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The dependence of donor angle (O—H--O) on O--H
bond length provides a semi-quantitative indication
of the bond strength. Fig. 3 is a comparison between
data obtained from an analysis of water structures in
small hydrate crystal structures (Savage & Finney,
1986) and that from this study. The hydrogen-bond
lengths tend toward the upper limit of values docu-
mented in the Savage & Finney survey. In an apolar
environment, the MeBmt-1 side chain has been
observed to rotate out of the cleft of the B-sheet and
locate proboscis-like in the solvent (Loosli et al.,
1985).

No other ordered solvent molecules of significance
were found in the final difference Fourier synthesis,
where maximum positive and negative residuals were
3-1% of the height of an N-atom peak. All inter-
molecular distances are in the range of normal van
der Waals values.

The ORTEPII molecular graphics program
(Johnson, 1976) was used to generate the stereoview
of the cyclosporin A molecule given in Fig. 4. The
water molecule is shown hydrogen bonding the
MeBmt-1 side chain to the molecular backbone.

The addition of the geometric parameters for the
hydrogen atoms completes the high-resolution struc-
ture of cyclosporin A in the single-crystal environ-
ment. The geometric parameters of a single bound
water molecule has provided evidence for an ordered
solvent interaction. What contribution this structural
information makes to the understanding of the
highly specific pharmacological function of cyclo-
sporin A is under investigation.
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Abstract.  2,5-Dihydro-3-{3,6-dihydro-5-[2-(perhy-
dro-1,2,3-trimethyl-4a,5-methano-1-naphthyl)ethyl]-
2H-pyran-2-yl}-5-oxo-2-furyl acetate, C»;H3305, M,

0108-2701/90/081533-04503.00

=442-6, monoclinic, P2, a=97174), b=
7064 (3), c=18751(6)A, B=9694(3) , V=
1278 (2) A3, Z=2, D, = 1-150 Mg m ™3, A(Cu Ka) =

© 1990 International Union of Crystallography



1534 AN ACETATE DERIVATIVE
15418 A, = 0-59 mm™', F(000) = 480, room tem-
perature, final R=0-052 for 1312 independent
observed reflections and 289 variables. The crystallo-
graphic analysis confirms the structure previously
assigned to cacospongionolide on the basis of spec-
tral data and chemical evidence, including the pres-
ence of a cyclopropane ring never found in natural
sesterterpenes. In addition it establishes for the title
compound, the acetate derivative of the natural
product, S stereochemistry at C25. Rings 4 and C
adopt distorted half-boat conformations, ring B is in
a chair conformation and the y-lactone ring D is
planar. In the absence of hydrogen-bonding donors,
the crystal packing is governed by van der Waals
interactions.

Introduction. As part of a research program (De
Rosa, De Stefano, Scarpelli & Zavodnik, 1988, and
references therein) on metabolites of northern
Adriatic organisms, De Rosa, De Stefano &
Zavodnik (1988) have reported the isolation and
structural characterization of cacospongionolide, a
sesterterpenoid with new carbon skeleton from
marine sponge Cacospongia mollior. This molecule is
a potent antitumoral and ichthyotoxic agent and its
gross structure was assigned mainly on the basis of
spectral data including 2D NMR spectroscopy. The
relative stereochemistry of the rings 4 and B was
deduced by a NOESY spectrum and NOE difference
measurements. In order to confirm the given struc-
ture, which is unprecedented in the natural sester-
terpenoid class, we have undertaken the
crystallographic analysis of the acetyl derivative (I)
as the natural product did not give suitable crystals,

Experimental. The title compound (I) was obtained
as the major product of acetylation of cacospongion-
olide with acetic anhydride in pyridine. The mixture
of two diastereoisomers was separated by silica gel
chromotagraphy and single crystals of (I) were
obtained by careful recrystallization from methanol.
Sample of size 0-37 x 0-13 x 0-04 mm was used with
Enraf-Nonius CAD-4F diffractometer and mono-
chromated Cu Ke radiation. Cell dimensions from
22 reflections (20 < 6 < 23°); w scan, as suggested by
peak-shape analysis; three standard reflections moni-

OF CACOSPONGIONOLIDE

Table 1. Positional parameters (< 10*) and equivalent
isotropic thermal parameters (A2 with e.s.d.’s in
parentheses for non-H atoms
Beq = (4/3)Ziz,ﬂ1,a,~.aj.

X y z B,

'eq
ol 2320 (3) 5000 7732 (1) 590 (7)
02 5776 (3) 7809 (5) 9329 (2) 619 (7)
- 03 5243 (3) 10690 (5) 8905 (2) 781 (9)
04 6313 (3) 4843 (5) 8909 (1) 544 (7)
05 7188 (4) 4017 (6) 10027 (2) 88 (1)
cl ~3902 (4) ~391(7) 7023 3) 64 (1)
2 —5328 (4) 42 (7) 6605 (3) 77(1)
c3 - 6121 (4) —1775 8) 6377 (3) 69 (1)
c4 ~5239 (4) -3353(7) 6124 (2) 60 (1)
Cs —3664 (4) —3222 (6) 6222 (2) 491 (9)
c6 — 2856 (5) — 4083 (8) 5682 (3) 68 (1)
c7 —1341 (5) — 4490 (7) 6017 (3) 69 (1)
c8 - 638 (4) ~2645 (6) 6327 (2) 53 (1)
c9 — 1468 (4) — 1746 (6) 6393 (2) 457 (9)
c1o —2983 (4) —1381 (6) 6543 (2) 477 9)
cn —800 (4) 194 (6) 7154 (2) 54 (1)
c12 755 (4) 29(7) 7435 (3) 68 (1)
c13 1368 (4) 1792 (7) 7821 (2) 57(1)
Cl4 1681 (5) 1864 (7) 8521 (2) 63 (1)
Cls 2496 (4) 3498 (7) 8883 (2) 58 (1)
Cl6 3266 (4) 4430 (6) 8331 (2) 50 (1)
c17 4061 (4) 6141 (6) 8611 (2) 450 (9)
Ci8 3935 (4) 7953 (7) 8433 (2) 57 (1)
c19 4995 (4) 9036 (7) 8882 (2) 59 (1)
C20 - 4392 (5) —4513 (6) 6696 (3) 64 (1)
c21 — 5987 (5) -4381 (8) 5487 (3) 81 (1)
c2 -332(5) —1380 (8) 5714 (2) 72(1)
c23 —1443 (4) —3033 (7) 7551 (2) 58 (1)
c24 1731 (5) 3372 (7) 7338 (2) 66 (1)
C25 5258 (4) 5902 (7) 9191 (2) 51(1)
C26 7232 (5) 3948 (8) 9403 (2) 65 (1)
c27 8244 (5) 2880 (9) 9029 (3) 85 (2)

tored every 4 h (4% max. variation), no significant
intensity decay observed; 2368 independent reflec-
tions with #=<65°, 0<sh<11,0<k<8 —-22<I<
22, 1312 with = 30(l); Lp correction, absorption
ignored. Structure solved by MULTAN82 (Main,
Fiske, Hull, Lessinger, Germain, Declercq &
Woolfson, 1982); anisotropic full matrix (on F); H
atoms generated at the expected positions with C—H
distance 1-05 A, taking into account for methyl
groups the indications from AF map. H-atom param-
eters not refined, thermal parameters set equal to B,
of parent atom. Final R = 0-052, wR = 0-055, w™ ' =
[0*(F)+ (0-02F,*+1] and o from counting
statistics. Correction for secondary extinction refined
[g coefficient =2:6 (2) x 1079, $=0-66; final
(4/0)max = 0-01; max. and min. heights in final 4p
map 0-16 and —0-19 e A~3. Scattering factors from
International Tables for X-ray Crystallography
(1974), Enraf-Nonius SDP software (B. A. Frenz &
Associates, Inc., 1985) and MicroVAX computer of
the ‘Centro di ~Metodologie Chimico-fisiche
dell’Universita di Napoli’. Final atomic parameters
for the non-H atoms are listed in Table 1.*

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
52722 (12 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England.
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Discussion. Fig. 1 shows a view of the molecule
together with the atomic labelling scheme. In the
absence of atoms with strong anomalous scattering,
the absolute configuration of this molecule could not
be determined and the chosen configuration corre-
sponds to that of the cacospongionolide skeleton
given by De Rosa, De Stefano & Zavodnik (1988).
On this basis, the crystallographic analysis fixes for
the acetyl derivative the S configuration at the chiral
centre C25.

The molecule presents a pentacyclic skeleton
characterized by a system of two frans-connected
six-carbon rings (4 and B), which has a cyclopropyl
methylene group joining 4,5 positions and two
axial methyl substituents at C8 (a-oriented) and at
C9 (B-oriented). This moiety is linked to a 5,6-di-
hydro-2H-pyran ring (C), through a C9 equatorial
ethylene bridge. Ring C is further connected to a
y-acetoxy-«,B-unsaturated-y-lactone (ring D). The
formation of a cyclopropane ring, involving the axial
methyl at C4, has been found in some di- and
triterpenoid systems (Connolly, Freer, Anjaneyulu,
Ravi & Sambasivarao, 1986, and references therein),
but it is unprecedented in natural sesterterpenes.

Geometrical parameters involving non-H atoms
are given in Table 2. On average the molecular
dimensions agree with the values found for similar
compounds (Giordano & Puliti, 1987; Cimino,
Gavagnin, Sodano, Puliti, Mattia & Mazzarella,
1988). Average values for distances are
C(sp>y—C(sp®) 1:529 (6), C(sp*)—C(sp?) 1-504 (7),
C=C 1318(6), C(sp>—O 1-435(5), C(sp»—O
1366 (5), C=0 1-185 (6) A. Excluding the cyclopro-
pane and lactone rings, the valency angles involving
tetrahedral and trigonal C atoms have mean values
of 111-2 (4) and 120-3 (4)°, respectively.

Ring A is restrained by the cyclopropane ring on
the 4,5 positions and adopts a distorted half-boat
conformation as shown by the puckering parameters
(Cremer & Pople, 1975): @=0-516 (7), 4,=0-389 (7),
q:=0340 8) A, 0, =72(2)°. 8 =48-8(9)° for the
sequence C10, Cl1, C2, C3, C4, C5. In this ring, Cl

Fig. 1. Drawing of the molecule (labels for H atoms have been
omitted for clarity).
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Table 2. Bond lengths (A), bond angles (°) and some
torsion angles (°) with e.s.d.’s in parentheses

01—Cl6 1-421 (4) C6—C17 1-556 (6)
01—C24 1-446 (5) C1—C8 1:551 (6)
02—C19 1:369 (5) C8—C9 1-545 (6)
02-C25 1-450 (5) C8—C22 1-514 (7)
03—C19 1-193 (6) C9—Cl0 1-559 (5)
04—C25 1-422 (5) C9—Cl1 1-569 (6)
04—C26 1-363 (5) C9—C23 1-530 (6)
05—C26 1-177 (6) Cl11—Ci12 1-543 (6)
C1—C2 1-538 (6) Cl12—C13 1526 (6)
C1—C10 1-514 (6) Cl13—Ci4 1:311 (6)
C2—C3 1531 (7) C13—C24 1:506 (7)
C3—C4 1517 (7) C14—ClI5 1-514 (7)
C4+—C5 1-522 (6) C15—C16 1-501 (6)
C4—C20 1-512 (6) C16—C17 1-495 (6)
C4—C21 1-507 (7) C17—C18 1-325 (6)
C5—Cé 1-483 (7) C17—C25 1:503 (5)
Cs—Cl10 1-548 (6) C18—C19 1-465 (6)
C5—C20 1-508 (6) C26—C27 1-482 (8)
C16—01—C24 1109 (3) C1—CIi0—C5 1114 (3)
C19—02—C25 1089 (3) C1—C10—C9 1149 (3)
C25—04—C26 115-7 (6) C5—C10—C9 1112 (3)
C2—C1—<C10 110-3 (4) C9—Cl11—<C12 113-1 (3)
Cl1—C2—C3 111-5(4) C11—C12—C13 114-3 (4)
C2—C3—C4 114-8 (4) C12—C13—<C14 122:5 (4)
C3—C4—C5 121-0 (4) Cl12—C13—C24 1152 (4)
C3—C4—C20 117-1 (4) C14—C13—C24 1220 (8)
C3—C4—C21 111-4 (4) C13—C14—C15 121-6 (4)
C5—C4—C20 59-6 (3) C14—C15—Cl6 107-6 (4)
C5—C4—C21 120-5 (4) 01—Cl16—C15 1099 (3)
C20—C4—C21 1180 (4) 01—C16—C17 1079 (3)
C4—C5—C6 120-0 (4) C15—C16—C17 1130 (3)
C4—C5—Cl10 118-3 (4) Cl16—C17—CI8 131:6 (3)
C4—C5—C20 599 (3) C16—C17—C25 119-1 (4)
C6—C5—Clo 111-9 (4) C18—C17—C25 109-3 (4)
C6—C5—C20 118:6 (4) C17—C18—C19 108-8 (4)
C10—C5—C20 119:2 (3) 02—C19—03 1202 (4)
C5—C6—C7 1107 (4) 02—C19—C18 108-7 (4)
C6—C7—C8 110-4 (4) 03—C19—C18 131-1 (4)
C7—C8—C9 111-1(3) C4—C20—C5 605 (3)
C7—C8—C22 109-2 (4) 01—C24—C13 1129 (3)
C9—C8—C22 1165 (4) 02—C25—04 107:7 (3)
C8—C9—CI10 1089 (3) 02—C25—C17 104-3 (3)
C8—C9—ClI1 110-0 (3) 04—C25—C17 1086 (3)
C8—C9—C23 110-5 (3) 04—C26—05 1239 (4)
C10—C9—Cl11 108-7 (3) 04—C26—C27 1094 (4)
C10—C9—C23 111-1 (3) 05—C26—C27 126-7 (5)
Cl1i—C9—C23 107-6 (3)
C5—C10—C9—C11 175-6 (5) 01—C16—C17—C18 599
C10—C9—CI11—<C12 —173-7 (6) Cl16—C17—C25—04 653 (7)
C9—Cl11—CI12—C13 - 1689 (6) C17—C25—04—C26 — 1581 (6)
Cl11—C12—C13—C14 106-4 (8) C25—04—C26—C27 1789 (6)
5 £bC>~ A %,4

v

o

and C2 atoms are respectively 0-579 (8) A on one
side and 0-177 (9) A on the other with respect to the
best plane defined by the remaining atoms. Ring B
exhibits a chair conformation with C7 and CI10
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displaced 0-696 (8) and 0-686 (7) A respectively from
the best plane through C5, C6, C8 and C9. The
absolute value of the intracycle torsion angles is on
average 56-8 (6)°. The dihydropyran ring C, which
has a double bond in positions 13,14, approximates a
half-boat conformation with apex at C16 and total
puckering amplitude Q = 0-521 (8) A; the atom Ol is
only 0-189 (4) A out of the plane formed by the
remaining four atoms. The lactone system is planar
within the e.s.d. and makes a dihedral angle of
106-8 (3)° with the acetoxy group. The torsion angle
01—C16—C17—C18 is 6 (1)° with O1 cis to C18
and C15 gauche to C25. The molecule has the most
extended conformation with the central ethylene
group in a nearly frans conformation.

The molecular arrangement, shown in Fig. 2, is
governed by van der Waals interactions and the
shortest intermolecular contacts (> 3-0 A) involve
the lactone ring D and the acetyl group.

Acta Cryst. (1990). C46, 15361540
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Structures of 2-(2-Methoxyphenyl)-4 H-1-benzopyran-4-one (1) and S,7-Dimethoxy-
2-(2,4-dimethoxyphenyl)-4 H-1-benzopyran-4-one (2) (2’-Methoxyflavone and
2’ 4’,5,7-Tetramethoxyflavone)
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Abstract. Compound (1): C,(H,,0,, M, = 252-27, tri-
clinic, PI, a=7245(10), b=8305(12), c=
10-800 14) A, a=977(1), B=931(), y=
111-:2(1)°, V=597 A% Z=2, D,=14, D,=
1-404 g cm ™3, A(Mo Ka) = 0-71069 A, o=
0-904 cm !, F(000) =264, T =223 K. R=10-053 for
2180 reflections. 2’-Methoxyflavone is a predomi-
nantly flat molecule (the vy-benzopyrone portion
makes an angle of 3° with the phenyl ring). Two
intramolecular hydrogen bonds may contribute to
the marked planarity of the molecule. Compound

* Author to whom correspondence should be addressed.

0108-2701/90/081536-05803.00

(2): C19H18065 M,= 342'35, monoclinic, le/n, a=

7205 (7), 5=12769(4), c=17567(8)A, B=
9327 (2)°, V=1613(QA% Z=4, D,=
1-412 gcm 3, A(Mo Ka) = 0-71069 A, o=

0-986 cm ™!, F(000) = 720, T =223 K. R=0-041 for
3621 reflections. The dihedral angle between the
planar phenyl ring and the slightly puckered
y-benzopyrone portion is 24°. No intramolecular
H bonds.

Introduction. Flavonoids are used in the treatment of
diabetes, cancers, allergies and viral infections. From
the structure—activity data in the literature it is clear

© 1990 International Union of Crystallography



