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SUMMARY

The synthesis of tritium 1labelled 2-(3'-carboxypropyl)-3-imino-6-
para-methoxyphenyi-2,3-dihydropyridazine, a new, specific, water-
soluble and chemically stable GABA antagonist at the GABAA receptor
site is reported. The synthesis involves an N-2 endo-alkylation of
3-amino-6-p-methoxyphenyl-pyridazine with ethyl y-bromocrotonate,
reductive tritiation of the crotonic double bond and hydrolysis in

acidic medium.

Key words : SR 95531, GABAA receptor antagonist, 2-(3'-carboxypropyl)-3-

imino-6 para-methoxy phenyl-2,3-dihydropyridazine.

INTRODUCTION

Bicuculline, an alkaloid from plants of the genera Corydalis and
Dicentra was recognized in the early 1970s as an antagonist of the
neurotransmitter GABA (1). Bicuculline is now considered as the most
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selective GABAA antagonist although it has been criticized for being
neither potent (2) nor reliable enough (3-7). Some of the shortcomings
might be due to the hydrolysis of bicuculline in aqueous solutions and to
its rapid conversion to the less active hydroxy acid bicucine (8). Experi-
ments performed with the more stable and soluble quaternary salts of
bicuculline gave more consistent results (9,10). Of the more recently
described GABAA antagonists, 5,6,7,8-tetrahydro-4-isoxazolo(3,4-d)
azepin-3-01 (iso-THAZ) (11) also blocks neuronal inhibition elicited by
glycine (12), the steroid derivative R 5135 strongly interacts with
benzodiazepine and glycine receptors (13), and pitrazepine interacts with
benzodiazepine receptors (14). Very recently, two new and chemically

different selective GABAA receptor antagonists have been described ; secu-

rinine which is an alkaloid extracted from the shrub Securinega suffruc-

ticosa (15), and SR 95103 which is a synthetic GABA derivative prepared
by our group (16). Both compounds appear to be relatively specific for
the GABAA receptor, however securinine is somewhat weaker than bicucul-
line in displacing tritiated GABA from its receptor in vitro (15) whereas
SR 95103 exhibits an approximately 20-fold greater affinity than bicucul-
line for the GABA, receptor (16). The chemical structure of SR 95103
(Fig. 1) is characterized by a GABA molecule attached at its N-terminus

to a phenyl-amino-pyridazine heterocycle.
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Figure 1

Structure~-activity studies show that removing the methyl group at
the 4-position and placing a methoky group at the 6-position led to the

compound, SR 95531, which exhibits the highest affinity in this series
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and which was approximately 250 times more potent than bicuculline in
displacing tritiated GABA from its receptor site {17). SR 95531 shows a
very high selectivity for the GABAA receptor site (17, 18), it is freely
soluble in water and chemically stable. We report here the synthesis of
SR 95531 1labelled with tritium on the butyric side chain. This compound

may constitute a useful research tool in neurochemistry.

RESULTS AND DISCUSSION

The synthesis of [SH]SR 95531 [2-(3'-carboxy- °H-2',3'-propyl-3-
imino-6- para-methoxyphenyl-2,3-dihydropyridazine] was performed follo-
wing the published synthesis of the unlabelled compounds of this series
(16). The only modification was the replacement of ethyl 4-bromobutyrate
with ethyl 4-bromocrotonate at the alkylation step, the crotonic double

bond allowing the reductive tritiation (Scheme I).
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Scheme I : Synthesis of °H SR 95531

3

a : Br-CHZ-CHICH-COZEt-DMF s b Hz—Pd/C ;5 ¢ : AcOH-HCl, Zorbax ODS

Thus the alkylation of 3-amino-6-para-methoxyphenyl-2,3-dihydropyri-
dazine 1 with ethyl 4-bromocrotonate in the minimal amount of dimethylfor-
mamide yielded the hydrobromide of 2-(3'-carbethoxypropen-2-y1)-3-
imino-6-para-methoxyphenyl-2,3-dihydropyridazine 2. The synthesis was con-
tinued with- this hydrobromide, without isolation of the corresponding

free base. During preliminary studies in which ethyl 4-bromocrotonate was
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reacted with 3-amino-4-methyl-6-phenylpyridazine, we observed a sponta-
neous cyclisation of the alkylation product 5 (Scheme II) after sodium
hydrogen carbonate treatment and on standing in aqueous solution. The
imidazolino-pyridazine 6 was formed as a result of an intramolecular

Michaél addition.
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Scheme II : Cyclisation into imidazolino-pyridazines

For this reason the ethylenic hydrobromide 2 was directly hydrogena-
ted with tritium in the presence of 10 % Pd/C and the resultant saturated

ester 3 was then hydrolyzed in an acetic acid-hydrochloric acid mixture.

EXPERIMENTAL

Material and procedures

3-Amino-6-para-methoxyphenyl-pyridazine 1 and 3-amino-4-methyl-6-phe-
nyl- pyridazine 5 were prepared according to ref. (16) by hydrogenolysis
of the corresponding 3-hydrazino-pyridazine (19). Melting points were

taken on a Mettler PFM apparatus and are uncorrected. !

H-NMR spectra were
performed with a Bruker 60 MHz instrument using tetramethylsilane as

internal standard.

1. 2-(3'-Carbethoxy-propen-2'-yl)-3-imino-6-para-methoxyphenyl-2,3-dihy-

dropyridazine hydrobromide 2. To a solution of 300 mg (1.48 mmol} of

3-amino-6-para-methoxyphenyl-pyridazine in 5 drops of DMF, 315 mg (1.64
mmol) of ethyl 4-bromocrotonate were added and the mixture was heated at
60°C for 3.5 h. After cooling the precipitate was collected by filtration

and recrystallized from methanol with addition of anhydrous ether. A
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white powder (260 mg ; 45 %), melting at 191°C was obtained. Rf
(n-ﬁuOH-AcOH-H20-4:]:1) : 0.75. ]H-NMR (DMSO d6) : 1.16 (t, J = 7.0, 3H,
-CHZ-C_I-i3), 3.83 (s, 3H, -OCﬂ3), 4.10 (q, J = 6.0, 2H, -N-Cﬂz--,'x2 part of
an ABX2 system), 5.8-6.2 (m, A part of an ABX2 system, part B masked,
1H-CH=C_H_-C02Et), 6.8-8.9 (m containing (a) at 7.51 : (AB)Z’ § = 0.82,

JAB = 7.0, 4H, -C6ﬂ4- ; (b) at 8.00 : AB, & = 0.70, J,, = 7.0, 2H,

AB

C4ﬂ2NZ) and (c) : a m, 1H, -Hzc-Cﬂ=C-), 9.16 (broad s, 2H, exch. D,0,

2
Nﬂz). Anal. calc.v for C]7BY‘H20N303 : C : 51.78, H: 5.11, N _: 10.65.

Found : C : 51.52, H : 4.94, N : 10.83.

2. Tritium Tabelling : 2-(3'-carbethoxy-3H°2',3'-propy1)-3—1’m1’no-6-para—

methoxypheny1-2,3~dihydropyridazine hydrobromide 3. A mixture of 10 mg

(0.025 mmol) of the unsaturated precursor 2 and 10 mg of 10 % Pd/C in 5
ml of absolute EtOH was stirred for 1 hr at room temperature under 100
Curies of tritium gas at 1 atm pressure. The catalyst was removed by
filtration to yield 770 mCi of crude product. The material was purified
by preparative tlc on two 250 micron silica gel GF plates using
CH2C12-CH30H (4:1) as eluent. The product (375 mCi) was 97 % radiochemi-
cally pure in the above tlc system.

3

3. 2-(3'-Carboxy- “H-2',3'-propyl)-3-imino-6-para-methoxyphenyl-2,3-dihy-

dropyridazine 4. A solution of 375 mCi of 3 in 0.2 m! of glacial acetic
acid and 0.025 ml of concentrated HC1 was heated at 100°C for 2 hrs. The
reaction mixture was cooled to room temperature and then evaporated to
dryness under reduced pressure. The residue was purified by HPLC on a
Zorbax ODS column (4.6 mm x 25 cm) with 0.01 M NH

OAC:CH,CN, 7:3 as

4 3
solvent. The mobile phase was removed by rotary evaporation at room
temperature and the product was redissolved in absolute EtOH to give 240
mCi of product. The radiochemical pur‘ity' was 98 % by tlc on silica gel GF
{n-butanol-acetic acid-water, 25:4:10) and HPLC on Zorbax 0ODS (0.0IM

KH2P04 pH3-CH3CN, 7:3). Specific activity was determined by UV to be 38.2
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Ci/mmole. The product was stored at 1.0 mCi/ml in absolute ethanol at

-20°C.

4, 2-(3'-Carbethoxy-propen-2'-yl}-3-imino-4-methyl-6-phenyi-2,3-dihydropy-

ridazine 5. A mixture of 500 mg (2.70 mmol) of 3-amino-4-methyl-6-phe-
nyl-pyridazine, 575 mg (2.97 mmol) of ethyl 4-bromocrotonate and 5 ml of
DMF was heated at 60°C for 2.5 h. After cooling the solid was collected
by filtration and washed with anhydrous ether. A white powder was
obtained (630 mg, 61 %) ; m.p. 187°C. Rf (n-BuOH-AcOH-H20-4:1:1) 1 0.46.
TH-NMR  (DMSO d6) : 1.20 (t, J = 7.5, 3H, -CHZ-Cﬂs), 2.45 (broad s, 3H,
-CH=CH-Cﬂ3), 4.12 (q, J = 7.5, 2H, ~CH,- CH3), 5.25 (broad d, X, part of

an ABXZ, JBX = 5.3, 2H, -Cﬁz-CH=CH-), 6.55 (AB part of an ABXZ, 28 =
1.14, JAB = 16.0, JBX = 5.3, -CHZ-Cﬂ=Cﬂ-), 7.4-8.2 (m, 5H, C6ﬂs), 8.50

(broad s, 1H, pyridazine CH in 5-position), 9.00 (broad s, 2H, exch. DZO’
Nﬁz). Anal. calc. for C]7BrH20N302 € @ 53.97, H : 5.30, N : 11.10.

Found : C : 53.95, H : 5.46, N : 10.93.

5. 2-carbethoxymethyl-6-phenyl-8-methyi-imidazolino {3,2-b) pyridazine 6.

A solution of 50 mg (0.13 mmol) of the unsaturated ester 5 in 5 m
distilled water was kept at room temperature for 24 h. After removal of

the solvent under reduced pressure a white powder was obtained (40 mg),

1

m.p. 172°C. Rf (n-BUOH-ACOH-HZO, 4:1:1) : 0.48. 'H-NMR (DMSO d6) ¢ 1.20

(t, J = 7.5, 2H, -Cﬂz~CH3), 2.45 (broad s, 3H, -Cﬂ3 at the 8 position),

3.00 (broad d, J = 4.5, 2H, -CﬂQ- C02Et), 4.12 {q, J = 7.5, 3H,

=CHy-CH3), 4.5-5.1 (m, 3H, -CH,-CH-CH,-CO,Et), 7.4-8.2 (m, 5H, CcHc),
8.38 (broad s, 1H, -CH at the 7 position). Anal. calc. for C”BrH20N302 :

C :53.97, 4 :5.30, N : 11.10. Found : C : 54.11, H : 5.36, N : 11.11.
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