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Table 1. Selected 
N 1---C2 
N I---C8 
C2--C3 
C3---C10 
C3---C9 
C4--C5 
C ~ 9  
C5--C6 

C2--N 1 ---C8 
N 1--C2--C3 
C2---C3----4210 
C 2 - - C 3 ~ 9  
C 10---C3--C9 
C5----C4--C9 
C4---C5---C6 
C7~C6---C5 
C ~ - C 7 ~ 8  
N I---C8---C7 

.357 

.381 

.375 

.442 

.447 

.382 (4) 

.397 (3) 

.393 (4) 

108.9 (2) 
110.6(2) 
122.6 (2) 
106.0 (2) 
131.2 (2) 
119.4 (2) 
121.3 (3) 
121.1 (3) 
117.4 (3) 
129.1 (2) 

o 

geometric parameters (A, o) 
(3) C6--C7 1.372 (4) 
(3) C 7 ~ C 8  1.391 (3) 
(3) C 8 ~ 9  1.408 (3) 
(3) CI0--C11 1.329 (3) 
(3) Cll---C12 1.472(3) 

C12--O14 1.238 (3) 
C12--NI3  1.336 (3) 

N I ~ 8 - - C 9  107.9 (2) 
C7---C8--C9 123.0 (2) 
C4---C9---C8 117.9 (2) 
C4- -C9--C3 135.5 (2) 
C8~C9---~3 106.6 (2) 
C11--C 10--4S3 128.9 (3) 
C10---C 1 I-----4212 121.2 (2) 
O 1 ~ 1 2 - - N 1 3  121.5 (2) 
O14--4212--C11 122.8 (2) 
N 1 3 ~ 1 2 ~ C 1 1  115.7 (2) 

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

D - - H .  • -A D - - H  H. • .A D- • .A D - - H .  • -A 
N I - - H I .  - .O14' 0.90 (3) 2.09 (3) 2.945 (3) 157 (2) 
N13--HI3A. • .OI4" 0.94 (3) 1.95 (3) 2.892 (3) 173 (2) 

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

The data were collected using a 1.0mm collimator. The 
structure was solved by direct methods, locating all non-H 
atoms. All H atoms were located on difference Fourier maps 
and freely refined. 

Data collection: MSCIAFC Diffractometer Control Software 
(Molecular Structure Corporation, 1993). Cell refinement: 
MSCIAFC Diffractometer Control Software. Data reduction: 
MSC/AFC Diffractometer Control Software. Program(s) used 
to solve structure: SHELXS97 (Sheldrick, 1997a). Program(s) 
used to refine structure: SHELXL97 (Sheldrick, 1997b). Molec- 
ular graphics: ZORTEP (Zsolnai & Pritzkow, 1995). Soft- 
ware used to prepare material for publication: PLATON (Spek, 
1990). 
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Reptiblica, Uruguay), CONICYT (Consejo Nacional de 
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PEDECIBA (Programa Estatal de Desarrollo de las 
Ciencias B~isicas, Uruguay). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SX1071).  Services for accessing these 
data are described at the back of the journal. 
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Abstract  

The crystal structure of taraxerone (D-friedoolean-14- 
en-3-0ne), C30H480, a pentacyclo-triterpenoid isolated 
from Skimmia laureola, is composed of independent 
molecules which are separated by normal van der 
Waals distances. The molecular dimensions are normal, 
with mean bond distances as follows: Csp3--Csp 3 
1.539 (17), Csp37--Csp 2 1.519 (19), C==C 1.338 (3) and 
C=:O 1.199 (4)A.  The structure is composed of five six- 
membered rings, with two rings in chair, one in twisted 
boat and two in slightly twisted boat conformations. 

C o m m e n t  
Skimmia laureola, a plant indigenous to the Western 
Himalayas, is abundant in the Bagh district, Azad Kash- 
mir, Pakistan. It contains a large number of terpenoids, 
including the title compound, (I). In this article we 
report the molecular structure of (I), which has been 
determined unequivocally by the X-ray crystallographic 
method; (I) has also been reported as one of the con- 
stituents of Myrica rubra (Sakurai et al., 1987). 

(I) 

The crystal structure of the title compound contains 
independent molecules (Fig. 1), which are separated 
by normal van der Waals distances. The molecular 
dimensions in (I) are normal, and lie within expected 
ranges for the corresponding bond distances and angles, 
with mean bond distances as f o l l o w s :  Csp3----Csp 3 
1.539 (17), Csp37--Csp 2 1.519 (19), C==C 1.338 (3) and 
C==O 1.199 (4) A. 

The structure is composed of five six-membered rings. 
Rings A and B have chair conformation, with puckering 
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Fig. 1. ORTEPII (Johnson, 1976) drawing of a molecule of (I), with 
the atomic numbering scheme. Displacement ellipsoids are plotted 
at the 30% probability level; H atoms have been omitted for clarity. 

parameters  (Cremer  & Pople,  1975) Q = 0.537 (3) and 
0 . 5 8 5 ( 3 ) A ,  0 = 6 .7 (3 )  and 8 .8 (3 )  ° and ~ = 12(3)  
and 358.7 (17) °, respect ively.  Ring  C adopts  a twis ted  
boat  conformat ion ,  wi th  pucker ing  parameters  Q = 
0.705 (2) ,~,  0 = 86.9 (2) ° and qo = 21.9 (2) °. Rings  D 
and E are in s l ight ly twis ted  boat  con fo rma t ions ,  wi th  
pucke r ing  parameters  Q = 0.625 (3) and 0.719 (3) A, 0 = 
92.1 (3) and 88.4 (2) °, and ~ = 9.0 (2) and 296.5 (2) °, 
respect ively.  

Crystal  structures bear ing  the basic ske le ton  of  (I) 
w h i c h  have  already been  repor ted  inc lude  baurenyl  
acetate  (Tinant  et al., 1982), swer t anone  (Chakravar ty  et 
al., 1989), p - b r o m o b e n z y l - 3 - a c e t y l m a p r o u n a t e  (McPhai l  

et al., 1989), 26-nor -D:A-f r i edoo lean-14-en-3f l -y l -p -  
b r o m o b e n z o a t e  (Matsunaga  et al., 1993) and isoursenyl  
acetate  (Nie l sen  et al., 1994). 

Experimental 
The air dried aerial parts of Skimmia laureola (20 kg) col- 
lected from the Bagh district, Azad Kashmir, Pakistan, were 
ground and extracted with ethanol (501). The ethanolic ex- 
tract was evaporated under reduced pressure to a gum, 
which was defatted with petroleum ether (313-333 K). The 
petroleum ether fraction (200.4 g) was chromatographed on 
a silica gel column and eluted with n-hexane/chloroform 
(95:5 v/v). Repeated crystallization of the first few fractions 
from n-hexane/methanol (50:50 v/v) afforded colourless plates 
(450.1 mg) of taraxerone. Crystals suitable for X-ray crystal- 
lographic study were grown from acetone at room temperature 
by slow evaporation. 

Crystal data 

C3on4sO 
Mr = 424.68 
Triclinic 
P1 
a = 6.229 (2) ,~ 
b = 7.3544 (7) A 
c = 15.137 (3) .~, 
a = 90.80 (1) ° 
/3 = 97.34 (2) ° 
q, = 113.63 (1) ° 
V = 628.5 (2) ,~3 
Z = I  
Dx = 1.122 Mg m -3 
Dm not measured 

Cu Ka radiation 
A = 1.54178 .~. 
Cell parameters from 25 

reflections 
0 = 20-30  ° 
# = 0.483 m m - I  
T = 293 (1) K 
Prismatic 
0.40 × 0.27 × 0.20 mm 
Colourless 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

w/20 scans 
Absorption correction: none 
4453 measured reflections 
4453 independent reflections 
4108 reflections with 

I > 2or(/) 

Refinement 

Refinement on F 2 
R[F 2 > 2o-(F2)] = 0.055 
wR(F 2) = 0.148 
S = 1.060 
4453 reflections 
281 parameters 
H atoms riding 

2 w =  1/[a'(F,,) + (0.096P) 2 
+ 0.112P] 

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

0max ---- 68 ° 
h = - 6  ---, 7 
k = - 8  ---, 8 
I = - 1 8  ~ 18 
3 standard reflections 

every 200 reflections 
intensity decay: 2.1% 

(A/o')max < 0.001 
Apmax = 0.252 e ~ - 3  
Apmi, = --0.212 e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

Absolute structure: 
Flack (1983) 

Flack parameter = 0.2 (5) 

Based on a statistical analysis of intensity distribution, packing 
considerations, and successful solution and refinement of 
the structure, the space group was determined to be P1 
(No. 1). Friedel opposites (2287) were collected and were 
not merged. The H atoms were allowed in the refinement 
at geometrically idealized positions, with C - -  H at 0.95 A. The 
absolute configuration of taraxerone could not be established 
in this analysis. However, refinement of the inverted structure 
yielded a Flack parameter of 0.8 (5) and was, therefore, 
disregarded. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: TEXSAN 
(Molecular Structure Corporation, 1994). Program(s) used to 
solve structure: SAPI91 (Fan, 1991). Program(s) used to refine 
structure: SHELXL97 (Sheldrick, 1997). Molecular graphics: 
TEXSAN. Software used to prepare material for publication: 
SHELXL97. 

The  authors  thank the Univers i ty  of  Calgary  for 
f inancial  support.  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: DA1044). Services for accessing these 
data are described at the back of the journal. 
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here the X-ray structure determination of flemiculosin 
undertaken to provide more details of the structure. 
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Abstract 
The title compound, 6-cinnamoyl-5-hydroxy-2,2,8,8- 
tetramethyl-2H,8H-pyrano[2,3-flchromene, C25H2404, is 
an angular benzodipyran system. It contains a central 
tricyclic core and a peripheral aromatic ring. The central 
ring of the tricyclic core is fully substituted while the 
pyran rings on either side are each unsubstituted at two 
sites. The central fully substituted ring is planar within 
0.014A. One pyran ring is planar to within 0.041,~, 
but the second pyran ring is only planar to within 
0.156 k,; this may be attributed to an intramolecular C - -  
H. . .O contact of 2.30 ,~. The structure is stabilized by 
intramolecular O - - H . . . O  hydrogen bonds. 

Comment 
The genus Flemingia is notable for including a variety 
of flavanoids, particularly stromenochalcones; a number 
of Flemingia species have been examined chemically 
(Adityachaudhury et al., 1970; Adityachaudhury & 
Gupta, 1970; Bhatt, 1975). Flemiculosin, (I), a novel 
chalcone with an angular benzodipyran system, has been 
studied chemically, and NMR and spectroscopic studies 
have been carried out by Khattri et al. (1984). We report 
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The title compound has been isolated from the 
leaves of Flemingia fruticulose wall. (Leguminosae). 
Flemiculosin is unique among chalcones being the first 
member of the flavanoid class of compounds to have 
a benzodipyran unit. It is a 2'-hydroxychalcone in 
which ring B is unsubstituted and ring A is completely 
substituted as part of the benzodipyran system. The oxy- 
gen substitution pattern of ring A is also biogenetically 
consistent as prenyl substituents in flavonoids and other 
related carbo-aromatic compounds are mostly found 
between two oxygen substituents. The benzodipyran 
system is not planar: ring A makes angles of 1.94 (7) 
and 6.36 (6) ° with rings C and D, respectively. In the 
cinnamoyl moiety, the least-squares plane through atoms 
C6--C11--C12---C13 makes an angle of 20.4 (2) ° with 
the benzene ring, B. This plane is not coplanar with ring 
A, as shown by the torsion angles C5-- - - -C~11-- -C 12 
[167.4(2)] and C4 ' - -C6 Cll---C12 [-14.6(3)°].  In 
the same moiety, 025 lies 0.340 (2)A, above the C6- -  
C l l - -C12- -C13  plane. 024 is nearly coplanar with 
ring A. The central double bond (C12==C13) has a 
trans configuration and the length of the Cl1==C25 
bond is similar to that seen in related chalcones such 
as the two nitro-c~-methoxy-trans-chalcones described 

~,C23o ~ c 3  ,~ 
~ c4 024 

c ~ , ~ , ~  ~ > ~  C 6  ~ O25 

~ ~ ~ C 4 '  C l - i~12  ~JCI 3 

~'10CL ~ ~ O 7  c ~ %  ~ 3 C 1 9  

c16o)~ c~7'b 

Fig. 1. Structure of the title compound showing 30% probability 
displacement ellipsoids and atom numbering. H atoms are shown 
with an.arbitrary radius. 
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