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The title compound, 2,10-dihydroxy-1,6,10-trimethyl-4,14-

dioxatricyclo[9.2.1.03,7]tetradecan-5-one, C15H24O5, a novel

sesquiterpene lactone synthesized from dihydroparthenolide,

has a 1,4-furano bridge in the 10-membered ring and a trans-

fused �-methyl-
-lactone.

Comment

�,�-Unsaturated lactones have aroused much interest in

medicine because of their remarkable biological properties,

mainly as cytotoxic, antitumor, and bactericidal agents (El-

Feraly & Chan, 1978). Among these compounds, sesqui-

terpenes (�-methylene-
-lactones) have been intensively

studied using both medicinal and chemical approaches

(Picman, 1986). Recently, it has been shown that sesqui-

terpene lactones stimulate germination of Striga seeds at

concentrations lower than 10ÿ5 M (Rugutt, 1996). Striga

(witchweed) are parasitic weeds that cause severe damage to

graminaceous and leguminous crops in tropical and semi-

tropical areas of the eastern hemisphere (Nour et al., 1983).

We have recently begun a program aimed at the synthesis

and separation (Shamsi & Warner, 1997) of antimycobacterial

agents. Speci®cally, a long-range goal of our efforts in this area

is to rationally design novel classes of drugs against the

multidrug-resistant Mycobacterium tuberculosis and M.

avium. It is important to recognize that dihydroparthenolide

contains the 4,5-epoxide as a reactive receptor site. Although

this epoxide function is not directly accessible due to steric

hindrance of the associated medium ring structure, it provides

increased reactivity as well as regio- and stereospeci®city of

subsequent intramolecular cyclizations. We envision that the

reaction of dihydroparthenolide with OsO4 leads to the

formation of a 1,10-diol (both OH �-oriented). This diol

undergoes a Markovnikov-type transannular cyclization to

afford dihydroparthenolide diol, (I). In the 400 MHz 1H NMR

spectrum of (I), a doublet at � 3.66 was attributed to H-5 which

coupled with H-6. The signal of H-6 (� 4.17) appeared as a well
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de®ned one-proton doublet of doublets with large coupling

constants (J5,6 = 10.4 Hz; J6,7 = 7.2 Hz). This indicated a trans-

axial relationship between H-5, H-6 and H-7, i.e. H-5 �, H-6 �,

and H-7 �-oriented. The stereochemistry of methylene proton

resonances (which overlapped at � 1.4±2.3) could not be

determined from the NMR data. In order to unambiguously

assign the stereochemistry of dihydroparthenolide diol, the

crystal structure was determined.

The structure (Fig. 1) is identical to that of the naturally

occurring achillifolin (Ulubelen et al., 1990), except that the

title compound has a �-methyl group and an �-OH at C10

rather than an exocyclic CH2 group. The tetrahydrofuran ring

has the half-chair conformation with O3 on the twist axis, and

asymmetry parameter (Duax & Norton, 1995) �C2 = 3.5�. The

�-methyl-
-lactone is trans-fused at C6ÐC7, and has its

methyl group �-oriented, with C11 having the S con®guration.

The conformation of the lactone ring is an envelope, with C7

at the ¯ap position, and asymmetry parameter �Cs = 1.0�. OÐ

H� � �O hydrogen bonding (Table 2) forms chains in the [010]

direction. The crystal structure of dihydroparthenolide has

been reported (Rugutt & Rugutt, 1997).

Dihydroparthenolide diol and dihydroparthenolide were

tested against Mycobacterium tuberculosis and M. avium.

Stock solutions (10.24 mg mlÿ1) were dissolved in DMSO and

®lter sterilized. The bioassay was performed by a broth dilu-

tion method as previously reported (Franzblau, 1989). The

MIC of both compounds against M. tuberculosis and M. avium

was 128 mg mlÿ1. The minimum inhibitory concentration

(MIC) is the lowest concentration of the compound needed to

inhibit 99% of the organisms.

Experimental

The leaves of Ambrosia artemisifolia (1.0 kg) were exhaustively

extracted by percolation with methanol following the method

described by El-Feraly & Chan (1978). The methanol was evaporated

in vacuo to afford 72 g of gummy residue, which was chromato-

graphed on 800 g of silica gel and eluted with hexane and increasing

amounts of ethyl acetate (EtOAc). Hexane±EtOAc (15:85) afforded

fractions, which after repeated crystallizations from methanol yielded

dihydroparthenolide as colorless needles. Dihydroparthenolide diol

was synthesized by subjecting dihydroparthenolide to dihydroxy-

lation (Norby et al., 1999) with OsO4 under catalytic conditions. To a

cold solution of 4-methylmorpholine N-oxide (0.8 g, 4.4 mmol) in

water (2.5 ml) and acetone (1.0 ml) was added a solution of OsO4

(1% in tBuOH, 0.33 ml, 1.3 � 10ÿ5 mol). Dihydroparthenolide (1.1 g,

4.4 mmol) was added, and the reaction mixture stirred for 20 h. The

reaction mixture was chromatographed on silica gel (hexane±EtOAc

(1:4)) to afford colorless crystals of dihydroparthenolide diol in 85%

yield.

Crystal data

C15H24O5

Mr = 284.34
Orthorhombic, P212121

a = 9.2706 (13) AÊ

b = 10.4565 (8) AÊ

c = 15.094 (3) AÊ

V = 1463.2 (4) AÊ 3

Z = 4
Dx = 1.291 Mg mÿ3

Cu K� radiation
Cell parameters from 25

re¯ections
� = 21.3±42.2�

� = 0.79 mmÿ1

T = 300 K
Fragment, colorless
0.38 � 0.32 � 0.17 mm

Data collection

Enraf±Nonius CAD-4 diffract-
ometer

!±2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.808, Tmax = 0.875

3269 measured re¯ections
2975 independent re¯ections
2731 re¯ections with I > 2�(I)

Rint = 0.018
�max = 76.0�

h = 0! 11
k = 0! 13
l = ÿ18! 18
3 standard re¯ections

frequency: 40 min
intensity decay: 3.3%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.044
wR(F 2) = 0.128
S = 1.07
2975 re¯ections
191 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0780P)2

+ 0.2091P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.17 e AÊ ÿ3

��min = ÿ0.15 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0042 (7)
Absolute structure: (Flack, 1983),

1217 Friedel pairs
Flack parameter = ÿ0.3 (2)

Table 1
Selected geometric parameters (�).

C4ÐO3ÐC1ÐC2 ÿ9.1 (2)
O3ÐC1ÐC2ÐC3 27.9 (2)
C10ÐC1ÐC2ÐC3 149.75 (18)
C1ÐC2ÐC3ÐC4 ÿ35.5 (2)
C1ÐO3ÐC4ÐC3 ÿ13.5 (2)
C2ÐC3ÐC4ÐO3 30.6 (2)
C2ÐC3ÐC4ÐC5 ÿ84.1 (2)
C3ÐC4ÐC5ÐC6 159.33 (18)
C12ÐO1ÐC6ÐC7 25.4 (2)
C4ÐC5ÐC6ÐC7 ÿ105.9 (2)

C5ÐC6ÐC7ÐC8 77.2 (2)
O1ÐC6ÐC7ÐC11 ÿ38.4 (2)
C6ÐC7ÐC8ÐC9 ÿ85.3 (2)
C7ÐC8ÐC9ÐC10 123.2 (2)
C2ÐC1ÐC10ÐC9 ÿ73.0 (2)
C8ÐC9ÐC10ÐC1 ÿ74.7 (3)
C6ÐC7ÐC11ÐC12 37.16 (19)
C6ÐO1ÐC12ÐC11 ÿ0.7 (3)
C7ÐC11ÐC12ÐO1 ÿ24.2 (2)

Figure 1
The atom-numbering scheme for (I) with ellipsoids at the 30%
probability level.



Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O4ÐH4O� � �O5i 0.90 (4) 2.06 (4) 2.895 (3) 154 (3)
O5ÐH5O� � �O2ii 0.92 (4) 1.94 (4) 2.821 (2) 160 (3)

Symmetry codes: (i) 1ÿ x; yÿ 1
2;

1
2ÿ z; (ii) x; 1� y; z.

The absolute con®guration was determined by re®nement of the

Flack parameter. The reported con®guration, which agrees with that

of sesquiterpene lactones from higher plants (Fischer et al., 1979),

yielded x = ÿ0.3 (2), while the inverse con®guration yielded x =

1.3 (2). The OH H-atom positions were located in a difference

Fourier map and re®ned isotropically, with Uiso = 1.5Ueq(O). Other H

atoms were placed in calculated positions with CÐH bond distances

0.97 (CH), 0.97 (CH2) and 0.96 AÊ (CH3), Uiso = 1.2Ueq of the attached

C atom (1.5 for methyl), and thereafter treated as riding. A torsional

parameter was re®ned for each methyl group.

Data collection: CAD-4 EXPRESS (Enraf±Nonius, 1994); cell

re®nement: CAD-4 EXPRESS; data reduction: maXus (Mackay et al.,

1999); program(s) used to solve structure: SIR92 (Altomare et al.,

1994); program(s) used to re®ne structure: SHELXL97 (Sheldrick,

1997); molecular graphics: ORTEPIII (Burnett & Johnson, 1996);

software used to prepare material for publication: SHELXL97.

The purchase of the diffractometer was made possible by a

National Science Foundation chemical instrumentation grant,

which we gratefully acknowledge. Improvements to the LSU

X-ray Crystallography Facility were supported by grant No.

LEQSF(1996±97)-ENH-TR-10, administered by the

Louisiana Board of Regents. IMW acknowledges support from

the National Institutes of Health (GM 39844). JKR was

supported by Rockefeller Foundation Postdoctoral Fellowship

(RF 94027 #600).

References

Altomare, A., Cascarano, G., Giacovazzo, C., Guagliardi, A., Burla, M. C.,
Polidori, G. & Camalli, M. (1994). J. Appl. Cryst. 27, 435.

Burnett, M. N. & Johnson, C. K. (1996). ORTEPIII. Report ORNL-6895. Oak
Ridge National Laboratory, Tennessee, USA.

Duax, W. L. & Norton, D. A. (1995). In Atlas of Steroid Structure, Vol 1.
Plenum: New York.

El-Feraly, F. S. & Chan, Y.-M. (1978). J. Pharm. Sci. 67, 347±350.
Enraf±Nonius (1994). CAD-4 EXPRESS. Version 5.1/1.2. Enraf±Nonius,

Delft, The Netherlands.
Fischer, N. H., Olivier, E. J. & Fischer, H. D. (1979). Progress in the Chemistry

of Organic Natural Products, Vol. 38, edited by W. Hertz, H. Grisebach & G.
W. Kirby. Vienna: Springer.

Flack, H. D. (1983). Acta Cryst. A39, 876±881.
Franzblau, S. G. (1989). Antimicrob. Agents Chemother. 33, 2115±2117.
Mackay, S., Gilmore, C. J., Edwards, C., Stewart, N. & Shankland, K. (1999).

maXus. Computer Program for the Solution and Re®nement of Crystal
Structures. Nonius, The Netherlands, MacScience, Japan, and The
University of Glasgow, Scotland.

Norby, P.-O., Rasmussen, T., Haller, J. O., Strassner, T. & Houk, K. N. (1999). J.
Am. Chem. Soc. 121, 10186±10192.

North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst. A24, 351±
359.

Nour, J., Press, M., Stewart, G. & Tuohy, J. (1983). New Scientist, 9, 44±48.
Picman, A. K. (1986). Biochem. System. Ecol. 14, 255±281.
Rugutt, J. K. (1996). PhD Thesis (Control of African Striga Species by Natural

Products from Native Plants, pp. 1±228), Louisiana State University, USA.
Rugutt, J. K. & Rugutt, K. J. (1997). J. Agric. Food Chem. 45, 4845±4849.
Shamsi, I. & Warner, I. M. (1997). Electrophoresis, 18, 853±972.
Sheldrick, G. M. (1997). SHELXL97. University of GoÈ ttingen, Germany.
Ulubelen, A., Oksuz, S. & Schuster, A. (1990). Phytochemistry, 29, 3948±3949.

Acta Cryst. (2001). E57, o323±o325 Joseph K. Rugutt et al. � C15H24O5 o325

organic papers


	mk1

