WO 2008/ 104175PCT/ DK2008/ 000080 1 NOVEL PHOSPHODI ESTERASE | NHI Bl TORS FI ELD
OF THE | NVENTI ON The present invention relates to novel conpounds with
phosphodiwstgésee72i nhi bitory activity, as well as to t e @soso

t herapeutic agents in the treatnent of ,inflamuatory di seases and

condi tions. BACKGROUND OF THE | NVENTI Cﬁ Phosphodi est erases are enzynes that
catal yse the hydrolysis of cyclic AMP 10and/or cyclic GW in cells to 5- AW
and 5- GVWP,No\EEPRIGOEMeOPI ESTERASE MNHIBITdReY are critical to cellular

regul ation of cAMP or cGW |evels. O the 11 phosphodi esterases identified
so far, phosphodi esterase (PDE) 4, PDE7 and PDE8 are selective for CAWP.
PDE4 i s t heenweiFr THROMVENTIONdul at or of CcAMWMP expressed in i nmmune and

i nflarmator cells such as neut hi | 15 d. T-1 h t
(7 Futang o559t MESTRION et FoRovalEam PRBnE Wi PhosBRotBsLrasin 9060y As

CAWP i g a |klﬁiwtéﬁcmﬂutw‘s5&mg&rs tbrthélhesmadmhafapeun@égentﬁ lirathatreaymemsponses,

PDE4 has been found to,.r a ammtory responses of inflammtory
cell's by r?gdr[‘haé?ri“ﬁ rd(ﬁeﬁ‘g Pr?rif '89& oki nes such as TNFa, IL-2, |IFNvy,

Gwvt CSF and LTB4. Inh| bition of PDE4 has therefore 20 becone an attractive
target for % ory di seases such as asthma, chronic
obst ruct i V&' F%%ﬂﬁ%‘?%dﬂ%‘éé@)ﬁ@@g ), rheumatoid arthritis, atopic

der Erat i ti Phopladtiesterdises ase erntyimeq taDcatidiyselthy hotlralysis oDeyalicBiMRtovery Today
10 (22 2 1.)?9;3 i r it i have

i ncr ea\l)soed aﬁ%Zd a‘g'pi'% 'nﬁﬁég)m r?ﬁ?hlgﬁaﬁgnsc\%gﬁr g&;l)leéic')%a{%g%%dr Q?%bﬁg%yw abl e
25t r eat nerdre afitidd) t@&eﬂulaareglﬂatiqwefsctAl\ghblr VEMBPéeved. chct@y! 111986), 87(3),

372-6 h |
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Cur][ Qpi rADES am\?mmge fﬁ)r UFNP RO is tzemmstpnppometsmmb)tor gheAMRUr PDE4

i sof orns V: |1

t ypes. Thﬁe;% %%géll_gj ?o%'ﬂgépﬁ%%é&gcﬁggggéjl n ﬁgﬁgéh&;ﬁ%ﬁ?}%u?rophl | s,
but not5 i rancloT-lmplmcdtmzt Hlanglandel. A sMangini, €upERL Meds Cé)‘%m d95€806n | ung,
cortex, C‘?{ﬂ?%ﬁ%bLﬁg(f%jdA%(iﬁ@Hl?a(k%ggEW es?t—{]'g;eMln ﬁ@ﬁt%rdﬁfatlol':r)&‘? Opi ni on

I nvestig 12’3 has been specul ated t hat
i nhi bi t i orinfFMPREAD resp ensesbf BFh hps beer fningttedegyiete inflammatory

2008/ 10417@?@5%39%@%9&% cells by modulating proinflammatory cytokines such
as TNFa, IL-2, IFN-y, GM-CSF and LTB4. Inhibition of PDE4 has therefore

20 become an attractive target for the therapy of inflammatory diseases such as

asthma, chronic obstructive pulmonary disease (COPD), rheumatoid arthritis,
atopic dermatitis, Crohn’s disease etc. (M.D. Houslay et al., Drug Discovery
Today 10 (22), 2005, pp. 1503-1519). As atopic dermatitis (AD) patients have
increased PDE-activity, PDE4-inhibition would also appear to be a viable

25 treatment of AD (Journal of Investigative Dermatology (1986), 87(3), 372-6).

The PDE4 gene family consists at least of four genes, A, B, C and D, which have
a high degree of homology (V. Boswell Smith and D. Spina, Curr. Opinion
Investig. Drugs 6(11), 2006, pp. 1136-1141). The four PDE4 isoforms are

30 differentially expressed in different tissues and cell types. Thus, PDE4B is
predominantly expressed in monocytes and neutrophils, but not in cortex and
epithelial cells, while PDE4D is expressed in lung, cortex, cerebellum and T-cells
(C. Kroegel and M. Foerster, Exp. Opinion Investig. Drugs 16(1), 2007, pp. 109-
124). It has been speculated that inhibition of PDE4D in the brain is associated



2 wth the adverse effects found when adm ni stering PDE4 inhibitors
clinically, primarily nausea and enesis, whereas inhibition of PDE4B is

associ at agoWwossmodtki -i nfl ammatory effects (B. Upworth, bargatosam00sg005,
pp. 167-175). However, the PDE inhibitoys devel oped so far are not believed

to be specific for 5 any of the four PDE4 isoforns. Nunerous PDE4
i nhi bitors have been studied for their therapeutic effect on inflamuatory

di seases, Rith¥Ré blYerds lef@Bss fboihd wmataamMntswﬁig nbsae&ﬁﬁblaﬂd ci¥E Ny, The first
of these, theophylline, is a weak, non- ?ﬁﬁectlyg é%g hod|%§ %éase

i nhi bi t or wgraarllvnnq%@ataﬂem'ﬁ vgtereRsinny P SQE'EFF- Witst hma and
COPD. Tr eajhteirflam hbtorp ekl (Bl n@wmm Lbﬁw\@as z@osepm s67-485pot h nild and
severe adverse effects

nd conv ion estri ng the
i cal VIPRRG. B PRETIITE devERPES GeThaie FOGUEER ta b shsciatoh
phosphodli esdyesmge fBasPDEMMoRGEhsan attracti ve tar get for anti-inflamuatory
15 therapy, several other, nore selective PDE4 inhibitors have been

devel oped and investigated in a clinical setting. The clinical devel opnent
of many of NGmerdusrrIE4 @lﬁl‘tﬁ!ﬂ’o&t have E?Wsliuldlédbﬂo'r oheir sherbpamcrefféqmoam was

di scont i nu.eﬂ due to dose-lim.ti n e eff ctsa%?p g nause and

enmesi s. SeCHATERRY F‘F?ﬁ‘?sPB@Paf' F‘Sré“ bb Pg’ﬁ Fé s%ncﬁronounced
adver se efC@RDSTia first of kieasie] yhedphamnbj isi cakak,rmar- seléctﬂmml ay, supra).

Recent ve d PDE- ibito r e 0771794
and. P YoadisreRBesteares b Blr Lt B Betrr el AR Rul PG fRtes Bulkt

4- subst i t udeakdhbadrahCOPDpYreatinarswithitblomtnydineniniab hawvevesf gispaisedoAMP
phosphodi est.er .25 There is tin g noveI PDE4
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adver se effestridingwhe |cénicalt @&ility 10§ thdwhyllmhéKeqmat and ﬁqensternﬁdllam)fa/é@r y

effect. An r?osﬁ {1.8%&e?§seﬁﬁaescuje|lﬂ§r'{?egd ?ﬁ%&rgétlv% dl:%?dettf Nﬂatr#mgf\d ctive PDEA4

i nhi bitors? i'ng such ors  ai me Otreatment of at opi c
der mat 1% i stherabypseveérabotherwasre sejectivieyPRE4 inhititors hﬁV@hﬁam develgped ped gy :

Drug Tar geégﬁ%%%%wsé é%raf)% 6e§tﬁ1g TRMARY @veﬂ’ﬂﬁném\@l\q&g\bf ¥R first-

2008/ 10417
generation PDE4 inhibitors such as rolipram was discontinued due to dose-

limiting side effects, primarily nausea and emesis. Second-generation PDE4
inhibitors with apparently less pronounced adverse effects are currently in

20 clinical trials (Houslay, supra).

Recently developed PDE-4 inhibitors are for example disclosed in EP 0771794
and EP 0943613. WO 96/31476 discloses structurally different 4-substituted -
3,5-dichloropyridines which are inhibitors of cyclic AMP phosphodiesterase.

25
There is a continued need for developing novel PDE4 inhibitors which have a
more favourable therapeutic window, i.e. fewer adverse effects, while retaining
their therapeutic anti-inflammatory effect. An overview of preclinical and clinical
trials with selective PDE4 inhibitors , including such inhibitors aimed for the

30 treatment of atopic dermatitis and psoriasis, was recently given in Inflammation
& Allergy: Drug Targets, 2007, 6(1), 17-26.

SUMMARY OF THE INVENTION



The inventors have surprisingly found that novel conpounds of the present
i nvention exhi bit PDE4 inhibitory activity and may be useful as therapeutic

agents fagobid@ppRtory allergic diseases such as bronch }Dléﬁﬁézdﬁﬁoso
allergic I‘RI ni t| s, and nephritis; autoimmune diseases such as rheumatoid

arthritis, 5nulti pI e sclerosis, Crohn $ di sease, and system c | upus
eryt hemat osus; di seases of the central nervous system such as depression,

ammesi a, ajd icamaH ﬁ?]vé)i&anemarmuﬁ&w&lreév%ﬂcamwuﬁ&cmwé@dtux caused

by cardiac fallure and cerebrovascul ar di seases, and the |ike;
i nsul i n- r aBYeNtion extikib BPE4 inibigeractiitpan d Anay PAaIseiukas theraegvifounds of t he

present i nyentd Qp IWnﬁla%y%eF&@afsbgéé'sdcﬂ d%rlﬁ%ﬁéﬂlbl%thr'hbeaﬂér@& or
aneliorating a variety of diseases, such as dernal di seases or condi ti ons,

such as proinitieseadi wha'ﬁ'ef AHIIAMWRe TiSeasRs RUEh 8o FlrBatRtaRt it t i cul ar
psori asi s, mERbRedIBbsisNEFHA PO, Bh@R§SHetic RlPus e fHepiitos ) figdlabes

15i nduced ski n atrophy, skin agei gg phot o skin agel n%ﬁ acne, dermatitis,
at opi ¢ derqhdbe lc%tra's%?ﬁ‘%é\f%erﬁér“ taﬁtqegresét?ﬁ‘t' é&”eﬁ@v didementiagr ¢ i cari a,

pruritis, 5§ Qnﬁfa%ﬁﬁasso‘c\ﬁ%@a W.ﬂhqk&erﬁ.beeﬂMﬁmbdl Ehtiabfailebadiaskf 0 a
conmpound accor fornula I, n mand n ind endent%%j represent

0, 1, 2, ?"d4cer5br°835%'|‘ar7d‘5%a§ﬁﬁear’19 Weé'@n@%"f‘rf&é'ﬁm@r‘ﬁ Sadcio

sul phur, oxpgeandthelike N(R5)-, or -N(R5)C(0)-, and WO
2008/ 104175Pd/ DK2008/ 000080 4 R1 and R2/ toget her with the carbon atomto

whi ch ¥hey are attached, form an unsaturated carbocyclic ring or a

het er ocyclddmpoutdis¥rRe lpﬁédé@nt aivenfibn TrMﬁ/ éie& eearinefiGiabial metvettirfg; om oxygen,
sul phur, -S(0)-, -S ons in said

0
nSht ur at SEHERT I H19E BRenepENSeFer| T Faie HreaBet Bhai |y
subst i t ut e@nditidis 0s\&chods pralifaratsad@nd Infldhirhatioeyiskin disorders and in

particular psoriasis, epidermal inflammation, alopecia, skin atrophy, steroid
15 induced skin atrophy, skin ageing, photo skin ageing, acne, dermatitis, atopic
dermatitis, seborrheic dermatitis, contact dermatitis, urticaria, pruritis, and

eczema.

Accordingly, the present invention relates to a compound according to formula I,

20

wherein m and n independently represent 0, 1, 2, 3, 4, 5, 6, or 7;
25 wherein G and E independently represent sulphur, oxygen, -N=, -N(Rs)-, or
-N(R5)C(0)-, and



substituents selected fromR4; or wherein G and E i ndependently represent
sul phur, oxygen, -N=, -N(R5)-, or -N(R5)C(0)-, and 10 Rl and R2, together

wi th the wanbemoai;am to which they are attached, form apggipi2eés20080
carbocyclic ring, one or nore carbon atpns in said saturated carbocyclic

ring being optionally substituted with one or nore, same or different
substituents, selected fromR4, provided that when Gis oxygen, mand n are

not both Zf@{éhoaﬂp tﬁg@ﬂwbewuﬂﬂrtﬁélcd%brt fdin thﬁﬁlcﬁ:tﬁéid ake aftecﬂsmi Howxwgen, the
sumof 15 mand n js six or a 0a}:I Igyl al kenyl ,
I

Syt o ineghirathd carpodsRG rA L RasasY il 198 ERnB Fa

koxycar bonydtercatdsis @el@b@ayflromczfxygemmnwmprsdo) - 20R0)j-s - mmoqgen ani no
t hi oxo, al kyl, haloalg hla

roxyal k
hydroxy; F&'§ " MOER GRJEAN a&?’éw“ ¥4 Lﬁé'r’wgteé )Ié?/‘?%i“bgﬂ%m ﬁg%f%&%/'& kyl ,
al koxyaar bmg/bemgldpybﬁaw subgtitutati kyittaoha os torensdmeor diffenestul fonyl ; 25 X is
a bond, ryI cycl oal kyl, cycl oal kenyl , arylalkyl

het eroaryls %ﬁ@iu&ngsaﬁ}?%e%;rom hé't 8% ocycl oal kyl or heterocycl oal kenyl ,
optionally substituted with one or nore, 30sane or different substituents

selected fromR4; 2008/ 1 75PCT/ 00008 5 I t, th
i nvent i on YR#5LE ang %ﬁBF?r‘g%élXtﬁe%?sDKg 8(51 i °6‘K gnpri’ 2Mk :r%'ﬁrsrggﬁnd of ©

gener al fON(RL)a:(O)-asmdefl ned above together with a pharnmaceutically
t abl hj |
bt 1 orid 1yt SULEapSnen Ao ne 2R ETTES Hlshify b f SRR B 5 ()

compound( Ss)atudalueq/earbacmubemgaspe@r md:rlee:artmreaﬂorrmnrsaithsatsratsda conpound
accor di N0 LovdQeMklBe ol GFloaRy sABR1Frec IRy BRBIGFRGGH! Larllof difEeRt 20! ©

salts, ereof use'in th
pr ophyl axi substitueatsysetectad Boml R paovided tiat Vivkey Gus odygaseandm aremditt i ons,

or acute fofkReAlhid AtRARGRYTAUERG GhaPEUHPE alDp¥t oRANNGLe aFRGRL. the

i nvention FE5% preventing, freatlng ahelloratlng
der nal 1di smasesn csrsmondbbveuns, or acute or chroni ¢ cutaneous wound
di sorders, the nethod conprising admnistering to a person suffering

R;is halogen, hydroxy, alkyl, alkenyl, alkynyl, haloalkyl, alkoxy, haloalkoxy,

alkylthio, formyl, al koxycarbonyl, alkylcarbonyl, or aminocarbonyl;

20 Ry is hydrogen, amino, thioxo, alkyl, haloalkyl, hydroxyalkyl, alkoxy, halogen,

oxo, thia, or hydroxy;

Rs is hydrogen, alkyl, haloalkyl, alkylcarbonyl, hydroxyalkyl, alkoxycarbonyl,
alkylsulfonyl, alkylaminosulfonyl or aminosulfonyl;

25
X is a bond, -CH»-, or —NH-;

A is aryl, cycloalkyl, cycloalkenyl, arylalkyl, heteroaryl, heteroarylalkyl,
heterocycloalky! or heterocycloalkenyl, optionally substituted with one or more,

30 same or different substituents selected from Ry,

and pharmaceutically acceptable salts, hydrates, N-oxides or solvates thereof.



is fromat |east one of said diseases an effective anount of one or nore
conpounds of formula | as defined above and pharmaceutically acceptabl e

sal ts, hwgpabh&Srs¥s0xi des or sol vates thereof; optional HﬁThﬁ&%s}ﬁﬁﬁos\?‘ th a
phar maceutl ca y acceptable carrier or .one or nore excipients, an

optionally in conmbination with other t Rer apeut i cal ly active corrpounds 20
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The term "hydrocarbon radical" is

i ntended tg Jrdth&raispedt, &ﬁé‘ir%ht.@@raélaté%ltecb Mrhéudflw%emﬁm.t@ar bon at ons,
it may contain one or nore double and/or triple carbon-carbon bonds, and it

may conpr i9EWREFHIG @cwpew%ef Fﬁ"%’éhﬁrﬁ‘éﬂﬁ bas detinecabeyeogrtier 9¥ith # near

i et i es. ﬁé?ﬂa@&f&ﬂﬁ%@é&bt&@gﬂéh&ﬁ.sorle%léﬂr&Oﬁlwa&h%éutuéﬁw Reajaprbl y
corrprlses 1-12, e -2 carbon atonms. The

termincl Lfaé@eré@kypt'o@@'Weﬁwﬁ%eew'ﬂb%ww m°6?8FQ%%?8WFUt'%' vif¥iveand aryl ,
aryl al kyl ,coppdufd{Hat ed bel ow. 30The term™aryl" is intended to indicate a
radi cal of aromatic carbocyclic rings conprising 6-20 carbon atons, such as
6- 14 carbon atons, preferably 6-10 carbon atonms, in particular 5- or

6- rrerrPer ednweegaotr%pta»spaﬁl thel ﬁusmmbrf?éxegysgl&nﬁpma acoRligg td asiulone
aromati1 Cc rilng, sucn as pne nap I naen

2008/ 1041 AT PRIGHSY BOTIBEN Y MRTE TR l¥1 a%@?@Pf?a?i?‘isv hf/@rq%?%%aégof 8"

i ndi cate rsafliatey ﬁwe@éofh&beng@ycdheaharmaﬂwlsxus; ﬂﬁganwmm’rlamm@rétfcﬁ\ bfet er oat ons
(sel ect ed t er oat ons

bnd 1100 derBahdisese o caHtREs 1oEaw Ry PR aR e B FRa R ore. Csuch
as 1-5 heteroatons and 1-3 carbon atons, in particular 5- or 6- rrenbered

[ ith 1-4 het t | ected f Pt f d

bi cyel i c. gt 2PYEr 2oRsHhol i BAEOn At Jhar R ogon Ry e Drde o
aromatic, . agnelmyaitlufb,lhernﬁahd’uﬁayés of smqimamsl yir acuteder quqmte:Utalzeobyl

t hi lyl d , | yl I I,
101 aot hy a2 HEtebrs L PG pmPiERS i niefi i { hersph el Béina Ol o

t he t esm "fedrk\alt’ Ieassonetoelsdnelohmefasésndhcwﬁeetlvmemoadt obbnebt momed when one

hydrogen at %@@%d%ﬁFﬁ&%@i gs dan 588 rgﬁ)&]ghgl%éjce%‘: 5¥I|y %%@%feeg‘algs 20,

pr ef erabl suc at ons. erm |’nc| udes
t he subcl a‘s/sieﬂesu,ommxrdesld(woh(ahesatﬂeym)f opEcmiﬂt}'auogemm witdrai ary al kyl, such

25 ethy| coshRile, Ry 30orob S BFAI-orll b Yle ol SABNEY bng BBBondl N\ .

tert. - but

is int endemmbmnatrmh wah@tlmrstaemp&uecbltyymtwaldomumm cal 20conprising 3-20
carbon _atons, preferably 3-10 carbon atons, in particular 3-8 carbon atons,
such as 3-6 carbon atons, including fused bicyclic rings, e.g. cyclopropyl,
cycl obut yIDETAICEDR PESCRIP TION- OB AENRINVENTIGNC| oheptyl . The term

"het er ocy GhaglekwIvhybich 198k al s iftdhéd G Mmdfcste aabiRMecInBslhinglority
hydrogen and carbon atoms, it may contain one or more double and/or triple
carbon-carbon bonds, and it may comprise cyclic moieties in combination with

25 branched or linear moieties. Said hydrocarbon comprises 1-20 carbon atoms,
and preferably comprises 1-12, e.g. 1-6, e.g. 1-4, e.g. 1-3, e.g. 1-2 carbon
atoms. The term includes alkyl, alkenyl, cycloalkyl, cycloalkenyl, alkynyl and

aryl, arylalkyl, as indicated below.

30 The term “aryl” is intended to indicate a radical of aromatic carbocyclic rings
comprising 6-20 carbon atoms, such as 6-14 carbon atoms, preferably 6-10
carbon atoms, in particular 5- or 6-membered rings, optionally fused carbocyclic
rings with at least one aromatic ring, such as phenyl, naphthyl, indenyl and

indanyl.



25 descri bed above, wherein one or nore carbon atons are replaced by
het er oat ons, conprising 1-19 carbon atons, e.g. 2-4 carbon atons, further

conpri si ngoboés/fogier oatons, preferably 1,2, or 3 heterogiemhcosagshed from
0O, N, or S, which may optionally be oxidi sed once or tw ce, e.g.

[1,3]clioxole, oxetane, [1,3]clioxolane, [1,3]clioxane,

t et rahydr ot hi opyran, 30t etrahydrothi opyran-1, 1-di oxi de,

t et r ahydr ot hi opyran-1-oxi de, piperidine, tetrahydrothiophene,
[1,3]-dithiane, thietane, [1,3]-dithiane-1,3-dioxide or thietane-I-oxide,
or incl udi ¢ Yigedeteroppl| 8 iptengsd fp indiqaty radicals ﬁgSF@?c\(ﬁh‘Eraé‘?'ﬁaﬁf | east
one ring CORGY dovesrisind!@LE heglrOdfonRNEelBRIdromidles @hbaN) aridg-20esarber exanpl e
be a carbocyclic ring, e, g i soi ndowél ... VWD 2008/ 10417EPCT]£ PK2008/ 000080 7
The term "#PRBnYEh s 1 pelegertoms 3l A& @raenatiams: sy astP. tetra- or
pent aur?at wtatd%@orhg@haqaslzafbdra@ﬁﬁaw, sQEHTRS 115 RetePodtdnzad b - Atardsn i N
particular 2-6 carbon ataons, such as 2-4 carbo tQns, .e. 0. ethenyl
propenyl , %tﬁmseHyP?rt'ﬁE%fgﬁﬂr 66?“"%?@ I”.ngstétl?‘t Q’r“ﬂ?&ﬁgp@lt%@? I?S%ﬁ{]ednfi}{%m

i ntended to, §RAIARIE dPRIdGally ElisedtbitycliOfingewithungaiate ataeeimp oandiwvbeein C
cyclic hydrocarbonsradjcals, .conprisi. 3-20, carbon_at ons, i ncl udi fused
bi cyclic ratlgast aNGHinG | 3ToRGtGr £ & H@”g\qiﬂu'ggwgo'ﬁocllﬂa?%ﬁé?dosm{:ﬁetéaszo 4, or
6 ciar bon athelyl,cnfidazond) ppraedien\ixazalyls isoazaply thieoylc ppreittygny| |

cycl ohexenyl , . ¢ oheptenyl .. The term."heterocycl oal kenyl"” is intended to

i ndi cat® a'¥8§péqz§LYl?'kl%‘?{%"P§§F%léll a%%gﬁ%zsoé‘l’rlaﬂélg above, wherein one or nore
carbon atons are replaced by 15heteroatons, conprising 1-19 carbon atons,
e.g. 2-4 carbon atons, further. conpri si. - eferably 1, 2,
or 3 het er%a Sr%r?s%rgfcggge & %eotr%r , akyﬁi&%n%&é%ﬁ{dﬁ%&?g@%r I<|'ea?:yc| ic rings
with 1-4 hetiteinedtvans, ovdbydriopenatdreds terooeed rom a bygnocarona Shisk @kyat om and
wherein the other .ring r, exa e ) yel j e:

di hydr of ur?aoﬁgl?r,'searl 3659?% rf/]éfr%'ol- %é! g{]/)érhr %ﬁ@ sglgﬁ $gg %ecrlafr;ﬁd’ﬂaé}gfnasl' II&F is

i ntendexd ttermridclodestEnsuncidssesdomad| adlsy! defalkwtld sabovdary ewdltertidry ajkyilned to
an al kyl g p b vl . . erm:he ylal kyl " is, i ntended
to indi catgeU%ﬁ sertﬁgrg}a{re&ﬁ%l{ ad? rggyl’éséo-gg(g?){l’né?u Qghﬁgég@!:’oé\?g] éﬁéyll’yéeftéi ned to an
al kyl gr ouputyTipentydr isopentiy iekyl argl isohexytied t o i ndi cate an hydrocar bon

radi cal conprising 1-5 triple C C bonds and 2-20 carbon atons, typically

conprising 2-10 carbon atons, in particular 2-6 carbon atons, such as 2-4
car bon at ofhg tesmy’cyeloalkyl/|is irsepdeshimipdicatria paturategegycipaiangragisaly ny| .

20 comprising 3-20 carbon atoms, preferably 3-10 carbon atoms, in particular 3-8
carbon atoms, such as 3-6 carbon atoms, including fused bicyclic rings, e.g.

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or cycloheptyl.

The term "heterocycloalkyl” is intended to indicate a cycloalkane radical as

25 described above, wherein one or more carbon atoms are replaced by
heteroatoms, comprising 1-19 carbon atoms, e.g. 2-4 carbon atoms, further
comprising 1-6 heteroatoms, preferably 1,2, or 3 heteroatoms, selected from O,
N, or S, which may optionally be oxidised once or twice, e.g. [1,3]dioxole,
oxetane, [1,3]dioxolane, [1,3]dioxane, tetrahydrothiopyran,

30 tetrahydrothiopyran-1,1-dioxide, tetrahydrothiopyran-1-oxide, piperidine,
tetrahydrothiophene, [1,3]-dithiane, thietane, [1,3]-dithiane-1,3-dioxide, or
thietane-1-oxide, or including fused bicyclic rings with 1-4 heteroatoms, wherein
at least one ring comprises a heteroatom, and wherein the other ring may for

example be a carbocyclic ring, e.g. isoindolyl.



WO 2008/ 104175PCT/ DK2008/ 000080 8 The term "hal oal kyl" is intended to
i ndi cate an al kyl group as defined above substituted with one or nore

hal ogen agyereosa®4def i ned above, e.g. difluoronethyl. S5TheriRods/000080
“hydroxyal kyl" is intended to indicate.an alkyl group as defined above

substituted wth one or nore hydroxy, e.g. hydroxynethyl, hydroxyethyl,

hydr oxypr opyl . The term "al koxy" is intended to indicate a radical of
the formula -OR, wherein 10R is alkyl as indicated above, e.g. nethoxy,
et hoxy, n- ropoxy |soP,r opoxy, butoxy, etc. The term"™ aI kox Iycar bonyl " is

i nt ended tideiteENCatenyl” s iteadedio 'Pﬁlé?a?eo? AP~ oy~ & Owherein R i s

al kyl as 'Mt&%@&ré@/@dr@c&boﬁ?&d}@éﬂk@&f&&ﬂﬁ2 1b5ﬁrb@rx1a€oaﬁ§;qﬁyl
n- pr opoxycar bonyl

i SO ropo car bon etc. The term"” |.car bon
R T BT P XL G U L A
as i ndiscatiRfle@NOpénteRyithr HdXeAPOY! , acetyl. 20The term "am nosul fonyl " is
intended to indicate a radical of the formula -S(0)2- NR', wherein R is as

i ndi cated above, e.g. -502Me. The term "heterocyclic ring"” is intended to
i ncl ude t hhedeficyélomaemat /riagdnded tbehdicateytd oa, iy triand het er ocyI coal kenyl

as defined above, further includin nne ted L. st emns each

ot her or ﬁgraueﬁyqa&e#yap@(ggmggﬁgygg%yadr%cag ?ﬁrﬂ?/'agg'b BUHYYi é(gm ne,

2 3, 5, 8-t efartsdiy sliobnd, hdﬂdh@xmdrtﬂcycﬁcéﬂrn@sthmﬂli céingbiriebogc3 116. cafthen t er m
phar maceut i cal | acc pt a S _intende §s 30pr epar ed

by red®ti PRt g %’f ?%F?&OQ Jromss 1§-% %yﬁlfi%pé%‘?eny?n&r%gﬁ)gH?%ydr or gani ¢

aci d, sucttyal@phmh?t;hl/dbhexeriw,chymmememyl.hydr oiodic, sulfuric, nitric,

phosphori c, formc, acetic, 2,2-dichloroaetic, adipic, ascor bi c,

L-aspartic, Lglutamc, galactaric, lactic, maleic, L-malic, phthalic,
citric, prioetenncheberoaaicalkeylylitianntended tee bwlicate B-aykioelkeoairadical as

%BQ?QSZT %ﬂ%@?%ﬁga%ﬁ%&r%&e ég?‘l)gﬁ];a?oms ¥R replaced by

15 heteroatoms, comprising 1-19 carbon atoms, e.g. 2-4 carbon atoms, further
comprising 1-6 heteroatoms, preferably 1, 2, or 3 heteroatoms, selected from O,
N, or S, including fused bicyclic rings with 1-4 heteroatoms, wherein at least one
ring comprises a heteroatom and wherein the other ring may for example be a
carbocyclic ring, e.g. dihydrofuranyl, or 2,5-dihydro-1H-pyrrolyl.

20
The term “arylalkyl” is intended to indicate an aryl radical as defined above

covalently joined to an alkyl group, e.g. benzyl.

The term “heteroarylalkyl” is intended to indicate a heteroaryl radical as defined

25 above covalently joined to an alkyl group.

The term "alkynyl” is intended to indicate an hydrocarbon radical comprising 1-5
triple C-C bonds and 2-20 carbon atoms, typically comprising 2-10 carbon
atoms, in particular 2-6 carbon atoms, such as 2-4 carbon atoms, e.g. ethynyl,

30 propynyl, butynyl, pentynyl or hexynyl.

The term “halogen” is intended to indicate a substituent from the 7™ main group

of the periodic table, such as fluoro, chloro, bromo and iodo.



9 tartaric, benzenesulfonic, ethane-1,2-disulfonic, 2-hydroxy

et hanesul fonic acid, toluenesul fonic, sulfamc or fumaric acid.

Phar mnacewocats/wsmscept abl e salts of conpounds of fornulpeTiDKTBYS/@IEBO be
prepared by reaction with a suitable bgge such as sodi um hydroxi de,

pot assi um hydr oxi de, magnesi um hydr oxi de, cal ci um 5hydr oxi de, silver

hydr oxi de, anmonia or the like, or suitable non-toxic am nes, such as | ower
al kyl ani neshe fepin Matoaye” ish hidndpt aoiinmticatls wer akyl-drowe as diefipedisbores, f or
exanpl e 2-hydr.oxyet hyl am ne, bi s-(2-hydroxyethyp-am ne, cycloal kyl am nes,
for exanpl #&F'@%&S‘H%&?ﬂ%ﬁ fnere §? Bgﬂ%cfrﬁﬁfyaﬁggw?(ggb%&éa g‘e

N, N - di bengifibeiolmdteyledi am ne, and di benzyl am ne, or L-arginine or L-lysine.
10Salts obtained by reaction with a suitable base include, but are not

limted to sodiumsalts, choline salts, 2-(dinethylam no)-ethanol salts,
4- (2- ey drTheyetrimyilydnoyptyl‘i in istehtied td ildjsiteen stdyl group as defined above

N- (2- hydroxyet.hyl )-pyrrol i di th ] a siumsalts,
et abut yi SO EtEd) T SEeSs APbicky, Finr TGISRT LAY ot
cetyl tri mebydrogypropylum salts, 15 tetranet hyl anmmoni um salts,

tetrapropyl ammoni um salts, tris(hydroxynethyl)am nonethane salts,

N- et hyl - D-gl ucam ne salts, silver salts, benzethoniumsalts, and

tri et hanol B reemslkaxy” Thiatereted tosodicattesy radical iof &melEatmuda i-Q8(, veheseid speci es
formed, by 4. I . mayn On. formula I,
and a ggl v%ﬂ%%‘kg?éls %'%g%%?wg%y%égrﬁlg or \’Ng%hé)%}" WQPEWE%@%% es are in
a solid forutox¥Netn. water is the solvent, said species is referred to as a
hydrat e. Enbodi nents of the present invention 25 In one or nore

enbodi ments of the present invention E and G are both oxygen. In _one or
nore enbodTheeters wikaxyeanboeylé g intendas todndisptena radieal ©f g Foronta ~CfObne or

or e enbog%fﬂan%ﬁer%n kh%tﬂlﬁﬁ%gqﬁdil:é\:\éﬁrgﬂo(?@, 8lg2RtktRoRfcar zero. 30 In one

or nore enbodi ments of e present 1nvention Rl and R2, together with the
car bonl%t oethpwy b ety |t tr@yo Rmxy caiboay h sPPrersiYrIbREYle €8 ycl i ¢ ring conpri sing
one or two heteroatons selected fromthe group consisting of -0-, -5-,

-5(0)-, WD 2008/104175PCT/ DK2008/ 000080 .
The term “alkylcarbonyl” is intended to indicate a radical of the formula -C(O)-

R’, wherein R’ is alkyl as indicated above, e.g. ethanoyl, acetyl.

20 The term “aminosulfonyl” is intended to indicate a radical of the formula -S(0),-

NR’”, wherein R’ is as indicated above, e.g. -SO;Me.

The term “heterocyclic ring” is intended to include the definitions heteroaryi,

heterocycloalkyl and heterocyicoalkenyl as defined above, further including
25 annelated ring systems with each other or with cyclic hydrocarbons, e.g. 2,5-

dihydrobenzo(b)dioxocine, 2,3,5,8-tetrahydro-[1,4]dioxocine, 5,8-dihydro-

[1,4]dioxocine.

The term “"pharmaceutically acceptable salt” is intended to indicate salts

30 prepared by reacting a compound of formula I with a suitable inorganic or
organic acid, such as hydrochloric, hydrobromic, hydroiodic, sulifuric, nitric,
phosphoric, formic, acetic, 2,2-dichloroaetic, adipic, ascorbic, L-aspartic, L-
glutamic, galactaric, lactic, maleic, L-malic, phthalic, citric, propionic, benzoic,

glutaric, gluconic, D-glucuronic, methanesulfonic, salicylic, succinic, malonic,



10 -S(02)-, -N., and -N(R5)-; one or nore carbon atons in the heterocyclic
ring being optionally substituted with one or nore substituents, sanme or
di fferentwosgdseeied fromR4. 5 In one or nore enbodi menpgr@izbhisonisgsent
invention Rl and R2, together with the carbon atomto which they are
attached, form a heterocycloal kyl ring conprising one or two heteroatons
sel ect ed fromthe group consisting of -0-, -S-, -5(0)-, -S(02)-, and

-N(R5) - QBRafE, BENBNEAIIRAR, BEYHR-12- &nb@f&?ﬁ‘é - ﬂ?&@&?&ﬂtk&’ﬁesﬁlfﬂﬁcb@lmg
opti onal | y substituted with one or nore, same or ﬁdl ffer e”ﬂé SEFF@H%I tuents

sel ected ftelyRneEMIfoNiE, SHIEaMIC FrfumasiaRsid-RiRr@aseutilly greeptal ion RL-

and R2, t %ﬁ&ﬁ&%a%t Fbrmuna I nﬁAgea|§@bbcme.@érembtycreatm&hwtthe:ys@faeleabéﬁ: hed,
forma 4-, 5- 6- nrenber ed

terocgcl iC rrlrgq Ltl cul ) 6 menber ed
het er ocyclsr"(éh laisﬁed'ulnhh%@xﬁ’fe REFRSSIAh By ox| gr‘teﬁ'é'g"b gdraidey S5 on t he
het er ogy ClHy@ird3idé) dilvef ﬁwr@amr @Wﬁ@ﬂa oemé mze,or[sutabw mmtcamaammes

[ 1, 3] di oxane, tetrah rothlo %ran 1- di oxi de,

et ra ot hi o %‘?
t et r ahydr GUAR BEW%W kyigmiges, peperameRIp e aé’f"PﬁhB Sk %‘?ﬂﬂene

[1,3]-dit rHII(’JVI‘&hﬂrfeI@l ﬂiréé?(@mdlelza‘]yddb)tmmEmine'i HiE-xihgeroxykttat pamine, oxi de, or
th| et hane- 1, &fé c? ﬂ?@tf l'%nbod rrelg\t S Ff the resent
i nvent i on ¥H@2 '8‘8?(:f|°|' Ex?’f‘ﬁk‘j IR Y PENe P Y RIYBEHPT SKTFPIEne

carbon at QlTNt-andﬁkﬂEtHyﬂ@)edaa'rﬁmaIéﬁd:bﬂxén2ﬁaﬁm1mrdrs_68rgunee Imeﬂ_elly.aeom or two
heteroatons in sag

i nvent}fon %ql\té Wé?'@?%gf/dg‘?‘ft'soq ‘Ht’fgtae'ﬂ“'inﬁ ep%%ﬁet'P%Hg% %qct ?rﬁé‘%&'ﬁ gg%(rzllt ic ring.

The het er gatinm BalYs, dholinexalog)| 2 (dibetidlardthd) retbamol saltsppt €2enbodi nent s of t he

"0y 2- . NErouBRMbReTaheln txBobay bt sab 1L Frare st el rent s of
E)Pﬁe}r)r gigrﬁaltsﬁmeaholemlﬁe sapi,mmnpysaitsjwetrapwm?rphlwm sglﬁ;gg: ?/TLnt 2 L? e
PR me A BT ape N ey ByiBnRn B2, i

present ogen, 1 n particular chlorine,
fluorise, tbrramemwlammcmhumesalti,Otetrrapwm/lammmiLEn6a‘lte,di ments of the present

'Opvﬁgﬁ ;OQ%qu{y ! ez\?eq:#‘:ylt) r%lnon‘?‘etKQKXSalglAFpr?étﬂ adltlféélmmgrsan?lﬂggp I'n one

resent inve resent’s net hoxy or
et hoxy. 15alts, benzethonium salts, and triethanolamine salts.

The term “solvate” is intended to indicate a species formed by interaction
20 between a compound, e.g. a compound of formula I, and a solvent, e.g. alcohol,
glycerol or water, wherein said species are in a solid form. When water is the

solvent, said species is referred to as a hydrate.

Embodiments of the present invention

25 In one or more embodiments of the present invention E and G are both oxygen.

In one or more embodiments of the present invention m and n are both one.

In one or more embodiments of the present invention m and n are both zero.

30
In one or more embodiments of the present invention R; and R;, together with
the carbon atom to which they are attached, form a heterocyclic ring comprising

one or two heteroatoms selected from the group consisting of -O-, -S-, -S(0)-,



In one or nore enbodi ments of the present invention Xis -CH2-or -NH. In
one or nore embodi ments of the present invention Ais 4-(3,5-

di chl or opy O In one or nore enbodi nents of the i tion,
WO g 12 DR B

t he conp rmula | is representzﬁ by formula la or
2008/ 104175PCT/ DK2008/ 000080 12 In a particul ar enbodi ment of the present
invention X = -NH when R3 represents Cl-6 al koxy. 5The present invention

i ncl udes ald oeyTbagll MBR SNRSLEHAE & mBre @arbgn deams ¥ thRetRpbdy e ring €

conbi ned in any’ manher descri’'bed herein. I'n particular conpounds of fornula
| may be s@ﬂ'@@:?éﬂoma”drﬁll@ﬁ’ét%*ﬁd pitd ens PIOMIOFR)SERstSeRMBsSame or different,

102- (3, 5- Qighdreod M{Rdlne4y1) 1-(7- rrethoxy2',3' 5',6"
-tetrahydro spl rg? benzodi oxol e-2,4 "-(4H) - pyran] 4- yI ) et hanone
(corrpound 101), N-(3 5-Di chl oropyri di ne-4-yl)-7-methoxy-2 ", 3

, 5", 6'5 t eff W G QropPEiPbdinderits F ekl BP@Eﬁr Awéntiod RHhn@ R, aftdgetharadiBoxam de

o i S A o Bt it 783 72

i EL;H) %r@?ﬂ.pﬁgy%bﬁé BARYH Bef<roatoMmbstIdR8] frod (b §rddpcddnersainy lof dore 4 yl)
net no

- di hydr o- )%r FAO); 3-55Qr)z 0BG HRs)2i, @M pHMEre (AHOAAPME 1) th&¢t hanone

(conpound H&éaocycloalkyl ring being optionally substituted with one or more, same or
2-(3,5-Di chl oropyridi ne- 4%I -1- f{g rrethoxy spiro[1, 3- benzodi oxol e- 2,4 -

pi peritf ne‘]'ffﬂr%éf'h%tﬁ&ﬁ’éts(
202-(3,5-Di chl oropyridi ne-4-yl)-1- (7 rret hoxy- 1
- [ met hoxycar bonyl] -spiro[ 1, 3- benzodi oxol e-2, 41- pi peri di ne] - 4- ypet hanone
(corrpound 106), 2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-1
( - [ met hy:jSIlH cﬁritndﬂ o efmbpdinderits F tlok pmb&t dwvéntierpRpand i, Nejgetherpeitthanone
conmpoun

3, 5-Di chl dj 7-
-acetyl - sp F ib%n %@H}%Y"g%g&r@g %%éa QCh‘?ﬂ ﬁ%&?&l‘ﬁ "B 3pg‘¥ﬁibno%e ( conpound

108) 15 heterocyclic ring, in particular a 6-membered heterocycllc r|ng
2-(3,5-Dichloropyridin-4-y1)-1-(7-nmethoxy-t-mnethyl-spiro[ 1, 5- benzodi oxol e2,
4' - pi peridi ne]-4-yl)ethanone (conpound 109),

2- (3, 5- Di chnl @feoprymioek: meédythéntiof Yherptdsentyrrﬂehtlﬂﬁ tH&' hé&erocyclic ring is

-tetrahydro-spiro[ 1. 3- benzaodi i hanone
(conpound tfi@}p' 0%@5*32" (oéega é?(l)ggd'g’(&?f'%n [nl éﬁl_gxfgﬂg Pe?%éh%e %tﬁ &{;%ﬁ ‘3',5", 6"
- t et r ahydrtetrspydaithioByrabeh edibvide) tet@qhydrdth(oﬂ)yba:t-hm)qm zmpelrldine

- oXxi de 0 ) -djthiane-1,3-dioxi

(5 5 HREHINPRGpne Tl spietane, 11 afiqhion-1,3-dioxide,

-t et r ahydrihvespne-dfdxide, drethiesbianecdl edipxide ' - (4H) -t hi opyran-1 , 1

' - di oxi de] - 4-yfl et hanone (conpound 112), or

In one or more embodiments of the present invention the heterocyclic ring
formed of R; and R, together with the carbon atom to which they are attached

25 comprises one heteroatom or two heteroatoms in said ring.

In one or more embodiments of the present invention the heteroatom is located

in position 4 of the heterocyclic ring. The heteroatom may, for example, be O.

30 In one or more embodiments of the present invention the heteroatom(s) is/are

oxygen, sulphur, -S(0)-, or -S(0),-.

In one or more embodiments of the present invention A represents heteroaryl or

heteroarylalkyl.
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2-(3,5-Dichl oro-1-oxi do-pyridine-4-yl1l)-1-(7-nmethoxy-2 ,3 ",5 ",6

" -t et r ahwglpapospiiii78[ 1, 3- benzodi oxol e-2, 4 "-(4H) -t hi opy pefipk2008/000080

", 1" - di oxi de] - 4- ypet hanone (conpound 113);

2- (3-bronopyridine-4-yl)-1-(7-methoxy-2 ",3 ,5 ",6

-tetrahydro-spiro[ 1, 3-ben- 5 zodi oxol e-2, 4"-(4H)-thi opyran]-4-ypet hanone
(conpound 114); 2-(3-Bronp-pyrazin-2-yl) )-1-(7-methoxy-2 "3",5"16"
-tetrahydro-spiro[ 1, 3- benzodi oxple-2, 4 "-(4H)-thi opyran]-4-yl)ethanone
(conpound TSR SompreemBBARRENS K U Srestins RiGhon §'rBRKSEHE ol

" -t et rahydywaspylrar{duideilenzodi oxol e2, 4' -(4H)-thi opyran] - 4-ypet hanone
(conpound 116); 102-(-pyridin-4-y1-)-1-(7-nmethoxy-2 ,3 ,5 16
"-tetrahydro-spiro[1, 3-benzo- dioxole-2, 4 "-(4H)-thiopyran]-4-yl)ethanone
(conmpound Ihlother @mpadinmoits A-rhay tdprésént-pretlgbxy-2 "13 ", 5 " 16
"-tetrahydro-spiro[1l, 3-benzodi oxole-2, 4 " -(4H)-thi opyran]-4-ypet hanone
(conpound 118); 2-(2,6-Dichloro-phenyl)-1-(7-nmethoxy-2 ',3" ,6 " -tetra
hydr o- spi rlo[dhe3errarroembbdintend$ of the greseiidibvantiorhAdp pubstitutedywith hanone

(conpound 2= (2 r n = 1= (W= 0E -2"3",5,6
-tetr ahydr%a}(? elnr’?)r[ &’ggfég!aagzcggﬂ?@gbﬁg%rﬁe, roﬁwﬁﬁﬁﬁ’gpyr an] - 4- yDet hanone
(conpound 120);
2- (3, 5+D ghl oronyridi p=4-y1) 1= - Spl Z [ ,n3(4H), 3
" - 0X et51 a?ne]q? 60?{? I ﬁerbhgéngwgo%&er%%{dﬁﬁé%%yt 'ﬁpéﬁt%r?kt kéem; %9'6 gﬁ&%’
202- ( 3, 5- Bhahblogendikyixpdbalegendi n- 4-y1) - 1- { 9- met hoxy- sPiro[ 2H 1, 5-
benzodi oxepi n- 3(4H), 3"- oxet ane] - 6-yl } et hanone (conpound 122);
2-(3,5-Dichl oropyridin-4-y1)-1-(9-nmet hoxy-spiro[ 2H 1, 5- benzodi oxepi n3(4H), 3
" -t hi et andp-aeyer repreagmhedinenipofike Aresgnt invention R; represents methoxy or
2-(3,5-D %h%ﬁpyri di n-4-yl)-1-(9-nmet hoxy-spiro[ 2H 1, 5- benzodi oxepi n-
253(41-0,3 -thietane-t, 1"-dioxide]-6-yllethanone (conpound 124);
2- (3, 55Di chl or opyri di n- 1- oxi do- 4-y1) - 1- (9- met hoxy- spi r o[ 2H 1, 5- benzodi oxePi
n3(4H) , 34hh&drans-rhorelemBbaricied oPthd prabERNARENKGPRPOUBA,-bEANH-. _
2-(3,5-Dichloropyridin-4-yl)-1-{9-net hoxy-spiro[2H 1, 5- benzodi oxepi n3(4H), 2
'-(1, 3-di oxol ane) ] - 6-yl } et hanone (conpound 126);
302- (3, 5- DhIHeWraRYFd EnBodimehks &f (He prRESXNvEmidrOA 4t 35s5-benzodi oxePi n-
3(4H), 4" -t etrahydropyran] - 6-yl | et hanone (conpound 127);
2-(3,5-Di d’f‘ﬂ%‘i’ﬁ?pﬂ"é\k'gﬁo- pyridin-4-yl)-1-{9-nethoxy-sPiro[ 2H 1, 5-
benzodigoxepi n- 3(4H), 4' -t et rahydr opyr an] - 6-yl ) et hanone (conpound 128); WO
2008/ 104175PCT/ DK2008/ 000080 14 ) i
2- (3, 5- Di ARIBEPYPPE FMBGiTents pbtheRresxaL. iBvention,ithe cATPOLRY PhfMmYla 5.
benzodi oxdpk Repreddhted i Iforhdiacsasiab- 6- y1) - et hanone (conpound 129);
2-(3,5-Dichloropyridin-4-yl)-1-{9-nmethoxy-spiro[ 2H 1, 5- benzodi oxepi n3(4H), 5
'-[ 1, 3] di oxane] - 6-yl | et hanone (cg¢npound 130);

0O

G_(CHZ) R .
R, "><
_ R
o R, E—(CH,)- 2
e L
Cl yZ Cl
x” o I
| N
A Ia N

25 wherein X, A, G, E, Ry, R3, R3 R4, Rs, m and n are as defined above.

Ib.



52- (3, 5-Di chl oro-1- oxi do- pyri di ne-4-yl)-1-{9- met hoxy-spiro[ 2H 1, 5-

benzodi oxepi n-3(4H), 5" -[ 1, 3] di oxane] - 6-yl | et hanone (conpound 131); and

2- (3, 5- Diwgbl0¢spiRyi7sdi n- 4-y1) - 1- { 9- met hoxy- spi r o[ 2H 1, 5- berandveRpso3(411),

5' 41, 3] di thi ane] - 6-yl | et hanone (conpoupg 132) 10and pharmaceutically

acceptabl e salts, hydrates, N-oxides or solvates thereof. In one or nore

enbodi nents of the present invention, the conpounds of general fornula I

have a nol ecul ar wei ght beI ow 800 Dalton, such as bel ow 750 Dalton, e.g.

bel ow 700 Dal t on, or w 650 t?. 55 or SOE}EDaII\h_r 15_In one or nore
gs NSt ¥t

embodi ment® HPAEGHIS fmf’?l’i/%fn ediTeseidn Yo Wit a | as defined
above are r@pﬁs@htgml_etﬁeé)qpy. The conmpounds of fornula | may be obtained in

crystalline formeither directly 20by concentration froman organi c sol vent
or by crystallisation or recrystallisation froman organic sol vent or
m Xt ur & of THeapr@dsem ivedriticnidciaides ableweidirhbatls wissreineX,04,0aNECRQR,} RORganNi c,

such as er @crc}/stal S miﬁerb icslgl g[h?d in essentially solvent-free
form or 528 SeTRed 0 A 1enQeh(RReIPEd PPN nventi on covers al |
crystall | ne nmodi fications and forms and al so m xtures thereof. 25 Conpounds

of formul glﬁspﬁf\—"é E,?’Ué° ocfc}gﬂ-f. RS @3 rQgeserecoefac, SRS be t%r'n%ﬁfﬁgo\ﬂfégbr al)

carbon at e eX| tence I Soneric
enanti onermpulindessi bl y d| ast ereoners The present inventi on relates to

al | cbh 'f?g%r cha@sé%yr |d||#é14 7051@96 a’aﬁ '5' )g Ué e%ettr%ﬁycﬁg gg 3-

racendt es) €oi so c forns ounds and

i nt er nedi dteegodibxoleiZ4i f(\slelm{nyoan]ﬁﬁwl)l@eha;tanaMnempbynd Belhppl i catl on of

pr ocedur e st soenerie ated by
iyt cal - SsarapiebRrRafdit- s -ARHGNE | STIFU Ut O e gRborBe, SO

chr omat ogrzaditixola-2@hn{4dijesyrael ¢g-cdrboxardide {comaowed 4pRY usi ng chiral

stationary, S 1ant 1. 0ES S: Yal -

2008/ 1041?5@%/%@5'85‘3? e halELa %eggﬁa@t@ erybéjotjhes S seahydre

cryst ald i zpirobh 3denzhdioxolgr 24t 40 rmirarl-4ai teshanane (epmpednd 08¢t i ve ani nes,
such as 1- fgﬂgdﬁfcﬂﬁroﬁrWQalilquW-rﬂ%@ﬁ&@y‘ Qe sdlﬂ?d’robﬁpn%‘fp%r BLeR-by

chromat ographi ¢ techni'ques using chiral statlonw &ases Said pure
st er eoi sorfiexaef2pp mézmh'am@] yderhanegef(eempewrd &84k espondi ng pure

5SSt er eoi SojIeg '5CD.cﬂro';f§pmd.ﬁéla ﬁp&t@pme%ﬁ&yswot[u@bgﬁ%fd@heﬁz grovi ded t hat

t he reaction occurs stereoselectively or stereospe0|f| cally. Preferably, if
a speci f i cieeridieei-4umethanengdspmeaund 40§).conpound wi Il be synt hesi zed by

st er eogel efys wepRhiord S/ rRARRAC)H §-1 C(ATRiRRSS - of - [H{e@tﬁtﬁ(y@&#mylﬂ 1 et hods

wi || advantageously enploy chiral pure starting materials 0
benzodioxole-2,4 " -piperidine]-4-yl)ethanone (compound 106),
2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-1 "-[methylsulfonyl]-spiro[1,3-ben-
zodioxole-2,4 ’-piperidine]-4-yl)ethanone (compound 107),
2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-1"-acetyl-spiro[ 1, 3-benzodioxole-

25 2,4’ -piperidine]-4-yl)ethanone (compound 108)
2-(3,5-Dichloropyridin-4-yl)-1-(7-methoxy-1'-methyl-spiro[1,5-benzodioxole-
2,4'-piperidine]-4-yl)ethanone (compound 109),
2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-2",3°,5°,6 " -tetrahydro-spiro[1,3-
benzodioxole-2, 4 '-(4H)-thiopyran]-4-yl)ethanone (compound 110),

30 2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-2",3",5",6 " -tetrahydro-spiro[1,3-
benzodioxole-2, 4 "-(4H)-thiopyran 1’ -oxide]-4-yl)ethanone. (compound 111),
2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-2",3",5°,6 " -tetrahydro-spiro[ 1, 3-
benzodioxole-2, 4 "-(4H)-thiopyran-1",1 " -dioxide]-4-yl)ethanone (compound
112), or



Compounds of the invention, optionally in conbination with other active
conpounds, may be useful for the treatnent of dermal di seases or

condi ti ongo 2068/@ei45e or chroni c cutaneous wound di sor depg/pioddiobiseul ar
for the treatnment of proliferative and,inflammuatory skin disorders,
psoriasis, cancer, epidermal 15inflamation, al opecia, skin atrophy,
steroid i nduced skin atrophy, skin ageing, photo skin ageing, acne,

dermatiti Sz—(?,fs%icﬁlod@fm@etiaéip's;/ridﬁ@bmyghﬁ!(t?-rdefrns_&piz1,3:,5cmlt-eéttrardawrat itis,
urticaria, pruritis, and eczenn. 3esi des bej ng ugﬁgul for human

t r eat ment ,SPIREL SRSBAREEOIET2 1 he (HHHHRYraBi Iyt mdBideday YAEEP 8 usef ul  f or
vet erinarycbmeatAgat3pf ani mal s including mammal s such as horses, cattle,
sheep, pi gzz_ dogs, and cats. For use in t,he,rgp . CO o(il_]mds .of ti? rEresent
i nvent i on k¥ brgpeeyidine ity He (4-HeHery-2 pha nécéqﬁfﬁggé ORI X PEN. The

i nvent isgn %oh?x@feolli,%lri%hﬁl){[i‘ﬁiow’rla?]afﬂbﬁihﬁmﬁlwﬁdor;ﬁéommbti on conprising a
conmpound of formula I, optigna oge I one or re othe

t her apeut i <43 BJOROIRN 82IR Ay Bulitr(( )Te&@ééﬁney '\%/l th - etmgoﬁ%fé@ﬁ?[irlc%l ly
accept a?l ggefh)éﬁﬂin@@IZIqlf)rl_(/‘ﬂ-h):-ﬂ{i@yﬁa'ﬂﬂp4ﬁb[)ﬁtpér&fﬂe (_mfbﬁ’tpobﬁ? "1a6gept abl e" in t hed
sense of being conpat wth the,qf.her i edi ents .of t conposition an
not del et ezr'i(’cﬂ%éazt”b' 'Wé’%’&i"ﬁtg?l’fy'gh&re 6 %ggrég}@'@ﬁ?pé'fﬂ[ﬂdl B?Wé)ma)?é(t%!e\?e

i ngr edi ent2,ORPFH )SEBoPyran-a-fetRehdfo lepmpeugtii16); t he fornul ation. WO
2008/ 104175PCT/ DK2008/.000080 16 | n .the_ faorm of a _do 1 _he conpound
may betladri fiPYf 'gﬁ‘ég‘yg‘r?égg?'%ﬁhxhr}mg 3 &;{/ eﬁ'?“&ﬁ{ﬂ‘%%?ﬁ?‘alfu% blgﬂ%éer val s,

al ways depsoxbleg, 4fowey ahjopyfarti]he-ytetidinoher{camhpohied pa7);ent, and in

accordance with th re i ption de. by th i,cal ctitioner.

Conveni ent%'@%”ﬁo'%gé‘gé}'ﬁ'ﬁ?frgf)#hoéy%r%usaté oﬁetg% tdg‘?rslp@&@é% vt\)/tgé%glo. 1 ng and
1000 ng, pietasably -(@et)vwhapytanigd-ahetHd@negrompobndd18); 50 ng of a conpound
of fornmul I sui tabl e a of c upd I -0 j |
depend, i %-&%,Gg?plcﬁf’or%-ﬁ hfﬂgl?gldgﬁgqne&h%)gﬁ%i ﬁxg%) 'gf _ttg 'Shg‘g?i %ﬁﬂ‘tﬁg&?@veri ty
of thasdi stasde20 40 e(4H,) ethiapyrdr()-4ryt)ethdnonef(aemppgnddlP);known to t he

practising,_ h Cl & The, cor nay- be-adnj ni 2d el 1 |y,
par ent er al gi]or Ic{rgg{hgglypyl 325@&&’@% ?63 dlgf gp}éﬁntﬁgggf%g%%ggﬁ £edg e.g.
daily or wdioxolesdeldl y(4Hittdiapyran]-41yl)gthenoak (ecompagnd1dBke will be in the
range from0,Q1 k0., bqdyq el } ) iﬂ%g( .adm ni stered
as a bol u? ??’gepltcﬁ Hgg%ﬁ@ég ﬁglql {y@ \3@%@2;‘\,’ gggg[r#ﬁ?}s%lgggz at e?ﬁ‘ce) or in 15
di vi ded dodsl)Bivoxetrangbitey!ieth@sone degmpaund hel)iont ext of topical treat nent

L g RS ORFEIOAL Sl R RO, -t ch derotes 2
benzodioxepin-3(4H),3’-oxetane]-6-yl}ethanone (compound 122);
2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-benzodioxepin-
3(4H),3'-thietane]-6-yl}ethanone (compound 123);
2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-benzodioxepin-

25  3(4H),3’-thietane-1’, 1’-dioxide]-6-yl}ethanone (compound 124);
2-(3,5-Dichloropyridin-1-oxido-4-yl)-1-{9-methoxy-spiro[ 2H-1,5-benzodioxepin-
3(4H),3-thietane-1’, 1’-dioxide]-6-yl}ethanone (compound 125);
2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-benzodioxepin-
3(4H),2'-(1,3-dioxolane)]-6-yl}ethanone (compound 126);

30 2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-benzodioxepin-
3(4H),4'-tetrahydropyran]-6-yl}ethanone (compound 127);
2-(3,5-Dichloro-1-oxido-pyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-
benzodioxepin-3(4H),4’-tetrahydropyran]-6-yl}ethanone (compound 128);



to a patient, and which may be readily handl ed and packed, renmaining as a
20physically and chemcally stable unit dose conprising either the active

material e 5e4¢fd4P5 @ Nixture of it with solid or |iqui@cRipaomeRmNisocal
diluents or carriers. The term "usage it" in connection with topical use

nmeans a unitary, i.e. a single dose capable of being adm nistered topically
to a patient in an application 25 per square centinetre of the infected

ar tea Of_frzomd_@-éitcmara@riaﬂnt-wl)an@ﬁ&hei;albhy'-aimhﬂraﬂmﬁﬂ01,_5-m:L of the

active ingredient 1 n_question, I S0 envi saged t n certaln

treat ment eBGPHR¥EPIRY H?f?t’f]a?ﬂ‘?jﬂ"%ec]FPS'IygﬁHéar”oi”ﬁt(E?R?‘QPBf‘d gaas' every ot her

day, eVer)Q-Y@,S'@icﬁ‘lbﬁ?iﬂjﬁmtﬁ)-|10{Weth6iye—étdiad>[$Hnli)5-B&%dhﬁ@ﬁfri-ci al. If the
I

treat ment jnvolves ni stration of another therapeutically active
conpound i3t(4"'§5r'&73 Fﬁﬁ‘j"{‘é}}@&'?ﬁlﬂ@ @Wdé‘{g%%)rran' s The WD

égOB/ }@él725HaP§gl@KRIQ&B&O&GMyMinEQﬂ?WﬁWI%@b%xy%ﬂoﬁzIefl,S’her apeutics, 9th
., J rdman an LEo, Linbir v MGaw-H 1] 1 for, useful
dosages ofbeé‘é?‘?ioé‘?ﬂ%%ﬁ%'ag.s -H,g?éltﬂéarﬁgﬁ-ﬁf}&l?a&qnsn%g@pguEciigg)hn&andof t he
present ifwle:ﬂ'sHDiBhMi’dd}'riﬂnﬁltlel)-IID{Q}n;EetbbheSpia@[tzi-NE,SebefWMEphﬁy be either
concom t anf ; nt i e formulatio Loclude e.g. those in a

f orm sui tg‘éf‘é)'gdﬁ'gﬁ 'f?%é%’&&%ﬁa%%@f@&ugaig:zﬁed rel ease), rectal,
parenteral (including subcutaneous, intraperitoneal, intramuscular,

dor a0 naldPrerPRGR BTG S a e Selto e MOGg o ellvdies SRESHE: e
claimed fornulation is particularly suitable. The fornul ati ons may

conveni ent|ly be presented..i 0 it faor d ed by any of
Che. ot hod2 48 RGN FRci kot SO kot BIGMR B LoBaBRPE O 0V, ¢
Rem ngt on,gefbeal Soinauia & hane aRmakcilae vwaigRHmioma890 DEdtoh, edch agbeiow 250

met hods i ng¢l.ude t f Lngi Ehé‘s IV@chn i into association
with the (@%rlt'réigére;d?%ﬁfoé'ﬁeggr?saﬁ{%U?tgggne o(?(\str?lgr‘ §Sg’(:g|re§§%?{%‘tf)hgr edients. In
generdls, the formul ations are prepared by uniformly and intimtely bringing

the active.inaredient .| ¢ Al e We[AF ' a finel
i vi ded sqniASsnEHY el BbARARCGF Ble eIl bt drthe cGbbLRe B i he
product i fiemnylad agedsfingd above are useful in therapy.

The compounds of formula I may be obtained in crystalline form either directly

20 by concentration from an organic solvent or by crystallisation or recrystallisation
from an organic solvent or mixture of said solvent and a cosolvent that may be
organic or inorganic, such as water. The crystals may be isolated in essentially
solvent-free form or as a solvate, such as a hydrate. The invention covers all
crystalline modifications and forms and also mixtures thereof.

25
Compounds of formula I may or may not comprise asymmetrically substituted
(chiral) carbon atoms which give rise to the existence of isomeric forms, e.g.
enantiomers and possibly diastereomers. The present invention relates to all
such isomers, either in pure form or as mixtures thereof (e.g. racemates). Pure

30 stereoisomeric forms of the compounds and the intermediates of this invention
may be obtained by the application of procedures known in the art. The various
isomeric forms may be separated by physical separation methods such as
selective crystallization and chromatographic techniques, e.g. liquid

chromatography using chiral stationary phases. Enantiomers may be separated



formul ation. Formul ations of the present invention suitable for oral
admnistration may be in the formof discrete units as capsules, sachets,
tabl et s okol0@@@es, each 25 contai ning a predet er m nedpaiFdbhosafoodsoe
active ingredient; in the formof a pow?er or granules; in the formof a
solution or a suspension in an aqueous Tiquid or non-aqueous |iquid, such
as ethanol or glycerol; or in the formof an oil-in-water emulsion or a

vat er - i n- of-bm &Heh HtRdt- by&@sé?édtﬁe@%t@lﬁz%rpbﬁth@mcﬁasté%él‘ﬁ: &lt8-with
cottonseed oil, sesane oil, coconut oil ﬁeanut oil. Suitable

30di sper si R§ically aetiyserminegs. sg@hes!- Wedétﬁ‘ﬁeé grnalvBlYn SNBRKOMEE MA% P&y nt het i ¢

or natUra'seﬁHF&eéB?Qh?&nEf@g&ﬂﬂB'&&hnﬂiu@b%ﬁ@ cfﬂﬁ@@ta@on@%ﬁﬁéﬁés s&di um
car boxynet hyl cel | ul ose g}el atin, nethylcell
I

hydr oxypr owfe FERTRYISERIEriG TRRRs ”}?y’oer'%(%FSBW%E’PFUW%@""&BPB%‘H@&"%nd

pol yvi iyl piteres|softRitR.- forie of€hd ¥epropaateditening nﬁaweraln§cprbadeaima'tutaéer ed in
the formof a bolus, electuar ast e. q\% 2@0 4175P / DK2008/ 000080
18 A tabl JEFHRD BREURREETERselEs ﬁﬁ?'@! isterearPsriifedy nigefsrabcfia®eciigr edi ent

gpt i onal | YSCti'é\ﬂgbfboﬁfé? iOHe SR saRICAPSFIUA \:Omrbédéyﬁmhéslze@bmﬁﬁsaﬁélécﬁbé @'gs nra;(/ )
e prepared by conpress a suit e _machi tive ingredient(s
in a5 fredeEPreRE Wﬁfglﬂﬁprs arét'BB\iﬂEﬁedPeﬁ‘Paﬁﬁ‘f"i?gv?iﬁ??%%yi y mxed by
a bi nder, é}ﬂgby@alrgl,g_.relswrttmg&na@riamse, starch, gel atine, acacia gum
tragacanth gum sodi um al gi nate, carboxynet hyl cel | ul ose, nethyl cel | ul ose,
hydroxVbropyInethylcellulose, pol yet hyl ene gl ycol, waxes or the like; a

| ubri cant cscuﬁdsbtﬂmSe:fghe$mﬁnumhpb@mrallySmdmerﬁattnearvatreothmgnasé um st ear at e,
sodi um 10benzoat sodi.um ait‘ﬁt at | umtcr?z or i d

di si ntegr aﬁ%?ﬂf”&ééh?’% Peu eror 5"3? SNt 8l dqine ?'Isﬁﬁ'sgéeo r cgng'Fmﬁ%e%rt onite,
cr oscar el dcogeosdtlonig cusankau Mlﬁfcbdhs@‘idyém)hlh abejcutardeptha tteatenmt dfhe |ike

di h bat b d
o o PRSI AP ALK SRIRAL R, Pl K BB FgEY Do e
i ngr emsentlnﬁmdnianlbhabloeecnar skieatrbphy, steevie dnduiced sam atmrmy, Iskqlmgtlrw | uent .
oot 2 el Sk SRR, RAE AR SRCAPYCRR L, SELd A EuBImanRp oS, | 11 &2

in which t'he Co0 '&sent ' on 1§ -adm xed w el ting
wat er sol Ldolntaomldermabtls}bjrecam,lmfsrls&candisczema but ter, hydrogenated

veget abl e oils, 20pol yethyl ene glycol or fatty acids esters of polyethyl ene
glycols, while elixirs nmay be prepared using nyrist pal mtate.

For mul ati cﬂfﬁ;idasitteérm eseffgthpdmue‘mnelrraatnm*d Hiesearape Scﬂﬁﬁb@ﬁl’@ﬁnty conprise a

steri| hg?ﬁromgy %@?ﬁﬁ%f@@?@fne%ﬁegﬁﬁéﬁ(@oﬂMﬁwgghﬁahamgv"h' chis

prefera sot on e bl oo e reciplent I sOt oni ¢

sal i ne, i sm@mmais gﬂlqjt@%éowsu@atﬁﬂ, heepupiosr degsl, @AEats-The f or mul ati on may
be conveniently sterilised by for instance filtration through a bacteria
retaining filter, addition of sterilising agent to the formlation,

i rradiat i gierefsetimsherapyatappeiNdsof [iba PresgnbinveRton grertipagaliyrin the form

of a pharmaceutical composition. The invention therefore relates to a

25 pharmaceutical composition comprising a compound of formula I, optionally
together with one or more other therapeutically active compound(s), together
with a pharmaceutically acceptable excipient or vehicle. The excipient must be
"acceptable" in the sense of being compatible with the other ingredients of the
composition and not deleterious to the recipient thereof.

30
Conveniently, the active ingredient comprises from 0.05-99.9% by weight of the

formulation.



Li posomal fornul ations as disclosed in e.g. Encycl opedia of Pharnmaceuti cal
30Technol ogy, vol.9, 1994, are also suitable for parenteral adm nistration.
Al t er nat iwel¥es/folisconpounds of formula | may be preseniped/mgodsmbRoi | e,
solid preparation, e.g. a freeze-dried Pomder mhlch is readily dissolved
in a sterile solvent imediately prior 'To use.

2008/ 104175PCT/ DK2008/ 000080 19 Tr ansder nal fornulations may be in the form

of a pl aStﬁfth‘érfoﬁnRﬁta%sa?:@ﬁjﬁw i &Hﬁp&bHd @Ekl%efﬁmmiﬁﬁéﬂé@dﬁe%r more
adm nistration may be in form of 5steril e aqueous rerﬁ)&eatlon of the

active ingi®gs érﬁaé/ At ARPEPPTIRLS e rYals, rﬁ"ﬂ?bﬁ:ﬁ’?&e{”&mq' WEYF example, in

the form Oéon@&.&%meqaa%ﬁf %@ﬁyﬁta%héﬂdaacesw&n&nalpeéscnlpt.pﬁsmw by eterul at i ons
or bi odegradabl e pol yner systens e. %8@615 di sclog P cycl opedi a of
ﬁémH

Phar maceutm@ﬁﬂcaW@ﬁ%%???@y?ov\b?“"?‘t'yl sage ¢ & @ BtE5#8Bsent the
activeg n%&%eﬁto 1 aig epdtbad mgC, rﬁdférélblﬁtbléahe@ﬂl g ahonoolmg, arh @us+ abl e

for topical or ht hal m ¢ g{g ation include liquid or sem-liquid
pr epar at i o-'f’%"%?:ha 5%'“P?W‘qr8 §mu | ons, gels, sprays, foams, oil-in-water
or water-in-oil emulsions such as creams, ointnents or pastes; or solutions

or suspensjons ch as d sitjons f er.Q t,hal nt 15may
pr ef er abl y* §47R ?gﬂé?ﬁ/orr@'ﬁtcé’mf’%" bﬁé@(‘ﬁn v@@lde{)% ln{er @%ﬁnﬁl stration,
t he conpouine e érﬁrmﬂdmdn dif&%etga}bieﬁalthy sbeer}myaifethé disteasmt@bamretaterl from

0.01 to 20% wei_ght of eco |t|o hasO L but
may altb b§£¥@§é tons wel g e?ﬁ?c{]%n ?'C'baﬁ%% %ﬁ'@g%&l #g%s?tl on.
For mul at i oaitﬂnsmsitél&hle&th‘eﬁbremysabremtertaluszcoaltomdaﬂynacs:brcangwdiffarémn:l@smg/\der,
self-propel and spray formul ation sucC 1 sers.
Such for mAdERgRe SPaodcel BLOG P al o BEnRS] B 3Riale ARt BhOER B

Phar maceut thesangé roab0d. to 48BmgRemkedy areipht. The Rbrodesnd BFdy.be page

427-432, Narcel ker Yr r.n. Phat. L ;&{é} N oS

Banker ana‘a LP'StﬁI?gc?és ng g%'aegéﬁg%ggg’igg%g?%%ﬁ%‘fr r%e)ls&fer, New
Yor k arsd EalmMech@eels twobr ﬁtwemmnsm danl Technol ogy, vol. 10, J. Swarbrick
and J.C. Boylan (Eds), page 191-221, Marcel Dekker, New York. 30 In

addition to the aforenentioned ingredients, the fornulations of a conpound
of for mul aln theegpniext|of depicridreatment & mavibeiroergl appngpiéatedatrsfesje @ as

e S A R RO PG ot i =

to a patient, and which may be readily handled and packed, remaining as a
20 physically and chemically stable unit dose comprising either the active material

as such or a mixture of it with solid or liquid pharmaceutical diluents or carriers.

The term “usage unit” in connection with topical use means a unitary, i.e. a
single dose capable of being administered topically to a patient in an application
25 per square centimetre of the infected area of from 0.1 mg to 10 mg, and

preferably from 0.2 mg to 1 mg, of the active ingredient in question.

It is also envisaged that in certain treatment regimes, administration with longer
intervals, e.g. every other day, every week, or even with longer intervals may

30 be beneficial.

If the treatment involves administration of another therapeutically active

compound it is recommended to consult Goodman & Gilman’s The



20 preservatives, e.g. nethyl hydroxybenzoate (including anti-oxidants),
emul si fying agents and the |ike. Wien the active ingredient is adm nistered
in the fowonoeds/mal7’ss with pharnmaceu- 5tically accept abl ecmambesiososaci ds or
bases, preferred salts are for instancgseasily water-soluble or slightly
soluble in water, in order to obtain a particular and appropriate rate of
absorption. The pharnmaceutical conposition may additionally conprise one or
nore ot herPthrnacélbyEalC@mqmaEMerapmnan‘f‘ (Elda,I] ¢. Hetnamanthé. E.riégmbirdnt  of

ol ucocor t 1 ER IS G BT vie kBB L R e i o e, 0

platel et activating factor (PAF) antagonists, anticholinergic agents,

e ome: hace SinsiaRh R Y difodfenie eggée%t.mnfw hit, ofiélbf fdrt es.

i ndonet haci oxen adi ne

peni ci |5l amther, aetevnemunmmlndstrmsobe Iemherrttqmoag@ntls; orrsequmiaﬂly-, zinc salts,
sal i cyl azosul fapyridine and cal cineurin inhibitors. The invention is
described in further detail in the foll ow ng exanples which are not in any
way i nt endide foombiatiots ifntudecege thefsetine formeswitable fas ol dingvging0 METHODS OF

PREPARATI gﬂsfm?edcfmﬁlléﬂq'éle%e)t r}‘QctQIr ?E?é}fte@“(ﬁleﬂ}d% &itu eBD@,par ed in a

nunber of inthe art of synthesis. The
conpounds Iotfrarbentmled, lntrm:yu?'t‘@lr‘arem?rﬁ@rfec% Freiptmaxeneds) ntrapséermabet i ons and

L echnl (e oRMidiE doBRal Wefmal, AIELIE bubtd A Hﬁhﬂﬂ%ﬁoh“ﬁwcdln the art of

synt hetic organic ch 6r vari ations ereo reci ated by those
skilled i radmmelsmatlon Iblfélﬂ%F irdedréQrAsdrii nis| nagkcul gy S%ﬂﬁ@'ﬁi‘rot linmited to,

t hose described bel ow. The reactions are carried out in solvents
appropriate to the reagents and nmaterials enployed and suitable for the

t r ansf or nefthedasmplatiags aldveearvgniently e Rraseried &y Aesage WikErAodRd B¥Ycr i bed

30bel ow, ige br%psfédb@y HW%F SRRt dRIwel kndWPROFR K BREhaMRaGORY. tdsons,

| ncl udi ng choi ce of 'solvent, reaction atnosphere, reaction %dengerature

dur at ilon clisctessdrin Raminaten, \Xb?lgft?ﬂcﬁlaﬂéé’diﬁt@ of fharmRes AP t 08%ndi ti ons

of standarg] %@Ehadla.aﬁcm@@@ﬁé Qﬂép Mkyrmg.n@méla&.b@.ﬁg&édiehylﬁte%@g&u.m by one
skilled in the art. Not oun falling into agglven cl ass may be

conpat i bl Vi e %Hﬁrrdﬂh'FhéO“W%Wlﬁﬂ?WFEﬁ&‘m 65050 191 reaction
condi ti ongydn@rdl] frbfokmufRidhs fe bRepalf@l B dnifeeslyrdrdeatimately breging el ons

active ingredient into association with a liquid carrier or a finely divided solid
20 carrier or both, and then, if necessary, shaping the product into the desired

formuiation.

Formulations of the present invention suitable for oral administration may be in
the form of discrete units as capsules, sachets, tablets or lozenges, each

25 containing a predetermined amount of the active ingredient; in the form of a
powder or granules; in the form of a solution or a suspension in an agqueous
liquid or non-aqueous liquid, such as ethanol or glycerol; or in the form of an
oil-in-water emulsion or a water-in-oil emulsion. Such oils may be edible oils,
such as e.g. cottonseed oil, sesame oil, coconut oil or peanut oil. Suitable

30 dispersing or suspending agents for aqueous suspensions include synthetic or
natural gums such as tragacanth, alginate, acacia, dextran, sodium
carboxymethylcellulose, gelatin, methylcellulose, hydroxypropylmethyicellulose,
hydroxypropylcellulose, carbomers and polyvinylpyrrolidone. The active

ingredients may also be administered in the form of a bolus, electuary or paste.



to the substituents which are conpatible with the reaction conditions wlI
be readily apparent to one skilled in the art and alternative nethods can

be used. woSh@ioky® nMaterials are either known conpoundgcifiirosaiofoso
comercially available, or they may be 1Br epar ed by routine synthetic

met hods well known to a person skilledin the art. The conmpounds of the
present invention or any intermediate may be purified if required using
standard methods well known to a synthetic organist chem st, 10e.g. nethods
described in "Purification of Laboratory Chem cals", 5" ed., 2003. Starting
mat eri al s Arteblet mayrbecmade by soprrIReaing eomastdnathe adivg indmdientor t hey may

be prepar e@pt%haﬁlwiém@né&nm% bEca¥Bs Qe gratdlts KosmPresged tatéts GRap ke | | ed in
the art. 15 GENERAL PROCEDURES, PREPARATI ONS AND EXAMPLES, 1FI nucl ear

magnet i c r REHARRY CAMRIEsERgCiT 2 SRl rRRdiNfe dhe Pl NGEEdIERYShBE VR

spect r a5 at frdS-fRWE forfithGl a pOivlier ¥gra@sIespoptighalp Mhixad &ycaibingdr,i n t he

specified solvent relative to interpal tetranethylsilane (5 .= 0.00) or

chl or of or n$4ah s &golrtase, guiGPss ikt oPPPBRTN 3B IHEN S 29PN B BUNIVR)

?t ?ndar dsisotﬁlﬂ’nl ;/aad_;iu@tez(é@ifboaymtwlﬁélmoseph{dnwlcamﬂdsged (doubl et (d), triplet
, Qquarte or no at t roxi mate m ojnt.i s given I

range is qﬁ’fﬂrélcﬁklgr%\élf"qthﬂg%l%%e' go&egg)ge%q AlyFe Waﬁ%gf)i;Qfaneé agfé'l {'/'8?#2 5:Zda

wer e usual §yehaddw.gr sedium@lestensogiuapitganas, payhesiumadtearatd rsoldisn| i ca gel 60

(0.040 - 0-063 vent ratios .i.n v _unl gss

ot her wi&e Rﬂ?@ﬁ@fﬁd%ﬁga?%%*%\ﬁoﬂﬁ’"bﬁ%lf’ﬂ% Eiglf %@%EE%;%/Q%@&%%%@&?QF RF oughout :
DCMi chl or euvkt dxa19. BV, MhetBiy et ipk ¢, crgae,nbehe o v @ito stairime ! loseus ddacringd e
S0Etethyl ELQAGRINh AN RBbviabhe Br b ikd B 4lidblet SR8 88N, 30LAEs
polysorbate 80. Moulded tablets may be made by moulding, in a suitable
machine, a mixture of the powdered active ingredient and suitable carrier

15 moistened with an inert liquid diluent.

Formulations for rectal administration may be in the form of suppositories in
which the compound of the present invention is admixed with low melting water
soluble or insoluble solids such as cocoa butter, hydrogenated vegetable oils,

20 polyethylene glycol or fatty acids esters of polyethylene glycols, while elixirs

may be prepared using myristyl palmitate.

Formulations suitable for parenteral administration conveniently comprise a
sterile oily or aqueous preparation of the active ingredients, which is preferably
25 isotonic with the blood of the recipient, e.g. isotonic saline, isotonic glucose
solution or buffer solution. The formulation may be conveniently sterilised by for
instance filtration through a bacteria retaining filter, addition of sterilising agent
to the formulation, irradiation of the formulation or heating of the formulation.
Liposomal formulations as disclosed in e.g. Encyclopedia of Pharmaceutical

30 Technology, vol.9, 1994, are also suitable for parenteral administration.

Alternatively, the compounds of formula I may be presented as a sterile, solid
preparation, e.g. a freeze-dried powder, which is readily dissolved in a sterile

solvent immediately prior to use.



WO 2008/ 104175PCT/ DK2008/ 000080 22 Li HVDSI it hi um Nexamet hyl di sil azide mlli
Menet hyl MeOHnet hanol 5 NMRnucl ear negnetic resonance pptprecipitate itroom

t enper at uye 206Eor750! uenesul phonyl chl ori de THFt et r ahy dipefrryi@dosifdoosyol une
Preparative HPLC/ M5 Preparative HPLC/ Mp was performed on a Di onex

APS-systemwi th two Shimadzu PP150 prep. punps and a Therno MSQ Pl us nmass
spectroneter. 15 Colum: Waters XTerra C 18, 150 mmx 19 mm 5 pm
solventsystem A = water (Ol%form'c acid) and B = acetonitrile (0.1 %
formc acid); flowrate = 18 I,hod gr adi ent

met hod go.Tﬁan?%maipr'ﬁ'% ’TBbg‘% I the, fog ?IP@gk%T)n‘H %P%ﬁhg at 100 0/0 B

for another 2 mnutes. The fractions were coI | ected based on ion traces of
et e ol e SR oo e R TR e B ot >
anal yt iscalst@rumqaeduapidpﬁwmd\mhamsvemsgs—eepem, wdhielt eray lﬁonlnurm 25 Waters
e o erd ek 1 S S o VAT By o RS yhers o ©
met hod ( lQ;uprél)snorLImefsrongﬂ dokinauns tiorest Mo@mragalﬁlemﬂﬁer%ﬁtems e a% B i n 6.6
m nut es anddsc ose IiR%n%{tcl%ggd|gA)oFSPLarma6E:ré8Elcaq Te%h F-folc% L\;oqa 1989, may also

be used to present the active ingredient for ophthalmic administration.

10

Formulations suitable for topical or ophthalmic administration include liquid or

semi-liquid preparations such as liniments, lotions, gels, sprays, foams,

oil-in-water or water-in-oil emulsions such as creams, ointments or pastes; or

solutions or suspensions such as drops. Compositions for ophthalmic treatment

15 may preferably additionally contain a cyclodextrin.

For topical administration, the compound of formula I may typically be present
in an amount of from 0.01 to 20% by weight of the composition, such as 0.1%
to about 10 %, but may also be present in an amount of up to about 50% of the

20 composition.

Formulations suitable for nasal or buccal administration include powder, self-
propelling and spray formulations, such as aerosols and atomisers. Such
formulations are disclosed in greater detail in e.g. Modern Pharmaceutics, 2"
25 ed., G.S. Banker and C.T. Rhodes (Eds.), page 427-432, Marcel Dekker, New
York; Modern Pharmaceutics, 3™ ed., G.S. Banker and C.T. Rhodes (Eds.), page
618-619 and 718-721, Marcel Dekker, New York and _Encyclopedia of
Pharmaceutical Technology, vol. 10, J. Swarbrick and J.C. Boylan (Eds), page
191-221, Marcel Dekker, New York.
30
In addition to the aforementioned ingredients, the formulations of a compound
of formula I may include one or more additional ingredients such as diluents,

buffers, flavouring agents, colourant, surface active agents, thickeners,



30 Method B: Anal ytical HPLC/ M5 was performed on a system consisting of a
Waters 2795 HPLC, M cronass ZQ nmass spectroneter, Waters 996 PDA. Col um:

Waters Xhgonaosodds 50 mMmmx 3.0 mm 5 pm sol vent syst empcAVDK2008/000080
wat er: acetonitrile 95:5 (0.05 %forrricsgcid) and B = acetonitrile (0.05 W

formc WD 2008/ 104175PCT/ DK2008/ 000080 23 acid); flowrate = 1.0 ni/ mn;
nmethod (8 mn): Linear gradient method going from10 %B to 100 % B in 6.0
m nut eSt QW’e%rgﬁtli_ﬂék, alg.lAetH Byc?r@ls(%tierm'oata @ncl@ihgra@:cti-@iidﬂﬁtdw e of
preparation: 5 The conpounds of the invention can for exanple be prepared
by the foI%\v\Fﬁ\ﬁj"%@ﬁ@P?la’}?g&de?: Conpounds of the general fornula |a,
wherein RlL, R2, and R3 are as defined above, can be prepared as follows: 10

Starting materials of fornula. la are prepared accordi to standard

pr ocedur esVRABHF ?Bt"’(,eh'éﬂfé&]ergk? FF%"'F%F?CEE‘ éﬁ%r@,%,sﬁﬂgﬂ'%&?ﬁwcﬁéﬁzoi c
acid 11_35 S&ﬁ@ﬂ?Kiayééﬂtaﬂé-mnﬁb&hyédﬁdsa& BisekpreZerred 8al8s presfiot iimstansd eyl BCl 3
according to Kai oet al. 1 nt h. Comun, 986, 16, 645-48 = Subsequent
reaction o‘?’arfaﬁ'éofﬂ’glﬁ%”t%tgﬁba S(?ﬁﬁ%%ﬁh‘ﬁaﬁeﬁ’ 'r?e%ffjeﬁéf 8?.%&” a@ﬁ&'cui?rhaenrds, ket al s
or a m xt Wppropriditbese of ddsoeption. t hout addi ti onal catal ysts such as

par at ol uenesul fonic acid or a lews acid at tenperature fromroom

tenperature to 180 C using either mcrowave or conventional heating,
resul ts i MHehghazthacentdeal nospdsitioRevay additiofiallyocnmopntsone othmiboe pthear 2a wit h

ol S bR e Bt By TSR s BBt P BRenlel 25
at tenper adonditonby e selentedenqerthe greun corBistinQaE giicosodmetsuniiamot Dt he
formila Saeind \\//i\gmzl(r)m%/a%Qé%Zé&g‘:{tmgrgﬁ{egpngegetzg'ctivating factor (PAF)

antagonists, anticholinergic agents, methylxanthines, B-adrenergic agents, COX-

2 inhibitors, salicylates, indomethacin, flufenamate, naproxen, timegadine, gold

15 salts, penicillamine, serum cholesterol lowering agents, retinoids, zinc salts,

salicylazosulfapyridine and calcineurin inhibitors.

The invention is described in further detail in the following examples which are
not in any way intended to limit the scope of the invention as claimed.
20
METHODS OF PREPARATION
The compounds of the present invention can be prepared in a number of ways
well known to those skilled in the art of synthesis. The compounds of formula I
may for example be prepared using the reactions and techniques outlined below
25 together with methods known in the art of synthetic organic chemistry, or
variations thereof as appreciated by those skilled in the art. Preferred methods
include, but are not limited to, those described below. The reactions are carried
out in solvents appropriate to the reagents and materials employed and suitable
for the transformations being effected. Also, in the synthetic methods described
30 below, it is to be understood that all proposed reaction conditions, including
choice of solvent, reaction atmosphere, reaction temperature, duration of
experiment and work-up procedures, are chosen to be conditions of standard for
that reaction, which should be readily recognized by one skilled in the art. Not

all compounds falling into a given class may be compatible with some of the



The ester 3a may al so be prepared by classical esterification nmethods using
the al cohol and a suitable acid e.g. H2SO4. Conpounds of the formula |la
(X=CH2) ed by condensation of the 5 generateg r wth
lithio cgﬁgggﬁgﬁgigenerated fron1AvN®t2% wherein Ais q?%ne%mgg&ﬁ

descri bed above, and a suitabl e base ch as LDA or LIHMDS in a suitable
sol vent such as THF at tenperatures frommnus 78C to room tenperature.

Al ternativg &.ﬂpcc&m.édé #ng.reanbe&herb? tRe SHdtAOR GedcRBEENSudmshRtioRgd. 10
Compounds o formul a (X=NH) were obtained by reaction of conpounds
with the ft@rthﬁlsabsatuamsr\wb'@b@mcorsw'lzledv'tfpm%rqaﬁt'an sonditigrevwibP&ent such
as DCM or rfeghféﬁaﬁp%hhtc%nwsﬁ.héwrn GRtAt ¥hi GrarHve AEtHBYE cah bkargear at ur es
fromOCto 70C to afford the corresponding acid chloride. After evaporation
of the 15 solvent in vacuo subsequent condensation of the generated acid

chloride vhRidY Ha8&fils Rt BfSer IGRARY @rfsbundsaslth bRNcamAidréiaip) e base, such
as NaH, LDA or LiHVDS in a suitable solvent such as THF at h(ﬁ(irrﬁeratures

from ni nusaV?QEb'?oo'F Hisn marperpiergredity rRukipg sy pihsticimethofs wg wa 95
descri bed @pg%gnsﬁm@dpﬁ&ﬁ@gﬂed 20 Conpounds of the general formular Ib,
wherein RL are as defined above, can bngre ared as_follows:

VO 2008/ 10%@@9%@20657‘9@0%?@& HyeptpR O] R4 TGS ¥iBRgP I

glrgocedur egrg q@iréd u%@Hté\‘i‘dﬂa r&%odﬁ%llm&own tohesyafhetic @anist chékiskat i on of
usi ng

Br es e of a U|ta L. hase ch as
cp00s 10 aumesids dsseubed ino bakhoalon B oS o SPETIARES, e iy POBh &
t enper at urﬁahmglaﬁ&rﬁalyeré:@nmunmméorﬁmrfd@r amhme!&baummmms:rmhe;t he

formula |Ib X—CH wer.e obt ai ned con at of the genera met hyl
ester WItHn%Ylbﬁl% R3fFd E?H%'”ﬁéﬁ%%f'&ﬁ"? E8aﬁ ﬁ/é‘f’ﬁi’)’ln t°v9n ré?"hsgﬁ?g"blefi ned
as descri bd arshove, and a suitable base, such as LDA or LiHVDS in a

sui tabl e sol vent such as THF at tenperatures frommnus 78C to room

10t enperature. Alternatively to the lithio carbanions a grignard reagent
may beuuse@ENEEAmEROO&UUaEssPSEm%vﬂgousanﬂaEdAumnﬁstions (aci di c or basic)

theoar bosg! MG HPRntG eaen e N beBih dverByerdty S8 S0P ePaE s, i 0,
ni t r ogen- a¥iMRspedtoeak 7 ateeMHEzr Gheml*dlallzshuﬁyaﬂ@c(t& tredprh&)raret heotedrinltesi s of |a
(X=NH. Pr eé%ec?teld%olvent relative to internal tetramethylsilane (8 = 0.00) or chloroform

(5 = 7.25) or deuteriochloroform (8 = 76.81 for >*C NMR) st_andards. The value

20 of a multiplet, either defined (doublet (d), triplet (t), quartet (q)) or not (m) at

the approximate mid point is given unless a range is quoted. (bs) indicates a

broad singlet. The organic solvents used were usually anhydrous.

Chromatography was performed on Merck silica gel 60 (0.040 - 0-063 mm). The

solvent ratios indicated refer to v:v unless otherwise noted.

25
The following abbreviations have been used throughout:
DCM dichloromethane
DMF N,N’-Dimethylformamide
DMSO dimethyl sulfoxide
30 Et ethyl
EtOAc ethyl acetate
h hour
L litre

LDA lithium diisopropylamide



7- Methoxy-2 ",3 ",5",6 "-tetrahydro-spiro[1l, 3-benzodi oxole-2,4 "-(4H)-pyra
n]-4- 20 carboxylic acid (conmpound 501) Ove 0\ / 0 O/Y\/ COON A
suspensi oRo2%mosZodrdi hydr oxy- 4- met hoxybenzoi ¢ aci d (6. 04 pgy/pi2ods/d5088H) |1 N

5, 6-di hydr o- 4- net hoxy- 2H pyran (20 ni, ,152 mmol ) was kept at 140 C for
three days. At roomtenperature ethyl acetate (200 nL) was added and the 25
organi ¢ phase was extracted with saturated aqueous NaHCO3 (2 x 50 nmL). The
aqueous phagepgas Wakhee Hexhmekhydislazide 40 nL), acidified to pH =1 with
concentrated HCl and extracted with dichloromethane (2 x 50 nL). The
organi ¢ pHase was dmilld over MySO4. Evaporation under reduced pressure

af forded tmaces of ghethydi hydroxy-4- net hoxyben20| c acid along with WO
2008/104175PCT/DK2008/000 80 26 7-nethoxy-2",

, 5", 6"-t Y¢Sy dr o- TSHHBIL, 3- benzodi oxol e- 2, 4 " -(4H)-pyran]-4- carboxylic
aci d (5 23R 149 . naaééerEgr(@tyﬁ@)soﬁar{k@4 9, 148.2, 146.6, 134.5, 123.7,
117.0, 107. 1, 106.8, 64.4, 56.0, 35.3. 5SPreparation 2: Methyl
7-met hoxy-PPt, 3 5" PECIPItAls  anydr o- spiro[ 1, 3- benzodi oxol e-2, 4 "-(41-)-
pyran] - 4- qarboxylat&kaaﬂpauﬂdHEOZ) COOVe A suspension of the crude

7 met hoxy 5" ro[l 3- 10benzodi oxol e-2, 4
- (41)-pyr'& 12&1 4- car%g%'z'FP%S%@?Jd‘yz h'?g 9, 8 15 nmol), KHOCB
THF tetrahydrofuran
10 v volume

Preparative HPL.C/MS
Preparative HPLC/MS was performed on a Dionex APS-system with two

Shimadzu PP150 prep. pumps and a Thermo MSQ Plus mass spectrometer.

15 Column: Waters XTerra C-18, 150 mm x 19 mm, 5 pm; solventsystem: A =
water (0.1 % formic acid) and B = acetonitrile (0.1 % formic acid); flow rate =
18 mL/min; method (10 min): Linear gradient method going from 10 % B to
100 % B in 6 minutes and staying at 100 % B for another 2 minutes. The
fractions were collected based on ion traces of relevant ions and PDA signal

20 (240-400 nm).

Analytical HPLC/MS
Method A: Analytical HPLC/MS was performed on a Dionex APS-system with a

P680A analytical pump and a Thermo MSQ Plus mass spectrometer. Column:

25 Waters XTerra C-18, 150 mm x 4.6 mm, 5 pym; solventsystem: A = water (0.1
% formic acid) and B = acetonitrile (0.1 % formic acid); flow rate = 1.0
mL/min; method (10 min): Linear gradient method going from 10 % B to 100 %

B in 6.6 minutes and staying at 100 % B for another 1.5 minutes.

30 Method B: Analytical HPLC/MS was performed on a system consisting of a
Waters 2795 HPLC, Micromass ZQ mass spectrometer, Waters 996 PDA.
Column: Waters XTerra C-18, 50 mm x 3.0 mm, 5 ym; solventsystem: A =
water:acetonitrile 95:5 (0.05 % formic acid) and B = acetonitrile (0.05 % formic



(2.58 g, 26.0 nmmol) and di nmet hyl sul phate (1.58 niL, 16.7 mmol) in acetone
(62 nm.) was stirred at roomtenperature for two days before it was

evapor at agohgostioyi¥ess under reduced pressure. Ethyl acepaisi286oddsh was
added. The organic phase was washed wi$h 0.5 M aqueous NaOH (6 x 30 niL) and
15 evaporated to dryness under reduced pressure. The crude product was

redi ssol ved in dichloronmethane (75 nL), dried over MgSO4 and evaporated to

d][]ynezsduruém), ﬂedue&d =P1. Q&ﬁLVfrﬁn S’Sétﬁﬁk&(&i ntih}:i Gedredradieht methdd gaimyogr aphy
af f or de

-tetrahyge >slf|9| ("o‘? fo 318Be/ﬁ 'di‘i%QdT’@Z't% and$5RY g 3k 00, % B fofok Y- (1. 87 g,
79% . 13C NWR (CDC13) 5 164.9, 149.1, 20147.2, 135.2, 124.0, 117.5, 107.
106. 5, 65. 56.4, 5 8 35. 9 St andard procedure A. Exanple 1:

2- (3, 5-Di cedul - et hoxy-2 ", 3",5", 6

- t et r alsy drivesgoimi prjuhds of 2|5ebmveatlomxa)d\ €orexanmplé Hik- plézpap‘yeda]‘y] thé-fglbmrihgnone
(conmpound 1012 | V\Qh 90_8/ 104175PCT/ DK2008/ 000080 27 A solution of nethyl

7- net hoxy-% eral me s

", 3",5",6"-tetrahydro-spiro[ 1, 3- benzodi oxol e2, 4"- (4H) - pyran] - 4-car boxyl ate

(1.809, 6.42 nnDI ine(1.4

tetrahydroqoﬁ'?paor’i' f?ﬁ% %&g%'%coo ec1a {a %&In & PI% 063%0? ?lgg%in@ I|th| um
bi s(tri netabplvs, ¢dan bapraparedias Elloatsydr of uran (19.3 L, 19.3 mmol ) was added
and t reaction m xture was allowed to reach room tenperature overnight.
Sat urdted aqueous NH4CL (70 nL) was added. The aqueous phase was extracted
wi t h di chl orjlonet hane (3Rx 100 m.). The&:conbi ned or g@ni c phase was washed
with water L), dr} RVRRRA dryness under
reduced pr £. ~Stan 5><p<hy fol |l oned by
recrystalization fromi

opropanol af f dr ded 2- (3, 5-
di chl or opyei dbne- 4- yljo met hoxy>2 3 ' 15' , 6 ot et r ahydro-spiro[ 1, 3-
benzodi oxol & 2, 4" - (4H) - %Syra;ll]“ﬁ'z pet h¥none (1.90 @, 71%. 13C NWR (DVBO 6
189.1, 148.2, 147.7, 1470, 141.2, 134.5, 132.8, 122.0, 118.0, 113.0,
107.8, 1564. 4, 56.3, 43, 35, 2. Exanple 2: N (3,5-Dichloropyridine 4

, , g(rahydro spi ro[ 1, 3- benzodi oxol e- 2, 4

- (4H) - pyr an] - 4- car boxan (Eompound 102)

Starting materials of formula 1a are prepared according to standard procedures
known to chemist skilled in the art. 2,3,4-trimethoxy benzoic acid is selectively
di-demethylated at the 2- and 3-position using BCl; according to Kaisalo et al.
15 Synth. Commun, (1986), 16, 645-48.

Subsequent reaction of the deprotected compound in neat ketones, enol ethers,
ketals or a mixture of these with or without additional catalysts such as para-
toluenesulfonic acid or a lewis acid at temperature from room temperature to
180 °C using either microwave or conventional heating, results in the

20 compounds 2a.

Reaction of compounds with formula 2a with Mel (or dimethyl sulphate) in the
presence of a suitable base, such as K,CO; KHCO; or Et;N in a suitable solvent
such as DMF, acetone, THF or DCM at temperatures from room temperature to

25 100°C give compounds of the formula 3a.



Oove 20 Oxalyl chloride (92 pL, 1.1 mmol) and a catal ytic anount of

N, Ndi et hyl f ormam de was added to a suspension of 7-nethoxy-2",3",5",6"-

t et r ahydnQospegi@libs 3- benzodi oxol e-2,4 " - (4H) - pyran] - 4- cqxtl@mm%omd (48
ng, 0.18 nmmol) in dichl oronet hane (2 ng% After stirring for one hour at
room WD 2008/ 104175PCT/ DK2008/ 000080 tenperature, the solvent was
renoved under reduced pressure and the crude acid chloride was redi ssol ved
in tetrahyeiséasa (Raydido bl prHsded YydadsfcaBesterifltatidnomeudsdisihgdth@ni ne (67
nmg, 0.40 nmol) and NaH (a 60% dispersion in nmineral oil, 16 ng, 0.40 mmol)
in tetrahﬂﬁQbePﬁ‘?\a(si” e agike S MeP@et for three 5 hours at roomtenperature
before it was added dropw se at roomterrperature to the tetrahydrofuran

sol ution containing t r acid ¢ Af t havi n stlr d over ni ght
at room t drf5eR %Hfl&’ﬁ%fttﬂ%f?f@ag? |I"i‘) chkéfksu‘f”%r fjﬁ’[yecc?r\ﬂl Pga fr@’le et her ?30
rTﬂH) ang tl‘ge:n@raqaalneetnhg@steﬁé\a&hmbedrwmdnseg@emmlfagusx Mamw\ah«reiro ma)

e organic se ,was, dri ed, over evapor at.e ss under
reduceg pr%?p edgﬁaﬂ‘?&‘érr'l%faq-ﬂ‘t‘fepgﬁ?fai %ﬁa‘ia%!fn siefLas ?Q-Bf\ E!‘dHMB% i

di chl or opyar sultabde éolyér)t-shcmtsmmwat&emp&raﬁlrés froth mirmsrw?ﬁduoorw ro[1,3-

b di " b DVBO) 6
160 8, 1adempeiatyre ANEat ety (e G0N Ge by Fedoppr Vi >0
107. 6, 64. L&ed56 2, 35.2. 15 Exanple 3:

2-(3,5-D chl oro- 1- oxi do- pyri di ne-4-y1)-1-(7-nmet hoxy-2", 3",5",6"-tetrahydros

pirof 1103 benzodi oxol e- 2, 4" - (4H) - pyr an] - 4- ypet hanone (corrpound 103) Owe 20

To a sol ut(tampmfndg-o(ffﬁhéfcmmhdad)a ()}WNH()ilwwe Hbtdined by Teantiohmfycopmpousds | 5' | 6" -
e SRS ASAR R05 S LA RN ag i slens; (41
met hyl t ri @Y loetoluahd/mith c(raNlnly)ut catedytid amoeuet obBMEtat teegeratureasdnom
tenperat UTdec to 70°C to afford the corresponding acid chloride. After evaporation of the
15 solvent in vacuo subsequent condensation of the generated acid chloride with
nitrogen-anions, generated by addition a suitable base, such as NaH, LDA or
LiHMDS in a suitable solvent such as THF at temperatures from minus 78°C to
room temperature to A-NH,, wherein A is defined as described above, are
performed.
20
Compounds of the general formular Ib, wherein Ry, R;, and R; are as defined

above, can be prepared as follows:

XSJX
R3 R3 R1™ "R2 R3
OH OH 3b O><R1 Methyl-A
OH OH o— R2
COOH COOMe COOMe
1b 2b 4b




25 overnight, added Mn02 (3 ng) and was stirred for another hour. Water (10
m.) was added and t he agueous phase was extracted w th dichl oronethane (3 x

10 m). THpe reeyiaiiyed or gani c phase was dried over MySO peairthv¥danbghed to
dryness under reduced pressure. St andag% HPLC purification afforded
0

compound WD 2008/ 104175PCT/ DK2008/ 000 29 103 (8 nmg, 19% . LC/ Ms ( METHOD
B): (mz) 426.1; 428.1 (MH#); R = 2.98 mn; purity (UVY) = 100% Preparation

3. 5 Tet rrabuiiH@tion 3f dibwi he stehbaephreled irespegn MedPBind BhSE@SreShlts fn sol ution
of tetrahydrothi ophen-3-one (10.0 g, 97.9 mmol), nethyl orthoformate (21.4

nL, 196 mibeFEsEiFhara-tol uenesul fonic acid nonohyd rate (50 ng, 0.29 mol)

in dry netdingtiod 8b28Lusinte3b (REI B @doTinaRe pheddnce Bhansultdble iask] et hanol i ¢
NaOMe (0.30 i, 0.30_HTTD|E5 vYas dded and excess of net anot and trimethyl
or t hof or mseh RELFReri 8 UBHP'§iSOMMENE aYG b ﬁgﬁ‘iogtpﬁfé?‘?eda EZEGMEIC " yr t her

di sti Ihlsgt it@lﬁl_péfﬁgafe te toeTgine e6apoanas botHicdrmbfoabed a m xture of
t et rahydr ot hi ophen- 3-on -0.67 g, 7% and tetr dro-3. 3-.
di net hoxyt%”b‘ﬁﬁr@qs(o?éh%?ﬂ?mg?% _()?FEHrﬁ r(el\%?f)neg 19Ensalpmaf theg o0,
36. 11, 15Z&nératedPegraybdstonwith litfio MatbamionsAgenerated from A-Methyl, wherein _
S YO SRk ALL A BEREP 0L Ra % hirableblcdt WLAPBE Tha'k: 5ABRNK! ¢ aci d
a suitable solvent such as THF at temperatures from minus 78°C to room
10 temperature. Alternatively to the lithio carbanions a grignard reagent may be

used.

Esther hydrolysis using standard conditions (acidic or basic) is expected to result
in the carboxylic acid 7b, that can be converted to the carboxylic acid chloride

15 and subsequently reacted with reacted with nitrogen-anions (generated from A-
NH2) as described for the synthesis of Ia (X=NH.

Preparation 1:
7-Methoxy-2°,3",5°,6 "-tetrahydro-spiro[1,3-benzodioxole-2,4 " -(4H)-pyran]-4-

0
X
0

COOH
A suspension of 2,3-dihydroxy-4-methoxybenzoic acid (6.04 g, 32.8 mmol) in
5,6-dihydro-4-methoxy-2H-pyran (20 mL, 152 mmol) was kept at 140 °C for
three days. At room temperature ethyl acetate (200 mL) was added and the

20 carboxylic acid (compound 501)
OMe

25 organic phase was extracted with saturated aqueous NaHCO; (2 x 50 mL). The
aqueous phase was washed with Et,0 (2 x 40 mL), acidified to pH = 1 with
concentrated HCI and extracted with dichloromethane (2 x 50 mL). The organic
phase was dried over MgSQ,. Evaporation under reduced pressure afforded

traces of 2,3-dihydroxy-4-methoxybenzoic acid along with



P-tol uenesul fonic acid (54 ng, 0.28 mmvl) was added to the m xture of

t et rahydr o- 3, 3- di net hoxyt hi ophen (-9.8 g, 66 mml) and

t et r ahydrn@bhiheploend- one (-0.67 g, 6.6 mmol ). The oil bapbrHaSieRbRdI to 145
C and approxi mately one equi val ent of F_rgt hanol (2.7 nmL, 67 muol) was
destilled off. 25 The tenperature was [owered and distillation under
reduced pressure afforded 7.049 of an oil to which

gug ging?/g;]m%%tﬂogge—gg?'ybeazq’k—:eraaqar@ -$plird]Q, gb?&o@a’oxmmlm ‘weaH yaplgrad ]-4Fhe
2008/ 10417%"7%5’8&0%@862%8 Nﬂgﬁwﬁ? %ﬁgg% é&g\gea?c“tf’ Onlitisel .

Filtrati omznd subseqoent 135@)@@ 5¢20C3pai fication afforded conpound 504
(164 ny, 11% . LC M5 (METHOD B): (mz) 267.2(M1); RT = 2.79 mn; purity
(W) = 100% 5Preparation 5: Mt hyl

7- met haxy-PrepSratidntpdr o- spi ro[ 1, 3- benzodi oxol e- 2, 3"-(2H) -t hi ophen] -

4- car boxyl at und .505) S Lon -nmet hoxy-4 ",5

- di hydr o- s@?&‘d{ ng%é?ﬁ&ozdr%xéoéef%rai;ydfozﬁﬁ'r&%?)? ﬁ%%c{\%)h 'e-n%-’%a'?%%éyl ic acid
(161 ng, Opy@nl- mnalrboxyh(:&@((ﬁomﬂaﬁﬁnogsm) 20 mmol) and dinethyl sul phate (74
pL, 0.78 nmml) in acetone (1 mly 1aas kept at 50 CC overnight. At room
tenperature water (15 nL) was afided and the aqueous phase was extracted
with ethyl acetate (2 x 20 ml) f\C phase was dried over MgSO™4 and
evaporated to dryness under rf . Standard 15 HPLC purification
af f orded compound 505 (24 ng, (CDC13) 5 7.44 (d, 1H), 6.56 (d,
1H), 3.94 (s, 3H), 3.88 (s, 3H : (d, 1H), 3.24 (d, 1H), 3.05 (t, 2H)
2.49 (td, 2H). Exanple 4: 202-¢ éﬁ(—? chl oropyri di ne-4-yl)-1-(7-nmet hoxy-4
*15" -di hydro-spiro[1, 3-benzo- di oxol e-2, 3"- (2H) t hi ophen] - 4- ypet hanone
(conpound A@dgpedion aftiie crude 7-methoxy-2 " 3 ,5°,6  -tetrahydro-spiro[1,3-

10 benzodioxole-2, 4 “-(4H)-pyran]-4-carboxylic acid (2.17 g, 8.15 mmol), KHCO3
(2.58 g, 26.0 mmol) and dimethyl sulphate (1.58 mL, 16.7 mmol) in acetone

(62 mL) was stirred at room temperature for two days before it was evaporated
to dryness under reduced pressure. Ethyl acetate (100 mL) was added. The
organic phase was washed with 0.5 M aqueous NaOH (6 x 30 mL) and
15 evaporated to dryness under reduced pressure. The crude product was
redissolved in dichloromethane (75 mL), dried over MgSO, and evaporated to
dryness under reduced pressure. Standard silica gel column chromatdgraphy
afforded methyl 7-methoxy-2",3",5,6 " -tetrahydro-spiro[1,3-benzodioxole-
2,4 -(4H)-pyran]-4-carboxylate (1.87 g, 79%). *C NMR (CDCl;) 5 164.9, 149.1,
20 147.2,135.2,124.0,117.5, 107.1, 106.5, 65.2, 56.4, 51.8, 35.9.

Standard procedure A:

Example 1:
2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-2",3°,5°,6 " -tetrahydro-spiro[1,3-
25 benzodioxole-2,4 " -(4H)-pyran]-4-yl)ethanone (compound 101)



c A solution of nethyl

7- met hoxy-4",5"-di hydr o-spiro[ 1, 3- benzodi oxol e- 2, 3"-

(2H) - t hi opbenjs/4zar boxyl ate (24 ng, 85 pnol) and 3, 5- dipchriparoeshopisool i ne
(21 25 ng, 0.13 mmol) in tetrahydrofuran (1 nL) was cooled to 0O C. A1.O0O M
sol ution WO 2008/ 104175PCT/ DK2008/ 000080 31 of lithium
bis(trinmethylsilyl)amde in tetrahydrofuran (0.26 ni, 0.26 mml) was added
and the reaction m xture was @el owed to reach roomtenperature overnight.

Sat ur at ed aqueous NH4ACLl (10 added. The aqueous phase was extracted
wi th dichl oronethane (3 x 1 .%Th\ﬁ conbi ned organi c phase 5 was washed
wth water (20 nlL), dried ove SO and evaporated to dryness under
reduced pressure. Standard purification afforded the title conpound
(12 ng, 349% . 13C NWR ( Ol_6¢189. 02, 148.09, 147.51, 147.05, 140. 98,

12p. 31, 112.81, 107.81, 56.35, 43.26, 37.54, 36.54,

134. 48, 132.69, 127.57,
25.70. 10 Preparation 6: DwAcet yl - 4, 4- di met hoxy- pi peri di ne (conpound 506)

O KO A | ut f_1- t d h I
ot hof or el 01880 98 MYl et BBE) s B et et poiHTeraTal T o fele”
monohydr atze4(€(@r—rmyr£h]4& cm’ﬁdx)/latél (189 gres.h2marhol) vhdnd, b -dietdore# piesdidef or one

ot hanol - Ad B OB TS AL R e ren ke Byt PG R F R

(at nospherdotutipinesfdithign bisgirinfethyldil wjarhidatin cetraimetizrofuranl (t@.08 mLes3.0r e
af f or ded afforded 1- 4. 4- d et ho ri g, 89% 1F1
NMVR ( DVBO) TB'0Y Yes @ d‘ge‘gix‘?lﬁ'?é fics °%”168(”%% Wag 8 fdgﬁq?a&?%%%“ 1.72 - 1.62

(m 2H), thefiﬂaefatmréﬁvénmgtﬁl—ﬂSatuPatedeaqaboumNlﬂ4CI (70 mL) was added. The

1- Acetyl - trah 5
I acety1 - AenimebRs §oY HilpriaTRubr Bt BY e elBe (R3TOR L A omBinke
par at ol Uemgarhrf:(mhase wasdvamhndwm water (80 nmlg, déied vaTMgS0.ahd i xt ure was

heat ed, { %@g?%ﬂ??@ggdgw i e?édmc r&O4eY ﬁtgrr&araof.r EtReolnfd- 38 ., 108

nmol ) Vs era re was | ower e drstr ation under
reduced chromatography followed by recrystallzatron from |sopropanol afforded 2-(3,5-

dichloropyridine-4-yl)-1-(7-methoxy-2",3",5",6 "-tetrahydro-spiro[1,3-

benzodioxole-2,4 -(4H)-pyran]-4-yl)ethanone (1.90 g, 71%). 13C NMR (DMSO)

5 189.1, 148.2, 147.7, 147.0, 141.2, 134.5, 132.8, 122.0, 118.0, 113.0, 107.8,
15 64.4, 56.3, 43.5, 35.2.

Example 2:
N-(3,5-Dichloropyridine-4-yl)-7-methoxy-2 *,3",5°,6 "-tetrahydro-spiro[1,3-ben-
zodioxole-2,4 "-(4H)-pyran]-4-carboxamide (compound 102)

HN" 0
cl /Icr

N

20 N

Oxaly! chloride (92 pL, 1.1 mmol) and a catalytic amount of N,N-
dimethylformamide was added to a suspension of 7-methoxy-2",3",5,6"-
tetrahydro-spiro[1,3-benzodioxole-2,4 “-(4H)-pyran]-4-carboxylic acid (48 mg,
0.18 mmol) in dichloromethane (2 mL). After stirring for one hour at room



WO 2008/ 104175PCT/ DK2008/ 000080 32 pressure afforded a m xture of

1-acetyl -4, 4-di net hoxy-pi peridine (1.4 g, 7% and

1- acet yl -Wo2odk/Maiet r ahydr o- 4- net hoxy- pyridi ne (14.2 g, p8®Mx20dddod¥r ( DVBO)
54.68 - 4.62 (m 1H), 4.00 - 3.88 (m,gH), 3.59 - 349 (m 2H), 3.49 -
3.45 (m 3H), 2.19 - 2.12 (m 11-1), 2 9 - 2.03(m 1H), 2.03 - 1.96 (m
3H). 5 Preparation 8:

/- l\/gt ?Oxy ténrpgegcwé,-tg'%bi;bw%t %ab@?%n@ié@&ﬁﬂ@‘ Eé,dﬁ;f:ed)bmsshltﬁ are] the cadboxyl i c

aci comnpoun ) ) - m xt i

2, 3- di hygfaﬁ&c'zﬂowi% W&ﬁjﬁ%‘ﬁ_ﬁ‘g\_’%dl TIPS . Bh)-Argyspengion of 3.5-

?gﬁ gﬁygrgm@h|ani§>{pﬁguwma?ﬁh?ggmena 0. 409nrg3l)63nmnmlg (aB0%l dzpetsydn ih, 2, 3, 6-

- S_Expos c

et TS IO R ot PR ol SR Vot g o e

i ucjbi/gq;sgnth%aadwan e fatiief bafated mrwaafa‘dued@nlomrspammdorﬁaan(p@ramrg, 269 .
. ' = 95%

Preparat i df tgg@%% f’ ufa%réPlHEQQ é W%P%Ige Bewfo%f({)%(@?”&%,réﬁgr hadihg

- p: pterl di neirret Mrb@hy?atcmr(\ ;tﬁﬁpemdré@@)re%r@nxture was NIH’uVe‘d/WiZI(\)C“(;VE A

solution o "-ace 4-

carboxylic 5@"?&?5@9@'”@”& ?')"8%%8?‘?_?%%%%%%&%& %54% aﬁm){??sr: nI \r;v:][ er

(3 nL) andNaddkB (3101l ) WEise beganedphiase ABasR@iddoovdri NeSBoamd evanoratagnko

t errpergt uraery%gses t.rnpxcf%r rcregué'\%sprggé{}ré abimad-dMhblc %M— FGhinghr e |- &, gd to

drynes
dichloropyridine-4-yl)-7-methoxy-2",3",5,6 " -tetrahydro-spiro[1,3-

benzodioxole-2,4 “-(4H)-pyran]-4-carboxamide (14 mg, 19%). 13C NMR (DMSO)
5 160.8, 148.0, 146.5, 146.2, 141.1, 134.1, 130.5, 122.5, 118.2, 108.3, 107.6,
64.2, 56.2, 35.2.

15
Example 3:
2-(3,5-Dichloro-1-oxido-pyridine-4-yl)-1-(7-methoxy-2",3",5",6 " -tetrahydro-
spiro[1,3-benzodioxole-2,4 "-(4H)-pyran]-4-yl)ethanone (compound 103)
OMe
20

To a solution of 2-(3,5-dichloropyridine-4-yl)-1-(7-methoxy-2,3",5",6 " -
tetrahydro-spiro[1,3-benzodioxole-2,4 "-(4H)-pyran]-4-yl)ethanone (41 mg,
0.99 mmol) in dichloromethane (0.5 mL) was added 30% H,0, (25 plL) and
methyltrioxorhenium(VII) (3 mg). The mixture was stirred at room temperature
25 overnight, added MnO; (3 mg) and was stirred for another hour. Water (10 mL)
was added and the aqueous phase was extracted with dichloromethane (3 x 10
mL). The combined organic phase was dried over MgSO,4 and evaporated to

dryness under reduced pressure. Standard HPLC purification afforded compound



25under reduced pressure. The crude 7-net hoxy-spiro[1, 3- benzodi oxol e-2, 4" -
pi peridi ne]-4-carboxylic acid [LCOMS (METHOD B): (mz) 266.2 (MH); RT =
WO 2008/ 5Q8LédAed{7/K2008/ 000080 33 1.57 min; purity (UWpcHpidyls b0
refluxed overnight in 1.7 M nethanolic 4—|CI (5 nL). At roomtenperature
water (20 nL) was added. The agueous p%ase was washed with Et20 (10 ni),
made basic by addition of Na2CO3 and extracted wi th dichl oronethane (3 x 10
n). The Orwm C?OH@%‘) \N@,%Mér(w@dH@\v)eB) Ne$2f 42841 ; 3 3 appHati am undey reduced
pressure afforde /- met hoxy-spiro[ 1, 3-

benzodi oxdNis Pukity b‘t"f}brljcﬂor/é] 4- carboxyl ate (75 my, 57%. 111 NVR ( DVSO)
7.31 (d, 1H, 6.72 (d, 1H, 3.87 (s, 3H, 3.78 (s, 3H), 2.96 - 2.77 (m
411), 1.94 - 1 83 (3m 411). 10Examol e 5:

2-(3,5-Di i ne-4-yl)-1-(7-met hoxy-spiro[1l, 3- benzodi oxol e- 2, 4" -

pi peri @i naietr%hyhaoegmamﬁahemwed (d6thpoee503).A sol ution of met hyl

7- met hoxy-spi ro[ 1, 3- benzodi oxol e-2,4 " -piperidine]-4- 15carboxylate (75
my, 0.268 nol) and 3, 5-di/chl oro- 4- plcollne (65 mg, 0.40 mmol) in
tetrahydrofuran (2.5 nL)O oled to 0 C A1.0 Msolution of lithium

bi s(trimethylsilyl)am de :;2 t§trahydrofuran (0.80 nm, 0.80 mmol) was added
and the reaction m xturewa |l owed to reach room tenperature overnight.
Sat ur at ed aqueous NH4CI (10 mL) was added. The aqueous phase was extracted
20 with dichloronethane (3 x 10 nL). The conbi ned organi c phase was dried
over NgSO&aMumpbtataé‘ddtmhMﬁaﬁgoumdbﬁ Or;zAfc2dnprBsmetly! St andard HPLC

g 1oL AL comResog iAoy R -l fres NP RyE0 (=
311), 3_ 02{50 nag,9a. 20 rmmel)1in, drg methandl (@8 mok) wasiyefluxed for one hour. Then
10 1.0 M methanolic NaOMe (0.30 mL, 0.30 mmol) was added and excess of
methanol and trimethyl orthoformate was removed by distillation (atmospheric
pressure). Further distillation under reduced pressure afforded afforded a
mixture of tetrahydrothiophen-3-one (~0.67 g, 7%) and tetrahydro-3,3-
dimethoxythiophen (~9.8 g, 67%). >*C NMR (MeOH) & 113.01, 50.11, 36.90, 36.11,
15 27.72.

Preparation 4:
7-Methoxy-4*,5 " -dihydro-spiro[1,3-benzodioxole-2,3 "-(2H)-thiophen]-4-

carboxylic acid (compound 504)

OMe
XS
0]

COOH

P-toluenesulfonic acid (54 mg, 0.28 mmol) was added to the mixture of

20

tetrahydro-3,3-dimethoxythiophen (~9.8 g, 66 mmol) and tetrahydrothiophen-
3-one (~0.67 g, 6.6 mmol). The oil bath was heated to 145 °C and
approximately one equivalent of methanol (2.7 mL, 67 mmol) was destilled off.
25 The temperature was lowered and distillation under reduced pressure afforded
7.04 g of an oil to which 2,3-dihydroxy-4-methoxybenzoic acid (1.00 g, 5.43

mmol) was added. The suspension was exposed to microwave heating (180 °C,



25 Exanple 6: 2-(3,5-Dichloropyridine 4 yl)-1-(7-nmethoxy-1
- [ met hoxycar bonyl ] -spiro[ 1, 3- benzodi oxol e-2,4 "-piperidine]-4-yl)ethanone
(compoundyd96is/10¥¥p52008/ 104175PCT/ DK2008/ 000080 34 OVE AcTDrEhdsAd0ERh
2-(3,5-dichloropyridine-4-y1)-1-(7- netggxy spiro[ 1, 3- benzodi oxol e- 2, 4" - pi pe
ridi ne]-4-ypethanone (10 ng, 24 Arno!); triethylam ne (24 pL, 171 prml) and
met hyl chloroformate (10 p.1 , 122 pnol) in 5 dichloronethane (200 !'IL) was
kept at r%ﬁcﬁ]}?ﬁ{ é‘Tsls,'éI@d Q¥§‘€tfb‘n%sseIV\ﬁﬁt%tl&5QQd Bhﬂséﬁﬁén@%ﬁdaﬂlﬂm@e

aqueous phase racted wt | or omet han |c phase

e or
was dried rovEicatgrsafforded W%R%#”Qt%‘lf‘ (bGddmméésfohr#&éMSr(E@JHQ
St andard Hg-G ')fk’#al 2% Al qmlgg(gomomi%l% (2.5 ny, 22% 'I-I NIVR
(DVBO) 6 8.65 2H), 7.3 d, 1H), 4.62 (s, 2H), 103.91 (s,
3H), 3.80 - 3. 66 (m 2H1 3 62 (s, 3H, 3.58 - 3.46 (m 2H), 2.18 - 1.97
(m 4H)€|I$f,@ 560 5 2-(3,5-Dichloropyridine-4-y1)-1-(7- rrethoxy-l

e .

(Cgmgu%dsﬁ_%?négjget?\g\;g& uﬁ?g%%ﬁ%fégndréﬁxg b%ngodé}oxolg 2p “(gh?‘?rl hé/ ethanone
2- (3, 5- di chisrbeRylatd (deengbund)505)( 7- met hoxy- spi ro[ 1, 3- benzodi oxol e- 2, 4" - pi pe
ridine]-4-ypethanone (10 28 24 prml) triethylamne (24 pL, 171 prml) and
mesyl chloride (10 AL, 12 MIe |n di chl oronet hane 20 (200 pt) was kept
at room tenperature overni '\ (500 [IL) was added and the aqueous
phase extracted with di cfi get ne S(3 x 500 4..). The organic phase was
dried over MgSO4 and evapor atled yness under reduced pressure. Standard
HPLC purification afforded con‘&)und 107 (1.8 ng, 15% . 1H WO
2008/ 104175PCT/ DK2008/ oooogoﬁe

A suspension of 7-methoxy-4 ",5 ‘" -dihydro-spiro[1,3-benzodioxole-2,3 "-(2H)-

10 thiophen]-4-carboxylic acid (161 mg, 0.600 mmol), K,CO3 (166 g, 1.20 mmol)
and dimethy! sulphate (74 pL, 0.78 mmol) in acetone (1 mL) was kept at 50 °C
overnight. At room temperature water (15 mL) was added and the aqueous
phase was extracted with ethyl acetate (2 x 20 mL). The organic phase was
dried over MgS0, and evaporated to dryness under reduced pressure. Standard

15 HPLC purification afforded compound 505 (24 mg, 14%). 'H NMR (CDCls) & 7.44
(d, 1H), 6.56 (d, 1H), 3.94 (s, 3H), 3.88 (s, 3H), 3.32 (d, 1H), 3.24 (d, 1H),
3.05 (t, 2H), 2.49 (td, 2H).

Example 4.
20 2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-4",5 " -dihydro-spiro[1,3-benzo-
dioxole-2,3 " -(2H)-thiophen]-4-yl)ethanone (compound 104)

OMe
o><j
(0]

o}
Cl Cl

=
|
N
A solution of methyl 7-methoxy-4’,5 " -dihydro-spiro[1,3-benzodioxole-2,3 " -
(2H)-thiophen]-4-carboxylate (24 mg, 85 pmol) and 3,5-dichloro-4-picoline (21
25 mg, 0.13 mmol) in tetrahydrofuran (1 mL) was cooled to 0 °C. A 1.0 M solution



NVR (DMSO 6 8.66 (s, 2H), 7.45 - 7.38 (m 19), 6.88 - 6.81 (m 19), 4.62
(s, 29), 3.92 (s, 39), 3.50 - 3.36 (m 4H), 2.98 (s, 3H), 2.29 - 2.11 (m
49) . Exanpbeoék/10417s PCT/DK2008/000080

52- (3 S5-Di chl oropyri di ne-4-y1)-1-(7-meghoxy-1"-acetyl - spiro[ 1, 3- benzodi oxol
e- 2,4"-piperidine]-4-ypethanone (conpound 108) Ove Cl A solution of

27(3 5-di chl oropyri di ne-4-yl1)-1-(7-nmethoxy-sPiro[ 1, 3- benzodi oxol e- 2, 4" - pi pe
ridine]-4- Mﬂﬁhlhﬂ*ﬂ@@@rrﬁﬁ&hmllyl%nidbnﬁ'tét,rali)fdrsﬁulﬁa(ﬁ amzﬁen(,za 260aiol)lwds | i mo! )
and acetlc nhydr| g 1L, 122 Ar % or onet hane %200 4) was
kept at &t ?%t'%\/@t”?’ff’%\f"as %Eﬁ?cﬁ)roﬁﬁ‘stegb[?féﬁt “Yhd the aqueous
phase ext rwzatrﬁighwsahumt@d]bqnmtm(m nXL) 508 dddedT TBeGiq@aoi<cppds@se was

dried over S an orated to d duc St andar d
PLG ot © (VS PR al v etrhage 158 (oD e 6EBbTE] PaERR AR Sss.S0 5
8. 66 (SS 2khs waskdd with vﬂa&ér (50 8\4.),(di'|e<ﬂb{)er Mg$G, 4ral evdoratedda drgnes3H) , 3. 90

10), 3. 91wk s pressurs. ghasd yert fincgiion arsfbed e gy simpgiind® (1

20Pr epar ato1ernd;034°/04 BCOimrt(DoSa)ed na@nyadr 048 8) 18 RisapyrAaD S, dadpfynd 510) Oy

\' A mxtur t y 4 e
trimet hyl Jgﬁoﬁ%‘f ﬁ%ﬁ?'egfég lf%{%tl] ggy ﬂ§7 z;%ﬁd S%zjﬁ%a to%?lejgznﬁg O)r‘%I t acid
nonohydr at25.28. (67 ng, 0.35 nmmol) in nethanol (40 m.) was refluxed for 1
hour. The reaction m xture was cooled to roomtenperature, 1 M NaOMe (0. 35
m., O. mol )

Preparation 6:

1-Acetyl-4,4-dimethoxy-piperidine (compound 506)
J 0
X
O\
A solution of 1-acetyl-4-piperidone (17.0 g, 121 mmol), trimethyl orthoformate
15 (26.4 mL, 241 mmol) and para-toluenesulfonic acid monohydrate (80 mg, 0.42
mmol) in dry methanol (34 mL) was refluxed for one hour. Then 1.0 M
methanolic NaOMe (0.42 mL, 0.42 mmol) and excess of methanol and trimethyl
orthoformate were removed by distillation (atmospheric pressure). Further
distillation under reduced pressure afforded afforded 1-acetyl-4,4-dimethoxy-

20 piperidine (20.2 g, 89%) 'H NMR (DMSO) & 3.45 - 3.32 (m, 4H), 3.10 (s, 6H),
1.99 (s, 3H), 1.72 - 1.62 (m, 2H), 1.61 - 1.52 (m, 2H).

Preparation 7:

1-Acetyl-1,2,3,6-tetrahydro-4-methoxy-pyridine (compound 507)

O

To 1-acetyl-4,4-dimethoxy-piperidine (20.2 g, 108 mmol) was added para-

25

toluenesulfonic acid monohydrate (80 mg, 0.42 mmol). The mixture was heated
to 160 °C and approximately one equivalent of methanol (4.38 mL, 108 mmol)

was destilled off. The temperature was lowered and distillation under reduced



WO 2008/ 104175PCT/ DK2008/ 000080 36 was added and excess net hanol and
trimethyl orthoformate was renoved by distillation (atnospheric pressure).
Furt her dystodd@lii7@n under reduced pressure afforded PCT/DK2008/000080
4, 4- di met hoxyt et rahydro- (4H) -t hi opyran3620.7 g, 99%. 'I-1 NMR (DMSO) 6
3.07 (s, 6H), 2.56 (m 4H), 1.84 (m 4H). S Preparation 11: 7-Methoxy-2
",3",5",6 "-tetrahydro-spiro[1, 3- benzodi oxol e-2, 4'
}3 hiT olpyr an]prléfsﬁﬁ-_é%yd_jédl?agikﬂlré(bgﬂp&wﬁ“ -?lldinﬁbo&@?pi’p\eridi@}ll@g, 7%)

- Tol uenesul foni c_aci : mmol ) was,.a to T
di met hoxyt 34 5@8;@-_1(,2,@)6_9-@{{%3# 'E"fﬁr.‘c*f)yg?yridiﬁe g‘ﬁ%‘lz)g’a#%?'h'é' W&t ure was
heat edI to (.bqslisf OP@ﬁaswl—lqeez (B, 1l-i)au.aoe¥rpesa)a(mr EH)(;IH.BQl—a:D.HBdm,rm-l)eBWQJne
equi val ent t .1 1 i gty of fo. The,q xture
was t hen cbgr‘bﬁaf‘ogqgoz'gg'a%’&ghmt 4 on %ﬁ%é?rﬁﬁ&u@% Tont‘l'egsssm’é3a ‘f or ded
10.1 gof 15 a 5:3 m xture of 5, 6-di hydro-4-nethoxy-(2H)-thiopyranNVR
( DVBO) 64.@7 gn].l -1), 3.44 (s, 3H), 3.15 (dt, 2H), 2.72 (t, 2H), 2.22 (m
2H)] and 4-gpargll xyt et r ahydr o- (4H) - t hi opyran. Wthout further
puri fi cat i DiMdthexy¥il xtatetylwabopldddmnzodidx@eed, Ay thiperidide Jntcathoxyin20idc aci d
(2.00 g, 1 d the suspension was exposed to m crowave heating

&. 9 nmmol )50§r5|
(180 0C, o 8"WSHP? I'm’a 20 seal ed reaction vessel. Ethyl acetate (100 nlL)
was added and the organic PMese was first washed with 0.5 M HCl (40 niL) and

then extracted with saturated agueous NaH (2 x 30 nmL). The aqueous phase
was washed with Et20 (2 X g (?}@'\Ligfto pH = 1 with concentrated HCl
(2 0 nL
r ed p

and extracted with dichl dt ha ). The organi c phase was dried
over MgSO4. 25Evaporati on~ys o} essure afforded

7- met hoxy-2",3",5",6"- tetnahydro-spiro[1l, 3-benzodi oxole-2, 4

"-(4H) -t hi opyran] - 4-car box@ﬂ%" acid (1.86 g, 61%. 13C NWVR (DVb0O) 6 164.9,

148 2, 146, 0, 1349, 12380 A8 Qo b BinotOfid(1 38 k. 8P rinoBo S VO
acetyl-4,4-dimethoxy-piperidine (1.4 g, 7.6 mmol) and 1-acetyl-1,2,3,6-
tetrahydro-4-methoxy-pyridine (14.2 g, 91.5 mmol) was exposed to microwave
heating (180 °C, one hour) in a sealed reaction vessel. Filtration and subsequent
standard HPLC purification afforded compound 508 (0.54 g, 26%). LC/MS

15 (METHOD B): (m/z) 308.2 (MH+); RT = 2.27 min; purity (UV) = 95%.

Preparation 9:

Methyl 7-methoxy-spiro[1,3-benzodioxole-2,4 " -piperidine]-4-carboxylate

()
X
(@)

COOMe

(compound 509)
OMe

20
A solution of 7-methoxy-1 "-acetyl-spiro[1,3-benzodioxole-2,4 " -piperidine]-4-
carboxylic acid (143 mg, 0.467 mmol) and LiOH (224 mg, 9.34 mmol) in water
(3 mL) and MeOH (3 mL) was heated to 75 ©oC for five hours. At room
temperature the mixture was neutralized with 2M HCI and evaporated to dryness

25 under reduced pressure. The crude 7-methoxy-spiro[1,3-benzodioxole-2,4 " -
piperidine]-4-carboxylic acid [LC/MS (METHOD B): (m/z) 266.2 (MH+); RT =



Met hyl 7-net hoxy-2",3",5", 6"-tetrahydro-spiro[ 1, 3-benzodi oxol e-2, 4
t hi opyran] - 4-car boxyl ate (compound 512) Owve COOwve A suspension of

7- met hoxXywa 20083104173 ", 6 -tetrahydro-spiro[ 1, 3- benzodi oxelemi088/#00s0
"-(4H) -t hi opyran] - 4- carboxyllc acid (539 ng, 2.02 nmol), K2CG8 (558 ny,
4.04 mmol ) and di net hyl sul phate (0.257n, 2.62 mol) in acetone (14 nl)

was stirred at 50 OC overnight. At roomtenperature water (30 nL) was

$_ggegonghﬁ1e gquﬁ@uas;uﬁh,aﬁwy\assz@s]d §g@ﬂh>&/&dt6\/edh|§ht i Orvem haaaabgnmmg(snt)
| organi Cc ase Was ri ove evaporated to dr
under 10r e'a‘bbeﬁ rﬁPE‘sEeu“?%era@{’%rY\‘Pé?'d 759 T“i'%é"ag%dgdﬁfﬂ%a%%? yness

af forded nRphshed \ZrtlﬁfEEZ@gM @L), Mad® basib by addition of Na2C03 and extracted W|th
-t et rahydr o- sp ro

enzodi oxol e- 2, 4 4- b | at
s ™ S R I T A A TR
%0(7315 5505%\% pobdtioh, Lérﬁﬂerﬁed@@dgpregglré affﬁ&ﬁcﬂlﬁiﬁtlﬁ/?l’g methoxy-spiro[1,3-
chl or r| ne- met o
-tet rahydr'?)enazﬁgﬁ%?f %4 %%%P%lrk%rf@' ia)% (?anﬁ'g't%? (SB)yrl'gH]w ARMS R Ranone
(corrpound 1.39)(dOMR), 67y (4, DH), 3.87968) BIH) @7 8f(s,B3H ) \2.oF -ree 7 hgry 4R), B:94S
4

" "-te”ahﬁ% spl ro[l 3- benzodi oxol e- 202,
(4H) thio arboxyl ate (40 ng, 0.14 mmol) and 3, 5-di chl oro-4-

10 Example 5:
2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-spiro[ 1,3-benzodioxole-2,4 " -
piperidine]-4-yl)ethanone (compound 105)

OMe
o}
O
(0]

O
Cl Cl

g

SN
A solution of methyl 7-methoxy-spiro[1,3-benzodioxole-2,4 " -piperidine]-4-

15 carboxylate (75 mg, 0.268 mol) and 3,5-dichloro-4-picoline (65 mg, 0.40 mmol)
in tetrahydrofuran (2.5 mL) was cooled to 0 °C. A 1.0 M solution of lithium
bis(trimethylsilyl)amide in tetrahydrofuran (0.80 mL, 0.80 mmol) was added and
the reaction mixture was allowed to reach room temperature overnight.
Saturated aqueous NH,CI (10 mL) was added. The aqueous phase was extracted

20 with dichloromethane (3 x 10 mL). The combined organic phase was dried over
MgSO0, and evaporated to dryness under reduced pressure. Standard HPLC
purification afforded compound 105 (58 mg, 53%). !H NMR (DMSO) & 8.66 (s,
2H), 7.38 - 7.36 (m, 1H), 6.83 - 6.80 (m, 1H), 4.62 (s, 2H), 3.91 (s, 3H), 3.02
-2.91 (m, 4H), 2.12 - 1.93 (m, 4H).

25
Example 6:
2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-1"-[methoxycarbonyl}-spiro[1,3-
behzodioxole-2,4 ' -piperidine]-4-yl)ethanone (compound 106)



picoline (33 ng, 0.20 mol ) in tetrahydrofuran (1.1 nL) was cooled to 0 C
A 1.0 Msolution of lithiumbis(trinethylsilyl)amde in tetra hydrofuran
(0.41 m,wo.2ds/fes) was added and the reaction m xturep¢giiodsaivesot O
reach room tenperature overnight. Satuggated aqueous N -14Cl (20 nlL) was
added. The 25 aqueous phase was extracted with dichloronethane (3 x 15 niL).
The conbi ned WD 2008/ 104175PCT/ DK2008/ 000080 38 organi ¢ phase was dried
over MgSO4 and evapor at ed tooﬂryness under reduced pressure. Standard HPLC
purification afforded 2-(3, @ opyridine-4-yl)-1- (7-methoxy-2",3 ",5
any

"16 "-tetrahydro-spiro[1, 3- \ oxte-2, 4' thiopyran]-4-yDet hanone (38
ng, 67% . 13C NVR (DvVsSO) 8 1§9. 48. ? 5147. 7, 147.0, 141.3, 134.5,
132.8, 122.0, 119.1, 113.0, ‘~ .9, 56.3, 43.6, 35.9, 25.5. Exanple 10:

2- (3, 5-Di chl oropyri di ne-cf- -&-(7-methoxy-2 ",3",5 ,6

-tetrahydro spiro[1, 3- 10enod| oxole-2, 4" (4H) th| opyran 1

'- oxi de] - 4- ypet hanone (conpetnd 111) ovve ICl To a soI uti on of

2- (3, 5-dichl oropyridi ne-4-y && y-2",3", 5"

t et rahydr d® §Bi‘-'rttﬂn1°§2ﬁ§r5zétilh %Mtdwe ﬁ Y") (14% "Teﬁf‘%?ﬁyﬁ%{ﬁ][l@ PBBt%anone (17
ng, 40 pr 1 4a,gq f 202 in
et hanol ‘%@%Qﬁﬁmeg@?n{% ‘Wﬁ%@ﬁﬁ%@%ﬁ% ngfbhﬂ'tégf Aggﬁﬁ%%tﬂn(vn) (1
my, 4 p. rmll_), 17ﬂhpmul)<audena)ats/ls:lhiomé®’raater()tﬂmteﬂrﬁérmglr)enfor two days and

t d t
o fordad sigoremalfins E Y Gos RS 7500 EFunske S Uyt (st P2
hydr o- spi nal) as- abﬁl&dmhdwheIaﬁuaousﬁlphas(eéléabtradued)p/;madlchlor‘bnmathdae} {2x\y300et hanone
7 , 409 MR 20 Q.6 7.4 6 4. 63
Es, rT311) @9@‘ 8593%%\/‘5‘%?1‘“935 ‘?réeq(gﬂ"e(’ﬁ'g%a“‘% %@“rg@s@ d('ﬁ?e%qﬂdjew 36 -
2.24 (m 2~éc’ll)lcedﬁ)<ré9$ﬁre $8andard HPLC purification afforded compound 106 (2.5 mg,
2-(3,5-Dichl, 7- et ¥y
et anydrg Bt PR BRishla bk biafl. 238U 1100y 5 2R 62 = 2,
"11' - dicoxixe] {4- 3t tHhemherxz66 (oyeiind.62 (s, 3H), 3.58 - 3.46 (m 2H), 2.18 -
1.97 (m, 4H).

Example 7:
2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-1 "-[methylsulfonyl]-spiro[1,3-ben-

15 zodioxole-2,4 '-piperidine]-4-yl)ethanone (compound 107)
OMe

0 0

A

o}
Cl Cl

]

SN
A solution of 2-(3,5-dichloropyridine-4-yl)-1-(7-methoxy-spiro[1,3-benzo-
dioxole-2,4 ' -piperidine]-4-yl)ethanone (10 mg, 24 umol), triethylamine (24
pL, 171 umol) and mesyl chloride (10 pL, 122 pmol) in dichloromethane

20 (200 uL) was kept at room temperature overnight. Water (500 uL) was added

and the aqueous phase extracted with dichloromethane (3 x 500 uL). The
organic phase was dried over MgSO, and evaporated to dryness under reduced
pressure. Standard HPLC purification afforded compound 107 (1.8 mg, 15%). 4



112) WD 2008/ 104175PCT/ DK2008/ 000080 39 To a sol ution of
2-(3,5-dichloropyridine-4-yl)-1-(7-nethoxy-2",3",5",6"-

t et r ahydnQospégi@lils 3- benzodi oxol e-2, 4 "- (4H) -t hi opyr anpc4mipsédansoe (11
ng, 26 panol) in dichloromethane (0.25;p1) was added meta-chl or operbenzoic
acid 5 (10 ng, 58 psnol) and the reaction was stirred at roomtenperature
overni ght. Saturated aqueous NaHCO3 (1 nL) was added, and the agueous phase

ﬁs Sxtrgmm mvtslm&b sf@gqrspmay hmsduzae @n,n1y), eTée -anebi(red H)y 482 @, phase
s dried over nd eva

Standard HDe3 p?.’\?ﬁ' it Pat? a f%ﬁfgd“h? EBXQS'S?H)W?% rf(iiT(:(ed zm)essure
2-(3,5-Dichl oropyridine-4-yl)-1-(7-nmethoxy- 102 ",3 ",5 ",6 " -tetra

hydr o- spi ro! 1, i E_enzodi oxole-2, 4" -(4H)-thiopyran-1 ',1 '-

di oxi de] - none (5 nmg, 42% . 1H NVWR (CDCI3) 6 8.52 (s, 2H), 7.55 (d,
éH)Z,5 ?.568 1—@3,sJéMD;gloﬂo;’gﬁgﬁrse-42\+rz-ﬁ)-@.-e&tmgy-BH)apet&l-éﬁire[133-3>‘én¢miom-, 3.33 -
) m , 2. - .15 Ex 12:

2-(3,5-Di a;%o'r%p%'dd%]d%'y&? FaNoRs. (&°'§I’P?”’i‘?@gﬁet hoxy-2 *,3 ',5 ", 6
“-tetrahydro- spiro[1, 3-benzq¥foxole-2, 4 "-(4H)-thi opyran 1 1,1

"-di oxi de] - 4- ypet hanone (comps \3) COve 20To a solution of

2- (3, 5-dichloropyridine-4-y et Roxy-2",3",5 ',6"-

tetrahydro-spiro[ 1, 3- benzodi gxol e-2, 4 "-(41-1)-thi opyran] - 4-ypet hanone (10
ng, 23 lino!) in absol ute ethasol (2 m.) was added first 11202 (100 111 ,
0.97 mml) and then secandl ¥ pethyltrioxorhenium(VIl) (2 ng, 8 pnol). The
m xture was stirred at 40 overni ght before 5% WV aqueous NaHS03 (10 ni)
was added. WO 2008/ 104175P€T/ DK2008/ 000080 40

A solution of 2-(3,5-dichloropyridine-4-yl)-1-(7-methoxy-spiro[1,3-benzo-
dioxole-2,4 " -piperidine]-4-yl)ethanone (10 mg, 24 umol), triethylamine (24

10 pl, 171 pmol) and acetic anhydride (12 ul, 122 pmol) in dichloromethane
(200 pL) was kept at room temperature overnight. Water (500 plL) was added
and the aqueous phase extracted with dichlordmethane (3 x 500 puL). The
organic phase was dried over MgSO, and evaporated to dryness under reduced
pressure. Standard HPLC purification afforded compound 108 (7.2 mg, 65%). H

15 NMR (DMSO) & 8.66 (s, 2H), 7.40 (d, 1H), 6.84 (d, 1H), 4.63 (s, 2H), 3.92 (s,
3H), 3.90 - 3.84 (m, 1H), 3.75 - 3.68 (m, 1H), 3.64 - 3.58 (m, 1H), 3.55 -
3.49 (m, 1H), 2.21 - 2.15 (m, 1H), 2.15 - 2.05 (m, 5H), 2.01 - 1.94 (m, 1H).

20 Preparation 10:

4,4-Dimethoxytetrahydro-(4H)-thiopyran (compound 510)

A mixture of tetrahydro-(4H)-thiopyran-4-one (15.0 g, 129 mmol), trimethyl
orthoformate (28.3 mL, 258 mmol) and para-toluenesulfonic acid monohydrate
25 (67 mg, 0.35 mmol) in methanol (40 mL) was refluxed for 1 hour. The reaction

mixture was cooled to room temperature, 1 M NaOMe (0.35 mL, 0.35 mmol)



The aqueous phase was extracted with dichloronethane (3 x 20 nL). The
conbi ned organi c phase was dried over MOSO4 and evaporated to dryness under
reduced pxessM4175t andard HPLC purification afforded per/DK2008/000080
2- (3, 5-dichl oro- 1- oxi dopyri di ne- 4-y1)-éé(7- nmet hoxy-2 ,3 ,5 ",6
-tetrahydro-spiro[1,3-benzodioxole-2, "-(4H)-thi opyran -1

, 1" - di oxi de] - 4-ypet hanone (2.5 ng, 23% . 1FINVR (DMSO) o0 8.64 (s, 2H),

7.42 (d, 3ds a(ﬁjéél5ar(djexc1=:§§ meéth&%l Ghd tARethyd: &%dfﬁrm&@)waﬁreﬁio\(d@ b)QH) 3.31
(m 2H), 2.59 4H) . CGeneral procedure A 3.0 eq)

A n. THF,
was added Hstd §éaErB°%Pheé'§ Rf%?s&r%)olFHftf‘SﬁdﬁF"'?w B%‘FS% glilﬁed( Areszireand

A- Met hyl (akf&d&ﬂ); 4- Bm@éthMWt@tl'%h{lﬁ'oL@H)Tﬂhﬂaﬁyeé’fCU@ﬂ driggbaly.eHVI@ER St i rred at
rt for 12 h, m.) were and then extracted

with Et OAc,(D(NﬁSQ() 5:5% O §s: Gﬂﬁezéén%n'n‘ﬂ%? &r%‘bﬁ“ b'aases were dried (Na2SO4),

filtergd and concentrated under reduced pressure. The residue 15 obtai ned

was purified Qy flash colum chromatography to afford ketone. Exanpl e

13:  202- (3¢ tdi ne-4-yl)-1-(7-nethoxy-2",3",5,6

' -tetrahyds- Mesrmw@t 1,33; 3766~ -t@wathyan o spird[ 1 4"be(n4!bblrot(bie92),y4 a(@H¥- yl ) et hanone
pccar

(corrpound ared ng to ral Procedure A using 18ng of
4- br onmo- 3-t %/Fﬁﬂ]pﬁ prRox¥" ?9‘?'8({8”%%‘6)3&% LC/ M5 (METHOD B): (mz) 436.2
(MH); RI = 4.17 min; puriOMe(UV) = 100% WO 2008/ 104175PCT/ DK2008/ 000080

41 Exanple 14: :

COOH

10 P-Toluenesulfonic acid (97 mg, 0.51 mmol) was added to 4,4-
dimethoxytetrahydro-(4H)-thiopyran (20.7 g, 128 mmol) and the mixture was
heated to 145 °C and kept at that temperature until approximately one
equivalent of methanol (5.17 mL, 128 mmol) was distilled off. The mixture was
then cooled to 130 °C and distillation under reduced pressure afforded 10.1 g of

15 a 5:3 mixture of 5,6-dihydro-4-methoxy-(2H)-thiopyran ['"H NMR (DMSO) & 4.87
(m, 1H), 3.44 (s, 3H), 3.15 (dt, 2H), 2.72 (t, 2H), 2.22 (m, 2H)] and 4,4-
dimethoxytetrahydro-(4H)-thiopyran. Without further purification the mixture
was added to 2,3-dihydroxy-4-methoxybenzoic acid (2.00 g, 10.9 mmol) and
the suspension was exposed to microwave heating (180 °C, one hour) in a

20 sealed reaction vessel. Ethyl acetate (100 mL) was added and the organic phase
was first washed with 0.5 M HCI (40 mL) and then extracted with saturated
aqueous NaHCOs (2 x 30 mL). The aqueous phase was washed with Et,0 (2 x 40
mL), acidified to pH = 1 with concentrated HCl and extracted with
dichloromethane (2 x 30 mL). The organic phase was dried over MgSO..

25 Evaporation under reduced pressure afforded 7-methoxy-2°,3",5",6"-
tetrahydro-spiro[1,3-benzodioxo|e-2, 4’ -(4H)-thiopyran]-4-carboxylic acid (1.86
g, 61%). *C NMR (DMSO) & 164.9, 148.2, 146.6, 134.5, 123.8, 118.0, 107.2,
106.9, 56.1, 35.9, 25.4.

30 Preparation 12:




2- (3-Brono-pyrazin-2-yl) )-1-(7-nethoxy-2',3",5",6"-tetrahydro-spiro[1, 3-
benzodi oxol e-2, 4 "-(4H)-thi opyran]-4-ypet hanone (conpound 115). Prepared
accor di ngybosseingi7al Procedure A using 17ng of 2-brono- 3crpi@bivdopsssazi ne
(yield: 9% LC/ M5 (METHOD B): (mz) 437.2; 439.22 (M#); RT = 4.22 mn;
purity (UV) = 100% 10 Exanpl e 15:

2-(-pyrazin-2-yl)-1-(7-nmethoxy-2",3",5",6

i tetrahy ng)etﬁpi TOﬁéthaxybeﬁB)dES)GOI-E&rah'QHro(-é;tﬁo[u |B-bpyraigxofe-Ppdt HaROne
conmpoun accor to General Procedure A using 16

of 2-nmet h}% ;%]n‘}aci@(’;’h‘@?ﬁ CagR ””Sdélr%gm/ M5 (METHOD B): (m z) 35003 0
(MH); RT = 3.33 mn; puri©OMe(UV) = 100% 20 Exanpl e 16:
2-(-pyridin-4-y1-)-1-(7-me hoxy-2"13" 5", 6"-tetrahydro-spiro[1l, 3-benzodi oxo
le-2, 4"-(4H)-thiopyran] 43¢ y (corrpound 117). Prepared according to
General Procedure A using { ot hyl -pyridine (yield: 13%9 WO

2008/ 104175PCT/ DK2008/ 000086 22 NG NES (METHOD B): (mz) 358.3 (M#); RT =
2.50 mn; purity (W) = 100% 5 Exanple 17:

2-(quinolin-4-y1-)-1-(7-me€Q&Me 2 , 3" -tetrahydro-spiro[1, 3-benzo-

A suspension of 7-methoxy-2",3",5°,6 " -tetrahydro-spiro[1,3-benzodioxole-2,
5 4’'-(4H)-thiopyran]-4-carboxylic acid (570 mg, 2.02 mmol), K,COs (558 mg,

4.04 mmol) and dimethyl sulphate (0.25 mL, 2.62 mmol) in acetone (14 mL)

was stirred at 50 °C overnight. At room temperature water (30 mL) was added.

The aqueous phase was extracted with dichloromethane (3 x 15 mL). The
combined organic phase was dried over MgS0O, and evaporated to dryness under

10 reduced pressure. Standard silica gel column chromatography afforded methyl
7-methoxy-2",3°,5°,6 "-tetrahydro-spiro[1,3-benzodioxole-2, 4 "-(4H)-
thiopyran]-4-carboxylate (407 mg, 68%). *C NMR (DMSO) & 163.8, 148.1,
146.9, 134.6, 123.4, 118.3, 107.1, 105.9, 56.1, 51.6, 35.9, 25.4.

15 Example 9:
2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-2 ",3,5",6 " -tetrahydro-spiro[ 1, 3-
benzodioxole-2, 4 “-(4H)-thiopyran]-4-yl)ethanone (compound 110)

OMe
0
X s
(o]
(o]
Cl (o]

]
SN
A solution of methyl 7-methoxy-2°,3°,5",6 " -tetrahydro-spiro[ 1,3-benzodioxole-
20 2, 4°-(4H)-thiopyran]-4-carboxylate (40 mg, 0.14 mmol) and 3,5-dichloro-4-
picoline (33 mg, 0.20 mmol) in tetrahydrofuran (1.1 mL) was cooled to 0 °C. A
1.0 M solution of lithium bis(trimethylsilyl)amide in tetrahydrofuran (0.41 mL,
0.41 mmol) was added and the reaction mixture was allowed to reach room
temperature overnight. Saturated aqueous NH4Cl (20 mL) was added. The
25 aqueous phase was extracted with dichloromethane (3 x 15 mL). The combined



di oxole-2, 4 " -(4H)-thiopyran]-4-yl)ethanone (conpound 118). Prepared
according to General Procedure A using 16ng of 4-nmethyl quinoline (yield:

12% 10 GwolbésMus(7HETHCD B): (m'z) 408.3 (M), RT = 3. 3g1/Hrdooswendsby (LV)
= 100% Exanpl e 18: 152-(2, 6-Di chl oro-pgenyl)-1-(7-nmethoxy-2",3",5",6 "
-tetra hydro-spiro[1, 3-benzo- dioxol e- g 4 "-(4H)-thi opyran] - 4-ypet hanone
(compound 119). Prepared according to CGeneral Procedure A using 15ng of

2, 6- di chl ogrghicphBSe (W @iridd Y MgBD ., 27A8vER4atedPCd 1 B286 JINABOARIcdS
LC/IVS(I\/ETI—ri%DB% n A v e )

: z), 425,24 ( NH+); = 5.28 mn, purit. = 100%
Exanpl e 19Presse, St {:‘HPef'r H-Plpcl:l8H?ﬁﬁqtf)-"(angﬁ‘é‘f%giél%d"%rg%r'&'x?'(%H’ -1-
-tet rahygr(q-ﬁwlé'tﬁdi&lz 33b@17@--tetirahseire-spiro 1, 3-Hehlbdibkole R, ranl4H)-y pet hanone
(compound 20} ran]-a-ylethanone (38 mg, 67%). °C NMR (DMSO) & 189.1, 148.2,
5 147.7,147.0, 141.3, 134.5, 132.8, 122.0, 119.1, 113.0, 107.9, 56.3, 43.6,

35.9, 25.5.

Example 10:
2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-2",3",5",6 " -tetrahydro-spiro[1,3-
10 benzodioxole-2, 4 “-(4H)-thiopyran 1 -oxide]-4-yl)ethanone (compound 111)

OMe
(o} .
(o]
o]

Cl Cl

]

SN
To a solution of 2-(3,5-dichloropyridine-4-yl)-1-(7-methoxy-2",3°,5",6"-
tetrahydro-spiro[1,3-benzodioxole-2, 4 “-(4H)-thiopyran]-4-yl)ethanone (17 mg,
40 umol) in dichloromethane (0.5 mL) was added first 0.25 M H,0; in ethanol

15 (128 pL, 32umol) and then secondly methyltrioxorhenium(VII) (1 mg, 4 umol).
The mixture was stirred at room temperature for two days and evaporated to
dryness under reduced pressure. Standard HPLC purification afforded 2-(3,5-
dichloropyridine-4-yl)-1-(7-methoxy-2",3°,5",6 "-tetrahydro-spiro[1,3-benzo-
dioxole-2, 4 “-(4H)-thiopyran 1’ -oxide]-4-yl)ethanone (7 mg, 40%). 'H NMR

20 (DMSO) 5 8.66 (s, 2H), 7.42 (d, 1H), 6.85 (d, 1H), 4.63 (s, 2H), 3.93 (s, 3H),
3.17 - 2.94 (m, 4H), 2.69 - 2.55 (m, 2H), 2.36 - 2.24 (m, 2H).

Example 11:

2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-2",3",5",6 " -tetrahydro-spiro[ 1, 3-
25 benzodioxole-2, 4 “-(4H)-thiopyran-1",1 " -dioxide]-4-yl)ethanone (compound

112)



A solution of Methyl 7-nmethoxy-2 ",3 ,5 ",6

"-tetrahydro-spiro[1l, 3-benzodi oxol e- 102, 4"-(4H)-thi opyran]-4-carboxyl ate
(14 m) iWwo%oos/1bis(500nL) was cool ed to 00C under Ar. 3Zc¢HiQoe8aRmEY!
magnesi unchl oride in diethyl ether (O. g?M sol ution, 189pL) was added and
the cooling was renoved. After 2h at r’t. an additional portion of

2-chl or obenzyl magnesi unchloride in diethyl ether (0.25M sol ution, 189plL)
was added. The m xture was stamered for 18h, added water and 15 extracted
with ethyl acetate. The conhined goi ¢ phase was dried over MgSO4 and
evaporated to dryness under guoed pressure. Standard HPLC purification
af f orded conpound 120 (9.2% Y L® (RYETHOD B): (miz) 391.22 (MH); RT =
4.90 min; purity (W) = 100%R) Preparation 13: Met hyl

2, 3-di hydr oxy- 4- met hoxyhgnzgat g (conpound 513) WD

2008/ 104175PCT/ DK2008/ 000080 44 OveOve OHOH OHOH COOHCOOVE 513 A sol ution
of commercially avail abl e 2y3- di hydr oxy- 4- met hoxybenzoic acid (11.6 g, 63
mol ) in anhydrous MeOH (150 nL) was cooled in an ice-bath _and conc. H2SO4
(8 nl) addes gaplpenKE 2-Fhe-diddetopyridine sd-hel WAy e¥eKYided® f:8r:612 h, then 5

cool ed 10 tetrafPgrol 9! 3 884z 0lfskole2 DY ed 4 HNdRD cpgl)BiessHE €11 hif) (100
m.) and sat rngNgH%&[(SO rrLZ) vveroe add:éj a%g le%rﬁg‘gt eg )vm'th Et SACH(S?% x 100

n). The c&nhimABdnsigueromethans(Qas M) wep padesisnela-chlorererenzepgac

concenty at@d hy, ¥8GHPI} endtordceomMmaYRbrlatasom RaMperitire @vesmttd, whi ch
was used in the next step without further purification. LC-Ms: R - = 2. .31

min.: mz S3yrated gaugousNaCRpA EHryas)addsd; gngshe aauequs Phasg was y ¢, J
9.0), 6.50QxAHdtedwith dicHidronfetAdne (2 x 2 mL). The combined organic phase was

dried over MgS0O, and evaporated to dryness under reduced pressure. Standard
HPLC purification afforded 2-(3,5-Dichloropyridine-4-yl)-1-(7-methoxy-

10 2°,3°,5',6 -tetrahydro-spiro[1,3-benzodioxole-2, 4 “-(4H)-thiopyran-1",1"-
dioxide]-4-yl)ethanone (5 mg, 42%). 'H NMR (CDCl5) d 8.52 (s, 2H), 7.55 (d,
1H), 6.68 (d, 1H), 4.55 (s, 2H), 3.99 (s, 3H), 3.45 - 3.37 (m, 2H), 3.33 - 3.25
(m, 2H), 2.79 - 2.66 (m, 4H).

15 Example 12:
2-(3,5-Dichloro-1-oxido-pyridine-4-yl)-1-(7-methoxy-2 ",3°,5",6 "-tetrahydro-
spiro[1,3-benzodioxole-2, 4" -(4H)-thiopyran-1",1"-dioxide]-4-yl)ethanone

(compound 113)
OMe

0]

Cl = | Cl
>+
\
&

20 To a solution of 2-(3,5-dichloropyridine-4-yl)-1-(7-methoxy-2",3°,5",6 -
tetrahydro-spiro[1,3-benzodioxole-2, 4 “-(4H)-thiopyran}-4-yl)ethanone (10 mg,
23 pumot) in absolute ethanol (2 mL) was added first H,0, (100 pl, 0.97 mmol)
and then secondly methyltrioxorhenium(VII) (2 mg, 8 umol). The mixture was
stirred at 40 °C overnight before 5% W/V aqueous NaHSO; (10 mL) was added.



(1H s), 3.94 (3H s), 3.93 (3H s). Ceneral procedure B: 15 To a
stirred solution of conpound 513 and 3b (1.1 eq) in anhydrous DMSO was
added K2GEB heRs4£]) and the mixture stirred at 100 C f S der
inert at msphere.ﬁ%fter cooling to rt, ,fce-water rrixturgb\%g)gézg%zﬂé)?#ﬂsti rred
for 15 min. and then extracted with Et0Ac (3 x 50 nL). The conbi ned organic
phases were dried (Na2SO4), filtered and concentrated under reduced
pressure. THiL,qRLY PRadOwabicatrag@ddWaieh BithidrbdtHinef (388 ho ¢RLmhe

chromat ogr aphy. Using general procedure B the follow ng conpounds re
obt ai ned: qqn@paepcbp;ggﬁlclmase was dried over MgS0O, and evaporated to dryness under

259- Met hoxyyagdd Sedbtird, étéﬁ?\%z&dlip%%mirmc&ﬁ&ﬂa&oraéd Qxe3,808¢hI6rocavdiagr! i ¢ acid
met hyl ester (conpound 514) WO 2008/104175PCT/ DK2008/ 000080 45

Fol | owi ng RYiirpsiof il -(Froediwve? & el k§iSetravdse-serelt $o9eengdioxolgns ) wit h

comrer ¢ al4 (4 PtHiby Qﬁmf‘:t,hyl-die%iﬁbja—aeyl?e'iﬁgnéma (215 Ingnxd o) i M RMRO (5 nl) in
the presence of

K2 345 2.5 mmp fforded _conmpa 4 a white 5
solid mat OMF0)E B &4 (ﬁgﬂﬁﬂ ?r:r-gizi @n 15'9/' @@%d 14 r%%ﬁt(agﬁ)%lgﬁgg’?é&-%%% Et OAc in
| i ght pet rpgggm,. HYC3MT: (iRT2F),2%2.49 (M, aH). m z 281.26 (MrH)+. "1-1 NWR
(CDCI3): 6 7.49 (1H, d, J8.83, 6.62 (1H, d, J 8.8), 4.61 (2H, d, J 6.8),
4.58 (2H, d, J 6.8), 4.48 (4H, s), 3.90 (3H, s), 3.87 (3H, 5s).
10Pr epar atGéierdirocedure A: _ _ . _ _
ot oy s GEMP AR BT TG ) Wehadded Fhwide to B 166-261d] s SdRe! ' © i

ester 512 (1 eq) and A-Methyl (1.3 eq) in anhydrous THF. The reaction mixture
was stirred at rt for 12 h, H,0 (10 mL) and sat. aq. NH,Cl (20 mL) were and

then extracted with EtOAc (3 x 50 mL). The combined organic phases were dried

(Na,S0,), filtered and concentrated under reduced pressure. The residue

15 obtained was purified by flash column chromatography to afford ketone.

OMe OMe
X °
S (I
o A-Methyl o
COOMe
0
512 A
Example 13:

20 2-(3-bromopyridine-4-yl)-1-(7-methoxy-2",3",5",6 "-tetrahydro-spiro[ 1,3-ben-
zodioxole-2, 4 "-(4H)-thiopyran]-4-yl)ethanone (compound 114).
Prepared according to General Procedure A using 18mg of 4-bromo-3-

methylpyridine (yield: 40%)

25  LC/MS (METHOD B): (m/z) 436.2 (MH+); RT = 4.17 min; purity (UV) = 100%



Step A 15 3, 3-Bi s(brononet hyl )t hi etane 515 was obtained in a two step
process from 1, 3- di brono-2, 2-bi s(brononet hyl ) propane foll ow ng the

l'i teratungopi@eEuse (Petrukhina, M A.; Henck, C.; Li, pBripiBo6doooss ; Jin,
J.; Zhang, S-Z.; Cerac, R Inorg. Che 2005, 44, 77-84). Accordingly, a
m xture of 1, 3-di brono-2, 2- bis(brononethyl)propane (7.76 g, 20 mmmol) and
KSAc (2.28 g, 20 mmol) in 20 anhydrousTHF (30 nmlL) was refluxed for 30 h.
The ppt vvaé(amd@qaed off and the filterate concentrated and the residue
obtained was_purified by flash coI um chromat %graphél (hlo 25% Q3Ac in light
pet r ol eum? 12 (3 BEmErRY BN B & (/- methoxy-2 -tetrahydro-spirol1,3-

aci d( 2, 2- (RingbdieR@eet, hyl-14/3- Qr@jwsﬁpnwmh@rﬁor@s(canmhadmsbow solid
material. A mxture of thiogacetjc

aci d( 2, 2- (eR¥EERSRREINA 1o §e'b?f6h%fﬁF6Wﬁe%t’é'P9(1f“%°52 b¥8M2-3ol ) and NaOMe
(324 ng, Emetglpyrazin@yigd: 99s) MeOH (10 nm) was stirred at 0 C for 2 h. MeOH
was renoved in vacuo, coevaporated with toluene (2 x 2 nlL) and the residue
obtained was filtered through a short pad of silica gel to WO

2008/ 104175PCT/ DK2008/ 000080 46 gi ve,3, 3-bi s(bronomet hyl)thi etane 515 as a
thick oil, which was used w thout fu Tther purification. Step B:

513515516 Follow ng the general pr ?lfé ;éjl al kyl ati on of 513 (665 ny,
3.36 mol) with 515 (962 ngy, 3.7 O (15 nmL) in the presence of
K2CO3 (1.16 g, 8.4 nmmol) afforded 51§ as a white solid material after
purification by columm chromat ograpfy qQ40-60% Et0Ac in |ight petroleun.
LCG-MS: RI- = 3.17 min.; 10a/7z 2943 MrH) +. 1H NVR (CDCl 3): 57.49 (11-1,
d, J 8.8), 6.63 (1H, d, J 8.8), 4.%9N(2H, s), 4.28 (2H, s), 3.90 (311, s),
3.87 (31-1, s), 3.11 (411, s). reparation 16:

9- Met hoxy- LWMSO([NEE]T‘Hblj-B5 pa/taommemmz«mm)z RT(2 4322l nanppaity) (UVG-€ar boxyl
ic 15 acid r(r)et hyl ester (conpound 518)

10
Example 15:
2-(-pyrazin-2-yl)-1-(7-methoxy-2",3",5,6 ' -tetrahydro-spiro[1,3-benzodioxole-
2, 4" -(4H)-thiopyran]-4-yl)ethanone (compound 116).
Prepared according to General Procedure A using 16mg of 2-methylpyrazine
15  (yield: 52%)

o)
X
o

N7 I
‘\/N

LC/MS (METHOD B): (m/z) 359.3 (MH+); RT = 3.33 min; purity (UV) = 100%

20 Example 16:
2-(-pyridin-4-yl-)-1-(7-methoxy-2",3",5",6 " -tetrahydro-spiro[1,3-benzo-
dioxole-2, 4" -(4H)-thiopyran]-4-yl)ethanone (compound 117).
Prepared according to General Procedure A using 18mg of 4-methyl-pyridine
(yield: 13%)



Step A 517 2, 2-Bi s(brononet hyl ) -1, 3-di oxol ane 517 was obtai ned from

di bronpacetone following the literature procedure (Valentin, ML.; Bolte,

3. Bull. ywe0oosddbirs Fr. 201995, 132, 1167-71). Accordi ngypi2ossalobssoon of
di brompacetone (4.04 g, 18.7 mml), ethylene glycol (2.32 g, 37.4 mmol) and
p- TsOH (25 ng) in benzene (70 nL) was refluxed for 12 h, with azeotropic
renoval of water. The reaction m xture was concentrated under reduced
pressure, Et20 (50 nL) was added and the organic | ayer was washed with 1120
(2 x 50 nL), dried (Na2504), filtered and 25 concentrated under reduced
pressure. The residue obtained was parified by flash col uim chromat ography

(7-10% Et0Ac in light petroleun) to affer , 2-
bi s( brononet hyl ) - 1, 3-di oxol ane (517 S @rless liquid. WO
. 0 13517518 Fol | owi ng t he general
2 mol) wth 517 (572 ng, 2.2 mmol)

2008/ 104175PCT/ DK2008/ 000080 47 Step

procedure, dialkylation of 513 (396

in DVSO (10 nL) in the presence of K2CO3 (690 ng, 5 5mmol) afforded 518 as
a white solid material after purifffcation by col um chromat ography (45-60%
Et OAc in light petroleum. LC M <= = 2.70 mn.; mz 297.18 (MH)+,
319.16 (MtNa). 111 NWVR (DMSO-d5): 51.34 (1H, d, J 8.8), 6.76 (1H, d, 3
8.8), 4.11q/M®8, (METHOD BY: () 358,3 $MH4)( BH = 8)50 Birgryrau(UY) = 300% (31-1,
s).

5 Example 17:
2-(quinolin-4-yl-)-1-(7-methoxy-2",3",5",6 "-tetrahydro-spiro[ 1,3-benzo-
dioxole-2, 4 "-(4H)-thiopyran]-4-yl)ethanone (compound 118).
Prepared according to General Procedure A using 16mg of 4-methylquinoline
(yield: 12%)
10

LC/MS (METHOD B): (m/z) 408.3 (MH+); RT = 3.33 min; purity (UV) = 100%

Example 18:

15  2-(2,6-Dichloro-phenyl)-1-(7-methoxy-2",3°,5",6 "-tetrahydro-spiro[1,3-benzo-
dioxole-2, 4 "-(4H)-thiopyran]-4-yl)ethanone (compound 119).
Prepared according to General Procedure A using 15mg of 2,6-dichlorotoluene
(yield: 8%)



10 Preparation 17:

9- Met hoxy-spiro[ 2H 1, 5- benzodi oxepi n- 3(4H), 4' -t et rahydr oPyran] - 6- car boxyl i c
acid_met hyb »8&y@i176conpound 520) Step A: 15519 PCT/DK2008/000080

4, 4- Bi s(p-tol unesul phonyl oxynet hyl )t et gahYdroPYran (519) was obtained in a
two step process from comrercial tetrahydropyran-4, 4-dicarboxalic acid

di net hyl ester. Accordingly, to an ice-cooled solution of the diester (3.03
g, 15 mmol) in anhydrous toluene (45~glL) was added dropw se synhydride (70%
in 20 toluene, 19.5 nL, 66 nmol) and heorrixture stirred at 120 C for 3 h.
The m xture was cooled to rt, H20 (5 added slowy and concentrated
over silica gel (35 g). Quick colum graphy with a |inear gradient
of MeOH in CH2C 2 afforded 4, 4- (bi shydgoxynet hyl )tetrahydropyran as white
solid material. A mixture of diol (1{46°g, 10 mmol) and TsCl (4.77 g, 25
mmol ) in anhydrous 25 pyridine (£ Shvas stirred at rt for 48 h. Sol vent
was renoved in vacuo and co-evapor with toluene (3 x 10 nL). CH2d 2
(100 nL) and sat aq NaHCO3 (100 nmL) were added, the phases were separated
and the on@iMScMETHMID BS(rdf2)erd 5(MNa08D4); RT i 6 @8emhirgmulirtp (et 0@ under
reduced pressure. The residue WD 2008/104175PCT/ DK2008/ 000080 48 obt ai ned
was flash chromat ographed (35-45% EtOAc in |light petroleun) to give

4, 4- bi s( p-gx@mpresgt phonyl oxynet hyl ) tetrahydropyran (519) as a white solid
mat erl a5I ' 25-(28—tcﬁ%roB-'phenyl)- -(7-methoxy-2",3",5",6 " -tetrahydro-spiro[1,3-benzo-
dioxole-2, 4 ' -(4H)-thiopyran]-4-yl)ethanone (compound 120)

o

(o)
CLX s
(o]

[0}

l ci

A solution of Methyl 7-methoxy-2°,3",5,6"-tetrahydro-spiro[1,3-benzodioxole-
10 2, 4 -(4H)-thiopyran]-4-carboxylate (14 mg) in dry THF (500mL) was cooled to
0°C under Ar. 2-chlorobenzyl magnesiumchloride in diethyl ether (0.25M
solution, 189pL) was added and the cooling was removed. After 2h at r.t. an
additional portion of 2-chlorobenzyl magnesiumchloride in diethy! ether (0.25M
solution, 189uL) was added. The mixture was stirred for 18h, added water and
15 extracted with ethy! acetate. The combined organic phase was dried over MgSO4
and evaporated to dryness under reduced pressure. Standard HPLC purification
afforded compound 120 (9.2%).
LC/MS (METHOD B): (m/z) 391.22 (MH+); RT = 4.90 min; purity (UV) = 100%

20
Preparation 13:

Methyl 2,3-dihydroxy-4-methoxybenzoate (compound 513)



COOve 513519520 Followi ng the general procedure, dialkylation of conmpound
513 (95 ny, 0.48 mmol) with conpound 519 (240 ng, 0.53 mmol) in DVBO (3 nlL)

in the pregsisdoef;sK2CB (166 ng, 1.2 nmol) afforded co & a
white sol ig ?Orrat erial after purifi catjkgn by col um chr %Errgt ogr()%ﬁ?/&?%- 65%

EtOAc in light petroleum). LCMs: RT = 2.40 mn.; 1H NVR (DMSO-d5): 6 7.34
(11, d, J 8.8), 6.78 (1H, d, J 8.8), 3.99 (4H, s), 3.80 (3H, s), 3.76
(31-1, s), 3.61 (4H, t, 3 5.5),0om.54 (4H, t,ome15.5). 15Preparation 18:
9- Met hoxy-2', 2" -di net hyl -spin 7, 5- benzo Pin-3(4H), 5" 11, 3] di oxane] -6
- carboxylic acid nmethyl ester %ngUTTO"S %tHep A BrBr OH OH Kr0,0

COOH COOMe
513

A solution of commercially available 2,3-dihydroxy-4-methoxybenzoic acid (11.6

g, 63 mmol) in anhydrous MeOH (150 mL) was cooled in an ice-bath and conc.

H,SO, (8 mL) added dropwise. The reaction mixture was refluxed for 12 h, then

5 cooled to rt and the solvent was removed under reduced pressure. H,0 (100

mL) and sat aqg NaHCO3; (50 mL) were added and extracted with EtOAc (3 x 100

mL). The combined organic phase was dried (Na,S0.), filtered and concentrated

in vacuo to afford compound 513 as a pale yellow solid, which was used in the

next step without further purification. LC-MS: Ry = 2.31 min.; m/z 197.3 (M-H)".
10 'H NMR (CDCls): & 10.83 (1H, s), 7.41 (1H, d, 7 9.0), 6.50 (1H, d, 7 8.9), 5.45

(1H, s), 3.94 (3H, s), 3.93 (3H, s).

General procedure B:

OMe OMe
OH X X 0 R1
+ Sg ———
OH R17 "R2 o R2
COOMe COOMe
513 3b (X = Br, I, OTs) ab

15 To a stirred solution of compound 513 and 3b (1.1 eq) in anhydrous DMSO was
added K,CO; (2.5 eq) and the mixture stirred at 100 °C for 4-12 h, under inert
atmosphere. After cooling to rt, ice-water mixture was added, stirred for 15 min.
and then extracted with EtOAc (3 x 50 mL). The combined organic phases were
dried (Na,S0,), filtered and concentrated under reduced pressure. The residue

20 obtained was purified by flash column chromatography.

Using general procedure B the following compounds were obtained:

Preparation 14:

25 9-Methoxy-spiro[2H-1,5-benzodioxepin-3(4H),3'-oxetane]-6-carboxylic acid
methyl ester (compound 514)



521 20A solution of 2,2-bis(bronmonethyl)-1, 3-propanediol (5.0 g, 19.1
mmol ), anhydrous acetone (20 nL) and p-TsOH (100 ng) in benzene (75 nL) was
refl uxed Wwernodstolm7sW th azeotropi c renoval of water. ThectRaGhsAddEyXt Ur e
was concentrated under reduced pressur Et OAc (100 nlL) was added and the
organi c | ayer was washed successively with H20 (3 x 30 nL) and brine (30
m-), 25 dried (Na2504), filtered and concentrated under reduced pressure.

The white solid obtai negmwas triturated with n-pewstane (20 nL) to afford

5, 5- bi s(brononet hyl) e net hy141! 3] cl i oxane s col ourl ess
CT/ DK20 00080 29 B ° Fol | owi ng the
dtion of<go

crystals. WD 2008/ 104
general procedure, dial mpound 513 {1, ;9 g, 6 nmol) with

conmpound 521 (2.0 g, 6. rrm)l) in DMSO (30 ml) |n5¢4he 5 presence of K2CO3
(2.07 g, 15 mmol) afforded conpound 522 as a white solid rraterlal after
puri fi cat ifeHowipadbe aenet PERsdYER, Hidlylatoo @O%Et(é% MG 1 MgReD ¥éfr ol eun) .

LC-Ms: RT
(IH d. 3 cgrn%j\?r%la%@ blé@ioao%%ﬁﬂexéwh@g_’»n?’rﬁé( 23 &M&?)Sﬁ DB ((SS)GQQ) 3%9 (5gH45

s), 3.86 (thﬂpr@s)encqoﬁg&@j_p%‘i) mgj 8- ﬁafn@?%{}a plaﬂgdlcg’mpound 14 as a’white

9- Met hexy-s3 Ry h@it@#‘allaféerl}ﬁﬂmslm&%Bglcaru?a{rfltﬂmﬁnataé;a%]w?l(sow]Et@A@af boxylic
acid nethyl ester n‘Eound 524 . OH.OHB 83 Br 8

light petroleum) C-MS: Ry = 2 40 mln m/z 281.26 (M+H)*. "H NMR (CDCls):

67.49 (1H, d, 7 8.8), 6.62 (1H, d, 7 8.8), 4.61 (2H, d, J 6.8), 4.58 (2H, d, J

6.8), 4.48 (4H, s), 3.90 (3H, s), 3.87 (3H, s).

10  Preparation 15:
9-Methoxy-spiro[2H-1,5-benzodioxepin-3(4H),3’-thietane]-6-carboxylic acid

methyl ester (compound 516)

Step A:
Br Br

Br Br Br Br
Br Br Br SAc S
515

15  3,3-Bis(bromomethyl)thietane 515 was obtained in a two step process from 1,3-
dibromo-2,2-bis(bromomethyl)propane following the literature procedure
(Petrukhina, M. A.; Henck, C.; Li, B.; Block, E.; Jin, J.; Zhang, S-Z.; Clerac, R.
Inorg. Chem. 2005, 44, 77-84). Accordingly, a mixture of 1,3-dibromo-2,2-
bis(bromomethyl)propane (7.76 g, 20 mmol) and KSAc (2.28 g, 20 mmol) in

20 anhydrousTHF (30 mL) was refluxed for 30 h. The ppt was filtered off and the
filterate concentrated and the residue obtained was purified by flash column
chromatography (10-25% EtOAc in light petroleum) to afford thioacetic
acid(2,2-(bisbromomethyl)—3-bromopropy|)estér as a pale yellow solid material.
A mixture of thioacetic acid(2,2-(bisbromomethyl)-3-bromopropyl)ester (1.53 g,

25 4 mmol) and NaOMe (324 mg, 6 mmol) in anhydrous MeOH (10 mL) was stirred
at 0 °C for 2 h. MeOH was removed in vacuo, coevaporated with toluene (2 x 2

mL) and the residue obtained was filtered through a short pad of silica gel to



,., 523 5,5-Bi s(bronmonmet hyl)41, 3] clioxane (523) was obtained from 2, 2-
bi s(brononet hyl ) -1, 3-propanediol following the literature procedure (Bitha,
P.; Carvayalososfes; Ctarella, R V.; Delos Santos, E. pbrip2dégiooodso E- ;
H avka, J. J.; Lang, S. A, Jr.; Li ndsgg, H L.; Thomas, J. P.; Wallace, R
E.; Yang-I, L. .1. Med. 20 Chem 1989, 32(9), 2063-7 and Mtkin, 0. D.;
Wan, Y.; Kurchan, A N.; Kutateladze, A G Synthesis, 2001, (8), 1133-42).
Accor di nglgive 8,38lsUbioptbrRéthyi)ehibliank B1sTasB tthitk Joil L whidbr wapa0set althéa 5 g,
9.55 mmol ), formal dehyde (37% aqueous solution, 3.5 nL) and conc. HCI (2.0
m.) was reff‘l'tﬁ?ﬁéauf'ﬁ?at%’?-h. After being cooled to rt, H20 (25 nlL) was added
to the reaction m xture which was 25 extracted with CH2A 2 (2 x 25 nL). The
conbi ned or%ani.c | ayer successively washed with sat. aq. Na2C33 (25 nL) and
H20 (25 m3t 'ied (Na2504), filtered and concentrated under reduced
pressure. The col ourl e®¥e|iquid obtai ned was founfMto be >95% pure by 1H
NMR, and it was used wirsp8ht furtBerBpurificati
2008/ 104175PCT/ DK2008L0QQ080 50 St B: — 5135 4 Sowi ng the general
procedure, dialkylation of"conpourfq’513 (198 ng, J 2 mml) with conpound
523 (301 ng, 1.1 nmol) ‘PA®DMVBO (5 ML) in the presénce of K2CO3 (345 ny, 2.5
nmmol ) & forded conpound'®24 as a wWil’te solid materi®® after purification by
col umm chrigjg erleP8)-(h506det- 8 BiaikIdiotilr sae (68 Bmg) 3.36CmMes!) Rith= 2. 65
mn.; mz 311.23 (MrH) +. 1H NI\/RIfDI\/SOdG):_ 7.37&ng, d, 88), 6.81 (1H, d,
.7 8.8), 4Hp(Pamg 3.7 mrgol)yn DMSEE (3 mb)dn the greppnce ghKeEP Gri6 & 4. 01
E(BZHI\/Et ﬁ% 3.8Iminb i_la_f?rge%ﬂ.% efjﬁé"whg_)e-soﬁﬁdfméﬁlbi éthrZ;ﬂjr_if“![ca_tion by cglumnb .
acid ng?K)ﬁshelgéwg r?emgégqs%@fclilgqgigﬁgkbpeunl). Lé]-l‘qg RIT 2”?_]17 mﬁf‘;r oxytic

10 m/z 297.19 (M+H)*. *H NMR (CDCls): & 7.49 (1H, d, J 8.8), 6.63 (1H, d, J 8.8),

4.30 (2H, s), 4.28 (2H, s), 3.90 (3H, s), 3.87 (3H, s), 3.11 (4H, s).

Preparation 16:
9-Methoxy-spiro[2H-1,5-benzodioxepin-3(4H),2’-(1,3-dioxolane)]-6-carboxylic

15 acid methyl ester (compound 518)

Step A:
o Br Br
+ HO OH
_/ 0" "o
Br Br -/
517

2,2-Bis(bromomethy!)-1,3-dioxolane 517 was obtained from dibromoacetone
following the literature procedure (Valentin, M-L.; Bolte, J. Bull. Soc. Chim. Fr.

20 1995, 132, 1167-71). Accordingly, a solution of dibromoacetone (4.04 g, 18.7
mmol), ethylene glycol (2.32 g, 37.4 mmol) and p-TsOH (25 rhg) in benzene (70
mL) was refluxed for 12 h, with azeotropic removal of water. The reaction
mixture was concentrated under reduced pressure, Et;0 (50 mL) was added and
the organic layer was washed with H,0 (2 x 50 mL), dried (Na,S0,), filtered and

25 concentrated under reduced pressure. The residue obtained was purified by flash
column chromatography (7-10% EtOAc in light petroleum) to afford 2,2-

bis(bromomethyl)-1,3-dioxolane (517) as colourless liquid.



523525 4, 4-Bi s( hydroxymet hyl) 41, 3] di t hi ane was obtained in a two step
process from conpound 523 following the literature procedure (Mtkin, O.
D.; Wan, wo.osiosi¥an, A. N.; Kutatel adze, A. G Synt hesipgr/ndd9ds/00063)
1133-42). Accordingly, 20 a m xture ofsgonpound 523 (1.36 g, 5 nmol) and
KSAc (1.71 g, 15 mmol) in anhydrous DMF (10 nlL) was stirred at rt for 30 h.
The sol vent was renoved under reduced pressure and coevaporated with
toluene ($tepB:nlL). lce-water m xture was added and then extracti on was
performed with diisoprgpyl ether (2 x 25 nlL). Theugonbi ned organi c phases

were dried (Na2SO4), filtgred anl 2Bconcentrated f goaffpord

5, 5- bi s(acetyl t hi onet -[1, 3] dgggzne (132 g, ni{ ag\/:qve) as a pale

yel | ow vi scous oil. | f oundQt o® be >95% pur eNByodHO and it was used
wi t hout further purificameon. 008/ 104175PCT/cok@008/ 000080 51 A
solution of 5,5-bis(acekylthiomethyl)-[1,3]di oxanesgl.32 g, 5 nmol) in aq
HCl (2N, 25 nmL) was refluxed for 16 h and then_coaled to rt. The m xture
was made &PkewingdhgygenrEhrredytridia!syatien 85 /3 mong YRAD ML ext ract ed
with CH2COs3A G722 g, 012 mnidigircorsiong®d @Lpanite pragerncedsti leto; Neaeod,, 5
filtered and concentrat ed under hgduced pressur@_ to a V\/ni\te solid

mat eri A1, MAPBIRMRELe] PAB ASA BhtRiSCHT materalalies RUrEcrUYbPY S ™Y her (2:1, 15
nL). The whidrRategtdphyWas-609:tE0Ad ik Gght gatréleum). LC-MS: Ry = 2.70 min.;

4, 4- bi s( hydr oxyne 1) 41, 3] di § hj.ane,., waj ed, W u urt

purifi cat Y% 2%01é?%+h)m§l%ﬂé2h¢[&ﬁ)s‘( ﬁ@'ﬁ‘g%@mﬁ}%?%’%ﬁ%i%ﬁg%h% my,
2. 25 mml . 2t A58 7 §.8)29.10, (261, 5 40DI(2H) £), 3ndy dalaus), Bys80 (Bhes)( 3.76.) was
stirred at_rt for 48 h. Solvent was renoved in vacuo and co-evaporated with
t ol uene (:§3'>'!'§)'rrL). CH2C 2 (40 nmL) and sat ag NaFI CO3 (40 nlL) were added,

t he phases separated and the organic phase dried (Na2504), filtered and

concentrated untder r7educed 15 pressure. The residue obtained was fl ash
chr omat ogfgé%%é%—'?%%TSS% Et OAc in |ight petroleum to provide

4, 4- bi s( p-o-methHoxg t8podiyt 103 ybentbridy eblin-3) ¢H) 8 hterehyd5ayraak 6 ecanbixydicsol i d
material. Ste : 205135255 ol | owi ng the general procedure,

di al kyl at iaSﬁ' %F%&ﬁﬁt(?ﬁgao@%u?‘%g%&m, 1.5 mol) with conmpound 525 (806 ny,
1. 65 nmol StemADMSO (7.5 L) in the presence of K2CO3 (518 ng, 3.75 mmol)
af forded conmpound 526 as a white solj,d npterial aftgy pugjfication by

col um chr omat ogr aphy/}(%\ﬁ- 50% Et 0Ac i%ﬁ
o [¢}

o] Y _ o
15 519
4,4-Bis(p-tolunesulphonyloxymethyl)tetrahydropyran (519) was obtained in a

two step process from commercial tetrahydropyran-4,4-dicarboxalic acid
dimethyl ester. Accordingly, to an ice-cooled solution of the diester (3.03 g, 15
mmol) in anhydrous toluene (45 mL) was added dropwise synhydride (70% in
20 toluene, 19.5 mL, 66 mmol) and the mixture stirred at 120 °C for 3 h. The
mixture was cooled to rt, H,0 (50 mL) was added slowly and concentrated over
silica gel (35 g). Quick column chromatography with a linear gradient of MeOH in
CH,Cl, afforded 4,4-(bishydroxymethyl)tetrahydropyran as white solid material.
A mixture of diol (1.46 g, 10 mmol) and TsCl (4.77 g, 25 mmol) in anhydrous
25 pyridine (25 mL) was stirred at rt for 48 h. Solvent was removed in vacuo and
co-evaporated with toluene (3 x 10 mL). CH,Cl, (100 mL) and sat aq NaHCO;
(100 mL) were added, the phases were separated and the organic phase was

dried (Na,S0,), filtered and concentrated under reduced pressure. The residue



25 light petroleum. LGMS: RT = 3.53 mn.; nmz 343.14 (M+H)+, 365.12
(MtNa) +, 327.28 (MCH3)-. 1-1-INWR (DVSO-d5): 5 7.36 (1H, d, J 8.8), 6.81
(1H, d, 3w8.28)8/1041780 (2H, s), 4.14 (2H, s), 3.83 (2H, sprcTHIRMY@DHHS0S) ,
3.77 (3H, s), 2.85 (4H, s). WD 2008/ 194175PCT/ DK2008/ 000080 52 Qwe
General procedure C. LiHVDS (1IMin THF, 3.0 eq) was added dropwi se to a
ice-cold solution of ester 4b and commercially avail abl e

3, 5; di chl @beaifedwiad)flaply rchft}mao@ﬂapaeeq)sshts% ErOAy dim tigist getdFoleding to @act i on
m xture was, stirred at | r 12 0.,(10 ni at . N | (20 nL
were added" & (Pht@ﬂlﬂeit"Bi‘snﬁfé’éy"aﬁwgg%é"d“(m’?w réf‘g%gg? >R % tenfwfacTh((a :
conbi ned angerbk phases were dried (Na2504), filtered and concentrated
under reduced pressure. The residue obtained was purified by flash col um
chromat ography to afford ketone | b. 10 Using general procedure Cthe

f ol | owisng StepqBounds wer e obt ai ned: Exampl e 20

2-(3,5-Dichl oropyridi nag-yl)-1-(9- met hoxy-spi ro[ 3i& 1, 5- benzodi oxePi n153( 4H)
, 3" -oxet ane] - 6-yl | et hghora (conpound™121) Owe obdoming the general
procedure, condensat i of 34 5-djtRhl or 0-4-pwt hy ri dXne o(169 ng, 1.04

mml) w th conpound 514 YoB24 ngy, (0.8 nmml) in T in the presence of
LiHMDS (2.4 i, 2.4 msbye af f or de@ conpound 121 &oMa white 20 solid
material after purificgiion by cokimm chromatograpfy (65-80% EtOAc in |ight
petroleum. LGMS RT = 3.24 min.; mz 410.07 (MH), 408. 19, 410 22 (M Hy.
hi 1 NVR ( Boiioving)thesrnee! ppegedsye, dialisplation of gompogndF13¢(951mga 484, J 9.0),
?:236 g )ZH’ éﬁ%}gl)?v%ﬁ? cé%.'douﬁa 519 @30(rRh} 053 M1 Pih DMsBG3(Rljlin the 3 6.5), 4. 36
’ ’ ﬁresence of KZCb3 (166 mg, 1.2 mmol) afforded compound 520 as a white solid
10  material after purification by column chromatography (45-65% EtOAc in light
petroleum). LC-MS: RT = 2.40 min.; '*H NMR (DMSO-de): 5 7.34 (1H, d, J 8.8),
6.78 (1H, d, J 8.8), 3.99 (4H, s), 3.80 (3H, s), 3.76 (3H, s), 3.61 (4H, t, J 5.5),

1.54 (4H, t, J 5.5).

15 Preparation 18:
9-Methoxy-2’,2'-dimethyl-spiro[2H-1,5-benzodioxepin-3(4H),5’-[1,3]dioxa nel-6-

carboxylic acid methy! ester (compound 522)

Step A:

Br Br
OH OH

Br Br OXO

521

20 A solution of 2,2-bis(bromomethyl)-1,3-propanediol (5.0 g, 19.1 mmol),
anhydrous acetone (20 mL) and p-TsOH (100 mg) in benzene (75 mL) was
refluxed for 12 h, with azeotropic removal of water. The reaction mixture was
concentrated under reduced pressure, EtOAc (100 mL) was added and the
organic layer was washed successively with H,0 (3 x 30 mL) and brine (30 mL),

25 dried (Na,S0,), filtered and concentrated under reduced pressure. The white
solid obtained was triturated with n-pentane (20 mL) to afford 5,5-
bis(bromomethyl)-2,2-dimethyl-[1,3]dioxane (521) as colourless crystals.



WD 2008/ 104175PCT/ DK2008/ 000080 53 Exanpl e 21

2-(3,5-Dichl oro-1-oxi do-pyridin-4-yl)-1-{9-net hoxy-spiro[2H 1, 5-
benzodi 0%¢pi200sA04HHs. 3' - oxet ane] - 6-yl | et hanone (conpound p¢ZA)K6Mn00dsa STO a
sol ution of 2-(3,5-Dichloropyridin-4-yjg-1-{9-nethoxy-spiro[2H 1, 5-

benzodi oxepi n- 3(4H), 3' - oxet ane] - 6-yl | et hanone [121] (20.5 ny,
CH2A 2 (1 nL) was added 30% H202 (15 p.L) and nethyltrioxorhenium(VIl) (5

50 ptrnol)

in

nmg). The st Bfe was stirred for 18h, added Mi02 (5ng) and was stirred for

anot her hour. CH2d 2((

10 wat er.

dryness under reducs
t he product. LC/ M5 (WETHED B):

The conbi nep
T essuy e.

purity (UV) = 100% 15cdamanpl e 22?< COOMe

2-(3,5-Di chl oropyri di n- 4-y1)-1-{9;
| oxepi n3(4H), 3' -thi et ﬁﬁe] -6-yl | etﬁanone (compound 123) Owe 0 COOwveC

516N123

10

15

20

25

met hoxy- spi ro[ 2,1, 5- benzod

Following the general procedure, dialkylation of compound 513 (1.19 g, 6
mmol) with compound 521 (2.0 g, 6.62 mmol) in DMSO (30 mL) in the
presence of K,CO3; (2.07 g, 15 mmol) afforded compound 522 as a white solid
material after purification by column chromatography (30-40% EtOAc in light
petroleum). LC-MS: Ry = 2.99 min.; m/z 339.31 (M+H)*, 361.25 (M+Na)". H
NMR (CDCls): & 7.45 (1H, d, J 8.8), 6.59 (1H, d, 7 8.8), 4.22 (2H, s), 4.18 (2H,
s), 3.89 (3H, s), 3.86 (7H, s), 1.43 (6H, s).

Preparation 19:
9-Methoxy-spiro[2H-1,5-benzodioxepin-3(4H),5’-[1,3]dioxane]-6-carboxylic acid

methyl ester (compound 524)

Step A:
OH OH Bf><‘3f
BT><BI' o\/o

523
5,5-Bis(bromomethyl)-[1,3]dioxane (523) was obtained from 2,2-
bis(bromomethyl)-1,3-propanediol following the literature procedure (Bitha, P.;
Carvajal, S. G.; Citarella, R. V.; Delos Santos, E. F.; Durr, F. E.; Hlavka, J. J.;
Lang, S. A., Jr.; Lindsay, H. L.; Thomas, J. P.; Wallace, R. E.; Yang-I, L. J. Med.
Chem. 1989, 32(9), 2063-7 and Mitkin, O. D.; Wan, Y.; Kurchan, A. N.;
Kutateladze, A. G. Synthesis, 2001, (8), 1133-42). Accordingly, a solution of
2,2-bis(bromomethyl)-1,3-propanediol (2.5 g, 9.55 mmol), formaldehyde (37%
aqueous solution, 3.5 mL) and conc. HCI(2.0 mL) was refluxed for 12 h. After
being cooled to rt, H,0 (25 mL) was added to the reaction mixture which was
extracted with CH,Cl, (2 x 25 mL). The combined organic layer successively
washed with sat. aq. Na,COs (25 mL) and H,0 (25 mL), dried (Na,S0,), filtered
and concentrated under reduced pressure. The colourless liquid obtained was

found to be >95% pure by 'H NMR, and it was used without further purification.

10m.) wasgadged and the oggani c phase was washed with
Qjugani ¢ phase was dried gves P4 and evaporated to
ndard HPLC i fi§ati af forded 14ng of

ma) 426.18; 42§ ); RT = 2.42 mn;



Fol | owm ng the general procedure, condensation of

3, 5-di chl oro-4-net hyl pyridine (366 ng, 2.26 mol) w th conmpound 516 (516
ny, 1.74 wodbisdom7iHF (10 nl) in the presence of Li HVDSpCSmi20ds/0090s8 nmol )
af forded conpound 123 as a white solid.gmterial after purification by

col utm chr omat ogr aphy (55-65% Et OAc 2008/ 104175PCT/ DK2008/ 000080 54 in
light petroleum. LCG-MS: RT = 4.23 min.; mz 426.24, 428.25 (M-H) +, 424.23
(NI-Hy. 1-1-1 NW\R (CDC13): 5 8.51 (2H, s), 7.57 (1H, d, J 9.2), 6.71 (1H,
d, J 9.2), 4.64 (2H, s), 4.46 (2H, s), 4.33 (2H, s), 3.93 (3H, s), 3.20
(2H, d, JXemB: 3 12 (2H d, 39.9). S Exanple 23:

2-(3,5-Dichl oropyridi mm-y1)-1- (8- ret hoxy-spiro] 1, 5- benzodi oxepi n3(4H), 3

'-thietane-1'-dioxid | I et hanope (conpound o~ C’%OTO a solution of
2-(3,5-Di chl oropyridi -yl)-*1- (P~met hoxy-sPiro 1, Ac
benzodi oxepi n-3(4H), 3"F t Plet ane]eB-9/1 | et hanone [ 12 (4f. 6 ng) in CF12C12

(1 nl) was added 30% HEE¥ (38 4) and nethyl triox8tWenium(Vi1) (5 ng). The
m xture was stirred fofs18h and seddsequently washed2a th water. The organic

phase was dried S ted t d

Dt easur o. FEURY BAGHF §PBLE PRIECE [ Al T 2HPT O SERRE 81 S eepidubot . Lar v

( NE'(I)'EC/EEE)mml()ngiZh 4568 padind 528. (B0 M621.14mdH+HN; DRFO{53nBPimthe; purity (WV)
= % Exa e : : :

202- (3, 5- B I0NSF SHYRE A 215 B G2 T9Y 2ffordedsomrednd et 8¢ B S odi oxe
Pi n- 3( 4Hm&eribhafedramaification by diotwon nl ehrodratbpepha{(6Ac6 o dtPdamlliahts) . 0 WO

2008/ 104175 / 00080 } oqH2 _ A
met hyl tri d))?g'ro eg%%%% Q(S_ %.g%?rﬁﬁi,e)’%% ﬁqdfﬁd(bﬁ’gt‘l/‘i . g%\ll\ﬁleDiL‘rSB d%r.‘%
7.37 (1H, d, 7 8.8), 6.81 (1H, d, 7 8.8), 4.80 (1H, d, 7 6.4), 4.78 (1H, d, J 6.4),

10 4.07 (2H, s), 4.01 (2H, s), 3.81 (7H, s), 3.76 (3H, s).

Preparation 20:
9-Methoxy-spiro[2H-1,5-benzodioxepin-3(4H),5'-[1,3]dithiane]-6-carboxylic acid

methyl ester (compound 526)

15 Step A:
Br Br SAc SAc OH OH OTs OTs
S i o
0._"0 0._0 S-S S-S
523 525

4,4-Bis(hydroxymethyl)-[1,3]dithiane was obtained in a two step process from
compound 523 following the literature procedure (Mitkin, 0. D.; Wan, Y.;
Kurchan, A. N.; Kutateladze, A. G. Synthesis, 2001, (8), 1133-42). Accordingly,

20 a mixture of compound 523 (1.36 g, 5 mmol) and KSAc (1.71 g, 15 mmol) in
anhydrous DMF (10 mL) was stirred at rt for 30 h. The solvent was removed
under reduced pressure and coevaporated with toluene (3 x 5 mL). Ice-water
mixture was added and then extraction was performed with diisopropyl ether (2
x 25 mL). The combined organic phases were dried (Na;S0,), filtered and

25 concentrated to afford 5,5-bis(acetylthiomethyl)-[1,3]dioxane (1.32 g,
quantitative) as a pale yellow viscous oil. It was found to be >95% pure by H

NMR and it was used without further purification.



m xture was stirred for 18h, and was subsequently added water. The organic
phase was dried over MgSO4 and evaporated to dryness under reduced

pressur e.wabasd@idsHPLC purification afforded 8.4ng of phe/meesiimbsed LC M5
(METHOD B): (mfz) 474.17, 476.16, 478.18 (M#); PT = 2.39 nmin; purity (W)
= 100% Exampl e 25:

2-(3,5-Dichloropyridin-4-yl)-1-{9-net hoxy-spiro[2H 1, 5- benzodi oxePi n103( 4H)

, 2" - (1, 3- di exatignel b HbildRtNanienetHyPorpeickahet)l. Mg, &vBmol) in ag HEOOWVE 518
Fol | owi ng the;gener al procedure, condensation

d of .
3, 5- di chi drd- 2>rfBbhyppiefluerdoy 58 hrapd theaxopiad| P i The BNMYERINGS S13€ 74 ny,
gf fzgr 323' %a(l)lﬁdggy‘ﬂ@ {r%—)gﬁid@-éddiﬂé‘b%bﬁ?@Naml nC@Marld ﬁﬁ\éﬁﬁz)(tﬂac?&i Wit]lcn CH,Th Mol )
un as a. ite solid. er t ificati b
col um- chrnbddaapRhe combines aoenc 3|4 NgebPor Bikfed 81 s CRr 2. 63
mlg. I TE{jZ c?agergtgateg%déﬁréd\ﬂtw bressubt MVRWHRSRIIdhatebiaB. viic &ds s), 7.39
EZH: ’S) , ’ strigjfége)g_rvitg)sh%t %_}lgé?(a?@@]ﬁsgﬁgpw élt'hg(r)(ﬁ:21'7"15331L).4rh?é4w{1i%é"sohs was 17
filtered to provide 4,4-bis(hydroxymethyl)-[1,3]dithiane, which was used

without further purification.

10 A mixture of 4,4-bis(hydroxymethyl)-[1,3]dithiane (405 mg, 2.25 mmol) and
TsCl (1.29 g, 6.75 mmol) in anhydrous pyridine (4 mL) was stirred at rt for 48 h.
Solvent was removed in vacuo and co-evaporated with toluene (3 x 3 mL).
CH,Cl, (40 mL) and sat aq NaHCO; (40 mL) were added, the phases separated
and the organic phase dried (Na,S0,), filtered and concentrated under reduced

15 pressure. The residue obtained was flash chromatographed (35-55% EtOAc in
light petroleum) to provide 4,4-bis(p-tolunesulphonyloxymethyl)-[1,3]dithiane

(525) as a white solid material.

Step B:

OMe Ts OTs OMe

OH o S
. S )
OH o s
S__S
COOMe ~ COOMe
20 513 525 526

Following the general procedure, dialkylation of compound 513 (297 mg, 1.5
mmol) with compound 525 (806 mg, 1.65 mmol) in DMSO (7.5 mL) in the
presence of K,COs (518 mg, 3.75 mmol) afforded compound 526 as a white
solid material after purification by column chromatography (40-50% EtOAc in

25 light petroleum). LC-MS: Ry = 3.53 min.; m/z 343.14 (M+H)"*, 365.12 (M+Na)*,
327.28 (M-CHs)". *H NMR (DMSO-ds): 6 7.36 (1H, d, 7 8.8), 6.81 (1H, d, J 8.8),
4.20 (2H, s), 4.14 (2H, s), 3.83 (2H, s), 3.81 (3H, s), 3.77 (3H, s), 2.85 (4H, s).



20 Exanpl e 26:

2-'53'E S-E chl or opyri gi nl-lél-yﬁ) -1-{9- et hoxy-sPiro[ 2H 1, 5- benzodi oxePi n3(4H), 4
‘-tetra =6-yl | et hanone (conpound 127) Owe

2006/ 104 Y0 RIS 06080 26 i o tme)siar Coener of Li \lg\SBET/(Défzg?ssmr?f?s“o. 85
mmol ) afforded conmpound 127 as a white solid material after purification by
col um chromat ogr aphy (60-70% EtOAc in light petroleum. LG M RT = 3.70
mn.; mz 438.21, 440.21 (M1-)+, 436.30, 438.27 ( . 1H NWVR (DMSO-d6): 5
8.65 (2H, s), 7.42 (111, d, J 8.9), 56.87 (111, d N\Q31, 4.63 (2H, s),
4.25 (2H, s), 4.07 (2 ,M°§ , 3.84 (3H, s), 3.64 (4 t,/ & 5.3), 1.60 (4H,
t, J 5.3). Exanple 2 Rt +C'\§%/C'_, °

2-(3,5-Dichl or o- 1- oxi~geg> irRei n- 4-l Y- 1- { 9- net hoxy-
10benzodi oxepi n- 3( 4H) cdomet et r ahydr opyr an] - 6- yI% bne (conmpound 128) 1
0 To a solution 2-(3,5-Dichloropyridin-4-y1)-1-{9-fet hoxy-sPiro[ 2H1,5-
benzodi oxepi n- 3(41-1), 4“2 t et rahydopyran] - 6-yl } et hNanone%[ 127] (66 ng, 150

I MOD i n Gehéfdldréckdikd cwas added 30% 11202 (45 ilL) and

15met hyl t 1| i | 10 . The m i
ST YW PPN DL AR
Ej he gr ganiab %&mwawbwlaﬂf h,sw?jitmoro-lheeumwrm ¢r.gaq) én phase was

re over 1
Lo o T bRy T SPaRE R ey el 8 Fe F 14 Bl R Eend TS
42154é3§; D|456t.332|. (NHzlﬁE_ g_(Z(R"F\L;E w2ré@dded angtine tryxtlpta/)/vas-ex&@%ed wElgﬁm@Afe(ZQ&
Fobens ot SEBMISTHE FoEBnpblerdenit PRIE\EK e (NELBR) Wt bh) 708 & ©

concentrated under reduced pressure. The residue obtained was purified by flash

column chromatography to afford ketone Ib.
10
Using general procedure C the following compounds were obtained:

Example 20
2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-benzodioxepin-
15 3(4H),3'-oxetane]-6-yl}ethanone (compound 121)

OMe
0
OMe ><:0
o
Cl Cl o
eyt —
o Sy o
COOMe O~ | a
514 SN 121

Following the general procedure, condensation of 3,5-dichloro-4-methylpyridine
(169 mg, 1.04 mmol) with compound 514 (224 mg, 0.8 mmol) in THF (4 mL) in
the presence of LiIHMDS (2.4 mL, 2.4 mmol) afforded compound 121 as a white

20 solid material after purification by column chromatography (65-80% EtOAc in
light petroleum). LC-MS: Ry = 3.24 min.; m/z 410.07 (M+H)*, 408.19, 410.22
(M-H)". 'H NMR (DMSO-ds): 0 8.66 (2H, s), 7.45 (1H, d, 7 8.9), 6.91 (1H, d, J
9.0), 4.66 (2H, s), 4.57 (2H, s), 4.50 (2H, d, J 6.5), 4.46 (2H, d, J 6.5), 4.36
(2H, s), 3.85 (3H, s).

25



WO 2008/ 104175PCT/ DK2008/ 000080 57 QOwe Fol |l owi ng the general procedure,
condensati on of 3,5-dichloro-4-nethylpyridine (93 ng, 0.58 nmol) wth
conmpound W83 oiske@178Y, 0.44 mmol) in THF (2 nmL) in the ppesseBosaioodsyHVDS
(1.3 m, 1.3 mol) afforded conpound 129 as a white 5 solid material after
purification by colum chromat ography (55-60% EtOAc in |ight petroleun).
LC-Ms: 111- = 3.95 min.; mz 468.19, 470.23 (M+H)+, 466.36, 468. 33

(MH . (DVBaghple 26 8.65 (2H, s), 7.42 (1H d, 8.8), 6.89 (1H d, J 9.1),

?333 g)ZH @Sz%irﬁpr(o )ox1%pggﬂpéf égl_' %S{)Q methoxy(spu‘o[illl-’lg-' 82 (4H s), 1.39

2-(3,5-D cbahmmwarmrd4304|4),31¢xe1a.{a@]-ea/amnanm (copRtdubdS-229nzodi oxePi n3(4H), 5
'41, 3] cl i oxane}g6-yl } et ha none (conpound 130) Owe 15Fol | owi ng t he
general procedur condensation of 3,5-dichloro-4-nethyl pyridine (211 ny,
1.3 mol) wt onpgusd 524 (310 ng, 1.0 mmol) in THF (6 nlL) in the
presence of Li (3 nm, 3.0 mol) afforded conpound 130 as a white solid
material afte ur| f| catl on by coI um chr omat ogr aphy (60-80% Et OAc in |ight
petrol eum, = 3.64 min.; mz 440.16, 442.17 (M+H) +, 438. 27,

20440. 29 ( | 'I-1 NIVR(DMSOdS) 58.65 (2H, s), 7.43 (1H, d, J89),
6.89 (1H, d, \Nj 8.9), 4.84 (1H, d, J 6.1), 4.79 (1H, d, J 6.1), 4.64 (21-1,
s), 434(211q s), 4.08 (2H, s), 3.90 (2H, d, .111.4), 3.85 (3H, s), 3.82

(211, g To a so%ztlon O@Er}il:;es Blchloropyrldln 4-yl)-1-{9-methoxy-spiro[2H-1,5-
benzodioxepin-3(4H),3’-oxetane]-6-yl}ethanone [121] (20.5 mg, 50 umol) in
CH,Cl, (1 mL) was added 30% H,0, (15 pL) and methyltrioxorhenium(VII) (5

mg). The mixture was stirred for 18h, added MnO, (5mg) and was stirred for

another hour. CH,Cl, (10mL) was added and the organic phase was washed with
10 water. The combined organic phase was dried over MgS0O, and evaporated to
dryness under reduced pressure. Standard HPLC purification afforded 14mg of
the product.
LC/MS (METHOD B): (m/z) 426.18; 428.20 (MH+); RT = 2.42 min; purity (UV)
= 100%
15

Example 22:
2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-benzodioxepin-
3(4H),3’'-thietane]-6-yl}ethanone (compound 123)

OMe

: 0

OMe S
° cl cl o)
Xy —
) . °
COOMe Ch A~
o |
N 123

20 516
Following the general procedure, condensation of 3,5-dichloro-4-methylpyridine

(366 mg, 2.26 mmol) with compound 516 (516 mg, 1.74 mmol) in THF (10 mL)
in the presence of LIHMDS (5.2 mL, 5.2 mmol) afforded compound 123 as a

white solid material after purification by column chromatography (55-65% EtOAc
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2-(3,5-Di chl oro-1-oxi do-pyri di ne-4-y1)-1-{9- Met hoxy- sPi ro[2H—1 5-

benzodi oxggi, -[1, 3] di oxane] - 6-yl | et hanone (conp

a sol uti éﬁ OP 82'%?13?%5 Di chl or opyri di n-4§ [)-1-{9-net hoxy Spl ro%@&ogosg)
benzodi oxepi n-3(4H),5' -[ 1, 3] di oxane] - 6=yl } et hanone [130] (100 ng) in CH2C 2
(2 m.) was added 30% H202 (120 [AL) and nethyltrioxorhenium(VIl) (5 ng).

The m xturig \¥RSoSHOELRE. [ Emdial 2nas WS GHENkbo uaabed syl er. The

or gani ¢ phas over I\é? and evapora g ess _under reduced
3j

10pr essur 2422 HPNMRIGDT e 4t8- 8k (A E)r EI'eEV é’s’ﬁvgd 04‘ 2eddildditd: Lo vs
gR/!ETHOD B)j9.651 254450, 38 A Mbt0aR, BT 432 (A3, 4 BioPwH,tey, SLi‘d)(ZT-i W %9.9),Exanpl e

2- (3, 5- Di chla3ydi 4PM4-yl) - 1- {9- met hoxy- spi r o[ 2H 1, 5- benzodi oxepi n153( 4H)
,5'[1, 3 dithiane]-6-yllethanone (conpound 132) Owe Fol | owi ng t he gener al
procedure, condensation of 3,5-dichloro-4-nethylpyridine (154 ng, 0.95
mml ) wi t EX881iedAd 526 (250 ny, 0.73 nmmol) in THE (4 nl) in the presence

of Li HVDS A.23 3. mhlo%&rmrmh)ymﬁipw@éthsmpw@pHL% -Bén#vdXephi-t e solid

mat eri al after purificat, o,n b | u hr omat ogr 45-55% Et OAc in |ight
pet r ol eum)3(4HG3vEhieRne-L, X\ﬁiieﬁ: HEF apphe iS&"ﬂg"if%lilz%\m 11-1 NMR
(DMSO-d6) : 58.65 (2H, s), 7.42(1H,\q, J 8.9), 6.88 (1H d, J 8.9), 4.64

o 0
s?
o o

[0/

Cl Y Cl

X,
N

10 To a solution of 2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-
benzodioxepin-3(4H),3'-thietane]-6-yl}ethanone [123] (42.6 mg) in CH.Cl; (1
mL) was added 30% H,0; (38 pL) and methyltrioxorhenium(VII) (5 mg). The
mixture was stirred for 18h and subsequently washed with water. The organic
phase was dried over MgSO, and evaporated to dryness under reduced pressure.

15 Standard HPLC purification afforded 6mg of the product.
LC/MS (METHOD B): (m/z) 458.13, 460.10, 462.14 (MH+); RT = 3.30 min;
purity (UV) = 100%

Example 24:
20 2-(3,5-Dichloropyridin-1-oxido-4-y|)-1-{9—methoxy-spiro[2H—1,5-benzodioxepin-
3(4H),3'-thietane-1’, 1'-dioxide]-6-yl}ethanone (compound 125).

To a solution of 2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-
benzodioxepin-3(4H),3'-thietane]-6-yl}ethanone [123] (39.6 mg) in CHxCl, (1



(2H, s), 4.43 (2H, s), 4.24 (2H, s), 3.85 (3H, s), 3.84 (2H, s), 2.91 (4H,
s). WD 2008/ 104175PCT/ DK2008/ 000080 59 Exanpl e 32: PDE4 assay Human

reconbi nab 28I (7Senbank accession no NM 006203) was i peypade6kdodysol hour,
with the test conmpound at concentratiogs up to 10 pM with cAWP 5(1x10-5M,

and with a | ow anount (0.021 MBq) of radioactively labelled cAMP. At the
end of the incubation, the cleavage of the substrate was eval uated by the

bi ndi ng ofmihRadbEded desz)p(ﬁP.A)the\@dﬁetHMthehorgﬁhe.rrﬁ(t\ﬂI)C(rsemb UTheescence
when bound to the radi oactive tracer ited he binding

of the radNBiveiwgs straedfortiBhy ﬁQdH@éoF#bs%W’ltWea‘ﬁ? ‘?ﬁ%téﬁhtne 98 was
conpet ed. pHasd heis'drrdl 6\&rWSED4C£{d3éUa®b%iea$o tdgng¥e| ivdef pEdL B IpAkdsO RS

resulting in 50% i nhibition of str cIe e conpared to controls
sanpl es, atrandard B RIgEIEGtge 3 @5‘%‘1(5%4 at‘%gare shown in Table 1

bel ow. 515 |EaiakeMETED 8YN /17 4( PDEA) . 116;1472&318\/I(MB|3)4MI\4= 208 min;
purity (UV) = 100%

Example 25:
2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-benzodioxepin-
10  3(4H),2’-(1,3-dioxolane)]-6-yl}ethanone (compound 126)

& e fb

Following the general procedure, condensation of 3,5-dichloro-4-methylpyridine
(53 mg, 0.33 mmol) with compound 518 (74 mg, 0.25 mmol) in THF (1.5 mL)
in the presence of LiHMDS (0.75 mL, 0.75 mmol) afforded compound 126 as a

15  white solid material after purification by column chromatography (60-80% EtOAc
in light petroleum). LC-MS: Ry = 3.63 min.; m/z 426.18, 428.16 (M+H)*. 'H
NMR (DMSO-d): & 8.64 (2H, s), 7.39 (1H, d, J 8.8), 6.86 (1H, d, 7 8.9), 4.60
(2H, s), 4.34 (2IH, s), 4.17 (2H, s), 3.97 (4H, s), 3.84 (3H, s).

20 Example 26:
2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-benzodioxepin-
3(4H),4'-tetrahydropyran]-6-yl}ethanone (compound 127)

OMe
o}
o
Ch A C o}
o + | R
o}
N
o N cl cl
COOMe /|
NN
N 127

520
Following the general procedure, condensation of 3,5-dichloro-4-methylpyridine
25 (59 mg, 0.36 mmol) with compound 520 (85 mg, 0.28 mmol) in THF (1.5 mL)
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in the presence of LiHMDS (0.85 mL, 0.85 mmol) afforded compound 127 as a
white solid material after purification by column chromatography (60-70% EtOAc
in light petroleum). LC-MS: Ry = 3.70 min.; m/z 438.21, 440.21 (M+H)",
436.30, 438.27 (M-H)". 'H NMR (DMSO-d;): 6 8.65 (2H, s), 7.42 (1H, d, 7 8.9),

5 6.87 (1H,d, J9.0), 4.63 (2H, s), 4.25 (2H, s), 4.07 (2H, s), 3.84 (3H, s), 3.64
(4H, t, 75.3),1.60 (4H, t, J 5.3).

Example 27:
2-(3,5-Dichloro-1-oxido-pyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-
10 benzodioxepin-3(4H),4'-tetrahydropyran]-6-yl}ethanone (compound 128)

To a solution 2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-
benzodioxepin-3(4H),4’-tetrahydopyran]-6-yl}ethanone [127] (66 mg, 150
pmol) in CH,Cl; (2 mL) was added 30% H,0; (45 ulL) and

15  methyltrioxorhenium(VII) (10 mg). The mixture was stirred for 18h, added
MnO2 (10mg) and was stirred for another hour. CH,Cl, (10mL) was added and
the organic phase was washed with water. The combined organic phase was
dried over MgS0, and evaporated to dryness under reduced pressure. Standard
HPLC purification afforded 5.6mg of the product.

20 LC/MS (METHOD B): (m/z) 454.32; 456.32 (MH+); RT = 2.80 min; purity (UV)
= 100%

Example 28:
2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-2’,2'-dimethyl-spiro[2H-1,5-
25 benzodioxepin-3(4H),5'-[1,3]dioxane]-6-yl}ethanone (compound 129)
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522
Following the general procedure, condensation of 3,5-dichloro-4-methylpyridine
(93 mg, 0.58 mmol) with compound 522 (150 mg, 0.44 mmol) in THF (2 mL) in
the presence of LIHMDS (1.3 mL, 1.3 mmo!) afforded compound 129 as a white
5 solid material after purification by column chromatography (55-60% EtOAc in
light petroleum). LC-MS: Ry = 3.95 min.; m/z 468.19, 470.23 (M+H)", 466.36,
468.33 (M-H)". 'H NMR (DMSO-d;): 6 8.65 (2H, s), 7.42 (1H, d, 7 8.8), 6.89
(1H, d, J9.1), 4.63 (2H, s), 4.33 (2H, s), 4.08 (2H, s), 3.84 (3H, s), 3.82 (4H,
s), 1.39 (3H, s), 1.37 (3H, s).
10
Example 29:
2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-benzodioxepin-
3(4H),5'-[1,3]dioxane]-6-yl}ethanone (compound 130)

XD ey EOO

524

15 Following the general procedure, condensation of 3,5-dichloro-4-methylpyridine
(211 mg, 1.3 mmol) with compound 524 (310 mg, 1.0 mmol) in THF (6 mL) in
the presence of LiIHMDS (3 mL, 3.0 mmol) afforded compound 130 as a white
solid material after purification by column chromatography (60-80% EtOAc in
light petroleum). LC-MS: Ry = 3.64 min.; m/z 440.16, 442.17 (M+H)*, 438.27,

20 440.29 (M-H)". 'H NMR (DMSO-d): & 8.65 (2H, s), 7.43 (1H, d, J 8.9), 6.89
(1H, d, 78.9), 4.84 (1H, d, J6.1), 4.79 (1H, d, 7 6.1), 4.64 (2H, s), 4.34 (2H,
s), 4.08 (2H, s), 3.90 (2H, d, J 11.4), 3.85 (3H, s), 3.82 (2H, d, J 11.2).

Example 30:
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2-(3,5-Dichloro-1-oxido-pyridine-4-yl)-1-{9-methoxy-spiro[2H-1,5-
benzodioxepin-3(4H),5’-[1,3]dioxane]-6-yl}ethanone (compound 131)

~o
0 o}
XY
o o
o

Cl Cl

5 To a solution of 2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-
benzodioxepin-3(4H),5’-[1,3]dioxane]-6-yl}ethanone [130] (100 mg) in CH,Cl,
(2 mL) was added 30% H,0, (120 pL) and methyltrioxorhenium(VII) (5 mg).
The mixture was stirred for 18h and subsequently washed with water. The
organic phase was dried over MgSO, and evaporated to dryness under reduced
10 pressure. Standard HPLC purification afforded 85mg of the product.
LC/MS (METHOD B): (m/z) 456.23 (MH+); RT = 2.55 min; purity (UV) = 95%

Example 31:
2-(3,5-Dichloropyridin-4-yl)-1-{9-methoxy-spiro[2H-1,5-benzodioxepin-
15 3(4H),5'-[1,3]dithiane]-6-yl}ethanone (compound 132)
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526
Following the general procedure, condensation of 3,5-dichloro-4-methylpyridine
(154 mg, 0.95 mmol) with compound 526 (250 mg, 0.73 mmol) in THF (4 mL)
in the presence of LiHMDS (2.2 mL, 2.2 mmol) afforded compound 132 as a
20 white solid material after purification by column chromatography (45-55% EtOAc

in light petroleum). LC-MS: Ry = 4.39 min.; m/z 472.15, 474.14 (M+H)". 'H
NMR (DMSO-ds): 0 8.65 (2H, s), 7.42 (1H, d, 7 8.9), 6.88 (1H, d, J 8.9), 4.64
(2H, s), 4.43 (2H, s), 4.24 (2H, s), 3.85 (3H, s), 3.84 (2H, s), 2.91 (4H, s).



S5Human peri pheral bl ood nononuclear cells (PBMC) were isolated frombuffy
coa]ts. The blood is mxed with saline at a ratio of 1:1, and the PBMC were
i sol at ed \Wgi,06k deyRhoprep tubesTM (Nyconed, Norway). Th %/\@

suspended In %IQM%M with 2 %foetal %If serum (FCS),%TEn s?%ﬁ%lsgd 2 MV
L-glutanm ne at a concentration of 5 X 5 c/m. The cells were

prfa-l ncubated for 1030 mnutes with the test conpounds in 96 well tissue
culture plggaﬁﬁglél@q:sti mul ated for 18 hours with |ipopolysaccharide 1 ng/m
(Sigma). e T'evel of TNF-a was neasured in the culture supernatant by
enzyme i nARFF@%$8Ys using primary and secondary biotinylated antibodies

from R&D sy5hERFecdRASHLAISPIHES (GaiHaAR SREedTor AOMM 06263 ¥ whe iHcabeated! rom
i nhi bition curves usin ositive 15controls the secreti onHis% PS

; as p ;

sti mul at edondinogranigh ége HRY&PMPOUBS R FBRENRLIOS8 UPPi hHIn Wik | at ed
cel |'s. sTha1ke6LM)S afill GviBN8VsW afholiabl©.02 1hes@yer rARickatN ety Zatietispeamd. | C50
(TNF-a) 101 28nM 102 88nM 103 23nM 104 44?M 105 800QnM

At the end of the incubation, the cleavage of the substrate was evaluated by the

binding of the AMP product to SPA beads, which generate chemoluminescence

when bound to the radioactive tracer. The AMP product inhibited the binding of

the radioactive tracer to the beads, and the luminescent signal was competed.

10 The results were calculated as the molar concentrations resulting in 50%
inhibition of the substrate cleavage compared to controls samples, and are

expressed as ICsp (M).

The results are shown in Table 1 below.

15
Table 1
Compound | ICso (PDE4)
101 26nM
102 41nM
103 26nM
104 10nM
105 310nM
106 127nM
107 590nM
108 220nM
110 11nM
111 18nM
112 29nM
113 53nM
114 45nM
115 1410nM
116 1290nM
117 207nM
118 1800nM
119 71nM
120 310nM
121 52nM
122 50nM
123 17nM
124 104nM
125 200nM
126 67nM




106 158nM 107 910nM 108 167nM 110 17nM 111 19nM 112 34nM 113 82nM 114 95nM
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127 22nM

128 11nM

129

130 40nM

131 43nM

132 26nM

Example 33:

TNF-a release
5 Human peripheral blood mononuclear cells (PBMC) were isolated from buffy

coats. The blood is mixed with saline at a ratio of 1:1, and the PBMC were
isolated using Lymphoprep tubesTM (Nycomed, Norway). The PBMC were
suspended in RPMI1640 with 2 % foetal calf serum (FCS), pen/strep and 2 mM
L-glutamine at a concentration of 5 x 105 ¢/ml. The cells were pre-incubated for

10 30 minutes with the test compounds in 96 well tissue culture plates and
stimulated for 18 hours with lipopolysaccharide 1 mg/ml (Sigma). The level of
TNF-a was measured in the culture supernatant by enzyme immunoassays using
primary and secondary biotinylated antibodies from R&D systems. Results are
expressed as ICsy values calculated from inhibition curves using as positive

15 controls the secretion in LPS stimulated wells and as negative controls the

secretion in unstimulated cells.

The results are shown in Table 2 below.

20 Table 2

Compound | ICso (TNF-a)
101 28nM
102 88nM
103 23nM
104 44nM
105 800nM
106 158nM
107 910nM
108 167nM
110 17nM
111 19nM
112 34nM
113 82nM
114 95nM
115 471nM
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35nM 124 135nM 125 135nM 126
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116 2940nM
117 286nM
118 5520nM
119 508nM
120 1250nM
121 64nM
122 20nM
123 35nM
124 135nM
125 135nM
126 111nM
127 27nM
128 9nM
130 50nM
131 16nM
132 29nM




J111M 127 27nM 128 9nM 130 50nM 131 16nM 132 29nM CLAIMS 1. A
compound of general formula I wherein mand n independently

_represent 0, 1, 2, 3, 4, 5, 6, or 7, 10 and wherein G and E

*i ndependent | y represent sul phur, oxygeg -N(Rs)-, or and R1 and R2,
together with the carbon atomto which %hey are attached, forma
het erocyclic ring conprising one or two heteroatons sel ected from
oxygen, sul phur, -5(0)-, -S(0)2-, -N=, -N(Fts)-, one or nore carbon
atons in said 15 heterocyclic ring being optionally substituted with
one or nore, sane or different substituents selected fromR4; R3 is
hal ogen, y, al kyl, alkenyl, alkynyl, haloal kyl, al koxy,
hal oal koxYr . al kyl thi o, fornyl, al koxycarbonyl, alkylcarbonyl, or
am nocar bonyl ;

1. A compound of general formula T

G—(CH
( a)n><R 1
E—(CH,) Ra

n

Ra

wherein m and n independently represent0, 1, 2, 3,4, 5, 6, or 7;

10  and wherein G and E independently represent suiphur, oxygen, -N{(Rs)-, or
“N(RS)C(O)"r
and R; and R,, together with the carbon atom to which they are attached, form a
heterocyclic ring comprising one or two heteroatoms selected from oxygen,
sulphur, -8(0)-, -5(0),~, -N=, -N(Rs)-, one or more carbon atoms in said

15 heterocydlic ring being optionally substituted with one of more, same or different;
substituents selected from Ra; )

Rzis halogen, hydroxy, alkyl, alkenyl, alkynyl, haloalkyl, alkoxy, haloalkoxy,
alkyithio, formyl, alkoxycarbonyl, alkylcarbonyl, or aminocarbenyl;

20
R4 Is hydrogen, amino, thioxo, alkyl, haloalkyl, hydroxyalkyl, alkoxy, halogen,
oxo, thia, or hydroxy:

Rs is hydrogen, alkyl, haloalkyl, alkylcarbonyl, hydroxyaikyl, alkoxycarbonyl,
25 alkylsulfonyl, alkylaminosulfonyl or aminosulfonyl;

X is a bond, -CH,-, or ~NH-;



20 R4 is hydrogen, am no, thioxo, alkyl, haloal kyl, hydroxyal kyl,

“al koxy, hal ogen, oxo, thia,. or hydroxy; R3 is hydrogen, alkyl,
hal oal kyl , al kyl carbonyl, hydroxyal kyl, al koxycarbonyl, 25
- al kyl sul fonyl, al kyl am nosul fonyl or } nosul fonyl; X is a bond,

-CH2-, or -NH; 63 Als aryl, cycloalkyl" cycl oal kenyl, aryl al kyl,
het eroaryl, heteroaryl al kyl, heterocycl oal kyl or heterocycl oal kenyl,
optionally substituted with one or nore, sane or different
substituents selected fromlts; 5 and pharmaceutically acceptable
salts, hydrates, N-oxides, or solvates thereof. 2. A conpound

accordin ' erein 2 and G are both oxygen. 3. A
conpound%?:sg%%%q%&k’\gpﬁ?' ﬁ?ﬁlkSF'YIZ arnpkyei eteraaryll hetaroaraidyi,one. 10
4. A conpwtenscucoalkgl og heterakadiBaikeR), Boti ' d, n.are both
zero. same d%f?gfﬁ%g@ ag?(:)r di nﬁ{(f Opgﬁﬁglbﬁgﬁ%éﬂt@ ﬁeed B’ftgc‘@’tﬁ Hgmore,
clains, Wherern 'tuents selp@ed &omiRsh the carbon atomto
whi ch they are attached, forma 4-, 5- or 6- 15 nenbered heterocyclic
ring. cordi to claimb5, wherein the heterocyclic
ring Ts ?E?ﬁ’aﬁ’%@'@%@%@&ﬁ%ﬁ’ %?F@Pgﬁ%l? Spits snydnases | Nnoxides] pB 3olviabeefreof,
t et r ahydr ot hi opyran, tetrahydrothl opyran-1, 1-di oxi de,

20 tetrahydrothi ophene,

t et rahydsohhi n- 1- oxide, piperidine,

{1, 31-di ?h{“?ﬁ’?@gﬂq %?‘368{“9[@%@-"&1 ily Mhg5ein1E andI®rireboth oxygen.

t hi et ane- 1- oxi de, or thiethane-1, 1-di oxi de. 7. A conpound accordi ng
to claing5 ' rocyclic ring conprises one heteroatom
25 8. A c‘%r‘r:po r??ngjc%éﬁa&ﬁéet?o&%’%#rﬂr@r Whesiel i end retechbatbyarid.c ri ng
cor‘rﬂfq ses two het eroat ons. 9. A conpound according to claim?7

or 8, Wgr&kBripdtnBelebAth T Hailt %rra,?{n?hgrgngg'lnénd n are both zero.

3. A compound according to any one of the preceding claims, wherein Ri and R;
) r
together with the carbon atom to which they are attached, form a 4~, 5- or 6~
15 membered heterocyclic ring. '

6. A compound according to claim 3, wherein the heterocydlic ring is
tetrahydropyran, oxetane, [1,3]dioxolane, [1,3]dioxane, tetrahydrothiopyran,
tetrahydrothiopyran-1,1-dioxide, tetrahydrothiopyran-1-oxide, piperidine,

20 tetrahydrothiophene, [1,3]-dithiane, thietane, [1,3]-dithiane-1,3-dioxide,
thietane-1-oxide, or thiethane-1 1-dioxide.

7. A compound according to claim 5, wherein the heteroeyclic ring comprisas
one heteroatom. } |

25

8, A compound according to claim 5 ¢ wherein the heterocyclic ring comprises
two heteroatoms,

9. A compound according to claim 7 or 8, whereln the heteroatom(s) is/are
30 oxygen.

10. A compound according to claim 7 or 8, wherein the heteroatorn(s) is/are
sulphur, -S(0)-, or ~S{0),~.



10. A compound according to claim7 or 8, wherein the heteroat OMs)
i s/are sul phur, -5(0)-, or -S(0)z-. 64 11. A conmpound according to
any one of the preceding clains, wherein Ais heteroaryl or

“ het eroaryl af kyl . 12. A conmpound ac&prdi ng to claim1l, wherein A
is pyridyl, pyrazinyl or 5quinolyl. 137" A conmpound according to any
one of clainms 1-10, wherein A is phenyl. 14. A conpound

according to any one of the preceding clains, wherein Ais 10
substituted with hal ogen. 15. A conpound according to any one of the
precedi ng clains, wherein R3 is Cl. 6al koxy, C2.6hal ogenal kyl, or

hal ogen. onpound,_according to claim15, wherein 122 is
net hoxy 01215.9:‘% E%?(@PET%CKOEB%S% RBY Sfeopitihegoreceding aaimsyfwHdrein A is
pr ecedi ndeteroang| onheteedarydilyl; CH2-. 20 18. A conpound according to
any one of clains 1-16, wherein X is -NH. 19. A compound
according to claim12, wherein Ais 4-(3,5-dichloropyridyl).

20. A cordgedncbrapoumdzagording iy clang of ' lal.ns, wherein
R4 is525 mf,ﬂﬂ‘ﬂgen. 21. A conpound acégg |ﬁ§{§g§gk§gﬁlﬁ@$ Zpypr
pr ecedi n& clai'hs, selected fromthe group consisting of

2-(3,5-Dichl oropyridine-4-yl)-1-(7-met hoxy- 2',3"'",5",6 -tetra

hydr o- sphg0 @@o Loxqte-2, 4 '-(4H)-pyran]-4-yfl et hanone 30

(corrpoung 1%]130?’” gé r gWﬁot?oo?]W e ﬁ’éﬂﬁﬂﬂﬁi) ~10rhieogin-Ris piderivi5 ', 6

'-tetrahydro-spiro[ 1, 3- benzodi oxol e- 2, 4"-(4H) - pyran] 4 carboXam de

(conpoungy 1 s feap D=L chl ar o- 1- oxi do- pyri di ne-4-yl)-1-(7-met hoxy-2

*,3',5" 6&_@) P’e’f"r@yé?ﬁc%@ﬂﬂgtﬁﬁ%’- %%Qng%REﬁC@dmgalclarms, wherein A is

- (A9 - pSHehTtuted, wish Heategen. (compound 103), 65 2-(3,5-Dich

| oropyridin e-4-yl)-1-(7-nmethoxy-4 '15

1-di hydro- ;gi ro[ 1, 3- benzodi oxof e- 2, 31- (2H) - t hi ophenj - 4- ypet hanone
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17. A compound according to any ohe of the preceding claims, wherein X is
-CH,-.

20 18, A compound according to any ohe of claims 1-16, wherein X is ~NH-.
19, A compound according to claim 12, wherein A is 4-(3,5-dichloropyridyl).

20. A compound accordilj_g to any one of the preceding claims, wherein R,1s
25  hydrogen. '

21. A compound according to any one of the preceding claims, selected firom

the group consisting of 2-(3,5-Dichloropyn‘dine-4-yl)—1-(7-methoxy-

2°,3’,57,6"-tetra hydro-spiro[1,3-benzodioxole-2,4 "-(4H)-pyran]-4-yl)ethanone
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2-(3(5-Di chloropyricline-4-y1)-1-(7-nethoxy-1

t e[ met hyl sul fonyl ] _spiro[ 1, 3-benzodi oxol e- 2, 4- - pi peri di ne] - 4- yDet hano
ne (conpound 107), 2-(3,5-D chloropyrldln e-4- yl) 1-(7-m
'ﬁethoxy 11-acetyl -spiro[ 1, 3- benzodi oxol 10 2,

" - pi peridine)-4-ypet hanone (conpound 1
2-(3,5-Dichloropyridin-4-y1)-1-(7- nethoxy 11- et hyl -spiro[ 1, 5- benzodi
oxol e214cpi peri di ne] - 4- yDet hanone (conpound 109),
2-(3,5-Dichloropyridine-4-y1)-1-(7-methoxy-2 ', 31,5
",6l-tetrahydro-spiro [1, 3- benzodi oxol e- 2,

4"-(4 t d 110 15
2 (5.5 o ekorBh oIS oL ggmbound 110 " allafiro-spirol 1, 3-benzo-
, 61-t et rC&myijdZ,spl-qu{)ltmo vy 7o) U%%r‘?on?e (c%mpo(undolég opyran

ll d 1
2- 53 %XLS tg-‘I:ﬁ?@ﬁy}h;n%ﬁfi&%E‘yg‘)ﬁﬁ—q(‘@?‘nﬁhwsﬁlro[13,35benzodloxo|e-24 -
et miparitiine gk

41 (4 Rk 1%1 di ogrd;eéﬁgb%e€ﬁ§r§§ne (conpound 112), 20
151 > O ﬁa"rwﬁﬁﬁ?’ 59%‘“52;‘? sr@)thw-z rlE0 DKy edrbbn|]-spirof 1, 3-

ez ole-2 40+
41- (4H) - Hhy -aogyg%g, },fﬁlmgl Ogl ﬁJe i_f Eano@f FOWO{R'I@’113)
2-(3- br offopy 71 dner 4eXfiging=4-yl (ﬁd%?ﬁPXY'léﬂ[FEﬁthQMfthﬁ -gpiro[1,3-ben-
3(/dro spi z@dlpxma-b,érfzpmemdh%]&- théHﬂrfzeI ﬁ@@%&%{oﬁt hanone
conpoun ro razin ~1- oXy- z
1, 3" tet ?é ég‘%?yr("ﬁj G- DDk TRy e

acety -spiro[1,3-benzodioxole-

41- (- &Hnrp@ﬁrldme]M-wﬂmhaw (dopRbRRIN dodyl )
31,51,6 é)-1tetrahydro spiro [1, 3-be

2-(-pyra ,JqP(
nzodi oxo g gmﬁlo 5'6@'? 41 g_{)@?ﬂ%ﬁb Wéﬂmtﬁnm[lﬂi’}banﬂac(reme-ﬁ d
in 4 vyl 41P(ﬁ9ncbm¢b4wl;?dthanoné{c@npogﬁa nabyd ro-spiro[1, 3-benzo- 30

di oxol d 117)1
2 ?28. ﬁo%(n%ld@m%%.awr%zk%){éh gg‘:r’]g?lﬁ e¢ Z%;d.etrab%dmmrmmz

gdl( %xgl élem;odmxelm)z, ﬂhrWﬁﬂmpyﬂ'—anMg tet ra h 1111%9

[1, 35ber[?£g )5%8&?2‘?%%%3% %M}ﬁﬁ{y)@% Pﬁ‘Y i yDobh oﬁ@tl'egﬁdmosmab[ljs})
66 2- (2-berredioxpleeRy 4] -(#H)Ahieyren - Zoxma]-q.,.ﬁ)eﬂ-@nronbet(fc?.n?% und 111),
T TR HUR 71 bl o0 00 0 LA TR

(conmpound 120

2-(3, 5- @ieem@ms r 2.0 r(4H) Sthicbyi n et b g
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2-(3, 5- Eﬁ%ﬂ’@#@b}ﬂ-a i n-4-y1)-1-{9- net hoxy- spi rof 21- 1- 1, 5- benzodi oxepi

n- 2-(3- bromopynd1ne-4—y[)-1-(7~methoxy-z '3°,57,6 "-tetrahydro-spiro[1,3-ben-
zodioxole~2, 4" -(4H)-thiopyrani-4-yl)ethahone (compound 114),

25  2-(3-Bromo-pyrazin-2-y[) }-1~(7-methoxy-2,3",5,6 “~tetrahydro-spiro[1,3-
benzodioxole-2, 4 -(4H)-thiopyran]-4-yl)ethanone (compound 115),
2~(-pyrazin-2-yl)-1-(7-methoxy-2’,3° 5" /6 “~tetrahydro-spiro[1,3-benzodioxole-
2, 4’—(4H)~thiopyran]—4-yl)ethanone (compound 116),
2-(—pyridIn—4-yl—)-1-(7-methoxy-—2 3,576 ““tetrahydro-spiro[1,3-benzo-

30 dioxole-2, 4" -(4H)-thiopyran]-4-yl)ethanone (compound 117),
2-(quinolin-4-yl-)-1-(7-methoxy-2°,3,5°,6 "-tetrahydro-spiro[ 1,3-benzo-
dioxole-2, 4 ’-(4H)-thiopyi'an]-4-yl)ethanone {compound 118),
2-(2,6-Dichloro-phenyl)- 1-(7-methoxy-2°,37,5 6 " -tetra hydro-spiro[1,3-benzo-
dioxole-2, 4 “-(4H)-thiopyran]-4-yl}ethanone {compound 119),
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contact dermatitis, urticaria, pruritis and eczena.

and pharmaceutically acceptable salts, hydrates, N-oxides, or solvates thereof,

30 22. A compound according to any one of claims 1-21 for use In therapy.

23. A pharmaceutical composition comprising & compound according to any one

of claims 1-21 together with a pharmaceutically acceptable excipient or vehicle
or pharmaceutically acceptable carrier(s),
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24, A pharmaceutical composition according to claim 23 together with one or more

other therapeutically active compound(s).

25, A compound according to any one of claims 1-21 for use in the prevention,
treatment or amelioration of dermal diseases or conditions, or acute or chronic

cutaneous wound disorders.

26. The compound accordiﬁg to claim 25, for use in the prevention, treatment or
amelioration of a dermal disease or condition selected from the group consisting of
proliferative and inflammatory skin disorders, psoriasis, cancer, epidermal
inflammation, alopecia, skin atrophy, steroid induced skin atrophy, skin ageing,
photo skin ageing, acne, dermatitis, atopic dermatitis, seborrheic dermatitis,
contact dermatitis, urticaria, pruritis and eczema.

27. A use of one or more compounds according to any one of claims 1-21,
optionally together with a pharmaceutically acceptable carrier or one or more
excipients, optionally in combination with other therapeutically active compounds,
in the manufacture of a medicament for preventing, treating or ameliorating dermal
diseases or conditions, or acute or chronic cutaneous wound disorders.

28. A use according to claim 27, wherein the dermal disease or condition is
selected from the group consisting of proliferative and inflammatory skin disorders,
psoriasis, cancer, epidermal inflammation, alopecia, skin atrophy, steroid induced
skin atrophy, skin ageing, photo skin ageing, acne, dermatitis, atopic dermatitis,
seborrheic dermatitis, contact dermatitis, urticaria, pruritis and eczema.
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