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tempcerature. Potassium carbonate (0.84 g) was added, and
thc mixiure was stirred overnight and for a further 20 hr. The
reaction mixture was poured into water (500 ml) and the
resulting white solid was filicred off, and recrystallized (rom
mcthanol to give 3-1-bLutyloxycarbonylamino-6-
carboxamidomcthyl-1,2,3,4-tetrahydrocarbazole (5.42 g).

The above product (500 mg) was dissolved in dry dioxane
(30 mi), and HCl gas was bubbled through for 20 min. The
resulting solution and deposited gum were evaporated to
dryness, aod treated with aqucous pofassium cacbonate
solution. This was extracted with cthyl acclate, and the
extracts were combined, dried (MgSO,) and evaporated to
dryness. The residue was dissolved in methanol and treated
with excess oxalic acid. Addition of ether led to crystalli-
zation of the title compound (250 mg), mp 257°-260° C.

Example 24

3-Methylamino-6-carboxamido-1,2,3,4-tetrabydrocarbazole
hydrochloride

4-Cyanopheayl bydrazine hydrochloride (20.2 g) and
4-benzoyloxycyclohexanone (25.9 g) were dissolved ia gla-
cial acetic acid (400 ml) and the mixture was heated uader
reflux for 1.5 hr. After allowing to cool, the mixture was
filtered, and the fillrate was evaporated to dryness, and
oecutralized with aqueous sodium bicarbonate solution to
give 2 solid precipitate, which was purified by chromatog-
raphy (8i0,; hexane/ethyl acetate) to give 3-benzoyloxy-6-
cyano-1,2,3,4-tetrahydrocarbazole (18 g). This product
(11.6 g) was suspended in ethanol (230 ml) and treated with
2.5% aqueous potassium hydroxide solution (120 ml), and
heated under reflux for 1 hr. The cooled mixture was
neutralized with glacial acetic acid and evaporated to a solid
residue, which was washed with water, and dried to give
3-hydroxy-6-cyano-1,2,3,4-tetrahydrocarbazole (6.6 g).

The above product (3.57 g) was dissolved in dry pyridiae
(35 ml) and treated with tosyl chloride (3.51 g) in dry
pyndine (35 mi), and the mixture was stirred at 100° C. for
2 he. Afier cooling, the solution was poured into water (500
ml), extracted with cthyl acetate, and the latter extract was
washed with 2M HCI, dried (MgSO,) aod evaporated to
dryness. Purification by chromatography (SiO2; hexane/
ethyl acetate) gave 3-tosyloxy-6-cyano-1,2,3,4-
tetrahydrocarbazole (0.53 g). .

This product (0.40 g) was dissolved is 33% methylamine
in alcobol (25 mi) and heated at 100° C. in a sealed steel
vesse| for 1.5 br. After cooling, the mixture was evaporated
to dryness and purified by chromatography (SiO,;
chloroform/methanol) to give 3-methylamino-6-cyano-1,2,
3,4-tetrabydrocarbazole (0.13 g).

The above product (0.12 g) was dissolved in THF (10 ml)
and reacted with di-tert-butyl dicarbonate (0.36 g) in THF (3
ml) at room tempenature overnight. The reaction mixture
was cvaporated to dryaess, partitioned between 2M sodium
bicarbooate solution aod ethyl acetate, and the organic
extract dried and evaporated to give a white solid. This was
triturated with cther/hexane to give 3-t-
butyloxycarbonylmethyl amino-6-cyano-1,2,3,4-
tetrahydrocarbazole (0.14 g).

This product (0.14 g) was dissolved in methanol (15 ml)
and treated with a mixture of 20% aqueous sodium hydrox-
ide (0.20 m!) and 30% bydrogen peroxide (0.20 ml), and the
whole mixturc was sticced at room temperature overmnight.
Sodium mctabisulphite (38 mg) was added, and the solution
was evaporated to dryness, and chromatographed (SiO;
chloroform/10% NII,OH in methanol) to give
3-methylamino-6-carboxamido-1,2,3,4-tetrahydrocarbazole
(0.12 g). The above compound (0.11 g) was dissolved in
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methanol (10 ml), and treated with 3M hydrochloric acid at
foom lcmpcnlure The mixture was ¢vaporated to dryness,
azeotroping with ethanol to give 2 solid, which was recrys-
tallized (rom methanol/cther to give the title compound, mp
327°-328° C. (80 mg).

'H NMR [250 MHz, McOH-d*] d 1.98-2.20 (1H, m),
2.29-2.49 (1H, m), 2.75-2.90 (5H, s+m), 2.90-3.09 (2H,
m), 3.52-3.69 (1H, m), 7.31 (1H, d), 7.63 (1H, d), 8 05 (1H,
s).

Example 25

3-Ethylamino-6-cartboxamido-1,2,3,4-tetrabydrocarbazole
oxalate

1,4-Cyclohexancdione mono-2',2'-dimethyl trimethylene
ketal (2.00 g) was mixed with anhydrous ethylamine (10.0
g) and benzene (10 ml), and the mixture was cooled 10 5° C.’
A solution of titanfum tetrachloride (0.95 g) in benzene (10
ml) was added, dropwise, then the mixture was stirred at
room temperature for 1 br. The mixture was filtered, and
evaporated to dryness to give an oil, which was dissolved in
cthanol (30 ml). To this solution was added palladium-on-
carbon catalyst (100 mg), and the mixture was hydrogenated
at 50 psi pressure overnight. The catalyst was filtered off and
the cthanol evaporated to leaves 4-cthylamino-
cyclohexanone 2',2-dimethyl trimethylene ketal as an oil
209).

This compouad (0.80 g) was dissolved in formic acid (20
ml) and the solution was heated to 90° C. for 1 hr. Formic
acid was evaporated, and the residue was partitioned
between chloroform and 1M hydrochloric acid. The aqueous
layer was cvaporated to dryness to give
4-cthylaminocyclobexanone (0.40 g).

A mixture of the above product (0.40 g) and
4-carboxamidophenyl hydrazine hydrochloride (0.60 g) in
glacial acetic acid (20 ml) was heated under reflux for 1 br.
The acid was evaporated in vacuo to an oil, which was
purified by chromatography (SiO,; CHCl,/10% NH, in
MeOH) to give 2a ¢il (0.50 g). Part of this product (150 mg)
was dissolved in methanol and treated with oxalic acid. The
solution was treated with ether to give the title compound as
a crystalline solid, mp 165°-170° C. (100 mg).

1H NMR [250 MHz, DMS0-d*] d 1.25 (3H, 1), 1.81-2.05
(1H, m), 2.20-2.38 (1H, m), 2.61-2.79 (1H, m), 2.79-2.94
(2H, m), 2.98-3.28 (3H, dd+s), 3.41-3.60 (1H, m), 7.08
(1H, brd. s), 7.28 (1H, d), 7.60 (1H, d), 782 (1H, bdd. s),
8.00 (1H s), 11.12(1H, s).

Example 26

3-p-Propylamino-6-carboxamido-1,2,3,4-

tetrahydrocarbazole oxalate

Propylamine (1.81 g) was dissolved in methaool (125
ml), and 1.5M HQl io methaool (6.6 ml) was added with
cooling. After 1 min, 1,4cyclohexagedione mono-2',2'-
dimethyl trimethyleae ketal (1.0 g) was added, followed
after a furtber 10 min by sodium cyanoborohydride (0.23 g).
The mixture was stirred at room temperature for 3 days. The
resulting mixture was filtered, and the filtrate was evapo-
rated and treated with 1M HCl1 (10 ml) with cooling. The
residue was digested to form a solution, which was washed
with cther, basified to pH 12 with aqueous sodium
hydroxide, and extracted with dichloromethane. This extract
was washed with saturated aqueous sodium bicarbonate
solution, dried (MgSO,), and cvaporated to dryacss. Chro-
matography (SiO,; chloroform/mcthanofammonia) gave
4-n-propylamino cyclohexanonc 2',2'-dimicthyl trimcthylene
ketal (0.72 g).

This product (0.66 g) was hydrolyzed 1o the ketone, which
was rcacted with 4-carboxamidoplicnyl hydeazine hydro-
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chloride and converted to the oxalate salt as described for
Example 25, 1o give the titic compound (0.44 g), mp >168°
C. dcc.

LExample 27

3-i-Propylamino-6-cartboxamido-1,2,3,4-
tetrahydrocarbazole oxalate
Reaction of isopropylamine (9.54 g) with 1,4-
cyclohexanedione mono-2',2'-dimethyl trimcthylene ketal
(2.0 g) by the method described for Example 25 gave
4-i-propylamino cyclobexanone 2',2"-dimethyl trimethylene
ketal (2.38 g). This product (0.66 g) was bydrolyzed and
. reacted with 4-carboxamidopbeny! hydrazine hydrochloride
(0.45 g), and the mixture worked up as described above to
give the tille compound free base (0.34 g). This was con-
verted to the oxalate, mp >235° C. dec.

Example 28

3-Dimethylamino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole oxalate

Dimethylamine (10.0 g) was reacted with 1,4-
cyclohexanedione mono-2',2-dimethyl trimethyleae ketal
(2.0 g) by the mcthod described for Example 25 to give
4-dimethylaminocyclobexanone-2,2' -dimetbyl trimethylene

* ketal (0.72 g). This product (0.72 g) was hydrolyzed and
reacted with 4-catboxamidopheayl hydrazine hydrochloride
(0.47 g) and the product cooverted to the oxalate salt as
described above to give the title compound (0.20 g), mp
99°-101° C.

'H NMR (250 MHz, DMSO-d°] d 1.83-2.05 (1H, m),
2.27-2.40 (1H, m) 2.72-3.00 (9H, 2m+s), 3.07-3.22 (1H,
dd), 3.50-3.68 (1H, m), 7.05 (1H, brd. s), 7.27 (1H, d), 7.60
(1H, d), 7.81 (1H, brd. s), 8.00 (1H, 5), 11.11 (1H, s).

Exarople 29

3-Benzylamino-6-cacboxamido-1,2,3,4-tetrahydrocarbazole
oxalate
Reaction of benzylamine (0.59 g) with 1,4-
. cyclohexanedionemono-2',2'-dimethyl trimetbylene ketal
(1.0 g) aad subsequent reduction of the imine with sodium
cyanoborohydride by the metbod described for Example 26
gave 4-beazylaminocyciobexanone 2',2'-dimethyl trimeth-
ylene ketal (0.54 g). This product (0.52 g) was reacted with
4-carboxamidophenyl hydrazine hydrochloride (0.34 g) and
the product treated with oxalic acid to give the title
compound, mp >190° C. dec (0.11 g).

Example 30

3-Pyrrolidinyl-6-carboxamido-1,2,3,4-tetrahydrocarbazole

oxalate

Reaction of pyrrolidine (15.6 g) with 1,4-
cyclohexaoedione mopo-2',2'-dimethyl trimethylene ketal
(2.0 g) by the method described for Example 25 gave
4-pyrrolidinyl-cyclohexanone-2',2'-dimethyl trimethylene
ketal (1.74 g). This product (1.70 g) was hydrolyzed and
reacted with 4-carcboxamidophenyl hydrazine hydrochloride
(1.70 g) and the product treated with oxalic acid as described
above to give the title compound (32 mg), mp >190° C. dec.

LExample 31

3-(N-methyl ethylamino)-6-carboxamido-1,2,3,4-
tctrahydrocachazole oxalate
Reaction of N-mcthyl cthylamine (13.0 g) with 14-
cyclohexancdione mono-2',2-dimcthyl trimethylene ketal
(2.0 g) by the method described for Cxample 25 gave
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4(N-methyl cthylamino)-cyclohexanonc-2',2"-dimethyl tdi-
methylenc ketal (1.71 g). This product (0.86 g) was hydro-
lyzed aod reacted with 4-carboxamidophenyl hydrazine
hydrochloride (0.52 g) and worked up as described above o
give the tide compound (76 mg), mp >130° C. dec.

Example 32

3-Amino-6-(2-carboxamidoethyi)-1,2,3,4-

Tetrahydrocarbazole oxalate

A mixiure of 4-gilrocinnamic acid (22.5 g) and thionyl
chloride (20.8 g) in beazeoe (160 ml) was heated under
reflux for 4 b. The resulting orange mixture was filtered apd
evaponaled o give the acid chloride (22.9 g). This was
dissolved in dichlocomethane (1 1), and ammonia gas was
bubbled through, with cooling 10 below 20° C. and stirring.
Solvent was removed in vacuo, and the residue was dis-
solved in bot cthyl acetate and the solution was shakea with
1M sodium hydroxide solution. The resulting organic phase
was dried, filtered and evaporated to leave a residue which
was slurried with ethyl acetate to give 4-nitro cinnamamide
as a arystalline solid (18.6 g). This product (18.6 g) was
suspended in ethanol (1 I) and hydrogedated using Pd-C
catalyst (6.6 g) at 50 psi for 1 h. The resulting mixture was
filtered and evaporated to dryness, providing 4-aminophenyl
propionamide (17.1 g).

Concentrated bydrochloric acid (4 ml) was added slowly,
with cooling and stirring to 4-aminopheayl propionamide
(080 g), maintaining the temperature below 5° C. To this
slury was added a solution of sodium nitrite (037 g) in
water (2 mi), dropwise over 15 min, followed by stirring for
a further 15 min. The turbid solution thus formed was added
portioawise to a cooled, stirred solution of stannous chloride
(2-19 g) in conclusion. HC1 (4 m!), and the resulting mixture
was stirred for 1 b. After filtering, the solution was reduced
in volume until an inorganic precipitate formed. This was
filtered off, and the filtrate was evaporated to dryness. The
residual gum was crystallized from acetic acid to give crude
4-hydrazinophenyl propionamide hydrochloride (1.05 g).

A mixture of the above product (1.05 g) and
4-phthilimidocyclobexanone (1.18 g) in acetic acid (40 ml)
was heated under reflux for 40 min. The solvent was
removed in vacuo and the residue was partitioned betweea
aqueous potassium carbonate solution and ethyl acetate. The
organic phase was dried (MgSO,) and cvaporated to
dryness, aod the residuc was chromatographed (SiO,;
CH,C1,/McOH) to give 3-phthalimido-6-carboxamidocthyl-
1,2,3,4-tetnhydrocarbazole (0.70 g).

This product (0.70 g) was dissolved in methanol (50 mi),
treated with bydrazine hydrate (1.0 ml), and heated under
reflux for 30 mia. The mixture was cvaporated to dryness
then partitioned between cthyl acetate and aqueous potas-
sium carbonate solution. The organic phase was dried
(MgS0O,) and evaporated to dryness, and the residue was
dissolved in cthanol to dryness, and the residue was dis-
solved in ethanol and treated with oxalic acid (83 mg) in
cthanol. A solid was formed, which was recrystallized from
cthanol to give the title compound (110 mg), mp 232°-5° C.

Pharmaceutical formulations

Example A

A tablet for oral administration is prepared by combimng

Mg/Tablet

Compouad of (ormula (1)
tactose

100
153
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-coatinued

Mg/Tablet
starch 33
crospovidone 12
microaystatline cellulose 30
magnesium steanate 2

330 mg

into 2 9 mm tablet.

Example B

An injection for parenteral administration is prepared
from the following

% ww
Compound of formula (T) 0,50% (wv)
1M citric scid 30% (viv)
sodium bydroxide (g3) to pH 3.2

wates for injectioa BP to 100 mi

The compound of formula (1) is dissolved in the citric acid
and the pH slowly adjusted to pH 3.2 with the sodium
hydroxide solution. The solution is thea made up to 100 ml

- with water, sterilised by filtration and scaled into appropri-
ately sized ampoules and vials.

We claim: :

1. A method of treatment of a condition wherein 2
5-HT,-like agounist is indicated, which comprises adminis-
tering 1o a subject in need thereof an effective amount of a
compound of genenal formula (B):

RY NRIR? Formula ()
N
H

wherein

R! represents hydrogen, halogen, trifluoromethyl, nitro,

hydroxy, C, salkyl, C, qalkoxy, arylC, jalkoxy,
—CO,R*, —(CH,).CN, —(CH,).CONR’R®,
—(CH,)SO,NR’R®, C, salkanoylamiao(CH,),, or
C,.salkylsulphonylamino(CH,),.;

R* represents bydrogen, C,_salkyl or arylC, qalkyl;

R® and R® cach independently represent hydrogen or
C,.qalkyl, or R¥ and R® together with the nitrogea atom
to which they are attached form a 5 to 7-membered
saturated heterocyclic ring, which may optionally con-
tain a further heteroatom selected from oxygeo, sulphur
or nitrogen;

n represeats 0, 1 or 2; and

R? and R® each independently represent hydrogen,
C,.4alkyl or benzyl or together with the nitrogen atom
to which they are attached form a pyrrolidino, pipeni-
dino or hexahydroazepino ring;

or a physiologically acceptable salt, solvate or hydrate
thereof. .

2. The method according to claim 1 wherein the condition

is migraine.’

3. The method according to claim 1 whercin in the
compound of formula (I) R' represents hatogen, CFg,
C,.salkoxy, —(CH;).CN, —(CH,) ,CONR’R?,
—(CH,),SO,RN°R® or C, salkanoylamino, and R* and R®
arc as hicreinbefore defined.

4. ‘Ihc mcihod according to claim 1 whercin in the
compound of formula (I) R' is a group —(CIL,), CONR*R®
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whercin n is zero aad R* and R® cach indepeadently repre-
sent hydrogen, methyl, cthyl or propyl; and R? and R? each
indcpendently represcat hydrogen, methyl or ethyl.

5. The method according 1o claim 2 whercia in (he
compound of formula (IZ R is a group —(CH,), CONR*R®
wherein n is zero and R and R® each independently repre-
sent hydrogen, methyl, etbyl or propyl; and R* and R® each
indcpeoadently represeat hydrogen, methyl or ethyl.

6. The method according to claim 4 wherein in the
compound of formula (I) R* and R® each independently
represcant hydrogea or methyl.

7. The method according to claim 5 wherein in the
compound of formula (I) R* and R® cach independently
represcat hydrogea or methyl.

8. A compound of formula (IA):

R! NH; Formuls (IA)
: N :

H
wherein

R! represeats pitro, —CO,R*, CN, —{CH,),CONR*RS®,
—(CH,).SO,NR°R®, or C,_qlkylsulphonylamino
(S

R* represents arylC, _qalkyl;

R® and R® cach independently represent hydrogen or
C,.¢alkyl, or R? and R*® together with the gitrogen atom
to which they are attached form a 5 to 7-membered
saturated heterocyclic ring, which may optionally con-
tain a further beteroatom sclected from oxygea, sulpbur
or nitrogen; and

n represents 0, 1 or 2;

or a physiologically acceptable salt, solvate or hydrate
thereof.

9. A compound of formula (1A) according to claim 8
wherein R! represeats —(CH,),CONR’R®, wherein a rep-
resents 0 and R* and R® each indepeadently represent
hydrogen, methyl, ethyl or propyl.

10. A compound of formula (1A) accordiag to claim 9
wherein R® and R°® each independently represent hydrogen
or methyl.

11. A compouand of formula (I) according to claim 8,
which is selected from:
3-Amino-6-cyano-1,2,3,4-tetrahydrocarbazole;
3-amino-6-(N-methylsulphonamidomethyl)-1,2,3,4-

tetrahydrocarbazole; :
3-amino-6-sulphonamido-1,2,3,4-tetrabydrocarbazole;
3-amino-6-nitro-1,2,3,4-tetrabydrocarbazole; ’
3-amino-6-(piperidin-1-ylcarbonyl)-1,2,3,4-

tetrahydrocarbazole;
3-amino-6-(pyrrolidin-1-ylcarbonyl)-1,2,3,4-
tetrahydrocarbazole;
3-amino-6-methanesulphonamido-1,2,3,4-
tetrahydrocarbazole;

or a physiologically acceptable salt, solvate or hydrate
thereof.

12. A compound of formula (I) according to claim 8,
which is selected from: -
3-amino-6-(N-methylcarboxamido)-1,2,3,4-

tetrahydrocarbazole;
3-amino-6-(N,N-dimethylcarboxamido)-1,2,3,4-

tctrahydrocarbazolc; -
3-amino-6-(N,N-diethylcarboxamido)-1,2,3,4-
tctrahydrocarbazole,

or a physiologically acceptable salt, solvaic or hydratc
thercof.
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13. A compouad of formula (1) according to claim 8,
which is sclected from:
3-amino-6-carboxamidomethyl-1,2,3 4.

tetrahydrocarbazole; '
3:amino-6-(2-carboxamidoethyl)-1,2,3,4.

tetrahydrocarbazole;

or a physiologically acceptable salt, solvate or hydrate

thereof.

14. A compouad of formula (I) according to claim 8,
which is (4)-3-amino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole or a physiologically acceptable salt,
solvate or hydrate thercof.

15. A compound of formula (I) according to claim 8,
which is (-)-3-amino-6-carboxamido-1,2,3,4-

22
tetrahydrocarbazole or a physiologically acceptable salt,
solvate or bydrate thereof.

16. A compound of formula (I) according to claim 8
wherein the said physiologically acceptable salt is formed
from hydrochloric, sulphuric, phosphoric, succinic, maleic,
acetic or fumaric acid.

17. A phammaceutical composition comprising a com-
pound of formula (f) according to claim 8, or a physiologi-
cally acceptable salt, solvate or hydrate thercof and a physi-
ologically acceptable carrier.
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57 ABSTRACT

Use of a compound of general formula (1):

R¢ : ) : NRZR? Pormuls (T)
N .

H

wherein:

R* repeeseats hydrogen, halogea, triflocromethyl, pitro,
hydroxy, C,_qalkyl, C, calkoxy, arylC, calkoxy,
—CO,R*, —(CH,).CN, —(CH,),CONR’R®, —(CH,,)
2SO;NR’R®, C, qalkanoylamino (CH,),, or
C, alkylsulphonylamino (CHy).: -

R* represeats hydrogea. C, qalkyl ar arylC, galkyl;

R’ and R® each indcpendently represent hydrogen or
C,.ealkyl, or R? and R® together with the nitrogen atom
to which they are attached form a ring;

n represents O, 1 or 2; and

R? and R® cach independendy represeat hydrogea,
C, salkyl or benzyl or together with the nitrogen stom

" to which they are attached form a pyrrofidino, piperi-

dino of hexahydroazepino ring; -

or a physiologicaily acceptable salt thereof, in the manufac-
ture of a medicameat for the treatment of a condition where
a 5-HT,-like agoanist is indicated, for cnﬁ:plc migraine,
Novel compounds of formula (I), processes for preparing
them and pharmaceutical compositions containing them are
also described.

11 Claims, No Drawings

31



5,637,611

1
MEDICAMENTS

This is a contipuation of application Ser. No. 08/167,846,
filed Dec. 23, 1993, now U.S. Pat. No. 5,464,864.

The present invention relates to certain tetrahydrocarba-
zole derivatives for use in the treatment of disorders char-
acterised by excessive vasodilatation, in particular the treat-
mcat of migraine,

Migraiac is a non-lethal discase which bas beea reported
to be suffered by ooc in tea individuals. The maia symptom

'is headache; other symptoms indude vomiting and photo-
phobia. Currently, the most widely used treatmeat for
migraine involves administration of crgotamine, dibrydroer-
gotamine ar mcthysergide, which are also used propbylac-
tically. These drugs arc inter alia agoaists of SHT,-like
receptors but also have other actions; treatment with them is
associated with a number of adverse side effects. In addition,
some patients expesicace & “withdrawal headache™ follow-
ing the cessation of treatmeant with an ergot product, such as
ergotamine, causing them to repeat the trestment and result-
ing in a form of addiction. More recently various tryptamine
derivatives bave been proposed for potcatial use in treating
roigraine.

In view of the foregoing, there is cleady a need for the
provision of effective and safe medicaments for the treat-
ruent of migraine. -

U.S. Pat. Nos. 4257952, 4,172.834, 4,062,864 and

3.959309 disclose a broad class of tetrahydrocarbazoles of
the forrula:

Q
N=B

Q N
Q! Y

wherein N==B is inter alia —NHR' or —NR'R* where R
and R" are lower alkyl, aryl-lower atkyl or together form a
heterocyclic ring; R is inter alia hydrogea; Q, is inter alia
hydrogen. halogen, lower alkoxy, cyamo, —CO,;R, or
—CONR,R, (where R, may be hydrogen, lower alkyl or
—CH,Ar and R, and R, are hydrogea, lower alkyl or
together form a heterocyclic ring); Q, is inter alia hydrogen,
aryl(lower alkoxy), hydroxy, trihalomethyl, nitro or

- alkanoylamino, and Q, and Q, may cach be inter alia’
hydrogen. These compounds arc said to have analgetic,
psychotropic and anthistaminic activities.

It has now surprisingly beea found that certain tetrahy-
drocarbazoles are agooists and partial agonists at SHT ;-like
receptors and are expected to have utility in the treatment of
conditions wherein a 5-HT, -like agoaist or partial agonist is
indicated, in particular conditions associated with cephalic
pain such as migraine, cluster headache and headache asso-
cated with vascular disorders. In this specification the term
“S-HT,-like agonist’ will hereinafter be used to include
partial agonists at this receptor.

The prescat inveation thexefore provides the use of com-
pounds of general formula (I):

RS NRIR3 Pormula (T)
: N :

t

wherein:
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R! represeats hydrogen, halogea, trifluoromethyt, nitro,
hydroxy, C, s-alkyl, C, s-alkoxy, "Y'C.‘ﬂlkoxy,
—CO,R*, —{(CH,),CN, —(CH,).CONR’R®, —(CH,)
.SO,NR?R®, C,_salkanoylamino (CH,),, or
C, salkylsulpheaylamino (CHp) -

R! represents hydrogea, C, calkyl or arylCy_qalkyt;

R? and R® cach indcpendently represent hydrogen or
C,4alkyl, or R® and R® together with the nitrogen atom
to which they are attached form a ring;

o represeats 0, 1 or 2; and ’

R? and R? cach independently represent hydrogen,
C,; «alkyl or beazyl or together with the pitrogen atom
to which they are attached foan a pymolidino, piperi-
dino or hexahydroazepino ring; )

and physiologically acceptable salts thereof, in the manu-
facture of a medicameat for the treatment of a condition
where a 5-HT,-like sgonist is indicated, in particular the
treatment or prophylaxis of migraine. )

The invention also provides a method of treatment of a
condition wherein a S-HT,-like agonist is indicated, in
particular migraine, which comprises administering to a
subject in nced thereof an effective amount of & compound
of formula (T) or a physiclogically acceptable salt thereof.

Suitably R! represents hydrogen, halogen, cyamo,
hydroxy, C, salkoxy, arylC, alkoxy, —CO’,R‘, —(C1)
~CONR’R® or —(CH,).SO,NR®R?; and R¥ and R® each
independently represeat hydrogen or C,  alkyL

It will be appreciated that compounds of formnla () may
contain one or more assymetric centres, and such com-
pounds will exist as optical isomers (cnantiomers). The
invention thus includes all such enantiomers and mixtures,
including racemic mixtures, thereof. )

In the compounds of forrmula (I) a halogen atom may be
a fluodne, chlorine, bromine or iodine atom. An alkyl group
or moicty may have a straight or branched chain. Suitable
aryl groups include far example unsaturated monocyclic or
bicyclic rings and partially saturated bicyclic rings of up to
12 carbon atoms, such as pheayl, naphthy! and tetrahy-
dronaphtbyl. Whea R® and R® together with the nitrogen
atom form a ring, this is preferably a 5 to 7-membered
saturated heterocyclic ring, which may optionally contain a
further heteroatom selected from oxygea, sulphur or nitro-
gen Suitable rings thus include pyrrolidino, piperidino,
piperazino and morpbolino. )

In the above compounds R' preferably represeats halogen
(c-g. bromine), CF,, C,,%al.kaxy (c-g. methoxy), (CH,): y
—(CH,).CONR’R®, —(cu,)rso,Na’a or
C, calkanoylamino. Most preferably R' repeeseats a gmug
—(CH,), CONR’R® wherein n represents O and R® and R’
each independeatly represcat hydrogen, methyl, ethyl or
propyl Advantageousty, R® and R® independenty represent
hydrogen o methyl .

When R? represents —CO,R*, then R* preferably repro-
seats C, qalkyl

R? and R® each preferably represent hydrogen, methyl or
cthyl. Most preferably NRR? is —NH,.

For use according to the preseat inveation the compound
of formula (I) is preferably a partial agonist.

Suitable physiologically acceptable saits will be apparcat
to those skilled in the art and include for example acid
additioa salts such as those formaed with lnorganic acids e.g.
hydrochloric, sulphuric or phosphoric acids and organic
acids e.g. succinic, maleic, acetic or fumatic acid. Other
non-physiologically acceptable salts c.g. oxalates may be
used for example io the isolation of cornpounds of formula
(D). and are included within the scope of this inveation. Also
included withiun the scope of the invention are solyates and
hydrates of compounds of formula (1).
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It is belicved that compounds of formula (1) wherein R
and R? both repeescnt hydrogea are povel. Thus in a further
aspect the present inveation provides corapounds of formula

(LA):
R! : : N, Forumla (IA)
N

wherein R* is as hereinbefore defined, and salts thereof.
The present investion further provides the following

specific compounds which are also believed to be novel:

3-Amino-6-cyano-1,2,3.4-tetrahydrocarbazole
hydrochloride,

(+)-3-amino-6-carboxamido-1.2,3 4-tetrahydrocarbazole
hydrochloride,

(~)-3-amino-6-carboxamido-1.2,3.4-tetrahydrocarbazole
hydrochloride,

3-2mino-6-mecthoxy-1.2,3,4-tctrahydrocarbazole
hydrochloride,

3-amino-6-bromo-1,2.3,4-tetrabydrocarbazole
hydrochloride,

3-amino-6-methyl-1.2.3.4-tetrahydrocarbazole oxalate,

" 3-amino-6-cthoxycarbonyl-1,2,3,4-tetrahydrocarbazole

oxalate,

3-amino-6-(N-methyl carboxamido)-1,2,3,.4-
tetrahydrocarbazole hernioxalate,

3-amino-6-cyanomethyl-1,2,3.4-tetrahydrocarbazole
oxalate,

3-amino-6-(N-methylsulphonamidomethyl)-1,2.3,4-
tetrahydrocarbazole oxalate,

3-amino-6-chloro-1.2,3 4-tetrahydrocarbazole oxalate,

3-amipo-6-uifluoromethyl-1.2,3,4-tetrahydrocarbazole
oxalate, )

3-amino-6-n-butyloxy-1.2,3.4-tetrahydrocarbazole oxalate,
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3-amino-6-sulphonamido-1.2,3.4-tetrahydrocarbazole

oxalate,
3-amino-6-nitro-123 4-tetrahydrocarbazole oxalate,
. 3-amino-6-(N,N-dimethylcarboxamido)-1,2,3,4-
tetrahydrocarbazole hernioxalate,
3-amino-6-(piperidin-1-ylcarbonyl)-1,2,3,4-
tetrahydrocarbazole hydrochlaride,
3-amino-6-(pyrrolidia-1--ylcarbonyl)-1,2,3,4-
tetrahydrocarbazole hydrochloride, :
3-amino-6-(N,N-dicthylcarboxamido)-1,2,3,4-
tetrahydrocarbazole bydrochloride,
3-Amino-6-(acctamido)-1.2,3,4-tetrahydrocarbazole
oxalate,
3-amino-6-methancsulphonamido-1,2,3,4-
tetrahydrocarbazole oxalate, ‘
3-amino-6-carboxamidoraethyl-1,2,3 4-tetrahydrocarbazole
hydrochloride,
3-methylarino-6-carboxamido-1,2.3,4-tetrahydrocarbazole
oxalate,
3-cthylamino-6-carboxamido-1,2 3,4 -tetrahydrocarbazole
oxalate.
3-n-propylamino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole oxalate,
3-i-propylamino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole oxalate,
3-dimecthylamino-6-carboxamido-1,2.3,4-
tetrahydrocarbazole oxalate.
3-benzylamino-6-carboxamido-1.2 3 4-tetrahydrocarbazole
oxalatc,
3-pyrrolidinyl-6-carboxamido-1,2 3 4-tetrahydrocarbazole
oxalate. and
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4
3-(N-(methyl)cthylamino)-6-carboxamido-1,2,3 4-

tetrahydrocarbazole oxalate,
3-amino-6-(2-carboxamidocthyl)-1,2 3 4.

tetrahydrocarbazole oxalate.

In a fusther aspect the present invention provides a novel
compound of formula (I) e.g. a2 compound of formula (IA)
or any of the above-named compounds (in free base form or
as a physjologically acceptable salt) for use as & therapeutic
ageat, in particular as a S-HT ;-like agonist or partial agonist,
for example for the treatment of migraine.

‘he invention also provides a process for the preparation
of novel compounds of forraulas (I).

of formula (J) may be prepared by methods
known ia the art for the prepanation of tetrahydrocarbazoles,
for example:

A) Reaction of a compound of formula (II):

>

(wherein R! is as hercinbefore defined) or an 2cid addition
salt thereof with a compound of formula (TIT):

(wherein R? and R? are as hereinbefore defined) or an
N-protected degivative thereof;, or
B) Reaction of a compound of formula (IV):

R? z Formula IV)
Sw®

N
H

(wherein R is as defined for formula (T) and Z is a leaving
group) with a compound of forraula HNR?R?;
C) Reacting a compound of formula (V):

Formula (ID

Pomula (TI)

‘Formula (V)

HN(C RR?
RO WO}
N e .

H

with an acylating or sulphoaylating ageat;

D) Coanversion of one compound of formula (I) into
another compound of formula (I) eg.

(i) 1o prepare a compound of formula () wherein R*
represeats —(CH,),CONH, or (X),‘R‘. hydrolysis of a
compound of formula (T) wherein R* represents —(CH,)
CN, or an N-protected derivative thereof;

(ii) to prepare a compound of formula (i) wherein R*
represeats —CONRRS, amination of a corapound of for-
mula (T) wherein R! represents —CO,H, or an N-protected
degivative thereof; or

(iif) to?mparea compouund of formuia () wherein one of
R? apd R? is hydrogen and the other is C, qalkyl, alkylation
of a corapound (T) in which R? and R are both hydrogen;

(iv) to prepare a compound of formula (T) wherein R*
repeeseats hydroxy, cleavage of a compound wherein R
represeats alkoxy or aralkoxy; -
followed if necessary by deprotection of any protected
nitrogen atoras and if desired by salt forration.

Process (A), which is a form of the Fischer indole
synthesis. may be carried out using methods well knowa in
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the art. Thus, the reaction may be effected in a solvent. far
exaraple an alcoho! such as ethanol or butanol; or acetic
acid, and at a tcmperature in the range 0° to 150° C.

Hydrazines of formmula (II), which are usually employed
as the hydrochloride salt, are knowa compounds, or may be
prepared by conveational methods.

A cyclohcxavone of formula (IIl) may be prepared by
oxidation of the carresponding cyclic aloohol, using an
oxidising agent such as pyridinium chlarochromate, pyri-
dinium dichromate, dipyridine Cr (VI) oxide, sodium
hypochlorite, calcium hypochlorite or masganese dioxide.

The lcaving group Z i the compounds of formula (IV)
may be for example a halogen atom, or a sulphonylaxy
group e.g. p-tolucacsulphonyloxy or methancsulphonyloxy.
Process (B) may be effected ia an inert organic solvent, such
as an alcohol e.g. methanot or an cther e.g. tetrahydrofuran
and at a temperature in the range 0° to 150° C. Compounds
of formula (IV) raay be obtained by reacting a hydrazine of
formunla (I with an appropriately substituted cyclohex-
anonc compound. Whea Z is acyloxy or sulphoayloxy this
may be prepared from a compound (IV) wherein Z is
hydroxy, using standard procedures.

Suitable acylating and suiphonylating agents which may

- be used in process (C) include carboxylic aad sulpbonic scid
chlorides (e.g. acety! chlaride or methanesulphonylchlocide)

. alkyl esters, activated esters and symmetrical and mixed
anhydrides. The reaction may be carried out in an organic
solvent such as a haloalkane (c.g. dichloromethane), an
amide (e.g. N,N-dimcthylformamide; an cther (c.g.
tetrahydrofuran) or a tertiacy amine such as pyridine. In
general - a base will also be used, e.g. tricthylamine,
dimethylaminopyridine, or an alkali metal carbonate or
bicarbonate. The reaction may be effected at a temperature
in the range of —~10° to 100° C.

Compounds of formula (V) may be prepared by methods
analogous to processes (A) and (B) hereinbefore described.

6
diate to give the desired product Other reagents and con-
ditions will be appareat to those skilled in the art.

Cleavage according to process (Div) may be effected by
reduction, using methods well known in the art.

It will be appreciated that in many of the above reactions
it will be necessary to grotect the group —NR’R? whea one
or both of the groups R and R? represeat hydrogen. Suitable
N-protecting groups arc well-known in the art and indude
for example acyl groups such as acetyl, trifluaroacetyl,
beazoyl, methoxycarboayl, t-butoxycarbonyl, beazyloxy-
carbonyl or phthaloyl; and aralkyl groups such as beazyl,
dipbenyimethyl or triphcaylmethyl. Whea R? and R? both
represeat hydrogea the nitrogen atom is preferably protected
as the phthalimide. The protecting groups should be easily

-removable at the end of the rcaction sequence.

. N-deprotection may be effected by conveational methods,

2
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Alternatively a compound of formula (V) may be obtained .

by subjecting a corapound of formula (T) whezein R? is nitro
to reduction, ¢.g. by catalytic hydrogenation.

It is well known in the chemical art that hydrolysis of a
nitrile initially results in an amide, which can be further
hydrolysed to an acid. It will therefore be appreciated that
the precise product of process. (Di) will depend upon the
reaction conditions chosen for the hydrolysis. To obtain a
compound wherein R! represents H,NCO— the hydrolysis
is preferably cffected using hydrogea peroxide i the pres-
ence of an alkali bydroxide e.g sodium hydroxide, in a
sofvent -such as an alcohol e.g. methand. Other suitable
meaans of hydrolysis include acetic acid and BP,; ar formic
acid and hydrobromic or hydrochloric add. To prepare a
compound ‘wherein R* represeats —COOH adid or base
catalysed hydrolysis may be used.

Process (Dii) may be cffected by reacting a compound of
formula (T) wherein R* is —COQ,H with an aminc HNR’R®,
in the presence of a coupling ageat e.g. dicyclohexylcarbo-
diimide or NN'-carbonyldiimidazole. Alternatively the car-
boxylic acid starting material may first be reacted to form an
activated derivative of the carboxyl group, for example an

- acid chloride, acid anhydride or activated ester, which is
thea reacted directly with an amine HNRR®. The carboxylic
acid may also be activated in situ for example by treating
with hexamethylphosphoroustriamide.

Alkylation aécording to process (Diii) may be effected by
reacting an amnine of formula (T) with an acylating ageat. for
cxamplc an ashydride. such as acetic or propionic
anhydride. to form an intermediate is which one of R or R?
is —C(0)C, alkyl, followcd by rcduction of said intcrmae-
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for example a phthaloyl group may be removed by reaction
with hydrazine; an acyl group such as benzoyl may be
cleaved by hydrolysis and an aralkyl group such as beazy
may be cleaved by hydrogenolyxis. :

Whea s compound of formala (1) is obtained as a mixture
of cpantiomers these may be scparated by comveational
methods, for cxample by reaction of the-mixture with a
suitsble optically active acid such as d-tartaric acid, 1-malic
acld, l-mandelic acid, 1-gulonic acid or 2,3:4,6-di-O-
isopropylidene-keto-L-gulonic acid to give two diastereoi-
someric salts which may be separated ¢.g. by aystallisation.

Alternatively mixnres of cnantiomers may be scparated
by chromatography, for exarople on a chiral HPLC column.

Compounds of formula (T) have been found to be agonists
and partial agonists at SHT,-like receptors and are expected
to have utility in the treatmest and/or prophylaxis of
migraine, and other conditions associated with cephalic
pain. :

Foc use in medicine, the compounds of the preseat inven-
tion are usually administered as a standard pharmaceutical
composition. The present invention therefore provides in a
further aspect pharmaceutical compositions comprising a
novel compound of formula (T) or & physiologically accept-
able salt thereof and a physiologically acceptable carrier.

The compounds of formula (I) may be administered by
any convenieat method, for example by oral, parenteral,
buccal, sublingual, nasal, rectal or transdermal administra-
tion and the pharmaceutical compositions adapted accord-
ingly.

The compounds of farmula (T) and their physiologically
acceptable salts which are active when given orally can be
formulated as liquids, for example syrups, suspensions or
emulsions, tablets, capsules and lozenges.

A liquid formulation will generally consist of a suspen-
sion ar solution of the compound or physiologically accept-
able salt in a suitable liquid carrier(s) for example an
aqueous solvent such as water, ethanol or glycerine, or a
non-aqueous solveat, such as polyethylene glycol or an oil.
The formulation may also contain & suspending ageat,
presarvative, flavouring or colouring agent.

A composition in the form of a tablet can be prepared
using any suitable pharmaceutical carrier(s) routinely used
foc preparing solid formulations. Bxamples of such carmriers
include maguesium stcarate, starch, lactose, sucrose and
cellulose.

A composition in the form of a capsule can be preparcd
using routine eacapsulation procedures. For example, pellets
containing the active ingredient can be prepared using
standard carriers 2od theu filled into a hard gelatin capsule;
alternatively, a dispersion or suspeasioa can be-prepared
using any suitable pharmaccutical carrier(s). for cxample
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aquecous gums. cclluloses, silicates or oils and the dispersion
or suspension thea filled into a soft gelatin capsule.

Typical parcateral compositions coasist of & solution or
suspension of the compound or physiofogically acceptable

salt in a sterile aqueous carrier or parcaterally acceptable oil,
for examplc polycthylene glycol. polyvinyl pymrolidone,
lecithin. arachis oil or sesame oil. Alterpatively, the solution
can be lyophilised and then recoastituted with a suitable
solvent just prior to administration.

Compositions for nasal administratioa may coaveniently
be formulated as acrosols, drops, gels and powders. Aerosol
formulations typically comprise a solution or fine suspen-
sion of the active substance in a physiologically acceptable

" aqueous or non-aqucous solvent and are usually preseated ia
single or multidose quaatitics in sterile form in a scaled
container, which can take the form of .a cartrddge or refill for
usc with an atomising device. Alternatively the scaled con-
tainer roay be a unitary dispeasing device such as a single
dose nasal inhaler or an aerosol dispeaser fited with a
metering valve which is intended for disposal once the
contents of the container have been exhausted: Where the
dosage form comprises an acrosol dispenser. it will contain
a2 propellant which can be a compressed gas such as com-
pressed air or an organic propeliant such as a fluorochloro-
_hydrocarbon. The acrosol dosage fooms can also take the
form of a pump-atomiser.

Compositions suitable for buccal or sublingual adminis-
tration include tablets, lozenges and pastilles, whercin the
active ingredicent is focmulated with a carrier such as sugar
and acacia, tragacaath, or gelatip and glycerin.

Compositions for rectal administration are convenpicatly
in the form of suppositarics containing a conveational
suppository base such as cocoa butter.

Compositions suitablc for transdermal administration
include ointments, gels and patches.

Preferably the composition is in uait dose form such as a
tablet, capsule or ampoule.

Each dosage unit for oral administration contains prefer-
ably from 1 to 250 mg (and for pareateral administration
contains preferably from 0.1 to 25 mg) of a commpound of the
formula (I) or a physiologically acccptable salt thercof
calculated as the frec base.

The physiologically acceptable compounds of the inven-
tion will normally be administered in a daily dosage regimea
(for an adult paticnt) of, for example, an oral dose of
between 1 rog and 500 mg, preferably betweea 10 mg and
400 mg, c.g. between 10 and 250 mg or an intravenous,
subcutaneous, or intramuscular dose of between 0.1 mg and
100 mg. preferably between 0.1 mg and 50 mg, ¢.g. between
1 and 25 mg of the compound of the formula (T) or a
physiologically acceptable salt thereof calculated as the free
base, the corapound being administered 1 to 4 times per day.
Suitably the compounds will be adrainistered for a period of
continuous therapy, for exarple for a8 week or more.

BIOLOGICAL DATA

5-HT,-like Receptor Screen

Dog Saphenous Vein

Helicoids of dog saphesous vein were set up at 37° C. in
modified Krebs solution at a resting force of 10 mN. The
solution also contzined 1 pmol/1 each of ketanserin prazosin,
atropinc and' mepyramine, 6 pmol/l cocaine and 200 prool/l
ascorbate. Nearly isomeric contractions were measured with
force transducers on a2 polygraph. The tissues were exposed
twice to 5-hydroxytryptamine (5-1HT) 2 pmoVl/l followed by
washes. A cumulative concentration-cffect curve was

8

determined, followed by a curve to 5-HT In the presence of
the highest used conceatration of test compound. Coatrac-

~ tions caused by the test compound were compared with
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those caused by S-HT. The intripsic activity of the test
compound was calculated as the ratio of the maximum test
compound-induced effect over the effect caused by 2 ymoln
5-HT. The BCy, of the test compound was estimated from
the corresponding cffect carve. When appropriate equilib-
rium dissociation constants Kp werc estimated by the
method of Marano & Kaumann (1976, J. Pharmacol. Bxp.
Ther 193%, 518-525).

In this screen the compounds of Bxamples 2, 4, S, 6, 9, 10,
11, 13, 17, 18, 21 and 24 bad BC,,’s in the range 0.1 to 15
pmol :

RABBIT BASILAR ARTERY

Methods

Experiments were performed in intracranial arteries from
rabbit isolated basilar artery in a similar method to cae
described previously (Parsons and Whalley, 1989. Bur J
Pharmacol 174, 189-196.). N

In bricf, rabbits were killed by overdose with anaesthetic
(sodium peatobarbitone). The whole brain was quickly
removed and irnmersed in ice cold modified Kreb'’s solution
and the basilar artery removed with the aid of a dissecting
microscope. The Krebs solution was of the following com-
position (mM) Na® (120); K™ (5); Ca® (2:25); Mg>" (05);
Q1" (98.5); S0, (1); EDTA (0.04), cquilibrated with 95%
0,/5% CO,. The endothelium was removed by a geatle
rubbing of the lumen with a fine metal wire. Arteries were
thea cut into ring segmeats (ca 4-5 mm wide) and set up for
recording of isometric teasion in 50 ml tissue baths in
modified Krebs solution with the additional supplement of
(mM); Na™ (20); furnarate (10); pyruvate (5); L-glutamate
(5) and glucose (10). The arterics were then placed under a
resting force of 3-4 mN maintained at 37° C. and the
solution bubbled with 95% 0./5% CO,.

After tests for initial reactivity with 90 mM KQl depola-
rising solution and for lack of acetylcholine-induced relax-
ation of S-HT (10 mM) precontraction, cumulative
concentration-cffect curves (2 aM—-60 mM) to 5-HT were
constructed in the preseace of ascotbate 200 mM, cocaine 6
mM, indomethacin 2.8 mM, ketanserin 1 pM and prazosin
1 mM.

Following a8 45-60 min wash period, cumulative
conceatration-cffect curves to the test compounds aor S-HT
(as a time match control) were constructed in the presence
of awo:bm:., indomethacin, cocalne, ketansedn and pra-
zosin.

In this screen the compounds of Bxampie 2, $, 6, 15, 17,
24, 25, 26, 28 and 29 had ECy,’s in the range 0.04 to 1S.

EXAMPLE 1

3-Amino-6-cyano-1,2,3,4-tetrahydrocarbazole hydrochlo-
ride '

A solution of 4-aminocycdohexanol hydrochioride (6.08
g. 0.04 mole) in water (60 ml) was brought to pH 8 with
aqueous sodium bicarbonate solution. N-carbethoxy-
phthalimide (8.76 g. 0.04 molc) was added followed by
tetrahydrofuran (uatil homogenous solutien was obtained).
The clear solution was stirred at room terperature over-
night During this time a white solid was precipitated. The
tetrahydrofuran was removed in vacuo and the remaining
aqueous solution was cxtracted with cthyl acetate until the
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solution was clear. The cthyl acctatc cxtracts were
combined. washed with water, dried (MgSO,) and concen-
tramlcd to give 4-phthalimido cycdohexanol as a white solid
(7.1 g).
A solution of 4-phthalimido cyciohexanol (7.1 g. 0.029
. mole) in dichloromethage (250 mi) was treated with pyri-
dinium chlorochromate (8.6 g. 0.04 mole) and the resulting
dark mixture was stirred at room temperature overnight.
Dicthyl ether (50 ml) was added and the mixture filtered
through keiselguhr. The filrate was concentrated in vacuo
and the residue purified by column chromatography (SiO,;
CHCI/EBtOAc) to give 4-phthalimido cyclohexarone as a
white salid (6.4 g).
4-Cyanophenyl hydrazine hydrochloride (4.41 g, 0.026
mole) was dissolved in acetic acid (100 ml) and sodlum
acctate (2 g) was added. 4-Phthalimido cyclohexanone (6.4
g 0.026 molc) was added and the mixwure heated under
reflux overnight. The solvent was removed in vacuo and the
residue triturated with methanol to give 3-phthalimido-6-
" cyano-1,2.3,4-tetrahydrocarbazole as a beige solid, (53 g).

A suspcasioa of the above product (1 g) in ethanol (40 mi)
was treated with hydrazine in water (10 ml). The reaction
mixture was stirred at room temperature overnight during
which time the rcactants dissolved. The ' solvent was
removed in vacuo and the residue partitioned between
aqucous potassium carbonate and cthyl acetate. The cthyl
acetate solution was washed with water. dred and concen-
trated in vacuo to give 3-amino-6-cyano-1.2,3,4-
tetrahydrocarbazole as a beige solid (500 mg). This product
was converted into the hydrochlaride salt to give the title
compound, mp 289° C. (dec.).

'H NMR (250 MHz, CD,0OD} & 1.98-2.18 (IH, m).
2.25-2.40 (1H, m), 2.77 (1H. dd). 2.98 (2H, m), 3.22 (1H,
dd), 3.68 (1H. m), 7.34 (1H. d), 7.43 (1H, d), 7.82 (1H, s).

BEXAMPLE 2
3-Amino-6-carboxamido-1.2,3,4-tetrshydrocarbazole
hydrochlocide

The product of Example 1 (400 mg) was dissolved in
tetrahydrofuran, and di-t-butyl dicarbonate (500 mg) was
added. The mixture was stirred at room temperature over-
night. The solvent was removed in vacuo and the residue
purified by coluran chromatography (SiO,; CHCI/EtOAc)
to give 3-t-butyloxycarbonylamino-6-cyano-1,2.3,4-
tetrahydrocarbazole (40 mg).

A mixture of the above product nitrile (440 mg), aqueous
hydrogen peroxide (30%, 0.5 ml) and sodium hydroxide (aq)
(20%. 0.5 ml) in methanol (25 ml) was stired at room
temperature overnight Sodium metabisalphite (100 mg)
was added and the solveat removed in vacuo. The residue
was dissolved in cthyl acetate and the cthyl acetate layer was
separated, dricd and coaceatrated in vacuo to give a gummy
solid which was punﬁed by column chromatography (Si0,;
CHCI4/BtOAc) to give 3-t-butyloxycarbonylamino-6-
carboxamido-1.2.3 4-tetrahydrocarbazole as a white solid
(400 mg), mp 270° C. (dec)

The above product (400 g, 0.0012 mole) was dissolved
in dioxan (100 ml) and HCl gas was bubbled through the
solution for 20 minutes. During this time a white solid was
precipitated. Excess hydrogen chloride was swept from the
solution by bubbling through N,. and the solid product,
3-amino-6-carboxamido-1.2,3 4-tetrahydrocarbazole hydro-
chloride was collected by filtration, washed with diethyl
cther and dried to give the title compound as a white solid
(300 rag). ro.p. 270 (dcc).

'H NMR (250 MHz. DMSO-d°] § 1.96 (1H. m).
2.16-2.30 (1H. m). 2.74 (111, dd). 2.85 (211. m). 3.12 (L1
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dd), 1 signal obscured by H,0 at ca. 3.6, 7.08 (1H, brd.s),
7.27 (1H. d), 7.61 (1H, d), 7.87 (1H, brds), 7.99 (1H, 3),
839 (3H, brd.s).

EXAMPLE 3

3-Amino-6-methoxy-1,2,3,4-tetrahydrocarbazole hydro-
chlodide

Reaction of 4-methaxyphenyl hydrazine hydrochloride
(0.87 g, 5.0 mmal) with 4-phthalimido-cyclabcxanone (1.22
£, 5.0 mmol) in ethanol (20 ml) heated under reflux for 2 hr,
fallowed by cooling and removal of the precipitated solid by
filtratioa gave 3-phthalimido-6-methoxy-1,2,3,4-
tetrahydrocarbazole (1.62 g).

The above product (1.57 g, 4.5 mmol) was suspeaded in
cthanol (100 mi) and treated with hydrazine hydrate (23 mi)
while stining at room temperature, After 30 min, the solvent
was removed in vacuo and the residuc was partitioned
between K,CO, (aq) and BtOAc. The Lster layer was
separated, washed with water, dried (MgSO,) and evapo-
rated to dryness. This residuc was dissolved in ethanol and
treated with cthereal HQ until cloudy, then left to stand -
overnight to yield the title compoued (0.95%) mp>250° C.
'H NMR [250 MHz, DMSO-d] § 1.81-2.02 (1H, m),
2.10-2.28 (1H, m), 2.65 (1H, dd), 2.82 (2H, m), 3.02 (1H,
dd), 1 signal obscured by H,O at ca. 3.5, 3.74 3H, 1), 6.66
(1H, d), 6.84 (1H, d), 7.14 (1H, d), 8.16 (3H, brd.5).

EXAMPLE 4

3-Amino-6-bromo-1,2,3,4-tetrahydrocarbazole hydrochlo-
ride

Reaction of 4-bromophenylhydrazine hydrochloride (4.0
g, 18.1 mmol) with 4-phthalimido-cydohcnnonc 439g,
18.1 mmol) in refluxing n-butanol for 20 min, followed by
cooling, filtration, and evaporation of the filtrate to dryness
yicided 3-phthalimido-6-bromo-1,2 3 4-tetrahydrocarbazole
as an orange salid (7.45 g).

This prodoct (033 g, 0.83 mmol) was suspeaded in
cthanol (13 ml) and treated with hydrazine hydrate (3 ml),
theq left to stir at room temperature overnight. The solid
precipitate was filtered off, and the filtrate was evaporated to
dryness and partitioned between K,CO, (aq) and ethylac-
etate, After scparation of the argasic layer, washing with
water, drying (MgSO,) and evaporation to dryness, the
residuc was dissolved in McOH and treated with HQY gas.
Solveant was removed in vacuo and the residue was crystal-
lized from ethanol/ethyl acctate to yield the title compound
as a cream-coloured solid (0.15 g), mp 308°-310° C. *H
NMR (250 MHz, DMSO-d°} 5 1.91 (1H, m), 2.10-2.26 (1H,
m) 2.63.(1H; dd), 2.84 (2H, m), 3.04 (1H, d4), 3.50 (1H, m),
7.12 (1H, d), 7.24 (14, d), 7.55 (1H, s), 8.15 (2H, brd.s),
1112 (1H, s).

EXAMPLE 5

3-Amino-6-carboxamido-1,2,3 4-tetrahydrocarbazole

4-Carboxamidophenylhydrazine hydrochloride (2.87 g)
and 4-phthalimidocyclohexanone (3.00 g) were mixed in
acctic acid and the mixture was heated under reflux for 2 hr.
Afier cooling, the mixture was neutralized using aq. potas-
sium carbonate solution, and the yellow solid thus obtained
was filtered, washed with water, and dried. Purification by
column chromatography (SiO,; CHCI,/CH,OH) gave
3-phthalimido-G-carboxamido-1,2,3 4-tetrahydrocarbazole
(28 g).

The above product (1.0 g) was suspendcd ia cthanol (10
ml) and hydrazinc hydrate (5 ml) was addcd. A clear solution
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was obtained, and the mixture was left to stir overnight, to
yicld a precipitatc. The whole mixture was cvaporated to
dryaess. washed with aq. K,CO, solution, and water, to
leave the title compound 3-amino-6-carboxamido-12.3.4-
tetrahydrocarbazole (0.44 g), as the monohydrate, mp.
146°-148° C.

'H NMR (250 MHz, DMS0-d6) § 1.49-1.77 (1H.r),
1.83-2.03 (1H,m). 217-2.40 (1H.m), 2.62-2.80 (2H.m),
2.90 (1H, dd), 1 signal obscured by H,O st ca. 3.1,7.03 (1H,
brd.s). 7.18 (1H.d), 7.58 (1H, d). 7.83 (1H,brd s), 7.98 (1H.
T os).

EXAMPLE 6

(+)- and (-)-3-Amino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole hrydrochlaride
Meathod 1 .
(+)-3-t-Butyloxycarbonylamino-6-carboxamido-1,2,3 4-
tetrahydrocarbazole was scparated into its cnantiomers
using chiral HPLC: (chiralcel OD 4.6 mm column, cluting
with hexane/ethanol 85:15). The (+)-coantiomer was col-
lected first and had mp=150°~152° C. and (x) ,*=+70.1 (in
methanol, 0.41% w/v). The (-)-cnantiomer had
mp=150°-152° C. and (a]p>*>~794 (in methanol, 0.40%
wiv). The (+)-cnantiomer was coaverted (o the pareat amine
hydrochlaride by treating with HQ gas in dioxane, to
furnish the (+)-cnantiomer of 3-amino-6-carboxamido-1,2,
3.4-tetrahydrocarbazole hydrochloride, mp=248°-251° C.,
[a)p?*=+26.2 (in methanol, 0.50% w/v). The (-)-
cnantiomer of 3-t-butyloxycarbonylamino-6-carboxamido-
1.2.3.4-tetrahydrocarbazole was similarly converted into the
(-)-cnantiomer of 3-amino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole hydrochloride, mp=248°-251° C.,
[a}p*°=-28.6 (in methanol, 0.50% w/v).
Method 2
(%)-6-carboxamido-3-amino-1,2 3 ,4-tetrahydrocarbazole
was_treated with one equivalent of 2,3,4,6-di-O-
isopropylidene-2-keto-L-gulonic acid in methano! to give
the salt of the (+)-cnantiomer, in 38% yicld (with respect to
racemate) and 84% enantiomeric excess (ec). This material
" was recrystallized twice from methanol to give the salt 6f the
(+)-cnantiomer in 25% overall yield (with respect to
racemate), and >98% ce. This product was converted to the
hydrochloride salt first by treatment with aqueous alkali, and
the precipitated free base treated with 2M aq. HCl in ethanol,
to give (+)-3-amino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole hydrochloride.

.EXAMPLE 7
3-Amino—§-methyl-l.2_3,4—tetnhydmwbamlc oxalate
Reaction of 4-phthalimidocyclohexanone (2.16 g) with
4-tolylhydrazine hydrochloride (1.41 g), and subsequeat
deprotection of the product by the method described in

example 3. gave the title compound free base, which was
converted to the oxalate salt (0.23 g), mp 272°-5° C.

EXAMPLE 8

3-Amino-6-cthoxycarbonyl-1,2.3.4-tetrahydrocarbazole
oxalate

Reaction of 4-phthalimidocyciohexanone (037 g) with
4-cthoxycarbonylpheaylhydrazine hydrochloride (033 g),
and subscqueat deprotection by the method described in
cxample 3, gave the tide compouad free base. This was
converted to the oxalate salt (0.11 g). mp 230°-240° C. dec.
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EXAMPLE 9

3-Amino-6-(N-methyl carboxamido)-1,2,3.4-
tetrahydrocarbazole hemioxalate

Reaction of 4-phthalimidocyclohexanoae (1.20 g) with
4{(N-methylcarboxamido)-phesylhydrazine hydrochloride
(1.00 g), and subscquent deprotection by the method
describod in example 3. gave the title corapound frec base.
This was converted to the hemioxalate salt (0.22 g), mp 227°
C. dec.

EXAMPLE 10

3-Amino-6-cyanomethyl-1,2,3 4-tetrahydrocarbazole
oxalste :

Reaction of 4-phthalimidocyclohexanone (1.05 g) with
4-cyanomethylpheaylhydrazine hydrochlaride (0.79 g), and
subsequent deprotection by the method described in
example 3, gave the title compound free base, which was
treated with oxallc acid to give the oxalate sait (0.49 g), mp
219°-224° C. dee. :

EXAMPLE 11
3-Amino-6-(N-methylsulphonamidonicthyl)-1.2,3,4-
tetrshydrocarbazole oxalate '

Reaction of 4-phthalimidocyclohexanone (0.42 g) with
4-(N-methylsulphonamidomethyl) pheayl hydrazine hydro-
chloride (044 g), and subsequent deprotection by the
mcthod described in example 3, gave the title compound free
base. This was treated with oxalic acid to give the oxalate
salt (0.15 g), mp 218°-222° C. dec.

EXAMPLE 12

3-Amino-6-chloro-1,2.3 4-tetrahydrocarbazole oxalate
Reaction of 4-phthalimidocyclohexancae (6.7 g) with
4-chlorophenyl hydnazine hydrochlaride (4.93 g), and sub-
sequent deprotection by the method described in example 3,
gave the title compound free base, which was treated with
oxalic acid to give the axalate salt (2.77 g), dec >220° C.

EXAMPLE 13

3-Amino-6-trifivoromethyl-1,2,3,4-tetrahydrocarbazole
oxalate -

Reaction of 4-phthalimidocyclohexanone (114 g) with
4-trifluoromethyl pheayl hydrazine hydrochloride (1.00 g),
and subsequent deprotection by the method described in
example 3, gave the title compound free base (0.40 g). This
was treated with oxalic acid to give the oxalate salt, mp
212°-213° C.

EXAMPLE 14

3-Amino-6-n-butyloxy-1,2,3 4-tetrahydrocarbazole axalate

Reaction of 4-phthalimidocyclohexanone (1.12 g) with
4-p-butyloxyphenyl hydrazine hydrochloride (1.00 g) and
subsequent deprotection by the method described in
example 3, gave the title compound free base. This was
treated with oxalic acid to give the oxalate salt (0.47 g), mp
227°-229° C.

EXAMPLE 15

3-Amino-6-sulphonamido-1,2,3,4-tetrahydrocarbazole
oxalate

Reaction of 4-phthatimidocyclohexanone (1.00 g) with
4-sufphonamido phenyl hydrazine hydrochloride (1.08 g).
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and subsequeat deprotection by the method described in

example 3. gave the title compound free base. This was

converted to the oxalate salt (0.090 g), dec >200° C.

EXAMPLE 16

3-Amino-6-Nitro-1.2.3,4-tetrahydrocarbazole oxalate

Reaction of 4-phthalimidocyclohexanone (1.28 g) with
4-nitrophenyl hydrazine hydrochlocide (1.00 g), and subse-
quent deprotection by the method desaribed 1o example 3,
gave the title compound free base, which was converted to
the oxalate salt (025 g), mp 275°-277° C.

EXAMPLE 17

3-Amino-6-(N.N-dimethyl carboxamido)-1.2,3,4-
tetrahydrocarbazole hemioxalate
3-Amino-6-cthaxycarbonyl-1,2,.3 4-tetrahydrocarbazole
(260 mg, 1.0 mmol) was suspended In dry THF (5 ml), and
di-tert butyl dicarboaate (320 mg, 1.5 mmol) was added. A
dear solution was obtained after 10 min. The mixture was
left to stir for 20 hr, thea the solvent was removed, and the
residue was dissolved in ethyl acetate, washed with aqueous
sodium bicarbonate solution. and dried (MgSO,). After
removal of cthyl acctate, the residuc was triturated with
cther and hexane to give 3-t-butyloxycarbonylamino-6-
ethoxycarboayl-123 4-tetrahydrocarbazole (310 mg).

The above product (556 mg, 1.55 mmol) was suspeaded
in cthanol (5 ml) and 2M NaOH (3 ml) was added. The
mixture was hcated under reflux for 1 hr and evaporated to
dryness. The residue was dissolved in water and neutralized
with acetic acid, whea 3-t-butyloxycarbonylamino-6-
carboxy-1.2,3,4-tetrahydrocarbazole precipitated out as a
white solid (425 mg). A solution of the above product (400
mg. 1.2 mmol) in dry DMF (8 ml) was treated with hex-
amethyl phosphorous triamide (198 mg, 1.2 mmol), and
cooled to ~10° C. Dimethylamine gas was bubbled into the
mixture for 10 min at this temperature, then carbon tetra-
chloride (185 mg, 1.2 mmol) was added dropwise, uader an
atmosphere of nitrogen. The mixture was left to stir at room
‘ternperature for 1 he, thea the DMP was removed in vacuo.
The residue was partitioned between cthyl acctate and watcr,
and the organic layer was washed with saturated aqueous
sodium bicarbonate solation, then brine, and dried (Mg
SO,). The solveat was removed in vacuo, and the residual
oil was triturated with ether and hexanc snd the solid
recrystallized from toluene to give 3-t-
butyloxycarbonylamino-6(N,N-dimethyl carboxamido)-1,
23,4-tctrahydrocarbazole (198 mg).

This product (180 mg, 0.53 mmol) was dissolved in
dioxanc (5 ml) and HCl gas was bubbled -through, to
precipitate an oil The solveat was removed in vacuo, and
the oil was dissolved in water, and treated with K,CO,
solution to bring the pH to 12. The amine¢ free base was then
extracted with ethyl acetate, dried (MgSO,) and evaporated
to dryness. The resulting oil was dissolved in methanol and
treated with oxalic acid to provide the title compound as a
pale pink solid (140 mg) mp=190°-195° C.

EXAMPLE 18

3-Amino-6-(piperidia-i-yl carbooyl)-1.2.3.4-
tetrahydrocarbazole hydrochloride

Reaction of 3-t-butyloxycarboaylamino-6-carboxy-1,2,3,
4-tetrahydrocarbazole (175 mg) with piperidine and the
product subsequently deprotected by the method described
foc Exampte 17, gavc the title compouad. mp=246°-249° C.
(55 mg).

14
EXAMPLE 19

3-Amino-6-(pyrrolidin-1-yt carbonyl)-1,2,3 4.
tetrahydrocarbazole hydrochloride

Reaction of 3-t-butyloxycarboaylamino-6-carboxy-123,
4-tetrahydrocarbazole (140 mg) with pyrrolidine, and the
product subsequentty deprotected as described for Example
17, gave the title compound, mp=201°-212° C. (81 mg).

EXAMPLE 20

3-Amino-6-(N,N-dicthyl carboxamido)-1,2,3,4-
tetrahydrocarbazole hydrochloride

Rudwn of 3¢ 0-6-carboxy-1,2,3,"
tetrashydrocarbazole (105 mg) with dicthylamine, and
dqmteaiondﬂ:epodna.udwaﬂ:dfcrﬂumple 17,

gave the title compound, mp 200°-205° C. (50 mg). :

EXAMPLE 21

3-Amino-6-(acetamido)-1,2,3 4-tetrahydrocarbazole axalate

Reaction of 4-phthalimido cyclobexanone (1.2 g) with
4-(acctamido)-pheayl hydrazine hy&ochlmde (1.0 g, and
subsequent deprotection of the product by the method
described in example 3, gave the title compound free base
(570 mg). A poction of this product (50 mig) was treated with
oxalic acid in methanol to give the axalate salt, which
softeas >170° C. (38 mg).

EXAMPLE 22

3-Amino-6-mcthanesulphonamido-1,2,3,4-
tetrahydrocarbazole oxalate

3-phthalimido-6-nitro-1,2 3,4-tetrahydrocarbazole (4.00
g) was dissolved in hot cthyl acetate (130 ml). To the cooled
solution was added rancy nickel, and thc mixture was
hydrogenated at an initial pressure of 39 psi at room tem-
perature for 4 hr. After filtering off the insoluble materials,
the filtrate was cvaporated to dryness, and extracted twice

" into 20% aqucous methanol and the extracts combined and
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reduced in volume to give 3-phthalimido-6-amino-1,2.3,4-
tetrahydrocarbazole (0.31 g).

The above prodact (0.50 g) was dxssolved in freshly
distilled pyridine (30 mi), and methanesulphonyl chloride
(0.28 g) and 4-dimethylaminopyridine(46 mg) were added.
The mixture was heated with stirring at 50° C. for 5 hr, and
then evaporated to dryness. The residue was dissolved in
chloroform, washed with water, trine and aqueous sodium
bicarbonate, then dried (MgSO,), and evaparated to dryness
to give & pale yellow solid, which was recrystallized from
agueous cthanol to give 3-phthalimido-6-
methanesulphonamido-1,2,3 4-tetrashydrocarbazole (0.27 g).

The above compound was suspended in cthanol (15 ml)
and hydrazine hydrate (2.72 g) was added. After stirring for
25 min at room temperamre, the mixture was evaporated to
dryness, partitioned betweeca water and ethyl acetate, and the
aqueous layer re-extracted with ethyl acetate. The organic
extracts were combined, washed with water, dried (MgSO,)
and cvaporated to give a pale yellow solid This was
dissolved in methanol and treated with oxalic acid (89 mg).
Addition of ecther resulted in crystallization of the title
compound (50 rag), mp 230°-233° C.

EXAMPLE2}  ~

3-Amino-6-carboxamidomethyl-1.2,3.4-
teuwahydrocarbazole hydrochloride

3-Amino-6-cyanomethyl-1,2.3 4-tetrahydrocarbazole
(2.5 g) and di-t-buty! dicachonate (3.63 g) were strred in
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THF (56 ml) for 2 hr. The THF was cvaporated, and the
residuc was partioned between aqueous sodium bicarbon-
ate solution asd cthyl acctate. The aqueous phase was
re-extracted with cthyl acetate, and the combined organic
extracts were washed with water, dried (MgSO,), and
evaporated to dryness to leave a solid which was triturated
with cther/hexane (20%) to give  3-t-
butyloxycarbonylamino-6-cyanomethyi-1,2,3,4-
tetrahydrocarbazole as an off-white solid (3.44 g).

The above product (7.0 g) was dissolved in DMSO (70
ml), and hydrogen peroxide (100 volume, 3.5 ml) was
added. After stirring for an hour, further peroxide (8.5 ml)
was added, and the mixnire was sticred for 2 hr at yoom
temperature. Potassium carbonate (0.84 g) was added, and
the mixture was stirred overnight and for a further 20 br. The
reaction mixture was poured into water (500 mi) and the
resulting white solid was filtered off, and recrystallized from
methanol to give 3-t-butyloxycarbonylamine-6-
carboxamidomethyi-1,2 3. 4-tetrahydrocarbazole (5.42 g).

The above product (500 mg) was dissolved in dry dioxane
(30 mi). and HCI gas was bubbled through for 20 min. The
resulting solution and deposited gum were cvaporated to
dryness. and treated with aqueous potassium carbonate
solution. This was extracted with cthyl acctate, and the

* extracts were cambined, dried (MgSO,) and cvaporated to
dryness. The residue was dissolved in methanol and treated
with excess oxalic acid. Additioa of cther led to aystalli-
zation of the title compouad (250 mg), mp 257°-260° C.

EXAMPLE 24
3-Methylamino-6-carboxamido-1,2,3,4-tctrahydrocarbazole
hydrochloride .

4-Cyanophenyl hydrazine hydrochloride (202 g) and
4-benzoyloxycyclohexanone (25.9 g) were dissolved in gla-
cial acetic acid (400 ml) and the mixture was heated under
reflux for 1.5 hr. After allowing to cool, thc mixture was
filtered, and the filtrate was cvaporated to dryness, and

neutralized with aqueous sodium bicarbonate solution to’

give a solid precipitate, which was purified by chromatog-
raphy (SiO,; hexane/ethyl acetate) to give 3-benzoyloxy-6-
cyano-1.2,3 4-tetrahydrocarbazole (18 g). This product
(11.6 g) was suspeaded in cthanol (230 ml) and treated with
2.5% aqueous potassium hydroxide solution (120 rof), and
heated under reflux for 1 hr. The cooled mixture was
neutralized with glacial acetic acid and evaparated to a solid
residuc, which was washed with water, and dried to give
3-hydroxy-6-cyano-1,2 3 4-tetrahydrocarbazole (6.6 g).

The above product (3.57 g) was dissolved in dry pyridine
(35 ml) and treated with tosyl chloride (3.51 g) in dry
pyridine (35 ml), and the mixture was stirred at 100° C. for
2 hr. After cooling, the solution was poured into water (500
mol), extracted with cthyl acetate, and the latter extract was
washed with 2M HQ), dried (MgSO,) and cvaporated to
dryness. Purification by chromatography (SiO,; hexane/
cthyl acetate) gave 3-tosyloxy-6-cyano-1,2,3,4-
tetrahydrocarbazole (0.53 g).

This product (0.40 g) was dissolved in 33% mcthylamine
in alcohol (25 ml) and beated at 100° C. in a scaled steel
. vessel for 1.5 hr. After cooling, the mixture was evaporated
to dryncss and purified by chromatography (SiO,;
chloroform/methanol) to give 3-methylamino-6-cyano-1,2.
3.4-tetrahydrocarbazole (0.13 g).

The above product (0.12 g) was dissolved in THF (10 rul)
and reacted with di-tert-butyl dicarbonate (0.36 g) in THF (3
rul) at room temperature overnight. The reaction mixture
was cvaporatcd (o dryacss, partitioned between 2M sodium
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bicarbonate solution and ethyl acctate, and the organic
extract dried and cvaporated to give a whitc solid. This was
triturated with cther/hexane to give 3-¢-
butyloxycarbonylmethyl amino-6-cyaso-1,2,3,4-
tetrahydrocarbazote (0.14 g).

This product (0.14 g) was dissolved in methagol (15 ml)
and treated with a mixture of 20% aqueous sodium hydrox-
ide 0.20 ml) and 30% hydrogea peroxide (0.20 ml), and the
whole mixture was stirred at room tcmperature overnight.
Sodium metabisulphite (38 mg) was added, and the solution
was ev. to dryness, and chromatographed (SiO,;
chioroform/10% NH,OH in methanol) to give
3-methylamino-6-carboxamido-1.2,3 4-tetrahydrocarbazale
(0.12 g). The above compound (0.11 g) was dissolved in
methanol (10 ml), and treated with 3M hydrochloric acid at
room temperature. The mixture was evaporated to dryness,
azeotroping with cthanol to give a solid, which was recrys-
tallized from methasol/cther to give the title compound, mp
327*-328° C. (80 mg).

'H NMR (250 MH_. McOH-d*] d 1.98-220 (1H, m),
2.29-2.49 (1H, m), 2.75-2.90 (SH, s+m), 2.90-3.09 (2H,
m),3.52-3.69 (1H, m), 731 (1H, 4), 7.63 {1H, d), 8.05 (1H,
s)

EXAMPLE 25

3-Ethylamino-6-carboxamido- 1,2,3,4-tetrahydrocarbazole
oxalate

1,4-Cycichexanedione ruono-2'2'-dimethyl trimethyleae
ketal (2.00 g) was mixed with anhydrous ethylamine (10.0
g) and beazene (10 ml), and the mixture was cooled to 5° C.
A solution of titanium tetrachloride (0.95 g) in benzene (10
ml) was added, dropwise, thea the mixture was stirred at
room temperanure for 1 hr. The mixture was filtered, and
evaporated to dryness to give an oil, which was dissolved in
ctharol (30 ml). To this solution was added palladium-on-
carbon catalyst (100 mg), and the mixture was hydrogeaated
at 50 psi pressure overnight. The catalyst was filtered off and
the cthanol cvaporated to leave 4-cthylamino-
cycdohexanone 2',2'-dimethyl trimethylene ketal as an oil
(0. .

This corapound (0.80 g) was dissolved in formic acid (20
ml) and the solutioa was heated to 90° C. for 1 hr. Formic
acid was cvaporated, and the residue was partitioned
between chloroform and IM hydrochiaric acid. The aqueous
layer was evaporated to dryness to give
4-cthylamigocyclohexanone (0.40 g)

A mixture of the above product (0.40 g) and
4-carboxamidophenyl hydrazine hydrochloride (0.60 g) in
glacial acctic acid (20 ml) was heated under reflux for 1 hr.
The acid was cvaporated in vacuo to an oil, which was
purified by chromatography (SiO,; CHCly/10% NH, in
MecOH) to give an oil (0.50 g). Part of this product (150 mg)
was dissolved in methanol and treated with oxalic acid. The
solution was treated with cther to give the title compound as
a aystalline solid, mp 165°-170° C. (100 mg).

'H NMR {250 MHz, DMS0-4°) d 125 (3H, t), 1.81-2.05
(1H, m), 220-2.38 (1H. m), 2.61-2.79 (1H, m), 2.79-2.94
(2H. m), 2.98-3.28 (3H. dd+s), 3.41-3.60 (1H, m), 7.08
(1H, brd. s), 7.28 (1H, d). 7.60 (1H, d), 7.82 (1H, brd. 3),
8.00 (1H, s), 11.12 (1H. s).

EXAMPLE 26

3-a-Propylamino-6-carboxamido-1.2,3,4-
tetrahydrocarbazole oxalate

Propylamine (1.81 g) was dissolved in methanol (12.5
ml), and 1.5M HCl in methanol (6.6 ml) was added with
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cooling. After 1 min, 1.4-cyclohexanedione mono-2'2'-
dimethyl trimethylene ketal (1.0 g) was added. followed
after a further 10 min by sodium cyanoborohydride (0.23 g).
The mixture was stirred at room temperature for 3 days. The
resulting mixture was filtered, and the filtrate was evapo-
rated and treated with 1M HQ1 (10 ml) with cooling. The
- residue was digested to form a solution. which was washed
with cther, basified to pH 12 with aqueous sodium
hydrsoxide, and extracted with dichloromacthane. This extract
was washed with samrated aqueous sodium bicarbopate
solution, dried (MgSQ,), and evaporated to dryness. Chro-
matography (Si0,; chloroform/methanol/ammonia) gave
4-n-propylamino cyclobexanone 2°,2’-dimethy) rimethylcae
ketal (0.72 g).

Thuproduct(&“g)wnhydmlymdtothclﬂone,whnd:
was reacted with 4-carboxamidophenyl hydrazine hydro-
chloride and coaverted to the oxalate salt as described for

Example 25. to give mcuﬂceompound(oug),mp>l68°
C.dec. -

EXAMPLE 27

3-i-Propylamino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole oxalate

‘Reaction of isopropylamine (9. 54 g) with 14-
cyclohexanedione mono-2',2"-dimethyl trimethylenc ketal
(2.0 g) by the method desaibed for Example 25 gave
4-i-propylamino cyclohexanone Z',2'-dimethyl trimethylene
ketal (2.38. g). This product (0.66 g) was hydroly2ed and

reacted with 4-carboxamidophenyl hydrazine hydrochloride

(0.45 g), and the mixture warked up as described above to
give the title compound free base (034 g). This was con-
verted to the oxalate, mp >235° C. dec.

EXAMPLE 28

3-Dimethylamino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole oxalate

Dimethylamine (10.0 g) was reacted with 1.4-
cyclohexanedione mono-2'2-dimethyl trimethylepe ketal
(2.0 g) by the method described for Example 25 to give
4-dimcthylaminocyclchexanone-2',2'-dimethyl trimethylene
ketal (0.72 g). This product (0.72 g) was hydrolyzed and
reacted with 4-carboxamidopheayl hydrazine hydrochloride
(0.47 g) and the product cooverted to the oxalate salt as

described above to give the title compound (0:20 g), mp
99°-101° C.

'H NMR (250 MH_, DMSO-¢°] d 1.83-2.05 (1H, m),
2.27-2.40 (1H, m) 2.72-3.00 (9, 2m+s), 3.07-322 (1H,
dd), 3.50-3.68 (1H, m), 7.05 (1H, brd. 5),7.27 (1H, d), 7.60
(1H. d), 7.81 (1H, brd. 5), 8.00 (1H, s), 11.11 (1H, s).

EXAMPLE 29

3-Benzylamino-6-carboxamido- 1,2 3,4-tetrahydrocarbazole
oxalate
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Reaction of benzylamine (0.59 g) with 1,4- .

cyclohexaaedionemono-2',2"-dirnethyl trimelhylcne ketal
(1.0 g) and subscquent reduction of the imine with sodium
cyanoborohydride by the method described for Example 26
gave 4-benzylamisocyclohexapone 2'.2'-dimethyl trimeth-
ylcace ketal (0.54 g). This product (0.52 g) was reacted with
4-carboxamidopheny! hydrazine hydrochloride (0.34 g) and
the product treated with oxalic acid to give the tide
compound. rup>190° C. dce (0.11 g).
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EXAMPLE 30

3-Pyrrolidinyl-6-carboxamido-1,2,3,4-tetrahydrocarbazole
oxalate

Reaction of pyrrolidine (15.6 g) with 1.4-
cyciohcxanedione mono-2',2-diroethyl trimethylene ketal
(2.0 g) by the method described for Bxample 25 gave
4-pyrrolidinyl-cyclohexanone-2',2'-dimethyl trimethylene
ketal (1.74 g). This prodect (1.70 g) was bydrolyzed and
reacted with 4-carboxamidophenyl hydrazioe hydrochloride
(1.70 g) and the product treated with axalic acid as described
above to give the title compound (32 mg), mp>190° C. dec.

EXAMPLE 31

3-(N-methyl ethylamino)-6-carboxamido-1,2,3,4-
tetrahydrocarbazole oxalate

Reaction of N-methyl cthylamine (13.0 g) with 14-
cycdohcxanedione mono-2'2'-dimethyl trimethylene ketal
(2.0 g) by the method described for Bxample 25 gave
4-(N-methyl ethylamino)-cyclohexanone-2',2'-dimethyl tri-
methylene ketal (1.71 g). This product (0.86 g) was hydro-
Iyzed and reacted with 4-carboxamidophenyl hydrazine
hydrochloride (0.52 g) and warked up as described above to
give the title compound (76 mg), mp>130° C. dec.

EXAMPLE 32

3-Amino-6-(2-carboxamidocthyl)-1,2,3,4-
tetrahydrocarbazole axalate -

A mixture of 4-pitrocinnamic acid (22.5 g) and thionyl
chloride (20.8 g) in benzene (160 ml) was heated under
reflux for 4 h. The resulting arange mixture was filtered and
cvaporated to give the acid chlodde (22.9 g). This was
dissolved in dichloromethare (1 1), and ammonia gas was
bubbled through, with cooling to below 20° C. and stirring.
Solvent was removed in vacuo, and the residue was dis-
solved in hot ethyl acctate and the solution was shaken with
IM sodium hydroxide solution. The resulting organic phase
was dried, filtered and evaporated to leave a residue which
was slumried with cthyl acetate to give 4-nifro cinnamamide
as a crystallme solid (18.6 g). This product (18.6 g) was
suspended in ethanol (1 1) and hydrogenated using Pd-C
catalyst (6.6 g) at 50 psi for 1 h. The resulting mixture was
filtered and evaporated to dryness, pmviding 4-aminophenyl
propionamide (17.1 g)-

Counceatrated hydrochloric acid (4 ml) was added slowly,
with cooling and stiring to 4-aminophenyl propicaamide
(0.80 g), maintaining the temperature below 5° C. To this
slury was added a solution of sodium apitrite (0.37 g) in
water (2 ml), dropwise over 15 min, followed by stirring for
a further 15 min The turbid solution thus formed was added
portionwise to a cooled, stirred solntion of stannous chloride
(2-19 g) in conclusion. HQ1 (4 ml), and the resulting mixture
was stirred for 1 b After filtering, the sclution was reduced
in volume until an inorganic precipitate foomed. This was
filtered off, and the filtratc was evaporated to dryness. The
residual gum was crystallized from acetic acid to give aqude
4-hydrazinophcayl propiosamide hydrochloride (1.05 g).

A mixture of the above product (1.05 g) and
4-phthatimido-cyclohexanone (1.18 g) in acetic acid (40 ml)
was heated under reflux for 40 min. The solvent was
removed in vacuo and the residuc was partitioned between
aqueous potassium carbonate solution aod ethyl acetate. The
organic phase was dried (MgSQ,) aad cvaporated to
dryacss, and the residue was chromatographed (SiO,:
CH,C1,/McOH) to give 3-phthalimido-6-carboxamidocthyl-
1.2.3.4-tctrahydrocarbazole (0.70 p).
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This product (0.70 g) was dissolved in methaaol (50 ml),
trcated with hydrazine hydrate (1.0 ral), and heated under
reflux for 30 min. The mixture was evaporated to dryness
then partitioned between cthyl acetate and aqueous potas-
sium carbonate solution. The organic phase was dried
(MgSO,) and cvaporated to dryness. and the residuc was
dissolved in cthagol to dryness. and the residue was dis-
solved in ethanal and treated with oxalic acid (83 mg) in
cthanol. A solid was formed, which was recrystallized from
cthanot to give tho title compound (110 mg). mp 232°-5° C.
Pharmaceutical Farmulations

EXAMFLB A
A tablet for aral administration is prepared by combining

Mg/Tablet
Compound of formuis (T) 100
lactoso 153
starch 33
crospovidons 12
microcrystaliipe celhiose 0
magnesium gearsie 2

330 mg
into a 9 mum tablet.

EXAMPLE B

An injection for parcateral administration is prepared
from the following

% ww
Compound of formula (T) 0,50% (w:v)
IM citric acid 30% (v:v)
sodium hypdroxide (gs) topH 32
water for injection BP 0 100 ml

The compound of formula (T) is dissolved in the ditric acid
and the pH slowly adjusted to pH 3.2 with the sodium
hydroxide solution. The solution is then made up to 100 ml
with water, sterilised by filtration and sealed into appropri-
ately sized ampoules and vials.

We claim:

1. A compound of the general formula (T):

R! NR?R?
Ty
-

Fornwla ()

wherein: '
R' is a group —(CH,),CONR’RS;
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o is zero;
R® and R® cach independently represcot hydrogen,
methyl. cthyl or propyl; and

R? and R? each independently n:prsént hydrogen or
C, galkyl provided both are oot hydrogen;

or a pharmaceutically scceptable salt thereof.

2. A compound of claim 1-wherein R? and R® cach
independently represeat hydrogea, methyl or ethyl

3. A compound of claim 2 wherein R* and R® each
independeantly represeat hydrogea or methyl.

4. A compound of dlaim 1, which is selected from

3-p-propylamino-6-carboxamido-
tetrahydrocarbazole;
3-i-propylamino-6-carboxamido-1.2.3,4-
tetrahydrocarbazole, or a salt thereof.
5. A compound of cdlaim 1, which is selected from

3-(N-(methyl)ethylamino)- 6-carboxanndo-l 2,3, 4-
tetrahydrocarbazole; =

3-dimethylamino- 6 carboxamido-1,2,3,4-
tetrahydrocarbazole;

3-cthylamino—6—mboxamdo— 1,23 4tetrahydrocarbazole;
or a pharmaceutically acceptable salt thereof.

1,2,3,4-

6. 3-Benzylamino-6-carboxamido-1.2,3,4-
tetrahydrocarbazole; or salt thereof,

7. 3-Pyrrolidinyl-6-carboxamido-1,2, 3 4-
tetrahydrocarbazole, or salt thereof.

8. A pharmoaceutical composition corprising a compound
of claim 1 or a pharmaceutically acceptable salt thereof, and
a physiologically acceptable carrier.

9. A pharmaceutical composition comprising a compouad
of claim 3 or a pharmaceutically acceptahle salt thereof, and
a physiologically acceptable carrier.

10. A method of treatment of a condition wherein a
5-HT,-like agonist is indicated, which comprises adminis-
tering to a subject in need thereof an effective amount of a
compound of claim 1.

11 A method of claim 10 whercin in a compound of
formula (T) R* and R® cach indepeadently represent hydro-
gen and methyl and R* and R? each represent hydrogen,
methyl af ethyl provided R* and R? are not both hydrogen.
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PROCESS OF PREPARING ENANTIOMERS
OF CARBAZOLE DERIVATIVES

The preseat inveation relates to certain tetrahydrocarba-
zole derivatives, in particular their cnantiomeric forms,
processes for preparing them, pharmaceutical compositions
containing them and their use in therapy, in particular the
treatment of migraine.

International Pafent Application WO93/00086 describes
compounds of the formula:

R! NRIR?
Ty
N

and salts thereof for use in the treatment of conditions
whuunas-m,-liheagomsnmdnawd.inpmlmlar
migraine.

In the above compounds R represcats hydrogen, halogen,
trifluoromethyl, nnm. hydmxy, C,_stlkyl, C,_salkoxy,
arylC,_qalko —(CH,),CN,—
(CH,),,CONRxxk —(CH,),SO,NR’R‘
C,_salkanoylamino(CH,),, or
C,_@.lkylnﬂpbonylmuno((!l-l.s) R* represents hydrogen,
C,_alkyl or arylC,_salkyl; R> and R® each independently
represent hydrogen, or C,_alkyl, or R? and R® together with
the nitrogen atom to which they are attached form a ring; n
represeats 0, 1 or 2; and R? and R? each independently
represent hydrogen, C,_salkyl or beazy! or together with the
nitrogen atom to which they are attached form a pyrrolidiao,
piperidino. or hexahydroazepino ring. The carbon atom to
which the group NR?R? is anached (Le. at position 3 of the
terrahydrocarbazole ring) is an asymmetric carbon atom and
hence the compounds exist as optically active enantiomers.

WO93/00086 describes inter alia the preparation of the
above compounds wherein R is —C(O)NH,, one of R? and
R? is hydrogen apd the other is methyl or ethyl, viz:
‘6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydrocarba-
20lc (as the hydrochloride salt) and 6-carboxamido-3-N-
cthylamino-1,2,3,4-tetrahydrocarbazole (as the oxalate salt).
Both compounds were obtained only as mixtures of enan-
tiomers.

We have now isolated the individual isomers of the above
compounds. Thus, in a first aspect the present inveation
provides the (+) and () eaantiomers of a compound of
formula (I):

fl) Formula (1)

H,NC_ - NHR!
Ty
N

wherein R' is methyl or ethyl, or a salt thereof.

In accordaace with convention the (+) and (-) designa-
tions indicate the direction of rotation of plane-polarised
light by the compgunds. The prefix (+) indicates that the
isomer is dextrorotatory (also designatéd d) and the prefix
(-) indicates the levorotatory isomer (also designated 1).
The R and S designations denote the absolute configuration
as determined by X-ray crystallography.

The individual compounds of formula (1) provided by the
invention may bc named as:
R-(+)-6-carboxamido-3-N-mncthylamino-1,2,3,4-tcurahydro-

carbazolc; (coinpound A)

55
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S-(-)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-
carbazole; (compound B)
R-(+)-6~carboxamido-3-N-cthylamino-1,2,3,4-tetrahydro-
carbazole; (compound C)
S-(-)-6-carboxamido-3-N- elhylxumno—l.z.:i 4-letrahydro-
carbazole. (compound D)
Salts, solvates and hydrates of the above named com-
pounds are also within the scope of the present inveation,
It will be apprecisted that for use in medicine a physi-
ologically acceptable salt should be employed. Suitable
physiologically acceptable salts will be apparent to those
skilled in the art and include for example acid addition salts
such as those formed with inorganic acids e.g. hydrochlorde,
hydrobromic, sulphuric or phosphoric acids and organic
ecids ¢.g. succinic, tartaric, malonic, citric, maleic, acetic,
fumaric or methanesulphonic acid. Other non-physiologi- .
caily acceptable salts e.g. oxalates may be used for example
in the isolation of enantiomers of formuls (), and are
incloded within the scope of this invention. Also included
within the scope of the invention are solvates and hydrates
of enantiomers of forrmila (T) and their salts.
Addswhchhwmmmoncmylmap
succinic, tartaric, malopic or citric acids thay comespond-
mglywwhmthanonemolewhqumnow
(@), for example sucdnic acid may react with either one or
two molecules of (I) to form either a 1:1 salt (succinate) or
a 21 salt (hemi-succinate). All such salt forms are encom-
passed by the present invention; in general the 1:1 salt form
is preferred.
Specific salts according to the present invention include:
(+)-6-carboxamido-3-N-methylamino- 1,2,3,4-tetrahydro-
carbazole L (+)-tartrate salt (1:1),
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tctrahydro-
carbazole D (~)-tartrate salt (1:1),
(+)-6-carboxamido-3-N-methylamino-1,2,3; #mhydm—
carbazole hemisuccinate (2:1),
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-
carbazole methanesulphonate,
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-
carbazole succinate (1:1),
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-
carbazole hydrochloride,
(+)-6-carboxamido-3-N-methylamino- 1 ,2,3,4-tetrahydro-
carbazole hydrobromide,

- (+)-6-carboxamido-3-N-ethylamino- 1,2,3,4<ctrahydrocar-

bazole succinate (1:1),
(+)-6-carboxamido-3-N-cthylamino-1,2,3,4-tetrahydrocar-

bazole hydrochloride, and
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-terahydro-

carbazole camphorsulphonate.

It will be appreciated that an enantiomer according to the
present invention for example a (+)-cnantiomer, will be
substantially free from the corresponding (~) enantiomer,
and vice versa. Preferably, a specific enantiomer of the
invention will contain less than 10%, ¢.g. less than 5% and
advantageously less than 1% e.g. less than 0.5% of its
opposite enantiomer.

1a vitro testing (rabbit basilar artery) indicates that for
both the methyl and ethyl derivatives of formula (1) the (+)
enantiomer is more active than the corresponding (-) enan-
tiomer. The above-named (+)-enantiomers are therefore pre-
ferred compounds of the inveation.

Enantiomers of formula (1) may be prcparcd by standard
methods, for example:

(a) Separation of an enantiomeric mixture of a compound
of formula () or a derivative thereof by chromatography ¢.g.
on a chiral HPLC column.
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(b) Scparation of diastercoisomers of a chiral derivalive
(c.g. a chiral salt) of a compound of formula (1) e.g. by
crysiallisation, or by chromatography.

(c) Alkylation of a (+) or (<) enantiomer of 3- amino-6-
carboxamido- 1,2.3,4-tctrahydrocarbazole or a salt thereof,
followed if necessary or desired by converting a derivative
of compound (1) so obtained into a compound of formula (I)
itsclf or a different derivative thercof e.g. by removal of any
N-protecting group or facilitating group, conversion of a salt
into the free base, and/or salt formation.

Separation according to process (a) is generally facilitated
by first introducing a readily removable group into the
alkylamino moiety of the compound of formula (T). Suitable
removable facilitating groups include those commonly used
as N-protecting groups e.g. an alkoxycarbonyl group such as
t-butyloxycarbonyl or an aralkoxycarbony! group such as
benzyloxycarbonyl, which groups may be introduced by
reaction with for example a di-alkyl-dicarbonate such as
di-t-butyl-dicarbonate or a chloroformate such as benzyl-
chloroformate. The resulting enantiomeric mixture can be
applied to a chiral HPLC column and fractions containing
the individual isoraers collected. A facilitating group may be
removed by standard methods such as acid hydrolysis or
catalytic hydrogenation.

A chiral derivative according to process (b) is a derivative
containing at least two chiral centres, such that an enantio-
meric mixwre of a2 compound (1) is cdaverted inw a pair of
diastereoisomers. Such derivatives include chiral salts
wherein the anion contains a chiral centre and derivatives of
formula (I) in which the alkylamino moiety is substituted by
a group containing a chiral ceatre.

A chiral sait may be prepared for example by reaction of
an . enantiomeric mixture, such as a 1:1 racemate, of a
compound (I) with an optically active acid such as (1S)-(+
)-camphorsulphonic acid, d-tartaric acid, 1-malic acid,
1-mandelic acid, 1-gulonic acid, 2.3:4,6-di-O-isopropy-
lidene-2-keto-L-gulonic acid or R-2-pyrrolidone-S-carboxy-

lic acid (also known as D-pyroglutamic acid) to give two-

diastereoisomeric salts which may be separated e.g. by
crystallisation. The free base form of the desired enantiomer
may be obtained by ncutralisation with a base such as
sodium hydroxidc or an ion exchange resin. Preferred opti-
cally active acids for use in this process include (1S)-(+)-
camphorsulphonic acid and especially R-2-pynohdom>$-
carboxylic acid.

Altematively, an optically active reagent such as R-a-
methylbenzyloxysuccinimidate may be reacted with an
enantiomeric mixture of formula (1), to give a mixture of
diastercoisomers which can be separated by chromatogra-
phy, followed by hydrogenolysis to give the desired enan-
tiomer of formula ().

A chiral derivative may also be prepared by employing a
chiral auxiliary at an earlier stage in the synthesis as
described hereinafier. This may advantageously result in a
mixture enriched with onc diastereoisomer of a compound
(1), and most preferably a single diastereoisomer, thus pro-
viding a stercoselective synthesis of an enantiomer acooxd-
ing to the inventioa.

Alkylation of an enantiomer of 3- ununo—6-ca.rboxanudo-
1.2.3.4-tetraliydrocarbazole according to process (c) may be
camried out by standard methods well known in the art. For
cxample alkylation may be achicved indirectly by formation
of a group which can be reduced to the desired alkylamino
function (reductive alkylation). Thus for example the
J-amino compound can be rcacted with an appropriate
aidchyde or kctonc c.g. formaldchyde, acctaldehyde or
acctonc, in the presence of a suitable reducing agent such as

»
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an alkali mcial borohydridc or cyanoborohydride e.g.
sodium cyamborohydndc. Allcmauvcly formylation may
be clfected using p-nitrophenol formaie in aqueous tetrahy-
drofuran, using similar reducing condilions. Preferably, the
3-amino compound is first reacted with benzaldehyde, also
in the presence of a reducing agent such as a cyanoborohy-
dride, to form 3-N-bcnzylannno-6—(2:boxanudo—l.2.3 4-tet-
rahydrocarbazole, prior to introduction of the methyl or
cthyl group. The benzy! group may subsequcatly be cleaved
by standard methods such as calalytic hydrogenation,

In a further alkyiation method, an N-methyl substitueat
may be inroduced by formation of a 3-isothiocyanato
denivative e.g. by reaction of the 3-amino compound with
carbon disulphide and dicyclohexylcarbodiimide; followed
by reduction for example with a borohydride.

It will be appreciated by thase skilled in the ant that other
standard means of alkylaticn may also be employed. -

The starting compounds for use in the above processes
may be prepared by methods known in the ant for the
preparation of tetrahydrocarbazoles, such as the methods
described in International Application WO93/00086. Thus
for example an enantiomeric mixture of formula (T) may be
p:epa:edbymdxmveﬂkylaﬁoaofthemponding
3amino compound, as described for procsss (c) above.

Anmuommcnnxmmoffonnuhmmy also be
prepared by reaction of 4-carboxamido-phenylhydrazine, or
a salt thereof e.g. the hydrochloride, with 4(mecthyl or
ethyl)-aminocyclohexanone. 1n a particular embodiment of
this method a Pprotected derivative of the 4-alkylaminocy-
clohexanone is advantageously employed, e.g. a ketat of

. formuta (II):

NRIR1 Forrmuta ()

[ (o]
N\

.wherein R is as defined for formula (1), R? is hydrogen or

an N-protecting group and A is an alkylene moiety, such as

cthylene or neopentylene (—CH,C(CH,),CH~).
Compounds of formula () may themselves be prepared

from a protected 1,4-cyclohexane-dione of formula (LIT):

o] = Fareala (0TD)

o o

L
by reaction with the appropriate alkylamine compound. This
reaction may be effected in a suitable solvent, for example
a hydrocarbon such as benzene or toluene in the presence of
titanium tetrachloride or suitable molecular sicves e.g. 4 A
molecular sicves, to give the comesponding iminoketal
derivative which may then be coaverted to an alkylamino
compound of formula (1) by catalytic hydrogenation using
for example palladium on carbon. Altematively the reaction
may be effected in a solvent such as an alcohol e.g. ethanol
and the mixture hydrogenated directly, usiag e.g. paltadium

on charcoal, to give a compound of formula (11).

The alkylamino group in the resulting compound of
formula (II) may il desired be protected using standard
mcthods. Suitable N-protccting groups are well-known in
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the an and include for example acyl groups such as acetyl,
trifluoroacetyl, or benzoyl; an alkyl- or aralkyloxycarbonyl
group such as methoxycarbonyl, 1-butoxycarbonyl, benzy-
loxycarbonyl or phthaloyl; and aralkyl groups such as ben-
¢yl, diphenylmethyl or triphenylmethyl. The protecting
groups should be easily removable at the end of the reaction
scquence. N-deprotection may be effected by conventional
mcthods, for example an alkoxycarbonyl group such as
t-butoxycarbonyl may be cleaved by hydrolysis and an
aralkyloxycarbonyl group such as benzyloxycarbonyl or an
aralkyl group such as bentyl may be cleaved by hydro-
genolysis.

Cyclisation with 4-carboxamidophenylhydrazine or a salt
thereof is preferably carried out with a ketal of formula (II);
however if desired the ketal may be convened to the corre-
sponding ketone prior to this reaction..

Yet a further method for preparing an enantiomeric mix-
ture of formula (I) comprises reacting a compound of
formula (IV):

N

H

wherein 7 is a leaving group, such as a halogen atom or a
sulphonyloxy (e.g p-tolumcsulphmylox( or methane-
‘sulphonyloxy) group with an amine H,NR' or a derivative
thereof. Said derivatlive may optionally contain a chiral
centre, as in for example R-a-methylbenzylamine, resulting
in a diastereoisomeric mixture of the corresponding deriva-
tive of formula (I). The diastereoisomers may be separated
by chromatography, followed by hydrogeaolysis to give the
desired enantiomer of formula (I).

An enantiomeric mixture of 3-amino-6-carboxamido-1,2,
34-tetraliydrocarbazole may be prepared in an analogous
manner to formula (I), using 4-aminocyclohexanone,
optionally protected as a ketal decivative, or an N-protected
(e.g. phthalimido) derivative thereof. The enantiomers of
3-amino-6-carboxamido-1,2,3,4-tetrahydrocarbazole may
be resolved by chiral HPLC as described for process (a)
above, using a derivative such as of 3-t-butyloxycarbony-
lamino-6-carboxamido- 1,2,3,4-tetrahydrocarbazole; or by
formation of a chiral salt of the 3-amino compound in a
similar manner to process (b) above, using for example
2,.3-4,6-di-O-isopropylidene-2-keto-L-gulonic  acid, fol-
lowed by sclective crystallisation. Such methods are
described in International Application WO93/00086.

Enantiomers of formula (T) have beea found to be agonists
and partial sgonists at S-HT,-like receptors. Nomenclature
of 5-HT receptors is constantly evolving. At least four
subtypes of the 5-HT, receptor family have been described,
namely 5-HT 1 a, 5-HT,,. 5-HT,, and 5-HT, . Functional
contractile 5-HT,-like receptors have been identified in the
dog saphenous vein and in cerebral (basilar) arteries of
various species including rabbit and human. It is now
believed that the functional 5-HT,-like receptor correlates
with the 5-HT,, biodiog site (A. A Panons TIPS, Aug 1991,
Vol 12).

Enantiomers of formula (I) are expected to have utility in
the treatment and/or prophylaxis of migraine, with and
without aura, tension headache, cluster headache and other
forms of cephalic pain and trigeminal neuralgias.

The invention therefore further provides the use of an
enantiomer of formula (1) or a physiologically acceptable
salt thereof in thc manufacture of a medicament for the
trcatment of a coodition where a S-HT,-like agonist is
indicated, in particular the treatmeat or prophylaxis of
migrainc.
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The invention also provides a method of trcatment of a
condition whercin a 5-HT, -like ngomst is indicated, in
particular migraine, which comprises administering w0 a
subject in need thereof an effective amount of an enantiomer
of formula (I) or a physiologically acceptable salt thereof,

For use in medicine, a compound of the present invention
will usually be administered as a standard pharmaceutical
composition. The present invention therefore provides in a
further aspect pharmaceutical compositions comprising an
coantiomer of formula (I) or a physiologically accepeable
salt thereof and a physiologically acceptable carries.

'lhecunpoum:offonnula(l)mybeadlmmnucdby
any convenient method, for example by oral, pamunl,
butcat, sublingual, nasal, rectal or transdermal administra-
tion and the pharmaceutical compositions adapted u:eo:d
ingly.

The compounds of formula (I) and their physiologically
acceptable salts which are active when given orally can be
formulated as liquids or solids, far example syrups; suspen-
sions or conlsions, tablets, capsules and Jozenges..

- A liquid formulation will generally consist of a suspen-
sion or schution of the compound or physiologically accept-
gble salt in a suitable liquid carrier(s) for example an
aqueous solvent such as water, ethanol or glycerine, or a
non-aqueous solvent, such as polyethylene glycol or an oil.
The formulation may also contain a suspeoding agent,
preservative, flavouring or colouring agent.

A composition in the form of 2 tablet can be prepared
using any suitable pharmaceutical career(s) routinely used
for preparing solid formulations. Examples of such carriers
include magnesium stearate, starch, lactose, sucrose and
cellulose. -

A composition in the form of a capsule can be prepared
using routine encapsulation procedures. For example, pellets
containing the active ingredient can be prepared using
standard careers and then filled into a hard gelatin capsule;
alternatively, a dispersion or suspension can be prepared
using any suitable pharmaceutical carries(s), for example
aqueous gums, celluloses, silicates or oils and the dispersion
or suspeasion then filled inw 2 soft gelatin capsule,

Typical pareateral compositions consist of a solution or
suspension of the compound or physiologically acceptzble
salt in a sterile aqueous career or parenterally acceptable ail,
for example polyethylene glycol, polyvinyl pymrolidone,
lecithin, arachis oil or sesame oil. Alternatively, the solution
can be lyophilised and then reconstituted With a suitable
solvent just prior to administration.

Compositions for nasal administration may conveniently
be formulated as aecosols, drops, gels and powders. Aerosol
formulations typically comprise a solution or fine suspen-
sion of the active substance in 2 physiologically acceptable
aqueous or nonaqueous solvent and are usually presented in
single or multidose quantitics in sterile form in a sealed
container, which can take the form of a cartridge or refill for
use with an atomising device. Alternatively the sealed con-
tainer may be a unitary dispensing device such as a single
dose nasal inhaler or an aerosol dispenser fited with a
metering valve which is intended for disposal once the
contents of the container have been exhausted. Where the
dosage form comprises an acrosal dispenser, it will contain
a propellant which can be a compressed gas such as com-
pressed air of an organic propellant such as a fiuorochloro-
hydrocarbon. The aerosol dosage forms can also take the
form of a pump-atomiscr.

Compoasitions suitable for buccal or sublingual adminis-
tration include tablets, lozenges and pastilles, wherein the
active ingredicnt is formulated with a carricr such as sugar
and acacia, tragacanth, or gelatin and glyccnn.
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Compositions for rcctal administration arc conveniently
in the form of supposilorics containing a conventional
suppository basc such as cocoa butter.

Compositions svitable for transdermal administration
include ointments, gcls and patches.

Preferably thc composition is in unit dosc form such as a
tablet, capsulc or ampoule,

Each dosage unit for oral administration contains prefer-
ably from 1 to 250 mg (and for parenteral. administration
contains preferably from 0.1 10 25 mg) of a compound of the
formula (1) or a physiologically acceptable salt thereof
calculated as the free base.

The physiologically acceptable compounds of the inven-
tion will normally be administered in a daily dosage regimen
(for an adult patient) of, for example, an oral dose of
between 1 mg and 500 mg, preferably between 10 mg and
400 mg, e.g. between 10 and 250 mg or an intravenous,
subcutaneous, or intramuscular dose of between 0.1 mg and
100 mg, preferably between Q.1 mg and 50 mg, e.g. between
1 and 25 mg of the compound of the formula (I) or a
physiologically acceptsble salt thereof calculated as the free
base, the compound being administered 1 to 4 times per day.
Suitably the compounds will be administered for a period of
continuous therapy, for example for a week or more.

BIOLOGICAL TEST METHODS
5-HT,-like Receptor Screen

RABBIT BASILAR ARTERY

Experiments were performed in intracranial arteries from
rabbit isolated basilar anery in a similar method to that
described previously (Parsons and Whalley, 1989. Eur J
Pharmacol 174, 189-196.).

In brief, rabbits were killed by overdose with anaesthetic
(sodium pentobarbitone). The whole brain was quickly
removed and immersed in ice cold modified Kreb's solution
and the basilar artery removed with the aid of a dissecting
microscope. The Krebs solution was of the following com-
position (mM) Na* (120); K* (5); Ca*" (2.25); Mg?* (0.5);
Cl™ (98.5); SO¢~ (1); EDTA (0.04), equilibrated with 95%
0./5% CO,. The endothelium was removed by a gentle
rubbing of the lumen with a fine metal wire. Artesies were
then cut into ring segmeats (ca 4-5 mm wide) and set up for
recording of isometric tension in 50 ml tissue baths in
modified Krebs solution with the additional supplement of
(mM); Na** (20); fumarate (10); pyruvate (5); L-glutamate
(5) and glucose (10). The arteries were then placed under a
resting force of 3-4 mN maintained at 37° C. and the
solution bubbled with 95% O,/5% CO,.

After tests for initial reactivity with 90 mM KClI depola-
rising solution and for lack of acetylcholine-induced relax-
ation of 5-HT (10 mM) precontraction, cumulative concen-
tration-effect curves (2 nM-60 mM) to 5-HT were
constructed in the presence of ascorbate 200 mM, cocaine 6
mM, indomethacin 2.8 mM, ketanserin | mM and prazosin

1 mM.

Following a 45'60 rain wash period, cumulative concen-
tration-cffect curves to the test compounds or S-HT (as a
time match control) were constructed in the presence of
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ascorbate, indorhethacin, cocaine, ketanserin and prazosin. .

Test Compounds:
R-(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahy-
drocarbazolc; (compound A)
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§-(-)-6-carboxamido-3-N-mecthylamino-1,2,3,4-tetrahy-
drocarbazole; (compound B)
R-(+)-6-carboxamido-3-N-ethylamino-1 2.3 4-tetrahy-
drocarbazole; (compound C)
S-(~)-6-carboxamido-3-N-ethylamino-1,2,3,4-1ctrahy-
drocarbazole. (compound D)

Resutts ECy
Coenpouad A 0.03 uM
Compound 8 >2 M
Campound C 0.16 uM
Compound D

21 pM

Pharmaceutical Formulations

The following represent typical pharmaceutical formuls-
ticns according to the present invention, which may be
prepared using standard methods.

IV Infosicn
c«:monma) 140mg
wslia?
Solvuﬂwmpknn;ggem o100 md
Bolus lajection ’
Compound of formuls () 140 mg
.Buffer topHer?
Co-Solvent toS mi

Buffer: Suitsble buffers include titrate, phosphaxc. sodium
hydroxide/hydrochloric acid.

Solvent: Typically water but may also include cyclodextrins
(1-100 mg) and co-solvents such as propylene glycol,

polyethylene glycol and alcohal.
Tablet
Compound 1-40 mg
DilueavFiller* 50-250 mg
Binder 5V mg
Discotegram® 5-50 og
Lubricant 1-5 mg
Cyclodexnin 1-100 mg
*may also include cyclodextrins

Diluent: e.g. Microcrystalline cellulose, lactose, starch
Binder: e.g. Polyvinylpyrrolidone, hydroxypropymethylcel-
lulose

Disintegrant: e.g. Sodium starch glycolate, crospovidone
Lubricant e.g Magoesium stearate, sodium stearyl fuma-
rate.

Oral Suspeasion

Compound 140 mg
Suspendiog Agent 0.1-10 mg
Diluent 20-60 mg
Preservative 001-10mg
Buler to pH e 5-3
Co-solvent 040 mg
Flavour 0.01-10 mg
Colosrant 0.001-0.1 mg

Suspending agent: e.g. Xanthan gum, microcrystalline cel-
“lulose

Diluent: e.g. sorbitol solution, typically wmr
Prescrvative: e.g. sodium benzoate

Buffer: e.g. citrate

Co-solvent: e.g. alcohol, propylcne glycol, polycthylence
glycol, cyclodcxtrin
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Preparation 1

(4)-3-Amino-6-carboxamido- 1,2,3,44etrahydrocar-
bazole

. 4-Carboxamidophenylhydrazine hydrochloride (2.87 g)
and 4-phthalimidocyclohexanone (3.00 g) were mixed in
acetic acid and the mixturc was heated under reflux for 2 hr.
After cooling, the mixture was neutrilized using aq. potas-
sium carbonate solution, and the yellow solid thus obtained
was filteced, washed with water, and dried. Purification by
column chromatography (SiO,; CHCI,ACH,OH) gave 6-car-
boxamido-3-phthalimido-1,2,3,4-tetrahydrocarbazole (2.8
8-

The above product (1.0 g) was suspended in ethanol (10
m!) and hydrazine hydrate (5 ml) was added. A clear solution
was obtained, and the mixture was left to stir overnight, to
yicld a precipitate. The whole mixture was evaporated to
dryness, washed with aq. K;OO, solution, and watet, to
leave the title compound 3-amino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole - (0.44 g), as the mounohydrate, mp.
146°-148° C.

'H NMR {250 MHz, DMSO-d4]5 1.49-1.77 (1H,m),

1.83-2.03 (1H,m), 2.17-2.40 (1H,m), 2.62-2.80 (2H,
m), 2.90 (1H.dd), 1 signal obscured by H,O at ca. 3.1,
7.03 (1H,brd.s), 7.18 (1H.d), 7.58 (1H.d), 7.83 (1H,
brd.s), 7.98 (1H,s).

Preparation 2

(+)- and (-)-
3-Amino-6-carboxamido-1,2,3,.4-tetrahydrocarbazole
hydrochloride

Method 1

(£)-3-t-Butyloxycarbonylamino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole was scparated into its enantiomers
using chiral HPLC: (chiralcel OD 4.6 mm column, eluting
with hexane/ethanol 85:15). The (+)-enantiomer was col-
lected first and had mp=150°-~152° C. and [a),”=+70.1 (in
methanol, 041% w/v). The (-)cnantiomer had
mp=150°~152° C. and {a],*’=~79.4 (in methancl, 0.40%
wiv). The (+)-enantiomer was conveaed to the parent amine
hydrochloride by treating with HCl gas. in dioxane, to

- fumnish the (+)-cnantiomer of 3-amino-6-carboxamido-1,2,
3,4-tetrahydrocarbazole hydrochloride, mp=248°-251° C.,
{a)p**=+26.2 (in methanol, 0.50% w/v). The (-)-enanti-
omer of 3-t-butyloxycarbonylamino-6-carboxarnido-1,2.3,
4-tetrahydrocarbazole was similarly coavened into the (')-
enantiomer of 3-amino-6-carboxamido-1,2,3,4-
teunhydmrbazole hydrochloride, mp=248°-251° C,
[a]p2=-28.6 (in methanol, 0.50% wiv).

Method 2

(£)-3-amino-6-carboxamido-1,2,3, 4-wmhydmcarbam)c
was treated with one equivalent of 2,3:4,6-di-O-isopropy-
lidene-2-keto-L-gulonic acid in methanol to give the sall of
the (+)-cnantiomer, in 38% yield (with respect to racemate)
and 84% cnantiomeric excess (ec). This material was recrys-
tallized twice from methano! to give the salt of the (+)-
cnantiomer in 25% overall yield (with respect to racemate),
and >98% ec. This product was convencd to the hydrochlo-
ride salt first by treatment with aqueous alkali, and the
precipitated free base treated with 2 M aq. HCI in ethanol,
10 give (+)-3-amino-6-carboxamido-1,2.3,4-tctrahydrocar-

‘barole hydroclilonde.
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Preparation 3

(1)-6-Carboxamido-3-N-methylamino-1,2,3 ,4-tet-
rahydrocarbazole hydrochloride

4-Cyanopheny! hydrazine hydrochloride (20.2 g) and
4-benzoyloxycyclohexanone (25.9 g) were dissolved in gla-
cial acetic (400 ml) and the mixture was heated under reflux
for 1.5 hr. Afier allowing to cool, the mixture was filtered,
and the flitrate was evaporated to dryness, and oeutralized
with aqueous sodium bicarbonate solution to give a solid
precipitate, which was purified by chromatography (SiOy;
hexane/ethy] acetate) to give 3-benzoyloxy-6-cyano-1,2.3,
4-tetrahydrocarbazole (18 g). This product (11.6 g) was
suspended in ethanol (230 ml) and treated with 2.5% aque-
ous potassium hydroxide solution (120 ml), and heated
under reflax for 1 he. The cooled mixture was neutralized
with glacial acetic acid and evaporated to a solid residue,
which was washed with water, and dried to give 3-hydroxy-
6-cyano-1,2,3 4-tetrahydrocarbazole (6.6

'Iheabovepodu:t(lS?g)wudmolvadmdrypyndme
(35 ml) and treated with tosyl chloride (3.51 g) in dry
pyridine (35 ml), and the mixture was stirred at 100° C. for
2 hr. After cooling, the solution was pouredinto water (500
ml), extracted with ethyl acetate, and the latter extract was
washed with 2 M HC, dried (MgSO,) and evaporated to
dryness. Purification by chromatography (SiO,; hexane/
ethyl acetate) gave 3-tosyloxy-6—cymo-l.2.3 4-tetrahydro-
carbazole (0.53 g). '

This product (0.40 g) was dissolved in 33% methylamine
in alcohol (25 ml) and heated at 100° C. in a scaled steel
vessel for 1.5 hr. After cooling, the mixture was evaporated
to dryness and purified by chromatography (SiO,; chloro-
form/methano!) to give 3-methylamino-6-cyano- 1.2,3,4-
tetrahydrocarbazole (0.13 g).

The above product (0.12 g) was dissolved in THF (10 ml)
and reacted with di-ten-butyl dicarbonate (0.36 g) in THF (3
mi) at room temperature overnight. The reaction mixture
was evaporated to dryness, partitioned between 2 M sodium
bicarbonate solution and ethyl acetate, and the organic
extract dried and evaporated to give a white solid. This was
triturated with ether/hexane to give 3-t-butyloxycarbonylm-
cthylamino-6-cyano- 1,2,3,4-tetrahydrocarbazole (0.14 g).

This product (0.14 g) was dissolved in methanol (15 ml)
and treated with a mixture of 20% aqueous godium hydrox-
ide (0.20 ml) and 30% hydrogen peroxide (0.20 ml), and the
whole mixture was stirred at room temperature overnight.
Sodium metabisulphite (38 mg) was added, and the solution

was evaporated to- dryness, and chmmatographed (SiO;:
chloroform/10% NH,OH in mcthanol) to give 3-methy-
lamino-6-carboxamido-1,2,3,4-tetrahydrocarbazole (0.12 g)
. The above compound (0.11 g) was dissolved in methanol
(10 ml), and treated with 3 M hydrochlodc acid at room
temperature. The mixture was evaporated to dryness,
azeotroping with ethanol to give a solid, which was recrys-
tallized from methanol/ether to give the title compound, mp
327°-328° C. (80 mg). _

'H NMR (250 MHz, McOH-d*] d 1.98-2.20 (1H, m),
2.29-2.49 (1H, m), 2.75-2.90 (5H, s+m), 2.90-3.09
(2H, m), 3.52-3.69 (1H, m), 7.31 (1H, d), 7.63 (1H, d),
8.05 (1H, s).

Preparation 4 - -

(+)-6-Carboxamido-3-N-ethylamino-
1,2,3.4-tctrahydrocarbazole oxalate

1,4-Cyclohexancdionec mono-2',2'-dimethyl trimethylene
ketal (2.00 g) was mixed with anhydrous cthylamine (100
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g) and benzenc (10 ml), and the mixture was cooled to 5° C.
A solution of litanium tetrachloride (0.95 g) in benzene (10
ml) was added, dropwise, then the mixturc was stirred at
room temperature for | hr. The mixture was fillered, and
cvaporated to dryness 10 give an oil, which was dissolved in
cthanol (30 ml). To this solution was added palladium-on-
carbon catalyst (100 mg), and the mixture was hydrogenated
at 50 psi pressure overnight. The catalyst was filtered off and
the cthanol evaporated to lcave 4-ethylamino-cyclohex-
anone 2'.2'-dimethyl trimethyleae ketal as an oil (2.0 g).
This compound (0.80 g) was dissolved in formic acid (20
ml) and the solution was heated to 90° C. for |1 hr. Formic
acid was evaporated, and the residuc was partitioned
betwcen chloroform and 1 M hydrochloric acid. The aque-
ous layer was evaporated to dryness to give 4-ethylaminocy-
clohexanoae (0.40 g).
. A mixture of the above product (0.40 g) and 4-carboxa-
midopheayl hydrazine hydrochloride (0.60 g) in glacial
ecetic acid (20 ml) was heated under reflux for | he The acid
was evaporated in vacuo to an oil, which was purified by
chromatography (Si0,; CHC1,/10% NH, in MeOH) to give
an oil (0.50 g). Pan. of this product (150 mg) was dissolved
" in methanol and treated with oxalic acid. The solution was
treated with ether to give the title compound as a crystalline
solid, mp 165°-170° C. (100 mg).

'H NMR (250 MHz, DMS0-44]5 1.25 (3H, 1), 1.81-2.05
(IH, m), 2.20-238 (1H, m), 261-2.79 (1H, m),
2.79-2.94 (2H, m), 2.98-3.28 (3H, dd+s), 3.41-3.60
(1H, m), 7.08 (1H, brd. s), 7.28 (1H, d), 7.60 (1H, d),
7.82 (1H, brd. 5), 8.00 (1H, 5). 11.12 (1H, s).

Preparation 5

(+)-6-Carboxamido-3-N-methyfamino-1,2,3 4-tet-
rahydrocarbazole

. A solution of (+)-6-carboxamido-3-N-methylamino-1,2,
3,4-tetrahydrocarbazole hydrochloride salt (6.0 g) in water
(60 ml) at 68° C. was basified to pH 10.5 with S M aqueous
sodium hydroxide. The resultant mixture was extracted with
butan-1-of (30 ml, 15 ml). These extracts were combined
and evaporated to give the title compound as a dark oil (6.96
g) containing ca. 46% w/w butan-1-ol.

'H NMR([400 MHz, d°>-DMSO0)3 1.40-2.00 (1H,br), 1.62
(1H,m), 2.06 (1H,m), 233 (1H,m) 2.39 (3H,s), 2.77
(3H,m), 2.97 (1H.4d), 7.02 (1H.s), 7.24 (1H,d), 7.59
(1H.dd), 7.80 (1H,3), 7.99 (1H.,d), 10.93 (1H,s+peaks
due to butan-1-ol.

Preparation 6

4-Methylaminocyciohexanone
(2',2'-dimethyltrimethylene) ketal hydrochloride

1.4-Cyclohexanedione  (mono-2',2'-dimethyltrimethyl-
cne) ketal (SO g) was dissolved in dry toluene (500 ml) in a
flask fitted with a dry ice trap and flushed with nitrogen with
stirring. Methylamine (47.0 g) was then added dropwise to
the reaction mixture, at 20° C. slowly to allow dissolution in
the toluene. Molecular sicves (32.0 g) were then added and
the reaction mixture stirred at 20° C. under an air lock. The
reaction was complete after ca 4 h (>97%). The sieves were
then filtercd off and the clear amber flitrate evaporated to a
volume of 160 ml. The concentrated solution of iminoketal
was diluted with ethanol (340 ml) and degasscd with argon.
Palladium catalyst (palladium on charcoal, 3.55 g) was
added and the mixture hydrogenatced at atmospheric pressure

ki
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and 20° C. for 24 h. When hydrogen uptake was complete
the reaction mixture was filtered through Celite and the
Celite bed washed with a little ethanol (2x2Sml). The
solvent was then removed under reduced pressure (o give the
kctal amine as an amber oil. (49.12 g, 92%).

The ketal amine (80 g, 0.375 Mol) was dissolved in
isopropyl ether with stirring. A solution of HC! in isopropyl
cther (prepared by bubbling a known weight of gas into a
known volume of solvent) was added dropwise causing the
formation of an immediate white precipitate, which became
very thick as the addition was completed. The thick suspen-
sion was stirred for a further 30 minutes, filtered off, and the
product washed with a little fresh isopropyl ether and then
dried under vacuum to give the title compound as a white,
free Bowing powder (84.01 g).

'H NMR: {1270 MHz, CDQ,]5 9.51 (2H,bs), 3.48

(4H,4), 3.00 (1H,m), 273 (3H,), 232 (2H ), 2.15
(2H.d), 185, QH.dq), 1.41 (2H.), 0.96 (6H.s).

Preparation 7

(+)-6-Carboxamide-3-methylamino-1
drocarbazolehydrochlorid

4-Aminobenzamide (3.0 g) was dissolved in SN HQl (20
m)) cooled 10 ~5° to 0° C. with stirring and the mixture
further cooled to around -15° C. Sodium nitrite (1.98 g) in
water (4.4 ml) was added dropwise with stirring at such a
rate that the temperature was maintained at between ~10° to
-15° C. The mixture was then stirred at around -8° C. for
30 min. Ice cold water (40 ml) was then added followed by
solid sodium dithionite (7.7 g) in a single portion, the means
of cooling removed and the mixture stirred at around 15° C.
for 30 min. To the resulting yellow suspeasion was added
conc. HQ1 (30 ml) followed by 4-methylaminocyclohex-
anone (2,2-dimethyltrimethylene) ketal hydrochloride
(5.488 g) and the mixture heated to around 70° C., not
allowing the reaction temperature to rise above 75° C. After
ca. 2 h, the reaction mixture was cooled to 20° C. and the
dark solution then carefully ncutralised with caustic (aq.,
40%) to pH 10 maintaining the temperature between
15°-20° C., whereupon a thick precipitate formed to give the
tide compound. The reaction mixture was then lef to stir
overnight and the precipitate filtered off and dried (3.88 g,
63%). <7

'H nmr [250 MHz, d,DMS0)5=11.21 (1H,s), 8.06 (1H.3),

7.89 (1H,bs), 7.63 (1H,d), 7.28 (1H.4), 7.10 (1H,bs),
3.50-3.15 (2H.m), 2.95-2.70 (3H,m), 2.62 (3H,3), 2.33
(IH,m), 1.97 (1H,m).

A-tetrahy- -

Preparation 8

4-Methylaminocyclobexanoae
(2',2’-dimethyltrimethylene) ketal hydrochloride

1,4-Cyclohexanedionc  mono-2,2-dimethyltrimethylene
ketal (20.0 g, 0.101 mol) was dissolved in ethano! (200 ml)
containing methylamine (8.0 g, 0.258 mol). The resultant
solution was hydrogenated at 30 psi over 10% Pd/C catalyst
(2.0 g) for 4 hrs at room temperature. The reaction mixture
was filtered through a celite pad and the flitrate evaporated
under reduced pressure to give an oil (21.4 g).

The oil was dissolved in tetrahydrofuran{210 ml) and the
resultant solution cooled in an ice/water ‘bath while con-
c.HCI (10.5 ml) was added to the stirred solution in two
portions such that the temperature did not risc above 15° C.
and then filtered. The solid was washed with THF (50 ml)
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and air dried overnight (o give the title compound (22.80 g)-
mp 245.1° C. (E1OH).
'H nmr (250 MHz, 4,DMSO0)5 0.9 (s,6H), 1.3(q,2H), 1.45

(q.2H), 1.9 (brd,2H), 2.25 (brd,2H), 2.5 (5,3H), 3.0 (m,
1H), 3.5 (d.4H).

Example }

(+) and (—)oGCmbownidmj-N-muhylnnﬁw-l,ZJ.
4-tetrahydrocarbazole hydrochloride

(a) To a stirred solution of (1)-6-carboxamido-3-N-me-
thylamino-1,2,3,4-tetrabydrocarbazole hydrochloride (0.3
g) in propan-2-ol/saturated agucous potassium hydrogen
carbonate (20:1 21 ml), di-tert-butyl dicarbonate (0.425 g)
was added and stirring continued for 1 bour. The mixture
was diluted with ethyl acetate (50 ml) washed with water
(220ml), dried (MgSO,) and solvent removed at reduced
pressure to give (1) 3-N-tert-butoxycarbonyl-N-methy-
lamino-6-carboxamido-1,2,3,4-tetrahydrocasbazole  (0.36
g)-

'H NMR (d,-DMSO) § 1.47 (3.9H), 1.84-2.08 (m,2H),
2.71-2.94 (m,4H), 2.80 (s, 3H), 4.26 (m, 1H), 7.02
(br.s, 1H), 7.25 (d,1H), 7.57 (d, 1H), 7.76 (brs, 1H),
7.97 (s, 1H) and 10.96 (s, 1H).

(b) The (+) and the (-) enantiomers of (1)-3-N-tert-
butoxycarbonyl-N-methylamino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole (0.3 g) were separated by chiral HPLC:
(chiralpak AD 20 mm column, hexane:ethanol 9:1 eluant).

Treatmeat of the first eluting enantiomer (0.02 g) with 3N
aqueous hydrochloric acid/methanol 1:1 (4 ml) for16 hours,
filtration and removal of solvent gave, after recrystallisation
from methanol/dicthyl ether, the (+) enantiomer of the title
compound (0.009 g) m.p. 219°-225° C., [@),>*" “=+25.4
methanol 0.063% =),

Treatment of thc -.:cond eluting enantiomer (0.03 g) under
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similar conditions gave the (—) enantiomer of the tide -

compound (0.02 g), m.p. 219°-225° C. [a},> =233
{methanol 0.116% w/v).

Example 2

(+)-6-Carboxamido-3-N-methylamigo-1,2,3,4-tet-
rahydrocarbazole

(a) To a solution of (+)-6-carboxamido-3-N-methy-
lamino-1,2,3,4tetrahydrocarbazole (0.77 g) in dimethylfor-
mamide (70 ml), methylamine (0.62 g) and benzyl chloro-
formate (0.47 g) were added The solution was stimmed
ovemnight, further triethylamine (0.27 g) and benzyl chloro-
formate (0.26 g) added and the mixture stimred for 4 hours.
The reaction mixture was poured into water (500 mt), and
extracted with ethyl acetate (2x50 mi). The combined
extracts were dried (MgSO,) and solvent was removed at
reduced pressure. .The residue was recrystallised from
methanol/water to give (+)-3-N-benzyloxycarbonyl-6-car-
boxamido- 3-N-methylamino- 1,2,3,4-tetnnhydrocarbazole
(0.62 g) m.p. 103°-110° C.

(b) The (+) and (-) enantiomers of (+)-3-N-benzyloxy-
carbonyl-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahy-
drocarbazole were separated by chiral is HPLC (OD column,
cluant hexanc/ethanol 4:1).

The first cluting enantiomer (0.23 g) m.p. 105°-106° C..
(a)p?" €=+157.2. (cthanol, 0.39% wiv).

The sccond cluting cnantiomer (0.23g) m.p. 105°-106°
C.. [a),,?* “=-163.1 (cthanol, 0.23% w/v).

45

GS

14

(c) A solution of (+)-3-N-benzyloxycarbonyl-6-carboxa-
mido-3-N-methylamino-1,2,3,4-tetrahydrocarbazole  (0.23
g) in ethanol (20 mi)containing 10% palladium/charcoal
(0.23 g) was shaken under 3 hydrogen atmosphere (50 psi)
for 3 hours. Catalyst was removed by filtration and solvent
removed at reduced pressure to give the (+) enantiomer of
the title compound (free base) as a foam m.p. 98°-102° C.,,
(@)= S=461.2. : .

. Example 3

(+)-6-Carboxamido-3-N-methylamino- 1,2,3,4-tet-
rahydrocarbazole camphorsulphonate

“To a solution of (+)-6-carboxamido-3-N-methylamino-1,
2.3, 4-tetrahydrocarbazole (3 g) in methanol (20 ml), ‘a
solution of (1S)-(+)-10-camphorsulphonic acid (2.86 g) in
methanol was added. Solvent was removed at reduced
pressure and the residue recrystallised ten times to give the
(+) enantiomer of the title compound as the camphorsul-
phonate salt m.p. 177°-180° C. This was treated with 2
equivalents of methylamine and 10 equivalents of 2,3,4,6-
tetra-o-acetyl-bets-D-glucopyranosylisothjpcyanate in dim-
cthylformamide at room temperature for 30 mioutes. Ali-
quots of the reaction mixture were removed from the
mixture for HPLC analysis. Analytical HPLC of the 2,3.4,
6-tetra-O-acetyl-beta-D-glucopyranosylthiourca  derivative
(C18 Novapak, eluant methanol/S0 mMNaH,PO, pH 2.9)
gave the same retegtion time as the the same derivative
prepared from the (+) enantiomer of Example 1 and showed
the material was 99% ce.

Example 4

(+)-6-Carboxamido-3-N-methylamino-1,2,3,4-tet-
rahydrocarbazole succinate (1:1)

(a) Benzaldehyde (10.6 g) was added to a suspension of
(+)-3-amino-6-carboxamido-1,2,3,4-tetrahydrocarbazole
(12.35 g) in methanol (100 ml). The mixture was stirred for
1 hour, sodium cyanoborohydride (9.3 g) added over 1 hour
and the clear solutioa stirred for 24 hours. The solution was
cooled (ice bath) and formaldehyde (37% aqueous metha-
nolic, 9:1 solution, 5.5 mt) added. After 30 minutes stirring
at room temperature water (100 ml) was added, stirring
continued for 30 minutes followed by -extraction with
dichloromethane (3x150 ml). The combined organic
extracts were washed with water (2200 ml), dried
(Na,SO,), filtered and solvent removed at reduced pressure,
The residue was column chromatographed (silica gel,
dichloromethane-10% ethanol/dichloromethane) to give
3-N-benzyl-6-carboxamido-3-N-methylamino-  1,2,3,4tet-
rahydrocarbazole (9.4 g) as a foam. The succinate salt (1:1)
was recrystallised from methanol m.p. 175°-182° C.

'H NMR (ds-DMSO0)5 1.81-1.96(m, 1H), 2.09-2.21 (m,
1H), 2.29 (3,3H), 2.44 (s,4H), 2.66-3.11 (m,5H), 3.76
(q,2H), 7.05 (br. s1H), 7.22-7.43 (m,6H), 7.59 (d, 1H),
7.79 (br. 3,1H), 8.03 (s, 1H), and 10.94 (s, 1H).

(b) To a solution of 3-N-benzyl-6-carboxamido-3-N-me-
thylamino-1,2,3,4-tetrahydrocarbazole (1.0 g) in ethanol
(100 ml) containing succinic acid (0.39 g), Pearimans cata-
lyst (1.0 g) was added and the mixture shaken under an
atmosphere of hydrogen at 45 psi and 50° Cfor 2 hours. The
mixture was filtered (celite pad) and the pad washed thor-
oughly with ethanol. The combined flitratc and washings
were evaporated to dryncss, co-cvaporated with cthanol
(3x100 ml) and recrystallised from mcthanol to give the title
compound {(1:1) succinatc salt]. m.p. 148°-155° C.

49



5,618,947

15
'11 NMR (d,-DMSO0)5 1.84(m, 1H), 2.15-2.34 (m, 1H),
2.28 (s.411), 2.57 (m, 1H), 2.61 (s.311), 2.83 (m.2H),
3.13 (dd, 1H), 3.29 (m, 1H), 7.08 (br s, {H), 7.26 (4,

1H), 7.60 (dd, 1H), 7.82 (br s,1H), 8.01 (d,1H) and
11.08 (s, 1H).

Example §

(+)-6-Carboxamido-3-N-methylamino-1,2,3,4-tet-
rahydrocarbazole

(a) To a solution of (+)-3-amino-6-carboxamido-1,23,4-
tctrahydrocarbazolke (5 g) in pyridine (150 ml), dicyclohexy-
Icarbodiimide (4.13 g) was added followed by carbon dis-
ulphide (1.67 g). The solutioa was stirred for 1 hour, solvent
removed at reduced pressure and the residue co-evaporated
with toluene (3x100 ml). The residue was recrystallised
from methanol to give 6-carboxamido-3-isothiocyanato-1,
2.3.4-tetrahydrocarbazole (5.06 g) m.p.245°-248° C.

(b) A solution of 6-carboxamido-3-isothiocyanato-1,2,3,
4-tetrahydrocarbazole (0.25 g) in ethano} (40 ml) was treated
with sodium borobydride (0.17 g) in one portion and stirred
for 18 hours. Acetone (5 ml) was added the mixture stirred
for a further I hour and solvent removed at reduced pressure.
The residue was column chromatographed (basic alumina,
5% mecthanol/dichloromethane eluant) to give the tile com-

. pound (0.11 g) having the same physico chemical charac-
teristics as the product of Example 2.

Example 6

(+)- and (-)-6-Carboxamido-3-N-ethylamino-1,2,3,
4-tetrahydrocarbazole hydrochloride

(a) From ()-6-carboxamido-3-N-cthylamino-1,2,3,4-tet-
rahydrocarbazole (0.26 g). (£)-3-N-test butoxycarbony]-N-
ethylamino-6-carboxamido-1,2,3,4-tetrahydrocarbazole
(0.27 ) isolated as an oil was prepared according to the
procedure of Example 1.

. 'H NMR (d-DMSO}) § 1.1 (t.3H), 1.23 (s.9H), 1.92 (m,

" 1H), 209 (m, 1H), 2.78-292 (m.4H), 3.21-3.62

(m,2H), 4.21 (m, 1H), 7.04 (brs, 1H), 7.24 (d, 1H),
7.58 (d, 1H), 7.76 (br.s, 1H), 7.99 (s, 1H) and 10.99 (s,
1H).

(b) From (£)-3-N-tert butoxycarboay!-3-N-cthylamino-1,
2,3,4-tetrahydrocarbazole (0.25 g), the (+)- and the (-)-
enantiomers of 3-N-tert butoxycarbonyl-3-N-ethylamino-1,
2,3,4-tetrahydrocarbazole were prepared by chiral HPLC
(chiralcel OD 4.67 mm, eluant hexane/ethanol 92/8).

Treatment of the enantiomer eluting first, (0.06 g) [a]o”'
c=+108.2 (cthanol 0.9% w/v) with hydrochloric acid/
methanol according 1o the method of Example 1 gave
(+)-6-carboxamido-N-cthylamino-1,2,3,4-tetrahydrocarba-
zole hydrochloride (0.04 g) m.p. 211°-221° C. (a)p*™
c=+37.2 (methanol, 0.12% w/v).

Treatment of the second cluting enantiomer (30 mg)
{a]°" ©=-103.5 (cthanol, 0.19% w/v) with hydrochloric
acid/methanot according to the method of Example | gave
(~)-6-carboxamido-3-N-ethylamino-1,2,3.4-tetrahydrocar-
bazole hydrochloride (0.05 g) m.p. 211°-221° C. after
recrystallisation from methanoVdiethyl ether @), “=-
. 33.6 (methanol, 0.11% w/v).

Example 7

(+)-6-Carboxamido-3-N-cthylamino-1,2,3,4-tctrahy-
.drocarbazole succinate (1:1)

(a) From (+)-3-amino-6-carboxamido- 1,2,3.4-tetrahydro-

carbazole (1.15 g), (+)-3-N-benzyl-N-cthylamino-6-car-
boxamido-1.2,3 4-tctrahydrocarbazole  (1.26 g) was
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obtained according 1o the procedure of Examplc 4 replacing
formaldehyde with acctaldehydc (0.44 g). The succinate salt
(1:1) was prepared by addition of succinic acid (0.4 g) to the
free base (1.08 g) and recrystallisation from propan-2-ol
m.p. 130°-140° C.

'H NMR (ds-DMSO) 5 1.05 (1,31), 1.85 (m, 1H), 2.10
(m, 1H), 2.40 (s,4H), 2.58-2.91 (m.5H), 3.06 (m, 1H),
3.77 (q,2H), 7.03 (br.s, 1H), 7.17-7.47 (m,SH), 7.58 (d,
1H), 7.78 (br:s, 1H), 8.00.(s, 1H), 10.90 (s, 1H) and
12.28 (br. s2H).

(b) Recrystallisation of (+)-3-N-benzyl-N-ethylamino-6-
carboxamido-1,2,3.4-tetrahydrocarbazole succinate (1.36
g), from metbanol, according 1o the procedure of Example 4
gave the title compound (1.04 g) m.p. 165°-167° C. .

'H NMR (dg-DMSO) 5 1.19 (1,3H), 1.86 (m, 1H), 2.23
(m,1H), 230 (s.4H), 262 (miH), 2.85 (m,21Y), 3.02
(q.2H). 3.14 (m, 1H), 3.38 (m, 1H), 7.08 (brs, 1H),
7.26 (d, 1H), 7.59(d, 1H), 7.80 (brs. 1H), 8.00 (s,1H)
and 11.08 (s, 1H).

Example 8

(+)-6-Carboxamido-3-N-methylaming-1,2,3 4-tet-
rahydrocarbazole L (+)-tanrate salt (1:1)

To a hot solution of (+)-6-carboxamido-3-N-methy-
lamino-1,2 3 ,4-tetrahydrocarbazole (0.25 g) in methanoV
water (11:1, 24 ml) L (+)-tanaric acid (0.15 g) was added
and the solution allowed 1o stand for 3 hours. The crystalline
title compound (0.30 g) was isolated by filtration. m.p.
195°-197° C.

'H NMR (ds-DMSO) & 1.92 (m, 1H), 2.25 (m, 1H), 267

(s,3H), 2.68 (m, 1H), 2.84 (m.2H), 3.17 (dd, 1H), 3.43
(m, 1H), 3.87 (s.2H), 7.07 (br.s, 1H), 7.27 (d, 1H), 7.61
(d, 1H), 7.82 (br.s.,1H). 8.01 (s,1H) and 11.1 (s, 1H).

Example 9

{+)-6-Carboxamido-3-N-methylamino-1,2,3,4-tet-
rahydrocarbazole D (-)-tartrate salt (1:1)

To a hot solution of (+)-6-carboxamido-3-N-methy-
lamino-1,2,3,4-tetrahydrocarbazole (025 g) in methanol (9
ml) D (-)tartaric acid (0.15 g) was added and the solution
allowed to stand for 3 hours. The crystalline title compound
(0.32 g) was isolated by filtration m.p. softens above 147° C.

'H NMR (d,-DMSO) 5 192 (m, 1H), 225 (m,1H), 2.67
(s,3H), 2.68 (m, 1H), 2.84 (m,2H), 3.17 (d4, 1H), 3.43
(m, 1H), 3.87 (s,2H), 7.07(br.s, 1H), 7.27 (d, 1H),
7.61(d, 1H), 7.82 (br.s. 1H), 8.02 (s, 1H) and 11.09 (s,
1H).

Example 10

(+)-6-Carboxamido-3-N-methylamino-1,2,3,4-te1-
rahydrocarbazole hemisuccinate (2:1)

To a hot- solution of (+)-6-carboxamido-3-N-methy-
lamino-1,2.3,4-tetrahydrocarbazole (0.30 g) in propan-2-ot
was added succinic acid (0.07 g) and the solution allowed 10
stand for 3 hours. The title compound (0.21 g) was isolated
by filtration. m.p. 220°-235° C.

'H NMR (d-DMSO) 8 1.77 (m, 1H), 2.34 (m,1H), 2.26

(s.2H), 2.54 (s.3H), 2.55 (m, H), 2.79 (m,2H), 3.10
(dd, 1H), 3.43 (m, 1H). 7.06 (bc.s, 1H), 7.25 (d. 1H),
7.59(d, \H), 7.82 (br.s.111), 7.99 (s.1H) and §11.0} (s.
1H).
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Examplc 11

(+)-6-Carboxamido-3-N-methylamino-1,2,3 4-tet-
rahydrocarbazole methanesulphonate

To a hot solution of (+)-6-carboxamido-3-N-methy-

" lamino-1,2,3,4-tetrahydrocarbazole (0.30 g) in propan-2-oV/

cthy! acetate methancsulphonic acid (0.12 g) was added and

the solution allowed to stand for 3 bours. The title compound
(0.33 g) was isolated as a gum.

'H NMR (dg-DMSO) § 1.93 (m, JH), 2.25 (m, 1H), 2.35
{s,3H), 2.70 (m,4H), 2.86 (m,2H), 3.10 (dd, 1H), 3.50
(m, 1H), 7.1 I(br.s, 1H), 7.27(d, 1H), 7.61 (d, 1H), 7.82

(brs, 1H), 8.02 (s, 1H), 8.65 (br.s,2H) and 11.12 (s,
1H).

.Example 12

(+)-6-Carboxamido-3-N-methylamino-1,2,3,4-tet-
rahydrocarbazole hydrobromide

Hydrogen bromide gas was passed through a solution of
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-
carbazole (0.30 g) in ethanol(50 mi) for 15 seconds. After 30
minutes the title compound (0.03 g) m.p. 205°-208° C. was
separated by filtration and washed with ethanol

'H NMR (d,-DMSO) & 1.94 (m, 1H), 2.25 (m, 1H), 2.26

(s,2H), 2.70 (m,4H), 2.85 (m,2H), 3.17 (44, 1H), 7.10
(br.s, 1H), 7.27 (d, 1H), 7.61(d, 1H), 7.82 (brs,1H),
8.02 (s, 1H) 8.67 (br.s,2H) and 11.01 (s, 1H).

Example 13

a)  (+)-6-Carboxamido-3-N-methylamino-1,2,3,4-tetrahy-
drocarbazole-R-2-pyrrolidone-S-carboxylic acid salt

To a solution of (+)-6-carboxamido-3-N-methylamino-1,
2,3,4-tetrahydrocarbazole (6.96 g containing ca. 46% wiw
butan-1-ol, prepared as in Preparation 5) in ethanol (50 ml),
stirred at ambient temperature, was added a solution of
R-2-pyrrolidone-5-carboxylic acid (1.00 g, e.e. >99%) in hot
ethanol (33 ml). The resultant mixture was stirred at. ambient
temperature for 40 h. The crystalline product was filtered off
under nitrogen, washed with a smal! volume of ethanol, then
dried in vacuo at 60° C. (Yield =2.63 g).

This product was dissolved in water (2.6 ml), and the
solution was then diluted with ethanol (130 ml) and stirred
at ambient temperature for 40 h. The arystalline product was
filtered off, washed and dried as before. (Yield=1.72 g).

This product was recrystallised from ethanol (90 mly
water (1.8 ml) as described above to give the title compound
(1.44 g; c.e.=>99%).

'H NMR (250 MHz, d,-DMSO] & 1.90 (2H.m), 2.06
(2H,m), 2.19 (2H,m), 2.57 (3H,s), 262 (1H,m), 2.82
(2H,m), 3.15 (2H,m), 3.80 (1H,dd), 7.07 (1H,s), 7.26
(1H.d), 7.59 (lH,s), 7.62 (1H,s), 7.84 (1H.s), 8.00
(1H.s), 11.10 (1H,s)+peaks due to ethanol.

b) (+)-6-Carboxamido-3-N-methylamino-1,2,3,4-tetrahy-
drocarbazole succinate salt, monohydrate

A solution of (+)-6-carboxamido-3-N-methylamino-1.2,

3,4-tctrahydrocarbazole R-2-pymrolidone-S-carboxylic acid
salt (1.34 g) in water (5.4 ml) was basified to pH 13.2 with
5 M aqueous sodium hydroxide. The resultant mixture was
cxtracted with butan-1-ol (5.4 ml). This extract was evapo-
rated 10 give (+)-6-carboxamido-3-N-methylamino-1,2,3.4-
tetrahydrocarbazole as an oil/solid (735 mg) containing ca.
2% w/w butan-t-ol.
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A portion of this product (232 mg) was dissolved in
cthanol (1.45 ml). This solution was filtered, and added
dropwise to a stirred solution of succinic acid (110 mg) in
cthanol (1.45 miywater (0.48 ml). The mixture was seeded
before the addition was complete. Stirring was continued for
30 min at ambient temperature, then 30 min at 0° C. The
crystalline- product was filtered off, washed with a small
volume of ethanol, then dried in vacuo at 60° C. Yield=233
mg.

'H NMR (250 MHz, d-DMSO] § 1.87 (1H.m), 2.25
(1H,m), 2.29 (4H,s), 2.62 (3H,s), 2.65 (1H,m), 2.83
(2H,m), 3.15 (1H,dd), 3.34 (1H,m), 7.09 (1H.s), 7.27
(1H.d), 7.61 (1H,dd), 7.84 (1H,s), 8.02 (1H,), 11.10
(1H.s).

- We claim: :

1. A process for preparing (+)-6-carboxamido-3-methy-
lamino-1,2.3.4-tetrahydrocarbazole or a salt, solvate or
hydrate thereof which comprises:

(a) Scparation of an enantiomeric mixture of (t)-6-car-
boxamido-3-methylamino-1,2,3,4-tetrahydrocarbazole
of a defivative thereof by chromatography, wherein
.said enantiomeric mixture is prepared by reaction of
4-carboxamido-phenylhydrazine, orualtthueof with
2 ketal of forroula (I):

NR'R? Formala (1)

(o] (o]
\ A /
wherein R is methyl, R? is hydrogen or an N-protect-
- ing group and A is an alkylene moiety, said compound

of formula (II) being prepared from a protected 1,4-
cyclohexane-dione of formula (III):

o
|

Formula (TIN)

o o
W -
by reaction with an appropriate alkylamine compound.

2. A process according to claim 1 wherein the reaction
between a compound of formula (IT) and an alkylamine is
effected in the presence of suitable molecular sieves to give
the corresponding iminoketal desivative which is thea con-
verted to an alkylamino compound of formula () by
catalytic hydrogenation.

3. A process according to claim 2 wherein reaction of a
compound of formula (1T) wnh an alkylamine is effected in
a hydrocarbon solvent.

4. A process according to claim 3 wherein ethanol is
added to the reaction mixture prior to catalytic hydrogena-
tion.

5. A process according to claim 1 wherein reaction
between a compound of formula (1) and an alkylamine is
cffected in ethanol and the mixture hydrogenated directly to
give a8 compound of formula (I1), followed if necessary or
desired by removal of any N-protecting group, and conver-
sion of a salt into a (rcc base and/or salt formation.

« & € & e



United States Patent qs)

Borrett et al.

VR 0 O O

US005618948A
1) Patent Number: 5,618,948
{as) Date of Patent: Apr. 8, 1997

(54)

1751

PROCESS FOR PREPARING AN
ENANTIOMER OF A CARBAZOLE
DERIVATIVE

Inventors: Gary T. Borrett, Stansted; John
Kitteringham, Hentford; Roderick A.
Porter, Ashwell; Mark R. Shipton,
Bishop's Stortford; Mythily Vimal,
Edmontoa; Rodney C. Young, Oxford,
all of England

[73]) Assignee: SmithKline Beecham plc., England
{21) Appl. No.: 451,846
(22) Filed: May 26, 1995

Related U.S. Application Data
{63) Conﬁnn:ﬁon-id—m of PCT/EP93X03627, Dec. 16, 1993,
{51) Int. CL® CO7D 209788
(52} US.CL 548/448
(58] FKField of Sen.ry:h 548/448
[56) References Cited

U.S. PATENT DOCUMENTS

4257952 3/1981 MoOTadian wo—e.moorreoeer S48/448

FOREIGN PATENT DOCUMENTS

WO93/00086 1/1993 WIPO.

OTHER PUBLICATIONS

Hacksell et al., “Chirality in drug research and design”,
Trends in Biotechnology, vol. 11, pp. 73-74 (1993). ‘
Ariens, “Nonchiral homochiral and composite chiral drugs”,
Trends in Pharmacological Sciences, vol. 14, pp. 68-75
(1993). ’

Primary Examiner—Robest W. Ramsuer
Attomey, Agent, or Firm—Nora Stein-Fernandez; William T.
King; Edward T. Leatz

{571 . ABSTRACT
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PROCESS FOR PREPARING AN
ENANTIOMER OF A CARBAZOLE
DERIVATIVE

This is a continuation of PCT application Ser. No.
PCT/EP93/03627, filed Dec. 16, 1993, which claimed pri-
ority from GB 9226530.5, filed on Dec. 21, 1992,

The present invention relates to certain tetrahydrocarba-
zole derivatives, in particular their enantiomeric forms,
processes for preparing them, phanmaceutical compositions
conmmng(hemaMMusemthmpy in panticular the
treatment of migraine.

International Patent Application WO93/00086 describes
compounds of the formula:

Rt __NR®R?
Ty
N

and salts thereof for use in the treatment of conditions
wherein a 5-HT,-like agonist is indicated, in particular
migraine.

In the above compounds R! represents hydrogen, halogen

trifluoromethyl, nitro, hydmxy. C,sakyl, C, galkoxy,
arylC, 4alkoxy, R*, —{(CH,),,CN,
~—(CH,),CONR*R?, —(CH,),SO,R’R®,
C,salkanoylamino(CH,),, or

C, salkylsulphonylamino(CH,),; R* represents hydrogen,
C, ¢lkyl or arylC, qalkyl; R* and R® each independently
represent hydrogen, or C, alkyl, or R® and R® together with
the nitrogen atom to which they are attached form a ring: n
represents 0, 1 or 2; and R* and R® each independently
represent hydrogen, C, salkyl or benzyl or together with the
nitrogen atom to which they are attached form a pyrrolidino,
piperidino or hexahydroazepino ring. The carbon atom to
which the group NR?R? is attached (i.c. at position 3 of the
tetrahydrocarbazole ring) is an asymmetric carbon atorn and
hence the compounds exist as optically active enantiomers.

WQ93/00086 describes inter alia the preparation of the

abovc compounds wherein R is —C(O)NH,, one of R* and
3 is hydrogen and the other is methyl or ethyl, viz:
6-carboxaxmdo-3-N-mcthylnmno-l +2.3,4-tetrahydrocarba-
zole (as the hydrochloride salt) and
6-carboxamido-3-N-ethylamino-1,2,3,4-tetrahydrocarba-
zole (as the oxalate salt). Both compounds were obtained
only as mixtures of enantiomers.

We have now isolated the individual isomers of the above
compounds. Thus, io a first aspect the present invention
provides the (+) aod (-) enantiomers of a compound’ of
formula (I):

[
Il

HaNC NHR!
. N
H

wherein R® is methyl or ethyl, or a salt thereof.

In accordance with convention the (+) and (-) designa-
tions indicate the direction of rotation of plane-polarised
light by the compounds. The prefix (+) indicates that the
isomer is dextrorotatory (also designated d) and the prefix
(-) indicates the levorotatory isomer (also designated 1).
The R and S designations denote the absolute configuration
as dcicrmincd by X-ray crystallography.

Forraula ()

s

13
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The individual compounds of formula () provided by the
invention may be named as:

R-(+)-6-carboxamido-3- N-methylamino-1.2.3 14-tetraltydro-

- carbazole; (compound A)
S-(-)-6-carboxamido-3-N-methylamino-1,2,3 4-tetrahydro-

carbazole; (compound B)
R-(+)-6-carboxamido-3-N-ethylamino-1,2,3,4-tetrahydro-

carbazole; (compound C)
S{-)-6-carboxamido-3-N-ethylamino-1,2,3,4-tetrahydro-

carbazole. (compound D)

Salts, solvates and hydrates of the above named com-
pounds are also wnhm the scope of the preseat invention.

It will be that for use in medicine a physi-
ologically acceptable salt should be employed. Suitable
physiclogically acceptable salts will be apparent to those
skilled in the art and include for example acid addition salts
such as those formed with inorganic acids e.g. hydrochloric,
hydrobromic, sulphuric or phosphoric acids and organic
acids e.g. succinic, tartaric, malouic, citric, maleic, acetic,
fumaric or methanesulphonic acid. Other non-physiologi-
ally_ acceptable salts e.g. oxalates may be used for example
in the isolation of enantiomers of formula (I), and are
included within the scope of this invention. Also included
within the scope of the invention are solvates and hydrates
of enantiomers of formula (1) and their salts.

Acids which have more than one carboxyl group eg.
succinic, tartaric, malonic or citric acids may correspond-
ingly react with more than one molecule of an enaptiomer
(D, for example succinic acid may react with either one or
two molecules of (1) to form either a 1:1 salt (succinate) or
a 2:1 salt (hemi-succinate). All such salt forms are encom-
passed by the present invention; in gencral the 1:1 salt form
is prefemred.

Specific salts according to the present invention include:
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-

carbazole L (+)-tartrate salt (1:1),
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-

carbazole D (-)-tartrate sait (1:1),
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-

carbazole hemisuccinate (2:1),
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-

carbazole methanesulphonate,
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-

carbazole succinate (1:1),
(+)-6-carboxamido-3-N-methylamino-1,2,3 4—teuahydm-.

carbazole hydrochloride,
(+)-6-carboxamido-3-N-methylamino-1.2,3,4-tetrahydro-.

carbazole hydrobroruide,
(+)-6-carboxamido-3-N-ethylamino-1,2,3,4-tetrahydrocar-

bazole succinate (1:1),
(+)-6-carboxamido-3-N-ethylamino-1,2,3,4-tetrahydrocar-

bazole hydrochloride, and
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-

carbazole camphorsulphonate.

It will be appreciated that an enantiomer according to the
preseat invention for example a (+)- enantiomer, will be
substantially free from the comresponding (—) enantiomer,
and vice versa Preferably, a specific enantiomer of the
invention will contaia less than 10%, ¢.g. less than 5% and
advantagcously less than 1% e.g. less than 0.5% of its
oppotite enantiomer.

In vitro testing (rabbit basilar artery) indicates that for
both the methyl and cthyl derivatives of fognula (1) the (+)
cnantiomer is more active than the corresponding (-) enan-
tiomer. The above-named (+)-enantiomers are thercfore pre-
ferrcd compounds of the invention.

Enantiomers of formula (I) may be prepared by standard
mcthods, for cxample:
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(a) Scparation of an cnantiomeric mixturc of a compound
of formula (I) or a desivative thereof by chromatogra-
phy c.g. on 2 chiral HPLC columa.

(b) Scparation of diastercoisomers of a chiral derivative
(c.g. a chiral salt) of a compound of formula (I) e.g. by
crysiallisation, or by chromatography.

(c) Alkylation of a (+) or (~) enantiomer of 3-amino-6-
carboxamido-1,2,3,4-tctrahydrocarbazole or a salt
thercof, . B

followed if necessary or desired by converting a derivative

of compound (1) so obtained into a compound of formula (I)

itself or a different derivative thereof e.g by removal of any

N-prolecting group or facilitating group, conversion of a salt
- into the free base, and/or salt formation.

Scparation according to process (a) is generally facilitated
by first introducing a readily removable group into the
alkylamino moiety of the compound of formula (I). Suitable
removable facilitating groups include those commonly used
as N-protecting groups ¢.g. an alkoxycarbony] group such as
t-butyloxycarbonyl or an zralkoxycarbonyl group such as
benzyloxycarbonyl, which groups may be introduced by
reaction with for example a di-alkyl-dicarbonate such as
di-t-butyl-dicarbonate or a chloroformate such as benzyl-
chloroformate. The resulting enantiomeric mixture can be
applied to a chiral HPLC column and fractions containing
the individual isomers collected. A facilitating group may be
removed by standard methods such as acid hydrolysis or
catalytic hydrogenation.

A chiral derivative according to process (b) is a derivative
comtaining at least two chiral centres, such that an enantio-
meric mixture of a compound (1) is converted into a pair of
diastereoisomers. Such derivatives include chiral salis
wherein the anion contains a chiral centre and derivatives of
formula (I) in which the alkylamino moiety is substituted by
a group containing a chiral centre.

A chiral salt may be prepared for example by reaction of

" an enantiomeric mixture, such as a i:] raccmate, of a
compound (1) with an optically active acid such as (15)-(+
)-camphorsulphonic acid, d-tartaric acid, 1-malic acid,
I-mandelic acid, 1-gulonic acid, 2,3:4,6-di-O-isopropy-
lidene-2-keto-L-gulonic acid or
R-2-pyrrolidone-S-carboxylic acid (also known as D-pyro-
glutamic acid) to give two diasiereoisomeric salts which
may be separated e.g. by crystallisation. The free base form
of the desired enantiomer may be obtained by neutralisation
with a base such as sodium hydroxide or an ion exchange
resin. Preferred optically active acids for use in this process
include (1S)-(+)-camphorsulphonic acid and especially
R-2-pyrrolidone-S-carboxylic acid.

Alternatively, an optically active reageat such as R-a-
methylbenzyloxysuccinimidate may be reacted with an
enantiomeric mixtre of formula (1), to give a mixture of
diastereoisomers which can be separated by chromatogra-
phy, followed by hydrogenolysis to give the desired enan-
tiomer of formula (I). )

A chiral derivative may also be prepared by employing a
chiral auxiliary at an earlier stage in the synthesis as
described hereinafter. This may advantageously result in a
mixture enriched with one diastereoisomer of a compound
(I), and most preferably a single diastereoisomer, thus pro-
viding a sicreaselective synthesis of an enantiomer accord-
ing to the invention.

Alkylation of an cnantiomer of 3-amino-6-carboxamido-
1.2,3,4-tctrahydrocarbazole according to process (c) may be
carried out by standard methods well known in the ant. For
cxample alkylation may be achicved indirccuy by formation
of a group which can be reduced to the desired alkylamino
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function (reductive alkylation). Thus for cxample the
3-amino compound can be rcacted with an appropriate
aldchyde or ketone c.g. formaldchyde, acctaldehyde or
acetone, in the prescace of a suitable reducing agent such as
an alkali mclal borohydridc or cyanoborohydride c.g.
sodium cyanoborohydride. Alternatively formylation may
be effected using p-nitrophenol formate in aqucous tetrahy-
drofuran, using similar reducing conditions. Preferably, the
3-amino compound is first reacted with benzaldehyde, also
in the presence of a reducing agent such as a cyanoborohy-
dride, 10 form 3-N-benzylamino-6-carboxamido-1.2,3 4-tet-
rahydrocarbazole, prior to introduction of the methyl or
cthy] group. The benzy! group may subsequently be cleaved
by standard methods such as catalytic hydrogenation.

In a funther alkylation method, an N-methy] substituent
may be introduced by formation of a 3-isothiocyanato
derivative e.g. by reaction of the 3-amino compound with
carboa disulphide and dicyclohexylcarbodiimide; followed
by reduction for example with a borohydride.

It will be appreciated by those skilled in the art that other
standard means of alkylation may also be employed.

The starting cornpounds for use in the above processes
may be prepared by methods known in the an for the
preparation of tetrahydrocarbazoles, such as the methods
described in International Application W093/00086. Thus
for example an enantiomeric mixture of formula (T) may be
prepared by seductive alkylation of the corresponding
3-amino compound, as described for process (c) above.

An enantiomeric mixwre of formula (I) may also be
prepared by reaction of 4-carboxamido-phenylhydrazine, or
a salt thereof e.g. the hydrochloride, with 4-(methyl or
ethyl)-aminocyclohexanone. In a particular embodiment of
this method a protected derivative of the 4-alkylaminocy-
clohexanone is advantageously employed, e.g. a ketal of
formula (IT):

NR'R? Formula (1)

o o
\A /
wherein R* is as defined for formula (I), R? is hydrogen or
an N-protecting group and A is an alkylene moiety, such as
cthyleae or ncopeatylene (—CH,C(CH,),CH,—).
Compounds of formula (II) may themselves be prepared
from a protected 1,4-cyclohexane-dione of formula (I):

(o] Formmula (1)

o o
\ea”
by reaction with the appropriate alkylamine compound. This
reaction may be effected in a suitable solvent, for example
a hydrocarbon such as beazene or toluene in the presence of
titanium tetrachloride or suitable molecular sicves c.g. 4A
molecular sieves, to give the comesponding iminoketal
derivative which may then be converted to an alkylamino
compound of formula (1) by catalytic hydrogenation using
for example palladium on carbon. Altematively the reaction
may be effected in a solvent such as an alcohol c.g. ethanol
and thc mixtuce hydrogenated directly, using c.g. palladium
on charcoal, to give a compound of formula (11).
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The alkylamino group in the resulting compound of
formula (II) may if desired be protecicd using standard
methods. Suitable N-protecting groups are well-known in
the art and include for example acyl groups such as acetyl,
trifluoroacetyl, or benzoyl; an alkyl- or aralkyloxycarbonyl
group such as methoxycarbonyl, t-butoxycarbonyl, benzy-
loxycarbonyl or phthaloyl; and aralkyl groups such as ben-
zyl, diphenylmethyl or triphenylmethyl. The protecting
groups should be casily removable at the end of the reaction
sequence. N-deprotection may be effected by conventional
mcthods, for example an alkoxycarbonyl group such as
t-butoxycarbonyl may be cleaved by hydrolysis and an
aralkyloxycarbonyl group such as benzyloxycarboay! or an
aralkyl group such as benzyl may be cleaved by hydro-
genolysis.

Cyclisation with 4-carboxamidopheaylhydrazine or a salt
thereof is preferably carried out with a ketal of formula (II);
however if desired the ketal may be converted to the
corresponding ketone prior to this reaction. ’

Yet a further method for preparing an enantiomeric mix-
ture of formula (I) comprises reacting & compound of
formula (IV):

HiNCO, .l lI z Fargmta (IV)
N
H

wherein Z is a leaving group, such as a halogen atom or a
sulphonyloxy (e.g p-toluenesulphonyloxy or methane-

sulphonyloxy) group with an amine H,NR! or a derivative

thereof. Said derivative may optionally contain a chiral
centre, as in for example R-a-methylbenzylamine, resulting
in a diastereoisomeric mixture of the corresponding deriva-
tive of formula (I). The diastereoisomers may be separated
by chromatography, followed by hydrogenolysis to give the
desired enantiomer of formula (I).

An cnantiomeric mixture of 3-amino-6-carboxamido-1,2,
3,4-tetrahydrocarbazole may be prepared in an analogous
manner 0 formula (1), using 4-aminocyclohexanone,
optionally protected as a ketal derivative, or an N-protected
(e.g. phthalimido) derivative thereof. The enantiomers of
3-amino-6-carboxamido-1,2,3,4-tetrahydrocarbazole may
be resolved by chiral HPLC as described for process (a)
above, using a desivative such as-of 3-t-butyloxycarbony-
lamino-6-carboxamido-1,2,3,4-tetrahydrocarbazole; or by
formation of a chiral sait of the 3-amino compound in a
similar manner to process (b) above, using for example
2,3-4,6-O-isopropylidene-2-keto-L-gulonic acid, followed
by selective crystallisation. Such methods are described in
International Application WO93/00086.

Enantiomers of formula (I) bave beea found to be agonists
and partial agonists at 5-HT,-like receptors. Nomenclature
of 5-HT receptors is coastantly evolving. At least four
subtypes of the 5-HT, receptor family have beea described,
namely 5-HT,,, 5S-HT,,. 5-HT,_ and 5-HT,, Functional
contractile 5-HT,-like receptors have been identified in the
dog saphenous vein and in cerebral (basilar) arteries of
various specics including rabbit and human. It is now
belicved that the functional 5-HT,-like receptor comrelates
with the 5-HT,, binding site (A. A. Parsons, TIPS, Aug.
1991, Vol 12).

Enantiomers of formula () are expected 10 have utility in
the treatment and/or ' prophylaxis of migraine, with and
without aura, tension hcadache, cluster hcadache and othe
forms of ccphalic pain and tigeminal necuralgias.

The invention therefore further provides the use of an
cnantiomer of formula (1) or 2 physiologically acceptable
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sah thereof in the manufacture of a medicament for the
treatment of a condition where a 5-HT-like agonist is
indicated, in particular the treatment or prophylaxis of
migraine,

The invention also provides a method of treatment of a
condition wherein a 5-HT,-like agonist is indicated, in
particular migraine, which comprises administering to a
subject in need thereof an effective amount of an enantiomer
of formula (I) or a physiologically scceptable salt thereof.

For use in medicine, s compound of the present invention
will usually be administered as a standard pharmaceutical
composition. The present invention therefore provides in a
further aspect pharmaceutical compositions comprising an
cnantiomer of formula (T) or a physiologically acceptable
salt thereof and a physiologically scceptable carrier.

The compounds of formula (T) may be administered by

any convenient method, for example by oral, parenteral,
buccal, sublingual, nasal. rectal or transdermal administra-
tion and the pharmaceutical compositions adapted accord-
ingly. .
- The compounds of formula (T) and their physiologically
acceptable salts which are active when given orally can be
forraulated as liquids or solids, for example syrups, suspes-
sions or emulsions, tablets, capsules and fozenges.

A liquid formulation will generally consist of a suspen-
sion or solution of the compound or physiologically accept-
able salt in a suitable liquid carrier(s) for example an
aqueous solvent such as waler, ethano! or glycerine, or a
non-aqueous solvent, such as polyethylene glycol or an oil.
The formulation may also contain a suspending agent,
preservative, flavouring or colouring agent

A composition in the form of a tablet can be prepared
using any suitable pharmaceutical carrier(s) routinely used
for preparing solid formulations. Examples of such carriers
include magnesium- stearate, starch, lactose, sucrose and
cellulose.

A composition in the form of a capsule can be prepared
using routine encapsulation procedures. For example, pellets
containing the active ingredient can be prepared using.
standard carriers and then filled into a hard gelatin capsule;

“alternatively, a dispersion or suspension can be prepared

- using any suitable pharmaceutical carrier(s), for example

65

aqueous gums, celluloses, silicates or oils and the dispersion
or suspeasion then filled into a soft gelatin capsule.

Typical parenteral compositions consist of a solution or
suspensioa of the compound or physiologically acceptable
salt in a sterile aqueous carrier or pareaterally acceptable oil,
for example polyethylene glycol, polyvinyl pyrrolidone,
lecithin, arachis oil or sesame oil. Alternatively, the solution
can be lyophilised and then reconstituted with a suitable
solveat just prior to administration.

Compositions for nasal administration may convenjently
be formulated as aerosols, drops, gels and powders. Aerosol
formulations typically comprise a solution or fine suspea-
sion of the active substance in a physiologically acceptable
aqueous or non-aqueous solvent and are usually presented in
single or multidose quantities in sterile form in a sealed
container, which can take the form of a cartridge or refill for
use with an atomising device. Alternatively, the sealed
container may be a unitary dispensing device such as a
single dose nasal inhaler or an acrosol dispenser fitted with
a metering valve which is intended for disposal once the
contents of the container have been exhausted. Where the
dosage form compriscs an acrosol dispenser, it will contain
a propellant which can be a compressed gas such as com-
pressed air or an organic propeliant such as a fluorochloro-
hydrocarbon. The acrosol dosage forms can also take the
form of a pump-atomiser.
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Compositions suitable for buccal or sublingual adminis-
tration include tablets, lozenges and pastilles, wherein the
active ingredient is formulated with a carrier such as sugar
and acacia, tragacanth, or gclatin and glycerin.

Compositions for rectal administration are convenicntly
in the form of suppositorics containing a conventional
suppository basc such as cocoa butter.

Compositions suitable for transdermal administration
include ointments, gels and patches.

Preferably the composition is in unit dose form such as a
tablet, capsulc or ampoule.

Each dosage urit for oral administration contains prefer-
ably from 1 to 250 mg (and for parenteral administration
contains preferably from 0.1 to 25 mg) of a compound of the
formula (I) or a physiologically acceptable salt thereof
calculated as the free base.

The physiologically acceptable compounds of the inven-
tion will normally be administered in a daily dosage regimen
(for an adult patient) of, for example, an oral dose of
between 1 mg and 500 mg, preferably between 10 mg and
400 mg, e.g. between 10 and 250 mg or an intravenous,
subcutaneous, or intramuscular dose of between 0.1 mg and
100 mg, preferably between 0.1 mg and 50 mg, e.g. between
1 and 25 mg of the compound of the formula (I) or a
physiologically acceptable salt thereof calculated as the free
base, the compound being administered 1 to 4 times per day.
Suitably the compounds will be administered for a period of
continuous therapy, for example for a week or more.

BIOLOGICAL TEST METHODS
5-HT,-like Receptor Screen

RABBIT BASILAR ARTERY

Experiments were perforraed in intracranial arteries from
rabbit isolated basilar artery in a similar method to that
described previously (Parsons and Whalley, 1989, Eur J
Pharmacol 174, 189-196.)

In brief, rabbits were killed by overdose with anaesthetic
‘(sodium _ pentobarbitone). The whole brain was quickly
removed and immersed in ice cold modified Kreb's solution
and the basilar artery removed with the aid of a dissecting
rmcmscopc The Krebs solution was of the following com-
position (mM) Na* (120); K* (5); Ca** (2.25)Mg?* (0.5);
CI™ (98.5); SO,%" (1); ETDA (0.04), equilibrated with 95%
0,/5% CO,. The endothelium was removed by a geatle
rubbing of the lumen with a fine metal wire.-Arteries were

then cut into ring scgments (ca 4-5 mm wide) and set up for -

recording of isometric tension in SO ml tissue baths in
modified Krebs solution with the additional supplemeat of
(mM); Na** (20); fumnarate (10); pyruvate (5); L-glutamate
(5) and glucose (10). The arteries were then placed under a
resting force of 34 mN maintained at 37° C. and the
solution bubbled with 95% 0,/5% CO,.

After tests for initial reactivity with 90 mM KCl depola-
rising solution and for lack of acetylcholine-induced relax-
ation of S-HT (10 mM) precontraction, cumulative concen-
tation-effect curves (2 nM-60 mM) to 5-HT were
constructed in the presence of ascorbate 200 mM, cocaine 6
mM, indomethacin 2.8 mM, ketanserin 1| mM and prazosin
I mM,

Following a 45-60 min wash pcriod. cumulative concen-
tration-cfTect curves o the test compounds or S-HT (as a
time match control) were construcled in the presence of
ascorbate, indomcthacin, cocaine, kctanserin and prazosin.
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Test Compounds:

R-(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tctrahydro-
carbazole; (compound A)

S-(-)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-
carbazole; (compound B)

R-(+)-6-carboxamido-3-N-cthylamino-1,2.3.4-tetrahydro-
carbazole; (compound C)

S-(-)-6-carboxamido-3-N-cthylamino-1,2,3,4-tetrahydro-
carbazole. (compound D)

Resuls BCy
Compound A 0.0 uM
Compound B >2 M
Compoued C 0.16 yM
Compoand D 21 yM

Pharmaceutica) Formulations

The following represent typical phamncwﬁal formula-
tions according to the present invention, which may be

prepared using standard methods.
IV Infusion ey
Coropound of formuls (1) 140 mg
Buffer wpHea?
. Solvent/complexing agent 10 100 et
Botus lajetion .
Compound of formula (1) 1-40 mg
Buffer topHeca?
Co-Solvert toSml
Bulfer: Suitable bulfers include citrate, phosph i
hydroxide/hydrochlocic acid.
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Solvent Typically water but may also include cyclodextring
(1-100 mg) and co-solvents such as propylene glycol polycthylene
glycol and alcohol.

Tablet

Compound 1-40 mg
DiluenvFiller® 50-250 mg
Binder 5-25 mg
Discniegrant® 5-50 mg
Lubricant 1-S mg
Cyclodextria 1-100 mg
*may also include cydmmns

Dilucor e.g. Migocrysulline cellulose, lactose, starch
Binder: e.g. Polyvinylpyrrolidone, bydroxypropymethylcellulose
Disintegrant e.g. Sod:um sasch ;chonnc. crospovidone

Laubril eg Mag siearyl f
©Oral Suspention
Compound 1-40 mg

mg
Preservative 00i-10mg
Buffer o pH ca -8
- Co-solvent 040 mg
Flavour 0.01-10 mg
Colourant 0.001-0.1 mg

Suspeoding agent: ¢.g. Xanthan gum, microcrysalline cellulose
Dilucat: e.g sorbitol solution, typically water

Preservative: e.g. sodium benroate

Buffer: ¢.g. cirate

Co-solvent: e.g. alcobol, propylene glycol, polycthylene glycol,
cyclodextrin

PREPARATION 1

()-3-Amino-6-carboxamido-1,2,3,4- tamhydrocar
bazole

4-Carboxamidophenylhydrazine hydrochloridc (2.87 g)
and 4-phthalimidocyclohcxanonc (3.00 g) were mixed in
acetic acid and the mixture was heated under reflux for 2 hr.
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Aficr cooling, Uie mixture was neutralized using aq. potas-
sium carbonaie solution, and the yellow solid thus obtained
was filtered, washed with water, and dred. Purification by
column chromatography (SiO,; CHQ,/CH,0H) gave 6-car-
boxamido-3-phthalimido-1,2,3,4-tetrahydrocarbazole (2.8
8)

The above product (1.0 g) was suspended in ethanol (10
ml) and hydrazine hydrate (S m}) was added. A clear solution
was obtained, and the mixture was left to stir ovemight, to
yield a precipitate. The whole mixture was evaporated to
dryness, washed with aq. K,COy solution, and water, o
leave the title compound 3-amino-6-carboxamido-1,2,3.4-
tetrahydrocarbazole (0.44 g), as the mouohydrate, mp.
146°-148° C.

'H NMR [250 MHz, DMSO-d}8 1.49-1.77 (1H,m),
1.83-2.03 (IH.m), 2.17-240 (1H.m), 2.62-2.80 (2Hm),
290 (1H,dd), ! signal obscured by H,O &t ca 3.1, 7.03
(1H.brd.s), 7.18 (1H,d), 7.58 (1Hd), 7.83 (1H,brd.s), 7.98
(IHs). - - -

PREPARATION 2

(+)- and
- (~)-2-Amino-6-carboxamido- 1,2,3,4-tetrahydrocarbazole
hydrochloride
Method 1 -
(1)-3-t-Butyloxycarbonylamino-6-carboxamido-1,2,3,4-

tetrahydrocarbazole was scparated into its enantiomers
using chiral HPLC: (chiralcel OD 4.6 mm column, eluting
with hexane/ethanol 85:15). The (+)-cnantiomer was col-
lected first and had mp=150°~152° C. and [«),2*=+70.1 (in
methanol, 041% w/v). The (-)-enantiomer had
mp=150°-152° C. and [a},**=~79.4 (in rethanol, 0.40%
wi/v). The (+)-enantiomer was converted to the parent amine
hydrochloride by treating with HCl gas in dioxane, to
“fumish the (+)-enantiomer of 3-amino-6-carboxamido-1,2,
3,4-terahydrocarbazole hydrochloride, mp=248°-251° C.,
[a]),3=+26.2 (in methanol, 0.50% w/v). The (~)-enanti-
omer of 3-t-butyloxycarbonylamino-6-carboxamido-1,2,3,
4-tetrahydrocarbazole was similarly converted into the (-)-
enantiomer of 3-amino-6-carboxamido-1,2,3,4-
tetrahydrocarbazole hydrochloride, mp=248°-251° C.,
(@)p=—28.6 (in methanol, 0.50% w/v).

Method 2 )

(1)-3-amino-6-carboxamido-1,2,3,4-tetrahydrocarbazole

. was treated with oae equivalent of 2,3:4,6-di-O-isopropy-
lidene-2-keto-L-gulonic acid in methanol to give the salt of
the (+)-cnantiomer, in 389 yield (with respect to racemate)
and 84% enantiomeric excess (ec). This material was recrys-
tallized twice from methanol to give the salt of the (+)-
enantiomer in 25% overall yicld (with respect to racemate),
and >98% ec. This product was converted to the hydrochlo-
ride salt first by treatment with aqueous alkali, and the
precipitated free base treated with 2M aq. HCl in ethanol, to
give (+)-3-amino-6-carboxamido-1,2,3,4-tetrahydrocarba-
zole hydrochloride.

PREPARATION 3

(%)-6-Carboxamido-3-N-methylamino-1,2,3,4-tet-
rahydrocarbazole. hydrochloride

4-Cyanophenyl hydrazine hydrochloride (20.2 g) and
4-benzoyloxycyclohexanone (25.9 g) were dissolved in gla-
cial acctic acid (400 ml) and thc mixture was hcated under
reflux for 1.5 hr. After allowing to cool, the mixture was

10

filteced, and the filtrate was evaporated to dryness, and
ncutralized with aqucous sodium bicarbonate solution to
give a solid precipitate, which was purified by chromatog-
raphy (Si0,; hexanefethyl acctate) to give 3-benzoyloxy-6-
cyano-1,2,3 4-tetrahydrocarbazole (18 . g). This product
(11.6 g) was suspended in cthanol (230 ml) and treated with
2.5% aqueous potassium hydroxide solution (120 ml), and
heated under reflux for 1 hr. The cooled mixture- was
ncutralized with glacial acetic acid and evaporated to a solid
residue, which was washed with water, and dried to give
3-hydroxy-6-cyano-1,2,3,4-tetrahydrocarbazole (6.6 g).

The above product (3.57 g) was dissolved in dry pyridine
(35 ml) and treated with tosyl chloride (351 g) in dry
pyridine (35 ml), and the mixture was stirred at 100° C. for
2 hr. After cooling, the solution was poured into water (500
ml), extracted with ethyl acctate, and the latter extract was
washed with 2M HQl, dried (MgSO,) and evaporated to
dryness. Purification by chromatography (SiO,; hexane/
cthyl acetate) gave 3-tosyloxy-6-cyano-1,2,3.4-tetrahydro-
carbazole (0.53 g).

This product (0.40 g) was dissolved in 33% methylamine
in alcobol {25 ml) and heated at 100° Cin a sealed steel
vessel for 1.5 hr. Afier cooling, the mixture was evaporated
to dryness and purified by chromatography (SiO;; chloro-
form/methanol) to give 3-methylamino-6-cyano-1,2,3,4-tet-
rahydrocarbazole (0.13 g).

The above product (0.12 g) was dissolved in THF (10 ml)
and reacted with di-tert-buty! dicarbonate (0.36 g) in THF (3
ml) st room temperature overnight. The reaction mixture
was evaporated to dryness, pantitioned betweea 2M sodium
bicarbonate ‘solution and ethyl acetate, and the organic
extract dried and evaporated 1o give a white solid. This was
triturated with ether/hexane to give 3-t-butyloxycarbonylm-
ethylamino-6-cyano-1,2,3 4-tetrahydrocarbazole (0.14 g).

This product (0.14 g) was dissolved in methanol (15 ml)
and treated with a mixture of 20% aqueous sodium hydrox-

. ide (0.20 m]) and 30% hydrogen peroxide (0.20 ml), and the
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whole mixture was stirred at room temperature overnight.
Sodium metabisulphite (38 mg) was added, and the solution
was evaporaled (o dryness, and chromatographed (SiO,;
chloroform/10% NH,OH in methanol) to give 3-methy-
lamino-6-carboxamido-1,2,3,4,-tetrahydrocarbazole  (0.12
g)- The above compound (0.11 g) was dissolved in methanol
(10 ml), and treated with 3M hydrochlosic acid at room
temperature. The mixture was evaporated to dryness,
azeotroping with ethanol to give a solid, which .was recrys-
tallized from methanolether to give the titte compound, mp
327°-328° C. (80 mg).

1H NMR {250 MHz, MeOH-d*} d 1.98-2.20 (1H,m),
2.29-2.49 (1H,m), 2.75-2.90 (5H, s+m), 2.90-3.09 (2H, m),
3.52-3.69 (1H, m), 7.31 (1H, d), 7.63 (1H, d), 8.05 (1H, s).

PREPARATION 4

(1)-6-Carboxamido-3-N-ethylamino-1,2,3,4-tetrahy-
drocarbazole oxalate -

1,4-Cyclohexanedione mono-2',2’-dimethyl trimethylenc
ketal (2.00 g) was mixed with anhydrous ethylamine (100
g) and benzene (10 ml), and the mixture was cooledto 5°C. .
A solution of titanium tetrachloride (0.95 g) in benzene (10
ml) was added, dropwisc, then the mixture was stirred at
room temperature for 1 hs. The mixture was filtered, and
evaporated to dryness 1o give an oil, which was dissolved in
cthanol (30 mJ). To this solution was added paltadium-on-
carbon catalyst (100 mg), and the mixturc was hydrogcnated
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a1 50 psi pressurc overnight. The catalys( was filtercd off and
the cthanol evaporated 10 leave 4-cthylamino-cyclohex-
anonc 2,2"-dimethyl trimethylene ketal as an oil (2.0 8. -

This compound (0.80 g) was dissolved in formic acid (20
mi) and the-solution was heated to 90° C. for | hr. Formic
acid was cvaporated, and the residuc was partitioned
between chioroform and 1M hydrochloric acid. The aqueous
layer was evaporaed to dryness to give 4-cthylaminocyclo-
hexanone (0.40 g).

A mixture of the above product (0.40 g) and 4-casboxa-
midophenyl hydrazine hydrochloride (0.60 g) in glacial
acetic acid (20 mi) was heated under reflux for ! hr. The acid
was evaporated in vacuo to an oil, which was purified by
chromatography (SiO,; CHCI,/10% NH, in McOH) to give
an oil (050 g). Part of this product (150 mg) was dissolved
in methanol and treated with oxalic acid. The solution was
treated with ether to give the title compound a3 a crystalline
solid, mp 165°-170° C. (100 mg).

1H NMR (250 MHz, DMSO-d%)5 1.25 (3H, 1), 1.81-2.05
(1H, m), 2.20-238 (1H, m), 2.61~2.79 (I1H, m), 2.79-2.94
(2H, m), 2.98-3.28 (3H, dd+s), 3.41-3.60 (1H, m), 7.08
(1H, brd. s), 7.28 (1H, d). 7.60 (1H, d), 7.82 (1H, brd. s),
8.00 (1H, s), 11.12 (1H, s).

PREPARATION 35

(1)-6-Carboxamido-3-N-methylamino-1,2,3,4-tet-
rahydrocarbazole

A solution of (1)-6-carboxamido-3-N-methylamino-1,2,
3,4-tetrahydrocarbazole hydrochloride salt (6.0 g) in water
(60 m) at 68° C. was basified to pH 10.5 with 5SM aqueous
sodium hydroxide. The resultant mixture was extracted with
butan-1-0l (30 ml, 15 ml). These extracts were combined
and cvaporated to give the title compound as a dark oil (6.96
g) containing ca. 46% w/w butan-1-ol.

IH NMR[400 MHz,d®-DMSO)5 1.40-2.00 (1H,br), 1.62
(1H,m), 2.06 (1H,m), 2.33 (1H,m) 2.39 (3H,s), 2.77 (3H,m),
2.97 (1H,dd), 7.02 (1H,s), 7.24 (1H.d), 7.59 (1H,dd), 7.80
(1H.5), 7.99 (1H.d), 10.93 (1H,s)+peaks due to0 butan-1-ol.

PREPARATION 6

4-Methylaminocyclohexanone (2',2"-dimethyltrim-
ethylene) ketal hydrochloride

1.4-Cyclohexanedione (mono-2'2'-dimethyltrimetbylence)
ketal (50 g) was dissolved in dry toluene (500 ml) in a flask
fitted with a dry ice trap and flushed with nitrogen with
stirring. Methylamine (47.0 g) was then added dropwise to
the reaction mixture, at 20° C. slowly to allow dissolution in
the toluene. Molecular sieves (32.0 g) were then added and
the reaction mixture stirred at 20° C. under an air lock. The
reaction was complete after ca. 4 h (>97%). The sicves were
then filtered off and the clear amber filtrate evaporated to a
volume of 160 ml. The concentrated solution of iminoketal
was diluted with cthanol (340 ml) and degassed with argon.
Palladium catalyst (palladium on charcoal, 3.55 g) was
added and the mixture hydrogenated at atmospheric pressure
and 20° C. for 24 h. Whea hydrogen uptake was complete
the rcaction mixture was filtered through Cclite and the
Cclitc bed washed with a litdle ethanol (2225 ml). The
solvent was then removed under reduced pressure to give the
ketal amine as an amber oil, (49.12 g, 92%).

The ketal aminc (80 g, 0.375 Mol) was dissolved in
isopropyl cther with stiming. A salution of HCl in isopropy!
cther (prepared by bubbling a known weight of gas into a

30

45

>

65

12

known volume of solvent) was added dropwisc causing the
formation of an immediate white precipitate, which became
very thick as the addition was compleied. The thick suspen-
sion was stirred for a further 30 minutes, filtered off, and the
product washed with a little fresh isopropy! cther and then
dried under vacuum to give the title compound as a white,
free flowing powder (84.01 g).

1H NMR: [270 MHz, CDQ14)8 9.51 (2H,bs), 3.48 (4H.d),
3.00 (1H,m), 273 (3H,1), 2.32 (2H,d), 2.15 (2H,d), 1.85,
(2Hdq). 1.41 (2H.d1), 0.96 (6H.s).

PREPARATION 7

(1)-6-Carboxamide-3-methylamino-1,2,3 4-tetrahy-
drocarbazole hydrochloride '

4-Aminobenzamide (3.0 g) was dissolved in SN HQ1 (20
ml) cooled to =5° to 0° C. with stirring and the mixture
further cooled to around —15° C. Sodium nitrite (1.98 g) in
water (4.4 ml) was added dropwise with stirring at such a
rate that the temperature was maintained at between —10° to
-15° C. The mixture was then stirred at around —8° C. for
30 min. Ice cold water (40 ml) was then added followed by
solid sodiuru dithionite (7.7 g) in a single portion, the means
of cooling removed and the mixture stirred at around 15° C.
for 30 min. To the resulting yellow suspension was added
conc. HCI (30 ml) followed by 4-methylaminocyclohex-
anone (2°2'-dimethyltrimethylene) ketal hydrochloride
(5.488 g) and the mixture heated to around 70°* C, not
allowing the reaction temperature to rise above 75° C. After
ca. 2 h, the reaction mixture was cooled to 20° C. and the
dark solution thea carefully neutralised with caustic (aq.,
40%) to pH 10 maintaining the temperaturc between
15°-20° C., whereupon a thick precipitate formed to give the
title compound. The reaction mixture was then left to stir
overnight and the precipitate filtered off and dried (3.88 g,
63%). ’

'H nmr (250 MHz, d,DMSO]5=11.21 (1H,s), 8.06 (1H.s),
7.89 (1Hbs), 763 (1Hd), 7.28 (1H.d). 7.10 (1Hbs),

3.50-3.15 (2H.m), 2.95-2.70 (3H,m), 2.62 (3H,s), 2.33
(1H,m), 1.97 (1H,m).

PREPARATION 8 -

4-Methylaminocyclohexanone (2',2'-dimethylarim-
cthylene) ketal hydrochlodde

1,4-Cyclohexanedione  mono-2,2-dimethyltrimethylenc
ketal (20.0 g, 0.101 mol) was dissolved in ethanol (200 mi)
containing methylamine (8.0 g, 0.258 mol). The resultant
solution was hydrogenated at 30 psi over 10% Pd/C catalyst
(2.0 g) for 4 hrs at room (emperature. The reaction mixture
was filtered through a celite pad and the filtrate evaporated
under reduced pressure to give an oil (21.4 ).

The oil was dissolved in tetrahydrofuran (210 ml) and the
resultant solution cooled in an ice/water bath while con-
c.HCl (10.5 ml) was added (o the stirred solution in two
portions such that the temperature did not rise above 15° C.
and then filtcred. The solid was washed with THF (50 ml)
and air dricd ovemight to give the title compound (22.80 g).
mp 245.1° C. (E1OH). :

'H nmr (250 MHz, d,DMS0)5 0.9 (s,6H), 1.3(q.2H), 1.45
(q.2H). 1.9 (brd,2H), 2.25 (brd,2H), 2.5 (s,3H), 3.0 (m.1 1),
3.5 (d.411). ’
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EXAMPLE |

(+) and (-)-6-Carboxamido-3-N-methylamino-1,2,3,4-
tctrahydrocarbazole hydrochloride

(a) To a stirred solution of (+)-6-carboxamido-3-N-me-
thylamino-1,2.3.4-tetrahydrocarbazole  hydrochloride
(0.3 g) in propan-2-oVsaturated aqueous potassium
hydrogen carbonate (20:1 21 m)), di-tert-butyl dicar-
bonate (0.425 g) was added and stirring continued for
1 hour. The mixture was diluted with ethyl acetate (50
mi) washed with waster (220 ml), dried (MgSO,) and
solvent removed at reduced pressure to give (1) 3-N-
tert-butoxycarbonyl-N-methylamino-6-carboxamido-
1,2,3.4-tetrahydrocarbazole (0.36 g).

'H NMR (d-DMSO) § 1.47(s9H), 1.84-2.08(m,2H),
2.71-2.94(m.4H). 2.80(s,3H), 426(m.1H). 7.02(brs,1H),
7.25(d,1H), 7.57(d.1H), 7.76(bcs,1H), 7.97(s,1H) and
10.96(s,1H).

(b) The (+) and the (-) enantiomers (1)-3-N-tert-butoxy-
carbonyl-N-methylamino-6-carboxamido-1.2,3,4-tet-
rahydrocarbazole (0.3 g) were separated by chiral
HPLC: (chiralpak AD 20 mm column, hexane:ethanol
9:1 eluant).

Treatment of the first eluting enantiomer (0. 02 g) with 3N

aqueous hydrochloric acid/methanol 1:1 (4 ml) for 16 hours,
filtration and removal of solvent gave, after recrystallisation
from methanol/diethyl ether, the (+) enantiomer of the title
compound (0.009 g) m.p. 219°-225° C,, (a},* '~‘~=+25.4
(methanol 0.063% w/v). ’

Treatment of the second eluting enantiomer (0.03 g) under
similar conditions gave the (-) enantiomer of the title
compound (0.02 g), m.p. 219°-225° C. {a] €=-233
(methanol 0.116% wiv).

EXAMPLE 2

(+)-6-Carboxamido-3-N-methylamino-1,2,3,4-
tetrahydrocarbazole

(a) To a solution of (%)-6-carboxamido-3-N-methy-
lamino-1,2,3,4-tetrahydrocarbazole (0.77 g) in dimeth-
ylformamide (70 mi), triethylamine (0.62 g) and benzyl
chloroformate (0.47 g) were added. The solution was
stitred overnight,. further triethylamine (0.27 g) and
benzyl chloroformate (0.26 g) added and the mixture
stirred for 4 hours. The reaction mixture was poured
into water (500 mi), and extracted with ethyl acetate
(2150 m1l). The combined extracts were dried (MgSO,)
and solvent was removed at reduced pressure. The
residue was recrystallised from methanoV/water to give
(1)-3-N-benzyloxycarbanyl-6-carboxamido-3-N-me-
thylamino-1,2,3,4-tetrahydrocarbazole  (0.62  g)
m.p.103°-110° C. ’

(b) The (+) and (~) enantiomers of (1)-3-N-benzyloxy-
carbonyl-6-carboxamido-3-N-methylamino-1,2,3,4-
tetrahydrocarbazole were separated by chiral HPLC
(OD column, eluant hexane/cthanol 4:1).

The first eluting enantiomer (0.23 g) m.p. 105°-106° C.,

(@)p®" €=+157.2. (cthanol, 0.39% w/v).
The sccond eluting cnantiomer (0.23 g) m.p. 105°-106°
C.. [a],®*" ©=-163.1 (cthanol, 0.23% w/v).

(c) A solution of (+)-3-N-benzyloxycarbonyl-6-carboxa-
mido-3-N-mcthylamino-1,2,3,4-tetrahydrocarbazole
(0.23 g) in cthanol (20 ml) containing 10% palladium/
charcout (0.23 g) was shaken under a hydrogen atmo-
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spherc (50 psi) for 3 hours. Catalyst was removed by
filtration and solvent removed at reduced pressure to
give the (+) enantiomer of the title com
base) as a foam m.p. 98°-102° C., {a),?* S=+6].2.

EXAMPLE 3

(+)-6-Carboxamido-3-N-methylamino-1,2,3 4-tet-
rahydrocarbazole camphorsulphonate

To a solution of ()- 6—cuboxm|ido-3~N-mhyImum-l
2,3,4-tetrabydrocarbazole (3 g) in methanol (20 ml), a
solution of (15)<(+)-10-camphorsulphonic acid (2.86 g) in
methanol was added Solvent was removed at reduced
pressure and the residue recrystallised ten times to give the
(+) enantiomer of the title compound as the camphorsul-
phonate salt m.p. 177°-180° C. This was treated with 2
equivalents of tricthylaminc and 10 equivaleats of 2,3 4,6-
tetra-o-acetyl-beta-D-glucopyranosylisothiocyanate in dim-
cthylformamide at room temperature for 30 minutes. Ali-
quots of the reaction mixture wre removed from the mixture
for HPLC analysis. Analytical HPLC of the 2.3,4.6-tetra-O-
acetyl-beta-D-glucopyranosylthiourea  dérivative  (C18
Novapak, eluant methanol/S0 mM NaH,PO, pH 2.9) gave
the same retention time as the the same derivative prepared
from the (+) enantiomer of Example 1 and showed the
material was 99% ce.

EXAMPLE 4

(+)-6-Carboxamido-3-N-methylamino-1,2,3,4-
tetrahydrocarbazole succinate (1:1)

(a) Benzaldehyde (10.6 g) was added to a suspeasion of
(+)-3-amino-6-carboxamido-1,2,3,4-tetrahydrocarba-
zole (12.35 g) in methanol (100 mi). The mixture was
stirred for 1 hour, sodium cyanoborohydride (9.3 g)
added over 1 hour and the clear solution stirred for 24
hours. The solution was cooled (ice bath) and formal-
dehyde (37% aqueous methanolic, 9:1 solution, 5.5 ml)
added. After 30 minutes stirring at room temperature
water (100 ml) was added, stirring continued for 30
minutes followed by extraction with dichloromethane
(3x150 ml). The combined organic extracts were
washed with water (2x200 ml), dried (Na,SO,), filtered

-and solvent removed at reduced pressure. The residue
was column chromatographed (silica gel, dichlo-
romethane-10% ethanoVdichloromethane) w give 3-N-
benzyl-6-carboxamido-3-N-methylamino-1,2,3,4-tet-
rahydrocarbazole (9.4 g) as a foam. The succinate salt
(1:1) was recrystallised from methanol m.p. 175°-182°
C.

'H NMR (dg-DMS0)5 1.81-1.96(m,1H), 2.09-2.21(m,

" 1H), 2.29(s,3H), 2.44(s 4H), 2.66-3.11(m.5H), 3.76(q.2H),

S
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7.05(br.s1H), 7.22-7.43(m,6H), 7.59(d.1H), 7.79(br. s,1H),
8.03(s,1H), and 10.94(s.1H).

(b) To a solution of 3-N-benzyl-6carboxamido-3-N-me-
mylanﬁm-l.2,3,4-teu1hydrowbmle (1.0 g) in etha-
nol (100 ml) containing succinic acid (0.39 g), Pearl-
mans catalyst (1.0 g) was added and the mixture shaken
under an atmosphere of hydrogen at 45 psi and 50° C.
for 2 hours. The mixture was filtered (celite pad) and
the pad washcd thoroughly with ethanol. The combined
filrate and washings were evaporated to dryness, co-
cevaporated with cthanol (3x100 mi) and recrystallised
from mcthanol to give the title compound {(1:1) suc-
cinate salt]. m.p. 148°-155° C.
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"H NMR (d,-DMSO)3 1.84(m. 1), 2.15-2.34(m, 1 H),
2.28(s,aH), 2.57(m.1H), 2.61(s.3H), 2.83(m.2H), 3.13(dd,
1H), 3.29(m.1H). 7.08(br s.11), 7.26(d.1H). 7.60(dd.1 H).
7.82(br s.1H), 8.01(d.11H) and 11.08(s.1H).

EXAMPLE 5

(+)-6-Carboxamido-3-N-methylamino-1,23 4-
tetrahydrocarbazole

. (a) To a solution of (+)-3-amino-6-carboxamido-1,2,3 4-
tetrahydrocarbazole (5 g) in pyridine (150 ml), dicy-
clohexylcarbodiimide (4.13 g) was added followed by
carbon disulphide (1.67 g). The solution was stirred for
1 hour, solvent removed at reduced pressure and the
residue co-evaporated with tolucne (3x100 ml). The

. residue was recrystallised from methanol to give 6-car-
boxamido-3-isothiocyanaio-1,2,3.4-tetrahydrocarba-
zole (5.06 g) m.p.245°-248° C.

(b) A solution of 6-carboxamido-3-isothiocyanato-1,2,3,
4-tetrahydrocarbazole (0.25 g) in ethanol (40 ml) was
treated with sodium borohydride (0.17 g) in one portion
and stirred for 18 hours. Acetone (5 ml) was added the
mixture stirred for a further 1 hour and solvent removed
at reduced pressure. The residue was column chromato-
graphed (basic alumina, 5% methanoldichloromethane
cluant) to give the title compound (0.11 g) having the
same physico chemical characteristics as the product of
Example 2.

EXAMPLE 6

(+)- and (-)-6-Carboxamido-3-N-ethylamino-1,2,3,4-
tetrahydrocarbazole hydrochloride

(a) From (1)-6-carboxamido-3-N-ethylamino-1,2,3,4-tet-
rahydrocarbazole (0.26 g), (+)-3-N-tert butoxycarbo-
nyl-N-ethylamino-6-carboxamido-1,2,3,4-tetrahydro-
carbazole (0.27 g) isolated as an oil was prepared
according to the procedure of Example 1.

'H NMR (d¢-DMSO) & 1.1(1,3H), 1.23(s.9H) 1.92(m,1H)
2.09(m,1H), 2.78-2.92(m.4H), 3.21-3.62(m.2H), 4.21(m,
1H), 7.04(br.s,1H), 7.24(d,1H), 7.58(d,1H), 7.76(brs,1H),
7.99(s,1H) and 10.99(s,1H).

(b) From ()-3-N-tent butoxycarbonyl-3-N-ethylamino-1,
2.3 4-teirahydrocarbazole (0.25 g), the (+)- and the
(-)-enantiomers of 3-N-tert butoxycarbonyl-3-N-ethy-
lamino-1,2,3,4-tetrahydrocarbazole were prepared by
chiral HPLC (chiralcel OD 4.67 mm, eluant hexane/
¢ethanol 92/8).

Treatment of the enantiomer eluting first, (0.06 g)
[0)p> ©=+108.2 (ethanol 0.9% w/v) with hydrochloric
acid/methanol according to the method of Example 1 gave
(+)-6-carboxamido-N-ethylamino-1,2,3,4-tetrahydrocarba-
zole hydrochloride (0.04 g) mp. 2i1°-221° C.
[@)p®" ©=+37.2 (methanol, 0.12% wiv).

Treatment of the second cluting enantiomer (80 mp)
(o ©=-103.5 (cthanol, 0.19% w/v) with hydrochloric
acid/mcthanol according to thc method of Example | gave
(~)-6-carboxamido-3-N-cthylamino-1.2,3.4-tctrahydrocar-
bazole hydrochloride (0.05 g) m.p. 211°-221° C. after
recrystallisation from mcthanol/dicthyl cther [a),, 2% €=~
33.6 (methanol, 0.11% w/v).
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EXAMPLE 7

(+)-6-Carboxamido-3-N-ethylamino-1,2,3 4.
tctrahydrocarbazole succinate (1:1)

(a) From (+)-3-amino-6-carboxamido-1,2,3,4-terahydro-
carbazole (1.15 g). (+)-3-benzyl-N-ethylamino-6-car-
boxamido-1,23,4-tetrahydrocarbazole (1.26 g) was
obtained according to the procedure of Example 4
replacing formaldehyde with aceialdchyde (0.44 ).
The succinate salt (1:1) was prepared by addition of
succinic acid (0.4 g) to the free base (1.08 g) and
recrystallisation from propan-2-ol mp 130°-140° C.

'H NMR (dq-DMSO) § 1.05(t,3H), 1.85(m,1H), 2.10(m,

1H), 2.40(s.4H), 2.58-2.91(m,5H), 3.06(m,1H), 3.77(q,21),
7.03(bes, 1 H), 7.17-7.47(m,5H), 7.58(d,1H), 7.78(br.s.1H),
8.00(s,1H), 10.90(s,1H) and 12.28(br.s2H).

(b) Recrystallisation of (+)-3-N-benzyl-N-ethylamino-6-
carboxamido-1,2,3 4-tetrahydrocarbazole  succinate
(1.36 g). from methanol, eccording to the procedure of
Example 4 gave the title compound (1.04 g) myp.
165°-167° C.

1H NMR (d6-DMSQ) § 1.19(t,3H), 1.86(m,1H), 2.23(m;

1H), 2.30(s.4H), 2.62(mlH), 2.85(m,2H), 3.02(q,2H),
3.14(m,1H), 3.38(m,1H), 7.08(br.s,1H), 7.26(d,1H), 7.59(d,
1H), 7.80(br.s,1H), 8.00(s,1H) and 11.08(s,I1H).

EXAMPLE 8

(+)-6-Carboxamido—3-N-mclhylami:'w- 1,2.3,4-tet-
rahydrocarbazole L (+)-tartrate salt (1:1)

To a hot solution of (+)-6-carboxamido-3-N-methy-
lamino-1.2,3,4-tetrahydrocarbazole (0.25 g) in methanol/
water (11:1, 24 ml) L (+)-tartaric acid (0.15 g) was added
and the solution allowed to stand for 3 hours. The crystalline
tile compound (0.30 g) was isolated by fltration. m.p.
195°-197° C.

'"H NMR (d,-DMSO) 8 1.92(m,1H), 2.25(m,1H), 2.67(s,
3H), 2.68(m,1H), 284(m,2H), 3.17(dd,1H), 3.43(m,1H),
3.87(s,2H), 7.07(br.s,1H), 7.27(d,1 H), 7.61(d.1 H), 7.82(br.s,
1H), 8.01(s.1H) and 11.11(s,1H).

EXAMPLE 9

(+)-6-Carboxamido-3-N-methylaminor1,2,3.4-tet-
rahydrocarbazole D (-)-tartrate salt (1:1)

To a hot solution of (+)-6-carboxamido-3-N-methy-
lamino-1,2,3,4-tetrahydrocarbazole (0.25 g) in methanol (9
ml) D (-)-tanaric acid (0.15 g) was added and the solution
allowed to stand for 3 hours. The crystalline title compound
(0.32 g) was isolated by filtration m.p. softens above 147° C.

'H NMR (ds-DMS0)8 1.92(m,1H), 2.25(m,IH), 2.67(s,
3H), 2.68(m,1H), 2.84(m,2H), 3.17(dd,1H), 3.43(m,1H),
3.87(s,2H), 7.07(br.s, 1 H), 7.27(d,1H), 7.61(d,1 H), 7.82(br.s,
1H), 8.02(s,1H) and 11.09(s,1H).

EXAMPLE 10

(+)-6-Carboxamido-3-N-methylamino-1,2,3,4-tet-
rahydrocarbazole hemisuccinate (2:1)

To a hot solution of (+)-6-carboxamido-3-N-methy-
lamino-1,2,3 4-tctrahydrocarbazole (0.30 g) in propan-2-ol
was added succinic acid (0.07 g) and the solution allowed to
stand for 3 hours. The title compound (0.21 g) was isolatcd
by filtration, m_p. 220°-235° C.
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'H NMR (d,-DMSO0)8 1.77(m. 1), 2.14(m,1H), 2.26(s,
2H), 2.54(s,3H). 2.55(m,0H), 2.79(m;2H), 3.10(dd,1H),
343(m,1H), 7.06(brs,lH), 7.25(d,1H),
7.82(br.s,LH), 7.99(s,1H) and 11.01(s,1H).

EXAMPLE 11

(+)-6-Carboxamido-3-N-methylamino-1,2,3,4-tet-
rahydrocarbazole methanesulphonate

To a hot solution of (+)-6-carboxamido-3-N-methy-
lamino-1,2,3,4-tetrahydrocarbazole (0.30 g) in propan-2-oV/
cthyl acetate methanesulphonic acid (0.12 g) was added and
the solution allowed to stand for 3 hours. The title compound
(0.33 ) was isolated as a gum.

'H NMR (ds-DMSO0)6 1.93(m, 1H), 2.25(m, 1H), 2.35(s,
3H), 270(m,4H), 2.86(m,2H), 3.10(dd,1H), 3.50(m,1H),
7.11(br.s,1H), 7.27(d,1H), 7.61(d.1H), 7.82(br.s,1H), 8.02(s,
1H), 8.65(br.s,2H) and 11.12(s,1H).

EXAMPLE 12

(+)-6- Carboxam:do 3-N-methylamino-1,2,3,4-tet-
rahydrocarbazole hydrobromide

Hydrogen bromide gas was passed through a solution of
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-
carbazole (0.30 g) in ethanol (50 ml) for 15 seconds. After
30 minutes the title compound (0.03 g) m.p. 205°-208° C.
was separated by filtration and washed with ethanol.

'H NMR (ds-DMSO) § 1.94(m,1H), 2.25(m, 1 H), 2.26(s,
2H), 2.70(m,4H), 2.85(m,2H), 3.17(dd,1H), 7.10(br.s,1H),
7.27(d,1H), 7.61(d,1H), 7.82(br.s,1H), 8.02(s,1H) 8.67(brs,
2H) and 11.01(s,1H).

EXAMPLE 13

a) (+)-6-Carboxamido-3-N-methylamino-1,2,3 4-
tetrahydrocarbazole-R-2-pyrrolidone-5-carboxylic
acid salt

To a solution of (1)-6-carboxamido-3-N-methylamino-1,
2,3,4-tetrahydrocarbazole (6.96 g containing ca. 46% w/w
butan-1-ol, prepared as in Preparation S) in ethanol (50 ml),
stirred at ambient temperature, was added a solution of
R-2-pyrrolidone-S-carboxylic acid (1.00 g, ¢.e.>99%) in hot
ethanol (33 ml). The resultant mixture was stirred at ambient
temperature for 40 h. The crystalline product was filtered off
under nitrogen, washed with a small volume of ethano), then
dried in vacuo at 60° C. (Yield=2.63 g).

159(d.1H),
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This product was dissolved in water (2.6 mi), and the
solution was then diluted with ethanol (130 ml) and stirred
at ambient temperature for 40 h. The crystalline product was
filtered off, washed and dried as before. (Yield=1.72 g).

This product was recrystallised from cthanol (90 miy
wates (1.8 ml) as described above to give the title compound
(1.44 g; c.c=>99%).

'H NMR (250 MHz, d,-DMSO}5 1.90 (2H,m), 2.06
(2H,m), 2.19 (2H, m), 2.57 (3H.5), 2.62 (IH,m), 2.82
(2H,m), 3.15 2H,m), 3.80 (1H.dd), 7.07 (1H,3), 7.26 (1H.4),
7.59°(1H.s), 7.62 (1H,3), 7.84 (1H.s), 8.00 (1Hs), 11.10
(1H s)+peaks due to ethanol.

b) (+)-6-Carboxamido-3-N-methylamino-1,2,3,4-
tetrahydrocarbazole succinate salt, monohydrate

A solution of (+)-6-carboxamido-3-N-methylamino-1,2,
3,4-tetrahydrocarbazole R-2-pyrrolidone-S-carboxylic acid
salt (134 g) in water (5.4 ml) was basified to pH 1.32 with
5M aqueous sodium hydroxide. The resultant mixture was
extracted with butan-1-0l (5.4 ml). This extract was evapo-
rated to give (+)-6-carboxamido-3-N-methylamino-1,2,3 4-
tetrahydrocarbazole as an oil/solid (735 mg) containing ca.
2% w/w butan-1-ol.

A portion of this' product (232 mg) was dissolved in
éthanol (1.45 ml). This solution was filiered, and added
dropwise to a stirred solution of succinic acid (110 mg) in
ethanol (1.45 mi)Ywater (0.48 m}). The mixure was seeded
before the addition was complete. Stirring was continued for
30 min at ambient temperature, then 30 min at 0° C. The
crystalline product was filtered off, washed with a smali
volurae of cthanol, thea dried in vacuo at 60° C. Yicld=233
mg.

'H NMR [250 MHz, d,-DMSO]5 1.87 (1H,m), 2.25
(1H,m), 2.29 (4H,s), 2.62 (3H.s), 2.65 (1H.m), 2.83 (2H.m),
3.15 (1Hdd), 3.34 (1H,m), 7.09 (1H,s), 7.27 (1H,d), 7.61
(1H,4d), 7.84 (1H,s), 8.02 (1H,s), 11.10 (1H,s).

We claim:

1. A process for preparing (+)-6-carboxamido-3-methy-
lamino-1,2,3, 4-te1rahydmcarbazole or a salt, solvate or
hydrate thereof which comprises separation of diastereoiso-
mers of a chiral dedvative formed by reaction of (1)-6-
carboxamido-3-methylamino- 1,2,3,4-tetrahydrocarbazole
with R-2-pyrrolidone-S-carboxylic acid, by crystallization,
or by chromatography.
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ENANTIOMERS OF CARBAZOLE
DERIVATIVES AS S-HT,-LIKE AGONISTS

This is a continuation of PCT application Ser. No.

PCT/EP93/03627 filed Dec. 16, 1993 which claimed priority
from GB 9226530.5 filed on Dec. 21, 1992.

The present inveation relates to certain tetrahydrocarba-
zole derivatives, in particular their enantiomeric forms,
processes for preparing them, pharmaceutical compositions
containing them and their use in therapy, in particular the
treatment of migraine.

Intemnational Patent Application W(093/00086 describes
compounds of the formula:

Rrt NRIR?
Ty
N

H

and salts thereof for use in the treatment of conditions
wherein a 5-HT,-like agonist is indicated, in particular
migraine.

In the above compounds R represents hydrogen, halogen,

trifluoromethyl, nitro, hydroxy, C,_salkyl, C,_salkoxy,
arylC, _salkoxy,—CO,R*, —(CH),CN,—
- (CH,),CONR°R®, —(CH,),SO,NR’R®,
C, _s8lkanoylamino(CH,),, or
C, _salkylsulphonylamino(CH,),; R* represents hydrogen,

Jas
C,_salkyl or aryIC,_galkyl; Rs and R® each independently
represent hydrogen, or C,_galkyl, or R® and R together with
the nitrogen atom to which they are attached form a ring; n
represents 0, 1 or 2; and R? and R? each indepeadently
represcat hydrogen, C,_galkyl or benzyl or together with the
nitrogen atom to which they are attached form a pyrrolidino,
- piperidino or hexahydroazepino ring. The carbon atom to
which the group NR?R? is attached (j.c. at position 3 of the
tetrahydrocarbazole ring) is an asymmetric carbon atom and
hence the compounds exist as optically active enantiomers.
W093/00086 describes inter alia the preparation of the
‘above compounds wherein
R! s —C(O)NH;, one of R? and R? is hydrogen and the
other is methyl or ethyl, vizz
6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydrocar-
bazole (as the hydrochloride salt) and
6-carboxamido-3-N-ethylamino-1,2,3,4-tetrabydrocarba-
zole (as the oxalate salt). Both compounds were
obuained only as mixtures of enantiomers.

We have now isolated the individual isomers of the above

compounds. Thus, in a first aspect the present invention
provides the (+) and (-) enantiomers of a compound of
formula (I):

it Formula ()
H3NC NHR!

N
H
wherein R is methyl or ethyl, or a salt thereof.

In accordance with convention the (+) and (~) designa-
tions indicate the direction of rotation of plane-polarised
light by the compounds. The prefix (+) indicates that the
isomer is dextrorotatory (also designated d) and the prefix
() indicatcs the levorotatory isomer (also designated 1).
The R and S designations denote the absolute configuration
as detennined by X-ray crystallography.
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The individual compounds of formula (I) provided by the
invention may be named as:

R-(+)-6-carboxamido-3-N-methylamino-  1,2,3,4-tetrahy-
drocarbazole; (compound A)
S+(~)-6-carboxamido-3-N-methylamino-  1,2,3 4-tetrahy-

drocarbazole; (compound B)
R-(+)-6-carboxamido-3-N-ethylamino- 1,2.3,4-tetrahydro-

carbazole; (compound C)

S+(~)-6-carboxamido- 3- N-ethylamioo- 1,2,3,4-tetrahydro-

carbazole. (compound D)

Salts, solvates and hydrates of the above named com-
pounds are also within the scope of the present invention.

It will be appreciated that for use in medicine a physi-
ologically acceptable salt should be employed. Suitable.
physiologically acceptable saits will be apparent to those
skilhdmthemandmdudeformmplewdaddmon salts
such as those formed with inorganic acids e.g. hydmchlonc.
hydrobromic, sulpburic or phosphoric acids and erganic

acids e.g. succinic, tartaric, malonic, citric, maleic, acetic,
fumaric or methancsulphonic acid. Other non-physiologi-
cally acceptable salts e.g. oxalates may be used for example
io the isolation of enantiomers of formula (1), and are
included within the scope of this invention Also included
within the scope of the invention are solvates and hydrates
of enantiomers of formula (I) and their salts.

Acids which have more than one carboxyl group e.g.
succinic, tartaric, malonic or citric acids may correspond-
ingly react with more than one molecule of an enantiomer
(I). for example succinic acid may react with ecither one or
two molecules of (T) to form either a 1:1 salt (succinate) or
a 2:1 salt (hemi-succinate). All such salt farms are encom-
passed by the present invention; in general the 1:1 salt form
is preferred.

Specific salts according to the present invention include:
(+)-6-carboxamido-3-N-methylamino-1,2,3 4-tetrahydro-

carbazole L (+)-tartrate salt (1:1),
(+)-6-carboxamido-3-N-methylamino-1,

carbazole D (—)-tartrate salt (1:1),
(#)-6-carboxamido-3-N-methylamino-1,2,3 4-tetrahydro-

carbazole hemisuccinate (2:1),
(+)-6-carboxamido-3-N-methylamino-1,2,34- tetrahydro-

carbazole methanesulphonate,
(4)-6-carboxamido-3-N-methylamigo-1,2,3 4-tetrahydro-

carbazole succinate (1:1),
(+)-6-carboxamido-3-N-methylamino-1,2.3 Ltcuahydro-

carbazole hydrochloride,
(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-

carbazole hydrobromide,
(+)-6-carboxamido-3-N-ethylamino-1,2,3,4-tetrahydrocar-

bazole succinate (1:1),
(+)-6-carboxamido-3-N-ethylamino-1,2,3,4-tetrahydrocar-

bazole hydrochloride, and
(+)-6-carboxamido-3-N-methylamino-1.2,3 4-tetrahydro-

carbazole camphorsulphonate.

It will be appreciated that an enantiomer according to the
present invention for example a (+)- cnantiomer, will be
substantially free from the comesponding (=) enantiomer,
and vice versa Preferably, a specific enantiomer of the
invention will contain less than 10%, ¢.g. less than 5% and
advantageously less than 1% e.g. less than 0.5% of its
opposn.e enantiomer.

In vitro testing (rabbit basilar artery) indicates that for
both the methyl and ethyl derivatives of formula (I) the (+)
enantiomer is more active than the corresponding (-) enan-
tiomer. The above-namcd (+)-enantiomers are thercfore pre-
ferred compounds of the invention.

Enantiomers of formula (1) may be prepared by standard
mcthods, for cxample:

23,4-tetrahydro-
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(a) Separation of an cnantiomeric mixture of a compound
of formula () or a derivative thercof by chromatogra-
phy c.g. on a chiral HPLC columa.

(b) Separation of diastereoisomers of a chiral derivative
(c.g. a chiral salt) of a compound of formula (I) e.g. by
crystallisation, or by chromatography.

(c) Alkylation of a (+) or (-) enantiomer of 3-amino-6-
carboxamido-1,2,3 4-teirshydrocarbazole or a salt
thereof, followed if necessary or desired by convening
a derivative of compound (I) so obtained into a com-
pound of formula (I) itself or a differem derivative
thereof e.g. by removal of any N-protecting group or
facilitating group, conversion of a salt into the free
base, and/or salt formation.

Separation according to process (a) is generally facilitated
by first introducing a readily removable group into the
alkylamino moiety of the compound of formula (I). Suitable
removable facilitating groups include those commonly used
as N-protecting groups e.g. an alkoxycarboay! group such as
t-butyloxycarbonyl or an aralkoxycarbonyl group such as
benzyloxycarbonyl, which groups may be introduced by
reaction with for example a di-alkyl-dicarbonate such as
di-t-butyl-dicarbonate or a chloroformate such as benzyl-
chloroformate. The resulting enantiomeric mixture can be
applied to a chiral HPLC column and fractions containing
the individual isomers collected. A facilitating group may be
removed by standard methods such as acid hydrolysis or
catalytic hydrogenation.

A chiral derivative according to process (b) is aderivative
containing at least two chiral centres, such that an enantio-
meric mixture of a compound () is conveaed into a pair of
diastereoisomers. Such derivatives include chiral salts
wherein the anion contains a chiral centre and dezivatives of
formula (1) in which the alkylamino moiety is substituted by
a group containing a chiral centre.

A chiral salt may be prepared for example by reaction of
"+ an enantiomeric mixture, such as a 1:1 racemate, of a
compound (I) with an optically active acid such as (1S) -
(+)-camphorsulphonic acid, d-tartaric acid, .1-malic acid,
1-mandelic acid, 1-gulonic acid, 2,3:4,6-di-O-isopropy-
lidene-2-keto-L-gulonic acid or
R-2-pyrrolidone-5-carboxylic acid (also known as D-pyro-
glutamic acid) to give two diastereoisomeric salts which
may be separated e.g. by arystallisation. The free base form
of the desired enantiomer may be obtained by peutralisation
with a base such as sodium hydroxide or an ion exchange
resin. Preferred optically active acids for use in this process
include (1S)-(+)-camphorsulphonic acid and especially
R-2-pyrrolidone-5-carboxylic acid.

Alternatively, an optically active reagent such as R-a-
methylbenzyloxy-succinimidate may be reacted with an
enantiomeric mixture of formula (I), to give 8 mixture of
diastereoisomers which can be separated by chromatogra-
phy, followed by hydrogesolysis to give the desired enan-
tiomer of formula (I). _ :

A chiral derivative may also be prepared by employing a
chiral auxiliary at an carlier stage in the synthesis as
described heseinafiee. This may advantageously result in a
mixture enriched with ope diastereoisomer of a compound
(1), and most preferably a single diasterecisomer. thus pro-
viding a sicreosclective synthesis of an enantiomer accord-
ing to the invention.

[

$

s

w.

b3

Alkylation of an enantiomer of 3-amino-6-carboxamido- -

1.2.3.4-tcurahiydrocarbazole according to process (c) may be
carried out by standard methods well known in the ant. For
cxamplc alkylation may be achicved indircctly by formaton
of a group which can be reduced to the desired alkylamino

65

4
function (reductive alkylation). Thus for example the
3-amino compound can be reacted with an riate
aldehyde or ketone e.g. formaldehyde, acetaldchyde or
acetone, in the presence of a suitable reducing agent such as
an alkali metal borohydride or cyanoborohydride e.g.
sodium cyancborohydride. Altematively formylation may
be effected using p-nitropheaol formate in aqueous tetrahy-
drofuran, using similar reducing conditions. Preferably, the
3-amino compound is first reacted with benzaldehyde, also
in the presence of a reducing agent such as a cyanoborohy-
dride, to form 3-N-benzylamino-6-carboxamido-1,2,3 A-tet-
rahydrocarbazole, prior to introduction of the methyl or
cthyl group. The benzyl group may subsequently be cleaved
by standard methods such as catalytic hydrogeaation.

In a further alkylation method, an N-methyl substituent
may be introduced by formation of s 3-isothiocyanato
derivative e.g. by reaction of the 3-amiro compound with
carbon disulphide and dicyclobexylcarbodiimids; followed
by reduction for example with a borobydride. i

It will be appreciated by those skilled in the art that other
standard means of alkylation may also be employed.

The starting compounds for use in the above processes
may be prepared by methods known jn the art for the
preparation of tetrahydrocarbazoles, such as the methods
described in International Application WO93/00086. Thus
for example an eaantiomeric mixture of formula (I) may be
prepared by reductive alkylation of the comresponding
3-amino compound, as described for process (c) above,

An epantiomesic mixture of formula (I) may also be
prepared by reaction of 4-carboxamido-phenylhydrazine, or
a salt thereof e.g. the hydrochloride, with 4-(methyl or
cthyl)-aminocyclohexanone. In a particular embodiment of
this method a protected dexivative of the 4-alkylaminocy-
clohexanone is advantageously employed, e.g. a ketal of
formula (II):

NRIR? Formala (1)

o o
\r
wherein R! is as defined for formula (I), R? is hydrogen or
an N-protecting group and A is an alkylene moiety, such as
cthylene or neopentylene (—CH,C(CH,),CH,-).
Compounds of formula (II) may themselves be prepared
from a protected 1,4-cyclohexane-dione of formula (III):

[o] Formla (T

o o

\A/
by reaction with the appropriate alkylamine compound. This
reaction may be effected in a suitable solvent, for example
a hydrocarbon such as benzene or toluene in the presence of
titanium tetrachloride or suitable molecular sicves e.g. 4A
molecular sicves, to give the comresponding iminoketal
derivative which may then be convened to an alkylamino
compound of formula (II) by catalytic hydrogenation using
for cxamplc palladium on carbon. Allernatively the reaction
may be effccted in a solvent such as an alcohol ¢.g. ethanol
and the mixturc hydrogenated dircctly, using e.g. palladium
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on charcoal, 10 give a compound of formula (II).

The alkylamino group in the resulting compound of
formula (II) may if desired be protected using standard
-methods. Suitable N-protecting groups are well-known in
the art and include for example acyl groups such as acetyl,
rifluoroacety), or benzoyl; an alkyl- or aralkyloxycarbonyl
group such as methoxycarbonyl, t-butoxycarbonyl, benzy-
loxycarbonyl or phthaloyl; and aralkyl groups such as ben-
zyl, diphenylmethyl or triphenylmethyl. The protecting
groups should be easily removable at the end of the reaction
scquence. N-deprotection may be effected by coaventionsal
methods, for example an alkoxycarbonyl group such as
t-butoxycarbonyl may be cleaved by hydrolysis and an
aralkyloxycarbonyl group such as benzyloxycarbonyt or an
aralkyl group such as benzyl may be cleaved by bydro-
genolysis.

Cyclisation with 4-carboxamidophenylhydrazine or a salt
thereof is preferably carmried out with a ketal of formula (IT);
however if desired the ketal may be converted to the
corresponding ketone prior to this reaction.

Yet a further method for preparing an enantiomeric mix-

ture of formula (I) comprises reacting a compound of
formula (1V): -

H)NCO .] ll z Forrmula (IV)
N

H

wherein Z is a leaving group, such as a halogen atom or a
sulphonyloxy (e.g- p-lolucnesulphonyloxr or methane-
sulphonyloxy) group with an amine H,NR' or a derivative
thereof. Said derivalive may optionally coatain a chiral
centre, as in for example R-a-methylbenzylamine, resulting
in a diastereoisomeric mixture of the comresponding deriva-
tive of formnula (I). The diastereoisomers may be separated
by chromatography, followed by hydrogenolysis to give the
desired enantiomer of formula (I).

An ¢nantiomeric mixture of 3-amino-6-carboxamido-1,2,
3,4-tetrahydrocarbazole may be prepared in an analogous
manner to formula (I), using 4-aminocyclohexanone,
optionally protected as a ketal derivative, or an N-protected
(c.g. phthalimido) derivative thereof. The enantiomers of
3-amino-6-carboxamido-1,2,3,4 -tetrahydrocarbazole may
be resolved by chiral HPLC as described for process (a)
above, using a derivative such as 3-t-butyloxycarbony-
lamino-6-carboxamido-1,2,3,4-tetrahydrocarbazole; or by
formation of a chiral salt of the 3-amino compound in a
similar manner to process (b) above, using for example
2,3-4,6-di-O-isopropylidene-2-keto-L-gulonic  acid, fol-
lowed by seleciive crystallisation. Such methods are
described in International Application W(Q93/00086.

Enantiomers of formula (I) have been fouad to be agonists
and partial agonists at 5-HT,-like receptors. Nomenclature
of 5-HT receptors is constantly evolving. At least four
subtypes of the 5-HT, receptor family have beea described,
namely 5-HT,,.. 5-HT,,. 5-HT,. and S-HT,,. Functional
contractile 5-HT,-like receptors have been identified in the
dog saphenous vein and in cerebral (basilar) arteries of
various species including rabbit and human. It is oow
belicved that the functional 5-HT,-like receptor correlates
with the 5-HT,, binding site (A. A Parsons, TIPS, Aug.
1991, Vol 12). :

Enantiomers of formula (1) are expected to have utility in
the trcatment and/or prophylaxis of migraine, with and
without aura, tension hcadache, cluster headache and othe
forms of cephalic pain and trigeminal neuralgias.

The invemtion therefore further provides the usc of an
enantiomer of formula (1) or a physiologically acceptable
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salt thereof in the manufacturc of a medicament for the
trcatment of a condition wheee a 5-HT-like agonist is
indicated, in particular the treatment or prophylaxis of
migraine.

The invention also provides a method of treatment of a
condition wherein a 5-HT,-like agonist is indicated, in
particular migraine, which comprises administering to a
subject in need thereof an effective amount of an enantiomer
of formula (1) or a physiologically acceptable salt thereof.

For use in medicine, a compound of the present invention
will usually be administered as a standard pharmaceutical
composition. The present invention therefore provides in a
further aspect pharmaceutical compositions comprising an
cnantiomer of formula (I) or a physiologically acceptable.
salt thereof and a physiologically acceptable carrier.

The compounds of formula (1) may be administered by
any convenient method, for example by oral, parenteral,
buccal, sublingual, nasal, rectal or transdermal administra-
tion and the pharmaceutical compositions adapted accord-
ingly. -

The compounds of formula () and their physiologically
acceptable salts which are active when given orally can be
formulated as liquids or solids, for examplé syrups, suspen-
sions or emuisions, tablets, capsules and lozenges.

A liquid formulation will generally consist of a suspen-
sion or solution of the compound or physiologically accept-
able salt in a suitable liquid carrier(s) for example an
aqueous solvent such as water, cthanol or glycerine, or a
non-aqueous solveat, such as polyethylene glycal or an oil.
The formulation may also contain a suspending ageat,
preservative, flavouring or colouring ageat.

A composition in the form of a tablet can be prepared
using any suitable pharmaceutical carrier(s) routinely used
for preparing solid formulations. Examples of such careers
include magnesium stearate, starch, lactose, sucrose and
cellulose.

A composition in the form of a capsule can be prepared
using routine encapsulation procedures. For example, pellets
conlaining the active ingredient can be prepared using
standard carriers and then filled into a hard gelatin capsule;
alternatively, a example aqueous gums, celluloses, silicates
or oils and the dispersion or suspeasion thea filled iato a soft
gelatin capsule. .

Typical parenteral compositions consist of a solution or
suspension of the compound or physiologically acceptable
salt in a sterile aqueous carrier or parenterally acceptable oil,
for example polyethylene glycol, polyvinyl pyrrolidone,
lecithin, arachis oil or sesame oil. Alternatively, the solution
can be lyophilised and then reconstituted with a suitable
solvent just prior to administration. .

Compositions for nasal administration may coavenienty
be formulated as acrosols, drops, gels and powders. Aerosol
formulations typically comprise a solution or fine suspen-
sion of the active substance in a physiologically acceptable
aqueous or nonaqueouys solvent and are usually presented in
single or multidose quantities in sterile form in a scaled
container, which can take the form of a cartridge or refill for
use with an atomising device. Alternatively the sealed con-
tainer may be a unitary dispensing device such as a single
dose nasal inhaler or an aerosol dispenser fitted with a
metering valve which is intended for disposal once the
contents of the container have been exhausied. Where the
dosage form compriscs an aerosol dispenser, it will contain
a propellant which can be a compressed gas such as com-
pressed air or an organic propellant such as a fluorochloro-
hydrocarbon. The aerosol dosage forms can also take the
form of a pump-atomiser.
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Composilions suitable for buccal or sublingtial adminis-
tration include tablets, lozenges and pastilles, wherein the
active ingredient is formulated with a carricr such as sugar
and.acacia, tragacanth, or gelatin and glycerin.

Compositions for rectal administration arc conveniently
in the form of suppositories containing a conventional
suppository base such as cocoa butter.

Compositions suitable for transdermal administration
include ointments, gels and patches.

Preferably the composition is in unit dose form such as a
tablet, capsule or ampoule.

Each dosage unit for oral administration contains prefer-
ably from 1 to 250 mg (and for parcateral administration
contains preferably from 0.1 to 25 mg) of a compound of the
formula (I) or a physiologically acceptable salt thereof
calculated as the free base.

The physiologically acceptable compounds of the inven-
tion will normally be administered in a daily dosage regimen
(for an adult patient) of, for example, an oral dose of
between 1 mg and S00 mg, preferably between 10 mg and
400 mg, e.g. betweea 10 and 250 mg or an intravenous,
subcutaneous, or intramuscular dose of between 0.1 mg and
100 mg, preferably between 0.1 mg and SO mg, ¢.g. between
1 and 25 mg of the compound of the formula (I) or a
physiologically acceptable salt thereof calculated as the free
base, the compound being administered 1 to 4 times per day.

235

Suitably the compounds will be administered for a period of .

continuous therapy, for example for a week or more.

BIOLOGICAL TEST METHODS

5-HT,-like Receptor Screen

Rabbit Basilar Antery

Experiments were performed in intracranial arteries from
rabbit isolated basilar artery in a similar method to that
described previously (Parsons and Whalley, 1989. Eur J
Pharmacol 174, 189-196.).

In brief, rabbits were killed by overdose with anaesthetic
(sodium pentobarbitone ). The whole brain was quickly
removed and immersed in ice cold modified Kreb's solution
and the basilar artery removed with the aid of a dissecting
microscope. The Krebs solution was of the following com-
position (mM) Na* (120); K* (5); Ca** (2.25); Mg?* (0.5);
CI1*! (98.5); SO,* (1); EDTA (0.04) cquilibrated with 95%
0,/5% CO,. The endothelium was removed by a geatle
rubbing of the Jumen with a fine metal wire. Arteries were
then cut into ring segments (ca 4-5 mm wide) and set up for
recording of isometric tension in SO ml tissue baths in
modified Krebs solution with the additional supplement of
(mM); Na?* (20); fumarate (10); pyruvate (5); L-glutamate
(5) and glucose (10). The arteries were then placed under 2
resting force of 34 mN maintained at 37° C. and the
solution bubbled with 95% O,/5% CO,.

After tests for initial reactivity with 90 mM KCl depola-
rising solution and for lack of acetylcholine-induced relax-
ation of 5-HT (10 mM) precontraction, cumulative concen-
tration-effect curves (2 nM-60 mM) to S-HT were
constructed i the presence of ascorbate 200 mM, cocaine 6
mM, indomethacin 2.8 mM, ketanserin | mM and prazosin
1 mM.

Following a 45-60 min wash period, cumulative concen-
tration-effect curves to the test compounds or 5-HT (as a
timc match control) were constructed in the presence of
ascorbate, indomethacin, cocaine, kctanscrin and prazosin.
Test Compounds

8
R-(+)-6-carboxamido-3-N-methylamino-1,2,3,4-tetrahydro-
carbazole; (compound A)
§-(-)-6-carboxamido-3-N-methylamino-1,2,3 4-tetrahydro-
carbazole; (compound B)
R-(+)-6-carboxamido-3-N-ethylamino-1,2,3,4- tcuahydm.
carbazole; (compound C)
S-(-)-6-carboxamido-3-N-ethylamino-1,2,3,4-tetrahydro-
carbazole. (compound D)

Results BCy
Compound A 0.03 uM
Cocpoond B >2 M
Compound C 0.16 yM
Compound D 2Ll yM

Pharmaceutical Formulations

The following represeat typical pharmaceutical formula-
tions aeemdmg to the present invention, which may be

prepared using standard methods,
IV Infssion =
Compound of formmita (1) 140 mg
Buffer wpH ca?
Solvent/camplexing sgent w 100 @l
Bolus Injection
Compound of formala (T) 1-40 mg
Buffer wpH ca?
Co-Salvent oS ml
Buffer: Suitable buffers include citrate, phosph

Gum bydroxidemydrochloric acid.
Solvest: Typically water but may also include

cyclodextring (1-100 mg) and co-solvents such a3
propylene glycol, polyethylcoc glycol and

Tablet
Compound 140 mg
DilucovFiller* 50-250 mg
Binder 5-25 mg
40 Discotegram® 5-50 mg
Lubricant 1-5 myg
Cyclodextrin 1-100 mg
Dilueat: cg. chmcry:ul.hn: celluinse, lactase, starch
Binder: e.g. Polyvinylpyrrolidone,
bydroxypropymethyiceliniose
45 Disintegrane eg Sodmm nnch uyoolhu. aupovu‘hu
Lubricant: ¢.g Magne
fumarate,
Oral Susperaion
Compound I-4O mg
Suspending Ageat 0.1-10 mg
% Dituem 2060 mg
Presarvative 0.01-1.0 mg
Buffer to pH ca$-8
Co-solvem 0-40 mg
Flavour 0.01-1.0 mg
Colocrant 0.001-0.1 m;
55 Suspeading ¢g- Xanthan gam, microcrysialline celiulose
sgent:
Dilucar: e.g. sorbitol solution, typically water
Preservative: c.g. sodium beazoste
Buffer: c.g. cuae
Co-solvent: ¢.¢. alcobol, propylene glycol, polycthylene
60 glyool, cyclodexuin
*may a0 include cyclodextrios
Preparation 1

(#)-3-Amino-6-carboxamido-1,2,3,4-tctrahydrocarbazole
4-Carboxamidophenylhydrazine hydrochloride (2.87 g)
and 4-phthalimidocyclohexanonc (3.00 g) were mixed in
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