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WD 2009/ 037220 PCT/ EP2008/ 062229 TRI CYCLIC
HETEROCYCLI C DERI VATI VES The present invention relates
wo ooovs2yel i ¢ heterocyclic derivatives, to PCT/EP2008/062229
pharmaceuti cal conpositions conprising these
conpounds and to their use in therapy, in particular

for the 5 tr t | ns lat I sorders

such as obesi fe}({fﬁﬂpjﬁﬁ(ﬁ{:gggﬁﬂ%&%ﬁggs

dysfunction. The 5- hydroxytryptanine 2 (5-HT2)

receptors are a famly of protein coupled receptors
The o‘?fﬂﬁ”él iRyentipp e"@'aﬁ%“rrﬁ% rt§CB(GBC I-‘FWOCBEPJ'PH%'VQMSB I¢mhgymaceutical
corﬁp&m?on%léewﬂeﬁg sk \BHPoliftes ankloRRQSBROhitRASSY, in SAGANSK for the

nessen at way, resulting in hosph0|n05|t|de
treg{nenbpP §‘Fr§ %mmﬁd@W®§@ﬁ?rsl %P@és‘ébqsﬁy i $0izQelenig apd cognitive
dysiddctibdm Certain 5-HT2 subtypes can also activate the
phosphol i pase A2 pat hway, |eading to rel ease of
arachi doni ¢ acid. The human 5-HT2C receptor was

Thé baRafbxy lytdRheang- H'ﬂ!)'re@eptt(ﬂ@ ars W%IﬁﬁﬂGﬁ)‘rb@%&:oupled receptors

receptors, 1ts expression pear be restricted t

Comﬁelr&mr?%m%wedé HsTystFeﬁTeBCNS} 5S|'|'T1ze) 5-Op DS YRSt %?t'vate the

phdsph8lipdis¥ P s'é@éndJ%%se ri gethes), irBsting fepNeYphBhYsifde hydrolysis
condi tions including esity, ‘anxi ety depr essi on,

anfbBé@@@?%”%’ﬁfﬁj|”s'PK/%CG<'JIP'§bP%@Pm §@Hﬁ'2®HFewt&yp%C@Pﬁ'&?eact'vate
theadn@s&ﬁc%&éé B2 pﬂﬂ‘lﬁ/fayﬂéédlﬁ’@to @%@@b# NrachiQ¥@t abia! "'T?\@hurgﬁg 5-HT»c

sel ecti ve conpounds such as 163909 (Dunl op

recgat@g was\glonke 'Qd@81 amg(ugjlke %75 thf?A) an(bﬁ- 09 rq@@toréj its expression

ap;éer?rélg% ;Uieg?eesttlﬁﬁted &@Wﬁ@&%gﬂ?gﬂgﬁﬁ% ggég% (2@38) 13- 893 receptor

SuRlyRe P PERRIMOIGHASE B ofide Yauqty SbicRafiorsy el dipgeobesity, anxiety
dedrdéGker obseddivet c@h‘.pul%ive'\/ti‘ﬁsor@en%ch%@gﬁrenla5oﬁ@rame and erectile

1365-1379) have been reported to have robust
dy%ﬁwé'%e&ﬁ%m nEE et {ee S@#epté@t corgppungpisHell ap¥ifey-46209 (Dunlop

J, 0BRSS t PrugS CREGORET 2006, amtspomsvwm d(YISIS'@QQUﬂor(SIJC%k J. A
spite of the avai | abl'i | t

NGH@R@%'?aCO{Oﬁér 4% naioRs §7§é’88) £ 3ROt ety 1|»='r3ri6 Ob-tetrahydro-7-

tnfl[n&%ﬁ\@ﬂ?lp [24 Q)iSoinbdI B AL hes@isckand. afdiest). Weed. Them. 2007,
ano[ 2, 3-c] pyrrol e derivatives have been

50).s\se §§&19}0%£V9Fbe§”698 to1gye relyist dasestengndeniRasiiyp effects on
anlﬁ'fal trﬁkﬁie’f@bﬁ'obb‘@itﬁ@(ch%@ﬁﬁreﬂéeﬂh&Q:'ogﬁﬂ\% .¥func],tQﬂa/ 9.n IPHe of the

dopam nergi ¢ nol ecul es 32,70 us
aV%'aQ'ﬂQ o dn&se| ﬁQ'EpQLH‘déePP‘é(PYPrhéQ%"ﬁyW'”S a ”eed for further 5-HTa

recBBidZ ARMLRRRPWhicH iR ssteahy atemre. | ndi cated to be useful
as diuretic, anorexic, 30 antidepressant,

anti convusant and anti hypertensive agents In a first

Be&dPL 6lpyrdnb e, @bm@ab dé}M@Nesoﬂa\feeb@érﬁ%ch)sédtlﬁ|I§F?’-¢\|-0050387 and
het er OCéC| Ic derjvative of Fornmula | WO 2009/ 037220

Logzet, ebahofurs 2o/gthes Rayal Ngthfr/ands Chemical Society, 101/9, 1982 as
dopaminergic molecules. US 4,132,709 and US 4,132,710 relate to certain hexahydro-

benzopyranopyridine derivatives indicated to be useful as diuretic, anorexic,

antidepressant, anticonvusant and antihypertensive agents.

In a first aspect, the present invention relates to a tricyclic heterocyclic derivative of
Formula |
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\ +-R3/Yon | RB Y2~ X YR5 R4 Fornula l

wherein, mis 1 or 2; 5 nisOorl; R is H Cl _6alkyl,
w@2008mbRkenyl , C2. 6al kynyl , C3 _7cycl oal kyl PCT/EP2008/062229

C3_7cycl oal kyl C1_2al kyl , 4al kyl oxyC2. 3al kyl or

C6_loaryl C1_2al kyl, said 01 “Bal kyl, C2.6alkenyl,

C2. 6al kynyl, C3 7cyc| oal kyl, C3_ 7cyc| oal kyl C1 2a| kyl ,

Cl_4al kyl oxyC2 3al kyl and 06_ aryl C1_2al kyl being

optionally substituted wth e or nore hal ogens; 10

R2 is H Cl1_6al kyl, C3_7cy]g | or

C3_7cycl oal kyl C1_2al kyl , ’kyl ,

C3_7cycl oal kyl and 93{4 yinCl_2al kyl bei ng

optional Iy substit Qr nore hal ogens; R3

is H Cl_6alkyl, 7cyc| oal kyl R’

C3_7cycl oal kyl Cl Z?J/\I\K 4a| kyl oxyC, 2al kyl, said

C 6al kyl , C3_7cycl aI I&g , RCS_?cycI oal kyl C1_2al kyl

and C1_4al kyI oxyCl_2al kyI™ bei'ng optionally

substituted with one or rﬁg,ﬁugql ogens; 15 R4 and RS

are each independently H, Cl_6al kyl, C3 _7cycl oal kyl,
wheinzcycl oal kyl C1_2al kyl or C,_ A4al kyI oxyC, 2al kyl
misaig oCl_6al kyl , C3_7cycl oal kyl,

(6] 7cyc| oal kyl Cl 2al kyl and C1_4al kyl oxyCl_ 2al kyl
nisePhy optional |y i ndependent|y substituted with one or

R'mera hal g&glnSczstﬂgﬁdng 33?\6nﬁlogﬁé%roa%h0 %?clsél'()h@1.zalkyl, Cu.

tovxh ar e rm a

43”@/&XM62319¢HY| er ed- 1n@’y|cop@||<)dsn€ai|'d G128t Gesalkenyh Gasplkwerl, Ca.rcycloalkyl,
| e d
C37 ISE\I@R ;';Qlléﬁ €} ﬁﬂ(}(fogég@ kgp argind%%éoér}”@ 2%11%5 baifly  optionally

are eac
SUbSﬁtﬂJéEtﬂe\Nk’EfemG 9r mpre¢11alcwa>|nﬁy| C3_7cycl oal kyl or

R? %%:L@V&\@ﬁ'dﬂ%ﬁ%aﬁ@i st 7cy<ﬁ@én®|§1za@<9|' g%( E 91 G%IkYI Cascycloalkyl and

al K ¢l oal’kyT“ClL
Ca. w‘lp@ﬁ;ﬂph gﬂlkyha@p@ﬁgmalllyw@@b% vith ede af mﬁredwéoqgmrmr e

R® i‘gﬂl,_pg?ng YyIY'Cs 7(§/CNaR(%R9%Q6cyclc%§<r¥e 125I§yIN>rOC K/ony za'IkZI Naid C,.

provi so

ea"tylha@s givelogikyly 1Cvgy deaikye:.aikyl mmdt §m@qu>®/01 ze#tell trmga rgptionally

su@tlﬁéﬂﬂ?&l{b b,nrqg,% EF,y sel ected fromH, Cl_6alkyl,
enyl nyl, C3 7cycl oal kyl ,
R* gad R @@qhwpdmenﬂamt SysalkgL C cﬁmy@g@pu;x§ CiscycloalkylC.zalkyl or C.

@IMQ: %%}@%@1 23 %V'Gs 7Mgr H%Il and Cq4alkyloxyCi.

Laligtpeing @Qthryqlly mqtgpgp@eptly@ggﬁmged Wlth one orr more halogens or R* and R®
together with the carbon to which they are bonded form a 3-6 membered carbocyclic ring

optionally comprising a further heteroatom selected from O and S;

Xis O, S, SO, SO,, OCR*R® or CR*R°0;

R* and R® are each independently H, Cysalkyl, Csscycloalkyl or Cs.cycloalkylCqalkyl,
said Cqsalkyl, Cszcycloalkyl and Cs.zcycloalkylCyalkyl being optionally independently
substituted with one or more halogens;

Y'is N or CR?%;

Y?is N or CR’;

Y®is N or CR?;

Y*is N or CR® with the proviso that no more than one of Y'-Y* can be N simultaneously;
R®, R’ and R® are each independently selected from H, Cysalkyl, C,.alkenyl, C,ealkynyl,
Cs.rcycloalkyl, CszcycloalkylCqalkyloxy, Cisalkyloxy, CisalkyloxyCqalkyl, CqsalkylSCy.
salkyl, CiealkylSO,Calkyl, SCisalkyl, SOCiealkyl, SO,Ciealkyl, NR™R", CO,R'
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WD 2009/ 037220 PCT/ EP2008/ 062229 3 NR13SO2R14,
CONR15R16, SO02NR17R18, C6_1loaryl,

w@e00dozmyd C1_2al kyl oxy, ON, hal ogen and a 5- 6GPOERPBNE52229
saturated or unsaturated hetsrocycl ic ring system
conprising 1-2 heteroatons tndependently sel ected

NRﬁsr N WQ&S %ﬁg al dry?%%%{r@%%,ﬁaékg/goxy, CN, halogen and a

5- 6Clneﬁﬁﬂ)éf§dj Ox3turate Qjﬂt ummhrbgedl hepsoydientring System comprising 1-2
substit ut d WI t

d wh

nei@iaos AR, STer 3oty B Al 5. ¢ HERoPBAC sk, Co
,cyslabuylat eﬁ709dfloalklﬁet Jatlgtoxd b&d eCeMeAoxg brmgo;ﬁysélq/mmdependently
sut}sﬁgﬁqﬁltrgg%%ar rgorger@ Qrg%%}s% |V\ih§(rjqe| g%ﬁgg lfacryla —alkyloxy and
5-65 uisrhbdred eshtvatdd @neudgaturated $uesddytlitening s%temt @dmprising 1-2
netaleoe nrsende G Se AT TrBD Do 2nei SrerengpiShal) ifdependently
substitutetivitroome Ial rnoré sliBstitesrdie rs?léctegs?tmhaf@u halag]émaryd: ethoxy or

gl t na rISIn el er oa nNe Se
R R0 8P R SR e ARl M Sl fm @ 57
membestai OMI l]raﬁlﬁ ¢£bd¢ycl@1rnlﬁﬁbbt}mallﬁgog?hdﬂy? E@iheteroatoms selected

C a . or oge sal a ,
frogs KL AR B obiae S bt pre e oh e ona 1
R? iisnHie [ar palieynt Cyeaﬁwhﬂyi Cy;c@doaﬁ(jghcuner hnilogﬁlvf saiblad,Q@iRyls Cy.calkyloxy
n

andorr3 GarH el oo SRR RS Y e listElteT TR RS S moge ajgoens:

R™ogid mﬁhh&eyewbmﬁemeﬁdedtlwl—t rC1(wIEylpcs myblealkgll 00E0E salkd Zaid C..
H.or R14 is

sl b R5tnalst stEti e WeBPre BB TRgsBRdent 1y H or
R%d(:@adlﬂgyl and 20 R17 and R18 are each independently H
R130r HCl I§ 1l; with the proviso that when R6 and R9 are
P TR 8 cannot i ndependently or together be H,
R"My dx, gauwl met hoxy or benzyl oxy, or a pharmaceutically

15acc tabl e S te.th 25 The term
R Eﬁeacién‘ﬁﬁpg dﬂgb’ﬁﬂr C}"@Eﬁyg%@nts a branched or
R”Lmhlerﬁel‘BeebmlukqépegdemtyHbnam Jag(yﬂ. 6 car bon at ons.
Wltﬁﬁngg)gso Mf’ Cepmalgij (g%/grree g(} R/%%E ot "é(i’ Réé)rﬁ% or together
beelh%bkwhetlﬁkyltﬁlbbyz’lw@«yd C2. 3al kyl, as used herein,
represent.a anc or. unbra e | kyl group haV|ng
or 4 BBAR SR SRR G ARlERPEEREC T vely B0 The
term C2. 6al kenyl, as used herein, represents a
brancﬂed or unbra hed al kenyl

havi 2-6
Th 38Tb 5 s s BREMIPEN JEPESERS g BIHRSNST & dbEiRghed ali roup
hav“sg)meocwbgrh atohtee Exemmla@%f@bk)gl’mlp,s a&slniéimd, htayleismproggl, tertiary
t rou .
ouCHIEEEH e Snalh T fhids Sl e aKNanth tyrdheBs, pda nerein
repeési‘eymylbraﬁtrﬂ\eﬁrcmpmb};dnched alkyl group having 1-2, 1-4 and 2-3 carbon atoms

respectively.

The term C,ealkenyl, as used herein, represents a branched or unbranched alkenyl group

having 2-6 carbon atoms. Examples of such groups are ethenyl and isopropenyl.

The term C,ealkynyl, as used herein, represents a branched or unbranched alkynyl group

having 2-6 carbon atoms. Examples of such groups are ethynyl and propynyl.
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WO 2009/ 037220 PCT/ EP2008/ 062229 4 The term

Cl _6al kyl oxy, as used herein, represents a branched or
waepasmbed al kyl oxy group having 1-6 carbon BCDRB2008/062229

Exanpl es of such groups are gethoxy, et hoxy,

|sopropyloxy and tertiary butyl oxy. Likew se the terns

2al k 0 and C1 | ox S r
The B CatA T R 0 T S PaBRistS AR B3y ybtanched alkyloxy
grohthmgngl-‘lZ? Ecrftbdn Aatorﬁsf:fxbmpleat ohsuclesgeaps \xeé ymethbry, ethoxy,
. termC, 4 | OX 3a ... as, u re re en
oy Eos PR Y T e o€ Tust B g Grraliony 2R CEBGoxy as
us@lﬁariekylrépﬁr’j&s@ﬂ(wmrarﬁhaﬂrpir&ﬁrbcéncﬁel@hhll@rrcﬁy@o@d @aving 1-2 and 1-4

et hoxyethyl. Simlarly, the term
can ﬁ%f Ver’]%alkyl as used herein, represents a

10 2al kyl group V\,hi chis substituted wth a

g Cl4al ou The term C6 10ar sed herei
Th?i b St o CGrtiode P USRS Ry FoRieRamS 3 Hr gl Grous which is
sutﬁtlﬂm@d maladcaraak‘y&txy@rgmmumzxemﬁ‘@eum gm@h agrsmmgére mhethgxwsthyl and
t Wo r|n e er_a dj at ons.
e e ST cRe FHBLGe T MaEeBRensn S Rgh ryesents a C-
»alkybgrbp vtrﬁrrrn‘s cobstilasy IMth aZBlL&xyloxyagroused herei n,
represents a Cl_2al kyl group which is substituted

wth a C6_10aryl group. Exanples of such groups are
Thbenmyds gand, phesed redréiv) repre'Ebetstaaram)matlc group having 6-10 carbon

C6 ,aaryl C.. 2al kyl ox as u n resents a
atoRB $A8 RUTGALY AU TOIslie 4 819 TORBENT IRBUSEE Rogné a
adj&ent Qatbph agyines) pExdmxadgdiesicloraips moflideypenraadapaylyioxy

and phenyl et hyl oxy. The term C3_7cycl oal kyl, as used

herein, represents a branched or unbranched cyclic
Thel tiesth Cgr)arwo:daak;'yln@ssugeobaiekmm aémmnt@earmlzasylogrospctvhich is

cycl ropyl ent
usS RS Chspl BIAURY Fxa Pl ederaroupeariiney! aod phgryiethyl
as used hereln represents a Cl 2a|ky| group which is
T bt S e LTI por s PR o8l wicn i
sultityed abitht vl € hylyl GOug.he Exempies of such groups are benzyloxy and
phé? %%Bﬁoalkylc _2al kyl oxy, as used herein, represents

Ykyl oxy group which is substituted with a
C3_7cycl oal kyl group. Exanpl es of such groups are

TS Y s SR e iss 0T T3 opE o ST R b oBeabisaphg ovol alky

groap hwer@ herairtvorr eirorresemamp@stdﬂsmah kyybugr arepgyclopropyl, cyclopentyl
SCH2CH3 group. Simlarly the term
@éﬁg{@? gr‘@% used herein represents an

The term CsscycloalkylCqalkyl, as used herein, represents a Cyalkyl group which is
substituted with a Csscycloalkyl group. Examples of such groups are cyclopropylmethyl,

and 2-cyclobutylethyl.

The term Cs.;cycloalkylCq.alkyloxy, as used herein, represents a Cqalkyloxy group which
is substituted with a Cszcycloalkyl group. Examples of such groups are

cyclopropylmethyl, and 2-cyclobutylethyl.
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al kyl sul phi nyl group, for exanple a SOCH3 or SOCH2CH3
group and the term S02C1_ 6al kyl, as used herein

wo eppesent s an al kyl sul phonyl group, for exanpP@r/aP2008/062229
S02CH3 or 5 SO2CH2CH3 groupg The term
C1 6a|ky|SC1 2a|ky| as used“herein, represents a

h bst
Theferrast raa Tl 2 sl tkin TS L i 0%?36&5%%?% Xpp8lg-# SCHs or
SCaln0H; CQ'rB@QHZGrELIarSI mhd aetny SOCdkyl,6ak kydsaOMereir atdpydsents an

A RRTEL TP B P S5 T RHCGL S rod A e 1§ SO.C.
salldliChs asediperait @eprebEHO2GHBIk ABd pRad S QRS2 GhiS exdhgle t £190,CH; or

hal ogen, as used herein, represents a F, C, Br or |
Soa‘?'aﬁ%ﬁ O%%e term sol vate, as used here| n, refers to a

conpl ex of vari abI e stoichionetry forned by a soI vent
d I t hi t nmul a
8 SR AATSE IR BB SBOH Y, BhoF BT Bin i
subsitititery vl aaSCiblkyy gpdug. heEsarhplés. ofEs{&ﬁ'pb&fﬂprare CH,SCHs and

oS Rdte s SR b AL ol 45 5T A PR crents a Csally
grosptwitiel esl sabstiutsdtwithat eS0Tt elkgicyrolip.C Exangpley of @0sh groups are
i, Si N oatons selected fromO, S and N
CH?%% '\dgq’é’rgo %y?{z{é t hi ophene, i m dazol e,
pyrazol e, thiazole, pyrl di ne, pyrimdine, piperidine,
rrqlidi ne and t et.rahydro n one
T B 21 e ST BB PRSPl
anot her enbodinent, mis 2. In a further errbodl ment of
t he present inv tion, .nis a
T, R SRR, g WP el st adhmel e SRR omety formed by
a solvertndnda soldle (is thik 0vefiiorG al dqmpcmlpmomﬁarmwspbsmrt sdleghts may
noriefst iRy oG Eat AR 1 Rty | SHBBT e ey gle solvents
inciugle Matdrnmathinolt bane rapddicetndciaf t he pr esent
invention, Rl is C3_7cycl oal kyl C, _2al kyl optionally
substituted with one or nore hal ogens. |In another
Exanplosli sfeditto Rlmesmbensal epuced roet imsaturdted oipdteoogdlicyring systems

substituted wth on r re~-hal ogens. 009/ 03722
coReRTIb T Al Sgeding HBF{0 L RPN iR P tiophene.
imigdizete ntpyiramots)t ithidzol®L pgridite,, q@fiidine,2apikstidine, pyrrolidine  and
{ toﬁ (ionaldl substituted with one or nore hal ogens. In
CUARGTRRY" odinment, Rl is benzyl optionally

substituted with one or nore halogens. 5 In a further

B e L el TG PR
hal ogens. I n another enbodinent, R2 is Hor nethyl,
n QR BB AL 3 B SR BT PR i 1.
present invention, R3 is Hor Cl_6alkyl optionally
I EHEB SRS med BB B S RS ORA Lot
with one or more halogens. In another embodiment, R" is H, methyl or ethyl. In another

embodiment, R is H.

In a further embodiment of the present invention, R' is CscycloalkylCy.,alkyl optionally
substituted with one or more halogens. In another embodiment, R" is cyclopropylmethyl

optionally substituted with one or more halogens.
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substituted with 1-3 hal ogens. I n another enbodi nent

R3is H nethyl, fluoronmethyl, trifluoronethyl or
we@edvglo3d72bn a further enbodi nent of the presentPCT/EP2008/062229

invention R4, R4 , R5 and Rgare each 15

i ndependently H or Cl_6al kyl “optionally substituted

W th one or nor al ogens. In anoth . enbodi nent R4, .
in Rt eRgrdiod e, LS R e BUROER 1 5 G mHBLRyPIN ontionaly
sutsfitutaznaith Yyns Whshore Uiatdiensv il ahoBehambgein®ent, IR iaehbgroptionally

e dnmnt, R4 R4 ., R5 and R5, are independently H or
sufsRi TR e e el et Ra R R and. R ar o
H. 20 In a further enbodi ment of the present

n 5 REBE o APt aine ResEni e, RGBT g priely subsiutc

witle ndnedbnendre faldde@s pr & @ndthen eaiblodidment XRF 9s GCR4' Mbthyroptionally

oGO bl B T ol o e

present invention, Y1 is CR6, wherein R6 has the

In %ﬁg%lago?@h%/d@%ﬁ{ ﬁgﬁ% Pl@nggﬁtitiﬂygerswgﬁ,?ﬁiédg,I-P@sz(y{_etgm%tionally substituted
withvioae &ir idré Hatehbie Ipaavithetsmpodideht, s IRsanéthgisor dthylaptionally

f her . i ment of the present .invepntion, Y3 is
surgttet i o3 1ePaRas”t Rt STBYYEHGRT o AV guoromethy!,
trifl 3oroW@tR0 09407220 PCT/ EP2008/ 062229 7 In a further

enbodi nent of the present invention, Y4 is CR9,

wherein RO has the previously defined neanings; In a

In fauffirtiey embedlinerniof othet peseite f@BhtiIoTM\REINtRQNR® Rhd R°Hare each

ind%érg%:nﬁi Fbg{%leg%bli%%ﬁglgﬁlly%’é&itﬁ%%ﬁ W%h?o%:q%m? hg},ogens. In another
embadioganR*, R, &° Ghd Al dey kaenihdEpendefity Kydr methydespignally substituted

Loptionally substituted, wi.th )¢ re | ogen
witfic} BPRonds,” haneh SRadient S, 8L; BhaRy MefEiBiependenty H or
metfganinrmsthel Bmaoditrieat, REMIO&° erdR”> aR6HL s H, chl or o,
bromo, nmethyl, trifluoronethyl, ethyl, isopropenyl,
(Z2)-2-propenyl, n-propyl, isopropyl, cyclopropyl,
In 2funtthgrhipsdipght, of dyecprepenttindentidn, xeis iy, - N- et hyl am no,
N- et hyl - N-i sopr opyl am no, 10 net hoxy, ethoxy,
i sopropyl oxy, cycl opropyl oxy, phenyl, nethylthio or
In dNuNhdil erabddimant dgfthe preserdt invghtidre X ieIfh sdi oredd,; of t he
present invention, R6 is a a 5-6 nenbered saturated or
unsaturated heterocyclic ring systemconprising 1-2
In & @irtheo @imbodimend ep érederasdnt imentet,odis OCBMRNor CRARIOSwherein R*
q}gglhn ahf urt her Ierr‘r%odi nment . of the present invention,
ang NavENCECHAYIK 1oNeS mARDY8al kyl, €1 6al kyl oxy,
C6_10aryl d . 2al kyl oxy or hal ogen, said Cl. 6al kyl,
In aCT]l'J'rtﬁg} gr%l)&i%eﬁtno t%br]é(s)grﬁt)f}]\/%]f]ﬁon, Y'is CR®, wherein R® has the previously

defined meanings;

In a further embodiment of the present invention, Y? is CR’, wherein R” has the previously

defined meanings;

In a further embodiment of the present invention, Y? is CR®?, wherein R® has the previously

defined meanings;
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2al kyl oxy being optionally substituted with one or

nore hal ogens. I n another enbodinent, R7 is H,
woredobps722d ri f | uoronet hyl, ethyl, cycl opropyl, PCT/EP2008/062229

2-met hyl propyl, nethoxy, bro or 20 chloro. In a

further enbodi nent of the present invention, R3 is H,

.C3 _7cycl oal kyl., C al 50X .0 .
In %%’ '%8 ’ﬂ’?ﬂ"ﬁnﬁﬁ'ﬁ ‘%W‘%RS‘F?E"%QFEM@TW '%gﬁa’g‘%'%?re'é‘aﬁ d1as the previously
deflBbdGaddayrigs; C1. 6al kyl oxy and C6_ | oaryl d _2al kyl oxy
bei ng optionally substituted with one or nore
hal ogens, wherein RL0 and 25 R11 have the previously

In defurthed enbadinizgs .of Ithe preddne invenrbedi mertt H, RS, dakylH,C, salkenyl, Cs.

VRO Ferdplan Noranh SCi-aRynAIR 5 ShRRERB o2 pigrsalkyl and C:.
eallﬁﬁlcﬁ@%ding bpteﬁfallprsljbmte@ with &le Garwify? halGetd! wydreiyRGrand R
al ogen,. said C Cl. 6a 0 3
i B anarie g At Reatnas o St cResiiedoRES Hyghigro. bromo,
methyl, a:r'fmtoh&netbyl‘petdylmsbbropgﬁylj &3 propdrtyy, In-prepyilyisopropyl, cyclopropyl
bro odj. ne
2R ot STIRFEAN o N-Sieh AP driESh o BEBE R isoBropyiamino,
medﬁixyVealhmxyelsohmpylngy,tchdopﬁopyl‘dhaphén%é&ﬁﬁ@ﬁcﬂ&?ﬂAlemethyIamlno.
PCT/ EP2008/ 062229 8 RIL R NRF R X3 ~R7 5Ra R6
R Formula Il wherein X and R and R3-R9 have the
In @rfi@ttied esibpdihedrit ve therpasengavertiohNR&A S drd Hérmermbedidreairated or

o6 RS SRl RS ST PRt 7 RalerSaug RN TIdg PR ey selected
from NRO and S.

In a further embodiment of the present invention, R’ is H, Cysalkyl, Csscycloalkyl, Ci.
salkyloxy, Ce.1oarylCqalkyloxy or halogen, said Cigalkyl, Cqsalkyloxy and CeoarylCy.
salkyloxy being optionally substituted with one or more halogens. In another embodiment,
R’ is H, methyl, trifluoromethyl, ethyl, cyclopropyl, 2-methylpropyl, methoxy, bromo or

chloro.

In a further embodiment of the present invention, R® is H, Ci.alkyl, Ca.zcycloalkyl, Ci.
salkyloxy, Ce.10arylCioalkyloxy, NR'™R" or halogen, said Cisalkyl, Cisalkyloxy and Ce.
10arylCi.zalkyloxy being optionally substituted with one or more halogens, wherein R and
R'" have the previously defined meanings. In another embodiment, R® is H, methyl,

trifluoromethyl, ethyl, cyclopropyl or N,N-dimethylamino.

In a further embodiment of the present invention, R® is H, Cisalkyl, Cisalkyloxy or
halogen, said Cisalkyl and Cisalkyloxy being optionally substituted with one or more

halogens. In another embodiment, R? is H, methyl, ethyl, methoxy, bromo or chloro.
g

In a further embodiment of the present invention is a tricyclic heterocyclic derivative

having the Formula Il



5 Ra R6 RFornula Ill 10 wherein R1L and R3-R9 have
the previously defined neanings. In a further

wendodsrrent of the present invention is a tri CRCI/ER2008/062229
heterocyclic derivative having the Formula IVR RO
R3R3 OR7 5 Ra R6 R15 Fornmula IV wherein R1L and
R3- RO have the previously defined nmeani ngs. WO
2009/ 037220 PCT/ EP2008/ 062229 9 Ipta further
enbodi nent of the presengoinventign is a tricyclic
het erocyclic derivative |having the Formula VRL RO N
H R} R3 s Ra R6 RR_ForH ‘ Herein RL and R3-R9
have the previously def nmeanikqgs. I n a further
enbodi nent of the pres ventilo®’is a tricyclic
heterocyclic derivgti ing-the Formula VI RL RO
NH R$

Formula Il

wherein X and R" and R*-R? have the previously defined meanings.

5 In a further embodiment of the present invention is a tricyclic heterocyclic derivative

having the Formula 1ll

Formula Il

10 wherein R" and R*-R® have the previously defined meanings.

In a further embodiment of the present invention is a tricyclic heterocyclic derivative

having the Formula IV

15 Formula IV

wherein R' and R*-R? have the previously defined meanings.



R3 R Os Ra R6 R 10 Fornula VI wherein RlL and R3-R9
have the previously defined neanings. In a further
wendodsrrent of the present invention is a tri CRCI/ER2008/062229
het erocyclic derivative selsctedfrom IS5 NNH N H
o H952HV ~"Il ~~HO CFR3 CF3 C dC

H N H / |
In \éﬁgﬁ Orglg[%ggéﬁ*‘%ggo /tl%Pépe%ge{q ?r\%/%%tlgcte }socggtri%c (Hﬂgglerggycll\il?_l'&qrivative

halihdthd idrdwuBrVH, N\/ OH HJ7 H / OBr Br CF3 CF3
C HHHH

~_

Formula V

5 wherein R" and R*-R? have the previously defined meanings.

In a further embodiment of the present invention is a tricyclic heterocyclic derivative

having the Formula VI

10 Formula VI

wherein R' and R*-R? have the previously defined meanings.

In a further embodiment of the present invention is a tricyclic heterocyclic derivative
selected from:
15

ZT

%
I
ZT

CF, cl

Cl



NNN 46~ HH Br CI OOO C d d d HHNHNN
N / HH HBr\ O\l MOOC O a0 G d HNNHH
woRoobto£i22iH, MeO" O OOH ¢l C O d C C  PCHEPRBB/I062229
NNNN HHHHHI HH O)M OI OHI O Br dd FFF
WD 2009/ 037220 PCT/EP2008/061§229 11. NNHN O HN

SIS
o
A

Cl

MeO

Cl

H
H
O

ZT




CF3C FF FFFF NNNNHHHM OHB 00O

¢ adadBr BrHHHH HH HCFS NOF OOC Cd ad d
wobiom37220 H H 6FF 6H Ho Ho H F d F F F PPE/EP160$/062229
HHH NNN HH H NHO /1 H/ I H O\ O HF

O FFHHHH HOHN O




55" WD 2009/ 037220 PCT/ EP2008/062229 12 HHHNH H
H, 5560 HNN NH IHHHHOHHS510 OHHHHNN
wORM9 b2 HH' OOHO/ I H OC C H H NdI/EPLBB/062229
HH, J-OHHo C C Ow HNHHHNNNHH H

H
H O Ot -TOHHHcl H HEHHOOOO C a O
O HHHH O NNNN
N N

Cl
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HHHH O\ O\ 1 OO cl s No/N\ WD 2009/ 037220
PCT/ EP2008/ 062229 13 HHNN ~o0~iio N-YI O or a
wQ@baposreut i cal |y acceptable salt or sol vate tPer/epf008/062229
The tricyclic heterocyclic dgrivatives of Fornula |-V
are prepared by nethods well “known 5 in the art of
organlc ghem stry, see fﬁr exanple, J. March
Advan-a: Organic Chenmisfry' 4lh Edition, John Wley
iy sequences it may be

ans of conventional protecting
such as thpse described in T W Geene and
.G M Witts “Protective Goups in Oganic Synthesis'
3rd Edition, John Wley 10 and Sons, 1999. The
protective groups are optionally renoved at a

b t ' t hod (¢
or § A BB ol e P AR ' e BESel | ¢ deri vati ves. (8)
and (9) may be prepared, as shown in Schene 1, from
Th%ﬂfq@% rl aL 8¥%¥?§§tlé tedlagis\tllr%rlé&)r%ogr?%/y)\h %]Oéja well known
in theartidﬁ@sgan'mﬂnemm;try lsee (ol)examplebe Meat] I'AdvaydedDygeait Chemistry’
f.or ex as

th US| bl
4" 9P, B T m R Rl PR BoufsR dChHibe ppgpssary andior
des(lr%)ale tEEtpeotestLdeasltmern r@actwfe grbteqomn dny @)the arvldalesadintéradd. This
s SHSTRRRY s P Eate PHECRRBIUME: ¢/2ias RigiBectroed in v
Gré@e\é&u\mgm Waftsﬁ #roisctiveeG@opslin @@pn(cmarmsis Y EQGbn,alotn Wiley
an nono-brom nat e FB

and) Stsnel B, ARNSGRE CFe0es Ala busnaEidupldf apen convenient

sutfseqaéntcsna@le tgmupetbodsnwelhkrmwred theoart.mani pul ati on | ater
in the synthesis. Coupling of acid (2) with a
sui tabl e protected am no al cohol (3) (wherein, for
The xaygliceneRrosycBn derivativée(@hand W&) rﬁay lsmbsalpiatadt esl sleowmim Scheme 1,

fromI %Ohgplipj:?prl%% ggﬁyteﬁgr\{%eea Wher in \8_‘53‘) gn{i Ingggrqu:Rhehave the
preumusulg dgfiped praaatngs. ﬂfbaupitnlegﬂ eagbatreaalydhwinoiylsddl asiisg a suitable

v SRS RSOl MEREARE AL BTy R . e
sulrstitudivartf tearianio @) ccehcﬂesn(oﬁ)‘led (byvharbstitteldirdRRedahalog@nation. For
exangp\f broh |n rloenvcl)fgb'% ?{ gg?L v@r%g%gﬁap('.‘égggr?dyﬁgs S\F“teg‘?{) ggords the acid
(2)mwhergursv%nmmammdt\écmnwmmsbmmdnommateu i&eCBiNt T bromine may
then be converted to an alternative functional group or maintained for manipulation later in
the synthesis. Coupling of acid (2) with a suitable protected amino alcohol (3) (wherein, for
example R' = Bn or alternative R' substituted amino alcohols, for example, wherein R' =
CHs;) affords the amide (4). The coupling reaction can be carried out using appropriate
coupling reagents and conditions, for example cyclophos or 1-hydroxybezotriazole
hydrate and N, N'-methanediylidenedipropan-2-amine. The relevant amino alcohols (3)
(wherein R', R? and R® have the previously defined meanings) are either commercially
available or can readily be prepared using standard techniques well known in the art of
organic chemistry. For example, 3-(benzylamino)propan-1-ol can be prepared by
reductive amination of 3-aminopropan-1-ol with benzaldehyde using sodium

triacetoxyborohydride. The alcohol (4) can be readily oxidized with the appropriate
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organi ¢ chem stry. For exanpl e,

3- (benzyl am no) propan- 1-ol can be prepared by
WO ed@aos722€¢ am nati on of 3-am nopropan-1-ol w tPCT/EP2008/062229

benzal dehyde usi ng sodi um 30, t ri acet oxybor ohydri de.

The al cohol (4) can be readlyg oxi di zed with the

ri at WO 2009/ 037220 .PCT/.ERP2008/ 062229 14

ox@%F E{%a%ent @585?1’{‘”(3#8‘?333\5%’?}&%”%@%” ! P]rd the "aldehyde (wherein
R® per Hoadorname))net owkdrbior dort zambieRde (aMydr ¢5)n THR8nmolysls of the

= al kyl . 5). 3
berdog RISt R DGl ™) G fone M, trl bramaleaR= atkv)
(5) Rar ‘mefxlai)nm‘er tiyelhen‘tglg( iﬁhﬁtr - dlchlb@?eﬁé@ﬁ?pltﬁom%&gﬁeﬁé kaytl X ,4-dioxane

or e e in enz
o RIS ERD e 95 36 Leasi Bt SO N s © and ().
Fortdge G ittee t(rarrsdattgaﬂsr) cad gamﬁ?ﬂy :zb:arertBbl @nhts e twtecpmq%@dusst (6) by
n . or. = s e I'an an
wegtglenf i Shh sl il pase e Bt OB el bang My BN Cg,) Bfigre). The
amtrfefelélsmﬁdt(QM?mhbét)gBtaﬁanlbplpedLaii)en betbe affidds (Gxal(‘mSD(?E) usigg a suitable
. uxi n I N ol U e am .an
red§0 aienb 4B sra s yFF ol B BN Eor B hrines iy @hand @)
whérg)n R5& rh-g can SGlpﬁ'@gbired by deproteatoragitht a(‘rfuwss @Xag@(&g; wheirgin R'is
an .
be%ﬁ@r E?r e’ﬁf‘me ﬁ%é&%@y'&rétﬁﬁ?@dgrﬁyp &gBlb%t ’)8810?"6?1 {)}S%‘W fpgenation
witiapafesiurt &n edrbor( 9) by \Weetirey withl - d:rﬂiorobtawzcﬁloroféﬁhate and quenching
B A B L A B SR S
an b@atdpﬁgtevmlk)ﬂhélrdef(l‘cﬂtrexehh)jd bemﬂyofr@ﬁmemaireeamduvqua&mnhwtidmgwuth an
ap%{ﬂprhaég a%ﬂgﬁy(geq@or(eg(%r%rpmtg ﬂé’rﬂf'\l} gr o atllf %I’%o&)ﬁssd}le
appr opr| ate al kyl halide (for exanpl e benzyl brom de),

t t 1 2 V3
Defaysaitcs minds bt ot e, AEs BRG] aiitong Y2 ¥ or
Y* posisé bbhievdﬂeuiy mathosla twetl rknofvn Gio theoann dSorgbnl\Eﬂgjhﬁhﬁlﬁry( Bor example,

tit t Y .Y r 26880 \4_
o BT S DR o B TR R 5! Fg RU B and YE8 Ly =ch
mtwrtlgeamocresﬂsmmm tactark (6 xadpl7e, wheaivef'soaBofanidh®' = Bn and

VRS A ER4, 6808k S BioReuly drafils RvE i BadR] simiany

der{vatisatioheif memrff neg(@Bhd q9)aRbereBdilyaautlievd@ a¥dg Mikttiddsamsll known

kel (LI i d - ,
n B8 A dl UG FP R Kt bmples PRAGr FHE amie®) opgo) wherein
Y' ando( %hdC‘éﬁ#Yﬁé(“PeaidIdsjngalsllftirﬁmeshcumlm@e naftobdsd thewemine (8) or (9),

kno i ot r ., of gamn c.ch 19 Far a
whg B 5 o Yo P ERE e § Sty Sy rhitinaigh oF R Emgg @) or ()
whareth Y2=CBFY4naH>= \d%lYﬁgCNulsingmbbummsluwdedaM@dsiﬁ]eténeme (8) or

am ne. ($)_ 3 _ wh i Y, = Y2=Y3= nd
OV Pl Sors = CBr B o 5o nE o TS 5 BF pgyerted to
an m@nem\na fhf'nctlenérg?au;awﬂeNRf\#&#Mwﬁbh B iig1guitably protected (for example
B broqosucm ni m de affords the amne (8) or (9),
qureql )Y CCF3, Y3 = CBr and Y2=Y4=CH. The brom ne

may then be converted to an alternative functional

group when RL = H or when RL is suitably protected

(for exanple Boc-protection). 30 WO 2009/ 037220

PCT/ EP2008/ 062229



150 CNY 2 3 Y3Y\ OH YYS5RA N,L,3YOH 2 YW R4 RY
YRR R HNR (1) (2) n 3 OH (3) 00 RLRL Yii N
WOoRM9NBI220- N RZ Y2 CHn Y2 CH2)h 1 R4 Y Y REI/BB2088/062229

5
RAOs OH (5 R (4 RIRL_.ON2 HR Y3 W
(CHZ)n \H (CH2)n O11 R3 Y2\%1 Y2 , 0 R4 R5 Y R4 RS

(6) (8) o
VA CN 4
Y|3|/ J Y|3|/Y\ OH
Yz\ < R* Y2 — 4
Y1 R5 \Y1 R5 R
R1
/
) 2 HN® 2
)LCHZ)n
J R3>\OH
(3)
o 0
R R’
Y? N Yt 7

5 O R
(5 @)
J o
| R’
o N |
2 N
H 2
R
(CH,)n H
Y Y’ CH
Y|2 | . . Y|3| AN (CHy)n
~ e} R°
\Y1 Yz\ P o
R R° Y

Scheme 1

5 The cyclobutanenitrile (1), wherein R* and R® are H may be prepared, as shown in

Scheme 2 from the appropriately substituted o-halo-benzaldehyde (10) (preferably



RITRL ONNHR2 R \ (CHD)n ~\HY (CH)n Il R3
I RBRNYO O AR YRAR (7) (9 Schene 1 5 The
wa@ymbobue@anenitrile (1), wherein R4 and R5 ar ePGI/RP200$1@62229
prepared, as shown in Sche 2 fromthe appropriately

substituted o-hal o- benzaldeh de (10) (preferably WO

wheP ML B ahtle o PRATREnComeR e 4 AR Ry Re(10) it

cydnbBgetiol ddid, pw@n@aaetalnon@gmrd acﬁwte ohi tbﬁ::eﬁé@a@l‘ﬂ'ﬁsrthel orresponding

_acet af | t ene provides the carrespondin .

cin SR ) Sty B BECaHetl reciEed B6r SRRES L el to aive the

dih(éciﬂmblnﬁaéﬁ?lmﬁ’g% lQﬁZI)In;g)eNalHSH@I')aﬁdh gy\heatnh\ga in the approptr]lg’iae solvent (for
5 xR {UTRNT BERTACE) CO7 R e O o GRS PRy FloStre of the

mtr&@eﬁam L@@t)g pscaitingl esmidee imi dmmbeia iaﬂd)rdsStlhaSdiemtahe ngjtrile  (1).

nitri

ARGRARINS 155 i Hy S (b odn, 1B ReeiD prb g ot the appropriately
sutAtituescdathal@bgnzaldedydy ¢140 lpretenebly ivhetd dal(ZLBr cadl).bRreatment of the

R, T AT AR Bk A e

10 toludng. provielat naat cafespbredingndiralaatoaiidial ﬂshy@mch 1d9n subdequently be

BT e o bR L AE S o 10
Deéér5§oxylemh<1h/ locting Ufmﬂmuwbbmet@solveadme@(aﬁfmy dieneanyp|laeetamide)

e. the di hydrocjnna i tri . .
prolEel dod ATE) (5 Bl in i G Kot REIRaPD ot Brartebi Bhayment with
sodidrafamedeimznemadniatd afjord doetyaiobdene nitrileiides the nitrile

(17) which in turn can be cyclised by, for exanple,
tfea npnt mnth odlunlanlde i n affmoni a to afford th
i But ane ni Hey. H HH H
VYLLLYIT eNY CN 11 3ON27YY ¥~ Y] Y COZH—YU cqé\
b( | Y1 = COH Y\Y1 CO,H

(10) (11 (12) (13)

H
. CN
Y|2| N
Y ~,
\Y1

(1)

Hal
3 RN H
M Y|| N CN
YA -
1
Y COH Y\ v COH oY

(14) (15) (16) (17

Scheme 2



(10) (11) (12) (13) CN VYIl Y (1) Hal Hal Hal Hal Yj_
YLHY Il I 2\ HCNYIl HCNY(_ HCN Y YYl CO2H Y2

WO 00002B2d5 (14) (15) (16) (17) Scheme 2 WO PCT/EP2008/062229
2009/ 037220 PCT/ EP2008/ 06222197 17 The nitrile (17) can
be prepared fromthe nitrile (18), by direct
hal tion. For e I .\ Y3 =. Y2 =

T I et ifaseh Poe TR (Ehlo Ry AT HslogF 87 5roF s examle.

wheh Yés CORle, ¥t erdhhahed’ pr Oy dlalogérationswith Gohemein3chloroform gives

el o im,larly, wth the r apLi a Y, 2 and Y 1 w2
the Jip@etart Rt (i oBt S2pdr5 SR RES P, wan Mebfonadte v, v
andi Y% isLiestifuli®hs, bitrildi (183t carb beapeparst ifrom tidal nitrhleH (18)3 By direct
5 naSN Y H CN yl Hal ON  Y=Y{ Y-1,YY (17) (18) (13)
ey N3 10 Alternatively, the nitrile (1) (wherein Y4
# CH), can be prepared by enploying a [2+2]
cycl gddition of the appropriate ketene (for ex%nple
1, 1-di'met hoxyet hyl ene) with the appropriate benzyne
t by base (for
d HafB\ena(%%n _LmhereiﬁﬁHa
(¥8)., e int er nedi at ed clobut enone kefal
(20) Ycan be hydrol ysed undér acidic condi tions, Yfor
exanp%z usi ng aqueous hydrochloric acid in nethanol,
to aff8td benzocycl obut enorfd8k 21). The (13)
benzocycl obut enone (21) can subsequently be
transforned into the cycl obutane nitrile (1) by, for
exanpl e, reduction (for Sshemel® using NaBH4) to the
10 i nternmedi at ed al cohol which can be activated (for
exanpl e
Alternatively, the nitrile (1) (wherein Y* # CH), can be prepared by employing a [2+2]

cycloaddition of the appropriate ketene (for example 1,1-dimethoxyethylene) with the
appropriate benzyne generated by base (for example NaNH,) induced dehalogenation
(wherein Hal = Br or |) of halobenzene (19). The intermediated benzocyclobutenone ketal
15 (20) can be hydrolysed under acidic conditions, for example, using aqueous hydrochloric
acid in methanol, to afford benzocyclobutenone (21). The benzocyclobutenone (21) can
subsequently be transformed into the cyclobutane nitrile (1) by, for example, reduction (for
example using NaBHy,) to the intermediated alcohol which can be activated (for example
by conversion to the corresponding mesylate) and treated with a suitable nitrile source (for

20 example NaCN) to afford nitrile (1) (see Scheme 4 below).

OAIlk
. Y4 H R4 = OAlk Y4 OAlk Y4 0] 4 CN
YOS R® Y[ S—1-0AK Y N N
Y2 - Y2 ) 3 2 —_— |2|
YT Hal Sy R YN R7R5 YN R
R
(19) (20) (21) (1)
Scheme 4

25
Compounds of Formula I (wherein, R* or R® # H) may be prepared by treatment of the
protected amine (22) (for example wherein R' = CO,Et) with a suitable oxidising agent (for

example Jones oxidation) to afford the intermediate ester (23). The alkylated products
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15

by conversion to the correspondi ng nesyl ate) and

treated with a suitable nitrile source (for 20
we@x@apbr2NaCN) to afford nitrile (1) (see Scheper/#P2008/062229

below). QAlk 111 ~, 4 H R4OQ§< Y4 OAIk O CN 4 4 Y11~

RS Y y3-- -- Y¥3-- """ zz 117 Y~Y1l ~ Y~Y, R4 R5

(24¥§y%%'8ﬁﬂgg¥8?t g% Wll%\m'?e?é%%g or(Fsﬂ:h%)Paﬁgquw?ﬁﬁntﬁf“%uitable

alkjdatlrly epgesd fdrexhmpit IRﬁJ‘lbr &FLiJ. h’@eatmeﬁt Wﬂﬂi ede @guinalet2a)alkylating
uita

8 Q‘i‘tm EP%@ Q@eV\Te”(‘FS'F‘teRi%%C%C ofidh t%?x ‘{ﬁe8n§)“sirk9 for example

trifladroacetict Seid Idﬁdel’rllwdlllsﬂém)emb?rde(ﬂ&bc/:tea' h@siab kit @t(xelﬁhple potassium
rqduct s 2009/ 03722 CT/ EP 8/ 062229 18
v B oA CORROHRTR CoFO(Ag |ANTRIOh FoxdeBs 2olt] feenscheme 5

belowg equival ent of a suitable alkylating reagent (for
exanple R4Li or R5Li). Treatnment with one equival ent
of alkylating reagent affords an internediate |actol
whi ch cap _b®ereduced (using f,0r eanple
trifluorodcetic acid and triet si | ane) then
depr ot ect (using for exanple potassium 5 hydrOX|d@)

to affond c unds of Formula | erein, R4 or ,
QS% Sches®),5 bel ow) o\ OEt N NN ;%—R
(Y| Y|_3_I_L 3 & (%)n( CI:IZLHYS /py“\ (CH)n
Il 3.0R YW HOVYI N(l HY OIR&'Ra  (22) (23) | (24)™g
Y1 \ 1 Yz\ 1/
H H Y
o) R™ R
(22) (23) (24)
Scheme 5

Compounds of Formula I, wherein X is O and m is 2, for example (27) and (28) may be
prepared as shown in Scheme 6 from the appropriately substituted acid (2).
Homologation of (2) can be achieved by conversion to the acid chloride using thionyl
chloride and subsequent treatment with diazomethane to generate the alpha-diazoketone
for subsequent Arndt-Eistert homologation using Ag(OBz), and methanol to afford the
ester (25). The ester (25) can then be hydrolysed to the homologated acid (26) using, for
example, agueous sodium hydroxide in ethanol. The synthetic protocol of scheme 1 is
then followed to yield the products (27) and (28).
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10 Schene 5 Conpounds of Formula I, wherein X is 0 and
mis 2, for exanple (27) and (28) nmay be prepared as
W@ bawo3izzo Schene 6 fromthe appropriately subseet/EP®AS/062229
acid (2). Honol ogation of (1?9) can be achi eved by
conversion to the acid chloride using thionyl 15
chloridg and subsequent treatnent with diazonethane to
gener at g\t he al pha-di azoketone for subsequent
Alyhdt Ei t honol ogati on g(0Bz) 2, and hanol
Y|| ffo¢rd the est (g(a 5) The(g%?’s (@57Y encgé!
zhyd/rol sed to—tthe hHonol ogated ae|—el—-(26j| usi 1g, for
ex rrpI%Raqueous Souli AYIGRDXi de in e\t\h\a R
synt het'i ¢ protocol of sch 1is then fol] owBd to
yi efd the products (27) (2and (28). WO 2009/ 220
PCT/ EP2008/ 062229 19 0 Y3Y\ OH Y Q02M= Y\ H 2 Il
YII YYRARSYiIi RARS YY1 4R YR (2) (RSkp{@6)
steps of Scheme 1 R1 RL NR2Z NR2 4 H H 3)S¢erend Y
~(CHn Y~-~\ RB\ ~" RB Y~-Y~O0Y-Y~O R5 R4 RS
(27) (28) Scheme 6 Conpounds of Formula I erein, X
= OCR4' R5' for exanple (36) '§/ be prepared from 5R
appropriate 2-nethyl benz yde derivatives (
shown is Schenme 7 for th traﬁ?- conmpounds and¢Sch
8 for the cis-conpoundds\Reacti on of the dehyde

(29) vviththewzgr €30) af f qpe:
(31). Subsequent f +2] |cycl | Sation using,
exanpl e, the pr ot‘ésj;a m A um (32) inYohe; sefce of
trifluioroacetic acid affgrds the protectedR4
pyrollidine (33). Benz(;}!l C brom nation, using £or

)de (28)
Scheme 6

exanpl e N-bronosucci ni

Compounds of Formula | wherein, X = OCR*R?® for example (36) may be prepared from
appropriate 2-methyl benzaldehyde derivatives (29) as shown is Scheme 7 for the trans-
compounds and Scheme 8 for the cis-compounds. Reaction of the benzaldehyde (29)
with the Wittig reagent (30) affords the alkene (31). Subsequent [3+2] cyclisation using,
for example, the protected iminium (32) in the presence of trifluioroacetic acid affords the
protected pyrollidine (33). Benzylic bromination, using for example N-bromosuccinimide
provides the bromide (34). Ester reduction (using, for example, LiBH4) and cyclisation
(using for example sodium hydride in DMF) then affords the tricyclic product (35). N-
deprotection (using for example 1-chloroethyl chloroformate, followed by methanol

treatment) gives amine (36, R'=H).



10 provides the bromde (34). Ester reduction (using,
for exanple, LiBH4) and cyclisation (using for
wex@apsr2eodi um hydride in DMF) then affords tPer/EP2008/062229

tricyclic product (35). N rotection (using for
exanpl e 1-chl oroethyl chlordformate, foll owed by
nmet hanol treatnent) gives am ne (36, =H) . WD

200943{)37220 PET/ EP2008/ 0622229ﬁ 20 3 Mg v~ 2 3 'v. "
z ' 4 Y4l Y3E +BPh3 RY4SKPMB 3 RaY 4-Ya2
| c% o P (30 =1 CYFfsEB"BN N (2%%(%31) IE53|\/|%(| \f
OH( Z PMB™N N"Rg, Y4 | ~yH-R3-81, , E 2

Y oYL o vy o 80 NEZC puB (P6) (35) (B3W) Schenely b'H

Altefg atively reaction of (ggi with Wttig rea% /

(37) Qenerat es the al kene ( ) Subsequent [3 %B (33)

cyclisation using, for exanple, the protected i mnium

(32) in the presence of trifluioroacetic acid affofds

the protected pyrollidine (39). Al kylation of (39)

usi ng, for'exanple, lithiumdiisopropyl amde in a

sui tabl e ol vent, such as THE Pl owed by treatnent ,

wi th the appropriate al kyl N.de (R3-halide) pr ow’sd@&Y\\Yz
f.r640). This 1045 then brominated, the: || U,
re§uRt | nﬁl_coﬁ?:ﬁbzccy
ed above faop2 convergion of (33) to (3

j tricyclic pr?}

(41) ( §é)ng for exanpl e a-chloroethyl chlorofo e,
fol | owed 'by nethanol treat@®@ht) gives anmine (42, (34)
R =H) (Scherme 8). WD 2009/037220 PCT/ EP2008/ 062229 21

3\\(/5 Y4i YY2 Et02c' - PPhSSXﬁe'rXX% PMB' N, Si Me3 Et0 O Y4i

5 Alternatively reaction of (29) with Wittig reagent (37) generates the alkene (38).

10

Subsequent [3+2] cyclisation using, for example, the protected iminium (32) in the
presence of trifluioroacetic acid affords the protected pyrollidine (39). Alkylation of (39)
using, for example, lithium diisopropyl amide in a suitable solvent, such as THF followed
by treatment with the appropriate alkyl halide (R*halide) provides the product (40). This
is then brominated, the ester group reduced and the resulting alcohol cyclised as
described above for conversion of (33) to (35). N-deprotection of the resulting tricyclic
product (41) (using for example a-chloroethylchloroformate, followed by methanol

treatment) gives amine (42, R'=H) (Scheme 8).
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Y~Y Y (29) YOHC (37) DO2C (32) NH (38) PMB (39)
RL PMBNNR3 Y4 YLY2 H3 1 i Y3~Y~ Rs~Y\H R3 EtQ2C
wWOo2009037¥20(~' O Y1, N H PMB (42) (41) (40) ScPenerPRo$062229
The present invention also |2{1ch udes within its scope
all stereoisoneric forms of the tricyclic
heterocycl ic derivatives of Fornula I rml ting, for
exang because of configuratjonal 9 rism guchO "
F S0 rms are e ‘t’i nmer s Nors.Me Et 4.-Y,2
Weo’?@@% h:For exa Ie,ﬁ RMBhe “Case wher e Y| 7,
o) are Ha—nd"R%td)% ~Yhe cempound exi st 2
10 diastereoi &ders With three chiral @@htres. I n\{he'H
casgogf the individual enant# mers of tricycli (MB
pyrrolidi ne or piperidine dd ative of Formul £ or (39)
salts or solvates thereof, the present invention

i ncl udes the aforenenti oned stereoi soners
substantially free, i.e., associated with |ess tha
5% preferably less than 2% and in particular |ess
than 1% the other enantion@¥B M xtures of

st ereoi somprs in any proport| O, for exanple a ra%em'Y@/Yi\Yz
15, iy &ONPri si ng sut\afa.i ntialJy equal anpuntsfyof | 1,
t\X/a) enant i pner s<are- al l'd W Thin Cc
rsmr@ i nventi on. 2For chi ryal compounds, net hods H
for sy tric synthesi Syhh y the pure PME
steremhﬁners are obtained are well known inMR art,
e.g., S hesis with chiral@ihduct on, synthesis 2(@0)
starting fromchiral internedi ates, enantiosel ective
enzymati c conversions, separation of stereoisoners
usi ng chromat ography on chiral media. Such nethods are
described in Chirality |8chedesdtry (edited by A N
Collins, G N Sheldrake and J. Crosby, 1992; John
Wl ey). Likew se nethods for synthesis of geonetrical
The pagentsnandombBso ivaildes kvithimnits stopé eII steraéaisoi@ric forms of the tricyclic
3 ,
RO AR A B e T, FF S aRoBl BRhse, g ponfaurationa
isohetisrnocSﬂchiﬁertdae'rsbmtlcvfermrf ar@crmantuamers; rort digste@oisoa®rsaa For

exarﬁﬁg |RG}§§ 8% Wﬁl Il ﬁsar.%] I-“(lu:cl)?e fHogm ﬁf_’ isanﬁnﬁll{, qﬁ&%&%b&&ld dxists as

diastereocisomers with three chiral centres. In the case of the individual enantiomers of

tricyclic pyrrolidine or piperidine derivative of Formula | or salts or solvates thereof, the
present invention includes the aforementioned stereocisomers substantially free, ie.,
associated with less than 5%, preferably less than 2% and in particular less than 1% of
the other enantiomer. Mixtures of stereocisomers in any proportion, for example a racemic
mixture comprising substantially equal amounts of two enantiomers are also included

within the scope of the present invention.

For chiral compounds, methods for asymmetric synthesis whereby the pure sterecisomers
are obtained are well known in the art, e.g., synthesis with chiral induction, synthesis
starting from chiral intermediates, enantioselective enzymatic conversions, separation of
stereoisomers using chromatography on chiral media. Such methods are described in
Chirality In Industry (edited by A.N. Collins, G.N. Sheldrake and J. Crosby, 1992; John
Wiley). Likewise methods for synthesis of geometrical isomers are also well known in the
art.
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acceptable salt. These salts are al so obtained by
treatnent of said free base with an 5 organic or
WO pwpgame€ aci d such as hydrogen chl ori de, hydPOLEP2008/062229
brom de, hydrogen iodide, syjfuric acid, phosphoric
acid, acetic acid, trifluor etic acid, propionic
acid, glycolic acid, naleic acid, malonic acid,
nmet hanesul phoni ¢ acid, fumaric acid, succinic acid,
Thé @rdsahi DverdtibndalsE irfctudes adthth, ithecupel £ traytlit ketdroagdiordericative of

Its t her har eut.ical l cep
Fofftid b ik dsai n PR 2oL es i Bp B e BugfmSceutically
acdeptediy sal). ThEsel balts areCylsd iobtairaidelsyp oy sthient desaidAtdeviesse with an
resent. |nvent

orgpeiE RTY B SHr 8t BV HtPAR PUPTS 1y oleE BRBUS ispgen iodide,
suli¥rit ablldeﬁhbsmhyﬁct séd, afo@t‘ ¢racid/ tefl@dregcetic Iaclldudle)dldMotdvldj ghfaelic acid,
sent, i nv ar at,i

malti BGp o, BHE AR OaRo gl bR R B PlocT acid. tartarc
acifatitrit @tid,abenzbdic afibadrdaasssiric adcidSCiAll, séHi3( Ihett@d Jph@drdaceutically
C%ZP%?%d crlb thfﬁa ratlonfg] t he oIvtes of the
aCCERIAY LN 2K 'UEB Y-vasl EPRG ° 8&%&68 WL as
fron1mater Simlar preparatlons of sol vates,
m sol v he |ike .are,describe
T SR ko Tl SRR A hBr P e RO oL Pista g apiproous
forn2 0Oliltipla natysAalline fddmegdranaled passibl&hean theeaTphgsical2@rms are also

. 6Q3-604. (200 ica I|n1t|ng, process
mCWH@%V”Q@q §§%PJFH5*5ﬁ§”FHW8H conpound in desired
armunts of the desired sol vent (organl C or water or
ures t her.e han rrbl ent
Precpé’FﬁSQPa? F%Vatsﬁd%c%%]er '@’ k’ﬁ"é’v Jf ﬁr SRRl Caira et al, J.
PhanidceaticanSct, 3(3)r 601 nysaoahﬁdeldcrlbdﬂtr@rplerbd‘raﬂbn sfah@tedates of the

iy ey L pbilReyen 6By, SR BRET SlETRn Eiengrations o
soltdtes Sh:dnmeailt/atéphydma’teSra)ndl thetlhke areymadlbzedalsy E2%.avan Tonder et al,

AR RS Tenl St ARG Ko A B oW Crer. Commn.

603:604)0(00(1‘5) ,detyprdabedor&ﬂldltlgg,alpm(résberrﬁolney\hﬂlsdfol\ﬂmga the inventive
t
corpfiPed BonfeR Apairin oGS APSrAseBLE N W GronRolupes thereod

at @hightothian ardsent cemperatirg) wdesoofityy thiefdotutiontat airratan dulffizient to form

t om C nass S  nunber, u
ery BB e 38 neh TSR0 &Y MHeticatiE Ketiots, A3 isp e such as, fo
exalmﬂ@mmcﬁ)eolfostcbﬁy ishg@nhe presena ofttke ssloétgeswalkr) in the crystals as
M g q cta bon, nitrogen, oxygen, phosphorus,
a SPVRGPHYYRR: chl or i ne. such as 2H. 3H, . 13C 140 15N
180 170, 31P 32p, 355, 18F, and 36Cl, respectively.

] soto 0 unds of, Farmul a
The Breseht Pvdish e pEP s PR o g ot s Bl ofppounds
desvoibpd und clindéd hegirbahichtaee tdentics tdltrgiseirbeiteilddrereis slaytSor the fact

Tritiated = an 3 9/ 037

thapeqe %&@868“/“8%‘52’5“’9 Q%Pegé’ryt?&nvq\?ﬂqﬁv'”@ an izt%jc Tagt ggnass number
diffareat framt lhetdtanhlcympssabemesd rfuntibelr h;euallye’@sed of nature. Examples of
. re tion and detectabili Fur r bst.itution
isoffpER Ml o Meprrorud «ificontpbindi ot My SRR ihbliié fgoves o
hydrogen, carbon, nitrogen, oxygen, phosphorus, fluorine and chlorine, such as *H, °H,
B3¢, M, N, 0, 70, ¥'P, 2P, ¥s, ®F, and **Cl, respectively.

Certain isotopically-labelled compounds of Formula | (e.g., those labeled with *H and *C)

are useful in compound and/or substrate tissue distribution assays. Tritiated (i.e., *H) and
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afford certain therapeutic advantages resulting from

greater netabolic stability (e.g., increased in vivo
wmadobibizee or reduced dosage requi renents) andp¢IEERm®08/062229

may be preferred in 5 sone cumst ances. lsotopically

| abel | ed conpounds of Fornul can generally be

carflp -ﬁ?BE%dh‘ﬁf'%’ciﬁéo%gc%%rf%gﬂcaﬁ%'%q‘?gfﬁﬁgg IRARES sy bLPRebaration and
det_betébiiiiybe:hmﬂ'v!er &Mgﬁlﬂlkuﬁinl Wit h(ﬁuglleiPscaWsOEmchaisedeuterlum (i.e., ?H) may
i sot opi c e reagent..for. a non-iso
afford et st 2 Gisbes Tandins ot SR, TRl Yaiiy ©g.
mctda‘semtnl ivo l&a‘l@hf@bsmdo%ﬂ evsalga treglireirichts) ah@ﬁeﬁmlﬁh @y bé preferred in
i nventi on a co un ich acts as

sor® Girgly MRt o ool ek CufRIC T iR, G647 oBReraly be
pre@lalhsjdﬁiytfoll@mri@b@!@édun@@@Vielbgbwtohhoméﬁlaﬁééed?mQhe sthe&ties and/or in
thegé]xaﬂm?%heéglpgglgas %8y%¥%m&an%ﬁp{%p§%%€: é(gtplplggg/ bel tdr\éaegent for
a neX-dduidmcaliMebetedRdeagsntt t he nitrogen group nay be

capped as, for exanple, an am de or 15 carbamate which
mnlstratlo ect Wi | |

Pro(lgjgtﬁgr%ec?gheoﬁorg%wdis 8 hﬁén\ferng mis%ﬁwteraplgga&%lmm the scope of the

inveitaus N proddlig ¢ adco@poursl hivhi detd a9 aTdruli prectiisoamthich, upon

adnjwlsg]a{e?mgbAa éL@Jecgyﬁ%%egs%%b\éngeégon aer ¥ %X&t,“%mér <o%her %hemlcal

proBe@sree\tﬁ Iyml(bh defaaodycky derivatily ofF desila hor 4 k@l&it)e cECbaartldereof For
Roche armaceut |

exaé’i’r‘?ie F*%'Pegrgr@ris H@ngntr%eal%%%ga% o‘?apf’ﬁ% g fér S’Famp'e "an amide or
carbﬁmdramch Sp&Oadlﬁlakstrd’aﬁl oya subjddt @UIQIMdeEga)OboW/er@toaltiaak to the free

No Syst. . 14 h
nydiol g SRy 8 Ao o HRMEET in 3y e v, S, Pro-
erfgﬁ dBrNgveEDeBelgaryAgybterEdV(/a%V) B oRteha,C. BITSIympaﬁlungerles and in

. Phar ca oci ation a no ress
i SPE P, S TR P S, “PRe T NP BLoBSe 8T: American
Phaleraceatidal assagfativhang iPesgmion Presst iAadis@rssion €thg! usel of prodrugs is
prob 0 IR T A BT b 8 bt PR R ol BORRBE o vor 14 o
thetmerapﬁymmoshmmwe@ randrin reddreverdiblesOarierst ineDrug iDBgEin, ed. Edward
5 5 AT R R b SaRE BB S
treatment or prevention of diseases or disorders

nmedi ated by serotonin. In particular, the tricyclic 30
In dhaireoaspect, thalgicysliathewrscyafic tdrbrapiveseihe bmsenttlhmhtlan @are useful

n {5 Bt mihPoSar SR KETIN G Hanlle Ao anat be Preedf aypgion are
usefmlrmlthefraﬂby mnisymarest dreaniraals erAsssuch, thepecytic btesearyelic derivatives of
tol erance

the Jieg Ir{ygn@%%@ﬁe\}g rhﬁ %Lﬁaébrgr{%{‘@ %F%gﬁé?t Yot the treatment or
prepsytipinosti Sisesseii mo@hasrdewSamesiamlpbyjlssthm IngExctiadlar, the tricyclic

ekt BrivEos e RarRof eBioT 3 4Bl T oflb M Mcture of 2
metdicg@ehi fon thaitrediatent oc predestion d)feditfwﬁly fdibzﬁbdtdmefdiert@at emplications,
rom

ath?{ogglpg)aq@galjgdﬁa;r%f | éf&(lbc%g aﬂ@e%gc‘? h@d;y(%? Dna@ |e?y depression,
obs:daissmas:empolsw%m’&ﬁ@éﬂ P82 ABoRIET/ f<y2Ek, B6RI2&Shre@d, sleep disorder,

Se@ﬁf@gqrg f}ﬂv-fv%q? P ?tigs(??ct;ﬁfg%{pﬁiwersmgarglrrrl]e%na gastrcﬂgtegtlnaldlsorders

The present invention further includes a method for the treatment of a mammal, including

a human, suffering from or liable to suffer from any of the aforementioned diseases or
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het erocyclic derivative according to the present
i nvention or a pharmaceutically acceptable salt or
waelwasr2d hereof . By effective armunt or PCT/EP2008/062229
therapeutically effective agP IS meant an anount
of conmpound or a conpositio of the present invention
fecti iting the ahove- no% q di seases
ecC lé(

d. .
s, o TuNeEod HEMRESPS cnsPAb T SrectyfefTOpd: Pl g, tioyolic
heterd@yctlict dbyvalii/epéecwmhgt tovahef pesént Thenasoumt aofpharmaceutically

clic he e ative of the

acqeplF I TP aPVAle P heRb Rrectar pYouRtarPeaPRTEE; efigotive amount
is rﬁe:.larytaatneargbmneﬁfcorr@ioa@d befaardnqxbsgm h;emeah Dre@éntﬁh@erﬂi@hiaﬁective in
. i ngredient s required to eve
'nhﬁgpaﬁ&ﬁbevw t dvﬁelaFeS cé*ﬂHssé’m‘?}éYW W hdeis‘r'{gd therapeutic,
amphorbiivey Inbitognp uaedntdtibe effestt e of adm ni stration, the

age and condition of the recipient, and the

particul ar disorder or disease being treated. A
Thé uarhadmte oflad | tyicgltis ehéterocqcly abrivdige abb\iRe nﬁ@‘sdarﬁned/entlon or a

ph%g}sagélﬂ |08@\f \é\%lelg@gff I&%‘ t&rﬂ%ol%ﬁ?g ?rpe]eégﬁf)fegé&rgfﬁfre% éo ereén &9 the active
mgl‘udlimm,)wﬂﬁehi |sd|@y1u|red3fo‘3é(ﬂf alel eytHelﬂa;idtuﬁc etactavif of Coldset OargGNlth the

k|Io m bo we a The desi,.
paflly B torinaln FE o0t atir it Y aad MHancrriet et fs@einiont
andiherpaptidutr disbriee bvdibsasetbuiraugdmed. t he day. 20 Wil st
it is possible for the active ingredient to be
adm nistered alone, it is preferable to present it as
A suitpblardaig elobé dad adyooihleadbons. mé?ﬂ@netﬂ eitsonders Milebe ii@mhe range of

00@2%%@[&%&?&@’@% 83}11& é‘ﬁ% nﬁ%ir%éllgl%% é?g oﬁumar% per day,

prefaraioly ¢h thg tiage bhe.oprte 2emhg pewkah;@ra)m bbdy a@fghx peir éayui Tite desired

do%ﬁr}??/;gg?p{qgs%ﬂ%gggg@ﬂﬁ Iplgglallj acce%i{plgls e(re(? ? gpp%grlate intervals
thrikgymounge day. The Sci ence and 25 Practice of Pharnacy,

20t h Edition, Lippincott, WIlians and WI ki ns, 2000;

see especially part 5: pharmaceutical manufacturing.
Whilteit tsepausibée foe phabtt®/e ingredienbii g adoimiadiel | atonewitti ptdierable to

preffidl 4 7 Bne s ep et sl BERe L1 RissBBRvenaff thggpfare atso provides
a pheohidetnits chmpodiise cbimpdsiag @ trlcyﬂlctHWrbhfw&Jdekvaﬁ/e according to
Phar maceut i | pi tent S Edition

thev\ggéegh&wlgn?or{/@ﬁ%#rﬁix H]aﬁ)nﬁhg r{g@guphq{maceutlcaﬁ/ acceptable
exosisris, safch @is théGné@ﬁddﬂeicngédJm GdrrearébarapRemtrirggdn: H’rhes&:,lence and

ndo 1994, |t|ons i ncl.ude tho
pragiy o endiedy SrEdion Iitaal oyt 478 ukEe) AGRhReG Rhpeciany
part ﬁalﬁmdﬂmb)lcal pﬂair&méc&lnr&ig Thientelm daogepsabie’ uhamep bsing compatible
Witrlémﬂr %ﬁgrnlﬁgfed%ﬁgs eifﬁﬁr ﬁ?ﬁrﬁggﬁhl%%f%}do éottr(ﬁfei%b% éo the recipients thereof.
Suute&jlesexmyemts tarelleescmaed egy.,d0 thog Hamdbook of Peapmazsetital Excipients, 2"
i.nvent i.on 35 on re pharnaceu al |
el oliBRe X yitertt oo LRy EARERES i Bistiyica cpsocition
Washingtons dlhedPbraageutival P$ess$u.©hda$, 1%34! etGommusitioas include those
su|%%8€)8§%2%%%&9@%33@%@6@%@3850 b:l;ﬁél Sa&d %%:m\s/%)ermal), parenteral
(inghndmgraubeutanealis, yntsave@lsl andl inteproksutaneortrectalyaxdnmigistration.
heterocyclic derivatives of the present invention can

al so be applied as an injection preparation in the
Thé arixtuet al asicwdlic dreterocyclic derivative according to the present invention and

one or more pharmaceutically acceptable excipient or excipients may be compressed into

solid dosage units, such as tablets, or be processed into capsules or suppositories. By
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suspensi on, enulsion, or as a spray, e.g., a nasal or
buccal spray. For neking dosage wunits e.g., tablets,

wo beonsr2of conventional additives such as filP@r/EP2008/062229
colorants, polyneric 5 bind and the like is
contenpl ated. In general, ary pharmaceutically

acce ble a n.beued.T.etric clic, .
meis oF i ey sebBoigs TE- okl e RUGe dsrvapgs of the
pre8éstadn Bantio@ bhe akobelmppliédasian irf‘eﬁtlantorepara;t@hcrlﬂthea‘ogﬁlof asolution,
an .otherI eparation for inme lor sq§taiqed q
S“ﬁ"&%%‘%’eﬁ’mig'o%u? "t 3bf EPFN Phs? W‘?ﬁi O\MI?P tsﬂré‘y or maxing dosage
unlmhagmi@tﬂeltéj thal usreoasttmwémtmnsl aditiviee erlbI@raarfmdrsaﬁdlorants polymeric
i.nclu tos star IF?}]Iu ose

bina%r |@%\ ttt\te/ereiﬂe H r & em%{ﬁ |gie[2%ra eny Qrtmtﬂcggtrcaqy acceptable

additiver enf belsedd. The tricyalal Iﬁ?etaﬂ(mymmaierﬁﬂi‘vepaﬁehﬁ @redent mventron are
sot oni ¢ _,sal.i

alsg SPUAHIS s sk 2p AFPREL Pt 2of cEank O TRy R o mmediate

and/seslistaitsiveRiagé.Ng pharnaceutrcally accept abl e
di spersing agents and/or wetting agents, such as 15
propyl ene glycol or butylene glycol. The present
Suitatverfllesn witbr whieh  thec pbidiesacautidahr somgeisttiondil can be prepared and
osi ti s, herein efo
a0 BT RA TePE SRt G fseer T eR o eraal, andihp ke, or

mrmmﬁpdﬂeﬁelot)mr,sedah Gsuitpblek agbmgs maFer ipatenitgral wdimistration, aqueous

st.ructions. for. the use of fhe cor ition for the
SUSRERIES. I5gi0nis, SHIRBeT Ui s et Pl THGetle buihs may be used.
cortsividgtphamace ufictilly Recepthble slispatsed) dnenthand/el wettvmdnagents, such as
are, no intended to limt the scope

WOPW8H58§CdGﬁPBQ?neﬁ@’8 ted ot herwi se, percent is

percent by merght gi ven the conponent and the total

t f t t
e Bréitns Hveblih FRMBEIDRS = BRATHARUEGT sofpoRish, 5, Bareinbefore
deﬁi‘rb@@prhedfombmﬁmrﬂmimIpabkagtr@,agwtérml saitablel Sedsaidl tdompiosition, said

rther purific Gener al, Chem cal

pacspgbBatr 8R! mpilha I BoabE e Brept i GHARER on fgrhe use as
herembaione d@ribedmrer ci al sources or synthesi sed according

to literature procedures using comrercial sources.

Al'l NMR spectra were recorded using a Bruker AC400
The [eesanorimieation Ghdaittesal illsdtiatdds byethe follading dEﬁ(drripI‘BSDWhIcﬁ are not
.. per [li.op using IMS as st an pect
g adiioRentond efBaba . file A Fp ol meS BEF bh R By Peroent by
Weigﬁﬂ@%ﬂ.(ﬁ\é&:onmmbmt eiamjathertemewergdt ¢@fhtas eompdsRia) adnysdrature is in °C

was, carri ed UNA C18 col.u 5p; 30.x 4.6. .
or [aLEGaT APersoGoR 0 PSS e e 08 GBpEerigeLommerdia
reagomd ividre® nsed it wather purlficifiérf.orm c acid to 100%

acetonitrile / 0.1 %formc acid) at a flowrate of 3

nmL/ m n. For chromatography eluent: x-y % solvent Ain
Metiddsent B rreans that a gradi ent of the 5 eluent of x%
Geﬁ\gr{aﬁ)cg%m\}(z t r%%%\g@eégegﬁlr\éggénts Were °tr§e‘f’ E)/urclgase%o*’rom E:ommon
commercial sources or synthesised according to literature procedures using commercial

sources.

All NMR spectra were recorded using a Bruker AC400 spectrometer. Chemical shifts were
recorded in parts per million using TMS as a standard. Mass spectra were recorded on a
Shimadzu LC-8A (HPLC) PE Sciex APl 150EX LCMS. Analytical reversed-phase LCMS

analysis was carried out on LUNA C18 column (5y; 30 x 4.6 mm) under gradient
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Abbr evi ati ons Di net hyl f or mam de (DWF),

di net hyl acetam de (DvR), 1, 2-di net hoxyet hane (DVE),
wale@bloanonet hane (DCM), di met hyl suphoxi de ( DM3EJ)T/EP2008/062229

t et rahydrofuran (THF), high O pressure liquid

chromat ogr aphy (HPLC), diis opyl et hyl am ne (DI PEA),

cordiiers SIREF e LPah il © BRIk 16 Rripigoich ata

flowlra#ae af A ni/hincycl o[ 4, 3, 0] non-5-ene (DBN),

p- met hoxybenzyl (PMB), N-nethyl pyrrolidinone (NW),

50 wt. % sol ution of propyl phosphonic anhydride in
Fo&rﬁéma(dgyaﬁmw@@)t x-y 0o edohyeha i inesofMelAB, means that a gradient of the

m__an n anpl e
el %11 'msa'&?%riw gt ARl g use
roi sochroneno[ 3, 4-c] pyrrol e
rans: 2- benzyl - 6- (trlfluoronethyl) 1, 2, 3, 3a, 5, 9b- hexah
Ab&a%%m omeno[ 3, 4- c]pyrrole ~Ph NPh HNH Ho
DinhetRyitdrm&indle2QDUIFY, diméthiAaegamatel gDMR), 12d|methoxyethane (DME),

dicgl_ fogﬁe(ilrar]oer odD { E:ig'f l r‘]’yﬁﬁ‘i@ Q\X'é‘?l) E[F@gésﬁ,] )&atlﬁcrﬁ/%ggdar%l[]y (JI'ISF) high
predswBl iuet GhidnidtbdgrapiotePbg), ) disoarabgethydenife240IREN)| tricilylamine
TR RS ool T3, ' QB Ho b (S SRHB do (OMS).
dia33-1 5-g3ycoid, 3t(nﬂc1m&$}ené 18BN p-metiexytesnzyx@d1B)s MageithyiPgaslidinone
YRE" S0 PECTR MR PhAEDPU R R e HE s 1 BERDRG (cvelonhos)
duethytalmm@(mEA)hen Eopytanihe@Pad) dral hevzph (Bnh.esi due t hat was

then stirred with 10% aqueous HC . The product was

extract ed wth ethyl acetate, dried (Na2SO4) and
Qeentrat ed to afford a WD 2009/ 037220

/ EP 08062229 i
cisEBPyB AT L Pt G St B NP Y AR SgRp B elpyrrole
& trans-2-benzyl- 6 -(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-

c]pyrrole

CF,

1.1 Preparation of 3-(2-chloro-6-(trifluoromethyl)phenyl)-2-cyanoacrylic acid

Cl
CN

= CO,H

CF,

A stirred mixture of 2-chloro-6-(trifluoromethyl)benzaldehyde (240 mmol, 50 @),
cyanoacetic acid (240 mmol, 20.39 g), ammonium acetate (47.9 mmol, 3.70 g), pyridine
(420 mmol, 33.2 g) and toluene (184 ml) was refluxed using a Dean Stark apparatus until
one molar equivalent of water was collected. The reaction mixture was allowed to cool
and then concentrated to form a residue that was then stirred with 10% aqueous HCI.

The product was extracted with ethyl acetate, dried (Na,SO,) and concentrated to afford a
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(trifluoromethyl)phenyl)-2-cyanoacrylic acid (77 %
yield), "HNW (400Miz, CDCl1l3) ppm 8.75 (11-1, s

w@ boop/o32aRH), 8.47 (11-1, s, CHOOO2H), 7.74 (1HACTEPIHNS/062229
ArH), 7.72 (11-1, d, A'H), £ 56 (1 H t, ArH. 5 1.2
Preparation of

Ioro- trlf uor g ) pheny opr op [
cruge s 5Pl o L
(trlﬂllm(bmetﬁy'l)pﬁneg)'l) mamhﬂ;gducdarcmpw?sm yoalex ' NMRi(000NFzt @DC/;) ppm

S Xt
878345 b8 Bo8t} 1 (TS ttiROP o & 6 L GTR o ArD)
7.58¢iHd, t{ 248. 10 nmol, 59.99 g) in aqueous saturated
sodi um hydorgen carbonate (200nl) and net hanol (605
m ) cooled to about 15 C. The reaction m xture was
1.2 re psiveati oh @ f\33(2 Fohligir ok 6> (tri€l 0 Brorh &thipBplad iyl )22 -apandropasoic acid
stirred at roomtenperature f or 30 m nut es then
concentrated under redg pre:&;sure The resi due was
partitioned between watg * gt her. The aqueous
| ayer was acidified and r cte@Odith ether. The
organi ¢ phase was dri ed 15 sodi um sul phat e,
filtered and the fi Itrate vvas evapor at ed under reduced
Soqbumstsmolwdrlde &80 mdhol, 30.5 g) was added dropwise over a period of two hours

o ¥ gl BLRaE AL SIS LHBI TR A BIE N Bn UBABRLORR Sl (216

mn(ci 59.9%9) irddueods Bdtu(dtedHsodlymAryprge.datbanateH 200 ml)Aamid) methanol

(GOé'rr%Ig c%gile'ﬂl 'to a’bPuter\_g rea%tlg’r? n(ngtm’e \%as gllov}g() to %an} uﬁ to room

aratron
tentpef@uehand d-\8ag stiirédd abramettérybgrphueaitr) PO opautesither cencentrated

undgh BN Rsgure, Thpy resie ras, PRSHRTSA peyeey atelsr and etrer The
aqueoasilayef 188 auitified B2l dxtragpedwalih etties dblevaedania phde a9 dried over

SO sﬂfbﬂageﬁl{e‘?gdg thaenfll R/vagr]e(é/a a?el fun%iter ﬂeﬁgced &%g Lﬁe to afford
7 Y o T s vl 300

ool | ion m ured
3- (Ebahlero %@dflwbmaWE}memyt)ﬁ @Aahemropéﬁrmc eacnfér (87a3%\r ywdsdé 261 NMR

(4R b%d"bbgﬁ,%n éJ(1WI t%gA@i Vh?iihﬁoé A§98'7Uf9? H%ﬁ LO9AP 435 (1H, 1

ani c
CNOHGEbH) N 2B, daﬁ3¢ﬂz):oncentrat ed in vacuo to afford
3-(2-chloro-6- trifluoronethyl)phenyl)propanenitrile
(92 %yield), 'HNW (400MHz, CD30OD) ppm 7.73 (1 H,
1.3d?repa|}a)ipn7>_f'za2(c1'|l¢¢,o Gj-(triAnbi)ométhyr]pqu_nyﬂ-),pmpanhnﬂ)'i]e 3.30
(2H, t, ArCH2CH2CN), 2.76 (2Hg t, ArCH2CH2CN). 30 1.4
Preparation of 3-(trifl o/o| et h§N) - 1, 2- di
hydr ocycl obut abenzene- 1-lgaronitril e W 2009/ 037220
PCT/ EP2008/ 062229 28 CN
CF

3
3-(2-Chloro-6-(trifluoromethyl)phenyl)-2-cyanopropanoic acid (189 mmol, 52.41 g) was
dissolved in DMA (79 ml) and heated for an hour and a half at 140 — 150 °C. After cooling,
the reaction mixture was poured into water and extracted with ether. The ether layer was
washed with a saturated solution of sodium hydrogen carbonate and then with brine. The
organic phase was dried (Na,SO,) and concentrated in vacuo to afford 3-(2-chloro-6-
trifluoromethyl)phenyl)propanenitrile (92 % vyield), '"H NMR (400MHz, CD;0OD) ppm 7.73
(1H, d, ArH), 7.70 (1H, d, ArH), 7.47 (1H, t, ArH), 3.30 (2H, t, ArCH,CH,CN), 2.76 (2H, t,
ArCH,CH,CN).

1.4 Preparation of 3-(trifluoromethyl)-1,2-dihydrocyclobutabenzene-1-carbonitrile
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CF3 Ammoni a gas was condensed to the required vol une

(-260 nL). Commercial NaNH2 (252 nmmol, 9.84 g) was
w@aaed32eo t he ammonia at -78 C and after stirrP@OEPDING062229

10 m nutes

3-(2-chloro-6-(trifl uororreth%ﬁ)phenyl)propanenltrl l e

(64.2 mol, 15 g) was added ove N2 O m nutes. The

m xture was allowed to wagerm sugh that the resultant

m xture was stirred at @ for 3h before being

neutralised with solid amgehiumnitrate (278 mmol ,

22.25 g) and allowed to séFand over ni ght under a fI ow

of nitrogen. Al the ammoni & evaporated and water was

AR géé’ V\Ia@eco%@ehéjedr t%st'ng Lrsq@lré% \H"L‘Fmgr(%ﬁ) V\’Q?Ommejrmal NaNH,

extraCted wt ' oronethane (x 3). The conbi ne

(25grgaal, @@%@rwamddomq amgionig & -h§ de GoHIader stirdeg épr11Q minutes
3- (;§ é%ro é‘?tlrlh%ﬂe@ﬁﬁl)%n?f)proggﬁerﬂﬁﬂza@h%mW%' e15jbb Wés added over 5
and concentrated to af resid ash
m'%%ﬁﬁ?d@ﬂ@%y’a‘éﬁ”@‘ﬁ@ F%‘giﬂr(ﬂ'ﬂjéu%ihﬁb”@t Ryitagnt ét”ﬁt"@ W@ﬁ stirred at
reflt]ﬁ%raﬁ}?bé%‘r’/@ b&nﬁ@m"éﬂtral%dt\m] SidehmbRuA fith@ (278 mmol, 22.25 g)
-(trifluoromet hydr ocycl obut abenzene-
andla qistand @/e(rsghtgmd% giflevf nitrpgenvidl thacowpenia epargmpted and
wafe?mNgs(s%dJecf"gto( 3!'1'& §6I|d3 resuﬁ\ﬁe") zan(fIr tﬁe Q)iloddctsdq/vas HHMted  with

dlcﬁp%tmr]%@f Saf The comblned organlcs Were washe W|th d|Iute hydrochloric acid
(5°/§) 6du6wfea %%@aﬁ@rt h’)ﬂe)orét'a:n?csq}\/@r)éq{r%gy(ﬁlla%@})%*H@%ﬁ@@ntr]a’[&)afobaﬁord a

acid sol ution

resgiuet Fiash deroBmiagigRhy-of the rasiiigrusingcaton acalgtanindsetane (5% to 40%)
as %ecéhﬁé?ﬁﬁb éﬁ‘d’rb |3e(8r(ﬂ%o§>@né'm§m-1 2-AdrRRS cIHE)ta@é]ﬁeﬁé’-ﬁ ac,Sa?tble'Thle (57.9

roxl i n et hanol

% ki ikl SR (40035 SDYE) pam Lo AolrBtm. Ak Ay, 457 (1H, dd.
CHEXBPPBE PO H, N .60 veRl, oAder reduced pressure, the
aqueous resi due was washed with ether. The organic
| ayer was extracted with 2N NaCH (aq) and the
1.5C PrRpARfioRd WO l’.'}s(tlllﬁ)'@rbﬁméfﬁ)ﬂf‘-1 3CHifyd iRy cibltabenbe ik -carboxyllc
then extracted with ether. The extracts were washed
acigi t h brine, dried (Na2SO4) and concentrated in vacuo.
25 The residue was washed wth heqy@a,ne and ether (5:1)

to afford 3-(trifluoronet -1 2-
di hydrocycl obut abenzene- 1} car|bo> ylic acid (83%yield),
1H NMR (400MHz, CD30D) pp -7.37 (3H, m 3 x

ArH) 4.42 (1 H, ddC|—|C02,362349(2HmCan)
Preparatlon of
enz

A %%utmnhédﬁétéi) (Pre g{@ﬁﬁﬁégﬁég@ t%rktﬁl fml up%tger-mqlfég?go)ni_tr:ilie 2(_2.86 mmol,
563 39208 HAR sl hyPSAES ( RE22 Anol 280 10mbY) inCEtRakdtl (9.33 ml) and water
(1.87 ml) was refluxed for 2h. After evaporation of the solvent under reduced pressure, the
aqueous residue was washed with ether. The organic layer was extracted with 2N NaOH
(aq) and the combined aqueous layers were acidified with 5 N HCI then extracted with

ether. The extracts were washed with brine, dried (NapSOy4) and concentrated in vacuo.

The residue was washed with heptane and ether (5:1) to afford 3-(trifluoromethyl)-1,2-
dihydrocyclobutabenzene-1-carboxylic acid (83% yield), '"H NMR (400MHz, CD;0OD) ppm
7.48-7.37 (3H, m, 3 x ArH), 4.42 (1H, dd, CHCO,H), 3.62-3.49 (2H, m, CH,).

1.6 Preparation of N-benzyl-N-(2-hydroxyethyl)-3-(trifluoromethyl)-1,2-

dihydrocyclobutabenzene-1-carboxamide
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A m xture of 2-(benzyl am no)ethanol (45.3 mol, 6.44

m, 6.85 g), triethylamne (60.4 mmol, 842 nm, 6.11
w@q0903b®phos (36.2 mml, 21.57 m in ethyl aPeL/BP®)S/062229

and 3- (trifluoronmethyl)-1, %%pihydrocyclobutabenzene-

1-carboxylic acid (30.2 nnDI 6.527 g) in 5

di chl or onet hane was stirred q; rt for 2 h. The

reaction mxture was partiti ofjed be

di chl or onet hane and 2

washed with water, th 4 br

concentrated in vacuo.xfEle

3 | ayer was
e, dfied a2SMA) and
chyomat ogr aphy of the
residue using ethyl acetate in hept ane (20%to 100%
af f orded N-benzyl - N- ( 2- Bjdr oxyefhyl ) - 3-
trifluyor th droc cl gbut abenzene- 1- car box
A B o GoET AT s FH0L Pt B 65E e iempie (60.4

mnfd1,eBaRaml,0p.1af g), cyclophos (36.2 mmoI 21.57 ml in ethyl acetate) and 3-

<tnfa+qa%??éwa;%%mdiﬁgﬁ@éH%bgn%eg%&%ﬁ%%@f? S50 ol §.527 9) in

dichietdiidtRdheOfvas stirred at rt for 2 h. The reaction mixture was partitioned between

oo RTFCATSEA e S BT S YA 4 WL Mol en e cried

(N 4)rardi eonkenten®d hangcuo? Frsh chv@satagidply af &1l ekidas Wfng ethyl
s Martin periodinane (1.717 mol, 728 ngy, 4.86 m)

acet&et %ni nheptacd| dROYet lmand00%he aiﬁovdetdr e M zglt N« 2-Byldraxyethyl)-3-

(i PRGN ol RlonBioAll oL NE SN BS, AIHERSS: miz =

Pur &' ed Yor a her
35@O [MiiH]" The mixture was 20 then extracted with
di chl oronet hane (x 3), washed with brine, dried
(MgS™) and concentrated under reduced pressure to
1.7af f or Breparationiue. |ofiredi aiNebdrizykN-(2 oxoetiwl)edx(tefingromethyl)-1,2-

d'hﬁ’ J}S,& M%%%ghgqﬁﬁérgom;d%ne (50% as the el uent
(2- oxoet hyl ) - 3- (trlfluoronet

_\yl) 1, ihydr ocycl obut ab
o0, : mz = 348.3

enzene- 1- car boxam de (75%yi
thyl)-3, 3a, 5, 9b-

[ MtH] +. 25 1.8 Prepar
trans-2- benzyl -6-(tri 0

4-c] pytrol -1(2H) -one &
met hyl©) -

t et rahydr oi sochr oneno|
cis-2-benzyl-6-(trifluas
3, 3a, 5, 9b-t etrahydroi sochroneno[ 3, 4-c] pyrrol - 1(2H) - one
To. WD22009508%@20 PG/ EP200BragRNZ2-hydoxyashW)-®(trifuadomethyl)-1,2-

dih%r3c;9lobutabenzene-1-carboxamide (1.717 mmol, 600 mg) in dichloromethane (2 ml)

was added a solution of Dess-Martin periodinane (1.717 mmol, 728 mg, 4.86 ml) 15wt% in

-3

dichloromethane. The mixture was stirred at room temperature for 2 h and then saturated
aqueous NaHCO; was added and the mixture stirred for a further 30 min. The mixture was
then extracted with dichloromethane (x 3), washed with brine, dried (MgSQO,) and
concentrated under reduced pressure to afford a residue. Immediate flash
chromatography using ethyl acetate in heptane (50%) as the eluent afforded N-benzyl-N-
(2-oxoethyl)-3-(trifluoromethyl)-1,2-dihydrocyclobutabenzene-1-carboxamide (75% yield),
EI-MS: m/z = 348.3 [M+H]".

1.8 Preparation of trans-2-benzyl-6-(trifluoromethyl)-3,3a,5,9b-
tetrahydroisochromenol[3,4-c]pyrrol-1(2H)-one & cis-2-benzyl-6-(trifluoromethyl)-
3,3a,5,9b-tetrahydroisochromeno|[3,4-c]pyrrol-1(2H)-one.



CF3 CF3
N- Benzyl - N- (2- oxoet hyl )-3-(trifluoronethyl)-1, 2-di hydr
w@eyelshet abenzene- 1- car boxam de (1.296 nmol , PABOP1UYY/062229
was placed into a m crowaveﬁ\ﬁ together with
o- di chl orobenzene (6 m). e mxture was m crowaved
at 210 C for 30 mn. The mixture was flash 5
chr omat ogr aphed usi ng he, then ethyl acet in
heptane (10% 20%°& 5¢ %\ t¢ afford , {—@
trans- 2- benzyl - 64 tfri N\l uor onet hyI ) -3, 3a, b-t ahydr
oi sochr oneno[ 34<cf '
El-MS: mz = [ W] +. IIo
ci s-2- benzyl -
(trifluoronethy, ) 3, 3a, 5, 9b-t et r ahydifoi sochr oneno[ 3, 4-
c]pyrrol - 1(2H) - ohe (28% vyi el d) El- Ms. mz = 348.4
MtH] +. arat i
ey B (YRR sk Bt e drosyclobytabgnggne-t-carboramie

(1 Iﬂﬁ(mhmdrékﬁbsmghwwpllaoécﬁmtﬂe a]nmyrromk/e vial togetPler wikh td- dldhlb’robenzene

(6 ?Ihﬁeﬁ?{@ggygls gyeltch vgg Lj?fooggr%B??@tfn > 'ﬁles rr&gtljre was flash
5 chrorr@to@félﬂieayll&rﬁg képthid, Ubsro Beilyhytotatd, iBchdptdhe- 0%, BOYEROH0 %) to

at g Lo PER s P b et 4 B bl B dsodiTeia eipyror

126hdee (1% ogeld), E6MS5 /2 hers4sobl [atkH]b, SollGwedd b§Neis-2-benzyl-6-

.agqueo ( s. added. T 1 Xt ur, S o
R e - RV aiar e mena S rdiv i Petihe Beyieid). E-
MSt efiperddBr®+HThe m xture was concentrated in vacuo

and the residue was | oaded onto a pre-acidified SCX

colum and 20 flushed with MeOH The SCX col utmm was
1. 9t hen mepbmﬂlow' th 2MfNH3 I reisRetdemzgl-6-gtniflublumetblyl)€ln2,3,3a,5,9b-
he %e&tra}}r rn| O%I?CCPI afford

’81 EOIFRRIoMEnOlf 'P‘UB?Srret hyl)-1, 2, 3, 3a, 5, 9b-

hexahydr oi sochronenol 3, 4-c] pyrrol e<F90 ny), El-Ms:

mz = 334.0 [M+tH] +. 1. 10 Preparg{i on of

trans-2-benzyl -6-(trifluorpgnet hyN) -1, 2,3, 3a,5,9b- 25

hexahydr oi sochr oneno[ 3, 4 »xy oke WO 2009/ 037220

PCT/ EP2008/ 062229 31

10

Borane-dimethyl sulfide complex (25.4 mmol, 2.442 ml, 1.929 g) was added to a solution
15 of cis-2-benzyl-6-(trifluoromethyl)-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-one
(1.26 g, 3.63 mmol) in tetrahydrofuran (40 ml). The mixture was refluxed under nitrogen
for 6 h then cooled to 5 °C and 6N aqueous HCI (12 ml) was added. The mixture was
refluxed for an additional 1.5 h then cooled to room temperature. The mixture was
concentrated in vacuo and the residue was loaded onto a pre-acidified SCX column and
20 flushed with MeOH. The SCX column was then flushed with 2M NH3 in methanol and the
eluent concentrated in vacuo to afford cis-2-benzyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole (590 mg), EI-MS: m/z = 334.0 [M+H]".

1.10 Preparation of trans-2-benzyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-
25 hexahydroisochromeno[3,4-c]pyrrole
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H ~o CF3 Simlar reaction conditions to that in
procedure 1.9 were repeated for trans-2-benzyl - 6-

W@ 200p057220 PCT/EP2008/062229
uoronethyl)-3,3a,5,9b-tetraQ%droisochroneno[3,4-c]pyrr
ol -1(2H)-one to afford trans-2-
benzyl -6-(trifluoronethyl)-1,2, 3, 3a hS 9b- hexahydr oi soc
hromeno[ 3, 4-c]pyrrole, El-MSs: mZ B = 334.0 [ MH] +.
Exanpl e 2 N
cis-6-(TrifIuoronethyl)-l,@p , 38,5, 9b- hexahydr oi sochro
meno[ 3, 4-c] pyrrole H |_|o CF3 10 A solution
of
ci s-2-benzyl -6-(triflud 9.1, 2, 3, 3a, 5, 9b- hexahyd
roi sochroneno[ 3, 4- c]pyrrole (1.800 mml, 600 ng) and
1- chl or oet hyl chl or of or ntse (9.00 mmol, 971 pl, 1287

: i.0.tol | ect
sirflB} bbb sREfogls "y B PrpBbR T 80t SRR T 2rbpnzyie
(trifrdoyometbylxd Badd, $wtetiabydrbisbchremana] 3 dhapyriokt! (#H6-anado afford frans-2-

j ' i i ati C.for 5. _

e PhTELS kB heL B Bl B Bheb B P Bvs:
= 3BéAdbEHINt 0 a pre-acidified SCX col um usi ng net hanol .

The product was eluted with 2M ammoni a i n net hano

and then concentrated to afford the desired product
Examplest arting naterial (400 ng). Flash chromatography

. Usj % i 9 ' bie

cis LM RraPelingt 238 Re Myl ORI HBLo N LR
ci s-2-benzyl -6-(trifluoronethyl)- H
1, 2,3, 3a, 5, 9b- hexahydr oi sochip no'T
ng), followed by cis-6 20
(trifluoromethyl)-1,2,3,3 9b- h
,4-c] pyrrole (80%yield), X
Exanpl e 3
trans-6-(Trifluoromethyl)-%g2, 3, 3a, 5, 9b- hexahydr oi soch

roneno[ 3, 4-c] pyrrole WO 2009/ 037220 PCT/ EP2008/ 062229
A 33lutibn ~&ES2d-R-bERZ/-BH(trifllaronettadi 1,28, 3ach)8h-hexangdios ot h@imeno[3,4-

c]pi/rrr]olte ??88 ?ncrr(?o ué(ﬁ) r%{;) aEr)m(da mhl%rozetr\{y\?Eﬁo!o%’r%%&ee@.(goor%r#orl,%_pl, 1287

mg) in toluene (2 ml) was subjected to microwave irradiation at 160 °C for 15 minutes,

3,4-c]pyrrole (50

rahydr oi sochr oneno[ 3
om z = 244.4 [ MrH| +.

then methanol (2 ml) was added to the mixture and the mixture was subjected to
microwave irradiation at 160 °C for 5.5 minutes. The mixture was then concentrated and
loaded onto a pre-acidified SCX column using methanol. The product was eluted with 2M
ammonia in methanol and then concentrated to afford the desired product and starting
material (400 mg). Flash chromatography using 5 to 10 % MeOH in DCM (1% ammonium
hydroxide was added) as the eluent afforded cis-2-benzyl-6-(trifluoromethyl)-
1,2,3,3a,5,9b-hexahydroisochromeno[3.,4-c]pyrrole (50 mg), followed by cis-6-
(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (80% vyield), EI-MS:
m/z = 244.4 [M+H]".

Example 3
trans-6-(Trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
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2-benzyl -6-(trifluoronethyl)-1, 2,3, 3a, 5, 9b- hexahydroi s
ochroneno[ 3, 4-c]pyrrole (63 ng) to afford

wo e@n®3R2qtrifluoromethyl)-1, 2,3, 3a, 5, 9b- hexahpdr/BaPR0£0652229
romeno[ 3, 4-c] pyrrole (13% §xyield), El-M5: mz =
244. 4 [ MtH +. Exanple 4
ci s-2-Benzyl -6-chloro-1, 2, 3, 3a, 5,
no[ 3,4-c]pyrrole H 111 H\ O_G§ 10 4.1 Preparation
of N-benzyl -3-chloro-N-(2- OKoe hyly -1, 2-d
hydr ocycl obut abenzene-1- =% xanyde O N G O
N- Benzyl - 3-chl or o- N- ( 2- '
benzene- 1-carboxani de W pr epar ed followi ng a
simlar protocol to procefgure™X.1 to 1.7, starting
with 2,6- 15 dichl orobenzal dehyde. 4.2 Preparation of
ci s-2-benzyl - 6-chl or 0- 3, 3a,%, 9b-t et rahydr oi sochr oneno|

Sindlaft redeli®y Eér%t’ro%%ﬂha@ﬁwethérﬂ)%cedure of Example 2 Were repeated for trans-
trans- 2- benzyl - 6- chl or o- 3, 3a 9b-tetrahydro

2- bﬁ@@&ﬁr(aﬁeﬁmtmd)c] 55%3@@5 9h- hewdwcmnm@@/ $Hglpypole (63 mg) to
affdr& T /n%ﬁé’—%q%l%%%«?e?hylﬁﬁz U dé 5 % ﬂ@xéhyd@ué&oh%ﬁme@mo{ﬂ 4- k]%yrrole (13%

ounds were prepar ed l owi ng a simlar protocol
yiokly Bl s aniarcd - BNGng N
benzyl - 3- chl or o- N- ( 2- oxoet hyl ) - 1, 2- di hydr ocycl obut aben
zene-1-carboxamde (7.01 mmol, 2.2 g) affording
Exarpglad 2- benzyl - 6- chl or o- 3, 3a, 5, 9b-t et r ahydr oi sochr omen

SRR 15 Ao e T i -

3,3a, 5, 9b-tetrahydroi sochroneno[ 3 c] pyrrol - 1( 2H) - one
(47% vyield), El-Ms: rriz:314 +. 4.3
Prepar ati on of N

ci s-2-benzyl - 6- chl or o- , 32, 5, 9b- hexahydr oi sochr one
no[ 3,4- 10 c]pyrrole H

0]

Ob- hexahydr oi sochr one

Cl

4.1 Preparation of N-benzyl-3-chloro-N-(2-oxoethyl)-1,2-dihydrocyclobutabenzene-1-

S o0

Cl ©

carboxamide

N-Benzyl-3-chloro-N-(2-oxoethyl)-1,2-dihydrocyclobutabenzene-1-carboxamide was
prepared following a similar protocol to procedure 1.1 to 1.7, starting with 2,6-

dichlorobenzaldehyde.

4.2 Preparation of cis-2-benzyl-6-chloro-3,3a,5,9b-tetrahydroisochromeno[3,4-
clpyrrol-1(2H)-one and frans-2-benzyl-6-chloro-3,3a,5,9b-tetrahydro

isochromeno[3,4-c]pyrrol-1(2H)-one
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HH \ OC The title conmpound was prepared accordi ng
to procedure 1.9 using cis-2-benzyl-6-chloro-

W@ 2®a/05729b- t et r ahydr oi sochr omrenol 3, 4- c] pyr r ol - B¢ R EP20081662229
(1.593 nmmol, 500 ng) to aff
ci s-2-benzyl - 6-chl oro-1, 2, 3,°3a, 5, 9b- hexahydr oi sochr one
nol[ 3, 4-c]pyrrole (72 %yield), El- 15 Ms: mlz = 300.4

Exanmpl e 2 'édfor d¢is-2-b
6- chl oro- 1, ¢ [
ole (0.133 40 ng) to afford
ci s- 6-chl oro- f'Z 3, 3a, 5, 9b- hexahydrm%ochrorreno[S 4- c]
Th@¥id bRpdHIE Qfdid gFép‘é?eo(%ﬂo@nP[? %lsMﬂ% (259&%6(933 ?cQ;e%l)J(rae 1. |8éjsmg N-

PCT/ EP2008/ 06222
bergzyl-3-chloro-N-(2-oxoethyl)-1,2- dlhydrocyclobutabenzene 1-carboxamide (7.01 mmol,

2.2t n%ﬁ@rdqanoﬁdé%o - ger%yﬁ@-'cﬁlo%)?) RgX; W@fr@hﬁ%@é&?&ﬂ?fﬁcﬁé} A=clpyrrol-

rrol [orid

1(%1)@6@0(@9%53“?'6) t hlode: mééc-r Bﬂ)‘éa [M‘H‘Exafﬁ'iﬂ\ﬁ@@' by &fsc-pengy}-g-chloro-

33%%@%%h dSibEhrbrhamsia 4: 1(2H 47% yield), EI-MS: m/z. = 314.0
enzyl 6- %h Ioror éerT C]pyrreotrghggpgl(sochyrl%n)eno[S 4mz]

[M{¥ir.r ol - 1( 2H) - one to afford
trans 6-chl oro-1, 2, 3, 3a, 5, 9b- hexahydroisochroneno[B 4-

pyrrol e hydrochl oride, El-M5:. mz = 210.1 [ MH +
4.31 repasatiere of cis-2-benzyl- -6-chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-

c]pgmﬂe? Benzyl - 3a-nmet hyl -6- (trifluoronmethyl)-1, 2, 3, 3a, 5,

b- hexahydr oi sochr oneno[ 3, 4-
N Z::

H

0]

Cl
The title compound was prepared according to procedure 1.9 using cis-2-benzyl-6-chloro-
3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-one (1.593 mmol, 500 mg) to afford
cis-2-benzyl-6-chloro-1,2,3,3a,5,9b-hexahydroisochromeno([3,4-c]pyrrole (72 % vyield), El-
MS: m/z = 300.4 [M+H]".

Example 5
cis-6-Chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride
H y-Cl
H
H
@)
Cl

Similar reaction conditions to the procedure of Example 2 were repeated for cis-2-benzyl-
6-chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (0.133 mmol, 40 mg) to afford
cis-6-chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride (41%), El-
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clpyrrole &
trans-2- benzyl -3a-nethyl -6-(trifluoronethyl)-1, 2, 3, 3a,
Wh28bosmxahydro i sochromeno[ 3, 4-c] pyrrol e / -RII/ERL0DS/062229
CF3 15 CF3 7.1 Preparation kY
N-benzyl - N- ( 2- hydr oxypr opyl )-43- (trifluoromethyl)-1,2-
di abenzene 1l-carboxamde 0O N CF3 CH
Mﬁ,g{]% Zﬁgéﬁ&ﬁ m brom de (2.344 mmol) was added to a
sol ut| on of N-benzyl-N(2- 20
oxoethyl)-3-(trifluoromethyl)-1,2-di hydrocycl obut abenz
E—X%ﬂ&)—ﬁcar boxanide (740 my, 2.13 nmol) in
trahe6rCHlgcb-012.8, 3d) 5,08 -Hexhhpdirois dehrdinen o 3ad-t] pyfrol@Rydrochloride
stirred for 2 h then quenched Vﬂth wat er and NH4C
(aq). The product was extracted ;\wthC hyl acetate
(x2). The organic |ayers we e dn ed 2504) and
concentrated i n vacuo. ~omat ogr aphy of the WO
2009/ 037220 PCT/ EP2008/ B85+ r esi due usi ng et hyl
acetate in heptane (109 10%Cas the el uent gave
N- benzyl - N- ( 2-
hydr oxypropyl)-3-(trifluddonethyl)-1, 2-di hydr ocycl obut

Si@@ﬁ?@?@m ioa{hgseig Egé) 5}1@{&] 28 eél anéi 5 'were erl\r/%on% usmg trans-2-
berﬁ-yb@-lahI;bko—&l—3é;5-9][xtepakmyd>l$edhrtﬁmemd[3 um]mynml-h@I-b)—oﬂae% afford

TR i T R RS

m/Z5@t 0uli[M+Hi’chl or onet hane was added to a sol ution of
N- benzyl - N- (2- hydr oxypropyl )-3-(trifluoronethyl)-1,2
10 di hydrocycl obut abenzene- 1- car boxam de (1.101 mmol ,
Ex#dplerrg) i n di chl or onet hane (10 m). The m xture was

.SjhLrred.at _roo erat u n satur at ed
cishRht- AR IR aI A e Adan B Hek hrp Roghrpents -
clpyrifole &hteans3Dbenzyl-3akmethiyk6 (irifluoasmethgi)-1,2,8|Aacd, @taskhexahydro
isoeig'tra((e:rtl ? Wlthrd chl oronmet hane (x 3), washed with

P RS 1eﬂp¥l\/ﬁ O4) and concentrated under reduced
pressure to afford a re e. Fl ash chronmat ography
using 15 ethyl acetateN n heptane (10% FB0% as the
el uent afforded N zyh- N-( 2- oxopljo N) - 3-

CF,

71 Preparation of N-benzyl-N-(2-hydroxypropyl)-3-(trifluoromethyl)-1,2-

dihydrocyclobutabenzene-1-carboxamide

o)
= | \ i :
N é

CF OH

3
Methylmagnesium bromide (2.344 mmol) was added to a solution of N-benzyl-N-(2-
oxoethyl)-3-(trifluoromethyl)-1,2-dihydrocyclobutabenzene-1-carboxamide (740 mg, 2.13
mmol) in tetrahydrofuran (8 ml) at 0 °C. The reaction was stirred for 2 h then quenched
with water and NH,CI (aq). The product was extracted with ethyl acetate (x2). The organic

layers were dried (Na,SO,) and concentrated in vacuo. Flash chromatography of the
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(trifluoromethyl)-1,2-di hydrocycl obut abenzene- 1- car box

amde (78%yvyield), El-M5: mz = 362.4 [MtH +. 7.3
w@e@pasaLé on of PCT/EP2008/062229

trans- 2- benzyl - 3a- et hyl - 6- ( 5ri fluoronethyl)-3,3a,5, 9b

- 20 tetrahydroi sochroneno[ 3;4-c] pyrrol -1(2H)-one &

cj s-2-benzyl - 3a-nmet hyl -6- . o
res{ B (TR BRI TP 4RI588 §19% & A204) A dDS SLEPbARYROPHpeRZIH-2-
hydrﬂ»mprclipyl)-31=(tr‘zrfh:l)o1=cm'ilf§ihfil)-|N|2)€ljih)}tl(rd}d:yc:cdlbul@b@nze@E&l-?{FBoxam(:;delzq sj51.7 %
: 1-N-(2:0 ropyl)-3-(trifluoronethyl)-1,2-dihy
y'em?—%\ﬁ%‘ﬂﬂ/t%'b%%zé%ﬂ%--car boxani de (0.858 mml, 310 ny)

was placed into a mcrowave vial together with

o- di chl orohenzene 5 (3 . The,m xture .
7207 ¢\ RUSPBIEN 520 @ ror VRPN GRS R ERfluoromethy!)-1,2-
dihydestsd|cbitabenzenb vrgarboghrhidesh chr omat ogr aphed usi ng

hept ane, then ethyl acetate in heptane (10% WO

2009/ 037220 PCT/ EP2008/ 06222 3 as the
eluent to afford N

trans- 2- benzyl - 3a- ne 'h/yl [b- trif\l uor hyl) -3, 3a, 5, 9b
- tetra hyd roisoch tQmen ol 3, 4<c] pyrrol- 1 (2H)-one
(60 nmg); 1H NMVR (400MY, CDE pm 8.45 (11-1, d,

ArH), 7.59 (11-1, d, AgH), 7.20-7.45 (6H, m ArH),
5.16 (11-1, d, CH20), 5.05 (1 H, d, CH20), 4.56 (1 H,
Desk-MaH2N)eriodindBe (L.9Hmrdol, GHBN)I, 4202 2nd) 1 Skt%Sn ddHE@Dhethane was

a0y & Gy SRR oub BT Ry YETRyugEmetny-1.2-
dih{drotydiobutabratng-)-c3rb3Rarbid8 A t1et rraimpl reDseghinodieofomedhane (10
ml)g]r'[% %iggj_r?l gv%lé?s_ti&rég ﬁ(x Aﬁé?g%g@%gfﬂ\rlgﬁoa?%Wh@%&%ﬁe%?queous
NaHCOAM)s, added0and. B8 mikhirt stitredAfdr)a fufth853( ik, Tiek nBHt2@) was then
fitgged iR i ormpuRre it BsBR® LR i T 4M0SO0) and
cor(c8htrated uBHB) redlided phedSureptar affordra edsidue. Flash chromatography using
oo TR B 5 S S Mo 2o
(triffeBomethyl)-1,2-dihydrocyclobutabenzene-1-carboxamide (78% yield), EI-MS: m/z =
362.4 [M+H]"

7.3 Preparation of trans-2-benzyl-3a-methyl-6-(trifluoromethyl)-3,3a,5,9b-
tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-one & cis-2-benzyl-3a-methyl-6-
(trifluoromethyl)-3,3a,5,9b-tetrahydroisochromenol[3,4-c]pyrrol-1(2H)-one

N-Benzyl-N-(2-oxopropyl)-3-(trifluoromethyl)-1,2-dihydrocyclobutabenzene-1-carboxamide
(0.858 mmol, 310 mg) was placed into a microwave vial together with o-dichlorobenzene
(3 ml). The mixture was microwaved at 220 °C for 110 min. The mixture was loaded onto

a column and flash chromatographed using heptane, then ethyl acetate in heptane (10%



The title conpound was prepared using a simlar
protocol to procedure 1.9 using cis-2- 15
whenw2ps23a- net hyl - 6- (trifluoromet hyl) -3, 3a, 5, 9PCT/EP20881§62229
dr oi sochr oneno[ 3, 4-c] pyrr ol &;2%0 one (60 ng) to
afford

o S e TR HhamCAR B e oAb B o By oa oo
tetrEhdeE:scz)d_er@rgentﬂ_éﬂ Q%{dﬁhﬂz_rg_onér @P%ngHaNm(@oMHz, CDCls) ppm
845" G oo h e s Ao Ce o Tk hps GHIATRDI 18 Bt q i), s.05
(1HCH3 CHp@), 1isd (eHcded4ms1mr@w_m 332 (H, &, SHOON) 3.40 (1H, d,

5 crff S0l d BERT SR B g Pt Pl iiPRiel py G5 Bepayaryety e

(tnfdfo@d)rﬁ@thhlb GlB%[H)SEtBtdrab}'dJWSbmreﬁné&bﬂB4 ap\erd-8 @ Hnet(@5 mg); '"H NMR

(40@%%;%?%&5’?91 743 (Mt flyPEB: (2B [ Tudy Bt AyiTY(TH; b AgHy 20739
(5|—5 r9bArH354 b8 X @Ry dr OHSD)C Ba8nE RO 3 CALOJ, YT Ol d FUN), 4.45 (1H, d,

s Bl licai i i 10 200 0720

10 cis-3a-Methyl -6-(trifluoronmethyl)-1, 2, 3, 3a, 5, 9b- hexahy

dro sochroneno[ 4-¢ r ol l.ori de H
PRSI 2k - P RhE 1o NIRRT Frt S 25 30500
hemlqﬁmsbchmmbndmuhﬂpmaeedure of Exanple 2 were
repeated fol lowed by treatnment with for
ci s- 2-benzyl - 3a-met hyl - 6- (trifl ugfonet hyl ) -
1,2,3,3a,5, 9b- hexahydr0|sochre ENo[ 3, 4-c] pyrrole

RFori de (4 98 %
yi el d), EI-I\/IS: rﬂZ:Z +. 10 Exanple 9
trans-3a-Methyl -6-(trifl ororrethyl)-l, 2,3, 3a, 5, 9b- hexa
hydr oi sochronmeno[ 3, 4- c]@ysrol e hydrochl oride H

The title compound was prepared using a similar protocol to procedure 1.9 using cis-2-
15 benzyl-3a-methyl-6-(trifluoromethyl})-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-

one (060 mg) to afford cis-2-benzyl-3a-methyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-

hexahydroisochromeno[3,4-c]pyrrole (49.4 % yield), EI-MS: m/z = 347.9 [M+H]".

7.5 Preparation of trans-2-benzyl-3a-methyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-

20 hexahydroisochromeno[3,4-c]pyrrole

The title compound was prepared using a similar protocol to procedure 1.9 using trans-2-

benzyl-3a-methyl-6-(trifluoromethyl})-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-

one (60 mg) to afford trans-2-benzyl-3a-methyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-
25 hexahydroisochromeno[3,4-c]pyrrole (30% yield), EI-MS: m/z = 348.1 [M+H]".
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NCH HO CF3 15 Simlar reaction conditions to the
prot ocol used in the procedure of Exanple 2 were

wo epeasreb f ol | owed by treatnent with HCl for PCT/EP2008/062229
trans- 2- benzyl - 3a- et hyl - 6- (i fl uoronet hyl ) -
1, 2, 3, 3a, 5, 9b- hexahydr oi socht'oneno[ 3, 4-c] pyrrol e

£ gO.IOEZ mmol, 17 ng) to afford trans-
X hyl -6- (trifluoronethyl)-1, 2,3, 3a, 5, 9b- hexahydr oi
cisstacMethyb8qiri|ubromettiyiel 2, 3[84]5,0b ek ahyiro(sd chirgthensB,4-c]pyrrole

= 258.5 [M+tH +. 20 Exanple 10
hy r°§l\‘@ k‘i%no 3a-net hyl -6- (trifl
uoronet hyl)-1, 2, 3, 3a, 5, 9b- hexahy
c] pyrrol e WD 2009/ 037220 PG/ EP
1 O Br-- CF3 N Bronosugci nPag (0.834 mmol, 148 ny)
was added to a solutio ' w et hyl -
(trifluoromethyl)-1,2,3 9j» hexahydr oi sochr oneno[ 3
,4-c]pyrrole (0.758 mol, in conc degassed
(N2) H2ZSH4 (1.8 m ). The grgaction vessel was covered
intinfoil and the 5 m xture was stirred overni ght (16
Sintilar tre@atiopgeandiionntto the erotdem usedtinrtbe vrigcasast of dokamipten2 were

rep%%%vy%d&%z%%%@%@t WRR gt fo"flc&\?g b‘é’h& gtrﬂ%ﬁbg%&ﬁfﬁ}o?omethyl)

dr og/:sochr ormeno[ 3, 4-
008¥62229 38 H H N

and concentrate
1,263, 82,8 9bthenah\Biscisashrgrherd| 3. ¢cldyrmater &a@&%mn)ol,12&53ns)at05af90rd cis-

3a- @et%@’éadn@‘lﬂ%h%%wfo%gﬁ 4%b-h§%ﬂﬁﬁo%o%hr%§?egég@/4 ﬁg@{eile
hydrechtieride, (4@8% yleldr Bl-MS3mk, 225%5 IMEB) hexahydr o- 1
Hi sochroneno[ 4, 3-c]pyridine H N d H H 0O

Example 9
trans-3a-Methyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole hydrochloride

CIH

Similar reaction conditions to the protocol used in the procedure of Example 2 were
repeated followed by treatment with HCI for trans-2-benzyl-3a-methyl-6-(trifluoromethyl)-
1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (0.082 mmol, 17 mq) to afford frans-
3a-methyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride (9 % yield), EI-MS: m/z = 258.5 [M+H]",

Example 10
cis-8-Bromo-3a-methyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-

c]pyrrole
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Cl I A mxture of trans-

| O- brono- 7-chl oro- 2, 3, 4, 4a, 6, 10b- hexahydr o- 1H i sochr om
we@ewp4a3R2x¢] pyridine (0.075 nmol, 22.7 ng) and PCTEPR1008/062229

(1'l) chloride (0.150 nmol, 84 ng) in NW 15 (1 m)

was heated in a mcrowave at* 210 C for 0.5 h. Wter

was added and the resulting mxtLHe was extracted

with DCM then passed through S I\C0| um (1 g) to give

a crude brown solid that was‘,'1 [

(basic) to give transB 2,3,4,44a,6,1

(b- hexahydro-1 H-isochrofe yri di ne (5ng, 29%

[ [ : 3.0, 260.0 [ MtH] +.

20 Preparation of cis-tert{Buty
8- bronmo- 3a-net hyl -6-(triflgeronethyl)-1,3,3a, 9b-
tetrahydro

N-Breoobuairémiale3 04834 | pyof, d|48 -r2¢b\is edddibtoyd ablaitioOF cis-3a-methyl-6-

(RIS 4 B o P i g I BORGT KT 1oFe8 IMBOS 0. 7T8g M 195 mo)
in cGuASs dagalmdadt(blzaHsﬁ‘z@per& mbn Thé r-c$10|8vessel was covered in t|nf0|l and the
brono- 3a-net hyl -6-(trifl uoronethyl)-1, 2,3, 3a, 5, 9b- hexa
mixiyrg wasi slseRrENGTt316 he theprrasred ontg, '@QQI' h‘?n"ﬁlx’fur@ waghagified with
MaNIQOWdTHé”bFB%EP%@ QﬂFaQ Wﬁh(é’tﬁfl J&katen x@?t H@ébo'(Nazso4) and

(5.98 . | ow ng t|on reac I On
CO@@mr@tsﬂ ed Eﬁ’t aﬁﬁp@nt w&ﬁjbwomq]%m&yl -B- (Elﬂhor@meﬁhv@ 1,2,3,3a,5,9b-

he%é‘ﬂg&%usbbﬁ%n{e%[ LEEBGT AL géf%rﬁé(}ﬁﬁﬂw&owﬁz = B8 1SPlQVRIL1 M+HT
was renoved under reduc pressure and the crude
material was partitioned between ethyl acetate and
Exdfbig4 The organic phase was dried (Na2SO4) and
evaporated to dryness under reduced pressure. Flash
tragen? hPeRisHloaptRyS. hdp Gyl Mrigpahydeq-Atdso¢hramenalfes-clryriding
& 20% afforded cis-tert 10 butyl
8- brono-3a-nethyl -6-(trifluoronmgyhyl)-1, 3, 3a,9b-tetrah
ydroi sochromeno[ 3, 4- c] pgirol g i
yi el d). Exanple 12 cis-8{MH 9xy- 33-nmethyl -6- (trifl
uoronet hyl)-1, 2, 3, 3a, 5,2% - )
i sochroneno[ 3, 4-c] pyrr
MeO

Cl

A mixture of trans-10-bromo-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-
c]pyridine (0.075 mmol, 22.7 mg) and nickel (1) chloride (0.150 mmol, 19.84 mg) in NMP

(1 ml) was heated in a microwave at 210 °C for 0.5 h. Water was added and the resulting

mixture was extracted with DCM, then passed through SCX column (1 g) to give a crude
brown solid that was purified by prep-LCMS (basic) to give trans-7,10-dichloro-
2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine

(5mg, 29%) as a white solid, EI-MS: m/z = 258.0, 260.0 [M+H]".

Preparation of cis-tert-Butyl 8-bromo-3a-methyl-6-(trifluoromethyl)-1,3,3a,9b-
tetrahydro isochromeno|[3,4-c]pyrrole-2(5H)-carboxylate.
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O CF3 A mxture of cis-tert-butyl
8- brono-3a-nethyl -6-(trifluoronethyl)-1, 3, 3a, 9b-

WO edopabmzelr oi sochr oneno[ 3, 4- c] pyrrol e- 2( 5H) - car POREPRDE062229
(0.092 mmol, 40 ng), sodlunuggethoxide (25 W% in
MeOH, 9.17 mol, 2.097 ni, ng) and copper (1)
brom de 20 (9.17 pnol, 1.315 ng) DMF (1 m) was
irradiated in a m crowave V||_all 20 C for 10
m nutes. The m xturepgpas part 2d between et hyl
acetate and 2M NaCH. Thw 7 Rhase was dried
(Na2SO»4) and concentr at crude residue. The
residue was purified by eht omat ogr aphy usi ng
ethyl acetate in heptane (0 to 20% as the eluent to
afford a colourless residdﬁ%that was di ssolved in

ne (1 m hen net hano (05m 25 and HCl (5
Di- f?”é’%')d'ﬁﬁép%naé%ld%%T’H'é‘okn%ﬁﬁ@ WEs #dadety arsuspenson Of cis-8-

broﬁﬁU 3andei- 6%ﬁ|¢iuér’6ﬁiéthy901n23§@b[@§tﬁﬁle>@%¥: otsb@lﬁi@fhethW -c]pyrrole
down. Purification hy basic prep-H af f orded

pur
(0.6 QW) Bl SediE i FogeB Fatalsofapa T B thanol (5.98 mi)
FoIMﬁ%@BJﬂ%d dBe $@ddtioh (vl dchicutsd 8t MRORAP YRR for 2.5 h during
PCT/ EP2008/ 062229 40 net hoxy-3a-nmethyl -6-(trifl
whlgartmﬁhﬂ,pqm@r@tug mached Y#Ont aﬂwsolvent was removed under reduced

prersQJ r§ %'af lﬂﬁPd?Qcﬁeg nf‘até?ﬂapWars ‘%Ja‘?tltlolﬂé!&i rb%ﬁ/maléﬁr étﬁﬁ 4cb%y Bl Dater. The

orgens. hase. w@Sn@teﬁqua@ @4)rarfd| @tﬂp@rﬁé%w ywmeg gndes redisdrrsessure.
FIa§ﬁ‘Q:)ﬁFUn9é CF%‘EBIH}Q ?[é@nﬂ acShRY ' Pé&arté’ @'fooqlél Q198 ditorddd cis-tert-

ure of cis-tent-b

butst br om) -Sbromer $aymetyt 61('irlflwr@m@m)ﬁy?r §3a Qbeet@éwg@isochromeno[s 4-

@16 21 QiSRG RO RBP]i8Ig4- €] pyrrol e- 2(5H) - car boxyl at e
C]p%o. oggm?r)rtmffwﬁo Ay Y- o1 0, hyl bor oxi ne (0. 183 mol ,
0.026 ni, 23.02 ny).

Exérﬁ@gqlgi s(t ri phenyl phosphi ne) pal I adi um (0) (9.17 pnol,
and potassium carbonate (0.183 mml, 25.3

CISrﬁgMthPWe?gaag@le&r(kamomtwl) 14328 Qby*@éﬁbnd@o

iso@hFIR¥R0L8,4-¢1pyAdiedtyd?Bcibridé0 C for 20 m nutes. The
m xture was partiti'oned between ethyl acetate and
water, dried (MySO4) and concentflat eglpunder reduced
pressure to afford a crude resydue. Purification by
flash chromat ogr aphyeQ S y]_acetate in heptane
(10 to 20% as the el ug af f orjded Boc- prot ect ed
internediate. HCl (5N, R plo, 0.571 m) was added
to a solution of the Boc-protected internediate (15
my) in dioxane (1 nl) andcr,nethanol (0.5 ml). The

m xture was stirred at 100 C for 0.5 h, concentrated
A undexture of cis-tert-butyl 8-bromo-3a-methyl-6-(trifluoromethyl)-1,3,3a,9b-

tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (0.092 mmol, 40 mg), sodium
methoxide (25 wt% in MeOH, 9.17 mmol, 2.097 mL, 1982 mg) and copper(l) bromide
(9.17 ymol, 1.315 mg) in DMF (1 ml) was irradiated in a microwave vial at 120 °C for 10

minutes. The mixture was partitioned between ethyl acetate and 2M NaOH. The organic
phase was dried (Na,SO,4) and concentrated to give crude residue. The residue was
purified by flash chromatography using ethyl acetate in heptane (0 to 20%) as the eluent
to afford a colourless residue that was dissolved in dioxane (1 ml) then methanol (0.5 ml)
and HCI (5 N, 0.5 ml) were added. The mixture was heated at 100 °C for 1 hour and then
concentrated by nitrogen blow down. Purification by basic prep-HPLC afforded pure

product which was concentrated and converted to hydrochloride salt to give cis-8-
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reduced pressure then purified by SCX chromat ography

foll owed by basic prep-HPLC. 20 The product was
weonyesed to the HCl salt to give PCT/EP2008/062229

ci s- 3a, 8-di net hyl - 6- (trlfluoomsthyl)

1, 2,3, 3a, 5, 9b- hexahydr0|soch onmeno[ 3, 4-c] pyrrol e

meEig) gg%aﬁyl%s(trir@)r HEH;"I ,2%,3a'\,/§,9b-hexahyd r0|sochrorTLenoFg,I-'c]pyrrole

hydr3em oreleh 7 ¥ \Bel§ ), 1EI-MSs ofi/2 reggiyd p(M+H] 2, 3, 3a, 5, 9b- hexahydr o
i sochroneno[ 3, 4- c]pyrrole hydrochloride H HNCH O
CF3 WD 2009/ 037220 PCT/ EP2008/ 062229 41

Exdmpleali s(tri phenyl phosphi ne) pal | adi um (0) (9.17 pnol,

c:s]:?asg Bérﬁn??lyn?&n u%?gmle{hywjﬁz%,cgat,é,Qg-heg(ghy%rg]ls)t()tcHroemgr]:o[3,4-

clpyrivlohpdrdahiveidey| - 6- (trifluoromethyl)-1, 3, 3a, 9b-
t et r ahydr oi sochroneno[ 3, 4- c] pyr hol e- 2(5H) - carboxyl at e
(0.092 nmol, 40 ng), 2,4,6- trwi nygeycl otri boroxane
pyri di ne conpl ex (0. 092 mblk,/ 22\07 ng), potassium

carbonate 5 (0.183 nhe ®) , degassed
860| rr1) amd water (0.287 m).

1, 2- di met hoxyet hane (0
The mi xture was heat ed~a Q0 © for 1.5 hours and then

all owed to cool to room |tenperature, diluted with
brine and extracted w thCet hyl acetate (x3). The
conmbi ned ethyl acetate extracts were dried

A fiMgred afll cofiedthuyled Griiemoreduetsy- %ﬂ@fwﬁr@ew) 1,3,3a,9b-
tetr@ﬁ%?b@oéﬂ?@m@ﬁé{gﬂ (f]@ﬁfcﬁél§(5l-5’1ééftfo'x9lafe' Ongoh)ngl ashol, 40 mg),

chr omat ography, eluting with eth acetate 10 in

trimedhtie@iexin® t o 30983 affor"‘&f’é@ﬂ t he %r@tz@r nmedif@be al K mg),
tetr(a%@ tffﬂ)e—nylﬁﬁoédﬁ?ne‘)éﬂll@ﬂ|ﬂﬁ¢00§‘(§17 ﬁ‘n‘é?ﬁ@ 602Rg)ENd Fotsssharbonate

Efia alumon carbon (-4 ng), under an inert
(@ 3 \iR@ '”aéiG%FS@tj h@ﬁ%ﬂ”e(sz ) . werResyhieaded dp microwave

irrafllfbi rae mgscsr& D @t WBE EThe hixali BRI BA@tiSHe dYEHVE8E Bthyl acetate
bal | oon) for 4 hours. The spent catal yst was renoved

an({,)wagqq fdeq Hﬂ9§@¢)o@@10‘éﬂ(‘@atr?tﬁé ungar r%@g@@rwsyw to afford a crude
resTHElthaUI%Cah&PB? ﬂB§H %rbfﬁ%td@?aﬁh@%sﬁdd étﬁﬁta%e%fté P\rl‘i’eﬁﬂaﬁéqﬁo to 20%)

Boc- prot ect ed et hyl derivative
as (he genhgiforded §?9 pmt?Ct%éntQWt? ngl éﬁ‘?ﬁ%)ﬁ‘"@‘?' Pieé1 ml) was
addRCto Qréykﬁl%hqq tﬁ& @dc-&@fe'cfé@t |'n’té(?m@3|ﬂlterr91)5 i) G Q%'Sk@ﬁe ((fl- ml) and

nmet hanol ( . . he m xture was stirred

meﬁ@%)ob(q ormipy. Ehey ”i!'htéF? t"ﬁ‘é %'(B’IGQeﬁt 18 sCriemdv & éi‘?ﬂcqrﬁr@ted under
redUB8d BHR B hbh afliriByd bP@EX fcﬂHn‘Pé‘t@é’raBle hﬂ&bv@d M%stdpb@p HPLC.

to afford the desjred produ whi ch

The Reodyey W§§|qonvg§dn@ el Hihsalt ];peglve G- %q 1‘-3-61|Lraethyl 6 (trlﬂuoromethyl)
1 203 §a §981h|ésdah %.mmer@ﬂ( BIGyhreRr r%%dmdn)je ZIA yleld) EI-MS: m/z =

3, 3a, 5, 9b- exahydr0|soc romeno[ 3, 4-c] pyrrol e
27%€y&!\46'dh| oride (30%yield), El-Ns: mz = 286.0 [ M+H] +.
Exanpl e 15

Example 14
cis-8-Ethyl-3a-methyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole hydrochloride

ZT

CIH

CF
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ci s-8-Chloro-3a-nethyl-6-(trifluoronethyl)-1, 2,3, 3a, 5,
9b- hexahydr oi sochroneno[ 3, 4- 25 c]pyrrole
whyaposhbtoride H NCH HCO 1 o C F3 A nm xtReEEP{008/062229
ci s-tent-butyl
8- br ono- 3a- et hyl - 6- (tri f1 udtonet hyl )- 1, 3, 3a, 9b-

Tt BBN GOSN SR Al ()R Wil 107 Y 3R pre porton
to nmel md(‘vhc;é g i dis-Mermmityly| 82@rpmmemduhwoavfgrlung)rcn}néthwag,3,3a,9b-
t o m.cr o t
e B ER S aminold 45 e Gl tRdbisaPbeo e o il 246
trlvmyh)édgc())tg?erb&gtﬁb ﬁVI@HlQéVt:NanX (0710)32 Ofngaglzcz Q7hagg Mdetm egdrbonate
concen e er re re.to
o405 atr e ctsRd AraieRedisyiare fsae S aae s dags m.
Thg(ﬁT kﬁlﬁ?&&{ KL At 14)Bh‘10(;d%rcaﬁelﬁbdrhaatngt then aIIowted to cool to room
oC-,pro i ng. qgr.oup ha en renqv urin e .

rerigpratfies 1Eted Bilp Brie Bod B iy ol B Sorteley @), 6 pmpined ety
acdthte exestts g doeliMgId) dhltev@SarfdecaﬂhbéMraIQmMMdreeiducbd pressure to
afch’rE jh%lgéjﬂgg{a%dl%agshgr?fw |orbb)< {Iﬁr} &Hérpa le) eIutlng with ethyl acetate
in AeRads BBt 39%)@0&!‘3&&@! o mediaenakdnd (24 pydg)r dbethe intermediate

|k?IKﬁ?_f%%Chl EQ%%‘EP%’Z Paglju(r:"n g car%loﬁ '\(§4 mng),zundser?emzlr?gr’t ce)qtmosphere, was
addezfdaétﬁarﬁyl wrmy Thx yedctidn &lﬁ%ﬁm&;ghi@gahwér @h SOﬁdSErpmﬁEm@f[r@drogen

- rr r n
(oaABSTHBY s, TR, PR FoRIvE Wag dPeyied Ry MBS PG gaiie and
wa@?&d atibtradteaz@n e dncedantimx afrttae filPateOaffordei the Bulcudroedted ethyl
de@’-%‘\ﬁ%r‘?z@l“&)cyﬁ"—‘ 119 @RYATEL Y3 Jomh abshadirs. - 2 SPHSR, f ihe Boc-
promb‘tedjl ¢yl detvaiig %Zﬁn’ﬁb) inpdialpﬁn’ee(dhras ad&&ﬁeétgﬁﬁﬂ (@5 r‘ak)O'Zrm’lmlxture
t.. e a er | ands Che

wa§sifed ot Ut I tor Vo b er e o By Mok DR EaRS TFRIIE puriied by
SCX6followed b Dagk pngsHPLCr to esffofdthelde3ired pEmibmeIhlch was converted to
the, PR (g IO mnge Siect ond o 43RSy tifuoromethy)-
1,253, 34,5 ©8-hekalmyelF disochfamer® 54 e]pyEoteimsirddhiaviag| (3096] yoeli J € 1-MS: m/z

- 248D (L ed

Example 15
cis-8-Chloro-3a-methyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole hydrochloride

ZT

CIH
Cl

CF,

A mixture of cis-tert-butyl 8-bromo-3a-methyl-6-(trifluoromethyl)-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (0.092 mmol, 40 mg) and nickel
(I1) chloride (0.367 mmol, 47.5 mg) in N-methyl-2-pyrrolidinone (2 mL) was subjected to
microwave irradiation at 210 °C for 30 minutes. The reaction mixture was partitioned
between ethyl acetate and 2M NaOH. The organic phase was dried (Na,SO,) and

concentrated under reduced pressure to give a crude residue. Analysis by LC-MS
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using a rotary evaporator. The acid chloride was

di ssol ved in dichloronmethane (26 nml) and added
wa@lewpwsreo t o a cool ed solution (-50 C) of PCT/EP2008/062229

2- (benzyl am no) et hanol (23.61, nmol, 3.57 20 g) and

triethylarrine(370rrm)| 5. m, 3.74 g) in

0..00 m t
inigaleds et iy BoSnlclieMendroia: PR PRRKET didipa’ PEy sythess.
Puffifivatibve by badic prepdtiRlLC wHsrdbd e @éﬁﬂed peduict Weich aye réadily converted

to &&Eg[gﬁgalﬂ)g@r%% ag?lér?etri?%)a%or\é\@ ?lg— -%ﬁ%&%t t},:igl(é(trifplﬂloromethyl)-

1, 2(3)31;;5Bbm@k@l@/ﬁi’(gs@jhm@d[iﬁﬂcﬂiy&oleﬂiwrod‘rﬂﬁidéq%%ﬂ,?elgj, &HVS: m/z
raphed using ethyl acetate in heptane (10%to
-2§g03§P%@gthe 25 eluent to give
N- benzyl - 5- (benzyl oxy) - N- (2- hydr oxyet hyl ) -1, 2-di hydr oc
ch%l !oglét abenzene- 1- carboxam de (89%yield), EI-M5: mz
4 [ MFH] +. WO 2009/ 037220 PCT/ EP2008/ 062229 43
trat§-8 B dtizyaayat,2,318ach,9b- hexahydrorsochromeno[3 4-c]pyrrole
N- benzyl - 5- (benz;ﬂ oxy) - N-( 2- oxogt hyl ) -1, 2-di hydro
cycl obut abenzene- car boxam deno O N O Dess-Martin
peri odi nane (21. 10 I, i n di chl oronet hane
(260 M) was added t%®
N- benzyl - 5- (benzyl oxy) o'Slyet hyl ) -1, 2-di hydroc
ycl obuta benzene- 1- ca (14.07 nmmol, 5.45 )
in dichloronethane (132 m). The mixture was stirred
16.4tPrepanatioe of A-lenaykS f{lbenzyldxy)-Bat2:nyxcdrexy et vip-d A diRy HICO3
the mxture was stirred for 30
cyéh&énlgttaglgiﬁz e‘I ?ng%%%ra@n\?\?as diluted with additional
di chl or onet hane O mM) and water (200 m ). The
organi c phase epar ated, washed 10 with water,

dried (MgS04) a centr at egl under uced pressure
to afford a crude r Si due t hat_ wa
chr omat ogr aphed usi ng™¢ fcetat e oI uene (5-10%

as the eluent to affo
N- benzyl - 5- (benzyl oxy) - N¥( 2- oxoet hyl ) - 1, 2-di hydr ocycl o
buta benzene- 1- car boxarri de (45%yield), EI-M5: mz =
A %@ghncﬁ‘r %)Mgﬂéﬂr?ggzﬁé(y%‘%gﬁ%r Y ﬁ)tbh%egfegngjt (éarPgiyl/ch acid (4g, 15.73
mmal,JFBpasae ﬁg[dgsqlb@]j@yﬁ_pgzerg_ Jq_wyéal ggf the Royal etherlands Chemical
So&bt?/ 200e N2 F ﬁrhﬁr??wl&?@é) 81 %ﬁné 9@4 mI 43 g) was stirred for 1 h at
r ahydr ol sochromsno yrrol Hj-oe. ON/ |
ampjent tqmpemature (Seperal (ngsH)pr&I% \Mtf,qeoqrfjd@p to promote the reaction) and
theN‘tH@ r?’éé(étroﬁ \X/&e BFYd LAY Yol (8 0508t BYdess Inidn ! MRV S] Removed

benzene- 1-
usrng a rotary evaporator. The acid chloride was dissolved in dichloromethane (26 ml) and

added dropwise to a cooled solution (-50 °C) of 2-(benzylamino)ethanol (23.61 mmol, 3.57
g) and triethylamine (37.0 mmol, 5.19 ml, 3.74 g) in dichloromethane (30.00 ml). The
mixture was stirred at -50 °C for 1 h and then at ambient temperature for a further 1 h.
Water was then added and the layers separated. The organic layer was washed with 0.5
M aqueous hydrochloride (x 2), dried (MgSO,) and concentrated to give a residue. The
residue was flash chromatographed using ethyl acetate in heptane (10% to 50 %) as the
eluent to give N-benzyl-5-(benzyloxy)-N-(2-hydroxyethyl)-1,2-dihydrocyclobutabenzene-1-
carboxamide (89% yield), EI-MS: m/z = 388.4 [M+H]".
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20 carboxam de (18.76 muol, 7.23 g) in bronobenzene
(188 m) was heated at reflux for 16 hours. The
waedoesm22;mas renoved in vacuo to afford a crudeCT/EBRiodg1@652229
that was purified by flash romat ogr aphy usi ng
toluene followed by ethyl acetate in toluene (2% as
16.2 Fire st s Mo i bsnayig ) 4-@sonoetiu 12 dhyHeoi soch
cyclobutabpidzehe-tLaoxamidd 2H) - one (46% vyield), El -M5: nlz
= 386.5 [MtH] +, followed by cis-2-benzyl-8 25
(benzyl oxy) - 3, Ob-t et r ahydr oi sochronmeno[ 3, 4-c] pyrr
-1(2H) - one (30¢ rld) El-M5:. mz = 386.5 [ MkH| +.
WO 2009/ 037220 P 4§\1®Pr epar ati on
of
trans-2- benzyl - 8- ( benzy y)ir 2, 3,\3a - hexahydr o
i sochroneno[ 3, 4-c] pyrr ol | j f{>-O oH 1H o 5
Bor ane-di net hyl sul fide corplex (122 mmol, 11.69 m,
9.24 g) was added to a sol ution of°
De§§o ﬁnlgﬁtgzpé?ﬁﬂﬁ%he@ H%NAIOS(% $i ng(ﬂciﬁor%%etﬂ?ﬂtn'éa(bgﬁw %Qdded to
a qo@ttuoahqfdwaeuzm ((b%QV'(PHY) -N- (2Hydrﬁxxehhvlér1s?tdlhv/@@cy&tobu abenzene-1-
carE)@)ta{nH‘i?ﬁe Wyler mn%lt 5993} in efchl%ré?'néth 29! rﬁg Fi l$l x@Jr@'Was stirred
aqueous was car ef
at me t@ﬁ@eéqtvﬁerf@fﬂét %tﬂrah&d ﬁ@weoalﬁ Nﬁﬂ)&/@s e M) \Eaﬁhafédﬂﬂi and the
then left to s overn (16 h 10 Aft ddi
mixire o Wfass St '55% At g’@ a{a'ﬂlé Mw&oww %te?hawt% additional
ducmbkdmmleamsoemw asd weter m(lohnlb‘:tm%%rggrﬁ@ phhse \%(las?%;e%dré@d, washed
n CS n co centra
witg e, RediolBsOst aad Grecert i autas feuieat rene i glied a crude
resEI%%Aﬂgtew Fue%ﬁ%@}&%@i?%gg%@éwgﬁypéb%tet |holjg ég-qﬁ%) as the
eluenta s - @fone ndyplen Byl-5-(benzyloxy)-N-(2-oxoethyl)-1,2- d|hydrocyclobutabenzene-1-
+0l sochronmeno[ 3, 4-c] p
Carg?’?%’ﬁ'éé ?‘Eéé%/yﬂe"’é I%)'\?'gléﬁ’ RBEK P S S90h S [ M+H] +.
16 5 Preparation of trans-tert-butyl
2 -85 | - A 7 ]
163 HERASy br e ber S IARPS I ERR bS], o
isoghepwrend[d4-clpyrrol- 1(2H)-one & cis-2-benzyl-8-(benzyloxy)-3,3a,5,9b-
I 3 3a, 5, 9b- hexahydroi s
tet'tJh pg%'ré%gfrg% °ﬁd£‘ QWVA'?@@ ng ., 3 g) and 10% Pd/ C
in acetic a (70.0 nL) was stirred at
aC A, O
. N
A solution of N-benzyl-5-(benzyloxy)-N-(2-oxoethyl)-1,2-dihydrocyclobutabenzene-1-

carboxamide (18.76 mmol, 7.23 g) in bromobenzene (188 ml) was heated at reflux for 16
hours. The solvent was removed in vacuo to afford a crude residue that was purified by
flash chromatography using toluene followed by ethyl acetate in toluene (2%) as the
eluent to afford trans-2-benzyl-8-(benzyloxy)-3,3a,5,9b-tetrahydroisochromeno[3,4-
clpyrrol-1(2H)-one (46% vyield), EI-MS: m/z = 386.5 [M+H]’, followed by cis-2-benzyl-8-
(benzyloxy)-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-one (30% yield), EI-MS:
m/z = 386.5 [M+H]".
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anbi ent tenperature and 1.5 bar pressure under a
hydr ogen at nosphere for 20 hours. The m xture was

wo pdov@sreb t hrough dicalite(r) to renpove cat al yBCT/BPZH08/062229
the filtrate concentrated £ er reduced pessure. The
above conditions were repeated with fresh catal yst,
stirring 25 under an at nosphere of hydrogen for 40
hours. The m xture was filtered through dicalite(r)

16 H-(Préﬁmtﬁen odtrahy2-beryl-8iiberidyl dxygl62,3,085ON0-hatabhydrnder

| E [\%é_s]surre to afford a crude residue. The
sog 5% c%a(ﬂ@d onto a pre-acidified SCX colum and

eluted with 2M WD_2Q09/ 037220 PCT/ EP2008£862229 45
NH3 i n net hanol ford the free ha e product
was concentr at ed dtreated with NS | am ne

(24.23 nmol, 3.40 m : :

0. 296 g), di chl or omet lane (40 ‘* [ -

di carbonate (16.15 mmol, 3 . ¢ mxture was

stirred for 4 hours then ‘ R ont was renoved under

reduced pressure and the 5 Yesidue obtained

titl.one t e I e}
Boré%@:éadl%%.tﬁgl sgjrlf@gnc:ggnﬁrlbgy@?y m\@@ S‘g%g Pﬁ{‘ég%? gﬁ%% ﬁddéocto a solutlon of
tramsc2oanzyk-6-(hendyldxy)-3.6a:0, Qétﬂayahsat@smheomé'ﬁté?’ éfm]marrnédi(ZH) one
g s r r 0

(e EERNG" 2818, L eFanidIbREY (ARG TreaRhE SHBFE retx under

nitrpged orts. h Trenscoutesd tw&'s PClamd HiN dduashs eI wﬁand))gwaqabg'refully added.

Thé e S R RR i an S o BT ol i b T Shftneftigh 6 b

Aftevasd ditldndif fezcﬂs‘ﬁsesdturatedeqhml NERQB; (PO amy theOMixt36.vidas extracted

: 39 Q) S added ] Xt.ur. heat ed at
wil) Egorg, Eregim My 8, e oMol i gD icaeRtated uncer
redpcaspmseurewgiveeasredme Viees cqoide rediduaneds bmh/\ﬂeommmgmphed using
o B EER R ab el innaap s el 4L 0% s Penayt o
(behzyimq;—)rl62,3,3b,6t%bl—heﬁ<ahyd]‘ole&(;hrdm@m(S{a,,49d}pyrrole (56% yleld), EI-MS: m/z =

37 gwg@;dr oi sochronenol 3, 4-c] pyrrol e-2(5H) - car boxyl ate
% yleld), EI-M5: nmlz = 292.3 15 [M+tH +. 16.6
Preparati on of

16.?5 rgﬁ?r%)?ﬁgq %);sy ﬁrt—l?_llltxl g’ %ygr ‘{Igéa% gra %ﬁ{hﬁ l[neno[3 4-

clpyfrole-2¢(5df) icartioXyldty |
8- hydr oxy-1, 3, 3a, 9b-t et rahydr oi sochr omeno[ 3, 4-c] pyrr ol
e- 2(5H)-carboxylate (0.285 mol, ng) in acetone
(7.5 m) was added potassium carbopa

' 1.424 mmol
197 nmg) followed by benzyl brom deN(0.5 |, 0.068
m, 97 ng). The resultant sulslp,nsn n s heated at 60
C for 16 h and then df*€

A suspension of frans-2-benzyl-8-(benzyloxy)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole (8.08 mmol, 3 g) and 10% Pd/C (481 mg) in acetic acid (70.0 mL) was stirred at
ambient temperature and 1.5 bar pressure under a hydrogen atmosphere for 20 hours.
The mixture was filtered through dicalite® to remove catalyst and the filtrate concentrated
under reduced pessure. The above conditions were repeated with fresh catalyst, stirring
under an atmosphere of hydrogen for 40 hours. The mixture was filtered through dicalite®
to remove catalyst and the filtrate concentrated under reduced pressure to afford a crude

residue. The residue was loaded onto a pre-acidified SCX column and eluted with 2M
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m) was added and the m xture stirred at 60 C for 3 h
before filtering and concentrated in 25 vacuo. The

WO e®padsm2mas partitioned between 0.5 Mcitric BCI/EP2008/062229
solution and dichl oronet han The chl ori nated phase
(10 m) mas col | ected through a hydrophobic frit and

NHg b T ofpr il eonedtel ZPRaT el Yot GoRiep g lefdner redfed wit
trleéhgﬁqg r‘gﬁn@Pgorﬁ\gﬁL%ﬂ% S%;%5Eh§) f WA@""&%%S' Mol 98.206 ),
dichlpmvsetlgan@eﬂﬁ)yhIg))@nd1d|Zer3-bgyl gicayonade (16.15 mmol, 3.53 g). The mixture

el L RS PSR 3 Y kot 0GR Ml s ar v

respCE/dbRhRBpOtiped belygen ethyl acetate and 0.5M citric acid. The organic layer
| Y = - ' r [, 4- :

vaf SHAES A0 fBod® ARSI o) SRR QUBREL P imbnes

organlgpa\reae ideged @I’f/lgSO4) and concentrated under reduced pressure to afford crude

Cl s-2-benzyl - gbenzy oxy)-1, 2,
di-{a% £H9GF I Seedich Tdrroas @U@]eﬁﬁyrf!ﬂsé qt]m"e?tegrﬁphg ugingethy} acetate

in tbRBAE (om t& 9@%9 td &yd Lo 4:@6f tHE A-800 préReEd }168Ldt.MThe product was
€ repea ed

d'S%‘?'\éeE'”UEﬁtE@'PO'éZ%EbmH e @%% N2 08P 194 Mpgrasidgd e Hpgmixture

wadBeated, a4'r6ﬂl9<y1’bf @'holl( %\@n &fh@entfalé”d %ﬁdémﬁducerd ér%sé])retﬂle residue
afford cis- be (benz

Waﬁ@i‘ﬁﬂ%‘?"oP%%’@ﬁP ‘?fo?@ gt %‘\?Far%l Ehe( 8@@6‘5%'@(596;?"’3351’”%'\"9304)
an Cf:gq(iegﬁegegul{r&@r r duced‘ %rels7sure E)rng rd a}}angrt]er? [)utyl 8-hydroxy-1,3,3a,9b-

tetrahyrdisootyerbe8o[3 @ Qhyrtadd-R g dadiosyater (H6eH gleB])AEI-MS: m/z = 292.3
mmﬂﬁtrole-2(5kb-carboxy|ate O ~~-O0 NH HO

16.6 Preparation of trans-8-benzyloxy-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-

c]pyrrole

To a solution of trans-tert-butyl 8-hydroxy-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-
2(5H)-carboxylate (0.285 mmol, 83 mg) in acetone (7.5 ml) was added potassium
carbonate (1.424 mmol, 197 mg) followed by benzyl bromide (0.570 mmol, 0.068 ml, 97
mg). The resultant suspension was heated at 60 °C for 16 h and then diethylamine (0.5
ml) was added and the mixture stirred at 60 °C for 3 h before filtering and concentrated in
vacuo. The residue was partitioned between 0.5 M citric acid solution and
dichloromethane. The chlorinated phase (10 ml) was collected through a hydrophobic frit
and trifluroacetic acid (1 ml) added. After stirring for 2 h the solution was concetrated in
vacuo to give a residue that was converted to the free base using ion exchange
chromatography (SCX) to afford trans-8-benzyloxy-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole (100% yield), EI-MS: m/z = 282.5 [M+H]".

Example 17



H OSimlar reaction conditions to that in procedure
16.5 were repeated for cis-2-benzyl-8- 15

w@ bmapyi2oxy) - 1, 2, 3, 3a, 5, 9b- hexahydr oi sochr onmenp{ BEE200§/062229
yrrole (8.56 nmol, 3.18 Q) 3@5 afford cis-tent-butyl
8- hydr oxy-1, 3, 3a, 9b-t et rahydioi sochr oneno[ 3, 4-c] pyrro

c:sﬁﬁl&ﬁ‘:@xyiﬁg §%§?%%%ﬁwg{( 6% %IOCL dc)rhen%[ﬁ 'Xsc] p{/];irtz)le:hyzd?'gérﬁoride

ci s- 8- et hoxy-1, 2, 3, 3a, 5, 9b- hexiahydr oi sochr oneno[ 3, 4-

20 c]pyrrole hydrocPIorlde {0 2Q09/ 08H20

PCT/ EP2008/ 062229 N OH O |odonethane

(0.178 nmol) was a »}ﬁon of cis-tent-butyl

8- hydr oxy-1, 3, 3a, 9b-

t et r ahydr oi sochr oneno 4 pyProl e- 2(5FD carboxyl ate

526 nmg, 0.089 mmol) and K2CO8 (62 ng, 0.446 mmol) in
17.4cet one Rrep&atipp and t ®E i xt ufs- Trbenayir8benzyloxy)Thd3,3a,5,9b-
heXHrfidréi€ocniffortid alciglitale 24 h. Diethyl amine (0.5 nf)

added and the m xture was stirred at 60 C for 3 h

then the mxture was\filtered and concemated in
vacuo. The resid @ it 1 MHC (2
m ) and di chl or om&than . ; was added
to the organic phase [ iYred for 3 h then
concetrated in vacuo t®-gix ' t hat was

| oaded onto a pre-acidifiée ) usi ng MeCH and
eluted with 2M NH3 in 10 M The product was

S concentrated in vacuo and ﬁn}ified under basic
Slnmae }Deédﬁbﬁlcond]ﬂkd‘ist foahs pratoghl\destritedf in dexabaie 18Mi wdrewapeated for

ois SRR heb b s BB ueRY ol o Shaned 4 g 2 rone

(13(365 8mmet,hoxgy14, 2gB, 3w, 5, &tord  cis-2- benzyl 8-(benzyloxy)-1,2,3,3a,5,9b-

B h e e S A e
10 ci s- 8- Ethoxy 1, 2, 3 3a, 5, 9b- hexahydr oi sochr onenol 3, 4- c]

17legrte%|a?atl n Ccms t% tyll\%-h}/dll'_tl)xv-1,9,3/a,9%'—t|é|trahydroisochromeno[3,4-

c]pyrrole-2(5H)-carboxylate
0]
Yo
s

H

HO

0]

Similar reaction conditions to that in procedure 16.5 were repeated for cis-2-benzyl-8-

15 (benzyloxy)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (8.56 mmol, 3.18 g) to
afford cis-tert-butyl  8-hydroxy-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate (66% yield), EI-MS: m/z = 292.3 [M+H]".

17.3 Preparation of cis-8-methoxy-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
20 c]pyrrole hydrochloride
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H ~ Simlar reaction conditions for procedure 17.3

were repeated using iodoethane to afford 20
wee®dsrehoxy- 1, 2, 3, 3a, 5, 9b- hexahydr oi sochr onePo[/BP2bo%962229

pyrrol e hydrochl oride (36% &9 eld), EI-M5: mz = 220.4

[ MiH] +. Exanpl e 19

ci s- 8- (2- Fl uorobenzyl oxy) -1, 2, 3, 3a, 5, 9b- hexahydr oi soch

romeno[ 3, 4-c] pyrrol e WD 2009/ 03722( PCT/ EP2008/ 062229

48 H N HF o H 1 o [SinilarHgdaction &dhlditions to

that in procedure 16. ® epgat ed using

2-fluorobenzyl brom de f{ H

ci s-8-(2-fluorobenzyl oxy 3, 38 5, 9b- hexahydr oi soch

romeno[ 3, 4- c]pyrrole (409 :

'OdE’F‘gﬁqsa”? (Q E?ﬂn;ﬁﬂliw?r?gf’ﬁ% 15,2 polytign of, cis- ORI &Ry EY-d 3396
tetrahydrasoc{r8ménal B @ys]potate-2 {(Bf)icaddokglaied@6 Hing,B3.080 inkdl) &hd-HK,CO4
"' H 1 OBr 10 N Bronosuccinimde (0.275 mol, 48.9
(62nmyp. Ad46 arrdeld in aceform (44 imihand ther @ﬁ@urpéretamuatyﬁo 8. The mixture
Wa§¥fﬂi§ﬁg£‘ réﬁﬁx? nﬁ.ﬁé i@@%ﬁ%?sﬂ&&@oﬂﬁ)ﬁﬂé it Ve &tfleB-at 60 °C
for ety Hiepd khef mixiwe( wass‘@erﬁO) and HeenaenE de Invgcea-i Fheedesigue was
arﬂf@ie%rﬁet\ké‘é'ﬂ)ﬂ\/ﬁgéf & rfn 51 idhEmethBRe K@ )uﬁ'?A ﬁ] was added to
concentrated un uce pressure a d t'he resu
therqrgariei@hass whickvasi iitlﬁreé fem8 iy hee gonepiddrfs ns\@icye |t@slvgfa residue
tha%%ﬁ%‘d@b %ﬁLanB%t é‘cuciuﬂéb @tr})c%n rﬁa‘éuﬁ%@%@ﬂ it Hifel with 2M NHg in

di chl or onet e (3 X e conbi ned organic

Me©H. et prodastewds lo‘bﬁcéml%ltecﬁﬂﬂlvéléDo Shid rpnlnaﬁ@j uﬁdért Big¢l prep-HPLC

evaor ted to give a crude oil th i fied
corﬁ{}%ppé% ive t efree bas Wrﬁch was converted to the HCV,YasaIt ytreatment with HCI

in ether followed by concentration in vacuo to afford cis-8-methoxy-1,2,3,3a,5,9b-

hexahydroisochromeno[3,4-c]pyrrole hydrochloride (36% vyield), EI-MS: m/z = 206.3
[M+H]".

Example 18
cis-8-Ethoxy-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride

H
g )
H

© CIH

H
O
Similar reaction conditions for procedure 17.3 were repeated using iodoethane to afford
cis-8-ethoxy-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole  hydrochloride  (36%

yield), EI-MS: m/z = 220.4 [M+H]"

Example 19
cis-8-(2-Fluorobenzyloxy)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
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chromat ogr aphy using ethyl acetate in heptane (5% to
3099 as the eluent to afford trans- tert-butyl
wQ 289ad32e@no- 8- hydr oxy- 1, 3, 3a, 9b-t et r ahydr oi sor¢IT/BPENL)62229
3,4-c]pyrrole-2(5H)- carboxyJate (62%yield, 38 ng),
M5 mz = 450.0, [MH]. |odo hane (0.169 mml, 10.53
20 pl, 24.02 ng) was added to trans-tert-butyl
7, 9-di br onp- 8- hydr oxy 3, 3a, 9b-
t et rahydr oi sochrone 4-c]pyrrol e- ZQSH) car boxyl at e
(0.085 nmmol, 38 ng) ax pot assi um canbonate (0.423
nmol, 58.5 rrg) i n acetlone I( 2 rH)H

esul t ant
suspensi on was heatefl at %64Q L and then
concentrated under reduced p . T e residue was

partitioned between 0.5 M ci i-® and
di chl or onet hane. The chl ori nat ed phase 25 was
Singlak Iresctienl comditiarghtoahétyid roypdestoies 16.6i werarrdpa'a@d (8in@ 2-fluorobenzyl
y 12D ) 108 frer t )
orofife 10 iRy el ABtn ek rt 2 3ot P el afBisdphBenols.4
c]pgnm)ie (40% gidjulel-M8hatz w360.6¢dMvEI't ed to the free base
usi ng i on exchange chromatography (SCX). The free
base was purified using basic prep-HPLC then converted
Exaroplpl?@ HCl salt usi ng HCI in WD 2009/ 037220
/ I £1 t
rac B ae R et 28 B Wby A8 RO RARER - Hyrrote
hydrogh®rigke, 5, 9b- hexahydr oi sochromneno[ 3, 4-c] pyrrol e
hydrochl ori de (60% yield, 20.3 m\:])H El-M5: mz =
364.1 [MtH +. 5 Exanple 21pRgr CIH
ci s-7,9-Di brono- 8- net hoxy- 1, H 3, 3a 5, 9b- hexahydr oi soch
romeno[ 3, 4-c] pyrrole y H Br N OH CH
Br A simlar reaction pr @ procedure of
Exanpl e 20 was repeat ed s -1ert-butyl 10
7, 9- di br onp- 8- hydr oxy Bf 3, 33, 9b- t et rahydr oi sochr oneno[

N-B’Sroﬁm %&Yrﬂr%%legt)%egWﬁgl?ggﬁgﬁé)a\n&ﬁ%éo%d%?% %Lﬁmﬁgrg?s-m-butyl 8-

ord ci , 9, 04,
hydwexcahﬁc&acﬂbstetrhhxgm'ﬁm{hsomeruj[iwwﬂrzwrelehg(éH&rcaﬂboxyl@te (%388 mmol,

0 Hf teiaiar oot 0 e g1 s S AN e demperature for

1 heno [TRe4miziurey was coercentpthdowieo redlisetHpredisuid and the resultant residue
diluted with a saturated agueous solution of sodium bicarbonate (10 ml) and extracted
with dichloromethane (3 x 10 ml). The combined organic extracts were dried over sodium
sulphate, filtered and evaporated to give a crude oil that was purified by flash
chromatography using ethyl acetate in heptane (5% to 30%) as the eluent to afford trans-
tert-butyl 7,9-dibromo-8-hydroxy-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate (62% vyield, 38 mg), MS m/z = 450.0, [MH+]. lodomethane (0.169 mmol, 10.53
M, 24.02 mg) was added to trans-fert-butyl 7,9-dibromo-8-hydroxy-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate  (0.085 mmol, 38 mg) and
potassium carbonate (0.423 mmol, 58.5 mg) in acetone (2 ml). The resultant suspension
was heated at 60 °C for 2 h and then concentrated under reduced pressure. The residue
was partitioned between 0.5 M citric acid and dichloromethane. The chlorinated phase
was collected through a hydrophobic frit and TFA (3.37 mmol, 250 ul) then added. After
stirring for 2 h the solution was concentrated under reduced pressure to give a residue
that was converted to the free base using ion exchange chromatography (SCX). The free

base was purified using basic prep-HPLC then converted to the HCI salt using HCI in



HCH O22.1 Preparation of cis-tert-butyl
7, 9-di chl or o- 8- hydr oxy-1, 3, 3a, 9b- 20
WO edopabmzelr oi sochr oneno[ 3, 4- c] pyrrol e- 2( 5H) - car POREPRDE062229
& cis-tert-butyl 9-chl oro- 8-
hydr oxy- 1, 3, 3a, 9b- tetrahydrd1sochroneno[3 4- c]pyrrole-

due@@?%qﬂaéﬁ X olémg{an @?ﬂ/lm vacuoH8 affor(s of transH/ 5‘ dibromo- 8|_r|9ethoxy-
1,283, 3y, 800hexdhydirdso Dhorh@tio B cibyeriok0o hidroomoride3 (D% ] ysld,r 20.3 mg),
-2(5H) - car, ate (0.309 mol, 89.9 ng) was

EI'@Ilss \7332113% rahydrofuran (1498 pl). The resulting

sol ution WO 2009/ 037220 PCT/ EP2008/ 062229 50 was

stirred at 0 C and N-chlorosuccinimde (0.617 mol, 82

5 E—ﬂﬁgLégs added. After stirring for 30 nins the ice

c:sbzaeln)nmd-enmadxm;2,3,3@,smaﬁaﬂahydmimwremms[:sucmyefble
h@r E%?'éﬁ tenperature for 17 hours. The m xture was
y 6?6 ed under reduced pressure and the residue was

m xed with a saturated aqueous soIUﬂlon of sodi um

bi carbonate (50 m) an wWth ethyl acetate

(3 x 50 m). The conbi ere dried over

sodi um sul phate, filtered i} evapsiat ed give a

resi due. Flash chromatogr of t he Fesi usi ng

di chl oromet hane fol | oyge yb"acetate in

di chl oronmet hane (25 % as the eluent afforded
A simitartreanttiob yirgtbcol to the procedure of Example 20 was repeated for cis-tert-butyl

10 7 9[%&2%' 92{4@&& = 5?%&%%%%?} (5()%%‘ c%?or%%r&i??}égﬁy?rjoge?f@m rc';ﬂa\:“r%8xylate

(0.078 | owedl, by34.0s- megit - bt ydffodd c htisl7 S-Gbtopr-&xpeth@@-1,2,3,3a,5,9b-

hexa@gd%fég?rgrb%n%t 6@)“&’)/&@}9@80@@‘?% MR fseh PYLIR! Erme® 2 3643
[M+H]§- 9- Chl or o- 8- net hoxy- 1, 2, 3, 3a, 5, 9b- hexahydr oi sochrom
eno[ 3,4-c]pyrrole hydrochloride H d HNHCH 0",

15 Simlar reaction conditions for the methylation and
15 Exateple@Pection in the procedure of Exanple 20 were

cis[99_e-§ﬁ ﬁ%g%_—%_gghyog(&g&%s%%%%%ﬁéﬁa_hyd roisochromeno[3,4-c]pyrrole

hydrechinider oi sochr oneno[ 3, 4- c] pyrrol e- 2(5H) - car boxyl at e
(0.105 nmol, 34.1 ng) to afforg
ci s-9-chl or o- 8- met hoxy -, g, 338
eno[ 3, 4-c] pyrrol e $ydroch [

, 5, 9b- hexahydr oi sochr om

CIH

221 Preparation of cis-tert-butyl 7.9-dichloro-8-hydroxy-1,3,3a,9b-
20 tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate & cis-tert-butyl 9-chloro-8-
hydroxy-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate

N>\~O>L N :>Lo >L

cl o N

HO

cis-tert-Butyl 8-hydroxy-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate
(0.309 mmol, 89.9 mg) was dissolved in tetrahydrofuran (1498 pl). The resulting solution
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(11.5ng), EI-MS: mz = 240.1 [ M+H +. 20 Exanple 23

cis-7,9-Di chl oro-8-net hoxy-1, 2, 3, 3a, 5, 9b- hexahydr oi soc
whe@o®wsmp®B, 4- c] pyrrole hydrochloride H ClH NCDEPRGS 62229

G 25 Simlar reaction conditjons for the nmethylation

and deprotection in the procedure of Exanple 20 were

Wa§s e(?ﬂ[ %e:t% %’.?%n(g}\l}wg)lr(gszwg%tn}gd%g) @g mmol, 82 mg) was added. After stirring

fortag)tmmgmﬁe ®¢esb§ﬂgrmmrmﬁ&ed ﬂdpmgrreharoa(rﬁujurea\rdsoswdeatai ambient
. Q7 , . I r

tenfeiatieglof 12 ol THE thictita ot Somoratedanger redusrg arespwgcand the

resm’uelmmh&eévﬂl}lm/wm}aﬁemywmh|soruit|d|€ o( gadidmbicrishnate (50 ml) and

ext@éﬁe%gﬁ%géwb%%%tg (33&“@6_@)‘3%\0 P &£08) med ex%racts were dried over sodium
sulphate SilfvBicdhand dvapostd 1dgi9s-ahexiaby.oFigdrs crrbmatogradhy, of ted residue

u&&lgkggtogqqh%tﬁa%q %gg\&ééjgy farrlyb%\\%ﬂteﬁe% gfoh‘lo?on%g‘[h%ne (25 %) as the eluent
aff@déd r i fdisiricooegl hy | B eddi ahnyb-ew)jrdkya,,?ﬁaa,9b—tett£1§/d@|‘sy>dhromeno[3,4-
c]pgﬁ@g%% )r(%rrr%nxgkﬁ_'%%]"/ﬂp (%Icrj)g fgl_l g %g%ggq?% e?%%t@%&-crqloro-&hydroxy-
1,3¢3asol-etrbhjalidigbchromeno[3,4-clpyrrole-2(5H)-carboxylate (40 % yield).

8- hydr oxy-1, 3, 3a, 9b-t et rahydr oi sochr oneno|[ 3, 4-c] pyrr ol

e- 2(5H)-carboxylate (0.172 mol, 50 ng) in
22.2et r abised- Ohld:li'ﬂ-l&-l(\éthﬁxmj),Z,ma,mhihdxalwiroiﬁbcm(brﬁmﬂi[3,d&]pyrrole

8.24 ny) followed by
hy °|8ﬁ@’ﬁ§1 ri fl uoromet hanesul f onani de (0.172 mol, 61.3
The reaction was stirred forH 16 h then the THE
vvas renmoved under | Cl 4

©)
H CIH

o

Similar reaction conditions for the methylation and deprotection in the procedure of
Example 20 were repeated for cis-tert-butyl  9-chloro-8-hydroxy-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (0.105 mmol, 34.1 mg) to afford
cis-9-chloro-8-methoxy-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole  hydrochloride
(11.5mg), EI-MS: m/z = 240.1 [M+H]".

Example 23
cis-7,9-Dichloro-8-methoxy-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride

ZT

Cl
| H

H CH
0o
Cl

Similar reaction conditions for the methylation and deprotection in the procedure of
Example 20 were repeated for cis-tert-butyl 7,9-dichloro-8-hydroxy-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (0.073 mmol, 26.2 mg) to afford
cis-7,9-dichloro-8-methoxy-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride (77 % yield), EI-MS: m/z = 274.0 [M+H]".
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reduced pressure and the residue partitioned between
di chl or onet hane and NaHCO3 (aqg). The organic | ayer
wor®osi2zbect ed via a hydrophobic frit and conceeit/EP10e£062229
under reduced pressure to giford ci s-tent-butyl
8-(trifluoronethylsul fonylo -1,3,3a,9b- 15 tetra
hydr oi sochroneno[ 3, 4-c] pyrrol e-2(5H) - car boxyl ate (99%
yield). 24.2
Exarhple@4Met hyl - 1, 2, 3, 3a, 5, 9b- hexahydr oi sochr oneno[ 3, 4-c]

cis%’-&lfe&lyﬁ-g r%%%g’l%m bql!;c!zxda%ydrlrtl)isé\lchrlalmce:lnlal[&gcﬁyerome )ﬁtyg ltoech?g ride

8- (trifluoronethylsul fonyl oxy)Hl, 3, 3a, 9b- 20 tetra hyd
roi soch ro nen o[ 3, 4-c] TO\l e-2 (5H) - ca rboxyl
ate (0.059 mmol, 25 ny) i mephoxybor oxi ne (0.118
nmol , 0.017 nmi, 14. H CH
tetrakis(triphenyl pho e) paj | adi um (0) (0.012 nmol,
13. 65 ng) and pot assi UM ponate (0.118 mmol, 16.32
ng) in di oxane &1 m.) was stirred at 100 C for 18
24.pouReparaipy entof wasis-terbnay! i n8-{tiflyerernethylsalfenylpxy)-1,3,3a,9b-
' idnl t WO 2009/ 037220
e B ot er s separ at od.
The organi c phase was washed wi tR\ brine, dried
(Na2SO4) and concentrated under r d pressure to
afford cis-tent- b%ﬁsyklséj- nmet hyl -_N
1, 3, 3a, 9b-t et rahydrgfi|sochr oH
meno[ 3, 4-c] pyrrol e-2( ar b0 ate (0.059 mol, 17
nmg) which was treated di chl'dtonet hane (2 nL) and
trifluoroacetic acid (O& ), After 5 stirring for 1
h the m xture was concentrated in vacuo to give a

To rae;sbtﬂnuan ng cﬂf*t&l@l&dJtylp&dggoxﬁmm@b'\Q/’lfaeeraayrirdibé%f&dr_n&@{?ﬂ-c]pyrrole-
u n e W A | A S| C .
2B o0 2 3oa b ettt iy ([ Dk aded sodium
hydridei (Di2ed rhiypob @sd4cmigh eptolvEd/By Igifbﬁelﬁiﬁﬁiﬂ%(ﬁdr_nbmaéémnamide (0.172
r once rated.l n vacuo e W I N
miinGl S TREn hE e ricnaan Shite ot 1 Fahes b e Whs Bmoved under

redaced Prassufeybnd ik BestiueSptitidrexiabytdeon sibiuromethahd,ahdciaHCO4
pyrrol e hydrochloride (6.03 10 %yield), EI-M5: nmz =
(aql.90he qrg;zmiq iayeamaapp@leg@d via a hydrophobic frit and concentrated under

rediﬁl:%c{/ Z}%%’sgﬂ%ﬁy fcﬁl’ élfférﬁgci%t&]?-bﬁ‘t?%aEXf?i‘ﬂB&rB%'iHy%ﬁH&ﬂ&yﬁ‘-’l 3,3a,9b-

tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (99% vyield).

24.2 cis-8-Methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride

H
N
H
CHH
H
0]
A mixture of cis-tert-butyl 8-(trifluoromethylsulfonyloxy)-1,3,3a,9b-

tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate  (0.059 mmol, 25 mgq),
trimethoxyboroxine (0.118 mmol, 0.017 mL, 14.82 mg),
tetrakis(triphenylphosphine)palladium (0) (0.012 mmol, 13.65 mg) and potassium
carbonate (0.118 mmol, 16.32 mg) in dioxane (1 mL) was stirred at 100 °C for 18 hours.

Solvent was removed in vacuo and the crude residue partitioned between EtOAc and
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15 25.1 Preparation of

5- (benzyl oxy) - 2- bronobbenzal dehyde / Br OO0 O
w@emaiose2q 471 mol, 24.14 m, 75 g) was added BECDWP2008/@62229

a stirred solution of 3- (bqgéyloxy)benzaldehyde (236

mmol, 50 g) in acetic acid ((Z00 m) wi th sodi um

ceta (353 muol ,  29. ). at .0 C. A calciumchloride .
wallio b e Skt TPpiat athe erEn el e foiied i G, dried
(NeiSOy)eshd tondeheatddr lndet redwredt prepaurattor &fford ars-tbd-butyl 8-methyl-

hours. The m xture was diluted with dichl oronet hane
1,3a%c0brietrAbyiiroisedhremenei3. $2im ok (GEACaTbandatei (aP3Y mmol, 17 mg)
ter. i r ri ) -
5L <38 PSS g B 4R SN 05 o). e
stirgng ﬁéﬁwhwwtuw Was agiventraled éhyae/o(tp4ipe a pssii®. which was loaded
ontgfa(e@_@f TRy SEx colymn and eluted wit51 21 NHa in MeOH. The basic filrate was

enzyl oxy) ronophenyl ) - 2- cyanoacrylic aci

corfdenfated /in Vaddd £Ad2he VEiARONIRd Dy baBe T &ERROARY. B3 28ired fraction

53 A stirred m xture of , , )
wer ¢RCRRYAIBX Y3 Yacugr Bitolheaich B Hifddn e8%) thefpponcentrgfpd in vacuo to
aff&MQﬁ!sO@-ﬁfé&r?ﬁ-1,22?33,Béi,5K%%xﬁﬁ@roisé’&m-r&ﬂe@ﬂ@AﬂﬂﬁWr@lél drochloride (6.03
., acetate 0.8 mmol, 3.92 g) and pyridine (36 m) in
’swgphé%@”:fy6=ﬂ995&¥3+ﬂefluxed usi ng Dean Stark
apparatus until one nolar equivalent of water was
col |l ected. The reaction m xture was allowed to cool
X e n concentrated to 5 forma residue that was
cisthmetiEdxyL1,2d,34,3, 9b-heRamaiieideehidmeno[Ba-d] ppibiet  Was
extracted wth ethyl acetate, dri (Na2S™) and
concentrated to afford a crude sol &i on standi ng.

/ 1 Br ONO O Jo~ Q028 Sodrum'borohydri de (259 mol
9.78 g) was added, in portions over a period of 45
25.4;Prep@ration of 3-(bensleey) 2niesaheszaldehyde
3- (5- (benzyl oxy) - 2- br omophenyl ) - gnhoacrylic acid
(72.6 mmol, 26 g) in aqueous s At ed NaHCO3 (83 nl)
and met hanol (202 nl) The peaction m xture
was allowed to warm
stirred for 1 hour L gre renovi ng the nethanol under
reduced pressure. The>esultant m xture was dil uted
’ d -wi h T US; :
Brofhhe’ (474 ThmB 0P AR 78] Bl Higed  HBYARNE L Skl Bhition of 3
(benizylpxyglvanzaldenyde E3abnmel 50r glaniasstiovacid @00 enl) (Wi 28N acetate
(353 Wimof RRPEFLEH oBOALa UGB! G55 S bel Ra@hhN G the resultan
- - ny - -

(benzyl oxy) -2- bronophe
mixture was stirred, in the dark at room temperature, for 16 hours. The mixture was

diluted with dichloromethane and washed with aq Na,S,0;, aq K,CO3; and finally water.
The organic layer was dried (Na,SO,4) and concentrated under reduced pressure to give

5-(benzyloxy)-2-bromobenzaldehyde (749).

25.2 Preparation of 3-(5-(benzyloxy)-2-bromophenyl)-2-cyanoacrylic acid

Br
CN

(Y o e
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30

20 cyanopropanoic acid (97 %yield, 25.36g) 25.4
Preparati on of

w@2q05/082enzyl oxy) - 2- br onophenyl ) pr opaneni tri | ePCBEPLOMB/(52229
3- (5- (Benzyl oxy) - 2- bronopheg%i) 2- cyanopropanoi ¢ acid
(70.4 mmol, 25.36 g) was di ssolved in DVA (35.2

A LA R L T O e

acidzbdexhion 1682 o), bimneinhen acdtbe (60 @aninol, I3e02eg) amlSpyrldlne (36 ml) in

R Q35 U We SR B PR R ot b RaH e Prptent of
waleNas@d)lecsdl ‘mea:@@bt&tnemxunda\rasraaldmedo RbEISHdr leb @oncentrated to

for%%%sgﬂug[tég_%s_ nzy wre%&wtﬁé%%ggﬁ%%g%prﬁ%agr%glljétrwas extracted
WitIP@THyEEé’éIQk%/ Gﬁé’dZ'(NaZSSA) ahd Soreapatedtib aifforf a crude solid on standing.

Ref R BERAGE [0 OURAE a6 G CNGEREBOTRE £ Agaroscivio acid

(2ﬁ9%§ﬁdﬂyon1a cylinder until approximately required
vol ume was present (-150 nL). Commercial sodi um am de
(270 mmol, 10.54 g) was 5 added to the ammonia at -78

25.G Rrgplaratiba lof St(6+beémzyld3/)-21sromophieagl)2-¢yanop esizyriobx ggid 2
br omophenyl ) propanenitrile (68. 7 ngol, 21.73 g) was
added over a 5 mnute period Y¢ rmxture was al |l owed
to warm such that the result m xtlure was stirred at
reflux for 3h befgfexpei T nedt rat’i s&dMi th solid
anmoni um nitrate (298 ymol, 23.82 g) and allowed to
stand overni ght under a flow of nitrogen. Al the

SOé\U??ﬁp%rﬁhgd’r Eo{g%berqmg ds%’f@ 9] waf 5d el qgg)%\?mﬂc%n% SN SBbsk of 45

resi re ex ract
mirdjtmlt@raomnteldmpeml@j of 3Th¢baragpiokyietiorompahemd)-2veyanoacrylic acid

(72@@5@ éﬁ@ guéb‘uﬁ QY 586 'N'aﬂrd (ﬁggﬂ_&sﬁﬁhetﬁéﬂo'l 64PNt 15 °C.

anics were drie
The actern mattlga was allayad ta waeh toorogmatemperature and was stirred for 1 hour

oo bRERRAMPE il UG SABLAS ARSI A A o s oo

witd-watiemand wvaphed vithdethgdr Bey elletsus dbrerzwae atidified bandy thec desired
d

pref s L it Bey B pppisRev oo e and

evdporgted . gndﬁm|redlmd84)reg§yrein’r@ Kdiielrq 33 15-(hranizylox\8-289oglpphenyl)-2-

Cyd{]gp%bgﬁlgglacﬁ%% o y%lda%js ter (44.9 m) was refluxed

er evapora on of the sol vent under
reduced pressure, the aqueous residue was 20 dil uted

25 \_i‘l”ﬁrgpgr%ltlgﬁgf_b((% éb& Vﬁ@%%ﬂ\d’ﬂhtenyﬁﬁr%%ahgnﬁnlz5o m.) .

he ‘aqueous pha
Br
acs
i

3-(5-(Benzyloxy)-2-bromophenyl)-2-cyanopropanoic acid (70.4 mmol, 25.36 g) was
dissolved in DMA (35.2 ml) and heated for an hour and a half at 150 °C. After cooling, the
reaction mixture was poured into water and extracted with ether. The organic layer was
washed with a saturated solution of sodium hydrogen carbonate and then brine. The
organic phase was dried (Na,SO,) and evaporated under reduced pressure to afford 3-(5-

(benzyloxy)-2-bromophenyl)propanenitrile (98% vield, 21.73 g).
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then acidified with 5N HCl, during which a precipitate
formed that was collected by filtration and dried in

wo amao32eo af f ord PCT/EP2008/062229
4- (benzyl oxy) -1, 2-di hydrocycé4obut abenzene- 1-
car boxylic aC|d(99 % vyield,~16.95 g) El-M5: mz =

25 3 Hiaiaahon of 6452%/3%59 AEBR A Stabeyene A-sarhonitie

cycl obut abenzene-1 -carboxanid MD 2009/ 037220
PCT/ EP2008/ 062229 55 ON ~ A m xture of
4- (benzyl oxy) -1, 2-di gcycl benzene- 1- car boxylic
acid (3.93 mol, 1 2- ben I am no) et hanol (5.90
nmmol, 0.838 m, 0.8 g), triethylamne (7.87 mol,
1.105 m, 0.796 g) and cycl ophos (4.72 mol, 2.81 ni
An‘frﬁbn% gé(é W%Q%Bﬁa&)seh Mntdithd) lﬂQé hf@ﬁméer( drvti %?p%&%é‘i@? required
stirr roomte erature he reac
voluingtwase pwégntpeﬂﬁotm h&pmmeméﬁdlanbﬁm&eo%ﬂwaﬁel abd g) was
T e C
add(}id’:ﬁ the Qﬁl AREUS ésl &hd _r%’ﬁh’Tr@ fopdy OVWnHFJtes 3- (%%e}nezéloxy) 2

OfOﬂEt ane an e conol ne rg ani c ayers
bromqphelv\\é)pgypatnﬁ@ﬁllqg,(a&]@mnm{ i g7 3 gMMedaw@r a 5 minute period. The

mixG ¢ %l%‘i/\%@ tH%ﬁFn §Lﬁ‘ﬂl'{ﬁ§ldtherr§§latl%?mlx-{_% W%Sftf#%% éﬂ%ﬂux for 3h

Purl omat ogr a usi n acetate
befpre b@rm aﬁérﬂged wih éplwbammpw% mtfaed@@8 trtsnelf BB ghNandallowed to

staﬁ@ Qﬂ/)é g‘h‘t (J?H%B.ZX' R 2)1‘ hhr&)%erl?yﬁilz W%Hﬂ)ﬁrﬂ& evgpo%tgéfdarngc\)&gter was

enzene - car boxam de

adqgd lrvshe raojid m%@ ang MeHpreducts M@rmﬂrquwﬂb dscfb\%mr@m@wane (x 3).

Thé)fc bined o ics Were Washed with djlute hydrochloric_acid (56%), followed b
%1 nzyl ogy -dlqgg/drocyc ut abenzene- 1- car(gcfxyi y

Wat%l Jhe(qrgemcwre grieg) (NapSChi dhgN consestiatRsl (M gracyarsp aﬁord 4-
h3yl 2-dif Sdre 1 -Bak bRt Id-3) ent

(bet gyn%&) u(rjle}drgé}(/(%)rbg Po% Ser o?beB mé- allec]- 5%')
pronote the reaction) and then the reactl on vvas

25. GqfrlaH%Paﬂoﬁ%rf 4Qb§n£}lo@5qe§-&Hyakmlo&heﬂéﬁﬂﬁem&rboxyhc acid
renmoved using a rotary evaporator. The acid chloride
was di ssol ved in dichloronmethane (£3 nl) and added
dropwi se to a cool ed sol ution_(-50
2- (benzyl am no) et hanol (11. 80

triethylamne (18.47 oy
di chl or onet hane (1m)0 The 20 m xture was stirred

at -50 C for 1 h and en at anbient tenperature for a
further 1 h. Wter was then added and the | ayers
A soifhian af edberﬁybxp)c’gamilhydrc&yelobwtalsenmsdaeebav%drirtrn@ (67.3lvhmol, 15.84

o SEhRAKTEH B6o  €h0d B otatdi@s wlenTdAte P ek § s seturea for

2.5h| ater em;mmttomgﬁal}ndnedvemlungeleﬁehyd:ecﬂmesmre tha dogepduwmresidue was

g RRI NI T g RyRkE PP 15 200 g1t T aaggpus phase was

thedi zhty@lﬂe]twthomt}a@erdnen@ -ihicrarabpreaipitaie {o82e4d ythatl aps Msllected by

f||trﬁcg1 ren?i ﬂed( ’ﬁ%ﬁ“&y‘i aﬁ e4O @8e%¥1§)fy99f (Qh%drﬂ%yglobutabenzene-ﬁ

carboxylic aC|d (99 % vyield, 16.95 g), EI- MS m/z = 253.3 [M-H]"

, 1.784 g) and
A, 1.869 g) in

25.7 Preparation of N-benzyl-4-(benzyloxy)-N-(2-hydroxyethyl)-1,2-dihydro

cyclobutabenzene-1-carboxamide
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cycl obut abenzene-1 -carboxam de WD 2009/ 037220
PCT/ EP2008/ 062229 56 O LN QG co O Dess-Mrtin
w@eowostizoane (15 wt % soln in DCM 6.45 muol, 18CTEP2008/062229
18.24 g) was added to N be
nzyl - 4- (benzyl oxy) - N- ( 2- hydrdkyet hyl ) - 1, 2- di hydr ocycl o
buta benzene-1-carboxam de (6.45 nmol, 2.5 g) in
anhydr ous di chl oronet hane (7 my\. The it ure was
stirred for 2.5 h 5 then g aq os NaHCO3 was
added and the m xture wa
di chl or onet hane s ' Na O>4) and concentrated
in vacuo to gi ve due. Fl ashOHchr onat ography of
the residue usi ng™~®thyl acetate in toluene as the
A rﬁl_&gj?@%f Ql?%8%8?@(&)}/?Q\Gﬂsydf\?_ce/go%%%%equem 1 1ca£boxylhc %?lc(j) é3 9? mmol, 1
9), kﬂjtt@nbséamuan@th@ol é@%cmmomtbl&h% m(,76. 8%w)elrt$)hy|®m&/87 87 mmol,

1. 1(6}3?150 i@@géﬁlr[%éncz)s; 0%y ﬂgplﬁgg@lgﬁg IQI: tatg |n dichloromethane

(1% &onhrwaresiisfed!, at-ropmytemperatyr2Hipr dmelte reactlon mlxture was partitioned

betWe@HSﬂlg%IB%Ill Ik (a*ﬂan?%lNZ)%’%l 31'?1%&'2@&%% _I%yneé Nas I\Fwaﬁted with

rol sochromeno rrol
dlcmom_’[ne{jhame()a@ i® ;aorglpi'ned @cga;]d;q layersrwaghed with water then brine, dried

(N%ﬁ??jgéﬁ(d bé‘ﬁéeﬂ?ﬁcar OX éké Z?Fég%ghw 'ﬁhe]?&g% Wa%r&ﬁ}ﬁ‘éb Dy flash

apenzene-

Chrbm@mmwmg( e} ) am%tﬂte IrBQemﬁane 98 thp elvast G?p@ @d90°éi to afford N-

berilzg/p4 gbééw\égl%Q 2 hgcﬂs af&'ﬂéﬁ)uf 84 g)%@&&ﬁ{i%%&@ge-'f%%oxamide

(756’hvleidaﬂergé,rﬁiW%Tm/th%?et[l‘dﬂé] using ethyl acetate in
toluene (2%to 10% afforded
trans- 2- benzyl - 7- (benzyl oxy) - 3, 3a, 5, 9b-t et rahydr oi soch
Alteroativety, 3 golgliqry of dHbeteylokgHj ,2f§iiield(cm%wteb@)zena1 -GeEpoxylic acid

= | y
(7'E§db@rr1nzo)|/’?%§§/§h-té‘,¥§gﬂ,@I%@gt(g?r aﬂ (gr&?g%c romsn k quhs St]rred for 1 hat
ambientl {enH)erainee (sEYO6aY idedng) of IEMFI\)@%re aﬂdpd:toggem@te[ ’(Mel—|]eact|on) and
theaﬁhég %Jtl%ﬁ%fé%t 'le?E)((eér?z for 0 5 h fxgéesg tglongl (érborhdeexvav?]s (rﬁrgoveéisusing a
rotammhmm@no?@ aud:}:fpiymdmvves viesclgabingigttaromethane (13 ml) and added

dropwieEb 2008488 26iaon (-50 °C) of 2-(benzylamino)ethanol (11.80 mmol, 1.784 g)
and triethylamine (18.47 mmol, 2.60 ml, 1.869 g) in dichloromethane (15.00 ml). The
mixture was stirred at -50 °C for 1 h and then at ambient temperature for a further 1 h.
Water was then added and the layers separated. The organic layer was washed with 0.5
M aqueous hydrochloric acid (x 2), dried (MgSQ,) and concentrated to give a residue. The
crude residue was flash chromatographed using ethyl acetate in heptane (10% to 50%) as
the eluent to give N-benzyl-4-(benzyloxy)-N-(2-hydroxyethyl)-1,2-
dihydrocyclobutabenzene-1-carboxamide (82% yield) MS m/z = 388.1[MH+] .

25.8 Preparation of N-benzyl-4-(benzyloxy)-N-(2-oxoethyl)-1,2-dihydro

cyclobutabenzene-1-carboxamide
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57 HH 0\ O Borane-dinethyl sulfide conplex (10.02
mol, 0.968 nm, 861 ng) was added to a solution of
wa@e®oashenzyl - 7- (benzyl oxy) - 3, 3a, 5, 9b- t et r ahy dPOI/EP2DNS/@62229
meno[ 3, 4-c] pyrrol - 1(2H) - one 5 1.336 mol, 515 ng) in
tetrahydrofuran (14 m). The resultant m xture was

refluxed 5 under nitrogen for 6 h then cool ed to 5 C

and 5N aqueous HCl (4 m) was add&d. The ure was
refluxed for an additional o hen
stand overni ght (16 h). : gat urat ed eous

NaHCO3 was added and t he was extract ed with

et hyl acetate 3y, Tbé& organics re conbi ned,
dried (MJSH4) a pbncentrat ed underoreduced pressure
to give a resid Fl ash chr omat ogr aphy of the residue
usi ng_ et hyl acetate in 10 toluene as the eluent (5%to

De%b/bart@awloéinen@(b%wtz/y soln.in D&M 4ol 18 mL 3824 ghwas added to

N- H&%@%@J’eﬁkﬁ&@?@@ﬁﬁ%i&y%?ﬂ)ﬁg Hlﬁi/@ro&}%?ob%%eﬁiz&')ev—1 -carboxamide
72.5 MkH[] Pr epar ati on of

(6.48 sl oAk iplankydroys dich oeanesh% Henlahyhe B1deenyasnivgp dor 2.5 h

then4sat9|]a‘?éﬂ' ra%'u@odé N¥HdD Hwa%5added and the mixture was extracted with
Cis-2- enz& %7 (benzyl oxy)- 3a, 5, 9b- hexahydr oi soc

dichipemaitans ] $iAdr (leeSP 3 264 coneﬁﬂtrat@ lgyagl)(o {ogive a residue. Flash
chionB sy d)frthte%éteﬁ‘@ u%%@ éﬂw%l %@até% hbludfd WeaRe ‘éldeﬁf @53% 50%)

m cr owaveée vi al s. | or oe | orof ormate (18
ga%benzyl%@eﬁ{ylog)-@b(@xo%yl)él| %glhg@opyclqtmtapeng%ﬂ]é—parboxamlde
(760QMN)SERRIG: ﬁ\ﬁlide@,ggq[magh vial. A small anount of

acetonitrile (- was al so added 20 to each vial to

aid mcrowave heat| ng Each vial was heated by

2551 Pfe‘b\élﬁétﬁari 6@3&6&& I- ﬂben&@ﬂ:c)j@z 535,519 EBtFHHy@%

Met hanol_ (5 hen ad o each vi al

ISOﬁhsaru?@[Msclpwe] ‘e(@ﬂé'@"ﬁ& frres 30%'/"53/\’1%'3251'\4@'%) ?Lé@ @b'

tetfamwﬁ:.%a%%noim-cmy%lrﬁzma&né hen concentrated and
| oaded onto a pre-acidifi ed SCX col um usi ng net hanol .

The product was el uted 2M NH3 i n net hanol and
then concentratedpto a he crude cis-7 2%
b S

(benzyl oxy) -1, 2, 3, %, 9b~h€exahydr oi sochr one
' -MS: mz = 282.5 [ M

2009/ 037220 L'062229 58 25.12 P

cis-tert-hut ; ©
7-h y-1C,>3, a, 9B~ t et r ahydr oi soﬁERO[?h 4-

A stirred solution of N-benzyl-4-(benzyloxy)-N-(2-oxoethyl)-1,2-dihydrocyclobutabenzene-
1-carboxamide (4.93 mmol, 1.9 g) in bromobenzene (590 mmol, 62 ml, 93 g) was heated
at 150 °C overnight. The mixture was concentrated under reduced pressure to give a
residue. Flash chromatography of the residue using ethyl acetate in toluene (2% to 10%)
afforded trans-2-benzyl-7-(benzyloxy)-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-
1(2H)-one (15% yield), EI-MS: m/z = 386.4 [M+H]", followed by cis-2-benzyl-7-
(benzyloxy)-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-one (27% yield), EI-MS:
m/z = 386.3 [M+H]".

25.10 Preparation of cis-2-benzyl-7-(benzyloxy)-1,2,3,3a,5,9b-hexahydro

isochromeno[3,4-c]pyrrole
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c] pyrrole-2(5H)-carboxylate OO HNI OH HOS5
Triethylamne (6.75 nmmol, 0.949 ni, 683 ng), Boc
wa@edvyasizade (6.75 mmol, 1474 nmg) and 4- (N, PCT/EP2008/062229
N- di net hyl am no) pyri di ne (0.844 mol, 103 ng) were
added to a solution of cis-
(benzyl oxy) -1, 2, 3, 3a, 5, 9b- hexahydr oi sochroneno[ 3, 4-c] p
yrrole (3.38 mmol, 950 ng) in dichloropethane (16.900
m.), and stirred at roomtenperature/fo ours. The
reaction mxture was diluted witl chl oronet hane and
washed with 10% aqueous citris afhd,~10 Col | ected
organi ¢ phase was dried (MJ§ fiMyered and

concentrated under ”- P @ to afford crude
oil. Dry | oaded o‘ﬁa asil and purified using
conbiflash Retri Sl columm, 120 g) eluting with

toluene then 5 to 10% ethyl acetate in toluene to
Borsinatdémethwichuliide commtstxi (3092 cameolad 968 gnl p¥aidngl wagadded to a solution

§
of ?ggﬁg@lb%ﬁh?di (tbg %ﬁ&gggt?’é!(fg%%ﬂ%hw&g ?hg%repﬁré?[§4 c]%)jrrol 1$2H) one
(1. @Gemzrqcsl—lﬁi@mwdnyﬂeaaf@w@‘amyﬂél o)), The resulteBt mixtere=was refluxed
und}g(?rggor%wgﬂxé)htggg%'ggleégg%‘%ugp(& 5N aqueous HCI (4 ml) was added. The
mixtee vedsyrdil oied doharoadtitana| #.5¢)] andrtheh &fta6 Stdnd caretmighy 8 le). Excess
sat{uéte?cg%m “:(?JJF ’Nagicgg?%asagéjd O%fdﬂtﬁ? r% Qttﬂl U 8?? gxt?aag\;t\gog G/gra gthe{l acetate

(x 8}, hthmodrgarfil® .v@re dombinkue drledc(d\llgﬁOJ)'l atiducenocanateleimder reduced

pre%%'rrralrtgg;rg %%s‘?#@ yFIéjé?ldgﬁr % pcﬂ‘% {Id e Mg @%ﬁﬂ/l acetate in

h
tolfeinet esi thg temeougb%g g{)lsﬁ@%) Z@a\fﬁaglsr%gervmyt ﬁ-(btmzhlany))H 2,3,3a,5,9b-
he&ﬂg’r ! 8)(2?%_0%%@5@ éf @gyr??léﬁ%‘%ygélg) %ll I?/ISI' ?n% %L}E)g [M+H]".
r Oi sochr orreno[ 3, 4- c] pyrrol e-2(5H) - car boxyl ate (69%

25) 1‘1 el parktioNBor ofs- 7Sty foxyl- Vo', 34,5 9B:Hexahy §RX Shir8fenof3,4-

clpyrolé’- net hoxy- 1, 2, 3, 3a, 5, 9b- hexahydr oi sochr oneno[ 3, 4-
25 c]pyrrole H N HH OO Iodonethaq$ (0.178 nmol)
was added to a mixture of cis-tent-hu
7- hydroxy-1, 3, 3a, 9b-

t et rahydr oi sochroneno[ 3, 4-c]p

- car boxyl at e

0090

(26 nmg, 0.089 mml) and K2CO3 A 7220
PCT/ EP2008/ 062229 Oﬂo X
cis-2-Benzyl-7-(benzyloxy)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (3.63

mmol, 1.35 g) was dissolved in toluene (20 ml) and split between 4 large microwave vials.
1-Chloroethyl chloroformate (18.17 mmol, 1.961 mL, 2.60 g) was also split into 4 equal
amounts and added to each vial. A small amount of acetonitrile (~1 mL) was also added
to each vial to aid microwave heating. Each vial was heated by microwave irradiation at
160 °C for 15 minutes. Methanol (5 mL) was then added to each vial and the mixture was
subjected to microwave heating at 160 °C for 5 minutes. The mixture was then
concentrated and loaded onto a pre-acidified SCX column using methanol. The product
was eluted with 2M NHj in methanol and then concentrated to afford the crude cis-7-
(benzyloxy)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (93 % yield), EI-MS: m/z =
282.5 [M+H]",
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59 (62 ng) in acetone (6 m) and the m xture heated at
60 Cwith stirring for 24h. Diethylamne (0.2 m) was
wa@odwediand the reactions stirred at 60 C for 3P¢I/EP®NS/062229
the mxture was filtered a concentrated in vacuo.
The residue was partitioned Detween 1 M HO (2 m)
and di chl oronethane (3 m). The dichl oronet hane phase
was separated and 5 concentrated in vacuo to give a
25.12 PrepearatichashcishrearmitglgT g dyoxys1,8 3 a@bltgtrahgertods cchrodmeno[3,4-
hept a 50 .9 the eluent afforded a residue (18
C]pHﬂ%Fe'g%t%cSF%%?ﬂgne (3 M) and trifluoroacetic acid
(0.5 M) was added to the residue®and the m xture was
stirred for 2 h then concentrated+o yacuo to give a
resi due. The residue was | oaded o to)ﬁpr e-acidified
SCX col um, washed wi th mnet he and /el uted with 2M
NH3 in net hanol. The basi£ 1 g£nt was concentrat ed
in vacuo and the residue y basic prep-LCVS
to afford HO
ci s-7-met hoxy-1, 2, 3, 3a, 5, 9b- hexahydr oi sochr oneno[ 3, 4-c¢
Trigthylpamisiee(6 (72anmoby849) mb., 683 myk:Bocranpyerideg. 7> mmek|1474 mg) and

4- (@@%@th?@nﬂfﬁ)pyndme (0. 844 mmol, 103 m re added to a solytion of cis-7-
Cl S-6- met hoxy-1, 2, 3,'3a, 5, exahydr oi sochrom

(beardpd)4-2:3.89Ortkexah O@@WF@PB@!@?’N Q:‘rpmole 881 mgok 9% mg) in

dlcﬁlb rﬁ %3@0 mL), and stlrr d at room temperature for 4 hours. The, reaction
F:oydeq qu ga Q)b tetra ydr ol socmpomsno 4-c]pyrrol

mn@urg(\gag dgtegdww gtcélorqroetgg(ye @ive| Washed i) 1@&5 aqueous citric acid.
Cofpéc?ﬁob?@%%c' B’r]é'%%e\f\/g@'dh% |(?18é ﬁ%ﬁe?@d)al?dqgonsentrgtgd under reduced

orosuccit nitm
presayettpogffond erufleeoiha Pr tlpadesdonta FHowesil édd reigtied oaingi QﬂmblﬂaSh
Reﬁ‘ltevggs iColuMin, %ZB%tﬂreﬁJtln-gw\ﬁth%lﬁEHé ?ne%tocﬂ% et chrté’t%rl?l tquene to
ature and | vent renoved y nit
eIUEPomezduqtheFrﬁftiqnér@nmnspafqdulJ@ﬁ waEdcaneenisand & la @rd CIs-terT-butyl 7-
(beﬁﬁ;?éiﬂ}l)q ﬁﬁ‘éﬂgM@ét%rhydroi%bbr%mﬂawe[%%é]gwe 9?31%%?6&&%% {69% yield),

crude materi al roducts were puri

El-MSashménr gimat3grGphi . | ReE@ Seg/s-tarpbyfy! e7| @enﬁ@owﬁ/ﬂ 1$,3a,9b-
tetr%hWblsé&ﬁéﬁeﬁo[BQ é?&ﬁ&ﬂ’é@(&#@ chborPte %250970 Abor lsf g}élf\e;gd 10%

fractions that were each concentrated to dryness.
pallediiny on scarkare ). &2 Mmahc®-08r0) Undgs ingricaimespigieeras added ethanol

(20pJ7°FHP)Ct Thé rré‘é‘dtlbﬁnnl%tuY%%amHQn Ghired VRRERRIY uﬁd%?tdnogtn%sphere of

fraction wer e nono- chl orl nat ed.

hyGFr%ﬁﬁ aognwips Hl dedrsadraremvedr spaat (catatyst by flléﬁjtﬁlﬁethﬁalﬂé celite,
warry With %&hmoﬁé’eﬁ%trﬁ% ﬂltT&\@ t81a>ﬁfbi=br €:s%@r%b§t§ﬁ’7 ‘ﬁgdﬂon-Ei 3,3a,9b-

reaction vi al heated at 60 hour s.
tetr@bYdf@lﬁ@Chm@eMéﬁ q]@wma(%o Cﬁrhowwg@n(e‘@r’/owewamﬁl bid nyp = 292.4
m4ipe cr ude residue was partitioned between saturated

aqueous NaHCO3 (2 nL) and DCM (2 nL). The chlori nated

phase was col |l ected through a hydrophobic frit and TFA

25. (IQ 5PF9p9arat"i’dwedoft 0 cidip-nldthbkii 9,3, %% 59b- Iﬁﬂahi}dfb@sdc@i’ro%enop 4-

hour the T DCM mi xture was concentrated and
c]pyrrole
H
N
H
H
~ O

O

lodomethane (0.178 mmol) was added to a mixture of cis-tert-butyl 7-hydroxy-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (26 mg, 0.089 mmol) and K,CO4
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the free base obtai ned by ion exchange chromatography

(SCX, 0.5 g). Final purification WO 2009/037220
weEFanhaP2008/ 062229 60 by prep-LCMS and conver BCDRP1008/062229

the HCl salt (HO in ether) forded cis-6-chl oro-7-

met hoxy-1, 2, 3, 3a, 5, 9b hexahydr oi sochr oneno| 3, 4- c]pyrro

(GZEEngégrOChl orl(g rﬁi E%mel%ure h/esated a% 60 ?% W?Th srllrrlng for 24h.

DlethyttarﬁmEt(b)ﬂ mb), @a&aﬂdedﬁ,aﬁb thexeﬁm@hglsﬁae@ramrm)nt([: 3043 then the
i on

mi@?rgv{()ales?f{'lt_egqﬁ §\/Nr|1<J—I col_rllce%gtgd :;'n \Eerac%gﬁ'ﬁ‘t reS|due was partitioned between 1M
HCT X hﬂ)i édw@ibmm’ﬂwh@w (fBOrﬂMJ Dbte/)jrcﬂnl,oﬁ)rﬁéth&’m pligder wdy geparated and

cor]qeejs %ovr%?lcnﬁ nglec%)lr% ﬁjlﬂ-}h ng?s%( a?rz)p%ﬁ)[ 0o Il?stlneg (e)thcy?l abbtate in
heptay (B00%) -ak, tae%ué}beﬁfetdearywsm@oalarmgprm{;raonémlrmymer(el ml) and

Bt [k o 3806e o n e Paionse v BB il s e for 2 1

the @oddehtrameal in vac@Otonaiye & Odzsildn&edchaYesmue was loaded onto a pre-acidified

SO e P PR (e Ia B on e Gt P B "Rppegl The basi

elutetnpas adnseetrited il Gadl drauthe rasidud peficidedyr BdsydprepUGMS to afford

o BT BF bt e B RO B 2GR 1 Gyt s M

m/cebbegsteeHyi a a hydrophoblc frlt and concentr at ed
under reduced pressure to afford a residue (140 ng).

The residue was | oaded onto a flash colum (12g Si,
&Reple36p) and eluted with a stepped sol vent systen1of

30% e ne t af f or,
c'sg'?g“% a1 L8 PR Per DR EapPrsariiig p-ctpyrrote
hydmﬁh&am%b t et rahydr oi sochroneno[ 3, 4-c] pyrrol e-2(5H)-ca
rboxylate (70.2 %yield), E-Ms: nfz = 368.0
[M-"Bu+H +. 27.2 Preparation of eis-tert-butyl
7-vinyl -1, 3, 3a, 9b-t et rahydr bksochr onenol[ 3, 4- c]
pyrrol e- 2( 5H) - car boxyl at /037220

PCT/ EP2008/ 062229 ~o

Cl

cis-tert-Butyl 7-hydroxy-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate
(0.583 mmol, 170 mg) was dissolved in acetonitrile (5.835 mL) and N-chlorosuccinimide
(0.613 mmol, 82 mg) added. The reaction mixture was stirred in a sealed reaction vial at
82 °C for 3 hours. The mixture was cooled to room temperature and the solvent removed
by nitrogen blow down. The mixture was partitioned between ethyl acetate and water,
dried (MgSQ,) and concentrated to afford crude material. The products were purified by
flash chromatography (Si, RediSep, 12 g), eluting with ethyl acetate in heptane (0 to 30%)
to afford four fractions that were each concentrated to dryness. LCMS analysis revealed
fraction 1 was dichlorinated product, fraction 2 was mono chlorinated, fraction 3 and
fraction 4 were both mono-chlorinated. To fraction 3 was added acetonitrile (2 mL),
iodomethane (35uL) and K,COj3; (30 mg). The mixture was sealed in a reaction vial and
heated at 60°C for 3 hours. The solvent was then removed by nitrogen blow-down and
the crude residue was partitioned between saturated aqueous NaHCO; (2 mL) and DCM
(2 mL). The chlorinated phase was collected through a hydrophobic frit and TFA (0.5 mL)
added to the filtrate. After stirring for 1 hour the TFA/DCM mixture was concentrated and

the free base obtained by ion exchange chromatography (SCX, 0.5 g). Final purification
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Tetraki s(triphenyl phosphi ne)pal | adi um (0) (2.95 pnol,
W@200%/05m20 was added in one portion to a mxt UPEI/BP2008/062229

ci s-tent-butyl

7-(trifluoronethylsul fonyl ox -1,3,3a 9b-

tetr roi sochr onen 4-clpyrrole-2(5
by egerrBaMiand 2ROV 1o, e 4 TP Al Gl FLabber S cRiBentoro-
meﬂwxgt/)-dLm@,3aGml-r&)XaﬁﬁhrdlgomhenQS,A;b]mboleig@dmhIagd@ Um7 mg), El-
carbo 19.58 ng) in a degasse
MS; mjz a&%@?%&%@%rﬁﬁﬂo 885 nL) and water (0.295 nl)
m xture. The m xture was heated at 100 C for 1.5 hours
EXand] tzgen all owed to cool to roomtenperature, diluted
rine and extracted wth ethyl acetate (x3). The
cis€BBEtHyha (2, 3,04,5Dbi-Itexakly d Axlé Schwe mend[3,4d] dyviEshe ) |
filtered and concentrated under reﬁuced pressure to 10
afford the crude residue. Purificagion by flash
chromat ography (Si 2g, Redi Seip) /el ying wth 20%
ethyl acetate in heptane f ¢l s-tent-butyl
7-vinyl -1, 3,3a,9b- tetrah H
r oi sochroneno[ 3, 4- c] py < HyOcar boxyl ate (45%
yield), EI-M5: nlz = 246.4 [M- Bu+H +. 15 27.3
27.pr eFaepanationof of  cis-tert-butyl  7-(trifluoromethylsulfonyloxy)-1,3,3a,9b-

Vet elvorenery s Sy ar g gag ™ ool > el

7-vinyl -1, 3, 3a, 9b-t et r ahydr oi soc®r oneno[ 3, 4-c] pyrrol e-
2(5H) -carboxylate (0.053 mmol, 1 and 10%

pal | adi um on carbon (0.053 nmol,N2 nder an inert

at nosphere was added et hanoH4(/5. The reaction

m xture was then stirre 7i g ousl y under an

at nosphere of hydrogen (| Hor 16 hours. Renoved
spent catal yst by fiiy h-ough celite and

O~
washing with nmethanol. The filtrate was concentrated
Tota salufion cf caisrtbet-puty d by droThé, ca e teprabyiroisostaigmeno[3,4-c]pyrrole-

2(5?-{)%?“?483(}?%&%(&3'4% "g{ﬂ%)ldﬁ @gﬁ%?ﬁqgtrérﬁ/&%&r ?432 LI) PNraS added sodium
hydride (0.41@unmot, 8% argp | fellonees! fasohé;ﬁmnvlmfbdrcm&ﬂhmulmrwlde (0.343
mng%(,f l(l)% @.Chﬁ@?esﬁnérﬁ%sgﬁﬁ&h%ag %q“l%‘ed OatSaQ%bigr‘T‘[ lte%perature for 16
hows sard dhdry Itetighd@fBan Sy -remredty dndi thec hesiiven pf@tidned] petween
dlc%yo%?qhér% anAd l\{%ll{bél @q). ﬁé o%@hic 'ﬂy%r Wag%6I‘Ie]cte[<;\/|\}'i5|]a+hydrophobic frit

and concentrated under reduced pressure to afford a residue (140 mg). The residue was

loaded onto a flash column (12g Si, RediSep) and eluted with a stepped solvent system of
10 to 30% ethyl acetate in heptane to afford cis-tert-butyl 7-(trifluoromethylsulfonyloxy)-
1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (70.2 % yield), EI-MS:
m/z = 368.0 [M-Bu+H]",

27.2 Preparation of cis-tert-butyl 7-vinyl-1,3,3a,9b-tetrahydroisochromeno[3,4-
c]pyrrole-2(5H)-carboxylate
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cis-7-Methyl -1, 2, 3, 3a, 5, 9b- hexahydr oi sochr oneno|[ 3, 4-c]

pyrrol e WO 2009/ 037220 PCT/ EP2008/ 062229 62 H N H I
w@20d9M371220Kt Ur e of cis-tent-butyl PCT/EP2008/062229

7-(trifluoronethylsul fonylo -1, 3, 3a, 9b-

t et rahydr oi sochroneno[ 3, 4-c] pyrrol e- 2(5H) - car boxyl at e

(0.118 mmol, 50 ng), trinethylbaroxine (0.236 mol,

33 pL, 29.6 ny), tetrakis(tripheny phosphine)pal | adi um

(0) 5 (0.012 nmmol, 13.65 ng) and potagsi um carbonat e

(0.236 mol, 32.6 ng) in degas$edl di/oxane (2 nL) were

subjected to m crowave irpadi 2k at 120 C for 20

m nutes. The reaction m asH partitioned between

et hyl acetate and wat¥ : {Yni c extracts were

conmbi ned, dried (MgS™), filtered and concentrated
Tetrakiiriphetddedpipinepsilardiurt ¢0) @f95arrdolt Bd1engideas adieduie one portion

Purificatj by fl ash.; chf,c ogr : ' % _
o ctr | 1BPAS% oY o " ReSRRTRAY AR TRt R O 0.0
tetrBbydrpisottecmenb[pAedjostold-2GHygprbokylates: (018 mmaA9k® mg), 2.4,6-
. +, . . -.Qr ot r ( S .
"'V[(E‘Mét’g%?f{,'gg%?'ﬂgg)&@ﬁ'{”gr‘%ﬁ“té’t?e%a@e%?'g’%ﬂm '%\ W afd potassium carbonate
(0.142 mnobri@EdBengLinscdapag Sedl 1, aidimethexyetitire. (0868 mlgsandtveater (0.295

mLZMiHltjljepnrh\garﬁiéﬁﬁ% ag‘ﬂe vgrﬁ?quee#og ﬁg@ggﬁa\:ﬁgggﬁ%ll&ved to cool to

ours and t € SO noved
roobl wwihevaiure, Tidegpwill bibe aad eptradtéd with bihyl agetaig Gtiingée combined

: t f
orsGfle RRATEPIric sl Hiled S BER A Sadd redupe presstre to
affqrg rth@ lcaudes2sitiugs \Huefichtion Ely- iSh chngrmatogrb®dy €SI 2dxHRediSep) eluting
. e . , .
il 2B SN 2RIl PEPE TS 5O Ty 8300
tetrehgdyoisocdmemed 3 4-alpyisaie-8(Sé)-chrbodyl@eH 4520 ye@l) 1 EI-MS: m/z = 246.4

P eparation of
M Zstucyﬁﬁ.:}o- 3- (4- net hoxy- 2- met hyl phenyl )acrylic acid O/l
CN CO2H A stirred m xture of

2 TG B B PR S A BBl oot
acetate (26.6 nmol, 2.053 g), pyr“di ne (233 mmol,

H

H
)

To cis-tert-butyl 7-vinyl-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate
(0.053 mmol, 16 mg) and 10% palladium on carbon (0.053 mmol, 2 mg) under an inert
atmosphere was added ethanol (5.3 mL). The reaction mixture was then stirred
vigorously under an atmosphere of hydrogen (balloon) for 16 hours. Removed spent
catalyst by filtering through celite and washing with methanol. The filtrate was
concentrated to afford crude product. The crude product was dissolved in
dichloromethane (2 mL) and trifluoroacetic acid (0.2 mL) added. After stirring for 1 hour
the sample was concentrated and purified by ion exchange chromatography (SCX, 0.5g)
to afford cis-7-ethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (57.4 % vyield), El-
MS: m/z = 204.1 [M+H]".

Example 28
cis-7-Methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
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25 18.85 m, 18.43 g) and toluene (100 m) was
refl uxed using a Dean-Stark apparatus until WO
wQe@909R27220 PCT/ EP2008/ 062229 63 one nol ar epi/EP10681062229
of water was collected. The action mxture was
allowed to cool and then coffcentrated to forma
residue that was partitioned between ethyl acetate and
5N hydrochloric acid. The combiped organics were
washed with water, dried (K and concentrated in
vacuo to afford 2-cyang-3 oXy-2-m
et hyl phenyl ) acrylic aci ofield, 28.77g), 'H
NVR (400MHz, DMSO) 3 H, s, CHCCNCOZH) 8.13
(1 H d, ArH), 695701(2Hm2xArH) 3.84 (3H,
A s, GaidBe 3.108.5 (LisHertbutyl s, OFf)tridlocrothedyisu(fBiyloxy)-1,3,3a,9b-

B M e I A S

trm@ﬂnﬂmﬂbkmd(l) Staimurol, 83 o vdra we), (tﬁ&klsm’ipher}y]piho5&ugé)pww|um (0)

o0 G Fioy' L85 AR S5y BRloBSe o ARl S48 mdip Gegassed
diopdrenyd M¢N\be|rez Gubjettdd té lﬁé?roWEmda irréddfation 43)1,20s@lfatr@0 minutes. The
at e

bj.
roag G G Ve Be e R0 G PR tollr Tad bropBlpeact
weteenmablaedlr drleih(dMgSOﬁ)[ didededr arti bontestrifedbeddar e@educed pressure to

i ot U o Ao By BRI P 5: Boape ey
aceisterin fiopianenas wﬂmepblabet affardddethe B aardtotevizd praduetl (1on@g), EI-MS: m/z

- B RS05 08 HcrnoRo®s maliny (isvmm r7pissaivet b deharopginene 2

mLYoany i tediubroatBtid @gid, (0. HmilYRv4s488dddz , TheDEsB)janp poiu8o® Wvas stirred at

ampsh] o natks R dne Spugfitimors b iy iowdoun

Thé’)bk'dﬁ@éﬁ\hbs pBrifd Hyliohl,exdishnge2dhr&hiiChhaphd (36X ( 300hg)dd,afford pure

o 3PN o S R R SR AR ERT 0P| 2 B Mol Eru:

m/2$©|1 00606 +a1f"
2- cyano- 3- (4- nmet hoxy- 2- met hyl phenyl ) pr opanoi ¢ aci d
(128 nmol, 28.16 g) in 25 dinethylacetam de (56 mnl-)
Exavagle [?9at ed at 150 C for 2.5h. The reaction mxture was

cistP B o RS Frr BB e e B o b e aibnhty Prtpyrrote

wat er, dried (Na2SO4) and concentr, d under reduced
pressureto afford /—@
3- (4- nmet hoxy- 2- net hyl phenyl )Nopan trile (100%

yield, 22 g), '"H N CDC13) ppm 7.08 (1 H,
d, ArH), 6.70-6.75 (2 S ) H, 3.77 (3H, s, WD
2009/ 037220 PCT/ EP200 % 64 OCH3), 2.91 (2H t,
CHCN), 2.53 (2H, t, 2) ~dand 2.30 (3H, s, CH3).

29.1 Preparation of 2-cyano-3-(4-methoxy-2-methylphenyl)acrylic acid
|

O
CN

=

CO,H

A stirred mixture of 4-methoxy-2-methylbenzaldehyde (133 mmol, 20 g), 2-cyanoacetic
acid (133 mmol, 11.33 g), ammonium acetate (26.6 mmol, 2.053 g), pyridine (233 mmol,

18.85 ml, 18.43 g) and toluene (100 ml) was refluxed using a Dean-Stark apparatus until
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29.4 Preparation of 3-(5-brono-4-nethoxy-2-nethyl

phenyl ) propanenitrile Br O CN 5 A solution of
whemaiose2q 148 mol, 7.59 m, 23.68 g) in chl oredDEP2008/062229

(50.0 M) was added dropvm over a period of 1 hto

a stirred mxture of 3-(4-methoxy- 2-

ong Bltﬂrl%ré)o&l&v%%/ 5% é)¥ (\%%em ' Illeit@% %ﬁ%)reacéﬂa X tIuEﬁ" g%agﬂlﬁ)wed to cool

and #20 donpentadted &ommemmromteuha wé’si‘lﬁarmloﬁeldrtmt\wea] sthiyr aedate and

for 3 t hen shed . wwith water. The or has
sNyR g o TR e, oS st asPad i iwBRh “GiedRess00
and ]?c]zr&feﬁtbaitd% @n vaaudeo giiond Reehyst-@khéethaky-mdthydphesty Dadigic acid (99
., affo 1.( 5 - 4.-
% ftrg gy o iRV R RASONBRTE 49 6. £, GHGENCO RIS (1H,
d, Ad08/6B-7 (ADRH3 I, ZOATH)33.841(BH, s,SOCALHS.1-B5 TH(Br. &, OH) and 2.42

t?3 3.87 (3H, s, OCH3). 2.89 (2H, t, CHCN), 2.55

(3*% CHe)-" cHorp) ' and 2.31 (3H, s, CHB). 15 29.5

Preparati on of 5-nethoxy-3-nethyl

51 2-di yclob benzene n r ile

202 Pripatafiba of 2vae L Aaeneay 2 mep R MRS el ped
cylinder until apprOX|pater the required vol unme was
present (-125 nlL). Com s al NaNHQ (243 mol , 9.47 Q)
was added to the ammoni NC and after stlrrlng
for 10 m nutes 3-(5-bromus’ "éyHZ 20
met hyl phenyl ) propanenitrilie (61. 8 1fhol, 15.70 g) was
added over a 5 mnute period. The n1xture was al | owed

So@u@m\/\@érﬁhﬁiﬂa@ (BBNmr‘nBIe 10esBULT aak em'déél Ufnepdivﬁénssbwrf&%eﬁéd of 45
for.  3h before being neutral

"&ﬁ‘?ﬁontp uPn SEA a8USPERBE Aind-CYape- it @?thahscﬁéwetam%ertyaacryhc acid

(132trAmel, 28 &1 1Y) HokdiuanBiearbBndte QM4@fntyl, t1r20m anﬁl\,l/atbrhﬁ% ml) at 0 °C.
anmoni a was evaporated and water was ded to t

The gracion saxtyirewan@liewed f WALt resm F%?“’é’ét%ﬁ’ fRd stirred for 2 hours

befBteC RRIFARG RGN @y brocBibric TR ZadCextRichrg tRE gsBéGdE \)MH &ther. The
washed with dilute hydrochloric acid (5%, followe

b
comgipgd oroamies W@%rﬁ”@@ NEF Sodlme Sulphate: sfﬂian'q?nﬁ%%efvawate% under
red@ﬁ&d PRIRGEMR! fo2hRHd |chyéﬂ61$0(4trﬁetﬁf>iyﬂﬁ%éflﬁﬂ;§’r%ny%@§%|c as,.d 97 %

rown r,esi due%gll 29 P‘?) Fl ash chr omat ogr aph )9
y'ekdegﬁaéa) ubli MMRsADOMHRy CUGR Rk 8198 HBpPae Ad) i h1=_6 (1H , Art),
6. 7elm(2mfni @fﬂﬁmﬁswgt(tﬂqu -GenBt BYb (i Zdd, CHCNCOZH) 3 32 (1H, dd,

di_hydr ocycl obut abenzene- ca—bonl trile (8.24 g).,
CHEGRY. Mﬁzdd@@ﬁws SCH 1 s, A6 62 (1
H s, 413(1HddCHCN)377(3Hs(I:H3)
3.53 g H, dd WO 2009/ 037220 PCT/ EP2008/ 062229 65
29-@%&}%9&@@# arthoxyBangthylhesyhpropapenidrilecizy 29 6
Preparation of 5-nethoxy-3-nethyl-1,2-dihyd

rocycl obut abenzene- 1- cagbox lic acid O
CN

A solution of 2-cyano-3-(4-methoxy-2-methylphenyl)propanoic acid (128 mmol, 28.16 g) in
dimethylacetamide (56 mL) was heated at 150 °C for 2.5h. The reaction mixture was
poured into water and the product was exiracted with diethyl ether. The combined
organics were washed with water, dried (Na,SO,) and concentrated under reduced
pressure to afford 3-(4-methoxy-2-methylphenyl)propanenitrile (100% yield, 22 g), 'H
NMR (400MHz, CDCI/;) ppm 7.08 (1H, d, ArH), 6.70-6.75 (2H, m, 2 x ArH), 3.77 (3H, s,
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O/ OH 5 A solution of

5- met hoxy- 3- net hyl - 1, 2-di hydr ocycl obut abenzene- 1- car bo
woedpiosr2q 29. 2 mmol, 5.05 g) and KOH (146 moPCT/BPA88/062229

g) in ethanol (97 m) and r (19.44 m) was

refluxed for 2.5 h. After aporation of the organic

ocjk 53 el bR A PE L SR et 0GR e w1

Et 20 (2 x 750 nL). The 10 aqueous phase was acidified

20 #ipr oA oF BB o Grosd et ot risin AR R pb et o

to afford 5-net hoxy- 3-rTEfthy -1, 2-

di hydr ocycl obut abenzeneol- rboxyl ic acid (93%yield,
5.22 g), 1H NWVR (400NMHz, “Ppm 6.60 (1 H, s,
ArH), 6.59 (1 H s, ArH), H, dd, CHCO2H), 3.73
(3H, s, OCH3), 3.21-3.32 (2H, m CH?CH) and 2.14 (3H,
s, CH3). 15 29.7 Preparation of

A Sl ioR -dP@R@itine &4 m@tnhﬁeﬂy?f’sgrmt m|681g)2|n30rﬁﬁof5rr9l150 0 mI) was added
hexahydr oi sochr g ng 3% 'h %Zr role H
res i

dropis€oc i 1 PFHed afplede n@lggtuie 905\5,343 methoxy-2-
meeyhe ﬁarowrieﬂ@nlé (B3 Aed1; 31.620y)mebdm- acetate (123 mmol, 10.13 g)

an(i.f-ﬁlgquo g?%}/%hﬁ%}%gg%ﬁe&%}urg Ql%rebr%?%ulrgcwe?scstlrred for 3 h then
wasrddnyith wa%r.ﬁr@o@aaub phesa sdrsebsredy, amed oil3,50.5 by tomlentrated

, , El - : = 310.1 [LM+H] +.. Ex | 30
in aybroNioRh eoealS Bty | Recwialisalios Gum alise) aferied chihomo-4-
me€ioR}-2 - etd]/Ipheriyl ptapanditriy @), tH-NR mom@bwgagm 7.31 (1H,

s, K 750t &t 3500, e Bl RARTZHL it 2.6 21, 1 crvory)

and 2313383, ©HR- hexahydr oi sochr oneno[ 3, 4- c] pyrrol e
(0.129 mmol, 40 ng) and 1-chl oroethyl chloroformate
(0.646 nmmol, 0.070 nmL, 92 ny) in toluene (2 M) was
29.5Frpparation o 5théthewpdemethyhdj2adih pdrolyclbbUtdben@énd-b-carbonitrile
m nutes, 5 then nethanol was added to the m xture
whi ch was subjected to fgrther m g owave

Ammonia gas was condensed into the flask from a cylinder until approximately the
required volume was present (~125 mL). Commercial NaNH; (243 mmol, 9.47 g) was
added to the ammonia at -78 °C and after stirring for 10 minutes 3-(5-bromo-4-methoxy-2-
methylphenyl)propanenitrile (61.8 mmol, 15.70 g) was added over a 5 minute period. The
mixture was allowed to warm such that the resultant mixture was stirred at reflux for 3h
before being neutralised with solid ammonium nitrate (268 mmol, 21.41 g) and allowed to
stand overnight under a flow of nitrogen. All the ammonia was evaporated and water was
added to the solid residue and the products extracted with dichloromethane (x 3). The
combined organics were washed with dilute hydrochloric acid (5%), followed by water.
The organics were dried with sodium sulfate and concentrated in vacuo to afford crude
product as a brown residue (11.29 g). Flash chromatography of the residue using 5%
ethyl acetate in heptane as the eluent afforded 5-methoxy-3-methyl-1,2-
dihydrocyclobutabenzene-1-carbonitrile (8.24 g), '"H NMR (400MHz, CDCls;) ppm 6.69
(1H, s, ArH), 6.62 (1H, s, ArH), 4.13 (1H, dd, CHCN), 3.77 (3H, s, OCHg), 3.53 (1H, dd,
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irradiation at 160 C for 5.5 mnutes. The m xture was

concentrated, |oaded onto a pre- acidified SCX col um
wasiong3ired hanol and t he product eluted w th 2MC#BP1008/062229

nmet hanol . The el uent was concentrated to afford a

resi due which was purified by flash chromatography

oty B LIS TR BT GGE Tracti ons were

conbi ned and concentrated in vacuo then dissolved in

ang. 2 in_ether  Th LXtLure S .

20§ PreeArionett aimetorEapethiesShytrchcEitapepzenc-1-carboryiic
acidi s- 8- net hoxy- 6- et hyl -

1, 2,3, 3a, 5, 9b- hexahydr oi sochronmeno[ 3, 4-c] pyrrol e

hydrochloride (79%yield, 26 ng),\E -M5: mz = 220.4

[ MtH] +. 15 Exanple 31 O OH

trans- 2- Benzyl - 8- net hoxy- 6 I -1, 2, 3, 3a, 5, 9b- hexahy

dr oi sochroneno[ 3, 4- c]pyrr®g N ,. --O OH' 1 OH

Simlar reaction protocols flor procedures in Exanple

29.7 were repeated for trans-2- 20
A sbettipl lof 8-nmeethdvyx3-rethitl [2ydikygireycobotabt etemaktychrborspiteh{20r2 mmol,

5.0553%15’91?((5?4 P o 624 g) M Ethah S 7 &I wad?P o mhQas refluxed
for 2r@ahsARebampytatiBn we theoargabic rsetveyl uride r&dudad présure, the aqueous
res{b@é%‘a}é‘%ﬁ@éﬁ@% } 500 S NSBIPYL hG wekhed Ritn Bt 2 275 ). The
aqueonn ph8sdVieb b axigified mith B adledyuSHBE durify whizkayrdeipitste édrmed that
ong 4. clpyrrol e hydrochl oride WO _2009/.037220
waB EIRRH 0BT ORYSLE s PRI WeRftd afR s oty-a-methy-1.2-
dihparotyniausabtieazéreat -carbery it acidELavkpliad FD2g), SH AR ¢48tHZ, CDCl5)
f rans- 2- - 8
oot 60 (7 AR 9 (s Ay 485 (1bLag RHE QUM AR §; OCH)
3.24-X3PERH, al, €H,CH) angy . q3Hf §,0BHk).
trans- 8- net hoxy-6-net hyl - 1, 2, 3, 3a, 5, 9b- hexahydr oi soch

romeno[ 3, 4-c] pyrrole 5 hydrochloride (14%yield),
29.F| - MS: Preparation20. 4 pfkH] +.cis-Ebanpyl8-déthoxy-6-methyl-1,2,3,3a,5,9b-

hexahydroisochromeno[3,4-c]pyrrole

Similar protocols to procedures in Example 1.6 to 1.9 were employed, using 5-methoxy-3-
methyl-1,2-dihydrocyclobutabenzene-1-carboxylic acid to afford cis-2-benzyl-8-methoxy-6-
methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole, EI-MS: m/z = 310.1 [M+H]",

Example 30
cis-8-Methoxy-6-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride



10

15

20

25

cis-6,8-Dinethyl-1,2, 3, 3a, 5, 9b- hexahydr oi sochr oneno[ 3,

4-c] pyrrol e hydrochloride H N HHCH 10 33.1
woe@pasaeo on of cis-ethyl 8-hydroxy-6-nethyl - 1PGr/BP209$1062229

tetrahyd roi soch ronenol 3, 4-

pyrrol e- 2(5H) - car boxyl ate O HNHOH O 15 Sodi um

bi carbonate (25.08 mmol, 2.107 g),and et hyl

chl orof ormate (6.02 m’m% 0. 653 wérld added to a

sol ution of cis-8-nethoxy-6-1m8 1, 2,3, 3a,5, 9b-
hexahydr oi sochr oneno[ 3, 4>¢ & (5. 02 mmol, 1.1 g)
ina THE (12.54 m) and w 254 ) m xture, and
the m xture was stirred at tenperature for 16

hours. The reaction m xture was then quenched by the

A il GR ode ety Sere vl 2 & e s ke oBipoppmenol3.4-

clpyfidle Q@ﬂ'@@ ARebl &2t g rarkd W@ﬁl@roe@H’yl &ﬂor@’ﬁtﬁhaﬁ@(@%G&ﬂﬂol 0.070 mL, 92
con ntrated in vacuo to give crudg Qi |

mabilt o8 By asc bR iR gt 8 a2 28) £ For 15 minutes,

theﬁl ﬂnbﬂf@noleWH& |dﬁj@te&M tb hth & OHixEelr&AehitH W P§@jéted @ aurf[HHrd(mcrowave
me (0).4

'”af aﬁo@ét géé) gt ﬁ?d?%‘i’%gﬁ&%ﬂ%% 3Wgs CPPSANITaied. Mgy onto a pre-

acigined SN adlemb ushothethehsi-drdhhk product eluted with 2M NH3 in methanol.
ST R A S S
chr@ﬂn@WgPéﬂh@ @irfgR- KIaN B9 Inddtear(o? @A d ndich PorB8tha® | () %WRS5%) as the

t hen di ssol ved . .in DCM BBr Min , ,
elugnt7ghwduct1fraf§o?ﬁ_yve éon?:ltﬂ’d‘)édd d?'ﬁ@cpﬁg?}%%é(hl’ a%’Bll?t??\ﬂ? gigsolved in
MeGRBasd RIVIeHC] if\edidt Dhé niktufcORER tEeieatrateddeEXsHR88d pressure to

afiGido i e MATISe e Mery L S B8 ek Crrisashipme olA-cloyrrole

hyd&EHI@Hdle (Ta% WEIS, ety ERMS: sk eraepeM¥aiCO8 (50 i) and
brine (50 nmL). The organic extract was dried over
MySO4 and concentrated in vacuo to afford a crude

mggmt that was purified by silica colum

oS LS SR k2 B Bb 3 S b RS A B ot

c]pyricks hyI 1, 3, 3a, 9b-t et rahydr oi sochroneno[ 3, 4-c] pyrrol e
-2(5H) - car boxyl ate (66%yield).

Similar reaction protocols for procedures in Example 29.7 were repeated for frans-2-
benzyl-8-methoxy-6-methyl-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-one
(0.618 mmol, 200 mg) to afford trans-2-benzyl-8-methoxy-6-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole, EI-MS: m/z = 310.1 [M+H]".

Example 32
trans-8-Methoxy-6-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride
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10 33.2 Preparation of cis-ethyl
6-nmet hyl -8-(trifl uoronet hyl sul fonyl oxy) -1, 3, 3a, 9b-
WO edopabmzelr oi sochr oneno[ 3, 4-c] pyrrol e- 2( 5H) - cap@DER1088/@62229
FFOO FFSHNOO O;1) Figp a solution of cis-ethyl
8- hydr oxy- 6- net hyl -1, 3, 3a, 9b-t et r ahydr oi sochronenol[ 3, 4
- 15 c] pyrrol e-2(5H) - car boxyl at g (1.551 mmol, 430 np)
in tetrahydrofuran (1?. 5 n) way addeéd sodi um hydride
(1.861 nmol, 74.4 ng)'.followgd by N
phenyl trifl uoromet hanesg o mée, (1. 628 Mol , 582
ng). The resultant suspg pas  stirred at anbi ent
tenperature for 16 hours>@nd>~then THE was renpved and
the residue partitioned between DCM and sat ur at ed
. NaHCO3 (aq). The organic |ayer was collected 20 via_a
S'”H?&r%ﬁ*ﬁé@?ctof et uga@ e H%ﬁa@@dwa&?dgmpméﬂcfea trans-2-benzyl-8-
meﬂLo&?—‘Bl*th@thylm,%,333@[51,9@-hé%k@l}é%ocﬂ_r{bﬁ}enbﬁﬁd;-ﬁ]%?rtrms(1Qdi gﬁ%ﬂ) to afford
chro ogra ing e cetate i n he n 0
”a’&%%“%%o’%’r@e"e‘e&yhi%@@%ﬁ?%@?‘%yﬂ%%meno%icfpygro'e
hydrodrdrity! (18%(yidld ¥, Eumeo et Bybgul [yl oxy) - 1, 3, 3a, 9b-

t et rahydr oi sochroneno[ 3, 4-c] pyrrol e- 2(5H) - car boxyl at e
(430 ng). 25 33.3 Preparation of

Ex&hsle®38-di net hyl -1, 2, 3, 3a, 5, 9b- hexahydr oi sochr oneno[ 3,
. 4- clpyrrole hydrochloride H N HHCH _ 0 W) .
c'sm%swm, F-ePR0aly driecchygmenp{3¢-glRyregle hydrochloride
ci s-et hyl H
6-met hyl - 8- (trifluoromet hyl syrfonyl oxy) -1, 3, 3a, 9b-
t et rahydr oi sochronenc| 3, A- cPpyrrol e- 2(5H) - car boxyl at e
(0.098 nmol, 40 ny), f{ et hy[or g, ne (0. 195 mol ,
0.027 nlL, 24.53 ny), O
tetraki s(tri phenyl phosphilne) pal I adi unm(0) (9.77 pnol,
11. 29 ng) and potassi um carbonate 5 (0.195 nmmol, 27.0
ng) in degassed di oxane (2 nlL) were subjected to
m crowave irradiation at 120 C for 20 m nutes. After

nal ysi.,s by LCMS the reaction m xture was artitjio
33'Eetv\/ee reRFRton, cet at®Y and \%T%tp"lyf(The &%ngﬁavsﬁhyﬁgﬁa’%'
tetebihiyaebié 04Hroenof 3, 4 Lcfsyeeble-2(5H)-carboxylate

HO

Sodium bicarbonate (25.08 mmol, 2.107 g) and ethyl chloroformate (6.02 mmol, 0.653 g)
were added to a solution of cis-8-methoxy-6-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole (5.02 mmol, 1.1 g) in a THF (12.54 ml) and water
(12.54 ml) mixture, and the mixture was stirred at room temperature for 16 hours. The
reaction mixture was then quenched by the addition of an aqueous HCI solution (17 mL, 1
M) and the product was extracted with EtOAc (3 x 20 mL). The combined extracts were
dried over MgSQO, and concentrated in vacuo to give a crude oil that was purified by silica
column chromatography (40 g silica, eluting with 10% EtOAc in heptane) to afford cis-
ethyl 8-methoxy-6-methyl-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate (1.23g). cis-Ethyl 8-methoxy-6-methyl-1,3,3a,9b-tetrahydroisochromeno(3,4-
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and concentrated under reduced pressure to afford a
crude residue. Purification by flash chromatography
W@ 3109/021220 Redi Sep) eluting with ethyl acetate PEI/EP2008/062229
heptane (5 to 3099 10 affor ci s-et hyl
8-di net hyl -1, 3, 3a, 9b-t et r aliydr oi sochr oneno[ 3, 4-c] pyr

t . Ci,s- Et hyl .
Cl%rr@e&%é@t%POXV%?%@ha ; O(ézmﬁﬁwa%! t@%%ﬂ'?%%%‘[‘?,%—" (5 mL)and
BBE](pMrik QIGM,21(, m—%mmbm(mlLaWes 6@&drgihewasultiing salitivedvagistired
v RO TR A "esos B s g T e by Gt adition of
watd@¢sdmandr Heh;ﬁhasé@%?d Sapardte& bid thehwgarecl eltyactrivas assNed with

rra t for . The m xtu

sat%e(gl{l?ld{téa (% rp[l.l) m pe((ég’ L;}" EHE o?gﬁ\éncpqxga&t)é as (?rled over MgSQO,
ancxdricentradd w tdrub@bif&dxa &udﬁ_brodﬂ'dft&hat@/mtpun&eb by gificd esumn

wer coII thr h a rophobic frit_an
et s S b s BV Babiens) th 88l oty shycron
6-negthnglel , B dbHtdtrahgsrofsathomed o3y -t]pnras-@lEMgarboxylate (66% yield).

chromat ography (SCX, 0.5g). The free base was

converted to the hydrochloride salt by dissolving in

DCM and shaking with HCl in ether before concentrating
33.20 Bfdparatiquref adis-eftyl 6-methyl-8-(trifluoromethylsulfonyloxy)-1,3,3a,9b-

-di. - ” - hex r ochroneno[S 4 c]
tet%’?g?’g@} E@%ﬂ%b\g@ﬁfed ﬁ@? g'&@%&%g@@}% el d), El-

mz = 204.1 [ MtH +. Exanpl e 34 - 8- Et hyl
-6-nethyl -1, 2, 3, Sahrkgqépexahydr @chr onenol[ 3, 4- c]
pyrrole 25 hydroc e A simlar
procedure to that |no a oIe 4 \ﬂs enpl oyed, using
2,4, 6- tr|V|nyIcycIotr|oe yane pyr i di ne conpl ex. The
ethyl carbamate protecti group was renoved in a

simlar way to that in Ex npl- 33.2 to afford
ci s-8-ethyl -6-net hyl 30

To L2 o REHRLY PR LA B octroments. ¢

Clptef48 HMM@RriaDe it 372320 rROTI, R0 &) 0i6 228 hydrofurdex ahpd eml) was

a0 _ 5 Moo b8k o1 2, B4a, 7B BN oPY M
pha”(ytttnﬁtmmn@thSnesutf§>rpwdeo(1e628l-mmoH 580 Bg). The resultant suspension was
stirred at ambient temperature for 16 hours and then THF was removed and the residue

partitioned between DCM and saturated NaHCO; (aq). The organic layer was collected
via a hydrophobic frit and concentrated under reduced pressure to afford a residue. The
residue was flash chromatographed using ethyl acetate in heptane (10 to 40%) as the
eluent to afford cis-ethyl 6-methyl-8-(trifluoromethylsulfonyloxy)-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (430 mg).

33.3 Preparation of cis-6,8-dimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole hydrochloride

ZT

H CH
o)
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Cl 35.1 Preparation of

4- br ono- 3-chl oro- 1, 2-di hydr ocycl obut abenzene- 1- car boxy
wo 2@9/05722€i d & PCT/EP2008/062229

6- br ono- 3-chl or o- 1, 2- di hydr o&ycl obut abenzene- 1- car boxy

lic acid. Br CO2H CO2H Br --Pf G d

LS L ”é[‘r’nethyl-s-sftriﬂ%ro‘r’r‘m’ae%y?s%ﬂce)r‘?yléx?/)-?,s,3a,9b-
tetrdhyrdisochyonehe8 dbapzeme2 GH)aaoxylkieC  a@©.ab8( 2 7mamol40  mg),
. 5.0 I.n sulf acid m) t he m xtur
t””éectwt?%ax'%‘? anbi @ﬁ% t errpgﬁg(gur e f@lBQEGh rea?[d':'l%sw mg),
tetrﬁklsﬂmr%ﬁmaosmﬁw@@a”é@luhm(O)O(Qerpmat er. 292@)%r%ﬁéﬁwm carbonate
| et .~ The organi cs reexra ed wit N
0.5 ByRoLRaia A Briiotsioa dlivnne 2ty Serd subifed g icrowave
wraﬂtaﬁelh at tihenCaor @0 frhiadtess t/kﬁe’il‘énlaiﬁjlslsaﬂdLCﬁlsgﬂhacrbﬁdlow rhilkture was
er IS _organ s _washed wit [ ,
et stV o SR Enef AP oo B e it Glagty. ftered
an€ bofr&iea’triaﬂelﬂemfjérsnedueed Ere8durg Yo alrfdﬂﬁ eS@Uif:iéi résgﬁjedmrwaaion by flash
rec itrile to a . o
BB (S 690 Resea BT G FBEIE dndopiang (5 to 30%)
aff@raed)oxy:k4emyaC| 6,8(dmgihylnd, 369 -teeshydt @dsdchfdrhdriofs, &-cimsrole-2(5H)-
urlfled y f shc omat ogr.a Sl t.hyl acet
ca ﬂxw]aéﬁt a@g (@g tgs%{% égg-gﬁ%%dylé,gggbgetr% rmsocﬁ‘romeno[?’ 4-
c]p@rjr@te(ﬁ)'-l)?catﬂitbwram ©2mg) was dissolved in methanol (0.5 mL) and transferred
to %gﬁg nIBPFé) %&g?%hIﬁgglﬁaneoflK(Sﬁr(g&%l) In"'wa er H (‘%%) mgg added and the
resﬁita}tﬁmgtemzyéaté'd byoﬂbroﬁfaohh?rdbat[bnl%ta,%a’@ﬁwbe n@ifutes. The mixture
exa r 4-¢C rrole N, HBr. 45~
waS et SBEGRITES o3 dRE et s iy BEM 8 x 3 mL). The
corﬂhi'péd)y)@dmlcuwem@ céﬂebte(drt‘oroﬁgb fal hyrjﬁo-pboalc fitk and concentrated to dryness
| hydrocycl obut abenzene- 1-carboxylic acid to afford
undePL P EER, FESUE oo iy BN 0te) 08 g" by on  exchange
chrBﬁﬁtcﬁP&ﬁ@&B@ﬁQ@Zﬁg) THe free base was converted to the hydrochlorlde salt by

dlsﬁlwﬂ%jn ﬁpg/l 20 hﬁaﬁhg%/%wcmr%% Frg?% éggonC(JeR%erqt{n% to’afford pure cis-

6,8tdimpthyRt,BSizys, 9F-hbraiydrdisachtopienoll3, £-cpyBaleSh@edréoxratay (2.4 mg,
539 OO ERIR LS o vl e HNH O

Example 34
cis-8-Ethyl-6-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride

ZT

H o
0

A similar procedure to that in Example 14 was employed, using 2,4,6-
trivinylcyclotriboroxane pyridine complex. The ethyl carbamate protecting group was
removed in a similar way to that in Example 33.2 to afford cis-8-ethyl-6-methyl-
1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride (57 % vyield), EI-MS: m/z
=218.4 [M+H]",
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Br 5 Cl Simlar protocols to procedures 1.6 to 1.9

wer e enpl oyed, using 4-brono-3-chloro-1, 2-
waledvgasnaey cl obut abenzene- 1- carboxyli ¢ acid to BET/BPIH08/062229

trans- 2- benzyl - 7- br ono- 6- ch

1, 2, 3, 3a, 5, 9b- hexahydr oi sochroneno[ 3, 4-c] pyrrol e,

£ El - |§5 mz = 380.5 [ MfrH +. 10 Exanple 37
X Br ono- 6- chl oro- 1, 2, 3, 3a, 5, 9b- hexahydr oi sochr onen

cisell-Bedzyl{7plyrontd-6-chlord 102, 8)3ars, ste-hek 4B yidroislo €hiid mésto[E4-c] pyrrole
Simlar protocols to procedures in_Exanple 30 were

enpl oyed, using cis-2-benzyl -7- @
br ono- 6-chl oro- 1, 2, 3, 3a, 5, 9b- héxat oi sochronmenol 3, 4-
c]pyrrole (0.132 mol, J to afford
Cci s-7-brono-6-chloro-1 5, 9b- hexahydr oi sochr onen
o[ 3,4-c]pyrrole hydro H779%, El-M5. mz =
288.0 & 290.0 [ MtH] g 28-Exanpl e 38
trans- 7- Brono- 6- chl oro- }, 2, 3, 3a, 5, 9b- hexahydr oi sochr om
eno[ 3, 4-c] pyrrol e hydrochlorlde HCH H H OBr C
35.3i MAréparapont of ofbromord-clulede 2sdihpdiecyolobeatf@nzene-1-carboxylic

ac@g’_k%%g%Bg’#g%lgg%g fz‘?‘%yéf&@%\ﬂu‘dh%@er@@ﬁ9Ja9§3)%ﬁig acid.

brono- 6-chl oro-1, 2, 3, 3a, 5, 9b- hexahyd®roi sochr onenol 3, 4-
c] pyrrole (0.032 [, 1X4d) to afford ,CONH
trans- 7- br ono- 6- ono-1, 2, 3, 3a, 5, ﬁﬁydroi sochrom
eno[ 3, 4-c] pyrrol g, _hydr hchi or i de ( O%| [-MS: mz =
290. 0 [ M+H] +. Bp” EX le 39

cis-6,7-Dichloro-1,2, 3, 3a, 5, 9b- hexah dr0| sochr oneno[ 3,
4-c] pyrrol e hydrochl ori de

N-Bromosuccinimide (27.4 mmol, 4.87 g) was added to a solution of 3-chloro-1,2-

dihydrocyclobutabenzene-1-carboxylic acid (27.4 mmol, 5.0 g) in sulfuric acid (25 ml) and
the mixture was stirred at ambient temperature for 16h. The reaction mixture was poured
into ice-water and extracted with ether. The organics were extracted with 2N NaOH (x 2)
and the combined aqueous layer was washed with ether, then acidified with 5N HCI and
extracted with ether (x 2). This organic layer was washed with brine, dried (Na,SO,4) and
concentrated in vacuo to afford a crystalline residue (6.81 g). The solid residue was
recrystallised with acetonitrile to afford 4-bromo-3-chloro-1,2-dihydrocyclobutabenzene-1-
carboxylic acid (4 g) and the resultant filtrate was purified by flash chromatography using
ethyl acetate in heptane (30% to 60%) to afford crude 6-bromo-3-chloro-1,2-

dihydrocyclobutabenzene-1-carboxylic acid (72 mg).

35.2 Preparation of cis-2-benzyl-7-bromo-6-chloro-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole
N :
H
H
(0]

Br
Cl

Similar protocols to procedures 1.6 to 1.9 were employed, using 4-bromo-3-chloro-1,2-

dihydrocyclobutabenzene-1-carboxylic acid to afford cis-2-benzyl-7-bromo-6-chloro-
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HCHHOH C Cd 39.1 Preparartion of

ci s-2-benzyl -6, 7-di chl oro- 3, 3a, 5, 9b-t et r ahydr oi sochrom
we@ewp837220 c] pyrrol -1(2H -one o HH CI O 10 QPCHEP2008/062229

m xture of 71

Ci s-2- benzyl - 7- br ono- 6- chl oro- 3, 3a, 5, 9b-t et rahydr oi soc

12 RO e b AR s S 673 338

ng) in N-nethyl-2-pyrrolidinone (2 m) was subjected
Ex to Pk%romave irradiation at 180 C for 10 m nutes,
t 210 C for 60 m nutes. Water was added and the
trans-2tBerezybXbrembegicAlorovi (23,84, 5)9b-ltex@ahgtimis oesbm@no[3,4+-c]pyrrole
brine, dried (Na2SO4) and concentrated in vacuo. Flash
chr omat ogr aphy of the residue usi gt hyl acetate in
hept ane (30%to 50% as the e af f or ded
ci s-2-benzyl -6, 7-di chl or o3[ 3a 5 9b t et rahydr oi sochr om
enol 3, 4- c]pyrrol 1(2H) @ 9.4 ny, 62%yield),
El-M5: mz 348.4 & 6 ["Hu+. 20 39.2
Preparartlon of Br
ci s-2-benzyl -6, 7- dlchlolo 1, 2,3, 3a,5, 9b-
hexahydr oi sochroneno[ 3, 4-c]pyrrole HH OC / C WO
2009/ 037220 PCT/ EP2008/ 062229 73 Simlar protocols to

Smﬂag pécq cﬁszycr pg)%é&l%lse‘l.&'tc? 1Y§3\r/v%reegﬁ1lp%¥/gg,’ ustljr?gi r41%romo-3-ch|oro-1,2-
d|hyldrohydxrbm{abeaaer;ch-9-baﬂblekyliahyddo'tcsOaﬂbrdartmm{Zdehzgﬂ-I}jbrdhm-G-chloro-
0.109 t .
124 S5 BERspR e an il RPN 2 330 s Mo
ronmeno[ 3, 4-c] pyrrole (30.6 ng, 84 %, El-M5 nliz =

Ex 33% é7& 336.1 [N%Fﬂ+. 5 39.3 Preparartion of
£&L7- di chl or o- 1, 2, 3, 3a, 5, 9b- hexahydr oi sochr oneno| 3,

cis47-Bromo-6-chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole

hydrochloride
CIH

ZT

Br
Cl

Similar protocols to procedures in Example 30 were employed, using cis-2-benzyl-7-
bromo-6-chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (0.132 mmol, 50 mg)
to afford cis-7-bromo-6-chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride (77%), EI-MS: m/z = 288.0 & 290.0 [M+H]".

Example 38
trans-7-Bromo-6-chloro-1,2,3,3a,5,9b-hexahydroisochromeno|[3,4-c]pyrrole

hydrochloride
CIH

Similar protocols to procedures in Example 30 were employed, using frans-2-benzyl-7-
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c]pyrrole hydrochloride HCITH HI OH C Cd Simlar
protocols to procedures in Exanple 2 were enpl oyed,

W@ sing3nes- 2- benzyl -6, 7- 10 PCT/EP2008/062229
di chl oro-1, 2, 3, 3a, 5, 9b- hexahy r0|sochroneno[3 4-c] pyrr
ole (O 06 nnDI 20 ng) to aff

e S A sl %f?%ﬂ?e%é?%‘%“ﬁ%%@i Riglgt2 mo

to 246ffdrd[ Mirdns-7-Exoarpd-ehldtd-1,3,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole

hy%?é%%rm%aﬁé%é@hﬁ@' o%yr%ng]L 1, 2,3, 3a, 5, 9b- hexahydr

trans- 2- benzyl 6- chl oro- 3a- net hyl -1, 2, 3, 3a, 5, 9b- hexahy
dr0| gchroneno[s 4- c]pyrrole N H N H oo C d

—J¥@Q$§L1 Preparation of

cis3, TiDictilordl1 2; 33 )5 9 bdrxahpdroistehnaasre[B;4-e)pyeroyd hgdrachlbride
~J/ICO2H C  The H
3-chl oro-1, 2-di hydrocycl obut
was prepared using sinlarH
Exanple 1.1 to 1.5. WO
74 40. 2 Preparation of
N- benzyl - 3-chl or o- N-€¢I2- hydr o ypropyl) 1, 2-
dihydrocyclobutabenzene- t carboxamde 0 ~ HO C A

re of 1-(benzyl am no)propan-2-ol (12.32 mol,
39. Q I{yggawtlor@ iof é;fq1§-|bgﬁ1'zy{eﬁ z-iig:hjgro -3,3a, 5 9b-tetrahydr0|sochromeno[3 4-

clpyrrol-1(2H)-one

zeneH1- carboxylic acid
rogedures as those in
20 PCT/ EP2008/ 062229

Cl
Cl

A mixture of cis-2-benzyl-7-bromo-6-chloro-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-
1(2H)-one (0.183 mmol, 72 mg), and nickel (ll) chloride hexahydrate (0.733 mmol, 174
mg) in N-methyl-2-pyrrolidinone (2 ml) was subjected to microwave irradiation at 180 °C
for 10 minutes, then at 210 °C for 60 minutes. Water was added and the mixture extracted

with ethyl acetate, washed with brine, dried (NapSOy4) and concentrated in vacuo. Flash

chromatography of the residue using ethyl acetate in heptane (30% to 50%) as the eluent
afforded cis-2-benzyl-6,7-dichloro-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-
one (39.4 mg, 62% yield), EI-MS: m/z = 348.4 & 350.6 [M+H]".

39.2 Preparartion of cis-2-benzyl-6,7-dichloro-1,2,3,3a,5,9b-

hexahydroisochromeno[3,4-c]pyrrole
N :

H

Cl
Cl



5 mol, 2.290 mM, 1.662 g),
3-chl oro-1, 2-di hydrocycl obut abenzene- 1- carboxylic acid

w@ 1009087220 8. 21 mmol ) and cycl ophos i n ethyl acERCHEPR2008/062229
(9.86 mol, 5.87 m, 6.27 g),jn DCMwas stirred at
roomtenperature for 2h The Teaction m xture was

Sty ProEPTS h BEEEHp df RO P Al B ppEC USG S 2-benzyh6.7-
dichlor3,08 Giek thaley davisbahesrhéntfsl4 @imyanl- c(zmyaee 4069 enmol, 38 mg) to

W th ter th dried 10 (Na2S and
o e DIREia 2 S Db R o pI L4 hlprole. (20.6
mgS84 PoaRENSCEIAEB34.¢ I8 386t paFrpbhy el uting with 30 to
50% et hyl acetate in heptane to afford N-benzyl - 3-
chl oro- N- (2- hydr oxypropyl ) -1, 2-di hydrocycl obut a
39. Benemrarl:oncaofoox&;-ﬁr?d:liaﬂ()ﬂm 23y 3eb9p-hexdydroisochromeno[3,4-
OEﬁfa{‘ | OE N- benzyl - 3- chl or o- N- ( 2- oxopropyl )-1, 2
C]pi’g Wé/(?rc @obut abenzene- 1- car boxanide 0 O J cl
To a solution of CIH
N-benzyl - 3- chl or o- N- (2- hydrgx pll\l pyl)-1, 2-di hydrocyclo
but a benzene- 1- carbox 6 g, 7.76 mmol) in
di chl oronet hane (64.7 m deéd a sol ution of
Dess-Martin peri odi nad [, 19.34 nm, 26.3 Q)
15w % i n di chl or onet hane. The 20 m xture vvas stirred

at roomtenperature for 3°h then a further 2.3 m of

Sintias rétbedis no m@cfedofhsnmnExmgeaaid@@e e'ﬁ’i‘[ﬁoyéijﬁjtifng S&8-benzyl-6,7-

, [ or a furt and n. sat ur ueous
10 d'CNQF%@%\& H&E@'HHEP'%Q‘E AR SO %CWFFP'Pe@ o’i“mé’ £4% g fo afford
cis-B7-gichlorol N, 31824%,0b-@ eXas/drdisteRrddidriop;4-2pyWbleh hydrochloride (77%),

i chl or t ha ..washed with brine, dried (MpSH)
El- &ﬁdm/%o%ggﬁtgrg‘f%%)ﬁﬁ%i'dler reduced pressure to afford a

resi due. Flash chromat ography using 25 ethyl acetate
in heptane (10%to 30 % as the eluent afforded
;N—%l@#ﬁEx N yl - 3-chl or o- N- (2- oxopropyl) -

15 c:silz Bedﬁl%lﬂ%&ﬁ@h&tﬁﬁleﬂzem ﬂQ&-&éWﬁﬁBgﬁ%%oB ,4-c]pyrrole
epar at
& U1 °\ s Zhaenu b loreragneiyl mok i b 98- nexaby g hromenol3, -
clpyPe%d 037220 PCT/ EP2008/ 062229 75
t et rahydr oi sochroneno[ 3 4- c]pyrrol-1(2H)-one &
ci s- 2- benzyl - 6- chl or o- et hyl -
3,3a,5,9b-tetr ahydrrreno[ 3, 4-c] pyr}-«t.H) one

o NO H, N H ="

+

Cl

Cl

20 40.1 Preparation of 3-chloro-1,2-dihydrocyclobutabenzene-1-carboxylic acid

CO,H

Cl

The 3-chloro-1,2-dihydrocyclobutabenzene-1-carboxylic acid was prepared using similar
procedures as those in Example 1.1 to 1.5.
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Oo A d A solution of

N- benzyl - 3- chl or o- N- (2- oxopropyl ) -1, 2-di hydrocycl obut a
when2esr20- 5 carboxam de (2.86 mml, 936 ny) POI/EP2008/062229

br onobenzene (30nl) in two I_%rge m crowave vials, was

irradiation at 210 C for 30 nutes. The reaction

| oaded dj tl t
0.3 PRI ui th-neBl anc. 1 o1 NAREY 6y BRFGI-2 hydh8iiBpyi)1.2-

dihyded@ajictothaabherirend A% drbokdifridet 0 af f or d
trans- 2- benzyl - 6- chl or o- 3a;,net hyl - 3, 3a, 5, 9b-t et r ahydro
i sochroneno[ 3, 4-c] pyrrol - 12 Qp 42.0 % yield),
foll owed by cis-2-be - 6/ChiNoro et hyl - 3, 3a, 5, 9b-
10 tetrahydroi sochr 3, 4-¢] pyrrofl -1(2H)-one (37.4
% yield) 40.5 Prepars
trans- 2- benzyl - 6- chl of 0- 3a- et hyl -1, 2, 3, 3a, 5, 9b-
hexahydr oi sochr oneno[ 9, 4- c] pyrrole ~i9 C d

A rltngxgl@ ﬁ&%&z@ﬁ rjﬁg{}r%lbé?n }_Et},%'m ’of §3€|§_9r3;) fei%}ﬂ%h& (16.43

mnmi. 29(3/\@%5 1che2s®)| $-esbllorar Qeilmeir@avclobwtaaendemg Tndarbexytic agid (1.56g,

T

stirregl) at Them tﬁmaetuaterevm 2ef rrbgewagimérmlﬁuter a@@npartbhorﬁedh between
: £ 0 u S 3 ) d

oA e A N SRS e TR g oy By e it
diChIhemmetI@arte 2yl serabided eganicghyerg Qverd Gvashed adth ewat@rddem bgne, dried

S%CWC%%HEQES&%%Sﬁ:f%%%C%Eg)rﬁ‘fé(a g\ﬂt‘ﬁ \A%@%ggl column

ted wt I ne

chranatbd%JiHyeeluﬂfg @ (NS, ang ac@%@&@rﬂhé%ﬁé’ tGQﬂ@Fd N- benzyl -3-

reduced pressure ve a residue. The crude residue

chigges™ ;S%PWFP@&WOW'HZ é’qufjt%é?éPbLE%ﬁ’enﬂ%ﬁ”% HTC@F%XBQ‘F%% % yield).
eluting with 10 to 30% ethyl acetate in heptane to
afford trans-2-benzyl - 6-chl or o- 3a- net XI

40.3 2 3, 3P1sParAtEX ahydr oPSochr onBrRMEYh3-chlpreiNs(Z-pxpropyl)-1,2-

dlhg@&%gﬂcﬂitﬂéberﬁenm—cdfbéxammdf 1 [M+H +. WO 2009/ 037220
CT/ EP2008/ 062229 76 40.6 r epar ati on of

ci s- 2-benzyl - 6- chl or o- 3a- nef\hyl - 3a, 5, 9b-
hexahydr oi sochr oneno| py+N ol e H Cl 5 Simlar
protocols to proced in( Exaypl e #4875 were enpl oyed

usi ng ci s-2-benzyl - @ 4 ’
.15, obXerty hydr oi sochr oneno[ 3, 4-c¢

chl or o- 3a- net hyl - 3, 3a
]pyrrol -1(2H)-one (667CIing, 2.03

To a solution of N-benzyl-3-chloro-N-(2-hydroxypropyl)-1,2-dihydrocyclobutabenzene-1-

carboxamide (2.56 g, 7.76 mmol) in dichloromethane (64.7 ml) was added a solution of
Dess-Martin periodinane (62.1 mmol, 19.34 ml, 26.3 g) 15wt% in dichloromethane. The
mixture was stirred at room temperature for 3 h then a further 2.3 ml of Dess-Martin
periodinane was added. The mixture was stirred for a further 1h and then saturated
aqueous NaHCO; was added and the mixture stirred for a further 30 min. The mixture was
then extracted with dichloromethane (x3), washed with brine, dried (MgSO,) and
concentrated under reduced pressure to afford a residue. Flash chromatography using
ethyl acetate in heptane (10% to 30 %) as the eluent afforded N-benzyl-3-chloro-N-(2-
oxopropyl)-1,2-dihydrocyclobutabenzene-1-carboxamide (76 % yield), EI-MS: m/z = 328.3
[M+H]".

40.4 Preparation of trans-2-benzyl-6-chloro-3a-methyl-3,3a,5,9b-
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mmol) to afford cis-2-benzyl -6-chl oro- 3a- net hyl -

1, 2, 3, 3a, 5, 9b- hexahydr oi sochroneno[ 3, 4- c]pyrrole (93%
w@e@ba}722€l - M5 mlz = 314.3 [ M+H] +. 10 Exanpl eP@W/EP2008/062229

trans- 6- Chl or o- 3a- nethyl 1, an 3a, 5, 9b- hexahydr oi sochr

oneno[S 4-c] pyrrole hydrochlorlde H NCH H 0, Cl

t f t 6-ch
tetiang Sisttoditogienbl S ARG i Ao L 5 2 U shiosp ga-methyl-
3,36 5 -tatrah§ dradfochiromenofB)d-clpyerdla{2ii-évyd chl or of or mat e
(3.60 mol, 389 pl, 515 g) in toluene (3 mM) was

subj ected to m crowave | di ation at 160 C for
m nutes, then t haio ) was addeg to/_h@
m xture and th re was subjected tox_m/cro
irradiation for 5.5 mnutes. conbi ned
m xture was ‘
pre-acidifi
20 was el ute nel-8nd t hen
concentrated ¢lo afford the desired product. Flash
chr omat ogr aphy using 10% net hanol | nCHi chl or onet hane,

Af OelothWﬁd ka 1Q\9”%erﬁﬂ(\:ﬂl %Io‘r&l\l’-\@giob%pWMﬁ(ﬁ ﬁ%rgﬁﬂélo‘b&fé%enzene 1-

pr oduct purifie g SiI C prep-
Caréﬂéﬁ”ﬁ'ﬁ@@ 86 Arerlt 938 @6) @nféf Oﬁf@h%@eﬁéd @fﬁl)ﬂmt!VQ-l@rgesfaICfowave vials,

waé'?r?d?ﬂatl'épat I2"1‘0 @@hg,r 3(5 Hurthé/se The reaction mixture was loaded dlre%tly onto a
trans- 6-chl or o- 3a- hyl -1, 2, 3, 3a, 5, 9b- hexahydr ol soc

Biotagsfbiatimn @m%ywstﬂdefww:ﬁp&m felkqwes byzhyl 2zetaig-rerigne 10% to 50%
to ﬁfor&@rangfggt/)%ngglzbdﬂc@or[oﬁ@"d'unéthy}[@?)g%Qﬂ;/ t%?rg%?oq)msochromeno[?, 4-c]pyrrol-
1(2&)-one- ¢h-Br 6 3xiekbt hipllowed nBy 3&IS2-0eNAESaRpER-7-gwEm -8 a5, 9b-
tetrﬁﬂgirélsécr%mebfé[@ Qfl-(ﬁpyrm( dphinersag oyiehCH H1 O a
mlar protocol's to procedures I h Exanple 41 were
enpl oyed, using cis-2-benzyl -
40. §h| ]Of CPréeaﬁ%hW ﬁg ot 3 3é}ra'§;s9£lb9ﬁiyg-|%>§$ﬂeﬂo$ﬁlh{emﬂoi 3,3a,5,9b-

pyrrole (55

he@wdsméﬁcfvpmemmétcﬁwrrole

1, 2, 3, 3a, 5, 9b- hexahydr oi sochromeno?ﬁ- c]pyrrole
N

The™pr oduct

trans-2-Benzyl-6-chloro-3a-methyl-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-

one (393 mg, 1.19 mmol) was dissolved in tetrahydrofuran (12 ml) and to the resultant
solution was added borane-dimethylsulfide complex (8.39 mmol, 807 pl, 638 mg). The
mixture was refluxed under nitrogen for 6 h then cooled to 5 °C and 5N aqueous HCI (3
ml) added. The mixture was refluxed for an addition 1.5 h and then left to stand overnight
(16 h). After addition of excess saturated aqueous NaHCOj3;, the mixture was extracted

with  EtOAc, the organincs combined, washed with brine, dried (NaySO4) and

concentrated under reduced pressure to give a residue. The crude residue was purified
with silicagel column chromatography eluting with 10 to 30% ethyl acetate in heptane to
afford trans-2-benzyl-6-chloro-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-

25 c]pyrrole (68% yield), EI-MS: m/z = 314.1 [M+H]"



hydrochloride (78%yield), El-M5: mz = 224. 4 [ M+H] +.
10 Exanpl e 43
WO e@n®3722Br ono- 6- chl or o- 3a- net hyl -1, 2, 3, 3a, 5, 9pcERBNY/ 52229
roi sochroneno[ 3, 4- c]pyrrol & ydrochloride HCH N
H, O Br d 15 43.1 Preparation of
N- benzyl - 4- br ono- 3- chl or o- N- ( 2- hydr oxypropyl ) -1, 2-
di hydr ocycl obut abenzene- 1- carboxanm de 0 NN ~Ph NCH Br
40.61 20Preparatéan ut i orofof cis-2-benzyl-6-chloro-3a-methyl-1,2,3,3a,5,9b-
dr ocycl obut abenzene- 1- car boxy

4-b - 3- chl s, 2-di
he)fafhé’rdgér'gag'fr%."le%ro?%f%iﬂ%?yrliaé6 g) and Cycl ophos (50 wgt %

in AcOEt) (9.25 nmmol, 5.88 g) in DZM=(30 m) was
added 1-(benzyl am no) pr opan-2- mmol , 1.763
g). Triethylam ne (14.23 moly m, 1.440 g) was
added and the reaction mtyre\was stirred at RT for
2hr. The reaction m xt+ Mas/ quenched with 2 N HC
(30nm.) and the aqueo 3
PCT/ EP2008/ 062229 78 actied with DCM and conbi ned
organi c extracts were Washed with water, then brine,
dried over Na2SO4 and gpncecntrated in vacuo to afford
a crude oil that was purified by silica colum
5 Simgilgr PreiPely spRyocedwreg i8ifxagwle dDqt Varg NPIRY P& pisige cis-2-benzyl-6-
chlér%t:%%eﬂw(yils 38/510p- t%(réhydr&l@&hr@ﬁ@&% 41 f@(f2¢1) -one (667 mg, 2.03
N-benzyl - 4-br ono- 3 | or o- N-tj1 érox ropy 5
mmflHY @ifeed &/ 861906&3&1%9{@3@ Gl b'ok gt?ch@@hgdr roggnol3,4-
clp r&@'(é:@A,%@ld)dEl S, .-%/zF’JC S4B
br ono- 3- chl or o- (2 oxopropyl) 1, 2-
di hydrocycl obut abenzene- 1-carboxam de 0 N'Ph Br 10

10 Ex&rhple 41
trans-6-Chloro-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole

hydrochloride

CIH

A solution of frans-2-benzyl-6-chloro-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
15 clpyrrole (226 mg, 0.720 mmol ) and 1-chloroethyl chloroformate (3.60 mmol, 389 pl, 515
mg) in toluene (3 ml) was subjected to microwave irradiation at 160 °C for 15 minutes,
then methanol (1 ml) was added to the mixture and the mixture was subjected to
microwave irradiation at 160 °C for 5.5 minutes. The combined mixture was then
concentrated and loaded onto a pre-acidified SCX column using methanol. The product
20 was eluted with 2M ammonia in methanol and then concentrated to afford the desired
product. Flash chromatography using 10% methanol in dichloromethane, followed by 10%
2M NH3 in MeOH in DCM afforded ~150 mg of product, which was purified by basic prep-
HPLC and then concentrated and converted to the HCI salt using HCI in ether to give
trans-6-chloro-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride
25 (27% yield), EI-MS: m/z = 224.3 [M+H]",
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To a solution of
N- benzyl - 4- br ono- 3- chl or o- N- ( 2- hydr oxypropyl ) -1, 2-
waledvgasnaey cl obut abenzene- 1- car boxam de (3. 38 nP@I/EP2008/062229
1.38g) in DCM (15 mM) was a d Dess-Martin
Peri odi nane (15%in DCM ) (5.07 mml, 10.53 m, 14.34
%P %pvvise and the mxture was stirred at 20 C for
Further Dess-Martin soln (1 nL) was added and 15
cissB- Chrdragavmstl'quni,mmd,QBdfexahf/dllrdé‘cmhrdﬁeﬁbﬁA-&ﬁyrroﬂm
h br lecarbonate soln. (30 mM) was added and
y rt°° ar § continued for 1 h. The m xture was then
filtered through Dicalite and the resulting filtrate
was separated and the aqu raGlHwashed with DCM
(3 xI5m). The conbi ned ni c)extracts were
concentrated in vacuo rude oil that was
purified by silica col tography (40g silica,
eluting with heptane, OAc 20 9/1-1 /1 to
af ford N-benzyl - 4-brono-@3-chl oro-N-(2- oxopr opyl)-1, 2-
di hydr ocycl obut abenzene -A-carboxam de (1.2 g, 58%.
aratio

SirioE PESES b - STOTHRS: . EXPBPIS. 41 YRSE ETRISYosh, ingpois-2-benzyl-6-

cth@t-S'aall‘rh)éﬂinﬂ a@f;:ta 5 eﬂmeﬁér@déo@dcﬁwmeﬂofs‘u%m»rr@@e (5880ng, 1.7 mmol )
tra
10 ¢ hPUPE: 3a SaLFYProTesRE R o2 Seta SRy AP deiRcshemsnel et cloyrrol
hydreotisridle-(1§ ZHiel@n €1-MSNm/H=t24 4QveHpr Br Cl CI WO
2009/ 037220 PCT/ EP2008/ 062229 79 A sol ution of
N- benzyl - 4- br ono- 3- chI or o- N- ( 2- oxopropyl ) -1, 2-di hydroc
m@gh gt a benzene- 1- carboxam de (2 95 nmol, 1.2 g) in

rafs %3?92-&?%93%0'"&3'}@5%5%?3# ahyiepIseshyamengRk-

c]pyerohy RygdrédHRIridéacuum t o obtain a crude oi | that was
purified by silica colum chronatography (40 g silica,
eluting with 20% 5 50% (v/v)—el hyl etate in
hept ane) to give H.,
trans- 2- benzyl - 7- br ono-
3,3a, 5, 9b-tetrahydroi sg , 4-c] pyrrol -1(2H)-one
(325 ngy, 27%, El-Msg ; 80[MH—|]+ t hen
ci s- 2-benzyl - 7- br onp- 6- chl or o- 3a- net hyl - 3, 3a, 5, 9b-
t et rahydr oi sochr omeno[ 3,4-c]pyrrol-1(2H)-one (230 ny,
199% EI-I\/IS nl z 4080[I\/H—I]+ 10 43.4 Preparation of

rags- 2- benzyl - 7 bro ro- 3a-
43@ E é’ﬁ bi socHr one %’"ZA’ g$9Wo$e£@¥?5h’1@2h*ﬂr°xypr°pyl) 1,2-

dlhydrocyclobutabenzene 1-carboxam|de

o)
/\Ph

\\<OH
Br

Cl

To a solution of 4-bromo-3-chloro-1,2-dihydrocyclobutabenzene-1-carboxylic acid (7.11
mmol, 1.86 g) and Cyclophos (50 wgt % in AcOEt) (9.25 mmol, 5.88 g) in DCM (30 ml)
was added 1-(benzylamino)propan-2-ol (10.67 mmol, 1.763 g). Triethylamine (14.23
mmol, 1.997 ml, 1.440 g) was added and the reaction mixture was stirred at RT for 2hr.

The reaction mixture was quenched with 2 N HCI (30mL) and the aqueous layer was



10

15

20

25

trans- 2- Benzyl - 7- br ono- 6- chl or o- 3a- net hyl - 3, 3a, 5, 9b-te
trahydroi sochromeno[ 3, 4-c] pyrrol - 1(2H)-one (0.546

worneb/03122022g) was di ssol ved in tetrahydrof ur anC/LP2008/962229
and to the 15 resultant sol u} on was added borane DVS
(3.82 mol, 0.367 m, 0.290 g% The mxture

refl uxed er , nitrogen 2.5 Further b ne-
xtzited W0 DSH g SRR & Sinie Brdt WEE o Vg'ﬂh\fya Wity en brine,
drlétEa\t@d\I@SOﬁ ehl usndazhtrateti un vha@ro tb dffordatdudedoibthdt tagnpurified by

d t
siich s U ltarePaatd Fus SwTPa s Mepl BUE R Ton, 21, then
EtCA)HCI (o m ) wdfercadded N-beoziyh-trévao-Sashiteo e (2-ayatlotybeopyl)-1,2-

) ti t 20 fl f 1.5 h.
iyt o aames T 81 aabehS e M B T E v

removed under reduced pressure before addition of 4N

4320 Reerdlionos MhRGTedihitrte o ide SXbp b E ar o

dlﬁyhmyctnhmswﬁﬁzahed-caibumﬁmeto give a crude oil that
was purified by silica colum chromatography (4 g
silica, eluting with DCM 2% 15% MeOH in DCM to give
trans-2 25 0
benzyl - 7- br ono- 6- chl or o- 3a- rre hy|-1P2, 3, 3a, 5, 9b- hexahy
dr oi sochronenol[ 3, 4-c] py (1%0 , 71099, mz =
394.0 [M+H +. 43.5 Prepa on of
trans- 7- br omo- 6- chl ord- 3a-msthy| 1,2, 3, 3a, 5, 9b-
hexahydr oi sochroneno[ 3, 4 Cd] pyrrol e hydr ochl ori de WO
To20094 0372280,iRAT/ EPZPO8/ 0632281-4800Mb - Gloro By drdxyBropyl)-1,2-

A sol ution of
dinygramcl uibepgencr1-aibmEABIde B 3 sumal edde)in DCM (15 mi) was added

Deds- g’la%m%r@d%heg%%wm ?(QWVQHBPQB%G%I%@B& 9 ldfopwise and the
0.127 ol and chl oroet h K/@r‘lﬁ‘e orof ornat e

mixtereans FiFERd abZ@Gg for 1.3 dyithey) Dess- #En (iMh) yagepgided and

shrﬁh@hv@@b@ﬁitlrfu@d TorCd RIMABE4S FimdBat 'ag'%ogluﬁlt bléﬁgoﬂété @bIn280 ml) was
m nut es. Met hanol &%HB H}]ev\as a he m xture

addpgsangyalirAng somjneed MR RS rtréﬁiﬂ fdtqr%trﬁ@ugm@w@te and

thef BEuIfndTilRateePas sEpRrdedEhdvBe dRIRBYE ExtradddBENELAHE LM (3 x15ml).
pressure causing precipitation of a white solid that

Th%gm@@pp PO E Y §>§,traqt§ wpfea@cprﬁzﬁnttr@eallr\l,éacuo to give a crude oil that was
purfle@bysi| sYchrcgﬂ"ﬁTrﬁcrﬁaﬂano %ﬁy'@md@ﬂlca diludn d&wﬁﬁhépt%ﬁe heptane/EtOAc

hexahydr oi soch roneno ¥rro e | oride ( 5
9/1;@‘] 589, m ¥ = 30af Qj [ M+H] engy-PsPmP-e-chlpro-N-(2-oxopropyl)-1,2-

dinGdrde dcﬁfu@iﬂéh@ér@l’!-%r%%u%t(h?g 68%93 3a, 5, 9b hexahydr o
I sochr oneno| c]pyrrole rochloride HCH

43.3 Preparation of cis-2-benzyl-7-bromo-6-chloro-3a-methyl-3,3a,5,9b-
tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-one and trans-2-benzyl-7-bromo-6-

chloro-3a-methyl-3,3a,5,9b-tetrahydroisochromeno|[3,4-c]pyrrol-1(2H)-one

Br
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NH Br O d 15 44.1 Preparation of

ci s-2-benzyl - 7- br ono- 6- chl or o- 3a-net hyl -1, 2, 3, 3a, 5, 9b-
weooaky20 oi soch romeno[ 3,4-c] pyrrole N H 1 ECT/BP200$/062229

ci s-2-Benzyl - 7- br ono- 6- chl Oriﬁ 3a-net hyl -3, 3a,5,9b-tetr

ahydroi sochrorreno[3,4- c] pyrr 1(2H)-one (0.787 mol

SRS R A A b one--

carboxdmid®. (338 Mmol,014£18) ¢) brd'rh@berrﬁaﬁé (B0 mU)' Ktlbjé(ﬂed\las microwave

, fi in an ath at 70 C.for, 3- nd, . .
ey 8527 for 4 misine 2R aliBhv el Sp silis vapym 16 Sbtain 2
crugie ®iltHadt MGs pukfied By ¥l @dahm cmmmbrémwyr(eo |gu§KI|CbpéIuﬁhg with 20% -

2009/.037220 .PCT/ EP2Q08/ O 9 1 h d
503 ly) L aREPIR BL PoROTR GuoVS B S P Ginost e methy -
3,33, 91-ietrahydrsis beksorhess]3 Y ac]pyotd - 1@ Hponk h@28dslgt 28%)0EI-MIN m/z =

008 ndti*Hlgant o 41 r aot SV BB IRESReIH 92.5.95-

tetrabyureisbcradradno[8,4veioumItl (2 H)ione (230 migyu deoy El-Mewmaz + 408.9t[M+H]".
was purified by silica colum chromatography (12 g
silica, eluting wwith 5 neat DCMto 15% MeOH in DCM to

43. af f Bre:ba@a'ﬂicn? befz ytraris-2+emayle7-brome-6-dderedanrethyl-1,2,3,3a,5,9b-

he)fﬁjw‘d %ISacél,ﬁ?T?e h%gf\fdro(lnéochrorreno[S 4-c]pyrrole (200

2 Preparation of
cis-7- bronn 6- chl or o- 3a nethyl a, 5, 9b-
hexahydr oi sochr oneno[ 3, 4- c]pyrpe#égfjérochloride N
HC H1O Br 10 A A sol NN o
ci s- 2- benzyl - 7- br ono- 6- chHoro-‘a-nethyI-

1, 2,3, 3a, 5, 9b- hexahy >0Ch

(0.127 nmol, 0.05g) a chluroethyl " chl or of or mat e

(0.637 nnDI, 0. 069 gH", ™9 g) in toluene (1 n) was

subj ected to m crowave ﬁ{radlat|on at 160 C for 20

m nutes. Methanol (0.4 m) was then added and the
tramg-2-BeneylWatsomgad-chloro-3a-methyl-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-

1(2H)-one (0.546 mmol, 0.222g) was dissolved in tetrahydrofuran (10 ml) and to the
resultant solution was added borane-DMS (3.82 mmol, 0.367 ml, 0.290 g). The mixture
was refluxed under nitrogen 2.5 h. Further borane-DMS was added (0.37 ml) and the

reaction mixture was again heated at reflux for a further 1 h. A third addition of
borane/DMS (0.37 ml) was made and the reaction mixture was stirred at reflux for a
further 1.5 hr. 5N HCI (5 ml) was added through the condenser and the reaction mixture
was heated at reflux for 1.5 h. The resulting mixture was cooled to RT and the THF was
removed under reduced pressure before addition of 4N NaOH to pH 14. The mixture was
then extracted into EtOAc (2x10mL) and combined organics extracts were then
concentrated in vacuo to give a crude oil that was purified by silica column
chromatography (4 g silica, eluting with DCM 2%-15% MeOH in DCM) to give frans-2-
benzyl-7-bromo-6-chloro-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
(150 mg, 70%), m/z = 394.0 [M+H]".

43.5 Preparation of trans-7-bromo-6-chloro-3a-methyl-1,2,3,3a,5,9b-

hexahydroisochromeno[3,4-c]pyrrole hydrochloride
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subjected to mcrowave irradiation at 160 C for 5
utes. The MeOH was renoved under reduced pressure

w@208/08m2pr eci pitation of a white solid that WaSI/EP2008/062229

col

Ci s-

hex
(25

Ci s-

b- h
(of
Ci s-
hex
0.0
A 10

hethyg@;sgp@rgmeﬁop CHYQE(P'%\Q\%U/%

lected by filtratration §o give

7- brono- 6-chl oro-3a-nethyl -1, 2, 3, 3a, 5, 9b-

ahydr oi sochronenol[ 3, 4-c] pyrrpl e hydrochl ori de

ng, 58%, mz = 304.0 [ M {f 24 Exanpl e 45

2- Benzyl - 6-chl oro- 7- m8t hpxy-3a-net hyl -1, 2, 3, 3a, 5, 9

exahydro isochrone rrol e hydrochloride H
H O MOJ C
2- Benzyl - 7- br onpgy Qa- net hyl -1, 2, 3, 3a, 5, 9b-

ahydr oi sochr oneno[ 3, 4I 25 c]pyrrole (0.178 mmo

79) was treated with %opper(l) brom de (0.071 nnDI

2§ounm)h and 815% S Ofth AP BB ltﬁ'@mé‘ds @n?ormatmetﬂaym:z 3 3a,5,9b-
and eth acet at e _/( m Xture

frmol s(be)ﬁﬁ)@ngﬂ q%o@hyl—rq%proformate

(0. 667Xﬁ1Hfo‘E 0"@@ i, |0t(§3J1e@) |H‘Q)IQ&%9(10§752!\25% é?@gcﬁa%a@(?ﬁéng%adlatlon

at \]\%(g

h Dicalite then concentr at Water (-5nl)
Qdeé a’ﬁtﬂ‘ufeﬁe Megnet (%ﬁt’P'é\d"t?’édad%dt ‘ﬁr‘def*}?ym'xwre was again

sulieRé A tE nlictsived- JrradibtioR tht (180 S@H or B thifiRes: €ThE a\VI@dHt\@as removed
afford a residue. Purification by basic

“”‘?%’IFGSW BIFSEKIE SBHSINGF BYETIIAIAN O s WQ"‘?—I@PP ﬁ@t Wé? collected by

filtrafidror ded  to give trans-? bromo-6- chloro 3a-methyl-1,2,3, 3a 5,9b-
ci s-2-benzyl - 6- chl or o- 7- met hoxy- 3a- et

1, 2,3, 3a 5
he)@W'l‘?@k’S’Pf?ﬂ}eaP@dkFﬂPWﬁ% By%roah'er]'q?y@m% ﬁ%r BEHT 894 QQVHH]

(96

ci s-

Ex

cisCf-B
hex
hydrpehlor
chl
irr
mn
0.0

44.1

%yield), EI-M5: mz = 344.2 [ MtH +. Exanple 46
2-Benzyl - 6, 7-di chl oro- 3a-net hyl -1, 2, 3, 3a, 5, 9b- hexa

sochroneno[ 3,4- 10 c]pyrrole NN--o HC O C
r&nBWMbroZi’;Mﬁflﬁr 2B |3%f539l3ﬁe£@13}w‘brs$cﬂro3né’rﬂ)[§ A%pyrrole
ahydr oi sochr oneno| 3 4- c]pyrrole (0.178 mol,

d8i ssol ved in DVF (0.8nL) and nickel (11)

oride (0.410 nmol, 0.053 gﬁ4addgﬂ The m xture was
adiated in the n1cromaw$ 00 Cfor 15 30
utes. Further nickel [

g

Cl

53 g) was added and

Preparation of cis-2-benzyl-7-bromo-6-chloro-3a-methyl-1,2,3,3a,5,9b-

hexahydroisochromeno[3,4-c]pyrrole

Y

Br
Cl

cis-2-Benzyl-7-bromo-6-chloro-3a-methyl-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-

1(2H)-0

ne (0.787 mmol, 0.32g) was dissolved in tetrahydrofuran (10 ml) and to the

resultant solution was added borane-DMS (5.51 mmol, 0.530 ml, 0.418 g). The reaction

mixture

adding

was stirred at reflux in an oil bath at 70 °C for 3-4 h and then cooled to rt before

5N HCI (2mL). The resulting mixture was again warmed to reflux for a further 1.5
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irradiated for a further 30 mn at 220 C. The sol vent
was renoved under reduced pressure to give a crude

wo e®padsm2mhi ch was chromat ographed usi ng a 4g ReEBR®PS/062229
Si02 colum eluting with ethyl acetate in heptane (5%
to 509, followed by nethanof in ethyl acetate(2%to

1Q9 fforde 2-b | 3 | - -
n o Por oS bR mar BEhr dMe i 300 o] gy basifed to
pH(24byihe eddifion & 4 WSNaOHz ard 845, extfabted] with Exaapl @ %70 ml). The

COT@P§€8W8WE%'F§§WGFE]%S?§ Oé’leéhﬁf/%ﬁ”o%q S?r?cc?ggﬁe%"f’—l"a?—‘l’ 0 give a
crubie QeiRfv 6l thSt was QMrlft@UQIyéyﬂkté eslubt driﬂ@haﬂogralﬁhﬂ(l‘rﬂ & silda, eluting with

enpl. oye ff s:.6-ch.
nedfcDRNCRY 8% e 0D F B s 2Ry O RieBT shlefosgamethy-
1,2[3)3@5,9bdfe@@Wd®di$cdﬁrorEénd[@4 cipyrrole (P00 A0B5RJ M2E 394.0 [M+H]".
PCT/ EP2008/ 062229 83 254.2 [ M+H| +. Exanpl e 48
cis-6,7-Dichl oro-3a-nethyl -1, 2, 3, 3a, 5, 9b- hexahydr oi soc
44, |2r onmm[réi;dh oﬂ ﬁ;m ~roeno-6- ohya}bcaﬂanlnethydia 2;8,8h69bN H |

[oce S that in Exanpl e 41
e relsE R RPRCL TR o e SR STRIR or o- 30,
nmet hyl -1, 2, 3, 3a, 5, 9b- hexahydr0|+$octhGEno[3,4- c] pyrrol
e hydr ochl ori de, El-Ms: m $58.0 [ MrH +. 10

c]pyridine H

Br

Cl

A solution of cis-2-benzyl-7-bromo-6-chloro-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole (0.127 mmol, 0.05g) and 1-chloroethyl chloroformate
(0.637 mmol, 0.069 ml, 0.091 g) in toluene (1 ml) was subjected to microwave irradiation
at 160 °C for 20 minutes. Methanol (0.4 ml) was then added and the mixture was again
subjected to microwave irradiation at 160 °C for 5 minutes. The MeOH was removed
under reduced pressure causing precipitation of a white solid that was collected by
filtratration to give cis-7-bromo-6-chloro-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole hydrochloride (25mg, 58%), m/z = 304.0 [M+H]".

Example 45
cis-2-Benzyl-6-chloro-7-methoxy-3a-methyl-1,2,3,3a,5,9b-hexahydro

Y

H _Cl
H

isochromeno[3,4-c]pyrrole hydrochloride

MeO
Cl

cis-2-Benzyl-7-bromo-6-chloro-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole (0.178 mmol, 0.07g) was treated with copper(l) bromide (0.071 mmol, 10.23 mg)
and 25% sodium methoxide (4.37 mmol, 1mL, 0.945 g) and ethyl acetate (0.1mL). The

mixture was irradiated in the microwave for 30 min at 120 °C. The mixture was filtered
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N HOH d d Simlar procedures to that in
Exanpl es 46 and 41 were enpl oyed, using

wa@e®oashenzyl - 8- 15 PCT/EP2008/062229
brono- 7- chl oro- 2, 3, 4, 4a, 6, 10h: hexahydr o- 1H i sochr oneno
[4,3-c]pyridine to afford ci

thr?@%&?%élﬂl grr]%bgdrr:eleﬁti(égd %9&? (h%gﬁ%gs Qgégcl_blaﬁ hr orrcr)%uct extracted

witliexethyd | @cdifle 2@x10mL), dried (MgSO,) and concentrated to afford a residue.

Pumﬂ?mﬁyste%éﬂr%ﬁ ﬂgECq’oAf(Nvef_qi %ydggll h%ﬁ% dartlgalgléllna%glr % ether,

affdrdegar ati on of cis-2-benzyl-6-chloro-7-methoxy-3a-methyl-1,2,3,3a,5,9b-

neXd D SISO OENBRA- %IP}ST@% o, 65 a9 9h AR M L 3442

MARQT/EP2008/062229 84 H H cI OC A nmixture of
trans- 2- benzyl - 8- br ono- 7 chloro-2,3,4,4a,6,1
b- hexahydro-1 H isochroneno[ 4, 3-c] pyridine (0.178
Example 4670 ng) and nickel (I1) chloride (0.356 mmol,

cisid o Aol sy B R B SN G o P

clpyreoleire was extracted with DCM then passed through
SCX colum (1 g) to give a brown solid that was
purified by silica colum chromatograghy (4 g silica,
hept ane: Et OAc=50: 0, 50:5 to 50:/10) gi ve

trans- 2- benzyl - 7, 8- di chl or,0-/2,'3, 4, 4a, 6, 10b-

hexahydr o- 1Hi sochro o[ 4>8-c)pyridine (44nmg, 71% as
a pale yellow solid, b = 348.1, 350.0

[ MtH +. 10

Cl

Cl

cis-2-Benzyl-7-bromo-6-chloro-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole (0.178 mmol, 0.07 g) was dissolved in DMF (0.8mL) and nickel(ll) chloride
(0.410 mmol, 0.053 g) added. The mixture was irradiated in the microwave at 200 °C for
30 minutes. Further nickel(ll) chloride (0.410 mmol, 0.053 g) was added and the mixture
irradiated for a further 30 min at 220 °C. The solvent was removed under reduced
pressure to give a crude residue which was chromatographed using a 4g Redisep SiO,
column eluting with ethyl acetate in heptane (5% to 50%), followed by methanol in ethyl
acetate (2% to 10%) afforded cis-2-benzyl-6,7-dichloro-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole (24 % yield), EI-MS: m/z = 348.2 [M+H]".

Example 47
cis-6-Chloro-7-methoxy-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole hydrochloride

CIH

ZT

MeO
Cl

Similar procedures to that in Example 41 were employed to afford cis-6-chloro-7-methoxy-

3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride, EI-MS: m/z =
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50.2 Preparation of trans-7,8-dichloro-2,3,4,4a,6,1
Ob- hexahydro-1 H isochroneno[4, 3-c]pyridine H N HH
W@ER00@037220 sol uti on of PCT/EP2008/062229
trans- 2- benzyl -7, 8-di chl oro-2, 3, 4, 4a, 6, 10b- hexahydro-1
H i sochroneno[ 4, 3- 15 c]pyridine (0.100 mmol, 35 np)
25@2% ’F‘Ehl oroet hyl chloroformate (0.506 mol, 56 pl,
in toluene (1 M) was heated in a mcrowave
reactor at 160 C for 0.5 h. MeOH (0.5 ml) was added
EXand] u@e resulting mxture was heated further in a
ve at 160 Cfor 5 mn then passed through SCX
ciseB)Y DichlodgIa-neetoylvie2,313a89 b-besatydioisbahromend]sdid] pyadole
h &y E{e -LCMS (basic) to give
ydroghorieg g chior o- 2, 3, 4, 4a, 6, 1 Ob- hexahydro-1 H 20
i sochroneno[ 4, 3-c] pyridine (140 nggub54 %9 as a
colourless solid, EI-MS: mz /= 858.0, 260.0, 262.1
[ MtH] +. Exanpl e 51 ci s- Lchloro-2,3,4,4a,6,1
Qb- hexahydro-1 H-isochr o[ 418~ c] pyri di ne WO
2009/ 037220 PCT/ EP2008 3085 H N C HI CH C
A m xture of cis-10-brom-7-chloro-2,3,4,4a,6,1
b- hexahydro-1 Hisochroreno[ 4, 3- c]pyridine (0.075

SmﬁTFéB'proo%@u%s%)théﬁﬁ Ek&ﬁ;ﬁb (41 Werhb@piotled (& a1f5|Qi 588l 7-dichloro-3a-
was irradiated in th

el a5 G e e oo I gles MudRgORRy ERUSS M -
25gm)wm|eLextract ed with DCM concentrated then passed

through SCX colum (1 g) to give 20ng brown anmorphous

resi due. The product was purified by basic prep- LCVMS

Exérﬁglafdg% dd . ]

. Cl | r a Xa

cisgt S BiIPRAG ‘ﬁa §1eﬁ> E’WP'@N‘HQ ﬁ A Selpyridine
258.0, 260. o 262.1 [ M+H +. 10 Exlarrpl e 52

trans-7, 10-Di chl oro-2, 3, 4, 4a, 6, - hexahydro- 1
H i sochroneno[ 4, 3-c] pyri di neH

Cl

Cl

Similar procedures to that in Examples 46 and 41 were employed, using cis-2-benzyl-8-
bromo-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine to afford cis-
7,8-dichloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine, EI-MS: m/z =
258.0, 260.0 [M+H]".

Example 50
trans-7,8-Dichloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine

50.1 Preparation of ftrans-2-benzyl-7,8-dichloro-2,3,4,4a,6,10b-hexahydro-1H-

isochromeno[4,3-c]pyridine
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N C H\ XOH C Simlar procedures to that in
exanpl e 51 were enpl oyed, using
W e@n®31208 br ono- 7- chl or o- PCT/EP2008/062229
2,3,4, 4a, 6, 10b- hexahydr o- 1H 4sochromeno[4 3-c] pyridine
to afford trans- 7, 10-di chl or 15
2,3,4, 4a, 6, 10b- hexahydro 1H i sochrgnenol[ 4, 3-c] pyri di ne
, El-M5: mz = 258.0, 260.0, A MtH] +. Exanpl e 53
ci s-2-Benzyl -6-nethyl-1,2,3,3a,5 exahydr oi sochrone
no[ 3,4-c] pyrrole N\ / HH A m xture of
ci s-2-benzyl - 6-chl oro- 3, 3a, 5, 9h-t et rahydr oi sochr oneno|
3,4-c]pyrrol-1(2H)- one (OHSO
ni ckel (11) bromde (1.498.®
was subjected to mcro g irfadiation at 200 C for
20 m nutes. The reactjon t ube was WO 2009/ 037220
PCT/ EP2008/ 062229 86" parltiti oned between et hyl
acetate and vvater The ordani c phase was washed with
bri dr|
A Fl a@ tur rorm ogr apﬁgﬂ)bfeﬂ?ﬂe cru gé@é@%gﬂ&gf’éﬂ% he%ahydro 1H-
isodvemahe[4|3r-10]hymtrm(@ (7308l 74 0%9) aad nidkel (8) ddmdea(ﬂf(ﬁﬁdmdol 47.1

ol FEAVE G SR RO crovave A 10 2P P ialpolips tep added
and he.rdsuting Mxiuse %ey |eeirabtec5wdbﬁl(.‘a«ﬂ rihergpassed through SCX column (1 g)

to ?ﬁv? %(bg %oluf’tf?’#’ sgg 1‘$edr ﬁgys\?liv{é:rgleé%%@t eﬁit?%r%pﬁ)] QX g silica,

heptaneretdyd=506100>80rfe tq 60508 tomgie, rnBZ-bentyl-768dighlog)2.3.4,4a,6,10b-

0, I

he%&ﬁ%&?%&%@%ﬁ%ﬁxg rﬂab%na é§%/gg—é8é)ame(ﬂg\%fg@ EI-MS: m/z
= 3481, B50.A[Mxldlie (1 m -) and subjected to m crowave

irradiation at 130 C for 15 mnutes. Water was added

and the mxture extracted with ethyl acetate, washed
50.20 Rraparstiome, driofd ( Na2BMs)7,.8ndichlore2314;44,6,d0bheésahydro-1H-
ol 7 Fl ash chromat ography of the crude
5°F§§#§%§ﬂ8§, Eyﬁﬁﬁy acetate in heptane (20%to 40%

af f or ded H

ci s-2-benzyl - 6- et hyl - 3, 3a, 5, 9b<t et r ahydr oi sochr oneno[

3,4-c]pyrrol-1(2H)-one (6 [

ci s-2-benzyl -3, 3a, 5,9b-te Iydr

rol-1(2H)-one). The prodyct 3. wepe di ssol ved |n

tetrahydrofuran (6 m) “ndJto tthe resultant sol ution

was 15 added bor ane- di net hyllsul fi de conplex (1.623

gdmtlon of %rans-wb)enzﬁh/eS Ench(loro 53}Qﬁ4sa,é,%b Hexa%ydro 1H-isochromeno[4,3-

c]pyridine (0.100 mmol, 35 mg) and 1-chloroethyl chloroformate (0.506 mmol, 56 pl, 73.8

mg) in toluene (1 ml) was heated in a microwave reactor at 160 °C for 0.5 h. MeOH (0.5
ml) was added and the resulting mixture was heated further in a microwave at 160 °C for
5 min then passed through SCX column (1g) to give an white solid that was purified by
prep-LCMS (basic) to give trans-7,8-dichloro-2,3,4,4a,6,10b-hexahydro-1H-
isochromeno[4,3-c]pyridine (14.0 mg, 54 %) as a colourless solid, EI-MS: m/z = 258.0,
260.0, 262.1 [M+H]".

Example 51
cis-7,10-Dichloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine
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under nitrogen for 3 h then cooled to 5 C and 5N
aqueous HClI (0.4 m) added. The m xture was refl uxed

wo oooomsr2adddi tional 1.5 h and then left to staneCT/EP2008/062229
overnight (16 h). After addition of excess saturated
aqueous NaHCOB3, the m xture Was extracted wth ethyl
acetate, the organics were conqhned washed wi th
brine, dried (Na2SO4) and 20 comcentrated under
reduced pressure to give . Fl ash
chr omat ogr aphy of the due using et hyl
acetate in heptane (30% af f or ded
ci s-2-benzyl - 6-
met hyl - 1, 2, 3, 3a, 5, 9b- hexalydr oi sochr onenol[ 3, 4-c] pyrro
e (63 nmy), EI-M5: mz = 2680.1 [MH +. 25 Exanple 54

g'g}]%ﬂlgfﬁgb t lrcg%h(f-gr?opgo?-%m%rboé‘ﬁ,’ﬁﬂ‘%ﬁﬁ@')-E\é’ngqo-fﬁ Ls%bﬁronlenom 3-

clpyrdiied (007 Pmaiad,czd.7 h@)talndtnldkﬂl(ﬂi)(dﬂ@ide @01 50aamenpb@detlg) in NMP

(1 1x Wds TiRiAtad I T Blimus otRA0 GRr Sritndiaten vep dided and the
mixeire G)étﬂﬁ&}m‘mm pDOodA, dﬂig);erttmteiu‘ fhen d)ﬁs??jothrougﬂrsocn)égglumn (1 g) to give
me exa s 3
208 ST et si i e TRe SO RIS EE R %L chS o afford

cis{7TMEliehloNdE2, 22013, 8) B0t REXaREdToER23081om2A 24, 3-8fyridivea (%), EI-MS:

55 .
m/ZT 58025001268 WM~ 1, 2, 3, 34, 5, 9b- hexahydr oi sochr onen
o[ 3, 4- c]pyrrole /-Ph NH 90H Br A simlar reaction

Srqt%% to that in Exanple 1.9 was enpl oyed, using

benzyl -6- 5
trabs-@ri0-BicBinrb-29%4;4a16; Hibyiskaihy dodvi Hisoxrd méno] 4Hy-cimiridie

H)-one (0.063 mml, 22.6 ng) tq, afford
ci s-2-benzyl - 6- brono- 1, 2, 3, 3a, N9b- hexahydr oi sochr onen
o[ 3,4-c]pyrrole (48% ylepﬂq mz = 346. 1

[ MiH] +. Exanpl e 56 10
cis-6-Bronp-1, 2, 3,3a,5,9 e iy 0i sochroneno[ 3, 4-c]p
yrrole hydrochloride H

Cl

Similar procedures to that in example 51 were employed, using trans-10-bromo-7-chloro-
2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine to afford frans-7,10-dichloro-
2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine, EI-MS: m/z = 258.0, 260.0,
262.1 [M+H]".

Example 53
cis-2-Benzyl-6-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole

Y

A mixture of cis-2-benzyl-6-chloro-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-
one (0.300 mmol, 94 mg), nickel(ll) bromide (1.498 mmol, 327 mg) in DMF (2 ml) was

subjected to microwave irradiation at 200 °C for 20 minutes. The reaction mixture was
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H /I OH \ Br Asimlar reaction protocol to that

in Exanpl e 30 was enpl oyed, using cis-2-benzyl -
wheman3R2®, 3, 3a, 5, 9b- hexahydr oi sochr omreno| 3, 4- B¢ PEP200$/@62229

hydr ochl ori de (0.025 nmol, 9 ng) to afford

cis- 6 brono- 1, 2, 3, 3a, 5, 9b- heXahydr oi sochroneno[ 3, 4-c] p

0 - . =
r? eb %S%ﬁ%olc “eda% Lb\?a{%yl'l'ﬁledc)rgan% pr'yass'e v%szwashze5d4\7vl brine,
driex Q\J@- yaind-conoeithaéd b, 2ac803Bla5h ShrdnextedryptiyoofSihe oradeeresidue

no[ 3, 4-c| pyrrole hydrochloride HCH NHH O20 d
usipg athyt agegatefn heptane (20% to 40%) as the eluent afforded cis-2-benzyl-6-bromo-

I=Sq1/ ex dr oGhrpNg
3,35 5§9b4feC%F?\</’HrPcrng?&1%rﬁérg)r[ rf’b@gé{@%{;gs @nlg 94@5 GBIPMBN  yield,
corttalnwst hgibBcrenrylrie3d.. 904©trahydr0Isosh®81q@p[3 fBC]psrrodgb(ZH) one) The

progﬁgtﬁa%bfé it EH&GVW!hP'?;‘ﬂﬁQMgBEQoQF?\L;' %(88’%@? 20‘694 638 mg),

pot assi um car bonat e
tetrﬁb)?(tmnhedvloh@spénr(eipaﬂadIum%) @WBpeemeld 294 rng)carrwkm@ssuum carbonate

048 AR RN PRS0 L FORL iR 130
for fdxmunteswiéteronse Added aod e madure eWﬁ@tﬁdIVbthld@tdykﬂﬂetﬁt@, washed
wit?" %Fﬁ& rlfedegN§C$b lé’Hdn %@er@tté‘f&?du h r&Mc@Wé uFen Flash

U nt was concentrate |n vacuo an

chrbhﬁtdg?@h‘?uéf EHer bfu'd@drel@hduba@lrﬁb REHP-aldElate inl rh@ptaﬂ@SQZO%j to 40%)

fractions were concentrated in vacuo then converted t
afferded Hofis<apenzylf- H’@tm{tﬁ 3P 3p- @ltrﬁg¥drp|§oq]rr@ra‘et&o[3 4- c]pyrrol 1(2H) one

(68Crin§ Sorftdlhial Gisl2 BBhANB3a,5,9b- tetrahydr0|sochromeno[3 4- c]pyrrol 1(2H)-one).
3a, 5, 9b- hexahydr0|sochroneno

Th‘h?ﬁﬂ%‘&ﬁl \H?VPQ‘BSS(()@W I tedr Q.Dy rofyraRs noh gn t‘?fﬁ fps[Jlmml]sQIutlon was

add@@%‘ﬂ?brﬁb 5|8netrgllsulf|de complex (1. 623 mmoI 0 156 ml). The mixture Was refluxed
ci s-8-Brono Qtrlfluoroneth 3, 3a, 5, 9b- hexa

undﬁrsrtbtéqge@nf@hg[lg Qprb]:%}@d e app ,QN Bgueous HCI (0.4 mI) added The

mixture was refluxed for an additional 1.5 h and then left to stand overnight (16 h). After
addition of excess saturated aqueous NaHCO;, the mixture was extracted with ethyl

acetate, the organics were combined, washed with brine, dried (NaySO4) and

concentrated under reduced pressure to give a residue. Flash chromatography of the
crude residue using ethyl acetate in heptane (30% to 100%) afforded cis-2-benzyl-6-
methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (63 mg), EI-MS: m/z = 280.1
[M+H]".

Example 54
cis-6-Methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride
H cH
H
H
0]

A similar reaction protocol to that in Example 30 was employed, using cis-2-benzyl-6-
methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (0.109 mmol, 61 mg) to afford
cis-6-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride (20%), El-
MS: m/z = 190.6 [M+H]".
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H OF 10 F F N-Bronosuccinimde (1.085 mol, 193 np)
was added to a solution of cis-6-

w@ eoovpos1zer onet hyl ) -1, 2, 3, 3a, 5, 9b- hexahydr oi socPCDREIV0$/®52229
,4-c]pyrrole (0.987 mmol, 240 nmg) in concentrated
sul phuric acid (2.4 m) degassed with nitrogen. The
reaction vessel was covered in tinfoil and the

Eﬁﬂﬂ@?&ﬁe stirred overnight (16 h) then poured onto ice.

cisThBenzyl+6-biiovice1 massé)a,sbtheadhydﬁdisdhh%mquepu@cmmlé hen
extracted with ethyl acetate (x 3 Ph dried (Na2SO4)
and concentrated in vacuo to aff rd a
Ci s-8-brono-6-(trifluoromeyh
1, 2, 3, 3a, 5, 9b- hexahydr oi_gac
yield), El -M5: mz = 32
59 ci s- 8- Et hyl
-6-(trifluoromethyl)-1, 2, 3 3a, 5, 9b- hexahydr oi sochr onen
o[ 3,4-c]pyrrole hydrochlbrlde H N HCHH OF FF

A sr?r%llér LSRR é‘rto'td?:BI &f that §7 EQZ%RIQU‘F Ylwas emEoned using cis-2-benzyl-6-

brono-6-(trifluoronethy
bronéw gapdibdetsaieresaansiraenpl fﬂnyrr@l é(22f0499§ {&8pD oWydlad6 mg) to

affé?@ 29891 Q&Eglz@-b%qd EB%}IQQA% @9%%%§rwd$§sc§8hroméﬂo[é\l4 'E,'%oi/ﬁ{)leH (48%

carbonat e
yleWésEld\d@ié’d/Ztﬁ”e@ k[hé’dﬂn& on of cis- 8-

QENno[ 3, 4-c] pyrrole (98%
B%6. 3 [ MtH] +. 20 Exanpl e

Example 56
cis-6-Bromo-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride
H
N CIH
H
H
0]

Br

A similar reaction protocol to that in Example 30 was employed, using cis-2-benzyl-6-
bromo-1,2,3,3a,5,9b-hexahydroisochromeno(3,4-c]pyrrole hydrochloride (0.025 mmol, 9.5
mg) to afford cis-6-bromo-1,2,3,3a,5,9b-hexahydroisochromeno([3,4-c]pyrrole
hydrochloride(45% yield), EI-MS: m/z = 254.1 [M+H]".

Example 57
cis-6-Chloro-7-methyl-1,2,3,3a,5,9b-hexahydroisochromeno|[3,4-c]pyrrole
hydrochloride

CHH

ZT

Cl
A mixture of cis-7-bromo-6-chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride (0.025 mmol, 8mg), trimethylboroxine (0.049 mmol, 6.88 pL, 6.18 mg),
tetrakis(triphenylphosphine)palladium(0) (2.461 pmol, 2.84 mg) and potassium carbonate

(0.098 mmol, 13.61 mg) in dioxane (1 mL) was subjected to microwave irradiation at 100
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brono-6-(trifluoronethyl)-1, 2,3, 3a,5, 9b- hexahydr oi soch

romeno[ 3, 4-c]pyrrole (0.885 mmol, 0.285 g) and NaHCO3
w@ 20030372201 , 0. 446 g) in nethanol (7.56 nl). TPET/EP2008/062229

m xture was 5 sonicated for 5 hours during which

time the tenperature reached 40 C. Water was added

"o B deiprulf Tida a7 G0 BORBEI Thefiife, RSBt in vacuo

theﬁhdjaidmlt@gtb apirg-aefdifiedeSCX sodm sl algtedtvay 2icah@beia in methanol.
af ord % cis-tent

Th% e@leaﬂga%g?qcrepgﬁﬁglf%%tfmr) esye%guegBurlfltht}gll basic prep-HPLC. The
dedireti rfiedajiotisoiv srecdunoamtrug B indvarLip Yiigrotanva(tedio thartitixsditatsing HCI in

67@6 eId 59.2 Pre t cis-tert-but
eGP (8, FYTHoPBRTIgP T BE VR P or o S BRI aghTIohol3 d-cloyrrole
hydrOd:rS@id@ (68YBINad)3 EAMSE nity 2ok a-[RIGBH). - car boxyl ate OY O

~ 9 CF3 Tetrakis(triphenyl phosphi ne)pal | adi un{0)

(7.39 pnol, 8.54 ng) was added in one portion 15 to a
Exglapga$sed mi xture of cis-tent-butyl

rifluor

cisgiBrap A G LRI BT 2 324 5 S HePhydisgeneamppal hptpyrrole
(0.308 nmol, 0.13 g), K2CO3 (0.364 mmol, 0.050 g) and
2,4, 6- tr|V|nylcyclotrlboroxane1o FiNdi ne conplex (0. 308
nnDI 0.074 g) in 1, 2gdi ane (2.2 m) and
mata'(o 7 m). The mxtu s he&atyed to 100 C for
1.5h, allowed to cool the utegd with brine and
extracted with ethyl acetaty¥ 20 (x3). The conbi ned
organics were dried (Na2$F34) and concentrated in
vacuo Fl ash chronat oggr@phyFof the residue using

% Pu&?nefr%%tee (!I BSEe%tm%rI]e 1%§% ? \%vgg/a ag(?ey tCI 3 tsce)“lon of cis-6-
(trifrotdrnéthl/Io BT84, B)@b)he&awydﬂMbo&lr&n@r&)[Qb d]@frrro&hmml Bl 240 mg)
in (g%?:g%[ageqi§@btg¥rgt aq (22025 nﬁ? geqagirs?bé) wﬁ% trogg é’eyrleg(lti%% ‘'vessel was
codred Ity tinfi (dnidi fhleUmixauret diydeli- duednigiat, @B N)Qh%ﬂ();%lﬂ&y 520 ice. The
mi P@%/rv@g 00%38,;3\/2% rl\g&%ggél{es;rﬁ a@x?f o S%CE{ AR BoSibte (x 3), dried

(N80 i g adonbertradgienindegagsed cifferd eat c:b-lﬂit-bfbmo 6-(trifluoromethyl)-

1204 S USSR TO Y Sl Elea e i) S Vs 3220 &

32€.9{M28]'rmol , 83 ng) in nethanol

Example 59
cis-8-Ethyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole

hydrochloride

ZT

H CHH

59.1 Preparation of cis-tert-butyl 8-bromo-6-(trifluoromethyl)-1,3,3a,9b-

25 tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate
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5 (2ml) was added 10 % pal | adi um on carbon (9.52 pnol,

10 ng). The m xture was stirred under a hydrogen
whadobosmn2d or 1.5 h then filtered through di cal PCEEPI008/062229

(which was flushed with EtQAc). The filtrate was

concentrated in vacuo to afford cis-tent-butyl

8-ethyl-6- (trifl o

uoronet hyl ) -1, 3, 3a, 9b-t et rahydrgL ochroneno[ 3, 4-c] pyrr

ol e-2(5H) - carboxylate (96 % vyiel 10 59.4

Preparation of cis-8-ethyly N

-6-(trifluoronethyl )Br 3

hexahydr oi sochr oneno[ 3

e hydrochloride H N
s ic acid (1 nm) was
added to a solution of cjs-tent-butyl 8-ethyl-6- 15
(trifluoronethyl)-1,3, 3a%8b- t et r ahydr oi sochroneno[ 3, 4-

. Q- - | at i . ,
O-EHEYR ORI (37RIHEE P21 B a4l aisspanpignyp oo
broindk6-gitiflugrom@thg! 113,08 6, Welsexabpivoisnthrameno[B4-alpytade (hégd mmol,

3.605.5 |
0257 e NeAeD,Teluchhtl a8t T oty (138, S8 1B iffre wes

soretauea dbrviz.5 oM NiHthg whichttmentie tenifesateteusraichedid0 °C. Water was

oncent.rated. in vacuo, t fford the desired, prod

a0 de1SFRRE i v BRr e G S BBt FE SIRE (ass00) ane
corakhteated éneamior Blaslo chitonddogragduafable prsicieuwrsing ethyfdcetatk- heptane

ofl S-.8- o . ,
@94 pyP - 62008 11 EIVERLe nyiSOF I8 3 RoBS- SRRy f 32 9
tetrabyaroiepGhrdmehq $ Araib\erdhs 8 (5o ithdroxgete (63%%isidel d) ,

El-MS: mz = 272.5 [ MH] +. Exanpl e 60 25

ci s-6-(Trifluoronethyl)-8-vinyl-1,2, 3, 3a,5, 9b- hexahydr
59.2i soPneparetion 3, 4eL] pyais-téré-buty dr o6i{trifluodemedByl)-8-vinyl-1,3,3a,9b-

e N A P e A IRBI IR A T REB ] Exanpl e 59,4
was enpl oyed , using ci s-tent-tﬁ%t;yg 6-

H

Tetrakis(triphenylphosphine)palladium(0) (7.39 umol, 8.54 mg) was added in one portion
to a degassed mixture of cis-tert-butyl 8-bromo-6-(trifluoromethyl)-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (0.308 mmol, 0.13 g), K,COs;
(0.364 mmol, 0.050 g) and 2,4,6-trivinylcyclotriboroxane pyridine complex (0.308 mmol,
0.074 g) in 1,2-dimethoxyethane (2.2 ml) and water (0.7 ml). The mixture was heated to
100 °C for 1.5h, allowed to cool then diluted with brine and extracted with ethyl acetate
(x3). The combined organics were dried (Na,SO4) and concentrated in vacuo. Flash
chromatoggraphy of the residue using ethyl acetate in heptane (5% to 20%) gave cis-tert-
butyl 6-(trifluoromethyl)-8-vinyl-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate (97 % yield).

59.3 Preparation of cis-tert-butyl 8-ethyl-6-(trifluoromethyl)-1,3,3a,9b-
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(trifl

uoronet hyl)-8-vinyl -1, 3, 3a, 9b-t et rahydr oi sochr oneno| 3,
wad2@ppyne®l e- 2( 5H) - carboxyl ate (8 ng) to af f oPCI/EP2008/062229

cis-6-(trif|uoronethyl)-8-vi%yl-1,2,3,3a,5,9b-hexahydr

oi sochronmeno[ 3,4- 5 c]pyrrol® hydrochl oride (30%

tetlr§ ﬁﬁgyme@Oﬁ‘? TR '%;Zﬁh%rbax 38 e 5 9b- hexahyd
y

roi sochroneno[ 3, 4-c] pyrrol e chlorlde H N HCH
OH 10 CF3 A simlar reaction p to that in
Exanpl e 59.2 to 59.4 s enpl pyRd, }E‘rng cis-

cis-8-propyl-6-(trifluo 1, 2,3, 3a,5, 9b-
hexahydr oi sochr oneno|[ 3, 4<C] Pe hydrochlorlde
El-M5: mz = 285.8 [M+H] +] 15 Exanple 62
ci s-8-(3,5-D net hyl i soxaz@fd;- 4-yl ) - 6- (trlfluoronethyl)
1,2, 3,3a,5, 9b- hexahy dr0|sochronenq% é%é
To N olLiop; efaitrogen; drdagsed Eiiertwiy ity tht/'hétv'fiym 3.3a,9b-

tetlﬁﬁ?dmllsﬁcrﬁ@mgné{ﬂd (ﬁ&ﬂ&)ld@@lﬁ%ﬁfb@(ﬂate (1@522'5%3105'83399) in methanol

|soxazol | boron ic acid to_ af

(2r’@ g/ag a@@eq-ﬂgl ﬁgl{qﬁiﬂm 08 28| O4. 2y|"l'"§’°|610 mg) Tr(lje mixture was stirred
undetrral ﬁﬂdwe‘ﬁrﬂ%q‘llbdﬂ Jor 4.5 %éﬁ&llt@&%hﬁ?ﬂ%ﬂ@ﬁﬁmﬂﬂsﬁed with

Et%) 'II(%;; 3@%05%@@%%;%%22 ¥acuog 40 |_gfford c:s-ngn‘ -butyl” 8-ethyl-6-

(trifioPorBetyIg:h GRE-00y etr@hﬁdrbuvst)én#@m@ﬁ&{e hﬁd]b rﬂolézésf%aﬁ)o%naiée (96 %

, xahydr0|sochroneno[3 - c]pyrrole rochloride H
yiel).q H
59.4 Preparation of cis-8-ethyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole hydrochloride
N
H CIHH
H
o
F
F F

Trifluoroacetic acid (1 ml) was added to a solution of cis-tert-butyl 8-ethyl-6-
(trifluoromethyl)-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (60 mg)
in dichloromethane (2 ml) and the mixture was stirred for 1 h at rt. The mixture was
concentrated in vacuo then loaded onto a pre-acidified SCX column. The column was
flushed with excess methanol and then the product was eluted with 2M NH; in methanol.
The eluent was concentrated in vacuo to afford the desired product and then HCI in ether
added to make the HCI salt after concentration under reduced pressure to afford cis-8-
ethyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride
(34% yield), EI-MS: m/z = 272.5 [M+H]".

Example 60
cis-6-(Trifluoromethyl)-8-vinyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride
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TIITITEITH O CF3 A simlar reaction protocol to that
in Exanple 59.2 and 59.4 was enpl oyed, using 5
waeywbopnepyl boronic acid to afford PCT/EP2008/062229
ci s-8-cycl opropyl -6-(trifluogronethyl)-1,2, 3, 3a,5, 9b-
hexahydr oi sochroneno[ 3, 4-c] pyrrol e hydrochl ori de,
El-M5: mz = 283.9 [ MtH| +. Exangle 64
ci s-8-1sopropyl -6-(trifluorone 1)-1,2, 3, 3a, 5, 9b- hexa
hydr oi sochr onenol 3, 4- 10 clp e hé@rochloride H N
HHCH OCF3 A simbDg s protocol to that in
Exanple 59.2 to 59.4 was , ed, using 2-
i sopropenyl -4,4,5,5-tetraf yI-1, 3, 2-di oxaborol ane to
afford cis-8-isopropyl-6-gf
(trifluoromethyl)-1,2, 3, 3a,5, 9b- hexahydr oi sochr omeno[ 3
A sirfilt]rpydtiod | gotbysl e et i Edemplel 59Mbvas Empdyad= iy &s-tert-butyl 6-

(LS S D L oy piapeiomAnol3 Jrojoyrols 354tk carbgyiate
(8 Ind)etvabifstt otis-8qbrTia omARSs ¥8-vie ) Ipy.2 BHacs, iy Heamhl @isoderomeno[3,4-

cvyiege sroearhn E0%evisd) i Nisraniareard 4 g~ O 1

2-isopropenyl - 4,4,5, 5-tetranmet hyl -1, 3, 2- di oxabor ol ane

ang ¢l s-2-benzyl - 7- br ono- 6- chl or o- 3a- net hyl -
Example$135 5 9b- hexahydr oi sochr omeno[ 3, 4-c] pyrrole to

cissg-Peopl|- 6L (ErifRrdromesiylo1,2]3, 34, 5,98 rexahydroisochromeno[3,4-c]pyrrole
ne%5%6;7-(prop-l-en-2-yl)-1,2,3,3a,5,9b-hexahydroisoch

hydr ,4-c]pyrrole. A solution of WD 2009/ 037220
PCT/ EP2008/ 062229 9
ci s-2-benzyl - 6- chl or o- Ba- net,hy
-en-2-yl)-1, 2,3, 3a, 5, 9k
hexahydr oi sochr onenol 3, 4
in dry toluene (1.5nl)

(prop-1
CIH
yrrofed (0.127 nmol, 45ng)

A similar reaction protocol to that in Example 59.2 to 59.4 was employed, using cis-
propenylboronic acid to afford cis-8-propyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole hydrochloride, EI-MS: m/z = 285.8 [M+H]".

Example 62
cis-8-(3,5-Dimethylisoxazol-4-yl)-6-(trifluoromethyl)-1,2,3,3a,5,9b-

hexahydroisochromeno[3,4-c]pyrrole

H
N
H
(0]
CF

A similar reaction protocol to that in Example 59.2 and 59.4 was employed, using 3,5-
dimethylisoxazol-4-ylboronic  acid to  afford  c¢is-8-(3,5-dimethylisoxazol-4-yl)-6-
(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole, EI-MS: m/z = 339.0
[M+H]".

Example 63
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treated with 1-chloroethyl chloroformate (0.636 mmol,
0.069 m, 91 ng) and subjected to m crowave

wo eooadsaeo on at 160 C for 20 minutes. Mt hanol PCDEBI00§/062229
was added and the 5 nixtureﬁ%ﬁbjected to m crowave
irradiation at 160 C for 5 utes. The m xture was

, cent r at nder reduce S to afford, a
cisiR Ry Eiaproru W RropRaET 208 S Sb e derongerfomenels.+
c]plyrioleehgdroghloritig
ci s-6-chloro-3a-nmethyl-7-(prop-15en-2-yl)-1,2,3,3a,5,9
b- hexahydroi sochroneno[ 3, 4-c] pyrol e hydrochl ori de
(19 ng), EI-MS: mz A 10 Exanpl e 66
Cis-8-Methyl -6-(triflud 21,2, 3Ma, 5, 9b- hexahyd
roi sochr oneno[ 3, 4-c] pyrr gridchloride H HN CIH
OHF F F 66.1 Preparatiyg cis-tert-butyl
8-methyl -6-(trifl uororrethl,:%-l, 3,3a,9b- 15
t et rahydr oi sochroneno[ 3, 4-c] pyrrol e-2(5H) - car boxyl at e
A Similar Meddtibh fbtOEQ toCthet tierExabydly/159.2 and 59.4 was employed, using

orGrRAaB AL st BB R AR E s oo
hexahydrofsbtivetriayibi3os-opsiyisie 6Qdrdd@omad IE|-MB: Ok =rd8B,9 [M+H]".
tetraki s(triphenyl phosphi ne) pal | adi um(0) (0.017 mmol ,

19. 16 ng) and potassi um 20 carbonate (0.332 mmopl, 45.8
Exarfipleiod di oxane (2 nL) was subjected to mcrowave

.igradiatian 120 ¢ f 0, m.nutes. ter s _added
cisfls3prabyiineusramethy Pl 2 aas S cebyfipReogiompas i
c]pytiotelhydvaehiofideand concentrated in vacuo. Fl ash

chromat ography of the residue using ethyl acetate in
hept ane (5% to 20% as, the eluﬁ to afford

ci s-tent-butyl 8- H
nmet hyl - 6- (trifl uorone %73,
meno[ 3, 4- c] pyrrol e- 2(5H) car k'yl ate (98%yield).

WD 2009/ 037220 PCT/ EP2008/"062229 94 66.2 Preparation

of cis-8-nethyl -6-(trifl l@JBorrethyI )-1,2,3, 3a, 5, 9b-

+

Q. 90t et r ahydr oi sochro

A similar reaction protocol to that in Example 59.2 to 59.4 was employed, using 2-
isopropenyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane to afford cis-8-isopropy!-6-
(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride, EI-MS:
m/z = 285.9 [M+H]".

Example 65
cis-6-Chloro-3a-methyl-7-(prop-1-en-2-yl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole hydrochloride

CIH

ZT

Cl
A similar reaction protocol to that in Example 59.2 was employed, using 2-isopropenyl-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane and cis-2-benzyl-7-bromo-6-chloro-3a-methyl-
1,2,3,3a,5,9b-hexahydroisochromeno[3.,4-c]pyrrole to afford cis-2-benzyl-6-chloro-3a-
methyl-7-(prop-1-en-2-yl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole. A solution of
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hexahydr oi sochroneno[ 3, 4-c] pyrrol e hydrochloride H N
HCCHH OF FF Asimlar reaction protocol to that

WO eooBxzazpd € 59. 4 was enpl oyed, using cis-tent -pCt/gP2088/062229
5
met hyl -6-(trifl uoromethyl)- 1% 3a, 9b-t etrahydroi sochro

cis-:%t;]e%% Giial?qglrgyame%y%%mp 1(-:e§anr 06342':133&(5, 112 mrol, 40

hexzihydlﬁ)ﬁﬂiehlbyieﬂG[-?,(ét-C]pf/drcu@r(OnIQthh)o{ 142m@) &adby; Hene (1. 5mL) was

tre%}[eélwd dr%rl %ﬁlyfﬁ orQ %@gte&b%ﬁrﬁﬁgl 'E%%b%ﬁlhh_g 6af'%7 ubJected to
migH\Bad H?adﬁa}!ibn &t (1601 0 foo r2onminuyds) MetRard) 3@.451L9bfab@a¢ﬂi@ylcbnd the

ml%?rlﬁso e{g?egje %?ﬁdré@é%éﬁﬁfd?al&ﬁnﬁ yﬁqroos:(i1 éQr 5 pmes Thle mlﬂure was

coribeptiatey lunBer(redudddusressues kybfjord a&eﬁdu@.bl'he]@hd product was triturated
it Y g S9N SUEROLD. & RLAYEL oG 209 CAL OO AL 5 6 1,

hex&hpdesocitrofrichb34+cippiaé hydrbellodde3@ 9%y )t El-Mahiidr 926 02HM+H]".
oneno[ 3, 4-c] pyrrol e- 2(5H)-carboxylate (0.142 nmol, 60
ng) phenyl boronic acid (0.284 muol, 34.7 ng),
@hpewel (1.5 m ), DVE (1.5 ml) and sodi um carbonate

0.48 ed 20 into.a mcr V.
msvﬁﬁ-!"'?*%% tuprpiell-Ler T ReRf Bl e Raef P spyrrole
hydraahlorisie28 ngy) was added. The mixture was heated in a

m crowave at 120 C for 30m n. Thl_‘s reaction m xture

was quenched into 5 N sodium oxi de sol ution,

extracted with ethyl acetat driled AP 2009/ 037220

PCT/ EP2008/ 062229

66.1 Preparation of cis-tert-butyl 8-methyl-6-(trifluoromethyl)-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate

oL

CF,

cis-tert-Butyl  8-bromo-6-(trifluoromethyl)-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-
2(5H)-carboxylate (0.166 mmol, 70 mg), trimethylboroxine (0.332 mmol, 0.046 mL),
tetrakis(triphenylphosphine)palladium(0) (0.017 mmol, 19.16 mg) and potassium
carbonate (0.332 mmol, 45.8 mg) in dioxane (2 mL) was subjected to microwave
irradiation at 120 °C for 20 minutes. Water was added and the mixture was extracted with

ethyl acetate, dried (Nap,SO4) and concentrated in vacuo. Flash chromatography of the
residue using ethyl acetate in heptane (5% to 20%) as the eluent to afford cis-tert-butyl 8-
methyl-6-(trifluoromethyl)-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate (98% vyield).
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95 (MgSM) and concentrated in vacuo. Flash

chromat ography of the residue using ethyl acetate in
whepbasr2@as t he el uent gave cis-tent-butyl PCT/EP2008/062229

8-pheny|-6-(trif|uoronethyl)%ﬂ,B,Ba,gb- tetrahyd

roi sochroneno[ 3, 4-c] pyrrol e-Z(5H) - car boxyl ate (91 %

ield) 5 67.2 Preparation of .
66%i s- 8- Eﬁ%?ﬂ??‘-z'%'! (trifPuor om&tFi§ethyL6-grifyororgpthyl)-1,2,3,3a,5,9b-
hexXethyaliyid o chroaednofrd adpyirdle tlydyschddbrddydr ochl oride H N

CCH HH OF FF Asimlar regction protocol to that

in Exanpl e 59.4 was enploy%%, sii ng cis-tent-butyl 8-

phenyl - 6-(trifl uoromet hyl , 3 ,963Wetrahydroisochro

meno[ 3, 4-c] pyrrol e-2( xylate (0.129 mmol ,

54 ngy) to afford

ci s-8-phenyl -6-(trifluor

hexahydr oi sochr oneno|[ 3,

3.1,2 3 3a,5,9b
<ic] pyrrol e hydrochl ori de (45.8
%yield), El-Ms: mz =R200 [MH+ Exanple 68 15
ci s-8-Chl oro-6-(trifluoronet -1,2,3,3a,5, 9b- hexah
ASH‘B@JE%@MS‘[O@&J%%WP ag‘pv%é%‘?d@ﬁ OPPIgEeqy Ueingyeis-sr-butyl 8-
me€Hyl-BL(trifudromefhyli 1x3,85 €b-@dtrahydroisochromeno|[3,4-c]pyrrole-2(5H)-

i S- 8- -6-(trifluoronethyl)-1, w2, Ib- hexa r
carBRRtR A BrIRAcT 30l 20 DB for STces s TR CTS O ek 9a.5.9-
hex@ah¢d@lsothiomedb|3M-tlperdle. B/iBodimavide &8. % WEld)| EI-MS: m/z = 257.9

N-pet hyl - 20 2-pyrrolidinone (2 nL) was subjected to
Mtilcr owave irradiation at 210 C for 30 ninutes.

Reaction m xture was partitioned between ethyl acetate
£ andI NaOH. The organic phase was dried (Na2SO4) and
X trated to give crude residue. The crude residue
cisviBheiyl18-(ttifidorometnyl)-0)2, 3,38, 5 Abdtexably drdis dchicdmefio 88 -c]pyrrole

hygr%%h}ohrfee purified by basic prep-HPLC.

CIH

67.1 Preparation of cis-tert-butyl 8-phenyl-6-(trifluoromethyl)-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate

il

cis-tert-Butyl  8-bromo-6-(trifluoromethyl)-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-
2(5H)-carboxylate (0.142 mmol, 60 mg), phenylboronic acid (0.284 mmol, 34.7 mgq),
ethanol (1.5 ml), DME (1.5 ml) and sodium carbonate (0.968 mmol, 0.484 ml) was placed
into a microwave vail to which tetrakis(triphenylphosphine)Pd(0) (2.84 umol, 3.28 mg) was
added. The mixture was heated in a microwave at 120 °C for 30min. The reaction mixture

was quenched into 5 N sodium hydroxide solution, extracted with ethyl acetate, dried
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The resul tant product was concentrated then converted
to the HCl salt by dissolving in 25 DCM and addi ng HCI

w0 mooensmeo t o af ford PCT/EP2008/062229
ci s-8-chloro-6-(trifluoronethyl)-1, 2,3, 3a,5, 9b-
hexahydr oi sochroneno[ 3, 4-c] pyrrol e hydrochl ori de

72 %vyield), El-MS: = 278, VO ,
(M%@/%7 ; gﬁ;ét?%#&(‘f@g‘/%g}i%bd‘r@%’a?ﬁ%;_%ﬁ@@ rgﬁlgy?\l,usmg ethyl

acdtatBiimaeptghe @s (e efibntogayeaidierbulyl 3-hedql-G(tOhdn@xethyidH 3,3a,9b-

R SRRE A - DAL Sl Rl gl gy T de K H N

8-brono-6-(trifluoronethyl)-1, 3, 3a, 9b-t et rahydroi sochr

meno[ 3, 4-C rrole- 2(5H)-cagbox 0.071 [,
67-?@), d?ﬁ%‘faﬁ%ﬁ ine (FMin %“x@ér‘?ﬁmﬁﬂpmfaeﬂ-1s2,§gas5,9b-
hexdhydrsiedthronieard] 3,8« pyirole I'(yﬂrd:ﬂﬂoml 10. 24 np),
(R-(+H)-2, 2'- bIS(deheny|phOSphlﬁ0) 1, 1' - bi napht hyl
(7.10 pnol, 4.42 ny
trls(dlbenzylldenea4 e)d|o. Iao'un18b) (3.55 10
prnol, 3.25 ng) and to ¥
m crowave vial and irradi
C. The mi xture was partitioned~between ethyl acetate
and water. The aqueous IFayer was extracted with ethyl
acetate and the conbi ned forgdni ¢ | ayers were washed

n dél]ce EtIR prgtrobngO(ﬂ[]\E\%§%<)anﬁ'ﬁHj5§ wgggdl\l%g@r cis-t n‘-butyl 8

d pressure to gl ve I‘eSI
ph@/vafkfiétﬂlﬂe@romtfwﬁé 3,88, aﬂ@trahydmlmbﬁ@@em[&ﬁy]pm@le 2(5H)

car?@imggb 168 ng"nalhen n ) tbN&dy ;&E{j‘é? é!@?-‘@-s(fr ﬁBr%%eﬂyJﬁ@Q?:,%a,S,Qb-

Bncent T a a resi
hexﬂwdrlmsm@'omeea[t3e4dcwrtr¢ie Sarrochlesde d4-8f Yeedeld.t Bl-Masingz = 320.0
mmgqu-HPLC to afford pure product. The product was

co]nvet ed to the HCl salt by dissolving in DCM and
adding HCl in ether before concentrating to dryness

Exérﬁeéfg%ord cis-N, N-dinethyl-6-(trifluoronethyl)

9b- hexahydr oi sochr oneno[ 3, 4-c] pyrrol -8-am n
cise8-GilorodHitailuaremedbyly 1 2 33a.58b-hexahygroisgchremepo[3pt-clpyrrole
Exanpl e 70
hy%ﬂxlghqg'ggnzyl 7-chloro-2, 3, 4, 4a, 6 10b- hexahydro- 1
H- i sochroneno[ 4, 3- c]pyrldlne &N
trans-2-benzyl - 7-chl oro- 2, 8,4, 43, 6, 0b- hexahydro-1
H-i sochr omeno[ 4, 3-c]¢

A mixture of cis-8-bromo-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole (0.093 mmol, 30 mg) and nickel (II) chloride (0.373 mmol, 48.3 mg) in N-methyl-
2-pyrrolidinone (2 mL) was subjected to microwave irradiation at 210 °C for 30 minutes.
Reaction mixture was partitioned between ethyl acetate and 2M NaOH. The organic
phase was dried (Na,SO,) and concentrated to give crude residue. The crude residue was
purified on an ion exchange column (SCX, 0.5g) and then purified by basic prep-HPLC.
The resultant product was concentrated then converted to the HCI salt by dissolving in
DCM and adding HCI in ether to afford cis-8-chloro-6-(trifluoromethyl)-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole hydrochloride (15.72 % yield), EI-MS: m/z = 278.3
[M+H]".
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+H,, OH/ H a \ O25 c~ W 2009/037220
PCT/ EP2008/ 062229 97 70.1 Preparation of
wW@2q0b@esm2yd anmi no) propan-1-ol H OH To a stirr eBCTERI008/@62229
of 3-am nopropan-1-ol (10. Oqa 751 ng) and
benzal dehyde (10 mol, 106142;3| n di chl or onet hane
(35 mM) was added sodi umtrl acet oxybor ohydri de 5
(14 00 nmol, 2967 ny). The reaction was stirred
avele B9 ght t hen quenched wi th nmet hanol (200nl) and

c:s%cﬁ‘p gb?g{ff bgmgﬁ‘o@ ‘E5§5’§ WI tel)}agyhtlir%gtr)%nromerr\]op 4-

clpyriob-8 rumyina mydegghioide - 1- ol (51% y| eld), EI-M5: mz =
166.4 [M+H] +. 70.2 Preparation cl)_f
N- benzyl - 3-chl or o- N—(3 hydr oxypmopyl ) -1, 2- 10 di
hydr ocycl obut abenzene* 1- cartbhQxamyde HO A mxture
of 3-chloro-1, 2-di hng ’ ' ﬁnzene 1-carboxylic
acid (5.14 mmol, 0.939 droxybezotri azol e
hydrate (5.14 nmol, 0.7 ) N, M
nmet hanedi yl i denedi pr opa& am ne (5.14 mmol, 0.649 g)
in N-nmethyl pyrrolidi none”(C16nl) 15 was stirred for 30
m nutes. A solution of 3-(benzyl am no)propan-1-o0

cis(igt- ;Bntyh%@rom@figslﬂgtyrome.thwk):h%ﬁﬁ;\?bﬂ?trwpr%ﬁmbrrv@e(nems clpyrrole-
2(5#)%%%%1%({6%@*1 Aolt @@n{g?%btﬁvlaﬁﬁdd gzq\ﬂ |rP‘|YﬁF d. '11@7 mmol, 0.053

QUGOUS wor k up acl d/ base

mL’b |S@§wrrt:4¢rfdwm>@ﬁ9g(:0a1&?{yﬂm§h, i Zémﬁ)l (Padéf%u?ebwmlph%whoaﬁ@ohmo)
1,16 élqgﬁhtﬁﬁ “F@ p?HdIJQMZ Ff\g W%&genzylldeneaceton%)dlpallad|um (0) (3.55

benz | oro- N-

roxypropyl)
umal, ﬁ)?@rfﬁﬁwddblu?@% €h2 m#éwgrezacidv@@%am naieruEs 9@l @mcdjy"radlated for 15
mlrFtJtes'\Q 1331 €. Thg’ﬁ@(t?ﬂ'or Vd ;BaThtlo%Qd btwcRcRRAL tét%rénel_vxater The

Cl s-2-benzy 4, 4a, 6, 10b- hexahydro- 1H-1 soc
aquUEOYRaYST wFa egtragtem,wmdpw&l @etate and the combine organic layers were

Waéﬂ'&ﬂﬁlﬂzbrh%n F Ned (?\I a]ggb%ré?\ d%on cé‘nté@ecﬁu 2P ré’b%’é@@ ﬁ@’s@u ryTb gﬁle a

ochr oneno di ne
residue. HCI (5N, 0.5 mL) was added to the reS|due in dloxane (1 mL) and methanol (0.5

mL). The mixture was stirred at 100 °C for 0.5 h and then concentrated to afford a residue

-p

which was treated with SCX, then purified with basic prep-HPLC to afford pure product.
The product was conveted to the HCI salt by dissolving in DCM and adding HCI in ether
before concentrating to dryness to afford cis-N, N-dimethyl-6-(trifluoromethyl)-
1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrol-8-amine hydrochloride (9% yield), El-
MS: m/z = 287.0 [M+H]".

Example 70
cis-2-Benzyl-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine &
trans-2-benzyl-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine

Cl
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Cl C WD 2009/ 037220 PCT/ EP2008/ 062229 98

N- Benzyl - 3- chl or o- N- ( 3- hydr oxypropyl ) - 1, 2-di hydrocycl o
whoeda/obrarene- 1-carboxam de (1.698 mol, 0. 5BCTEP1008/062229

di chl oronet hane (20 m) was s§7reat ed with Dess-Martin

reagent (4ml, 15% w w in dichl oronet hane) for 2 hr at

LQomtenp. al dehyde . product was isolated by flash
70,1 1o8heraBp Sb AR EEIDIPREdral e n heptane (509 as
the eluent to 5 affged _the desired al dehyde (300 np).
Thi s was di ssol ved , 4- ¢4 oxane (5ml) and heated in

or-N5Q_rrivquis

the m crowave at 218 Twenty percent
of the final solution was renoved and purified by
To r sipreHPhigture of S-aminaprofea- o 0ddmmnok TS ang)dendpvencaldekyde (10
d e L [ Y r . :
106 g 3 b (35, S B8R gy Fetoxyporonycride
(141 Gsmolol, 296V md)eThea haedtiod wasistifr@Dodgrnightithen gaerchediwith methanol

a ' l,fid . . - Thep M~ U .
oR PR, FPATNA R SCRAMBAE ik AL bk DEVELH E oratr
gavedid) gwh 8-(beltytinama)propehd 1ot (Satyietd)eldl-¥M8r m2z 16 A¢gV+H]".

sol ution was then cooled, diluted with MeOH (300nl)
and purified by SCX (20 g colum) chromat ography. The
70.Basi c prredgationvwer e téfen el uNd@nayltdrchipkb-Ax{Semydrokypropyl)-1,2-
: ad | 200nmg col ourl ess gl ass.
d'%%%ﬁ%@geﬂéﬁoﬁgo%éﬂdgse runni ng peaks of the
desired mass. Purificati onQby prep-HR.C (pH10, 15

Xbridge colum, 30 m nute | ar ent ) al | owed
separation and isolgtrgnt0 ahford

trans- 2- benzyl - 7- chl ortb-z 3,4,4a, 6,1 b-hexahydro-1
H i sochroneno[ 4, 3-c idine((45 ny), EI-M5 mz =

314.4 [ M+H +, foll owdd by
ci s-2-benzyl - 7-chl or &1 2, 3, geo%a, 6, 10b- hexahydro-1
H i sochroneno[ 4, 3-c] pyridine (16 ng), EI-M5 mz =
A Bikipirg of [BraHloro-12diBxenpyatobptabenzene-1-carboxylic acid (5.14 mmol, 0.939

Ci $3.(= ; 4, 0 xXa 0- _
o), PR e e e R ofpe o)y ana M W
medianeligidengdiptdpan-2paaing d 6114 tramphk 4t649r0) Bx Ahpethypgrrokdinone (15ml)

30YSiH ChSoRiti Lipds - -
e AT 99 IR A SRR K e emn gt 4 12p, 080 0
in Armediyiieyrclidinamy (Snd) wes thed asided and #8: reaction stirred over the weekend.
BB b it RO SR A BIPUSh b i
heptane r €198e)7-ashitoe oelRieat 4afimadest 1NBignrd-Bathjeip-dv-@B-hydroxypropyl)-1,2-

dih%?%%gg%égbgr]%%%ﬂleQ%%J&p@!’-l@l%?%&o: 330.3 [M+H]".

70.3 Preparation of cis-2-benzyl-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno
[4,3-c]pyridine & frans-2-benzyl-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno

=

[4,3-c]pyridine

Cl
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9 H N H, ~xoH C A simlar reaction protocol to
that in Exanple 30 was enpl oyed, using
wo e@n®322benzyl - 7- chloro-2, 3, 4, 4a, 6, 1 Cb- hexahgTEP2028/062229
H i sochroneno[ 4, 3-c] pyri di ne98( 13 ng) to afford
trans-7-

Iy R ST
(1.698 mmol, 0.56|g) in tc)jichloromethﬁ?e (20 mI)3was treatgd vgtgl Eh)ess-l\h/laatin reagent
i 5:2-B - 8- br onD- 7- ro-2, 3.4, 4a. - hexahydr
iy T35k AT OiABIRBTE GneR  £i h 000 8y ST, VR A 0STA Pt was
isolatedPbys fla8H eliromereidpdy yingt ehgl adetaté heptandXs0Tp) &s e @uent to
affc%a gq%g%s?rgﬁ%iqegﬁé %@?rhglﬁ%ig%a%_dissolved in 1,4-dioxane (5ml) and heated

in thecyiitkeiraveakbien e ne-fdr 6armioxidsi Twaatydpéroemtf dfothe final solution was

et G I LA B B 2198 4PLG, e e sy R Ui the
renidinitg erjqgmidl dvasegvapbrahdd. Tt zemaindRPcrlde 3B8Bréhs-adflfe Products were
st S BN T80 (R B2 e 4% barape gimaihy o camplgr (1)
Thé enidtutd- ws© tbateter og#lix3oveedightr Attemeodiey ZD0BCO a1 Was added and
reflﬁ>c<:-|(-:/on ﬁqzu%g%rog%zzl%e s%?u%ohl Wal_sl’ thléln c(c))of%rd, diluted with MeOH (300ml) and
purified by SCX (20 g column) chromatography. The basic products were then eluted with
7N ammonia in MeOH and evaporated to yield 200mg colourless glass. LC-MS analysis
showed 2 close running peaks of the desired mass. Purification by prep-HPLC (pH10,
Xbridge column, 30 minute linear gradient) allowed separation and isolation to afford
trans-2-benzyl-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromenol[4,3-c]pyridine (45
mg), EI-MS: m/z = 314.4 [M+H]", followed by cis-2-benzyl-7-chloro-2,3,4,4a,6,10b-
hexahydro-1H-isochromeno[4,3-c]pyridine (16 mg), EI-MS: m/z = 314.4 [M+H]".

Example 71
cis-7-Chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine
H
N
H
H
(0]

Cl
A similar reaction protocol to that in Example 30 was employed, using cis-2-benzyl-7-
chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine (40 mg) to afford cis-7-
chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine (11 mg), EI-MS: m/z =
224.3 [M+H]".

Example 72
trans-7-Chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine
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Cl Asimlar reaction protocol to that in Exanple
70.2 and 70.3 was enpl oyed, using 4-

whemaw3R2€hl or o- 1, 2- di hydr ocycl obut abenzene- 1- Per/BP2098$/062229
c acid to afford trans-2-be8%yl-8-
brono- 7- chl oro- 2, 3, 4, 4a, 6, 100- hexahydr o- 1H i sochr oneno
[4,3-c]pyridine, EI-Ms. mz = H5 391.9, 394.0, 395.9
[ MMH +. Exanple 75 N
trans- 8- Brono- 7-chl oro- 2, 3,4[4a, p, 10b- hexahydr o- 1
Hi sochroneno[ 4, 3-c] pyridineA N HH OB O 10 A
simlar reaction protof f in Exanpl e 30 was
enpl oyed, using trans- 2y
br ono- 7- chl oro- 2, 3, 4, 4a,

;10b-hexahydro-1kkisochroneno
[4,3-c]pyridine to afford trans-

A SO B BP0 e hebafiol 20 Vg iSO U3 3se Benzy -
chlpigk2B 4,421 1 Exhewahedré6! H-isochromeno[4,3-c]pyridine (13 mg) to afford trans-7-

ci s; 8-Br ~7-chloro-2. 3, 4. 4a, 6 --hexahydr,o- ) _
o o2 A GO S PR MR P g (@) ErprS: miz =
2248 k). reacti on protocol to that in Exanple 30 was

enpl oyed, using cis-2-benzyl - 8-

brono- 7- chl oro- 2, 3, 4, 4a, 6, 10b- hexahydr o- 1H i sochr oneno
ExdMpld-78] pyridine to afford cis-8- 20

. nmo- 7-.chl or o- 2 4,4 : -hexa ro- LH-isochro
cist SR e L orlroiies s o B B SRy or S o SRR GIETES-
clplykitiier. WO 2009/ 037220 PCT/ EP2008/ 062229 101 Exanple
77 cis-10-Bronp-7-chloro-2, 3, 4, 4a, 6, 10b- hexahydro-1
H i sochroneno[ 4, 3-c] pyridine H

Br
Cl

A similar reaction protocol to that in Example 70.2 and 70.3 was employed, using 4-
bromo-3-chloro-1,2-dihydrocyclobutabenzene-1-carboxylic acid to afford cis-2-benzyl-8-
bromo-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine, EI-MS: m/z =
392.0, 393.9, 396.0 [M+H]".

Example 74
trans-2-Benzyl-8-bromo-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-
c]pyridine
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Br HH O5 d N-Bronosuccinimde (0.409 mmol, 73.6
ng) was added to a solution of cis-7-chloro-

WQ@2®943722) 6, 10b- hexahydr o- 1H i sochr oneno[ 4, 3- ChQY/EPZTHNSI@62229
(0.409 nmmol, 91.6 ny) in qgﬁuric acid (1 m) at 20 C
and stirred for 21 h. Water d DCM wer e added and the
phases separated. The aqueous phase was nmade al kal i ne
with 4 N NaOH and the 10 m xture @ ‘acted wi th DCM
The conbi ned organics were dried 2SO4) and
concentrated under reduced pregSure to give a residue.
The residue was flash chromat ggraphed, using DCM :

MeOH : ammoni a (50:0:0, 50: 45:3: 0, 50:5:0 then

50:4.5:0.5). The resulta [
by basic prep-HPLC to a
brono- 7-chl oro- 2, 3, 4, 43
[ 4, 3-c] pyridine (43%%ield), .
304.0, 306.0 [N%Fﬂ+ Exannle 78 trans-1

(- chI Xa
A ST ERP TG RETaEoh K i i At 70 g 703 e espployedausing 4
bro&tdmcmbrd eaaﬁhy@rbdw@bm@@énzteﬁem hedrbdxyliE4aaTd affdrd tas-2-benzyl-8-

si ng -chl or o- . _ _
oo 7 a3t OB Rk o hoB AR S claviing , EuMSe miz =
391.9, @‘4fmr395t9r[ﬂnﬂ1 10- brono- 7-
chIoro-2,3,4,4a,6,10b-hexahydro-1FLisochroneno[4,3-c]p
yridine, El-M5: mz 302.0, 304.0, 306.0 [MH +. 25
Exdmplebe 79 trans-7- Chloro 4a- met hyl - 2, 3, 4, 4a, 6, |

tragﬁ-é$ é%%gﬁﬂm%a g ‘ngg?gazhy%wh E{ylgc:;{f%romenom 3-c]pyridine

A similar reaction protocol to that in Example 30 was employed, using trans-2-benzyl-8-
bromo-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine to afford trans-
8-bromo-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine, EI-MS: m/z =
302.0, 304.0, 306.0 [M+H]".

Example 76
cis-8-Bromo-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine

N

H
H
0
Br
Cl

A similar reaction protocol to that in Example 30 was employed, using cis-2-benzyl-8-
bromo-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine to afford cis-8-
bromo-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine, EI-MS: m/z
302.1, 304.0, 306.0 [M+H]".



H O d 79.1 Preparation of

4- (benzyl am no) but an- 2- one hydrochloride H C HO A
woreoovsR20f benzyl am ne hydrochl oride (34.5 medT/EB2008/062229

g), acetone (173 mml, 12. 73 ? m, 10.13 g) and

formal dehyde (34.5 nnDI 8 mi , 2.80 g) was refl uxed

at 75 C for 18h. The n1xture was concentrated under

reduced pressure then recrystallized fromacetone to
Exahblerrd 4- (benzylanino)butan 2-one hydrochl ori de (68%.

Preparati o

cisK L GFAT T H oo 3 R3S 1R BB o1 Hisapiperol4g-cleyridine
cyclobutabenzene l-carboxamidei \ ONP:;j O C
Cycl ophos (5.62 mmol, 3.34 nm, ﬁ 57 g) was added to a
sol ution of 3-chloro-1, 2-
dlhydrocyclobutabenzene 1Bmﬁruoxy ic acid (5.62 mol ,
1.025 g), 4- (benzylan1no hut - one hydrochl ori de
(3.74 mmol, 1 g) and tr (11.23 mmol, 1.581
m, 1.148 g) in 15 DCM ] ) .oThe m xture was
stirred at 20 C for 5h the&n water and DCM added. The
phases were m xed then separated and concentrat ed
under reduced pressure. The residue was purified by

N-Bromopuesinimiggt Ol mmol.ef 86i mg) Weshadsiedylo asetudipe af reis-7-chloro-
R e e R S0 (0408 o0 o815 ™9
sulfydp Asise(! ml) atddhdxa @rrgqﬁmyoﬁ/q. W)aterzqmdﬂ@C[g’l Were added and the

phéé%@p?erpéhdté’d] Bie taﬁé‘élijs Rﬁﬂe%vﬁ %d@%ﬂ%lm@vﬁh%‘}@ NaIH and the

ydro-1 i sochr omeno pyri di ne
10 mixhge9 eRBIEeD w@rr/@@bzbo’smmmtmedwzgwcw weqe dried (NaSO4) and

concentrated under reduced pressure to give a residue. The residue was flash

chromatographed, using DCM : MeOH : ammonia (50:0:0, 50:2:0, 45:3:0, 50:5:0 then

50:4.5:0.5). The resultant product was further puified by basic prep-HPLC to afford cis-10-

bromo-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine (43% vyield), EI-
15 MS: m/z = 302.0, 304.0, 306.0 [M+H]".

Example 78
trans-10-Bromo-7-chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine

20
A similar reaction protocol to that in Example 77 was employed, using trans-7-chloro-

2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine to afford trans-10-bromo-7-
chloro-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine, EI-MS: m/z = 302.0,
304.0, 306.0 [M+H]".

25

Example 79
trans-7-Chloro-4a-methyl-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine
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Cl Asimlar reaction protocol to that in Exanple 70.3
and 72 was enpl oyed, using N benzyl -

w@2@bloanee N- ( 3- oxobut yl ) -1, 2- di hydr ocycl obut a PETERI068/062229
1 -carboxamid e to afford Hégns-7-
chl oro- 4a- et hyl - 2, 3, 4, 4a, 6, 10b- hexahydr o- 1H-i sochr one
nol[ 4, 3-c] pyridine, El-M5: mz iy 5 238.3, 240.0
[ MMH +. Exanpl e 80 N
ci s- 6- Brono-3a-net hyl -1, 2, 3, 3a&; 5, 9b- hexahydr oi sochr one
no[ 3, 4-c] pyrrole hydrochl
80.1 Preparation of 2, 6¢d yenzal dehyde Br O Br
1, 3- Di bronobenzene (424 J0°g) indry THE (1 L)
was cooled to -78 C and di i sopropyl am de (509
mol , 254 m) added drop . After addition, the
m xture was 15 stirred for 30 mn at -78 C and then

790, NerigBR4thon S04 (BHzJRniRODUEMb-ondhydlirdthlodde 2 9) . The

m xture was stirred for a further 30 mn and then 5 N

HCl (300 M) was addeg™~The nixtw& was warned to

roomtenperature andses separated. The aqueous

phase was extract edxu t1 '@t\b,y'r\ﬁt/her (2 x 250 nl).

Combi ned organi cs were washed withilbrine (300 nl),

dried (MySO4) and concentrated in ¥acuo to afford a

] . {oi tat .

A B TR AP Ty SRR 4P b7 GE9RE0S ol 1279
ml, 21,06+3dd)lend rforrehdedly de (BAde mheR,. 559 g))..2.8Dg vy efiaxeat atgd °Gffor 18h.

TG BB ORGI s e s a8 835 S0 e ERE Rl e B footone to
aff@d @-(ehrytamnibe)bn tine: bryaliy drodhdoride (68%).
3- brono-1, 2-di hydrocycl obut abenzene- 1-carboxyl ic

acid was prepared using simlar procedures as those in
79.Ex aRpEpardtidn 6ON-bebhzyls3-810lo8o -A-(@panadiuityd )y 1 @Fdihydro

cy&néga‘?-&gﬁ?ﬁ%ﬁéé&%é‘gﬁﬁd , 2, 3, 3a, 5, 9b- hexahydr oi sochr one

yrr rochloride H

S
P

Cyclophos (5.62 mmol, 3.34 ml, 3.57 g) was added to a solution of 3-chloro-1,2-

dihydrocyclobutabenzene-1-carboxylic acid (5.62 mmol, 1.025 g), 4-(benzylamino)butan-
2-one hydrochloride (3.74 mmol, 1 g) and triethylamine (11.23 mmol, 1.581 ml, 1.148 g) in
DCM (20 ml). The mixture was stirred at 20 °C for 5h then water and DCM added. The
phases were mixed then separated and concentrated under reduced pressure. The
residue was purified by flash chromatography, eluting with ethyl acetate in heptane (0 to
50 %) to afford N-benzyl-3-chloro-N-(3-oxobutyl)-1,2-dihydrocyclobutabenzene-1-
carboxamide (77% yield).

79.3 Preparation of trans-7-chloro-4a-methyl-2,3,4,4a,6,10b-hexahydro-1H-

isochromeno[4,3-c]pyridine
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NCH H1 O Br Simlar protocols to procedures in
Exanpl e 40 and 41 were enpl oyed, using 3-brono-1, 2-
waledvgasnaey cl obut abenzene- 1- carboxyli ¢ acid to BET/BPIH08/062229
ci s- 6- br onp- 3a- net hyl - 1,2,§0$a,5,9b- 10
hexahydr oi sochroneno[ 3, 4-c] pyrrol e hydrochl ori de,
El-M5: mz = 270.0 [ MtH +. Exa
t rans- 6- Brono- 3a- net hyl -1, 2, 3,
meno[ 3, 4-c] pyrrol e hydrochho
o 15 Br Using 3-brono-1,
1-carboxyl ic acid, the
41 were enpl oyed to affoRg
ci s-6-brono-3a-nethyl -1, 2,3, 3a, 5, 9b-
hexahydr oi sochr oneno| 3, 4- E]pyrrole hydr ochl ori de,

A sﬁhﬂeh@ead{%ﬁ prot&?c@ 1dthanf Bdhpre 70. M’é'ﬁh"?Z v%)s (;E%glﬁ'gé(ﬁ ug%g N benzyl-

(trlfluoronethyl) hexah
3- Catom &‘dé%h@ﬁ%ﬂ@ dibydrpgicabu eZ@obP%ré?mde {0 sfford " trans-7-

chlE@TziaEB%@QBé @W@m&ﬂéxdﬂydm 1ll?1ls@EI??ronQn@[4 3- §1le ifé, EI-MS: m/z =
23£rotoco to procedures in Exanple 40 and wer e

P M+Hlsi ng 3-chl oro- 1, 2-

di hydr ocycl obut abenzene- 1-car boxylic acid and

1- benzylan1no 3,3,3-trifluoropropan-2-ol to afford
Examele@0chl or 0- 3a- (tri fl uoronmet hyl)-1, 2, 3, 3a, 5, 9b- hexahy

cisH- Br&ﬁsmaqnsﬂ@i 8,228,325 9bMExaRY Eroiddchivine AbB, £clpiPrdle
hyérocmorlde

ple 81
¥, 5, 9b- hexahydr oi sochro
H NCH OH M \
ycl obut abenzene-

in exanples 40 and

N
H CHH
@)
Br
80.1 Preparation of 2,6-dibromobenzaldehyde
Br
-0

Br
1,3-Dibromobenzene (424 mmol, 100 g) in dry THF (1 L) was cooled to -78 °C and lithium

diisopropylamide (509 mmol, 254 ml) added dropwise. After addition, the mixture was
stirred for 30 min at -78 °C and then N,N-dimethylformamide (509 mmol, 39.4 ml, 37.2 g).
The mixture was stirred for a further 30 min and then 5 N HCI (300 ml) was added. The
mixture was warmed to room temperature and the phases separated. The agueous phase
was extracted with diethyl ether (2 x 250 ml). Combined organics were washed with brine
(300 ml), dried (MgSO,) and concentrated in vacuo to afford a brown oil. The product was
precipitated using heptane and stirring overnight to afford 2,6-dibromobenzaldehyde (62.5
9)-

80.2 Preparation of 3-bromo-1,2-dihydrocyclobutabenzene-1-carboxylic acid
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Exanpl e 83
ci s-2-Benzyl - 6-chl oro-3a-ethyl -1, 2, 3, 3a, 5, 9b- hexahydr o
wo smelseeno[ 3, 4-c] pyrrol e hydrochl ori de H O BI'HEPA108/062229
Cl 83.1 Preparation of 1- (bq@iylan1no)butan 2-ol cnr
To a solution of the 2-ethyl'oxirane (41.6 nmol, 3 g)
and benzylam ne (41.6 mmol, 4. 46 %&) in acetonltrlle
6

(125 M) was added calciu i fl ﬁet hanesul f onat e
(20.80 nmol, 7.04 g) 15 and tfe [reaction was stirred
at roomtenperature for 5 rd—t hen concentrat ed

under reduced pressure. The m xture was acidified
with dilute HO and extractBd with ethyl acetate The
aci di c_aqueous phase was nade basic with NaCH

Usiag 7 Greltbeemalparraldehyde. thi draprmorixe- QTydrﬂFYWUGQ@?S@ﬁ)‘1 -carboxylic

acid Was GRS1REY (b @ SimiBASocERAMC 2TthBEE Pt di®1aftbarsl 1-
(benzyl'am no) but an-2-ol (6.8 g) 20 83.2 Preparation of
ci s- 2-benzyl - 6-chl oro-3a-ethyl -1, 2, 3, 3a, 5, 9b-

80.0EXPR S SIPENESIEEHBInvo- ﬁa-‘ﬁ]eﬂM{llfpiZ 8 MQ@-hEkéﬁydﬂéls%romeno
2009/ 037220 PCT/ EP2008/ 062229 106 N H CIH

[3.4clpyregle BVG’E%’H?@% o procedures in Exanple 40 wer e
enpl oyed, using 1- (benzyl am noHbutan-2-o0l to afford
ci s-2-benzyl - 6-chl or o- 3a- et hyt="N 2, 8|Ba, 5, 9b-
hexahydr oi sochroneno[ 3, 4- cJ'syrrolde hydrochl ori de,
El -M5: mz = 328.2 [ MtH 5 Bx&
trans-6- Chl oro-3a-eth
meno[ 3, 4-c] pyrrole h

é, 9b- hexahydr oi sochro
orite H H,, 0 NOCH

Br
Similar protocols to procedures in Example 40 and 41 were employed, using 3-bromo-1,2-

dihydrocyclobutabenzene-1-carboxylic acid to afford cis-6-bromo-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole hydrochloride, EI-MS: m/z = 270.0 [M+H]",

Example 81
trans-6-Bromo-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole

hydrochloride

Using 3-bromo-1,2-dihydrocyclobutabenzene-1-carboxylic acid, the procedures in
examples 40 and 41 were employed to afford cis-6-bromo-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole hydrochloride, EI-MS: m/z = 2704 and 271.5
[M+H]".

Example 82
cis-6-Chloro-3a-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
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Cl 10 Simlar protocols to procedures in Exanple 40
and 41 were enpl oyed, using 1- (benzylam no)butan-2-ol

wo eooafszea trans-6-chl oro-3a-ethyl -1, 2, 3, 3a, 5, BOFEP2008/062229
hexahydroisochroneno[3,4-c]E§§role hydr ochl ori de,
El -M5: mlz = 238.0 [ MtH] +. nple 85 15
ci s-6-Chl oro-3a-ethyl -1, 2, 3, 33, R 9b- hexahydr oi sochr one
no[ 3, 4-c] pyrrole hydrochlorigeNH Ho CH no NC
Simlar protocols to proce i n Exanpl e 41 were
enpl oyed, using cis-2-b
chl oro-3a-ethyl-1,2,3,3
-c]pyrrole to afford cis- oro 20
3a-ethyl -1, 2, 3, 3a, 5, 9b- hextahydr oi sochr onenol[ 3, 4-c] pyrr
ol e hydrochlorlde El-M5: mz = 238.0 [ MtH] +. Exanpl e

Singjlgr pygteniroioPigeesyresdT Feppalsetlayhdbwerggmployed, using 3-chloro-1,2-

dlhwr@%&m@iﬂeﬂﬁ&éﬂbéfbb%ﬁk%@d ha»ﬁh) 1- ge@zyﬁan%ﬁoé eﬁﬁtrmgzs@aydﬂ)an 2-0l

roi sochronenol 3 rifl uoroacetate
to N affprd o gRA- chlbr@ﬁa (glflggropelﬂ}yé)pb? §t3a®‘§19tb-hexahydr0|sochromeno[3 4-

cloyrélB ez a2 w780 flhivaropr opan-2-ol  NF H OH To a
solution of the 2- EfluoronethyI)OX|rane (39.4 mol, 3

g) and benzylanmne (31.5 mmol, 3.38 g) in
Exahgb@aitrile (118 m) was added calcium
trifl

uor onet hanesul f gnat e
cisthBeppddretiarama-ethyi 232 %onﬁﬁaMHf%‘F%&*UPE‘ePBP ‘1 C}PWO'e
hydrd@Rlctded0 C for 4 10 h. The m xture was concentrated
under reduced pressure, dilute HC was added and the

CIH

Cl

83.1 Preparation of 1-(benzylamino)butan-2-ol

So0%

To a solution of the 2-ethyloxirane (41.6 mmol, 3 g) and benzylamine (41.6 mmol, 4.46 g)
in acetonitrile (125 ml) was added calcium trifluoromethanesulfonate (20.80 mmol, 7.04 g)
and the reaction was stirred at room temperature for 5 h and then concentrated under
reduced pressure. The mixture was acidified with dilute HCI and extracted with ethyl
acetate. The acidic aqueous phase was made basic with NaOH and extracted with ethyl
acetate (x 2), dried (Na,SO,) and concentrated under reduced pressure to afford 1-

(benzylamino)butan-2-ol (6.8 g)

83.2 Preparation of cis-2-benzyl-6-chloro-3a-ethyl-1,2,3,3a,5,9b-

hexahydroisochromeno[3,4-c]pyrrole hydrochloride
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m xture was extracted with ethyl acetate. The acidic
aqueous phase was then nmade basic w th NaCH and
wexdmasned with ethyl acetate (x 2), dried (Na2SDp20881052229
concentrated under reduced essure to afford
1-(benzy|an1no)-3-f|uoroproﬂg -2-ol (37%yield). 15
86. 2 Preparation of
trans- 6-chl oro- 3a- (f | uor onet hyl 3, 3a, 5, 9b-
hexahydr oi sochr oneno[ 3, 4-c] pyrro
ONOTFA | C Simlar
anpl e 40 and 41 were
-o)-%mjluoropropan-z-m

2,2,2-trifluoroacetate Fh
protocols to procedures_ i
enpl oyed, using 1- (b
to afford
trans-6-chloro-3a-(flupronmethyl)-1, 2, 3,3a,5,9 20
hexahydr oi sochr oneno[ 3¢4-c] pyrrol e

Sm@fﬁn‘élréetg%&# ueg O%Fo%tealtjr%s Erh I@aﬂﬁez 702468 [Mﬁﬂ)ﬁfd, using 1-
(beorgaBinGitiutare2-8&- ( ftbuor affiet hy| ¥is L Bn3yIFactBo0iBaethntlas$a,5,9b-

he’f%%@%%?@%@&@@%%@? s PRGES H=: RF= 0 M) ¢

Simlar protocols to procedures in Exanple 40 and
wey,e enpl oyed, using 1-
| am no) - 3-fl uoropropan-2-ol to afford
tran$-6-Ghlofd-3a-ethddr1(4,3,0a.,5 0 el éxahy digigoramenofhd-clpyrrole
oi sochronmeno[ 3, 4-c] pyrrol e hydrochl ori de,
“y‘ﬂ?’?ﬁ@‘%z = 242.0 [M+H +. 5 Exanpl e 88
ci s-9-Brono- 6-chl oro-1, 2, 3, 3al5, 9b- hexahydr oi sochr onen
o[3,4-c]pyrrole HBr N H

CH

Cl

Similar protocols to procedures in Example 40 and 41 were employed, using 1-
(benzylamino)butan-2-ol to afford trans-6-chloro-3a-ethyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole hydrochloride, EI-MS: m/z = 238.0 [M+H]",

Example 85
cis-6-Chloro-3a-ethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride

ZT

CIH

Cl
Similar protocols to procedures in Example 41 were employed, using cis-2-benzyl-6-
chloro-3a-ethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole to afford cis-6-chloro-
3a-ethyl-1,2,3,3a,5,9b-hexahydroisochromeno([3,4-c]pyrrole hydrochloride, EI-MS: m/z =
238.0 [M+H]".

Example 86
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Cl N Bronosuccinimde (0.954 nmmol, 170 ng) was added
to a solution of cis-6-chloro- 10
wd2@9837132) 5, 9b- hexahydr oi sochr oneno[ 3, 4- ¢] pyr r BCEEP2008/062229
(0.954 mmol, 200 ng) in sulfpzlc acid (1 m) and the
m xture was stirred at roomtenperature for 16 h in

T react.i on ' Wwa ured. into
rap g B R Pe N LR A R RREP ot hismagnal3 declpyrrole
2,2\ Birifluoreacetitasi fied with 4N NaOH and extracted with
et her. The conbi ned organic extracts were washed wth
brine, dried (Na2SO4) and congentrated in vacuo to
afford cis-9-bronp-6 15 H,,
chl oro-1, 2, 3, 3a, 5, 9b-4eX y 0i sochroneno[ 3, 4-c] pyrr ol
e (159.3 ny), El-M: 2.1 frvkH +. Exanpl e 89
cis-2-Methyl-6-(trifl
uoronet hyl )-1, 2, 3, 3a, 5! 9b- hexahydr oi sochroneno[ 3, 4-c] p
yrrole 20 hydrochl orig 96~ NCH FFF To a
m crowave vi al was added

cis-6-(trifluoronethyl)-1, 2,3, 3a,5, 9b-
86.A o x BrgRarafi abeht-thanty 'no)ﬁﬂypranep?'z@qig 0. 103

mmol ), DMF (1 nl), farnmal dehyde WO 20Q9/ 037220
PCT/ EP2008/ 062229 R¢0. 5 Mml aci al acetic
acid (50 pL). Sodi i acet Bxyborphydride (0.514
mmol) was then added-*0 vial. Théh eacti on was
irradiated in the mcrowave at 100 C for 10 mn. The

To fﬁ%&hh&ﬂ oY‘@ﬁe @gﬁ@&eﬁ@tﬁwbﬂr%t 8@ 4( ﬁqnﬁ'ﬁ’r) 3 gﬂ' ér\bt 8anAldtine (31.5

| oaded onto a pre- acid
mntcérii $$ ab@ acgiopitiila g ‘t&]@')dvel?opéidsﬁ @é@mtrkﬂp@rﬁ”@thﬂnﬁﬂsfqnﬁte (19.72
mriE @b %\%Tof @Bﬁ’e@ctuén Wa%@ﬁrr?(?ﬁf AHR tRR et cPMrlH fth&fat®0 °c for 4
prep-L asic nodifier The puri product was
h. Thmm%tamo'm ¢ancentraied usdarveduasd rtr@sauma d#njle K@l wahgdded and the

mn& r@%\tl gﬁ I'\‘N l'F’%t yll rég?ttage rTh& gCIéIC%BOUJ&%S%rV%LmEn WBRe basic

Concentrate
witle NeO2 anet extraceed(with ethyicacetete hy/2)) died(NB.884Bar8bconcentrated under

redﬂ@é@gﬁ%d’réEc?‘a‘fgii”ien@@ﬁfylagggl)% ﬁ?%ﬁﬁo{%ﬁ?@&%ﬁ g%gd\)élo- 4

react| on was enpl oyed using the appropriate al dehydes
86.8 Ee‘?ial gtﬁgq tE?ha}‘ fofd the,folbmdi8- I @tBrdmethiATP58a,5,9b-
hexamy@mlrsoclnr@mr@d%ﬁc)lpwrczle%%&-tlsflmronektatwdr oi sochr onen

o[ 3,4-c] pyrrole hydrochlori dﬁ (6.5 ng, 20%, El-NMs:

mz = 272,5 [ MtH] +.

TFA

Similar protocols to procedures in Example 40 and 41 were employed, using 1-
(benzylamino)-3-fluoropropan-2-ol to afford trans-6-chloro-3a-(fluoromethyl)-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole 2,2,2-trifluoroacetate, EI-MS: m/z = 242.0 [M+H]",

Example 87
cis-6-Chloro-3a-(fluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole

hydrochloride
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NCH H/ I H O O FFF Exanmple 91
ci s-2-1sopropyl-6-(trifluoronethyl)-1, 2,3, 3a,5, 9b-hexa
whyaposrochr omeno[ 3, 4- 20 c] pyrrol e hydrochl or PABEEP200§062229
ng, 23%, EI-M5 mz = 285.%05N%Fﬂ+. CCH 96" H FFF
Exanpl e 92
cis-2-Propyl-6-(trifluoronethyl)-1, 2,3, 3a, 5, 9b- hexahyd
roi sochroneno[ 3, 4-c] pyrrol e ydrochl oride (8 ng,
249, El-M5: mz = 285. 9 H\HH }». WO 2009/ 037220
PCT/ EP2008/ 062229 1 HH OF F F Exanple
93 o CIH
ci s-2-1sobutyl-6-(tri or thyl)-1, 2, 3, 3a, 5, 9b- hexah
ydr oi sochromeno[ 3, 4-c] gyrrole hydrochloride (12 ng,
359, EI-M5: mz = 300.0 [MMH+. N H6 HCH O
Similar protocols to procedures in Example 40 and 41 were employed, using 1-

(benzylamino)-3-fluoropropan-2-ol to afford cis-6-chloro-3a-(fluoromethyl)-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole hydrochloride, EI-MS: m/z = 242.0 [M+H]",

Example 88
cis-9-Bromo-6-chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
H
Br N
H
H
(0]

Cl

N-Bromosuccinimide (0.954 mmol, 170 mg) was added to a solution of cis-6-chloro-
1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (0.954 mmol, 200 mg) in sulfuric acid
(1 ml) and the mixture was stirred at room temperature for 16 h in the dark. The reaction
mixture was poured into ice-water (15 ml) and washed with ether. The aqueous layer was
basified with 4N NaOH and extracted with ether. The combined organic extracts were
washed with brine, dried (Na,SO,4) and concentrated in vacuo to afford cis-9-bromo-6-
chloro-1,2,3,3a,5,9b-hexahydroisochromeno([3,4-c]pyrrole (159.3 mg), EI-MS: m/z = 290.1
[M+H]".

Example 89
cis-2-Methyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole

hydrochloride

F
F~ OF

To a microwave vial was added cis-6-(trifluoromethyl}-1,2,3,3a,5,9b-

hexahydroisochromeno[3,4-c]pyrrole (25 mg, 0.103 mmol), DMF (1 mL), formaldehyde



F 5 FF Exanple 94

ci s-2-Cyclobutyl-6-(trifluoronethyl)-1, 2,3, 3a,5, 9b- hex
wa@bydogizsochr oneno[ 3, 4- c] pyrrol e hydrochl ori deCt/6P10g§/062229

17%, EI-M5: mz = 298.3 [MFBE+. p NHHCH OO F

F F 10 Exanple 95

O SRS G0 & HOr BB hrSeia g B 51 mmo)

wasithen2ed tdclialMbhe I’daz:tlén 244 irBadididHintthe MicrbwbvéChtH 000030or 10 min.
Thgée%cﬁomaggggr/lc %52W2It91 ( EP%E)O%/IS)tg 221% Me:zl(}lgi an?foarg)ed onto a pre-
acigified 2- @OXWaftﬁdgﬁd, rellifting ahed bRidB Yrgdukis2with 3aM SLI-QHJT M%mjnwcbﬁord a

5 cruﬂg@s&g %@859#@%&5@%{ M%ydar%cmlq He%/I ﬁge gur prgduct was
thebodRpdritra®ed and converted to the HCI salt by treatment with HCI in ether (0.5 mL).
Th% raojarﬂil'&ﬁ?b\@sfgﬁﬁgnﬁé’kég}toz'a%orsaa’c?g-ﬁpn' R SR RENNEY%, 5 gb-
hexahydroisochromeno([3,4-c]pyrrole hydrochloride (10.4 mg, 34%), EI-MS: m/z = 258.1
[M+H]".

10

The above reaction was employed using the appropriate aldehydes and ketones to afford

the following products.

Example 90
15 cis-2-Ethyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride (6.5 mg, 20%), EI-MS: m/z = 272,5 [M+H]",

M M
-

Example 91
cis-2-Isopropyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
20 c]pyrrole hydrochloride (7.7 mg, 23%), EI-MS: m/z = 285.9 [M+H]".

Example 92
cis-2-Propyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromenol[3,4-c]pyrrole
hydrochloride (8 mg, 24%), EI-MS: m/z = 285.9 [M+H]",



trifluoroacetate H H, HTFA OV N 97.1 Preparation
of trans-tert-butyl
w®2qovos2eaior onet hyl sul f onyl oxy) -1, 3, 3a, 9b- 10 PCT/EP2008/062229
tetrahydroisochroneno[3,4-c%ggrrole-2(5kb-carboxy|ate
O~-0 NH, H 0OO Orf a solution of
trans-tert-butyl
6-hydroxy-1,3,3a,9b-tetrahyd;g;gggﬁroneno[s,4-c]pyrro
e- 2(5H)-carboxylate (1.613 [, 470 ng) in THE (13.4
n) was added sodi um hydr,i d¢ 1.98@¢ Mol , 77 ng)
foll owed by a solution g
N- phenyl trifl uoronet h§ R .
634 ng) in THE (2 nm)! ag3ul tant m xture was
stirred at roomtenperature for 24 hours then the THE
was renoved and the riesique partitioned between DCM
and saturated aqueoug Na . The organic extracts
Exdsicashed with brine, dried (Na2SO4) and

concentrat ed under reduced pressure to afford
cistZ-lsrbutyd:6 (tnflygrpmethyl)-1,2,3,3a,5,9b-hexahydroisochromenol[3,4-c]pyrrole

hy&#orchfdrmr(@mg]%%yléq\wsl %Y 3d0.8ManRb- t et rahydr oi soch
romeno[ 3, 4-c] pyrrol e-2(5H) WO 2009/ 037220
PCT/ EP2008/ 062229 112 car boxyl at ¢/ (102% yi el d) whi ch
was used w thout further purifoé%ion. 97.2
Preparation of trans-tert-buyty
6- cycl opentenyl -1, 3, 3a, 9
t et r ahydr oi sochr oneno By 1 ok e 2( 5H) - car boxyl at e
OO NH, H O5 Tet 2(t rdphenyl phosphi ne) Pd( 0)
(0.018 nmol, 20.47 ng) Y dded in one portion to a

F

Example 94
cis-2-Cyclobutyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole hydrochloride (6 mg, 17%), EI-MS: m/z = 298.3 [M+H]".

m M
T

10 Example 95
cis-2-Cyclopentyl-6-(trifluoromethyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
clpyrrole hydrochloride (10 mg, 28%), EI-MS: m/z = 311.8 [M+H]",
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15

m xture of trans-tert-butyl

6-(trifluoronethylsul fonyl oxy)-1, 3, 3a, 9b- tetrahyd
WO eiogoshe®@meno| 3, 4- c] pyrrol e- 2( 5H) - car boxyl at ePCODEBHMS/062229

mol , 150 ng), cyclopentenﬁlioronic acid (0.425 mmol ,

47.6 nmg) and potassium carb h te (0.531 nmmol, 10 73.4
Ex%ﬁgleii% 1,4-dioxane (5 M) / water (0.5 m) m xture.

xture was subjected to mcrowave irradiation at

cis1BBehzyl@-(tiluosromeitiag)-1,P[3:34,6 9bthexahydvdissohromeno[3,4-c]pyrrole

artijti b h a d water, and the
hy r@ﬁbm?%ﬂigg}g’az%’zﬁflﬁgcw&d' gﬁﬁ{@#ﬁcl acetate. The
conbi ned organic extracts were waghed with brine,
dried (Na2SO4) and concentrated reduced
pressure. The crude residue wz
colum 15 chronatographﬁi(r wing wwth ethyl acetate
in heptane, 0 to 20%
6- cycl opent enyl - 1, 3,
pyrrol e- 2( 5H) - car box
Preparation of trans- yl
6-cycl opentyl -1, 3, 3&8-9b-tetrahydro 20
i sochroneno[ 3, 4-c] py\rotre- 2(5H) - car boxylate O ~-O-- N
H, H OA mxture of trans-tert-butyl 6-cycl open
Exampig|971 3, 3a, 9b- t et r ahydr oi sochr onenol 3, 4-
traﬁi-l@)ﬁf&&&erﬁﬁﬁt&ﬁ%QQK%'eﬂlec{rQis%Zﬁrdmm%;&gﬂcgggbroﬁznd 2,2,2-
.10% pal | adi um on carbon (0.014 WD 2009/ 0372
trifierpagesafgs/ 062229 113 nmmol, 14.65 ng) in ethano
(8097 pl) was stirred vigorougfy at roomtenperature
under an atnosphere of hydroden (balloon) for 24
hour. The spent catal yst snoved by filtration

ahy i sochroneno[ 3, 4-c]
s y?% d). 97.3

25U 8? filtrate was
concentrated in vacup af fordl a TFBsi due that was
purified by silica coRgan™ mat ogr aphy (eluting with
ethyl acetate in 5 heptane, 0 to 10% to afford
trans-tert-butyl 6-cyef\qpentyl-1, 3, 3a,9b- tetrahyd
roi sochronenol[ 3, 4-c]
yield). 97.4 Preparat of

o7, BRSSP Uy b, DA MR 3o

tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate

L

OTf

To a solution of trans-tert-butyl 6-hydroxy-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-
2(5H)-carboxylate (1.613 mmol, 470 mg) in THF (13.4 ml) was added sodium hydride
(1.936 mmol, 77 mg) followed by a solution of N-phenyltrifluoromethanesulfonimide (1.775
mmol, 634 mg) in THF (2 ml). The resultant mixture was stirred at room temperature for
24 hours then the THF was removed and the residue partitioned between DCM and
saturated aqueous NaHCOj3;. The organic extracts was washed with brine, dried (Na,SO,)
and concentrated under reduced pressure to afford frans-fert-butyl 6-

(trifluoromethylsulfonyloxy)-1,3,3a,9b-tetrahydroisochromenol3,4-c]pyrrole-2(5H)-



O 10 cis-tert-Butyl
6-cycl opentyl -1, 3, 3a, 9b-t et r ahydr oi sochr oneno[ 3, 4-c] py
WO e@b®32¢bH) - car boxyl ate (0.192 mmol, 66 ng) MEBEP2008/062229
di ssolved in ethyl acetate éig m ) and then hydrogen
chloride (10 mol, 365 ny) was bubbl ed t hrough the
rre

oA Croa LB e S B el

afford trans 6 15

ent 1 2,3 a I soch one o
ré)aﬁ “tri f?ﬁor oac}é‘? éeF% P yi el Q)Y¢ nyﬁ}l,§3a 9b-
tetFahgdﬂmiocEHVbhﬂerho[ﬂ-&l@rml@&wm-carboxylate
trans-6-1sopropyl -1, 2, 3, 3a, 5, 9b- hexahydr oi sochr oneno[ 3
,4-c]pyrrole 2,2,2- 20 trifl u%gacetate. H N H, H
TFA O Simlar protocols to proc res in Exanple 97
wer e enpl oyed, using 2-isoproNenyl
4,4,5, 5-tetranet hyl -1, 3, #;.di oxabof ol ane and
trans-tert-butyl 6-(¢F et hyl sul f onyl oxy) -

1, 3, 3a, 9b-t et rahydr o “H

i sopropyl -1, 2, 3, 3a, 59byhexahydr oi sochroneno[ 3, 4-c] pyr
role 2,2, 2- trifluoro ate, EI-M5:. nfz = 218.6

[ MtH] +. WD 2009/ 037220 PCT/ EP2008/ 062229 114 Exanpl e

Tet92£<|s(tr|phenylphosphme)Pd(O% (o 018 mmol, 20.47 mg) was added in one portion to a

25

cis I so 5, 9b- hex rois nmeno
MiXEpyr 1 ol E{ hydr o RIS 6f’fité‘m/'H N ﬁ?ﬁ@rﬂm%ﬁyﬁcw&ﬁ ’%’33 9b-
tetrahyzﬁerdgm@mdﬁqs md}p’;drdlélzmm@h@x%tewe re.3apl oxae, 150 mg),
sin i sopro
cy %er%wkbﬁgﬂnpqa@de@ ‘él?%SE‘HB’Z AEYI &MY 3R Pefessit|y ¢arprnag (0-531 mmol,
73.8-rhgy inf 1 H@icxamé 'W|n$l)1}' f/\/@fer"(O)Syr}ﬂ)]m&tu@ 9‘|ﬂe mixture was subjected to
t et rahydr oi sochr o Cr% ﬁa/rrojl_ é - car boxyl ate
mrqrgw%\fef %gaal a&;rpg aé 1 Eg?;y{so tes. The Teaction mixture ‘was partltloned
betﬂvegn 3thypadetb -afhﬂme’rd Bed &Q&Cdlfu@fi@sﬂ Rlygr Wa< biapdcted With ethyl acetate.

The gcgrrqglﬂeé)rorganrc ex!\r/e?cts Were Was%eﬁ \ALtNH-H]rlne dried (NapSO4) and

concentrated under reduced pressure. The crude residue was purified by silica column
chromatography (eluting with ethyl acetate in heptane, 0 to 20%) to afford trans-tert-butyl
6-cyclopentenyl-1,3,3a,9b-tetrahydroisochromeno[3,4-clpyrrole-2(5H)-carboxylate  (78%
yield).

97.3 Preparation of trans-tert-butyl 6-cyclopentyl-1,3,3a,9b-tetrahydro

isochromeno[3,4-c]pyrrole-2(5H)-carboxylate

A  mixture of trans-tert-butyl 6-cyclopentenyl-1,3,3a,9b-tetrahydroisochromeno[3,4-

c]pyrrole-2(5H)-carboxylate (0.275 mmol, 94 mg) and 10% palladium on carbon (0.014
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10 Exanple 100

trans-6-1sopropyl -3a-nethyl -1, 2, 3, 3a, 5, 9b- hexahydr oi so
waebkooonsenef 3, 4-c] pyrrole 2,2,2-trifl uoroacet ap@r/EP20bB/062229

H,, TFA O 15 The procedure§1?escribed i n exanple 97

wer e enpl oyed, using 4,4,5,5-tetranet hyl - 2-

mn{cﬁ ;12126% @Igeg? i:nkzﬁ;ﬁl%%)-fo_l é&%ﬁi@)&%ﬁ%x ErJr%{j %&g%poeusﬂ/naq room temperature under an
atn{dsphéreuofr ayabien gibdibony Frx3y hbud, Bee Speritetatalhytdwas sembved by

f||tr%\li?cgﬁg1?%ugg4hg8%g1%éb{j S{g(g:r%éﬁtﬁggl fﬁ?gt?gv)&%ll%%g)gcgtngg?eg&%r\gacuo to afford a

resli@sahyicves $otiudopie sit¢a3 cdlumhphisradiegraphy (eluting with ethyl acetate in
heé?'i%‘rsl-t Ilg uor&@}g)et e H Ve tr%g-te_ﬂ-glﬁ??l' 4 (g-(l\:/3|/+c|l_gp4é'nty%-9,3,3a,9b-

tetrahgdrbisbcwpmopy[B43dpyrelidrg5H)-carbdxBatey 70%-eaphy dr oi soch
ronenol[ 3, 4-c] pyrrol e hydrochl ori de WO 2009/ 037220
PCT/ EP2008/ 062229 115 H N HCH Of The

97.4r OPaspair &tiord @f (trarizeétcy clopamtyph 2,393a, 39bechexainydnotsbchromeno[3,4-
usin - ropenyl.-4,4,5 5- tetranethyl- 1,3 ,2
C]p,y mo&%ﬁé&-@ﬁ&%g%ﬁ%atg i s-tent-butyl

3a-net hyl -6- (trifluoronethyl sul f onyl oxy) -
1,3, 3a, 9b- t et rahydr oi sochy oy N
nmeno[ 3, 4-c] pyrrol e- 2( 5H) - Catboxyl ate to afford
ci s-6-isopropyl 5
3a-nethyl -1, 2, 3, 3a, 5,
rol e hydrochl oride, EI=
Exanpl e 102
cis-6-Propyl-1,2,3,3
pyrrol e hydrochl ori de

. TFA
exahyél-lr oi sochronenol 3, 4-c] pyr
: z = 232.4 [ MtH| +.

b- hexahydr oi sochroneno[ 3, 4- c]
N

cis-tert-Butyl 6-cyclopentyl-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate (0.192 mmol, 66 mg) was dissolved in ethyl acetate (20 ml) and then
hydrogen chloride (10 mmol, 365 mg) gas was bubbled through the mixture. The solution
was stirred for 3 h then concentrated and purified by acidic prep-HPLC to afford trans-6-
cyclopentyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole 2,2,2-trifluoroacetate (47%
yield), EI-MS: m/z = 244.1 [M+H]",

Example 98
trans-6-lsopropyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole 2,2,2-

trifluoroacetate.

Similar protocols to procedures in Example 97 were employed, using 2-isopropenyl-
4,4,5,5-tetramethyl-1,3,2,dioxaborolane and trans-tert-butyl 6-(trifluoromethylsulfonyloxy)-
1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate to  afford  trans-6-
isopropyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole 2,2,2-trifluoroacetate, EI-MS:
m/z = 218.6 [M+H]".
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HHCH O 10 The procedures described in exanple 97
were enpl oyed, using (Z)-prop-1-enyl boronic acid and
W@ e®@9n&EmnLe but yl PCT/EP2008/062229
6-(trif|uoronethylsulfonyl04¥A-1,3,3a,9b-tetrahydroiso
chromeno[ 3, 4- c] pyrrol e-2(5H)-carboxylate to afford
ci s-6-propyl -1, 2,3, 3a, 5, 9b-
hexahydr oi sochroneno[ 3, 4-c] pyrrol e hydrochl ori de,
Exdzhpl¥®9 mz = 218.6 [M+H +. 15 Exanple 103

cisg B8 ooy PE B N R RO S B O s

N O 20 The procedures descrilyed in Exanple 97 were
enpl oyed, using (Z)-propw}-r' boronic acid and

ci s-tent-butyl
yIs
to afford cis-3a-met hyl

3a-nmethyl -6-(trifluorn
t et rahydr oi sochr onend
p

1, 2, 3, 3a, 5, 9b- hexahydr gi sochr oneno[ 3, 4-c] pyrrol e

2,2,2-trifl uoroacet ate€, | -M5: mlz = WD 2009/ 037220

PCT/ EP2008/ 062229, 116 232. 4 [ MrH| +. anpl e 104
Thi PRacEaae, A3eracH Ins@XaTaRIa i, Wers BBleyed SEamtb LATHRIgRSr Yk 4.5.5-
tetraetiyRN 3] Bdidxsdopyamobed ck-tér-Buldt bi(irfllsrorReasiuabeyIdty)-1l3,3a,9b-

R T e e
1,2(3,34,5 o Meamididis sonkdreend[ DX pykrol, H9didbhibedd, aByIISoi mRCE 218.4
ropeno[ 3, 4-c] pyrrol e-2(5H) - carboxyl ate and
Mic| opent enyl boronic acid to afford

ci s-6-cycl opentyl - 3a- net hyl

)

fon xy)-1, 3, 3a, 9b-
Kol ?—”g( 5H) - car boxyl at e
| -

Example 100
trans-6-lsopropyl-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno|[3,4-c]pyrrole

2,2,2-trifluoroacetate

TFA

The procedures described in example 97 were employed, using 4,4,5,5-tetramethyl-2-
(prop-1-en-2-yl)-1,3,2-dioxaborolane and trans-tert-butyl 3a-methyl-6-
(trifluoromethylsulfonyloxy)-1,3,3a,9b-tetrahydroisochromenol3,4-c]pyrrole-2(5H)-
carboxylate to afford trans-6-isopropyl-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole 2,2,2-trifluoroacetate, EI-MS: m/z = 232.4 [M+H]",
Example 101

cis-6-lsopropyl-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride
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10 1, 2, 3, 3a, 5, 9b- hexahydr oi sochroneno[ 3, 4-c] pyrrol e
2,2,2-trifluoroacetate, El-Ms5: nmfz = 258.5 [ MtH] +.
wEz@apbr2005 PCT/EP2008/062229
ci s-3a, 6-Di mathyl-1,2,3,3a,§,I b- hexahydr oi sochr oneno[ 3
,4-c]pyrrole 2,2,2- 15 trifluoroacetate H TFA H The
pr ocedur es descrl bed in Exarrlee 97 were enpl oyed,
using cis-tent-butyl 3a-nethyln 6-
(trifluoromethyl sul fonyl omy)-1)\3, 3a, 9b-tetrahydroi soch
romenol 3, 4-c] pyrrol e- 2 .
tri met hyl boroxi ne to
ci s-3a, 6-di nethyl -1, 278
hexahydr oi sochroneno[ 3, 4-c] pyrrol e
2,2,2-trifluoroacet at g; -M5: nmlz = 204.3 [ MtH] +.
Exanpl e 106 . . .
The pxeredumesedasciiegthin examplg 9TawsreopmpleyathyeRitg Soednrenammbd.4.5,5-
tetr{a?heﬂléﬁ §i8ksbofoldnand Efs-ftér'tlﬁﬁtglﬁ@aeﬁﬁﬂﬁll H@nﬂ@&%fn@ g?s‘?dﬁonyloxy)
P2008/ 062229 117 rocedur es
1,3ehasr-eliaby dreis eshaprperol37-alpriolesiSIHigadoxylaterig afford ois-6- -isopropyl-
3a H@ﬁﬁ‘1 2915 B3 @Lgbyﬂexgﬁydrmsochromeno[?) 4-c]pyrrole hydrochlorlde EI-MS: m/z =
tTifluoromet hyl sul fonyl ox % , 9b-tetrah
23%6&Mrﬁbchroneno[3 4-c]pyrrol e- 2(5H)- carboxylate and
trimet hyl boroxine to afford
trans-3a, 6-dinethyl-1,2,3,3a,5,9b 5

ExaeRlgi0dr oi sochr oneno[ 3, 4-c] pyrrol e
cis- arc?mfl-r‘l' i 49 5@ drdis o omEne[ 342 iyriblé MysloEhioride

Exanpl’e

trans- 6- Et hyI 3a-nethyl-1,2,3 :F]a 5, 9b- hexahydr oi sochro

meno[ 3, 4-c] pyrrole 2,2,2- HLjflNoroacetate H TFA H,

O 10 Simlar procedur-: > Se described in Exanple

97 were enpl oyed, usin ¢t t -Clidut v

3a-net hyl - 6- (trifl uor oMMy fonyl oxy) -1, 3, 3a, 9b-t et

rahydr oi sochroneno[ 3, 4- ¢] pyrrol e-2(5H)-carboxyl ate

and 4, 6-trivinyl cycl ob¥fboroxane pyridine conplex to

ffor r th . .
U s A A R
aci@ aﬁdins-tbﬁ-ttutylfﬁ-(ﬁrﬁhomtaylmlfoﬁylom1 3Bz ob-t&fiehydrojddiehfiomeno[3,.4-

c]pyrrole-2(5H)-carboxylate to afford cis-6-propyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole hydrochloride, EI-MS: m/z = 218.6 [M+H]",
Example 103

cis-3a-Methyl-6-propyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole 2,22-

trifluoroacetate

ZT

TFA

The procedures described in Example 97 were employed, using (Z)-prop-1-enylboronic
acid and cis-tert-butyl 3a-methyl-6-(trifluoromethylsulfonyloxy)-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate to afford cis-3a-methyl-6-propyl-
1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole 2,2,2-trifluoroacetate, EI-MS: m/z =
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Exanpl e 108

ci s-6-1sobutyl -3a-nethyl -1, 2, 3, 3a, 5, 9b- hexahydr oi sochr
wWo@e@noBR201- c] pyrrole 2,2,2- trifluoroacetate HOFAP20bB/@2229

20 Simlar procedures to thqﬁg descri bed in Exanple 97

wer e enpl oyed, using cis-tert-butyl WD 2009/037220

P2008/ 062229 118 3a-nethyl -6-(trifluoronethyl su

2321?%5" xy)-1, 3, 3a, 9b-tetrahyd

roi sochroneno[ 3, 4-c] pyrrol e- 2(5H)-carboxyl ate and

2- net.hyl prop-1-enyl boronic acid to afford
E—X%ql%—lg—éﬁgsobut yl - 3a-m et hyl -
cisl§-Cydlopanty)-9b-nhetkgly,d130855 8 b heraindrdisbchianienalBg-clpyrrole
zgé&éﬁﬁ%%g%%%ggroacetate, El-MS: mz = 246.4 [MtH +. 5

ci s-6-(3,5-D nethylisoxazol -4Hyl)-3a-nethyl-1,2,3,3a,5
, 9b- hexahydr oi sochroneno [ B c]pyrrole
2,2,2-trifluoroacetate O NO10 Simlar
procedures to those d NN Exapl e 97 were

enpl oyed, using cis-tle o

3a-net hyl -6-(trifluorongethyl sul fonyl oxy)-1, 3, 3a, 9b-tet
rahydr oi sochr oneno[ 3, 4-¢] pyrrol e- 2(5H)-carboxyl ate
and 3,5-di nethyl isof | -4-yl boron ic acid to afford
cis-6-(3,5-

di Ryl i [[=4=yl)-3a: hyl -1.2,.3. 3a,5,9b-h d
g BITEL P AREPSY I B XY 87 R Yty B s s TR S Retnyi o
(trifil ordvBethytb aifonyB@%)- B3 BdBbltetratldrdiscaminesnblX)4-c]pyrrole-2(5H)-
eyt PPl b 5B SRR S SR Py
1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole 2,2,2-trifluoroacetate, EI-MS: m/z =
258.5 [M+H]".

Example 105
cis-3a,6-Dimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole 2,2,2-
trifluoroacetate
H
N TFA
H
O

The procedures described in Example 97 were employed, using cis-tert-butyl 3a-methyl-6-
(trifluoromethylsulfonyloxy)-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate and trimethylboroxine to  afford cis-3a,6-dimethyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole 2,2,2-trifluoroacetate, EI-MS: m/z = 204.3 [M+H]",

Example 106
trans-3a,6-Dimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole 2,2,2-

trifluoroacetate



N-O 20 Sim | ar procedures to those described in
Exanpl e 97 were enpl oyed, using cis-tent-butyl
w®2qovos2eaior onet hyl sul f onyl oxy) -1, 3, 3a, 9b-t et r BATHPINS 652229
chroneno[3,4-c]pyrro|e-2(5k%-7carboxylate and
I soxazol - 4-yl boron ic acid 6" af for d
ci s-6-(isoxazol-4-yl)-1,2,3,3a,b, 9b-
hexahydr oi sochr omreno[ 3, 4-c] p | €FAydr ochl ori de,
El-M5: mlz = 243.8 [ M+H] +.4,WO 2809/ 037220
PCT/ EP2008/ 062229 119 2iple” 111
ci s-6- Phenyl -1, 2, 3, 343, - hexjatydr oi sochr onenol 3, 4- c]
pyrrol e hydrochl ori de d . [
of cis-2-benzyl -6-phenyl|-1, 2, 3,3a,5,9b- 5
hexahydr oi sochroneno[ 3, 4-c] pyrrole HOH
Th%r&&lﬁ'u ! gbg&?rﬁﬂéf | iRhI‘:')XQ‘a[?ﬂkIQle Qe e‘nﬁquge% %P'n}g tranStert-butyl 3a-
was added 1'n one portion to a ure o
methys62triBeorpyiettFisuifomaoexy )-2,333320 - i A by dreisadihy dmens 3.4 kol mymere-
rrol.e 1 I [
2(5943 %8&’(’8;’ B " ténq%tﬂg@orom to, a?go{?g)s tsrfaﬁér‘nig‘grd@gétﬂyléﬁ?l,g,sa,5,9b-
5 hexaby@®sonmomend[30Bclpg)ole 2,212 mﬂdoltmaetete( EI-MS) ndnd 2043dM+H]"
(0.2 nmL) m xture. The m xture was subjected to

m crowave irradiation at 130 C for 15 m nutes, then
Exgragled@7t hr ough an SCX cartridge to afford a residue

t
rapBREFRaBietii 12 369 5300 e S%h?%ﬁgh&ﬁ&%éﬂﬁ%m?% 4 227
triflorpgcatatee (83% vyield), EI-M5: mz 342.0 [ M+H] +. 15
111. 2 Preparation of
ci s-6-phenyl -1, 2, 3, 3a, 5, 9b- he
c] pyrrol e hydrochl ori de HH
PCT/ EP2008/ 062229 12
ci s- 2-benzyl - 6- phenyl
no[ 3, 4-c] pyrrole (0. OX
1-chl oroet hyl chl orof orrate (O 139 mrol, 0.015 m,
19.89 ng) in toluene m) was subjected to
m crowave irradiation at 150 C for 20 m nutes, then
Similar procedures to those described in Example 97 were employed, using trans-tert-

ahydFdi sochr omeno[ 3, 4-
0 H WD 2009/ 037220

3, 9b- hexahydr oi sochr one
.5 nmg) and

10

butyl 3a-methyl-6-(trifluoromethylsulfonyloxy)-1,3,3a,9b-tetrahydroisochromeno[3,4-

c]pyrrole-2(5H)-carboxylate and 4,6-trivinylcyclotriboroxane pyridine complex to afford

trans-6-ethyl-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole 2,2,2-
15 trifluoroacetate, EI-MS: m/z = 218.4 [M+H]",

Example 108
cis-6-Isobutyl-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole  2,2,2-

trifluoroacetate

H
N TFA

20
Similar procedures to those described in Example 97 were employed, using cis-tert-butyl
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met hanol (0.5 m) was added to the m xture and the

m xture was subjected to mcrowave 5 irradiation at
waz@asfer 5 mnutes. After additi on of excessPCT/EP2008/062229

sat urat ed aqueous NaHCO3 éq the m xture was
extracted wth ethyl acetat %10 m, x 3). The

5o R BRSO 5L Mok A5 4-clpyror

2(5|H)esﬂdols<ﬁal‘ecargii Imethyipesp-diemylbblumicadidieo afest dises-isabutyl-3a-methyl-

1 224’]%%%'953189 d?(ﬁ:l‘éc?qt\%r egr}ﬂ}_!%:h' CJJO gp%o%&,g?rﬂliugo%&ta%?dEI-MS: m/z =

24&4 MEHphenyl -1, 2, 3, 3a, 5, 9b 10
hexahydr oi sochroneno[ 3, 4-c] pyrrol e hydrochl ori de (38%
yield), EI-M5: nmlz = 252.4 [MH +. Exanple 112
Exarhple@002- Met hoxyphenyl ) -1, 2, 3, 3a, 5, 9b- hexahydr oi sochro

cisghes 5B iRl LDt 83 By b Sptrgmeno
[3,001pyosmdel 2, 25 trifluctbacdtatet - but yl  6-
(trifluoronethyl sul fonyl oxy)-1,

ronmenol 3, 4-c] pyrrol e-2(5H) -
2- met hoxyphenyl boron ic aci
Ci s- 6- (2- met hoxyphenyl ) 28
1,2,3,3a,5, 9b- hexahydr mhro ENO[ 3, 4- c]pyrrole
hydrochlorlde El - MS: Mg :

3a, 9b-t et rahydr oi soch
x;TFéte and

eno[ 3, 4- c] pyrrole 25 hyochl or| de V\D 2009/ 037220
PCT/ EP2008/ 062229 12 C HH F OSimlar
procedures described i nNExnpl e 97 were enpl oyed,
using cis-tent-butyl 6-
Sinqilar pfacaduresee Hyass et oipdan yIxampls, Bawers emploxeds distigsese fert-butyl
%[(?frflﬁ %@Qlﬁnﬂ&%? %@?&%h%%ls@&qomenow 4-c]pyrrole-

or opne roni c

2(5ﬁ)§a@oq<gane| o pherifimpthylispxazad4-yihagenie acid to afford  cis-6-(3,5-

dln%mwgygrzn?ﬂ @Qﬁg%gﬁ%ﬂ;ﬁh%,’\%g %ﬁ@!a \é&%%ﬁ%ghgﬁb[gth]pyrrole 2,2,2-

trifluoroacetate, EI-MS: m/z = 285.3 [M+H]".

Example 110
cis-6-(Isoxazol-4-yl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride

ZT

CIH

Similar procedures to those described in Example 97 were employed, using cis-tert-butyl
6-(trifluoromethylsulfonyloxy)-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate and isoxazol-4-ylboronic acid to afford cis-6-(isoxazol-4-yl)-1,2,3,3a,5,9b-

hexahydroisochromeno[3,4-c]pyrrole hydrochloride, EI-MS: m/z = 243.8 [M+H]",
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15

cis-6-Ethyl-1, 2,3, 3a, 5, 9b- hexahydr oi sochroneno| 3, 4-c] p
yrrole H NHH O56 10 Simlar procedures
walemwgnshed i n Exanpl e 97 were enpl oyed, using PCT/EP2008/062229
cis-tent-butyl 6-
(trlfluoronethylsulfonyloxy) %,S,Sa,gb-tetrahydroisoch
Ex ronegq!S 4-c] pyrrol e-2(5H)- carboxyl ate and
n rivinylcyclotriboroxane pyridine conplex to
cisa8-Phenlylcl, % 3 Bad, Ih-hexahydroisochromeno[3,4-c]pyrrole hydrochloride
1, 2, 3, 3a, 5, 9b- hexahydr oi sochrongno[ 3, 4-c] pyrrol e,
El-M5: mz = 204.4 [ MtH| +. KK a e 115 cis-N,
N-Di met hyl -1, 2, 3, 3a, 5, 9b- he. -hysr0|sochroneno[3 4- c] py
rrol-6-amne H N H ' ’
cis-tert-butyl 6-(ding

H1, 3, 3a, 9b-

ci s-tent-Butyl

6-(trifluoronethylsulf

chroneno[ 3, 4-c] pyrrol e

15 ng), dinethylamne in THE (0.053 mmol, 0.027 2
1153qPERaratian oxi de (0. 083 nmol, 5. Fis-Awenzuégapenyd-153,3a,5,9b-
heﬁﬁ}ldrmgogl%n@')o 3,2-c]pyrrole

rls(dlbenzyl|deneacetone)d|palIadlun(O) (1.771 pnol,

1.622 ng) and toluene (0.5 nli) added to a

m crowave vial and irradiated m nutes at 135 C

The m xture was partitionetNoet et hyl acetate and

wat er. The aqueous | ayerHa :

et hyl acetate and t heg i N8, organi c extracts were

washed with brine, d

boxy) -1, 3, 3a, 9b-t et rahydr oi so
H) - car boxyl ate (0. 035 mmol ,

Tetrakis(triphenylphosphine)Pd(0) (2.179 ymol, 2.52 mg) was added in one portion to a
mixture of cis-2-benzyl-6-bromo-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (0.044
mmol, 15 mg), phenylboronic acid (0.052 mmol, 6.38 mg) and potassium carbonate
(0.065 mmol, 9.03 mg) in 1,4-dioxane (1 mL) and water (0.2 mL) mixture. The mixture
was subjected to microwave irradiation at 130 °C for 15 minutes, then passed through an
SCX cartridge to afford a residue that was purified by basic prep-HPLC to afford cis-2-
benzyl-6-phenyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (83% vyield), EI-MS:
m/z = 342.0 [M+H]".

111.2 Preparation of cis-6-phenyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole hydrochloride

H
N CIH

H
)
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and concentrated under reduced pressure to give a
residue. The residue was purified by 10 prep-HPLC to

w@bdooslr2ed s-t ent - butyl 6- (di met hyl am no) - 1, 3, 3BCPBP2008/062229
tetrahydroisochroneno[3,4-chgﬁrrole-2(5kb-carboxy|ate
(76% yield). 115.2 Preparati of cis-N,

A PIUPT 0P 65 SAisB SRS [ or 2 R MR R TR g o s clpyrmole
(0.0d8) mwis; gasiielegj_ahd TactBarbeithiylashl@bfoermatet (9rB9 vyl 0.015 ml, 19.89 mg)
am

. B+ (di net ) -1 3a,9b- o .
n BUEPa oy PES SHPBREA dp 370wy iTasiaion &is0c S B mputes. ther
me(hanb(OBT®I),wad dddeg)to itiie ahix@xar@d thd nixtale) waddeédtjected to microwave

. (,0..2. L Xt. tirred.at 100 f 0.5 h.
inalipuSa 3t Y Caabh G eias ol s G SR rrBe, Bt NaHCO:
(10way, thassiedrd Wwao vghacietl WtKethgl a¢atatge1@At, X B)erThHi0combined organic
extR#:EﬁI mﬁge%y\@?X%%aS@ﬁ@ggr%%ggyz%g Er\?az%ﬁ)o%ﬂd C(I:osn_céz\lt*\trated under reduced
preBsura ity dyivas scrégdlge‘rin}m[ &uwée Cré;s',wEL)l(d wbls Q)ua'fliéémey bagi¥preeHiPLC (basic
- \/B: z = e .
mOFiEl 3 &M HPYER plt rOF| 19 T 01 0% adis ERIPHEEAPS9

hexihed®zobiironeno33-dlogd @y r halrechldte (38% vyield), EI-MS: m/z = 252.4
M 2, 2-trifluoroacetate WD 2009/ 037220

[ "/ EP2008/ 062229 123 HTFA H~1 O U Simlar

procedures described in Exanple 115 were enpl oyed,

EXusi Q 1§i s-tent-butyl 3a-
—?FE?—ﬁﬂa-HG- (trifluoronmethyl sul fonyl oxy)-1, 3, 3a, 9b-tetrah
cisyBH{2Msthoixy phemy|-8,2/8, 34, 9 brraixahy diotddeheamboalBl 4t pyarote

rrplidine to afford
hy‘@'?"&[‘%é'-‘%et hyl -6- (pyrrolidin-1-yl)-1,2, 3,3a,5,9b 5
hexahydr oi sochr onenol 3, 4-c] pyr bl giH
2,2,2-trifluoroacetate, EIF| 5 z = 259.3 [ MtH] +.
Exanpl e 117
ci s-6- Cycl opropyl -1, 2,
,4-c]pyrrole H N

Similar procedures described in Example 97 were employed, using cis-fert-butyl 6-
(trifluoromethylsulfonyloxy)-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate and 2-methoxyphenylboronic acid to afford c¢is-6-(2-methoxyphenyl)-
1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride, EI-MS: m/z = 282.3
[M+H]".

Example 113
cis-6-(2-Fluorophenyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride
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H 510 10 117.1 Preparation of cis-tert-butyl
6-cycl opropyl -1, 3, 3a, 9b- tetrahyd roi soch

wo eowns23) 4- c] pyrrol e-2(5H) - car boxyl at e NBoc PEI/EPR20bB/AN62229
O

1,1'-Bis(diphenylphosphino)ﬁa?rocenedichloropalIadiun(
1) (1.771 pnol, 1.296 ng) was |, added in one portion
to a mixture of cis-tent-but CIH
6-(trifluoronethylsul fonyld
hydr oi sochr oneno[ 3, 4- c}#
(0.035 mmol, 15 ny), Qpﬁ\boronlc acid (0.053
nmol , 4.56 ng) and potassi uny’car bonate (0.053 mmol ,
7.34 ng) in a solution of_1,A4-dioxane (1.480 m -) /
water (0.296 nlL). The If re was irradiated in the
m crowave at 130 C for & inutes. Further 1,1'-
bi s(di phenyl phosphi no) f efrocenedi chl or opal | adi un(11)

Sinfithr Tofdcadeds, désctded ) Eﬁmﬁpla%rwér@pérﬁﬂwéaprmhg: cRClet-butyl 6-

L0.053 mmol, 4.56 re a nd the m xture
(i PRy SOy o S e e s DM e Ay Ho R BE)-
carb@@fh’ié %@hdaznmjdraﬂwelmymbwnﬁz am té bfiedi @$-eq2-atiorbpRenyl-1,28,3a,5,9b-
ther 40 nut es. xt yre then arti uﬁned

he@é‘bf ISRCRMERO foC]HY”‘?'eQM?fOV*IB’%@ 0.5 [M+
PCT/ EP2008/ 062229 124 ethyl acetate (10 m.). The
aqueao | ayer was further extracted with ethyl acetate
Example conmbi ned organi c extracts were washed with
cistB-Efifyl-1(; 3,848, 5(985Xah) drdiso cHrbARb[ B4 LTpyrivlgler reduced
pressure to give a residue. The ﬁesidue was purified
by prep-HPLC to afford cis-tentybutyl
6- cycl opropyl -1, 3, 3a, 9b-t et i sochroneno[ 3, 4- c] py
rrol e-2(5H)- 5 carboxyl ield). 117.2
Preparation of o H
ci s-6-cycl opropyl -1, 2, 3, 3 hexahydr oi sochr oneno[ 3
,4- c]pyrrole H N H\ OJH 10 5 NHC (0.098 m) was
added to a solution of cifs-tent-butyl
6- cycl opropyl -1, 3, 3a, 9h- . .
Srplet YRGS et Ba BT Bamelp oY 1S, STBIRYec R fsioe DUyl -
(trifludr&detpgelifongloky o3, 3iaJ?Bbdét@éﬁj/ﬂﬁ)lsdcﬂ:rcﬁndﬁoId,%WrrblérZ%H)-

Th 1 .5 h then
car?e%y&egﬁﬁ? ét ué ﬁ'lvmchyclo{rlrboreogj(ar?etz pylc')lglne complex 5to af‘For(? cis-6-ethyl-
1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole, EI-MS: m/z = 204.4 [M+H]".

,3,3a,9b 15 tetra
(SFD car boxyl at e

Example 115
cis-N, N-Dimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrol-6-amine
H
N
H
H
(0]
AN
115.1 Preparation of cis-tert-butyl 6-(dimethylamino)-1,3,3a,9b-

tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate
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under reduced pressure. The residue was passed through
an SCX cartridge and then purified by basic prep-HPLC
wo eooafsead ci s-6-cycl opropyl -1, 2, 3, 3a, 5, 9b- 15PCT/EP2008/062229
hexahydroisochroneno[3,4-c]q¥%role (85%yield), El-Ms:
mz = 216.4 [ MtH] +. Exanpl e
ci s-6- Cycl opropyl -3a-nethyl -1, 2, 3, 3a 5, 9b- hexahydr oi so
chromeno[ 3, 4-c] pyrrole 2,2, 2 tri uoroacetate H N
HTFA O 20 Simlar procedureﬁ;_? I bed in Exanple
117 were enpl oyed, using cis-t butyl 3a-
net hyl - 6- (trlfluoronethy“§u anyl oxy) -1, 3, 3a, 9b-tetrah
ydroi sochronmeno[ 3, 4-cl p
afford cis-6-cyclopro
hexahydr oi sochr onmeno[ S ’erole
2,2,2-trifluoroacetate,l El -Ms: nfz = 230.4 [ MH] +. 25
Exanple 119 WD 2009/ 037920 PCT/ EP2008/ 062229 125
-l sobutyl -1, 2.3, 3a, 5, 9b- hexahydr oi sochr oneno %
cisdgrt ByM Brlisflugiomthylsulionyiesil Bata. gh-teabyreisogampngid 4-clyrrole-
2(5!H)-c59b@upbt% (bblasvmmal agih Gﬁnethl)ﬂéal’ﬂﬁmthSr-l-ﬁ-" Wﬂnnﬁﬂ 0.027 mL)

br ono- hexaE)t/drm sochrorreno[ 54 “Jn rrol e

SOdi¥H .fsbaBm%ﬂ b@r%‘i?n cmavid bl 1% £ BINAP 2.206  mg),
tnscd.tsen@ynoﬁeabaﬁefén duaal%d?m(ﬁ) g’wheipamrd{ emq@rmm&é’n&m 5 mL)

c] pyrrol e, -
wegg d@d@”adpl&ro]{vayegla{ggn@ '@61 aﬁ%q(fcﬂ'iﬂél"@ip%t@% ?f gﬁ%n%[@*%ﬂ&?lﬁ was
parBiériel R1yEH &b RElatieandvatdr. THeG@gde&is layer was extracted with further

ethyl acetate and the combined organic extracts were washed with brine, dried (Na,SO,)

and concentrated under reduced pressure to give a residue. The residue was purified by
prep-HPLC to afford cis-tert-butyl 6-(dimethylamino)-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (76% yield).

115.2 Preparation of cis-N, N-dimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-

c]pyrrol-6-amine

ZT

/N\

5 N HCI (0.075 ml) was added to a solution of cis-fert-butyl 6-(dimethylamino)-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (7.54 umol, 2.4 mg) in dioxane
(1.0 ml)/MeOH (0.2.ml). The mixture was stirred at 100 °C for 0.5 h. The solvent was
removed under vacuum and the residue was passed through an SCX cartridge and then
purified by basic prep-HPLC to afford cis-N, N-dimethyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrol-6-amine (67% vyield), EI-MS: m/z = 219.4 [M+H]".

Example 116
cis-3a-Methyl-6-(pyrrolidin-1-yl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole

2,2,2-trifluoroacetate
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OH 10 120.1 Preparation of
1, 2-di hydr ocycl obut abenzene-1-carbon itrile / CN To a
WG odoansaeo of PCT/EP2008/062229
3-chl oro-1, 2-di hydrocycl obut denzene l-carbonitrile
(15 g) and triethyl 15 ami &% n Et OAC (300 M) was
added 10% Pd on carbon (1.5 g) The resul ting
suspension was stirred unde an_%%nnsphere of H2 (5
bar) at 55 C for 18 hours fgd then filtered through
celite. The resulting xwas then washed with 2
N HCl (2 x 400mL) and CB (satd, 2 x 200nl) and
then dried over MyS04 before concentrating in vacuo to
afford 1, 2-di hydrocycl obiyt abenzene- 1-carbonitrile as a
brown oil (13.51 g, 94% . 20 120.2 Preparation of
5-nitro-1, 2-di hydrocycl t abenzene-1-carbon itrile

S AP RO SR T 0 Ry Ao 5

metty)-6:{irifl ioracethyiselforgdoxyp6)3i Jaglb-teTrhby dreisodiromegnaiB ¥tajpyerole-

I -
26328 A PRI B R AR G 3P BV VIl Yl 332,590
hexatigedisathrameatB,4cipfoae @, 2-triflukeapetate] G1-WS: Af/iz e1259.3 [M+H]".

addition was conplete the mxture was stirred for 30
mn and then poured onto ice (1000 g) and extracted
Example IDCM 5 (2 x) and EtOAc (1 x). The conbi ned organic

cHEEIROR A o R oo SR ") 0

concentrating in vacuo to afforg a crude brown solid
(37 g) that was purified by, s
chr omat ography (el uting ot

afford 5-nitro-1, 2- d|hy§23m ]

t QAc in heptane) to

Lpbenzene 1-
carbonitrile(15.7 g, 3 ovel low solid. 10 120.3
Preparation of 5-am no-1,2-ditydrocycl obut abenzene-1
-carbonitrile hydrochlorjde H Cl H2N CN A suspensi on
of 5-nitro-1,2-di hydrocyg¢l\obut abenzene-1-carbonitrile
(8.61 mmmol, 1.50 g) 15 and 5% pal | adi um on car bon

117.0. Brgpanatidn 0. 3670f)) in etllsetezﬂbl.(tﬁo m.) dhcycloptapyl-1,3,3a,9b-

[ bl r an at nosphere
tot Y il st aMebal 3 ST S et B pen
cat aI yst was renoved by filtratiNBact hrough celite. The
filtrate was concentrated i uo and the residue
was partitioned betwee ) and di et hyl ether.

The aqueous | ayer was Hyith ether and the
conbi ned organi c extract washed with brine,

1,1'-Bis(diphenylphosphino)ferrocenedichloropalladium(ll) (1.771 pymol, 1.296 mg) was
added in one portion to a mixture of cis-tert-butyl 6-(trifluoromethylsulfonyloxy)-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate  (0.035  mmol, 15 mg),
cyclopropylboronic acid (0.053 mmol, 4.56 mg) and potassium carbonate (0.053 mmaol,
7.34 mg) in a solution of 1,4-dioxane (1.480 mL) / water (0.296 mL). The mixture was
irradiated in the microwave at 130 °C for 20 minutes. Further 1,1'-
bis(diphenylphosphino)ferrocenedichloropalladium(ll) (1.771 pupmol, 1.296 mg) and
cyclopropylboronic acid (0.053 mmol, 4.56 mg) were added and the mixture was irradiated
at 150 °C for 20 minutes. The above was repeated and the mixture was irradiated at 160

°C for a further 40 minutes. The mixture was then partitioned between water (10 mL) and
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20 dried (Na2SO4) and concentrated in vacuo. The

resi due was dissolved in diethyl ether (10 m) and 2
wordd@b37220 et her (5 m ) was added to the sol utiPeT/EF{ves/062229

preci pitate was coll ected q% filtration and

triturated in hot acetonitrifé (50 mM) to afford

e AT O ok PRSP G o B0 o WPGsa Y GV et and he

corbbiadd @rganlic 2xithdiy dvede wedsabd tvathe bires) edried c@NaE®0,)i &d kencentrated

o AR 1TSSy B B BB T EERiSUE. Was BT Py @rep-HPLC to
affdry drogssiehtayuityd e 6(cl0loBfdpy B ,3a BbAbtrghydroesshebnses @l 34d ] pyrrok-2(5H)-

hydr acid (108 mml, 21.59 m) and cooled in
Cargﬂxﬁgg?%ﬁ'eﬁdﬁ\ solution of sodiumnitrite (17.70
mol, 1.221 g) in water (10 mM) was added dropwi se to

he cool ed feact]on n1xtu S
1173, PBaraios of £ B v RGPz dadh eyeBydisochromenols 4
clpy@®d 037220 PCT/ EP2008/ 062229 127 sol ution of
copper(l) chloride (32.4 mol, 3,21 g) in concentrated
HCIl (6 mM) at 0 Cand stirred r 10 mn. The
reaction mxture was dil utegd,wi th\water and extracted
with ethyl acetate. Thesbrganig/extracts were
conbi ned and washed wt ler tifen brine, dried
(MgS™4) and evapor ated Brder~yvafuumto give a residue.
Silica colum chromatography 5 using ethyl acetate in
heptane (0 to 10% affordg
5-chl oro-1, 2- dihydrocycIAH

6 ield 120.5 Pre ar at | of
5 151G Gr et Hany B Ta ROk AT RS e TR sSyAIgREoRY ] - 3a.9b-
tetr@hydﬁ%oéﬁré@eﬁo[sql-d]byrﬂﬂ‘e 9f5H)-carboxylate (9.83 pmol, 3.1 mg) in dioxane
-di h dr oc cl obut abenzene-1-carbonitril

(1. Q S’"%‘@e% 0 7 T')4O XiurE Wit stEgdigh 10diolar ded h4ber concentrated
und@ﬁbdu&d"&@sﬂ)rel Fh@"réfb?dl@ Wéﬁr%aﬁééd fhesuighr érSS@JXT‘CértN@% and then

ted at reflux for Af ter por ation
pur&eaam Y soPReft g&&eou@ re8 (Ef e gt C\X&QH@B{AV\] £:f-3a,5,90-
he@hgarl@)sbcmbh%ho[sﬂﬁgjpw@@ms% hRYDIEMAS: @Xt+ 208 8gMWHITh 2
N aqueous NaCH an t he conbi ned aqueous | ayers were
acidified wth 5 N HCl and extracted wi th diethyl

Exg&hper1815 The extracts were washed with brine, dried

, 254) and con d_ip vacuo, The resid
CISEHEaP R A SRy ki SR Mo S S nof 4-E Pyrrole
2,2 frubrdacdtater o- 1, 2-

dihydrocyclobutabenzene-l-carﬁoxylic acid (68%yield).
120.6 Preparation of N
N- benzyl - 5- chl or o- N- ( 2- hydr/ox
di hydr ocycl obut abenz
m xt ure of

5-chl oro-1, 2-di hydro
(5.80 mol, 1.06 g),

,tabenzene- 1-carbonitrile

ut-8benzene- 1- carboxylic acid

Similar procedures described in Example 117 were employed, using cis-tert-butyl 3a-
methyl-6-(trifluoromethylsulfonyloxy)-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-
2(5H)-carboxylate to afford cis-6-cyclopropyl-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole 2,2,2-trifluoroacetate, EI-MS: m/z = 230.4 [M+H]",

Example 119



2- (benzyl am no) et hanol (7.55 mmol, 1.141 g),
triethylamne (11.61 mol, 1.175 g) and cycl ophos

w@ 6009/8371221 i n et hyl acetate, 4.43 g) in PCT/EP2008/062229
di chl oronet hane was stirred room 25 tenperature for

2 h. The reaction m xture még partitioned between

cis PRI Ao ERPGhURES Rashy A o e

organic |ayers washed with waterHthen brine, dried
(Na2SO4) and concentrat ed unger aduced pressure. The
residue purified by silica<c hr omat ogr aphy
(eluting with ethyl acetd tane, 30 to 100%
to afford N benzyl -5-chl @ \- (2o0hydr oxyet hyl)-1,2 WO

di hydrocycl obut abenzene ar boxam de (97 %yield) |,
El-MS: mz = 316.1 [ MFH Y. 120.7 Preparati on of
N- benzyl - 5-chl or o- N- ( 2- oxoet hyl ) - 1, 2-

_di hydrocycl obut abenzene- 1- car boxam de ON\  C 5 0O To
Simjlag Arps8dyrespoflesgyibed in Example 111 were employed, using cis-2-benzyl-6-

broM&ﬁQ%Yéa§9§Jﬂb%r@d%§o%hM S/%g)yhbl'el,a%ddis‘&ﬁdﬁ/%y&wh@kbmd to

ene- boxam d
aﬁf&fﬂcﬁﬁtﬁ'@ﬂ@#ﬁ'%@(@ 5119*3 h%@@yg@&@em&n@apw @Hyré(?qe DS miz =
23Mawmrperi odi nane (5.89 mmmol in dichloronethane,
16.64 g). The mixture was stirred for 2 h at room
tenperature. Saturated aqueous NaHCO3 (30 m ) was
EX@Q @dzgnd the m xture 10 was stirred for 30 m nutes,
wi th additional, dichloronethane (50 m) and
C'Sr%shtﬂﬁaé'e%3 3§égﬁah*a?’@d1vd¢%é°%e€tﬁj@[$ ég?én’vrM§ hé!ﬁf?%?ré%e
wi t h di chl oronet hane and the copbined organic |ayers
were washed with water and thenNbrine, dried (Na2SO4)
and concentr at ed der redmced pressype. The residue
was purified by silicCg gQr omat ography (el uting
with ethyl acetate in 0to 50% to afford
N- benzyl - 5-chl oro-N- (2
oxoet hyl ) -1, 2-di hydr ocycl obut abenzene- 1- car boxam de
(81%yield), EI-M5: mz = 314.1 [MH +. 120.8
12071 Wéﬁa%btl&‘i' oPf,2-dihydrocyclobutabenzene-1-carbonitrile
ci s- 2- benzyl - 8-chl oro- 3, 3a, 5 9b tetrahydr0|sochroneno[
3,4- c]pyrrol- 1(2H)-one d
trans- 2- benzyl - 8-chl or ¢= 3, 8a, b, 9b- 20
t et rahydr oi sochroneno[ &4-£etpyrrol -1(2H -one OO H C
+H O ~OH

To a solution of 3-chloro-1,2-dihydrocyclobutabenzene-1-carbonitrile (15 g) and triethyl

amine in EtOAc (300 ml) was added 10% Pd on carbon (1.5 g). The resulting suspension
was stirred under an atmosphere of H, (5 bar) at 55 °C for 18 hours and then filtered
through celite. The resulting filtrate was then washed with 2 N HCI (2 x 400ml) and
NaHCO; (satd, 2 x 200ml) and then dried over MgSO, before concentrating in vacuo to

afford 1,2-dihydrocyclobutabenzene-1-carbonitrile as a brown oil (13.51 g, 94%).

120.2 Preparation of 5-nitro-1,2-dihydrocyclobutabenzene-1-carbonitrile

02NW _
N

CN
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A sol ution of

N- benzyl - 5- chl or o- N- ( 2- oxoet hyl ) - 1, 2-di hydr ocycl obut a
when2esm20 1- carboxam de (4.53 mol, 1.42 g) iPCT/EP2008/062229

br onobenzene (15 m) was suiqjﬁgct ed to mcrowave

irradiation at 210 C for 30 nutes. The sol vent was

soffifres Vi diderc SBhe Buoahe So Bl sy it PtErgacerpooina
Th@tdwltlng@rﬁktateewasﬂcodl@ptoaﬂé’c &l 1,2-dF%oct coladtitesndene-1-carbonitrile

Z 8- ch etrahydr oj sochr oneno
was e e Targ Bl et S kedp JRADSE, RS SUABALYSS Eoblete the
mlmMra/erEas?s-tlheﬂZw 3(8m0hdar€d e pdardd, dto W0 (2000§ Paht@racted into DCM

@ EEAPArEIRG! Qobhr direraTanad ET9AIY GRUAMEre deen ygshed with sate

NaMCGst(B x) D m&té?r(ep@,ra&idl tbén dfled over MgSO, before concentrating in vacuo

to it dE0F S50k Sl bradutel s QIEed v eficpycptums ghrgmatography
(elBogam@-30% BHEAC 8|n65,er5t‘ﬁ|'®é) tdB .affbrdvis)nivéd , 2adifgttoclictibuiabenzene-1-

a sglution of cis-2-
carbgrﬁ?ﬁ&g%@%@_%%gellgyv%w.et r ahydr oi sochr omeno[ 3, 4- c]
pyrrol-1(2H)-one (2.87 mol, 901 ng) in THE (15 m)

d.t he xture S sLirr.ed mte ture f 1, ...
1263 RiPRrRlTh T o ey AReRE R ReiEne Yesroonitie
hydrdehlcBidel mmvol, 8.61 m ) was added and the m xture 10

was stirred at reflux for a ]‘urther 5 h. The m xture
was neutralised wwth 4 N atjueous NaOH then extracted
with diethyl ether, washed with brine, dried (Na2SO4)

and concentrated underned ed Bl“essure to afford a
resi due. The crude resi ur| fied by silica
col um chr omat ogr aphy (eluthng with ethyl acetate in

heptane, 0 to 50% to afford cis-2-
A %HQ%'Q%QE RIiF1.2; Bhysirayciobyigberzeary drasPbiEie GHehaymel,1.50 g)
and ‘ﬁ%éﬂéﬂéﬂltﬂh(ﬁ@é’r%rﬁ#ﬁﬁm rholV®.3671§) W &thandQBo Inll)MAd stetic acid

Preparati on

(0. %FTBL) gva@fﬁt'glee -2} rourgles anntmpsHekR RY BY BPet thaberm dpra2qbours. The
spelt R¥falyat ﬁ/abyé’ﬂh@ﬁm By Fitkatioh thbudd cdtitl! Thtfiltitel Aad concentrated in

sol ution of

vagtioang the Fezsiquequemaﬁtpned betyvegy 1N @‘@%ﬁ%?‘@W%‘ elBeh i Beaaueous
Iay@ﬂﬂlé’s AxtfelcRy Wit &hel dnd3A8 cBRBIned %Qé?anr&?\,xtl%ﬁﬁ wesre washed with brine,

chl oroet hyl chlorof ormate (6.54 35
d”‘?fjg§Nq2§O4)t%]dlfé’ﬁ‘éer(tﬁat‘?ﬁ i1 \guo-s\is; resideE Wes %S@W@%\x%‘ethy' ether (10
mi)i drieB VeHEP I étherl@n§waBraddld i e &utichh®Re precipitate was collected

by filtration and triturated in hot acetonitrile (50 ml) to afford 5-amino-1,2-

dihydrocyclobutabenzene-1-carbonitrile hydrochloride (69% yield).

120.4 Preparation of 5-chloro-1,2-dihydrocyclobutabenzene-1-carbonitrile

N CN
w/
X

5-Amino-1,2-dihydrocyclobutabenzene-1-carbonitrile hydrochloride (10.80 mmol, 1.95 g)

was dissolved in 4 M hydrochloric acid (108 mmol, 21.59 ml) and cooled in an ice-bath. A
solution of sodium nitrite (17.70 mmol, 1.221 g) in water (10 ml) was added dropwise to

the cooled reaction mixture. The mixture was stirred at O °C for 0.5 hour then added to a
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met hanol was added and the mixture irradiated at 160 C

for 5 mnutes. After addition of excess saturated
wW@euensm2NaHCO3 (40 m ), the m xture was extr aeCBEEP2A0S/062229

ethyl acetate 25 (20 m, j% washed with brine,

dried (Na2SO4) and concentr Ed under reduced pressure

solbt?ﬂngq\éq%pgﬁr(lgédoege {:}%hlg dgglg %ngg(gchﬁt%atggﬁcﬁ% ml) at 0 °C and
st.rféd fF qolm.a IhedesutiBR Hﬂﬁ?&?é"%% qQfilgted hmnﬁatéi %né éi&rﬂ&téﬂ Qith ethyl

é44% aﬂ% A portion was  purified %
acelatey Thpiorg el‘tf?é)tﬁJWSEﬁJE?mE'BﬁQ/é\nfje‘Ma%h@dt & W@ie@%\‘m brine, dried
(MéS@J) ré@d %%Wht)edtlmdm&ﬂgm 18229 rdRdle ERINAE MR &fomatography

13
usigg §thg' %‘}ﬂt%?d“ herpsang @0 04y affardenRirierosefifthweiosy dobpighenzene-
1C§ﬁﬁﬁﬁMg(@yﬂ@Qﬁhlorlde El- M5 mz = 210.3 [ MtH| +.

Exanp e 121 5

ci s-7-Brono-8-chloro-1, 2, 3, 3a, 5, 9b- hexahydr oi sochr onen
12M5 3Pfepal 51T 6f B-chivy81MECaig sty chotlitabenzene-1-carboxylic acid

ci s-9-brono-8-chloro-1, 2, 3, 3a,5, 9b- hexahydr0|sochronen

o[ 3,4- c]pyrrol e hydr chloride HEPPN BN O H aH

& HCOH1HH OO syicci ni m de (0.191

mmol, 34.0 ng) was added to 4 sol ution of

cis- 8 chl oro- 10 N

1, 2, 3, 3a, 5, 9b- hexahydr oi sochr onmeno[ 3, 4-c] pyrrol e

A e(o‘?uté’o%lofm@hhlor%q 59 prg{bc%!%t?h}{%tg&]z@ﬁéq c(aﬂbofnmlle (eaTé%‘i‘mmcil1 1.40 g)

m xture was stir erature
andi gptassiTmehydsexide é‘h2 Fimmeols . 4Qﬂa@) inoetharpli(A® anl) deate88rml) was

hee&&é ??‘e}l fbﬁjZCH ‘%& le %_({F?ﬁonaéwﬁéjo Eh‘.g s@ﬂgﬁlo oﬁgﬁ s "¥8Rlue was

asl and extra
waghegewith tmthyb@hlmr née¢ wgeriniayeewes gytractedueite ZV\V&@hé@Olw N&OH and

thetﬁ'o'n{b%eddé'dtu%gu%ﬂgg%rg%@re aediied Q\ﬁtﬁ Iy N @-kﬁ Ay g%cté@ G Blthyl ether.

pressure aresid resi due was
The gxtsecls Wﬂremhe@h varing: tdrledgdaﬁ%h andrgonicertraigd magafzuo The

resffuBPwAE lemgsfwgd ﬂ‘hodlgth?h%th%? hrr%%%%%“&{ 0% ChoVE Echloro-1,2-

convert e corres on usi ng
dihydroqul@u)atxeozqfef—b—parboxyllc acid (68% yield).
ci s-7-brono-8-chloro-1, 2, 3, 3a, 5, 9b-

hexahydr oi sochronmeno[ 3, 4-c] pyrrol e hydrochl oride (14%
12Q,6cPrpparations: nfz 9f290.0 [ Mbgneyl-$-shlaseréi(2oydroxyethyl)-1,2-

R qr m 9b- hexahydr0| sochr onmen
dikly Pg?%-c 2%"??%‘;/2%1& 5’%’?%&%30“ de (4%yield), El -N5:

mz = 290.0 [ MtH] +. Exanpl e 122
cis-8-Chloro-7-nmethyl -1, 2,3, 3a,/5,—9@ahydr oi sochr one
no[ 3, 4-c] pyrrol e hydrochl o\

G\W//
NS

A mixture of 5-chloro-1,2-dihydrocyclobutabenzene-1-carboxylic acid (5.80 mmol, 1.06 g),

OH

2-(benzylamino)ethanol (7.55 mmol, 1.141 g), triethylamine (11.61 mmol, 1.175 g) and
cyclophos (6.97 mmol in ethyl acetate, 4.43 g) in dichloromethane was stirred at room
temperature for 2 h. The reaction mixture was partitioned between dichloromethane and 2
N HCI. The aqueous layer was extracted with dichloromethane and the combined organic
layers washed with water then brine, dried (Na,SO,) and concentrated under reduced
pressure. The residue purified by silica column chromatography (eluting with ethyl acetate
in heptane, 30 to 100%) to afford N-benzyl-5-chloro-N-(2-hydroxyethyl)-1,2-
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H N HGAHC 25 A mxture of

ci s-7-brono-8-chloro-1, 2, 3, 3a, 5, 9b- hexahydr oi sochr onen
Wo@p®9432dpyrrol e hydrochl oride (0.023 muol, 7PG&I/REI008/062229

trimet hyl boroxi ne (0.046 % 6.45 pL, 5.79 ny),

tetraki s(triphenyl phosphi ne) %I | adi un(0) (2.307 pnol,

ot assium ¢ I .
iy PR TR eS80 Adiealy HS: B At e
irradi ation at 120 WO 2009/ 037220 PCT/ EP2008/ 062229
1.C for,.15 mnutes. JThe reactl m Xt yr e, was sse
1207 BRATRIOTRCX. oar iri 8o and t hol bS-PreBISTBNEARR Ethy1)-1,2-
dihydegeyidRibutabidreepe ddesrbox@aideonverted to the HC salt
to afford cis-8-

chl oro-7-met hyl -1, 2, 3, 3a, 5, 9b- hexa Qi sochroneno[ 3, 4
-c] pyrrol e hydrochloride (&5% yie El-M5: mz =
224.1 [M+H +. 5 Exanple 12 N

ci s-7-Chl or 0- 8- netChy] -253, 4 4a;§, 10b- hexahydro-1

H i sochr onenol 4, 3-c] yriqjina N HH OO Cd A
m xture of cis-8-broms7-eh oro\2344a61
b- hexahydro-1 Hi sochrorreno[4 - 10 c]pyridine (0.050

To mlutuoﬂa%fna)/v bbﬁ%y‘i 8lchRird- N(Qhﬁ/@ydxg&ﬂﬁm'?@%ﬁﬁb%@ﬂibﬂ%@}uzene 1-

or oxl1 ne

carfzowmgqa (5. @0 g}Inqhﬁ 7gggjlhrydﬁh;§gr§rgrtng%a@g|(%ml~)arﬁ§ qqgegg@gsolutlon of Dess-
MaPderiodPakd (5@9 rﬂn'iblln Glbﬁ’lb@ﬁ%iﬁar(el 1@16)4 dasthiedtste! '\Afés%tlrred for

m crowave at 13 was t hen add

2 hzh doem ée"f‘lé%!ﬁilufq rﬁtWB@fj lﬂqée%N@'x‘@@a&%ﬂ”WQSr\aqﬂ@ﬂ’la”fj ﬁréq]mlxture

a 1. ive

w7 ona mleden i ra P dPap iloc Pefere & 858 the phases
ser@irated. Trl;elz aqueous Iayﬁr was extracted with dlt():hllg)romethane and the combined
cis-7-chloro-8-nmethyl -2 3, 4 6, 10 e 0: 1H-i soc
orSRP BT 455 WP AR WAt 5 T et TRy ahd ghfkgniated
undgr- l¥Buced breﬂssﬁr%8 The 24@ué WhirHutiiedbgngilica $@dmn chromatography
(elﬁnps\@gi glﬂ% }Pq% |e]rb%)/):12i_né’ %@4‘&6 %0%)1%béﬁgr)éaRbedern%/l-]S-chIoro-N—(2-
oxoethyl)-1,2-dihydrocyclobutabenzene-1-carboxamide (81% yield), EI-MS: m/z = 314.1
[M+H]".

120.8 Preparation of cis-2-benzyl-8-chloro-3,3a,5,9b-tetrahydroisochromeno[3,4-
clpyrrol-1(2H)-one and trans-2-benzyl-8-chloro-3,3a,5,9b-
tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-one

Cl
Cl

A solution of N-benzyl-5-chloro-N-(2-oxoethyl)-1,2-dihydrocyclobutabenzene-1-
carboxamide (4.53 mmol, 1.42 g) in bromobenzene (15 ml) was subjected to microwave
irradiation at 210 °C for 30 minutes. The solvent was removed under reduced pressure
and the residue purified by silica column chromatography (eluting with ethyl acetate in
heptane, 25 to 50%) to afford cis-2-benzyl-8-chloro-3,3a,5,9b-tetrahydroisochromeno[3,4-
clpyrrol-1(2H)-one  (64% vyield), followed by trans-2-benzyl-8-chloro-3,3a,5,9b-
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H NH O20 A 124.1 Preparation of

trans- 2- benzyl - 7- chl or o- 8- net hyl - 2, 3, 4, 4a, 6, 10b- hexahy
wa@le@9/01726b | sochr omreno[ 4, 3-c] pyri di ne WO 2009/ OBFRRP2008/062229

PCT/ EP2008/ 062229 132 rjo 1 H H \ Od A mxture

of trans-2- benzyl 8- bronp-7-Chl oro-2,3,4,4a,6, 1

o SR o b TR A 8 o (St ee o

(0.017 nmol, 19.32 ng), trinethyl boroxine(0.184 mmol ,

I 23 35 ng) and pofassium 5 carbanate (0 497
12(ﬁ$mP r}'rg) in1,4- 8{ oxane (1 n‘ff% gétcgborf)n 1,2,3,3a,5,9b-
hemhyldwvavmminm 4G]pyprold0 nmin. Water was then added
and the resulting m xture was extracted with DCM
then passed through a SCX colum ( to give a white
solid that was purified by silica Y
chromat ography (4 g silica, eluting-wfth EtOAc in
hept ane, 0-20% to give twans-2
benzyl - 7- chl or o- 8Chet by 34/ 4a, 6, 10b- hexahydr o- 1H-i
sochronmeno[ 4, 3-c] pyri > a~H10 yell ow solid (50
ng, 92%, EI-MS nfz 3,0330.0 [ MtH] +. 124.2
Preparation of

1 mrm5ne71rchrH9r@@1 ﬁmdnys 62, @l,)%a%aa&jeho&obms@hbdé @ollll'rbn of cis-2-

berlézcsyﬁg-th mag’%g 9%-te rgwdrmsoc%romeno[?, 4- c]pyrrol 18H) -one (2 87 mmol, 901

mg§ irﬁﬂlSF%@@rﬂ)Zé(rhd ﬂreCf’ﬁixQIr@vv%swarBN'at Zoot ferddartude for 1 h and then at
hexahy sochrl_gsz { d;rg‘?“ di ne ({d@

refIHﬁ{ﬂr 4 rgg:uﬁa?r h%bqa@qﬂno'l; 8h§ I 6\1 WASA dg@é the mixture

wa§BWted &9eﬂllx.fo?§ fUrther 51h. TRé Hﬁsn@re(vaasrﬁehtmdfvﬂmtceﬂ dg0edus NaOH

m crowave reactor at 160 C fo
then extracted with glethyl ether, washed W|th %rme dried (Na,SO,) and concentrated

under reduced pressure to afford a residue. The crude residue was purified by silica
column chromatography (eluting with ethyl acetate in heptane, 0 to 50%) to afford cis-2-
benzyl-8-chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (45% vyield), EI-MS:
m/z = 300.1 [M+H]".

120.9 Preparation of cis-8-chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole hydrochloride

2T

Cl CHH

H
0

A solution of cis-2-benzyl-8-chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
(1.308 mmol, 392 mg) and 1-chloroethyl chloroformate (6.54 mmol, 0.705 ml, 935 mg) in
toluene (8 ml) was subjected to microwave irradiation at 160 °C for 30 minutes, then
methanol was added and the mixture irradiated at 160 °C for 5 minutes. After addition of
excess saturated aqueous NaHCO; (40 ml), the mixture was extracted with ethyl acetate
(20 ml, x 3), washed with brine, dried (Na,SO,) and concentrated under reduced pressure
to give a residue. The crude residue was passed through an SCX cartridge to affrod cis-8-
chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (44% vyield). A portion was
purified by basic prep-HPLC and the product converted to the HCI salt (using 5N HCI) to
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h. MeOH (0.5 nml) was added and the reaction was heated

further in a mcrowave reactor at 160 C for 5 mn.
wabmonered ti ng m xture was passed through an SEXI/EP100819652229

(1 g) to 20 give a white solg that was purified by

prep LCVS (basic) to give tr s-7-chl or o- 8- net hyl -

A S BT I 4 595 POYFPOY Feispb yomepalS.dsdayrolg, hydipghipgde. E-
MSsal/z d,210BI[MVB]" Mz = 238.1, 240.0 [ MtH] +. Exanpl e 125
WD 2009/ 037220 PCT/ EP2008/ 062229 133
ci s-7-Chl oro-10-nethyl -2, 3,4, 4a, 6,1 (b- hexahydro-1
Exdinpigaghr omeno[ 4, 3-c]pyridine H N HOH O Simlar
pr d

ocedures to that in Exanple 122 above were enpl oyed,
C'SCFS'PF@"ET%C*IBV%? @39, 9b-hexahydroisochromeno[3,4-c]pyrrole

hy&RCAIRdR. 3nd. 475-6biéihoexabisin 2;314 ssaquerwrbhéo&rrshano[3 4-

yridine to afford cis-7- chl or o- 10-

clpyerolg/hydroghlerige 6 10b- hexahydro- 1
H i sochroneno[ 4, 3-c]gyridine, El-M5: nmz = ZﬁS.L

240.4 [ M+H] +. 126 Br

trans- 7|Chloro- rretyl C 3, 4, , mhexahydepr 1
H i sochf ong | Qyridi ne N (O 10 d
Simlar | OHt hat i n Exanp 22 aboVe were
enpl oye Rs-1 0- br ono- 7- o

chl oro-2, 3, 4, 4a, 6, 10b- hexahydr o- 1H i sochronenol[ 4, 3-c] p

NBFdnﬁ’és‘ﬂr@crﬁr%r@é f(@ﬂgh tAe1S 34.0CALPWAs added to a solution of crs-8 chloro-
-2,3,4, 4a, 6, 10b- hexahydr g- 1H i sochroneno[ 4, 3

1 2@] %é,QaTh@éahyérlehrqmgnoB 4gipygole (Qﬂ@mnrpm_plﬂ)mg)i@sulfurrc acid (1

mI)ﬁﬁ@Hrﬁur%Mas stirred at room temperature for 5 h in the dark. The reaction mixture
cis- -Dichloro-1,2,3 hexahydr oi sochr oneno[ 3,

wag R?Pfﬁ?if frg,(p éc%\yaiiebdpﬁi grh daérd qireth(gj efher "added. The aqueous layer was

basified with 4 N NaOH and extracted with diethyl ether. The combined organic extracts
were washed with brine, dried (Na,SO,) and concentrated under reduced pressure to
afford a residue. The residue was passed through an SCX cartridge then purified by basic
prep-HPLC to afford the desired products, which were converted to the corresponding HCI
salts (using HCI in ether) to afford cis-7-bromo-8-chloro-1,2,3,3a,5,9b-
290.0
[M+H]", followed by c¢is-9-bromo-8-chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
clpyrrole hydrochloride (4% yield), EI-MS: m/z = 290.0 [M+H]",

hexahydroisochromeno[3,4-c]pyrrole hydrochloride (14% vyield), EI-MS: m/z

Example 122
cis-8-Chloro-7-methyl-1,2,3,3a,5,9b-hexahydroisochromeno|[3,4-c]pyrrole
hydrochloride

ZT

H CH
Cl

H
@)
A mixture of cis-7-bromo-8-chloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride (0.023 mmol, 7.5 mg), trimethylboroxine (0.046 mmol, 6.45 L, 5.79 mgq),
tetrakis(triphenylphosphine)palladium(0) (2.307 ymol, 2.67 mg) and potassium carbonate

(0.046 mmol, 6.38 mg) in dioxane (1 mL) was subjected to microwave irradiation at 120



c d 60", I H- NCOChlorosuccinimde (0.279 nmmol, 37.2
nyg) was added to a solution of cis-8-chloro 20

wd 2®983R22) 5, 9b- hexahydr oi sochr oneno[ 3, 4- c] pyr r BC'BEP2008/062229
(0.279 mmol, 58.4 ng) in sul %Léjric acid (1 m). The
mxnnevmsstwredatroom nperature for 3 hin the

"c S mrifost 78S p9Chan R ibEt Rt Parted Mg S48 Beides,and then
puﬁ#@dZ@O&isﬂSﬁn’é@Q—lFﬂ@'/ 2008162228 nvdddd It@ver H@kBsalt to afford cis-8-

and extract ieth 0
oI B me Ty P g AT RO Al Aol HodRahiagide  (@s%
yiell), IS dhize AN B and concentrated under reduced
pressure to afford a residue. The residue was passed
t hrough an SCX cartridge and then purified by basic
Exgmmelp1BBLC to afford the desired product, which was

c:sgﬁgxgarr %gmtgﬂ]yﬁ)ﬁgs,g4§%ér0§jp g{@%-mlisoscﬂr(t)mtegoﬁf,g-gfp?/ridine
hexahydr oi sochr onenol 3, 4-c] pyrroIHe hydrochl ori de (7%
yield), El-Ms mz = 244. 4 [ MrHA\_ Exanpl e 128

t rans- 6- ( Benzyl oxy) - 3a- net hyIH , 2: 3| 3a, 5, 9b- hexahydr oi
sochroneno[ 3, 4-c] pyrrol e rifluoroacetate H

H, TFA 0 N\ O O 128. P Y pn of
2- br ono- 6- hydr oxybenzal de e Bro OH O Sodi um
hydroxi de (462 g, 11.86 was” di ssol ved in the water

(650 M) and 3- 15 bronop (250 g, 1.4 nol) was
added. The resulting suspension was stirred and
A herakteda t cof 75 CiseBabiong-Mohlohp-2,8 jael 266, 3 0lb- Ute)kahydﬂoe‘rhmd)chromeno[4 3-

t h
10 cloge RhOSmircts s FareRisl e e riidle A6 5im G ARE 5o, 5.70
mgb{rthmletrsllt@mnm‘ (0.@38 onaf,0r.70 uefd.erk My dindugadsiund Barbonate (0.149
o 8o PR R RRET AT B 106°E %20
Wd{QGWathéremnmdadndrtEe%s‘lLﬁtlr@ m&&:ré’ Rheasmexttastesl witis DKJM:rthen passed

eSSt BBl bl 2 whi S P B Bl ¢ (basio)

15 to egﬂve aadiss7-shloen-gHmegloly|-@y3e4, 4a,ﬁg1r®esrietxahyd$u-l1phadm,rorﬁerhd[esex]byndme

R A e e R

Example 124
trans-7-Chloro-8-methyl-2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine

20
1241 Preparation of trans-2-benzyl-7-chloro-8-methyl-2,3,4,4a,6,10b-hexahydro-

1H-isochromeno[4,3-c]pyridine
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product was stirred with dichloronmethane (500 m) and

the insoluble material was renoved by filtration. The
wo pdovz2e0 was t hen passed through a silica col BOTIEP2008/062229

1.6 kg) 25 (eluting with etggg acetate in heptane,

1-10% to give 2-brono-6-hy xybenzal dehyde WO

2009/ 037220 PCT/ EP2008/ 062229 135 (100 g, 35%.

128. 2 Preparation of 2-(benzyl oxy¥-6ybronobenzal dehyde

Br O O5 Benzyl bromde (91 g, | pl ) and

pot assi um hydr oxi de pellets (2978Y; 531 mmol) were

g, 483 nmmol) was added in porti on. The m xture
was heated to reflux, duriHglwhich time a yellow
suspensi on was forrred ~Zang W{red at reflux
overnight. The resulti Asflon was filtered, the
i nsol ubl e materi al " with THF, and the
filtrate was evaporated Ep dryness. The 10 residue was
di ssolved in ether (2 L), washed with 2 N potassium
A hydnisiirele (2fx 1 trahs-2-tenz@8-momo-egoes?, Bhdsif, phtabexahydro-1H-

|soc?ﬂ‘r9m§¥$[g @Ef%e nqod{a‘é”rﬁ%ﬁ gé{?@%@’?‘riﬁ@g{?réo‘rg%%w%ﬁ{s;’o%b‘égo%ll?dium(0)
(0.@ddmchagi \6.3yma), Stumpmythomxmﬂ(@ ¢814 wasol, 6 at ed. 35rmg} amtfpotassium
carg%frl%{terz i@%?e%gnol %3:?(’1 m\?(ﬁrrm 4%6% me%sr I%e! & na mlPéfowave at 130

on I N a vacuu
°C mréaﬁ) ain. 3Edert wagthee a?ided)endyﬂmearq;s)mlﬁg mmntebwasz aktctfdtgodmth DCM,

then pa%g?dzﬁ%%tgﬁ]ﬁlggy?%%rﬁgw%% V?/I )W@ c@""ﬁ&’%ﬁ@ @Lﬁl‘lf%gé}y silica

colﬂmﬁ:@mebnpatﬁgraﬂn\y (40g Siti¢Bendiyg et )EtGAD irohediams, @I-whytdeglve trans-2-
ber(n;?FD‘( %hl%ro g%etwg% tﬁlg%égl%?%c éﬁfdﬁgqsﬂsé&%rﬂ’&nc% ﬁi?p%/rld%g as a

yeliond smhdl(éﬂ mgi 82°6% E(-645: g)/z wed28.3F BB0 Ol +H{'oget her in

toluene (320 mM) and dry pyridine (28.8 m) under

nitrogen. The reaction mxture was stirred at reflux
12412 dBredaeatiort. St af k ¢ dradist1-chioré-8rméthyh2,314, 46,4 Ab-hekalmydro-1H-

Lenperature. The reaction m xture was

'“%RF‘{"S‘?%%[Q h‘ggg}d{’{?‘g? calite and the WD 2009/ 037220

PCT/ EP2008/ 062229 136 resultingHiltrate was

evaporated to dryness to give 8 N-scous yel l ow oi | .

The crude product was di ssoﬂ-|vd i n| ethyl acetate

(-250 m) and extracted w ' sodi um hydr oxi de

(1 x 200m, 2 x 100m ). g basic extracts

were acidified with 5

0

Cl
A solution of trans-2-benzyl-7-chloro-8-methyl-2,3,4,4a,6,10b-hexahydro-1H-
isochromeno[4,3-c]pyridine (0.107 mmol, 35 mg) and 1-chloroethyl chloroformate (0.533

mmol, 59 pl, 78 mg) in toluene (1 ml) was heated in a microwave reactor at 160 °C for 0.5
h. MeOH (0.5 ml) was added and the reaction was heated further in a microwave reactor
at 160 °C for 5 min. The resulting mixture was passed through an SCX column (1 g) to
give a white solid that was purified by prep-LCMS (basic) to give frans-7-chloro-8-methyl-
2,3,4,4a,6,10b-hexahydro-1H-isochromeno[4,3-c]pyridine (17.5 mg, 69%) as a white solid,
EI-MS: m/z = 238.1, 240.0 [M+H]".

Example 125



10

15

20

hydrochloric acid and extacted with ethyl acetate (4 x

100 mM). These organic extracts 5 were conbi ned and
wor®bes2ze th water (3 x 75 nl) then dried overPGDEP2008/062229

sul phate, filtered and evaﬁ §ated to give

3-(2- (benzyloxy) 6- br onophe g )-2 cyanoacrylic acid

4.P
cis Ehiorp Rty 7347 6riBEREND f‘yé)rf Biarshropeneite-deytidine
Br CO2H CN O 10
3- (2- (Benzyl oxy) - 6- br onophenyl cyanoacrylic acid
(78 g, 218 mmol), nethangl (930 nl), and saturated
aqueous sodi um bi car bonatls ‘ were cooled to
I ke, was added

bath was renoved and the Im xture was 15 stirred then
at roomtenperature for 88 ninutes. The reaction

Sl GBS 0. OB B Bt B romo

chl¢ro62)3,4¥2)6, a@tthQGhVMEﬁdlsmchrbmhh[éK’: ¢1Byridirk0® afford cike-chloro-10-

PR, BRI PR Ry Wh PRIST ol X 2001

24@éider}’rated in vacuo to give
3- (2- (benzyl oxy) - 6- br omophenyl ) - 2- cyanopr opanoi ¢ aci d
(77.37g, 99% as a yellow 20 oil that solidified upon
ExatpladPfg to give an off-white solid. 128.5 Preparation

oA AR o

3- (2- (benzyl oxy) - 6- br onophenyl yanopr opanoi ¢ acid
(77.2 g, 214 mol ) in DNA QS‘ 7 M) was heated to

140- 150 C for - 1.5 hourss_The rer tion m xture was
cooled to roomtenpera_ §r (890 m) was

added. The resulting su s transferred to a
separating funnel and attenpts”nade to extract the
solid into ether (4 x 5 Om). Afinal extract of
et her containing some nethyl ene chloride eventually

Sin@\}'gfé@cgﬁggres Echﬁﬁlaf .agiﬁ)gé‘? %%t?] e WarE of; gﬁ‘/@& Cu(;ﬁ?&f F&HsLf0-bromo-7-

I ned an sat ur at
chlpyiocd Y dhaett, €0-Texatygrof di-Isoerdmiepolted-elpyridinex to Bffpid) frampré-chloro-

10-?:%]%)“ 253 432% gai‘éb h‘@?§%ﬂf b8 fLis Yl%mér%‘fld Y SHbRBAERVS: m/z = 238.3,

tered evaporated to ryness t'o di've an
24%@meH]te solid that

Example 127
cis-8,9-Dichloro-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride
H
Cl N
H CIH
cl
H
(0]

N-Chlorosuccinimide (0.279 mmol, 37.2 mg) was added to a solution of cis-8-chloro-
1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (0.279 mmol, 58.4 mg) in sulfuric acid
(1 ml). The mixture was stirred at room temperature for 3 h in the dark. The reaction

mixture was then poured into ice-water (15 ml) and diethyl ether added. The aqueous
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was purified by silica columm chromatography (el uting
wth DCMin heptane, 50% to 10 afford

w@2q02082enzyl oxy) - 6- br onophenyl ) pr opaneni tri | ePCBBPRI0£/062229
86% . 128.6 Preparation of a-%benzyl oxy) -1, 2-di
hydr ocycl obut abenzene- 1- car 8 itrile OCN O Adried 1

oy Pt A S Na i R BT e it Giaeo oroani

layeré8ndle wedhed Nih bAnendiied (NasS@,) ade rercknirate undey tdduded pressure

to %f& $§ 9@@8‘? ﬁtﬂ Wgrdsgg\%{s:lgﬂﬁ%% dro@g'ﬁﬁ%ﬁts%n%%t@ﬁ%%ﬂp ér\q\elans purified

by Vessid fpesp-BPLOWes! dffordlithéei Hesiedlr pfodaon, twakicii i wad ddnasiked to the

into the rea ask a ectin unt
cotGhEndiNS wne Q5| | oct Bl 20%rhe. AN & VASOSFIER 33259
hexaﬁ(jd@s@bl@koﬁ@donm epydele Mdraéhlor:k%(?rm;abl)j) B Vsdaied 243 .4 [M+H]"
one portion. The m xture was stirred for 10 m nutes
and then 3-(2-(benzyl oxy) - 6-
ExdrplstipBenyl ) propanenitrile (10 g, 31.6 mvl ) was added
ort Lonw se er t resul tin e L sh
B BB RB RO et e S b T PO APt el B yHrote
2 2¢strifhilorsdeedateand stirred for 6 hours bef ore bei ng
neutralised with solid annonlunkpltrate (10.96 g, 137

25 nmol ). The amoni a was rempved under a stream of N2
and water (200 nml) was addgd./ TNe resulting m xture

was extracted with nmetphykene”shloride (3 x 100 m) and
the organic extracts compgMRed and washed with 1

NHC (75 m), water 5 nlg and brine (75 m).
The organi c extract wasYChen~dri ed over sodi um

sul phate, filtered and .oncentrated in vacuo to give
3- (benzyl oxy) - 1, 2- di hydrocycl obut abenzene- 1- carboni tri
le (7.48 g, quant) as| 30 a brown oil which solidified

upon standi ng. WO ZOEEOS?ZZO PCT/ EP2008/ 062229 138

128.7 Preparation o benzyl oxy) -1, 2-di
hydr ocycl obut abenzere carboxylic acid O / OHO 5
3-(Benzyl oxy) -1, 2- di hydr ocycl obut abenzene- 1-carbon

r 4 lved in a
12%gltbﬁ§ﬁ;é?4§f gﬁo %7§ nk}yan pot §§IUH1hydrOXIde
(13.3 g, 237 mol ) dissol ye Prwater (14 nml) was
added. The m xture was he at reflux for 2 h. After

partitioned between water ayd e'her The organic
| ayer was extracted with 2
conbi ned aqueous 10 extracts we e acidified wwth 5 N

SOM% h?&ﬁxu@ét(ﬁégt§d1%t oSt WaE dissoredOR Eﬂe) waldre (650 mI) and 3-

nbi ned er extracts were washed with brine, dried
bromp@he&%#é%gsm fbH’ﬁ?'é V‘é?ﬁda@PSpJPﬁt regulfing SH?RR'I’@@@ was stirred and

hedtby € 257 eWthwhubﬂ tumEh§ s8RtibrAfoMASd L ChibrGHEE3M hiN 2.89 mol) was
then(?arc)jtcjg(?(cejroeptwrl]seer ov5er 45 mlnutes and the mixture was heated at 75 °C until signs of
chloroform reflux had gone (~ 35 minutes). The orange-brown suspension was then
cooled to <5 °C and 2 N HCI (1.5 L) was added dropwise keeping temperature < 15 °C.
The mixture was then adjusted to ~ pH 3 with 5§ N HCI and then extracted into ethyl
acetate (4 x 500 ml). The combined organic extracts were dried over magnesium
sulphate, filtered and evaporated under reduced pressure to give a dark oil. The crude
product was stirred with dichloromethane (500 ml) and the insoluble material was
removed by filtration. The filtrate was then passed through a silica column (~ 1.6 kg)

(eluting with ethyl acetate in heptane, 1-10%) to give 2-bromo-6-hydroxybenzaldehyde
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collected by filtration and dried in vacuum oven at 45
C to give 3-(benzyl oxy)-1, 2-
waledvgasnaey cl obut abenzene- 1- carboxyli ¢ aci d ( 10P@GREB)008/062229
15 128.8 Preparation of 13
trans- 2- benzyl - 6- (benzyl oxy) = %a-nethyl-S,Sa,S,Qb-
dr oi sochroneno[ 3, 4-c] pyrrol -1(2H) - one and
“Ob Ii)’giz%enzyl-6-(benzy|oxy)-3a-
met hyl - 3, 3a, 5, 9b-t et rahydr oi sochroneno| 3, 4-c] pyrrol - 1(
\ 20 Simlar
12681 i gian otz &eg&xﬂégﬁﬁ#rmﬁﬁr@'ﬂ§1 ‘e onpl oyed.
usi ng 3-(benzyl oxy) -1, 2-
di hydr ocycl obut abenzene- 1- q
ci s- 2- benzyl - 6- (benzyl oxy)
nmet hyl - 3, 3a, 5, 9b-t et r ahydr oigochryoneno| 3, 4-c] pyrrol - 1(
2H)-one, El -M5: nmfz = 400.3 WO 2009/ 037220
PCT/ EP2008/ 062229 139 [ M+ and
trans- 2- benzyl - 6- (benzyl oxly) - 3a- net hyl -3, 3a, 5, 9b-tetra

»Xy|IC acid to afford

hydr oi sochroneno[ 3, 4- c] ol -1(2H)-one, EI-M5. mz =
400.3 [M+H] +. 128.9
trans- 2- benzyl - 6- (benzyl 3a-nethyl -1, 2, 3, 3a, 5, 9b-

5 hexahydr oi sochroneno[ 3, 4<c]pyrrole N H, \ O 0 To

f .
Bet?zl)/? dﬁihgg%{; f 58] (r%rgcr)]l )Pobtasglum h}/(f']r)c/)flsjg,pgge,ztg,(%%@ g, 531 mmol)
weteestirrgidyil T biFsanshe-brosrof 3ydf06}]'tp'5nzaldehm(ezg|7_goﬁ§3 (Mmatywas added in

@E&%ﬁi&%% rg& urd ﬂ/ag—'ﬁga%a t(ﬂ’%ﬂu el rl\ng M(I:(?/?%@éb%nsmn was

formestit ané sAmr@dsatu rafley everighs. hTaﬁdretShlérrg ausp@rfwcmx wagr filkgred, the

ins?lHBl‘ahﬁéteﬁal WasaN%h'é@w%sTm‘ )an‘ﬁetﬁe tflnt%ﬂ-} @ggtggar&% ek 't? dﬁ/ﬂgss The

e reaction m xture was agaln stirre |
resfdyetwies digsgivethih ethen(Zcbpvaghed with ZaMdaotﬁ@awrrahy@edde (2x1L),

drléM 6\;'&%1%18@ rtn{}'%@ﬂil&e-r 3(5\}%?5 at{%dq% %s‘ér \é@és@tﬁbe\nas dissolved in

extract |ne organi c
tolusper(Z2 tnal), vadirred wersheeptane H by slawly atided @ivivep sNapesEipnawich was

pla(]:éd ﬁm‘%ﬂ&ﬁwé'\/@g%ﬁ%@%@sGlanggédﬁﬁ v@ascéo??g?%’b&/ fiktf3@bn Wisshed with

asse roug cartridge to
heptamgn@dm@fizw vagudmenery ab&@?p.tg@wﬁgq (henzyloxy)-6-bromobenzaldehyde

(98145, 3038 - ANy dr o sochr omeno[ 3, 4-

128.3 Preparation of 3-(2-(benzyloxy)-6-bromophenyl)-2-cyanoacrylic acid

Br
CO_H

7
CN

2-(Benzyloxy)-6-bromobenzaldehyde (59.6 g, 205 mmol), cyanoacetic acid (17.41 g, 205
mmol), ammonium acetate (3.16, 40.9 mmol) and 4A molecular sieves (60 g) were stirred
together in toluene (320 ml) and dry pyridine (28.8 ml) under nitrogen. The reaction
mixture was stirred at reflux under Dean & Stark conditions for 50 minutes and then

cooled to room temperature. The reaction mixture was filtered through dicalite and the



10

15

20

c]pyrrole (70 mg, 15%, El -Ms: mz = 386.0 [ MtH] +.

128. 10 Preparation of trans-nethyl
w®2(ob@esm23d oxy) - 3a- net hyl -1, 3, 3a, 9b- 20 PCT/EP2008/062229

tetrahydroisochroneno[3,4-cég§rrole 2(5FD car boxyl at e

WO 2009/ 037220 PCT/ EP2008/ 0 29 14000 NH, \ O

A sol yti f : : .
rest AN B arER, Praporalen 191 IS 9. et 1Ry Misequspyeliog o gfe crude
proheaﬁahryd rdﬁémbr el dcetate] Q%OOﬂne 4 BXtraoted ,.wih90.5m) sodium

hy(ﬁP dﬁ&‘g %‘i)&jn 2&'1&05&@%0]‘ o ({/\é%slcséqag;‘go\garet %c@?ed with 5 N

hydroeH @Ay &d Iahd&ddtaiﬁed)mntﬁtetﬁﬁ(écélafe)m 201 00i rl‘nl)t EBeselVBI@aIm(:lextracts

m s added and th ctlon subj e
woff,borfBRed vl wittiadi A AT D835 dber dHEd Ve SSHUR Sulphate.
filtebed Bhdibesboratgul eyise NG(EIQEan(y#ﬂym -pronesphadgpg-camtbachgic acid (61.7

E%}V(ture was extracted with EtOQAc (3 x 20 ml). The

Abi ned organi c extracts were washed with brlne
dried (Na2SO4) and concentrated under reduced

ressure to esi due, t hat sed throu h.
1284 PR araih i {7 Terarisnif 3?%0'&8?%"%"5 ¢yanoproparioic acid
6- (benzyl oxy) - 3a- net hyl - 3eBr9b-
t et r ahydr oi sochr omenoj 3, 57-H- 2( 5H) - car boxyl at e
(374 ny, 41%, El-MB: niz [MEH +. 128,11
Preparati on of CN

hexahydr oi sochroneno[ 3, 4-c] pyrrol e
2,2,2-trifluoroacetate {_ N TFA H,, O6 To a solution
of trans-nethyl 6-(be gxy) - 3a-net hyl - 1, 3, 3a, 9b-

t et rahydr oi sochr oneno| c] pyrrol e-2(5H) - car boxyl at e
(1.047 mol, 370 ng) OH was added potassi um

B e
mi)180d eatfimted3@queons sediumThiearbersald {211 gnirivetaiceolemto bMZDW 15 °C and
som%{opcﬁ&ag@e @g@ﬁ&g@&&{.%@.g@gver ~ 2 hours maintaining temperature at 15
°C. After the addition was complete the cooling bath was removed and the mixture was
stirred then at room temperature for 30 minutes. The reaction mixture was then
evaporated to a residue that was dissolved in water (150 ml), acidified with 5 N HCI (~60
ml) and extracted with ether (3 x 100 ml). The combined organic extracts were washed
with water (3 x 50 ml), dried over sodium sulphate, filtered and concentrated in vacuo to
give 3-(2-(benzyloxy)-6-bromophenyl)-2-cyanopropanoic acid (77.37g, 99%) as a yellow

oil that solidified upon standing to give an off-white solid.

128.5 Preparation of 3-(2-(benzyloxy)-6-bromophenyl)propanenitrile
Br

CN
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141 extracted with DCM (20 m, x 3) and the conbi ned
organi c extracts were washed with brine, dried

w@ bim2862»0 and concentrated under reduced pressPCEER200S8/062229
t hen passed through an SCX1?qunn bef ore purifying by
prep-HPLC (acidic nodifier) afford trans-6-

A SRS B Oy ERp S bior g by 2 Sy TEREGERPE 28 § g 214 mmol)
] ] § 1 1 86 1
in BMA, (8BI7- MB: wad Beate@ 95 180158 MC+Hor Exaaploarsl 2Be reaction mixture was

codibTig T30 BPR RIS 8 wateritpdh il yPiscidla D espli SR Srgnglon was
trafigfertdd fra Agﬁréﬂwf’ l&mﬁél midtsittef?ﬁﬁt? fhtﬁoye: to ex)tract the330|id liJnto ether (4 x
-methyl -6-(trifluoro sul fonyl oxy)-1,.3, 3a, 9b-.. ..
250 i B 6l Rt bl Sl eT I g te B BVSL S K ke EReialyissolved
the( ﬁbn{hfirﬁl ré%m%lid. 41 ﬂiqjanioatéﬂre;dﬂ Qleed @bmbinbﬁodﬁddw%élﬁrﬁ&%h saturated
, . [ me - 2- rglLi ne . s .
sodip risartgisacd B5 0 Ol e vl H £ il BbGorbdiGlekusgi was red

over sodiufheulpeate! filtsredrakd wvepsvatdpardrindserte dyivikbam etfwdetie solid that

et hyl etate and water, and th ueo er wa o
was i e B8 og it oraa g P A R M ¥R Rtane. 50%) to
aff@rt @ak(behB10xYy B6-WEoneophaa iRdopdrichitdle (363 glsdry (Na2SO4)

and concentrated under reduced pressure to give a

resi due that was passed through an SCX cartridge and
128.6eRrgparatioredf ybenzyitixg)-pi2edihyifloCyelobatabetizene-1-carbonitrile

ci s- 6- br ono- 3a- net hyl -

1, 2, 3, 3a, 5, 9b- hexahydroi s one %F3,4-c]pyrrole

2,2,2-trifluoroacetate ( 8@b¥ield), El- 20 M. mz =

268. 1 [ MtH] +. Exanpl e 130x.

ci s- 6- Met hoxy- 3a-net hyl -1, 7, 3, 3a, 5, 9b- hexahydr oi sochro

meno[ 3, 4-c] pyrrole hydroghloride H N HCHO 25

Ove 130.1 Preparation of [cis-tert-butyl

6- met hoxy- 3a-nmet hyl - 1, 3, 3a, 9b- tetrahyd roi soch

romeno[ 3, 4-c] pyrrole- - car boxyl ate WD 2009/ 037220

PCT/ EP2008/ 062229

A dried 1 L 3-neck flask was fitted with a magnetic stirrer, drikold condenser and
thermometer, was cooled to -78 °C under N,. Ammonia was condensed from a cylinder
into a separate precooled dried flask until enough was collected to give the required
amount. The ammonia was then allowed to distil over from the first flask into the reaction

flask via a connecting tube until ~340 ml was collected.

The ammonia was stirred at -76 °C and sodium amide (4.84, 124 mmol) was added in one
portion. The mixture was stirred for 10 minutes and then 3-(2-(benzyloxy)-6-
bromophenyl)propanenitrile (10 g, 31.6 mmol) was added portionwise over ~ 5 minutes.
The resulting yellowish suspension was allowed to warm up until reflux was established
and stirred for 6 hours before being neutralised with solid ammonium nitrate (10.96 g, 137
mmol). The ammonia was removed under a stream of N, and water (200 ml) was added.
The resulting mixture was extracted with methylene chloride (3 x 100 ml) and the organic
extracts were combined and washed with 1 N HCI (75 ml), water (3 x 75 ml) and brine (75
ml). The organic extract was then dried over sodium sulphate, filtered and concentrated in
vacuo to give 3-(benzyloxy)-1,2-dihydrocyclobutabenzene-1-carbonitrile (7.48 g, quant) as

a brown oil which solidified upon standing.



142 NBoc H O Ow Trinethylsilyldiazomet hane (0.196
mol, 0.098 nm) was added dropwi se to a sol ution of
wa@e@onenee but yl 6- hydr oxy- 3a- net hyl - PCT/EP2008/062229
1, 3, 3a, 9b-t et rahydr oi sochro o[ 3, 4-c] pyrrol e-2(5H) -
carboxylate (0.164 mml, 50 hg), DI PEA (0.246 mol,
0.041 m, 32.1 ng) in MeCH (0.5 5 nm) and acetonitrile
(4.5 mM). The m xture was stirred at roomtenperature
128.0r Péeparitiemof 3x(isbrizyoxg)-12-dihpdioty2ibbutabeinzee-04&arvdxylic acid
32.1 ng) and trinethylsiIyIdiaéynethane (0.196 mmol ,
0.098 mM) was added and m xtureywas stirred for a
further 16h. The reactio m xtAreHMas concentrated in
vacuo and purified by pr WHC to afford
cis-tent-butyl 6- nethoxy3anethyl -
1, 3, 3a, 9b-tetrahydroi sochriomeno[ 3, 4- c] pyrrol e- 2(5H) - ca
rboxylate 10 (37%yi el d) 0130. 2 Preparation of
ci s- 6- net hoxy- 3a- net hyl -[1, 2, 3, 3a, 5, 9b-
hexahydr oi sochr oneno[ 3 ]pyrrole hydrochloride H N
HOw 15 5 N HCl (0.12 ) was added to a solution of
cis-tent-butyl 6-netho a- met hyl -
1, 3, 3a, 9b-t et rahydroi sochroneno[ 3, 4-c] pyrrol e-2(5H) -ca
rboxylate (0.060 mmol, 19.2 ng) in dioxane/ MeOH The
5 3- (maﬁgyibrx?) Y\@%llﬁfdhﬁdy@%@bbg&eﬁe-ﬁOdfart;orhrlfehQ‘M ﬁ@egs‘lﬁVﬁnﬁnmol) was

enoved “undér reduced pressure to af
dlsg(plgedgmn%ﬁﬁlggt(gn shethanoly(y0 mip andapptassyyn hydroxide (13.3 g, 237 mmol)

d.s&ﬁmw\wgﬂéwbmﬁ?@@[a%déd Cirré/ﬁﬁe[iur% \né(éjhgétﬁh%ﬁ'rgﬁjx(ﬁ)?%’ h. After

eVQF}Oéﬂ@nGQfI\I@? HORMprB dhegesigye yas, @ﬂg@;“gd @@IW\%E;‘E]WW Gindgrifer- The

orgaRIERMErPwAs EkirBMEd it 2Wd{m|(9r>d ds M@\a@goﬁé%mroed aqueous
PCT/ EP2008/ 062229 143

10 extpchowerngracidiiigdowith @%Hﬁhthgagmﬁqi@e@yﬁh wéhes (2xP P8yl The combined
ethdS bRBadié AeBe WakhePWith! brfie, dried over sodium sulphate and evaporated to

dryness to give a brown solid. The solid was triturated with heptane:ether 5:1 then

collected by filtration and dried in vacuum oven at 45 °C to give 3-(benzyloxy)-1,2-
dihydrocyclobutabenzene-1-carboxylic acid (10.82 g).

15
128.8 Preparation of trans-2-benzyl-6-(benzyloxy)-3a-methyl-3,3a,5,9b-
tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-one and cis-2-benzyl-6-(benzyloxy)-3a-
methyl-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-one

Ph
O / Ph
N © N

S5 4

20 Similar protocols to procedures in Example 40 were employed, using 3-(benzyloxy)-1,2-

dihydrocyclobutabenzene-1-carboxylic acid to afford cis-2-benzyl-6-(benzyloxy)-3a-
methyl-3,3a,5,9b-tetrahydroisochromeno[3,4-c]pyrrol-1(2H)-one, EI-MS: m/z = 400.3



hydr oxy- 3a- net hyl -
1, 3, 3a, 9b-t et rahydr oi sochroneno[ 3, 4-c] pyrrol e-2(5H) - ca

wo bgysaee to afford trans-6-met hoxy- 3a- met hyPET/EP2008/062229
1, 2,3, 3a, 5, 9b- hexahydr0|socqégneno[3,4-c]pyrrole 5
hydrochl oride, El-M5 niz 0.4 [MH] +. Exanple 132

.- 6- Vet h :
['V"Ecl*)Jy apd %%ﬁ?‘gé?%‘,zﬂ@'W&QQH%?‘SP%%W‘@%%?%‘,t?ffaé‘]VBWPS'Pré’me”°[3’4'
clphyalr1g2H)-ong, E-MIIm/N= 406 M+IPB0 Ove 10 132.1
Preparation of cis-tert-butyl
6- net hoxy- 1, 3, 3a, 9b-t et rahydr oi sochroneno[ 3, 4- c]
12§19 rtm@b@-ﬁérﬁj]-sqaemmyaee rheth§l-NB8;34:5,90- OV To a

uti.on o

5 he’éaq]é(;?'a?'a%}"f"? égifﬁ?g{?léhydr oi sochr orreno[S 4-c] pyrrol
e- 2(5H)-carboxylate (0.051 nmmol, =
di chl oronet hane (3 m ) was added
carbonate (0.257 mml, 35.6 ng
i odonet hane (0.103 nmol , 6. : 14. 62 ng). The
m xture was subj ected Yerotave irradiation at 60 C

i sine (10.4 ng, 0.103
ittt e was further irradi ated
The m xture was then

at 60 C for 15 m nutes.
partitioned between r and dichl oronet hane. The
organi ¢ phase was washed with brine, dried (Na2SO4)
and 20 concentrat ed ynder reduced pressure. The
residue was purifidd 0 silica colum chromat ography
(eluting with ethyl gtate in heptane, 25 to 40% to
afford cis-tert-butyl
6- met hoxy-1, 3, 3a, 9b-t et rahydr oi sochr oneno[ 3, 4-c] pyrro

To E’C’%/( %IF_’DZOS goggzsul gt e fgi3%3ngé-%-beniWGf{_@@&yﬂ%}??@methyl%,3a,5,9b-
. epar ati on ,
g GSRRTHBRYAIE A ek | B sl A dBPL G B T 47 4 i) wes
10 addddPy QJO%H@YWDHP'(Q!BHdrﬂn’JdI, 34 hiCHKpwise. The reaction mixture was
stirred at 0.5 h and then at reflux for a further 3 h. 5 N HCI (5 ml) was then added at rt,

and the reaction mixture was again stirred at reflux for a further 4 h and then cooled to rt

and neutralised with 4 N ag. NaOH. The resulting mixture was then extracted with Et,O
(3 x). The combined organic extracts were washed with brine, dried over Na,SO4 and

15 concentrated in vacuo to give a crude oil that was passed through an SCX cartridge to
afford frans-2-benzyl-6-(benzyloxy)-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
clpyrrole (70 mg, 15%), EI-MS: m/z = 386.0 [M+H]".

128.10 Preparation of trans-methyl 6-(benzyloxy)-3a-methyl-1,3,3a,9b-
20 tetrahydroisochromenol[3,4-c]pyrrole-2(5H)-carboxylate



H OOw 5 N HC was added to a sol ution of
cis-tent-butyl 6-nethoxy-1,3,3a,9b- 5 tetra

whyaposrochr omeno[ 3, 4- c] pyrrol e-2(5H) - car boxy| BEBEEP2008/062229
(0.011 nmol, 3.5 ng) in dioggﬁe/NbOH. The m xture was
stirred at 100 C for 0.5 h centrated under reduced
pressure. The residue was passeg t hrough an SCX
cartridge and purified by basic rgg/- HPLC to give the
desi red product which was conver?@" to the HCl salt
with 2 MHCI in diethyl ethert
ci s- 6- net hoxy- 1, 2, 3, 3a, 5, 9t-hexahydr oi sochroneno[ 3, 4-c¢
]pyrrole 10 hydrochl ord wyield), El-Ms: mz =
206. 4 [ M+H] +. Exanpl e
ci s- 6- Et hoxy- 3a- net hyl -

> éﬁS,Qb-hexahydroisochrom
eno[ 3,4-c] pyrrole hydrgchloride H N H CH15 CEt
133. 1 Preparation of cis-tert-butyl

6- et hoxy- 3a-net hyl -1, 3,/3a, 9b- tetrahyd roi soch
romeno[ 3, 4-c] pyrrol H) - car boxyl ate NBoc H O Okt
Sodi um hydri de (0. 26 |, 10.48 ng) was added to a
solution of cis-tert- yl 6- 20 hydroxy- 3a-net hyl -

1, 3, 3a, 9b-tetrahydroi sochrgneno[ 3, 4-c] pyrral e- 2( 5H) -
A hox AHIBN (0. 1F ol s e e bR g mahe 125 3a.5.90-
hex@Ehy8neisechidmenbi34-Eigyddle I ORIB7t efmasiat Woe f /ig) 10andm A-chloroethyl
t hen i odoet hane (0.262 nmol , 40.9, % was added. The .
chigrolarmele (k25 Mmoled 1596 mbo%%ngb@gn? 4enso(¥0 ml) was subjected to
5 midiéWAeRZa88i802:249 °Cldb 30 aiimasat MeeH @rmiwby htB&d add the reaction

. The m xture was partitioned between water and .
MiXHTERYBE SHRIEAEAEC TIREOWIGahkicdqyRat 180 Gedehedmiuigs. Saturated

aqiouB NaHE® £A0(MB 229D ddad ind AR eiktliieal SlexPesd WRH BEBA: (3 x 20
pressure to afford cis-tent-butyl 6-ethoxy-3a-nethyl-
mh)1 | 3 hgacyBLiped rABIUF SPYBERT Wﬁ'@né‘%ﬁf‘gﬂ d’Y'tﬁ‘yPPQﬂ’edrﬂdSI‘r%@@Q‘t) and

coﬁc_bﬁ?ﬁ%tlea:uﬁdérﬂ@%fméléoeﬂt)rﬁ};slur? t%@ige% @giﬁgéﬂﬂﬂit w2 pakssed through an SCX

Cl S- b- et NoXy- 5a- Ne -1, 2, y 9, I0-

10 cqurIn% to Xy afford y z‘rans-me’thyijl %-(benzyloxy)-3a-methyl-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (374 mg, 41%), EI-MS: m/z =

268.1 [M+H]"

128.11 Preparation of trans-6-(benzyloxy)-3a-methyl-1,2,3,3a,5,9b-

15 hexahydroisochromeno[3,4-c]pyrrole 2,2,2-trifluoroacetate

TFA

To a solution of trans-methyl 6-(benzyloxy)-3a-methyl-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (1.047 mmol, 370 mg) in MeOH
was added potassium hydroxide (10.47 mmol, 1.047 ml) in water and the mixture was

20 subjected to microwave irradiation at 150 °C for 30 minutes. The resulting mixture was
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hexahydr oi sochroneno[ 3, 4-c] pyrrol e hydrochloride H N
CCH HOEt 5 NHC (0.198 m) was added to a solution
w@boogiosreent - but yl 6- et hoxy- 3a- net hyl - 1, 3, 3a, 9PCcT/LP2008/062229
tetrahydroisochroneno[3,4-cggirrole-2(5kb-carboxy|ate
(0.099 mmol, 33 ng) in diox / MeCH. The m xture was

f trated
exiEete B Y detnu ko ate ot Cer D ohans exkidiE ey washed with
brirle, dridd aﬂaﬁmbamwME}édmled Oﬁhlérﬂﬁétﬂbm[dl’prdssuee} aryd theheassed through

an ;%8%2%%%&@@&95%. |ng 69 ’pre%-HMEb r(.gc%dlc_ modlfler) [to e'q#ord trans-6-

(beokﬁoﬁf)stahﬁmyyllm,mSa@&h@bhpm&bymbmeso[am-qnﬁmé 3,4-c] 222-
pyrrole roc N ., OOCEt Simlar
”mﬁ&BE@H@PQE% 'ﬂ@@a 4%1%55éﬂ¥? Hi33 were enpl oyed

using cis-tent- but yl 6-
£ h d]r Q%¥- 1, 3, 3a, 9b-t et rahydr oi sochroneno[ 3, 4-c] pyrrol e-
—ﬁﬁﬁgﬁﬁréarboxylate and i odoet hane 20 to afford

ciseB- BrcﬁneBlaawﬂﬂ/l 2,238,385 9btHexahydivjstohiremeho3balpydrode c]  2,2,2-
trlf@g}rrol 3 ydr ochloride, E-M: nlz = 220.6 [ M+H] +.

trans- 6- Isopropoxy 3a- net hyl -
ochroneno[ 3, 4-c] pyrrol e %5
2009/ 037220 PCT/ EP2008/06225
Simlar procedures de s Exanpl e 133 were
enpl oyed, using trans L - 6- hydroxy- 3a-net hyl -
1, 3, 3a, 9b-t et r ahydr oi sochr oifeno[ 3, 4-c] pyrrol e-2(5H) -ca
rboxylate and 2-bronopgopane to afford
trans- 6-i sopropoxy-3a-nethyl- 1,2,3,3a,5,9b 5

A hexbdwyrdr oi foc heisfarRioftd, 4- 33-pethnbb€trifiyohooettytsuifamyloxy)-1,3,3a,9b-

tetrghydyg:somrémgng[é,qlcqp)[rpgm_-qz(J'S'H)-carboxylate (0.046 mmol, 20 mg), and

nickel(ll) bromide (0.229 mmol, 50.0 mg) in N-methyl-2-pyrrolidinone (3 ml) was subjected

142, 3, 3a, 5, 9b- hexahydroi s
yd ocphprlde WO
46 H NCIH H,, O

to microwave irradiation at 210 °C for 20 min. The reaction mixture was partitioned
between ethyl acetate and water, and the aqueous layer was further extracted with ethyl
acetate. The combined organic layers were washed with brine, dried (Na,SO4) and
concentrated under reduced pressure to give a residue that was passed through an SCX
cartridge and then purified by acidic prep-HPLC afforded cis-6-bromo-3a-methyl-
1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole 2,2,2-trifluoroacetate (28% vyield), El-
MS: m/z = 268.1 [M+H]",

Example 130
cis-6-Methoxy-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
hydrochloride

H
N
H CIH
O
OMe
130.1 Preparation of cis-tert-butyl 6-methoxy-3a-methyl-1,3,3a,9b-

tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate
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Exanpl e 136

ci s- 6-1sopropoxy-1, 2, 3, 3a, 5, 9b- hexahydr oi sochr oneno[ 3,
wd2@ppyne®l e hydrochloride H N CIH HH O O PADEP2008/062229

Sim | ar procedures as descrggid in Exanple 133 were

enpl oyed, using cis-tert-but 6

hydroxy-l,3,3a,9b-tetrahydroisoc“g&ﬁeno[3,4-c]pyrrole-

2(5H) - carboxyl ate and 2- iggonrOoane to afford

ci s-6-isopropoxy-1, 2, 3, 33,5,

4-c] pyrrole hydrochlo R
15 Exanple 137 o
t rans- 3a- Met hyl - 6- (prop=i<en yl)-1, 2,3, 3a, 5, 9b- hexah
ydr oi sochromeno[ 3, 4- c]pyrrole 2,2,2-trifluoroacetate
H N H, TFAO 5 N HCIO¥e.041 M) was added to a

Tr YIRS A 1 I S Y4 adRa iRl LY badsd BoBRisb 6 Solution of

cisyér-butyB, Behyaioxyearmbipslr bB Sedhrtetramofdsathojmenofdi-eld(rbld-2(5H)-

ol SRRSO TREn B MR 6 DY Mo 05

ml)camtacetoritried (Amas). Theedixtied wasestsgdeat robm teewpediwevias4 h then

soflid PREER 10 28 B B0 IR ! BALH bt A0 ORomaang 015
mm@n@@éﬁs’nl@),-wﬂspyddeni en@ maix@re Svasr $tirtedofoo cec Brthee 16U9%he reaction
mi%ﬁrgl_\ggas_ K}E{%Watga?évﬁ%ﬁgﬁ\dg P[é%ﬂ*'e?] By ol 3R & td 3fford cis-tert-butyl 6-

ci's
methepnyH3p-metRyl3, B2 .8b-WMtrdhyd wispd hromsoold: o niprn|8;245H)-carboxylate
(3790 D¥fsh 0l e hydrochloride HHC NHO 10

Mz = 234.1 [ M+H] +.

130.2 Preparation of cis-6-methoxy-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole hydrochloride
H
N
H CIH
O
OMe

5 N HCI (0.120 ml) was added to a solution of cis-tert-butyl 6-methoxy-3a-methyl-
1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (0.060 mmol, 19.2 mg)
in dioxane/MeOH. The mixture was stirred at 70 °C for 1 h then the solvent was removed
under  reduced pressure  to  afford cis-6-methoxy-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole hydrochloride (72% vyield), EI-MS: m/z = 220.6
[M+H]".

Example 131
trans-6-Methoxy-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno|[3,4-c]pyrrole

hydrochloride
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Sim | ar procedures described in Exanple 137 were
enpl oyed, using cis-tert-butyl 3a-
woredobps7286 ( 2- met hyl prop- 1 PCT/EP2008/062229
-enyl)-1,3,3a,9b-tetrahydrngSChroneno[B,4-c]pyrrole-2
(5H)- carboxylate to afford s- 3a- net hyl - 6- ( 2- net hy
prop-1-enyl)-1, 2, 3, 3a, 5, 9b-
hexahydr oi sochr oneno[ 3, 4- c] py
El -M5: mz = 244. 4 [ M+H| +H, 15
ci s-3a- Met hyl - 6- ((2) - pp© '
-enyl)-1, 2,3, 3a, 5, 9b- I"yochr onenol 3, 4-c] pyrr ol
e hydrochloride H 20 Sim | ar procedures
descri bed in Exanple 13 were enpl oyed, using
ci s- tert butyl 3a- nmethoe 6-((2)-prop-1
-enyl)-1,3,3a, 9b-tetrahydroi sochr omeno; 3,4-c]pyrrole-2
Sln(@f_boroc&gp@éx@qsg[néeq ty Bxargplg 130 were emp oyed, using trans-ten‘-butyl 6-
hydrbsy-SRmiBeiynY 13- $r - @raﬁ;?d?&séch‘r@rﬂ%rha[?, 4, cgpﬁﬁo@Zél-@Jéarboxylate to

hexXahydr oi’'sochr oneno[ 3, 4 -chy rochl orid
affeed . vg: ragss6 -meé@@(yzﬁe[ rmzqt]ylﬁ, @5’5@@% p@@@@lg@]romeno[34 clpyrrole

hy&@&%r@%@EMSPWi EB20Q80062229 148 _
ci s-6- Chl oro-3a, 5-di net hyl -1, 2, 3, 3a, 5, 9b- hexahydr oi soc
hroneno[S 4-c]pyrrole H N HO d 140.1 Preparation

Ex&hpliei1gzet hyl 6- chI or o- 3a-met hyl - 1, 3, 3a, 9b- tetrahyd
rolsoch ronmeno[ 3 c] pyrrole-2(5H)-carboxylate 0 o N

cisHMg Xy b AR Sy b-heKamidreisosbamenlp.d-clpatiolg hysiachionide
ethyl chloroformate (9.66 mol 4 0.923 nml, 1.048 Q)
were added to a sol ution of §-6 chl oro 3a- net hyl -
1,2,3,3a,5,9b- hexahydroi 3 4- c]pyrrole
(8.05 mol, 1.8 g) in d and water (20 nml).

Nol e hydr ochl ori de,
anple 139

OMe

132.1 Preparation of cis-tert-butyl 6-methoxy-1,3,3a,9b-tetrahydroisochromeno[3,4-
c]pyrrole-2(5H)-carboxylate
NBoc

OMe

To a solution of cis-tert-butyl 6-hydroxy-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-
2(5H)-carboxylate (0.051 mmol, 15 mg) in dichloromethane (3 ml) was added potassium
carbonate (0.257 mmol, 35.6 mg) followed by iodomethane (0.103 mmol, 6.41 ul, 14.62
mg). The mixture was subjected to microwave irradiation at 60 °C for 15 minutes then
triethylamine (10.4 mg, 0.103 mmol) was added and the mixture was further irradiated at
60 °C for 15 minutes. The mixture was then partitioned between water and
dichloromethane. The organic phase was washed with brine, dried (Na,SO,) and
concentrated under reduced pressure. The residue was purified by silica column
chromatography (eluting with ethyl acetate in heptane, 25 to 40%) to afford cis-tert-butyl
6-methoxy-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (23% yield).
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The m xture was stirred at roomtenperature for 16

hours and then quenched by the 10 addition of aqueous
woigloossizedc i on (1 M. The product was extract edP@i/EP2008/062229

ethyl acetate (3 x 20 nl) 3 t he conmbi ned extracts

dried (MySO4) and concentraté under reduced

1328 BT E hmt Shr sl o T 2t S5 obiRR Ry TS pmencls. -

c]pyeplahgdrothfdrideo af f ord ci s- et hyl
6- chl or o- 3a- net hyl -1, 3, 3a, 9b-
t et rahydr oi sochroneno[ 3, 4-c] p ol e- 2(5H) - car boxyl at e
(100% vyield). 15 140.2 Prgpdratihon @f ci s-ethyl
6- chl or o- 3a- net hyl - X ; 9b- tetrahyd roisoch
romenol[ 3, 4-c] pyrrol ¢ hoxylate 0 ~ O NHO
C O To a suspension
6- chl or o- 3a- net hyl -1, 3)Y3a, 9b-t et r ahydr oi sochr onmeno|[ 3, 4
- 20 c]pyrrol e-2(5H) -c’\geoxyl ate (3.13 mml, 0.927 Q)
was added Jones chrom ¢ aci d reagent WO 2009/ 037220

5 RET/HEI20084 06389 td4% (BolliBormof , cA-Br-Dutyl &-méfhofy-1,3,3a,9b-

e m xture d t hen er added nd ,
tetrﬁﬂiédro'ﬁ?%rﬁ'i“% ¢ %&xr@%?@wm@x (ﬁ% ipgol, il mg) in

dloﬁéﬁéﬁl\/@@ﬁi OT@arlﬁlxﬁJrQWars%flfréd \é@ﬂ@O RO édhcer&?dték! aﬁ(%} reduced
ueous drie & and concentr at ed

preé? "6r Ehed“}sé%ﬁed’&s p@SF’ﬁ VHOU%PQW%W’HWQ@@@FM'{}%PVP%C prep-

HPL@StbeNfé {h@| dasirg@ prédudt hlylwacedrveRed fo BRPHENSaIt Wih ROM HCI in
CLS

d'eg‘yl: 5 d 033’!}9@?@@ ’EetES%%Y 1233809 h?’é%WQWBT%@@HF%‘hﬁ]DWO'e
hyde¢hierftte (00RWid1), Et-RISS /2 eaobmwmqﬂ e (62%yield).

140. 3 Preparation of cis-ethyl

6- chl oro- 3a, 5-di net hyl -1, 3, 3a, 9b- tetrahyd roi soch
ExdrApenaB3, 4- c] pyrrol e- 2(5H) carboxylate 0 ~ ONHO

i.0

cisgs- Eeﬁoaw&as@e #5385 bRl aiseshepmenglA SEIRES e
hydv@lcBlofideC] pyrrol e 2(5H) - car boxylate (0.743 mol, 0.230

g) in THE (3.71 mM) was added nethyllithium (O. 817

nmmol, 0.510 m ). The m xture stirred for 2 h at
-78 C then acetic H CH

H

OEt

133.1 Preparation of cis-tert-butyl 6-ethoxy-3a-methyl-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate

NBoc
H

OEt

Sodium hydride (0.262 mmol, 10.48 mg) was added to a solution of cis-tert-butyl 6-
hydroxy-3a-methyl-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate
(0.131 mmol, 40 mg) in DMF (3 ml). The mixture was stirred at room temperature for 10

min then iodoethane (0.262 mmol, 40.9 mg) was added. The mixture was stirred at room



acid (0.817 mmol, 0.046 m ) was added and the m xture

was poured into ice-water.The 15 aqueous | ayer was
wexdwasted with DCM The conbi ned organi ¢ ext r BCT/EP2008/@2229

dried (Na2SO4) then concengrgted in vacuo to give

crude heniketal . The crude I'atol was dissol ved in

DCM. (25 .m ), .cqol e 0,78 C then i
tempesatyre, fort Iau&“'glf e? i E! Al d MPIULS gvaFmppIiitioged dietypen water and
dicRloZimdetiggnaneaBhea dagghi@nthab@ewas xvashed wakh Sirinet edtiedo(N&,80,) and

mn, Triethylsilan 2.228 ol . 36 0.
corieBrafife St Tl Frelie.al At it buy &t Hhgp-metny-
1,3(8a8b-tetrahy d26is @dhrawertb[8,d-clayrld-2( SH)-aanboryime r(aé % el dy er

2 h. The solution was poured into ice/water and

extracted with DCM The organic extracts were dried

133.DlaPfparatiord concentrafed under disduwtieskypdsamtiig-1,2,3,3a,5,9b-

Silica columm c t ogr.aph luting with ethyl
eSS S oot A IR BOHA A9 o ci s of hy!

6- chl or o- 3a, 5-di net hyl -1, 3, 3a,9b-

t et rahydr oi sochroneno[ 3, 4- cJpyhir ol eci® 5H) - car boxyl at e

(70%yield), El-M5 mz & 25 [ MrH] +. 140. 4

Preparation of

ci s- 6-chl oro- 3a, 5-di , 3, 3a, 5, 9b-

hexahydr oi sochr oneno 4 'rol e WO 2009/ 037220

PCT/ EP2008/ 062229 150|H N H O d A solution of

pot assi um hydroxi de (4984 mmol, 272 ng) in water (7595

5 r\ghgh A gargg%\%stcﬂ%rqgg I;]of‘/?'_sHlUtié’rPoPéis-‘Pén?t:'n?&/lhe}flzthoxy-3a-methy|-1,3,3a,9b-

10 tetrsh@rBiap@tremenc[adydpickolrhmerok@ate- (0.099 mmol, 33 mg) in
. rale-—-2(5H) - car hoxyl 1 i n et hanal (1899

dlog%rfe%g @ht H@(&rrﬁ%tbj ‘?‘é‘{%g s%’r{rﬁ%fﬁeti@n%of g‘ab th%na(t)%nd:eﬁt{/g{ed {Jné;er reduced

pregsweoway eafford adéigbiethoxgt3alrbéth@- 1,268,330, 9h-hentahydroloehromeno[3,4-

e oA vl SN E B o nea

organics were dried (Na2SO4) and concentrated under
pressure. The crude product was purified by
15 Exarf gCI%ghange chromat ography (SCX, 0.5 g) to afford
cisef-Bthoxykl,2B83a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride
3a, 5-di net hyl -1, 2, 3, 3a, 5, 9b- hexahydr oi sochr onenol[ 3, 4-c
]pyrrole (52%yield), El-Ms: n 10 = 238.1 [ M+H| +.
Exanpl e 141 H CIH
ci s- 9- Brono- 6-chl oro- 32 [ 1, 2, 3, 3a, 5, 9b- hexahydr o
i sochroneno[ 3, 4-c] pyr pchloride Br NCIH H

OEt

Similar procedures as described in Example 133 were employed, using cis-fert-butyl 6-
hydroxy-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate and iodoethane

20 to afford cis-6-ethoxy-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride,
EI-MS: m/z = 220.6 [M+H]".

Example 135
trans-6-lsopropoxy-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
25 hydrochloride
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15

O 15 d To a solution of cis-6-chloro-3a-nethyl-
1, 2, 3, 3a, 5, 9b- hexahydr oi sochroneno[ 3, 4-c] pyrrol e
w@ 1@9a872z000l , 2.3 g) in sulfuric acid (10.28 nmPQT/RER08/062229
added N- bronosuccinimde (10,28 mmol, 1.830 g), and
the m xture was stirred at roomtenperature for 16 h
in dark. The reaction m xture wgs poured into
ice-water (15 m) and the m xtuge was washed with 20
di ethyl ether. The aqueougy| ayer wasCHasified with 4 N

NaCOH and extracted wi tb~di e¥tyl ~ether. The organic
extract was washed w '

i ed over Na2SO4 and
concentrated under rlequced pregssure to afford
ci s- 9- brono- 6- chl or o- 3aymet hyl - 1, 2, 3, 3a, 5, 9b-
hexahydr oi sochroneno[ 3, 4-c] pyrrole (1.88 g, 60%
yield), El-M5: nmlz = 2.00, 304.00 [M+H +. A sanple
of cis-9-brono-6-chloro-3a-nethyl-1,2,3,3a,5,9 25
hexahydr oi sochroneno[ 3, 4-c] pyrrole (0.066 nmol, 20 ny)
. . od i q A
SitEE SRR ibehfdd il e ohnite) M EReRHIO L SRR rons et bun 6
hyasxy-a-aediyi-1, 3vis; W-tetyaby dieidochromereld dalrdrodmd(Sibscedgxylate  and

SCX;col u obt a
25&%@@#8%?%20 P t/Enggﬂﬁg%zzzg"Qﬂ%?q%%%ﬁﬁquéﬁggmkkgz3ﬁaﬁﬁm
hexabsdriolspclromeepideticlowrela bydiorhlerde, B-01Sini/a F248.6 [M+H]"
ci s- 9- br ono- 6- chl or o- 3a-
nmet hyl - 1, 2, 3, 3a, 5, 9b- hexahydr oi sochr oneno| 3, 4-c] pyrr ol
ExamplgdBbichl ori de (17 ng, 76% vyield), El-Ms: mz =

cis oo P2 35t b Ry B hrddenolg g eyplefustrogiorce

hromeno[ 3, 4-c] pyrrol e hydrochlﬁride NCH HO d A

m xture of CIH
ci s-9- brono- 6-chl or o- 33 P 2,3, 3a, 5, 9b- hexahydr o
i sochroneno[ 3,4- 10 c] pl e (8099 nmmol, 30 ny),

trimet hyl bor oxi ne (0. 19

tetrakis(tri phenyl phosphine)Pd(0) (9.91 pnol, 11.46

ng) and potassium carboate (0.198 nmmol, 27.4 ng) in

degassed di oxane (2 was subjected to nmicrowave

irradiation at 120 C|for 20 m nutes. The reaction

m xture was partitioned between Et CAc and water. The
Sinpjlaa$)eox:evi/elres. asefescebed] iraBxbrhple Mu&emsem@syéd.l mlsimgrc;is-ten‘-butyl 6-
Rk SR I R AP g™ Cana 2
iodopnopam toedfedd viseeisopnopoxye &d,3p¥aes Shvhexdhy dafifoshnidme|3,4-c]pyrrole

. resi e tha 4 fied by prep-HPLC. Analysis

hwﬁ§aﬁ§E%BE!@%ng?eg3£ﬁﬁW§ﬁire of starting material and

product - no separation on LCMS.

Example 137
trans-3a-Methyl-6-(prop-1-en-2-yl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-

_00. 056 L, 49.8 ng),

clpyrrole 2,2,2-trifluoroacetate

TFA

5 N HCI (0.041 ml) was added to a solution of trans-tert-butyl 3a-methyl-6-(prop-1-en-2-
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The sanpl e was resubjected to the above reaction
conditions to drive the reaction to 20 conpletion and
w@eowhsre by prep-HPLC and the pure fracti ons B&ET/EP2008/062229
passed t hrough an SCX cartr| ge and then converted to

the HO salt to afford cis-6-2Ehl oro- 3a, 9-di net hyl -

VIR RO P R B g3 e ey < oeiitle 10 g mmol. 6

ngIn— dﬁ(arfél’MeQH?_Sf&eOﬁlx[uwW}% sti2éd EJX'B(I‘TrIt €orl¥B then concentrated under

3a, 5 -h
oS0 PETROHGT o1 TR B7S P B 0G0 e e 3000 fans-Sa-
meBPGTF6ER2p0840838292,3 85 2,9b-hexahydroisochromeno[3,4-c]pyrrole 2,2,2-

trlflagrtgg(g at%&&§%%2ﬁ®ytgp|%?ﬁﬂz'¥§%§ﬂ([&e+ +Sr gﬁo]pm)l , 9.55 ny)

ci s-9- brono- 6-chl oro-3a-nethyl -1, 2, 3, 3a, 5, 9b- hexahydr o
Ex 'ng A nmeno[ 3, 4- c]pyrrole (0.099 mmol, 50 ng),
rivinyl cycl otroboroxane pyrldlne conpl ex (0.198
c:sFt‘i‘ﬂ?lllethf}'}7 612 n@éthylpdopdteaWLummw)mteﬁaKﬁir8¢8chi"ﬁiheno[3 4-
ﬁ%ﬁﬁ@ EI 4-di oxane (2 nL) 5 and water (0.2 nlL).
prﬁg ?F § subjected to mcrowave irradi ati on at
130 C for 20 mn. The reaction m x{uele was
partitioned between DCM and matHr, nd the organic
phase was dried over Na28q4 3 oncentrated under
reduced pressure to giye resi due that was
passed t hrough an SCX 2 g) to afford
ci s- 6- chl or o- 3a- net hyl 0
9-vinyl-1, 2, 3, 3a, 5, 9b- hexahyer osochr oneno|[ 3, 4- c] pyrr ol
e (35 ng, 85%, El-Ms:
Exanpl e 144 ci s- 6- Chibg?P0- 9- et hyl
-3a-nmethyl -1, 2, 3, 3a, 5,/9b- hexahydr oi sochr onenol[ 3, 4-c] py
rrole hydrochloride NCIH HO 15 d To
Sintilap p@o&e'ahﬁérsodé’s%nﬁ&i Y IEx8mpieny37 ete %n?pﬁoy’%d9h3|hgxc§§1)@# utyl 3a-

i sochromeno[ yrrole (0.140 mmp
e BUE BTAD (ST 53 Sl A FBEBIOMNG o BV oA 2(5H)
CarB@)@laté’egaSﬁ)ed WiiBrdi t I Qeesa- n{b@f% B’f{tjn?éih)”ﬁ?oﬁn &f’}/‘l)bp@?) 3a,5,9b-

01 pnol, 7.36 ng) was added and the m xture was,
he@thwrrowcfarﬁa@mﬁ%ﬂd?]@yéﬂe hdieseiige. EeMS miz =pé-4fMaHlr
was then filtered 20 through Dicalite and the
resulting filtrate was concentrated to afford a crude
Exgpplgde? t hat

cis-3a-Methyl-6-((Z)-prop-1-enyl)-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole

hydrochloride

ZT

H CIH

=

Similar procedures described in Example 137 were employed, using cis-tert-butyl 3a-
methyl-6-((Z)-prop-1-enyl)-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate to afford cis-3a-methyl-6-((2)-prop-1-enyl)-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole hydrochloride, EI-MS: m/z = 230.4 [M+H]",

25 Example 140



was purified by prep-HPLC and passed through an SCX

cartridge to afford the free base product that was
waeonwvested to the HC salt affording PCT/EP2008/062229

cis-6-ch|oro-9-ethy|-3a-netﬁ¥%

1, 2, 3, 3a, 5, 9b- hexahydr oi soc meno[ 3, 4-c] pyrrol e

c:s%bf) 3%54 %&q&‘éﬁe , , 75/gb hexahl\f/%rmsocﬁromeno?B%-c]pyrrole

ci s-6, 9-Di chl or o- 3a- mat hyl - 1, 2H3 3a, 5, 9b- hexahydr oi soc
hr omeno[ 3, 4-c] pyrrol e hy|$lr i
PCT/ EP2008/ 062229 153 .

e (00126 mol, 38 ny), and

ci s-9- br onop- 6- chl or 013

i sochroneno[ 3,4- c]p

ni ckel (11) chloride (O¥50 DI, 65.1 ng) in N nethyl-

2-pyrrolidinone (2 m) Iwas subjected to m crowave

irradiation at 210 C f& 20 ninutes. 5 The reaction

diluteg with d pass .

146“&‘, F,Hi'rzf%t%‘m%ge (Zg)& The rega@png fil E@?g{d@&%gnew 1:3,3a,9b
teteabiydeaisechremene[Ideiryreaie-2(FHdrcatbexydateed i n MeOH and

purified by prep-HPLC. The pyrlfl ed fractions were

concentrated in vacuo and pas rough an SCX

cartridge to convert to the fr %\ase product before

converting to the HCl salt, ffor ing

ci s-6, 9-di chl oro- 3a- net hi{ihJ 1, 2) 3, 3a, 5, 9b- hexahydr oi soc

hr omeno[ 3, 4-c] pyrrol e O~ hyg{ochl oride (17.8 nyg,

48%, El-Ms: mz = +. Exanpl e 146

ci s- 6- Chl or 0- 9- net hoxy-3a> Phyl 1, 2,3, 3a, 5, 9b- hexahyd

roi sochroneno[ 3, 4- c]pyrrole hydrochloride OV N CIH

5 HO 15 d !

[ S- I t 2 byhex r
So@grg cﬁhﬁrﬁ% gm%?crﬁ?r%gl} 8”8) %Y Xl ch‘lo’orﬁi%rrgit% r%)t%% AR P23 mi,
1.088 ar®f ewered added atari er owhwt@nw efl crsﬁethqroéatre@thy\br‘t $3,3a,5,90-

he&%?ﬁr%rs()gﬂrop‘reﬂ%’,gﬁ]?gﬁ%? ?% mdn?l gﬁi’) rf?gF%go/ %?’)Oemd%ter (20 ml).

ure ‘was
Thé muigidieaved stioed IrrpbeomatempeatCe fPhd6 rhemcs aosh thenk uernehed by the

10 adcpﬁt% &*H'??JGQU%%QH X&g‘[ dn 1%1)C q’;é &%oqa %?%ggﬁ%cﬁ%s@ﬁﬁ 8trB/I acetate (3 x

car and
20 gnlL) ead dbé wyembined extracts drled (MgSO,4) and concentrated under reduced

pressure. The crude residue was purified by silica column chromatography (eluting with
ethyl acetate in heptane, 10%) to afford cis-ethyl 6-chloro-3a-methyl-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (100% yield).

15

140.2 Preparation of cis-ethyl 6-chloro-3a-methyl-5-ox0-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate

o]

Yo

N

H
o]
cl O

To a suspension of cis-ethyl 6-chloro-3a-methyl-1,3,3a,9b-tetrahydroisochromeno[3,4-

20 c]pyrrole-2(5H)-carboxylate (3.13 mmol, 0.927 g) was added Jones chromic acid reagent
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chromat ography (4 g, eluting with 5-10% MeOH i n DCM
to afford the purified product that was converted to

wo beomiEi226eal t to afford PCT/EP2008/062229
ci s- 6-chl or o- 9- met hoxy- 3a- é - 1,2,3,3a, 5, 9b-
hexahydr oi sochr oneno[ 3, 4- c?ﬁ role hydrochlorlde (6.2

o Wit dos il 5 Abuip- 5t prpried o 25 S GRRREadiRftand the

mlmm‘émﬂmm[v@tMDcM)@er)oTIQe YEMBIAOY bb@nt2ékiracts were Washed with

satg (ﬁf E%L??%géq\%%@seﬁfle%& %%%%?ﬁlﬁ%ggwngg{eﬁlet?ﬂﬁjﬂ r(f a reS|due Silica

coldma,cBeanfdtographypbi/te ot siond (edrigolith dthyl acetate in heptane, 10 to 50%)

C rrole- ar boxyl at 098 0 i n_ DVF
a4} ) et edb SRR BTy hioaa (D23 88 it HoisogoMenols.4-
clppggle-2{316)-daelomdylata (620K yiekie was stirred at room

tenperature for 10 mn then 1-fluoro-2-iodoethane

(0.147 mmol, 25.6 ng) added. The mixture was stirred

1408 Prgparatiorper at uske for disdethylhe m Btahlerowdes5-dimethyl-1,3,3a,9b-

eyl S e R ORI Re. o' ed over

Na2SO4 and concentrated in vacuo. The residue was
purified by prep-HPLC to affor%i_cd)s-tent-butyl 6-(2 10
f1 uor oet hoxy) - 3a- net hyl -
1, 3, 3a, 9b-t et r ahydr oi sochr gne
rboxylate (28 ng, 8l%Y.

O

N HCl (0.154nm) was &ddeqd

cis-tent-butyl 6-(24{fl uo

1, 3, 3a, 9b-t et rahydr orSachrerteno| 3, 4-c] pyrrol e-

2(5H) - carboxylate (0.077 nmool, 28 ng) in dioxane (2.0

m) /[ MeOH (0. 24mL) . TRhé mixture was stirred at 70 C

o§ol&tolﬂ ofT(Q§e ?L?—SHIB&%%«%W%%QOH%%,95-%{%§groisochromeno[3,4-

pressure to a
C]punr@eé(%f?)cfarbmqytaée h@xA#p- BemerethygBl g) in THF (3.71 ml) was added

tr?? 30 81 PR Y§'h P{gﬁ”ﬁ%g&{ titreG kK Al &8 - th ti
meﬂ%yﬁlr olé gl na nfkgx@g (Sj 36? & S?§I re8 (%% g ﬁ/l+ﬁ] en acetic
am@(@ﬁﬂ)}’ enrmqlso 046 ml) Was added and the mlxture was poured |nto |ce-water The
O Y RO Anelditlindy Brifc i Ridte o
oSl Bl DGO P i BByl e are
(Ne@SQ4) me& ¢oncentrated in vacuo to give crude hemiketal. The crude lactol was
dissolved in DCM (25 ml), cooled to -78 °C then 2,2,2-trifluoroacetic acid (2.228 mmaol,
0.165 ml, 0.254 g) was added and the mixture was stirred for 15 min. Triethylsilane (2.228
mmol, 0.360 ml, 0.259 g) was added and the mixture was stirred at -78 °C for 30 min, then

o[ 3, 4- c] pyrrol e-2(5H)-ca
2 mz 352.7 [MtH +. 5
Q_sol utlon of

hoxy) - 3a- net hyl -

allowed to warm to room temperature over 2 h. The solution was poured into ice/water
and extracted with DCM. The organic extracts were dried (Na,SO,) and concentrated
under reduced pressure. Silica column chromatography (eluting with ethyl acetate in
heptane, 10 to 60%) afforded cis-ethyl 6-chloro-3a,5-dimethyl-1,3,3a,9b-
tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (70% yield), EI-MS: m/z = 310.2
[M+H]".

140.4 Preparation of cis-6-chloro-3a,5-dimethyl-1,2,3,3a,5,9b-

hexahydroisochromeno[3,4-c]pyrrole
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To a solution of cis-tent-butyl 6-hydroxy-3a-nethyl -
1, 3, 3a, 9b-t et rahydr oi sochr oneno| 3, 4-
wa@ b@yosnbe- 2( 5H) - car boxyl ate (0.098 mmol, 30 ng()T/EmoﬁM%zzm
(3 M) was added sodi um haﬁ&bde (0.196 nmol, 7.86
ng). The reaction mxture stirred at room
tenperature for 25 10 mn, then
(i odonet hyl ) cycl opropane (0. 14 pl , 26.8 ny) added.
The m xture was stirred at Hggom f\enperature for 1 h.
The m xture was partiti opres pen water and WO
2009/ 037220 PCT/ EP2008/ ] di chl or onret hane.
The organi ¢ phase was washedwi tth brine, dried over
Na2SO4 and concentrated jn vacuo. The residue was
purified by prep-HPLC to@fford cis-tent-butyl 6-
(cycl opr opyl net hoxy) - 3a- net hyl -
A solugoB af petassitm dhgukidieddSAmameina] 3 mg) in] yigter 01585 2()3¥ds-added to a
oxy at 8
solgﬁ:{{]b HC(?f 831&%1 @Ehlo?o- ,5- dﬁet&ﬁ 95—.t§§a@1\0/$rois|¥%ﬁﬂoﬁ1eno[3,4-

) was added to a’ so ‘uti on
C]puﬁr@eﬂéwmaanwla@a (16Pan@ipn opihansl HGRY ) )Fmdribe rsdultant solution was

heef]tg(é)"rbgh grbwave irradiation Txt 1540 ‘(’:(f E%Fr?oof“ér-“ﬁ?%H) he mléture Was cooled to

rol sochroneno[ 3 car box
roo(mo tmﬁera’fm they drlutﬁg)wuﬂh watgrosiath exivectetl Withe DéalMct quee combmed
r S
ordfifs S S NaTB0G LA i BB8, S0y S0 %0kl e, The cruce
prOdugt-V&S(mytflle@;bvaeawétamybromatqmnﬁvyl(S¢X20:§ P40 8fforg-cis-6-chloro-

3a B%Pﬁﬁgﬁ;gmé E%%F;’sé’é‘rﬁn?ﬂ@d%s%lsg%h{egbﬁigﬁ%gﬁé%%elﬁ)l%_l fs: miz

—26851 [[S’latHﬂ/Et hyl -6- (net hyl thio)-1, 2, 3, 3a, 5, 9b- hexahydr oi s
ochroneno[ 3,4-c] pyrrole 2,2,2-trifi uoroacetate N
TFA H 15 To a m xture of cis-tent-butyl

Exanpledftyl - 6- (tri fl uor omet hyl sul f onyl oxy) -1, 3, 3a, 9b-

(e 35| PK- svelroighi t
cis: S?BF&RX%"&?@&C%& H-f%iﬂ;ﬂ %\128%,5?%6 égk%ﬁél%cgt?m g% pyrrole
hy @&hkﬁ“@n{ll) acetate (4.57 pnol, 1.026 ng) in toluene

(2 mM-) was added sodi um net nanethl olate (0.091 nmmol,
6.41 ngy). The mixture Bas sybiecte®Ho 20 a ni crowave
irradiation for 30 m nuyt ey 20 C. Further BI NAP
(4.57 pnol, 2.85 ng), . m(11) acetate (4.57
pnol, 1.026 ng) and ggQ m el hanet hi ol ate (0.091
mol, 6.41 ng) were added~0 the m xture, and the
n1xture was subjected tlp a m crowave irradiation for
60 minutes at 125 C. TI& nixture was partitioned

To hejongien o@@h"-@&qoro\/@trﬂéthyﬂ-hg 3B I ek BFoistRromenol3, 4 ~c]pyrrole
extracted wt conbi ned or gani c extracts wer

(1028 (R %I?’V\Q)t'ﬁ smlfpﬂ(é aC'é‘r“Q@%WBrW%EW élrpjomosuccmlmlde (10.28

mrfNCEIY §2bad theNAiRlurd WQ§§@r¢eooétQ‘§§rH rt@mbé’raﬁlré!%rﬁG h in dark.
resi due, which was purified wi -HPLC to afford

Th%r%aql%m%wpwa%@qﬁ%q W ch-water (15 mI) and the mixture was washed with
d.e(rmeémw tw’rHeoe)quleo&s %@eﬁmé Bhsipsy dithi4SRAHEIRAR [ trdcted Mith diethyl

rol_e-2(5H)-carboxylate (7.9ny
ether. The organic extract was washed with brine, dried over Na,SO4 and concentrated

under reduced pressure to afford cis-9-bromo-6-chloro-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno([3,4-c]pyrrole (1.88 g, 60% yield), EI-MS: m/z = 302.00, 304.00
[M+H]" A sample of cis-9-bromo-6-chloro-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole (0.066 mmol, 20 mg) was dissolved in MeOH (0.5
mL) and purified by prep-HPLC (acidic modifiers). Fractions from the peak of interest

were combined, concentrated and passed through an SCX column to obtain the free base
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51%. EI-M5: mz = 336.7 [MtH +. 5 N HCl (0.047ml) was
added to a solution of cis-tert- butyl

w@200a®81290 - 6- (et hyl t hi 0) - 1, 3, 3a, 9b-t et r ahydr oOPGDEP2008Y®62229
no[ 3, 4-c] pyrrol e-2(5H) 30 Cj%}l)oxyl ate (0.024 mml, 7.9
rTg) in di oxane/ MeOH. The m Xture was stlrred at 70 C

oot At Nsere Rl S el R, bETRL o KA S6abpioa s ghioro-da-

mePGIFA E%&QBBB&%Q&QMrd&ﬁ:h?ﬁhﬁr‘fd[@ﬂ)c]pty@ro@‘ frgdchloride (17 mg, 76%
hip)-1,2,3,3a,5, 9b- hexahydroi s
ym@éfﬁ'i@% §p2 %(f 5@%5@“&' ?2 2-trifluoroacetate (4.3

g, 52%. EI-I\/IS mz = 236.3 [ MtH +. Exanple 150 5
Ex Ci S- I}I4 3a-Trinmethyl -1, 2,3, 3a, 5, 9b- hexahydr oi sochr onen

]pyrrol 6-am ne di hydrochloride H C HN H

cisl6- G‘lld\ﬁ-% ,S=dintdthyI5N2,38, 33 K dlrhakatlydrois och forh@id[3 /aud] pyrrole
h L&{ - 3a- net hyl -1, 3, 3a, 9b- 10
yqrof \W8r 0i sochr onenol 3, 4- ¢] pyr rol e- 2(5H) - car boxyl at e

Boc NH 1 O Br CIH

ci s- 6- Br ono- 3a- net hyl - 2H 3 aN 5, 9b- hexahydr oi sochr one

no[ 3, 4-c] pyrrol e (21.0: 5> 5.64 g) was dissol ved

in DCM (200 m). Trie 42.1 mol, 5.85 nm,

4.26 g) and di-tent-g dicar bonat e (31. 5 mol ,

6.89 g) were added andthe Yeaction m xture was 15

stirred overnight and tden washed with washed with 1 N

HCl (2 x 40 m). The organic extract was dried over
A NaZO@4 chnds-Odmemnttreatierd-Jarmethyith2 Badd, flwhexahydromaenhoimeno[3,4-

i fi VIR N r ogr

ool it 50, Mo coBind (FhetsBafTo. ) AFRIICEOBE ML, 408 mo)
tetreklsétmrﬂ”rﬂnyllphomhirﬁe-)%d(ﬁh& Fhpmet, Hy1146 mg) and potassium carbonate (0.198
mn%) %@ "%Bb'h et Q g%;@bga%%gﬁourf@ég séﬂbfél:t@%&B %gr'oyave irradiation at
12@?@;&@72& mqmjtem‘ The reaction mixture was partitioned between EtOAc and water.
Thcg F@éé}_s'b\re?@é&éér%&%h'tﬂe aubon® was T XY AL LLAR BB RIBX). The
combined organic extracts were dried over MgSQO,, filtered and concentrated under
reduced pressure to afford the crude residue that was purified by prep-HPLC. Analysis by

LCMS indicated a mixture of starting material and product - no separation on LCMS.

The sample was resubjected to the above reaction conditions to drive the reaction to
completion and purified by prep-HPLC and the pure fractions were passed through an
SCX cartridge and then converted to the HCI salt to afford cis-6-chloro-3a,9-dimethyl-
1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride (8.4 mg, 31% vyield) as a
white solid, EI-MS: m/z = 238.00 [M+H]",

Example 143
cis-6-Chloro-3a-methyl-9-vinyl-1,2,3,3a,5,9b-hexahydrosochromeno[3,4-c]pyrrole
H
X N
H
@)

Cl
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c] pyrrol -6-am ne di hydrochl ori de WO 2009/ 037220

PCT/ EP2008/ 062229 157 H C1 HN H1 O M H d
wa@e®onenee But yl 6- br onp- 3a- net hyl - PCT/EP2008/062229

1, 3, 3a, 9b-tetrahydroi sochro 50[3 4-c] pyrrol e-2(5H) -

carboxylate (80 mg, 0.2 mml )T Pd2(dba)3 (3 ng, 3.3

re PR iR Pl 6 5" R e e o o

mi)ﬂt@hre 1ol npd)brovene- &I@fbsaaaiﬁytegdl 1,2,313al, BJ%@Eethydﬁo)soamd)meno[?) 4-

t tin t ur.e ea n amec

cIoyade; Gt s AE s 288 S ol Sadlofingr YRl comples (0.198

MMVEASAT. hemg)danldmmswrﬁ baDOM:tE 30124 ramdl, 3a@eigNint 1 #idioxaie (2 mL)
e reactl on

and hief 22 50: TheruiE g Rifead M ATt Bt atsE 138 for 20

mirG arid’ red@eon @mﬁuga) wa?hﬁsmmehtbengeén DO ted dWaster, and the organic

PR et e et el pPariaie (e regied buBsdR Gisive  orude
restdmedhghN&mp&Xd ttabugh dySAOcdtrigpe 42 @) taffard is-6-chigro-3a-methyl-

fi ent ted in_vacuo before
9-v',né( égiofq#\ﬁé heﬁa dN) romn%@ﬁgwaol?h(gﬁ mg, 85%), EI-MS: m/z =
250.2Cmelgnt rating in vacuo to give cis-

N, N, 3a-trinmethyl -1, 2, 3, 3a, 5, 9b- hexahydr oi sochr oneno| 3,

4-c] pyrrol -6-am ne dihydrochloride as a white solid,
ExdrhblBINR4 (400MHz, MeOD) ppm 7.72 (1 H, d , Ar-H), 7.55-

"/ 2
cisierGRipr y-etpy g meibly 7335 s dpheyaiyrdlsal 2"1%"033 grlpyrole
hydtochioriddHN) , 3. 53-3.28 (10 H) 1.45 (3H, s,
Exanpl e 151
cis-N-Ethyl - N, 3a-di methyl -
romenol 3, 4-c] pyrrol - 6- am
H 10 N_" ,C 20 i
6- br ono- 3a- net hyl -
1, 3, 3a, 9b-t et r ahydr oi %0[3,4-c]pyrrole-2(5Fb-

Cl

HB 3aCHh] 9b- hexahydr oi soch
diShydrochloride H C1 N

To cis-6-chloro-3a-methyl-9-vinyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole
(0.140 mmol, 35.0 mg) was added ethanol (3.052 mL) and the resulting solution was
degassed with nitrogen. 10% Palladium on carbon (7.01 umol, 7.36 mg) was added and
the mixture was stirred under hydrogen (balloon) for 2 h. The mixture was then filtered
through Dicalite and the resulting filtrate was concentrated to afford a crude product that
was purified by prep-HPLC and passed through an SCX cartridge to afford the free base
product that was converted to the HCI salt affording cis-6-chloro-9-ethyl-3a-methyl-
1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride (15 mg, 37%), EI-MS:
m/z = 252.20 [M+H]".

Example 145
cis-6,9-Dichloro-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno|[3,4-c]pyrrole
hydrochloride
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carboxylate (80 ng, 0.2 mol ), Pd2(dba)3 (3 ng, 3.3
prmol ), ()-BINAP (6 ng, 9.8 pnol), WO 2009/037220
weEanhaP2008/ 062229 158 sodi umtert-but oxi de (BRI/RB2008/062229
0.3 nmol ) and N-net hyl et hanqg&ne (64 mg, 1.1 mol)
were dissolved in toluene (5°m) and the resulting
m xture was heated in a mcrowave reactor at 150 C
for 10 minutes. The reagti on—mN xt udHwas then dil uted
with DCM (2 m) and adetigjtrille (1 m) and TFA (1
m ) was added. The reaétion wikture was stirred
overnight 5 and then ed t hrough an SCX cartri dge
(0.5 g). The resultinxii ae was concentrated in
vacuo and then purified by prep-HPLC (basic). The
purified fractions weré&lthen passed through an SCX

i dge (0. |11 0g, f,
A Bl of ot ot SRR bRV LanSent Y- hEF B Rqohgamencts.4-
clpi/mol bt RG miindl e muR GomaBeker(H) ¢higriden(0\E@RUOMbIO 6§itweg) in N-methyl-

20§t RRGe 4. 8D EHPIESs 9 Bl HadBHgUPLR b R Bk gnvtes
Thé Bsatticrl pyxturel wés ditatetewitid MEOH dnd phésadi thepugh aa SOX tcartridge (29).

lid. -MB: M = ) ) ml 2 .
e fisftng RSl cRncsatifesto MTud dng wes HBofid REeRytipng purified
by pepkHRIn®N®h pdrifiddafyadtiohs Wereasunnentekitédxy o vazhd and gasddd thibugh an

N 0,15 H 1 .cis-tent-Butyl 6- - 3a-.met -
scf Srgidof o Ve 6 B SiskrPisroitucbab ) PotiRatig Bl Hol satt
aff@dinhox ydisb ®-di@0oneRa-eyrhd)3) 3a, RE2-hdkah)ydrdisdchmpmeho,4-clpyrrole

hyd? é’s‘:’f{@%&g;, EENQ?@%HEE%?@?%%%})Q I[]|}41$_;|g]d_i um

N- et hyl propan-2-amne (64 ng, 1.1 nol) were
EXdi slgqlgéed in toluene (5 M) and the resulting mxture
ted in a mcrowave 20 reactor at 150 C for 10
cisrB-Ghtore-9-mhbthaxgeat-methyinl )2, 318 & 5)8bshdXabipdcbi$ atherdmenb(8,4-
o] DCMe(g mﬁ)\éhloa@d acetonitrile (1 m) and TFA (1 m) was
pgargéd_ydlr %eaCtion mxture was stirred overni ght and
t hen passed through an SCX cartfri d%3_|(0.5 g). The
resulting filtrate was ¢entrated in vacuo and then
purified by prep-HPLC he purified fractions
were were passed thrd cartridge (0.5 g) and
the resulting filtrat
before redissolving in in MeOH and then
reconcentrating in vagyo to give
ci s-N-i sopropyl - N, 3a-di net hyl -1, 2, 3, 3a, 5, 9b- hexahydr oi
cisSeRriemente0lp®;2p-methylril 261, 3865 ghiheaahiidrgisnabedmencidié-cipyrrale (0.102

¥l 3 PPl trafbreMBd it 2 mickRidave idYHRb treRERAMRECobpBr() bromide

(0.05 mmol, 7 mg) and 25% sodium methoxide in MeOH (1 mL) and the mixture was

irradiated for 30min at 120 °C. The reaction mixture was then dissolved in excess MeOH
and passed through an SCX cartrdige (2 g) and then purified by silica column
chromatography (4 g, eluting with 5-10% MeOH in DCM) to afford the purified product that
was converted to the HCI salt to afford cis-6-chloro-9-methoxy-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno[3,4-c]pyrrole hydrochloride (6.2 mg, 21%), EI-MS: m/z = 254.00
[M+H]".

Example 147
cis-6-(2-Fluoroethoxy)-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno|[3,4-c]pyrrole
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WD 2009/ 037220 PCT/ EP2008/ 062229 159
trans-7- Brono- 6-chl oro- 2, 3a-di net hyl -1, 2, 3, 3a, 5, 9b- hex
w@boodiosiizsochr oneno[ 3, 4- c]pyrrole N H O Br QCT/EP2008/062229
trans- 7- Brono- 6- chl or o- 3a- yl -1, 2,3, 3a, 5, 9b- hexahyd
roi sochroneno[ 3, 4-c] pyrrol e % 0O 5 ng) was dissolved
h 5 nm.). Fornmal dehyde (5.05 mmol, 140 pl, 152
y%@f,‘%' rops of glacial acetic acid and sodi um
tri acet oxyborohydride (0.193 nmoH, 41 _py) was added
and the reaction nixture was Stiryed anroom
tenperature for 1 h before iAg with 5% ag.
Na2CO3. The phases wereg ) [
extract was dried over [Na2$ and concentrated in
vacuo to give a crude oi was purified by silica
columm 10 chromatography I(2 g silica, eluting with
2-10% MeCH i n DCM)_+0~aifbrd trans- 7- br ono- 6-
chl oro- 2, 3a- dlnethyl 1, 2, 3, 3a, 5, 9b- hexahydr oi sochr onen
To &f Soldtiar] ply tisaereb(tyl 6thyddRPBa-ntdthyMEB, 3aDB-tetradbdBrodochromeno[3,4-

Clp%ﬁ%gg}@@%@%_ﬁa&%ﬁ@%g 98mRk 138, M9 I pPYE. B &) ag §dded,sodium

hydrﬁle?(a 156 thnolhE)Sahwy@)r Dhé eedttiomeina(i@, Wa<s $tpyadr 4ilréom |‘t~br\1pératu re for

10 IB% hen11b1:|-et cr)%as) éﬁé r%d@e‘lébphogtnggd%g %ckjag JSH% H?)ﬁtgre was stirred

at n‘baﬁhgtein;&frature fgr 1 h. The] mlxtur?e was partltloned between V\l/Jater and
. cl s-2-benzyl -7-br or 0- 3a -

o R e BN G T .\ b JERBPG W bl sl SV BRS04 and

cor@entrated ¥0RIaPETHE redidde WaS-purified by prep HPLC to afford c:s-ten‘-butyl 6-(2-

oA e 2 BT S b el 230, Mooyt

(28smb U8 19N EVISiegassesh. 1{M+I€I] ox aneC 0. B4ml) was Sdderr to(ds@Bution of

CIST%%'BH&Q%@WUSEO%%\A%?? W%gqhe%é %etra&éﬂ(}f"ﬁgﬁ%r%@e”o[?’ 4-clpyrrole-
2(5V—Btcaaiob($lé’ter(0mﬁémyﬁwlh28 piy) e dipahnea@.um)OMeO8l @124pmp| The mixture

, 4.5, 5-
wag gt abtg ré 105PB! RS Rkt s e Miayes yadshigpuces pigasyg to afford
c:s@ﬂd-f@otmrmxyma:—afemm}aﬁeii,6@,5%%e%&ﬁﬁ@%@ﬁﬂrﬁ@ﬁbBA-c]pyrrole

hydrSOHIGHAEUTT s 96%). EFNIG: miz = 252.2 [M+H]”

Example 148
cis-6-(Cyclopropylmethoxy)-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrole hydrochloride

ZT

CH

A

To a solution of cis-tert-butyl 6-hydroxy-3a-methyl-1,3,3a,9b-tetrahydroisochromeno[3,4-
c]pyrrole-2(5H)-carboxylate (0.098 mmol, 30 mg) in DMF (3 ml) was added sodium
hydride (0.196 mmol, 7.86 mg). The reaction mixture was stirred at room temperature for
10 min, then (iodomethyl)cyclopropane (0.147 mmol, 26.8 mg) added. The mixture was

stirred at room temperature for 1 h. The mixture was partitioned between water and
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mol , 0.037 g) were added and the reaction m xture was
again irradiated at 130 C for 20 mnutes. The
WO e@gmsam m xture was then diluted with wat er PADEP10)8/062229
and 4 N NaCH (2 m) and extﬁscted with EtOQAc (3 x 10
m ). The conbi ned organic edPPacts were washed with
oo e RO BT BB o 4 R o an

cormehtuaied dhvacmt dge apsiyud dag pairifiecchy padputiPDQ toviatfbrd1és-68butyl 6-

(Cyg%’gr-%ﬁy'bgeﬁg‘sxs ggaﬂ”&’?& 3%? %é?%?f‘ydfo'(sﬁ?'lfﬁmfno[3 4-clpyrrole-2(5H)-

car‘b@iylaﬁeyi?) 8 m? 78%38E 15VI9bmlex 36y.a[M+H]" 5 N HCI (0.152ml) was added to
- 0, =
| Sosq" omano[ |: i(]égyerf{)boultﬁ (6 &H:yclcl)gré)pylm%t[rlzoxy)-§eq5-4rﬁe%1yl-1,3,3a,9b-

tetr@hyidralsBdfmmbn(ﬁB,@kﬂ]Wrm{éia(SH)%bmylyie- 10078, 3anml,9b2héxang) in

o RR o aRss b 14 eh 6 e L B sdiethuasyhen removed

undbr2ce$§8@d Eﬁr&sgrdaidaéf&ﬂdl 0¢is-6 4 byotoprairdethoxy| 3prmethel-1,2,3,3a,5,9b-
he@&@@%ﬂ%ﬂ@ﬂ;&bh@gﬁ]yﬂ@fwggigﬁ (Y%7 §19 (Hh): EbISign/z = 260.2

[M+H]j, potassium carbonate (0.267 nmol, 0.037 g) and
trimet hyl boroxi ne (0.214 mmol, 0.060 m, 0.054 g) in
1 4-dioxane (1.5 m) and water (0.3 m) was heated in

ampleddowave reactor at 130 C for 30 min. Further

a tri 0 8. nol 0. 40
c'srés*" S el BEASTE {8 D6 v hveiBis e ReRenefp lyrrote
2,2t 2-triffonyadetatexi ne (0.214 mmol, 0.060 m, 0.054 g) was

added and the 20 reaction was Hagal nirradiated for 30
mn at 130 C. Further TFA
tetrakis(triphenyl phosphl Pd 0) (8.91 pnol, 10.40
ng), potassium carbo C mol, 0.037 g) and
trimet hyl boroxi ne (0 0. 060 m 0.054 g) was
added and the reaction wa @ain irradiated for 30
mn at 130 C. The solvent was then renoved under
reduced pressure and tBe resulting residue was diluted

with 5% aq Na2CO3 soln. (10 M) 25 and extracted with

To EtepAQn&t%ré( Jo@ na,a terTTtht‘ |CO§%1H%%®| @f(ﬁﬁﬂbr%n%HyWs@%ﬁ'yl&@ﬁ €,3,3a,9b-

dried over tered through D calite and

tetr@bx‘ftr@lﬁwfu@r@amp[a %@G@IQ 8(5@1)x¢@rt@xwat§>dé0 86 M. s mg). BINAP

(. @#mnfd e08¥ oF ahdl %II&}?UH% a%%wwpﬁehw 42 Bg$in fokRne (2 mL)
609% Et OAC i n heptane) 'to aff

wag iagdgi Wm%haﬂqaﬂmlgteg 091 mr’ﬁ@t (fw[l mg). The mixture was subjected to
a micrdwdyS i ﬁ%nh@%%‘mﬁl{ié§ 9€ W@F@nﬁéﬁhé BN g@$7ep£1%p 2.85 mg),

pal@g@m(mg/%gggtep@qﬁ@pmgbgl/mmg ang gspdium methanethlolate (0.091 mmol,
6.41 mg) were added to the mixture, and the mixture was subjected to a microwave

irradiation for 60 minutes at 125 °C. The mixture was partitioned between DCM and
water. The aqueous layer was extracted with DCM and combined organic extracts were
washed with brine, dried over Na,SO,4 and concentrated under reduced pressure to give a
residue, which was purified with prep-HPLC to afford cis-tert-butyl 3a-methyl-6-
(methylthio)-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-carboxylate (7.9mq,
51%). EI-MS: m/z = 336.7 [M+H]" 5 N HCI (0.047ml) was added to a solution of cis-tert-
butyl 3a-methyl-6-(methylthio)-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate (0.024 mmol, 7.9 mg) in dioxane/MeOH. The mixture was stirred at 70 °C for

1 h. The solvent was removed and the resulting residue was purified by prep-HPLC (TFA
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cis-2-benzy|-6-ch|oro-3a,7-g' thyl-1,2,3,3a,5,9b- 5
hexahydr oi sochr oneno[ 3, 4-c] § role (0.153 mmol, 0.05Q)

[ ry toluene, (1. S, .tr d wt .
mogfief] ) SBrsh R ema Py eimiBist £23 Fabt Reapygrojochromencls.s-
clpOrrdl0 2, 232-triindroaudp R e3dmty 052%). Ef-M8avez Er23adi [M+HHYN  at

160 C for 20 mnutes. Methanol (0.4 m) was then added

and the m xture was again subjected to m crowave

Exarhpladisat i on at 160 C for 5 minutes. The reaction

. re.wa ceptrated in vacuo and th esul ti .
cisth 4 £ ] £ sty R Sie R el 4 STy teargine
dihydeschporidé | ed by silica colum chromat ography (2 g¢
silica, eluting wth 2-25@6NbOHi|1é%m@. The purified
fractions were concentrated in yacwo, then dissolved
in 2 NHC in MeOH and conceptriated in vacuo to give
ci s-6-chl oro-3a, 7- H
dinmethyl-1,2,3,3a,5,9 Piydr g1 sochr oneno[ 3, 4- c] pyrr
ol e hydrochloride (7 Q1 z = 238.0 [ MrH +. 15
Exampl e 157 Chiral r . npSel ect ed conpounds were
chirally resolved by supercrtical fluid
chr omat ogr aphy ( SFO): he majority of compounds run
on a Chiral pak ADH cold¥w_ 25 cm X 0.46 cm by SFC 20
using conditions - 4 m/mn,;220 nm 35 C,_ 100 bar
C02. A few were resolved uling Chiral cel QJH col unm or
Chi ral pak ASH col um. A sumary of the colum and
conditions for each conpound is shown in Table 1

150 ¢| Brepa?dtiorB0 WO &f009/ 0372&0t-BXityl EP200&8-bosAad-3a-méthyl-1,3,3a,9b-

Tabl,e .1: .Col umm d, el uen r C chiral resol utions
tetr g FoigacrameneLE A C S R 2 eatRox A o gol urm
El uent Conposition Resol ution (wnﬁpc H
N

H

Br

cis-6-Bromo-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole  (21.03 mmol,
5.64 g) was dissolved in DCM (200 ml). Triethylamine (42.1 mmol, 5.85 ml, 4.26 g) and
di-tert-butyl dicarbonate (31.5 mmol, 6.89 g) were added and the reaction mixture was
stirred overnight and then washed with washed with 1 N HCI (2 x 40 ml). The organic
extract was dried over Na,SO,4 and concentrated in vacuo to afford a brown oil that was
purified by silica column chromatography (eluting with EtOAc in heptane, 20-30%) to
afford cis-tert-butyl 6-bromo-3a-methyl-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-

2(5H)-carboxylate as a colourless oil.

150.2 Preparation of cis-N,N,3a-trimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-

c]pyrrol-6-amine dihydrochloride
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N H/ H 91 O A | vcis-6-chloro-1,2,3,3a,5,9b-
Propanol /0.2 hexahydroi sochroneno[ 3, 4-c] pyrrole ASH %
WORAA200 9 3.5 HH N O H cis-8-m ethoxy- 6- nPet/Bp1008/062229
1,2,3,3a,5,9b- Ethanol /0.1
hexahydr oi sochr onenol 3, 4-c] ﬂfﬂrol e ADH % DEA 30 1.01 4
HN (go H CF3 cis-6-(trifluoronet Yl )-1, 2,3, 3a, 5, 9b-
Met hanol /0.1 hexahydr oi sochronena{’3, 4-c] pyrrol e ADH %
DEA 30 2.92 3.5 HN HOH -Ch3
cis-8-nmethyl-6-(trifluorolgthyl \- 1,2, 3, 3a, 5, 9b
hexahydr oi sochr oneno[ 3,4 0l e Ethanol /0.1 ADH %
DEA 20 1.44 3 WO 2009 CT™ EP2008/ 062229 163 H
H

cis-tert-Butyl 6-bromo-3a-methyl-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate (80 mg, 0.2 mmol), Pdy(dba)s (3 mg, 3.3 pmol), (x)-BINAP (6 mg, 9.8 umol),
sodium tert-butoxide (32 mg, 0.3 mmol) and dimethylamine (49 mg, 1.1 mmol) were
dissolved in toluene (5 ml) and the resulting mixture was heated in a microwave reactor at
150 °C for 10 minutes. The reaction mixture was then diluted with DCM (2 ml) and
acetonitrile (1 ml) and TFA (1 ml) was added. The reaction mixture was stirred overnight
and then passed through an SCX cartridge (0.5 g). The resulting filtrate was concentrated
in vacuo and then purified by prep-HPLC (basic). The purified fractions were were passed
through an SCX cartridge (0.5 g) and the resulting filtrate was concentrated in vacuo
before redissolving in 2 N HCI in MeOH and then reconcentrating in vacuo to give cis-
N,N,3a-trimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrol-6-amine
dihydrochloride as a white solid, "H-NMR (400MHz, MeOD) ppm 7.72 (1H, d , Ar-H), 7.55-
7.50 (1H, m, Ar-H), 7.42 (1H, m, Ar-H), 5.23 (1H, d, CHHO), 5.05 (1H, d, CHHO), 3.92-
3.85 (1H, m, CHHN), 3.53-3.28 (10 H) 1.45 (3H, s, CHs).

Example 151
cis-N-Ethyl-N,3a-dimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrol-6-amine
dihydrochloride

.Cl
H H

N
H

0]
\/N\

.Cl

H

cis-tert-Butyl 6-bromo-3a-methyl-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate (80 mg, 0.2 mmol), Pdy(dba)s (3 mg, 3.3 pmol), (z)-BINAP (6 mg, 9.8 pmol),



10

15

20

25

H 6 NO CF3 cis-8-ethyl-6-(trifluoronethyl)-
1,2,3,3a,5,69b- Propanol /0.2

wheooakyte®i sochr omenol[ 3, 4- c] pyrrol e ADH % | PanPQDER2049062229
3.5 HH 6 NH | OBr agbrorm1233a59b-
Propanol /0.2 hexahydroi soc P meno[ 3, 4-c] pyrrol e ADH %

SO(JH'E?%’?’%%?@%@I&& fglgoggdﬁgmpt)) aﬁg I\Fmethypethanan'Xne (64 mg, 1.1 mmol) were
disewehivi doma'arse)(ﬂ‘mr) £140)) ﬂi&reéulﬂh@thmiem%a%ﬁam RBr@vBe rdactor at
15(51' §ITNr ég rgmg@s Pﬁﬁ‘”zﬁ%ngﬁt@xﬁe was t%en y(Jlluted with DCM (2 ml) and
ac&@ﬂﬂiﬁ/drml)%ﬁdmﬁm(ﬂﬁﬁ[) Jad-aubipyr mak eeaiibh Yoiklare Was Stird dvernight
a8 AROT S B UR AR et AP Ui ERE N Srin 313 T Hangppegptated
in vaauo 2bd theh PNONiD 0P pBPAZRIOC AZEIILPZ0O Bl ifEdX2Rtions were then passed
through an SCX cartridge (0.5 g) and the resulting filtrate was concentrated in vacuo
before redissolving in 2 N HCI in MeOH and then reconcentrating in vacuo to give cis-N-
ethyl-N,3a-dimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrol-6-amine
dihydrochloride as a white solid, EI-MS: m/z = 247.4 [M+H]".

Example 152
cis-N-Isopropyl-N,3a-dimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrol-6-
amine dihydrochloride

.Cl
H

H
N

\rN\
H,C

cis-tert-Butyl 6-bromo-3a-methyl-1,3,3a,9b-tetrahydroisochromeno[3,4-c]pyrrole-2(5H)-
carboxylate (80 mg, 0.2 mmol), Pd,(dba)s (3 mg, 3.3 pmol), (x)-BINAP (6 mg, 9.8 pmol),
sodium tert-butoxide (32 mg, 0.3 mmol) and N-methylpropan-2-amine (64 mg, 1.1 mmol)
were dissolved in toluene (5 ml) and the resulting mixture was heated in a microwave
reactor at 150 °C for 10 minutes. The reaction mixture was then diluted with DCM (2 ml)
and acetonitrile (1 ml) and TFA (1 ml) was added. The reaction mixture was stirred
overnight and then passed through an SCX cartridge (0.5 g). The resulting filtrate was
concentrated in vacuo and then purified by prep-HPLC (basic). The purified fractions
were were passed through an SCX cartridge (0.5 g) and the resulting filirate was
concentrated in vacuo before redissolving in 2 N HCI in MeOH and then reconcentrating in
vacuo to give cis-N-isopropyl-N,3a-dimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-
c]pyrrol-6-amine dihydrochloride as a white solid, EI-MS: m/z = 261.2 [M+H]",

Example 153
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164 N / HOH Br cl cis-2-benzyl-7-bronp-6-ch |loro
1,2,3,3a,5,69b- Propanol /0.2

weooakyie®i sochr omeno[ 3, 4-c] pyrrol e QIH % | PanPGDER2082062229
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raifSy B prenfarort i g UL B A% Bp ek ety dpolposrdingriots -
c]pyecodydr o- 1 H-i sochronmeno[ 4, 3- Propanol /0.2 c]pyridine

ADH % Pam 15 0.85 4 / N O cl
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H Ethanol /0.1 i sochroneno[ 4, 3- ridine ADH % DEA 25

0.94 3.5 WD 2009/ 037220 PCI/ EP2008)062229 165 H

Br

Cl

trans-7-Bromo-6-chloro-3a-methyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (20
mg) was dissolved in DCM (5 mL). Formaldehyde (5.05 mmol, 140 pl, 152 mq), 5 drops
of glacial acetic acid and sodium triacetoxyborohydride (0.193 mmol, 41 mg) was added
and the reaction mixture was stirred at room temperature for 1 h before diluting with 5%
ag. Na,COj;. The phases were separated and the organic extract was dried over Na,SO,
and concentrated in vacuo to give a crude oil that was purified by silica column
chromatography (2 g silica, eluting with 2-10% MeOH in DCM) to afford trans-7-bromo-6-
chloro-2,3a-dimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole (7 mg, 33%), El-
MS: m/z = 318.0 [M+H]".

Example 154
cis-2-Benzyl-6-chloro-3a-methyl-7-(prop-1-en-2-yl)-1,2,3,3a,5,9b-

Y

hexahydroisochromeno[3,4-c]pyrrole

Cl
Tetrakis(triphenylphosphine)palladium(0) (8.91 umol, 10.30 mg) was added in one portion
to a mixture of cis-2-benzyl-7-bromo-6-chloro-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromeno [3,4-c]pyrrole (0.178 mmol, 0.07 g), 2-isopropenyl-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (0.214 mmol, 0.036 g), and potassium carbonate (0.267
mmol, 0.037 g) in a solution of degassed 1,4-dioxane (1.5 ml) / Water (0.3 ml). The
mixture was subjected to microwave irradiation at 130 °C for 20 minutes. Further
tetrakis(triphenylphosphine)palladium(0) (8.91 pmol, 10.30 mg), 2-isopropenyl-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (0.214 mmol, 0.036 g), and potassium carbonate (0.267



10

15

20

25

30

N HH Ocl cis-7-chloro-2,3,4,4a,6,1 Ob hexahydro-1

H i sochroneno[ 4, 3- Ethanol /0.1 c]pyridi ne ADH % DEA 30
waz@8/08722H N H OH cl trans-7-chloro-2, 3, 4, 4eCBERDDS/062229

hexahydro-1 Hi sochronmeno] 4,1§p Et hanol /0. 1 c] pyri di ne

ADH % DEA 40 3.31 5 ON H Br cl

mrrg)l,l20:@ﬁ@?@r&%b%@%ﬁ%%r%gﬁﬂq%r%lé{%%wais Agaip irradiated at 130 °C for 20
minuSexC hﬂwma@{iéh di>@drpWwastthee dlkel Y%ithEfat@0(10.m1) Gnd B NNNalBH (2 ml)
and S ERATT BT BTN ek d 315 20850 PBPEY pesnis et sy atgyyashed wih
brifddAd3€d @vef NSO, dMd EHEN ORER 20vdetd d-BREH0 &/ HEd2@Pthafless purified
by silica column chromatography (4 g silica, eluting with 10-60% EtOAc in heptane) to
afford cis-2-benzyl-6-chloro-3a-methyl-7-(prop-1-en-2-yl)-1,2,3,3a,5,9b-hexahydro
isochromeno[3,4-c]pyrrole (6 mg, 10%), m/z = 354.2 [M+H]".

Example 155
cis-2-Benzyl-6-chloro-3a,7-dimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-

aY

c]pyrrole

Cl

A solution of cis-2-benzyl-7-bromo-6-chloro-3a-methyl-1,2,3,3a,5,9b-
hexahydroisochromenol[3,4-c]pyrrole (0.178 mmol, 0.079),
tetrakis(triphenylphosphine)Pd(0) (8.91 pmol, 10.40 mg), potassium carbonate (0.267
mmol, 0.037 g) and trimethylboroxine (0.214 mmol, 0.060 ml, 0.054 g) in 1,4-dioxane (1.5
ml) and water (0.3 ml) was heated in a microwave reactor at 130 °C for 30 min. Further
tetrakis(triphenylphosphine)Pd(0) (8.91 pmol, 10.40 mg), potassium carbonate (0.267
mmol, 0.037 g) and trimethylboroxine (0.214 mmol, 0.060 ml, 0.054 g) was added and the
reaction was again irradiated for 30 min at 130 °C. Further
tetrakis(triphenylphosphine)Pd(0) (8.91 pmol, 10.40 mg), potassium carbonate (0.267
mmol, 0.037 g) and trimethylboroxine (0.214 mmol, 0.060 ml, 0.054 g) was added and the
reaction was again irradiated for 30 min at 130 °C. The solvent was then removed under
reduced pressure and the resulting residue was diluted with 5% agq Na,COj soln. (10 ml)
and extracted with EtOAc (2 x 10 ml). The combined organic extracts were dried over
Na,SO,, filtered through Dicalite and concentrated in vacuo to give a crude oil that was
purified by silica column chromatography (4 g silica, 10-60% EtOAc in heptane) to afford
cis-2-benzyl-6-chloro-3a,7-dimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole

(50 mg, 86%), m/z = 328.3 [M+H]".

Example 156
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HHN OCF3 C cis-6-chloro-3a-(trifluoromnethyl)-
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A solution of cis-2-benzyl-6-chloro-3a,7-dimethyl-1,2,3,3a,5,9b-
5 hexahydroisochromeno[3,4-c]pyrrole (0.153 mmol, 0.05g) in dry toluene (1.5 ml) was

treated with 1-chloroethyl chloroformate (0.763 mmol, 0.082 ml, 0.109 g) and subjected to

microwave irradiation at 160 °C for 20 minutes. Methanol (0.4 ml) was then added and the

mixture was again subjected to microwave irradiation at 160 °C for 5 minutes.

The

reaction mixture was concentrated in vacuo and the resulting residue was passed through

an SCX cartridge (0.5 g) then purified by silica column chromatography (2 g, silica, eluting

with 2-25% MeOH in DCM). The purified fractions were concentrated in vacuo, then

dissolved in 2 N HCI in MeOH and concentrated in vacuo to give cis-6-chloro-3a,7-

dimethyl-1,2,3,3a,5,9b-hexahydroisochromeno[3,4-c]pyrrole hydrochloride (7 mg, 17%),

miz = 238.0 [M+H]".

Example 157
Chiral resolution

Selected compounds were chirally resolved by supercritical fiuid chromatography (SFC):

The majority of compounds run on a Chiralpak ADH column 25 cm X 0.46 cm by SFC

using conditions - 4 ml/min, 220 nm, 35 °C, 100 bar CO,. A few were resolved using

Chiralcel OJH column or Chiralpak ASH column. A summary of the column and conditions

for each compound is shown in Table 1 below.
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Example 159
In-vitro radioligand binding assays

159.1 Saturation binding assays

Membrane homogenates from NIH-3T3 cells expressing human 5HT2C (INI) receptors
are prepared prior to saturation and competition binding experiments.

Using 96 deep well plates the following is added: 100yl DMSO for total binding (1% final
concentration), 100ul mianserin for non-specific binding (NSB, 1uM final concentation)

and 100yl appropriate radioligand concentration. Following 1.5 hour incubation at room
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Using PRISM 4.0 or equivalent, free ligand concentration (nM) is plotted against the total,
non-specific and specific binding. Non-linear regression and one site binding (hyperbola)

used for calculation of ligand concentration, Kp (nM) and Bmax (pmol/mg protein) values:

B__x

TR, )

159.2 Competition binding assays

The aim of these assays are to determine binding efficiency of a compound using
inhibition of [3H] mesulergine (Amersham) binding to human 5HT2C (INI) receptors
expressed in NIH-3T3 cells as membrane homogenates.

Clozapine used as a reference; total binding determined by 1% DMSO; and non-specific
binding determined by 10uM clozapine. Assay format uses 96 deep-well microtitre plates
in a total volume of 500ul, such that each well contains 395ul membrane, 5ul test
compound concentation or DMSO or clozapine, and 100l of appropriate concentration of
radioligand. Following 1.5 hour incubation at room temperature, assay terminated by
vacuum filtration through a cell harvester onto pre-soaked (0.03% PEI in assay buffer)
Whatman GF/B filter plates. Radiation (cpm) counted using scintillation counter.

159.3 Data analysis

Results are expressed relative to the maximal clozapine binding. Percentage effect is
calculated for each well by correlating the cpm value with the mean of the values of the
MIN wells (0%) and with the mean of the values of the MAX wells (100%) obtained from
the same plate with the following formula:

(value — MIN)

x100%
(MAX — MIN)

% Effect =

The individual effects at each concentration are used to fit the following four-parameter

curve:
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c P
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X

Where A= min, B= max, C= inflection point (log10 (EC50) = -pEC50) and

D=hill slope.

Calculation of pKi, negative logarithm of the equilibrium dissociation constant, Ki
N EC50
1+ (LYK )

Where EC,, = Concentration at point of inflection, [L] = radioligand concentration and K, =
equilibrium dissociation constant for the radioligand (expressed in the appropriate units of

concentration).

Example 160
Penile erection/ Head shake protocol

160.1 Introduction

Administration of 5-HT,c agonists induces penile erections in rats. This phenomenon is
known to be mediated by 5-HT,c receptors since it can be reversed by treatment with a
selective 5-HT,c antagonist. Activation of the 5-HT,a receptor induces head shakes, and
this effect can be reversed by selective 5-HT,4 antagonists. The test is used to evaluate a
test compound for its activity at 5-HT,c and/or 5-HT,, receptors (Berendsen HHG, Jenck
F, Broekkamp CLE. Psychopharmacology 1990; 101: 57-61).

160.2 Materials and Methods

Group housed male Wistar rats (Harlan Olac Ltd., Bicester, UK) weighing 200g+ are
housed in standard conditions with food and water ad-lib.

The test is carried out in a transparent perspex observation chamber (W:10cm, D:10cm,
H20cm). The test is videoed, 2 cameras are placed in front of the chambers and 2 below
the chambers enabling all round observation of the rats.

Each experiment consists of a control group and n (usually 3) groups receiving test
compound.

160.3 Procedure

Animals are habituated to the observation chambers on at least 3 occasions prior to the
experiment.

On the day of the experiment each rat is weighed and identified (usually by tail marking).

The test compound or vehicle is administered. Following the pre-treatment time the rats
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are placed individually into the observation chambers and video recording commences.
PE and HS are usually recorded for 30 minutes.

PE and HS are considered to have occurred when the following behaviours are observed:
PE- An upright sitting position with repeated pelvic thrusts and an erect, engorged penis
which the rat grooms.

HS- Sudden shaking of the head or whole body.

160.4 Evaluation of responses

The mean number of PE and HS is calculated for each experimental group and statistical

analysis is carried out using a one-way ANOVA followed by a Dunnetts test.
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Claims

1. A tricyclic heterocyclic derivative of Formula |

5 Formula |
wherein,
mis 1 or 2;
nis0or1;
R' is H, Cisalkyl, C.ealkenyl, Casalkynyl, Csscycloalkyl, Ca.rcycloalkylCialkyl, Ci.
1

o

salkyloxyC,.salkyl or Ce.qparylCqalkyl, said Cqgalkyl, Coesalkenyl, Cysalkynyl, Csscycloalkyl,

Cs.zcycloalkylCqalkyl, CqgalkyloxyCosalkyl and Ceg.qearylCqsalkyl being optionally

substituted with one or more halogens;

R?is H, Cysalkyl, Cazcycloalkyl or Cs.;cycloalkylCy.salkyl, said Cqsalkyl, Csscycloalkyl and

Cs.reycloalkylCqzalkyl being optionally substituted with one or more halogens;

15 R%is H, Ciealkyl, Cszcycloalkyl, CsscycloalkylCq.alkyl or Cq4alkyloxyCy.alkyl, said Ci.
salkyl, Csscycloalkyl, CsscycloalkylCqalkyl and CiialkyloxyCqalkyl being optionally
substituted with one or more halogens;

R* and R® are each independently H, Cy.salkyl, Cs.scycloalkyl, Cs;cycloalkylCy.oalkyl or Cy.
salkyloxyCq.palkyl said Cqsalkyl, Cszcycloalkyl, CsrcycloalkylCqalkyl and Cy4alkyloxyCy.

2

o

»alkyl being optionally independently substituted with one or more halogens or R* and R®
together with the carbon to which they are bonded form a 3-6 membered carbocyclic ring
optionally comprising a further heteroatom selected from O and S;

Xis O, S, SO, SO,, OCR*R® or CR*R°0;

R* and R® are each independently H, Cysalkyl, Csscycloalkyl or Cs.cycloalkylCqalkyl,
25 said Cygalkyl, Csscycloalkyl and CszcycloalkylCqalkyl being optionally independently
substituted with one or more halogens;

Y'is N or CR?;

Y?is N or CR’;

Y?is N or CR?;

30 Y*is N or CR® with the proviso that no more than one of Y'-Y* can be N simultaneously;
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pharmaceutical ly acceptable ? It or solvate thereof

14. The tricyclic het erocycl'i ¢ derivative according to

YRR Ghe ol Baensnlieh e el Pro B Ll By el Cosalkeynyl
Cs h?bleﬁlﬁydy @3J7cycdﬁl‘klymtzalkyﬂo>q@ _(Ibltsdllkylgxy t O.Aatkylogy®@,_ afkyl, CisalkylSC;.

ai on r re 10 11 12
A o e D BV S el e SO e e 0T e, NRUR™, COR

NREISGRE|, CONRERY 08@RERBECLwakyl, \E..58 @ CH. ﬁlk@@x@pcunyaleg@ and a
of cl ai [ eat nent or prevention

560 MBS ST R ad e ipled, befer S5 Stpo°skdESe eBhpiling 12

heteroatoms independently selected from N, O and S, wherein said Cisalkyl, Cs
scycloalkyl, Cs.zcycloalkylCqalkyloxy and Cigalkyloxy are optionally independently
substituted with one or more halogens and wherein said Cs.10aryl, Ces.10arylCq.oalkyloxy and
5-6 membered saturated or unsaturated heterocyclic ring system comprising 1-2
heteroatoms independently selected from N, O and S are optionally independently
substituted with one or more substituents selected from methyl, halogen and methoxy or
R® and R’ or R’ and R? together with the atoms to which they are bonded form a 5-7
membered unsaturated carbocyclic ring optionally comprising 1-2 heteroatoms selected
from N, O and S and optionally substituted with methyl or halogen;

R? is H, Cysalkyl, Cisalkyloxy, Csrcycloalkyl, CN or halogen said Cisalkyl, Ciealkyloxy
and Cs.scycloalkyl being optionally independently substituted with one or more halogens;
R and R" are each independently H, Cisalkyl, Csscycloalkyl or COCqsalkyl said Ci.
salkyl being optionally substituted with one or more halogens;

R"is Cy.galkyl;

R™is H or Cysalkyl;

R"is Cy.ealkyl;

R'™ and R are each independently H or Cy¢alkyl and

R" and R are each independently H or Cyalkyl;

with the proviso that when R® and R® are H, R” and R® cannot independently or together
be H, hydroxy, methoxy or benzyloxy,

or a pharmaceutically acceptable salt or solvate thereof.

2. The tricyclic heterocyclic derivative according to claim 1, wherein mis 1 and n is O.
3. The tricyclic heterocyclic derivative according to claim 1 or 2, wherein R' is H.
4. The tricyclic heterocyclic derivative according to any one of claims 1-3, wherein R? is H

5. The tricyclic heterocyclic derivative according to any one of claims 1-4, wherein R® is

H, methyl, fluoromethyl, trifluoromethyl or ethyl.
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6. The tricyclic heterocyclic derivative according to any one of claims 1-5, wherein R* and

R® are each independently H or methyl.
7. The tricyclic heterocyclic derivative according to any one of claims 1-6, wherein X is O.

8. The tricyclic heterocyclic derivative according to any one of claims 1-7, wherein Y' is
CR% Y?is CR’, Y®is CR® and Y* is CR’, wherein R®-R’ have the previously defined

meanings.

9. The tricyclic heterocyclic derivative according to any one of claims 1-8 wherein R®is H,
chloro, bromo, methyl, trifluoromethyl, ethyl, isopropenyl, (Z)-2-propenyl, n-propyl,
isopropyl, cyclopropyl, 2-methylpropyl, cyclopentyl, N-methyl-N-ethylamino, N-methyl-N-

isopropylamino, methoxy, ethoxy, isopropyloxy, phenyl, methylthio or N,N-dimethylamino.

10. The tricyclic heterocyclic derivative according to any one of claims 1-9, wherein R is

H, methyl, trifluoromethyl, ethyl, cyclopropyl, 2-methylpropyl, methoxy, bromo or chloro.

11. The tricyclic heterocyclic derivative according to any one of claims 1-10, wherein R®is

H, methyl, trifluoromethyl, ethyl, cyclopropyl or N,N-dimethylamino.

12. The tricyclic heterocyclic derivative according to any one of claims 1-11, wherein R? is

H, methyl, ethyl, methoxy, bromo or chloro.

13. Atricyclic heterocyclic derivative selected from:
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’ Cl
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or a pharmaceutically acceptable salt or solvate thereof

14. The tricyclic heterocyclic derivative according to any one of claims 1-13 for use in

therapy.

15. A pharmaceutical composition comprising a tricyclic heterocyclic derivative according
to any one of claims 1-13 in admixture with one or more pharmaceutically acceptable

excipient.

16. A tricyclic heterocyclic derivative according to any one of claims 1-13 for use in the

treatment or prevention of a serotonin-mediated disorder.



