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pharmaceutical chemistry and involves a crystalline
gsalt of a substituted tetrahydrobenz|cd]indole and its

use.

10

Flaugh in U.S. Patent No. 4,576,959 discloses

that 6~substituted-4-dialkylaminotetrahydrobenz|[c,d]-

indoles and their pharmaceutically acceptable salts are

central serotonin agonists, useful for treating depres-

sion, obesity, alcoholism, smoking, or senile dementia.
Leander in U.S. Patent No. 4,745,126 further discloses

15

that certain 4-dia1ky1amino-6-aminocarhonyl-1,3,4,5—

tetrahydrobenz[c,d]indoles and their pharmaceutically

acceptable acid addition salts are useful in treating

anxiety.

20

be crystalline, rather than amorphous.

It is recognized in the art that it is partic-

Typically,

crystalline solids more easily purified, more easily

characterized, and more pharmaceutically elegant than

solids which are amorphous.

25

This invention provides a
crystalline acid addition salt of a particularly

preferred compound of Flaugh and of Leander.
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Flraugh in U S. Patent No. 4,576,959 discloses that

6- substi t ut ed- 4- di al kyl am not et r ahydr obenz[c, d] - indoles and their
pharmaceutically acceptable salts are central serotonin agonists, useful
for treating depres- sion, obesity, alcoholism snoking, or senile
denmentia. Leander in U S Patent No. 4,745,126 further discloses that
certain 4-dial kyl am no- 6-am nocar bonyl -1, 3, 4, 5- tetrahydrobenz[c, d]i ndol es
and thefr ﬁggrnaceutically acceptabl e acid addition salts are useful in
treatiné‘g fety. It is recogﬁ?ied inthe art that it is partic-
ul arly advantageous that a solid pharmaceutical substance be crystalli ne,
rat her than anorphous. Typically, crystalline solids nore easily purified,
nore easily characterized, agd.ARLS BRtpBRCeHLLGR LY €l egant than solids
whi ch are anorphous. This in ) ] stal | i ne acid addition
salt of a particul arl yTBi&f dpventierpbyryidesrialgh-~Bnarepylianinp-

6-aminocarbonyl-1, 3,4, 5~tetrahydrobenz[cd]indole hip-

purate. In a further embodiment the invention involves
5 substantially (4S)- or (4R)-4-(di-n-propyl)amino-6-
aminocarbonyl-1, 3,4, 5-tetrahydrobenz{cd]indole hip-
purate. In another embodiment, this invention involves
a pharmaceutical formulation comprising at least one of
said compounds together with a pharmaceutical excipient,
10 diluent, or carrier therefor. Another embodiment of
this invention concerns a method for treating conditions
in a mammal requiring modification of serotonin function
in the body by administering an amount of said compound
sufficient to affect serotonin function. Another
15 embodiment of the present invention concerns a method of
treating depression in humans comprising administering
to a depressed individual an antidepressant dose of said
compound. A further embodiment of this invention con-
cerns a method of treating anxiety in humans comprising
. 20 administering to a human susceptible to or suffering
- from anxiety an antianxiety dose of said compound. In
another embodiment the present invention involves a
method for preparing the crystalline hippurate by
dissolving the indole and hippuric acid in a solvent
25 and then crystallizing the hipﬁurate. In a still
further embodiment the indole and hippurate are con-
tacted in a mixture of isopropyl alcohol and water.
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-2- Summary of the Invention This invention
provi des 4-(di-n-propyl)am no-

6- am nocar bonyl -1, 3, 4, 5-t et rahydr obenz[ cd] i ndol e hi p- purate In a further
ermbodi ment the invention involves substantially (4S)-

(4R)'- 4- (di - n- propyl ) am no- 6- ami nocar bonyl -1, 3, 4, 5- tetrahydrobenz[cd]indole
hi p- purate. In another enbodinent, this invention I nvol ves a
pharmaceutical fornulation conprising at |east one of said.conpounds

t oget he¥X~89%% a phar nmaceutical exci pi ent3-

Detailed Description of the Invention

All temperatures discussed herein are expres-
sed in degrees Celsius. The term "substantially" is
used herein to mean that at least 95 weight percent of

5 the designated matexrial is present. The base compound
is (+)4-(di-n-propyl)amino-6-aminocarbonyl-1,3,4,5-
tetrahydrobenz[c,d]indole, which has the structure:

10
CONH,

N {nCyH;)n

(1)

\_/

H

15

The acid addition salt of this invention is
20 formed by contacting the base compound of Formula I with
hippuric acid, also known as N-benzoylglycine and also
known as benzamidoacetic acid, which has the structure:

o) .
Q%'NH'Cﬂz’C%H (II)

25

30
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di-luent, or carrier therefor. Another enbodi ment of this invention concerns
a nethod for treating conditions in a manmal requiring nodification of
serotonin function in the body by adm nistering an anount of said conpound
sufficient to affect serotonin function. Another enbodi ment of the present
I nvenhtion concerns a nethod of treating depression in humans conpri sing
adm nistering to a depressed individual an antidepressant dose of said
conmpound. A further enbodiment of this invention con- cerns a method of
treati n-a806%ty in humans conpri sing ad#-istering to a human suscepti bl e
to or suffering fromanxi ety an antianxiety dose of said conpound. In

anot her enbodi nent the present invention involves a nethod for preparing
the crystalline hippurate by dissolving the indole and hippuric acid in a

sol vent and then cryst d&ihe A4S adikipusale is dFhareforar threkdienbodi ment
the indol e ang g¥dpLr R -6 -CiindagiRihy In-18, N4 tsH e tafabenioamd - al cohol

and water . |cd}indole hippurate. The salt corresponds to a one to
one molar ratio of the indole to hippuric acid.

5 The hippurate salt of the compound of Formula
I has the particularly advantageous properly of cirystal-
linity, unlike numerous other acid addition salts of
Formula I that have been prepared. As a crystalline
substance, the hippurate salt can be readily prepared in

10 high purity by dissolving the base compound (indole) in
an inert solvent or mixture of inert solvents, adding
hippuric acid, and allowing the thus formed salt to
crystallize. The solvent of choice should be capable of
dissolving the hippuric acid and indole but should not

15 chemically react with either. The solvent should have a
low solubility for the hippurate salt. Preferably the
solvent also has a low toxicity level. Solvents include
isopropyl alcohol, acetone, ethanol, isopropyl alcohol
and water mixture, methyl ethyl ketone, butanol, tetra-

20 hydrofuran, dimethyl formamide, acetonitrile, and a
mixture of isopropyl alcohol and ethylacetate. Preferred
solvents include isopropyl alcohol, a mixture of iso-
propyl alcohol and water, and ethanol. If desired, the
product can be further purified by recrystallizing it

25 one or more times from such a solvent. Alternatively a
first solvent such as isopropyl alcohol can be used in a
first crystallization followed by the use of a second
solvent such as ethanol in at least one subsequent
crystallization step. If desired, the mother liquor
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- 3- Det ai |l ed Description of the Invention Al
tenperatures di scussed herein are expres- sed in degrees Celsius. The term
"substantially" is used herein to nean that at |east 95 wei ght percent of

t e designated material is present. The base compound is
([err])4-(di-n-propyl)am no-6-am nocar bonyl -1, 3, 4, 5-

t et rahydr obenz[ c, d] i ndol e, which has the structure:

X~-8069 -5

from such subsequent crystallizatidn steps can be
recycled and used as the solvent to dissolve the hip-
purate.
It has been found that the hippurate can retain
5 solvent apparently in the crystal lattice. It has also
been found that water appears to be preferentially
retained compared to certain other solvents. Therefore
to minimize any retention of other solvents by the salt,
it is preferred that water be added to the solvent when
10 compatible. For example, it is preferred that at least
about 5 percent, more preferably 10 percent, and most
preferably at least about 15 percent by volume water be
used when isopropyl alcohol is used as the primary
solvent. As is typical, it may be necessary to heat the
15. solvent in order to maximize dissolution of the salt.
By crystallization the salt can be thus prepared in
purity exceeding 99%. Other salt forms which are not
crystalline are not so readily purified and frequently
require the employment of expensive, tedious chromato-
20 graphic technigues for their purification.
‘Organic and pharmaceutical chemists will recog-
nize that the hippurate of the compound of Formula I
contains one chiral center. The compound of this
invention is useful whether it exists substantially as
25 the R enantiomer, substantially as the S enantiomer, or
as a mixture of the two enantiomers. The preferred
embodiment is the hippurate of the compound of Formula I
which is a substantially pure enantiomer, especially the

R enantiomer.
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[err] The acid addition salt of this invention is
formed by contacting the base conpound of Forrmula I with hippuric acid,
al so known-as N benzoyl gl yci ne and al so known as benzam doacetic acid,
whi ch has the structure:

X-8069 | G-

If it is desired to prepare the racemic
mixture of 4-(di~-n-propyl)amino-6-aminocarbonyl-1,3,4,5-
tetrahydrobenz|cd{indole hippurate, then the base
compound can be prepared by the method disclosed by

5 Flaugh, supra. However, the following method can be
used to prepare a single enantiomer of the base compound,
which may then be used Lo prepare a single enanﬁiomer of
the hippurate salt.

The following pair of enantiomers of l-benzoyl-

10 4,5-epoxy-1,2,2a,3,4,5-hexahydrobenz{cd]indole can be
selectively prepaied by the methods of Leanna, et al.,
Tet. Lett., 30, no. 30, pp. 3935-3938 (1989).

15

20
. CGHS CSHS

IIIa IIIb

The reaction of the racemic mixture of IIIa and

III, with a primary amine containing a chiral center

b

T



[err]

-4- The acid

addition salt is, therefore, 4-(di
n- propyl ) am no- 6- am nocar bonyl -1, 3, 4, 5- tetrahydrobenz- [ cd]indol e

hi ppur at e.

The salt corresponds to a one to

X-8069 -

10

15
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such as S-l-phenylethylamine produces a pair of dia-
stereomers of the formulae:

CeHs

NH~CH-CH3 i
NH - CH - CHy

OH

-»,'l%H

O N

T. \

v, vy CeHs
The diastereomers can be separated by a number of
methods frequently used in the art such as
chromatography and selective crystallization.

A particularly advantageous method of preparing
a substantially pure diastereomer of Formula IVa in a
single step is as follows. The reaction is conducted
in n-butanol at a concentration of about 1 gram of the
epoxide per 9 milliliters of solvent at about 90°C for
about 16 hours. Upon being cooled to about room
temperature, the diastereomer of Formula Ivy remains in
solution, while the diastereomer of Formula IVa crystal-~
lizes and can be collected by filtration.

For simplicity of discussion, the subseguent
intermediates and products shown below are those that
result from the compound of Formula IVa. Of course, the
use of R-~l1l-phenylethylamine instead of S-l1l-phenyl-
ethylamine in the above reaction will result in
the selective crystallization of the compound which is




one nolar ratio of the indole to hippuric acid. The hi ppurate
sal t- of the conpound of Fornmula [ has the particul arly advant ageous
property of crystal- linity, unlike nunerous other acid addition salts of
Formula | that have been prepared. As a crystalline substance, the

hi ppurate salt can be readily prepared in high purity by dissolving the
base conpound (indole) in an inert solvent or mxture of inert solvents,
addi ng Rioed ¢ acid, and allowing the tdgus forned salt to crystallize. The
sol vent of choice should be capabl e of dissolving the hippuric acid and

i ndol e but should not chemcally react wwth either. The sol vent shoul d have
a low solubility for the hippurate salt. Preferably the solvent also has a
| ow t oxi ci ty thevelirrSet \zimg-: iqﬁlﬁm&dlﬁoﬂﬁ%oylam ddieoluseaddreaieof dwhanol ,

i sopropyl al 4343@ q&%p tetra-
hydr of ur an, gﬁﬁhth I ornanl e aceton tr|Ie and q%?@?ﬁﬁéé %ngropyl

al cohol and @medusta athichpage ithey egsintdomess) of dhoseo SR al cohol , a

mxture of | $R10.0PH1 Gilr Ml A vl Fp&rl@laryl fani@sds agh the

product can be further p “r_'gt{e%%ﬁ}’thyef AR AP e usea.

_ The next step in the preparation of the prefer-
red starting material for the compounds of the invention
is to form an aziridine of Formula V.

?@k

10 N - CH-CH,

o, N
15

CeHs
Several methods of forming aziridines from beta amino
alcohols are known to the art. A preferred method is
the reaction of the compound of Formula IV_ with tri-
20 ethylamine and methanesulfonyl chloride in dichloro-

. 28
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one or nore times fromsuch a solvent. Alternatively a first solvent such
as isopropyl alcohol can be used in a first crystallization followed by the
use of a second sol vent such as ethanol in at |east one subsequent
crystallization step. If desired, the nother |iquor from
such subsequent crystallization steps can be

X-8069 -9

methane. The following compound can be isolated
from the reaction solution:

s N

10 CgHs
The aziridine of Formula V is hydrogenolyzed
over a noble metal catalyst such as palladium. It is
important that the opening of the aziridine to form the
15 secondary amine be substantially regiospecific, ie the
aziridine should be opened to form substantially the
4-amino compound rather than the 5-amino compound. One
such method is catalytic hydrogenolysis as taught by Y.
Sugi and S. Mitsui, Bull. Chem. Soc. Jap., 43, pp-
20 1489-1496 (1970). The preferred solvent is a mixture of
acetic acid and methanol, and the reaction is conducted

under approximately one atmosphere of hydrogen gas using

a noble metal catalyst, preferably palladium. The

reaction mixture is stirred at -5°C until the aziridine
25 is consumed, as determined by thin layer chromatography

B 1Y
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recycled and used as the solvent to dissolve the hip- purate. It
has Been found that the hippurate can retain solvent apparently in the
crystal lattice. It has also been found that water appears to be
preferentially retained conpared to certain other solvents. Therefore to

m nimze any retention of other solvents by the salt, it is preferred that
wat er be added to the sol vent when conpatible. For exanple, it is preferred
that at | east- about 5 percent, nore preferably 10 percent, and nobst

pref er abfiPR? | east about 15 percent by ¥Tune water be used when isopropyl

al cohol is used as the primary solvent. As is typical, it nmay be necessary
to heat the solvent in order to naximze dissolution of the salt. By
crystallizati I S prepal rity, 28 99%

O her salt fo@mi%?%ﬁ %?Ig&ph%? %f 11ine ?%Aél%(fpys%frea pur| fied and

frequently redpROEYSHR B9 oyeeeRdRXY cHpiiRi vb-bqwﬂr#ﬂﬁ to- graphic
t echni ques fq«.shéﬁylétw jdmLRdionz, 2a,3,4, 5-h<9£é}?1{‘]tl dﬁm@ cal
(o] 0) oun

chem sts will 0 nLze that the hjppurate of Fornul a
h1c gnee qo ! tg The rolys:. is contJJ.:nued

not isola

s at about 55°C under about 1 atmosphere of hydrogen gas
until the secondary amine is consumed, as determined by
thin layer chromatography or liquid chromatography.
Isolation, for example by crystallization, affords the
substantially enantiomerically pure compound of Formula

10 VI which is:

NH,

15 vi
o N
CeHs
20 The compound of Formula VII can be prepared

from the compound of Formula VI by alkylation with
propyl iodide in the presence of a base such as potas-
sium carbonate in a solvent such as acetonitrile,
followed by iodination by iodine and orthoperiodic acid
25 in the presence of an acid such as sulfuric acid or
trifluorocacetic acid in a solvent such as agueous acetic
acid. Alternatively, iodination may precede alkylation.

-
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cont ai ns one chiral

whet her

enant i oner,
embodi ment

-6-

center. The conpound of this invention is useful

It exists substantially as the R enantioner, substantially as the S
or as a mxture of the two enantioners. The preferred

is the hippurate of the conpound of Forrmula | which is a
substantially pure enantioner, especially the R enantioner.

-11~

Vi1l

The following enantiomer of the compound of

X-8069
5
10
Formula I
15
20

25

30

CONH,
N {nC3H;)»

Ia

\_/

H

can be prepared from the compound of Formula VII by

reaction with an approximately equimolar mixture of

carbon monoxide and ammonia in the presence of a

catalyst, preferably a palladium catalyst such as

bis(triphenylphosphine)palladium chloride or bis-

(triphenylphosphine)palladium bromide. The catalyst is

preferably present in a ratio of about 0.05 mole per

mole of reaction substrate. The preferred solvent

is toluene,

and the concentration of the reactant is

about 0.5 to about 2.0 grams per 100 milliliters of

B 19
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If it is desired to prepare the racem c m xture of _

4- (dt - n- propyl ) am no- 6- am nocar bonyl - 1, 3, 4, 5- tetrahydrobenz[cd] indole

hi ppurate, then the base conpound can be prepared by the nethod discl osed
by Fl augh, supra. However, the follow ng nethod can be used to prepare a
singl e enanti onmer of the base conpound, which may then be used to prepare a
singl e enantioner of the hippurate salt. The follow ng pair of
enantiogg 563f | - benzoyl - 4, 5-epoxy-1, 2, 2a, 3, 4, 5- hexahydr obenz[ cd] i ndol e
can be se%ectively prepared by the met iddS of Leanna, et al., Tet. Lett.,
30, no. 30, pp. 3935-3938 (1989). [err]

solvent. The reaction vessel is sealed and the reaction
mixture stirred at approximately 100°C for approximately
6 hours. The use of such catalysts for the reaction of
arylhalides with carbon monoxide is disclosed by

5 Schoenberg and Heck, Journal of Organic Chemistry, 39,
p. 3325 (1974) and sSchoenberg, Bartoletti and Heck,
Journal of Organic Chemistry, 39, p. 3318, (1974). The
benzoyl group can then be removed by any of a number of

methods known to the art, but preferably by reaction

10 with approximately 4 equivalents of n-butyl lithium in
freshly distilled tetrahydrofuran. The deprotection
reaction is conducted at about ~-78°. The reaction is
guenched by the addition of 1:1 (volume:volume) water
and tetrahydrofuran, and the resulting 4-(di-n-

15 propyl)amino-6-aminocarbonyl-1,2,2a, 3,4, 5-hexahydro-
benz[cd]indole is isolated by evaporation of the tetra-
hydrofuran, extraction from the aqueous phase into a
solvent such as methylene chloride, and evaporation of
the solvent. Oxidation of the hexahydrobenz-[cd]indole

20 Dby reaction with manganese dioxide in acetic acid by the
method disclosed by Flaugh in U.S. Patent No. 4,576,959
or palladium on carbon in methanol affords the desired
4-(di-n~-propyl }amino-6-aminocarbonyl-1, 3, 4, Sa+tetrahydro-
benz{cdlindole.

25 The preparation of 4-(di-n-propyl)amino-6-
aminocarbonyl-~1, 3,4, 5~-tetrahydrobenz{c,d}indole hippurate
is accomplished by dissolving the base compound of
Formula I in an inert solvent as discussed hereinabove
and contacting it with about one or more equivalents of

30 hippuric acid. The contacting can be conducted at a

B 2N
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The reaction of the racemc mxture of Ill[err] and IIl with a primry
am ne containing a chiral center -7-

X-8069 . =13~

temperature of about 0°C to about 100°C, preferably from
about 0°C to about 25°C. Suitable solvents include
those discussed hereinabove.
The following examples are provided to illus-
5 trate the present invention and are not to be construed
as limiting the scope thereof.

Example 1
Hippuric acid (0.60 grams, 3.3 millimoles) was

10 combined with acetone (30 milliliters) and heated to
45°C to dissolve the hippuric acid. (R)-4~(di-N-
propyl jamino-6~aminocarbonyl-1, 3,4, 5-tetrahydrobenz-
[cd]lindole (1.0 g. 3.3 mmol) dissolved in acetone (10
ml) was added dropwise to the 45°C solution of hippuric

15 acid. The mixture was cooled with stirring under

‘ nitrogen. After 30 minutes at 25°C, less than 1 mil-~
ligram of seed crystals were added. Within one minute
the solution was cloudy and crystals began'to form and
fall to the bottom of the flask. The mixture was

20: stirred 30 minutes and then allowed to stand one hour.

’ The mixture was filtered and the solid washed with
reagent grade acetone. The solid was dried by air flow
and then dried under vacuum to give 1.32 grams of white
solid. Analysis of the solid gave the following

25 results.

Melting point: 192-194°C
. UV (ethanol): 240nm (¢ = 42,000), 281inm (¢ = 5650)
: IR {KBr): 3141, 3135, 1653, 1603, 1578, 1544, 1384,
1367, 1357, 1279, 1254
30 [or]D = ~38.7° {(methanol)

I
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such as S-1-phenyl et hyl am ne produces a pair of dia- stereoners of the

f or nul ae:

[err]

X-8069 -14~-

10

15

20

25

30

MS: m/e = 300, 180

Analysis: (Cp7H3,04N4) C H N
Theory ' 67.76 7.16 11.71
Found 67.59 6.93 11.43

X-Ray Crystallography provided unit cell dimensions in A&
of: a 10.2974(5); b = 12.0619(3); 20.1382(6).

with a = 90°, B = 90°, § = 90°

volume = 2501.29 %+ 1.45 AS

1l

Example 2
2.70 grams (15 mmoles) of hippuric acid were

added to 40 ml of isopropyl alcohol. The mixture was
heated to 70°C to dissolve the hippuric acid. To the
hot solution were added approximately 4.5 g (14.9

m moles) of (S)-4-(di-n-propyl)amino-6~aminocarbonyl-
1,3,4,5-tetrahydrobenz{cdjindole dissolved in 25 ml of
isopropyl alcohol. The solution was allowed to cool to
room temperature, after 30 minutes white crystals
formed. The mixture was stirred for 2 hours and then
allowed to stand overnight. The mixture was filtered
and the cake washed with isopropyl alcohol. The cake
was dried at 40°C for 5 hours to yield 5.5 g of solid.
By NMR the solid contained about 3 weight percent
isobropyl alcohol. The filtrate was concentrated to a
foam, extracted with an aqueous base/methylene chloride
mixture, and dried 24 hours at 50°C under vaccum. 5.4 ¢
of the solid were dissolved in 65 ml of a mixture of
isopropyl alcohol and water (90:10, w:v) at 85°C. The
solution was allowed to cool to 25°C with stirring. The
flask was scratched and seed crystals of the solid

¢
i

£
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THe di astereoners can be separated by a nunber of nethods frequently used
In the art such as chromatography and sel ective crystallization.

A particularly advantageous net hod of preparing a substantially pure

di astereoner of Formula IVa in a single step is as follows. The reaction is
conducted in n-butanol at a concentration of about 1 gram of the epoxide
per 9 mlliliters of solvent at about 90[err]C for about 16 hours. Upon

bei ng cgg%sg to about roomtenperature, .the diastereonmer of Fornula [V[err]
remai ns”i 8Iution, whil e the diaster&dnsr of Fornmul a IV[err] crystal -
lizes and can be collected by filtration. For simplicity of

di scussion, the subsequent internedi ates and products shown bel ow are those
that result : u 0 r r r.Se, ..} he use of
R—I-phenylet%&?gﬁ%ﬁg ?ﬁgggagggfngﬂ-gE%%??ngtk%Fgafﬁgggh tﬁ “above
reaction wi| PelEdEPR FASt Rdasefedni gerefyigaratent abn58€;t Afteonpueand which

S hour crystals had formed. Scratching the flask caused
more crystal formation. The mixture was stored at 5°C
5 overnight and filtered. The solid was washed with
isopropyl alcohol and vacuum dried at 50°C for 24 hours
to provide 3.78 g of white solid. Analysis of the white
solid provided the following data:
Melting point: 190.5-192°C
io IR (KBr): 3458, 3134, 2975, 1655, 1604, 1545, 1384,
1278 cm T,
[a]D= +39.4° (c = 0.1, methanol)
UV (ethanol): 278nm (& = 4880), 240nm (& = 44000)
Analysis (Cy,Hgz4N4O4)

15 c : N
Theory 67.76 7.16 11.71
Found 68.24 . 7.46 11.40
Example 3
20 A racemic mixture of (RS)-4-(di-n-propyl)amino-

6-aminocarbonyl-1, 3,4, 5~tetrahydrobenz[cd]indole hippurate
was prepared by combining equal amounts of the substan-
tially pure enantiomeric indole hippurates. 150 mg of
(R)-4-{di-n-propyl )amino-6-aminocarbonyl-1,3,4,5-tetra~
25 hydrobenz[cd}]lindole hippurate were combined with 150 mg
of the corresponding (S)-indole hippurate. The
mixture was slurried in 10 ml of 0.2 normal HCl. 10 ml
of ethyl acetate were added followed by 10 ml of 5
normal sodium hydroxide. The aqueous and organic layers
30 were separated and the agueous layer was extracted with
10 m1 of ethyl acetate. The combined ethyl acetate

i
!
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the mrror image of Fornmula IV[err] ,and the use thereof in this synthesis
resuits in subsequent internediates and products which are the enantioners
of those shown below. Al so other optically active primary amnes in
addition to 1-phenylethyl amine could be used. The next step in
the preparation of the prefer- red starting material for the conpounds of
the invention is to forman aziridine of Fornmula V.

[err]l  x_soe9 -16-

layers were washed with 10 ml of 2 normal sodium
hydroxide. The liguid was dried with sodium sulfate and
the ethyl acetate removed by vacuum to obtain 168 mg of
white solid which is the racemic free base. 3 ml of
5 isopropyl alcohol were added to the solid product and

crystals formed. The crystals were dissolved by heating
on a steam bath. This solution was added to a solution
containing 100 mg (one equivalent) of hippuric acid in 1
ml isopropyl alcohol at 70°C. The solution was allowed

10 to cool with stirring. A precipitate formed after 30
minutes. After 4 hours of stirring the mixture was
filtered and the solid washed with isopropyl alcohol.
Vacuum drying gave 239 mg of white solid which had the
following properties.

15 Melting Point: 175°-177°C
[a]D = 0.06° (methanol)

The salt of the present invention is useful
in treating disorders which can be benefited by a
20 SHT1A receptor agonist. Such disorders include anxiety,
depression, senile dementia and consumptive disorders
such as obesity, alcoholism and smoking.
The instant compound is usually administered
in the form of a pharmaceutical composition. Such
25 compositions are prepared in a manner well known in
the pharmaceutical art. Accordingly, the present
invention also includes pharmaceutical compositions
containing 4-(di-n-propyl }amino-6-aminocarbonyl-1,3,4,5~
tetrahydrobenz[cd]indole hippurate associated with at
30 least one pharmaceutically acceptable excipient.
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Seéveral nethods of formng aziridines frombeta am no al cohols are known to
theart. A preferred nethod is the reaction of the conpound of Formula
IV[err] with tri- ethylam ne and net hanesul fonyl chloride in dichloro-

X-8069 ~17-

In making the pharmaceutical compositions of
the present invention, the hippurate salt is usually
mixed with an excipient, diluted by an excipient or
enclosed within such a carrier which can be in the form

. 5 of a capsule, sachet, paper or other container. Wwhen
the excipient serves as a diluent, it can be a solid,
semi-solid or liquid material which acts as a vehicle,
carrier or medium for the active ingredient. Thus, the
pharmaceutical compositions can be in the form of

10 tablets, pills, powders, lozenges, sachets, cachets,
elixirs, suspensions,-emulsions, solutions, syrups,
aerosols (as a solid or in a liquid medium), ointments
containing for example up to 10% by weight of the active
compound, soft and hard gelatin capsules, suppositories,

is sterile;injectable solutions and sterile packaged
powders.

Some examples of suitable excipients include
lactose, dextrose, sucrose, sorbitol, mannitol, starches,
gum acacia, calcium phosphate, alginates, tragacanth,

20 gelatin, calcium silicate, microcrystalline cellulose,

- polyvinylpyrrolidone, cellulose, water, syrup, and
methyl cellulose. The formulations can additionally
include lubricating agents such as talc, magnesium
stearate, silicone oil, or mineral oil, wetting agents,

25 emulsifying and suspending agents, preserving agents
such as methyl- and propylhydroxybenzoates, sweetening
agents or flavoring agents. The compositions of the
invention can be formulated so as to provide quick,
sustained or delayed release of the active ingredient

30 after administration to the patient by employing proce-
dures well known in the art.

7
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-9- net hane. The foll ow ng conpound can be isolated fromthe reaction

sol ution:

[err]

THIS SHEET HAS BEEN
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The compositions are preferably formulated in
a unit dosage form, each dosage containing from about
0.01 mg to about 50 mg, more usually about 0.1 mg to
about 25 mg, based on the free base, i.e., the free 4~
(di—grpropyl)amino—G-aminocarbonyl-l,3,4,S—tetrahydro-
benz[cd]indole. The term “unit dosage form" refers to
physically discrete units suitable as unitary dosages
for human subjects and other mammals, each unit con-
taining a predetermined gquantity of active material
calculated to produce the desired therapeutic effect,
in association with a suitable pharmaceutical excipient.
It will be understood that the amount of the compound
actually administered and the frequency of administration
will be determined by a physician, in the light of the
relevant circumstances iﬂcluding the condition to be
treated, the chosen route of administration, the age,
weight, and response of the individual
patient, and the severity of the patient's symptoms,
and therefore the above dosage ranges are not intended
to limit the scope of the invention in any way.

In the following formulation examples, the
term "Hippurate® is used to refer to the compound of
the instant invention. These examples are illustrative
only and are not intended to limit the scope of the
invention in any way.
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The aziridine of Fornmula V is hydrogenol yzed over a noble netal catal yst
such* as palladium It is inportant that the opening of the aziridine to
formthe secondary ami ne be substantially regiospecific, ie the aziridine
shoul d be opened to formsubstantially the 4-am no conpound rather than the
5-ani no conpound. One such nmethod is catal ytic hydrogenol ysis as taught by
Y. Sugi and S. Mtsui, Bull. Chem Soc. Jap., 43, pp. 1489-1496 (1970). The
preferred solvent is a mxture of acetic acid and nmethanol, and the

react i o¥-B868onduct ed under appr oxi mat ellP-one at nosphere of hydrogen gas
using a noble netal catalyst, preferably palladium. The reaction m xture
Is stirred at -5[err]C until the aziridine is consuned, as determ ned by

thin | ayer chromatography Formulation 1
orm io

Hard gelatin capsules are prepared using the
following ingredients: .

5 Quantity (mg/capsule)
Hippurate 40.0
Starch Powder 220.0
10 Starch Flowable Powder
{Pregelatinized Starch) T74.2
Silicone Fluid (350 centistokes) 0.8
15
The above ingredients are mixed and filled
into hard gelatin capsules in 335 mg quantities.
20 Formulation 2
An alternative method to prepare hard gelatin
capsules is provided as follows:
Quantity {(mg/capsule)
25 Hippurate _ 0.16
Starch 178.3
Starch Flowable Powder
30 (Pregelatinized Starch) 51.0
Silicone Fluid (350 centistokes) 0.54
35 The starch is granulated with a solution of

the hippurate in water. The granulation is dried
overnight. This granulation is then passed through a
20 mesh sieve and mixed thoroughly with the starch

é
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-10- or liquid chromatography. The product of this hydro- genolysis is a
secandary am ne, 1-benzoyl-4-(S-1-

phenyl et hyl ) am no- 1, 2, 2a, 3, 4, 5- hexahydr obenz[ cd] i ndol e, which need nntgbewuw
i sol ated. The hydrolysis is continued at about 55[err](:u@ﬁﬁﬂsgggg}kkggggN

at rosphere of hydrogen gas until the secondary amine is cPNsSUNBskpiaTED
det er m ned by

X-8069 ' . -20-

flowable powder and silicone previously mixed and
passed through a 10 mesh sieve. The formulation is
then filled into hard gelatin capsules in 230 mg

guantities.
5
Formulation 3
A tablet formulation is prepared using the
ingredients below:
Quantity (mg/tablet)
10 Hippurate 40.0
Cellulose, Microcrystalline 251.7
Colloidal Silicon Dioxide 4.5
15
Stearic Acid 2.3
Magnesium Stearate 1.5
20 The components are blended and compressed to

form tablets each weighing 300 mgs.

Formulation 4

. pn
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thin layer chromatography or |iquid chromatography. Isolation, for exanple
by crystallization, affords the substantially enantionerically pure
conmpound of Fornmula VI which is: NH2
[err] The conpound of Fornula VII can be prepared fromthe
compound of Fornmula VI by alkylation with propyl iodide in the presence of
a base such as potas-

X-8069 -21~

The starch and cellulose are passed through a
20 mesh sieve and mixed thoroughly. The solution of
polyvinylpyrrolidone is mixed with the resultant
powders which are then passed through a 4 mesh sieve.
5 The granules are dried at 50~60°C and passed through a
16 mesh sieve. The sodium carboxymethyl starch,
magnesium stearate and talc that had previously been
passed through a 30 mesh sieve, are then added to the
granules and mixed. The mix is then compressed on a
10 tablet machine to yield tablets each weighing 150 mg.
An alternate method of preparation is to pass
the hippurate, starch and cellulose through a 20 mesh
sieve and mix thoroughly. The solution of
polyvinylpyrrolidone is then mixed with the resultant
15 powders which are then passed through a 4 mesh sieve.
The granules are dried at 50-60°C and passed through a
16 mesh sieve. The sodium carboxymethyl starch,
magnesium stearate and talc that had previously been
passed through a 30 mesh sieve, are then added to the
20 granules and mixed. The mix is then compressed on a
tablet machine to yield tablets each weighing 150 mg.

25
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& um carbonate in a solvent such as acetonitrile, followed
i odine and orthoperiodic acid in the presence of an acid suﬁmm;)mnm
acid or trifluoroacetic acid in a solvent such as aqueous aceti® aci
Alternatlvely, i odi nati on may precede al kyl ati on.

X-8069 (EPO) -22-
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20

25
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CLAIMS

1. 4—(Di-n~-propyl )amino-6~aminocarbonyl-
1,3,4,5-tetrahydrobenz[cd]indole hippurate.

2. The compound of Claim 1 which is sub-
stantially (48)-4-(di-n-propyl)amino-6~aminocarbonyl-
1,3,4,5~tetrahydrobenz(cd]lindole hippurate.

~ 3. The compound of Claim 1 which is sub-
stantially (4R)~4-(di~g—prépy1)amino—é-aminocarbonyl-
1,3,4,5~-tetrahydrobenz[cd]indole hippurate.

4. A pharmaceutical formulation comprising
the compound of Claims 1, 2 or 3 together with one or
more pharmaceutically acceptable excipients, diluents,
or carriers therefor.

5. A 4-(di-n~propyl )amino~-é6-aminocarbonyl-
1,3,4,5-tetrahydrobenz{cdlindole hippurate as claimed in
any of Claims 1, 2, or 3 for use as a pharmaceutical.

6. A 4-{(di-n-propyl)amino-6-aminocarbonyl-
1,3,4,5~tetrahydrobenz[cd]indole hippurate as claimed
in any of Claims 1, 2 or 3 for use as an anxiolytic.

7. A 4-(di-n-propyl)amino-6~aminocarbonyl-
1,3,4,5~tetrahydrobenz[cd]lindole hippurate as claimed
in any of Claims 1, 2 or 3 for treating depression in
hunans.

8. A method for preparing crystalline 4-(di-
n-propyl)amino-1, 3, 4, 5~tetrahydrobenz[cd}indole
hippurate as claimed in any one of Claims 1, 2 and 3
said method comprising (a) combining 4-(di-n-propyl)-
amino-1,3,4,5-tetrahydrobenz{cdlindole and hippuric acid
and (b) crystallizing said hippurate from a solution to
provide said crystalline hippurate.

?
!
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et~ The follow ng enantioner of the compount 34'HIIIIIHHHJIIIIIHIIIIHIII

CONH2 [err]

X-8069 (EPO) -23-

g, The method of Claim 8 wherein said
solution contains isopropyl alcohol in combination with
at least about 10 volume percent water.

10. The method of Claim 8 wherein said
5 crystalline hippurate is dissolved in a second solvent
comprising isopropyl alcohol and at least about 15
volume percent water and 4-(di-n-propyl)amino-1,3,4,5~-
tetrahydrobenz[cd]indole hippurate is then crystallized
from said second solvent to provide recrystallized
10 hippurate and mother liguor.
11. The method of Claim 10 wherein said
mother liquor is recycled as said second solvent.
12. The method of Claim 8 wherein said
crystalline hippurate is dissolved in a second solvent
15 comprising ethanol and 4-(di-n-propyl)amino-1,3,4,5~
tetrahydrobenz{cd]indole hippurate is then recrystallized
from said second solvent.

20

25
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can be prepared fromthe conpound of Formula VII by reaction with an
appreoxi mately equi nol ar m xture of carbon nonoxide and ammonia in the
pgesence of a catal yst, preferably a palladiumcatal yst such as

bi s(tri phenyl phosphi ne) pal | adi um chl ori de or bi s-
(triphenyl phosphi ne) pal | adi um broni de. The catal yst is preferably present
in aratio of about 0.05 nole per nole of reaction substrate. The preferred
sol vent 4_sle® Uene, and the concentration of the reactant is about 0.5 to
about 2.0 grans per 100 mlliliters of

Abstract
4~{(Di-n-propyl)amino-6-aminocarbonyl-1,3,4, 5~
tetrahydrobenz{cdlindole hippurate and its method of
preparation and use are provided.

10
15

20

25
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A2 T4
[err] -12- sol vent. The&®*feaction
vessel is sealed and the reaction mxture stirred at approxi mately
err]C for approximtely 6 hours. The use of such catalysts for the
action of arylhalides with carbon nonoxide is disclosed by Schoenberg and
¢k, Journal of Organic Chem stry, 39, .

X~-8069 - -18~

The compositions are preferably formulated in
a unit dosage form, each dosage containing from about
0.01 mg to about 50 mg, more usually about 0.1 mg to
about 25 mg, based on the free base, i.e., the free 4-
5 (di-n-propyl amino-6-aminocarbonyl-1,3,4,5~tetrahydro- "
benz{cd]indole. The term "unit dosage form" refers to:
physically discrete units suitable as unitary dosages
for human subjects and other mammals, each unit con-
taining a predetermined quantity of active material
10 calculated to produce the desired therapeﬁtic effect,
in association with a suitable pharmaceutical excipient.
It will be understood that the amount of the compound
actually administered and the frequency of administration
will be determined by a physician, in the light of the
15 relevant circumstances including the condition to be.
treated, the chosen route of administration, the age,
weight, and response of the individual
patient, and the severity of the patient's symptoms,
and therefore the above dosage ranges are not intended
20 to limit the scope of the invention in any way.
In the following formulation examples, the
term "“Hippurate" is used to refer to the compound of
the instant invention.
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p. 3325,({574) and Schoenberg, Bartoletti and Heck, Journal of Organic
Chem stry, 39, p. 3318, (1974). The benzoyl group can then be renoved by

.a nunber of nethods known to the art, but preferably by reaction
approximately 4 equivalents of n-butyl lithiumin freshly distilled
rahydrof uran. The deprotection reaction is conducted at about -78[err].
e reaction is quenched by the addition of *:1 (vol une: vol une) water and
eﬂrﬁﬂggggfuran, and the resulting 4- - n-

propyl ) am no- 6- am nocar bonyl - 1, 2, 2a, % 4 5- hexahydro- benz[cd]indole is

| sol ated by evaporation of the tetra- hydrofuran extraction fromthe
aqueous phase into a solvent such as methylene chloride, and evaporation of

the sol veftowddiéaponaesf ahbesmﬂabﬁérgbe%oh%déﬂ B Rpd eaction with
manganese di oxide 1 n _aceti sclosed by, Fl augh in U S.

cid b
Pat ent NP2%E%F6-BEQUG i?aﬂ?ﬁh1%ﬁe¥§rbo RO #6r ds the desired
4-(di - n- ﬂﬂmpyl#nhied ﬁnaa1hardrbemyt1m aapsﬁlbstnmhwmmOﬂ@benz[cd]|ndole.

The prepQ%ﬁg¢ g4- (di-n-propyl)an no- 6-
anlnocarb ny Qth 4, 5-t et rahydrobenz][c, d]|ndole hi ppur at e

Formulation 3 _
A tablet formulation is prepared using the
ingredients below:

Quantity (mg/tablet)

10 Hippurate 40.0
Cellulose, Micrbcrystalline 251.2
' Colloidal Silicon Dioxide 4.5
1o Stearic Acid 2.3
Magnesium Stearate . 1.5
20 The components are blended and compressed to

form tablets each weighing 300 mgs.

Formulation 4

| A tablet formulation is prepared using the components below:

Quantity (mgftablet)
Hippurate 0.16
Starch 104.84
Microcrystaliine Cellulose 35.0
Polyvinylpyrrolidone (10% Solution in Water) 40
Sodium Carboxymethy! Starch 4.5
Magnesium Stearate 0.5
Talc 1.0
THIS SHEET HAS BEEN
REPLACED REPLACEMENT SHEET
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. : : : 57-4 1705
I's acconplished by dissolving the base conmpound of Formula | in an I nert

.sol vent as di scussed herei nabove and contacting it wth about one or nore
equi val ents of hippuric acid. The contacting can be con ‘ﬁeﬂ—
- 13- tenperature of about OC to about 100[err]C, pr q@r &"wﬁ”pfn@bw!

O[err]C to about 25[err]C. Suitable solvents include ——— --.!
. 260CT M99 |
-

CRYSTALLINE SALT OF S

4—-(D1-n—-PROPYL)AMINO~6-AMINOCARBONYL—
1,3,4,5-TETRAIIYDROBENZ | cd | INDOLE

this inveution relates to Lhe field of
pharmaceutical chemistlry and involves a crystalline
salt of a substituted tetrahydrobenz{cd]indole and its
use.

Flaugh in U.S. Patent No. 4,576,959 discloses
that 6-substituted-4-dialkylaminotetrahydrobenz[c,d]-
indoles and their bharmaceutically acceptable salts are
central serotonin agonists, useful for treating depres-
gsion, obesity, alcoholism, smoking, or senile dementia.
Leander in U.S. Patent No. 4,745,126 further discloses
that certain 4-dialkylamino-6-aminocarbonyl-1,3,4,5-
tetrahydrobenz[c,d}indoles and their pharmaceutically
acceptable acid addition salts are useful in treating
anxiety.

It is recognized in the art that it is partic-
ularly advantageous that a solid pharmaceutical substance
be crystalline, rather than amorphous. Typically,
crystalline solids more easily purified, more easily
characterized, and more pharmaceutically elegant than
solids which are amorphous. This invention provides a
crystalline acid addition salt of a particularly

preferred compound of Flaugh and of Leander.
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those discussed her ei nabove. The foll ow ng exanples are provided

t0 illus- trate the present invention and are not to be construed as
limting the scope thereof. Exanmple 1

H ppuric acid (0.60 grans, 3.3 mllinoles) was conbined with acetone (30
mlliliters) and heated to 45 err]C to dissolve the hippuric acid.

(R)-4-(di-N- propyl)am no-6-ani nocarbqnyl -1, 3, 4, 5-t et rahydr obenz-
[cd]indole (1.0 g. 3.3 mMmol) dissolved I n acetone (10 m) was added

dropwi se to the 45[err] C solution of hippuric acid. The m xture was cool ed
with stirring under nitrogen. After 30 mnutes at 25[err]C, less than 1

ml- ligramof seed cryst alsundh& 3ddathe Wrhtinti@ie m nute the sol ution was
cl oudy and crystals Slg'l% to f rmand fal] 10 traelnbottom f the flask. The

ni xture was stirred ﬁ‘ﬁ?tv?él 408 BFEY 9% ded To BERRPIGIEHAF~ The
m xt ur e waé-tminecedbeng lt-ie 3sd, iS¢ twdstadyy driobienzdagdnndyrizdedigeet one. The

solid vas gui-gdely 3’ af lfQWether embodiment the invention involves
substantially (4S)- or (4R)-4-{(di-n-propyl)amino-6-

aminocarbonyl-1,3,4,5-tetrahydrobenz{cd]lindole hip-
purate. In another embodiment, this invention involves
a pharmaceutical formulation comprising at least one of
said compounds together with a pharmaceutical excipient,
diluent, or carrier therefor. Another embodiment of
this invention concerns a method for treating conditions
in a mammal requiring modification of serotonin function
in the body by administering an amount of said compound
sufficient to affect serotonin function. Another
embodiment of the present invention concerns a method of
treating depression in humans comprising administering
to a depressed individual an antidepressant dose of said
compound. A further embodiment of this invention con-
cerns a method of treating anxiety in humans comprising
administering to a human susceptible to or suffering
from anxiety an antianxiety dose of said compound. 1In
another embodiment the present invention involves a
method for preparing the crystalline hippurate by
dissolving the indole and hippuric acid in a solvent

and then crystallizing the hippurate. In a still
further embodiment the indole and hippurate are con-

tacted in a mixture of isopropyl alcohol and water.

s
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and then dried under vacuumto give 1.32 grans of white solid. Analysis of
the solid gave the followng results. Melting point:. 192-194[err] C W
(ethanol): 240nm ([err] = 42,000), 281nm ([err] = 5650) IR (KBr): 3141,
3135, 1653, 1603, 1578, 1544, 1384, ) 1367, 1357, 1279, 1254 [err]
= -38.7[err] (methanol) -14-

~F =

Detailed Description of the Invention

All temperatures discussed herein are expres-
sed in degrees Celsius. The term “substantially" is
used herein to mean that at least 95 weight percent of
the designated material is present. The base compound
is (+)4-(di-n-propyl)amino-6-aminocarbonyl-1,3,4,5-
tetrahydrobenz[c,d]indole, which has the structure:

CONH,
N (nCyHy),

(I)

\_/

H

The acid addition salt of this invention is
formed by contacting the base compound of Formula I with
hippuric acid, also known as N-benzoylglycine and also
known as benzamidoacetic acid, which has the structure:

0
i
@C-NH-CHZ-COZH (11)
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M5: mle = 300, 180 Analysis: (C[err]H[err]C{err]N[err]) C H
N  Theory 67 .71 Found
67. 59 6. 93 11. 43 X—Ray C}ystallography prOV|ded unit cel
dimensions in A of: a = 10.2974(5); b = 12.0619(3); 20.1382(6). with a =
90[err], [err] = 90[err], [err] = 90 volume = 2501.29 1.45 Alerr]
Exanple 2 2.70 grams (15 mmol es) of hippuric acid were added to
40 m of isopropyl alcohol. The m xtured¢was heated to 70[err]C to dissolve
the hippuric acid. To the hot solution were added approximately 4.5 g (14.9
m ol es) of (S)-4-(di-n-propyl)am no-6-am nocarbonyl -
1,3,4,5- tetrahydrobenz[cd]lndole di ssolved in 25 m of
The acid addition salt is, therefore, 4-(di-
n-propyl)am1no-6—am1nocarbony1-1,3,4,S—tetrahydrobenz—
[cdlindole hippurate. The salt corresponds to a one to
one molar ratio of the indole to hippuric acid.
The hippurate salt of the compound of Formula
I has the particularly advantageous property of crystal -
linity, unlike numerous other acid addition salts of
Formula I that have been prepared. As a crystalline
substance, the hippurate salt can be readily prepared in
high purity by dissolving the base compound {indole) in
an inert solvent or mixture of inert solvents, adding
hippuric acid, and allowing the thus formed salt to
crystallize. The solvent of choice should be capable of
dissolving the hippuric acid and indole but should not
chemically react with either. The solvent should have a
low solubility for the hippurate salt. Preferably the
solvent also has a low toxicity level. Solvents include
isopropyl alcohol, acetone, ethanol, isopropyl alcohol
and water mixture, methyl ethyl ketone, butanol, tetra-
hydrofuran, dimethyl formamide, adetonitrile, and a
mixture of isopropyl alcohol and ethylacetate. Preferred
solvents include isopropyl alcohol, a mixture of iso-~
propyl alcohol and water, and ethanol. If desired, the
product can be further purified by recrystallizing it
one or more times from such a solvent. Alternatively a
first solvent such as isopropyl alcohol can be used in a
first crystallization followed by the use of a second
solvent such as ethanol in at least one subsequent
érystallization step. If desired, the mother liquor

REPLACEMENT SHEET
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i sopropyl al cohol. The solution was allowed to cool to room tenperature,
.after 30 mnutes white crystals forned. The m xture was stirred for

and then all owed to stand overni ght.

washed with isopropyl alcohol. The cake was dried at 40[err]C for 5
to yield 5.5 g of solid. By NMR the solid contained about 3 wei ght percent
al cohol. The filtrate was concentrated to a foam extracted with

| sopropyl

an aqueous base/ net hyl ene chl ori de ni xbure,

2 hours

The m xture was filtered and the cake

hour s

and dried 24 hours at 50[err]C

under vaccum 5.4 g of the solid were dissolved in 65 mM of a m xture of
al cohol and water (90:10, v:v) at 85[err]C The solution was

allowed to _cool to 25[err]C with stirring. The flask was scratched and seed
crystal s Ofr?ﬂesgspia bsequent crystallization steps can be

| sopr opyl

recycled and used as the solvent to dissolve the hip-~
purate.

It has been found that the hippurate can retain
solvent apparently in the crystal lattice. It has also
been found that water appears to be preferentially
retained compared to certain other solvents. Therefore
to minimize any retention of other solvents by the salt,
it is preferred that water be added to the solvent when
compatible. For example, it is preferred that at least
about 5 percent, more preferably 10 percent, and most
preferably at least about 15 percent by volume water be
used when isopropyl alcohol is used as the primary
solvent. As is typical, it may be necessary to heat the
solvent in order to maximize dissolution of the salt.

By crystallization the salt can be thus prepared in
purity exceeding 99%. Other salt forms which are not
crystalline are not so readily purified and frequently
require the employment of expensive, tedious chromato-
graphic techniques for their purification.

Organic and pharmaceutical chemists will recog-
nize that the hippurate of the compound of Formula I
contains one chiral center. The compound of this
invention is useful whether it exists substantially as
the R enantiomer, substantially as the S enantiomer, or
as a mixture of the two enantiomers. The preferred
embodiment is the hippurate of the compound of Formula I
which is a substantially pure enantiomer, especially the

R enantiomer.
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mat eri al whi ch had been dissol ved were added. The solution was placed in a
refrigerator at 5[err]C, after one hour crystals had fornmed. Scratching the
flask caused nore crystal formation. The mi xture was stored at 5[err]C

overnight and filtered. The solid was washed with isopropyl alcohol

and

vacuum dried at 50[err]C for 24 hours to provide 3.78 g of white solid.
Anal ysis of the white solid provided the follow ng data: Melting point:

190.5-192[err]C IR (KBr): 3458, 3134, 2975, 1655, 1604, 1545, 1384,
1278 cnjerr]. [err]= +39.4[err] (c 0.1, nmethanol) WV (ethanol):
(e = 4880), 240nm ([err] = 44000)

If it is desired to prepare the racemic

mixture of 4-(di-n-propyl)amino-6-aminocarbonyl-1,3,4,5-
tetrahydrobenz{cd]indole hippurate, then the base
compound can be prepared by the method disclosed by
Flaugh, supra. However, the following method can be
used to prepare a single enantiomer of the base compound,
which may then be used Lo prepare a single enantiomer of
the hippurate salt.

The following pair of enantiomers of l-benzoyl-
4,5—epoxy-1,2,2a23,4,S—hexahydrobenz[cd]indole can be
selectively prepared by the methods of Leanna, et al.,
Tet. Lett., 30, no. 30, pp. 3935-3938 (1989).

CGHS CGHS

IIIa IIIb
The reaction of the racemic mixture of IIIa and

III. with a primary amine containing a chiral center
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Anal ysi s (C27H34N404) C H N
.Theory 67.76 7.16 11.71 Found

68. 24 7.46 11. 40 Exampl e 3 A
racem c mxture of (RS)-4-(di-n-propyl)am no-

6- am nocar bonyl -1, 3, 4, 5-t etrahydr obenz[ cd] i ndol e hi ppurate was prepared by
conbi ni ng equal anounts of the substan- tially pure enantioneric indole

hi ppurates. 150 ng of =7~

(R) -4-(di-n-propyl)am no-6-am nocarbonyl -1, 3,4, 5-tetra- hydrobenz[cd]indol e
hi ppur at e mere conbined with 150 ng of the correspondi ng (s)-indole

hi ppur at e. n1xt ried in nor ma 10 M of
et hyl aceté?gz e%f%?ii?ﬁ&%f%@lﬁﬁ PFe Yc%sn%rﬂ%fls8h ﬂﬁ?ﬁydrOX|de
The aqueOU$tﬁntqmquanItnﬂﬂfnmmnhaeeparated and the aqueous | ayer was
extracted with 10 ml of ethyl acetate. The conbined ethyl acetate

CeHs Cate
NH - CH - CH, |
. NH - CH - CHy
: OH

H

o) N
CHs
v d v CeHs
a b

The diastereomers can be separated by a number of
methods frequently used in the art such as
chromatography and selective crystallization.

A particularly advantageous method of preparing
a substantially pure diastereomer of Formula IVa in a
single step is as follows. The reaction is conducted
in n-butanol at a concentration of about 1 gram of the
epoxide per 9 milliliters of solvent at about 90°C for
about 16 hours. Upon being cooled to about room
temperature, the diastereomer of Formula IVb remains in
solution, while the diastereomer of Formula IVa crystal-
lizes and can be collected by filtration.

For simplicity of discussion, the subsequent
intermediates and products shown below are those that
result from the compound of Formula IVa. Of course, the
use of R-l-phenylethylamine instead of S-l-phenyl-
'ethylamine in the above reaction will result in

the selective crystallization of the compound which is
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-16-

| ayers were washed with 10 m of 2 normal sodi um hydroxi de.

The

Jiquid was dried with sodiumsulfate and the ethyl. acetate renoved by
vacuumto obtain 168 ng of white solid which is the racem c free base.
of i1sopropyl alcohol were added to the solid product and crystals forned.
The crystals were dissolved by heating on a steam bath. This solution was
added to a solution containing 100 ng {@ne equival ent) of hippuric acid in

1nm

i sopropyl al cohol at 70[err]C. The solution was all owed

the mirror image of Formula IVa and the use thereof in
this synthesis results in subsequent intermediates and
products which are the enantiomers of those shown
below. Also other optically active primary amines in
addition to l-phenylethyl amine could be used.

The next step in the preparation of the prefer-
red starting material for the compounds 6f the invention

is to form an aziridine of Formula V.

-

N-CH-CH,

o) N

CeHs
Several methods of forming aziridines from beta amino
alcohols are known to the art. A preferred method is
the reaction of the compound of Formula IVa with tri-
ethylamine and methanesulfonyl chloride in dichloro-
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to cool with stirring. A precipitate fornmed after 30 mnutes. After 4 hours
of stirring the mxture was filtered and the solid washed with isopropyl

al cohol . Vacuum dryi ng gave 239 ng of white solid which had the foll ow ng
properties. Melting Point: 175[err]-177[err]C [err] = 0.06[err]

(et hanol) The salt of the present invention is useful in
treating disorders which can be benefited by a 5HTlI A receptor agonist. Such
di sorders include anxiety, depression,-senile denentia and consunptive

di sorders such as obesity, al coholism and snoking. The i nst ant
conpound is usually admnistered in the formof a pharnmaceuti cal
conposition. Such conpositions are prepared in a nmanner well known in the
phar maceut Peithage-. Adeorffildgving ronpawehtcamentismlated i ncl udes

phar maceut ifegaim GBI LI tAH EIMA I

4- (di - n- propyl ) am no- 6- am nocar bonyl -1, 3, 4, 5- tetrahydrobenz[cd]indol e

hi ppurate associated with at

CgHs

The aziridine of Formula V is hydrogenolyzed
over a noble metal catalyst such as palladium. It is
important that the opening of the aziridine to form the
secondary amine be substantially regiospecific, ie the
aziridine should be opened to form substantially the
4-amino compound rather than the S-amino compound. One
such method is catalytic hydrogenolysis as taught by Y.
Sugi and S. Mitsui, Bull. Chem. Soc. Jap., 43, pp-
1489-1496 (1970). The preferred solvent is a mixture of

acetic acid and methanol, and the reaction is conducted

under approximately one atmosphere of hydrogen gas using
a noble metal catalyst, preferably palladium., The
reaction mixture is stirred at -5°C until the aziridine

is consumed, as determined by thin layer chromatography
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| east one pharmaceutically acceptabl e exci pi ent.

-17- I n maki ng the pharmaceutical conpositions of the present
i nvention, the hippurate salt is usually mxed with an excipient, diluted
by an excipient or enclosed within such a carrier which can be in the form
of a capsul e, sachet, paper or other container. Wen

~10-~

or liquid chromatography. The product of this hydro-
genolysis 1is a secondary amine, l-benzoyl-4-(S-1-
phenylethyl)amino-1,2,2a,3,4,5~hexahydrobenz[cd]indole,
which need not be isolated. The hydrolysis is continued
at about 55°C under about 1 atmosphere of hydrogen gas
until the secondary amine is consumed, as determined by
thin layer chromatography or liquid chromatography.
Isolation, for example by crystallization, affords the
substantially enantiomerically pure compound of Formula
VI which is:

NH,

VI

CeHs

The compound of Formula VII can be prepared
from the compound of Formula VI by alkylation with
propyl iodide in the presence of a base such as potas-
sium carbonate in a solvent such as acetonitrile,
followed by iodination by iodine and orthoperiodic acid
in the presence of an acid such as sulfuric acid or
trifluorocacetic acid in a solvent such as aqueous acetic

acid. Alternatively, iodination may precede alkylation.




t he excipient serves as a diluent, it can be a solid, sem-solid or liquid
Jmaterial which acts as a vehicle, carrier or nmediumfor the active

i ngredi ent. Thus, the pharmaceutical conpositions can be in the form of
tablets, pills, powders, |ozenges, sachets, cachets, elixirs, suspensions,
enul si ons, solutions, syrups, aerosols (as a solid or in a liquid nmediunm,
ointnments containing for exanple up to_10% by wei ght of the active
conpound, soft and hard gel atin capsuTes] suppositories, sterile injectable
solutions and steril e packaged powders. Sonme exanpl es of suitable
exci pients include | actose, dextrose, sucrose, sorbitol, mannitol

starches, gum acaci a, cal ci um phosphate, al ginates, tragacanth, gelatin,
calciumsilicate, nicrocrystalliqe cel l ul ose, polyvinyl pyrrolidone,

cel lul ose, water, syrup, and nethyl cellulqﬁ?.*IPe formul ati ons can
additionally include lubricatip g w05l ey magnesi um st ear at e,
silicone oil, or mneral oil, } g agepts, enulsifying and suspendi ng
agents, preserving agents such 2 and propyl hydr oxybenzoat es,

sweet eni ng VII

The following enantiomer of the compound of
Formula I

CONH,
N (nC3H;)

Ia

\_/

H

can be prepared from the compound of Formula VII by
reaction with an approximately equimolar mixture of
carbon monoxide and ammonia in the presence of a-
catalyst, preferably a palladium catalyst such as
bis(triphenylphosphine)palladium chloride or bis-
(triphenylphosphine)}palladium bromide. The catalyst is
preferably present in a ratio of about 0.05 mole per
mole of reaction substrate. The preferred solvent

is toluene, and the concentration of the reactant is

about 0.5 to about 2.0 grams per 100 milliliters of
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agents or flavoring agents. The conpositions of the invention can be

dJornmul ated so as to provide quick, sustained or del ayed rel ease of the
active ingredient after admnistration to the patient by enpl oying proce-
dures well known in the art. X- 8069 - 18-
The conpositions are preferably formul ated in a unit dosage form each

dosage contai ning from about 12

solvent. The reaction vessel is sealed and the reaction
nixture stirred at approximately 100°C for approximately
6 hours. The use of such catalysts for the reaction of
arylhalides with carbon monoxide is disclosed by

Schoenberg and Heck, Journal of Organic Chemistry, 39,
p; 3325 (1974) and Schoenberg, Bartoletti and Heck,
Journal of Organic Chemistry, 39, p. 3318, (1974). The
benzoyl group can then be removed by any of a number of
methods known to the art, but preferably by reaction

with approximately 4 equivalents of n-butyl lithium in
freshly distilled tetrahydrofuran. The deprotection
reaction is conducted at about -78°. The reaction is
quenched by the addition of 1:1 (volume:volume) water
and tetrahydrofuran, and the resulting 4-(di-n-
propyl)amino-6-aminocarbonyl-1,2,2a,3,4,5-hexahydro-
benz[cd]indole is isolated by evaporation of the tetra-
hydrofuran, extraction from the aqueous phase into a
solvent such as methylene chloride, and evaporation of
the solvent. Oxidation of the hexahydrobenz-[cd}indole
by reaction with manganese dioxide in acetic acid by the
method disclosed by Flaugh in U.S. Patent No. 4,576,959
or palladium on carbon in methanol affords the desired
4~-(di-n~propyl)amino-6-aminocarbonyl-1,3,4,5+tetrahydro-
benz{cdlindole.

The preparation of 4-(di-n-propyl)amino—-6-
aminocarbonyl-1,3,4,5-tetrahydrobenz[c,d]indole hippurate
is accomplished by dissolving the base compound of
Formula I in an inert solvent as discussed hereinabove
and contacting it with about one or more equivalents of
hippuric acid. The contacting can be conducted at a
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0.01 ng to about 50 ny,
based on the free base, .i.e.,
(di - n-propyl)am no- 6-am nocar bonyl

nore usual ly about 0.1 ng to
the free 4-
-1, 3,4,5-tetrahydro-

5

about 25 nyg,

benz[ cd] i ndol e.

The term "unit dosage form' refers to

physically discrete units

suitabl e as unitary dosages
unit con-
cal cul ated to produce the desi
with a suitabl e pharmaceuti cal
t he amount of the conpound

taining a predeterm ned quantity of active materi al

for human subjects and other mammual s, each
10

red t heidapeutic effect, i n associ ation
exci pi ent. It will be understood that

actually adm ni stered and the frequency of

adm ni stration wi |

| be determ ned by a phyS|C|an

in the light of the

15

reIevah?mEPFéﬁﬁﬁﬁaﬁéé§bPH@I98Fh§QJ%?QRﬁN%QQ(ﬂ1tR?Qﬁ?rablthEQmed

t he

chosen rouiBoat edui BbShbalitoRsoche a¥dtable SMAvdHHLs AbIREPONSE of the
everity of the patient's synptons,

i ndi vi dual
and t her ef

ti t, dth
8?85?h§§§%§g§e835§§81%§§§¥? -are not intended 20

tolimt the

scope of the inventi ®hei foddpwimg. examples are pravidd® doliimisg
formul at i O?rﬁ‘é@”ﬂhﬁsprtaggnt 1nvg?1 on ap'z%urzﬁlee nOItS ‘L%S %de tCOOI{SetreL'[eé o the

conpound o

stant 1 nven
as limiting the scope thereof

Example 1
Hippuric acid (0.60 grams,

3.3 millimoles) was

combined with acetone (30 milliliters} and heated to

45°C to dissolve the hippuric acid.

(R)-4- (di-N-

propyl)amino~6-aminocarbonyl-1,3,4,5-tetrahydrobenz~

fcdlindole (1.0 g.

3.3 mmol) dissolved in acetone (10

ml) was added dropwise to the 45°C solution of hippuric

acid.
After 30 minutes at 25°C,
ligram of seed crystals were added.

nitrogen.

The mixture was cooled with stirring under

less than I mil-

Within one minute

the solution was cloudy.and crystals began to form and

fall to the bottom of the flask.

The mixture was

stirred 30 minutes and then allowed to stand one hour.

The mixture was filtered and the solid washed with

reagent grade acetone.

The solid was dried by air flow

and then dried under vacuum to give 1.32 grams of white

56590)
1384,

solid. Analysis of the solid gave the following
_results.

Melting point: 192-194°C

UV (ethanol): 240nm (¢ = 42,000}, 28lnom (&g =

iR (KBr): 3141, 3135, 1653, 1603, 1578, 1544,

1367, 1357, 1279, 1254
[a]D = -38.7° (methanol)
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-19- Formul ation 1 Hard gel ati n capsul es
.are prepared using the follow ng ingredients:

Quantity (ng/capsul e)

—-14-

MS: m/e = 300, 180

Analysis: (Cg,H34O4N4) C H N
Theory 67.76 7.16 11.71
Found 67.59 6.93 11.43

X~Ray Crystallography provided unit cell dimensions in A&

of: a = 10.2974(5); b = 12.0619(3); 20.1382(6).
with @ = 90°, B = 90°, & = 90°
volume = 2501.29 + 1.45 A3

Example 2
2.70 grams (15 mmoles) of hippuric acid were

added to 40 ml of isopropyl alcohol. The mixture was
heated to 70°C to dissolve the hippuric acid. To the
hot solution were added approximately 4.5 g (14.9

n moles) of (S)-4-(di-n-propyl)amino-6é~aminocarbonyl-
1,3,4,5~-tetrahydrobenz{cd}lindole dissolved in 25 ml of
isopropyl alcohol. The solution was allowed to cool to
room temperature, after 30 minutes white crystals
formed. The mixture was stirred for 2 hours and then
allowed to stand overnight. The mixture was filtered
and the cake washed with isopropyl alcohol. The cake
was dried at 40°C for 5 hours to yield 5.5 g of solid.
By NMR the solid contained about 3 weight percent
isopropyl alcohol. The filtrate was concentrated to a
foam, extracted with an agqueous base/methylene chloride
mixture, and dried 24 hours at 50°C under vaccum. 5.4 g
of the solid were dissolved in 65 ml of a mixture of
isopropyl alcohol and water (90:10, v:v) at 85°C. The
solution was allowed to cool to 25°C with stirring. The

flask was scratched and seed crystals of the solid

REPLACEMENT SHEET

29 nCT 1999




Hpmume 40.0 Starch Powder

220.0 Starch Fl owabl e Powder (Pregel atinjzed Starch) 74. 2
Silicone Fluid (350 cent.i st okes) 0.8 The above ingredients are
m xed and filled into hard gelatin capsules in 335 ng quantities.

For mul ati on 2 An alternative nethod to prepare hard gelatin

capsules is provided as foll ows: 15—

material which had been dissolved were added. The

solution was placed in a refrigerator at 5°C; after one

hour crystals had formed. Scratching the flask caused

more crystal formation. The mixture was stored at 5°C

overnight and filtered. The solid was washed with

isopropyl alcohol and vacuum dried at 50°C for 24 hours

to provide 3.78 g of white solid. Analysis of the white

solid provided the following data:

Melting point: 190.5-192°C

IR (KBr): 3458, 3134, 2975, 1655, 1604, 1545, 1384,
1278 cm T,

[a]D= +39.4° (¢ = 0.1, methanol)

UV (ethanol): 278nm (¢ = 4880), 240nm (¢ = 44000)

Analysis (Cp7H3z 4 4N404)

c H N
Theory 67.76 7.16 11.71
Found 68.24 7.46 11.40
Example 3

A racemic mixture of (RS)-4-(di-n-propyl }amino-
6-aminocarbonyl-1,3,4,5~tetrahydrobenzf[cd]indole hippurate
was prepared by combining equal amounts of the substan-
tially pure enantiomeric indole hippurates. 150 mg of
(R)-4-(di-n~propyl)amino-6-aminocarbonyl-1,3,4,5~tetra-
hydrobenz[cd]indole hippurate were combined with 150 mg
of the corresponding (S)-indole hippurate. The
mixture was slurried in 10 ml of 0.2 normal HCl. 10 ml
of ethyl acetate were added followed by 10 ml of 5
normal sodium hydroxide. The aqueous and organic layers
were separated and the aqueous layer was extracted with
10 ml of ethyl acetate. The combined ethyl acefate
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Quantity (ng/capsul e) Hi ppurate 0.16 Starch
J178.3 Starch Fl owabl e Powder (Pregel atinized Starch) 51.0
Silicone Fluid (350 centi st okes) 0.54 The starch is
granulated with a solution of the hippurate in water. The granulation is
dried overnight. This granulation is then passed through a 20 nesh sieve
and m xed thoroughly with the starch _y¢_

layers were washed with 10 ml of 2 normal sodium
hydroxide. The liquid was dried with sodium sulfate and
the ethyl acetate removed by vacuum to obtain 168 mg of
white solid which is the racemic free base. 3 ml of
isopropyl alcohol were added to the solid product and
crystals formed. The crystals were dissolved by heating
on a steam bath. This solution was added to a solution
containing 100 mg (one equivalent) of hippuric acid in 1
ml isopropyl alcohol at 70°C. The solution was allowed
to cool with stirring. A precipitate formed after 30
minutes. After 4 hours of stirring the mixture was
filtered and the solid washed with isopropyl alcohol.
Vacuum drying gave 239 mg of white solid which had the
following properties.

Melting Point: 175°-177°C

[a]D = 0.06° (methanol)

The salt of the present invention is useful
in treating disorders which can be benefited by a
SHT1A receptor agonist. Such disorders include anxiety,
depression, senile dementia and consumptive disorders
such as obesity, alcoholism and smoking.

The instant compound is usually administered
in the form of a pharmaceutical composition. Such
compositions are prepared in a manner well known in
the pharmaceutical art. Accordingly, the present
invention also includes pharmaceutical compositions
containing 4-(di-n-propyl )amino-6~-aminocarbonyl-1,3,4,5-
tetrahydrobenz{cd}indole hippurate associated with at

least one pharmaceutically acceptable excipient.




X—8069 - 20- fl owabl e powder and silicone

previously m xed and passed through a 10 nmesh sieve. The fornul ation
i's then filled into hard gelatin capsules in 230 ny guantities.
5 Formul ati on 3 A tabl et

formul ation is prepared using the I ngredi ents bel ow

Quantity (ng/tablet) 10 Hi ppurate 40. 0
Cel | ul ose, Mcrocrystalline -17951.7

In making the pharmaceutical compositions of
the present invention, the hippurate salt is usually
mixed with an excipient, diluted by an excipient or
enclosed within such a carrier which can be in the form
of a capsule, sachet, paper or other container. When
the excipient serves as a diluent, it can be a solid,
semi-solid or liquid material which acts as a wvehicle,
carrier or medium for the active ingredient. Thus, the
pharmaceutical compositions can be in the form of
tablets, pills, powders, lozenges, sachets, cachets,
elixirs, suspensions, emulsions, solutions, syrups,
aerosols (as a solid or in a liquid medium), ointments
containing for example up to 10% by weight of the active
compound, soft and hard gelatin capsules, suppositories,
sterile injectable solutions and sterile packaged
powders.

Some examples of suitable excipients include
lactose, dextrose, sucrose, sorbitol, mannitol, starches,
gum acacia, calcium phosphate, alginates, tragacanth,
gelatin, calcium silicate, microcrystalline cellulose,
polyvinylpyrrolidone, cellulose, water, syrup, and
methyl cellulose. The formulations can additionally
include lubricating agents such as talc, magnesium
stearate, silicone o0il, or mineral oil, wetting agents,
enulsifying and suspending agents, preserving agents
such as methyl- and propylhydroxybenzoates, sweetening
agents or flavoring agents. The compositions of the
invention can be formulated so as to provide gquick,
sustained or delayed release of the active ingredient
after administration to the patient by employing proce-

dures well known in the art.
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Col | oi dal
2.3

300 nys. Formul ation 4 A tabl et
formul ation is prepared using the conponents bel ow

Quantity (ng/tablet) Hi ppurate

0. 16 Starch -18- 104. 84

Silicon Dioxide 4.5 15 Stearic Acid
Magnesi um St ear at e 1.5 20
conponents are bl ended and conpressed to

The compositions are preferably formulated in
a unit dosage form, each dosage containing from about
0.01 mg to about 50 mg, more usually about 0.1 mg to
about 25 mg, based on the free base, i.e., the free 4-
(di-n-propyl }amino-6-aminocarbonyl-1,3,4,5-tetrahydro-
benz{cd]l]indole. The term “unit dosage form" refers to
physically discrete units suitable as unitary dosages
for human subjects and other mammals, each unit con-
taining a predetermined quantity of activg material
calculated to produce the desired therapeutic effect,
in association with a suitable pharmaceutical excipient.
It will be understood that the amount of the compound
actually administered and the frequency of administration
will be determined by a physician, in the light of the
relevant circumstances including the condition to be
treated, the chosen route of administration, the age,
weight, and response of the individual
patient, and the severity of the patient's symptons,
and therefore the above dosage ranges are not intended
to limit the scope of the invention in any way.

In the following formulation examples, the
term “Hippurate" is used to refer to the compound of

the instant invention.
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M crocrystal line Cellul ose 35.0

sieve and m xed thoroughly. The sol ution of

Formulation 1

Hard gelatin capsules are prepared using the
following ingredients: .
Quantity (mg/capsule)

Hippurate 40.0
Starch Powder 220.0
Starch Flowable Powder

{Pregelatinized Starch) 74 .2
Silicone Fluid (350 centistokes) 0.8

The above ingredients are mixed and filled

into hard gelatin capsules in 335 mg guantities.

Formulation 2

An alternative method to prepare hard gelatin

capsules is provided as follows:

Quantity (mg/capsule)

Hippurate 0.16

Starch 178.3
Starch Flowable Powder

{Pregelatinized Starch) 51.0
Silicone Fluid (350 centistokes) 0.54

) The starch is granulated with a solution of
the hippurate in water. The granulation is dried
overnight. This granulation is then passed through a
20 mesh sieve and mixed thoroughly with the starch

REPLACEMENT SHEET
29 OCT 1999

Pol yvi nyl pyrrolidone (10% Solution in Water) 4.0 Sodi um
Gar boxynet hyl Starch 4.5 Magnesi um St ear at e
0.5 Tal c 1.0

-21- The starch and cel lul ose are passed through a 20 nesh



pol yvi nyl pyrrolidone is mxed with the resultant powders which are then
passed through a 4 nesh sieve. The granules are dried at 50-60[err]C and

" passed through a 16 nmesh sieve. The sodi um car boxynet hyl starch, nagnesium
stearate and talc that had previously been passed through a 30 nesh sieve,
are then added to the granules and m xed. The m x is then conpressed on a
tabl et machine to yield tablets each wei ghing 150 ny. An
alternate nethod of preparation is to-pass the hippurate, starch and
cellul ose through a 20 nesh sieve and m x thoroughly. The sol ution of

pol yvi nyl pyrrolidone is then mxed with the resultant powders which are

t hen passed through a 4 nesh sieve. The granules are dried at 50-60[err]C
and passed ﬁlﬂ%ﬂkﬁﬁEPQﬁﬁaesmnéieﬂbiCEhe poeviousdybadweset lyld st ar ch,
magnesi um siLala eepShdR! £ i@alheéﬁdsﬁegsxl oughy B8R.AARSEH. arough a 30
mesh sieve, are then added anul es an mx 1s then

conpr essed Bt fihbled h%'é‘l’nlh%r@ﬁ?ié%lnt gBPeudegadn ¥8i0gMang 150 nyg.

quantities.

Formulation 3

A tablet formulation is prepared using the
ingredients below:

Quantity (mg/tablet)

Hippurate 40.0
Cellulose, Microcrystalline 251 7
Colloidal Silicon Dioxide 4.5
Stearic Acid 2.3
Magnesium Stearate 1.5

The components are blended and compressed to
form tablets each weighing 300 mgs.

Formulation 4

{ A tablet formulation is prepared using"the corﬁponents below:

Quantity (mgftablet)
Hippurate 0.16
Starch 104.84
Microcrystaliine Cellulose 350
Polyvinylpyrrolidone (10% Solution in Water} 4.0
Sodium Carboxymethy! Starch 4.5
Magnesium Stearate 0.5
Talc 1.0
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- 22- CLAI VB 1.
4- (D -n-propyl)am no-6-am nocar bonyl - 1, 3,4, 5-tetrahydrobenz[ cd]indol e

hi ppur at e. 2. The conpound of Claim1 which is sub- stantially
(4S) - 4- (di - n-propyl ) am no- 6-ani nocar bonyl - 1, 3, 4, 5-tetrahydrobenz[ cd]indol e
hi ppur at e. 3. The conpound of Caim1l which is sub- stantially

(4R) - 4- (di - n- propyl ) am no- 6- am nocar bonyl - 1, 3,4, 5-tetrahydrobenz [cd]
i ndol e hi ppurat e. Tedm

The starch and cellulose are passed through a
20 mesh sieve and mixed thoroughly. The solution of
polyvinylpyrrolidone is mixed with the resultant
powders which are then passed through a 4 mesh sieve.
The granules are dried at 50-60°C and passed through a
16 mesh sieve. The sodium carboxymethyl starch,
magnesium stearate and talc that had previously been
passed through a 30 mesh sieve, are then added to the
granules and mixed. The nix is then compressed on a
tablet machine to yield tablets each weighing 150 mg.

An alternate method of preparation is to pass
the hippurate, starch and cellulose through a 20 mesh
sieve and mix thoroughly. The solution of
polyvinylpyrrolidone is then mixed with the resultant
powders which are then passed through a 4 mesh sieve.
The granules are dried at 50-60°C and passed through a
16 mesh sieve. The sodium carboxymethyl starch,
magnesium stearate and talc that had previously been
passed through a 30 mesh sieve, are then added to the
granules and mixed. The mix is then compressed on a
tablet machine to yield tablets each weighing 150 mg.
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4. A pharnmaceutical fornulation conprising the conpound Oi,l ﬁm
.3 together with one or nore pharnaceutically acceptabl e exc ﬂ "ﬂHI "" lWﬂ"
di luents, or carriers therefor. 5. A

4- (di - n- propyl ) am no- 6- am nocar bonyl - 1, 3, 4, 5-tetrahydrobenz[ cd]indol e
hi ppurate as clainmed in any of Clains 1, 2, or 3 for use as a

phar maceuti cal . 6. A 4-(di-n-propyl)am no-6-am nocar bonyl -
1, 3,4, 5-tetrahydrobenz[ cd] i ndol e hipﬁﬁ?ﬁte as claimed in any of Cains 1, 2
or 3 for use as an anxiol ytic. 7. A

4- (di - n- propyl ) am no- 6- am nocar bonyl - 1, 3, 4, 5-tetrahydrobenz[ cd]i ndol e
hi ppurate as clainmed in any of C ai g alyyg? OF 3 for treating depression in
humans. 8. A nethod for prepartng stalline 4-(di-

n- propyl ) ani no- 1, 3, 415- tet%"éﬁ%}d‘ﬂo‘l?éfr‘?ﬂyéd]é‘i“ﬁdm TR ARY Et ai med in any

on?dof a a:u;rsI )L,, szwﬁa&ym&m ﬁmmrd dleatofclonbl nlj ng |
4-(di -n-propyl)- am 4,5-tetra r nz| c ol.e an | ppuric aci
and (b) crystallizin sal aﬂ’f‘ﬁ ﬁ:ﬁﬂﬂpé’t“él ﬁf‘ias‘g: M 357 FHRe said

crystal |l i nethngpaldtye.(4S)-4-(di-n~propyl)amino-6- amlnocarbonyl—
1,3,4,5-tetrahydrobenz{cd]indole hippurate.

3. The compound of Claim 1 which is sub-
stahtially (4R)~4~(di~n-propyl }amino-6-aminocarbonyl-
1,3,4,5-tetrahydrobenz[cd]indole hippurate.

4. A pharmaceutical formulation comprising
the compound of Claims 1, 2 or 3 together with one or
more pharmaceutically acceptable excipients, diluents,
or carriers therefor.

5. A 4-(di-n-propyl)amino-6-aminocarbonyl-
1,3,4,5-tetrahydrobenz{cd}indole hippurate as claimed in
any of Claims 1, 2, or 3 for use as a pharmaceutical.

6. A 4-(di-n-propyl)amino-6-aminocarbonyl-
1,3,4,5-tetrahydrobenz[cd]indole hippurate as claimed
in any of Claims 1, 2 or 3 for use as an anxiolytic.

7. A 4-(di-n-propyl)amino-6-aminocarbonyl-
1,3,4,5-tetrahydrobenz[cd]indole hippurate as claimed
in any of Claims 1, 2 or 3 for treating depression in
hunans.

8. A method for preparing crystalline 4-(di-
n-propyl )amino-1, 3,4, 5-tetrahydrobenz[cd}indole
hippurate as claimed in any one of Claims 1, 2 and 3
said method comprising (a) combining 4~(di-n-propyl)-
amino-1,3,4,5-tetrahydrobenz[cd]indole and hippuric acid
and (b) crystallizing said hippurate from a solution to

provide said crystalline hippurate.
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- 23- 9. The met hod of G aim8 wherein said sol

i sopropyl- al cohol in conbination with at | east about 10 vol “munmmim,nllinllll
wat er . 10. The nethod of Cl aim 8 wherein said cryst#al Icin

hi ppurate is dissolved in a second sol vent conprising isopropyl alcohol and

at | east about 15 vol unme percent water and 4-(di-n-propyl)amno-1, 3,4, 5-
-_23-

9. The method of Claim 8 wherein said
solution contains isopropyl alcohol in combination with
at least about 10 volume percent water.

10. The method of Claim 8 wherein said
crystalline hippurate is dissolved in a second solvent
comprising isopropyl alcochol and at least about 15
volume percent water and 4-(di-n-propyl)amino-1,3,4,5-
tetrahydrobenz[cd]indole hippurate is then crystallized
from said second solvent to provide recrystallized
hippurate and mother liguor.

11. The method of Claim 10 wherein said
mother liquor is recycled as said second solvent.

12. The method of Claim 8 wherein said
crystalline hippurate is dissolved in a second solvent
comprising ethanol and 4-(di-n-~propyl)amino-1,3,4,5~
tetrahydrobenz[cd]indole hippurate is then recrystallized

from said second solvent.

)
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tet'rahydr obenz[ cd] i ndol e hippurate is then crystallized from said second

.solvent to provide recrystallized hippurate and nother |iquor. 11.
The nethod of C aim 10 wherein said nother |iquor is recycled as said
second sol vent. 12. The met hod of C aim8 wherein said

crystalline hippurate is dissolved in a second sol vent conprising ethanol
and 4-(di-n-propyl)amno-1, 3,4,5- tetrahydrobenz[cd]indole hippurate is
then recrystallized fromsaid second sol vent.

CRYSTALLINE SALT OF 4-(D1-n-PROPYL) AMINO-6-

AMINOCARBONYL-1,3,4,5-TETRAHYDROBENZ [cd]INDOLE

ABSTRACT

4~ (Di-n-propyl)amino-6-aminocarbonyl-1,3,4,5~
tetrahydrobenz{cd]lindole hippurate and its method of
preparation and use are provided.
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