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hydrophobic sheets (Fig. 2), each leading to a typical 
'herringbone' pattern as shown in Fig. 3. Molecular 
modelling experiments indicate that a dimer confor- 
mation with phenyl groups oriented as shown in (I) 
is possible only if the P+ side chain is in the trans 
position. This also requires a close to perpendicular 
orientation of the P+ carboxyl group relative to the 
P carboxylate (observed interplanar angle = 27.3°). 
Such conformations could not support the hydrogen- 
bond network observed in the crystal structure. 

The authors thank Professor Doyle Britton, 
Department  of Chemistry, University of Minnesota, 
for solving the crystal structure. This work was 
supported by an NIH grant (GM 42148-01) to MCE. 
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Abstract. C9HloO4, M r = 182.15, orthorhombic, 
P212121, a = 6.589 (4); b = 7.003 (4), c = 
18.436 (12)/~, V = 850.7 A 3, Z = 4, Dx = 
1.422 Mg m -3, 3.(Mo Ka)  = 0.71073 A, /z = 
0.106 mm -1, F(000) = 384, T = 293 K, R = 0.0517 
for 913 unique reflections with F > 6.tr(F). The bond 
lengths and angles are all within the accepted ranges. 
The molecule resembles a hinge with the two rings 
lying at approximately 110 ° to one another with the 
carboxyl group on C5 equatorial and effectively 
coplanar with the cyclohexene. No intramolecular 
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hydrogen bond is formed between 0 7  and O10/O11 
but a network of intermolecular hydrogen bonding 
between carboxyl groups holds the molecules 
together in the a-axis direction. Other packing inter- 
actions are hydrophobic. The torsion angles 
determined by N M R  are in good agreement with 
those determined from the crystal structure. 

Experimental. The title compound was prepared by 
the Diels-Alder condensation of 1-hydroxypenta-2,4- 
diene with maleic anhydride and crystals were 
obtained by recrystallization from H20. Colourless 
prism, 0.4 x 0.2 x 0.2 mm, mounted on Siemens- 
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Table 1. Fractional coordinates of  freely refined 
atoms, with standard deviations 

Ueq = (1/3)Y., Y.j U~ja,*aj*a,.aj. 

x y z U~/U~,o(A 2) 
O10 -0.0340 (4) -0.2026 (4) -0.50368 (15) 0.0434 (16) 
O11 -0.2281 (4) -0.2306 (5) -0.40662 (16) 0.0481 (17) 
08 0.1575 (5) 0.3910 (4) -0.39099 (18) 0.0560 (20) 
07 -0.1209 (5) 0.2330 (5) -0.42321 (18) 0.0601 (21) 
C10 -0.0566 (6) -0.1883 (5) -0.43826 (21) 0.0341 (22) 
C6 0.2034 (6) 0.0669 (5) -0.41519 (21) 0.0341 (21) 
C7 0.0581 (7) 0.2324 (6) - 0.41002 (22) 0.0426 (24) 
C5 0.1096 (6) -0.1223 (6) -0.38856 (20) 0.0363 (21) 
C4 0.0524 (7) -0.1104 (6) -0.30803 (20) 0.0446 (23) 
C9 0.3704 (7) 0.3486 (6) -0.38190 (27) 0.055 (3) 
El 0.3844 (6) 0.1348 (6) -0.37080 (23) 0.0402 (21) 
C2 0.3676 (7) 0.0826 (6) -0.29174 (23) 0.0466 (25) 
C3 0.2180 (7) - 0.0223 (7) - 0.26451 (24) 0.0451 (24) 
HI 1 - 0.322 (8) - 0.274 (7) - 0.439 (3) 0.060 (14) 

Table 2. Selected bond distances (A), angles (o) and 
torsion angles (°) 

O 11 H 11 0.95 (4) C6 C7 1.507 (6) 
O11 CI0 1.306 (5) C6 C5 1.542 (5) 
O10 C10 1.219 (5) C6 C1 1.522 (6) 
CI0 C5 1.501 (5) C5 C4 1.534 (6) 
C9 CI 1.514 (6) C4 C3 1.488 (6) 
08 C9 1.444 (6) C2 C3 1.328 (6) 
07 C7 1.205 (5) CI C2 1.507 (6) 

HI 1 O11 CI0 113.6 (22) C5 C6 CI 114.3 (3) 
O10 C10 Ol I 121.8 (3) CI0 C5 C6 I 11.2 (3) 
O!0 C10 C5 122.7 (3) C10 C5 C4 115.4 (3) 
O11 C10 C5 !15.4(3) C6 C5 C4 111.1 (3) 
08 C9 C1 106.2 (4) C5 C4 C3 111.4 (3) 
C7 08 C9 109.6 (3) C4 C3 C2 124.7 (4) 
08 C7 07 122.0 (4) C1 C2 C3 123.7 (4) 
08 C7 C6 110.2 (3) C6 CI C9 100.9 (3) 
07  C7 C6 127.7 (4) C6 C1 C2 112.8 (3) 
C7 C6 C5 112.7 (3) C9 C1 C2 111.5 (4) 
C7 C6 Ci 102.9 (3) 

C6 CI C2 C3 4.2 (6) CI C6 C5 C4 54.6 (4) 
C9 C1 C2 C3 116.9 (5) C7 C6 C5 CI0 67.6 (4) 
C1 C2 C3 C4 3.0 (7) C1 C6 C7 08 19.7 (4) 
C5 C4 C3 C2 18.6 (6) C1 C6 C7 08 19.7 (4) 
C6 C5 C4 C3 -45.5 (4) C7 08 C9 C1 -20.0 (5) 
C7 C6 C5 C4 - 62.4 (4) C9 08 C7 C6 - 0.1 (4) 
C5 C6 CI C2 -33.0 (5) 08 C9 C1 C6 30.6 (4) 
C7 C6 C1 C9 -29.5(4)  O10 C10 C5 C4 179.1(3) 

Stoe AED-2 four-circle diffractometer, graphite- 
monochromated Mo K a  X-radiation, cell parameters 
from 16 reflections at ___ co. For data collection, co/20 
scans, 20max = 45 °, h 0----7, k 0----7, 1 - 19--* 19, 1354 
reflections collected, no significant crystal movement 
or decay, semi-empirical absorption correction 
[North, Phillips & Mathews (1968); max. and min. 
transmission factors 0.638 and 0.395, respectively] 
after merging, 916 reflections with I >  30,(0 and Rin t 
= 0.045. Direct methods (Sheldrick, 1986) revealed 
all non-H atoms, H atoms refined riding on atoms to 
which they were attached except H11 which was 
refined freely [full-matrix least squares on F 
(SHELX76; Sheldrick, 1976)]. Anisotropic C, O, iso- 
tropic H. At final convergence, R = 0.0517, wR = 
0.0655, S = 0.850 for 132 parameters, (A/0`)max in the 

final cycle 0.009, max. and min. residuals in final AF 
synthesis 0.28, -0 .47  e A -3. The weighting scheme 
w-1 = 0`2(F ) + 0.004966F 2 gave satisfactory agree- 
ment analyses. 3 reflections with F~alc "> Fobs ignored. 
Scattering factors were inlaid (Sheldrick, 1976). 
Atomic coordinates and equivalent isotropic thermal 
parameters are given in Table 1 and bond lengths 
and angles appear in Table 2.* The atomic 
numbering scheme is shown in Fig. 1 produced by an 
interactive version of O R T E P  (Johnson, 1965; 
Mallinson & Muir, 1985). Molecular geometry calcu- 
lations were performed using C A L C  (Gould & 
Taylor, 1983). 

Related literature. This work arises from synthetic 
approaches to oxa-bicyclooctane ring systems related 
to prostaglandin H2 and thromboxane A2 (Muir et 
al., 1991). The structure here confirms the synthetic 
data of Heilbron, Jones, McCombie & Weedon 
(1945), although it is still uncertain whether esteri- 
fication precedes, or is concomitant with, cyclo- 
addition and, further, shows why subsequent 
halolactonization between C3 and O 11 is impossible. 

* Lists of torsion angles, structure factors, anisotropic thermal 
parameters and H-atom coordinates, together with details of the 
NMR analysis, have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No.  SUP  
54893 (11 pp.). Copies may be obtained through The Technical 
Editor, International Union of Crystallography, 5 Abbey Square, 
Chester CH1 2HU,  England. 
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Fig. 1. A general view of the molecule showing the numbering 
scheme; the H atoms are numbered according to the atoms to 
which they are attached. Thermal ellipsoids of non-H atoms are 
drawn at the 50% probability level. H atom radii are 0.15 A. In 
the crystal, a hydrogen bond is formed between O 1 1 - - H  11 and 
O10 o f  a neighbouring molecule producing a chain in the a-axis 
direction. 
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The synthesis produces a racemic mixture as does the 
similar synthesis of (_)-nor-sterepolide (Arai, 
Takeda, Masuda & Koizumi, 1985). 
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Structure du 6-(4-M6thylpip6razin- 1-yl)- 11H-pyrido[2,3-b][ 1,4]benzodiaz6pine 
1,5-Hydrate 
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Abstract. 6-(4-Methylpiperazin- 1-yl)- 11H-pyrido[2,3- 
b][1,4]benzodiazepine 1.5-hydrate, C17HlaNs. 1.5H20, 
M,=320 .4 ,  tdclinic, P1, a = 11.268(3), b =  
12.815 (3), c = 13.720 (4) A, ce = 107.37 (1), fl = 
98.15 (2), y =  110.42 (1) °, V= 1703.8 (1) A 3, Z =  4, 
D x = 1 . 2 4 9 M g m  -3, m.p. 414K, A(CuKa)=  
1.5418/~, /z =0.592mm -1, F(000)=684, T=  
293 (1)K, R=0.049 for 3510 independent reflec- 
tions. The diazepine ring is in a boat conformation. 
The dihedral angles between the two aromatic rings 
in the two independent molecules are 131.7 (1) and 
120.5 (1) °, respectively. The distances between the N 
(methylpiperazine) atom and the centres of the two 
aromatic nngs are respectively 6.119 (4) and 
7.707 (4)/~ in molecule A, and 6.074 (4) and 
7.746 (4)/~ in molecule B. All H atoms of water 
molecules participate in O...O and O...N hydrogen 
bonds [distance ranges 2.796(3)-2.887(3) and 
2.843 (3)-2.956 (3)/~, respectively]. Two inter- 
molecular N.-.N contacts of 2.970 (4) and 3.209 (4)/~ 
may also be considered as hydrogen bonds. 

Partie exp6rimentale. Cristal du compos6 (I) incolore 
0,13 x 0,22 x 0,54 mm obtenu par cristallisation 

0108-2701/92/071322-03506.00 

dans un m61ange m6thanol (50% en volume)- 
ac&one. 

,CH3 

S / 
N=C 

(I) 

Param6tres de la maille d6termin6s ~t partir de 37 
r6flexions teUes que 17,5 _< 0 _< 27,4 °. Balayage to, 7,0 
_<20_< 110,0 °, -11  _<h_< 11, -13_<k_< 13, 0_<l_< 
14. R6flexions de contr61e de l'intensit6: 947_< 
Fo(122) _< 986 et 2443 _< Fo(225) _< 2532. Diffracto- 
m6tre Siemens. 4 5 0 9  r6flexions mesur6es, 4274 
r6flexions uniques (Rint = 0,02). Corrections de Lor- 
entz, de polarisation, de d6croissance et d'absorption 
[par m&hode semi-empirique, analogue ~ celle de 
North, Phillips & Mathews (1968)]. Facteurs de 
transmission minimum et maximum: 0,94 et 1,00. 
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