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of common ragweed, Ambrosia artemisiifolia, showed 
activity in a radiorespirometric assay (Franzblau & 
Collins, 1997) against Mycobacterium tuberculosis 
H37Rv (Cantrell et al., 1998). The crude extract was 
chromatographed by standard vacuum liquid chromato- 
graphy procedures (Cantrell et al., 1996) using silica gel 
with solvent mixtures of increasing polarity. From non- 
polar fractions, taraxerol acetate, (I), was isolated, but 
showed no antimycobacterial activity. We determined 
the crystal structure in order to confirm the identity of 
the compound and ascertain the ring conformations. 

J 
(I) 

The structure contains five fused six-membered rings 
with only the D and E tings cis-fused. The average 
Csp3--- - fsp  3 bond in the rings is 1.549 (6)A,ocompara- 
ble to the equivalent distance of 1.539(17)A recently 
reported in taraxerone (Parvez et al., .1999), as well as 
other similar triterpenes in the literature (Chakravarty et 
al., 1989; Tinant et al., 1982). The solitar), Csp2---Csp 2 
bond (C14----C15) has length 1.348(6)A, comparable 
with 1.338 (3) A reported for taraxerone. The conforma- 
tions of the tings in the title compound are similar to 
the reported conformations of taraxerone (Parvez et al., 
1999). Rings A and B adopt chair conformations with 
puckering parameters Q - 0.566 (3) and 0.595 (3) ,~, ~ = 
63.85 (5) and 347.03 (3)", and 0 = 4.4(1) and 8.3 (2) ° 
(Cremer & Pople, 19752. Ring C has a twist-boat confor- 
mation [Q = 0.709 (2)A, ~ -- 20.83 (2) °, 0 = 87.1 (3)°], 
while the conformations of tings D and E resemble twist 

(Received 6 July 1999: accepted 6 September 1999) 

Abstract 
The title triterpene, D-friedoolean-14-en-3/%yl acetate, 
C32H5202, was isolated from dichloromethane extracts 
of the roots of common ragweed Ambrosia artemisi- 
ifolia. The skeleton contains five fused six-membered 
tings with an average Csp3- -Csp  3 bond distance of 
1.549 (6),~, and one double bond of length 1.348 (6).~,. 
The D and E rings are cis-fused. The compound also 
contains a /3-oriented acetate group with a C- -O  dis- 
tance 1.461 (5) A. 

Comment 
In the course of our search for biologically active 
natural products, the dichloromethane extract of roots 
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Fig. 1. Numbering scheme and ellipsoids at the 50% level. H atoms 
are represented by circles of arbitrary radius. 
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2130 C32H5202 

boats  [Q = 0 .637 (3) and  0 .726 (4) ,~ ,  ~ = 7.88 (2) and  

299.97 (3) °, 0 = 9 2 . 0 ( 2 )  and  89.9 (7)°1. 
A n  ace ta te  g roup  i s  r - o r i e n t e d  at C3 at a bond  

d is tance  o f  1.461 ( 5 ) A  ( C 3 - - O 1 ) .  T]ae C~----O d is tance  
wi th in  the aceta te  g roup  is 1.209 ( 6 ) A  ( C 3 1 4 2 ) .  The  
C - - O  d i s tance  [1.349 (6) ,~] and the C~-----O d is tance  
c o m p a r e  we l l  to o ther  repor ted  t r i terpenes  °wi th  3 r -  
o r i en ted  aceta tes  [1.338 (16) and  1.213 (16) A] (Tinant  

et al., 1982). 

Experimental 

The crude dichloromethane extract of Ambrosia artemisiifolia 
roots was chromatographed using a standard vacuum liquid 
technique. The crystals were then grown by evaporation from 
hexane at room temperature. 

Crystal data 

C32H5202 Mo Ka radiation 
Mr = 468.74 )~ = 0.71073,4, 
Monoclinic Cell parameters from 25 
C2 reflections 
a = 13.513 (2) ,4, 0 = 7.6-10.8 ° 
b = 6.2880 (9) ,~, # = 0.067 m m -  
c = 32.903 (3) ,4, T = 100 K 
fl = 98.22 (3) ° Plate 
V = 2767.1 (10) ~3 0.43 x 0.23 x 0.05 mm 
Z = 4 Colorless 
Dx = 1.125 Mg m -3 
Dm not measured 

Data collection 

Enraf-Nonius CAD-4 
diffractometer (with an 
Oxford Cryosystems 
Cryostream cooler) 

~ - 2 0  scans 
Absorption correction: none 
5316 measured reflections 
4308 independent reflections 
2623 reflections with 

I > 2or(/) 

Refinement 

Refinement on F 2 
R[F 2 > 2~r(F2)] = 0.063 
wR(F 2) = 0.249 
S--  0.813 
4308 reflections 
320 parameters 
H atoms treated by a 

mixture of independent 
and constrained refinement 

Rint = 0.040 
0max = 30.0 ° 
h = - 1 8  ~ 10 
k =  0---~ 8 
l = - 4 5  ~ 46 
3 standard reflections 

frequency: 60 min 
intensity decay: 1.2% 

w = 1/[cr2(Fo 2) + (0.2P) 2] 
where P = (F 2 + 21;',2)/3 

(m/O')max < 0.001 
Ap,~a, = 0.35 e ,~-3 
Apmin = -0 .31  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

Table  1. Selec ted  geometr ic  parameters  (A, o) 

c3--01 1.461 (5) 02---c31 1.209 (6) 
c14---c15 1.348 (6) c31--01 1.349 (6) 
01--c3----c2 109.6 (3) 02---c31-01 124.6 (4) 
c15---c14--c13 118.7 (4) 02---c31-c32 123.5 (5) 
c 15---c 14---c8 121.6(4) 0 1 - c 3  I---c32 111.9(4) 

C 13---C 14--C8 119.7(3) C31---O I----C3 117.1 (4) 
C14--C15--CI6 120.5 (4) 
CI---C2--C3---C4 59.8 (5) CI1--CI2------C13--C14 -53.4 (5) 
C2---C3---C~5 -54.6 (5) C12~13---CI4--C8 15.2 (6) 
C3---C4--C5--C 10 51.3 (5) C7---C8~ 14------C 13 156.0 (4) 
C 10---C5--C6---C7 -62.6(5) C 13---C 14--C15---C 16 5.1 (7) 
C5---C~7--C8 56.6 (6) C14--C15--C16---C17 44.7 (6) 
C6----C7--C8----C9 -49.5 (5) C15--CI6---C17~-C18 -48.4 (5) 
C7~8~9- - -C10  52.2 (5) CI4---C13--C 18---C17 36.5 (5) 
C8---C9---C 10--C5 -56.9 (5) CI&-C17---C18--CI3 8.6 (6) 
C4----C5----C1~1 -51.5 (5) C17~18--C19---C20 -53.8 (6) 
C3--C2---C1--CI0 -58.3 (5) CI 8---C19--C20---C21 53.0 (6) 
C5~10---CI---C2 53.3 (5) C29---C20---C2 I----C22 122.8 (5) 
C8--C9--CI I--C12 23.5 (6) CI 8----C17~22------C21 52.9 (6) 
C9--C11~-C12----CI3 34.0 (6) C20--C21---C22--C17 -54.3 (6) 

H atoms were allowed for as riding atoms except for H15 
which was refined isotropically [C15--H15 1.04 (6),4,]. 

Refinement of the Flack (1983) parameter yielded a value 
of - 1  (3), so the absolute configuration is undetermined, but 
was assumed to correspond to that of oleanic acid diacetate 
bromolactone (van Schalkwyk & Kruger, 1974). Friedel pairs 
were averaged for the final refinement. 

Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1995). 
Cell refinement: CAD-4 EXPRESS. Data reduction: XCAD4 
(Harms & Wocadlo, 1996). Program(s) used to solve struc- 
ture: SHELXS97 (Sheldrick, 1990). Program(s) used to refine 
structure: SHELXL97 (Sheldrick, 1997). Molecular graphics: 
SHELXTL (Bruker, 1998). Software used to prepare material 
for publication: SHELXTL. 
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Abstract 
The title compound, CsHI4N+.CH3CO2 - ,  contains a 
short ~ - - H . - . O  hydrogen bond to the acetate ion 
with a C. . -O distance of 3.139 (2),~, and a normalized 
H. • .O distance of 2.11 ,~. N - - H . . . O  and C~----C--H. • -O 
hydrogen bonds are linked together to form a ribbon 
motif. 

Comment 
Terminal alkynes, R - - - C ~ - - H ,  are an interesting 
model system to study C - - H - . . X  hydrogen bonds 
(Steiner, 1998a). This is because the acetylenic C - - H  
group is relatively acidic, and therefore one of the best 
hydrogen-bond donors of all C - - H  groups (Desiraju & 
Steiner, 1999). The title compound, (I), was prepared 
and its crystal structure was determined in expectation of 
finding a short hydrogen bond C~==C--H -. .O-,  which 
is one of the less well investigated kinds of C - - H . . . O  
interaction. 

o 

(I) 

In the crystal structure of (I), the cyclohexane ring 
adopts a chair conformation with the ammonium group 

in an equatorial and the ethynyl group in an axial 
position. The chair is almost undistorted with the 
ethynyl group close to perpendicular to the ring [angles 
C3-- .C1--C7 = 95.6(1), C5.. .C1---C7 = 95.7(1)°]. 
The geometry of the ethynyl group is normal with 
C7~==C8 = 1.188 (2),~, and C1--C7~-C8 = 179.2(1) °. 

As expected, the primary ammonium group forms 
three N+--H .- .O- hydrogen bonds to the acetate ion, 
with geometries as given in Table 1. The ethynyl group 
donates a hydrogen bond to the acetate ion too, Fig. 1, 
with a C.. -O distance of 3.139 (2) ,4,. If the C - - H  bond 
is normalized to 1.08 A, an H . . .O  distance of 2.11 ,~, 
and a C - - H . - . O  angle of 159 ° are obtained. Even for 
an acetylenic donor, this is a short C - - H . - . O  contact. 
For comparison, the mean distance in 145 C ~ - C - -  
H . . .O  bonds in organic and organometallic structures 
has been found as H . . .O  = 2.40(2)A, and C . . .O  = 
3.35(1),~, (Steiner, 1998b). However, much shorter 
(C)H. . .O distances also occur in crystal structures of 
terminal alkynes. Examples are the adduct triphenyl- 
silylacetylene-triphenylphosphinoxide, H- . .O = 1.99 A 
with a ~ acceptor (for normalized C--H;  Steiner et 
al., 1997), 1:2:4 1,4-diethynylbenzene-water-triphenyl- 
phosphinoxide, H . . .O  = 1.96 A with an H 2 0  acceptor 
(for normalized C--H;  Kariuki et al., 1997), and 2- 
ethynyladamantan-2-ol, H . . .O  = 2.07 ,~, with a C - - - O -  
H acceptor [neutron diffraction study by Allen et al. 
(1996)]. It is interesting that these three examples are 
all in uncharged compounds. 

( 
( 

C5 

c8 ---'-¢:IY 631 
N O1(I 

Fig. 1. The molecular structure of (I) showing 50% probability 
displacement ellipsoids. 

The hydrogen-bond interactions of the acetate ion are 
shown in detail in Fig. 2. All four hydrogen bonds are 
directed at the oxygen lone-pair regions. It is obvious 
that the C~=C--H. . .O  bond acts as a full member in 
hydrogen-bond coordination of the ion, not just as a 
bystander. The covalent bond O 11--C 10 of the acetate 
ion [1.276 (2) ,~,] is slightly but significantly longer 
than O10---C10 [1.249 (2) A]. Because in X - - H - - - ~  
bonds, ~ is lengthened, this would indicate that the 
sum of the hydrogen bonds accepted by O 11 (two N + -  
H . . . O -  bonds) is significantly stronger than the sum of 
the bonds accepted by O10 (one N+--H .. -O- and one 
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