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Abstract. cis-3,4-Dibenzyl-2-oxo-2,3,4,5-tetrahydro- 
furan, C18H1802, Mr = 266.3, monoclinic, P21/c, a = 
7-838 (4), b = 27.383 !9), c = 6.858 (3)/~, cm fl ~, 
95.92 (4) ° , V =1464A Z = 4 ,  D, ,=1.21g - 
h(Mo Ka) = 0.71073 A, /z = 0.43 cm- ~, F(000) = 
568, T = 293 K, final R = 0-078 for 909 observed [Fo 
>-2"5tr(Fo)] reflections. The observed structure 
confirms a cis relationship for the two benzyl sub- 
stituents. The lactone ring system adopts an envelope 
conformation. There is no crystallographically 
imposed symmetry, van der Waals interactions pre- 
dominate in the crystal lattice of this compound. 

Introduction. Platelet-activating-factor (PAF) is a 
natural phospholipid ether of mammalian systems 
that elicits a myriad of biological and physiological 
effects (Venuti, 1985; McManus, 1986; Etienne, 
Hecquet & Braquet, 1988; Smith, Rubin & 
Patterson, 1988). The binding of PAF to a specific, 
cellular membrane receptor site is the first step lead- 
ing to its biological response (McManus, 1986; 
Hwang, Lam, Biftu, Beattie & Shen, 1985). New, 
potent and selective PAF-receptor antagonists are 
needed to investigate fully the important mediator 
role that PAF portrays in human disease states 
(Corey, Chen & Parry, 1988; Grue-Sorensen, Nielsen 
& Nielsen, 1988). We recently reported some early 
investigations aimed at the design of such antago- 
nists (Peterson, Smillie & Rogers, 1989; Peterson, Do 
& Rogers, 1989; Peterson, Horsley, Brozik & Rogers, 
1989) that are based upon natural product (Braquet 
& Godfroid, 1986; Biftu & Stevenson, 1987) and 
synthetic analogue models (Hwang et al., 1985; Biftu, 
Gamble, Doebber, Hwang, Shen, Snyder, Springer & 
Stevenson, 1986; Wu, Biftu & Doebber, 1986; 
Ponpipom, Hwang, Doebber, Acton, Alberts, Biftu, 
Brooker, Bugianesi, Chabala, Gamble, Graham, 
Lam & Wu, 1988). We project the X-ray crystallo- 
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graphic studies of these compounds (Codding & 
Muir, 1985; Codding, 1988) will afford important 
and pharmaceutically useful information about the 
molecular nature of the PAF-receptor site (Braquet 
& Godfroid, 1986; Godfroid & Braquet, 1986). In 
conjunction with this effort, the X-ray crystal struc- 
ture and an analysis of closest intermolecular 
contacts in the cell lattice of cis-3,4-dibenzyl-2-oxo- 
2,3,4,5-tetrahydrofuran is described herein. The title 
compound is a synthetic congener of the prestegane 
family of PAF-antagonistic natural products and 
provides a biological probe into the effect of cis 
substitution about the 7-1actone ring (Braquet & 
Godfroid, 1986). 

Experimental. The title dihydrofuran was prepared in 
77% yield on a 0.58 mmol scale by catalytic hydro- 
genolysis of 2,4-diphenyl-3,7-dioxabicyclo[3.3.0]oct- 
1-en-8-one (Horsley, 1989) over 5% palladium on 
activated carbon in absolute ethanol (20 mL). The 
reaction mixture was mechanically shaken at 
ambient temperature for 24 h under a hydrogen 
atmosphere (40 p.s.i.) before removing the spent 
catalyst by filtration through a short column of 
Celite. Concentration of the filtrate afforded an oil 
that crystallized from chloroform. Recrystallization 
of this solid yielded colorless, parallelepiped crystals 
(m.p. 352-353 K) suitable for X-ray analysis. The 
observed structure was in full agreement with the 
spectral and analytical data.t Dm was not 
determined. Crystal 0-10 x 0.10 x 0.13 mm. Enraf- 
Nonius CAD-4 diffractometer, graphite-mono- 

t Physical data: IR (KBr) 3060, 3030, 2920, 2860, 1770, 1600, 
1495, 1455, 1375, 1200, 1180, 1145, 1090, 1050, 990, 740, 
700cm-t; tH NMR (CDCIa, 200 MHz) 8 7"50-7"15 (m, 8 H), 
7"15-6.95 (m 2 n), 4-12-3"92 (m, 2 n), 3.34 (dd, J-- 14-63, 4-30 
Hz, l H), 3.20-3-05 (m, 2 H), 2-99 (dd, J = 13-41, 3.51 Hz, 1 H), 
2-85 (dd, J= 14.63, 10.63 Hz, 1 H), 2.5-2-3 (m, 1 H); laC NMR 
(CDCIa, 50 MHz) 8 177"83, 138.61, 138.49, 128"91, 128"78 128"73, 
128"57, 128"39, 126-68, 69"39, 45"22, 39-92, 32-93, 30-88: Analysis 
calculated for Ci8H1802: C81-17, H6.81; found C80.99, H6.82%. 

© 1990 International Union of Crystallography 
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Table 1. Final fractional coordinates and equivalent 
isotropic thermal parameters for Cl8H1802 

x y z Beq (A2) * 
O(1) 0.4116 (7) 0.0046 (2) 0.7248 (8) 4.60 
0(2) 0" 1765 (8) - 0.0346 (2) 0.7944 (9) 5"60 
C(l) 0.248 (1) 0.0035 (3) 0.776 (1) 4.12 
C(2) 0.184 (1) 0.0542 (2) 0.797 (1) 3.46 
C(3) 0-2989 (8) 0.0838 (3) 0-6742 (9) 3.04 
C(4) 0-464 (1) 0-0550 (3) 0"708 (1) 4.11 
C(5) -0.0090 (9) 0-0592 (3) 0.756 (1) 3"80 
C(6) -0"0705 (9) 0.1112 (3) 0.764 (1) 3.24 
C(7) -0.179 (1) 0-1304 (3) 0.614 (1) 4.04 
C(8) -0.236 (1) 0-1772 (4) 0-616 (1) 4.93 
C(9) -0.185 (1) 0.2076 (3) 0-770 (1) 4-55 
C(10) -0.076 (1) 0.1892 (3) 0.917 (1) 4.75 
C(ll) -0.018 (I) 0.1417 (4) 0-919 (I) 4-36 
C(12) 0-2302 (9) 0.0864 (3) 0.456 (1) 3.74 
C(13) 0.3157 (9) 0.1258 (3) 0.346 (1) 3.07 
C(14) 0-444 (1) 0-1162 (3) 0.229 (1) 3.55 
C(15) 0.513 (I) 0-1527 (4) 0.125 (1) 4.58 
C(16) 0.456 (1) 0.1995 (4) 0.136 (2) 5.21 
C(17) 0.329 (1) 0.2099 (3) 0.251 (1) 4-95 
C(18) 0.260 (1) 0.1736 (3) 0.358 (I) 3.85 

"8~ = ~(a2bll + b2b22 + c2b33 + abcosTbm2 + accos[3bl3 + bccosab23). 

Table 2. Bond distances (A) and angles (°) for 
CI8H1802 

O(1)--C(l) 1.360 (8) O(1)---C(4) 1.448 (8) 
O(2)--C(1) 1.199 (9) C(1)--C(2) 1.49 (1) 
C(2)---C(3) 1.531 (8) C(2)--C(5) 1.514 (9) 
C(3)--C(4) 1.515 (9) C(3)--C(12) 1.537 (8) 
C(5)--C(6) 1-51 (1) C(6)--C(7) 1.37 (1) 
C(6)--C(11) 1.38 (1) C(7)---C(8) 1.36 (1) 
C(8)--C(9) 1.37 (1) C(9)--C(10) 1.35 (1) 
C(10)---C(1 l) 1.38 (l) C(12)---C(13) 1.512 (9) 
C(13)--C(14) 1.373 (9) C(13) C(18) 1-39 (1) 
C(14)--C(15) 1.37 (l) C(15)--C(16) 1.36 (1) 
C(16)--C(17) 1.36 (1) C(17)---C(18) 1.38 (1) 

C(I)--O(I)---C(4) 109-0 (6) O(l)---C(l)--O(2) 120-8 (8) 
O(I)--C(I)--C(2) l l0.1 (8) O(2)--C(1)---C(2) 129.1 (8) 
C(1)--C(2)---C(3) 102.1 (6) C(1)--C(2)---C(5) 114.1 (6) 
C(3)--C(2)---C(5) 118.9 (6) C(2)--C(3)--C(4) 100-7 (6) 
C(2)--C(3)--C(12) 113.2 (6) C(4)--C(3)--C(12) 112.4 (6) 
O(1)--C(4)--C(3) 105.1 (6) C(2)--C(5)--C(6) 113-3 (6) 
C(5)--C(6)--C(7) 120.8 (8) C(5)--C(6)--C(11) 121.8 (8) 
C(7)--C(6)--C(1 l) 117.3 (8) C(6)--C(7)--C(8) 122.2 (9) 
C(7)--C(8)--C(9) 120.9 (9) C(8)---C(9)---C(10) 117.3 (8) 
C(9)--C(10)--C(I l) 123.0 (9) C(6)--C(I I)--C(10) 119-3 (8) 
C(3)--C(12)--C(13) 113.0 (6) C(12)---C(13)--C(14) 123.0 (7) 
C(12)--C(13)--C(18) 119.2 (8) C(14)---C(13)---C(18) 117.8 (7) 
C(13)--C(14)--C(15) 121-2 (8) C(14)--C(15)---C(16) 120.3 (9) 
C(15)---C(16)---C(17) 120 (1) C(16)--C(17)--C(18) 120.5 (9) 
C(13)--C(l 8)--C(l 7) 120.7 (8) 

chromated MoKte. Cell constants from setting 
angles of 25 reflections ( 8 >  10°). Correction for 
Lorentz-polarization effect. Omax = 50o; h - 9  to 9, k 
- 32 to 0, l 0 to 8. Standard reflections 200, 060, 004 
observed every 3600 s of data collection time; vari- 
ation = 1-2%. 3166 reflections measured, 909 
independent observed reflections [Fo >- 2"5tr(Fo)]. 
Structure solved utilizing MULTAN (Main, Fiske, 
Hull, Lessinger, Germain, Declercq & Woolfson, 
1980) direct-methods program. Least-squares 
refinement with isotropic thermal parameters led to 
R = 0-122. The geometrically constrained hydrogen 
atoms were placed in calculated positions 0.95 A 

from the bonded carbon atom and allowed to ride on 
that atom with B fixed at 5.5 A 2. Scattering factors 
and anomalous-dispersion corrections were from 
International Tables for X-ray Crystallography 
(1974); structure refined with SHELX76 (Sheldrick, 
1976).  Zw(IFol-IF~I) 2 minimized, weights=[tr(Fo) 2 
+ 0.0016F~o]- 1,181 parameters varied. R -- 0.078, wR 
-- 0.078 (high values result from the large number of 
weak reflections), S- -  0.77. A/o, in final least-squares 
refinement cycle <0.01, Ap < 0-03 e A -3 in final 
difference map. 

Discussion. Fractional coordinates and Beq values are 
given in Table 1,* bond distances and angles in Table 
2, and an ORTEP drawing (Johnson, 1976) in Fig. I. 
A cell plot is provided in Fig. 2. 

* Lists of structure factors, anisotropic thermal parameters, 
least-squares-planes results, torsion angles and final fractional 
coordinates for H atoms have been deposited with the British 
Library Documen t  Supply Centre  as Supplementary  Publication 
No. SUP 52533 (7 pp.). Copies may  be obtained through The 
Technical Editor, International Union of Crystal lography,  5 
Abbey Square, Chester  CH1 2HU,  England. 

C 7  C I I  

C8~ C9 

Fig. 1. Thermal-ellipsoid plot of  the title tetrahydrofuran illustrat- 
ing the atom-numbering scheme. The hydrogen atom radii are 
arbitrarily reduced. 

.. - . .  

Fig. 2. Cell plot of the title compound. 
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The observed cis orientation of the C(2) and C(3) 
benzyl substituents is in accordance with the addition 
of hydrogen proceeding from the convex face of 
2,4-diphenyl-3,7-dioxabicyclo[3.3.0]oct-l-ene-8-one. 
The torsion angles C(5)--C(2)---C(3)--C(12) of 
-39.6 and H(1)C(2),-C(2)--C(3)--H(1)C(3) of 
-32.6 ° support this observation. The lactone ring 
exists in an envelope conformation with ring atoms 
O(1), C(1), C(2) and C(4)describing a plane to 
within 0.003 A. Ring atom C(3) deviates from this 
plane by 0.556 A and carbonyl oxygen atom 0(2) by 
0.025 A. The deviation of C(3) from the O(1), C(1), 
C(2) and C(4) plane results in a -33-0 ° torsion angle 
about C(1)--C(2)--C(3)--C(4) and a torsion angle of 
34.1 ° about C(2)--C(3)--C(4)--O(1). Similar 
conformational effectshave been observed in related 
molecules. The same ring atoms in methyl trans-5- 
(3,4-dimethoxyphenyl)-2,3,4,5-tetrahydro-2-oxo-4- 
f u r a n c a r b o x y l a t e ,  C 1 4 H 1 6 0 6  (Peterson, Smillie & 
Rogers, 1989), define a plane to within 0.016 A, 
while ring atom C(3) deviates from this plane by 
0.516 A and carbonyl oxygen atom 0(2) by 0.040 A. 
Likewise, ring atom C(3) deviates by 0.473 A from 
the O(1), C(1), C(2) and C(4) plane of dimethyl 
2,3,4,5-tetrahydro-5fl-(3,4-methylenedioxyphenyl)-2- 
oxo-3fl-(3,4,5-trimethoxyphenyl)-3a,4a-furandicar- 
boxylate (Peterson, Do & Rogers, 1989). 

Both phenyl rings of the title compound describe 
planes with atoms C(6) through C(ll) and atoms 
C(13) through C(18) within 0.006 and 0.007A, 
respectively, of planarity. Interestingly, the phenyl 
ring of the quasiequatorial C(2) benzyl group inter- 
sects the lactone ring plane at the nearly perpendicu- 
lar angle of 76.3 °, while the C(3) quasiaxial aromatic 
plane lies more coplanar to the O(1), C(1), C(2) and 
C(4) plane with a 25.4 ° angle of intersection. Phenyl 
ring plane C(6) through C(ll) intersects that of 
atoms C(13) through C(18) by 101.6 °. Such features* 
may be characteristic of the prestegnane family of 
PAF antagonists as the crystallographic structure of 
enterolactone, C18HlsO4, revealed a similar spatial 
disposition of the aromatic rings (Cooley, Farrant, 
Kirk, Patel, Wynn, Buckingham, Hawkes, Hurst- 
house, Galas, Lawson & Setchell, 1984). 

The internal bond angles of the lactone ring of the 
title compound are significantly less than the values 
normally associated with sp 2 and sp 3 hybridized 
carbon centers. This internal bond-angle compres- 
sion about atoms C(1) through C(4) in turn induces 
a broadening of the external bond angles. Related 
molecules were found to exhibit similar geometrical 
trends, and Table 3 provides a comparison of the 
lactone ring bond angles for the title compound with 
those of C 1 4 H 1 6 0  6 (Peterson, Smillie & Rogers, 1989) 
and C 1 8 H 1 8 0  4 (Cooley et al., 1984). Bond distances 

* The  au thors  t hank  the reviewer for addressing this issue. 

Table 3. Lactone ring bond-angle comparison of 
CIsHI802, C14H1606 and ClsHIsO4 

CisHis02  C14H1606 a C |8HIs04 b 
O(1)--C(I)---C(2) 110.1 (8) 109.4 (3) 111.6 (1) 
C(1)1C(2)--C(3) 102.1 (6) 102.8 (2) 103-6 (1) 
C(2)--C(3)--C(4) 100.7 (6) 102-4 (2) 102.4 (1) 
o (1) - -~4) - -c (3)  105.1 (6) 103.4 (2) 105.8 (1) 
O(2)--C(1)--C(2) 129.1 (8) 129.3 (3) 129.0 (1) 
C(1)--C(2)--C(5) 114.1 (6) - -  112.2 (1) 
C(3)--C(2)--C(5) 118.9 (6) - -  117.7 (1) 
C(2)--C(3)--C(12) 113.2 (6) 116.4 (2) 115.2 (1) 
C(4)--C(3)--C(12) 112.4 (6) 112.9 (3) 112.3 (1) 

Notes: (a) Peterson, Smillie & Rogers (1989); (b) Cooley, Farrant, Kirk, 
Patel, Wynn, Buckingham, Hawkes, Hursthouse, Galas, Lawson & Setehell 
(1984). 

Table 4. Intermolecular contact distances (A) for 
CIsHlsO2 

O(1)...H(1)C(14 i) 2.57 O(1)...H(2)C(4 i) 2.90 
O(1)...C(14 i) 3.50 (1) O(1)..-C(4 i) 3.61 (1) 
O(2)...H(1)C(5") 2.69 O(2)--.C(5 ~) 3.54 (1) 
H(1)C(15)-..H(1)C(4 ui ) 2.69 H(1)C(14)...H(1)C(4 ~ ) 2.82 
C(13)...H(I)C(11 ui) 2.83 C(18)---H(1)C(11 ~) 2-90 
H(1)C(9)...H(1)C(16 ~v) 2.62 H(1)C(8)...H(1)C(16 ~) 2.78 
H(1)C(8)...H(1)C(9 ~) 2.67 H(1)C(16)...H(1)C(17 ~) 2.72 
n(1)C(9)...n(1)C(10 v) 2.73 
H(1)C(7).-.H(2)C(4 '~) 2.60 C(7)...C(4 '~) 3.59 (1) 
C(10)...H(1)C(15 '~) 3.01 C(9)-..H(1)C(15 ~) 3.14 
C(11)...n(1)C(15 '~ ) 3.19 C(9)...H(1)C(16 ~ ) 3.36 
C(8)...H(I)C(15 '~ ) 3.42 C(6)...H(1)C(15 '~ ) 3.50 
C(7)...H(1)C(15 ~i) 3.59 

Atoms related to those in 
(iii) x , y , z - 1 ;  (iv) x - l ,  
x - 1,y,z + 1. 

Table 1 by (i) 1 - x , - y , l - z ;  (ii) - x , - y , 2 - z ;  
½ - y,½ + z; (v) x , ~ -  y , z -  ½; (vi) x -  l ,y,z; (vii) 

about atoms C(1) through C(4) are unaffected by 
ring geometry in these compounds, however. 

An analysis of the closest intermolecular contact 
distances reveals that van der Waals interactions 
predominate in the crystal lattice of this compound. 
Several interactions were noted to occur with neigh- 
boring molecules and the most prominent are 
described in Table 4. The shortest intermolecular 
contact of 2.57 A exists between atoms O(1)and 
H(1)C(14) on a molecule at 1 - x , - y , 1  -z .  At closest 
contact, the lactone ring planes are separated b3~ 
3.61 (1) A between atoms O(1) and C(4) for the same 
molecules with a corresponding non-hydrogen O(1) 
to hydrogen H(2)C(14) separation of 2-90 A. The 
C(6) through C(ll) phenyl ring of one molecule 
weakly stacks with the C(13) through C(18) ring of 
an adjacent molecule at x - l , y , z + l .  The non- 
hydrogen to hydrogen separations between these 
rings range from 3.01 A for C(10)--H(1)C(15) to 
3-59 A for C(7)--H(1)C(15). 

Van der Waals contacts and ring geometrical and 
conformational preferences such as those described 
for the title compound could prove to be important 
for the binding of furanoid lignans to the PAF- 
membrane receptor site. Additional investigations of 
several natural and synthetic lignans are now in 
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progress in our laboratory to determine the utility of 
this X-ray crystallographic approach to the design of 
potent and specific PAF antagonists and an 
improved drug-receptor site binding model. 

This work was supported in part by the Elsa U. 
Pardee Foundation (JRP), the American Cancer 
Society (JRP, grant #CH-488), the United Cancer 
Council (JRP) and by the Donors of the Petroleum 
Research Fund (JRP and RDR), administered by 
the American Chemical Society. The US National 
Science Foundation's Chemical Instrumentation 
Program provided funding to purchase the diffrac- 
tometer. 

References 

BIFTU, T., GAMBLE, N. F., DOEBBER, T., HWANG, S.-B., SHEN, 
T.-Y., SNYDER, J., SPRINGER, J. P. & STEVENSON, R. (1986). J. 
Med. Chem. 29, 1917-1921. 

BIFTU, T. & STEVENSON, R. (1987). Phytother. Res. 1, 97-106. 
BRAQUET, P. & GODFROID, J. J. (1986). Trends Pharmacol. Sci. 7, 

397-403. 
CODDING, P. W. (1988). Symposium on Use of Crystal Structures 

and Databases in Drug Design. 21st Nat. Med. Chem. Syrup. 
Minneapolis, Minnesota, USA. 

CODDING, P. W. & MUIR, A. K. S. (1985). Mol. Pharmacol. 28, 
178-184. 

COOLEY, G., FARRANT, D., KIRK, D. N., PATEL, S., WYNN, S., 
BUCKINGHAM, M. J. HAWKES, G. E., HURSTHOUSE, M. B., 
GALAS, A. M. R., LAWSON, A. M. & SETCHELL, K. D. R. 
(1984). J. Chem. Soc. Perkin. Trans. 2, pp. 489-497. 

COREY, E. J., CHEN, C.-P. & PARRY, M. J. (1988). Tetrahedron 
Lett. 29, 2899-2902. 

ETIENNE, A., HECQUET, F. & BRAQUET, P. (1988). Prog. Clin. Biol. 
Res. 272, 135-143. 

GODFROID, J. J. & BRAQUET, P. (1986). Trends Pharmaeol. Sci. 7, 
368-373. 

GRtm-Som~NSEN, G., NmLSEN, I. M. & NmLSEN, C. K. (1988). J. 
Med. Chem. 31, 1174--1178. 

HORSLEY, D. B. (1989). Synthetic Applications of Manganese(Ill) 
Acetate Chemistry. MS Thesis, Northern Illinois University, 
DeKalb, Illinois, USA. 

HWANG, S.-B., LAM, M.-H., Brr~'o, T., BEArTm, T. R. & SrmN, 
T.-Y. (1985). J. Biol. Chem. 260, 15639-15645. 

International Tables for X-ray Crystallography (1974). Vol IV. 
Birmingham: Kynoch Press. (Present distributor Kluwer 
Academic Publishers, Dordrecht.) 

JOriNSON, C. K. (1976). ORTEPII. Report ORNL-5138. Oak 
Ridge National Laboratory, Tennessee, USA. 

MCMANUS, L. M. (1986). Pathol. lmmunopathol. Res. 5, 104-117. 
MAIN, P., FhSKE, S. J., HULL, S. E., LESSINGER, L., GERMAIN, G., 

DECLERCQ, J.-P. & WOOLVSON, M. M. (1980). MULTAN80. A 
System of Computer Programs for the Automatic Solution of 
Crystal Structures from X-ray Diffraction Data. Univs. of York, 
England, and Louvain, Belgium. 

PETERSON, J. R., DO, H. D. & ROGERS, R. D. (1989). Acta Cryst. 
C45, 1059-1063. 

PETERSON, J. R., HORSLEY, D. B., BROZIK, J. A. & ROGERS, R. D. 
(1989). Acta Cryst. CA5, 1164-1167. 

PETERSON, J. R., SMILLIE, T. J. & ROGERS, R. D. (1989). Acta 
Cryst. C45, 297-300. 

PONPIPOM, i .  i . ,  HWANG, S.-B., DOEBBER, T. W., ACTON, J. J., 
ALBERTS, A. W., BIFTO, T., BROOKER, D. R., BUGIANESI, R. L., 
CHABALA, J. C., GAMBLE, N. L., GRAHAM, D. W., LAM, M.-H. 
& WU, M. S. (1988). Biochem. Biophy. Res. Commun.. 150, 
1213-1220. 

SrmLDmCK, G. M. (1976). SHELX76. Program for crystal struc- 
ture determination, as locally modified. Univ. of Cambridge, 
England. 

SMITH, L. J., RUBIN, A. E. & PATTERSON, R. (1988). Am. Rev. 
Respir. Dis. 137, 1015-1019. 

VENU'n, M. C. (1985). Annu. Rep. Med. Chem. pp. 193-202. 
Wu, M. S., BIFTU, T. & DOEBBER, T. W. (1986). J. Pharmacol. 

Exp. Ther. 239, 841-845. 

Acta Cryst. (1990). C46, 875-877 

Psilotropin 

BY MERLE T. EMERSON* AND M. REZA ASDJODI 

Department of Chemistry, University of Alabama in Huntsville, Huntsville, Alabama 35899, USA 

AND LAL A. RATNAPALA, V. SUBRAMANtAN AND KARL SEFF* 

Chemistry Department, University of Hawaii, Honolulu, Hawaii 96822, USA 

(Received 26 May 1988; accepted 31 July 1989) 

Abstract. [3aR-(3aa,4afl,8ace,9ce, l OacO]-Octahydro- 
4a,9-dimethyl-3-methylenefuro[2', 3': 5,6]cyclohepta- 
[ 1,2-c]pyran-2,7(3H,4H)-dione, C15H2004, Mr = 
264.31, monoclinic, P2.1,, a =  10.001 (3), b =  
10-327(2), c=13 .388(4)A,  3=93 .12 (2 )  °, V= 

* To whom correspondence should be addressed. 
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1380-6 (6)/~3, Z = 4, Dx = 1.272, Dm = 
1-29 (2) g cm -3, Cu Ka, A = 1"5418/~, /z = 
7"08 cm-1, F(000) = 586, T = 298 K, R = 0.0444 for 
1720 unique observed data. The six-membered ring is 
in the half-chair form, the central seven-membered 
ring is in the boat form, and the five-membered ring 
is planar. The angle between the plane of the five- 
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