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The two C1- anions and the two water molecules 
are related by a total of four hydrogen bonds (see 
Table 3) with all water H atoms acting as donors, 
with C1(2) being the acceptor in three cases but CI(1) 
only once (see Fig. 2). The differences of the anion- 
cation interactions in the chloride and perchlorate 
complex are obviously too small to cause a difference 
in the conformation of the macrocation. This result 
corresponds to the experiments of high-resolution 
NMR investigations in solution (to be published). In 
contrast, the NMR spectra of the diprotonated 
(2.2.2.) cryptate show a significant anion effect. 
Unfortunately no single crystals of these complexes 
suitable for X-ray structure analysis have been 
obtained up to now. 
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Abstract. 1,2,7a,10,11,14a-Hexahydro-3,3,7,7,9,9- 
hexamethyl-3 H,7 H,9 H-[ 1]benzopyrano[8',7':4,5]furo- 
[3 ,2 -c ]py rano[3 ,2 -g ] [1 ]benzopyran ,  C27H3204, m.p. 
422-423 K, Mr=420"55, monoclinic, P2~/c, a = 
9.984(2), b =  17.632(1), c =  13.223 (1)A, /3 = 
100.57 (1) °, V = 2288.25 (4)/~3, Z = 4, Dx = 1-220, 
Dm= 1-235 Mg m -3 (by flotation in CC14/C4H802), 
A(fu Ka) -- 1.5418/~,/x = 0-56 ram-l ,  F(000) = 904, 
T = 296 K, final R, wR 0.0401, 0-0506, respectively, 
for 2665 observed reflections. The benzofuro- 
benzopyran (C/D) ring junction is cis and the confor- 
mation is staggered looking from C(7) to C(7a). 
Three atoms in ring F occupy two positions each 
with s.o.f.'s 0.7 and 0.3. The dihedral angle between 
the aromatic rings [37.3 (2) ° ] is close to that reported 
for analogous antifungal-active natural products. 

Introduction. Heterocyclic compounds with the basic 
benzofuro-benzopyran structure have two asym- 
metric centers [C(7a), C(14a)]. At the junction the 
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conformation can be H,H-cL~ or -trans. From 1H 
NMR, the coupling constant between two protons 
(7.3 Hz) characterizes the H,H-cis conformation. A 
c/s-fused benzofuro-benzopyran (C/D) ring junction 
can have two possible conformations, corresponding 
to the relative orientations of the methyl group 
attached to C(7) and the H atom attached to C(7a); 
the most stable is the staggered one (Pachler & 
Underwood, 1967). A number of structurally related 
oxygen heterocyclic compounds have been reported 
to be biologically active, exhibiting antifungal and 
antitumor activity (Vanetten, 1976; Kojima, 
Fukushima, Ueno & Saiki, 1970). This activity may 
depend on the molecular geometry (Perrin & 
Cruickshank, 1969). 

The basic interest in analysing the detailed crystal 
structure of the title compound by X-ray diffraction 
methods was to confirm the geometry of the 
benzofuro-benzopyran system when affected by two 
pyran rings attached to their sides (Fig. 1). The 
structure is compared with analogous reported struc- 
tures. 

© 1991 International Union of Crystallography 
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Experimental. 7-Hydroxy-2,2,-dimethylchroman was 
treated with 3,3-dimethylacrylic acid in the presence 
of ZnC12-POC13 to give chromanone which on 
sodium borohydride reduction followed by dehydra- 
tion with acid gave the intermediate chromene. Sub- 
sequently, Li2PdC14-catalyzed Heck arylation of the x y 

C(1) -2430 (2) 268 (I) chromene with 8-chloromercurio-7-hydroxy-2,2- C(2) -2160 (2) -515 (1) 

dimethylchroman in acetone at refluxing temperature c(3) -2276 (2) -1134 (1) 
0(4) - 1311 (1) -984 (1) 

yielded the title compound (Narkhede, 1990). c(4~) -1265 (2) -260 (1) 

A colourless crystal of dimensions 0.45 x 0.32 × c(5) -631 (2) -180 (1) 
C(5a) - 515 (2) 530 (1) 

0.15 mm was used for intensity data collection using 0(6) 76 (1) 561 (1) 

an Enraf-Nonius CAD-4 diffractometer with c(7) 698 (2) 1280 (1) 
C(7a) -376 (2) 1910 (I) 

graphite-monochromated Cu Ka radiation. The cell C(7b) 191 (2) 2706 (1) 
C(7c) 658 (2) 3157 (1) parameters were refined using 25 reflections in the 0(8) 535 (2) 2865 (1) 

range 10 _< 0 < 37.8 °. Two standard reflections (248 c(9) 991 (2) 3322(1) 
- - - -  C(10)* 2203 (4) 3807 (2) 

and 3 65), measured every 1800 s, showed no signifi- c(10')t 875 (6) 4148 (4) 
cant change in intensity. A total of 3373 unique C(ll) 1800(3) 4337(1) 

C(I la) 1221 (2) 3866 (I) 
reflections were scaned in the w-20 mode, in the C(12) 1265(2) 4110(1) 

C(13) 772 (2) 3689 (I) range 2_< 0_<70 ° , .  0_< h-< 10, 0 -< k-< 19, - 1 4 < l <  c(13~) 244(2) 2984(1) 

14, out. of which 3189 observed reflections with I Fol O(14) -250 (1) 2486 (1) 
C(14a) - 1015 (2) 1916 (1) 

->3crlFol were used for structure solution, Rint = C(14a) -1025(2) 1167(1) 
0.0316. Lp correction. The structure was solved by c(15) -1642(2) 1063 (I) 

C(15a) - 1769 (2) 365 (1) 
d i r e c t  m e t h o d s  using SHELXS86 (Sheldrick, 1986) C(16) - 1810 (3) - 1884 (1) 

with CFOM = 0-044. Initial Fourier refinement of c(17) -3678(3) -1187(2) 
C(18) 1057 (2) 1155 (1) 

the structure showed relatively high isotropic tem- C(19) 1947 (2) 1406(1) 
C(20)* 1286 (5) 2777 (2) perature factors, and electron density peaks near C(21)t -254(4)  3803(2) 

C(10), C(20) and C(21) were modelled by assigning c(20.). 227(8) 3058(5) 
two positions for each atom with respective s.o.f.'s c(21,), 2510 (7) 3072 (4) 
0"7 and 0-3. All non-H atoms were refined *S.o.r.=0.7. 
anisotropically. H atoms, except two with s.o.f. 0.3, t S.o.f. =0.3. 
were located from difference Fourier maps and 
refined with anisotropic thermal parameters. In the 
final refinements, 451 parameters were refined using 
2665 reflections with IFol >-5crlFol. R = 0"0401, wR 
= 0-0506 {w = k/[~rZ(F)+ g(F2)], with k = 1"000 and 

g = 0"00798}, (A/o')max = 0"345 and in final difference 
map (Ap)max = 0.144, (Ap)mi  n = -- 0.176 e A -  3. 
SHELX76 (Sheldrick, 1976) was used for structure 
refinements and a CYBER-180 computer was 
employed. 

Discussion. The positional parameters and equivalent 
isotropic temperature factors for non-H atoms are 

(9 

0 ~, 

 o.©o 

Fig. 1. Structural formula. 

Table 1. Atomic coordinates (× 104) and equivalent 
isotropic temperature factors Ueq (A 2 × 103) for non-H 

atoms with e.s.d. 's in parentheses 

U~q = (I/3)Y.~Y.j Uijai*aj*ai.aj. 
z 

-427 (2) 64 (1) 
- 821 (1)  58  (1)  
-50 (1) 57 (1) 
898 (1) 56 (1) 

1276 (1) 44 (I) 
2292 (1) 42 (1) 
2739 (1) 39 (1) 
3758 (1) 43 (1) 
4135 (1) 38 (1) 
3861 (1) 37 (1) 
3976 (1) 38 (1) 
4832 (1) 43 (1) 
5768 (1) 58 (1) 
6679 (1) 59 (1) 
6579 (3) 73 (2) 
6477 (5) 63 (2) 
5630 (2) 82 (2) 
4703 (2) 51 (I) 
3713 (2) 54 (1) 
2853 (2) 49 (1) 
3015 (i) 4o (1) 
2239 (1) 45 (1) 
2712 (1) 39 (1) 
2184 (1) 39 (1) 
1164 (1) 46 (1) 
687 (1) 46 (1) 

-409 (2) 82 (2) 
214 (2) 94 (2) 

5280 (1) 55 (1) 
3663 (2) 49 (I) 
7578 (3) 86 (2) 
6777 (3) 83 (2) 
7461 (5) 86 (2) 
6901 (6) 71 (2) 

listed in Table 1 and bond lengths and angles in 
Table 2.* Fig. 2 gives a view (Motherwell & Clegg, 
1978) of the molecule. 

The molecular skeleton may be considered to com- 
prise two parallel strips, corresponding to three rings 
each (A, B and C; D, E and F) fused together at the 
C/D junction with an angle of 45.2 (3) °. Ring F is 
approximately in a sofa conformation (Livingstone, 
1981) with the mean plane passing through the 
atoms C(7c), O(8), C(9), C( l l )  and C( l l a )  [maxi- 
mum deviation -0 .040  (3)A] and two positions of 
C(10), corresponding to s.o.f.'s 0.7 and 0.3, deviate 
almost equally on either side of the plane by 
-0 .706  (4) and 0.732 (6)A, respectively. The two 
sites for C(10) affect the positions of the methyl 
groups attached to its adjacent atom [C(9)] resulting 
in two positions for each group with respective 
s.o.f.'s 0.7 and 0.3. The benzofuro-benzopyran 
system has a cis junction [C(7a) and C(14a)]. On 
viewing from C(7) to C(7a) the conformation is 

* Lists of  structure factors, anisotropic thermal parameters, 
H-atom parameters, torsion angles and least-squares-planes 
details have been deposited with the British Library Document  
Supply Centre as Supplementary Publication No. SUP 53940 (22 
pp.). Copies may be obtained through The Technical Editor, 
International Union of  Crystallography, 5 Abbey Square, Chester 
CH1 2HU, England. 
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Table 2. Bond distances (A) and angles (°) with e.s.d. 's 
in parentheses 

C(2)---C(I) 1.517 (3) C(10)--C(9) 
C(15a)--C(1) 1.510 (2) C(10')--C(9) 
C(3)--C(2) 1.513 (3) C(20)--C(9) 
O(4)--C(3) 1.458 (2) C(21)---C(9) 
C(16)--C(3) 1.506 (3) C(20')--C(9) 
C(17)--C(3) 1.506 (3) C(21")--C(9) 
C(4a)--O(4) 1.369 (2) C(9)--O(8) 
C(5)--C(4a) 1.383 (2) C(ll)--C(10) 
C(15a)--C(4a) 1.390 (3) O(8)--C(7c) 
C(5a)--C(5) 1.381 (2) C(I I ) - -C(IO')  
0(6)--C(5a) 1.369 (2) C(l la)--C(Tc) 
C(14b)~C(5a) 1.386 (2) C(Ila)---C(ll) 
C(7)~O(6) 1-459 (2) C(12)~C(lla) 
C(7a)---C(7) 1.540 (2) C(13)--C(12) 
C(18)--C(7) 1.507 (2) C(13a)--C(13) 
C(19)--C(7) 1.510 (3) O(14)--C(13a) 
C(7b)---C(7a) 1.512 (2) C(14a)--O(14) 
C(14a)--C(7a) 1.536 (2) C(14b)--C(14a) 
C(7c)--C(7b) 1-392 (2) C(15)--C(14b) 
C(13a)--C(7b) 1.371 (2) C(15a)--C(15) 

1.508 (4) 
1.482 (7) 
1.515 (4) 
1'529 (4) 
1.468 (8) 
1.555 (7) 
1.452 (2) 
1.556 (4) 
1.366 (2) 
1.612 (8) 
1.395 (3) 
• 504 (3) 
• 387 (3) 
• 373 (3) 
• 382 (3) 
• 371 (2) 
• 469 (2) 
• 494 (2) 
• 388 (2) 
• 378 (3) 

C(15a)--C(t)--C(2) 11].4 (2) C(21')--C(9)--C(10') 110.7 (4) 
C(3)--C(2)--C(I) 112.6 (2) O(4)1C(3)---C(2) 109.2 (2) 
C(16)--C(3)--C(2) 110.8 (2) C(21')--C(9)--C(20') 113.1 (5) 
C(16)--C(3)---O(4) 103.7 (2) C(17)--C(3)--O(4) 107.9 (2) 
C(17)---C(3)---C(2) 113.0 (2) C(ll)--C(10)---C(9) • 108.5 (2) 
C(4a)--O(4)---C(3) 117.1 (2) C(17)---C(3)--C(16) 111.9 (2) 
C(15a)----C(4a)--O(4) 123.4 (2) C(5)----C(4a)---O(4) 115.4 (2) 
C(15a)--C(4a)--C(5) 121.2 (2) C(II)--C(10')--C(9) 107.0 (4) 
O(6)--C(5a)--C(5) 116.4 (I) C(5a)---C(5)----C(4a) 119.7 (2) 
C(14b)---C(5a)---O(6) 122.7 (I) C(14b)--C(5a)---C(5) 120.9 (2) 
C(7a)lC(7)-K)(6) 108.2 (I) C(l la)----C(1 I)---C(10) 109.3 (2) 
C(18)--C(7)--O(6) 102.9 (I) C(l la)--C(I I)---C(10') 105.6 (3) 
C(18)--C(7)--C(7a) 1 I1.7 (I) C(l 1)--C(I la)--C(7c) 119.9 (2) 
C(19)--C(7)---O(6) 108.6 (I) C(12)--C(I la)--C(Tc) 118.5 (2) 
C(19)--C(7)--C(7a) 112.8 (I) C(12)--C(lla)--C(ll) 121.6 (3) 
C(19)--C(7)~C(18) 112.0 (2) C(13)--C(12)--C(lla) 123.1 (2) 
C(7b)--C(7a)--C(7) 114.5 (I) C(13a)---C(13)--C(12) 116.6 (2) 
C(14a)--C(7a)--C(7) 112.5 (1) C(13)--C(13a)--C(7b) 123.1 (2) 
C(14a)---C(7a)--C(7b) 99.9 (1) O(14)--C(13a)---C(7b) 113.2 (I) 
C(7c)--C(7b)--C(7a) 132.5 (2) O(14)---C(13a)---C(13) 123.7 (2) 
C(13a)---C(7b)---C(7a) 108.4 (I) C(14a)--O(14)--C(13a) 105.3 (I) 
C(13a)---C(7h)--C(7c) 119"1 (2) O(14)---C(14a)---C(7a) 105.8 (1) 
O(8)---C(7c)---C(7b) 116.7 (2) C(14b)--C(14a)---C(7a) 115.0 (1) 
C(lla)--C(7c)--C(7b) 119.6 (2) C(14b)--C(14a)--O(14) 111.4 (1) 
C(lla)---C(7c)----O(8) 123.6 (2) C(14a)--C(14b)--C(5a) 119.9 (1) 
C(9)---O(8)---C(7c) 118.4 (1) C(15)---C(14b)--C(5a) 117.6 (2) 
C(10)---C(9)-43(8) 112-1 (2) C(15)--C(14b)---C(14a) 122.3 (2) 
C(10')--C(9)--O(8) 113.2 (3) C(15a)--C(15)--C(14b) 123.4 (2) 
C(20)--C(9)--43(8) 106.6 (2) C(15)--C(15a)--C(I) 122.4 (2) 
C(20)---C(9)---C(10) 112.6 (2) C(15)---C(15a)--C(4a) 117.3 (2) 
C(4a)---C(15a)--C(I) 120.4 (2) C(7)--O(6)----C(5a) 116.7 (I) 
C(21)--C(9)--O(8) 104.0 (2) C(21)---C(9)--C(10) 111.8 (3) 
C(21)---C(9)--C(20) 109.2 (3) C(20')--C(9)--C(10") 113.9 (4) 
C(20')--C(9)--O(8) 106.5 (3) C(21")--C(9)--O(8) 98.4 (3) 

staggered [O(6)--C(7)--C(7a)--C(14a) 53.3 (2)°], 
matching the interpretation from I H NMR (Pachler 
& Underwood, 1967) that this is the most stable con- 
formation, but the shapes of rings C and D are 
different from the above NMR interpretation. As 
ring F, the pyran ring C is also in a sofa conforma- 
tion, with C(7) (to which two methyl groups are 
attached) 0.645 (2)A out of the least-squares plane 
passing through the remaining five atoms [maximum 
deviation 0.022 (2)A], whereas ring A is a half- 
chair, with 0(4) and C(3) out [by -0.222 (1) and 
- 0.738 (2) A, respectively] of the least-squares plane 
passing through the atoms C(1), C(2), C(4a) and 
C(15a) [within deviation _+ 0.062 (2) A] (Demartims 
& Mackay, 1978). The furan ring D is puckered with 
O(14) and C(7a) being respectively 0.220(1) and 
0.289 (2)A out of the plane passing through the 
other three atoms compared to the envelope shape in 
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Fig. 2. General view of the molecule. 

the case of 7,7-dimethyldihydropyranopetrocarpane 
(Das, Sinha, Narkhede & Manisekharan, 1990). 
Both the aromatic rings (B and E) are planar and 
mutually inclined at an angle of 37.3 (2) °, satisfying 
the suggested geometrical criteria for antifungal 
activity (Perrin & Cruickshank, 1969). The bond 
lengths and angles almost match their respective 
values in 7,7-dimethyldihydropyranopetrocarpane. 
The average C(sp3)---C(sp 3) bond distance is 
1.519 (4)A. All intermolecular distances are longer 
than 3-5 • indicating that the molecules are stabi- 
lized only by van der Waals interactions, in contrast 
to the intermolecular C--H-..O interactions observed 
for 7,7-dimethyldihydropyranopetrocarpane. 
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Abstract. C4H4N6,  Mr = 136"11, monoclinic, P21/n, a 
= 7.633 (5), b = 5.729 (3), c = 12.872 (7) A, /3 = 
94.15 (5) °, v = 561.5 (2) A 3, z = 4, Dm = 1.65, Dx = 
1"61 g c m  -3, A(Mo Ka) = 0"7107 A, /z = 11"1 cm -~, 
F(000) = 280, room temperature, R = 0.036, wR = 
0.041 for 1072 reflections. The two triazole rings are 
in envelope conformations with a dihedral angle of 
8.5 ° between their mean planes. Molecules are held 
together in the crystalline state by van der Waals 
forces. 

Introduction. Dans le cadre des recherches effectu6es 
en s6ries bitriazoles (Aouial, Bernardini & Viallefont, 
1977, 1978; Aouial, 1976, 1989) et afin de rendre 
compte des propri6t6s spectrales ultraviolettes du 
bitriazole-3,4', une 6tude cristallographique de ce 
dernier a 6t6 entreprise dans le but de pr6ciser la 
g6om6tfie de cette mol6cule et de mettre en 6vidence 
d'6ventuelles interactions des deaux noyaux aroma- 
tiques. Tous les cycles triazoles cit6s dans ce m6moire 
sont de type triazole-l,2,4. 

On connait la structure du triazole par diffraction 
des rayons X soit gt la temp6rature ambiante 
(Deuschl, 1965), soit fi basse temp6rature (Goldstein, 
Ladell & Abowitz, 1969; Jeffrey, Ruble & Yates, 
1983) ainsi que celles d 'un certain nombre de bitria- 
zoles de jonction N(4)--N(4')  (Domiano, 1977; 

* Pr6sente adresse: Laboratoire de Chimie du Solide appliqu6e, 
Facult6 des Sciences, Avenue Ibn Batouta, Rabat, Maroc. 

Vreugdenhil, Haasnoot,  de Graaff, Nieuwenhuis, 
Reefman & Reedijk, 1987). En revanche celle de 
bitriazole-3,4' n'avait pas encore 6t6 r6solue. Une 
6tude par diffraction des rayons X nous a permis de 
d6finir la sym6trie cristalline et la r6solution de la 
structure du bitriazole-3,4' fi la temp6rature 
ambiante. Ce m6moire comporte l'expos6 des 
r6sultats ainsi qu'une discussion permettant d'6tablir 
l'influence de la position relative dans l'espace des 
deux groupements triazoles sur la longueur de la 
liaison de jonction C(3)--N(4').  

Partie exp6rimentale. Le bitriazole-3,4' est obtenu 
partir de l'amino-3 triazole par r6action avec le 
N,N-diformylhydrazine (Wiley & Hart, 1953). La 
recristallisation dans un m61ange fi volumes 6gaux 
d'eau et de m6thanol conduit fi l 'obtention des 
monocristaux transparents et de bonne qualit6. La 
densit6 a 6t6 mesur6e par picnom6trie dans le ben- 
z6ne. Le cristal utilis6 pour la r6solution de la struc- 
ture ~ une forme parall616pip6dique allong6e suivant 
le direction [010] (dimensions 0,17 x 0,35 x 
0,12 mm). Une 6tude par diffraction des rayons X 
l'aide d'une chambre de Weissenberg montre que ce 
compos6 cristallise dans un syst6me monoclinique 
avec les conditions de diffractions suivantes: hOl h + l 
=2n,  h00 h = 2 n ,  00l l = 2 n ,  0k0 k = 2 n ,  ce qui 
conduit sans ambiguit6 au groupe d'espace P21/n. 
Les param6tres de la maille ont 6t6 affin6s fi l'aide de 
25 r6flexions ind6pendantes (6 -< 20 -< 29 °) mesur6es 
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