
JAVIER GONZA, LEZ-PLATAS et al. 1837 

Altomare, A., Burla, M. C., Camaili, M., Cascarano, G., Giacovazzo, 
C., Guagliardi, A., Moliterni, A. G. G., Polidori, G. & Spagna, R. 
(1999). J. Appl. Co'st. 32, I 15-1 i 9. 

Bermejo, B. J. (1998). Unpublished results. 
Enraf-Nonius (1994). CAD-4 EXPRESS. Version 5.1/5.2. Enraf- 

Nonius, Delft, The Netherlands. 
Flack, H. D. (1983). Acta Crvst. A39, 876-881. 
Hartsuch, J. A. & Lipscomb, W. N. (1963). J. Am. Chem. Soc. 85, 

3414-3421. 
Kennard, O., Sanseverino, L. R. & Rollet, J. S. (1967). Tetrahedron, 

23, 131-148. 
Pfrez de Paz, P. L. & Medina, M. I. (1988). Catdlogo de las 

Plantas Medicinales de la Flora Canaria, Aplicaciones Populares. 
Viceconsejerfa de Cultura y Deportes del Gobierno de Canarias e 
Instituto de Estudios Canarios, Tenerife, Spain. 

Sheldrick, G. M. (1997). SHELXL97. Program for the Refinement of 
Crystal Structures. University of G6ttingen, Germany. 

Soeder, R. W. (1985). Bot. Rev. 51,442-536. 
Spek, A. L. (1990). Acta Co'st. A46, C-34. 
Spek, A. L. (1997). HELENA. Program for Data Reduction. Utrecht 

University, The Netherlands. 

Acta Cryst. (1999). C55, 1837-1839 

4 / 3 , 1 5 - D i h y d r o - 3 - d e h y d r o s o l s t i t i a l i n  A 

JAVIER GONZ,,~EZ-PLATAS, a CATALINA RULZ-PI~REZ, a 
ANTONIO G. GONZ/~d.EZ, b JAIME BERMEJO b AND KAMEL 
MEDJROUBI c 

aGrupo de Rayos X, Departamento Ffsica Fundamental 
II, Universidad de La Laguna, Avenida Astroffsico Fco 
Sdnchez s/n, E-38204, La Laguna, Tenerife, Spain, ~lnstituto 
de Productos Naturales y Agrobiologfa del CSIC, Instituto 
Universitario de Bio-Orgdnica 'Antonio Gonzdlez', Avenida 
Astroffsico Fco Stnchez 2, E-38204, La Laguna, Tenerife, 
Spain, and ' Unitd de Recherche de Chimie, Laboratoire 
de Phytochimie L Universitd de Constantine, 25000, 
Constantine, Algeria. E-mail: javiergp @ valmap, dfis. ull. es 

(Received 24 May 1999; accepted 5 July 1999) 

Abstract 
The sesquiterpene lactone 4/3,15-dihydro-3-dehydro- 
solstitialin A, C15H2005, was isolated from Centaurea 
musimomum, a composite collected in the Souk-Ahra 
area in the east of Algeria. The fused-ring system 
contains a seven-membered ring in a twisted-boat and 
two five-membered rings with envelope conformations. 
The crystal structure is stabilized by intermolecular 
hydrogen bonds, with O. . .O  separations of 2.709 (3) 
and 3.007 (2) ~,. 

t Alternative nomenclature: ! I c~-acetoxy-I 3-hydroxy-4o~-methyl-3-oxo- 
I c~H,SaH,6/3H,7aH-guai- 10(14ken-6,12-olide or 3-hydroxy-3-hydroxy- 
methyl-9-methyl-6-methyleneperhydroazuleno[4,5-b] furan-2,8-dione. 

Comment 
In connection with a systematic investigation of the 
genus Centaurea, this paper presents the results of a 
structural study of 4/3,15-dihydro-3-dehydrosolstitialin 
A, (I), a sesquiterpene lactone isolated from aerial 
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parts of Centaurea musimomum (Bermejo, 1998), which 
could only be isolated as the diacetate from C. behen 
and C. solstitialin (Rustaiyan et al., 1981; 0ksiiz 
et al., 1993). Compound (I), m.p. 427-428K, was 
obtained as colourless crystals by repeated silicic acid 
chromatography; IR bands at u 3400, 1770, 1730 and 
1640cm - l  indicated the presence, respectively, of a 
hydroxy, a 7-1actone, a cyclopentanone and a double 
bond function. The spectroscopic properties (IR and 
~H and ~3C NMR) of this lactone are closely related 
to those of solstitialin A, the absolute configuration of 
which was established by Thiessen & Hope (1970). This 
structural information suggests that (I) is a guayanolide- 
type sesquiterpene containing two hydroxy groups, a 
"7-1actone, a cyclopentanone and a methylene double 
bond. 

The structure and stereochemistry of (I) were estab- 
lished by our analysis; the absolute configuration was 
not determined by this X-ray analysis and that shown 
was chosen to be the same as that for solstitialin A The 
ground state of molecule (I) is non-planar. Bond lengths 
and angles are generally as expected. The molecule 
(Fig. 1) involves a seven-membered ring in a twisted- 
boat conformation. Deviations of atoms in this ring from 
the Cremer & Pople (1975) plane were less than 0.1 ~, 
for atoms C5, C8 and C9 and more than 0.4,4, for the re- 
maining atoms of the ring. Using the same definition for 
the two five-membered rings, the lactone is present in an 
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Ol c4 ~ ~  
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Fig. 1. A perspective view of the title compound, showing the atom- 

numbering scheme. Displacement ellipsoids are drawn at the 50% 
probability level and H atoms are shown as spheres of arbitrary 
radii. 
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e n v e l o p e  confo rmat ion ,  wi th  C7 in the flap pos i t ion  and 
a m a x i m u m  devia t ion  o f  0.133 (2) ,~, for C7. The  C 6 - -  
O2--C12--- -C11 and O 2 - - C 6 - - - C 7 - - C 8  torsion angles  
are - 0 . 4  (2) ° and - 1 4 6 . 8  (1) °, respect ively.  The  other  
f i v e - m e m b e r e d  r ing a l so .adopts  an e n v e l o p e  confo rma-  
tion, wi th  C5 0.211 ( 2 ) A  out o f  the plane.  The  C 2 - -  
C 1 - - C 5 - - C 6  tors ion angle  is - 1 6 0 . 0 ( 2 )  °. The  mol-  
ecule  can thus be descr ibed  in terms of  three 'p lanes ' :  
a s e v e n - m e m b e r e d  r ing A and two fused f i v e - m e m b e r e d  
rings,  B ( lactone)  and C, fo rming  the core of  the mol-  
ecule.  The  angles  o f  the least-squares  best planes be- 
t w e e n  AAB, AAC and BAC are 26.36 (8), 35.82 (10) and 
24.37 (10) °, respect ively.  

The  crystal  latt ice is he ld  toge ther  by hydrogen-  
bond ing  interact ions  (Table 2). The  mo lecu le s  are l inked  
by 0 4  H 4 W . . . O 1  h y d r o g e n  bonds  to fo rm infinite 
chains  paral lel  to the c axis. The  other  h y d r o g e n  bonds  
( O 5 - - H 5 W - -  . 0 4 )  connec t  these  chains  (Fig. 2). 
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Fig. 2. A view of  the hydrogen-bonding network along the a direction. 

Dashed lines indicate hydrogen bonds [symmetry codes: (i) ½ - 
:~, 2 - . v ,  ½ + Z; (ii) l - x ,  y -  ½, z _ Z , I  "(ii i)  x ,  .v,Z + 1: (iv) ½ +x ,  

- y ,  I - z ] .  

Experimental 

Compound (I) was isolated from Centaurea musimomum. 
Single crystals were grown by slow evaporation of an EtOAc- 
hexane solution. 

Crystal data 

C15H2005 Mo Ko~ radiation 
Mr = 280.31 A = 0.71073 ,~ 

Orthorhombic 
P212121 
a = 8.762 (1) ,~, 
b = 9.596 (2) A, 
c = 16.363 (3) ,~ 
V = 1375.8 (4) ,~3 
Z = 4  
D, = 1.353 Mg m -~ 
/9,, not measured 

Cell parameters from 25 
reflections 

0 = 11.97-18.41 ° 
y = 0.101 mm -~ 
T = 293 (2) K 
Prism 
0.45 × 0.20 × 0.15 mm 
Colourless 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
~v scans 
Absorption correction: none 
2334 measured reflections 
2289 independent reflections 
2017 reflections with 

I > 2~r(/) 

Refinement 

Refinement on F" 
R(F) = 0.034 
wR(F 2) = 0.098 
S = 1.031 
2289 reflections 
261 parameters 
All H-atom parameters 

refined 
w =  l/[cr2(F,~) + (0.0651P) 2 

+ 0.0897P] 
where P = (F,? + 2F,?)/3 

Ri,t = 0.011 
0max = 29.96 ° 
h = - 1 2 - - - , 0  
k = - 3  ~ 13 
l =  - 2 2  ---, 6 
3 standard reflections 

frequency: 120 min 
intensity decay: 2% 

( A / ~ ) m ~  = o.ool 
Apmax = 0.26 e ~ - 3  
zSp~i~ = -0 .18  e /~ -3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Co'stallography (Vol. C) 

Table 1. Selected geometric parameters (A, °) 
0 1 ~ 3  1.219 (2) 03--(712 1.199 (2) 
02--ci2 1.340 (2) 04---ci1 1.429 (2) 
02--c6 1.466 (2) 05--c13 1.417 (2) 
ci2--02--c6 111.3 (1) 04---Cll--C12 106.9 (I) 
01--c3--c2 126.0 (2) 04---ci i----c7 113.1 (1) 
01-c3--c4  123.7 (2) 03--c12--02 122.4 (2) 
0 2 ~ 6 ~ C 5  108.1 (1) 03--CI2--CI1 126.5 (2) 
O2-- -C~7 105.9 (I) O2---C 12--C 11 I I 1.0 ( 1 ) 
04--CII---C13 108.4 (I) 05--C13----CII 110.3 (I) 

Table 2. Hydrogen-bonding geometry (A, °) 

D - - H .  • . A  D - - H  H .  . . A  D .  • . A  D - - H .  • . A  

O4--H4W.. .OI i 0.90 (3) 1.84 (3) 2.709 (3) 160 (3) 
O5--H5W.. .04"  0.85 (3) 2.18 (3) 3.007 (2) 164 (3) 

Symmetry codes: (i) ~ - x, 2 - y, ½ + z; (ii) 1 - x , y -  ½, ½ - z. 

The H atoms were taken from a difference Fourier map and 
their atomic coordinates and isotropic displacement parameters 
were refined [ O - - H  0.85 (3)-0.90 (3) A and C - - H  0.92 (2)- 
1.07 (4)A,]. Successful refinement of the Flack (1983) param- 
eter was not possible because the anomalous scattering was 
not observable. Friedel opposites were therefore merged be- 
fore refinement. 

Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1994). 
Cell refinement: CAD-4 EXPRESS. Data reduction: XCAD4 
(Harms, 1997). Program(s) used to solve structure: SIR97 
(Altomare et al., 1998). Program(s) used to refine structure: 
SHELXL97 (Sheldrick, 1997). Molecular graphics: PLATON 
(Spek, 1990). Software used to prepare material for publica- 
tion: PLATON. 
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Abstract 
The title compound, C27H31N206S+.Br - ,  has crystal- 
lographic mirror symmetry; The C--S distance of the 
thiophene ring is 1.702 (3)A. The C--H...Tr interaction 
influences the crystal packing in addition to N- -H. . .O ,  
O - - H . . . O  and C - - H . . - O  interactions. 

Comment 
Selective complexation of macrocyclic ligands with spe- 
cific metal ions is an important and rapidly expanding 
area of research (Van Veggel et al., 1994). Zhang et al. 
(1998) and Adam et al. (1988) have investigated the 
complexing properties of macrocyclic ligands with N 
substituted by acetic acid. The title molecule, (I), is one 
such macrocyclic ligand and its structure is presented 
here. 

O O 

'Br- 

(i) 

The mirror-symmetric title compound has half a 
molecule in the asymmetric unit and the other half 
related by a mirror plane passing through atoms Br, 
C14 and S1 with no cavity inside. The results of 
the room temperature structure determination agree 
with the values reported for similar compounds.oThe 
C--S distance of the thiopohene ring [1.702(3)A] is 
comparable with 1.723 (3)A (Shanmuga Sundara Raj 
et al., 1999) and slightly lon~ger than 1.69 (1) (Morgant 
et al., 1996) and 1.694(4)A (Youping et al., 1995). 
The C- -O distances of the carbonyl group [C12--O2 = 
1.209 (4) and C12--O3 = 1.272 (4)A] show that it is 
partially double-bonded and ionized. It is interesting to 
note that the ligand is zwitterionic, rather than in the 2+ 
state implied by protonation of N1. 

The C2- -C3- -O1- -C4  torsion angle [ -  170.6 (3) °] 
shows that the orientation of the phenyl ring is 
anti-periplanar with respect to the thiophene moiety. 
In the N - - C - - C - - C - - N  chain the conformation is 
anti-gauche-anti-anti. The thiophene moiety deviates 
slightly from the mean plane of the whole molecule [di- 
hedral angle 7.6 (3)°], while the phenyl ring makes a 
dihedral angle of 26.4(2) ° with the macrocycle. The 
methyl acetate group is nearly perpendicular to the 
macrocycle [interplanar angle 82.1 (3) °] and is in a syn- 
clinal orientation with respect to the phenyl ring. The 
thiophene moiety is highly disordered and exists in a 
planar conformation, with the two conformers in crossed 
positions. The value of the dihedral angle [61.5 (2) ° ] 
between the planar phenyl ring and the methyl acetate 
group indicates a large folding of the ligand. Analysis 
of the structure using PLATON (Spek, 1990) showed 
there are no solvent-accessible voids in the structure. 
The calculation of the least-squares plane shows that 
the methyl acetate group is planar, with a maximum de- 
viation of -0.015 (3)A for Cl l .  Atom O1 is coplanar 
with the phenyl ring [deviation 0.017 (3),4,], but CI0 
deviates from planarity by -0.139 (3),~. 
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