-1-

Spiro[ Piperidine-4,1"-Pyrrolo[3,4-cl Prrol e] 63”#%@5%“E§%nf3
invention relates to conpounds of the general fornula #

wherein 5 Rerr] is (err]-cycloalkyl, optlonal Jii%bstltuted
by | ower al kyl; decahydro- naphthalen 1-yl;

decahydr o- naphthalen 2-yl" indan-1-yl or ‘i ndan- 2- yl,
optionally substituted by |ower alkyl; decahydro-azul en-2-yl;

bi cycl o[ 6. 2. 0] dec- 9- yI acenaphthen 1-yl; bycycl o[ 3.3.1] non-9-yl; 2;§£442§2
di hydr o- 1H phenal en- 1 yI 2,3, 3 G-hexahg --IH—phenaIen 1- yI 10
oct ahydr o-i nden-2-yl; 1, 2,3 4. é’HISaSb!EIE‘bHASLBEEN en-1-yl; 1,23, 4

t et r ahydr o- napht hal en- 2-y| : napht haIRﬁ”PUAOE\Br al kyl -1-yl;

napht hal en-1 ower al kyl -2-yl; aC® znd 5-i sopropyl -

met hyl - bi cycl o[ 3. 1. 0] hex-3-y| Rlerr], Rerr] are hydr ogen;
hydr oxy; | ower alkyl; =0 or phenyl , optionally 15

substituted by | ower al kyl, halogen or al koxy;
The present invention relates to compounds of the general formula

R
\ 3
RZ
Rl/N 5
I
wherein
5 R' is C, ,-cycloalkyl, optionally substituted by lower alkyl; decahydro-

naphthalen-1-yl; decahydro-naphthalen-2-yl; indan-1-yl or indan-2-
yl, optionally substituted by lower alkyl; decahydro-azulen-2-yl;
bicyelo[6.2.0]dec-9-y1; acenaphthen-1-yl; bycyclo[3.3.1lnon-9-yl; 2',3-
dihydro-1H-phenalen-1-yl; 2,3,3a,4,5,6-hexahydro-1H-phenalen-1-yl;

10 octahydro-inden-2-yl; 1,2,3,4-tetrahydro-naphthalen-1-yl; 1,2,3,4-
tetrahydro-naphthalen-2-yl; naphthalen-lower alkyl-1-yl;
naphthalen-lower alkyl-2-yl; acenaphthen-1-yl; and 5-isopropyl-2-
methyl-bicyclo[3.1.0]hex-3-yl;

R, R’ are hydrogen; hydroxy; lower alkyl; =O; or phenyl, optionally
substituted by lower alkyl, halogen or alkoxy;
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-2- Rlerr] is hydrogen; |ower alkyl;

-(CH err])[err]CHOH) CF[err]; -(CHerr])[err](err]-cycloal kyl;

phenyl ; benzyl; tetrahydrofuran-3-yl; -(CHerr])[err]OCH err](err]Herr];
- (CH err])[err]norpholinyl;.8=nethyl -oxetan-3-yl -nmet hyl ;
-(CHerr])[err]CHerr]OH, - S(O[err]-lower alkyl;

-C(O -1 ower alkyl p#+ Cé ) R .
(Gerr]) Lerr] O O I ey e o e O by v Csa Eycloalle

- IC(k OI) ;1[et er i)ar yIC;( O) S( Opﬂ:eny};-benzyl;ltetx;ahydroﬁu%nfa;yl; ;-(FE(),@ ELCIHNE oner
a err]; - - - CyC ;- ;
- ( 6 O | ower al kyl : C&&i-ﬂnmo%pk?oﬁpﬁi %@e%@wgﬁ?%ﬁér@&m L F%n%ﬁ; -

trifluoromethyl or |°‘S?O)aiowiyaak§l' -C(O)-lowét: alkyP -@((Z)?)?FE;QC(O)(CHzﬁ@%Igg -

phar maceutical |y acceptabl e ac ddrtion salts”ther
cgrrpounds_ of fornula I(Cﬁ;ﬁ%@ﬁﬁlﬂomthikﬂb&-mﬂmtemm EdCi9)heteradryk; -S(0),-
therapeutic properties. It_has_surprisingly be found th h 0 und
of the present i n@bwybns@b-l}i@ewpgaﬁ(ﬁhw )aﬁmg@iﬁaaisglt; oé(é)@% enyl;
or phanin FQ (OFQ re I; yently they are useful in the

o ErBSom B AEGH

treatment of psychiatric I'tal and physi ol ogi cal disorders,
especially, but not limted to,- anelioration of synptons of anxiety and

stress disorders, Rfepiebydesger; halogen; loweralkyl;ytrifbssrogiethy/borlowe alioxs;
di sease or other denentias, deficits in cognition and | earning,
epi | epsy and convul si gns, acute and/or chronic pain condi ti ons,

synpt ons of addicﬂlvelﬁpug3Mﬁthdramal, control of water balance, 20 Na[err]
excretion, arterial blood pressure dirsorders and netabolic disorders such

as obesity ] . 4. Chi lons have
been descr H)ed: and to ﬁw&ﬁg@# ce t%@ﬁﬁéﬁ?@e@gﬁ?ﬁ%@%ﬁ%@
receptor-like ORL1 receptor, Eur. J. Pharnmacol., 340: 1-15, 1997: 25

- The orphan opi oiThed cnapoendsofiforirule Idagktinis siltgane characterized by valuable
noci cepti n/orphanin FQ Trends Pharnmacol ., Sci., 18:293-300, 1997:
_ Orphani n FQtherapeutitpropextiesdtihassurpuisirglyibeen fand that the eompgundsof

337. 1996; the present invention are agonists and/or antagonists of the orphanin FQ

(OFQ) receptor. Consequently they are useful in the treatment of psychiatric,

15 neurological and physiological disorders, especially, but not limited to,
amelioration of symptoms of anxiety and stress disorders, depression, trauma,
memory loss due to Alzheimer's disease or other dementias, deficits in
cognition and learning, epilepsy and convulsions, acute and/or chronic pain
conditions, symptoms of addictive drug withdrawal, control of water balance,

20 Nat excretion, arterial blood pressure disorders and metabolic disorders such

as obesity.
In the following references these indications have been described:

- Nociceptin/orphanin FQ and the opioid receptor-like ORL1 receptor,
Eur. J. Pharmacol., 340: 1-15, 1997;

25 - The orphan opioid receptor and its endogenous ligand
nociceptin/orphanin FQ, Trends Pharmacol. Sci., 18:293-300, 1997;

-Orphanin FQis a functional anti-opioid peptide, Neuroscience, 75:333-
337, 1996;




-3 - - O phanin FQ nociceptin-lack of antinociceptive,

hyper al gesi c or all odynic effects in acute thermal or nechanical

tests, follow ng i ntracerebroventricular or intrathecal admnistration
to mce or rats, Eur. J. pain. 2: 267--280, 1998: 5 - O phanin
FQ acts as an anxiolytic to attenuate behavi oral responses to stress,
Proc. Natl. Acad. - @xiphanifsFQ/Bécicdpiihdadléd 8PantihB8iéeptive, hyperalgesicaphani n
FQ an agoni st _of orphan opioid receptor ORL1, stinulates feeding in

rats, Neuror ep&dmemsmgwm@@rmal or mechanicalrgsts, it"qlbnwmg of long-term
potentiation an

elac ing 10 noci.ceptin tors, Nagure,
Do 53 5oy gafsibrvertteil Fihscal Admipiskration, ‘/'%?]bmr
receptor tran?E% Pd. 9gY-O80egn98:  central nervous system and i mune cells,
J. Neur oi mung, ; - : 98. . OFQ a heptadeca peptide, has

been isolated fromrat brain and is a natural ligand to a Gprotein
coupl ed reaggeptor C@i@h@hmmaétsads ﬂxﬁhxi(ﬂyﬁbﬁo h&eiaﬁabébéﬁaﬁbfél%sp%@sto
exhi bits agoni stic gcti N Vi Vi vo.
Julius (Nat ur §¥epH QEQL. ot Atad. 36 L’—‘- ' ~ O:Q not i ng

that this peptldesaresc tes sef ce hormo W|thd hi n
est abl i shed endogér‘g‘&h‘%‘l’@ % orphan, ppioid regept ?'héﬂﬁ-rf %t e

20 cycl ase i ng )N ok' 61@ 8%69’3?1%6 nduces hyper al gesi a when
adm ni stered |n ra cere r ’The pattern of results

I ndicate that this heptadecapeptide is an endogenous agoni st of the LC 132

receptor and it apaeflitation vflongtermawiteiiative apdopeniorgdn rhicellackingen
descri bed that when injected intra- cerebroventrl cuI arly in mce, OFQ sl owes
25 down | obbndorigeptinitepeptpra,Nature,384: S6:581 1998:5 and it has been

concl uded t hat CFQ may act as a bra| n neurotransmtter to nodul ate

noci ceptive and J sent
invention are the” co ’%‘%‘g@of P%?%Yﬂﬁ?pha%mFQrec &mtg%%r@ﬁﬁhMaﬁ
accept abl e ad@eﬁt:@mn%ﬁdu‘s $yxtéaind ﬁﬁﬁﬁiﬁdlcdﬂsXUUN%&réﬂﬁhnhml 81: 184-192. 1998.
-4- correspondi ng enantioners, the preparation of the above-nenti oned

OFQ, a heptadeca peptide, has been isolated from rat brain and is a
natural ligand to a G-protein coupled receptor (OFQ-R), found at high levels in
15 brain tissue. OFQ exhibits agonistic activity at the OFQ-R both in vitro and in

vivo.

Julius (Nature 377,476, [1995]) discusses the discovery of OFQ noting
that this peptide shares greatest sequence homology with dynorphin A, an
established endogenous ligand for opioid receptors. OFQ inhibits adenylate

20 cyclase in CHO(LC 132+) cells in culture and induces hyperalgesia when
administered intia—cerebrbventricularly to mice. The pattern of results
indicate that this heptadecapeptide is an endogenous agonist of the LC 132
receptor and it appears to have pro-nociceptive properties. It has been
described that when injected intra-cerebroventricularly in mice, OFQ slowes

25 down locomotive activity and induces hyperalgesia and it has been concluded
that OFQ may act as a brain neurotransmitter to modulate nociceptive and

locomotive behavior.

Objects of the present invention are the compounds of formula I and

pharmaceutically acceptable addition salts thereof, racemic mixtures and their



conpounds, nedi canents containing themand their manufacture as well as

the use of the above-nentioned conpounds in the control or prevention of

i1l nesses, especially of illnesses and disorders of the kind referred
above, or in 5 the manufacture of correspongling nmedi canents. The
follow ng definitions of the general terns used in the present

descri ption ap@riespohfaieehantioperstheitephRiftideofthd dbdiiiengiondarear

al one or in conbination, such as | ower al kyl and | ower al koxy.

As used her ei rcomppunds; medicaments ¢ontainingdhem and theirghanufactureas well as 0

L Ao SRyt g of SRR
Pr ef d : Q : i cafl .
B N e e

The term "cycl rbocyclic ‘group contai niny

fromb5 - 125 cdhbanantufavturepofdorrespodnding medicdinsyts, cycl ooctyl, cycl ononyl
and 15 cycl odecyl . The term "heteroaryl" includes an aromatic 5-6

Ul fur and nit rogdite ielibwgng detnitiaes tths Semeral berns ﬁ?«'gpf?{l &% BpeR) °|X,ygle”’
8§?$gzgl yl I Sgﬁﬁ#ﬁ%ﬁoﬂ;%ﬁ% %n? o nyt&@%l'ﬁér the terxhgﬁ.ﬁ%%g%ﬂp.qiﬁe%%hgné

denot es chl or iordn dogsbinatioh| sach a8 1ewer Hk9rand lower alkoxy. The term
"pharnmaceutically acceptable acid addition salts" enbraces salts with

I norgani ¢ and organic acjds well-known in the art for pharmaceutic

purposes, such as Af/asesthersinctheterm Yower allsd!’ denatesia straights ar byanehad: i c

acid, 25 cigri ' f ] s [ ' L el cid,__acetic . acid,
e ni o o o chatt bfict oy boftdifing MO 1 SoRorholl¥efig, A Sorfi, ufpehshy -
acid and the letkgl, pro?yl, isopropyl, n-butyl, i-butyl, 2-butyl, t-butyl and the like. Preferred
Preferred conpounds_of the present invention are those of fornula i, in
which Rl err] ilewer elsyl-groups ar« groupspwitbnbt hycashers atamsed by | ower al kyl ,
for exanple the foll owi ng conmpounds:

3T By oy o PSR SRl ensic ™ SirabS b F R A Pl g™
(3" aRS, 6' aSR) flae\5! 29 eavborPatoiBs, Prefeired HA ¥ cl RNy & docuyl, edbREAYIARE-
15 cyclodecyl.

The term “heteroaryl” includes an aromatic 5-6 membered ring containing
one to four heteroatoms selected from oxygen, sulfur and nitrogen. Examples
of heteroaryl are furyl, thiophenyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
imidazolyl, triazolyl, pyrrazolyl, pyridinyl and pyrimidinyl.

20
The term "halogen" denotes chlorine, iodine, fluorine and bromine.

The term "pharmaceutically acceptable acid addition salts" embraces
salts with inorganic and organic acids well-known in the art for pharmaceutic
purposes, such as hydrochloric acid, nitric acid, sulfuric acid, phosphoric acid,

25 citric acid, formic acid, fumaric acid, maleic acid, acetic acid, succinic acid,
tartaric acid, methane-sulfonic acid, p-toluenesulfonic acid and the like.



4,1'(2'H-pyrrol o[ 3,4-c]pyrrole]- 4',6"-dione;

(3" aRsS, 6' aSR) - 1- Cycl odecyl -5' - et hyl - 2' - phenyl - hexahydr o-spi ro [ pi peri di ne-
4,1' (2" H)-pyrrol o[ 3,4-cl pyrrole]; 10

(3'aRS, 6' aSR) 1- (ci s-4-1sopropyl -cycl ohexyl )-%--net hyl - 2" - phenyl - hexahydr o-
spiro[ pi peridine-4,1" -pyrrol o[ 3, 4-c] pyrrol el ;

(3'aRs, 6" aSR) 1- (CIPrefeﬂrsdrebmhmawmheprééeni in®étion are theseyof fofvaala 3 i
spi ro[ pi peridine-4, 1 rrol o[ 3 c]pyrrol

(3' aRS, 6' aSR) -whichiR: i SOPY pgliky ilmubstltutﬁ@by owesnallsyl, for eaaple -
15 4.1 | of 3, 4- I

(3 angl goggk?%eqlgﬁngpg gé)‘ﬂplé%?&((r:;gl gLexyI ;:] gyr (rzgcﬂ)pr opyl net hyl - 2' - phenyl
- hexahydr o- spiro[ pi peridine-4,1" (2' H)-pyrrol o] 3, 4-c] pyrrol e];

(3'aRs, 4' SR, 6 (aBSs G’aSR)SI ezhmmw -mieYB{RYednyl %exﬁhydrdiﬁf)ﬁﬁplﬁenﬂiﬁé‘-w -

hexahydr o- splro£ eridi ne- yrrol o[ 3, 4-c] pyrrol e];
(3" aRsS, 6' aSR) 411 fpmobfa)é;ﬂlpmelﬂhexyl) 2' - phenyl - hexahydro

di e . 3
(5 RS, 6 aSR) - Q%a%%%a&ivﬁ CtladBen5:mefl Zin;a% R Brpae Ty pinidienc.
4,1' (2 | )
(3 a(RS Ig)ag?g rﬁigﬁ)?ﬁ%[“ﬁ%ﬁ“@ 4.8 henyl hexahydro spi r o[ pi peri di ne-
(Zg ?zsla( ng; {5388836@:53)4-%106:905'165 etﬁyl-Zz-gh%nyl-h?xﬁyd;o-s%ro[plfeﬂdm?]- .
a a c ohex me en exahydr o-
spi r o[ pi peri d,%@&fﬂ} gg{%"m}é}cﬂbwro?{e] 4' 6 d?/one PReny _ d

B il & el
(3" akRs, 6' aSR)sfnf ii)e;hdlﬁéﬂfmép&ném yirble}; - benzyl - 72 - phenyl - hexahydro-.

rol o clpyrr ol e
aRs 6'a%R)1-(c1s-4-Isopr£)py1-cy (?hexyl) 5J-ethyl-2’-phenyl-hexahydro-

é?o""RS ° ‘;‘§.F‘Zos§‘>a‘°§g eaidiBeR SRR A eY, Do g S P e
(3'aS, 6" aR) 1- (s‘ai%SLG‘aSR)E@RHé-leIé@E %&hbﬁexﬁblﬂlﬂutﬂ& F}ﬂ%ﬁﬁl-ﬁé&é&bﬂ%ﬂ
spiro [plperldlnezf D rroloiHd yrrol e]

(3' aR 6' aS)4- (spixolpiperidinedy1'(2 -imbrmly[%A—B]pmoMl 2' - phenyl - hexahydr o-

5 QE[SE%"SESZ @t BagBich g TsoeiinaoBbe) 5 sslonronyimethyt 7-Bhengle ny
(3 ars. o' ask) T ee SRSl 4 L O B o R e vanyaro- 10

spi r o[ pi peri dl(Bh:RS 4'SR;§laRS)e‘[-&;1d—4e]]sppropyﬂ-]cy510hykjrl—)-M;’ S-dimethy}2'-phenyld de;
(3" aRS, 6' aRS) - |s 4-

spi r o[ pi peri d| ydro '|§?4'=r|° IBF' dgp%%‘ii é‘f'?]éjyr}gélpj’drﬁxghg?rﬁet hanone;

A e aR o 6 S B I A i SRy, By BRI 2 ) Ot
spiro[piperidine-4,1'(2'H)-pyrrolo(3,4-c]pyrrole];
(8'aRS,6'aSR)-1-Cyclodecyl-5'-methyl-2'-phenyl-hexahydro-spiro[piperidine-
4,1'(2'H)-pyrrolo[3,4-clpyrrole];
(3'aRS,6'aSR)-1-Cyclononyl-5'-ethyl-2'-phenyl-hexahydro-spiro[piperidine-

25 4,1'(2'H)-pyrrolo[3,4-c]lpyrrole];
(3'aRS,6'aSR)-1-(cis-4-Isopropyl-cyclohexyl)-5'-methyl-2'-phenyl-hexahydro-
spiro[piperidine-4,1'-pyrrolo[3,4-c]pyrrole]-4',6'-dione;
(3‘aRS,6'aSR)-1-(cis;4-Isopropyl-cyclohexyl)—5'-benzyl-2'-pheny1—hexahydro-
spiro[piperidine-4,1'-pyrrolo{3,4-c]pyrrole]-4',6'-dione;

30 (3'aRS,6'aSR)-4-(cis-4-Isopropyl-cyclohexyl)-5'-benzyl-2'-phenyl-hexahydro-
spiro[piperidine-4,1'(2'H)-pyrrolo[3,4-clpyrrolel;

splro[plperldln




15

(3 asS, 6' aR) - 1- Cycl ononyl -5' - net hyl - 2' - phenyl - hexahydr o- spi ro[ pi peri dine-4,1
pyrrol o[ 3, 4-c] pyrrol el;

(3 asS, 6' aR) - 1- Cycl odecyl - (2 fl uoro- phenydg-5' - met hyl - hexahydr o-

spiro[ pi peridine-4,1' pyrrolo[3 4-c] pyrrole];

(3" aRS, 6' aSR) { é’aﬁs:ds’asmmcsté%ﬁ @yahnwn-ﬁﬁcymhwl-mmmxaawo-

spi ro[ pi peri dine-4,1"' rolo

clpyrrole
(3' aRS, 6' aSR) spir0)pipenishge-471’ &-pyﬂd{@[ﬁ algl;r o pi peridine-4,1' -
pyrrol o[ 3, 4- c]

(3 ars, FsazSLR) ]3 %@Eﬁhﬁﬁw‘@wﬁéﬂwﬁbﬁw&?@&ﬂ& gpggﬂ hexahygdro-
rrolo c r@m (Bﬁ none; an

% aRsS, 6' aSR) S%J@HE ecy I2 %lﬁ)[ﬁ)@éegﬁﬁ ?o spiro[ pi perine-4,1"-

p%/i’::‘ gl ?1[ I?)sgj ?]éa&ilk ghg}%&gﬁ}wﬁp}m I hexl) dro SI]Zr-g?eiliyl(;]?I di nedIES)-l -

pyrrol of 3, 4pc]5§>};fq[B{PF ! i g?hi'flmﬂgg’hanong 0" Furt her

preferred are ﬁ%ggﬁfs)olf_(&%%rﬂ ﬂvﬁrd Fgclwﬂhgﬁglg[_ i}hs %ﬂgﬁﬁh)@tﬁh@yy

napht hal en- 2- suc

-7- M xt U'lféx@hg Sirofpipaitiineaad -pyrrolo[3, 4-c]pyrrole]
- (3"aRS,6'aSR) - 1 RS, 4aSR 8aRsS) - decahydro-
napht hal en- 2- {B'aRS,6'aSR)13- b (cigrdsgpronyt-englehexyliZ-phepybbexshydron 7' -

P At o fhy O AN il it

ht hal en- 2- alRsh e s
Q?Byrrgl g]n MailI\}’Sxtsure of %ﬂﬁpgpbf&g%ﬁyz%w xabydee! of

(3' aRS, 6' aSR) -spiraipiperiding-URpyracn[Ré yrrol]-5'-y1]-pyridin-3-yl-methanone;I
byrrolo(s, Zaﬁﬂéﬁﬁaaﬁé'ﬂﬁ T Rgrebheny ittt &-0prony L Eralaberaf 5" deshyT

(3 aRSGaSR) - ] ' G-
. decahydr o- naph n- 2- hotéﬁ ﬁﬁ%&%ﬁ}&[ﬁllc |yrr501e]p-|4perq’lgf1ﬁe 4, 1'-
pyrrol o[ 3, 45 C](BS&S 6'b.R])-r14Cy&ondnpln§ - methyl\2 ptheny] hiex4RydreRsiralpiyeriding-4,1'-

(3" aRs, 6' aSR) - 1- [(2RS 4aSR, 8aRS) - decahydr o-
" napht hal en- 2- yyprotoldaipyeralelahy dr o- spi r o[ pi peri di ne-4, 1' -pyrrol o[ 3, 4- 15

c]pyrrole]-4 . M f SR.. ) _
" (3' aRs, 6' aSR) - gaﬁdﬁﬁgﬁ? 11@9?9&"’2%@3%%? ‘pHefyDhaieti tiexdiydro
. decahydr o- naprgdﬁ dihb-421"- ?ﬁ@ﬁ]ﬂ[a Jaatpydled; spiro [piperidine-4, 1'-
- pyrrol o[ 3, 4-c] pyrrol el . her preferred conpounds of formula | are,
for exanple (3'aRS, 6'aSR)-1—Cyclononyl—2'-(4-ﬂuoro-phenyl)-5 "-methyl-hexahydro-
20 sp1ro[p1per1d1ne-4,1'-pyrrolo[3,4-c]pyrrole],

(8'aRS,6'aSR)-1-Cyclononyl-2'-phenyl-hexahydro-spiro[piperidine-4,1'-

pyrrolo[3,4-c]pyrrole]; |
(3'aRS,6'aSR)-(1-Cyclononyl-2'-phenyl-hexahydro-spiro[piperine-4,1'-
pyrrolo[8,4-c]pyrrol]-5'-yl)-cyclopropyl-methanone; and
25 (8'aRS,6'aSR)-(1-Cyclodecyl-2'-phenyl-hexahydro-spiro[piperine-4,1'-
pyrrolo[3,4-clpyrroll-5'-yl)-cyclopropyl-methanone;
(3’aRS,6’aRS)- 1-(cis-4-Isopropyl-cyclohexyl)-2>phenyl-hexahydro-spiro[piperidine-4,1*-
pyrrolo[3,4-c]pyrrol]-5- yl]-tlnophen-z-yl-methanone

30 Further preferred are compounds of formula I, in which R’ is de.cahydro-
naphthalen-2-yl.

Examples of such compounds are



20 M xture of (3" aRS, 6'aSR) - and

(3" aSR, 6' aRS) -5' - net hyl - 1- [ (RS) - 4- net hyl -i ndan-

2-yl]-2'-phenyl - hexahydr o- splro[plperldlne 4,1 -pyrrolo [3,4-c]pyrrole];
M xture of (3'aRS, 6'aSR)- and

(3" aSR, 6' aRS) - 1-[ (RS) - 4- et hyl -i ndan- 2-yl ] -

E)ge nxé I 6hei; ;ithmtanle of;(ah%ﬁ’fﬂsi)a a&ﬁg)lcs’ams 6@81%)3%-«2%1834asnlsﬂr§5)|-decah d.|r<])

a a - et r ahydr o- napht al en-

25 hexahydr o h%ﬂﬁnp%g'%’y 35[ d;tppgp%mipq}er?&ne-4 v

(3" aS, 6'aR) -5 r I-l[(R) 1234tetrahydro napht al en-1-yl ] -
hexahydr o- Spl XJE% pgl’l él‘ﬂgj}‘i‘g -pyrrol o[ 3,4-c]pyrrol e];

(3' aSR, 6' aRS) Mm{tﬁf&fm P -ahdy(Blaks, 6 HSR)V - (émmlsmada@hg'am-
spiro [piperidine-4 I—li) pyrrolo[34c]pyrro|e}

-8- 5 naphthalen-2-yl 2 -phenyl-hexahydro-spuo[p1pendme-4 1’-pyrrolo[3,4-

(3" aRs, 6' aSR) - squélgﬁ 3aRS) - 2, 3, 3a, 4, 5, 6- Hexahydr o-| H phenal en-1-yl ]-5" -
met hyl - 2' phe iﬂ hydro-spi ro[ pi per| dine-4,1 (2'H-pyrrolo[3,4-c]pyrrole

l; and ' ¥ - . ]

(3" aSR 6' aRsS) - S’P@ %@d@ %?B_ hendF aSR)55 -ethyl-1-[(2RS,4aSR,8aRS)
1-yl]-5" - net h;ibeaﬂiydmmaphmmgqﬂMSphemﬂmmydrMpﬁo1p1@3nain¢m;roI o[ 3, 4-
cl pyrrole. anj’ pre eﬂ_E1 ounds of fornula | and their

phar naceutlcaPW°1°[3 WP s@f 1gN@an be prepared by methods known in

The 2L T SaERlSor (s iifSRERATANSS BRRHN A SeARG1 1" olE] AlkiE BERS) >

10 a) reductive am nat1ng a c

I[—Iﬁ rrl V\ﬂééahydiﬁﬁﬁﬁplftﬁaﬁn-ﬁ%*l]IB*-ﬁhenyl-hexahydro-Splro [piperidine-4,1*-

pyrrolo[3,4-c]pyrrole]-4’,6’-dione; ,
Mixture of (8’aSR,6'aRS)- and (3’aRS,6’aSR)-1-[(2RS,4aSR,8aRS)-decahydro-
naphthalen-2-yl]-2’-phenyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-

15 clpyrrole]-4’,6’-dione; and
Mixture of (3’aSR,6’aRS)- and (8’aRS,6’aSR)-5"-ethyl-1-[(2RS,4aSR,8aRS)-
decahydro-naphthalen-2-yl]-2-phenyl-hexahydro-spiro[piperidine-4,1’-
pyrrolo{3,4-clpyrrole].

Other preferred compounds of formula I are, for example

20 Mixture of (3’aRS,6’aSR)- and (3’aSR,6’aRS)-5"-methyl-1-[(RS)-4-methyl-indan-
2-yl]-2’-phenyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-c]pyrrole];

Mixture of (3’aRS,6’aSR)- and (8’aSR,6’aRS)-1-[(RS)-4-methyl-indan-2-y1]-2'-
phenyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole];
(3’a8S,6’aR)-5’-Ethyl-2-phenyl-1-[(R)-1,2,3,4-tetrahydro-naphtalen-1-yl]-

25 hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-c]pyrrole];
(3’a8S,6’aR)-5’-Methyl-2-phenyl-1- [(R)-1,2,3,4-tett'ahydro;naphtalen-1-y1]-
hexahydro-spiro[piperidine-4,1-pyrrolo[3,4-c]pyrrole];
(8’aSR,6’aRS)-1-[(RS)-Acenaphthen-1-yl]-5"-methyl-1’-phenyl-hexahydro-
spiro[piperidine-4,1’(2'H)-pyrrolo[3,4-c]pyrrole];



wherein R err]- R err] have the significances given above, 15 or b)
reduci ng a conpound of formula [err] :

-9 - to a conmpound of one of the formul ae [err]

wherein R err], Rerr] and Rl err] have the-®ignificances given above, 5 or
c) acylating or sulfonylating a conpound of formula

(3’aRS,6’aSR)-1-[(1RS,3aRS)-2,3,3a,4,5,6-Hexahydro-1H-phenalen-1-yl]-5-

methyl-2’-phenyl-hexahydro-spiro[piperidine-4,1’(2'H)-pyrrolol3,4-clpyrrolel;

and

Mixture of (3’aRS,6’aSR)- aﬁd (8’aSR,6’aRS)-1-[(RS)-2,3-dihydro-1H-phenalen-
5 1-y1]-5’-methyl-2’-phenyl—hexahyd1'o-spiro[piperidine-4,1’(2’H)—py1rolo[3,4-

clpyrrole.

The present compounds of formula I and their pharmaceutically
acceptable salts can be prepared by methods known in the art, for example, by

the processes described below, which comprise

10 a) reductively aminating a compound of formula

&
1l

with a compound of formula

wherein R'- R’ have the significances given above,
15 or
b) reducing a compound of formula

R4

RilN b Rs

I1



[err] to a conpound of formula 10

[err] wherein R err]- Rerr] and R err] have the significances given
above and Qis -S(Of[err]-Iower al kyl; -C(O-lower alkyl; -C(OCF[err];
-C(O(CHerr])[err]OCH err]; -C(ON(I ower atfyl)2; -

-10- S(O[err]-heteroaryl; -C(O-heteroaryl; -S(Oferr]-phenyl; -C(O)-
([ err] - cycl oalteyd corpound o€ohd Of thevfsrnadilagl and n is 0-3, or d)
debenzyl ati ng a conpound of formula [err]
/R RY H R‘%
,N; § 1N
I-2 I-3 _ I4

wherein R’, R* and R°have the significances given above,

5 or

¢) acylating or sulfonylating a compound of formula

to a compound of formula

N
X"
I-6

wherein R'- R’ and R’ have the significances given above and Q is -S(0),-lower
alkyl; -C(O)-lower alkyl; -C(O)CF,; -C(O)(CH,) OCH,; -C(O)N(lower alkyl),; -

10



[err] to a conmpound of formula [err] wherein R err]-Rerr]
and R err] have the significances given above, except that R err] and

Rl err] are not =0 or hydoxy, 10 e) reacting a ketone of fornula
[err] with N-phenyl-glycine of fornmula -10- [err] and trapping
the form ng azonet hine-ylides of formula [err] I n a conpound of
formul a S(0),-heteroaryl; -C(O)-heteroaryl; -S(0),-phenyl; -C(0)-C, ,-cycloalkyl; or -
C(0)O-lower alkyl and n is 0-3,
or

d) debenzylating a compound of formula

to a compound of formula

' N
R1 /N @ Rs
I-5

wherein R'-R® and R’ have the significances given above, except that R* and R®
are not =0 or hydoxy,

10 e) reacting a ketone of formula

R1/hgo

with N-phenyl-glycine of formula

vi



[err] wherein the substituents have the significances given above,

or, if desired, converting a racemc mxture into its enantioneric
conmponent s thus obtai ni ng optically pure conpounds, and 10 converting a
conpound of formula | obtained into a pharrdteutically acceptable acid
addition salt. In accordance with process variant a) the reductive

nol ecul ar sieves (4[err]), in an inert sol vent, such as tol uene or
tetrahydrofuran (THF), at reflux tenper . An alternative nethod is
the dehydration in the presence of an acidic catalyst with renoval of
water, e.g. with azeotropic renoval of water, or with

t et r ai sopr opy hndrtrappinigethet forming Hzemethine-ylides of formula

-12- The obtained internmedi ate enamine or imne is then reduced
wth a reduci ng agent, such as netal hydrides or hydrogen in the
presence of a hydr ogenating catal yst, pReferably w th sodi um
cyanoborohydride in a protic sol ventoaél]= anple in a mxture of THF
and et hanol at acidic pH. 5 Exanpl for correspondi ng keto
conpounds of fornmula Il are the fol | ow ng: 2- i ndanone,

bi cycl o[ 6. 2. 0] dec-9-one or (err]-cycl oal kanone, optionally substituted
by | ower al kylin a compound of forarwlar dance with process variant b) a conpound
of formula 1-1 is 10 reduced to one of the conpounds of fornmulae I-2. -3
and 1-4. This process is

am nation of a keto conmpound of formyl, {:O&ﬁth an amne of fornmula I11
is carried out by stirring with a dehyfirating agent in the presence of
e

R4

r-N @Fﬁ
5 .

wherein the substituents have the significances given above,

I-1

or, if desired,

converting a racemic mixture into its enantiomeric components thus obtaining

optically pure compounds, and

10 converting a compound of formula I obtained into a pharmaceutically
acceptable acid addition salt.

In accordance with process variant a) the reductive amination of a keto
compound of formula IT with an amine of formula III is carried out by stirring
with a dehydrating agent in the presence of molecular sieves (44), in an inert

15 solvent, such as toluene or tetrahydrofuran (THF), at reflux temperature. An
alternative method is the dehydration in the presence of an acidic catalyst
with removal of water, e.g. with azeotropic removal of water, or with
tetraisopropyl-orthotitanate in THF.



carried out in conventional manner with a reducing agent, preferably a

net al hydri de, such as lithium alum nium hydride or sodi um borohydri de
in an aprotic solvent, for exanple in diethylether, tetrahydrofuran or
di chl oronet hane. 15 In accordance wth j@rocess variant c¢) a conpound
of formula I-51is acylated or sulfonylated with a corresponding acid
chloride, acid anlpkk bbfained intetthiedivte diftfinels intidieds tR¥h redhedd Wetkoa
carbonyl chloride in the presence of triethylamne in a solvent, such
as di chl or orretnedmmmg@nts guch nemetal bydrided or hydmgen in ﬂmpmaenoaafa

manner . The groce D at i n a co or mul a
in accordance hydrogeng Bgc_‘r‘&ﬁa?é’s@ﬂ gﬁ%’) OY ¥ R A Brgfic
manner W th cajo xamdpRYRA! ikt Omvgﬂ‘p M tmin
met hanol and acet‘?&?:ﬂ g%rl%l Li%razf er r%%l y In a ra?l 0 °?%§°ﬁ‘°i’m The
process according to variant e) is carried out by reacting a ketone 25 with
a slight exgess ofExapplesyfor goyrespendingdreto cemponnts efi formula Harecthanpl e
tol uene at el gfxé ted tenperatures in the presence of a base, such as
triethylamn WiB&pi ng the forning azomethine-ylides in situ with the
desi red di pol arophil e conpound of forrmula I-1.

- 13- - RecR{Adanbng BiGR10162. d]ﬂe?—@rﬁﬁ%réﬁé 18 éloéfk%n%%”%ﬁ@ﬂ%
conponents in conventibnal nanner, for exanpt® Dy preparat| or
via di aster eormﬁsmtutedbﬁldwer alkyl. The salt formation is effected at

roomtenperatures in accordance with 5 nethods which are known per se and
which are famliar, to an ersgn skilled . in the art t o ysalts

Wi th inorganic acJHsaccﬂffi/a_-&esW%geRrPgeﬁﬁi‘fW%% eorgppymd of forzy i

consi der at hon.pe gé&’w*)ﬂé bf fite c&ﬁigl na &Hff& ﬁHII@qtfﬁnd'i-tf r’ﬁh@ﬁn‘f)cess

Citrates, acetates eates, suc anesul onat es
sul f onat es and:ah'hedlddtdnabﬂvexxﬁmmaﬁheﬁ uﬁﬁl aa‘eﬂ&cmglégent préfbfablymdls

of formula II, I]Jl_and |V, which are used as_startin materials, are
known conpoundiydside suchasdithiamealumginiamlaydride axrsogi rohydride in an
Schere 1 aprotic solvent, for example in diethylether, tetrahydrofuran or
dichloromethane.
15 In accordance with process variant ¢) a compound of formula I-5 is

acylated or sulfonylated with a corresponding acid chloride, acid anhydride,
sulfonyl chloride, carbamoyl chloride or carbonyl chloride in the presence of
triethylamine in a solvent, such as dichloromethane. This reaction is carried

out in conventional manner.

20 The process for preparation of a compound of formula I-5 in accordance
with process variant d) is carried out in conventional manner with catalytic
amounts of 10%Pd/C with hydrogen at 1 atm in methanol and acetic acid,
preferrably in a ratio of 10:1.

The process according to variant e) is carried out by reacting a ketone
25 with a slight excess of N-phenyl-glycine in an inert solvent like for example
toluene at elevated temperatures in the presence of a base, such as
triethylamin and trapping the forming azomethine-ylides in situ with the
desired dipolarophile compound of formula I-1.



[err] In this scheme Rerr], Rerr] and R err] have the

significances given above and E is an el ectron w thdraw ng group, for
exanple EFEis -C(ONCHerr])C(O-. 15 The cycl oaddition with
azonethine ylides is described in Doepp et -dB,.- Chem Ber. 121, 1988,
1651-1655. The process is carried out by treating an imne with

equi nol ar anout s Rademicneixtytres danl heeonwdrtéd irdtoues enmitiameric conspieRa e
and caesiumfluoride in an ineri solvent, preferably_1, 2-di nmethoxy

ethane. The afSREeRHieRalmanpercfor example byyeparative:HPLE poivia digstereomenic
20 exanple w tsg}dg- met hyl mal ei m de, dinethyl nal eate or dinethyl

- 14- acetyl enedi carboxyl ate. Another nethod suitable to prepare these
conmpounds i s described in Tsuge et al., Chem Lett., 1986, S. 973.
Scheme 2 [ @€ salt formatidhisseffécted 2% rosmCRMpeet@ s 1BYadc8ATdrddSwith

ket one of fornul | with a § slight excess of N-phenyl-glycine in an Inert
sol vent, suth n&%tiogﬁd@#@h are knove pewse andavihicharefamiliar té anpmessor skilleda

base, such as.f i lam Lhr.apping the, form l.jdes.in situ wi.th

‘he Hesired d ﬁ%?ﬂ‘g ia%%hlﬁﬁe&ﬁyaéﬁts with! m%?ga.t%c acids, Bt 'alsd dalts with organic acids
come into consideration. Hydrochlorides, hydrobromides, sulphates, nitrates,
citrates, acetates, maleates, succinates, methanesulphonates, p-toluene-

sulfonates and the like are examples of such salts.

10 The compounds of formula II, IIT and IV, which are used as starting

materials, are known compounds or can be prepared by methods known per se.

Scheme 1

A

o

Ny e ST, ==
O/ \© R"/N Rs

‘l/N 5

R R v v

R

R
E O
—
1/N :
0 e
5 -8

Rs I'1

In this scheme R’, R* and R’ have the significances given above and E is
an electron withdrawing group, for example E/E is -C(O)N(CH,)C(0)-.

15 The cyt;loadd.ition with azomethine ylides is described in Doepp et al,
Chem. Ber. 121, 1988, 1651-1655. The process is carried out by treating an
imine with equimolar amouts of (trimethylsilyl)methyl-trifluoromethane
sulfonate and caesium fluoride in an inert solvent, preferably 1,2-dimethoxy
ethane. The azomethine ylide is in situ trapped with a dipolarophile, for

20 example with N-methyl maleimide, dimethyl maleate or dimethyl



Schene 3 [err] 10 Schene 3 describes a process for preparation

of a conpound of fornula I-9, wherein a conpound of forrmula I-11is
treated with a Grignard reagent (Rlerr]MgC or R err]MBr) in an inert
solvent, such as diethyl ether or tetrabhyglc of uran. The resulting
compound of forrmula VII is then reduced with sodi um cyanobor ohydride in
a solution of a@@iyl@ﬁlé&cﬁ‘%x&[dt&'ﬁﬁbﬂﬂ&%éﬂmﬂcdlﬁ Labld %o prep#i® tHRBE c6RYdunds
earlier, the conmpounds of formula | and their pharm- ceutically usuabl e
addi ti on sal t §s gescribed i mgeld:qiheﬁhemoﬂyttarﬁ%6 S.PF8perties. It has been
found that the conpounds of the present invention are agoni sts and/ or
ant agoni sts of the OFQ receptor and ha h%gﬁe ts in ani mal

-15 - nodel s of psychiatric, neurol % nd physi ol ogi cal di sorders,

such as anxi ety, stress disorders, depression, trauma, negory | oss due to

Al zheiner's disease or other dementi ag, deficits in cognfiNonend
| ear ni ng, epilepsy and convul si ons, Hc®®Hand/ or chronic g condi ti ons,
control of water & e, Na+
orders and net abol orders such

synptons of addictive dru wi t hdra
excretion, arterial bl o ssure

as obesity. npoun or pharrra
I n accordance W th he nmet r]ods gi ven '?1ere| nafter:

- 16- oﬁo

This process is carried out by reacting a ketone of formula VI with a
5 slight excess of N-phenyl-glycine in an inert solvent, such as toluene, at
elevated temperatures in the presence of a base, such as triethylamine and

trapping the forming ylides in situ with the desired dipolarophile.

Scheme 3

R
0] Ra
»
5
R® I

10 Scheme 3 describes a process for preparation of a compound of formula I-9,

wherein a compound of formula I-1 is treated with a Grignard reagent
(R*MgCl or R°MgBr) in an inert solvent, such as diethyl ether or
tetrahydrofuran. The resulting compound of formula VII is then reduced with

sodium cyanoborohydride in a solution of methanol and trifluoroacetic acid.

15 As mentioned earlier, the compounds of formula I and their pharma-
ceutically usuable addition salts possess valuable pharmacodynamic
properties. It has been found that the compounds of the present invention are
agonists and/or antagonists of the OFQ receptor and have effects in animal



Met hods of OFQ R Binding Assay - Cell Culture HEK- 293 cel | s

adapted to suspension growh (293s) were cultured in HL medi um pl us 2%
FBS. The cells were transfected with the rat OFQ receptor 5 cDNA (LC132),
FEBS Lett. 347, 284-288, 1994, cloned in thd5expression vector pCEP4

(I'nvitrogen, SanDi ego, CA, USA) using lipofectin (Life Technol ogies,

Bet hesda, MD, 1hodéls ofpapchiaciiehawiolegival ends phesivlugical disvrdess; stichesof
hygronycin (1000 U m) (Cal bigchem SanbDi e CA, USA). A paool of resjstant
cells was testanxiely s disord: e& pnewrchﬁﬂuwg snemnory losg due Aachlzhe:

e
PLC, Bucki nghagsh ﬁz ! |k OF % § ded
for IalrjgeI ggaldég%%ﬁreteﬂr@ﬂgﬁgn 3%5@ gégxglﬁison an%ﬁ i E)ﬁ%an %‘Pg'[l on
293s- OFQ R celdopiviiBiiénd) 3cues hﬁd/o%hesﬁicrpaﬁﬂg:aha&ibnéfva&hﬁdo&stdﬂmwwdmsg

phosphat e buffered saline (PBS) before resuspension’in buffer A (50 mM
Tris-HO, pH #ith8radvhlyeehtrol &f Mﬂhn%édeﬂ'SéXéﬁéﬂMﬁl attdriabblobd P#essure

honogeni zer (30 seconds setting 4 20, Kinematica, Kriens-Lucern,

Swi t zer| and) . disordezs andrmetnbeﬂm@wﬂersm@aapbem by centrifugation at
49,000 x g at 4[err]C This procedure was repeated twi ce and the pellet was
resuspended in bu

concentrat i o-ns wer'lgh%‘é‘f%}’ ‘%tﬁi? ﬁer g 33 OF %gﬁ%.foleg%?a&%i]ﬁ%xg“d @é@ﬁgéb% 20

(Pierce, ROCkfﬂthhb'ﬁeﬁHUJs%éiﬂhbﬁﬁnmi‘f acturer's reconmendati ons.
Bi ndi ng Assays OFQ conpetition studies were carried out with

77 [err]g nmenbrane proteln in a final assay volunme of 0.5 m buffer A
plus 0.1% BSA and 0.01% 25 bacitracin (Boehringer-Mnnheim Mannhei m
Germany) for one hour at room tenperature. 50 nM unl abel ed OFQ was used
to define the non-specific bi ndi ng. The assays were term nated by
filtration through Whatman G-/ C filters (Unifilter-96, Canberra Packard
S-A Zurich, Switzerland) pretreated with 0.3% pol yet hyl eni m ne (Si gm,
St. Louis, MO, USA) and 0.1% BSA 30 (Sigma) for 1 hour. The filters were
washed 6 tinmes with 1 m of ice cold 50 mM Tris-HO pH 7.5. The

retai ned radioactivity was counted on a Packard

-17- Top- Count m croplate scintillation counter after addition of 40
[err]] of Mcroscint 40 (Canberra Packard). The effects of conpounds
wer e determ ned using at | east 6 concentrations in triplicate, and
determned twce. ICerr] values were determ ned by curve fitting and

t hese cal ues were converted to Ki values by 5 the nethod of Cheng and
Prusof f, Biochem Pharmacol., 22, 3099, 1973.




The affinity to the OFQ receptor, given as pKi, is in the range of 7.5 to

10. 0.
Exanpl es
[err]

10

15

20

30

The preparation of the foll ow ng conpounds is described in

1 - 166: [err] - 18-

-16-
Methods of OFQ-R Binding Assay

Cell Culture

HEK-293 cells adapted to suspension growth (293s) were cultured in HL.
medium plus 2% FBS. The cells were transfected with the rat OFQ receptor
cDNA (L.C132), FEBS Lett. 347, 284-288, 1994, cloned in the expression vector
pCEP4 (Invitrogen, SanDiego, CA, USA) using lipofectin (Life Technologies,
Bethesda, MD, USA). Transfected cells were selected in the presence of
hygromycin (1000 U/ml) (Calbiochem, SanDiego, CA, USA). A pool of resistant
cells was tested for OFQ-R expression by binding of [BH]-OFQ (Amersham
PLC, Buckinghamshire, England). These cells (293s-OFQ-R) were expanded

for large scale culture and membrane preparation.

Membrane preparation

293s-OFQ-R cells wére harvested by centrifugation, washed 3 times with
phosphate buffered saline (PBS) before resuspension in buffer A (50 mM
Tris-HCI, pH 7.8, 5 mM MgClg, 1 mM EGTA) and disruption with a tissue
homogenizer (30 seconds, setting 4, Pt 20, Kinematica, Kriens-Lucern,
Switzerland). A total membrane fraction was obtained by centrifugation at
49,000 x g at 4°C. This procedure was repeated twice and the pellet was
resuspended in buffer A, Aliquots were stored at -70°C and protein
concentrations were determined using the BCA™ Protein Assay Reagent
(Pierce, Rockford, IL) following the manufacturer's recommendations.

Binding Assays

[BH]-OFQ competition studies were carried out with 77 pg membrane
protein in a final assay volume of 0.5 ml buffer A plus 0.1% BSA and 0.01%
bacitracin (Boehringer-Mannheim, Mannheim, Germany) for one hour at room
temperature. 50 nM unlabeled OFQ was used to define the non-specific
binding. The assays were terminated by filtration through Whatman GF/C
filters (Unifilter-96, Canberra Packard S.A., Zurich, Switzerland) pretreated
with 0.8% polyethylenimine (Sigma, St. Louis, MO, USA) and 0.1% BSA
(Sigma) for 1 hour. The filters were washed 6 times with 1 ml of ice cold 50
mM Tris-HC1 pH 7.5. The retained radioactivity was counted on a Packard



-19- 16 9H2 Herr] H H 17

H2 H2 CHerr]CH err] H 18 H err]

H err] CHerr]CH err]2 H 19 [err] H err] : CH err]
H 20 [err] Herr] -17¢Herr] H 21

H err] H err] H H H err] H
H 23 Top-Count microplédecscintillatibgcohnfd? after addition of 40 d{'.l of MfH[oﬁéiﬂt
H err] CH err H err] [ err

T

40] (8_|anberra Eackard). The effects of compounds were determined using at

least 6 concentrations in triplicate, and determined twice. IC5p values were
determined by curve fitting and these calues were converted to K; values by
5 the method of Cheng and Prusoff, Biochem. Pharmacol., 22, 3099, 1973.

The affinity to the OFQ-receptor, given as pKj, is in the range of 7.5 to
10.0.

The preparation of the following compounds is described in Examples

1-166:
R‘
\ 3
R
RVN 5
10 I
Example R! R® R® R! R®
1 c[-r:; =0 =0 CH, H
2 m,; =0 =0 H H
3 G:f =0 =0 CH, H
4 S:f =0 =0 H H




26 H err] H err] CH err] H
- 20 - Lerr] 27 Heerr] Herr]
CH err]CH err] [err]
H err] Herr]CH err] H- 18 - H err]
29 H err] H 30
H H : H 3l Herr
CH3 32 rri [ err] H H
H err] Herr] H 34 =0,
=0 cHierr] =0 =0 |CHCH,| H
6 Oij =0 =0 CH,CH, H
7 O:) =0 =0 CH, H
8 OQ =0 =0 CH, H
9 Og =0 =0 H H
10 CO =0 =0 H H
g
11 :H: =0 =0 |CH,CH, H
:1;‘: ,
12 ) =0 =0 CH, H
s
13 :H: =0 =0 H H
14 ag; H, H |CHCH| H
15 m,; H, H, CH, H

err]
33

=0



H err]

21 - 37
=0 =0
CH err]

41

=0 CH3

=0 =0 CH err] H 36
H err] CH err] H
H err] CH err] H 38
CH err] H 39 - =0
H 40 Herr] H2 CH err]
H[er@: H2 CH3 42

H
16 & H, H, H H
17 j : H, H, CH,CH, H
18 : i H, H, CH,CH, H
19 j j H, H, CH, H
20 j : H, H, CH, H
21 j :

H, H, H H
22 : :

H, H, H H
23 ] \/\‘/Lé’

O L

H, H, H
24 : f

H, H, |CHCH| H
25 : {

H, H | cH | H
26 : f

H, H, CH, H




43 =0 =0 CH3 H 44 Herr]

H err] H err] CH err] H 45 =0 =0
CH err] H 46 H2 H2 CH3 H 47
= =0 CH3 H -20- -22 - 48
Herr] H err] CH err] H 49 H2 H2
CH err] H B =0 =0 CH3 H 51
H2 o | ) CH) b2 4[err] Hierr]
CH3 H A
: H, H, |CHCH,| H
—
28 T .
; H H, CH, H
29 3
o1
H, H, H H
30 | '
OO =0 =0 H H
CO- H
31 H2 H2 CHs
32 H, H, H H
34 & =0 =0 CH, H
35 & =0 =0 CH, H




53
[err]
CH err]
H2

H err]

=0 =0 CH err] H 56KIS H2H2C8 55
=0 CH3 56 H err] H err]
H 57 =0 =0 CH err] H
H2 CH err] H -21- -23 - 59
=0 CH err H 60 Herr] H err]
H 61 =0 =0 CH3 H 62
H err] :H[ﬂ'l H
37 OQ H, H, CH, H
38 %)\ =0 =0 CH, H
39 (&?\ =0 =0 CH, H
40 (g:]\ H, H, CH, H
1
41 (&\ H, H, CH, H
42 =0 =0 CH, H
43 =0 =0 CH, H
44 H, H, CH, H
45 =0 =0 CH, H
46 H, H, CH, H
47 =0 =0 CH, H




63

=0 CH err]
H 66

CH3 H
H2 H2
=0 =0
CH err] CH2

H2 CH3 H 64
65 H err]
=0
68 =0 2- CHerr]CH
OBCH  H

CH[ errf] @\ Hi 71
48 H, H, CH,
49 H, H, CH,
50 f t =0 -0 CH,
51 H, H, CH,
52 f ‘\’ H, H, CH,
53 < ; =0 =0 CH,
54 < ; H, H, CH,
55 A -0 =0 CH,

H
56 A H H, CH,
57 =0 -0 CH,
58 H, H, CH,




72
hexyl

H err]
benzyl
H err]
CH err]

=0

73

75

=0
=0

H err] H2

cycl o-

Herr] CHerr] H
CH err] H ocr'
=0 =0 -23. H 76
Herr] benzyl H 77 =
H 78 3O =0 phenyl
H % Hi -25
CH qH H 81 =0 =0
kg1 qerr -0 =0 CH, H
60 H, H, CH, H
EE
61 ’ =0 =0 CH, H
H
62 R H, H, CH, H
H
63 ; H, H, CH, H
64 =0 =0 CH, H
65 H, H, CH, H
66 ﬁ =0 =0 CH, H
67 ﬁ | H, H, CH, H
68 =0 =0 |CH,CH, H
69 H, H, |CH(CH, H

79
80
7H



=0 =0 H 83 =0
84 =0 =0 n- but yl 85
H [err] 86 =0 =0
= = -24-H 88 =0
H 89 H err] H2 CH err]
H err] H enr] Cfl‘fl]errl(ﬂ] rrj
C:>=Q HI2 phenyl H F
70 =0 =0 | CH,CH, H
71 H, H, CH,CH, H
72 H, H, cyclo- H
hexyl
&S n | w a| s
Y [~
75 =0 =0 H
76 H, H, benzyl H
77 | =0 =0 CH, H
78 =0 =0 phenyl H
79 =0 =0 H H

H



H err]
H err]
benzyl
96 .
H err]
H err]
CH err]

H

H err] H 93 H err]
94 H2 Herr]
95 H[err; Herr]
H2 Herr] =-25- H 97
Herr] n-but yl H ag
[err] H 99 H err]
¥ >'< >‘ -27] -
80 =0 =0 |CH,CH, H
81 =0 =0 H
82 =0 =0 H
83 =0 =0 benzyl H
84 =0 =0 n-butyl H
85 . =0 =0 H
86 =0 =0 H
rO- o
87 =0 =0 H
88 =0 =0 H
89 H, H, CH, H

H err]



100 H err] H err] CH err] H 101

=0 OH CH3 H 102 =0 H2
CH3 H 103 =0 CH err] CH err]
103 = CH err] -26- H 104
— CH err] H 105 Herr]
CH err] CH err] H 106 H Eerr] H err]
H H 107 )’O"‘ H grr] [err] H

90 H, H, CH,CH, H

91 H, H, phenyl H

= O- s

H, H, H

93 H, H, H

94 H, H, benzyl H

95 H, H, H

96 H, H, : H

97 H, H, n-butyl H

98 H, H, H

99 H, H, CH, H




-28 - 108 H err] H err] [err]

109 H2 H2 H 110
Herr] H 112 Herr]
113 _ H err] Her«37- H
O :
100 H, H, CH, H
rO-
101 =0 OH CH, H
rO-
102 =0 H, CH, H
rO-
103 =0 ==CH; | ¢m, H
O
103 =0 "iCH, | g, H
O =0
104 =0 CH, H
rO-
105 H, "uCH; | cj, H
rO-
106 H, H, H H
rO-
107 H, H [~ H

H err]



114 H err] H err] H err]

-29 - 115 Herr] H H 116
H2 H2 H
117 Herr] [err] H 118 .28- H err] Lerrl
Herr] H 119 Herr] Herr]
H 120 H2 ' H 12T
=0 =p CH[ er rb’(jEr r];_ F

108 H, H, 0><(C)H H

109 H, H, /[m H

110 H, H, J\é H

F

111 H, H | ., H

112 H, H, JY:“ H

113 H, H, \if“ H

114 H, H, ?;O H




122 =0 =0 CH err] 4-F 123

[err] Herr] CH err] 4-F
-30 - 124 CH err] CH err]
3-F 125 H2 H ergg-  CH err] 4-F 126
=0 =0 CH3 3-F 127 =0 =0
CH err 4-CH err ArerT
CH% err% 3-|[: ! }@— /l© : J
" 115 | H, H, H

116 H, H, ﬁ H

117 H, H, f H

118 H, H, i H

119 H, H |l k| =

120 H, H, H H

121 =0 =0 |CH, 4-F

122 ).O_ =0 =0 CH, 4-F

128 |M~| H H, |CH, 4-F




130 H2 CH err] '
4-F 131 2 H err] CH err] 132

=0 =0 CHerr] 133 =0 =0  CH3
3-CH err] -30- -31 - 134
= = CH err] 4-C 135 H err]
H2 CH3 4-d H2 [err] CH3
4- CH3 1B7 (1/%\6:( Herr] Hl err] H3 2-F
124 H, H, CH, 3-F
125 H, H, |CH, 4F
126 >_<'_'>_ =0 =0 |CH, 3-F
127 =0 =0 |CH, 4-CH,
128 )_O_ H, H, CH, 8-F
H
129 (::)_ H, H, CH,
2-F
130 (::)/ H, H, |CH,
131 H, H, |CH, 4-CH,
4-F
132 C:>_ =0 =0 |CH,
133 =0 =0 |CH, 8-CH,




138

4-F 139
benzyl
H 141

4-C

H err]
4-OCH err]
146

H

H err] H err] CH 3-CH3
Herr] Herr] CH err]
H 140 Herr] Herr]
H err] H2 H -31-142 =0
4-F 143 =0 =0 CH err]
-32 - 144 [ err]
CHjerr] llniar'
145 30 40 CH E'rélll 41CCH err]
134 ef r] H &Q ] cAerr] CHs 147| 4-Cl =
4-F
135 H, H, CH, 4-Cl
136 |~ H H, |CH, 4-CH,
137 >_O_. H, H, CH, 2-F
138 H, H, CH, 3-CH,
4-F
139 C:>_ H, H, |CH,
benzyl H
140 C:>_ H, H,
: H
141 (:3_ H, H |H
142 =0 =0 H 4-F
143 =0 =0 CH, 4-Cl




148
4-F

t - butyl
H 152
H 153
- 33 -
H err]

=0 =0 3 4-F 149
7 150 H err] 4-F
H 151 H2 H err]
H err] H err}32-
[err]
154 > O H err] H e¢rr]
.| Herr] 3- R 156
144 H, H, |CH, 4-Cl
>_C>_ 4-OCH,
145 =0 =0 CH,
>__O__ 4-OCH,
146 H, H, |CH,
147 =0 =0 j 4-F
148 =0 =0 j 4-F
149 'H, H, 3 4-F
150 H, H, y 4-F
t-butyl H
151 (:\’)_ H, H,
I H
B2 I CO-| H H, o
H
C
153 C:>_ H, H, (?/sgon

1F

Herr]

=0

155



157

H err]

H err]

H 161
[err]

H err]

H err] H err] H 158
H 159 H err]
H 160 H err] H err]
H2 H2  -33- H 162
Herr] 163 Herr] Herr]
-34 - 164
H2 >‘O" H 165 Hefr] Herr]

154 H, H, /V 4-F
155 H, H, /V 3-F
156 =0 =0 j H
157 . @/ H, H, i@ H
158 H, H, IO H

T X

o
159 H, H, H
160 H, H, j H

o0 >

0 (o]
161 | H, H, H
162 H, H, /Eo H
163 H, H, H




166 H2 H2 H 167
H2 H2 : H 168 H2
H err] H 169 H2 H2
H 170 Herr] HB4Fr ] H
H 2 H err] H 172 [err] H err]
H2 4-F R2 nlpounds off fornmul afl asfelll as their
pharmaceutical |y usabl w addition sglts can ke d as nedi capents,
e.g. in the fformof phariacéutijcal prepdrations. |[Thg phaj maccﬁlt i cal
preparations|canl®® adpinistered orld |y, 2
- 35 -
T Y
| P
165 H, H, H
166 H, H | &% H
O J\©
167 H, H, H
- ’H\Q
168 H, H, H
- PN
169 H, H, 9 =
> < > | N
170 H, H, & H
171 H, H, é H
- o
172 H, H, 4-F

The compounds of formula I as well as their pharmaceutically usable acid

addition salts can be used as medicaments, e.g. in the form of pharmaceutical

preparations. The pharmaceutical preparations can be administered orally,



e.g..in the formof tablets, coated tablets, dragees, hard and soft

gel atine capsul es, solutions, enul sions or suspensions. The

adm ni stration can, however, also be effected rectally, e.g. in the
form of suppositories, or parenterally35€e.g. in the formof injection
sol utions. 5 The conpounds of fornmula | and their pharmaceutically
usabl e acid e.g. thé forim sftdllets; Godtodtablets SBihgbbk, A dANE S6R idelatihy

i nert, inorganic or organi c excipients for the production of tablets,
coat ed t abl et eapsilesy sebtions, emulsiong aysiuspensionsap Thesadministration cam;, n
starch or derjvatives.ther ste%é%% acid or itss salts etc can

|
be used as suChHWVELE Bll%’n %ggg‘&.eaf%ﬁ&apé'bpeﬁ'%? OF 9f EPPPed »Q&r d

gel atine capsph®@hterally, e. .mm%%fﬁbiﬁnﬁéﬁbﬁlsgmﬁoﬁs@f soft gelatine
capsules are e.g. vegetable oils, waxes, tats, sem -solid and liquid
pol yol s etc. Sui t abl e excipients for the manufacture of

sol utions and syrThe compounds of formmalack ang theirpharsmrettically usablecadidsugar ,
gl ucose etc. bl e exci ts, for i on solutions are e.g.

water, alco ho’l‘é‘,?iﬁp?al %sté‘a{ﬁ be Pﬁ?ﬁﬁ?ﬁ?‘g%"’? BBH‘HBI 4 @Fcﬁab’ mext,dperganie or

exci pients f %35]@@ s ' xaflfefro‘a u I Al es,
fats, sem -| iO%r I d o?f??%iltg?%o yol s g{:ﬁi@ﬁ Sﬁlablets, %ngggl}?gttﬁ]eagé es 86l
phar naceut i cahamt gelatime capsubesn Icaotose, eom etarch aridesivatives thetedf] taleer s,
stabilizers, vvett.icng,(fgents, enul sifiers, sweeteners,, colorants, .20

flavorants, s? L itpisadts ate cgaherpsedpstudy excipignte g foptablets, agent s
or antlboxdsxfj%ﬁanahﬁi‘rdcﬁéiaﬁhﬁ%aﬁ%@teg' n still other therapeutically

val uabl e ances. osage can vary within wide limts
and will, of course, be fitted to the  individual requirements in each
particul ar case. Suitgblecesipiehticforisbficddliting 2apsigies ae Q. vegatallé oils,

parenteral adm nistration_is_Q,01-20 / kg/ day, preferred as a dosage

of 0,1-10 nglngeﬁafaﬁ%ﬁemiﬁoﬁé@dﬁéﬂi palyelstétens. The dayly dosage for
an adult of 70 kg weight is therefore between 0, 7-1400 ng/day, preferred is

I 700 o/ daySm%ﬁﬂoéﬂfbigﬁ‘ES HRINE nﬁ'&&?fac‘:ﬁrrg ot S%ﬁ&igillss gng %g%l)l(ﬁse gzdee(ej.g\.me :

necessary.

The fol | owi ngwhiterpbBold, shbciroke, ihbérﬂ%@%&,n%ldcﬂé’@éﬁci.on Wi thout limting
it. All tenperatures are given in degrees Celsius.

15 Suitable excipients for injection solutions are e.g. water, alcohols, polyols,
glycerol, vegetable oils ete.Suitable excipients for suppositories are e.g. natural

or hardened oils, waxes, fats, semi-liquid or liquid polyols etc.

Moreover, the pharmaceutical preparations can contain preservatives,
solubilizers, stabilizers, wetting agents, emulsifiers, swéeteners, colorants,
20 flavorants, salts for varying the osmotic pressure, buffers, masking agents or
antioxidants. They can also contain still other therapeutically valuable

substances.

The dosage can vary within wide limits and will, of course, be fitted to the
individual requirements in each particular case. In general, the effective
25 dosage for oral or parenteral administration is 0,01-20 mg/kg/day, preferred as.
a dosage of 0,1-10 mg/kg/day for all described indications. The dayly dosage for
an adult of 70 kg weight is therefore between 0,7-1400 mg/day, preferred is 7-
700 mg/day, although the above upper limit can also be exceeded when

necessary.



Exanmple 1 M xture of (3'aRS.6'aSR)-5"-nmethyl-1-[(RS)- and
-[(SR)-4-net hyl -indan-2-yl]- 5

2' - phenyl - hexahydr o- spi ro[ pi peridine-4.1"-pyrrol o[ 3. 4-c] pyrrolel-4",6"-dion
e hydrochl ori de (1:1) A m xture of-36-

(3 aRS 6' aSR) - 5' - net hyl - 1' - phenyl - hexahydr o- spi r o[ pi peri di ne-

4,1' (2'H -pyrrol Orﬁefolrdwwgm

1, 3-di hydro- 4- met hyl - ZH i ndg%&Z@Sgﬁte@eweﬁtgﬁgénﬁ% ecu%?uts]iuen\:}es (4
A 5.00) in lﬁoAudiemn&Iatumm)glmmdegmészaisﬂﬁ h. The mixture was

filtered while hot, the nol ecul ar si eves were washed thoroughly with
hot tol uene, @nd trile Iltrate was evaporated. The residue was di ssol ved
in a mxture

5 mM) and et hanol (5 m), sodium cyanoborohydrl de
» S ‘ 4 e nGL k

(1.7 nmol) wmfaﬂ-a%fﬁﬁm

was stirred for 16
pot assi um g ar2qphenyl-deixahydro-s5ine
organlc p ases were pool ed,

extracted wth gi E! orgﬁt Tane (3x60n1) ph

washed with 2 dried with Na[err] SO err] and t he solvents
were evapor at 'ﬂfgﬂ K r onet hane/. get hanol
29 vyi el ded t‘ﬁqu e3|ér)ed %1%5%5%99%8]%&}‘%1%%%% RFAEY as

ts HC -salt L L ? -
'253[ ha Scaand4 m_ma ;tyﬂram a @?mn ]ea’cts ali6Re (0. 5?%5 L7 mxﬁel)l 1;'3@(1}139%&%

(3" aRs. 6' aSR)mgtlixlf&)Imdﬂu%-mes@ 7 )rgnd mu!m\ﬂar gieyee “4 ﬁhécglg) in toluene

(11) 25 Hhe QR0 RuDSea hiffed o 194" T80 puiziyes wBY Bifirid ebile ot tha rpolgonlar ©

(MtH err]) was, BFERR 1Rl aRaE SR W of
exanpl e fron?vlesSv-v glliﬁgl/dro 4- rreitihy 1lelé\‘;l-fdrlldéeﬂngz one%ﬁl fs

(3 aR[S 6' aSszeVapopﬁm!dy ﬂ‘li:{)a)eaidum}vas gls:olved in afm]xture of THF (45 ml) and
spi r o[ pi peri di -pyrrol o C e
-p7 oLPiP Bgéﬁﬁp é% c¥an bwhx%zgde (i ms)a d@ﬁ@nd the pH

-[ (SR) -i ndan- Yy
hexahydr o- splvf}a%%llhp%}:?%r%a Zh% reB&%H mfgnf c?pyr 916‘ for 168‘ ak rene
hydr ochl ous dedemperafure) Icswatet éﬁmﬁﬂ) aid potassium carbonate solutmn (50% 10 mli)
(3" aRS, 6' aSR) - 5' rreted\./l -1 phenyl hexahydr o-spi r o[ pi peri din
4,1' (2'H) - pyrwenesdd ag extragted @clglormnethm (Bx60-mhganone

(L7 TPl R Vi%%er?%!%ﬂ ity i iotng d mfTtrled BieiNa 0. Fnd

vacuo the reshduglventswesredvaporated. ChréhBtsraphy@ndidica geHi um

cyanoborohydr| de was added and the 10 mi xture waS stirred for 16 h at room
tenper at ur e. (Gichderomethanebuethansl 2%) yielgarhthedesired prdduet €0.65g] 83%)

filtrate was orated ro y i lLica
(di chl or ofitt eLHich e, Grvi ﬁségﬁjw salt from pihyl G&Jﬂ’ Yiglda cglorless
solid with m.p.> 250°C and MS: m/e = 430.5 (M+H").

25 The title compound, m.p.> 230°C dec. and MS: m/e = 416.3 (M+H") was
prepared in accordance with the general method of example 1 from 1,3-
dihydro-4-methyl-2H-inden-2-one and (3'aRS,6'aSR)-2"-phenyl-hexahydro-
spiro[piperidine-4,1'(2'H)-pyrrolo[3,4-c]pyrrole}- 4',6'-dione.



509 which was crystallized as its HC-salt fromethylacetate to yield a
colorless solid wwth mp.> 171[err]C dec. and Ms. nmle = 416.2 (MtH err]).
15 Exanple 4 M xture of (3'aRS, 6'aSR)-1-[(RS)- and

-[(SR)-i ndan-1-yl]-2'-phenyl - hexahydr o- -37-

spiro[piperidine-4,1"-pyrrolo[ 3,4-c]pyrrole]-4",6"-dione fumarate (1:2)
The title conBxudpleé8p. > 148[err]C dec. and M5: me = 402.5 (MrH err]) was
prepared in accordance ‘,N' th "[he general method of exanple 3 from 1-indanone

20 and Mixture of (3'aRS.6’aSR)-1-[(RS)- and -[(SR)-indan-1-y1]-5"-methyl-2-phenyl-
(3' RS, 6' aSR) y2: - ; Q-otu)- .
clpyrrole] - 438%2%

(3" aS. 6' aR) - 5(t:i§) hy! - 1- [ (R -1.2.3.4-tetrahydro-naphtal en-1-yl |- 2'-phenyl -
hexahydr o-spi ro[pi peridine-4.1'-pyrrol o[ 3. 4-c] pyrrolel -4'.6'-di one 25 A
m xture of 5( RA-mixtire of (¥aRS;6’aliRo66medhil-aplrenyl-hdgahydpespitolpiperidind-0. 75

, 3.2 | i || 3 | - tol Lf oni id (10 '

Dol uene (30 b pErolB e ovrToNtl 25 & Biore (Ot Evh anmiol), Lotncaion gLy
| vent ' - - dirssal ' :

i ot hoxyet hory g ard votraisHBEHGL BFthokiink iR EEY BB il TR (Bnliras stirref,s

added (tri net ayreomteinpeeature-foBA6th. THe suloemt Was eemloed #h facdo Thevediduet he

m xture was all owed to warm_and stirred for 2 h at roomtenperature.
Cesi um fl uori W@sg_ssp Yerbin ethanol(1Q ml), sodium cyanoborohydride was added and the

- 38 - .el.m . ded d th ] ' f 20
h at room10 nﬂltl,r?‘[b'ng?vg?éjg@ﬁ@r@rmgﬁf&/ﬂ?&?’éﬁ%@?%&*%%ﬁwﬁsa%@‘ﬁagﬁFegirdue
vas par t i shsediditwasdiltsrediand tHeAltbARNSs aadp&ia%ﬂ.%ﬁfaiﬁmy% gani ¢

phases wer e pooled, dried with NaS( err] and evapor at ed. raphy
on silica gel silicageh{digshlaramethane/methaddl 2%2 | ydeldedthediesiredprodadt:(0.35 @, 64

0 i . -
9. 45% as 2 ¥6k) Which was Gystallized as its HOL-salt from othylacerats to yield a " ©
(3" aR 6' aS) - 5¢516418¥s sdlid FEW.5L ey hy pf(}eyen-l-yl]-
hexahydr o- spi (rzooﬁ)i pe?(lﬁld(li ne- 4&1"%%?&? %f%a% ci pytrré%l eging@g- i‘one fumarate
(1:1) 10 The title conmpound, mp. 222-224[err]C and M5: me = 444.4
(M+H err])i5 wExampledepared in accordance with the general nethod of

exanple 5 from.(R)-1- S a AT i

(1,2,3,4-tet rﬁﬁ: - agiFwuD 2 ‘ 31 SQ CiEp 1) AN @R BT Qe
(trimethy! | fikofpiperi Al - biirbliSLOBIHANSNd ARGl oA ARE oty Y
mal ei m de an -ev-@o'rrbv—%gexarr

-chr omat ogr aphyhenitié toripoaed, mip.k IBeetded, aadMBehe 02,6 IMYH') was
prepared in accordance with the general method of example 3 from 1-indanone
20 and (8'aRS,6'aSR)-2'-phenyl-hexahydro-spiro[piperidine-4,1'(2'H)-pyrrolo[3,4-
clpyrrole]- 4',6'-dione.

hexahydro-spiro[piperidine-4.1'- olo[3.4-¢ le]-4'.6'-dione
25 A mixture of (R)-1-(1,2,3,4-tetrahydro-naphthalen-1-yl)-piperidin-4-one (0.75 g,
8.2 mmol), aniline (3.2 mmol) and p-toluenesulfonic acid (10 mg) in toluene (30

ml) was boiled with separatioh of water for 20 h. The solvent was removed in
vacuo and the residue was dissolved in dimethoxyethane (25 ml) and cooled to
0°C. To the cold solution was added (trimethylsilyl)-methyl-

30 trifluoromethanesulfonate (3.2 mmol), the mixture was allowed to warm and

stirred for 2 h at room temperature. Cesium fluoride (3.2 mmol) and N-ethyl



Exampl e 7 '

(3" aS. 6'aR)-5" - Met hyl -2' phenyl 1-[(R)-1. 2. 3,4-tetrahydro-naphtal en-1-yl] -
hexahydr o- spi ro[ pi peridine-4,1" -pyrrol o[ 3, 4-cl pyrrol el -4'.6"-di one The
title conpound, Ms: me = 430. 5 (MtH err])+38wmas prepared in accordance with
20 the general nethod of exanple 5 from

(R -1-(1, 2, 3, fadleinhidey (@ AniblpWasadded and the mizrture R stirred f6120 hoat tddif .
(trimethylsilyl)-methyl-trifluoronmethanesul fonate and N- et hyl

mal ei ni de. temperatyire. Bhe solvent was removed in vacuo and the res1due was

3 oR O o) ek Eoraten el (Rt il S PR RIS Ll

The title congp ?og éxangm%Q??%g4Wéva%§ﬂ @lﬁ{)ﬁijatbgré’ﬁfyoéﬂ%ﬂi% gt h

t he general netho

(R -1-(1, 253, tethylacatayie/exametl:2hyielded the desited prodexct (0.644, 4565) sra yellew
(trimethylsil I) ne trifluoro sul fonate and N-net hyl

mal ei mi de and &Qi@ St PR %ﬁﬁeomr (exanple 7) by 30

chr omat ogr aphy on silica gel with ethyl acetat e/ hexane (1:2).

-39 - ﬁl‘? (3'a

S.6'aR) - 2' - Pheny - ?R) 1, 2,3, 4-tetrahvdro-naphtal en- 1-yl]-hexahvdro-
spi ro[ pi peri di ne-4, 1 pyrrolo[3 4- c]pyrrolel 4',6' dlone The title
conpound, MS: (3%R.6aSL5-BtHyi ‘ : . .
general nethod of exarrpl e 5 from( 2

yl) - pi peri di nhex

(trimet hyl g 1) 4588 Q¥hpblhf! iﬁoﬁoﬁﬁhlﬂle&%@ﬂfb“-%/e = 422% R4 B Wi

Exanple 1

(3" aR. 6" aS) - 2pr, &lmlacbéﬂanheam%%hégbhafmdﬁethwr&ﬂeadaﬁipléﬂ/ﬁbﬁlmﬁwdr0-
10 SpII’O[pIpeI’I I ne-4. pyrrolo34c£"§rrolel 4' ,6'-di one The title

conpound, - (h2as, chxdi(WBHP lpn-1ph-piperidired-ane, anline) {himekhylsilyl)-
th | 5 f
(R-1.(123 ane?ﬁﬂ BrORAER fbgte and Nypthy) maleimide god separgied from

g 3“
(trlmethylsH ) i de and
separ at ed froirﬁsldtlgag?gér?%% (eégir?gl?ﬂ? a%i H%thgﬁé}gl C ]%S%igtgography on silica
gel with etshyktindaedatatd/henmse (112)2) . Exanpl e 11 M xt ure of
(3'aSR 6' aRS)- and (3'aRS. 6" aSR)-5' -ethyl -1-[ (2RS. 4aSR, 8aRS) -
decahydr o- napht hal e 2 yI] 2' - phenyl - hexahydr o- spi r o[ pi peri di ne-4, 1' -
pyrrol o[ 3, 4-c ple , 6" -dione fumarate (1:1)

-1 ,4ttr hdronah hal en- 1-
oy rels 4 Y8 6 dione te (1:1

g

The title compound, MS: m/e = 430.5 (M+H"), was prepared in accordance with

20 the general method of example 5 from (R)-1-(1,2,3,4-tetrahydro-naphthalen-1-
yD)-piperidin-4-one, aniline, (trimethylsilyl)-methyl-trifluoromethanesulfonate
and N-methyl maleimide.

Example 8

The title compound, MS: m/e = 430.5 (M+H"), was prepared in accordance with

the general method of example 5 from (R)-1-(1,2,3,4-tetrahydro-naphthalen-1-

yl)-piperidin-4-one, aniline, (trimethylsilyl)-methyl-trifluoromethanesulfonate

and N-methyl maleimide and separated from its diastereomer (example 7) by
30 chromatography on silica gel with ethylacetate/hexane (1:2).



20 The title compound, mp. 177-180[err]C and M5: me = 450.4 (MtH err]),
was prepared in accordance with the general nethod of exanple 5 from
(2RS, 4aSR, 8aRS) - 1- (decahydr o- napht hal en- 2-yl ) - pi peri di n-4-one, aniline,
(trimethylsilyl)-methyl-trifluoronmethanesulg®nate and N-et hyl nal ei m de.
Exanple 12 25 M xture of (3 aSR 6'aRS)- and

(3" aRS. 6' aSR) E"xa:ﬂplélm -1-[ (2RS, 4aSR. 8aRS) -

decahydro napht haI en 2yI -2' -phenyl - hexahvdro Spl ro[p| peri d| ne-4,1'-

28 3' ..

. y . H[err]), was
prepared I N attor == athms’ Ly Ie 5 from 30

eyt s i P e i

(trlrrethyIsHyI) met h tri anesu
- 40- geﬂé‘ral methbdtaﬁ' exaniplé 3'fasik. (R)1:9),2 3<?4ldetrahydro-naphthalen-1-
(3" aRsS. 6' aSR)-le SR, 8aR{) - decahydy o-
napht hal en- 2-¥ ;ﬂn%é%ﬁm trmethpisybanethyldrifluoromethanesidfonate

c]pyrrolel- mg nﬁiél‘&ﬂg.l marate (1:1) 5 The title conpound, m p.
247-250[ err] C dec. an : me = 422.5 (MtH err]), was prepared in
accordance with the general nethod of exanple 5 from

(2RS, 4aSR, 8aRExaimplet@hydr o- napht hal en- 2-yl ) - pi peri di n-4-one, aniline,

(trimethylsilyl) rrethyl-trlfluororrethanesulfonate and mal ei m de.
Exanpl e 14 o«zf 2 Phenvifid(R)-12:8.4-tatus

(3 aSR,6§ '

yl]-2'-ph " 3. 4-c] pyrrol e]

¢ €] 4 role dig
funmarate (Th@):ltle cdmﬁoﬁﬁ& IGISG WQC‘“@P'G 2r(M’+ 1@5@3{3 né%% ?ﬁ% d&fce With ~

416. 3 (MtH) was prepared I n accordance wth ‘the

exanpl e 1 frothe]generaBmhthpdl nﬁeﬁampi@ﬁIﬁ‘(ﬁﬂ(Rm-de(rl,Z?ﬁphmtmldydro-naphthalen-l-
(3'aRS, 6'aSR) -5 -eth

hexahydr o- spi YopP ﬁ)ﬁindi r?é‘eﬂfaﬁﬁ‘-‘}fy Kmrlzvlaﬂzlpﬂwhﬂlépﬂuomme&m@fmte

?A 3X;grReaogR(S)Sé’§(B§' et a‘???z%‘iarz? °d from its diastereomer (example 9) by
2-yl]-2 pherglhnhfatagyab}g‘apsﬂtdamqimtldleﬁl@ylﬁcétat&i‘x@kﬁh@[(ﬁ% cl pyrrol e]

fumarate 20 (1:2) A mxture of (3 aRS,6'aSR)-5"-net hyl-1-[ (RS) - and
-[(SR) - 4- et hyl -i ndan-2-yl] -

2' - phenyl - hexaRk§8E %Hro[pl peridine-4, 1 pyrrol 0[3 4-c] pyrrole]-4',6"-dion
e (0.49 oarse a0l L | l(3 | Qs IoN

di et hyl et her T
tenper at ure adetab@tirefa Rthalen-2-

pyrrolo[3.4-clpyrrolel-4’.6’-dione fumarate (1:1)

20 The title compound, m.p. 177-180°C and MS: m/e = 450.4 (M+H"), was
prepared in accordance with the general method of example 5 from
(2RS,4aSR,8aRS)-1-(decahydro-naj)hthalen-z-yl)-piperid:in-4-one, aniline,
(trimethylsilyl)-methyl-trifluoromethanesulfonate and N-ethyl maleimide.

Example 12

25 Mixture of (3'aSR,6'aRS)- and (3'aRS,6'aSR)-5'-methyl-1-[(2RS 4aSR.8aRS)-
decahydro-naphthalen-2- ! . .

pyrrolo{3.4-clpyrrolel-4'.6'-dione hydrochloride (1:1)
The title compound, m.p. 168-171°C and MS: m/e = 436.5 (M+H"), was

prepared in accordance with the general method of example 5 from
30 (2RS,4aSR,8aRS)-1-(decahydro-naphthalen-2-yl)-piperidin-4-one, aniline,
(trimethylsilyl)-methyl-trifluoromethanesulfonate and N-methyl maleimide.



25 another 1.5 h. The reaction m xture was quenched with water (40 [err]l),
sodi um hydr oxi de solution (15% 40 [err]1l) and water (120 pl), stirred
for 1 h, filtered and the filtrate was evaporated. Chromatography on
silica gel deactivated with triethyl am #4@- (di chl or onet hane/ met hanol 5%
yi el ded the desired product (0.37 g, 81% which was crystallized as its
funnrate-saItEx"ﬁﬁpQéusl acetate to 30 yield a colorless solid with mp.>
146[err] C dec. and rﬂe

-41- Ex aMixburecof (3 pial : A i
(3" aSR 6' aRS) g ' '. .|

dr o- spi r o[ pi pefPE S 20 SR R .

title Conpounelpjﬁcdle]ﬁ’l@-ﬁlﬁﬁépﬁgﬁﬁte gn’_ﬂ I\/B rﬂe 388. 4 (l\/HrH) was 5
prepared in accordance W € met hod of exanple 15 from

(3' aRs, 6' aSR) The[titkSpempodnd] @)24!2—250?(9&% rectech MES: th/e- 2 4281 5e(M 4 HE %ediy dr o-
spi r o[ pi peri di ne- 4, pyrro 0[3 clpyrrole]-4',6"-dione. Exanple 17
(3' aR 6' aS) - 5P1'9§t%4’9&112 L fﬂﬁ(l ege;}e@lzm?@{qdeﬂfmmrﬁwfranen 1-yl] -

10 hexahydr o- | The ... tle
corpound & S eBIEARS)-TAfechy U AI & WY birthp ond, Kl

t he general n&ﬁmdtl@ﬂs@d&-ﬁﬁéﬁhyl-‘ﬁnﬂmmlﬁatm&uﬂﬁhafe aﬁ&@iéleﬁnidé?) 1,2,3,4-
t et r ahydr o- napht al en- 1- yI]- 2" - phenyl - hexahydr o- spi ro[ pi peri di ne-4,1' -

pyrrol o[ 3, 4-c pyrrol e ,6'-dione. 15 Exarrpl e 18
(3" aS. 6'aR) - phenyl 1-[(R-1.2.3. 4 tetrahydro napht alen-1-yl]-
hexahydr o- IP/E di_ L \ ) Y W)V ),

conpound, :

t he general i
20 tetrahydro-naphtal en-1- - phe
pyrrol o[ 3, 4- c{1p2) r ol e] - 4' 6 d| one. Exarrpl e 19

hoxanydr o_sp T@?Snt%wxapa@n& 5. ayiéﬁboci aoa I s 1S e e V'
conpound, ng%ed ?ﬂ %céoxq bt&wﬁ )chw@énefaﬁ %ét%%d'd?e%&ﬁfmg 3EmM 8"

t he general exanpl e
(3'as, 6' aRy- wbw-m%thﬂhﬁﬁﬁhdén{z-&e and (3'aRS 6'aSR)-5'-ethy1-2'-phen 1-

1,2,3,4-tetr hydro napht al e hexahydr o- spi r o] p| eri di ne- - pyrrol o]
3, 4- c] py q» drg-spgrol -4 ,1'-pyrrolo[3,4-c]pyrrole].

Example 15

2-yll-2'-phenyl-hexahydro-spiro[piperidine-4,1'- 10[3.4-c ole] fumarate
20 (1:2)
A mixture of (3'aRS,6'aSR)-5"-methyl-1-[(RS)- and -[(SR)-4-methyl-indan-2-yl]-
2'-phenyl-hexahydro-spiro[piperidine-4,1'-pyrrolo[38,4-c]pyrrole]-4',6'-dione
(0.49 g, 1.1 mol) and lithium aluminiumhydride (8.4 mmol) in diethylether (12
ml) and THF (10 ml) was stirred for 0.5 h at room temperature and boiled for
25 another 1.5 h. The reaction mixture was quenched with water (40 pl), sodium
hydroxide solution (15%, 40 ul) and water (120 pul), stirred for 1 h, filtered and
the filtrate was evaporated. Chromatography on silica gel deactivated with
triethylamine (dichloromethane/methanol 5%) yielded the desired product
(0.37 g, 81%) which was crystallized as its famarate-salt from ethylacetate to
30 yield a colorless solid with m.p.> 146°C dec. and MS: m/e = 402.5 (M+H").



-42- Exanmpl e 20

(3"aS.6'aR)-5" -Methyl -2' -phenyl -1-[ (R)- 1. 2. 3. 4-t et rahydr o- napht al en-1-yl ] -
hexahydr o- spi ror[ pi peridine-4.1" -pyrrol o[ 3, 4-c] pyrrol e] The title
conmpound, Ms: mfe = 402.5 (MtH err]) was prépared in accordance with 5 the
general nethod of exanple 15 from (3'aR 6" aS)-5"'-net hyl -2' - phenyl -1-[ (R) -
1,2,3,4-tet raE;dmpIeil)Gt al en-1- yI ] - hexahydr o- spi ro[ pi peridine-4,1"-pyrrol of
3, 4- c] py. 6' Ex le 21

(3 as. 6' aR) 2 AL\ O AH A Sl ” e at: 1-{{RH)-4+me v[l danes-Yhivas O-
10 spi ro[p| p é ' 1l The t| & nSompoyn
M5: nmle = 38

met hod of exayRe hﬂéc&xﬁﬁﬂ%ﬁ& ﬁFi?f @c?decpaﬁaMslnc{/é B)3dg8 Z(ﬁlﬂ-‘l*)w 8
t et r ahydr o- napht al en- 1-yl ] - hexa ydro-spiro[ piperidine-4,1" -pyrrolo| 3, 4-

c] pyr r ol e] 54' ppated i accrdanee witle the general method of example 15 from

oo o RSB s oL kel S
g(Srrpl 2851353f r%&ﬁg@%‘ghgpfimlﬂggoqgﬁ%]%?ngl%ethe general nethod of

t et rahydr o- napht al en- 1-yl ] - hexahydr o-spi r o[ pi peri di ne-4, 1' - pyrrol o[ 3, 4-
c] pyrrol e] - 4' Efamiplent7 Exanpl e 23

(3 AR 6 A g R ) B it hol- 2" phenyl d- I 1 2.5 4 etrahydrenaphtaln 1ot L )~ %
trifluoro-g- I*H%@@p ﬁ%h@@ﬁ%méjﬁof-iﬂl FO%&J ‘P-%I! 8| E]Ll 1'-pyrollo[3.4- 25
c] pyrrol e]

(3'aR 6' aS) - Zl‘hélﬂﬁle/éoxﬂpétﬁﬂ MSZnﬁeétlm BQM‘FIE[DW@P% éPa?8d in ¥cbordance with
rrol e

hexahydr o- spi r o[ pi peri di ne-4 -pyrrol o[ 3 45 , 0.12 mol),
(S)- t ol Udrecgeneral mﬁth@d aﬁemample 15 |(31' ;6'8Rh§de 1gER9~|1,2-,8;43r

0. 13 mmol ota | ) but anon 2 m
Cos Bolod f fbteals i}‘!g’b AP héntPnata Belenitibinandipedat” M
extracted wt acq le _4'6(%}{; m ). Organic phases were pool ed,
dried with Na err]SCﬁ[errTﬂ“lQ (1 the sol vents

15 Example 18

hexahydro-spiro[piperidine-4.1'-pyrrolo[38.4-c le
The title compound, MS: m/e = 416.3 (M+H") was prepared in accordance with
the general method of example 15 from (3'aR,6'aS)-5"-ethyl-1-[(R)-1,2,3,4-

20 tetrahydro-naphtalen-1-yl]- 2'-phenyl-hexahydro-sp1ro [piperidine-4,1'-
pyrrolo[3,4-c]lpyrrole]-4',6'-dione.

hexahydro-spiro[piperidine-4,1'- lo[3.4-¢ ole

25 The title compound, MS: m/e = 402.5 (M+H") was prepared in accordance with
the general method of example 15 from (3'aS,6'aR)-5"-methyl-2'-phenyl-1-[(R)-
1,2,3 4-tetrahydro-naphtalen-1-yl] Qhexahydro-spiro [piperidine-4,1'-pyrrolo[3,4-
clpyrrole]-4',6'-dione.



-43 - wer e evapor at ed. Chromat ography on silica gel

(di chl or onet hane/ nmet hanol 2% vyielded the desired product (32 ng, 54%
as a beige foamwith Ms: nle = 514.4 (M+H err]). Exanple 24 5

M xture of (3" aRS.6"'aSR)- and -42-

(3"aSR 6" aRS)-5' -ethyl - 1-[ (RS)-i ndan-1-yl ] -

phenyl - hexahyExemipleé 80pi peri dine-4. 1" -pyrrol o[ 3,4-c]pyrrole] funarate

(1:1.75) The t|tIe CO ound m p. > 132[err]C dec and M5: me = 402 5
(M+H[err]) Al S6 er-Methyl-2'-m ldr ] 4-tetrahydros tala

exanple 3 ndanone . _and

(3 aRseaSR)—%ilé“"s rolpin: li dine-4,1'- 10

| of 3, 4- %%
p{z gg) 9|[ ndanC?Hy l’tft‘.l’é S%nr:gou?d gISi prf'ﬁ}eeﬁ} laéz 5 (%L%;);»_Bés Brépapedinldcdoddartte with

S]E)I rof pi pesi dtheegeneral p;&thodgf 3x&mﬁlp;15rfndnm](3TaR}ﬁ’aSI)-6’-(nrl]etByl-2’-phé'ﬂm-1H[(>R)ur e
Bheﬁiﬁ ?ﬁg’xghsﬁa@é é—# Eﬁiiydganﬁa#&éls 53 &~Yﬁ§$ﬁ%¥2§n§=s-sms{lm pe -441]’ “Ryrrelobhd-

was separg ?fjroli yqqgg}g graphy on silica gel wth
di chl or onet hang %1 nd é into its di astereoi somers and reduced

follow ng the general -procedure of exanple 15 to yield the title
conpound, m pExanmipR 21r]C dec. and M5: me = 388.3 (MtH err]). 20
Exanpl e 26

(3 8RS 6 asR) - |-
-[(RS) -i ndan-{3a gnyld

spiro[pip |dé ‘ rr ho 3 4 . o The m xture of
(3' aRS, 6' 3@,@,:}&#%,_&?#_[:{@%&#%%#71_5 met hyl - 2" -
phenyl - hexahy®he tithé écthpoasd) quenfé =1388.‘BV(WN-HI‘)3wés ?}épﬁl@aliﬁ]aoébn&ncéimﬁ

was 25 separated by chronmatography on silica gel w

di chl or omet hathe gendrahoetbod of example 15 fratn 8RR, 6 Swhphenyiﬁll-[ﬂ@dhﬂ@4-

foll th I t h
anpgnmngg Nseteﬂf%lydaf g@a&%ﬁ;ﬁi-hexah%}o@pneﬂ[mp Ie—ei f’-pyr?‘o [é
-44 - 7: 6 %ture of (3'aSR 6'aRS)- and

(3" aRs. 6' aSR) -et d[‘ S, 4aSR, 8aRS) -

decahydr o- naphthalen 2 yl |1 -2" - phenvl - hexahydr o- spi ro[ pi peridine-4,1'-

pyrrol o] 3.18- cCEgpgmplee22f unarate (1: 2. 3)

spiro[piperidine-4,1’- lo[3.4-c ole
The title compound, MS: m/e = 388.3 (M+H") was prepared in accordance with
the general method of example 15 from (3’aS,6’aR)-2-phenyl-1-[(R)-1,2,3,4-

20 tetrahydro-naphtalen-1-yl]-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-
clpyrrole]-4’,6’-dione.

25 ¢ ole
A mixture of (3’aR,6’aS)-2’-phenyl-1-[(R)-1,2,3,4-tetrahydro-naphtalen-1-yl}-
hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-c]pyrrole] (45 mg, 0.12 mmol), (S)-
toluene-4-sulfonic acid 4,4,4-trifluoro-3-hydroxy-butyl ester (0.13 mmol) and
potassium carbonate (0.23 mmol) in 2-butanone (2 ml) was boiled for 16 h.

30 Water (10 ml) was added and the mixture was extracted with ethylacetate
(2x10 ml). Organic phases were pooled, dried with Na,SO, and the solvents



5 The title conpound, mp. > 130[err]C dec. and Ms: me = 422.5 (M-H) was
prepared in accordance with the general nethod of exanple 15 fromthe

m xture of (3'aSR 6'aRS)- and (3'aRS, 6'aSR)-5"' -et hyl - 1-[ (2RS, 4aSR, 8aRS) -
decahydr o- napht hal en- 2-yl ] - 2' - phenyl - hexahky8r-o- spi r o[ pi peri di ne4, 1' -
pyrrol o[ 3,4-c]pyrrole]-4",6"-dione. 10 Exanple 28 M xt ure of

(3' aSR 6' aRS)weresvaporated. Ehﬁﬁatbgfdﬂﬁ&ﬂsﬁﬂaw&cﬁhﬁﬂméﬂhﬁne/methanol
napht hal en- 2- yl -2' -phenyl - hexahydro spi ro[ pi peri di ne-4

pyrrol o[ 3, 4- cﬂ}/%i/midejlthad@meéﬂm duct(p2 mg, %%)aSﬂhelggﬁqmmthrMﬁ mle =
152[err]C de%r]:f&mg 408.5 (MtH err]) was 15 prepared in accordance
with the gene &of exanple 15 fromthe m xt ure of

(3"aSR, 6'aRS)- and (3'aRS, 6'aSR)-5"' - net hyl - 1-[ ( 2RS, 4aSR, 8aRS) -

decahydr o- naMﬂ@ﬁtyl ]-2' - phenyl - hexahydro-spiro [ piperidine4, 1 -
pyrrolo[34c]pyrro|e] 4 6 dlone Exa Ie 29 20 Mxture of

(3' aSR. 6' aRS)Mixtuae pf(HaRSE'aSR)--3 aoly ARd Ba et d elfiD ihimd a
napht hal en- 2- y| L
cl pyrrol el

‘ I : \ _
I(g :g&ogd:gggﬁmahgle comﬁ&iﬁcﬂ%‘i‘fﬁ"lﬂ‘@'&%@ aidwmyee_%zfs m#ﬁ%&xture of

(3' aRs, 6' aSR)priap@.téﬂ?ﬁ‘n Mﬂﬁmﬁ?ﬁnﬂheﬂmf‘g&iremahm‘bhbdibﬁexﬂnpld 3 Tromiisindanone
hexahyd 4 le]-4", 6 -d
ex?rp?/er goSpl r (g&l arfﬁé 6 éﬁ) 5' ethy 2r-§ gr[xy -hexa]hp){irr(r)-(s)splero[plpendmé-%nle'

(3 aRs, 6' )Pg’lﬁ‘% WI met hyl ) - 2' - phenyl - hexahydr o- spi r o[ pi peri di ne-
. 1" -pyrrol of } r ef- 6' - di one hydrochl ori de 30
45 A m xture of 2-brononethyl naphtal ene (1 mmol),

(3 aRS 6' aSRExamgpler3s -
hexahydr o- spi ro _c er|d| ne- 4 1 (2
ol ) arfd'al > Ol

wth stlrrlmg OV@ ' '
e -’

resi due puri '*'Iacetate) to yield

the desired prgpiHgture of(SQR@s'gsmesbvﬁumm&&ﬂlﬂpsdnﬁéﬁym

HCl -salt fromethylacetate to'yield a colorless solid

234[ err] Clt'de@heawbl-hhﬁahydm—spma[@yelﬁdihldfé,ﬂ-j:yrrolo[S 4-c]§qu11é]e4',’;‘i—d1one was
separated by chromatography on silica gel with dichloromethane/methanol 2%

_-pyrroao 3, 4- c pyrrole]-14 6 dlone (1

into its diastereoisomers and reduced following the general procedure of
example 15 to yield the title compound, m.p. > 128°C dec. and MS: m/e = 388.3
(M+H").

20 Example 26

spirofpiperidine-4,1' lo[3.4-c le
The mixture of (3'aRS,6'aSR)-1-[(RS)- and -[(SR)-indan-1-yl]-5"-methyl-2'-
phenyl-hexahydro-spiro[piperidine-4,1'-pyrrolo[3,4-clpyrrole]-4',6'-dione was

25 separated by chromatography on silica gel with dichloromethane/methanol 2%

into its diastereoisomers and reduced following the general procedure of
example 15 to yield the title compound, MS: m/e = 388.3 (M+H").



(3" aR, 6" aS)-1-Cycl ononyl -5' -net hyl - 2' - phenyl ) - hexahydr o- spi r o[ pi peri ne-4, 1
- 10 pyrrolo[3.4-c]pvrrole] fumarate (1:3.2) The title conmpound, |ight
red solid, mp. 178[err]C (dec.); [a][err]= +76.4 (c = 0.0772 in MeOH)
and Ms: me = 396.6 (MtH err]) was preparedddy reduction of

(3" aR 6"aS)-I1-cycl ononyl -5' - net hyl - 2' - phenyl - hexahydr o- spi r o[ pi peri di ne-
4,1' (2'H - pyr Exiamhple}27] pyrrol e] - 4',6'-dione and subsequent formation of
the 15 fumarate in accordance W|th the eneral rret hod of exarrpl e 89

(3 aR, 6' aS)-I Magture, 21E GliaR: Salf g SR PN

4,.1' (2 | f
(3 a(R 6H)a8§)yr S 1 en&fnrg-4 1’-

en
met hyl -1 'phegmmﬂjﬂﬁifrﬂﬂ'ﬁﬂﬁﬁﬁ@rl@ $He-4, 1 (2'H) - pyrrol o[ 3,4-c] pyrrole
]- 4' ,6'-dione an cyc ononanone i n accordance with the general nethod
of 20 exanple 3. npl e 32

(3' aSR. 6' aRS)The@Elmmmpamdmmtm%@%?deplmd/MStantdﬁqézl-&ﬁo{n-ﬂ“pwpsr| di ne-
(%5 brot . ilngbBe b3St SEh o b prag moliod s gl 18 A

3' aRs, 6' aSR) 7.1 f h di ne-
El 1a pyrrgl o% -C pyr?%?h?@mt%aﬁ?wgsm W@W#% I $ne

m xt ur e ahydro-miphtham-yﬁnzfqﬂﬁnyﬂ&ekahyﬂfﬂ-épﬁﬂ[ﬂipéﬁm t1|'1e n

rn| ht. The cool ed m xture was hydr ol yzed by

boiled with stlrr 8- ,
additi on of VBYIE'P“R 41olpyrIp. 9'4 déeneim hydr oxi de sol ution (0.28 m, 15%
and water (0.42 m) and drled by 30 addition of Na2SO err]. F|Itrat|on and

renoval of; t éﬁlpé |n vacuo yi el ded a resi due which was purified by
chr omat ogr aphy on Ica gel

- 46- (di :

g, 59% as a

f umar at e- sal tRAPRLNS eYlirpl-methyl-2-phe yexahydire-ispire [miperidinesd Kol i d with
mp.> 161[err] C and_IVb; m -59 5(I\/HrH[err]) 5Exarrp|e 33

(3" aSR, 6' aRS)égm e NAPHEAT henyl - hexahydr o- spi r o[ pi peri di ne-
4, 1" -pyrrrol ofRe e I PRPAKaY:

m p. 192- 194[err] C (dec 5’ and mﬁ%?_d%%% a?d(l\l\/}EH err]gmévasg(M prggar ed in

accor dancés wi prepaned gmaeemﬂanee Wmth thie gmna]lme’thoﬂrotﬁmxéﬁlple 15 from the

3' aRS, 6' aSR I- h hyd d -

5.1 - pyr of o{T8LED GF 14 6EBAAREE. an LheRSo At metevist (oHS 4aSR &Ry °
decahydro-naphthalen-2-yl]-2'-phenyl-hexahydro-spiro[piperidine-4,1'-
pyrrolo[3,4-clpyrrole]-4',6'-dione.

Example 29

20 Mixture of (3'aSR.6'aRS)- and (3'aRS,6'aSR2-1-I§2RS,4aSR,8aRS )-decahydro-

naphthalen-2-

c ole

The title compound, MS: m/e = 394.4 (M+H") was prepared in accordance with
the general method of example 15 from the mixture of (3'aSR,6'aRS)- and

25 (3'aRS,6'aSR)-1-[(2RS,4aSR,8aRS)-decahydro-naphthalén—2-y1]-2'-phenyl-
hexahydro-spiro[piperidine-4,1'-pyrrolo[3,4-c]pyrrole]-4',6'-dione.

Example 30

4.1'- olo[3.4-¢ le]-4'.6'-dione hydrochloride

30



(3"aSR, 6" aRS) -1 -[ (RS) - Acenapht hen-1-yl ]-5"-net hyl -1' - phenvl - hexahydr o-
spiro[piperidine-4,1 (2 H-pyrrolo[3.4-c]pyrrolel- 4',6"-dione fumarate
(1:3) 15 The title conmpound, white solid, mp. 199[err]C (dec.) and Ms: nme
= 452.4 (MtH err]) was prepared in acco4ilance with the general nethod
of exanple 5 from (RS)-1- acenapht hen-1-yl - pi peri di n-4-one, aniline and
El_x met IhyI 32’&I28Armrbmma of 2-bromumeiliytniphtalénd (IPmmeél) | (BRHSBHSR)E2’-phenyl-

anpl e
(3' aRS. 6' aSR) hezahydsp- %@[ﬁ}ﬂ%’t@ﬁeﬂy’(ﬁ}ﬂa‘pmln[a 4-1:]p}p‘nd|eirl 4’ edionyei{lommol)

(1o 7)ol spteh BiGlpBRR it B B Bnbne (i e bled kg v

me = 452.4 (dtihfis, %b}rérmght“ﬂ&e BOI9BAE Ras remRRea H 3 o\étnmlfeg%n%%ﬁed

met hod of exanple 5 from acenapht hen-1-yl - pi peri
aniline ané hbmhrgmatr@rsphyoa silica geél (ethylagetate) fogrisht thendedirédprdduvr at e.

_E)éanpnia? h§|6 1" (Op#g Y%S ;ﬂ}}% s Jérl;staﬁ‘ﬁz ed QQ Etgeﬁc -sait from ethylacetate to yield
sp. r o[ pi peri di Betofleks 6lidNvwilli mh P %Ig%ic S‘]gPy%ﬂ*PPn% &;@fiﬁﬁ%% @"I(%I(;Z) | and ME

The title conmpound, o[er
n1e = 424. 4 (MtH err]) was prepared by reduction of
(3" aSR, 6' aRS)Exap(pl® 3kcenapht hen-1-yl | -5' -

met hyl -1" - pheg%lg Egéghégéo spir
]-

gener al aml S N Ie 37 T

(3" aSR 6' a&gféﬁi%g%% MMHH hyl - 1' - phenyl - hexahydr o-
spi ro[ pi peri cﬁ‘hetlﬂelédlﬁpcbﬁndmighﬂ mﬂ%oﬁdgh@pr 178%¢ (&ééﬁa[@lt’e— 9376?4 (c 0. 6‘7?2
title conpound, light red solid, mp. 180 err]C(dec$

10 (M+H[ er r] )inMe 0&‘[ MSW& =@96.6 M+31") was prepared byreductlon of
(3'aRs, 6' aSR)

5 methol -1 G R R hethyh 2 phemel- hesehysroyspisplpinesidings c] py 1
el 4 BUEDISBIS AR IIOL, ¢ 0okt B Lol du A BEAARR Jf éld "

gener al net hod o
(3' aRs. 6' aSR)ﬁxmap(atéamaamﬁaacevﬂmmégenwmbdwuxahméwn 1-ylI]-5" -
met hyl - 2' - phenvl - hexahvdr o- splro[plperldlne 4

1 (2" H-pyrr c&3‘39.&7{.?;6.‘%83-]lloégrcr:lco)lnglllyl-5'-meizz"hyl-z '-phe fhexgﬁy o-spirc:) 1peridine-
4,1'(2'H)-pyrrolo[3,4-clpyrrole}- 4',6'-dione was prepared from (3'aR,6'aS)-5'-
methyl-1'-phenyl-hexahydro-spiro[piperidine-4,1'(2'H)-pyrrolo([3,4-clpyrrole]-

4',6'-dione and cyclononanone in accordance with the general method of

' pyrrol o[ 3, 4-c] pyrrole
hydrerapiro{pivexine:dile

20 example 3.

4,1'-pyrrolo[3.4-¢ le] fumarate (1:2
Lithium aluminiumhydride (3.8 mmol) was added to a stirred solution of

25 (3'aRS,6‘aSR)-1-(2-naphtalenylmethyl)-2'-phenyl-hexahydro-spiro[piperid_ine—
4,1'-pyrrolo[8,4-c]pyrrole]-4',6'-dione (0.5 mmol) in THF (10 ml). The mixture
was stirred at room temperature for half an hour and then boiled with stirring
overnight. The cooled mixture was hydrolyzed by addition of water (0.14 ml),
sodium hydroxide solution (0.28 ml, 15%) and water (0.42 ml) and dried by

30 addition of Na,SO,. Filtration and removal of the solvent in vacuo yielded a
residue which was purified by chromatography on silica gel



The title conmpound, white solid, mp. 181[err]C and M5. mle = 470.3
(MtH err]) was prepared in accordance with the general nethod of
exanple 5 from 20 ‘

(I RS, 3aRS) - 1- (2, 3, 3a, 4, 5, 6- hexahydr o- | H phedtd en- 1-yl ) - pi peri di n- 4-one,
ani line and N-nethyl-mal ei m de and subsequent formation of the fumarate.

Exanpl e 39 (dlchlormethane/methanol 5%) to yield the desired product (0. 11% 59%) as a
(3"aSR 6' aRS) - | - [(1RS 3aR9) - 2. 3. 3a. 4. 5. 6- Hexahydr o- IH-phenaI en-I-yl]-5"-

net hyl - 2' - phe¢ajorl nwm%w@dpma@[@ymulmd@s its fupparage

3,4-c]pyrrole 5 d|o fupara 1:4 he tit oun ite
20114 " p. A@iﬁ 1&“‘2 P yietd f?@or@eﬁﬁdﬂ%mﬁgn léﬁeﬁ pd MY
accordance Wi e LIy %nethod of exanple 5 from

(I RS, 3aRS) - 1- (2, 3, 3a 4, 5 6- hexahydr o-| H phenal en- 1-yl ) - pi peri di n- 4- one,

ani line and N-nethyl - mal ei m de and subsequent formation of the fumarate.

- 48 - 5 Eﬁhumpkesao

(3" aSR. 6’ aRS)-I- ( . 3. 5. ex g - 5
net hyl - 2' - phela AR =;--f.- slxapoialenymernyl : pXalyATo-SpInoipiperidines | o
] 5 funarate4(1', ' o AR Ilght ye||OM/SO|Id n1p
158[err] C (deC. il err]) was prepared by
reduction of TReaifle &mﬁ&)nd, x[n(;imzm{aea) andMsS; fv/e = 398.5 (M+H") was
hexahydr o- 1H- phenal en- 1-yl ] -5 neth¥l-2 phenyl - hexahydr o- spi_r o[ pi peri di ne-

4,1' (2'H) - pyrpesipared in gew&l@%ﬁh@dsqfﬁemrd B2:f5pMat i on of
the e 478" AefaRS AR AR1 %%pmmn%ea%ﬁ? oAb hBRY 8k aHyd#s ARlcTpibaridine-
(3 aRS 6' aSR)4311b [Bafelpy#role[2,6!-diofe.Hexahvdr o- 14 phenal en- 1-yl ] - 5' -
met hyl - 2 phenyl- exahydro Spi ro[p| peridine-4,1 (2'H)-pyrrolo[3.4-c]pyrrol e
] fumarate (1:2.2) 15 The title conpound, off-white solid, mnp.
184[ err] C andExpmple-34 442 5 (l\/HrH[err]) was prepared by reduction of

3 3a

3' aSR, 6' aRS) ;,.1-
élexahydro II—RM%’—% ' ey : PRI 4 -paenyl-nexany 2 e
&1 (20 pyrig i@ i tﬁ ro 3!4L -M Rimbeattian of

t he fumarate accor aance w € general ne exanpl e 20
Exanpl e 425 The title compound, white solid, m.p. 199°C (dec.) and MS m/e = 452.4 (M+H")

3'aRS. 6' aSR) - 1- Cycl ooctyl -5' - pret hyl henyl h spir | eri
( )Was cf}zl'eparedi¥1 accordanceymth th% gen%r eghglt? on exa%np e p (ﬂ.851

acenaphthen-1-yl-piperidin-4-one, aniline and N-methyl-maleimide and
" subsequent formation of the fumarate. '

Example 35

The title compound, white solid, m.p. 234°C (dec.) and MS: m/e = 452.4 (M+H")
was prepared in accordance with the general method of example 5 from (RS)-1-
acenaphthen-1-yl-piperidin-4-one, aniline and N-methyl-maleimide and

25 subsequent formation of the fumarate.

Example 36

spiro[piperidine-4.1'(2'H)- lo[3.4-c ole] fumarate (1:2.5



4,1'(2'H-pyrrolo[3,4-c]pyrrole]- 4',6"-dione fumarate (1:1) The title
conpound, pale yellow solid, mp. 213[err]C (dec.) and M5: me = 410.5
(MtH err]) was prepared from (3'aRS, 6' aSR)-5"' - et hyl - 1' - phenyl - hexahydr o-
25 spiro[piperidine-4,1 (2H) -pyrrol o[ 3,4-clgycrole]- 4,6 -di one and

cycl ooct anone and subsequent formation of the fumarate in accordance
with the genefhe title comﬁmﬂdpﬁv}m@émi@xﬁ 1so°cfde°dméﬁdf@s

(3" aRs, 6' aSR) - 1- Cycl ohe (ﬁtyl math phen hexahydr o s’fn’(‘? 0[4[%4p4e$1|ua-|}¥12-
30 4.1' (2'H) - PiASRyeppse E]rs‘}wlmmp ,Ecalié)el-f[ﬂiﬁ)«mema@hthenmyl] 5-

-n142 _ 396. 3 (%ﬁﬁi&i 3 ﬁﬁg@ﬁ;ﬁﬁﬂ%e st %en%e-flj’&ﬁf-plﬂ'roig[g ti-c]p%%lolg]B

3' aRsS, 6' aSR) 456 'ﬁé%ﬁ%’ﬁ
gpl ro[ pi peri éll ﬁse %Bh@)(é?dﬁ)org%% o[ 3, 4-c]| pyr rlorfafcorga%‘:eglone %neral

cycl ohept adonmethod afiéxampledfient formati on of the fumarate in accordance

with the general 5 nmethod of exanple 3. Exanpl e 44
(3" aRS. 6' aSR) z,l- cio&gt yl -5 - net hyl - 2' - phenyl - hexah dro-spiro[ pi peri di ne-
4.1' (2' H) - pyr ]pyrrole] fumarate (1:2.27) The title corrpound,

%

ottt od

pal e pi nk sol |(g’ %
prepared by re uc ) C
hexahydr o- spi sg ridires4 4°(2 uod] pindrofe] dhiarate €1:2) 4 ,6 - di one
and for f the funarate |n accordance_w e general nethod of

exanpl e e title compaynd, h@tllgpd sohd m.p. 180°C (dec ) and MS: m/e = 424.5

R §§? %%*E*v%@ﬁaq%i;ﬁeoq ﬁ dpction B RS BRI pcenebhiien vl

conpound, whi 5’em§ﬂhyld1’ Ig‘hem 2L B8k ﬂi&s}t‘?l i 1ﬂeﬁ&ﬁeﬁ4§1’(ﬁ’§-ﬁl‘g}g‘4@ﬂ{§4{%ﬂﬁi§]”

was prepared from (3" a henyl'- hexa
spi ro[ pi peri df’sfé-dione @Bdlﬂmpy.tmnlocﬁ[theium]apgtem adeordand® withdhe geidral
cycl ononanone Zghacild subse&u t formation of the funarate in accordance
with the gene!rnz? * exanpl e 3. Exanpl e 46
(3" aRsS, 6' aSR) - | - Cycl ononyl -5' - et hyl - 2' - phenyl - hexahydr o- spi r o[ pi peri di ne-
4.1' (2'H - pyrEghadple’sg] pyrrole] fumarate (1:2.25) 25 The title conpound,
white solid, mp. 242[err]C (dec.) and M5. mle = 396.4 (MtH err])

15 (3’'aRS,6’aSR)-1-[(1RS.3aRS)-2.3.8a,4 5.6-Hexahydro-1H-phenalen-1-yl]-5-

methyl-2-phenyl-hexahvdro-spiro[piperidine-4.1’(2’H)-
4’.6-dione fumarate (1:2)

The title compound, white solid, m.p. 181°C and MS: m/e = 470.3 (M+H") was
prepared in accordance with the general method of example 5 from
20 (1RS,3aRS)-1-(2,3,3a,4,5,6-hexahydro-1H-phenalen-1-yl)-piperidin-4-one,

aniline and N-methyl-maleimide and subsequent formation of the fumarate.

Example 39

25 4.6-dione fumarate (1:4)
The title compound, white solid, m.p. 219°C and MS: m/e = 470.3 (M+H*) was
prepared in accordance with the general method of example 5 from
(1RS,3aRS)-1-(2,3,3a,4,5,6-hexahydro-1H-phenalen-1-yl)-piperidin-4-one,
aniline and N-methyl-maleimide and subsequent formation of the fumarate.



was prepared by reduction of
(3" aRS, 6' aSR) -1 - cycl ononyl -5' - et hyl - 2' - phenyl -
hexahydr o- spiro[ pi peridine-4,1" (2' H)-pyrrol o[ 3, 4-c] pyrrole]- 4',6"'-dione

and subsequent formation of the fumarai48+in accordance with the general
met hod of exanple 15. 30

-50 - Exanpl e 47

(3"aRS. 6' aSR) - | - Cycl odecyl -5' - et hyl - 2' - phenyl - hexahydr o- spi r o[ pi peri di ne-
4.1' (2" H-pyrrolo[3.4-c]pvrrolel- 4'".6"-dione fumrate (1:1) The title

conpound, V\,hlEeIamplQi40mp 234[err]C and IVB rﬂe 438.5 (NHH[err]) was 5
prepared fro : A ) h

(3'aSR. 6' aRS)MQ&hl hydrorrFH- phenal en- I
1-yl]-5 -neth henyl - 4. - 3. 4-
s e i
173 C and 2
Txture of (SR SWBepréphren by FuEdn of (3 aﬁg‘?ﬁm@f‘rﬁﬁéaﬁ@% SELS, fﬁ-a
[(RS)-2, 3-di hhdxﬂﬂdioplﬁ&ﬂidﬂ&ién—)ﬂ-)}l]-y nmgthilp* eﬂ?s"lﬁliéﬂahlydmb gnpendme-
splro[plperldlne pyrrol o[ 3, 4-clpyrro 4,6' -di one an
subsequent  41(@Hp YB‘ﬁ Qﬂ"'{\:ﬂ r 4.6 3‘@ mguemfom@;enﬁtm

t hod of
?g a(I;S g a R%%&?&Be%??rdfncﬁemefe%ﬁérwﬁﬁw&%m]fp]@o[ pi peri di ne-

)

4.1' (2'H) -pyrol o[ 3,4-c]pyrrole] fumarate (1:2.2 The title conpound,
pal e pink SolEﬂaﬂﬁﬂb4f40[err]C and Ms: me = 410.5 (M-H+) was prepared
by reduction of aRS 6' aSR -l - cyclodecyl 5 nethyl 2' phenyl

hexahydr o- spi SdNbEadh)-be 3. 3aRSH2. 338 : din) :
and 25 subseque
met hod of =%

(3" aRs. 6' aSR)ﬁng/ﬁeggrygfyl 5' rret hyI 2 phenyl hexahdr o- spi r o[ pi peri di ne-
15 The title compound, off-white solid, m.p. 184°C and MS: m/e = 442.5 (M+H")
was prepared by reduction of (3’aSR,6’aRS)-1-[(1RS,3aRS)-2,3,3a,4,5,6-
hexahydro-1H-phenalen-1-yl]-5’-methyl-2’-phenyl-hexahydro-spiro[piperidine-
4,1’(2’H)-pyrrolo[3,4-clpyrrole]- 4°,6’-dione and subsequent formation of the

fumarate in accordance with the general method of example 15.

20

4.1 (2’H)- olo[3.4-c le]- 4’.6’-dione fumarate (1:1
The title compound, pale yellow solid, m.p. 213°C (dec.) and MS: m/e = 410.5
(M+H") was prepared from (3’aRS,6’aSR)-5"-methyl-1’-phenyl-hexahydro-

25 spiro[piperidine-4,1’(2'H)-pyrrolo[3,4-c]lpyrrole}- 4’,6’-dione and cyclooctanone

and subsequent formation of the fumarate in accordance with the general

method of example 3.

Example 43

30 4.1(2°H)- olo[3.4-¢ le]- 4’,6’-dione fumarate (1:1.17



4.1'(2'H)-pyrrolo[3.4-c]pyrrolel- 4" .6"-dione fumarate (1:1.1
The title conpound, white solid, mp. 209[err]C and Ms: nfe =
(MtH err]) was prepared from

(3" aRS, 6' aSR)-5' - et hyl - 1' - phenyl - hexahydr e4%pi r o[ pi peri di ne-
4,1' (2'H -pyrrolo[3,4-c]pyrrole]- 4',6"-dione and cycl oundecanone and

gubfsequent | f ogﬁetﬁm celfnpbhﬂdf wﬂﬁteaécmd fin. 3¢ 201 W (dee. VaAr D M amea 3983 (Wt FpY
of exanpl e

(3' aRS. 6' aSR) vwascgr@pam%ﬁyam Gi’aRStﬂgéSR)zS’ miethyl1'reheny)-dezabydrae| pi peri di ne-

2 10 P s S ol o e e

prepared by r &F3RL [} VA
phenyl - hexahygggggg?%ﬁ?ﬁéﬁ?ﬁ?g 4,1 (ﬁnﬁj‘*%@??o 0 u IpyrroﬁZ% jaeral

4' 6" -di oné method of eksmple 8t formation of the fumarate in accordance with

30
452.5

the gener al nmet hod of exanpl e- 15. Exanpl e 52 15
(3" aRS. 6' aSR) =] - ciou ecyl -5" - net hyl - 2' - phenvl - hexahydr o- spi r o[ pi peri di ne
- 4,1 (2 P& 34c]pyrro|e] fumarate(l 2) _The title

conpound, whi SeaRSI
was prepared DY
phenyl - hexahy4 l 34- ;|2rzﬂ o[ 3, 4-c] pyrrol el -

4' 6" -di one 20 and subsequent for rratlon of the fumarate in accordance wth
the general The Mﬁ%ﬂ%ﬂaﬂ%‘ﬁ@% hd,mE-x%?ﬁ)ICeaE@MS m/e = 382.4 (M+H")

A2 1P el Y FpRREY Y Yeduwitt o K4S SuSRY ISR o et

tltle corrpounlde dre- s&iﬁfd[slpdﬂane?@ﬁixmlp@r?dla[M]Mole]-ﬁeﬁ%-&Jd\%:ﬁ&f rl)

pr epar ed from
(3 aRS, 6' aSR) foxmatiomof the finharate ihacetrdanoe syith the generalimethod of example
4,1'(2' H)- pyriﬁ’ao[S 4-c]pyrrole]- 4',6'-dione and cycl ododecanone and
subsequent forfration of the fumar ate in accordance with the general nethod
of exanple 3.

Example 45

15

4.1(2’H)- lo[3,4-c le]- 4’,6’-dione fumarate (1:1

The title compound, white solid, m.p. 238°C (dec.) and MS: m/e = 424.5 (M+H")
was prepared from (3’aRS,6’aSR)-5-methyl-1’-phenyl-hexahydro-
spiro[piperidine-4,1’(2’"H)-pyrrolo[3,4-c]lpyrrole]- 4’,6’-dione and cyclononanone

20 and subsequent formation of the fumarate in accordance with the general

method of example 3.

4,1(2’H)-pyrrolo[3.4-¢ ole] fumarate (1:2.25

25 The title compound, white solid, m.p. 242°C (dec.) and MS: m/e = 396.4 (M+H")
was prepared by reduction of (3’aRS,6’aSR)-1-cyclononyl-5’-methyl-2’-phenyl-
hexahydro-spiro[piperidine-4,1’(2’H)-pyrrolo[3,4-c]pyrrole]- 4’,6’-dione and
subsequent formation of the fumarate in accordance with the general method

of example 15.

30



-52 - Exanpl e 54 _

(3" aRsS, 6' aSR) - 1- Cycl ododecyl -5' - net hyl - 2' - phenyl - hexahydr o- spi r o[ pi peri din
- 4.1'(2'H)-pyrrol o[ 3,4-c]pyrrole] fumarate (1:2) The title
conpound, white solid, mp. 220[err]C and MO-me = 438.5 (MtH err]) was
prepared by reduction of (3'aRS, 6'aSR)-1-cycl ododecyl -5' - et hyl - 2' - phenyl -

hexahydr o- spi ExXampleiqine-4,1' (2' H)-pyrrol o[ 3, 4-c]pyrrole]- 4", 6'-dione

e

5

and subseuent forrratlon of the furrarate i n accordance W|th the general

met hod of 9.6°aSR3-1-Cyclodenyl-rimethyl-25phenyl-hexahydr piperidine-
(3" aRsS, 6' aSR) ' ' ' -~ henyl hexahydro-
spi r o[ pi peri drfrer 51) i one funarat e
(1:1) The’I‘Hetﬂlﬂe %Qﬂi%ﬁﬁﬁ; wﬂitéfolﬁpldx?y ZBE?C a%ﬁ"MSr H/Q:ﬁi‘@@&(l\ﬂ:ﬁ")'\@as
me = 422.4 (MtH err]) was prepared fro

(3'aRs, 6' a%R) p&pmeﬂ]ﬁbﬂ&qﬂ&,ﬁidsmﬁahgﬂmb—l -phenyl-hexahydro-spiro[piperidine-

ol oct ahyer o2 e Hhaypold Gk el & §tlionerasid naledecononn aod Frbeemeent
(3 aRs. 6 ask) Fryeren of pEFREhAra ek Sofiarth With T gepersl fHERIE & cample

spiro[ pi peridBne-4,1'(2'H-pyrrol o[ 3,4-c]pyrrolel fumarate (1:2.2) 20 The
title conpound, orange solid, mp. 150[err]C (dec.) and M5: me = 394.4
(MtH err]) was. prepared by reduction of

(3' aRs, 6" aSR) Example A8 ahydr o- i nden- 2-

. yl)-5 metllbyl ' :ph ah

c] pyrrol e]~ 470°

accor dance
(3" aRsS, 6' aSR)

y yl -2 -pheny
splro[plperlddm_ﬁm&!_ba)&ﬁilow4c]pyrro|e|- 4' 6 -di one funarate

(1:D (conflg in azul ene noiety cis and trans) The title conmpound,

white solid, 25] er d and = rr 0
~prepared fro tb %mggkydgpgf%l%rﬁwn ?Y‘%p P7ﬁ&‘§&M e J;%s?‘,(l\)f'aﬁ*)
Zglc;ﬁ[yglr per | dipaspraphRd by Puduic] &éﬁk&ﬂé&#(siansle’a%md hRAY3EYR,6’aRS)-1-

15 [(RS)-2,3-dihydro-1H-phenalen-1-yl]-5’-methyl-2’-phenyl-hexahydro-

spiro[piperidine-4,1’(2’"H)-pyrrolo[3,4-c]pyrrole]- 4’,6*-diohe and subsequent

formation of the fumarate in accordance with the general method of example
15.

20

4.1’(2’'H)-pyrrolo[3.4-c ole] fumarate (1:2.2
The title compound, pale pink solid, m.p. 240°C and MS: m/e = 410.5 (M+H")
was prepared by reduction of (3’'aRS,6’aSR)-1-cyclodecyl-5’-methyl-2’-phenyl-
hexahydro-spiro[piperidine-4,1’(2’H)-pyrrolo[3,4-clpyrrolel- 4’,6’-dione and

25 subsequent formation of the fumarate in accordance with the general method

of example 15.

4.1’ (2’H)- olo[3.,4-¢ ole]- 4’.6’-dione fumarate (1:1.1

30



- 53 - azul en-2-one (cis-/trans-m xture) and subsequent formation of
the fumarate in accordance with the general nethod of exanple 3.
Exanpl e 58

(3" aRS. 6' aSR) - 1- ( Decahydr o- azulen-2-yl)-5" -5kt hyl - 2' - phenyl - hexahvdro- 5
spiro[ pi peridine-4,1" (2'H-pyrrolo[3,4-c]pyrrole] fumarate (1:2) (config.

in azul enTheuitie ;zompeund;iwhﬁwgbhd m. ETEGQQG hhd MShRge rU52H éMﬁ-H")'vtrﬂs
mp. 170[err]C (dec.), and M5 nle = was prepare

reduction of PreRavedframigaks, Ge&ﬁ)yﬁimesz’ 16;21@371-1) :ahydro—splro[plpen&ne-

t hyl -2' - ph hyd 4 pyrrol o o rrole
1S 1h a6 i BB R R rRRE 4 Bl S s Gyslpridicesion ad bsequent
f t
eg;% leog5 saiseEX aﬁg fSFahAtion bﬁg@g\%ﬁ%@gm _d;cbrgiciﬁegﬁﬂﬁrtﬁle g&%bPA9method
[ 3. 3.1] non59-¢f esmmplecd.ohexyl - 2' - pheny! - hexahydr o-
spiro[piperidine-4.1 (2 H-pyrrolo[3,4-c]pyrrolel- 4'.6"-dione fumarate

(1:1.2) 15 Thg titl npound, light brown solid, mp. 241[err]C and ME:
me = 422.4 ( f‘i was pr epared in accor dance W|th t he general

met hod of ex J £ ol o
ani line and NnE ?Jsma efb £8Chidghyia i && -%&&-éﬁ—.ﬁw
f umar at e. 4.1 INE ole fumarate 1:2.4

(3'aRS. 6' aSR) - -Bj i;ycl o[ 3.3 I non- 9- vl - cyclohexyl - 2' - henyl hexah dro-
spi r o[ pi perid GLCQIEPPHDMTP@ES[SS @B}B-y T2 Cetd eF{) rmfex= 3684  The
title CO”HB””(‘M e %ag Hee regﬁgfrecmc@ o6k §£f{b%£§ﬁf1 Jey@lbhelB1-Sl8ethiy: 4

(MrH err] "was  prepare 'on o

(3" aRsS, 6" aSR) Heﬂylﬁh%ﬁa%jﬂr&s radpip8ridiné4;1(2'H)- yrrolo[3 4-c]pyrrole]I 4 6’-d10ne
cycl ohexyl - 2' - phenyl - hexa dro spi ré{lpl peri di ne- 4, 2" H-pyrrol o[’3, 4- 25
c]pyrrol e] - 42ndsubsesuens qrmatma e fumanate mal!b dnecef withrtheqgeneral

accordance he e met hod of exanpl e 15. Exanpl e 61
(3" aRs, 6 aSR)@F%‘@P%?F‘HﬁBPﬁ iu%en 2-yl)-5"-met hyl - 2' - phenyl - hexahydr o-
spiro[piperidine-4.1'"(2'H-pyrrolo[3,4-c]pyrrolel- 4'".6"-dione fumarate
(1:1.7) 30 (nEMﬂeogzdl astereoi soners: config. in indene noiety at C3a
and Cr7a cis) -54 -

The titl elgor(d@al e { ; 3 pl-thie€sa $pi
422. 4

4,.1(2°H)- olo[3.4-c olel fumarate (1:2

The title compound, white solid, m.p. 287°C (dec.) and MS: m/e = 424.5 (M+H")
was prepared by reduction of (8’aRS,6’aSR)-1-cycloundecyl-5-methyl-2’-
phenyl-hexahydro-spiro[piperidine-4,1’(2’H)-pyrrolo[3,4-clpyrrole]- 4’,6’-dione

20 and subsequent formation of the fumarate in accordance with the general

method of example 15.

Example 53

4.1VQ2H olo[3.4-c lel- 4'.6-dione fumarate (1:1

25 The title compound, white solid, m.p. 206°C and MS: m/e = 466.4 (M+H") was
prepared from (3’aRS,6’aSR)-5"-methyl-1’-phenyl-hexahydro-spiro[piperidine-
4,1’(2’H)-pyrrolo[3,4-clpyrrole]- 4’,6’-dione and cyclododecanone and

subsequent formation of the fumarate in accordance with the general method

of example 3.

30



(MtH+) was prepared from (3" aRS, 6' aSR) -5' - net hyl - 1' - phenyl - hexahydr o-
spiro[piperidine-4,1 (2 H-pyrrolo[ 3,4-c]pyrrole]- 4',6"-dione and

ci s-oct ahydr o- i nden- 2-one and subsequent formation of the fumarate in
accordance with the 5 general nethod of exsaple 3. Exanpl e 62
(3'aRS, 6" aSR) - 1- (Cct ahydr o-i nden-2-yl) -5' - net hyl - 2' - phenyl - hexahydr o-

spi ro[ pi peri dBxamiple (54 H) - pyrrol o[ 3, 4-clpyrrolel fumarate (1:1.9) (mxture
of di astere0| ssomars conflg. in |ndene m)l ety at C3a and Cra CI s) 10

394. 4
(3' aRS, 6 aSR;v?‘--

5" -met hyl -2 i
1'(2' H)- pyrro%?%eg] pﬁﬂawm Bﬁ’\g Q%I ond zirerI% ﬁnr/e 4%385(M+H")was

di ast er eoi Sonpreparedky mductmnroi‘e@éaRSﬁéiSR)al-cjiﬂadmbyl- ’-m&ﬁgfl-gi.p},eﬁﬁd
subsequent f oy mation of t upgrate_| ccordance with the 15 general
met hod of ex ai’rﬁ‘%h 0-8piro EBPA{%FIS 4633& Hig'PleOlOB 4-01PYI'1‘01e] 4’,6™-dione and

oy S g B A O B e

(m xture of ofethplgal&m SONners: conflg |n b| cycl odecane noiety at Cl and
C8 cis) 20 The title conpound, pale brown solid, mp. 177[err]C (dec.) and

Ms: nme = 339.4 (MtH err]) was prepared by reductlon of
(3' aRs, 6 aSR)Elxampl,etlﬁﬁ[s 2.0] dec-9-yl -5' -
met hyl - | ;

]-

g
(3 aR[S 6' aSR)d The atbq/mmpmdmhﬂewhﬂg nbp- mﬁq/(dea )ambms mb)eal(q,gﬂm(M+H2
sSpiro | peridl ne- I one m Xxture o
dloast ePegl sonB A8 Pr W[Bg}éé%ﬂg h&P bg 5%@’ cis) was
d f ]
50 4.1 (2 H)- ﬁyr @W@o 3 -E% SHRIE, %%?ﬁ“o -ﬁ#éﬂe a8l oo Bl

bi cycl o[ 6.12. Gindlen-2-one mad subsequenbfhrdﬁttcm of tHe ﬁﬂﬁa&é@ﬁ&bcdfﬂtah@d vdth the
exanpl e 3.

Exanpl e 64 geneyalmathod of example 8: aSR) - and

3'aSR 6' aRS) - 5' rret hyI 2' - phenyl - 1- (RS) -

1.2.3.4-tetr ' %thalen 2-yl]- hexahydro-spiro[ piperidine-4.1" (2" H)-
pyrrol o[ 3.4-c py* F 4' 6" - dlonefurrarate(l 1) 5Thet|tle conpound,
white solid, (@4R D J H a3

s irq iperidine-4.1’(2’H)-pyrrolo[3.4-¢ ole] fumarate (1:2.2

20 The title compound, orange solid, m.p. 150°C (dec.) and MS: m/e = 394.4
(M+H") was prepared by reduction of (3’aRS,6’aSR)-1-(cis-octahydro-inden-2-
yD)-5’-methyl-2’-phenyl-hexahydro-spiro[piperidine-4,1(2’H)-pyrrolo[3,4-
clpyrrole]- 4’,6’-dione and subsequent formation of the fumarate in accordance

with the general method of example 15.

25 Example 57

(config. in azulene moiety cis and trans)
The title compound, white solid, m.p. 225°C (dec.) and MS: m/e = 486.4 (M+H")

30 was prepared from (3’aRS,6’aSR)-5"-methyl-1’-phenyl-hexahydro-
spiro[piperidine-4,1’(2"H)-pyrrolo[3,4-clpyrrole]- 4°,6"-dione and decahydro-



prepared from (3" aRS, 6' aSR)-5' - et hyl -1' - phenyl - hexahydr o- spi r o[ pi peri di ne-
4,1' (2" H-pyrrolo[3,4-c]pyrrole]- 4',6"-dione and

1, 2, 3, 4-tetrahydro- napht hal en- 2-one and subsequent formation of the
fumarate in accordance with the gener al-58t hod of exanmple 3. 10
Exanpl e 65 M xture of (3'aRS, 6'aSR)- and

(3' aRS, 6' aSR) - azuleniZghe Lisyreny'miktiitd}9nd subsequent formation of the fumarate in
1.2,3.4-tetrahydro- naphthi & - 2- yI] hexahvdro-spiro [piperidine-4.1 (2'H)-

pyr r ol of 3. 4- c] #KFPFdARge Wi generabmethod of gxampje 3 conpound, white
solid, mp. 166[err]C (dec.) and M5: me = 402.5 (MtH err]) 15 was prepared
by reductlon of (3 aRsS, 6' aSR)- and (3'aSR, 6' aRS) -5' -

nmet hyl - 2 pheny%‘ﬁ? 1 3, 4-t et r ahydr o- napht hal en- 2 yI] hexahydro-

spi ro[ pi peri di @& Al dio Szl 61 -2Y9 i Y Tal
subsequent

3 3 H (2% 4 .
(3" aRS. 6' aSR) - 1 &5 Iso? 85@ -2 1me! thé!-bl cycl 0[3 1. 0] hex-3-yl)-5 met hvl -
phenyl - hexahy -pyrrol 0[3 4-cl pyrrolel -

gongougljonfl ght yeI I oﬁ%é‘%%&)wﬁyf.b)%}igtemoé] %@S%ge? gr%?}n/ %%6&)&}'9?
(MtH err]) waswas ppwm@dfbm&ﬁtmﬁ?ﬂ%(m EaSR)alM&écdhydpb-@zmeﬂlQ?‘:]jlgdr o-

spi ro[ pi peri di ne;.4, yrr -c]pyrrol e . di on
5-i sopr opyl - 2-M thyllj’?etﬂi'&ﬁm'%éﬁ ‘E‘J’ ‘]E’éRele‘&? o0 &2’;'1)@3@'1'919[3 4-c]pyrrole]-

di ast er eoi may at e

accor danceﬁe)vl t e ge@“ﬂﬁgqﬁe?%ﬂgnef!ﬁ ?&ﬁ%ﬁhﬂ&a&gﬁn& suf)sequenq; formation
-56 - Exafithe fasharate in accordance with the general method of exam le 1
(3" aRS. 6' aSR) - 1- (5- I sopropyl - 2- net hyl - bi cycl o[ 3. 1. 0] hex- 3-yl) g rret hyl -
phenyl - hexahydr o- spi rokg peridine-4.1"(2'H)-pyrrol o] 3. 4-c] pyrrol el fumarate
(1:2.2) (mxt tere0| sorrers) 5 The title conpound, orange solid,

mp. 182[err]

Ex:Y

reduction of TR 2 S Ry QI Py 0N FEYRORE DIERY -NEXd
[3.1.0] hex-3- b—421’ ?H?%dlsfsam vy B)-£.6-8i ite (1:1.2
4,1' (2' H-pyrrolo -cJpyrrole]- 47,6 -dro (mXx rs)

and s ubs e Khantitlecompaund, dight mm:lnl,manM:‘E(baﬂdrMS wi/e - 42224 (MY
met hod 10 of e a%gle 15

(3' aRS. 6' aSR) Yashrensyed ip a&""@ﬁ‘%-‘@th gh%ml@??é%ﬂt}wﬂdlfmlsi%wuhe-
bicyclo[3.3.1]non-9-yl-piperidin-4-one, aniline and N-methyl-maleimide and

subsequent formation of the fumarate.

20

spiro[piperidine-4,1'(2"H)- lo[3.4-¢ ole] fumarate (1:2.2
The title compound, pale brown solid, m.p. 229°C (dec.) and MS: m/e = 394.4
(M+H") was prepared by reduction of (3’aRS,6’aSR)-1-bicyclo[3.3.1Jnon-9-yl-5-
cyclohexyl-2’-phenyl-hexahydro-spiro[piperidine-4,1’(2'H)-pyrrolo[3,4-

25 c]pyrrole]- 4,6’-dione and subsequent formation of the fumarate in accordance
with the general method of example 15.

30 (mixture of diastereoisomers: config. in indene moiety at C3a and C7a cis)



4.1'(2'H-pyrrolo[3,4-c]pyrrolel- 4'",6"-dione fumrate (1:1) The title
conpound, white solid, mp. 235[err]C and Ms: nfe = 452.5 (MtH err]) was 15
prepared from (3" aRS, 6' aSR)-5' - et hyl -1' - phenyl - hexahydr o- spi r o[ pi peri di ne-
4,1' (2'H)-pyrrolo[3,4-c]pyrrole]- 4,6 -di o -and cycl odecanone and
subsequent - formation of the fumarate in accordance with the gener al

nmet hod of exarf¥hestitle coznpound, li‘ghtrmll]ewﬁébliﬂ)mp 160°C (dec.) and MS: m/e = 422.4

3' aRS. 6' aSR | odecyl -5 hexahvd di ne-
|( 1:§2 ) 2oy B vﬁai%wsﬁ?#m%dm& BB methyt- 177 3233'1- S Bardsoung,
i or ange

(I\/EH[ err]) gwai??’p“fgg@e"@lgy ,:e C% ?g#’ogﬁ[sh %We]-'ﬂ ®-diorie and cis-octahydro-

(3'aRsS, 6' aSR) -1ﬁdeu-¢2_-mnbanﬂsﬁbsailfeﬂt f3rmat10n of the fumarate in accordance with the
phenyl - hexahydr o- spi ro[ pi peridine-4, 1" (2' H -pyrrol o[ 3, 4-c]pyrrole]-

4,6' - di one 25 ge&ﬁ%’ﬂs@ﬁg}wﬁ X%P]@a?l on of the fumarate in accordance wth
t he general nmet hod of exanple 15. Exanple 70

(3 aRs. 6' aSR)EIIF%gng -et hyl - 2' - phenyl - hexahydr o- spi r o[ pi peri di ne-
1(2H) pyrolo ?pyrrole]- 4' 6" -dione fumarate (1:1.2) 30

- Ti®’aRS,6’8S 84041816300 vth 5TBEh 381 ‘hed6h ar&md M
n1e = 438.5 (MrHerr]). was prepare rom

(3 aRs 6' aSR)sm) DS LD -pyrzabo(8 4o le] fum 1:

spi ro[ pi peri dldge 4 _.

cycl ononanone FASUELS: CORLLE. INNae . h&3p.and Ga dis) accor dance

th th .
\(MS aRs. g g%%ar[ﬁ &/‘i%llg%ho yl - H" gﬁﬁﬁ#é‘z}& r’iﬁlﬁiexahy(@o )S%zll(}(l)\/[[% If%? d“?f%ré4
4.1 (2' H) - pvr (MHE3 vmmplpepared b}y rbdudnm of (3’aRS,6’aSR)1e(dctahydrediiidenBlyl)-

BE]ZBSFeEC’L'y:r hlethhIophenyLies s)gg?é%ugﬁgmeamﬁ%z%igy%'?l Ly
oheny! nexahydl - agne kAR o Mafarkobinidrs ) S el BSOS Mcsmand .

t he general C7ami§hm6 sitbsedispl forrBation of th& ﬁﬂﬁh?at%%n]é‘_bcordance with the
(3" aRS. 6' aSR) - 5 cl ohexyl - 1- cycl ononyl - 2' - phenyl - hexahydr o-

spi r o[ pi pe¥i dgﬂ@e | method)ofexample[18, 4- c] pyrrol e] fumarate (1:2.2) The
title conpound, whlte solid, mp. 164[err]C (dec.) and M5: me = 378.5
(MtH err])

Example 63

spiro[piperidine-4,1(2’H)-pyrrolo[3.4-¢ le] fumarate (1:2.52) (mixture of
diastereoisomers; config. in bicyclodecane moiety at C1 and C8 cis)

20 The title compound, pale brown solid, m.p. 177°C (dec.) and MS: m/e = 339.4
(M+H") was prepared by reduction of (8’aRS,6’aSR)-1-bicyclo[6.2.0]dec-9-yl-5
methyl-2-phenyl-hexahydro-spiro[piperidine-4,1’(2’'H)-pyrrolo[3,4-clpyrrolel-
4’,6’-dione (mixture of diastereoisomers; config. in bicyclodecane moiety at C1
and C8 cis) and subsequent formation of the fumarate in accordance with the

25 general method of example 15.

(3’aRS,6’aSR)-1-Bicyclo[6.2.0]dec-9-yl-5-methyl-2’-phenyl-hexahydro-
spiro[piperidine-4,1(2’H)-pyrrolo[3,4-c]pyrrole]- 4’,6’-dione (mixture of
diastereoisomers; config. in bicyclodecane moiety at C1 and C8 cis) was
prepared from (3’aRS,6’aSR)-5"-methyl-1-phenyl-hexahydro-spiro[piperidine-

30 4,1(2’'H)-pyrrolo[3,4-c]pyrrole]- 4’,6>-dione and cis- bicyclo[6.2.0]dec-9- one in
accordance with the general method of example 3.



was prepared by reduction of (3 aRS, 6'aSR)-5'-cycl ohexyl - 1-cycl ononyl -
phenyl - hexahydr o-spi ro[ pi peridine-4,1 (2" H)-pyrrol o 3, 4-cl pyrrol e] -
4,6'-dione 20 and subsequent formation of the fumarate in accordance with
t he general met hod of exanple 15. -55- _

(3" aRS, 6' aSR) - 5' - cycl ohexyl - 1-cycl ononyl - 2' - phenyl - hexahydro-spiro

[ pi peri di ne- Exan#pllé @2 H)-pyrrolo[3,4-c]pyrrole]- 4',6'-dione was prepared
in accordance with the general net hod of exarrpl e 5 from

N-cycl onony| - #LEEILE £{3% 2 TE Z : gthy ‘

subsequent fo TS c. | )
(3 as.6' aR)-li 438 %aéﬂi"ibqﬂ IL-hexahvdros cxidine-4,
Spl ro[ pi peri 1o[3. qubo&{gn@ 2h furrar ate (1)

58 - title conpoun SO p. 180[err]C (dec.);

[ [err]][er6] _Thasxtte qupoﬂnd,owhlte sohdmnl\:‘pCBl)6°ﬂldnd/MSﬂir¢e 48015 4M+¥EDveds | )
was prepared b

(3'aS, 6' aR) - 1P e %’téqlﬂzﬁ’o 6’§SF|)]5"@e§h¥lﬂyph§n¥1ph%w}1y1mmmendme-
;‘5 glr ;rSE Ploge{):‘ “ '1‘(2’?—1)]?%1%31?6{?%&?] accor éﬁ,]étnghmé%ﬁlt %e’ ge%?ghgﬁg?'ﬁ%ah@?alen'

exanpl e 15. 2-one and subsequent formation of the fumarate in accordance with the
(3'aS,6'aR)-1-[(R) -Acena ht hen-1-yl]-5"-net hyl -1' - phenyl - hexahydr o-

spiro[ pi peri og‘ﬂl@rﬂl!l!le(tb fgxample B3, 4-c]pyrrol e]- 4',6' -dione was prepared
in accordance with the general method of exanple 5 from

(R -1- aceq&prﬁ%ﬁgfﬁ Exa pi peridi n-4-one, aniline and

—~~ .i,.
— I

N- net hyl - mal erm rrpl e 74
(3'aR 6'aS)- IMi

title compounk2

= 0.1091 i n 1 VG, I e—4 4(|\/HrH[err]) Was prepared by '
reduction of @@rro'\ﬁ) 4-c arate (1:9.5

3'aR 6'aS)- T h
gpl ro[ pi pe% dﬁ%aﬁt 1 - pmo%’k ﬁrrg(g]e B%S%%e-ygg%’é (M:+H)
for mati on19f was préparledrby mé;lctmnauf(amﬂmm ofi(3’aRS)FaSR)caald (BRISR,E’ aHS)-5-
exanpl e 15.

(3'aR 6 as)- mel-?amwnmszllﬁ §,45texmy@m-qam-zgdkhmhydm |
TP 20 aceor daRErpimeridipele PO LAY, 406 dlond pRA SubSple " ©

(R - | - acenapifohmatibnydf-the ﬁmanaeé irlaBeotdanée with the'gerféidl method of example
N- net hyl - mal e1|5m de.

20 Example 66

fumarate (1:3) (mixture of diastereoisomers)

The title compound, light yellow solid, m.p. 197°C (dec.) and MS: m/e = 436.5
25 (M+H") was prepared from (3’aRS,6’aSR)-5-methyl-1’-phenyl-hexahydro-

spiro[piperidine-4,1'(2'H)-pyrrolo[3,4-clpyrrole}- 4’,6’-dione and 5-isopropyl-2-

methyl-bicyclo[3.1.0]hex-3-one (mixture of diastereoisomers) and subsequent

formation of the fumarate in accordance with the general method of example
3.



Exanpl e 75 '

(3" aRS, 6' aSR) -5' - Benzyl - 1- cycl odecyl - 2' - phenyl - hexahydr o- spi r o[ pi peri di ne-4
, 1 pyrrolo[3.4-c]pyrrole]-4',6'-dione fumarate (1:1) 25 The title
corrpound light yellow solid, m p 174[errifiband MS: me = 514.4 (MtH err])
was prepared in accordance with t he general nethod of exanple 5 from 1-
cycl odecyl - pi Bxampbe 46Dne, aniline and N-benzyl - mal ei m de and subsequent
formation of the funarate.

- 5o -
(3'aRS. 6' aSR) - &' - Beqiz v . /| -2 - v

spi r o pi per i gFrrEEH#-==E : ' "
title conmpoungi:2)ithiixtifle of, dmsgeregigﬁhﬁﬁ%c (dec ) and M. nie = 486.5
(MtH err]) 5 was prepared by reduction of (3 RS,

SR) - 5' - bensy| The ytgemmund oxsingeydolid, m.p. 182°C (dec.) and MS: m/e = 408.5
hexahydr o- spi eridine-4 6' - di ne and
subsequent f ohﬂ[ﬁ'ﬁ‘ Ewagfprpngr#,h% Eé‘i\é&?‘ﬁ{ of Z%Pﬁ%é%ﬂln(%rwepw amethyhod
of exanple 15 ]| - A .

(3 aRS. 6' aSR) bigyglol3. 1?3?‘%3?%%3 %:bfc}:‘?' LR spbegyl-hezahydro-spirolpiperidine: ¢ o-
?EI r1 o%)pl per i did2Hpyrrolo[8l4e¢lpytroléle W,60diohe 4mitturd gfndidsysieaidonters) and

ci s- [ | - (4- | sopiRipamen; forznation pf e Srmaratesn aacordacsiveith the generalmethord
6.70 {:%emp@f oI ved in 1, 2-di met hoxy ethane (35 m) and treated
at O[err]d ri methylsHyI)methyI trifluoronethane sul fonate
(1.90 g, 8.04 mmol). After 15 stirring at roomtenperature for 2 h N nethyl
mal ei m de (2. Ekagapldé 68 nol ) foll owed by caesiumfluoride (1.2 g, 8.04

mol ) were addedand t he reactlon . mxture was stlrred at room
t enper at ur e f(@'aR8.6aSRh3-Crclodecy]-Hi-ethyl12"-phenyl-hexahydre4spiolpiperidineat ed

fromthe reacyi B xt ur 2 .184& rrl ba5|c com_)o n and MS: me =
1245 (N [ kg eloia Hoprond) " etheral 20

33' ution of tyBekithecARPOuNE Whitd s%l&ﬂeﬁ?p"ﬁ5q@aﬂ&m>’fn/§u1f§25 M+HSHP ©

(3" aRS, 6 aSRé prepared ﬁmmsa’paswasmaetmyl’mnyﬁmﬂmépmmﬁdmg-9
[ [ t 1

The 111 & conba St priblold AL apiTroleln fistions and crsipdscenang and pbssgusnt

prepared in 2-AC000 0GR m&a%em%@&a%ma?&l@&eﬁé%ﬁ%&hoé df Xmple

cis-[1-(4-isopropyl-
3.

Example 69
20

4.1(2°H)- lo[3.4-¢ le] fumarate (1:2.2

The title compound, light orange solid, m.p. 232°C (dec.) and MS: m/e = 424.5
(M+H") was prepared by reduction of (3’aRS,6’aSR)-1-cyclodecyl-5-ethyl-2’-
phenyl-hexahydro-piro[piperidine-4,1’(2’H)-pyrrolo[3,4-c]pyrrole]¥ 4’,6’-dione

25 and subsequent formation of the fumarate in accordance with the general
method of example 15.

4.1 (2H)- lo[3.4-c le]- 4’,6’-dione fumarate (1:1.2

30



cycl ohexyl ) - pi peri di n-4-yl i dene] phenyl -am ne and N-phenyl mal ei m de.
Exanpl e 79

(3" aRS. 6' aSR) - 1- (ci s-4-1 sopropyl - cycl ohexy) - 2' - phenyl - hexahydr o-

spiro[ pi peridine-4.1"-pyrrol o[ 3, 4-c] pyrrol el574' , 6' -di one furmarate (1:0.9)
30 -60 - The title

conpound, dec Thefiflecsonipouant] wikite soléd anéﬁ.Q38°CMﬂéE ¥ ani)MBam/p=c488.6(M+H")
accordance with the general nefhod of exangbg 77 fromcis-[1-(4-isopropyl-

cyclohexyl) pivas prenared fromddafsh@apR)-bretaylahwhemyiihexabydro-  Exanpl e

5 ’
) (3 as, & asR) SPIelpiperidingd, Lg - pyrrolpld s elpvarolel-f £-diona and ryslenonsnone
spi ro[ pi peri digit dubseqB¥ht frehaticn 6f the fith&taté’ m@ccskdmdmﬁ&aé%ehérﬂ 15)
- The. title conpound, mp.214[err]C and M5. me = 438.4 was prepared in
accor dance i u:hethodqfeaxamler&t hod of exanple 77 from CI S- [1 (4-isopropyl -
.cycl ohexyl ) - pi peridi n-4-ylidene] phenyl -am ne and N-ethyl nmaleimde. 10
Exanpl e 81
(3' aRS. 6' aSR) Fi“?'&‘l@*’ﬂ?‘sopr opy! - cycl ohexyl )-5'-cycl opr opyl rret hyI 2' - phenyl
- hexahydi g, ’Q Ry5e I :
fumarate (1:1 )
(3" aRsS, 6' aSR) 4 g 3.4 ' in@ayht '_
[ pi peridine-4, 1 aﬁero o[ 3, 4- c]pyrrol eI ione was dissolved 15 in 15

v ox tmitraf‘ i @Fﬁ"mé’ (-’@ Ocﬁéec pand Mipmfe = 410.5
'aélodl cér bo%l éﬁﬂfﬁ%&%&%}%ﬁ%&%gﬁ@s@gﬁﬁz &é;oanr?n 1-5-efluh 2

subsequent |y ajhgpiyheRhNy@FRspies] eﬁam«é-@,u’(zmrpmm &@pmﬁm] 2 tdionbe

tetrahydrof uran was evaporated and the residue purif ed by col um 20 -
chr omat ogr ap hyan(dwlmqpenhﬁqrmrapfethe ﬁmmtannmcm@lame with the geveraled

. product was obt aj.n d s a vellow solid (725 ng, 64% which was precipitated
as its f unar at®® %x&m#ﬁyl ether, mp. 184 [err]C (salt) and MB: me

464. 4 (MtH err]). Exanpl e 82 25
(3 aRS. 6' aSR) ﬂxéﬁpiezlqgsopropyl cycl ohexyl)-5"-cycl ohexyl - 2' - phenyl - hexahy
dr o- splro[plperldlne 4 1 pyrrolo[3 4- c]pyrrolel 4' . 6' -dione fumarate
(1:1.1) 15 T alR elbhedyl-1scythifionyi-Ptph Bexaliwero- 492. 4 ( M+H)

195 Dropar e | SR R S0P PRI O Gipgp e 1 17om
i sopropy! - cy clg{ieg¥le)cofnpdtfifel W16 S 40 %. T84PE[(BLLS hhd MS: fvd = #76.5 Wt
was prepared by reduction of (3’aRS,6’aSR)-5’-cyclohexyl-1-cyclononyl-2’-
phenyl-hexahydro-spiro[piperidine-4,1’(2’H)-pyrrolo([3,4-c]pyrrole]- 4’,6’-dione
20 and subsequent formation of the fumarate in accordance with the general

method of example 15.

(3’aRS,6’aSR)-5"-cyclohexyl-1-cyclononyl-2’-phenyl-hexahydro-spiro[piperidine-
4,1’(2’H)-pyrrolo[3,4-clpyrrole]- 4’,6*-dione was prepared in accordance with the
general method of example 5 from N-cyclononyl-piperidin-4-one, aniline and

25 N-cyclohexyl-maleimide and subsequent formation of the fumarate.

Example 73

spirol[piperidine-4,1’(2’H)- 0lo[3.4-¢ ole] fumarate (1



30 c]pyrrole]-4'",6"-dione and cycl ohexanol .

-61- Exarrpl e 83
(3" aRsS, 6' aSR) - 1- (ci s-4-1sopropyl -cycl ohexyl ) -5"-benzyl - 2' - phenyl - hexahydr o-
spiro[piperidine-4.1"-pyrrol o[ 3,4-c]pyrrol e§g4' . 6" -di one fumarate (1:1) 5
The title conmpound, mp. 103[err]C and M5: nmle = 492. 4 (MtH err]) was
E)gep%eg I gR)Tlll ?ameaéﬁiseﬁnw i light P&l 8611 ma!p. T80PO ddex.); fuh el -48%t (¢ =011030

a a cls-4-

i sopropyl - cycimMeQH) afid- MSemkM@AXM-rH?pvampmpwedbyrmdupﬂmnpfr rolo[3,4

(3 aRsclapérsEZi 45 a8l 1bresnppbdier iy Q?n%ybafeheng’i%ﬁyﬁ%égahydm-
The 0111 6 conthuaipenid RGHIGAAIRS Apyfoldy, 1.6 H5np R Brfatin of

prepared i3 the ﬁﬁﬁﬁf&@lﬁeamtdaﬂdemhm@enmﬁmdﬂﬁd efaramhpled5.f r om
(3" aRS, 6' aSR) - 1- (ci s-4-

[sggrg]p%;r%lc[@ogg,sygh_ [- Ehgnyl FH’I hydr -Frj:tllé | d| é{‘d&ﬁ&’”o' o[ 3,4
(3"aRS. 6"aSR) 5 Sﬁnﬁen&iﬁeq@,rﬁ@%)-ﬁyﬁjoﬁng)&Yéli)y'?rolabZné’l-d.lgne G pRlpagb@ Th Ur an

- 3-
yl') - hexahydr Oaédlirﬂﬁhélé Rafh the'gererh] nidthodlofle® Byfréral (®)-Macenaptithen-1-yl-
fumarat e (1:1) 20 The titlTe conpound, mp 88-190[err]C and M5: nme =
480. 5 ( M+H er piperidin-$onpsaniline andngl kmnadeimiden t he general nethod of
exanple 81 from (3" aRS, 6' aSR) - 1-
(cis-4-isopropyl -c xyl)-2'-phenyl - hexahydr o- spi ro[ pi peri di ne-4, 1" -
pyrrol of 3, %‘Pﬁ%qu 6' - di one and rac- 3- hydr oxy-tetrahydrof uran.
Exanpl e 86 25
(3'aRsS, 6' aSR)
| - hexahy gpi

EMT';"[ |t]8 §1 1fwi r@géﬂéafﬁot B ﬁ‘ﬁe«a&a@a@éﬁw %ﬁk%ﬁiqﬂ:’““%%ﬂé&cﬁ o
[ soglroopyl cyc %@ﬁ%ﬁﬁwmexahMO S)pl ro I[')?ppag?(li(?yn ed}ilc?‘onpyrrol o[ 3,4

- 30 c] pyrisol edaR, 6’8S)-Ui[Mracithphthendyyi-sneithghdi-phenyl-hexahydro-
spiro[piperidine-4,1(2'H)-pyrrolo[3,4-clpyrrole]- 4,6™-dione and formation of

the fumarate in accordance with the general method of example 15.

(3’aR,6’aS)-1-[(R)-Acenaphthen-1-yl]-5’-methyl-1"-phenyl-hexahydro-
spiro[piperidine-4,1’(2’H)-pyrrolo[3,4-cjpyrrole]- 4,6’-dione was prepared in

20 accordance with the general method of example 5 from (R)-1-acenaphthen-1-yl-
piperidin-4-one, aniline and N-methyl-maleimide.

Example 75

pyrrolo[8.4-clpyrrole]-4’.6’-dione fumarate (1:1)
25 The title compound, light yellow solid, m.p. 174°C and MS: m/e = 514.4 (M+H")

was prepared in accordance with the general method of example 5 from 1-

cyclodecyl-piperidin-4-one, aniline and N-benzyl-maleimide and subsequent
formation of the fumarate.



- 62 - Exanpl e 87
(3" aRS. 6' aSR) - 4- (ci s-4-1sopropyl -cycl ohexyl )-5"-(3-net hyl - oxet an- 3-yl net hyl

)-2" -
phenyl - hexahydr o-spi ro[ pi peridine-4.1"' (2" H-$pyrrol o[ 3. 4-c] pyrrole-4'.6"-dio
ne fumarate (1:1) 5 The title conmpound, mp. 171[err]C and M5: me =
494. 4 (IVHH[erIEﬁamQﬂepvepar ed in ~accordance wth the general nethod of

exanple 81 from (3 aRs. 6' aSR) 1-(cis-4-

i sopr opy! - cycK2BE SR)-5~Bengyl-beycloddey]-2 "
1'-pyrrol of 3, 4- rrol.el .4',6' -di.one and

3- hydr oxy- net 0 arate (1; anpl e 88 10

(3'aRS, 6 asR) Thre( 15418 chndpbRRHOWHitE LR LY D5 (Ade ) RAE V) Ay W] sec VTS

phenyl hexéhydwa&mepan@cbbpeeddcﬁnm éf OS’RSySR(}I&anﬁylcj-ﬂyﬂbaé@ﬂﬁiph@n Hi one
fumarate (1: 2 The tjtl e onpound, mp, 170- 175[err C. and nl e
523.3 (M+H er PP OrFRI neﬁlﬂﬂph&%w]mw eIk, eaandet hod of

exanple 81 fr £6rf

(cis-4-i sopro%%-%}%ﬁ?hexy?@’?go-fﬁﬁ ri:u'ﬁn %8 aWy%cr%rgﬁcfeo‘f'H’hp@re gﬁq?é'ahn?thod
pyrrol o[ 3, 4- chPexambpbd 18. , 6' - di one and N- ( 2- hydr oxyet hyl ) - nor phol i ne.
Exanpl e 89

(3'aRS. 6" aSR) L~ (ci s-4- Isopropyl cycl ohexyl)-5" - et hyl - 2' - phenyl - hexahvdr o-
spi r o[ pi perldmple Zqyrrol o[ 3, 4-c] pyrrol el fumarate (1 1.5) 20

(3'aRs, 6' & Dy I -5

VKA :

[ithium aumnlum ydri de adued. on

m xt UL e was CIS-Bt@rkopmpylmdobe@qnpemdm-ﬁqhdbn‘é]Ibheﬁﬂi&amﬂﬁc@zl5 2 @mdm;m]ur e
t 25 t 05 t % sodi um
hatr ot de . TEBpU AR Aisa0iveq 5 nd-dietionyaHbasel (36 R iaa Eratebet 07C stk
ff dth f 2R
?hexgge/ et ﬁyl acet g@e? 1¥ll’l et FT@I am r@hﬁ%th%é %ﬂﬁﬁmﬁo‘m@ ggﬁ E‘Oéﬁ\%ﬂ?lhe

desired prisdustirifig@tngomAeniperabines for@h N-meéthet nidiléinhidd (2510 £518.0BARMIE
sal t froma fure of met hangl and diethylether, 30 dec. > 165[err]C, M5
me = 396. 4 ( 3} caesium fluoride (1.2 g, 8.04 mmol) were added and the reaction

-63 -

(3" aRS, 6' aSR) %c'uﬁ”s?%g?‘? stirred 2, room. temperatire for 4Q b, The desired produch, (R0,
mg, 34 %) precipitated from the reaction mixture, m.p.184°C (basic compound)
and MS: m/e = 424.5 (M+H)". The HCI salt was optained by treating an etheral

20 solution of the free base with an excess HCl in diethyl ether.

The title compound, m.p. 155°C and MS: m/e = 468.4 (M+H") was prepared in
25 accordance with the general method of example 77 from cis-[1-(4-isopropyl-
cyclohexyl)-piperidin-4-ylidene]phenyl-amine and N-phenyl maleimide.

Example 79
3'aRS.6'aSR)-1-(cis-4-Isopropyl-cyclohexyl)-2'-phenvl-hexahvdro-

30



spiro[piperidine-4,1" -pyrrol o[ 3,4-c]pyrrole] fumarate (1:1.5) The title
conpound, dec > 200[err]C and Ms: nmfe = 410.5 (MtH err]) was prepared in 5
accordance with the general nethod of exanple 89 from

(3'aRsS, 6' aSR) 1- (ci s-4- -60 -

| sopropyl -cycl ohexyl)-5'-et hyl -2' - phenyl - hexahydr o-spiro [plperldlne 4, 1'-
pyrrol o[ 3, 4- cThertitdé borhpoindddeds.200°C ad_d<MS3|1ﬁ/e9-1410 5 (M+H") was prepared in
(3" aRS. 6' aSR) 1- (ci_s-4-1sopropyl - cycl ohex phenyl - hexahydro- 10
spi r of pi peri daererdance wyth thegeneral mﬁ}hpéloé]exmm av ef!‘((m cis-E}-(4-isopTopyl-i t | e

ccor dante w PTCORE YRR NiSofiebexaming s pplemids, P 11

(3" aRS, 6' aSR) 1- (ci s-4-

I sopropyl - cycm!ﬂésé 5' - di phenyl - hexahydr o- spi ro[ pi peri di ne-4, 1" -
pyrrol o[ 3,4-c pyrrol] 4' 6" -di one 15 Exarrple 92

(3' aRsS. 6' aRS) SlaRbGaSR)-3 (pisc4 8"
)-2' - phen .I- exah dro- piro ie idine-
fumarate (1:15 i

466. 4 (MrH erq) {g@g&@ﬁgm@g@dmllp 2}3%%&‘&‘101@3998 %ééut(ﬂﬁﬁ%'l%@{uré{? ad of

exanpl e 89 from

(ci s- 4- i sopr opedordsméeowithythe §ene(r31 fRithyd of ¥ %1&7'7'&82&'&&5 -1 @-:sab%pstl-
hexahydr o- spi I‘OEpI peridi ne- 4, i(lrrol o[ 3,4-c]pyrrol e-4', 6" -dione.
Exanpl e 93  cyclo exyl)-p1pend1n-4-yhdene]p enyl-amine and -ethyl maleimide.

(3" aRS, 6' aRS) -5' - (2- Benzyl oxy- et hyI) 1-(cis-4-isopropyl-cycl ohexyl)-2'-phen
yl - h [ pi peridine-4.1" -pyrrol o[ 3, 4-c] pyrrol e] fumarate

(1 2.05) gé r1}#%5’?"5#)‘4é@orrpound m p 168- 170[err]C and Ms: me = 516.4
(MtH err]) wag RpEOHY :  cROBREHY

[ 3, 4- c rrIe
p.1 ]

benzyl oxy- et hiy¢3a ’

Spl ' O[ pi per| d&ﬁﬁ@ éﬁ!ﬁl\{xoi)o(lz’.%&gsé @183’{ c1s gpro%yl-?:yc ﬁexyl)-Z -phenyl-
éﬁ. ?Efp?pZ?FGPne- o P RABEHAR 1 00l A CBFROLIE - BIGHR wal BBNPLE

The titlelso rn;mlEnmL dey tetrahﬂﬂmfui'ﬁ dhriphenylphesphifd (640 (Iﬂﬁ',l'ﬂ 44rlilindl\ﬁs
prepared in cord &h t he. general nethod of exanple 89
(3' aRs, 6' aSR) dc.qogygl yl cyc opropane (176 mg, 2.44 mmol) and d1ethy1

| SOPr OBy - Y RS bbEla B il 7 D EIMbD IR Yo d-ehRLRW LY Bfadh -

subsequently and the mixture was stirred at room temperature for 24 h. The

tetrahydrofuran was evaporated and the residue purified by column

20 chromatography (hexane/ethyl acetate/triethylamine 40:10:1). The desired
product was obtained as a yellow solid (725 mg, 64%) which was precipitated
as its fumarate salt from diethylether, m.p. 184 °C (salt) and MS: m/e = 464.4
M+H").

Example 82
25

The title compound, dec > 195°C and MS: m/e = 492.4 (M+H") was prepared in
accordance with the general method of example 81 from (3'aRS,6'aSR)-1-(cis-4-
isopropyl-cyclohexyl)-2'-phenyl-hexahydro-spiro[piperidine-4,1'-pyrrolo[3,4-

30 clpyrrole]-4',6'-dione and cyclohexanol.



(3" aRS, 6' aRS) - 1- (ci s-4-1sopropyl -cycl ohexyl )-2'-phenyl -5'-(tetrahydro-furan
-3- 10 yl)-hexahydro-spiro[ piperidine-4,1 -pyrrol o[ 3.4-c]pyrrole] fumarate
(1:2) The title conpound, dec > 205[err]C and M5: me = 452.6

(MtH err]) was prepared in accordance w6l t he general nethod of
exanple 89 (3" aRS,6'aSR)-I|-(ci s-4-

| sopropyl -cycl ohexyl)-2'-phenyl -5'-(tetrahydro-furan-3-yl)-hexahydro-
spiro[ pi peridine-4,1" -pyrrol o[ 3,4-c]pyrrole]-4'",6"-dione. 15 Exanple 96
(3" aRS. 6' aSR) - 4- (Clip4 Isopropyl cycl ohexyl)-5"-cycl ohexyl - 2' - phenyl - hexahy
dr o- splr 1 (2 FD pyrrolo[3 4- c]pyrrolel fumarate

(1:2.18) Egiﬂs,@a%g;-g-;gq%‘-%m vl-cyoidhe hyT-HESAhyakdt )
was prepared i : Tt

(3" aRs, 6' aSR) - :
i sopropyl - cycl ohexy en I-hexah dr o- splro[plperldlne 4,

1'- pyr¥ ol etlﬂeqopg@muftb]cx)ny 193°Q m/e =4924|(M+H’) was prepared in
Soi ror pi por | wiaseoancs R Hhe Bépe Al O{%X%eﬁm b b @“{‘%ﬁ SHELERU-

title conpoundgq Q%gyl.ayagﬁéﬂly-bcpﬁaﬂk{lﬁﬁxdﬂyﬂm-sgﬁ%gﬁaRS i aSR) B3 a[d-in

accordance with ener al “net hod exanple 8 (cis- ’4-

i sopropyl - cycl@pmylé]-ﬁ&&nnplamlbmiwledhﬂahydro spiro [piperidine-4, 1'-
pyrrol o[ 3, 4-c] pyrrol e] -4 -di one.

f
=3
[)
?
PoleR
,p.
A

-65 - Exanpl e
(3" aRS. 6' aSR) Exmée&# sopropyl - cycl ohexyl )-5"-cycl opr opyl net hyI 2' - phenyl

- h d f, +f H0A t
(1:1.8) TeWRE MPP‘J“QI haky (M’{‘ 2 H B ) ©
&4 le e -4'16 Bineirabe D

was prepared ;J.-,.. g
(3'aRS, 6" aSR)-1-(cl s-4-
i sopr opy!| - cyc|Beetile)compand, @mﬂ?ﬁ?@@mMﬁ mfpeh§P6. I46(Wr‘ﬁas prepared in

(3 o8 8 2R e e E@ﬁ%ﬂ"gﬂ%m%gl%ﬁ%g% ARG,

spi ro[ pi peri di ; 1&?&' ipefitline-4)1'- clofB}49

(7.68 mmol) oflg@%e racemblé@*nsfl?(-?uélele%?) aSR aRS 10?% s-4- |s-(2)%r(§)g;f- 8}

cycl ohexyl )5 5'clpytrole]-4,6'-glomeyandipxbatbadob- spi r o] pi peri dine-4,1' -pyrrol o[ 3, 4 -
c] pyrrol o] were dissolved in 70 m nethanol and water (95:5) and 1.65

g (4.61 ml@ % (R])ﬁ O di benzoyl -L-tartaric acid were added. The m xture

was refl uxed npl ete sol ution and the sol vent was partly

distilled off 3

a1

20 The title compound, m.p. 188-190°C and MS: m/e = 480.5 (M+H") was prepared
in accordance with the general method of example 81 from (3'aRS,6'aSR)-1-
(cis-4-isopropyl-cyclohexyl)-2'-phenyl-hexahydro-spiro[piperidine-4,1'-
pyrrolo[3,4-clpyrrole]-4',6'-dione and rac-3-hydroxy-tetrahydrofuran.

The title compound, m.p. 155°C and MS: m/e = 544.3 (M+H") was prepared in
accordance with the general method of example 81 from (3'aRS,6'aSR)-1-(cis-4-
isopropyl-cyclohexyl)-2"-phenyl-hexahydro-spiro[piperidine-4,1'-pyrrolo{3,4-

30 c]pyrrole]-4',6'-dione and 2-benzyloxy ethanol.



precipitate occured. Slow cooling resulted in the precipitation of 1.3 g
(22 9% crystalls. The enantioneric excess was determ ned by chiral HPLC
to be 98.6 % [[err]][err] = +101. 08, a][err] = +124.22 (fumarate
salt, ¢ = 0.9982, nethanol). Exanpl e 162-

(3"'aR 6'aS)1-(cis-4-1sopropyl -cycl ohexyl) -5’ rret hyl - 2' - phenyl - hexahydr o-

spi ro[ pi peri diEx#mple8& r ol o[ 3, 4-c] pyrrole] fumarate (1:1.85) The title
conmpound was preargd LN accordance W|th h et hod of  exanpl e 99 f.rQm

the racem c gzller
Dhenss
OMET T C X eSS Was

met hyl - 2' - phe A peyi d
25 (+4)-0 O di e T F

determ ned by mﬁm py_ HPLCto be 98.4 % [a][err] = -112 49, [a][err] =
-137.91 (fumar_t'a € salg c = 0. 7947, net hanol)

- 66 - 5 EBeptitle ompound, (tmpaﬂEI‘ZC redMSsrye =a#214 4 (M+H*) was prepared in

cychonexyl) . 5 a%%ce%ﬁﬁéﬁgpnﬁéai M@éx‘%@%ﬂe&&%@ RS

-C rrol el - " l t
(3] ?Fles, 6' aSR) is?pr@gy sop&gqy hex i %’ @sﬁeﬂdﬁﬁP@éﬁ%ﬁ%ny:’]_ hexa ydr o-
spi ro[ pi peri dld]pyrivolb]Aﬁmr-dm[a’hmaMoxphm]thyrl-sahemsdmetMG my, 2.0 mol)

was di ssolved in isopropanol (12 m) and water (2 m) and sodi um
bor ohydri de (515 13.6 mml) was added. The reaction m xture was
stirred at ro PP@)eraturefor 16 h. The solid material was filtered

off and th : orat e \f B! bene
chl orlde/ng Mwi%w e Fg L {E@%

desired produGhendihe Go-8diralpiperidine-4. 1666 3uhéle i g
as its HO salt froma mxture of nethanol and di et hyI et her

115[err] C, NSfumarate (1 2.2026.5 (MrH err]). 15 Exanple 102
The title compound, m.p. 170-175°C and MS: m/e = 523.3 (M+H") was prepared
in accordance with the general method of example 81 from (3'aRS,6'aSR)-1-
15 (cis-4-isopropyl-cyclohexyl)-2'-phenyl-hexahydro-spiro[piperidine-4,1'-

dec.

pyrrolo[3,4-clpyrrole]-4',6'-dione and N-(2-hydroxyethyl)-morpholine.

spiro[piperidine-4.1’- olo[3.4-c le] fumarate (1:1.5

20 (3'aRS,6'aSR)1-(cis-4-Isopropyl-cyclohexyl)-5-methyl-2’-phenyl-hexahydro-
spiro[piperidine-4,1’-pyrrolo[3,4-c]pyrrol}-4’,6™-dione (212 mg, 0.5 mmol) was
dissolved in methylene chloride (4 ml) and diethylether (5 ml) and lithium
aluminium hydride (55 mg, 1.45 mmol) was added. The reaction mixture was
stirred at room temperature for 1.5 h. The reaction mixture was then

25 subsequently treated with 0.05 ml water, 0.05 ml 15% sodium hydroxide
solution and 0.15 ml water. The solid material was filtered off and the filtrate
was evaporated. Column chromatography (hexane/ethyl acetate/ triethylamine
10:10:1) of the residue gave the desired product (140 mg, 70 %) which was
precipitated as its fumarate salt from a mixture of methanol and diethylether,

30 dec. > 165°C, MS: m/e = 396.4 (M+H").



(3"aRS. 6" aSR) - | - (ci s-4-1sopropyl -cycl ohexyl)-5'-net hyl -

phenyl - hexahydr o- spiro[ pi peridine-4.1 -pyrrol o[ 3,4-c]pyrrol el -6'-one
(3"aRS, 4' RS, 6' aSR)- and (3'aRsS, 4' SR, 6' aSR) -4' - Hydr oxy- 1- (ci s-4-i sopropyl -
cycl ohexyl)-5"-net hyl - 2' - phenyl - hexahydr o- spBro[ pi peri di ne-4,1' -pyrrol o
[3,4- 20 c]pyrrole]-6"-one (m xture of diastereoners, 3.02 g, 7.10 mmol)
was di ssol ved Example$® "L di chl oronet hane and 8.25 g (71.0 mmol)
triethylsilane and 40 5 ¢ (355 rrm)l) trlfl uor o acetlc aci d wer e added
subsequent | y. (3RS.6'26R)1i(ei " lghexyb-5itathy exalye
reaction mxture ' ,_ N G2 bonat e sol uti on
and extract ed 2REEHREERT e oA iao ey was dried with
MySO err] and t i}ﬁﬂ%\ Uam L

acetate/triethy amaﬁe&? (%a@gf?\?emg 6 g ?’PSL‘%A' O%ﬂ%tl\ddgg‘? ed pr oduct
as a white solacdordanee witbthe gbﬁera‘lﬁnetﬂod of exhinyile @ frbar (F9RS,6'aSR)1-(cis-4-
-67 - Exanpl e 103 . . e ,

(3' aRS. 4' RS. 6's@mrppyl-gyclohexd);frethyl-2-phepyrchexahydrospirglpipexidine-4. Lreny | -
hexahydr o- spi r.Ql pi p Io[3 4-c] pyrrolel-6"-one and

(3' aRS. 4' SR. 6'HdS lgfi{%%w;%ﬁraoé{ %cycl ohexyl)-4"',5"-di net hyl - 2' - phenyl -
5 hexahydr o-spiro[ pi peridine-4.1"-pyrrol o[ 3. 4- pryrroIeI 6' - one

(3" aRs, 6' aSR) ‘Exﬁﬁiﬂe‘bl' sopropyl cycl ohexyl ) -2' - phenyl - hexahydr o-
spiro[ pi peridine-4,1"-pyrrol o] 3, 4- c]pyrrole] 4' . 6 dlone 1 00 g, 2.36
mrol ) were 3RS, 6188} 11(cissETsepr glohes i hexahydre

t enperature vmth hyl nesi chl ori solut'o 73rrL 3Min
tetrahydrof‘h ature 10 nL 1IN
HCO and 20 b g dggéo ouitfd, webwwaﬁdm AN=141905 avmmm Miepared in

di chl or onet hane. ani c hase was dried with MgS( err|] and
concent r at ed. a'Eba'dantdavmhcthe(gbnm methodi cfexiansplei§9 &Hm{3'aBSGaSR) Iatais-4-

sodi um cyanobqr ohydr | and net hyl ene red
(i ndi cator) \/\éﬁ@ré?@éf aycl?ﬁmlggp-‘é*&egﬁpxl-a% %Hﬁﬁg‘dd P& Se unti |

t he reaction [Hi)ﬁﬂ L{,‘p@go g d stirring was continued for 2
hours duri ng I'C O?Sljr g?’ugln(ﬁ%f trifluoro acetic acid was

necessary (m xture had to be red). 1N NaOH sol ution was added until pH 8-9
and net hangd Egample®@2t ed. The residue was taken up in dichloronethane
and extracted wth water The orgam c_.phase wa drl ed i1 th S 0
concentr at ed. alRS,Blalif)-1r{gjs-4rlsepropyl-cyelohexyl)-o(3-mefb mﬁ%ﬁi

acetate/trlethle' 20 1). 0n 9: 110, 3 A3 'Eﬁt@'ﬁ)"

(ci s-4-i sopr opyt=eyerofexy

spi r0[ pi per i dimyge ﬂltlje ?&ﬁi&)[tﬁ 54291}3%5"@! éid MS Ciﬁfé @86 P(M&H’Fﬁvlhk%reﬁﬁred
nl e 424. 5 (MtH err]) and 219 pure

(3 aRS 4' SR, 6' 1a3i%)m-'dan® \mthsthp @pyggl method of example 89 from (3'aRS,6'aSR)-4-

| ohexyl )-4', 5" -di t
R i sk

hexahydro-splro[plpendlne-4,1'(2'H) pyrrolo [3,4-clpyrrole-4',6'-dione.

hexahydro-spirofpiperidine-4,1'- 1o{3.4-c ole]fumarate (1:2.05

25 The title compound, m.p. 168-170°C and MS: m/e = 516.4 (M+H") was prepared
in accordance with the general method of example 89 (3'aRS,6'aSR)-5'(2-
benzyloxy-ethyl)-1-(cis-4-isopropyl-cyclohexyl)-2'-phenyl-hexahydro-

spiro[piperidine-4,1'-pyrrolo[3,4-clpyrrole]-4',6'-dione.



Exanmpl e 104

(3' aRS. 4' RS. 6' aSR) 1- (ci s- 4- | sopropyl - cycl ohexyl ) -5' - net hyI -2' . 4" -di phenyl -
hexahydr o- spi ro[ pi peridine-4,1" -pyrrol o[ 3, 4-c]pyrrol el -6"-one funarate
(1:1) 30 -64- -68 - The
title conpound, dec > 203[err]C and M5: me = 486.6 (MtHt+) was prepared in
accor dance W Hxkampleoder al nmethod of exanple 103 from

(3 aRs, 6' aSR) 1-(cls-

-i sopropyl - c{FaRB&6igB)
,4- o rroJ ej -.4'
105 Ipy spirolpipe 0,
(3" aRs. 4' SR Gﬂ?%ﬂé ohf uﬂdl ae@sqwc%rﬁd M 5mle) = 427 igmﬂeimib Pgepw
hexahydr o- spi r o[ pi peri e- -pyrrol o] 3. 4-c] pyrro I marat e
The title sonpeeordancewith ﬂmgmeljatmetho%f exb.mpie 89(3'aRS\6'ESR)+1-fcisvds

repared in accqr dancge the of exapnpl e fro
?3- QRS, 4' SR, 61s9prnyl- loh Wi) Q-be enyl exa% -spi(ro 1peri b e-4,1-

(cis-4-isopro I _g@sﬂ_ d.l?i: thyI 2 phenyl hexahydr o-
spi ro[ pi peri dgﬁ‘r ZJ[‘%@ ro%le{% é pyrrol e] -6' - one. Exanpl e 106

(3'aRS, 6" aSR) - 4- (ci s-4- 1 sopropyl - cycl ohexyl) - 2 - phenyl - hexahydr o-
spi ro[ pi peri dBxemdple 68 H) - pyrrol o[ 3. 4-c] pyrrol e] 15

(3" aRsS, 6' aSR) - 4- CI S- Isor op I-cycI ohexyl) 5 benzyl 2' -phenyl - hexahydr 0-
spi r o[ pi peri d{3iaR3.6aR3)- vih)-2 2 r(tetralsvdnedfuranrd;
10% Pd/ C al._acet. ¢ | d wer e
hydr ogenat€d % M and

t he met harpg §buﬁdaaé¢d>%ve%@w rﬂlet-h452 'GJ(‘MLﬁH YRhS PREpa ARy

20 (dichl oronet hane/ rre anol / anmoni um hydroxi d 140: 10: 1) of the resi due
gave 3. 77aceor8atde with tire gesénat dngthod wf example 8923'@RSQG'aSR) Iv{cis-4- 382. 4
(MtH err]) 107

Co. Ex
(3 RS, 6 RS, isPrepR-areiebmy Dy ohepul-Sriseprabydrp furg Aot heERITSR - pheny -
hexahydr o-s 18 fumarate (1:1) 25
(3XaR>é 6' aRgl)E@B*’gﬁ@’%oky%W*?*%réo‘lgli-l@%/%pﬁ%%/l gyclohexgl) )2 - phen
yl - hexahydr o- spi ro[ pi peridine-4,1" -pyrrol o[ 3, 4-c] pyrrol e] (430 ny,
0.833 nmmoli)y Example 96

spiro[piperidine-4.1'(2'H)- lo[3.4-c le] fumarate (1:2.18
The title compound, dec > 190°C and MS: m/e = 464.5 (M+H") was prepared in
accordance with the general method of example 89 (3'aRS,6'aSR)-1-(cis-4-

20 isopropyl-cyclohexyl)-5'-cyclohexyl-2'-phenyl-hexahydro-spiro[piperidine-4,1'-

pyrrolo[3,4-c]lpyrrole]-4',6'-dione.

Example 97

spiro[piperidine-4,1'(2'H)- lo[3.4-¢ le] fumarate (1:2.2

25 The title compound, dec. > 220°C and MS: m/e = 438.5 (M+H") was prepared in
accordance with the general method of example 89 (3'aRS,6'aSR)-1-(cis-4-
isopropyl-cyclohexyl)-5'-butyl-2'-phenyl-hexahydro-spiro[piperidine-4,1'-
pyrrolo[3,4-clpyrrole]-4',6'-dione.



and 10% Pd/C (50 ng) in 10 nL nethanol and 5 nL 2. 7N HCI /'MeCH were
hydr ogenated with 1 atm hydrogen for 20 hours. Pd/C was filtered off and

t he met hanol was evaporated. The residue was taken up in ethyl acetate
and - 65 - - 69- extracted

wi th 2N NaOH sol ution. The organi c phase was dried with MgSO err] and
concentrat ed. Exhhiple®8 onat ography (dichloro nmet hane/ met hanol / anmoni um

hydroxid 140:10: 1
precipitated {3'aR
194[ err] C and M. .6 -_ ¢ X
(3" aRS, 6' aRS) A& spipfiiperidme 41 (2] Blol g SraprLa el

hexahydr o- spi r'mdotla%rdomﬁtﬁnfd HecByﬂ.'f”@éﬁd‘MSJﬂthenyl Lexa y%&s(ﬂrfgﬁmdm

(3' aRS, 6' aSR) - 4- (ci s- 4- I'sopr dpy| - cycl ohexy dro-

3 pi rol[ pi 8er5 decéMthy%néﬂhﬁWWléﬁM%Sﬁ aBRPIGEis-450aS
i ssol ved in thane_and tyeated at_O[err]C wi
triethyl ani ne 1sopropz ql@ﬂegr b2 -exelaproprimethw-2rohenglbexalnyd §I°r de (158 ny,

1.38 mmol ). a1 L i %Iq.; upesfor 1 hour the reaction
m xture was di ﬁ)ﬁ{oé%]pm £4P n?_lbgpcﬁ’wgfe?%dﬁedlgﬁa extracted with

wat er. The organi c phase was 15 dried with MgSO err] and concentr at ed.
Chr omat ogr aph\Examplei99 gel (hexane/ et hyl acetate/triethylam ne
70: 30: 4) gave 440 g_(73 % of t he deS| red corrpound whi ch was
preC|p|tated yGaR)l{gis 9PRropy heryh)15'imethyl-2'-phehyl-hexs
met hanol , >. M 460 ) L
(3' aRsS. 6 a )_s = 2 HL:pexahvdr o-

spi ro[ pi peri digng4 f.yegamgﬁ of thée'r. @R@n (1:1)
The title corrpoung( dec > %%B[err]%kg%g VE: ngls(g%sﬁm 5 (m%%%?%ﬁggls
prepared i n) cyclabexyli&homethiyl-2’-phenyjenexaliydrespirb [pipeeidingdcl -p3ardlo 8-

3" aRsS, 6' aSR

4-i solor opyl - cf]ﬂ(ﬂﬁ@@} |v3erg disselvad in,7Q miymethangl apdswater @5:-andi 165 g44.625
3, 4-
%r ;%SOES aRSS:- - CI é- %Pgﬁ%ﬁgpy%&exyﬁe Edﬁé%enygpé%‘g‘ﬁ? i [ rg%w%(i p

:c peri di ne- %Ls ) unlallconiplétd sulitién Gindl theododvérit wii partly distilléd bffairtilefHefate
umar at e
( )prec1p1tate occured. Slow cooling resulted in the precipitation of 1.3 g (22 %)
crystalls. The enantiomeric excess was determined by chiral HPLC to be 98.6

%, [0]g, " = +101.08, [a],,.* = +124.22 (fumarate salt, ¢ = 0.9982, methanol).

Ve 170 ) (48% of the

deS| red produlclzt

WhICh was

Example 100

20

spiro[piperidine-4,1’- olo[3.4-c ole] fumarate (1:1.85
The title compound was prepared in accordance with the method of example
99 from the racemic mixture (3'aSR,6'aRS)1-(cis-4-isopropyl-cyclohexyl)-5'-
methyl-2’-phenyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole] and

25 (+)-0,0-dibenzoyl-D-tartaric acid. The enantiomeric excess was determined by
chiral HPLC to be 98.4 %, [o,,,” = -112.49, [0],,.” = -137.91 (fumarate salt, ¢ =
0.7947, methanol).
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-70 - The title conmpound, dec > 190[err]C and M5: me = 478.5
(MtH err]) was prepared in accordance with the general nethod of
exanple 108 from (3" aRS, 6' aSR) - 4- (ci s-
4-i sopropyl -cycl ohexyl ) -2' - phenyl - hexahydr e66pi r o[ pi peri dine-4,1' (2' H) -
pyrrol o[ 3,4-c]pyrrole] and trifluoroacetic acid anhydride. 5 Exanple 111
(3' aRS. 6' aRS)E&a@uﬂ(tﬁk 4- | sopr opyl - cyclohexyl)-2'-phenyl-hexahydro-
splro[plperldlne 4.1 -pyrrol o 3. 4- c]pyrrol] -yl ]-2-met hoxy- et hanone
fumarat e ‘ h 5 108 8 ;
454. 6 (MtH[ er
exanpl e 108 f_m@w |
4-1isopropyl -c pIQ ex I X
pyrrol ol [3, 4- ; ) YOI Exanple 112
(3" aRS. 6' aRS) 1- (CIS 4- Isopropyl cyclohexyl) 2' - phenyl - hfxahydro- 15
spi r o[ pi peki d - WX X -

pi r o[ pi pers (3"£RS 6laSR)T- (&é @ﬁoﬁrdﬂyﬂ%&él%h@%yﬁ 5 S&’éthgm g %ﬁﬁhgrdrrfc and

di et hyl am de fumar at e : he title conpouhd

MS: me = 48 1s§ir()[p}p3n?me b;lépm’mﬁ%[BﬂéfqlpyznﬂeM’gﬁmmm(S% iﬂge 2genanel) was
hod f
Ze |t s gp r gpy FX o aYsaﬁp)lggp%gﬁ&aﬁf ] ?2 gl gpéépdmmémmhy@deﬁ 130

?ér;%'g,0%3aéR)%?ﬂ?‘§c,Sﬁfjﬁ%o%@%%mr %gﬁé ,ﬁ{y@ggﬁg sina B ARk 113

spi r o[ pi per i dicigpératur®for 18 h[ Thé selidwhatdirial Swas/ filtePed\ofi s the ﬁl%i?ﬁeaﬁhge
fumarate (1:1.6) 25 The title conpound, dec > 228[err]C and Ms: nmle 467. 4

( M+H[ er r ] )10waevanarpted QHmnchmoeamhy (methyleme gener al net hod of

exanpl e 108 f o R 4

4-i sopropyl - C‘gf}?f J%@%%% T@m Mﬂﬂﬁeﬂqw ‘1) pEthejresidue gayoihe

pyrrol o[ 3, 4- cdenirédprddrith 4450 B8J, 59 %3 b A ENéurlEds il Hhich was precipitated as its
HCI salt from a mixture of methanol and diethylether, dec. > 115°C, MS: m/e =
426.5 (M+H").

15 Example 102

spiro[piperidine-4.1'- olo[3.4-¢ ole]-6'-one
(3’aRS,4'RS,6’'aSR)- and (3’aRS,4’SR,6’aSR)-4-Hydroxy-1-(cis-4-isopropyl-
cyclohexyl)-5’-methyl-2’-phenyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-

20 c]pyrrole]-6’-one (mixture of diastereomers, 3.02 g, 7.10 mmol) was dissolved in
30 mL dichloromethane and 8.25 g (71.0 mmol) triethylsilane and 40.5 g (355
mmol) trifluoro acetic acid were added subsequently. After stirring at room
temperature for 3 days the reaction mixture was poured into 100 mL 2N
sodium carbonate solution and extracted with dichloromethane. The organic

25 phase was dried with MgSO, and concentrated. Chromatography on silica gel
(hexane/ethyl acetate/triethylamine 10:10:1) gave 2.6 g (89 %) of the desired
product as a white solid, m.p. 153°C, MS: m/e = 410.6 (M+H").



-71 - Exampl e 114

(3" aRS, 6' aRS) -1 -(cis-4-1sopropyl -cycl ohexyl)-2'-phenyl -5'-(thi ophene- 2-

sul f onyl ) - hexahydr o- spi ro[ pi peridine-4.1"-pyrrol o[ 3,4-c] pyrrole] funarate
(1:1) 5 The title conpound, dec > 254[errj&and M5: mle = 528.3 (MrH err])
was prepared in accordance wth the general nethod of exanple 108 from

(3" aRS, 6" aSR) Bkamiple 103

4-i sopropyl -cycl ohexyl ) - 2" - phenyl - hexahydr o- spi ro[p| per| dine-4,1 (2" H)-
pyrrol o[ 3,4-c yrrole and 2- th| ophene sul f onyl ,

10 (3' aRS. 6' a BI4RD; h yelohpx ahd &
spi ro[ pi peri dine - | di nethanone
fumarate (1: 1exa1f11 \! drﬂe 487.4

(M-H) was preppsRd 48R 6'aSR uﬁiﬂtﬁﬁ ¥4 Eiehe b-fh &1 oF-pheagp! e 108
from (3" aRS, 6 aSR) - 4- CIS-
4- i sopr opyls- c rekaify e

& ;‘h%'sZEssa‘ésf Iy é&ét'ap%ﬁyﬁ% %%ymehwlm%y??' - éﬁﬁnyl
The 11016 contbenibaian s Fwﬁ@%ﬁ‘%@ﬂ PERE (LOOR PSR mndh ke,

in accor ddfsselvadtin 25:mIgteteahydrofuimndand teoatodlad raGd tenmperature with
(3" aRS, 6' aSR) - 4-(ci s-

4-isolorogyl cing HbWL%Wdhﬁmﬂr@ %ﬂlo[wﬂﬁﬁﬂmd@fi?’@) @fcer
%r;%SOES aRS) L%ng‘ﬁ%&grh ?ﬁfbﬁ%ﬁ‘?’%%@‘%gﬁg‘%mﬁ aﬂiz?%%’enyl %exahydr

o- spi r o] ghlR@ionWwere 4dded Rrdthea extrhctddwitlodichforoymdthemeThe mgamc
fumarate (1:1.1)

The title conphaaeiwassh‘led Mﬂ‘! MgS;@ andl copsentrated. The CS“@WPFQdM@%‘* epar ed

( 3 aRs, GaS(é% ﬁve\é\f mhzé Q:ﬁga.gol & u%]; c?énaé%) de (42 mg, 2.36
mmol) and 8 drops methylene red (indicator) were added. Trifluoro acetic acid

15 was added dropwise until the reaction mixture turned redish and stirring was

continued for 2 hours during which further addition of trifluoro acetic acid was
necessary (mixture had to be red). 1IN NaOH solution was added until pH 8-9
and methanol was evaporated. The residue was taken up in dichloromethane
and extracted with water. The organic phase was dried with MgSO, and

x
‘J :

20 concentrated. Chromatography on silica gel (hexane/ethyl
acetate/triethylamine 50:10:1) gave 36 mg (3.6 %) pure (3’aRS,4'RS,6’aSR)1-
(cis-4-isopropyl-cyclohexyl)-4’,5’-dimethyl-2’-phenyl-hexahydro-
spiro[piperidine-4,1'-pyrrolo[3,4-clpyrrole]-6'-one, dec > 180°C, MS: m/e = 424.5
(M+H*) and 207 mg (21%) pure (3'aRS,4'SR,6'aSR)1-(cis-4-isopropyl-

25 cyclohexyl)-4',5'-dimethyl-2"-phenyl-hexahydro-spiro[piperidine-4,1'-
pyrrolo[3,4-clpyrrole]-6'-one, m.p. 135°C, MS: m/e = 424.5 (M+H").
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4-1 sopropyl -cycl ohexyl ) -2'-phenyl - hexahydro-spiro [piperidine-4,1" (2" H)-
pyrrol o[ 3,4-c] pyrrole] and cycl opropyl carbonyl chloride. 5 Exanple 118
(3" aRS. 6' aSR) - Furan- 2-yl -[ 1- (ci s-4-i sopropyl -cycl ohexyl ) -5" - phenyl - hexahydr
0- spiro[ piperidine-4.1"-pyrrol o[ 3, 4-ebByrrol | -5 -yl ] - net hanone
fumarate (1:1.5) The title conmpound, dec > 250[err]C and MS: me =
476. 3 (MrH+) W titlepompdund, dec > mmrmnMs Wnfd=1486.6) MeEE) wal!piepardd in
exanpl e 108 from 3' aRS, 6' aSR) - 4- (CIS-

4-i sopr opy| - cpeerdaree yith the general é&%ﬂhﬁd&f%ﬁmﬂ? Fi0gcrom; (ﬁ@BS,,ﬁ'a@RHn(cls-

pyrrolo[3,4c Xyli ci aci d hlor

Mo % % 3 oMb R A ne I SRR R Pt ot PR AT

spi ro[ pi peri db]wﬂolb]-4pa'tdxehebid4plféxg&&ﬁagﬁémﬁmaﬂbﬁaéyl ic acid tert-butyl
ester 15 fumarate (1:1.05)

(3" aRS, 6' aSR) - 4- (ci s-4-1sopropyl -cycl ohexyl ) -2' - phenyl - hexahydr o-

spi ro[ pi pers diExample 195H) - pyrrol o[ 3, 4-c] pyrrole] (1.40 g, 3.67 mml) was
dissolved in 40 nL 1, 4-di oxane and 20 nL water and treated at room

t enperature ho ( : ] er t. - butyl 20
di carbonat e ( S8 2R AR ACIS 23 SONIOD) iR MeN¥lar 16
hours the reagbkoRvdy : gt '
extracted wt

concent ; at ed. Eﬁermhbog:gmlmyl,l ;iec S|113266 agfd D/.%%lgnlzlelﬂélﬂwhﬁMgH*) wag prepared in
acetate/triet ne a % of the desired co

25 whi ch was afg@cr%n%mﬂl aae g@lgemi mipé%iﬁx@mnle ﬁﬂﬁw@mﬁ%ﬁ&ﬁ?ﬁ&ﬂ-
ether  R"BYRBRlopytEFeronesih % 5Lamdfhyl B-BhengEheLalydrd) -

Exanpl e 12
(3" aRS. 6' aSR) spirblpipedding-42'- MBMW&@})GS@Q’ o[ pi peridine-4.1'-
pyrrolo[3,4-c]pyrrole] fumarate (1:2

-73 - The tit] e conmpound, vvhlte solid, mp. 200[err]C and Ms: me =
396. 4 (MH| er Example 106 " cpared by hydrogenation of

(3" aRS, 6' aSR) - 5' - benzyl - 1- cycl odecyl 2' - phenyl -

hexahydr o- spi 4l & NE-4,

formation of

S5 106. spirol[pi endme-4 1' 2'H olo[3 4-c le

15 (3'aRS,6'aSR)-4-(cis-4-Isopropyl-cyclohexyl)-5'-benzyl-2'-phenyl-hexahydro-
spiro[piperidine-4,1'(2'H)-pyrrolo[3,4-clpyrrole] (5.5 g, 11.6 mmol) and 10%
Pd/C (0.67 g) in 67 mL methanol and 6.7 mL glacial acetic acid were
hydrogenated with 1 atm hydrogen for 20 hours. Pd/C was filtered off and the
methanol and acetic acid coevaporated with toluene. Chromatography

20 (dichloromethane/ methanol/ammonium hydroxid 140:10:1) of the residue gave
8.77 g (85%) of the desired product, m.p. 127°C and MS: m/e = 382.4 (M+H").

bsequent
of exanpl e

Example 107

hexahydro-spiro[piperidine-4.1'- lo[3.4-c ole] fumarate (1:1

25 (3'aRS,6'aRS)-5'-(2-Benzyloxy-ethyl)-1-(cis-4-isopropyl-cyclohexyl)-2'-phenyl-
hexahydro-spiro[piperidine-4,1'-pyrrolo[3,4-clpyrrole] (430 mg, 0.833 mmol)
and 10% Pd/C (50 mg) in 10 mL methanol and 5 m1. 2.7N HCI/MeOH were
hydrogenated with 1 atm hydrogen for 20 hours. Pd/C was filtered off and the
methanol was evaporated. The residue was taken up in ethyl acetate and



Exanpl e 121

(3" aRS. 6' aSR) - 1- Cycl odecy] -2' - (4-fl uor o- phenyl ) -5' - net hyl - hexahydr o-
spiro[piperidine-4.1"-pyrrolo[ 3,4-clpyrrolel-4".6"-dione fumrate (1:1)

The title conpound, white solid, mp. 244[ebP}C and M5: me = 456.5

(MtH err]) was 10 prepared in accordance with the general nethod of exanple
5 from 1- egpeictet with ANPNaOH solxtivie The- driganicphssd was dried with MgSO,

N- met hyl - mal ei m de and subsequcﬁ;[_ formation of_ the funarate.
Exanpl e 122 and concentrated. Column omatography (dichloro

115 hexany, Soersp Bl it ohidin iy drotid SRYION gubk TR U] of ST
fumarate (1: 1)des1red'Bi©dﬁbﬂ lvehielh s Pfbcipibated sx0its famérate 20fion MethadoMs:

me = 442. 4 (MrH err prepared in accordance with the general

met hod of ekaram r,smjp(]zB4°CandMS m/e = 426.6 (M+H").

i sopropyl - cycl ohexyl ) pi peridi n-4-one, p-fluoro-aniline and N-nethyl -

mal ei m de and ubse(i formation of the fumarate. 20 Exanple 123

(3 aRS, 6' aSR) @“'Pz!’ﬁ o- phenyl) 1- (ci s- 4-i sopropyl - cycl ohexyl ) -5' - et hyl
hexahydr o- spi r o[ pi peri di ne-4.1' - pyrrol o[ 3,4-c]pyrrole] fumarate (1:1)

The title co YRS 6%.@)11-(&51451%?1% eloB “feth¢Relfonylhd’-NBengl-e =
414.5 (M-HAerrT) Wwas prepare y ret uc |on 0
(3 aRs, 6' aSR) hgx: dj'dt-s 4-c ole] fumarate (1:1

ARSI PR - H1o P e W@ﬁ@ﬁ%ﬁﬁ%ﬁ o EReRE h iAot YT ol oL
?gﬁof dancel%x gg#oi&f%gﬁhﬂg Sk éH%MOBfA W&l@](géﬂ mg, 1.31 mmol) was

(3" aRS. 6' aSR) ﬂlséalﬁéd)ﬁﬁimmﬂ diéidofordetitarend tyeabed ae OPG Iwith teietlyylamine
spi ro[ pi peridi ne-4 8yrro|o[34c] rol e] fumarate 1:2) e.ti
conmpound, | i gKi166ms\gb 4 snmg)]) andymet Bﬂ{l sulfonyl chieri ms, 1@%1“1“@28‘5%‘65

E :I\%/H ;[Qgr 25] ;S\&?S & arﬁl&%){ té!%duc;ttlﬂg‘g 1 1 hour the reactlon mixture was diluted with

p he nyl )-9% Wtéﬂ’inih&iéﬁlﬁﬁ‘éﬁbtﬁﬁhé Qi émaa;ea qvifh Watey. Tleé ofgaric phayeé wwse] - 4'

di one and subsequent formation of the fumarate in accordance with
the geh®r ariedwithiMgSQ xamd cencemtrated. Chromatography on silica gel

(3"aRs, 6" asR) _(llléga/nelo 81351 ceEatE;tg’lJthfrlloarncf'm%hﬁgb'll) gavma ¥ng ?’%%yo ‘tRe desired
compound which was precipitated as its fumarate salt from a mixture of
diethyl ether and methanol, dec > 243°C, MS: m/e = 460.5 (M+H").

Example 109

20
spiro[piperidine-4.1'- olo[3.4-¢ le]15'-vl]l-ethanone fumarate (1:1)

The title compound, dec > 218°C and MS: m/e = 424.5 (M+H") was prepared in
accordance with the general method of example 108 from 3'aRS,6'aSR)-4-(cis-
4-isopropyl-cyclohexyl)-2'-phenyl-hexahydro-spiro[piperidine-4,1'(2'H)-

25 pyrrolo[3,4-c]pyrrole] and acetic anhydride.

Example 110

4,1% lo[3.4-c olel15°-y11-2.2.2-trifluoro-ethanone fumarate (1:1



10 spiro[piperidine-4,1 -pyrrolo[3,4-c]pyrrole]-4'",6"'-dione was prepared in
accordance with the general nethod of exanple 5 from

1- cycl odecyl - pi peri di n- 4-one, mfluoro-aniline and N nethyl-malei m de.
Exanpl e 125 -70-

(3'aRS. 6' aSR) - 1 - Cycl odecyl - 2" - (4-f | uor o- phenyl ) - 5" - met hyl - hexahydro- 15

spi r o[ pi peri dThe tﬂ:ldbempoundpﬂéhﬂwpfﬂrand MS: /e 478.5((M-EH") was Pirepared im

conpound, | 'mggo#gwow 3 5 el thod ok ST L o8 Wb o ol o ashS - Geis-
(3" aRs, 6' aSR) g fl, i.‘ e -spirolpi e-4.1'(2
phenyl)-5'-rre @%2 %‘g {) éj’g% cﬁar]@'dﬂofp ;E? Fdf%'ﬁ’ ﬁpy Tole]-4

, 6" - di on [smsl?ym&]i@deﬁﬂuefoa&tfemd sfihydiidel N accordance with
the 20 general nethod of exanple 89 Exanpl e 126

(3" aRS. 6' aSR) - 2' - (3- Fl uor o- phenyl ) - 1- (ci s-4-i sopropyl - cycl ohexyl )-5' - met hyl
- hexafydEsamplelblperi di ne-4, 1' - pyrrol o[ 3, 4-c] pyrrol e] - 4", 6' - di one
fumarate (1:1) Thetltle corrpound vvhlte solid, mp. 242[err]C(dec)
and M5: me @) =

general met hott-of

(4-isopropyl dm%mm_e%m iolo[3:40 5 2-ethéeReettithdieBiniate
mal ei m de and subsequent formation of the funarate. _

-75 - Ex&idi08) 127

3" aRS. 6' aSR) nd - el odecyl - 5' = met hyls2' - (A et hyl - _hexahydr o-
gpi ?o[pi pgl’lé ig"ﬁg‘w’%ﬁ?ﬁ?m p@ﬁn%‘lwﬁn%§ggggmf ré‘?ﬁ%lé’;"?ﬁarfflm
The title g 0”9&'69&@&4 With &R gcherdl hetR43bE ékﬂ.tﬁgfé‘ @03@‘0&?9‘3&5“@3?&)—4—@1

(M+H err]) was 5 prepared I n accordance wt general nethod o exarrp

5 from 1- 4ﬂ§upmpyb9yelvh%ﬂ) ﬂi—phéh;ddmxaﬂnym-lspiro&npéndmm;l'(Z'H)
N-methyl-maleim'dfg ibse uent formation .of .the fumarate.
Exanpl e 128 Dyrrolo[3,4-clpyrrole] and' methoxy acetic acid chloride.

(3" aRS. 6' aSR) - 2' - ( 3- Fl uor o- phenyl ) -1-(ci s-4-isopropyl -cycl ohexyl)-5"-net hyl
- 10 hexahydr 'xﬁm. yperidine-4,1 -pyrrol o[ 3.4-c]pyrrol el -4'".6'"-di one
fumarate (1: 2@ i’)l%gnﬂ?i tl e conpound, white solid, mp. 210[err]C (dec.)
and Ms: me = 414.5 (MH err]) was prepared by reduction of

(3' aRS, 6' aSR) (FaR$ B'4RS)I-(eiszd Isypnopil 6hdxyl)-2'-phenyl-hexahydro-
isopropylycyclohexyl) 5 nethyl hexg1ydro sglro[ploerldlne 4 1 pyrrolo[3 4
- C] p |’ 01" QIS0 } 0 o 3l £ Y, ‘ 1 \
accordance fumarate (1:1)
The title compound, dec > 224°C and MS: m/e = 481.5 (M+H") was prepared in
accordance with the general method of example 108 from (3'aRS,6'aSR)-4-(cis-

4-isopropyl-cyclohexyl)-2'-phenyl-hexahydro-spiro[piperidine-4,1'(2'H)-

20 pyrrolo[3,4-clpyrrole] and dimethylcarbamoyl chloride.

fumarate (1:1.6) |

25 The title compound, dec > 228°C and MS: m/e = 467.4 (M+H") was prepared in
accordance with the general method of example 108 from (3'aRS,6'aSR)-4-(cis-
4-isopropyl-cyclohexyl)-2'-phenyl-hexahydro-spiro[piperidine-4,1'(2'H)-

pyrrolo[3,4-c]pyrrole] and dimethylcarbamoyl chloride.



15 with the general nethod of exanple 89. Exanpl e 129

(3 aS. 6' aR) - 1- Cycl ononyl -5' - net hyl - 2' - phenyl - hexahydr o- spi ro[ pi peridine-4.1
- pyrrol o[ 3,4-c]pyrrolel fumarate (1:2.3) The title compound,

|l ight orange solid, mp. 132[err]C (dec.); -fal[err]= -78.6[err] (c = 20
0.1044 in MeOH) and M5: mle = 396.4 (MrH err]) was prepared by reduction of
(3" aS, 6'aR)-1-cycl ononyl -5' - net hyl - 2' - phenyl - hexahydr o- spi r o[ pi peri di ne-
4,1' (2'H)-pyrrolo[3,4-c]pyrrole]- 4',6'-dione and subsequent formation of

t he fumarate in accor dance with the general nethod of exanple 89.

(3' aS, 6' aR) - | Ezsampledyd- 5' - et hyl - 2' - phenyl - hexahydr o- spi r o[ pi peri di ne- 25
4,1 (2H) - pyrrol of 3, 4-c] pyrrol e]- 4',6'-dione was prepared from

(3" as, 6' aR) 5%, i , )
met hyl -1 ' - phetiyF=T1rex?

]- 4' 6" - g 3
of exanpl e
Exanpl e 136 The title compound, dec > 254°C and MS: m/e = 528.3 (M+H") was preparedm
(3'aS. 6'aR)-1- Cycl.odec

2-f 1 h 1)-5 hyl - h dr o-
spi r o[ pi per i dRffordanee %}W@%ﬁ%ﬂ%’u ngen ngﬂmmnibﬁ)%(@%'a Sé'gsﬂid-(ms-l e
Compound, || tisSRIErdbh ey TaRon et Al KLl i Sfiro Sibdrithe 4 Fomf?® ¢ °

(3' aRS, 6' aSR) pjrrojalB@delpytrolel 4rd ltheéshene sulfonfrl chloride.
phenyl ) -5" - met hyl - hexahydr o- spi r o[ pi peri di ne-4 pyrrolo[ 3, 4-c]pyrrole] -4

, 6" - di ong and subsequent formation of the fumarate in accordance with
t he generElxai%Plﬂ)!i Bf exanpl e 89.
(3" aRS, 6' aSR) - 1- Cycl odecyl - 2" - (2-f | uor o- phenyl) 5' - net hyl - hexahydro- 10

spi ro[ pi pepi 6R r 4-clpyrraol el - $ 3di ) epared in
accor dancgﬁw % 1 Q—%ﬁ% a ‘X vi-hexaly d{)ro
1- cycl odecyl - gpipslpisbridi Q oy L¥a

Exanpl e 131

(3' aRs. 6' aSR) fumagate{dddy| - 5' - net hyl - 2' - (4- net hyl - phenyl ) - hexahydro- 15
comound | 1 GBS SR caBbpERd e 43%5"%‘” dis ey G Adivas prepaedin ©

E g/ﬁ S[R 2 r % ] ;Sg?&&%eg&tgﬁ er g %Péﬁ:he%od of example 108 from (3'aRS,6'aSR)-4-(cis-

phenyl ) - 515 mwprnpthmw-z'@hammhexahgdﬁo-épnpmpehm-4 1@ME)-r ol €] - 4

, 6" - di one a t fo tion of the funmarate in accordance W th
t he pyrro 0[§ Ei- ipgrroliI d nicotinic acid chioride. ,
Example 116

hexahvydro-spiro[piperidine-4, 1'-pyrrolo{3.4-clpyrrole]l fumarate (1:1)

20 The title compound, dec > 243°C and MS: m/e = 522.3 (M+H") was prepared in
accordance with the general method of example 108 from (3'aRS,6'aSR)-4-(cis-
4-isopropyl-cyclohexyl)-2'-phenyl-hexahydro-spiro[piperidine-4,1'(2'H)-
pyrrolo[3,4-clpyrrole] and benzene sulfonyl chloride.

Example 117




20 general nmethod of exanple 89. Exanpl e 132

(3" aRS. 6' aSR) - 1- Cycl ononyl -2' - (4-fl uor o- phenyl ) -5' - net hyl - hexahydr o-
spiro[piperidine-4.1"-pyrrolo[ 3,4-c]pyrrolel-4".6"-dione fumrate (1:1)

The title conpound, white solid, mp. 247[e¥2}C and M5: me = 442. 4

(MtH err]) was 25 prepar ed in accordance with the general nethod of exanple
5 from 1- Thediit) aoamPopndedeciJ>r24ﬂ°Grand MS:Im/fer-04386i3 dMiBI-H)fd'as prepared in

N- met hyl - rralelmd and subsequ tion Qf the funmra
-77 - y aagg%vnth the gene: of example 108 from (3' aRS ,6'aSR)-4-(cis-

5 ?E[Sp?pirsf%f*hs 3 -@8%%?%’(1%9‘-9“%%‘51;% LR RS )
The title compyrmiol3pt-tipyinidle] and cscloprapyl 24ficiyl kBldids. ) and NG nie =

452.5 5 (MrHerr]) was prepared in accordance with the general nethod of

exanple 5 ro | odecyl - pi peridi n-4-one, mnethyl-aniline and
nal eﬁ?ﬂ!@l’}eﬂgnd subsequent formation of the funarate.

N- et hyl -
Exanpl e 134
(3'aRS. 6' aSR)

472. 3 (lVHr er;ﬁ]l) was prepard| n accor 54 of
exampl e 5 e qc@W@Gdc@cbﬂﬁerCMM&W;a =p4Z&BdM+HFD|Waﬂprepui'edm

N-met hyl - mal el i d8ance w16'1'.'?10Il:liseugbeshe Jaf Method OF bxam el ?e lf)g ?ﬁ' Igaaﬁé %‘aSI%)—tL—(clS-

Exanpl e 135

3' aRS. 6 R \IRY'Y mﬁéﬂ?ﬂ%‘&

gpl ro[ pi p2r6| é‘llznseolgﬁg pyr%ﬁ?’?}z? ?nggr role @roﬁb%hﬁ@lﬁ%e title
conmpound, | i gpyrrplai,4scddpirkoleh and Aaane2-chtbdxytic.acidichlobide. M e = 444. 4
(MtH err]) was prepared by reductlon of

(3" aRs, 6' aSR) -(4-chloro- 20
phenyl ) - 5' ﬁ?‘F‘XHi&g dro spi ro[ pi peri dine-4,1' -pyrrol o[ 3, 4-c] pyrrol e] - 4
, 6" - d| one and subsequent formation of the fumarate in accordance with

t he gener @ S BTSN L (X ATRoroY]-cvelohedyl E—g‘gﬁﬁer_}]ﬁ%exahzdro-

spirofpiperidine-4,1'-pyrrolof3.4-c ole]-5'-carboxvlic acid tert-butyl ester

15 fumarate (1:1.05)
(3'aRS,6'aSR)-4-(cis-4-Isopropyl-cyclohexyl)-2'-phenyl-hexahydro-
spiro[piperidine-4,1'(2'H)-pyrrolo[3,4-clpyrrole] (1.40 g, 3.67 mmol) was
dissolved in 40 mL 1,4-dioxane and 20 mL water and treated at room
temperature with sodium carbonate (620 mg, 7.34 mmol) and di-tert.-butyl

20 dicarbonate (960 mg, 4.40 mmol). After stirring at room temperature for 16
hours the reaction mixture was diluted with 100 mL ethyl acetate and
extracted with water. The organic phase was dried with MgSO, and
concentrated. Chromatography on silica gel (hexane/ethyl
acetateftriethylamine 40:10:1) gave 1.15 g (65 %) of the desired compound

25 which was precipitated as its fumarate salt from a mixture of diethyl ether
and methanol, dec > 244°C, MS: m/e = 482.5 (M+H").

Example 120

pyrrolo[3.4-clpyrrole] fumarate (1:2)



(3" aRS. 6' aSR) - 1- (ci s-4-1sopropyl -cycl ohexyl)-5"-net hyl - 2' - (4- met hyl - phenyl)
- 25 hexahydro-spiro[piperidine-4.1" -pyrrol o[ 3.4-c]pyrrole] fumarate
(1:2.3) The title conmpound, light red solid, mp. 256[err]C (dec.) and
M5: me = 410.6 (MrH err]) was prepared7by reduction of
(3 aRsS, 6' aSR) - 2' - (4-net hyl - phenyl ) -1-(ci s-

| sopr opy! - c Fheditie gomnpbundpwhyte sokidy my.g: 8087C anElMSem/dm}Q&ﬂMmf)rv@é.@[ 3

c] pyrrol e] - 4 Prerared by mog%@@awﬁ@’ﬁB%aSB)ﬁobemm ¥-cyeledecyl:2hphenyl-

accor dance . .

(3' aRS, 6' aSR) hﬁmi’ta’bémﬁ%“gmﬁ? idjk ‘Qf’d@%@ﬁ?‘ﬁ%‘b@ﬁe]% heRgPSEE: et hyI
- hexahy dfornsaticrobpiiefiirfafite4n Hecoddaik With 4hé keMera métthd &

was prepared _5 in accordance with the general nethod of exanple 5 from
cis-1-(4-i §oplOBy| - cycl ohexyl ) - pi peri di n-4-one, p-nethyl-aniline and
N- et hyl - mal ei m de. Exanpl e 137

(3" aRS. 6' aSR) ¢ ro-phenyl)-1-(cis-4-isopropyl-cycl ohexyl)-5'-nethyl
- hexahy 5"!’&4 eridine-4,1 -pyrrolo[3,4-c]pyrrole] funmarate
(1:2.3) 10 The t|tIe corrpound |l ight orange solid, mp. 160[err]C (dec.)
and M5: me =5 '
(3'aRsS, 6' aSR)
4-i sopropyl - a)- pyrrol o[ 3

,; olivdger 1Ne 4 i ' o o iimis
, 4- 6'-d d f f i
agcordanglapyr'i‘ﬁw%iq‘é{’%p@{%ﬁ eﬂ %é%ﬁgzeque %Jﬂg%ngé@gn t‘P 6.5 +&'%S%V3I,Sn
3' aRs, 6 5' t hyl
( : exgﬁy %’ sa|'(!o‘|gfr1 %lg%de}rl I ne- ?‘%hé %ﬁ?éﬁhﬁ%ac SMQ%XL%I di glrale y
was prepared cyclodeeyhpiperitines one; p-fldogoemikine anddN mnethgl-nexlaimide fndr om

cis-1-(4-isop ‘ﬁ?pyl cycl ohex%/I ) - pi per| d| n-4-one, o-fluoro-aniline and
N- et hyl - mal ef4hsgguent fo hefim eoa
(3" aRsS, 6' aSR) - | - Cycl odecyl -5' - net hyl - (3 met hyl - phenyl ) - hexahydr o-

spiro[piperldﬁggm rrolo[3.4-c]pyrrole] fumarate (1:2) The title
conpound, lig f?uf?s%?ld, mp. 219[err]C and M5 me = 424.5 (MrH err])
was prepared by reductlon of

(3I aRS, 6' aSR) " 6?3816 L'4 OPO-) b 1- (8L L]hOI'O]. Cth 1-5’-meth 1-

5' - et hyl - hexahydro splro plperldlne 4 1 p rrolo , 4-C erro e[-47,0% -dion

e and 25 d8bshexahydre-spirelpiperidine4cl’smpyrrolof34-clpyrolel-dh6edione fumarate (1:1

general methogh . tlﬂeoéorgfa(g wﬁl%e solid, m.p. 220°C and MS: m/e = 442.4 (M+H*) was
prepared in accordance with the general method of example 5 from cis-1-(4-
isopropyl-cyclohexyl)-piperidin-4-one, p-fluoro-aniline and N-methyl-

maleimide and subsequent formation of the fumarate.

20 Example 123

hexahydro-spiro[piperidine-4,1’-pyrrolo[3.4-clpyrrolel fumarate (1:1)
The title compound, light red solid, m.p. 200°C (dec.) and MS: m/e = 414.5

(M+H") was prepared by reduction of (3’aRS,6’aSR)-2-(4-fluoro-phenyl)-1-(cis-
25 4-isopropyl-cyclohexyl)-5’-methyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3, 4-

clpyrrole]-4’,6’-dione and subsequent formation of the fumarate in accordance
with the general method of example 15.



-79 - Exanpl e 139

(3" aRs, 6' aSR) - 1- Cycl ononyl -2' - (4-fl uor o- phenyl ) -5' - net hyl - hexahydr o-
spiro[piperidine-4.1"-pyrrolo[ 3,4-c]pyrrole] funarate (1:2) The title
conpound, light pink solid, mp. 225[err]C-dAd M5: me = 414.4 (MrHerr]) 5
was prepared by reduction of

(3" aRS, 6' aSR) Examplent2y| - -(4-fluoro-phenyl) -

5' - net hyl - hexahydr o- splro[plperldlne 4,1 -pyrrol o[ 3, 4- c]pyrrole] 4' 6" -dion

e and subsequent forrra |on of the f accor.d t.h the
general net hod3 odecyl-2’-(3-finorg-nhenyl tha[ a\ﬁdr-

(3" aRS. 6' aSR) GYol p| ro[ pi peri di ne-
4,1' - pyrrol o[épfﬁ%w%i%%f é‘g%“es‘ ole C]chorrpound

of f-white sol |'1qleﬁt]]gco @ange amld Ms.p m34°@ (d€Q) 4nd MS{ ifel-c428.5
was prepared reductlon of é aRsS, 6" aS 1zyl - 1- cycl on ]&I -2' -
phenyl - hexamydK/bl-H‘Blwﬁ prepare |b£76’edu§t10m¢f (%BBﬁiﬁ B)-3yavicln @-fluexare

thod S o R S R 1 alyrd e RiBer it S 1 BYRT ru.h]ﬁﬁ;oﬂf%ﬁ'
(3" aRs, 6' aSR) éﬁ féfﬁaﬂub[t; fd&ﬂt%?ﬂ\é'tfo% ofthe Tihtarahy de@rarhédwitlpeié di ne-

4,1 -pyrrol o] pyrrolel-4",6"-di one was prepared I n accordance with the
general net hogenbralamethed 6f éxaonple-15.cl ononyl - pi peri di n-4-one, aniline and
N 20 benzyl - mal ei m de. Exampl e 141 .

AT et e b R S B D L
Ay ogenat o%7i’%%%‘éa@%@eﬂ?aﬂﬁdgL%%%;ﬂsz’s%r%ﬁwWﬁréweaﬁﬁd by

phenyl - hexahy dicaordainice [with ¢he genieral, rhethvd oftexandplé-scfroyr 1-eyelodecyl-piperidin-
subsequent formation of the fumarate i.n agccor,dance with the general
met hod of exarfore, m-flugrg-aniline and N-methyl-maleimide.

Example 125

15 spirolpiperidine-4.1’-pyrrolo[3,4-c ole] fumarate (1:2
The title compound, light yellow solid, m.p. 236°C (dec.) and MS: m/e = 428.6
(M+H") was prepared by reduction of (3’aRS,6’aSR)-1-cyclodecyl-2’-(4-fluoro-
- phenyl)-5"-methyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-c]pyrrole]-4’,6’-
dione and subsequent formation of the fumarate in accordance with the

20 general method of example 89.

Example 126

The title compound, white solid, m.p. 242°C (dec.) and MS: m/e = 442.4 (M+H")
25 was prepared in accordance with the general method of example 5 from cis-1-

(4-isopropyl-cyclohexyl)-piperidin-4-one, m-fluoro-aniline and N-methyl-

maleimide and subsequent formation of the fumarate.



- 80- Exanpl e 142
(3" aRS. 6' aSR) - | - Cycl odecyl -2' - (4-f | uor o- phenyl ) - hexahydr o- spi r o[ pi peri di ne-
4.1 -pyrrolo[3,4-c]pyrrole]-4",6"-dione fumrate (1:1) 5 The title
conmpound, light yellow solid, mp. 246[err}@5cdec.) and M5: nie = 442. 4
(MtH err]) was prepared in accordance wth the general nethod of exanmple 5
from 1-cycl od jlee12%i n-4-one, p-fluoro-aniline and mal ei m de and
subsequent fornmation of the funarate. Exanpl e 143 10

(3" aRS. 6" aSR) - 2' - (4- ChI or o- phenyl) 1 (CIS 4- |soprop I-cyclohex 1)
hexahydr o- spi (FaRSE deex 1 E g

-5 met hyl -

(1: D ThetLtIe.corgou 0 B1 n1e:
458. 4 (MrH er EPEORIDE Frept ZHE LiL)et hod of
exanpl e 5 fromyd I‘ﬁg I d.L

m chl oro-ani |l i ne an% Oﬁlrpeo%dl lgérgra %.%@?%ﬁ@%@g%’ﬁt ?gréma g%r)o

fumarate. 5 rEparqﬂ m éabérdance with the general method of example 5 from 1-
(3" aRS. 6" aSR) - 2 |.or o-phenyl ) - 1-( 4-] sopro C ohe 5 hyl -
hexahydr o- spi chﬂS‘Fiﬁ@f rRiprEdin-f-ong, %@ ﬁn’iﬂ%ﬁq‘gﬁé %ﬁ)ﬁh@éﬁéﬂ%ﬂ ?nli

The title co tgdllerr] C (dec.) and
430.5 20 (IVHrH gﬁrg?‘}uéﬂt%}?e ar e(gJ uctlon of

(3'aRsS, 6' aSR) - 2' - (4-chl or o- phenyl ) - 1 (cis-
4-i sopropyl - C)E&m(plyl 128' - et hyl - hexahydro-spiro

[ pi peridine-4,1"-pyrrol of 3, 4- c]pyrrole]-4',6'-dione and subsequent
formati on of the fumarate i n_accordance with the general nethod of
exanpl e 89. (3'aRS6'adiR)-21-f3-Fluaro-phenyl)-1-( s-4-1sopropz -cyclohexyl)-5-methyl-

(3 aRSﬁe)a(lﬁﬁ);l-gg $edsb - ARRE KB

fumar ate (1 1)I‘he title compound white solld m. 5p 210°C (dec ) and MS m/e -’43]34 5 (M+H*)
The title conpound, white solid, mp [err VS:

(MtH err]) wasvas prqpaerpdlhgd'educuon@f GKaRS &ad )-2hé3 ﬂapm-phenﬂ)%h&n@ﬂ-
example 5 f o Cﬁr%pyl-&yclohexyl)é -methyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-

clpyrrole]-4’,6’-dione and subsequent formation of the fumarate in accordance

15 with the general method of example 89.

Example 129

pyrrolo[3.4-clpyrrole] fumarate (1:2.3)

The title compound, light orange solid, m.p. 182°C (dec.); [a],*= -78.6° (c =
20 0.1044 in MeOH) and MS: m/e = 396.4 (M+H") was prepared by reducfion of

(8’aS,6’aR)-1-cyclononyl-5-methyl-2’-phenyl-hexahydro-spiro[piperidine-

4,1’(2’H)-pyrrolo[3,4-clpyrrole]- 4°,6’-dione and subsequent formation of the

fumarate in accordance with the general method of example 89.

(8’aS,6’aR)-1-Cyclononyl-5-methyl-2’-phenyl-hexahydro-spiro[piperidine-
25 4,1(2’H)-pyrrolo[3,4-clpyrrole]- 4,6’-dione was prepared from (3’aS,6’aR)-5-
methyl-1’-phenyl-hexahydro-spiro[piperidine-4,1’(2’H)-pyrrolo[3,4-c]pyrrole]-
’-dione and cyclononanone in accordance with the general method of

example 3.



| sopropyl -cycl ohexyl ) - pi peridi n-4-one, p-nethoxy-aniline and N nethyl -

mal ei m de and subsequent formation of the fumarate. 5 Exanpl e 146

(3"aRS. 6' aSR) - 1- (ci s-4- 1 sopropyl -cycl ohexyl ) -2"'-(4-net hoxy- phenyl)-5" - et hy
| - hexahydr o- spiro[ pi peridine-4.1" -pyr+H o[ 3, 4-c] pyrrol el funmarate
(1:2) The title conmpound, |ight orange solid, mp. 245 err]C (dec.) and
MS: me 426E§am id #8d¢ err]) was prepared by reductlon of

(3" aRs, 6' aSR) (4 met hoxy- phenyl )-1- 10
(cis-4-isoprop I cyclohexyl)-5'- rret hyl - hexahydro spi ro[
pyrro| 0[3 4- c\oasy b 1-Ovclodegyl A =(2-fluororphenyl)-Brmethvi=k
I n accordg?mc ]

pi peridine-4,1"-
exghydrot he f umar at e
! ) Exampl e 147
(3" aRS. 6' aSR) 2 1=¢ Sy #2434uor o- phenyl ) -
hexahvdr o- Sp'THé&itl@édlﬁJ th a&ig’e%ﬁddfnf%)mm @ec ‘arfel MH:9RR £ WOBIGL €
(1:1) The title comoound ellowsolid, m 47[err]C (dec.) and
MS: nle 496(M+H“) w@.b’lﬂﬂppare]@byvmdtmtmmmfe(a’dﬁs Maﬁﬁ)rbbyclo 12562-ffuoro-
(3" aRs, 6' aSR) 1-

(4- 11 uor odph fréggr?frﬁﬂsﬁeﬁbxﬂrmwﬂam@@% }))RSF'SP]GE%‘EFJEX’W}%]&;] §- 2
%um-ar ate |Ir102 accordan%%h\%ngﬁt d% genergf&jﬁﬁ]i%s%gqﬁ exarrpafmgéﬁlahﬁmt ©

Exanpl e 148 general method of example 89.
(3" aRS. 6" aSR) - 1- Cycl odecyl 5'-cycl obutyl met hvl - 2' - (4-fl uor o- phenyl ) -

hexahyd 4 1 3. 4- lel-4" 6'-di f t
(5 A Feh b stoaach ey nﬁ%:%é SimsthalbeRthyEo  dec. ) and
M5: me = f

5 aRs 6 Abn sirdBigdfidicld y.pyﬂal&é A pGErotel-416-athWak HR6HARA i

(4 f 1 uor o- phegotorddwsoeseithy thesginephbinethod oféxdmple P ffome 1odylsteryPpipetidih- 4'

di one and cycl obut /| - met_ hanol _and subsequent formation of the

furrarate in 4-ongg ¢ andN-rgethylanaleimidsl of exanpl e 81.

- 82 - Exanpl e 149

(3" aRsS. 6' aSR)E qgc%/ ' -cycl obut yl net hyl -2' - (4-f1 uor o- phenyl)
hexahydr o- xa%p of eridine-4,1 -pyrrol 0[3 4-c]pyrrole] fumarate
(1:2.3) The title conpound, light pink solid, mp. 249[err]C (dec.)
and M5 e Y(34RS SR ctddecy]l-Bemebh 2cnbih edhydro-

(3" aRS, 6" aSR)-1-cyclo -

cycl obut ylifet spire[pipgric il spyire pxrrieyel fomariate (1124 i di ne-4, 1' -
The title compound, light pink solid, m.p. 249°C (dec.) and MS: m/e = 424.5

(M+H") was prepared by reduction of (3’aRS,6’aSR)-1-cyclodecyl-2’-(4-methyl-
phenyl)-5’-methyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole]-4’,6’-

dione and subsequent formation of the fumarate in accordance with the

20 general method of example 89.

Example 132

The title compound, white solid, m.p. 247°C and MS: m/e = 442.4 (M+H") was

25 prepared in accordance with the general method of example 5 from 1-
cyclononyl-piperidin-4-one, p-fluoro-aniline and N-methyl-maleimide and
subsequent formation of the fumarate.



pyrrol o[ 3, 4-c]pyrrole]-4',6-dione and subsequent formation of the funarate
I n accordance with the general nethod of exanpl e 89. Exanpl e 150
10 (3'aRS. 6' aSR) - | - Cycl odecyl ) -5"' -cycl opropyl net hyl -2' - (4-f | uor o- phenyl ) -
hexahydr o- spi ro[ pi peri di ne-4.1' - pyrrol o] 3. 47Z{ pyrrol e] fumarate (1:2)

The title conmpound, light pink solid;, mp. 242[err]C (dec.) and M5: me =
468. 4 ( M"Examniple 133 prepar ed by reduction of

(3" aRsS, 6' aSR) - 1- cycl odecyl -

cycl opropyl ne hyI 2. -4- 11 uoro phen 1) - hexah dr o- Spl ro [pi
pyrrol 0[3 4 - ciaan &) 7;;‘ "”‘\'!'L“\ L E's' Nl —_u:-._"_c: CRLGT) l
in accord ¥ rate
(3" aRS. 6' aSR)= .
i ne- 4, 1' Thy it e&:ﬁ 6uﬁ&l,0dﬁ-wheé sél&tlf%?i Qmﬂczdéa ) aﬁdMs invé I-E452 5
conmpound, i ght red soli d 220[err] C (dec and Ms:

(M-H err]) SwaMpBHehwas d)rgpamgﬁmcaq:condamce with the general method of example 5

(3" aRs, 6' aSR) ert .1- cycl gno

5. heny! - hexRg S EisRetY rrBerin dose, gt lapiline o Y rpethyl-maleimide o
e and submsaasedﬁdﬁahaauehmﬁeffm&aéé in accordance with the
general net hod exanple 89. 25

(3" aRs, 6' aSR) - 5 -tert But yl -1 -cycl ononyl - 2' - phenyl - hexahydr o- spi r o[ pi peri di
ne- 4,1 -Exampld 334 c] pyrrole]-4',6' -di-one was prepared i n accordance
with the general nethod of exanpl e 5 from 1-cycl ononyl - pi peri di n- 4- one,
ianélsl [1e and § _Q,ydbhﬂgl_elhrgnd :

(3 aRs, & A st U AR, 1 SprABRI VAL Rl RLRELRT 41 -
pyrrol o[ 3. The
title conpourThe kit éompousd, light yellow 28éd,amalg. 2418€qdec. padd WES: /e =475 4
5 (MtH err]) was_prepared by reaction of

(3" aRs, 6' aSR)(,M-l-Bs};wgﬁmgpa@d_ rdance with the general method of example 5

Cyer opr opanecarBolyrelefpdilebualinhes nise Bl Sha Mot maleigeide

accordance W drid blbseifiont Formigtibn &f the Rnaaphe, 108. Exanpl e 153

peri di ne-4,1'- 15
hexahydre-f unar at e

15 Example 135

spiro[piperidine-4,1’-pyrrolo[3.4-c ole] fumarate (1:2

The title compound, light pink solid, m.p. 243°C (dec.) and MS: m/e = 444 .4

(M+H") was prepared by reduction of (8’aRS,6’aSR)-1-cyclodecyl-2’-(4-chloro-
20 phenyl)-5’-methyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole]-4’,6™-

dione and subsequent formation of the fumarate in accordance with the

general method of example 89.

Example 136

25 hexahydro-spiro[piperidine-4.1’-pyrrolo[3.4-clpyrrolel famarate (1:2.3)
The title compound, light red solid, m.p. 256°C (dec.) and MS: m/e = 410.6

(M+H') was prepared by reduction of (3’aRS,6’aSR)-2’-(4-methyl-phenyl)-1-(cis-
4-isopropyl-cyclohexyl)-5’-methyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-



10 (3'aRS. 6' aSR) - 1- Cycl ononyl -5' - net hyl sul f onyl - 2' - phenyl - hexahydr o-

spiro[ pi perine-4,1"-pyrrol o[ 3,4-c]pyrrole] fumarate (1:1) The title
conmpound, light red solid, mp. 179C (dec.) and Ms: me = 460.4
(MtH err]) was prepared by reaction of -78 -

(3" aRS, 6' aSR) - 1- cycl ononyl - 2' - phenyl -

hexahydr o- spi d]pjiobslr4’#’«déonk dnd subsejuend fdrmatipnrofithé fuinaateinhaceedaheny |
15 chl oride and_subsequent formation of the fumarate in accordance with the

general net howithsthegeneral meghod ofexmalw% 154

e

(3"'aRS. 6' aSR) - 5' - Q/cl opropyl met hyl - 2" - (4-f 1 uor o- phenyl) - 1- (ci s- 4-i sopr opyl -
cycl ohexyl) - [ 2RI !Hﬁrat e
(1:2) 20 The e coigr-"r@ﬁo%n(% thﬁ%peﬁ}ge(ﬂﬁﬂl (%i%g’wrcﬁg o gg*g IL I
454. 6 (M+H) Vl@&a.h ydrospR[pi ebMJii@-@ 16[8,4-clpyrrole]-4’,6’-dione was prepared
(3'aRs, 6' aSR) - 5- cycl opropyl met hyl -2" - (4-f | uor o-

phenyl ) - 1- § ciin accordan tbd?)el gﬂm@qu metizodiof example § Gronp icjzel-(4-dsopropyl-
pyrrol o[ 3, 4-c Lrol di one an ubs.eguent f. the
Pmrate i n et Plaieridprot o-Berr ariaa i Srrerpmeletids,;
Exanpl e 155

(3" aRS. 6' aSR)ExR; qgroyl met hyl -2' - (3-fl uoro-phenyl ) -1 -(cis-4-isopropyl -
cycl ohexyl ) - hexahydr o- splro[plperlne 4,1' -pyrrolo[3.4-c]pyrrole] funmarate -
(1:2) - 84- Thetltl
conmpound, |i (BlaR®.6 aSH) ‘ pPhbny {cligtdels -k 4

(MtH err])
(3' aRS, 6' aSR)1&Ae

T pBﬁ‘??'?ﬁ%Bﬁ%&jﬁ it aﬁé%ﬁéy“q%??&”%@%% B A R,

in 5 accor danE+H X wak Ipeegmedrby} ratriction off(SWhSRB& -(2-ﬂuor@ph@lyb)—l—‘6ﬁs—

(3'aRS. 6" aSR) - 1- Cycl odecyl - 5' - cycl opr opy! met hyl henyl_- hexahydro-
spi r o[ pi per i rfeisPpPTOP; ﬁg ﬁmlzhe@phxdm-smreﬁém o[3,4-

Th itl dy 4l Js el | | i C d

478.5 10 (W IgBrRple %&“ﬁ%ﬁ% sHpee q{eeﬁ‘ﬁ%mﬁé%%?%%ﬂ%ﬂgm% ieFindl
(3" aRS, 6" aSR)wikhGke! fedRerl méthod of example 89

phenyl - hexahydr o- spit o[ pi peri di ne-4, 1’ pyrrolo[3 4-c]pyrrole]-4',6"-dione

and cycl op aﬁ%l - net hanol and subsequent formati on of the fumarate I n

accordancds (3’altS,6'aSR)-2j<Rdfluprorphenyl)di-(cisc4ripppropyl-cyclohexslihpmethsiz
hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole]-4’,6’-dione was prepared

in accordance with the general method of example 5 from cis-1-(4-isopropyl-

cyclohexyl)-piperidin-4-one, o-fluoro-aniline and N-methyl-maleimide.
Example 138

20

spiro[piperidine-4.1’- lo[3.4-c le arate (1:2

The title compound, light pink solid, m.p. 219°C and MS: m/e = 424.5 (M+H")

was prepared by reduction of (3’aRS,6’aSR)-1-cyclodecyl-2’-(3-methyl-phenyl)-
5’-methyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole]-4’,6’-dione and

25 subsequent formation of the fumarate in accordance with the general method
of example 89.



15 (3'aRS. 6' aSR) - (| - Cycl odecyl - 2' - phenyl - hexahydr o- spi ro[ pi peri ne-4. 1" -

pyrrol o[ 3,4-c]pyrrol]-5"-yl)-phenyl -met hanone fumarate (1:1) The title
conmpound, light pink solid, mp. 203[err]C (dec.) and Ms. nie = 500.4
(MtH err]) was prepared by reaction of -79 -

(3" aRS, 6' aSR) - 1- cycl odecyl - 2' - phenyl -

hexahydr o- spi Eghpapks i189e-4, 1' -pyrrol o[ 3, 4-c] pyrrole] with benzoyl

chl oride 20 and subsequent formation of the fumarate in accordance with the
gener al met hod of exa

(3" aRs, 6' aSR) D g 2 BOad

title corr'pou L é e}-')l OP aftb' : rﬂe 464. 4

(MrH err]) Th%ﬂ;l@éﬁﬁﬁb&ﬂd mg]ﬁ?ﬁﬁﬂd Qﬂupfm m.p. 21 225°C and MS: m/e = 414.4 (M+H")

(3" aRS, 6' aSR) - | - cycl odec yl -h exah :

spi ro[ pi pesi dwaepl’en ymdqmon@@M&B¢MI-md9nomzﬁmmnyl)-
chl ori de nt fornalon %m-tlel marafse 11 cloi_(laap&lwlthd
t he general F‘r@?ﬁﬁbe ﬁB?ré’ ipgridine-4,1"-pyrrolo[3,4-c e one an
-85 -

(3' aRs, 6' aSR) s %E-h%ﬁh%n@?ﬁ? n of the famparate in accordance with. the general method

pyrrol o[ 3, 4- cofhestarnple-89.- yI) et hanone fumarate (1:1) 5 The title conpound,
light yellow solid, mp. 200[err]C (dec.) and M5. mle = 438.5

(MtH err]) was prepared by reaction of

(3" aRs, 6' aSR) mkbdéﬂll -2' - phenyl -

hexahydr o- spi r o[ pi peri d| ne- 4, 1 pyrrol 0[3 4-c] pyrrol e] with acetyl chloride
and SL{BSE ] : > : , )

met hod of

a ! : :
I mﬂ hyl - 2 phenyl hexahydro-
spiro[ pi perine-4.1' -pyrrol o 4C]B%Irrolel fumapate (1 Thetltle

(3' aRS. 6' aSR) 4.1 3b
-conpound, | i gFhe tiile eompaund, ¢ff- @hq,en(mé’dﬂ)ca(dacmndrMS m/g50472.4

M+H d. b f d 5
Cyl opr obyl nePE SRaS pratier LY ke diieston pIGARR B ARRY S bkl DG Rlorphyl-2*
c] pyr 3 ol e] - 4’ pﬁenﬂLlQé”ﬁ]ﬁﬂo%ﬂhWi@%HdﬂM@Ipﬁfole[S 4efpyredR]-Ar,6-didne and
accor dance

15 subsequent formation of the fumarate in accordance with the general method

of example 89.

(8’aRS,6’aSR)-5-Benzyl-1-cyclononyl-2’-phenyl-hexahydro-spiro[piperidine-

4,1-pyrrolo[3,4-clpyrrole]-4’,6’-dione was prepared in accordance with the

general method of example 5 from 1-cyclononyl-piperidin-4-one, aniline and N-
20 benzyl-maleimide.

Example 141

pyrrolo[3.4-clpyrrole] fumarate (1:3.5)
The title compound, off-white solid, m.p. 173°C and MS: m/e = 382.4 (M+H")

25 was prepared by hydrogenation of (3’aRS,6’aSR)-5’-benzyl-1-cyclononyl-2’-

phenyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-c]pyrrole] and subsequent
formation of the fumarate in accordance with the general method of example
106.



with the general nethod of exanple 89. Exanpl e 161

(3" aRsS, 6' aSR) - 1- Cycl odecyl -5' - et hyl sul f onyl - 2' - phenyl - hexahydro- 20
spiro[piperine-4,1" -pyrrol o[ 3,4-c]pyrrole] fumarate (1:1) The title
conpound, white solid, mp. 252[err]C (dec-80and M5. nie = 474.4 (MrH err])
was prepared by reaction of (3'aRS, 6'aSR)-1-cycl odecyl -2' - phenyl - hexahydr o-
spiro[ pi peridine-4,1 -pyrrol o[ 3,4-c]pyrrole] wth nethanesul fonyl chloride
and subsequent formation of the fumarate in accordance with the general

nmet hod 25 of a Ii: 108, Exanpl e 162
(3' aRS. 6' aSR)MP %d’&/l -2' - phenyl - hexahydr o- spi r o pi peri di ne- 4, 1' -
pyrrol o[ 3,4-c]pyrrolel -5 -carboxylic acid phenylam de fumarate (1:0.8)

r - %Z &r_g& ﬁ d
n g6 515. 3 @%‘q’m@%‘iqui )T}%)e%gg SJ[‘J-L e)-l an MS:

(3" aRs, 6' aSR) gm oliSc4-clp¥rroleba6-dioxs fisthapate (1:1)

spi r o[ pi peri dj - pyrrol pyrrole] with phenyl isocyanate and
subsequent 3 foJr[‘?Pﬁtti t4e comppnad ar{iah#m W golid cox o146 C fiden.) and MEnov/el= 442 Hod

5 of exanple

(3' aRS. 6' aSR) ¢ |5§§@4£E}gg%£ﬂ§?°%w&1%r%e"s%ﬂ meshod of BF?FQPlF?
pyrrol o[ 3, 4- Cﬁﬁﬁi ﬂfﬂyh}o‘ﬂecy’ll-ﬁxip%r&ﬂ-lm& -ﬂaaﬁpaﬁﬂin@md h&ﬁl@ﬁﬁi@e 0.

The title conmpound, white so mp 2 2[err]C (dec.) and 480 5
(MrH err]) 10Swheequenp forsaation of the fumavdte

(3'aRS, 6' aSR) - 1- cycl odecyl - 2' - phenyl - hexahydro-

spi r o[ pi peri diyne-4 #J@({rol o[ 3,4-c]pyrrole] wth pival oyl chloride and
subsequent f he fumarate in accordance with the general nethod

of exanpl e 108. Exanpl e 164 15

(3" aRs. 6’ a@R)ﬁQa@,@ﬁgziﬂZChm}Sﬁﬁ g&fﬁ- -!E%i I%‘ ng AR g1 hl-
pyrrol o[ 3,4-cJpyrrole[-5 -carboxyTic C|fl fss é‘.“ur%ﬁn%‘%@é‘#}ﬂ
The title conbexahjdrotspirn[piye 334 polef3.4.Clpvieole]-4464divhe fuhtaratd

(U] o TR T A LEoELon, O s . e - 5.4 O14ET) was
spi r o[ pi per i dhRevafed in BbErAaRbs whtl LRY EERbEN nitlaTrixhmipil 8252 HE4E2Nd
isopropyl-cyclohexyl)-piperidin-4-one, m-chloro-aniline and N-methyl-

15 maleimide and subsequent formation of the fumarate.

hexahydro-spiro[piperidine-4.1’-pyrrolo[3.4-clpyrrole] fumarate (1:2.1)

The title compound, light red solid, m.p. 241°C (dec.) and MS: m/e = 430.5
20 (M+H') was prepared by reduction of (3’aRS,6’aSR)-2’-(4-chloro-phenyl)-1-(cis-
4-isopropyl-cyclohexyl)-5 -methyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-

clpyrrole]-4’,6’-dione and subsequent formation of the fumarate in accordance

with the general method of example 89.

Example 145

25




20 subsequent formation of the fumarate in accordance wth the general

nmet hod of exanpl e 108. Exanpl e 165
(3" aRS. 6' aSR) - 1- Cycl odecyl - 2' - phenyl - hexahydr o- spi r o[ pi peridine-4, 1" -
pyrrol o[ 3,4-c]pyrrole]-5 -sulfonic acid din&t-Hhyl ami de funmarate (1:1) 25 The

title conpound, white SO|Id mp. 253[err]C (dec.) and M5: me = 503.4
(MrH err]) The/etﬂ:lq)cmpponﬂdbwhrbemhdpm pf 205°C and MS: m/e = 454.5 (M+H") was

(3'aRS, 6' aSR) - 1- cyc&odecyl phe yl - hexahydr o-
spi r o[ pi per i dPYfPareq 1n Seeon E‘& the general methedef examnle i frony eigdy(4-
O or e and BUBRARISHE ohggggahs&ain.m%e BRGH Gy e R ethif? 1N

- 87 - mialéirmide abdsubsequent formation of the fumarate,
(3" aRS. 6' aSR) - 1- Cycl odecyl - 2' - phenyl -5' - benzenesul f onyl - hexahvdr o-

spiro[piperidine-4.1"-pyrrol o[ 3,4-c]pyrrole fumarate (1: 1) 5 The title
conpound, $hiEzamplei148 p. 235[err|C (dec.) and M5: me = 536.4 (MrHerr])
was prepared by reactlon of (3 aRs, 6' aSR) - 1- cycl odecyl - 2 phenyl hexahydr o-
Spi ro[ pi perio ‘ o h hl o

and subs-‘
met hod of hexeh

spi r o[ pi per| dT'he ti l.elcolpm dﬁ@tmrapgglsohdi nﬁp 345] QdylecdlamdQMﬁ m;btéﬂdﬂelﬁe
f t The titl
4875 (MY eﬂ@h W Bigprted I SR ROB A S ARS GASRO ik Geldiony Bhansil Lot

le 1 @yﬂi? >
ii(?ggpreope -cycl ohegyl sﬁ ég‘yfl}:ﬁexaﬁ%%exsa&y%o' Blrogglpgl ne- 91'4 1 (2'H)-
pyrrol o[ 3, 4- yryolofs 4}c]pyd'olb]184’,6bﬂlonecamt sdbseguent dermation oFtheBhmarbte in

(3'aRS. 6" aRS) - 1- (¢i s-4-] sopropyl - cycl ohexyl ) - 2" - phenyl - hexahydro- 20
spi r o[ pi peri &%@Mwﬁt@ﬁwenﬂcwﬁ%pqe@mpﬁ]w hi ophen- 2- yl - met hanone

Example 147

The title compound, light yellow solid, m.p. 247°C (dec.) and MS: m/e = 496.3
(M+H") was prepared by Mitsunobu-reaction of (8’aRS,6’aSR)-1-cyclodecyl-2’-
(4-fluoro-phenyl)-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole]-4’,6'-

dione and cyclopropyl-methanol and subsequent formation of the fumarate in

20 accordance with the general method of example 81.

Example 148

The title compound, light yellow solid, m.p. 245°C (dec.) and MS: m/e = 510.5
25 (M+H') was prepared by Mitsunobu-reaction of (8’aRS,6’aSR)-1-cyclodecyl-2’-
(4-fluoro-phenyl)-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole]-4’,6'-

dione and cyclobutyl-methanol and subsequent formation of the fumarate in

accordance with the general method of example 81.



fumarate (1:1.1) The title conmpound, dec > 243[err]C and M5S: me =
492. 4 (MtH err]) was prepared in accordance with the general nethod of
exanple 108 from 3' aRS, 6' aSR) - 4- (ci s-

4-i sopropyl - cycl ohexyl)-2'-phenyl - hexahydr ©8%pi r o[ pi peri dine-4,1"' (2'H) - 25
pyrrol o[ 3,4-c] pyrrole] and 2-thi ophene carbonyl chloride.

- 88 - EEmnhpléGBm
(3'aRS. 6' aRS) - 1- (ci s- 4- 1 sopropyl - cycl ohexyl ) -2' - phenyl - hexahvdr o-
4 -5'

spi ro[ pi peri dj :
- mor phol i n- 4- 3H-4¥RENaAE

253[ err] C andg = 3

t he general neﬁc‘&ﬂa?—mnm-eb%
4-i sopr opyl - c¥hb ¢ttt ydbpound)Hght Pii%@dliﬂi&ﬁpsmw%l?ﬂ&e)a&d MS“m?e £24d9) 5
pyrrol o[ 3, 4- c&éyrrol e] and rmr

I ne N-car bon chl ori Exanmpl e 170
10 (3' aRs. 6' ofMyH" W@S@r&pamﬂa m eduction WGZSmnbnyﬂodeogd@-dro-
o ate (1 %ﬁoﬁ‘utm%if e st ey D hexanrbralto imeridine L - a5y 5
(MrH) was prepgne i”’ clpyrRAEPL I E6nd hhl shBSeqifhR B mABLAYE the LS irf 08

from 3" aRS, 6' aSR) -

4-i sopropyl - cgcdonﬂmgd%thtlﬁm;drahme&hqdinﬁempﬂ&Bperl dine-4,1'(2'H)-
pyr r.ol o[ 3 4-c] pyrrol e] and isonicotinoyl chloride. Exanple 171

(3" aRS. 6 aRS) - g m@ 4-1 sopropyl - cycl ohexyl ) -2' - phenyl - hexahydr o-

splro[plperl rol o[ 3,4-c]pyrrol el -5 -carboxylic acid phenyl
ester 20 funmarate (1 1) The title conpound, dec > 225[err]C and M5: me
= 502. 4 (NpH @48 ; : | 0 ) ) _ net hod

of exanpl e 108 - R '

4-j solpr prl - chy_.tai-bml J]fsm'ﬂ);jlmh ?e;@hlifgjjmﬂdil@ 'c fadliapgte’(112) 2' H) -
pyrrol o[ 3, 4-clpyrrole] an enyl chl orof :
(3' aRS. 6' aSR) 1 ¢ 1it %Omw r1éght pinksobide 7y-p) 2é2°q frlqct)t@r:gm&sanée ¥ 468:dhydr

3, 2- c1 pyr  of PMEEE] PhB Bréodred ffldbtion of (32RS 6aSR)-1-cyclodecyl-5
cyclopropylmethyl-Z -(4-fluoro-phenyl)-hexahydro-spiro[piperidine-4,1>-
15 pyrrolo[3,4-c]pyrrole]l-4’,6’-dione and subsequent formation of the fumarate in

accordance with the general method of example 89.

Example 151

4.1’-pyrrolo[3.4-c le] fumarate (1:2.5
20 The title compound, light red solid, m.p. 220°C (dec.) and MS: m/e = 438.5
(M+H") was prepared by reduction of (3’aRS,68’aSR)-5"-tert-butyl-1-cyclononyl-
~phenyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[8,4-clpyrrole]-4’,6’-dione and

subsequent formation of the fumarate in accordance with the general method

of example 89.

25 (3’aRS,6’aSR)-5-tert-Butyl-1-cyclononyl-2™-phenyl-hexahydro-spiro[piperidine-
4,1’-pyrrolo[3,4-c]pyrrole]-4’,6’-dione was prepared in accordance with the
general method of example 5 from 1-cyclononyl-piperidin-4-one, aniline and N-
tert-butyl-maleimide.



fumarate (1:1) -89 -
The title conmpound, dec > 230[err]C and M5 nfe = 505.4 (MtH err]) was
prepared in accordance with the general nethod of exanple 108 from
(3'aRS, 6'aSR) - 1- (ci s- -83-

4-1 sopropyl -cycl ohexyl)-2"-(4-fl uoro-phenyl)-hexahydro-spiro

[ pi peridi ne- AExample 52 ol o[ 3, 4-c] pyrrol e] and nicotinic acid chloride.

Synt heses of internediates Exanpl e AA
Ci s- [1 (4-1soprapyl - cycl ohexyl ) - pi peri di n-4- ylldenelphenyl-qm ne 10
cis-1-(4- .u._.n'_._".' O GV CIONAN Fiv - PRENVI N eXANYVITOrS c aniline

(3.3 0. 5o fHRlaaag -5%919."515_10@;;?&3;9@&1%@%#%@;f:g;‘ rred in 100

m pentane at Tt EeHper ataf eves was

filtered of f "Phe tithecompotad VigFt Hassolid RepAREE°C Tdde. rand MPY ws/si450$ used
wi t hout any further purlflcatlonfor t efollovmn step 15 Exanpl e AB

(3' aRS. 6' aSR) (MTEhwsmepmd{hy rqactmwé@a{b&%ﬁﬁ)ﬁl-mlomwlp%fplm? |

4,1' (2 t n al e
vl ow 1 many heeatyaso-spBNbiprine &, 1 i if aslmyetafel Witk S0Cbr dance i th
the general ngid&stop h@%h&&ﬁ%&&ﬁ%@qu@h?%ﬂn@éﬁoﬁofﬁ@e filfarate in Ne

and N-net hyl - mal el ni de

(3' aRs. 6' aSR)aa!ordmndwmﬂhtmr'ganeh'ahme&hwoﬁemmpk{ pOReridine-4.1' (2' H) -
pyrrol o[ 3.4-c]pyrrole]- 4'.6"'-dione The title conpound, pale brown

foam WMs: nfe_z= 300 3{ H[err]) was prepared 25 by hydrogenation of
(3' aRS, 6' aSR) Wﬁy ' - phenyl - 1-[ (R) - 1- phenyl -et hyl ] -
hexahydr o- spi ro[ pi peridine-4,1" -pyrrol o[ 3,4-c] pyrrole]-4'",6"-dione in

accordancqy  (34R& & ddi). ATVl Hor VR MLt AGIEIRIRN - piEny]-hexahydro-
spiro[piperine-4,1’-pyrrolo[3.4-c ole] fumarate (1:1
The title compound, light red solid, m.p. 179°C (dec.) and MS: m/e = 460.4
(M+H") was prepared by reaction of (3’aRS,6’aSR)-1-cyclononyl-2’-phenyl-
hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-c]pyrrole] with methanesulfonyl

15 chloride and subsequent formation of the fumarate in accordance with the

general method of example 108.

Example 154

clohexyl)-hexahvdro-spiro[piperine-4,1’-pyrrolo[3.4-c le] fumarate (1:2
20 The title compound, white solid, m.p. 209°C and MS: m/e = 454.6 (M+H") was
prepared by reduction of (3’aRS,6’aSR)-5’-cyclopropylmethyl-2’-(4-fluoro-
phenyl)-1-(cis-4-isopropyl-cyclohexyl)-hexahydro-spiro[piperine-4,1’-
pyrrolo[3,4-clpyrrole] -4’,6’-dione and subsequent formation of the fumarate in
accordance with the general method of example 89.

25 Example 155

clohexyl)-hexahvdro-spiro[piperine-4,1’- olo{3.4-¢ ole] fumarate (1:2



-90 - Exanpl e AD 1- Cycl odecyl - pi peri di n-4-one To a solution

of cycl odecylamne (6.78 g, 44 mmol) in ethanol (80 m) was added a

sol uti on of potassium carbonate (0.60 g, 3.9 nmol) and 1-ethyl-1- 5

met hyl - 4- oxo- pi peridi niumiodide (16.2 g, -@-nmol) in water (40 m) and the
m xture was refluxed for 100 mn. The reaction m xture was poured into sat.

NaHCGOB- sol ut iTire ﬁtlé(bmpdund;ehglft%drﬂohdandpezw%(d%& M MS: hiileac 64162 (2 X
300 m). The combined organic |ayers were d l\%}g’err]) and evaporat ed.

Col urm’ chr oMy 95 pﬁewdda'geducppalqjéaal?& SR -syelopropylmethpe2-Bne

10 title co und (8. D ale >
(Merr]). aéhﬂ 9%‘@‘5&4 EORTIHS N %}Yﬁwﬂ'SBHQb‘Peé%fﬁ%lt'i the
conpound, yeldwyg 53 4-d/’ 6Nlfdore &?&sﬁﬁéb\;u\éﬁﬁ f&h@i’ﬁéﬁ df thle fifAatateinOf

cycl ononyl am ne and '1- et hyl - 1- met hyl - 4- oxo- pi peri di ni um i odide in

accor dances 15ceordanceevighribegeneralmethid efexamnple/§s. Exanpl e AF
(R)-1-(1-Phenyl - et hyI ) - pi peridi n-4-one The title conpound, pale brown
oil, [a][err]s +13.3 36—04286|n CHCl [err]) and M5: nfe = 203
(Merr]) was 9 reacti on of cyclononylam ne and 1-ethyl- 20

1- net hyl - 4- oxo- pi per| d| ni um | odi de |n accordance W|th the general met hod of
exanpl e AD. o S , 21 !

[ (R)-1-phenyl
Spiro[ pi peri g

conmpound, white farn [a] = 1 3 3 0.2 and

me = 404. 4 qmma%rlg}ar OMSéEbdM’aﬁgg (3?9%@5 §@$emé¢ —rﬂ%

of 10 (M+H'") was prepared by Mitsunobu-reaction of (3’aRS,6’aSR)-1-cyclodecyl-2’-
phenyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole]-4’,6’-dione and

cyclopropyl-methanol and subsequent formation of the fumarate in accordance
with the general method of example 81.

15

0[3.4-c 1]-5°-y1)-phenyl-methanone fumarate (1:1
The title compound, light pink solid, m.p. 203°C (dec.) and MS: m/e = 500.4
(M+H') was prepared by reaction of (3’aRS,6’aSR)-1-cyclodecyl-2’-phenyl-
hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole] with benzoyl chloride

20 and subsequent formation of the fumarate in accordance with the general
method of example 108.

Example 158

olo[3,4-c ol]-5’-y])-cyclopropyl-me one fumarate (1:
25 The title compound, white solid, m.p. 225°C (dec.) and MS: m/e = 464.4 (M+H")
was prepared by reaction of (3’aRS,6’aSR)-1-cyclodecyl-2’-phenyl-hexahydro-
spiro[piperidine-4,1’-pyrrolo(3,4-clpyrrole] with cyclopropanecarbonyl chloride

and subsequent formation of the fumarate in accordance with the general

method of example 108.



-91 - exanple 5 from (R)-1-(1-phenyl -ethyl)-piperidin-4-one, aniline

and N-net hyl - . mal ei m de. Exanpl e AH - (3'aR 6'aS)-5-neth

| -2' - phenyl -1-[ (R) - 1- phenyl - et hyl -hexahvdro- 5

spiro[ pi peridine-4.1"-pyrrol o] 3. 4-cl pyrrol eB8-. 6' - di one The title

conpound, V\/mte foam[a]Derr]= +104.7[err] (c = 0.2751 in CHO [err]) and

VS: me = 404.5 (MtH err]) was prepared in accordance with the general

nmet hod of exanple 5 from (R)-1-(1-phenyl -ethyl)-piperidi n-4-one,

ani line and N-net hyl - mal ei m de. 10 Exanple Al

(3 aS. 6' aR) - 5' xmm,le- phenyl hexahydr o-spiro[ pi peridine-4,1"-pyrrolo[ 3,4
clpyrrolel-4',6"-dione The title conpound, Wmte SO|Id m p.

159[err]C [ a] B¢ = Qn . q o= . Al ppme =

300. 3 (M+H er PYF f afiido-Giire a1

(3" aS, 6' aR) - 5'gyrdlB}

spi r o[ pi peri di ne-4 yrro el - one I n_accordance with

t he ger@ra]'hqmﬂpmmﬁom' 5 wsohd nEpaagO@M;ec and MS: m/e = 438.5

% ¢ pyrrol eF M%mas ﬁzr%?sﬁvdf LTRSS eyt 2 gt -
160[err] C ]r]-%%gﬁ 2oliptridfne43’-pFProdlé[8 4-c]]py9’o.‘%1ﬁiﬂﬂ actt§l dioridetard

300. 3 (M+H er s pr pared by hydfogenation o

(3'aR 6' as)-5' subsédp;ént?formwm eﬂth[e(fﬁmarawm\gt:eoedamq withthey/general method
spi ro[ pi peri d| -pyrrol o[ 3,4-c]pyrrole]-4',6"-dione in accordance with
the 25 general0 ¥’ exarrpl e 106. Exarrpl e AK

(3'aRsS, 6' aSR) -5' - Et hyI 2' - phenyl - hexahydr o- spi ro[ pi peridine-4.1" pyrrolo[ 3,4

-92 ] c] PYL§ oIMmrﬁﬁ (1:1.4)

| ] - hexahydr o-

spiro[piperine-4,1’ lo[3.4-c olel fumarate (1:2.1
The title compound, light red solid, m.p. 219°C (dec.) and MS: m/e = 450.5
(M+H") was prepared by reduction of (3’aRS,6’aSR)-1-cyclodecyl-5'-

15 cyclopropylmethyl-2’-phenyl-hexahydro-spiro[piperine-4,1’-pyrrolo[3,4-

clpyrrole]-4’,6’-dione and subsequent formation of the fumarate in accordance

with the general method of example 89.

Example 161

20 spirolpiperine-4,1’- lof3.4-c le] fumarate (1:1
The title compound, white solid, m.p. 252°C (dec.) and MS: m/e = 474.4 (M+H")
was prepared by reaction of (3’aRS ,6’aSR)-1-cyclodecyl-2>-phenyl-hexahydro-
spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole] with methanesulfonyl chloride and
subsequent formation of the fumarate in accordance with the general method
25 of example 108.

pyrrolo[3.4-clpyrrolel-5-carboxylic acid phenylamide fumarate (1:0.8)



The title compound, mp. >190[err]C dec. and M5: me = 286.2 (MtH err]) was
prepared in accordance with the general nethod of exanple 15 from

(3'aRS, 6' aSR) - 5' - et hyl - 2' - phenyl - hexahydr o-spi ro[ pi peridine-4,1'(2'H- 5
pyrrol o[ 3,4-c]pyrrole]- 4',6"-dione. -B6anpl e AL

(4- Fl uoro-phenyl)-[I-(cis- 4- sopropyl -cycl ohexyl ) - pi peri di n-4-yl i dene] -am n

e ci s- | mhﬂewbmpdmnimmwwm ﬁlrpgﬂzﬁC'(deé? afid (MSOnde -2531543 %H*)

4-fluoro aniline (3.3 g, 35.3 nnDI) and nol ecul ar si eves

were stirred Wamp@@eddbyms’am of{3'aB&:f’ aﬁRiréftamlndecyb?.’-lﬂmmﬂdlex“a'hgdm-

Crude product “HESOREHAREHLworg Sl 4 Hioprle) Ul Pheni o atintonnd |

follow ng st el%ubse? uent formation of the fumarate in ccordanc wﬁﬂ?ﬂﬁl erieraPmethod
Tabl ets of the follow ng conposition are nanu acture I n the Tsua
8.

manner : 5 of example 1 ng/ t abl et Active substance
5 20 Lactose 45 Corn starch

15 M crocrystal Li el I ul ose 34 Magnesi um st ear ate

1 Tabl et %ﬁjﬁ?ienfsg 100 25

-903 -

lo[3.4-¢ 1]-6’-y1)-2,2-dimethyl-propan-1-one fumarate 1:0.9
The title compound, white solid, m.p. 282°C (dec.) and MS: m/e = 480.5 (M+H*)
10 was prepared by reaction of (3’aRS,6’aSR)-1-cyclodecyl-2*-phenyl-hexahydro-
spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole] with pivaloyl chloride and

subsequent formation of the fumarate in accordance with the general method

of example 108.

15

pyrrolo[3.4-clpyrrole]-5’-carboxylic acid ethyl ester fumarate 51511

The title compound, white solid, m.p. 260°C (dec.) and MS: m/e = 468.4 (M+H*)
was prepared by reaction of (3’aRS,6’aSR)-1-cyclodecyl-2’-phenyl-hexahydro-
spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole] with ethyl chloroformate and

20 subsequent formation of the fumarate in accordance with the general method
of example 108.

pyrrolo[3.4-cipyrrole]-5'-sulfonic acid dimethylamide fumarate (1:1)

25 The title compound, White_ solid, m.p. 253°C (dec.) and MS: m/e = 503.4 (M+H")
was prepared by reaction of (3’aRS,6’aSR)-1-cyclodecyl-2’-phenyl-hexahydro-
spiro[piperidine-4,1’-pyrrolo[3,4-c]pyrrole] with N,N-dimethylsulfamoyl

chloride and subsequent formation of the fumarate in accordance with the

general method of example 108.



Example B 5 Capsul es of the foll owi ng conposition are manufactured:

ng/ capsul e Active substance 10 Lact ose

155 Corn starch 30 10 Talc

5 Capsul e fill weight 2087 - The active
substance, |lactose and corn starch are firstly mxed in a m xer and

then in a comm nuting machine. The m xture is returned to the mxer, the 5
talc is added thereto and m xed thoroughly. The mxture is filled by
machi ne info hard gel ati ne capsul es.

Exanple C 2 xanqﬂeéﬂﬂ%ositories of the follow ng conposition are
manuf act ur ed: ng/ suDp. Active
subst ance '
1285 pository
mass i s neltegpire idase-411° lo ' 1 aratet(nqgoughl y and cool ed
to 45[err] C ereupon, the finely powdere subst ance i s added

thereto and sﬂﬂ:erie’demmnound W&BM‘@@M@(J%@@K@@) gnd MS: m/e =H36.4 (MHEE)

d ul d f
D upposi tor | es WARDHeRared BR Soatich of (4R e Eaveiopead thkar e abygra-,
30 wax paper gpirBRiipbridfie-4,1-pyrrolo[3,4-clpyrrole] with phenylsulfonyl chloride and

subsequent formation of the fumarate in accordance with the general method

of example 108.

10

fumarate (1:1.12)
The title compound, dec > 240°C and MS: m/e = 487.5 (M+H") was prepared in

15 accordance with the general method of example 108 from 3'aRS,6'aSR)-4-(cis-
4-isopropyl-cyclohexyl)-2'-phenyl-hexahydro-spiro[piperidine-4,1'(2'H)-

pyrrolo[3,4-c]pyrrole] and 2-picolinic acid chloride.

20

fumarate (1:1.1)
The title compound, dec > 243°C and MS: m/e = 492.4 (M+H') was prepared in

accordance with the general method of example 108 from 3'aRS,6'aSR)-4-(cis-
4-isopropyl-cyclohexyl)-2'-phenyl-hexahydro-spiro[piperidine-4,1'(2'H)-
25 pyrrolo[3,4-clpyrrole] and 2-thiophene carbonyl chloride.



-94 - W claim 1. A conpound of fornula I [err] wher ein

Rlerr] is (Jerr]-cycloal kyl, optionally substituted by | ower al kyl ;
decahydr o- napbt hal en- 1-yl ; decahydr o- napht hal en-2-yl; indan-1-yl or
i ndan-2-yl, which is unsubstituted or-8ubstituted by | ower alkyl;
decahydr o- azul en-2-yl; bicyclo[6.2.0]dec-9-yl; acenaphthen-1-yl;
bicyclo[3.3.lﬁmﬁﬁhﬁmy1592,3-dihydro-lkkphenalen-l-yl;

2,3, 3a, 4,5, 6- hexahydr o- 1H phenal en- 1-yl ; oct ahydr o- i nden- 2-yl ;

1, 2,3, 4- tetrah dro naohthalen 1- yI 1, 2, 3,

4- tetrahdro- (3 B RS6’ cis-d-Jaopropyl 1

5- |sopropyl - 2B D O BY IOl A ClE RQEPROANS §.22R08e o gen
hydr oxy; | O\I\Bfuﬁé_]!% (1-:_@ or phenyl Whl chis unsubst I tut ed or
substituted b ower al kyl , hal ogen or al koxy R4 is hydrogen; | ower

al kyl ; - ( Csl) [ Ehe titi¢ arnpppiad; dec > 253°Cann] MSTIPQ[% HOP Sc(MHBE!) fwpls, pmbemed in

T T A s T 0 .
(B i e

al kyl)[err]; pystrold[3a-dlpgirelelamd morphélihe Netaxbonlyl chlorideS( 0) 2- phenyl ;
-S(0)[err]- N(Iower al kyl)[err]-C(O) - C err]-cycl oal kyl ; C(O)Ophenyl;
or -C(OOIlo al kyl : Rl err] is hydrogen; hal ogen; Iovver al kyl ;
trifluoronet mmple 179 over al koxy; nis 0-3;

10 (3'aRS,6'aRS)-1-(cis-4-Isopropyl-cyclohexyl)-2'- phenzl—hexahydro—

fumarate (1:1)
The title compound, dec > 250°C and MS: m/e = 487.5 (M+H") was prepared in

accordance with the general method of example 108 from 3'aRS,6'aSR)-4-(cis-
15 4-isopropyl-cyclohexyl)-2'-phenyl-hexahydro-spiro[piperidine-4,1'(2'H)-
pyrrolo[3,4-c]pyrrole] and isonicotinoyl chloride.

Example 171

3'aRS,6'aRS)-1-(cis-4-Isopropyl-cyclohexyl)-2'-phenyl-hexahydro-
spiro[piperidine-4,1'- lo[3.4-¢ ole]-5'-carboxylic acid phenyl ester

20 fumarate (1:1)
The title compound, dec > 225°C and MS: m/e = 502.4 (M+H") was prepared in
accordance with the general method of example 108 from 3'aRS,6'aSR)-4-(cis-
4-isopropyl-cyclohexyl)-2'-phenyl-hexahydro-spiro[piperidine-4,1'(2'H)-
pyrrolo[3,4-c]lpyrrole] and phenyl chloroformate.

25 Example 172

fumarate (1:1)



racem c m xtures and their correspondi ng enantioners and pharnmaceutically

acceptabl e acid addition salts thereof. 2. A conpound according to claim
1, in which Rerr] is (Jerr]-cycloal kyl, which is unsubstituted or
substituted by | ower alkyl. -89- -95 -

3. A compound according to claim?2, (3" aRS, 6'aSR)-1-
cycl ononyl -5' - net hyl - 2- phenyl - hexahydr o-spiro

Pa o 15 eyt Rppouad oo o< tHans A mle = SR AN arasiemsmion
[P1 per i ne- ale (ALY i 9h gl EAldn & efhonlecit o LSRR

according to C
cycl odecyl - 5' 453thpglnﬁﬂﬁhﬁhﬂmgx@hﬂdbﬁm@ﬁbﬁﬁﬂQkﬂﬁh&dhﬁ@punhnpmnduu>4]f

4,1' (2H)-pyrrol o[ 3, 4-c]pyrrol e]. 6. Aconpound according to claim2

(3 aRS, 6' aSR) B ymgl@{?; 4-c]pyrrole] and nicotinic acid chloride.

4-i sopropyl -cycl ohexyl )-5"-net hyl -2' - phenyl - hexahydr o-

spiro[ pi peridine-4,1" -pyrrol o[ 3, 4-c] pyrrol o] . 7. A conpound according to
claim2, (3 aRS,6"aSR)1-(cis- 4-isopropyl

cycl ohexyl)-5"-ethyl -2' - phenyl

[ pi peridine-4,1"-pyrrol of 3, 4- c?w ?Q ﬁi%eem%ﬁlp%ﬁﬁg according to
claim2, (3" aRRafnpRRAA-

(cis-4-isopropyl-cycl ohexyl)-5"-butyl -2'-phenyl - hexahydr o-

spi ro[ pi peridi ne-4, 1(2 FD pyrrol o[ 3, 4- c]pyrrolo] 9. A conpound
accordi ng to cisdilfdls pyieyeloheRyD-piperidin-4-yl henyl-

(cis-4- |sopropyl cyclohexyl) 5' -cyclopropylnethyl

A conpoundOacBBr R REbRy Fyrotes Y- Sietrigidelton (. ; E32§ £k}, snithie 3.3 ¢
6' aRS) - 1- (ci sg4.g ﬁﬁRﬂPFﬁH xﬁé’l%ﬁﬁi‘ ve‘é (25 bg Qf\g‘[%%éiré t%r?%/ in 100 ml pentgpe aA;

phenyl - hexahydr o-spiro plperldlne

conpound accorabnm gem@emimrmf&r G(d&yaRBhé mﬂ@hulﬁr sieves was filtered off and the
(ci s-4isopropyl cyclohexyl) phenyl - hexahydro-spiro
[ pi peri di ne- 450_1‘7?12 Haﬁﬁ’ﬁﬁpiﬂtsd 4The gyadeprgduct waspused without saydfuztheti ng t o

claim2, (3" aRR&ARRh Tbr the following step.

15 Example AB

4.1'(2'H)-pvrrolo[3.4-clpyrrole]- 4'.6'-dione
The title compound, pale yellow foam, MS: m/e = 390.3 (M+H") was prepared
in accordance with the general method of example 5 from 1-benzyl-piperidin-4-

20 one, aniline and N-methyl-maleimide

Example AC

pyrrolo(3.4-clpyrrole]- 4'.6'-dione

The title compound, pale brown foam, MS: m/e = 300.3 (M+H") was prepared
25 by hydrogenation of (3'aRS,6'aSR)-5'-methyl-2'-phenyl-1-[(R)-1-phenyl-ethyl]-

hexahydro-spiro[piperidine-4,1'-pyrrolo[3,4-c]pyrrole]-4',6'-dione in accordance

with the general method of example 106.



cycl odecyl -5' - net hyl - 2' - phenyl - hexahydro-spiro

[ piperidine-4,1" (2" H)-pyrrol o[ 3, 4-c] pyrrol e]. 13. A conpound accordi ng
to claim?2, (3 aRS, 6" aSR) - 1-

cycl ononyl -5' - et hyl - 2' - phenyl - hexahydr o- spr90Fpi peri di ne-

4,1(2'H-pyrrolo[3,4-c]pyrrol e]. 14. A conpound according to claim 2,
(3" aRsS, 6' aSR) Example-ABDi sopropyl - cycl ohexyl ) -5' - net hyl - 2' - phenyl -
hexahydr o-spiro[ pi peridine, |'-pyrrolo(3,4.c]pyrrole]-4,6"- dione. 15. A

conmpound according to claimz2, (3 aRS, 6'aSR)- 1- _
(cis-4-i soprodﬁl&ﬁﬁﬂﬂﬂ&ﬂ@i@ﬁ‘ yl -2' - phenyl -

hexahydro-siro[ pi peridine-4,1"-pyrrol o[ 3, 4-c]pyrro] e-4'", 6'dione. 16. A

conpound accongli . ' ' ' - .
(c rg 4-i sopr o&% Qg?@%@e%‘&@e@ g?ilzﬁéle?g ?@r‘eﬁ/ﬂm‘ﬂ) in ethanol (80 ml) was

hexahydr o- spi radidedresdldtion-of potassium catiomite(6.60-g;183.9yimol)eand 1-éthylA-
conpound according to claim2, (3'aRS 6'aSR)4- )
(ci s- 4- i sopf oppethy}d-oxepineridinium dpdide16.2g, Ghmayel) in water (40 ml) and the

e rapaAisRe e afiod for FOSiRY 1408l A8k GhixbiHd G boured Futo'bat.
4i sopr opy! - cy i oHex. Ls)oiéﬁioﬂ?ii&’&nl?/ic@l‘ﬂUhﬂﬁ&ﬁ&@kﬁfa‘éte&ﬁﬁfméﬂiyﬁlg%ét_dt@@zﬁ, 1

pyrrlo[ 3, 4-c]pyrrol €] .
19. A conpoun@famndy. Thegombinkdorg2nic(syea Weresited (MgSO,) and evaporated.

4-i sopropyl - cycl ohexy] ) -5

spi r o[ pi peri dﬁf&umqW%@SnﬁgiOE]SH%?%L(PQ%SQL%‘%W%M%%&% ng

to claim2,. (3 ' - ; . =

(ci o a- 1 soft o BpBiE 158 &, 85%) g5 4 pale brow ofl, MS: mle = 238.4 (M)

phenyl - hexahydr o-spi ro[ pi peridine-4,1"-pyrrolo[3,4-c] pyrrole]. 21. A
conpound accorEkample AEai m 2, (3'aRS, 6' aSR) - 2-

[1. (cis4-isopropyl -cycl ohexyl)-2'-phenyl - hexahydro-spiro

[ pi peridine-4,1' -pyrrol o[ 3,4-¢]pyrrol]-5-yl]-N, N-di met hyl - acet am de.
22. A conpound;gﬂﬁéﬂﬂﬂﬁﬁﬂﬂﬁﬂgﬁaﬁéﬂg$ (3'aRS, 6' aRS) - [ | -
(cis-4-isopropyl -cycl ohexyl)-2"-phenyl - hexahydro-spiro

The title compound, yellow oil, MS: m/e = 223 (M) was prepared by reaction of

cyclononylamine and 1-ethyl-1-methyl-4-oxo-piperidinium iodide in accordance

15 with the general method of example AD.

Example AF

(R)-1-(1-Phenyl-ethyD)-piperidin-4-one

The title compound, pale brown oil, [0],*= +13.3" (¢ = 0.4286 in CHCL,) and
MS: m/e = 203 (M*) was prepared by reaction of cyclononylamine and 1-ethyl-

20 1-methyl-4-oxo-piperidinium iodide in accordance with the general method of
example AD.

Example AG

spiro|piperidine-4,1’-pmglol3,4¥c|p_V'_rLole|-4’,6’-dione
25 The title compound, white foam, [0],"= -143.3° (¢ = 0.2855 in CHC,) and MS:
m/e = 404.4 (M+H') was prepared in accordance with the general method of



[ pi peridine-4,1"-pyrrol o[ 3,4-c]pyrrol]-5"-yl]-pyridin-3-yl- met hanone.
23. A conmpound according to claim2, (3" aRS,6'aSR)-2'-
(3-fluoro-phenyl)-1-(cis-4-isopropyl-cyclol exyl)-5"-

met hyl - hexahydr o- spi ro[ pi peri dine-4,1' - pyreoliof 3, 4-c]

pyrrol e]-4',6"-dione. 24. A conpound according to claim 2,

(3'aS, 6' aR) - Lexamgile 5oemy(R)51-( Tphbit I-@thyﬂ’ﬁé@&idiﬁ@@ﬁér 1ifiRk" ]
[ pi peridine-4,1' -pyrrol o[3,4 C]I[;?rro#' ) conmpoun acck?éa(r:21 Nmtethyl
claim 2, (3 asadean; €-

cyclodecyl -(2-fluoro-phenyl)-5-net hyl - hexahydro-spiro

[plperldlne 4 [3,4-c]pyrro|e]. 26. A conpound according to
claim 2, (3 aEéuEBé@R

cyclononyl -(4-fluoro- phenyl-5 nmet hyl - hexabydr o- spiro

(i per di ne- 4(FaRE S bUntHolcd PR AL IR -L}?Jnl%tﬁ gording to
claim2, (3 a a ] .

cycl ononyl 52! -_-x; i ., g ,
(% aRs, 6 asr) Thp adle g enaﬁyme%ﬁé’m Siﬁ@a%?—d%ﬁ#ﬁaﬁq@mms
pyrol o[ 3, 4-c] gk r—-OJL(g4 5 (&{(J-%g%ﬁé %}%%&h VR with the genera(irmeﬂm% of

according to c aim

(ci s- 4-i sopr opgample BCﬂ’cﬁnXR))eIZ(1=ph&iylLeth lﬁﬁf&dﬁwdﬂé amhne and N-methyl-
[ pi peridine-4,1 -pyrrol o[ 3, 4-copyrrol ]-5 t hi ophen-2-yl - met h anor?r

30. A corrpounE1 emaideéng to claim2, (3 aRS, 6 aSR)- (| -

cycl odecyl - 2' - phenyl - hexahydr o- splro[piperine-4,1'-pyrro|o

[3,4-c] PYT o ycl opr opyl - net hanone. 31. A conpound according
to claim 1 m#ggénﬁi‘%?fi decahydr o- napht hal en- 2-yl . 32. A compound

accordi ng to claim 31, Wmch IS a mxture of (3 aSR 6 aRS)- and

(3" aRs, 6’ aSR) 59 ?

. yl-2-p
hexahydr o- spi ey Ecbwdone 1' - pyrrol o(3, 4-c] pyrrol e]. 33. A conpound
according to 31 whi_c ture R
(3 RS, 6" aSR)" lgggﬁnaaﬂ%te sid m.5. 158°; 161, 222845 = 862 in

FS?SQ??B?nQapbﬁi@EymP”‘fj Y pyerY‘h*?" mgr@ﬁﬁ%%d‘é%gxﬂ?gf@@&%% to

cl ai m 31, 18hi EFas 6’&R)n5’9matl'§rl-2’-@heh§l-a5[fﬁﬁl@ﬂ‘éhyléﬂﬁbl]-hexahydro
(3' aRS, 6 aSR) 5 - et hyl.- 1( (2RS, 4aSR,
8aRS) - decahyd? ?@H’R’H@F’@rﬂé - ob[%-n@lnyndd#&;ﬁ’rdme in accordance with the

spirol pi peri difitsdl netRYE'o! Qgéfp‘ie‘ibeym' €l-47, 6 -dione.

Example AJ

20 clpyrrolel-4’.6-dione
The title compound, white solid, m.p. 160°C; [a],*= +117.0° (¢ = 0.2862 in
CHClL,and MS: m/e = 300.3 (M+H") was prepared by hydrogenation of
(3’aR,6’aS)-6"-methyl-2’-phenyl-1-[(R)-1-phenyl-ethyl]-hexahydro-
spiro[piperidine-4,1’-pyrrolo[3,4-c]pyrrole]-4’,6>-dione in accordance with the
25 general method of example 106.

Example AK

clpyrrolel fumarate (1:1.4)



-97 - 35. A conpound according to claim31, which is a m xture of
(3'aSR, 6'aRS)- and (3'aRS, 6' aSR)-5"' - net hyl - 1-[ (2RS

4aSR, 8aRS) - decabydr o- napht hal en-2-yl ]-2' - phenyl -

hexahydr o- spi r o[ pi peri di ne-4, 1" -pyrrol o] 3, 492}pyrrol e]-4', 6'-dione. 36.
A compound according to claim31, which is a mxture of (3" aSR 6'aRS)- and
(3'aRS, 6' aSR) - 1- [ (2RS, 4aSR, 8aRsS) -

decahydro-naphthalcn 2-yl]-2".phenyl - hexahydro-spiro

i i di 4 | 4' 6" -di 37. A d
Pt pers o e bk M0 Skt SLBYCABhRL G S e o3 AR
3' aRsS, 6' aSR
E(3aRg) decghyzjfé IrzlapELlllﬁl #&%@ﬁ I:hﬁé?%erﬁ&lgm gf example 15 from

spi r o[ pi peri di3'aR$, &aSRy-ﬁf-etK;{lSﬂ'?}@ y_héﬁ dro-spifo[pfperidinely 9 @epor ding to
claim1l, which is_a m xture of - and

(3' aSR 6' aRs) pyrroleldid-clpyrrolek)d 6'-dlone

met hyl -i ndan-2-yl ]-2' - phenyl - hexahydr o- spi r o[ pi peri di ne-

4,1 -pyrrol of i}kﬁl@b!’\%l‘é' e]. 39. A conpound according to claim1l1, which
is amxture O aSR)- and (3' aSR, 6' aRS) - 1[(RS) 4- et hyl -

i ndan-2-yl]-2' phenyl hexahydro splro[plperldlne 4,1

pyrrol o( 3, 4- cl4Piid dis-A0I3BRE0HY - 0 . i
(3a86aR)5-ety "-p ny o =Lyl ]-
hexabydr o- spi roa{) eridi ne 4,1 -pyrrol 0[3 4 cI pyrrol e]. 41 A corrpound
according to €8 Isopropyilse thx.yﬁ)-plpendme-éon (5.0 g, 23.4 mmol), 4-fluoro

)r/TF } hﬁle;(gh;/g? ggéja.].:ﬂe %5%9%?%' ‘HE“"J Endﬁ &@[’?9 v a'(‘éﬁﬁ’ AHAQ]WGre stirred in 100

conpound a@Coffigesthn ﬁhi‘b&h]ten{
[ (RS) - acenapht h gg’ ° y?] P%r %ﬁﬁ‘gﬁ%ﬁgﬁi%}(a olecular sieves was filtered

spi ro[ pi pridi nﬁ'am,dltl'(e%dl&emywasbm@mmteﬂ (The chele prodﬁﬂt wasatsgdonitiout any
accordi ng to B‘“%'é& 6' a}#%g

RS, 3aRS) - 2, 3, r51’ gtiap dor, SteR-_y| | -

5' - et hyl - 2' phenyl bexabydro spiro[ piperidine-4,1 (2" H)-

pyrrol o[ 3, 4-c] pyrrol e]. 44. A conpound according to claim1l, which is a
m xture of (3'aRS, 6'aSR)- and (3' aSR 6aRS)-1-[(RS)- 2, 3-di hydro-

1H phenal en- 1.yl ]-5"-net hyl - 2' - phenyl - hexahydro-spiro

[ pi peridine-4,1" (2'H-pyrrol o] 3, 4- c] pyExfhiple A

15
Tablets of the following composition are manufactured in the usual
manner:
tablet
Active substance ' 5
20 Lactose 45
Corn starch 15
Microcrystalline cellulose 34
Magnesium stearate ' 1
Tablet weight 100

25



- 98 - 45. A procesé for preparing a conpound of forrmula |I as defined in
claim1, conprising reductively animting a conpound of fornula II

with a conpound of fornula I1I [err] wher ei n: Rlerr] is
Clerr]-cycloal kyl, optionally substituted-$34 ower al kyl ;
decahydr o- napht hal en- 1-yl ; decahydr o- napht hal en-2-yl; indan-1-yl or
I ndan-2-yl, which is unsubstituted or substituted by |ower alkyl;
decahydr o- azul en-2-yl; bicycl o[ 6. 2. 0] dec-9-yl; acenapht hen- 1-yl ;

bi cycl o[ 3. 3. 1] non-9-yl; 2, 3- dig%%%&gﬂg?@henalen-l-yl;

2,3, 3a, 4, 5, 6- hexahydr o- 1H phen —1-yi, octahydro-indei-2-yl;
1,2,3,4- t et rahydr o- napht hal en-1-yl; 1, 2, 3, 4-tetrahydro-
napht hal en- 2-yl ; napht hal en-1 ower al kyl -1-yl; napht hal en- | ower

al kyl -2-yl 3 acen diflBs &f the fo@l?ﬁvm com 3posmon are manufactured:
5-i sopropyl - 2- net hyl - bi cycl o[ 3. 1

mg/capsule
Active substance 10
Lactose 155
Corn starch 30
10 Tale 5
Capsule fill weight 200

The active substance, lactose and corn starch are firstly mixed in a mixer
and then in a comminuting machine. The mixture is returned to the mixer, the
15 talc is added thereto and mixed thoroughly. The mixture is filled by machine

into hard gelatine capsules.
Example C
20 Suppositories of the following composition are manufactured:
mg/su
Active substance 15
Suppository mass 1285
Total 1300
25 The suppository mass is melted in a glass or steel vessel, mixed

thoroughly and cooled to 45°C. Thereupon, the finely powdered active
substance is added thereto and stirred until it has dispersed completely. The
mixture is poured into suppository moulds of suitable size, left to cool, the
* suppositories are then removed from the moulds and packed individually in
30 wax paper or metal foil.



Rlerr], R err] are hydrogen; hydroxy; |ower alkyl; =0 or
whi ch i.s unsubstituted or substituted by | oner al kyl,

al koxy; R4 is hydrogen; lower alkyl; (CH)[err
-(CH2)[err]err]-cycl oal kyl; phenyl; benzy94-
-(CH2)[err]OCH2C[ err]H err]; . -(CH2)[err] nor

] CH(OH)

3- net hyl - oxet an- 3-yl - methyl; -(CH2)[err]CH err] OH;

phol i nyl \“m ‘“M
O (CH2) [ err%

hal ogen or

tetr ah " glgegtr}pagsgmxhﬁaced

phenyl ,

L

al kyl ; -C(O-lower alkyl; -C(OCF[err]; -C
-(CHerr])[err]C(ON(I ower alkyl)[err]; -S(O 2 het- eroaryl;
-C(O beteroaryl;. -S(0)2-phenyl; -S(0Q) 2- N(I ower al kyl) 2; -C_(O)-C[err]-
cycloal kyl; -C(O 0-pbenyl; or -C(OOIlo0 a1ms . Rlerr] is
hydr ogen; hal ogen; |ower alkyl; trifluoromnethyl REPLACYS s Y, sq!
is 0-3. - 99 - 46. A process for
preparing a cg.rrpgyﬂg, d sy as defined in %’?‘?’?f'ip""éomascrdsmgtopaged ,,,,,,,,,,
reduci ng a col npoun 9;1 % . Claim(s). ~ : paged 4. to paged 10L
1-1 @ Drawinfs) |: pagedt. ... 2t0 paged ...
conmpound of one of the fornul ae . .AbStract ‘paged ... to paged ...,
R
\ 3
R
R 5
I

5 wherein

R' is C,,~cycloalkyl, optionally substituted by lower alkyl; decahydro-
naphthalen-1-yl; decahydro-naphthalen-2-yl; indan-1-yl or indan-2-
yl, optionally substituted by lower alkyl; decahydro-azulen—Z-yl;
bicyclo[6.2.0]dec-9-yl; acenaphthen-1-yl; bycyclo[3.3.1lnon-9-yl; 2,3-

10 dihydro-1H-phenalen-1-yl; 2,3,3a,4,5,6-hexahydro-1H-phenalen-1-yl;
octahydro-inden-2-yl; 1,2,3,4-tetrahydro-naphthalen-1-yl; 1,2,3,4-
tetrahydro-naphthalen-2-yl; naphthalen-lower alkyl-1-yl;
naphthalen-lower alkyl-2-yl; acenaphthen-1-yl; and 5-isopropyl-2-

methyl-bicyclo[3.1.0]hex-3-y1;

15 R’, R’ are hydrogen; hydroxy; lower alkyl; =O; or phenyl, optionally

substituted by lower alkyl, halogen

or alkoxy;

R' is hydrogen; lower alkyl; -(CH,),CH(OH)CF; -(CH,) C, -cycloalkyl;
phenyl; benzyl; tetrahydrofuran-3-yl; -(CH,) OCH,C H,; -
(CH,),morpholinyl; 3-methyl-oxetan-3-yl-methyl; -(CH,) CH,0H; -

A



—————— —

1-2 This Sheet Has Been Replaced -100- wher ei n Rlerr]

S C[err ptlonally substituted by | ower al kyl ;
decahydr WEH‘M!‘ decahydr o- napht hal en-2-yl; indan-1-yl or
i ndan- 2- unsubstituted e@5substituted by | over al kyl ;
decahydr o- azul en- 2-yl ; blcyclo[6 2. 0] dec-9-yl; acenapht hen- 1-yl ;

bi cycl o[ 3. 3. 1] nonthyIS(OQ2 -dwer alkyl; HC((Dl)L]:bwerlﬂkp];e.o}Q{O%m](ijj -Q(o)(CH%uoCHs’

2,3,3a,4,5,6-h enal en cta ro-inden

1,2, 3a4- etr 2@9&%&%@@1&%&5 nlkylgzs -S(d)éle&emam r'ﬁ ):hetteroaryil -S(0),-
hthI -2-yl; naph napht e

Q?Eyl - g-sln; a%:/enaphlto hiﬁ)ﬁkﬁyl bﬂ?ﬁc}\rﬁ Wt aiks)ﬁz, -C(0)-C,- oalﬂ?ri 6(6%%%"“5'1

5-i sopropyl - 2- net hyl - brCG®m30&e9bI%. 3-yl; Rlerr] is hydrogen; | ower

al kyl; -(CH)[err] CH OH) CF3 2)[err] err]-cycl oal kyl; phenyl;

benzyl tetrqhydrofuran 3-yl; -(CH2), OCCH2CHS;

- (CH2) [ er r ]%or phoB'ny iis hydpegen; halogens lowern alkyl; triffuorontethyl or lower alkoxy;

-(CH2), CH[err]C]—I -S(O)2Iower al kyl ; -C(O-1lower alkyl;

-C(OCF[err]; - Ci—é[geré)[err] G:H[err];
(CH[err])[err]C( N(T°0 al kyl')[err]; -S(Of[err]het- eroaryl;
-C(O beteroaryl; -S(O/[err]-phenyl; -S(O 2-N(l ower al kyl)[err];

-C(O) - O er r] - exedaR) diktures and thehQdPrappRding Shanbers hAhatmadeutically
acceptable acid addition salts thereof.

10 2. A compound according to claim 1, in which R1 is C, ,,-cycloalkyl,
optionally substituted by lower alkyl.

3. A compound according to claim 2, which is

(3'aRS,6'aSR)-1-Cyclononyl-5'-methyl-2'-phenyl-hexahydro-spiro[piperidine—
4,1'(2'H)-pyrrolo[3,4-clpyrrole];

15 (3'aRS,6'aSR)-1-Cyclodecyl-5'-methyl-2'-phenyl-hexahydro-spiro[piperidine-
4,1'(2'H)-pyrrolo[3,4-clpyrrole]- 4',6"-dione;
(8'aRS,6'aSR)-1-Cyclodecyl-5'-ethyl-2'-phenyl-hexahydro-spiro[piperidine-
4,1'(2'H)-pyrrolo[3,4-c]pyrrole];
(8'aRS,6'aSR)1-(cis-4-Isopropyl-cyclohexyl)-5’-methyl-2’-phenyl-hexahydro-

20 spiro[piperidine-4,1’-pyrrolo[3,4-c]pyrrole];
(3'aRS,6'aSR)1-(cis-4-Isopropyl-cyclohexyl)-5-ethyl-2’-phenyl-hexahydro-
spiro[piperidine-4,1’-pyrrolo[3,4-c]pyrrolel;
(3'aRS,6'aSR)-4-(cis-4-Isopropyl-cyclohexyl)-5'-butyl-2'-phenyl-hexahydro-
spiro[piperidine-4,1'(2'H)-pyrrolo[8,4-clpyrrole];

25 (3'aRS,6'aSR)-4-(cis-4-Isopropyl-cyclohexyl)-5'-cyclopropylmethyl-2'-phenyl-
hexahydro-spiro[piperidine-4,1'(2'H)-pyrrolo[3,4-clpyrrole];
(3'aRS,4'SR,6'aRS)-1-(cis-4-Isopropyl-cyclohexyl)-4',5'-dimethyl-2'-phenyl-
bexahydro-spiro[piperidine-4,1'-pyrrolo[3,4-clpyrrole];

A




Rlerr] is hydrogen; hal ogen; |lower alkyl; trifluoronethyl [ ho
al koxy; nis 0-3. 47. A process for preparing a corrpoun - laced
as defined in claim1, conprising acylating or sulfonylating: a H ",

formula I-5 [err] -96 - - 101

conpound of fornul a [err] wherein R err] is (Jerr]-cycloal kyl,
optionally su(B’aRSgﬁ ‘aSRhd- (lciaw-rIsopropyl-kydloh Ry MW 1-yl;
decahydr o- napht hal_en- i ndan- %rgﬂl ndﬁ!i -yl ichis

unsubst i t ut edSBirolpipexiding-4 d¥@§H EYB'PQiSMyq:]pYITOle]decahydro azul en-2-yl ;
112 A oA o o e
oct ahydr o- i ndgrt’@’ﬂ).pyﬂmze[@#flc]pmo]gpt rahydro napht hal en- 1-yl ;

1,2, 3, 4-tetrahydro-

5 (3’aRS,6’aSR)-1-Cyclononyl-5"-ethyl-2’-phenyl-hexahydro-spiro[piperidine-
4,1’(2’H)-pyrrolo[3,4-clpyrrole];
(8’aRS,6’aSR)-1-(cis-4-Isopropyl-cyclohexyl)-5-methyl-2’-phenyl-hexahydro-
spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole]-4’,6’-dione;

(3’aRS,6’aSR)- 1-(ms-4-Isopropyl-cyclohexy1)-5’-benzy1-2’-phenyl-hexahydro-

10 spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole]-4’,6-dione;
(8’aRS,6’aSR)-4-(cis-4-Isopropyl-cyclohexyl)-5-benzyl-2-phenyl-hexahydro-
spiro[piperidine-4,1’(2'H)-pyrrolo[3,4-c]pyrrole]; _
(3’aRS,6’aSR)-4-(cis-4-Isopropyl-cyclohexyl)-5'-cyclohexyl-2-phenyl-hexahydro-
spiro[piperidine-4,1’(2’H)-pyrrolo[3,4-c]pyrrole];

15 (3'aS,6'aR)1-(cis-4-Isopropyl-cyclohexyl)-5’-methyl-2’-phenyl-hexahydro-
spiro[piperidine-4,1’-pyrrolo[3,4-c]pyrrolel;
(3'aR,6'aS)1-(cis-4-Isopropyl-cyclohexyl)-5-methyl-2’-phenyl-hexahydro-
spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole];
(3'aRS,6'aRS)-1-(cis-4-Isopropyl-cyclohexyl)-5'-(2-hydroxy-ethyl)-2'-phenyl-

20 hexahydro-spiro[piperidine-4,1'-pyrrolo[3,4-c]pyrrole];
(3'aRS,6'aSR)-2-[1-(cis-4-Isopropyl-cyclohexyl)-2'-phenyl-hexahydro-
spiro[piperidine-4,1'-pyrrolo[3,4-c]pyrrol}-5'-yl]l-N,N-dimethyl-acetamide;
(3'aRS,6'aRS)-[1-(cis-4-Isopropyl-cyclohexyl)-2'-phenyl-hexahydro-
spiro[piperidine-4,1'-pyrrolo[3,4-c]pyrrol]-5'-yl]-pyridin-8-yl-methanone;

25 (3'aRS,6'aSR)-2'-(3-Fluoro-phenyl)-1-(cis-4-isopropyl-cyclohexyl)-5'-methyl-
hexahydro-spiro[piperidine-4,1'-pyrrolo[3,4-clpyrrole]-4',6'-dione;
(8'aS,6'aR)-1-Cyclononyl-5'-methyl-2'-phenyl-hexahydro-spiro[piperidine-4,1'-
pyrrolo[3,4-c]pyrrole];
(3'aS,6'aR)-1-Cyclodecyl-2'-(2-fluoro-phenyl)-5'-methyl-hexahydro-

30 spiro[piperidine-4,1'-pyrrolo[8,4-clpyrrole];
(8'aRS,6'aSR)-1-Cyclononyl-2'-(4-fluoro-phenyl)-5'-methyl-hexahydro-
spiro[piperidine-4,1'-pyrrolo[3,4-clpyrrolel;

R 0



napht hal en- 2-yl napht hal en- | ower

na laddky -1-yl
al kyl -2-yl; acenapht
5-isopropy| 2- met hyI hex 3- yI Rlerr], Rerr] are hydrogen;
hyd O

roxy, |ower alky 4-9‘71 S unsubstltut ed or

substituted by Iower al kyI haI ogen or al koxy; Rlerr] is hydrogen;

hal ogen; | owe(3’aRS§,6’aSRb-41f-C3mibndﬁﬂl¢Wl hen 1-hebh: &i’@ép])ﬁb!jﬁﬁémdme-li @-' S

-S(Oferr]-1owe %yl C(QCF[err]; O(CH)[err [ err]
-(CO N(I over H 9 @4‘9]1’,5’1'1‘@?]9) 2- het eroaryl -C(O -heteroaryl;

SO ert ) pueshs, g R L Shidbony) B Bk o i breck Z' Fy'a’s
forry o |1 ¢ PyiRololSROaRRiIRe” %Q?%**@ili%%ﬁ‘m? o2 compound of formil a
ferr] S (¥RRSEARS)-1-(sip-drisppropyleiyelontxyl)s2 ahenidyhexabpdrospiablpiperidine4,1-
substituted bye ) Q8F 4 cipyrrol]-5-yl}-thiophen-2-yl-methanone;

or

(3'aRS,6’aSR)-(1-Cyclodecyl-2’-phenyl-hexahydro-spiro[piperine-4,1’-

pyrrolo[3,4-clpyrrol]l-5>-yl)-cyclopropyl-methanone;

10

4. A compound according to claim 1, wherein R" is decahydro-naphthalen-
2-yl.

5. A compound according to claim 4, which is

Mixture of (3'aSR,6’aRS)- and (3’aRS,6’aSR)-1-[(2RS,4aSR,8aRS)-decahydro-

15 naphthalen-2-yl]-5-methyl-2-phenyl-hexahydro-spiro[piperidine-4,1’-
pyrrolo[3,4-clpyrrolel;

Mixture of (3’aSR,6’aRS)- and (3’aRS,6’aSR)-1-[(2RS,4aSR,8aRS)-decahydro-
naphthalen-2-yl]-2’-phenyl-hexahydro-spiro[piperidine-4,1-pyrrolo[3,4-
clpyrrole];

20 Mixture of (3'aSR,6’aRS)- and (8’aRS,6’aSR)-5-ethyl-1-[(2RS,4aSR,8aRS)-
decahydro-naphthalen-2-yl}-2*-phenyl-hexahydro-spiro[piperidine-4,1’-
pyrrolo[3,4-clpyrrole]-4’,6’-dione;

Mixture of (3'aSR,6’aRS)- and (8’aRS,6’aSR)-5"-methyl-1-[(2RS,4aSR,8aRS)-
decahydro-naphthalen-2-yl]-2"-phenyl-hexahydro-spiro[piperidine-4,1’-

25 pyrrolo[3,4-c]pyrrole]-4’,6’-dione§
Mixture of (3’aSR,6’aRS)- and (3’aRS,6’aSR)-1-[(2RS,4aSR,8aRS)-decahydro-
naphthalen-2-yl]-2’-phenyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-
clpyrrole}-4’,6’-dione; or
Mixture of (3’aSR,6’aRS)- and (8’aRS,6’aSR)-5"-ethyl-1-[(2RS,4aSR,8aRS)-

30 decahydro-naphthalen-2-yl]-2’-phenyl-hexahydro-spiro[piperidine-4,1’-

pyrrolo[3,4-clpyrrole]. _ -
AR A




al kyl ; decahydr o- napht hal en-1-yl; decahydro- napht hal en- 2-yl ;

I ndan-1-yl or indan-2-yl, which is unsubstituted or substituted by

| ower al kyl ; decahydr o- azul en-2-yl; bicycl o[ 6. 2. 0] dec-9-yT7;

acenapht hen-1-yl; bicycl o[ 3. 3. 1] non-9-yl; 298- This Sheet Has Been R laced
di hydr o- 1H- phenal en-1-yl; 2,3, 3a, 4, 5, 6- hexahydr o- 1- ph

oct ahydro-inden-2-yl; 1,2, 3,4- t et rahydr o- napht hal en- 1 ﬂl I"
1,2,3;4-tetrahydro- napht hal en- 2-yl ; naphthalen-lomer

napht hal en- | ower yl -2-yl ;. acengpht he yl; .and

5-1 sopropyl - 2- net g‘fﬂ’%@éﬂﬂ 31% aayp Whlchf‘%rr] Rlerr] are

hydr ogen; | ower al kyl; or phenyl which is unsubstltuted or

bstituted b!m&pﬁ( ’ Ny o .
ﬁ;dfoéelrjl; ehaI ogen; | ower ?#I@Jﬁ%ﬁﬁ @&S(%{ﬁgtaﬁ)k@ﬂethyl l'ﬁ{\/\g"lllglewdgﬁﬂ
nis 0-3. 42-y1}\2bphenybhéxahyﬂmmﬁrdip1 rﬁhﬁwqay@folbw mélpyrroky; defi ned

in claiml, conprising reacting a ketone of formul a

?/lhe f or m nWI t%ﬁ&ﬁeﬂ%ﬂ%ﬁ@% ° for 3§R G’aRS)-l-{(RS)-4-methy1'1ndanr-g-%’Fi]|-gg-
phenyl-hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole];
(3'aS,6’aR)-5-Ethyl-2’-phenyl-1-[(R)-1,2,3,4-tetrahydro-naphtalen-1-yl]-
hexahydro-spiro[piperidine-4,1’-pyrrolo{3,4-c]pyrrole];
(8’aS,6’aR)-5"-Methyl-2’-phenyl-1-[(R)-1,2,3,4-tetrahydro-naphtalen-1-yl]-

10 hexahydro-spiro[piperidine-4,1’-pyrrolo[3,4-clpyrrole];
(3’aSR,6’aRS)-1-[(RS)-Acenaphthen-1-yl]-5’-methyl-1-phenyl-hexahydro-
spiro[piperidine-4,1’(2’H)-pyrrolo[3,4-c]pyrrole];
(3’aRS,6’aSR)-1-[(1RS,3aRS)-2,3,3a,4,5,6-Hexahydro-1H-phenalen-1-yl]-5'-
methyl-2’-phenyl-hexahydro-spiro[piperidine-4,1’(2’H)-pyrrolo[3,4-clpyrrole];

15 or
Mixture of (3’aRS,6’aSR)- and (3’aSR,6’aRS)-1-[(RS)-2,3-dihydro-1H-phenalen-
1-yl]-5’-methyl-2’-phenyl-hexahydro-spiro[piperidine-4,1(2’H)-pyrrolo[3,4-
clpyrrole.

7. A medicament containing one or more compounds as claimed in any

20 one of claims 1-6 and pharmaceutically acceptable excipients.

8. A medicament according to claim 7 for the treatment of diseases
related to the orphanin FQ (OFQ) receptor, which include psychiatric,
neurological and physiological disorders, such as anxiety and stress disorders,
depression, trauma, memory loss due to Alzheimer’s disease or other

25 dementias, deficits in cognition and learning, epilepsy and convulsions, acute
and/or chronic pain conditions, and symptoms of addictive drug withdrawal,
control of water balance, Na* excretions, arterial blood pressure disorders and
metabolic disorders such as obesity.
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- 103 - [err] in a conmpound of forrmula I-1 [err]
wherei n Rlerr] is (Jerr]-cycloal kyl, optionally substituted by | ower

al kyl ; decahydr o- napbt hal en-1-yl; decahydro- napht hal en- 2-yl ;

i ndan-1-yl or indan-2-yl, which is uns@9stituted or substituted by

| ower al kyl ; decahydr o- azul en-2-yl; bicycl o[ 6. 2. 0] dec-9-yl;

acenapbt hen- 1-yl ;9, b&p!‘@deeéfoﬁpﬁe]pm,ggay:bmp%uﬁd of formula I as defined in claim 1,
di hydro- 1H phepal en-1-yl; 2,3, 3a, 4, 5, 6- hexabydr o- 1H phenal en-1-yl;
oct ahydr o- i ndehich poceds comprises t et r ahydr o- napht hal en- 1- y! :

1, 2,3,4-tetrahydro- napht hal en- 2-yl ; napht hal en-| ower a.l_kng_l_)L_._‘

na hthal an-1 g -1-

5- Psopropyl %t@?h%véngﬁ%%@%y&ﬁ% rr] is hydhis§heet Hds BedarRe laced
al kyl; -(CHerr])[err]CH OH) CF[err]; (CHZ)[err]C[err] cycl
phenyl ; benzyl; tetrahydrofuran-3 yl ; Ol [err])[err]OCHZ I,
-(CH2) [ err] nor pholinyl; 3-nethyl-oxet an-

-(CH err])[err]CH2ZOH, -S(O[err]-1ower alky n C(O)-Iower al kyI,
-C(OCF[err]; C(O)(CH[err])[err] _ OCH[err]; -(CH2)-C(O N(I ower-

al kyI)[err; a l ero I; -C(Oheteroaryl; -S(O/[err]-phenyl;
-S(O[err]=N e

..,_)

QWﬁgfﬁm -Cerr]-cycl oal kyI

Rt 3

wherein R'- R® have the significances given in claim 1,
or
b) reducing a compound of formula

R4

N
R1 /N @ Hs
I-

to a compound of one of the formulae

' 4 R}
Rt R% ij"' %, -
. ' N
R~ l\(%/d s or R °

* [ R S *
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-C(O O phenyl; or -C(OOIlower alkyl: HRerr] is bydrogen; hal ogen; |ower

al kyl; trifluoronethyl or lower alkoxy; nis 0-3.

-104- 50. The process according to claim49 further conprising

converting a racemc mxture into its enantl@weric conpo- nents thus

obtai ning substantially optically pure conpounds. 51. The process

according to claim49 fIs2t her conprising I-8onverting a conpoundr-gf fornula

| obtained into a phar- maceutically acceptable acid addition salt. 52.

A pharmaceutical conposition, conprising a therapeu- tically effective

amount of a conpom@nh%em gndﬁsbaye%he sgmﬁcanqegrgayenmc{mmbj n

Rlerr] is (Jerr]-cycloal Kyl, optionally substituted by | ower al kyl ;

decahydr o- naphj.hal en- 1-yl; decahydro- napht hal en-2-yl; indan-1-yl or

i ndan-2-yl, which is unsubstituted or substituted by |ower alkyl;

decahydr o- azul en-2-yl; bicycl o[ 6. 2. 0] dec-9-yl ;. acenapht hen- 1-yl ;

bi cycl of 3. 3. 1]choaelating o&-,éiﬂfonylatinquﬁidbmbdhﬂd'bﬂmmﬁlﬁn- 1-yl;

2,3, 3a, 4,5, 6- hexahydr o- 1H phenal en-1-yl; octahydro-inden-2-yl;

1,2,3,4- tetrahydro-naphthalen-1-yl; 1,2, 3,4-tetrabydro-—

napht hal en-2-yl ; napht hal en-1ower al kyl -1-yl ; : E—
~ This Sheet H;

| M

to a compound of formula

R1 ~N Rs
1-6

wherein R'- R’ and R’ have the significances given above and Q is -S(O),-lower

10 alkyl; -C(O)-lower alkyl; -C(O)CF,; -C(O)(CH,),0CH,; -C(O)N(lower alkyl),; -
S(0),-heteroaryl; -C(O)-heteroaryl; -S(0),-phenyl; -C(0)- C, ,-cycloalkyl; or -
C(0)O-lower alkyl and n is 0-3.

or

d) debenzylating a compound of formula

* c L L | S *



napht hal en-1 ower al kyl -2-yl; acenaphthen-1-yl and

5-i sopropyl - 2- net hyl - bi cycl o[ 3. 1. 0] hex- 3-yl; Rlerr], Rerr] are

hydr ogen; hydroxy; |ower alkyl;- =0 or phenyl, which is

unsubstituted or substituted by -1 onerglal kyl , hal ogen or al koxy,

Rlerr] is hydrogen; |ower alkyl; (CH[err])[err] CH(O—l)CF[err]
-(CH2)[err]err]-cycl oal kyl; phenyl ben tetrahﬁﬁﬁws"y%\
-(a2)[err]ocrd err]Herr]; ( @y r 1] mor phol i N This Sheet Has Boen Repjaced
3- et hyl - oxet an- 3-yl - met hyl ; - (GE¥3CH err] OH, -S(0) g
-C(O-lower alkyl; -C(OCF, -C(O(CH2). 3 OCH3; (CHZ)QQM m

al kyl)[err]; -S(O 2 het- eroaryl ; \-C(/O) het eroaryl; - 2

-S(Of[err]-N(lower alkyl)[err]; -(O-
-C(O O phenyl; or -C(O O | ower alkyl:

cycl oakyl ; ,
err] is hydrogen; hal ogen;

5 er

| ower al kyl; trifluoronethyl or Lawer jal koxy, nis 0-3; as well
as pharmaceutically acceptable salts therdgoiN and a phar maceutical |y
acceptabl e carrier. 1N R° - 105- 53. A

met hod of treating diseases in a manmal rel §
receptor conprising admnistering to said
I [err]

to the orphanin FQ
wafal poconmpound of the fornula

to a compound of formula

Rz

N
g <i3§35
!

wherein R-R® and R’ have the significances given above, except that R* and R

-5

5 are not =0 or hydoxy,

e) reacting a ketone of formula

O
R1 /bg

with N-phenyl-glycine of formula

Vi

HN""COOH

>

10 and trapping the forming azomethine-ylides of formula

R4

oo

| O, O A



wherein Rlerr] is (Jerr]-cycloal kyl, optionally substituted by | ower
al kyl ; decahydro napht hal en- 1-yl ; decahydro- napht hal en- 2-yl ;

i ndan-1-yl or indan-2-yl, which is unsubstituted or substituted by

| ower al kyl ; decahydr o-azul en- 2-yl ;- 102ycl o[ 6. 2. 0] deth@S}MérHasBeenRe laced

acenapht hen-1-yl; bicyclo[3.3.1] non-9-yl; 2, 3-

di hydr o- 1H- pheimah eomboyhd of formialat, 5, 6- hexahydr o- l”a“mH l,

oct ahydr o-i nden-2-yl; 1,2, 3, 4- t et rahydr o- naphthalen

1, 2, 3, 4-t et rahydro- napht hal en- 2-yI ;' napht hal en- | ower aIkyI 1-yl;
napht hal en-1 ower al kyl - 2-yl; acenapht hem\1-yp;, and

5-isopropyl-z-nethyl-blcyclo[3 1. 0] hex-3-b Rlerr], Rerr] are
hydrogen; hydroxy, |ower alkyl; =0 or%= phenyl, which is

unsubstituted or substituted by _ al kyl , hal ogen or al koxy;

Rlerr] is hydrogen; lower alkyl; -(CH grNgrr]CH(O CFerr];
-(CH2)[err]err]-cycl oal kyl; phenyl _N 5 t et rahydr of uran- 3-yl ;

(CH2)[err]CCH[err]C[err]H[err] lfﬁerr]nnrpholinyl;

3- net hyl - oxet an- 3-yl - rrethyl, -(CH2) [ err]OH, -S(OJferr]-Iower
al kyl ; -C(O-lower alkyl; -C(OCF[err]; -C CH err])[err]

OCH3; -(CHerr])C(ON(lIower alkyl)[err]; -S(O 2 het- eroaryl;

-C( O het er oar y r jal kyl) 2;
-C(O-derr]- cycf%%(@%s‘%ﬁﬁbnts%fa@e %éhﬁ&ﬁc; E‘%\A%?l i’aI kyl :

Rlerr] is hydrogen; hal ogen; |lower alkyl; trifluoronethyl or | ower

al koxy; nor,df Aediredys wel | as pharmaceutical ly acceptabl e salts thereof

and a pharnaceutically acceptable carrier in an anmount which is effective
for treati ng sal d di sease.
conve a racemic mixture into its enantiomeric components thus obtaining

optically pure compounds, and

conver(:ing a compound of formula I obtained into a pharmaceutically
acceptable acid addition salt.

10. A compound according to any one of claims 1-6, whenever prepared by

10 the process as claimed in claim 9 or by an equivalent method.

11. The use of a compound claimed in any one of claims 1-6 for the
treatment of diseases related to the orphanin FQ (OFQ) receptor, which
include psychiatric, neurological and physiological disorders, such as anxiety
and stress disorders, depression, trauma, memory loss due to Alzheimer’s

15 disease or other dementias, deficits in cognition and learning, epilepsy and

convulsions, acute and/or chromc pam condltlons, and symptoms of addictive

drug withdrawal, control of water balance Nat excretion, arterial blood
pressure disorders and metabolic dlsorders such as obesity or for the

manufacture of a medicament useful in the treatment of diseases.

20 12. The invention as hereinbefore described.

sk
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