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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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reaction of 3-methyl-1,2-cyclopentanedione with excess 
methyl vinyl ketone has the novel tricyclononane 
skeleton. Endocyclic bond angles at positions 1, 3, 6 
and 7 are remarkably decreased, 94.0 (1)-100.7 (2) °, 
while the exocyclic angles are increased, 118.2 (1)-  
116.9 (1) °, indicating a considerable strain in the 
skeleton. The C - C  bond lengths lie in a similar range 
as found in some 8,9,10-trinorbornane rings: 
1.529 (1)-1 .557 (3)A.  The two six-membered rings 
take boat conformations, and the three five-membered 
rings pseudo C 2 conformations. 

Introduction. 4-(5,8-Diacetyl-6,7-dihydroxy-3-methyl- 
tricyclol4.3.0.03'71non-l-yl)-2-butanone (1) was ob- 
tained as a Michael-reaction adduct of 1 mol of 
3-methyl-l,2-cyclopentanedione with 3 mol of methyl 
vinyl ketone under basic conditions (Utaka, Fujii & 
Takeda,  unpublished). Since such a Michael reaction is 
unprecedented and the structure of the adduct could not 
be unambiguously determined by spectral analyses (IR, 
IH and ~3C NMR),  X-ray structure analysis of (1) has 
been carried out, and its novel tricyclol4.3.0.03.71- 
nonane skeleton has been confirmed. 

Table 1. Final atomic parameters (x 104) with e.s.d. 's in 
parentheses 

Beq = (4/3) ~iflii/ai .2. 
x 3' z Beq(A 2) 

O(1) 3934.6 (8) 5674 (1) 4785.6 (9) 4.43 (5) 
0(2) 2112.6 (7) 7387.1 (9) 4635.0 (8) 3.74 (4) 
0(3) 1977 (1) 5128 (1) 3255 (I) 5.23 (6) 
0(4) -640 (I) 7871 (1) 7515 (2) 8.58 (9) 
0(5) 4360(1) 8315(1) 5011 (1) 6.08(6) 
C(1) 3208(I) 5618(1) 5510(!) 3.32(6) 
C(2) 2472 (I) 4538 (1) 5141 (!) 3.64 (6) 
C(3) 1517 (1) 5018 (!) 5555 (I) 3.65 (6) 
C(4) 1868 (1) 6122 (1) 6331 (1) 3-15 (6) 
C(5) 2611 (1) 5552 (I) 7273 (1) 3.62 (6) 
C(6) 3589 (1) 5551 (2) 6769 (1) 3-79 (7) 
C(7) 4022 (1) 6883 (2) 6975 (1) 4.36 (7) 
C(8) 3262 (I) 7767 (1) 6307 (1) 3-74 (6) 
C(9) 2575 (I) 6812 (1) 5622 (1) 3.10 (5) 
C(10) 2408 (1) 4365 (1) 3895 (1) 4.19 (7) 
C(I 1) 2910 (2) 3234 (2) 3489 (2) 6.6 (1) 
C(12) 1049 (1) 6904 (1) 6719 (1) 3.66 (6) 
C(13) 505 (1) 6189 (!) 7535 (2) 4.31 (7) 
C(14) -306 (!) 6901 (2) 7962 (2) 4.98 (8) 
C(15) -715 (1) 6356 (2) 8940 (2) 6.5 (1) 
C(16) 4290 (I) 4477 (2) 7147 (2) 5-48 (9) 
C(17) 3722 (I) 8670 (2) 5542 (1) 4-49 (8) 
C(18) 3357 (2) 9999 (2) 5448 (2) 6.6 (1) 

\ 9 , /  3<. /OH o ~ G  o 

(I) 

Experimental. Colorless prismatic crystal (slow 
evaporation from ether solution) elongated along c with 
developed faces {100}, dimensions 0 . 3 0 × 0 - 2 8 ×  
0-35 ram. Rigaku AFC-5 four-circle diffractometer. 
Lattice parameters determined with 20 reflections in the 
range l0 < 20 < 47 ° by least-squares method; inten- 
sities measured up to sin0/2 0.5753 A -l ,  o9-20 scan 
method [scan speed 4 ° min -I  in o3, scan range (20): 
1.2 ° + 0.15 ° tan01, Ni-filtered Cu Kct, 40 kV, 200 mA 
(rotating anode), background measured for 4 s on either 
side of the peak. Three standard reflections measured 
for every 57 reflections, fluctuation within 1.5% in F. 
Lorentz and polarization corrections; no absorption 
correction. 3068 reflections measured, all 2761 unique 
reflections (ranging over h = - 1 5  to 15, k = 0 to 12, 
/ = 0 to 13) used for refinement; 2627 reflections larger 
than l-0tr(F,,). Rin t -~0.010 for 149 hkO reflections. 
Structure solved by MULTAN78,  and refined (aniso- 
tropically for non-H atoms) by block-diagonal least 
squares; ~ . w ( I F o l -  IFcl) 2 minimized, with w =  1.0/ 
Itr(Fo)Z--0-03641Fol +0.00281Fol21 for IFol > 0 ,  w 
= 1.6983 for IF, I - 0; H-atom positions determined 
from difference Fourier map, and refined isotropically 
by least squares. Extinction correction for ten strongest 

reflections [Icorr = Io(1 + 1.29 × 10-51c)]. R = 0.050 for 
2761 reflections, wR = 0.062, S = 2.18, (A/tr)max in 
final refinement cycle 0.3;  max. and min. Ap in final 
difference Fourier map 0.30 and - 0 . 2 5  e A - : ;  atomic 
scattering factors from International Tables for  X-ray 
Crystallography (1974), computations carried out at 
the Crystallographic Research Center, Institute for 
Protein Research, Osaka  University, and at the 
Okayama  University Computer Center; programs 
MULTAN78 (Main, Hull, Lessinger, Germain, De- 
clercq & Woolfson, 1978), HBLS-V  (Ashida, 1973), 
M O L C O N  (Fujii, 1979) and OR TEP (Johnson, 1965). 

Discussion. Final atomic parameters are listed in Table 
l.* A projection of the molecular structure is shown in 
Fig. I. Bond lengths and angles are listed in Table 2, 
and torsion angles relevant to the conformation of the 
tricyclononane ring in Table 3. 

The tricyclononane skeleton is constituted of two 
six-membered rings and three five-membered rings 
[rings (1) and (2), and rings (3), (4) and (5), 
respectively, in Table 3]. The endocyclic torsion angles 
show that both six-membered rings take boat confor- 
mations as found in an 8,9,10-trinorbornane group 
(L~ger, Colleter & Carpy,  1982). Overtwisting from the 
ideal boat form (Hendrickson, 1961) amounts to 24.6 ° 
at Xa for ring (1) and 24.4 ° at X9 for ring (2). The 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom parameters and bond lengths and angles involving H atoms 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 42566 (17 pp.). Copies may 
be obtained through The Executive Secretary. International Union 
of Crystallography. 5 Abbey Square. Chester CH1 2HU, England. 
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five-membered rings take pseudo C 2 conformations, 
differing from the C s conformation found in the 
8,9,10-trinorbornane group (L6ger et aL, 1982). The 
largest overtwisting from the ideal C 2 conformation 
(Hendrickson, 1961) is 17.4 ° at X'~s in ring (4). 

The C - C  bond lengths 1.529 (1)-1.557 (3) ]k in the 
tricyclononane skeleton lie in a similar range to that 
found in some 8,9,10-trinorbornane rings (L+ger et al., 
1982; Beckwith, Rodgers & Wagner, 1982). Endo- 
cyclic bond angles at C(1), C(4), C(6) and C(9) are 
remarkably decreased, 94.0 (1)-100.7 (2) ° , while the 
exocyclic angles at these atoms are much increased, 

118.2(1)-116.9(1) °. Such a correlation between the 
decreased internal angles and the increased external 
angles is also observed in the 5,7,8,9-tetraoxatri- 
cyclo[4.2.1.02,6]nonane ring (Henke & Keul, 1975), 
indicating a considerable strain in these skeletons. The 
5- and 8-acetyl groups take exo conformations (Z27 and 
Z33 in Table 3, respectively), intramolecular short 
contacts with the H atoms at 5 and 8 positions being 
H(2)...C(16) 2.90(2), H(2)...H(16B) 2.34(3); 
H ( 8 ) . . - C ( 1 2 )  2.88 (1), H(8)...H(12A) 2.32 (2) A. 

The hydroxyl groups at 6 and 7 participate in 
intramolecular hydrogen bonds: O(1)...O(5) 2.842 (1), 
O(1)-H(O1) 0.90 (3), n(o1) . . .O(5)  1.99 (3) A, 

C ( 3 ) ( ~  

C( 12)f.- ~ 

C ( ( ~  C1141 

0(3) 
H(02) 

~1101 ~1~ (2) 
12) / -o(1) , (o,  oi~ 

C(/4) 18) 

~ C(81 

,~C ( C{7) 

Fig. 1. View of  the molecule with numbering of atoms used in the 
tables. H atoms attached to C atoms are omitted. 

Table 2. Bond lengths (A) and angles (o) with e.s.d. "s in 
parentheses 

O(I)-C(I)  1.413 (2) C(4)-C(12) 1.517 (2) 
0(2)-C(9) 1.416 (1) C(5)-C(6) 1.547 (3) 
0(3)-C(I0) 1.216 (2) C(6)-C(7) 1.529 (3) 
0(4)-C(14) 1.216 (3) C(6)-C(16) 1.517 (3) 
0(5)-C(17) 1.212 (2) C(7)-C(8) 1.548 (3) 
C(1)-C(2) 1.548 (3) C(8)-C(9) 1.545 (2) 
C(l)-C(6) 1.549 (3) C(8)-C(17) 1.520 (3) 
C(1)-C(9) 1.543 (2) C(10)-C(11) 1.489 (3) 
C(2)-C(3) 1.550 (3) C(12)-C(13) 1.513 (3) 
C(2)-C(10) 1.511 (3) C(13)-C(14) 1.490 (3) 
C(3)-C(4) 1.532 (2) C(14)-C(15) !.489 (3) 
C(4)-C(5) 1.552 (2) C(17)-C(18) 1.483 (3) 
C(4)-C(9) 1.557 (1) 

O(l)-C(I)--C(2) 109.9 (2) C(7)-C(6)-C(16) 114.3 (2) 
O(1)-C(1)-C(6) 115-8 (2) C(6)-C(7)-C(8) 103.9 (2) 
O(I)-C(I)-C(9) 118.2 (1) C(7)-C(8)-C(9) 102-5 (l) 
C(2)-C(1)-C(6) 112.2 (2) C(7)-C(8)-C(17) 112.8 (2) 
C(2)-C(1)-C(9) 105.4 (I) C(9)-C(8)-C(17) 110.6 (2) 
C(6)-C(i)-C(9) 94.3 (l) O(2)-C(9)-C(1) ll8.1 (l) 
C(1)-C(2)-C(3) 102.6 (2) O(2)-C(9)-C(4) 114.8 (1) 
C(I)-C(2)-C(10) 109.2 (2) O(2)-C(9)-C(8) l l0.7 (1) 
C(3)-C(2)-C(10) 114.7 (2) C(1)-C(9)-C(4) 94.0 (1) 
C(2)-C(3)-C(4) 103.4 (I) C(1)-C(9)-C(8) 105.2 (1) 
C(3)-C(4)-C(5) 106.6 (1) C(4)-C(9)-C(8) 112.9 (1) 
C(3)-C(4)-C(9) 100.6 (1) O(3)-C(10)-C(2) 121.3 (2) 
C(3)-C(4)-C(12) 114.3 (1) O(3)-C(10)-C(11) 121.7 (2) 
C(5)-C(4)-C(9) 100.7 (1) C(2)-C(10)-C(I 1) 117.1 (2) 
C(5)-C(4)-C(12) 115.3 (1) C(4)-C(12)-C(13) 112.5 (2) 
C(9)-C(4)-C(12) 117.4 (1) C(12)-C(13)-C(14) !15.6 (2) 
C(4)-C(5)-C(6) 103-6 (1) O(4)-C(14)--C(13) 121.6 (2) 
C(I)-C(6)-C(5) 100.7 (2) O(4)-C(14)-C(15) 121.1 (2) 
C(1)-C(6)-C(7) 101.2 (2) C(13)-C(14)-C(15) 117.3 (2) 
C(1)-C(6)-C(16) 116.9 (2) O(5)-C(17)-C(8) 121.2 (2) 
C(5)-C(6)-C(7) 106.0 (2) O(5)-C(17)-C(18) 120.7 (2) 
C(5)-C(6)-C(16) i15.7 (2) C(8)-C(17)-C(18) 118. ! (2) 

Table 3. Torsion angles (o) concerning the confor- 
mation of the tricyclononane skeleton 

Endocyclic 
(I) Ring (1) through C(I),  C(2), C(3), C(4), C(5) and C(6) 
;(, C(1)-C(2)-C(3)-C(4) -12.8 (2) 
;(2 C(2)-C(3)-C(4)-C(5) -60.4 (2) 
;(3 C(3)-C(4)-C(5)-C(6) 84.6 (2) 
;(4 C(4)-C(5)-C(6)-C(1) -20.7 (2) 
;(5 C ( 5 ) - C ( 6 ) - C ( 1 ) - C ( 2 )  -54-7 (2) 
;(6 C(6)-C(1)-C(2)-C(3) 77.8 (2) 

(II) Ring (2) through C(4), C(5), C(6), C(7), C(8) and C(9) 
;(7 C(6)-C(7)-C(8)-C(9) -10.0 (2) 
;(a C(5)-C(6)-C(7)-C(8) -62.9 (2) 
;(9 C(4)-C(5)-C(6)-C(7) 84.4 (2) 
;(1o C(9)-C(4)-C(5)-C(6) -20.0 (2) 
;(,1 C(8)-C(9)-C(4)-C(5) -55.2 (1) 
;(12 C(7)-C(8)-C(9)-C(4) 75.6 (2) 

(III) Ring (3) through C(1), C(2), C(3), C(4) and C(9) 
Z, -12.8 (2) 
z,3 c(2) c (3) -c (4) -c (9)  44.2 (I) 
;(,4 C(3)-C(4)-C(9)-C(I) -56.2 (1) 
;(,2 C(4)-C(9)-C(1)-C(2) 48.9 (1) 
;(,6 C(9)-C(1)-C(2)-C(3) -23.5 (2) 

(IV) Ring (4) through C(9), C(4), C(5), C(6) and C(I)  
;(, -20.7 (2) 
Z,7 C(5)-C(6)-C(1)-C(9) 53-8 (2) 
Zis C(6)-C(1)-C(9)-C(4) -65.5 (1) 
;(,9 C(1)-C(9)-C(4)-C(5) 53.1 (1) 
;(,o -20.0 (2) 

(V) Ring (5)through C(I),  C(6), C(7), C(8) and C(9) 
;(20 C(7)-C(8)-C(9)-C(1) -25.5 (2) 
2'2, C(8)-C(9)-C(I)-C(6) 49.5 (2) 
;(22 C(9)-C(1)-C(6)-C(7) -55-1 (2) 
;(23 C(1)-C(6)-C(7)-C(8) 41.8 (2) 
Z7 -10.0 (2) 

Exocyclic 
X24 O(1)-C(I)-C(2)-C(3) -151-9 (2) 
;(25 O(1)-C(1)-C(6)-C(5) 178.1 (2) 
;(26 C(10)-C(2)-C(3)-C(4) -131.1 (2) 
;(27 C(10)-C(2)-C(1)-C(6) -160.1 (2) 
;(28 C(2)-C(3)-C(4)-C(12) 171.0 (!) 
;(29 C(6)-C(5)-C(4)-C(12) -147-4 (1) 
23o C(4)-C(5)-C(6)-C(16) -147.8 (2) 
;(3, C(8)-C(7)-C(6)-C(16) 168.4 (2) 
;(32 C(6)-C(7)-C(8)-C(17) -129.0 (2) 
;(33 C(4)-C(9)-C(8)-C(I 7) -163.9 (1) 
;(34 C(7)-C(8)-C(9)-O(2) -154-1 (1) 
;(35 C(5)-C(4)-C(9)-O(2) 176.6 (I) 
;(36 O(I)-C(I)-C(2)-C(10) -29.8 (2) 
23, C(17)-C(8)-C(9)-O(2) -33.7 (2) 
;(3x O(1)-C(1)-C(9)-O(2) 51.2 (2) 
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Fig. 2. Stereoscopic view of the molecular packing in the cell. The a 
axis points from left to right, the b axis onto the plane of the 
paper, and the c axis downwards. H atoms attached to C atoms 
are omitted. 

O(I)--H(O1). . .O(5) 157 (3), H(O1) . . .O(5)-C(17)  
108.3 (9)°; 0 (2 ) . . . 0 (3 )  2.888 (2), O(2)-H(O2)  
0.82 (2), H(O2).. .O(3) 2.10 (2) A, O(2)-H(O2) . . .  
O(3) 164(2), H(O2) . . .O(3)-C(10)  104.7 (6) °. This 
finding explains shifts observed in the IR and ~3C NMR 
spectra for the 5- and 8-acetyl groups: 1695 cm -~ 
(KBr) in IR and 215.5 and 215.7 p.p.m. (CDCI3, 
Me4Si) in 13C NMR in comparison with 1710 cm -I and 
208.7 p.p.m, for the 13-acetyl group. 

Molecular packing in the crystal is shown in Fig. 2. 
The molecules are held together by van der Waals 
interactions with normal intermolecular contacts. 

The authors thank the Crystallographic Research 
Center, Institute for Protein Research, Osaka Univer- 
sity, for the use of the facility. 
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Structures of an Antithrombotie Agent and its Dimethyl Derivative: 4-Methoxy- 
N,N'-bis(3-pyridylmethyl)isophthalamide M onohydrate (I) and 4-Methoxy-N,N'- 

dimethyl-N,N'-bis(3-pyridylmethyl)isophthalamide Hemihydrate (II) 
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Abstract. (I): C21H2oN403.H20 , M r =  394.37, mono- 
clinic, P2~/c, a = 6 . 3 5 4  (2), b =  14.043 (1), c =  
21.418 (3)A, f l = 9 2 . 3 3 ( 2 )  ° , V = 1 9 0 9 . 9 ( 6 ) A  3, Z 
= 4 ,  D x = l . 3 7 M g m  -3, MoKa ,  2 = 0 . 7 1 0 7 A ,  g 
= 0.058 mm -~, F(000) = 832, T = 293 K, R = 0.066 
for 1830 observed reflections. (II): C23H24N403.~H20, 
M,--- 413.41, monoclinic, P2~/n, a = 3 1 . 6 4 9 ( 4 ) ,  b 
=11-753(2) ,  c = 1 1 . 5 0 1 ( 2 ) A ,  / / = 9 3 . 1 1  (2) ° , V =  

0108-2701/86/020220-05501.50 

4272(1 )A  3, Z = 8 ,  D x = 1 . 2 8 M g m  -3, MoK~t, 2 =  
0.7107 ,~, g = 0.05 mm -I, F(000) -- 1752, T =  293 K, 
R = 0.065 for 5369 observed reflections. A consider- 
able change in the shape of the basic molecular skeleton 
is caused by the N-methylation in (II), an inactive 
compound, to be compared with the planar shape 
observed in (I), an antithrombotic agent (picotamide). 
The two independent molecules in (II) are substantially 
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