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4- and 6- Car bagat es reﬁﬁgm pﬂmhmpstépgwﬂﬁ,orocess and internedi ates

forsthei r pr&paration ‘and their use as nedl canents Thi s
simvention relates to 4- and 6- carbanates related to physostigm ne of

the formula I This invention relates to 4- and 8-carbamates related to physostigminel o thé lformula 1

where Rlerr] is ((Jerr]-Cerr])alkyl, cyclo((err]-Cerr])al kyl which may
be substituted with 1 or 2(Cerr]- Jerr])al kyl or at one of the
ring carbons so as to forma spj+«R¢conpound each constituent ring. of
whi ch bei ngs a cyclo(C[err]-C[E’rr])al\Q/Lﬁobi cyclQ(derr]-Jegyl )alkyl, aryl

f .
or p

. 1
A
‘.\_ /
10 Dl . NN
' ) (x,m L:; L
Ha

4

15 -

where R is alkyl, cycloalkyl, bicycloalkyl, aryl or arylloweralkyl; Rz is hydrogen or alkyl or the group

-NR:R; taken together forms a monocyclic or bicyclic ring of 5 to 12 carbons; m is 0, 1 or 2; each X is

independently hydrogen, halogen, loweralkyl, nitro or amino; and the pharmaceutically acceptable acid

adadition saits theraof, and whore applicable, the geometric and optical isomers and racemic mixtures
20 thereof. The compounds of this invention display utilily in the treatment of the cholinergic deficit found in
" Aizheimer's digease, _ ' .
Preferred compounds of formula | above are compounds of formula fa . :

28

/ SN
a /8w 1M =)
0 A Y Rz m .
e CHy CH, |
ﬁhere Ry, Rz X and m are as previously defined. '
35 Also preferred compounds of formula | above are compounds of formula Ib below

/
4
|}
\

) o "—-‘*—R, .
%0 /’ \ o
/ ﬂ

pe (Ib)
50
where R:, Rz, X and m are as previously defined.
This invention also relates to compounds of formula 1
"85 _ Thlisl ISiiiet|iIii"Bee|n RTlaced )
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aryl (Clerr]-Clerr].) al kylHOBCHSTePs2ENTA3T S defined by the formula
pnd.aryl (Clerr]-Cferr])alkyl is de¥ vme4ST/AL he fornul a

err] where in each case, Z is hydrogen, hal ogen, .
Clerr]-Cerr])alkyl, (Cerr]-Cferr])al koxy, trifluoronmethyl, nitro
“pr amno, and nis an integer of 1 to 3; Rgerr] is hydrogen or
Cerr]-Cferr])alkyl or the group F\{&err] taken together forns a
honocyclic or bicyclic carb?nsi the group [err]
II :

§ ' R3O

10 where R, is hydrogea or alkyl,R¢ is hydrogen, cyanoalkyl or aminoalkyl, and Rs is hydrogen or alkyl, which
are useful as intermediates for the preparation of the target compounds of this invention.
Additionally, this invention relates to compounds of the formula it

£

H3

N (111)

N
1 H |
20 (m -Ol'l; Rs

: where Rs is hydrogen or loweralkyl and Rs, X and m are as previously defined, which are algso useful as

i intermediates for the preparation of the target compounds of thig invention.

: 26 Throughout the specification and appended claims, a given chemical formula or name shall encompass
" - all geometric and optical isomers and racamic mixtures where such isomers and mixtures exist.

" In the above definition, the lerm "lower” means the group it is describing contains from 1 to 8 carbon
atoms. The term “alkyl” refers to a straight or branched chain hydrocarbon of 1 to 22 carbon atoms,
containing no unsaturation, e.g.. methyl, ethyl, propyl, isopropyl, 2-butyl, neopentyl, nshexyl, etc.; the term

T %0 "arylioweraikyl” refers to a monovalent substituent which conslsts of an "aryl" group, e.g., phenyl o-tolyl,
m-methoxyphenyi, et¢., as defined by the formula

as @
’
. where Z is defined below, and n is an integer of 1 to 3, linked through a loweralkylene group having its free
40 valence bong from a carbon of the loweralkylene group, and having a formula of

L)

. — loweralkylene @ .

whers Z is hydrogen, halogen, loweralky!, loweralkoxy, triflucromethyl, nitro and amino; the term “alkylene®
refers to a bivalent radical of the lower branched or unbranched alkyl group it is derived from having
50 valence bonds from two lerminal carbons thereof, 8.9.,

|
s methylene (-CH-),

sthylene (-CHzCHz-), propylens (-CH2CH2CHz-),
| is Sheet Has Been. RTlaced
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2 is at the 4- or, 6-podjoECHST BITEN@Tring; mis O, 1 or 2; each Xis

i ndependant | y hydrogen » hal ogen, (Cerr] Bﬂ%“ﬂﬂ&lk‘yl ~nitro or anino; or
t he optical isomers i ncl udi ng the 3aS-cis and 3aR-cis optical isomers or
the racem ¢ mxture; or a pharmaceutically acceptable acid addition salt

t hereof, and where applicable, the geonetric and optical "isomers and
racem c mxtures thereof. The conpou ,@‘ywﬂbi MP di spl ay utility
in the treatnment of the cholinergic deficCit found In AIz ei mer s d| sease

I\P/E)ef erred conpou mgf al eJersqpﬁ’tSno@{l&t ‘Q’Qfﬁfsﬁ é&throug ha
st preferred cq , Srgpoxy,bu!o)q
Rlerr] is (C[er r] ) rharsy&, g%:\grar ?Efrtﬂnj slé’iﬁﬂ cine, chiorine

substituted as dg z the ' tér ¥k fé ubﬁiiueat consisti or a ssturate:
aryl ((err]-Cery araéem p&%a m aJano@aﬁrﬁaaa« W6 vl barbon atoms. eld)! dyclopropy
i nvention al sQe RYysKbayl. &msmmewhd&ypéycwpm leoidobtyl, elc.. having its free valence bond from 3 carbo
[err] wher e R[ @F thd carSocklicl firt) 8dld Bycioblinll Giold méy B substikdd)with arud 2tidwRralidygibups, and it ma
-OR[err] is in tleo#fe satfstitGied MOshis tof e riad cirbade 56 1ag to Ka{ne & repird mpyuht agetconstituent ring ¢
cyano( ([ err] - C[ emnich béihg/a cyvioaliyiioh® (<O earbdns Gloms:r dnil Allekiydm "tlayclodhyl”i shalhmelancay Bicycloaliy
or (Cferr]-d err gogp haying froh i7 ¢dt 1cadorugentisdl as i nternedi ates for the
15 The compounds of this invention are prépared in the following manner, The substituents R, Rz, Rs, Ry
Rs, Rs. X and m are as defined above unless indicated otherwise.
In structural formulas depicting the compoundg of this invention, wavy fines (~v) signily that the twx
substiluents are both either above or below the average plane of the three ring system. Because ¢
_ conformational constraints, the two substituents at the 3a- and Ba-positions must be both above the averag:
20 plane or both below the average plane, Where said substituents are both above the average plane of th
threa ring system, the configuration is referred to as 3a8-cis and where both substituents are below th:
average plane of the ring, the configuration Is referred to as 3aR-cis. Throughout the specification ana th
appended claims, when lhe inventors intend to designate in a single formula (to save space) that the
compound is 3aS-cis or daR-cis, or a racemic mixture of the two, that formuia will contain wavy lines a:
25 depicted below,

' : _ N°S'N
% N (X L: L‘a

It is the intent of the present inventors to claim both of sald cis isomers, namely, 3aS-cis and JaR-cis
40 for each compound name or structural formula. It is also the intent of the present inventors to claim al
" mixtures of the 3a8-cis and 3aR-cis isomers including the racemic mixture (1:1 ratio of 3aS-cis:3aR-cis).
The B-hydroxyl precursor of the 6-carbamoy! series is synthesized ag outlined below.
Starting with a compound of formula IV (where X is h . loweraikyl, halogen or nitro) and utilizing
generally the synthetic scheme disclosed in Julian et al, J~Chem. Soc. 1935, 563-566 and 755-757), one
<5 can prepare compounds of the invention of the formula IV through XL Jullan's synthesis involvec
compounds where the benzene ring of the bicyclic and tricylic compounds had substituents attached at the
S-position while the novel eompounds of this invention are atlached at either the 4-or 6-position of the ring.
- Tha synthetic scheme is outlined below. For delalls of the optical resolution steps Involved in the synthetic
scheme, reference is made to the Julian article.{pp. 755-757) snd to ‘Schonenberger et al..(J. Med. Chem.,
so 1988, Volume 29, 2268-2273; and
Helv. Chim. Acta., 1_9§ Volume 69, 283-287 and 1488-1497).

This Sheet Has Been Re
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pr¢paration of the targq;nﬁmmmpmgpﬁ 461‘51% Apvention.

15

20

25

30

8

§5

0 conpounds of the formula |11

where Rl err] is hydrogen or (CJerr].Cerr])alkyl; the group
is inthe 4- or 6- position of the ring; and R3, X and marﬁ

CHy CH,
CH,CN .
CH30 N > CHyO N o
(x)lﬂ cHs (x, CH
(VIX) ™ (VIID)

CHZ0 ;
(x)m CH3

(1X) CH,3
BBry
Al

CHyO N N

X - CHy CHy
(XI) ' (NI1)

Compound Xii of the invention of the formula

(XII)

(x)m OHQ Ol-l;

the .6-phenol precursor of the B-carbamate, can be added to a suitable inert soivent, e.9., benzene,
tetrahydrofuran, dichioromethane, etc., which has previously been degassed. Degassing helps avoid air
oxidation. After- stiring, 1,8k-diazabicyclo{5.4.0Jundec-7-ene (herealter "DBU"), a bicyclic amidine catalyst is
added. Subsequently, an isocyanate of the formula Ri-N=C=0, where R, is as previously delined. is
added to afford compound la of the invention. This. reaction typically takes place rapidly at room
temperature over 0.5 to 2 hours.

This Sheet Has Been RTlaced '
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In the above definitionH0BCHET PATRUTAKIC er r | EFDet8AYS Atreans the group it is
describing contd3ins from1l‘'to 6 carbon atons. The . term"((err]-Cerr])"
refers to a straight or branc.hedbchai awhgrdro;%bagﬁr;rbgf 10}‘9‘322 car ?d?err]e %tgogr'rg’b NR |
cont ai ni Nng No unsat uinn| aernative gmbodifanty g Prepar : i e A
2-butyl, neopent yltakem tagether| formsacbiexsfic {ings Compaunds Xi F"t:?gpm‘)da 1'”‘?@?’\!“@“’?@"’ of ¢
a nonoval ent substi¢rm¥&nt whi ch consists of an "aryl" group, e.g., phenyl,
o-tolyl, mmethoxyphenyl, etc., as defined by the formula where Z is

defined below, &nd n is an integer of Nl 30 | iskead through a (Cerr]-
Cerr])al kyl ene group having its free M nd jfrom a carbon of the
(err]- .Cerr])al kyl ene group, and hgvin rmulfa of  (XX) -
[err] . '-_=} ==

10
and thereafter adding a cyclic amine, for example s-azabicyclots.zzln_onane of the formula

15 | N-H (XXI)

to the solution. The reaction between compound Xil and 1,1’ -carbonyldiimidazole is typically conducted

20 preparing a degassed solution of compound Xl in a suitable inert solvent such as dichiorometha

. tetrahydrofuran, etc., adding 1,1’-carbonyldiimidazole to the soiution and stirring the solution at ro:
temperature for 1 0 5 hours, The carbamation reaction is typically conducted. by, adding

azabicyclononane (cyclic amine) to the soiution obtained above and stirring the solution at room tempe

 ture for 1 to 24 hours. , .
25 The 5-bromo-8-carbamates of the invention can be prepared in the following manner.-
Compound X of the invention of the formula

CHj3
20

N7 N .

P
CHa0 CHy CH,
S

is reacted with an N-halosuccinimide, .g., N-bromosuccinimide, N-chiorosuccinimide, a halogenating ag: -
for the formula

Hal
4 -
where Hal is halogen, to attord compound Xli-of the invention of the formula
Br Fh
50
: (XIII)
N
CH30 l H l
85 | CHy CHy

T This Sheet Has Been Replaced
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whdre Z.i.s ‘hydrogen, haHekgést PATENEAET QPP RALI kyl . (Clerr]-Clerr])al koxy,

triffi uoromethyl, nitro and amno; the term"alkylene" refers .to a bival ent

radi cal of o e Cheinotcaf ok bia iR 2 Nerico SR RS ARGhard), KitknoREIELIR e prdadncs of.
mﬁﬁw J]&sz %]P NlrobénURlchAUOete. Sdt 1w tathpefalufe IV TS th BeRctml , €. 0.,
metfhyl ene Compound Xill is reacted with boron tribromide, a dealkylating agent, in a hydrocarbon of halchydrocar-
[edr] bon soivent, ©.g., dichioromethans, hexane, elc., at a temperature of abodt OF Do $02Car'1atb Eopgdis
reflers tp «'ﬁ,mw&dpemmwﬁmﬁ‘ommmonm sts of an al kyl group |inked
t hqough an et her oxygen having its free val ence bond fromthe ether oxygen,

e.d., nethoxy, ethoxy, propoxy, butoxy apgd pentoxy, the term "hal ogen”
reflers to a nenber of the ha@en fam | %onsi sting of fluorine, chlorine,
brqm ne and iodine; the term"” ~Jerr])"alkyl refers to a
nmofoval emt substituent consisti ; At ed hyd{@hr bon possessing at
| edst one carboxylic ring of tprSeTONVEINE carbon atons, e.g.; :
cydl opropyl, cyclobutyl, cyd@pentyl, 'C)N:I'ohexyl , cycl oheptyl and
cyql ooctyl, having i'ts free valence b fgym a carbon of the carboxylic
ringg. Sa'iefl cyclo((Jerr]-Cerr])al kyl group may be substituted with 1 or 2
(Cerr] - errl) ol ku grouﬁf %F):f Lot WVoEY &8 af Sosdhind dr Ind idithuidth,-REE =B wheh
- P S| y react with’D % %&é J ula A =0, whel .
Lo car vope S i Rl b o A8 B SARS  AGP P R
20 ' . Br CH3
”' ‘\R1
; xwv
' :
2s \ NGO 'i‘ H ?
N Bl CHy CHg

This reaction typically takes place in an inert solvent, i.e., benzene, efc., at ambient temperature for 05
%0 to 24 hours. R
The 4-phencl precursor of the d-carbamste series can be prepared utilizing most of the gynthetic
scheme disclosed in Julian et al. In the Friedel-Crafts cyclization step (V) to we have discovered that
there is a byproduct formed: having formula (Via) which serves as the precursor to the 4-phenol of the 4-
carbamate series.

35
HO
CH, ' (VIa)
40
N 0o
45 ca3

Subsequently, in place of the réaction step convéning the cyanoalky! derivative lo. the aminoalky! derivative,
the cyanoalky! derivative, compound XV1 of the invention of the formula
50

I ————

S5 o
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cycl oal kyl of :3 &0 8 carHBCESTaRATAELARANd t hEP DaMBANS73 Al
“bircyclo(Cferr]-C(err])al kyl" shall means a bicycl oal kyl group having from

7 to 11 carbon atons. The conpounds of this.invention are prepared -

in the followi ng manner. The substitue®OHsR e H]9 Rlerr], Rerr], Rerr],
R[err] Rlerr], X and mare as definedjabove ess indicated otherw se.

I n structural forrrul as depicting the g 4 Obag S | Nvention, wavy

lines ([err]) sisgnify that the two sfff uentfs ar ot h el(w above or

bel ow t he -average plane of the three m Because onf or mat'i onal
constraints, the two substituents at artd® 8a- positions nust. be both
above the average plane or both below the a & rage plane. \Were sai d
substituents are both above the average pla B of the three ring system the
configuration igpreferred to as 3aS- ciis and where both substituents are

bel ow t he average phyberogdtediWih amellhydtidese.g.AiumOdRiniAUTONYalido, & PdBdiNgEdedt o Afford compou
3aR-ci s. Thr oughouxvit di ehesqvertiod of @dttérmala and t he appended cl ai ns, when the
inventors intend to designate in a single-formula (to save space) that the
conmpound is 3aS-cis or 3aR-cis, or a racemc mxture of the two, that

formila will coftain wavy |ines as dep®6Hed l&_low

5.9

(XvVII)

This reaction typically takes place in a suitable solvent, e.9., tetrahydrofuran at a temperaturg of 0°C
25 50°C for 1 to 24 hours (or o refiux). ]
Compound XVII can be reacted with tormaldehyde and sodium borohydride to atford Compound X\
of the invention of the formula’

30 ~ OCH, CH,

(XVIII)

a5

CHy CH,

This reaction is typically conducted in a loweralkanol solvent, 6.g. methanol, ethanol, in the presence o
4 base, e.g. triethylamine, at a temperature of 0° C to 50° C for 1 to 24 hours.
Compound XVIUl ig then reacted with aluminum chioride or. boron tribromide to aﬂord compound Xlx
the invention of the formula

45

| ]
CHy CHj

the 4-phenol immediate precurser of the 4-carbamoyi target compounds of this invention.

§5 Compound XIX is reacted in the same manner as the 8-phenol precurser. i.e., with DBU in degas:
benzene and then an isocyanate of the formula Ri-N=C=0 10 atford Compound Ib of the invention,
- The compounds of formula | of the present invention are usetul in the trestment of various mem
dysfunctions characterized by decreased cholinergic function, such ag Alzheimer's disease.

8.
This Sheet Has Been Replaced
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[drr] .. oot i sHEBEEST AAERNTARI 4@METHALsent inventors to clai m both

off said-ci s | somers, narrely 3aS-cis and 3aR-ci's for each conmpound nane or .
stf-uct ur al aim
alf i xtur e m‘; %g;ﬁﬁﬁ f%?mmg%aé%% RAFEER sy B B cincel
mxture ( -c The 6- hydroxyl precursor of

6 car ta‘rorﬁ | heS| zed as outlined bel ow. Starting
a go X 'ﬁﬁbm E%Q (where X is hydrogen, (([err]- C6)alkyl,

~hel 096“ O Nisioifsterish di Touhd infdUGhBRNAS Bicyybdt 15/ Braii Gihd T SeEGweRbr. SRy (S @N
lian et gawienolinbsiéiade (AURE) disifibutionl %3 Borrelafed- HIG canral oHolinerbls 7inervatios. THig) same

_ par e CQqhreAstidA Ss fubgdstad td suwaakenedin zhéilner fatentea Nserdiore, tshecificimhibitsis lof Braih IAGKE S

synt hesi s (asuposedcho Carupothotihpstorase) @illt ghe liserta dever rsida pHedts ardcthusi lower haxisitya thein

trji cyl i @ qpppsastigmite (wadnspetifc tohtlinestarase dnhibitohoVe htvetdeterrgnedos ivitrd inhibitidn dtcecetifle

el conyubelinelterask achvite in 13l Briatuny Recardiag 4o thaoneibd desasibachaiow; Resulty_of geme of the

6-Jposi t i-oreompountecof tiigioventiph as weliae those of physhdigming srepresonteddniTadIlow. For detail s

off t he optical resol ution stePs i nvolved in the syntheti ¢ schenme, reference
, S made t dn ¥iteo inhibition ot-Acetyighalineste jgrase Activity in Rat Striatum

Acetylcholinesterase (AChE), which is sometimes called true or specific cholinesterase, is found in
nerve cells, skeletal muscle, smooth muscle, varlous glands and red blood celis. AChE may be. distin-
guished from other cholinesterases by substrate and inhibitor specificities and by regional distribution. its
distribution of the brain correlates with cholinergic Innervation and subfractionation shows the highest level

20 in nerve terminals.

It is generally accepted that the physiological role of AChE is the rapid hydrolysis snd inactivation of
acetylcholine. Inhibitors of AChE show marked cholinomimetic effects in cholinergically-innervated effector
organs and have been used therapeutically in the treatment of glaucoma, myasthenia gravis and paralytic
ilous. However, recent studies have suggested that AChE inhibitors may aisc be beneficial in the treatment

25 of Alzheimer's domentia.
' The method descrided below was used in this invention for assaying anticholinesterage activity. This is
a modification of the method of Eliman et al, (Biochem. Pharmacol. 7, 88 (1961)).

Procedure
A. Reagents

1. 0,05 M Phosphate butfer, pH 7.2
(a) 6.85.g NaHz2PO. eH, 0/100 mi distilled H, O
a3s  (b) 13.40 g NaaHPOQ.e7H,0-100 mi distilled H20
(c) add (a) to (b) until pH reaches 7.2
(d) dilute 1:10
2, Chromogen-substrate buffer
(a) 9.9 mg 5,5-dithiobisnitrobenzoic acid (DTNB) (0.28 mM)
40 (b) 99 mg_ s-acetylithiocholine chleride (5 mM)
’ {¢) q.s. to 100 mi with 0.05 M phosphate buffer, pH 7.2 (reagent 1) _
3. For most assays, & 2 mM stock solution of the test drug 18 made up in & suitable solvent and serially -
diluted such that the final concentration in the preincubation step ranges from 1073 to 10~%M. Different
concentrations may be used depending on the potency of the drug.

- 8. Tissue Preparation

‘Male Wistar rats are decapitated, brains rapidly removed, corpora striata digsected froe, weighed and

homogenized in 19 volumes (approximately 7 mg protein/ml) of 0.05 M phosphate buffer, pH 7.2 using a

50 Potter-Elvehiom homogenizer. A 50 microliter aliquot of the homogenate is added to 50 microliter vehicle of
various concentrations of the test drug and preincubated for 10 minuteg at room temperature.

C. Agsay

55 {. For routine 1ICso determinations the Abbott Bichromalic Analyzer, ABA-100, is used 0 determine
acetylcholinesterase activity.
instrument settings
Filter: 450-415

This Sheet Has Been Replaced
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755- 757)amd to Schonenber@ggﬂvé‘tPHE‘ITAB(‘J Med. Chem, 1986 Vol une 29, 2288-
2273; and Hel v.

[err]
[err]

10

15

96

Chim ‘Acta., 1986. Vol ueERS0 480878 #87 and 1486- 1497) .
6

2 NH2
incubation temperature: 30° %CH

Decimal point: 0000 - .

Analysis time: § minutes

Carousel Revolutions: 3

Reaction diraction : down

‘Reaction direction : andpoint

Syringe plate: 1:101 dilute

Foilowing the 10 minute premcubanon of the tissue (enzyme) with the inhibiter, the samples sre mixed
with the substrate chromogen butfer by the ABA-100. Using the indicated instrument settings the ABA-
100 automatically reads the color reaction and piints out the results in en2yme units after 15 minutes.

2. The enzymae sctivity can aiss be measured with a Gilford 250 spectrophotometer. This methed is used
for more accurate kinetic measurements,

Instrument settings

Lamp: visible

Fitter: : no filter

Wavelength: 1] 412nm

Slit width:' 0.2 mm

Selection: small aperture '
Calibrated absorbance: | 1.0 unit full scale .
Chart spaed: " 0.5 cm/min. '

~ Reagents are added to the reference and sample sids of g split curvette as follows:

Reference : | Sample
0.8 ml 0.05 M phosphate buffer - 0.8 ml 0.05 M phosphate buffer
0.8 mi Chromogenrgubstrate butfer 0.8ml Chromogen-gubstrate buffer
~ 10 microliter enzyme (lissue homogenate)

The unhibited activity of the enzyme (issue homogenate) is first determined. Test drugs are made up in
a.suitable solvent and added in suitable dilutions to the buffer vehicle. The reaction rate is determined by
the slope of the recorded absorbance change. The- actual rate (moles/iter/min) csn be calculated as
described In the following formula
rate (moles/iter/min) = slopa/(1.38x10%)

Inhibition of Brain Acetycholinesterase Activity

This Sheet Has. Been- Reﬁ
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Dega55| ng hel ps avoi d KOBCHYXPARENT kBT, 4% §73rAlsti rri ng,
.1,8:di azabi cycl o[ 5. 4. 0]Jundec-7-ene (hereafter "DBU"), a bicyclic am dine
cat aI yst I s added. Subsequently, an isocyanate of the formul a
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react ed anWI ,k , 1' -carbonyl dii m dazol formu

Acids ussful for preparing the pharmaceuucally acceptab!a acid addition salts of the invention include
inorganic acids such as hydrochioric, hydrobromic, sulfuric, nitric, phosphoric and perchloric acids, as well

10 as organic acids such as tartaric, citric, acetic, succinic, salicyclic, maleic, fumaric and oxalic acids.

The active compounds of the pregent inventicn may be administered orally, for example, with an inert
diluent or with an edible carrler. They may be enclosed in gelatin capsules or compressed into tablets. For
the purpose of oral therapeutic administration, the compounds may be incorporated with excipients and
used in the form of tablstls, troches, capsules, elixirs, suspensions, syrups, waters, chewing gums and the

15 like. These preparations should contain at least 0.5% of active compound, but may be varied depending
upon the particular form and may convaniently be between 4% to about 75% of the welght of the unit. The
amount of compound present in such compositions is such that a suitable dosage will be abtained.
Preferred compositions and preparations according to the present invention are prepared so lhal an oral
dosage unit form contains between 1.0-300 mgs of sctive compound.

20 The tablets, pills, capsules, traches and the like may also contain the following ingredients: a binder
such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or iactose, a
disintegrating agent such as alginic acid, Primogel®, corn starch and the like; a lubricant such as
magnesium stoarate or Sterotox®:; a glidant such as colioidal silicon dioxide: and a sweetening agent such
as sucrose or saccharin or a flavoring agent such as peppermint, methyl salicylats, or orange flavoring may

25 be added. When the dosage unit form is a capsule, it may contain, in addition to materiais of the above
typo, a liquid carrier such ag fatty oil. Other dosage unit forms may contain other various materialg which
modily the physical form of the dosage unit, for example, as coatings. Thus tablets or pilis may ba coated
with sugar, shellac, or other enteric coating agents. A syrup may contain, in addition lo the active
compounds, sucrose as a sweetening agent and certain preservatives, dyes and colorings and flavors.

30 Materials used in preparing these various composmons should be pharmaceutically pure and non-toxic in

- the amounts used.

For the purpose of parenteral therapeutic administration, the active compounds of the invention may be
incorporated into a solution or suspension, These preparations should contain at least 0.1% ot the aforesaid
compound, but may be varied between 0.5 and sbout 30% of the weight thereol. The amount of active ;

a8 compound in such compositions is such that a sultable dosage will be obtained. Preferred compositions and ;
preparations according lo the present invention are prapared so that a parenteral dosage unit contains
betweon 0.5 to 100 mgs of active compound.

The solutions or suspensions may also include the following components; a sterile diluent such as water

. for injection, saline solution, fixed oils, polyethylene giycols, glycerine, propylens glycol or other synthetic

- 40 solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid

or sodium bisulfite; chelaling agents such as ethylenadiaminetstraacetic acid; buifers such as acetates,
citrates or phosphates and agents for the adjustment of tonicity such as sodium chioride or dextroge. The 1
parenteral preparation can be enclosed in ampules, disposable syringes or multiple doss vials made of
glass or plastic.

45 Examples of the compounds of the invention include those listed below as well as the 3aS-cis and 3aR-
cis isomers thersof and racemic mixtures of The 3aS-cis and 3aR-cis isomers.
¢is-{+)-5-chioro-1,2,3,32,8,8a-hexahydro-1,3a,8-frimethyipyrroio(2,3-blindol-6-yi methylcarbamate;
{3aS-cis)-5-bromo-1,2.3,3a,8,8a-hexahydro-1,33.8-rimethyipyrrolo]2,3-bjindol-8-yl methylcarbamate;
(3aS-cis)-1,2,3,3a,8,8a-hexahydro-1,3a,6-trimethylpyrrolo[2,3-blindol-6-y| methylcarbamate;

so (3aR-cis)-1,2,3,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo[2.3-blindol-8-yI methylcarbamats;
(3aS-cis)-1.23,3a.8.83-hexahydro-1.33,8-trimethylpyrrolof2,3-blindal-4-yt methylcarbamate;
(JaR-¢ig)-1,2,3,32,8.8a-hexahydro-1,3a 8-Irimethypyrroln[2,3-blindol-4-yl methyicarbamate:
cis-(=)-5-bromo-1,2,3,33,8,82-hexahydre-1,3a,8-trimethylpyrrolof2.3-bjindol-4-yl methyicarbamate;
cis-(2)-1,2,3,32,8,8a-hexahydro-1,3a,8-trimethylpyrroic[2,3,blindol-8-y! benzyicarbamate;

55 cis-(2)-1,2,3,3a,8,8a-hexahydro-1,3a,8-rimethylpyrrolo{2,3-blindol-B-y! n-heptylcarbamate;
cis-(z)-1,2.3,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo{2 3-bJindol-8-yl 3-chlorophenylcarbamate;
cis-(2)-1,2,3,3a,8,83-hexahydro-1.3a,8-trimethylpyrrolo[2,3-bjindol-4-yl n-heptylcarbamate.
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dissolved in isopropy! ether sohd product 2. methyl-propanamide, m.p.
10 §5-58°C, crystallized from this solution. ~

-~

Analysis: . -
Caleulated for Ci1Hi« BrNOz: l 48.55%C | 5.19%H | 5.15%N" : i T

15 Found: 48.52% 522%H | 5.10%N

_— : i
EXAMPLE 2
1,3-Dlhydro-s-hydroxy-1.s-dlmelhyl-zl-l-lndol-a-one

To a 3-neck 1-liter round bottomn flask equipped with a mechanical stirrer, addition funnel and
condenser and purged contintously with nitrogen, was added anhydrous AICl (112 g), followed by 160 mi
ot t.2-dichiorobenzene. The system was heated in an oil bath preset at 145°C. When the internal
temperature roached ~ 130°C, 2-bromo-N-(3-methoxyphenyl)-N-methylpropanamide (85.5 g). was added
dropwige over a period of 15 minutes. After complote addition, the addition funnel was rinsed with 1,2-
dichlorobenzene and added to the hot reaction mixture. After 2 hours at 145° C. the mixture was cooled to
room tomperature and then quenched into a stirred mixture containing 450 ml of concentrated HCI and 1.5
kg of ice. The reaction flask was rinsed with 500 mi of methylene chioride and added to the mixture which
was then sticred for an additional 10 minutes, The mixture was filtered through a pad ot Celite which was
subsequently washed well with dichloromethane (DCM hersatter). The filtrate was poured inta a separatory :
funnel. The organic phase was collected and dded over NaaSO.. The solvent wag eveporated and the N
residual oil was purified by sifica column chromatography (1% MeOH/DCM). This yield a crude soiid (28 g)
which was recrystallized from methanolether to give 4.75 g of a powder, 13-dihydro-6-hydroxy-1,3-
dimethyl-2H-indol-2-one, m.p. 178-177°C. A second crop of product (19.6 g) was obtained from 8
recrystallization of the mother liquor solid bringing the total. yield of the reaction to 24.35 g.

g

s

Analysis:

Calculatad for Grok11NOz: | 67.77%C | 8.27%H | 7.91%N
Found: 67.56%C | 6.24%H | 7.87%N

EXAMPLE 3
«s 1,3-Olhydro-6-methoxy-1,3-dimethyl-2H-indol-2-one

A slurry of 1,3-dihydro-G=hydroxy-1,3-dimethyl-2H-indol-2-one ({56.8 g), milled potassium carbonate

(85.9 g) and MPLC grade acetons (420 ml) was mechanically stirred at room temperature as dimethyisulfate

" (44.1 g) was added dropwise. The addition funnel was replaced with a condenser and the slurry was

so refluxed for S hours. The K;COs was filtered off and washed well with acelone. Acetone was evaporated

and the residue was purified by Kugelrohr distillation to yield 37.2 g of an oil. The oil was dissoLVed in 7§

mi of ether and placed in the refrigerator whers, upon standing overnight. it solidified yielding 31.3 g of 1.3
dihydro-é-methoxy-1,3-dimethyl-2H-indol-2-one, m.p. 44-46° C.

§5 -
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s, . ConpoipRGHSYI PATENTARE. ihawsptAon of the formula
IS reacted wi th an N-hal osuccinim de, e.g.

N-chl or osucci ni ni de, a hal ogenati ng agent, of the

Hat— TS fratoygem, iy iJ,ur (oma
conpound xI | the formil
Caiculated for CivH:aNO2: | 698.09%C | 8.85%H | 7.32%N
Foung: 68.91%C | B8.71%M | 7.28%N

EXAMPLE 4 _
3-Cyanomethyi-1,3-dihydro-6-methoxy-d1,3-dimethyi-2H-indol-2-one

1,3-Dihydro-8-methoxy-1,3-dimethyl-2H-indol-2-one (16.4 g) and iodoacetonitrile (6.7 ml) were dissoived
in dry ethanol (125 mi) and stirred while sodium ethoxide (5.8 g, 32 ml of a 21% by wt solution in
tetrahydrofuran), was added dropwise. Alter the addition was complets, the mixture was refluxed for 3
hours. The ethanol was removed under reduced prassure and the residue wa partitioned between ether and
water. The ether layer was dried over N3z SOs and concentrsted to a residue which was purified by Prep
500 chromatography (DCM) to yieid 13.2 g of the product as an oil. Trituration with sther ylelded 104 g of a
solid, 3-cyanomethyl-1,3-dihydro-8-methoxy-1,3-dimethyl-2H-indol-2-one, m.p. 107-108°C.

Calculated for C|3H4N20 87.81%C | 6,13%H | 12.17%N
Found: 87.75%C | 8.03%H | 12.13%N

EXAMPLE §
E(a-aminoethyl)d.a—dlhydro-e-memoxy-1.a-dlmethyl-zH-fndol-z-one sallcylate hemlhydma

3-{Cyanomethyi)«1,3-gihydro-8-methoxy-1,3-dimethyi-2H-indol-2 -one (3 g) was dissoived in methanol
(35 mil) and concentrated HCI (4.4 mi). This solution was combined with 10% PtOz2 (0.1 g) and hydroge-
nated under 50 psi for 2 hours. The methanol was removed under reduced pressure and the residue was
dilutec with 35 mi of ice cold water and 2.5 mi of 50% NaOH. The product was extracted with CHaClz, dried
with MgSQOs and evaporated to an cil. This oit was purified by Prep 500 chromatography (10% MeOH/DCM)
to vield 2.5 g of an oil. The salicylate was pracipitated from an ether solution to give 3.3 g of product 3-(2-
aminoethyi)-1,3-dihydro-8-methoxy-1,3-dimethyl-2H-indoi-2-one saficylate hemihydrate, m.p. 160° C.

Analysis:
Caleulated for C1aHi1gN2O2*CrHs 03 °0.5H0: | 62.97%C | 6.62%MH | 7.25%N
Found: 83.22%C | 6.56%H | 7.30%N
EXAMPLE 6

cia-{2)~1,2,3,3a,8,8a-Hexahydro-8-methoxy-3a,8-dimethylpyrrolo[2,3-b]indole fumarate

3+(2-Aminosthyl)-1,3-gihydro-8-methoxy-1,3-dimethyl-2H-indol-2-one. (52 g} was dissolved in ethanol
(1.5 1) and heated to reflux under nitrogen. Sodium metal (= 75 g) was added in small chunks over 1/2 hour.
After all the sodium had reacted. the mixture was refluxed for an additional 15 minutes. Ethanol was
removed under reduced prassure. The residue was diluted with H20-(1.5 1) and exiracted with CHeCla (2.5
). The CH2CJa solution was dried and evaporated. The residue was purified by Prep 500 chromatography
(3% MeOH/DCM) to give 17.7 g of an oil. The fumarate was precipitated from MeOH/ether to give the solid,
cig-(x)-1,2.3,3a.8,8a-hexahydra-8-methoxy-3a,8-dimethylpyrrolo[2,3-b] indole fumarate, m.p. 178-177°C.

Analysis:
Calculated for CyathaN20°CaHeOa: | 61.07%C | 6.63%H | 8.38%N
Found: 80.84%C | 6.71%H | 8.26%N
“islflliietlliiilﬂiﬂn Rei
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[err] . Thi gcggfptp Jy[pl cally takes place in a | oweral kanol
.sol vent, e. g met hano or-et- ~~Hin the presence of a catalyst, e.g.
hydrogen brom de or hydrogen chloride, at low tenperature for 0.5 to 24

hg PLE 7 Compound XII'l is reacted with'boron tribronide, a dealkylatingj:":.
A% &W.iﬁ'safhlsaméqmﬁwﬂlmgﬁy-hﬂ @Gwraawalmaahmma di chl or onet haney 1. ..
C|s-(z)-1.2.3.3a.8.Sa—Hexahydro—s-metho:ty-aa.a-damethylpyrroloIZ.s-b] indole (12 g) was dissolved in .

s methanol (250 mi) with triethylamine (20 ml) and 37% aqueous formaldehyde (28.6 ml). The mixture was _ !..'
stirred at room temperaturg for 1/2 hour and then cooled to 0*C. Sodlum borohydride (8.6 g) was added e

slowly in portions. Akter one hour, the mixture was concentrated on the rolary evaporator. Hydrochioric acid
.(2N) was added In sufficient amount to dissoive the residue. This acidic solution was extracted again with
ether, basified with saturated aqueous Na:COs, and extracted with ether. The residue was purified using

10 Prep 500 chromatography (5% MeOH/DCM) to yield 9.8 g of an oil, cis-(z)-1,2,3,3a,8.8a-hexahydro-6-
methoxy-1,3a,8-trimethylpyrrolof2,3-bjindole. The fumarate, mp 138-139°C, was precipitated fom a
methanol/ether solution.

5 : Analys_i_s:
Calculated for CyaHaoNeO"CaHaOu: | 62.05%C | 6.94%H | 8.04%N
Found: 62.20%C | 7.10%H | 8.07%N

EXAMPLE 8 ,
cls-(2)1,2,3,3a,8,6a-Hexahydro-1,3a-8-trimethyipyrrolo{2,3-blindol-8-ol-lumarate

cis-(2)-1,2.3,3a.8,8a-Hexahydro-6-methoxy-1.3a.8-trimethylpyrrolo {2.3-b]mdole {5 g) was dissolved in
DCM (S0 ml). This solution was added to a solution of BBrs (32.4 ml. 1M in DCM) which was stirred at 0°C
under nitrogen. The mixture was stirred for 1 hour and then quenched with 150 mi of a saturated NaHCOs
solution added dropwise. An additional 300 .mi of saturated NaHCOs was added and the mixturo was
extracted with- 4:1 CHCly-isopropy! alcohol (“IPA" hereafter). The organic extracts were dried (NazSO.),
litered and evaporated to yield a solid. The solid was dissolved in CHCly and a small amount ot silica gel
was added. The siurry was stirred at room temperature under Nz for 10 minutes. The mixture was filtered
and the fillrate was decolorized with activated charcoal and evaporated to 2.3 g of an oil. The fumarate (400
mg) was precipitated from MeOH/ether yisiding a solid, cls-(2)-1,2.3,3a.8,8a-hexahydro-1,3a,8-
trimethyipyrrolo{2,3-bjindol-6-0l furnarate, m.p. 193-194°C,

s Analysis:

- Calculated for CiaHvaN20*CoHsOs: | 81.07%C | 6.63%H { 8.38%N
Found: ' 80.78%C | 885%H | 8.17%N

EXAMPLE 9
cls-(:)-1.2.3.33,8.8a-ﬂexahydro-1.sa.e-mmelhylpyrrolo[z 3-blindol-6-yl methylcarbamate salicylate

cis-(2)-1,2.3,3a,8,8a-Hexahydro-1,3a.8-trimethylpyrolof2,3-blindol-8-0l (1.5 g) was added to degassed

5 - benzens (150 mi). After 5 minutes of stirring at room temperature, 1,8-diazabicyclo(5.4.0]undec-7-ene

(hereafter "DBU") (0.1 ml) was added to the mixture. Methyl isocyanate (0.9 mi) was subsequently added

very -slowly (in several portions) over a period of 1.5 hours. The benzene was evaporated and the residue

was purified using Prep 500 chromatography (5% MeOH/DCM) to yield 1.15 g ot an o:l The salicylate (920
mg), m.p. 148-148° C, was precipitated from dry diethyl ether. .

Analysis:

Calculated for CisHz 1 Na0O2°CyHsOs: | 63.91%C | 6.58%H | 10.16%N
. FPound: 84.31%C | B8.43%H 10.20%N -
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; terrperature of ahout O[eE(HkE PUPENIRRETS ddd S79a11 toO 24 hours to afford
' .Canpound XV of the ' invention of the fornula . [err]
S (XY) Conmpound xiv can subsequently react with DBU and an
isocyanat EXAMPLER fornula R err]-N=C=0O, where Rferr] is as previously
def i ned, t(@-@amﬁ)-mmmmuwm-t Bap8-trimethyipniroloi?.3dlinddié-vl o(Rhid-methyibenzyl)-

Br carbamate sﬁale [err] _ Thi s
- reaction typlcallx t akes place in an inert solvent, i.e., benzene, etc., at
anbient$s = cis-{z)}1,23,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolof2 3-b]mdol-6-ol (1 g) was added to dsgassed

benzene (150 mi). Alter S minutes of stirring at room temgerature, DBU (0.1 ml) was added to the_mixture,
(R)-( + )-a-methylbenzyl isocyanate (0.66 mi) was added siowly dropwise and the reaction was complete in
1/2 hour. The benzene was evaporated and the residus was purified using Prep 500 chromatography (5%
MeOH/OCM) to vield 0.68 g of an oil. The product, (2)-(3aR"82S"-1.2.3,3a.8,8a-hexahydro-1,3a.8-

10 trimethylpyrrolo(2,3-blindol-8-y| (R)-(uomethyl-benzyl)carbamate salicylate, m.p. 119-120°C (0.72 g) was
precipitated from dry diethy! ether.

Anglysis:

15 Calculated for C2aHa7 N3 O2°CrHe O3 |- 89.17%C | 8.61%H | 8.34%N
Found: 69.12%C | 6.31%H | B.36%N

i

EXAMPLE 11
{2)-(3aR*,3a8")-1,2,3,3a .B.Ba-Hexahydrod,Sa.a-trlmelhylpyrrolo {2,3-blindol-B-yi (S)-(a-methylbenzyl)-
carbamate salicylate

20

cis-(¢)-1,2,3,38,8,8a-Hexahydro-1,3a,8-trimethyipyrrolo{2.3-b] mdol-6-ol(1 g) was added t0 degassed
benzene (150 ml). After 5 minutes of sfirring at room temperature, 08U (0.1 mi) was added to the mixture;
(S)-(-)-a-methylbenzy} isocyanste (1 mi) was added slowly dropwise. The reaction was complete in 1/2 hour.
The benzene was svaporated and the residue was purified using Prep 500 chromatography (5%
MeOH/OCM) to yield 0.78 g of an oil. This product was combined with another lot of identically prepared
material, which was found to be pure by thin iayer analysis. The salicylate of the combined product was
precipitated from dry diethyl ether giving a salt, £)-(3aR",835%-1.2,3,38,8,88-hexahydro-1,3a,8-

25

- _ trimethyipyrrolof2 3-blindol-6-yl (8)-(a-methy|ben2y4)carbamaie salicylate, m.p. 118-118°C,
Analysis:
- Caleculated for Cz2Hz7N3O2*CrHe0a: | 69.17%C | 881%H | 8.35%N
Found: 69.17%C | 6.865%H | 8.28%N
EXAMPLE 12 : : '
- 4 cis-(£)-1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrroio]2,3-b}indol-6-yl cyclohexyl carbamate sallcy-
late -

cis-(z)-1,2,3,3a,8,8a-Hexahydro-1,3a 8-trimethyipyrroio(2,3-b Jindol-6-0l (1 g) was sdded to degassed
benzene (150 mi). After 5 minutes of stirring at room lempersture, DBU (0.1 mi) was added to the mixture.

45 Cyclohexy! isocyanate (0.76 mi), was added siowly dropwize ang the reaction was compiete in 1/2 hour.
The benzene was evaporated and the residue was purified using Prep 500 chromatography (5%
MeOH/DCM) to yield 0.80 g of an oil. The product was combined with another lot of identically prepared
material, which was found to be pure by thin layer analysis. The salicylate of the combined product was
precipitated from dry diethyl ether and recrystallized from ElQAc/hexans to yield the product, cis-(z)

so0  1,2,3,3a,8,8a-hexanydro-1.3a B-tnmemylpyfrob{a 3-b) indol-8-yl cyclohexyl carbamate salicylate, m.p. 156-

156°C.
Analysis: . '
56 Calculated for CzoH2sN3 02" CrHs O3t | 87.34%C | 7.33%H | 8.73%N . i
Found: 86.97%C | 7.25%H | 8.80%N :

i
i
i
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terrperature for 0.5 t o NtORETENT ABT,

9 The 4-phenol precursor~ {?3(914 carbamate series can be prepared *
. ut|I|2|ng nost of the synthetic schene disclosed in Julian et al In the:
Friedgl, 155 cyclization step (V) to (VI) we have discovered that there
s 2 g Sh 5864l 24138 B-rleYibyrolold 08B 058! afdioy@idisi2YindRafiitl” SO" 1 ©
[ er r |—————tva) REPLACENENT SHEET 10
§ cis-(£)1.2,3.3a.8,8a-Hexahyaro-1,38.8-rimethylpyrrolo[2.3-blindol-8-of (2 g) was dissolved in dry degas- '

sed dichloromsthense. 1,1 Carbonyldumldazole (1.84 g} was added in one portion. The mixture was stirred
for 1/2 hour at room temperature under Ne. 3-Azabicyclo(3.2.2]nonane (1.7 g) was added and the mixture
was stirred at room temperature overnight under nitrogen. The solution was evaporated and the residue was
purified using Prep 500 chromatography (3% MeOH/DCM) to yield 1.25 g of the product as an oil. The
10 fumarate was precipitated from MeOH/ether to yield 0.82 g of a solid. This material was combined with 0.8
g of product from another lot of identically prepared materlal, ‘which was found to be pure by thin layer
analysis. The combined material was recrystallized tfrom methanol to yield the product, cig-(2)1,2,3,38.8,8a-
Hexahydro-1,3a,8-trimethylpyrrolof2,3-bjindol-8-yl 3-[3-azabicyclo[3.2.2.lnonanelcarbamate fumarate, m.p.

163-154°C.
5
Analysis:
Calculated for CaaHa1N3O2°CeHeOs: | 84.31%C | 7.27%H | 8.65%N
Found: 84.356%C | 7.18%H | 8.59%N
20
EXAMPLE 14 .
els=(2)-1 ,2,E3a.8;8a-Hexahydro-1 »3a.8-trimethylpyrrolo[2,3-blindol-8-yl phenyl carbamate fumarate
% Cig=(2)-1 2.3.38.8.8a-Hexahydro-1 3a,8-trimethyipyrrolo[2,3-bjindol-8-0l (3 g) was dissolved in THF (200
mil). DBU {1 ml) was added followed by phenyl isocyanats (2.1 ml). The mixture was stirred at room
temperature under nitrogen overnight. The solvent was removed under reduced pressure and the residue
was purified using Prep 500 chromatography (3%MeOH/DCM) to yield 1.3 g of an oil. Thig oil was dissolved
20 in a small samount of methanol. Fumaric acid (0.49 g) was algo dissolved in methanol and wag added to the
_ free-base in solution. Upon addition of ethyl ether, the product crystallized out of salution to yield 1.2 g of
solid, cis~(¢)-1,2,3,3a.8.8a-Hexahydro-1,3a,8-trimethyipyrrolo[2,3-blindol-6-yl phenyl carbamate fumarate,
m.p. 180“C.
35 : Analysis:
Calculated for CaoHaaN3O2°CsHiOs: | 63.57%C | 6.00%H | 9.27%N
Found: 63.14%C | 6.11%H |. 9.13%N
40
EXAMPLE 15

- CIs-(2)-5-Bro mo-1.2.3.u.&n-nexahydro-s-methoxyd.&.&ulmethylpyrmtotz.s-b]Indole fumarate

cig=(¢)-1,2.3,3a,8,8a-Hexahydro-6-methoxy-1,3a,8-trimethylpyrrolo[2,3-b)indole (21.2 g) dissolved in

¢s mathanol (200 mi) and 48% HBr (0.5 ml) was treated with N-bromosuccinimide (17.9 g) in several portions

at 0° C. Alter one hour at room temperature, the solution was evaporated and the residus was purified by

Prep 500 chromatography (3% MeQH/OCM) to yield 13 g of an oil. The oil (2 g) was dissoived in methano)

and a concentrated solution of fumaric acid (0.82 g) in methanol was added dropwise. The product salt (1.8

g) precipitated out of solution upon addition of ethy! ether. Recrystallization from methanol yielded 1.4 g of

so the pure product, cis-{2)-5-bromo-1.2,3,3a,8,8a-Hexahydro-8-methoxy-1,3a a-lnmathylpyrrololz 3-blindole
fumarate. m.p. 177-178°C.

Anslysif_:

56 Caleculated for CieHy9BrN20"CeHsOc: | 50.80%C | 5.43%H | 6.56%N
: Found: 50.69%C | 549%H | 6.50%N

his Sheet Has Been RTlaced
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Subseguent |y,
.derivative to the am n
conpound XVI

[err]®

hydri de, FG-RErdad1,58658)8a-hekshyaliol Riad-tRmEBgiiYoie(?,bblivtlosbE | Nvention of the

fornmul a
(XVI1)
e.g.,

I HOECHST PATENTABT. ©69.43952200 . S.19
I n, place 0, converting the cyanoal kyl
gdﬁfcﬁs’q]?é%@?@;t |‘@§%I7$%é cyanoal kyl derivative,
of thelnventlon of the fornul a '
hydri de,

EXAMPER 192€ reacted with a netal e.g. lithium alum num

[erri

* cisHa]-$BIOMBA 12308, Ba-RbxaRYdloyE- MR -1 B, B GiteinpyiroR[2 3 tiiticle Bl ) Gk dis-

§ etsbiadtyin 9T DOMAROG In) and idBePerbpviiser=e 008 1o0d Sirred olubien & @BAIiN PCMI (800 ). tThe 24

hour s ( Ormiktare we$ Watpd to room temperature and stirred overnight under nitrogen, The mixture was quenched

4

1S

I T T T & Y P AT N O W S i o Ca e

with aq. Na2CO» and aq. NaHCOy until basis at 0°C, The organic layer was dried and evaporated to foam
(10 g). The IR, NMR and Mass Spectra conlirmed the purity and identity of this product.

EXAMPLE 18 .
cig-(2)-5-Bromo-1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo[2,3-blindol-6-yl methyl carbamate
sesquifumnarate -

cis-(2)-5-Bromo-1,2,3.33,8,83-Hexshydro-1,3a.8-trimethylpyrroio{2,3-bjindol-6-0l (2.4 g) was added to a
solution of DBU (1.3 ml) in benzene (200 mil). Methyl isocyanate (0.71 mi) was subsequently added
dropwise. The mixture was stirred gvernight at room temgerature under Na. The solution was evaporated
and the residue was puritiod by Prep 500 chromatography (1% TEAS% MeOH/84% DCM) to yield 1.1g of
an oil. Fumaric acid (0.36 g) in methanol was added 1o the oil which was also dissolved in methanol. Upon
addition of ethyl ether, the product sakt (0.860 g), precipitated out of solution. This product was combined
with 800 mg of another lot of identically prepsred material, which was found to be pure by thin layer
analysis. This combined product was recrystaliized from methanol to yield 800 mg product, cis-(z)-bromo-
1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo[2,3-b)indol-6-yl methyl carbamate sesquifumarate, m.p.
180°C.

Analysis:
Calculated for CisHzoBrNaOg * 1.5CeHe Os; | 47.73%C | 4.97%H | 7.95%N
Found: | 47.72%C | 499%H | 7.91%N
EXAMPLE 17

1,3-Dihydro-4-hydroxy-1,3-dimethyl-2H-indol-2-one

To a 3-neck {-liter round bottom flask equipped with a mechanical stirrer. addition funnel and
condenser and purged with nitrogen, was added anhydroug AICl; (256.5 g) followed by 380 ml of 1.2-
dichiorobenzene. The system was heated in an oil bath preset at 145°C. When the internal temperature
reached approximately 130°C, 2-bromo-N«(3-methoxyphenyl)-N-methyl-propanamide (150 g) was added
dropwise. After complete addition, the addition funnel was rinsed with 1.2-dichlorobenzene and added to the

hot reaction mixture, After 2 hours at 145°C, the mixture was cooled to room temperature and then

quenched into a stimed mixture containing 1 liter of concenirated HC! and 3 kg of ice. The reaction flagk
was rinsed with a few milliiiters of CH:Cl> and added to the mixture which was stirred for an additional ten
minutes. The mixture was filtersd through a pad of celits and the filtrale was poured into 8 separatory
funnel, The organic phase was collected and dried over MgSOs, The solvent was evaporated and the
residual oil was combined with another lot of identically prepared material which was found o be pure by
thin layer analysis. The combined reaction mixtures were purified by SiD; column chromatography (20%
ethyl acetate/hexane). The product. 1,3-dihydro-4-hydroxy-1,3-dimethyl-2H-indoi-2-0ne monohydraté, (27.5
g) m.p. 150-161* C, crystaliized direclly out of the eluent. )

Analysis:
Calculated for CioHi 1 NO2*H20: | 81.83%C | 8.71%H | 7.17%N
Found: 81.83%C | 8.77%H 7.18%N
" This Sheet
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Conmpound 'XVI,I can be 1 or mal dehyde and sodi um bor ohydri de to
_af ford Corrpound XVI | H@?ﬁi?cﬂ‘{“ﬁm"ﬁﬂ .
[err] This reaction i s typl cal I y conducted-in a | oweral kanol sol vent

22 FEE ‘96 14358 HOECHST PATENTABI. Yb3.230522008 S.29 -

g-} of the fornul a

e.g. methanol, ethanol, in the presence of a base, e.g. triethylanine, at Eoe
a tsoymPLBHAr e of O[err]C to 50[err]C for 1 to 24

19

5

25

0

1,§3Dihydro-4-mgthoxy-1 S-dimethyl-2H-indol-2-one . _ _-2.'--"-

A siurry of 1,3-dihydro-4-hydroxy-1,3-dimethyl-2H-indol-2-one (50 g), milled potassium carbonate (60.1 T
9) and HPLC grade acetone (400 ml). was mechanically stirred at room temperature 8s dimethyisulfate (41.4 B
mi) was added dropwise. The addition funnel was replaced with a condenser and the sluery was relluxed for o
18 hours. The K.COs was filtered off and washed well with acetone. Acetone was evaporated and the
residus was purified by column chromatography to yield 46.5 g of an oil. The oil wag dissoived in ether and
placed in the refrigerator where, upon standing overnight, the product crystallized, m.p. 73-74° G.

Analysis:
Calculated for Cy1 HiaNO2: | 68.08%C | 885%H | 7.92%N
Found: .| 68.99%C | 6.77%H | 7.34%N

EXAMPLE 19 _ .
3-Cyanomethyi-1,3-dihydro-4-methoxy-1,3-dimethyl-2H-Indok2-0ne

1,3-Dihydro-4-methoxy-1,3-dimethyl-2H-indol-2-one (43 g) and iodoacetonitrile {17.5 ml) wers dissolved
in dry ethanol (325 mi) and stirred while sodium ethoxide (83.9 mi of a 21% solution in ethanol) was added
dropwise. After the addition was complete, the’ mixture was stirred overnight under nitrogen. The ethanol
was removed under reduced pressure and the residue was partitioned between ather and water. The ether
layer was washed with 10% NaQOH and dried over Na;SO.. The ether was romoved and the residue was
purified by column chromatography (15% EtOAchexane) to yleld 41.2 g of the product, 3-cyanomethyl-1,3-
dihydro-4-methoxy-1,3-dimethyl-2H-indol-2.0ne. as an oil, which solidifled upon standing. Trituration with
ether vieldod a solid (15.0 g), m.p. 92-93°C.

Analysis:
calculaled for Crath sNzOe‘ 87.81%C | 8.13%H | 1217%N
Found: 87.74%C | 6.15%H | 12.18%N

EXAMPLE 20
s-(zi-‘i,z,3.3a.a.sa-ﬂexahydro-4-methoxy-3a.B-dlmemylpyrrololz,a-b)mdole fumarate

3-Cyanomethyl-1,3-dihydro-4-methoxy-1,3-dimethyl-2H-indol-2-0ne (150 g) -was dissoived in
tetrahydrofuran (750 mi) and stirred at 0°C. Lithium aluminum hydride (130.4 mi of 1 M solution in THF)
was added dropwise under Na. The mixture was refluxed for 1/2 hour, cooled, and quenched with § mi H20,
foliowed by 7.5 m! 10% NaOH and finally more H20 (15 ml). The aluminum hydroxide salts were filtered off
through a pad ot Celite and washed well with THF, The filtrate was concentrated. Water (250 mi) was added
and the aqueous solution was extracted with ether (1L). The ether extract was dried with MgSO. and
evaporated. The residue was purified using Prep 500 chromatography (5% MeOH/DCM) to yield 8.3 g of an
oil. The fumarate was procipitated from methanol/ether to yield the sait, cis-(2)-1,2,3,3a,8,8a-Hexahydro-4-
methoxy-4-methoxy-3a,8-dimethyipyrroio(2.3-blindole fumarate, m.p. 132-133°C.

Analyg_i_s_:
Calculated for CiaHigN2Q°CeHaOo: | 61.07%C | 6.63%H { B8.38%N
Found: 681.10%C 68.74%H 8.30%N
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. nmpound reacted with al um num chl oride or
‘trlbromdeto anordH?g%g %SEWF Fla'ﬁélnventlon of the formula
the 4-phenol immediate precursor of the 4-carbanoyl target

[err]
conmpdu

E S II’]VEI’]'[IOI’]

B4EAGlangl

Conpound XIX is reacted in the same
S§d benzene and
pound | b of

the inve nL.& 9511 23386, sa-uexlﬁ}em&mwﬁa &a&etﬁmﬁ%@ slbl.m‘onet téq BY 68 BissdiiaY SRt | ON

are ysehahandiisd .

trhdmfaiiiat (381 mi) YA B SqiiBR R foymdlabhiyde

by decrg@aa@cas theh 58 i rGorh WMPEAIIA, lorILRGY. T soldichlnak Bdied So M CSAAMNIBH (1.5 g)

10

15

was added in portions. After 1 hour, the reaction was quenched with enough 2N NCI added dropwige to
make the mixture slightly acidic. Methanol was removed under reducaed pressure and saturated aqueous
Na2COs was added to the residus. This aqueous solulion was extracted with ether. The ether was
evaporated and the residue was puriied by Prep 500 chromatography to yield 2 g of aa oil. The fumarate
was precipitated trom methanol/ether to yield the salt, cis-(2)-1,2,3,32,8,83-Hexahydro-4-methoxy-1,3a,8-
trimethyipyrrolo [2,3-blindole fumarate, m.p. 187-188° C.

Analysis:

Calculated for CisHazoN20*CeHiOs: | 62.05%C
62.17%C
EXAMPLE 22 ' '

Found:
cls-(t)-1 .2.3.33.8,8&-Hexahydro-1 .&.&tvlmethylpyrrolo f2,3-blindol-4-0l tfumarate

6.894%H
8.96%H

8.04%N
8.04%N

cis-(z)-1 .2.3.3a.8.83-Hexahydro-4-methoxy-1 .Ja,8-lIrimathyipyrrolo (2,3-blindole (22.0 g) was dissolved in
DCM (300 mi). This solution was added dropwise to a solution of boron tribromide (300 mi of a 1M golution)
which was stired at 0°C under nifrogen. The mixture was stirred overnight under nitrogen at room
emperature. The reaction mbdure was then siowly poured into a stirring saturated soiution of NazCOa (200
mi) at 0* C. Saturated NaHCOy was added slowly until the mixture became slightly alkaline which was then
extracted with 4:1 CHCla/isopropyl alcohol. The organic extracts were dried (MgSQs), filtered and evape
orated to yield 20 g of a foam. Approximately 2 g of this material was chromatographed using Prep 500
chromatagraphy (10%MeOH/DCM) to yield 1.2 g of an oil which was dissolved in methanol. Furnaric acid
(0.7 g) was also dissolved in methano! and added to the Iree base. Ethyl ether was added slowly and 1.1 g
of the product, cis-(t)-1,2,3,3a,8,8a-Hexahydro-1,3a.8-trimethylpyrroto [2,3-bjindol-4-0! fumarate, m.p. 196~

- 188°G, crystallized out of solution.

a6

45

Analysis:
Calculated for CanNzO‘&H.O. 81.05%C | 6.64%H | 8.38%N
Found: 61.00%C | 6.75%H | 8.22%N

EXAMPLE 23
ls-iz)-i,2,3.3:.8.8aol-lexahydro-1.3a.s-trlmethylpyrrolo-[:.a-b]mdou-yl mothyicarbamate fumarate

cig-(t)-1,2,3.33,8.88-Hexahydro-1,33,8-trimethyipyrrala(2.3-b-lindol4-0l (1 .5 g) was added to a solution
of DBU (0.1 g) in benzene (100 mi) followed by the addition of methyl isocyanate (0.81 mi). The mixture
was stirred overnight under nitrogen. The solution was evaporated and the residue was purifled by Prep 500
chromatography (3% MeOH/DCM) to yield 0.65 g of an oil. The oil was dissolved in methanol and a
concentrated solution of fumaric acid (0.30 g) in methanol was added dropwise. Upon addition of ethyl
other, 560 mg of pure product, cis-(z)-1.2,3,3a8,8a-Hexahydro-1 aa.a-trimemylpyrrololz 3-blindoi-4-yl
methylcarbamate fumarate, m.p. 175° C, precipitated out of solution.

Analysis:
Calculated for CisHa i NaO2*CuHeOs: | 58.30%C | 6.44%H | 10.74%N
Found: 58.47%C 8.50%H 10.73%N

Sheet Has Been Replaced
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Thi s' utility is manifegregsoyatEReARbi ity of these conpounds to inhibit tHg

_enzyne " acetyl chol i nest erasgpQW'stﬁ@mby increase acetylcholine levels in
t he brain. Chol i nest erase | nhibiti qn.

Assay Chol i nesterases are found throughout the body, both in the
br #XAMBLEI24 n serum  Howiever, only brain acetyl cholinesterase (AChE)
di stsr(nbuz.ﬂ.am.B@Hwhmammrweﬁﬂﬂwedmmb)lncmclfyl nercyclohdxginer carbamme Thi s sal

i nfigna/atei on i s suggested to be weakened in Al zheinmer pattents. Therefore}:’==

SpeCIfIC inhibitors of brain AChE (as o osed to serum choli nesterase)

|| Q- 2.8.308 84 Herahygre-1 9.8kl me!hv'ews@'slzé msm (ZoM@)rwas @sidedi to Wegalased
benzene (500 mi). DBU (1.6 mi) was added to the mixture followed by cyciohexyl isocyanate (1.8 ml). The

reaction was stirred at room temperature overnight under nitrogen. The benzene was evaporated and the
residue wag purified using Prep 500 chromatography (§% MeOH/DCM) to yieid 2.3 g of a foam. Fumaric
acid {(0.78 g) dissoived in isopropyl aicohol was added to this foam which was also dissolved in isopropy!
10 alcohol. The fumarate precipitated from solution upon addition of diethylether to yield 1.5 g of the salt, cis- *
(=)-1,2,3,33,8,8a-Hexahydro-1,3a a-lnmelhylpyrrolo-[2 3-bjindol-4-yl, cyclohexy! carbamate tumarate, m.p.

179-180°C.
5 Analysis:
Calculated for CaoHaaNaO2* Cabe Qo [ 62.73%C | 7.24%H | 9.14%N
fFound: 82.78%C | 7.22%H | 9.07%N
2 EXAMPLE 25
(:)-(3:5',838‘)- 14,3,33,8,8a-Maxahydro-1, 3:.a-tnmethy!pyrrolo—iz.s-bjlndol-hyl {R)-{a-methylbenzyl)-
carbamate )

28 cis-(2)-1,2,3,34,8,8a-Hexshydro-1,3a.8-trimethyipyrrolo {2, s-b]mdol-tt-ol (2g) was dlsso|vad in degassed

THF (200 mi). DBU (0.8 mi) was added lo the mixture followed by R-( +)-a-methylbenzyl isocyanate (2 g).
The reaction was stirred at room temperature overmght under nitrogen. The soivent was evaporated under
reduced pressure and the residue was purified using Prep 500 chromatography (4% MeOH/DCM) to yield
1.2 g of a sofid. This material was combined with 600 mg of identically prepared material, which was found
to de pure by thin iayer analysis. The combinaed product was triturated with isopropyl ether and filtered to

-
o yield 1.8 g of (=)-(3aR".8a8"-1,2,3,34,8,8a-hexahydro-1,3a,8-rimethylpyrrolo (2,3.-blindol4-yl (R)-(a-methyi-
benzyl)carbamate, mp. 151-155"C.
» Calculated for Ca2HzyN3Oa: | 72.30%C | 7.45%H | 11.50%N
found: . 72.32%C | 7.58%H 11.53%N
1o Clalms ' . .
1. A compound of the formula | This Sheet Has Been Replaced
5 iy i
/ ..!!o
] CHy
1
\
. Y s
| W] -
(Xm CHG CH‘ ..

; where R: is alkyl, cycloalkyl, bicycloalkyl. aryl or arylloweralkyl- R Is hydrogen or alkyl or the group
-NR: Rz taken together forms a monocyclic or bicyclic ring of 5 to 12 carbons; m is 0. 1 or 2: each X js
indepsndently hydrogen, halogen. loweralkyl, nitro or amino; or the optical isomers including the 3a8-
cis and 3aR-cis optical isomers. or the racemic mixture or a pharmaceutically dccs dable acid addition

21




ce fu P S MUCLRD1 FHITINIFDE . KO DWoCsy

physosti gmipe (an unsgegifst cpaeplsnest er ase +nhi-bi-tor). W have deterni nedEAEs

invitfo inhibition of aceiypahpkigst er ase | triatum .
according to the nmethod described bel ow Res Uu ﬂ mﬂ'ﬂﬂ& he conmpoundsfi.:t
of this invention as well as those of physos

1.EXAMPLE 24 In Vitro | nhibijtion of Acetyl chol i nest erase
Aa:tls-ﬁi-ﬂ&.ﬁaa,eﬂatﬂe&hvdl&ﬂmB-trimethvlw"oﬂ@mﬁjmmwﬁwhesteemamw( ACleRbamate ch i s
sdumaiatees call ed true or specific chol inesterase, is found in nerve
cells, skeletal nuscle, snooth nuscle, various glands and red bl ood

scel | g8-(hER5. 4 da-Hexspyoea 1. @ﬂ@ﬂPVf'P'Efﬁ'P@(WWE?"‘d’h&H'i Alnss Sddelolg degessadhst r at e

arkgnzeny (309 01 U o s o B FYCipenisasyantle (1.8 mi)s The
°'Pﬁ ZFZ?EE'; %Wﬁﬁér%ét“?’on and

5{%@3"‘ Db ; c.,g'?i ST

. IYSSJ.SS& Hexanydro-l 32 a-mmethylpyrrolo-lz 3-b]‘ndol—4-yl cyclohexyl carbamate fumarate, m.p.
179-180 C.

r Nitr

Anglysis:

Calculated for CaaHasNaO2°CeHeQu: | 62.73%C | 7.24%H | 9.14%N
Found: 62.78%C | 7.22%H | 9.07%N

15

EXAMPLE 25
:)-(aﬁ,sa . ,z,3.3a,a.aa-l~lexahydr04.3a.8-tnmethylpyrrolo-(z,&bllndol—a-yl {R)-{a-methylbenzyl)-
~ carbamate

cis-(2)-1,2,3,92,8,8a-Hexahydro-1,3a.8-trimethylpyrrolo (2,3-blindoi-4-0! (2g) was dissolved in degassed
THF (200 mi). DBU (0.8 ml) was added lo the mixture followed by R-(+)-a-methylbenzyl isocyanate (2 g).
The reaction was stired at room temperature overnight under nitrogen. The soivent was avaporated under
reduced pressura and the residue was purified using Prep 500 chromatography (4% MeOH/DCM) to yield
1.2 g of a solid. This material was combined with 800 mg of identically prepared material, which was found
to be pure by thin layer analysis. The combined product was triturated with isopcopy! ether and filtered to
yield 1.8 g of (=)-(3aR",828"-1,2,3,3a,8,8a-hexahydro-1,3a.8-rimethylpyrrolo {2,3,-bIndot-4-yl (R)~{a-methyi-
benzyl)carbamate, m.p. 151-1§5°C,

]

. Analysisy

Cailcylated for CazHzyNaO2: | 72.30%C | 7.45%H § 11.50%N

Found: 7232%C | 7.58%H 11.53%N

0 Clalms

1. A compound of the formula | This Sheet Has Been R I '

W i

5 CNEG

J “-oﬁz N N (I)

o LI
™ CHy CH,

i where R: is alkyl, cycloalkyl, bicycloalkyl. aryt or arylloweralkyl; R; is hydrogen or alkyl or the group
-NR: Rz taken together forms a monocyclic or bicyclic ring of 5 to 12 carbons; m is 0, 1 or 2: each X js
independently hydrogen, halogen, loweralkyl, nitro or amino; or the optical isomers including the 3aS-
cis and 3aR-cis optical isomers. or the racemic mixture or a pharmaceutically acce dtable acid addition

21
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" 22 FEB 96 14: b‘;} HOECHST PATENTABT. 4.6?1,‘31:.)522@@ ¢ ACHE sh ced S.23
and.i nagtivation of ac ¢ nhj ors o show mar ke
.cholinonm netic effect S%thnhgﬁw! AL b?%a# %’)’“l nner vaj and
have peen used therapeutically in the treatnment of heni a
gravi s and Raf Ab¥dsi C 11 eus. However, recent studies ﬂ’ ﬂmm ﬂlthat
AChE inhibitors nmay al so be benef|C|aI in the treatnmen

denenti a. 2. The compoundTJQ%ema Plcﬁimd?aﬁéé h@grob@| ow was used in this invention

for assaying anticholinesterase activity. This is a
nodi figation of the nmethod of Ellman et al.

.:' Ntl:o
. ._.Bz/

10

is at the B-position of the ring.

1s 3. The compound as defined in claim 1 where the group

’—--Rl 0

25 is at the 4-position of the ring.
4. The compound as defined in claim 2 where X is hydrogen.

5. The compound as defined in claim 4 where Ry is lower alkyl, cycloalkyl, bicycloalkyl, aryl or
J arylloweralkyl and Rz is hydrogen.

6. The compound as defined in claim 5 where Ry is lower alkyl or cycloalkyl,

7. The compound 88 defined in claim & which is cis-(z)-1,2.3a,8,8a-hexahydro-1,33,8-trimethylpyrrolof2.3-
25 b}-indol-8-yimethylcarbamate or the aas-c-s or JaR-cis isomer thersof or a pharmaceutically acceptable
acid addition salt thereot. .

8. The compound as defined in claim 6 which is cis-(2)-S-bromo-1.2,33-hexahydro-1,3a,8-trimethylpyrrolo-
{2,3-b}-indol-6-yimethylcarbamate or the 3aS-cis or JaR-cis isomer thereof or a pharmaceutically
40 acceptable acid addition salt thereo!.

9. The compound as defined in claim & which is cis-(z)-1,2,3a,8,83-hexahydro-1.3a,8-Irimethylpyrrolo[2,3«
blindol-4-yl methylcarbamate or the aas-:us or 3aR-cls Isomer thersot or a pharmaceutically accept-
able acid addition salt thereof.

10. The compound as defined in claim 8 which is cis-(z)-1.2,33.8,8a-hexahydro-1,3a.8-trimethylipyrrolo{2,3-
bliindol-4~yicyclohexylcarbamate or the 3aS-cis or 3aR-cis isomer thereot or a pharmaceutically
acceptable acid addhion salt thereof,

so 11. A pharmaceutical composition which comprises a compound as deﬁned in clalm 1 as the active
ingrediont and a suitable carrier therefor.

12. Use of a compound a3 defined in ciaim 1 for the preparation of a medicament for alleviating memory
dyslunctions characterized by decreased cholinergic function as in Alzheimer's disease.
.58 _
13. A process for the preparation of a compound ag defined in claim 1, which comprisses
a) reacting a2 compound of the formula Hi - -
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ﬁ r9p 15:0@ HOECHST PF\TENTRBT B69.%3952200 : S.24 4
(Bi oc em Ph.ar nmacol . J{Qﬁ

. Pr ocedure A Reagen 1. ,.?%%Em Khosphat e buffe m“‘ (a) -_..,__}'
6.85 g NaH err] P err]H err]0/100m distill ed H[ err] 0““\ !“ \ I ““I 4
‘Na[err]HP err]7H err] O 100 m distilled He _.__"_.'-'
(b) until pH reaches 7.2 ' (d) dllute 1 10 :

Chr onogen-substrate buffer CHj (a) 9.9 ng 5, 5- d|th| obi sni trobenzoi c

acid (DTNB) (0.25 $#0)_99 ny s-acetylthiocholine chloride (5
(R{00 400 nl fwith P. 05 M phosphat g fyufyf er, pH 7.2 '

(r%eagent 1)
| {

10 . - .
wherein Ry is hydrogen; Rs is methyl; X and m are as previously defined, with an isocyanate of the
tormuyla Ry-N=C=0, where R is 83 previously defined in an inert solvent in the presence of a
bicyclic amidine catalyst, or
b) reacting a compound of fcrmula Nl above wherein R; is hydrogen. Rs is methyl: X and m are as
15 " previously defined, with 1,1'-carbonyldiimidazole and thereafter adding a monocyclic or bicyclic
amine of 5-12 carbon atomsg, in an inert soivent.

14. A compound of the formula il

0

Ry0O Re
3 4 R‘
| | : (IT)
. 28 6 N (o]
' K du

. where R, is hydrogen or alkyl; Re is hydrogen, cyénoalkyl or aminoalkyl: Rs is hydrogen or alkyl: m ig
20 0. 1 or 2; each X is independently hydrogen, halogen, loweralkyl, nitro or amino or the pharmaceutically
acceptiable acid addition salts thereof.

15. A compound of the farmula U

%
(I11)
L R,O l
(O CHy Rs

where Rs is hydrogen or alkyl Rs is hydrogen or aikyl; m is O, 1, or 2; each X is independently
s hydrogen, halogen. loweralkyl, nitro or amino; or the optlcal isomers including the JaS-cis and 3aR-cis

optical isomers, the racemic mixture or a pharmacautically acceptable acid addition salt thereof.

Claimg for the following Contracting States: ES, GR

50
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cc rep ‘Yo 12iud HURCHST PALENIABI. YbY/3852200 : s.25

3. , ‘For.mpst assays, }m@}{u mlg'rsol ution of the test drug is made up in
-a sui t'abl € sol'ven smfumutysmmut ed such that the final
concentratlon in the prei ncubatlon step ranges from 10[err] to
10[err]M Different concentrations be used depcumng _ on the
pot ency oOf tAmsocgsafgr the p@parat!owmepqnn%efavedemh rats
are decapitated, brains rapidly renoved, corpora M‘lmmmmr

free, wei ghed and honogeni zed in 19 vol unes (approx* mat ety ¥ nmy protein/m)
of 0.05 M phosphat e JsuRigr, ¢pH 7.2 using a Potter-El vehjem
honogefi zer. A 50 ,m croli |a| i quot of the honpbgenate is added
to 50 mcroliter vehicle of:varlous NL CH,

\
\

“ee_-R : (I
10 | H |
(Xm  CHy CHy
s  where R is alkyl,'cycloalkyl. bicfcloalkyl. aryl or arylloweralkyl: R: is hydrogen or alkyl or the group

-NR-+; Rz taken logether forms a monocyclic or bicyclic ring of 5 to 12 carbons; mis 0, 1 or 2} each X is
independently hydrogen, halogen, loweralkyl, nitro or amino: or the optical isomers including the 3aS-
cis ana 3aR-cis optical isomers, or the racemic mixture or a pharmaceutically acceptable acid addition
salt thereof, which comprises

20 a) reacting a compound of the formuia ili

(IIT)

wherein Ry is hydrogen; Rs is methyl; X and m are as previously defined, with an isocyanate of the
formuld Ri-N=C=0, where R is as previously defined in an inert solvent in the presence of a
bicyclic amidine catalyst, or

as b) rescting a cornpound ot fo«nula it above wharsein Rs is hydrogen: Rs is methyl: X and m are as
previously defined, with 1,1'-carbonyidiimidazole and thereafter adding a monocyslic or bicyclic
amine of 5-12 carbon atoms, in an inert solvent. )

2. A process as defined in claim 1 where the group

-~ 40
’ » ar = Rl )

; |
' NCO
\

45

“eoRe
is at the 8-position ot the ring.
50
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22 FEB ’96 15:8@ HOECHST PATENTABT. @69,%3252200 S.26

13 | ; \concentratlcmgc}p& paReyTuept drug and preincubated for 10 m nut es |

at room 7 t enper at'ur 4 éﬁ?i 1. For routine ;:_._ _';
| J err] determnations the " ApBBA88; matic Anal yzer, ABA- 100, i s}
used to determ ne acetyl chol i nesterase activity. I nst runent i
settiyn ﬁprocess as detihbd th@fsim Amre‘ltﬂesgroup I ncubation tenperature: 30[err]C

Deci mal % Anal ysi's tine: 5mnutes

,’--Rl o

P

10

18t e &posion of e i | |II||III TRV

4. A process as defined in claim 2 where X is hydrogen.

1s 8. A process as defined in claim 4 where R, is lower alkyl, cycloalkyl, bicy&loalkyl. aryl or arylloweralky!
and R is hydrogen. :

6. A process as defined in claim § where R, is lower alky! or cycioaikyl.

20 7. A process as defined in claim 68 wherein cig-(2)-1,2,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo(2,3-b]- .
' indol-8-yimethyicarbamate or the 3a8-cis or 3aR-cis isomer thereof or @ pharmaceutically scceptable
acid addition salt thereof is prepared.

8. A process as defined in claim 6 wherein cis-(£)-5-bromo-1,2,33,8.8a-hexahydro-1,3a 8-trimethyipyrrolo-
25 [2,3-b}-indol-8-yImethylcarbamate or the 3aS-cis or JaR-cis isomer thersof or a pharmaceutically
acceptable acid addition salt thereof is prepared.

9. A process as defingd in claim 8 wherein cis-(£)-1,2,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo(2,3-b}-
indol-4-yl methylcarbamate or the 3aS-cis or JaR-cis isomer thereof or a pharmaceutically acceptabie
20 acid addition salt thereot is prepared. '

10. A process as defined in claim 8 wherein cig-(%)-1,2,33,8,8a-hexahydro-1,3a,8-trimethyipyrroio{2,3-b]-
indol-4-yicyclohexyicarbamate or the 3aS-cis or 3aR-cis isomer thereof or a pharmaceutucally accept-
able acid addnion salt thereot is prepared.

26

11, Use of a compound as defined in claim 1 for the preparation of a medicament for alleviating memory

dyslunctions characterized by decreased cholinergic function as in Alzheimer's disease.

12. A.compound of the formula (I

“ -
RO, Re
Re
(XI)
48
6 N7 O
(Xm éﬂ;

o0 whare R; is hydrogen or alkyl; Rs ié hydragen, cyancatkyl ar aminoalkyl: Re Is hydrogen or alieyl; m is-

0, t or 2; each X is independently hydrogen, halogen, loweralkyl, nitro or amino or the pharmaceutically
acceptable acid addition salls thereof.
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g2 FEB ’96 15:@1 HOECHST PATENTABT. @69,%3@52200

Car ﬁmsel «evVotution: 3 HOECHST pﬂq;m:;g'pon di rection down S.27
endpoi nt - Syringe plate: 1:g&@b 4dislseg Aon Fol l owi ng the 10
m nut e =pr ei ncubati on of the tissue (enzyne) with the inhibitor, . the

sanples are mxed with the substrate chronogen buffer by the ABA- 100.

‘Usi ng t held ridéampoend df thetferomiait settings the ABA-10 ' I ads’ the
col or reaction and prints out the results ﬂmmm lﬂm "mHFt er

m nut es. 2. The enzyme actiyjty can al s bé ntasured W|th a
Glford 250 spect r ophot onet iec*met hod is used for nore
accur at’e ki netic neasurenents.

(III)

N N
10 (X)m CH; _‘Hg

where R; is hydrogen or alkyl: Rs is hydrogen or alkyl; m is 0, 1, or 2; each X is independently
hydrogen, halogen, loweralkyl, nitro or amino; or the optical isomers including the 3aS-cis and 3aR-cis
optical isomers, the racemi¢ mixture or a pharmaceutically acceptable acid addition salt thereof.

25

| 30
35

; .
w
45
\—\
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14;»- - l.nst runment settl ngs Lanp:
:visibl e Filter:

ms/m-s Ii'cs

nq f| I t=efr

V\ﬂVG' er‘ig)lh . . . H,ll,lS;laSS' ; ‘/

0.2 nm!'Sel ection: ' v

aperture Calibrated abs&r- ban{:e ----- ...

full scaje Chart speed:-- ! A el '
cnimn. " Reagentls. iare:: d.to the reference and sarrpl e si de of a
split curvette as foflows.... ... 1 Losrs o LA

4- and 6—Carbamates related to physost:.grmne, a process and
intermediates for their Preparation and their use as medicaments

This invention relates to 4- and 6-carbamates related to physostigmine of the

formula 1

REFS 77T SHEET /"‘1

e

(X)en L L
H3 H3

5 1.DEC 1997

where R, is alkyl, cycloalkyl, bicycloalkyl, aryl or arylloweralkyl; R, is hydrogen or alkyl
or the group -NR, R, taken together forms a monocyclic or bieycﬁc ring of 5 to 12
carbons; mis 0, 1 or 2; cach X is independently hydrogen, halogen, loweralkyl, nitro or
amino; and the pharmaceutically acceptable acid addition salts thereof, and where
applicable, the geometric and optical isomers and racemic mixtures thereof. The

compounds of this invention display utility in the treatment of the cholinergic deficit

found in Alzheimer’s disease.

Preferred compounds of formula I above are compounds of formula Ia
‘ CH,
4 ‘ - ) 1
:’ \-C-O N7¢N (Ta)
Ia]
\ / B (Xm | A
NPL. CH; CHj4

where R}, R, X and m are as previously defined.

Also preferred  compounds of formula I above are compounds of formula

Ib below —_—
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Ref er ence
phosphat e

Chr onogen-

buf f er
(tissue

Sampl e 0.8 mM 0.05 M
buf fer 0.8 mM 0.05 M phosphate buffer 0.8 m
substrate 0.8 m Chronogen-substrate buffer

10 microliter enzyne
honogenat e)

The unhibited activity of the enzyne (tissue honobgenate) is first
determ ned. Test drugs are nade up in a syjtable solvent and added

in suitable dilutions to the buffez - vehi clfe
determ ned by the slope of the recorded absorbanc
actual rate (nol es/llteer-n}R an be calcul ated a
follow ng formul a /’ \

(nmoles/liter/ mn) slope/(l 36x|

ﬂ] CHg

l
\
\
\
~

\s~_¢R2 N N
X | H | k
CHy CHy

where Ry, Ry, X and m are as previously defined.

This invention also relates to compounds of formula II
Re

Ry

(II)

RgO N7 YO
{
X CHg
where R3 is .
hydrogen or alkyl,Ry is hydrogen, cyanoalkyl or aminoalkyl, and R¢ is hydrogen or
alkyl, which are useful as intermediates for the preparation of the target compounds of this
invention.

Additionally, this invention relates to compounds of the formula III

(II1)

|
Xm CH; Rg

where Ry is hydrogen or loweralkyl; and R;, X and m are as previously defined, which are

also useful as intermediates for the preparation of the target compounds of this invention.
Throughout the specification and appended claims, a given chemical formula or

name shall encompass all gcbmcuic and optical isomers and racemic mixtures where

such isomers and mixtures exist.
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| nhi bition of Brain Acetycholinesterase Activity
;Table 1 Conpound I nhi bitory

Concentration (10[err]M cis-()-1, 2,3, 3a, 8, 8a- Hexahydro- 1, 3a, 8-

0.23 trinethyl pyrrol o] 2, 3-b] -i ndol - 6yl _

cis-()-1, 2,3, 3a, 8, 8a- Hexahydr o- 1, 3a, 8- @Wﬁﬁnﬁﬁakﬁgﬂ 5. 50
trimethyl pyrrol o[ 2, 3-b] -i ndol -6-yl cycl oh(:tyl carbamate |cijs -()-5-Brono- 1

, 2, 3, 3a, 8, 8a- hexahydr o- 30t DEG 097
,3a, 8-trinethyl pyrrol o[ 2, 3-b] i ndol - 6-yl t hyl carbamatg jcis-()- 1

, 2,3, 3a, 8, 8a- Hexahydro- 1 , 3a, 8- 3 0. 06

<

In the above definition, the term "lower" means the group it is describing contains
from 1 to 6 carbon atoms. The term "alkyl" refers to a straight or branc.hed chain
hydrocarbon of 1 to 22 carbon atoms, contzining no unsaturation, e.g., methyl, ethyl,
propyl, isopropyl, 2-butyl, neopentyl, n-hexyl, etc.; the term “arylloweralkyl" refers toa

monovalent substituent which consists of an "aryl" group, ¢.g., phenyl, o-tolyl,

. ’ (Z)n
m-methoxyphenyl, etc., as defined by the formula _@ . Where Z is defined

below, and n is an integer of 1 to 3, linked through a loweralkylene group having its free
valence bond from a carbon of the loweralkylene group, and having a formula of

n
—— loweralkylene —@ » where Z is hydrogen, halogen, loweralkyl,

loweralkoxy, trifluoromethyl, nitro and amino; the term "alkylene" refers to a bivalent

radical of the lower branched or unbranched alkyl group it is derived from having valence
bonds from two terminal carbons thereof, e.g., .xpcthylexic (-CH-), ethylene (-CH,CH;-),

propylene (-CH,CH,CH,-), isopropylene (-CHz(‘:HCHz-) , etc.; the term “alkoxy" refers
toa mbnovalent substituent which consists of an alkyl group hnked through an ether
oxygen having its free valence bond from the ether oxygen, e.g., methoxy, ethoxy,
propoxy, butoxy, pentoxy, etc.; the term "halogen” refers to a member of the halogen
family consisting of fluorine, chlorine, bromine and iodine; the term “cycloalkyl" refers to
a monovalent substituent consisting of a saturated hydrocarbon po#scssing at least one
carbocyclic ring of three to twelve carbon atoms, e.g., cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, etc., having its free valence bond from a
carbon of the carbocyclic ring. Said cycloalkyl group may be substituted with 1 or 2

loweralkyl groups, and it may also be substituted at one of the ring carbons so as to form a

This Sheet Has Been Replaced
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‘trinmethyl pyrrol o[ 2, 3-b]-indol -4-yl nethyl carbamat e

.cis-()-1, 2,3, 3a, 8, 8a- Hexahydro- 1, 3a, 8- 0. 55
trimethyl pyrrol o[ 2, 3-blindol -4-yl cycl ohexyl carbamate Physosti gm ne
(nanely, (3aS-cis)- 0034
1,2, 3, 3a, 8, 8a- hexahydro-1 , 3a, 8- tri met hyjl REPLASRIENT3SHIE ndol - 5- yI
nmet hyl car bamat e) Ef fective quantigtesof the cﬁ ounds of the
i nvention may be administered to a pat ijenit lgyli BEY: @7t He {vari ous net hods,

for exanple, orally as in capsules or tabj efs? parenterialily in the form

of sterile solutions or suspensions, and Ein_soﬂn&--easesﬁi travenously in

the formof sterile solutions. The free bhse final products| while effective
t hensel ves, may be fornul ated and adm ni stered~TmThe form of their
phar maceut i cal Ié?“néaccept ahle acid addition salts for purposes o

litio f
st abi | i t yPIrGERM (faeh eAnsEpeay Gng of vhick heing a cyslpalkof o $stathans atoms;
and the term "bicycloalkyl” shall mean a bicycloalkyl group having from 7 to 11 carbon

atoms.

The compounds of this i_nvcntibn are prepared in the following manner. The |
substituents Ry, Ry, R3, Ry, Rs, Rg, X and m are as defined above unless indicated
otherwise.

In structural formulas depicting the ;:ompounds of this invention, wavy lines

(v~ ) signify that the two substituents are both either above or below the average plane
of the three ring system. Because of conformational constraints, the two substituents at
the 3a- and 8a-positions must be both ab_dvc the avcrégc plane or both below the average
plane. Where said substituents are both above the average plane of the three ring system,
the configuration is referred to as 3aS-cis and where both substituents are below the
average plane of the ring, the configuration is referred to as 3aR-cis. Throughout the
specification and the appended claims, when the inventors intend to designate in a single
formula (to save space) that the compound is 3aS-cis or 3aR-cis, or a racemic mixture of

the two, that formula will contain wavy lines as depicted below.

M LHH L
3 CHg
It is the intent of the present inventors to claim both of said cis isomers, namely,
3aS-cis and 3aR-cis for each compound name or su-ucﬁ.ual formula. It is also the intent of

the present inventors to claim all mixtires of the 3aS-cis and 3aR-cis isomers including

the racemic mixture (1:1 ratio of 3aS-cis:3aR-cis).
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Aci ds useful for preparing the pharmaceutically acceptable acid addition

salts of the invention include inorganic acids such as hydrochloric,
* hydrobromc, sulfuric, nitrc, phosphoric and perchloric acids, as well

as organic acids such as tartaric, citric, acetic,

16 succinic, salicyclic, maleic fumaric and oxalic acids. The

active conmpounds of the present invention may be adm ni stered orally, for
exanple with an inert diluent or with an edible carrier. They may be

encl osed in gelatin capsules or conpressed into tablets. For the purpose of
oral therapeutic_adm nistration, the conpounds may be i ncorporated Wi th
exci pi ents and u¥ké-hpdrokd pfocumera the Htartiamoyl sctestie synthesipi As @utlined | xirs,

suspensi ons rups, wafers or chew ng guns. These preparations should
contain at P@&é 0. 5% of
Starting with a compound of formula IV (where X is hydrogen, loweralkyl,

halogen or nitro) and utilizing generally the synthetic scheme disclosed in Julian et al., 0.

Chem. Soc. 1935, 563-566 and.755-75'b. one can prepare compounds of the invention of

the formula IV through XIL Julian’s synthesis involved compéunds where the benzene

ring of the bicyclic and tricylic compounds had substituents attached at the 5-position

while the novel compouxids of this invcx;ﬁon arc attached at cither the 4- or 6-position of

the ring. The synthetic scheme is outlined below. For details of the optical resolntion

steps involved in the synthetic scheme, reference is made to the Julian article,{pp. 755-757)

and to Schonenberger et al.,(J. Med. Chem., 1986, Volume 29, 2268-2273; and
Helv. Chim. Acta., 1986, Volume 69, 283-287 and 1486-1497)

CHg
Q\ —
CH30 N \\O
(x)m (:}-f]3 CH30 < O '
(|§H3

(1v) Xen ) -

CH30 N
i N
XPe CH30

CH
(VII) K 3

——
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active conpound, but may be varied dependi ng upon the particular form and
~may conveniently be between 4%to about 75% of the weight of the unit. The
anount of conpound present in such conpositions is such that a suitable

dosage will be obtained. Preferred conposition af
to the present invention are prepared so that an
contai ns between 100-300 ngs of active conpound.
capsul es or troches may al so contain the foll ow i
such as mcrocrystalline cellul ose, gumtragacant

such as starch or | actose, a disint eeqrati ng agent
Prinobgel or corn starch; a |ubricant

(0]

g
h

such as magnhesium stéarate or

PP OREEN e T orm

The tabl gts, pills,

i yePE®997. a pi nder
or gelatin; ah excipient
such as afgrnit acid,

Sterotex; a glidant such as colloidal silicon dioxide; and a sweetening
agent such as sucrose or saccharin or a flavoring agent such as pepperm nt,
met hyl salicylate, or orange flavoring may be added. Wen the dosage unit
formis a capsule, it may contain, in addition to naterials of the above
type, a liquid carrier such as fatty oil. O her dosage unicH,f or ms may

sal s which nodify theg
%&Hh% Thus tabI Y

.%np

es and GRlRERNIS and

contain other various mate€
dosage unit, for g
w th sugar, shell

in additio 2: '
certain prgg‘é@v Y| Ves,

formof t he
y be coated
up_nga ogt ai n,

E[gl nd¥'agent and

terjals used in

preparing theswari ousCtlerrp05| tion shoul d be pir(\)%r macéu I tal y(}gure and

non-toxic in the anpunts used.
(IX) CH,

BBra
ALGH
CH30 N 3

Hy CHa _ (X)m Ha CH3

(X1)

Compound XIT of the invention of the formula

9
Mm  CHy CHy

(X1I1)

(XII1)

the 6-phenol precursor of the 6-carbamate, can be added to a suitable inert solvent, e.g.,

benzene, tetrahydrofuran, dichloromethane, etc., which has previously been degassed.

Degassing helps avoid air oxidation. After stirring, 1,8-diazabicyclo[S.4.0Jundec-7-ene

(hereafter "DBU"), a bicyclic amidine catalyst is added. Subsequently, an isocyanate of

the formula R;-N=C=0, where R, is as previously defined, is added to afford compound

Iaof the invention. This reaction typically takes place rapidly at room temperature over

0.5to 2 hours.

In an alternative embodiment, to prepare the 6-carbamate of the invention where

the group -NR;R; taken together forms a bicyclic ring, Compound XIT can be reacted

with 1,1"-carbonyldiimidazole of the formula -

This Sheet Has Been R
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17’ For the purpose of parenteral therapeutic adm nistration, the
,active conmpounds of the invention nmay be incorporated into a solution or
suspensi on. These preparations should contain at |east 0.1% of the

af oresai d conpound, but may be varied between 0.5 ql@ﬁg %o+ :
wei ght thereof. The anpbunt of active conpound in su @N’Toﬁﬁfﬁs such

that a suitable dosage will be obtai ned. Preferred dqonpositions an
preparations according to the present invention are JprfepdrieDggqg9at
parenteral dosage wunit contains between 0.5 to 100 s of active cenpound.

The solutions or suspensions may also include the follow th; a
sterile diluent such as vvatﬁr for nJ ectNon salin glution, fixed pils,
pol yet hyl ene gl ycols, glyceri pr gl ycol or other synthertc—

sol vents; antibacteri al agemis Sul as be zyl (XX)

and thereafter adding a cyclic amme, for cxamplc 3-azabicyclo[3.2.2]nonane of the

to the solution. The reaction between compound XII and 1,1’-carbonyldiimidazole is

formula

typically conducted by preparing a dcgaésed solution of compound XII in a suitable inert
solvent such as dichloromethane, tetrahydrofuran, etc., adding 1,1’-carbonyldiimidazole to
the solution and stirring the solution at room temperature for 1 to 5 hours. The
carbamation reaction is typically conducted by adding the azabicyclononane (cyclic
amine) to the solution obtained above and stirring the solution at room temperature for 1
1o 24 hours.

The S-bromo-6-carbamates of the invention can be prepared in the following

manner.

Compound XI of the invention of the formula
CHg

(x1T)

CH30 CHy oM,

is reacted with an N-halosuccinimide, e.g., N-bromosuccinimide, N-chlorosuccinimide, a

AA

halogenating agent, of the formula O r;l O , where Hal is halogen, to afford
Hal
compound XIII of the invention of the formula
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al cohol or methyl parabens; antioxidants such as ascorbic acid or sodium
.bisulfite; chelating agents such as ethyl enedi am netetraacetic acid,;
buffers such as acetates, citrates or phosphates and agents for the

adj ustment of tonicity such as sodi um chl or| dgphredeNgt CRBE: iThe parenteral
preparation can be enclosed in anpul es, dispogsable.isyringes dar nultiple
dose vials nade of glass or plasti®8. anpl es of tHe jconpounds of
the invention include those |isted bel ow asj wel & BOEC 19734S-|ci s and
3aR-cis isoners thereof and racemic m xturep pf the 3aS-ci§ gnd 3aR-cis

i somers. _
cis-()-5-chloro-1, 2,3, 3a, 8,4a- hexahydr &H, 3a.8=trinethyl pyrral of 2, 3-b] i ndol
-6-yl et hyl car bamat e;
(3aS-cis)-5-bronmp-1, 2, 3, 3a, 8, 8§
ol - 6-yl nethyl car bamat e;

| 33, 8-t£}hr{1Ia)thyl pyrrol o[ 2, 3-b]ind
CHzO N
CH; CHy

This reaction typically takes place in a loweralkanol solvent, ¢.g., methanol, ethanol, etc.,
in the presence of a catalyst, e.g., hydrogen bromide, hydrogen chloride, etc., at low
temperature for 0.5 to 24 hours. . _

Campound XIII isreacted with boron tribromide, a dealkylating agent, in a'
hydrocarbon or halohydrocarbon solvent, e.g., dichloromcthanc, hexane, etc., at a

temperature of about 0°C to S0°C for 1 to 24 hours to afford Compound XTIV of the

invention of the formula
Br CHa
(XIV)
N N ‘
ot T A

Compound XIV can subsequently react with DBU and an isocyanate of the
formula R;-N=C=0, where R, is as previously defined, to afford Compound XV  of the

invendon of the formula

,"'—\sR1 Br CHjy
'I’ (xv)
\ NCO 'I“ o ';‘

el R 4 CHz CHy

This reaction typically takes place in an inert solvent, i.e., benzene, etc., at ambient

temperature for 0.5 to 24 hours.
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.(3aS-cis)-1,2,3,3a, 8, 8a- hexahydro-1, 3a, 8-trinmet hyl pyrrol o 2, 3-b] i ndo
nmet hyl carbamate; (3aR-cis)-I 2,3, 3a, 8, 8a-pexakye+re

1,3a, 8-trimet hyl pyrrol of 2, 3-b] i ndol - 6- yl maeyé&wmn&tiw
(3aS-C|s) 1, 2, 3, 3a, 8, 8a- hexahydro-1, 3a, 8-ty ifEernyrpyrrol0]}2,{3- b]'i ndo
nethylcarbanate
(3aR-cis)-1, 2, 3, 3a,8,8a-hexahydro-1,3a,8-tr|ne?hpryrro?o[Z,S-b]indoI
nethylcarbanate; cis-([err])-5-brono- 1, 2} 3t-8a-88a—hexalRrydro- 1

,3a, 8-trinethyl pyrrol o[ 2, 3-b] i ndol -49yl ngt hyl car banmat e;
cis-([err])-1, 2,3, 3a, 8, 8a- hexahydr o- ) K
1, 3a, 8-trimet hyl pyrrol o[ 2, 3-b] i ndol - 6-yl '

The 4-phenol precursor of the 4-carbamate series can be prepared utilizing most of
the synthetic scheme disclosed in Julian et al. In the Friedel-Crafts cyclization step (V)
to we have discovered that there is a byproduct formed having formula (vIa)

which serves as the precursor to the 4-phenol of the 4-carbamate series.

HO

CH; (VIa)

N
0]
. CH;
Subsequently, in place of the reaction step converting the cyanoalkyl derivative to the
aminoalky! derivative, the cyanoalkyl derivative, compound XVI of the invention of the

formula

OCH;

‘CH,CN
(XVI)

N
b,
may be reacted with a metal hydride, ¢.g. lithium aluminum hydride, a reducing agent, to

afford compound XVII of the invention of the formila

ocHy
3

(XVII)

N N

|

CH; H
This reaction typically takes place in a suitable solvent, e.g., tetrahydrofuran at a

temperature of 0°C to S0°C for 1 to 24 hours (or to reflux). ;——“~—--
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benzyl car bamat e;
.cis-()-1, 2,3, 3a, 8, 8a- hexahydro-1, 3a, 8-tri net hyl pyrrol o[ 2, 3-b] i ndol - 6-yl
n- hept yl car banat e; — ,
cis-()-1,2,3,3a,8,8a-hexahydro-1, 3a, 8-t ri me{ hJFBACEMEN] 2HEED]§ ndol - 6- !
3-chl or ophenyl car banat e; B
cis-()-1,2,3,3a, 8, 8a- hexahydro-1, 3a, 8-tri mef hyl gy mgohgdz3- bl | ndol - 4-yl
n- hept yl car banat e. _ i BXAMVPLE 1
2- B rono- N ( 3- net hoxyphenyl ) - N- net W1 - pr opahatide A lsol ution of
N- et hyl - m ani si dine (265 g), triethylam ne{ (269 m) and tol uene (550 m)
was stirred at OC as 2-bronopropionyl brom de (202.6 m) Wwas added
dr opwi se. Thenpturd Wve T Wacan beabaotddowith Soradaldehpde adesodinghborehydrideno
tenperature. Water was added to

afford Compound XVIII of the invention of the formula

OCH,8 CHg

(XVIII)
N N

. CHz CHg
This reaction is typically conducted in a loweralkanol solvent, e.g. methanol, ethanol, in

the pmécpce of a base, e.g. triethylamine, at a temperature of 0°C to S0°C for 1 to 24
hours.
Compound XVIII is then reacted with aluminum chloride or boron tribromide to
afford compound XIX of the invention of the formula
OH CH,
- (X1X)
N N

L ’

CH; CH4
the 4-phenol immediate precursor of the 4-carbamoyl target compounds of this invention.

Compound XIX is reacted in the same mann;r as the 6-phenol precursor, i.e., with
DBU in degassed benzene and then an isocyanate of the formula R;-N=C=0 to afford
Compound Ib of the invention.

The compounds of formula I of the present invention are useful in the treatment of
various memory dysfunctions characterized by decreased cholinergic function, such as
Alzheimer’s disease.

This utility is manifested by the ability of these compounds to inhibit the enzyme

acetylcholinesterase and thereby increase acetylcholine levels in the brain.



the reaction and the aqueous | ayer was collected and extracted with et hyl

_acetate. Al organi ¢ phases were conbi ned, washed with 2N HCl, and dried
(Na[err]SOerr]). The sol vent o _
19 was evaporated to yield an oil which was purified. \rohr
distillation. The distillate was dissolved in i
product, 2-Bronmo-N- (3-net hoxyphenyl)- N net hyl -
55-56[err]C, crystallized fromthild solution. A
Cerr]Herr]BrNJerr]: 48. 559%C 5.19%H

Cholinesterase Inhibition Assa
Cholinesterases are found throughout the body, both in the brain and in serum.
However, only brain acetylcholinesterase (AChE) distribution is correlated with central
cholinergic inncrvation'. This same innervation is suggested to be weakened in Alzheimer
patients. Therefore, specific inhibitors of brain AChE (as opposed to serum
cholinesterase) will give rise to fewer side effects and thus lower toxicity than
physostigmine (an unspccit;lc cholinestc:"ase inhibitor). We have determined in vitro
inhibition of acetylcholinesterase activity in rat striatum according to the method
described below. Results of some of the compounds of this invention as well as those of

physostigmine are presented in Table 1.

In Vitro Inhibition of Acetylcholinesterase

Activity in Rat Striatum
Acetylcholinesterase (AChE), which is sometimes called true or specific

cholinesterase, is found in nerve cells, skeletal muscle, smooth muscle, various glands and
red blood cells. AChE may be distinguished from other cholinesterases by substrate and
inhibitor specificities and by regional distribution. Its distribution in the brain correlates
with cholinergic innervation and subﬁacﬁonaﬁon shows the highest level in nerve
terminals.

Itis generally accepted that the physiological role of AChE is the rafid hydrolysis
and inactivation of acetylcholine. Inhibitors of AChE show marked cholinomimetic effects
in cholinergically-innervated effector orgaris and have been used therapeutically in the
treatment of glaucoma, myasthenia gravis and paralytic ileus. However, recent studies
have suggested that AChE inhibitors may also be beneficial in the treatment of
Alzheimer’s dementia.

The method described below was used in this invention for assaying

———
——————
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Found: 48. 529%C 5. 22% 5. 109N °
EXAMPLE 2
" 1, 3-Di hydr o- 6- hydr oxy- 1, 3- di met hyl - 2H-i ngel-2-0ne To a 3-neck

1-liter round bottom flask equi pped W th|aRBRctiamrgal gigtehr[er, addition
funnel and condenser and purged conti nuousl‘y“wr*th ~|=\+{-F-@g.=n was added

anhydrous AlCl[err] (112 g), followed by Qm jl hl or obenzene.
S o i

The system was heated in an oil bath pr<és¢
i nternal tenperature reached =130[err]C, 2- am- N\ ((3-

When t he

nmet hoxyphenyl ') - N-met hyl propanam de (65.5 was added drolpvm se over

period of ahfcholinestersse addvien mla@mﬁmmm

etfalnnel vvas

rinsed with 1,2-dichlorobenzene and added to the hot reaction mixture.
After 2 héBioshesm. Phaspacal] T 88t(B961) )i xt ure was cool ed to room tenperature and
t hen quenched into a stirred mxture containing 450 m of concentrated HC

and 1.5 kg of

A.
1.

ice. The reaction flask was rinsed

Procedure
Reagents
0.05 M Phosphate buffer,pH7.2
(a) 6.85 g NaH,PO,#H,0/100 m! distilled H,O
(b) 13.40 g Na,HPO,#7H,0/100 ml distilled H,0
(c) add (a) to (b) until pH reaches 7.2
(d) dilute 1:10
Chromogen-substrate buffer
(a) 9.9 mg 5,5-dithiobisnitrobenzoic acid (DTNB) (0.25 mM)
(b) 99 mg s-acetylthiocholine chloride (5 mM) |
(c) g.s. to 100 ml with 0.05 M phosphate buffer, pH 7.2 (reagent 1)
For most assays, a 2 mM stock solution of the test drug is made up in a suitable
solvent and scria]h; diluted such that the final concentration in the preincubation
step ranges from 103 to 10-5M. Different concentrations may be used depending
on the potency of the drug.
Tissue Preparation _
Male Wistar rats are decapitated, brains rapidly removed, corpora striata dissected
free, weighed and homogenized in 19 volumes (approximately 7 mg protein/ml) of
0.05 M phosphate buffer, pH 7.2 using a Potter-Elvehjem homogenizer. A 50

microliter aliquot of the homogenate is added to S0 microliter vehicle of various



wrth 500 m of nmethylene chloride and added to the m xture which was then
stirred for an additional 10 m nutes. The m xture was filtered through a
pad of Celite which was subsequently washed well w th dichl oronmethane (DCM
hereafter). The filtrate was poured into a separatory funnel. The organic
phase was collected and dried over Na[err]SOerr]. The solvent was
evaporated and the residual oil was purified by silica colum

chromat ography (1% MeOH/ DCM. This yielded a crude solid (28 g) which was
recrystallized fromnethanol/ether to give 4.75 g of a powder,

1, 3-di hydr o- 6- hydr oxy- 1, 3- dlnethyl 2H—indo|-2-one, mp. 176-177[err]C. A
second crop of _ *

REPLACEMENT SHEET

concentrations of the test drug and preincubated for 10 minutes at room

temperature.

C. Assay

1. For routine IC5y determinations the Abbott Bichromatic Analyzer,
ABA-100, is used to determine acetylcholinesterase activity.
Instrument settings

Filter: 450-415

Incubation temperature: 30°C
Decimal point: 0000
Analysis time: 5 minutes
Carousel Revolution: 3

Reaction direction :  down
endpoint

Syringe plate: 1:101 dilution
Following the 10 minute preincubation of the tissue (enzyme) with the inhibitor,
the samples are mixed with the substrate chromogen buffer by the ABA-100.
Using the indicated instrument settings the ABA-100 automatically reads the color
reaction and prints out the results in enzyme units after 15 minutes.

2. The enzyme activity can also be measured with a Gilford 250

spectrophotometer. This method is used for more accurate kinetic measurements.

REPLAGEMENT SHEET
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20 product (19.6 g) was obtained froma recrystallization of the nother
| iquor solid bringing the total yield of the reaction to 24.35 g.

" Analysis: Calculated for Clerr]Herr]NO[err]: 67. 779%C 6. 27%H
7.919N Found: 67. 56%C 6. 249
7. 879N EXAMPLE 3
1. 3-Di hvdr o- 6- met hoxv-1, 3-di net hvl - 2H- i ndol - 2- one A slurry of

1, 3- di hydr o- 6- hydr oxy- 1, 3- di met hyl - 2Hi ndol - 2-one (56.6 g), mlled

pot assi um carbonate (65.9 g) and HPLC grade acetone (420 nm) was
mechanically stirred. at roomtehperature as di rrethylsulfate (44.1 g) was
added dropwi se. The addition funnel .

Instrument settings

Lamp: visible

Filter: no filter
Wavelength: 412 nm

Slit width: 0.2 mm
Selection: small a
Calibrated absorbance: . 1.0 unit full scale
Chart speed: _ 0.5 cm/min.

Reagents are added to the reference and sample side of a split curvette as follows:

Reference Sample
0.8 ml 0.05 M phosphate buffer 0.8 ml 0.05 M phosphate buffer
0.8 ml Chromogen—substratc 0.8 ml Chromogen-substrate
buffer buffer
10 microliter enzyme (tissue
homogenate)

The unhibited activity of the enzyme (tissue homogenate) is first determined. Test
drugs are made up in a suitable solvent and added in suitable dilutions to the buffer
vehicle. The reaction rate is determined by the slope of the recorded absorbance
change. The actual rate (moles/liter/min) can be calculated as described in the
following formula

rate (moles/liter/min)=slope/(1.36x10%,

REP LAGEASENT QNFET

——e
[ A9

3108 19977 i{

]




was replaced with a condenser and the slurry was refluxed for 5 hours. The

_Klerr]COerr] was
evaporat ed and the residue was
37.2 g of an oil. The oil was dissol ved i{nREBL
the refrigerator where,
31.3 g of 1, 3-di hydro-6-nethoxy-1, 3-di net.
44-46[err]C. Analysis: Calculated for

6. 85%H 7.329%N Found:
6. 71% 7. 269N 15
3- Cyanonet hyl - 1, 3- di hvdr o- 6- net hoxy- 1, 3-di*

filtered off and washed wel |
purified

upon standi ng over

with ac yne. Acet one was
|lation to yield

dand placed in

T‘gﬁt it sol | ied vyielding
"?DEGO , mp.
e rfHerr] 69. 09%C
68. 91%C

MPLE 4
VI - 2H-i ndol™ 2- one

1, 3- Di hydini i@ it Bravidi mebhybhbmihedabiasenect161€yg) and

i odoacetonitrile

stirred while sodium ethoxide (5.8 g,

(6.7 mM) were dissol .\fed |1n dry ethanol (125 m) and
able

Compound

Inhibitory Concentration (10-5M)

| cis-(i)-1,2,3,3a,8,8a—chahydro—1,3a,8-

trimethylpyrrolo{2,3-b}-indol-6-yl
methylcarbamate

cis-(¥)-1,2,3,3a,8,8a-Hexahydro-1,32,8-
wimethylpyrrolo[2,3-b]-indol-6-yl
cyclohexylcarbamate

cis-(¥)-5-Bromo-1,2,3,3a,8,8a-hexahydro-
1,3a,8-trimethylpyrrolo{2,3-blindol-
6-yl methylcarbamate

cis-(#)-1,2,3,3a,8,8a-Hexahydro-1,3a,8-
trimethylpyrrolo[2,3-b]-indol-4-yl
methylcarbamate

cis-()-1,2,3,3a,8,8a-Hexahydro-1,3a,8-
trimethylpyrrolo[2,3-blindol-4-yl
cyclohexylcarbamate

Physostigmine (namely, (3aS-cis)-
1,2,3,3a,8,8a-hexahydro-1,34a,8-
tnmcr.hylpyrrolo[2 3-blindol-5-

yl methylcarbamate)

0.23

5.50

0.013

0.06

0.55

0.034

Effective quantities of the compounds of the inventon may be administered to a

patient by any of the various methods, for example, orally as in capsules or tablets,

parenterally in the form of sterile solutions or suspensions, and in some cases

intravenously in the form of sterile solutions. The free base final products while effective

themselves, may be formulated and administered in the form of their pharmaceutically

acceptable acid addition salts for purposes of stability, convenience of crystallization,

increased solubility and the like.

Acids useful for preparing the pharmaceutically acceptable acid addition salts of

the invention include inorganic acids such as hydrochloric, hydrobromic, sulfuric, nitric,

phosphoric and perchloric acids, as well as organic acids such as tartaric, citric, acetic,
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3Z M of a 21% by w solution in tetrahydrofuran), was added dropwi se.
addition was conplete, the m xture was refluxed for 3 hours.

After the

" The et hanol was renoved
under reduced pressure and the residue was parti

water. The ether |ayer was dried over Na2SO4 an{ concentratee-+o0 ja res

whi ch was

purified by Prep 500 chromatography (DCM

t e 3.2 g of
product as an oil. Trituration wilfh ether vyiel ded’ 168, ﬁoﬁco#?ga sol}i d,
L ok

. 3-cyanonet
107- 109[ er

hyl - 1, 3- di hydr o- 6- nethoxy 1, 3- dlnethyl
r]C

succinic, salicyclic, maleic, fumaric and oxalic acids.

indol -2-ane,} mp.

<

The active compounds of the present invention may be administered orally, for
example, with an inert diluent or with an edible carmrier. They may be enclosed in gelatin
capsules or compressed into tablets. For the purpose of oral therapeutic administration,
the compounds may be incorporatcd with excipients and used in the form of tablets,
troches, capsules, elixirs, suspensions, symps, wafers, chewing gums and the like. These
preparations should contain at least 0.59? of active compound, but may be varied
depending upon thc-particuiar form and may conveniently be between 4% to about 75% of
the weight of the unit. The amount of compound present in such compositions is such that
a suitable dosage will be obtained. Preferred compositions and preparations according to
the present invention are prepared so that an oral dosage unit form contains between
1:0-300 mgs of active compound.

The tablets, pills, capsules, troches and the like may also contain the follox;vin g
ingredients: a binder such as microcrystalline cellulose, gum tragacanth or gelatin; an
excipient such 'as starch or lactose, a disintegrating agent such as alginic acid, Primogel®,
corn starch and the like; a lubricant such as magnesium stearate or Sterotex®; a glidant

such as colloidal silicon dioxide; and a sweetening agent such as sucrose or saccharin ora

flavoring agent such as peppermint, methyl salicylate, or orange flavoring may be added.

When the dosage unit form is a capsule, it may contain, in addition to materials of the
above type, a liquid carrier such as fatty oil. Other dosage unit forms may contain other
various materials which modify the physical form of the dosage unit, for example, as
coatings. Thus tablets or pills may be coated with sugar, shellac, or other enteric coating
agents. A syrup may contain, in addition to the active compounds, sucrose as a
Sweetening agent and certain preservatives, dyes and colorings and flavors. Materials
used in preparing these various compositions should be pharmaceutically pure and

non-toxic in the amounts used. - e
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Anal ysis: Calculated for CJerr]Herr]Nerr]O: 67.81%C 6. 13%H
. 12.179% Found: 67. 75%C 6. 03%H
12. 139N EXAMPLE 5

3-(2-am noet hvl ) -1, 3-di hydr o- 6- met hoxy-1, 3-

di met hyl - 2Hi ndol - 2-one salicyl ate hem hydrate

3- (Cyanonet hyl ) - 1, 3-di hydr o- 6- net hoxy-1, 3-di net hyl -2H i ndol -2 -one (3 Q)
di ssolved in nmethanol (35 m) and concentrated HO (4.4 nm). This

was

sol uti on was

for

2 hours.

conbined with 10% Pt (0.1 g) and hydrogenated under 50 psi
The nmethanol was renoved under reduced pressure and the

residue was diluted with 35 ml of ice cold water .and 2.5 m of 50% NaOH.
The product was extracted with CHerr]Cd[err], dried with MpSH and

evaporated to gt purpdd¥l of patenteplthddbipeutit BdmNstFiidR, B BRI BARbRssINY

the invention may be incorporated into a solution or suspension. These preparations

should contain at least 0.1% of the aforesaid compound, but may be varied between 0.5

and about 30% of the weight thereof. The amount of active compound in such

compositions is such that a suitable dosage will be obtained. Preferred compositions and

preparations according to the present invention are prepared so that a parenteral dosage

unit contains between 0.5 to 100 mgs of active compound.

The solutions or suspensions may'also include the following components; a sterile

diluent such as water for injection, saline solution, fixed oils, polyethylene glycols,

glycerine, propylene glycol or other synthetic solvents; antibacterial agents such as benzyl

alcohol or methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite;

chelating agents such as ethylenediaminetetraacetic acid; buffers such as acetates, citrates

or phosphates and agents for the adjustment of tonicity such as sodium chloride or

dextrose. The parenteral preparation can be enclosed in ampules, disposable syringes or

multiple dose vials made of glass or plastic.

Examples of the compounds of the invention include those listed below as well as

the 3aS-cis and 3aR-cis isomers thereof and racemic mixtures of the 3aS-cis and 3aR-cis

isomers.

cis-(£)-S-chloro-1,2,3,3a,8,8a-hexahydro-1,3a,8-trimethylpymolof2,3-blindol-6-yl

methylcarbamate;

(3aS-cis)-5-bromo-1,2,3,34,8,8a-hexahydro-1,3a,8-trimethylpyrrolo[2,3-bjindol-6-yl

methylcarbamate;

| ‘REPLACEMENT SHEET
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(10% MeOH/ DCM to yield 2.5 g of an oil. The salicylate was precipitated
~froman ether solution to give 3.3 g of product

3-(2-am noet hyl ) -1, 3-di hydr o- 6- met hoxy- 1, 3-di net hyl - 2H-i ndol - 2- one
salicylate hem hydrate, mp. 160[err]C. '

22 Anal ysis: Calculated for CJerr]Herr]Nerr]O[err]Cerr]Herr]0[err]
18°

(33543)-1.2.3,3&8,sa-hcxahydm-1.3a,s-uimcmylpyrrolotz,_a-b]indol-@y1
methylcarbamate;

(3aR-cis)-1 .2,3,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo{2,3-bjindol-6-yl
methylcarbamate;

(3aSis)-1,2,3,3a,8,8a-hexahydro-1 ,3a,8-uimcthylpyxrolo[2,3—b]indol-4—y1
methylcarbamate; |
(3aR-cis)-1,2,3,3a,8,8a-hcxa.hydro-1.3a,8-u'i.methylpyrrolo[2,3-b]indol—4-yl
methylcarbamate;

_ cis-(i)-S-bromo-1,2,3,3a,8,8a-hcxahydro—l,3a,8-trimcthylpynolo[2,3-b]indol-4-yi
methylcarbamate; :
cis-(#)-1,2,3,33,8,8a-hexahydro-1,3a,8-trimethylpyrrolo[2,3-blindol-6-yl
benzylcarbamate;
cis-(i)-l,2,3,3a,8,8a—hcxahydro—1,3a,8-trimcthylpyrrolo[2,3-b]indol-6—y1
n-heptylcarbamate;
cis-(i)—i,2,3,3a,8,8a—hcxahydro—1,3a,8-uimcthylpyrrolo[2,3-b]indol-6-yl
3-chlorophenylcarbamate; '
cis-(£)-1,2,3,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo{2,3-blindol-4-yl

n-heptylcarbamate.

EXAMPLE 1

2-Bromo-N-(3-methoxyphenyl)-N-methvl-propanamide

A solution of N-methyl-m-anisidine (265 g), triethylamine (269 ml) and toluene
(550 ml). was stirred at 0°C as 2-bromopropionyl bromide (202.6 ml) was added dropwise.
The mixture was mechanically stirred overnight at room temperature. Water was added to
the reaction and the aqueous layer was collected and extracted with ethyl acetate. All

organic phases were combined, washed with 2N HCI, and dried (Na,SO,). The solvent

"""‘—-—~—_...-.~

S 1 DEC 1997

REP, ,QCF"HFQjT QHCE‘T—]
}
f
i



0:5H err]O: ' "62.97%C 6. 62% 7. 25%N Found:

63.229%C 6. 569 7. 309N EXAMPLE
6 cis-()-

1, 2, 3, 3a, 8, 8a- Hexahydr o- 6- met hoxy- 3a, 8- di net hvl pyrr ol o-

[23-b]indole fumarate

3-(2- Am noet hyl ) - 1, 3-di hydr o- 6- nefdioxy- 1, 3-di et hyl - 2H-i ndol - 2-one (52 g)-
was dissolved in ethanol (1.5 1) and heated to reflux under nitrogen.
Sodiumnetal (=75 g) was added in small chunks over 1/2 hour. After all
the sodi ughfigehpoRasd R%iclli A8 oflwHitH ®adBisrifiddsing kel Bhr Rnadh! TRl 15

m nutes. Ethanol was renoved under reduced pressure. The residue was

di | ut ed wdistillate eras disqlvedinlisoraogyl @iter.aThesblid prodicd[2BidmtelNer r] (2. 51). The
CH err]Cl[err] solution was dried and evaporated. The residue was purified
by Prep 5(Bmethoayphenyhaimethyl3ropdnaiideCidp. 56-P°Cecrystalized frdmahis solutiomhe
fumarate was precipitated from MOH ether to give the solid,

cis-()-1, Analysis: 8 8a- hexahydr o- 6- met hoxy- 3a, 8-

- Calculated for C;;H, ,BrNO,: 48.55%C 5.19%H 5.15%N
Found: \ 48.52%C 5.22%H 3.10%N
EXAMPLE 2

1,3-Dihydro-6-hydroxy-1,3-dimethyl-2H-indol-2-one

To a 3-neck 1-liter round bottom flask equipped with a mechanical stirrer, addition
funnel and condenser and purged continuously with nitrogen, was added anhydrous AlCl,
(112 g), followed by 160 ml of 1,2-dichlorobenzene. The system was heated in an oil bath
preset at 145°C. When the internal temperature reached =130°C, 2-bromo-N-(3-
methoxyphenyl)-N-methylpropanamide (65.5 g), was added dropwise over a period of 15
minutes. After complete addition, the addition funnel was rinsed with
1,2-dichlorobenzene and added to the hot reaction mixture. After 2 hours at 145°C, the
mixture was cooled to room temperature and then quenched into a stirred mixture .
containing 450 ml of concentrated HCI and 1.5 kg of ice. The reaction flask was rinsed
with 500 ml of methylene chloride and added to the mixture which was then stirred for an
additional 10 minutes. The mixture was filtered through a pad of Celite which was .
subsequently washed well with dichloromethane (DCM hereafter). The filtrate was
poured into a separatory funnel. The organic phase was collected and dried over Na,SO,.
The solvent was evaporated and the residual oil was purified by silica column
chromatography (1% MeOH/DCM). This yielded a crude solid (28 g) which was
recrystallized from methanol/ether to give 4.75 g of a powder,
1,3-dihydro-6-hydroxy-1,3-dimethyl-2H-indol-2-one, m.p. 176-177°C. A second crop of
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di net hyl pyrrol o[ 2, 3-b] indole fumarate, mp. 176-177[err]C. Anal ysis:
.Calculated for Jerr]Herr]Nerr]O[err]Cerr]Herr]0[err]:

61. 079%C 6.63%1 8.38%\N Found:

60.84% 6.71%1 8. 20%N - 23
EXAMPLE 7

cis-()-1, 2,3, 3a, 8, 8a- Hexahydr o- 6- net hoxy- 1, 3a, 8-

trimethyl pyrrol o[ 2,3-b]indol e funetat e .

product (19.6 g) was obtained from a recrystallization of the mother liquor solid bringing
the total yield of the reaction to 24.35 g.

Analysis:
Calculated for C,oH;,NO,: 67.77%C 6.27%H 7.91%N
Found: 67.56%C 6.24%H 7.87%N

EXAMPLE 3 |
1.3-Dihvdro-6-methoxy-1,3-dimethyl-2H-indol-2-one
A slurry of . 1,3-dihydro-6-hydroxy-1,3-dimethyl-2H-indol-2-one (56.6 g), milled

potassium carbonate (65.9 g) and HPLC grade acetone (420 ml) was mechanically stirred .
at room temperature as dimet.hylsulfaté (44.1 g) was added dropwise. The addition funnel
was replaced with a condenser and the slurry was refluxed for 5 hours. The K,CO;3 was
filtered off and washed well with acetone. Acetone was evaporated and the residue was
purified by Kugelrohr distillation to yield 37.2 g of an oil. The oil was dissolved in 75 ml
of ether and placed in the refrigerator where, upon standing overnight, it solidified
yielding 31.3 g of 1,3-dihydro-6-methoxy-1,3-dimethyl-2H-indol-2-one, m.p. 44-46°C.

Analysis: -
Calculated for C;;H,3NO,: 69.09%C 6.85%H 7.32%N
Found: : 68.91%C 6.71%H 7.26%N

EXAMPLE 4

3-Cyanomethyl-1,3-dihydro-6-methoxy-1,.3-dimethyl-2H-indol-2-one

1,3-Dihydro-6-methoxy-1,3-dimethyl-2H-indol-2-one (16.4 g) and iodoacetonitrile
(6.7 ml) were dissolved in dry ethanol (125 ml) and stirred while sodium ethoxide (5.8 g,
32 ml of a 21% by wt solution in tetrahydrofuran), was added dropwise. After the

addition was complete, the mixture was refluxed for 3 hours. The ethanol was removed

o ey
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cis-()-1, 2,3, 3a, 8, 8a- Hexahydr o- 6- net hoxy- 3a, 8- di net hyl pyrrol o[ 2, 3-b] indole
.(12 g) was dissolved in nmethanol (250 m) with triethylamne (20 m) and
37% aqueous fornal dehyde (28.6 m). The m xture was stirred at room
tenperature for 1/2 hour and then cooled to O[err]C. Sodi um borohydri de
(8.6 g) was added slowy in portions. After one hour, the mxture was
concentrated on the rotary evaporator. Hydrochloric acid (2N) was added in
sufficient anmount to dissolve the residue. This acidic solution was
extracted again with ether, basified with saturated aqueous Na2CO3, and
extracted with ether. The residue?las purified using Prep 500

chr omat ogr aphy (5% MeOH/ DCM) to yield 9.8 g of an oil, =

cis-()-1, a- hexa 0- 6: et hoxy- 1, 3a, 8-trimet hyl gyrrol @2, 3-b]i ndo
le. The "f”ﬁi% rr%?eg{l geﬁ%s%%f Ve W2 Bed %‘W&T’bﬁ}'ﬁaﬂﬁéﬁ%t nol / et her
sol ution. ' I f . . _
Clerr]H ecrﬂrlﬁ%&?%ér{-ﬁd]la(%fﬂérgra]og eﬁ’j%g?[‘gg é ]CBTcé“r“rrde to a residue iy 5‘1 ?S'SW/E p“nﬁ(?.déﬂ%-l
g. 83% FRrép 300 chromatography (DCM) to yield 13.2 g of the product as an oib 2F#@i4on with- 10%

- ether yielded 10.4 g of a solid, 3-cyanomcthyl-l,3-dihydro—6-mcthoxy-l,3-dimcthyl—_2H-

indol-2-one, m.p. 107-109°C.

Analysis: .
Calculated for C;3H,,N,0: 67.81%C 6.13%H 12.17%N
Found: - 67.75%C 6.03%H 12.13%N

EXAMPLE 5
3-(2-aminoethvl)-1,3-dihydro-6-methoxy-1,3-

dimethyl-2H-indol- 2-one salicylate hemihydrate

3-(Cyanomethyl)-1,3-dihydro-6-methoxy-1,3-dimethyl-2H-indol-2 -one (3 g) was
dissolved in methanol (35 ml) and concentrated HCI (4.4 ml). This solution was
combined with 10% PtO, (0.1 g) and hydrogenated under 50 psi for 2 hours. The
methanol was removed under reduced pressure and the residue was diluted with 35 ml of
ice cold water and 2.5 ml of 50% NaOH. The product was extracted with CH,Cl,, dried
with MgSO, and evaporated to an oil. This oil was purified by Prep 500 chromatography
(10% MeOH/DCM) to yield 2.5 g of an oil. The salicylate was precipitated from an ether
solution to give 3.3 g of product 3-(2-aminoethyl)- 1,3-dihydro-6-methoxy-1,3-dimethyl-
2H-indol-2-one salicylate hemihydrate, m.p. 160°C.




EXAMPLE 8
cis-()-1, 2,3, 3a, 8, 8a- Hexahydro- 1, 3a, 8-trinet hyl pyrrol o/ 2, 3-b7 indol -6-o0l -
fumar at e
cis-()-1, 2, 3, 3a, 8, 8a- Hexahydr o- 6- net hoxy- 1, 3a, 8-ti net hyl pyrrol o
[2,3-b]lindole (5 g) was dissolved in DCM (50 m). This solution was added
to a solution of BBr3 (32.4 nm, 1IMin DCM which was stirred at O[err]C
under nitrogen. The m xture was stirred for 1 hour and then quenched with
150 M of a saturated NaHCO err] solution added dropw se. An additional
300 m of saturated NaHCO err] was added and the m xture was extracted with
4:1 CHCl[err]-isopropyl alcohol @2 PA" hereafter). The organl c extracts
were dried (Na[err]SOerr]), filtered and evaporated to yield a SO|Id The
solid was aissol ved in CHCl[err] and a small

Analysis:

Calculated for C3H;gN,02¢C7H;O5-
0.5H,0: 62.97%C 6.62%H 7.25%N
Found: 63.22%C 6.56%H = 7.30%N

EXAMPLE 6
cis-(+)-1,2.3.3a 8 8a-Hexahydro-6-methoxy-3a.8-dimethvipyrrolo-
[2.3-blindole fumarate
3-(2-Aminoethyl)-1,3-dihydro-6-methoxy-1,3-dimethyl-2H-indol-2-one (52 g) was
dissolved in ethanol (1.5 I) and heated to reflux under nitrogen. Sodium metal (=75 g) was
added in small chunks over 1/2 hour. After all the sodium had reacted, the mixture was
refluxed for an additional 15 minutes. Ethanol was removed under reduced pressure. The
residue was diluted with H,O (1.5 1) and extracted with CH,Cl, (2.51). The CH,Cl,
solution was dried and evaporated. The residue was purified by Prep 500 chromatography
(3% MeOH/DCM) to give 17.7 g of an oil. The fumarate was precipitated from |
MeOH/ether to give thé solid, cis-(%)-1,2,3,3a,8,8a-hexahydro-6-methoxy-3a,8-
dimethylpyrrolo[2,3-b} indole fumarate, m.p. 176-177°C.

Analysis:
Calculated for C,3H, gN,OoCH,O,: 61.07%C 6.63%H 8.389-N
Found: 60.84%C 6.71%H 8.20%N

“‘*-«- {
——— i
7 H



24 anmount of silica gel was added. The slurry was stirred at room
~tenperature under N2 for 10 mnutes. The mxture was filtered and the
filtrate was decolorized with activated charcoal and evaporated to 2.3 ¢
of an oil. The fumarate (400 ng) was precipitated from MOH ether vyielding
a solid, cis-()-1, 2,3, 3a, 8, 8a- hexahydr o-

1,3a,8-trinethyl pyrrolo[2,3-b]indol-6-0l fumarate, mp. 193-194[err]C.
Analysis: Calculated for CJerr]Hgyr]Nerr]O[err]Clerr]Herr]O[err]:

61. 079%C 6. 63% 8. 389\ Found:

60. 78%C 6. 85% 8. 179N

EXAMPLE 7 . *
cis-(+)-1,2,3,3a,8,8a-Hexahydro-6-methoxy-1,3a,8-

trimethylpyrrolo{2,3- blindole fumarate

cis-(+)-1,2,3,32,8,82-Hexahydro-6-methoxy-3a,8-dimethylpyrrolo[2,3-b] indole
(12 g) was dissolved in methanol (250 ml) with triethylamine (20 ml) and 37% aqueous
formaldehyde (28.6 ml). The mixture was stirred at room temperature for 1/2 hour and
then cooled to 0°C. Sodium borohydride '(8.6 g) was added slowly in portions. After one
hour, the mixture was concentrated on the rotary evaporator. Hydrochloric acid (2N) was
added in sufficient amount to dissolve the residue. This acidic solution was extracted
again with ether, basified with saturated aqueous Na,COs, and extracted with ether. The
residue was purified using Prep 500 chromatography (5% MeOH/DCM) to yield 9.8 g of
an oil, cis-(£)- 1,2,3,33.,8,8a-hcxahydro—6-mcthoxy—1,3a,8-m'mcthylpyrrolo[2,3-'b]indolc.

The fumarate, mp 138-139°C, was precipitated from a methanol/ether solution.

Analysis
Calculated for C, HygN,O-CiH,O4: 62.05%C  694%H  8.04%N
Found: 62.29%C  7.10%H  8.07%N
EXAMPLE 8
%xli;a'i ;11:e 3.32.8 ,8a—Hexaln 1,3a,8-tri pvrrolo/2,3-b/indol-6—ol-

cis-(*)-1,2,3,3a,8,8a-Hexahydro-6-methoxy-1,3a,8-trimethylpyrrolo [2,3-blindole
(5 g) was dissolved in DCM (50 ml). This solution was added to a solution of BBr; (32.4
ml, 1M in DCM) which was stirred at 0°C under nitrogen. The mixture was stirred for 1
hour and then quenched with 150 ml of a saturated NaHCO; solution added dropwise. An
additional 300 ml of saturated NaHCO; was added and the mixture was extracted with 4:1
CHCl;-isopropyl alcohol ("IPA" hereafter). The organic extracts were dried (Na,SO,),
filtered and evaporated to yield a solid. The solid was dissolved in CHCI; and a small
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EXAMPLE 9

cis-()-1, 2,3, 3a, 8, 8a- Hexahydro- 1, 3a, 8-tri net hyl pyrrol o[ 2, 3-b] i ndol -

6-yl nethyl carbamate salicyl ate cis-()- 1,2, 3, 3a, 8, 8a- Hexahydr o-
1,3a,8-trinmethyl pyrrolo[2,3-b]indol-6-0l (1.5 g) was added to degassed
benzene (150 m ). After 5 mnutes of stirring at roomtenperature,

1, 8-di azabi cycl o[ 5. 4. O] undec- 7-ene (hereafter "DBU') (0.1 m) was added to
the m xture. Methyl isocyanate (0.9 m) was subsequently added very slowy
(in several portions) over a period of 1.5 hours. The benzene was
evaporated and the residue was puri¥d ed using Prep 500 chromatography (5%
MeOH/' DCM to yield 1.15 g of an oil. The salicylate (920" ng), np.

148- 149[err%C, liip{i)re(:i pitated fromdry diethyl ether. Analysis: _

Cal cul at e¥f@ ‘b‘?t"g‘ BRI as r Fhecslery piep stirred-ftapom tropperatyre under Ny for

0 0 0 -
2?1 giég gO %@ﬁ}s 'lil% é%é‘é\lﬁe w'i‘é’ lt'iTtgmd and the filtrate was decolorized with activated

charcoal and evaporated to 2.3 g of an oil. The fumarate (400 mg) was precipitated from
MeOH/ether yielding a solid, cis-(.t)-1,2,3,3a,8,8a-hcxa_hydm—
1,3a,8-trimethylpyrrolo[2,3-bJindol-6-ol fumarate, m.p. 193-194°C.

Analysis:
Calculated for C;3H;gN,0-C,H,O4: . 61.07%C 6.63%H 8:38%N
Found: . 60.78%C 6.85%H 8.17%N

EXAMPLE 9
cis-(+)-1,2,3,3a,8,8a-Hexahydro-1,3a 8-trimethylpvrrolof2,3-blindol-

6-y1 methylcarbamate salicylate

cis-(%)-1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolof2,3-blindol-6-0l (1.5 g)
was added to degassed benzene (150 ml). After 5 minutes of stirring at room temperature,
1,8-diazabicyclo[5.4.0]undcc-7-cnc (hereafter “DBU") (0.1 ml) was added to the mixture.
Methyl isocyanate (0.9 ml) was subsequently added very slowly (in several portions) over
a period of 1.5 hours. The benzene was evaporated and the residue was purified using
Prep 500 chromatography (5% MeOH/DCM) to yield 1.15 g of an oil. The salicylate (920
mg), m.p. 148-149°C, was precipitated from dry diethyl ether.

Analysis:
Calculated for C,sH;;N30,8C;HOs: 6391%C 6.58%H 10.16%N
Found: 64.31%C 6.43%H 10.20%N
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25

()-(3aR,
3-b] i ndol -
cis-()-1,

g) was added to degassed benzene (150 m). After
roomtenperature, DBU (0.1 nml) was added to the
(R -(+)-[err]-nethyl benzyl |socyanate (0.66 m)

and the reaction was conplete in 1/2 hour. The bgnhzene Wwas

EXAMPLE 10
8aS*)-1, 2, 3, 3a, 8, 8a- Hexahydro-1, 3a, 8-tri net hyl pyrrol of 2,

6-yl (R) - ([err] met hyl benzyl ] car bamat e sgl
2,3, 3a, 8, 8a- Hexahydr o- 1, 3a, 8-tri met hyl py ﬁ%“??@ﬁmma- ol (1
5/ mi nutes of Stjrfing at

t 3reDEC 1997
added sl owl y' gr opwi se

EXAMPLE 10
+)-(3aR*,8a5%)-1,2,3,3a,8,8a-Hexahydro-1,3a 8-trimethylpyrrolo[2
3-blindol-6-yl (R)-{a-methylbenzyl)carbamate salicylate
cis-(+)-1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo{2,3-b]indol-6-ol (1 g) was
added to degassed benzene (150 ml). After 5 minutes of stirring at room temperature,
DBU (0.1 ml) was added to the mixture. (R)-(+)-a-methylbenzyl isocyanate (0.66 mi)
was added slowly dropwise and the rcacdon was complete in 1/2 hour. The benzene was
evaporated and the residue was purified using Prep 500 chromatography (5%
MeOH/DCM) to yield 0.68 g of an oil. The product, (+)-(3aR*,8a5¥)-1,2,3,32,8,8a-
hexahydro-1,3a,8-trimethylpyrrolo{2 ,3-blindol-6-yl (R)-(a-methyl-
benzyl)carbamate salicylate, m.p. 119-120°C (0.72 g) was precipitated from dry diethyl

ether.

Analysis:

Calculated for CyyHyqN30,0C,HO; 69.17%C 6.61%H 8.34%N
Found: 69.12%C 631%H 8.36%N

EXAMPLE 11

(H)-(3aR*,8aS*)-1,2,3,3a,8.8a-Hexahydro-1,3a,8-trimethyipyrrolo
12,3-blindol-6-¥1 (S)-{a-methylbenzyl)carbamate salicylate
cis-(£)-1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo[2,3-b] indol-6-0l(1 g) was

added to degassed benzene (150 mi). After 5 minutes of stirring at room temperature,
DBU (0.1 ml) was added to the mixture. (S)-(-)-a-methylbenzyl isocyanate (1 ml) was
added slowly dropwise. The reaction was complete in 1/2 hour. The benzene was
evaporated and the residue was purified using Prep SO0 chromatography (5%
MeOH/DCM) to yield 0.79 g of an oil. This product was combined with another lot of



evaporated and the residue was purified using Prep 500 chromatography (5%
.MeOH/DCM to yield 0.68 g of an oil. The product,

()-(3arR*, 8aS*)-1, 2, 3, 3a, 8,8a- hexahydr p

,3a, 8-trinethyl pyrrol o[ 2, 3-b] i ndol - 6-yl QPPLJAPF'\ E\l{ %F yl - benzyl)carbamate
salicylate, mp. 119-120[err]C (0.72 ¢g)lwas precipitaifed fromdry diethyl

ether. Analysis: Calculated fop | 3 1DEC 1997
Clerr]Herr]Nerr]Qerr]Clerr]Herr]Ofetr] 69. 179%C 6.61%
8. 34%\ Found: ' 69. 129%C

6. 319 iécrgi?a@ly prepared material, which was fdund to be pure by thin layexAhEi$is. 1The
([err])-(3arR*, 8a8u% 1, 2,3, 3a, 8, 8a- Hexahvdr o- 1, 3a, 8- trlrrethyl pyrrol o
[2, 3-b] i rabFyIBe\nf tagjamiriaed proguat s pensipjiated frasa dnvdiethykathengiving a salt,

) vk NG T e e Renans b 3n B ey W@ﬁﬁkﬁﬁg@ BT rring at

room t €M@Y 2k Hhéihylbenzyl)carbamate salicylate, m.p. 118-119°C.

Analysis:
Calculated for CpHy7N;0,0C,HO5: . 69.17%C  6.61%H 8.35%N
Found: 69.17%C  6.65%H . 8.29%N

EXAMPLE 12

cis-(+)-1.2.3.32.8,8a-Hexahvdro-1,3a,8-trimethylpyrrolo[2.3-blindol-6-vl cyclohexyvl

carbamate salicylate

cis-(%)-1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo[2,3-b Jindol-6-0l (1 g)
was added to degassed benzene (150 ml). After 5 minutes of stirring at room temperature,
DBU (0.1 ml) was added to the mixture. Cyclohexyl isocyanate (0.76 ml), was added
slowly dropwise and the reaction was complete in 1/2 hour. The benzene was evaporated
and the residue was purified using Prep 500 chromatography (5% MeOH/DCM) to yield
0.90 g of an oil. The product was combined with another lot of identically prepared
material, which was found to be pure by thin layer analysis. The salicylate of the
combined product was precipitated from dry diethyl ether and recrystallized from
EtOAc/hexane to yield the product, cis-(£)-1,2,3,32,8,8a-hexahydro-1,38,8-
trimethylpyrrolo{2,3-b] indol-6-yl cyclohexyl carbamate salicylate, m.p. 155—156°C.
Analysis:

Calculated for C;gH,gN;0,8C;HO5: 67.34%C 17.33%H 8.73%N
Found: ' 66.97%C 7.25%H 8.60%N



DBU (0.1 m) was added to the mxture. (S)-(-)-[err]-nethyl benzyl
_ isocyanate (1 nl) was added slowy dropw se. The reaction was conplete in

1/2 hour. The benzene was evaporated and the r i fied using

Prep 500 chromat ography (5% MeOH DCM to yield OqEPbA@fMﬂ‘NTasHEEﬂ Thi s

product was conbi ned with another |ot of

26 identically prepared nmatekival, which was fqund g@?%w % En | ayer
t

-

anal ysis. The salicylate of the conbined prodyct] wa ed romdry
di ethyl ether giving a salt,

() (3aR*, 8aS*)-1, 2, 3, 3a, 8, 8a- hexagﬂr %8 Lrimethyl pyrrol 0[2,3 ]|ndol

6-yl (S)-([err]- rret hyl benzyl ) car cyl at e, - ~448-119 Terr]C
cis-(+)-1,2.3,3a.8,.8a-Hexahydro-1,3a 8-trimethylpyrrolo{2.3-blindol-
6-vl 3-[3-azabicyclo[3.2.2]nonanelcarbamate fumarate

cis~(%)-1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo[2,3-blindol-6 -ol (2 g)

was dissolved in dry degassed dichloromethane. 1,1°Carbonyldiimidazole (1.64 g) was
added in 6ne portion. The mixture was stirred for 1/2 hour at room temperature under N,.
3-Azabicyclo[3.2.2]nonané (1.7 g) was added and the mixture was stirred at room
temperature overnight under nitrogen. The solution was evaporated and the residue was
purified using Prep 500 chromatography (3% MecOH/DCM) to yield 1.25 g of the pfbduct
as an oil. The fumarate was precipitated from MeOH/ether to yield 0.82 g of a solid. This
material was combined with 0.6 g of product from another lot of identically prepared
material, which was fc;und to be pure by thin layer analysis. The combined material was
recrystallized from methanol to yield the product, cis-(3)-1,2,3,32,8,8a-hexahydro-1,32,8-
trimethylpyrrolo[2,3-bJindol-6-yl 3-[3-azabicy5:_lo[3.2.2]nonane]carbamatc fﬁma:ate, m.p.

153-154°C.
Analvsis:
Calculated for CpyHy;N;0,-C4H,O4: 6431%C 727%H  8.65%N

Found: 64.35%C 7.18%H 8.59%N

EXAMPLE 14

cis-(+ 1 a,8.8a-Hexahydro-1.3a 8-trimethylpvrrolo-
{2,3-blindol-6-y1 phenyl carbamate fumarate
cis-(¥)-1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo[ 2,3-b]indol-6-0l (3 g) was
dissolved in THF (200 ml). DBU (1 ml) was added followed by phenyl isocyanate (2.1
ml). The mixture was stirred at room temperature uﬁder nitrogen overnight. The solvent

was removed under reduced pressure and the residue was purified using Prep 500



Anal ysis: Calculated for (JQerr]Herr]Nerr]Jerr]Cerr]Herr]Jerr]:
69. 179%C 6.61%1 8. 35%N\ Found:

69 179% 6.65%4 8. 299N REPLACEMENT SHEET } EXAMPLE 12 -

cis-()-1, 2,3, 3a, 8, 8a- Hexahydro- 1, 3a, 8-tri et hyl pyTTotori2y 3{b] i ndol - 6-yl
cycl ohexvl t@@t@? i ¢yl ate

cis-()- 1,2, 3, 3a, 8, 8a- Hexahydro- 2}, 3a, 8-trinfe I Bb ] i ndol - 6- ol
(1 g was added to degassed benzene (150jniY- "“m ”lut es of stirring

at roomtenperature, DBU (0.1 m) was addaled t o t he m xt ure, Cycl ohexyl

onp! of Sbfimal iy oniodcth o LR s S RIPE TR VIR S A5H A0 o

011 The Sl hothOST el BRI Qs BT W Bl el S0 of 2
added to the free base in solution. Upon addition of ethyl ether, the product crystallized
out of solution to yield 1.2 g of solid, cis-(+)-1,2,3,3a,8,8a-hexahydro-1,3a,8-trimethyl-
pyrrolo[2,3-blindol-6-yl phenyl carbamate fumarate, m.p. 180°C.

Ana_lxsis:
Calculated for C,gH,3N,0,0C,H,0,: 63.57%C 6.00%H 9.27%N

Found: - 63.14%C 6.11%H  9.13%N

EXAMPLE 15
cis-(+)-5-B romo—1,2,§,3a_,8,8a-hexah1dro-6-methoxv-1,§a§-

trimethylpyrrolo{2,3-b indole fumarate

cis-(*)-1,2,3,33,8, 8a-Hexahydro—6—mcﬂ10xy—1 »3a,8-trimethylpyrrolo[2,3-bjindole
(21.2 g) dissolved in methanol (200 ml) and 48% HBr (0 5 ml) was treated with -
N-bromosuccinimidc (17.9 g) in several portions at 0°C. After one hour at rcom
temperature, the solution was evaporated and the residue was purified by Prep 500
chromatography (3% MeOH/DCM) to yield 13 g of an oil. The oil (2 g) was dissolved in
methanol and a concentrated solution of fumaric acid (0.82 g) in methanol was added
dropwise. The product salt (1.8 g) precipitated out of solution upon addition of ethyl
ether. Recrystallization from methanol yielded 1.4 g of the pure product,
cis-(%)-5-bromo-1,2,3,3a,8,8a-hexahydro-6-methoxy-
1,3a,8-trimethylpyrrolo{2,3-blindole fumarate, m.p. 177-178°C.
Analysis:
Calculated for C,,H,BrN,0eC,H,O;: 50.60%C 5.43%H 6.56%N
 Found: 50.69%C  5.49%H  6.50%N



material, which was found to be pure by thin |layer analysis. The salicyl ate
of the conbined product was precipitated fromdry diethyl ether and
recrystallized from EtOAc/hexane to yield the product,

cis-()-1,2,3,3a,8, 8a-hexahydro-1, 3a, 8- tri i ndol - 6-yl
cycl ohexyl carbamate salicylate, mp. 155-15 EM&N&I SHEEF:-| Cal cul at ed
for CJerrJHerr]Nerr]Qerr]Cerr]Herr]Jerq]: 7.349C
7.33%1 8.73%N Found: 29 ’ ' a

66. 97%C 7.25%1 8. 60N

EXAVPLE 13 ,'

- EXAMPLE
cis-(+)-5-Bromo-1,2,3,32.8,8a-hexahydro-1,3a,8-trimethylpyrrolo{2,3-blindol-6-ol
cis~(%)-5-Bromo-1,2,3,32,8,8a-hexahydro-6-methoxy-1,3a,8-trimethyl-
pyrrolo{2,3-b]indole (11 g) was dissolved in dry DCM (200 ml) and added dropwise at
0°C to a stirred solution of BBr3 in DCM (300 mi). The mixture was warmed to room

temperature and stirred overnight under nitrogen. The mixture was quenched with aq.
Na,CO; and aq. NaHCO, until basic at 0°C. The organic layer was dried and evaporated
to a foam (10 g). The IR, NMR and Mass Spectra confirmed the purity and identity of this
product.

EXAMPLE 16

cis-(+)-5-Bromo-1,2.3,.3a,8.8a-hexahydro-1.3a,8-trimethylpyrrolo(2,3-blindol-6-vl
| methvl carbamate sesquifumarate
cis-(+)-5-Bromo-1,2,3,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo[2,3-b]indol-6-o0l

(2:4 g) was added to a solution of DBU (1.3 ml) in benzene (200 ml). Methyl isocyanate
(0.71 ml) was subsequently added dropwise. The mixture was stirred overnight at room
temperature under N,. The solution was evaporated and the fesidue was purified by Prep
500 chromatography (1% TEA/5% MeOH/94% DCM) to yield 1.1g of an oil. Fumaric
acid (0.36 g) in methanol was added to the oil which was also dissolved in methanol.
Upon addition of ethyl ethcr. the product salt (0.860 g), precipitated out of solution. This
product was combined with 600 mg of another lot of identically prepared material, which
was found to be pure by thm layer analysis. This combined product was recrystallized
from methanol to yiéld 900 mg product, cis-(+)-5-bromo-1,2,3,3a,8,8a-hexahydro-1,3a,8-
trimethylpyrrolo[2,3-blindol-6-yl methyl carbamate sesquifumarate, m.p. 180°C.

—



cis-()-1, 2,3, 3a, 8, 8a- Hexahydro- 1, 3a, 8-tri net hyl pyrrol o[ 2, 3-b] i ndol -
6-vl 3-[3-azabicycl o[ 3. 2. 2] nonane] car bamat e funarate

" cis-()-1, 2,3, 3a, 8, 8a- Hexahydro-1, 3a, 8-ti ngt M2 a=ofi ndol - 6-0l (2
g) was dissolved in dry degassed di chl o?‘jn@hmﬁﬂ?ﬁ'@ﬁb nyl di i m dazol e
(1.64 g) was added in one portion. The mixtjure was stirrgdjfor 1/2 hour at
roomtenperature under Nerr]. 3-Azabicyd q[ 323 pgoowepnei(1.7 g) was added
and the mxture was stirred at rodfh tenpdrdture overni ght yinder nitrogen.
The sol ution was evaporated and the residde Was—purtfied using Prep 500

chr omat ognapRys( 3% MeOH DCM to yield 1.29 g of the product: as an oil. The
fumarate Was precipitated from MeOH ether to yield 0.82 g of a solid. This
mat eri al \WRRkuteD ' r@duct from gm [ i ically
prepared nmateri alqﬁ%ﬁghﬁaa%@%%ﬁﬂg“‘tiﬂegé pure bya?z?%@{ agg?%alﬁl;:ggg}g The
conbi ned Weted:i al was recrystallized from nethandf.72%C i ¢l99%Hag meNiuct ,
cis-()-1, 2,3, 3a, 8, 8a- hexahydro-1,3a,8- trinethylpyrrol o[ 2, 3-b]i ndol - 6-yl
3-[ 3-azabi cycl o[ 3. 2. 2] nonane] car banat e fumarate, m-p.

EXAMPLE 17
1.3-Dihydro-4-hvdroxy-1,3-dimethyl-2H-indol-2-one

To a 3-neck 1-liter round bottom flask equipped with a mechanical stirrer, addition
funnel and condenser and purged with nitrogen, was added anhydrous AICl; (256.5 g)
followed by 380 ml of 1,2-dichlorobenzene. The system was heated in an oil bath preset
at 145°C. When the internal temperature reached approximately 130°C,
2-bromo-N-(3-methoxyphenyl)-N-methyl-propanamide (150 g) was added dropwise.
After complete addition, the addition funnel was rinsed with 1,2-dichlorobenzene and
added to the hot reaction mixture. After 2 hours at 145°C, the mixture was cooled 1o room
temperature and then quenched into a stirred mixture containing 1 liter of concentrated
HCl and 3 kg of ice. The reaction flask was rinsed with a few milliliters of CH,Cl; and
added to the mixture which was stirred for an additional ten minutes. The mixture was
filtered through a pad of celite and the filtrate was poured into a separatory funnel. The
organic phase was collected and dried over MgSO,. The solvent was evaporated and the
residual oil was combined with another lot of identically prepared material which was
found to be pure by thin layer analysis. The combined reaction mixtures were purified by
S$iO, column chromatography (20% ethyl acetate/hexane). The product,
1,3-dihydro-4-hydroxy-1,3-dimethyl-2H-indol-2-one monohydrate, (27.5 g) m.p.
150-151°C, crystallized directly out of the eluent.

Analysis:
Calculated for C,gH;,NO,#H,0: 61.53%C 6.71%H 7.17%N

Found: ‘ 61.83%C 6.77%H 7.183%N

N



153-154[err]C. Analysis: Calculated
Cerr]Herr]Nerr]Jerr] C[ err]Herr]O[ (hrBTPLACEMFNT SHEET6§. 314C 7. 27%H
8. 65%N\ Found: , 64. 35%C
7.18%1 8. 59%N XAMPLE 14
cis-()-1, 2,3, 3a, 8, 8a- Hexahvdro- 1, 3a, 8- 1r|rret?1)ﬂEp%/ 998' o+

[2,3-Db]i ndoI 6-yl phenyl car bamate f umar at-e~ - -+ e

cis-()-1,2,3,3a, 8, 8a- Hexahydro- 1, 33, 8-tri net hyl pyrrol 0[2 3-b]indol-6-0l (3
g) was di ssol ved in THF (200 m). DBU (1 m) was added foll owed by phenyl

i socyanate (2.1 nl). The mixture was stirred at room tepnperature under
nitrogen overni ght, The solvent was renpved under reducéd pressure and the
resi due was purified using Prep 500EXAMPLE 18

1,3-Dihvdro-4-methoxy-1,3-dimethyl-2H-indol-2-one
A slurry of 1,3-dihydro-4-hydroxy-1,3-dimethyl-2H-indol-2-one (50 g), milled
potassium carbonate (60.1 g) and HPLC grade acetone (400 ml) was mechanically stirred
at room temperature as dimethylsulfate (41.4 ml) was a.addcd dropwise. The addition

funnel was replaced with a condenser and the slurry was refluxed for 18 hours. The
K,CO; was filtered off and washed well 'with acetone. Acetone was evaporated and the
residue was purified by column chromatography to yield 46.5 g of an oil. The oil was
dissolved in ether and placed in the refrigerator where, upon standing overnight, the

product crystallized, m.p. 73-74°C.

Analysis: .
Calculated for C;;H;3NO,: 69.09%C 6.85%H 7.32%N
Found: 68.99%C 6.77%H 7.34%N

EXAMPLE 19
3-Cyanomethyl-1.3-dihydro-4-methoxy-

1,3-dimethyi-2H-indol-2-one

1,3-Dihydro-4-methoxy-1,3-dimethyl-2H-indol-2-one (43 g) and iodoacetonitrile
(17.5 ml) were dissolved in dry ethanol (325 ml) and stirred while sodium ethoxide (83.9
ml of a 21% solution in ethahol) was added dropwise. After the addition was complete,
the mixture was stirred overnight under nitrogen. The ethanol was removed under reduced
pressure and the residue was partitioned between ether and water. The ether layer was
washed with 10% NaOH and dried over Na,SO,. The ether was removed and the residue
was purified by column chromatography (15% EtOAc/hexane) to yield 41.2 g of the
product, 3-cyanomethyl-1,3-dihydro-4-methoxy-1,3-dimethyl-2H-indol-2-one, as an oil,



28 chromat ogr aphy (3%eOH/ DCM to yield 1.3 g of an oil. This oil was
dissolved in a snmall anpbunt of nethanol. Fumari c acid (0. 49 g) was al so
" dissolved in nethanol and was added to the base—tm ti on. Upon

addition of ethyl ether, the product crystal |&r-é’él’*c'3‘é§"’ofw§ﬂﬁ dtion to yield

1.2 g of

solid, cis-()-1,2,3, 3a, 8, 8a- hexahydfof T, 3a, 8-tri netjhyl -

pyrrol o[ 2, 3-b]indol -6-yl phenyl carbanate furrarage*C[D@go]gg?SQ[ grr]C.
err

Anal ysi s:

63. 57%C
63. 149%C

Calculated for CJerr]J]Herr]Nerr]deerr] rir]iO[err]:
6. 00%H 9. 279 Foundsy, _
6. 119 9. 139N - !

14
H

which solidified upon standing. Trituration with ether yiclded a solid (15.0 g), m.p.
92-93°C.

Analysis: _

Calculated for Cj3H,(N,0,: 67.81%C  6.13%H 12.17%N
Found: ' 671.74%C 6.15%H 12.16%N
EXAMPLE 20
¢is~(+)-1.2,3.3a.8.8a-Hexahydro-4.methoxy-3a,8-dimethylpyrrolo[2 é-bhndole
fumarate

3-Cyanomethyl-1,3-dihydro-4-methoxy-1,3-dimethyl-2H-indol-2-one (15.0 g) was
dissolved in tetrahydrofuran (750 ml) and stirred at 0°C. Lithium aluminum hydride
(130.4 ml of 1 M solution in THF) was added dropwise under N,. The mixture was
refluxed for 1/2 hour, cooled, and quenched with 5 ml H,O, followed by 7.5 ml 10%
NaOH and finally more H,O (15 ml). The aluminum hydroxide salts were filtered off
through a pad of Celite and washed well with THF. The filtrate was concentrated. Watér
(250 ml) was added and the aqueous solutio;:x was extracted with ether (1L). The ether
extract was dried with MgSQO, and evaporated. The residue was purified using Prep 500
chromatography (5% MeOH/DCM) to yield 8.3 g of an oil. The fumarate was precipitated
from methanol/ether to yield the salt, cis-(3)-1,2,3,3a,8,8a-hexahydro-4-methoxy-3a,8-
dimethylpyrrolo{2 ,3-bJindole fumarate, m.p. 132-133°C.

Analysis:
Calculated for Cy3H; gN,0.CH,O4: 61.07%C 6.63%H 8.38%N
Found: 61.10%C 6.74%H  8.30%N



rﬂ

- EXAMPLE 15
_Ccis-(+)-5-Bronp-1, 2, 3, 3a, 8, 8a- hexahydr o- 6- net hoxv- 1, 3a, 8-
trimet hyI pyrrol o[ 2, 3-b]indol e fumarate

cis-()- , 3, 3a, 8, 8a- Hexahydr o- 6- net hoxy- 1, 3a, 8- trlmsthyl pyrrol o[ 2,3-b]indo -
|l e (2129) di ssol ved in nethanol (200 n1) 3 ) was
treated with N-bromosuccininmide (17.9 g) in sé\E@kMEMﬁBI'TtSkbEE 3t O[err]C.
After one hour at room tenperatu:;:g -the sol ytifon was evapor gt ¢d and the
residue was purified by Prep 500 hr omat ogr a

g of an oil. The oil (2 g) was dissolved in
solution of fumaric acid (0.82 g) .in nethanol
product salt (1.8 Q) preci pitated L

et her . Recréséilliig 8 érogg [ ] : L. .pyoduct,
Ci s- () 5-b 1 8 -iae Y . o ¥ [ y 1Nao:

1, 3a, 8-tri net hyl pyrrol 0[2 3- b]|ndol efuIn ate mp. 177-178[err]C.
Anal ysi s:

The

cis-(i)—1,2,3,33,8,8a-chahydro—4—mcmoky-3_a,8-dimcthylpynolo[2,3-b]indolc
(2.1 g) was dissolved in methanol (50 ml). Triethylamine (3.3 ml) and 37% aqueous |
formaldehyde (5 ml) were added and the mixture was then stirred at room temperature for
1 hour. The solution was cooled to 0°C and NaBH, (1.5 g) was added in portions. After 1
hour, the reaction was quenched with cnéugh 2N HCl added dropwise to make the mixture
slightly acidic. Methanol was removed under rcducéd pressure and saturated aqueous
Na;CO; was added to the residue. This aqueous solution was extracted with cth&. The
ether was evaporated and the residue was purified by Prep 500 chrgmatogmphy to yield
2 gofanoil. The fumarate was precipitated from methanol/ether to yield the salt,
cis-(*)-1,2,3,3a,8,8a-hexahydro-4-methoxy-1,3a,8-trimethylpyrrolo [ﬁ,3-b]indole
fumarate, m.p. 187-188°C.

Analysis: :
Calculated for C;4H,;gN;0-C4H,O4: 62.05%C 694%H 8.04%N
Found: 62.17%C 696%H 8.04%N

EXAMPLE 22

cis-(+)-1,2.3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo [2,3-blindol-4-ol fumarate
cis-(%)-1,2,3,33,8,8a-Hexahydro-4-methoxy-1,3a,8-trimethylpyrrolo [2,3-blindole

(22.0 g) was dissolved in DCM (300 ml). This solution was added dropwise to a solution
of boron tribromide (300 ml of a 1M solution) which was stirred at 0°C under nitrogen.
The mixture was stirred overnight under nitrogen at room temperature. The reaction
mixture was then slowly poured into a stirring saturated solution of Na,CO, (200 ml) at

0°C. Saturated NaHCQ, was added slowly until the mixture became slightly alkaline



Calculated for err]lHerr]BrNerr]Qerr]Cerr]Herr]O[err]:
50. 60%C 5.43%1 6.56%\ Found:
50.69%C 5.49%1 6. 50%N

EXAVMPLE REPLACEMENT SHEET
cis-()-5-Brono-1, 2, 3, 3a, 8, 8a- hexahydr o- 1, 3a 8Ftrimetirytpy+rol{o[ 2, 3- b] i ndol -
6- ol cis-()-5-Bronop- 1,2, 3, 3a,8,8a-h -

xahy. -6- et Hoxy
1,3a,8-trimethyl- pyrrolo[2,3-b]indole (11 \%aﬁbgps‘ggfved in dry DCM
(200 mM) and added dropwi se at Of[ery]JC to ja stirred solutjlon of BBr3 in
DCM (300 m). The mi xture was warned to rogm ' .

Q D

by

whiéh was then extracted with 4:1 CHCl,/isopropyl alcohol. The organic extracts were

dried (MgSO,), filtered and evaporated to yield 20 g of a foam. Approximately 2 g of this
material was chromatographed using Prep 500 chromatography (10%MeOH/DCM) to
yiéld 1.2 g of an oil which was dissolved in methanol. Fumaric acid (0.7 g) was also
dissolved in methanol and added to the free base. Ethyl ether was addcd slowlyand 1.1 ¢
of the product, cis-(%)-1 ,2,3,3a,8,8a-hcxahydro.- 1,3a,8-trimethylpyrrolo [2,3-b]indol-4-ol
fumarate, m.p. 196-198°C, crystallized out of solution.

Analysis:
Calculated for C,3H;gN,0.C,H,Oy: 61.05%C 6.64%H 8.38%N
Found: 61.00%C - 6.75%H  8.22%N

EXAMPLE 23

cis-(+)-1,2,3,32,8.8a-Hexahydro-1,3a.8-trimethyipyrrolo-
* [2,3-blindol-4-yI methylcarbamate fumarate | _ _

cis-(¥)-1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo{2,3 -b]indol-4-ol (1.5 g)
was added to a solution of DBU (0.1 g) in benzene (100 ml) followed by the addition of
methyl isocyanate (0.81 ml). The mixture was stirred overnight under nitrogen. The
solution was evaporated and the residue was purified by Prep 500 chromatography (3%
MeOH/DCM) to yield 0.65 g of an oil. The oil was dissolved in methanol and a
concentrated solution of fumaric acid (0.30 g) in methanol was added dropwise. Upon
addition of ethyl ether, 560 mg of pure product, cis-(+)-1,2,3,3a,8,8a-hexahydro-1,33,8-
trimethylpyrrolo[2,3-blindol-4-yl methylcarbamate fumarate, mp. 175°C, precipitated out
of solution.
Analysis:
Calculated for C;5Hj; N;0,0C,HO,: 5830%C 6.44%H  10.74%N
Found: - | 5847%C  6.50%H 10.73%N



tenperature and stirred overni ght under nitrogen. The m xture was quenched
with ag. NaJerr]CdJerr] and ag. NaHCO err] until basic at 0C. The organic
| ayer was dried and evaporated to a foam (10 g). The IR, NWR and Mass
Spectra confirned the pur| ty and identity of fttr-s—pogduCt

EXAMPLE 16 REPLACEMENT SHEET
cis-()-5-Brono-1, 2, 33a88a hexahy¥fr o- 1, 3a, - yrmernytpyr+e4 of 2, 3- b] i ndol -
6-yl met hyl car bgmgt Hym ale

ci s-()-5-Brono- %5%%1 _

1, 2, 3, 3a, 8, 8a- hexahydr o- 1 3a, 8-trinethyl pyrr t2-3~blindal-B-pl (2.4 g)

was added to a solution of DBU (1.3 et hyl
i socyanate (0.71 nl) was subsequen t ure was

stirred overni ght £ ) a D : ' was
evapor ated and theag R E‘Mjﬂkm&% ogt aphy (1%

TEA/ 5% MeOH 94% DCM) to ylxﬂh&i«ﬂyﬂ GeRhedN ArbarhaERhhfarate
cis-(%)-1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo[2,3 -bjindol-4-ol (2.1 g)
was added to degassed benzene (500 ml). DBU (1.6 ml) was added to the mixture

followed by cyclohexyl isocyanate (1.8 mf). The reaction was stirred at room tcmpéranne
overnight under nitrogen. The benzene.was evaporated and the residue was purified using
Prep 500 chromatography (5% MeOH/DCM) to yield 2.3 g of a foam. Fumaric dcid

(0.78 g) dissolved in isopropyl alcohol was added to this foam which was also dissolved in
isopropyl alcohol. The fumarate precipitated from solution upon addition of diethylether
to yield 1.5 g of the sait, cis-(i)-1,2,3,3a,8,8a-hcxahydro—1,3a,8-nimcthy1§yrrolo—
[2,3-bjindol-4-yl, cyclohexyl carbamate fumarate, m.p. 179-180°C.

Analysis:
Calculated for CyoHgN;0,0CH,O,: 62.73%C 724%H 9.14%N
Found: 62.78%C 7.22%H 9.07%N

EXAMPLE 2§
(t)-(3aR*, 8a5%)-1,2,3,32,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo-
[2,3-blindol-4-yI (R)-(a-methylbenzyl)carbamate |
cis-(1)-1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo [2,3-blindol-4-0l (2g) was
dissolved in degassed THF (200 ml). DBU (0.8 ml) was added to the mixture followed by

R-(+)-c-methylbenzyl isocyanate (2 g). The reaction was stirred at room temperature
overnight under nitrogen. The solvent was evaporated under reduced pressure and the
residue was purified using Prep S00 chromatography (4% McOH/DCM) to yield 1.2 g of a
solid. This material was combined with 600 mg of identically prepared material, which

S TTTTTT—
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acid (0.36 g) in methanol was added to the oil which was al so dissolved in
- nmethanol . Upon addition of ethyl ether, the product salt (0.860 g),

precipitated out of solution. This product wi th 600 ng of
another lot of identically prepared materi ﬂﬂﬁﬁﬁﬁ!ﬁ,‘_ﬂ?&g;{f d to be pure
by thin layer analysis. This conbi ned pr od t was |l ijzed from

nmet hanol to yield 900 ng product,
ci s-()-5-brono-1, 2, 3, 3a, 8, 8a- hexahydro-1, 3a g- 31 DEC 1997_

trlrrethyl pyrrol o[ 2, 3- b]|ndol 6- yle methyl car
180[err]C

REPLACEMENT SHEET Anal vsi s:
was found to be pure by thin layer analysis. The combined product was tnturatcd with

isopropyl ether and filtered to yicld 1.8 g of (*)-(3aR*, 8aS5*)-1,2,3,3a,8,8a-hexahydro-
1,3a,8-trimethylpyrrolo [2,3-blindol-4-yl (R)-_(a-mcthylbcnzyl)carbamatc, m.p.
151-155°C.

Analysis:

Calculated for CpH,7N;0,: 72.30%C 7.45%H 11.50%N

Found: © 72.32%C  7.58%H 11.53%N



Cal cul ated for C[err]H[err]BrN[err]O[err]l 5 C[err]H[err]O[err]
47. 73%C 4.97% 7. 959N Found:

TA47.729C 4.99%H 7. 919N : EXAMPLE 17

1, 3- D hydr o- 4- hydr oxy- 1, 3-di met hyl - 2Hi ndol - 2- one To a 3-neck
1-liter round bottom fl ask equi pped with a nechanical stirrer, addition
funnel and condenser and purged w t4y nitrogen, was added anhydrous
AlCl[err] (256.5 g) followed by 380 ml of 1,2-dichlorobenzene. The system

was heated in an oil bath preset at 145 er +r}-€—Whenthe—internal
t enperature reached approxi mately 130[err]C,

- 2- br ono- N- €Baamshoxyphenyl ) - N- net hyl - pr opana lﬂﬂlL l““w llmmltadded
dropwi se. After conplete addition, the additi umnnek was # 1 nsed with

1, 2-di chl orobenzene and added to the hot reaction m xture. After 2 hours

at 145[err],C, the m xture S. C ed to room tenperature and then quenched
into a stirred r‘&ﬁ?‘ﬂ?@!“"@(ﬂﬁ%fﬁﬂ’é‘ Eliter of concentrated

TNb e

(1)

N°S'N

o LA
" CH; CH,

where R, is alkyl, cycloalkyl, bicycloalkyl, aryl or arylloweralkyl; R, is hydrogen.or alkyl

or the group -NR; R, taken together forms a monocyclic or bicyclic ring of 5 to 12.

carbons; m is 0, 1 or 2; cach X is independently hydrogen, halogen, loweralkyl, nitro or

amino; or the optical isomers including the 3aS-cis and 3aR-cis optical isomers, or the

racemic mixture or a pharmaceutically acceptable acid addition salt thereof.

- Rl ' O

- y
’ \
3

2. . The compound as defined in claim 1 where the group ( N !:0 is at
~ the 6-position of the ring.
3. The compound as defined in claim 1 where the group l:

the 4-position of the ring.
4, The compound as defined in claim 2 where X is hydrogen.
5. The campound as defined in claim 4 where R, is lower alkyl,

* cycloalkyl, bicycloalkyl, aryl or arlloweralkyl and R, is hydrogen.
6. The campound as defined in claim 5 where R1 is lower alkyl or

cycloalkyl. .
' REPLACEMENT SHEET
B 3 1 DEC 1997
i




HCl and 3 kg of ice. The reaction flask was rinsed with a fewmlliliters
of CHerr]Cl[err] and added to the m xture which was stirred for an

additional ten mnutes. The mxture was filtered through a pad of celite
and the filtrate was poured into a -separatory funnel. The organic phase

was collected and dried over MgSO[err]. The_solvent—was—evaporated and the

residual oil was conmbined with another |ot of .identical pared materi al
which was found to be pure by thin |ayer ajmu |m!@§ g“mgned reaction
m xtures were purified hy Sierr] colum ci +20% et hyl

acet at e/ hexane). The product, 38 _ )

1, 3-di hydr o- 4- hydr oxy- 1, 3-di net hyl -2H-i ndol - 2- one. nonohydrate, (27.5 Q)

m p. 150- 151f[err]C, crystallized directly out of the eluent.

Anal ysi s7- Thea| comaewadfas epeinedy &8 rghefers | ik |45 61. 53%C

6. 719%1 c¥sd1{%\-1,2F®HNd; 8a-hexahydro-1,3a,8-trimethylpyrrolo[2,81l133%C

0, 0,

6. 779 igdg§f®LyImethylcarbamate or the 3aS-cis or 3aR-cis isomer
thereof or a pharmaceutically acceptable acid addition salt
thereof.

8. The compound as defined in claim 6 which is
cis-(%)-5-bromo-1,2,3,3a-hexahydro-1,3a,8-trimethylpyrrolo-
[2,3-b]—indol-6-ylmethylcarbaﬁate or the 3aS-cis or 3aR-cis
isomer thereof or a pharmacgutically acceptable acid
addition salt thereof.

9. The compound as definéd in claim 6 which is
cis-(*})-1,2,3,3a,8,8a-hexahydro~1,3a,8-trimethylpyrrolo-
[2.3-b]-indol-4-yl methylcarbamate or the 3aS-cis or 3aR-cis
isomer thereof or a pharmaceuticélly acceptable acid
addition salt thereof.

10. The compound as defined. in claim 6 which is _
¢is-{(z)-1,2,3,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo-
[2.3-b]-indol-4-ylcyclohexylcarbamate or the 3as-§is or
3aR-cis isomer thereof or a pharmaceutically acceptable
acid addition salt thereof.

11. A pharmaceutical composition which comprises a compound
as defined in claim 1 as the active ingredient and a suitable
carrier therefor. .

12. Use of a compound as defined in claim 1 for the
preparation of a medicament for alleviating memory
dysfunctions characterized by decreased cholinergic
function as in-Alzheimer's disease.

- REPLACEMENT SHEET

i Sxéet Has Been Re(ﬂaced 3 1 DEC 997
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31 EXAMPLE 18
13- Di hvdr o- 4- net hoxy- 1, 3-di net hyl - 2Hi ndol - 2- one A slurry of

1, 3-di hydr o- 4hydr oxy- 1, 3- di net hyl - 2H-i ndol - 2- one @g),\m’ﬁ&rﬁgﬁassi um
carbonate (60.1 g) and HPLC grade acetone (400 nml) was mechanica stirred
at roomtenperature as dinethylsulfate (41.4 m) mﬂﬂmﬁ . The
addition funnel was replaced with @8%ondenser and l w'w ﬂfefl uxed
for 18 hours. The Klerr]CJerr] was filtered off ahd Washed well+with

acet one.  Acetone was evaporated and the residue was purified by col um
chr omat ogrja%)hy R PYeetss 40T ThofPERPIILiohehia mound as defined

in claim 1, which comprlses

a) reactiné'a compound of the formula III

CH;
~ $
R30 ‘ /L /l (1I11)
N N .
{ H t
(X)m CH, Rg

wherein Ry is hydrogen; Rg is methyl; X and m are as -
previously defined, with an isocyanate of the formula
R11N=C=O, where Rl-is as previously defined in an inert
solvent in the presence of a bicyclic amidine catalyst,
or

b) reacting a compound of formula III above wherein R4 is
hydrogen; Rg is methyl; X an@ m are as previously defined,
with 1,1'-carbonyldiimidazole and thereafter adding a
monocyclic or bicyclic amine of s-iz carbon atoms, in an
inert solvent.

14. A compound of the formula II
R0, Re

(11)

(X (':Ha _
where R; is hydrogen or alky}; R, is hydrogen, cyanoalky! or aminoalky}l; R, is hydrogen

or alkyl; mis 0, 1 or 2; each X is independently hydrogen, halogcn. loweralkyl, nitro or
amino or the pharmaceutically acceptable acid addition salts thereof.

—_—
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di ssol ved in ether and pl aced in the refrigerator where, upon standing
.overnight, the product crystallized, mp. 73-74[err]C.  Anal ysis:

Calculated for CJerr]Herr]NJerr]: 69. 09%C 6. 85%H
7.329%N Found: : 68. 99%C
6. 77% 7. 349N _ EXAMPLE 19

3- Cyanonet hyl - 1, 3- di hydr o- 4- net hoxy-

13- di net hyl - 2Hi ndol - 2- one .

1, 3- Di hydr o- 4- net hoxy- 1, 3- di net hyl - 2H i ndol - 2- onW/

i odoacetonitrile (17.5 n) were diyssolved in dry—ethanol and
stirred while sodi um et hoxi de (83.8 m of a 21%s mw “ﬁi\g\m ) was
added drop‘\‘(vi se. After the addition was conpl ete, n‘ was*stirred
over ni ght ungler \r/nét rogen. The ethanol was renmpved urtdef reduced pressure

and the residué §omRPund of sheformularzm et her and water. The ether | ayer
was 4 CH,

(II1
ot YTy

wh . (x)m CH3 Rs
ere Ry is hydrogen or alkyl; Ry is hydrogen or alkyl; mis O, 1, or 2;
independently hydrogen, halogen, loweralkyl, nitro or amino;

including the 3aS-cis and 3aR-cis optical isomers,

cach X is

or the optical isomers
the racemic mixmre ora
pharmaceutically acceptable acid addition salt thereof.

—
\\.\
——————
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washed wi th 10% NaOH and dried over Na2SO4. The ether was renoved and the

residue was purified by colum chromatography (15% Et OAc/ hexane) to yield
* 41.2 g of the product,

3-cyanonet hyl - 1, 3- di hydo- 4- met hoxy- 1, 3- di net hyl - 2Hi ndol - 2-one, as an oil,
32 which solidified upon standing. Trituration with ether yielded a solid
(15.0 g), mp. 92-93[err]C. Analysis: Calculated for
Cerr]Herr]Nerr]O[err]: . 41 67.81%C 6.13%1 12. 179

4- AND 6-CARBAMATES RELATED TO PHYSOSTIGMINE, X PROCESS AND

INTERMEDIATES FOR THEIR PREPARATION AND THEIR USE

AS MEDICAMENTS

ABSTRACT

This invention relates to 4- and 6-carbamates related to physostigmine of the

formula

.- By )
e \ 0
! \
| NCO CHy
\ . 4
\ .
Sl
T 6 NN
X LH |
Ha CH3

where R, is alkyl, cycloalkyl, bicycloalkyl, aryl or arylloweralkyl; R, is hydmgcn or alkyl
or the group -NR;R, taken together forms a monocyclic or bicyclic ring of 5 to 12
carbons; mis @, 1, or 2; each X is independently hydrogen, halogen, loweralkyl, nitwo or
amino; and the pharmaceudcally acceptable acid addition salts thereof, and where

' applicabl;e, the gcomécric and optical isomers and racemic mixtures thereof. This

invention alsc relates to a process and intermediates for the
preparation of the 4- and 6—carbamatés The campounds of this
invention dJ.splav utility for alleviating various memory dysfunctions
‘characterized by a decreased cholinergic funct:.on, such as
Alzheimer's disease.
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Found: 67. 74% 6 LEHE™
12. 1694 EXAMPLE 20

¢is-()-1, 2,3, 3a, 8, 8a- Hexahydr o- 4- et hoxy- 3a, 8di net hyl pyrrol o[ 2, 3-b] i ndol e
fumar at e

3- Cyanonet hyl - 1, 3-di hydr o- 4- net hoxy- 1, 3-di net hyl - 2Hi ndol - 2-one (15.0 Q)
was dissolved in tetrahydrofuran (750 M) and stirred at O[err]C Lithium
al um num hydr4-cad €-Ca@bdmates Gelatedvics physostigmine, dHfrocess anddidea ntkdignes se
under N2. The m xture was_  refluxed for 1/2 hour, cool ed,. and quenched wth
5 m H20, folfoB$keir pyeparation a&@)%elmmwe‘ilﬁmaﬂsy more Herr]0 (15 ni)

The al um num hydroxi de salts were filtered off through a pad of Celite and
washed well with THF. The filtrate was concentrated. Water (250 nml) was
added and the aquebhisirvention relatesde 4eend sc tatiamates ralatbdto phyispstighinee of her
extract was MySO err] and evaporated. The residue was purified
usi ng Prep 5% Bt

’

NI

l CH,

ol \@rﬁw

Xm

where R; is (C;-Cyp)alkyl, cyclo(Cs-C,,)alkyl which may be substituted with 1 or

2 (Ci- Cg)alkyl or at one of the ring carbons so as to form a spiro compound each
constituent ring of which being a cyclo(C 3-Cg)alkyl, bicyclo(C7-Ciy)alkyl, aryl or
aryl(C;-Ce)alkyl where aryl is defined by the formula

_(Z),
-

and aryl(Ci-Ce)alkyl is defined by the formula
(Z)a

-(C1=Cs) alkylene_ —@

where in each case, Z is hydrogen, halogen, (C;-Cs)alkyl, (Ci-Ce)alkoxy,
trifluoromethyl, nitro or amino, and n is an integer of 1 to 3; Rz is hydrogen or
(C,-Cyy)alkyl or the group —NR;R, taken together forms a monocyelic or bicyclic
ring of 5 to 12 carbons; the group

"-~'R1 O
4
N

(TR ADLACE AT SHE aTS - SG iy 0
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chr omat ogr aphy (5% MeOH/DCM to yield 8.3 g of an oil. The funmarate was
precipitated from nethanol/ether to yield the salt,

cis-()-1, 2,3, 3a, 8, 8a- hexahydr o- 4- net hoxy- 3a, 8-

di met hyl pyrrol o[ 2, 3-b]i ndole fumarate, mp. 132-133[err]C.  Anal ysis:
Cal culated for Cjerr]JHerr]Nerr]O[err]Cerr]Herr]O[err]:

61.07%C 6.63%1 8.38%N Found: 2

61.10% 6. 7434 8 '4§%W-position of the ring; m is 0, 1 or 2; each X is independantly
hydrogen, halogen, (C,-Ce)alkyl, nitro or amino; or the optical isomers including
the 3aS-cis and 3aR-cis optical isomers or the racemic mixture, or a
pharmaceutically acceptable acid addition salt thereof, and where applicable, the
geometric and optical isomers and racemic mixtures thereof. The compounds of

 this invention display utility in the treatment of the cholinergic deficit found in
Alzheimer’s disease.

Preferred compounds of formula I above are compounds where X is
hydrogen. Most preferred compounds of formula I are compounds where X is
hydrogen, R, is (C,;-Cgalkyl, cyclo(Cs;-Cyy)alkyl which may be substituted as
defined above, bicyclo(C;-C;y)alkyl, or aryl(Cl-C6)alkyl as defined above and R,
is hydrogen.

This invention also relates to compounds of formula II

(IT)

en CH,

where R; is hydrogen or (C;-Cy)alkyl and the group —OR; is in the 4- or 6-
position of the rihg; R4 is hydrogen, cyano(C,-Cyy)alkyl or amino(C;-Cy;)alkyl,
and Ry is hydrogen or (C-Cy)alkyl, which are useful as intermediates for the
preparation of the target compounds of this invention.

Additionally, this invention relates to compounds of the formula III

(I1I7)

where R;s is hydrogen or (C;.Cyy)alkyl; the group -OR; is in the 4- or 6- position
of the ring; and R;, X and m are as previously defined, which ate also useful as

intermediates for the preparation of the target compounds of this invention.
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EXAMPLE 21

cis-([err])-1, 2,3, 3a, 8, 8a- Hexahvdr o- 4- net hoxy- 1, 3a, 8-tri met hyl pyrrol of 2, 3-
b] i ndol e fumar at e cis-()- 1
, 2, 3, 3a, 8, 8a- Hexahydr o- 4net hoxy- 3a, 8-di net hyl pyrrol o[ 2,3-b]Jindole (2.1 g)
was di ssolved in nethanol (50 m). Triethylamne (3.3 m) and 37% aqueous
formal dehyde (5 m) were added and the ngxture was then stirred at room
tenperature for 11RR4y e .S t r n (1.5
g) was added in portio%}s“.‘"}EA?lls.3 e%e%ﬁc'm%%ﬁ%%@aigt?g% ﬁaihgﬁn%%g%th
enough 2N HO fardudalotnamestadl encompiss allhgeomietriciand opticalyispimgrsaaniddiacemikkt hanol
was renoved under reduced pr.essure and satur.ated agueous Na2CO3 was added
to the resi dufUXHFESV a%@t?ﬁés°§’bﬂfﬁ?'?“€'ﬂ”§k}é’§sswaﬁ' acted with ether. The ether
was evaporated and the residue was purified by Prep 500 chromat ography to
yield 2 g of an oil. The fumarate was precipitated from nmethanol/ether to
yield the salt, cis-thy-abpve Mdefinitiong, tha - e alifdr(&)s -meanh otg- group it is

1,3a,8-trimethyl pyrrolo [2,3-b]indale .
gsc?l%{ng conta[ms ?rom] 1 to 6 carbon atoms. The term “(C;-Cy,)” refers to a

straight or branched chain hydrocarbon of 1 to 22 carbon atoms, éontaining no
unsaturation, e.g., methyl, ethyl, propyl, isopropyl, 2-butyl, neopentyl, n-hexyl,
the term “aryl(C,-C¢)alkyl” refers to a monovalent substituent which consists of
an “aryl” group, e.g., phenyl, o-tolyl, m-methoxyphenyl, etc., as defined by the
formula

(7). -

-

where Z is defined below, and n is an integer of 1 to 3, linked through a (C;-
Celalkylene group having its free valence bond from a carbon of the (C;-
Ce)alkylene group, and having a formula of

A T)a

-(c,-cﬁ) alkylene —-@

where Z is hydrogen, halogen, (C;-C¢)alkyl, (C,-C¢)alkoxy, trifluoromethyl, nitro
and amino; the term “alkylene” refers to a bivalent radical of the C,-C¢ branched
or unbranched alkyl group it is derived from having valence bonds from two

terminal carbons thereof, e.g., methylene
l
(~CH-},
ethylene (-CH,CHy-), propylene (-CH,-CH,CHi,-) and isopropylene - .

(-CH,~CH,CH,~),
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fumarate, mp. 187-188[err]C. Analysis: Calculated for

C-err]Herr]Nerr]O[err]Cerr]Herr]O[err]: : - 62. 059 6. 949%H
8.04¥N Found: 62. 17%C
6.96%1 8. 049N EXAMPLE 22

cis-()-1,2,3, 3a, 8, 8a- Hexahvdro-1, 3a, 8-trinethyl pyrrolo [2, 3-b]indol -4-ol
fumarat e 4

cis-()-1,2,3, %e%&a“ﬁkewry@fees b aRionevaledt, s'ﬁBst&uéx{tlvﬁﬁélh%r&st of an alkyl
[ 2, 3- b]|ndole (22.0 g) was_dissolved in DCM (300 m ). This _solution was

added dropwi segtoup inkesd thrqugh an gfhep exysenthaying tsifers \(aime kendfrom theethsr ut i on)

whi ch t
over ni gt unaerSael ey Relbky. Gy, Hobb g Hitoxy il ookl i Wil Taldaefll
then slowy porefeesitd minembesdf the halggepfamilgtoedsisirg df fuoriagé, diidrivie bioaling r |

200 M) at Of[err]C Saturated was, added slowy until. the
ﬁn Xt ur e) bec amaa[-‘@l }(%glm & he term | ﬁgclo(C(;-%n) alLyl refers to a monovalent substituent

consisting of a saturated hydrocarbon possessing at least one carboxylic ring of
three to twelve carbon atoms, e.g.; cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl and cyclooctyl, having its free valence Eond from a
carbon of the carboxylic ring. Said cyclo(C;-C;;)alkyl group may be substituted
with 1 or 2 (C,-Cg)alkyl groups, and it may also be substituted at one of the ring
carbons so as to form a spiro compound each constituent ring of which being a
cycloalkyl of 3 to 8 carbons atoms; and the term “bicyclo(C;-C;y)alkyl” shall
means a bicycloalkyl group having from 7 to 11 carbon atoms.

The compounds of this invention are prepared in the following manner.
The substituents R;, Ry, R3, R4, Rs, Rg, X and m are as defined above unless

indicated otherwise.

In structural formulas depiéting the compounds of this invention, wavy
lines { wnn § signify that the two substituents are both either above or below the
average plané of the three ring system. Because of conformational constraints,
the two substituents at the 3a- and 8a-positions must be both above the average
plane or both below the average plane. Where said substituents are both above
the average plane of the three ring system, the conﬁgﬁration is referred to as 3aS-
cis and where both substituents are below the average plane of the ring, the
configuration is referred to as 3aR-cis. Throughout the specification and the
appended claims, when the inventors intend to designate in a single formula (to
save space) that the compound is 3aS-cis or 3aR-cis, or a racemic mixture of the

two, that formula will contam wavy lines as depicted below.

M
'l ”9 oy C‘\,:t“ﬂ' Q-;TE?‘

A ——————
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34 which was then extracted with 4:1 CHC [err]/isopropyl alcohol. The
organic extracts were dried (MySO[err]), filtered and evaporated to yield
.20 g of a foam Approximately 2 g of this material was chronat ographed
usi ng Prep 500 chromat ography (10%eOH/ DCM to yield 1.2 g of an oil which
was di ssolved in nethanol Fumaric acid (0.7 g) was also dissolved in
met hanol and added to the free base. Ethyl ether was added slowy and 1.1 g
of the product, cis-()- 1,2,3, 3ard, 8a- hexahydro-1, 3a,8-trinethylpyrrolo
[ 2, 3-b]indol - 4-o0l funarate”'n1p i\?1198[err]c crystalljzed out of

solution. Analysis: REPLACFMENT SHEET

R/ !Z I | 20 AUG 1999

(X)m

H3 CH3
It is the intent of the present inventors to claim both of said cis isomers,

namely, 3aS-cis and 3aR-cis for each compound name or structural formula. It is
also the intent of the present inventors to claim all mixtures of the 3aS-cis and
3aR-cis isomers including the racemic mixture (1:1 ratio of 3aS-cis:3aR-cis).

The 6-hydroxyl precursor of the 6-carbamoyl series is synthesized as
outlined below.

Starting with a compound of formula IV (where X is hydrogen, (C;-

~ “Ce)alkyl, halogen or nitro) and utilizing generally the synthetic scheme disclosed

Julian et al., (J.Am. Chem. Soc. 1935, 563-566 and 755-757), one can prepare
compounds of the invention of the formula IV through XIL Julian’s synthesis
involved compounds where the benzene ring of the bicyclic and tricylic
compounds had substituents attached at the 5-position while the novel
compounds of this invention are attached at either the 4- or 6-position of the ring.
The synthetic scheme is outlined below. For details of the optical resolution
steps involved in the synthetic scheme, reference is made to the Julian article,(pp.
755-757)-and to Schonenberger et al.,-(J. Med. Chem., 1986, Volume 29, 2268-
- 2273; and Helv. Chim. Acta . 1986, Volume 69, 283-287 and 1486-1497).

CH530 /@ .
(x)rn H3 bHsO

(Iv) X (X),,,
: CH,CN
(Xen CHy - CHy0 N~ Yo
(VII) R CH,

(VIII)



Calculated for CJerr]J]Herr]Nerr]O[err]Cerr]Herr]O[err]: 61. 05%C
6.64%1 8. 38%N Found: ' -7 61.00%C
6.75%1 8.22%N\ EXAMPLE 23

cis-()-1, 2,3, 3a, 8, 8a- Hexahydro- 1, 3a, 8-t ri net hyl pyrrol o-

[ 2, 3-b]indol -4-yl nethylcarbamate fumarate

cis-()-1, 2,3, 3a, 8, 8a- Hexahydro- 1, 3a, 8-trinethyl pyrrol o[ 2, 3- b] i ndol - 4- ol
(1.5 g was added to a solution of DBU (0.1 g) in benzene (100 m)

foll owed by the addition of nmethylgisocyanate (0.81 m ). The m xture was
stirred overni ght under nitrogen. The solution was evaporated and the

resi due was purified by Prep 500 chromat ography (3% MOH/ DCM to yield
0.65 g of an oil. The oil was dissolved in nethanol and a concentrated
solution of fumaric acid (0.30 g) in nethanol was added dropw se. Upon
addition of ethyl ether, 560 ng of pure product,

cis-()-1,2,3,3a, 8, 8a- hexgpdro-1, 3a, 8- 4 CH,
CH,CH,NH, 5
6
—Optional N7 N ’
CH;0 g::::l C“SO(X) | (1; |
: tion H; H
(X)m CH; . " 3 }
(X)
(IX) Cidy - CH,
BBry
A
CH,0 NT N ®  HO N N
Xm CH; CHy (X)rm CH; CH,
(X1) (XII)

Compound XII of the invention of the formula

CH,

HO (XII)

L ,
m  CH; CHs
the 6-phenol precursor of the 6-carbamate, can be added to a suitable inert solvent, e.g.,
benzene, terahydrofuran or dichloromethane , which has previously been degassed.
Degassing helps avoid air oxidation. After stirring, 1.8-diazabicyclo[5.4.0]undcc-7-enc
(hereafter "DBU"), a bicyclic amidine catalyst is added. Subsequently, an isocyanate of
the formula R;-N=C=0, where R, is as previously defined, is added to afford compound
Iaof the invention. This reaction typically takes place rapidly at room temperature over
0.5 to 2 hours.

-—

In an alternative embodiment, to prcpari: the 6-carbamate of the invention where
the group -NRR, taken together forms a bicyclic ring, Compound XII can be reacted
with 1,1’~carbonyldiimidazole of the formula

REPLACEMENT SHEET
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trimethyl pyrrol o[ 2, 3-b]i ndol -4-yl methyl carbamate funarate,

mp. 175[err]C,
preci pitated out of solution. Analysis: Calculated for

Cerr]JHerr]Nerr]O[err]Cerr]Herr]O[err]: 58. 30%C 6. 449%H
10. 749N Found: 58. 47%C
6.50%1 10. 73TN 7 35
EXAMPLE 24

cis-()-1, 2,3, 3a, 8, 8a- Hexahydro- 1, 3a, 8-tri net hyl pyrrol o[ 2, 3-b] -

DN 'E'N/\j (XX)

and thereafter adding a cyclic amine, for example 3-azabicyclo[3.2.2]nonane of the

to the solution. The reaction between compound XII and l,'l’-carbonyldiimidazolc is

formula

typically conducted by preparing a dcga‘sscd solution of compound XII in a suitable inert

solvent such as dichloromethane or tetrahydrofuran  , adding 1,1’-carbonyldiimidazole to

the solution and stirring the solution at room temperature for 1 to 5 hours. The
carbamation reaction is typically conducted by adding the azabicyclononane (cyclic

amine) to the solution obtained above and stirring the solution at room temperature for 1

to 24 hours.

The 5-bromo-6-carbamates of the invention can be prepared in the following

manner.

Compound XI of the invention of the formula
CHgz

N N (xx)

P
CHgO CHy CHy

is reacted with an N-halosuccinimide, ¢.g., N-bromosuccinimide, N-chlorosuccinimide, a

halogenating agent, of the formula 0~ : ‘ S

t;l O , where Hal is halogen, to afford
Hal '
compound XIII of the invention of the formula

I
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i ndol : 4-yl cycl ohexyl carbamate fumarate

cis-()-1, 2,3, 3a, 8, 8a- Hexahydro- 1, 3a, 8-tri net hyl pyrrol o[ 2, 3-b] i ndol - 4- ol

(2.1 g was added to degassed benzene (500 m). DBU (1.6 ml) was added to

the m xture followed by cyclohexyl isocyanate (1.8 nl). The reaction was

stirred at roomtenperature overnight under nitrogen. The benzene was

evaporated and the residue was purified using Prep 500 chromatography (5%

MeOH/ DCM) to yield 2.3 g of a foam Fumaric acid (0.78 g) dissolved in

i sopropyl al cohol was added to this f whi ch was al so di ssolved in

i sopropyl al cohol. The furfkat e~precip ttated from sol uti on upon addition of
ii!':-

diethylether to yield 1.5 g
cis-()-1, 2,3, 3a, 8, 8a- hexahydr
[ 2, 3-b]indol -4-yl, cycl oheﬁé carba marate, mp. 179-180[err]C
Anal ysis: Calcul ated for err]H er ]'N[ rr]O[err]Cerr]Herr]O[err]:
62. 73%C 7.24%1 9. 149\ Found: CH; CH4

62. 78%C 7.22%1 9. 079N

et hyl pyKr.dIQ)-

This reacton typicaliy takes place in a loweralkanol solvent, c.g;. methanol. or ethanol
in the presence of a catalyst, e.g., hydrogen bromide or hydrogen chloride, at low
temperature for 0.5 to 24 hours. . |

Campound XIII  isreacted with boroﬁ tribromide, a dealkylating agent,ina
hydrocarbon or halohydrocarbon solvent, e.g., dichloromethane or hexane, ata
teraperature of about 0°C to S0°C for 1 to 24 hours to afford Compound X1v of the

invention of the formula

Br CH3
(XIV)
N N o
o/ TR
CHy CHg

Compound XIV can subsequently react with DBU and an isocyanate of the
formula R;-N=C=0, where R, is as previously defined, to afford Compound XV  of the

invendon of the formula

—— Br CH3
/” N \R1
:’ \ xv)
\ NCO N°s "N

. H |
\s‘___.Rz/ B ' éHa CH3

This reaction typically takes place in an inert solvent, i.c., benzene, etc., at ambient

temperature for 0.5 to 24 hours. -




EXAMPLE 25 ([err])-(3aRr,

8aS*) -1, 2, 3, 3a, 8, 8a- Hexahydro-1, 3a, 8-tri net hyl pyrrol o-

[2,3-b]indol-4 (R)-([err]-nethyl benzyl)carbamate

cis-()-1, 2,3, 3a, 8, 8a- Hexahydro-1, 3a, 8-tri net hyl pyrrol o [ 2, 3-b]i ndol - 4-ol
(2g) was . dissolved in degassed THF (200 m). DBU (0.8 nm) was added to
the m xture foll owed by R-(+)-[err]-nethyl benzyl isocyanate (2 g). The
reaction was stirred at roomtenperature over ni ght under nitrogen. The
sol vent - was evapor at ed under reduced pressure and the resi due was
purified using Prep 500 chromatography (4% MeOH/ DCM to yield 1.2 g of a
solid. This material was conbined with 600 ng of identically prepared

material, whigh, 4-phenol precursor of the 4-carbamate series can be prepared utilizing most of
the synthetic scheme disclosed in Julian et al. In the Friedel-Crafts cyclization step (V)
to (VI) we have discovered that there is a byproduct formed having formula (vIa)

which serves as the precursor to the 4-phenol of the 4-carbamate series.

HO

cH, (va) | REPLACEMENT SHEET

2 0 AUG 1999

N

(0

CH;
Subsequently, in place of the reaction step converting the cyanoalkyl derivative to the

aminoalky! derivative, the cyanoalkyl derivative, compound XvI  of the invention of the

formula
OCH4
CH,

‘CH,CN

N" ~o
b,

may be reacted with a metal hydride, e.g. lithium aluminum hydride, a reducing agent, to

(Xv1)

afford compound XVII of the invention of the formula

OCHs .
3

(Xv1iI)

N N

| |

CH; H
This reaction typically takes place in a suitable solvent, e.g., tetrahydrofuran at a

temperature of 0°C to 50°C for 1 to 24 hours (or to reflux).



36 was found to be pure by thin layer analysis.

The conbi ned product was

triturated with isopropyl ether and filtered to yiel g~t—8-g—of-()=(3aR"

8aS*)-1, 2, 3, 3a, 8, 8a- hexahydro- 1, 3a, 8-trinet hyl pyrrol ORF%‘ WM"WC@HF{# }'i
(R -([err]-methyl benzyl)carbamate, mp. 151-155[err] . " “Anal ysi s:
Cal cul ated for C[err]H[err]N[err]ﬁerr] 72

Found:

72. 329C 730§446 % E pOvH

Cholinesterase Inhibition Assay

Cholinesterases are found throughout the body, both in the brain and in serum.
However, only brain acetylcholinesterase (AChE) distribution is correlated with central
cholinergic innervation. This same innervation is suggested to be weakened in Alzheimer
padents. Therefore, specific inhibitors of brain AChE (as opposed to serum
cholinesterase) will give rise to fewer side effects and thus lower toxicity than
physostigmine (an unspccxﬁc cholinesterase mhxbuor) We have determined in vitro
inhibition of acetylcholinesterase activity in rat striatum according to thc method
described below. Results of some of the compounds of this invention as well as those of

physostigmine are presented in Table 1.

In Vitro Inhibition of Acetylcholinesterase

Activity in Rat Striatum

Acetylcholinesterase (AChE), which is sometimes called true or specific
cholinesterase, is found in nerve cells, skeletal muscle, smooth muscle, various glands and
red blood cells. AChE may be distinguished from other cholinesterases by substrate and
inhibitor specificities and by regional distribution. Its distribution of the brain correlates
with cholinergic innervation and subfractionation shows the highest level in nerve
terminals.

It is generally accepted that the physiological role of AChE is the fapid hydrolysis
and inactivation of acetylcholine. Inhibitors of AChE show marked cholinomimetic effects
in cholinergically-innervated effector organs and have been used thcrapcuﬁcal_ly in the
treatment of glaucoma, myasthenia gravis and paralytic ileus. However, recent studies
have suggested that AChE inhibitors may also be beneficial in the treatment of

Alzheimer’s dementia. h

The method described below was used in this invention for assaying /



37 _Cains 1. A compound of the formula I

[err] wher e Rerr] is (C[grr]-C[e(rjr].)thk}/Ll, .
cyclo((err]-(err])al kyl which may be substituted with rfror—2 -
(%[err] -Cerr])al kyl at one of the ring carbons |sGEBLAGEMIENG, SHEET
spi ro conpound each constituent _ ring of which bdirg a *
cyclo(derr]-Clerr])alkyl, _‘ bi cyclo(Clerr]-Clerr]i) 3l kyb Aug 1999
_ ‘5 |
Inhibition of Brain Acetycholinesterase Activity
Table 1

Compound Inhibitory Concentration (10-5M)

cis-(+)-1,2,3,3a,8,8a-Hexahydro-1,32,8- 0.23

rimethylpyrrolo[2,3-b}-indol-6-yl

methylcarbamate

cis-()-1,2,3,3a,8,8a-Hexahydro-1,32,8- . 5.50

trimethylpyrrolo[2,3-b}-indol-6-yl

cyclohexylcarbamate

cis-(+)-5-Bromo-1,2,3,3a,8,8a-hexahydro- 0.013

1,3a,8-trimethylpyrrolo{2,3-b}indol-

6-yl methylcarbamate

cis-(+)-1,2,3,3a,8,8a-Hexahydro- 1,3a,8- ' 0.06

trimethylpyrrolo[2,3-b]-indol-4-yl

methylcarbamate

cis-(+)-1,2,3,3a,8,8a-Hexahydro-1,33,8-
trimethylpyrrolo[2,3-blindol-4-yl
cyclohexylcarbamate

0.55

Physostigmine (namely, (3aS-cis)- - 0.034
1,2,3,3a,8,8a-hexahydro-1,3a,8-

trimethylpyrrolo(2,3-blindol-5-

yl methylcarbamate)

Effective quantities of the compounds of the invention may be administered to a
-pa_ticqt by any of the various methods, for example, -orally as in capsules or tablets,
pare-ﬁtcr;iny in the form of sterile solutions or susﬁcnsiens, and in some cases
intravenously in the form of sterile solutions. The free base final products while effective
themselves, may be formulated and administered in the form of their pharmaceutically
acceptable acid addition salts for purposes of stability, convenience of crystallization.or
Increased solubility.

Acids useful for preparing the pharmaceutically acceptable acid addition salts of
the invention include inorganic acids such as hydrochloric, hydrobromic, sulfuric, nitric,

phosphoric and perchloric acids, as well as organic acids such as tartaric, citric, acetic,



aryl, or

aryl ((err]-Cerr])al kyl where aryl in each case is

definred by the formula
[err] and aryl (Cerr]-Cerr])alkyl is defined by ¢he—formia

[err]

Z ifs hydrogen, hal ogen, ((Jerr]-Cerr])al kyl, (Jerrj-[JeFf])alrKoxy
trifluoronethyl, nitro or amno,1and n is an int f td
Rlerr] is hydrogen or (Clerr]- Q%AUEW
C L MS

-(C -CB) alkylene wherle REPEAGHENTCE4EET

h

succinic, salicyclic, maleic fumaric and oxalic acids.

The active compounds of the present invention may be administered
orally, for example with an inert diluent or with an edible carrier. They may be
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the compounds may be incorporated with excipients
and used in the form of tablets, ﬁoches, capsules, elixirs, suspensidns, syrups,
wafers or chewing gums. These preparations should contain at least 0.5% of
active compound, but may be varied depending upon the particular form and may
conveniently be between 4% to about 75% of the weight of the unit. The amount
of compound present in such compositionsis such that a suitable dosage will be
obtained. Preferred compositions and preparations according to the present
invention are prepared so that an oral dosage unit form contains between 100-300
mgs of active compound. .

The tablets, pills, capsules or troches may also contain the following
ingredients: a binder such as microcrystalline cellulose, gum tragacanth or
gelatin; an excipient such as starch or lactose, a disintegrating agent such as
_alginic acid, Primogel® or corn starch; a lubricant such as magnesium stearate or
Sterotex®; a glidant such as colloidal silicon dioxide; and a sweetening agent
such as sucrose or saccharin or a flavoring agent such as peppermint, methyl
salicylate, or orange flavoring may be added. When the dosage unit form is a
capsule, it may contain, in addition to materials of the above type, a liquid carrier
such as fatty oil. Other dosage unit forms may contain other various materials
which modify the physical form of the dosage unmit, for example, as coatings.
Thus tablets or pills may be coated with sugar, shellac, or other enteric coating
agents. A syrup may contain, in addition to the active compounds, sucrose as a
sweetening agent and certain preservatives, dyes and colorings and flavors.
Materials used in preparing these various composition should be

pharmaceutica{lly pure and non-toxic in the amounts used.
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Cerr])alkyl or the group -NR[err]Rerr] taken together fornms a

nonocyclic or bicyclic ring of 5 to 12 carbons; t he group
[Lerr] is at the 4- or 6-position of the(r , _ ’S10,
or 2; each X is independently hydrogen, hal ogen,- (C[ehg‘ -&ﬁf&fﬂﬁﬁc”;{y :
nitro or amno; or the optical isasers including thé daS-cis and 3aR-¢is
optical isomers or the racem c mxture, or a phar maﬁedtizgl.Aueawgap abl e
acid addition salt thereof. 2. The conpound as |ddfi ned in cl ai t
where X i s hydrogen. 3. The conpound as defineq i ) re
Rlerr] is ((Jerr]-Cerr])alkyl, cycloﬁaerr!- Clerr])al kyl which
may be substituted as defined in ' LE yclo((err]-

Clerr])al kyl, aryl. ) |, ere aryl_an

aryl ((err]-Cerr thyl =Ad Rerr] is

hydr ogen.

indol-4-yl cyclohexyl carbamate fumarate

cis-(%)-1,2,3,3a,8,8a-Hexahydro-1,32,8-trimethylpyrrolo{2,3 -blindol-4-ol (2.1 g)
was added to degassed benzene (500 ml). DBU (1.6 ml) was added to the mixture
followed by cyclohexy! isocyanate (1.8 ml). The reaction was stix;rcd at room temperature
overnight under nitrogen. The benzene was evaporated and the residue was purified using
Prep 500 chromatography (5% MeOH/DCM) to yield 2.3 g of a foam. Fumaric acid
(0.78 g) dissolved in isopropyl alcohol was added to this foam which was also dissolved in
isopropyl alcohol. The fumarate precipitated from solution upon addition of diethylether
to yield 1.5 g of the salt, cis-(+)-1,2,3,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo-
[2,3-blindol-4-yl, cyclohexyl carbamate fumarate, m.p. 179-180°C.

Analvsis:
Calculated for CygH,gN;0,#C,H,O,: 62.73%C 7.24%H 9.14%N
Found: 62.78%C 7.22%H 9.07%N

EXAMPLE 25

(£)-(3aR*, 8a5*)-1,2,3,3a.8,8a-Hexahydro-1,3a 8-trimethylpyrrolo-
[2,3-blindol-4 .(R)-(a-methvlbengyl)carbaniate

cis-(%)- 1.2.3.3a.8,8a—ch£hydro—1.3a,8-u'imcthylpyrmlo [2,3-b]indol-4»ol (2g) was
dissolved in degassed THF (200 m!). DBU (0.8 m!) was added to the mixture followed by
R-(+)-a-methylbenzyl isocyanate (2 g). The reaction was stirred at room temperature
overnight under nitrogen. The solvent was evaporated under reduced pressure and the
residue was | purified using Prep 500 chromatography (4% MeOH/DCM) to yield 1.2 g of a
solid. This material was combined with 600 mg of identically prepared material, which

1



4. The conpound as defined in claim3, where Rerr] is

(C[err] Cerr])al kyl or cyclo(([err]-Cerr])al kyl which may be
substituted as defined in claiml.
REPLACEMENT SHEET 39 5. The

compound as defined in claim4 which is
cis-([err])-1,2,3a, 8, 8a-hexahydro-1I, 3a, 8.}r|methyl pyrrol o[ 2, 3-b] -

REPLACEMENT SHEET

Claims AR RN -
- Lwos e 20 AUG 1999
1. A compound of the formula I
R o
( \\NQO CH,
./ -
~~--R{ | N?T '
(XNm (‘:Ha CHg4
where

R, is (C;-Cy)alkyl,

cyclo(Cs-C,)alkyl which may be substituted with 1 or 2 (C;-Cg)alkyl at
one of the ring carbons so as to form a spiro compound each constituent
ring of which being a cyclo(C;-Cg)alkyl,

bicyclo(C,-Cy)alkyl,

aryl, or
aryl(Cl-Cﬁ)alkyl
where aryl in each case is defined by the formula

(2)a

~

and aryl(C,-C¢)alkyl is defined by the formula
(Z),

-(C{=C4) alkylene ——@ ‘
where, in each case,

Z is hydrogen, halogen, (C,-Cs)alkyl (Cy-Cg)alkoxy, trifluoromethyl,

nitro or amino, and n is an integer of 1 to 3; R, is hydrogen or (C;-



I ndol - 6-yl met hyl carbamate or the 3aS-cis or 3aR-cis isonmer thereof or a

phar maceut i cal | y acceptable acid addition salt thereofr— 6.—The conpound

as defined in claim4 which is
#2505 ooy 22 e reanyaro- 1 se, ooy ey AHNUMNERELNE,

thereof or a pharmaceutically accept abéﬁ aC| d addition salt thereof.
The conpound as defined in claim4 whi

cis-([err])-1, 2 :Czs)alkarlsm the xeaphr Ry zéal@ntmﬁ@ﬁhﬂrﬁgﬁr?decym or
[ 2, 3-b] -indol - | ¢ 3a r..the 3aS-cis or 3aR-cis | somer
t hereof or a pha %{'gé’l?ls g?é:g%’ggsbl e acid addition salt thereof.
The conpound as c{gégﬂﬁg in claim4 which is

cis-([err])-1, 2,3, 34, 8, 8a- hexahydro-1, 3a, 8-trinmet hyl pyrrol o-

[ 2, 3-b] -i ndol - 4-yl cycl ohexyl carbamate gf~tH{ 3aS-@s or 3aR-cis isoner

t hereof or a pharmaceutically acceptale ac\N\a((i:olt lon salt thereof.
s

Y
oL _ .Rz/

is at the 4~ or 6-position of the ring;

m is 0, 1 or 2; each X is independently hydrogen, halogexi, (C;-Cg)-alkyl,
nitro or amino; or the optical isomers inchiding the 3aS-cis and 3aR-cis
optical isomers or the racemic mixture, or a pharmaceutically acceptable

acid addition salt thereof.
2. The compound as defined in claim 1 where X is hydrogen.

3. The compound as defined in claim 2, where R, is (C,-Ce)alkyl, cyclo(Cs-
Cp)alkyl which may be substituted as defined in claim 1, bicyclo(Cs-
Cup)alkyl, aryl or aryl(C;-Ce)alkyl where aryl and aryl(C,-Ce)alkyl are as
defined in claim 1 and R; is hydrogen. '

4, The compound as defined in claim 3, where R, is (C1-Ce)alkyl or
cyclo(C;3-Cjp)alkyl which may be substituted as defined in claim 1.

REPLACEMENT SHEET |

2.0 AUG 1999




9. A pharnaceutical conposition which conprises a conpound as defined
inclaiml as the active ingredient and a suitable carrier therefor.
10: Use of a conpound as defined in claim1 for the tion of a

medi canent for alleviating nmenory dysfunctlons character.i by decreased
cholinergic function as in Al zheiner's di seam“‘““\‘&“‘}m“\m‘}

40 11. A process for the preparation of a co in claiml,
whi ch conpri ses . a) reacti n% a compound®of “the fornula Il

CH3 : .

5. The compound as defined in claim 4 which is
cis-(%)-1,2,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo[2, 3- b]
indol-6-ylmethylcarbamate or the 3aS-cis or 3aR-cis isomer

thereof or a pharmaceutically acceptable acid addition salt
thereof.

6. The compound as defined in claim 4 which is
cis-(%)-5-bromo-1,2,3,3a-hexahydro-1,3a,8-trimethylpyrrolo-
[2,3-b]-indol-6-ylmethylcarbamate or the 3aS-cis or 3aR-cis
isomer thereof or a pharmaceutically acceptable acid
addition salt thereof. .

7. The compound as defined in claim 4 which is
cis-(%)-1,2,3,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo-
[2,3—b] indol-4-yl methylcarbamate or the 33S-cis or 3aR-cis

isomer thereof or a pharmaceutlcally acceptable acid
addition salt thereof.

8. . The compound as defined in claim 4 which is _
cis-(*¥)-1,2,3,3a,8,8a-hexahydro-1, 3a, 8-trimethylpyrrolo-
{2.3-b])-indol-4-ylcyclohexylcarbamate or the 3aS-cis or

3aR-cis isomer thereof or a pharmaceutically acceptable
acid addition salt thereof.

9. A pharmaceutical composition which comprises a compound

as defined in claim 1 as the active ingredient and a suitable
carrier therefor.

10. . Use of a compound as defined in claim 1 for the
preparation of a medicament for alleviating memory
dysfunctions characterized by decreased cholinergic
function as in Alzheimer's disease.

REPLACEMENT SHEET
7

20 AUG W99




[err] . "~ wherein R3is hydrogen and the group -CR[err]. s in
the 4- or 6-position of the ring;R5 is methyl; X and mare as

preéeviously defined, with an | socyanat

Rlerr]-N=C=0O, where Rerr] is as previously e”m" lme“m mnml an inert
solvent in the presence of a bicyclic am dine ¢ L chtatyst, or

b) reacting a conpound of forrmula Il above wherein R3 is hydr ogen; Rl err]
is methyl; X and mare as previously de#Oned, with 1,1'-

car bonyl di i m tiazol & paoudss fwﬂwﬁrbparaﬁmidbf@cmmﬂﬂcasaieﬁned)fn daiay | wisich

am ne of 5-12 carbon atons, in an inert solvent.

[err] comprises

a) reacting a compound of the formula III

CH3

30_§§/L/‘;L/, I

wherein Rj is hydrogen and the group ~OR; is in the 4- or 6-position

of the ring;Rs is methyl; X and m are as previously defined, with an
isocyanate of the formula R;-N=C=0, where R, is as previously
defined in an inert solvent in the presence of a bicyclic amidine

catalyst, or

b) reacting a compound of formula III above wherein R; is hydrogen; Rs
is methyl;, X and m are as previously defined, with 1,1°-
carbonyldiimidazole and thereafter adding a monocyclic or bicyclic

amine of 5-12 carbon atoms, in an inert solvent.

12. A compound of the formula II REPLACEMENT SHEET
RO, Rs . 20 AUG 1999
: <
/L (II)
6 N~ O
(X &g

where Rj is hydrogen or (C;-Cy,)alkyl and the group —OR; is in the 4- or
6-position of the ring; R, is hydrogen, cyano(C;-Cy)alkyl or amino(C;-

- Cypalkyl; Rg is hydrogen or (C,-Gzz)alkyl;. mis 0, 1 or 2; each X is
independently hydrogen, halogen, (C;-C¢)alkyl, nitro or amino or the
pharmaceutically acceptable acid addition salts thereof.




where,R3 is hydrogen or (Cerr]-Cerr])alkyl and the group -OR[err] is in
the 4- or 6-position of the ring; R err] is hydrogen,
cyano(([err]-Clerr])al kyl or amno(C[err]- Cerr])alkyl; Rerr] is
hydrogen or ((Jerr]-Clerr])alkyl; mis O, 1 or 2; each X is

I ndependent |y hydrogen, halogen, (Cerr]-Cerr])alkyl, nitro or am no or

t he pharmaceutical |y acceptable acid addition salts thereof
2 A eomggne ghe o D (NI
CHy
R30 _@L /i\ /, (III)
NI N
(X) m CI:H3 B ;15

where Rs is hydrogen or (C,-Cp)alkyl; Rj is hydrogen or (C;-C,z)alkyl
and the group —OR; is in the 4- or 6-position of the ring; m is 0, 1 or 2;
each X is independently hydrogen, halogen, (C,.Cg)alkyl, nitro or amino;
or the optical isomers including the 3aS-cis and 3aR-cis optical isomers,

the racemic mixture or a pharmaceutically acceptable acid addition salt
thereof.




where R err] is hydrogen or ((Jerr]-Cerr])alkyl; Rerr] is hydrogen or
(dJerr]-Cerr])al kyl and the group -OR[err] is in the 4- or

- position of the ring; mis 0, 1 or 2; each X i s independently
hydr ogen, hal ogen, ((err]-Cferr])alkyl, nitro or am no; or the
optical isomers including the 3aS-cis and 3aR-cis optical isoners,

the racem c mxture or a pharnaceutically acceptable acid addition salt
t her eof 42

4- AND 6-CARBAMATES RELATED TO PHYSOSTIGMINE, A PROCESS AND

INTERMEDIATES FOR THEIR PREPARATION AND THEIR USE

AS MEDICAMENTS

ABSTRACT

This invention relates to 4- and 6-carbamates related to physostagmine of the

formula

-y )
i \ >
(I' . H
| NCO CHy
\ 4
T~ & N7SN
(Ko LH l
H3 CHg

where R, is alkyl, cycloalkyl, bicycloalkyl, aryl or arylloweralkyl; R, is hydrogen or alkyl
or the group -NR;R, taken together forms a monocyclic or bicyclic ring of 5 to 12
carbons; m is Q, 1, or 2; each X is independently hydrogen, halogen, loweralkyl, nitro or
amino; and the pharmaceudcally acceptable acid addidon salts thereof, and where

' applicable, the geometric and optical isomers and racemic mixtures thereof. This

invention also relates to a process and intermediates
preparation of the 4- and 6-carbamates. The carpounds

for the

of this
invention display utility for alleviating various memory dysifunctions
characterized by a decreased cholinergic function, such as
Alzheimer's disease.
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