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[0001] This application clains the benefit of U S
Application Serial No. 60/410,033, filed Septenber
12, 2002, the disclosure of which is incorporated
herein by reference in its entirety. Background of
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Wi0004h 4/ oSeretpninpegieciyeogypiakg dphibitors (SSRIs) are well known for the

treatment of depression and other conditions. SSRIs work by blocking the neuronal

reuptake of serotonin, thereby increasing the concentration of serotonin in the
synaptic space, and thus increasing the activation of postsynaptic serotonin
receptors.

[0005] However, although a single dose of an SSRI can inhibit the neuronal
serotonin transporter which would be expected to increase synaptic serotonin, long-
term treatment is required before clinical improvement is achieved.

[0006] It has been suggested that the SSRIs increase the serotonin levels in the
vicinity of the serotonergic cell bodies and that the excess serotonin activates
somatodendritic autoreceptors, 5HT,o receptors, causing a decrease in serotonin
release in major forebrain areas. This negative feedback limits the increment of
synaptic serotonin that can be induced by antidepressants.
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am no, nono- or di-alkylamino in which e 2}1 al kyl
group has 1 to 6 carbon atons, al kanam fi 2 to 6
(CHy), ™R

R1
Y

wherein

R', R and R® are, independently, hydrogen, hydroxy, halo, cyano,
carboxamido, carboalkoxy of two to six carbon atoms, triflubromethyl,
alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 6 carbon atoms, alkanoyl of 2
to 6 carbon atoms, alkanoyloxy of 2 to 6 carbon atoms, amino, mono- or
di-alkylamino in which each alkyl group has 1 to 6 carbon atoms,
alkanamido of 2 to 6 carbon atoms, alkanesulfonyl of 1 to 6 carbon atoms
or alkanesulfonamido of 1 to 6 carbon atoms;

X and Y are, independently, hydrogen, hydroxy, halo, cyano, carboxamido,
carboalkoxy of two to six carbon atoms, trifluoromethyl, alkyl of 1 to 6
carbon atoms, alkoxy of 1 to 6 carbon atoms, alkanoyl of 2 to 6 carbon
atoms, alkanoyloxy of 2 to 6 carbon atoms, amino, mono- or di-alkylamino
in which each alkyl group has 1 to 6 carbon atoms, alkanamido of 2 to 6
carbon atoms, alkanesulfonyl of 1 to 6 carbon atoms or
alkanesulfonamido of 1 to 6 carbon atoms, or X and Y, taken together,
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carbon atons, al kanesulfonyl of 1 to 6 carbon atons or
al kanesul fonam do of 1 to 6 carbon atons, or X and Y,
wWo adogn24768et her, -2 WD 2004/ 024733 PCT/ US2003POR/8SR183/028523
form-N=C(R4)-C(R5)=N-, -N=C(R4)-C(R6)=CH,
-N=C(R4) -N=CH, - N=C(R4)-O, -NH C(R7)=N or
-NHC(R8)=CH; R4 and R5 are, independently, hydrogen,
hal o, am no, nono- or di-alkylam no in which each
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the present "invention, Rl is h?/dro en. [0011] R2 and
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atoyms or alkoxy of 1 to 6 carbon atoms. More preferably, R' is hydrogen, halo or

alkoxy of 1 to 6 carbon atoms. In still more preferred embodimants of the present
invention, R is hydrogen.

[0011] R? and R® are preferably independently selected from hydrogen, hydroxy,
halo, cyano, carboxamido, alkyl of 1 to 6 carbon atoms, or alkoxy of 1 to 6 carbon
atoms. In still more preferred embodiments of the present invention R? and R® are
preferably independently selected from hydrogen, cyano or halogen.

[0012] R? and R° are preferably independently hydrogen, amino or alkyl of 1 to 6
carbon atoms. More preferably, R* and R® are independently hydrogen or alkyl of 1
to 3 carbon atoms.

[0013] R’ and R® are preferably independently selected from hydrogen,
trifluoromethyl, pentafluoroethyl or alkyl of 1 to 6 carbon atoms. More preferably, R’
and R® are independently hydrogen, trifluoromethyl or alkyl of 1 to 3 carbon atoms.



to 3 carbon atons. [0013] R7 and R8 are preferably
i ndependently sel ected from hydrogen,

worodloaossnet hyl , pent af | uoroet hyl or al kyl of PATAS2003/028523
carbon atons. More preferably, R7 and R8 are
i ndependently hydrogen, trifluoronethyl or alkyl of 1
to 3 carbon atons. -3 WD 2004/ 024733 PCT/ US2003/ 028523
[0014] R6 is preferably hydrogen or alkyl of 1 to 3
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car
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enboawle bend.s of the invention is provided conpounds of
Forrulala. S3 RORNI ONR2 R4 R6 la wherein
Rl,R2, R3, R4 and R6 are as described above. [0016] In
s10015] ot ethepprefestadeambasdiyoentsrehiths imfentierisip d eamposinds of
PEgMHEASF, compounds  of Formula Ib. S3 RO RNR2 HN
R8 I'b wherein Rl, R2, R3 and R8 are as descri bed
‘above. [0017] This invention relates to both the R and
S stereoi soners of 1t he benzodi oxan

R3
N X
N~ oj\/N =g
R* ~
R6

wherein R', R?, R, R* and R® are as described above.

[0016] In still other preferred embodiments of the invention is provided compounds

R1
|\\ Oj\/
HN = 0 N
RB

Ib

of Formula Ib.

wherein R', R?, R® and R® are as described above.

[0017] This invention relates to both the R and S sterecisomers of the benzodioxan
methylamines as well as to mixtures of the R and S stereoisomers. Throughout this
application, the name of the product of this invention, where the absolute
configuration of the compounds of the invention is not indicated, is intended to
embrace the individual R and S enantiomers as well as mixtures of the two. In some
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met hyl ami nes as well as to mxtures of the Rand S

stereoi soners. Throughout this application, the nane
wobowesps oduct of this invention, where the abeDU82083/028523

configuration of the conpounds of the invention is not

indicated, is intended to enbrace the individual R

and S enantioners as well as m xtures of the two. In

some -4 WO 2004/ 024733 PCT/ US2003/ 028523 enbodi ment s
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vhgrscienes; Newyy prk,1989) WV"efh§ m .6’f afreﬁe}lréﬁ@@rpeﬁ?’?ﬁéf@é’?) Eliel,
( EQ7 3terdochéistry of ICarS$re CoppbaidssiMaG ra-tiar hen1962); Wilen, S.H.

ofl BB B Tehlv R hdecis %&%Zﬁ Qag%vs'ﬁ%ﬁ% E336 B of

( Botre IErmeaPresEoNotreiDame 16f197Rpt r e Danme Press, Notre
Dane, IN 1972). [0019] "Alkyl," as used her ei n, refers
to an aliphatic hydrocarbon chaln and includes

s10039hht  Seylbrasnisrst hetedl, et ém ansakirberiy Ihydwcagpon chain and

n1r|%ﬁﬂ@¥ |strai'gﬁf39ﬁd)Bl€nchéH cll%iﬁé/gucH SORIEkV etﬁ;ﬂ%%kﬂp}&l lsopropyl n-
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butyl |sobutyl sec butyl n-pentyl, i openK/ neo pen I n-hexyl, and

isohexyl. Lower alkyl refers to alkyl having 1 to 3 carbon atoms.

[0020] “Alkanamido,” as used herein, refers to the group R-C(=0)-NH- where R is
an alky! group of 1 to 5 carbon atoms.

[0021] “Alkanoyl,” as used herein, refers to the group R-C(=0)- where R is an alkyl
group of 1 to 5 carbon atoms.



i sohexyl. Lower alkyl refers to alkyl having 1 to 3
carbon atons. [0020] "Al kanam do," as used herein,

W0 edenz4B® the group RC(=0)-NH where R is anPCHURYI03/028523
group of 1 to 5 carbon atons. [0021] "Al kanoyl," as
used herein, refers to the group RC(=O - where Ris
an al kyl group of 1 to 5 carbon atorrB. -5 WO
2004/ 024733 PCT/ US2003/ 028523 [0022] " Al kanoyl oxy, "

agooggd “Nﬁiﬁl%ylbxy"’%fs%éd herdin) fefBfsay %é%r@ﬁp@)@gog\’m}@er@ﬂ is an

to 5 carbon atons
"QWQWQE%P?LW%TFW on a’é’é"%sed herein, refers to the
group R—S(O)2 NH- where Ris an al kyI group of 1 to 6
c I
ri? i %ﬁa@e%@%%‘aﬂnﬁg (ggfégb' rfe?QX F{efergsto%Sdg{Bﬁﬁeég(O)g NH-
glwbl@pe Bﬁs an alsyl@reur ¢fontocft cargon a[atom%] "Al koxy," as used
herein, refers to the group RO V\,here Ris an al kyI
of 1 to 6 carbon atons. [0026] "Carboxam do,'

aioQééd Alkaresyifomd} ap ysed herel, frfeig o Kia0rep 65(Q)- Where R is an
[ @fkgirgrous-ar s karyn atoass. used herein, refers to the
group R-O C(=0) - V\,here Ris an al kyI group of 1 to 5
carbon atons. [0028] "Hal ogen" (or "halo"), as used
h@@ﬂﬁ&]! “Alikbeyr,'sag esediaseinneeferb totinergeoupt Ry rwhrere Raigein alkyl group

o Bees CL,Q,%% 1JTngar maceutical ly acceptable salts are
those derive romsuch organic and inorganic acids
as: acetic, lactic, citric, cinnamc, tartaric,
S pouze]| GCaifbum.us;' 2BRkBi ﬁerewaéf@n@'t@ thé’%ﬁd@ _NH;-,C(QBB-LC,
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phosphoric, nitric sul furic, glycollc, pyruvi c,

mf002FN e StC drtoalkoxy, éiabamed llnlefe(imirefers ol theryesugd ReDHOL=O)- where R is

S%hé%‘%%%gfpéoem ?R%to-?ﬁé“ larly known acceptabl e

acl c exanpl es of conpounds of
Formula | are:

2{?&8?9”%!%&”2{(%?@%” 3 a§:u|$§d q’leﬂé mYefefs B EmYfidedidiortine, fluorine

[anf]Qﬂ#'r@m no[ 2, 3- f] qui nol i ne;
2- (4- Benzo[ b] t hi ophen- 2-yl - 3, 6-di hydr o- 2H pyri di n- 1-yl

F‘i&(%éb“) ﬁ,qﬁ%@%c%jﬁqﬁ%h&t}ég{qgﬁalts are those derived from such organic and
inorganic acids as: acetic, lactic, citric, cinnamic, tartaric, succinic, fumaric, maleic,
malonic, mandelic, malic, oxalic, propionic, hydrochloric, hydrobromic, phosphoric,
nitric, sulfuric, glycolic, pyruvic, methanesulfonic, ethanesulfonic, toluenesulfonic,
salicylic, benzoic, and similarly known acceptable acids.

[0030] Specific examples of compounds of Formula | are:

2-(4-Benzo[b]thiophen-3-yl-3,6-dihydro-2H-pyridin-1-ylmethyl)-8-methyl-2,3-dihydro-
[1,4]dioxino[2,3-flquinoline;

2-(4-Benzo[b]thiophen-2-yl-3,6-dihydro-2H-pyridin-1-ylmethyl)-8-methyl-2,3-dihydro-
[1,4]dioxino[2,3-f]quinoline;



-6 WD 2004/ 024733 PCT/ US2003/ 028523
2-[ 4-(5-Fl uoro-benzo[ b] t hi ophen-3-yi) -3, 6-di hydro-2Hp

w@ zoodions733 y1 net hyl ] - 8- et hyl - PCT/US2003/028523
2,3-dihydro-[1,4]dioxino[2,3-f]qu no I|ne
2-[4-(7-Met hoxy- benzof uran-3-yl)-3, 6-di hydr o- 2H pyri di

n-1-yl met hyl ] - 8- net hyl - 2, 3-
di hydro-[ 1, 4] di oxi no[ 2, 3-f] qui nol i ne;
22L[§ é%tﬁré‘ﬁé&oﬁﬂ%@“ﬁ%@h%ﬁrd‘bﬁ pyri@nALetrynnethy!-

y I n-1-
{2 vl haeiendois SHHGPe.
2- (4- Benzo[ b] t hi ophen- 3-yl - 3, 6 di hydr o- 2H pyri di n- 1-yl

t =2, 3-di h 3-f]au
22 bt R R o fmety 2.0
meliftygiorH 2] @exindi® Srfmuitialing; 1, 4] d| oxi no[ 2, 3-e] i ndol e;
2-[4- (5-Fl uoro-benzo[ b] t hi ophen-3-yl)-3, 6-di hydro-2Hp
yridin-1-ylnme hlg 2, 3-di hydr o-
7 R-[p454& uprekenze|Hthinpapn$ad)-3 6-dihydro-2H-pyridin- 1-ylmethyl]-2,3-dihydro-

SI{QN%Q%[ﬁ,@}]&mhgmaen 3-yl -3, 6-di hydro-2H pyri di n-1-yl
nmet hyl ) - 2- met hyl - 7, 8- di hydr o-

[1, 4] di oxi no[ 2, 3-0][1, 3] benzoxazol e;
2 2¢(4-B3m2a[b]thibptirercPHaled) 6-dilydrB218-pgridiy dr pmathy )32, 3-dihpdrd- v

i T e

2-(4- Benzofuran 2-yl -3, 6-di hydro- 2H pyri di n- 1-yl net hyl
) 28(4rs=etn%ﬂ p%osnéﬂ iwld@ E dll{ylirdlmlp?ﬁdjlﬂg[ﬁm%tﬁy])% B EeeiH-

- (4- Benzof ur an- 2-yl - pi peridi n-1-yl met

1{31 ﬂlgtqu 238'r!ﬂ"l|ﬁ/dro [ 1, 4] di oxi no[ 2, 3- f] qui nol i ne;
2-[4-(5-Chl oro-benzo[ b] t hi ophen-3-yl) -3, 6-di hydro-2Hp
Lo iSRRI it eygn-imeny 2 sy
27041 Bédioonxaiz Bteligdgler pi peri di n- 1-yl net hyl ) - 8- et hyl -
3-di hydro-[1,4]dioxino[2,3- f]lquinoline; -7 WD
2004/ 024733 PCT/ US2003/ 028523 [0031] Conpounds of the
pBelddianzoipiteinphes3-y-36stityg-2d- Wﬁd'adc)dWGﬁWB@ wethwl-7.8wlihydro-

f of hpwixipe gg@ggf BlbeAgs@ebiBt i on and specific exanpl es.
Var'i abl es uséd are as defi ned

2-(4-Benzo[b]thiophen-7-yl-3,6-dihydro-2H-pyridin-1-yimethyl)-8-methyl-2,3-dihydro-
[1,4]dioxino[2,3-f]quinoline;

2-(4-Benzofuran-2-yl-3,6-dihydro-2H-pyridin-1-ylmethyl)-8-methyl-2,3-dihydro-
[1,4]dioxino[2,3-f]lquinoline;

2-(4-Benzofuran-2-yl-piperidin-1-ylmethyl)-8-methyl-2,3-dihydro-[1,4]dioxino[2,3-
flquinoline;

2-[4-(5-Chloro-benzo[b]thiophen-3-yl)-3,6-dihydro-2H-pyridin-1-ylmethyl]-8-methyl-
2,3-dihydro-[1,4]dioxino[2,3-flquinoline;

2-(4-Benzoxazol-2-yl-piperidin-1-ylmethyl)-8-methyl-2,3-dihydro-[1,4]dioxino[2,3-
flquinoline;



for Formula I, unless otherw se noted. Specifically
(Schenme 1), the appropriately substituted piperidine

WO 2)04i0248®bi ned with a suitably substituted PCT/US2003/028523
benzodi oxan nethyltosylate or bromde (1) in a
sol vent such as dinmethyl sulfoxide and heated to a
tenperature of 70-100C for several hours as
illustrated below. Alternatively, the appropriately
substituted piperidine nmay be acyl ated with a suitably

subst benzod oxan car bo ic acid chloride, and
t KO3 su&?i“ﬁﬁ“'&?ﬁ ofe ?é’&%ﬁ?@ﬂ'“ﬁ’%ﬁ%eafﬁrﬂrﬁ%a’e%"{ Recprdance with the
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cautmmaedjemwwmm (@hés ppe@mdewm @ quiabiy i ﬁg)satym benzodioxan

;Hﬁgkr}%ﬁés%&g'dr' 'E}orﬁlﬁégﬂkm %%Wélﬁf dRh alé.‘)?dlmgthg/%))ﬁde Bﬁd hfated to a
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on r on O: 8 | 70-100 °C

j\/ (CH2)n
OTs DMSO
HN

(CHZ)n

A?ELQ

Scheme 1

/
Nz

[0032] Alternatively (Scheme 2), an appropriately substituted pyridine (3) may be
alkylated with a suitably substituted benzodioxan methyltosylate or bromide (1) b
heating the mixture in a high-boiling polar solvent such as dimethyl sulfoxide to
produce the pyridinium ion (4). The pyridinium ion may be reduced to the
tetrahydropyridine by treatment with a suitable reducing agent such as sodium
borohydride in ethanol or directly to the piperidine by treatment with hydrogen over a
suitable catalyst such as palladium on carbon.



WD 2004/ 024733 PCT/ US2003/028523 R2 1 R- O (CH2)n
~R3 70-100 C O0),.,.0ls + QDVWVSO XNZVY13 R 1
WO 200482R30 \ (CH2)n R NaBH4 EtOH Y O N+ / Q PCOI®S2003/d28523
X4R R3 \ 0O(C2)Nn0 1 H~1 XR ONZ Y I Schene
2 [0033] The benzodi oxan net hyltosyl ates and hal i des
(1) are known conpounds or they nmay be prepared from
the appropriately substituted salicyl al dehydes by the
nmet hod (a) described in Scheme 3 bel ow. The R?
sal | ¢y| al dehyde (5) is alkylated with
R he 70-100 °C

epl or glycidyl aryls H._gqnate |
|3ty i s——

| ager DMSO
xan met hanol

ESphenoI by a Baeyem Vi
cycl izationN e ben2pdi
(7) efffect ed1 by treatnment with a base suc
pot assi um car bonate. The al cohol is elaborated to a
tosylate (1) by treatment with p-R6l uenesul fonyl

chloride and a tertiary am ne or to a brom de by
treatment. Alternativ (b)t SUQStItut
sal i de b%l%) ectledRrith a ﬁ?@'}bl e
j\/ EtOH
R2
1 g
R (CH R
poUsitad
N
NP0 (-
Y l
Scheme 2

[0033] The benzodioxan methyltosylates and halides (1) are known compounds or
they may be prepared from the appropriately substituted salicylaldehydes by the
method (a) described in Scheme 3 below. The salicylaldehyde (5) is alkylated with
an epihalohydrin or glycidyl arylsulfonate in the presence of a suitable base. The
aldehyde moiety is then converted to a phenol by a Baeyer-Villager procedure and
cyclization to the benzodioxan methanol (7) effected by treatment with a base such
as potassium carbonate. The alcohol is elaborated to a tosylate (1) by treatment with
p-toluenesulfonyl chloride and a tertiary amine base or to a bromide by treatment.
Alternatively (b), the substituted salicylaldehyde (8) may be protected with a suitable
protecting group such as benzyl and the aldehyde (9) converted to a phenol (10) as
described above. Following elaboration of the phenol to the glycidyl ether (11) by
treatment with an epihalohydrin or glycidyl arylsulfonate, deprotection and cyclization
are effected in a single step via a transfer hydrogenation in the presence of sodium
bicarbonate. The bromide or tosylate is prepared as described above. Or the
benzodioxan methylbromide may be prepared from a suitably substituted guaiacol
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protecting group such as benzyl and the al dehyde (9)

converted to a phenol (10) as described above.
wooddond7as) el aborati on of the phenol to the gl pci/agt003/028523

ether (11) by treatnment with an epi hal ohydrin or

gl yci dyl arylsul fonate, deprotection and cyclization

are effected in a single step via a transfer

hydrogenation in the presence of sodium bicarbonate.

) bisyo r&%d@rre Y@S%dﬂ?rﬁ abdvedl EPR Gg(i.juaéél @%ﬂd’ylaﬁ&ﬂ with a glycidyl

abo di.oxan net

Bt 06 A 2P EAITUINT 28 AEGT DL ABR U h GBI shergsd) i then
26@4\(/@2&378&@@5{ Witi208%/ 1I9B6B BAS alsb ba)web;s the @pexide & & byomohydrin
S ve. T VG
N0 PRn SRCA TR npdeBinfi, Pybohibel o Ehaba by tne
TMitsomabimyrdroeedbes. (13) is then cleaved by treat nent
with 48% HBr; this also converts the epoxide to a
bromohydrin (14). Cyclization directly to the
benzodi oxan nethyl brom de (1) is effected by the
M t sonobu procedure. -10 WO 2004/ 024733
PCT/ US2003/ 028523 (a) R OHC" ORL Op 1. mCPBA X
HNaH X H2. K2CO3/MOH Y O YO0 56 R CBr4/Ph3P R1
L XOOHor OTsCl, DVAP, base XYY 7 1L = Br, OIs
(b) YY X1 OHdBnBr, NaH X1 OBn 1. mCPBA Rl/ H Rl/
H2 A20 /M3 OH 0089
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YYXOBnh A" XL OBn 1. 1,
NaHCO3, EtOH Rl OH NaH R1
waoorm4i30 X\ 0),,_,,0r

5

4- y cl ohexadi ene p Pd/C,
~ Ip 2. TsCl, DWVAP, base
= S Y 1 Y Y X OCHBCWUSBAG6/028523
HBr (aq) (c) X OCH3 d ~p RL OHNaH RL ~ 0--~-4- 0
12 13 Y x OH DEAD, Ph3P R~~ O1I1 / ~Br Rl o 1 Br X O
OHY 14 1 Schene 3 -11 WD 2004/ 024733
PCT/ US2003/ 028523 [0034] The

2, 3-dj hydro-1, 4-di 3f]qU|noI|n yl met hyl am ne
s of® j( Rl en@Hon%V% R d/aflég?al ternapiyely

pr epar ed as i | lustratedin Sc p 4 beI OoW.

Speci f i ; S i tut
ni trogtai agol §15) is al kyl ated w gh allyfij'%f;gﬁ{%ee in

t he pr%senge of a suitable Base such as sodium hydride
and then denethyl ated by a reagent such as sodi um

hydr oxi dlef\ Theor esul ti ng @BnjAmB-2-  R!
ey QE 1
% OH
X/%\[O TsCl, DMAP base X

L =Br, OTs

O

7

BnBr, NaH X 1. m-CPBA
1/ = 1/ Z 2. Al,Oz/MeOH
1. 1,4-cyclohexadiene
\C[OBn CIM X\Cﬂ Pd/C, NaHCO,, EtOH
O/\<‘ 2. TsCl, DMAP, base

10 11

Y
©) \\_OCHj C,/\((I) XﬁOCHa 1. 48% HBr (aq)
R1// NaH R1// O/\(CI)

12 13

R1
X\@EOH DEAD, PhyP |\\ Oj\/
A0 e x N o >
Y
1

Scheme 3
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al I yl oxyphenol (17) is then alkylated with glycidyl

tosylate or an epihal ohydrin in the presence of a
woael/2ush as sodi um hydri de and heated in a hPgQivus2003/028523

boi li ng solvent such as nesitylene or xylene to

effect both rearrangenent of the allyl group and

cyclization of the dioxan ring. The resulting primary

al cohol (19) is converted to the tosylate by reaction

W[dd34p- tMel@Bmydfcmed@dﬂdpz Bd]quinanrt bgirpstagiemines of tH invention
t ert I, ar

|
B e s oGVl hrsReredh pERBIAIRE! b Sehdtpg ¢t below.
t Specifitdlipr thibeappropratily neubstitotesi nilroguaigdut ifys)pisoaliyiatad. with allyl

TBF{#?\E& Yh tﬁé%"e%&%’e of ?O&hgﬂle bMFPé%%@ Q%it{n;%tiﬁ&mand then

acetonitrile
cﬁ?@ﬁthd@'fﬁ?% bYr%ffP%Q@ﬁﬁgsuﬁ'@t%yﬁ@dﬁ@ch%@Xl% orheb Easyiting . 4-nitro-2-

A'ah%f&ﬂyﬁh%l‘éﬁf ) 9B alkfatet WithSEY @I By Rit® ¥t 8f epinBlohydrin in the
refl uxin éoxaneﬁwater

o DFRSERGs. S ihRe SHER A8 SOTH hYirds BRC Pealedin BAisholTRg splyant such
| as amesitylenaCofl glarlei xeeffect bbb rearrangement of the allyl group and

n,g?wg%at%d&%% dﬂbc(gfi(?l)ﬁé §|r$%jelt1n%ﬁp}ﬁ %ﬁ%)ﬁfal (o ]9) converted to the
t wylagﬂ Y wracm wdepmluwetswonyé@p@rmm alneapryssmmf |attalttled' amine
glbﬁgy{rl] dler bﬁbrﬁ&% ghb%rhamgé bk ﬂé}acﬁ@rh ¥RRtabdh Wet%romldﬁ or carbon

Sul 004 I VeS

oun
i Fﬁ?@ﬁh%ﬂﬁe in fgmmagmmtbztnmytﬁ@wmﬁpmﬁybgldeP@ham is then
OO@d&eg%@% By irg@ﬂr@n W&H*\cag’l_lﬁg b‘lg%lge\@\htl)l@ ;B&iradDM:l (D2bhloride in
=M~ . sD. R \. -~ si.tylene, . .
ViSEd MIBYPTe elerG boiner bl prigatgngy 25 Seffifim ioxice
Rin Yefldxidg MiGHdn2jwatSHGIG #id GinraolNada)dehyd, swhi@H@bR reduction
19vitﬁ r?t91 Iﬁ? Retic acid cyclizes to the 2,3-dihydro-1,4-dioxino[2,3-flquinoline-2-
methyltosylate (21) or halide. Replacement of the tosylate or halide with the
appropriately substituted piperidine in some high boiling solvent such as dimethyl
sulfoxide gives the title compounds of the invention.
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\' 0 (CH2)n R3 1) Se02 \ 2 Fe/AcOH | )"-,0ls HN OZ N
Oi 212 DvBO R2 CH3 R \ 0 ( 2)n\ R NI/ ONO ZzZ I

WO 26ahesm3 4 [ 0035] The PCT/US2003/028523
2, 3-di hydro-1, 4-di oxi no[ 2, 3-f] qui nol i n- 2-yl et hyl am ne
s of the invention in which R4 is alkyl may be
prepared fromthe nitro ol efin described above in the
foll owi ng manner (Schenme 5). The rearranged ol efin

(20) isRireat equentially wi tH 0z0 nd a
ga3wgrﬁ\os/rn um t et @ gﬁ”’d MNadNOMSO/H,0

tertiary
periodatg taq gl ve the—e—nitroberkal ehyde (22):
Condgpgatt ki3 t he DAMPT OpigL AL e / T3 JA0~2604/ 0280'33g

PCT/ 2003/028523 trlphenylphosphorylldene ket one
under Wttkg conditions gives the ojgitroci nnanyl
ket one (23), which upon reduction by iron in acetic
aci d, cyclizes to the correspondlng

2, 3-di hqr o- - di oxi urnpgl‘rnez met hyht os
te (24). %'E‘errent F }mosyl a w&b m)ésrtylene
appr opr i Et el E substituted piperiding as abwl veldsdeg
the @i of theinve@th‘ .

trimefhyl phoSphonoaceN&® for the

triphenyl phosphoryl I dene ketone in the Wttig
procedure 1above, foll owed by reducti d® of the nitro
group with tin (11) chloride and cyclization in acid
gi ves tgle conpounds of the invention in whRGh R4 (hs

Ton of

hydr oxy. nt of the 1hyacbpyrderivati n

|norgan|¢ aclid dhl ori de suctras—ptsphoryl

br orb C{) Ghipod)deCBICNBRACHY et O™ OTs
i$°hal o, Substitution of CHLELhy!

cyanorret hyl'phosphonate for the

tri phenl® phdsphoryl i dene ketone in the 20
/.
| R3
e, AT o &
2) Fe/AcOH OTs HN
29 DMSO
(CHo),
5?[ AT
Scheme 4

[0035] The 2,3-dihydro-1,4-dioxino[2,3-flquinolin-2-ylmethylamines of the invention
in which R* is alkyl may be prepared from the nitro olefin described above in the
following manner (Scheme 5). The rearranged olefin (20) is treated sequentially with
ozone and a tertiary amine or with osmium tetroxide and sodium periodate to give the
o-nitrobenzaldehyde (22). Condensation with the appropriate
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Wttig procedure above, foll owed by reduction of the
nitro group with tin (Il1) chloride and cyclization in
wa@cid/ogiBes t he conmpounds of the invention in mMT/TR2008028523
is amno. O RL ROPh3P~~ \ 0 1) 03, CH2CI2 R4 OrIs

02N O Ofs 2) (i-Pr)2EENO 2 NOHO 20 22 1 RL RO
Fe/ AcOH X 0 )"-,OTs | i )""Ols 02N ONI O R4 23 K4
0 24 Schene 5 [0036] Conpounds of the invention in

V\’ﬂri Bnﬁéhdsﬁh@r&:ﬁcﬁ#@%térﬂb Dﬁ&értWﬂfg Goﬁtfltldrﬁeglfeﬁ the o mtrocmnamyl

dro Xi no ui .nol.1 n- 2-
CLEREE i i wBBD  FLiShTE Pyoy ot 1 e BB VEes to the
Slsomwpoqdmgol i @3-&”6#@6&48’!(&0’@{2 gHflginblineSe: hrethgyIt6sylate (24).

o4 SR B e s v

cgh’dst |tlnmstlt}a t lgompeounds a@fl dthEn iavendpn.ent Sspstiutien of trimethyl
g&%ﬁgﬂ@éé&@m@ f&nmetthshérﬁrwbgbmyuﬂbhé fketdh@erHé‘ @vﬁ%ﬁarocedure

treatnent wt rogen In
| Sbeenglaied biiesugton phinerife BrPUB T el 15 SRBGE AN oyslization in

e sthmasesue sy i)ttt e
IO .
o PEERE B4Rtk qv Dgan Repaie A8 oDl “sibr B, PRéspogn ghiorie or

pbtdmhlde @ivieb tiee compplmdsoafuthe dmentiory mswhine RYds hakpofdbstitution of

d%i M ﬁ(?ﬂé'tpﬂl{)ﬂ éﬂfﬁbﬂgtlng& ﬁwkqﬁbﬂﬁ@h é) Ildene ketone in the

e tosylate wt I at el

Smjglgmrgqe@igrqﬁw,e, fgllg\@eglgy AedHpdion Qf U‘@gﬁl %grqqptvylg\ ty in () chloride
C@H@ @t%ﬂénoﬂfm b8 givesend t6fpourls bof thbGnventioinHiiéh B* BJan@no

R’ PhsP
1) O, CHQC'Q \ L 3 \)l\

\\ j\/ OTs
OTs 2) (i-Pr),EtN O2N
H™ 0
20 22
: R’
R|\\ 0]\/ Fe/AcOH I\\ OL
~Z
NN N0 OTs N o OTs
N L
R4
23 4 24
R0
Scheme 5

[0036] Compounds of the invention in which R is attached to position 6 of the 2,3-
dihydro-1,4-dioxino[2,3-f]quinolin-2-ylmethylamines may be alternatively prepared by
a variation of the Skraup quinoline synthesis according to Scheme 6 below. The
appropriately substituted benzodioxan methyltosylate (25) is nitrated under standard
conditions with nitric acid in a solvent such as dichloroethane and the resulting nitro
compound (26) reduced by treatment with hydrogen in the presence of a catalyst
such as platinum on sulfide carbon. Treatment of the resulting aniline (27) with
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Ofs 1 / ~Ols 02N O 25 26 CHO R -~ao0)"_'Ols 0 R1 O

-chloranil ~ 1 / Ols 2 p HNHC/MeOH N O 11 27 28
w&edvgnes783 [ 0037] The PCT/US2003/028523

2, 3-di hydro-1, 4-di oxi no[ 2, 3-f] qui nazol i n- 2-yl et hyl am

nes of the invention are prepared as illustrated

bel ow (Schenme 7). The o-nitrobenzal dehyde (22)
descri bed above is converted to the oxinme (29) by

t LeRIdTRM thy i drBsdiid rowaﬁag%memoh%éﬂse& bh QidaRt gm:ht égep chloranil or

presence of '‘a suitable e such as sodi um acetat e an

t ﬁ@phth@qwmpr@r@w the gorespangingrfed-gityee- h-dixiclzygfavingine (28).

ombla@ahbmdd)fwmq é kwnh ther@lrépzuatelp BubisBitutdx® piperidine as above
ted by treatnment at refl ux

fr}? AR i1Re i
{Vﬁs e“teaFBB}pé’HP ?é %ﬂvﬁ%t'oé‘ster accor di ng to the
met hod of Ostrowski (Heterocycl es voI No. 2, p.
38%1..1926) OThe gqui nhazo N-OXI b@ reduced tcp_1 PYC-S
t he slf ol i (30) uit abl | n agent
S~ OTeer Raney- ni ckel . ved)ys an

ext ended p iod of reflux in theQthho es r §ives the
reduced qlﬁ nazoline directly via a di §groport| onati on
reaction aﬁ-’d t he
2, 3-di hydro- 1, 4- di oxi no[ 2, gHd qui nazol i ne- 2-
yl t osyl ate or halide_npay be isol ated by coI um
chioratagrap Repl acenent of t ke hal i de
With 2 prlatelmb_sTt‘lTuted i di e|n sonme
hk% ' fént psehierans, di Rf SupF 0 T9)i ves

t|t| e corrpounds ofH@IRde®Hvent ijpn. | -15 WO
2004/ 024733 PCT/ US2003/ 028523 R 1) NH20H, NaQAc
0 X IX27] i Ors 2) H2N 0 OTs 02N O H2,28pd/ C

Scheme 6

[0037] The 2,3-dihydro-1,4-dioxino[2,3-fl]quinazolin-2-ylmethylamines of the
invention are prepared as illustrated below (Scheme 7). The o-nitrobenzaldehyde
(22) described above is converted to the oxime (29) by treatment with hydroxylamine
hydrochloride in the presence of a suitable base such as sodium acetate and the
nitro group reduced to the amine by hydrogenation over palladium on carbon.
Cyclization to the quinazoline N-oxide is effected by treatment at reflux with the
appropriate ortho ester according to the method of Ostrowski (Heterocycles, vol. 43,
No. 2, p. 389, 1996). The quinazoline N-oxide may be reduced to the quinazoline
(30) by a suitable reducing agent such as hydrogen over Raney-nickel. Alternatively,
an extended period of reflux in the ortho ester gives the reduced quinazoline directly
via a disproportionation reaction and the 2,3-dihydro-1,4-dioxino[2,3-flquinazoline-2-
methyltosylate or halide may be isolated by column chromatography. Replacement
of the tosylate or halide with the appropriately substituted piperidine in some high
boiling solvent such as dimethyl sulfoxide gives the title compounds of the invention.
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OH22 HNH29 OH2 R R- X O4C R \ 2)n R 1 R
3 )s Ols 2) H2, Ra-Ni NOHNQZ | R4 N30 DMsO R2 3
we2@4(02H33n , R\ \ NI / / O NZ Il R4 N ScheneC¥/US2003/028523

[ 0038] The

2, 3-di hydro-1, 4-di oxi no[ 2, 3-f] qui nazol i n- 2-yl met hyl am

nes of the invention may be alternatively prepared
fromthe rearranged ol efin descri bed above by the

met hod ogfll i ned in Schene 8 bel ow. The nRiro ol efin

(20) is fi uced t o) NHOENNROAe by

wth a swfab e reduci ng agent such,_as stgnnoys
chl orlgd i@Ts ef uxi ng et hyl | 7

resul Elg A I ne~acyl at ed wig ?., app opri ate acyl

hal i de or dri de. The olg b?Bl IS H nv%rted
to the al dehyde %232) by cl eavage with ca@ﬂ ytic

osmumtetroxide in the presence of exces sodium g2
periodate. Cyclizgtion directly to the /
3- h

2, 3-di hydro 1, 4- , (GHi 3

n ne- 2- me osyJ ate (30) orha TR
ef1§lg% (g@ t r eat pent_J\of ﬁwgo | de yde )\ th
nt @f the tosyy®te br hal |\oﬁzvvith

DMSO

R2

30

Scheme 7

[0038] The 2,3-dihydro-1,4-dioxino[2,3-f]quinazolin-2-yImethylamines of the
invention may be alternatively prepared from the rearranged olefin described above
by the method outlined in Scheme 8 below. The nitro olefin (20) is first reduced to
the aniline by treatment with a suitable reducing agent such as stannous chloride
dihydrate in refuxing ethyl acetate and the resulting amine acylated with the
appropriate acyl halide or anhydride. The olefin (31) is then converted to the
aldehyde (32) by cleavage with catalytic osmium tetroxide in the presence of excess
sodium periodate. Cyclization directly to the 2,3-dihydro-1,4-dioxino[2,3-
flquinazoline-2-methyltosylate (30) or halide is effected by treatment of the amido
aldehyde (32) with ammonia and replacement of the tosylate or halide with the
appropriately substituted piperidine in some high boiling solvent such as dimethyl
sulfoxide as described above gives the title compounds of the invention.
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appropriately substituted piperidine in sone high
boi Il i ng sol vent such as di nethyl sulfoxide as

invention. -16 WO 2004/ 024733 PCT/ US2003/ 028523 R1\ 0
1) snCl2 OR\ O, COCI R4A N1 O Ors 02N O-OTs 2)
NIOOIs NO)".Ols HR4 N 32 30 Schene 8 [0039] The
2, 3-di hpdro- 1, 4- di oxi no[% ?Sﬁ‘dqw noxal i R\2- yl n@t hyl am

i abeation are prep%lred as, ill
Schenme 9 W The o- n“"trobenzal'detﬁgle
descid ket T8 2p R*'COCIhgyto- Nt T

trioxide
(Jones' oxidati o% or sodidm chlorite and thRg acid 31
converted tolthe“o-nitroaniline (34) with
tertiary base suth, as diisopropyl ethyl am ne. Reductl on
“of.t ulting tro iline tot di ami nd
qq&h)’/\{;ﬂ?égen @nd

(for exanplB? gﬂyo al , @, 3-but anedi one,
3, 4- hexanedi one) the
f] qui noxal i ne- 2- et @Q tosylate (36) or halide. g
Repl acenment of the tosylate or halide wth the
boi i ng sol vent such as dinethyl sulfoxide gives the

title conpounds of the invention. -17 WD 2004/024733

wdeaarpdasl above gives the title conpounds of PO®US2003/028523
R4 Et3N H20 31 1 1 0304, Nal0o4 ORONH3 RX OR4 A
nes of t
nzEic L'

(33) Kita | e oxi dant ch as chHom
di phenyl phosphoryl azide (DPPA) in the presence of a

I Om on carbon=and cyc z\a |on
by—t—r—eat-rrent Wit h X he ppr pr oaie 'd'i—C"a'r‘bUnyI cag nd OTs
2, 3-di hydro- 1, 4- di [2, 3- R* N
appropriately substituted piGetené Be i n sone high
PCT/ US2003/ 028523

[0039] The 2,3-dihydro-1,4-dioxino[2,3-flquinoxalin-2-ylmethylamines of the
invention are prepared as illustrated in Scheme 9 below. The o-nitrobenzaldehyde
(22) described above is oxidized to the o-nitrobenzoic acid (33) by a suitable oxidant
such as chromium trioxide (Jones’ oxidation) or sodium chlorite and the acid
converted to the o-nitroaniline (34) with diphenylphosphoryl azide (DPPA) in the
presence of a tertiary base such as diisopropylethylamine. Reduction of the resuiting
nitroaniline to the diamine (35) with hydrogen and palladium on carbon and
cyclization by treatment with the appropriate dicarbonyl compound (for example,
glyoxal, 2,3-butanedione, 3,4-hexanedione) gives the 2,3-dihydro-1,4-dioxino[2,3-
flquinoxaline-2-methyltosylate (36) or halide. Replacement of the tosylate or halide
with the appropriately substituted piperidine in some high boiling solvent such as
dimethyl  sulfoxide gives the title compounds of the invention.
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RL RL OC03, H2SO4 rX 0 Ph2PON3 10 )"-,Ors 1, ~COrs
02N O acetone 02N O (i-Pr)2EtN HO 22 0 OH33 0 R1
WRWR2033H2, Pd/C, HCI X 0 )""QOls | [/ )"-, Ol's BCT/02240£028523

HZN O NH2 NH2 2 HCI 34 352 R1/ / R\ 0 (CH 2)n

~R3 ~OTs Q NOHN.z R4 36 DVSOR2 R5 RL 0 (CH2)n

~R3 X Q ~N\-z NO4 N RR5 Schene 9 [0040] The

o- ni trobenzal dehyde (22) used in the chem stry

descigtbed above may be al ternati vet' _prepared as

scBene 10 bebRyv HT§® approp no- Ph,PON;

OTs
) OTs acetone  OyN 0 (i-Pr),EtN

~
H >0 O" ™MH 33

R“\”/“\
\\ H,, Pd/C, HCI \\ R®

I

O,N 0 OTs
NH, NHz 2 HCl
34
R1
N0 CH, R
N \
| = j\/OTs Q
N| o) HN -z
4/KfN
R 36 DMSO R
R® ./
R! O [ Ao
NN

DOUSEE
N \
N o -

R4)|\l¢N

RS

Scheme 9

[0040] The o-nitrobenzaldehyde (22) used in the chemistry described above may
be alternatively prepared as shown in scheme 10 below. The appropriate mono-
allylated catechol (37) is elaborated with glycidyl tosylate as described above and
rearranged in refluxing mesitylene. Cyclization to the benzodioxan methanol (39) is

-18-



allylated catechol (37) is elaborated with glycidyl
tosyl ate as descri bed above and rearranged in

w0 edo4024788) nmesi tyl ene. Cyclization to the benzpdi/wszms/028523
met hanol (39) is -18 WD 2004/ 024733 PCT/ US2003/ 028523
effected by treatnment with sodi um bi carbonate in
et hanol and the alcohol is converted to the tosylate
(40) or halide as described above. After rearrangenent

Ofeffeétgk? rgﬁ%hﬁnémn\%‘t fﬁﬁttﬂ%‘fﬁorﬁte hncé‘trhﬁhéllt ‘aﬁ the alaohol is

bi s- acet itril oride In

nEeMmierted do & @syla@ (Aﬂboemeélaea?géﬂexﬁmwdowﬁe &ﬁebseﬁr@ﬁgement of
t ﬂte" @@Ubﬂﬁb&@b ealP@drit Wﬂtﬁtcfétélﬁlcdﬁ§-§&étbﬁﬁlI@b@ﬂ’a@urﬁ fona chloride in
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[0041] The 7,8-dihydro[1,4]dioxino[2,3-g][1,3]benzoxazol-8-yimethylamines of the
invention are prepared as illustrated in Scheme 8 below. The amido olefin (31)
described in Scheme 8 is cleaved to the corresponding o-amidobenzaldehyde (32)
by treatment with catalytic osmium tetroxide in the presence of sodium periodate.
The aldehyde is converted to the phenol (42) by treatment with meta-
chloroperoxybenzoic acid in a Baeyer-Villager reaction and cyclization to the 7,8-
dihydro[1,4]dioxino[2,3-g][1,3]benzoxazole (43) is effected by treatment at reflux with
an appropriate dehydrating agent such as an ortho ester or an acid catalyst such as
p-toluenesulfonic acid. Replacement of the tosylate or halide with the appropriately
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Scheme 11

[0042] Alternatively (Scheme 12), the nitro olefin (20) may be reduced with tin (Il)
chloride as described in Scheme 8 above and protected with a suitable protecting
group such as carbobenzoxy (Cbz) before the olefin is cleaved to the aldehyde (45)
by treatment with osmium tetroxide/sodium periodate and the aldehyde converted to
a phenol (46) by the Baeyer-Villager procedure. Deprotection by treatment with
hydrogen over palladium on carbon gives the o-aminophenol, (47) which is cyclized
to the 7,8-dihydro[1,4]dioxino[2,3-g]{1,3]benzoxazole (43) by treatment with the
appropriate ortho ester, carboxylic acid or anhydride. Treatment of the o-
aminophenol
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Scheme 12

[0043] Compounds of the invention in which R' is hydrogen and R* is alkyl are
most conveniently prepared according to scheme 13 below. The appropriate 2’,3',4’-
trihydroxyacylphenone (48) is regioselectively alkylated with glycidyl tosylate or an
epihalohydrin in the presence of a base such as sodium carbonate to give the
corresponding 7-acyl-8-hydroxybenzodioxan-2-methanol (49). Following conversion
of the ketone to the oxime (50) by reaction with hydroxylamine hydrochloride and
sodium acetate, cyclization to the oxazole (51) is effected by treatment with
phosphoryl chloride in the appropriate dimethylalkanoic acid amide. The resulting
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Scheme 13

[0044] The 7,8-dihydro-3H-6,9-dioxa-1,3-diaza-cyclopentala]naphthalenes of the
invention are prepared as illustrated in Scheme 14 below. The diamine 35 described
in Scheme 9 is cyclized by treatment at reflux with the appropriate carboxylic acid to
give the imidazole (53). Refluxing the diamine dihydrochloride in higher boiling
carboxylic acids occasionally causes replacement of a tosylate group with a chloride.
Replacement of the tosylate or halide with the appropriately substituted piperidine in
some high boiling solvent such as dimethyl sulfoxide gives the 7,8-dihydro-3H-6,9-
dioxa-1,3-diaza-cyclopenta[a]naphthalenes of the invention in which R is hydrogen,
perfluoroalkyl or alkyl. Treatment of the diamine described above with cyanogen
bromide or chloride or a suitably substituted carbamoyl chloride leads to compounds
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Scheme 14

[0045] The 2,3-dihydro-7H-[1,4]dioxino[2,3-e]indoles of the invention are prepared
as illustrated in Scheme 15 below. Specifically, the primary alcohol (19) from the
Claisen rearrangement described in Scheme 4 is converted to the tosylate (54) by
reaction with p-toluenesulfonyl chloride in the presence of a tertiary amine or
pyridine, or alternatively to a halide by reaction with carbon tetrabromide or carbon
tetrachloride in combination with triphenylphosphine. The allyl side chain is then
cleaved to the aldehyde (55) by treatment with ozone at low temperature, followed by
work-up with a tertiary base such as diisopropylethylamine or triethylamine, or by
treatment with catalytic osmium tetroxide and sodium periodate. Reduction of the
nitro group with hydrogen over platinum oxide leads directly to formation of the indole
(56) in which R® is hydrogen. Alternatively, the aldehyde may be treated with an
appropriate alkyl Grignard reagent or with trifluoromethyl trimethylsilane in the
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[0046] The 2,3-dihydro-7H-[1,4]dioxino[2,3-elindoles of the invention may

alternatively be prepared from nitroaldehyde 21 by the following procedure (Scheme
16). The o-nitrobenzaldehyde (22) is condensed with the appropriate nitroalkane in
the presence of a suitable base catalyst to yield the corresponding o,B-dinitrostyrene

(57). Reduction of both nitro groups with hydrogen over palladium on carbon is
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Scheme 16

[0047] The compounds of the invention may be resolved into their enantiomers by
conventional methods or, preferably, the individual enantiomers may be prepared
directly by substitution of (2R)-(-)-glycidyl 3-nitrobenzene-sulfonate or tosylate (for
the S benzodioxan methanamine) or (2S)-(+)-glycidyl 3-nitrobenzene-sulfonate or
tosylate (for the R enantiomer) in place of epihalohydrin or racemic glycidyl tosylate
in the procedures above.

[0048] In yet another method, the heterocycle-fused benzodioxans of the present
invention may be prepared in accordance with Scheme 17. The synthesis of
compound | is comprised of steps that begin with halogenation of 59 where R’ is alkyl
of 1-6 carbon atoms, with reagents such as N-halosuccinimide in acetonitrile to give
60 (where Hal is halogen such as Br, Cl or ). Deprotecting 60 with Lewis acids such
as boron tribromide, boron trichloride, aluminum trichloride, ferric chloride, or
trimethylsilyl iodide in a suitable solvent such as methylene chloride, or with strong
protic acids such as HBr and HCI gives the salt 61. Free base 61 may be obtained
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Scheme 17

[0050] Deprotection of quinoline 63 with Lewis acids such as boron tribromide,
boron trichloride, aluminum trichloride, ferric chloride, trimethylsilyl iodide in a
suitable solvent such as methylene chloride, or with strong protic acids such as HBr
and HCI or under reductive cleavage conditions using Pd catalyst and hydrogen
transfer reagents such as hydrogen, cyclohexene, methyl cyclohexene, or
amEnonium formate gives the heterocycle-fused benzodioxanmethanol 64. The
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?edgﬁgffgaibgn r{;q‘ Sé{‘l%g&%] |HTt58 ef?pqglp{ei?%e[%%%{se\ﬁ@ét%ted in Scheme 18

roxyac

b@ﬁlpwm ofean rﬁe&7l'm¢th@>§5blea¥@§faap'bv|gﬁ)r3 Hb-detiabydiopyriding e The

C BSHﬂoﬁFnéﬁélya\JuSsthﬁ‘t@%enﬁﬂﬂﬂaaHﬁ@€66§’ Is &ﬁOer‘P&i BRePRISE (BY)
one school'ed in the art. The appropriately

substituted piperidines and tetrahydropyridines are
known conpounds or can readily

by treatment with triflic anhydride and a tertiary base such as triethylamine.
Conversion to the dioxaborolane (68) is effected by treatment with 4,4,5,5-
tetramethyl-1,3,2-dioxaborolane in the presence of a tertiary base and a suitable
palladium catalyst such as [1,1-bis(diphenylphosphino)ferrocene]palladium (Il)
chloride. The dioxaborolane (68) is coupled with the appropriately protected
azaheterocyclic triflate under Suzuki conditions involving a palladium catalyst such as
tetrakis(triphenylphospine)palladium(0) to give (69), which following deprotection
affords the substituted tetrahydropyridine (70) suitable for production of certain of the
compounds of the invention. Reduction of the double bond in 70 by hydrogenation
over a catalyst such as palladium on carbon gives the substituted piperidine, which is
needed for the production of still other compounds of the invention.
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be prepared by one schooled in the art, for exanple as
illustrated in Schene 18 bel ow for
wd2¢odneashoxybenzof uran-3-yl ) -1, 2, 3, 6-t et r ahydrOpYSs20d3/028523
e. The appropriately substituted benzofuranone (66)
is converted to the triflate (67) by treatnent with
triflic anhydride and a tertiary base such as
triethylam ne. Conversion to the di oxaborol ane (68)
is effected by treatnent with 4,4,5, 5-
tetramet hyl - 1, 3, 2- di oxaborol ane in the esence of a o
tertiary bagse and a suitable pab&gdldh1 l yst such )

' o)ferroce,qg} al | adi up B-0

5 eteroqy ictri

&%ng ?%) %m cat 4l ys?
such 0 tegrakis(tri phen;ﬂ/ophogpl ne) A, am( 9)/0c 0 68
gi ve (69) mhlch foll owi ng deprotection affords the
substituted tetrahydropyridine (70) suitable for

production of certain of t conmpounds of the
eng uctlon of/T'e doubl e bond in 70
h3¥ |on over a gatalyst swrah as pal | adi ym gn

carbqn_gLMgs the substi/tuted piperidine,
needed for the proo
t heCsGReeHl), 6O - 8 VY
O 0 Rd@Eha)et 3N OFfF HEEO B-0 | i CO OEN(O>10/O
66 0 67 PdCl2(dppfg2 ‘Boc Boc-N. °~ /~ -&®dIf N

TFA CsCB, Licl H20F \ \ (\ Pd(PPh3Th OO0 90
70 Schene 18 [0052] The substituted pyridi nes
appropriate to Schenme 2 arﬁ!kno conmpounds or may be
readi ly prepared by one sc d'n the art by the
method illustrated for 4-

[0052] The substituted pyridines appropriate to Scheme 2 are known compounds
or may be readily prepared by one schooled in the art by the method illustrated for 4-
benzo[b]thiophen-7-yl-pyridine in Scheme 19 below. The suitably substituted
bromobenzothiophene or bromobenzofuran (71) may be coupled with pyridine-4-
boronic acid under Suzuki conditions involving a palladium catalyst such as [1,1’-
bis(diphenylphosphino)ferrocene]palladium (II) chloride to give intermediates (72)
useful for the production of the compounds of the invention.

KaPOy4, Ho0
S S
/
— >
71 N 72

Scheme 19

[0053] A protocol similar to that used by Cheetham et al. (Neuropharmacol. 32:737,
1993) was used to determine the affinity of the compounds of the invention for the
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benzo[ b] t hi ophen-7-yl -pyridine in Scheme 19 bel ow. The

sui tably substituted bronobenzothi ophene or
woheerobeszof uran (71) may be coupled w th pyriBCTES2003/028523

boroni c acid under Suzuki conditions involving a

pal | adi um catal yst such as [1,1'-

bi s(di phenyl phosphi no) ferrocene] pal | adi um (I1)

chloride to give internediates (72) wuseful for the

PedtHin eansorfehe Tﬁ@lﬂéﬂéﬂﬁdﬁd Qfabﬂlﬁﬁ‘tol Hysadd SM-patsIBXb from male

212 CH2dl
STt SR ESF R e M SietVAACLYS % 2 (041 THRLGeipn device to
Csemera@nbaindaftom (ise ’Hopdraxetine @ind eBWa'{IEE 1205 28 Plas® counter to

U%@é’ntﬁ&ed%bﬁﬁ&” Fh‘ﬁléé%ﬁV@f finky s tdReRMnRP UoHS stahddrBe clinical
invention for the - 2604/02473

PeTidespersants 286 1396 eMrfglt itueixatine, diLpoMiter imigramine and 67.6 nM for

CQMHBQ A &RINg! doYrelafiof haPbasitroaht BafweeR PHRrdABA: BRURG in rat
gwfrontal colftical nenbranes was determ ned using a

t?le?,‘ﬂ"eP‘lal"E‘r HegeseioniBwptake infibidQty ar at e bound from
free 3H paroxetine and a Wall ac 1205 Beta Pl ate(r)

GROOBRFT ich #RHRLLoL B T SRl s esudlinfed ) Boting e
1 ceﬁned\mmpodnctaoalmhty mte displace [PH) $-OHDRADLdipiopgamingtetralin) from
6?heGs Pl"r“ fQéroto%l%l:é&bﬂ%novﬁn&Tarrﬁ&ﬁiﬁ&a‘PiBFm ok iﬂé &Pc&ﬁﬁe BEAR et al,

f ound evveen ar oxet1 ne |n|n In rat

cdr N@%"O&HG’“BHaséle $ dh98p) u\w@'afkémh%ﬁs. BHA eells Ff@emqrawwd with
ahiiinah LYHT QrrebéiftoSer & BIHT, P atfihitiés TGCHRLDmpHARdS of the invention

tegpegﬁgé ﬁé@gel%ﬁ%qggl ng the claimed conpound's ability

l'ace ‘OHDPAT (di propyl ami notetralin) from
the 5-HT1A serotonin receptor followi ng a nodification

gg@égg rﬁgﬁ%ﬁl‘fﬁ a%{'V'tvaétZ%?r@'_}gceg f \A)é?%?éﬂ]@l@d 6)4 using a *

t Gy @mdéw asen similgriahat ysed RyLegrisne Agd Bytfﬁ@alB(BFrFJtharmacol
afiho.nf 1t2'093 9§9r it ABich AN TS Buﬁci"@ abiMyeRt Affldt trRr ﬁndlng of 8-

bel ow as Ki's. [ Ant a st _activit
SEHP5P aeapbanes sauaBine BTty St mgedeis wasrdemined.
blAgdmualg ResRe & ch@rsetum birfaig WB@dabhnia@éﬂné&rmo@mé no increase
Ltdsa}k q'everse the {enPs o} ‘the standard agonist 8-OHDPAT. The test

compound’s maximum inhibitory effect is represented as the Inax, While its potency is
defined by the 1C50.

[0056] The results of the three standard experimental test procedures described in
the preceding three paragraphs were as follows:

5-HT Transporter Affinity 5-HT;a Receptor Affinity 5-HT ;4 Function

Compound Kl (nM) Kl (nM) 1C50.(nM) (Imax)
Example 1 9.25 4.89 498.5 (100)
Example 2 78.00 : 21.59

Example 3 18.50 15.88 436.6 (87.4)
Example 4 70.00 2.66 167.3 (91.0)
Example 5 35.00 23.43 1000.0 (30.0)
Example 6 8.50 14.53 145.5 (100)
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109: 1120, 1993), in which the test conpound's ability

to affect the binding of 35S- GIP' yS to nenbranes
waomuar4mng cl oned hunman 5- HT1A receptors was PCT/US2003/028523

determ ned. Agonists produce an increase in binding

wher eas ant agoni sts produce no increase but rather

reverse the effects of the standard agoni st 8- OHDPAT.

The test conpound's nmaxi numinhibitory effect is

r epr esent estHasTrahsportavAffininhi BeHT h Repeptonsffinitys  defi-HEd Function

bEonpeund50 [ 0096])(nNihe results of Kh@eMihree st and@sel(nM) (Imay)

experi tal test ,procedures describ in the
pr %@aeng t hree pgr‘{ggraphs wer e as f4§?1 ows: 5-HT 25.8 (100)

TExamplerd er Af fi r88t0p 5- HT1A Receptor3.48finity 5- HT1A46.9 (100)

F ' Conpou I (nM KI (nM SnM (I ma
Exﬁgﬁ@r)%rbl 9. gg 4.qggd6498. 5 (100) Exanple 2 78.00 2119.)7 90 (50.0)

Elxaprle 9 18. 50 19.098 436.6 (87.4) 34&Kanpl e 4 70. 00391.9 (40.5)

2eRempe7113 (91. @13 doxanpl e 5 35. 00 153743 1000. 0 ( 385330 (70.0)
145.5 (100) -30_\WD 2004/ 02473

e 6 8.50 14,
EE%‘;%B@O@S/ 02852999 1T Transporter 88%inity 5- HFlAng'G(wO)
REzempler13Af f i ni t WADOHTLA Functi on @angmound Kl (nM 2Ki6.0 (100)

( nM (I. Xl Exanple 7 2.4 74 25.8 (100)
E%ggn%”gs‘g“ 55 00 3790 Taas (100) éf?n%l e 9 13 00 66:8(100)

20.20 1978.0 (50.0) Exanple 10 10.00 34.87 391.9 _
([9053) Exhikpl thel antdepressants. fluoxeBE0paroxginepand sertraline, the

Rl P88 A S8 fl Pl e e o v

( ko) nepuaTMitekeeretRainatied &pe duisarsell fordox teatment of diseases
PRLAEN 558 5o IR o SIBRHR il ot
ré’i@lﬁak@tigepqeﬁgants, such as depression (including but not limited to major
depressive disorder, childhood depression and dysthymia), anxiety, panic disorder,
post-traumatic stress disorder, premenstrual dysphoric disorder (also known as pre-
menstrual syndrome), attention deficit disorder (with and without hyperactivity),
obsessive compulsive disorders (including but not limited to trichotillomania),
obsessive compulsive spectrum disorders (including but not limited to autism), social
anxiety disorder, generalized anxiety disorder, obesity, eating disorders such as
anorexia nervosa and bulimia nervosa, vasomotor flushing, cocaine and alcohol
addiction, sexual dysfunction (including but not limited to premature ejaculation),
incontinence (including, but not limited to fecal incontinence, urge incontinence,
overflow incontinence, passive incontinence, reflex incontinence, stress urinary
incontinence urinary exertional incontinence and urinary)incontinence), and related
illnesses. Moreover, the compounds of this invention have potent affinity for and
antagonist activity at brain 5HT,, serotonin receptors. Recent clinical trials
employing drug mixtures (eg, fluoxetine and pindolol) have demonstrated a more
rapid onset of antidepressant efficacy for a treatment combining SSRI activity and
5HT,a antagonism (Blier and Bergeron, 1995; F. Artigas et al., 1996; M. B. Tome et
al., 1997). The compounds of the invention are thus exceedingly interesting and

useful for treating depressive ilinesses.
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brain neurotransmtter serotonin. They are thus useful
for the treatnent of diseases comonly treated by the

wadon4neeBs ati on of serotonin sel ective reupt akPCT/US2003/028523

inhibitor (SSRI) antidepressants, such as depression
(including but not imted to major depressive

di sorder, chil dhood depression and dysthym a),

anxi ety, panic disorder, post-traumatic stress

di sorder, prenenstrual dysphoric disorder (also known

agod¥ss- ”ﬁ“ﬂﬁ& ! rééé‘i‘nf”lrwgﬁilen Hrb i %tlﬂﬁfs'@f' freating, preventing,
di'sorder (wth and w t hout hycﬁ%sr activity obsessi ve

cihiing erealigvigtiaiesch ¢fithe maRdigs listed ﬁ*aﬁveun @i aame$ preferably in
t Bl fefdn, HeOBiRba] e:omﬁ’ili)s'ﬁ'f‘gS Vl@lnﬁmrﬁlb(\!&t@@l@%ﬂe'éme amount of a

di sorders (including but not [Tmted to auti'snm,

s 6emapunchefihisinvedtiarpiodee magunainneediereski et v

di sorder, obesity, eating disorders such as anorexia
nervosa and bul i m a nervosa, vasonotor fl ushing,

c{RQE%e andsq cwsisemPassedi dvi die RIesamAl '“H%fﬁ*POnéfq dharmaceutical

(cBmbuslions R tireBfitg bf rébﬁt?anﬁgodi%sdaa&we% &4 @&wh@hg Ufthe central
i nconti nence (I ncl ud| ng, but” not limted to fe

i REB/RHS S¥Fied, CQW@’&?'H%%to'ﬁﬁ“r@]‘Pc@mpWérqflF(ﬂf\i“u'a X m'xtures thereof,

| BRANGH PRAGRceMRAP YRS itREGBHH | dHINGephdrRkb&itically acceptable carrier
i ncontinence, stress urinary incontinence urinar

efhareioemal SURk oPRMPRSHIOBS AAEE RTEPRIEY |”n@6?R’Pﬁ'é‘??cé’)('¥h Argeptable

r %hértn‘?éilzeuhdall "kﬁ&é&%red\/bélﬁ,‘ﬁv ek, déé&ﬂbé@ fmoﬂéﬁ‘ﬁ)gﬂfn '$ PPHarmaceutical
i nventi on_have potent affini tE% and _ant a%onl st

acictagres, 12ih asitign e MoROsR FoB8ANSHOr aelPdhlishdiogiaany, Easton,

ClpAN{108k).t I | PharmRETHi@YY Rdcebittle Bakidds afe {REe that are compatible
fl uoxetine and pi ndol ol have denpnstrated a nore

r é@ﬁiﬁdh%ﬁ@éf '“S‘fedk?ﬁ‘f% 'Bé'ﬁﬁ' Byiationand @SW'CF'M’C‘C&‘?P‘PE& ment

conbi ning SSRI acti vi ty and 5HT1A ant agoni sm (BI ier

and Bergeron, 1995; F. Artigas et al., 1996

TEIRB0L: Thg comppyags) of thigdnyed R L GEIHRT QIR Grparenterally,

ainBat B OFERAioRANih bdHvRRESTdl PlaMiiteutita thfriefdr Applicable solid
treating depressive illnesses. 31 WO 2004/ 024733

PCRINEIGUBINGHd8 28 O YAB|SUPRRECYIbaLMaY éfo 3¢\ Aerlavering agents,

p'ltfb\flbgﬁgz 'E%Ubﬂigérs()fsu%b&ﬁimgwa erseVﬁléPsi n?lldantsnhd:d?hérbé@on aids,
or alleviati ngaleac of the nal adi es above in

RIS OyAELASIDI ARG RIS e STRBPIHAIREdRSlEuAipn BPHgers, the

plbamednm md@ﬁar\m@ewnucmb{ s & hemixire vaothet firdly @ivided active
onpound of this invention to the mammal in nee

{isredent. | dndahiets i arbgseientyy Pred pyily énparrier having the

| Me8&eshAN camBreBEiBR r@é@éﬂléé?% SURSHD Gbpdredhs hed compacted in the
treating or controlljng disease states or conditi

ofheRReaed sizp Llesirgrl J Be POWRTSAAL BRISHS RieHR5RkYY CPRIZ} UR R 99% of
C HEPAHINE irdfrediéitMBuRable sBRAEAHIES ind\RIeCRF example, calcium phosphate,

magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin, cellulose, methyl
cellulose, sodium carboxymethyl cellulose, polyvinylpyrrolidine, low melting waxes

and ion exchange resins.
[0061] Liquid carriers may be used in preparing solutions, suspensions, emulsions,

" syrups and elixirs. The active ingredient of this invention can be dissolved or

suspended in a pharmaceutically acceptable liquid carrier such as water, an organic
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and or pharmaceutical salts thereof, and a
phar maceutically acceptable carrier therefore. Such

waoomgm24783 ons are prepared in accordance w th PCT/US2003/028523

accept abl e pharnaceuti cal procedures, such as

descri bed in Rem ngton's Pharnmaceutical Sciences,

17th edition, ed. Alfonoso R Gennaro, Mack Publi shing
Conpany, Easton, PA (1985). Pharnaceuti cal li/

aselupntapl mixtse rafepaih oF coherBaceuticaly agcepiablepals ey &t The liquid
Wb&r'ﬁe?‘ l&n Otfd?u‘f‘aﬁn '&Héregjlﬁﬁksgh&nk35utfcﬁf RebifvdLBuéH) &s SO|UbI|IZ€I’S
bi ol o i cal accept abl he conpounds of thij

i ﬁwiﬂ jetm buHgrsbpreaefyptivest @N%Qie'%ﬁ*ﬁl flayodng ggﬁréﬁt%ﬁa?ndwg agents,
nﬁﬁékeﬁirng' 3 Eﬂgb'd&ﬁ}réoﬂls%élt? ‘FéljihYé?&ts' Ofiddilizers or osmo-regulators.

harmaceutical carriers. g}(lca e30|d carrliers
c§wtatﬁ%|eaa@pl9ﬁeofoliqumbp@m§i§b Aeand pafeniesgl admaigisigation include

Ajvatdr léJ‘egrlyacQ)‘?ﬁleﬁn ab(‘ﬂme's%@%%ve S0b WRIIlbgEa&ivatives, preferably
suspe f lers, glidants, compression

as@dium Qﬁfb@é’ﬂ?tw cp&tﬁm selutiqnyt algehals figclygientraorahyegic alcohols
eaﬁaeal%@aricrmcarﬁiseé gadt; chli) AMANHEF Qerivalifes, caaardn@r(e bsfré’ctlonated

finely divid sol | isin adm xture with t
f Pﬁ%qwt et @“@é@ca@tQ'QfeFor ﬁ’?g?@@iaéﬁtjm'ﬂ'ﬁﬁralt'ﬁ'b“& %a’”‘?’H@“ also be an

agly ¥er B 2QicA oletite HnEASLPRbEYN nyriStd. | SterilBAYLIBGakiePs are used
necessary conpression properties in suitable

pinogerile figyid ffﬁﬁblc%‘éﬂﬁﬁ‘&'@{‘%@r PArentRsal admipjgtralion- si ze
desired. The powders and tablets preferably contain up
to 99% of the active ingredient. Suitable solid

c 10962% diauibphateace icalseRiosEons ek i g spHtans or suspensions

RN BE 'aHm|r§§t€|%'dadye fortexhfpleS Hﬂr@hﬁ:eculéﬁ‘irﬂ%@ent@ﬁé&l I'dr Bubcutaneous
starch, gelatin, cellulose, t hyl el | ul ose, sodi um

cﬁH%Q? et Rtgrilec eﬁoleE'PB% eca”pcﬁ'%/ t?‘F‘yl W'F‘@F‘%’%‘F n@f'aY%W“S'V Oral
”ﬁhh_ﬁd‘tﬂraﬂ@%ﬁﬁg bRk O URKSHBIE BorhB&ditith folrR061]  Li qui d
carriers may be used in preparing solutions,

suspensi ons, emul sions, syrups and elixirs. The

aféoesf | pei@EbI9nhe %ﬁaﬁﬁﬁc‘éut‘nd&V@é\hF@ﬁtlcﬁﬁ@ iRRInAiBEAde/ RAim, e.g. as
suspended in a pharmaceutically acceptable I1quid

cé?rbf'?t%r cggeess P\%‘Pé‘is selutiangangusPeNsioNs\EBISIANG 2 4978Rules,  or

PGUpgderOiEY, ORSRRR fos®tHe BbmpasifidrkisUsub- (ﬁfnd&mmur‘ﬂf dose containing
pharmaceutically acceptable oils or fa

l'iqujd
c&PPrPBFatEaﬁ“WH?%m T@?h%?“"@ u'i”ﬂ??é’!eé‘t'pﬂ’&r r‘l‘ﬁE e‘ﬂﬁﬁaE%ﬂ [forms can be

agdikage8 comipobitions, et BRarhplé Qj'a%keteéfﬂdﬂ\nﬁiefs Bficls, aMpduBEss prefilled
preservatives, sweeteners, flavorjn

s S¥sRaon gachsimeantainingilighidni e A9k $36kBrr;can b, for example, a

VicasTd dtabROISH OF 1§ carsbéthd dpprdpiiad n@rﬁﬂé}*df @@yl lsaESmpositions
Sui tabl e exanples of liquid carriers for oral and

pHt RAKBYIAORdni ni stration include water (particularly
contai ning additives as above, e.g. cellulose

derl vatives r ef er abl
[0064] The am%unt prowdeg to a patient will vary depending upon what is being

administered, the purpose of the administration, such as prophylaxis or therapy, and
the state of the patient, the manner of administration, and the like. In therapeutic
applications, compounds of the present invention are provided to a patient already
suffering from a disease in an amount sufficient to cure or at least partially ameliorate
the symptoms of the disease and its complications. An amount adequate to

accomplish this is defined as a "therapeutically effective amount." The dosage to be
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sodi um car boxynet hyl cel |l ul ose sol ution), alcohols
(i ncl udi ng nonohydric al cohols and pol yhydric

wabkaahedsze. g. glycols) and their derivatives, PanaSziob/s28523

(e.g. fractionated coconut oil and arachis oil). For

parenteral admnistration the carrier can also be an

oily ester such as ethyl oleate and isopropyl

nmyristate. Sterile liquid carriers are used in

suegd rethe Haatnendomacenasdis easensustobe subjestivetyaietermined by the

agﬁérﬂinﬁ{ Pﬁ;‘iélc%h [rRQ8Aliabikd HvdveRaRTBEE e §cific condition and the

conpositions that are sterile solutions or suspensions

céﬁeb@%@?ﬁ FAspeRsecRRtOYN of the nakantp| Genaraltys arflartng dese is about 5
Hfgr Gy Wﬂﬁfdra&lfal %bt?&égeaiﬂetﬁé‘%allil 108§ th WBoutSh 'n{g‘(?fer day, to

SO I ons can adm ni stered 1 ntravenously

agravidedhe desitad Cl?&?gfb@vﬂl't‘ merhumagyi d or solid

conposition form [0063] Preferably the pharnmaceuti cal

conposition is in unit dosage form e.g. as tablets,

c #9681 e Erovidauasrused Sgrain.innads edhepdiiesty adminisigring Wpound or

gﬁéﬂ%s@ﬁnn &'the E%Q%h\?é?ﬁlbﬁsor admifistefind 8'pBdrid) @ierivative or analog

onposition is sub-divided in unit dose containing
aM’blep/Y'i' e afLeaHivajlent ameunt ¢fdheaetiveCompgrad pesibstange within the
ugb(t] dosage forns can be packaged conpositions, for
exanple packeted powders, vials, anpoules, prefilled
syringes or sachets containing liquids. The unit

dgm@f FierBrésht BRentid inQ¥@EBrBdruds of 86 tﬁ\d@rof FaRha |, 1a and
sel or it can be the appropriate nunber o

sifeh Peesitids?s M9 herein, JReasg@ CPBIPRENG théndy 'SWP@VQWé'Gn’P vivo by
PhRYASHRS rﬂé&né‘ (83t bﬁﬁ&dr&l‘yb ) t6H uorﬁ@&mddf%nﬁe@n Waaibud forms of

bei ng adm ni st ered pur pose of
aBrAdRigstaraknem insthe I@”a%or BXIPRIPH %‘-‘xﬁ"§°%§§e‘f’ B ypsigaargntpd.), Design

t BE PRIRLES, Hisdvitd ﬁ)§$5)eW|ddetrh§t BRN&EY, l\ﬂéthods |n Enzymology, vol. 4,
adm ni stration, and the IiKke. nthera

apprienicifsaes U@éﬁbm%ﬂd ltﬁﬁ%efbreé%niedP nP@ﬁ'ﬂi‘ GRd dipglication of
PPRrGR TleRtbBoR @t IDRIY D%'s?ﬁaéﬁw Dé}éfdp%érﬁgcﬁé&éﬂ 9 113-191 (1991),

di sease in an anount sufficient to cure or at

pBHEdgAarg ek Iprasleo! e Dgivgst Remiews. & 135 0bR Bomdgrard, J. of

' Pﬁaﬁx@dﬂéhh&@ts&n’é}&esA'??QBPLB’itse%fje(W@é)e ah@ H@Qé}ﬁ"&ﬂd skolla (eds.)
this is defined as_a "therapeutically effe

affEsliggs-asriNevel Q:E,%Bg'ae't\/@%%ystefs% /W?"E@OQW% §°C'ety (1975).
PCT/ US2003/ 028523 wused in the treatnment of a specific

case_nust be subj ectively determ ned by the attendi ng
pHPSTEi an. Theef W'P%b?@ﬂ"?ﬁxé‘l%?gatel e wieducken s?fe&%pf‘?s@"ta“"e

CofdbburRiR AiHis infliéntiopl ze, age and response pattern of
the patient. Generally, a starting dose is about 5 ng

per day with gradual increase in the daily dose to
about 150 ng per day, tQNTERMEDIATE 1

3-Allyloxy-4-methoxynitrobenzene

[0068] 97.5 g (0.51 mole) of the sodium salt of 5-nitroguaiacol was dissolved in one
liter of DMF and 1.5 equivalents of allyl bromide added. The reaction was heated to
65°C for two hours, after which time much of the dark color had discharged and tic

(1:1 CH2Clo/hexane) indicated loss of starting material. The solvent was

concentrated in vacuum and the residue washed with water. The product was

-34-



provi de the desired dosage |evel in the human. [0065]

Provi de, as used herein, neans either directly
wa@doendoeeBeri ng a conpound or conposition of tPEeT/US2003/028523

present invention, or admnistering a prodrug,

derivative or analog which will form an equival ent

anount of the active conpound or substance within the

body. [0066] The present invention includes prodrugs

ofsolatempbyfitretiorf ambdning in d yadugmanthis ghve Ptddofigalegsliow solid. A

u i ; onvertible in

VP e BT o R e W ARGVl ) to &
conmpound of Forrmula I. Various forns of prodrugs are
known in the art, for eXRTR & iscussed in

Bundgaard, (ed.), Desig , Elsevier

(1985); Wdder, et al 2-Albdoyy-4Mitrophlienaln Enzynol ogy,

vol . 4, Academ c Press (1985); Krogsgaard-Larsen, et

al., (ed). "Design and Application of Prodrugs,
TE069P 0 K oadneliterepf Dierstinyh salfcd(idaewa auqtdaelrﬁso nihaf? Bragbigous sodium
113+ na

Dé?ﬂjré%gje %e\gkﬁé%vs mlxtg%rl\g%?é%sa)% 6 éﬁl & eli%(/v gllg% -allyloxy-4-
Phathvoxgritrbbereden&prepacstisaboré :\A%&Eadelbd Semortléri%&} a 3@ndinute period

oY Pt P €48 1B rSlurBeglo Ay, et
[ 606 the §fa€t|rfg%ét©mmﬁd@é%mbﬁ§urhéd. UBfie b@urk Weis allowed to cool and
Phg@%ﬁt Im%n a?fﬂ*f‘i’%ﬁ i ?ctié \éﬁg‘ﬂ ci_m%o“nﬂél of 4 Iarzsams of crude but

| powyerfeoiet(bpxiy ni: t m@@lz/aéﬁr{e@%&}ed?aro'au@ Wés biawed @35 a light
of the sodiumsalt of 5-nitroguai acol was dissol ved

oR©wn jsold by fikatioand This egtariahlwas subseaently cﬂjmlﬂe@le in 1:1
aﬁ%e/rﬁ&ﬁwéﬁé‘%lb% M\@@flﬁlﬁ@& @rﬁohgn S|ﬁc,5acgél% fvatsd ‘6? §ale yellow

after time nmuch of col or dISC
aR@lid wbich¢ whan @%@reﬂmei@ﬁéythvlfaﬁeé?é@/eaan@sga\@fm p. 8- 2°C The
S I .

e ABSELECHB s S S Rt GPBEAR G Bl win 2.
V\afs ethyBacefge2 00s B24 7Bied RUE/ sszomastﬂfa%zlﬁereﬂ mdae\@oowed to a

o %Jr"kr Bl Oﬂol%Prﬁ\ gﬂoﬁ%tdd?aﬁ‘n V3RULRa HihS1 Qat‘:ﬁl#:%h&aﬂfe gave an

e yellow's e recrystalllzed
matiditeral 12ga ek tha tlle @GBrEiBGd dsNT EBIDsAIEE Bluti@n Aith 2% MeOH in

| &ll-@fg :qélﬁemlé 5%?2%2&' oil which slowly crystallized in vacuum. This proved to be

the Claisen product, 3-allyl-4-nitrocatechol.

INTERMEDIATE 3
2-(2-Allyloxy-4-nitrophenoxymethyl)-oxirane

[0070] 20 g (0.50 mole) of 60% NaH/mineral oil was placed in a two liter flask and
washed with 500 mL of hexane. 1 L of DMF was added, followed by 77 g (0.40
mole) of the 2-allyloxy-4-nitrophenol prepared in the previous step. Addition of the
phenol was performed in portions under argon. After stirring the mixture for 30
minutes at room temperature under argon, 108 g (0.48 moles) of (R)-glycidyl tosylate
was added and the mixture heated at 70-75°C under nitrogen overnight. Upon

cooling, the DMF was removed in vacuum and replaced with one liter of methylene
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[0069] To one liter of dinethyl sulfoxide was added

750 nmL of 2 N aqueous sodi um hydroxi de and the
wonomweer3nas heated to 65C. The pal e yel | ow soPCTUS2003/028523

3-al Iyl oxy-4- net hoxynitrobenzene prepared above was

added in portions over a 30 mnute period and then

the tenperature was rai sed to 95C and nmi ntai ned for 3

hours, after which tine the starting material had

b&bleridensThie avasTweshedxwith S0RemL Aoriansdoftd N b, saferated sodium
p‘i‘)\‘{fa%n‘afg 9n& sQ%ﬁ‘étéﬁ SriRb a]ad'-drle‘aeov%?%oéluhq gulﬂté‘OThe7rﬁlxture was

G ans of crude ormgeneous
ciiftereg; ernegnisated éasan o ipyarys a golv@elcat%ﬁtagraahw ¢fhsilica gel

brag sal 'h@x% /théth IEﬁé'&{‘orld-Eh'a§ OBARY | afhlé"’%fave 43 g of product

subséquent | SSO in1:1 hexane/netk% ene
cﬁpaiam'@ata%dvm qrqqsﬁézf tiﬂﬁrtwgﬂagmuraateg@s, oyed byed! @ of pure

of r&ﬁlcﬁayslda elSR! dofld. whb%puemﬁ&eﬁa%ﬁee.lygianﬁgd froRM 2 L of
et hg{ [ acet at e/ hexane, gave m p. aqueous
Oke

pthy} epetate/hexane toraive Aftd @l ptcrfe;@@rapmer@avﬁ &R sdisa\ael tic with
VW £hebhbATE R ed Jl'hor%eB-(R)oé 1géiﬁlﬂlt'dxyflﬁI%r@ér?enoI\ﬂh&hVﬁ’-%mrane (m.p.

dri ed over sodi um sulfate, I't'ered and evaporat ed
ab4%akk oil. Colum chromatography on silica with 1:1

Clgbe i itional 12 g of the title
ccj‘f'r'p'hgr4t Al |598.|e%%l-131 I1d. Elution with 2% MeOH in
Cigaléd:g8ye7.32 Hy 5¢f1; &, 8&8k oi | which slowy

cr [ 1 NG This proved to be the Caisen
|Eé§'a§tb éi;g?l Vi o2 ¥ B4 at echol . | NTERVED! ATE 3

2 (2- Al l'yl oxy-4-nitrophenoxynethyl)-oxirane [0070] 20

g (0.50 nole) of GO%Nal\ﬁ‘ SEDI g4 \as placed in a
two liter flask and wa m. of hexane. 1 L

of DVF wa(8-Aliiylgenitrioe, 8-aliltirbybenzo] .4)diokih-24ybtreethahot he

2-al | yl oxy-4-nitrophenol prepared in the previous
step. Addition of the phenol was perfornmed in
p(bﬁﬂmqns(Rl)rﬁdéfAlIwogen-nitmphem)e/mathyl)rrgurahe (20 o t8drrembles) prepared

3%3 f@'o% h%é}ed(a&m%%s %Fﬂ{l%se;f{ag?ﬁ h%[]l%oLpﬁ ggro e Filtration

t o tg btk solidethatefdrradéd gavel $6 giotiedry piotar w.&énabvﬂvap@’atuon of the

coolin |n vacuu,
- BAaRdf e 0iin ShEwer . i PRy TR e ESRA B81 wih methylene
2@6%:6@%@%&&%&&&?@@%0@&5@8% sthitiag intierial AN AB g of the desired

SRR ciSTUOAT At ST ke Banest T Al it aPrBtinanal, whicn

s etbwiyrerysiafliaédeon Staading i vaceiume(en.p f87°CR I Bitk yield based on recovered
concentrated to_an oil in vacuum and col um :

cFFHRg BateEBHR 6N silica gel

Elemental Analysis for: C12H13NOs5
Calc'd: C, 57.37; H, 5.21; N, 5.58
Found: C, 57.26; H, 5.20; N, 5.35
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using 1:1 hexane/ nmet hyl ene chloride as eluant. This
gave 43 g of product contamnated with traces of the
woew4ge4msi ng nmaterials, followed by 21 g of pR€®US2003/028523

product as a pale yellow solid. The inpure materi al

was recrystallized from1l.2 L of 10% et hyl

acet ate/ hexane to give 34 g of pure (honbgeneous on
silica gel tic with 1:1 hexane/ nethylene chloride)

(R) 2- (2 aI|yI oxy- 4- mtrW@l) oxi rane (mp.

5. 43 | NTERVEDI ATE 4 ester

(8-Alvl-7-nitro-2, 3-di hydro-benzo(1, 4)di oxin-2-vl)-ne

t hanol [0071] _ _ .

( §9072] ( 2945 gl(@&Q-mmnieb 10 (B8 atyEnitpt3, 3 ety Aerkenzo 4dioxin-2-
ﬁgg I ene %Sﬂed AR AOYR ‘@ﬁ‘spﬁ@ﬁ\tee@gaq g‘ﬁ% 'nﬂnol?) of p-

ours under nitrogen t1on
{ kauasieaorsbEhiarideratast adldasdaeh e xmsuge gfirecs oy rpam temperature

f@go o ik eﬁ%fi‘;@ﬁt@# Vﬂatgrf wad'fien S8L¥EREq déﬂcNgr%Jé&fBess tosyl chloride

y co omat ography on sil
n@ﬂ%%eeﬁéVe% Wes remevessin /agae agea veplagedgvity metkylene ,c@lgmde This

S%@Iﬁ%&ﬂ“%a@%&ﬂfeal w8 - IEPCQ V@ﬁ’l SRS 56t ﬁlgé’rbéﬁdige%d with

I'-7-ni tro-2,3-di hydro-benzo(1, 4)di oxi n-2-Yyl
) Sﬁ*ﬁtﬁi% b[me whA gried §VQJ'VW§9Q§=\S9“§I silfiatez il r@ﬁomeazﬁaorﬁgon ¥ vacuum

VaRY W Ui Bhroﬁ?a@graﬂ_ﬁlﬁob{ | Qlcd d@%@\ oA ﬁ&&‘ﬁ\éﬁﬁ&ﬁylene chloride as
starting material is 75% Elemental Analysis for:

cr@mtsr\we ch-6' & @2°/®7 of7:tolpenes4-sulfong * goidg (Rywlivld-nitro-2,3-

Chero(£2ididtin-2-y#Reth es5er35mrcﬁﬁsl 28414183 tan solid (m.p. 60-
PCT/ Ué 2)3/ 028523 NTERVEDI ATEmToI uene-4-sul fonic P-

a®R ) upon standmg

8 7 benzo( 1, 4) di oxi n- 2 yl net hy
t
Eftriofhal & o é@%@i@o nmol e) of
(@bﬁ@ @) 86/29; H, @i 72; o 3.43- di hydr o- benzo( 1, 4) di oxi n- 2-
yI t ved in 465 nL of pyridine, 29.0
—%—'i—'g mi‘} Vi%f‘l%d ?\Eg enesul fonyl chloride was added
and the m xture stirred at roomtenperature
INTERMEDIATE 6
{7-Nitro-8-[1-propenyl]-2,3-dihydro-1.4-benzodioxin-2-yl}methyl 4-
methylbenzenesulfonate

[0073] To a solution of 10.0 g (24.0 mmole) of (R)-[8-allyl-7-nitro-2,3-dihydro-1,4-
benzodioxin-2-ylJmethyl 4-methylbenzenesulfonate in 700 mL of benzene was added
1.03 g of bis(acetonitrile)dichloropalladium (II) and the mixture was refluxed under
nitrogen for 48 hours. The catalyst was then removed by filtration and the filtrate
concentrated in vacuum to a brown oil. Column chromatography on silica gel with
methylene chloride as eluant gave 7.2 g of the titte compound as a mixture of E and
Zisomers. A sample of {(2R)-7-nitro-8[(E)-1-propenyl]-2,3-dihydro-1,4-benzodioxin-
2-ylimethyl 4-methylbenzenesulfonate was obtained as a yellow solid (m.p. 105-
106°C) by evaporation of a pure E isomer-containing fraction.

Elemental Analysis for: C1gH1gNQO7S
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under nitrogen overnight. Water was then added to
guench the excess tosyl chloride and the solvent was

wo eomwed3s n vacuum and repl aced with net hyl enePCT/US2003/028523
chloride. This solution was washed with 2 NHCO, wth
saturated sodi um bi carbonate, and with saturated
brine, and dried over magnesium sul fate. Filtration,

evaporation in vacuum and col umm chromat ography on
Q@.E{ﬁé Gcd6.29; tHh 47721 Nn@x#ane/ net hyl ene chl ori de as

e 314 n93%y of toluene-4-sul fonic acid
E)@at?‘ yl @ 44?‘0&2 3§ benzo( 1, 4) di oxi n- 2-yl net hyl
ester V\/nlch slowmy crystallized to a tan solid (mp.

60- 62C) upon standi ng. |RheRMEBATER! YSis for:
Cl9HLINO7S Calc d C, 5‘6—29"—HT‘4:“2, N, 3.45 l|:oundl

{7- Ntros i1 | thyib ulfonat
“propenyl | -2, 3- di hvdr 0T = DeN7 OOLORH=2- yI } et hyl 4-

nmet hyl benzenesu Ifonate [0073] To a solution of 10.0
( W!} ally é'ﬁ?) ‘Pfutro 8- 5 pro%er\xl] & ,3- dlhydro -1,4-benzodioxin-2-yljmethyl 4-

bmmabgme@egulinn]awe@hw 9,457 @tnm}qe) mglémgeﬂ Nkt rel. phdioxane.

7@Q|emun9fd oQF‘déZP %é?@%%le)%&@trﬂan% ed, followed by 0.70 mL of
bis(acetonitrile)drchl oropal I'adi um (1 1}( nd the

nivRidir d hadistaragengeus mbddrerwasheates e refix UIB'eh Bitregen fpré hours.

C_@J?}@h ¥8blingRthe Fé%@tlér?WQ¥%ﬂe@M dnldl Jorn@ér‘\tpd'ie@ﬂwdvéé&ﬁm to yield a dark

filtrate concentrated in vacuumto a brown oil.

coellavh MdomatTbisr sy desobved; da gumimal t ethyingchiatenand column

CBﬁr@Ha@@gr@é’ne@' wgﬂ.caggda%s?ngsm Qthyl fé@eﬂatet inene%m@% LR to give
m xture i somers. A’sanple

{ @iﬁ)g ot Wiet Rereprtiomer .of theplitiey¢qmppund @lsrfaybm yellow peligayp. 138-
| de@;) 2-yl}met hyl 4-net hyl benzenesul fonat e was

obt ai ned as a yeI low solid (mp. 105- 106C) by
I ferad 1ZNC8Sner - cont ai ni ng fracti on.

d gH19NO7S -37 WD 2004/ 024733
P@@Z‘S&ﬁg‘gﬁgfs Mapa4g. C, 56.29; H, 4.72; N, 3.45
Feuuwdi: C, 5660;12;3.85, N43B4; N, 3.39 | NTERMVEDI ATE 7
{7-Nitro-8-f3-o0x0-1 -propenyil-2, 3-di
hydr o- 1, 4- benzodi oxi n-2-yl}nethyl 4-

INTERMEDIATE 8

2,3-Dihydro[1.4]dioxino[2,3-flguinolin-2-yImethyl 4-methylbenzenesulfonate

[0075] To a solution of {(2R)-7-nitro-8-[3-oxo-1-propenyl]-2,3-dihydro-1,4-
benzodioxin-2-yl}methyl 4-methylbenzenesulfonate (3.50 g, 8.35 mmole) in 200 mL
of acetic acid/ethanol (1:1) was added 2.35 g (42.1 mmole) of iron powder and the
mixture was heated at reflux under nitrogen for 8 hours. After the reaction was

complete, 150 mL of water was added and the mixture filtered through a pad of

celite. The filtrate was neutralized with saturated sodium bicarbonate and extracted

with ethyl acetate. The extract was dried over magnesium sulfate, filtered and
evaporated in vacuum. The residue was column chromatographed on silica gel
using a gradient elution commencing with 20% ethyl acetate/hexane and ending with

70% ethyl acetate/hexane to give 1.85 g of the (R)-enantiomer of the title compound
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nmet hyl benzenesu |fonate [0074]
{(2R)-7-nitro-8-[1-propenyl]-2, 3-di hydro- 1, 4- benzodi ox

WO ne02/y478sret hyl 4- net hyl benzenesul f onat e (6. RET/ES2003/028523
15.2 mmol e) was dissolved in 180 nL of dioxane.
Sel eni um di oxi de (4.20 g, 37.9 mmol e) was then added,
followed by 0.70 nL of water. The heterogeneous

m Xt ure was heated at refl ux under nltro%‘en for 5
hesayellowpibn'H-OMR (ERCh)h sloublet 8.80r( 1 wllsddublat 8§28 (tall doublet 7.8

Tﬁ{(g?ﬁ\)\hci&fg?e‘? 7! Vggswmlﬁpq’etw ?5'8' ﬁHf t&lé(te} bW é§?|b) rﬂu|t|p|et 46

I SSO mni ma até an

c B0 Mxtrogtigiphes 4015 (3 H); cauliiptdt 4086 n‘gHﬁ@s%gtm Byd & exld). at e
in hexane as eluant to give 5.75 g of the
(R)-enantioner of the title conpound as a |ight yellow
solid (mp. 138- 140C). Elenental Analysis for:

C19H17NO8S Calc'd: C, M N, 3.34 Found:
C, 54.10; H 3.85; N, 3. TE 8 2, 3-Di hydro
f 1, 41d{@FomeylZ-Ritid-28idiydro-R4-yefeddigkin -2-yl)methyl 4-
4- met hyl benzenesul f onat 0075 T? a . sol ution of
{(2R)-7-nitro-8-[ 3- oxm&@%f\gﬁmh €di hydro- 1, 4-
benzodi oxi n- 2- yl}nethyl 4- nethylbenzenesulfonate (3.50

g 5 tic acidle nol

SIR07eliaeq 2287t Hrony o ohoR | Saf iy tHambiny

Lf'méthyl Qbe}ﬂ@éheb&l&trﬁté o105 ¢f 1280 mittde) dlnssxdh@ganoztm rrﬁS.f of methylene
ors Af t eacti on_was e, 15 of.
rBblbiioe, was Tealsd it EfdasS mase ot SATE: HiBne Ry Ting 415 mL.
0%6 0CAmoled wabhBer bb(ﬂé(ﬁ&l%p\lv&,‘é R B0 ghihdled anttthe mlxture allowed to
sat ur at ed sodi um bi car bonat e and ext({?gct ed wth

et
aEeMatie. "ogReteRRErRNE NGk SH PYeiNIgNeYNARh GnRILPIRR M?S&Psre The
f Hllit@lfeﬁﬁbh@tﬂén tdm)te@w @dmﬁhuvmhwa@tuylahe dherides siadHed Wase times with
columm cnronuat ograpne on si Si.N adl e
00 T POURTE HE PN o @ Boeav ity POG ok Boripie: S b iates Bqueous
e ?&E.ﬁrﬁ bM%rlbbna?@%cﬁMﬂY Izoc?ﬁﬁ] cﬁtstﬁfdtﬁiﬁéabﬂné OTE y@uﬂ%rs%g dried over
0 e . nan e | e conpound ) )
2owgnesuPSsligesr ﬁ@g%g@s?ggmgateggn HaGHUM BRAA §F Ll'dge browRygty which
((j@@gx:c%%m%rd@rl\*b}nﬁfo 8ap$1eaddnl%|h'@a{ g6l autpl 13% &eiat@e/ﬁxbtrly‘)ene chloride to
ou e (e} ]
79h8 7352 g cﬁl)the ﬁ%h %w%#'@mev°£§1est't'@3°qqap(°unﬂ|6tS. %V%‘i" 43?4"’ g-NMR
( écbtbus rﬂlﬂdcﬂdgbfﬁsé Ig) Hodbl8t 1.828)(1 Hyuddubt g4 & (2H§ doliblet 7.0 &
(1 H) mgltlplet 4.4-4.6 8?2 H); multiplet 4.2 § (3 H); singlet 2.4 & (3 H).

INTERMEDIATE 10
{7-Nitro-8-[(E)-3-oxo-1-butenyl]-2,3-dihydro-1,4-benzodioxin-2-yl}methyl 4-
methylbenzenesulfonate

[0077] To a solution of 3.00 g (7.37 mmole) of [(2R)-8-formyl-7- nitro-2,3-dihydro-
1,4-benzodioxin -2-yllmethyl 4-methylbenzenesulfonate in 250 mL of toluene was
added 2.90 g (9.10 mmole) of 1-triphenylphosphorylidene-2-propanone. The mixture
was stirred at room temperature under nitrogen for 5 hours, during which time some
product precipitated from solution. The solvent was removed in vacuum and the

crude residue was column chromatographed on silica gel with methylene chloride as
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| NTERVEDI ATE 9
(8-Fornyl -7-nitro-2, 3-di hvdro- 1, 4- benzodi oxi n

WO 2e00¢i024m8% hyl 4- net hyl benzenesul f onat e [ 0076] PCT/US2003/028523
{(2R)-7-Nitro-8-[1-propenyl] -2, 3-di hydro-1, 4- benzodi ox
in-2-yl}methyl 4- nethyl benzenesul fonate (10.5 g,
25.9 mmol e) dissolved in 400 L of nethylene chl ori de
was treated with excess ozone at - ;
Dielugspbtoagiva 2019y0fdhe (R)-gnentigmay of theaﬂ@cmwyd %3 Yellpyysolid. "H-

a@kﬂkﬁﬂ (EDBRW §SuHRMES.8 3Q2 )b etaN 5N E) MHXiBNE7. @lal(dedoublet
cone to roomt enper ature and Stl r overni ght under

a 7rﬂ $ (D Yirdoableb9har (@ . H)THeubleti 6@ dr(e Hiarultinieh4 §i & Ut ikl doublet of
! Qo018 ¥4 ﬂb'ﬁ%l (DS 538 Hv ﬁ‘fet 25"‘@3? ) BBt TS 1)

nmL portions of saturated aqueous sodi um b| car bonat e
and with 200 nL of saturated brine. The solution was
dried over nmagnesiumsulfate, filtered and

concentrated in vacuumto a crude brown oil, which
was col unm chr omat ograpgﬁ.ﬂi@@&ﬁlgel vvlth 10%
hexane/nethylene chl ori 52 g of the

(R) - enan -dihpdrtal1.ABdicxi ainadiny@=yl)mwethyl 4-

sol i d. 'H-NI\/R (CDCIS't Q uRofa 2 H); doubl et
7628(1H) doubletﬁgﬂg—@%@—%mﬂ% et 7208 (1
H; nultiplet 4.4-4.6 8 (2 H); nultiplet 4.2 8 (3 H);

&ﬁsﬂ 0281%1‘ ?écﬁg@n o'f EﬂY%DA @g% eé% 3-oxo-1-butenyl]-2,3-dihydro-1,4-

- behmd}d)dm—z medtHWd-rrmtllylldertzene:mlfpoate n320yd,} 183 hyhold)- in 200 mL

15 RS 9304y {85 2 90HbgB B0 e

1 mixtoenwasinerted at2refilk mpdbry hitrdgem tfory8 hoorse nddtet tlun egastion was

llr(]:ﬂ%% é‘eﬁr-]‘ m‘.oc!)fu\ﬁﬁg eneo%%ge%dzth% g(t&f%”itgwlacrﬁ)ghoé pad of

phosphory pr opanone
waslitet iThedtrae wasomutrahqaeir\artmsmuwtﬂﬂsaquaws ®gdint bicarbonate and

houk?m%g th %ﬁ‘yw%e soI ven ﬁ@tswgéeﬁg%‘cgév#:{ﬁ%%r%bbuﬁ gﬂfgte, filtered
t _lale_d ewapmtlated_ecs valceinahe odsidue wdw coterno ghegoiesagrephed on silica gel
A TR Ao spfigByage g e i
t Wefytg Shylearateté/bensmedb divee2.5ig btethedﬁ%ﬁ}euarmomera)fylm }it{w\pompound

_ asy?l%l%n'\' you%é‘ﬂ;clgf’gﬁ[ﬂ@‘ém? 8 g551 Z?&Dojft?"%% £'H); doublet
H)T45i&>(an)3tmLﬁtlpréi 72 § 14 H); mdapibl £6 561 61)6m{ultiptdt 4.3 8 3 H); multiplet
rrul ' é% H) smglet 2 5 81 BtB smgﬂeté f% (:?L)

INTERMEDIATE 12
[7-Nitro-8-(2-oxoethyl)-2,3-dihydro-1.4-benzodioxin-2-ylimethyl 4-
methylbenzenesulfonate

[0079] A solution of 4.2 g (10 mmole) of toluene-4-sulfonic acid (2R)-8-allyl-7-nitro-
2,3-dihydro-benzo(1,4)dioxin-2-ylmethyl ester in 400 mL of methylene chloride was
cooled in a dry ice/isopropanol bath and saturated with ozone. It was then purged
with oxygen and 2.6 g (20 mmole) of diisopropylethylamine added. The mixture was
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doublets 4.0 8 (1 H); nmultiplet 4.2 8 (3 H); singlet
2.45 8 (3 H); singlet 2.4 8 (3 H). | NTERMED ATE 11
WO eavwbdrgs - 2, 3- di hydrof |, 41di oxi nof 2, 3- f | gui noPCTUR20p8/)28523
met hyl 4- met hyl benzenesul fonate [0078] To a sol ution
of {(2R)-7-nitro-8-[(E)-3-o0xo-|
-butenyl ] - 2, 3-di hydro-1, 4- benzodi oxi n-2-yl } net hyl
4- et hyl benzenesul fonate (3.40 7.83 nmmole) in 200
nelloves tacc@ma:toa@pm/temﬁarﬁ&re end z? irreghendad qEpgen Sor 34 hours. It was
(ﬂ%nzwé‘gﬁ‘éh%woéod P HoPRINE & Z‘W@Idl I(5‘(}) Wh’?é? dh& s¥iiPated brine, dried
heat ed at | ux under nitrogen f hours. After the
r e¥etMeagnestun syt fitered ars@onterwmqﬁaﬂ ACYHR tgiMe d- 35916‘ the (R)-
Bﬁarmowrcﬁ thé 'tmsrc%ﬂaaohﬁ@lagfh WhR8boRkd onBRjubkér h)Tci?é’te m.p. 116-
filtrate was neutralized wth saturated aqueous” sodi um
bilé@iChonate and extracted with ethyl acetate. The
S Bt Al 6] OYRINEREVBTHIEI fate, T1 1t er ed
a va Thé resi due was col um
cM@@EdﬁhUM@ﬂ fshiMQa gel using a gradient
620% et hyl acet at e/ hexane and

i Ib<:z'?r§2r5‘aE‘Olg'/o@gtI\ﬁﬂyﬁgaacet at e/ hexane to give 2.5 g of

the (R -enantioner of the title conpound as a yellow

oil. 1H-NWMR (CDC 3): dowgteamepiate 43 H); doublet 7.6
8 (2 ; doubl et  7.45 8"(TFI)'_Tﬁ.TI't‘I'pIet 7.2 8 (4 H;

) 7H-[%.4 2.34eling imethyl 4-methylbenzenesulfonate
nultlplet 4.1 8 (1 H); S|nglet258(3H) si ngl et
2.4 8 (3 H). INTERVEDI ATE 12 , ,
f 700§0] r A snixtpreofioR gl (P-2ommwole) 9f {2 B)-T-nirn@f2-exrediiiinR. 3-dihydro-

yh lﬁﬁérﬁ)ﬂhloﬁm ﬁlgfrgé’thyl bl%éfﬁpl%@HzénfeQﬁ\ﬁ)tnﬁte[ &U79b gaof platinum oxide in

sol ution t ol uene-4-sulfonic
aépdnk nggthg agetaje was nieateg- W|th 45 psi of hydrogen on a Parr hydrogenation
aﬁp%‘ahu\éq H@ur}éoel'ille‘ﬂﬁ ﬁh@(\hé’é ek |f|H§|IeBW1ro@§ﬁ B&lité BAnd*Bhcentrated

ene chloride was cooled in a %;
i FeVacypY: o%bﬁ Gesithe was galugu ehranateararhrd ®Rovikca gel wighsfirst 10%

th@fhr@%%?lené‘”éﬂbri@é}’ﬂ% ?%drr%tl"@ngllrﬁgtﬂy@'ﬁ@'dﬁ)on@fe an\c/i\dmally 2%

di 1 sopropyl et hyl am ne added. The m xture was -

2 omihayplrsthyieae/ elggm/t@zq;@zen 5Q19 ehethet &) r%'ﬁethr@err gbihe title

t r 24 hours.
 EREAIA0 e Bl S GE Ui METAECS 2 (o

(@L.TIMIA{IG_Y&M_E&EmHaN@dSbQ%d*szH ed over magnesium
s@ - %f 5t_;,lmt ﬁrﬁ%salqu goncentrated in vacuumto give

(R-"enantioner of the title conpound as
aE@Aqm_éJ §<9l41d|'|oﬁé7qNa3t7%r hydrate, mp. 116-

, INTERMEDIATE 14
1-[5-Hydroxy-3-(hydroxymethyl)-2,3-dihydro-1,4-benzodioxin-6-yl]-1-ethanone

[0081] To a solution of 2°,3,4-trihydroxyacetophenone (10.6 g, 63.0 mmole) in
DMF (75 mL) was added potassium carbonate (17.4 g, 126 mmole). After 5 minutes
(R)-glycidyl tosylate (9.67 g, 42.3 mmole) was added, then the heterogeneous
mixture was heated to 70°C for 3 hours. After removal of the solvent in vacuum, the
residue was taken into water (800 mL) and was then extracted with ethyl acetate (4 x

300 mL). The combined organic layers were dried over magnesium sulfate, filtered

-41 -



120C. El enental Analysis for: CL8H17NOG8S 0.25 H20

Calc'd: C 52.49; H 4.28; N, 3.40 Found: C, 52.33; H,
w@32@3/024433 3. 36 | NTERVEDI ATE 13 PCT/US2003/028523

2, 3-Di hydro- 7H[ 1, 41di oxi no[ 2, 3- el i ndol - 2-y| net hyl

4- et hyl benzenesul fonate [0080] A m xture of 3.75 ¢

(9.2 mmol e) of

[(2R)-7-nitro-8-(2-oxo0eth )I_ 3- di hydr o-

127d BuapRsRte dX AANeSS/ INVREYWD The GRIdRArBwR Sib thus abtaiag was column

aBﬁ’roﬁ'ua%gEiaﬂfedpérﬁklhéﬁJgélqmtrdﬁo%rhexﬁﬂe/@ihypécéi‘éta)ds @Gt ad Qive the
was treated wt psi of hyd M%en on a

h{Rr SGEHANPOA thg;;ﬁ'src&mpgu%m@ Bl which,§oleiiesupgry standing

tbﬁsgfvé%ﬁrmg (Ebgqhygizggww)e and concentrated in
vacuum e residue was col umm _chr omat ogr aphed on

s Elamenta) Analysispor  Galf1299v8- 18 EXQne/ net hyl ene chl ori de,

t bar'd % s b Mls/4et hyl ene chloride and finally 2%
matﬁa oI/math?‘_'ene chloride to give 1.50 g of the

( BouRdh e 388 0% he title conpound as a white solid
one-quarter hydrate, mp. 145C Elenental Analysis

for: C18H17NOBS 0.25 E dT (1'35 59.41;: H, 4.85;

N, 3.85 Found: C, 509. 414&%—“ 3. 72 | NTERVEDI ATE
-2,3-dihydro-1,4-benzodioxin-6-yl]-1-ethanone
-2, 3-di hydro-1, 4- benzodi

y y
oxi n-6-vl|-1-ethanone [00819X& 3 sol uti on of
2',3 ,4" -trihydroxyacet ophenone (10.6 g, 63.0 muol e)

1 Bhoerh ¢ soliibn ST vRioktieatie RaredIy BB geph &l mmab) in 1:1

(atrﬁﬁo@yriéae:%(mmlrm) was adger, tbhan sblogorhedfen g@SHeciyaroxy-3-

m xt ure S dto Cfor 3 After nov al

AR S gl et o Bal doaingaand, (iEhG, fieg mmole)
Wa {Smiaﬁ@QQO(DTh’)L amdwmmehﬂﬁatw(lbrr@ﬂttnednd'drtri’trcﬁjeh}fbr 5 hours. Upon
acet at e e Co

weping, VW%OSOB'\?Q} w%éqé%veg,ﬁngdp? egpe Ff? F%P@@tateﬁ%%@olution was

20@#/@%&%uﬁ%t&&?i&?%&%mﬂﬁ@@mém};m (1@0 mL), dried over
ness in e crude brown oil thus o o
SB6t e IEl e d G FHBBSaIpeoH eHUBP e fred Ae9d3/°> of the
h(fS)aé?%/nﬂbrhw oﬁmettmbe;omoehwaeta frayGoue, rlpe 162 ° C. MS (ESI) m/z
mﬁ ﬁu tloner of the title conpound as a yellow oil

PR MMl di £ i es upon st anding

Elemental Analysis for: CyyH13NOse 0.35 H,O
Calc'd: C, 53.81; H, 5.62; N, 5.71
Found: C, 53.51; H, 5.30; N, 5.58

INTERMEDIATE 16
[2-Methyl-7.8-dihydro[1.4]dioxino[2,3-g][1,3]benzoxazol-8-ylimethanol

[0083] 3.03 g (12.6 mmole) of 1-[(3S)-5-hydroxy-3-(hydroxymethyl)-2,3-dihydro-
1,4-benzodioxin-6-yl]-1-ethanone oxime was dissolved in a mixture of 1:3 N,N-
dimethylacetamide/acetonitrile (100 mL). The solution was cooled in an ice/water
bath and a solution of phosphorus oxychloride (1.26 mL, 35 mmole) in 1:3 N,N-
dimethylacetamide/acetonitrile (30 mL) was added. The reaction mixture was stirred
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(7.5 9, 78%. M5 (ESI) mz 223 (MH-. Elenental
Anal ysis for: Cl111-1120590.10H20 Calc'd: C, 58.46; H,

wé 2emd/0Bgend: C, 58.02; H, 5.09 | NTERVEDI ATE 15PCT/US2003/028523

1-[ 5- Hydr oxy- 3- (hydr oxynet hyl ) - 2, 3-di hvdr o- 1, 4- benzodi

oxi n-6-yll-1-ethanone oxinme [0082] A solution of

hydr oxyl am ne hydrochloride (2.38 g, 34.2 mmole) in

1:1 ethanol/pyridine (100 mM-) was added to a.

s &nder nitrogsn oyef @ gg)mq-)oi}%p%@ was then added to an ice cold, saturated
( @MI@&&%‘W%BMH ageéted' Mﬂb@dlwﬂh R Qdbxd Ndriedy b]/erlm@bneswm

hanone ﬁ ) in et hanol SZOO
wadlfatee te{ﬁ%@éé qvapia@mm YRR nj TheotgsH! 'f‘@)rcr@%SUrW:?s column

Ul%ﬁi’bma%ﬁ?ﬁﬂ)ﬂ&l ort Qiﬁcéghl‘/ﬁﬁﬂ 6BAShd@RBAEHI aﬂéiat"eet@ refRVe impurities
with ethyl acetate he solution was "then washed w th

wéand rthe Zneduet pluier witht 40% Jleeane/et| mta‘€106ﬁﬂﬂ_§’VaP@f5}t'@B of the

O‘éSIK/ent”ﬁ%%urH”E%B'é @@/b) b {hbe("S?‘-@né‘rﬂ%n%fdﬂQﬁ@ttuﬂé' cofpound was
vacuumto give enant i omer of

t RBtained|as ac\@%?oiﬂﬂé 58P a12é’r/%y MSH{ES) m7( 2. (Mrh+ c. w5
(E%rhernélzc\na&%fé féM@ﬂHﬁNQ emzot@b Anal ysis for:
Cal c' d: 53.81; H 5.62; N, 5.71

F&@lecd: (5857, E!-151H N56%@) N 5 58 | NTERVEDI ATE 16

[ Zolkd:fty 158 638Hdh oVl @14 |

, ATl X|no[2 3- gl[l 31benzoxazol - 8-yl | met hanol [ 0083]
3 03 g (12.6 mmol e) of

1-[ (35) - 5- hydr oxy- 3- (hydr oxymnet hyl ) - 2, 3- di hydr o-

4- benzodi oxi n-6-yl]-1-et hanone oxi ne was di ssol ved

in a mxture of 1:3 N N
di met hyl acet am de/ acet opNTERMEDIAT®1mL). The sol ution

was cooled in an ice/water Dbath and a solution of

phos eyt dinygrol L ddioxigofd.>-ald yhenzoxazel-8yimety 4-
di net hyl acet am de/ acehmhﬂbéh@r,@guumatewas added. The
reaction mxture was stirre 04/ 024733

PCT/ US2003/ 028523 under nitrogen over a period of 48

heovsa) |t was Tbhea agthabnt Ooﬁn[(espzwtw mamg@bgm dioxino[2,3-
solution of sodi um acetate, extracted

ad¥i g{b@nz%aggloe wbg@thﬁ%r%gp GnB-14 mmole) in methyleng chloride (100 mL)

was added p-toluenesulfonyl chloride (3.90 g, 20.4 mmole). The mixture was cooled

in an ice bath and a solution of diisopropylethylamine ( 3.55 mL, 20.4 mmole) in
methylene chloride (20 mL) was then added dropwise, followed by 4-
dimethylaminopyridine (0.65 g, 5.30 mmole). The solution was allowed to warm to
room temperature and was stirred under nitrogen overnight. The reaction was
diluted to 500 mL in volume with methylene chloride, then washed with aqueous 2 N
HCI (200 mL), with saturated aqueous sodium bicarbonate (200 mL), and with brine
(150 mL), dried over magnesium sulfate, filtered and evaporated in vacuum to a
yellow oil. The crude oil was column chromatographed on silica gel using methylene
chloride to remove impurities and 3% methanol/methylene chloride to elute the (R)-
enantiomer of the title compound, which becomes a white solid under vacuum (2.56
g, 84%), m.p. 123°C. MS (ESI) m/z 376 (M+H)+.

Elemental Analysis for: C4gH17NOgS ¢ 0.20 H,O

Calc'd: C, 57.04; H, 4.63; N, 3.70
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sulfate, filtered and evaporated in vacuum The
resulting crude oil was colum chronmat ographed on
wanrbim27gel W th 60% hexane/ et hyl acetate to rPODWS2003/028523
inmpurities and the product eluted with 40%
hexane/ et hyl acetate. After evaporation of the
solvent in vacuum 2.08 g (75% of the (S)-enantioner
of the title conmpound was obtained as a white solid,
mEgund: £ &6. WGBH(E§2)Nn$§1222 (M-H) +. Elemental Analysis
for: Cl111-1111\1040 0.20 HO cCalc' d C, 58.77; H,
5.11; N, 6.23 Found: C, 58.93: H 91N614
| NTERVEDI ATE 17 f 2- Met h)LuN_T@MEﬂA_TE_E

8- di hvdrof 1, 41di gxg/apicle-Methdiy-3-Hhah ime8- y! | met hy

| 4- met hyl benzenésultonat e i6082[| io a solution of
[(8S)-2-nethyl-7,8-di hydro[1,4]dioxino[2,3- g] [ 1,
3][5WS?OXR%%|u‘t|§n36|f bﬂﬁéth@)@oi n{elhyﬁiﬁlrﬂ)hng (11747 Pbe)mdI)in acetonitrile

ene chloride (100 nl-) ‘"was ad
p{1 ('D’V uenaasl 13@919(!‘ tohPsY Cd@"()vse«bdoyg pOE@”M'WC@ﬂOﬂTﬁé N-bromo-

TSRO ) A S S PR Hel A o same

mid¢rhpéretues. cmherresllﬂite@m}own)slum/swaﬁ aarmdddd admtmspm temperature and
f t.hy o

rr%o% %&orﬁ%yaéldl |0‘ﬁ nggg‘é{;‘%’o%ﬁ sntﬁer(a Qw?écf%dr %’o‘;}n q 0% NaHSO;
t esn’;ueoratajlnemhthhasreamlpn m&tuu:nv)/es cnnccertb@m tova vpliugiet of 600 mL
T t 0

rrel?}? n & p%ﬁ e‘ﬁaiﬁt @%8\76 heL 'I‘ﬁe él@ra%c(éHng) \)0% g&,_llad at room
( Zémperat).ure mrtﬂh ﬁwndﬂtate@dwasfmw watdr (ArxBi l)aangdodrieddn a vacuum

( %ggn @‘éNe %g? fg\l\ﬂgterb }o)r t{)fr}ﬁe tig& Bﬂn)nd Qé 'aeb%\ﬁ?( §5hd R{J_ 0.39 (3:7)

magnesi um su tere evapor at ed
t&t@Acveptarm b NMRNW%@)JaeB@QKd We§- 5cldz utth, 7.98 (d J=6.9 Hz, 1H),

Chlﬁt@t?ﬁ@ﬁgeﬂ%?@%{ﬁ §ﬁg H_ﬁd[ggg/ B! 586 (s, 3H);

tHe to
nﬁ_iﬂmﬁﬂ@ﬁ}&&ﬂ&ahlwﬂwe to elute the (R)-

0 f e conmpound, which becones a
& H%Qﬁumgtg?&/ggbum (2.56 g, 84%, mp. 123C. M5

(EE’Slde nC523180H GMAHY 8.61El enent al Anal ysis for:
C18HL7NO6S 0.20 H20 Calc'd: C, 57.04; H 4.63; N,
3.70 -43 WD 2004/ 024733 PCT/ US2003/ 028523 Found: C,
56.75; H, 4.62; N, 3.51INTERMEDIATE 19

5-Bromo-2-methyl-6-quinolinol

[0086] A mixture of 5-bromo-2-methyl-6-methoxyquinoline (30 g, 0.12 mol) in 48%
HBr (135 mL) was heated to reflux for 7 h then cooled to 5°C in 1 h to give a brown
and thick slurry. The slurry was stirred at 0-5°C for 1 h then filtered, washed with
EtOAc (2 x 50 mL) and dried in a vacuum oven to give 34.9 g (92%) of the
hydrobromide of the title compound as a brown solid. 'H NMR (DMSO) & 8.26 (d,
J=8.7 Hz, 1H), 7.85 (d, J=9:1 Hz, 1H), 7.56 (d, J=9.1 Hz, 1H), 7.45 (d, J=8.7 Hz, 1H),
2.64 (s, 3H). A slurry of the hydrobromide salt of 5-bromo-2-methyl-6-quinolinol (3.4
g, 10.5 mmol) and Amberlyst A-21 ion-exchange resin (1.7 g, pre-washed with MeOH
then dried in oven) in MeOH (35 mL) was stirred at room temperature for 3 h. The
mixture was then filtered and concentrated in vacuo to give 2.5 g (100%) of a yellow
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| NTERVEDI ATE 18 5- Br onp- 6- met hoxy- 2- net hyl gui nol i
ne [0085] A solution of 6-nmethoxy-2-nethyl quinoline

WO 2004/0g4731. 02 nol) in acetonitrile (1.77 L) weeT@wemioa028523
to 0-3C followed by portion-wi se addition of N brono-
succinimde (200 g, 1.12 nol) over a period of 30 mn
whi | e mai nt ai ni ng the sams tenperature. The resulted
brown sl ur X to anpient te rature a‘ﬂ_&rf1
oBPIh B FORIBA b)dﬁiq/’rcc}}%taf@ h.H R (M) orf-aRddr Hz, 1H),
awenqhes-dzy Ha, 19y MakiSGB0 130, BH) aned @1aHyTL) . The
reaction mxture was concentrated to a vol une of 600
nm. then slowy poured into 0.1 N NaCOH (2.5 Q The

slurry (pH=9) was stirr gdTERMEOPATE benperature for 1 h

t hen flltered washed V\AW'Z_X 1 L) and_dried
in a \&X » 1Rygms ethy)-6-guinolinvljoxyl2-propanol

corrpouas abovvnsol |d Rf 039(3 7)

Et OAc: hept ane; 1H NI\/R(DI\/S’);’ 830% Hz, 1%
[Qﬁ?n d. solgtion pf, 5-brqmyo-2-metiyd-Gequingfingl @ngg, 1]’_26,_r|31moI} -benzyl

( 9lyc@iy7l6etﬁeﬁé4 .9lg,H52 rﬂm@@ aha tne’i am%ef(@? (439 13h|)mmolg)m DMA (200

El"'émental Anal ysis for:

3m) wassheged fi @ne- 985’C52ﬂ Psitfoos %daw 5 T@f JopticrVERy pagqied and
1 h f o
3B 3 W RO Bl SN e ARy v

| wagdissd witBwatrd300r)L) \ead driedtiea tasuuafdveRr té giveB7hg (Ta56) of the

fPé Sﬁné&rﬁﬁé 8 tgh Hili0 FQLV(?S%@P%WS‘ rﬁﬂlﬂ/hﬁ Ebl}ﬁép?%‘ércﬁy(d J=8.8

ry was stirred at
vvh&hbld) v 96n(d, BRIz PHY) 7502 (dy=addizdi iHpd7.7h (& ez H), 7.25-

o1 5281008 (S pl R, YRR s

(CIH) 3]&8373Km, 2H), )66 (8, B9); (IpecilicIotatiddr +ﬂ$ 2H) (c=7,. G:QHY,

J= 1 7.45 ( =8.7 Hz, 1 H), 2.64 (s,
35?%‘%@'1@5@%# gﬁ\l rom de salt of
5cChlcai e 29.68HMW/97 N-38 nol i nol (3 4 g, 10.5 muol) and
erly hange resin (1.7 g, pre-washed
Qggu%éﬁg%ﬁiﬁf% gtrf’%l n oven) in MeOH (35 L) was
stirred at roomtenperature for 3 h. The mxture was
then filtered and conce@m‘%gmiuo to give 2.5 g
(100% of a yellow -44

PCT (2432 (B2 Rx¥ fnethyl-8-methyl-2,3-dihydro[1,4]dioxino [2,3-flquinoline

[0088] To a mixture of (2S)-1-(benzyloxy)-3-[5-bromo-2-methyl-6-quinolinyl)oxyl]-2-
propanol (100 g, 0.249 mol) and copper (I) iodide (47.4 g, 0.249 mol) in toluene (2 L),
NaH (10.9 g, 0.45 mol) was added in portions at 30-35°C over 20 min. The reaction
mixture was kept at 35°C for 30 minutes then heated to 110°C slowly. After 30"
minutes, the reaction was cooled to 60°C, additional NaH (10.9 g, 0.45 mol) was
added. This was warmed to 110°C for an additional 2 hours then cooled to rt before
dropwise addition of water (200 mL). After stirring for 15 minutes, the mixture was
filtered through a bed of celite then washed with toluene (3 x 50 mL) and water (50
mL). The two layers were separated. The organic layer was extracted with water
(100 mL), NH,OH (100 mL), 25% NaCl (100 mL) and concentrated in vacuo to give
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solid. Rf = 0.36 (1:1) EtOAc: heptane; 1H NVMR (DVMSO S
8.26 (d, J=8.4 Hz, 1H), 7.82 (d, J=9.3 Hz, 1 H), 7.47

wQ 0402831 Hz, 2H), 2.66 (s, 3H). | NTERVEDI ATEPCDUS2003/028523

(2S) - 1- (Benzyl oxy) - 3-[ (5- br ono- 2- net hyl - 6- aui nol

i nyl ) oxyl - 2-propanol [0087] A solution of

5- br ono- 2- net hyl - 6- qui nol i nol (30 1 g, 126 nmmol),

(R% benz gl ycidyl ether (24.9 g, 152 mmo]) and

tP é@r@@ime}]@rqdfwrad@ct ap72 DM JSYIUR- DilRe (025’@ prﬁgyct\,w%s carried

heab&sh tolthé d&FerPiation step BEfdrd Purifdahys. The sol ution

was cool ed and poured into water (300 m-) while

stirring. The tan precipitate forrred was filtered,

washed with water (100 MNTERMEDIATEEG2i N a vacuum oven

to give 37(t Tlt'e compound as_a tan
i fethyl-2.3 o[1,4ldignanol2\3=itguinolin-2-ylimethanol

J=8.8 Hz, 1 H), 796(d J92Hz 1 H, 7.72 (d.

5[.3089!5 2§o (adgglgtw@ of (ﬁé é[iberq)zylogy)g@tr(yg%-r'@qiblyl 243 glqulroggl]dloxmo
(m,3 bl)unol‘ﬂweo@ 143 d:50. Grfhmoli} |H‘Et0f$(5h? wé3 adied &fdlohexefé (0.5 mL)

ic rotation = +6
Ei*lﬁ%m"/aﬂ’%z@ 18 8 1omol EhofibexriKiers war ¢ begied ¢ luynger N: for
418 ther cf8led BAUAREreE The4atahystwaE rivséd Brih HETIRIRMERhATG filtrate

21 _ , :
( ¥35 coneantipiad g uruRiaAiord0 1R 19,98%) of ther{igralgopolasan &ff-white
i 88lid, 2, 3-flguinoline [0088] To a m xture of

VTR ICERER TGS, 1), 84206, Ty e oL afpe erdpm. . a6

| qdlj ﬂ-@) @4@ (F, GH),B.9¥46n, 128))) 2.68 (¢, @6Hyiene (2 L), NaH
(10.9 g, 0.45 m)I) was added in portions at 30-35C
over 20 min. The reaction mxture was kept at 35C for
30 mnutes then heated to 110C slowy. After 30

m nut es, the reacti on WINTERMEBPIATE280C, additi onal

f'n-%?vlfﬁghvi)&

U LU T1

before dropvvl se addl Brmmbénzmbsnlféé’ﬁe m.). After

stirring for 15 minutes, the mxture was filtered

through a bed of celite then washed with toluene (3 x
5¢o090]) and \seludsn (cBO (29)-8- me'ﬂ’fw2t3mihi'cay[e[@dimﬂncﬂz,&f]quinolin-2-yl]-

se ratof% Thaf%grﬁ ﬁtba&éysgﬁ e>(<{ é%Ct € (Wgnhgol\f\,adilenrethylamino

odiimg (20 e, oM evamiat) drel giethglamidd (3062 2010 2502 /6d@) in toluene (40

P A Lv{/sa%% rreg 2? é@‘% for 6 h. The reaction mixture was cooled to room temperature

then water (20 mL) was added. After 30 min, the two layers were separated. The
organic layer was extracted with 8% NaHCO; (20 mL) and H;O (20 mL), dried over
Na,SQ,, fitered and concentrated in vacuo. The solid obtained was dissolved in
isopropyl alcohol (50 mL) and toluene (10 mL) at 80°C, cooled to room temperature
over 1 h then filtered, washed with (5:1) IPA: toluene (2 x 5 mL) and dried in a vacuum
oven to give 5.99 g (76.9%) of the title compound as an off-white solid. '*C NMR
(CDCl3) 8 157.9, 144.3, 138.1, 134.7, 132.9, 129.7, 129.6, 129.0, 122.4, 121.7, 121.3,
118.8, 70.7, 67.6, 64.5, 25.4
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387.6 g of the crude product as a brown syrup. The
crude product was carried through to the
walelenz4yBat i on step before purification. | NTERMEDUAIRS/028523
22 f(2R)-8-Methyl -2, 3-di hydr of
1, 41di oxi nof 2, 3-fl gui noti n-2-yl | met hanol [0089] To a
sol ution of
(2S) - 2[ (benzyl oxy) net hyl - 8- net hyl - 2, 3-di hydr o[ 1, 4] di ox

i no [23f]qU|noI|ne(O PRE mml)ln EtOH (1
m-)2- "' ,l‘ hiop g
(0.

g, ;
under N2 for 18 EIRVEEE ) OIBE

catal yst was rinsed with mathanol and the filtrate

was concentrat ed in vacuo to afford 0.113 _(9_% o

t ER09] t | e TQI @ombiturgsofa H2B}-B-rgthyl=.3-dibydral1 fﬂpqon 2,3-f]quinolin-2-

( %ﬁm}/l tﬁtdﬁim‘h@s&lfﬁ)nai’e (*d)87 d. 24:? rr(n%l Anch'mobeﬁzétg]tﬂoﬁ'gen(-ﬁyl 1,2,3,6-

3tejr:gh(qifp pngime 4068 q. 32 23'911)10! |V\ﬁ$ 95| QQmi_: QfgdlmethFQSulfomde The

[ %ﬁ)re&nd‘@étnhﬁéh ¢ 07PN 8Bk, AhBiseieROlds Svdpofdiédi@hddi reduced
2-yl 1 Meth 4- Bronobenzenesul fonate [0090] A sol ution
opressure. he residue was partitioned between 500 mL each of methylene chioride

[ (ag?s)saﬁjr%ﬁ hﬁdu § é&jmﬁj rb%ﬂboﬁ]a@ O)Q*hgo%%ﬂ%refn]a%l&ﬂe' fAyer was

hano , brosyl chlorid
(wa dyonceowih @QS mL og wﬁgqrmndacﬁﬁ ovesanhydieds (nzqgr\q»glum sulfate.
OFﬂ*t@ati@H‘éln)i c@Hé’erﬁrrahSﬁ I?Wa%mjrﬂ a(/e°> 0%4 éjTérf 0|I25I' h% NE@&Hro:‘thographed

toluene (40 nlL) was stlrre

- SRGHF AR & Btadield of Sl LAP AOS hﬁxampemﬂ mp@ucttfrﬁétrpns were
WabiRkted38 gite) 0988 QQQE@fre@BE\@é' a§9uf€ Belldw8il.t Wﬁlsl\@éée&%olved in

wer e separ ated. The organic er was extracted wt
gethrarian heated Pxalirgag @Ih(yg@t 0012k ¢ efdowbmmqlhlzs@anol was
f b eakife FRRGRMdPESAE, ﬂm\éﬁ&v SaveTb‘ 96%:5& u@saénam%mer of

was di ssolved in isopropyl alcoho
t $1ailiaeompound gs ap ognge xalgtecsalty 6‘ F? dekr'B8rper at ur e

OE%rmé\tJl AnBRBisibr: (& (9@&4%%@3‘13%5@4 {3H,d PA: tol uene

(Z X 5 m) and dried In a vacuum  oven to glve5999
( 2alcerg)C,af3.3% &, 6itd; B, 8@Bpound as an of f-white solid.

L ey S I TTIP R W M

70.7, 67.6, 64.5, 25.4 -46 WD 2004/ 024733
PCT/ US2003/ 028523  EXANPLE-§ AMPLE 2

2-(4-Benzo[b]thiophen-2-yl-3.6-dihydro-2H-pyridin-1-ylmethyl)-8-methyl-2,3-
dihydro-[1.4]dioxino[2,3-f]lquinoline

[0092] To a mixture of [(2R)-8-methyl-2,3-dihydro[1,4]dioxino[2,3-f]quinolin-2-
yllmethyl 4-toluenesulfonate (0.638 g, 1.66 mmol) and 4-benzo[b]thiophen-2-yl-
1,2,3,6-tetrahydro-pyridine (0.46 g, 2.1 mmol) was added 12 mL of dimethylsulfoxide.
The mixture was stirred at 90°C for 18 hours. The solvent was evaporated under
reduced pressure. The residue was partitioned between 500 mL each of methylene
chloride and saturated agueous sodium bicarbonate. The methylene chloride layer
was washed with water twice and dried over anhydrous magnesium sulfate.

Evaporation of the solvent gave 0.98 g of oil. This was chromatographed on silica
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2-(4-Benzof blth iophen-3-yi-3,6-di hydro-2H pyridi
n-1 -vi nethyl)-8-nethyl-2, 3-
wabme4r3s 1, 41di oxi nof 2, 3-fl guinoline [0091] FOT/@S2003/028523
m xture of
[ (2R) - 8-net hyl -2, 3-di hydr o[ 1, 4] di oxi no[ 2, 3-f] qui nol i n-
2- yl]nmethyl 4-tol uenesulfonate (0.87 g, 2.3 mmol) and
4- benzol[ b] t hi ophen- 3-y 3, 6- tetrahydro- gé/,ri di ne
( @eu\glﬂba gp_adgeqmbpy'\yl\,g:gtaé@ a@(a hgxaflple_a dhe product fractions were collected

diaAB BN etirhteRiih %euumeb give msgrgeomﬁé tifhd bérhﬁ@hn@tasg%,@rlil ®Ure, light

18 hours. _The sol vent was evaporated under reduc

piyeloy,pi. THiSVAD U AILd Mt ?}Q?w'ttp SHEL-BePE ﬂseog gpantiomer of

eqdnitef comount a8 Ight lbd%olu@rmpsawwe°@d aqueous
SOdI umtbl carI bonat e, e nethyl ene chloride | ayer was

s far5e2ehaaNgOAR ¥e Hel dri ed over
altlgy(’dc[ O@Sﬁqagq_@sg WNS%I 4ate. Filtration and

concentration i'n vécuum gave 0.91 g of oil. This was
ctimoongit GgraPhdd, 5.421 Nsi6l32ca gel with a gradient of

et hyl acetate and hexane. The product fractions were
collected to give 0.059 g of the free base as pure,
yel low oil. This was di SSOHAMLE et hanol and heat ed.

filtrati on gamRe ‘ : ls) et ald U

title conpound as an orange oxal ate salt m p.

129-133C. El enental Analysis for: C2_6H24N202_S - C2H2049
20090 G2t @ selu@n ef [(@R)-8rmetsylR;3-digydm] haldiosinatR.3-figuinolin-2-
6§/t]r4\§thyﬁ4 télugﬂesu%naﬁe Q§ SW'\H— Fmr%ol? 4'@5 ﬁ?&é-%fenzo[b]thlophen 3-yl)-

en-2-yl -3, 6-di ro-2
y,,%ﬁﬁgﬂra}hygrqpyflwyp (QS@,)_{;, 1.5 mmo) 21 mL of THF and 21 mL of DMF was

diRyely ﬂl’a‘-lbdélfb X gN8iuZminf. | e RktLiRewad QWP atTRfidx for 18 hours.

m xt ure
[ oha)so&enEWhylremosedjlmya;huomlamj theoreisidop agtitiongd ibetyveen-500 mL

aﬁaxﬁ]ogw e%%r]dét %ﬁgﬁtﬁengﬁcgl/vfafé?atﬁe( rQeﬁ\?%ng chibrifi@ Ig%l?lv)as washed

1 wath3w#tet & timky dano- q!ryad dvenear(l'@dm@sgnaQne’_slmmmub‘atWasFlltratlon and

ggsﬁérjeé‘ "%@BU Cﬁb‘“%gghouri&ﬁ?ﬂg(””-of@g%g &g@%téf@%hed on silica

e\gapwittabepladieatesf etryh dertetd andewxane. toTine 0.48 igdeidhevdrse base as a

. | Lori _
BRI EERR et 3PQ iR ch, R ol cBb 0 dhion o
nmeixalid zsmadmlyumte &304(K)ygar0 S1vammaed)sih ethaxiot. hFilteation gave 669871 g of

i Lol N P DR AT R VLB g, 107201°C
@Mﬁlﬁh@ﬁt&ﬁe@z@ﬂeﬁNm Q04 * 2 H20

Calc'd: C, 58.73; H, 5.10; N, 4.89
Found: C, 58.78; H, 4.46; N, 4.63

INTERMEDIATE 24
Trifluoro-methanesulfonic acid 7-methoxy-benzofuran-3-yl ester

[0094] To a cold solution (-20°C) of 3.3 g (20 mmol) 7-methoxy-benzofuranone in
30 mL methylene chloride was added 8.3 mL (6.0 mmol) of triethylamine. To the
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WD 2004/ 024733 PCT/ US2003/ 028523 gel with a gradient

of ethyl acetate and hexane. The product fractions
worem/0eaBs ected and concentrated in vacuum t oPQTNE2003/028523

0.39 g of the title conmpound as nearly pure, |ight

yellow oil. This was triturated wth ethanol to give

0.2563 g of the S enanti oner of the title corrpound as

a light yell ow solid, m 174-176C. El enen

ARaldyBLIre,g so It o 8\5 @2@0 mmgl) Hﬁ@f"cc%ﬂwd@f’e @ 2075l ¢f methylene

Hehforid® wabl added Grépussl: The t@rﬂp&éﬁuré"wa@ k&gt af\20&C 32 1 hour. The

EXAMPLE 3 2-f 4-(5-Fl uoro-benz

bITeaGliBp M thery Ayenghed ARG a7 59&%?0' AgYequs sodium bicarbonate

MRy ektrdtted with methylene chloride (2 x 150 mL). The comblned organic extracts

L
met hyl -2, 3-di hvdro-f 1, 41di oxi nof 2, 3 2 ¢i ui noline
[ pr %O\éergmgneisyﬁq gylfate and concentrated |n vacuum to give 5.6 g of the

H3 l'in-
Ay o Nt sl o

4- (5-fluoro-benzo[ b] t hi ophen-3-yl) -

1,2, 3,6-tetrahydropyri d||n'eEgME$ﬁA'gEzs 5 mol), 21 nL
DIVF 1 NaHCO3 . 4

5.4

( 21 - _Iane
The sol vent was rermved in vacuum and the residue

i oned between 5
PRbBa: e e i ﬂfyﬁ”gH%f°t’H?tg?“‘?fé‘ﬁ?’H§/éF' e heSiognetiran-3-y
Wlelbgcér wssal): g|3 tztzsltnm&\o@p ehd tHetrgthnaiMe 1(1 ;mhwds Gidgedrafifde Si7BNML (3.75
Su | ratlLon a conce n | acuu ave ,
oMok Bt dart @nAcoRPEngadt cTHErtogved L b QR & 1.1
g@is(diplﬁihy@h@é;?ﬂhcﬁf&l}oﬁénequﬂbah|u&1'3etIE}t Q:hmd?/h@ﬂ&ﬁéhd Ochloride 1:1

Ive of the fr ure 11

O hpipite Wik Pagtonaves Breen o 138 art e S ok Tigave. The
SwaémtOﬁaQ{errPd\w@uhder&fdcduﬁhl W@Eﬁgé 8;§@4&€bml;p 3 :aib7mL of water

| N e a I ve
R exisherpd B ather ot 280 B TR ciinert pRigfc g gvere dried
Moper H8dneXilim Guifaté] fitgesd ahd mkwerﬁ rémpve@&&aﬁwm residue
g ditoiea rgugia 50 il of SisR el Séing S0 T RkapSIpikHERage to give 0.350
Trgi df| the tithe a@hbm?ﬂsum OIMR (300i MIHz, CDCI3] 5 1.36 (s, |13H) 4.01 (s, 3H),
7-met ho 4 To a co
TR0 D5 O T 5 B 9

7- nethoxy-benzofuranone in 30 nL nmet hyl ene chl ori de
was added 8.3 nL (6.0 merERﬁleDtIH'Etzgyl am ne. To the

4-(7-Methoxy-benzofuran-3-yl)-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-
butyl ester

[0096] To a solution of 2-(7-methoxybenzo[blfuran-3-yl)-4,4,5,5-tetramethyl-
[1,2]oxaborolane (1.10 g, 4.0 mmol) in dimethoxyethane (1 mL) was added CsCO;
(0.650 g, 2.0 mmol), HO (1 mL), 4-trifluoromethanesulfonyloxy-3,6-dihydro-2H-
pyridine-1-carboxylic acid tert-butyl ester (0.480 g, 1.45 mmol), LiCl (0.10 g, 2.4
mmol) and tetrakis(triphenylphosphine)palladium (0) (0.06 g, 0.05 mmol). The
reaction was heated in the microwave for 5 min at 150°C. The solvent was removed

in vacuum, the residue taken up in 300 mL of methylene chloride, washed with 200
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-48 WD 2004/ 024733 PCT/ US2003/ 028523 cold m xture, a

solution of 85 g (30 mmol) of triflic anhydride in 20
warkooafo24ves hyl ene chl ori de was added dr opw se. PTh&S2003/028523

tenperature was kept at -20C or 1 hour. The reaction

was then quenched with 100 nL of saturated aqueous

sodi um bi carbonate aand extracted w th nethyl ene

chl ori de (2 x 150 nmL). The conbi ned organic ex(é acts

wel-Paitionscof saturatas graqus Fedi eareonateiaid i AbNH A daa) Aried over

V@ﬁwa’r'?odsoséhu}’rﬁ s@lf@tegﬁlﬁfrecﬂ %d dﬂ)ﬂéérﬁt%@ecprr\o%&mm MPhé ESdidue was

(relative intensit g ); . | NTERVEDI ATE
zgltezeq roug 659, e @fllca gel wnth 15% ethyl acetate/hexane as eluant to give

bbfso {&tﬁe vtl&&nﬂmﬁwS ﬂerm@bbNHi dma;)ox ab@(sglgmee 51 (t, 2H),

a m xt fonic
380 h &K b ahizo Pt 212 H) & B8 1R 1B 51 (e Bl ety . 799

| (4, H)et. M (ES) nv2\Rsatvd Geendityl: SBo MR, 100).( 3. 75
& 1)) 5 Salﬁnmgi?lnacgllzsézjiborzane tl n THnEIM) Io&ed by %) 10 ¢
of [1,1" - bis(diphenyl phosphi no)ferrocene] pal | adi um

(I'1) chloride/ nmet hyl eneiNTERMEDEATE 27 corrpl ex. The
reaction \l/i/as h(gda}t ed at

m cr owave: e FR: EH el 5
resi due was taken up in 300 m_ of vvater and extract ed
wth_ether (

2 x.200 The conbi.ned tract
w0978, 158 & Sl Mok insheSupeRe AN S Bitafiio PRy idine-1-
S@él’b@k\,ﬂlc rsagmgﬁﬂxﬂ;#tynemacmw e n’frﬁ@)l ﬂL}ﬁethYI@JSe thibligs @0 mL), was

of si sin % e .
aeac?%f%rpﬂwaﬁesoﬂ%wa.%i%qi s W, Wb et e (8 giido TG reaction
1whs NWRel 3 0robiriz tenfgetdtae; fob che3Rours IhehZW&s diuledl with 250 mL of
S%y egiest‘}ulq(_[b%’e Ylvia\g%?gg,\)éﬁ]lﬁ*&ja%} (mo’ mZ)' a5ﬁ2d \&/%‘1 séltu|_|a)téd brine, dried
4o(1e7r ﬁ@gﬁwum Banzef filletdtt 8nd kdncdnlraddhy dacuitit® yivedd.B& g of the
Bﬁ%(?rﬁﬁé/%p A B0 MR CBc15%8 ¥s kOACL 189 BH), 3.64 (dd,2H),
[24(01](€eam06>3|b6wrzs3[1bﬂ)fm@(u LAHy, 7. 214|(t)41 19), 5652qu ﬁﬁﬁﬂl’mlh(s, 1H); MS
0 rolane In I net hoxyet hane
iEfg},mm EHH%%S‘&%&%M(H @ngé 2.0 mol ), 20 (1
m),

4-trifluoronet hanesul f onyl oxy- 3 6- di hydr o- 2H

pyri di ne- 1- car boxylic aci I{IIID Erét ester (0.480 g,

1.45 mol ), Lic (0.10 g, ) and

t e&ﬂﬂémwgi__w nt Dyfethyl]-8-methyl-
0.05 mmol). The eact I n.the mcrowave

for 5 min at 150 S HPXI gunone

[0098] A mixture of [(2R)-8-methyl-2,3-dihydro[1,4]dioxino[2,3-flquinolin-2-yljmethyl
4-bromobenzenesulfonate ester (0.173 g, 0.38 mmol), 4-(7-methoxybenzofuran-3-yl)-
1,2,3,6-tetrahydropyridne (0.10 g, 0.44 mmol) and potassium carbonate (0.145 g, 1.0
mmol) in 2 mL of N,N-dimethylformamide was stirred under nitrogen at room
temperature for 2 days and then at 60°C for 6 hours. Water was added and the
resulting precipitate was filtered, dried and column chromatographed on 100 mL of
silica gel using first 50% ethyl acetate in hexane and then 75% ethyl acetate/hexane
as eluant. Combination and concentration of the product fractions gave 0.015 g of

the S enantiomer of the title compound as a yellow solid.
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in vacuum the residue taken up in 300 nL of nethyl ene
chloride, washed with 200 -49 WD 2004/ 024733

wea4WsPBH3/ 028523 nlL portions of saturated apOPOER03/028523

sodi um carbonate and 1 N NH4CH (aq), dried over
anhydrous sodiumsulfate, filtered and concentrated in
vacuum The residue was filtered through 150 ni of
silica gel with 15% et hyl acetate/ hexane as eluant to
gME(ES)) Bz ¢4ofM+Hhe. titl e compound. 1 H NVR (300 MHz,
CbCl3); S 1.5 (s, 9H), 2.51 (t, 2H), 3.66 (t, 2H),
4.04 (s, 3H), 4.12 (dd,2H), 6.24 (br s, 1 H, 6.91 (d,
1 H, 7.17 (t, 1 H, 7.39 EXAMPLE) 7,59 (s, 1 H, M

I( ES) 140052716 &)-5é i 26fb i bRSH-BM -3 8-HihfdY6 B H-BPr din-1-yImethyl]-2.3-
4- ( 7- Met hoxv- benz gihudsec[R4ldipxinof?.&flguinalinghy dr o- pyri d

ine [0097] To a solution of
4- (7- met hoxy- benzof uran-3-yl) -3, 6-di hydro-2H pyridi ne-
| [00993r boxyla & agdldiope RRirgtrethy <, dihydrobigalgioxinof?,3-flquinolin-2-

MRl P4H&hé\?(és%[f&1a@é”f(@5r?: dAf 1(1.4?#@@,;zh-\f@ngﬁé‘-;ﬁgﬁéb[b]thiophen-3-y|)-

dr opw Se a solution o % en

c A1 Pdetrgrydra-pyridined 038 t1i ommaag4 sili @frlé“be and 248tk of DMF was
t aHB&d REHEDL 0500018, d\Riol). [THI MBRRe Wak Wifed ¥hd Restel afteflux for
of nethylene chloride, washed with 1 N NaCH (100 m -)

ané houtsh Feet solwntsiwere evapocatectinl vaoven amgddne sdsidue was partitioned

T e

CB@asBed with2wate( tand 2iied Gvet anhydroRB)madghesiing gdifated) | Filtration and

E" Fgr}qle(nirbatlg’rg%élﬁlgl(%ﬂ g%%_&%ﬁ]] béﬁ')otls ?h%gﬁgdchﬁénﬂ%%g;h%%n silica gel
( mithat gradienhofeetbyltagptate2da (etae 1 D)y theXravroms dean enough to use
2efs EZmP/{BEEO%EVW??E?ﬁ&%éfe‘é' t))'g%le(so.%rbygfrtﬂé deBHsb Hs an oil.
n-1"-yrnethyl |'-8Zmet hyl -

2 TBiscway dissolved ivlethanal.nd¥ 9olatidn ofuoxade kaid dilndiese (80410 g, 0.325

(U380 B Bhens)eas s, lvalep 971 Q11 Aopidne S ngiieget of e e
2copimpoenchgd a lightlyetiow bxaletenesul1831185%€.est er (0. 173 g,

0 I (¢ L= f ! T RY,
1%@%@%0@%&}%@%@1%%}%@ 4%%@ ) and
pOaisd | ON5%99; ) AaeeN( 6.1845 g, 1.0 mmol) in 2 nL of

N, N- di, ngt qr ). stirred under nitrogen at
rm?gngibé%@q"gf4%ays and then at 60C for 6
hours. Water was added and the resulting precipitate
was filtered, dried and colum chromat ographed on 100

mL of silica gel using first 50% ethyl acetate in
hexane and then 75% et hyl acet at e/ hexane
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as eluant. Conbination and concentration of the
product fractions gave 0.015 g of the S enantioner of

w0 h@4toeaBe2 conpound as a yell ow solid. -50 WO PCT/US2003/028523

2004/ 024733 PCT/ US2003/ 028523 WMs (ESI) mz 443

(MrH) +. EXAMPLE 5 2-f 4-(5-Fl uoro- benzof

bl t hi ophen-3-vl) -3, 6-di hydro-2H pyridi n-1-vi

nmet hyl | -2, 3- di hydro-f 1, 41di oxi nof 2, 3-fl gui nol i ne

[0099] To a sol ution EXAMPLE 6

[(2 4-&@3&% thigpendd-pivsl biAy drbB 1y AQin21 Mdtﬂwwm tihydro-

-y y -toluenesu fonate 0.5T g, 1.4 mmol)
-(5-f Iuoro-benzo[b] H$WDQHEE

2,3 6- tetrahydro pyridlne (O 39 g, 1.7 nnDI) 24 nL

THE and_24 mg é E g

n{RJIOPI TheT%axﬁ%!P%O'\NQE (€A %@haﬁel%@@pgao 13- Hinglie- 2 Y']methy'

f f&luenleguﬂfmalt% (0Hae gSOi zemmbl)w-ge.emﬂ@f@hed 3—3fl—1\,@3,614€frahydro-
he resi due was

’pBYrﬂq"Eﬁ‘lgo 57 et fyman Rhine ot and 1 Wir el S, as,addegk NaHCO3
rrg%n 3 gV\83 m%PhQﬂe%litPreV‘@éseétlr JQI heéfedPXiS0-815Y 5! Hg%sand then

§iUm'Sul fat e tration and concentration
valbawed tpastend a¥ 83bny tepfpestlre fohiose wiay. él‘rlnecsmteogwapte@dporated in

Ua(’?dulrﬂ ¢ gq?eJe? HV\é %/J% ?&ﬁt%ﬂbg 'B'i—:‘tv%enegéb’ h’]Lagféha&feeta% dacetate and

hexane. I ons cl ean enoug
c yatarndtie emyéycewtet\eéas@o weae mashead with avagar\ieur(lml® egwddhem Heed over

LA gpind b R Snf oSyt v ghne G2 o o
moibl )This was henerhatagraphertied. smcal geri aithom gg@dientoqf;qhxg agetate and
?Ta%eetgidgf ?%r &fthé ?g%tb?gégs ol Bib KIS Qéd%lsblb&!‘h ethanol and

ow O
caamwm\emn mmamd-ﬂl@/dr@tﬂ ©.q21 0. 5o Y)) IrHethanels Filtration

2588 894738 Splor bt e st 55 il greere. me

bl 78-1BOjhen- 3- v1- 3, 6- di hvdr o- 2H-pvri di n- 1- vl _
ngfg%%ﬁtq-;%qr%@s 1Y E A bl OLY AL P nol T ne

[ CaR)d: 2C 3paist ) sof4l Nab@boxi no[ 2, 3-f] qui nol i n-2-yl ] meth
YEound: C, 60.59; H, 4.79; N, 5.00

OI—\-hI\)

EXAMPLE 7
2-(4-Benzo[blthiophen-3-yl-3,6-dihydro-2H-pyridin-1-ylmethyl)-2,3-dihydro-7H-
[1.4]dioxino[2,3-elindole

[0101] To a solution of [(2R)-7,8-dihydro-3H-6,9-dioxa-3-aza-
cyclopenta[a]naphthalen-8-yllmethyl toluene-4-sulfonate (0.6 g, 2 mmol), ), 4-
benzo[b]thiophen-3-yl-1,2,3,6-tetrahydro-pyridine ( 0.04 g, 0.2 mmol), 30 mL of THF
and 25 mL of DMF was added NaHCOg3 ( 0.6 g, 7 mmol). The mixture was stirred

and heated at 70°C for 1 day and then allowed to stand at room temperature for 3
days. The solvent was evaporated in vacuum. The residue was partitioned between
500 mL each of ethyl acetate and water. The ethyl acetate layer was washed with

water four times and dried over anhydrous magnesium sulfate. Filtration and
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t ol uenesul fonate (0.43 g, 1.2 mol),

4- benzo[ b] t hi ophen-3-yl -1, 2, 3, 6-tetrahydro- pyridine
wOQo@Mh245331.4 mol ), 21 nL of THE and 21 nL of POMES2U@S/028523

added NaHCO3 (0.43 g, 5.1 nmmol). The m xture was

stirred and heated at 60C for 2 days and then all owed

to stand at roomtenperature for one day. The sol vent

was evaporated in vacuum The residue was partitioned
b&PREEBH atninMackyB9aye Oty pf gl ethit wag shrommegaphegRn silica gel

eWitla GragicAt & dtRYl BtettBSaPRdI@fe W bive \WBEEE of ﬂiérfrée' BERS as a very

and then dried over anhydrous nagnesi um sul fa
Fight-iapigdn dRis Wéﬁ@éﬁ??\”ﬁﬁ'l"br?thaﬁ‘obacﬁjﬁﬁ'#@%@f G’XQ'lP geigfdihydrate

o{g. oeéﬁh?So\@ﬂ% HRbY TRIHMBP WA fidesi |Fikatidebavd bh 4@6 g of the S
gr adi en yl "acet ate and hexane to

ofN@aHiemer @é“’l?é%'é camPaHNGRs 2 ligiKiceea colay %’Bg'lpb%s ?’ha'at
eEi@ﬁ&ital&(ﬂﬂ|¥s@GQECbém%@dgs o ©$H4D4 Oxal i ¢ acid

dihydrate In ethanol Filtration
g&akc'd). @@@M%%eNﬁ@ﬁantlomr of the title conpound

a ehl 178-180C. El enent al
AEofndt ! RRENEAENID. L P0a0 1. 6 tBO Cal ¢ d:
C, 60.80; H b5.14; N, 5.25 Found: C, 60.59; H 4.79;

bIthl opheln 3- I-3 6 d| hvdr- '

y o) : gX o1 oricli
[0101] To a So' ut Hﬁ'lnggJH-F,4|d|oxmo|2,3-e||ndole

[ (2R) -7, 8-di hydr o-31 I oXa- 3- aza-

cycl opent a[ a] napht hal en- 8-yl ] net hyl

t edqpefe- 4- sul fongt e,4( 0 fixitre 2 JIMOIBR)-7;8-GRydro- 3H 69d|oxa3aza-
benzo[ b] t hi ophen-3-yl -1, 2, 3, 6- tetrah droﬁ&\% | ne
9,

ocMOF@ntqialzamfbal}en 83cb]mﬁ1hyéf4 tpiyenegyiignate D@ Wapl) 4-(5-
agdsd. Hﬂﬂg@g@}fhlég&n% - 1{2 %‘gﬁéﬁa élarbepﬂ‘dﬁeur@43’a§oséi rr‘hﬁﬂ)l and

and heat hen al st and

= Nap66im Ocifpr &EUPEoD afasaHodedy 1 Mhe! Snabreuligige. The miure
bV@Q I%S %B{Ed\/ﬁcﬂdﬁlf t11§ hﬁﬁr%' de' IIF&% Oéell tsb&ﬂ&‘}’%uch tosylate

ace
eyl urmeazttm e Stanjreg amﬂsheammed 8af ¢ hvasmmrmnuéd)mmr 18 fogrs. The

AR R bR A D PARSRE S T3 et wak ahihic Betveer

c 500 enit pmtiértsmfiermw acetate ayaweat€r. Sbhegetbyl agetate [@perovasasashed five

R T e

baerezceatra'aon/lervyucuum gave 0.86 g of dark oil. This was chromatographed on silica

gel with 40% ethyl acetate in hexane to give 0.29 g of the free base as a light tan oil.
This was dissolved in ethanol and added to a solution of oxalic acid dihydrate
(0.0978 g, 0.776). Filtration gave 0.1049 g of the S enantiomer of the title compound
as a light gray amorphous oxalate.

Elemental Analysis for: C24H21FN2 O2S ¢ CoH204 ¢ 0.2 H2O

Calc'd: C, 60.74; H, 4.59; N, 5.45

Found: C, 60.72; H, 4.34; N, 5.26
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light tan oil. This was dissolved in ethanol. A

solution of oxalic acid dihydrate (0.0851 g, 0.675
woremhP24788 et hanol was added. Filtration gave OPdEB&003/028523

of the S enantionmer of the title conmpound as a |ight

cream col or anorphous oxal ate. Elenmental Analysis

for: C24H22N202S C2H2O4 Calc'd: C, 63.36; H, 4.91; N,

5.68 Found: C, 63.22; H 4.86; N, 5.50 EXAMPLE 8 2-f

4- (5-Fl uoro-benzof blthiophen-3-vl)-3,6-di

hydro-2H-pyridi n-1-yl net IEE;IAMI&.E%
(rjr: Qégég 7H Ea: 4lg| ox! nﬁég ' el ) O O To |_2 methyl-7.8-

cycl opent a[ a] n@hydlml-[a@_]amxidgg )[4 ﬂbém}_mae@ul fonate

(0.67 g, 1.9 mmol ), 4-(5-
fluoro- benzo[b]thlophen 3-yl)-1,2,3,6-tetrahydro-pyrid
i 101¢3). 48 g, T lanmaidur@nadf N&Q%étﬂyl%-ﬂ;hy&roﬁ ,H,‘gﬁhéanaza-

sepppatHlafealtabnbuaR okstraonme 540k i & fegimmon and
smmommphmylyau 2,3, festrahpdroaytidide (G54 1y, RIEOMAY was added 10

d for 18 hoyrs. The. .
055l et SRSy Bk aed W 4.5 .
ré’ﬂedsWevv&&apmvhpéramﬂadwd@_?;meﬁ pEé%@umt, Pmr tdsiii® Wds partitioned
e e acet at e
et SUEE 28 B aceif, g HetBfed AbopS SRty Haubonate.
mdtpeeshyl mcetatd ayer. waEf'].c bvgshﬁd fro_ml' &n?_?q with et 1 Rityingoved magnesium
8 rk . oil. i S , .
A, BB Eon i o thoBlatPRiet tipong igBu e o oihc Thispuas eluted
[ rﬁrohembmegelov@l a/gre(m:je’bﬁ ogre»fagb fwdfettlﬁ& abatate tg)Sgn’z?% biogrg of the free
ve et han nd added to
s%fau%)agr?no?' I&\év?“zasa%?s &dHQJﬁIQP da?fﬂﬁg% gso Bt'%%f)oxa"c acid
Fiditydette @n03pave, Ozum4r|9rrg>l )oih éthendh eﬂlammbor@\/eom 0v4e2 g of the S
|
AT e B AT SRR RSB 55 o
Clehehtal QnabBisAdr: Ch4HRDDOIS * CoMzOf005HI @, 60. 72; H,

4.34; N. 526 -53 WO 2004/ 024733 PCT/ US2003/ 028523
EQQMECQG%%I' Bz &% STt hi ophen- 3-yl - 3, 6-di

hyduad:2¢t 60.86;04,1.dg; W, st hyl ) - 2- met hyl - 7, 8-

INTERMEDIATE 28
4-Benzo[blthiophen-7-yl-pyridine

[0104] To 7-bromo-benzo[b]thiophene (5.28 g, 24.7 mmol) was added pyridine-4-
boronic acid (2.734 g, 22.24 mmol), K3PO4 (12.0 g, 56.5 mmol), 37.5 mL of 1,4-
dioxane and 3.8 mL of water. The mixture was placed under vacuum for several
minutes and flushed with nitrogen. This was repeated 5 times." Pd(dppf)Clo e
CH2Cl2 (0.909 g, 1.11 mmol), PdCl> (0.1994 g, 1.124 mmol) and 1,1"-
bis(diphenylphosphino)ferrocene (0.6234 g, 1.124 mmol) were purged in the same
way using high vacuum. The catalyst was added to the reaction flask, which was
purged again 3 times. The mixture was stirred at 80 °C under nitrogen. After 1 day
TLC showed much starting material remained. Additional K3PQO4 (2.3 g, 10.8 mmol)
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di hydro-f 1, 41di oxi nof 2, 3-a] f 1, 31benzoxazol e [0103] To
a m xture of

W eaR2433ret hyl - 7, 8- di hydro-1, 6, 9-t ri oxa- 3- azaPCT/US2003/028523
cycl opent a[ a] napht hal en- 8-yl ] net hyl 4-tol uenesul fonate
(0.3081 g, 0.8207 mmol) and
4- benzo[ b] t hi ophen-3-yl -1, 2, 3, 6-tetrahydro-pyridi ne
(0.54 g, 2.5 mmol) was added 10 niL of
dwaseRded aftgranirgieg. Breing@t 80 'G wnderitsedanwap eandinHedfosd2 to 14
aho&é%rfd%eﬁ"g? rSUM kSmper {Pﬁeem@ Héeﬁ‘éxt‘(’ﬁ eN\%plﬂfxﬁIrSQV a partitioned

under reduce pressure. resid partltl one
beelween vser and etivhaedtate; ﬁ%reéél@pag'@ C@h@ ang thealewers separated.

agHED nﬁzg%#é‘ LB c%ﬁ&@rﬁfb@&ﬁm vazhﬁ'n etl'Hé( leRRRNVME ErebiR¥AVed in ethyl

was was our tinmes wt yi ng over

nagef@t@s u\f@sh%djwtat\@atef |an@I meﬂmeawg@eapm aulfadm &fongeriration in
QacRRt %Vg Ogi?'séf llo' 'I'hls }B%Sellﬁ@é fohHEiRh gélr\ﬁim agradlent of

I ca hexane and et hyl acet
tb%ﬁn@ea@ @ﬂﬂyg aéﬁPtateh@ QW@e’2 4pgsef the ttle epmpounst gsgatan oil that
Qi bR #1gogelded to a solution of oxalic
ﬁ% %@ﬂs gﬁenq)g 0304@, 0.241 mol) in ethanol.
"&b‘f?’ﬁ@s enanti omer of the
anf white oxalate, mp. 126-129C.
ta‘C% tdlrm%]ég% Q%B é;QL%CZ4I—|22I\I2038 C2H204. 0.5 H20
CEQQ_CU.CCHH)HMB?HN 8.687; N, 5.41 Found: C, 60.36; H,
4.99; N, 5.26 | NTERMVEDI ATE 28
4- Benzof bl t hi ophen-7-yl - pyri di ne [0104] To
7- brono- benzo[ b] t hi ophene (5.28 g, 24.7 nmol) was

added pyri di ne-4- bor oni g, 22.24 mol ),
K3PO4 (12 0 g, 56. 5 mm"qT E (Az £ 4 di oxane and

for sever aI )
was repeat ed F 2 7CHZ2 (0. S
1 11 mol ), PdC 2 (O 1994 g, 1.124 nmol) and 1 1"-
h I
o%@!)ﬁr Sgé Qhrﬂ?(ﬁﬁb ”&)nL(Sh{Na?ﬁé?@l 0 @ﬁgnﬁo@ J&o%ﬁé{%’?ﬁ&tﬁnolm -2-
csiffrabtpylt 4-bresnabedeehaslfertate ﬂaa@g; 6ﬂ2fma©k) anﬁh#bhnmmthlophen -7-

pzl d;g)?&n%%"s@ ecﬁ o7 {ﬁf{ﬁ)rl) gkea&ﬂéﬂfr{@f cﬁ'@%n%é | e AL }L?Q v&s stirred

nat €y ?Cérorr16rfmun83diftemtjlct1|tmvamom¢he (sczveﬁtgwadle!yaeormadl )TLC on

pgﬁ%él/%_%ﬂgﬁé&%%ﬁ%f fﬁ@%&@%@%&%ﬁm.n&ﬁ%@%ﬁ&.&%&{u 1 stood

tIrri nitrogen was cont
f et robm tegperature and open to the atmosphere for several days. The residual tar

was triturated with acetone at 52°C to give a solid. The solid was broken up and the
volume was reduced by evaporation to approximately 20 mL. Filtration gave 0.6581
g of the title compound as a gray solid, (dec.> 175°C).

Elemental Analysis for: C32H25BrN205S2 ¢ 2 HoO

Calc'd: C,55.09; H, 3.61; N, 4.02

Found: C, 55.13; H, 3.88; N, 3.77
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hours and then at roomtenperature till the next day.

The m xture was partitioned between water and et hyl
waceuabe33filtered through Celite and the | ayeP6T/US2003/028523

separated. The organic |ayer was concentrated in

vacuum The residue was redissolved in ethyl acetate,

washed with water and dried over magnesi um sul fate.

Concentration in vacuum gave 6.06 g of dark oil. This

was eluted fromsilica gel with a gradient of hexane

and ethyl acetate to give gksMpOEQD the title conpound

as atan oi | that c_,ryséal_ [ow vy )

] a-2H
71. 86 H 4. 48 Ndl{[g(cﬂ@|*I_',Q}§!6xm§|2,:7ﬂgaﬁrollHe 4. 37 N
5. 66 | NTERVEDI ATE

S-4- Benzol bl t hi ophen-7-yl -1-(8-nethyl -2, 3-di hydro-[1, 4

] @omsu no[ Zo3af dtemin §bé§bn3ron%f”8tdﬁwéﬂzofb¥thIdéh@lhi'l[pl 1-(8-methyl-2,3-
rono- benzenesul fonate 0101)5[%/ To a m xture

[ @M“’BU rfidiginel2, 3lawingfigoymetybiryiginigme, 4 bfﬁn@pﬁr@epﬁsulfonate
27((0)/5d60%} b)’7|64én’6?ﬁ&glhtlﬁﬂ ﬁﬂﬁcﬁ%ibf—l%@te@ it An Qdd-18ath %a%%dded sodium

4- benzqg[ b] t hi ophen - rldh %
2 oordaige (UG, TN W slied UnpHEnd weher alost to room
stérhp&tturdt TZS dn $ifda &l Snowes prélfubﬁéndl\hiaﬂjbe 1'sblﬁii@ sﬂ@ﬁﬁg material.
of the sol vené had evaporated. TLC on. sili

SHOHIGE FAFERS B ScLhan BYPYPy Y IR0 toshiag irigg at 0°C. The

I @@4ctibA Wadl aflbWee t& sMoshd darrh @® P@dne tﬁmje'iétufee O@éfdlgﬂp €The solvent
to the at rms(ghere for several _days. The resid

a
WS PEPUPIEA RLFEHLEIHE. aT NSRS 0 SaEtaPe fotween ety
Tfaeetafé é@b watr.bmakesthyl pcetatk ltah@r wa@wmd/\mh wacbuqmde knd dried
eva on to aﬁ%)roxurg elyﬁ glltratlong
os AN PRGSLT G 6fﬁpoﬁ ERtigE ‘aqd grangentigtiog in vacuum gave
Fofldib Tﬁls wh enfRiatdgrasttldysH silicaqyel with AHitadeN2dPetid/| acetate

5 g’_%gexwe ) q;\ge 0 nggg-p? theg%eq,@g%%rbngigls wasddlsso’lved in EtOH
PGh4 43308 % 843hiidn omldalhydrate 0.0426 g, 0.338 mmol) in ethanol.

ﬁgﬁ i Benz‘%lﬁe(i ;é;ilf 05 gme Syenaﬁflc?mgr é}vtﬁlé (t)ltlg Elb%ohr?clj gs a \xhlte solid
dlobawdfeOn{;l 14Bdigsxc.no[ 2, 3- f ] qui nol i ne

Elemental Analysis for: CogH24N202S ¢ CoH204 * 1/3 H2O

Calc'd: C, 64.11; H, 5.12; N, 5.34

Found: C, 64.01; H, 5.05; N, 5.28

EXAMPLE 11
2-(4-Benzofuran-2-ylI-3.6-dihydro-2H-pyridin-1-ylmethyl)-8-methyl-2,3-dihydro-
[1.4]ldioxino]2.3-flquinoline

[0107] A mixture of [(2R)-8-methyl-2,3-dihydro[1,4]dioxino[2,3-flquinolin-2-yljmethyl
4-bromobenzenesulfonate ester (0.18 g, 0.40 mmol), 4-benzofuran-2-yl-1,2,3,6-
tetrahydropyridine (0.15 g, 0.75 mmol) and potassium carbonate (0.21 g, 1.5 mmol)
in 3 mL of N,N-dimethylformamide was stirred under nitrogen at 60 °C for 24 hours.
The mixture was partitioned between 250 mL each of water and ethyl acetate. The
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[0106] To a stirring suspension of
S-4- benzo[ b] t hi ophen-7-yl -1- (8- net hyl - 2, 3-

wabé@e4r3f 1, 4] di oxi no[ 2, 3-f] qui nol i n- 2-yl net hyPgF/pg2ao0sin2ss23

ni um 4- br ono- benzenesul fonate ((0.5060 g, 0.7648

mmol) in 4.5 nL of EtOH cooled in an ice-bath was

added sodi um borohydride (0.045 g, 1.2 mmol). This

was stirred until it had warnmed al npst to room )
t OFfFRICafrastion wae giedseyarcragrasiush Suitatep fitergdt angh goncentrated in

NRYARING ORe PdsRiuli it CORIRR bﬁr‘omato‘éré&HeQan BHEDP sMEa gel using first
sodi um bor ohydri de was added t he m xture stirring

e
a5t ethyirgeetaies i hexanenard amrb@e‘ao ethyk apetatgn i mmarﬁet @s eluant.

I SRR A ESncehBhaibrD R thd ftﬁocﬁi&'t \fl%@flons"\@ﬁve 0 025 g of the S
evaporated at reduced pressure. The residu

p&f‘?"ttqn%ﬁi@él“l?él“ﬁ&@mpét"f'ﬂfﬁs aé’él@tyﬂ"éw &Rk, \%Pﬁ?“g 115990

eEtheri@igirahyRis! {8y SCogMy N sl Wisdy wat er twice and
drie over anhydrous magnesium sul fate. Filtration
atudladynC et 0uH, 598 N, 685uum gave 0.31 g of oil. This

r f @1%1 lica gel with a gradient of
Wa@gﬁﬁ g r’?gga%e to give 0.1307 g of the free
base as an 0|I This was dissolved in EtOH and added

to a solution of oxalic a Zﬁ-“m’m pate (0.0426 g,

0.338 mmol ) in ethanol gave 0. 1237 g of
t he S eZdérBenzefuran-2 Dipg a-1rvimeth yhB-methylvd;3-dihydro-

solid oxalate, mp. [#‘ﬁﬁfiéﬁﬁ&z ﬁ;ﬁgﬁ-‘—(&% Anal ysis for:
C26H24N202S C2H204. ; 64. 11; H,
5.12; N, 5.34 Found: C, 64.01; H 5.05; N, 5. 28

EPH‘nxture of [(2R 8meth |-2,3-dihydro 4d|oxm023-f umoI|n2 Jmethyl
Eenzo furan- g ? y hvdr% ZLL ] [ 1]q Y] y

) 48nrﬁ@ph§nzene%ﬂfanwyd¢%er 5011811951.%4@ mmql) 3410qunfwan12nsé piperidine
[ ;
(5352 gE0ErAeE s potossiy pobparis P25 ° el i i of NN
2dynqtmétorryam|d¢ Wi zmgumﬂﬁaate'oe@tfemp@mtqrs fgr 3 days and

t e aﬁf;%(# be 16r @%E%f U‘Tﬁé‘ FI%T('(YJ 3 Jv/ag |gé{r)tﬁloned etween 250 mL each of

yridi ne pot assi um
Cg\fa[tﬁjrﬁﬂdeelgw grptaje. 1Th§ qqggnlp frqoﬁorgwa@ dgrfed over magnesium sulfate,

N’fnl}bﬁ% 'é'ﬁB *b\‘)héé?ﬁr'é?é@ iH&al8dm S tink 88 i Has cBIanO%ﬁBmQttog@Bhed on

4 hours. The m xture was artltlone et we
2@@ rﬁL Céa%lwaogelmrtgr fiegh @584 1831yl é@%tﬁ@t B, hepae armghthap 50% ethyl

2%@6{3%2.6?%%&% %390%&3%&% a‘?f’d%ﬂb&ntfdin@ﬁb‘f e MBSuct fractions

dried over magne& um sul fate, |'tered and
c 8A¥R ABAILY the S erantiomer qfh@ert@lgucea@om%a%@lmyellow solid, m.p.
chpgnpheyr aphed on 50 nL of silica gel using first

Elemental Analysis for: CogH2gN203 ¢ 0.25 H20

Calc'd: C, 74.53; H, 6.37; N, 6.69
Found: C, 74.52; H, 6.49; N, 6.63

INTERMEDIATE 26
4-(5-Chloro-benzo[b]thiophen-3-yl}-pyridine

[0109] To 3-bromo-5-chloro-benzo[b]thiophene (9.80 g, 39.6 mmol) was added
pyridine-4-boronic acid (4.445 g, 36.2 mmol), K3PO4 (19.5 g, 91.9 mmol), 61 mL of
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25% et hyl acetate in hexane and then 50% et hyl acetate
i n hexane as eluant. Conbi nation and concentration of

wo b@4peqadsict fracti ons gave 0.025 g of the S PCT/US2003/028523
enanti omer of the title conmpound as a pale yellow
solid, mp. 149-150C. Elenental Analysis for: '
C26H24N203.0.5 H20 Calc'd: C, 74.09; H 5.98;, N, 6.65
Found: C, 73.96; H, 5.89; N, 6.43 EXAMPLE 12
21 dudigransoanst 6l of, watsr p diiedinixiure yaseRIagad) UnserdioHys vacuum for
3sé’¢éﬁé{|dﬁ|ﬂuteklan6]ﬂ%r¥88 WA sitrgdnl. AEHiSRhs RspebUCBimés. Pd(dppf)Clo «

m xt ure of

[ CRRLIB- (BsThyg,- .3+ dinmyatl oPECK] dDOBBR0[2, aswqmrmﬂ iand 1,1
Sb&@:%@%wﬁgﬁ%‘ﬁgﬁeﬁ&gﬁw / On@ﬁq o rv(%g fb@egi in the same

Oway. mielchtalystl wasaaded wmmaémuaatﬂasl( Qhﬁﬂ: véas plirgechwith hitrogen 3

t hyl f d
7 B a ORI A G doRohers SRS leh a2 hatEhy  THC showes
6fttiechangedd Temixturd hasmedhanieaWestiredrdt iB0IOfee d Huets\eEEe mixture

2R il powd S S el el PrRpA2Ebfe ana e

alayersOnean tseparatkd. n Thac otganic Tlager @ab devapored: ol Then residue was

2sSarag 1 SRl e B, wtoRdh et e Soub i s aced the

asetanidetime t@ekpmateamedbym'atmor@(nﬁwld}at iTha cagehic solution was dried

RGBT ol "o L BB Ao 0P o

y ell.| Dhis sasiethjtedrfrom silitl el WidiCa gEicmm of laldzxaAa any stty| Acatate to give

o388 LBl Ra0 45 shEe. el g2 S e Heduiiilee g brown
4e@5ta@1lnopc9(b@1’f®of bl t hi ophen-3-yl)-pyridine [0109] To

C| Ioro1 n hi ophene (9.80 g, 39.6 mmol)
AT i%%gm%nic acid (4.445 g, 36.2

rrmalc)d 636%% H%z@ ,598.9 mmol ), 61 nL of -57 WO
26‘0‘7’024733 PCT/ USZOOS/ 028523 1, 4-di oxane and 6 nL of

waP#id: G319 328 Nas: 4y§l aced under house vacuum f or

EXAMPLE 13
2-[4-(5-Chloro-benzo][b]thiophen-3-yl)-3,6-dihydro-2H-pyridin-1-yimethyl]-8-
methyl-2,3-dihydro-[1,4]dioxino[2.3-f]lquinoline

[0110] To a mixture of [(2R)-8-methyl-2,3-dihydro[1,4]dioxino[2,3-f]quinolin-2-
yllmethyl 4-bromobenzenesulfonate ester (0.92 g, 2.0 mmol) and 4-(5-chloro-

benzo[b]thiophen-3-yl)-pyridine (0.50 g, 2.0 mmol) was added 8 mL of acetone. The

mixture was refluxed for 4 hours, stirred at room temperature overnight and refluxed

for 5 hours more. The solvent slowly evaporated and was replenished as needed.

After standing-at room temperature overnight some crystals had formed. To this was
added 15 mL of methylethylketone. The mixture was refluxed overnight. TLC on

silical gel showed starting material and no obvious product. The solvent was

evaporated. The residue was stirred at 130°C overnight. The thick mixture had

solidified. It was broken up and crushed. To this was added 12 mL of ethanol. This
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several mnutes and flushed with nitrogen. This was
repeated 5 tines. Pd(dppf)d 2 CH2Cl 2 (2.71 g, 3.31

wonwi4)247881Cl 2 (0. 0563 g, 0.318 mmol ) and 1, 1" - PCT/US2003/028523

bi s(di phenyl phosphi no) ferrocene (0.1747 g, 0.3151
mol ) were purged in the same way. The catal yst was
added to the reaction flask which was purged with

nitrogen 3 nore tines. The m xture was stirred (sti
bAeteregengoes mirturewampstireed imman ispdady Sadium |berobmgrﬂﬂye(0 129,32

THEnA WhY a8d¥@mitERg handigal bxtess WakRidal 1@ Hsufedéorbumption of the
hours. The m xture was partitioned between water and
ePhdiniidesalt e Thejreactioagvasabaysl tocstin and wagm ttpgoom temperature

| %V@rh%h‘("erﬁesgﬁaénﬁt\% e\-m%ré’tbgad'i' r‘édbéﬁbebréé@&e The residue was
evaporat ed he residue was dissolved In ethyl

a@@rna@reed Rﬁ@ﬁéﬂ ety Reqlatecnnd wates. The: ety aaetale ilayer was washed

adﬁtﬁ%éteﬁs HRESHILANER brer SHPSERLS rh%és%"s@lfd’f@r €Filtration and
UIC }/@Teor gani c solution"was dried over

fiersin vegeem gave 0849 & Wageil- cdvs vas FyRMekPgrarhed en silica

gﬁglewﬂﬁla %5acﬁ’erﬁfof Q{rﬁpéfceteﬁb land ﬂék&wé"@ﬁgn@é 9t29 éi'tR8¥ree base as an
silica gé th gr adi ent hexane and yl acetate

t §il.giThis was 9§$@'V6¢ i eibB0aiand addenrlp r?gs%‘!%‘r halinacid dihydrate

4(628891 efo tsh!@ nxmélb f SASRAUNtratfor] §418t0. mw%of tHeyStepbftiomer of
El enent al Anal yS| s for:

Cieit: compOéedsawhrtP oxalatg, M- 283897 “Bound: C, 63. 19;
HE|etnethtal Adalyaistbr: E@%@N@o Se C§H Og * 2/3 Hg
2-14-(5-Chloro- benzobthlo I hydro-2Hp
y Galtidh-G.-58. 5astth - 70; B, 4.96
rrg[)m(& @ é’gggh?/%fb'-ﬁ\jl44ﬂ4di oxi no[ 2, 3-f] gui noline [0110]
a mxtu A
[(2R) 8- met hyl - 2, 3-di hydro[ 1, 4] di oxi no[ 2, 3-f] qui nol i n-
2- yl]nmethyl 4- bronobenzem*h,ﬁmq&e ester (0.92 g,
2.0 mmol) and4(5 chloro- ]
benzo[b { e IBEC l- BLIP ' e 6 Lo,
added 8 nmlL of acet ongq g1iéxin 2)(5 gm\%ﬁerefl uxed for 4
hours, stirred at roZ‘ﬂrl‘@mr@?‘iafﬂ'ﬁg—tm i ght and
refluxed for 5 hours more. The sol vent sl ow y

3? atehiaid o WR%@%M ?‘;ﬁg@g&npeﬁ%ﬁmﬁ[g@ F&Jmonln -2-ylJmethyi

ng- at room t so
h&cbror@ph@rtlenerwlfpnatg ol (thied 0140 m_mQJf 2- plperldm -4-yl-benzoxazole

t | 41x€ [ .
TR 6 DR Sop TRt Uiots 024, 460 AT B o
obmnejmdfom\@mwl@t wasrh@rr%cbum@ﬁtnlt\vswn fﬁ\f@@@ﬂ&ﬂ@éfatw@f 3 days and
r dike r a v

A0 8L AR, 2o Ay e Aond el oo
Twatesj and,eibylaaresate.1 oThe organigtfragtion washdried over magnesium sulfate,

filtered and concentrated in vacuum. The residue was column chromatographed on

50 mL of silica gel using first 50% ethyl acetate in hexane and then 75% ethyl
acetate/hexane as eluant. Combination and concentration of the product fractions
gave 0.040 g of the S enantiomer of the title compound as a dark beige solid, m.p.
128-130°C.

Elemental Analysis for: CosHo5N303 ¢ 0.25 H20

Calc'd: C,71.49; H, 6.12; N, 10.00

Found: C, 71.60; H, 6.06; N, 10.19
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-58 WD 2004/ 024733 PCT/ US2003/ 028523 het er ogeneous
m xture was stirred in an ice-bath. Sodi um borohydride

WQQ00kD247333.2 mmol) was added initially. A sl PQgMIS2003/028523

excess was added to insure consunption of the
pyridiniumsalt. The reaction was allowed to stir and
warmto roomtenperature overnight. The sol vent was
evaporated at reduced pressure. The residue was

partitioned between ethyl acetate and water. The et hyl
ageti@je Mae rangss Wes hest hw'etnhfov\@hsaguca’i drbp’@?ﬁe@’l@dcl'd & @tblecular

over anhydrous %Pes un1s%l rati on
a

c OiidtY P EhRicRhPRREISR §1APeaD CEW@L%”H‘&H@ & |°°"*Pr'{?9§'°”s and
Wagbedmiseaiong " o heshesn spédificc @mt@aimetts hthare@t adé eintentéd to be
e&gﬁl acetate and hexane to give 0.29 g of the free
q& oil. This was dissolved in ethanol and

added to a solution of oxalic acid di hydrate (0.0811

0.643 I in ethanqgl. Filtration ave 0.
12T ¢ iR Mishigputes of S fateTtePUBHARHARIED. i PRlcdtion cited or
oxjas@ibed iMthis dELImERY ate hElebyEiné@porAted Keheth bpireference, in their
C26H23CI N2O2S (C2H204.2/3 H20 Calc'd: C, 59.52; H
46PWEMN, 4.96 Found: C, 59.59; H, 4.40; N, 4.74
EXAMPLE 14

ST 0.1 p5S RBPE PEBZA ] GEPIRS N RTINS changes and

nmddsfrcatmfs can be made to the preferred embodiments of the invention and that

LSGM faes ahd ridieatiocan s o de SO @ ppininh Hpam e shirt of the

Ouﬂ/@nfﬂml )t 8- }rhepefbre;ll intehdyd -tbant@(appémded( Olaikasl ogv?r) all such
ot m car bonate (0.21 1.5 mm
 sRgv B RS S ALY G i P e8P P o il
nltrogen at roomtenperature for 3 days and then at
60 C for 6.hours. The m xture was partitioned between
250 nL each of water and ethyl acetate. The organic
fraction was dried over magnesium sulfate, filtered
and concentrated in vacuum The residue was col um
chr omat ogr aphed on 50 niL of silica gel using first
50% et hyl acetate in hexane and then 75% et hyl
acet at e/ hexane as eluant. Conbi nation and
concentration of the product fractions gave 0.040 g
of the S enantioner of the title conmpound as a dark
bei ge solid, mp. 128-130C
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El enental Analysis for: C25H25N303.0.25 H20 Calc' d:
C, 71.49; H 6.12; N, 10.00 Found: C, 71.60; H, 6.06;
wOl200®24733 - 59 WO 2004/ 024733 PCT/ US2003/ 028523PCT/0$113/028523
When ranges are used herein for physical properties,
such as nol ecul ar weight, or chem cal properties,
such as chem cal fornulae, all conbinations and
subconbi nati ons of ranges s E ific enbodi nents therein
are intended to be includegrzﬁﬂ§13] The di scl osures
of each patent, patent application, and publication
cited or ~described in this docunent are hereby
i MU for'aied isierein by reference, in their entirety.
[0114] Those skilled in the art will appreciate that
nunmer ous changes and npdifications can be nmade to the
pref er AP diohERTIBE the invention and that such
changes and nodifications can be nade w t hout
departing fromthe spirit of the invention. |t is,
therefore, intended that the appended cl ai nsRCover al
such equivalent variations as fall wthi he true
spirit and scopg of the inventioppy 04£@24733
PCT/ US2003/ 028 Ps: ™ A
compound of For

Z XOR Y)J

wherein

R', R? and R® are, independently, hydrogen, hydroxy, halo, cyano,
carboxamido, carboalkoxy of two to six carbon atoms, trifluoromethyl,
alkyl of 1 to 6 carbon atoms, alkoxy of 1 to 6 carbon atoms, alkanoyl of 2
to 6 carbon atoms, alkanoyloxy of 2 to 6 carbon atoms, amino, mono- or
di-alkylamino in which each alkyl group has 1 to 6 carbon atoms,
alkanamido of 2 to 6 carbon atoms, alkanesulfonyl of 1 to 6 carbon atoms
or alkanesulfonamido of 1 to 6 carbon atoms;

X and Y are, independently, hydrogen, hydroxy, halo, cyano, carboxamido,
carboalkoxy of two to six carbon atoms, trifluoromethyl, alkyl of 1 to 6
carbon atoms, alkoxy of 1 to 6 carbon atoms, alkanoyl of 2 to 6 carbon
atoms, alkanoyloxy of 2 to 6 carbon atoms, amino, mono- or di-alkylamino
in which each alkyl group has 1 to 6 carbon atoms, alkanamido of 2 to 6
carbon atoms, alkanesulfonyl of 1 to 6 carbon atoms or
alkanesulfonamido of 1 to 6 carbon atoms, or X and Y, taken together,
form  -N=C(R%-C(R%=N-, -N=C(R%-C(R%=CH-, -N=C(R?%-N=CH-,
-N=C(R*)-O-, -NH-C(R")=N- or -NH-C(R®)=CH-;

R* and R® are, independently, hydrogen, halo, amino, mono- or di-alkylamino
in which each alkyl group has 1 to 6 carbon atoms or alkyl of 1 to 6 carbon

atoms;
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R1, R2 and R3 are, independently, hydrogen, hydroxy,

hal o, cyano, carboxam do, carboal koxy of two to six
waasmsom7at ons, trifluoronmethyl, alkyl of 1 toP6rwazdoamss23

atons, al koxy of 1 to 6 carbon atons, al kanoyl of 2

to 6 carbon atons, al kanoyloxy of 2 to 6 carbon atonmns,

am no, rmno- or di -al kyl am no in which each al kyl

group has 1 to carbon atons, al kanam do of 2 to 6

car bon Rat‘%ﬁﬁdroﬁ?’kﬁh%lmlof big/P CafboR 3N car bon at oms
or al kanas HybiRyRA ﬂaooinﬂaowoﬁmeﬁnwgsé?@éﬂ@tmw a%nmedm\éno- or di-

are, independently, dro hal o

car boxani 9/ am'@ﬁr’%%ﬁ’ﬁl"%@ﬁ? S'Iky'tQK%“R Ba%J' 0 @&?B’@ﬁ aé‘?"Bsrr%" alky! of 1
trifluoraawtdiybon @bk of 1 to 6 car bon at oms, aI koxy

of 1t%36, garbon at ons, of 2 to 6 carb

at ons, Nal'R M@?E%&W#ﬂ‘ "ﬁ'“PE?”@?t rH%‘F?"éEPE%EhY' arn@"ﬁ\eoﬁ to 6 carbon
mono- or #bmal kylam no in which each al kyl group has

1 to 6 carbon atons, al kananido of 2 to 6 carbon

at ons, 18 deAiRE40F FeRiosenss an optisng! ublsPP oms. or

al kanezul.ggfa@'gnms@ffurl to 6 carbon atons, or X and Y,

t aken q r form-N=C(R4) - C( R5) =N-,

- Neo{ R TepRepRermROSRB@RL) - NeGH - NeO(RA) - O
-NI—l-C(R?).sbl-orqr - NH- C( R8) CH- R4 and R5 are,

i - o kS SRPgacBiegll hceslhe 8PPRB oLp has 1 to 6

carbon atons or alkyl of 1 to 6 carbon atons; -61 W

2204/0 4%’%35335 %(L:J(%Zr ﬁ:gg/tc? 852§ "Y{W?'Bg%ﬁy‘%ro en doi aé kyl

trifluoronmethyl, pentafluoroethyl, am no, mono- or di -

o A 73 gk eH IRSeh $n8 VRES e
hyahnoge+C(RAaC R°)2CH-fdrudiHpCER®MAH-. pent af | uor oet hyl or

alkyl of 1 to 6 carbon atons; the dotted Iine

represents an optional double bond; Z is oxygen or

sul f ur A Qmippusdabedrdiag tacihirO Y BAVIN@AGrmula la:

R?
R®
la
or a pharmaceutically acceptable salt thereof.

5. A compound according to any one of claims 1 to 4, wherein R® is hydrogen or
alkyl of 1 to 3 carbon atoms.

6. A compound according to claim 1 having Formula Ib
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n isCorl; or a pharmaceutically acceptable salt

thereof. 2. A conpound according to claim1l, wherein Q
WO g00amed476n and Z is S. 3. A conpound accor di ngp¢DUSI0a8/m8523

1 or claim2, wherein X and Y taken together form

-N=C(R4)-C(R6)=CH or -NH-C(R8)=CH . 4. A conpound

according to claiml having Formula la: S R OR3\ \

~/ NI ONR2 R4 R6 la or a pharmaceutically

acceptable salt thereof. 5. A conpo accordi:pg to

any one of claimg'l to é wher ei n i

al kyl of 1 to 3 ¢ j;z/ § accordi ng
lallb 4733
[3) N RS or a

to claim21 havingjFor
PCT/ US2003/ 028,5
ceptable salt thereof. 7. A
g to any one of clains 1 to 6,

phar maceutical ly
conpound accor di
wherein R is Wfdrogen, halo, cyano, trifluoronethyl,
alkyl of 1 to 6 carbon atons % al koxy of 1 to 6
carbon atons. ‘

or a pharmaceutically acceptable salt thereof.

7. A compound according to any one of claims 1 to 6, wherein R’ is hydrogen,
halo, cyano, trifluoromethyl, alkyl of 1 to 6 carbon atoms or alkoxy of 1 to 6 carbon

atoms.

8. A compound according to any one of claims 1 to 6, wherein R’ is hydrogen,

halo or alkoxy of 1 to 6 carbon atoms.

9. A compound according to any one of claims 1 to 6, wherein R’ is hydrogen.

10. A compound according to any one of claims 1 to 9, wherein R? and R® are
independently selected from hydrogen, hydroxy, halo, cyano, carboxamido, alkyl of 1
to 6 carbon atoms, or alkoxy of 1 to 6 carbon atoms.

11. A compound according to any one of claims 1 to 9, wherein R? and R® are

independently selected from hydrogen, cyano or halogen.

12. A compound according to any one of claims 1 to 11, wherein R* and R® are

independently hydrogen, amino or alkyl of 1 to 6 carbon atoms.

13. A compound according to any one of claims 1 to 11, wherein R* and R® are
independently hydrogen or alkyl of 1 to 3 carbon atoms.
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8. A conpound according to any one of clains 1 to 6,

wherein RL is hydrogen, halo or alkoxy of 1 to 6
wa@asbom7at ons. 9. A conpound accordi ng to any POEUS$003/028523

claims 1 to 6, wherein RL is hydrogen. 10. A conpound

according to any one of clainms 1 to 9, wherein R2 and

R3 are independently selected from hydrogen, hydroxy,

hal o, cyano, carbox mdo al 1 to 6 carban .,

i, RoTiouIoes ONa 1 250 AR a8 Aetd 1t Wharem R and R are

cq}mégaﬁubnw @eledic@drdrd hgtnpgem arifforémaihipb péntafludtoethyl or alkyl of 1

wher ei n and R3 are independently selected from

hyIP &8 ﬁna%o or hal ogen. 12. A conpound accordi ng

to any one of clainms 1 to 11, wherein R4 and RS are
epe dentl ydr ogen, am no or,

cgg U”Q

bon Boo G A Phe I ol Peem Forand FP are

C hrweﬁandenup hydrogéh eriftioforfidthared alR9l sireo 3 cadiepreadeer | y
hydrogen or alkyl of 1 to 3 carbon atonms. -63 WO

2004/ 024733 PCT/ US2003/ 028523 14. A conpound
aqeor diangbrh CFbLﬁhﬂ)acﬁﬁﬂlr@fto@r@idiﬁ ok daimd 3, toW B HiePeilRh i810C0and the

enden sel ect ed from hydrogen,
trdet?‘ﬁmeo’ﬁB'E ?T‘tsapcs,ﬂﬁ%!ﬁtl’%groet hyl or alkyl of 1 to 6

carbon atons. 15. A conpound according to any one of
l,ai to 14, 3 d dentl y
rJdr ogahe SOFFPIREb Gy gh - persplel hEER Y B sranycro-2H-
atpgrmn 1%2?tﬁymrm@tuwd2 a@mdd:l mglécg?)élgbgy,lsid]ggm?jgnf gt:ié 2}531
aPBB "ﬁcgumﬁﬁaccf?té}ﬁﬁggtg ﬁnd of claim1l vvh!och i's
2- (4- benzo[ b] t hi ophen- 3- yI 3, 6-di hydr o- 2H

i di g; nmet h di h 4
25! £ dhF o AP ca - e b P B et 2 e ffaro-2h
tzlwr cﬁg—ﬁ -yIrﬂlSthyIT—lB&n@thWFR)ﬂmhlydfso [CGI l?l?‘x%o[w:@‘ﬁmmcmne ora
- enz - [ ro-
PP B AePRFR 2. 3. di hydlro-[ 1
4] di oxi no[ 2, 3-f] qU| noI | ne or a pharmaceutically

t apl | t

wifoh 11Be geipoad B oy 1 HHeB s FHATBORGR-ceypplBofheh 31136
didihydros2-plyfigin-1 d/lmethyy-lsn’eéthyﬂz] 3-8ihgeioky | 4]doxdnal2 Byfihuimolide

AT b Dl s ESST TS

20.  The compound of claim 1 which is 2-[4-(7-methoxy-benzofuran-3-yl)-3,6-
dihydro-2H-pyridin-1-ylmethyl]-8-methyl-2,3-dihydro-[1,4]dioxino[2,3-f]quinoline or a
pharmaceutically acceptable salt thereof.

21.  The compound of claim 1 which is 2-[4-(5-fluoro-benzo[b]thiophen-3-yl)-3,6-
dihydro-2H-pyridin-1-ylmethyl}-2,3-dihydro-[1,4]dioxino[2,3-f]quinoline or a
pharmaceutically acceptable salt thereof.

22. The compound of claim 1 which is 2-(4-benzo[b]thiophen-3-yl-3,6-dihydro-2H-

pyridin-1-ylmethyl)-2,3-dihydro-[1,4]dioxino[2,3-flquinoline or a pharmaceutically
acceptable salt thereof.

-64 -



20. The conpound of claim1 which is
2-[4-(7-net hoxy-benzof uran-3-yl)-3, 6-

waléwade4a32H pyri di n- 1-yl met hyl ] - 8- net hyl - 2, 3- dPeOpUsZN0B/A28523
,4]dioxino[2,3-f]quinoline or a pharnmaceutically
acceptable salt thereof. 21. The conmpound of claim1
which is 2-[4-(5-fl uoro-benzo[ b]thi ophen-3-yl)-3, 6-
di hydr o- 2H pyri di n-1-yl net hyl ] -2, 3-di hydro-[ 1, 4] di oxi n
o[ 2,3-f]quinoline or a pharmaceutically acceptable

Sébt t rae @@rfn o@r?d of'BIHEPmCﬂmm@Nl%dZ Qf bﬁzé[dmibph&h 8ly1-B®-dihydro-2H-

-(4-benzo[ b] thi 3{3
v yimwmmﬁ o THATAIPOOE SAIBR ok aphagmagaytipally

natédptats sait tABrfoRaceutical |y acceptabl e salt thereof.
-64 WD 2004/ 024733 PCT/ US2003/ 028523 23. The conmpound

of claim1 which is

2244- baRg @Bﬁbb@id)&hﬂ’eﬂma Whlcﬁlsﬁz-m-('&ﬁ%ﬁb-ﬁéﬂtzo[b]thl ghen -3- yl) -3,6-

Pl B oAb f S S A e S ahg e

2 pharfhRe G HEsh peiblesai tbrbonhi ch i s
2-[4-(5-fluoro-benzo[ b] t hi ophen-3-yl)-3, 6-

di hydr o- 2H pyridi n-1-yl nethyl ] -2, 3-di hydro-7H[ 1, 4] di o
xpBO[ 2;TRe ebmpo@iceof@iaim 1 Wit mwmerﬁatﬂ]muoan@mgtyabjeeduhydro 2H-

o DL dRYDE b 2o SIS S Aingode Sl Hbcniokszore or

pyhahatedticaliyetdeptabisamethigbtf. 7, 8- di hydr o-[ 1, 4] di oxi no[
2,3-9d][1, 3] benzoxazol e or a phar maceutical ly
acceptable salt thereof. 26. The conpound of claim1l

\MZBCh The 2ofpolranaialdiht hivisiph &re- 74:~Nérr23[tﬁthid>bh§rdl7€yl 3J8-dihydro-2H-

Pt e 2 SRk kel AT Tishg B oo

tbﬁamafceutﬁzauy dteepemipsantte@bf.cl ai m 1 which i s

2- (4- benzof uran- 2-yl - 3, 6-di hydr o- 2H

pyridi n-1-yl methyl)-8-net hyl -2, 3-di hydro-[ 1, 4] di OX| no[
223-1] que aohmba@qusf owaumuhamuamtsemm berzbfuraceeps shdikydsabH-

B e R SRR ARl Al Rl or 2
8 phgrintacentally dtduptible §4lt th@ionxi no[ 2, 3-f] quinoline or a
pharmaceutically acceptable salt ther eof. 29. The

conpound of claim1l which is
22B4- ( Fhe bbmpourstzaditn] 1t Wihiol ket (43beHzbfusarb2-yl-piperidin-1-yimethyl)-

8-methyl-2,3-dihydro-[1,4]dioxino[2,3-f]quinoline or a pharmaceutically acceptable
salt thereof.

29. The compound of claim 1 which is 2-[4-(5-chloro-benzo[b]thiophen-3-yl)-3,6-
dihydro-2H-pyridin-1-ylmethyl]-8-methyl-2,3-dihydro-[1,4]dioxino[2,3-f]quinoline or a

pharmaceutically acceptable salt thereof.
30. The compound of claim 1 which is 2-(4-benzoxazol-2-yl-piperidin-1-yimethyl)-

8-methyl-2,3-dihydro-[1,4]dioxino[2,3-f]quinoline or a pharmaceutically acceptable

salt thereof.

-65-



di hydr o- 2H pyri di n- 1-yl met hyl ]

-8-net hyl -2, 3-di hydro-[ 1, 4] di oxi no[ 2, 3-f] qui nol i ne or
wa@2ooploat7aaceut i cal |y acceptabl e salt thereof. BOr/UI10e3/028523

conmpound of claim1l which is

2- (4-benzoxazol - 2-yl -pi peridin-1 -yl nethyl)-

8- net hyl - 2, 3-di hydro-[ 1, 4]dioxino[2 3-f]quinoline or a

pharmaceutically acceptable salt r eof W .

264/ oﬂ?S@P@@Fy g‘ﬁo?s@?é ongp ot £ ? @ﬁpbu‘ﬁdgo which is the S

acAaMtbntd, $ubsRRMalRTReqSf tifd Ricantlorkér oBBaiditofmpourd.t he S

enantioner, substantially free of the R enantioner of

said conpound 32. A nmethod of treating a subject

subf er iAnenetidamon treafsl tal elbje@! Qffeiflg fifddina deRdissiselRcted from

anxi et pani.c di sor f ost - traunatlc str ress

dideereaEiPn ﬁ'ﬂ’%‘?ﬁén???'ﬁa sore§ S IraumatS, Fligss. dispident prsenstrual

d@f§/$pﬁ'ilohc diléi)ﬂie?eét(tjerﬂlbﬁ g@ﬁbweusaw%t&bggvéi b§rﬂbd§|l§/e disorder, social

soci.al  anxie i sorder ener ed. anxi e

PSR ST igie bl ATt QTR G0oS acasion gfsorders, vasomotor

f lusriimg) @oc&ifé ahdelcdRel &ldicibe, arrriskixtibl @ysfunatich, LXipAking the step

dy?functlon conprising the step of: admnistering to

&'d subject suffering fromsaid condition, a

t her apautrirﬁaédng toeéeﬁ@@bbpeet Qutfeting frofn eauc@nmtmq etherapeutically
al ne

- A sttt G v R T BBraug ARe BB iyanyighe Sheiths 1 to 31

mst hod oofa pabmamaﬁcallwaecf@tablé bait theredf.t i on i s

depression. 34. The nmethod of claim 32, wherein the
condition is selected fromthe group consisting of
ol3sessiThe nxtngrlbflaid 32, aberdar the panditoraisidepkession.

general i zed anxi ety disorder, and social anxiety

di sorder. 35. A pharmaceutical conposition, conprising
asaorrpcruednetﬁodF@r ldira 32, athergih aherednditiora ity selécted firom the group

harmaceyutically acc abl e .
SRR &0 eBeSie! ﬁé’re%tdf'v%afﬁqugegc&éaicas?%ﬁ‘éaww?"?&ﬁ anxiety
exisofieednd sdbial &nxtayppisurudras cl ai ned in any one of
claine 1 to 31 for use as a nedicanent. 37. Use of a
conmpound as clained in any one of clains 1 to 31 in

t 3. pr apahamiaceutucaf campeditios mesrhpriging taheomp@atdreﬁtFoaﬁula | as

SEPUSST By B8 of BImER do P 00 se PR AT B GEIRHIE et thereor
atahe atphamatedticdly adbémailde tarrier or excipient.

36. A compound as claimed in any one of claims 1 to 31 for use as a

medicament.

37. Use of a compound as claimed in any one of claims 1 to 31 in the preparation
of a medicament for the treatment of depression, anxiety, panic disorder, post-
traumatic stress disorder, premenstrual dysphoric disorder, attention deficit disorder,
obsessive compulsive disorder, social anxiety disorder, generalized anxiety disorder,
obesity, eating disorders, vasomotor flushing, cocaine and alcohol addiction, and

sexual dysfunction.
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obsessi ve conpul sive disorder, social anxiety

di sorder, generalized anxiety disorder, obesity,
weatpoge7ds sor ders, vasonot or fl ushing, cocai neP@ns2003/028523

al cohol addiction, and sexual dysfunction. -66 WO

2004/ 024733 PCT/ US2003/ 028523 38. Use according to

claim 37, wherein the condition is depression. 39. Use

according to claim37, wherein the condition is

séBect bgemcentringdo gau g’ whnieindhe erpaiondpdeysssien-

conmpul sive di sorder, panic disorder, generalized

anxi et{J di sorder, and social anxiety disorder. -67
39. se according to claim 37, wherein the condition is selected from the group

consisting of obsessive compulsive disorder, panic disorder, generalized anxiety

disorder, and social anxiety disorder.
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