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SUMMARY 

The synthes is  o f  t r i t i u m  l a b e l  l e d  2 -  (3'-carboxypropyl)-3-imino-6- 

para-methoxyphenyl-2,3-dihydropyridazine, a new, s p e c i f i c ,  water- 

s o l u b l e  and chemical ly  s t a b l e  GABA antagonis t  a t  t h e  GABAA recep to r  

s i t e  i s  repor ted.  The synthes is  i nvo l ves  an N-2 endo-a l ky la t i on  o f  

3-amino-6-p-methoxyphenyl-pyridazine w i t h  e t h y l  y-bromocrotonate, 

r e d u c t i v e  t r i t i a t i o n  o f  t h e  c r o t o n i c  double bond and h y d r o l y s i s  i n  

a c i d i c  medium. 

Key words : SR 95531, GABAA recep to r  antagonist,  2- (3 ' -carboxypropyl ) -3-  

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

INTRODUCTION 

B i c u c u l l i n e ,  an a l k a l o i d  f rom p l a n t s  o f  t h e  genera Coryda l i s  and 

D icen t ra  was recognized i n  t h e  e a r l y  1970s as an antagonis t  o f  t h e  

neuro t ransmi t te r  GABA (1 ) .  B i c u c u l l i n e  i s  now considered as t h e  most 
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s e l e c t i v e  GABAA antagonis t  a l though i t  has been c r i t i c i z e d  f o r  be ing 

n e i t h e r  po ten t  ( 2 )  nor  r e l i a b l e  enough 13-71. Some o f  t h e  shortcomings 

might  be due t o  t h e  h y d r o l y s i s  o f  b i c u c u l l i n e  i n  aqueous s o l u t i o n s  and t o  

i t s  r a p i d  conversion t o  t h e  l e s s  a c t i v e  hydroxy a c i d  b i c u c i n e  (8). Exper i -  

ments performed w i t h  t h e  more s t a b l e  and so lub le  quaternary s a l t s  o f  

b i c u c u l l i n e  gave more cons is ten t  r e s u l t s  (9, lO). O f  t h e  more r e c e n t l y  

described GABAA antagonis ts ,  5,6,7,8-tetrahydro-4-isoxazolo~3,4-d) 

azepin-3-01 (iso-THAZ) (11) a l so  b locks neuronal i n h i b i t i o n  e l i c i t e d  by 

g l y c i n e  (121, t h e  s t e r o i d  d e r i v a t i v e  R 5135 s t r o n g l y  i n t e r a c t s  w i t h  

benzodiazepine and g l y c i n e  recep to rs  (131, and p i t r a z e p i n e  i n t e r a c t s  w i t h  

benzodiazepine recep to rs  (14) .  Very recen t l y ,  two new and chemical ly  

d i f f e r e n t  s e l e c t i v e  GABAA recep to r  antagonis ts  have been descr ibed ; secu- 

r i n i n e  which i s  an a l k a l o i d  ex t rac ted  f rom t h e  shrub Securinega s u f f r u c -  

t i c o s a  (151, and SR 95103 which i s  a s y n t h e t i c  GABA d e r i v a t i v e  prepared 

by our group (16). Both compounds appear t o  be r e l a t i v e l y  s p e c i f i c  f o r  

t h e  GABAA receptor ,  however secu r in ine  i s  somewhat weaker than b i c u c u l -  

l i n e  i n  d i s p l a c i n g  t r i t i a t e d  GABA f rom i t s  recep to r  i n  v i t r o  (15) whereas 

SR 95103 e x h i b i t s  an approximately 20 - fo ld  g rea te r  a f f i n i t y  than b i c u c u l -  

l i n e  f o r  t h e  GABAA recep to r  (16) .  The chemical s t r u c t u r e  o f  SR 95103 

(F ig.  1)  i s  cha rac te r i zed  by a GABA molecule at tached a t  i t s  N-terminus 

t o  a phenyl-amino-pyridazine heterocyc le.  

SR 95103 

Figure  1 

S t r u c t u r e - a c t i v i t y  s tud ies  show t h a t  removing t h e  methyl group a t  

t h e  4 -pos i t i on  and p l a c i n g  a methoky group a t  t h e  6 - p o s i t i o n  l e d  t o  t h e  

compound, SR 95531, which e x h i b i t s  t h e  h ighes t  a f f i n i t y  i n  t h i s  s e r i e s  
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and which was approximately 250 t imes more po ten t  than b i c u c u l l i n e  i n  

d i s p l a c i n g  t r i t i a t e d  GABA f rom i t s  recep to r  s i t e  (17). SR 95531 shows a 

very h igh  s e l e c t i v i t y  f o r  t h e  GABAA recep to r  s i t e  (17, 18), i t  i s  f r e e l y  

so lub le  i n  water and chemical ly  s tab le.  We r e p o r t  here t h e  syn thes i s  o f  

SR 95531 l a b e l l e d  w i t h  t r i t i u m  on t h e  b u t y r i c  s ide  chain. Th is  compound 

may c o n s t i t u t e  a u s e f u l  research t o o l  i n  neurochemistry. 

RESULTS AND DISCUSSION 
3 The synthes is  o f  [ H ]  SR 95531 [2- (3 ' -carboxy-  3H-21 ,3'-propyl-3- 

imino-6- para-methoxyphenyl-2,3-di hydropyr idaz ine j was performed f o l  l o -  

wing t h e  publ ished synthes is  o f  t h e  un labe l l ed  compounds o f  t h i s  se r ies  

(16). The o n l y  m o d i f i c a t i o n  was t h e  replacement o f  e t h y l  4-bromobutyrate 

w i t h  e t h y l  4-bromocrotonate a t  t h e  a l k y l a t i o n  step, t h e  c r o t o n i c  double 

bond a l l ow ing  t h e  r e d u c t i v e  t r i t i a t i o n  (Scheme I ) .  

Scheme I : Synthesis of 'H SR 95531 

a : Br-CHZ-CH=CH-COZEt-DMF ; b : 3H2-Pd/C ; c : AcOH-HCZ, Zorbax ODs 

Thus t h e  a l k y l a t i o n  o f  3-amin0-6-para-methoxypheny1-2~3-dihydropyri- 

dazine - 1 w i t h  e t h y l  4-bromocrotonate i n  t h e  minimal amount o f  d i m e t h y l f o r -  

mamide y i e l d e d  t h e  hydrobromide o f  2-(3'-carbethoxypropen-2-y1)-3- 

imino-6-para-methoxyphenyl -ZY3-d ihydropyr idaz ine 2. The synthes is  was con- 

t i n u e d  wi th t h i s  hydrobromide, w i t h o u t  i s o l a t i o n  o f  t h e  corresponding 

f r e e  base. Dur ing p r e l i m i n a r y  s tud ies  i n  which e t h y l  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 11) after sodium 

hydrogen carbonate treatment and on standing in aqueous solution. The 

imidazolino-pyridazine 5 was formed as a result of an intramolecular 

Michael addition. 

3 s 
Scheme 11 : CycZisation into irnidazotino-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 2 was then hydrolyzed in an acetic acid-hydrochloric acid mixture. 

EXPERIMENTAL 

Materi a1 and procedures 

3-Ami no-6-para-methoxyphenyl -pyridazi ne 1 and 3-amino-4-methyl -6-phe- 
nyl- pyridatine 5 were prepared according to ref. (161 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 1. 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-6uOH-AcOH-H20-4:l:1) : 0.75. 'H-NMR (DMSO d6) : 1.16 (t, J = 7.0, 3H, 

-CH2-CH 1, 3.83 ( 5 ,  3H, -OW3), 4.10 (q, J = 6.0, 2H, -N-Cti2-, X2 part o f  

an ABX2 system), 5.8-6.2 (m, A part of an ABX2 system, part B masked, 

1H-CH=CH-C02Et), - 6.8-8.9 (m containing (a) at 7.51 : (AB12, 6 = 0.82, 

JAB = 7.0, 4H, -C&- ; (b) at 8.00 : AB, 6 = 0.70, JAB = 7.0, ZH, 

C&N2) and (c) : a m, lH, -H2C-CH=C-), - 9.16 (broad s, 2H, exch. D20, 

NS). Anal. calc. for C17BrH20N303 : C : 51.78, H : 5.11, N -: 10.65. 

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

-3 

2. 

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

(0.025 mmol)  o f  the unsaturated precursor 1. and 10 mg of 10 % Pd/C in 5 

ml of absolute EtOH was stirred for 1 hr at room temperature under 100 

Curies o f  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:l) as eluent. The product (375 mCi) was 97 % radiochemi- 

cally pure i n  the above tlc system. 

Tritium labelling : 2-(3'-carbethoxy- 3 H-2',3'-propyl)-3-imino-6-para- 

3. 2-(  3'-Carboxy- 3H-2' ,3 ' -propyl ) -3-imi no-6-para-methoxyphenyl-2,3-di hy- 

dropyridazine 4. A solution of 375 mCi of 5 in 0.2 ml o f  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 NH40AC:CH3CN, 7:3 as 

solvent. The mobile phase was removed by rotary evaporation at room 

temperature and the product was redissolved in absolute EtOH to give 240 

mCi o f  product. The radiochemical purity was 98 % by tlc on silica gel GF 

(n-butanol-acetic acid-water, 25:4:10) and HPLC on Zorbax ODS 10.01M 

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-pheny~-Z,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:l:l) : 0.46. 

'H-NMR (DMSO d6) : 1.20 (t, J = 7.5, 3H, -CH2-Cli3), 2.45 (broad s, 3H; 

-CH=CH-CE3), 4.12 (4, J = 7.5, ZH, - C 3 -  CH31, 5.25 (broad d, X2 part o f  

an ABX2, JBx = 5.3, 2H, -C%-CH=CH-), 6.55 (AB part of an ABX2, A B  = 

1.14, JAB = 16.0, JBx = 5.3, -CH2-CH=Cz-), - 7.4-8.2 (in, 5H, C&), 8.50 

(broad s, lH, pyridazine CtJ in 5-position1, 9.00 (broad s, 2H, exch. D20, 

N3). Anal. calc. for Cl7BrHZ0N3O2 : C : 53.97, H : 5.30, N : 11.10. 

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

5. 2-carbethoxymethyl-6-phenyl-8-methyl -imidazolino (3 ,Z-b)  pyridazine - 6. 

A solution of 50 mg (0.13 mmol)  of the unsaturated ester 5 in 5 ml 

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), 

m.p. 172°C. Rf (n-BuOH-AcOH-H20, 4:l:l) : 0.48. 'H-NMR (DMSO d6) : 1.20 

(t, J = 7.5, 2H, -C%-CH3), 2.45 (broad s, 3H, -Cg3 at the 8 position), 

3.00 (broad d, J = 4.5, 2H, -CtL2- C02Et), 4.12 (4, J = 7.5, 3H, 

-CH2-Ci3), 4.5-5.1 (m, 3H, -C%-C!-CH2-CO2Et), 7.4-8.2 (m, 5H, C & ) ,  

8.38 (broad s, lH, -CE at the 7 position). Anal. calc. for C17BrH20N302 : 

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

- 
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