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Syntheses of Some 3-Acylaminomethyl-6- (chloro, fluoro, 
met hoxy, methylthio, phenoxy and pheny1thio)-2- (phenyl, 
4-t-butylphenyl, 4-cyclohexylphenyl, P-napht hyl and 
styryl) imidazo [l,2- b] pyridazines and Their Interaction 
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Some 3-(aliphatic and aromatic)acylaminomethyl derivatives of 6-(chloro, fluoro, methoxy, methylthio, phe- 
noxy and pheny1thio)-2-(phenyl, 4-t-butylphenyl, 4-cyclohexylphenyl, P-naphthyl and styryl)imidazo[l,2- 
blpyridazines have been prepared and tested for binding to central benzodiazepine receptors present in 
rat brain membrane, and to peripheral-type (mitochondrial) benzodiazepine receptors present in rat 
kidney membrane. Some of these compounds which contained 2-(4-t-butylphenyl, 4-cyclohexylphenyl 
and styryl) substituents bound strongly and selectively to peripheral-type benzodiazepine receptors. For 
example, 2-(4f-t-butylphenyl)-6-chloro-2-(4'f-fluorobenzamidomethyl)imidazo[l,2- blpyridazine in tests for 
the displacement of [%]diazepam from both peripheral-type and central benzodiazepine receptors 
gave 1 ~ 5 0  <1.0 nM and 9% displacement at 1000 nM, respectively. Steric effects appeared to be 
more restrictive in the interaction of these ligands with central benzodiazepine receptors rather than 
with peripheral-type benzodiazepine receptors; X-ray structure analyses of two typical compounds are 
reported. 

Introduction 

In recent years we have prepared a large number 
of substituted imidazo[l,2-bjpyridazines which have 
been examined as ligands for central benzodiazepine 
receptors.' The central benzodiazepine receptor (BZR) 
is associated with the GABAA receptor, a ligand-gated 
ion ~ h a n n e l . ~ . ~  The known anxiolytic, anticonvulsant 
and sedative effects of the benzodiazepines result from 
their affinity for the B Z R . ~  

Pharmacologically distinct benzodiazepine binding 
sites have also been found on peripheral tissues, in 
mitochondrial fractions from kidney, liver and lung; 
these demonstrate [%]diazepam binding abi1ity.j The 
structure, function and location of this peripheral-type 
benzodiazepine receptor (PBR) has been reviewed by 

* Part XIX, Aust. J .  Chem., 1996, 49, 443. 

Gavish et  aL6 and Parola et  aL7 The PBR is thought 
to be involved in a number of biological processes, in 
particular cellular steroidogene~is"~ and accumulation 
in turn or^.^^^^^ 

An examination of some of our imidazo[l,2- 
blpyridazines, prepared previously, has now shown 
that some of those compounds which did not bind 
significantly to the BZR, do bind strongly to the PBR. In 
order to follow this lead we now report the preparation of 
some 3-acylaminomethylimidazo[l,2-blpyridazines and 
the results of an examination of their ability to displace 
[%]diazepam from both the PBR and the BZR. 

Syntheses 

The imidazo[l,2-blpyridazines reported in this paper 
were prepared by procedures similar to those previously 

f Dedicated to Professor Miha Tigler, University of Ljubljana, in his 70th year. 
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used by us for analogous c o r n p o u n d s . 1 2 ~ 1 ~ l ~ e  relevant 
6-substituted pyriditzin-3-arnine was condensed with 
brornoacetyl compounds and gave the 2,6-disubstituted 
irnidazo[l,2-blpyridazine (1; Y = H); when these were 
heated with N-(1iydroxy~i1etllyl)acylari~ines in acetic 
acid containing a catalvtic ainount of sulfuric acid, 
they gave the re1ev;mt :~-acylalriinoiiletl1;yliniidazo[l.2- 
blpyridazines (1; Y = CH2NHCOR). In this way we 
prepared 3-(forr~i;~rriidoirletliyl, acetaniidornetllyl, propi- 
onanlidomethyl, butylanlidoniethyl, benzamidoi~~etl~yl, 
substituted benzalniclornethyl and b-naphtlianlido- 
methyl) derivatives of 6-(chloro, fluoro, methoxy, 
methylthio, phenoxy and pheny1thio)-2-(phenyl, 4- 
L-bucylphenyl, 4-cyclohexylphenyi, P-napilthyl and 
styryl)imidazo[l,2- bj pyridazines. 

The imidazo[l,2-alpyridine (2; X = C1, Y = H, 
Z = C6HsBut-p) was prepared in an analogous man- 
ner from 5-chloropyridin-2-amine with a-bromo-4-t- 
butylacetophenone,12 and the 3-benzamidomethyl group 
was inserted subsequently as above. 

Biological Activity 

The compounds reported in this paper were tested 
for their ability to displace ["]diazepam from the BZR 

in rat forebrain membrane and from the PBR in rat 
kidney membrane. Details of the test procedure for 
the determination of binding to the BZR have been 
reported previously,14 and those for the determination 
of binding to the PBR1\re given in the Experimental 
section of this paper. The results of these tests are 
recorded in Table 1 as 1c5o values ( n ~ )  or as the 
percentage inhibition of binding at specific concentra- 
tions (in parentheses). The PBR binding data have 
been measured also for some compounds, for which 
we have previously described the syntheses and BZR 

affinities. Formula numbers are given for ease of 
comparison in the text and substituents are defined 
in Table 1. GBLD numbers are also recorded (as in 
earlier p~iblications) in order to  simplify comparisons 
in forthconling public t ' ions. 

An examination of the data from the imidazo[l,2-b]- 
pyridazines for binding to the BZR (Table 1) reveals for 
the 6-chloroimidazo[l,2-blpyridazines a marked decrease 
in binding for those containing a 2-(4-t-butylphenyl), 
2-(4-cyclohexylphenyl) or 2-styryl substituent relative 
to a 2-phenyl analogue. For example, compounds (12) 
and (7) had 1c5o values of 1192 and 56 nhf respectively, 
and conlpounds (13), (28), (34) and (8) gave 1512 and 
20%13 tlisplacement at 1000 11~1, 17% displacement at 
1000 nar a d  ~ c ' s o  140 ~ I L I , " '  respectively. 

A similar situation also applied to the 6-fluoro con- 
pounds; cf. (40) and (36),16 the G-rnethoxy con~pourids 
(47), (50) and (43) ,lo the 6-n~ethylthio cornpounds 
(56) , (58) and (52) , I G  and the 6-phenylt hio compounds 
(66) and (63).16 

The large 2-(Knaphthyl) group as in compound (G8) 
also markedly decreased binding to the BZR relative 
to its 2-plienyl analogue ((53). '' 

The butyraniidoiiietllyl corripound (7) was the rnost 
active of the series (3)-(8), whereas conqmund (10) 
differed little from its butyr:tnlidometliyl analogue (12). 

The effect of substituents in 3-(substituted ben- 
zamidomethyl) compounds relative to 3-benzamido- 
methylimidazoji,2-bjpyridazines was generally quite 
small; compounds (24) and (25) with m- and p-nitro 
groups bound most strongly. 

The testing of imidazo[l,2- blpyridazines for their abil- 
ity to displace j3H]diazepam from the PBR provided very 
interesting results. Whereas the 3-acylaminomethyl-2- 
phenylimidazo[l,2- b] pyridazines (3)-(8) bound to both 
the PBR and the BZR, with slightly greater affinity 
for the PBR, the situation changed dramatically in 
the 2-(4-t-butylphenyl) con~pounds (10)-(13). Each of 
these compounds in tests of binding to  the PBR gave 
1 ~ 5 0  values 510 nhr, whereas for binding to the BZR the 
1cs0 values determined (or anticipated) were greater 
than 1000 nM, i.e. at least a hundredfold selectivity 
for the PBR. 

Whereas 3-benzamidomethyl-2-(4'-t-butylpheny1)-6- 
chloroimidazo[l,2- blpyridazine (13) ( 1 ~ 5 0  6 .2 r i ~ )  bound 
strongly and showed a marked preference for binding 
to the PBR, the 3-(substituted benzamidomethyl) ana- 
logues generally bound much less strongly with little 
preference for the PBR over the BZR. The marked excep- 
tions to this were compounds (19) ( 1 ~ 5 0  < l . O  n ~ ) ,  
which bound most strongly and with the greatest 
selectivity of the compounds reported in this paper, 
and compound (24) (lcjo 37 nkr). 

The 2-(4-cyclohexylphenyl) compounds (28)-(31) 
also exhibited significant selective binding to the PBR. 
The 3-(4-fluorobenzamidon1et11yl) cornpound (31) [like 
its 2-(4-t-butylphenyl) analogue (19)j bound more 
strongly than its isomers (29) or (30), but compound 
(29) also bound relatively strongly to the PBR. 

The strong binding and high selectivity for the PBR 

were also shown by the 2-styryl compounds (33) and 

(34). 
The 6-fluoro conlpounds (39)-(41) exhibited neither 

significant nor selective binding for the PBR. 
Consistent with the results discussed above, the 

6-chloro compounds (13) and (28) and the 6-nlethoxy 
compounds (47) and (50) showed selective binding to 
the PBR but the chloro substituent in compound (48) 
dramatically reduced binding. The 6-methylthio 2-(4- 
t-butylphenyl) compound (56) also exhibited significant 
selective binding to the PBR ( 1 ~ ~ ~  52 niu), but this 
was not shared by its 2-(4-cyclollexylpherlvl) analogue 
(58). 



Table 1. Results for the displacement of [3~]diazepam from the BZR and the PBR by substituted imidazo[l,2-blpyridazines 
Assays for displacenients from the BZR were conducted in the presence of 100 p~ y-aminobutyric acid under the standard assay 
conditions described in Barlin, G. B.! Davies, L. P., and Ngu, M. M. L., Aust. J. Chem., 1988, 41, 1149. Assays for displacenlents 
from the PBR were conducted in the absence of y-aminobutyric acid as described in the Experimental. For some compounds, 
tests were conducted over a range of concentrations, in which case the results are given as 1'50 values (nnz); other results are 

given as percentage inhibitions of control binding at  1000 nM (in parentheses) 

Class GBLD Com- Substituents in (1) or (2) IOU (nvi) (or 
of No. pound X Y Z percentage 

compound (position 6) (position 3) (position 2) displacementA) 
BZR P B R  

Imidazo[l,2- b] pyridazine (1) 325 
937 
318 

933 
942 

302 

699 
934 
939 
941 
700 

88 1 
882 
883 

70 1 
702 
703 

878 
879 
880 

884 
885 
886 

896 

704 
705 
706 
707 
708 

695 
897 
696 

577 
487 
578 
322 

8 74 
887 
888 

563 
333 

566 
570 

875 
890 
893 
894 
891 

557 
332 

558 
562 

C1 
Cl 
C1 

Cl 
C1 

C1 

C1 
Cl 
C1 
C1 
C1 

Cl 
Cl 
C1 

C1 
Cl 
C1 

Cl 
C1 
C1 

C1 
C1 
C1 

C1 

C1 
C1 
C1 
Cl 
C1 

C1 
C1 
C1 

F 
F 
F 
F 

F 
F 
F 

OMe 
OMe 

OMe 
OMe 

OMe 
OMe 
OMe 
OMe 
OMe 

SMe 
SMe 

SMe 
Silk 

H 
CHzNHCOH 
CHzNHCOMe 

CHzXHCOEt 
CHzNHCOPr 

CHzNHCOPh 

H 
CH2NHCOMe 
CHzNHCOEt 
CHzNHCOPr 
CHzNHCOPh 

CH2NHCOC6H4Me-o 
CHzNHCOCsH4ble-m 
CHzNHCOCsH4Me-p 

CHzNHCOCsH4F-o 
CHzNHCOC6H4F-m 
CHzNHCOCsH4F-p 

CHzNHCOCsH4CI-o 
CHzNHCOC6H4Cl-m 
CHzNHCOCsH4Cl-p 

CHzXHCOCsH4NOz-o 
C H Z N H C O C ~ H ~ N O ~ - ~  
CHzNHCOCsH4NOz-p 

C H ~ N H C O C ~ ~ H ~ - P ~  

H 
CHzNHCOPh 
CHzNHCOC6H4F- o 
CH2NHCOC6H4F-m 
CHzNHCOC6H4F-p 

H 
CHzNHCOMe 
CHzNHCOPh 

H 
CHzNHCOPh 
H 
CHzNHCOPh 

H 
CHzNHCOPh 
CHzNHCOC6H4Cl-p 

H 
CHzNHCOPh 

H 
CHzNHCOPh 

H 
CHzITHCOPh 
CHzNHCOC6H4Cl-p 
H 
CHzNHCOPh 

H 
CHzNHCOPh 

H 
CH2NHCOPh 



Table 1 (Continued) 

Cl;iss GBLD Com- Substituents in (1) or (2) I C ~ O  ( n ~ )  (or 
of No. pound X Y Z percentage 

compound (position 6) (position 3) (position 2) displacementA) 
BZR P E R  

Inlidazo[l.2-blpyridazine (1) 876 (55) S Me H CGH4But-p (13%) (20%) 
(continued) 889 (56) SMe CHaNHCOPh CoH4But-p (45%) 5 2 

893 (57) S hfe H C G H ~ C ~ H L I - p  (0%) (25%) 
892 (58) Shle CH2NHCOPh CGH~CGHII-p  (6%) (66%) 
921 (5% OPh H C ~ H ~ B U ~ - ~  (10%) ( 5 % )  
924 (60) OPh CHaNHCOMe CcH4But-p (12%) (12%) 
922 (61) OPh CH2NHCOPh CsH4But-p (21%) (40%) 
580 (62) SPh H P h  (43%lB (31%) 
583 (63) SPh CH2NHCOPh Ph 9* (6.5%) 
923 (64) SPh H C G H ~ B U ~ - ~  (0%) (32%) 
929 (65) SPh CH2XHCOMe CsH4But-p (39%) (46%) 
926 (66) SPh CH2NHCOPh CsH4But-p (11%) (26%) 
928 (67) SPh H CloH7-P (5%) (13%) 
927 (68) SPh CH2NHCOPh CloH7-P (55%) (46%) 

Imidazo[l,2-alpyridine (2) 873 (69) Cl H C ~ H * B L I ~ - ~  (43%) 134 
877 (70) C1 CH2NHCOPh CsH4But-p (3%) 487 

Diazepam 4 . 3  73 

A At 1000 nM. * Ref. 16. Cf. ref. 12. * Differs from that reported in ref. 12. P-Naphthyl. 
p-Cyclohexylphenyl. Ref. 13. 

None of the 2-(4-t-butylphenyl) 6-phenoxy or 2-(4- 
t-butylphenyl or P-naphthyl) G-phenylthio compounds 
(GO) or (GI), (65) or (66), or (68) respectively bound 
significantly or selectively to  the PBR; this is probably 
related to  steric effects at the 6-position. 

The structures of compound (38) (which bound 
strongly to  the BZR and also to the PBR) and com- 
pound (50) (which did not bind significantly to the BZR 

but did bind moderately to  the PBR) were determined 
by X-ray structure analyses. The structure of the 
latter (Fig. 1) clearly illustrated the significant steric 
bulk of the 2-(4-cyclohexylphenyl) compound, which 
decreases binding to the BZR relative to 2-phenyl- or 
2-(4-toly1)-analogues. 

In summary, it has been found that an increase in the 
size of the substituent in the 2-position of imidazo[l,2- 
blpyridazine [from 2-phenyl to  2-(4-t-butylphenyl), 2-(4- 
cyclohexylphenyl), 2-styryl or 2-P-naphthyl] markedly 
decreases binding to the BZR. and in some circun~stances 
the resulting compounds are strong and highly selec- 
tive ligands for the PBR. This indicates that ligands 
for central benzodiazepine receptors are subject to 
greater steric constraints than those of peripheral-type 
benzodiazepine receptors. 

An examination of the results in Table 1 for tlie 
irnidazo[l,2-a]l)yritlirles in binding to tlie BZR revealed 
that compountl (69) had comparable activity to  its 
2-(4-tolyl) analogue (GBLD 648; 49% displacement at 
1000 nh1),17 but compound (70), as might be expected 
from the results discussed above, bound much less 
strongly. 

Tlir re\ults for himiinq to  the PBR, however, (lid 
not parallel t l ~ ~  iol t llta inlitlazo[l,2- b]pYi i t lm i~~ t~s .  

Whereas compound (69) bound much more strongly 
than compound (9), compound (70) bound c. 80-fold 
less strongly than conlpound (13). 

Crystallography 
Crystal Data for C21 H17 FN4 0 (1; X = F, Y = CH2 NHCOPh, 
Z = CG H4 Me-p) (38) 

C21H17FN40r M 360.39, monoclinic, space group P 21/c, 
a 10.168(4), b 10.527(4), c 33,45(2) A, P 90.85(4)'. V 
3580(2) A" DD, 1.337 g ~ m - ~ ,  Z 8, F(000) 1504, pc, 7.2 cm-l. 
Crystal size 0.05 by 0.07 by 0.33mm. Intensities of 5686 
unique reflections were measured, of which 2259 with I > 3 a ( I )  
were considered observed. Weights in least-squares refinement 
were based on counter statistics. Final residuals R 0.049, R,  
0.043. 

Crystal Data for C27H28N402 ( I ;  X = OMe, 
Y = CH2 NHCOPh, Z = CG Hq CG HI I -p) (50) 

C27H28N402, hl 440.54, triclinic, space group P i ,  a 
9.931(1), b 16.412(3), c 16.694(3) A; 0 108.22(1), j3 103.98(1), 
7 103.73(1)*, V 2359.2(7) A" DD, 1.240 g cm-" Z 4, F(000) 
936, pel, 6 . 4  cm-l.  Crystal size 0.18 by 0.20 by 0.23 mm. 
Intensities of 7004 unique reflections were measured, of which 
4495 with I > 3 a ( I )  were considered observed. Weights in 
least-squares refinement w-ere based on counter statistics. Final 
residuals R 0.068, R,, 0.071. 

Structure Determinutaon 
X-Ray intensity data sets were measured to 26',,, 120' a t  

room temperature by  using a Rigaku AFC6R diffractonleter 
with graphite-monochronlatized Cu Kcu radiation and a 12 kW 
rotating anode generator. Azinluthal scans of several reflections 
indicated no need for an absorption correction for (38), but 
an analytical absorption correction was applied for (50). The 
structures were solved by direct methods. In both structures 
there are two nlolecules to the crystallographic asyninletric 
1111it. In the latter the c)-clot~exyl group of one of the nlolecules 
is ( l i m r i l i ~ r ~ ~ i  over two o~~i(~i i la t  ions. A!~isotropic ( i i~ [ ) l i i~ .e~~~~e- t~ l  
factors ryere used for full-uccr~puncy non-hydrogen atoms t t r d  



Fig. 1. Projected view of one nlolecule of C21H17FN40 (38) and one molecule of CmH28N402 (50) showing the 
labelling of non-hydrogen atoms. Thermal ellipsoids enclose 50% probability levels, except for hydrogen atoms which 
are drawn as circles of arbitrary small radius. 

the isotropic form was used for the remainder. Hydrogen atoms 
were included at geometrically determined positions which 
were periodically recalculated; hydrogen atoms of the disor- 
dered cyclohexyl group have been omitted. Refinement was by 
full-matrix least-squares analysis, minimizing C zo(lF,I - IFcI)'. 
Computation was carried out with use of the teXsan program 
system.* Results are given in Fig. 1 and Tables 2-4; full details 
of data collection, refinement and results have been deposited 
along with structure factor 1istings.t 

Experimental 
All conlpounds were examined for the presence of impurities 

by thin-layer chromatography on alumina and by 'H n.m.r. 
spectroscopy. 

Solids for analysis were dried at  100-120°/710 mniHg for 
2-24 h. &felting points are uncorrected and were taken in open 
Pyrex capillaries. The light petroleum used had b.p. 60-80'. 

Analyses were performed by the Australian National Uni- 
versity Analytical Services Unit. 

'H n.m.r. spectra (6 values) were recorded from CDC13 
solutions (unless specified otherwise), with tetramethylsilane as 
internal standard, and a t  90 MHz and 30' with a Jeol FXSOQ 
Fourier-transform spectrometer possessing a digital resolution 
of 0.12 HZ. 

Low-resolution mass spectra were recorded on an Incos data 
system attached to a VG-hlicro~nass 7070 double-focusing mass 
spectrometer by using electron ionization (e.i.) a t  70 eV (under 
the supervision of Dr J. K. MacLeod at  the Research School 
of Chemistry). 

244 '-t-B1~t~l~henyl)-6-fl1~oroimidazo[l,&-b]pyridazine (39) 
and Related Compounds 

A mixture of 6-fl u0ro~yridazin-3-anii1ie~~ (0.23 g), 0- 

bromo-4-t-butylacetophenone'~O~ 51 g) and ethanol (15 ml) 
was refluxed for 3 11, sodium hydrogen carbonate (0.17 g) was 
added and the refluxing continued for 3 11. The ethanol was 
removed under vacuum and the residue extracted with chloro- 
form. The ext,ract was washed with water and evaporated to 
give a brown solid which was recrystallized from a mixture of 
acetone and light petroleum to give a light grey solid (0.30 g, 
56%). It was then subjected to t.1.c. (alumina; chloroforni/light 
petroleum, 1 : 1) and recrystallized from light petroleum to give 

white crystals of the title compound, m.p. 213-214' (Found: C, 
71.1; H, 6.1; N, 15.5. C24H23FN40 requires C ,  71.6; H, 5.8; 
N, 15.6%). 'H n.m.r.: 6 1.36, s,  CMe3; 6.85. d ,  J 9 . 3  Hz, 
H7; 7.48, d ,  J 8 .5Hz,  H3',5' (or 2',6'); 7.88, d ,  J 8.5Hz,  
H 2/,6' (or 3',5'); 7.84-8.03, complex, H8; 8.12, s,  H3. Mass 
spectrum rn/z 269 (M; 45%), 254 (loo), 113 (17). 

In a similar manner from 6-rnetl~o~y~yridazin-3-amine,~~ 
6-metliylthiopyridazin-3-amine,2' 6-phenoxypyridazin-3-am- 
ine,22 6-phenylthiopyridazin-~~-amine,"" a-bromo-4-t-butyl- 
acetophenone,12 ~-bromo-4-cycloliexylacetophenone'2 and 2- 
bromoacetylnaphthalene [prepared by bromination of 2'- 
acetonaphthone at 0' in ether containing a little anhydrous 
aluniiniuni chloride. It had n1.p. 78-80" (lit.24 80') and 'H 
n.ni.r.: 6 4.57, s1 CH2: 7.54-8.10, complex, H3,4,5,6,7,8; 
8.52, br s, H 11 were prepared the following compounds. 

2-(4 ' - t - B u t y l p h e n y l ) - 6 - r n e t h o ~ Y ' i m i d a z o [ l , ~ d a i n e  (46) 
(55%), m.p. 126-128", after t.1.c. (alumina; chloroform/light 
petroleum, 3 : 1) and recrystallization from light petroleum 
(Found: C, 71.8; H, 6 .5 ;  N, 14.7. C17H19N30.0.13H20 
requires C, 72.9; H, 6 .8 ;  N, 14.8%). 'H n.m.r.: 6 1.36, 
s, Ci\/Ies; 4.00, s: OMe: 6.67, d ,  J 9 . 5  Hz, H7; 7.46, d ,  J 
8 .5Hz,  H3',5' (or 2',6'); 7.81, d, J 9 ,5Hz,  H8; 7.86, d ,  J 
8 . 5  Hz, H 2',6' (or 3',5'); 8.02, s,  H 3. Mass spectrum m/z 
281 (nil, 45%); 266 (100). 

2-(4 ' -Cyclohezylphenyl)-6-methozyimidazo[l, 2-blpyridazine 
(49) (52%) [after t.1.c. (alumina; chloroforni/light petroleum, 
3 :  I)],  m.p. 194-196' (from light petroleum) (Found: C, 73.4; 
H, 7.1; N, 13.4. Cl9HzlN30.0.2Hz0 requires C: 73.4; H! 
6.9; N, 13.5%). 'H n.m.r.: 6 1 .33-1.86, complex, cyclollexyl: 
3.99, s,  MeO; 6.67, d, J 9 . 5  Hz, H7; 7.28, d. J 8 Hz, H3';5' 
(or 2',6'); 7.81, d ,  J 9 . 5  Hz, H 8; 7.84, d ,  J 8 Hz, H 2',6' (or 
:3',5'); 8.00, s,  H3. I\/Iass spectrum m/z 307 (M, 100%), 264 
(65), 238 (40). 

2- (4 ' - t-B1~t~lphen~l)-6-methylth~io~imidazo[l,2-b]pyr.idu~ne 
(55) (41%), m.p. 154-156' [after t.1.c. (alumina; chloroform/light 
petroleum, 1 : 1) and recrystallization from light pet,roleum] 
(Found: C, 68.8: H; 6 .7 ;  N, 14.2. C17H19N3S requires C, 
68.7: H, 6.4;  N, 14.1%). 'H n.m.r.: 6 1.36, s, CMe:3; 2.61, 
s,  MeS; 6.82, d, J 9 .5Hz,  H7; 7.46: d ,  J 9Hz,  H3',5' (or 
2',6'); 7.71, d ,  J 9 . 5  Hz. H8;  7.88, d, J 9 Hz, H2',6' (or 
3',5'); 8.14, s, H3. 

2-  (4 '-Cyclohesylphenyl)-6-meth~ylthioimidazo[l,2-b]pyrida- 
zine (57) (65%) [after t.1.c. (alumina: chloroform/light petrol- 

* texsan: Crystal St , ruct~~re Analysis Package, Molec~~lar S t r u c t ~ ~ r e  Corporation, Thc il.i,otllancls. Texas. I'.S.A. (1085 and 1992). 
t Copies are :mailal>le on application to the Australian .Journi~I of Cliernistry, P.O. Box 1139, Collingwood. Vic. :3066. 



Table 2. Non-hydrogen atomic parameters for C21H17FN40 (38) and Cz7HzsN402 (50) 
In compound (38), atoms numbered 1-27 belong to molecule A and atoms 51-77 belong to molecule B. In compound 
(SO), atoms numbered 1-33 belong to nlolecule A and atonis 34-66 belong to molecule B; carbon atoms labelled with 
suffix a have occupancy 0 .51 (2 )  and those with suffix b have occupancy 0.49(2) .  Estimated standard deviations in the 

least significant figure are given in parentheses. BCq ( A 2 )  is the isotropic equivalent of the anisotropic 
displacement factor 

Bcq = $(a2/311 + b2/322 + c2/333 + 2abPlz + 2ac,Bu + 2bcBz3) 

C ~ L H L ~ F N ~ O  (38) Ca-~HzeNaOz (50) 
Atom z ?I 7. Bcq At,orn x ?I z B c ~  

0.6347(4) 0.8885(4) O.O459(1) O(31) 0.  6691(3) 0.6100(:J) 



eum, 3 :  I)],  m.p. 174-176@ (froni light petroleum) (Found: 2- (4 '-t-Rutylphenyl)-6-ph~no~~vImidn~o[1,2-b]pY~idaine (59) 
C, 70.0; H, 6.3; N, 12.7. C I D N ~ ~ N ~ S . O . ~ ~ H ~ O  requires C, (69%), 1n.p. 198-200° (froni ethanol) (Found: C, 77.0; H, 6.1; 
70.0; H: 6 .6 ;  N, 12.9%). 'H n.m.r.: 6 1.33-1 .85, complex, N, 12.2. C ~ Z H ~ ~ N : ~ ~  requires C, 7 6 9 ;  H, 6.2; N, 12.2%). 'H 
cyclohexyl; 2.61, s, MeS; 6.85, d ,  J 9 .5  Hz, H7; 7.29, d ,  J n.m.r.: 6 1.35, s, Ci\/le:j; 6.89, d ,  J 9 .5  Hz, H7; 7.27-8.03, 
8 Hz, H 3'3' (or 2',6'); 7.73, d, J 9 . 5  Hz, H 8; 7.86, d, J 8 Hz, coniplex, 2xArH and H 3,8. 
H2',6' (or 3',5'); 8.12, s, H3. hlass spectrum m/z 323 (M, 2- (4 '-t-Butylphe~nyl)-6'-phenylthioimidazo[l, 2-blpyridazine 
100), 280 (SO), 254 (28), 233 (35). (64) (7:1%), m.p. 159-161° (froni etlianol) (Found: C, 73.8; H, 

Table 3. Selected bond lengths (A) for C21H17FN40 (38) and C27H28N402 (50) 
Estimated standard deviations in the least significant figure are given in parentheses 

C21H17FN40 (38) C27HmN402 (50) 
Atoms Distance Atoms Distance Atoms Distance At onis Distance 

F(27)-C(6) 1.354(7) F(77)-C(56) 1.351 (7) O(31)-C(24) 1,217(6) O(64)-C(57) 1,227(6) 
O(26)-C(19) 1.234(6) O(76)-C(69j 1.231(7) G(32)-C(6) 1.383(6) O(65)-C(39) ? .360(6) 
N(1)-C(2) 1.375(7) N(51)-C(52) 1.371(7) O(32)-C(33) 1.446(7) O(65)-C(66) 1.450(8) 
N(l)-C(9) 1.326(7) N(51)-C(59) 1.325(7) N(I)-C(2) 1.380(6) N(34)-C(35) 1.382(6) 
N(4)-N(5) 1.373(7) N(54)-N(55) 1.367(6) N(l)-C(9) 1 .319(6) N(34)-C(42) 1.339(6) 
N(4)-C(3) 1.381(7) N(54)-C(53) 1.371(7) N (4)-N (5) 1.375(5) N(37)-N(38) 1.379(5) 
N(4)-C(9) 1.390(7) N(54)-C(59) 1.391(7) N (4)-C(3) 1.360(6) N(37)-C(36) 1 ,355 (6) 
N(5)-C(6) 1.314(9) N(55)-C(56) 1.296(8) N(4)-C(9) 1 .383(6) N(37)-C(42) 1.377(6) 
N(l8)-C(l7) 1.477(7) N(68)-C(67) 1.484(7) N(5)-C(6) 1.289(7) N(38)-C(39) 1.296(7) 
N(18)-C(19) 1.328(7) N(68)-C(69) 1.324(7) N(23)-C(22) 1.467(6) N(56)-C(55) 1.451(6) 
C(2)-C(3) 1.375(8) C(52)-C(53) 1.388(8) N(23)-C(24) 1.359(6) N(56)-C(57) 1 ,346 (6) 
C(2)-C(l0) 1.479(8) C(52)-C(60) 1.469(8) C(2)-C(3) 1.390(6) C(35)-C(36) 1 ,405 (6) 
C(3)-C(17) 1.483(8) C(53)-C(67) 1.475(8) C(2)-C(10) 1.466(7) C(35)-C(43) 1 ,465 (6) 
c(6)-C(7) 1.384(9) C(56)-C(57) 1.391(9) C(3)-C(22) 1.486(6) C(36)-C(55) 1 ,481 (6) 
C W C ( 8 )  1.354(9) C(57)-C(58) 1.352(8) C(6)-C(7) 1.432(7) C(39)-C(40) 1.424(7) 
C(8)-C(9) 1.402(8) C(58)-C(59) 1.401(8) C(7)-c(8) 1.356(7) C(40)-C(41) 1.350(7) 
C(13)-C(16) 1.511(9) C(63)-C(66) 1.52(1) C(8)-C(9) 1.396(7) C(41)-C(42) 1.390(7) 
C(l9)-C(20) 1,515(8) C(69)-C(70) 1.510(8) C(13)-C(16) 1.501(8) C(46)-C(49a) 1 .58(1) 
phenylC-C 1 . 3 8 ( 2 ) ~  phenylC-C 1.38(2)* C(46)-C(49b) 1.60(1) 

C (24)-C (25) 1.495(7) C(57)-C(58) 1 .495(7) 
phenyl C-C 1.38(1)* pheuyl C-C 1 . 3 8 ( 1 ) ~  
cyclohexyl C-C l.48(5)* cyclohexyl C-C 1 .66(71A 

* Average. 

Table 4. Selected bond angles (degrees) for C21H17FN40 (38) and C27H28N402 (50) 
Estimated standard deviations in the least significant figure are given in parentheses 



6.2;  N! 11.4. CzzH21N3S requires C: 73.5; H, 5.9;  N, 11.7%). 
'H n.rn.r.: S 1.35, s; C h h ;  6.75, d ,  J 9.5 Hz, H7; 7.39-792: 
complex, H 8  and 2xArH; 8.10, s,  H 3. 

2-(Naphthalen-2'-yl)-6-phenylthio~imidazo[1,2-b]- 
pyridazine (67) 

A mixture of 6-phenylthiopyridazin-3-amine (1.0 g), 2- 
(bromoacety1)naphthalerle (1.41 g) and ethanol (40 ml) was 
refluxed wit11 stirring in an oil bath at  95' for 1 . 5  11, cooled: 
sodium hydrogen carbonate (0.41 g) added and the refluxing 
continued for 14 h. The resulting mixture was then chilled 
and the solid (1.467 g, 84%) was filtered off and washed with 
ethanol, water and ethanol. A portion of this product was 
recrystallized from benzene to give the title compound, n1.p. 
181-183' (Found: C; 74.8: H: 4.3; N. 11.9. C ~ ~ H I ~ N ~ S  
requires C, 74.8; H, 4.3; N, 11.9%). 'H n.m.r.: 6 6.80, d, J 
9 . 5  Hz, H 7; 7.35-7.97, complex, H 8:3',4',5'!6',7',8' and Ph; 
8.24, s, H3; 8.47, br s,  Hl ' .  

6-Chloro-3-formamzdomethyl-2-phenylimidazo[1,2-b]- 
pyridazine (4) 

A mixture of N-(hydroxymethyl)formamide2" (0.098 g), 6- 
chloro-2-phenylimidazo[l:2- h]pyridazine2 (0.1 g) : acetic acid 
(3.0 ml) and concentrated sulfuric acid (0.03 ml) was refiuxed 
with stirring in an oil bath at 120' for 14 h. The solvent was 
evaporated, the residue diluted with water, adjusted to pH 10 
and extracted with cl~loroforn~ to give an oil (0.117 g). This 
was subjected to t.1.c. (alumina; chloroform) and the product 
a t  low RF was recrystallized from benzene to give crystals of 
the title compound (0.006 g), m.p. 182-183' (Found: C. 58.3; 
H, 4.0;  N,  19.4. CllHllCINIO requires C: 58.6; H, 3.9; N. 
19.5%). 'H n.rn.r.: 6 5.07, d, J 5 .5  Hz, CH2N; 7.10. d ,  J 
9.5 Hz, H7; 7.43-7.99, complex, Ph; 7.94, d: J 9.5 Hz, H8; 
8.26, br s, CHO. 

6- Chloro-2-phenyl-3-propionamidomethylimidazo[l,2-b]- 
pyridazine (6) 

A mixture of 6-~hloro-2-~11en~limidazo[l,2-b]~~ridazine~~ 
(0.15 g)! ~-(li~drox~n~ethyl)~ropionamide~~ (0.131 g)! acetic 
acid (3.0 ml) and concentrated sulfuric acid (0.04 ml) was 
heated under reflux with stirring in an oil bath at  120' for 
14 h. The acetic acid was evaporated, the residue diluted 
with water, adjusted to pH 11 and extracted with chloroform. 
The product (0.219 g) was subjected to  t.1.c. (alumina; chlo- 
roform/cyclohexane. 2 : 1) and recrystallized from ethanol to 
give the title compound (0.110 g: 53%), m.p. 225-227' (Found: 
C, 61.0: H. 4.7; N ,  17.7. C16H15ClN40 requires C, 61.0; H, 
4.8: N. 17.8%). 'H n.m.r.: 6 1.16. t ,  J 7 .3  Hz, Me; 2.25, q, 
J 7.5 Hz, CH2CH3: 5.05, d, J 3 . 5  Hz, CH2N; 6.25, br, NH; 
7 1 1 ,  d, J 9 . 5  Hz, H7; 7.40-805, complex, ArH and H8. 

3-Acetamidomethyl-2-(4 '-t-hutylpheny1)-6-phenylthioikdazo- 
[l,2-blpyridazine (65) and Related Compounds 

A mixture of 2-(4'-t-butylpheny1)-6-phenylthioimidazo[l,2- 
blpyridazine (0.120 g), N-(l~ydroxyniethyl)acetan~ide25 
(0.080 g) , acetic acid (3.0 nil) and concentrated sulfuric acid 
(0.05 ml) was heated under reflux with stirring in an oil 
bath at  120' for 14 h. The solvent was evaporated under 
reduced pressure, the residue diluted with water, adjusted to 
pH 10 and extracted with chloroform. The product (0.159 g) 
was subjected to t.1.c. (alumina; chloroform/light petroleum, 
1 : 2) and then extracted (0,081 g, 56%) and recrystallized 
from cyclohexane to give the title compound (0.035 g), 1n.p. 
146-147" (Found: C, 70.0; H, 6.4;  N, 13.0. C25H26N40S 
requires C, 69.7; H, 6 .1 ;  N, 13.0%). 'H n.m.r.: 6 1.34, s ,  
CMe3; 1.84, s,  bIeCO; 4.79, d ,  J 5 . 5  Hz, CH2: 6.09, br, NH; 
6.85, d. J 9 .5  Hz. H 7: 7.43-7.92, complex. 2xArH and H 8. 

In a similar manner from 6-chloro-2-phenyliniidazo[l.2- 
b ] p y r i d a ~ i n e . ~ ~  2-(4'-t- b11t~lp11erlyl)-6-cl1loroimidazo[1.2- bIpy- 

ridazine,12 6-~hloro-2-st~rylin1idazojl,2-b]~yridazine~%nd 2- 
( 4 ' - t - b ~ t y l p h e n ~ l ) - 6 - ~ h e n o x y i m i d a z o [ l , ~ r i d a z i n e  (see 
above) with N-(l1~drox~metl1yl)acetamide;2" N-(hydroxy- 
methyl)propionamide27 and ~-(hydroxyrneth~l)but~ramide~~ 
were prepared the following conlpounds. 

3-Butyramidomethyl-6-chloro-2-phen:ylimidazo[l,2-b]pyrida- 
zine (7) (88%) [after t.1.c. (alurnina; chloroform)], m.p. 213-215' 
(from ethanol) (Found: C, 61.8: H, 5.4: N, 17.0. C17H17CIN40 
requires C, 62.1; H, 5.2; N, 17.0%). 'H n.m.r.: 6 0.93, t ,  
J 7.5 Hz, CH3; 1.65,  complex, CHZCH:~; 2.16. y, J 7 .5  Hz, 
CH2CO; 5.00, d ,  J 5 .5  Hz, CH2N; 6.45, br, NH; 7.05, d ,  J 
9 .5  Hz, H7; 741-7.98, complex, Ph; 7.86, d. J 9 .5  Hz, H8. 

3 - Acetamidomethyl - 2 - (4 ' -t-hutylphenylj-6-chlo~roimidazo- 
[l,2-b]pyridazine (10) (74%) [after t .l.c. (alumina; chloro- 
form)], m.p. 261-262' (from ethanol) (Found: C. 63.4; H, 6.1. 
ClgH21ClN40 requires C, 63.9; H, 5.9%). 'H n.m.r.: 6 1.36, 
s, CMe3; 2.03, s ,  MeCO: 5.02, d, J 5 .5  Hz, CH2; 7.08, d, J 
9 . 5  Hz, H 7; 7.52. d ,  J 8 . 5  Hz, H3',5' (or 2',6'): 7.90, d, J 
8 . 5  Hz, H 2',6' (or 3',5'): 7.93. d, J 9.5 Hz, H8. 

2 - (4 '-t- Butylpheny1)-6-chloro-3-propionamidomethylimida- 
zo[l,2-bjpyridazine (11) (70%) [after t.1.c. (alumina; chloro- 
form/light petroleum, 2 : 3, then 1 : I)]: m.p. 237-239' (from 
ethanol) (Found: C, 64.5; H! 6.4: N, 15.1. C20H23C1N40 
requires C, 64.8; H, 6.3: N, 15.1%). lH n.m.r.: 6 1.17. t ,  
J 7 . 5  Hz, CH3: 1.36, s. CRle3; 2.26, q, J 7.5 Hz, CH2CH3; 
5.05, d, J 5 .5  HZ, CHaN; 7.11, d, J 9.5 HZ, H7: 7.49-806, 
complex, H 8,2',3':5',6'. 

2 -  (4 ' - t-Butylphenyl)-3-butyra~domethyl-6-chloroimidazo- 
[l,2-bjpyn'dazine (12) (41%) [after t.1.c. (alumina; chloro- 
form/light petroleum, 1 : I)] .  m.p. 238-240' (from ethanol) 
(Found: C: 65.3: H, 6.7; N. 14.3. C21H25ClN40 requires C, 
65.5; H. 6 .5 ;  N. 14.6%). 'H n.m.r.: 6 0.93, t ,  J 7.5 Hz, 
CH3; 1.36, s,  CMey; 1.66, q, J 7 . 5  Hz, CH2CH3; 2.16. q. J 
7 .5  HZ, CH2CO; 5.03, d ,  J 5 . 5  HZ, CHaN; 7.06: d ,  J 9 .5  HZ, 
H 7; 7.46-7.96, complex, H 8,2',3',5'.6'. 

3- Acetamidomethyl - 6 - chloro-2-styrylimidazojl,2-bjpyrida- 
zine (33) (28%) [after t.1.c. (alumina; chloroform)], m.p. 
266-267' (from benzene) (Found: C, 62.3; H, 4.6. 
C17H15ClliT40 requires C, 62.5; H: 4.6%). 'H n.m.r.: 6 2.01, 
s,  hfe: 4.92, d ,  J 5 .5  Hz, CH2; 7.08, d ,  J 9.5 Hz, H7; 
7.30-7.62, complex, PhCH=CH; 7.89. d, J 9 . 5  Hz. H8. 

3- Acetamidomethyl - 2-  (4' - t-hutylphenyl) - 6-phenoxyimid- 
azo[l,2-blpyridazine (60) (51%) [after t.1.c. (alumina; chloro- 
form/light petroleum, 2 : 5 ,  developed twice, then 1 : 2)], m.p. 
228-229' (from benzene) (Found: C. 71.1; H, 6 .5 ;  N, 13.1. 
C2sH26ClN402.0.5H20 requires C, 70.9; H. 6.4;  Dj, 13.2%). 
'H n.m.r.: 6 1.35, s. Chley: 1.85, s: hleCO: 4.79,  d ,  J 5 . 5  Hz; 
CH2; 6.94,  d ,  J 9 . 5  Hz, H 7; 7.20-8.07, complex, 2xArH and 
H 8. 

2-(4 '-t-But~lphen~l)-6-chloro-3-(2"-chlorohenzamidomethyl)- 
i.m~dazo[l,2-bjpyridazine (20) and Related Compo~rnds 

A mixture of 2-(4'-t-butJ.lphenyl)-6-chloroin~idazo[l.2-b]- 
pyridazine (0.14 g),  2-chloro- N-(hydroxyrnethyl) benzanlide 
(0.093 g), acetic acid (5 .0  nil) and concentrated sulfuric acid 
( 0 . 1  nll) was refluxed with stirring in an oil bath a t  120' for 
14 h. The acetic acid was distilled off under reduced pressure, 
the residue diluted with water (20 rnl), adjusted to pH 10 and 
extracted with chloroform. The product was subjected to t.1.c. 
(alumina; chloroform/light petroleum, 3 :  1) which gave some 
unchanged imidazo[l,2- hlpyridazine (0.060 g) and a white solid 
(0.060 g)  which was recrystallized from toluene and gave the 
title compound (0.026 g: 26%): m.p. 246-248' (Found: C, 63.9; 
H, 5 .1 ;  N, 12.3. C24H22ClzN40 requires C: 63.6; H, 4.9; N. 
12.4%). 'H n.m.r.: 6 1.37, s. Chley; 5.25, d, J 5 .5  Hz. CH2; 
7.09, d. J 9 . 5  Hz. H 7; 7.30-8.02. complex. 2 x XrH; 7.94, d. 
.J 9 . 5  Hz. IS. RIass spectr11111 m / z  454. 452 (hI. 10: I%),  
313 (100). 1:39 (30). 



In a similar manner from 2-(4'-t-butylp1lenyl)-6-chloroimid- 
azo[l,2-b]pyrida~ine'~ anti other conlpounds described above 
with the relevant ~-(li,~droxymetl~~l)henzamides'~ and N- 
(liydroxymethyl)-@-naghthmiide"" were prepared the following 
compounds. 

2 -14 /-t-Butylphe~nyl)-6-chloro-3-(21'-methylb~nza~nidometh- 
yl)i~midazo[l,2-bjpgridazine (14) (54%) [after t,.l.c. (alumina: 
chlorofor~n/ligllt pet,roleunl, 3 : I)] ,  m.p. 250-251' (from toluene) 
(Found: C, fj9.3; H, 6.0;  N, 12.7. C25H25ClNdO requires C, 
69.4: H, 5.8; I%, 12.9%). 'H n.m.r.: 6 1.37, s, CMe:3: 2.45, 
s,  2"-hle; 5.25, d, J 5 . 5  Hz, CH2; 7.10, d, J 9 .5  Hz, H7: 
7.20-7.60, conlplex. 2xArH; 7.96. d. J 9.5 Hz. H8.  Mass 
spectrum m / z  434, 432 (Ll! 3, 9%), 313 (loo), 119 (25)- 91 
(23). 

2 -(4 '-t-But~lphenyl)-6-chloro-3-(.?"-meth~lbenzam~idometh- 
yl)imldazo[l,2-b]pyr(dazine (15) (38%) [after t.1.c. (alumina: 
chlorofomi/light petroleum, 3 : I)] ,  n1.p. 226-227@ (fmm to1::ene) 
(Found: C, 69.4: H, 5.6; Dj. 12.6. C25H25ClN40 requires C, 
69.4: H, 5.8; N, 12.9%). 'H n.m.r.: 6 1.36, s,  CkIe:3; 2.38, 
s,  3"-Me; 5.24, d, J 5 . 5  Hz, CHz; 7.10: d ,  J 9 . 5  Hz, H 7; 
7.32-8.02, complex, 2xArH; 7.94, d; J 9 .5  Hz, H8.  Mass 
spectrum m / z  434, 432 ( M ,  5, 18%), 313 (loo), 119 (36), 91 
(35). 

2 -(4 1-t-Butylphenyl)-6-chloro-3-(4"-methylbenzam~idometh- 
yl)imidazo[l.2-blpyridazine (16) (54%) [after t.1.c. (alumina; 
chloroform/light petroleum, 3 :  I)], as a white solid, m.p. 
247-248" (from toluene) (Found: C, 69.0; H, 5.8; N, 13.1. 
CzsH2sClN40 requires C, 69.4: H, 5.8: N, 12.9%). 'H n.m.r.: 
6 1.36, s: ChIes; 2.38, s. 4"-Me; 5.24, d, J 5 . 5  Hz, CH2; 
7.10, d ,  .I 9 .5  Hz, H7; 7.49-8.03, complex, 2xArH: 7.95, d: 
J 9 .5  Hz, H8. hlass spectrum m / z  434, 432 (M,  7, 20%). 313 
(loo), 119 (40), 91 (28). 

2 - (4 '-t-B1~t~l~he~n~l)-6-chloro-3-(3~~-chlorobenzamidometh- 
yl)imidazo[l.2-bjpyridazine (21) (74%) [after t.1.c. (alumina; 
chloroform/light petroleum, 3 : I)].  m.p. 262-263' (froni toluene) 
(Found: C, 63.4; H, 4.6; N, 11.9. C24H22ClzN40 requires C, 
63.6; H, 4.9: N. 12.4%). 'H n.m.r.: 6 1.36, s,  CMe3; 5.23, d; 
J 5 .5  Hz: CH2: 7.10, d, J 9.5 Hz, H 7: 7.28-7.97, complex, 
2xArH; 7.97. d, J 9 . 5  Hz, H8. Mass spectrum m / z  454, 452 
(M, 11, 16%); 313 (loo), 139 (35). 

2-  (4 '-t-Butylphenyl)-6-chloro-3-(4 'l-chlorobenzamidometh- 
yl)imidazo[l,2-bjpyridazine (22) (26%) [after t.1.c. (alumina; 
chloroform/light petroleum, 4 :  I)],  as yellow crystals, m.p. 
248-250' (Found: C, 63.3; H, 4.7; N, 11.9. C ~ ~ H Z ~ C I ~ N ~ O  
requires C: 63.6: H, 4.9; N, 12.4%). 'H n.m.r.: 6 1.36, s,  
CMe3: 5.23. d, J 5 .5  Hz, CH2; 7.08, d, J 9 . 5  Hz. H 7; 7.92. 
d: J 9.5Hz.  H8; 7.38, d, J 9 HZ, 7.52, d, J 9 Hz, 7.71, 
d, J 9 Hz, 7.93, d, J 9 Hz, H21,61 ,3 / ,51 ,21 ' ,6 ' '~311 ,5 ' / .  Mass 
spectrum m / z  454, 452 (M: 9, 16%), 313 (100). 139 (27). 

2 -  (4 - t - Butylphenyl)-6-chloro-3-(2"-witrobewmdometh- 
yl)imidazo[l,2-b]pyridazine (23) (36%) [after t.1.c. (alumina; 
chloroform/light petroleum, 3 : I)],  as a white solid, n1.p. 
260-262' (from toluene) (Found: C, 61.7; H: 4.6: K, 14.6. 
C24HzzClNs03 requires C, 62.1; H, 4.8; N, 15.1%). 'H 
n.m.r.: 6 1.37, s: CMes; 5.24, d ,  J 5 .5  Hz, CH2; 6.84, br, NH; 
7 0 6 ,  d ,  J 9 .5  Hz, H7; 7.50-8.18. complex, 2xArH; 7.92, d ,  
J 9.5 Hz, H8. Llass spectruni m / z  465, 463 (M, 3, 8%), 446 
(35), 311 (loo), 295 (40). 

2 -  (4 ' - t-Butylphenyl) - 6-chl0ro-.?-(3~'-nitrobenzam.idometh- 
yl)imidazo[l,2-b]pyTidazine (24) (82%) (from the chloroform 
extract), as pale yellow crystals. 111.p. 232-235' [after t.1.c. (alu- 
mina; cllloroform/light petroleum, 3 : I)]  (Found: C, 62.2: H, 
4.8;  N, 5.0. C24H22ClN503 requires C, 62.1; H, 4.8; N ,  5.1%). 
'H n.m.r.: S 1.35, s,  CMe3; 5.26, d ,  J 5 .5  Hz, CH2; 7.08, d: J 
9.5 Hz, H 7; 7.09-8.39, complex, H 21,31,5',6',4",5",61'; 7.89, 
d, J 9 .5  Hz, H8;  8.62, t ;  J 1 .5  Hz, H 2". Mass spectrum m / z  
465. 463 (h4, 7, 22%), 313 (loo), 150 (25). 

2 - (4 ' - t - Butylpheny1)-6-chloro-3-(4 "-witrobenzamidometh- 
yl)irnitlazo[l,2-b]pyridt1,zirje (25) (22%) [after t.1.c. (aluniina: 
cliloroform/light petroleum, 3 : I)],  as a white solid, n1.p. 

232-235' (from toluene) (Found: C, 61.6; H. 4 .7 ;  3,  14.8. 
C24H2aClN50:3 reqnires C, 62.1; H, 4.8; N, 15.1%). 'H 
r1.m.r.: 6 1.37. s,  CIIe3; 5.27. d. J 5 .5Hz,  CH2; 7.00, d ,  
.J 9 .5  Hz, H7: 7.50-8.33. conlplex, 2xArH and H8. Mass 
spectrum rn/z 465, 463 (M. 6, 15%), 313 (loo), 150 (26). 

2 - (4 - t -B~~~t~l~t~er~l)-6-chloro-3-(2~~-na~htharnido~n~th~~l)- 
irnidr~zo[l,2-b]pyr.irinzine (26) (36%) [after t.1.c. (xlurnina: chlo- 
rofornl/light pet~rolei~rri, 3 : I)] ,  rr1.p. 255-256@ (frorn toliwne) 
(Fo~md: C, 71.2; H, 5.7: N; 11.8. C28H25ClN40 requires C, 
71.7: H; 5 .4 ;  N, 11.9%). 'H n.1n.r.: b 1.36, s,  Chle:,: 5.30. d, 
J 5 .5  Hz, CH2; 7.08, d, ,I 9 .5  Hz, H 7; 7.47-8.04, complex, 
H 8,2',3',51,6',3",4",511,6'1,7/',X"; 8.30, br s,  H 1". 

3 - Benzu~nidomethyl-  2 -  (4 ' - t-butylphe~~y1)-6-fl~~oro~i~miduzo- 
[l,2-b]pyridazine (40) (50%) [after t.1.c. (alurnina; dlloro- 
form/light petroleuni, 3 :  I)],  as a white solid, m.p. 261-262' 
(from toluene) (Found: C, 71.4; H, 5 .7 ;  N, 13.8. C24H2:3FN40 
requires C. 71.5: H, 5.8: A', XT 13.9%). 'H n.m.r.: 6 1.36, s ,  
CRle3: 5.20. d, J 5 .5  Hz, CH2: 7.87. d, J 9 .5  Hz, H7: 7.05, 
br: NH; 7.38-8.09, complex, 2xArH and H 8. AIass spectrum 
m / z  402 (M, 15%). 297 (loo), 105 (36), 77 (25). 

2 -  (4 - t-Butylphenyl) -3-(4 't-chlorobenzamidomethyl)-6-f121- 
oroimidazo[l.2-bjpyridazine (41) (38%) [after t.1.c. (alumina; 
chlorofornl/ligllt petroleum, 3 : I)] ,  m.p. 257-258' (frorn tolu- 
ene) (Found: C. 65.0; H, 5.2; N, 12.5. C24H22CIFN40.0.25H20 
requires C, 65.4; H. 5.1;  N. 12.5%). 'H n.m.r.: 6 1.36, s. 
Chle3: 5.19. d ,  J 5 . 5  Hz. CH2; 6.89, d, J 9 .5  Hz, H7; 7.38, 
d, J 8 . 5  HZ. 7.53. d, J 8 .5  HZ. 7.72. d: J 8 . 5  HZ. 7.92, d. J 
8 . 5  Hz, H2',3',51,6',2",31',j",61'; 7.99, d ,  J 9 .5  HZ, H8. 

3-Benza~nidomethyl-2-(4 1-t-butylphenyl)-6-metho~yim~idazo- 
[l,2-bjpyridazine (47) (24%) [after t.1.c. (alumina; chloro- 
form/light petroleum. 3 :  I )] ,  as cream crystals, n1.p. 215-217' 
(from toluene) (Found: C. 72.7; H, 6.7; N, 13.2. C ~ R H ~ G N - L O ~  
requires C, 72.4; H, 6.3;  N, 13.5%). 'H n.m.r.: 6 1.35, s, 
CMe:3; 4.00. s. MeO; 3.21, d ,  J 5 . 5 H z ;  CH2; 6.68. d. .I 
9 .5  Hz, H 7; 6.70, br: NH; 7.38-7.87, complex, 2xArH; 7.77, 
d, J 9 .5  Hz, H 8. 

2 -  (4 ' - t - Butylphenyl) - 3-(4 " - chlorobenzamidomethyl) - 6 -  
methoxyimidazo[l,2-b]pyridazine (48) (22%) [after t.1.c. (alu- 
mina; cliloroform/light petroleum, 3 : I)],  as white crystals, 
m.p. 282-283' (from toluene) (Found: C, 66.9: H, 5.6; N. 
12.5. C25H25C1N402 requires C: 66.9; H; 5.6;  N. 12.5%). 'H 
n.m.r.: 6 1.35, s,  Chle3: 4.00: s, MeO: 5.21: d. J 5 .5  Hz, CH2; 
6.71, d, J 9 .5  Hz, H7; 6.83, br, NH; 7.32-7.80, complex. 
2xArH; 7.79, d, J 9 . 5  Hz. H8. 

3- Benzamidomethyl- 2 -  (4 ' - cyclohexylphenyl) - 6 -  methoxy- 
imidazo[l,2-b]pyn:dazine (50) (45%) [after t.1.c. (alumina; chlo- 
roform/light petroleum, 3 :  l ) ] ,  m.p. 192-193@ (from toluene) 
(Found: C, 73.8; H, 6.5; N: 12.5. C2iH2iN402 requires C, 
73.8; H. 6 .2 ;  N, 12.7%). 'H n.m.r.: 6 1.32-1.85, complex, 
cyclohexyl; 3.98, s,  MeO; 5.19, d, J 5 . 5  Hz. CH2; 6.65, d ,  J 
9 .5  Hz, H 7; 6.97, br, NH; 7.23-7.84, complex, 2xArH; 7.73, 
d ,  J 9 . 5  Hz, H8. 

3-Benza~nidomethyl-2- (4 '-t-butylpheny1)-6-methylthioimid- 
azo[l,2-bjpyridazine (56) (82%) [after t.1.c. (alumina; chlo- 
rofornl/light petroleum, 3 :  I )] ,  as cream crystals, m.p. 218- 
219' (from toluene) (Found: C ,  69.1; H, 6.0;  N. 12.7. 
CzsHzcIV40S.0,2H20 requires C ,  69.2; H: 6.1; N ,  12.9%). 
'H n.m.r.: 6 1.35, s. Cble3; 2.58. s, MeS; 5.24, d ,  J 5 .5Hz,  
CH2; 6.84,  d, J 9 . 5 H z ,  H7; 6.99, br, NH; 7.37-7.52 and 
7.73-7.86, complex, 2xArH; 7.64, d ,  J 9 . 5  Hz, H8. 

3- Benzamido9nethyl-2- (4 ' - cyclohezylpheny1)-6-methylthio- 
imidazo[l,2-blpyridazine (58) (39%) [after t.1.c. (alumina; chlo- 
roform/light petroleum, 3 : I)] ,  as white crystals, m.p. 224-226' 
(from toluene) (Found: C, 71.1; H, 5.8; N, 12.1. C27H27N40S 
requires C, 71.2; H, 6 .0 ;  X, 12.3%). 'H n.ni.r.: 6 1.33-1.86, 
complex, cyclohexyl; 2.61: s. MeS; 5.27, d ,  J 5 . 5  Hz, CH2: 
6.91, d ,  J 9 .5  Hz, H7; 7.27-7.88, complex, 2xArH and H8. 

3- Benzamidometh~I-2-(4 '-t-b11t~l~hen~l)-6-phenox~imi~Io~zo- 
[l,:?-l)jl)rlt.iclc~,-ine (61) (53%) [after t.1.c.. (alurnina: chloro- 
fornl/light pet,roleum, 1 : l ) ] ,  m.p. 203.5-205@ (from toluene) 



(Found: C, 75.3; H! 5.8; N, 11.5. C30H2sN402 requires C, 
75.6; H, 5.9; N, 12.0%). 'H n.m.r.: 6 1.34, s,  CPvles; 4.99, d ,  
J 5 . 5  Hz, CH2; 6.87, d, J 9.5 Hz, H7; 7.26-7.99, complex, 
3xArH and H8. 

3 -  Benzamidomethyl- 2- (4 ' - t - butylphenyl) - 6 -  phenylthio - 
imidazo[l,2-bjpyridazine (66) (69%) [after t.1.c. (alumina; clilo- 
roform/light petroleum, 1 : 2)], m.p. 145-146.5' (from cyclo- 
hexane) (Found: C, 73.5; H, 5.8; N, 11.5. C3oH2sN40S 
requires C ,  73.1: H,  5 .7;  N, 11.4%). 'H n.m.r.: 6 1 .34,  
s, CMe3; 5.03, d, J 5 . 5  Hz, CH2; 6.84, d, J 9.5 Hz, H 7; 
7.20-7.98, complex, 3xArH and H 8. 

3-Benzamido7nethyl-2-(naphthalen-2'-yl)-6-phenylthioimid- 
azo[l,2-bjpyridazine (68) (79%) [after t.1.c. (alumina; chlo- 
roform/light petroleum, 1 : I)] ,  m.p. 153-155' (from ethanol) 
(Found: C, 74.0; H, 4.4; N, 11.3. C3oH22N40S requires C, 
74.0; H, 4.6; N, 11.5%). 'H n.m.r.: 6 5.12, d ,  J 5 .5  Hz, CH2; 
6.90, d, J 9 . 5  Hz, E 7; 7.30-8.22, complex, H 3',4',5',6',7',8' 
and 2xPh;  8.53, br s,  H l ' .  

A mixture of 5-chloropyridin-2-amine (0.26 g, Aldrich) and 
a-bromo-4-t-butylacetophenone in ethanol (15 ml) was refluxed 
for 3 h, sodium hydrogen carbonate (0.17 g) was added and 
the refluxing was continued for 3 h. The ethanol was evapo- 
rated and the residue extracted with chloroform (60 ml). The 
resulting extract was then washed with water (3x20 ml), dried 
(Na2S04) and evaporated, and the product was recrystallized 
from a nlixture of acetone and light petroleum to give the tztle 
compound (0.22 g, 39%), m.p. 169-170' (Found: C, 71.4; H, 
6.2; N, 9.9. CliHliClN2 requires C, 71.7; H, 6.0; N, 9.8%). 
'H n.m.r.: 6 1.35, s. CMe3; 7.18, dd, J 9.5, 2 Hz. H7; 7.47, 
d, J 9 Hz, H2',6' (or 3',5'); 7.67, d, J 9 .5  Hz, H8; 7.83, s ,  
H3; 7.88. d, J 9 Hz, H3',5' (or 2',6'); 8.19, d ,  J 2 Hz, H5. 
Mass spectrum m/z 286, 284 (M, 20, 50%), 269 (loo), 121 (20). 

3-Benzamzdomethyl-2-(4 '-t-butylphenyl-6-chloroimidazo[l,2- 
alp yridine (70) 

A nlixture of 2-(4'-t-butylphenyl)-6-chloroimidazo[1,2-a]- 
pyridine (0.14 g). N-(hydroxymet1lyl)benzamide (0.076 g) ,  
acetic acid (5.0 ml) and concentrated sulfuric acid (0.09 ml) 
was refluxed with stirring in an oil bath at  120' for 24 h. The 
acetic acid was evaporated and water (20 ml) added. The pH 
was adjusted to 10, the mixture extracted with chloroform, 
then washed with water, dried (NazSOd), and the solvent 
evaporated to  give an oil which crystallized. This product was 
applied in chloroform/methanol (3 : 1) to a t.1.c. plate (alumina) 
which was developed with a mixture of chloroform and light 
petroleum (3 : 1). Extraction with chloroform gave a white solid 
(0.19 g, 90%) which was recrystallized from toluene to give 
cream crystals of the tztle compound (0.045 g), m.p. 226-227' 
(Found: C, 71.9; H, 5.7;  N, 9.7. C2jH24ClN30 requires C, 
71.8; H. 5 .8 ;  N, 10.1%). 'H n.m.r.: 6 1.35, s,  CMe?; 5.12, 
d, J 5 .5  Hz, CH2; 6.73. br. NH; 7.15, dd, J 9 .5 ,  2 Hz, H7;  
7.30-7.70, complex, 2xArH; 7.85, dd, J 9.5, 2 Hz, H 8; 8.40, 
br s. H5. 

Biological Testing: PBR Binding Assays 

Young adult male Wistar rats were decapitated and the 
kidneys removed. The kidneys were dissected free of fat and 
the kidney capsule was rinsed in ice-cold saline. blotted and 
weighed, and then chopped with scissors and homogenized with 
an 'Ultra-Turrax' in 16 volunles of ice-cold 0.32 M sucrose. 
The honlogenate thus obtained was centrifuged at 17000 rpm 
for 30 niin, then the supernatant liquid was decanted and the 
remaining pellet suspended in ice-cold distilled water. After 
10 min: this suspension was centrifuged a second time and the 
pellet resuspended in 50 mhr Tris-HC1 buffer, pH 7.4. Finally, 

this suspension was centrifuged and the pellet resuspended in 
Tris buffer and stored frozen. On the day of use, the suspension 
was thawed, recentrifuged and the pellet suspended in fresh 
Tris buffer. 

The PBR binding assay contained aliquots of the rat kidney 
membrane preparations (approximately 1 mg wet weight), var- 
ious concentrations of the test compounds and [3~]diazepam 
(86.6 Ci* /mmol, 0.70rt0.05 nM final concentration) in a final 
volume of 2 ml Tris-HC1 buffer. Assays were performed in 
the absence of y-aminobutyric acid as it does not stimulate 
benzodiazepine binding to the PBR. The assays were incubated 
with [%]diazepam on ice a t  0-4'C for 60 min. Non-specific 
binding was determined in separate tubes by the addition 
of a large excess (10 p ~ )  of unlabelled diazepam. After the 
incubation period the membranes were collected by filtration 
under vacuum on glass-fibre filters (Whatman GF/B, 2.5 cm) 
and washed with 12 mi of ice-cold buifer. Fiiters were placed in 
scintillation vials with 1 ml of toluene/Triton X-100 scintillation 
fluid and bound radioactivity was determined by conventional 
techniques. 

Compounds were initially tested for their ability to dis- 
place specific [3~]diazeparn binding from the PBR at  a single 
concentration of 1000 nhf, and for compounds showing high 
percentage displacement, 1cs0 values were determined over four 
separate concentrations, with all assays within each experiment 
being performed in triplicate. The ~ c s o  values for the test 
compounds were calculated by using log-logit analysis (with 
the correlation coefficients of the lines of best fit to log-logit 
curves not less than 0.95). 

BZR Binding Assays 

Evaluation of the compounds for their ability to displace 
[3~]diazepam bound to rat brain membrane preparations in 
the presence of 100 p~ y-aminobutyric acid was carried out as 
described previously.14 

Percentage inhibitions of control binding at  1000 nM were 
measured firstly, and in appropriate cases ~ c s o  values (nh~)  
were determined, as described above for the PBR. 

The results are listed in Table 1 for the BZR and the PBR as 
Icao values ( n ~ ) ,  or in parentheses as percentage displacement 
at  1000 nM. 
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