v}

«c FED n.:‘JD .l.q- pol4) AVELIDL FHIENTHB] . YD/ 3UDccod

r . HOECHST PATENTABT. ep 0484 §73 A1

~
i

This invention relates to 4- and 8-carbamates related to physostigmine of the formula |
5 ’ 0
i | \ [! M
'
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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

, o Ll TS . R1
/ \“
! -C-0 N
A T S )
0 \ 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
40
pe (Ib)
50
where R:, Rz, X and m are as previously defined.
This invention also relates to compounds of formula 1
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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 thig invention.
Additionally, this invention relates to compounds of the formula it

£

(I1I1)

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
intermediates (or the preparation of the target compounds ‘of this 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

%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 (-CHz2CHz-), propylene (-CH2CH2CHa-),
. Sheet Has Been. RTlaced
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. |
isopropylene (-CH;CHCH;-)

etc.; the term *alkoxy” refers to a monovalent substituent which consists of an alkyl group linked through a
ether oxygen having its free valence bond from the ether oxygen, e.g., methoxy, ethoxy, propoxy, butoxy
pentoxy, ete.; the term "halogen” refers to a member of the halogen family consisting of fiuerina, chioring
bromine and iodine; the term "cycloalkyl” refers 10 a monovalent substituent consgisting of a ssturate:
hydrocarbon possessing at least one carbocyclic ring of three to twelve carbon atoms. e.9., cyclopropy
cyclobutyl. cyclopentyl, cyclohexyl, cycloheptyl, cyciooctyl, etc.. having its free valence bond from a carbo
of the carbocyclic ring. Said cycloalkyl group may be substituted with 1 or 2 foweralkyl groups, and it ma
also be substituted at one of the ring carbone so as to form a spiro compound each constituent ring ¢
which being a cycloalkyl of 3 to 8 carbons atoms: and the term "bicycioalkyl” shall mean a bicycloalky
group having from 7 t0 11 carbon atoms.

The compounds of this invention are prépared in the following manner, The substituents Ry, Rz, Rs, R4
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 ¢
conformstional constraints, the two substituents at the Ja- and Ba-positions must be both above the averag:

* 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:
depicted below.

’

[
.: Ngo ~ CH,
\

N'¢'N
Om L.: L‘a

It is the intent of the present inventors to claim both of sald cis isomers, namely, 3aS-cis and JaR-cis
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 3aS8-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
can prepare compounds of the invention of the formula IV through XL Jullan's synthesis invoivec
compounds where the benzene ring of the bicyclic and tricylic compounds had substituents attached at the
S-position while the novel ecompounds of this invention are attached at either the 4-or B-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.,
1986, Volume 29, 2268-2273; and
Helv. Chim. Acta., 1968, Volume 69, 283-287 and 1488-1497).
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CHjy
Br_ CH,
NH \ j - o
CH30 _ - N7 O
Om  GH,  CHO N~ 0. 4
(zv) (X by, W (vD)
CHy | CH,
CH,ON ,
CH30 N > - CHyO N o
(x)lﬂ cHs (x, éHg
(vIz) _ " (VIII)

CHZO ;
(x)m CH3
(1X) CH,
BBry
A?é
CHyO N °N s
| ] 1
Xm CHy CHj
(XI) '

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. stirring, 1,8k-giazabicyclo(5.4.0Jundec-7-ene (hereafter "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. o

This Sheet Has Been RTlaced '
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In an alternauve embodiment, lo prepare the B-carbamate of the mvennon where the group -NR|
taken togethér forms a bicyclic ring, Compound Xil can be reacted with 1.1 ‘«carbonyldiimidazole of

N=\ 'E'N(j (XX)

=/

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

10

15 | N-M (XkIl

to the solution. The reaction betwaen compound XNt and 1 1'-carbonyldi|midazole is typicsily conducted

20 preparing a degassed solution of compound XI! in a suitable inert soivent such as dichlorometha
tetrahydrofuran, otc., adding 1.1 '.carbonyldiimidazole to the solution and stirring the solution at rox
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
30

N7 N .

P
N CHa0 CHy CH,

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
N N (XIII)
CH30 l H l
§6 CH3 CH,
"o Sheet Has Been Replaced
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This reaction typically takes place in a loweralkanol solvent e.9., methanol, ethanol, etc., in the presence of.’
a catalyst, e.g., hydrogen.bromids, hydrogen chicride, etc., 8t low temperature for 0.5 to 24 hours.
Compound Xl is reacted with boron tribromide, a dealkylating agent, in a hydrocarbon of halohydrocar-
bon soivent, e.g., dichioromethane, hexane, elc., &t a temperature of about 0°C to 50°C for 1 to 24 hours
s 10 afford Compound XIV of the invention' of the formula ) '

(XIV)

10

CHy CHy

15 .
Compound XIV can subsequently react with DBU and an isocyanate of the formuia Ry N=C=0, where

R: is as previously defined, to afford Compound XV of the invention of the formula

20 _— Br CHg
o" “R1
/ xV
\ \ p :Nj:N: '
w Y NCO/ | H |
\._,.Rg/ 8 CHa CH3

This reaction typically takes place in an inert solvent, i.e., benzene, efc., at ambient temperature for 05

30 to 24 hours. R
The 4-phencl precursor of the d-carbamste 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
CHy, = (va)

N Yo

45 CH3

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

R

S5
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OCH,3 CH,
'CH,CN
N
bn,
may be reactad with 2 mets! hydnde. o.9. lithium aluminum hydnde, a reducing agent, to alford compow
XVII of the invention of the formula

1o

15 OCH3 ¢
(XVII)

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’

 OCH,

30 CHS

(XVIII)

a5

CHy CH,

This reaction is typically conducted in a loweralkanol solvent, 6.g. methanol, ethanol, in the presence 0.
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.
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This utility is manifested by the ability of these compounds to inhibit the enzyme acetyicholinesterase '
and thereby increase acetyicholine lgvels in the brain. :

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. Thie same
innervation is suggested to be weakened in Alzheimer patients. Thersfore, specific inhibitors of brain AChE
(as opposed to serum cholinesterase) will give rise to fewer side effects and thus lower toxicity than
physostigmine (an unspecific cholinesterase inhibitor). We have determined in vitro inhibition of acetyl-
cholinesterage activity in rat stristum according to the method described below. Rasults of some of the
compounds of this invention as well as those of physostigmine are pressnted in Table 1.

In Vitro inhibition of Acetyicholinesterase 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
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
of Alzheimer's dementia.

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 NaHz PO #H. 07100 mi distilied H, O

" {b) 13.40 g NaaHPO4. e 7H,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)

(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
Potter-Elvehiem homogenizer, A 50 microliter aliquot of the homogenate is added to S0 microliter vehicle of*
various concentrations of the test drug and preincubated for 10 minuteg at room temperature.

C. Agsay
{. For routine ICso determinations the Abbott Bichromalic Analyzer, ABA-100, is used to determine

acetylcholinesterase activity.
instrument settings

Filter: 450-415
This Sheet Has Been Replaced
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incubation temperature: 30°C

Decimal point: 0000

Analysis time: § minutes

Carousel Revolutions: 3

Reaction direction : down

‘Reaction direction : andpoint

Syringe plate: 1:101 dilute

Following 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 accurste 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 t0 the reference and sample side of § 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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Table 1 : -
. IanNmy(RmcemnmonSﬂ)‘Nu
Compound —— . =
: cis-(2)-1 2.3,3a.8.aa-H_exahydro-l.Sa.a-lrimelhylpynolo[2.3-b]-mdol-6-yl methylcarbamate 2
cis-(2)-1.2 3.9a.8.8a-Hexahydro-1 .Sa.e-trimelhylpyrrdo[Z.S-bl-jndol-ﬁ-yl_ cyciohexytcarbamate - 2
cis-‘(:.)-S-Bromo-i 2.3.3a,8.8a-Hexahydro-1 .Sa.a-lrimalhylp_wr_olo[z.&blindol-e-y! @mvkarbma o
cis~(£)-1 2.3.32,8.8a-Hexahydro-1 .Sa,&-uimeinymyrtohtz.a-b}iml-WI methylcarbamats : v
Cio-{£)-1.2.3.39,8,86- Hoxshydro-1.3a.8-rimethylpyrolof2,3-blindok-%-1 cyclot-t_exylcan:a_ltma — 03
Ph @g@ﬂe' (namely {3aS-cisy-1.23 Ga.a.sa-hexahydro-l.Sa.B-trimelhylpylrololz.a—bl'mdol-s-y methy mate
yS0s . .
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=
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EHective quantities of the compounds of the invention mgy be administered lo 3 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 Iree base final products

s while effective themselves, may be formulated and administered in the form of their pharmaceutically
acceptable acid addition salts for purposes of stability, convenience of crystaliization, increased solubility
and the like.

Acids useful for preparing tha pharmaceutically acceptable 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-(*)-1.2,3.3a,8,8a-hexahydro-1.3a,8-trimethylpyrroio{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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EXAMPLE 1
m(s-methoxyphenyl)-N-me!hyl-pmpanamqu

A solution of N-methyl-m-anisidine (265 g), triethylamine (269 mi) and toluene (550 ml) was slicred at
s 0°C as 2-bromopropionyl bromide (202.8 mi) 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
axtracted with ethy! acetate. All organic phases wera combined, washed with 2N HCI, and dried (NazSO¢).
The soivent was evaporated to yield .an oil which was purified using Kugelrobr distillation. The distillate was
dissolved in isopropyi ether. The solid product, 2-Brome-N—(G-meﬂtoxyphenyi)-N-methyl-propanam1de, m.p.

190 55-58° O, crystallized from this solution. ~

..' -
-

Analysis: .
Caleulated for Ci1H1«BrNOz: | 48.56%C | 5.19%H | 5.15%N "
15 Found: 48.52% 5.22%H | 5.10%N

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
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.
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' . Analysis: o
Calculated for C11H:aNO2: | 68.09%C | 8.85%H | 7.32%N
Found: . 68.91%C 8.71%MH 7.280%N
EXAMPLE 4

F-Cyanomethyi-1,3-dihydro-6-methoxy-d1,3-dimethyl-2H-Indol-2-0ne

1.3-Dihydro-8-methoxy-1,3-dimethyl-2H-indol-2-0ne (18.4 g) and iodoacetonitrile (6.7 m!) 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.

Analysis:
Calculated for CiyHi N20: 87.81%C | 6,13%H | 12.17%N
Found: ) 87.75%C | 8.03%H | 12.13%N

EXAMPLE 8 ‘ . .
3-(2-aminoethyl)-1.3-dihydro-&-methoxy-1,3-dimethyl-2H-indoi-2-one sallcylate hemlhydrate

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:

Calculated for CraH1gN202* CrHg 03 °0.5H20:
Found:

7.25%N
7.30%N

82.97%C
83.22%C

6.62%HN
8.56%H

EXAMPLE 6
cis-{2)~1,2,3,3a,8,8a-Hexahydro-8-methoxy-3a,8-dimethyipyrrolo[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
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EXAMPLE 7
cis-(s)-3 .2,3.3&.6.Ba-Hexahydro-s-me!hOxy-1.3a.8-!rlmethylpyrrolo{2,ar blindola fumarAte ._--.'.f_ o

C|s-(z)-1.2.3.3a.8.Sa—Hexahydro—s-metho:ty-aa.s-damethylpyrroloIZ.s-b] indole (12 g) was dissolved in R

s methanol (250 mi) 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. Sodlum borohydride (8.6 g) was added N
glowly in portions. After one hour, the mixture was concentrated on the rotary evaporator. Hydrochloric 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-1,33,8-trimethylpyrrolof2,3-blindole. The f(umarate, mp 138-1389°C, was precipitated ftrom 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 slurry was stirred at room temperature under Nz for 10 minutes. The mixture was flitered
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 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. .

Analysus

Calculated for ClsH21NaOz CrHgOs: | 63.91%C | 6.58%H | 10.16%N
. Found: 84.31%C | 8.43%H | 10.20%N -

———
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EXAMPLE 10
{£)-(3aF".8a5")-1,2,3,33,8 .sa-l-lexahydro-1,aa,a-mmethy‘pyrrolotz.&b]lndol-e-y! {R)-(a~methyibenzyi)-
carbamate sallcylate .

s - cis~(2)-1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo{2,.3-blindol-6~0l (1 g) was added to degassed
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-
= fate o

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 CzotasNaO2° Gyt O | 67.34%C | 7.33%H | 8.73%N N
Found: 86.97%C | 7.25%H | 8.80%N :

i
i
i
|
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EXAMPLE 13

msa,&aa-uexanydrod 3a,8-trimethyipyrralo{2.3-blindol-6-yl 3-p3-azabloyclo[3.22]nonane}-
‘carbamate fumarate

cig-(£)-1.2,3.3a.8, Ba-Hexahyﬂro-\ Ja,8-trimethylpyrrolo[2,3-blindol-8-0l (2. g) was digsolved in dry degas-

sed dichloromethane, 1,1 Carbonyldumldazole (1.64 g} was added in ane portion. The mixture was stirred

for 1/2 hour at room temperature under Ne. 3-Azabicycio{3.2.2]nonane (1.7 g) was added and the mixture
wag 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
fumarate was precipitated from MeOH/ether to yield 0.82 g of a solid. This materisl 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.

Analysis:
Calculated for GazHa1 N3Oz *CeHeOs: | 84.31%C | 7.27%H | 8.65%N
Found: 84.36%C | 7.18%H | B8.59%N

EXAMPLE 14 , '
els-(x)-1 ,2,E3a.8;8a-Hexahydro-1 »3a.8-trimethylpyrrolo[2,3-blindol-8-yl phenyl carbamate fumarate

cis-(2)-1,2.3,33,8,83-Hexahydro-1,3a, 8-trimethyipyrrolo[2,3-blindol-8-ol (3 g) was dissoived 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. This oil was dissolved
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-(2)-1,2.3,3a.8,8a-Hexahydro-1,3a,8-trimethylpyrrolo{2,3-blindol-6-yl phenyl carbamate fumarate,

m.p. 180“C.
Analysis:
Calculated for CaoHasNgO2°CeHiOs: | 63.57%C | 6.00%H | 9.27%N
Found: 63.14%C | B.11%H |. 9.13%N
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
methanol (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
the pure product. cis-(z)-S-bromo-1,2,3,3a,8,8a-Hexahydro-8-methoxy-1,3a a-lnmathylpyrrololz 3-blindole
fumarate. m.p. 177-178°C.

Anslysif_:

Caleculated for CieHy9BrN20"CeHsOc: | 50.80%C | 5.43%H | 6.56%N
: Found: 50.69%C | 549%H | 6.50%N
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EXAMPLE 15a
cig~(t)-5-Bromo-1 .z.aa.a.aa-hexahvdro-1.Sa.a-tﬂmethylp}rrolotz,s-bllndol-s-ol

) cis-(:)-S-Bromo-t.2,3.3a.8.8a-Hexahydro-6-Methoxy-1.3a.8-trime\hylpyrrolotz.s-t_:]indo!e (11 g) was dis-
solved in dry DCM (200 m) and added dropwise at 0° C to 2 stirred solution of BBr; in DCM (300 mi). The
mixture was warmed to room temperature and stirred overnight under nitrogen, The mixture was quenched

with aq. N32COy 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 confirmed 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 methano! was added to 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 CroHi 1NO2*H0: | 81.83%C | 6.71%H | 7.17%N
Found: 81.83%C | 8.77%MH | 7.18%N
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EXAMPLE 18
1,3-Dihydro-4-methoxy-1,3-dimethyl-2H-indol-2-one

A siurry of 1,3-dihydro-4-hydroxy-1,3-dimethyl-2H-indol-2-one (50 g), milled potassium carbonate (60.1
9) and HPLC grade acetone (400 ml). was mechanically stirred at room temperature as dimethyisulfate (41.4
ml) was added dropwise. The addition funnel was replaced with a condenser and the slurry was relluxed for
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 mi) were dissoived
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

S.20 -

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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EXAMPLE 21
cis-(2)-1 .2.3.3a.8.aa-Hexahydro—4-methoxy-1,3a.8-mmethyﬂayrrolotz.s-b]lndo!e fumarate

cis-(x)-1.2 ,3.33,8,8a-Hexahydro-4-methoxy-3a,8-dimethylipyrrolo[2,3-blindole (2.1 g) was dissolved in
methanol (50 ml). Triethylamine (3.3 ml) and 37% aqueous formaldehyde {5 ml) were added and the
mixiure was then stirred at room temperature for 1 hour. The sofution was cooled to 0° C and NaBHe (+.5¢9)
was sdded 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.

Anglysis:
Calculated for CisHaoN2O*CeHiOo: | 62.05%C | 8.84%H | 8.04%N
Found: 62.17%C | 6.96%H | 8.04%N

EXAMPLE 22 ' ’
cls-(t)-1 .2.3.33.8,8&-Hexahydro-1 .&.&tvlmethylpyrrolo f2,3-blindol-4-0l tfumarate

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.

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)-1.2,3,3a,8,8a-Hexshydro~1,3a &-trimemylpyrrololz 3-blindoi-4-yl
methylcarbamate fumarate, m.p. 175° C, precipitated out of solution.

Analysis:
Calculated for CysHaiNgO2*CiHeO: | 58.30%C | 8.44%H | 10.74%N
Found: 58.47%C | 850%H | 10.73%N
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EXAMPLE 24 : ’ ' : .
cis-(¢)-1,2,3,3a,8,83-Hexahydro-1,3a,8-trimethyipyrrolo[2,3-b)indol-4-y| cyclohexyl carbamate
fumarate . T

cis-(2)-1.2,3,3a,8.8a-Hexahydro-1,3a.8-rimethylipyrrolo[2,3 -blindol-4-0l (2.1 g) was added to degassed
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!
alcohol. The fumarate precipitated from solution upon addition of diethylether to yield 1.5 g of the salt, cis- *
(2)-1.2,3,3a,8,83-Hexahydro-1,3a,8-trimethylpyrrolo-[2,3-blindol-4-yl, cyclohexy! carbamate tumarate, m.p.
179-180°C. ' .

Analysis:
Calculated for CaoHaaNaO2* Cabe Qo [ 62.73%C | 7.24%H | 9.14%N
Found: 82.78%C | 7.22%MH | 9.07%N

EXAMPLE 25
(2)-(3aR",835")-1,2,3,33,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo-{2,3-blindol-4-yl {R)-{a-methylbenzy))-
carbamate -

cis-(2)-1,2,3,3a,8,8a-Hexahydro-1.3a.8-trimethyipyrrolo {2,3-blindol-4-0l (2g) was dissoived 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 overnight under nitrogen, The soivent was evaporsted 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
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.

. Analysis:
Calculated for CzoHayNaOa: | 72.30%C | 7.45%H | 11.50%N
Found: 72.32%C 7.58%H 11.53%N
Clalms e —
1. A compound of the formula | This Sheet Has Been Re;ilaced —
R L
c’ NHO '
' CH,
3
‘\
L
~--R{ NN (1)
| H ] .
M cHy CHy g

where R: is alkyl, cycloalkyl, bicycloalkyl. aryl or arylloweralkyl: Rz 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 optica! isomers including the 3a$- .

cis and 3aR-cis optical isomers. or the racemic mixture or a pharmaceutically dccs dable acid addition

21

e -
S

F*""i‘qf

N o3
TN 0 K i
R
P eAe A -




10

15

]

ce Fu P MUCLRD1 FHITINIFDE . KO DWoCsy

Gt  BOECHST PATEMTABT. - -

. PO

* ¢ L M s =
EXAMPLE 24 . J |
cis-(2)-1,2,3,3a,8,8a-Hexahydro-1,3a,8-trimethyipyrroiof2,3-b)indol-4-y| cyclohexyl carbamate

fumarate

cis-(2)-1.2,3,3a,8,8a-Hexahydro-1,3a.8-trimethyipyrrolo[2,3 -blindol-4-0l (2.1 g) was added to degassed
benzene (500 mi). DBU (1.6 mi) was added to the mixture followed by cyclohexyl isocyanate (1.8 mi). The
reaction was stirred at room temperature overnight under nitrogen. The benzene was evaporated and the
tesidue was purified using Prep 500 chromatography (5% MeOH/DCM) to yield 2.3 g of a foam. Fumaric
acid (0.78 g) disscived in isopropy! alcohol was added to this foam which was also dissoived in isopropy!

alcohot. The fumarate precipitated from solution upon addition of diethylether to yield 1.5 g of the salt, cis- °

2)-1,2,3,3a,8,83-Hexanydro-1,32,8-trimethylpyrrolo-[2,3-bJindol-4-yl, cyclohexyl carbamate fumarate, m.p.
179-180° C.

Anglysis:
Calculated for CaaHaaNa 02 CeHeQu: | 62.73%C | 7.24%H | 9.14%N
Found: 82.78%C | 7.22%MH | 9.07%N

EXAMPLE 25
(2)-(3aR",8a8%-1,2,3,31,8,8a-Hexahydro-1,3a,8-trimethylpyrrolo-{2,3-blindol-4-yl (R)-{a-methylbenzyl)-

e

~ 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
Calculated for Cp2HazN3O2: | 72.30%C | 7.45%H | 11.50%N
Found: 7232%C | 7.58%H 11.53%N

Clalms

1. A compound of the lformula | This Sheet Has Been

NG T

‘ CH,

\--onz N N (I)

ol LH]
m CHy CHjy ..

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
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2, The compound as defined in claim 1 where the group

'--a‘ 0

:" | \'Ntl;!o
\\-._.Bz/

is at the B-position of the ring.

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

TN

t : N

‘ .
\‘s_'_‘Rz/

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
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-

b}-indol-8-yimethylcarbamate or the aas-c-s or JaR-cis isomer thersof or a pharmaceutically scceptable

acid addition ssit thereof.

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
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,

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.

13. A process for the preparation of a compound as defined in claim 1, which comprises
a) reacting a compound of the formula lil - -
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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
previously defined, with 1,1"-carbonyldiimidazole and thereafter adding a monocyclic or bicyclic
amine of 5-12 carbon atoms, in an inert solvent.

14. A compound of the formula il

Ry0O Re
3 4 R‘
| : (IX)
6 N7 N0
X du

where R, is hydrogen or alkyl; Re is hydrogen, cyénoalkyl or aminoalkyl: Rs is hydrogen or alkyl: m ig
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

RsO

(9 CHy Rs

where Rs is hydrogen or alkyl Rs is hydrogen or aikyl; m is O, 1, or 2; each X is independently
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
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1. A process for the preparation of a compound of the formuls !

Ry

: <N\l
! N_L CHy
) ; (1)

~--R NS N

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 JaR-cls optical isomers, or the racemic mixture or a pharmaceuticaily acceptabls acid addition

salt theraof, which comprises

HOECHST PAIENIRBI.
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wherein Ry is hydrogen; Rs is methyl; X and m are as previously defined, with an isocyanate of the

formula Ry=N=C=0. where R, is as previously defined in an inert solvent in the presence of a

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

0
o

20 a) reacting a compound of the formuia ili
2
20
bicyclic amidine catalyst, or
as
amine of 5-12 carbon stoms, in an inert solvent.
2. A process as defined in claim 1 where the group
40
P " S Rl
’
H
\
45 \“ ] Bﬁ /
is at the 8-position ot the ring.
50
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3. A process as defined in claim 1 where the group

"--Rl o

.
.. Rz/ -

_
18t e &posion of e i o IIIIIIII TRV

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

6. 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.

7. A process as defined in clalm 8 wherein cig-(2)-1,2,3a,8,8a-hexahydro-1.3a,8-rimethylpyrrolo(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-
[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
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.

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 o
(1)

e N? O
S

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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13. A compound of the formula Iil

I
* cC L M s T
4 CH,
§
N N (III)
Rs0 | H |
10 (X)m CH; _‘Hg
where R; is hydrogen or alkyl; Ry 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 JaS-cis and 3aR-cis
optical isomers, the racemic mixture or a pharmaceutically acceptable acid addition salt thereof.
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