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Abstract. (I): CITH21NsO2.H20, M r = 3 4 5 . 4  , ortho- 
rhombic,  Pccn, a = 7.576 (1), b =  29-759 (3), c =  
31 .324 (4) A, V = 7062.5 A 3, Z = 16 (two molecules 
in the asymmetr ic  unit), D x = 1.30 Mg m -3, ,;L(Cu Ko.) 
= 1-54178 A, / t =  6.66 mm -l ,  F ( 0 0 0 ) =  2944, T =  
293 K, R = 0-04 for 1362 observed reflections. Two 
cocrystall ized water molecules participate in an exten- 
sive network of  hydrogen bonds. (II): C23H25N302, 
M r =  375.2,  triclinic, P1, a =  13.969 (2), b =  
9 .763(3 ) ,  c = 8.469 (4) A, e t=  115-17 (3), f l =  
88 .57(2 ) ,  y = 9 9 . 8 8 ( 2 )  °, V =  1 0 2 8 . 2 A  3, Z = 2 ,  D x 
= 1.21 Mg m -3, 2(Mo K~,) = 0 .71069 A, g = 
0-45 mm -l ,  F(000) = 400, T =  293 K, R = 0 .04 for 

0108-2701/86/020214-04501.50 

1517 observed reflections. The structures studied are 
characterized by an intramolecular  hydrogen bond 
between the carbonyl  O and exocyclic N atoms. In both 
compounds,  this part icular N participates in an 
electronic delocalization specific to the amino- 
pyridazine ring, conferring upon it sp 2 hybridization.  

Introduction. This study is part  of  a more general 
investigation into conformat ional  and electronic proper- 
ties of  analogs of minaprine (commercial  name:  Can to r  
- Clin Midy, France),  a potent antidepressant drug 
(Wermuth,  1985). As the 4-demethyl analog appeared 
inactive, various substituents were fixed on position 4 in 

© 1986 International Union of Crystallography 
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order to ascertain repercussions on the molecular 
structure and psychopharmacological profile. The 
4-carbamoyl (I) and 4-butoxycarbonyl (II) analogs, 
here described, were investigated because of the 
electroattractive character of these substituents. 

07   NH-cH2-cH2- 0 
N-N 
1 2 

I R a = CH 3 minapr ine 
R b = morphol ino,  R a H demethy lminapr ine  

IRa ~ C6H5 phenylminapr ine 
Re. CONH~ carbamoylminaprme (I) 

R b = phenyl R a -- COOC4H 9 butoxycarbony l  analog (11) 

Experimental. (a) Compound (I): suitable crystals 
obtained by the slow evaporation of a methanol/ethyl 
acetate solution at 293 K. Pale-yellow plate-like crystal 
0-35 x 0.08 x 0.03 mm for all X-ray measurements. 
Enraf-Nonius CAD-4 diffractometer. Lattice param- 
eters from least-squares refinement of 17 medium- 
angle reflections. Lorentz and polarization corrections, 
no correction for absorption. No intensity variation 
of standard reflection. 4 < 20 < 130 °, (sin0/2),,~,, 
= 0.59 ,/~-~. 6007 unique reflections measured, 
0 < h < 8 ,  0 < k < 3 5 ,  0 < I < 3 6 ,  1362 observed 
11>2.5o(/)1. Direct methods [MULTAN80 (Main, 
Fiske, Hull, Lessinger, Germain, Declercq & Woolfson, 
1980)1. All 48 non-H atoms and two O from water 
molecules found in the best FOM E map. Full-matrix 
least-squares refinement on F using SHELX76  (Shel- 
drick, 1976). 28 H atoms from difference Fourier map, 
other 18 calculated. Anisotropic temperature factors for 
all non-H atoms and isotropic ones for H atoms 
(constrained to those of the carrier atoms). R = 0.038, 
wR = 0.043, S = 1.8, w-- 1/[a2(F) + 0.00IF2], 
(A/a)max =--2 .093 lz parameter of C(117)!, max. and 
min. heights in final difference Fourier synthesis: 0.16 
and -0 .19  e ,/~-3. Atomic scattering factors from 
SHELX76.  (b) Compound (II): crystallized from 
ethanol at 368K. Colorless transparent plate-like 
crystal 0.33 x 0.14 × 0.25 mm for all X-ray measure- 
ments. Enraf-Nonius CAD-4 diffractometer. Lattice 
parameters from least-squares refinement of 18 
medium-angle reflections. Lorentz and polarization 
corrections, no correction for absorption. No intensity 
variation of standard reflection. 4 <_ 20_< 52 °, 
(sin0/2)ma× = 0-62,A -~. 4030 independent reflections 
measured, - 7 _ < h < 1 7 ,  -12<_k_<12,  0 _ < l < 1 0 ,  
Ri, t =0 .01 ,  1517 observed II >_ 2.5o'(/)1. Direct 
methods (SHELX76).  18 H atoms from difference 
Fourier map, others calculated. Full-matrix least- 
squares anisotropic refinement on F (H atoms iso- 
tropic). R =0-044,  wR =0.050,  S =  0-45, w =  
1/[o2(F) + 0.001F21, (d/O')max = 0.7 [x parameter of 
C(I)I, max. and min. heights in final difference Fourier 
synthesis" 0.15 and -0 .14  e A -3. Atomic scattering 

factors from SHELX76.  For both analogs, XRA Y76 
(Stewart, Machin, Dickinson, Ammon, Heck & Flack, 
1976) used for structural analysis. 

Discussion. Atomic parameters are given in Table 1,* 
atomic numbering, bond lengths and angles in Fig. 1. 

Both compounds are characterized by an intra- 
molecular hydrogen bond between exocyclic N(9) and 
carbonyl 0(24) atoms, as represented in Table 2. 

The deviations from the pyridazine mean plane 
given for atoms C(22), 0(24), N(9) and H(9) (Table 2) 
indicate their quasi coplanarity with the pyridazine ring. 
In compound (I), the observed N. . .O  [ r  E = 2.642 (9) ,/~ 
for molecule '10' and 2.649 (7),A for molecule '100'] 
and H. . .O distances [r~ = 1.830 (6),/k for '10' and 
1.818 (3)A for '100'] are significantly shorter than 
those of compound (II) [ r2=2 .722(4)  and r~= 
2.004 (3) AI and than the mean value resulting from a 
statistical analysis of 152 intramolecular N - H . . . O - - C  
hydrogen bonds [r 2 = 2.755 (12) and r~ = 
1.988 (13)A respectivelyl (Taylor, Kennard & Ver- 
sichel, 1984). We think that the shorter intramolecular 
hydrogen bonding observed in the 4-carbamoyl analog 
results not only from a stronger electrostatic N ~+-..O a- 
interaction but also from more important crystal- 
packing constraints. Indeed, for this analog, crystal 
cohesion is achieved via a very dense network of 
intermolecular hydrogen bonds from the two water 
molecules (Table 3), whereas for compound (II), the 
cohesion is only characterized by van der Waals 
contacts. 

In both analogs, the shortened N(9)-C(10) bond 
length 11.345 (9), 1.355 (9) and 1.339 (3) A for 
molecules '10' and '100' of derivative (I) and for 
compound (II) respectivelyl, as well as the C(8) -  
N(9)-C(10)-C(11)  torsion angle I179.2 (7), 173.1 (6) 
and 176.4 (3)°1 and the sum of bond angles around 
N(9) (360.0, 360.0 and 359.9 °) indicate sp 2 character 
for the N(9) atom, as previously observed for the 
4-demethyl and 4-phenyl analogs (Michel, Gustin, 
Evrard & Durant, 1982a,b) (Table 4, deposited). 

The bond-length modifications observed for com- 
pound (I), referring to unsubstituted pyridazine 
(Almenningen, Bjornsen, Ottersen, Seip & Strand, 
1977), are comparable to those reported for other 
analogs (Table 5, deposited) and can be explained by 
the resonance scheme specific to the aminopyridazine 
moieties (Michel el al., 1982a,b). For compound (II), 
similar bond-length variations are observed but are less 
pronounced. 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom coordinates and main torsion angles, Tables 4 and 5 and 
stereoviews of the crystal packing have been deposited with the 
British Library Lending Division as Supplementary Publication No. 
SUP 42528 (23 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 5 
Abbey Square, Chester CH I 2HU, England. 
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Table 1. Final atomic coordinates (x l04 )  and Be~ 
values with e.s.d.'s in parentheses, (a) for the two 
molecules ( '10'  and '100')  in the asymmetric unit of  

compound (I), (b) for compound (II) 

_ _ 1  * * Beq = 8~z2Ueq and Ueq - -  ~LZjUual a) aua j. 

x y z B~q(/~ ~) 
(a) C o m p o u n d  (I) 
Mo lecu l e '  I0 '  
0 ( I )  2683 (9) 623 (2) -133 (2) 7.28 (2) 
C(21 1396 (13) 476 (3) 175 (3) 6.85 (4) 
C(31 1429 (9) 758 (2) 569 (3) 4.76 (3) 
N(4) 1077 (8) 1233 (2) 458 (2) 4.02 (2) 
C(5) 2377 (10) 1381 (2) 132 (2) 4.27 (2) 
C(6) 2320 (12) 1074 (2) -245 (2) 5.43 (3) 
C17) l l20 (I 1) 1504 (2) 849 (2) 4.76 (2) 
C18) 638 (111 1995 (2) 773 (2) 4-48 (2) 
N(9) 412 (8) 2216 (2) 1179 (2) 4.26 (2) 
C(10) -140  (10) 2645 (2) 1202 (2) 3.60 (2) 
C(I I) -390  (9) 2866 (2) 1601 (2) 3.54 (2) 
C(12) -868 (10) 3305 (2) 1583 (2) 3.79 (2) 
C(13) -1130 (10) 3517 (2) 1187 (2) 3.53 (2) 
N(14) -948 (8) 3288 (2) 827 (2) 3.79 (2) 
N(15) -432  (8) 2853 (2) 826 (2) 3.86 (2) 
C(16) -1625 (9) 4001 (2) 1152 (2) 3-63 (2) 
C(17) -2293 (12) 4242 (2) 1499 (2) 5.46 (3) 
C(18) -2772 (121 4694 (3) 1455 (3) 6.37 (3) 
C(19) -2550 (121 4904 (2) 1078 (3) 6.03 (3) 
C(201 -1879 (l l) 4680 (2) 732 (3) 5.68 (3) 
C(211 -1434 (10) 4225 (2) 769 (2) 4.54 (3) 
C(22) -61 (12) 2621 (2) 2017 (2) 5.17 (3) 
N(23) -572 (9) 2831 (2) 2366 (2) 5-41 (2) 
0(24) 582 (9) 2239 (2) 2021 (2) 8-51 (2) 

Molecu l e '  100' 
O(101) 2100 (9) 518 (2) 2176 (2) 9.34 (3) 
C(1021 8801131 405 (3) 2494 (3) 7.99 (4) 
c(103) 1088 (! I) 671 (2) 2897 (2) 5.71 (3) 
N(104) 959 (8) 1153 (2) 2799 (2) 3.84 (2) 
C(105) 2249 (10) 1273 (2) 2473 (2) 4-80 (2) 
C(106) 1948 (13) 983 (3) 2083 (2) 7.12 (3) 
C(107) 1147 (101 1415 (2) 3185 (2) 4.69 (2) 
C(108) 711 (10) 1901 (2) 3143 (2) 4.62 (2) 
N(109) 608 (8) 2098 (2) 3570 (2) 4.56 (2) 
C(II  0) 9 (9) 2519 (2) 3649 (2) 3.60 (2) 
C ( I I I )  -243 (9) 2677 (2) 4075 (2) 3.47 (2) 
C(112) -812 (101 3107 (2) 4111 (2) 4.00 (2) 
C(113) - I  139 (9) 3372 (2) 3745 (2) 3.73 (2) 
N(114) -889 (8) 3208 (2) 3360 (2) 4.09 (2) 
N(1151 --321 (8) 2783 (2) 3306 (2) 4.38 (3) 
C(116) -1750 (10) 3846 (2) 3780 (2) 3.71 (2) 
C(117) -2891 (11) 3971 (2) 4115 (2) 5.03 (2) 
C(118) -3480 (l I) 4410 (3) 4138 (2) 5.95 (3) 
C(119) -2972 (12) 4725 (2) 3831 (3) 5.93 (3) 
C(120) -1877 (I 1) 4600 (2) 3506 (3) 5.35 (3) 
C(121) -1253 (101 4t64 (2) 3477 (2) 4.81 (2) 
C(122) 132 (101 2382 (2) 4452 (2) 4.31 (2) 
N(123) -335 (8) 2538 (2) 4837 (1) 4.61 (2) 
O11241 843 (8) 2014 (2) 4410 (I) 7.04 (2) 

0(99) -2065 (5) 3439 (11 5047 (1) 5.16 (I) 
0(55) 2338 (6) 8660 (1) 2446 (1) 7.10 (1) 

(b) C o m p o u n d  (II) 
C(1) 9273 (3) 10896 (9) 7214 (9) 13.16 (3) 
C(2) 8938 (5) 9945 (6) 7992 (9) 12.94 (3) 
C13) 7998 (4) 9783 (5) 8454 (6) 9.13 (2) 
C(4~ 7363 (3) 10580 (4) 8142 (4) 6.62 (1) 
C(5) 7692 (3) 11547 (4) 7353 (5) 8.33 (2) 
C(61 8645 (5) 11692 (6) 6894 (6) I 1.99 (2) 
C(7) 6316 (3) 10388 (4) 8603 (5) 8.01 (I) 
C18) 5613 (2) 9470 (4) 7013 (5) 7.05 (I) 
N(9) 5872 (2) 7958 (3) 6026 (3) 5-92 ( I ) 
C(10) 5380 (2) 6881 (3) 4568 (4) 5.18 (1) 
C(I I) 5688 (2) 5450 (3) 3585 (4) 5.14 (I) 
C(12) 5107 (2) 4423 (3) 2159 (4) 5.40 ( I ) 
C(13) 4259 (2) 4783 (3) 1715 (4) 5.20 (I) 
Nil4)  4021 (2) 6172 (3) 2663 (4) 6-05 (I) 
N(15) 4570 (2) 7205 (3) 4079 (4) 6-02 (I) 
C(16) 3590 (2) 3704 (3) 223 (4) 5.50 (I) 
C(17) 3854 (2) 2391 (4) -1062 (4) 6.32 (I) 
C(18) 3222 (3) 1388 (4) -2465 (5) 7.17 (I) 
C(19) 2316 (3) 1684 (5) - 2 6 2 7  (5) 8.35 (2) 
C(20)  2041 (3) 2996 (5) - 1360 (6) 9.18 (2) 
C(21)  2662 (3) 3986 (5) 41 (5) 7.95 ( I )  

Table 1 (cont.) 

x y z B~.(A ~) 
C(22) 6593 (2) 5103 (4) 4095 (5) 5.74 (1) 
0(23) 6735 (2) 3682 (3) 3001 (3) 7.12 (1) 
0(24) 7129 (2) 5954 (3) 5336 (3) 7.40 (1) 
C(25) 7590 (3) 3195 (4) 3401 (5) 7.94 (1) 
C(26) 8487 (3) 3780 (5) 2645 (5) 8.43 (2) 
C127) 9360 (3) 3161 (5) 2852 (6) 10.26 (2) 
C(28) 10242 (4) 3733 (6) 2116 (8) 13.67 (3) 

molecule "10' molecule '100' molecule '10' molecule "I00" 

)'- ~19 ¢ 12o.9 ¢ 11~8 ,t 
;.'347/~ <,1370 ,~^C l191 .362  1 2 n n , ( " ~ \ . ~ 9 : 6  / ~  . . . .  
, . , o  r . ~ A  , . .~ul /  "C12n ~.~, co ~}- . . . .  A ¢n n ,= l . u  

1.400/ "]~,~00Cl18 11.384 ~ ~ 7 . . . . .  r ~ J 
"t C17\ ~C'21 1 " 3 ~ 1 7 / C 1 2 1 ~  1 2 0 " 7 ~ N ~ _ _ ~ t J l Q ( ~ 9 " l ~ - 1 1 9 " 9  
. . . . .  C161.380 1.410~C1"16 " -~-  122.05rr;1 .~0.2 "~-'%9.1'Y)1207 " 

1413c1':   15 ;2;&11, ,  
• &~a,~,,  11.352 ~r~5[ ~£,Jl.346 ,'6- "--~ $,.iL I b. J t232.L1_156~ 

N23 . . . .  ~ - ' '  N15 '% .~ ,  ~,.,. h" N 115 ~.. . . ,D5~22 .~,,~ 119.0 " 1203 
317"C22 ~" / N123 .~ ' ' '~ ' "  / 1 354 1 " %0. 4. -c,22 c , , o  12,9 . 

024 /^ .~ o _  ll.228 U .-sb~ _'/'. ~'~'. ~ ' ~ 2  ~' ? ' 1 ~  ~ ' - .  ~123 7 
-u~1442 0124 N109 ~ "Lv " ~  r~ ~--~q' 

C8 1.463'~C108 109 I"  ~' ~ ~ n i ~  
/1 525 1.489[ .~ 11130 '~-  L115.3 

C7,~ . . . .  CI07.'~.P'~ 4 ~  ",..1.113.3 __ ~-.. 112.8 
1 467~q4 I-'~-~bs AqR N 1"04 -~(~ 1~)°5 109 ~ 1 1 0  1 11_0_2~;109.0  
1 480/ C 5 ~  14701 ~. ~A' I -1199_0-0h,, 109.9~ - ' -% . . . .  

C3 ,..u C103 (;~ub 109 9q 112 1'/ 1094q, ),,,,=.L 
1 493~C2.g~ 415 "~ 498~%_L1.4- 22 ,~ ~. '~.~_ _ 113.s'~, 

1 4 4 0 "  ~&O~ *UIU1 118 108.9 3.8 109.1 

(a) 
,385~1~,3~0 ,1891 

C20 C18 
1 3721 ~1 384 120.87 120.35 

,.39~c161385 
1.346/CI3 1 395 116 8 3 ~  2311 

,34~1~,. ~22% ~;5_c~81498 .,.~ : . ~ 3 3  
1 339 ~ / '~ 1 527 ~" " ' ] ~' 024 /"~6' C27"--C28 ~ T ~  '~ ~%11~_ __ 36 

1 45~,.N9 ~' 1497 ~ ~ - -  12 1 3 " ~ ' ~  
C8 

.~6  ~ "~g'~109~ 61 1522\  . ,x,a~ .~q~ 
C7~t,  4 .~., ,~ L113 24 

1 386 ~ ~ C 3 % 3 6  ~ ~.,_.121 04 
Cb x ! 1 9  8 8 ~ / ~ . ~ 2 0 . 2 4  

" '~ISxC6"--'~ 1"C/2- 119 7 3 x ~ _ . ~ 1 2 1 . 3 5  
' ~  ' 3 6 S  ~" '~'68 12081 118.82 

(b) 

Fig. 1. Atom numbering, bond lengths (A) and angles (o) for (a) the 
two molecules ('10' and '100') per asymmetric unit of compound 
(I) Imaximum e.s.d.'s are 0-009 A and 0.6 ° (except for the 
morpholino and phenyl rings whose e.s.d.'s vary between 0-009 
and 0.013A and 0.5 and 0.7°)1 and (b) compound (II) 
Imaximum e.s.d.'s are 0.006A and 0.3 ° (except for the 
morpholino ring whose e.s.d.'s vary between 0.006 and 0.012 ,/~ 
and 0-4 and 0.6°)]. [Distances not shown for (a): molecule '10': 
C(10)-C(I l) 1.425, C(10)-N(15) 1.349 A; for molecule '100': 
C(122)-N(123) 1.340, C(111)-C(1221 1.499/k. Angle not 
shown for (a): molecule '100': C(l I 1)-C(122)-N(123) 117. l°.] 

The C ( 1 3 ) - C ( 1 6 )  distance between the pyr idazine 
and phenyl rings [ 1 . 4 9 2 ( 9 ) / ~  for molecule '10' ,  
1.489 (9)/t~ for molecule '100 '  of  compound (I), and 
1.472 ( 4 ) A  for compound (II)J corresponds to the 
mean value for a single bond between sp 2 C atoms and, 
as suggested by Hargreaves & Rizvi (1962) for 
biphenyi,  seems to indicate lack of  conjugation between 
two rings. This observation is supported by the 
non-critical value of  the dihedral angle C ( 1 2 ) - C ( 1 3 ) -  
C ( 1 6 ) - C ( 1 7 ) :  - 1 6 . 7  (11), - 3 4 . 7  (10) ° for molecules 
'10 '  and '100 '  of  compound (I), - 1 4 . 1 ( 6 )  ° for 
compound (II). 
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Table 2. Selected parameters of  the intramolecular 
hydrogen bond observed in the 4-carbamoyl and 

4-butoxycarbonyl analogs 

Ph 

R" 
~ 

C a~-= O=,, 

S ~ ' \ R  
N - - N  

R'=NH2 ( I )  

W=OtC4H,) ( I I )  

Compound (I) Compound (II) 
'10' '100' 

dj (A) 1.098 (6) 1.112 (6) 0.980 (3) 
d 2 (At 1.237 (9) 1.228 (9) 1.200 (4) 
r, (At 1.830 (6) 1.818 (3) 2.004 (3) 
r 2 (At 2.642 (9) 2.649 (7) 2.722 (4) 
~t (o) 127.1 (4) 127.7 (4) 128.3 (1) 
r(°t 6.6 (12) 7.9 (11) 0.4 (6) 

Deviations (A) from the mean plane of the pyridazine ring 
C(22) 0.008 0.006 0.025 
O(24) 0.145 0.162 0.020 
N(9) 0-063 0.026 -0.057 
H(9) 0.091 0.172 -0.097 
E.s.d.'s (A) 0-013 0.002 0.010 

Table 3. Intermolecular hydrogen-bond distances (A) 
and angles (°) for  compound (I) 

N . . . H - O  N. . .O H - O  N. . .H  / N . . . H - O  
N(4~t...H(992)-O(99 ") 2.877 (7) I. 176 (4) 1.734 (6) 162.5 (3) 
N(141)...H(991)-O(99 m) 2.905 (7) 0.954 (4) 2.087 (6) 142.8 (3) 
N(104~) .. .H(552)-O(55 ~) 2.903 (8) 1.083 (4) 1.849 (6) 163.0 (2) 

N - H . . . N  N. . .N N - H  H. . .N / N - H . . . N  
N(23~t-H(232)..-N(115 ~) 2.954 (9) 1.088 (6) 2.026 (6) 141-3 (4) 

N--H. . .O N.--O N - H  H. . .O Z . N - H . . . O  
N(23')-H(23 I)...O(55 'v) 2.868 (7) 1.067 (6) 1.872 (3) 153.7 (4) 
N( 123')--H( 123)...O(99 ~) 3.047 (6) 1.089 (6) 1.984 (3) 167.7 (2) 

Symmetry code: (i) x,y,z; (ii) , i. (iii) ~ '. (iv) x,-y  + ~,z-~, -x-~,y,z-~, 
I I 1 --x,y--I,--z+~; (v) X---~,--y+ l,--z +½. 

The morpholino ring of analog (I) is in the chair form 
and the methylene groups 7 and 8 are in the anti 
position [N(4) -C(7) - -C(8) -N(9) :  170.0 (6) and 
168.4(6) ° respectively]. In the 4-butoxycarbonyl 
derivative, these groups are in the +synclinal con- 
formation [N(4)--C(7)--C(8)--N(9): 57.7 (5)°]. 

The authors are indebted to Professor C. G. 
Wermuth (Facult+ de Pharmacie, Universit+ Louis 
Pasteur, Strasbourg, France) for supplying the samples, 
and to Clin Midy Research Laboratories (Montpellier, 
France) for financial support. 
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Abstract. 4-(5,8-Diacetyl-6,7-dihydroxy-3-methyltri- 
cyclo[4.3.0.03'7]non - 1-yl)-2-butanone, C tsH2605, M r = 
322.40, monoclinic, P21/c, a =  13.762 (2), b =  
10.507 (2), c =  12.110 (1)A, f l =  97.338 (8) ° , V =  

1736.7 (4) A 3, Z = 4 ,  D x= 1-233Mgm -3, C u K a ,  
2 =  1.5418A, g = 0 - 6 9 m m  -I, F ( 0 0 0 ) = 6 9 6 ,  T =  
293 K, R = 0-050 for 2761 unique reflections. It has 
been confirmed that the compound formed by Michael 
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