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SPIROCYCLIC CYCLOHEXANE 
COMPOUNDS USEFUL TO TREAT 

SUBSTANCE DEPENDENCY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is continuation of international 
patent application no. PCT/EP2006/003176, ?led Apr. 7, 
2006, designating the United States of America, and pub 
lished in German on Oct. 19, 2006 as WO 2006/108565, the 
entire disclosure of Which is incorporated herein by reference. 
Priority is claimed based on Federal Republic of Germany 
patent application no. DE 10 2005 016 460.9, ?led Apr. 11, 
2005. 

BACKGROUND OF THE INVENTION 

[0002] Opiate dependency is a major medical and social 
problem, Which requires intensive medical care. A standard 
treatment is opiate substitution by a specially suitable 
u-opioid. Clinically established substances for the substitu 
tion therapy of opiate dependency are: 
[0003] methadone (racemate, in rare cases levomethadone) 
[0004] LAAM (ot-acetylmethadol) 
[0005] buprenorphine 
All three substances are used to achieve the same objectives: 

[0006] satisfaction of the opiate craving but Without any 
“kick” and With a signi?cantly reduced euphoria 

[0007] avoidance of bodily WithdraWal symptoms 
[0008] re-socialisation of the patient (controlled reha 

bilitation, ability to Work, WithdraWal from the drug 
related environment) 

[0009] long-term reduction in the opiate dosage until 
complete abstinence is achieved. 

[0010] In order that these effects can be achieved, the sub 
stitution therapeutic agents must have the folloWing proper 
ties: 

[0011] oral (possibly also cutaneous) effect availability 
[0012] long effective duration (1-3 days, possibly even 

longer) 
[0013] high potency 
[0014] loW euphorisation 
[0015] loW “kick” 
[0016] loW WithdraWal symptoms 
[0017] good long-term compatibility (only slight consti 

pation, good cardiovascular compatibility) 
The standard therapeutic agents used up to noW exhibit only 
some of these properties, With the result that their therapeutic 
use is to some extent unsatisfactory. The basic problems With 
the current standard therapeutic agents are the folloWing: 
methadone has a high potential for misuse. On account of the 
only moderate action duration a daily administration is nec 
essary. In addition constipation is a side effect. LAAM has the 
disadvantage of a high cardiotoxicity and can trigger Torsade 
de Pointes arrhythmia. Buprenorphine has a high toxicity 
When combined With benZodiaZepines. 
[0018] US 2006/004034 A1 (:WO 04/43967) and US 
2005/ 192333 A1 (:WO 2005/066183) describe compounds 
that are particularly suitable for the treatment of pain, but also 
inter alia for the treatment of WithdraWal symptoms as Well as 
for reducing the potential for opioid addiction. It has noW 
been found that that selected compounds from these patent 
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applications are particularly suitable for use as substitution 
therapeutic agents in treatment of substance dependence. 

SUMMARY OF THE INVENTION 

[0019] The object of the present invention Was to provide a 
neW method of treating substance dependence With substitu 
tion therapeutic agents. 
[0020] Another object of the invention is to provide a 
method of treating opioid dependency Which has advantages 
compared to the standard therapies. 
[0021] These and other objects have been achieved in 
accordance With the present invention by providing spirocy 
clic cyclohexane compounds corresponding to formula I 

Wherein 

[0022] R1 and R2 independently of one another denote H or 
CH3 or together denote (CH2)4 or (CH2)5 and form a ring 
With the nitrogen to Which they are bound, wherein R1 and 
R2 do not simultaneously denote H; 

[0023] R3 denotes phenyl, benZyl or heteroaryl in each case 
unsubstituted or singly or multiply substituted With F, Cl, 
OH, CN or OCH3; 

[0024] W denotes NR4, O or S, Where 
[0025] R4 denotes H; C 1_5-alkyl, phenyl; phenyl, CORl2 
bound via a Cl_3-alkyl group; SO2Rl2, Where 
[0026] R12 denotes H; C 1_7-alkyl, branched or 
unbranched, saturated or unsaturated, unsubstituted 
or singly or multiply substituted With OH, F or 
COOCl_4-alkyl; C4_6-cycloalkyl; aryl or heteroaryl, 
unsubstituted or singly or multiply substituted With F, 
Cl, Br, CF3, OCH3, C 1_ 4-alkyl, branched or 
unbranched, substituted; or phenyl or heteroaryl 
bound via saturated or unsaturated C l_3 alkyl, unsub 
stituted or singly or multiply substituted With F, Cl, 
Br, CF3, OCH3, Cl_4-alkyl, branched or unbranched, 
substituted; or C5_6-cycloalkyl bound via saturated or 
unsaturated Cl_3-alkyl; ORB; NRl4R15; 

[0027] R5 denotes H;COOR13,CONRl3,OR13;C1_5-alkyl, 
saturated or unsaturated, branched or unbranched, unsub 
stituted or singly or multiply substituted With OH, F, CF3 or 
CN; 

[0028] R6 denotes H; or 
[0029] R5 and R6 together denote (CH2)n Where n:2, 3, 4, 5 

or 6, Wherein individual hydrogen atoms may also be 
replaced by F, Cl, NO2, CF3, ORB, CN or Cl_5-alkyl; 

[0030] R7, R8, R9 and R10 independently of one another 
denote H, F, Cl, Br, N02, CF3, OH, OCH3, CN, COOR3, 
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NRMRl5 ; C 1_5-alkyl, heteroaryl, unsubstituted or singly or 
multiply substituted With benZyl, CH3, Cl, F, OCH3 or OH; 
Where 

[0031] R13 denotes H or Cl_5-alkyl; and 
[0032] R14 and R15 independently of one another denote 
H or Cl_5-alkyl; 

[0033] X denotes O, S, SO, SO2 or NR”; Where 
[0034] R17 denotes H; Cl_5-alkyl, saturated or unsatur 

ated, branched or unbranched; CORl2 or SOZRIZ, 
in the form of their pure diastereomers, their racemates, their 
pure enantiomers, or in the form of mixtures of the stereoi 
somers in an arbitrary mixture ratio; as bases or in the form of 
their salts, in particular of the physiologically compatible 
salts or salts of physiological compatible acids or cations; or 
in the form of their solvates, 
Wherein the ratio of the ORLl receptor a?inity to the u-opioid 
receptor a?inity is 0.3 or greater, for the treatment of sub 
stance dependency. 
[0035] As used herein, the term salt is understood to denote 
any form of the active constituent according to the invention 
in Which this adopts an ionic form or is charged, and is 
coupled to a counter-ion (a cation or anion) and/ or is present 
in solution. The term is also understood to include complexes 
of the active constituent With other molecules and ions, in 
particular complexes Which are complexed via ionic interac 
tions. In particular the term is understood to include (and this 
is also a preferred embodiment of the present invention) 
physiologically compatible salts, in particular physiologi 
cally compatible salts With cations or bases and physiologi 
cally compatible salts With anions or acids or also a salt 
formed With a physiologically compatible acid or With a 
physiologically compatible cation. 
[0036] The term salt formed With a physiologically com 
patible acid is understood Within the context of the present 
invention to denote salts of the respective active constituent 
With inorganic or organic acids, Which are physiologically 
compatibleiespecially When used in humans and/or mam 
mals. The hydrochloride and citrate are particularly pre 
ferred. Examples of physiologically compatible acids are: 
hydrochloric acid, hydrobromic acid, sulphuric acid, meth 
anesulfonic acid, formic acid, acetic acid, oxalic acid, suc 
cinic acid, tartaric acid, mandelic acid, fumaric acid, lactic 
acid, citric acid, glutanic acid, 1,1-dioxo-1,2-dihydrol7t6 
benZo[d]isothiaZol-3 -one (saccharinic acid), monomethylse 
bacic acid, 5-oxoproline, hexane-1-sulfonic acid, nicotinic 
acid, 2-, 3- or 4-aminobenZoic acid, 2,4,6-trimethylbenZoic 
acid, ot-lipoic acid, acetylglycine, hippuric acid and/or aspar 
tic acid. 

[0037] In the context of the present invention, the expres 
sions “Cm-alkyl” “CM-alkyl”, “CH-alkyl” and “C14 
alkyl” include acyclic saturated or unsaturated hydrocarbon 
radicals, Which may be branched or straight-chain, With 
respectively 1, 2 or 3 C atoms, 1, 2, 3, 4 or 5 C atoms, 1, 2, 3, 
4, 5, 6 or 7 C atoms or 1, 2, 3 or 4 C atoms. Unsaturated 
compounds have at least one C4C double bond or at least one 
C4C triple bond. From the above group alkyl is advanta 
geously selected, Which includes methyl, ethyl, n-propyl, 
2-propyl, n-butyl, iso-butyl, sec.-butyl, ter‘t.-butyl, n-pentyl, 
iso-pentyl, neo-pentyl, n-hexyl, 2-hexyl; ethylenyl (vinyl), 
ethinyl, propenyl (4CH2CH:CH2, iCH:CH4CH3, 
iC(:CH2)iCH3), propinyl (4CH4CECH, 4CECi 
CH3), 1,1-dimethylethyl, 1,1-dimethylpropyl, butenyl, buti 
nyl, pentenyl and pentinyl. 
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[0038] For the purposes of the present invention, the 
expression “C5_6-cycloalkyl” denotes cyclic hydrocarbons 
With 5 or 6 Carbon atoms, Wherein the hydrocarbons may be 
saturated or unsaturated (but not aromatic). From the above 
group C5_6-cycloalkyl is advantageously selected, Which 
includes cyclopentyl and cyclohexyl. 
[0039] The expression “heteroaryl” denotes a 5-, 6- or 
7-membered cyclic aromatic radical, Which contains at least 
1, but possibly also 2, 3, 4 or 5 heteroatoms, Wherein the 
heteroatoms are identical or different and the heterocycle may 
be unsubstituted or singly or multiply substituted; in the case 
of substitution in the heterocycle, the substituents may be 
identical or different and in any arbitrary and possible posi 
tion of the heteroaryl. Preferred heteroatoms are nitrogen, 
oxygen and sulphur. It is preferred to select the heteroaryl 
radical from the group comprising pyrrolyl, furyl (furanyl), 
benZofuranyl, thienyl, pyraZolyl, imidaZolyl, thiaZolyl, 
oxaZolyl, isoxaZolyl, pyridinyl, or carbaZolyl, Wherein the 
bonding to the compounds of the general structure I can be 
effected by any arbitrary and possible ring member of the 
heteroaryl radical. Pyridyl and thienyl are particularly pre 
ferred. PyraZolyl and furyl are also particularly preferred. 
[0040] Animal experiment investigations With substances 
from US 2006/004034 A1 and US 2005/192333 A1 have 
surprisingly shoWn that the substances With a particularly 
high ORLl af?nity, Which is not more than one order of 
magnitude less than the u-opioid receptor a?inity, are particu 
larly suitable for an opiate substitution and thus have the 
potential for a signi?cant improvement in the substitution 
therapy. 
[0041] Among the spiro compounds described in US 2006/ 
004034 A1 and US 2005/066183 A1 are compounds With 
higher and loWer ORLl components. In naloxone-induced 
WithdraWal symptoms in mice it Was shoWn that spirocyclic 
compounds With an ORLl component Which is not Weaker by 
a factor of more than 10 than the u-component, can suppress 
WithdraWal symptoms. Compounds With a Weaker ORLl 
component on the other hand trigger WithdraWal symptoms. 
In the “Withdrawal jumping” test mice are repeatedly treated 
over a de?ned period With the test substance. In the case of a 
u-opioid a systemic dependency is induced Within this period. 
At the end of the treatment the effect of the opioid is cancelled 
immediately by administering naloxone, a u-antagonist. 
When the mice become systemically dependent they exhibit 
characteristic WithdraWal symptoms, Which are manifested in 
the form of jumping movements (Saelens J K, Arch Int Phar 
macodyn 190: 213-218, 1971). 
[0042] The compounds according to the invention have on 
account of the ORLl active component additional properties 
Which the standard substances such as methadone, LAAM or 
buprenorphine do not possess and Which improve the treat 
ment. In WithdraWal jumping in mice it Was shoWn that in the 
case of mice that had been treated With combined p.—/ORL1 
agonists, as in Example 1, Example 3 or Example 4, no, or 
only a minimal, WithdraWal behaviour is triggered by nalox 
one. This con?rms that the WithdraWal symptoms are sup 
pressed by the ORLl component. This results in a signi?cant 
advantage if these substances are used in the treatment of 
WithdraWal symptoms, since the occurrence of WithdraWal 
symptoms is one of the most important side effects of this 
treatment and often leads to non-compliance. The ORLl/u 
a?inity should be 0.3 or greater. It is preferred if the ORLl/ 
u-a?inity ratio is Z 1, particularly preferably 21.7. 
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[0446] It is most particularly preferred to use compounds 
selected from the group: 
[0447] 1 1 , 1 -(3 -dimethylamino -3 -phenylpentamethylene) 

1,3,4,9-tetrahydro-pyrano[3,4-b]indole; 
[0448] 3 1 , 1 -(3 -dimethylamino -3 -phenylpentamethylene) 

6-?uoro-1,3,4,9-tetrahydropyrano[3,4-b]indole; 
[0449] 4 1,1-(3-dimethylamino-3-(2-thienyl)pentamethyl 

ene)-1,3,4,9-tetrahydro-pyrano[3,4-b]indole, and 
physiologically acceptable salts thereof. 
[0450] Also preferred are compounds selected from the 
group consisting of: 
[0451] 22 1,1-(3-dimethylamino-3-phenylpentamethyl 

ene)-1 ,3 ,4, 9-tetrahydro-2-thia-9-aZa?uorene; 
[0452] 27 1,1-(3-dimethylamino-3-phenylpentamethyl 

ene)-2-oxo-1,3,4,9-tetrahydro-2-thia-9-aZa?uorene; 
[0453] 28 1,1-(3-dimethylamino-3-phenylpentamethyl 

ene)-1 ,3 ,4, 9-tetrahydro-2-thia-9-aZa?uorene; 
[0454] 34 1,1-(3-dimethylamino-3-phenylpentamethyl 

ene)-1,3,4,9-tetrahydro-2-thia-9-aZa?uorene, and 
physiologically acceptable salts thereof. 
[0455] The synthesis of the compounds is described in US 
2006/004034 A1 and US 2005/066183 A1. The isolation of 
the compounds according to the invention by column chro 
matography With silica gel as stationary phase leads to a 
separation of the different polar diastereomers. These Were 
characterised on the basis of their running time as “non 
polar” diastereomer (shorter running time) and “polar” dias 
tereomer (longer running time). Silica gel 60 (0040-0063 
mm) from E. Merck, Darmstadt, Was used. The thin-layer 
chromatography investigations Were carried out With HPTLC 
precoated plates from E. Merck, Darmstadt. As solvent, for 
example methanol/ ethyl acetate Was used in a ratio of 1:1, 2: 1, 
3:1 or 4:1, preferably 3:1, or methanol/conc. ammonia solu 
tion 99.5:05 or methanol/ ethyl acetate/conc. ammonia solu 
tion in a ratio of 66:33:05. 

[0456] The pharmaceutical compositions of the invention 
optionally contain, besides at least one compound according 
to the invention, suitable additives and/or auxiliary sub 
stances, including carrier materials, ?llers, solvents, diluents, 
coloring agents and/or binders, and may be administered as 
liquid medicament forms in the form of injection solutions, 
drops or ointments, as semi-solid medicament forms in the 
form of granules, tablets, pellets, patches, capsules, plasters/ 
spray plasters or aerosols. The choice of the auxiliary sub 
stances etc. as Well as the amounts thereof to be used depend 
on Whether the medicament is to be administered orally, per 
orally, parenterally, intravenously, intraperitoneally, intrader 
mally, intramuscularly, intranasally, buccaly, rectally or topi 
cally for example to the skin, mucus membranes or to the 
eyes. For oral application suitable preparations are in the form 
of tablets, coated tablets, capsules, granules, drops, ointments 
and syrups, While for parenteral, topical and inhalative appli 
cation suitable forms are solutions, suspensions, readily 
reconstitutable dry preparations, as Well as sprays. Spirocy 
clic cyclohexane derivatives according to the invention in 
depot form, in dissolved form or in a plaster form, optionally 
With the addition of agents promoting penetration of the skin, 
are suitable percutaneous application preparations. Orally or 
percutaneously usable preparation forms can provide for the 
delayed release of the compounds according to the invention. 
The compounds according to the invention can also be 
employed in parenteral long-term depot forms, such as for 
example implants or implanted pumps. In principle other 
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active constituents knoWn to the person skilled in the art can 
be added to the medicaments according to the invention. 

[0457] The amount of active constituent to be administered 
to the patient varies depending on the patient’s Weight, form 
of application, medical implications and the severity of the 
illness. Normally 0.00005 to 1 mg/kg, preferably 0.0001 to 
0.05 mg/kg of at least one spirocyclic cyclohexane derivative 
according to the invention is applied. 
[0458] All the aforementioned forms of the medicaments 
according to the invention also may contain, in addition to at 
least one compound according to the invention, a further 
active constituent, in particular an opioid antagonist, prefer 
ably naloxone. 

Comparative Investigations 

[0459] For comparison purposes the standard medication 
levomethadone, Which has no signi?cant ORLl component, 
Was tested in the WithdraWal jumping test. Levomethadone, 
Which is one of the standard therapeutic agents used in sub 
stitution therapy, likeWise induced WithdraWal jumping. 
Among the compounds described in US 2006/004034 A1 and 
US 2005/066183 A1 are a number of substances With a slight 
ORLl component. TWo typical members With a slight ORLl 
component (compounds In and n) Were likeWise tested in the 
WithdraWal jumping test and induced WithdraWal jumping. 
This shoWs the importance of the ORLl component as 
regards the suitability of a substance for substitution therapy 
Within the group of compounds described in US 2006/ 004034 
A1 and US 2005/066183 A1. 

[0460] The properties that are desired in the standard thera 
peutic agents and Which are to some extent manifested 
include: 

[0461] 1. High opioid potency 
[0462] 2. Full intrinsic activity 
[0463] 3. Long action duration (active metabolites such 

as for example in the case of LAAM are even desirable 

in this indication) 
[0464] 4. SloWer action on set, especially With oral 

administration (less “kick”) 
[0465] 

Whereas With the knoWn standard substances some of these 
properties are missing or are insuf?ciently manifested, With 
the compounds according to the invention all the required 
properties Were present. 
[0466] The compounds according to the invention shoW 
signi?cantly reduced cardiovascular side effects compared to 
methadone and LAAM. The cardiovascular side effects are 
attributed to a delayed cardiac repolarisation (manifested as a 
QTc extension in the outside ECG), Which is caused by the 
blockade of a special potassium channel (HERG) (Kornick et 
al. Pain 2003, 105, 499-506). Both methadone and LAAM 
exhibit interactions With the HERG channel (Jiesheng et al., 
Eur. J. Pharmacol. 2003, 458, 25-29; Katchman et al., J. 
Pharmacol. Exp. Ther. 2002, 303, 688-694). In connection 
With the order issued by Orlaam (LAAM) the FDA gave a 
Warning in 2001 about the cardiovascular effects (JAMA 
2001, 285, 2705). In the case of the compounds according to 
the invention it Was shoWn for example that the cardiovascu 
lar side effects are signi?cantly less compared to methadone 
and LAAM. 

5. LoWer cardio toxicity 
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EXAMPLES 

[0467] Within the group of spiro compounds described in 
US 2006/004034 A1 and US 2005/192333 A1 there are com 
pounds With a higher and loWer ORL1 component. 

Measurement of the ORL1 Binding 

[0468] The cyclohexane derivatives of the general formula 
I Were investigated in a receptor binding assay With 3H-noci 
ceptin/orphanin FQ With membranes of recombinant CHOi 
ORL1 cells. This test system Was implemented according to 
the method proposed by Ardati et al. (Mol. Pharmacol., 51, 
1997, pp. 816-824). The concentration of 3H-nociceptin/or 
phanin FQ in these tests Was 0.5 nM. The binding assays Were 
carried out With 20 pg of membrane protein per 200 pl of 
batch in 50 mM Hepes, pH 7.4, 10 mM MgCl2 and 1 mM 
EDTA. The binding to the ORL1 receptor Was determined 
using in each case 1 mg WGA-SPA beads (Amersham-Phar 
macia, Freiburg), by incubating the batch for one hour at 
room temperature folloWed by measurement in a Trilux scin 
tillation counter (Wallac, Finland). The a?inity is given in 
Table 1 as nanomolar Kij value in or % inhibition at c:1 pM. 
[0469] Measurement of the p-Binding 
[0470] The receptor a?inity for the human p-opiate recep 
tor Was determined in a homogeneous batch in mikrotiter 
plates. For this purpose dilution series of the respective sub 
stituted cycloheXyl-1,4-diamine derivatives to be tested Were 
incubated With a receptor membrane preparation (15-40 pg 
protein per 250 pl incubationbatch) of CHOiKl cells Which 
express the human p-opiate receptor (RB-HOM receptor 
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membrane preparation obtained from the NEN company, 
Zaventem, Belgium) in the presence of 1 nmol/l of the radio 
active ligand [3H]-naloxone (NET719, NEN company, 
Zaventem, Belgium) as Well as of 1 mg WGA-SPA beads 
(Wheat germ agglutinin SPA Beads from Amersham/Pharma 
cia, Freiburg, Germany) in a total volume of 250 pl for 90 
minutes at room temperature. 50 mmol/l tris-HCl supple 
mented by 0.05 Wt. % of sodium aZide and 0.06 Wt. % of 
bovine serum albumin Were used as incubation buffer. In 

order to determine the non-speci?c binding, 25 pmol/l of 
naloxone Were additionally added. After the end of the 
9-minute incubation period the microtiter plates Were centri 
fuged for 20 minutes at 1000 G and the radioactivity Was 
measured in a [3-counter (Microbeta-Trilux, PerkinElmer 
Wallac Company, Freiburg, Germany). The percentage dis 
placement of the radioactive ligand from its binding to the 
human p-opiate receptor at a concentration of the test sub 
stances of 1 pmol/l Was determined and given as the percent 
age inhibition (% inhibition) of the speci?c binding. In some 
cases 1C5O inhibition concentrations Which effect a 50% dis 
placement of the radioactive ligand Were calculated on the 
basis of the percentage displacement by different concentra 
tion of the compounds of the general formula I to be tested. Ki 
values for the test substances Were obtained by conversion 
using the Cheng-Prusoff relationship. 
[0471] The folloWing table lists by Way of example some 
compounds Which, although they bind very Well to the p-opi 
ate receptor, nevertheless have a relatively loW ORL1 com 
ponent: 

Comp ound Structure 

a 

Citrate 

ORL1/p ratio p-opiate 
calculated as ORL-l receptor 

KiQD/KKORU) [1 11M]. [1 HM], 
(only for measured % % 

Ki values) inhibition inhibition 

1 83 

5 89 
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-continued 

ORL1/u ratio i1-opiate 
calculated as ORL-l receptor 

KiQD/KKORU) [1 PM], [1 HM], 
(only for measured % % 

Compound Structure Ki values) inhibition inhibition 

c 11 74 

Citrate 

d 13 83 

e 15 75 

f 27 92 

Citrate 
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-continued 

ORL1/u ratio i1-opiate 
calculated as ORL-l receptor 

KiQD/KKORU) [1 PM], [1 HM], 
(only for measured % % 

Compound Structure Ki values) inhibition inhibition 

g 31 91 

F 

P 

h 32 97 

I 32 99 

F 

F 

j 33 78 

Citrate 
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-c0ntinued 

ORL1/u ratio i1-opiate 
calculated as ORL-l receptor 

KiQD/KKORU) [1 PM], [1 HM], 
(only for measured % % 

Compound Structure Ki values) inhibition inhibition 

k 41 82 

F 

F 

l 43 100 

In O 0.03 69 nM 2.4 nM 

/ (K0 (K0 

NH 

HN— 

O 

Citrate 

n 0,1 14.3 nM 1.8 nM 

(Ki) (Ki) 

Hernicitrate 






















































































