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1. BEVEZETES

Doktori értekezésemet a Debreceni Egyetem Szerves Kémiai
Tanszékén készitettem Dr. Berényi Sandor egyetemi docens iranyitasaval. A
tanszék alkaloidkémiai kutatdlaboratériumaban fél évszazada foglalkoznak
a mak alkaloidjainak vizsgélataval. E munka eredménye tobbek kozott a
morfin tarsalkaloidjainak (tebain, kodein, neopin, narkotin, narcein,
papaverin) a makndvénybdl torténd kinyerésére szolgald ipari eljardsok
kidolgozasa, illetve az igy elérhetdvé valt természetes eredeti alkaloidokbol
kiindulva biologiailag hatékony félszintetikus szarmazékok eldallitasa.

Az utébbi két évtizedben eldtérbe kerliltek a tebainnal rokon
szerkezetli morfinandiének. Ezen vegyliletek -eldallitdsa soran ujabb
adatokhoz jutottak a morfinszarmazékok szubsztiticids ¢és eliminacids
reakcidival kapcsolatban. Tovabb4d az ujonnan kapott morfindndiének
hasznos kiindulasi anyagnak bizonyultak a gyogyaszatilag értékes opioid—
¢s dopaminreceptorokra hatd vegytiletek eléallitasara. A morfinandiénekbdl
kiindulva egyrészt cikloaddicidos reakciokkal Diels-Alder adduktok
allithatok eld, melyek opioidreceptorokra hatd vegyliletek, masrészt a
savkatalizalt atrendezddési reakcidikban keletkezd aporfinszdrmazékok
dopaminerg vegytiletek.

Doktori értekezésemben 4 éves munkamrol szamolok be. PhD.
Osztondijasként a vegyész hallgatoként elkezdett munkamat folytattam,
valamint a doktori 6sztondij utan fél éves predoktori allast nyertem el.

Munkam sordn célul thztik ki 10j, kéntartalmi aporfinvazas
vegyliletek szintézisét.

Doktori értekezésem két f6 részbdl all. Az elsd részben a tebain

nukleofilek jelenlétében végzett savkatalizalt atrendezddése soran nyert uj,
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kéntartalmu aporfinvazas vegyiiletekkel foglalkozom.

A masodik részben olyan 11j tiazolgytirivel anellalt morfinandiének
eldallitasarol szamolok be, amelyek alkalmas kiindulési vegyiiletek lehetnek
Uj, heterogytirtivel anelldlt morfin- és orvinolszdrmazékok, valamint

apomorfinszarmazékok szintézisének.

2.  IRODALMI ELOZMENYEK

2.1. Az apomorfin és szubsztitualt szarmazékainak eloallitasa és

biologiai hatasa

2.1.1. Természetes eredetll morfinalkaloidok savkatalizalt atrendez6dése

A 19. szazad masodik felében fedezték fel, hogy a morfinanvézas
alkaloidok kiilonb6z6 dehidratalod reagensekkel aporfin vazas vegyiiletekké
rendezddnek at. Matthiessen és Wright észlelte [1, 2], hogy a morfin (1)
tomény sdsavval, zart csében hevitve egy mol viz lehasadasa kozben

apomorfinnd (2) alakul (1. dbra).

1. abra
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Az atrendez6dés mechanizmusat tobben is vizsgaltadk. Bentley [3]
két altalanosan alkalmazhaté6 mechanizmus valtozatot tételezett fel a morfin
(1) > apomorfin (2) és a kodein (3) — apokodein (4) atrendezddésre (2.
abra).

Az egyik valtozat szerint a vizvesztés az ¢éterhid és a
nitrogéntartalmu gytlrl felnyildsa utan kovetkezik be (2. dbra, A reakciout).
Az igy kialakult karbéniumion az aromatizalodott C gyliri 8-as szénatomjat
tamadja és kialakul az aporfinvaz. A masik feltételezés szerint a reakcio
nyitolépése a vizkilépés, ami morfin esetében 6-demetoxioripavint (5),
kodein esetében 6-demetoxitebaint (6) eredményez (2. dbra, B reakciont).

Az utdbbi valtozatot a Debreceni Egyetemen Berényi Sandor és
munkatarsai kisérleti uton valoszinisitették [4, 5]. Eléallitottak a 6-
demetoxioripavint (5), valamint a 6-demetoxitebaint (6), majd ezen diének
metanszulfonsavas atrendezésével kozel kvantitative nyerték az apomorfint

(2), illetve az apokodeint (4) (2. dbra).

2. abra
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A tomény sosav mellett mas reagensekkel (pl. foszforsav, kénsav,
oxalsav, cink-klorid) is kivalthaté ez a folyamat. A morfin (1) tomény
sosavas kozegben végzett atrendezése apomorfinnd (2) 34%-os hozammal
[2], mig a kodein (3) oxalsavval végzett atrendezése apokodeinné (4) 13%-
os hozammal ment végbe [6].

A metanszulfonsavat morfinanvazas vegyiiletek atrendezésére elsé
izben Atkinson és munkatérsai [7] alkalmaztak. A morfin (1) — apomorfin
(2) Aatrendezddést 80%-os toménységli metanszulfonsavval 23%-os
hozammal tudtadk megvaldsitani.

A tebain (7) a makndvény egyetlen morfinandién szerkezetii
mellékalkaloidja. A vegyiiletnek nincs hasznosithaté bioldgiai hatdsa, de
szerkezete révén a gyogyszeripar fontos alapanyagava valt az elmult
évtizedekben, mivel szamos, a kozponti idegrendszerre hatdé gydgyszer
allithato el6 beldle.

A 3. abra néhany példan szemlélteti a tebain valtozatos atalakitasi

lehetOségeit.

A tebain dién-jellegébdl kovetkezik, hogy Diels-Alder reakcioval
fontos morfin receptorokra haté szarmazékok allithatok el beldle. A tebain
metilvinilketonos reakciojaban [8] képzddd tevinonbol (8) eldallithato a
kabitoszerfiiggd betegek gyogyitasdban nélkiilozhetetlen kevert agonista-
antagonista hatdsu buprenorfin (9) [9].

Ugyancsak a tebain dién- és enoléter-jellegével fiigg Ossze, hogy
hidrogén-peroxiddal 14-hidroxikodeinonnd (10) oxidalhat6 [10], ezen az
uton hatékony és szelektiv morfin-antagonista hatasti vegyiiletek, pl.

naltrexon és naloxon allithatok eld.
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OCHs
11 X=Br
12 X=Cl
N(CI)BS
0 OCHj,
H.co N : Hse N ‘ “, ROH/RSH
3 /,o H,S04/H,O 3 ,/O
O CH3SOzH
OCHj, OCH,3
13 7

3. abra

N-brom(klor)szukcinimiddel reagaltatva 14-brom(klor)kodeinonna
(11, 12) alakithato [11, 12]. Ezen utdbbi vegyiiletek hasznos kiindulasi
anyagoknak bizonyultak a Tanszéken foly¢ kutatdomunkaban, aminek egyik
f6 célja a tebainnal rokonszerkezetli morfinandiének szintézise.

A tebain (7) enoléter szerkezete miatt savas behatasra, a

reakciokoriilmények fliggvényében mas-mas vegyiiletté alakul at [3].
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1 M-os kénsav hatdsara melegités kdzben kodeinonna (13) alakul,
amibdl morfint (1) lehet eldallitani, amit a fajdalomcsillapitasban ma is
sz¢éleskortien  alkalmaznak [13]. Tomény savas  kozegben,
gytriidtrendezddési reakcidban aporfinvazas vegyliletek keletkeznek, ezen
az uton szamos dopamin-receptor agonista €s antagonista hatast vegyiiletet
allitottak eld. Vizmentes savban végezve az atrendezést 2-metoxiapokodein
(14), 10-20 % viz jelenlétében pedig 2-hidroxiapokodein, vagy mas néven
morfotebain (15) képzddik [14].

Amennyiben nukleofilek (alkoholok, tiolok) jelenlétében végezziik a
savkatalizalt atrendezddést, akkor az aporfinvaz kialakulasat atéterezodési
reakcio kiséri és 2-alkoxi(alkiltio)apokodeinek (16, 17, 18, 19, 20)
nyerheték [15, 16], ezekre a debreceni eredményekre késbb részletesen
visszatérek.

A tebain (7) metanszulfonsavval végzett atrendezédési reakcidjat
eldszor Neumeyer és munkatarsai tanulmanyoztak [14]. Azt tapasztaltak,
hogy a reakciokoriilmények nagymértékben befolyasoljdk a reakcid
lefutdsat. Vizmentes metanszulfonsavban 2-metoxiapokodein (14)
képzodott. Tomény sdsavban, vagy 84%-os metanszulfonsavban végezve a
savkatalizalt atrendezddést, a korabban mar leirt 2-hidroxiapokodeint, mas
néven morfotebaint (15), illetve hig savas kdzegben tebenint (21) izolaltak.
A mechanizmust vizsgalva egy stabil metoxoénium intermediert (22b)
tételeztek fel, majd ezt az intermediert izolaltak, és spektroszkopiai
modszerekkel azonositottak (4. abra).

Erésen savas kozegben a 23-as intermedieren keresztil a
morfotebain (15) keletkezése kedvezményezett. Gyengén savas kdzegben a
24-es intermedierbdl a 25-6s enolforman keresztiil a B gytrti felhasadasa

utan a molekula atrendezddésével kialakulhat a tebenin (21).
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84%-0s
CH3SO3H

-+

90 °C

OH

HsC-N O
O OH

OCH,
15

hig
CH3S|_?D3H

90 °C

Ho HN

OCHs

4. abra

Berényi ¢és munkatarsai a tebain (7) viz és alkoholok, mint

nukleofilok jelenlétében

vizsgaltak [15] (5. abra).

végzett metanszulfonsavas  atrendezddését



Toth Miklos Doktori (PhD) értekezés

14 R=CH,

15 R=H

16 R= OCH2CH3

17 R=0OCHCH.CH3

18 R= OCH20H2CH20H3

H3C

5. abra

A tebain (7) metanszulfonsavas atrendezése metanol jelenlétében
kvantitative 2-metoxiapokodeint (14) szolgaltat, amit Neumeyer ¢és
munkatarsai metanol nélkiil, 99%-os metanszulfonsavban, 60%-o0s
hozammal tudtak izolalni [14].

Berényi és munkatarsai megallapitottdk, hogy a rosszabb hozamért
az alkalmazott metanszulfonsav 1%-nyi viztartalma a felelés, ugyanis a
fotermék mellett 2-hidroxiapokodein (morfotebain, 15) képzddését is
kimutattdk. Az alkoxiszarmazékok képzddése jol illeszkedik a Neumeyer és
munkatarsai altal leirt mechanizmushoz (4. 4dbra). Feltételezték, hogy viz és
alkoholok jelenlétében az intermedier metoxoniumion (22b) nukleofil
atéterezodése zajlik le [15].

A tebain (7) savkatalizalt atrendezodését tovabbi alkoholok (etanol,
1-propanol, 1-butanol) jelenlétében is megvizsgaltak, és a vart 2-alkoxi-
apokodein szarmazékokat (16, 17, 18) izolaltak j6 hozamokkal.

Ezek utan vizsgaltdk a tebain (7) metanszulfonsavas atrendezddését
tiolok jelenlétében [16], ugyanis a tiolok az alkoholoknél kedvezdbb
nukleofilnek igérkeztek. Azt tapasztaltak, hogy 16% (v/v) tiolt (etantiolt,
illetve propantiolt) tartalmazd metdnszulfonsavban az atrendezddést és az

alkiltio-csoport beépiilését (19, 20) a 10-es helyzeti metoxi-csoport O-
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demetilezddése is kisérte (26, 27). Hosszabb reakcioidé alatt (3 ora) az O-

demetilez0dés teljessé valt (6. abra).

SR

RSH N

@ s HiC o
H
CH3SOzH OH
90°C, 30 perc
OCHs3
7 19 R = CH,CH; 26 R =CH,CH;
20 R = CH,CH,CHj, 27 R = CH,CH,CHj,4
6. abra

A farmakoldgiai vizsgalatokhoz eldallitottak a tebain N-demetil-N-
propil szarmazékat (28), melybdl etantiolt, illetve propantiolt tartalmazé
metanszulfonsavban szintén elvégezték a savkatalizalt atrendezddést 3 oras

reakcioido alatt [17, 18] (7. abra).

OCH3;

/\/N RSH

0 B
CH3SO3H
90°C, 3 dra

OCH3

7 29 R= CH20H3
30R= CH20H2CH3
7. abra

A tebainndl tapasztaltakkal 6sszhangban a vart 2-etiltio-N-propil-N-
demetilapomorfint (29), illetve a 2-propiltio-N-demetil-N-propilapomorfint
(30) izolaltak egylombikos modszerrel.
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A metanszulfonsav/tiol rendszerben a sav végzi az éter hasitasat, mig
a tiol metil-akceptorként vesz részt a folyamatban [16]. A masik fontos
megfigyelésiik az volt, hogy a tebain S-nukleofilek jelenlétében végzett
metanszulfonsavas atrendezésekor 2-metoxiapokodein (14) kimutathatod
mennységben sem képzddott, tehat a metoxi-csoport nukleofil atéterezodése
tokéletesen végbement.

Az  atrendez6dés mechanizmusanak tanulmanyozasakor 1j
eredményeket is értek el. A reakcidelegybdl izolaltak a 6,8-
dietiltiodezoximetakodeint (31) és igazoltak, hogy koztitermékként szerepel

az atrendezodésben [16] (8. abra).

CH3CH,SH
CH3SO3H

20°C, 2 6ra

CH3SO5H
90°C
1/2 6ra

CH4SO3H
90°C

8. abra

10
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2.1.2. Morfinandiének szintézise €s savkatalizalt atrendezése aporfinvazas

vegyliletekké

A tebain valtozatos atalakitasi lehetéségei 0sztondzték a debreceni
kutatokat arra, hogy a tebainnal analdg szerkezetli szubsztitualt
morfinandiéneket allitsanak el6 és a diének cikloaddicios-, valamint
savkatalizalt atrendezési reakcioival 0j, opidt- és dopaminreceptorokra hatod
vegyiileteket nyerjenek.

A kodein és a neopin tozil- és mezilésztereinek, illetve a 14-klor
(brém)kodein szarmazékainak szubsztiticios és eliminacids reakcidjaval a
6-demetoxitebaint (6), valamint 6-0s és 7-es helyzetben halogén, kén és
nitrogéntartalmi szdrmazékait (32, 33, 34, 35, 36, 37, 38, 39) allitottak eld
[19-26]. A 9. abra 0Osszefoglalva mutatja az atalakitasok kulcslépéseit.
Lathato, hogy legtobb kiindulési vegyiilet két allil-helyzetli tavozd csoportot
tartalmaz. Ezek egymashoz viszonyitott reaktivitdsa dontd mértékben
meghatdrozta a képzddo termék szerkezetét.

Nukleofilek  hatasara a  reakcidképesebb  tdvozod  csoport
szubsztitucioja jatszodik le eldszor, amit gyakran allil-atrendezddés is kisér
[20, 21], majd ezt kdveti a kevésbé reakcioképes csoport eliminacidja. Az
eliminacid csak akkor kovetkezik be, ha teljesiil a tdvozd csoportok transz-
diaxialis elhelyezkedése, ezért a tdvozo csoportok egymdashoz viszonyitott

térhelyzete ugyancsak fontos tényezo volt a reakcidk tervezésében.

11
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.‘\\OTS .s\\OH
(Br)CI>© cl >©

14B-CI(Br)-kodein-tozilat

l PCls
Cl
Nu C|>©,

HCI/HBr
MsCI

¢ien)

WOMs 2_
/Q HOMs

7a.-Cl(Br)-neopin-mezilat

6B-7B-diklérneopin

° F(N3)
3
//,,/ 3 - H O}@//

neopin-mezilat 6p-F(N3)-14p-hidroxikodein
Reakciout X; X, Morfinandién | Irodalom
1 H H 6 19
2 H Cl 32 21
2 H Br 33 21
3 H SCN 34 22
4 SCN H 35 22
5 Cl H 36 20,23
5 Br H 37 20,23
6 Cl H 36 24
7 F H 38 25
7 N; H 39 26
9. abra

12
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Az 1) morfinandiénekbdl (6, 32, 33, 34, 35, 36, 37, 38, 39)
savkatalizalt atrendezddési reakcidban szamos Uj apomorfinszarmazékot
(40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52) allitottak el6 (10. abra) [4,
25, 26, 27, 28, 29].

X4
séat\:léséaglzzéaslt Hyo NS O-demetilezés
OH
OCHs
o Szubsztitualt Szubsztitualt
Morfinandién apokodein apomorfin
Morfinandién Szupsztltualt X X, Irod.
apokodein | apomorfin
6 4 2 H H 4,29
32 40 41 H Cl 28
33 42 43 H Br 28
34 44 - H SCN 26
34 45 - H SH 26
35 46 - SCN H 26
36 47 48 Cl H 27
37 49 50 Br H 27
38 51 52 F H 25
10. abra

2.1.3. Az apomorfin és szarmazékai biologiai hatasa

Az egyik legrégebbi félszintetikus gyogyszeriink az apomorfin (2),
amit kezdetben hanytatdészerként hasznaltak és mivel azonnali hatast
produkalt, ezért kiilondsen mérgezések esetén (ordlisan vagy subcutan
alkalmazéasban) bizonyult hasznosnak [1]. Az apomorfin ragcsalokra

kifejtett kényszeres mozgast kivalto hatasat mar 1874-ben leirjdk és

13
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megfigyelik, hogy ebben a corpus striatum (csikolt test) érintett [30].
El6szor 1951-ben alkalmazzdk az apomorfint Parkinson-koros betegeknél és
rovid idejli javulasrol szdmolnak be [31]. Ezekben az években ismerik fel a
dopamin (DOPA, 53) szerepét a Parkinson-kor kialakulasaban és vizsgaljak
az L-DOPA hatasat a betegségben [32]. 1965-ben Ernst hivja fel a figyelmet
a dopamin (53) ¢és az apomorfin (2) strukturalis hasonlésagara [33], majd

1967-ben az apomorfin hatdsmodjat elemzi [34] (11. dbra).

H,N

OH

OH
2 53

11. abra

Napjainkban az apomorfin a Parkinson-kor kezelésére Apokyn, ill.
Apo-go névi gyogyszerként keriil forgalomba [35].

Eldszor 1983-ban irtdk le az apomorfin erekcidt eldidézd hatdsat
[36]. Néhany éve Uprima néven az apomorfin-hidroklorid sublingvalis
tablettaként kertilt forgalomba erekcids problémak kezelésére [37].

A 1990-es ¢években vizsgaltdk az oxidativ stressz szerepét az
idegrendszeri betegségek kialakulasdban [38], s ennek soran Ujraértelmezték
az antioxiddns apomorfin neuroprotektiv szerepét [39].

Miutan az apomorfin nem hat szelektiven a dopamin receptor
altipusokra, és oxidativ instabilitaisa miatt gyenge a biohasznosulésa,
felmeriilt az igény, hogy az aporfinvdzon modositdsokat végezzenek a

dopaminerg hatds novelése céljabol. A hatds és a szerkezet kozotti
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Osszefiiggések kutatdsdban az elmult 20 évben elért eredményeket
Neumeyer [40] és Sit [41] a kozelmultban foglaltak dssze.

A dopamin receptorokat D; és D, tipusba soroljak, a D;-receptorok a
posztszinapszisban taldlhatok és pozitiv csatolassal kapcsolodnak az
adenilat ciklushoz. A Dj-receptorok megtaldlhatok mind a pre-, mind a
posztszinapszisban ¢és vagy/nem kapcsolodnak illetve negativ csatoldssal
kapcsolodnak az adenilat ciklushoz [42].

Az eddigi modositasokat leginkabb az aporfinvdz 2-es és 3-as

szénatomjan valamint a nitrogénatomjan hajtottak végre.

Rz
54 R1 = CH2CH20H3 R2 =H
55 R1 = CH2CH20H3 R2 = OH
56 R1 = CH3 R2 = OCH3
OH 52 R;=CHj R,=F
57 R1 = CH2CH2CH3 R2 =F
OH
Vegyiiletek Receptor K; (nM)
D1 D2
N-demetil-N- 730 10
propilapomorfin (54)
55 920 0.053
56 <10000 1,12
52 943 0,43
57 1300* 0,071*
12. abra

Neumeyer ¢s munkatdrsai a nitrogénen modositott szarmazékok
koziil az N-demetil-N-propilapomorfint (54) talaltak kiemelkeddnek [43], és
altalanossagban is elmondhat6, hogy az aporfinvazas vegyiiletek esetében az

N-demetil-N-propil szarmazékok farmakologiai aktivitisa a vizsgalati
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modszert6l fliggden egy-két nagysagrenddel nagyobb, mint a megfeleld N-
metilapomorfin szarmazékoknal (12. abra).

A 2-hidroxi-N-demetil-N-propilapomorfin ~ (55) ¢és a 2-
metoxiapomorfin (56) esetében igen magas Dj-receptor affinitast talaltak.
Ezek utdn a 2-halogénapomorfinoknal azt tapasztaltdk, hogy a 2-
fluorapomortfin (52) az eddig vizsgalt szarmazékok koziil a leghatékonyabb
D,-receptor agonista, mig N-demetil-N-propil szarmazéka (57) tizezerszeres
D,/Djs szelektivitassal tlinik ki [44, 45, 46].

Neumeyer és csoportja a halogénszarmazékok szintézisét tebainbdl
(7) kiindulva valositja meg ugy, hogy a savkatalizalt atrendezéssel nyert
vegylileten, az oxidaciora érzékeny csoportok védése utdn a 2-es helyzetii
hidroxil-csoportot cseréli ki a kivant szubsztituensre [44]. A debreceni
kutatok modszere [23, 25] (Id. 2.1.2. pont) sokkal jobb hozammal
eredményezi a halogénszarmazékokat, mivel a halogén beépitése a morfinan
vazon torténik, tehat megeldzi a savkatalizalt atrendezést. Ez a moddszer,
mint emlitettem, az aporfinvdz 3-as helyzetének moddositasara is alkalmas
[28].

Az apomorfin szubsztitudlt szarmazékainak eldéallitdsara a
leghatékonyabb moddszer a tebain nukleofilek jelenlétében megvalositott
atrendezése, amit 2.1.1. pontban mar részletesen bemutattam. Az igy
eldallithatd  2-alkiltio szdrmazékok az in vifro neurofarmakologiai
vizsgalatokban szamottevé D,-specifitassal rendelkeztek. A varakozasoknak
megfeleléen az N-demetil-N-propil szarmazékok (29, 30) D, affinitasa
nagyobb volt az N-metil szdrmazékokénal (26, 27). Az in vivo vizsgalatok
szintén megerdsitették a 29-es és a 30-as kimagaslo aktivitasat [17, 18] (13.

abra).
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SRz

OH
OH
26 R1 = CH3 R2 = CH2CH3
27 Ry =CHs Ry = CH,CH,CHs

29 R1 = CH2CH2CH3 R2 = CH2CH3
30 R1 = CH2CH2CH3 R2 = CH2CH2CH3

Receptor I1Csy (nM)
Vegyiiletek
D, D,
apomorfin (2) 494 214
N-demetil-N-

propilapomorfin (54) 1240 14
26 975 170

27 588 87

29 1180 11

30 1100 22

13. abra

A kozelmultban, doktori munkam kisérleti részének befejezése utan
jelent meg dan szerzok munkéja [47a], melyben beszdmoltak a 2-fenil- (58)
¢és a 2-(4-szubsztitualtfenil)-apomorfinok (59, 60, 61) eldallitasarol.

A szén-szén kotés kialakitasat az aporfinvaz 2-es fenolos hidroxil-
csoportjanak triflatészterén elvégzett Suzuki-kapcsolassal valositottdk meg.
Kiindulési vegyiiletiik a kodein (3) volt, melybdl hat 1épésben, 10-26 %-o0s
hozammal jutottak el a kivant apomorfin szdrmazékokhoz (14. abra). A
vegyliletek koziil a 4-hidroxifenil szdrmazék (60) D, receptor kdtddése egy

nagysagrenddel jobb volt az apomorfinénal.
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59 R=CH,
60 R=OH

61 R=F

Vegyilet Receptor K; (nM)

D, D,

Apomorfin (2) 101 32
58 755 88

59 1129 347

60 167 3.8

61 1217 145

14. abra

A debreceni kutatocsoport hatékony moddszert dolgozott ki nemcsak a
alkil(aril)-szubsztitudlt szarmazékok eldallitdsara. Szintézisiikben a szén-
szénkapcsolast a  vinilhalogenid  szekezeti  33-as és  37-es
morfinandiénekbdl, vagy az arilhalogenid tipusi 42-es ¢és 49-es

apokodeinekbdlbdl kiinduld Suzuki reakcidval valositottak meg [47b, 47c].
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2.2. Heterogyiiriivel kondenzalt morfinanvazas vegyiiletek

1973-ban mutattak ki és igazoltdk el6szor a sztereospecifikus opiat
receptorok jelenlétét az agyban. Négy kiilonbozé receptor altipust
kiilonitettek el: p, k, o és 0 receptorokat.

A receptorok elkiilonitésében a naloxon fontos szerepet jatszott:
antagonista aktivitasa jelentdsen kiilonbozik a receptortipustol fiiggden.

Az ismert opioidok altalaban nem szelektivek, izgathatnak egyszerre
tobb receptortipust is, sot lehetnek egyszerre agonistak az egyiken ¢s
antagonistak a masikon. Ezeken alapul a csoportositasuk is:

- opioid agonistak,

- tiszta antagonistak

- kevert agonistak / antagonistak

- parcialis agonistak.

Rendkiviil jelentések azok a kutatdsok, amelyek tudatos
molekulatervezéssel olyan vegyiileteket allitanak eld, melyek szelektiven
blokkoljak az egyes receptor-altipusokat.

Portoghese ¢és munkatérsai az 1980-as években a nem-peptid delta-
szelektiv opioid antagonista kifejlesztésének modjat tartak fel azzal, hogy az
opiat struktirahoz heterogytriit anellaltak. Kidolgoztdk az un. ,,message —

spacer — address” elméletet [48, 49].

message
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Ennek az elméletnek az a lényege, hogy a kémiai szerkezet
»message” Osszetevije inditja el a jelatvitelt a receptor feliiletén, ez
sziikséges ahhoz, hogy a receptor ingeriiletbe j6jjon. Az ,,address” pedig
meghatdrozza a kotddés helyét, ezzel egyiitt a ligandum receptor-altipus-
specifitasat is. Fontos szerepet jatszik a ,message” és az ,address”
molekularész kozotti tdvolsadg, amit a ,spacer” mérete befolyasol (15.
abra).

Az elsé tudatosan tervezett vegyiilet a naltrindol (63) volt, amit
naltrexonb6l (62) kiindulva fenilhidrazin segitségével a Fischer-féle
indolszintézis alapjan allitottak eld [50]. Ez esetben a ,,spacer” szerepét a

pirrolgytri jatszotta (1d. 16. abra ,,A” reakciout).

16. abra
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Tovabbi naltrexonszdrmazékok szintézisét is bemutatja a 16. abra.

Ugyancsak a Fischer-féle indolszintézis moédszerét alkalmaztak a 64-
es benzofuranil- [51] (,,B” reakciout) és a 65-0s tetrahidroindolil szarmazék
[52, 53] (,,C” reakciont) eldallitasara. A ,,D” reakciduton a Friedlander-féle
szintézissel a 66-os kinolingytriivel-, az ,,E” reakcidtton a Piloty szintézis
alkalmazasaval a 67-es pirrolgytliriivel anellalt szdrmazékot allitottak eld
[48].

A kozelmultban amerikai kutatok [54] naltrexonbol (62) kiindulva 2-
aminotiazolonaltrexont (69) nyertek. (17. abra) A szintézis soran Gorlitzer
¢s munkatarsa altal kidolgozott modszert [55] alkalmaztak, azaz a
naltrexonbdl (62) egy o-halogén ketont (68) allitottak eld, melybdl

tiokarbamiddal, Hantzsch-féle ciklizacioval jutottak a 69-es célvegyiilethez.

62 68 69

17. abra

Tovabbi, aminotiazol gylriivel anellalt morfindnvazas vegytiletek
szintézisérol Neumeyer ¢és munkatarsai szamoltak be [56, 57]. Ezek koziil a
18. dbra a morfinbol (1) kiindul6é reakciot mutatja be, amikor a morfin

amino szdrmazékanak (70) Maggiolo-féle (kaliumtiocianattal brom
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jelenlétében végzett) ciklizacidjaval nyerték a 71-es vegyiiletet, amiben a

morfinvaz A gytrijéhez kapcsolddik az aminotiazol egység (18. abra).

O-TBDPS

TBDPS = Tercbutildifenilszilil
70

18. abra
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3. SAJAT VIZSGALATOK

3.1. Tebain savkatalizalt atrendez6édése kén-nukleofilek jelenlétében

Az irodalmi elézményeknél emlitettem, hogy Berényi ¢&s
munkatarsai hatékony modszert fejlesztettek ki a 2-alkiltioapomorfinok
eldallitasara a tebain tiolok jelenlétében végzett savkatalizalt atrendezésével.
Ezzel az eljarassal a tebain kozvetleniil atalakithaté szubsztitualt
apomorfinna, hiszen a vazatrendezddés, az alkiltio funkcid kiépitése €s az
O-demetilezddés egylombikban, harom egymast kovetd 1épésben zajlik le.
Az eldallitott 2-etiltio-, illetve 2-propiltioapomorfinok (26, 27) hatékony
dopamin D, agonista hatassal rendelkeztek [17, 18].

Munkank soran célul thztik ki, a hatas-szerkezet koOzotti
Osszefliggések pontositasa érdekében a kisebb térkitoltésli 2-metiltio- €s 2-
szulfanil-, valamint a nagyobb térkitoltésti 2-arilszulfanil szarmazékok

eloallitasat.

Vizsgalatainkat a tebain (7), illetve az N-demetil-N-propiltebain (28)
metantiol ¢és  kénhidrogén jelenlétében végzett metdnszulfonsavas
atrendezddésekkel kezdtiik.

A tanszékiinkon korabban kidolgozott szintetikus modszert [17, 18]
kisebb modositasokkal hajtottuk végre. A metantiol ugyanis az alkalmazott
reakciokoriilmények kozott gdz halmazallapotu, eltérdéen a korabbi tioloktol,
melyek folyadékok (etantiol, propantiol) voltak.

Elsé kisérletben a metanszulfonsavat megprobaltuk metéantiollal
teliteni 0°C-on, majd a tebain beaddsa utan ezen a héfokon kevertetni és a

megszokott (90°C, 30 perc) reakciokoriilmények kozott végrehajtani a
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savkatalizalt atrendezddést. A nukleofil tavollétében is képz6dd 2-
metoxiapokodeinen (14) és a 2-hidroxiapokodeinen (15) kiviil azonban mas
termék keletkezését nem tapasztaltuk.

Ezutdn a metantiol bevezetését (buborékoltatisat) a savkatalizalt
atrendez6dés alatt végig alkalmaztuk. Ez esetben a tebainbdl (7) és az N-
demetil-N-propiltebainbol (28) a vart 2-metiltioapokodeint (72), illetve a 2-
metiltio-N-demetil-N-propilapokodeint (73) izolaltuk [58]. A savkatalizalt
atrendez6dés sordn hosszabb reakcioidd alatt O-demetilezddést is
megfigyeltiink, azonban koltségtakarékossag miatt a teljes O-demetilezést,
azaz az apomorfin szarmazékok (74, 75) eldallitasat a korabbiakban mar
emlitett [29] metionin/metanszulfonsav reagenssel valdsitottuk meg. (19.

abra)

OCH; SCHy
CH3SH metionin

O CH,SOsH OH CH,SO5H

90 °C, 30 perc 90 °C, 2 ¢6ra
OCH; OCH;z

7R =CHs 72R =CHjs 74 R =CHj,
28 R = CH,CH,CHg 73 R = CH,CH,CHg4 75 R = CHyCH,CH,
19. abra

A tebain (7) kénhidrogén jelenlétében végzett savkatalizalt
atrendezddéseit el0szor szilard natriumszulfid beadagolasaval vizsgaltuk
meg, melybdl a metanszulfonsavas kézegben kénhidrogén szabadult fel.
Azonban a tobbkomponensti reakcidelegy feldolgozasa nem jart sikerrel.

Ezutan a tebain (7) kénhidrogén jelenlétében végzett atrendez6dését
a metantiolhoz hasonléan, folyamatos kénhidrogén bevezetése mellett

kivantuk megvalésitani [58, 59]. A reakcidban a vart 2-szulfanilapokodein
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(76) helyett egy szulfid-tipusti biszapokodeint (77) izolaltunk, melynek

szerkezetét LC-MS, valamint elemanalizis mérésekkel igazoltuk. (20. abra)

l@ OCH; SH

R’N .
OH OH
OCHs OCH;
7R =CHs 22b R = CHj 76 R = CH3
28 R = CH,CH,CH; 78 R = CH,CH,CH;, 79 R = CH,CH,CHs
S
N N.
R’ R

OCH3  H,CcO

77R =CH;
80R = CH20H20H3

20. abra

A kénhidrogén jelenlétében tapasztalt atrendezddést megvizsgaltuk
N-demetil-N-propiltebainb6ol (28) kiindulva is. A reakcidelegybdl a
tebainbol nyert vegylilet analogonjat (80) izolaltuk [58].

A biszapokodeinek képzdodésével kapcsolatban feltételezziik, hogy
az atrendezddés intermedierje (22b, ill. 78) az elséként képzddd 2-
szulfanilapokodeinnel  (76), illetve a  2-szulfanil-N-demetil-N-
propilapokodeinnel (79), mint S-nukleofilekkel reagdlva eredményezi a
szulfid-tipusu vegyiileteket (77, 80).

A 77-es és a 80-as szamu vegyliletek dimer-szulfid szerkezetére a

metionin/metanszulfonsav jelenlétében végzett O-demetilezés tovabbi
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bizonyitékot szolgaltatott. A reakcio két 1épésben jatszodott le, 30 perc
elteltével a nem-szimmetrikus, parcidlisan O-demetilezett termékeket (81,
82) izolaltuk, mig 2 ora alatt a reakcid teljesen végbement, ami a
szimmetrikus biszapomorfinok (83, 84) képzddését eredményezte (21.
abra).

A mar izolalt, parcialisan O-demetilezett termékek (81, 82) teljes O-

demetilezését is elvégeztiik.

'R metionin
—_—

CH3SOzH
90 °C, 30 perc

77 R =CHj4 metionin metionin 81 R = CH3

82R = CHQCH2CH3

83 R =CH3
84R = CH20H2CH3

21. abra
A 2-szulfanilapokodein (76) kozvetlen eldallitasa, a tebain (7)
kénhidrogén jelenlétében végzett savkatalizalt atrendezddésével nem

vezetett eredményre, ezért tovabbi kisérleteket végeztiink a céltermék

eldallitasara.
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Az irodalmi elézményekben emlitésre kertilt (2.1.2. fejezet) a 7-
tiocianato-6-demetoxitebain (34) és a 6-tiocianato-6-demetoxitebain (35)
eldallitasa. Berényi ¢és munkatarsai ezen diénekbdl savkatalizalt
atrendez6déssel enyhébb koriilmények kozott (0°C-on 20 perces reakcioban)
a megfeleld 3-, illetve 2-tiocianatoapokodeineket izolaltak (44, 46). A 7-
tiocianato-6-demetoxitebainbol (34) a szokasos koriilmények kozott (90°C-
on 30 perc) a 3-szulfanilapokodein (45) képzddését irtak le [26]. Ezek
alapjan gy gondoltuk, hogy a 2-tiocianatoapokodein (46) savas hidrolizise
a 2-szulfanilapokodein (76) szintézisére ad lehetdséget.

A 90 °C-on torténd metanszulfonsavas hidrolizis esetén, a vart 2-
szulfanilapokodein (76) helyett, alacsony hozammal, egy diszulfid-tipusu
biszapokodeint (85) nyertiink [58, 59] (22. dbra).

Ugyancsak a 85-0s diszulfidhoz jutottunk a 2-tiociandtoapokodein
(46) natrium[tetrahidroborat(IIT)]-tal torténd redukcidja soran.

A 85-0s diszulfid szerkezetének meghatdrozasa nehézségekbe
iitkozott. Az '"H-NMR, MS és az elemanalizis adatai alapjan erre a

vegyliletre tiol szerkezetet is feltételezhettiink.

S—S
CH3SOH O O
90°C, 30perc N N,
CH3 CH3
OH vagy OH OH
NaBH,/ EtOH/ 0°C O O
oCH, OH3CO

Hs

SCN

46 85

22. abra

A 85-0s tiol-, vagy diszulfid szerkezet kozotti dontést ezek utdn
acilezési reakcioval probaltuk megoldani. Elséként modellvegyiileteken
(morfotebain és tiofenol) végeztiink acilezési kisérleteket. Az irodalomban a

morfotebain (15) acetilezésekor - mely a 2-es helyzetben hidroxil-csoportot
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tartalmaz a szulfanil-csoport helyett - a reakciokoriilményektdl fiiggden
tobbféle termék keletkezésérdl szamoltak be. Natriumacetat jelenlétében
ecetsavanhidriddel forralva a vegyiiletet a 86-os fenantrén szarmazékot [60],
mig piridin jelenlétében szobahdmérsékleten végezve a reakciot a 87-es

diacetilmorfotebaint nyerték [61] (23. abra).

OAc

@ -
OCHs
15 87 R =Ac
86 88 R =H
23. abra

Mi a modellvegyiiletiinkre, a morfotebainra (15) a Welsh-féle
szelektiv acetilezési reakciot [62] (20 °C, Ac,O, NaHCO;, H,0)
alkalmaztuk, amikor is fotermékként a 2-acetoxiapokodeint (88) kaptuk. A
reakcid mellékterméke a 87-es diacetil szarmazék volt (23. abra).

A masik modellvegyiiletbdl, a tiofenolbol a Welsh-féle szelektiv
acetilezési reakcio koriilményei kozott acetiltiofenolt nyertiink.

Az elbkisérletek utan a Welsh-féle szelektiv acetilezési reakcioban a
85-6s vegyiilet nem reagalt, igazolva ezzel a 22. 4dbran feltiintetett diszulfid
szerkezetet. A 85-0s diszulfid 11-O-acetil szarmazékanak a képzddését
feltehetdleg sztérikus okok miatt nem tapasztaltuk.

A 85-6s diszulfid szerkezetének bizonyitasa utan ujra megvizsgaltuk
az irodalomban leirt 3-szulfanilapokodein (45) eloallitasat [26]. A 3-
tiocianatoapokodein (44) savas hidrolizise, valamint
natrium|[tetrahidroborat(Ill)]-tal torténd redukcidja azonos terméket (89)

eredményezett, melynek szerkezetét az eldzdekben leirt modon szelektiv
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acetilezéssel is megvizsgaltuk. A koradbban 3-szulfanilapokodeinnek (45)
leirt vegyiilet szerkezetét modositottuk ¢s diszulfidként (89) adtuk meg [59]
(24. abra).

SCN

CH3SOH
90°C, 30perc

vagy
NaBH,/ EtOH/ 0°C

44 89

24. abra

Vizsgalatainkat a tebain (7) tiofenol, €s tioszalicilsav jelenlétében
végzett metanszulfonsavas atrendezddésével folytattuk.

A savkatalizalt atrendezddést 90°C-on 30 percig tiofenollal végezve
a vart 2-feniltioapokodeint (90) izolaltuk [63]. A fent emlitett koriilmények
kozott az O-demetilezés 4 6ras reakcid 1dé utan sem ment végbe, mely a
tiofenol gyengébb metil-akceptor tulajdonsagat tiikkrozi. Ez esetben az O-
demetilezést a kordbbiakban bevalt [29] metionin/metdnszulfonsav
reagensekkel valositottuk meg, mely sordn a 2-feniltioapomorfin (91)

képzodott (25. abra).

OCH, s S\@
N
H3C/N O_SH \© metionin {7 3
2 — » H3C o H OH
CH3SOgH OH CH3SOzH
90°C, 30 perc 90°C, 2 6ra
OCH, OCH, OH
7 90 91
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A tebain tioszalicilsav jelenlétében végzett metanszulfonsavas
atrendez6dés soran tobbkomponensti elegy képzddott, melybdl a

feldolgozas soran sikeriilt négy terméket izolalnunk [63] (26. ébra).

“o SH
—_—
CH;SO5H
90°C, 30 perc
OCH3 -CH40H

CHZOH

97

26. abra

A reakcid egyik terméke a 2-metoxiapokodein (14) (5%), mely a
tebain metanszulfonsavas atrendezddési reakcidjanak a féterméke nukleofil
agensek hidnyaban [14].

A masik termék a 93-as észter (15%), mely valoszinlileg a 92-es

ariltio szarmazékbol képzddott a tebainbol kihasadt metanol hataséra.
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A 94-es keton (39%), mint foétermék képzddése a 92-es ariltio
szarmazékbol a 3-as  helyzeti szénatomon tOrténd Graebe-féle
gylriizarédassal magyarazhat6.

Hasonl6 gytirlizaras volt varhatd az l-es helyzetli szénatomon is,
mely a 95-6s izomer ketonhoz vezetett volna, azonban e vegyiiletet nem
sikeriilt a reakcioelegybdl izoldlni. A 95-6s keton keletkezésére azonban
bizonyitékként szolgalt a 97-es ciklusos-acetdl izoldldsa. Ennek a
mellékterméknek (8%) a keletkezése a 95-6s ketonbol a 96-os ciklusos-
félacetalon keresztiil torténhet a tebainbol kihasadt metanol hatéséra.

A 93-as észter és a 94-es keton szerkezetmeghatdrozasat modern
NMR moédszerek segitségével végeztiik el. A vegyiiletek teljes 'H és °C jel
hozzéarendelését kétdimenzios technikdk segitségével kaptuk meg (COSY,
TOCSY, HSQC, HMBC).

A 93-as észter szerkezetének kozvetlen bizonyitékaul szolgalt a 'H-
BC HMBC spektrumban a haromkotéses 3JC_H: az 1H(CH3)/13C
(C=0)kozotti illetve a négykétéses “Je: 'H (H-3")/°C (C=0) kozotti

csatolasbol szarmazoé keresztesucsok megjelenése (27. ébra).

27. abra
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A 94-¢s keton esetében a 14-H (8.43 ppm) kisebb térerd irdnyaba
torténd eltolédasa valdosul meg, melyet egyértelmiien bizonyitottak a
kétdimenzios 'H-"C HMBC mérések (keresztcsicsok megjelenése a
spektrumban: C-13a/H-14, illetve C-13a/H-10 kozott) ami egytttal a
tiokroman gytirti és az aporfin vaz 26. abran szerepld annellacidjat timasztja
ald. A 95-0s izomer (az 1-es szénatomon torténd gytriizarédas) egyetlen
aromas H szingulett jelet mutatna a nagyobb térerd irdnyaban (a 93-as
vegyiiletben a H-3 &: 7.29 ppm).

A 97-es ciklusos-acetdl pontos szerkezetét az NMR ¢és MS
méréseken  til  rontgendiffrakciés  méréssel is  igazoltuk. A

rontgendiffrakcids méréssel kapott szerkezet a 28. abran lathato.

A ciklusos-acetal (97) szerkezete*

28. abra

* Az atomok szdmozésa eltér a reakcidegyenletekben alkalmazottol
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A szerkezetvizsgald modszerek egyértelmiien igazoltdk, hogy a 97-
es vegyiiletben az acetdlos metoxi-csoport a gytiri sikja felett helyezkedik
el, azaz B-térallasu.

Elvi lehetéség van a masik, o-térallast ciklusos-acetal (99)
keletkezésére is, ha feltételezziik, hogy a savas kdzegben 1étez6 tioxantilium

sobol (98) a lugos feldolgozas soran kovetkezik be a gytirtizaras (29. abra).

29. abra

A tioxantilium s6 esetén (98) a PCMOD v 6.0 programmal végzett
energiaminimum szamitas a 30. abran lathatd szerkezetet eredményezte,
ahol a fenolos hidroxil-csoport az aporfin vaz alatt helyezkedik el, amibdl

kovetkezik, hogy a B-acetal (97) képzddése a kedvezményezett.

A tioxantilium ion (98) legkedvezdbb térszerkezete

30. abra
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A ciklusos B-acetal képzodésével kapcsolatos feltételezésilinket
alatdmasztja az is, hogy sosav hatasara a B-acetalbol (97) sikeriilt a vOrds
szinli tioxantilium sot (98) izolalnunk. Az Aatalakitas reverzibilis, tehat
lugositas hatdsara visszakapjuk a 97-es vegyliletet. A két vegyiilet UV

spektruma a 31. dbran lathato.

1.35 7
127 tioxantilium klorid (98)
1.0 1 3 A
ciklusos B-acetal (97)
0.8 1
A
0.6
0.4 1
0.2 1
0.0 1
-0.17 T T T T 1
200.0 300 400 500 600 698.7
A (nm)
31. abra

Farmakologiai vizsgalatokhoz a 94-es keton és a 97-es B-acetal O-

demetilezésével apomorfin szarmazékokat allitottunk el6 [64].

H3C’N ~ metionin
H e
OH  CH,SO;H
90°C, 2 ¢ra
OCH,4
94 100
32. abra
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A mar kordbban bevalt és tobbszor alkalmazott modszerrel, a
metionin/metanszulfonsav reagenskombinacidval [29] a 94-es ketonbdl a
vart tiokroman gytirivel anellalt apomorfint (100) allitottunk eld (32. abra).

A PB-acetdl (97) hasonld koriilmények kozott végzett reakcidja egy
teljesen O-demetilez6dott terméket (101) eredményezett, amelyben a

ciklusos félacetal szerkezeti rész megmaradt (33. abra).

S
H3C/N\c . metionin
H §OCH; o
CH3SO4H
90 °C, 2 6ra
OCHs
97 101
33. abra

Miutén a kedvezd farmakolodgiai hatas eléréséhez az aporfin-vaz 10-
es helyzeti fenolos hidroxil-csoportja sziikséges, ezért tovabbi kisérleteket
végeztiink annak kialakitdsara. A 97-es P-acetal tovabbalakitasat a Coop
altal kidolgozottak szerint, L-szelektriddel valositottuk meg [65]. A
feldolgozast a debreceni kutatok altal modositott Gton hajtottuk végre [66]

¢s j0 hozammal nyertiik a kivant 102-es dihidroxil szarmazékot (34. dbra)*.

2] -szelektrid H30’N

\\
_ H

25°C, 14 nap ¥ O
9

34. abra

* A vegyiiletek szamozasa azonos a kdzleményekben [63, 64] alkalmazott szamozéssal
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3.2. Heterogyiiriivel kondenzalt morfinandiének szintézise

Tovabbi célkitlizésként uj, tiazolgytriivel kondenzalt
morfinandiének eldallitasat terveztiik. Ezek a diének alkalmas kiindulési
vegyliletek  lehetnek az  opiatreceptorokra  hat6  morfin-  és
orvinolszarmazékok, valamint a dopaminreceptorokra hato

apomorfinszarmazékok eldallitasara.

A heterogytrti kialakitasat a 143-bromkodeinon (11) és a megfeleld
tiosavamid Hantsch-féle gylriizarasi reakciojaval kivantuk megvaldsitani. A
14B-brémkodeinon (11) tebainbdl (7) Conroy moddszerével j6 hozammal
nyerheté [12]. A Hantsch-féle ciklizacié o-halogén-ketonokra jellemz6
reakcid, ezért bizonytalan volt, hogy a 14p-brémkodeinon szerkezete
alapjan alkalmas-e a gylrlizarasra. Az irodalmi elézmények bemutatdsa
soran (Id. 2.1.2. rész, 9. abra) emlitettem, hogy a morfinandiének eldallitasat
gyakran kiséri allil-atrendezédés [20, 21]. Ezt a lehetséges atalakulast

kivantuk kihasznalni 4j morfinandiének eldallitasara.

Vizsgalatainkban tiosavamidként tiokarbamidot, tioacetamidot,
valamit tiobenzamidot, olddszerként pedig a Hantsch altal leirt etanol
helyett dimetilformamidot alkalmaztunk [67].

A tiokarbamiddal végzett reakcid feldolgozasa soran j6 hozammal
(64%) izolaltuk a 2-amino-1,3-tiazolodiént (103) (35. 4bra).

A tioacetamiddal ¢és tiobenzamiddal végzett reakcid soran
alacsonyabb termeléssel (27-41%) nyertiik a vart 2-metil-1,3-tiazolo- (104),
illetve a 2-fenil-1,3-tiazolodiént (105).
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104 R = CH,4

105R = Ar

35. abra

Az eldallitott 1,3-tiazol gytirtivel anellalt morfinandiének (103, 104,
105) szerkezetét spektroszkopiai modszerekkel (‘H-NMR, MS) igazoltuk.

Az irodalmi elézményekben (2.2 fejezet, 16. dbra) emlitett pirrol-
gytriivel anellalt morfindnok és az altalunk eléallitott morfinandiének (103,

104, 105) szerkezete tobb ponton is eltér egymastol. A mi esetiinkben:

- amorfinanvaz C-gyurije dién szerkezetii

- a 3-as helyzetben hidroxil-csoport helyett metoxi-csoport
talalhato

- a l4-es helyzetli hidroxi-csoport hidnyzik a molekulabol

- az N-ciklopropilmetil-csoport helyett N-metil-szubsztituens

talalhatd a molekulan
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Az altalunk eléallitott vegyiiletekben 1évé dién-szerkezeti rész
alkalmassa teszi azokat, hogy cikloaddicids reakciokkal orvinolokat, illetve
savkatalizalt atrendezéssel aporfinokat allitsunk eld.

A 3-as helyzetli metoxi-csoport O-demetilezésére a morfinandiének
esetén a megszokott O-demetilezd reagensek (pl.: hidrogénbromid,
bortribromid, metionin/metanszulfonsav) nem hasznalhatéak a diének
savérzékenysége miatt. Ezért modositott feldolgozasi 1épéssel a Coop és
munkatarsai altal kidolgozott L-szelektrides O-demetilezési eljarast [65]
alkalmaztuk mindharom mofinandiénre (103, 104, 105) és kozepes
hozammal (50-60%) izolaltuk a 6-demetoxioripavin szdrmazékokat (106,

107, 108) (36. 4bra).

L-szelektrid H,c-N

e .
THF
OH
106 R = NH,
104 R = CHj3 107 R=CHjy
105 R = Ar 108 R = Ar
36. abra

A morfinanvaz 14-es hidroxil-csoportjanak a kiépitését a debreceni
kutatdcsoport altal korabban kidolgozott modszer szerint végeztiik el [68].
A 8P,14B-epoxi gylirti 1étrehozasara két modszert is leirtak, melyek koziil a
3-klorperbenzoesavas oxidaciot talaltuk hatékonyabbnak. A  108-as

morfindndiénbdl kiindulva az oxidacio soran keletkezett 8p,14p-epoxi
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gylriis vegylilet (109) hasitasat litium[tetrahidridoaluminat(III)]-tal
valositottuk meg, melynek soran 14B-hidroxi szarmazékot (110) allitottunk

eld (37. abra).

108 109 110

37. abra

Az N-szubsztitualt szarmazékok a fentebb leirt reakciouton N-alkil-
N-demetiltebainb6l, mint kiindulasi vegyiiletbdl eldallithatok. A tebain (7)
N-demetilezése és N-alkilezése ismert és alkalmazott eljaras a tanszékiink
kutatocsoportjaban [27], ezek alapjan az emlitett vegyiiletek eldallitasat a

jovoben tervezik.

Doktori munkam befejezése utan a Tanszék munkatarsai elvégezték
az uj tiazolgyuiriivel anellalt morfinandiének (103, 104, 105) savkatalizalt
dtrendezédését. Az atrendezési reakciot 104-es és 105-0s esetében
izomerizacios folyamat kisérte és a vart tiazolgyiriis apokodeinek (111, 112,
113) mellett izotiazogytiriis vegyiileteket (114, 115) is izolaltak (38. dbra).
Eredményeikrol a legutobbi idoben szamoltak be [69].
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R R
s~ s~
N N
N metionin -N
HsC n H3C +
CH3SO03H OH
90°C, 30 perc

OCHj4 OCH3
103 R = NH, 111 R = NH,
104 R = CHj 112 R =CH, 114 R = CH,
105 R =Ar 113 R =Ar 115 R =Ar

38. abra

3.3. Az apomorfinok farmakolégiai vizsgalatanak eredményei

Az altalunk szintetizalt 0j aporfinvazas vegyiiletek koziil a 72-es, 73-
as, 74-es, 75-0s, 77-es, 80-as, 83-as ¢és 84-es dopamin (D,) receptor-
kotddését Neumeyer €s munkatarsai vizsgaltdk [58], els6ként in vitro
koriilmények  kozott  patkany-eléagy  szoveten  radioligandumos
kisérletekkel. A vizsgalatokba bevontadk a kordbban Berényi ¢s munkatarsai
altal eldallitott [16, 17, 18] 2-etiltio- (29) és 2-propiltio-N-demetil-N-
propilapomorfint (30) is. Kontrollvegyiiletnek az e célra legtobbszor
hasznalt R(—)-apomorfint (2) és a R(—)-N-demetil-N-propilapomorfint (54)
valasztottak. A vizsgéalatuk soran kapott eredményeket az 1. tablazat

tartalmazza.
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Vegyiiletek D, Ki + SEM (nM)
(2) R(-)-apomorfin 13,2 +21
(54) R(—)-N-demetil-N-propilapomorfin 9,90 + 1,00
(29) R(—)-2-et11t10-N-demet11-N- 7.80 + 1,00
propilapomorfin
(30) R(—)-2-proplltlo-N-demetll-N- 15,6+ 2.2
propilapomorfin
(72) R(—)-2-metiltioapokodein 754+£23
(74) R(-)-2-metiltioapomorfin 54,7+23
(73) R(—)-2-m§t11t10-N- demetil-N- 1108 + 147
propilapokodein
(75) R(—)-2-met11t10-N-demet11-N- 373 40,44
propilapomorfin
(77) di-(apokodein-2-il)-szulfid >10,000
(83) di-(apomorfin-2-il)-szulfid >10,000
(80) di-(N-demetil-N-propilapokodein-2- 10,000
il)-szulfid
(84) di-(N-demetil-N-propilapomorfin-2- 10,000
il)-szulfid

1. Tablazat

Az 1. tdblazatban szerepld eredményekbdl is kitlintek az irodalmi
bevezetésben mar emlitett tapasztalatok, hogy az apomorfinok D, receptor-
altipusokhoz val6 kotddése feliillmualja a megfeleld apokodein szarmazékok
kotodését, azaz a 10-es és 11-es helyzetii fenolos hidroxil-csoportok fontos
szerepet jatszanak a dopamin receptor-kotédésben (72-74, 73-75
vegyiiletparok), valamint az is, hogy az N-demetil-N-propilapomorfinok

kotddése nagyobb az N-metil szarmazékokénal (72-73, 74-75 vegyiiletpar).
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Az altalunk eléallitott R(—)-2-metiltio-N-demetil-N-propilapomorfin
(75) (D Ki = 3,73. nM), valamint a korabban nyert R(-)-2-etiltio-N-
demetil-N-propilapomorfin (29) (Ki = 7,8 nM) és R(—)-2-propiltio-N-
demetil-N-propilapomorfin (30) (Ki = 15,6 nM) adatait dsszehasonlitva
kitint, hogy a 2-alkiltio-N-demetil-N-propilapomorfinok esetén az alkiltio-
szénlanc novelése negativan befolyasolta a dopamin receptor-kotodést.

A vizsgélt nyolc 1) vegylilet koziil egyediil a R(—)-2-metiltio-N-
demetil-N-propilapomorfin ~ (75) mutatott a  kontrollvegyiileteknél
jelentdsebb receptor-kotddést, a bisz-aporfinok (77, 80, 83, 84) kotddése
pedig elhanyagolhato volt, feltételezhetden sztérikus okok miatt.

Az in vitro kisérletekben igéretesnek mutatkozott R(—)-2-metiltio-N-

demetil-N-propilapomorfinnal (75) az in vivo kisérleteket is elvégezték. (2.

tablazat)
.. Dézis Alkalmazas p Idétartam
Vegyiilet (umol/kg) médja Hatas (h)
4 i.p. 1,0 (standard) 1
(2) R(-)-apomorfin 4 i.g. inaktiv -
20 i.g. inaktiv -
4 i.p. 120+5,2 8
(54) R(=)-N-demetil-N- Lp ————
: . 4 1.g. inaktiv —
propilapomorfin -
20 i.g. 68,0 = 20,8 14
(75) R(—)-2-metiltio-N- 4 i.p. 18,3+ 6,5 6
demetil-N- 4 i.g. inaktiv —
propilapomorfin 20 ig. inaktiv -

(i.p.: intraperitonidlis, i.g.: emésztGrendszeri adagolas).

2. Tablazat

A vizsgélatok azt mutattdk, hogy injekcid6 formajaban alkalmazott
azonos dozis (4,0 pmol/kg, i.p.) esetén a 75-0s vegyiilet joval hatékonyabbnak

bizonyult az R(-)-apomorfinnal (2) és némileg hatékonyabb volt, mint az R(-)-
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N-demetil-N-propilapomorfin (54).

Az emésztérendszerbe adagolt kontrollvegytiletek (2, 54) 20 umol/kg-
os dozisban hatasosak, 4 pmol/kg esetén azonban hatastalanok voltak. Meglepd
moédon a 75-6s 2-metiltio szarmazék mindkét dozis esetén hatastalannak

mutatkozott.

Az altalunk szintetizalt 4j apomorfinok koziil a tiokromén gytirtivel
anellalt vegyiileteket (100, 101, 102) Lehman és munkatarsai vizsgaltak
Jénaban [64]. In vitro koriilmények kozott Dy és D, kotédési kisérleteket
vizsgaltak radioligandumos moédszerrel. Az altaluk mért eredményeket a 3.

tablazat mutatja be.

K; (nM) + SD
Vegyiilet
D, D,
R(-)-apomorfin (2) 210 13
100 252 +30 1025 + 169
101 > 10000 > 10000
102 3237 +£ 226 2096 + 886

3. Tablazat

A kapott adatokbol kitlint, hogy a vizsgalt vegyiiletek kotddése
elmaradt az apomorfin koétddési értékeitél. Nem volt meglepd, hogy
legrosszabb kotddéssel a 101-es vegyiilet birt, ami alatdmasztja azt a
korabbi megfigyelést, hogy az aporfinvaz 11-es fenolos hidroxil-csoportja
meghatdroz6 szerepet jatszik a dopaminreceptorhoz torténd kotddésben.

Az altalunk szintetizalt tiazolgytriivel anellalt morfinszarmazékok
(106, 107, 108, 110) opiatreceptor kotddési tulajdonsagainak feltérképezése

jelenleg folyamatban van.

43



Toth Miklos Doktori (PhD) értekezés

4. KISERLETI RESZ

Az olvadaspont meghatarozas Koffler késziilékkel tortént, az értékek
nem korrigaltak. A vékonyréteg-kromatografids vizsgalatokhoz Merck 5554
Kieselgel 60 F;s4 lemezeket hasznaltunk, detektalashoz UV fényt, illetve
Dragendorff-reagenst [bazikus bizmut-nitrat ecetsavas oldata + kaliumjodid]
/ melegitést alkalmaztunk. Oszlopkromatografias elvélasztashoz Kieselgel
(60-200 mesh, Merck) szilikagélt alkalmaztunk. A vékonyréteg- ¢és

oszlopkromatografiahoz alkalmazott eluensek osszetétele:

A) kloroform : metanol =8 : 2
B) kloroform : metanol =9 : 1
C) etilacetat : metanol =7 : 3
D) aceton : hexan =8 : 2

E) diklérmetan : metanol =9 : 1

F) diklormetan : metanol =8 : 2

Az NMR vizsgalatok soran a termékek teljes 'H-, °C-
hozzarendelését, egyes esetekben egy-, illetve kétdimenzios technikak (‘H-
'H COSY, TOCSY, 'H-""C HSQC, 'H-">C HMBC alkalmazasaval végeztiik
el.

Az NMR spektrumokat Bruker Avance DRX 500 ('H: 500 MHz / C: 125
MHz), Bruker DMX 400, Bruker WP 200 SY (200/50 MHz)
spektrométereken vették fel, a kémiai eltolodasok (8, ppm) TMS-re (‘H
NMR) vagy az oldészerjelre (*C NMR) vonatkoznak. A csatolasi allandok
(/) Hz-ben vannak megadva. Az alkalmazott oldoszereket minden

vegyiiletnél kiilon feltlintetjiik.

44



Toth Miklos Doktori (PhD) értekezés

A 65-0s vegylilet rontgenkrisztallografiai mérését Enraf Nonius
MACH3 diffraktométeren Dr. Bényei Attila végezte, a szerkezetet a SIR-92
program [70] segitségével oldotta meg, a finomitas az F* értékek
felhasznaldsaval a SHELX-97 [71] programmal tortént. A 30. abran lathatod
rajz WINGX-97 csomaggal [72] késziilt.

Az optikai forgatoképességeket Perkin-Elmer 311, illetve Perkin-
Elmer 241 polariméterrel hataroztuk meg, szobahdmérsékleten.

Az IR mérések Perkin Elmer 283 B spektrométeren késziiltek.

A tomegspektrometrids mérések VG-TRIO-2, Bruker mikrOTOF-
Q, Finnigan LCQ Classic ioncsapda-tomegspektrométeren késziiltek, ESI
modban, az elemanalizist (C,H,N,S) Carlo Erba 1106 tipust késziiléken
végezték.

Az UV spektrumok Perkin Elmer UV/VIS Lambda 11

spektrofotométeren késziiltek.

A tebain (7), illetve N-demetil-N-propiltebain (28) metanszulfonsavas

atrendezodés S-nukleofilok jelenlétében

Altalanos eléallitas

1.00 g (3.2 mmol) tebain (7), vagy 1.09 g (3.2 mmol) N-demetil-N-
propiltebain (28) ¢és 8 mmol tiol keverékéhez 6 ml 99%-os
metanszulfonsavat adtunk kevertetés ¢és jeges hités mellett. A
reakcidelegyet 90 °C-on kevertettiik 30 percig, majd 100 ml jeges vizre
ontottiik. Az elegy pH-jat 25 %-os ammonia oldattal 8-9 koz¢é allitottuk, 3 x
15-30 ml kloroformmal extrahaltuk. A kloroformos fazist telitett s6 oldattal
(25 ml) mostuk, magnéziumszulfattal szaritottuk, sziirtiik, beparoltuk, a

nyersterméket oszlopkromatografiasan tisztitottuk.
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A tebain (7) reakcioja metantiollal

2-Metiltioapokodein-hidroklorid (72):

A reakciot az altalanos részben leirtak szerint végeztiik annyi modositéssal,
hogy a metantiol gazt a reakci6 sordn végig a metanszulfonsavba
buborékoltattuk. Oszlopkromatografiasan C eluenssel tisztitottuk. Az igy
nyert olajos bazist éteres oldatbol 10 % sdsavas etanollal sova alakitottuk.
0.46 g (40%), sargasfehér por (dietiléter-etanol), Op.: 222-225 °C (bomlik).
'H NMR (200 MHz, bézis, CDCl;/CD;0D=2:1): 8y 2.52 (s, 3H, SCH3),
2.58 (s, 3H, NCH3), 2.55-3.31 (atfedd jelek, 7H, H-4.x, H-4¢q, H-5ax, H-5¢q,
H-6a, H-7., H-7¢), 3.90 (s, 3H, OCH3), 6.35-6.75 (1H, 10-OH), 6.70-6.90
(m, 2H, H-8, H-9), 7.00 (d, 1H, H-3), 8.26 (d, 1H, H-1).

MS m/z (%): 327 (M, 75%), 280 (M-47, 80%).

Ci9H2,CINO,S (M=363,90): Szamitott: C, 62.71; H, 6.09; N, 3.85; S, 8.81.;
Talalt: C, 62.59; H, 6.11; N, 3.83; S, 8.79.

2-Metiltioapomorfin-hidroklorid (74):

0.62 g 72-es (1.7 mmol) metanszulfonsavas (10 ml) oldatahoz 1.0 g
metionint (6.7 mmol) adunk. Az oldatot 90 °C-on 120 percig kevertetjiik.
majd 100 ml jeges vizre Ontottiik. Feldolgozas az altaldnos résznél leirtak
szerint tortént. Oszlopkromatografianal A eluenst hasznéltunk. A kapott
olajos bazist éteres oldatbol 10 % sosavas etanollal sova alakitottuk.

0.45 g (75%), sargasfehér por (dietiléter-etanol), Op.: >250 °C (bomlik).

'H NMR (200 MHz, bazis, CD;0D): &y 2.52 (s, 3H, SCH3), 2.58 (s, 3H,
NCHa3), 2.55-3.34 (4tfedo jelek, 7H, H-4.x, H-4¢q, H-5.x, H-5¢q, H-6a, H-7y,
H-7.4), 5.50-5.9 (2H, 10-OH, 11-OH), 6.50-6.65 (atfed¢ jelek, 2H, H-8, H-
9), 6.92 (d, 1H, H-3), 8.18 (d, 1H, H-1).
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MS (m/z): 313 (M, 80%), 266 (M-47, 55%).
C1sH0CINO,S (M=349,87): Szamitott: C, 61.79; H, 5.76; N, 4.00; S, 9.16.;
Talalt: C, 61.77; H, 5.79; N, 4.01; S, 9.16.

Az N-demetil-N-propiltebain (28) reakcioja metantiollal

2-Metiltio-N-demetil-N-propilapokodein-hidroklorid (73):

1.09 g (3.2 mmol) 28-bol kiindulva az eldallitas és feldolgozas megegyezik
a 72-nél leirtakkal.

0.70 g (56%), sargasfehér por (dietiléter-etanol), Op.: 220-227 °C (bomlik).

'H NMR (200 MHz, bazis, CDCl3/CD;0D=2:1): 8y 1.01 (t, 3H, CH,-CHj3),
1.14 (m, 2H, CH,-CH,N), 2.52 (s, 3H, SCH3), 2.56 (m, 2H, NCH>), 2.60—
3.47 (atfedd jelek, 7H, H-4.y, H-4¢q, H-5a, H-5¢q, H-6a, H-7.y, H-74), 3.92
(s, 3H, OCH3), 4.40-4.80 (1H, 10-OH), 6.70-6.85 (m, 2H, H-8, H-9), 6.97
(d, 1H, H-3), 8.26 (d, 1H, H-1).

MS m/z: 355 (M, 55%).

C21H26CINO,S (M=391,95): Szamitott: C, 64.35; H, 6.69; N, 3.57; S, 8.18.;
Talalt: C, 64.22; H, 6.72; N, 3.54; S, 8.20.

2-Metiltio-N-demetil-N-propilapomorfin-hidroklorid (75):

0.67 g 73-bdl kiindulva az eldallitas és feldolgozds megegyezik a 74-nél
leirtakkal.

0.46 g (72%) sargasfehér por (dietiléter-etanol), Op.: 210 °C (bomlik)

'H NMR (200 MHz, bazis, CDCl3/CD;0D 2:1): 8y 1.01 (t, 3H, CH,-CH3),
1.14 (m, 2H, CH,-CH>N), 2.52 (s, 3H, SCH3), 2.56 (m, 2H, NCH,), 2.60-
3.47 (atfedo jelek, 7TH, H-4,y, H-4¢q, H-5ax, H-5¢¢, H-6a, H-7,x, H-7.q), 4.30-
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4.90 (2H, 10-OH, 11-OH), 6.55-6.75 (m, 2H, H-8, H-9), 6.97 (d, 1H, H-3),
8.26 (d, 1H, H-1).

MS (m/z): 341 (M, 85%).

C20H24CINO,S (M=377,93): Szémitott: C, 63.56; H, 6.40; N, 3.71; S, 8.48.
Talalt: C, 63.55; H, 6.42; N, 3.72; S, 8.48.

A tebain (7) reakcioja kénhidrogénnel

Di-(apokodein-2-il)-szulfid (77):

A reakci6t az altalanos részben leirtak szerint végeztiik annyi médositassal,
hogy a kénhidrogén gazt a reakcid soran végig a metanszulfonsavba
buborékoltattuk.  Oszlopkromatografiasan C  eluenssel  tisztitottuk.
Dietiléterbdl kristalyositottuk.

0.62 g (58%), sargasfehér por (dietiléter), Op.: >250 °C (bomlik), [a]p™ -
159.4 ° (¢=0.22, CH;0H).

'H NMR (200 MHz, bazis, CDCl3/CD;0D=2:1): &y 2.54 (s, 6H, NCH;,
N’CH3), 2.45-3,30 (atfedd jelek, 14H, H-4., H-4q, H-5.«, H-5.4, H-6a, H-
Taxs H-Teqy H-4"ax, H-4"¢q, H-5"ax, H-5¢q, H-6a’, H-7"4, H-7"¢), 3.82 (s, 6H,
OCHs, "OCH3), 6.67 (d, 2H, H-9, H-9’), 6.72 (d, 2H, H-8, H-8), 7.05 (d,
2H, H-3, H-3’), 8.19 (d, 2H, H-1, H-1").

BC NMR (50 MHz, DMSO-dg): 8¢ 25.4 (4-C, 4’-C), 30.2 (7-C, 7°-C), 40.7
(NCHj3;, N’CH3), 50.8 (5-C, 5°-C), 56.1 (10-OCH3, 10’-OCH3), 60.7 (6a-C,
6a’-C), 111.5-133.7 (20C, C-1, C-2, C-3, C-3a, C-7a, C-8, C-9, C-11a, C-
11b, C-12, C-1°, C-2°, C-3’, C-3a’, C-7a’, C-8’, C-9’, C-11a’, C-11b’, C-
127), 144.0 (C-11, C-11"), 147.3 (C-10, C-10’).

LC-MS (m/z): 593 (M+1, 100%), 550 (M-42, 20%), 519 (M-73, 12%), 297
(M-295, 40%).
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Cs6H36N204S (M=592.75): Szamitott: C, 72.95; H, 6.12; N, 4.73; S, 5.41;
Talalt: C, 73.14; H, 6.10; N, 4.74; S, 5.40.

(Apokodein-2-il)-(apomorfin-2-il)-szulfid-dihidroklorid (81):

1.0 g (1.7 mmol) 77-es metanszulfonsavas (10 ml) oldatdhoz 1.0 g (6.7
mmol) metionint adagoltunk allando6 kevertetés mellett. A reakcidelegyet 90
°C-on 30 percig kevertettik. A reakcioelegy feldolgozasat az altalanos
résznél leirtaknak megfeleléen végeztik el. Az oszlopkromatografids
tisztitast A eluenssel végeztiik. A kapott olajos bazist éteres oldatbol 10 %
sosavas etanollal sova alakitottuk.

0.39 g (40 %), sargasfehér por (dietiléter-etanol), Op.: >250 °C (bomlik).

'H NMR (200 MHz, bazis, CDCl3/CD;0D=2:1): &y 2.54 (s, 6H, NCH;,
N’CH3), 2.45-3,30 (atfedd jelek, 14H, H-4.,, H-4q, H-5.x, H-5¢q, H-6a, H-
Taxs H-Teqy H-4"ax, H-4"¢q, H-5"ax, H-5¢q, H-6a’, H-7"4, H-7"¢), 3.82 (s, 3H,
OCH;), 6.58 (d, 1H, H-9’), 6.65 (d, 1H, H-8), 6.67 (d, 1H, H-9), 6.72 (d,
1H, H-8), 7.05 (d, 2H, H-3, H-3’), 8.19 (d, 2H, H-1, H-1")

Di-(apomorfin-2-il)-szulfid-dihidroklorid (83):

1. modszer: 1.0 g (1.7 mmol) 77-es metanszulfonsavas (10 ml) oldatdhoz 1.0
g (6.7 mmol) metionint adagoltunk alland6 kevertetés mellett. A
reakcidelegyet 90 °C-on 120 percig kevertettiik. A reakcidelegy
feldolgozasat az altalanos résznél leirtaknak megfeleléen végeztiik el. Az
oszlopkromatografias tisztitdst A eluenssel végeztiik. A kapott olajos bazist
éteres oldatbol 10 % sdsavas etanollal sova alakitottuk.

0.41 g (42%), sargasfehér por.

2. modszer: 1.0 g (1.7 mmol) 81-es metanszulfonsavas (10 ml) oldatdhoz
1.0 g (6.7 mmol) metionint adagoltunk alland6 kevertetés mellett. A

reakcidelegyet 90 °C-on 120 percig Kkevertettiik. A reakcidelegy
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feldolgozasat az altalanos résznél leirtaknak megfeleléen végeztiik el. Az
oszlopkromatografias tisztitast A eluenssel végeztiik.

A kapott olajos bazist éteres oldatbol 10 % sosavas etanollal sova
alakitottuk.

0.47 g (48%), sargasfehér por, Op.: >250 °C (bomlik).

'H NMR (200 MHz, bazis, CDCl3/CD;0D= 2:1): 8y, 2.54 (s, 6H, NCH3),
2.45-3.30 (atfedo jelek, 14H, H-4,x, H-4¢q, H-5ax, H-5¢q, H-6a, H-7,x, H-7¢q,
H-4" 4, H-4"¢q, H-5"ax, H-5"¢q, H-62°, H-7"4, H-7"¢q), 6.58 (d, 2H, H-9, H-
9”), 6.65 (d, 2H, H-8, H-8"), 7.05 (d, 2H, H-3, H-3"), 8.19 (d, 2H, H-1, H-
).

C NMR (50 MHz, DMSO-dg): 8¢ 25.4 (C-4, C-4%), 30.2 (C-7, C-7°), 40.8
(NCH3s, N’CH3), 50.9 (C-5, C-57), 61.0 (C-6a, C-62’), 114.8-133.7 (20C, C-
1, C-2, C-3, C-3a, C-7a, C-8, C-9, C-11a, C-11b, C-12, C-1°, C-2’, C-3°, C-
3a’, C-7a’, C-8, C-9°, C-11a’, C-11b’, C-12°), 143.3 (C-11, C-11°),
144.9(C-10, C-10).

LC-MS (m/z): 565 (M+1, 75%), 522 (M-42, 10%), 491 (M-73, 12%), 283
(M-281, 100%).

C34H34C1LN2O4S (M=637.62): Szamitott: C, 64.05; H, 5.37; N, 4.39; S, 5.03;
Talalt: C, 63.88; H, 5.40; N, 4.37; S, 5.01.

Az N-demetil-N-propiltebain (28) reakcioja kénhidrogénnel

Di-(N-demetil-N-propilapokodein-2-il)-szulfid-dihidroklorid (80):

1.09 g (3.2 mmol) 28-bol kiindulva az eldallitas és feldolgozas megegyezik
a 77-nél leirtakkal.

0.56 g (49%), sargasfehér por (dietiléter-etanol), Op.: >250 °C (bomlik).
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'"H NMR (200 MHz, bézis, CDCl3/CD;0D=2:1): &y 0.95 (t, 6H, CH,CHs,
*CH,CH;), 1.63 (m, 4H, CH,CHs, *CH2CHs3), 2.48-3.55 (atfedd jelek, 18H,
H-4ay, Ho4eq, H-54x, H-5¢q, H-6a, H-Tox, H-7eq, NCHy, H-4"5, H-4 g, H-54s,
H-5’cq, H-6°, H-7’4, H-7’eq, N'CH,), 3.85 (s, 6H, OCHj, *OCH3), 6.72 (s,
4H, H-8, H-8, H-9, H-9), 7.08 (d, 2H, H-3, H-3), 8.19 (d, 2H, H-1, H-1).
LC-MS (m/z): 649 (M+1, 100%).

CaoHuCLN,048 (M=721,78): Szamitott: C, 66.56; H, 6.42; N, 3.88; S,
4.44.; Talalt: C, 66.55; H, 6.44; N, 3.89; S, 4.43.

(N-demetil-N-propilapokodein-2-il)-(N-demetil-N-propilapomorfin-2-
il)-szulfid-dihidroklorid (82):

1.1 g (1.7 mmol) 80-as metanszulfonsavas (10 ml) oldatahoz 1.0 g (6.7
mmol) metionint adagoltunk allando6 kevertetés mellett. A reakcidelegyet 90
°C-on 30 percig kevertettiik. A reakcioelegy feldolgozasat az altalanos
résznél leirtaknak megfeleléen végeztiik el. Az oszlopkromatografias
tisztitast A eluenssel végeztiik.

A kapott olajos bazist éteres oldatbol 10 % sosavas etanollal sova
alakitottuk.

0.47 (44%), sargasfehér por (dietiléter-etanol), Op.: >250 °C (bomlik).

'H NMR (200 MHz, CDCIl3/CD;0D=2:1): &y 0,95 (t, 6H, CH,CH;,
’CH,CH3), 1.62 (m, 4H, CH,CH3, *CH,CH3), 2.40-3.52 (atfedo jelek, 18H,
H-4,x, H-4¢q, H-5a, H-5¢q, H-6a, H-7,x, H-7cq, NCH,, H-4’5, H-4"¢q, H-5"4,
H-5"¢q, H-6a’, H-7"4, H-7"¢q, N’CH»), 3.85 (s, 3H, OCH3, ’OCH3), 6.55-
6.75 (atfedé jelek, 4H, H-8, H-9, H-8’, H-9"), 7.06 (d, 2H, H-3, H-3"), 8.20
(d, 2H, H-1, H-1").
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Di-(N-demetil-N-propilapomorfin-2-il)-szulfid-dihidroklorid (84):

1.1 g (1.7 mmol) 80-as metanszulfonsavas (10 ml) oldatdhoz 1.0 g (6.7
mmol) metionint adagoltunk allando6 kevertetés mellett. A reakcidelegyet 90
°C-on 120 percig kevertettiik. A reakcioelegy feldolgozasat az altalanos
résznél leirtaknak megfeleléen végeztik el. Az oszlopkromatografias
tisztitast A eluenssel végeztiik.

A kapott olajos bazist éteres oldatbol 10 % sosavas etanollal sova
alakitottuk.

0.40 (38%), sargasfehér por (dietiléter-etanol), Op.: >250 °C (bomlik).

'H NMR (200 MHz, CDCIly/CD;0D=2:1): &y 1.18 (t, 6H, CH,CH;,
’CH,CH3), 1.85 (m, 4H, CH,CH3, ’CH,CH3), 2.65-3.76 (atfedo jelek, 18H,
H-4.x, H-4¢q, H-5.x, H-5¢q, H-6a, H-75, H-7¢q, NCHy, H-4"5, H-4" ¢, H-5"4,
H-5’¢,, H-6a’, H-7’4, H-7"¢q, N'CH>), 6.83 (d, 2H, H-9, H-9’), 6.92 (d, 2H,
H-8, H-8”), 7.31 (d, 2H, H-3, H-3"), 8.44 (d, 2H, H-1, H-1").

LC-MS (m/z): 621 (M+1, 80%).

C3gH42CLN2O4S (M=693.72): Szamitott: C, 65.79; H, 6.10; N, 4.04; S, 4.62;
Talalt: C, 65.88; H, 6.12; N, 4.05; S, 4,59.

A 2-szulfanilaporfinok eloallitasara tett tovabbi kisérletek

Di-(apokodein-2-il)-diszulfid (85):

1. modszer: 1.0 g (3.0 mmol) 2-tiocianatoapokodein (46) absz. metanolos
(45 ml) oldatahoz részletekben, allando kevertetés mellett 0.7 g (18.5 mmol)
natrium[tetrahidroborat(Ill)]-ot adagoltunk. Az elegyet 30 percig
refluxaltattuk, majd 120 ml vizzel higitottuk, etilacetattal (3 x 50 ml)
extrahdltuk. A szerves fazist telitett so6 oldattal (50ml) mostuk,
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magnéziumszulfattal szaritottuk, szlrtilk, vakuumban beparoltuk. A
nyersterméket oszlopkromatografiasan tisztitottuk C eluenssel.

0.35 g (38%)

2. modszer: 1.0 g (3.0 mmol) 2-tiocianatoapokodeint (46) 5 ml 99 %-os
metanszulfonsavban oldottunk, az elegyet 90 °C-on 30 percig kevertettiik. A
reakcioelegy feldolgozasat az 4ltalanos résznél leirtaknak megfeleléen
végeztiik el. Az oszlopkromatografias tisztitast C eluenssel végeztiik.

0.15 g (16%)

3. mddszer: 10 ml 99%-o0s metanszulfonsavhoz 0 °C-on 1.0 g (3.2 mmol)
tebain (7) és 1.0 g (10.3 mmol) kaliumtiocianat elegyét adjuk. 0 °C-on 15
percig, majd 90 °C-on 30 percig kevertettik a reakcidelegyet. A
reakcidelegy feldolgozasat az altalanos résznél leirtaknak megfelelden
végeztiik el. A két egymast kdvetd oszlopkromatografias tisztitast D, illetve
B eluenssel végeztik.

0.10 g (10%), sargasfehér por (dietiléter), Op.: 162-165 °C.

'H NMR (200 MHz, CDClL): 8y 2.53 (s, 6H, NCHs, "NCH3), 2.41-3.26
(atfedd jelek, 14H, H-4,y, H-4¢q, H-5ax, H-5¢q, H-6a, H-74x, H-7¢q, H-4" 4, H-
4 eq, H-5"4, H-5’¢q, H-6a’, H-75, H-7"¢q), 3.90 (s, 6H, OCH3, ’OCHz),
6.40-6.65 (2H, 11-OH-11, 11°-OH), 6.75 (s, 4H, H-8, H-9, H-8’, H-9’), 7.24
(d, 2H, H-3, H-3"), 8.49 (d, 2H, H-1, H-1").

C36H36N204S,; (M=624.81): Szamitott: C, 69.20; H, 5.81; N, 4.48; S, 10.26.
Talalt: C, 69.22; H, 5.81; N, 4.50; S, 10.25.

2-Acetoxyapokodein (88):
1.0 g 2-hidroxiapokodeint (morfotebain, 15) (3.2 mmol) ¢és 20 g
natriumhidrogénkarbonatot 200 ml vizben szuszpendaltunk. A

szuszpenzidhoz allandé kevertetés mellett részletekben ecetsavanhidridet
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(10.0 g, 97.9 mmol) adagoltunk. A reakcioelegyet szobahdmérsékleten 30
percig kevertettiik, majd diklérmetannal (3x50 ml) extrahaltuk. A szerves
fazist telitett s6 oldattal (50 ml) mostuk, magnéziumszulfattal szaritottuk,
sztrtiik, vdkuumban beparoltuk. A nyersterméket oszlopkromatografidsan
tisztitottuk E eluenssel.

0.21 g (18%), fehér por (dietiléter), Op.: 155-156 °C,

[a] p°° -111.2 ° (¢=0.12, CHCl5).

'H NMR (200 MHz, CDCls): 8y 2.29 (s, 3H, OCOCH3;), 2.54 (s, 3H,
NCHa3), 2.41-3.26 (atfedd jelek, 7H, H-4.x, H-4¢q, H-54x, H-5¢q, H-6a, H-7,
H-7.4), 3.88 (s, 3H, OCH3), 6.57 (1H, OH-11), 6.75 (s, 2H, H-8, H-9,), 6.82
(d, 1H, H-3), 8.01 (d, 1H, H-1).

PC NMR (50 MHz, CDCl3): 8¢ 21.2 (COCH3), 29.4 (C-4), 34.6 (C-7), 44.0
(NCHs), 53.0 (C-5), 56.3 (OCH3-10), 62.3(C-6a), 109.5-134.1 (9C, C-1, C-
3, C-3a, C-7a, C-8, C-9, C-11a, C-11b, C-12), 143.3 (C-11), 145,4 (C-10),
150.0 (C-2), 169.7 (C=0).

Cy0H21NO4 (M=339.39): Szamitott: C, 70.78; H, 6.24; N, 4.13.; Talalt: C,
70.60; H, 6.22; N, 4.13.

Di (apokodein-3-il) diszulfid (89):

1. modszer: 1.0 g (3.0 mmol) 3-tiocianatoapokodein (44) etanolos (45 ml)
oldatdhoz részletekben 0.7 g (18.5 mmol) natrium[tetrahidroborat(III)]-ot
adagoltunk. Az elegyet 30 percig refluxaltattuk, majd vizzel (120 ml)
higitottuk, etilacetattal (3 x 50 ml) extrahaltuk. A szerves fazist telitett s6
oldattal (50 ml) mostuk, magnéziumszulfattal szaritottuk, szirtiik,
vakuumban  beparoltuk. A nyersterméket oszlopkromatografiasan
tisztitottuk C eluenssel.

0.38 g (41%)
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2. modszer: 1.0 g (3.0 mmol) 3-tiocianatoapokodeint (44) 5 ml
metanszulfonsavban oldottunk, a reakcidelegyet 90 °C-on 30 percig
kevertettiikk. A reakcidelegy feldolgozasat az altaldnos résznél leirtaknak
megfelelden végeztiik el. Az oszlopkromatografids tisztitdst C eluenssel
végeztik.

0.29 g (32%)

Sargasfehér por (dietiléter), Op.: 162-165 °C.

'H NMR (200 MHz, CDCl3): 8y 2.55 (s, 6H, NCH3, 'NCH3), 2.43-3.18
(atfedd jelek, 14H, H-4.y, H-4cq, H-5a, H-5¢q, H-6a, H-7,x, H-7¢q, H-4"4«, H-
4 eq, H-5ax, H-5’¢q, H-62°, H-7’ax, H-7’¢q), 3.91 (s, 6H, OCH3, ’OCHj3), 6.20
(2H, 11-OH, 11’-OH), 6.75 (s, 4H, H-8, H-9, H-8’, H-9’), 7.54 (d, 2H, H-2,
H-2’), 8.19 (d, 2H, H-1, H-1").

C36H36N204S,; (M=624.81): Szamitott: C, 69.20; H, 5.81; N, 4.48; S, 10.26.
Talalt: C, 69.18; H, 5.79; N, 4.47; S, 10.27.

A tebain (7) reakcioja tiofenollal

2-Feniltioapokodein (90):

A reakcidt tiofenollal végezziik az altalanos részben leirtak szerint, az
oszlopkromatografias tisztitdsnal A eluenst hasznaltunk.

0.60 g (48%), sargas-fehér por (dietiléter), Op.: 90-95°C.

'H-NMR (200 MHz, CDCls): 8y 2.4 (s, 3H, NCH3), 2.5-3.1 (4tfedd jelek,
TH, H-4., H-4q, H-5a, H-5¢¢, H-6a, H-74, H-7.q), 3.7 (s, 3H, OCH3), 6.2-
6.5 (1H, 10-OH), 6.6 (s, 2H, H-8, H-9), 7.0 (d, 1H, H-3), 7.1-7.4 (4tfedd
jelek, SH, H-2’, H-3’, H-4’, H-5’, H-6"), 8.3 (d, 1H, H-1).

MS (70 eV), m/z (%) 389 (50) [M+].
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CH23NO,S (M=389.51): Szamitott: C, 74.01; H, 5.95; N, 3.60; S, 8.23.;
Talalt: C, 74.10, H, 5.91, N, 3.62; S, 8.30.

2-Feniltioapomorfin-hidroklorid (91):
1. modszer: 0.66 g izolalt 90-hez (1.7 mmol) 6 ml metanszulfonsavat és 1.0
g (6.7 mmol) metionint adtunk majd 90 °C-on kevertettiik 2 Oran at.
Feldolgozas az 4ltalanos részben leirtak szerint A eluenssel. Az
oszlopkromatografiaval tisztitott bazist kloroformos oldatban aktiv szénnel
deritettiik, majd 10% sésavas etanollal sova alakitottuk.
0,22 g (31%)
2. (egylombikos) modszer: 1.0 g Tebaint (7) (3.2 mmol) tiofenollal 30
percen at az altalanos részben leirtak szerint, majd 6 ml metanszulfonsavat
és 1 g (6.7 mmol) metionint adtunk a forré elegyhez, majd 90 °C-on
kevertettilk még tovabbi 2 6rat. A reakcioelegy feldolgozasat az altalanos
receptben leirtak alapjan végeztiik A eluenssel.

Az oszlopkromatografiaval tisztitott bazist kloroformos oldatban
aktiv szénnel deritettiik, majd 10% sdsavas etanollal sova alakitottuk.
0.2 g (17%), sargasfehér por (kloroform-etanol), Op. (HCI s6): 225 — 235°C.
'H-NMR (200 MHz, bazis, CDCls): &y 2.55 (s, 3H, NCH3), 2.6-3.2 (atfed6
jelek, 7H, H-44y, H-4¢q, H-54x, H-5¢q, H-6a, H-7.«, H-7¢q), 4.4-6.1 (2H, 10-
OH, 11-OH), 6.6 (s, 2H, H-8, H-9), 7.0 (d, 1H, H-3), 7.2-7.4 (4tfedd jelek,
5H, H-2’, H-3’, H-4’, H-5’, H-6"), 8.3 (d, 1H, H-1).
MS (70 eV), m/z (%) 375 (75) [M+].
Cy3H21NO,S (M=375.48): Szamitott: C, 73.57; H, 5.64; N, 3.73; S, 8.54.;
Talalt: C, 73.61; H, 5.62; N, 3.68; S, 8.60.
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A tebain (7) reakcioja tioszalicilsavval

4.0 g tebaint az 4ltaldnos receptben leirtak alapjan reagaltattuk
tioszalicilsavval. A jeges vizre Ontés utdn az elegyet 25 %-0s ammonia
oldattal lugositottuk, a keletkezett csapadékot szlrtiik, szaritottuk. A
nyersterméket (5.3 g) kloroform-metanol elegybdl kristalyositottuk, sarga
kristalyos ciklusos ketont allitottunk eld (94). Az anyalugot beparoltuk, etil-
acetatban oldottuk, 10% sdsavas etanollal savanyitottuk. A kivalt piros,
szilard hidroklorid s6 a B-ciklusos acetal (97) és a 2,10-dimetoxy-11-
hidroxiaporfin (14) keveréke. A s6 keveréket vizben oldottuk, lugositottuk,
kloroformmal extrahaltuk. A kloroformos oldatot beparoltuk, a két terméket
oszlopkromatografidsan szétvalasztottuk B eluenssel. A hidroklorid sé
etilacetatos anyalugjat 25 %-os ammonia oldattal lugositottuk, szaritottuk,
beparoltuk. Oszlopkromatografias tisztitds utdn a 91-es metilésztert

izolaltuk.

(8aR)-13-Hidroxi-8-metil-12-metoxi-5,6,7,8,8a,9-hexahidronafto-[3,2,1-
ijJtiokromeno-[3°,2’-f]izokinolin-5-on (94):

2.08 g (39%), sarga kristalyok (kloroform-metanol),

Op.: 140-145°C, [a]p** —108.7 ° (¢=0.675, CHCl3).

'H-NMR (500 MHz, CDCI3): 8y 2.35 (m, 1H, H-7ax), 2.56 (s, 3H, NCH3),
2.59 (d, 1H, Joax,9eq=11.9, H-9ax), 3.07-3.18 (atfedo jelek, 3H, H-8a, H-9eq,
H-7¢q), 3.50 (d, 1H, Jeax,6eq=17.8, H-6ax), 3.65-3.82 (m, 1H, H-6eq), 3.91 (s,
3H, OCHs;), 6.76 (d, 1-H, Ji0,11=8.1, H-11), 6.78 (d, 1H, Ji0,11=8.1, H-10),
7.4 (m, 1H, H-2), 7.44 (d, 1H, J12=8.3, H-1), 7.52 (m, 1H, H-3), 8.40 (d,
1H, J34=8.3, H-4), 8.43 (s, 1H, H-14).

BC-NMR (125 MHz, CDCl3): 8¢ 30.5 (C-6), 34.1 (C-9), 44.0 (NCH3), 52.9
(C-7), 56.3 (OCH3), 63.3 (C-8a), 110.5 (C-11), 118.5 (C-10), 118.8 (C-13a),
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125.0 (C-14), 125.0 (C-1), 125.6 (C-13b), 125.8 (C-2), 129.5 (C-4), 131.8
(C-3), 135.2 (C-9a), 130.6, 131.8, 133.9, 136.2 (C-4a, C-5a, C-14a, C-15a),
143.9 (C-13), 146.0 (C-12), 182.1 (C-5).

IR (KBr): ve-0=1624 cm™, MS (70 eV), m/z (%) 415 (100) [M-].
CysH2INOsS (M=415.50): Szamitott: C, 72.20; H, 5.05; N, 3.37; S, 7.70.;
Talalt: C, 72.14; H, 5.01; N, 3.41; S, 7.73.

(4aR,13bS)-1,13b-Dimetoxi-5-metil-4,4a,5,6,7,13b-hexahidrobenzo
[8°,9°]tiokromeno-[2”,3”,4”-f’g’izokromeno|[6,5,4-def]kinolin (97):

0.44 g (8%), sargasfehér por (dietiléter), Op: 150 °C (bomlik).

[a]p?® +243.9 © (¢=0.235, CHCL3).

'H-NMR (200 MHz, CDCl3): 8 2.6 (s, 3H, NCH3), 2.7-3.6 (4tfedd jelek,
TH, H-4,, H-4¢q, H-4a, H-6,¢, H-6¢q, H-7.x, H-7q), 3.1 (s, 3H, CH30-13b),
4.0 (s, 3H, OCHs-1), 6.9 (s, 2H, H-2, H-3), 7.3 (s, 1H, H-8), 7.4-7.5 (atfed6
jelek, 2H, H-11, H-12), 7.6 (d, 1H, H-10), 8.4 (d, 1H, H-13).

MS (70 eV), m/z (%) 429 (5) [M+].

Cy6H23NO3S (M=429.53): Szamitott: C, 72.64; H, 5.36; N, 3.26; S, 7.45.;
Talalt: C, 72.67; H, 5.40; N, 3.28; S, 7.42.

Rontgendiffrakcios adatok (T=293 K): Narancssarga prizmas kristalyok
(0.72 x 0.39 x 0.3 mm) valtak ki éterbdl, ortorombos, a = 11.9928(10) A, b
= 12.1491(10) A, ¢ = 14.8745(10) A, V = 2167.2(3) A’ , Z = 4, tércsoport:
P2,2124, peac=1.316 g cm®,

Benzo[g]hexahidrokinolino[4',4a',5'-a,b]tioxantilium-Kklorid (98):

0.4 g 97-es ciklusos acetal etilacetdtos oldatat 10%-os soésavas etanollal
kezeltiik.

0.41 g (88%), Szilard, piros HCI s6 (etilacetat-etanol), Op.: 200°C (bomlik).
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"H-NMR (200 MHz, CD;0D): &y; 3.0-4.0 (4tfedd jelek, 7H, H-44y, H-4cq, H-
4a, H-64y, H-6cq, H-Tox, H-7g), 3.3 (s, 3H, NCH3), 3.5 (s, 3H, 5-OCHj), 4.2
(s, 3H, 7-OCHs), 6.7-7.1 (1H, OH), 7.3 (s, 2H, H-8, H-9), 7.4 (d, 1H, H-2),
7.5 (d, 1H, H-3), 7.9-8.3 (4tfedd jelek, 3H, H-4, H-11, H-14).

2-Metoxiapokodein (2,10-Dimetoxi-11-hidroxiaporfin) (14):

A kromatografias tisztitdis masodik komponense aceton-viz elegyébdl
kristalyositva. Az anyag fizikai tulajdonsagai megegyeztek az irodalomban
kozolt adatokkal®.

0.24 g (5%)

2-(11-Hidroxi-10-metoxi-6-metil-5,6,6a,7-tetrahidro-4H-dibenzo
[de,g]kinolin-2-szulfonil)-benzoesav metilészter (93):

0.80 g (15%), sargasfehér por (etanol), Op.: 131 — 136 °C.

[a]p?® —72.1 © (¢=0.595, CHCI3).

'HNMR (500 MHz, CDCls): 8 2.65 (s, 3H, NCH3), 2.65-3.30 (atfedd jelek,
TH, H-44x, H-4cq, H-54x, H-5¢¢, H-6a, H-74, H-7¢4), 3.90 (s, 3H, OCH3-10),
3.96 (s, 3H, COOCH3), 6.75 (d, 1H, Jgo=8.1, H-9), 6.78 (d, 1H, Jgo=8.1, H-
8), 6.95 (d, 1H, Js6=8.3, H-6"), 7.10 (m, 1H, H-4"), 7.22 (m, 1H, H-5"),
7.29 (s, 1H, H-3), 7.97 (d, 1H, J34=8.3, H-3"), 8.49 (s, 1H, H-1).

BC-NMR (125 MHz, CDCly): 8¢ 28.7 (C-4), 34.1 (C-7), 43.8 (NCH3), 52.1
(OCOCH3), 52.9 (C-5), 56.3 (10-OCH3), 62.4 (C-6a), 109.5-134.4 (15C, C-
1, C-2, C-3, C-3a, C-7a, C-8, C-9, C-11a, C-11b, C-12, C-1’, C-3°, C-4’, C-
5°,C-6), 143.2 (C-11), 143.9 (C-2"), 146.0 (C-10), 166.0 (C=0).

MS (70 eV), m/z (%) 447 (60) [M'].

Cay6HasNO4S (M=447.55) Szamitott C, 69.72; H, 5.57; N, 3.13; S, 7.15;
Talalt: C, 69.7; H, 5.6; N, 3.1; S, 7.1.
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A tiokroman gyiiriivel anellalt apokodeinek (94, 97) O-demetilezése

(8aR)-12,13-Dihidroxi-8-metil-5,6,7,8,8a,9-hexahidronafto[3,2,1-ij]
tiokromeno|[3’,2’-f]izokinolin-5-on-hidroklorid (100):

1.0 g (2,41 mmol) 94-hez 6 ml metanszulfonsavat és 1.0 g (6.7 mmol)
metionint adtunk majd 90 °C-on kevertettiik 2 ordn at. Feldolgozas az
altaldnos részben leirtak szerint B eluenssel. Az oszlopkromatografiaval
tisztitott bazist dietiléterben oldottuk majd 10% sbésavas etanol
hozzaadasaval sova alakitottuk.

0.69 g (85%), sarga kristalyok (dietléter-etanol), Op.: > 250 °C, [a]p> —156
?(¢=0.10, DMSO).

'H NMR (400 MHz, DMSO-dy): 8y 2.34-3.12 (atfeds jelek, 9H, H-6,, H-6,
H-7,, H-7y,, H-9,, H-9, NCH3), 4.14 (td, J3a-92=9.0, Jsa-9b=3.1, H-8,), 6.27,
6.34 (2H, 12-OH, 13-OH), 6.58, 6.63, (2d, 2H, J;o.1;=8.0, H-10, H-11),
7.12-7.43 (atfed¢ jelek, SH, H-1, H-2, H-3, H-4, H-14).

BC NMR (100 MHz, DMSO-dy): 8¢ 23.6 (C-6), 36.2 (C-9), 41.0 (NCH3),
52.6 (C-7), 60.7 (C-8a), 116.2-137.2 (15 aromas C), 143.2 (C-6a) 144.7 (C-
13), 145.1 (C-12), 187.1 (C-5).

HR-MS (ESI) m/z (%) Szamolt Cp4HyNO3S™: 402.1158 (M" +1), Talalt:
402.1174 (M"™ +1, 100).

(4aR,13bS)-1,13b-Dihidroxi-5-metil-4,4a,5,6,7,13b-
hexahidrobenzo[8’,9’|tiokromeno[2”,3”,4”-f’g’ |izokromeno|6,5,4-
def]kinolin-hidroklorid (101):

1.0 g (2,33 mmol) 97-hez 6 ml metanszulfonsavat és 1.0 g (6.7 mmol)
metionint adtunk majd 90 °C-on kevertettiik 2 6ran at. Feldolgozas az

altalanos részben leirtak szerint B eluenssel. Az oszlopkromatografiaval
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tisztitott bazist dietiléterben oldottuk majd 10% sésavas etanol
hozzéadasaval sova alakitottuk.

0.68 mg (67%), narancssarga tiis kristalyok (dietiléter), Op.: 250 °C
(bomlik), [a]p>> +96 ° (¢=0.10, DMSO).

'H NMR (400 MHz, DMSO-dq): 8y 2.12-3.23 (4tfedd jelek, 10 H, H-3,, H-
3y, H-5,, H-5, H-6,, H-6,, 14-OH, NCH3), 4.05 (td, J42-32=8.4, J4a-3v=2.5, H-
4,), 6.44 (1H, 1-OH), 6.52, 6.57, (2d, 2H, J,3=8.2, H-2, H-3), 7.02-7.35
(atfedo jelek, SH, H-8, H-10, H-11, H-12, H-13).

C NMR (100 MHz, DMSO-dg): 8¢. 27.3 (C-6), 35.1 (C-3), 43.0 (NCH3),
51.8 (C-5), 60.2 (C-4a), 99.9 (C-13b), 114.6-139.4 (15 aromas C), 143.4 (C-
1), 145.7 (C-13a), 151.7 (C-14).

HR-MS (ESI) m/z (%) Szamolt CoyH,0NO;S™: 402.1164 (M" +1), Talalt:
402.1155 (M +1, 100).

(5aR)-9,10-Dihidroxi-5-metil-3,4,6,7,7a,8-hexahidronafto[3,2,1-ij]
tiokromeno|2’,1’-f]izokinolin-hidroklorid (102):

1.0 g (2,33 mmol) 97-es ¢és 12 ml 1M-os L-szelektrid tetrahidrofuranos
oldatat 14 napig 20-25 °C-on kevertettik. A reakcidelegyhez 20 ml vizet,
majd 10 ml 15 %-os so6sav oldatot adtunk és vdkuumban beparoltuk. A
kapott sziruphoz 20 ml vizet adtunk, a pH-t 25 %-0s ammonia oldattal 9-re
allitottuk be, majd 3 x 25 ml kloroformmal extrahdtuk. Az egyesitett szerves
fazist 40 ml telitett s oldattal mostuk, natriumszulfattal szaritottuk. Az
olddészert vakuumban beparoltuk, a kapott nyersterméket dietiléterbdl

kristalyositottuk.

0.72 g (73%), tortfehér kristalyok (dietiléter), Op.: > 250 °C,
[a]p® -12 © (¢=0.10, DMSO).
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HR-MS (ESI) m/z (%) Szamolt C,4H2,NO,S™: 388.1371 (M" +1), Talalt:
388.1389 (M +1, 100).

'H NMR (400 MHz, DMSO-dy): 8y 2.53-3.32 (atfeds jelek, 9H, H-3,, H-3,,
H-4,, H-4y, H-6,, H-6,, NCH3), 3.77 (s, 2H, H-11,, H-11y), 4.21 (td, Js,.
6=8.2, Jsa.66=2.9, H-5,), 6.20-6.50 (1H, 9-OH, 10-OH), 6.52, 6.59, (2d, 2H,
J,5=8.1, H-7, H-8), 6.88-7.11 (atfedé jelek, 5H, H-2, H-12, H-13, H-14, H-
15).

C NMR (100 MHz, DMSO-dg): 8¢. 22.7 (C-3), 35.8 (C-6), 41.1 (NCH3),
51.5 (C-4), 61.5 (C-5a), 116.3-138.5 (15 aromas C), 143.8 (C-10), 145.7 (C-
9).

14B-bromkodeinon reakcioja tiosavamidokkal

Altalanos eljaras

1.0 g (2,46 mmol) 14B-brémkodeinon (11) és 2.46 mmol tiosavamid elegyét
10 ml absz. dimetilformamidban 30 percig refluxaltattuk. Az elegyet vizzel
higitottuk, majd 25 %-os ammonia oldattal a pH-jat 8,0-ra allitottuk. Ezutan
etil-acetattal (3 x 20 ml) extrahdltuk, az egyesitett szerves fazist
magnéziumszulfattal szaritottuk. Az elegyet vakuumban bepdaroltuk, majd
absz. metanol hozzdaddsdval kicsaptuk a kristdlyos terméket.

Oszlopkromatografiasan F eluenssel tisztitottuk.

(-)-R-2’-Amino-6,7;8,14-didehidro-4,5a-epoxi-3-metoxi-17-metil-
6,7:4°,5’-tiazolomorfinan (103):
1.0 g (2.46 mmol) 14B-brémkodeinonbdl kiindulva (11) tiokarbamiddal az

altalanos eljarasban leirtak szerint.
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0.59 g (63%), tortfehér kristalyok (metanol) Op.: 245 °C (bomlik).

[a]p> -486 ° (c=0.1, metanol), vimax (KBr) 3490, 1610.

'H NMR (200 MHz, DMSO-dg): 8y 1,86-2,10 (m, 2H, H-15,, H-16,), 2,45
(s, 3H, NCH3), 2,65-3,31 (atfeds jelek, 5H, H-9,, H-10,, H-10,, H-15,, H-
16y), 3,74 (s, 3H, OCH3), 5,58 (s, 1H, H-5,), 6,00 (s, 1H, H-8), 6,54 (d, 1H,
H-2), 6,63 (d, 1H, H-1).

BC NMR (50 MHz, DMSO-de): 8¢ 31.98(C-10), 34.11 (C-15), 42.25
(NCHjs), 50.44 (C-13), 52.28 (C-16), 55.54 (OCH3), 61.74 (C-9), 80.02 (C-
5), 112.58-138.43 (6C aromas ), 141.11 (C-4), 144.89 (C-3), 148.65 (C-14),
151.01 (C-6), 163.23 (C-2").

MS m/z (%) 353 (M", 49).

C1oH19N305S x 0.21 H,O (M=357.22): Szamitott: C, 63.88; H, 5.48; N,
11.76; S, 8.97; Talalt: C, 63.81; H, 5.54; N, 11.70; S, 9.05.

(-)-R-6,7;8,14-Didehidro-2’,17-dimetil-4,5a-epoxi-3-metoxi-6,7:4’,5’-
tiazolomorfinan (104):

1.0 g (2.46 mmol) 14B-brémkodeinonbdl kiindulva (11) tioacetamiddal az
altalanos eljarasban leirtak szerint.

0.25 g (27%), halvanysarga kristalyok (metanol), Op.: 248-250 °C.

[a]p®® -333 ° (¢=0.1, kloroform)

'H NMR (200 MHz, DMSO-dq): 8y 2,01-2,31 (atfedé jelek, 5H, H-15,, H-
16,, CCH3), 2,39 (s, 3H, NCH,), 2,57-3,61 (atfedd jelek, SH, H-9y,, H-10,,
H-10y, H-15y, H-16y), 3,80 (s, 3H, OCHs), 4,85 (s, 1H, H-5,), 5,93 (s, 1H,
H-8), 6,67 (atfedd jelek, 2H, H-1, H-2,).

BC NMR (50 MHz, DMSO-de): 8¢ 24.55 (CCH3), 30.28 (C-10), 33.67 (C-
15), 41.77 (NCH3), 49.46 (C-13), 51.09 (C-16), 56.02 (OCH3s), 60.96 (C-9),
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78.65 (C-5), 143.54 (C-4), 145.21 (C-3), 148.13 (C-14), 152.75 (C-6),
168.45 (C-2°).

MS m/z (%) 352 (M", 74)

Ca0H20N20,S (M=352.45): Szamitott: C, 68.16; H, 5.72; N, 7.95; S, 9.10;
Talalt: C, 68.21; H, 5.80; N, 7.97; S, 9.05.

(-)-R-6,7;8,14-Didehydro-4,5a-epoxy-3-methoxy-17-methy-2’-fenil -
6,7:4°,5’-tiazolomorfinan (105):

1.0 g (2.46 mmol) 14B-bromkodeinonbol kiindulva (11) tiobenzamiddal az
altalanos eljarasban leirtak szerint.

0.45 g (41%), halvanysarga kristalyok (metanol), Op.: 216-219 °C.

[a]p® -634 ° (¢=0.15, kloroform).

'H NMR (200 MHz, CDCl3): 8 1.81-2.38 (atfedd jelek, 2H, H-15,, H-16,),
2.52 (s, 3H, NCH3), 2.62-3.79 (atfedo jelek, SH, H-9y,, H-10,, H-10,, H-15p,
H-16y), 3.86 (s, 3H, OCH3), 6.00 (s, 1H, H-5,), 6.26 (s, 1H, H-8), 6.61
(atfedo jelek, 2H, H-1, H-2), 7.42-7.97 (atfedo jelek, SH, H-2°, H-3’, H-4’,
H-5’, H-6’).

PC NMR (50 MHz, CDCls): 8¢ 30.75 (C-10), 35.08 (C-15), 40.87 (N-CH3),
50.85 (C-13), 51.65 (C-16), 56.21 (OCH3), 60.96 (C-9), 78.82 (C-5), 144.54
(C-4), 146.18 (C-3), 148.02 (C-14), 155.57 (C-6), 170.04 (C-2),
CasH2oN20,S (M=414.52): Szamitott: C, 72.44; H, 5.35; N, 6.76; S, 7.74;
Talalt: C, 72.35; H, 5.38; N, 6.81; S, 7.63.
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Tiazolomorfinandiének (103, 104, 105) O-demetilezése

Altalanos eljaras

5 mmol tiazolomorfinandién €és 25 ml 1M-os L-szelektrid tetrahidrofuranos
oldatat 14 napig 20-25 °C-on kevertettik. A reakcidelegyhez 20 ml vizet,
majd 10 ml 15 %-os so6sav oldatot adtunk és vdkuumban beparoltuk. A
kapott sziruphoz 20 ml vizet adtunk, a pH-t 25 %-0s ammonia oldattal 9-re
allitottuk be, majd 3 x 25 ml kloroformmal extrahdtuk. Az egyesitett szerves
fazist 40 ml telitett s oldattal mostuk, natriumszulfattal szaritottuk. Az
olddszert vakuumban bepdaroltuk, a kapott nyersterméket petroléter-toluol

elegybdl kristalyositottuk.

2’-Amino-6,7;8,14-didehidro-4,5a-epoxi-3-hidroxi-17-metil-6,7:4°,5’-
tiazolomorphinan (106)

1.76 g 103-bol kiindulva az altalanos részben leirtak szerint.

1.02 g (60%) fehér lemezes kristalyok (petroléter-toluol) Op.: > 250 °C,
[a]p” -377 ° (c=0.10, metanol), vma(KBr disc) 3480, 1630.

'H NMR (200 MHz, DMSO-dq): 8y 1.89-2.18 (4atfedé jelek, 2H, H-15,, H-
16,), 2.49 (s, 3H, NCH3), 2.61-3.48 (atfedo jelek, SH, H-9,, H-10,, H-10p,
H-15, H-16y), 5.11 (s, 2H, NH»), 5.64 (s, 1H, H-5,), 5.92-6.18 (1H, 3-OH),
6.21 (s, 1H, H-8), 6.68 (d, 1H, H-2), 6.74 (d, 1H, H-1).

BC NMR (50 MHz, DMSO-dg): 8¢ 33.20 (C-10), 34.17 (C-15), 43.70
(NCHs;), 50.25 (C-13), 52.45 (C-16), 62.14 (C-9), 79.63 (C-5), 141.21,
141.83 (C-3, C-4), 147.31 (C.14), 153.22 (C.6), 161.18 (C.2").

CigH17N30,S x 0.34 H,O (M=345.53): Szamitott: C, 62.57; H, 5.54; N,
12.16; S, 9.28; Talalt: C, 62.60; H, 5.55; N, 12.11; S, 9.18.

MS m/z (%): 339 (M+, 61).
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6,7;8,14-Didehidro-2’°,17-dimetil-4,5a-epoxi-3-hidroxi-6,7:4°,5’-
tiazolomorfinan (107):

1.76 g 104-bdl kiindulva az altalanos részben leirtak szerint.

0.83 g (49%) halvanysarga lemezes kristalyok (petroléter-toluol) Op.: > 250
°C, [a]p> -321 ° (¢=0.10, metanol).

'H NMR (200 MHz, DMSO-dq): 8y 2.11-2.38 (4atfedé jelek, 5H, H-15,, H-
16,, CCH3), 2.44 (s, 3H, NCHs), 2.74-3.66 (atfed6 jelek, SH, H-9,, H-10,,
H-10y, H-15p, H-16y), 4.88 (s, 1H, H-5,), 6.04 (s, 1H, H-8), 6.11-6.34 (1H,
3-OH), 6.71 (dd, 2H, H-1, H-2).

BC NMR (50 MHz, DMSO-de): 8¢ 23.35 (CCH3), 32.09 (C-10), 34.60 (C-
15), 41.85 (NCH3), 50.35 (C-13), 52.25 (C-16), 61.06 (C-9), 79.21 (C-5),
142.89 (C-4), 144.81 (C-3), 147.46 (C14), 149.56 (C6), 169.33 (C2’).

MS m/z (%): 338 (M+, 100).

Ci9H 1sN20,S (M=338.42): Szamitott: C, 67.43; H, 5.36; N, 8.28; S, 9.47;
Talalt: C, 67.52; H, 5.42; N, 8.19; S, 9.45.

6,7;8,14-Didehidro-4,5a-epoxi-3-hidroxi-17-metil-2’-fenil-6,7:4°,5’-
tiazolomorfinan (108):

2.07 g 105-bdl kiindulva az éltalanos részben leirtak szerint.

1.12 g (56%) tortfehér lemezes kristalyok (petroléter-toluol),

Op.: > 250 °C, [o]p> -458 ° (c=0.10, metanol), vmax(KBr disc) 3480, 1630.
'H NMR (200 MHz, DMSO-dq): 8y 1.88-2.40 (atfedé jelek, SH, H-15,, H-
16,, NCHj3); 2.45-3.68 (atfed6 jelek, SH, H-9,, H-10,, H-10y, H-15p, H-
164),5.90 (s, 1H, H-5,), 6.11 (1H, OH), 6.37 (s, 1H, H-8), 6.81 (dd, 2H, H-1,
H-2), 7.47-7.93- (atfed¢ jelek, SH, H-2’, H-3’, H-4’, H-5’, H-6").
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BC NMR (50 MHz, DMSO-d¢): 8¢ 32.20 (C-10), 36.09 (C-15), 43.31
(NCH3), 49.95 (C-13), 52.09 (C-16), 60.33 (C-9), 78.24 (C-5), 145.19,
144.97 (C-3, C-4), 149.41 (C-14), 156.17 (C6), 169.35 (C2").

Ca4H2N,0,S (M=400,49): Szamitott: C, 71.98; H, 5.03; N, 6.99; S, 8.01;
Talalt: C, 72.02; H, 5.10; N, 6.89; S, 7.97.

MS m/z (%): 400 (M+, 100).

14B-hidroxil-csoport kiépitése 108-as vegyiileten

6,7-Dehidro-4,50;8,14-diepoxi-3-hidroxi-17-metil-2’-fenil-6,7:4°,5’-
tiazolomorfinan (109):

1.19 g (2.98 mmol) 108-at feloldottunk 25 ml diklérmetanban. Az oldatot O
°C-ra hiitottik, és 0.86 g (4.47 mmol) 3-klorperbenzoesav 5 ml
diklormetanos oldatat csepegtettiik hozza. 90 perc kevertetés utdn 10 %-os
natriumszulfit oldattal, majd vizzel mostuk. Natriumszulfattal szaritottuk,
szarazra paroltuk. A szirupos maradékot dietiléter-metanol elegybdl
kristalyositottuk

0.70 g (56%), sarga kristalyok (dietiléter-metanol), Op.: 154-156 °C, [a]p> -
186 ° (¢=0.10, metanol),

'H NMR (200 MHz, DMSO-dg): 8y. 1.88-2.44 (atfedé jelek, SH, H-15,, H-
16,, NCH3), 2.56-3.28 (atfed¢ jelek, SH, H-9,, H-10,, H-10y,, H-15;,, H-16y),
3.86 (s, 1H, H-8), 5.48 (s, 1H, H-5,), 6.21 (1H, 3-OH), 6.40 (dd, 2H, H-1,
H-2), 7.33-7.58 (atfedd jelek, SH, H-2’, H-3°, H-4’, H-5, H-6").

BC NMR (50 MHz, DMSO-d¢): 8¢ 31.08 (C-10), 36.20 (C-15), 43.85
(NCH3), 47.66 (C-13), 51.47 (C-8), 52.25 (C-16), 57.71 (C-9), 80.33 (C-
14), 84.45 (C-5), 143.90, 144.37 (C-3, C-4), 148.18 (C-6), 170.44 (C-2").

67



Toth Miklos Doktori (PhD) értekezés

CasHoN>05S (M=416,49): Szamitott: C, 69.21; H, 4.84; N, 6.73; S, 7.70;
Taldlt: C, 69.09; H, 4.97; N, 6.79; S, 7.87.
MS m/z (%): 416 (M+, 100).

6,7-Dehidro-3,14-dihidroxi-4,5a-epoxi-17-metil-2’-fenil-6,7:4°,5’-
tiazolomorfinan (110):

0.83 g (2.0 mmol) 109-et oldottunk 40 ml absz. dietiléterben. Hozzdadtunk
0.76 g (2.0 mmol) litium[tetrahidridoaluminat(Ill)]-ot és 30 percig
refluxéltattuk. Ezutan 20 ml vizzel telitet dietilétert, majd 20 ml vizet adtunk
hozzé a litium[tetrahidridoaluminat(IIl)] felesleg elbontdsa érdekében. Az
elvalasztott vizes fazist dietiléterrel mostuk. Az egyesitett szerves fazist
natriumszulfattal — szaritottuk, vakuumban beparoltuk. Az olajos
nyersterméket E eluenssel tisztitottuk.

0.43 g (51%), halvanysarga kristalyok (dietiléter-metanol), Op.: 192-194 °C,
[a]p®® -145 ° (¢=0.10, metanol).

'H NMR (200 MHz, DMSO-dq): 8y 1.88-2.47 (atfedé jelek, 6H, H-15,, H-
16,, NCH3, 14-OH), 2.51-3.49 (atfed¢ jelek, 7H, H-8,, H-8, H-9;,, H-10,,
H-10y, H-15y, H-16y), 5.37 (s, 1H, H-5,), 6.09 (1H, 3-OH), 6.32 (dd, 2H, H-
1, H-2), 7.22-7.49 (atfed¢ jelek, SH, H-2’, H-3°, H-4’, H-5’, H-6"),

PC NMR (50 MHz, DMSO-dg): 8¢ 30.32 (C-10), 33.45 (C-8), 34.56 (C-15),
42.23 (NCH3), 50.47 (C-13), 52.19 (C-16), 60.66 (C-9), 74.56 (C-14), 79.80
(C-5), 143.10, 143.29 (C-3, C-4), 148.65 (C-14), 153.31 (C-6), 169.19 (C-
2%).

Co4H2oN>O3S (M=418,51): Szamitott: C, 68.88; H, 5.30; N, 6.69; S, 7.66;
Talalt: C, 69.01; H, 5.37; N, 6.79; S, 7.77.

MS m/z (%): 418 (M+, 100).
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5.  OSSZEFOGLALAS

A doktori értekezésemben 10 kéntartalmti apomorfin szdrmazékok
szintézisérol szamolok be.

Az apomorfin ¢és szadrmazékai a dopamin receptorokra hatd
vegyliletek ¢és felhaszndlhatok a Parkinson-kor, valamint tjabban az
impotencia kezelésére is.

Szubsztitudlt apomorfinok eléallitasdra az irodalomban szamos
modszer ismert, melyek tebainbo6l (7) indulnak ki:

Az egyik szerint az elsé Iépésben a tebain (7) savkatalizalt
atrendezddését valositjak meg, majd a keletkezett 2-metoxiapokodeint (14)
alakitjak tovabb apomorfin szarmazékka (példaul: 2-
metoxiapokodein—2,10,11-trihidroxiaporfin—2-fluorapomortin).

Egy maésik moddszer szerint a tebainbol (7) szubsztitualt
morfinandién szarmazékot allitanak eld, majd ezt kovetden a termékeket sav
jelenlétében atrendezik (példaul: tebain—6-fluoro-6-demetoxitebain—2-
fluorapomorfin).

A harmadik moédszer szerint, a tebain (7) savkatalizalt atrendezddési
reakcigjaban nukleofilek jelenlétében 2-szubsztitualtapokodein keletkezik,
amit izolalas nélkiil O-demetileznek, igy egy lépésben nyerheté a 2-

szubsztitudltapomorfin.
A munkdm sordn a debreceni kutatok altal kifejlesztett masodik és

harmadik modszer felhasznalasaval végeztem kisérleteket j apomorfin

szarmazékok eloallitasara.
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Dolgozatom els0 részében a tebain (7), illetve N-demetil-N-
propiltebain (28) tiolok jelenlétében végzett savkatalizalt atrendezéseirdl
szamolok be.

Metilmerkaptan ¢és tiofenol jelenlétében végezve a savkatalizalt
atrendezést a vart 2-metiltio-, illetve 2-feniltioapokodeinek (72, 73, 90,)
képzdédtek, melyek O-demetilezésével a 74-es, a 75-0s ¢és a 9l-es
apomorfinokat nyertem.

A tioszalicilsavval végzett reakcidban harom uj terméket (93, 94, 97)
sikeriilt izolalni, melyek koziil kettd tiokromén gytrtivel anellalt apokodein.
A heterogytriivel anellalt szarmazékok (94, 97) a reakcid nyitdlépésében
keépzddo ariltioszarmazék (92) ciklizacios reakcidjaban képzddnek. Ezek O-
demetilezésével harom 01j apomorfin szarmazékot (100, 101, 102) izolaltam.

A 2-szulfanilapokodeinek (76, 79) eldallitasara tett kisérleteim
sikertelenek voltak, ugyanis a tebain (7), illetve N-demetil-N-propiltebain
(28) savkatalizalt atrendezddésével kénhidrogén jelenlétében szulfid-tipust
apokodein-dimereket (77, 80) nyertem, melyekbdl O-demetilezési
reakcioval apomorfin-dimerek képzddtek (83, 84).

A 2-szulfanilapokodeint (76) megprobaltam a 2-
tiocianatoapokodeinbdl (46) redukcioval, valamint savas hidrolizissel
eldallitani, de ennek sordn egy dimert-diszulfidot (85) izolaltam. Ezt
kovetéen a kordbban leirt 3-szulfanilapokodein (45) eldallitasat is
megvizsgaltam és ez esetben is a tiol helyett egy dimert-diszulfidot (89)
kaptam termékként.

Az értekezés masodik részében a 14B-bromkodeinon (11)
tiosavamidokkal megvaldsitott ciklokondenzacios reakcidi soran képzddo
1j, 2’-szubsztitualttiazol gytrivel anellalt morfinandiének (103, 104, 105)
eldallitasarol szamolok be. A diének O-demetilezésével 6-demetoxioripavin

szarmazékokat (106, 107 108), majd a 108-bdl persavas oxidacioval 14p-
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hidroxiszarmazékot (110) sikeriilt eléallitani, mely vegyiiletek varhatéan az
opiat receptorokra hatnak.

Az 1) morfindndiének (103, 104, 105) szerkezeti hasonlosagot
mutatnak a tebainnal (7), ezért tovabbi atalakitasi lehetdséget kinalnak
szamos uj vegyiiletté:

- metilvinilketonnal megvalositott cikloaddicidjuk soran az
agonista-antagonista hatast buprenorfinnal (9) rokon vegyiiletek
nyerhetok.

- savkatalizalt atrendezédéslik soran dopamin receptorokra hatd
aporfinvazas vegyiiletek nyerhetok.

Az altalam eldallitott diéneket a kozelmultban sikerrel alkalmaztdk

kiindulasi anyagként a fenti atalakitasokra (38. dbra).

Az éltalam eldallitott vegytiletek koziil nyolcnak (72, 73, 74, 75, 77,
80, 83, 84) in vitro, majd in vivo farmakologiai vizsgélatat Neumeyer ¢és
munkatarsai végezték el az Amerikai Egyesiilt Allamokban. Ezek koziil a 2-
metiltio-N-propil-N-demetilapomorfin (75) in vitro és injekcié formajaban
in vivo korilmények kozott is  hatékonyabbnak  bizonyult a
kontrollvegyiiletként alkalmazott apomorfin (2) ¢és N-demetil-N-
propilapomorfinnal (54). Sajnos az emésztdrendszeri adagolasnal in vivo
vizsgélatban hatastalan volt.

A 4-H-tiokromén gytrtivel anellalt apomorfinokat (100, 101, 102)
Lehman és munkatarsai vizsgaltdk Jéndban. In vitro koriilmények kozott a
vegyiiletek kotddése elmaradt az apomorfin kotédésétol.

Az tiazolgylriivel anellalt morfinszarmazékok (106, 107, 108, 110)

opiat-receptor kdtddési tulajdonsagainak a vizsgalata folyamatban van.
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6. SUMMARY

At the Department of Organic Chemistry at the University of
Debrecen poppy-alkaloids have been investigated for 50 years. First of all
the isolations of minor poppy-alkaloids (e.g. thebaine, neopine, narcotine,
narceine, codeine) have been developed which were used industrially scale
in Alkaloida Pharmaceutical Company in Tiszavasvari. Among them
thebaine (7) is the only one which has enolether and diene structure.

Thebaine is suitable for synthesis of opioid orvinols by Diels-Alder
cycloaddition, on the other hand the acid catalyzed rearrangement of
enolether moiety resulted in dopaminerg aporphines (Figure 4). Both
cycloadditions and acid catalyzed rearrangements of thebaine and its
substituted derivatives were also investigated by Berényi and co-workers in
Debrecen.

Apomorphine (2) is used for treating Parkinson Disease and recently
erectile dysfunction. Apomorphine isn’t enough selective at dopamine

receptor subtypes so there is a demand for synthesizing new derivatives.

In the literature several ways were published to obtain substituted

apomorphines from thebaine (7):

1. First thebaine (7) was acid-catalyzed rearranged into 2-
methoxyapocodeine (14). After O-demethylation the functional
moiety was synthesized which resulted in substituted
apomorphine. (e.g. 2-methoxyapocodeine—2,10,11-
trihydroxiaporphine—2-fluoroapomorphine). The yields were
low due to the sensitivity of hydroxyl-groups.
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2. Thebaine (7) was transferred into substituted morphinandienes
then rearranged into appropriate apocodeines. Finally O-
demethylation formed the apomorphines. (e.g. thebaine—6-
fluoro-6-demethoxythebaine—2-fluoroapomorphine)

3. The acid-catalyzed rearrangement of thebaine in the presence of
nucleophiles resulted in 2-substituted apocodeines which were
O-demethilated without isolation. This way yielded 2-substituted

apomorphines in one pot.

In my PhD thesis I report the isolation and biological evaluation of
new sulphur containing apomorphines. During my work I used the 2™ and
3" routes developed by researchers of Debrecen to synthesize novel

derivatives of apomorphine.

In the first part of my thesis I give an account of the acid-catalyzed
rearrangement of thebaine (7) and N-demethyl-N-propylthebaine (28) in the
presence of thiols.

Applying methanethiol and thiophenol as nucleophiles the desired 2-
methylthio- (72, 73) and 2-phenyltioapocodeine (90) were isolated
respectively. Their O-demethylation gave apomorphines (74, 75, 91).

An analogous transformation with thiosalicylic acid furnished a
polycyclic ketone (94) and a polycyclic acetal (97) together with ester (93).
The formation of 94 and 97 is resulted from the ring-closure of arylthio
derivative (92). Three new apomorphines (100, 101, 102) were isolated by
the O-demethylation of 94, 97.

My experiments aimed the formation of 2-thioapocodeine (76) were
unsuccessful. A sulfide-type bisapocodeines (77, 80) and sulfide-type

bisapomorphines (83, 84) were isolated by the acid catalyzed rearrangement
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of 7 and 28 in the presence of hydrogen sulphide and subsequent O-
demethylation.

Further experiments were accomplished to reach the 2-
thioapocodeine (76). I performed the acidic hydrolysis and the reduction of
2-thiocyanatoapocodeine (46) but both manners gave a disulfide-type dimer
(85). After all the former synthesis of 3-thioapocodein (45) was revised.
This compound was also found a disulfide (89) instead of the thiol.

In the second part of my thesis I report the formation of new thiazole
ring fused morphinandienes (103, 104 and 105) by cyclocondensation of
14B-Br-codeinon (11) and thioamides.

O-demethylation of the dienes resulted 6-demethoxyoripavine
derivatives (106, 107, 108) and peracidic oxidation of 108 formed 14f-
hydroxy compound (110) that are potential effective on opiate receptors.

These morphinandienes (103, 104 and 105) have the same structure
as thebaine (7) so they are available for further modifications:

- cycloaddition with methylvinylketone can afford similar
compounds to agonist-antagonist buprenorfine (9).

- acid-catalyzed rearrangement can result dopamine aporphines.

Pharmacological studies of some new apomorphines (72, 73, 74, 75,
77, 80, 83, 84) were accomplished in Belmont (USA) by Neumeyer and co-
workers. Only 75 was more effective than control apomorphine (2) and N-
demethyl-N-propylapomorphine (54) in vitro and in vivo (by injected)
experiments, but surprisingly it was ineffective in vivo (by oral

administration) circumstances.
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The 4-H-thiocromeme ring fused apomorphines (100, 101, 102)
were studied in Jena (Germany) by Lehman and co-workers. The potency of

each compound was lower then apomorphine (2) in vitro study.

The pharmacological study of new thiazole ring fused morphinans

(106, 107, 108, 110) is in progress.
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Abstract - The methanesulfonic acid-catalyzed rearrangement of thebaine (1) in

the presence of thiophenol resulted in 2-phenylthioapocodeine (7), whose O-

demethylation gave 2-phenylthioapomorphine (8). An analogous transformation

of 1 with thiosalicylic acid furnished the ethers (6) and (11) together with a

polycyclic ketone (12) and a polycyclic acetal (15). Upon treatment of the acetal

(15) with acid the thioxanthylium salt (16) was prepared.

Recently we have reported'” the conversion of the natural thebaine (1) into the dopaminergic
alkylthioapocodeines (2) and (3), and the alkylthioapomorphines (4) and (5) by means of the application
of the methanesulfonic acid/thiol multifunctional reagent system. During this transformation, the ring-

rearrangement, introduction of the alkylthio function, and splitting off of the phenolether moiety in three

consecutive steps could be realized in a one-pot operation with high yield.

R! R
1 _ 9 -

2 SMe OMe
3 SEt OMe
4 SMe OH
5 SEt OH
6 OMe OMe

Scheme 1 7 SPh OMe
8 SPh OH



The key-step of the process is the nucleophilic transetherification of the methoxonium intermediate (9)
formed® from thebaine upon the action of methanesulfonic acid. The primary products (2 and 3) of the
reaction, carried out at 90°C for 30 min, undergo O-demethylation into 4 and 5 upon the action of the

alkylthiol during a longer (2 h) reaction time (Scheme 1).

With the goal of synthesizing new arylthioapocodeine and apomorphine derivatives, the methanesulfonic
acid-mediated rearrangement of thebaine (1) in the presence of thiophenol and thiosalicylic acid was
investigated.

By conducting the acid-catalyzed rearrangement reaction of thebaine (1) in the presence of thiophenol at
90°C for 30 min 2-phenylthioapocodeine (7) was isolated. Under such conditions O-demethylation (i.e.
formation of 2-phenylthioapomorphine (8)) was not observed even after a longer reaction time (4 h),
which indicates the weaker methyl-acceptor properties of thiophenol. Splitting off of the phenol ether
moiety was achieved with the methanesulfonic acid/methionine reagent-combination, which was used*
earlier by us, to furnish 8.

The rearrangement reaction of thebaine (1) with methanesulfonic acid in the presence of thiosalicylic acid

resulted in four products (6, 11, 12 and 15, Scheme 2).

SH

1 > 5 4+ Me
MeSO,0OH

90°C

30 min

11 R=Me —e— McOH 10 R=H 12

13 14 15

Scheme 2



The first product (5%) of the reaction is 2-methoxyapocodeine (6) which is the major product’ of the
acid-catalyzed rearrangement of thebaine in the absence of nucleophiles. The second product (15%) is the
ester (11), formed from the thiosalicylic acid ether (10) with methanol split from the methoxonium ion (9)
upon transetherification. The structure of the ester (11) was unequivocally established by NMR spectral
studies. Full 'H- and "°C- resonance assignments were obtained from COSY, TOCSY, HSQC and HMBC
spectra. An unambiguos proof is provided by HMBC correlations of the C=0O carbon to the protons of
one of the methoxy groups as well as to 3'-H aromatic proton. Important HMBC correlation are indicated

in Figure 1.

Figure 1

Formation of the ketone (12), as the crystalline major product (39%), is explained by the dehydration of
the intermediary thiosalicylic acid ether (10) followed by ring-closure incorporating carbon C-3. This
ring-closure is closely related to the transformation® of phenylthiosalicylic acid into thioxanthone. A
similar ring-closure involving C-1 and leading to the isomeric ketone (13) was also anticipated, however,
the structure of the major product (12) was unequivocally established by NMR spectral studies. The
downfield shift of the 14-H (8.43 ppm), unambigously designated by HMBC correlations C-13a/14-H
and C-13a/10-H, supports annelation of the thiochromane ring to the ring of aporphine as shownin Figure 1.
The alternative annelation (C-1 ring-closure) would expose the only singlet aromatic proton at a much
higher field (cf. 3-H in 11 resonates at 7.29 ppm.). The isomeric ketone (13) could not be isolated from
the reaction mixture, but an experimental proof for its formation was obtained by the isolation of the
cyclic acetal (15). This by-product (8%) is supposed to form from the ketone (13) via the cyclohemiacetal
(14) (as the primary product), which is then transformed into the cyclic acetal (15) with methanol split

from the methoxonium ion (9) upon transetherification.



Besides NMR and MS spectrometric investigations, the structure of the cyclic acetal (15) was also
substantiated by means of X-Ray measurements (Figure 2), which demonstrated that the acetalic methoxy

group is located above the plain of the ring (i.e. linked at B-position).

Figure 2

Formation of the a-acetal from the cyclohemiacetal (14) is believed also possible. However, from the
thioxanthylium ion (16), formed from the acetal in the acidic medium, only the B-acetal produced upon
the alkaline work-up conditions. This is clearly because the ring carrying the phenolic hydroxyl group
hangs below the plain of the rigid ring-system of the thioxanthylium skeleton in 16, thus permitting the
formation of a f-OMe function exclusively, as it is shown in the energy-minimized model calculated by

PCMOD v. 6.0 programm (Scheme 3).

Scheme 3.



This acid-mediated reversible transformation of the acetal (15) also proceeds upon treatment with
hydrochloric acid, and the red thioxanthylium chloride (16) can be isolated. The UV—VIS spectra of the
products (15) and (16) are shown in Figure 3.
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Figure 3

EXPERIMENTAL

General: Melting points were determined with a Kofler hot-stage apparatus and are uncorrected. Thin
layer chromatography was performed on precoated Merck 5554 Kieselgel 60 F254 foils using a 9:1
chloroform-methanol developing system. The spots were visualized with Dragendorff’s reagent. Optical
rotations were carried out by using a Perkin Elmer 311 polarimeter. IR spectra were recorded on Perkin-
Elmer 283 B spectrometer. 'H and C NMR experiments were run either at 200/50 MHz, or 500/125
MHz Bruker spectrometer for solution as indicated. The chemical shifts are referenced to internal TMS
("H) or to residual solvent signals ("°C). MS spectra were obtained with a VG-TRIO-2 spectrometer. X-
Ray data were collected with an Enraf Nonius MACH3 diffractometer.

Rearrangement of thebaine (1) with methanesulfonic acid in the presence of S-nucleophiles —
General procedure: To a mixture of the appropriate thiol (8 mmol) and thebaine (1) (1 g, 3.2 mmol)
99% methanesulfonic acid (6 mL) is added under external ice-cooling. The reaction mixture is heated at
100°C for 30 min, then cooled to rt, and poured onto ice-water (100 mL). The pH of the mixture is

adjusted to 8 — 9 with concentrated ammonium hydroxide and extracted with chloroform (3x15 mL). The



combined chloroform solution is dried over MgSQOs, concentrated, and the products are purified by means
of column chromatography (Kieselgel, eluent; 8:2 chloroform—methanol).

2-Phenylthioapocodeine (7): From 1 and thiophenol. Yield: 0.6 g (48.0%); mp 90 — 95°C. "H-NMR (200
MHz, CDCl3): 6 2.4 (s, 3H, NMe), 3.7 (s, 3H, 10-OMe), 2.5 — 3.1 (m, 7H, CH), 6.4 (s, 1H, 11-OH), 6.6 (s,
2H, 8-H and 9-H), 7.0 (d, 1H, J,3=4.2, 3-H), 7.1 — 7.4 (m, 5H, S-Ph), 8.3 (d, 1H, J; 3 =4.2, 1-H). MS (70
eV), m/z (%) 389 (50) [M']. Anal. Calcd for Co4H»;3NO,S: C, 74.01; H, 5.95; N, 3.60; S, 8.23. Found: C,
74.1,H, 5.9, N, 3.60; S, 8.3.

2-Phenylthioapomorphine (8): From 1 and thiophenol with the following addition: after 30 min reaction
time methanesulfonic acid (6 mL) and methionine (1 g, 0.67 mmol) are added to the hot reaction mixture,
and it is heated at 100 °C for additional 2 h. Work-up is carried out as described in the general procedure.
Yield: 0.2 g (16.6%); HCI salt mp 225 — 235°C. 'H-NMR ( 200 MHz, CDCl; ): § 2.6 — 3.2 (m, 7H, CH),
5.2 (s, 2H, 10-OH, 11-OH), 6.6 (s, 2H, 8-H and 9-H) , 7.0 (d, 1H, J,3=4.1, 3-H) , 8.3 (d, 1H, J;3 = 4.1,
1-H), 7.2 — 7.4 (m, 5H, S-Ph). MS (70 eV), m/z (%) 375 (75) [M']. Anal. Caled for C,3H»NO,S: C,
73.57; H, 5.64; N, 3.73; S, 8.54. Found: C, 73.6; H, 5.6; N, 3.6; S, 8.6.

Reaction of thebaine (1) with thiosalicylic acid

The reaction of 1 (4 g) in the presence of thiosalicylic acid was carried out as described in the general
procedure. After pouring onto ice-water the mixture is alkalized and the resulting precipitate is filtered off
and dried. Recrystallization of the crude product (5.3 g) from a chloroform — methanol mixture furnished
the yellow, crystalline cyclic ketone (12). The mother liquor is concentrated, dissolved in ethyl acetate,
and the solution is acidified with 10% HCI in ethanol. The red hydrochloride salt precipitated is a mixture
of the cyclic acetal (15) and 2,10-dimethoxy-11-hydroxyaporphine (6). This salt-mixture is dissolved in
water, alkalized, and extracted with chloroform. The combined chloroform solution is concentrated, and
the two products separated by means of column chromatography. The ethyl acetate mother liquor of the
hydrochloride salts is alkalized with concentrated ammonium hydroxide, dried, and concentrated.
Following column chromatography the methyl ester (11) is obtained.

Physical data of the isolated compounds:
(8aR)-13-Hydroxy-12-methoxy-8-methyl-5,6,7,8,8a,9-hexahydronaphtho[3,2,1-ijjthiochromeno-
[37,2’-flisoquinolin-5-one (12) (cyclic ketone): Yield: 2.08 g (38.9%), mp 140 — 145°C. '"H-NMR (500
MHz, CDCl;3): 6 2.35 (m, 1H, 7-Hax), 2.56 (s, 3H, NMe), 2.59 (d, 1H, Joax9eq=11.9, 9-Hax), 3.07-3.18 (m,
3H, 8a-H,9-Heq, 9-Hax), 3.50 (d, 1H, Jax6eq =17.8, 6-Hay), 3.65-3.82 (m, 1H, 6-H), 3.91 (s, 3H, OMe),
6.76 (d, 1-H, J101:=8.1, 11-H), 6.78 (d, 1H, J,01:=8.1, 10-H), 7.4 (dt, 1H, 2-H), 7.44 (d, 1H, J,,=8.3, 1-
H), 7.52 (dt, 1H, 3-H), 8.40 (d, 1H, J;4=8.3, 4-H), 8.43 (s, 1H, 14-H). *C-NMR (125 MHz, CDCl;): &
30.5 (6-C), 34.1 (9-C), 44.0 (NMe), 52.9 (7-C), 56.3 (OMe), 63.3 (8a-C), 110.5 (11-C), 118.5 (8-C),



118.8 (13a-C), 125.0 (14-C), 125.0 (1-C), 125.6 (13b-C), 125.8 (2-C), 129.5 (4-C), 131.8 (3-C), 135.2
(9a-C), 130.6, 131.8, 133.9, 136.2 (4a-C, 5a-C, 14a-C, 15a-C), 143.9 (13-C), 146.0 (12-C), 182.1 (5-C).
IR (KBr): ve—o 1624 cmi™. MS (70 V), m/z (%) 415 (100) [M]. Anal. Calcd for C,5H,03NS: C, 72.20;
H, 5.05; N, 3.37; S, 7.70. Found: C, 72.1; H, 5.0; N, 3.4; S, 7.7. [a]p> —108.7 ° (c = 0.675, CHCI;).
(4aR,13bS)-1,13b-Dimethoxy-5-methyl-4,4a,5,6,7,13b-hexahydrobenzo[8’,9’thiochromeno-
[2”,3”,4”-f’g’]isochromeno[6,5,4-def]quinoline (15) (cyclic acetal).

The first-eluted product of the chromatographic separation is crystallized from dry ether to give pure 15.
Yield: 0.44 g (8.2%), mp 150°C (decomp). 'H-NMR (200 MHz, CDCls): & 2.6 (s, 3H, NMe), 2.7 — 3.6 (m,
7H, CH), 3.1 (s, 3H, 13b-OMe), 4.0 (s, 3H, 1-OMe), 6.9 (s, 2H, 2-H, 3-H), 7.3 (s, 1H, 8-H), 7.4 — 7.5 (m,
2H, 11-H, 12-H), 7.6 (d, 1H, J;0,1,=8.1, 10-H), 8.4 (d, 1H, J;»,15=8.1, 13-H). MS (70 eV), m/z (%) 429 (5)
[M']. Anal. Caled for Co6H23NOsS: C, 72.64; H, 5.36; N, 3.26; S, 7.45. Found: C, 72.6; H, 5.4; N, 3.2; S,
7.4. [a]p™ +243.9° (c = 0.235, CHCL;).

X-Ray analysis of cyclic acetal (15): Orange prism crystals (0.72 x 0.39 x 0.3 mm) of C,sH23NOs3S,
M=429.51, orthorhombic, a = 11.9928(10) A, b = 12.1491(10) A, ¢ = 14.8745(10) A, V =2167.2(3) A°,
Z = 4, space group: P2,212;, peac= 1.316 g cm”. Data were collected at 293(1) K, Enraf Nonius
MACH3 diffractometer, Mo Ka radiation A = 0.71073 A, ®-20 motion, Oma.x = 28°, 3259 measured,
1814 reflections were unique with I > 2c(I), decay: 2%. The structure was solved using the SIR-92
software® and refined on F* using SHELX-97" program, publication material was prepared with the
WINGX-97 suite® , R(F) = 0.0503 and WR(F*) = 0.1214 for 3015 reflections, 280 parameters.

Residual electron density: 0.161/ — 0.197 e/A°.

2,10-Dimethoxy-11-hydroxyaporphine (6) The second-eluted product of the chromatographic
separation is crystallized from a mixture of acetone and water to give pure 6. Yield: 0.24 g (4.5%). The
physical data of the product are in good agreement with those reportedin the literature.’
Benzo[g]hexahydroquinolino[4',4a’,5'-a,b]thioxanthylium chloride (16) (thioxanthylium salt).

A solution of the cyclic acetal (15) is treated with 10% HCI in ethanol. Red solid, mp 200°C (decomp)
(ethanol-ethyl acetate) 'H-NMR (200 MHz, CDCl3): 6 3.0-4.0 (m, 7H, C-H), 3.3 (s, 3H, NMe), 3.5 (s,
3H, 5-OMe), 4.2 (s, 3H, 7-OMe), 6.9 (s, 1H, 6-OH), 7.3 (s, 2H, 8-H, 9-H), 7.4 (d, 1H, J,5=8.1, 2-H), 7.5
(d, 1H, J,3=8.1, 3-H), 7.9 — 8.3 (m, 3H, 4-H, 11-H, 14-H).
2-(11-Hydroxy-10-methoxy-6-methyl-5,6,6a,7-tetrahydro-4H-dibenzo[de,g]quinoline-2-sulfonyl)-
benzoic acid methyl ester (11) (methyl ester). Yield: 0.80 g, HCI salt mp 131 — 136°C (ethanol). 'H-
NMR (500 MHz, CDCl3): 8 2.65 (s, 3H, NMe), 2.65 — 2.82 (m, 3H, 5-H,x, 7-Hax, 4-Hax), 3.07 — 3.30 (m,
4H, 5-Heq, 7-Heq, 6a-H, 4-Hg), 3.90 (s, 3H, 10-OMe), 3.96 (s, 3H, ester-OMe), 6.75 (d, 1H, Js¢=8.1, 9-
H), 6.78 (d, 1H, Jgvy=8.1, 8-H), 6.95 (d, 1H, J5s6=8.3, 6'-H), 7.10 (dt, 1H, 4'-H), 7.22 (dt, 1H, 5'-H), 7.29



(s, 1H, 3-H), 7.97 (d, 1H, J34=8.3, 3'-H), 8.49 (s, 1H, 1-H). C-NMR (125 MHz, CDCl;): & 28.7 (4-C),
34.1 (7-C), 43.8 (N-Me), 52.1 (ester-OMe), 52.9 (5-C), 56.3 (10-OMe), 62.4 (6a-C), 106.0 (10-C), 109.5
(9-C), 118.6 (8-C), 119.4 (11a-C), 123.9 (4'-C), 126.1 (11b-C), 127.2 (6'-C), 129.3 (7a-C), 129.7 (3a-C),
130.9 (3'-C), 132.3 (5'-C), 133.1 (1'-C), 133.4 (1-C), 134.1 (2-C), 134.4 (3-C), 143.2 ( 11-C), 143.9 (2'-
C), 146.0 (10-C), 166.0 (0xo-C). MS (70 eV), m/z (%) 447 (60) [M']. Anal. Calcd for C,sHsNO,S: C,
69.72; H, 5.57; N, 3.13; S, 7.15. Found: C, 69.7; H, 5.6; N, 3.1; S, 7.1. [a]p™ —72.1° (¢ = 0.595, CHCl5).
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Abstract

The rearrangement reaction of thebaine (1) with methanesulfonic acid, in the presence of
hydrogen sulfide, resulted in a sulfide-type bisaporphine 13, instead of the expected thiol 12. The
acidic hydrolysis of the thiocyanato derivatives 3, 9, 20 and 21, obtained from thebaine (1), as
well as the reduction of 9 and 21 with sodium borohydride yielded disulfide-type bisaporphines
16 and 23.

Keywords: morphinandienes, aporphines, bisaporphines, sulfide, disulfide

Introduction

The naturally occurring opium alkaloid thebaine (1) is a suitable starting material in the synthesis
of several 2-substituted dopaminergic aporphines'. The key step for the conversion is the
rearrangement of thebaine (1) with methanesulfonic acid that results in 2,10-dimethoxy-11-
hydroxyaporphine (5), via the formation of a methoxonium ion intermediate (4). In the presence
of water, the product of the rearrangement is morphothebaine? (6). With the aim of studying the
structure-activity relationships of aporphines, three methods were considered for the formation of
compounds containing appropriate functional groups.

According to the first possibility®, the product 5 of the acid-catalyzed rearrangement of
thebaine (1) is converted to 2,10,11-trihydroxyaporphine (7), or to, for example, 2-
fluoroapomorphine (8) by protection of the hydroxy groups in the 10- and 11-positions.

According to another method,* thebaine (1) is converted to the appropriately substituted
morphinandiene, for example to 6-fluoro-6-demethoxythebaine (2) or 6-thiocyanato-6-
demethoxythebaine (3), followed by acid-catalyzed rearrangement to the corresponding
aporphine derivatives 8 and 9.
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The third route, based on our experience®’ using the acid-catalyzed rearrangement of
thebaine (1) in the presence of alcohols and thiols, leads directly to the desired 2-alkoxy- and 2-
alkylthioaporphines (for example 10), which is the result of the nucleophilic substitution of the
methoxonium ion intermediate 4. The excess of thiol results in the cleavage of the 10-methoxy
group, where thiols play an important role as methyl acceptors. Thus, from thebaine (1) in the
presence of ethanethiol, 2-ethylthioapomorphine (11) can be obtained in one pot, in high yield
(Scheme 1).

1 | OCHg 4 5 | OCH; | OCHj
2 | F 6 | OH OCHj
3 | SCN 7 | OH OH
8 | F OH
9 | SCN | OCHj
10 | SEt OCHj
11 | SEt OH
12 | SH OCHj
Scheme 1.

Our recent papers have focused on the synthesis of 2-mercaptoaporphines (12, 22). In the
course of our work instead of the desired thiols 12, 22, sulfide- 14, 15 and disulfide-type 16, 23
bisaporphines were isolated.

Results and Discussion

The acid-catalyzed rearrangement of thebaine (1) was carried out with methanesulfonic acid, in
the presence of hydrogen sulfide, at 100 °C. Instead of the desired 2-mercaptoapocodeine (12), a
sulfide-type bisaporphine 13 was isolated.

It is likely that, during the rearrangement, nucleophilic substitution of the 2-methoxy group
occurs and the resulting 2-mercaptoapocodeine (12), a good nucleophile, reacts immediately
with the methoxonium ion intermediate 4 to afford the sulfide 13. The structure of the product
was confirmed by elemental analysis and LC-MS. According to the 'H-NMR spectrum, the
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structure of 13 is symmetrical. The O-demethylation of this compound was carried out with
methanesulfonic acid, in the presence of methionine, at 100 °C. The reaction proceeded in two
steps, and an asymmetrical, partially O-demethylated derivative 14 could be isolated by
quenching the process after 30 minutes. The reaction was completed after 2 hours, resulting in

the symmetrical bisapomorphine 15 (Scheme 2).

S S
O T, O T
N\

N
CHY HCHs CHS o
H OH HO H HQ
CH3S0,0H CH3SO,0H
1 —> HCO > 2
H,S 3 o 1R
2 OCH, methionine R
| R’ | R?
13
14 | OH | OCH;
15 | OH | OH
Scheme 2.

The hydrolysis or reduction of 2-thiocyanatoapocodeine (9), previously synthesized from
thebaine in a multi-step process,” offered further possibilities for the formation of the thiol
function in the 2-position. Hydrolysis with methanesulfonic acid, at 90 °C, gave a low yield
product which was shown to be a disulfide-type bisaporphine 16, instead of the expected thiol
12. Surprisingly, the reduction of the thiocyanato derivative 9 with sodium borohydride in

ethanol afforded also the disulfide 16.

R O T O
= wC

© ™ kscn ’ OH HO ’
o) .

90~C, 30 min O HsCO O

OCHj,4 OCH
_|_R °
1| OCHj3 16
3| SCN
NaBH,/ EtOH/ 0°C

SCN or
CH3SO,0H N CH3S0,0H/ 90°C/ 30 min
% 1ome CH.
0°C, 10min 3 OH

OCHj4

9

Scheme 3.
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The disulfide was isolated also in the rearrangement reaction of thebaine with
methanesulfonic acid, in the presence of potassium thiocyanate. From the multi-component
reaction mixture of the latter one-pot reaction, the disulfide could be isolated in low yield
(Scheme 3).

The determination of the structure of disulfide 16 was difficult because, according to the

elemental analysis, 'H-NMR and MS spectra, the compound could have a thiol structure 12. To
decide the thiol or disulfide question, the results of an acylation reaction were used.
During the acylation of morphothebaine (6), which has a hydroxy-group in the 2-position instead
of the mercapto-group of 12, the formation of various products was described in the literature
depending on the reaction conditions. Refluxing with acetic anhydride, in the presence of sodium
acetate formed the ring opened phenanthrene8 19, while the product with acetic anhydride, in the
presence of pyridine, at room temperature, was diacetylmorphothebaine’ (18).

According to our model experiments, using the selective acylation method of Welsh'
(20°C, Ac,0, NaHCOs;, H,0) from morphothebaine, in addition to the diacetyl derivative 18, the
unknown 2-acetoxyapocodeine (17) was isolated also, as the main product (Scheme 4).

OH OR OAc
H C/ ACzO + AC\"\I O
3 H4C
OH O OR? 3 ’O OAc
OCH; OCH OCH;
6 ‘ R’ | R? 19
17 | Ac | H
18 Ac Ac

Scheme 4.

From the Welsh acylation reaction of 16, unreacted starting material was isolated, which
indicated the disulfide structure for our product since there was no formation of the 11-O-acetyl
derivative, presumably due to the steric effect of the bisaporphine.

The 9—16 transformation requires a revision of our former publication.” The product of the
acid-catalyzed rearrangement of 7-thiocyanato-6-demethoxythebaine (20), followed by acidic
hydrolysis, had been identified mistakenly as 3-mercaptoapocodeine (22). The product from the
reduction of 3-thiocyanatoapocodeine (21) with sodium borohydride and the product of the
acidic hydrolysis of 21 were found to be identical, and the disulfide structure of the compound
23 was identified similarly to the above-mentioned acylation experiment (Scheme 5).
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SCN S—

199
CH, ‘
T90°C. 30min O OH HO

HCO
OCHs OCH3

CHs

S
N\

CH3SO2OH

CH3SO,0H CH NaBH, OOC 30min

0°C, 10min

R
21| SCN
22| SH

Scheme 5.

Experimental Section

Melting points were determined with a Kofler hot-stage apparatus and are uncorrected. Column
chromatography was performed on silica gel (Merck 60, 70-230 mesh). Thin layer
chromatography was performed on precoated Merck 5554 silica gel 60 Fjs4 foils, using a 9:1
dichloromethane/methanol developing system. The spots were visualized with Dragendorff’s
reagent. Elemental analyses (C, H, N, S) were obtained on a Carlo Erba 1106 analyser. '"H NMR
and °C NMR spectra were recorded on a Bruker WP 200 SY spectrometer. Chemical shifts are
reported in ppm (8) from internal CHCIl; (7.26). The coupling constants (J) are measured in Hz.
Mass spectra were measured with a Finnigan LCQ Classic ion trap mass spectrometer.

Di(apocodeine-2-yl) sulfide (13)

H,S gas was bubbled through 99% methanesulfonic acid (5 mL) with stirring and external ice
cooling, and then to this stirred mixture thebaine (1) (1 g, 3.2 mmol) was added. The acidic
solution was stirred at 100 °C, for 30 min, with continuous introduction of H»S into the reaction
mixture. After cooling to room temperature, water (50 mL) was added, then the pH was adjusted
to 8-9 with 25% ammonia. The reaction mixture was extracted with chloroform/methanol 2:1 (3
x 20 mL), then the organic layer was washed with brine (25 mL), dried with magnesium sulfate,
filtered and evaporated in vacuo. The crude product was purified by column chromatography
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(ethyl acetate/methanol 7:3), to yield pure, solid product 0.49 g (51%), mp 172-175 °C (from
diethyl ether), Ry = 0.47 (CH,CL,/MeOH 9:1). "H NMR: & (CDCL/CD;OD 2:1) 8.19 (H-1, H-17,
d, 1.2 Hz), 7.05 (H-3, H-3’, d, 1.2 Hz), 6.72 (H-8, H-8’, d, 7.5 Hz), 6.67 (H-9, H-9’, d, 7.5 Hz),
3.82 (6H, s, O-CH3), 3.30-2.96 (8H, m, CH,), 2.73-2.45 (6H, m, CH,), 2.54 (6H, s, N-CH3). "*C
NMR: 8¢ (DMSO) 147.3, 144.0, 133.7, 133.0, 131.7, 129.2, 128.8, 128.2, 126.3, 118.6, 111.5,
60.7, 56.1, 50.8, 40.7, 30.2, 25.4, 18.5. Anal. Calcd. for C3sH3sN204S (592.75): C, 72.95; H,
6.12; N, 4.73; S, 5.41. Found: C, 73.14; H, 6.10; N, 4.74; S, 5.40. LC-MS (m/z): 593 (M+1,
100%), 550 (M-42, 20%), 519 (M-73, 12%), 297 (M-295, 40%); [a ]} = -159.4 (c = 0.22,
MeOH).

O-demethylation of 13

Methionine (1 g, 6.7 mmol) was added to a stirred solution of 13 (1 g, 1.7 mmol) in
methanesulfonic acid (10 mL). The reaction mixture was kept at 100 °C, for 90 min. The work
up and separation of the two-component reaction mixture were carried out as described in the
synthesis of 13. The column chromatographic purification was accomplished in
chloroform/methanol 8:2 eluent system.

The first eluted product is apocodeine-2-yl(apomorphine-2-yl) sulfide 14 (oil, 0.3 g), Ry = 0.29
(CH,Cl,/MeOH 9:1). ). "H NMR: 8 (CDCl3/CD;0D 2:1) 8.19 (H-1, H-17, d, 1.2 Hz), 7.05 (H-3,
H-3°,d, 1.2 Hz), 6.72 (H-8, d, 7.5 Hz), 6.67 (H-9, d, 7.5 Hz), 6.65 (H-8’, d, 8.0 Hz), 6.58 (H-9’,
d, 8.0 Hz), 3.82 (6H, s, O-CH3), 3.30-2.96 (8H, m, CHy), 2.73-2.45 (6H, m, CH;), 2.54 (6H, s, N-
CHs;).

The second eluted product is di(apomorphine-2-yl) sulfide 15 (oil, 0.1 g), Ry = 0.16
(CH,C1,/MeOH 9:1). 'H NMR: &y (CDCl3/CD;0D 2:1) 8.19 (H-1, H-1, d, 1.2 Hz), 7.05 (H-3,
H-3°, d, 1.2 Hz), 6.65 (H-8, H-8’, d, 8.0 Hz), 6.58 (H-9, H-9’, d, 8.0 Hz), 3.30-2.96 (8H, m,
CH,), 2.73-2.45 (6H, m, CH,), 2.54 (6H, s, N-CH3). °*C NMR: 8¢ (DMSO) 144.9, 143.3, 133.7,
133.4, 131.5, 129.2, 128.9, 128.1, 124.6, 118.6, 114.8, 61.0, 50.9, 40.8, 30.2, 25.4, 18.5; LC-MS
(m/z): 565 (M+1, 75%), 522 (M-42, 10%), 491 (M-73, 12%), 283 (M-281, 100%).

Di(apocodeine-2-yl) disulfide (16)

a) NaBH; (0.7 g, 18.5 mmol) was added gradually to a stirred solution of 2-
thiocyanatoapocodeine’ (9) (1 g, 3.0 mmol) in abs. methanol (45 mL). After refluxing for 30
min, the reaction mixture was diluted with water (120 mL) and extracted with ethyl acetate (3 x
50 mL). The organic layer was washed with brine (50 mL), filtered and evaporated in vacuo. The
crude product was purified by column chromatography (ethyl acetate/methanol 7:3), to afford
pure 16 (0.35 g, 38%), mp 162-165 °C (from diethyl ether), Ry = 0.5 (CH,Cl/MeOH 9:1). 'H
NMR: 6y (CDCl3) 8.49 (H-1, H-1°, d, 1.2), 7.24 (H-3, H-3’, d, 1.2 Hz), 6.75 (H-8, H-9, H-8’, H-
9’,s), 6.57 (11-OH, 11’-OH), 3.90 (6H, s, O-CH3), 3.26-2.95 (8H, m, CH,), 2.76-2.41 (6H, m,
CH,), 2.53 (6H, s, N-CH3). Anal. Calcd. for C36H36N204S; (624.81): C, 69.20; H, 5.81; N, 4.48;
S, 10.26. Found: C, 69.22; H, 5.81; N, 4.50; S, 10.25.
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b) Hydrolysis of 9 in methanesulfonic acid: 2-thiocyanatoapocodeine” (9) (1 g, 3.0 mmol) was
dissolved in 99% methanesulfonic acid (5 mL), and the solution was stirred at 100 °C, for 30
min. The work up and purification were carried out as described in the synthesis of 13 to yield
pure 16 (0.15 g, 16%).

c) Rearrangement of 1 in the presence of KSCN: A mixture of thebaine (1) (1 g, 3.2 mmol) and
potassium thiocyanate (1 g, 10.3 mmol) was added to 99% methanesulfonic acid (10 mL), with
ice-cooling. After stirring for 15 min with external ice-cooling, the reaction mixture was kept at
100°C, for 30 min. The work up was carried out as described in the synthesis of 13. The crude
product was purified by column chromatography (acetone/hexane 8:2, following by
chloroform/methanol 9:1), to afford pure 16 (0.1 g, 10%).

Di(apocodeine-3-yl) disulfide (23)

a) NaBH; (0.7 g, 18.5 mmol) was added gradually to a stirred solution of 3-
thiocyanatoapocodeine’ (21) (1 g, 3.0 mmol) in ethanol (45 mL). After refluxing for 30 min, the
reaction mixture was diluted with water (120 mL) and extracted with ethyl acetate (3 x 50 mL).
The organic layer was washed with brine (50 mL), filtered and evaporated in vacuo. The crude
product was purified by column chromatography (ethyl acetate/methanol 7:3), to afford pure 23
(0.38 g, 41%), mp 162-165 °C (from diethyl ether), R¢ = 0.5 (CH,Cl,/MeOH 9:1). 'H NMR: 8y
(CDCl3) 8.19 (H-1, H-1°, d, 8.0 Hz), 7.54 (H-2, H-2’, d, 8.0 Hz), 6.75 (H-8, H-9, H-8’, H-9’, s),
6.20 (11-OH, 11°-OH), 3.91 (6H, s, O-CHj3), 3.18-2.90 (8H, m, CH3), 2.62-2.43 (6H, m, CH»)
2.55 (6H, s, N-CHj3). Anal. Calcd. for C36H36N>04S; (624.81): C, 69.20; H, 5.81; N, 4.48; S,
10.26. Found: C, 69.18; H, 5.79; N, 4.47; S, 10.27.

b) 21 (1 g, 3.0 mmol) was dissolved in methanesulfonic acid (5 mL) then the reaction mixture
was stirred at 100 °C, for 30 min. The work up and purification were carried out as described in
the synthesis of 13 to obtain pure 23 (0.29 g, 32%).

2-Acetoxyapocodeine (17)

To a stirred suspension of morphothebaine 6 (1 g, 3.2 mmol) and sodium hydrogen carbonate (20
g) in water (200 mL) was added gradually acetic anhydride (10 g, 97.9 mmol). The reaction
mixture was stirred at room temperature for 30 min, then extracted with dichloromethane (3x50
mL). The organic layer was washed with brine (50 mL), dried with magnesium sulfate, filtered
and evaporated in vacuo. The crude product was purified by column chromatography
(dichloromethane/methanol 9:1) to afford pure 17 (0.21 g, 18%), mp 155-156 °C (from diethyl
ether), Ry = 0.61 (CHCI3/MeOH 8:2). 'H NMR: 8y (CDCl;) 8.01 (H-1, d, 1.2 Hz), 6.82 (H-2, d,
1.2 Hz), 6.75 (H-8, H-9, s), 6.57 (11-OH), 3.88 (3H, s, O-CH3), 3.26-2.95 (4H, m, CH,), 2.76-
2.41 (3H, m, CH,). 2.54 (3H, s, N-CH3), 2.29 (3H, s, CO-CH3). °C NMR: 8¢ (CDCl3) 169.7,
150.0, 143.3, 134.1, 133.0, 132.2, 130.0, 119.9, 119.7, 119.2, 118.6, 109.5, 62.3, 56.3, 53.0, 44.0,
34.6, 29.4, 21.2. Anal. Calcd. for C,0H,1NO4 (339.39): C, 70.78; H, 6.24; N, 4.13. Found: C,
70.60; H, 6.22; N, 4.13. [o.]}) =-111.2 (¢ = 0.12, CHCl;).
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Abstract—We investigated acid-catalyzed rearrangement of thebaine 14 and its N-propyl analog 15 with methanesulfonic acid in the
presence of the nucleophiles methanethiol and hydrogen sulfide. R(—)-2-methylthioapocodeine 16, R(—)-2-methylthioapomorphine
18, and their N-n-propyl analogs 17, 19 were obtained by rearrangement in the presence of methanethiol. However, with hydrogen
sulfide, rearrangement of thebaine 14 and its N-n-propyl analog 15 produced sulfide-linked bis-aporphines 21-24 instead of expected
R(—)-2-mercaptoapocodeines 12, 13 and R(—)-2-mercaptoapomorphines 10, 11. R(—)-2-Methylthio-N-n-propylnorapomorphine 19
had higher affinity (K; = 3.7 nM) at D, receptors in rat forebrain tissue than other novel 2-substituted sulfur-containing aporphines
(K; = 50 nM). Behavioral testing of the novel agents in rat indicated moderate locomotor arousal after systemic injection, and none
after intragastric administration, indicating poor oral bioavailability.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

R(—)-Apomorphine 1 (Fig. 1), the product of the acid-
catalyzed rearrangement of morphine,' is a well-known
central dopamine receptor agonist.” It was recently US
FDA-approved for clinical use in the treatment of Par-
kinson’s disease if administered by injection to circum-
vent its poor oral bioavailability.>? In the last 20
years, several laboratories have synthesized many nov-
el-substituted aporphines. Several 2-substituted apor-

phines were found to have high potency at dopamine Me H OH OH
D, receptors, including 2-hydroxy, 2-methoxy, and 2- E: E 8H 8H
halogen congeners. R(—)-2-Fluoro-N-propylnorapo- Pr H OH H
morphine 3 was found to be a particularly potent D, H OAc H

Me SPr OH OH
Me SEt OH OH
Pr SPr OH OH
Pr SEt OH OH
Me SH OH OH
Pr SH OH OH
Me SH OH OMe
SH OH OMe
Me SMe OH OMe
Pr SMe OH OMe
Me SMe OH OH
Pr SMe OH OH

agonist, surpassing the potency of the 2-unsubstituted
standard comparator, R(—)-N-n-propylnorapomor-
phine 2.> We previously reported development of a
route for the synthesis of 2-alkoxy- and 2-alkylthio-
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)
-
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substituted aporphines.®® An essential component of
these novel syntheses is that the methanesulfonic acid-
catalyzed rearrangement of thebaine 14 in the presence
of nucleophiles (water, alcohols, and thiols) results in
nucleophilic substitution of the 6-methoxy group of the-
baine 14, in addition to promoting its rearrangement to
aporphines ®7 (Scheme 1).

An important aim of the medicinal chemistry of dopa-
mine agonists is to discover orally active agents. Neumey-
er et al.” and more recently Csutoras et al.'° found that
non-catechol, 11-monohydroxyaporphines (such as com-
pound 4 in Fig. 1) and their esters in 11-position (e.g., 5)
have superior oral bioavailability to catechol-aporphines
such as apomorphine 1 and N-n-propylnorapomorphine
2. Berényi et al.” have previously synthesized R(—)-2-pro-
pylthio- and R(—)-2-ethylthioapomorphines 6, 7 and
their N-propyl analogs 8, 9 (Fig. 1).

Neuropharmacological studies found compounds 6, 7,
8, and 9 to have high affinity at dopamine (D,) recep-
tors, as well as ability to induce locomotor behavioral
arousal even after enteral (orogastric) administra-
tion.'1? Introduction of a methylthio group on the

CH3S0,0H

CH4SH
90 °C

14 Me (thebaine)
15 Pr

Scheme 1. Synthesis of 2-methylthioapomorphines.

CH3S0,0H
H,S
90 °C

14,15

20

Scheme 2. Preparation of sulfide cross-linked aporphines.

ergoline skeleton has also resulted in effective dopami-
nergic compounds.!> However, experience with apor-
phines also indicates that steric characteristics of
substituents at 2-position influence the pharmacological
properties of the resulting compounds.'* Relatively
small and apolar substituents are favored.!>!'* Because
of this fact, we aimed in the present study to prepare
R(—)-2-methylthioapomorphine 18, R(—)-2-mercaptoa-
pomorphine 10, and their N-n-propyl analogs 19, 11,
and to evaluate them neuropharmacologically.

2. Results and discussion
2.1. Chemistry

We found that our previously reported synthetic meth-
od’ was suitable for the synthesis of R(—)-2-meth-
ylthioapomorphine 18 and its N-n-propyl analog 19
with a minor modification (Scheme 1). The acid-cata-
lyzed rearrangement of 14 and 15 with methanesulfonic
acid was carried out in the presence of a continuous gas-
flow of methanethiol. We succeeded in O-demethylating
the resulting R(—)-2-methylthioapocodeine 16 and

SCHs
CH3SO,0H
methionine OH
90 °C
OH
R
18 Me
19 Pr

CH3SO,0H
methionine
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2-methylthio- N-n-propylnorapocodeine 17 to the corre-
sponding apomorphines 18, 19 with methanesulfonic
acid/methionine system used previously to O-demethy-
late aporphines.!>'® In the present case, we considered
that methanethiol could substitute for methionine as
an alkyl acceptor resulting in O-demethylation. Howev-
er, because of the high cost of methanethiol, methionine
was used (Scheme 1). The acid-catalyzed rearrangement
of thebaine 14 and its N-n-propyl congener 15 with
methanesulfonic acid in the presence of a continuous
gas-flow of hydrogen sulfide failed to give R(—)-2-mer-
captoapocodeines 12, 13, in contrast to the rearrange-
ment in the presence of methanethiol. Rearrangement
of 14 and 15 resulted in the formation of bis-aporphines
21, 22, whose O-demethylation with methanesulfonic
acid/methionine led to 23 and 24 (Scheme 2). Formation
of the sulfide cross-linked bis-aporphines 21, 22 can be
explained by a previously proposed, two-step rearrange-
ment.!” In the first step, hydrogen sulfide is the nucleo-
philic partner of the methoxonium ion intermediate 20
formed from 14 and 15 in acidic media. We propose fur-
ther that the formed 2-mercaptoapocodeines 12 and 13
will be the nucleophilic partners of the methoxonium
ion intermediate 20 to produce the corresponding bis-
aporphines 21, 22.

2.2. Pharmacology
In vitro affinity for the dopamine (D,) receptor of

R(—)-2-methylthioapocodeines 16, 17 and R(—)-2-meth-
ylthioapomorphines 18, 19, as well as the novel bis-

Table 1. Affinity (Kj) of aporphines at dopamine (D,) receptors in rat
brain tissue

Agents K; £ SEM
(nM)

(9) R(—)-2-Ethylthio-N-n-propylnorapomorphine 7.80 = 1.00

(2) R(—)-N-n-Propylnorapomorphine 9.90 £ 1.00

(1) R(—)-Apomorphine 13.2+2.1

(8) R(—)-2-Propylthio-N-n-propylnorapomorphine 15.6+2.2

(19) R(—)-2-Methylthio-N-n-propylnorapomorphine 3.73 + 0.44

(18) R(—)-2-Methylthioapomorphine 547123
(16) R(—)-2-Methylthioapocodeine 754%23
(17) R(—)-2-Methylthio-N-propylnorapocodeine 1108 = 147
(21) Di-(apocodeine-2-yl)sulfide >10,000
(22) Di-(apomorphine-2-yl)sulfide >10,000
(23) Di-(N-propylnorapocodeine-2-yl)sulfide >10,000
(24) Di-(N-propylnorapomorphine-2-yl)sulfide >10,000

Table 2. Motor activation induced by R(—)-aporphines in adult rats

aporphines 21-24 was determined with radioreceptor
competition assays using rat forebrain tissue (Table 1).
The potency of R(—)-2-methylthio-N-n-propylnorapo-
morphine 19 for the dopamine (D») receptor was higher
than those of both R(—)-apomorphine 1 and its
N-n-propyl analog 2. Moreover, the 2-methylthio 19
(D> K;=3.73 nM), 2-ethylthio 9 (K; = 7.8 nM), and 2-
propylthio 8 (K;=9.9 nM) congeners form a potency
series that indicates decreasing affinity for the dopamine
D, with increasing size of 2-alkylthio substituents. The
novel bis-aporphines 21-24 showed very low affinity
for dopamine D, receptors (Table 1) and no evidence
of in vivo behavioral activity (Table 2), suggesting
increasing steric hindrance of their receptor interactions.
Since only R(—)-2-methylthio-N-n-propylnorapomor-
phine 19 had high in vitro D, receptor affinity among
the eight compounds examined, it was also evaluated
for in vivo behavioral activity (Table 2). These experi-
ments indicated that parenterally injected equimolar
doses (4.0 umol/kg, ip) of R(—)-2-methylthio-N-n-pro-
pylnorapomorphine 19 produced much greater behav-
ioral arousal (18.3 U) than R(—)-apomorphine (1;
1.0 U), and somewhat greater than with R(—)-N-n-pro-
pylnorapomorphine (2; 12.0 U of activation; Table 2).

In contrast to R(—)-apomorphine 1, the N-n-propyl ana-
log 2 showed activity at an enteral dose of 20, but not
4 pmol/kg, whereas R(—)-2-methylthio- N-n-propylnora-
pomorphine 19, inexplicably, proved to be inactive
behaviorally following intragastric doses of 4 or
20 pmol/kg (Table 2).'1-12

3. Conclusions

We report an efficient procedure for preparing the
R(—)-2-methythioapocodeines 16, 17 and R(—)-2-meth-
ylthioapomorphines 18, 19. The key step in their synthe-
sis was acid-catalyzed rearrangement of thebaine 14 and
its N-propyl analog 15 with methanesulfonic acid in the
presence of the nucleophile methanethiol. Using
hydrogen sulfide as the nucleophilic partner, we ob-
tained bis-aporphines 21-24 instead of the expected 2-
mercaptoaporphines 10-13. The 2-alkylthio-substituted
aporphines 9, 8, 19, and 18 showed variable affinity at
the cerebral dopamine (D,) receptor (Table 1) and
variable in vivo behavioral activity (Table 2). The bis-
aporphines 21-24 showed low affinity for the dopamine

Agent Dose (umol/kg) Route Activity score Duration (h)
(1) R(—)-Apomorphine 4 ip 1.0 (standard) 1
4 ig Inactive —
20 ig Inactive —
(2) R(—)-N-n-Propylnorapomorphine 4 ip 12.0+5.2 8
4 ig Inactive —
20 ig 68.0 £20.8 14
(19) R(—)-2-Methylthio-N-n-propylnorapomorphine 4 ip 18.3+6.5 6
4 ig Inactive —
20 ig Inactive —

Activity scores are based on total locomotor activity counts from start to return to baseline, normalized to a value of 1.0 for apomorphine, as
(mean = SEM); NA, not applicable; ip, intraperitoneal; ig, by orogastric intubation.
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(D») receptor, and were inactive behaviorally, suggesting
steric interference with receptor interactions. R(—)-2-
methylthio-N-n-propylnorapomorphine 19 had the
highest D, receptor affinity of the eight novel aporphines
examined. It was also behaviorally effective when inject-
ed systemically (ip), but not after intragastric adminis-
tration, indicating poor oral bioavailability. Moreover,
the D, receptor affinity and behavioral potency of com-
pound 19 exceeded those of both R(—)-apomorphine 1
and R(—)-N-n-propylnorapomorphine 2 (Table 2).
These findings are consistent with previous indications
that 2-substitution can enhance affinity of aporphines
at dopamine receptors.'*

4. Experimental
4.1. Chemical syntheses

Melting points were determined with a Kofler hot-stage
apparatus and are uncorrected. Column chromatogra-
phy was performed on silicagel (Merck 60, 70-230
mesh). Thin layer chromatography was performed on
precoated Merck 5554 silicagel 60 F,s4 foils, using a
9:1 (vols) dichloromethane/methanol developing system.
The spots were visualized with Dragendorff’s reagent.
Elemental analyses (C, H, N, S) were performed on a
Carlo Erba 1106 analyzer. NMR spectra were recorded
on a Bruker WP 200 SY spectrometer. Chemical shifts
are reported in ppm (J) from internal CHCI3 (7.26).
The coupling constants (J) are measured in Hz. Mass
spectra were measured with a Finnigan LCQ Classic
ion trap mass spectrometer.

4.1.1. General procedure for the synthesis of 2-substituted
sulfur-containing apocodeines. Methanethiol or hydrogen
sulfide was bubbled through 99% methanesulfonic acid
(5 mL) with stirring and external ice cooling. To this
stirred mixture, thebaine 14 or N-propylnorthebaine 15
(3.2 mmol) was added. After stirring for 30 min at
0 °C, the temperature was raised to 90 °C and held for
30 min with continuous bubbling of methanethiol or
hydrogen sulfide gas into the reaction mixture. After
cooling to room temperature, water (50 mL) was added,
and pH was adjusted to 89 with 25% ammonia. The
reaction mixture was extracted with chloroform/metha-
nol 3:1 (3x 20mL), and then the organic layer was
washed with brine (25 mL), dried with magnesium sul-
fate, filtered, and evaporated in vacuo. The crude prod-
uct was purified by column chromatography (ethyl
acetate/methanol, 7:3), to provide pure oils, which were
converted to the solid hydrochlorides with HCl-ethanol.

4.1.2. 2-Methylthioapocodeine hydrochloride (16). The
rearrangement was carried out according to the general
method starting from 14, in the presence of methaneth-
iol. Yield: (0.46 g, 40%), mp: 222-225 °C (from diethyl
ether—ethanol). '"H NMR: oy (base, CDCIl3/CD;0D
2:1): 2.52 (3H, s, SCH3), 2.58 (3H, s, N-CH3), 2.55-
3.31 (7H, m, C-H), 3.90 (3H, s, OCH;), 6.55 (1H, s,
OH), 6.78 (2H, s, 8-H, 9-H), 7.00 (1H, d, 3-H), 8.26
(1H, d, 1-H). MS m/z (rel intensity): 327 (M, 75%),
280 (M-47, 80%). Anal. (C;9H,,CINO,S) Caled: C,

62.71; H, 6.09; N, 3.85; S, 8.81. Found: C, 62.59; H,
6.11; N, 3.83; S, 8.79.

4.1.3. 2-Methylthio- N-n-propylnorapocodeine hydrochlo-
ride (17). The rearrangement was carried out according
to the general method starting from 15, in the presence
of methanethiol. Yield: (0.7 g, 56%), mp: 220-227 °C
(from diethyl ether—ethanol). 'H NMR: &y (base,
CDCI5/CD;0OD 2:1): 1.01 (3H, t, CHjy), 1.14 (2H, m,
—-CH,-), 2.52 (3H, s, SCH;), 2.56 (2H, t, N-CH,-),
2.60-3.47 (7H, m, C-H), 3.92 (3H, s, OCH3), 4.60 (1H,
s, OH), 6.79 (2H, s, 8-H, 9-H), 6.97 (1H, d, 3-H), 8.26
(1H, d, 1-H). MS m/z (rel intensity): 355 (M, 55%). Anal.
(C21H6CINO,S) Caled: C, 64.35; H, 6.69; N, 3.57; S,
8.18. Found: C, 64.22; H, 6.72; N, 3.54; S, 8.20.

4.1.4. Di-(apocodeine-2-yl)sulfide dihydrochloride (21).
The rearrangement was carried out according to the
general method starting from 14, in the presence of
hydrogen sulfide. Yield: (0.62 g, 58%), mp: >250 °C
dec (from diethyl ether—ethanol). "H NMR: dy; (base,
CDCI;/CD;OD 2:1) 2.54 (6H, s, N-CHj), 2.73-2.45
(6H, m, CH,), 3.30-2.96 (8H, m, CH,), 3.82 (6H, s, O-
CHj), 6.67 (2H, d, J = 7.5 Hz, H-9, H-9'), 6.72 (2H, d,
J=7.5Hz, H-8, H-8), 7.05 (2H, d, J=1.2 Hz, H-3,
H-3’), 8.19 (2H, d, J = 1.2 Hz, H-1, H-1"). *C NMR:
oc (base, DMSO) 18.5, 25.4, 30.2, 40.7, 50.8, 56.1,
60.7, 111.5, 118.6, 126.3, 128.2, 128.8, 129.2, 131.7,
133.0, 133.7, 144.0, 147.3. LC-MS (m/z): 593 (M+1,
1000/0) Anal. (C36H38C12N204S) Calcd: C, 6495, H,
5.75; N, 4.21; S, 4.82. Found: C, 64.93; H, 5.78; N,
4.21; S, 4.80.

4.1.5. Di-(N-n-propylnorapocodeine-2-yl)sulfide dihydro-
chloride (22). The rearrangement was carried out
according to the general method starting from 15, in
the presence of hydrogen sulfide. Yield: (0.56 g, 49%),
mp: >250°C dec (from diethyl ether—ethanol), 'H
NMR: éy (base, CD;OD 2:1) 0.95 (6H, t, CH3), 1.63
(4H, m, -CH,-), 2.48-3.55 (14H, m, CH), 2.60 (4H, t,
NCH,-), 3.84 (6H, s, O-CH3), 6.72 (4H, s, H-8, H-8/,
H-9, H-9"), 7.08 (2H, d, H-3, H-3), 8.19 (2H, d, H-1,
H-1). LC-MS (m/z): 649 (M+1, 100%). Anal.
(C40H46C12N204S) Calcd: C, 6656, H, 642, N, 388,
S, 4.44. Found: C, 66.55; H, 6.44; N, 3.89; S, 4.43.

4.1.6. General procedure for the O-demethylation of
sulfur-containing  apocodeines. = Methionine (1 g;
6.7 mmol) was added to a stirred solution of the appro-
priate apocodeine derivative (1.7 mmol) in methanesulf-
onic acid (10 mL). The reaction mixture was kept at
90 °C, for 90 min. Column chromatographic purifica-
tion was accomplished in chloroform/methanol 8:2
eluent system, to afford oils that were converted to the
solid hydrochloride salts with HCl-ethanol.

4.1.7. 2-Methylthioapomorphine hydrochloride (18).
Yield: (0.45 g, 75%), mp: >250 °C (from diethyl ether—
ethanol), "H NMR: dy (base, CD;0D) 2.52 (3H, s,
SCHs;), 2.58 (3H, s, N-CH3), 2.55-3.34 (7H, m, C-H),
5.69 (2H, s, OH), 6.58 (2H, s, 8-H, 9-H), 6.92 (1H, d,
3-H), 8.18 (1H, d, 1-H). MS (m/z): 313 (M, 80%), 266
(M-47, 55%). Anal. (CigH,yCINO,S) Calcd: C, 61.79;



1922 M. Toth et al. | Bioorg. Med. Chem. 14 (2006) 1918-1923

H, 5.76; N, 4.00; S, 9.16. Found: C, 61.77; H, 5.79; N,
4.01; S, 9.16.

4.1.8. 2-Methylthio-/N-propylnorapomorphine hydrochlo-
ride (19). Yield: (0.46 g, 72 %), mp: 210 °C (dec) (from
diethyl ether—ethanol). '"H NMR: 6y (base, CDCly/
CD;OD 2:1) 1.01 (3H, t, CH3y), 1.14 (2H, m, —-CH,-),
2.52 (3H, s, SCH3), 2.56 (2H, t, N-CH,-), 2.60-3.47
(7H, m, C-H), 4.60 (2H, s, OH), 6.79 (2H, s, 8-H, 9-H),
6.97 (1H, d, 3-H), 8.26 (1H, d, 1-H). MS (m/z): 341 (M,
85%). Anal. (C5yH»4CINO,S) Calcd: C, 63.56; H, 6.40;
N, 3.71; S, 8.48. Found: C, 63.55; H, 6.42; N, 3.72; S, 8.48.

4.1.9. Di-(apomorphine-2-yl)sulfide dihydrochloride (23).
Yield: (0.43 g, 42 %), mp: >250 °C (from diethyl ether—
ethanol). "H NMR: 6y (base, CDCIly/CD;0D 2:1) 2.54
(6H, s, N-CHj3), 2.45-2.73 (6H, m, CH,), 2.96-3.30
(8H, m, CH,), 6.58 (H-9, H-9’, d, 8.0 Hz), 6.65 (H-8,
H-8', d, 8.0 Hz), 7.05 (H-3, H-3', d, 1.2 Hz), 8.19 (H-1,
H-1, d, 1.2 Hz). C NMR: §c (DMSO) 18.5, 25.4,
30.2, 40.8, 50.9, 61.0, 114.8, 118.6, 124.6, 128.1, 128.9,
129.2, 131.5, 133.4, 133.7, 143.3, 144.9. LC-MS (m/z):
565 M+1, 75%), 522 (M-42, 10%), 491 (M-73, 12%),
283 (M-281, 100%). Anal. (C34H34CI,N,04S) Caled: C,
64.05; H, 5.37; N, 4.39; S, 5.03. Found: C, 63.88; H,
5.40; N, 4.37; S, 5.01.

4.1.10. Di-(/V-n-propylnorapomorphine-2-yl)sulfide dihy-c
drochloride (24). Yield: (0.42 g, 38%), mp: >250°C
(from diethyl ether—ethanol). 'H NMR: dy (base,
CD;OD) 1.18 (6H, t, CHs), 1.83 (4H, m, —CH,-),
2.65-3.74 (14H, m, CH), 2.76 (4H, t, NCH,-), 6.83
(2H, d, H-9, H-9), 6.92 (2H, d, H-8, H-8'), 7.31 (2H,
d, H-3, H-3'), 8.44 (2H, d, H-1, H-1'). LC-MS (m/z):
621 (M+1, 80(70) Anal. (C38H42C12N204S) Calcd: C,
65.79; H, 6.10; N, 4.04; S, 4.62. Found: C, 65.88; H,
6.12; N, 4.05; S, 4,59.

4.2. Pharmacology

4.2.1. In vitro pharmacology. In vitro pharmacology in-
volved determinations of affinity (K;, nM) of test com-
pounds for dopamine D, receptors in radioligand
competition assays, using membrane preparations
from DA-rich corpus striatum (caudatoputamen) tis-
sue from rat forebrain. Adult male Sprague-Dawley
rats were sacrificed by decapitation under carbon
dioxide narcosis. Brains were quickly removed and
dissected on ice. Tissue was homogenized in 50 mM
Tris—HCI1 buffer (pH 7.4) containing 150 mM NaCl,
washed twice with fresh buffer, and resuspended in
fresh buffer. For assays, the membrane-containing
brain preparation was incubated with 75pM
[*Hlnemonapride (NEN; Boston, MA, USA) for
90 min at 30 °C; non-specific binding was defined by
co-incubation with 10 uM haloperidol in some tubes,
with assays carried out in triplicate.'®!° Findings are
summarized in Table 1.

4.2.2. In vivo pharmacology. In vivo pharmacology in-
volved determining the potency and oral bioavailability
of test agents by measuring stimulation of motor activity
in adult male Sprague-Dawley rats (N = 4-5/group)

using a microcomputer-controlled infrared photobeam
activity monitoring system (San Diego Instruments,
San Diego, CA, USA), as detailed previously.? Oral
delivery of test agents was achieved using a permanently
surgically pre-implanted polyethylene (PE-50) intragas-
tric tube to avoid stress associated with conventional
oral intubation. For this surgery, rats were anesthetized
with 60 mg/kg sodium pentobarbital (injected intraperi-
toneally, ip). Tubing was inserted through the mid-lat-
eral wall of the stomach, sutured in place, and led
subcutaneously to a point of access on the back of the
neck, where it was anchored with an additional suture.
Animals were allowed at least two weeks for recovery
after surgery before behavior testing. At the end of
the experiments, rats were sacrificed with carbon diox-
ide. The function of the gastric tube was checked post-
mortem by injecting dye to ensure that drug delivery
was limited to the gastric lumen. Potency of aporphine
test agents was expressed as the sum of behavioral
scores at each time of rating until locomotor responses
returned to their pre-injection baseline levels, and rela-
tive to that (standard score = 1.0) produced by ip injec-
tion of 4 umol/kg R(—)-apomorphine 1, the effects of
which lasted for approximately 1 h. Locomotor activity
scores and the duration of behavioral activation effects
are shown in Table 2.
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Abstract: We here present a simple and efficient method for the preparation of 2’-substituted-thiazolomorphinanedienes
3-5. A protocol is also presented for yielding 3-demethoxy-14p-hydroxy derivatives of the thiazolomorphianedienes. The
amino-, methyl- and phenyl-substituents connected in these compounds in a less rigid way to the “spacer” which offers
the opportunity to test the effect of this sterically more flexible structure on the activity to opioid receptor subtypes.

Keywords: Hantzsch-type thiazole synthesis, morphinanediene, O-demethylation, introduction of 14-hydroxyl-motif.

INTRODUCTION

In the last two decades, the fusion of new heterorings to
the morphinan skeleton has been one of the major research
areas of morphinan chemistry, since, in agreement with Por-
toghese’s theory, the introduction of a spacer unit on the ring
C of a morphinan makes the molecule more suitable spatially
to bind to opioid receptors and consequently to increase its
potency [1]. The introduced spacers could be divided into

indolomorphinans

Fig. (1).

different groups on the basis of their size and chemical char-
acter, for example, indole [2a], benzofuran [2b], pyrrole [2c]
moieties (Fig. 1).

From a pharmacological point of view, it should be em-
phasized that the benzofuromorphinan shows high ¢ antago-
nist potency and selectivity. The benzene component was
considered as a very efficient ¢ “address” [2b]. Alkyl-
substituted pyrrolomorphinans were found to be less potent
at u receptors in comparison with their indolo-congeners;
however u selectivity retained at the same level, presumably
because the alkyl groups attached to the pyrrole moiety steri-
cally interfere with binding to x« and « receptors [2c].

benzofuromorphinan
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The first aminothiazole ring fused morphinans were pre-
pared by Gorlitzer and Schumann, the new heteroring moiety
was introduced on the ring C of the oxycodone [3a], then in
the same position on hydrocodone and hydromorphone [3b].
They used the well-established Hantzsch reaction [4] on a-
bromo-ketone structures, similarly to Nan and co-workers on
ring C of naltrexone [5]. All these syntheses included a bro-
mination step before the heteroring formation which led to

RL; RZ = alkyl

pyrrolomorphinans

several polybromo side-products. More recently Neumeyer’s
group published their procedure for the preparation of
aminothiazole derived morphinans and morphines containing
the thiazole moiety in ring A [6].

RESULTS

We aimed the synthesis of morphinans annulated with 5-
membered rings at the 6,7-positions of the ring C. To reach
this goal, a simple and efficient method has been developed
for fusing a 1,3-thiazole moiety on the morphinan structure.

Our synthesis was based on 14f-bromocodeinone (2),
which was prepared from natural thebaine (1) in accordance
with the method published by Conroy in 1955 [7]. According
to our previous experience [8], 14B-bromocodeinone (2) is
able to act in the presence of suitable nucleophiles as an a-
bromo-ketone. Our procedure is a slightly modified version

© 2007 Bentham Science Publishers Ltd.
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Scheme 1.

of the original Hantzsch reaction: the equimolar mixture of 2
and thioamide is heated to reflux for 30 min in DMF instead
of ethanol (Scheme 1). The yields were on the wide range of
27-64%, depending on the quality of the 2’-substituent. The
aminothiazolo derivative 3 was prepared with acceptable
yield (64%), no side-product was observed; however in case
of 2’-methyl- and 2’-phenyl-substituents the lower yield was
a consequence of the formation of a major by-product. The
isolation and preliminary structural characterization suggest
that these new compounds have an isothiazolo-type isomeric
structure in comparison to compounds 4 and 5. Further struc-
tural studies and the exploration of the background of this
isomerization phenomenon is in progress.

The structure of product molecules 3-5 differs in three
main pharmacophore positions from the above-described,
highly potent pyrrolo- and indolomorphinans. One of them is
the presence of a 3-O-methyl motif instead of a free phenolic
hydroxyl group. It is a well-established structure-activity
relationship, that the methylation of 3-OH leads to an at least
10-fold decrease in the affinity of the examined structure to
opioid receptors. The second main difference is the absence
of the 14-hydroxyl group, which is generally considered a
very effective motif in the preparation of morphinans having
superior opioid receptor activity. The third variance is the N-
substitution of the molecules which could be easily resolved
with the application of N-cyclopropylmethyl-nor-type start-
ing compounds. The N-demethylation and N-alkylation of
these compounds are well-established procedures in our
laboratory [9].

On the basis of the major chemical characteristics of
morphinanedienes (e.g., high sensitivity to acids) the most
widely used O-demethylating agents, such as concentrated
hydrobromic acid, organic solution of boron tribromide,
methansulfonic acid-methionine reagent mixture are not ap-
plicable for this purpose. Coop and his co-workers [10]
elaborated a method for the O-demethylation of thebaine (1),
the industrially most important, naturally occurring diene,
which was successfully modified in the work-up step by our
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NH,
DMF, reflux

research group to make it more suitable for the synthesis of
more complex morphinanedienes. After achieving the cleav-
age of the 3-O-ether bond with L-Selectride, the excess hy-
dride was decomposed by the addition of water and dilute
acid. This step was followed by the setting of the pH to 9 and
a direct extraction of the free base-form morphinan-content
of the emulsion instead of the formation of salt.

The introduction of the hydroxyl function to the 14-
position of the morphinan backbone was performed on the
basis of previous results of our research group. The 8p3,14p-
epoxidation of the double bond in a variety of morphinan-
6,8-dienes was described in 1986 with the application of two
different oxidation methods [11]. In the case of 2’-
phenylthiazolomorphinan (8), the pharmaceutically most
promising compound of the above-described series, the 3-
chloroperbenzoic acid in dichloromethane was found to be
more efficient in forming the epoxide ring than the formic
acid-hydrogen peroxide reaction mixture (Scheme 2). In the
preliminary tests with the second reactant mixture, consider-
able amount of side product formation was observed. The
8p,14p-structure of compound 9 was established on the basis
of 1D steady-state NOE experiment, in which a medium in-
tensity NOE crosspeak was observed between H8 and H9
confirming that they were at same side of the ring C of the
morphinan skelaton. In Fig. (2), the determining correlation
is presented at a more expressive steric representation of
compound 9.

Fig. (2).
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Scheme 2.

The reason for the lack of formation of the 8a,140-
epoxide diastereomer is probably the large steric hindrance
caused by rigid, cage-like structure of the morphinan back-
bone.

The opening of the epoxide ring was performed with lith-
ium aluminium hydride in absolute ether (Scheme 2) [12].
The conversion was not complete and the formation of a by-
product was also observed. The isolation of the aimed 14p-
hydroxy-2’-phenyl-thiazolooripavine (10) was achieved by
column chromatography.

CONCLUSION

We have presented a simple and efficient method for the
preparation of 2’-substituted-thiazolomorphinanedienes 3 -
5. The structure of these thebaine-like molecules offers two
main transformation opportunities: either by the acid-
catalyzed rearrangement to form potential dopamine active
thiazoloapomorphines or via O-demethylation to form thia-
zolooripavines. The Diels-Alder reaction of these dienes
could afford again potential opioid agonist 6,14-
ethenomorphinans fused with a thiazole moiety.

In this paper we have also described a protocol to reach
3-demetoxy-14B-hydroxy derivatives of the 2’-substituted
thiazolomorphianedienes 3-5. The cleavage of 3-O-ether
bond was realized via the application of L-Selectride for all
three thebaine-like products of the Hantzsch-type thiazole
synthesis.

The 14B-hydroxy function was inserted in two steps to
the morphinan skeleton of 2’-phenylthiazolooripavine (8). In
the first step, the 8B,14B-epoxidation was performed in high
yield; secondly the epoxide ring was opened by LAH.

The amino-, methyl- and phenyl-substituents connected
in a less rigid way to the “spacer” (in comparison to indolo-
morphinans) offer the opportunity to test the effect of this
sterically more flexible structure on the activity to opioid
receptor subtypes.

EXPERIMENTAL

Melting points were determined with a Kofler hot-stage
apparatus and are uncorrected. Thin layer chromatography
was performed on precoated Merck 5554 Kieselgel 60 Fjsy4
foils using chloroform:methanol=4:1 mobile phase The
spots were visualized with Dragendorff’s reagent. *H and *3C

HsC”
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Ph
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N

9 10

NMR spectra were recorded on a Bruker WP 200 SY spec-
trometer, chemical shifts are reported in ppm (3) from inter-
nal TMS and coupling constants (J) are measured in Hz.
NOESY was performed on a Bruker AM 360 spectrometer.
Optical rotation was determined with a Perkin-Elmer Model
241 polarimeter. Mass spectral measurements were per-
formed with a VG-7035 instrument in the EI mode (direct
inlet). The source temperature was 140 °C, ionization was at
70 eV. Elemental analyses (C, H, N, S) were obtained on a
Carlo Erba 1106 analyzer. IR spectra were recorded on a
Perkin-Elmer 283 B spectrometer.

General Procedure for the Synthesis of Thiazolomor-
phinanedienes

The mixture of 2 (1000 mg, 2.46 mmol) and thioamide
(2.46 mmol) was dissolved, and then heated to reflux in abs.
DMF (10 mL) for 30 min. The mixture was diluted with wa-
ter (10 mL), the pH of it was adjusted to 8 by the dropwise
addition of concentrated ammonia solution and then ex-
tracted with ethyl acetate (3 x 20 mL). The organic phase
was separated; the solvent was removed in vacuo. Crystal-
line product was precipitated by addition of anhydrous
methanol and purified by means of column chromatography
(dichloromethane:methanol 8:2), if needed.

2’-Amino-6,7;8,14-didehydro-4,5a-epoxy-3-methoxy-

17-methyl-6,7:4’,5’-thiazolomorphinan (3) Off-white,
cubic crystals; m.p. 245 °C (decomp.), yield: 547 mg (63%);
calculated for C;9H19N30,S.0.21 H,0: C, 63.88; H, 5.48; N,
11.76; S, 8.97%; found: C, 63.81; H, 5.54; N, 11.70; S,
9.05%; [a]p® -486 (c 0.10, methanol); v (KBr disc) 3490,
1610; MS m/z (%) 353 (M", 49); 5y (200 MHz, DMSO-dg)
6.63 (d, 1H, H1, J,,=8.1), 6.54 (d, 1H, H2, J; ,=8.1), 6.00 (s,
1H, H8), 5.58 (s, 1H, H5,), 3.74 (s, 3H, O-CH3), 3.31-2.65
(m, 5H, H9y, H10,, H10y, H15,, H16), 2.45 (s, 3H, N-CHj3),
2.10-1.86 (m, 2H, H15;, H16,); &¢c (50.3 MHz, DMSO-dg)
163.23 (C2’), 151.01 (C6), 148.65 (C14), 144.89 (C3),
141.11 (C4), 80.02 (C5), 61.74 (C9), 55.54 (O-CH3), 52.28
(C16), 50.44 (C13), 42.25 (N-CHj3), 34.11 (C15), 31.98
(C10).

6,7;8,14-Didehydro-2’,17-dimethyl-4,5a-epoxy-3-met-
hoxy-6,7:4’,5’-thiazolomorphinan (4) Compound 4
was purified by column chromatography. R¢ (dichloro-
methane:methanol 8:2) 0.74; yellow, cubic crystals; m.p.
248-250 °C, vyield: 234 mg (27%); calculated for
CyoH20N»0,S: C, 68.16; H, 5.72; N, 7.95; S, 9.10%; found:
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C, 68.21; H, 5.80; N, 7.97; S, 9.05%; [a]p” -333 (c 0.1,
chloroform); MS m/z (%) 352 (M®, 100); &y (200 MHz,
DMSO-dg) 6.67 (dd, 2H, H1-2, J;,=8.1), 5.93 (s, 1H, H8),
4.85 (s, 1H, H5,), 3.80 (s, 3H, O-CHj), 3.61-2.57 (m, 5H,
H9p, H10,, H10,, H15,, H16y), 2.39 (s, 3H, N-CHj), 2.31-
2.01 (m, 5H, H15,, H16,, C-CH3); ¢ (50.3 MHz, DMSO-ds)
168.45 (C27), 152.75 (C6), 148.13 (Cl4), 145.21 (C3),
143.54 (C4), 78.65 (C5), 60.96 (C9), 56.02 (O-CHs), 51.09
(C16), 49.46 (C13), 41.77 (N-CHj), 33.67 (C15), 30.28
(C10), 24.55 (C-CHs).

6,7;8,14-Didehydro-4,5a-epoxy-3-methoxy-17-methy
I-2’-phenyl-6,7:4’5’-thiazolomorphinan (5) Com-
pound 5 was purified by column chromatography. Rs (di-
chloromethane:methanol 8:2) 0.63; pale yellow, cubic crys-
tals; m.p. 216-219 °C, Yield: 418 mg (41%); calculated for
Cy5H2N»0,S: C, 72.44; H, 5.35; N, 6.76; S, 7.74%; found:
C, 72.35; H, 5.38; N, 6.81; S, 7.63%; [a]o"> -634 (c 0.15,
chloroform); MS m/z (%) 414 (M®, 100); &y (200 MHz,
CDCl;) 7.97-7.42 (m, 5H, 2’-Ar), 6.61 (dd, 2H, H1-2,
J1,=8.3), 6.26 (s, 1H, H8), 6.00 (s, 1H, H5,), 3.86 (s, 3H,
OCHs), 3.79-2.62 (m, 5H, H9,, H10, H10,, H15,, H16y),
2.52 (s, 3H, N-CHj3), 2.38-1.81 (m, 2H, H15,, H16,); 8¢ (50.3
MHz, CDCl;) 170.04 (C2’), 155.57 (C6), 148.02 (C14),
146.18 (C3), 144.54 (C4), 78.82 (C5), 60.96 (C9), 56.21 (O-
CHs;), 51.65 (C16), 50.85 (C13), 40.87 (N-CHs), 35.08
(C15), 30.75 (C10).

General Procedure for 3-O-Demethylation

A mixture of the diene (5 mmol) and L-Selectride (1 M
in THF, 25 mL) was stirred at room temperature for 14 days.
The reaction was quenched with 20 mL of water followed by
aqueous HCI solution (15%, 10 mL) and removal of the
THF. The remaining syrup was diluted with 20 mL of water,
basified with concentrated ammonia solution (pH 9), the
emulsion was extracted into CHCI; (3 x 25 mL) and the or-
ganic phase was washed with brine (40 mL) and dried
(Na;SO,4). Removal of the solvent gave 3-O-demethylated
morphinans. Purification was performed by crystallization
from petrol ether-toluene with good recovery.

2’-Amino-6,7;8,14-didehydro-4,5a-epoxy-3-hydroxy-

17-methyl-6,7:4’ 5’-thiazolomorphinan (6) White,
plate shape crystals; m.p. >250 °C yield: 1017 mg (60%);
calculated for C;gH17N30,S.0.34 H,0: C, 62.57; H, 5.54; N,
12.16; S, 9.28%; found: C, 62.60; H, 5.55; N, 12.11; S,
9.18%; [a]p® -377 (c 0.10, methanol); vma(KBr disc) 3480,
1630; MS m/z (%) 339 (M", 61); 5y (200 MHz, DMSO-dg)
6.74 (d, 1H, H1, J,,=7.9), 6.68 (d, 1H, H2, J; ,=8.0), 6.21 (s,
1H, H8), 6.08 (s, 1H, OH), 5.64 (s, 1H, H5,), 5.11 (s, 2H,
NH,), 3.48-2.61 (m, 5H, H9;,, H10,, H10,, H15;, H16y), 2.49
(s, 3H, N-CHj), 2.18-1.89 (m, 2H, H15,, H16,); d¢c (50.3
MHz, DMSO-ds) 161.18 (C2’), 153.22 (C6), 147.31 (C14),
141.83, 141.21 (C3, C4), 79.63 (C5), 62.14 (C9), 52.45
(C16), 50.25 (C13), 43.70 (N-CHj3), 34.17 (C15), 33.20
(C10).

6,7;8,14-Didehydro-2’,17-dimethyl-4,5a-epoxy-3-hy-
droxy-6,7:4’,5’-thiazolomorphinan (7) Pale yellow,
plate shape crystals; m.p. >250 °C, yield: 828 mg (49%);
calculated for CigH1gN,0,S: C, 67.43; H, 5.36; N, 8.28; S,
9.47%; found: C, 67.52; H, 5.42; N, 8.19; S, 9.45%; [o]p> -
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321 (c 0.1, methanol); MS m/z (%) 338 (M*, 100); &4 (200
MHz, DMSO-d¢) 6.71 (dd, 2H, H1-2, J;,=8.2), 6.21 (s, 1H,
OH), 6.04 (s, 1H, H8), 4.88 (s, 1H, H5,), 3.66-2.74 (m, 5H,
H9y, H10, H10,, H15,, H16y), 2.44 (s, 3H, N-CHa), 2.38-
2.11 (m, 5H, H15,, H16,, C-CHs); 3¢ (50.3 MHz, DMSO-d5)
160.33 (C2), 149.56 (C6), 147.46 (Cl4), 144.81 (C3),
142.89 (C4), 79.21 (C5), 61.06 (C9), 52.25 (C16), 50.35
(C13), 41.85 (N-CH3), 34.60 (C15), 32.09 (C10), 23.35 (C-
CHy).

6,7;8,14-Didehydro-4,5a-epoxy-3-hydroxy-17-methy
I-2’-phenyl-6,7:4’5’-thiazolomorphinan (8) Off-
white, plate shape crystals; m.p. >250 °C, Yield: 1120 mg
(56%); calculated for C,4H0N,0,S: C, 71.98; H, 5.03; N,
6.99; S, 8.01%; found: C, 72.02; H, 5.10; N, 6.89; S, 7.97%;
[a]o”® -458 (c 0.10, methanol); MS m/z (%) 400 (M*, 100);
31 (200 MHz, DMSO-dg) 7.93-7.47 (m, 5H, 2°-Ar), 6.81 (dd,
2H, H1-2, J;,=8.3), 6.37 (s, 1H, H8), 6.11 (s, 1H, OH), 5.90
(s, 1H, H5,), 3.68-2.45 (m, 5H, H9,, H10, H10, H15,,
H16,), 2.40-1.88 (m, 5H, H15,, H16, N-CHj3); &¢ (50.3
MHz, DMSO-ds) 169.35 (C2’), 156.17 (C6), 149.41 (C14),
145.19, 144.97 (C3, C4), 78.24 (C5), 60.33 (C9), 52.09
(C16), 49.95 (C13), 43.31 (N-CHj3), 36.09 (C15), 32.20
(C10).

6,7-Dehydro-4,5a;8,14-diepoxy-3-hydroxy-17-methy

I-2’-phenyl-6,7:4’5’-thiazolomorphinan (9) Com-
pound 8 (1192 mg, 2.98 mmol) was dissolved in CH,CI, (25
mL). The solution was cooled to 0°C and 90% 3-
chloroperbenzoic acid (0.86 g, 4.47 mmol) in CH,Cl, (5 mL)
was added dropwise. The reaction mixture was stirred for 90
min, and then washed with 10% sodium sulfite solution and
water. The organic layer was dried on Na,SO,4 and evapo-
rated to dryness. The oily residue was crystallized from
ether:methanol to yield 694 mg (56%) of compound 9. Yel-
low, cubic crystals; m.p. 154-156°C, calculated for
C,4H20N»05S: C, 69.21; H, 4.84; N, 6.73; S, 7.70%; found:
C, 69.09; H, 4.97; N, 6.79; S, 7.87%; [a]o”> -186 (c 0.10,
methanol); MS m/z (%) 416 (M*, 100); oy (200 MHz,
DMSO-dg) 7.58-7.33 (m, 5H, 2’-Ar), 6.40 (dd, 2H, H1-2,
J1,=7.9), 6.21 (s, 1H, OH), 5.48 (s, 1H, H5,), 3.86 (s, 1H,
H8y), 3.28-2.56 (m, 5H, H9;,, H10,, H10,, H15,, H16), 2.44-
1.88 (m, 5H, H15,, H16,, N-CHj3); 3¢ (50.3 MHz, DMSO-de)
170.44 (C2’), 148.18 (C6), 144.37, 143.90 (C3, C4), 84.45
(C5), 80.33 (C14), 57.71 (C9), 52.25 (C16), 51.47 (C8),
47.66 (C13), 43.85 (N-CH3), 36.20 (C15), 31.08 (C10).

6,7-Dehydro-3,14-dihydroxy-4,5a-epoxy-17-methy |-
2’-phenyl-6,7:4’ 5’-thiazolomorphinan (10) Com-
pound 9 (832 mg, 2.0 mmol) was dissolved in 40 mL of abs.
diethyl ether. After the addition of 760 mg of LAH (2.0
mmol) the reaction mixture was heated to reflux for 30 min.
The excess LAH was decomposed by washing the cooled
solution first with ether saturated with water (20 mL) then
with water saturated with ether (20 mL). The organic phase
was separated and the inorganic phase was re-extracted with
ether. The combined organic layers were dried (Na,SOy,); the
solvent was removed under reduced pressure. Pure com-
pound 10 (427 mg, 51%) was obtained by means of column
chromatography (dichloro-methane:methanol 9:1). Ry (di-
chloromethane:methanol 9:1) 0.58, pale-yellow, cubic crys-
tals; m.p. 192-194°C, calculated for Cy4H,,N,05S: C, 68.88;
H, 5.30; N, 6.69; S, 7.66%; found: C, 69.01; H, 5.37; N,
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6.79; S, 7.77%; [a]p® -145 (c 0.10, methanol); MS m/z (%)
418 (M", 100); 84 (200 MHz, DMSO-dg) 7.49-7.22 (m, 5H,
2"-An), 6.32 (dd, 2H, H1-2, J;,=8.1), 6.09 (s, 1H, Ar-OH).
5.37 (s, 1H, H5,), 3.49-2.51 (m, 7H, H8, H8y, HOy, H10,,
H10,, H15,, H16y), 2.47-1.88 (m, 6H, H15,, H16, N-CHs,
C14-OH); & (50.3 MHz, DMSO-dg) 169.19 (C2°), 153.31
(C6), 148.65 (C14), 143.29, 143.10 (C3, C4), 79.80 (C5),
7456 (C14), 60.66 (C9), 52.19 (C16), 50.47 (C13), 42.23
(N-CHs), 34.56 (C15), 33.45 (C8), 30.32 (C10).
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Abstract The synthesis of 4H-thiochromene derivatives
of apomorphines, a novel class of isoquinoline alkaloid-
related compounds, has been achieved by different
O-dealkylation methods applied on previously published
heteroring-fused aporphinoids. Detailed DFT study has
been presented regarding the mechanism of the L-select-
ride-mediated multiple O-dealkylation of a seven-ring
aporphine analogue. Dopamine-binding tests confirmed the
essential function of 11-hydroxy moiety of the aporphine
skeleton and revealed a remarkable D, over D, specificity
for the derivative having the 4H-thiochromene ring system
attached to positions 2 and 3 of the aporphine backbone.

Keywords Alkaloids - Heterocycles -
Density functional calculations - Molecular modeling -
Structure-activity relationships

Introduction

Since the approval of apomorphine hydrochloride as a drug
substance by the FDA for the management of both Par-
kinson’s disease and erectile dysfunction, the development
of potent and selective dopamine D, agonists gained a
special emphasis [1-7].
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Our research group has been examining the possibilities
of new heteroring formations on aporphine backbone for
the last decade. Two protocols have been developed to
achieve this goal: the first one involves the acid-catalyzed
rearrangement of morphinandienes in the presence of O-
and S-nucleophiles [3]; while the second one is based on
the rearrangement of morphinans on which the heteroring
was previously formed [4-7]. The pharmacological curi-
osity of apomorphines fused with novel five- or six-
membered aromatic rings at the A ring of the aporphine
skeleton originates from the steric similarity to 2- and 3-
alkyl/arylapomorphines [8, 9] having superior dopamine
receptor-binding affinity. This remarkable D, dopamine
receptor-binding property is assigned to a specific lipo-
philic-lipophilic interaction between substituents at
positions 2 or 3 and a cavity present on the peptide surface
of D, subtype of dopamine receptors in the proximity of
the binding site [1, 2].

Results and discussion

In one of our previous papers, we reported the acid-cata-
lyzed rearrangement of thebaine (1) in the presence of
thiosalicylic acid [3]. From the multi-component product
mixture, two heteroring-fused aporphines were isolated and
characterized with a variety of spectoscopic procedures in
order to unambiguously prove their structure (Scheme 1).

We aimed to study the O-demethylation of compounds 2
and 3 in order to obtain apomorphine derivatives with
potential pharmacological interest. From numerous useful
procedures for the conversion of apocodeines into apo-
morphines in our laboratory, the methanesulfonic acid/
methionine reagent mixture has been applied for over
15 years [10]. With the application of the conventional
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Scheme 1

o
O “CH; COOH
WAL,
HsC~ % SH
CH;S0,0H/
o CHa 100°C, 30 min
1

methyl ester-type
product

conditions [10], we isolated the expected apomorphine 4
from the 4H-thiochromene derivative 2 (Scheme 2).

However, starting from the cyclic acetal 3, the same
procedure gave rise to a partially O-demethylated product §
without the presence of the characteristic catechol structure
of apomorphines (Scheme 3).

L-Selectride was successfully applied earlier in the
O-demethylation of thebaine (1) and other morphinans by
several research groups [11-14]. We decided to subject
cyclic ketal 3 to a 2-week-long, room-temperature
O-demethylation procedure with the use of L-selectride
(5 eqv.) according to Coop’s method elaborated for mor-
phinans [11]. With the slightly modified workup reported
by our group [12, 13], a one-component crude product was
obtained. The detailed analytical characterization of com-
pound 6 confirmed the presence of the free catechol motif
and the absence of methoxy and aliphatic hydroxyl moie-
ties. The proposed mechanism involves the L-selectride-
assisted multiple O-dealkylations of the starting ketal 3
(Scheme 4).

methionine/CH,SO,0H
o N
—_— N
HC &
90°C H

Scheme 2

@ Springer

2-methoxy-
apocodeine

We established a computational model to determine the
order of the possible steps and to characterize the intrinsic
lithium ion complexes to discover the steric properties of
the fundamental steps. This model was based on the
mechanistic considerations of Coop et al. regarding the L-
selectride-mediated O-demethylation [15], previous scien-
tific works on quantum mechanical calculations and
models for lithium ion complexes of ethylene glycol
building blocks [16, 17] as well as the knowledge of the
conformation of the aporphine skeletons of the cyclic ketal
and the thioxanthylium ion [3]. In light of the energetic and
steric details of the starting complex of Li*-ketal 3, two
feasible mechanisms were identified. The first one involved
the deprotection of the phenolic hydroxyl as an initiating
step and then included the multistep O-dealkylation of the
ketal center. The second one (Scheme 4) comprised the
cleavage of the aliphatic methoxy moiety, involving an
initial O-demethylation of the ketal and the fast reduction
of the hemiketal structure, in accordance with the mecha-
nism described by Czernecki and Ville [18], and resulted in
i1, the cleavage of the O—C bridge bond between aromatic
and aliphatic rings leading to i2, and finally the deprotec-
tion of the phenolic hydroxyl function forming the free
catechol moiety of compound 6. DFT calculations were
carried out using the B3LYP [19, 20] exchange correlation
functionals, together with the standard 6-31G* basis set
[21]". The stationary points were characterized by fre-
quency calculations in order to verify that the transition
states have one, and only one, imaginary frequency. The
intrinsic reaction coordinate (IRC) [22] path was traced in

! Calculation results using B3LYP/6-31G* level for the prediction of
the structure of compound 3 showed satisfactory conformity with
available X-ray data (Ref. [3]).



Synthesis and dopamine receptor binding affinity of 4H-thiochromenoapomorphines 475
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order to check the energy profiles connecting each transi-
tion structure to the two associated minima of the proposed
mechanism.

After processing the details the two mechanisms, they
were evaluated in terms of energetic and steric parameters
applying also the Curtin—-Hammett principle, and it was
found that the second one is significantly favorable in all
aspects.

The structure and key geometry data for determining
lithium ion complexes I-III are presented in Fig. 1 and
Table 1, respectively.

All three O-dealkylation products 4—6 were screened for
their binding affinities for the human cloned D; and Dy,
receptor subtypes by in vitro radioligand binding studies.
The results are summarized in Table 2. With the exception
of 5, all of the compounds displayed low affinities com-
pared to apomorphine, reaching the maximum for
compound 4 at the D; binding site. It could be concluded

Fig. 1 Presumed lithium ion
complexes I-III involved in the
O-dealkylation of cyclic ketal 3.
The coordination of THF
molecules was omitted for
clarity

that compounds 5 and 6 containing the novel 4H-thio-
chromene moiety at positions 1 and 2 of the aporphine
backbone showed significantly lower affinity to both D;-
and D,-subtypes; furthermore, the inactivity of compound
5 is another direct proof of the generally accepted theory
pointing out the crucial role of 11-hydroxy function in the
dopaminergic activity of aporphines. In compound 5 the
hemiketal moiety in the proximity of position 11 does not
only block the phenolic hydroxyl, but hinders any advan-
tageous interactions. The aliphatic hydroxyl group is not
able to effectively replace the determining function of
aromatic hydroxyl.

In order to obtain detailed pharmacological profile for
the most active compound, the binding affinities of com-
pound 4 were extended to all five human dopamine
receptor subtypes and the results summarized in Table 3.

These tests pointed out that the novel apomorphine
having the 4H-thiochromene moiety fused to positions 2
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Table 1 Important parameters of lithium ion complexes

Distances (10\) Bond angles (°) Dihedral (°)
C1-O"Li* C14-OLi* C13a-O"Li* C1-0-Li*-C14-0 C14-0-Li*-C13a-0 C14-C1-O-Li*
Li* complex I 2.270 2.013 2.245 59.31 57.29 59.31
Lit complex II 2.317 1.998 - 56.69 - 51.45
Li* complex III 2.216 2.334 - 50.81 - 75.77
Numbering is in accordance with the Scheme 1
Table 2 Affinities for dopamine receptor subtypes measured by radioligand binding studies
Compound K; [nM] Average + SD or SEM (experiments in triplicate)  D,/D, selectivity
hD; hD5;,
APOMORPHINE.HCI 210%* 13%* 16.15
4.HCl " 252 + 30 (2) 1,025 £ 169 (2) 0.25
5.HCl s >10,000 (3) >10,000 (3) NA
6.HCl s 3,237 £ 226 (3) 2,096 + 886 (2) 1.54
/ ) ‘
SD standard deviation, SEM standard error of the mean; the SEM was used when the number of values was less than three
*Data from [1, 2]
and 3 of the aporphine backbone 4 had a significantly In conclusion we have presented the formation of 4H-
stronger affinity to D; subtype referring to the calculated  thiochromene derivatives of apomorphines by different O-
specificities. dealkylation methods applied on previously published
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Table 3 Detailed dopamine activity data for compound 4

Compound K; [nM] Average £+ SD or SEM hD;/hD,
(experiments in triplicate) specificity
4.HCl hD, 252 £ 30 (2) -
hD,. 1,025 £ 169 (2) 4.1
hD3 1,152 £ 630 (2) 4.6
hD, 4 7,443 + 1,184 (2) 29.5
hDs 117 £51 (2) 0.46

SD standard deviation, SEM standard error of the mean

The SEM was used, when the number of values was less than three

heteroring-fused aporphinoids. Detailed DFT study has
been presented regarding the mechanism of the L-select-
ride-mediated multiple O-dealkylation of a seven-ring
aporphine analogue including the structures and geometry
details of the involved Li* complexes. Dopamine-binding
tests confirmed the importance of 11-hydroxy moiety of the
aporphine skeleton.

Experimental

Melting points were determined with a Kofler hot-stage
apparatus. Thin-layer chromatography was performed on
pre-coated Merck 5554 Kieselgel 60 F,s4 foils using
chloroform: methanol = 8:2 mobile phase. The spots were
visualized with Dragendorff’s reagent. 'H and '*C NMR
spectra were recorded on a Bruker DMX 400 spectrometer;
chemical shifts are reported in ppm () from internal TMS,
and coupling constants (J) are measured in Hz. High-res-
olution mass spectral measurements were performed with a
Bruker micrOTOF-Q instrument in the EST mode. Optical
rotation was determined with a Perkin Elmer Model 241
polarimeter. Elemental analyses (C, H, N, S) were con-
ducted using the Elemental Analyser Carlo Erba 1106;
their results were found to be in good agreement (+0.2%)
with the calculated values.

8aR)-12,13-Dihydroxy-8-methyl-5,6,7,8,8a,9-
hexahydronaphto[3,2,1-ij] thiochromeno-[3',2'-f]
isoquinolin-5-one.HCI (4.HCI)

The title compound was obtained from compound 2
(1,000 mg, 2.41 mmol) in line with the procedure
described in [10]. Yield for the HCI salt 692 mg (85%),
yellow, cubic crystals; M.p.: >250 °C (ether); [O{]D25 —
156 cm? g_1 (c 0.1, DMSO); R; base (chloroform :
methanol = 8:2) 0.18; HR-MS (ESI) m/z (%) calculated
for Co4HyoNO5S™: 402.1158 (M* + 1), Found: 402.1174
(M™ + 1, 100); "TH-NMR (400 MHz DMSO-d¢) ¢ = 7.43-
7.12 (m, H1-H4, H14), 6.63, 6.58 (2d, J1o.11 8.0 Hz, H10,
HI11), 6.34, 6.27 (2 br s, 2 OH), 4.14 (td, Jga0, 9.0 Hz,
Jgaop 3.1 Hz, H8a), 3.12-2.34 (m, H6a, H6b, H7a, H7b,

H9a, H9b, NCH;) ppm; '*C-NMR (100 MHz DMSO-dy)
0 = 187.1 (C5), 145.1 (C12), 144.7 (C13), 143.2 (C6a),
137.2-116.2 (15C, aromatic), 60.7 (C8a), 52.6 (C7), 41.0
(NCH3), 36.2 (C9), 23.6 (C6) ppm.

(4aR,13bS)-1,13b-Dihydroxy-5-methyl-4,4a,5,6,7,13b-
hexahydrobenzo [8',9'] thiochromeno[2",3",4"f¢'-]
isochromeno[6,5,4-def] quinoline.HCI (5.HCI)

The title compound was obtained from compound 3
(1,000 mg, 2.33 mmol) in line with the procedure
described in [10]. Yield for the HCI salt 683 mg (67%),
orange needles, M.p.. 218°C (decomp.); [a]p>
+96 cm? g*1 (c 0.1, DMSO); R; base (chloroform :
methanol = 8:2) 0.26; HR-MS (ESI) m/z (%) calculated
for Co4HyoNO5S™: 402.1164 (M* + 1), Found: 402.1155
M™" + 1, 100); "H-NMR (400 MHz DMSO-dg) 6 = 7.35-
7.02 (m, H8, H10-H13), 6.57, 6.52 (2d, J,3 8.2 Hz, H2,
H3), 6.44 (br s, C1-OH), 4.05 (td, J4a.32 8.4 Hz, J4.3p
2.5 Hz, H4a), 3.23-2.12 (m, H3a, H3b, H5a, H5b, Hoba,
H6b, C14-OH, NCH3) ppm; *C-NMR (100 MHz DMSO-
dg) 0 =151.7 (C14), 145.7 (Cl13a), 143.4 (Cl1), 139.4—
114.6 (15C, aromatic), 99.9 (C13b), 60.2 (C4a), 51.8 (C5),
43.0 (NCH3;), 35.1 (C3), 27.3 (C6) ppm.

Compound 6 was synthesized in accordance with the
room-temperature procedure described in [11] starting
from 1 g of ketal 3; however, the workup was performed in
line with our modified methodology [12, 13]. The product
was immediately transformed into stable HCI salt form.

(5aR)-9,10-Dihydroxy-5-methyl-3,4,6,7,7a,5-
hexahydronaphto[3,2,1-ij] thiochromeno-{2',1'-f]
isoquinolin.HCI (6.HCI)

The title compound was obtained from compound 3
(1,000 mg, 2.33 mmol). Yield for the HCI salt 721 mg
(73%),off-white, cubic crystals; M.p.: >250 °C (ether);
[ac]D25 12 em? g_1 (c 0.1, DMSO); R; base (chloroform :
methanol = 8:2) 0.31; HR-MS (ESI) m/z (%) calculated
for Co4H»,NO,S™: 388.1371 (M™ + 1), Found: 388.1389
(M™ + 1, 100); "H-NMR (400 MHz DMSO-d¢) 6 = 7.11-
6.88 (m, H2, H12-H15), 6.59, 6.52 (2d, J;.3 8.1 Hz, H7,
HS), 6.41, 6.32 (2 br s, 2 OH), 4.21 (td, J5..6a 8.2 Hz, J5..61,
2.9 Hz, H5a), 3.77 (s, Hlla, H11b), 3.32-2.53 (m, H3a,
H3b, H4a, H4b, H6a, H6b, NCH;) ppm; '*C-NMR
(100 MHz DMSO-dg) 6 = 1457 (C9), 143.8 (C10),
138.5-116.3 (15C, aromatic), 61.5 (C5a), 51.5 (C4), 41.1
(NCHy), 35.8 (C6), 22.7 (C3) ppm.

Pharmacological protocol

Human D,, Dy or D5 receptors were stably expressed in
human embryonic kidney cells (HEK293). Stable cell lines
of HEK 293 cells were generated by transfecting the
plasmids coding for hD; using Polyfect® transfection
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reagent (Qiagen, Hilden, Germany) according to manu-
facturer’s instructions and were selected using G-418
(400 pg/ml medium). The human D, 4 receptor was stabily
expressed in CHO cells. The density of D;-like receptors
measured with [*H]-SCH23390 was 3,139 fmol/mg pro-
tein. For D,-like receptors, the density of receptors was
186.53 fmol/mg protein measured with [*H]-spiperone.
The binding studies were performed following the protocol
described previously [23], but in 96- well format. The
assays with the whole-cell suspension were carried out in
triplicate in a volume of 550 pl (final concentration):
TRIS-Mg”" buffer (345 pl), [*H] ligand (50 pl), whole-
cell suspension (100 pl), and appropriate drugs (55 pl).
Non-specific binding was determined using fluphenazine
(100 uM) in hD; tests and haloperidol (10 pM) in hD,p,
tests. The incubation was initiated by addition of the
radioligand [PH]SCH23390 for hD;-like receptors and
[3H]spiperone for hD,; -like receptors (both Amersham
Biosiences, Little Chalfront, UK). For determining the K;
values, at least two independent experiments each in trip-
licate were performed. For a detailed description of the
pharmacology methods, see [6].
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