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(57) Abstract

A process for the preparation of 1,3a,8-trimethyl-1,2,3,32,8,8a-hexahydro-pyrrole[2,3-blindol-5(3aS,8aR)-heptylcarbamate,
of formula (I) by reacting eseroline with heptylisocyanate in the presence of a metal cyanate and of a quaternary ammonium salt,
in polar aprotic solvents.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the fiont pages of pamphlets publishing international
applications under the PCT.

Al Auslita Fi Talund MI Mali

Al Australis FR France MN Mongolia

BB Barbados GA Gaboun MR Mauritania

BE Belgum GB United Kingdom MW Malawi

BF Burkmi Fao GN Guinca NL Nctherlands

B8G Buigarta GR Greeee NO Norway

BJ Bunn HU Hungary PL Poland

BR Brasi tE Ircland RO Romania

CA Canada T Ttaly RU Russian Federation
CF Central Alncan Republic JP Japan SD Sudan

G Congo KpP Democratic People’s Republic SE Sweden

CH Switecriamd of horca SN Scnegal

(W] Cote o' vone KR Republic of Korea su Soviet Union

CM Camcroon L1 [ icchtenstein D Chad

s Crechosiovakiag LK Sri Lanka TG Togo

DE Cicrmany LU Luxembourg us United States of America
DK Donmark MC Monaco

Es Spuin MG Madagascar

.



WO 92/14735

10

20

25

PCT/EP92/00278

A PROCESS FOR THE PREPARATION OF 1 ,3a,8-TRIMETHYL-1,2,
3,3a,8,8a-HEXAHYDRO-PYRROLE[ 2 »3-b]INDOL-5(3asS, 8aR)-
HEPTYLCARBAMATE

The present invention relates to a process for the

preparation of l,3a,8—trimethyl-l,2,3,3a,8,8a—hexahy-

dropyrrole[2,3-b]indol—S(3aS,8aR)-heptylcarbamate of
formula (I):
CH3
HISC_’HN-E-O y ‘
l /l (1)
N N
el

Said compound, which is known under the Interna-
tional Nonproprietary Name "heptastigmine", and methods
for the preparation thereof, are disclosed in Italian
Patent Applications XN. 47780 A/84 and 19964 A/87. The
compound has interesting pharmacological properties
making it useful particularly in the treatment of
Alzheimer's disease.

According to the above cited Patent Applications,

heptastigmine (I) can be obtained starting from esero-

line (II) -
3
HO _ I
. ) (11)
N N N
| 8 |
G G

by treatment either with phosgene and heptylamine, or
with heptylisocvanate. The latter method allows to ob-

tain higher yields than the first one, as far as the
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reaction is carried out in an ether solution and in the
presence of metal sodium.

Said methods, however, suffer form evident draw-
backs, particularly oh industrial scale. In fact, the
first method involves the use of highly toxic phosgene,
whereas the second one suffers from hazards of fires
and explosions, connected to the use of ether and metal
sodium.

Now, it has surprisingly been found that heptasti-
gimine (I) can be obtained in very good yields and high
purity, by reacting eseroline (II) with heptylisocya;
nate in the presence of a) catalytic amounts of a qua-
ternary ammonium salt and b) catalytic amounts of a me-

tal cyanate, in a polar aprotic solvent, according to

the scheme reported hereinbelow: N
(o3
HO 3

’

(I1) 3 3

iy

| |
. CH (o3
(1) 3 3
wherein Me is an alkali metal or the equivalent of an
alkaline-earth metal, and preferably potassium; Rl'R4'
which can be the same or different, are Cl-Cl2 alkyl or

aralkyl, preferably ethyl or n-butyl; X is an anion,

| |
1.2 3 4+ -
~ ]\N/{\N) + C7HJ§GCO + MO + RRRRN —>
| & |
cH CH
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preferably chlorine or bromine.

The molar ratio of eseroline to heptylisocyanate
is comprised between 1l:1 and 1l:5, preferably between
1:1 and 1:1.2. Heptylisocyanate amounts which are in
excess or defect with respect to the preferred range
can also be used, but no advantages are obtained.

The molar ratio of eseroline to metal cyanate can
range between 1:0.5 and 1:0.01, preferably between
1:0.4 and 1:0.1, whereas the molar ratio of eseroline'
to guaternary ammonium salt is comprised between 1:0.6
and 1:0.05, preferably between 1:0.5 and 1:0.2.

Acetonitrile and ethyl acetate are preferably used
as the polar aprotic solvent.

It has also been found that metal alcoholates,
particularly potassium t-butylate, may substitute in

some cases the metal cyanate.

The reaction is preferably carried out under ni-
trogen, in order to prevent eseroline oxidation, and at
temperatures comprised between 0°C and 40°C, preferably
at about 20°C. The order in which reagents are added is
not particularly critic; however heptylisocyanate, op-
tionally diluted with the solvent, is preferably added
to a solution or suspension of eseroline, metal cyanate
and quaterrnary ammonium salt in the solvent itself. At
the end of the reaction (the progress of which can be
followed with chromatographic methods, for example by
TLC mix, eluent CHzclz/MeOH 9:1) solvent is evaporated
under reduced pressure, the residue is taken up with
toluene, the unsolubles are filtered off and the
toluene solution is repeatedly washed with water.

Toluene is evaporated off to obtain the desired product
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as a viscous oil, which is left to crystallize or is
transformed into the corresponding tartrate, according
to indications of Italian Patent Application N. 19964
A/87. |

According to an alternative route, eseroline can
be N-heptylcarbamoylated with heptylisocyanate which is
prepared in situ starting from a l-haloheptane (prefe-
rably l-bromoheptane) and a metal cyanate (preferably
potassium cyanate) in the presence of a gquaternary
ammonium salt, in polar aprotic solvents, preferably
acetonitrile. In this case the reaction is carried out
(always wunder nitrogen protection) at the reflux
temperature of the mixture; compound (I) 1is then
recovered as described above.

The following Examples further illustrate the in-
vention.

EXAMPLE 1

500 g (2.3 moles) of eseroline are dissolved in 20
1 of anhydrous acetonitrile, under nitrogen; 37 g (0.46
mole) of potassium cyanate and 148 g (0.69 mole) of
tetraethylammonium bromide are added thereto and, at
19-20°C, a solution of 325 g (2.5 moles) of heptyli-
socyanate in 20 1 of anhydrous acetonitrile is quickly
dropped therein. The reaction mixture is kept under
stirring for 8 hours, then the insolubles are filtered
off, solvent is evaporated off under reduced pressure,
the residue is taken up into 100 1 of toluene and the
toluene solution is washed with 6 x 100 1 of water.

Toluene is evaporated under vacuum to yield a yel-
lowish viscous o0il which undergoes solidification and

can be transformed into the corresponding tartrate

b
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according to the indications of Italian Patent
Application n. 19964 A/87. Yield 90%.
EXAMPLE 2
150 g of eseroline (0.69 mole), 83.9 g of potas-
sium cyanate (1.035 moles), 148 g of l-bromoheptane
(0.83 mole) and 29 g of tetraethylammonium bromide
(0.14 mole) are placed into 5 1 of anhydrous acetoni-
trile. The reaction mixture is refluxed for 19 hours,
the insolubles are filtered off and the mixture is
worked up as described in Example 1. Heptastigmine
yield is 63%.
EXAMPLE 3
The procedure of Example 1 is followed, but repla-
cing tetraethylammonium bromide with an equivalent
amount of tetra-n-butylammonium bromide. The yield is
still 90%.
EXAMPLE 4
The same results as those of Example 2 are obtai-
ned using n.Bu4NBr— instead of (C2H5)4NBr_, the other

reaction conditions being unchanged.
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CLAIMS

1. A process for the preparation of 1,3a,8-trimethyl-
1,2,3,3a,8,8a-hexahydro-pyrrole[2,3-blindol-5(3aS,8aR)-

5 heptylcarbamate of formula (I):

CH3
HlsC7HN-$[:'O y ‘ -
o
| /}\J (1)
M
H
10 a, e,

characterized in that eseroline (II) is reacted with
heptylisocyanate in the presence of a) catalytic
amounts of a quaternary ammonium salt and b) catalytic

amounts of a metal cyanate, in a polar aprotic solvent,

15 according to the scheme reported hereinbelow:
(03
BO 3
z | I
] J + CHNO + MW + RRERR —
N N N :
| & |
20
am T G
<y
H EN-C-O .
15C7 3 s ' :
I J
25 ' XN N
I |
CH3 Cﬁ3

(1)

wherein Me is an alkali metal or the equivalent of an
alkaline-earth metal; Rl-R4, which can be the same or

30 different, are Cl-c:L2 alkyl or aralkyl; X is an anion.

2. A process according to claim 1, characterized in
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that the molar ratio of eseroline to heptylisocyanate
is comprised between 1:1 and 1:5, preferably between
1:1 and 1:1.2,

3. A process according to claims 1 or 2, charac-
terized in that the molar ratio of eseroline to metal
cyanate is comprised between 1:0.5 and 1:0.01, prefera-
bly between 1:0.4 and 1l:0.1.

4. A process according to any one of the previous
claims, characterized in that the molar ratio of
eseroline to quaternary ammonium salt 1is comprised
between 1:0.6 and 1:0.05, preferably between 1:0.5 and
1:0.2.

5. A process according to any one of the previous
claims, characterized in that acetonitrile is used as
the solvent.

6. A process according to any one of the previous
claims, characterized in that the reaction is carried
out at temperatures comprised between 0°C and 40°C.

7. A process according to any one of claims 1-5,
characterized in that eseroline is reacted with hepty-
lisocyanate which is prepared in situ starting from a
l1-haloheptane and a metal cyanate in the presence of a
guaternary ammonium salt, in polar aprotic solvents.

8. A process according to claim 1, wherein Meis
potassium; Cl-C12 alkyl is ethyl or n-butyl; X 1is
chlorine or bromine.

9. A process according to claim 7, wherein the 1-
haloheptane is l-bromoheptane and the metal cyanate is
potassium cyanate.

10. A process according to claim 7, wherein the polar

aprotic solvent is acetonitrile.
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