WO 2004/ 063164 PCT/ | B2004/ 000152 -1 PROCESS FOR THE PREPARATI ON OF ARYL
FUSED POLYCYCLI C LACTAMS Background of the Invention The present |nvention
rel ates P 20BPGELs for the preparation of aryl fused PolARXM0QIS25 | 5ct ans
of the formula R1/ NH RZ O wherein Rl and R2 are as defi ned bel ow.
Conpounds of fornula | are useful internediates in the preparation of
certain aryl fused azapol ycyclic conmpourlds which exhibit activity as agents
for the treatnment of 10 neurol ogical and psychol ogi cal disorders. United
States Patent @R;%'&Eé%ﬁ%éﬁ%g@dmmo&%@%@ ﬁlﬂ&%{&%%{&u@ 2000,

di scl oses the preparation o -am nonet hyl -1 ndan-1-carboxylic acid nethyl
ester and the use of that conpound as an Internediate in the synthesis of
certain aryl fused azapol ycyclic conpounds. 15 United States Patent

Application Serial No. 10/124, 13% fi Iuegl rli I 2002 di scl oses the
preparation of aryl-fused azapol %ﬁ—@—%@ﬁ%&%ﬁ&ﬁ%ﬂ frominternedi ates havi ng
the fornmula The Ihapresest pyenfonelatastie e mrocassdomtbe heparaiidn ofisel obedcmiycain ar yl
fused azapol yeumk bfths RFRQYNAS which exhibit activity as agents for the
treatment of neurol ogical and kB 20 psychol ogi cal disorders is disclosed in
United States Patent No. 6,4R)\ 550. The foregoing patent applications and
patent are |Incorporated by ref nce herein in their entirety. Summary of
the Invention The present inve o) akes to a prochs for preparing
conpounds having the fornula

wherein R' and R? are as defined below.

Compounds of formula 1 are useful intermediates in the preparation of certain aryl

fused azapolycyclic compounds which exhibit activity as agents for the treatment of
10 neurclogical and psychological disorders.

United States Patent Application Serial No. 09/514002, filed February 25, 2000,
discloses the preparation of 3-aminomethyl-indan-1-carboxylic acid methyl ester and the use
of that compound as an intermediate in the synthesis of certain aryl fused azapolycyclic
compounds.

16 United States Patent Application Serial No. 10/124,135, filed April 4, 2002 discloses
the preparation of aryl-fused azapolycyclic compounds from intermediates having the formula
1.
The synthesis, composition, and methods of use of certain aryl fused azapolycyclic
compounds which exhibit activity as agents for the treatment of neurological and
20  psychological disorders is disclosed in United States Patent No. 6,410,550, The foregoing
patent applications and patent are incorporated by reference herein in their entirety.
Summary of the Invention

The present invention relates to a process for preparing compounds having the

formula

R‘I
N—H '

R? o)

by hydrogenating a compound having the formula

25



by hydrogenating a conpound having the formula WO 2004/ 063164

PCT/ 1B2004/ 000152 -2 R CN RZ O O w th hydrogen gas a havi ng
the forntiC2084R43164, ¢ he presence of a hydrogenation c%ﬁﬁgﬁd“@ﬁ@ggn aci d.

Rl and R2 are sel ected independently from hydrogen, Cl1-C5 al kyl, C1-C5

al koxy, 5 trifluoromethyl, halogen, sulfonyl alkyl, alkyam no, am de,

ester, aryl-alkyl, hetero-alkyl and aryl™-al koxy; or RL and R2 together with
the carbon atons to which they are attached forma nonocyclic or bicyclic
ring; and R3is Cl to CS alkyl. 10 The catalyst Is about 5 %to about 10%
pal | adi um on car bon. Preferably,the cata%éit i s about 5% pal | adi um on
carbon. In a preferred enbodi nd R3 is or C2 alkyl. In the

hydr ogenati on of conmpounds of forya the nitrite group is reduced to the
[ ' vention provides a weight ratio of
5 about 1:99 to about 10:90.
adi um on 8arbon catal ysts are

catal yst to conpound of fornula
Preferably the ratio is about 10:8&"
safely stored as a m xture of wat/er and gatalyst. Generally the m xture Is
conprised of about 30%to abouﬂ#%O@bby) eight of water. In a preferred

enbodi nent of the present invention, the catalyst is conprised of about 50%
by weight of water. 20 The acid is présent at an equivalence ratio of acid

to the am nowiglr Girogen ghowhd lanl alcotflli Halng ah@ Gbituld REOMAR &bl fresdnse agi4l,

hydr ochl ori c | trifluoroacetic acid, nethane sulfonic
acid, para- tgﬁﬁgﬁggﬁF? cagi? f&gcetlc acid, formc acid, benzoic acid and

sal i cyI ic acid. PReped Rlaje selectect independently fiigm bydsegen,. Ci-6¢ ekyle Gi-65 ekexynrpounds
of the fog Mukrifudrorhdtii, halogen, suifonyl alkyl, alkyamino, amide, ester, aryl-alkyl, hetero-alkyl and

aryl-alkoxy;

or R' and R? together with the carbon atoms to which they are attached form a
monocyclic or bicyclic ring;

and R®is C; to Cg alkyl.

10 The catalyst is about § % to about 10% palladium on carbon. Preferably the catalyst
is about 5% palladium on carbon. [n a preferred embodiment, R is C; or G, alkyl.

In the hydrogenation of compounds of formula 1l the nitrile group is reduced to the
corresponding amino group.
The present invention provides a weight ratio of catalyst to compound of formula Il of

15  about 1:99 to about 10:90. Preferably the ratio Is about 10:90..

Palladium on carbon catalysts are safely stored as a mixture of water and catalyst.
Generally the mixture s comprised of about 30% to about 60% by weight of water, In a
preferred embodiment of the present invention, the catalyst is comprised of about 50% by
welght of water.

20 The acid is present at an equivalence ratio of acid to the amino group of about 1:1.
Suitable acids Iinclude sulfuric acid, hydrochloric acid, phosphoric acid, trifluorcacetic acid,
methane sulfonic acid, para-toluenesulfonic acid, acetic acid, formic acid, benzoic acid and
salicylic acid. Preferably the acid is sulfuric acid.

Intermediate campounds of the formula

R\ NH,

I

2 COOR?
25 R



~ 11l R2 COOR3 25 WD 2004/063164 PCT/|B2004/000152 -3 are cyclized to
conpounds of formula | by treatnment with a base in a solvent conprising an
al cohol &0 assmed1es R3OH. Preferably the base is a G oupP¢T/HE08/0081R0xi de.
Most preferably the base is sodiumtert-butoxide. The cyclization of
conpounds of formula Il into conpounds of formula | is carried out 5 in a
sol vent conprising an al cohol of fornul a3R30H wherein R3 is C, to CB al kyl.
Preferably R3 is C, or C2 alkyl. In a preferred enbodi nent of the present

i nvention, internediate conpounds of formula IIl are cyclized into
conpounds of formula | without prior isolation of internmediate IIl. in

anot her enbo#ergdiized formoappwds af ormodabloyuinestdmet with arbabainld $ohanecdngokiag e pri or
to 10 convegsd i ls ; L[ may
be i 50l at od HpuarofBRRLARIRP FIERreBl (PSaH (Pt A MkSE., Lo Bdaty 17
aci d addi ti ofedasais sediumertdutoxide| ude, but are not linited to, the salts of
p-tol uene sul f oni Thegictkatishipol dehpoundeCofformaialin Bl dofmpastide of famslid B EatfiédCout aci d.

In a prefgrr e | ment. sAfar.ul.a d. i s selected fromthe
gr oup 15§c oﬁdefl %%ﬁq%ﬁégjéoo "5 é’gﬁﬂq‘?@%ﬁ‘g@ QHWren B, s G, 18, SRS Préredly
dodeca- 2, 4, 6RisiCeneCalighe;  3-trifl uoronet hyl - 10-aza-tricycl o[ 6. 3.
1. 02" " ] dodeca- 2( 7)ip 3, prefefrb® BRAbSUIASTR of the present invention, intermediate compounds of
(+)-3-tr|fluror[EEh‘1)J/_I-IQ- z,a-trlccoLf6. .1.0%_I o . .
7] dodeca- 2( 7 °,”'§,‘,JS-“t e @ﬁ:gz_ _lrgql%o,mpo nds of formula | without prior isolation of intermediate Ili.
(-)-3-trifl uor ometnhyrothko embadirhent,dytedneid@te3conpoizids] ol dubacia - @ré) is@atbd prisrace- 9- on
e 20 3-fh uogas LB ATs L 4198 TR T b KRR wleRRe.
(+}3-fl uoé o- i@-\’azgﬁﬁ? %‘{/c'foéﬁagq%%ﬁEﬁ? ?ﬂz)%fg@gf .gé,lgﬁ?ﬁgje%g@%-ﬁﬁg?&zm
(-)-3-fl uor olsiBipsaalkf ?‘E,‘W)? 8o groyp @@WW@Z@‘?‘Y?‘B@& Exqrapies inghdeput ED
DESCRI PTI ON' &¥e nbHimiletiw el Salts difpolpérossaifinid dtieemahdilic #iid) 6aIRAR: adid Parag&sic f or
prepari ng congg)unds of the formula I
acid.

In a preferred embodiment, the compound of formula | is selected from the group

15  consisting of
10-aza-tricyclo[6.3.1.0.2.7] dodeca-2,4,6-triene-9-one;
3-trifluoromethyl-10-aza-tricyclo[6.3.1.0* Jdodeca-2(7),3,5-triene-9-one;
(+)-3-frifluoromethyl-10-aza-tricyclo]6.3.1 .0*"Jdodeca-2(7),3,5-triene-9-one;
{-)-3-trifluoromethyl-10-aza-tricyclo[6.3.1 .0>"|dodeca-2(7),3,5-triene-9-one;

20 3-flucro-10-aza-tricyclo[6.3.1 .02'7]dodeca-2(7).3,5—triéne-9-one;
(+)-3-fluoro-10-aza-tricycla]6.3.1 .0%"|dodeca-2(7),3,5-triene-8-one; and
(-)-3-fluoro-10-aza-tricyclo6.3.1.0*"Jdodeca-2(7),3,5-triene.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides a process for preparing compounds of the formula |

25 by a sequence of reactions illustrated in Scheme .



25 by a sequence of reactions illustrated in Schene |I. W) 2004/ 063164

PCT/ 1 B2004/ 000152 -4 Schene 1 RL CN Rt NH2 Step | b ~ 1 Il R2 R2 C02

OO StepWO204063%64. H R2 O In Step 1, conpounds of foPGI/B20p4/004152
hydrogenated to the internediate conpound 111 in the presence of a

hydr ogenati on catal yst, an al cohol of fornula R30H and an acid. The 5
reaction involves reduction of the nitrit%e group to the correspondi ng am ne,
saturation of the Indene ring, and conversion of the ketene acetal into the
correspondi ng ester group of fornula -C02R3. R and R2 are sel ected

I ndependent|y from hydrogen, C1-C5 al kyl, C1-C5 al koxy, trifluoronethyl,
hal ogen, sul fonyl alkyl, al kyam no, ar&@@l&ster, aryl -al kyl , hetero-al kyl
and 10 aryl-al koxy; or R and R2 together with t ) to which
they are attachry form a,CMonocyglic or bicyclic 's2Cl to C5

al kyl . Hydr ogena afal ysts r the St ersion are
general |y storeo saf ety purposes as a mi xt | al yst 1gnd wat er.
ion catal yst is

e

General ly, the

Step 2

O N—H

In Step 1, compounds of formula Il are hydrogenated to the intermediate compound
Il in the presence of a hydrogenation catalyst, an alcohol of formula R*0OH and an acid. The
5 reaction involves raduction of the nitrile group to the corresponding amine, saturation of the
Indene ring, and conversion of the ketene acetal into the corresponding ester group of formula
—-CO.R’.
R' and R? are selected independently from hydrogen, C;-Cs alkyl, C4-Cs alkoxy,
triflucromethyl, halogen, sulfonyl alkyl, alkyamino, amide, ester, aryl-alkyl, hetero-alkyl and
10  aryl-alkoxy;
or R' and R? together with the carbon atoms to which they are attached form a
monocyclic or bicyclic ring;
and R%is C, to Cs alkyl.
Hydrogenation catalysts suitab!e for the Step 1 conversion are generally stored for
15  safety purposes as a mixture of catalyst and water. Generally, the hydrogenation catalyst is
comprised of about 30% to about 60% by weight water for safe storage and handling.
Due to the inherent instability of compounds of formula Il and i} in the pr'esence of
water, it is an objective of the present invention o select a catalyst and hydrogenation



conprised of about 30%to about 60% by wei ght water for safe storage and
handling. Due to the inherent instability of conpounds of fornula 11 and I[1]1
in the pr¥QaAYYsHEs water, it is an objective of the pr &&EAB2AHIWIRE on to
sel ect a catal yst and hydrogenati on WO 2004/ 063164 PCT/|1B2004/ 000152 -5
conditions which inpose limtations on the introduction of water. The

catal yst |Is about 5%to about 10% pal | aci-um on carbon, preferably about 5%
pal | adi um on carbon with a weight ratio of catalyst to conpound of fornula
Il of about 1:99 to about 10:90. Preferably the ratio is about 10:90. 5
CGeneral |y, hydrogenation reactions of the type illustrated by Step | of
Scheme | ar e Condiigeriwhighimpase freitations 98 treeintfdugionof wetes  Tfe catalyst is About Sticto
herein, the bBsUME%paRRIURCICLFRN Sirsterably 2Bt é%%h%iﬂ;rﬁ &n Eﬁ?ﬁonhﬁm%a%?atiﬁa't
with the am np%%logg of fo(r}ém}@ IIII E\&e})n ihg hg rogqnatlon of conhpounds of
formula 11 i 8 GV &CURRoUDS Phiomla I af,pkeut LAR do pbauf 30:89. Reaferabiy tharfatiso’s gr oup
of about 2: 1abqubhd0:pe.oduct yield Is very low. Based 10 upon the foregoing

results, it is beld rpula Il are
instable P the posoiat, hitfochalsh Rithy ot e AriHludraea S tep TeRbrrinle' 1 48
equi val ence Ftdugiedin tae prgsense ghanRycessohathdAs used hereinsthe termaaxcess acidfeferse aci d
i's bound as & it whish i Rottbbendedsi o it GitPthe afiinofghsudier Amhlid mi. The hydrogenati on

t akes place In thgvr%éet%enﬁyed 001:a n acfi d such as. iqul fluri ¢ acid, acetjic 15
acid, formic acid' B3n75i YOREPRATCR, Of CompEyrds  of, fargula ff ds (anjsr yout Wit ap

aci d, form ceadvalgnce eativiof aciddd amine gropmpbabiool 2i¢ribs plofiactiyieldas ivery Iaw dBasedt

pref erabhy supdiihbGordgdith resiiist R SeisWaRE Smpbéhds %??J?rﬂﬂ?lli’ arfel AU 1 are
i sopr opanol , Iuasxé an |, anol , et hﬁ‘*ll acetate, 1sopropyl acetate,
u

0 ro
t et r ahydr of uMaFiE0lq igt %‘feﬁ‘&er"f&ﬁ‘f?s?ﬁ’ re of these solvents, preferably
met hanol or et handi the pidsentrie@otianpthe iequistence eadio @f hicit RogMind coysbuag RN 1, so

at nosphere u X . ), preferably 3 to 4
at nospheres ?’é‘ﬁﬁp]'r@ﬁ%@%‘ﬁéga%é??R'("%’r‘g%‘t“ﬁéf ﬁ%’a%%f}%%ﬁ%i#' 1 to 48 hours
preferably 12 hourf8e hydiegenation fakas placedn g drasanasfof aagidisush s svifticacidragetibe a

Irr? xt ;Jr te ab  dtiaSheiieasm, tenzdd aeid P ARt dcR BRTFNIS LR Soid, Wi adid BestE
Imtatl ons Qn

1 ustrat ed Byt aprariobBresifnafioect!, aff bt prslersBiahiish iy STulpe sonents a1
methanol, ethanol, isopropanol, butanol, propanol, ethyl acetate, isopropyl acetate,
tetrahydrofuran, toluene, or any mixture of these solvents, preferably methanol or ethanol.
The reaction is carried out under a hydrogen atmosphere up to 7 atmospheres (approximately

20 100 psi), preferably 3 to 4 atmospheres (approximately 50 psi), for a time period of 1 to 48
hours preferably 12 hours. This affords a compound of formula Il which may be a mixture of
diastereomers.

The aforementioned conditions, which impose limitations on the introduction of water
or acid into the reaction as illustrated by Step 1 of Scheme 1, provide a chemically stable

25  environment resulting in improved yields of intermediate llI. .

As used herein, the term unstable refers to the potential for undesirable chemical side
reactions which compounds of formula 1l or Ill undergo in the presence of water or excess
acids. When a compound of formula Il and or Il undergoes undesirable side reaction, the
yield of compound | is significantly reduced. The term chemically stable environment refers to

30 the relatively low potential for compounds of formula Il or 1l to undergo undesirable side
reactions with water or acid.

Step 2 of Scheme 1 is the formation of a lactam of formula |. The amino acid ester of
formula ([li) is treated with a base such as sodium tert-butoxide, sodium methoxide, sodium
ethoxide, potassium fert-butoxide, potassium methoxide, and potassium ethoxide, sodium

35 carbonate, potassium  carbonate, cesium carbonate, sodium hydride, triethylamine,
methylimidazole, lutdine, pyridine, methylmorpholine, ethylimorpholine or
dissdopropylethylamine. Preferably the base Is a Group | metal alkoxide. Most preferably the



25 environnment resulting in Inproved yields of internediate Ill. As used
herein, the termunstable refers to the potential for undesirable chem cal

Side red HOWE63AH ch conpounds of formula Il or 11l unbEFHBR¥POPRZ presence
of water or excess acids. Wien a conpound of fornmula Il and or 111

under goes undesirable side reaction, the yield of conpound I is
significantly reduced. The term chem caly stable environnment refers to 30
the relatively |l ow potential for conmpounds of formula Il or Ill to undergo
undesirable side reactions with water or acid. Step 2 of Schene 1 is the
formation of a lactamof fornmula |I. The amino acid ester of fornula (111)

is treated whase imsddiwetesiotoxids e dikoxide kase preferably bas a sery lownsodiemihyrriogide
sodi um et hoxiglg: potassiumtert-butoxide, potassium nethoxide, and

pot assi um et hoxi de, sodi um 35 carbonat e, potassium carbonate, cesium
carbonat e, sodi unPYiipale; glvents, arg; ethanel fthanolyisoptppangl dethyl| ecetate, ragetagltrle,
pyri di ne, rretom,ehémir phaikiufecof 20f b/ thaprepibodly Mmentdhed Sty prefpatiyeinbiibrnbne .

Pr ef bl b

20041 063154 BEAFT BEpRInR IE8R sg MBS rnf 8Bl IEboriBoo BE AR NP o e
base pr ef er abh24/Clraefemblyat lyoonndwmmm'url n¥ Fereachinn @extenda fome imeSedrivdibi 05 sk vent s
are net hanol tﬂ&ﬂl@%r?feﬁ‘l?@%rﬁaﬂt%ntﬂ'a Trg%@%?&ﬁgb%ﬁnwléa&et onitrile, toI uene,

or a mxture of € previous y nent | oned sol vents, prefera
met hanol or a 5 ﬁ?WW%”E‘PaFPé‘EWP&‘H‘?ﬂ 5148 re2cYRPs obgastPapRds *Wé“?‘%&é?q 'Bnth?s
conduct ed at savénempsreatzmamauﬁéaemurhmqaaﬂﬁj,ofwaterf erably at room tenperature.

The reac%on s e & Ege?eq Ogm&%leeme mpe%ﬂaé?g? %m?ou%fhpgy{ JI%IIFgrgr?BWsaat{a%

preferabl'y 6 hours, a cofpoun
af or ement i onetordp dre eystization pisStep 2¢cofhgoaselds addefl d#"ﬁﬂl)'ato |2 fillgred Solutlon efhte

S%Ij vgnt f?r ﬂ?ﬂe@atgﬂmrﬁlﬁﬁs@u&tﬂ&dﬂﬁtlﬂﬂ@&tﬁﬁlh&t&m@f vat er . tlQ Iln ? gr ef erredt
enbodi ment, i nter nedi 0 re no olated _prior to
the cyclization of" ¥ rﬁmg% %ggeérﬂPr?e 'agu%maP?@c'ﬁ 7Y 0§ |s£'Ia?e}d|vﬂ]§Feéth sBl uti on
of the int elogﬂmsaalndthelam:m grbupsie beund we pt ady edditiontsalb nExampldsdncluge betrare ot | n

anot her %boel.ln tﬁehs%ﬂé &@%:n&@sak&“c%ﬁmmna ddid, gaw#e%msaah%ﬁc waerein R3

is C3to he am n rou bound as, an_aci d dition salt. Exanples
i ncl ude but ar e na’pe lntermedlate I, elther in the form of an isclated compound or as a solution

without prior isolation, may be converted into the lactam | according to the aforementioned
cyclization conditions.
Compounds of formula | are useful intermediates in the synthesis of aryl fused
20  azapolycyclic compounds exhibiting activity in the treatment of neurological and psychological
disorders.
The conversion of compounds of formuia [l into aryl fused azapolycyclic compounds
of formula IV is illustrated in Scheme 2.



15 limted to the salts of p-toluene sulfonic acid, mandelic acid, salicylic
acid acid. The internediate Ill, either In the formof an
|solatedq€§%B®®%ﬁﬁ% as a solution wthout prior |sola?caﬂB'Wﬁ@mB§z
converted into the lactam| according to the aforenentioned cyclization
condi tions. Conmpounds of formula | are useful internedi ates in the synthesis
of aryl fused 20 azapol ycyclic conpoundsexhibiting activity in the
treatment of neurol ogi cal and psychol ogi cal disorders. The conversi on of
conpounds of fornmula Il into aryl fused azapol ycyclic conpounds of fornula
IVis illustrated in Scheme 2. WD 2004/ 063164 PCTI | B2004/ 000152 -7 Schene 2

RICNR2Jstepl | | R NI-12 R/ NFEcheme® O CcoeCH3 | Il step 2 step 3
R RNR4 - Ogh step 4 NHORg RACHO R V IV wherein R4 is hydrogen, Cl-Ce

al kyl, unconj M\o g- &€ al kenyl, benzyl or al koxy Cl-Ce. In step 1,
(

hydr ogenati on | ds of formula 11 yields the internmediate It which is
5 cyclized in h sodiumt-butoxide in nmethanol to formthe | actam
of formul a I.R‘he

o 0 step 1

R1 NHz R1
N—H
R? 2 0
R
CO,CH, —_—
step 2 [
i step 3
R\ R!
N—R' NH
step 4
R R'CHO R?
v Y,

wherein R*is hydrogen, C;-Cj alkyl, unconjugated C4-Cs alkenyl, benzyl or alkoxy C4-Ce.
In step 1, hydrogenation of compounds of formula Il yields the intermediate 1t which is
5  cyclized in step 2 with sedium t-butoxide in methanol to form the lactam of formula . The
carbonyl funciion is reduced in step 3 with sodium borohydride-borontrifluoride giving the aryl
fused azapolycyclic compound of formula [V, :
Examples of specific compounds of the formula IV are the following compounds:
4-athynyl-5-chloro-10-aza-tricyclo[6.3.0% |dodeca-2(7),3,5-triene;

10 3-triflucromethyl-10-aza-tricyclof6.3.0* Jdodeca-2(7),3,5-triene;
4,5-bistrifluoromethyl-10-aza-tricyclo[6.3.1.0> Jdodeca-2(7),3,5-triene;
4-choro-5-trifluoromethyl-10-aza-tricyclo[6.3.1 .02'7]dodeca-2(7),3,5-tﬂene;
4-amino-10-aza-tricyclo[8.3.1.0*"Idodeca-2(7),3,5-triene;
4-nitro-10-aza-tricyclo[6.3.0% Jdodeca-2{7),3,5-triene;

15 4-methyl-10-aza-tricyclo[6.3.0%"Jdodeca-2(7),3,5-triene;
4-fluoro-10-aza-tricyclo[6.3.0%"dodeca-2(7),3,5-triene;



carbonyl function is reduced In step 3 with sodium

bor ohydri de-borontrifluoride giving the aryl fused azapol clic conmpound
of for nu"0 PYHOBI&hpl es of specific conpounds of the fo ﬁ:ﬁ'i/ 0p400412 ¢ he
fol |l owi ng conmpounds:

4- et hynyl - 5-chl or o- 10-aza-tricycl o[ 6. 3. 02' r] dodeca-2(7), 3,5-triene; 10
3-trifluoronethyl-10-aza-tricycl o[ 6.3.02'¢-j dodeca-2(7), 3,5-triene;
4,5-bistrifluoromethyl-10-aza-tricyclo[6.3.1.02, 7]dodeca-2(7),3,5-triene;
4-choro-5-trifluoronethyl-10-aza-tricyclo[6.3.1.02.7]dodeca-2(7),3,5-triene;
4-am no-10-aza-tricyclo[6.3.1.02' 7] dodeca-2(7), 3, 5-triene,

4-ni tro- 10- aza- t r fFEeremethy- §azarisyini® 307 (0nYecd: %7 )3 5-iems; add 4- et hyl - |
0-aza-tricycl o[ 6. 35-d@laoro71hf&§-ﬁ1?:?c1 6.3 b Rods éafﬂ(ﬂrﬁe& -triene;

4-fl uoro-1 0- azatr| cl.o[ 6 deca- 2 3, 5-triene; WD 2004/ 063164
PCT/ | B2004/ 0001524- %10~ tncyco %Q]dogeca-z& 5-triene;

4-trifl uoronet hyl 45linitwet -azadq}nyblo[ﬁﬁ 13*Qdbdétaip@Rsa4ribd) , 3, 5-tri ene; and
L0 A M g7 00

zatricycl o[ 6. 3.
,5-di nitro-10- azﬁirtﬂlﬂ'?fey@!h&‘ﬂ@'@a ricggol6:3. dl@%i)é@ée"@@(n-ﬁ -Bieneii ene; 5
di

:c f:hl or o- tlg fam{artmfmysfbth@hﬁyﬁyélzaﬁ%ycla[bdq J%ﬁéﬂ(ﬁs §1rtehé e[‘e
rifluorome za-tr ) ri ene;
trifluor o?/re %Qf”% ﬁo'gﬁthﬁy@ 5%/&' ‘é;gé g?ééé %f"E’CGY) 3,5-triene;
trifl uororreﬁ-ﬁwm-lg-aa&wcmkﬂﬁ:@&D%[@d@fﬂzmz SFt}IeIm;ieca 2(7), 3 5-triene;
or 049 0- aza- t (4)8¥abrel1o- a%alrncgao[g H‘B (%(27())23?57 .e@é' ene,

ric 0 odeca 5- trlene

3-

3-

u

3-fluoro-10-a

3-f 1 uor o- 10- aig?" b‘r“?“&‘ ErgEcysiof. 5(31202’7 @ﬁ?@@é?)él%ﬂtenea 5-triene;
h

4-

4-
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In step 4 of Scheme 2, derivatives of formula IV are prepared by condensing the
20  secondary amine of formula IV with an aldehyde of formula R*CHO.

Compounds of formula V bind to neurcnal nicotinic acetylcholine specific receptor sites
and are useful in modulating cholinergic function, Such compounds are useful in the treatment of
ihﬂammatory bowel disease (including but not limited to ulcerative colitis, pyoderma
gangrenosum and Crohn's disease), imitable bowel syndrome, spastic dystonia, chronic pain,

25 acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar
disorder, autisrn, sleep disorders, jet lag, amyotrophic lateral sclerosis {ALS), cognitive
dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gasfric acid
hypersecretion, ulcers, pheochromocytoma, progressive supranuclear palsy, chemical
dependencies and addictions (e.q., dependencies on, or addictions to nicotine (and/or tobacco

30 products), alcohol, benzodiazepines, barbiturates, oploids or cocaine), headache, migraine,
stroke, traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis,
Huntington's chorea, tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-infarct
dementia, age-related cognitive decline, epilepsy, including petit mal absence epilepsy, senile
dementia of the Alzheimer's type (AD), Parkinson's disease (PD), attention deficit hyperactivity

35 disorder (ADHD) and Tourette’s Syndrome, |

The compounds of formula V, and their pharmaceutically acceptable salts (hereafter
“the active compounds") can be administered via either the oral, transdermal (e.g., through the
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conmpounds of ar naceut | ca acce

(hereafter bﬁ'ﬁ‘é“@dﬁ”ﬂ%'ﬁ"‘%ﬂﬁﬂﬂﬁ%ﬁldyﬁ'@aﬁ‘ab@ 'aﬁmthﬂ"ﬂim@ whilg ingtheregses #tll or al |

tr?nrs];jer 'malt (ePged doéebrmayg:lb é%?@ﬁﬂ?ﬂb&ﬁﬁé@ﬂy e B%@Cé;ﬂfé&@%%ed 3t st&ﬁ of a
atch), intranas re are or.

'FI)'r ansder mal ahe g?sgf areiﬁ*ﬁ’ ﬂ#‘%t '?‘%??"S’r?ﬁ%f}a& ?)slgﬁgé?{"é'@s @ %H&)%% s ar e,

nmost desirably, adhenadivereathpownddosayce adminiglerag faloen abodut canbingtiong with t o

about 1504 ”Qh%écé&ﬁdélly é&é‘;ftﬁii@é&l-dérsfdr aﬁb@%ygftﬂeé&eém%s &Q@ous%dﬂ&éd day in

single or divided doses vari ations arily

dependi ng up Meraparticuadyeing ﬁ?t"’a ﬁ?J‘QR?HPﬂfl S ?ﬁ?dﬁ?mﬁtﬂ%" g awﬁ‘é@d{ﬂ"%ﬁ’fﬁ@‘ eieP’éjﬁfa@S and
t he parti cul drms,eul. ahayfmayde combihedithomrious plasmaceutitaiycaceeptatde idersaegiers iethel t hat

Is in the rangs & R80UtapQudd hraftheht 3RRMS, HhendBs, Aftkchdtd h@ld candies, powders,

sprays, creams, salves, suppositories, Jellies, gels, pastes, lotions, ointments, aqueous

20  suspensions, injectable solutions, elixirs, syrups, and the like. Such carriers include solid diluents
or filers, sterile aqueous media and various non-toxic organic solvents. In addition, oral
pharmaceutical compositions can be suitably sweetened and/or flavored. In general, the active
compounds are present in such dosage forms at concentration fevels ranging from about 5.0% to
“about 70% by welight.
25 For oral administration, tablets may contain a van'et'y of exciplents, disintegrants,
lubricating agents, and fillers.
Aqueous suspensions for oral administration may be embodied with flavor, coloring
matter, and diluent.
For parenteral administration, a solution of the active compound may be suitably
30 buffered and may be diluted with a vegetable oil or propylene glycol.
The following examples are provided for the purpose of further fllustration and are not

intended to limit the scope of the invention.
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I nvention. ano %@il?‘ﬁ’%{a'te rc?n? ﬁe/agtgro 11 nd the methancﬁ rinse were then held without

isolation for use in the next step.
Example 2
10-Aza-tricyclof6.3.1.0.2. 7idodeca-2.4,6-triene-9-one
20 The methanolic solution obtained in Example 1 (539L, 46 kg Theory) was
concentrated to a volume of 114L in reactor 1. Methanol (460L) and 25% Sodium
methoxide/methanol solution (124L) were charged to reactor 2 at 15°C to 25°C. The contents
of reactor 1 were slowly charged into reactor 2 at 15°C to 25°C. Rinsed reactor 1 with
methanol (19L) and transfer the rinse to reactor 2 at 15°C to 25°C. The contents in reactor 2
25  were stirred for 16 hours at 15°C to 25°C. The reaction was sampled and once deemed

complete, 85% phosphoric acid (20L) was added in small portions to achieve apH of 4.5to 5
at 15°C to 25°C. The contents in reactor 2 were concentrated to 148 L and water (322 L) was
then added to reactor 2 at 15°C to 25°C. The contents in reactor 2 were concentrated to
367L and methylene chloride then charged to reactor 2 at 15°C to 25°C. The contents in
30 reactor 2 were then stirred 30 minutes at 15°C to 25°C and then allowed to seitle for 45
minutes. The layers were separated and the agueous layer was back extracted with
methylene chloride (45L). The combined product rich methylene chloride layers were then
washed with water (91L). The methylene chloride layer was then charged back into a clean
reactor 2 and then concentrated to a volume of 64L. Slowly charged ethyl acetate (185 L) to
35  reactor 2 and the contents in reactor 2 were concentrated to 64L. Repeated the ethyl acetate
charge and concentrated one more time before cooling the reduced ethyl acetate product
slurry in reactor 2 to 15°C to 25°C. Granulated the contents in reactor 2 for 2.5 hours and



3- Am nonet hyl -i ndan- 1- carboxylic acid nethyl ester Afirst reactor was
charged wi - ] dl oxol an- 2-yl i dene- 3H i ndene-1-carbonjtrile 47. 3kg
223.9 m&gqog‘ﬁ%}lﬁm pal | adi um on carbon (50% water, 4. 7?&?@%’@["3‘&”&6‘] (126kg)
5 was charged to reactor 2 and cooled to OC to 5C. Added sul furic acid (22.3
kg) to the nethanol in reactor 2 at 0OCto 5C. Held this acid solution at 0C
to 5C until needed. Charged nethanol (146.5 kg) to reactor 1 at OC to 5C.
Both reactors were purged |Independently to minimze the exposure tine of

t he ketene acetal to the acid and water from the catal yst. Now charged the
met hanol /sul furic acid solution in reactor 2 to the contents in 10 reactor 1
at 0C to 5C themfitered. Hpgfilearakauas washed b sthyl assiale £34k) 9nd he peaghet dripd at

hydr ogenat i o4p°c.Thie: reeiggRinswhs168e@ et 1B9°Cl wer e t han hydrogenated at 50 psig
starting at a tenperature of 0OC and slowy ranping the tenperature up to
50C to 55C until the uptake of hydrogen ceased. The reaction was then
sanpl ed for reaction conpletion and once deened conplete, reactor 1 was
purged with nitrogen and cooled to 20C to 25C. The contents in 15 reactor 1
were then filtered to renove the spent catalyst and the catal yst cake rinsed
with nethanol (165 kg). The filtrate fromreactor | and the nethanol rinse
were then held without isolation for use in the next step. Exanple 2

10- Aza-tricvcl of 6. 3.1.0. 2. 71dodeca-2.4.6-tri ene-9-one 20 The met hanolic
solution obtained in Exanple 1 (539L, 46 kg Theory) was concentrated to a
vol unme of 114L in reactor 1. Methanol (460L) and 25% Sodi um

nmet hoxi de/ met hanol sol ution (124L) were charged to reactor 2 at 15C to 25C
The contents of reactor 1 were slowy charged into reactor 2 at 15C to 25C.
Rinsed reactor 1 with nethanol (19L) and transfer the rinse to reactor 2 at
15C to 25C. The contents in reactor 2 25 were stirred for 15 hours at 15C to
25C. The reaction was sanpled and once deened conplete, 85% phosphoric acid
(20L) was added in snall portions to achieve a pHof 4.5to0 5 at 15Cto
25C. The contents in reactor 2 were concentrated to 148 L and water (322 L)
was then added to reactor 2 at 15C to 25C. The contents in reactor 2 were
concentrated to 367L and nethylene chloride then charged to reactor 2 at
15C to 25C. The contents in 30 reactor 2 were then stirred 30 mnutes at 15C
to 25C and then allowed to settle for 45



m nutes. The |ayers were separated and the aqueous | ayer was back extracted
with nethylene chloride (45L). The conbi ned product rich nethylene chloride
| ayers were then washed with water (91 Q The nethyl ene chloride | ayer was
t hen charged back into a clean reactor 2 and then concentrated to a vol une
of 64L. Slowy charged ethyl acetate (185 L) to 35 reactor 2 and the
contents in reactor 2 were concentrated to 64L. Repeated the ethyl acetate
charge and concentrated one nore tinme before cooling the reduced et hyl
acetate product slurry in reactor 2 t0'215C to 25C. Granul ated the contents
in reactor 2 T.or 2APotess fosprapatiny\DcE@MNOFIdGdalPCT/ | B2004/ 000152 -11 then
filtered. The filter cake_was washed with ethyl acetate (34L) and the
product dried at 40C. ThB melting point was 168C to 169C. 12 1. A process
for preparing a conmpound of RL NHI R2 O conprising

hydr ogenati ng a conpound of _MRCN / ~Il RR OO wth hydrogen
gas and an al cohol having in the presence of a

hydr ogenati on catal yst an wherein said acid is sulfuric acid;
wherein R and R2 are hydRogen; and R® is C, alkyl; and a. the hydrogenation
catal yst is conprised of about 5%to about 10% of pall adium on carbon; b.

t he hydr GRIWASING RyArogenatind A gompoundabtorngla bt a wei ght ratio of catalyst to
compound of formula Il of agout 10: 90gNe. the hydrogenation catal yst is
conprised of about 50% by weight of ter; d. the nitrile group is reduced
to the correspondi ng am no gr,

with hydrogen gas and an alcohol having the formula R°0OH in the presence of a hydrogenation
catalyst and an acid wherein said acid is sulfuric acid; wherein
R' and R? are hydrogen; and R%is C, alkyl; and
a. the hydrogenation catalyst is comprised of about 5% to about 10% of
palladium on carbon;
b. the hydrogenation catalyst is present at a weight ratio of catalyst to
compound of formula 1l of about 10:90;
¢. the hydrogenation catalyst is comprised of about 50% by weight of water;
d. the nitrile group is reduced to the corresponding aminc group; and
e. the acid is present at an equivalence ratio of acid to the amino group of about
1:1.
2. The process according to claim 1 wherein
a. the hydrogenation of compounds of formula Il leads to the formation of

intermediate compounds of formula

.
R NH,

1
. COOR®

wherein R® is C, alkyl; and



e. the acid is present at an equivalence ratio of acid to the am no group of
about 1:1. 2. The process according to claim1l wherein a. the hydrogenation

of conpounds of fornmula Il leads to the formation of internedi ate conpounds
of formula RN -12 I1l 3 R2 COOR wherein R3 is Cl1 alkyl; and 13 b. the
i ntermedi ate conpounds of forrmula Il are converted into conpounds of

formula | by treatment with a base in a solvent conprising an al cohol of
formula RBOH, wherein R3 is C, alkyl, wherein said base is a Goup | netal
al koxi de. 3. The process according to cl%i m 2 wherein the internediate
conpounds of forrl teelittérmadiete compaintied formuia It erepooversd oo doopourida of W t hout

prior i Sfal'lﬁflai Y tre%tme-ll;mltl'pa‘ %@$r$a vt EB{HE)QSlﬂd%IP&I@th? cff faM%% QF@H SﬁHeFLbon

hydrogena;| Qn cat al y npri sed about 5% pal | adi um on car
is Cy alkyt, wherein sald base |s a Group I metal alkoxide .

3 The process according to claim 2 wherein the intermediate compounds of
formula lll are converted into compounds of formula | without prior isolation.

4, The process according to claim 1 wherein said hydrogenation catalyst is
comprised of about 5% paltadium on carbon.



