,
- CH2- CHEOR)H(@HSH3) 25 Q(ngS)2S©§H5 ~S03CH3, -—803021-15, —80303H7,

B PO P oy o

- C8H17, O—@QOOH%CH CI-I3—O—GBBI@G1+FE2H5 ~OHE-@DCEEy,=CH2, —G—COO—cyClo -C3Hs,

20 2R R opHIED: A oA O Oeco-vcr

CH=CH- eBH-CorplHG4HEH CH:CHZ @H—@%N@Qa@m —NH-CO-NH-cyclo-C3Hs,

CH=C'+ GN%%Q#%[ % CH2,  _NH-CO-N(CHs),,
- 2.0HD- aﬂzcb@%@%@%j ’CHS) CH-"CQﬁs*ClC?"N(CVC'O -CsHs)z,
-CH( CI-|3N+GI-’@@I=N [EHAGH CH( CH3) 2,-NBH=COCNB(CR 5, ~NH-CS-NH,,

GSE %g R@%%%%ﬁé?% o) éj&_.g@@%&ﬁé%%ﬁ) crearp, ~NH-CS-NHCsH,

CHECH ENEH) S-OND-CRADIE 1Bk OH2,~NISHBSENHIBH(BB 1ol 5 ~NH-CS-NH[C(CHa)g],
e RO SHHE ao o odb SHldl o). arag NS NOML

N5 S-dNEryel=Cis )2, oo NHENHERESMS H4)2£H:CH2 ~NH-CS-N[C(CHs)sl.,
C2H4 CHRH;(@@)\R-I)—W C( CH3) = gﬁgﬁﬁk{%%) CH=GHCHB=NH)-NHC,Hs,

Gro-GF miﬂa%%ﬂ%cﬁﬁ%ﬁz‘“ 0. CroNHRIBIH)-NH-oyclo-CiHs

Cr- O CHB}SIHNEDHBIH{CH(CHgl} O+Cr C2OR5CH.Cr2- CHR K- C(=NH)-NH[C(CH)i,

v =0 It T Rl N drosy "R CONH) N

—NH-C(=NH) N(cyclo C3H5)2, ZOCsHs—~CHs, ~NH-C(=NH)-N[CH(CHs).]z,
—NH-C(=NH)-N[C(CH3)s], —O—CO-NH,, —O—CO-NHCHs;, —O—CO-NHC;Hs,
~O~CO-NHC3Hy, ~0O-CO-NH-cyclo-C3Hs, ~O-CO-NH[CH(CH3)s],
—O-CO-NH[C(CH3)3], —O-CO-N(CHa)p, ~0O-CO-N(CsHs)q,
~O-CO-N(C3H7)s, —O-CO-N(cyclo-CsHs)z, ~O—-CO-N[CH(CH3)2]o,
25 —O-CO-N[C(CHs)sl, =~ ~O-CO-OCHs;, = —-O-CO-OG,Hs,  —O-CO-OCsHs,
—O-CO-O-cyclo-CyHs, ~O—~CO-OCH(CHs)y, —O-CO-OC(CHa)s,

_CHQ—COOH, "CHngOOCH& “CHZ—COOCQH{,I ""‘CHZ—COC3H7‘ —CHz—CO-—CyC{O-
C3Hs, —CH,—COCH(CHg)z. ~CHo—COC(CHs)a.

30 R’ -R™represent independently of each other the following moieties:
—CHzF, —CHF-, -CFs3, ~CH.Cl, —CH2Br, —CHasl, —CH>—CH.JF,
—CHQ_CHFQ, —CHQ—CF:,', -‘CHZ—CHQCI, —CHQ—CHQBT, —CHz—CHg],
cyclo-CsHs, cyclo-C4H;, cyclo-CsHg,  cyclo-CgHqq, cyclo-CzH4s,  cyclo-CgHys,
_Ph, ~CH,—Ph, -CPhs, —-CHs, —CsHs, —CsHz,  —CH(CHa)o,  ~CaHe,

35 —CHp-CH(CHs)y,  —CH(CHs)-CoHs, —C(CHs)s,  -CsHi,  ~CH(CHg)-CaHy,
—CHy—CH(CH3)~C,Hs, —CH(CH3)~CH(CHj)s, ~C(CHa)z~CaHs,
—CHp—C(CHa)s, ~CH(CoHs)s,  —CoH4—CH(CHa)s,  —CeHis,  —CsHe=CH(CHa)a,
~CoHs~CH(CH3)~CoHs, —CH(CH3)~C4He, ~CHp—CH(CH3)-C3Hx,

—CH(CH3)-CHy—CH(CHj3)s, ~CH(CH3)-CH(CH3)-CaHs,



CH( CH3) - CH2- C( CH3) =CH2, - CH( CH3) - CH( CH3) - CH=CH2, 25
- CH2- CH2- CH2QH, - CH2- C( CHB) 2- CH=CH2, 5

- C( CH3) 2- CH2- CH=CH2, - CH2- C( CHB) =C( CH3) 2, - CH( CH3) - CH=C( CH3) 2,

- C( CH3) 2- CH=CH- CH3, - CH2- CH2- CH2SH, - CH( CH3) - C(CHS) =CH CH3,

CH=C( CHsFJ-BH@tK@V@ ~(SHdy)=CcH- CH(CHB)2 C(CHB C( CHR) - eQIIHE C(CH3)2—CzHs,

CH=CH— 3 —
- O( CHB) ( gqcﬁH3 & eﬁgH ’:CHZ, @{@)F—l GRCH:)-C(CHy),
- CH2- C( 3, —CzH4—-CH CHg,

C( C3H7) --G7H@43 —GSH%S) %%&cﬂ(- CCGH@&LCZHS, —CHg—C(C =CHj,

i %@%{:&@%@Hm%g&%g% Gl -G BN CRGECH G,

CH2- CHZGBBHQ—GZ-IGH#E( CH3) - CI—I:GI-EQH,;-({I-IQ =0BEHEHCH( CH3) - CH=CH,CBHEHRH-C,Hs,

0142(0343) oA B CHECHTE B - ~CH=CH-CH=CH-CHs,
CH=CH- cHStF@—lm zfﬁrlzi & OCH3— %@@%%—CH =C(CHz)-CH=CHj,
CH=C( B LH-E @kélﬁwcﬂﬂ CGCIHQ)@ J@ﬁ( C'+£€':|312—CH (CHs)~CH=CHo,
c<‘t943> i ok o % C G cBH=@iBHg=6H-CHs,

- C2H4- C-CH(CHSHL -HI-CHCB$1 -C C- C2HOH= CG&*&Q%FIQ‘)& C2HA- C_CHAH CHHREH,,

Cori iy SRR ¢ (O} C O G ), C Cr S ORIl (O,
-CH2-C eoaeav&s)r@(am%m,c C- CLCHBH3)=CEM@HEQHZH3) - C-CHi=C(CH3)-CH=CHj,
CH2- CH( C Cgﬁ @4@; 2-C C CH( C@N&%%gf) C2H4- C_ —~CH=CH-CH;,

CH2- CH( ¢ CH3) - CH2- )-C C

C G] crePalte@H=eHelatHs- oy OH3)2 =CHe O Hspl-bé@l'tm ~CH= CH CaHe,
—C3H5—C(CH3) CHs, —CHy—CH>—CH2—~OCHj, ~CzH4~CH(CH3z)-CH=CHz,
~CHy~CH(CH3)~-CH—CH=CHpy, —CH3zNH>, —CH(CH3)~C2Hs—CH=CHa,
—CoHs~CH=C(CHz)>, —CoH4—C(CH3)=CH-CHs, —CHy~CH({CH3)-CH=CH-CHg3,
—CH(CH3)-CH;—CH=CH-CHj3, —CH>0H, —CH2SH,

20  —CHy—CH=CH-CH(CH3),, —CH,—CH=C(CH3)—-C,Hs, ~CHy-~CHo—CHoNH,,
—CHz—C(CH3)=CH-C3Hs, ~CH(CH3)-CH=CH-C3Hs, —CHy—CHaNHz,
—CH=CH—CH2—CH(CH3)2, —CH=CH~“CH(CH3)—CQH5, -—CH=C(CH3)—C3H7,
—C(CHs)=CH~C3Hs, ~CHz—CH(CH3)~C(CH3)=CHs, ~CHa—CH,SH,
—CH(CH3)~CHo—C(CH3)=CH,, —CH(CH3)~CH(CH3)~CH=CH,,

25 —CH-CH—-CH20H, —CHz—C(CH3)s—CH=CH>,
~C(CHs);~CH—CH=CH,,  —CH,~C(CH3)=C(CHg)z,  —CH(CH3)~CH=C(CH)s,
“C(CHg)Q—CH:CH—CHa, —CHz""CHQ""CstH, —CH(CH3)—C(CH3)=CH—CH3,
~CH=C(CH3)}~CH(CHs)a, —C(CH3)=CH-CH(CHa)s, —C(CH3)=C(CHs)—C2Hs,
~CH=CH-C(CHa)s, —C(CHa)o~C(CH3)=CH, —CH(C2H5)~C(CH3)=CHo,

30  —C(CHs)(CzH5)~CH=CHb, —CH(CH3)~C(CH5)=CH, ~CHy—C(C3H7)=CHs,
“CHQ—C(CQH5)=CH—CH3, “CH(Csz)—CH=CH—CH3, —C(C4Hg)=CH2,
—C(C3H7)=CH—CH3, mC(CzH5)=CH"-CzH5, —C(C2H5)=C(CH3)2,
—C[C(CH3)3]=CHz, —C[CH(CH3)(C2Hs)]=CHy, ~C[CH—CH(CH3),]=CH,,
—C2H4~CH=CH-CH=CHp, —CeHs—OCH;, —CHo~CH=CH-CH;—CH=CHpg,
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~CHp—C(CH3)=CH-CH=CH,, —CH»-OCH;, ~CH(CH3)-CH=CH-CH=CH,,

—CH=CH—CH,~C(CH3)=CHj, —CH=CH-CH(CH3)~CH=CH,,
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The term ‘prodrug’ as used herein is defined as a pharmacologic substance that is
administered in an inactive or less effective form. After administration, it is
metabolised into its active, effective form in the body.

30
The term ‘tautomere’ as used herein is defined as an organic substance that can
interconvert to its equilibrium isomer by a chemical reaction, tautomerisation.
Preferably, bases, acids or other suitable substances can catalyse tautomerisation.

35
General synthesis of 9-alkyl-B-carbolines
The starting compound, norharman, can be produced by protocols known in the
literature as described in example 1, for example.



. NN I I CH3 C6HL13 d 4H29 conpound A conpound B conpound C D E
\/ fik compound . 7

In accordance with well-established alkylation reactions, N-alkylation of position 9

results from alky! iodides, alkyl bromides, alkyl chlorides, alkyl mesylates, alkyl
tosylates or other alkylation reagents according the reaction scheme as below:

2 Alk-LG 7

LG stands for a leaving group. Alkylation reactions preferably are base-catalysed.

General reaction protocol for aikylation:
One mol equivalent of norharman is dissolved in a dried solvent such as DMF, THF,
10  methylene chloride etc. under an inert gas atmosphere. Deprotonation resuits from
an excess of strong base, preferably sodium hydride (approximately 2 mol
equivalents), at low temperatures (-78°C to 0°C). 1.0 to 1.2 mole equivalents of an
alkylation reagent, which can be dissolved in a dried solvent, are also added at a
temperature below 0°C. One stirs the mixture overnight, whereby the reaction
15  solution can heat itself to room temperature. Processing is performed in a manner
known to the skilled person. Non-converted norharman can be removed by ion
exchange chromatography or ion pair extraction. Usually, yields are in the range from
30 to 75 percent of the theoretical yield.

20  The following compounds were synthesised according to the above alkylation.
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General synthesis of 1,6-bi-substituted B-carbolines

3
R R3

O room temperature
BT /U\ > / \ N—H

N H™ TR? DMF \
H I R?
H

Pd/C
R3
T base
N RI—
Indole derivatives were reacted with the corresponding aldehydes to obtain 1,6-di-
substituted R-carbolines according to the above reaction scheme.

a——
e
N
=z
A

Thereby, 0.1 mole of indole derivative was dissolved in DMF and 0.12 mole of the
10 aldehyde was added with stirring. The reaction mixture was stirred at room
temperature for 16 hours. After removal of the solvent, the resulting solid was re-
crystallised twice in toluene and dried. In a further synthesis step, 0.07 mol of the
solid re-crystallised in toluene and dried were dissaolved in 600 ml of cumene and
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15 The following compounds of the general formulas (i) - (V) and (XXI) are preferred.
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9-Alkyl-f3-carbolines according to the invention surprisingly show a pharmacologic
effect on hearing damages, vertigo and vestibular disorders as well as other ear
20 diseases, and, thus, are used according to the invention for prophylaxis and
treatment of hearing damages, vertigo and vestibular disorder. The indications
hearing damages, vertigo and vestibular disorder also comprise particularly
labyrinthine deafness, presbycusia, acute hearing loss, hearing loss, trauma during
implantation of inner ear prosthesis (insertion frauma), labyrinthine deafness due to
25 chronic noise exposure, acute acoustic trauma, rotational vertigo episodes, nausea
and emesis due to hearing damages, vertigo due to diseases of the inner ear, vertigo
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in relation with and/or as a symptom of Meniére’s disease, vestibular disorders in
relation with and/or as symptoms of Meniére’s disease, tinnitus and hearing damages
due to antibiotics such as penicillines such as penicillin V, propicillin, azidocillin;
aminopenicillines such as ampicillin, amoxicillin; cephalosporines such as cefaclor,
cefradine; lincomycines such as lincomycin, Clindamycin; tertracyclines such as
doxycycline, tetracycline; nitroimidazole such as metronidazole; macrolides such as
erythromycin; aminoglycoside such as gentamicin, streptomycin and cytostatics such
as actinomycin D, aminoglutethimide, amsacrine, anastrozole, antagonists of purine
and pyrimidine bases, anthracyclines, aromatase inhibitors, asparaginase, anti-
estrogenes, bexaroten, bleomycine, buselerin, busulfane, camptothecine derivatives,
capecitabine, carboplatin, carmustin, chlorambucil, cisplatin, cladribine,
cyclophosphamide, cytarabin, cytosinarabinoside, alkylating cytostatics, dacarbazine,
dactinomycin, daunorubicin, docetaxel, doxorubicin (adriamycin), epirubicin,
estramustin, etoposid, exemestan, fludarabin, fluorouracil, folic acid antagonists,
formestan, gemcitabin, glucocorticoides, goselerin, hormones and hormones
antagonists, hycamitin, hydroxyurea, idarubicin, ifosfamide, imatinib, irinotecan,
letrozole, leuprorelin, lomustin, melphalan, mercaptopurine, methotrexate, miltefosin,
mitomycine, mitosis inhibitors, mitoxantrone, nimustine, oxaliplatin, paclitaxel,
pentostatin, procarbazin, tamoxifen, temozolomide, teniposide, testolactone,
thiotepa, tioguanine, topoisomerase inhibitors, topotecan, freosulfan, tretinoin,
triptorelin, trofosfamide, vinblastin, vincristin, vindesin, vinorelbin, cytostatic-effective
antibiotics.

The indications, hearing damages and hearing loss, can also be noise-induced
and/or are associated with acute acoustic trauma and/or explosion trauma. The most
frequently named factors of acoustic trauma, such as acute acoustic trauma or
explosion trauma are noise pollution at the workplace and during leisure time.

Tinnitus and hearing damages can also be based on vascular ischaemia,
autcimmune disorders, infectious diseases, otosclerosis and cranial tfrauma. Hence,
the present invention is also directed to hearing damages and hearing loss caused
by acute acoustic trauma, explosion trauma, noise pollution, vascular ischaemia,
autoimmune disorders, infectious diseases, osteoclerosis and cranial trauma.

Vertigo in relation with Meniére's disease is an addressable indication according to
invention because the inner ear participates in this form of vertigo. This applies to
equilibrium dysfunctions, too, because as the vestibular organ the labyrinth is part of
the inner ear. Meniére’s disease or Morbus Meniére shows itself in sudden occurring
rotational vertigo episodes, nausea, emesis, buzzing in one’s ears (Tinnitus aurium)
and unilateral hearing loss. Characteristics of this disease, which can occur without
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The substances 9-net hyl

H7C30 H300 / 41,

-fl-carboline and 9-fl uoroet hyl
are particularly preferred 25 Preferngd conpounds are:
1-chl oro 9- [(1Z 3E) 2- met hyl penta-1, 3-di enyl] -

-fl-carboline
12 a (1X)

9H 13- al bot+ne '-u., B—9-rret ||y| —6=pt upuX‘y’ OH-f-3--carbotne
(X) I opro h%%c3(9H p- carboline (Xl ngé@
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N N
— ey
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1-chloro-9-[(1Z,3E)-2- 9-methyl-6-propoxy- 9-cyclopropyl-6-methoxy-
methylpenta-1,3-dienyl}- 9H-p-carboline 9H-B-carboline
9H-B-carboline (IX) {X) (XH
FsCO (H3C),N Cl
7 7
N N
) )
Hg CHa CHj OCH;

6-trifluoromethoxy-9-
methyl-9H-B-carboline (Xil)

6-dimethylamino-2-methyi-
9H-p-carboline (XIII)

1-methoxy-6-chloro-9-
methyl-9H-B-carboline

(XIV)
HsC HiC
——
\ 7 7
I\, N N
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\ CH; CHs3
1,9-dimethyl-9H-B- 6,9-dimethyl-9H-B-
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| |
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6-methoxy-9-methyl- 9-(2-fluoroethyl)-9H-B- 9-allyl-9H-B-carboline
9H-B-carboline  (XVIIi) carboline (XiX) (XX)

Compounds of the present invention and the particularly preferred compounds of the
general formulas (ll) - (XX} can be used for the manufacture of a pharmaceutical
formulation for the treatment and/or prophylaxis of acute and chronic ear disorders
and hearing damages, vertigo and vestibular disorders, in particular acute hearing
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loss, acute acoustic trauma, labyrinthine deafness due to chronic noise exposure,
presbycusia, trauma during implantation of inner ear prosthesis (insertion trauma),
vertigo due to diseases of the inner ear, vertigo in relation with and/or as a symptom
of Meniére’s disease, vestibular disorders in relation with and/or as symptom of
Meniere’s disease, tinnitus and hearing damages due fo antibiotics and cytostatics.

The compounds according to the present invention can be administered neat or in
the form of a pharmacologic effective salt. Because the compounds of the present
invention can have alkaline properties, salts of these compounds can be generated
by established methods.

The following acids can be listed as acids, which will form an acid addition salt with
the compounds of the present invention: sulphuric acid, sulfonic acid, phosphoric
acid, nitric acid, nitrous acid, perchloric acid, hydrobromic acid, hydrochloric acid,
formic acid, acetic acid, propionic acid, succinic acid, oxalic acid, gluconic acid
(glycon, dextronic acid), lactic acid, malic acid, tartaric acid, dihydroxytartaric acid
(hydroxymaleic acid, hydroxypropanoic acid), fumaric acid, citric acid, ascorbic acid,
maleic acid, malonic acid, hydroxymaleic acid, pyruvic acid, phenylacetic acid, (o-, m-
, p-) toluic acid, benzoic acid, p-aminobenzoic acid, p-hydroxybenzoic acid, salicylic
acid, p-aminosalicylic acid, methanesulfonic acid, ethanesulfonic acid,
hydroxyethanesulfonic acid, ethylensulfonic acid, p-toluene sulfonic acid,
naphthylisuifonic acid, naphthylamino-sulfonic acid, sulfanilic acid, camphorsulfonic
acid, quinic acid (quinine acid), o-methyl-mandelic acid, hydrogen benzenesulphonic
acid, picric acid (2,4,6-trinitrophenol), adipic acid, d-o-tolyl-tartaric acid, amino acids
such as methionine, tryptophane, arginine and, in particular, acidic amino acids such
as glutamic acid or asparagic acid.

Betain forms are possible depending on the type of compound.

The present invention further is directed to pharmaceutical compositions, which were
manufactured by use of at least one compound according to invention or a salt
thereof.

Besides at least one compound of the present invention, the pharmaceutical
compositions contain a pharmacologic acceptable carrier, excipient, and/or solvent.

Such formulations are suitable for inhalation or intravenous, intraperitoneal,
intramuscular, subcutaneous, mucocutaneous, oral, rectal, transdermal, topical,
buccal, intradermal, intragastral, intracutaneous, intranasal, intrabuccal,



N |
-is

(

10

15

20

25

30

35

,a N1 CH3 6,9-dinethyl-9H 6- carboline (XVII) CH3

propyl -6, 9-di net hyl-9H 13- carbofd4ne(Xvl) H3C0 \ F
2-fluoroethyl)-9H p- carboline(Xl X)

percutaneous or sublingual administration. Administration or injection into the middle
ear as well as topical application to the tympanic membrane is particularly preferred.

The pharmaceutical compositions can be manufactured and administered in form of
transdermal application systems (band-aid, film), drops, pills, tablets, film tablets,
layer tablets, gels, ointments, syrups, granulates, suppository, emulsions,
dispersions, microcapsules, capsules, powders or injection solutions. Pharmaceutical
formulations in forms of liposomes, gels, and emulsions are preferred.

The ear is built as foliowing. The acoustic meatus leads from the auricle to the inner
of the ear. The acoustic meatus ends at the tympanic membrane. This part of the ear
is called the external ear. A room, the so-called middle ear, which is connected to the
Eustachian tube, lies behind the external ear. The middle ear is separated by the
tympanic membrane on one side and by the oval and round windows on the adjacent
side. A room called the inner ear follows behind both windows. The inner ear
harbours several organs of the ear, the so-called cochlea among others. This, in turn,
confains the organ of Corti. The cochlea as well as the organ of Corti lies next to the
round window. Furthermore, the cochlea is connected to the acoustic nerve.

Thus, the membrane of the round window is the biclogical barrier to the inner ear
room and represents the biggest obstacle for local therapy of hearing damages. The
applied drug must pass through this membrane to get into the inner ear room. The
drug cannot be applied through the membrane mechanically-mechanistically since
this will damage the membrane by the manipulation. However, it can be locally
delivered to the membrane of the round window in a surgical way, e.g. by injection
through the tympanic membrane; and, then, it can penetrate the membrane of the
round window. The sensory cells (inner and outer hair cells) of the hearing organ are
localised inside the cochlea, and their total number is called the organ of Corti. The
hair cells are initially damaged in labyrinthine deafness of any cause (age, drugs
such as certain antibiotics and cytostatics) and in tinnitus. The round window finishes
off the Scalae tympani and vestibuli, which are compartments within the cochlea. The
Scalae tympani and vestibule are filled with perilymph and endolymp so that the hair
cells are in direct contact to the perilymph. Therefore, substances, which enter by the
round window, are dispersed in the perilymph and will reach the hair cells by this
way. In addition, the perilymph system is in contact with the labyrinth. Thereby, drugs
also reach the perilymph of the labyrinth, i.e. of the equilibrium organ, via the
perilymph of the cochlea.
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25  isobutyrate, glycerol monooleate. Pharmaceutical compositions suitable for enteral or
parenteral administration contain tablets or gelatine capsules or aqueous solutions or
suspension, as described above.

The pharmaceutical compositions can be sterilized and/or can contain adjuvants,

30  such as preservatives, stabilisers, humectants and/or emulsifiers, salts for regulation
of osmotic pressure and/or buffers. The inventive pharmaceutical compositions can,
if desired, contain further active substances. The pharmaceutical compositions can
be manufactured by any common methods, known from the prior art, such as
blending, granulation, confectioning, dissolving and Iyophilisation and contain

35 approximately 0.01 to 100 percent, preferably between 0.1 to 50 percent, and as
lyophilisates up to 100 percent of f-carbolines.

In a preferred embodiment the inventive pharmaceutical compositions are formulated
as topical medications. Suitable excipients for an otogenic medication are organic or



25such as net hi oni ne, tryptophane, arginine and, in particular,
acidic amno acids such as glutamc atgd or asparagic acid. Betain
fornms are possible depending on the type of conpound. 30The present
invention further is directed to pharmaceutical conpositions, which
ver e nanbacicusustdicessidabaraphheagcelsically anpeniatiicagiodddi myf react with 5-
| nvent icgf fined §ﬁtl.1/brtehﬁ/ %?rfner active s%%?taﬁﬁl%égaéuékﬁ%%t cBﬁ%&P@éﬂ“’ﬂccﬂ’fols

the present 1 nvention, ositions contain

phar ma¥608tbe Qdeehena @Iq%oﬂ i @kyl @X@Q'pP@W?thyéﬁfd?/ awcgbm}mﬂnestu@ﬁetate
for mul afelnme, @éﬂJoﬁWﬁa’:!bé %u&!@@s”é&t@‘s@br%ﬂar@h m@bhéyﬁﬁpéérbonate (ma%;nes;a

I nt ape%?b(gnéag% ! a%n)% fail and pe"f'ro?at{u aeelindy: UGBS compositions

r ec
buccal cantbreasteriliwdd amﬂ!/oagasﬁanrahdjumanmcBuameSUISbncrmtsa,rpHesérvamersalsucb@Js

14 pobd: oet%i sy @@t eor?::-%@ut) a& |ﬁ£§%rﬁd/8ppuégaarﬁlt§térﬁ&l'sﬁi%rf salts

;njectlonln ar - as as topi cal "applicdtion
t ynpanifer reayatere cpfs opacticc pressuye, pbeffer sedstanges p ealowiivguvgeats and/or

conpos *fl'éb@unr% AT HRGe %ﬂ#ﬁcﬁﬁ’ﬂd%fs%r@ﬁ@o %Qfﬁ‘té] h S\WﬁéF‘éjabﬁ'rofpﬂéfB Q)fne5or several

t ransd Ilcatlon systens (band-

t ab et gu W?Bem ﬁgtf\@olsa%fanp% ept@wl%t@m@%ﬂf@n%aﬁﬁw@m% to stwu'ﬁgenﬂon can
gr anu: @bﬁmrlséuwmlstwbstam;ﬁéﬂ %bﬂfﬁmtnglc&n@rr Biokifcally Eﬁd&tmaaa9§t§>l=_l,t§ﬁcl:es such
capsu [S Or..i ction sol.utlaon armaceuti cal. formu ions
A S T i G e R R g P TR
i s bui lanatgesios| kotpyre, 'ﬂihezmus,tprocmeatem& | eads fromthe auricle to
the inner of the ear. The acoustic neatus ends at the tynpanic
menbrane. This part of the ear is called the external ear. A room

t h&5 s o Compesitionsdfnretopigal madisation acsariieg da the ventws weashPamairusiher

| l es b%hlaﬂﬁa&élﬁlc@@ @icBaptabfy suldtansdgidhen %?éfefrédséﬁ%@lﬁ%tw th@%resent
n. one. si d round

P irelion 8 150! SRl s arsests wiieh Shey reLerranCo e Biease 56
wi ndowsarbitiees raner peeslbllyamfoaw stisavactple sulgsiasceobr tdetive aubstdmees to the

o o b OGN P T PhP I pePnerBd Ydlorf YA SpplF AR Be0 i
r odtd mm@@wornoﬂdﬁecvfmeeaucﬂlm cEeal. ela i$ sisvaiih peefetreto thaiee.gc tiss topical
nerve. o26 Eh‘t'%oe%h%t@(’ﬁhﬂaé‘ﬁy Qfgrﬁff&%nf @Ragdlﬁg”&%‘ﬁehﬁastt}h%t Wo%'lc?%hﬁﬁhce a

barrier tO he i nner fear I’OI(E)FE‘I resents }fgeSt obstacle for
| ocal Pﬁéi‘r‘%i‘)@ﬁ%ars HeapichP\@a Seg‘u‘-"? 'BpEi %Séﬁt%WFgC JIRIQPY ST SEHHP o RN
this rres@pwmst@orgetn le@oééreonnra@rdseaWatmr’ee Tﬁl@scﬂ‘pﬂ@n cagems kech as

I h | | h ] hi
o1 NG AR SRR et BRE B 'd Y ABlybigh ahe
| o2l | yuaﬁadees esed ¢ wa’ter-mbranmlaia@nefsudineas dan@hrwando@olm()aeam More
Sur 9' Cfs|re fafRed a‘?ega-xcgi(erﬂtgltﬁﬁtt é%“sﬁﬂls&&h@?}yhe ret) %iﬂg@rﬁ!hrq it Al

t can penet he senso? all
ceI | S (hq‘ﬁeeexoamanwh@? argaivptersoluple gs welbap sHbstagees gézrbaasﬂ%OT ?iiI-wa

I nsi deehhﬂs@%*‘(b@@neéiw hﬂﬁbbhﬂi@t@htrﬁé'r%waﬁds sQ@ét'aﬂQeé heh @ Qﬁé‘%roioluble
Corti. The hair ri nt hi ne

b
of - any PESasThas Palveifueo uiks) bs<elFRapIPrn A HotEalR AgL SRS el
cy3®st afithc s/prians subgtancéd usuchThes rrethyl weelltosd, i hi/dloageidiyfcelibiese and

ggglhfiggyé{%gg@ggp’qe% Ete'lll.l?l%é whi ch are conpartnents wthin the

yrpani “and vestibule are filled with perilynph
and endol ynp so that the hair cells are in direct contact to the

peri| yFBF'orJhé?frﬁlfnPcftr%ftloﬁqﬁ%érf il of“lleE%FS GFEE(?]SQ%& & hos e"‘,’[?’l%?ﬁ!\f?]lmes
are dlsperse peri | reac air ce

35 way Mayn Saganmhiesy wwea@éﬁpnwﬁhpa%@%qﬁqﬁgailma@@@ﬁtaéke afibvarteslecied
| agyr i fro t?ﬁbel‘ﬁb!&onﬁfﬂsg‘@ aisderseanitht e peri |3tamh ofﬁoly\hﬁytbahmdﬁ«-ﬁ .or

i.e. o he e via t t he | ea

A T N AT R A X L S
sorbitol and other reducing and non-reducing sugars, microcrystalline cellulose,
calcium sulfate or calcium hydrogen phosphate; lubricants such as magnesium

stearate, talcum or silica, stearic acid, sodium stearyl sulfate, glyceryl behanate,



20 ear, such as |yophilized formul ati ons, containing -carbolines neat
or together with an excipient. The pharamceuti cal conpositions

further conprise biodegradabl e or nonbi odegradabl e, aqueous or
non-aqueous or microspheres based gels. Exanples of such gels

conpr i séalgdinostadsats, aﬁ@/@dhﬂiﬁ@@ﬁl@ﬁg rayﬂsmgimmmtatmhhan‘@sam@dium glycolate-
pol yest gfarcipOhyhRetdrile, sd&ﬁ' é@' g(fcf? md8o8Ecy & ”EBI%NEQ 56HtsP lﬁg‘eormgs

SUcCrose acetate 25 1so ut rat %Fe (0] nDnoo eate ceU
conposi 8PGHE: SUPEIEHFES; fr@#ur@h@@qé &yn etlﬁéwébﬁrérs@ph@&rﬂtrmﬁramc. Uﬁgacanth or

cont ai nalgatdtet sufesr @ﬁba&arﬂgx%@ﬂ}p@ﬁu@rsea%@@ﬂ'ﬁ/ié‘@iyﬂdl Qsx<d and the like.
suspensi on, as described above he pharnacéuti cal’ conpositions can

be sterili zed and/ or can contain adjuvants, 30 such as preservatives,
stabili 'sTbesablletmeamamtsowted/vmth emdrmehtrerai sagaértaaltfitann rc&mmbmmg)@ g)fgum

h
compos: £ PAAEGgRT el HldPaD R Tk 1R AP s e tapiets
phar macesh beatoateshipiisi a polyserawhish Iﬁeﬂmtzsletllmeelwl‘ttwoiﬂme otganimsolvent or a
met hods ppkDRVGF Mg%'f‘ﬂé E@vé’ﬁt’sof ?féferré?’%%&%n?bﬁﬂh@%v@ﬁ%”b 2hhBlines are

conf ect nin di'ssol vin i sati on and cont
35a{§b fa %P ¢ @8 dab 1959% "Bme@@ff? relpasee PRAY talkleliedr extendgdsiplease.
per cent Doaage a‘srmydphumnﬁeﬁl@t@ takeése HBwpeiec eglbadd of3a Qﬂéj@ﬂ{y B€3he tbt?ai

Foact - wrtrtht B 2RO, wihE) BIRITRE Rt ey ot BE BT inknu e, of o anc
common eBdhle allncbhaibmrptmgelfaﬁkarmnr@ﬁ edeyded| reldask, fcahiwc'itlogisy&nl pral
pol yet héﬁi)@ég% lrh‘n%c?slnab@g ¥98{dr&§d Péié%@ﬁ%ﬁlongg B%ﬁ&f's O%Q?Eéﬁ%%gtrgéching

such as

ési a
st edx at @ ﬂc%fa@@ycallvaﬂf&ecaw pt@@trmaaley@bﬂf ﬁé’vagtmlinﬁé)and%wémi@@@ rthisdberapeutic
by i e e S o PR BT T other
per centhha @%& nesi @Fﬁ?%?th%lﬂ@@%{gp Ne®nulsifiers, salts for

regul ati on of osnotic pressure, buffer subst ances, col ouri ng agents
and/ or ono |t I o

por opr | € YREAECe-ARGIRCEGRP B, LRRIAEY, . S8 AR cal S i, ming
cordbosi thegh€-ccwth i vgoewbla@ili o palyiethylersn gysopr el gelatioascapsules can
subst a”@cﬁﬁamotﬂﬁt[ﬁbé‘l‘b%ﬂné’é h?gré?fu‘?érquhﬁ %ng %sﬁgdfehlﬁ@r éH@%? f 8ove H?Fm@ﬁed

antibiotics, anti-I active nces such

corti soRdUVaRs| 86%@@@"5 el E?riﬁﬁ@sebéﬁ%@éﬁ)% mapBEe ﬁéﬂréfﬂ @UCh as potato
15Conpostatdronorh Oﬁtat@pbeéém?laée@t , OfelRGs? diefigativest Be ge‘]’é’tﬁ‘@ ||QQUI@Ia§nd

cont ai n_ot her . roac ica t.abl e substances p

C e oS SR SRR RREA g 2 BRACES it PRS0 5Bne
whi2éh despsulest enhance the rel ease of flcarbolines and possibly of

any other active substance or active substances to the bl ood
circulation systemor the central nervous system when applied at the
ear, inl®inveativa s-earbplirgseanflscee Mftdused isnmicrocapsuesisuaicipbeads

pr ef er riag aﬁéﬁiad% cﬁ e.bhsolgRLER a@i&ﬁéﬁ!&@éldqmﬂ)oh ikl rBR¥se of the

signifi.cant, ex ro ies that woul d enhance_ a percutaneous
1 ans AR Bt ohnof KBS SeoRreUisa! RmaResion Fenche Bsbied by

gﬁ?ﬁp; gnaklggomﬁealoﬁ Hbdimp@trm@mcﬂgﬂgéﬁ s@l@twd;] g'bﬁﬁéﬂﬁﬁgtr p@mpﬁrslgalg?mlylactlc
(o, SRR ehE: BERL Hopbihed G bR ad ] polyificold e apiy-e-
as | anatapiolaatdneol d @lﬂwdromr e lptgfier r eacidyr e m@qmttmﬂsﬁert, hat palyacetale,
subst a;}%d %ﬂ&oﬂ%ﬁgﬁf@bﬁ%&?\gw&@%l %n%onefdsé'lﬂﬂ al Lot h?ﬁ@xl’ﬁ%ﬁhl&' el?lbék

that a ter-so S substances on aS|s o] -1 n-
emul si diePopn@igey hydregals-ophi 1 i ¢ oi ntnents) and substances on a
wagr - sol ubl e basis such as pol yet hyl ene gl ycol based exci pi ents and

aqueous_sol yti ons vari oys subs ces such as

cal Tul decAndtbad B RimEaLET hesBvamiohytn Saboly e hyeaRed duan oral
liquid formulatlon Liquid preparations for oral adm|n|strat|on can be provided in form
of solutions, syrup, emulsions or suspensions. Alternatively, the oral liquid
formulations can be prepared before use by reconstitution of the dry oral formulation



that are made of e.g. polyglycolic acid/lactic acid (PGA). A
controll ed rel ease of the inventive -¢@rbolines out of the
pharmaceutical composition can be achieved by 30 making use of

bi oconpati bl e polyners sel ected fromthe |ist conprising polylactic
aci d, péttygeiarodn ancibed suitaipe lexripientoPremratiens far eral ddmirdstration can be
pol ygl Yrohedy ?&hﬂﬂ ! é’u&fﬁpdtoé %tnﬂ‘gﬁ’ed RE! ﬁé@’rﬁé@xﬁélé&éte%f ﬂwﬁa%\%ntwe B-

p0| yoet hoest er, acet ropur ane, E) yanoacry ate and
Cross- mrkp@@eérar@rﬂﬂﬁsﬁw Af @th@r@é V%Waﬂt%%a i & amwéjr ogels. 35 In

anot her errbodl ment of the invention the -carbolines are provided as

I f t Li d t f
Grr 4t P a5t SRR oo i Otk s T e o e B Brepboliogs <o ke
or sus peirsd avith nAhttexmqihareiay:eut:d:uilyoacaieptabjel|nderft (yxmﬂleﬂts aushcas etfeanol,
pr epa ﬂ/cl%?f@r %véf? sgeﬁ%%rﬁsgbé%' Ql.rﬂcho %?rb%% ell?lforg'él aéllll\?eﬂes lcﬁ'
er or’ anot her abl e exci pi ahte epar or ‘ora
adm ni sdiie ihyreganabed patsperujgdtorsalich ed lecithin tdfagura Arehic; gloneatiusious
r et ar deglcffd 28 Skichf ab Qﬂmbﬂae&t LU felsfé% be HeMBP AP Ve%étgﬁfeh%ﬂs

aCtIVE substance IS tai ned oral admnistration in form

s 1P nt ORRRAIYVAYVES Wﬁf‘eﬁf"lr{)@thﬂ’f -raPISBY |- H‘é%’dﬂ%kwb%zo@ﬁex‘érdsﬁ?\ﬁbﬂ%aﬁ'@n-atngxlih@

phar nmagiRglt | (SAbblisaeegpt abd.e iiRert apfetiPamet s sayeh a§ ebbBiMldroxyanisole,
on .a ts,.such _as | I'ul ose

| t bi_t

et i varBD ool B BERHSA LRuBRE o Bt BaBPially chi, A Bar e TG

gum Ar ahtrbiljsenite-dupageferns.ch @i emmsplsytie seutdmooah odhtairoapyroesnately, 0.2
th f h

e tﬁglolwé?gﬁht ﬁéﬁ&hpﬂb%%;}c’?‘?@@éﬂaﬁ%@t%ﬁ (k)nr%i Irgégtggﬁb' éé‘?ﬁolﬁ]é% l\Aﬂ'Eerem the

St 4bi | el mgscorep@und IS&%J%ﬁtﬁné'xa midvee @U@t}h\aa@! At lpjnesing afdseioeylene

gut yl hgﬁfc@}(ywwﬁbily,pﬂﬁ@s\é ligald %ﬁnuiéﬁ@hé‘%aﬁﬁ%r@é’iheco@rérﬁtbc fREOHriRgS
e use

tg stabilise t e sol utions can
cont ai AL ARAETYOHT sedoghes JurRantrS Gl Opgh asiivasl y 20
wei ght percent of -carbolines, wherein the 15 I evelling conpound is
t
oo WPl Bkl Ot ol AL SIS BE P, PP P
Nourd @glmm@tﬁreda@raﬂy iand ﬁdnmywheéﬂlm uheseolation Heaskaine rpresasdres,
Ot her Weléi’é’%@'ssolbﬁllléé‘r%té?ﬁf a SBRedt. "'T?fétsol@tlérhﬁfr%?ﬁf-‘édlﬁﬂlétbéti%bfc%ﬁltédfﬁaln

dose of thelnveg)tlve fJ1ﬁcarb0|nes iIs adm ni stered oral
sol ut i GRC UhBEe Pufiess. slAvRUpES UniUENaS SXEPERINGaln vek a”@%@éteéwéf?d'mem

sol ubi biassmniaﬂdr attsnl ficetring he asidbdttb ahe fsaiutnadt Bdninvestivealicarbeimes
cont ai X I%r rmrt%ébuffers flavourings or further excipients. In
yet an ‘%E‘Per %lﬂﬁ 19 pepperm nt or other flavouring is added to
tha5solution of the inventive fl-carbolines for oral admninistration.

25 For Faﬁrg&mgﬁrsmhbﬂrbfmmﬂn Hé)ﬂw\}eﬂﬁvé fpfsg&fb'ovﬁes Cc%thé'd&%%nFs?é}eB

adm ni stered 1 n sult such a
aer osoBulghlayways in M‘@é@@ﬁ@%’@@' cf@'fﬁf',aﬁ%@? aér ala aeé@%@h %aaraywnta\ paessurlzed

tSU! tﬁf’b@nﬂ%ﬁr@?%ﬂ avelsiligBr %ﬁ?b@ﬂﬁ@?@ Fﬂﬂ;‘é?lﬁﬂ% RaBK as dlchiorofluoromethane
ric rone i chl or raf | uor oet hane, de. or
bnot e rPRIPETRas. SoRBranfuBalinien Cart Hioxte GC atotien Suiete
cabo begdst Whennegrdssurirey adiosg| & vsdd ¢hé doad manitst ésteanimeasty pdviding a
uant i c e r

Mnnal av8he TP 2GR oo GREbEUREC U TR, ParSuls, it Nidfiass waig bheo

and cagelatingder umtmlnhabat@@v@rensuﬁﬂatqns gaofbe fesmiufaied suck thaiethbcn:laupﬁebs
and poéﬁgtﬂaﬁrﬂg%s UoniBh S gBWd\é? RSt YIGRE |ﬁv"%tﬁresﬁ'on§&# IReBMIE 053|b

basi s substance such as |'act ose or starch or pare tera
adni ni 8P a2 mprayaqtmeewb%ﬁn%% ape Prepi@nlal rowden Rapke SUOSERICt P &F
a Y@t eracisdaid &apirar maceutically accept abl e sal t of the inventive -
carbolines in a concentration of approximately 0.5 wei ght percent up
to 19 approxinmately 10 wei ght percent. These solutions can further
Solutions for parenteral administration by injection can be prepared in an agueous

solution of a water-soluble pharmaceutically acceptable salt of the inventive £-
carbolines in a concentration of approximately 0.5 weight percent up to



Fi gure description Fig. 1lshows a graphic account of quantitative
RT-PCR (real -time PCR) of inner ear cefds (organ of Corti of the
cochlea) of rat after exposition to 90 pM 9- 5 nethyl-f3-carboline
(9-Me-BC) for 48 hours or solvent (100%, respectively. Values above
100% neapproxanaielywd 0BEeighti percedt. t Themsc soptiican odn tfheno coetpo sdaliiizers

ene i n |
8al ues uh?i% %f%u% a?\g\%'%ﬁjoﬁésh EIEGAJSWHEE i I? #:]%r\‘?/'aetbtsrﬁéfﬁ*ér% shoémaoules
meani ngW'tmm@F@f‘@Pﬁﬁl‘é@’?&/ed dopam ne neurot rophl c factor
BDNF: br ai n-deri ved neurotrophic factor BMP2: bone nor phogeneti C
protein, 2 Cblnl-cerebellin 1 precu so pr ot ei n DAT: dop
t r anspobe8Fe1 BRURRR hB@‘% f 8o AR d@e?lélcéﬁ‘fo esd‘ggw’@cgure of
DRD2I : | phgmvageutiogl im‘rmmfﬂodzep‘arﬁpr@m&@mﬁ/@tmbyaﬁtlcﬁn obEUtd had ah@daﬂnc

o S5 BRSSP i 5 e ARG S PRI, i il
FI X: pai aedtelHdagingdoss donta acmusilnétaur@a i lebyrirdbinerdeRdnesedue engwnic noise
during é*@WP@Cbﬂﬁﬂyél%q@pﬁ& BlﬂLP tr{?ﬁ%&aﬁbﬂéﬁ%ﬁ' @#@ P;Sro@ﬁt‘%é% Qnsertlon

25Si tsi | ent kn ormation re rosi ne ase
nectbsi §agma o‘ferm%dUQstHcﬂA%e%e@r%fﬁhﬁdﬂ%@c%ﬁfnﬂ’eﬁﬂot iR’ eﬁtipéc\ﬁ"éh gndlor as a

di ff er egymptone st MdidRSs afiseRe omditivaldrotsofderd irlrekfibh Wltﬂeand/or as
deri ved_neurotr

ct.or a derived ne
e e Aot BP e Ach R L O e O Brafied, LB AR 2 L Blctcs anc
t he spicwbstgdegl i on of the inner ear after 48 hours of culture.
Col um height reflects nmean standard errors and represents 24- 32
observations of three or four different experinments. Significances of
t hél 535 di ff er ent conmparisons to the control group are shown over the
bars whereas ot her conparisons are depicted separately by parentheses
(P<0.05 *; P< 0.01 **; P<0.001 ***) Source: Jahresbericht
Medi zi ni sche Hochschul e Hannover 2005, Departnent of Ear, Nose and
Throat Diseases (director: Th. Lenarz). 21 Fig. 3A shows the neurite
| ength of humane SH-SY5Y cells treated with Harman for 14 days in
culture, as described above. The difference between the control group
and the group treated with 110 pM Harman was si gnifi cant



5(P<0.001). Thus, Harman treatnent led to an increase in neurite

| ength. Fig. 3B shows the neurite lenggh of human SH SY5Y cells
treated with 9-nethyl 9H-fi-carboline for 14 days, as described above.
The difference between the control group and the groups treated with
70, 90 or 110 pM 9-net hyl - 109HEigaredebotiption was si gni fi cant
(P<0.001). Thus, 9-nethyl-9H-fl-carboline treatnent led to an
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significant (P<O % Thus, Xy- 9- net | car
treatment |ed Y8IUSS #hryed98% ﬁnﬁ%rth@tegr'@ﬁg% aﬁivgtecé[tfagﬁ&m@ti%@f the

neurite | engt hccﬂf'esip:ldim g%b;%ﬁwﬁt(éﬁbda@rsbﬁﬁﬁh@ﬁbaﬂdnhmﬁﬂé the 8Pposite is valid
fl uoroet hyl) fH- car bol I aﬁ oS descri bed above. The difference

bet ween the Coﬁ{yallueartg@gr 8 the groups treated with 30, 50 or 70 pM
9-(2- fl uoroet/hblbr)evmﬂmﬁswedmh Fie,1 vae thedolldwiogmedamag. 001) . Thus,
9-¢g- fluoroethyl ncrease in
ne&gi te | ength. é%r W? ghh&éﬂ@ﬁ otoﬁagﬁ-hﬁ@%u O%q) thgcx]‘;aﬁir%’([adsrs| on of BDNF
(brai n-derived n&k roph| @ralaciecswpdlnﬁ:umimhusfaMY cells. The

transcription of gpNBF- afteboh@@n@;@}ﬁgg@@&@ﬁ, igidihat ed only at the
hi ghest concentr (110 9- net.hyl-fl-carboline),
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whereas after 14%&%@ of eﬁg%etﬂlrb pf?Fé”?(’va@Pted'&ncentratl ons of 30
and 50 pMi nducetﬂ)AsTl mul at dopamfiuetrapsditdrt was al so 30 found for

uor oet hyl--c ine ( . 559 in Fig. 4A;, after two
da@é stinmulati 0@%8/&‘70 an?gggﬁl%wa%gﬂger 14 days by 30 and 50 pM. In
contrast, 6-neth&LY- net hgbpomitid racaptldubdypestibst ance no. 513 in
Fig. 4A) led to grEmornou @Pasr fiep r
transcri ptl on. 35F|rg 4B sﬁoo Eae ﬁ@&%aggﬁel%gé rogfggiggﬁgo%
cerebel Iin-1 pre&h86r profdighcelf m&&m’@eﬂ%&mpﬁﬁaﬁ%cur sor
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or oet hy ol i ne er ys of exposure, a este
b@ar bol i nes | ncY eased CBDRI“@P&P&@& on. Lower concentrations of the
test substances hbadr & strongeleaefdaptortiegnlategigroeoncentrations with
the 22 exceptio 9-flu i Yﬂrﬂ% ughly the
sane stinul ati on&g?é all i n\%@ %’gg%hghcégﬁ@gﬁ%lbgﬁﬂgﬁgﬁ c{cﬁc shows
the rel ative gen&eéxpressi 6pRMEANIEONIUINY transfeetion chﬁ@tQIerl ved

Sneur ot hrlopglf fﬂmtpr) lA’; rémﬂkrbgg%h,gw@{e{@tl onsF 14 ggyshof o
exposure led to i mul ation q i mes ig. shows the
reﬁgti ve gene ex%‘ ssi on 015' fPﬁ’B?b‘én&?Q}aﬁeractor) After 14 days
of exposure the Fane expredgosinewdaroxyaseased by 20 to 50 tines.

10Agai n, the |OW§N5COI’ICEI’I'[ éﬁ&ﬁﬂ@eg@%géﬁrrmre effective in
g’ Ws r

i ncreasi ng NG-. 4E sh tI've gene expression of NPY
(Neuropeptide Y). After 14 days of exposure the gene expression was
i ncreas@ 2oy Isidwiso adgtaphics .actouctase tid &fantd oy | ditfeicat omnceatratichs and
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ective thant er concen I‘atl ons
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f 1 uor oet hyl - f Ig g@LBOLf BEISBE tihe %ﬁrﬁ%én&hdﬁbh%e Yrhdr eﬁraéﬁ@rl upen&its of
the formati on of the transcrl {ge(%%ﬂ_actor afcﬁato ten tinmes

of
the level in JBHEe-dopity) heig [SIPERAN (% ﬁ'iaélg @‘B%a@qﬂrepresents 24-
experinments, 4 bbsaroghais ohfhrediog f@]‘:rhﬁfféregwre&pemehcs &igsifieances of the

chygrat 091 s RS ATl I 00 B! RoSBb RS Dl IR, SHPELLITERL Sl
recorded for pehel‘eyl&phtha:mcomphadomeareomtwlcﬁe«ﬂ aépamataly t by epatzotiteses
(Fig. 6A) or ygughpye. ol goll 00 Adg Go1 68 b PedBRAL &S idHR ML IBRlsche
Hochschule Hannover 2005, Department of Ear, Nose and Throat
Diseases (director: Th. Lenarz).
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23 Exanpl es Exanple 1: Synthesis of 9-nethyl-f3-carboline Synthesis
schenme for 9-nethyl-f3-carboline Pdi1C Nor har man 10A stirred
solution of 13 g (0.0756 Mdl) 1, 2,3, 4-tetrahydro-3-carboline,

manuf act ured by tryptam ne hydrochl oride and gl yoxylic acid as
descri bed by Ho and Wal ker (1988), and 2.6 g Pd/C (10% in 600 m of

cunene Pﬁg"? Al EféHt%\%dWennﬁuﬂbtIéﬁgﬁno@ﬁmﬁﬂpe%ﬁ é\ﬁ’é\’ %% I@tﬂeatéfetﬁ gﬁfh Harman

addi ti on~of 100
the coal was exXefdétdays Hr cobungy @odwcr@@dhabo‘@ hﬁhwdlffarﬁ@c%}eﬁmw the

15 1 Q:J: d f(rjaCtdo(hﬂ@)I \gﬁiu%)t ﬁﬁdﬂ'%ﬁ?? @&ﬁ@rea@éﬂj%lthﬁ 1®% 'I\Ajlr}i'ﬁ‘rni%swas significant
crystallised i ene_to yie nor har

Ve iy ati o at (BeSidtn e ey e stathri g ingakesa i pvrite ength
Ilterature (Ho BT, Mclsaac WM Wl ker KE, Estevez V, J Pharm Sci

nor har moit i o oul B8 MRS HEH iad %%éﬁ*ﬁﬂ?%e%ﬁ%cﬁ?vﬂm@%tﬂv'-

at nosphere. Af t9%t-Atdaibolineofa. 86 dgys.14s Slesmibgd ebogedil bendiffenende badween
added in form gfe2.60% gi éx%@eér% e ngLFb%fﬁéétba Vith 90C?0%Trtf>fo gﬁfdy InWthyl-

of the reaction mxture toro

dowif to -10 c, %hé-Grrealing, (vsasaﬁﬂgﬁhfmaﬁtKB&B@&M%EU%%@W&E&H ﬁqﬁ@@pflne

further stirrin@gdioentdiowrsincrizeeah newrtk feRgthri xture to cool down
to roomtenperature once again. Al volatile Ingredients were renoved

in reduced pressure. 25 After that, 100 ml of water were added, and
t he ni xFigr 80Cnashextsrthetrediritey [ oﬁhuufanC$B+$Y5Yhnlismmtbd/itbrfgmeiﬂmoxyn

fractions weregrghed oy b pxal Mo Ofodat JeW8h8 giftdrentBAMALES the
susp ended 10 %é()fd% \Mrh ro%h?

for drying. The r esi due S oric

aci® To separ &oatrohgrasguand fhﬁ)ﬂﬁquﬁ)etr@ﬁi@ﬁr\@ﬁ‘l ﬁ@tHMlﬁam@ﬁwqu&rmthylr%ﬁ
pai r exchange extidipll ORa8f sighfliclat gald.ovas Peid Orenﬁ@mdk@ﬂﬁ{e?hwgr%-

liquid/liquid extr ctor days. After renova sol vent
ong yi el dgd 0. FaPQ @@%e%mepilﬂodom%wgf%as& igneurite Iength
59- net hyl - 11 car bol i ni um hydrochl oride. Melting point: 295C ;

f the 7 109 0
213(5%'2' %50"“’%&@]@% ]"g'g‘i@‘) Oggﬂ%ﬁsﬂgﬁﬁ%ﬁ&e 4“93?591% 9-(2-
4.3 s, 3H, N- @Haroeth@BoH-5-cagholide, a3 dedcribedealgovel H haHeliffareBge -between
p70 m ZH Hihe Wl Gradhy Sar?d ]tﬁ% gjingﬂg t?eﬁedhg‘nhg%gg%ol@r 708ui 0-(2

d J =7.9 1H H5; 8. 31
Exanpl es 2-13: TBPERATRYI-8R-4ratniinge myGf dsignificant ](?<§)ﬁﬁ1ﬁesﬂ"§uéf 9?‘(@"

conpounds A t ofluoidetied)-bHesl catbolirearsAineat (@ ©XPloeakd iR rididte hgth.
correspondi ng al kyl iodides, alkyl bronmides or alkyl tosylates were

used. Yields were between 30 and 75% of the theoreti cal yi el d.
25 Fig. 4A shows the relative gene expression of BDNF (brain-derived neurotrophic

factor) in human SH-SY5Y cells. The transcription of BNDF after two days
was stimulated only at the highest concentration (110 uM) of LE-02 (9-
methyl-5-carboline), whereas after 14 days of exposition the lower
concentrations of 30 and 50 uM induced stimulation. Such a shift was also
30 found for 9-fluoroethyl-#-carboline (substance no. 559 in Fig. 4A; after two
days: stimulation by 70 and 90 pM; after 14 days by 30 and 50 uM). In
contrast, 6-methoxy-9-methyi-9H-8-carboline (substance no. 513 in Fig.
4A) led to an enormous, dose-dependent increase of BDNF transcription.

35 Fig. 4B shows the relative gene expression of cerebellin-1 precursor protein
(CBLN). Cerebellin-1 precursor protein was increased only after two days
exposure to 9-fluoroethyi-B-carboline. After 14 days of exposure, all tested
fS-carbolines increased CBLN expression. Lower concentrations of the test
substances had a stronger effect than higher concentrations with the



20Exanpl e 14: Studies of inner ear cells (Cochlea) of rat Experinents
were conducted for the proof of effecgpveness of the 11-carbolines
according to invention in order to determ ne, which effects this

cl ass of compounds will have on ear diseases, hearing danages and
vertigo. 9-Met éygeptioar bail i BdlupmalbB@-catbplinas skdwingedroaghbn theanphme
conpound. The @tfrﬁ@!%‘n H%’f‘ %@stlgé‘l%d% n&gﬁé,ﬁd 25substances will be
put |nrelat|ontot ectlv nesso yl -13-carboline (9- M-
BC, VI). Initially, organ cultures of the organ of Corti of the

cochl e$@f4a; at Shovgs ehpr edlaties!, ge%lé Cékp\ﬁ@é@oﬂi)r@M@IDNanghanoeézaqmevuérh;ed

t hyl bol 30
neupot ophi ne. UgwoliablicdatEs 4% iR ioTeRaRgicy e Gave O Sxposure led

9- net hyl - Rcar btmlaxa’ernufatrbhe)fmpgadbre@rtlrﬁ?estl For this, RNA was
isolated fromCorti's tissue, transcribed into cDNA, and the

concentrations of the cDNAs of the neurotrophins were determned with
hel p ofFig.H r eshhows e RIathErRyeRe BypressBn®igaas (oenegawtbifactve). After 14

cochl ea of 40 :ﬂéﬁ?§o¥"@k§oﬁr§%é%de’"e§§r\é§é@h \ﬁ&@%&@ésélﬁ bg/bazo b Bgsﬂmes

partum Then, the organ culture was exposed elther
cohent rati on B980T ENCYEF C%C%Eﬁt@“érwqrs far gere @B‘ﬁ@%\{ﬁ 'ﬁgner@eawg f‘é@':

sol vent (control conditions). After that, the organ culture was
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uashed e Uk PEG SRR T PO 1 BRI el ot 8 ter 14
the RNEasy Li pdaVsTmfsexm)sMenth«genefexm@gm wh linleaas@Nby el . ditgdstimes. In

was carried out W@a@fﬂmﬁoéﬁé e@~fﬂ%%ghﬁiﬁﬁcﬂ%€%e lower

sever al mesh|ng ste s acc e I nstruction
mah®f act urer ofONAGE r@tl@ns RIREE me@ff@@wa HanrRRaughereenganiationsount
and qual ity of the RNA were determ ned 5 photonetrical. One m crogram

of ach sa anscr bed Io o e tar cDNA)
usi ng go% W@p (ie]oegtdie@ c@c' Wﬂhé’%gg I@geg %Eﬁ‘c@g@ 9-
transcri pt ase fpﬂjrymhlyese:adbtaime raact s-omethoRab-rmietigl- Bﬂ%-ﬁ’@)bme on the
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Mannhei m wusin Phores CERCEr Te5GhAncE endr rans

me2®od. For tHNe, qonégoli gelisoySHeYIY Khsest mcteuememasemerlments 48 h
Hybri di sati on Rrobgsdfit of the same conpany was used. The gen for
hydr oxymet hyl bi [ ane synt hase (HVBS) was sel ected as a so-call ed
housekeepi ng gene for relative quantification. Suitable priners and

pr obes Fig6e dethegﬁgdeendAS}zmtdFeSshmd dh)‘ozﬁe&d@rhbl ef dethplﬁl which were
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10 sec. Then, tlng oint curve
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careful ly based on tate of scjent | resulted from
this: first, ASelanesiRent aggoinderdhaph Wet@eramé@/e}aé@nuﬁbobtamedforlt
degeneration of nerve cells in general, which, in deed, are damaged
in all diseases of the inner ear, because a single cause 30 for the
differences in the diseases of the inner ear can be excl uded.



thus for the follow ng exanples it was an essential aspect, to prove,
whet her 19- carbolines would al so act 23 human tissue
pro-differentiating through induction of 27 growh factors.
Therefore, several experinments were conducted with human SHSY5Y

neur obl astoma cells. Organs of Corti of nore than 40 rats had to be
prepared and anal ysed to obtain 5 r ,ﬂ?ugg ble and reliable

i nformati on about the spectrum of effectiveness of 9-MEBC. This is an
enor nous | abour input and nunber of animals. Therefore, conpounds X,
X1, XVEkbmpld X agynmbsisas OCmbtyl-puedrBoial ysed in the
differentiation nodel as descri bed bel ow. Since no cell lines or
differentiation nodels for hair cells of the mddle ear exist, other
cell lines, such as neu$withasiteehemel for Bimethyhpetarioolbe utili zed,
10whi ch show simlar differentiation characteristics as the hair
cells of the mddle ear. Human neurobl ast oma ce I re utilised for
this nmodel . These areyperpgnent cells, owhich ar sent as_an

indi fferg M-Eul t ur e. They an he activ lto di f
maf\i on into ne ronal Shohy addition, itIOlH of

i.e. trah

subst ances—15 sdch as ret|n0|c aC|d braln derived nerve Orovi
factor (BDNF)ior activator of the ed@yne protein kinase C to 1
culture nediumm We used this cell systemto anal yse whet her |

bet a-carbolines can transformthe indifferent cells into the neuronal
type. Criteria were: less proliferation (less cells per field gf
view); snmaller cell bodies (transformation fromthe indifferent] Pym
to the neuronal type); cytodendrites 20(neuritis), which provi
connections to neighbouring cells or clusters of neighbouring cells.
This resulted in the following results: Table 1: Further R-carbolines
in conparison to 9-methyl-p-carbplihne 9- aet hyl - f 3qggr bol i pe ;

+. marginally better than 9- ne 5- cAr bol i ne < equal t
9- met hyl - p-carboline -: margina ,. e tphHn 9- nethyl -f o N
fluorethyl -BC (XIX) + 9-Me-6-M ‘V ) + conmpound C + N
|
\ H
Norharman

10 A stirred solution of 13 g (0.0756 Mol) 1,2,3,4-tetrahydro-B-carboline, manufactured
by tryptamine hydrochloride and glyoxylic acid as described by Ho and Walker
(1988), and 2.6 g Pd/C (10%) in 600 ml of cumene were refluxed in a nitrogen
atmosphere for 90 min. After addition of 100 ml of ethanol, the hot solution was
filtrated, and the coal was extracted thrice by 30 ml of hot ethanol. The combined

15  liquid fractions were concentrated, and the residues was crystallised in toluene to
yield 10.5 g (82%) or norharman. Methylation at position 9 was performed as
described in the literature (Ho BT, Mclsaac WM, Walker KE, Estevez V, J Pharm Sci
57. 269, 1968) yet with an improved reprocessing. One gram (5.95 mmol) of
norharman was dissolved in 10 m! of dried DMF in a nitrogen atmosphere. After that,

20 0.36 g (14.9 mmol) of sodium hydride were added in form of a 60% dispersion in
paraffin at 0 °C. After cooling of the reaction mixture down to room temperature, this
was cooled down to -10 °C, and 0.84 g (5.95 mmol) iodomethane were added. After
further stirring for 12 hours, one allowed the mixture to cool down to room
temperature once again. All volatile ingredients were removed in reduced pressure.

25  After that, 100 ml of water were added, and the mixture was extracted by 3x50 ml of
CHCIs. The combined organic fractions were washed with 5x20 mi of water and were
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evaporated for drying. The residue was suspended in 100 ml 2 N hydrochloric acid.
To separate the educt from the desired methylated product, ion pair exchange
extraction of the HCI salt was performed in CHCI; by a liquid/liquid extractor for two
days. After removal of the solvent one yielded 0.7 g (64%) of vellow crystals of
9-methyl-B-carbolinium hydrochloride.

Melting point: 295°C ; GC/MS of the free base: m/z = 182 (100%), 167 (5%), 140
(10%), 127 (10%), 113 (5%}, 91 (10%). "H-NMR (HCl salt): § (ppm) methanol d4, 250
MHz: 4.06 s, 3H, N-CH3; 7.28 — 7.35, dt, /= 1.2; 6.8, 1H, H6; 7.58 — 7.70, m, 2H, H7,
H8; 8.13-8.16,d, J=5.4, 1H, H4; 8.18 - 8.21,d, /=7.9, 1HH5; 831 -8.33,d, J =
5.4, 1H, H3; 8.89, s, TH, H1.

Examples 2-13: Production of the compounds A to L

Synthesis of the compounds A to L is carried out according to example 1 in that the
corresponding alky! iodides, alkyl bromides or alkyl tosylates were used. Yields were
between 30 and 75 % of the theoretical vield.

Example 14: Studies of inner ear cells (Cochlea) of rat

Experiments were conducted for the proof of effectiveness of the R-carbolines
according to invention in order to determine, which effects this class of compounds
will have on ear diseases, hearing damages and vertigo. 9-Methyl-g-carboline (8-Me-
BC, VI) was selected as an example compound. The effectiveness of the other tested
substances will be put in relation to the effectiveness of 9-methyl-f§-carboline (9-Me-
BC, VI).

Initially, organ cultures of the organ of Corti of the cochlea of rats were prepared,
which were brought into contact with 9-methyl-3-carboline in a next step. Expression
of different neurotrophins was measured as a marker of the effects of 9-methyl-i3-
carboline on the organs or Corti. For this, RNA was isolated from Corti’s tissue,
transcribed into cDNA, and the concentrations of the cDNAs of the neurotrophins
were determined with help of the real-time RT-PCR method.

Organs of Corti of the cochlea of 40 rats were prepared in several sessions on day 4
post partum. Then, the organ culture was exposed either to 9-Me-BC at a
concentration of 90 pM for 48 hours or to a corresponding amount of solvent {control
conditions). After that, the organ culture was washed with PBS-EDTA (PBS-EDTA of
BioChrom, diluted 1:27 by PBS). Then the sample was frozen at -80 °C. Total RNA
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was isolated using the RNEasy Lipid Tissue Mini Kit of Qiagen, Hilden. DNAse
digestion was carried out with the sample of isolated RNA with subsequent several
washing steps according to the instructions of the manufacturer of the kit. RNA was
eluted by RNase-free water. Amount and quality of the RNA were determined
photometrical. One microgram of RNA of each sample was transcribed into
complementary DNA (cDNA) using a kit of Roche Applied Science, Mannheim. Real-
time reverse transcriptase polymerase chain reaction (real-time RT-PCR) was
performed with the LightCycler System of Roche Applied Science, Mannheim, using
the fluorescence resonance energy transfer {(FRET) method. For this, the LightCycler
FastStart DNA Master Hybridisation Probes Kit of the same company was used. The
gen for hydroxymethylbilane synthase (HMBS) was selected as a so-called
housekeeping gene for relative quantification. Suitable primers and probes were
designed and synthesized by TIB Molbiol, Berlin. Twenty-five micrograms of cDNA
were added to each reaction. Cycling conditions were as following: denaturation at
94°C for 5 min, 55 cycles of 7 sec with denaturing conditions, binding of primers and
probe at the suited temperature for 10 sec and elongation at 72°C for 10 sec. Then,
melting point curve analysis was conducted. The measured fluorescence of each
cycle was analysed by the LightCycler Software. The relative amount of target of
each sample resulted from the comparison to the amount of the housekeeping gene
of the same sample. Quantification was conducted by the 224“" method of Livak and
Schmittgen (Livak Kd and Schmittgen TD. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C(T)) Methods 2001;25:402-
8).

The amounts of RNA obtained in each single round were very small in comparison to
those typically obtained from brain regions. Therefore, targets had to be selected
carefully based on the state of scientific findings. It resulted from this: first, a
medicament should stop or even reverse the degeneration of nerve cells in general,
which, in deed, are damaged in all diseases of the inner ear, because a single cause
for the differences in the diseases of the inner ear can be excluded. According to the
state of the art, only neurotrophins (growth factors of nerve cells) come into
consideration. Neurotrophins are endogenous peptides, which play an important role
in generation, differentiation, and viability of nerve cells. For this, the individual types
of nerve cells are particularly dependent on the presence of specific neurotrophins.
The second scientific finding is as below: Deafness is based on a disorder of nerve
cells of the dopaminergic nerve types in particular. Therefore, a medicament
preferably should activate dopaminergic mechanisms.



compound (VI11) + compound 1  conpound (XV) compound (IX) -
conmpound (X) + As shown by Table 1,2¢he beta-carbolines anal ysed by
us are in deed able to pronote differentiation at varying extents. 5
The figures 3 to 5 conplenment and illustrate the data as shown in
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20 Th. Lenarz and his co-workers of the Medizinische Hochschule Hannover, who run
the largest cochlear implant centre worldwide, prepared the research presented in
Figure 2 in 2005. They exposed the spiral ganglion, i.e. a part of the acoustic nerve,
to different substances for 48 hours fo test, which of them will have neuroprotective
properties. As shown by Figure 2, these particularly are BDNF and GDNF.
25 Conclusion of this study was that substances that activate BDNF and GDNF are
promising therapeutics against damages of the inner ear. At that time, i.e. 2005, such
substances were unknown. These results of a different group with worldwide
recognition delineate, therefore, the therapeutic potential of 9-methyi-BC. It is to be
noted that, as large peptides, neither BDNF nor GDNF themselves are suited fo be
30 applied locally. In contrast, 9-methy!l-BC is a relatively small substance (MW: 183),
which is lipophilic and chemically stable and is metabolised slowly only, if at all (see
example 29).

35 Examples 15 — 28: Differentiation model of human neuroblastoma cells (SH-SY5Y)

The previous examples were conducted in animal models with rats and guinea pigs,
thus for the following examples it was an essential aspect, to prove, whether g-
carbolines would alsc act in human tissue pro-differentiating through induction of
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As shown by Table 1, the beta-carbolines analysed by us are in deed able fo
promote differentiation at varying extents.

The figures 3 to 5 complement and illustrate the data as shown in table 1.

Measurements of neurite length as indication for pro-differentiation effects:

Human SH-SY5Y neuroblastoma cells were incubated in culture for 14 days with
solvent (Ko) or test substance. A shift of the graph to the right side for a test
substance, pointed to an increase of neurite length, when compared to the graph for
the control substance. Statistical differences between the treated groups were
calculated with the Tukey's Multiple Comparison-Test.

Figure 3A shows the neurite length of humane SH-SY5Y cells treated with Harman,
as described above. The difference between the control group and the group treated
with 110 pM Harman was significant (P<0.001). Thus, Harman treatment led to an
increase in neurite length.

Figure 3B shows the neurite length of human SH-SY5Y cells treated with 9-methyl-
9H-B-carboline, as described above. The difference between the control group and
the groups treated with 70, 90 or 110 yM 9-methyl-9H-8-carboline, was significant
(P<0.001). Thus, 9-methyl-9H-8-carboline treatment led to an increase in neurite
length.

Figure 3C shows the neurite length of human SH-SY5Y cells treated with 6-methoxy-
9-methyl-9H-S-carboline, as described above. The difference between the control
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group and the group treated with 50 pM B-methoxy-9-methyl-9H-g-carboline, was
significant (P<0.001). Thus, 8-methoxy-9-methyl-9H-£-carboline treatment led to an
increase in neurite length.

Figure 3D shows the neurite length of human SH-SY5Y cells tfreated with 9-(2-
fluoroethyl)-9H-S-carboline, as described above. The difference between the control
group and the groups treated with 30, 50 or 70 uM 9-(2-fluoroethyl)-9H-B-carboline,
was significant (P<0.001). Thus, 9-(2-fluoroethyl}-8H-8-carboline treatment led to an
increase in neurite length.

Inkubation of human SH-SY5Y neuroblastoma cells for 14 days in culture led to an
increase in neurite length. Shown are the cumulative frequency distributions of
neurite lengths, determined in at least 20 randomly selected visual fields (each
640.000 pm?) in three independent experiments. A steep rise pointed to a
predominance of short neuritis, wherein for example in control cells, a less steep rise
signified a greater number of longer neurites. The horizontal maximum indicated the
maximal neurite length of the respective treatment group. The results show that the
inventive S-carbolines promote the sprouting of neurites. The effects are dose- and
substance-dependent: 1-methyl-g-carboline < 6-methoxy-9-methyl-8-carboline < 9-
methyl-g-carboline < 9-fluorethyl-g-carboline). Hence, the g-carbolines have a pro-
differentiation effect.

The effects of the other inventive g-carbolines (compounds A — L and VI — XX) on
neurite length were determined, as described above, in human SH-8Y5Y
neuroblastoma cells after 14 days. Table 1 summarizes die results.

Induction on growth factor formation:

Next, it was investigated, whether the substances could induce the formation of
nerve growth factors in human SH-SY5Y neuroblastoma cell. After 2 and 14 days the
cells were harvested and the expression of the target gene and the house keeping
gene was determined via reverse transcriptase-PCR. Figure 5 shows the mean
values of three independent experiments for nerve growth factors, for which a
regenerating effect on injured hair cells is known.

Figure 4A shows the relative gene expression of BDNF (brain-derived neurotrophic
factor) in human SH-SY5Y cells. The transcription of BNDF after two days was
stimulated only at the highest concentration (110 pM) of LE-02 (9-methyl-3-
carboline), whereas after 14 days of exposition the lower concentrations of 30 and 50
MM induced stimulation. Such a shift was also found for 9-fluoroethyl-g-carboline
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5 Figure 4B shows the relative gene expression of cerebellin-1 precursor protein
(CBLN). Cerebellin-1 precursor protein was increased only after two days exposure
to 9-fluoroethyl-8-carboline. After 14 days of exposure, all tested pS-carbolines
increased CBLN expression. Lower concentrations of the test substances had a
stronger effect than higher concentrations with the exception of 9-fluoroethyl-3-

10 carboline, showing roughly the same stimulation at all investigated concentrations.
Cerebellin-1 9-fluoroethyl-5-carboline showed similar effects on CBLN expression as
well as on neurite length (see figure 3D).

Figure 4C shows the relative gene expression of GDNF (glial cell line-derived
15  neurothrophic factor). At individual concentrations, 14 days of exposure led to a
stimulation of up to three times.

NGF (nerve growth factor) and NPY (neuropeptide Y) are growth factors, generally
necessary for the survival of nerve cells. The elimination of their biosynthesis leads to

20 nerve cell death. They allow the differentiation of e.g. synapse formation, which is
indispensable for adaptation to new situations, such as new background noises, new
melodies and so on. These growth factors also make it possible and regulate the
renewed outgrowth of damaged nerve cells extensions hence allow the reintegration
of the newly grown cell extensions into the present nerve tracts and circuits. They are

25 an important part of the natural repair mechanism for acute and chronic hearing
injuries.

Figure 4D shows the relative gene expressicn of NGF (nerve growth factor). After 14
days of exposure the gene expression was increased by 20 to 50 times. Again, the
30  lower concentrations were far more effective in increasing NGF.

Figure 4E shows the relative gene expression of NPY (Neuropeptide Y). After 14

days of exposure the gene expression was increased by 1.3 to 4 times. In case of 9-

methyl-#-carboline and 9-fluoroethyl-g-carboline the lower concentrations were more
35 effective than the higher concentrations.

The effects of the other inventive f-carbolines (compounds A — L and VI — XX) on the
gene expression of BDNF, GDNF, NGF and NPY were determined, as described
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Investigations on activation of intraceliular cascades for clarification of those
transcription factors that substantially stimulate differentiation by gene transcription:

10

The effects of g-carbolines on several intracellular cascades were investigated. Of

them it is known, that at their respective ends, several transcription factors are

formed in the cell nucleus, that in turn activate the transcription of a group of further
genes. The dual luciferase method was used. One luciferase served as transfection
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cochlea, i.e. the part of the cochlea distanced most from the membrane of the round
window, by a previously implanted cannula. The sample was diluted and was
separated immediately by high-pressure liquid chromatography (HPLC) without
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further processing; and the natural fluorescence of 3-carboline was determined by a
fluorescence detector. The experiment was repeated with a second guinea pig and
identical conditions but the sample was obtained after a 10-hour infusion. Perilymph
was obtained from a third guinea pig that had not been treated with 9-Me-BC before
(blank value control).

fn a second series, 20 pg of 9-Me-BC were applied into the perilymph straight
through the membrane of the round window, i.e. intra-cochlear. After three hours and
after 20 hours in case of another animal, perilymph was obtained and analysed as
described above. Results are depicted in Figure 6 together with a calibration series.
The calibration series shows that 10 pg of 9-Me-BC can be detected reliably by this
method. A single maximum, which represents 9-Me-BC, can be seen after 7 minutes
in the upper chromatogram of Figure 6. Clearly, no further maximum is to be seen;
thus, 9-Me-BC is not degraded. Furthermore, the chromatograms clearly show that 9-
Me-BC penetrates the membrane of the round window.

Both chromatograms of the middle row show that 9-Me-BC is still present after 20
hours in case of straight application to the perilymph. This is of eminent significance
for a therapeutic use. Furthermore, these chromatograms show that 9-Me-BC is
neither degraded nor does it decay during this long period. Thus, 9-Me-BC is
chemically and metabolically inert (nota bene, nanograms are detected by the upper
rows and nanograms in the middle row; therefore, the so-called injection peaks can
be seen in the left chromatogram of the middle and lower rows and the noise of the
base line).

A chromatogram, which shows that no 9-Me-BC is present in the perilymph of an
untreated animal, is pictured to the left of the lower row (blank value control). The
untreated animal is an animal whereby only the surgical steps, as for the other
guinea pigs, were performed but no 9-Me-BC was applied. Results are very
advantageous in comparison fo other substances (dexamethasone, gentamicin, 2-
methyl-thiazolidin-2,4-dicarboxylic acid [tialin]} in terms of the therapy.

Medicaments, which are used for treatment of diseases of one system, are also
effective for diseases of the other system because sensory cells of the hearing
organ, i.e. hair cells, behave very similar to the sensory cells of the equilibrium organ.

Example 30
Prophylaxis of hearing damages in an animal model
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A solution containing 3-carboline was infused continuously into the recess in front of
the membrane of the round window of guinea pigs by a osmotic mini-pump for three
days. The following B-carbolines were tested individually in this experiment: 9-
methyl-B-carboline, compounds XI, XII, XVIli, XIX as well as Cto L.

Then, a standard dose of gentamicin and etacrynic acid was injected intravenously
into guinea pigs. Gentamicin and etacrynic acid damage the inner ear. Typically, they
are used as toxins to induce deafness in such studies. The infusion was continued
for further two days. Then, the elecirophysiological activity of the nerve cells of the
brain stem, which transmit the impulses of the inner ear, was deduced after acoustic
irradiation of the ear with 2, 4, 8, and 20 Hz. The non-R-carboline-treated ear served
as intraindividual control (Prieskorn DM, Miller JM. Technical report: chronic and
acute intracochlear infusion in rodents. Hear Res, 2000;140(1-2): 212-215).
Moreover, animals were infused with 9-Me-BC only but not with gentamicin as a
further control.

The measured electrophysiological activity of the nerve cells of the acoustic nerve
(hearing threshold) served as a measure of the degree of therapeutic effect of the
used f3-carbolines on the inner ear. As can be learned from Table 3, the used -
carbolines show the increase in electrophysiological activity of the nerve cells of the
acoustic nerve. it can be concluded from this that R-carbolines are useful for the
treatment of hearing damages, vertigo, and vestibular disorders.

Table 3: Effects of different B-carbolines on the inner ear in comparison to 9-methyl-
B-carboline

9-methyl--carboline standard
fluoroethyl-BC (XIX) +
9-Me-6-MeOQ-BC (XVIII) +
compound C + +: marginally better than 9-
compound D - methyl-p-carboline
compound (XI) =
compound (XIlI) +
compound E - *: equal to 9-methyl-B-carboline
compound F +
compound G +
compound H + —: marginally worse than 9-9-
harman | — methyl-B-carboline
compound J s
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Example 31
Formulation of 9-methyl-8-carboline for topical application

A gel formulation with 50 pyM 9-methyl-8-carboline for topical application consists of
0.7 weight percent hyaluronic acid in phosphate buffered saline solution, such as
Hylumed Sterile from Genzyme Corp, with a concentration of 50 yM 9-methyl-3-
carboline.

Example 32

Formuiation of 9-methyi-5-carboline for topical application

For topical application of 9-methyl-g-carboline in form of ear drops, a solution of
3 mg/ml 9-methyl-B-carboline is prepared in purified water with use of one of the
following adjuvants: benzalconiumchlioride, sodium acetate x3 H,O, acetic acid,
mannitol (Ph. Eur.), sodium edentate (Ph. Eur.) and hydrochloric acid/sodium
hydroxide (for pH adjustment).

Example 33
Formulation of 9-methyl-8-carboline for topical application

100 mg 9-methyl-B-carboline is added to a solution of 0.1 mg butylhydroxyanisol (Ph.
Eur.) in 939.9 mg glycerol. The resulting solution can be applied topically in the ear.
Optionally, penetration enhancers, such as DMSO can be added.
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20 Formulation of 9-methyl-g-carboline for oral appllcation

This example concerns the formulation for a film-coated tablet with 50.0 mg 9-methyi-
p-carboline. The tablet core consists of:

9-methyl-f-carboline 50.0 mg
25 Cellulose, micro crystalline 413.0 mg
Croscarmellose-Na 25.0 mg
Silizium dioxide, colloidal 5.0 mg
Talcum 5.0 mg
Magnesium stearate 2.0 mg
30 Total weight 500.0 mg

The tablet core is coated with 20 mg HPMC, for example with Opadry or Sepifilm.
The resuiting film tablet has a tfotal weight of 520 mg and contains, besides the
mentioned adjuvants, 50 mg 9-methyl-S-carboline.

35
Example 36
Formulation of 6-methoxy-9-methyl-9H-8-carboline for oral application
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Formulation of 9-fluoroethyl-g-carboline for oral application

This example concerns the formulation for a film-coated tablet with 37.5 mg 9-
fluoroethyl-g-carboline. The tablet core consists of:

20 9-fluoroethyl-g-carboline 37.50 mg
Cellulose, micro crystalline 309.75 mg
Croscarmellose-Na 18.75 mg
Silizium dioxide, colloidal 3.75mg
Talcum 3.75mg

25 Magnesium stearate 1.5 mg
Total weight 375.00 mg

The tablet core is coated with 15 mg HPMC, for example with Opadry or Sepifilm.
The resulting film tablet has a total weight of 390 mg and contains, besides the
30 mentioned adjuvants, 37.5 mg 9-fluoroethyl-g-carboline.

Example 38
Formulation of 9-fluoroethyl-A-carboline for topical application

35 One millilitre of a suspension of 250 mg 9-fluoroethyl-g-carboline for topical
application is prepared with 250 mg 9-fluoroethyl-g-carboline, 1 mg p-hydroxybenzoic
acid methyl ester as preservative, cetylstearyl alcohol, sorbitan monolaurate,
polysorbate and purified water. The resulting suspension can be topically
administrated.
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rmi eties: Rl12, -CRAR6R6, -NR12R13, -CO NH R12, -00-0-R12;
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-R75 - Ve ﬁg eﬁ@mpoﬁﬂg O}F@/e gefgra }Jpaébzrﬁ, - 0C3H7,
- 0- cyclo C3H5, OCH(CH3)2, -0C(CH3)3, -0C4FI 9, -0Ph, -OCH2-Ph,
-0CPh3, -SH, -SCH3, -SC2H5, -SC3H7, -S-cyclo-C3H5, - SCH(CH3) 2,
-SC(CH3)3,-N®2, F, -d, -BrR3l, -N3, -CN, -OCN, -NCO, -SCN, -NCS,

-CHO  COCH3, -00C2Hs5, 00C3H7 -C0-C - COCH(CH3) 2, 20
-00C(CH3) 3, -COOH, -COCN, -COOCH 4 COOC3H7,

-000- cycl o- C3H5, - COOCH( CH3) 2, )C- CH3, - 00CC2H5,
-00C- C3H7, -00C-cycl o-C3H5, -00 ] 00 -C(CHS)S, CONH2,

- CONHCH3, - CONHC2H5, - CONHC3H?, }
CONH[ CH( CH3) 2] , - CONH[ C( CH3) 3] , - CON( CHS)| , - CON
- CON( cycl 0- C3H5) 2, - CON[ CH( CH3) 2] 2, - CONR( CH3)
- NHOOCHS, - NHOOC2H5, - NHCOC3H?, - NHCO- cycl 0- C3HB, - NHCO- CH( CH3) 2,
- NHCO- C( CH3) 3, - NHCO- OCH3, - NHCO- 0C2HH)
NHCO- 0C3H7, - NHCO- 0- cycl 0- C3H5, - NHCO- OCH( CH3) 2,
- NHCO- 0C( CH3) 3, - NH2, - NHCH3, - NHC2H5,  30- NHC3H7, - NH- cycl o- C3H5,
- NHEH( CH3) »heralpmc CHB) 3, - N( CHS)2 N(C2H5) 2, - N( C3H7) 2,
- N(eycl o- CRM33 Zne-dilid kdHaRind fsc( CH3) 3] 2,
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R? — R® represent independently of each other the following moieties: -R?, —R®,
15 -R®, R"™, -R", —H, —OH, -OR’, ~OCHjs, —OC;Hs, —OC3H;, —O—cyclo-CsHs,
—OCH(CH3);, —OC(CHa);, —-0OC4Hg, -OPh, -OCH>-Ph, -0OCPhs, -SH,
-SCH3, —SCsHs, —SCsHy, —S—cyclo-CsHs, —SCH(CH3)z, —SC(CHjs)s, —NO,,

—-F, -Cl, -Br, —I, =Nj;, —-CN, —-OCN, —-NCO, -=-SCN, -=NCS, -CHO,
—COCH3, —-COCQHs, -—COC3H7, —CO—CyC|O-CgH5, “COCH(CHg)z,
20 —-COC(CH3);, —-COOH, —-COCN, -COOCHj3; —COOC,Hs, ~-CO0OC;3H7,

~CO0O-cyclo-C3Hs, -COOCH(CH3);, —-COOC(CHa);, —OO0OC-CH; -00C-
CQH5, ~---OOC—Cg‘H',', —-OOC—CyC|O-C3H5, —OOC—CH(CHs)g, MOOC—C(CHs)a,
“CONHz, '—CONHCH;J,, —CONHCsz, —CONHC3H7, —CONH-—C)/C'O-CsHs,

~CONH[CH(CHs)2],  —CONH[C(CHa)s, =~ —CON(CHs);,  —CON(CzHs)a,
25 ~CON(C3Hz), —CON(cyclo-CsHs)s,  —CON[CH(CHa)sls,  ~CON[C(CHs)sla,
~NHCOCHS, ~NHCOC,Hs, ~NHCOC3H,, ~NHCO-cyclo-C3Hs,
~NHCO-CH(CHz)s, —NHCO-C(CHs)s, —NHCO-OCH3;, —NHCO-OC;Hs,
~NHCO-OC3Hy, ~NHCO-O-cyclo-CaHs, —NHCO-OCH(CHs)a,
~NHCO-OC(CHa)s, —NHa, ~NHCH;, —NHC,Hs,
30 ~NHC3;H7, —NH-cyclo-CaHs, —NHCH(CHa)z, ~NHG(CHa)s, —N(CHa)y,

—N(CaHs)2,  —N(CsHy)2, —N(cyclo-CaHs)e,  —N[CH(CHs)zlo, —N[C{CHz)s]a.
—SOCHj3, —S0OC;Hs, -S0C;3H7, —S0—-cyclo-CsHs, —SOCH(CHs)sz,
—SOC(CH3)3, —SOcha, ~SOzCzH5, —802C3H7, —SOz—CyC|O-C3H5,
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0- comcwﬂ%% ¢ Cé??g N 2] 27 NH-CS-N[C(CHs)s]s,

OCON[C(CI—BW}Q(L—NH)MM —(NI-@GE(@GSH—H—BNH@QO OCSHNH—C( NH)-NHC;Hs,
o e S B ORI 013 0T}t Nyt
25-1G2- 00- cy¥IioCEINE)-NHIGH @I cH3) 2, -—@E@Cboq CH3NE-GEENH)RMBI[C(CH)s],
represent Imﬁp@(mﬂ}iw( ach_gHae=NPE-N g%\)\g Ng IRHE(ER/H)-N(C3H )z,
CH2F, - CHF2 P1,

CH2- CHF2, d@tﬁé‘% eﬁ'j [E‘E "@% CI—'!@%'* grp NHoE (RN MY H(CHs)2l2,

cycl o- CAH?, MHGC@MSH&N[@{CH@}&YH&G—CM}@Z CBEILE0- WHCH:CHORBO NERDHS,
Ny %@H G?é@leﬂ)l—ﬁg#cyc%j%aﬁy( ) 26 - HRE ARG,

CHZOCH( CHS)“ )3)'31:H( CH3) 2, =GOy, —0-CO-N(CzHs)a,
—O“CO—N(CaHT)z, —O-—CO—N(CyCIO-C;gHs)z, “O—CO—N[CH(CHS)Q]Q,
~0O-CO-N[C(CH3)3}», —-0O-CO-0OCHs;, -0-CO-0C;Hs;, —~0-CO-0OCsHy,
—0~-CO-0—-cyclo-CsHs, —0—-CO-0OCH(CH3)a, —-0-CO-0OC(CHs)s,
—CH,-COOH, —CH;—COQOCH;, —CH;—COO0OC;Hs, —-CH2—COCsH;7,

25 —CH—CO—cyclo-CsHs, —CH—COCH(CH3)s, —CH,—COC(CH3)s.

R” - R represent independently of each other the following moieties:
—CHzF, —CHFZ, —CF3, —CHgCl, mCHzBI’, —CH2|, —CHz-——CHzF,

—CH,—CHF, —CH>-CF3, —CH>-CH:ClI, —CH,-CH,Br, —CHy—CHjyl,
30 cyclo-CaHs, cyclo-C4Hy, cyclo-CsHg, cyclo-CgHqq, cyclo-C7H43, cyclo-CgHis,
-Ph, -CH>—Ph, -CPhs, —-CHi;, -CsHs, -CzH;, -CH(CHs);, —CsHo,
—CH>—CH(CHs), —CH(CHs)-CoHs —~C(CHg)s, —CsH4q, ~CH(CHs)-C3Hy,
—CH>—CH(CH3)-C2Hs, —CH(CH3)~CH(CHs3),, —C(CH3),—C:Hs,
~CHz—C(CH3)a, ~CH(CaHs)2, —CoHs~CH(CHj3)z, —CgH¢s, —CsHg—~CH(CHj3),,
35 —C2H4—CH(CH3)-CoHs, —CH(CH3)—C4Ho, —CH;—CH({CH3)-CsHy,
~CH(CH3)-CH;—CH(CHj3)a, ~CH(CHj3)-CH(CH3)—-CHs,
—CHy—CH(CH3)-CH(CHs3)z, —CH;—C{CH3)o—CoHs, —C(CH3)~CsHy,

—C(CH3)~CH(CHa)s,  —CoH4~C(CHa)s,  —CH(CHs)~C(CHa)s,  —CH=CH,,
_CHp—CH=CHs, ~C(CHs)=CHb,, ~CH=CH-CHs, —C,H4~CH=CHy,



- CH2- C(CH3) 3, - CH(C2H5)2, - C2H4--CH(CH3)2, -(0B1-113,
35- C2H4- CH( CH3) - C2H5, - CH( CH3) - CAH9, - Ci{@- CH( CHB) - C3H7,
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20 as well as pharmacological acceptable salts, solvates, hydrates, complex
compounds, enantiomers, diastereomers as well as racemates of the
aforementioned compounds for the manufacture of a pharmaceutical
composition for prophylaxis and treatment of hearing damages, vertigo and
vestibular disorders.

25
2. Use according to claim 1 of compounds of the general formula (V)
R3
T
/NN
|
R12
(V)

30 wherein the moieties R and R? have the meaning described in claim 1.

3. Use according to claim 1 of the compounds selected from the group consisting
of:  9-methyl-9H-B-carboline, 6-methoxy-9-iso-propyl-9H-p-carboline, 9-[(12)-1-
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20 or injection solutions for the treatment of ear diseases and hearing damages.



