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BENZODI OXOLE, BENZOFURAN, 5 DI HYDROBENZOFURAN, AND BENZODI OXANE
MELATONERG C AGENTS 10 BACKGROUND OF THE
| NVENTI ON The invention pertains to novel substituted

benzodi oxol es, 15 benzofurans, dihydrobenzofurans, benzodi oxanes and
related  WOA¥FI®%ti ves having drug and bio-affecting pr&8iPT287and to
their . preparation, pharmaceutical fornulations and use. In particular,
t he “invention concerns benzodi oxol es, benzofurans, dihydrobenzofurans
and rel ated derivatives bearing substituted am no nmethyl cyclopropyl 20
groups. These conpounds possess nel atonergic properties that shoul d

make them useful in treating certain medical disorders.

Mel at onin (N-acetyl - 5- net hoxytryptam ne) is a hornone which is

synt hesi zed and secreted primarily by the pineal gland. Melatonin |evels 25
show a cyclical, circadian pﬁNZQélQXOIII-Eai OFURAN, occurring during the

dar k period f a ci rcoligBHABENZFURAKE' ANDEBRAFOBIORAlR/Ol ved In The
transducti on of photoperiodic I nformation an aE ears !o nodul ate a
vari ety of neural and endocri fMELAQNERSICh AG ates, including the

regul ation of reproduction, body weight and netabolismin photoperiodic 30
manmal s, the control of circadian rhythns and the nodul ati on of retinal

physi ol ogy.

10

BACKGROUND OF THE INVENTION

The invention pertains to novel substituted benzodioxoles,

16 benzofurans, dihydrobenzofurans, benzodioxanes and related
derivatives having drug and bio-affecting properties and to their
preparation, pharmaceutical formulations and use. In particular, the
invention concerns benzodioxoles, benzofurans, dihydrobenzofurans .
and related derivatives bearing substituted amino methyl cyclopropy!

20 groups. These compounds possess melatonergic properties that should.
make them useful in treating certain medical disorders.

Melatonin (N-acetyl-5-methoxytryptamine) is a hormone which is
synthesized and secreted primarily by the pineal gland. Melatonin levels
25 show a cyclical, circadian pattern with highest levels occurring during the
dark period of a circadian light-dark cycle. Melatonin is involved in the
transduction of photoperiodic information and appears to modulate a
variety of neural and endocrine functions in vertebrates, including the
regulation of reproduction, body weight and metabolism in photoperiodic
30 mammals, the control of circadian rhythms and the modulation of retinal

physiology.
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Mel at oni n Recent evi dence denonstrates that mnelatonin exerts
its biological 5 effects through specific receptors. Use of the
biologically active, radi ol abel | ed agoni st [[err] | Lagutpgaa®! atonin
has | ed tov%%%mﬁﬁﬁntlflcatlon of high affinity nelatonfﬁ receptors in
the ONS of a variety of species. Tﬁb'sequences of two cloned human
mel at oni'n receptors have been reported [Reppert et al, Proc. Natl.
Acad, Sci. 92, p. 8734-8738, (1995) 10 and Qg@@g et al., Neuron 13, p.
1177-1185, (1994)] I n manmal i He %hdlographlc st udi es have
| ocal i zed the distribution of- atlbni n receptors to a few specific
structures. Although there are si §nificant differences in melatonin
receptor distribution even between clpsely rel ated species, in
general the highest binding site dens##*ﬂgﬁg- occurs in discreet nuclei of
the hypot hal anus. I'n hunans, specific [[err]I]- 2-i odonel at oni n

bi nding within the hégoetnr%al nus i,s_conpletely | ictal ized . bi [t Q tlhe _
suprachi asmati ¢ nucl ed$" SV EHER gemopeiiates fizt MiplataRip SXgHs dts biolodicale ¢ ot or s
are | ocat ed i t !effacts mohghrapedlf codecgptors. Wieafithe biol&fically active,Exogenous
Thythne. 01 at s edeiabefed smist 1281 lotomplatoniy ppmcd 16 e e ifisdisny 5. °"
1986) . | n humansf highrafiimitytmelatonin reteptorssihding CNSof resrivty of speclessed to treat
jet-lag rel ated-sl e ' onsi der to_be b :
desynchroni zat i aﬁeos(‘aéag%cggg:’fg\ﬁg Fﬂ,ﬂpﬁﬁwnt%@ﬁ@?omré{ecgp?or Pve R@%P J.
292:1170, 1986) repartediiBeppart @t akProt. Matk iAvgtcSa@a; poB78448788,1(1895)0
I nduce sl eepain nal
Paent Appl 119at 08 FOBPS T S AradBuGl AT 1075 Y0, T4 mfbgRRias
Thus, nel at oni n bsajondgorndiggmphic studiesrhavelocalizgd theedislribiition ohe
melatonin receptors to a few specific structures. Although there are
significant differences in melatonin receptor distribution even bstween
closely related species, in general the highest binding site density

15  occurs in discreet nuclei of the hypothalamus. In humans, specific [125])-
2-iodomelatonin binding within the hypothalamus is completely localized -
to the suprachiasmatic nucleus, strongly suggesting the melatonin
receptors are located within the human biological clock.

20 Exogenous melatonin administration has been found to
synchronize circadian rhythms in rats (Cassone, et al., J. Biol. Rhythms,
1:219-229, 1986). In humans, administration of melatonin has been
used to treat jet-lag related sleep disturbances, considered to be caused
by desynchronization of circadian rhythms (Arendt, et al., Br. Med. J.

25 292:1170, 1986). Further, the use of a single dose of melatonin to
induce sleep in humans has been claimed by Wurtman in international
Patent Application WO 94/07487, published on April 14, 1994.

Thus, melatonin agonists should be particularly useful for the
30 treatment of sleep disorders and other chronobiological disorders.
Melatonin agonists would also be ussful for the further study of
melatonin receptor interactions as well as in the treatment of conditions



30 treatnment of sleep disorders and other chronobi ol ogi cal disorders.

Mel at oni n agoni sts woul d al so be useful for the further study of

mel atonin receptor interactions as well as in the treatnent of conditions
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by mel at oniWMO8¥ES8¥ ty, such as depression, jet-lag, mrk}g{ﬂs?mzm’l
syndrone, ‘sl eep disorders, glaucoma, reprdduction, cancer,
prenmenstrual syndrone, immune disorders, inflammtory articular

di seases and neuroendocrine di sorders. 5 . Asi de from sinple
i ndol e deri vat i véfected hyanelatoninagtivitiy | such agdepression, jet-lag, wosk-Blaiftst r uct ur es

have been prepar, Hd.léﬁsé.fsib%"rdséb?&eretsﬂuaﬁé@ﬁm&r\iegreoducﬁon.'d'aaeé\ais di sclosed. In

affected

general these bicCyclic am de structlres can represented as: 10
[err] prémaasteyah syndramgnimipyne gisorgiers defiarymatopy aeieuldf t ached by a
two carbon disdlsbs @RdtrRutdtpidasiinte d@brigps. Some speci fic exanpl es fol | ow.

15 Yous, et al. in European Patent Application EP-527, 687A,
publ i shed on Srebr uary 17, 1993, disclose as nelatonin |igands

arﬁl et hyl a(rjri nes i. [Ws_fde'frorr(; sitr)nple indg]le ﬂqﬁ%ﬁ%moﬂhélai&iré sdlg vafibus, a
substitute or nsupst) tyte enzo thio en- . - , . .
bonsi i dazol - 1- OIS RIS BRI b3ey prepared and thaic use.as melitonin 1 o

ligands disclosed. in general these bicyclic amide structures can be
represented as:

10
R
z/\/N\n, Ry
o
wherein Z is an aryl or heteroaryl system attached by a two carbon
bridge to the amide group. Some specific examples follow.
15 .

Yous, et al. in European Patent Application EP-527,687A,
published on February 17, 1993, disclose as melatonin ligands
arylethylamines j, '

R,
ArTN N\n’ R
20 °
i

wherein Ar is, inter alia, a substituted or unsubstituted benzo[blthiophen-
3-yl, benzimidazol-1-yl, benzo[b}furan-3-yl, 1,2-benzisoxazol-3-yl, 1,2-

25 benzisothiazol-3-yl, or indazol-3-yl radical; Ry is, inter alia, an alkyl or
cycloalkyl group; and Rz is hydrogen or lower alkyl.

Yous, ef al. in European Patent Application EP-506,539A,
published on September 30, 1992, claim ligands ji,



25 benzi sot hi azol -3-yl, or indazol-3-yl radical; Rerr] is, inter alia,

an al kyl or cycl oal kyl group; and R err] is hydrogen or |ower alkyl.
Yous, et al. in European Patent Application EP-506, 539A, publ i shed
on Septenber 30, 1992, claimligands ii, WD 98/ 25606
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wher ei n A__i“éomén or sulfur; X is a nethylene group orl'%”%sc?7 627and Ris
5 Hor lower alkyl when pis 1 and B is-gefined by the radical iii, [err]
10 wherein Rerr] is hydrogen or lower alkyl and R err] is, inter alia,
hydr ogen, | ower al kyl or cycI oal kyl. Alternatively, R is defined by
the radical iii when IS or 1®Bnd Bis |ower alkoxy.

Sever al napht hal ene deri vat I ves ha een di sclosed as 15 nelatonin
| i gands. Andr i eux, gmpean Pat ent Application
EP- 447, 285A, publ i shed on Se ye 8, 1991, claim

am doal kyl napht hal enes iv,

wherein A is oxygen or sulfur; X is a methylene group or a bond; and Ris
5 H orlower alkyl when p is 1 and B is defined by the radical jii,

. F|'1
- HzCHzc’NY Rz
o
10  wherein R4 is hydrogen or lower alkyl and Ry is, inter alia, hydrogen,

lower alkyl or cycloalkyl. Alternatively, R is defined by the radical iii
when p is 0 or 1 and B is lower alkoxy.

Several naphthalene derivatives have also been disclosed as
15 melatonin ligands. '

Andrieux, et al. in European Patent Application EP-447,285A,
published on September 18, 1991, claim amidoalkylnaphthalenes jyv,

o
' A
Ro—.%(cnm —N" R,
20 Ry
iv
wherein R is lower alkyl; Ry is hydrogen or lower alkyl; and Rz is, inter
alia, hydrogen, lower alkyl, or cycloalky!.
25

Yous, et al. in European Patent Application EP-562,956A,
published on September 29, 1993, disclose amide and urea
naphthalene derivatives v,



[err] wherein Ris lower alkyl; Rerr] is hydrogen or | ower

alkyl; and Rerr] is, inter: alia, hydrogen, |ower alkyl, or

cycloal kyl. 25 Yous, et al. in European Patent Application

EP- 562, 956A, publ i shed on Septenber 29, 1993, disclose am de and urea
napht hal ene _derivatives v, WD 98/ 25606
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[err] . in which Ris hydrog or OR[err] wherein Rerr] is,
inter alia, hydrogen, alkyl, 5 cycl oal*kyl, or cycloalkylalkyl; Rerr] is
hydrogen or COOR[ err] wherein Rerr] is dydrogen or alkyl; Rerr] is
hydrogen or alkyl; Xis NHor ab ﬁﬂ@*g&\iﬁé inter alia,

al kyl, al kenyl, or cycloal kyl : "‘7‘/. ,T'ﬁ N“ L¥Si1eur, et al. in European
Pat ent Application EP-530,087A, 10 ubl'i shed on March 3, 1993, discl ose
napht hyl et hyl ureas and naphthyleth¥lthioureas Vi,

[err]

in which R is hydrogen or OR4 wherein Ry is, inter alia, hydrogen, alkyl,

5 cycloalkyl, or cycloalkylalkyi; R1 is hydrogen or COORs wherein Rs is
hydrdgen or alkyl; Rz is hydrogen or alkyl; X is NH or a bond; and Rg is,
inter alia, alkyl, alkenyl, or cycloalkyl. '

Lesieur, et al. in European Patent Application EP-530,087A,
10 published on March 3, 1893, disclose naphthylethylureas and
naphthylethyithioureas vi, '

X

SOCLS et
Ry
vi
15
in which R is hydrogen or OR3 wherein Rg is, inter alia, hydrogen, lower
alkyl, or cycloalkyl; R+ is hydrogen or lower alkyl; X is oxygen or sulfur;
and Rz is, Inter alia, lower alkyl or cycloalkyl.
20 Langlois, et al., in Australian Patent Application AU-A-48729/93
disclose arylalkyl(thio)amides vii as melatonergic ligands,
or,
Rl “r
2 Ry
R,
vii
25

wherein Ry is hydrogen or lower alkyl; R is hydrogen, halogen, or lower
alkyl; Rz and R4 are identical or different groups including, inter alia,



15 in which Ris hydrogen or OR[err] wherein Rerr] is, inter alia

hydr ogen, | ower al kyl, or cycloalkyl; R err] is hydrogen or | ower
al kyl; X is oxygen or sulfur; and Rlerr] is, inter alia, |ower

al kyl or cycl oal kyl . 20 Langlois, et al., in Australian Patent
Application AU-A-48729/93 di scl ose aryl al kyl (thi ' i as

nel at oner g0 P82FM8ds PRl e)r/r

25 . wherein Rlerr] is hydrogen db |ower alkyl; Rierr] is hydrogen,
hal ogen, - or | ower alkyl; Rlerr] and Rierr] are identical or

different groupg 4RelydiRten |86veﬁhfk9| or Rg and né"i%?géﬁé?ﬁﬁg

PCT/ US97/ 22627 rogen hal ogen,
or lower al kyl benZenerring wehich &reies thenn,dgan Iae‘mgmytstemEechosen fremzene ring

hapht hal enc. - on NERLAIEN DY EpAlbtl o BhafPepriiding B8 o ot g me™ ' 01 &

E[err] forned byyﬂmr&dfcm@uﬂ[BaahdmndmeﬂmcamohmmSOMeof the 5 -

nyar ogenat egS  RPEMe ok WIER pally SR 5, ARARGGHeRen PRt Y < er

hydrogenated; Rs is hydrogen or lower alkyl; and Rs is,

X

A

Ry

10  wherein X is sulfur or oxygen and Ry is, inter alia, lower alkyl or alkenyl.
Compound viii is included as a specific example,

(o]
o
H,CO.
CHa
15
Horn and Dubocovich in European Patent Application
EP-420,064A, published on April 3, 1991 disclose 2-amidotetralins j _x as
melatonin ligands,
R, Rg
Re
Ra—i~ D) N\“/
AN ©
20 Bg
ix

wherein Ry is, inter_alia, hydrogen, lower alkyl, or lower alkoxyl; Rz is,
inter alia, hydrogen, halogen, or lower alkoxyl; R3 is, inter alia, hydrogen,



10 wherein X is sulfur or oxygen and R err] is, inter alia, |ower alkyl or
al kenyl . Compound viii is included as a specific exanple, [err]

15 Horn and Dubocovich in European Patent Application

EP- 420, 064A, published on April 3, 1991, disclose 2-amdotetralins ix as

mel atonin |igands, [err] wherein R err] is, 4} | a,
hydr ogen, _I‘Yf\?@fzs@fskyl , or lower al koxyl; _Rerr] is, P#ﬂ??ﬁnﬁz‘? a,
hydr ogen, hal ogen, or | ower al koxyl; R["e?r'] is, inter alia, hydrogen,
WD 98/ 25606 PCT/ US97/ 22627

-7- or lo , | ' |y . . al kyl or
cycl oal kyl ; and}gﬁ{o‘é@lr’ %w‘h’ HEESF%édﬁree{ﬂ%rﬂt?&%/ﬁl%wﬁgf%%%ﬁnwl’oaﬁﬁgryI ,
| oner al kyl or islhygregep, hydroxyl, halogen, oxGogryh dpwertaligll or akylarylVed. Chem, 36,

p. 2891-2898 (1993), 5 discusses am donet hoxytetralins of structure x

and their nel atonergic properties. [err]
Copinga et al, in J. Med. Chem., 36, p. 2891-2898 (1993),

5 discusses amidomethoxytetralins of structure x and their melatonergic
properties.

Ix

10 , :
In structure x, R1 is H or OCH3 and R2 is alkyl, haloalkyl, phenylalkyl or
phenyl.

Lesieur gt al, in EP-708,099A, published April 24, 1996, disclose
15 compounds of structure xi, which are useful for the treatment of diseases
caused by a melatonin imbalance.

R; NH Y""X\
o]

2

xi
20
wherein == is a single or double bond; R1 = Me or MeNH; and X-Y =
-CH(Me)—CHz—, CH2CH(OH)- or (CH2)3—.

North et al., in International Application WO 95/29173, published
25 November 2, 1995, disclose naphthalene derivatives of structure xii:



10 In structure x, Rerr] is Hor OCHerr] and R err] is alkyl,

hal oal kyl , phenyl al kyl or phenyl . Lesieur et al, in

EP- 708, 099A, published April 24, 1996, disclose 15 conpounds of structure
Xi, which are useful for the treatnment of diseases caused by a

mel atoni n i nbal ance. [err] wherein S ,b%z,pr doubl e

bond; R erﬂo’—s’zﬁﬁ’ﬁor MeNH, and X-Y = -CH(Me) - CH er?ff, err] CH(OH) -
or (CHerr])[err]-. Nort h™ &t~ al ., in International

Appl i cation WD 95129173, published 25 Novenber 2, 1995, disclose

napht hal ene derivatives of structure xii: WD 98/ 25606

PCT/ US97/ 22627 [err]

wherein Ry is a group of the formula CR3R4(CH2)pNRsCORg; R2 is

5 hydrogen, halogen, Ci.g alkyl, OR7 or CO2R7; and may be the same or
different substituent when g is 2; Rz, R4 and Rs, which may be the same
or different, are hydrogen or C1.g alkyl; Rg is C1.g alkyl or C3.7 cycloalkyl;
Ry is hydrogen or C4.g alkyl; nis zero, 1 or 2; p is an integer of 1, 2, 3 or
4; qis 1 or 2; and the dotted lines indicate the absence or presence of an

10 additional bond. The North gt al. compounds are taught to treat
chronobiological disorders.

In Intemational Application WO 95/17405, published on June 29,
1995, North et al., disclose compounds of structure xiil and teach their
15 use in the treatment of conditions related to the melatonin system.

Ry

20 wherein Ry is hydrogen, halogen or C1.g alkyl; Rz is a group of formula
-CR3R4(CH2)pNRsCORg; R3, R4 and Rs, which may be the same or
different, are hydrogen or Cq-5 alkyl; Rg is C1.6 alkyl or C3.7 cycloalkyl; n
is an integer of 2, 3 or 4; and p is an integer of 1, 2, 3 or 4.

25 The foregoing disclosures do not teach or suggest the novel
melatonergic benzodioxole, benzofuran or dihydrobenzofurans of the



wherein R err] is a group of the formula :
CRlerr]Rerr](CHerr)[err]NRlerr]COR[err]; Rerr] is 5 hydrogen,

hal ogen, C[err] alkyl, ORerr] or CJerr]Rerr]; and nay be the sane or
different substituent when q is 2; Rerr], Rerr] and R err], which may be

t he sane or different, are hydrogen or (ferr] alky] Eﬁ’?ﬁé]f is CJerr]
al’kyl or CWQ®825@§cl| oal kyl ; Rlerr] _is hydrogen or ff -1<yl; nis
zero, 1 or 2; pis an integer of 1, 2, 3%y 4, gis 1 or 2; and the

dotted l'ines indicate the absence or presence of an 10 additional bond.

The North et al, ake t ht to trea i ol ogi cal
di sor ders. preggmg‘%}‘%g?‘n [rﬁﬁt@kl}%laﬂ °a‘dnd§8mec%F ﬁ%ﬁq@%’}@%\ 17405,
publ i shed on Judieplag melatonergicl@gimistastivity.et al ., di scl ose conpounds of
structure xiii and teach their 15 wuse in the treatnent of conditions
related to the nelatonin system [err] 20 wherein Rerr] is
hydr ogen, hal ogen or CJerr] alkyl; R err] is a group of formula

-CRlerr]Rlerg] (CH err])[err]NRlerr] COR[err]; Rerr], Rerr] and Rerr],

whi ch may be the sane or different, are hydrogen or Clerr] alkyl;
Rlerr] is CJerr] alkyl or E INVENTION js an integer of 2, 3
or 4, and p is an integer of 1, 2, 3 or 4. 25 The foregoi ng
di scl osures do not teach or_ suggest the novel mel at oner gi c
benzodi oxol e, benzof Ute:Rvention Yvidenha mevel sesias obsompeunds of Formilad) 98/ 25606
PCT/ US97/ 22627 -9-

- R R

b hi
= ] N2 g (@)
R
KX |
10 o' @

wherein R, R1, R2,Q1, Q2, X, Y, Z and m are as defined below, including
hydrates and solvates thereof which bind to human melatonergic
receptors and therefore are useful as melatonergic agents in the

15 treatment of sleep disorders, seasonal depression, shifts in circadian
cycles, melancholia, stress, appetite regulation, benign prostatic
hyperplasia and related conditions.

20
DETAILED DESCRIPTION OF THE INVENTION
The invention provides a novel series of compounds of Formula |
and solvates thereof having the formula:
25
- R R
g A
~NZ# nomt (D



present invention. The novel conpounds of the present invention

di spl ay nel atonergi ¢ agoni st activity. 5 SUWARY OF
THE | NVENTI ON The invention provides a novel series of
conpounds of Fornmula | [err] wherein R, Rerr], Rerr],

Qerr], Qerr X, Y, Z and mare as defined bel ow, incl hydr at es
and sol vat&o%’]‘?éf"éof which bind to humanmrel at oner gi ¢ %Jr&g”g“[zors and

therefore are useful as melatonergic adgefits in the 15 treatment of sleep

di sor ders, seasonal depression, shifts in circadi an cycl es,

mel anchol i a, QF'PFE n appet ite regul ation, benign prostatic hyper pl asi a
and rel ated con 1 ons. 20 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Q! and Q2Theati eenindependentlydysrayenrecialogant es of conpounds of
Formul a | and sokvatiseéth’h&ﬁeoorfox%é/A’ng the for rruI a: 25 [err]

Y is CR3, CR3R4 or (CHa)n, with n = 1-4;
5 Z is CHp, CH or oxygen;
R is hydrogen, halogen or Cq.4 alkyl in both cases;
m islor2;
R1 is Ci- alkyl, Ca.g cycloalkyl, C1.3 haloalkyl, Cq.¢
alkylamino, Cp.g alkenyl, C1.4 alkoxy(Cq.4)alkyl, Cq.4
10 ~ alkylthio(C4.4)alkyl or C1-4 trifluoromethylalkyl;
R2 is hydrogen or Cy.4 alkyl; and
R3and R* each are independently hydrogen or Cy.4 alkyl.

The present invention also provides a method for the treatment of
15 slesp disorders and related conditions, which comprises administéring a
therapeutically effective amount of a compound of Formula | or a solvate

or hydrate thereof.

Q' and Q2 are selected from H and halogen (i.e., bromine,
20 chlorine, iodine or fluorine). It is most preferred that Q1 and Q2 be H.

X may be CHp, CH (when a double bond is present) or oxygen.

Y is CRB3 (when a double bond is present), CR3 R# or -(CHz),- and
25 nis 1through 4, but is preferably 1 or 2. '

Z may be CH,, CH (when a double bond is present) or oxygen,
with oxygen being most preferred.

30 When X and Y are CHp and Z is oxygen or Z and Y are CHp and X

is oxygen, the compound is a dihydrobenzofuran. When X and Y are CH
and Z is oxygen or Zand Y are CH and X is oxygen, the compound is a
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wherein Qerr] and Qerr] each are independently hydrogen or hal ogen;

X is CHerr], CH or oxygen; Y is CRerr], CRlerr]Rerr]

or (CHerr err wth n = 1-4; 5 Z Is CH e oxygen
I's hydr aI ogen or Clerr] alkyl _in both cases; %l‘/tls%z&lr

|s 1 or2; Rlerr] is C[er” “al kyl, C[err] cycl oal kyl , C[err]

hal oal ky1 Cerr] al kyl am no, Cerr] alkenyl, (err]

al koxy(C[err])aI er tAi, 0 l, or

Clerf] trifluor g’éﬁ%%fugnl W*len *%nd Z are oxygen aﬁh[vis (‘fl—lg Q@}S@hé&ﬂ#%r qerr]

al kyl ; and benfipd}oque an!eR[Xeamc] Zeae loxygan arld%pe({r}lﬂﬂg,lmehydrogen or

d err] al kyl . sent invent pro met hod

for the treatmefPTRPUNY b@@ﬁﬁ*ﬁ?‘goﬁampgu%%'W‘@*"&Féﬁafé‘gxcﬁ? i ch

conpri ses adm niZis@ixygen are preferred! her apeutically effective amount of a

conmpound of Eorrmula | or a solvate or hydrate thereof.

Qerr] and qserr] are selected fromH and hal ogen (i.e., bromne, 20

chlorine, iodine or BotloRignaps dré thessame mabstef elsa&tHHQmUpﬂmeludb and err]

be H. bl e bond t
b N gen,  varogen BlePnS By, 1 BURGRSG RHHE, on 12 o esent)
CRlerr] Rerr] or -(CHerr])[err]- and 25 nis 1 through 4, but is

preferably 1 or 2. CH[err], CH (when a doubl e bond
IS present) or oxygerrrn's“)r2 w'\/vlr?ﬁ %E%W bei ng nost preferred. 30

Wien X and WOare CH err] and Z is oxygen or Z and Y are CH2 and X S
oxygen, the conpound ;s | dro nzof uran ﬁ% and
Ty 2 ygen or 2 and i Pod pfeyEal s of fflies. e SeBAfia ol RCie |

alkyl, Ca.g cycloalkyl, C1.3 haloalkyl, C1.g alkylamino, Co_g alkenyl, C1-4
alkoxy(Cq.4)alkyl, C1.4 alkylthio(C1_4)aIkyl orCi4 frifluorornethylalkyl.
R1is preferably C1.5 alkyl or Ca.g cycloalkyl.
15° | | |
R2 is hydrogen or Cy.4 alkyl. R2is preferably hydrogen.

R3 and R4 are hydrogen or C1-4 alkyl. Itis preferred that R3 and
R4 both be hydrogen. It is also preferred that R3 is hydrogen and R is

20 methyl. When R3is hydrogen and R4 is methyl, both enantiomers and
racemate are preferred.

“Alkyl” means a monovalent straight or branched chain group of
the formula CyH2x+1, with x being the number of carbon atoms.
25
¥ — X* and Y — Z" refer to a single bond or double bond
attachment when defined by the substituents X, Y, and Z.

“Cycloalkyl” groups are monovalent cyclic moieties containing at
30 least 3 carbon atoms and conforming to the formula CxH(2x-1), with x
being the number of carbon atoms present. The cyclopropyl group is a
preferred cycloalkyl moiety.
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PCT/ US97/ 22627 . - 11 - benzofuran. Wien X and Z are oxygen
and Y is CHerr], the conpound is a benzodi oxol e. When X and Z are
oxygen and Y is (CHerr])[err], the conpound i s benzodi oxane.
Conpounds in V\/mch X and Y are CHerr] and Zis o),

preferred woguz Both R groui% are the sane m)r e?gy E%seful
groups i ncl ude hydr ogen, hal ogen d dJerr] alkyl. Ris preferabl y

hydr ogen. mis 1 or 2, with rri-lpreferred 10

: ¢ :
Ayl Gerr] Sycfﬁzﬁiﬁra"‘%%f%“@@ﬁa SR bk 88 Bk, o e
al kenyl , ([ err] radicals beamng) 9mnd] tord ]Iqlagwymme@per rl]ialagwylmﬁans(ﬁ;[@rr] ) al kyl

or C[err] trifl yprypme f I al kyl or
et Ll o k;q?_o?rlbt’éféﬁé&uérogens in hﬁﬂd@ﬁlﬂﬁbéﬁﬁs Fggg@a%&rw erarc]frl !

Rl err] is preferably hydrogen. R3 and Rl err] are hydrogen
or Cerr] alkyl. It "lﬂkﬂéﬁlfr\%" Fé?grsttb B Irs].rbﬁ ts contalm Rflpéh be
hydrogen. It is also preferred err] 1s rogen an err] is

net hyl . Wien R3GR MPG’QeH’eéﬁfab'R[Q i WQNECHaagmpe-nantlorrers and
racemate are preferred. "Al kyl" nmeans a nonoval ent strai ght.
or- branched chain group of rmul a C[err%H[err] with x being the
nunmber of carbon atoﬁgeferrggcompounds have leo\yah:e;(ofg @nMoLiessinefer to a

si ngl e bond or 4@“940*%3@@9'"0""9 tests @EM% en defined by the

substituents X, oaI kyl " groups are
nonoval ent d@cl i c noieties containing. at 30 least 3 carbon atons and

conformng o the fouhyl gofh 8f pitdRs c{&om&hfnhs)fnclude the baRgblearsy nunber  of
carbon atons present The cycl opr opy roup 1s referred _
cycl oal kyl moi et >prmulaiwherc—:m the group, -X-Y-Z-, consrsts of -CH=CH-O-and -CH= -

CCHg-O-.

15 Some preferred compounds of this group include:

(-)-(trans)-N- [[2-(2-benzofuran-4-yl)cycloprop- -yl]methyl]cyclopropane
carboxamide;
(-)-(trans)-N-{{2-(benzofuran-4-yl)cycloprop-1-yljmethyl]lpropanamide;
(trans)-N-[[2-(2-methyl-benzofuran-4-yl)cycloprop-1-ylimethyljacetamide;

20 (trans)-N-[[2-(2-methyl-benzofuran-4-yl)cycloprop-1-y{jmethyl]-
propanamide;
(trans)-N-[{2-(2—methy|-benzofuran-4-y|)cycloprop-1-yl]methyl]-
butanamide;
(trans)-N-[[2-(benzofuran-4-yl)cycloprop-1-yljmethyllacetamide;

25 (trans)-N-[[2-(benzofuran-4-yl)cycloprop-1-yljmethyilpropanamide;
(trans)-N-[[2-(benzofuran-4-yl)cycloprop-1-yljmethyljbutanamide;
(trans)-N-[[2-(benzofuran-4-yl)cycioprop-1-yljmethyl]-2-
methylpropanamide;
(trans)-N-[[2-(benzofuran-4-yl)cycloprop-1-yijmethyljcyclopropane

30 carboxamide; and
(trans)-N-[{2-(benzofuran-4-yl)cycloprop-1-yljmethyl}-N-methylurea.
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"Hal oal kyl " includes straight and branched chai n hydrocarbon

radi cals bearing from1l to 3 hal ogen noieties. "Hal ogen" nmeans F, O,

Br.or 1. Preferred hal ogens in hal oal kyl noieties of R e ge F and
a. 5 _w"”’zmAl kyl am no" refers to jNH al kyl substi ?Etm%is;&%:%nt aining 1
to 6 . carbon atons, preferably -NH ['err] or -NHCH err]CH err]
groups. - Pref erred conpounds have I err] values of 250 nM or

o2 o o pr e RSSO PRl sofSs G 1 10

One group of preferred conp urans of For mul a
| wherein the gdﬂauérobemoﬂuzans of dresmyiias| whersioihe gepO-X-Yné-, copsists of

CCH err]-O. e ce Q}H{é}’ fo.t hi s group include:
(-)-(trans)- N—[[2 %Zklfen ?H?% @21% g’%%ﬁfjo Ir:qu- 1-y3?r(r)et hyl ] cycl opr opane
car boxam de;

(-)-(trans) & (12 (benreiuhe écXHp&Mﬁa}lig Qecém_i%_%l.l’tjvlhl:ﬁ ggpanar de;
yie

(trans)-N-[] Benzoruran yl ] acet anm de;

20 (trans)- N[m I‘Mm@tawahydrehemqjum »ctqmmrop -yl et hyl ] -

pr opanam de; fimethviloro :
(trans)-N-[][ 2- (¥] '-P{]? Bg?lazrgldgran 4-yl ) cycl oprop- 1- yllmat hyl ] -
but anani de: (-)- (trans% N-[[2-(2,3-dihydrobenzofuran-4-yl)cycloprop-

(trans)-N-[[2 g é 5@13,4,&1 )cycl oprop-1-yl ] met hyl ] acet am de; 25
t - N 1-yl d

(trans) N[ %é e Mﬂzizéréwﬁ BBz S ERpIOFBR anam de:

(trans)-N-[[ 2- (lgqmm‘yquanémwe) cycl oprop-1-yl ] nmethyl]-2-

met hyl pr opanam

(transy T o BtymnliRA2 franystobopasfuran Ay Ve RpTopc mgiyidke 30

car boxam de; andnethylurea;
(trans)-N[[2- (hgneaiyiiiodeB-difydoBBAM S urknid-JiEkidptdp- it methyl urea.
- 15  yllmethyllmethoxyacetamide;
(-)-(trans)-N-[[2-(2, 3-d|hydrobenzofuran-4wyl)cycloprop-1-
ylimethyljcyclopropanecarboxamide
(-)-(trans)-N-[[2-(2,3-dihydrobenzofuran-4-yl)cycloprop-1-
| yilmethylltrifluoroacetamide;

20 (trans)-N-[[2-(2,3-dihydro-2, 2-dlmethyl-benzofuran-4-y|)cycloprop-1 -
yilmethyl]propanamide;
(trans)-N-[[2-(2,3-dihydro-2,2-dimethyl-benzofuran-4-yl)cycloprop-1-
yilmethyllbutanamide;
(+)-{trans)-N-[[2-(2-methyl-2,3-dihydrobenzofuran-4-yl)cycloprop-1-

25 yllmethyllacetamide;
(+)-(trans)-N-[[2-(2-methy!-2,3-dihydrobenzofuran-4-yl)cycloprop-1-
yllmethyljpropanamide;

(+)-(trans)-N-[[2-(2-methyl-2,3- dlhydrobenzofuran-4-y|)cycloprop-1-
ylimethyljbutanamide;

30  (+)-(trans)-N-[[2-(2-methyl-2,3-dihydrobenzofuran-4-yl)cycloprop-1-
ylimethyljcyclopropane carboxamide;
(+)-(trans)-N-[[2-(2-methyl-2,3-dihydrobenzofuran-4-yl)cycloprop-1-
yllmethyl]-2-methylpropanamide;
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A second group of preferred conpounds include the
di hydr obenzo- furans of Formula | wherein the group, -X-Y-Z-, consists of
-CH err]-CHerr]- , CHerr CH err err]-O and
-Ci%%err} CHL' [ ]SC( [ ]),[ﬁ?me] preferred ccﬂ%‘m&%{ﬁzgof this
second. group |nclude
(+)-N-[[2-(2, 3-di hydr obenzof uran-4-yl)cycl oprop-1 -
| ] met hyl ] pr opa -
L) Tt rans) - | PRS-l 2 eyt 2 3 iyerabenzobyan oy syciperop- -
y| ] met hyl ] acet apijwethyljchloroacetamide;

tran N- o -6l [ - 4- -1 -
§/| i m(et hyl isf)ut aLg-%(ﬁgns:f-Ni[[@(Q—n?aﬁyq@é Wirfardbenbfu¥s-28 s dprop-1-
(-)-(trans)- N[yﬂm@ﬂ'yﬂpmpﬁpaﬂlﬂ&énzofuran 4-yl)cycloprop-1 -yl ]nethyl]-N

t hyl - . N -1-y]]-0-.
o e ercet R ESESESRT SyP e
yl ] met hyl ] net ho ;
§ | i m(e E L;P]S)cy'c\ﬁ LFk)«} O{Fggr?]eéCrg;[b;égrn‘?éiﬁﬂ@wwarébéé.!zbﬁm-w)epcaépm1-
(-)-(trans)- N—[P’ﬁmeﬁ‘y acgtafifiepbenzof ur an- 4-yl ) cycl oprop-1 -

| thyl]trifl t » - - -1-
BEEE NP i i e R i
yl 1 methyl ]p pal}( hoxyécetaml :

(trans)-N-[[ 2- (2-,)Citrdmé)w{[a-(ﬁvrﬂetﬁylﬁmslw&ymﬂi)ﬂrrﬁwl‘yl)byélwmbwr op-1 -
yl ] met hyl ] but an

(+)-(trans)-N-| p’@m(ag‘yﬂﬁﬁ‘iﬁmléa'? ﬁ?’ﬁ?ﬁ'ﬂggnzof uran-4-yl)cycloprop-1 - 25
yl ] met hyl ] acet arf@)deans)-N-{[2-(2-methyl-2,3-dihydrobenzofuran-4-yl)cycloprop-1-

§/|+i m(at len]sér %g&ﬁh(eﬁyﬁghg}%h?d ¢3- di hydr obenzof uran-4-yl) cycl oprop- 1

(+) - (trans) 16 [ [(Rars)-Neff2H2i3-dihgirdbényahfwaarzyliayckprop-§4 ) cycl opr op- 1
yl ] met hyl ] but an%j;“%
(+)-(trans)-N ?yr%% ! e. di hﬁdr obenzofur an-4-yl) YC| opr op-
yl ] met hyl ] cycl o;ﬁr)d'ﬁf&h@ Méﬁéd&?awh enzofuran-4-yl)cycloprop-1-yijmethyl]
(+)-(trans)- M[[pgolggndmagyl -2, 3 di hydrobenzofuran 4-yl)cycl oprop-1
yl ] met hyl ] - 2- met hyl propanam de

(trans)-N-[[2-(2, 3 dlhydrobenzofuran-4-yl)cycloprop- ~yljmethyl]

20 propanamide;
(trans)-N-[[2-(2,3- dlhydrobenzofuran-4~yl)cycloprop- -ylimethyl]
butanamide;
(trans)-N-[[2-(2,3-dihydro-5, 7-diiodobenzofuran-4-yl)cyclo-
propyllmethyf]propanamide; and

25 (trans)-N-[[2-(2, 3-d|hydro-5-lodobenzofuran-4-yl)cyclopropyl]methyl]
propanamide.

A third group of preferred compounds include the benzodioxoles
of Formula | wherein the group, -X-Y-Z-, consists of -O-CH»-O-.
30 .
Some preferred compounds in the third group include:
(trans)-N-[{2-(1,3-benzodioxol-4-yl)cycloprop-1-ylimethyllacetamide;
(-)-(trans)-N-[[2-(1,3-benzodioxol-4-yl)cycloprop-1-ylimethyllacetamide;



WD 98/ 25606
PCT/ US97/ 22627 - 14 -
(H)-(trans)-N-[[2-(2-nethyl -2, 3-di hydr obenzof uran-4-y| )cycl oprop-1 -
yl ] met hyl ] chI or oacet am de;

t !l 2- et hyl - 2, 3- di hydrob f 4-yl
yIIm(et L;tln]s) gm% rre y I hydr obenzof uran-4-y )cy;élc)gsrgg?%
(-)- (trans) N-[[2-(2- rrethyl 2, 3-di hydrobé‘r?zbfuran 4-yl)cycl oprop-1 -yl]-2-
met hyl propanani de;
(17, Lirans) - 1 UL Gl 1A, o-BertzalidReTuQh)BBhHLANy frnbinl ¥ fohBRARRE!
(-) - (trans) - N-[ [@)-(t@nspNAj2-(123-Benzddickabdeyioytlopeop- tylimptiwl| opr op- 1

| ] met hyl ] net ho e,
)(/ % (tr)a/m]s) I\I—[Xé%?g;‘m(% - 2, 3-di hydr obenzof ur an- 4-yl

)cycl opro
yl ] met hyl ] cycl optteang)rbl- [{%ﬁb&banzaﬂwxoI-4~yl)cycloprop— -yl]methyl]gutanamiJ;.
§ li (! len]s%ut'%aL[@-g?aﬁéﬁigt{é-(?a%eﬂi&&fgfd?ﬁeﬁ)@&db% -fyiinbiiyf! oProp- 1
(trans)- N[ [ 2- (2b@agamide; obenzof ur an- 4- yl ) cycl opr op- 1-
yl' 1 et hyl ] acet anggy N-{[2-{1,3-benzodioxol-4-yl)cycloprop-1-ylimethyleye!
(-)-(trans)-N-| [rg s) [[ ydrg ze%z’% °JF’21¥1)-°X9§’PS°CPyc 3’6‘?08’]‘1”"’ ?Proﬁen hyl ]
pr opanami de; car (’{“I"H -N-[[ 2- (2, 3-di hydr obenzof ur an- 4-yl ) cycl oprop- 1
-yl et hyl ] 20 -)- I"éﬁ%?-'l\ﬂ 3-benzod|oxol-4- )cycloprop-1-yljmethyl
(trans)-N—[[% ()(t dr[(g%.gﬁzo furan-4-yl ¥2:)¥cl 8prpopy£ -yl ]]rret hyl ]
but anani de: 0 cycloprog ane carboxamide;
(trans)- N [[ 2- ( 2(teand)-Nyiiz-0t,S-béngodiexsMasylfgtioprop- -yl npthyil+s-
propyl ] nmet hyl ] prg%?w am de; a.réd 25
(trans)-N-[[2-(2, 98?'8&@' Podobenzof ur an- 4- yl ) cycl opropyl ] met hyI ]-
pr opanam de. (-)-(trans)-N-[2-(1/8-benzodiiaxob-dfyl)efclppreper-ylimethyil@ounds i ncl ude
t he benzodi oxol e tmula | wherein the group, -X-Y-Z-, consists .
of -O-CHerr]- Oﬁ'net%propaﬁgmﬁ% Sonme preferred conpounds in the third
group includ#d (trans) N-l[2-4h8)beNzpdiidxqlu-yl)cycloprop-1-yljmethyl]-N'-ethylurea;
, 3- benzodi oxol - 4-xL) cycl oprop- 1-yl ] rret hyI ] acet am de
(-)-(trans)-N-[[ 5 1, 3- benzodi oxol - ) cycl opr op- ¥ rrethyl]acetam de;

) {-)- trans) N-[[2-(1, 3-benzod:oxol -4-yl)eyc prop-1 -yljmethyl}-N'-

ethylurea.

10

20 Another group of preferred compounds include the
benzodioxanes of Formula | wherein the group, -X-Y-Z-, consists of
-0-{CHy)>-O-.

Some preferred benzodioxanes include:

25  (-)-(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-
yilmethyl]propanamide;
(-)-(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-
yllmethyl]acetamide;
(+)-(trans)-N-[{2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-

30 yllmethyl]-N-methylurea
(+)-(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-
ylimethyl]-2-methoxyacetamide;
(~)-(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-
ylJmethyijcyclopropanecarboxamide;
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(trans)-N-[[2-(1 , 3- benzodi oxol - 4-vyl )cycl oprop-1 -yl ]nethyl]propanam de;

(-)-(trans)-N-[[2-(1 , 3-benzodi oxol -4-yl)cycl oprop-1 -yl]nethyl]

pr.opanamn de; (trans) N-[[2-(1 ,3-benzodi oxol - 4-yl') gy, 1

“yl [ et hyl POUBZS0%i de; 5 (-)-(trans)- 2-(1 a SLREr
, 3- benzodi oxol - 4-yl ) cycl oprop-1 -yl ]net %} but anam de;

(t rans)-N-[[2-(1 , 3- benzodi oxol - 4-yl)cycl oprop-1 -yl ] nethyl]cycl opropane

car boxam de; !M | ) cycl oprop-1

“yl]ivet hyl ] 10( r (tra"gf ¢é Eaﬁ?}hﬁ 8 3-benzodioRRRE il rarﬁg? N 2. (1"

3- benzodi oxol - f}; Wﬁe.l -yl ] met hyl ] 2- net hyl propanan de;
( ) (trans)-N [(Zr-‘)-((&a%gtl‘@-[[éf(ﬂwﬁﬁdré Wh-b%ﬁfécﬁébﬁ% ey t‘lb})f%hw ]1-2- '

met hyl pr opanam dg; benzod| 0xo0 yl)cycl oprop-1

-yl ]methyl]-N !élwmli!l%!apenamlde» and (-)-(trans)-N-[[2-(1

, 3- benzodi oxgl § Pérﬁ)’-N mu(@@ﬂnnydyéhrmbaﬁohfdxm-s -yl)cycloprdpiy! ur ea. 20
Anot her group o T ed co unds i ncl ude the enzodi oxanes of
Fornul a | \AhereYkﬁ?‘ﬁ)é'tBﬁ‘éﬂfﬁace consi sts of

-O-(CH err]) [er ()t -2-23dhd -14-§@rmc1 jGyrBg-aAyl i ncl ude:
25 (-)- (trans(}( &ké % (-dl W {% 1 4- ben?ggffgpﬁfbm ?c%mrglg 1 -

yl ] net hyI]propa °°P’°Pa" '(trans) N-[[2-(2, 3- d| hydro-1

, 4- benzodi oxi n- (Sp)s(trhnsédﬂ&[[m(am-dlhydro- 4-ben;d>dwﬁh*5y9l}®cbbwp-

(+) (tranS)Ré\l_neglﬁV%@y@%ngXgﬁ%el , 4- benzodi oxi n-5-yl') cycl oprop 1 - 30 -

yl ] met hyl ] (+)-(trans)-N-[[2-(2, 3-di hydro-1 .
, 4- benzodi oxi n- Br@ds)-Nyﬁz-(msdmyﬂfo -1,4-benzoglidxire5yl)tyclapropithgiey acet ani de;

( )-(trans)- N-[ aﬁ h.{}yéjro 1 , 4-benzodi oxi n-5-yl)cycl oprop-1 -
yl ] met hyl ] cycl opro aJneca oxXan de
(trans)-N-[[2-(2,3- dlhydro-‘l 4-benzodioxin-5-yl)cycloprop-1-yi}-

methyllpropanamide;
15 (trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-yl]-

' methyljbutanamide;
(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cyctoprop-1-yllmethyl]-2-
methylpropanamide; -
(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-yi]-

20 methyllcyclopropane carboxamide;
(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-yljmethyl}-N-
methylurea; and
(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-yljmethyl]-N-
ethylurea.

25

Still another group of preferred compounds include the
benzofurans of Formula | wherein the group, -X-Y-Z, consists of -O-CH =
CH- and -O-CCHg = CH-.

30 Some preferred compounds of this group include:
(trans)-N-{[2-(benzofuran-7-yl)cycioprop-1-yljmethyljacetamide;
(trans)-N-[[2-(benzofuran-7-yl)cycloprop-1-yljmethyllpropanamide;
(trans)-N-[[2-(benzofuran-7-yl)cycloprop-1-yilmethyl]butanamide; and
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(-)-(trans)-N-[[2-(2, 3-di hydro-1 , 4-benzodi oxi n-5-yl)cycl oprop-1 -
yl ] met hyl ] but anam de; (¥)-(trans)-N-[[2-(2, 3-di hydro-1

, 4- benzodi owx' E‘f’%’ﬁ%l ) cycl opr op- 1- yl ] et hyl | pr openg@EcRiRer22625
(-)-(trans)= -

(2,3-dihydro-1,4-benzoq'qfin-5-y|)cyc|oprop-1-
yl Jmet.hyl Jtrifl uoroacetam de; (-)-?trans)-N—[[Z-(Z,3-dihydro-l
, 4- benzodi oxi n-5-yl ) cycl oprop-1 -yl ] nmethyl]-

3,3,3-trifluoro nab e, = - N -(2,3-di hydro-1
, 4- benzodi oxi n- g{@@?@g?gg?%zﬁf‘i'a? 7 @Y%ckbf@ng%ﬂyfwopanam de; _
(trans)-N-[[ 2- ( Zyslograppaeearboxamisienz odi oxi n- 5-yl ) cycl oprop-1 -yl ]-
met hyl ] acet am de; (trans)-N-[[2-(2,3-di hydro-1

, 4-benzodi oxi n-5-yl)cycloprop- 1 -yl]- met hyl ] propanam de; 15
(trans)-N-[[2-(2, 3- dﬁﬁwﬁbafp,tmfm!ﬁ%ef Bsﬁfefr@lgnwwmdlﬁquthew ]-

met hyl | but angm Qginzopyrans of Formula | wherein the group, -X-Y-Z, consists of
(trans)-N-[[2-(2,3: e Wsirg—l, 4- benzodi oxi n-5-yl)cycloprop-1 -yl ]nmethyl]-2-
met hy! pr opanam d&€H2-(CH2)2-Or+ r ans) - N-[[ 2- (2, 3-di hydro- 1
, 4- benzodi oxi n-5-yl)cycl oprop-1 -yl]- 20 nmet hyl ] cycl opr opane
car boxam de; trans)-N-[[2-(2, 3-di hydro-1
, 4- benzodi oxi n- 5-y| ) SpPRIERyessed G‘WH%E’E)PF?“‘NQVOUP includeet hy| urea; and
(trans)-N-[[2-( 2(tr3n§b|-Né[[iﬂ(@;Aﬂ-dihgdibleﬂ!qdbéi&oﬁylén%-}mﬁldb%ﬁlm 1 -yl]methyl]-N-

|

et hyl ur ea. 5 Sti anot her group of preferred conpounds
i nci ude the 0 yImelaylpseRanamid®ss Fornula | wherein the group, - X Y-Z,

consi sts of - O Qtans)-N-[[2-(3,4-thhyare2HA-k&adopyrah-5-yliéycloprop-30 Sone
preferred corrpo%gf tﬂi S _qaroup i.ncl ude:
(trans)-N[[2-( yliey 99’-“3?5‘%?&%?6@%1- yl ] net hyl ] acet ami de;
(trans)- N[ [ 2- ( biepgahs)-N{2#(3/4-HihydteaHapbdnacpy ran vyl dyatompeprd i de;
(trans)-N-[[2-( bﬁﬁe%wp%ﬁgn%i&&yd oprop-1-yl ] met hyl ] but anam de; and
15  (-)-(trans)-N-[[2-(3,4-dihydro-2H-1-benzopyran-5-yl)cycloprop-1- o
ylimethyllacetamide;
(trans)-N-[[2-(3,4-dihydro-2H-1-benzopyran-5-yl)cycloprop-1-
yijmethyi]butanamide; and .
(+)-(trans)-N-[[2-(3,4-dihydro-2H-1-benzopyran-5-yl)cycloprop-1-
20 yilmethyllpropanamide.

Additionally, compounds of Formula | encompass all
pharmaceutically acceptable solvates, particularly hydrates, thereof. The
present invention also encompasses diastereomers as well as optical

25 isomers, e.g. mixtures of enantiomers including racemic mixtures, as well
as individual enantiomers and diastereomers, which arise as a
c'onéequence of structural asymmetry in certain compounds of Formuia I.
Separation of the individual isomers or selective synthesis of the
individual isomers is accomplished by application' of various methods

30 which are well known to practitioners in the art. .

Compounds of Formula | can be prepared using the overall
processes shown in the following Reaction Schemes:
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(trans)-N-[[2-(benzofuran-7-yl)cycl oprop-1-yl]methyl]-

cycl opr opanecar boxam de. Still yet another group of
preferred conmpounds include the 5 benzopyrans of For e|n t he
group, -X- YWY sts of -CH err (CH[err])[eAﬁgéydsﬁxﬁg

Some preferred conmpounds of this group T tde:

(trans)-N-[[2-(3, 4- dlhydro 2H 1 -benzopyran-5-yl)cycloprop-1 - 10

yl ] met hyl ] pr opa g; h cheme 1 (trans)-N-[[2-(3,4-di hydro-2H1

- benzopyr an- 5-yl yl ] met hyl ] cycl opr opane car boxam de;
(-)-(trans)-N[[2-(3, 4-di hydre-2H 1 -benzopyran-5-yl)cycl oprop-1 -

yl ] met hyl ] propanani de; 15 (-)-(tran9x N[ 2- (3, 4-di hydro-2H1

- benzopyran-5-yl)cycloprop-1 - yll] met hyl ] acet am de;
(trans)-N-[[2-(3, 4-di hydro-2H 1 -benzogyran-¥%%-yl)cycl oprop- 1-

yl ] met hyl ] but anam de; and (+)-( s)-X[[2-(3, 4-di hydro-2H1

- benzopyran-5-yl)cycloprop-1 - 20 vyl ,]propananlde

Addi tional ly, compounds of Fornula I

pharmaceutical ly

accept abl e solvates, particularly hyd The pr esent

i nvention al so enconpasses di astere as Msptl cal 25 isoners,
e.g. mxtures of enantlomsr@m@m Ing racemc xtu,re 5 meds Vel | as
i ndi vi dual enantiomers and di® ter eoners, N'se &s a

consequence of structural asyp
Separation of the individualfisomers or selectiVE synthesis of the

i ndi vidual isomers is acconplis [ fxvarlous met hods 30 .
which are well known to prg vy Conpounds
of Fornmula | can be prepar / :

The syntheses of the 4-aryl-propenoic acid derivatives, 2 and 3,

5 are shown in Reaction Scheme 1. The starting aldehydes, 1, can be
prepared by methods well known to those skilled in the art.
Condensation of malonic acid with the aldehydes, 1, in solvents such as
pyridine with catalysts such as piperidine or pyrrolidine, gives the 4-aryl-
propenoic acid, 2. Subsequent conversion of the acid to the acid

10 chloride dsing reagents such as thionyl chloride, phosphoryl chloride, or
the like, followed by reaction with N,O-dimethyl hydroxylamine gives the
amide intermediate 3 in good yields. Alternatively, aldehyde 1 can be
converted directly to amide 3 using reagents such as diethyl (N-methoxy-
N-methyl-carbamoyimethyl)phosphonate with a strong base such as

15 sodium hydride.

Reaction Scheme 2

1_.(52““ -
(&, trans)-4



processes shown in the foll ow ng Reacti on Schenes: WD 98/ 25606
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Schene 1 [err]
The syntheses of the 4-aryl-propenoic acid derivatives, 2 and 3, 5 are

shown in Reaction Schene 1. The starting al dehydes, 1, c
pr epar ed b.ywm wel | known to those skilled in the aﬁ%rn&mzsﬂ
Condensation of nalonic acid with the a #hydes, 1, in solvents such as
pyridine with catal ysts such as piperidine or pyrrolidine, gives the

4-aryl - propenoi ¢ acid, 2,.Subsequent cgonversion of the acid to the
acid 10 chloride u h?ﬁﬁo‘?“@éﬂ%f’gth@lﬁfﬂ"aﬁ@@ﬁ?%ﬁ% Q:thﬁfﬁf@f“'%ﬁ'@é'ﬁhoryl
ﬁhldori dle, or  cyclopiobané bkmnxéldélhydwﬂd : tdnheﬂiagegt 4oR 39Nbi7vh irNH?ad{id?FéhW

ydr oxyl am ne giyes t . e inter i_at in goo i el ds.
Alternatively, & W% I{ltq{guﬁdﬁgenﬁwas éi%&'&ﬁ&%f?%cg“ﬁﬁhr%@h{” allig de 3 using
reagent s such aseagerthgiich &¢ timdiiopisulfoxonium iodide and sodium hydride in

N et hy |- car Bamgy) gk oh RAERECAZ Sorthd et ShERARARGUBHT LRy 15 Sodi um

hydri de.
reagents such as LAH in solvents such as THF, ethyl ether, or the like,
gives the racemic, trans-cyclopropane carboxaidehyde intermediates, 4

Reaction Scheme 3

10
Y J=X
= -
y=x R R
va
—_— OAc
3

Racemic cyclopropane intermediate § (R = halogen) can be prepared
from intermediate 2 as shown in Reaction Scheme 3. Intermediate 2
was converted to the corresponding allylic alcohol by treatment with

15 reducing agents such as sodium borohydride plus iodine in solvents
such as THF. Subsequent acylation using reagents such as acetic
anhydride in pyridine or acetyl chloride gave the allylic acetate which
was allowed to react with cyclopropanating reagents such as sodium
chloro-difluoroacetate in diglyme to provide the racemic, trans-

20 cyclopropane acetate intermediates, 5
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The conversion of the amde internmediate 3 to the racemc, trans-

cycl opropane carboxal dehyde internediate, 4, is shown in Reaction
Schene 2. Internediate 3 was allowed to react with cyclo nat.Lng
reagents su®R 9825604 | et hyl sul f oxoni um i odi de and sodi um FRF?}‘?‘FS&@*’F%

sol vents such as DMF, THF, or the like." ggb'Sequent reducti on using
reagents-such as LAH in solvents such as THF, ethyl ether, or the like,
gives the racem c, trans-cycl opropane carboxal dehyde internedi ates, 4.

Reaction Scheme 3 10 [err] Racem c
cycl opropane int = hal ogen) can be prepared from
internedi ate 2 FEehth S eu% (IB t|on Schene 3. Internediate 2 . was
converted to the correspqgnding allylic al cohol treat ment with 15
reduci ng agents such as sofi ym borohydride plus i e in solvents
such as THF. Subsequent atlod"l usi ng reagents ag agetic
Y — «%
z)"‘x T n J=x
CH,0H o
(-)-(trans)-4
5 The conversion of the acid 2 to the chiral cyclopropane

carboxaldehyde intermediate, (-)-(trans)-4, is shown in Reaction Scheme
4. Intermediate 2 is condensed with (-)}-2,10-camphorsultam under
standard conditions, and then cyclopropanated in the presence of
catalysts such as palladium acetate using diazomethane generated from

10 reagents such as 1-methyl-3-nitro-1-nitrosoguanidine. Subsequent
reduction using reagents such as LAH in solvents such as THF, followed
by oxidation of the alcohol intermediates using reagents such as
DMSOQ/oxalyl chioride, or PCC, gives the cyclopropane carboxaldehyde
intermediate, (-)-(trans)-4, in good yields. The enantiomer, (+)-(trans)-4,

15 can also be obtained employing a similar procedurs using {+)-2,10-
camphorsultam in place of {-)-2,10-camphorsultam.

When it is desired to prepare compounds of Formula | wherein
m = 2, the alcohol intermediate may be activated in the conventional
20 manner such as with mesyl chloride and treated with sodium cyanide



anhydride in pyridine or acetyl chloride gave the allylic acetate which
was allowed to react with cycl opropanati ng reagents such as sodi um
chl oro-di fl uoroacetate in diglyme to provide the racemc, trans- 20

cycl opropane acetate internediates, 5. WO 98/ 25606

PCT/ US97/ 22627 - Reaction
Scherme 4 [ &YQ18/25606 5 The conversrgﬁu%fm%‘ﬁe acid 2
to the chiral cycl opropane car boxa?'ljehyde i nt er medi at e,
(-)-(trans)-4, is shown in Reaction Scherre 4. Internediate 2 is

condensed with (-)-2,10-¢ hor a tandard conditions, and
t hen cycl opr opaﬁ?zy%"gaaiﬁx r?ﬁ BP@E@?&'&'@W group Wml:%f%f?"&?g’(gs gqm gu ?)al I adl um
acet ate using dLAHdogrdduve theastiss interfrediate 50 r eagents such as

O

1- met hyl - 3-ni tro-1-ni trosoguani di ne. Subsequent reduction using
reagents such as LAH in solvents such as THF, foll owed by oxi dation
of the al cohol RepclioreGchemsbusi ng reagents such as :
5
Y=x RPu y—x R.A
z
0 — 7 NH, 3
4 1

Reaction Scheme 5 shows the conversion of intermediates 4 and

5 to the amine intermediate, 7, and the subsequent conversion of 8 or 7

10 to compounds of Formula |. The carboxaldehyde intermediate, 4,
condensed with hydroxylamine and then reduced with reagents such as
LAH to give the amine intermediate, 7. The acetate intermediate § is
hydrolyzed with potassium hydroxide to the alcohol, converted to the
mesylate with methane sulfony! chloride and tristhyl amine in CH,Cl,

15 and then converted to the azide by treatment with sodium azide in
solvents such as DMF. Subsequent reduction of the azide group with a
reducing agent such as LAH produced the amine intermediate 7.
Further reaction of § or 7 with acylating reagents gives compounds of
Formula I. Suitable acylating agents include carboxylic acid halides,

20 anhydrides, acyl imidazoles, alkyl iéocyanates, alkyl isothiocyanates,
and carboxylic acids in the presence of condensing agents, such as
carbonyl imidazole, carbodiimides, and the like.



DVSQ oxal yl chloride, or PCC, gives the cycl opropane carboxal dehyde
Internmediate, (-)-(trans)-4, in good yields. The enantioner, (+)-(trans)-4,
15 can al so be obtained enploying a sim|lar procedure using (+)-2,10-

canphorsultamin place of (-)-2,10-canphorsultam When it is
desired to prepare conmpounds of Formula | wherein al cohol
i nt er medi at‘g(’%“ %e activated in the conventional 20 nag%ﬁlgrgpsu% as with
mesyl .chl oride and treated with sodi um Cﬁi-’nr de WO 98/ 25606

PCT/ US97/ 22627 - 21 - f ol | owed
by reduction of ﬁh !BI $§°Ih|ﬁ ﬁoup wi th a reduci ng agent such as LAH
to produce the r ate 6. Reacti on Schenme 5 5 [err]

Reaction Schene 5 shows the conversion of internediates 4 and 5to

t he amnelnterrredlatye, 7, an 10 to
conpounds of Forml &/l
condensed wi th hydrox

LAH to give the am ne

t he g;subsequent \c.oglversa oh of $ or 7
' d

5 - Reaction Scheme 6 shows the alkylation of secondary amides of
Formula | (R2= H) to give tertiary amides of Formula | (R2 = alkyl). The
secondary amide is reacted with a base such as sodium hydride,
potassium tert-butoxide, or the like, and then reacted with an alkylating
reagent such as alkyl halides, alkyl sulfonate esters, or the like to

10  produce tertiary amides of Formula .

eacti cheme 7
z P "
’ R1-—————> ,;l/ ~ H1
Q1 QZ 2 Rz
I (Q'=Q%=H)

15 :
Reaction Scheme 7 shows the halogenation of compounds of

Fofmula I. The carboxamides, ] (Q1 = Q2 = H), are reacted with excess
amounts of halogenating agents such as lodine, N-bromosuccinimide, or
the like to give the dihalo-compounds of Formula | (Q1 = Q2 = halogen).

20 Alternatively, a stoichiometric amount of these halogenating agents can
be used to give the monohalo-compounds of Formula | (Q1 = H, Q2=
Thalogen; or Q1 = halogen, Q2= H). In both cases, additives such as lead
IV tetraacetate can be used to facilitate the reaction.

25



hydrol yzed with potassi um hydroxide to the al cohol, converted to the
nmesyl ate with nmethane sul fonyl chloride and triethyl amne in
CH err]C[err] 15 and then converted to the azide by treatnent with

sodi um azide in sol vents such as DMF. Subsequent reduction of the
azide group with a reduci ng agent such as LAH produced tnh m ne
i Nt er nedi at™o 78125606 Further reaction of 6 or 7 with acfpgwﬁ??&gﬁzzlagents
gi ves .conpounds of Formula 1. Suita® e acyl ating agents include

carboxylic acid halides, 20 anhydrides, acyl imdazoles, alkyl

| socyanat es, al kyl i sothiocy €S o1 Activi ?H_g arboxylic acids in the
presence of condensing agent 22 vity © n dazol e,

carbodiimdes, and the like. - WD 98/ 25606
PCT/ US97/ 22627 . . ' - 22 - Reacti on
Schenme 6 [err] Thqscompounds o&gheclpy%qpogcq{gﬁ%elgtogﬁél,%aqq%s.ar@w ation of

secondary am desha¥e been foun&dw bindehumarRinelatdnergitlretaptas\expressed #r g ani des

of Formula | (R = .. € e . L de 1S I ted with a
base such as éodlg akieh?eélﬁ{lngénﬂw gan aﬁ"ﬂyt %@%&qﬁgg{’%ﬁﬁﬁ% ﬁg,ag8ﬁ@fsne i ke,
and then react edasideterminedibyytheir abifity, like melatenigdatblenkdhe frskdlivy| hal i des,
2Kyt Sulfonate g Sumiubh F AR in tBnaR' RAUC B ety am des of
Fornula 1. eact1on Schene /7 err

properties, the compounds and compositions of the invention should be -

- useful as sedatives, chronobiotic agents, anxiolytics, antipsychotics,
10 analgesics, and the like. Specifically, these agents should find use in
the treatment of stress, sleep disorders, seasonal depression, appetite
regulation, shifts in circadian cycles, melancholia, benign-prostatic

hyperplasia and related conditions.

15  Melatonergic Receptor Binding Activity

1. Beagents:

(a) TME = 50 mM Tris buffer containing 12.5 mM MgCl,, and
20 ' 2 mM EDTA, pH 7.4 at 37°C with concentrated HCI.
(b) Wash buffer: 20 mM Tris base containing 2 mM MgCl,, pH 7.4
at room temperature.
{c) 10-4M melatonin (105 M final concentration).

(d) 2-[125]]-iodomelatonin, 0.1 M final concentration
25 |

2. Membrane Homogenates:

The melatonin ML, 5 receptor cDNA was subcloned into pcDNA3
and introduced into NIH-3T3 cells using Lipofectamine. Transformed
30 NIH-3T3 cells resistant to geneticin (G-418) were isolated, and single
colonies expressing high levels of 2[125[]-iodomelatonin binding were
isolated. Cells are maintained in DMEM supplemented with 10% calf
serum and G-418 (0.5 gfliter). Cells are grown to confluency in T-175



Reaction Schenme 7 shows the hal ogenati on of conpounds of Formula 1.

The carboxamdes, | (Qerr] = err] = H), are reacted wth excess

anounts of hal ogenati ng agents such as iodine, N bronosuccinimde, or

the like to give the dihal o-conpounds of Formula | (Qerr] = err] =

hal ogen) . 20 Alternatively, a stoichionmetric anmount of ogenati ng

agents can WO9%25606pc sed to give the nonohal o-conpoundsp%f?ﬁfé%(z%%lya I

(Qerr] =H Qerr] = hal ogen; o‘rzﬂ“err] = hal ogen, err] =H. In

both cases, additives such as |ead |V tetraacetate can be used to

]I;?:%'II USE)?} 22%2(73 5!33@, 'sgrg'ped usiné?—lank’s balance\é%aﬂ%olzéigg? and f_rozgl at -80°C.

Bi ol ogi cal Act i Vot prepiring enebibrppe hdmogenates, pellets are thded oniigeands of t he

invention are i : o bind
”'Féé?sﬁ%ﬁ%% in e BLffer Ji*%gé( presence ogf’(y @9@@ %@r@&ﬂpgﬁl&

human el at oner gi > ors expresse Tne with
good affinity. pin, andh O CcwMmhenyiimethysultpoyifiuoride. The cellesweret er ni ned by
their ability, Li ' ; : | - : irul at ed
accunul at i ongof ltII(': %ﬁé’%ﬁﬁf%ﬁ@g%@%ﬂ}gﬁ? é&glﬁéégéh J ce.nt"ffjggrd bsltedeti_ es, the
conpounds and cd&@pHEIa Peliet was resuspendechwith dounesuhempgenizer in TMiSef ul  as '
sedatives, chrongpipirhéntad ¥ithth ' oS8 i rSAPdens :
anal gesi cs, and@?ﬁje i ke. SF’)ecief ?gg‘{éljéﬁétﬁgs'%m@gdént S shoilﬁﬁ(sj ?? H?f)use in
the treatnent oMa¥@f@ssay, Me-wpallalisioluas thawademice angJesushended ippetite
regul ation, shi fidsscdid TME C1a50-87100)A))&hd HEM 8 fdeQritifasddgBHIN prostatic
hyper pl asi a %nd rel ated conditions. 15 Mel atonergi ¢ Receptor Binding

1 1. Reagents:

3. Incubation: 37°C for 1 hour. Reaction is terminated by filtration.
Filters are washed 3 times.

Activity

4, References: Reppen, st al., Neuron, 13, p. 1177-1185 (1994).
15 The binding data for some compounds of Formula | are shown in
Table 1.



(a) TME = 50 MM Tris buffer containing 12.5 MM MC [err], and

2 MM EDTA, pH 7.4 at 37C with concentrated HO .

buffer:
at

concentration).
concent r at | ¥R 982568

(d)

2. Menbrane Honobgenat es:

20 MM Tris base containing 2 nM Md [err],
roomt enperat ure.

20

(b) Wésh

pH 7. 4

(c) 10[err] Mnelatonin (10[err] Mfinal

2-[[err]l]-iod

onel at oni rllfc'rlotfs%wz'\z/lssz nal
The
and
30

mel atonin M[err] receptor cDNA was subc®®red i nto pcDNA3

i ntroduced into NI H3T3 cells using Lipofectani ne. Transforned
eticin

ndig fop

Nl H3T3 cells r
col oni es expres
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S| S t e
T30 1 Wlaforfip
i solated. Cells are maintained i y-LVEM sapg
serumand G 418 (0.5 g/liter).

t,a

Gél |

b fcpt

H

wer.e |

Wkel ECTIR

| engpted with 10% cal f

ownJLo confluency in T-175
N™ TR!

ol at,e

24 -

flasks, scraped usi-ng Hank's bal anced salt solution, and frozen at

and single
bi ndi ng were

-80[err]C E - ets— hawed on
i ce, and ngsuspefded| i rRTVE buf f &Yizh thel pr Malateainddinding| erfr] g/ m
aprotinin and " |leupepftin, and 100 [err] M phenylAftinityfiGsshF onylif | uori de.
The cells were[ 25 [Then hponogeni fedCiH-0B,® dounce homageni zer, gnd
centrifuged. The resplting pellet was resuspended with dounde
honmogeni zer in|TME H (supdBeenent e®-GHei® t he| above prdtease inHi bitors)
and frozen. OnptheT— dpy B W ' d on ice
and resuspended in H i e '€l d TI\/EO( Y80% 1: 1p0 v/ v) and hel d or ice
until assayed. | 318 H 3 cﬁrncubab-m]ﬂz)gﬁer 'TC Tor Ledhour. Redction is
termnated by fliltrhtion Fllters are washed 3 tines 4.
Ref erences: Repp@Pt{ et al|, Reurbn, GH=Cp-O117f-1185 (#994). 15|
The bi ndi ng datfasgof SEE FOTEpUM F a | are Shguygg 11 Tabl e
1.
30 H nPr CH5-CH»-O it
32 | H B CHo~(CHp)p0 e
51 H NHEt 0-(CHbz)o-O +
52 H vinyl O-(CHz)o-O bt
54 H CF3 O-(CHp)>-O +H+
60 H Me O-(CH2)3-O b
61 H Et CHy-(CHy)5-O +
67 H cPr O-CHy-CHg ++
76 H nPr CH=CMe-O A+
80 H cPr O-CH=CH ++
82 H Et CHy-(CHMe)-O .
88 H Et CHx-(CHMe)-O +++
95 F Et CH=(CMe)-O ++
96 H Et CHg-( CH2)2-0 +++
a = |cgo values for MLy, human melatonin receptor binding
5 + = 250 nM > ICz¢ >100 nM
++ = 100nM > ICgp> 10 NM
+++=  10nNM > [Cgg
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- 25 - Table 1: Mel atonin Binding for sone Conpounds of Fornula |

[err] Ex. R Rl err] X-Y-Z Mel at oni n

Bi ndi ng No. Affinity

(IC[err])[err 2 H Et CHerr]-CHerrl- +++
LSW OCHerr]-0O +++ %c&‘){]fQIZZGNH

|Pr . OCH[err] ++ '26' 18 H cPr

O(CHertr])[err]- ++ 23 Et CH=CH-O

+++ 29 30

H . nPr CHFQ? F?magwrasr?f e eseni qurgp_pn llave affﬂty for reppptors Et

err] - (CH er r of ther ejdagenoustpineal hormgne, melatonin, as detpiined in a
[ err]) [ err kedaptor binding assays, as 8@scribed ldbove in Tablé} lfor the MLyq

CH

o E CH

8 E a{ :{ { % ; % :{ { %(hu%nan) receptorgﬁVlelatonm lgdnvolveoﬁn the regu%j()n of]a variety of
o

(CH err])[&rr ]blojpglcal rhythms-and exerts Itg piologica) effects via pteraction with
CH[ err] - (CH[ er r ]shbéifie keceptors. Tr'rere is evidBrice that Bdministratiéf’of melatonin

?;,JrCH[ err]- gg[ ert, ﬂmsts are oé Igpmcal utlllty(lf_l é%g_t{i?tment of vanousP conditigns CH:CMESS
H Et cepulatep-hyaprielanin activity. Such conditions inclyide depragsion, jet-

CH[ er r] - ( CHVe) - Qg, work-shiftrsyhdrome, slédp disordbrs, glaucomkf some dfsorderd/e) - O

:: -1q e??]'lovaldé'socl?ted vKﬁrelpr u‘%{lgﬂ r&n&%*%@ﬁfppﬂmga%ﬁ IggfpebplasI ’ng 5 '

+ = 250 nM > | Ci@fRne weemnd neuroendocring disordefsnM > | CJerr] > 10nM

For therapeutic use, the pharmacologically active compounds of
Formula | will normally be administered as a pharmaceutical
15 composition comprising as the (or an) essential active ingredient at least
one such compound in association with a solid or liquid
pharmaceutically acceptable carrier and, optionally, with
pharmaceutically acceptable adjuvants and excipients employing
- standard and conventional techniques.

20
The pharmaceutical compositions include suitable dosage forms

for oral, parenteral (including subcutaneous, intramuscular, intradermal
and intravenous) transdermal, bronchial or nasal administration. Thus, if
. a solid carrier is used, the preparation may be tableted, placed in a hard
25 gelatin capsule in powder or peliet form, or in the form of a troche or
lozenge. The solid carrier may contain conventional excipients such as
binding agents, fillers, tableting lubricants, disintegrants, wetting agents
and the like. The tablet may, if desired, be film coated by conventional
techniques. I[f a liquid carrier is employed, the preparation may be in the
30 form of a syrup, emulsion, soft gelatin capsule, sterile vehicle for
injection, an aqueous or non-aqueous liquid suspension, or may be a
dry product for reconstitution with water or other suitable vehicle before
use. Liquid preparations may contain conventional additives such as
suspending agents, emulsifying agents, wetting agents, non-aqueous
35 vehicle {including edible oils), preservatives, as well as flavoring and/or
coloring agents. For parenteral administration, a vehicle normally will
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The conpounds of the present invention have affinity for receptors of
t he endogenous pi neal hornone, nelatonin, as determned in a receptor

‘bi.ndi ng assays, as described above in TabI e 1 for the ML err%9 (human)
receptors W&F@ﬁr nis involved in the regulation of a 17@266? 5

bi ol ogi cal rhythns and exerts its biol og®tal effects via interaction with
specific receptors. There is evidence that adni ni stration of nelatonin

agoni sts are of clinical .uti treatnept of various.conditions
rggul ated by neF%fPB?ﬁ%aﬁElﬁr"\’ﬁt?ﬂv%t gﬂéﬁ"‘ @rgﬁrﬂq%ﬁgh?‘fﬂh Be $oMeRS on, | et -

| ag, work-shi ftgwoﬁmuomlamn@mey déruﬁlrzdii Anjeetable smndioaeewars 10
associated with_re ﬁ%ﬁton ﬁancer Pfgé}éprost t|c Qerapl asi a,

i mune di sorderE'aX b5 Fﬁﬁ%cﬁn‘ﬁ%’ 'ggi Suspending Bgert ALY __

t her apeuti ¢ useenmployegh@aomeentiongl prskyvativds, befferdrlgt)agmﬂs anfl the like Fornul a |

will normally b 05|t n
conprising a %!s@%f%&%ﬁéi@@ﬂﬁeippﬁerﬁ éo%qa&é‘r{gn agfzﬁl efu'l 8 one
such conpound i theaadroipistrationofd compound oftFamula lancdal dosage phar maceutical |y
acceptabl e carr 'fcﬁ‘hui’d?ﬂpsOﬁhle%ﬂgrrhgceu%élmom ositi né)g Il'y acceptabl e
adj uvants and excl pl en PPENe onv nti onal _

t echni ques.  20conventional techmquaseanmenmémtheceeslredrmeparatwns i ncl ude
sui t abl e dosage r I ubcut aneous,

I ntramuscul ar, |c %@r%gﬁ‘g %%ﬁropndcté%nﬁruﬁ{g Ofﬁﬁé g%‘%&ﬁéseﬁidﬁ? tH%' o , bronchial .

or nasal adifni §9ma9wa#1°f Feronitla | according to thedavangon.a Seeefor ﬁ§am§|§d t he

preparation may h% Bl:élﬁ lsaeﬁcé?fl\ﬁhckzﬁubhsﬁiﬁ Hd sule in
powder or pelle ormof a troche or b ﬂ%ﬁgenge The
solid carrier rrga &W@Htﬂ?ﬁf’dl excr pi ents such as bi ndi ng

agents, fillers, tabl etlng | ubri cants, disintegrants, vvetting agents
and the like. The ta |f desi red be fil m coated lgﬂconve tional

techni ques. If a li qE\ '5‘35'89 afmaceulica) Golnngsitions, cAPBIING CPBROYALS Fe in the |
30 form of 18 syteipresentihgénion, thefdctige rr@mmemmwr asudllydie mixedaftincl e for
e o PR, BF B A7 A R b Sy SR Roral MOBRRE 2 berore
use. Liquid prepariatheciosnwhn capsile, sachet) papér ayutheraddtdinere Wisanctheas '

carrier serves as a diluent, it may be a solid, semi-solid or liquid material

which acts as a vehicle, excipient or medium for the active ingredient.

- 20  Thus, the composition can be in the form of tablets, pills, powders,

lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions,

syrups, aerosols (as a solid or in a liquid medium), ointments containing

for example up to 10% by weight of the active compound, soft and hard

gelatin capsules, suppositories, sterile injectable solutions and sterile

25 packaged powders.

Some examples of suitable carriers and diluents include lactose,
dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, calcium
phosphate, alginates, tragacanth, gelatin, calcium silicate,

30 microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup,
methyl cellulose, methyl- and propylhydroxybenzoates, talc, magnesium
stearate and mineral oll. The formulations can additionally include
lubricating agents, wetting agents, emulsifying and suspending agents,
preserving agents, swesetening agents or flavoring_- agents. The



suspendi ng agents, enulsifying agents, wetting agents, non-aqueous 35
vehicle (including edible oils), preservatives, as well as flavoring and/or
coloring agents. For parenteral admi nistration, a vehicle normally wll
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conpri se sWOBR¥%ater, at least in |arge part, althougﬂnééW?Hgmg%lutions,

gl ucose solutions and |ike may be utili-z#- | njectabl e suspensions al so
may be used, in which case conventional suspending agents may be

enpl oyed. Conventional. preservatives, huffering agents and.the |jke 5
al so’ may be add&&"‘PBS'{‘?{g‘ ??3‘?%!&"8?%&" @8%%64‘)%#%58%9&55985?‘5 ¢ gUGSeful s
t he adm ni st r at sostaingd @r delaped releade dfcthenakctive ingrediem laftdo ad@inistration

formul ati ons. TEGWQ @rrﬁtceutical conpositions are prepared by
conventi onal tefhi g appropriate to the desired preparation

contai ni ng appropriate anounts of the active ingredient, that is, the 10
conmpound of Fornmul a r di | AV, ' . exanpl e,

Rem ngt on' s Phar mcet??gé%g%cqq&%g%%gﬁﬂﬁ% iﬁhﬁ@ﬁi’i‘gsﬁé’g‘%ﬂy,

Easton, PA, 17t mwe_utioreﬁectgﬁﬂdepend not only an such factarsiks tiye pge waighdut i cal
conmpositions COBf»ﬁ'sBk'aﬂ q‘éi}ié@@h‘:"% @Bde %Eadﬁmfﬁf’strﬁfi&?,% als8'gtheon. the active.
ingredient(s) w usua e mxed Wt a‘carrier, or diluted by a
carrier, or enckogie alimelatanergicadtivily desirestanddfie potency dbthe partiedar or m of a
capsul e, sachet comBEAd Bgingylﬂ%eocﬁmﬁé %fi?tgmgﬂdgﬁpr condition" &/ ' €I SErves

as a diluent, it my . , Sem-so or quid materi al . whi ch
acts as a vafi crencemed.plt isalseronteapiated thet thedreatmeniand dpeage ehthe 20

Thus, the conpophatticRiar éampbind MalybR ddMhiRlstired AOURE Sosaie!fbfn aRQKIRT S,
| ozenges, sacheiﬁﬁ, aé:i?ahet S,, elixi sions, enul'sions Ql‘g‘t | ons,

) , Suspe , l
syrups, aerosol Wifﬁ%wwwgﬁ Falﬂg‘ieg acERfINgY PR ﬁ@“?i“’b fit ai ni ng
for exanple up tafttd08fidey theaelitive Rivel dfeactidity. VEheCdutisioas tosibbipativiidnar d

| at i | es, it terile inj bl |yt i, d steril
g2l o |1, 20501 SpeBP S bk (e i SR BF el Br e oL
and dih_l uent 45i ndayjlis withiri thediscretion of ttiﬁphysgdt&n, aﬂ;:na;sbe vaﬂé?)byol , r'f:aﬂni tol, *
st arches, gum agagi: | 0 i nates, L ant h,
el at i m, cal of uiaieh etfta Sobdls o ine paREEP SR 8 aentoREs
pol yvi nyl pyr r ol ipdaduse the desitesktberapattic effaotr up,

The compositions are preferably formulated in a unit dosage form,
20 each dosage containing from about 0.1 to 100 mg, more usually 1to
10 mg, of the active ingredient. The term "unit dosage form* refers to
physically discrete units suitable as unitary dosages for human subjects -
and other mammals, each unit containing a predetermined quantity of
active material calculated to produce the desired therapeutic effect, in -
25 association with the required pharmaceutical carrier.

These active compounds are effective over a wide dosage range.
For example, dosages per day wili normally fall within the range of about
0.1 to 500 mg. In the treatment of adult humans, the range of about 0.1
30 to 10 mg/day, in single or divided doses, is preferred. Generally, the
compounds of the invention may be used in treating sleep and related
disorders in a manner similar to that used for melatonin.



met hyl cel lul ose, nethyl- and propyl hydroxybenzoates, talc, magnesium
stearate and mneral oil. The fornul ations can additionally include

| ubricating agents, wetting agents, enulsifying and suspendi ng agents,
preserving agents, sweetening agents or flavoring agents. The WO
98/.25606 '
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conposi.tions of the invention may be forn®®ated so as to provi de qui ck,
sust ai ned or del ayed rel ease of the actlve i ngredient after admi nistration
to the patient

) d of F
achieve a therﬁ'a'?)‘@ﬁ‘ﬁr L 3’19 OS aérﬂ?gﬁ&g%g’p?’auﬂ%ah%ﬁ"g@éq# actorg as
}3 he alge, wei ?Et actually administered ofill bdlademﬁrmdtbmﬂhysiden ah tlw“fghtldf'a r ?L ion,
ut al so on e | an e :
pot ency of the glretre(l:e quhﬁ%sgncggﬁ%ﬁ}?%g’ ‘f@%‘?ﬁ t{%gg%%t% e partlcul ar
di sorder or condcbtblgﬁOf Q@np@mdderheaﬂmlhlstersdahechosmtmutddted that the '
t r eat ment and doﬁ@ﬁlﬁ&ﬁftﬁ)ﬁe&he age, We@ﬁ,tdrme?ﬁ%p%g%%#‘ﬁimua?ﬁaﬁ%g‘ ni st er ed

in unit dosage form an uni ormwou adj usted
accordi ngly by omBd#a savedty of thepatient's symptams.o reflect the relative |evel
of activity. The decision as to the particular dosage to be enployed

(and the nunber of tines to be admi nistered per 15 day) is within the
di scretion of the phyShefrempouids whigh penstitute dhls invention, theit methads®f of the

dosage to the papiddadtith a‘ﬁdrtﬁamo?aw@acﬁﬁnstm%pbaaﬁwe%u& from produce.

the desired therapeutlc ef f npositions are
preferably f(wrmPS'F%!ﬁerPHWb%WPtMM%éxﬁ'ﬁplﬁ’ﬁ W’Z‘Gh aé%lswelé@ratge PHERASRI Nni ng

from about 0.1 tef {iGStratin disgrawémhdm iaetc%nstrued as ﬂ:ﬂmﬁymé)ﬁwémﬂmaﬁt ive
i ngredient. The term "unit dosage fornt refers to physi cal |y

discrete units sﬁPl?%fBI%sﬁgp%nltary dosages for human subj ects and
ot her mammal s, each unit containing a predeterm ned quantity of

active material calculated to produce the desired therapeutic effect, in
.25 association with the required pharnmaceutical carrier.
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DESCRIPTION OF SPECIFIC EMBODIMENTS

In the following examples, used to illustrate the foregoing
synthetic processes, all temperatures are expressed in degrees Celsius
20 and meilting points are uncorrected. Proton magnetic resonance
(TH NMR) spectra were determined in the solvents indicated and
chemical shifts are reported in § units downfield from the intemal

standard tetramethylsilane (TMS) and interproton coupling constants are
reported in Hertz (Hz). Splitting patterns are designated as follows: s,
25 singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad peak; dd,
doublet of doublet; bd, broad doublet; dt, doublet of triplet; bs, broad
singlet; dq, doublet of quartet. The infrared (IR) spectral descriptions

include only absorption wave numbers (cm") having functional group
identification value. The IR determinations were employed using the
30 compound neat as a film or by employing potassium bromide (KBr) as

diluent. Optical rotations [oz]lz)5 were determined in the solvents and

concentration indicated. The elemental analyses are reported as
percent by weight.



These active conpounds are effective over a w de dosage range. For
exanpl e, dosages per day will normally fall within the range of about

0.1 to 500 ng. In the treatnent of adult humans, the range of about 0.1
30 to 10 ng/day, in single or divided doses, is preferred. Generally, the
conpounds of the invention may be used in treating sleep ed
di'sorders iWO%¥M¢ner similar to that used for nelatoni npé?'gs;”%a;
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However, it will be understood that the amount of the conpound

actually adm nistered will be determ ned by a physician, in the |ight of

t he rel evant ci Rrapatatiore of iintdrmibdigteshef dtordivlach to be treated, .the
choi ce of conpound to be adm nistered, the chosen route of 5
adm ni stration, the age, wei ght, and response of the individual patient,

and the severity of the patient's synptons. The conpounds
whi ch consti ute this invention, th?&é@ﬂ%@gﬁr of preparation and
their biologi'c actions will appear rom 10 consideration of
the foll ow ng exanples, which are given for the purpose of
illustration Onlﬂfeﬂﬁéﬁ-ﬂ%‘arﬁ@xaﬁﬁﬂ[ﬁ rued as limting the invention in
sphere or scope SCRI PTION OF SPECI FI C

EVMBODI MENTS In the fol I oW ng exanples, used to illustrate
the foregoing Step 1:SWMEhd-NNRRBIISE Sn-Ueiapesainiges are expressed in
degrees Cel si us 8 and nelting points are uncorrected. Proton nagnetic
resonance 10 ([err]H NVR) spectra were determned in the solvents

indi cated and A mixtuhsirBenabfufii-4-tarbak |crm[ﬁnﬁénsmw1 J.Medgingli el d from

coupl i ng. const arfhergB: 25 (16 55%3?%8@351@5? e el nd R Do er ns

are desi gnat ed ahldridel (28sl.) was Hatedsiongflex for@ h dmtﬂeatqonbenttateqbiret q,
e o G, ToB o[ oy 818 B ) 4RIt
15  solution of N ,O-dimethylhydroxylamine hydrochloride (2.8 g) in saturated
NaHCO3 (60 mL) was added with stirring. After stirring for 1.5 h, the :
ethyl acetate layer was separated. The aqueous layer was extracted
‘with ethyl acetate. The ethyl acetate extracts were combined, washed
with saturated NaHCOg and concentrated m__v_a_cgq to give an oil (3.2 g,
20 95.4%).

Step 2: Benzofuran-4- aldehyde

A solution of N-mathoxy-N-methyl-benzofuran-4-carboxamide (3.2 g,

25 16.6 mmol) in THF (100 mL) was cooled to -45°C and then LAH (0.7 g,
18.7 mmol) was added. The mixture was stirred for 15 min, allowed to
warm to -5°C, and then recooled to -45°C. Saturated KHSO,4 (25 mL)
was added with vigorous stirring, and the mixture was allowed to warm
to room temperature. The precipitate was filtered and washed with

30 acetone. The filtrate was concentrated in vacuo to give an oil (2.3 g,
94%).



singlet; dq, doublet of quartet. The infrared (I R) spectral descriptions
include only absorption wave nunbers (cnferr]) having functional group
identification value. The IR determ nations were enpl oyed using the 30
conpound neat as a filmor by enpl oying potassium brom de (KBr) as

di luent . c tations [err] were determined in the sglvents and
concentrati. &P%‘@at ed. The el enental anal yses are reporf‘é"du%?gm‘”
percent. by wei ght. WO 98/ 25606 - 31 =
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Preparation of Internedi ates of Forriyll

Preparation 1 Benzof ur an- 4- yde - Step 1
N- Met hoxy- N- et hyl - benzof ur an- 4- car boxam de 10 A m xture of

benzof ur an- 4- car%&%%%ﬁgggﬁnﬁ%g}%o%l %!“ : !eJ Medi ci nal

Chem stry, 38 (1 | ) and thionyl
chloride (25 nL) was heated to reflux for 2 h and then concentrated in

vacuo. The sodi dgg Hd%‘wﬁ%g%%% ate (50 nL) and a 15
sol ution of NOdlﬁthy roxXylam ne ny ?&(2.89) in saturated
NaHCO err] (60 nL) was added wWith stirring. After stirring for 1.5 h, the
ethyl acetate |aBéﬁzdf@%nsﬁéﬁb&EﬂQacfdrﬁO%’eﬂU?n*{rﬁdiﬂva ngdl%égﬁétﬁﬁgﬁo .
with ethyl acetate,, The _eth acetate exttacts were conbin d
with saturated Negicopacet '?a%!w%w&bﬁwrah%@mm(?aﬁ)derﬂ%hgu'ﬁeemmtwel (3.2 g,
20 95.49. was filtered and the filtrate was diluted with water (500 mL) to give 2,3- '
10  dihydrobenzofuran-4-carboxylic acid as a white powder (8.4 g, 83%). A

sample was recrystallized from isopropanol to give fine white needles
(mp: 185.5-187.5°C).

, Step 2: (2,3-Dihydrobenzofuran-4-ylymethanol
- 15 :

A solution of 2,3-dihydrobenzofuran-4-carboxylic acid (10 g, 61 mmol) in
THF (100 mL) was stirred as LAH (4.64 g, 122 mmol) was slowly added.
The mixture was heated to reflux for 30 min. The mixture was cooled
and quenched cautiously with ethyl acetate and then with 1N HCI

20 (150 mL). The mixture was then made acidic with 12 N HCI until all the
inorganic precipitate dissolved. The organic layer was separated, and
the inorganic layer was extracted twice with ethyl acetate. The organic
layers were combined, washed twice with brine, and then concentrated

_ In vacuo. This oil was Kiigelrohr distilled to a clear oil that crystallized
25 upon cooling (8.53 g, 87.6%).

Step 3: 2.3-Dihydrobenzofuran-4-carboxaldehyde

DMSO (8.10 mL, 114 mmol) was added at -78°C to a stirred solution of
30 oxalyl chloride in CH,Cly (40 mL of a 2M solution). A solution of (2,3-
dihydrobenzofuran-4-yl)methanol (8.53 g, 56.9 mmol) in CHoCl> (35 mL)
was added dropwise, and the solution stirred at -78°C for 30 min.
Triethyl amine (33 mL, 228 mmol) was added cautiously to quench the
reaction. The resulting suspension was stirred at room temperature for



Step 2: Benzof uran-4-carboxal dehyde A sol ution of

N- met hoxy- N- net hyl - benzof uran- 4-carboxamde (3.2 g, 25 16.6 mmol) in THF
(100 nL) was cooled to -45[err]C and then LAH (0.7 g, 18.7 mml ) was
added. The m xture was stirred for 15 mn, allowed to warm t o
-5]err]C, recooled to -45[err]C. Saturated KHS m.)

was added ,%pgﬁ%orous stirring, and thg m xt ure was aﬂrga-h}ggﬁawarm

to roomtenperature. The precipitate was fil1tered and washed with 30
acetone.” The filtrate was concentrated in vacuo to give an oil (2.3 g,

49 . . .

I%C{? (S97/ 22 627V\@09r§{n2a§1%0cﬁlut§d with CHoCls (100 mL). The orgamc_layf{ was

Preparation 2 washed t&eétnﬁiebwdﬂnbﬂez,dndrtanee%ﬂabdhm;ahdehmﬁe 5 Step 1
2o o nee Goleatted FLAR 0 3y 3518 5 o oo BARSRRRBA IRBAY P UL &
(100 nl) over 1@wificktoni2 g) for 12 hr. The m xture was filtered and

the filtrate was diluted with water (500 nL) to give 2,3- 10
di hydr obenzofur an- 4- carboxylic acid as a white powder (8 4 g, 83%. A

sanpl e was recrystallized fromlsop ve fine white needl es
(np: 185.5-187.5[err] Q). B thlélp §

(2.3-Di hydrobenzofuran 4- yl)net hanol 15 A sol utlon of )
2, 3- di hydr obenz @:8¢aa-lelzahydyob Becarboxale dej n THF (100
m_) was stirred as LAH (4. 64 g, 122 rrrml) was sIovay added The

m xture was heated t reflux f(')r 30 n?n The mxture was cool ed and

quenched cal}tq oudep T

A mixture of ethyl 2-allyl-3-hydroxybenzoate (20.6 g, 100 mmol), benzyl
bromide (18 g, 105 mmol), and potassium carbonate (17 g, 123 mmol),
was heated in DMF to 100°C for 18 hr. The mixture was cooled and

15  diluted with water (500 ml), and extracted with ethyl acetate three times.
The ethyl acetate extracts were dried over brine and concentrated in
vacuo to a tan oil (29.6 g, 100%).

Step 2. Ethyl 2-(3-hydroxypropyl}-3-benzyloxybenzgate
20

A solution of ethyl 2-allyl-3-benzyloxybenzoate (29.6 g, 100 mmol) in
THF (300 ml) was cooled to -10°C under nitrogen. A solution of borane
THF complex (110 ml of 1M, 110 mmol) was added dropwise, and the
reaction mixture was allowed to warm to room temperature and stirred

25 for 1 hr. A solution of hydrogen peroxide (12 ml) in saturated NaHCO3
(200 mi) was then slowly added, and the mixture was stirred for 30 min.
The mixture was extracted with ethyl acetate twice. The ethyl acetate
extracts were washed with water, dried over brine, and then
concentrated jn vacuo to give a clear oil (27.6 g, 88%).

30

Step 3: Ethyl 2-{3-methanesulfonyloxypropyl)-3-benzyloxybenzoate

A solution of ethyl 2-(3-hydroxypropyl)-3-benzyloxybenzoate (10.19 g,
32.5 mmol), and triethyl amine (4.05 g, 40 mmol) in methylene chloride



20 (150 nmL). The m xture was then nmade acidic with 12 N HO until all the
I norgani c precipitate dissolved. The organic | ayer was separated, and

the inorganic | ayer was extracted twice with ethyl acetate. The organic

| ayers were conbi ned, washed twice with brine, and then concentrated

in vacuo. This oil was Kugelrohr distilled to a clear oi stallized
25 upon cBRFs. 53 g, 87.6%. Step 3: bkt

2. 3- Di hydr obenzof ur an- 4- car boxal dehyde © 33 - - DMVMBO (8.10 ni, 114 nmol) was
added at -78[err]Cto a stirred solution of 30 oxalyl chloride in

G hyclr obengof ur S0 We BRRHIR b By atndBlat shfof ohlyde B0 o1y (35
m.) was auddiéib mmof)wassslowlydidded. Jbkute bath wasrresdved anddi@ f or 30 i n.

T ethy| arm ne (gl o iah Rl 1350ANdRBoRalH ST b fibdaIHe e

reaction. The resu ng suspensi on was s oom t'enperature for
WD 98/ 25606 mixture was diluted with water, and the methylene chloride layer was

PCT/ US97/ 22627 . - = fur 30 mn
hdl di ] ut ed (RRRTES T0e aeyene gty laer was washed Wit igafer twice,
washed three ti itd$Hul twicavandrthen fiereditiyoudh atpagdiat siica gatitorgivma clear
concentrated i ngygfs This 3Bluflon wes cdAcéhtratdPi) vdciato Wie d'aesr i t hout
purification. 5 Preparation 3

2.3.4. 5-Tetrah{tBHBeP@%Bkepi n-6-ca rboxal dehyde 10 Step 1: Ethyl’

2-al |yl -3-benzyl oxybenzoat e A m xture of ethyl :
2-al |yl -3-hydroxybenzoat.e ) , , brom de (18 g, -
105 nmol ), afd ég? G e e ' epizyloxyhgrizoate was heated in

DMF to 100[err]C for 18 hr. The m xture \’Nas ooI d énd
A mixture of ethyl 2-(3-methanesulfonyloxypropy!)-3-benzyloxybenzoate
(19.42 g, 31.7 mmol) and potassium cyanide (2.28 g, 35 mmol) in DMF
(50 ml) was heated at 100°C for 8 hr. The mixture was cooled, diluted
15  with water (250 mi), and extracted three times with ethyl acetate. The
~ethyl acetate extracts were dried with brine, and concentrated in vacuo.
The crude product was chromatographed on silica gel using methylene
chloride as the eluent to give the product as an oil (5.25 g, 53%).

20 Step 5: 4-[2-Benzyloxy-6-carboxyphenyijbutanocic acid

A mixture of ethyl 2-(3-cyanopropyl)-3-benzyloxybenzoate (5.25 g, 16.9
mmol) in 5 N sodium hydroxide (75 ml) was heated to reflux for 18 hr.
The solution was cooled and made acidic with 12 N HCl. The white

25 precipitate was collected and air dried (5 g, 94%).

Step 6: 4-[2-Hydroxy-6-carboxy-phe

A solution of 4-[2-benzyloxy-6-carboxy-phenyljbutanocic acid (5 g, 15.9

30 mmol) in ethanol was hydrogenated at 60 psi for 4 hr over 10% Pd/C (1
g). The mixture was filtered, and the filtrate was concentrated in vacuo to
give a white solid (3.95 g, 99%)



15 diluted with water (500 m ), and extracted with ethyl acetate three
tines. The ethyl acetate extracts were dried over brine and
concentrated in vacuo to a tan oil (29.6 g, 1009%. Step 2:
Et hyl 2-(3-hydroxypropyl)-3-benzyl oxybenzoate 20 A sol ution of
ethyl 2-allyl-3- benzyl oxybenzoate (29.6 g, 100 nmol) in nicd (300 )
was cool ed‘%& err] C under nitrogen. A solution of boFCTmsm THF
conpl ex (110 rr1 of 1M 110 mmmol ) was add@d dropw se, and the

reaction mxture was allowed to warmto roomtenperature and stirred 25
for 1 hr. A solution of hydrogen peroxr de |n saturat ed NaHCC3
(200" M) was theHter GwEthddd2ethaxyeathos droxyphenyl @ig it 30 ni n.

The m xture was extracted W|th et hyI acet ate tW| ce. The et hyI acetate
extracts were washed vvltp rraé dried over brine, and

concentrat ed i n A&elton gt 4i-aydroxy- Q&artmxyphwl]gutﬁnmgmd (7 %9- 35 Step 3:

Ethyl 2-(3-met haﬁm lith efmaheianer suhitie adid(80 drdpey Wae heaiidtto reﬂuxfor18A

sol uti on of th h dro r benzyl oxybenzoat e

32.5 mml ), é‘gﬁﬂa“ %Ré‘y%a?w% Hﬁ‘HT’bg'PW ragY ﬁ)ﬁ"é’ r?:qﬁ oride
WD 98/ 25606 The mixture was filtered and the filtrate was concentrated in_vacuo. The

PCT/ US97/ 22627 (100

m) was cool ed iFWHng el wagdissglverin ﬁﬁwba%%?‘ﬁowwh%wm w&ger( driegywith n,
36 nmol ) was sl dwing, add & coficenirated fravacusts gieheqroduttias ba oil (9.06 g, eact i on
allowed to \A/arméé)4gzomterrperature over a 1 hr period. the m xture
was diluted with vva and the nethylene chloride | ayer was 5
separated. THe net hyI ene chlori de | ayer was vvashed with water tw ce,

1 NHA twce, ag% gl to give a
cl ear sol |on

f 0 ' TACUO t O give a
clear oil (12.4 g, 98% 10 St ep 4. Et hyI
2- (3- cyanopr opy | gmgr REEHoRYCERSSHRE Hydroxyphenyllbutanoic acid (9.06 g, 32.4
: mmol) was dissolved in a room temperature solution of potassium
15 hydroxide (3.62g, 64.6 mmol) in water (68 ml). The solution was stirred
at room temperature for 2 hr, and then made acidic with 12 N HCl. The
mixture was extracted twice with ethyl acetate. The ethyl acetate extracts
* were combined and extracted with 10% aqueous potassium carbonate
three times. These aqueous exiracts were made acidic with 12 N HCI
20 and extracted twice with ethyl acetate. The sthyl acetate extracts were
concentrated jn_vacuo to a white solid (6.4 g, 79%).

Step 9: 4-[2-Eth 1-6-hyd henylilbutan-1-ol

25 Borane THF complex (56 ml of 1M in THF, 56 mmol) was slowy added to
a solution of 4-[2-ethoxycarbonyl-6-hydroxyphenyloutanoic acid in THF
at 0°C. The solution was stirred for 2 hr and allowed to warm to room
temperature. The reaction was guenched slowly with aqueous acetic
acid (5 ml of 50%) and stirred until the bubbling subsided. The mixture

30 was concentrated in vacuo to a slurry, which was dissolved in cold 10%
potassium carbonate. The solution was extracted with ethyl acetate
twice. The organic extracts were dried with brine and concentrated in
vacuo to a tan oil that solidified upon standing (5.14 g, 84.9%).



A m xture of ethyl 2-(3-nethanesul fonyl oxypropyl)-3-benzyl oxybenzoate
(19.42 g, 31.7 mml) and potassi umcyanide (2.28 g, 35 mol) in DV

(50 mM) was heated at 100[err]C for 8 hr. The m xture was cool ed, diluted
15 with water (250 m), and extracted three tinmes with ethyl acetate. The

ethyl acetate extracts were dried with brine, and concentja %qﬁ.,vacuo.
The crude pY’B s chromat ogr aphed ong sr | i ca gel  using rret ene
chloride as the eluent to give the produf? as an oil (5.25 g, 53%. 20
Step 5: 4-[2-Benzyl oxy 6- car boxyphenyl]but anoi ¢ aci d A m xture of
ethyl 2-(3-cyan gapy ,355 1Se mmol) in5
N sodi um hydrox eate 0 re r. The

sol uti on was cool ed and nade aC|d|c with 12 N HCI The white 25
precipitate was AI@br'uﬁ&rt sﬂqéldth% céibé:ﬁﬂis(rﬁ,d%xyaﬂ%yubutan 1-|ol rs 14 §p

4-[ 2- Hydr oxy- 6- car oxy anor ¢ acid I on of

4-[ 2- benzyl oxy- & {/)mrﬂ%: taq'nutwc@eacqr@weeéoawedoatbcoolﬁﬁnr) in

et h?nol vas ][w?i{magat&fdr ﬂﬁq%rra;&tm'hter(mﬂy zewemnfdwatrfaﬂéusthgrl o g). The
mxture was filtered, .an e filtrate n in vacuo to

give a white so|qz&d(:§rt§>§yl§te @89, 28.1 mm%%&@g@@ e reaction was

PCT/ US97/ 22627 stirred for 18 hr and then concentrated in_vacuo. The residife was St ep

7. Ethyl 4-[2-etho r oxyphenyl ] but an

St ion o L T B ey R R LABh T edhyighs ohigde as e

mmol ) i n et hanol elaexd ts glvethe progiatidag doitl (285 Iy, 8@%).heat ed to reflux for 18
5 hr. The s@laution was neutralized with sodi um bi carbonate and cool ed.
The m xture s filtered and the f||trate was concentrated in vacuo. The
resulting oil wcStegh 330|234 BNZDXEPRI methanc

brine, and the concentrated in vacuo to glve the product as an 0|I (9.06 g,

A solution of ethyl 2,3,4,5-tetrahydrobenzoxepin-4-carboxylate (2.85 g,
13 mmol) in THF (30 mi) was stirred as LAH (1 g, 26 mmol) was slowly
15 added. The mixture was stirred for 18 hr, and then quenched by the
sequential addition of water (1 ml), 15% sodium hydroxide (1 ml), and
water (3 ml). The mixture was filtered and the filter cake washed with
ethanol. The filtrate was concentrated in vacua to an oil (2.3 g, 100%).

20 Step 12: 2.3.4.5-Tetrahydrobenzoxepin-6-carboxaldehyd

DMSO (1.85 ml, 26 mmol) was added slowly to a -78°C solution of oxaly!
chloride in methylene chioride (10 ml of 2 M, 20 mmol). To this solution
_ was added slowiy a solution of 2,3,4,5-tetrahydrobenzoxepin-4-

25 methanol (2.3 g, 13 mmol) in methylene chioride, and the mixture was
stirred 30 min at -78°C. Triethyl amine (7.53 ml, 52 mmol) was added
slowly to the reaction mixture, which was then allowed to warm to room
temperature. The mixture was diluted with methylene chloride (50 ml)
and washed with water and then brine. The organic layer was

30 concentrated jn_vacuo to an oil (2.28 g, 100%).

ith water, dried with -



92.4% . 10 Step 8: 4-[2-Ethoxycarbonyl - 6- hydr oxyphenyl ] but anoi c

aci d Et hyl 4-[2-et hoxycarbonyl - 6- hydr oxyphenyl ] but anoi ¢ acid (9. 06
g, 32.4 nmol ) was dissolved in a roomtenperature solution of
potassium. 15 hydroxide (3.62g, 64.6 mvl) in water (68 m). The sol ution
was stirred at roomtenperature for 2 hr, and the Jdic with
12 N HO . PHR9825606  nj xture was extracti% twice with et Eﬁ%g%’é?‘?(e. The

et hyl ~acetate extracts were conbifitd and extracted with 10% aqueous
pot assi um car bonat e three tines. These aqueous extracts were nade
acidic wwth 12 N HA - 20 and extrap.%w_gwith ethyl acetate. The et hyl
acetate extracts were ~concentrdated fn vacuo to a white solid (6.4 g,
799 . Step 9: 4-[2-Ethoxycarbonyl - 6- hydr oxyphenyl ] but an- 1- ol

25 Borane THF mloqﬁ[éﬁq_egrgg§ﬂggh&gg%, 56 mmol ) was sl owy added to

a solution of 4-TZ-ethoxycarbonyl-b-hydroxyphenyl]butanoic acid in THF

at O[err]C The solution was stirred for 2 hr and allowed to warmto room
t enper at ur e. 5Thgté'@aﬁéﬁm%'9ﬁi@rﬁ§%§ omy w th aqueous acetic :
acid (5 mM of 50% and stirred until the bubbling subsided. The m xture

30° was concentrated in vacuo to a slurry, which was dissolved in cold 10%
pot assi um car bopamixturd ¢ aiyd brdrhids (1624 &X 1 122Ghel)] Mbthil Lilibylatedde2.a4¢ ‘
twi ce. The organlqofgxt rlj';\cta \Mfre, rie Wltg lb;éjﬁ e gr%% co?ceﬁﬁé ed in
vacuo to a tan & i-08{3¢9") 890 Retassip GbRnateda -59( SP4ngj) Inght %QO

WO 98/ 25606 ml) and DMF (800 ml) was heated to reflux for 6 hr. The mixure was
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T0: Bt hyl 218, 4 PRURAIBIOWAIPT 3 250 SyirRcied i iy agptate thréS'times, ThP ¢ i on' of
4- [ 2- et hoxycar bethyl aéethiedexiragisheenel dombired dndWwagled witly water and dtied6 nmol) i n
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tri phenyl phosphin
yellow oil that was vacuum distilled to a clear oil (163.45 g, 80%).

15 Step 2: Methyl 3-allyl-salicylate

Methyl 2-allyloxybenzoate (163.5 g, 848 mmol) was heated to 220°C for
1 hr, and then vacuum distilled to give the product (163.5 g, 100%).

20 Step 3: Methyi benzofuran-7-

Ozone was bubbled through a solution of methyl 3-allyl-salicylate (30 g,
156 mmol) at -78°C for 2 hr until no starting material was present on |
TLC. The reaction was quenched with dimethyl sulfide and stirred at

25 room temperature for 18 hr. The mixture was concentrated in_vacuo, and
the residue was dissolved in ether. The ether solution was washed with
brine three times, and then concentrated in vacuo to a green oil. This oil
was dissolved in toluene and heated to refiux with sulfuric acid (0.5 mi)
for 4 hr. Sodium carbonate (5 g) was added, and the mixture was cooled

30 and then filtered. The filtrated was concentrated in vacuo to a dark oil
that was purified by chromatography on silica gel using methylene
chloride as the eluent to give the product ais a green oil (12 g, 44%).



azodi carboxyl ate (4.89 g, 28.1 mmol) in THF (60 m ). The reaction was
stirred for 18 hr and then concentrated in vacuo. The residue was

purified by chromatography on silica gel using nethylene chloride as the
eluent to give the product as an oil (2.85 g, 60%. 10 Step 11
2.3.4.5-Tet enzoxepi n- 6- met hanol A sol uti yl
2,3,4,5-tef¢§ﬁ§g$@£enzoxepin-4-carboxy|a§9,(2.85 g, P%&%%&ﬁﬁgﬁ) I n THF
(30 m.) was stirred as LAH (1 g, 26 mmol) was slowy 15 added. The

m xture was stirred for 18 hr, and then quenched by the sequenti al
addi tion of wat eStepl4:"Benzdibfarspdrathadoidr oxi de (1 m), and water (3.

m). The mxture was filtered and the filter cake washed with
et hanol. The filtrate was concentrated in vacuo to an oil (2.3 g, 100%.
20 Step 12: 2. A dolatigreofrmabthyl erzofurareFioarifoxymtd (x84 deBY rramol) was DVBO

Chi ori de i n- et fedEs adigRnsbn i B o6 Pl g teinedll ¥y o,
vvashaﬁdled( ;I gwl yto geflixl fax 3(?)mimelie Battion wa'ls lqa_blymedbmiﬂzeﬂogﬂqata:tﬁ ragda/a .
tirred 30°mn ek, T e Mo Roitle i f°N G DRy el VIE RS
slowly to the reesipitaie fisgoived, Thaiediyl aastatchiayeravamorparatedymashad room
tenperature.  Thaviffl ¥hidf, el it britfed dndtichRcdtiialid IRVECGEIOLNES fotBw™ ) -

and washed w th water ando rine. e organiCc Tayer .
concentrated in S &% 0i | (2.28 g, 100%. WO 98/ 25606
PCT/ US97/ 226197 - 36 -

Preparation 4 enzoff ur an- 7- car boxal dehyde
Step 5: Benzofuran-7-carboxaldehyd

DMSO (2.87 ml, 40 mmol) was added slowly to a -78°C solution of oxalyl
chioride in methylene chloride (20 ml of 2 M, 40 mmol). To this solution

15 was added slowly a solution of benzofuran-7-methanol (4.03 g, 27
mmol) in methylene chioride, and the mixture was stirred 30 min at -
78°C. - Triethyl amine (30 ml) was added slowly to the reaction mixture, -
which was then allowed to warm to.room temperature. The mixture was
diluted with methylene chioride and washed with water and then with

20 Dbrine. The organic layer was concentrated jn vacuo to an oil (3.16 g,
80%).

Preparation 5
25 g,g-Dihydro-be.nzofuran-7-cgrngaldghyde
Step 1: Matny' 1 2.3-dihydro-benzofuran-7-carboxylate
. Methyl benzofuran-7-carboxylate (12 g, 68 mmol) was hydrogenated at
30 60 psi over 10% Pd/C (2 g) in acetic acid {60 ml) for 18 hr. The mixture

was filtered, and the filtrate was concentrated jn vacuo to give a pale
green oil (12 g, 100%)




5 Step 1: Methyl 2-allyloxybenzoate A mxture of allyl brom de

(152.4 g, 1.27 nol), methyl salicylate (162.44 g, 1.06 nol), and

pot assi um carbonate (219.75 g, 1.59 nol) in THF (600 m ) and DVF (600
m) was heated to reflux for 6 hr. The m xure was 10 poured into water (3
L) :and extracted with ethyl acetate three tines. The hyl _acetate
extracts wel@%EM ned and washed with vw;;fer and dried PCTm%&Kﬁ\éfzﬁ bri ne.
The ethyl acetate extracts were concentr &3 in vacuo to a yel | ow

oil that was vacuumdistilled to a clear oil (163.45 g, 80%. 15 Step 2:
Met hyl 3-al |yl -said. £l i K /L 2 | oxybenzoate (163.5 g, 848
nmol ) was heat edétéc?cé R benzm tﬂ,g é/'nd then vacuumdistilled to

gi ve the product (163.5 g, 100%. 20 Step 3: Met hyl

benzof uran- 7- car p@%}, o 4 _ W_ 3 | r ol ution of
met hyl 3-allyl-sall y?’ta:ifgh %1'8 bge,nzo c%%x r%%bé@%'té-%‘/@ﬁ%pr‘?aésfor 2 hr
until no starti nipdugedwita LARKS. 1 a.s186&moel) in THF similag to theeabeect i on was
quenched wit hgdi Bilires ¥ bivE hé | il (B tenperature for 18
hr. The m xture gg{g c%rﬁcenér a&da@gaéfaﬁ%,qagén%' (3536,%?/”'?}.6 resi due was

di ssolved in ether. The ether solution was washed with brine three

times, and then sw%t%ﬁﬁw@ This oil was

di ssol ved in toluene an eated to refTux w sulfuric acid (0.5 m)

for 4 hr. Sodium carbonate (5 g) was added, and the m xture was cooled 30

?Edtthen fil _te_reﬁl.ngmi@nfdfIztaz-amydovmzemfwrﬁéthalsbxi(sl._m@mish ﬁ.lnﬂgl)dar k oil
at was purifie chr amat o on silic el .us ne ene

chl ori de gs ﬁf’le E’F’ﬁéﬁl‘}']zte ﬁ@@%ﬁﬁﬂﬁﬁﬁ"l’b@'%”artﬁ%thg'?ﬁm'“?f%"&r 19409, -

WO 98/ 25606 the above procedures to give the product as an oil (7.7 g, 95%). :
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Benzof ur an- 7- net hanol

Step 4: |

Preparation 6

15 2,2-D thyl-2.3-dihydro-benzofuran-4-carboxaldehyde
Step 1: Ethyl-3-(2-methylpropenyloxy)benzoate

A mixture of 2-methyl-3-chioropropene (64.2 g, 710 mmol), ethyl 3-

20 hydroxybenzoate (48.21 g, 590 mmol), and potassium carbonate (122.3
g, 890 mmol) in THF (600 ml) and DMF (600 ml) was heated to reflux for
6 hr. The mixure was poured into water (3 L) and extracted with ethyl
acetate three times. The ethyl acetate extracts were combined and
washed with water and dried with brine. The ethyl acetate extracts were

25 concentrated jn vacuo to a yellow oil that was vacuum distilled to a clear
oil (112.9 g, 87%). '

Step 2: Ethyl 2.2-dimethyl-2,3-dihydro- furan-4-carboxylate

30 A mixture of ethyl -3-(2-methylpropenyloxy)benzoate (23.6 g, 107 mmol)
was stirred with SCX resin (2 g) at 220°C for 1 hr. The crude product
was purified by chromatography on silica gel using methylene chioride
as the eluent to give a clear oil (8.7 g, 37%).



A sol ution of methyl benzofuran-7-carboxylate (5.34 g, 30 mmol ) was

added to a suspension of LAH (2.31 g, 61 nmmmol) in THF and then heated 5
to reflux for 30 min. The reaction was quenched with ethyl acetate and
water. The m xture was made acidic with 12 N HO until all the

preci pitate_di ssol ved. The ethyl acetate |ayer was separated, washed

with water, WHB2%%i th brine, and concen';.éat ed in vacuo t?F%’W’é”S/eI | ow
oil (4.03g, 91%9. 10 Step 5: BeMZdfuran-7-carboxal dehyde

DMSO (2.87 m, 40 mmol) was added slowy to a -78[err]C solution of oxalyl
chloride in netlgy V\F : { Z ) . Il'I'o tiIS sol ution
15 was added slowy a" T %03 g, 27

mmol ) in nethylene chloride, and the mxture was stlrred 30 mn at -

18C Triethy! g ARGy es dRUREbeAoin Lo BnETER 0B 418U

which was then allo
diluted with nemmP'éWQSé}%tﬂdlteéefWthMwn\nydmmeﬁ Smibjoft HEN, ws3h 20

36 l%;me The okgamhfiol #y&haN@I5E RINGBFE hat $He | hﬁxtgfécwgs 5&%%9{95 gﬁs 16 g,
2. 3- Di hydr o- benX3g¥e Hiluted withwater ang yaade acidic with 1€tN,=b|01 Thet hyl

2. 3- di hydr o- bengpéaksitate Waﬁdil’t&@mdnﬂtéirdried (8.6 g, Mok

benzof uran-7-car boxyl ate (12 g, 68 mmol) Wwas 'hydrogenat ed at 30 60 psi
over 10% Pd/C (2 g) in acetic aC|d (60 m) for 18 hr. The m xture

was fil tered aiStephdz Rid-Dinsdthyivas- Bbhizdfen 4 jto give a pale
green oil ég g, 100% WO 98/ 25606

PCT/ US97/ 22627

2,2-Dimethyl-2,3-dihydro-benzofuran-4-carboxylic acid (8.6 g, 45 mmol)
was reduced with LAH (3.41 g, 89 mmol) similar to the above procedures
to give the product as a clear il (7.35 g, 93%).

15 Step 5: 2.2-Dimethyl-2.3-dihydro-benzofuran-4-carboxaldehyde

2,2-Dimethyl-2,3-dihydro-benzofuran-4-methanol (7.35 g, 41 mmol) was
oxidized using DMSO, oxalyl chloride, and triethyl amine similar to the-
above procedures to give the product as a clear oil (8.87 g, 100%).

20
Preparation 7
2-Me1hyl-benggfuran-ﬂ-cg[bg;glgghygg
25 Step 1: Ethyl 2- -benzofuran-4-carboxylate

Ozone was bubbled through a solution of ethyl -3-(2-methylpropenyloxy)
benzoate (10 g, 45 mmol) at -78°C for 2 hr until no starting material was
present on TLC. The reaction was quenched and the product isolated

30 similar to the above procedures to give the product as a white solid (8.05
g, 87%).



- 38 - Step 2: 2. 3-Di hydro-benzof uran- 7- met hanol Met hyl

2, 3-di hydr o- benzof uran- 7- car boxyl ate (12 g, 68 mmol) was reduced
with LAH (5.14 g, 136 nmol) in THF simlar to the above 5 procedures to
give the product as a dark oil (8.13 g, 80%. Step 3:

2. 3- Di hydr o- benzof ur an- 7- car boxal dehyde A sol utlg)wg% ’

2, 3- di hydr oWSEH$2808ir an- 7- net hanol (8. 13 _G4q 24- 5 mmol) di zed

usi ng PMSO, oxal yl chloride, and triethyl %m ne simlar to t he above

procedures to give the product as an oil (7.7 g, 95%.

Preparation 6 2: 25 R1dthiBleR¥biufarma Fhdthah&- benzof ur an- 4- car boxal dehyde
Step 1. Ethyl-3- ?5 met hyT pr openyr oxy) benzoat e A m xture of

2- et hyl - 3-chl or opropene (64.2 g, 710 nmol), ethyl 3- 20 hydroxybenzoat e
(48.21 g, 590 - 194g 266 m mmol ) in
THE (600 i) and Dﬁwy*ng”&"ﬂ:f&‘“% eRpRERpACadd 5199, 268 mmdl) ) T |

m xure was pour efPdused WithilAH (239,53 @ﬁt?')e%!@‘ﬂ%!’d?éﬁeﬁp?‘f? Rropgdures to give acet at e
three tines. ghetﬁﬁm&u&(‘a%t@éléaﬁdiﬁ_ﬁ ?-,\g@/ge conbi ned and washed
with water and dried with brine et hyl ‘acetate extracts were 25
concentrated in vacuo to a yellow oil that was vacuumdistilled to a clear
oil (112.9 g, 87%ep 3: 2-Methyl Rirare4inarboxald

2, 2-di met hyl - 2, 3- di hydr o- benzof ur an- 4- car boxyl at e 30 A mxture of

et hyl -3-(2-nethyl propenyl oxy) benzoate (23.6 g, 107 mmol) was
stirred with SCX2FMe1ihyI lfehzgjurat-4aebahalr(3.84hy, .2 1Timot)rwakeoxidiadd asing was

Phe. ol nent "t 80; PHS0 PR cbritparybfy) Ynd uiiér i 8 ngle ' 1€ "

procedures to give the product as a clear oil (3.14 g, 93%).

Preparation 8

15 2.3-Dihydro-1,4-benzodjoxin-5-carboxaldehyde

2,3-Dihydroxybenzaldehyde (58 g, 420 mmol) was added to a refluxing -
mixture of dibromoethane (107.4 g, 570 mmol), sodium hydroxide (35.7
d, 890 mmol) and tetrabutyl ammonium bromide ( 3 g) in water (50 mL).

20 After heating at reflux for 4 h, the mixture was cooled and the organic
layer separated, washed with base, dried over sodium sulfate and
concentrated jn vacuo. The residue was Kugelrohr distilled at 135° to
give the product (48 g, 70%) which solidified on standing {(mp 61-62°C).

Anal, Calc'd: C, 65.85; H, 4.91.
25 Found: C, 65.73; H, 4.86.
Preparation 9

2H-3.4-Dihydro-1,5-benzodioxapin-6-carboxaldehyde
30

2,3-Dihydroxybenzaldehyde and 1,3-dibromopropane (107.4 g, 570
mmol), sodium hydroxide (35.7 g, 890 mmol) were reacted as described
above to give an oil (43%).
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PCT/ US97/ 22627 - 39 - Step 3:
2. 2- Di net hyl - 2, 3--di hydr o- benzof ur an- 4- car boxylic acid Et hyl

2, 2-di nmet hyl - 2, 3-di hydr o- benzof uran- 4- carboxylic acid (10 g, 45 nmol )
was heated to reflux with sodium hydroxide (16.3 m of 1 5 mol)
in"ethanol YVOE%M66 for 2 hr. The mixture yas concentrat eg’cﬁlhus%w vacuo,
diluted with water and made acidic with 2 N HO . The precipitate was
filtered and air dried (8.6 g, 100%. ‘Step 4:

2. 2- Di net hyl - 2, 3-di hydr o- benzof uranpglé%gﬁmolmlo
2, 2- Di net hyl - 2, 3-di hydr o- benzof uran-4-carboxyric acid (8.6 g, 45 mol)
was reduced with LAH (3.41 g, -89 mol ) simlar to the above procedures

to give the prodyy.3o6DihglPebeRbpran-5-Jlicdbxaldehydest P S
2. 2-Di net hyl - 2, 3= di hydr o- benzof ur an-4- car boxal dehyde

2, 2-Di met hyl - 2, 3-di hydr o- benzof uran- 4-net hanol (7.35 g, 41 mmol) was

oxi di zed using D8fP 10 rbBénz f&rﬁﬂiﬂ'gﬁéﬂﬁbgﬁ@m;&% simlar to the
above procedures to give the product as a clear ol ) g, 100%. 20
Preparation 7 2- Met hyl - benzof ur an- 4- car boxal dehyde 25 Step 1:

Et hyl 2-rmet hyl - beérané THFcoplex (BBl 6f 1BV, 55 mmol)Wayedetbd dedilticiioft hrough a
SOLUL1 0N Of (21 Dby SRS OREAN B o 0 e RhERL A ) 2
reacti on was quereabiiah waslalidveedostorarnt tol reomabmgeidfure sindistiedtfor 1 he Above
procedures t‘PO gl é’aptu}a?eed QMMH (cha?éonaatm doemﬁ%a{sdsl&gryoa?dded then hydrogen
peroxide (6 ml) was added dropwise. The mixture was stirred for 30 min,
diluted with ethyl acetate (150 mi). The ethyl acetate layer was
separated, washed with water, dried with brine, and concentrated in
vacuo to a clear oil. This material was dissolved in THF (100 ml) and
15 added siowly to a solution of triphenylphosphine (20.85 g, 79.5 mmol}
and diethyl azbdicar‘boxylate (13.84 g, 79.5 mmol) in THF (250 ml). The
solution was stirred for 18 hr and then concentrated in vacuo. The '
residue was distilled in vacuo to give an oil. This oil was purified by
chromatography on silica gel using ethyl acetate/methylene chloride
20 (1:1) as the eluent to give a clear oil (11.3 g). This oil was heated to
reflux for 2 hr with sodium hydroxide (25 mi of 10 N, 250 mmol) and
water (50 ml). The reaction was cooled and filtered. The filtrate was
made acidic with 12 N hydrochloric acid to give a white precipitate (7.96
0, 89%).
25
Step 2: (2H-3.4-Dihydrobenzopyran-5-yl)methanol

(2H,3,4-Dihydrobenzopyran-5-yljcarboxylic acid was reduced with LAH
by the above procedurss to give the product (97%).
30



g, 87%. WD 98/ 25606

PCT/ US97/ 22627 - 40 - St ep
2: 2- Met hyl - benzof ur an- 4- net hanol - Ethyl
2- met hyl - benzof uran- 4-carboxylic acid (5.11 g, 26.6 mml) was reduced

with LAH (2 53 mmol) simlar to the above procedures ' 5 the
pr oduct aswggyggggf oil (3.34 g, 789%. 42 - Step 3: 13&,9&9%925;7

2- Met hyl - benzof ur an- 4- car boxal dehyde _
2- Met hyl’- benzof ur an- 4- net hanol (3.34 g, 21 mmpl) was oxidized using 10

DVSO, oxal yl chigipids, i Seb ! above
procedures to gis\?gbﬁe%ﬁgs aec rn | U.B *é?%% N .
Preparation 8 15 2. 3-Di hydro-1, 4-benzod i oxi n-5-car boxal dehyde
2, 3-Di hydr oxybengRlaleDisRI6EhzBpyARS-AiRbthatBISwaS 8REizb8 \BiNgebIMES, N
3 mrlmz PY %7@%‘)8?59@ um hyd e (35.7

m xture of di bronoet hane ( .47, 1 1), sodi um hydr oXi de .

g, 890 nmmol) an®Xai F'&Btﬂ%anamgvlmme@imm to the,gbqve prageduresty ni). 20
After heating atgiveetheproditi ad alcledrtsh (m'w%yre was cool ed and the organic

| ayer separated, washed with base, dried over sodiumsulfate and
concentrated in vacuo. The residue was Kugel rohr distilled at 135 err] to
gi ve the product (48 g, 70% which pﬂé)p'aj-'ai!bﬁdmn standing (np 61-62[err]C).
Anal . Cal c' d: C, 65.85; H 4.91. 2 Found: C, 65.73; H 4.86.

2-Methyl-2.3-dihydrobenzofuran-4-carboxaldehyde

=

10
Step 1. Ethyl 2-methvi-2,3-dihydrobenzofuran-4-catboxylate

Ethyl 2-methylbenzofuran-4-carboxylate {10 g), obtained as described in
preparation 7, was hydrogenated (60 psi) in acetic acid (100 mL) over
15 - 10% Pd/C (2 g) for 24 h. The mixture was filtered through Celite and the
filtter pad washed well with ethyl acetate. The filtrate was concentrated in
- vacuo to obtain ethyl 2-methyl-2,3-dihydrobenzofuran-4-carboxylate.

Step 2. 2-Methyl-2.3-dihydrobenzofuran-4-methanol
20

A solution of ethyl 2-methyl-2,3-dihydrobenzofuran-4-carboxylate (10 g)
in THF (100 mL) was stired as LAH (4.64 g, 122 mmol) was slowly
added. The mixture was heated to reflux for 30 min. The mixture was
cooled and quenched cautiously with ethyl acetate and then with 1N HCI
25 (150 mL). The mixture was then made acidic with 12N HCI until all the
inorganic precipitate dissolved. The organic layer was separated, and
the inorganic layer was extracted twice with ethyl acetate. The organic
layers were combined, washed twice with brine, and then concentrated
in vacuo to provide the desired alcohol.
30
Step 3. 2-Methyi-2.3-dihydr: furan-4-

To a solution of oxalyl chloride(51.6 mL of 2 M solution, 103.36 mmol) in
dichioromethane(200 mL) at - 78°C under N, was added dropwise



Preparation 9 2H- 3, 4- Di hydr o- 1, 5- benzodi oxapi n- 6- car boxal dehyde
30 2, 3- D hydr oxybenzal dehyde and 1, 3-di br onopr opane (107.4 g, 570
nmol ), sodi um hydroxide (35.7 g, 890 mmol) were reacted as descri bed
above to give an oil (439%. WO 98/ 25606

PCT/ US97/ 22627 -

Prepar at i o}YOP§/25606 (2H 3, 4- Di hydr obenzopyr an- 5-yl) cﬂmygpﬁhyde 5
Step 1: (2H 3, 4- D hydr obenzopyr an- 5-yl )'t:é?b'ox_yl ic acid Bor ane THF
conpl ex- (55 mM of 1 M 55 mml) was aded to a sol ution of et hyl

2-al lyl hyd t 3 50. HE. at -.10 C. The
re:ct?/on Wa>s/ 5%@@?"\%&%@?@@%%@% ?'lﬁ‘ 'éﬂﬁ"@tfﬂééa" & 1 hr. A
10 saf]I ur ?té e% )scsdiuuom bf alaollgﬂh@t&g,( 8416 nhpl) i dichiocorhgthanie{e30 m]!nawah%dr ogen
er oxi de mn,
diluted wth et ﬁi&?%@%ﬁ&sg S i smin. ?‘ﬁ‘&%?%geﬁ’%?’g%ﬁ éatﬁgerd REn
separ at ed, was hé‘dlethytdmme(BSrrnL #s8xtimmalhwhs added amiaﬂmmﬂetmtwmtb in
t I d 15

vacue 102, CEe i omBHgRALGS bitd 4 B ThiTHhbn i duigd) o
and di et hyl azodﬂthaﬂater@ﬂml-é. washeslzwvrgw brige, Siriedwiver MgSDziFCthraieﬁ The

| ut t d f . dot hen . t Th :
estdue was d: sif Vg Blona s SO Tos aR e hy edffic oy, e by
chromat ogr aphy ehranatogeapyy bverssiiogl gelhglutien ewtatﬁf% ety ptetate iolexanele 20
1:1 th I t Thi i heated t
geflzjxafsor (23 ﬁrq%aivﬁé)s #ﬁﬁk ydroxﬂ%éﬂykﬁgsgﬁ"%' 10 Nl,sng mmrlgls) :ﬁde °

wat er (50 mi0. The reaction was cooled and filtered. The filtrate was
made acidic with 12 N hydrochloric acid to give a white precipitate (7.96

Preparation of intermediates of Formula 2
15 reparation 12
tr -3-(2.3-Dihydrobenzodioxin-5-vl)propenoic aci

A mixture of 2,3-dihydrobenzodioxin-5-carboxaldehyde (Morishima,_et
20 al, Eur. Pat. Appl. 309,766, 5 Apr 89) (9.25 g, 56.4 mmol), malonic acid
(11.73 g, 112.8 mmol), pyrrolidine (1 mL), and pyridine (25 mL) was
heated to reflux for 2 hr, cooled, and then poured into ice water (300 mL).
The white precipitate was filtered, washed with 1N HCI, and air dried
(9.83 g, 84.6%).
25
Preparation 13

The following compounds of Formula 2, (a) - (I} were prepared by the
general procedure described for the compound of Preparation 12,
30



g, 89%. 25 Step 2: (2H 3. 4-D hydrobenzopyr an-5-yl) net hanol
(2H, 3, 4- Di hydr obenzopyran-5-yl)carboxylic acid was reduced with LAH

by the above procedures to give the product (97%. 30 WO 98/ 25606
PCT/ US97/ 22627 - 42 - Step
3:: (2H 3. 4-Di hydr obenzopyr an- 5-yl ) car boxal dehyde

(2H 3, 4- Di,h_‘VﬂP opyr an-5-yl ) nmet hanol was oxi di zed usi ﬁ&T’Bﬁgﬁza7

oxal yl. chloride, and triethyl amne sin 4, - to the above procedures to 5
give the product as a clear oil (100%

Preparation 11 2aMathyl 52, 3- dithydr ohenzof ur.an- 4- car boxal dehyde

10 St ep 1(?) L - ihydioban fl}égu%p' ! -c'-carboxyl ate

Et hyl 2-met hyl benzof ur an- 4-car boxyi ate (10 g), obtained as described in

preparation 7, T, WA el [ | over 15
10% Pd/ C (2 g) 53 d@ﬂ&&?’%@%%&%@w@%ﬁﬂe@ ﬁ(%’]‘ggleﬁ")ée and t he
filter pad washeduosgsiure g give atpaje yellow pewderthat wag recrstaliized feosmcent rated in

vacuo to obtgn ‘sézg;géﬂ.ﬁ,%%gig%Mﬁeqraqggyg};%te%%q@%?@par boxyl at e.

Step 2. 2-Methyl enzof uran- A sol ution of |
et hyl 2-nethyl -2, 3-di hydr obenzof ur an- 4- car boxyl ate (10 Q) in THF

(100 i) wvas stigg@dcaedidrt]i,56:9. G,20.487H,b.ams slowy
Found: C, 69.36; H, 5.17.

10 (b) (trans)-3-(Benzofuran-4-yl)propenoic acid

Benzofuran-4-carboxaldehyde was subjected to the above procedure to
give a white powder (83%).

15 (c) (trans)-3-(1.3-benzodioxol-4-yl)p

1,3-Benzodioxole-4-carboxaldehyde was subjected to the above
procedure to give a white powder (99%).

20 (d) (trans)-3-(2,3.4.5-tetrahydrobe in-6-vl)propenocic acid

2,3,4,5-Tetrahydrobenzoxepin-4-carboxaldehyde was subjected to the
above procedure to give this product as a white solid (88%).

25 (e) {trans)-3-(Benzofuran-7-yl)propenoic acid

Benzofuran-7-carboxaldehyde was subjected to the above procedure to
give this product as a white solid (100%).

30 (f) {trans)-3-(2,3-Di - furan-7-yl)propenoic acid

2,3-Dihydro-benzofuran-7-carboxaldehyde was subjected to the above
procedure to give this product as a white solid (100%).



added. The m xture was heated to reflux for 30 mn. The m xture was

cool ed and quenched cautiously with ethyl acetate and then with 1 N HC
25 (150 nL). The mixture was then made acidic with 12N HC until all the
i norgani c precipitate dissolved. The organic |ayer was separated, and

t he inorgani cﬁer was extracted tw ce W|th et hyl acet a?gwug%g{,’gam C

Iayers wer eV ¥ed, washed twice with b and t hen
i n vacuo to provide the desired al cohol - 30 Step 3.

2- Met hyl = 2. 3-di hydr obenzof ur an- 4- car boxal dehyde To a sol ution of
oxal yl chlori de( | ‘

di chl or onet hane(
WD 98/ 25606

PCT/ US97/ 22627

DVBO(9. 2 ni, 12 92 3 Dimelthyl 3ﬁ3 dlh&drfobenzofuri?A carb?xaldehxde #a’g %bjected a

sol ution of al coi@dh@?:bo‘@ grocedure tqme)thlsrprthmtasm«lmtmsnid((%%)m) was
added dropwi during 10 min. The resulting m xture was stirred for 1 h.
Tri et hyl am ne(36 ni, 258 4 mml) was added and aIIovved to warmto 5
room t enperartur e Methyld AN-4TIDrones dwas quenched
wth water (30 rrL) vvashed with bri ne, dried over I\/gSCIerr] concentrated

in vacuo to give_a residue. The residue was purifjed b flash
chr omat ogr aphy oedMetbylthepzpfugan-4-carhpxaldahyse WaB‘%’@FﬁS?Fj tadhe abeve n hexane,
to give 8.5 ¢ (8§P&e@|irettb@w%'tﬁi%"bfd@ucﬂ%s%rwmd solid (§9%). Preparation

of i nternedi iées of Formula 2
Preparation (trans)- 3- (2 3-Di hydrobenzod| oxi n-5-yl )propen0| c
acid (i) (trans)-3-(2.3-Dihydro-1.4-benzodioxin-5-yl)propenoic acid

2,3-Dihydro-1,4-benzodioxan-5-carboxaldehyde was reacted with
malonic acid as described above to give a white solid (90%).

18
2H-3,4-Dihydro-1,5-benzodioxapin-6-carboxaldehyde was reacted with
malonic acid as described above to give a white solid (74%).

- 20

(k) (trans)-3-(2H-2.3-Dihydrobenzo -4-yl\propencic acid
(2H-2,3-Dihydrobenzopyran-4-yl)carboxaldehyde was reacted with
malonic acid by the above procedures to give the white solid (98%).

25

)] -3~(2- I-2.3-dihydrobenzofuran-4-yl)propenoic_aci

2-Methyl-2,3-dihydrobenzofuran-4-carboxaldehyde was reacted with
malonic acid by the above procedures to give the desired acid (92%).
30 '



A m xture of 2, 3-di hydrobenzodi oxi n-5-car boxal dehyde (Mori shima, et 20
al., Eur. Pat. Appl. 309,766, 5 Apr 89) (9.25 g, 56.4 mml), malonic acid
(11.73 g, 112.8 nmmol), pyrrolidine (1 nL), and pyridine (25 nlL) was

heated to reflux for 2 hr, cooled, and then poured into ice water (300 ni).

The white precipitate wasflltered washed with 1 N HCO , ried
(9:83 g, 84WEIKIS606 5 3?’38’5?} ’gn 13

The foll ow ng corrpounds of Fornula 2, (a)46 (r): wer e prepared by the

general procedure described for the corrpound of Preparation 12. 30

WO 98/ 25606 Preparation of intermediates of Formuia 3

PCT/ US97/ 22627 P _ - 44 - (a)
(trans)-3-(2, 3-D hydrobenzof uran-4-yl ) propenoic acid

2, 3- Di hydr obenzof ur an- 4- car boxal dehjg, bjgcted to the above
procedure to give a pale yellow po recrystallized from 5

| sopropanol to gi ve V\/m te flakes (95.3% np 205-207C). Anal . Calc'd
for Jerr]H efr] . i B Found:
C, 69.36; H, Eg. fetfic ﬁ\’ droben dﬂr())(ﬁnn ic acid
Benzof ur an- 4- carms subj ected to the above procedure to
give a white powder (83%. 15 (c)

(trans)-3-(1, 3-benzodi OXP B enoic acid
A mixture o (transys- 3-dihydrobenzodioxin-5-yl}propenoic acid

(9.83 g, 47.7 mmol), thionyl chloride (20 mL), and CH5Cl, {75 mL) was
10  heated to reflux for 1 hr, and then concentrated in vacuo to give a yellow-
green solid. This material was dissolved in ethyl acetate (76 mL), and a
solution of N,O-dimethylhydroxylamine hydrochloride (9.5 g) in saturated
NasCOg3 (100 mL) was added with stirring. The mixture was stirred for
90 min and then diluted with water and ethyl acetate. The ethyl acetate
15 layer was separated and washed twice with water and twice with
saturated NasCOj3. The ethyl acetate layer was concentrated jn_vacuo to

give a brown oil. This crude product was chromatographed on silica gel
using 1:1 ethyl acetate/methylene chloride as the eluent to give a clear
oil that crystallized upon standing (11.1 g, 93.1%).

20
Preparation 15

The following compounds of Formula 3, (a) - (K) were prepared by the
general procedure described for the compound of Preparation 14.

25
(a) (trans)-N-Methoxy-N-methyl-3-(benzofuran-4-yl)propenamid
(trans)-3-(Benzofuran-4-yl}-propenoic acid was subjected to the above
procedure to give an oil (97.7%).

30

(b) (trans)-N- -N-methyl-3%(2,3.4,.5-tetrahydrobenzoxepin-6-
amide



1, 3- Benzodi oxol e- 4- car boxal dehyde was subjected to the above

procedure to give a white powder (999 . 20 (d)

(trans)-3-(2, 3,4, 5-tetrahydrobenzoxepi n-6-yl) propenoic acid

2,3, 4, 5-Tetrahydr obenzoxepi n- 4- car boxal dehyde was subjected to the
above procedére to give this product as a white solid (89&usermer (©)
(trans)-3 ( S50 an- 7- yl ) pr openoi c amg7

Benzof.ur an- 7- car boxal dehyde was subj ected'to the above procedure to
give this product as a white solid (100%. 30 (f)

(trans)-3-(2, 3- %ﬂ‘?

2, 3- Di hydr o- ben? &/élj %@ zsot Féi'{}g?cﬁ%éh}& By&g%@?é%mt:gc!tdhvga%bove
procedure to gi \Selblehieﬁl tprthﬁjﬁbQVeam'an e to give this prostyg) (88.6%). WO 98/ 25606
PCT/ US97/ 22627 (9)

(trans)-3-(2, 2- D|rrethyl 2. 3- d| hydro benzofuran 4

2, 2- Di net hyl - 2, dcYi(uaesiN-Math :
to the above5procedure to gi ve this product as a vvhlte SO|Id (81%. 5
(h) (trans)-3-(2-Methyl-benzofuran-4-yl)propenoi c aci

2- Met hyl - benzof Lﬁ'%'PPJZF}/ -Banseiviaév)arorragicact] was é‘HblﬁeteFH@ thg,aheve

procedure to gi \RoddthufesoaghisthiProaudt(ab®).sol i d (979% .

I)propen0|c acid

10

(trans)-3-(2,3-Dihydro-benzofuran-7-yl)propenoic acid was subjected to
the above procedures to give this product (68%).

15 (e} -N-Methoxy-N-methyl-3-(2,2-dimethyl-2.3-dihydro-
an-4-yl)propenamide

{trans)-3-(2,2-Dimethyl-2,3-dihydro-benzofuran-4-yl)propenoic acid was
~ subjected to the above procedures to give this product (92%).
20

yl)propenamide

(trans)-3-(2-Methyl-benzofuran-4-yl)propenoic acid was subjected to the
25 above procedures to give this product (100%).

yhpropenamide

30 (trans)-3-(2,3-Dihydro-1,4-benzodioxan-5-yl)propenoic acid was
subjected to the above procedures to give this product (85%).

(h)




10 (i) (trans)-3-(2,3-D hydro-1, 4- benzodi oxi n-5-yl ) propenoi ¢ acid

2, 3-Di hydro- 1, 4- benzodi oxan- 5- car boxal dehyde was reacted with

mal oni ¢ acid as descri bed above to give a white solid (90% . 15
(j) (trans)-3-(2H 3, 4-D hydro-1, 5- benzodi oxapi n- 6-yl ) propenoi ¢ acid
2H 3, 4- D hydro- 1, 5- benzodi oxapi n- 6- car boxal dehyde was re |

mal oni ¢ aci ﬂ’éscrl bed above to give g white solid (72%’8&@%6%
(trans)-3-(2H 2, 3- Di hydr obenzopyr an- 4- yT )“Srop_enm c acid

(2H 2, 3-Di hydr obenzopyr an- 4-yl ) car boxal dehyde was reacted with

mal oni ¢ acid by the above procedures to give the white solid (98%.
(1) {trans)-3-(2-Methyl -2, 3-di hydr obenzof uran-4-yl ) propenoi c acid
2- Met hyl - 2, 3-di r(y'dnsy)b%‘ri-ﬂdﬁm Bibhydree $;Semeraodiokgpin-6aipropennic dcig was

mal oni ¢_aci d by & fRAbdnd BB HI0EEdRs % Yfe & pisiict fbeaC! @ (92% -

WD 98/ 25606
PCT/ US97/ 22627 - 46 -

Preparation of igye - Bty IBIA-33(2H-2.3-dihydrobe

Preparation 14

(trans)- N- Met hoxy hﬂﬁ@&&ﬁ&@@ 3- Di hydr obenzodi oxi n- 5-

yl ) pr openam de

(trans)-3-(2H-2,3-Dihydrobenzopyran-4-yl)propenoic acid was subjected -

1o the above procedures to give this product (quantitiative yield).
10 _
(i} (trans)-N-| -N-methyl-3-(1,3-benzodioxol-4-yl}-propenamide

1,3-Benzodioxole-4-carboxaldehyde was subjected to the above
procedure to give a red oil (100%).

15 , _
(k) ans)-N- -N-methyl-3-(2.3-dihydrobenzofu

yl)propenamide

Diethyl (N-methoxy-N-methyl-carbamoyimethyl) phosphonate (4.0 g,
20  16.7 mmol) was added dropwise to a suspension of sodium hydride
(671 mg, 60% dispersion in mineral oil, 16.7 mmol) in THF (75 mL) at

0°C. A solution of 2,3-dihydrobenzofuran-4-carboxaldehyde (3.0 g, 15.2

mmol) in THF (25 mL) was added dropwise. The resulting suspension
was allowed to warm to room temperature. After 18 h, water (60 mL.)

25 was added and the solution was extracted three times with ethyl acetate.
The organic extracts were combined, washed with water and brine, dried
over KoCOg, and concentrated to give a pale red oil, 3.5 g (100%).

(k)

25

30



A m xture of (trans)-3-(2, 3-di hydrobenzodi oxi n-5-yl ) propenoi c acid
(9.83 g, 47.7 mol), thionyl chloride (20 nL), and CH err]CdJ[err] (75 nlL)
was 10 heated to reflux for 1 hr, and then concentrated in vacuo to give
a yell ow. green solid. This material was dissolved in ethyl acetate
(75 m), and a solution of N, O di net hyl hydr oxyl am hl ori de
(9.5 ¢9g) in WO OHFEC o Na[err]CCIerr4]9 (100 m.) was gg:g‘g%%
stirri.ng. The mixture was stirred for ~ " 90 min and then diluted with
wat er and ethyl acetate. The ethyl acetate 15 | ayer was separated and
washed tw ce w tﬁe}%?ﬂioﬁ’lﬂ‘ intbfifiediatds of Form?l%tﬂrat ed Na[err]CJerr]. The
ethyl acetate |ayer was con_centra?eg I'n vacuo to ~— give a brown oil.
Thi s crude product was chromatographed on silica gel using 1:1 ethyl
acetate/ nethyl ene chloride as the ep ralt i a clear oi | that
crystallized upon standing (11.1 g, ) : '
Preparation 15 The foll ow ng conpounds of Formula 3, (a) - (k)
were prepared bY(£3 Qrans)-2-(20EBRA QY VR4 ahfe compound of
Preparation 14. .
(trans) - N- Met hoxSAIKAEONVEE( henzof ur an- 4-yl ) propenam de
(trans)-3-(Benzof uran-4-yl)-propenoic acid was subjected to the above

0

rocedure to givg, an Oi 97. 1% 30 0
Ft rans) - N- Met ﬁox tag ﬂét@ trafisf-N- Mot N ety - Gl dinydiabenzefuran-d-
yl ) propenam de car id
PCT/ US97/ 226 - 47 -
(trans)-3-(2,3, 4, 5-Tetrahydr obenzoxepi n-6-yl ) -propenoi c acid was
subj ect ed t o t heTdrhethylspifooaiun xlideo(99 geds hinsolpwasiadded BiSsrHal) . - (c)

(17 ans) 5. ( Benp oIV &Y pyshenBER o7 sOAf okl B ARCAS MG m Bve, o
(120 mL). After the foaming had subsided (10 min), a solution of (trans)-
N-methoxy-N-methyl-3-(2,3-dihydrobenzofuran-4-yljpropenamide (3.5 g,

15 15 mmol) in DMF (60 mL) was added dropwise, with the temperature
maintained between 35-40°C. The mixture was stirred for 3 h at room
temperature. Saturated NH,C! (50 mL) was added dropwise and the
mixture was extracted three times with ethyl acetate. The organic
extracts were combined, washed with H>0 and brine, dried over K,COg,

20 and concentrated jn vacuo to give a white wax (3.7 g, 100%).

Step 2: (i)-(trans)- 2-(2.3-Dihyd an-4- opropane-
carboxaldehyde

25 A solution of (1)-{trans)-N-methoxy-N-methyl-2-(2,3-dihydrobenzofuran-
4-yl)cyclopropanecarboxamide (3.7 g, 15 mmol} in THF (10 mL) was
added dropwise to a rapidly stirred suspension of LAH (683 mg, 18
mmol) in THF (50 mL)} at -45°C, maintaining the temperature below
-40°C throughout. The cooling bath was removed, the reaction was

30 allowed to warm to 5°C, and then the reaction was immediately recooled
to -45°C. Potassium hydrogen sulfate (3.4 g, 25.6 mmol) in HyO (50 mL)

was cautiously added dropwise, the temperature maintained beiow -
30°C throughout. The cooling bath was removed and the suspension



procedures to give this product (90% . (d)

(trans) - N- Met hoxy- N- net hyl - 3- (2, 3-di hydr o- benzofuran-7- 10

yl ) propenani de (trans)-3-(2, 3-D hydro-benzof uran-7-yl) propenoi c
acid was subjected to t he above procedures to give this product

(689 . 15 (e trans) - N- Met hoxy- N- net hyl - 3- (2. 2- di net - - di_hydr o-
benzofuran-‘ﬁgéﬁs openam de %"%9%2&7
(trans)-3-(2,2-D et hyl -2, 3-di hydr o- benz&0ur an-4-yl ) propenoi c acid was

subj ected to the above procedures to give this product (92%. 20 ()

§/It ; S?z)p;anNamNEE:IQOWéSI\Et%tdI‘%U{?%hi%ﬁgg%%ﬁ$ﬁ{hzﬁ%g;%ﬁmgX"—aﬁlfytﬁfegpenoi c acid
was subj ect ed t dhiough Caiiite arbthe filteo cakiiwas washed with tethes. Tineodombingd 009 .
1) ot openan de. Ty Wi etbeshol auch i it s NBRIEIAGNIR, e - penor ¢

aci d was filtratpe weeeidied over MpS0g, gndocnnsentsated in_pacuo tolgive gr oduct
(85%) . .
(trans)- N Met o@%o%gﬁyq’-ggf/‘(bl—l- 3, 4-di hydr o- 1, 5- benzodi oxapi n-

6-yl ) propenam de WD 98/ 25606

PCT/ US97/ 22627 Preparation 17 - 48 -

The following compounds of Formula 4 (a) - (k) were prepared by the
10 general procedure described for the compound of Preparation 16.

(a) (%)-(trans)- 2-(Benzofuran-4-yl

(trans)-N-Methoxy-N-methyl-3-(benzofuran-4-yl)propenamide was
15 subjected to the above procedure to give an oil (83.3%).

(b) (£)-(trans)-2-(1,3-Benzodioxol-4-vl)cyclopropanecarboxaldehyde

(trans)-N-Methoxy-N-methyl-3-{1,3-benzodioxol-4-yl)propenamide was
20 subjected to the above procedure to give a clear oil (100%).

(c) (x)-({trans)-2-(2.3-Dihydrobenzodioxan-5-yl)cyclopropane-
carboxaldehyde

25  (trans)-N-Methoxy-N-methyl-3-(2,3-dihydrobenzodioxan-5-
yl)propenamide was subjected to the above procedure to give an orange
oil (90%).

(d) (¥)-(trans)-2-(2.3.4.5-Tetrahydrobenzoxepin-6-vi)cyclopropane-

30 carboxaldehyde

(trans)-N-Methoxy-N-methyl-3-(2,3,4,5-tetrahydrobenzoxepin-6-
yl)propenamide was subjected to the above procedures to give this
product (36%).



(trans)-2H 3-(3,4-D hydro-1 , 5- benzodi oxapi n-6-yl ) propenoi ¢ acid was
subjected to the above procedures to give this product (86%. 5 (1)
(trans)- N Met hoxy- N-net hyl - 3- (2H 2, 3- di hydr obenzopyr an- 4-

yl ) pr openam de (trans)-3-(2H 2, 3- D hydr obenzopyr an-4-yl ) propenoi c
aci-d was subjected to the above procedures to give | uct
(quantiti at,i‘*’fé’%%‘l‘d). 10 () ptlosyrid
(trans)- N Met hoxy- N-met hyl - 3- (1, 3- benzodi 8%dl - 4-yl ) - propenani de

1, 3- Benzodi oxol e- 4- car boxal dehyde was subjected to the above

procedure to giv r ..
(trans)-N—I\/lethoxggil-rrg"'([:’i SOy O Ooe 2 ot urat . .

( N- met hoxy- N- et hyl - car banoyl net hyl ) phosphonate (4.0 g, 20 16.7 nmmol)
was added dropw s R NKY._ 2SR dri . 71 ng, 60%
di spersion in m n@'faé{'?) gi 'ﬁgﬁ@g @"&%ﬁﬁ’} Bﬁﬁgﬁ%@%};?w%?o%?namldeWaso[ err]C. A
sol uti on of 2, 3- dgubjediediie freahboverprocadureicagive this pradBct)63%)15. 2

mmol) in THF %25 nm.) was added dropwi se. The resulting suspension

was allowed tO warmto roomtenperature. After 18 h, water (60 nli) 25
was added and t hdf)sol 2ins )22 (2. S-Rlihvdre-benzoftieas pyclogropane-hy| acet at e.
The organi c extract sww, washed with water and brine, dried .
over Klerr]CdJerr], and concentrated to give a pale red oil, 3.5 g (100% .
WD 98/ 25606

PCT/ US97/ 22627 (trans)-N-Methoxy-N-methyl-3- 2,:é’i-dihydro-benzofuram-?49 -

Preparation of intermedi ates of Faqrnul ) .
1 yl)propenamide was subjected to the above procedures to give this

product (55%).

{g) (¥)-{trans)-2-(2,2-Dimethy!-2,3-dihydro-benzofuran-4-
propanecarboxaldehyde

15
(trans)-N-Methoxy-N-methyl-3-(2,2-dimethyl-2,3-dihydro-benzofuran-4-
yl)propenamide was subjected to the above prbcedures to give this
product (64%).
20 (h) (+)-(trans)-2-(2-Methyl-benzofuran-4-yi)cyclopropane-
carboxaldehyde
(trans)-N-Methoxy-N-methyi-3-(2-methyl-benzofuran-4-yi)propenamide
_ was subjected to the above procedures to give this product (100%).
25 -
(i) (trans)-2-(2.3-dihydro-1.4-be ioxan-5-yl)cyclopropane-
carboxaldehyde

(trans)-N-Methoxy-N-methyl-3-(2,3-dihydro-1,4-benzodioxan-5-
30 yl)propenamide was subjected to the above procedures to give this
product (79%).




Preparation 16 5
()-(trans)-2-(2, 3- D hydrobenzof uran-4-yl)cycl opropane-

car boxal dehyde Step 1:

()-(trans)-N Met hoxy- N-net hyl - 2- (2. 3- di hydr obenzof ur an- 4-

yl)cycl opr oxam de 10 Tri met hyl sul f oxoni hieshae7(9-9 g,
45 mmol ) wa O‘gggﬁgﬁﬁpl n smal l port| S to a suspens:*?rl{ of soal um
hydrlde(18g, 45 mmol ) in DW After the foam ng had

subsided (10 mi n), a solution of (trans)

N- net hoxy- N- et hyl - 3- (2, 3-di hydr obenzof uran- 4-yl ) propenamde (3.5 g, 15
15 mml) in DM (60 nL) was added dropwi se, with the tenperature

mai nt ai ned bet weBrangkNadpthoxy--mptiayl-3-(2Hs:3.4-dibsire1i5-bereadioxapimbat r oom

tenmperature. SatyibethdNilie Wak Subfee drib):h%\@so@ fReodiral b gl Ne
m xture was extrg?:t ed three tinmes wfbt et acgt ate. Thegorganl C
extracts were co /P)ed washed 'wi t h H[err]O and brine, dried over

Klerr]COerr]g 20 and concentrated in vacuo to gl ve a white wax (3.7 g,

100%) . &é P
2- (2, 3- Di hydr obe SLo1S o SRS - —

25 A solution of (@&mwy-net hoxy N-rret hyI 2-(2,3-di hydrobenzofuran-
4-yl)cycl opropanecar boxam de (3.7 g, 15 mmol) in THF (10 nl) was

added dropwi se to a rapidly stirred suspension of LAH (683 ng, 18

mml[) i]n THE (SOﬁMris)-&t-Me#E:b@f\t -r@thyrai-(2Ha2, Gidﬂg(drbt?ﬁzeppahat-ure bel ow" '
-40[err]Ct e .cool | enove reac Lon was .
allowed to Y@P@[’%’ﬁ}j"&g L&W@ﬁe‘{]tﬁ\gﬁ?@ég‘ﬁ Bﬁ’cﬁﬂ @f %l y recool ed

to -45[err]C Popaxlsucumﬁl%y)drogen sulfate (3.4 g, 25.5 mml) in Herr]O (50

m.) was cautiously added dropw se, the tenperature maintained bel ow
- 30[err] C throughout. The cooling bath was renoved and the
suspensi on WD 98/ 25606 Preparation 18
PCT/ US97/ 22627 ' - 50 -
15 (=)~ -2+(2.3-Dihydrobenzofuran-4-yl)cyclopropane-
carboxaldehyde
Step 1: (-)-{trans)-N-{3-(2,3-Dihydrobenzofuran-4-yl)-pr: -2,10-
20 camphorsultam

To a solution of (-)-2,10-camphorsultam (8.15 g, 37.9 mmol) in 50 mL
toluene at 0°C was added sodium hydride (1.67 g, 41.7 mmol). After
stirring for 0.33 h at 0°C and 0.5 h at 20°C and recooling to 0°C, a
25 solution of 3-(2,3-dihydrobenzofuran-4-yl)-2-propenocyl chloride
(37.9 mmol), prepared jp _situ from the corresponding acid and thionyl
chioride (75 mL), in toluene (50 mL), was added dropwise. After stirring
for 18 h at 20°C, the mixture was diluted with ethyl acetate and washed
with water, 1N HCI, and 1N NaOH. The organic solution was dried and
30 concentrated in_vacuo to give 15.8 g of crude product. Recrystailization
form ethanol-methano! (600 mL, 1:1) gave the product (13.5 g, 92%, mp
199.5-200°C).



was stirred at roomtenperature for 30 mn. The m xture was filtered
through Celite and the filter cake was washed with ether. The conbi ned
filtrates were then washed with cold 1 N HC, 1N NaCH, and brine. The
filtrates were dried over MgSO err], and concentrated in vacuo to give a
5.clear oil (2.6 g, 99%. aration
17  WONB26696 | owi ng conmpounds of Fornula 4 (a) - (ky%%}:{f?gpar ed by
the 10 general procedure described f Sr9% ne conpound of Preparation 16.
(a) () -(trans)- 2-(Benzofuran-4-yl)cycl opropanecarboxal dehyde
(trans)- N Met hogy- 1 <4 vl ) propenam de
subjéctedtothé)(%@l_cg}g[ eaur ghe DMK g
()-(trans)-2- (1. 3- Benz aalfboryl}-24-0v¢amptidrayitappanecar boxal dehyde
(trans)- N Met hoxy- N-net hyl - 3- (1, 3- benzodi oxol - 4-yl ) propenam de was 20
subj ected to the above procedure to give a clear oil (1 00%. (c)
() - (trans) - 2- ( 2 1Mahyhdthitioehnitrdsoguaniding (33989 363 opuolp was added in
car boxal dehyge . : . .
Chr oy N Mg noRortRs to A o Yo ctonde (o and sther 200
yl ) propenani de Wi4 at0Qf.edhemixtura was a%we vigaseusdyufos 0125 hyand theretherange
oi 1 (909 layer cArélully decanted int uti N-3-(2,3-
()-(trans)-2-( 2.a;¥.92. 5- Te?’r aher otge?lzé‘oiotl)pior?-oé-(}ll\g Esx(czl% ropane- 30
car boxal dehyde dihydrobenzofuran-4-yl)-2-propenoyl}-2,10-camphorsultam (8.67 g, 25
(trans)- N-Met hoyyndl aRd Bufladhurh 2cdiefe fo5 MbS MIHEMIRAB EARARL 1260 mL).
yl ) pr openam,de W%s subhe?t e(g to the ag ve proceduyres to gl ve this
product (36d9. Afterstirring for 18 h, acetic aci ?5 mL?was added to the reaction and
the mixture stirred for 0.5 h. The mixture was washed with 1N HCI, 1N
NaOH and brine. The solution was dried, concentrated in vacuo and the
residue crystallized twice from ethanol to give the product (6.67 g,

66.5%, mp 157-159°C).

15 _
Step 3: (-)-{trans)-2-(2,3-Dihydrobenzofuran-4-yl\cyclopropa
methanol

A solution of (-)-N-[{trans)-2-(2,3-dihydrobenzofuran-4-yi)cyclo-
20 propanecarbonyi}-2,10-camphorsultam (4.3 g, 10.7 mmol) in THF (50
mL) was added dropwise to a mixture of LAH (0.81 g, 21.4 mmol) in THF
(50 mL) at -45°C. The mixture was stirred for 2 hr while it warmed to
10°C. The mixture was recooled to -40°C and hydrolyzed by the
addition of saturated KHSO,4 (20 mL). The mixture was stirred at room
25 temperature for 30 minutes and filtered. The precipitate was washed
twice with acetone. The combined filtrate and acetone washes were
concentrated in vacuo. The gummy residue was dissolved in ether,
washed with 1N NaOH and 1N HCI, and then dried jn_vacuo to give the
product (2.0 g, 98.4%). '
30 :
Step 4: (-)-(trans)-2-(2,3-Dihydrobenzofuran-4-yl)cyclopropane-
' thoxaldehyde



WD 98/ 25606

PCT/ US97/ 22627 - 51 - (e)
()-(trans)-2-(Benzofuran-7-yl)cycl opropanecar boxal dehyde

(trans)-N Met hoxy- N- net hyl - 3- (benzof uran-7-yl ) propenamn de was
subjected to ve procedures to give this product (679 . 5 (1)
()-(trans)- Zﬁfgﬁggﬁghydr 0- benzof ur an- 7-yl ) cycl opr opane- P@T’US”’”‘”
(trans)- N Met hoxy- N- net hyl - 3- (2, 3-di hydro- bergpturan-7- 10 yl)propenani de
was subjected to the above procedures to give this product (55% .
(g9) ()-(trans)-2-(2.2-Di nethyl-2,3-di hydr o- benzof uran4-yl)cycl o-

pr opanecar boxal dehydBMSI5(1.6 g, 21 mmol) was added to oxalyl chioride in CHyClp (7.4 mL

t - N- Met hoxy- N- | -3 (2, 2-di -2.3-dih . - 4-
1) pr openan de s stks Meralono EAEBY B 7o dhpdd FaPgrt B o o
product (649 . 20dihytirobenzofuran-4-yl)-cyclopropylmethanol (2.0 g, 10.5 mmol) in
()-(trans)-2-(2- Mt h&h}&%n(%gfﬁﬂf)%sélécme)d? ¥ RbRRE Weis stirred for 20 min and then

car boxal dehyde

(tr ansg_— N- I\/Eg hoxys EF ﬂ‘téE)HdeiBe «aeg@n hgImrhemmwrdgedflwb()jmmmfagymned t50
was subjected to the aboye procedures.to, gi t.hi r oduct T
(i) (trans)-2-(2,3- B‘f%gﬁﬂbgﬁ?‘ﬂ%ﬁ'ﬁ%ﬂ?ﬁéﬁﬁwm ?9%’6'6‘%'6%&'%8%9”@“ with
car boxal dehyde CH,Cl4 aradwashéedWeitih water Nt Ne1CLyandBthed, 1B NaOiid rthel

, 4- benzodi oxan- 5-

organic layer was dried and concentrated in_vacuo to give the aldehyde
product (1.98 g, 100%).

10
Preparation 19

(-)-{trans)-2-(2,3-Dihydro-1,4-benzodioxan-5-yl)cyclo-

propanecarboxaldehyde .
15

Step 1: (-)-(trans)-N-[3-(2,3-Dihydro-1.4-benzodioxan-5-yl)propenoyl]-
2.10-camphorsultam

(trans)-3-(2,3-Dihydro-1,4-benzodioxan-5-yl)propenoic acid was
20 subjected to the above procedure to give (88%, mp 187-188°C).

Step 2: (-)-N-(t -[[2-(2.3-Dihydro-1.4-benzodioxan-&-yl)cycloprop-
-yijcar| - -C horsulta

25  (-)-{trans)-N-[3-(2,3-Dihydro-1,4-benzodioxan-5-yl)propenoyi]-2,10-
camphorsultam was subjected to the above procedure to give (84%, mp

214-215°C, [o]5 = -138.9).

Step 3: (-)-(trans
30 cyclopropanemethanol




30 yl)propenan de was subjected to the above procedures to give this

product (799 . (1)
(trans)-2-(2H 3, 4-di hydro- 1, 5- benzodi oxapi n-6-yl )] cycl opr opane-

car boxal dehyde
PCT/ US97/ 22
(trans)- N

WO 98/ 25606

ﬁ?&v 0 . - pTUS922627
VM nmet hyl - 3- (2H- 3, 4-di hydro-1 , 5- benzodi oxapi n- 6-

yl ) propenam de was subjected to the aboV‘e55r'ocedur'es to give an oil

(559 .

()-(trans)-2-(2
car boxal dehyde

(trans)- N Met hoxylydye
yl ) propenam de

5

(k)
G R B BT A p b slan opane

tasg_tdpyl]cabbaw-zmsamrgmm w2 reduded withQAH as
éssc%ge& ea%\?g tc} (g)ivg Qr?e %Po%\ﬁ%t gé grct eocd%gggégpgl ve this

15

product (86% . aration 18
(-)-(trans)-2-(2, 3-D hydrobenzof uran-4-yl)cycl opr opane-

car boxal dehy . . . s -
(-)-(trans)-%[Bgfef, 4: oAt -2AGe3-Rihydra-1,4-benzadioy p-ouisl-gyclo- 5
canphor sul tam neohtiioxaliebisdé- ) - 2, 10- canphorsul tam (8. 15 g,
37.9 mmol ) in 50 nmL toluene at O[err] C was added sodi um hydri de
(1.67 g, 41.7 nmmol ). After '

10

15

20

25

30

(-)-(trans)-2-(2,3-Dihydro-1,4-benzodioxan-5-yl)-1-cyclopropane-
methano! was oxidized under as described above to give the aldehyde
as an oil (100%) which was immediately used in the next reaction.

Preparation 20

(+)-(trans)-2-(2-Methyl-2.3-dih furan-4-
ylcyclopropane-carboxaldehyde and (-)-(trans)-2-(2-Methyl-
2,3-dihydropen;ofg[gn-4-yl)t_:yclopropane-garnggldehyge '

Step 1: ns)-N-[3-(2-M -2,3-dihydrobenzo
2.10-camphorsultam
(trans)-N-[3-(2-Methyl-2,3-dihydrobenzofuran-4-yl)propenoic acid was
subjected to the above procedurs to give the desired sultam (95% vield
for two steps). '

Step 2: N-(trans)-[[2-(2-Methyl-2.3-di benzofuran-4- loprop-

1-vilcarbonyil- -camphorsul

(trans)-N-[3-(2-Methyl-2,3-dihydrobenzofuran-4-yl)propenoylj-2,10-
camphorsultam was subjected to the above procedure to give the
desired cyclopropane derivative (61%).

Step 3: (trans)-2-(2-Msthyl-2,3-dihydrobenzofuran-4-yf)-1-

cvclopro th



stirring for 0.33 h at O[err]C and 0.5 h at 20[err]C and recooling to
Olerr]C, a 25 solution of 3-(2,3-di hydrobenzofuran-4-yl)-2-propenoyl

chl ori de (37.9 Mol ), prepared in situ fromthe correspondi ng acid
and t hi onyl chloride (75 nmL), in toluene (50 nL), was added

dropwi se. After stirring for 18 h at 20[err]C, t ) re was
diluted w tWoe"Pﬁfﬁ“acet ate and washed wth vvaterf]l?clr%ﬁ&%ﬁ?" and 1 N
NaOH. The organic sol ution was dried and 56 30 concentrated in vacuo to
give 15.8 g of crude product. Recrystallization form

et hanol - net hanol (600 nL, 1:1) gave the product (13.5 g, 92% np
199.5-200[err] C). WD 98/ 25606

PCT/ US97/ 22627 N-(trans)-[[2-(2-Methyl-2,3-dihydrobenzofuran-4-yl)cyclopsdp-1 - Step

2: (-)-N t cn gl ' -4 - .
car bohyl ] - 2. 10° cHjeafBdry2 1O CbROSIGR) g ladzony uly EARRMG Bikotibed i i e ©
(23.88g 163 mmol Fbavestoginpheidgsiredalcpbeltasonmixturecotdigstereemers (B6%). sodi um
hydroxi de (605 ”Li'hé‘ﬂﬁxtg%r%%ot eric al%oieﬁ*rbﬁs Wds g;ﬁi’étk@-by-gﬁﬁamuﬁ.ére was

shaken vigorously for 0.25 e ethe ayer “care decant ed
into a sol ution Ghiacel @Dj BrQbi/hexanes) to give both (+)-(trans)-2-(2-Methyl-2,3- -

di hydr obenzof ur agingditbbnZofraRE PPN L dychpiddm@rieron hhéfllg(e{ﬁ?fg%}éﬂﬁ-)% 10

mol ) and pal | adj um acet at e (35 %) i n methylene chlori _
After stirring fMethyd-23-dihydiobenzefiranc4yihtrCydlopraprnametiandle reacti on and
the mxture stirred for 0.5 h. The m xture was washed with 1 NHC, 1 N
NaOH and bri pe. e sol yti,on dried, concentrated in v o and the
resi due .crys{]‘gl I gg%?ﬂ %J*éé&%MMM%G 67 g,
66. 5% np 157-159[ er r] Cgyclogibpanecarboxatdehyde and (-)-{trans)-2-(2-Methy|-2,3-
() Sirans)-2- (2.3 D DY QhoRRReRr o Al 441 1-6yG0 A8 AR hoxaldehyde
(-)-N-[(trans)-2-(2, 3-di hydrobenzof uran-4-yl)cyclo- 20
propanecar bonyl ] - [ 9_fA k0 ' HE {50
m.) was added dr géemjsgggl{%é@;&ﬁ%éﬁ? f?rd""%}&&’ féoﬁﬁy%mp%o nﬁg 35[;‘ ?n THF
(50 ni) at -48C. cyreprapanamethapy andithe saparatec(-hitrans)-242iMetiplrZi8d to
10[err]C. The m YinybfopaAZofufHRRYFA -btictOfarntbthibi Weré Spl¥atbipe

' oxidized as described above to give the corresponding desired

aldehydes (98% and 97% Yield, respectively).

20

Preparation of intermediates of Formula 5:
Preparation 21

25 .
2,2-Difluoro-3-(2-methyl-4-benzofuranyl)cyclopropane-
methanol, O-acetate
Step 1. (trans)-3-(2-Methyl-4-benzofuranyl)-2-propen-1-

30

A solution of (trans)-3-(2-methyl-4-benzofuranyl)-2-propenaic acid (2.53
g, 10.9 mmol) in 30 mL anhydrous THF was added slowly to a mixture of
sodium borohydride (592 mg, 15.6 mmol) in 15 mL of anhydrous THF at
RT. Once the evolution of hydrogen had ceased, the reaction mixture



addition of saturated KHSJ err] (20 nL). The m xture was stirred at room
25 tenperature for 30 mnutes and filtered. The precipitate was washed
twice with acetone. The conbined filtrate and acet one washes were
concentrated in vacuo. The gumy residue was dissolved in ether,

washed with_1 N NaOH and 1N HA , and then dried in vacuo lgcomgggy,ﬁé$e

product (2. Y (?8’25?36 4% Step
(-)-(trans)-2-(2,3-Di hydrobenzofuran 4-yI¥'cycl opr opane-
car boxal dehyde WO 98/ 25606

PCT/ US97/ 22627 o . _
DVBO (1.6 g, 21 Wabf9odle UG ¢ golution ol {1729 §76 'Fm“"&ﬁ[‘%???‘@ 9y (7.4
mL of wWadhddedit TharreaddorSmixtare ayasastirreddft 6PC [fés. 1h] latlowed to '
(-)-(trans)- 2-( benzof ur an Y. .0pr net hanol
(20" g, 10, 5 g fp AT and stiréd YL RO RiglioPal 45 s FepUSR AR YIeRT,

m xture was sti rqumhched witb 3N Hchmﬁ thecaqueous layBr extractechwitiaethee. The24 g, 42
mol ) was added. §fature and
stirred for comqéﬁe H%Fdr was r%?"f; b%d with 3nN NaOH ér%)m'ﬁ%?[?er rjclerr]
and washed with gdvigdeever Mg$Q®ioand aontentratediin Nammfuﬂﬁwanon on silica gel or gani ¢

| ayer was dried @ﬂ@b%&gﬁmt{xﬁﬁgﬂ a{ff&rtyedc u?notctgr bf'the anﬁlc alco%oY and the

product (1.98 g,
Preparation 19 saturated alcohol (10:1) ina combmed yield of 46%. The mixture was

(-)-(trans)-2-(2, rt%wguéh%\g‘he%&@d' oxa l-oyl)cyclo-

propanecarboxalde
(-)-(trans)-N[3- (2 3- Di hydro- 1, 4- benzodi oxan 5-yl) propenoyl ] -

2, 10- canphor sul t§g@p 2, (trans)-S-(g-Mé%&@!%n' ;ng&r’)agglie 5%?&@-12%,_%%%1&

4 benzodi oxan- 5- yI)propen0|c acrd was subj ecte 0 e above
- procedure to give (88% np 187-188[err]C). Step 2:
(-)-N-(trans)- [ [ Redtié ahhifide (1020l mt; P2 B7AM0N R -2idbt ke YEoRBORRS the

mixture containing (trans)-3-(2-methyl-4-benzofuranyl)-2-propen-1-ol (as
15  obtained in the previous step) in 10 mL pyridine at -5°C. The reaction

mixture was stirred at RT for 20 h then diluted with ether. The crude

mixture was washed with 1 N HCI, saturated NaHCOj3, water, and brine

then dried over MgSQy, filtered and dried in vacuo. Purification on silica

gel (ethyl acetate/hexanes) afforded a mixture of the allylic acetate and
20 the saturated acetate in a combined yield of 73%.

Step 3. -Difluoro-3-(2-methyl-4-benzo
cyclopropanemethanol, O-acetate

25 To a refluxing solution of (trans)-3-(2-methyl-4-benzofuranyl)-2-propen-
1-ol, O-acetate (0.1 g, 4.35 mmol) in 10 ml of diglyme was slowly added
a solution of CIFoCCOONa (5.0 g, 32.6 mmo) in 10 ml of diglyme. The

reaction solution was stirring at 165°C for 1.5 h, cooled to room

temperature and filtered through Celite. The filtrate was diluted with ether
30 and washed with large amounts of water. The aqueous layer was

extracted with ether. The combined organic layers were washed with

water and brine solution and dried over MgSO4. Solvent was removed in

vacuo. Purification on silica gel {ethyl acetate/hexanes) afforded 2,2-



1-yl]carbonyl]-2, 10- canphor sul t am 25
(-)-(trans)-N-[3-(2, 3-D hydro-1, 4- benzodi oxan-5-yl ) propenoyl ] -2, 10-
canphorsul tam was subjected to the above procedure to give (84% np

214-215C, [err] = -138.9). Step 3:

(-)-(trans)-2-(2. 3-Di hydro-1.4-benzodi oxan-5-yl)-1-

cycl opropa ol WO 98/ 25606 PC%GS”m"

PCT/ US97/ 22627 (-)-N-(trans)-] Fg-"( 2, 3-Di hydro-1, 4- benzodi oxan- 5-

yl ) cycl opropyl ] carbonyl ] -2, 10- canphor sul t am was reduced with LAH as

oS e g ¢ BB P Ho R Rk atangi “0-ddfie
propanecar boxal (séy/fg, 56%) as a dotortess liguid) *H NMR 8300 faye| GDLl;) § 2.12

, 4- benzodi oxan-5-yl)-1-cycl opr opane- met hanol was oxi di zed under as
descri bed above (¢,8H)i 2.8512:36 @,dkdH)y 846 (. BH)s2T6-288 (nt, 1. 2745 (mas

I mredi ately usedy t ' — -

Preparation 20 %H)’%'B"P?s’? E?,(@drigﬂdéyh-gﬂ (: 27§/e|12?|'y7l1%(t3md| ?5'rsoigze?h§g%?'an- 4- 15
yl) cycl opr opgne-ithUoXBIHEMNBENMRA76 MHZ, ICRTIS) & 24.421881 208 {t, J = 10.4 '

2, 3-di hydr obenzof uran-4-j/l ) cycl opr opane- car boxal dehyde Step 1:
(trans)- N[ 3- (2-Ha 288 (t2J 3-18ikig) 662n101.8r hwﬁ-VB)ﬁae{obeaaﬁ.V]Hz).

121.7, 123.3, 124.3, 129.7, 154.8, 156.2, 171.1.

10 Preparation of intermediates of Formula 7:
Preparation 22

(i)-(!['gnﬂ-g-(g,g-d ihydrobenzofuran-4-yl)cyclopropane-
15 methanamine '

A solution of (t)-(trans)- 2-(2,3-dihydrobenzofuran-4-yi)-cyclopropane-
carboxaldehyde (2.6 g, 15 mmol), hydroxylamine hydrochloride (3.13 g,
45 mmol), ethanol (60 mL), water (40 mL), and 10 N NaOH (4.5 mL, 45

20 mmol) was heatad to reflux for 4 h. The solution was cooled to room
temperature, diluted with water and ethyl acetate. The ethyl acetate
layer was separated and washed sequentially with HoO and brine. The
ethyl acstate extract was dried over KCOj3 and concentrated in vacuo. |
The residue was dissolved in THF (50 mL) and added dropwise to a -

25 45°C suspension of LAH (1.06 g, 28 mmol) in THF (100 mL}), maintaining
the temperature below -40°C. The reaction was warmed to room
temperature and stirred for 2 h. The reaction was recooled to -45°C, and
1N HCI| (50 mL) was cautiously added dropWise. The cooling bath was
removed and the suspension was stirred at room temperature for 30 min.

30 The resulting paste was then diluted with ethyl ether and extracted with
1N HCl. The acid extracts were combined, washed with ethyl ether,
made basic with 50% NaOH, and extracted with dichloromethane. The



2, 10- canphor sul tam 20

(trans)-N-[ 3-(2- Met hyl -2, 3-di hydr obenzof uran-4-yl ) propenoi ¢ acid was

subj ected to the above procedure to give the desired sultam (95%yvyield

for two steps). 25 Step 2:

N-(trans)-[ 2 2- NEt hyl - 2, 3- di hydr obenzof uran-4-yl)cyclo

1-yl]carbon -carrphorsul tam ¥cHissrzezr
(trans)-N—[S (2 Met hyl - 2, 3- di hydrobenzof'u?an 4-yl') propenoyl ] -2, 10-
canphor sul t am was subj ected to the above procedure to give the 30 desired
cycl opropane der

(1rans) - 2.(2- Nbt ﬂl}éﬁlbl?@etﬁ&# %ﬁr aots wer eu?%lﬁﬁﬁgd %Ias{ued with brine, dried over

cycl opr opanenet hlSBGDs. and Concemtgém to give a clear oil (900 mg, 40%).

PCT/ US97/ 22627 - 56 -
N-(trans)-[[2-(2-Methyl -2, 3-di hydr obenzof uran-4-yl)cycl oprop-1 -

yl ] carbonyl]-2, 10- carrphorsul t am was Breparatiomi 2% LAH as descri bed

above to give the desired alcohol as a mxture of diastereoners (96% . 5
The m xture o? di astereoneri c al cohol s was separ at ed by chiral HPLC

(Chi racel ) O—l/tgexane bot h ), - (t éga,rNEth | -2, 3-

di hydrobenzofura& joying Q‘%!W‘U‘g gﬁ@'ﬂ’é‘?%a (Y" ep g’@ (2-

Met hyl - 2, 3- di hyd em@mbumne@eyéﬂbea fof ¥ mm&en%bpmhon 22, 10 Step 4:
(+)- (trans) 2- (2- Met hyl - 2, 3-di hydr obenzof uran-4-yl) -

cyclopropanecarboxaldehyde and (-)-(trans)-2-(2- N@thyl 2, 3-
di hydrobenzofu ran-4-yl)-1- cyclopropanecarboxaldehyde The separ at ed
> ABBnzbiutamduh . .

(+) - (trans) - 2- ( 2{elh)ira
10
(£)-(trans)-2-(Benzofuran-4-yl)cyclopropanecarboxaldehyde was
subjected to the above procedure to give an oil (73.5%).

(b) (*)-(trans)-2-(1,3-Benzo ioxol-4-yl)cyclopropanemethanamine
15

(¥)-(trans)-2-(1,3-Benzodioxol-4-yl)cyclopropanecarboxaldehyde was

reacted by the above procedure to give a i_'ed oil (61%).

(c) (t)-(trans)-2-(2.3-Dihydr i -5-yl}cyclopr:
20 methanamine

(£)-(trans)-2-(2,3-Dihydrobenzodioxan-5-yl)cyclopropane-
carbokaldehyde was reacted by the above procedure to give an orange
oil (91.1%).

25 '
(d) (1)-{trans)-2-(2.3.4,5-tetrahydrobenzoxepin-6-yl)cyclopropane-

methanamine

(#)-(trans)-2-(2,3,4,5-tetrahydrobenzoxepin-6-yl)cyclopropane-
30 carboxaldehyde was reacted by the above procedures to give this
product (50%).



15 cycl opropanenet hanol and the separated (-)-(trans)-2-(2-Methyl-2, 3-
di hydr obenzof uran-4-yl)-1-cycl opr opanenet hanol were separately
oxi di zed as descri bed above to give the correspondi ng desired

al dehydes (98% and 97% yi el d, respectively). 20 Preparation of

i nt.er medi ates of Fornula 5: par ation
21 25 WO 98258085, £ | yor o- 3- (2-met hyl - 4 é)enzofuranyl )cyclcérf)[%s(%{)'gz?]%-

net hanol, O acetate Step 1.

(trans) - 3-(2- Met hyl - 4- benzof ur anyl ) - 2- pr open- 1- ol A sol ution of
(trans)-3-(2- et pyl Q@%ﬁé}/_% _ﬁ_&,ﬁggpg :@5 %I %? i g, 10.9
mmol) in 30 nL a Sé) f % nﬁjetﬁ aﬁ'ﬁne sodi um
bor ohydri de (592 ng, 15.6 mml) in 15 L of anhydrous THF at RT.
once Lhe evol utl glj-#hndMl(EEBRIAR 79ARI08prdodR et HBEKAIShy e WHE © wo
PCT/-US97/ 22627 reacted by the above procedures to give this product (66%)7 - was

cooled to O[egr] C and a solution of I[err] (1.72 g, 6.76 mml) in 15 nL THF
was added. The reaction m xture was stirred at O[err Cfor 1 h, allowed to
warmto RT and s{®r ri&h{teansp2-(23-Difwdroibenzofiran-72 BIOREALt i on was t hen
quenched wth 3N Hﬂﬁwqueous Iayer extracted vmth et her. The 5
conbi ned organic |layers were washed with 3N NaCH and brine, then

dried over MgSO err] and concentrated in vacuo. Purification on silica gel

(ethyl acet at e/ henaans)-242, Gfmﬁs@bré-bﬁn&bm@m-vf |)b9aogddphhe§arabmba+ydand the
saturat ed aI EOlfNH rﬁ%gjg%db act? SprocedYxre%{o@VQ#l?s%roduct (g‘lr%ure nas

carried throu
(trans)-3-(2- Met hyl - 4- benzofuranyl) 2-propen-1-ol, O acetate

(9) (*)-{trans)-2-(2.2-Dimethyl-2,3-dihydro-benzofuran-4-yljcyclo-
opan ine

15  (1)-{trans)-2-(2, 2-D|methy|-2 3-dxhydro-benzofuran-4-y|)cyclopropane—
carboxaldehyde was reacted by the above procedures to give this
product (60%).

(h) (*)-(trans}-2-(2-Methyl-benzofuran-4-yl)cyclopropa
20 | -
(+)-(trans)-2-(2-Methyl-benzofuran-4-yl)cyclopropanecarboxaldehyde
was reacted by the above procedures to give this product (63%).

(i) (trans)-2-(2,3-Dihydro-1.4-benzodioxan-5-yl)cvel
25 methanamine

(trans)-2-(2,3-dihydro-1,4-benzodioxan-5-yl)cyclopropane-
carboxaldehyde was reacted by the above procedures to give the amine
(67%) which was converted to the furmarate (mp 183-184°C).

30




Acetic anhydride (1.20 nmL, 12.6 nmol) was added to a solution of the

m xture containing (trans)-3-(2-nethyl-4-benzofuranyl)-2-propen-1-ol (as

15 obtained in the previous step) in 10 nL pyridine at -5[err]C. The
reaction m xture was stirred at RT for 20 h then diluted with ether.
The crude m xture was washed with 1 N HJ, satura{,‘gﬁu )éﬁg;err],

wat er, and“fﬂ?sﬁém then dried over SCIerr] filter ried in
vacuo. Purification on silica g€l (et hyl acet at e/ hexanes) afforded a
m xture of the allylic acetate and 20 the saturated acetate in a conbined
yield of 73% N e f 1 iranyl ) -

cycl opr opanerret R%I(tra@tze@t@? 42D|%y§{\? + 3_?Je9|z§ %?ﬂﬁtﬁl;%i]cﬁi'lﬁﬁ'ﬂé%&

(trans) - 3- ( 2- mecagpoxaldplydeovas reagted by iheaghene proceduresitogive thezanaingt e (0, 1
g, 4.35 mmol) i o -1583°cy a sol ution of

Cl F[ er r] CCOONa 3(91\%5%5 \%hglﬂf é’\%&a?ét@"(b?’/o, %2 184 sz reaction
sol uti on was sti ﬁ%‘%ﬁfoi@éiﬁz Gt 89.92; 1, 6,39; 6{1éd to room

t enperature ndfllteredthr I t e was diluted with
ether 30 a%d washed with IFg’PHEeL acesrb%(?l?s |:‘-k@s‘itr‘hér“rétfl‘he aqueous | ayer was
extracted with ether. The conbl ned organic |ayers were washed with

water and brine Jq{;&@rﬁdsﬂq % &2{ bbﬂﬁégi’l%ﬂs-g %mg&, é@ Pgm)ved in
vacuo. Purlflcatloan Sl SR yI acetat el Aex ng rded 2, 2-

WD 98/ 25606 methanamine

PCT/ US97/ 22627 - 58 -

di fl uoro- 3- th ben of ur )cycl o ropan hanol, O acetate .

(560 ny, 56((%’ mj )ae{@&lsb?ﬂ@ @?l'ﬁ‘ﬂbﬁi ’EOP? rRRBIe-cDA [err]) [err]
2.12 (S,ca%d)(ald%h?&a was feddied By tﬁeaﬁbvéﬁarééedu?é'ﬂo %ﬁe s gr&&c{ m 1H),
4.27-4.45 (m 47 (s, 1 H), Hz); 7.15

(t, 1 H J =7 448 33(d 5 1H, J:75Hz) [err]CNI\/R(?SM—|z

CDCl [err]) [err] 14.4, 184 27.8 (t, J = 10.4 29.8 (t, J =
10.4 hz), 61.2, ](Bl 8)-&ra91si!-2-ﬁ§ﬁeih&lt 2,3-dlhyza$§bg7gzo ran-4-yncyclopropane-
15 methanamine

(-)-(trans)-2-(2-Methyl-2,3-dihydrobenzofuran-4-yi)cyclopropane-
carboxaldehyde was subjected to the above procedure to give the
desired amine (71%).

20
(m) (+)-(trans)-2-(2- 1-2.3-dihydrobenzofuran-4-yljcyclopropa

methanamine

(+)-(trans)-2-(2-Methyl-2,3-dihydrobenzofuran-4-yl)cyclopropane-
25 carboxaldehyde was subjected to the above procedure to give the
desired amine (59%).

Preparation 24
30

(-) ns)-2-(2.3-Dihydrobenzofuran-4-yllcyclopropane-
methanamine



121.7,123. 3,124. 3, 129.7, 154.8,156.2,171. 1. 10 Preparation of

I ntermedi ates of Formula 7: Prepar ati on
22 ()-(trans)-2-(2, 3-di hydrobenzof uran-4-yl)cycl opr opane- 15

met hanam ne A solution of ()-(trans)-

2- (-2, 3-di hydr obenzof uran-4-yl)-cycl opr opane- car box (2.6 g,
15(nnDI) hY¥R ¥&4% v ne hydrochl oride (3. &3 9 45 ﬁﬁgﬂﬁpxgﬁﬁanol (60
m.), water (40 nmi), and 10 N NaOH (4.5 mi; I5 20 nmol ) was heated to
reflux for 4 h. The solution was cooled to room tenperature, diluted

with water and emmxuﬁs%i{)ﬁti -0 Qi BfbioRs Sturan-4-yi)cycbpRbpaifas separ at ed

and washed sequenti al et hyl acetate
extract was dri e6a®¢ &y q anmo&d?mfvﬂamlaa hydraghlorige The

resi due was di 339229 BQmT\‘TE) (35@ NaOH eisl gl d50RMo eint591a - 25
45[ err] C suspensi gn (éorl mml) in THF F mai _nt ai ni ng

the tenperature smaaa}/wafe[ B Wﬁée?*@ém peteapdali foreh E')"? §elgtion
tenperature apd $ak robﬁdeﬁt@te&mglbeaﬁ@ﬁ@treeiaumxéoﬁﬁmbvatbrt crhe45[ err]C,

d 1IN Hd ded d Th bat h
\6/:/25 r enov H%W?%E%%fiwgbwaé&aﬂ‘?epfg@b? ‘%,;n‘tﬁ%g@r?‘?’?rgrfﬁ@aﬁ"g?e ? or
30 mn. 30 Thec&ﬁééﬂtﬁaté%&&é_%;%ﬁ ta@ﬁetdmwﬂwﬂ RMAEALly S Qb{éw@a e and

extracted with id extracts were conmhi ned, washed wth

ethyl et her, a m'xm;aef is\asq'%aw Vﬁn%malih'sanate@ﬁws% isgolvgd in

di chl or omet hane. THF(20 mL) and ade936 2oRMbn of alane in THF [prepared from LAH
PCT/ US97/ 226

di chl or omet hiﬁ &4 5 82 mpelk apd HaSuk 1 4GS nsmmalat9r Phe-?h%lfqaé’aorbver
Klerr]CJerr], anhswtifeanér f8 BCarid\queticHed sGcdds¥ifeld vilhaddteP(1.15 #L), Mo, 40% .

15% NaOH (1.15 mL), and then water (3.45 mL). The mixture was
filtered and the fiiltrate was concentrated in_vacuo. The residue was
- mixed with ether and washed with water and then 1N HCI. The acid
15 washes were made basic and extracted with CHoClo. The extracts were -
dried and concentrated in vacuo to give the amine product (1.4 g,
: 70.5%). The amine was converted to the fumarate sait in ethanol (mp:
197-198°C).
Anal. Calc’d for C45H15NO ¢ C4H404:  C, 62.94; H, 6.27; N, 4.59.
20 Found: C, 62.87; H, 6.31; N, 4.52.

Preparation 25

(-)-(irans)-2-(1,3-Benzodioxol-4- I.c clopropane-
25 methanamine

{-)-(trans)-2-(1,3-Benzodioxol-4-yi)cyclopropanecarboxaldehyde was
subjected to the above general procedure described in Preparation 24 to
give a beige solid (52.6%).

30



Preparation 23 5 The foll ow ng compounds of Fornula 7, (a) - (m
were prepared by the general procedure described for the conpound in
Preparation 22. (a)

()-(trans)-2-(Benzofuran-4-yl)-cycl opropanenet hanam ne 10
():(trans)-2-(Benzof uran-4-yl)cycl opropanecar boxal dehyde

subj ect ed M@ ﬁiaf:?é"ébove procedure to give,an oil (73. 53;() P@?Iﬁssmzsn(b)

() - (trans) 2- (1, 3- Benzodi oxol - 4- yI)cycIoB?opanenethanan1ne 15
()-(trans)-2-(1, 3-Benzodi oxol -4-yl ) cycl opr opanecar boxal dehyde was

reacted by the above procedure to Wlf%ﬁ?%ﬁﬂ_?hl (61% . : (c)
()-(trans)-2-(2, 3-Di hydrobenzod| oxan-5-yIl ) Cycl opropane- 20

met hanam ne

()-(trans)-2-(2, 3@&'5&(5“20 orF-en| 243 QifAed BRI iBRPAT ycloprop-1-

car boxal dehyde mas react ed by the above procedure to give an orange
oil (91.1%. 2 Ilmethylamine

()-(trans)-25(2, 3, 4, 5- tetrahydrobenzoxepl n- 6-yl )cycl opr opane-

met hanam ne

([err]) - (trans)-Sepa13 (3-(raps)e2-(2.3-Dib X 20X, A
car boxal dehyde was rea@@g&mﬂwwres to g| ve this
product (50% . WO 98/ 25606

PCT/ US97/ 22627 - 60 -

(-)-(trans)-2-(2,3-Dihydro-1,4-benzodioxin-5-yl)-1-cyclopropane-
10 carboxaldehyde was reactgd with hydroxyl amine as described above to
give the oxime as a mixture of isomers.

30

Step 2: (+)-trans-2-[(2.3-dihydro-1.4-
limethylamine |

15 .
The above oxime was reduced with alane as described above to give

the amine which was converted to the fumarate (80%, mp 173-174°C for

fumarate, [0t]2|)5 = 6.15).

Anal. Calc'd for 0.5 H,O: C, 58.36; H, 6.10; N 4.24,
20 Found: C, 58.36; H, 6.09; N, 4.24.

Preparation 27

2-Difluoro-3-(2-methvi-4-benzofuranvl)cvclopropane-
25 methanamine '

Step 1. 2.2-Difluoro-3-(2-methyl-4-benzofuranyl)cyclopropane-
methanol

30 To a stirred solution of 2,2-difluoro-3-(2-methyl-4-benzofuranyl)-
cyclopropanemethanol, O-acetate (560 mg, 2.0 mmol) in MeOH/THF (10
ml, 3/1) was added powdered KOH (560 mg, 10.0 mmol). The resulting
solution was stirred at RT for 2 h. Solvent was removed jn vacuo. The




(e) ()-(trans)-2-(Benzofuran-7-yl)cycl opropanenet hanam ne
()-(trans)-2-(Benzofuran-7-yl)cycl opropanecar boxal dehyde was react ed
by the above procedures to give this product (66%. 5 ()
([err])-(trans)-2-(2.3-Di hydro-benzofuran-7-yl)cycl opr opane-

met hanam ne

()-(trans) __\yggtggsgqu hydr o- benzof uran- 7- ylé&ycl opr opanecarpt?&uaswggﬂzgde 10
was reacted by the above procedures to give this product (87%.

(g9) ()-(trans)-2-(2,2-D methyl -2, 3-di hydr o- benzof uran-4-yl)cycl o-

pr opanenet hanan pgique wa diluted with ether and water, The aqueous layer was
()-(trans)-2-(2,2-Dineth r o- benzof uran-4-yl)cycl opropane-

-2, 3-di hyd I : y
car boxal dehyde ma%trqcé%wﬁla eiher and the,eebiped cEapNClayers Wereavashed with

product (60% . saturated NeRICOg, water and brine solution. Solvent was removed in
()-(trans)-2-(2-Methyl -benzofuran-4-yl)cycl opr opanenet hanam ne

20
() - (trans) - 2- ( 2- xaguey Puptication gnAilica-gal (ethyi|asptatg/hexangehaliemead Ry2ie
was react ed t 810y.¢o- ' ;
(S (Eraney. 38 HORuGROEE AR ol barl) KT eibBlopaRenEtiahol ¥ma,
met hanani ne 88%) as a white solid. TH NMR (300 MHz, CDCly) & 1.67 (bs, 1H), 2.19-
trans)-2-(2, 3-di_ hydro-1, 4- henzodi oxan-5-yl ) cvcl opr opane-
Cor Doral dehyde wBOTHEniie d4Byo Tt 2980 1. D P BB k) RS ne
(67% which was ¢Hy7er2 @1HA £765 Hidy, 7ersat, e H, Or: 2.8 $t2),848218] 8, J = 730

(j). (trans)-2-(2H 3,4-D hydro-1, 5-benzodi oxapi'n-6-yl)cycl oProPane-
met hanamn ne HZ). 13C NMR (75 MHZ, CDC|3) 514.4,29.3 (t, J=104 HZ), 31.3 ( yJ=

10 104 Hz), 60.1, 101.3, 1 102, 114.1 {t, J=286.7 Hz), 121.7, 123.3, 124.7,
1290.8, 154.7, 156.1.

Step 2. _4-[2-(Azi -3,3-difluorocyclopranyl]-2-
] ofural

15 : . i
Triethylamine (916 ml, 6.55 mmol) followed by CH3S0,Cl (355 ml, 4.59
mmol) were added to a solution of 2,2-difluoro-3-(2-methyl-4-
benzofuranyl)cyclopropanemethanol (390 mg, 1.64 mmol) in 15 ml of
CH,Cl,. The reaction was stirred at RT for 0.5 h and diluted with

20  CHyCl,. The organic layer was washed with water and NaHCOg and
dried over anhydrous KoCOgz. Removal of solvent jn vacuo afforded

crude mesylate, which was used immediately in the next step. A solution
of the mesylate and NaNg (213 mg, 3.27 mmol) in 12 ml of CHyCl, was

heated to 70°C for 2.5 h. The resulting solution was cooled to RT and

25 diluted with EtOAc and water. The aqueous layer was extracted with
EtOAc. The combined organic layers were washed with water and dried
over MgSO,4. Removal of solvent jn vacuo afforded 4-[2-(azidomethyl)-
3,3-difluorocyclopranyl}-2-methylbenzofuran (422 mg, 98%). 1H NMR
(300 MHz, CDCl3) § 2.16-2.28 (m, 1H), 2.47 (s, 3H), 2.74-2.81 (m, 1H),

30 3.52-3.70 (m, 2H), 6.49 (s, 1H), 7.02 (d, 1H,J=7.5Hz), 7.16 {t, 1H, J =
7.5 Hz),7.34 (d, 1H,J =7.5 Hz),



WD 98/ 25606 PCT/ US97/ 22627
- 61 - trans-(trans)-2-(2H 3, 4-Di hydro-1 .

, 5-benzodi oxapi n-6-yl )] cycl opr opane- car boxal dehyde was reacted by

t he above procedures to give the am ne whi ch was converted to the

fumarate (65% 152-153[err] O). Anal. Calc'd for O C
59.92; H 6. ,“ggfoﬁ. 11. 5 65 Found: C, Sgc%ﬂvé#é . 33; N,
4.01. . (k) ) T

()-(trans)-2-(2H 2. 3-Di hydr obenzopyr an-4-yl ) cycl opr opane-

nmet hanam ne 1 :
()-(t'rans)-z-(zwgi?%-ﬁ o

car boxal dehyde was reacmathanamine above procedure to give this product
(429 . (1)

(-)-(trans)-2-(2-Methyl -2, 3-di hydrobenzof uran-4-yl)cycl opropane- 15
met hanam ne A solution of 4-[2-(azidomethyl)-3,3-difluorocyclopranyl]-2-

(-)-(trans)-25( meménz%fﬁadgém%g,b@gé RirHél rarégwbi TUEVRRY Rfae-
car boxal dehyde was subjected to theé above procedure to give the
desired ani ne (7g%pmsez(§oasolutlon efd-AH (1.0 M solution in THF, 1.56 ml. 1.56

(+) - (trans) - 2- (2p0R5"H 3603 Hd WdLMRG 61T R AN, BB RT and

met hanan ne

(+) - (trans) - 2- ( 2stileed i R ft-3h. Ay SolofsnGIH NS { ¥BO)hg,00.96 BimsIPiANEmMI 025
car boxal dehyde was subjected to the above procedure to give the
desired am ne (5%#er was added to the reaction at -30°C. After stimming at RPfes20 min,on 24 30

(-)-(trans) - 252 RS SRGHGOLAE Mleraa tnd BS hRRICRaY Siluted with CHlnanam ne
The solution was adjusted to pH = 10 by addition of NH4OH. The
aqueous layer was extracted with CH,Clo. The combined organic layers
were washed with brine and dried over K,COj3. Solvent was removed jn

vacuo to afford 2,2-difluoro-3-(2-methyl-4-benzofuranyl)cyclopropane-
15 methanamine (182 mg, 99%) as colorless liquid. '

EXAMPLES

20 The following examples illustrate the preparation of the
compounds of the invention by following the general procedures
described above.

Example 1
25

(+)-(trans)-N-[[2-(2,3-Dihydrofuran-4-yl)cycloprop-i-
methyllacetamide

Acetic anhydride (0.14 mL, 1.8 mmol) was added dropwise to a
30 stirred solution of (+)~(trans)- 2-(2,3-dihydrobenzofuran-4-yl)-
cyclopropanemethanamine (300 mg, 1.6 mmol) and triethylamine
(0.67 mL, 4.8 mmol) in dry dichloromethane (15 mL) at 0°C. The
resulting suspension was warmed to room temperature and stirred for



WO 98/ 25606

PCT/ US97/ 22627 - 62 - A
m xture of (-)-(trans)-2-(2,3-di hydrobenzofuran-4-yl)cycl opropane-
car boxal dehyde (1.98 g, 10.5 mmol ), hydroxyl am ne hydrochl ori de (2.29

g,. 33 mmol ), and 30% NaOH (3.5 nL, 35 mml ), in 5:1 wat er (50
n) was he&!‘éﬁ”’éﬂ"a steam bath for 2 h. The sol ution SPC%%@@géﬁcentrat ed
in vacuo, and the residue mxed with wat®&6.-The m xture was
extracted with CH err]C [err]. The organic extracts were dried and

concentrated in vacuo to %uve a solid which NVR anal %/SI s _showed to be
a mxture of thel&hs THAMMIXES, was coneantrated i vagcug @ng|thesasidieswas ved i n

THF (20 nL) and #ed bl JasRk lcHidnedt i |T¢ﬁ¢ reeared fromLAH 10
(1.14 g, 30 m*rolpl£i| [grr S er?f! ﬁi/gdilﬁ:aQIaS mm) at O[err]Cl. The

reaction ‘%@Hz‘?e oratiord 80G MoARA% ebAaSIeadoluccessi vel y with wat er
(1.15 nm), ) n (3.45 nm).. The mxture
was fil te&éﬁaﬁg‘qﬁ ééﬂl’%gg{; 1@3%%:{:%3#?’5’[ ed in vacuo. The residue
Was mgxedayhit BaRid¥BF -)N@JIQ@ Ad:h @ated4, T 0N 5lodN HA . The
acid 15 washes were nade gggs%c and ex N%acted with CH err]CI [err]. The
extracts were dri ed and concenfoand:d C,70/72@;ut) 241; N, 658 he am ne
product (1.4 g, 70.5% . The ami ne was converted to the fumarate salt
in ethanol (np: 197-198[err] C). Anal . Calc'd for

C[err]H[err]qurr]C[err]H[err]CIerr]Lﬁl,nM4 H 6.27; N, 4.59. 20
Found: C, 62.87; H, .31: N, 4.52.

Preparation 25 (-) (trans% 2- (1 3- Benzodi oxol -
25 et hananithe (-)-{tr 2,3-Dihydrobenzofuran-4-yl)c

(-)-(trans)-2- (1Myl )cycl opr opanecar boxal dehyde was
subj ected to the above general procedure described in Preparation 24 to
give a beige solid (52.6%. 30
This compound was prepared similar to the above procedure
using propionyl chloride and (-)-(trans)-2-(2,3-dihydrobenzofuran-4-yl)-
- 15 cyclopropanemethanamine to give an oil that solidified upon standing to
an off-white solid (61%, mp: 71-72°C).

IR (NaCl Film): 3298, 1645, 1548, 1459, 1235 cm1.

4-yl)cyclo ropane- .
clopro ]

[0)2°: -17.3°
Anal. Calc'd for C4 5H1 gNOg! C, 73.44; H,7.87; N, 5.71.
20 Found: C, 73.28; H, 7.68; N, 5.58.

The following compounds of Formula | were prepared by these
general methods:
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- 63 - Preparation 26
(+)-trans-2-[ (2. 3-D hydro-1, 4- benzodi oxi n-5-yl ) cycl oprop-1 -
yl ] met hyl am ne 5 Step 1:

(-)-(trans)-2-(2, 3-Di hydro-1, 4- benzodi oxi n-5-yl ) -1-cycl o;
propanecar BYX¥28®8yde oxi ne PCI/USS22627

(-)-(trans)-2-(2, 3-Di hydro-1, 4- benzodi o'xp-ﬁ-'S-.yI )-1-cycl opropane- 10
car boxal-dehyde was reacted with hydroxyl amne as described above to

give the oxime as a m xture gl _isoners Step 2:
(+)-trans-2-[(2, 3-di hydro-1,4-b ng%ii i n45-yl)cks! fpr ep- 1o [~
yl ] methyl anine 15 ThHe gbdve afi mdwag™r ¢Buged i (B frane as
descri bed above to give tihe amne whnich Was conyered L[O he
fumarate (80% np 173-174[err|] CHf &y = |2dlgRtattydetdores [15) .
Anal . Calc'd for 0.5 Herr]Of C| $8. 3¢5 H|§& L‘ggag\r;)g ESISAES
Found: C, 58.36; H, 6.09; N, |4.24.
Preparation 27 - >
2,2-Difluoro-3-(2-nethyl -4-bgnzaol furanyl ) dgcl ¢gr ¢Raine- |3 pet hanam ne
Step 1. 2.2-Difluoro-3-(2-netjhyl | beniZof Wganyg) q:gclgprgp Neﬁé
met hanol 30 To a giirred sof ution of - - |~
2, 2-di f1 uor o- 3- (2- met hy#- 4- benzof any J-
2 (4] - -~
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cycl opropanenet hanol, O acetate (560 ng, 2.0 nmmol) in MeOH THF (10
m, 311) was added powdered KOH (560 ng, 10.0 mol). The resulting
solution was stirred at RT for 2 h. Solvent was renoved in vacuo. The

WD 98/ 25606 PCT/ US97/ 22627
- 64 - resi due was diluted with ether and water Bggeous | ayer
was wWo9BR¥8G ed With ether and the conbi ned organi CP(ITayers wer e washed
with " saturated NaHCCB, water and % rne solution. Solvent was renoved
in . vacuo. Purification on silica gel (ethyl acetat-e/hexanes)
af forded 2, 2- 5
di f l'uor o- 3- ( 2- NTI—=Z5 bgmzgfuany ) qycippropaneretrang— 4207y,
88% as a white [sol|i E[Ggfﬂﬁ A [Brig) ri® 1567| (bs, 1H),
2.109- 2.31 (ImIH).- 1 21461(s, 2.80 (m U H) 1 3195-B.98 (m
2H), 6.51 (s, o_1|—|),%7.Q,2u(m.é mr%.%Hz %7‘”%5@;, 1 E‘:’é = 7.5
Hz), 7.32, (d, 1H, &= 7. D=l== (5 NMRE £185= N r])
[err]14.4, 29.31(t,| $ = 18 438(F 3 %8 (38133 [F0R 4285 %p. 1,
101.3, 110. 2, 114.)1 (t-1=296 7 HA) R hoal 7 129. 8, 154. 7,
156. 1. Stlep, 2. |#[|& ( B. 3-1j f |worjecydl.opranyl ] - 2-
met hyl benzof ur ar 1 Iy g_[ﬁz 916%71 TG.'%g H%DIE% fKI | owed by
CHerr]SOerr]d ETgLS m,;4.§9§j Wers»a@led,aogs | uti on of
2, 2-df l uor o- 3- ( 2- hyv] vl ) Evel oprlopanengt hapol (390
my, 1.64 mol) iin 1591 err]. [ke geaﬂtlcgwﬁs stirred
at RT for 0.5 h jand s | O [pSr]}s, The, Qggani c | ayer
was washed with jwat S |&ri RS Ryeri@nhedndus
Klerr]CO err]. Heno % al€oLBdi% 1% Z§r§ple mesyl at e,
whi ch was used i|mmegs RIBZLEUESE [ |£ Q] the
mesyl ate and NaN er S f%(f ﬁ%g@ﬂ@ﬂr] was
heated to 70[ errf& Hrg—$olui-oh—wals—edeldd—+o RT and
25 diluted with felac ant® 58 B8 iERlek Bdds Ea eI SBs TR (| Ealbda i t h
Et OAc. The conbi @8l 8r gan S| WrIh et 'R 17 dt B 2dRE| T ¢d
over MgS err]. @ r-a—6 Seiyent N{; VEEHO ‘.“.‘u'ugﬂm-"r ”r{azigsﬁ‘t.hyl)-
3, 3-di fl uorocycl 58 |]--§n§$ F&'ﬁr&rﬁ 322 %g“’.‘éS 5 |Rer|RigH| NVR
(300 MHz, CDCl[efdlE %lerrl"'?."l%-“?‘?%“’-ﬁff THIT 21275, e {2.81 (m
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30 3.52-3.70 (m 2H), 6.49 (s, 1 H), 7.02 (d, 1 H J = 7.5 H), 7.16 (t, 1

H J = 7.5 Hz), 7.34 (d, 1 H J =7.5 Hz). WD 98/ 25606
PCT/ US97/ 22627 - 65 - St ep
3. 2.2-Difluoro-3-(2-nethyl-4-benzofuranyl)cycl opr opane-

met hanam ne A sol ution of

S97/22627
4-T2- (azi dOYRFEF- 3 3-di fl uorocycl oprané/d |-2- 5 net hyrglggzo uran (203

my, 0.78 mmol) in 4 mM of THF was added dropwi se to a solution of

LAH (1.0 M solution in THF, 1.56 nl. 1.56 ' mmol ) at -30[err]C. The
resulting solution was allowed to warmup to RT and stirred at RT
for 3 h. Asolution of KHSOerr] (130 mo, 0.96 mmol) in 1 m of
wat er was addedéto thear gactiiofmat |30[er rif. [Af teg s'*i-.rrmgh RT for 20
mn, 10 the raqact) diss Cwaghfi|'terpd gfd g[’he Bl tjeht e {@ag diluted
with CHerr]d[arr]f SOOUT pIT Was— qu gt edto pH—=10] by
addition of NH grr]lOd Theoleles jfuepns _ayqr, was e) g,fga%eq_,y:éh .
CH err]C[err]: {The (_§Oﬂbl I8 | pg@rP [ [dwe E@N@E@'—g\gth bri ne
and dried over IJ>[ erf]'CJ g ol veRt yas fengved}in vadcug to afford
2, 2-di f | uor o- 3- (|2- netthyt= fotany)cyrtogropgme=1—15{—etthanpam ne (182
my, 99% as col drlesg i 2 2 T le X
EXAMPLES 20 g Th @ N *exagpl ek il ug‘ra#& t[g preparation of
t he conmpdundps “of Entilon BY fpllgui nd t he=geperallRpjocedures
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met hyl acet am de Acetic anhydride (0.14 nL, 1.8 mmol) was
added dropwise to a 30 stirred solution of ()-(trans)-

2- (2, 3-di hydr obenzof uran-4-yl) - cycl opr opanenet hanam ne (300 ng, 1.6
mrol ) and triethyl am ne (0.67 m., 4.8 mmol) in dry dichl oronet hane
(15 m) at OC. The resul ting suspension was war megl.

t enper at urwO&8izFseKk i rred f or WO 98/ 25606 i

PCT/ US97/ 22627 - 70 - - 66 - 18

h. The m xture was concentrated in vacuo and the residue was
purified by flash chromatography (silica gel, CHerr]Cd[err] then 2%

Et OAc/ CH err] €T T )5 T Ol <2000 [6 S48 PI B Cf ear 0||¢ o I R
g:[NaCI]El[I r’r)]:NaZ87, rz:g‘%s @530153663,3,114"@ c@er?!::r cr|>5 ﬂgglr Cgpcld for
err err er r 4 C— 04— H 5PN 9
R 3 = Q
Found: C, 70.79 H o,7.41%5 %12 S |25 |eoledeolen 2o 2o |2e
Exanpl e 2 10 @ =5l |32 |2 |25 |ES5l€G|ESl€e [E5 IS8 |53
(-)-(trans)-N—[[Z-[QS-Q@Vﬁobﬁéqgw 201% PV 9LF 8Pt 8p->12 \|F)
met hyl ] pr opananj de Thig cobpolndiwas -priepared—s$i-Alar to
t he above procefurg o |Usif® gropijanyl_chlofgdi, an@ |8 |.
(-)-(trans)-2-(p, 3 hyd <’bbanzof;‘.,)urar| 4991 )12 |&5 o CYEI o@ropﬁner@t hanani ne
[ il [haf i gpf|ed d'°¢ 8 |= f {®hi l'id
to give an oi ay sol i ed gpon standi (@ 1'© | an (@f f {R®hijte sol i
(61% np: 71-72]| er O R Na QO —FiH--——8298—31845-1-1548— 1459,
1235 cnjerr] g errlag: -17.${erf’._] Al . IXCall@ d|f o
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Anal. Calc'd for C[err]H[err]F[err]qurr] C, 65.52; H 5.84; N, 4.78.
Found: C, 66.15; H, 5.95; N, 4.73. '

Exanpl e 96 (H)-(trans)-N-[] 2- (3,4 di hydro-2H 1- benzopyr an- 5-
yl)cycl oprop-1-yl ] net hyl ] propanam de 15 Obt ai ned 14% of a white
solid. mp. 81-82C. [err] = 16.29. Purity = 95% rr]H NWVR
(300 MHz, WOCBREP#]) [err] 6.98 (t, J=7.8 Hz, ?ng,&zéf J=7.9
Hz, 1 H), 6.50 (d, J=7.5 Hz, 1 H), 5.57 %hs; 413(t J=4.5 Hz,

2H), 3.49-3.30 (m 1H), 3.23-3.16 (m 1H), 284278(m 2H), 2.21 (q, 20
J=7.6 Hz, 2H), 2.07-1.99 (m 2H), 1.75-1.69 (m 1H), 1.26-1.09 (m 4H),
0.92-0.81 (m 2H); [err]C NWMR (75 MHz, CDCl[err]) [err] 173.9, 155.2,

141. 1, 126.1, 117.6, '115.1, 6.0, 43.9, 30.0,22.6,20.9, 19.6, 12.7,
10. 1. o L L ExaB’Ie‘_Q 2 0)
-(trans)-N-[[2(B, 44T By dl2- 28+ I12- enziDyrign-I5 |2 |5 |2
yl ) cycl oprop- 1- Yyl | prethytHbttan e Ebhtlar1ted110% of a yellow oil.
G T Y e )
=78k, 1 1), |6, HEREEEE (2 S e aTan L
5.58 (s, 1H), 407 (?, J%"ﬂgﬁt E) %AT 357 1P| 3.25-3.11
%1359,25&28-2. (3 (2t 2108 t—pP=T-3H —2H=—2. 02-1.94 (m 2H),
e T N - =S ol < L A o
PCT/ US97/ 22627 e |o |Z8S8E & [T |8 | |& ¥ [76 -
1.70-1.55 (m 34), |1523- {Z04=C 19), |2. IF 4F7 9N o) ;| [erric MR (75
Mz, CDCl[err]) |[ enri—t59—t—tft§t2p—8fr2 4475415 1, 65.9,43.8,
38. 9, 22.%, 20.8, 195, 19. 3, 1329, [2. 7|
E ) N é\l % % o [« o o [
o Qg Iz 18 18 181818 I1% 1S
5 ZLERIE I 151227 =
2 YR EREREEREEERFRRRERE
B ko leqiRele e [k e R
w 1o jo |o jozxjozxlo |0 |Oo JOo O
7z [|RS358KT (38 [REB8S= N BNa
§3 2 S 6|1 16]16 F|15 16 |16 16 115 16/15 1516 16| S S|16 ¥
NI
28z |acz52332 2% eseucERees
:3;-3 *® @ 3|0 @0 Blwed |oa [ i N tfod w6l o
g% S olomowos [N | N O T i ©
21 o QRO I, w|v O NN S FN, OIN O 01O
4S) ® RANIINT IRR RRBBRRRGEN
B 2N IN @ o9 ~ (] S ©
TRERE I BRIFEE
5 s
- i QG |. . T
(&)
ool |2 gl e ol
N g |z g o |2 |2 |g |@ | |o
< S IEREIE 2 22 2 |2 2
% Lr X |X |X I X | £ [ |
C Rl |8 joigig | |8
= | (:g' £ PR
Qo |0 (&) O o 0o 10 [0 |0
[1s) [(e] [ o -] o (=] Lol (3] m <
[11] .} -+ -] 0 o« [+)] )] [« ] » [+>]




5 Exanpl e 98
(¥)-(trans)-N-[[ 2- (2 3-Di hydro- 1, 4- benzodi oxi n- 5-
yl ) cycl oprop-1-yl ] et hyl ] acet am de 10 Qotained 18%of an oil. [err]=

5.89. Purity = 99% by HPLC. [err]H NWR (300 MHz, CDCI[err])
[eer]6.77-6, 71 6.50-6.44 (m 1 H), 6.04 (s, 1H) 36-4. 33
(m 2H), 4%’3&%6(m 2H), 3.70-3.62 (m 1 H), 287279“‘2’?4‘;‘597’22627 1H),

1.99 (s, 3H), 1.86-1.80 (m 1H), 1.15-1¢ (7(5(m 2H), 0.87-0.81 (m

1H); [err]C NI\/R(75 M—Iz CDCl [err]) [err] 143. 3, 130.4, 120.9,118.5, 115. 4,
15 646641443234208163 1%

Exan'p|e 99 _mm_e_g_ﬁ

N-[[2-(2-Met hyl -4- benzofuranyl) 3, 3-di fl uorocycl opropanyl ]- 20

met hyl ] acet am dgy_ ) d9%of Iolessllwd PU|ty—98%
by HPLC. [err]Hd% SRRNZOTUEgRY IS luorecyejopropanml- 5 17.2 29
(m1 H), 2. 45 (smethyllpropandmide 1H), 3.29 (m 1H), 3.92 (m 1H), 5.89
(bs, 1H), 6.44 (s, 1H), 6.97 (d, J=7.5 25 Hz, 1H), 7.13 (t, J=7.5 Hz,

1H), 7.31 (d, J=7.5 Hz, 1H). [err]C NWR (75 MHz, CDOl [err])

[err] 14. 2, 23 3, Otstained 95%) efi@ whiteisplid. 28.p¢ 56t56°C=10. 0 Hz) 37.3,
101.7,110.2,114.0 (t, J 288 Hz), 121.3,123.1,124.4,129.5,154.6,

156. 0, 170.4. 98/ 25606

PCT/ US97/ 22627 Anal. Calcdfor016H17F2N02 C, 65.52; H, 5.84; N,-4.78. -

Exanpl e 100 Found: C, 66.15; H, 5.95; N, 4.73.
10
yl)cycloprop-1 -yiimethyljpropanamide
15

Obtained 14% of a white solid. m.p. 81-82°C. [o]3 = 16.29. Purity =

95% by HPLC. 1H NMR (300 MHz, CDClg) 5 6.98 (t, J=7.8 Hz, 1H), 6.65'

(d, J=7.9 Hz, 1H), 6.50 (d, J=7.5 Hz, 1H), 5.57 (s, 1H), 4.13 (t, J=4.5 Hz,
2H), 3.49-3.30 (m, 1H), 3.23-3.16 (m, 1H), 2.84-2.78 (m, 2H), 2.21 (q,
20  J=7.6 Hz, 2H), 2.07-1.99 (m, 2H), 1.75-1.69 (m, 1H), 1.26-1.09 (m, 4H),

0.92-0.81 {m, 2H); 13C NMR (75 MHz, CDClg) 6 173.9, 155.2, 141.1,
126.1, 117.6, 115.1, 66.0, 43.9, 30.0, 22.6, 20.9, 19.6, 12.7, 10.1.

Example 97
25

(+)-(trans)-N-[[2(8,4-dihydro-2H-1-benzopyran-5-
ylicycloprop-1-ylimethyllbutanamide

Obtained 10% of a yeliow oil. Purity = 87% by NMR. TH NMR (300 MHz,
30 CDClg) 6 6.95 (d, J=7.8 Hz, 1H), 6.60 (d, J=7.4 Hz, 1H), 6.50 (d, J=7.9

Hz, 1H), 5.58 (s, 1H), 4.07 (t, J=4.7 Hz, 2H), 3.44-3.35 (m, 1H), 3.25-3.11
(m, 1H), 2.78-2.73 (m, 2H), 2.13-2.08 (1, J=7.3 Hz, 2H), 2.02-1.94 (m, 2H),



(trans)-N-Methyl -N-[[ 2- (2, 3-di hydr obenzof uran-4-yl)cycl o-

propyl ] met hyl ] pr opanam de 5 To a solution of
(trans)-N-[[2-(2, 3-di hydr obenzof uran- 4-

yl ) cycl opropyl ] net hyl ] propanam de (120 ng, 0.6 mvol) in THF (1.5 nl)

was added sodi um hydride (30 ng of 60% O0.75 mmol). The m xture was

al | oned to_‘é’???’zsﬂfy 0.5 h and iodonet hane (140 ng, 1 molPFIEEY236ded. 10
After stirring for 18 h, the solution wag6concentrated in vacuo. The

resi due was dissolved in acetonitrile and washed with hexane. The
acetonitrile solution was concentrated in vacuo and the residue purified

by chr onat ogr apHy’Gh-58i(m, 8H).&l.28-109 (., t1h).<2.8-0.78c(on, &H); HSMIMR (75: 8) to
i th duct, i 0] % . Al 'd f
g/ve 1 oreiiEiugs onoanioied el 40l 1% vk o 8o, B4 ¢ 1O

Found: C, 726%;5,@&85-1%; 193, 3.8312.7.

Exanple 101 2

(trans)-N-[[2-(2, 3-Di hydro-5, 7-di i odobenzof uran--4-yl ) cycl o-

propyl ] met hylg] pr opanam de Toﬂaﬁ%_l&?” -of

(trans)-N-[[2-(2, 3-di hydrobenzof uran-4-yl)cyclo- 25

propyl ] met hyl ] propanam de (0.245 ng, 1 mmol) and lead IV tetraacetate
(530 ny, 1.2 ngh)-{trank -Dihgai 6L 1D ertidrsiokdslisne (300 ng, 1.2
mrol ). The sol utj,on, .\ - ' uring which tine the
reaction solidifi . xtar ey arratet W t h met hyl ene chl ori de and
the resulting solution was washed wth water and saturated sodium 30

bi carbonate sol ution and dried. Theggcsolution was concentrated in vacuo
and the resil@ue Qnigised1BYzefdrs ol fej S E.a%Purity 8@9% by HIPLE. SHANMRoduct (500
ng, 99% np 198-199[err]C). WD 98/ 25606

PCT/ US97/ 22627 (300 MHz, CDCly) § 6.77-6.71 (m, 2H), 6.50-6.44 (m, 1H), 884s, 1H), Anal .

Calc'd for err rell err]: C, 36.24;: H 3.45; N 2.82.
Fourds G Ler M@%&n@éhﬁk&@é (m, 2H), 3.70-3.62 (m, 1H), 2.87-2.78 (m,
1H), 1.99 (s, 3H), 1.86-1.80 (m, 1H), 1.15-1.00 (m, 2H), 0.87-0.81 (m,
1H); 13C NMR (75 MHz, CDClg) & 143.3, 130.4, 120.9, 118.5, 115.4,
15  64.6, 64.1, 44.3, 23.4, 20.8, 16.3, 11.8.

Example 99

N-{[2-(2- I-4-benzofuranyl)-3.3-difluorocvciopropanvl]-

20 methyllacetamide

Obtained 90% of a colorless liquid. Purity = 98% by HPLC. 1H NMR
(300 MHz, CDClg) & 2.01 (s, 3H), 2.17-2.29 (m, 1H), 2.45 (s, 3H), 2.70 (m,
1H), 3.29 (m, 1H), 3.92 (m, 1H), 5.89 (bs, 1H), 6.44 (s, 1H), 6.97 (d, J=7.5
25 Hz 1H), 7.13 (t, J=7.5 Hz, 1H), 7.31 (d, J=7.5 Hz, 1H).. 13C NMR (75
MHz, CDCl3) & 14.2, 23.3, 28.4 (t, J=10.0 Hz), 20.7 (t, J=10.0 Hz), 37.3,

101.7, 110.2, 114.0 (t, J=288 Hz), 121.3, 123.1, 124.4, 129.5, 154.6,
156.0, 170.4.



Exanpl e 102 5 (trans)-N-[[2-(2 3-Di hydro-5-i odobenzof uran-4-

yl ) cycl opropyl ] met hyl ] pr opanam de To a solution of 0.12 g (0.6 -
mol ) (trans)-N-[[2-(2, 3-di hydrobenzofuran- 10

4-yl ) cycl opropyl ] net hyl ] pr opanam de and 0.27 g (0.6 nmml) of lead IV
tetraacetate in 1 nm acetic acid was added 0.075 g (0.25 g,rlr&%s%? 5%? ne.
The sol uti KOO | owed to stir for 1.5 2 and was dil ut & 29t hyl ene
chlori.de. The resulting solution was washEd with water and saturat ed

sodi um bi carbonate sol ution and dried. The solution was concentrated 15

in vacuo and the residue purified b !@at@gr aphy on silica eluting
wi th ethyl acetate-hexane, 3:7 cont 2% et hanol to give the
product (25 ng, 11% np 148-149[err] C). Anal. Calc'd for

Cerr]Herr]l drBbefz8furdi-3-Vlcyckl
Found: C, 47.9%;

. H, 4. easonapl e vari ati ons,

such as those wirepvilmethvlpropanamide skilled artisan, can be nade

herein w thogt departing fromthe scope of the invention. 25
WD 98/ 25606 . ) .
PCT/ US97/ 22627 To a solution of (trans)-N-{[2-(2,3-dihydrobenzofuraiy-4- W

claim Yycycidbregypmitndiptdpanarmidd ?2b . 16 PRAGHTRCTHFI(£.8/ iy
acceptabl e wa%oald\é%%esoainr%\r ﬁy(gﬁdre]?gb g‘?’g o 6e0°o,06.9y Iman"iol).5The mixture was
allowed to stir for 0.5 h and iodomethane (140 mg, 1 mmol) was added.
10  After stirring for 18 h, the solution was concentrated in vacuo. The
residue was dissolved in acetonitrile and washed with hexane. The
acetonitrile solution was concentrated jn vacug and the residue purified
by chromatography on silica eluting with ethyl acetate-hexane (2:8) to
- give the product as an amber oil (30 mg, 69%).
15 | . | -
Anal. Calc'd for C1gH21NO*0.2H,0:  C, 73.08; H, 8.20; N 5.33.
Found: G, 72.91;H, 8.24; N, 5.23.

Example 101
20

To a solution of (tréns)-N-[[2-(2,3-dihydrobenzbfuran-4-yl)cyclo-

25 propyljmethyllpropanamide (0.245 mg, 1 mmol) and lead IV tetraacetate
(530 mg, 1.2 mmol) in 1.5 mL acstic acid was added iodine (300 mg, 1.2
mmol). The solution was allowed to stir for 15 min during which time the
reaction solidified. The mixture was diluted with methylene chloride and
the resulting solution was washed with water and saturated sodium

30 Dbicarbonate solution and dried. The solution was concentrated in vacuo
and the residue crystallized form isopropyl ether to give the product (500
mg, 99%, mp 198-199°C).



[err] wherein Qerr] and Qerr] each are independently

hydr ogen or hal ogen; 10 X is CHerr], CH or oxygen;

Yis CR[rr], CRlerr]Rerr] or (CHerr])[err], with n = 1-4; Z
is CHerr], CHor oxygen; R is hydrogen, hal ogen or (err]
al kyl in both cases; m is 1 or2; 15 rr] is
Cerr] al k)W 98(’:'[sﬂﬁﬁr] cycloal kyl, Cerr] haloal kyl, err]?crmswnﬂﬁ

al kylam no, C[err] alkenyl, Cerr] al koSJPC[e_rr])aI kyl, Cerr]
al kyIthi"o(C[err])aI kyI or C[err] trifluoronethylal kyl ; R err]

5o ogen o i GaBkiue Moy, SIGAk AAENEE, Cach e

1 wherein err] and Q err] areFougpengdess. 2y H, 3.59; N)wdigrgen or i odo and m

is 1. 3. © A conmpound of claim2 wherein R[err] is CJerr] alkyl,
Clerr] cycloalkyl, 25 d({err] haloalkyl, Clerr] alkenyl, C[err]

al koxy(d err])alkyl or Cerr] Exarhpleora@get hyl al kyl and Rlerr] is

hydr ogen. 5 4, A compound of claim 3 wherein Xis CHerr] and Zis
oxygen. WD 98/ 25606

PCT/ US97/ 22627 (trans})-N-[[2-(2,3-Dihydro-5-iodobenzofuran-4- - 80 - ~ 5. A

o SRR A .
yl ] met hyl ] pr opanam de;
(-)-(trans)-N-[[¥s & 2oitsh BY 6120 i rand-NGeceRiRParbbenzoturan- °
10  4-yl)cyclopropylimethyl)propanamide and 0.27 g (0.6 mmol) of lead IV
tetraacetate in 1 mL acetic acid was added 0.075 g (0.25 mmol) iodine. -
The solution was allowed to stir for 1.5 h and was diluted with methylene
chloride. The resulting solution was washed with water and saturated
sodium bicarbonate solution and dried. The solution was concentrated
15 invacuo and the residue purified by chromatography on silica eluting
with ethyl acetate-hexane, 3:7 containing 0.2% methanol to give the
product (25 mg, 11%, mp 148-149°C).

Anal. Calc'd for C5HgINO2#0.1H,0: C, 48.30; H, 4.92; N 3.75.
20 Found: C,47.94; H, 4.67; N, 3.70.

Reasonable variations, such as those which would occur to a
skilled artisan, can be made herein without departing from the scope of
the invention.

25



I
(trans)-N-|

l.

I

(trans)-N-|

y
(-
y
(-
y
(-
y
(trans)-N-[][ 2-
y

I
t
I

(trans)-N-J[2-(

yl ] met hyl ] but anam d

yl ] met hyl ] aq‘)ﬁi am de; 20
(+)-(trans) [[2-(2-nethyl -2, 3-di hydrobenzof uran-4-yl)cycl oprop- 1-
yl ] met hyl ] pr opanam de; - R R

(H)-(trans)-N-|

acetamde (-)-(trans)
N-[ ]" nzof uran-4-yl)cycl oprop- 1-

[2 (2 3- di hydr obenzof uran-4-yl)cycl oprop- 1-

)

.] met hyl | met hoxyacet am de; 10

) - (transWONB{256 (2 3- di hydrobenzofuran 4-yl)cycl oprop- RCT/US7122627
] met hyl J cycl opr opanecar boxani de; 79 -

) -

]

r

[ 2- (2, 3-di hydr obenzof ur an-4-yl) cycl oprop- 1-

met hyl Jtrifl acet am de;
(Vg alﬂ"‘nydro 2, 2-di met hyl - benzof uran-4-yl)cycl oprop- 1-
] met hyl ] pr opanam de;

yl ] met hyl ] cycl opr opane car boxa

0

- - [ 2- (2- net hyl - 221Y3-xi hyd nzofjur an-(éll)- yl ) cycl oprop- 1-
yl ] met hyl ] but anam de; - N R
(+)-(trans)-N-[[2-(2-nethyl - 5& ydr obensdf ur an- 4- yl ) cycl opr op- 1-

(H)-(trans)-N-|

[ 2- (2- net hyl -

yl ] met hyl ] - 2- et hyI pr opanam de

(+)-(trans)-N-[
yl ] met hyl ] chl or

(=) -(trans)-N [QRaf@Ofet byth redindepariiontie hydrogeanr hajdgenycl opr op- 1-

- et hyl - 2, 3-di hydr obenzof uan- 4-yl ) cycl opr op- 1-

oacet anm de; 30

| ] et hyl d
! ]ne A ]pfcﬁfaFgm( 2 %ot P2 O 87 RY8Bbenzof ur an- 4-y1 ) cycl oprop-1-y1] -2-

(-)-(trans)
met hyl pr opanam
PCT/ US97/ 22627

(-)-(trans)-N-[[2-(2-%et KfH2 GHOr e¥¥EMwenzof ur an- 4-yl ) cycl oprop-1 -

de; Y is CRACRIEHLEGSIL),, with n = 1-4; a1

yl]nmethyl]acetam de; g g hydro%e halogen or Cq.4 alkyl in both cases;

(-)-(trans)-N-|

[ 2- (2- met hyl™-

yl ] met hyl ] met hoxyacetM@ni dé‘l or2;

15

20

25

RY is Cy.g alkyl, C3- cycloalkyl, C1-3 haloalkyl, C1-g
alkylamino, Ca.g alkenyl, C1-4 alkoxy(C4.4)alkyl, C14
alkylthio(C.4)alkyl or Cq.4 trifluoromethylalkyl;

R2 is hydrogen or C1.4 alkyl; and

R3and R4 each are independently hydrogen or Cq-4 alkyl.

2. A compound of claim 1 wherein Q! and Q2 are independently
hydrogen or iodo and m is 1.

3. A compound of claim 2 wherein R? is Cy.¢ alkyl, Cg.4 cycloalkyl,

C4.3 haloalkyl, Co._5 alkenyl, C4., alkoxy(C1.2)alkyl or Cq.o
trifluoromethylalkyl and R2 is hydrogen.

4, A compound of claim 3 wherein X is CHp and Z is oxygen.

Wﬂo%n% o% FOMELYr o p SRR lcaﬁy ¥c3e%¥acblg prop-1-

(+)-(trans)-N [s[omalémmdiyiavihgiiheinydmlabenzof uran-4-yl)cycl oprop- 1-

di Iﬂ/drobenzofuran 4-yl)cycl oprop- 1-

robenzof uran- 4-yljcycl oprop-1 -

15

25



5 -)-(trans)-N-[[2-(2-nmet hyl -2, 3-di hydr obenzof uran-4-yl)cycl oprop-1 -
(-)- nﬂl&é met hyl - 2, 3- di hydr obenzof uran-4-yl)cycl oprop-1 -

(i) o AR A

(trans)- N[ [‘2-'( 2,53- di hydr obenzof uran-4-yl)cycl oprop-1 -

yl ] met hyl ] acet am de; 10 . PCTIUSYIR2627

(-) - (transgodenbdee- ( 2, 3- di hydr obenzof uran-4-yl)cycl oprop-1 -yl ] nethyl]

pr opanani-de; (trans)-N-[[2-(2, 3-8@ hydr obenzof uran-4-yl)cycl oprop-1
-yl ] met hyl ] pr opanani de;

(rans) M [12- (2,3-di hydr obenzat ur an ity )eY<hoPEStp cbnaidgi 11 15
t SN[2- (2, 3 Aoyl evel o

érgggf% et L£/| ] g%@g%@%éﬁyémﬁeﬂiéfgpé?pﬂheidlﬁpﬁtﬂ: yl )cycl o

(trans)-N-[[ 2- (yAwidtillpsapaoamidesdobenzof ur an- 4-

yl) cycl opropyl ] I A0y Lofurant4-ppscldgrep-2= ( 3, 4- di hydro- 2H 1
- benzopyr an- 5- }5‘;(&" é%%’ﬁ#@ﬁ‘?i@%%’wea yrli met hyl ] pr opanam de;
(trans) - N-[ [2- (WimbtoylJagetemidad- 1 - benzopyr an- 5-yl ) cycl oprop-1 -

ylTrethyl]cycl opr NG 20X Ay fsbenzofuran-4-yheyelopreplf 2- ( 3, 4- di hydro- 2H 1
- benzopyr an- 5- yﬁ@@‘@?ﬁ%‘ﬁg{ﬁ& my25 ° yl ] met hyl ] but anam de; and :
(+) - (trans) - N[ {ingteyllbutanamid®- 24 1 - benzopyran- 5-yl ) cycl oprop-1 -

yl ] met hyl ] pr opag_?mgﬁ)_N.[[z-gz 3-dihy@robenzéfuranvpeyl)aycleproptlai m 5, sel ected from
the group consisting of:. 30 -

(+)- N-[[ 2- (2, 3- MimgBYUBEHSRYasPIAMELY | ) cycl oprop-1 -
yl ] met hyl ] pg p<[’:1FLZ.Q&&%%—N-[[Z-(Z,3-dihydrobenzofuran-4-y|)°Y°‘°D.|’°P'1‘

-)-(trans)- 2, 3-di hydr ob f ;74-yl)cycl oprop-1 -
§/|%m(9t hyl]écet aigathy GYCHO&OP%%BMEB%. yl) cycloprop

PCT/ US97/ 22627 (- _(trans)-N-[[2-(2,3-dihydrobenzofuran-4-yljcycloprop-1- g5 _

-)-(trans)-N - - i furan-4-yl)cycl oprop-1 -

()t oo i uinsdegtagal v on- 4 y1) cycl oprop-1 -

(-) - (trans) - N- [ [(RafN[aH@,Bonibydrn 2,2 cimetrybanzolHan Ardisy 4P

yl ] met hyl ] cycl opr.o oxamgle 5

(7-(trans) %- | [%ans)-N-[ﬁ%ﬁ,agﬁdg—gg%&gﬁgﬁgénuzro?& aft-aYy )y ¥iopRiy-#P- 1
yljmethyl]butanamide;
(+)-(trans)-N-[[2-(2~methyl-2,3-dihydrobenzofuran-4-y|)cyc|oprop-1-
yilmethyljacetamide;

20 (+)-(trans)-N-[[2-(2-methyl-2,3-dihydrobenzofuran-4-yl)cycloprop-1-
yllmethylilpropanamide; .
(+)-(trans)-N-[[2—(2-methyl-2,3-dihydrobenzofuran-4-y|)cyc|oprop-1-
yijmethylbutanamide; _
(+)-(trans)-N-[[2-(2-methyl-2.3-dihydrobenzofuran-4-y|)cyc|oprop-1-

25 ylimethyijcyciopropane carboxamide;
(+)-(trans)-N~[[2-(2-methyl-2,3-dihydrobenzofuran-4-y|)cycloprop—1-
yl]methyl]-z-methylpropanamide;
(+)-(trans)-N-[[2-(2-methyl-2,3-dihydrobenzofuran-4-yl)cyc|oprop-1-
yljmethyllchloroacetamide;

30 (-)-(trans)-N-[[2-(2-methyl—2,3—dihydrobenzofuran-4-yl)cycloprop-1-
ylimethyl]propanamide;
(—)—(trans)—N-[[2-(2-methyl-2.3-dihydrobenzofuran-4-yl)cycloprop-1 -yl}-2-
methylpropanamide;



yl]meth acet am de; _
(+) (tr Hulj“ﬂi hyl - 2, 3- di hydr obenzof ur an-4-yl ) cycl oprop- 1 -
yl ] met

(+)- (trans) N—[[ - net hyl - 2 3-di hydr obenzof uran- 4-yl ) cycl oprop-1
yl ] met hyl ] but anam de

(+) - (trans)WQE83s606( 2. et hyl - 2, 3- di hydr obenzof ur an- 4- y| ) c PEFERYERT -
yl ] met hyl ] cycl opr opane car boxami de; - 81 -
(+)-(trans)-N-[[2-(2-nethyl - 2 3 di hydr obenzof ur an-4-yl)cycl oprop-1
yl ] met hyl ] chl or oacet am de;

(-)-(trans)- N[ M-(trana)ﬁ‘d-ﬁg1(2@ethﬂr2@wm§le¢b§mmﬂ-4 Wicydorioppt-op- 1-
yl ] net hyl ] propamﬁm ac ta |d

(-)-(trans)-N-| hgdr obenzof ur an- ){I ) cycl oprop-1
yl ] et hyl ] acet aki)disans)- N-[[g -(2- methyl- -dihydrobenzofuran-4-yl)cycloprop-1-

(-)-(trans)-N-| [ygmg&quemxygcesa,mdydr obenzof uran-4-yl)cycl oprop-1 -
yl ] met hyl ] cycl opro _
()Tt ans) R {alra0siehHir 2 smaibogtg-iyskohespahsen A4y igRIo8st-op-  1-
yl' ] met hyl ] but an;-m(d&ns) N-[[2-(2-methyl-2, 3-d|hydrobenzofuran-4-y|)cycloprop -1-
(trans)-N-[]2-( r} droben of uran-4-yl)cycl oprop-1

yl ] met hyl ] acet aM égtanaml

(')'(trans)'N'[[(Qaﬁﬁvm{[d*(QM\mﬁﬁﬁﬁMMn% hoyeloprayprop- 1 -yl ] net hyl ]

10

20 -

pr opanam de; rans):N-[[ 2- (2, 3-di hydr obenzof uran-4-yl)cycl oprop-1
Vimelfya3HARIdR:.

-yl ] met hyl ]

(trans) - N-[ [1D- ( 1;)3treng}yi{[ake Bzdihydraberzofanydyigycioprdp-1jinatiily | | 30

but anam de; . :
(trans)-N-[[2-( £r39%}%n§;8?b_ 5, 7-di i odobenzof ur an-4-yl)cycl o-
propyl ] met hyl ] pr(trpm)dﬁ[adg 3adilydrobenzofuran-4-yl)cycloprop-1-yljmethyl}

(trans)-N-[][ 2- (%Eg?]éj.} 50- 5-i odobenzof ur an- 4-
yl ) cycl opropyl ro anam de. WO 98/ 25606

PCT/ US97/ 22627 (trans) -N- [[2-( ,3-dihydrobenzofuran-4-yl)cycloprop-1-ylimeghwl]
The conmpoungsof Hikaddiifle; Which is (trans)-N[[2-(2, 3-

di hydrobenzof ur a(nraﬂs)yN-)[[%Y(z 3(-)-tE.|)|hycFi)|:o-5 :r?'dlnn]odoéehn%}u%r?ﬂ?y?)ac;ncﬁ-e
propyl]methyl}propanamide;
(trans)-N-{[2-(2,3-dihydro-5-iodobenzofuran-4-
yl)cyclopropylimethyljpropanamide;

20 (trans)-N-[[2-(3,4-dihydro-2H-1 -ben;zopyran-s—yl)cycloprop-1 -
'Yllmethyl]propanamide;
(trans)-N-[[2-(3,4-dihydro-2H-1-benzopyran-5-yi)cycloprop-1-
ylimethyljcyclopropane carboxamide;
. {trans)-N-[[2~(3,4-dihydro-2H-1-benzopyran-5-yl)cycloprop-1-
25 yllmethyllbutanamide; and
(+)-(trans)-N-[[2-(3,4-dihydro-2H-1-benzopyran-5-yi)cycloprop-1-
yljmethyl]propanamide.

6. A compound of claim 5, selected from the group consisting of:

30 (+)-N-[[2-(2,3-dihydrobenzofuran-4-yljcycloprop-1-
yljmethyllpropanamide;
{-)-(trans)-N-[{2-(2,3-dihydrobenzofuran-4-yl)cycloprop-1-
yllmethyljacetamide;

7.



The conpound of claim6, which is (-)-(trans)-N-[[2-(2, 3-
di hydrxunmmwm”.ﬁ_“ cycl oprop 1 -yl]nethyl]propanam de. 9. A
conmpou re|n is oxygen, Y is (CHerr])[err] in which
nis 1dr 2 ahd'Z i’ oxygen 10 10. A compound of claim9, selected
fromthe group consisting of: (trans)-N-[[2-(1

, 3- benzodi o¥8"¥2%% ) cycl oprop-1 -yl ] nethyl ] acet ani de; PCT/USY722627
( Y-(trans)-N-[[2-(1 ,3-benzodi oxol - 4-yt Bytl oprop-1 -yl ] et hyl ] acet am de;
(trans)-N-[[2-(1 , 3-benzodi oxol -4-yl)cycl oprop-1 -yl ] met hyl ] pr opanam de;

LS ek S OB E kBRI aR Y ) o |

-yl ] met hyl ] but andlmetkyllbutanamidd;- ) - (trans)-N-[[2- (1 _

(? ‘ gﬁg)zoﬂll- ?E((Zjl ( i’(y@%&g&@g@%#w&&*&%&%%%gl)ciyclcgﬂl?-is'ﬁt)r-ap ﬁ;r} ?gycl ggr opane

car boxam de; yl]methyl}cy(:bpmpahebhrbbiarﬁiﬂg, 3- benzodi oxol - 4-yl)cycl oprop-1

2 benzoni oxd - A SARRELIENEAR AR A fbenzotumn-+ WNERRABPI bnar de:

(-) - (trans) - N[ imethylasetamidé;oxol - 4-yl ) cycl opr op- 1-yl | net hyl | - 2- :

- benzod oxi - S "@*%wsfa"sa I8 midthEd el pelZonti SYHbRdpropa: 5

(-)-(trans)-N-[[¥ ezhﬂlmvmnudq, 4- benzodi oxi n-5-yl )cycl oprop-1 -

yl4] gg; %H giﬁl an(tpsi%éfans) -N- [p[g (% Haﬁ&lf@@%}hyw%ﬂz&fﬁrﬁ %EE)%% Blzcar boxani de;

VO 98/ 25606 10 yl]¥n thyl]butanamlde

(- Ctrans) v e TR G 1

yl 1 met hyl ] but an yljcyclopropane carboxamide;
(+)-(trans)-N-[[2-(2-methyl-2,3-dihydrobenzofuran-4-yl)cycloprop-1-
yllmethyljchloroacetamide;

15  (-)-(trans)-N-[[2-(2-methyl-2,3- dlhydrobenzofuran-4-yl)cycloprop-1-
yllmethyljpropanamide;
(-)-(trans)-N-[[2-(2-methyl-2,3-dihydrobenzofuran-4-yl)cycloprop-1-
yllmethyllacetamide;
(-)-(trans)-N-[[2-(2-methyl-2,3-dthydrobenzofuran-4-yl)cycloprop-1-

20 yllmethyllcyclopropane carboxamide;
(-)-(trans)-N-[[2-(2-methyl-2,3-dihydrobenzofuran-4-yl)cycloprop-1i-
yljmethyllbutanamide;

(trans)-N-[[2-(2,3-dihydrobenzofuran-4-yl)cycloprop-1-
yllmethyljacetamide;

25  (-)-(trans)-N-{[2-(2,3-dihydrobenzofuran-4-yl)cycloprop-1 -yI]methyI]
propanamide;

(trans)-N-[[2-(2,3- d|hydrobenzofuran-4-y|)cycioprop- -yljmethyl]
propanamide;
(trans)-N-[[2-(2,3-dihydrobenzofuran-4-yl)cycloprop-1-yljmethyl]

30 Dbutanamide;

(trans)-N-[[2-(2,3-dihydro-5,7-diiodobenzofuran-4-yl)cyclo-
propyllmethyljpropanamide; and
(trans)-N-[[2-(2,3-dihydro-5-iodobenzofuran-4-
yl)cyclopropyllmethyllpropanamide.



(+)-(trans)- N [[2-(273=dihydro-1 , 4- benzodi oxi n-

_ )cycl oprop- 1-

[ 5-yl

yl ] meth ATEei 5 (-)-(trans)-N-[[2-(2, 3-di hydro-1

, 4- benzimmmwmmmrgﬂyopr op-1 - ylJmethyl Jtrifl uoroacetam de;

(-)-(trafs) EN-F[ 22 (3, 3+di hydro-1 , 4- benzodi oxi n-5-yl)cycl oprop-1

-yl ] methyl ] - 3,3,3-trifluoropropanam de;

(+)-(trans)Wweos2se06 2 3-di hydro-1 , 4- benzodi oxi n-5-yl )CyCF’SiS{”Sﬁ’.”f‘z." 10

yl ] met hyl ] pr opanani de; (trans)-NPBB2- (2, 3-di hydro-1

, 4- benzodi oxi n-5-yl ) cycl oprop-1 -yl]- nmet hyl ] acet am de;

(trans)-N-[[2-(2,3-di hydro-1 , 4-benzodi oxi n-5-yl)cycl oprop-1 -yl]-

nmet hyl'] pr opanam de; 15 (trans)-N-[[2-(2, 3-di hydro-1

(11 ans) N L L2 (B o o o et 1 Y1 ] met hyl ] - 2
trans) - - (2,,3-di rp-1 . 4-benzodi oxi pn- 5= C rpp-1 -yl ]methyl]-2-

met hyl pr opanani (Sdgw,ydéqﬂf%zoﬁlran-zl()g)rcxﬂg?[qq_-f—y@me%&k&#ﬁp@?ﬁbﬂ%ﬁ

, 4- benzodi oxi n-5-yl)cycl oprop-1 -yl]- 20 nmet hyl ] cycl opropane

car boxam de. 11, A conpou | Al ed fromthe

group consi sfi n§" of : The compouraq Pﬁﬂg'ﬂ ﬁl—q’f’ﬁ'gh fsl(?‘f-maill%-Né‘[@-&%-

, 3- benzodi oxol - 4lilpidrahanizofuram-4iyl)cytippeaipai-ylimethylpiogpanamide.

(-)-(trans)-N-[[2-(1 , 3- benzodi oxol -4-yl)cycl oprop-1 -yl ] nethyl]acetam de;

25 (trans)-N-[[2-(1, 3-benzodi oxol -4-yl)cycloprop-1 .

-yl ] et hyl ] pr op&ham éesompound of claing 3 wherein X is oxygen, Y is (CHp), in which
(-)-(trans)-N-[[.2-.(1, 35 dj h{:}4-y|)cyc|oprop-1-yI]rrethyI]

pr opanam de. nis™ O'% %@Pi%% ound of claim 10, selected fromthe
group consi sitd ng of : 0

3
oo Lo BB B S &
, 4- benzodi oxi n- Strang)dydiRdiidbpenzedioxol-4-ylcysiopraptihylimetbrianetanaide; W
gg{l_/zagg? [ 29627 (-)-(trans)-N-[[z-(1,3—benz-odioxol-4-y|)cycloprop-1-yl]met_l'nyléaSce_tamfde;' '
(trans)-N-[[2-(1,3-benzodioxol-4-yl)cycloprop-1-ylimethyl]propanamide; -

15  (-)-(trans)-N-[[2-(1,3-benzodioxol-4-yl)cycloprop-1-yllmethyl]
propanamide; _
(trans)-N-[[2-(1,3-benzodioxol-4-yl)cycloprop-1-ylimethyljbutanamide;
(-)-(trans)-N-[[2-(1,3-benzodioxol-4-yl)cycloprop-1-yljmethyl]
butanamide;

20 (trans)-N-[[2-(1,3-benzodioxol-4-yl)cycloprop-1-ylimethyljcyclopropane
carboxamide; '
(-)-(trans)-N-{{2-(1,3-benzodioxol-4-yl)cycloprop-1-yljmethyl]
cyclopropane carboxamide;
(trans)-N-[[2-(1,3-benzodioxol-4-yl)cycloprop-1-ylimethyl]-2-

25 methylpropanamide;
{-)-(trans)-N-[2-(1,3-benzodioxol-4-yl)cycloprop- 1-ylimethyl]-2-
methylpropanamide;
(-)-(trans)-N-[[2~(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-
yilmethyl]propanamide; o :

30 ({-)-(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-
yllmethyl]acetamide;
(-)-(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-
ylimethyllcyclopropanecarboxamide;



(-)- (trans - - di hydro-1 , 4- benzodi oxi n-5-yl)cycl oprop-1 -
yl ] met H arboxan1de and

(-)-(t

yl'] met

( dlhydro 1 , 4-benzodi oxi n-5-yl)cycl oprop- 1-
et hyl '] ut anam de _ 13 A conpound of claim3 wherein X is
CH., Yis CRlerr] and Z |s oxygen. 14. A corrpound of claim 13
sel ected fry@#2$606gr oup consi sting of: /US97122627
(-)-(trans)-N-[[2-(2-benzofuran-4-yl)cyelggaps op-1 -yl ] nethyl]cycl opropane 1
0 carboxam de; (-)-(trans)-N-[[2-(benzofuran-4-yl)cycl oprop-1

-yl ] meét hyl ] propanani de;
(trans) - N-[ [ 2- ( D )nfrensi-NoE(2a3-dihadros rbenzotiogindpyhcycjoprertihy| | acet ami de:

(trans)-N-[[2- (énﬁg{mjbutiami ran-4-yl)cycl oprop-1 -yl ] methyl] -

pr opanam de; trans) - 2- (2-met hyl - benzof ur an- 4-yl ) cycl oprop-1
-yl T et hyl ] - (+)-(trans)-MNH%i(2 -dlhydro -1,4- benzod|oxm-5-yl)cycloprop-1-
(trans)-N-[]2-( é]-ray,{,aé‘,ycl oprop-1 yI ] nmet hyl ] acet am de;
(trans)-N-[[ 2-(be nzofuran 4- cyc rop-1 -yl ]methyl]propanani de;
(trans)-N[[ 2 (Hoh Q'@Pamr{[&@;@? F%Eq“o?ﬁf@dwrh%ﬂhw WueRrlani de; 20
(trans)-N-[[2- (?ﬁmﬁmﬁﬂmﬂoaﬂe}aﬁmbopr op-1 -yl]methyl]-2-

nmet hyl pr opanam

(trans)-N-[[2- (b‘é)ﬁ(}@f‘a} %Erﬂ?zr(%@'f’t!vér%b#ﬁ@%!%%@ﬂ%%%5 Pelgthvl-
car boxam de. . 3,3.3-trifllbropropanamigeund of cl a| m 14 sel ected fromthe group
consi sting of | ewgans) WA2125-Bh1dr8-A ZoTREHbGRS VAR oty ) ovel oprop-1
(trans)- N;i[ [ 3 ( 2yipmdthyilpropaemdide;an- 4- yl ) cycl oprop-1 -yl ] nethyl] -

r n ; -
(trans)- N[ | 2- (AREPROTIE S husins ! 4-5arpegonssr IO oRen 1 - 30
but anani de; and methyl]acetamlde,

o302 (oRaAaF Mo iy PSRl S RASBATE ™ 9o
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PCT/ US97/ 22627 methyljpropanamide; - 86 -
15 (trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yi)cycloprop-1-yl]-
methyllbutanamide;

(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-yljmethyl}-2-
methylpropanamide; and o
(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-yl}-

20 methyljcyclopropane carboxamide.

11. A compound of claim 10, selected from the group consisting of:
- (trans)-N-[[2-(1,3-benzodioxol-4-yl)cycloprop-1-yljmethyl]acetamide;
(-)-(trans)-N-{[2-(1,3-benzodioxol-4-yl)cycloprop-1-yljmethyl]acetamide;
25 (trans)-N-{[2-(1,3-benzodioxol-4-yl)cycloprop-1-ylimethyl]propanamide;
and (-)-(trans)-N-[[2-(1,3-benzodioxol-4-yl)cycloprop-1-yllmethyi]
propanamide.

12. A compound of claim 10, selected from the group consisting of:

30 (-)-(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yf)cycloprop-1-
ylimethyl]propanamide; -
(-)-(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-
yllmethyljacetamide;



16. A nethod—of—treattng—sl eep disorders in a patient in need of such

treat nent s ai stering to said patient a therapeutic anpunt
of a condcmglnﬂﬂﬁmﬁll 3“ 5 17. A conposition useful for treating
sl eep di sordersLCOMpPr$ Si a t herapeuti ¢ amount of a conpound of

claiml1 and a suitable anmount of a pharmaceutically ac e
carrier. wWO09825688. A nethod of treating circadi an rhytm"ﬁsé%{‘?g)d

disorders in a 10 patient in need of suliBh-treatnent conprising

adm nistering-to said patient a therapeutic anount of a conpound of

claim 1. 19. A conposition useful for treating circadian

rhythmrel ated (-)-(transyiNsii2-(2-dlinyeiier idsbenrgodiaxinspybevaiPRioarbunt of a

compound of cl ai m@eth}@yc%{%p%ngyg%agé@;@m%t of- a pharnmaceutically

acceptable carrier. . ..
(-)-(trans)-N-[[2-(2,3-dihydro-1,4-benzodioxin-5-yl)cycloprop-1-

ylimethyllbutanamide.

13. A compound of claim 3 wherein X is CH, Y is CR3 and Z is oxygen.

14. A compound of claim 13 selected from the group consisting of:
(-)-(trans)-N-[[2-(2-benzofuran-4-yl)cycloprop-1-yljmethyl]cyclopropane

10 carboxamide;.
(-)-(trans)-N-[[2-(benzofuran-4-yl)cycloprop-1-yljmethyllpropanamide;
(trans)-N-[[2-(2-methyl-benzofuran-4-yl)cycloprop-1-ylJmethyllacetamide;
(trans)-N-[[2-(2-methyl-benzofuran-4-yl)cycloprop-1-yllmethyi]-
propanamide; .

15 (trans)-N-[[2-(2-methyl-benzofuran-4-yl)cycloprop-1-yilmethyl]-
butanamide; ,
(trans)-N-[[2-(benzofuran-4-yl)cycloprop-1-yljmethyljacetamide;
(trans)-N-[[2-(benzofuran-4-yl)cycloprop-1-yljmethyi]propanamide;
(trans)-N-[[2-(benzofuran-4-yl)cycloprop-1-yllmethyl]butanamide;

20 (trans)-N-[[2-(benzofuran-4-yl)cycloprop-1-yljmethyl}-2-
methylpropanamide; and
(trans)-N-{[2-(benzofuran-4-yl)cycloprop-1-yljmethyljcyclopropane
carboxamide.

25 15. A compound of claim 14, selected from the group consisting of:
(trans)-N-[[2-(2-methyl-benzofuran-4-yl)cycloprop-1-ylimethyilacetamide;
(trans)-N-[[2-(2-methyl-benzofuran-4-yl)cycloprop-1-yljmethyl]-
propanamide;
(trans)-N-[[2-(2-methyl-benzofuran-4-yl)cycloprop-1-yljmethyl]-

‘30 butanamide; and
(trans)-N-[[2-(benzofuran-4-yl)cycloprop-1-ylimethyllpropanamide.
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16. A method of treating sleep disorders in a patient in need of such
treatment comprising administering to said patient a therapeutic amount
of a compound of claim 1.

17. A composition useful for treating sleep disorders comprising a
therapeutic amount of a compound of claim 1 and a suitable amount of a
pharmaceutically acceptable carrier.

18. A method of treating circadian rhythm-related disorders in a
patient in need of such treatment comprising administering to said
patient a therapeutic amount of a compound of claim 1.

19. A composition useful for treating circadian rhythni-related
disorders comprising a therapeutic amount of a compound of claim 1
and a suitable amount of a pharmaceutically acceptable carrier.



