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CARBOXAM DES USEFUL AS 5- HT[ ERR] AGONI STS Theories regarding the

pathophy f m grai ne have been dom nated since 1938 k of
(}ahanrand9b@€¥¥§kﬂwch. Neurol . Psychiatry, [err], 737-63 f?%%%??F&ﬁaey
proposed that the cause of m grai ne headache was vasodil atati on of -
extracrani al vessels. This view was supported by know edge that ergot

al kal oi ds and sunmatri ptan, "a hydrophilikx 5-HT1 agoni st which does not cross

the bl ood- brain barrier C hal.ic _vascul nmuscl e and are
effective in the tré%&%%ﬂ¥£§£5ﬁ9 ﬁﬁ%ﬁ@ ﬁ% i@FigﬁﬁkpAnn NY Acad.
Sci., [err],587-600 (1990)). Recent wor k by Nbskomrtz has shown, however,
that the occurrence of mgraine he dache% lnd pende %ﬁ%gg

vessel di anet e¥P]VEHPRI BPYREAIPE, F?e pajhop }%‘&sed

t hat Cumbﬁéﬂ)dammmumedtslgger$936rbpathestmklaEeGman;mnanﬁ wWeeElngg i a whi ch
I nnervat e va ulature ep I | IMi\Ng IhSe o rel ease of
vasoactlv(éli %%f?%ES£$¥§ﬁ§§§6%§ gn' 35 § Pg%u$3 Tﬁge rel eased

neur opeprpzmzsosehértla@tlt/heecauser pés mjgravioet Qea@aWEMnce of which is
pain. Thi £ohnbE aguBLhBRAhd o] QRkad1. SuTRld algp gl er oot

al kal oi ds by nmechani sns 1 nvol vin receptors, believe cl osely

rel at ed t&pﬁp@¢@ﬁ¢ﬂ?erk?oyhségseghﬁéc@t@@toﬁhﬁ%&qﬁdiyﬁﬁéuﬁnﬂeﬁn%Qtanbers
(Neur ol ogy ,hy@repisLppl 5-BT1 S&6n53¢ Wwhied) JHoeSe mmitordyogsH-tie l@]zdmd» ts

?Lge;;gt h ggglo |cg%§?g%6éﬁ% nedra&ﬁil?% atqy'ast four receﬁtor Saﬁ?ch
expressesare fefféchbivE| £nr theubreptmentmed &ﬂgﬂaamre] V\Hﬁm:ﬂnf@,edeby Kao
SHTIE T ehbpt PRk riTh fEod- 0B e ac 899y oa7 1608 1§ 1412 48R Dot ©
ser ot onerky Meskepibr has gbhowni bddwenes hitdiatafthieniagcwirengmtof pt an at
migraine headaches is independent of changes in vessel
diameter (Cephalalgia, 12, 5-7, (1992)).

Moskowitz has proposed that currently unknown triggers
for pain stimulate trigeminal ganglia which innervate
vasculature within the cephalic tissue, giving rise to
release of vasoactive neuropeptides from axons on the
vasculature. These released neuropeptides then activate a
series of events, a consequence of which is pain. This
neurogenic inflammation is blocked by sumatriptan and ergot
alkaloids by mechanisms involving 5-HT receptors, believed
to be closely related to the 5-HT1p subtype, located on the
trigeminovascular fibers (Neurology, 43(suppl. 3), S16-S20
(1993)).

Serotonin (5-HT) exhibits diverse physiological
activity mediated by at least four receptor classes, the
most heterogeneous of which appears to be 5-HT1. A human
gene which expresses a fifth 5-HT1 subtype, named 5-HT1F,
was isolated by Kao and coworkers (Proc. Natl. Acad. Sci.

USA, 90, 408-412 (1993)). This 5-HT1F receptor exhibits a
pharmacological profile distinct from any serotonergic
receptor yet described. The high affinity of sumatriptan at
this subtype, Ki=23 nM, suggests a role of the 5-HT1F

receptor in migraine.



this subtype, Ki=23 nM suggests a role of the 5-HT[err] receptor in
m gr ai ne. 2 A series of N-aryl-3-anino-1,2,3,4-tetrahydro ‘OH

car bazol xam des have been described by Porter,
94/14773e“§ﬁﬁ%339 1994) as 5-Hl[err]-1ike agonists, mhlch g%ﬂﬂ?ﬁﬂg%m
vasoactive effects. The amides of the present invention are 5-HT1F agonists
whi ch inhibit peptide extravasation due to stinmulation of the trigem nal
ganglia, and are therefore useful for tRe treatnent of m graine and
associ ated di sorders w thout the vasoconstrictive liability of structurally -
sinilar conpoufd€erifs medbRryindtame pkodi Aed-RebvErbgdarirAd-1, 2, 3, 4-
tetrahydr%a&ﬁam@amc%&&ﬁ:ﬁca@énm avélert- @é%@?lﬁ@&l'by Porter, et

Fgflrfhapf/\%[elr “éi %Rwlcf'é;gre | ndependée)in)t ::%é %dﬁq‘ge%ﬂ‘ Enlj *’ga:er’r] al kyl ,

or - CHZCHbmbﬂ-e%hdbmﬂuﬁeyqudctsv@heﬂ@éct$henyhenammdebsbftuhed with
hal o, ;oxfe & ]1rgot-_fr(tfﬂorﬁléﬁb’é )M@fﬁ|aéaﬂist53wh§cﬁ?’i§ﬁlﬁiﬁ| B@b‘&){he or

heterocyc 2; pharmaceutical |y acceptable -salts and
hydr at es teh@rmasadwcm thee orberimelat bentof sthavenigeminglagangida . f or

i ncreasi ngazﬁftaf@tﬂr%@éof@%éewﬁfé@ceﬁéOﬁraatﬁem:nbit ﬁ&g&alﬁecamaound of
Formula |. A further embodi nent of this jnvention is

|ncrea5|n@%ﬁﬁq%RQQQHﬁ¥ﬁ°¥¢ﬁF§iWHTQQVT F%%eﬁ?%PCPBFtFﬂgéﬂVﬁgl&aﬁﬁﬁﬂéﬂy of
di sor der s gthistrdemerdEBp $imkesh t oiestnas ed

The present invention provides novel 3~-amino-1,2,3,4-
tetrahydro-9H-carbazole-6-carboxamides and 4-amino-10H-
cyclohepta(7, 6-blindole-7-carboxamides of Formula I:
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wherein:

Rl and R2 are independently hydrogen, C1-C4 alkyl, or -
CH2CH2-Aryl where Aryl is phenyl, phenyl monosubstituted
with halo, or 1-(C1-Cg alkyl)pyrazol-4-yl;

R3 is C3-Cg cycloalkyl, or a heterocycle;

n is 1 or 2; and pharmaceutically acceptable salts and
hydrates thereof.

A further embodiment of this invention is a method for
increasing activation of the 5-HT1F receptor by
administering a compound of Formula I.

A further embodiment of this invention is a method for
increasing activation of the 5-HT1F receptor for treating a
variety of disorders which have been linked to decreased
neurotransmission of serotonin in mammals. Included among
these disorders are depression, migraine pain, bulimia,



neurotransm ssion of serotonin in mamuals. | ncluded anong these disorders
are depression, mgraine pain, bulima, 3 prenenstrual syndrone or |ate

| ut eal phaesogydigs one, dysphoric di sorder, alcoholism tobagcenshsessso panic
di sorder, anxiety, general pain, post-traumatic syndrone, nenory | oss,

denentia of aging, social phobia, attention deficit hyperactivity disorder,
di sruptive behavior disorders, inpulse control disorders, borderline
personal ity disorder, obsessive conpulsi@e di sorder, chronic fatigue

/00 e, BRERBANCESL oGl O Sl AL IJ1 hide APRAEKAS TURRELe,
dental pai lseréerpenrdraRelBsiar jahaacayaIusrt iRANHAI AlsIrdeconpbuiesyof
this i nvengéparalepakt? P&@ftwtmw@r&pﬁ&féﬂé, themdbPPNicke! BbMbatlS:
Any of these nethods e y gnpound of Fornula |, In addition, this
i nvention PFoRFYRY- pRF o8 a¢(ﬂﬁﬁﬁ%ﬁ%Qﬂéﬁ%ﬁ%ﬁﬁ?sh%@eEﬁCEFVéEYive
amount f ordasbirdeti, odiskupld ve EHavieResordes £ofiapubgdeotohersul a 1, in
The gener St EnEReRsy bERReT IR HERIRAEY G e Shaet nibResREve oLl °
meani ngs. €ompulafpkedisibedegr,mchatdnic fattl guessyndhongepupsematueehy|
PLp) ey PhaCkBREon SRR AT, LSOPUNL, pBEGoR, Vhposirs
cycl obut yl 9fc§EPEPen Rt 1SHh d ML Bhve G2 1 chiokel 1 bemandd kokyigeménades such
groups as {BLBAxYiacl bRKtall PATORAX Y efioili @it 4005 bBRL! BY8rulle 1ber M
hal 0" includes fluoro, chlor ,l¥%ngﬁ anqvlogf. Theetgrng het erocycle” is
taken to nREADFur F8&ycoMpunds qf thpginventien;aresaypo PYyefuilnas- ¢ |
pyri di n- 4-pkophylactic treatment for migraine. Any of these methods
employ a compound of Formula I.

In addition, this invention provides pharmaceutical
formulations comprising an effective amount for activation
of the 5-HT1Fr receptor of a compound of Formula I, in
combination with a suitable pharmaceutical carrier, diluent,
or excipient.

The general chemical terms used in the formulae above
have their usual meanings. For example, the term *alkyl"
includes such groups as methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, and the like. The
term “cycloalkyl” includes cyclopropyl, cyclobutyl,
cyclopentyl, and cyclohexyl. The term "alkoxy" includes
such groups as methoxy, ethoxy, isopropoxy, tert-butoxy, and
the like. The term *halo" includes fluoro, chloro, bromo,
and iodo.

The term "heterocycle" is taken to mean fur-2-yl, fur-
3-yl, thien-2-yl, thien-3-yl, pyridin-3-yl, pyridin-4-y1,
pyrrol-3-yl, N-methylpyrrol-3-yl, oxazol-5-yl, isoxazol-4-
yl, isoxazol-5-yl, pyrazol-4-yl, pyrimidin-5-yl, or pyrazin-
4-yl. These heterocycles contain unsubstituted carbon
atoms. Up to three available carbon atoms within any
heterocyclic system may optionally be substituted with
substituents independently selected from the group
consisting of halo, C31-C4 alkyl, C1-C4 alkoxy, or C1-C4
alkoxycarbonyl.



pyrrol -3-yl, N-nethylpyrrol-3-yl, oxazol-5-yl, isoxazol-4- yl,

i soxazol -5-yl, pyrazol-4-yl, pyrimdin-5-yl, or pyrazin- 4-yl. These

het er ocyGiyggfagiikai N unsubstituted carbon atonms. Up to thr eecravsyslosdabe
carbon atons wthin any heterocyclic systemmay optionally be substituted
wi th substituents independently selected fromthe group consisting of halo,
Cerr]-Cerr] alkyl, d-C4 al koxy, or (JQerr]-Cerr] al koxycarbonyl . 4
The conpounds of the present invention gossess an asymmetric carbon. This
carbon is | abel led wi sterd | f ' f l.a. err] [err]
H As such, eact:#hc?f c[%&ébé%{rlrip%uén%sé% éﬁeeé%r?%sgﬁ Q%Qg%t Q%%gg%iss?[sn not only
as the racsyametnitc aarbon vi dhis RRadponSis chahel bagr wvikh @ [asyaxniygk

[err] [errly end ¥dlididd formula: [€rr] [err] [err] H
H R—enantfbné? d S—enantiogsf The conmpounds of the
present invention include not only the racemates,\ but gl so their respective

optically active R and S-enantioners and any m xtNreR%hereof . Wile all
racemat es, m xtures, and indivio.al enanti onmers ayfe useful  5-HI[err]
agonists, it is preferred that tfie conpound eytrst\as a single enantioner.
VWiile all of the conpoundﬁsof thjls i nvention s N\af ul as 5-HT[err]

agoni sts, certain classes a pT e™NeL#E0 ; 1’fpng par agr aphs descri be

such preferred cl asses. aa) err]

»

As such, each of the compounds of the present invention
exists not only as the racemate but as individual R~ and S-
enantiomers as well:

R-enantiomer S-enantiomer

The compounds of the present invention include not only the
racemates, but also their respective optically active R- and
S-enantiomers and any mixture thereof. While all racemates,
mixtures, and individual enantiomers are useful S5-HT1fF
agonists, it is preferred that the compound exist as a
single enantiomer.

While all of the compounds of this invention are
useful as 5-HT1fF agonists, certain classes are preferred.
The following paragraphs describe such preferred classes.

aa) R! is hydrogen;
ab) RL is C1-Cg alkyl;



ab) Rlerr] is Jerr]-Cerr] alkyl; ac) Rlerr] is ethyl; ad) Rerr] is
nmethyl; ae) Rerr] is -CHerr]CHerr]-Ar where Ar is 1-((err]-Cerr]

al kyl) - pwoxamkié-yl; af) Rerr] is -CHerr]CH err]-Ar whereCHUSIsR3340

1- net hyl pyrazol -4-yl; ag) Rerr] is -CHerr]lCHerr]-Ar where Ar is

1-i sopropyl pyrazol -4- yl; ah) R2 is hydrogen; ai) R2is (Jerr]-Clerr}
alkyl; aj) R2 is ethyl; ak) R2 is nethyl; al) R2 is -CH2CH2- Ar where Ar
isl-(Cerr]-Cerr]al kyl) - pyrazol-4-y|; an) R2 is -CH2CH2-Ar where Ar is
1- net hyl pyrazol - 4- yI 1an) |s -CH2CH2- Ar where Ar is

1-i sopropyl pyr v} s %BPY R3 is a heterocycle; ap) R3is
pyridin-3-yl; ag) Fisll_sspmétﬁym 4-yl; ar) R3 is pyridin-3-yl or

pyri di n-4-yl I rR§§ B r

pyri di n-4-yl m)nosubstl%ut egﬂﬁ%lﬁ B'%I %qu.%)tA) 3 ()Er}y%é; ]ékbf or
pyridi n-4-pyramoibsddgljtuted with fluoro; au) R3 |s fur-2- yI or fur-3-yl
av) R3 is thiegeyp- Yﬂtloz[sthtﬁﬁcﬁz)éhr ae\ﬁ)erefﬁzl I PW-nRd 1y yra‘ﬂ%él 83y15

oxazol -5-yl: a s.1soxazol -4-yl i soxazol - 5-
pyr azol - 4yy| )2 ) Ri is -CHzCHz—A% where Ar'ﬁs 1-fgopro ylpyrazol -4~

yl;

ah) R2 is hydrogen;

ai) R2 is C1-Cg alkyl;

aj) R2 is ethyl;

ak) R2 is methyl;

al) R2 is -CH2CHz-Ar where Ar is 1-(C1-Cg alkyl)-
pvrazol-4-vl;

am) R2 is -CH2CH2-Ar where Ar is l-methylpyrazol-4-yl;

an) R2 is -CH2CH2-Ar where Ar is l-isopropylpyrazol-4-

vl;

ao) R3 is a heterocycle;

ap) R3 is pyridin-3-yl;

ag) R3 is pyridin-4-yi1;

ar) R3 is pyridin-3-yl or pyridin-4-yl monosubstituted
with halo;

as) R3 is pyridin-3-yl or pyridin-4-yl monosubstituted
with chloro;

at) R3 is pyridin-3-yl or pyridin-4-yv1 monosubstituted
with fluoro;

au) R3 is fur-2-yl or fur-3-v1l;

av) R3 is thien-2-yl or thien-3-yl;

aw) RS is pyrrol-3-yl;

ax) R3 is oxazol-5-y1;

ay) R3 is isoxazol-4-yl or isoxazol-5-vyl;

az) R3 is pyrazol-4-yl;

ba) R3 is pyrimidin-5-yl;

bb) R3 is pyrazin-4-yl;

bc) R3 is fur-2-yl or fur-3-yl optionally substituted
with C1-C4 alkyl, C1-C4 alkoxy, or halo;

bd) R3 is fur-2-yl;



ba) R3 is pyrimdin-5-yl; bb) R3 is pyrazin-4-yl; bc) R3is fur-2-yl or
fur-3-yl optionally substituted with Cerr]-Cerr] alkyl, (err]-Cerr]

al koxy, ebd) R3 is fur-2-yl; 6 be) R3 is fur-3-yrnkbsniddei S
t hi en-Z-yog?Lé]ﬁ?en-B-yl optional Iy substituted with (Qerr[-Cferr] alkyl or

Clerr]-Cerr] alkoxy; bg) R3 is thien-2-yl; bh) R3 is thien-3-yl; bi) -
Rlerr] is pyridin-3-yl or pyridin-4-yl optionally substituted mnth hal o,
Clerr]-Cferr] alkyl or C[err] Clerr] alkoxy; bj) R3 is 6-halopyridin-3-yl;
bk) R3 is C3-C6 cycl qal kyl R3 is cyclopropyl; bm nis 1; bn) nis 2
bo) The conpoule)i nga rleﬁceﬁ‘rﬂt -b) The corrpound is the R-enantioner; bq)
The conpound '%fbheRs*%Eﬂﬂhiéﬁﬂz- henteaproLpd bptaohaeaybase; bs) The

Comound FurtrRd M %Xvﬁ“ﬂ% bripbUol FEPRE vl at e sall. 10
wi || be under stuegd uﬁhilgrmhf$mwzs¢1asses may be conbined to form

addi ti onal pre%}rreg} Ias gnpounds of this invention are useful in
a met hod for v%? f the 5-HI[err] receptor for treating a
variety of di sdrider R %h&hawélmebﬂYllQRenyrmddacAexée@pmeanﬁﬂﬂansn1SS|on

of ser ot obdtl tRBRIWwiththdBo, C1-C4 alkyl or C1-C4 alkoxy;

bj) R3 is 6-halopyridin-3-y1;

bk) R3 is C3-Cg cycloalkyl;

bl) R3 is cyclopropyl;

bm) n is 1;

bn) n is 2;

bo) The compound is a racemate;

bp) The compound is the R-enantiomer;

bg) The compound is the S-enantiomer;

br) The compound is a free base;

bs) The compound is a salt;

bt) The compound is the hydrochloride salt;

bu) The compound is the fumarate salt;

bv) The compound is the oxalate salt.

It will be understood that the above classes may be combined
to form additional preferred classes.

The compounds of this invention are useful in a method
for increasing activation of the 5-HT1F receptor for
treating a variety of disorders which have been linked to
decreased neurotransmission of serotonin in mammals. It is
preferred that the mammal to be tfeated by the
administration of compounds of this invention is human.

Since the compounds of this invention are amines, they
are basic in nature and accordingly react with any of a
number of inorganic and organic acids to form
pharmaceutically acceptable acid addition salts. Since some
of the free amines of the compounds of this invention are
typically oils at room temperature, it is preferable to
convert the free amines to their pharmaceutically acceptable
acid addition salts for ease of handling and administration,



preferred that the mammal to be treated by the adm nistration of conpounds
of this invention is human. Since the conpounds of this invention are

am nes, tilw@osmssribasic in nature and accordingly react w th mrgusss/ossdounber
of inorganic and organic acids to form pharnaceutically acceptable acid
addition salts. Since sone of the free am nes of the conmpounds of this -

i nvention are typically oils at roomtenperature, it is preferable to
convert the free amnes to their pharnacéhticaliy accept abl e acid addition
salts for eaﬁ%eoftﬂaarl@etr& ance agBh PEALI Bt 5BRi g at7z%o?ff%én§?e are
routinely solid at roomtenperature. Acids conmmon to orn1such
salts are Aﬁ&fd&a OE‘“}%% 5 %ER*P%% h?ﬁrSEHF‘oFPEhaéﬁétsh)ﬁ’(ﬁQ)Brr&ﬁ&aMd

hyd80|od|0a&dd§ suﬁﬁlas(hyﬁmdhhpﬁﬁﬁeha&ha aﬁ&drd@%ﬁﬁﬁﬁfddﬂﬁf and 0{ganic
aci ds, suc t ol.uenesu] fonic aci esul foni,c, acid, aqxalic
acid, [err?’y%%(?[ enﬁc ’fosnu#‘é’é?‘ﬁ gy bogﬁesB OF1 &% @i "gh citric
aci d, benzdikeaciahd aomgamiaacidsd sbehlabeg—Ebamphesuﬁfan&Iac1d
pharnaceut ts a he_s f

bi sul f at e, suHa>ﬁ blsuq#lfgah H%% ngegg%gho %E gﬂl §¢?{5ﬁ1¢

di hydr ogenﬁlﬁ’é@phé{aé' W%;ﬁ%@ha?@ccpymph@séhaﬂetrcm @dldia

i odi de, acelcdlE, a@éﬁl@'&cﬁl &ande€naoat Re. Ca@kﬁh@tl%s %“f”g for n'at €,
|sobutyrategé¥agw€§§i&éh t anoat e, groplolate oxal at €, onate suc-
cinate, subi ?Qﬁ%?%? enﬁ?é&?ethﬁét?ﬁ@-fhﬁ lkate,
hexyne- 1, 6 pirastuel £ dvanz dsisnl 4t of oObanzoake, bt hepRghate, mono-

L obeng At ad B O en AEL B ReRz Rl s, B “a' ReEhAE. oirate,
| act at e, bpympmhmqnhﬁQQéthlqtydeLIhremidentnmﬂﬁdeﬂﬂdvﬂtﬁuéfprﬁﬁion—
propanesul eRAt e NARIIR efgply BYEEONELEy 182N B GAGS: isobutyrate,
caproate, heptanoate, propiolate, oxalate, malonate, suc-
cinate, suberate, sebacate, fumarate, maleate, butyne-1, 4-
diocate, hexyne-1,6-dicate, benzoate, chlorobenzoate, methyl-
benzoate, dinitrobenzoate, hydroxybenzoate, methoxybenzoate,
phthalate, sulfonate, xylenesulfonate, phenylacetate,
phenylpropionate, phenylbutyrate, citrate, lactate, b-
hydroxybutyrate, glycollate, tartrate, methanesulfonate,
propanesulfonate, naphthalene-l-sulfonate, naphthalene-2-
sulfonate, mandelate and the like. Preferred
pharmaceutically acceptable salts are those formed with
hydrochloric acid, oxalic acid or fumaric acid.
The following group is illustrative of compounds
contemplated within the scope of this invention:
N-{4-methylthien-2-yl)-3-(propyl)amino-1,2,3, 4-
tetrahydro-9H-carbazole-6-carboxamide hydrochloride
(+) -N- (thien-3~-yl)-3-(dimethyl)amino-1, 2,3, 4~
tetrahydro-9H-carbazole-6-carboxamide sulfate
N—(4—chlorofur—2-y1)—3—(prqpyl)amino—1,2,3,4—
tetrahydro-9H-carbazole-6-carboxamide
N~ (fur-3-yl)-3-(diethyl)amino-1, 2,3, 4-tetrahydro-9H-
carbazole-6-carboxamide
N-(pyridin-3-yl)-3-(diethyl)amino-1,2, 3, 4-tetrahydro-
9H-carbazole~-6-carboxamide phosphate

O



sul fonate, mandelate and the like. Preferred pharnmaceutically acceptable

salts are those formed with hydrochloric acid, oxalic acid-or fumaric acid. "’

The follo @gs,gglgyp is illustrative of corrpounds cont enpl at e¢TVSoBOIB4b he
scope of this invention: N (4-nethylthien-2-yl)-3-(propyl)amno-1, 2,3, 4-

t et rahydr o- 9H- car bazol e- 6- car boxam de hydrochl ori de
(+)-N-(thien-3-yl)-3-(di nmethyl)amno-1, 2, 3, 4-
t et rahydr o- 9H car bazol e- 6- car boxani de sul& ate

el orofur 2 RSB BOE 1 2.3ttty amino-1,2,3,4-

N- ( f ur - 3- ylbetFalnidtdnIH acarivado Re 36 4carbpahndde- 9H-

carbazol e- 6- car p , 4-tetrahydro-9H-
N (pyridin-3-yl)- BQ%ggéaky?)anlno ipﬁogy%)?glﬁgh§d30} ekrahyaro=

9H- car baz olaaXPaza kRGeS gﬁ@@bﬂgtg-toigenesulfonate

N-(3-chl oropyri dmr éhytiséxé%rtmyylwancmim%t&yé)amno ~-1,2,3,4-

tetrahydro 9H—c ol
N (ol - S-SR S T ST S RAPRES 187 03 CATPBRANI: o- b
car bazol e- 6 carbqunyﬂ@z¢b¥4}y1b#ﬂempsobyanamano -1,2,3,4-tetrahydro-9H-

(5N (1 s0xapal eyl )s S:LAbaRU LA ThARnhndotn tonat e

N- (pyrazol - 4- yl )N-3(¢ype bphuyaii nd- {d2eghyl) emiaieydr, @ FH4 -tetrahydro-9H-

car bazol e- Gems% dﬁcQ%BﬁQﬁ%HEf opablate
N- (cycl obutyl)-3-(di et yl)an1no 1,2, 3, 4-tetrahydro-

9H-
car bazol e- 6- carH%xbﬁYﬁ%°B§§¥éfe -{propyl)aminc-1,2,3, 4-tetrahydro-9H-
N- (cycl ohexyd b3z 4 Deopytiapbramida, 3, 4-t et rahydr o- 9H

15 3 4 tetr ahydrol OFF CAr BRSOy LPE RO A o rar et iy ] aRiag) am no-
(-) - N-(thieh;2;¥)4~-detmehpirpafiincaibazold-dhapdjokegnide formate
b]ind0|e'7'Carb0¥§piﬁ§(thien-2—yl)—4-(methyl)amino—lOH-cyclohepta[7,6-
b]indole-7-carboxamide
N- (thien-3-yl)-4-(dimethyl)amino-10H~cycloheptal7, 6-
b]indole—7—carboxamide butyne-1,4-dioate
N- (fur-2-yl)-4- (propyl)amino-10H~-cyclocheptal7, 6-
blindole-7-carboxamide
N- (fur-3-yl)-4-(diethyl)amino-10H-cycloheptal[7, 6-b] -
indole-7-carboxamide trifluoroacetate
N- (pyridin-3-yl)-4-(diisopropyl)amino-10H~-cyclohepta-
[7,6-b]lindole~7-carboxamide
" N-(3-chloropyridin-4-yl)-4-(dibutyl)amino-10H-cyclo-
hepta[7, 6-b]indole~7-carboxamide
(=) -N-(pyrrol-3-yl)-4- (methyl)amino-10H-cyclohepta(7, 6-
blindole-7-carboxamide tartrate
N-(2-isopropyloxazol-5-yl1l)-4-(dimethyl)amino-10H-
cyclohepta{7, 6-blindole-7-carboxamide
N- (3-bromo-4-methylisoxazol-5-yl)-4- (propyl)amino-10H-
cyclohepta(7,6~-blindole-7-carboxamide cinnamate
N-(3-ethylpyrazol-4-yl)-4-(diethyl)amino-10H~
cycloheptal7, 6-blindole-7-carboxamide
N- (cyclopropyl)-4-(diisopropyl)amino-10H-cyclohepta-
[7,6~-b]lindole-7-carboxamide



N (t hi en- 3- yI) 4- (di met hyl ) am no- 10-I-cyclohepta[7 6- b]indol e-7-car boxam de
butyne-1, 4-dioate N-(fur-2-yl)-4-(propyl)an no-10H cycl oheptal7, 6-

b] i ndol ewooegsdiexan de N-(fur-3-yl)-4-(diethyl)am no- 10H cywdPbsusioas4d, 6- b] -
i ndol e-7-carboxam de trifl uoroacetate

N (pyridin-3-yl)-4-(diisopropyl)anm no- 10H—cyc| ohept a- -
[ 7, 6-Db] i ndol e- 7- car boxam de

N-(3-chl oropyridin-4-yl)-4-(di but yl ) am fo- 10H- cycl o-

hepta[ 7, 6-b]in

(-)-N-(pyrrol - gob?)v &%%Q&i??fns%%b&m%yc Oﬁeppg[‘fyg_loheptam,s-

b] i ndol e-1B] cadbéﬁam-@@nmm@e mandelate
N-(2-i sopropyl Qxa}lﬁ S (2 ét%%ﬁrﬂyaiﬁﬂsﬂﬁ?ﬂ% (methyl)amino-10H-

cycl ohept a| 7 6- b]i ndol e- 7- car boXxam

N- ( 3- br on6YZLRbBERfR [0k inng) 6= 4-carbpyarddeno- 10H-
cycl ohept a[ 7, 6n@](i2rgal DHXRNL O liil—ﬂnfwﬂinéthyl)amlno -10H-

N- ( 3- et hyl ol am n

cycl ohept S% %‘ﬁﬁtﬁcﬁ 'A;’] ‘i%ﬁ%n%'d‘éar oxamtide

N- (cycl opropyl N—ZKc(whllcﬂmmydpy-H)anpnomtmﬁamynbenem—a.yclohepta[7 6~
[7,6-Db]in ar.

N (cycl ohggy%d%}% Jb%l%g% no- 10H- cycl ohept a[ 7, 6- b] i ndol e- 7- car boxam de
mandel ate (-)- N—((m@tqmcytpyh nddidisthy)l) amé.nv@t-ﬂﬁrﬂ)—a;mqa@hmaw 6-

cycl ohept g} % nrdi]d WU £rto-£8h PAE 2L €t hoxybenzoate
N-(2f|uoropyra2|n db.lly(gl-4(d|meth yl ) am no- 10H

cycl ohept a[ 7, 6] i Aerehl b ft §8opropyl) amino-10H-cyclohepta (7, 6~
N (cycl obmimadmm&ﬁmmméOH cycl ohepta[ 7, 6- b]indol e-7-car boxam de

N-(cycl opentyl ) s4- (di et am po-10H ¢ clohe 7,6- bl 7-C 0 am de

4- et hoxybenzo)zil?be l&?’%% %x@?)t-" 1Eat %’SBF& )L%”rﬁ ;?d’%ﬁ-{%‘é%%}f&%lg
well known to one of ordinary Sklll in the art. Compounds
of the present invention where n is 1 are members of the
class commonly known as 3-amino-1,2,3,4-tetrahydro-9H-
carbazole-6-carboxamides. Members of this class are
conveniently prepared by the Fischer indole synthesis as
described in Synthetic Scheme I where R1’ and R2’ are
independently C1-Cg alkyl, benzyl or, together with the
nitrogen to which they are attached, form a phthalimido
group, and R3 is as previously defined.



b] i ndol e- 7- car boxam de The conpounds of this invention are prepared by

nmet hods well known to one of ordinary skill in the art. Cbnpounds of the
present where n is 1 are nenbers of the class compyl as
3- am no- 1q¥8§b%ﬁ?etrahydro 9H car bazol e- 6- car boxam des. anbers d?ﬂmﬁl

class are conveniently prepared by the Fi scher indole synthesis as
described in Synthetic Schene | where R err] and R err] are |ndependently
Cerr]-Cerr] alkyl, benzyl or, togetherl@ith the nitrogen to which they
are attached, forma phthalimdo group, and R3 is as previously defined.

10 Synt heti err] NHNH2 [err]
[err] [err]z[err] [err] [err] 2 [err] The phenyl hydrazi ne
and 4-am nocycl®dhexanone are condensed toget her [® suitabl e solvent,—

typically qDIomﬁr al kanol such as ethanol, in #ﬁﬂupresence of a catalyt C
anount of acty” SRth as hyd@pgen chloride, tq givg thg resultant

phenyl hydrazogpe. The reactidp is typi cal ly pdrfeft f romp, about roon
t enperature ef l ux for
is conplete $ resdting
reaction m xtfe by the add
such as pot asgi carbonatepy f .desired. The p
mxture as an oll 2or a sAf ((y‘ﬂzhe product may
i mmi sci bl e sol vent, | R? _

n about 1 to 24 |hours. G dn condensati pn
fron1the

dnythydrazome™ngy be |sol.te

I on of water or

The phenylhydrazine and 4-aminocyclohexanone are
condensed together in a suitable solvent, typically a lower
alkanol such as ethanol, in the presence of a catalytic
amount of acid, such as hydrogen chloride, to give the
resultant phenylhydrazone. The reaction is typically
performed at from about room temperature to reflux for from
about 1 to 24 hours. Once the condensation is complete, the
resulting phenylhydrazone may be isolated from the reaction
mixture by the addition of water or an agueous solution of a
base such as potassium carbonate if desired. The product
separates from the mixture as an oil or a solid. The
product may be extracted with a water immiscible solvent,
typically dichloromethane, or filtered if appropriate. The
product may be used in the next step with or without further
purification. The phenylhydrazone undergoes a Fischer
indole cyclization in the presence of excess acid. This may
be accomplished by dissolving the phenylhydrazone in a neat
acid, for example, acetic acid. Alternatively, the phenyl



typically dichloronmethane, or filtered if appropriate. The product may be
used in the next step with or without further purification. The

phenyl hydwgzﬁygglgndergoes a Fischer indole cyclization in tpeTmssses3se of
excess acid. This may be acconplished by dissolving the phenyl hydrazone in
a neat acid, for exanple, acetic acid. Alternatively, the phenyl 11 -
hydrazone may be di ssolved in a | ower al kanol which has been treated with
an acid, for exanple, ethanolic hydrogehl%hloride. I f the phenyl hydrazone

prepared as descrihe bove 4. [, fur pykiLihaat LaA, g na
reaction %’&&ﬁ?%oﬁgyﬂggng\énﬁént yhg%i Pl %a%e%%éfhaghggggr ké’g’ﬁcg 21% asgiﬁdGSB 4

wit hout isoreated withhanpasid hyihmemmplenyethaeelich&vBragesy indol e
cyclizati og, P6EHES . UPSE kRl RH, My dhe-ohenykbydiazons desdribdde

desired product In one step. The reaction_i|s perforped at .fr.om_about room
t enper at ur2bever ERAULTRS 10 FHENRE RAUFHE33ahi0Rs. tife 3NN product
may be recp¥geedolymiiktegle hdyt rednwenientby bxt caebited afitdr arenoval of

| vent and tralizati f..acid by t ddi ti f Y h
roduct m9PBECREAPEFaa g el Yol SRR e R St AR A g 7 o
Wi | e Syntkehirc t$meene theddsizdhms imdolsecytlaratdiogopiremrshyaberi ne, the
skilled artigqn.whll 3PRARCIME I athEoRbs Chet:badhe Ad OndppAdagcbe

performed © € correspondi'ng poxyl'1c aci ter. e am de nol ety
nmay then béni preostenrd | e TeREHEOR YRS hESK§oxmege @&s SHAPM APUHS| FRRM The

pheny! hydr agiResatead & dex1dker oF epabat hBBuef 1Ce AN dfndfs | herhavention
are either comercially avail able or may be ptepay.ed t hods, wel | _known
to those sKPRCEdOM BTRdugh I‘F‘?%r#ﬁ-ﬁ???%ﬁ@ﬁ?o%’é’p %r@ ﬁg‘sﬁ? i T
Synt heti ¢ Bohes® valct ikdh isfteer premovas! pfdebilvethit and neutralization of
acid by the addition of agueous base. The product may be
purified by recrystallization or chromatography as required.
While Synthetic Scheme I describes the use of an
amidophenylhydrazine, the skilled artisan will appreciate
that the Fischer indolization may also be performed on the
corresponding carboxylic acid or ester. The amide moiety
may then be introduced later in the synthesis as necessary
or desired.

The phenylhydrazines required for the preparation of
compounds of the invention are either commercially available
or may be prepared by methods well known to those skilled in
the art from 4-nitrobenzoic acid as described in Synthetic
Scheme II. R3 is as previously defined.

Synthetic Scheme II

Z—-X1

“R® | o g

R*-NH,

,N\ 4N\
o N0 o- N0 NH, NHNH,

The carboxylic acid may first be converted to the
corresponding acid chloride or bromide under standard



Synthetic Scheme Il H H Hlerr]

| [err] [err] [err] - [err] [err] [err]
[err] [erkoossssiis NH2 [err] The car pe¥Xisbgoaagd d may
first be converted to the corresponding acid chloride or brom de under
standard 12 conditions such as treatment with thionyl chloride or -

brom de. The corresponding acid halide, optionally in the presence of an
acyl ation catal yst such as dinethylanino@?ridine is reacted with an

S0l tabl o besRAitIaR U s THPREPRY YAER EEaBve Sea0ands BF Such as

pyridi ne obﬁbmnﬂéuﬂemhemcormespanﬂmngahbydahalhdbbeopampnaiﬂynﬂnjﬁkses

such as pol é@ﬁ%&”&@ $¥i§£§8§ ESk%&g&@esﬁ%ﬂ”'ﬁ'te amne is reacted
oprla oxy C acl

with an ap e car resence of typical peptide
coupl i ng r ckgeetthy Q@yﬁﬁdnnecalﬁoﬁyﬁétﬁﬂlUéiblén(@DpFOPrlate amine

1 (551 I it ) o B pidloncs of 3 SEaRIe gy

pol yner sué%ﬁr [) ﬁgéﬁ Eﬁﬁiﬁé§ B@%Heﬁe§¥Pﬁﬁéﬁ éF*%L }dtters,
34(48), d76?fca§\f]é}9@éﬁsﬂn§|ud:n s8rpyridine oar é:trhietmam:lﬁie oromf Ehe
conpounds o iny uc om. t hes ctions is

[ sg}oat ed bf%‘?ﬁ‘%%f t?‘é%f?@%iFeEﬁ’}F"Hﬁps H&%%’Pisre efuogj" safsgndar d
chronatogrmmMermmﬂpyysdanéLzaAlberhathwmduest&a magumamge(nmxn3|xsd to
D 18 LSRN PR ah EpREERE e A AR O Und il cd O

reacti ons Where a po eagent use reat
sinplifiedok dep¥cay Bﬁpylﬁﬁl FPHPllémgoTreﬁg@I?t@a(,SNQih arﬁ A¥'e" and t hen

Conce”t“m”éHkﬁEn?i@hihi&éﬁerUﬂdﬁﬁ)re@ﬂQﬁddwayﬁidhéximutarbodiimide
(DCC) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDC). A polymer supported form of EDC has
been described (Tetrahedron Letters, 34(48), 7685 (1993))
and is very useful for the preparation of the compounds of
the present invention. The product from these reactions is
isolated by standard extractive techniques and purified by
standard chromatographic and crystallization techniques as
necessary or desired to provide the compounds of the present
invention. Isolation of products from reactions where a
polymer bound reagent has been used is greatly simplified,
requiring only filtration of the reaction mixture and then
concentration of the filtrate under reduced pressure. The
product from these reactions may then be purified as
described supra.

The nitrocarboxamides are hydrogenated over a precious
metal catalyst, preferably platinum on carbon, at about
ambient temperature with an initial pressure of about 60
p-s.i. for from 1 to 24 hours in a suitable solvent, such as
a lower alkanol or tetrahydrofuran, to give the
corresponding aniline. This aniline is then dissolved in a
concentrated acid, such as phosphoric, hydrochloric or
hydrobromic acid, and treated with sodium nitrite at a
temperature about or below 0°C. After stirring for about an
hour, the reaction mixture is added to a solution of tin(II)
chloride in concentrated hydrochloric acid and the mixture



product fromthese reactions nmay then be purified as described supra. The
ni trocar boxam des are hydrogenated over a precious netal catalyst,

pr ef er abkyo pd/e¥1isum on carbon, at about anbi ent tenper at ur ecrusysess4dniti al
pressure of about 60 p.s.i. for from1l to 24. hours in a suitable solvent,
such as a | ower alkanol or tetrahydrofuran, to give the corresponding -
aniline. This aniline is then dissolved in a concentrated acid, such as
phosphoric, hydrochloric or hydrobromc 13cid, and treated with sodium

T e a3 L RRPSRALNE, PR £ el QLG ATdAE 5&ba?peglfsor about

an hour, € reaction mxture is a 0 a solution of "tiIn(IT) "Chloride in
concent r aiS@lafedodM SMeating Wae TRACKLRRUMEXtUTE] vEith AR agueRRst

Jerr] C f ghsabeut jan iours thh?orﬁ’é]?f'uﬁésb.é ksl %wih Riktirfaling wienrgaction

m xt ure mnth an .aqueous base unti| s stron baS|c and t en extracting

with a wal8ter 9P LS| YeQEcﬁuS e?ﬁy@t €zi ne
progucthnhydhaﬂmﬁéﬂprodnuufmaﬁ by ﬁgrahn&0@m$ﬁmﬁeﬂwﬁyefﬁf¢¢aﬁﬂgr@??prior
to further reactiq CEesS r_de e skiJled artisan w

oot e o 87 PRV A EER TR aR £RC R ERer] Maatidr L dededadty for
Synt het i c d8sheresl.| | Thestsrilledf artisanpwédar apporewifateetatrpoyinds of t he
present '% ‘;H%:th‘%'ht'ﬁy %%%ﬁf’laggea c% Heg! 'ftcH:t &4, & Yrh e xppones

required preparati oun t he i nvention are avail abl e by

met hods wSYRtheske igchemee of 1. a%SFP—FﬁsPisétfé‘& ifPropReRaTat Rmepk the. R1
and R2 i ndepgrigidd Yohh@gsPes&her ihvehefoh adaky lbeorphastyéd.

The 4-substituted cyclohexanones required for the
preparation of compounds of the invention are available by
methods well known in the art as illustrated in Synthetic
Scheme III. Rl and R2 independently hydrogen, C1-Cg alkyl

or benzyl.



14 Synthetic Scheme 11 L L [err] [err]

[err] [err] [err] ferr] -L= -CH err]CH err]- or

-CH err] Qf,gglﬁ,gglrl}) [err]CH err]- The 1, 4-cycl ohexanedi one npgplRb@b3suc
reductively amnated with an appropriate am ne under standard conditions to
gi ve the correspondi ng 4-am nocycl ohexanone ketal. The ketal is then -
deprot ect ed under aqueous acid conditions to prepare the correspondi ng

4- ami nocycl ohexanone. Conpounds of thelidwvention where Rlerr]=R[err]=H are

pr epar ed %rgﬁi4f£1-sphgggiEégyl)cycléhexanone which is avail able by nethods °
wel | kno i , nple, King et al. (Journal of Medicinal

Chemi stry, 36, 1918 (1993)). Briefly, 4-am nocycl ohexanol is reacted first
with N carbet hdxypht hali m de and the sulting 4-(1-

phthalinidyl)é&cpqgexanol treated mﬁgﬁ py@i di ni um chl orochro
the desired keng The resultant 4- ht hl i m dyl) cycl ohexa

reacted with gaagpropriate B hy Nge follp y Fis ndol e
cyclization tlo pregdare l't‘ﬂb Bo?f& ondi ng 3-(1- 'Bh?ﬁ'gﬂbm dyl alzol e. The
phthalimnde ifs the reffoved by Peact on wijt h Ayar azt neXat a

poi nt after tPe J#Scher indole synthe to provide conpouno

t he mani pul ati ol§ of the 6-substituent y occur prior to or afjer the

cyclization described in Synthetic gtfieneg2 For exanple, RM cOmgdunds of

the presept .g @M.Qﬂ- may be prepared fromfromthe correspondi ng
car boxyl |,ccﬁgc(§“3)2c|.i2_

The 1,4-cyclohexanedione monoketal is reductively
aminated with an appropriate amine under standard conditions
to give the corresponding 4-aminocyclohexanone ketal. The
ketal is then deprotected under agqueous acid conditions to
prepare the corresponding 4-aminocyclohexanone.

Compounds of the invention where R1=R2-H are prepared
from 4-(l-phthalimidyl)cyclohexanone which is available by
methods well known in the art, for example, King et al.
(Journal of Medicinal Chemistry, 36, 1918 (1993)). Briefly,
4-aminocyclohexanol is reacted first with N-
carbethoxyphthalimide and the resulting 4-(1-
phthalimidyl)cyclohexanol treated with pyridinium
chlorochromate to give the desired ketone. The resultant 4-
(1-phthlimidyl)cyclohexanone is then reacted with an
appropriate phenylhydrazine followed by Fischer indole
cyclization to prepare the corresponding 3-(1-
phthalimidyl)carbazole. The phthalimide is then removed by
reaction with hydrazine at a convenient point after the
Fischer indole synthesis to provide compounds of the
invention where R1=R2=H.

The skilled artisan will appreciate that the
manipulation of the 6-substituent may occur prior to or
after the cyclization described in Synthetic Scheme I. For
example, the compounds of the present invention may be
prepared from from the corresponding carboxylic acids,



15 esters, acid halides, or mxed acid anhydrides as illustrated in
Synthetic Schene IV. Rerr]' and R err]' are independently - rr
al kyl, b&¥RW5VIS together with the nitrogen to which theypg&gh%bvé%ﬁed,
forma phthalimdo group; Z is hydrogen or a suitable nitrogen protecti.ng
group; Y is hydroxy, (err]-Cferr] al koxy, chloro, brono, or (Jerr]-Clerr]
al koxycarbonyl; and R3 is as previouslyislefined. Synthetic Schenme IV N-R
[err] ] N- [err] [err] .

0 Rlerr]-ebters), peid Hadrides, or mixed acid anhydrides as [err] The

car boxyl i ?li‘ﬁ%@rﬁ@e‘a 198 syRitd e 9EnaRBY Y| der1ophinanall’y g the presence
of an acyl.a

t al.yst h d t hyl idi . d with
Sppr opr i 2L BORRERECH Lo GATED FRFD! RFLEY habFooFyOeERET, FHEFe G anf ne | o
react gd V\hﬁ.Elr_@@e@:thfd)WﬂtiaﬂeAﬁ}@é)b?dﬂé! ﬁtﬁﬁéﬁteaﬂ tbealmpaegh{matnfmﬂdwibcal .
eptide coupling _reagents. An ester is.fi rolyze e _carboxylic
gc?d and PHEPHPég _I?@g?}kﬁfﬁ?gﬁ?a 5r%p§??ﬂ£3{)§ﬁi ﬂégrggéﬁl S’Fot%ﬁé%éu{%chni éues
are descr Pedpiin YSyst hdroxsehere=F6 abbery . CshpOTRds bFPMNe I MG on
wher e ”:Zaik% 48@?HHH fy+aﬁap§phf$tggGP%égibggggeﬁgﬁiﬁﬁkgoxan1des. These

conpounds are prepared substantially as™descri e correspondi ng
3-am no-1, 2, 3, 4-tetrahydro- 9H car bazol e-6- carboxam des as illustrated in
Synt hetic ilo S $hat a 4-am nocycl ohept anone repl aces the

4- am nocycl'o- hexanone 1n the synthesis. The 4-am nocycl ohept anones
required for the synthesis Qf conpounds of the present invent$on may be

prepared as described in S)R%\hetizt; Schene V. Rlerr]' and R eRnN"' are
i ndependently Cerr]-Clerr] aNky®" or benzyl, or N-—R

RS‘NHZ

0
N
\
Z

The carboxylic acid chloride, bromide, or anhydride,
optionally in the presence of an acylation catalyst such as
dimethylaminopyridine, is reacted with an appropriate amine
of formula Rﬁmug. Alternatively, the requisite amine is
reacted with an appropriate carboxylic acid in the'presence
of typical peptide coupling reagents. An ester is first
hydrolyzed to the carboxylic acid and then coupled with an
appropriate amine. Each of these technigques are described
in Synthetic Scheme II supra.

Compounds of the invention where n=2 are 4-amino-10H-
cyclohepta(6,7-b}lindoles-7-carboxamides. These compounds
are prepared substantially as described for the
corresponding 3-amino-1,2,3,4-tetrahydro-9H~carbazole-6-
carboxamides as illustrated in Synthetic Scheme I, except
that a 4-aminocyclcheptanone replaces the 4-aminocyclo-
hexanone in the synthesis. The 4-aminocycloheptanones
required for the synthesis of compounds of the present

invention may be prepared as described in Synthetic Scheme
V. R’ and R2' are independently C1-Cg alkyl or benzyl, or



16 together with the nitrogen atomto which they are attached formthe

pht hal i mi de noiety. Synthetic Schenme V [err] [err]

DVBQO H eWQ 28/ ¥tlerr]-Et[err] O NaC[ err]/ heat [e?ﬂmsw‘m‘o [err]
[err] [err] [err] The appropriate 4-am nocycl ohexanone in an '
appropriate solvent, for exanple diethyl ether, is treated with an
appropriate Lew s acid such as boron thigfl uoride for about 20 mnutes to
about an hour at roomtenperature. To this solution is then added ethyl .
di azoacetmgaetalmelrt\hethesht'_t nagregenuasons tsr whish ftihevalens ar-qitﬂhede o about
24 hours éﬁiﬂ fe é@ge& ul ting 2-ethoxycarbonyl -

am nocyclo eptano s I sol ate Iutlng the reaction nlxture wth
aqueous sodi um carbonate and extracting with a water inm scible solvent

such as di bt £k hekhehBeyr eaction product is then directly dissolved in

di met hyl sul t oxi de I ch contains sodiumchloride and water. The reaction

m xture is heated to about 170[err] for fromabout 1 to about 24 hours to

ef fect the decarbethoxyl ation. \The desored 4-am nocycl oheptanone is
recovered by dilutiggg the reacti

an appropriate sol ent such as diethy\ efher. The reaction prgduct nmay be

purified by col unp Chy onNjCHCORERY red,DMSOMLOt O f reaction.
After reaction vvi appepr-atee p y drez+e—the cd jondi ng
4- am nocycl ohept anQuephengF Bt azone bj egifmes t he sane~Fi scher

I ndol e cyclization fponditions as descrifped above. The asymmeiry in the
cycl ohept anone, ,,;uan R”’N‘n? Rf/N\“,‘,,

The appropriate 4-aminocyclohexanone in an appropriate
solvent, for example diethyl ether, is treated with an
appropriate Lewis acid such as boron trifluoride for about
20 minutes to about an hour at room temperature. To this
solution is then added ethyl diazoacetate and the resulting
mixture is stirred for about 1 hour to about 24 hoﬁrs at
room temperature. The resulting 2-ethoxycarbonyl-5-
aminocycloheptanone is isolated by diluting the reaction
mixture with agqueous sodium carbonate and extracting with a
water immiscible solvent such as diethyl ether. The
reaction product is then directly dissolved in
dimethylsulfoxide which contains sodium chloride and water.
The reaction mixture is heated to about 170° for from about
1 to about 24 hours to effect the decarbethoxylation. The
desired 4-aminocycloheptanone is recovered by diluting the
reaction mixture with water and extracting with an
appropriate solvent such as diethyl ether. The reaction
product may be purified by column chromatography, if
desired, prior to further reaction.

After reaction with an appropriate phenylhydrazine, the
corresponding 4-aminocycloheptanonephenylhydrazone is
subjected to the same Fischer indole cyclization conditions
as described above. The asymmetry in the cycloheptanone,



however, |eads to the production of the following two isoners: [err] [err].-
[err] [err err [err] [err]

| SOMER B I somers A and B may be separated by crystallization or

chromat ography at any convenient point in the synthesis of the conpounds of
the invention. The internediate carboxyyic acid useful for the preparation
of the conpounds of the invention nmay either be synthesized directly from
4-car boxtlpWeMystrhyd-rmdswé:d)wller@mm@;im@wﬂesbe| Bedlpwisgnthest i c Schene |,

or they b ﬁéggared fromthe corresponding brono derivative. Priorto
nanrpulatron of the bronp substituent, however, the indole nitrogen nust
first be protected as illustrated in Synthetlc Schenme VI. Rerr]" and

R err]2 mequ]CMH]%w
trifluoronethanesul fonyl; and
18 Synthetic Sche \ N [efr
[err] 2. [erﬁq [er ]
[err] [err]

JJROr benzyl; LG is chloro, brogs, or

I's phenyl or 2,4,6-triisopropyl phenyl.
err] 1. hydri§ oryge [err]
3ferr] [err]

Lerr] [

=

N
g \Hw
ISOMER A ISOMER B

Isomers A and B may be separated by crystallization or
chromatography at any convenient point in the synthesis of
the compounds of the invention.

The intermediate carboxylic acid useful for the
preparation of the compounds of the invention may either be
synthesized directly from 4-carboxyphenylhydrazine by the
procedures described in Synthetic Scheme I, or they be
prepared from the corresponding bromo derivative. Prior. to
manipulation of the bromo substituent, however, the indole
nitrogen must first be protected as illustrated in Synthetic
Scheme VI. R1” and R2” are C1-C¢ alkyl or benzyl; LG is
chloro, bromo, or trifluoromethanesulfonyl; and Ar is phenyl
or 2,4,6-triisopropylphenyl.



A solution of the starting material in a suitable solvent, such as
tetrahydrofuran or diethyl ether, is added to a suspension of an alkal
met al hy 3@ 885515 ef er abl y pot assi um hydride, in the same SRET/ES8/03¥4Qe
deprotonation is perfornmed at from about -10[err] C to about anbient
tenperature for about an hour. To this solution is then added an
appropriate arylsulfonyl chloride, triiygopropylsilyl halide, or
triisopropylsilyl triflate and the reaction is allowed to proceed for from
about 1 tSv¥hébicsSchemel NIol e nitrogen protected derivative is isolated
by treating the reaction mxture with ice to deconpose ang'unr g@gtt ed
hydride, diluting the reaction mxture with water, and then WXtracting the
product with a water inmm scible solvent such as dichl oronet hgne, diethyl
ether or ethyl acetate. The isolated product nay be used ag”removered for
further reactions, or purified by crystallizati ddQr
desired. The bronp substituted substrate so protectf
provi de the requisite 19 inter Hide xylic ° ribed in
Synt hetic Schene VII. 'rr] @E\‘d kap)rgi_l_ Cerr]-Q val kyl or benzyl;
and Z i s phenyl sul fonyl, 2|¢’ triisopregyl phenyl sul fonyl , SHiPr),
triisopropylsilyl. Synthetl [err]
[err] [err] lithium [err] [err] [err] [err]
[err] A solutiee conpound in an appropriate solvent, such as
tetrahydrofuran o Aer, is treated with an alkyllithium such as
n-butyl - or t-but Lu at a {enper of about -70[err]C for about
an hour to effect a N\ P18 R'\_ R

H N

of

\
SO,Ar

A solution of the starting material in a suitable
solvent, such as tetrahydrofuran or diethyl ether, is added
to a suspension of an alkali metal hydride, preferably
potassium hydride, in the same solvent. The deprotonation
is performed at from about -10°C to about ambient
temperature for about an hour. To this solution is then
added an appropriate arylsulfonyl chloride,
triisopropylsilyl halide, or triisopropylsilyl triflate and
the reaction is allowed to proceed for from about 1 to 24
hours. The indole nitrogen protected derivative is isolated
by treating the reaction mixture with ice to decompose any
unreacted hydride, diluting the reaction mixture with water,
and then extracting the product with a water immiscible
solvent such as dichloromethane, diethyl ether or ethyl
acetate. The isolated product may be used as recovered for
further reactions, or purified by crystallization or
chromatography as desired. The bromo substituted substrate
so protected may then be used to provide the requisite




hal ogen-met al exchange. The resultant anion solution is then treated with
carbon dioxide at a tenperature of about - 70[err]C. The reaction m xture

i s then appsggkiiso warm gradual ly to room tenperature over PCIYOSSS03840 1
hour to about 24 hours. The resulting product. is isolated by diluting the
reaction m xture with aqueous anmmoni um chl ori de and extracting with a water
I mm sci bl e sol vent such as di chl oronet hane. The product may be further
purified by chronmatography or recrystaIFPzation as necessary. The final

step in t rgt.e t | t to give
p (f%?ﬁé%%?%éf%g%ﬁéﬁyﬂfe gkeqbspRigbat he sQ%QHéE'E JHEME

t he conpounds

& t h \V
R.err], RYerhq" Bhd @%r% alsg’g?eéloﬁ§ &%gheﬁé'd%en%]é‘oe s t’leﬁr:reScherre

VI [erfbhenylsulfo 1, 2,4,6- tr1£§bbkob§&bhenylsulfon 1, or [err]
[err] deprotect ﬁ f%rr] [err] [err]
[err] trllso?r [err] When Z is arylsulfonyl, the protecting

group may be rennved by baS|c hydrol ysis in a | ower alkanol such as
met hanol S ol.g s triisopropylsilyl, deprotection is
conveni en ment with a fluoride anion reagent,
preferably tetrabutyl anmoni um fl uoride, under standard conditions.
Conmpounds of the inventiogtiwhere Rlerr] and Rierr] are indepergent!|y
hydrogen are avail able by s \quﬁﬂtlng the correspondi ng 3-benzyl
conpounds to catal ytic hydrpgenati on conditions oger a preciouy netal

cat al yst, 1. alkyllithium

» HO

2. CO,

A solution of the bromo compound in an appropriate solvent,
such as tetrahydrofuran or diethyl ether, is treated with an
alkyllithium, such as n-butyl- or t-butyllithium, at a
temperature of about -70°C for about an hour to effect a
halogen-metal exchange. The resultant anion solution is
then treated with carbon dioxide at a temperature of about -
700°C. The reaction mixture is then allowed to warm
gradually to room temperature over from about 1 hour to
about 24 hours. The resulting product is isolated by
diluting the reaction mixture with agueous ammonium chloride
and extracting with a water immiscible solvent such as
dichloromethane. The product may be further purified by
chromatography or recrystallization as necessary.

The final step in the sequence requires deprotection of
the indolic nitrogen to give the compounds of the invention
as illustrated in Synthetic Scheme VIII. R1”, R2" and 2 are
as previously defined.



such as pal |l adium or platinumon carbon, or over Raney nickel. These
reactions are typically perforned in a | ower al kanol or tetrahydrofuran at-
roomte to about 60[err]C, for fromabout 1 hour , at a
hydrogegng§§§§%$% of about 60 p.s.i. This hydrogenolysis|g§?@¥?%ﬁﬁﬁﬁrned
before or after the deprotection of the indole nitrogen as desired. -
Conmpounds where either or both of R err] or R err] are hydrogen nay be
further functionalized to prepare other2@onpounds of the invention by
reductive al kylation. Under these conditions the primary or secondary amne -
Is reacted with an appropriate al dehyde or ketone to prepare the
cor r espong@iehietiie Suh ' The imne or enamne is then reduced to the
desi red conpound by catal ytic hydrogenation or by reduction with an
appropriate hydride reduci ng reagent in the presence of an acH?
Preferably, the transforndﬂnga_iq performed by direct al kylatib\ as .
Bthene IX. Rerr] i
s CJerr]-Cerr] alkyl

Il1lustrated in Synthetic

Cerr]-Clerr] & kyl;
br omo, - COCH,

Synthetic SHR@enme X ¥
[err] X [err] base H The starting 4 2@ a base are
conbined in the rea ioﬁ{solvent foll owed by the addition ofy the al kylating

agent. The reaction solv@it my be any non-reactive sol vent Wypically used

for alkylations of this.t such as acetonitrile, dinethyl{fornmam de or
N-netth-Zﬂﬁy}r%ﬂﬁﬁﬂqﬁyﬁﬁgfﬁgnyf' the protecting group may be removed

by basic hydrolysis in a lower alkanol such as methanol or
ethanol. When Z is triisopropylsilyl, deprotection is
conveniently effected by treatment with a fluoride anion
reagent, preferably tetrabutylammonium fluoride, under
standard conditions.

hydr ogen or N—

Compounds of the invention where Rl and R2 are
independently hydrogen are available by subjecting the
corresponding 3-benzylamino compounds to catalytic
hydrogenation conditions over a precious metal catalyst,
such as palladium or platinum on carbon, or over Raney
nickel. These reactions are typically performed in a lower
alkanol or tetrahydrofuran at room temperature to about
60°C, for from about 1 hour to 24 hours, at a hydrogen
pressure of about 60 p.s.i. This hydrogenolysis may be
performed before or after the deprotection of the indole
nitrogen as desired.

Compounds where either or both of Rl or R2 are hydrogen
may be further functionalized to prepare other compounds of
the invention by reductive alkylation. Under these
conditions the primary or secondary amine is reacted with an
appropriate aldehyde or ketone to prepare the corresponding
imine or enamine. The imine or enamine is then reduced to
the desired compound by catalytic hydrogenation or by
reduction with an appropriate hydride reducing reagent in
the presence of an acid. Preferably, the transformation is
performed by direct alkylation as illustrated in Synthetic



limted by the solubility of the substrates. The base nust be sufficiently .
basic to neutralize the acid generated during the progress of the reaction
but not swgderisgisAs to deprotonate other sites in the substrex/esef/osdady ri se
to other products. Additionally, the base nust not conpete to any great
extent with the substrate for the al kylating agent. Bases typically used
for these reactions are sodi um carbonatg_or potassium carbonate. The
reaction mxture is typically stirred af*roomtenperature to 80[err]C, for

about 8 hqurs to 3 daysy+The al kyl ated praducts _agre.is ed _
concentrach&?“bq ﬁh‘e r jéct?‘%ng%‘%?g?ﬁ ﬁgdgll— édﬁ@ lprgsz?fﬂles %l iHed by
partitionigigydl diearebetigl} Xesigubrbmbyeeroos!, clora RINAC$0) takha or ganic
sol vent such aﬁgggryl acetate .dieihyl gther, di chl or onet hane, ethyl ene
chl ori de, XML M Hrat H bR PRE K APSFREE: The isol ated product may be
purified [Symiheiat eheahs rystallization froma suitable solvent, salt
formati on or a conbi nati onHof these techniques. The | eaving up (LG of

t he al kyl ati ng agents may bﬁpch?oro, brono, iodo, methanesul f ony_ox,
trifluoronethane- sul fonyl gky, 2,2,2-trifluoroethanesul fonyl oxy, benzene-

22 sul fonyl ox%, p- br ono nesul fonyl oxy, p-nitrgbenzene- nyI oxy or
XSy ;! pn of
x.-- O 1
owpl/oyed is

p-t ol uenesul f whi ch ar 8deful fo M
of. The Specific al Ryl ati nd
o ci al avai | abi PP%8/ or a convemigft~sfnt hesis from

conmpounds of thiff

determ ned by it3~\e .

commercially avail abl e %;arting materials. The preferred alxyl ati ng agents
for synthesis of conpounds of this invention are selected fromthose where
the | eaving groripei staht dng, aid ABD anido@o bars sTairea es froay | xyehd\l kyl at i ng

agents wherg, 1Ne,1 e3¥1 0dn0" eHR 165G by’ ¢ G RULLE "R alkylating
agent. The reaction solvent may be any non-reactive solvent
typically used for alkylations of this type such as
acetonitrile, dimethylformamide or N-methyl-2-pyrrolidinone,
limited by the solubility of the substrates. The base must
be sufficiently basic to neutralize the acid generated
during the progress of the reaction but not so basic as to
deprotonate other sites in the substrate giving rise to
other products. Additionally, the base must not compete to
any great extent with the substrate for the alkylating
agent. Bases typically used for these reactions are sodium
carbonate or potassium carbonate. The reaction mixture is
typically stirred at room temperature to 80°C, for about 8
hours to 3 days. The alkylated products are isolated by
concentration of the reaction mixture under reduced pressure
followed by partitioning of the resultant residue between
water and a suitable organic solvent such as ethyl acetate,
diethyl ether, dichloromethane, ethylene-chloride,
chloroform or carbon tetrachloride. The isolated product
may be purified by chromatography, crystallization from a
suitable solvent, salt formation or a combination of these
techniques.

The leaving group (LG) of the alkylating agents may be

chloro, bromo, iodo, methanesulfonyloxy, trifluoromethane-
sulfonyloxy, 2,2,2-trifluoroethanesulfonyloxy, benzene-




t he correspondi ng al cohol by standard methods, preferably by treating the
al cohol with neat thionyl chloride at anbient tenperature. Al kylating

agent s wWheygegiddgrs €avi ng group is methanesul fonyl oxy are prigpagsssob4o
treating the correspondi ng al cohol with a nethanesul fonyl chloride or

met hanesul f oni ¢ anhydride. The starting al cohols required for the synthesis
of conpounds of this invention are either comercially avail able or may be
prepared by enploying well established @¢nthetic nethodol ogy as descri bed

in US. Pat #5. 521,196, _herein i [RQr refer |1s entirety
The corrpou%"gg %?;%%’éyprgs%ﬁ?&%&%%#%%ug%s?g&ggx?c |P§1t§l&eﬁ%ﬂeﬂrﬂ%ﬂ%nd as such
exi st as rsukivnykdxyupespotoilngnestdfionaianyi. omdds ofawhsiich erebiseful
racemat es L pgiyi epan lﬂﬂﬁﬁﬁl r by sRATSE ; r t

i nventi on.%e%#ﬁd?glggégﬁeghgn??o#gr S m;?%b?fﬁgg‘o%selélﬁnéfj?%fi ona

crystal | i zseohfbf adkviasinghagente AP loyess ish Aaminak e S pure

aci dtS, forcW%ﬁaldhbaEISb%&E?H oraQl Q:forﬁetrﬁ.féiﬁlt iselthed e %f&hvi d;ﬂﬁl
enantiomers may _be prepare e use .of a chiral auxiliar rin e
preparatidﬁmﬁ?gfﬁéaggﬁpBUﬁ&lEél&é§&QQ&%?q i Hﬁﬁ%%mmiﬂff§%ﬁ F%dSchene
X. X is -Balkylatihgrapknts 23 Symitheidic Sdthemmpoyrals |of ethis [err]
NaONBH e 1]t Ehtlon are sedechelHeleSt chitdd hithid cHe dadsHid oroup is

[err] [err err
chloro, bromo, iodo or methanesulfonyloxy. Alkylating

agents where the leaving group is chloro are prepared from
the corresponding alcochol by standard methods, preferably by
treating the alcohol with neat thionyl chloride at ambient
temperature. Alkylating agents where the leaving group is
methanesulfonyloxy are prepared by treating the
corresponding alcohol with a methanesulfonyl chloride or
methanesulfonic anhydride. The starting alcohols required
for the synthesis of compounds of this invention are either
commercially available or may be prepared by employing well
established synthetic methodology as described in U.S.
Patent #5,521,196, herein incorporated by reference in its
entirety

The compounds of the present invention possess a chiral
center, and as such exist as racemic mixtures or individual
enantiomers. As stated above, racemates and the individual
enantiomers are all part of the present invention. The
individual enantiomers may be resolved by fractional
crystallization of salts of the racemic bases and
enantiomerically pure acids, for example, ditolyltartaric
acid. Alternatively, the individual enantiomers may be
prepared by the use of a chiral auxiliary during the

preparation of the compound as described in the following
Synthetic Scheme X. X is -Br or -CO2H.



[err] separate diastereoners [err] [err] [err]

H CHerr] [err] [err] [err] ' [err] [err]
[err] WO 98/55115 H[err] [err] PCYTUShs/bE46 |
[err] [err] 1, 4-cycl ohexanedi one nono- (2, 2-dinethyl propane-1, 3-
diol)ketal is reductively am nated under standard conditions with an -
enanti oner of a-nethyl-(4-nitrophenyl)et am ne (Synthetic Schenme X

illustrates the use of the R-(+)- 24 ntioner). The ketal is renoved
as descri be [ | tyhe resulting am nocycl ohexanone i s subjected
to the reactio Itirons described for Synthetic Sche I, to give a

di astereoneric Nxture. The di astereoners are then separ d by

t hen be

chromat ogr aphyfor fractional crystallization. The amn
i i or exanple an

treated, if d , With glaappropriate al kyl ating ag

appropriate al algde, 1 are t he NaBNBHgpondi ng Qpafeérnary salt
prior to cl eavfa pf th hyl - A 1 yl) et pi ety. Cl eavage
of the [err]- -(4-nitrop et hyl / i s achi ‘by reduction of

the 4-nitro group foll owed by a NQ,al yzed sol vol ysis d" the resulting
a- met hyl - (4- amigophenyl)ethyl noiety. Reduction of t8Hynitro group can be
acconpl i shed by a wide rgng€Hf reduci ng agents i ncl udgr@, Nfor exanpl e,

R

R)

titaniumtetrachl oride, Iﬁih WA al umi num hydri de, orHzijnC/ acetic acid, or

by catalytic
"9
' NO
Y °, =
H
HCO,H
‘ Ao
NHNH, 0

separate
diastereomers

1,4-cyclohexanedione mono- (2, 2-dimethylpropane-1,3-
diol)ketal is reductively aminated under standard conditions
with an enantiomer of a-methyl-(4-nitrophenyl)ethylamine
(Synthetic Scheme X illustrates the use of the R-(+)-



hydr ogenati on. Sol vol ytic cl eavage takes place when the nonohydrochl ori de
(or other nonobasic salt) of the reduction product is treated with water or’

an al coholygbek A? ggn tenperature or, in sone instances, at elpyHieshn3340
tenperatures particularly convenient condition for renoving the a-

met hyl - (4-ni trophenyl)ethyl noiety is hydrogenation of the am ne -
nonohydrochl ori de i n nethanol over a sulfided platinumcatal yst. The
reactions as illustrated in Synthetic S@Henes VI-X are for the conpounds of

The ski 1 <tPapt FeiR T houdblr Repil 1 Heiinia, 4 ool Tdotidustyol o
|IIustratednﬁsthppraeabtengoamuﬂmgyQﬂQhﬁxanbnﬂnmﬁnﬁuhnEQ¢Edsk¢Itbd artisan
wll also apRreeLat gohaghbh% AR AN SARIRERS firferhe§ CLYRYiLE

prepare the conpounds resent invent] are not 1 nportant In many
cases. 5dpa§59rgpm§ﬁ1p mlxture The diastereomers are then

6- br ono- 3- Qégﬁkaﬁéa ?Oc&ﬂdeﬁagﬁaﬁﬁﬁ5Bﬂ3@rébé%6hé& crystallization.

t et rahydr o- 9H car bazo thylan1n C xanon

(2. 2- di met FYPpRBLRAcMRY 3 Ehegn, ﬁf’c Is‘gcfﬁ-"r’oﬁecif wWth) 8 (554. 6 mwol )
di net hyl anapproprSﬁﬁenhlkyﬂJa&nmig wyenta,ddiir Sdkdingie (&5 Zagpndbliatesd-

cycl ohexangdj gne 2 d ane- 1. 3- di tion
m xture vva?”éYE ggggg'st%l rlp;{%%%%otﬁf% acfr]x;%s(;%r?dn];i cg’%ure wt %gi‘E

sol uti on weréorhtn gheavaldey cfdddre I-1Ghym < Gﬁmﬁzmme)nxsbueuhyl

cyanobor ohydg bdg. Once this addi tion mas conplete acetic acid was added to
adjust the mxture to a pH of about 6. The was nonitored periodical

and acetic acid é&évtaig@né’fcdﬁ’cq %W%W%i%%’r?}r‘?ﬂ’@m&t% u’E‘OGetWﬁéﬁ t he
addi tion ohchéele@ 8¢ Gde@hction of the 4-nitro group followed by acid

catalyzed solvolysis of the resulting a-methyl-(4-
aminophenyl)ethyl moiety. Reduction of the nitro group can
be accomplished by a wide range of reducing agents
including, for example, titanium tetrachloride, lithium
aluminum hydride, or zinc/acetic acid, or by catalytic
hydrogenation. Solvolytic cleavage takes place when the
monochydrochloride (or other monobasic salt) of the reduction
product is treated with water or an alcohol at room
temperature or, in some instances, at elevated temperatures.
A particularly convenient condition for removing the a-
methyl-(4-nitrophenyl)ethyl moiety is hydrogenation of the

amine monohydrochloride in methanol over a sulfided platinum
catalyst.

The reactions as illustrated in Synthetic Schemes VI-X
are for the compounds of the invention which are either
carbazoles or 10H-cyclohepta[7,6-blindoles. The skilled
artisan, however, will appreciate that the chemistry
illustrated is applicable to either class of compounds. The
skilled artisan will also appreciate that the order in which
the steps are performed to prepare the compounds of the
present invention are not important in many cases.



| onger resulted in gas evolution, the reaction mxture was allowed to stir |
at roomtenperature for 18 hours. The reaction m xture was then
concent r avodsmssider reduced pressure to a vol une of about 1FECTMISRNB40AS
then partitioned between 1N sodi um hydroxi de-and di chl oronet hane. The
remai ni ng aqueous phase was treated with saturated aqueous sodi um chl ori de
and was again extracted wth dichl ororr::f)t%ane. These organi c phases were
conbi ned, dried over sodiumsulfate an oncentrated under reduced pressure
to give 40.15 gm (70% of the desired conmpound as a yellow oil. MS(nie):
228(M+1) 4-di net hyl am nocycl ohexanone A solution of 18.4 gm (81 mwl)

4- di met hyl ami no- cycl ohexanone (2P¥eRPKBERPPpAopane- 1, 3-diol Yketal in 250
L 90% f or m c gabirdmee3e dieditdt, Rimirel 9t £ Di sGohopy bsilhe -16268I, @+ m xture

was then stirred at roomtenperature for.3 days. The reaction m xture was
then diluted with 250 niL ma?gﬁgﬁﬁﬁy§§?‘%gﬁggﬁ¥P§P to a volune of about
250 nL on a rotary evaporator. The dilution/concentration segquence was

26 then 1 gDAFHE L8 IR dIB Rl d OF) BHouHIRS hoEa LHRREn goncent rat ed
to a volu e, ot pasrc ' and

ext ract edddoilbketaldl or onmet hane. The organi c phases were combined, dried

over sodi um sulrhaghe sNHtGUH LY 125 afl gmdess4 ?@%ﬁﬁglpréiﬁnéizﬁfl%nﬁin\@ ihl. 8 gm
(1009 of _the desired cqmpound as_a_yell ow oi ). . 141 (Merr])

AWR( CDCL[ PP] b MesAappisrais ijed S (7 6452 -2 oLk LAy .01 (m

2H), 1. 80ct&1 oBekanedlicrms hydreor 1@ydimdehaerepdnbr 0Bpbesll etz ¢iirl To a

m xture OEhg'%e 0eGeg TiPRLe 4l B W8T 09 stir for 2 hours at room
temperature. To this solution were then gradually added
31.69 gm (504.3 mMol) sodium cyanoborohydride. Once this
addition was complete, acetic acid was added to adjust the
mixture to a pH of about 6. The pH was monitored '
periodically and acetic acid additions continued to maintain
the pH at about 6. When the addition of acetic acid no
longer resulted in gas evolution, the reaction mixture was
allowed to stir at room temperature for 18 hours. The
reaction mixture was then concentrated under reduced
pressure to a volume of about 100 mL and was then
partitioned between 1N sodium hydroxide and dichloromethane.
The remaining agueous phase was treated with saturated
aqueous sodium chloride and was again extracted with
dichloromethane. These organic phases were combined, dried
over sodium sulfate and concentrated under reduced préssure
to give 40.15 gm (70%) of the desired compound as a yellow
oil.
MS (m/e): 228 (M+1) :
4-dimethvlaminocvclohexanone

A solution of 18.4 gm (81 mMol) 4-dimethylamino-

cyclohexanone (2,2-dimethylpropane-1,3-diol)ketal in 250 mL
90% formic acid were heated at reflux for 3 hours. The
reaction mixture was then stirred at room temperature for 3
days. The reaction mixture was then diluted with 250 mL
water and was concentrated to a volume of about 250 mL on 'a
rotary evaporator. The dilution/concentration sequence was




cycl ohexanone and 9.5 gm (42. 0 mvbl ) 4-bronophenyl - hydrazi ne hydrochl ori de

in 100 nm. ethanol were added 3.4 nL (42 mwl) pyridine. The resultant :
m Xture Wagg # heated at reflux for 2 hours and then Stl@&@ﬁﬁﬁbuﬁﬂblent
tenperature tor i8 hours. The reaction m xture was then treated with
aqueous potassium carbonate and extracted wel | with dichloromethane. The -
organi ¢ phases were conbi ned, dried over sodium sul fate and concentrated
under reduced pressure. The resultant ﬁéSidue was treated with toluene and
concentrated agai n_un reduced ressur ve 11.3 gm (87% of. the
desired doMPd ?Pe%tﬁa kyesmege WF@)anrﬁ@ f%f%?qftﬂﬂg /%§¥F%§Fbazole
hydr ochl ardrtteerc sat edli o af vbluhegof( abohtm@ll mid- dhardd [ydsie neith 5 N

cycl ohexang y 12 ydr

chl ori de@v\e(rﬁgmﬁ lglfggzggggrgeépux 8‘%3%%‘:3@% r%@g:eﬂﬂq or ]%ﬁt our s111 e r@ggt i on
m xt ure vesganiovedasescweret GOMmetdermhmadnosrmoscmsum rewl Eane candat ed
under redugedeRE £SEEHCUNERS R d%@géh S dligsad ved, 8 g 001 fbg yat er

and to this solution were then added 50 6 M qégrochlorlc acid. The
m xture VRS %B%IQES%BSGCCP@POPthé§r§ Yﬁ%?@ﬁﬁﬂ% product whi ch had

crystal |l idM@gmnas: flingreﬂ+and dried to give 8.66 gm (72%. 27 Silylation

8.66 gm (l@tﬁg r yl o] 2 4-
t et rahydro- ﬁEcar%azol e%{@r ocH I)Er%tb}de 2’vi\rre]%% E’ért% ?on%dzget(lvt\léerstnilﬂl sodi um

hydr oxi de2 adtl ¢inchR2H) ondt. Ba&ndm, TI2# )ar gani ¢ phase was dri ed over sodi um

sul fate and concentrated under reduced pressure. The residue was dissol ved
in 50 nL tetrahydrofuran and the resul t ant solutlon was added to a
suspensi ch=@ime d RAOONS |4 ROTRI2: 3

To a mixture of 6.0 gm (42.0 mMol) 4-dimethylamino-
cyclohexanone and 9.5 gm (42.0 mMol) 4-bromophenyl-hydrazine
hydrochloride in 100 mL ethanol were added 3.4 mL (42 mMol)
pyridine. The resultant mixture was then heated at reflux
for 2 hours and then stirred at ambient temperature for 18
hours. The reaction mixture was then treated with aqueous
potassium carbonate and extracted well with dichloromethane.
The organic phases were combined, dried over sodium sulfate
and concentrated under reduced pressure. The resultant
residue was treated with toluene and concentrated again

under reduced pressure to give 11.3 gm (87%) of the desired
compound.

6-bromo-3- (dimethyl ino-1,2 4-tetrahvdro-9H-carbazole
hvdrochloride

A solution of 11.3 gm (36.4 mMol) 4-dimethylamino-
cyclohexanone 4-bromophenylhydrazone in 250 mL 4M ethanolic
hydrogen chloride were heated to reflux under nitrogen for 3
hours. The reaction mixture was allowed to cool to room
temperature and was then concentrated under reduced
pressure. The residual paste was dissolved in 200 mlL water
and to this solution were then added 50 mL 6 M hydrochloric
acid. The mixture was cooled to 0°C for 18 hours. The
desired product which had crystallized was filtered and
dried to give 8.66 gm (72%).



mneral oil) in 100 nL tetrahydrofuran cooled to about O[err]C The
resultant m xture was stirred for an hour at this tenperature and then to
it were aviaesh/s81fs nL (30 mwbl) triisopropylsilyltriflate anBCTS80338Ur e
was allowed to warmgradually to roomtenperature. After 18 hours the
reaction mxture was treated with ice to deconpose excess potassi um

hydri de. Once all of the hydride had be o destroyed, the reaction m xture
was diluted with 200 nL of water and wa$ ‘then extracted well wth

dichloronq%ﬂgﬂﬁgti¥ﬁ organic phases wer e conbi ned, dried over sodium

sul fate and concentrat ed_under duced pressure. The resi dual

subjected to sifi g %@I(EﬁranﬂyG ﬁaﬁh?go rﬂ}@ﬁ&ﬂ%ﬁﬂ?é??ylmﬁtﬁ 40Iuene
9:1 tol Ueﬂﬁetefﬁmlrdﬁﬁegﬂt-earéa}.oﬂ.@l wgmoejm;drmzetvaéﬁe ﬁaﬁtiahunaa et hyl

tate, t h . The eth f t nbi ned and
oncent F acBi TheSr Feanatam,PUgzird s, B AP RIS toonSor ERE i1l
conpound asr@asntlnhaaEpwaSngapa' Ove NG [srX 3t e @ndrp@néén@datﬁ@
7.39 (dd, 4 1H)
2 55 . THororiieete peedy (dhelectun ey Afp=Stbog” sl oY,
(m 18H). t Q@hpd§g pggpoﬁnﬂ the resultant solutlon was adde

6- car boxy- §u€F€EEBMhaBEnQ .9 bﬁiuﬁﬂph@ﬁM.S'dﬁaésgmﬁ dride (20% in
tetrahydro-9

i et hyl A HBESAL T PELYpiBnF 00 MH e AR a5 beE £8) BRPBte DO6 150
nL tetrahythef neealaanﬂﬂﬁmtn]:@ waise saddered 6Ecle rdn (R6uZ4agMehlis _
oy PR G, P ERER S TSR0 SRR 498 A 30 BRI LO 0o
t he so|ut|bnllsopropyls1ly1tr1flate and the mixture was allowed to
warm gradually to room temperature. After 18 hours the
reaction mixture was treated with ice to decompose excess
potassium hydride. Once all of the hydride had been
destroyed, the reaction mixture was diluted with 200 mL of
water and was then extracted well with dichloromethane. The
organic phases were combined, dried over sodium sulfate and
concentrated under reduced pressure. The residual oil was
subjected to silica gel chromatography, eluting sequentially
with toluene, 9:1 toluene:ethyl acetate, 4:1 toluene:ethyl
acetate, 1:1 toluene:ethyl acetate, and ethyl acetate. The
ethyl acetate fractions were combined and concentrated under
reduced pressure to give 7.08 gm (60%) of the title compound
as a solid.
m.p.=92-930C
NMR(CDCl3): &7.52 (d, 1B), 7.39 (44, 1H), 7.13 (4, 1H),
3.04 (br 44, 1H), 2.88 (m, 2H), 2.70 (m, 1H), 2.58 (dd4, 1H),
2.41 (s, 6H), 2.20 (4, 1H), 1.78 (m, 3H), 1.70 (m, 1H), 1.14
(m, 18H).



until the dark color discharged to Iight yellow After allow ng the
reaction mxture to warmto roomtenperature it was poured into water, the
pH adj ustea,ﬁt gﬁgut 7, and the m xture extracted well wi th pcrses/o334o

di chl oronet hane. The organi ¢ phases were conbi ned, dried over nmagnesi um
sul-fate and concentrated under reduced pressure. The residue was triturated
with hexane to give 2.31 gm (85% of the desired conpound as a tan foam

| R 3022, 2958, 2871, 1465, 1249 cm[erPB MS(mie): 414(Merr])
Preparation |11 4- (I-phthaI|n1dy|)cyc|oheptanone To a stirred solution of
5.00 gm (20.55 mwol ) 4-(1- phthalindyl)cyclohexanone in 30 nlL diethyl

ether were added 3.79 nL (30.8 nibPrepaxetion fAluori de ethereate. After

stirring for 20 &gl @ldiﬁeahﬂaaﬁh%w%n%s%wpﬁ%m,m@'i Bl oy

di azoacet ate were added dropw se. The_resultant sol ution was stirred for 16
hours at room tenperature. ThEQWRRYSROTPHTEREPAZSIRi | uted with sat urat ed

aqtrJTgpusdsodi um Oﬁt&t)@é.?uai@nwﬁ nhgs gmr(@qls.@dnwdlh chasﬂ‘un(\jo-ezher tTh;a .
conbi ned or gani racts dried over, um sul a onc rate
under redu B0 S0 F L PhRE SRR SIS Y f i RO SR
dinethylSLHdanhaEnleTbnthse mbluetmahw@m@fmddmdax.3%@9@Mwexeeamﬁéd51@n4
sodi um chl Qi d d T- tin egt Cf 7 rs.
The reacti %I’{]L n&x? uir]lg I\{}\Iglésft h{éngggg?tlgw%\({)%fe@' into %6’1%9{5{%)] *h dgﬂg
extracted vadlutpiem wastaylowefeto $ﬁért@¢bMMQf(ﬁ%ﬂpﬁnﬁ¢#ﬁSe@04eléhﬂnshed

sequenti al | g ¢ HeNBt £FnERIaS 8k Gat %@W%bﬂ@d‘@%% h dene 06b BG4 DYRT
sodi um sul fate, and concentrated uynder reduced %fure e reS|due was

subj ected t¥ptsh] e @RarEnferato §§PFrQQqHQQ1 th ¥ellow. After

allowing the reaction mixture to warm to room temperature it
was poured into water, the pH adjusted to about 7, and the
mixture extracted well with dichloromethane. The organic
phases were combined, dried over magnesium sulfate and
concentrated under reduced pressure. The residue was
triturated with hexane to give 2.31 gm (85%) of the desired
compound as a tan foam.

IR: 3022, 2958, 2871, 1465, 1249 cm~1

MS(m/e): 414 (Mt)

Preparation III
4-(1l-phthalimidyl)cycloheptanone

To a stirred solution of 5.00 gm (20.55 mMol) 4-(1-
phthalimidyl)cyclohexanone in 30 mL diethyl ether were added
3.79 mL (30.8 mMol) boron trifluoride ethereate. After
stirring for 20 minutes at room temperature, 3.24 mL (30.8
mMol) ethyl diazoacetate were added dropwise. The resultant
solution was stirred for 16 hours at room temperature. The
reaction mixture was diluted with saturated aqueous sodium
carbonate and was then extracted with diethyl ether. The
combined organic extracts were dried over sodium sulfate and
concentrated under reduced pressure. The residue was
dissolved in 15 mL dimethylsulfoxide. To this solution were
added 1.3 mL water and 1.5 gm sodium chloride. The
resulting mixture was heated at 170°C for 7 hours. The
reaction mixture was then cooled, poured into 150 mL water



hexane: et hyl acetate. Fractions shown to contain product were conbi ned and
concentrated under reduced pressure to give 4.17 gm(79% of the title
conmpound. widB(grssel)s:  257(Merr]) Preparation IV (R - and PCT/US98/03340
(S)-3-(N-[err]-methyl -4-nitrobenzyl)am no- 6- brono- 2-

am no-1, 2, 3, 4-t et rahydr o- 9H- car bazol e Reducti ve Am nation To a sol ution™ of
20.0 gm (100.9 mwl) 1, 4- cyclohexanedig&p

nono- ( 2, 2- di et hyl ) propane-1, 3-di ol nondketal in 250 nL nethanol were added

35.0 gm ( lhdg 7e:0dMbh ot 83 (w1l ewh knmel RihnA- QaittHéib.e”Zmér@ﬂﬁb!ﬂﬁ@ao%?#ahii@e1
25.0 gm (398 mwbl ) sodi um cyanobor ohydride and 10 nL acetic acid. The
reaction|ﬁhﬁ§ﬁ§3ﬁ@£eay?6ﬂéé FeaReNtifdlyr & WatRT 3Rt BehPEREEGre. To

t heI ;eaCZI | fu U Ltﬁb@dﬂ\ﬁmechgemiagdedrarecﬁdﬂiéﬂ Cﬁtﬁii\ﬂhaﬁﬁbfaf:e§5.¥1ﬂ gm (398
mvb sodi um cyangbor Lide_and the reaction mxture sti.rre or an
addi ti onalcﬂ%c%rba‘iﬁitﬁﬁ ﬁggﬁﬁ Eﬁﬁé’F FESSHE S eac '%nrﬁ?ﬁéﬁ?ewﬁﬁs t hen

di | ut ed wisubieted tgquebidiscaagedr ichramatogrhphe, seluting wibhust:idvel y

extracted H@i&héi&@ﬁ%g%@&ﬁag‘é-. The-J RIRI U @M%O{féne?%ﬁep%ﬁu%de
basi ¢ wi th aqueous sodi um hydroxide and extracted well w
di chl or onefer@econptned pnf] spoeentaed ask unden yrdecednbrasgurer ted over

SOdiun1SLH%f$@ ANT7 CERCeNbERt 8¢ WRLER ita@ICRnd@sgUre to give 33.7 gm
(96% of ( -4-%gk[eég%-ﬁgshyl- 4-ni trobenzyl )-am nocycl ohexanone

2, 2-di met ¥ frophhe- 422 Ml ol ketal as a brownish yellow oil. MS(me):

348Merr]) 30 Ketal Deprotection A solution of 33.42 gm (95.91 nwl)

(R-4-(N-[err]-methyl- 4-nitroben 1. .nhocycl.ahexanone
2, 2-di met hyl - propane-1, 2- 3¥QQ§§Q£E135 f@
(R)- and (S)-3-(N-a-methyl-4-nitrobenzyl)amino-6-bromo-2-

amino-1, 2,3, 4-tetrahydro-9H-carbazole

R iv i ion
To a solution of 20.0 gm (100.9 mMol) 1,4-

cyclohexanedione mono-(2,2-dimethyl)propane-1,3-diol
monoketal in 250 mL methanol were added 35.0 gm (172.7 mMol)
R-(+) -a-methyl-4-nitrobenzylamine hydrochloride, 25.0 gm
(398 mMol) sodium cyanoborohydride and 10 mL acetic acid.
The reaction mixture was allowed to stir for 18 hours at
room temperature. To the reaction mixture were then added
an additional charge of 25.0 gm (398 mMol) sodium
cyanoborchydride and the reaction mixture stirred for an
additional 18 hours at room temperature. The reaction
mixture was then diluted with dilute aqueous tartaric acid
and the solution exhaustively extracted with

dichloromethane. The remainining agueous phase was made
basic with aqueous sodium hydroxide and extracted well with
dichloromethane. These dichloromethane extracts were
combined, dried over sodium sulfate and concentrated under
reduced pressure to give 33.7 gm (96%) of (R)-4-(N-a-methyl-
4-nitrobenzyl) -aminocyclohexanone 2,2-dimethylpropane-1,2-
diol ketal as a brownish yellow oil.

MS(m/e): 348 (M%)



diol ketal in 250 nL 98% formc acid was heated to 40[err]C for 66 hours.
The reaction m xture was concentrated under reduced pressure to a vol une of -
about 50 o gd)ekiyes then treated with aqueous potassi um car pemalsos/osbie
basi ¢ aqueous m xture was extracted well with_dichloronethane. These
organi ¢ phases were conbi ned, dried over sodium sulfate and concentrated
under reduced pressure to give 22.36 gm (89%

(R -4-(N-[err]-nethyl -4-nitrobenzyl)ani Adtycl ohexanone as a brown oi
Preparation of phenyl hydrazone To a solution of 22.3 gm (85.01 nbl)

(R - 4- (N—[err] nethyl 4- nltrobenzyl)an1nocyclohexanone in 375 nL et hanol
wer e addedttal Den #l ) 4- bronophenyl hydr azi ne hydrochl ori de and

6.73 gm (85. 1 mibLy1 gusbl Be: 33T IGRCHIPHIMAMAT P Yes- Depkeg-nacRPlerr] C

for 48 hours. -The reaction m xture was C0O roon1tenperature and
concentrai%dnhﬁﬁﬁbeﬁéﬂééé@aﬁﬁgﬁﬁﬁQbexﬁRPH%ﬁﬁ(ﬁﬁﬁ%@@tQN%SBFQBGn?n 2-

di chl or onejfenekapdit ha QSQARIC 9B Wi Wedc Vi Skes mttal hyowi EBr
aqueous po%€SS|un1carE nat e and sat ur ted a ueous sodium chl ori.de. The

remai ni ng 9% BARES - ne FBSIFSAF T8t § SEPEFREEIRERnEPIEEd under
reduced presducedtpressardl t@b agmdifnég c(R)ablex(ttxl—!ﬁ@rmJ], and hwas4then

i scher | nEbFatPaoHE LS SRR BV APRIRAARLEL TN S, BaB18 HaRlol8
(R) - 4- (N- amivgtaye- wasnemtz%ﬂ)veﬁﬁlnocy@nmlalmematlbanﬁoph@hysehydr azone
in 500 L grdayh et BRAGlSC WY Qb P! | 8 ¥8Sovet §6diGh éﬁgkwsefa al8

hours. The reaction mxture was cooled to roomtenperature_an
concentrat%GnﬁﬁBEFaFéﬂb&&QﬁﬁwﬁﬁﬂkﬁﬁdT%@e$%%¥%u%°wﬂévﬁa?3r§§oﬁ@d(Sgﬁween 1

N sodi um (rRPla- (N-a-methyl-4-nitrobenzyl)aminocyclohexanone as a
brown oil.

Preparation of phenvl razone

To a solution of 22.3 gm (85.01 mMol) (R)-4-(N-o-
methyl-4-nitrobenzyl)aminocyclohexanone in 375 mL ethanol
were added 19.0 gm (85.0 mMol) 4-bromophenylhydrazine
hydrochloride and 6.73 gm (85.1 mMol) pyridine. The
reaction mixture was heated to 80°C for 48 hours. The
reaction mixture was cooled to room temperature and
concentrated under reduced pressure. The residue was
dissolved in dichloromethane and the organic solution was
washed sequentially with aqueous potassium carbonate and
saturated aqueous sodium chloride. The remaining organics
were dried over sodium sulfate and concentrated under
reduced pressure to give 31.66 gm (86%) (R)-4-(N-o-methyl-4-
nitrobenzyl)aminocyclohexanone 4-bromophenyl-hydrazone as a
brown solid.

Fischer indole reaction

A solution of 31.66 gm (73.4 mMol) (R)-4-(N-oa-methyl-4-
nitrobenzyl)aminocyclchexanone 4-bromophenyl-hydrazone in
500 mL 3.7 M ethanolic hydrogen chloride was stirred at
reflux for 18 hours. The reaction mixture was cooled to
room temperature and was then concentrated under reduced
pressure. The residue was partitioned between 1 N sodium



hydr oxi de and di chl oronet hane. The aqueous phase was extracted well wth
di chl oronet hane. The organi ¢ phases were conbi ned, dried ovér sodi um
sul fate angowgsAstrated under reduced pressure. The resi duepgpusssAsaact ed
to silica gel chromatography, eluting with 5%.met hanol in dichloronethane
whi ch cont ai ned 1% amoni um hydr oxi de. -
(39)-(-)-3-(N((R-[err]-nethyl -4- n|troe§ zvl ) am no) - 6- br ono-
1,2, 3,4-tetrahydro-9H carbazol e The fast eIuting diastereoner was
ecover o0 AoaBod aapal s 9 il b Ot OblucliBalTh (M)
| RCCHCL[ err 3471, 2970, ,2926,, 2845, 1522 147 1348, 57 cmerr]
[[err]] D[eexg(recmd weddaiibh dichlarepethaneeyl Thedorganic phases
ﬁ[eir3 r]og[erNHaNaebthﬁ.neH)e@x}ied: ovdr /Sodtum4s8Ifable 48dl¢ork@tttatied 58. 23;
(3R) (+)- 3“?%PE(§?dB&%ﬁ-Hﬁﬁ%ﬁHr%.n.??%bﬁﬂ%%ﬁ?ﬁnWﬁé)S8b8ﬁﬁﬁ?d to silica

, 2, 3, 4- t egedhyphromdidogarapdno! eeIed s omtheb &t meghdnadt dreoner was

recovered ryst (M)

| Rt or B H1agoRBERg B §%§Eﬁ§§6¥§1%@°n%%%ﬁcﬁ%7 cnferr]
[[err]] D edldBleti0 ~3neiNralnid ))-o mathel ~4 rhiCypbenayvdd amimo) ~6-b
Clerr]Herg] Bl Sr@LEr%E'Q_}E% élﬁ arggz%ﬂ? 4.87; N, 10.14. Found C 58. 26;
H, 5.03; crysta Stermined that the slower el uting
di ast er eonfRend&ssex; r?ehttﬁéa f‘?%ﬁ‘é%%%@ﬂ?e vair rgePXe S as hAht9®n V (R
- (+) -6- br(gm)So(fl ReidaddBH«bdown 3ofl1{ et rahydr o- 94 car bazol e hydr oi odi de
OJaterniza' (?a gJ{;)Bnof 5.00 gm (12.1 mwl) (3R -(+)-3-(N
(U@[ew] g i @ %Emno -6-brono-1, 2, 3, 4-

t et r ahydr ol ABdzol 841 1 . a2826ni 2BAPe WSR8 .adddd, 1348,

857 cm-1
[¢]p20(¢c=10, methanol): -122.3°

Calculated for C20H20N302Br: Theory: C, 57.78; H, 4.87; N,
10.14. Found: C, 58.23; H, 5.03; N, 10.12.

2, 3,4-tetrahydro-9H- bazole
The slower eluting diastereomer was recovered as 8.13 gm
(27%) of pale green crystals.
MS (m/e): 415 (M%)
IR(CHCl3): 3471, 3012, 2970, 2952, 2846, 1522, 1471, 1348,
857 cm~1
(@1p20(c=10, methanol): +337.9°
Calculated for CaQH20N302Br: Theoxry: C, 57.78; H, 4.87; N,
10.14. Found: C, 58.26; H, 5.03; N, 9.93
X-Ray crystallography determined that the slower eluting
diastereomer was of the specified absolute configuration.

Preparation V
(R) - (+) -6-bromo-3-dimethylamino-1, 2,3, 4-tetrahydro-9H~
carbazole hydroiodide
Quaternization
To a solution of 5.00 gm (12.1 mMol) (3R)-(+)-3-(N-

((R) -a-methyl-4-nitrobenzyl)amino)-6-bromo-1,2,3, 4~
tetrahydro-9H-carbazole in 150 mL acetonitrile were added
10.0 mL iodomethane followed by 5.0 gm potassium carbonate.



10.0 nL i odonet hane foll owed by 5.0 gm potassi um carbonat e. 32 The
m xture was stirred for 2 days at roomtenperature and then for 18 hours at’

refl ux. Thgolegasizson mi xture was then cooled to room tenper @carngsoswsssd he
resulting yellow precipitate filtered, washed.w th nethanol and dried under
reduced pressure to give 3.65 gm (53% (R)-(+)-3-(N N dinethyl-N ((R)~-
(+) -[err]-nmethyl- (4-nitrobenzyl) am no) -6-brono-

1, 2, 3, 4-t et rahydr o- 9H car bazol e i odi de a32a yel low solid. Calculated for

H 4 4 6. 22;
(I-:l[ezlr]éll[erN&\L?[ %Bx]tll‘-%‘ﬁ#(fro eno%tyjérl.]gei Enogt%re %é %gﬂyom %55%? fnd
(R -(+)-3- chem fmnmitamom:s (E(R)rEfI-U»l)t [ Bhe) rﬁa@hwn mxrqutreoyéﬁzyh)en
am no) - 6- bRy b x%d}nt@é:ﬁﬁéwteraf'aﬁarEﬁéok@shgémgr%dl@sww gm

sul fided platinumon carpbon in_150 met hanol were Qgenat ed at, room

tenperatur@rF@PPE§4RﬁM§9%ﬁe%ﬂd«hW??BFdhVHFBg@ﬁtB?QE%uPQdoﬁr&deu§qer The
reaction mr@dﬁoeed/\q&éémae@@sgsdeandsmgﬂemsse)ef(R¢9t(+rreBha(mwSI s. The

ti d d trat d duced t
eact | o TSy 46T PO, AQ0ogpREs sk Khlers SAHBER Piehatke |
m p. =252[ edr, ]ZCWWG?rahﬁ@ﬂQWchiirbaR@KBr jod3gelas38lgellow sclsdR, 2737,

2709, 1469Ca:h.4§ﬁzat3é’ci35ﬁo:§[ @giae&r] Erh@b&MD[errh@CshO HTeihanol ) :
+54. 7[ err] Cal cul at ed for err F@err]N err]Brl: Theory: C, 39.93; H, 4.31;

N, 6.65. Fdund-X7.3F®emdH &, 146.R2:6H384.pleplrafi-d88-VI Resol ution of
Racem ¢ 6- brono- 3-di net hyl am no-1, 2, 3, 4- tetrahydro-9H- carbazol e

Hydrogenolvsis

A mixture of 0.70 gm (1.23 mMol) (R)-(+)-3-(N,N-
dimethyl-N-((R)-(+) -o-methyl- (4-nitrobenzyl)amino)-6-bromo-
1,2,3,4-tetrahydro-9H~-carbazole iodide and 0.20 gm sulfided
platinum on carbon in 150 mL methanol were hydrogenated at
room temperature for 18 hours at an initial hydrogen
pressure of 40 p.s.i. The reaction mixture was then
degassed and warmed to effect methanolysis. The reaction
mixture was filtered and concentrated under reduced pressure
to give 0.471 gm (91%) of the title compound as a light
vellow solid.
m.p.=252°C
MS(m/e): 293 (Mt)
IR(KBr): 3271, 3016, 2924, 2842, 2737, 2709, 1469, 1460,
1435, 1308, 793 cm~1
[2]p20(c=10, methanol): +54.7°
Calculated for C14H18N2BrI: Theoxry: C, 39.93; H, 4.31; N,
6.65. Found: C, 39.87; H, 4.19; N, 6.38.

Preparation VI
Resolution of Racemic 6-bromo-3-dimethylamino-1,2,3,4-
tetrahydro-9H-carbazole
To a solution of 5.0 gm (17.06 mMol) 6-bromo-3-

dimethylamino-1,2,3,4~-tetrahydro-9H-carbazole in 200 mL of
warm ethyl acetate was added a solution of 6.59 gm (17.06
mMol) di-p-toluoyl-D-tartaric acid in 100 mL ethyl acetate
with mixing. After standing for 4 hours, the resulting



To a solution of 5.0 gm (17.06 mwbl) 6-brono- 3- )
di nmet hyl am no-1, 2, 3, 4-tetrahydro-9H carbazole in 200 nL of warm et hyl

acet at e wawoassstisa sol uti on of 6.59 gm (17.06 nivbl) PCT/US98/03340
di -p-toluoyl-D-tartaric acid in 100 nL ethyl acetate with m xing. After
standing for 4 hours, the resulting 33 precipitate was filtered and

dried to give 12.0 gmof the salt. A su5£€nsion of 1.0 gmof this solid was
heated to boiling in 10 nL of methanol. is mxture was then cooled to

room t e”pebﬁbﬁﬁﬁi%ﬁ(i@wéy\ﬂﬂiiﬂeﬁé@r@%aOdritl&_ihedf githg.zr.@n@'nnic(rjm t3d i d was
bot |1 ng. mePRkfol - I URHIEREE P Eobt ol SFahRiForoltdd st HAkRd D, 52 gm
of solid abbélifng tiratli®miansf vaethandlyi nThishind xtobied wass tieert i doamled
were- separ SPed Ry TRP T ¢ 208, ETHEEHA BT phELY Bl af iR B
chloride, cemedndng swldidiwas faleened sodcéniedt 6¢ e O .cchucam.
pressure. Ted %%Jﬂldf wes hssR! ¥ﬁ%éﬁdéia”knoiot %Ug&%ﬁ% Hd g1 Oar?%and
at roomtenperature for 18 hours. e solution was filtered to renove the
sol i d whi cRIAG¥EbhRFAE MR Fiardaferwa8 BeHEZEntCaEyitet? r8u Red
pressur e_ t @odiive d¥tleds ﬂiﬂt?i'a@ﬂoﬂi_énah{rﬁhugmald.!é?|i|_xx‘g .Cr m{i%Tlhéed%e) wnaést Hanol
1Pt ares RETEALHHRR BerHEeh AERELarBReHAABe POdcH tne ST g1 ve
0. 33 gm of sadjhas hydirexidass Thae phaaesdwesedseparaedlznd tle gi ve 0. 121
o0t o Ol Al Y85 bEEflr g, bl dddium crlorice,

dried over sodium sulfate and concentrated under reduced

pressure. The residue was dissolved in 7 mL of toluene and

allowed to stand at room temperature for 18 hours. The

solution was filtered to remove the solid which had formed

and the filtrate was concentrated under reduced pressure to

give 0.133 gm of an o0il which gradually crystallized.

m.p.=131-3¢C

{)p20(c=10, methanol): -83°

The two methanol filtrates were combined and

concentrated under reduced pressure to give 0.33 gm of a

glass. The glass was treated as described above to give

0.121 gm of an oil which gradually crystallized.

m.p.=131-4°C

[¢]p20(c=10, methanol): +78°

Example 1
N- (pyridin-4-yl)-3-dimethylamino-1, 2, 3, 4-tetrahydro-9H-
carbazole-6-carboxamide dihydrochloride
A mixture of 0.41 gm (1.0 mMol) 3-dimethylamino-9-
triisopropylsilyl-1,2,3,4-tetrahydro-9H-carbazole-6-
carboxylic acid, 0.77 gm (4.0 mMol) 1-(3-dimethylamino-
propyl)-3-ethylcarbodiimide hydrochloride, 0.54 gm (4.0
mMol) 1-hydroxybenzotriazole, and 0.38 gm (4.0 mMol) 4-
aminopyridine in 10 mL dimethylformamide and 50 mL
tetrahydrofuran were stirred together at room temperature
for 3 days. Polystyrene bound isocyanate resin was added to



N- (pyridin-4-yl)-3-di net hyl am no- 1, 2, 3, 4-tetrahydro- 9H

car bazol e- 6- car boxam de di hydrochl oride A mxture of 0.41 gm (1.0 mvbl)
3-di met hy hayb@gsids triisopropylsilyl-1,2,3,4-tetrahydro- 9H pPer/0SEBH35406-
carboxylic acid, 0.77 gm (4.0 mwl) 1-(3-dinethylam no-

propyl)-3-ethyl carbodii m de hydrochloride, 0.54 gm (4.0 mVl) -
1- hydr oxybenzotriazole, and 0.38 gm(4.Q mvbl) 4- am nopyridine in 10 nL
di et hyl f ormam de and 50 ni tetrahydrof dfan were stirred t oget her at room

Lonper at Udhd Hedcffda. mEALYREY (AIERDUA o %E':%Lﬁe 40o¥ TR addag to
34 the reactton mxture which was stirred at err]C for, 6 hours to
scavenge X c3GRVERGENBHEFLEEI AcaAMIRODYEISINGn mBRtureaRds o Migiare

concent r atyads upder eeducednpeat iR PRI reRRiclie Igi:‘éésﬁzﬁ:fee%ﬂd) the
preparative centrifu al thin |ayer chronato raph],l#ﬁ Lcl%_;é1 eluting with
chl or of or FRTHERE nPHEI ST/ KON BESRRF AT 355 ' Q%adr 38 %ct i ons

cogt ai gi ngcmh@ndesgtabnyeg P"mﬂ eaze:teix@mﬁju}ed:ml dﬂﬁmerrﬂiagdmingjer
reduced prgssure to provi y ow.oil . This .qj l,s5Qlved in
di chl or omaﬁa’ﬁ%&éﬁﬂoﬁr Efieg ’\%i%t %“81%‘64 i}ydr’%?d?l?gee'nm%fﬁagértlsl g{s The resulting
m xt ure wasosobatieinhgatbe dieddlyvietece pyrdssumene qombdingsd G2 gm (54% of
the title a ' X : T r
derr] H[erﬁl{geg#? 8?_%&0&1 iﬁegjréﬁcé@g%uﬁf% gﬁvﬁéel%}é%i%vﬁﬁo:fc
58.77; H, TBhig;oll wgs7dissedmsid in dighlorquethane @nd 4£xgated with
i hydr e o oo gaen R s
i hydrochl ori de heni rate A mixture of O. m (0. :

S () 3 di SERAERE TRk RH, w8 R FRINASS Kessur e B 1RO 4 FRr bBY] e 6.
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MS(m/e): 293 (M*)

Calculated for C20H22N40-2HCl: Theory: €, 58.97; H, 5.94;

N, 13.75. Found: C, 58.77; H, 5.91; N, 13.79.

BExample 2
S-(~)-N-(pyridin-4-yl)-3-~dimethylamino-1,2,3,4-tetrahydro-
9H-~carbazole-6-carboxamide dihydrochloride hemihydrate

A mixture of 0.336 gm (0.81 mMol) S-(~)-3-dimethyl-
amino-9-trimethylsilyl-1,2, 3, 4-tetrahydro-9H-carbazole-6-
carboxylic acid, 0.171 gm (0.89 mMol) of 1-(3-dimethyl-
aminopropyl) -3-ethylcarbodiimide hydrochloride, and 0.084 gm
(0.89 mMol) 4-aminopyridine in 15 mL dimethylformamide was
stirred at room temperature for 3 days. The reaction
mixture was diluted with dichloromethane and then washed
with water. The organic phase was dried over sodium sulfate
and then concentrated under reduced pressure. The residue
was subjected to silica gel chromatography as described in
Example 1 to give 0.244 gm of partially desilylated product.
The desilylation was completed by mixing with 5 mL
tetrabutylammonium fluoride (1.0M in tetrahydrofuran) in 25
ml tetrahydrofuran containing 5 mL boric acid and stirring
at room temperature for 18 hours. The reaction mixture was
concentrated under reduced pressure and was then dissolved
in agueous tartaric acid and the resulting solution was



am nopropyl ) - 3- et hyl car bodi i m de hydrochl oride, and 0.084 gm (0.89 nibl)

4-am nopyridine in 15 nL di methyl formam de was stirred at roomtenperature
for 3 dayswOP8SSHSaction nmixture was diluted with di chl or oreRGEHEBHA}MOt hen
washed with water. The organi c phase was dried over sodiumsulfate and then
concentrated under reduced pressure. The residue was subjected to silica
gel chromat ography as described in Exanpje- 1 to give 0.244 gmof partially
desilyl ated product. The desilylation was conpleted by mxing with 5 nL
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was 35 wagled owaumvee tﬁhé&é@'@éfgeéaaﬂfneahea&%@ BVl QLS el uti on

was made basic with sodi um hydroxi de and then was extracCted well with
10% i sopr oﬁaﬁ&or\%%hl%fﬁﬂﬁeq%éﬁeﬁrBﬁﬁ?—é‘ BRIVES, BEESSWAS nedPRYr i ed

over pot asgeghduRl wt@bﬁé&é@n@mmmcd émdeﬁ.nbeﬁbli(t@ﬂ dhlesBficrm The
resi due was sub ected LC Iutén th chlorof con i ning 5%
net hanol af§™% %ﬁﬁn#1 Bxi R t?@ﬁ?n&HHE Sduct were

conbi ned aﬁdanmunnnrannxhlmmhg pnddued weeesuomblﬁhd mnﬂ(hﬂncﬂntrhEmmlved
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conbi ned and concentrat ed under reduced presSure. The resi due was, di ssol ved

i n et hanol C&%rdi e chidrl de Thg Fﬁéug‘ﬂl Utaﬁoh’aé;@t‘?@er‘r‘tlftd} dVuritRYuRRSluced
pressure t @MPmatdidhdl Ghdd gfhen the column was eluted with 2N ammonia

in methanol. Fractions containing product were combined and .
concentrated under reduced pressure. The residue was
dissolved in ethanolic hydrogen chloride and the solution
concentrated under reduced pressure to provide 0.044 gm

(18%) of the title compound as a beige solid.

Calculated for C20H22N40-2HC1l-0.5H20: Theory: C, 57.70; H,

6.05; N, 13.46. PFound: C, 57.75; H, 5.84; N, 12.83.

eneral pro or th ling of amines with 3-di-
methvlamino-1 -tetr ro-9H-carbazole-6-carbo

cids

To a suspension of 4-5 equivalents of polymer bound 1-

ethyl-3-(3-dimethylaminopropyl)carbodiimide (Desai, et al.,
Tetrahedron Letters, 34(48), 7685 (1993})) in chloroform are
added 1 equivalent of 3-dimethylamino-1,2,3,4-tetrahydro-9H-
carbazole-6-carboxylic acid and 2-3 equivalents of the
appropriate amine. The reaction is agitated until the
reaction is complete, heat may be applied if necessary. The
resin is removed by filtration and the product isolated by

evaporation of solvent. This procedure is illustrated by
Examples 3-7.



(18% of the title conpound as a beige solid. Calculated for
Clerr]Herr]Nerr]-2HO -0.5H err]0: Theory: C, 57.70; H 6.05; N, 13.46.
Found: C wo/hsksiisH, 5.84; N, 12.83. General procedure for trloFusospiddng of
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et hyl - 3-( 3- d|nethylanlnopropyl)carbodl|£%de (Desai, et al., Tetrahedron
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3-dinethylanino-l,2,3,4-tetrahydro-9H— car bazol e- 6-carboxylic acid and 2-3
equi val ents of the appropriate am ne. The reaction is agitated until the
reaction is conplete, heat nay be applied if necessary. The resin is
renoved by filtration and the produ@xangdleat3ed by evaporation of sol vent.

Thi roced | | ustr d es.3-7 3 e
N—ch?oprop?@f Y us ?éﬁ1 §¥Tg§ﬁggga§%FPaﬁy%r% gkke@gghyd%c 9H-

car bazol e- 6- carboxan1de Begi wainhs 20 ltér 6~chrhp(etniti®® mbl ) 3- di et hyl ani no-
1,2,3,4-tetrah rpaaEg! r bex D amne, 3.5
ny (41@@ of théﬂ%ﬁfﬁuh&? oundﬁmgrégrzgogg?ea kg 308 ﬁ&Ehg%%%FéFr
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car bazol e asRP Al Begi N6 NegWi alisY - 45 MBnéOr 9296l podind! weily! ani no-
1,2,3,4- tetrﬁﬁégro 9H car bazol e- 6-carboxylic acid and cycl opentylam ne, 4.1

gy (43% FeREEed1 e conpound were recover ed.
MS(m/e): 298(Mt)

Example 4
N-cyclopentyl-3-dimethylamino-1,2,3,4-tetrahydro-9H-
carbazole-6-carboxamide

Beginning with 7.4 mg (0.029 mMol) 3-dimethylamino-
1,2,3,4-tetrahydro-9H-carbazole-6-carboxylic acid and
cyclopentylamine, 4.1 mg (41%) of the title compound were
recovered. '
MS(m/e): 342 (M*)

Example 5
N- (5-methoxycarbonylfur-2-yl)-3-dimethylamino-1,2,3,4-
tetrahydro-9H-carbazole-6-carboxamide
Beginning with 7.4 mg (0.029 mMol) 3-~-dimethylamino-

1,2,3,4-tetrahydro-9H-carbazole-6-carboxylic acid and 2-
amino-5-methoxycarbonylfuran, 1.3 mg (10%) of the title
compound were recovered.
MS(m/e): 370(M%)

Example 6
N- (2-chloropyridin-3-yl) -3-dimethylamino-1,2,3,4-tetrahydro-
9H-carbazole-6-carboxamide

Beginning with 7.4 mg (0.029 mMol) 3-dimethylamino-
1,2,3,4-tetrahydro-9H-carbazole-6-carboxylic acid and 2-
chloro-3-aminopyridine, 1.2 mg (9%) of the title compound
were recovered.
MS(m/e): 369 (M%)
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MS(me): 342(Merr]) Exanple 5

N- (5- met hoxycar bonyl fur-2-yl)-3-di methyl am no-1, 2, 3, 4-

t et r ahydr oWOH98(58115az 0l e- 6- car boxami de Begi nning with 7.4 ng REXGSH8/03398 )
3-di net hyl am no- 1, 2, 3, 4-t etrahydro-9H car bazol e- 6-carboxylic acid and 2-

anino-5-nethoxycarbony|furan, 1.3 mg (10% of the title conmpound were
recovered. MS(me): 370(Merr]) Exanple

N- (2-chl oropyri di n-3-yl)-3-di net hyl am no-1, 2, 3, 4-t et r ahydr o-
9H- car bazol e- 6- car boxam de Beginning with 7.4 ng (0.029 nl)

3-di et hyl am no- 1, 2, 3, 4-t et rahydr o- %Eéﬁﬁ; a oIe 6- carboxylic acid and 2-
chl-or o- 3- an1nopyr|d|ne 1.2 ng (9% € title conpound were recovered.
MS(m e): 369(Nmedﬂfmethdﬁyny@gdﬁmr3=yl) -3-dimethylamino-1,2,3,4-

N- ( 6- met hoxypyri di n- 3- Ryl 1e-%- b d
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140 om (TG 191) & dppy hy! -
Example 8
N- (pyridin-3-yl)-3- and -4-dimethylamino-10H-cyclohepta(7,6-
blindole-7-carboxamides

7-car -3- an =(di hvlamin loh af7,6-blindol
hvdrochloride

A suspension of 1.40 gm (7.33 mMol) 4-(dimethyl-
amino)cycloheptanone and 1.115 gm (7.33 mMol) 4-carboxy-
phenylhydrazine in 20.0 mL 5N hydrochloric acid was heated
to reflux for 15 hour. The reaction mixture was then
concentrated under reduced pressure to provide the title
compound as a black solid.

MS(m/e): 272 (Mt)

To a stirred solution of 0.541 gm (1.75 mMol) of a
mixture of 3- and 4-dimethylamino-10H-cyclohepta(7,6-
blindole-7-carboxylic acid hydrochloride in 10 mL
dimethylformamide are added 0.387 gm (2.38 mMol) carbonyl-
diimidazole. The reaction mixture is stirred for 15 minutes
at room temperature and then 3.48 mMol 3-aminopyridine are
added. The reaction mixture is stirred at room temperature
for 20 hours, diluted with water and extracted with ethyl
acetate. The organic phases are combined, washed well with
water followed by saturated agueous sodium chloride, and
concentrated under reduced pressure. The residue is
subjected to silica gel chromatography, eluting with
chloroform containing 15% methanol and 1% ammonium
hydroxide. Fractions containing the isomeric amines are



am no) cycl ohept anone and 1.115 gm (7.33 mwbl) 4-carboxy- phenyl hydrazine in.
20.0 nmL 5N hydrochloric acid was heated to reflux for 15 hour. The reaction
m xture wawadsessixsoncentrat ed under reduced pressure to proWRGIFAISBEIMPt |
conpound as a black solid. M5(me): 272(Merr]) To a stirred solution of
0.541 gm (1.75 mwol) of a mxture of 3- and

4-di met hyl am no- 10H cycl oheptal[ 7, 6- bli | e-7-carboxylic acid

hydrochl oride in 10 nlL di et hyl f or mam de”are added 0. 387 gm (2. 38 niwl)
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roon1tenper§pur3§and t hen 3.48 nbl 3-am nopyridi ne are added. The reaction
mxture is S CTRAMAS per at ure for 20 hours, diluted with water and
extracted with ethyl acetate. The organi c phases are conbi ned, washed wel |
with water followed by saturated aqueous sodium chloride, and concentrated
under reduced pressure. The residue is subjected to silica,gel
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conbi ned an entrated under ressure to _provid
conpounds. aﬁﬁ?@i@&ﬁﬂmﬂ%ﬁ@*ﬁ&9¥%§ng @ﬁ?e??foﬁé@EﬁgoﬁlﬁEHﬁﬁfﬁs ﬁ§urogen|c

neni ngeal  @XlycAvasad |10, Ul Herpiyeseuss Ng21 hegpal He@éﬁﬁCLﬂhéépthﬁe@ i ne
and associ ated disorders,. is disclosed H So Pat Eg 521, 192 gPreln
|ncorporaté@tiQQﬂ%ﬂ¥ﬂui§§rﬁ??%r%HYrre#? T3 B@ﬁﬁﬁgfr & PRE @ t he
conpounds @bmﬁuundsnmmnthm5|nnvéntionannenheotreagmennepftMagraamd|ty to
conmpounds G e TLEE T Bind 100 VPRel BRnER Sductitor SErbe HisD. Lo
measur ed esksgraumingd as The ability of the compounds of this invention to
bind to the 5-HT1r receptor subtype was measured essentially as
described in N. Adham, et al., Proceedings of the National
Academy of Sciences (USA), 90, 408-412 (1993).
Membrane Preparation: Membranes were prepared from
transfected Ltk- cells which were grown to 100% confluency.
The cells were washed twice with phosphate-buffered saline,
scraped from the culture dishes into 5 mL of ice-cold
phosphate-buffered saline, and centrifuged at 200 x g for 5
minutes at 4°C. The pellet was resuspended in 2.5 mL of ice-
cold Tris buffer (20 mM Tris HCl, pH=7.4 at 23°C, 5 mM EDTA)
and homogenized with a Wheaton tissue grinder. The lysate was
subsequently centrifuged at 200 x g for 5 minutes at 4°C to
pellet large fragments which were discarded. The supernatant
was collected and centrifuged at 40,000 x g for 20 minutes at
4°C. The pellet resulting from this centrifugation was washed
once in ice-cold Tris wash buffer and resuspended in a final
buffer containing 50 mM Tris HCl and 0.5 mM EDTA, pH=7.4 at
230C. Membrane preparations were kept on ice and utilized
within two hours for the radioligand binding assays. Protein
concentrations were determined by the method of Bradford
(Anal. Biochem., 12, 248-254 (1976)).
Radioligand Binding; ([3H-5-HT] binding was performed
using slight modifications of the 5-HT1p assay conditions
reported by Herrick-Davis and Titeler (J. Neurochem., 50,
1624-1631 (1988)) with the omission of masking ligands.



described in N. Adham et al., Proceedings of the National Acadeny of
Sci ences (USA), 90, 408-412 (1993). Menbrane Preparation: ©Menbranes were
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the culture dishes into 5 nL of ice-cold phosphate-buffered saline, and"
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Fer 11 ck- DeSFREBHASTE 6 cVaF AGCORBAASDREMISING: (- 16 SENGENEYAGNT QFth ¢ he
om ssi on ofompokhdg | Igeubation 39mEadwairnegd0d Miimdiery Sdridbeshwer e
achieved at_37[ert Ln.a . val f 250 [er ffer. (50 MM Tri s,
10 mv Ngcff%??{‘? bl’g WEB&%&?S#‘E&?@%&%@% i%aeg,é‘%.‘%}é"gg%%lr %a%g pHE7. 4
at 37[ er r] Drvestdganebhsnivbich et quimdinesl eBptidrididiom svimdng wer e
conducted ysj § 3RLS>- Hiobpte idisld §ieRi 1008 {RNGhE%1E88HhE8eS NM
to 100 nhAH§$§9Fa§enenFEgtu8ie§ ﬁbrelbeﬁfgﬁﬁéﬁpug?%g 4. 5- 5;5_%%I €
([err] H 5-¢f. 10THY BrHE-ngBangande w&s diidsiated dipdibe ixfddition of 50 uL
membrane homogenates (10-20 png). The reaction was terminated
by rapid filtration through presoaked (0.5% poylethyleneimine)
filters using 48R Cell Brandel Harvester (Gaithersburg, MD).
Subsequently, filters were washed for 5 seconds with ice cold
buffer (50 mM Tris HCl, pH=7.4 at 49C), dried and placed into
vials containing 2.5 ml; Readi-Safe (Beckman, Fullerton, CA)
and radioactivity was measured using a Beckman LS 5000TA
liquid scintillation counter. The efficiency of counting of
[3H]5-HT averaged between 45-50%. Binding data was analyzed

by computer-assisted nonlinear regression analysis (Accufit
and Accucomp, Lunden Software, Chagrin Falls, OH). ICsp

values were converted to Kj values using the Cheng-Prusoff
equation (Biochem. Pharmacol., 22, 3099-3108 (1973). Aall
experiments were performed in triplicate. Representative

compounds of this invention were found to have affinity for
the 5-HT1F receptor as measured by the procedure described

supra.

As was reported by R.L. Weinshank, et al., W093/14201,
the 5-HT1fr receptor is functionally coupled to a G-protein as
measured by the ability of serotonin and serotonergic drugs to

inhibit forskolin stimulated cAMP production in NIH3T3 cells
transfected with the 5-HT1fr receptor. Adenylate cyclase

activity was determined using standard techniques. A maximal



experinments was acconplished using 6-12 concentrations of conpound.
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minutes at Drug dose-effect curves were then

conducted by adding 6 different final concentrations of drug,
followed immediately by the addition of forskolin (10 uM).
Subsequently, the cells were incubated for an additional 10
minutes at 37°9C, 5% CO2. The medium was aspirated and the
reaction was stopped by the addition of 100 mM HCl. To
demonstrate competitive antagonism, a dose-response curve for
S-HT was measured in parallel, using a fixed dose of
methiothepin (0.32 pM). The plates were stored at 4°C for 15
minutes and then centrifuged for 5 minutes at 500 x g to
pellet cellular debris, and the supernatant was aliquoted and
stored at -20°C before assessment of cAMP formation by
radioimmunoassay (cAMP radioimmunoassay kit; Advanced
Magnetics, Cambridge, MA). Radioactivity was guantified using
a Packard COBRA Auto Gamma counter, equipped with data
reduction software. Representative compounds of the invention
were tested and found to be agonists at the 5-HTiF receptor in

the cAMP assay.

Protein Extravasation

Harlan Sprague-Dawley rats (225-325 g) or guinea pigs
from Charles River Laboratories (225-325 g) are anesthetized
with sodium pentobarbital intraperitoneally (65 mg/kg or 45
mg/kg respectively) and placed in a stereotaxic frame {(David



effect and determ ning a percent inhibition. (N Adham et al., supra,;

R L. Weinshank, et al., Proceedings of the National Acadeny of Sciences
(USA), 89wdd8Bsns834 (1992)), and the references cited ther RGT/USKSHNIIA0c nent
of cAWP formation Transfected NIH3T3 cells (estimted Bmax from one point
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t heophyl I ine, 10 nM HEPES (4-[ 2- hydroxygt hyl]-1- piperazi neet hanesul fonic -
acid) and 10 [err] pargyline for 20 mintites at 37[err]C, 5% Cerr]. Drug
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gquantified usin Packard Aut Ganma counter ed with

redUCtI0n0§O%t%&}% QQ%Q ﬁ§§3$ bﬁﬁﬁsprSB érPHb i%n were tested

and found to ba'rmgcfrazm:salatvem ‘ﬁsl—é’:kposéﬁ andept dbsendfne:}mAM%mssay
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placed i n RSt &rLY1Ad Cid]&Bed DBt favenously. The Evans Blue complexes
with proteins in the blood and functioned as a marker for
protein extravasation. Exactly 10 minutes post-injection of
the test compound, the left trigeminal ganglion is stimulated
for 3 minutes at a current intensity of 1.0 mA (5 Hz, 4 msec
duration) with a Model 273 potentiostat/ galvanostat (EG&G
Princeton Applied Research).

Fifteen minutes following stimulation, the animals are
killed and exsanguinated with 20 mL of saline. The top of the
skull is removed to facilitate the collection of the dural
membranes. The membrane samples are removed from both
hemispheres, rinsed with water, and spread flat on microscopic
slides. Once dried, the tissues are coverslipped with a 70%
glycerol/water solution.

A fluorescence microscope (Zeiss) equipped with a grating
monochromator and a spectrophotometer is used to quantify the
amount of Evans Blue dye in each sample. An excitation
wavelength of approximately 535 nm is utilized and the
emission intensity at 600 nm is determined. The microscope is
equipped with a motorized stage and also interfaced with a
personal computer. This facilitates the computer-controlled
movement of the stage with fluorescence measurements at 25
points (500 um steps) on each dural sample. The mean and
standard deviation of the measurements are determined by the
computer.
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41 Kopf Instrunments) wth the incisor bar set at -3.5 mmfor rats or -4.0
mm for guinea pigs. Following a mdline sagital scalp incision, two pairs

of bil at eygjog8iigs are drilled through the skull (6 mm postpfrosdswsssd. O and
4.0 mmlaterally in rats; 4 mmposteriorly and 3.2 and 5.2 mmlaterally in

gui nea pigs, all coordinates referenced to bregma). Pairs of stainless -
steel stinulating el ectrodes (Rhodes Medical Systens, Inc.) are | owered
t hrough the holes in both hen1spheres t42 a depth of 9 nm(rats) or 10.5 mm

Compound' 1 by ectRl PREFAVARSTAT CramsRby Al R area? APifedecidh,, %,
50 ng/ kg dbsthef tExgemiBlalde gamdlimy estart m@,latsenaalzoefﬁpet;t éd .e.
i ntraveno EMrsTBﬁlg %?15 tﬂé’%lmie% Vil piz?tx%{'éh' F’héhgr?bgﬁﬂnﬁﬁd

functi one as_a nmar pr oteln extravasati on. n nut es
post - i nj eg@nghien dge Stté§ﬂ11@6rﬁ§3u-nd Thife akkows r%%n?mergéﬁgstéﬁul@ted)
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uratiron) w a ent1.0S al vapost a C on
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with a gratl Nng nonoc romat or and a ectro hotoneter is used to quantl Yy
t he anounBife Keade baye (Wéfa}tril%e&% %Bmaﬁrp%lm%eéxdlt Gei oft feveranpRenie
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25 migraine, exhibits low bio-availability and relatively short
duration of action. Its affinity for a number of serotonin
receptor subtypes gives rise to undesirable side effects,
particularly vasoconstriction, which severely limits its
utility in the treatment of migraine. Since compounds of this
invention are potent agonists of the 5-HT1fF receptor,
extremely low doses are required to maintain therapeutic
levels. Additionally, since compounds which are selective for
the 5-HT1F receptor relative to other receptors do not cause
vasoconstriction, complications due to vasoconstriction are
avoided. Compounds of this invention also inhibit protein
extravasation if administered prior or subsequent to
stimulation of the trigeminal ganglia, suggesting they may be
administered prior to an incipient migraine attack to prevent
pain, or during a migraine attack to alleviate pain.

While it is possible to administer a compound employed
in the methods of this invention directly without any
formulation, the compounds are usually administered in the
form of pharmaceutical compositions comprising a
pharmaceutically acceptable excipient and at least one
active ingredient. These compositions can be administered
by a variety of routes including oral, rectal, transdermal,
subcutaneous, intravenous, intramuscular, and intranasal.



points (500 [err] steps) on each dural sanple. The nean and standard
devi ati on of the neasurenents are determ ned by the conputer. 42 The

extravasatyygygisgfgdced by the el ectrical stinulation of the tpcyosIsssso
ganglion is an ipsilateral effect (i.e. occurs only on the side of the dura
in which the trigemnal ganglion is stinmulated). This allows the other -~
(unstimul ated) half of the dura to be used as a control. The ratio of the
amount of extravasation in the dura froft¥he stinulated side conpared to

t he unsti ed «Si ' I fﬂﬁﬁh Sal ¢ S Q¥ rati o of
approxina?§%§§266 Fﬂgrgpééén?d%ég&#% §§%$é§?p%g§.ﬁgﬂhgg%t?gsﬁbggaconpound
whi.ch ef f ednVeakyopr a¥enes fend i%e B Refh olni actablaupacs PEAL he

1 Ml 1 elcsigioel ds1overels S otatsrarat ghupirea aniessermmonse
curve i s generated an ose that inhibjte e .extravasation 6

(I1D5[err] )Wﬁiaaﬁfﬁf’m Ak &GS 9?%?&?%%%?&0%1 FherBRaFfPYPEEES 28'1 & t ment -
for mgrai bae exhiliet sdmpoundl- a\Gee abeldt y REMINGeOMtS \RHARMACEUTICANLIr at i on

of action. fini far, a er of serotonin receptor Subtypes gives
rise to un§é§§¥ FngF§8 %FFe%P?@Hﬁarticularly vasoconstriction, which

severely |initsInt paking tthe reammos i sionenemployedr ahn&heSpres asdnpounds

of this inyeulhen A ¢ ta%%ti\f@q.mgsf%dféné hes 5&%@5??&] n{ié‘%ﬁomrc Gt remel y
| ow doses are required to maintarn therapeutic levelS. Additionally, since
conpounds ®HCERigNE .sdidabesd nbhran excipfeakr Prr epEpCsLS Midhipe surhtaer

receptors @arRQlerC RSN ARAL VS CEhENfoLRAMBEI GabhpR%l1¢ye dahet, paper

vasoconstriction are avoi.ded. ounds of this invention also inhjbit

protein exF?h&ﬁQﬁﬁ(ﬁ?qqa¥ﬂﬁﬁ75iﬁgé%dt i SFCLPLERDs EFTEAS ﬁﬁfﬂiéﬁh%ﬁq%ﬂ of

the trigeminalcayang iea,scllighe sdemi-sdbeidmagrbeéigdidnmeterdad Ipr iwitidlo an

I nci pi ent rg’cg:rsaiarge aageehcil%feo, REEPEr or medium for the active
ingredient. Thus, the compositions 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 packaged powders.

In preparing a formulation, it may be necessary to mill
the active compound to provide the appropriate particle size
prior to combining with the other ingredients. If the
active compound is substantially insoluble, it ordinarily is
milled to a particle size of less than 200 mesh. If the
active compound is substantially water soluble, the particle
size is normally adjusted by milling to provide a
substantially uniform distribution in the formulation, e.g.
about 40 mesh.

Some examples of suitable excipients include lactose,
dextrose, sucrose, sorbitol, mannitol, starches, gum acacia,
calcium phosphate, alginates, tragacanth, gelatin, calcium
silicate, microcrystalline cellulose, polyvinylpyrrolidone,
cellulose, water, syrup, and methyl cellulose. The
formulations can additionally include: lubricating agents
such as talc, magnesium stearate, and mineral oil; wetting
agents; emulsifying and suspending agents; preserving agents



pain, or during a mgraine attack to alleviate pain. Wile it is possible
to adm ni ster a conpound enployed in the nethods of this invention directly -

wi t hout a ation, the conmpounds are usually adm ni st é?ﬁl form
of pharnagéﬂgg%éﬂgconp03|tlons conprising a pharnaceutlcalléracégng I'e

exci pient and at |east one active ingredient. These conpositions can be -
adm ni stered by a variety of routes including oral, rectal, transdernal,
subcut aneous, intravenous, intranuscul ar44 and i ntranasal. 43 Many of the
conpounds enployed in the nethods of this invention are effective as both

i nj ect abl eSBAR BF aletBipo's ARCo RE ORI FrpdRen 7S SYPEESRERg n a

RoTTve Conppenee R T SR Sl O BRERLETY oa
ctive compoun ee e.g., ' , e
?980). K?HEIPHecéggﬁ’c?s%Wﬁgragr}pf@%oa? T R QYR FIREGent i on t he
active |ngsadtamnedsoms@aﬂqyed)@Eﬂeasm ef theigapcenve tnpueddeny after
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capsul e, aper ot her ar ner I prent serves as a
di | uent, |an§hebér& .solid, sem-solid, or liquid material, which acts as a

vehicle, carriefpgr c@ﬁﬁ'ﬂdé"i‘tfﬁfné hora fé@efasi dESPim13BHE, 168 unit
conpositions can he in the formof tablets,

ers eng
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O
capsul es, %ﬂﬂﬁégﬁFgrles %eﬁ%qée g%{%ﬁ?%ggo?ﬂ?monggkéﬁ%ngph?r?eggggigged
powders. | phpsépadilyy di faxrehe amms suinalylecasecunibary tlosmiges tfloer active
conpound t @, RLAVisde e ARHPEEREL RELLESE S5ER unit containing a
predetermined gquantity of active material calculated to
produce the desired therapeutic effect, in association with
a suitable pharmaceutical excipient.

The active compounds are generally effective over a
wide dosage range. For examples, dosages per day normally
fall within the range of about 0.01 to about 30 mg/kg of
body weight. 1In the treatment of adult humans, the range of
about 0.1 to about 15 mg/kg/day, in single or divided dose,
is especially preferred. However, it will be understood
that the amount of the compound actually administered will
be determined by a physician, in the light of the relevant
circumstances, including the condition to be treated, the
chosen route of administration, the actual compound or
compounds administered, the age, weight, and response of the
individual patient, and the severity of the patient's
symptoms, and therefore the above dosage ranges are not
intended to limit the scope of the invention in any way. 1In
some instances dosage levels below the lower limit of the
aforesaid range may be more than adequate, while in other
cases still larger doses may be employed without causing any
harmful side effect, provided that such larger doses are
first divided into several smaller doses for administration
throughout the day.



prior to conbining with the other ingredients. If the active conpound is
substantially insoluble, it ordinarily is mlled to a particle size of |ess
t han 200womsissisf the active conpound is substantially watPCT/ASYM3B40, t he
particle size is nornmally adjusted by mlling to provide a substantially
uniformdistribution in the fornulation, e.g. about 40 nmesh. Sone exanpl es
of suitable excipients include |actose,_dextrose, sucrose, sorbitol,

manni tol, starches, gum acaci a, caIciU%?phosphate, al gi nates, tragacanth,
gelatin, calciumsilicate, mcrocrystalline cellul ose,

pol yvi nyl pyrrol i done, cellul gse, water, syrup, and nethyl cellul ose. The
formul ati ons can additional | $EFRSIAON BXAMDKE 28 agents such as talc,
magnesi um stearate, and mneral oil; wetting agents; enulsifying and

suspendi ng agents, pnLeserving agents 44 such_as yl -. and
propylhydroxy§§ﬁ§b§%&§ e ° SRR RINLR Fsﬁvgghif ts. The
conposi t ingsediientte ianempiepaxed: be fornul ated so as to provide quick
sust ai ned or del ayed rel ease of the active ingredient aftér adm nistration
to the patient by enploying procedures known in the art. The conpositions
are preferably fornulated in a unit dosage form each ddde@mtzewt ai ni ng

from about 0.§§5%35ﬁ?£g% 100 ngy, nore usually about: 1#@&&8%@&3%1220 ng, of
the active ingredrenti. The term"unit dosage form' refers tQ phySically
di scr et e CORPEUNG AL FxamRl @ nt t ary dosages for human subj ecB -dhd ot her

manmal s, each unit containing a predeterm ned quantity of active materi al

calculat% toﬁgroduce the desired therapeutic effect, in aé% ciation.with a
sui t abl e “pR&Svaceut i cal exci pient. The active compounds ar gﬁﬁérally
effective over a

Magnesium stearate 5.0

The above ingredients are mixed and filled into hard
gelatin capsules in 340 mg guantities.

lati E 2

A tablet formula is prepared using the ingredients

below:
Quantity
Ingredient {mg/tablet)
Compound of Example 2 25.0
Cellulose, microcrystalline 200.0
Colloidal silicon dioxide 10.0
Stearic acid 5.0

The components are blended and compressed to form
tablets, each weighing 240 mg.



wi de dosage range. For exanples, dosages per day normally fall within the
range of about 0.01 to about 30 ng/ kg of body weight. In the treatnment of
adul t hurpysgséthe range of about 0.1 to about 15 ng/kg/ day POTNISISMIE4E Or
di vided dose, is especially preferred. However, it will be understood that
t he amount of the conpound actually adm nistered will be determ ned by~a
physician, in the light of the rel evant circunstances, including the
condition to be treated, the chosen rouf® of administration, the actual
conmpound or conpounds adninisg$%$g¥§&%$¥?%§g%§$¥%%%, and response of the

i ndi vi dual patient, and the s 's synptons, and
therefore the above dosage ranges are not intended to limt the scope of

the invention iah @Ry giVder NiBIAEet NBoARGEEL H88208 beephtcdelcantdinilmyer
limt of the aforeSaid range naX be nore than adequate, while in other

cases sti Fhe £oddrWiREL bl oyed without causing any harnful side
effect, provided that such |larger doses are first divided into severa

smal | er doses Eprxgd.'nistration t hroughout the day. 45v§q{ ion
Example 1 Hard-ﬁ%?é#ﬁ#zgépsules containing the foll ow ng in&?égﬁéﬁ%s are

pr epar ed: CQumpaind/ dih@Eaineghe 3 (nmghcapsul e)
Compound of Exanple 1 30.0 Starch
305. 0 Magnesi um stearate 5.0 The above

i ngr edi enf@cksSari xed and filled into hard gelatin capsul es i n9240 ny

quantities. Fornulation Exanple 2 A tablet fornula is prepared using the
i ngredi ents . . . . .
The active mixture is mixed with the lactose and the

mixture is added to a dry powder inhaling appliance.

Formulation Example 4

Tablets, each containing 30 mg of active ingredient,
are prepared as follows:

Quantity

Ingredient (mg/tablet)
Compound of Example 5 30.0 mg
Starch 45.0 mg
Microcrystalline cellulose 35.0 mg
Polyvinylpyrrolidone
(as 10% solution in water) 4.0 mg
Sodium carboxymethyl starch 4.5 mg
Magnesium stearate 0.5 mg
Talc 1.0 mg

Total 120 mg




bel ow. Quantity Ingredient (mg/tabl et}

Conmpound of Example 2 25.0 Cel |l ul ose,

m cr ocr ystWPOB/A1S 200. 0 Col | oi dal si | i REHUYPIB49e
10.0 Stearic acid : 5.0 The _
conponents are bl ended and conpressed to formtablets, each wei ghing 240
ny. 46 Formul ation Exanple 3 A dry powger inhaler formulation is

prepared containing the follow ng conponents: |ngredient
Wi ght % Conpodine afctBxempirgBedient, starch and cellulose areSpassedse

95 Th t S het h t dto
a dryepg&dgpﬁ'n a %%gkﬁpp |2ﬁ%%ﬂngo§nu?§t?8 QEX %%%: (%#%#%ﬁﬁﬁi%acagﬂg
cont ai ni ng SS3 Uk A tRUY VHYY ey srelideaepispmicedh yiftd) | e resuhtany

ggg(r)ed' eg{ powders, which are then passed( ¥hrbalghel) 1@%&%@%% Exgapbe 5
ng

M crocrystgili'\q Franiies SQ produced are dried at §§-(§0m5: ang Iggssed
Pol yvi nyl pyhrahighore & md€lioBosut s@avien warher sodium carboxymethyl 4.0

ny SOdlun]%% @%ﬁ”nﬁgaﬁeggﬁhpgtearate, aBd tﬁ&cTaﬁfev1ou£¥b neS|um

Sstearate
1.0 ng Tot &hrough a No. 30 mesh U.S. sieve, are then added g the

granules which, after mixing, are compressed on a tablet
machine to yield tablets each weighing 120 mg.

Formulation EX 5

Capsules, each containing 40 mg of medicament are made
as follows:

Quantity

Ingredien (ma/capsule)
Compound of Example 6 40.0 mg
Starch ' 109.0 mg
Magnesium stearate 1.0 mg
Total 150.0 mg

The active ingredient, cellulose, starch, and magnesium
stearate are blended, passed through a No. 20 mesh U.S.
sieve, and filled into hard gelatin capsules in 150 mg
quantities.



47 The active ingredient, starch and cellul ose are passed through a No. 20
mesh U. S. sieve and m xed thoroughly. The solution of polyvinyl pyrrolidone
is mxed widds/sshis resul tant powders, which are then passed PEF/USBN334016
mesh U. S. sieve. The granules so produced are dried at 50-60[ ERR] C and
passed through a 16 nesh U. S. sieve. The sodi um carboxynethyl starch, -~
magnesi um stearate, and talc, previousl 8passed t hrough a No. 30 nesh U. S
sieve, are then added to the granul es ich, after m xing, are conpressed
on a tablet nmachine to yield tablets each melghing 120 ng. Fornul ation

Exanpl e 5 Capsul es, each contiining 40.ng Ef neficgnent are made as
follows: Quantity I|ngredient a (ng/ capsul e)

Compound of Exanple 6 40.0 ng Starch
109. 0 ng Magne e 0 ng Tota
150.0 ng The ac‘#‘r%g%lngé%%l eht ealchI (R ct)-'éié‘ms arc mg Y matgne‘éille um stearate
are bl endeiigmpadient t areugade as. fedlemst U S. sieve, and filled into hard
gelatin capsules in 150 ng quantities. 48 Fornul ati on Exanple 6
Suppositories, each contalnlng 25 ng of active ingredient are_nade as
fol | ows: I|ngrediRgEedient Anpunfliount
Compound of Example 7 25 mg

Saturated fatty acid glycerides to 2,000 mg

The active ingredient is passed through a No. 60 mesh
U.S. sieve and suspended in the saturated fatty acid
glycerides previously melted using the minimum heat
necessary. The mixture is then poured into a suppository
mold of nominal 2.0 g capacity and allowed to cool.

Formulation Example 7

Suspensions, each containing 50 mg of medicament per
5.0 ml dose are made as follows:

In di Amount
Compound of Example 1 50.0 mg
Xanthan gum 4.0 mg

Sodium carboxymethyl cellulose (11%)

Microcrystalline cellulose (89%) 50.0 mg
Sucrose 1.75 ¢
Sodium benzoate 10.0 mg
Flavor and Color qg.v.

Purified water to 5.0 ml




Compound of Exanple 7 25 ny Saturated fatty .
acid glycerides to 2,000 ng The active ingredient is passed
t hrough aw®98/580s nesh U. S. sieve and suspended in the sat urRGRESRBEBI4) aci d
gl ycerides previously nelted using the m ni mum heat necessary. The m xture
is then poured into a suppository nold of nomnal 2.0 g capacity and

all owed to cool. Fornulation Exanple 7 spensi ons, each containing 50 ng
of nmedi cament per 5.0 ml dose are nade &as follows: Ingredient

Amount Conpound of Exanple 1 50. 0 ng Xant han
gum Sodi um car.bo t hyl

Jel ul ose (119F0F BRALEPTENG AUGRATRITRD TaRthal oo BT BIERGER! 1Y
Sucrose passed through a No. 10 mesh U.S. sieve, aﬁd?ﬁh@nSndbumibanznate

10.0 ny Flavor | Purified
water to @ rev?ggsgg'%bde solution of thegmbcE?crys£31+1ne é%%;%%? é

sucr ose a@ddxaqdham.@mnthYMﬂthkﬂnekk@h@ﬂethnoughea No The0 seskiumy, S.
si eve, nﬂa{, 8atH, X?‘iﬁ"\‘kﬁh % |é(r€95flﬁ9éﬁt*199hogo?ﬂée of the

mcrocrystall1ne ¢e 0s€ an so |un1carbox€ ose in water. The
sodi um bevabareant] agdied st At rEiRo di | B ﬁlﬁkﬁﬁtSUﬁ@e&‘ ism¢he er and

added wi t aagkdr Ebn@roidd dmntraiLred Svbhaneadded to produce the required
vol une. Forrmul ati on Exanpl e 8 Capsul es, each containing 15 ng of

medi canent, are made as follows: Quantity Ingredient
(ma/ capsul e) Formulation Example 8

Capsules, each containing 15 mg of medicament, are made
as follows:

Quantity

Ingredient m le
Compound of Example 2 15.0 mg
Starch 407.0 mg
Magnesium stearate 3.0 mg
Total 425.0 mg

The active ingredient, cellulose, starch, and magnesium
stearate are blended, passed through a No. 20 mesh U.S.
sieve, and filled into hard gelatin capsules in 425 mg
quantities.



Compound of Exanple 2 15.0 ng Starch
407.0 ng Magnesi um stearate : 3.0 ng Tot al

425.0 ng Wasogmsiigre i ngredient, cellulose, starch, and magnpeTAISYSE334 at e
are bl ended, passed through a No. 20 nesh U.S. sieve, and filled into hard

gelatin capsules in 425 ng quantities. 50 Formul ati on Exanple 9 An -

i ntravenous formul ation may be prepared _as foll ows: |ngredient

Quantity Conpound of Exanple 3 50 ‘ 250.0 ng | sotonic
sal i ne 1000 m Fornul ati on Exanple 10 A
topical formulation may be prepared as follows: |ngredient

Quantity Conpound of Exanpl e JEHEEQLQLLQE_EEQEELQ_E 1-10 ¢
Ermul si fyi ng Wax 30 g Liquid Paraffin
20 g Wiite Soft. Paraffin to 100 g The white

soft paraffin A0 HOREAVERPRF Fermuratine reyube prepensd &% ¥WFying
wax are incorporated and stirred until dissolved. The active ingredient is
added and stirring is continued until dispersed. The m xture is then cool ed

until solid. 51 Formul ati on Exanpl e 11 Sublingual or buccal tablets,
each contai ni nglifrexdi exit Quantity
Compound of Example 3 250.0 mg

Isotonic saline 1000 ml

Formulation Example 10

A topical formulation may be prepared as follows:

Ingredient Quantity
Compound of Example 4 1-10 ¢
Emulsifying Wax 30 g
Liquid Paraffin 20 g
White Soft Paraffin to 100 g

The white soft paraffin is heated until molten. The liquid
paraffin and emulsifying wax are incorporated and stirred
until dissolved. The active ingredient is added and
stirring is continued until dispersed. The mixture is then
cooled until solid.




~

active ingredient, may be prepared as follows: Quantity Ingredient

Per Tabl et Conpound of Exanple 5 10.0 ng

d ycerol wo 98/55115 210. 5 ny WPCavuses/03340
143.0 ng Sodium Citrate - 4.5 ng :
Pol yvi nyl Al cohol 26.5 ny -

Pol yvi nyl pyrrol i done 15.5 ng Tot al
410.0 ng The glycerol, water, sodiun1cit5%1e pol yvi nyl al cohol, and
pol yvi nyl pyrrol i done are adnlxed t oget her by conti nuous stlrrlng and
mai nt ai ni ng the tenperature at_ about 90[err]C Vhen t he pol yners have gone
into solution, the solution i g8 1o ot 85

medi canment is slowy adm xed. The honogenous n1xture is poured into forns

made of an iner terial to rodu cont aj ni.ng,_diffusi mat ri
naving a thi ckneuBsReLAY e BN el ¢k £ 0da h radr Pl 13, TR0

f orm i ndi vadtuaiet abbeedikeat, ng\ayhéaeammepnredeasi felldwsther preferred
formul ati on enployed in the nethods of the present invention enploys
transdermal delivery devices ("patches"). Such transdermal patches may be
used to provide continuous or discontinuous infusion of t@easbipwunds of
the present invegki % gcontrol | ed anpunts 52 The ¢ t le@n and use
of transder nal '51% Ellle'Ji‘lor the delivery of pharnaceutlca@gg enig'ls wel |
known in tﬁ@mﬁPg?dSQE Exagple s patent 5,023,252, issued #9nd Mg 1991,

herein incorporated by reference. Such patches may be constructed for

contlnuousGlggg§%&|Ie, or on demand delivery of pharnaceutbi%tsaggpts.

Water 143.0 mg
Sodium Citrate 4.5 mg
Polyvinyl Alcohol 26.5 mg
Polyvinylpyrrolidone ' 15.5 mg
Total 410.0 mg

The glycerol, water, sodium citrate, polyvinyl alcohol, and
polyvinylpyrrolidone are admixed together by continuous
stirring and maintaining the temperature at about 90°C.
When the polymers have gone into solution, the solution is
cooled to about 50-55°C and the medicament is slowly
admixed. The homogenous mixture is poured into forms made
of an inert material to produce a drug-containing diffusion
matrix having a thickness of about 2-4 mm. This diffusion
matrix is then cut to form individual tablets having the
appropriate size.

Another preferred formulation employed in the methods
of the present invention employs transdermal delivery
devices ("patches"). Such transdermal patches may be used
to provide continuous or discontinuous infusion of the
compounds of the present invention in controlled amounts.



Frequently, it will be desirable or necessary to introduce the
phar maceuti cal conposition to the brain, either directly or indirectly.

Di rect tegﬂg%gﬂﬁfsusually i nvol ve placenment of a drug deli vgyuSasdisdoc!
into the host™s ventricular systemto bypass the bl ood-brain barrier. One

such inplantabl e delivery system used for the transport of biological -
factors to specific anatom cal regions of the body, is described in U S.
Pat ent 5,011,472, issued April 30, 199152nwhich ts herein incorporated by

reference. Indirect techni ques, which are generall referred sual |y
Pvol ve 1 T SRR PRELPBIHEG HEGhE T Sara IR PRGNS S AR | on’ by

t he converdebivefy hgfir phhrinacedtigali rigentispiic svedllblknakrugin drheoraorr ugs.
Latenti ati i s_general Ly ieye 0 bl ' h Y,
carbonyl,égkffﬁtﬁihng'%fi%%Efgéngde 3#%%%% ﬁgéﬁgn 4ﬁ?%[¥?ﬁ¥ﬁ% ‘o render
t he drug rexeinpincevbovhtedndyamafsrence t Sunipeatatiesn ray @ t he

bl ood- br ai ' r h-vel h j4qr, rUNH A d zﬂﬁgqnay
be enhance%blgii#%tsﬁgégrk%gr Pg?l Fﬁﬁ‘%%n%ﬁ ghdyt\égr%coﬁrc%gl ut - oéldscdvﬁ ch can
transi ent |9 PoarraeesEdsalbPgeRYSarri er. The type of fornul ati on enpl oyed

for the adm ni straguentdy,t e «AMOBY VTR dih ddesBifpdso of the
present | nventi

Pype of phifihERORFROLRS. BROFTRS G GBI ToUi e ARR ot rati on
and the coejpthed(direandyt e saticexftiyhe [MHiremrtt .techriidnies usuablyound of
Formul a I:iﬁgéibe[ﬁiéheﬁéWQeH¥'§ drug delivery catheter into the

host's ventricular system to bypass the blood-brain barrier.

One such implantable delivery system, used for the transport

of biological factors to specific anatomical regions of the

body, is described in U.S. Patent 5,011,472, issued April

30, 1991, which is herein incorporated by reference.

Indirect technigues, which are generally preferred,
usually involve formulating the compositions to provide for
drug latentiation by the conversion of hydrophilic drugs
into lipid-soluble drugs or prodrugs. Latentiation is
generally achieved through blocking of the hydroxy,
carbonyl, sulfate, and primary amine groups present on the
drug to render the drug more lipid soluble and amenable to
transportation across the blood-brain barrier.
Alternatively, the delivery of hydrophilic drugs may be
enhanced by intra-arterial infusion of hypertonic solutions
which can transiently open the blood-brain barrier.

The type of formulation employed for the administration
of the compounds employed in the methods of the present
invention may be dictated by the particular compounds
employed, the type of pharmacokinetic profile desired from
the route of administration and the compound(s), and the
state of the patient.




Rlerr] and Rl err] are independently hydrogen, Cerr]-Clerr] alkyl, or )
CHerr]CH err]-Aryl where Aryl is phenyl, phenyl nonosubstituted wi th hal o,
or 1-(d -wbesstiial kyl ) pyrazol -4-yl; Rerr] is (err]-( err|PCIigsssasdgl or
heterocycle; nis 1 or 2; and pharmaceutical ly acceptable salts and

hydr ates ther

Claim?2

ses, in-association with a

phar maceufghcahygaccept abl e carrier, diluent, or excipient, a conpound of
any of Clainms 1-3. 5. A use of a conpound of any one of Clains 1-3 in the
preparation of a nedicanment for the activation of 5-HI[err] receptors in

mammal s.

5416. 2Acdspdind spnpetmdlaf Tany one of Cainms 1-3 in the

preparation of a nmedicanent for the inhibition of neuronal protein
extravasation in mamual s. 7. A use of a conpound of any one of Claims 1-3
in the preparation of a nedicanent for the treatfgent of mgraine in

mammal s.

8. A use of a conpound of any one of ﬁLnnzl-S in the

preparation of a nedicanent for the prevention of gmgraine in manmmals. 9.

A use of a conmpound of any one

hunman.

Cl ains 5-8, ein the manmal is a

Rl and R2 are independently hydrogen, C1-C4 alkyl, or -
CH2CH2~-Aryl where Aryl is phenyl, phenyl monosubstituted
with halo, or 1-{(C31-Cg alkyl)pyrazol-4-yl;

R3 is C3-Cg cycloalkyl or a heterocycle;

n is 1 or 2; and pharmaceutically acceptable salts and
hydrates thereof.

2. A compound of Claim 1, where n is 1.

3. A compound of Claim 2, where Rl and R2 are
independently C1-C4 alkyl.

4. A pharmaceutical formulation which comprises, in
association with a pharmaceutically acceptable carrier,
diluent, or excipient, a compound of any of Claims 1-3.

5. A method for the activation of 5-HT1fF receptors in

mammals, comprising administering to a mammal in need of such

activation, an effective amount of a compound of any of Claims
1-3.

6. A method for the inhibition of neuronal protein
extravasation in mammals, comprising administering to a mammal
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in need of such inhibition, an effective amount of a compound
of any of Claims 1-3.

7. A method for the treatment of migraine, comprising
administering to a mammal in need of such treatment, an
effective amount of a compound of any of Claims 1-3.

8. A method for the prevention of migraine in mammals,
comprising administering to a mammal susceptible to migraine
an effective amount of a compound of any of Claims 1-3.

9. A method of any of Claims 5-8, where the mammal is a
human.
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