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Crystal and molecular structure of 11a-methoxypuupehenol diacetate
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Puupeienone from the sca sponge Dysidea sp. was converted into | La-methoxypuupehenol
diacetate. The crystal and molecular struciure of the title compound was established by X-ray
diffraction analysis.
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Puupehenone (1) was isolated for the first ime from
the sea sponge Chondrosia chucalla? Its structure was
established! based on the spectral characteristics and
X-ray diffraction studv of the ozonolysis product. The
absolute stereochemistsy of compoud 1 and biogeneti-
cally refated metabolites2™4 was established based on
the chemical transformation of 1 into the known natural
compound {—)-drimenol 3

Compound 1 and an insignificant amount of
chloropuupehenone (2) were also isolated® from the
Australian sea sponge Dysidea sp. It was demonstrated
that compound 1 can undergo aromatization in alco-
holic solutions.”
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Boiling of a solution of compound 1 in MeOH
afforded methoxyvpuupehenol 3a. With the aim of estab-
lishing the spatial structure of 3a, its diacetate 3b was
studied by X-ray diffraction analvsis.

The perspective view of molecule 3b is shown in Fig. 1.
The rings A and B of the isoprenoid portion of molectle
3b are srans-fused and adopt a chair conformation. The
conformations of these rings are distorted due to
i.3-diaxial interactions between the methyl groups and

other substituents. The distontion of ring B 15 more
pronounced. The endocyclic torsion angles at the
C(5)—C(6} and C(8;—C(9) bonds are —62° and 42°,
respectively. The C(3) and C(8) atoms deviate from the
C6)C(NCNCLL0) plane by —0.715 and 0.532 A, re-
spectively. The rings B and C are cis-fused. The epoxy
ring adopts a C(8)a-envelope conformation. An analo-
gous configuration of the fused rings was observed in
ozonolysis product 1.V The aromatic ring 1s planar. The
deviations of the atoms tfrom the plane of the ring were
no more than twice the corresponding standard devia-
tions. The C(9) atom deviates from the plane of the
aromatic ring by 0.142(3) A. The planar group consisting
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Fig. 1. Spatial structure of molecule 3b.
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of the atoms of the rings C and D forms an angle of

130.6° with the mean planc of the A and B rings.

The acetoxy groups are focated on one side of the
plane of the aromatic ring. whereas the polveyclic sys-
tem is located on the opposite side. This arrangement
can be governed by the molecular packing in the crystal
or by the effect of the spatially remote portion of the
molecule on the direction of the addition of the acetyl
groups. In the crystal. the molecules are linked 16 each
other vig the intermolecular C(24)—H...0t235)" hvdro-
aen bonds3 (C...O. 3.33 A: H...0. 2.40 A: the position
of the hydrogen atom was revealed from the ditference
electron density synthesis); the C—H bond length is
0.97 A. An analogous direction of the addition of the
acetyl groups was observed in isoavarol diacetate.? The
inclination of the acetoxy groups to the plane of the
aromatic ring is determined by the position, which is
most  suitable to conjugation between the lone
electron pair and the orbital of the aromatic ring.
The corresponding C(13)—C(14)—O(14)—C(23} and
Citd)—C(15)~0(15)—-C(25) dihedral angles are
—108.6(4)° and —111.7(4)°, respectively. The orienta-
tion of the methoxy group is characterized by the
C(H—C(IDH—0(1 h—C(22) torsion angle of 96.0(4)°.

The data of 'H NMR spectroscopy of compounds 3a
and 3b agree with the results of X-ray diffraction analy-
sis of diacetate 3b. The spin-spin coupling constant is
virtually absent for the Hi{ltl) and H(9) protons. which
indicates that the dihedral angle between these protwons
1s ¢lose to 90° and. consequently, the conformations of
rings B and C in solutions are similar to those observed
in the crystal (this angle is 93°).

Experimental

The '"H and 'C NMR spectra were recorded on a Bruker
WM-230 spectrometer with Me,Si as the internal standard.
The mass spectra were abtained on an LKB-9000S mass
spectrometer with direct introduction of the sampie into the
ion source; the ionizing voltage was 70 ¢V. The optical rota-
tion wus measured on a Perkin—Elmer 141 polarimeter.

Extraction and chromatography. The sea sponge Dvsidea
sp. was collected in Australian coastal waters in 1989 in the
course of the ninth trip of the "Academician Oparin” research
ship. The lvophilized sponge (160 2) was exiracted with CH,Cl,.
The concentrated extract (0.8 g) was chromatographed on SiO,
using a 10 : 1 CH,ClL,—EtOAc¢ mixture and then on Sephadex
LH-20 using a 3 : | CHyCL—CHCI: mixture as the solvent.
TLC was carried out on Siutol plates using a 4 : | hexane—
acetone solvent system. The fractions containing compound 1
were concentrated. In atempting to perform crystallization
from hexane, an amorphous precipitate was obtained (the vield
was 0.6 g).

Puupehenone (1), a bright-vellow amorphous compeund.
The spectral data are identical to those reported in the litera-
ture.! [alp +318° (¢ 0.55. CCly (¢f Rel 1 [ajp +315°
(¢ 1.64, CCly), lit. data?: Julp +297° (c 0.44. CCly), lit. duta®:
falp +189° {c 1.08. CCLY.

Methoxypaupehenol (3a). A solution of compound 1
(43.2 mg, §.13 mmol) in MeOH (30 mL) was refluxed for
24 h. After evaporation of the solveat, compound 3a was ob-
tained in a vield of 34 mg (100%), m.p. 136—138 °C (MeOH),

lalp —41° (¢ 0.55. MeOH). Found (%): C, 73.20; H. 9.00.
C>H3.04. Calculated (%) C, 73.30; H. 895 UV (McOH).
hrman/ UM 21 213 (WT6). 227 sh (3338), 300 (4707). 'H NMR
(MeOH-dy), 8 6.68 (s, 1| H, H(I3D: 6.18 (s, | H. H(16)): 4.10
(s, 1 H,Hoi 3416, 3 H, OCH ) 155 (s 1 HH9y): 119
(s, 3 H. C(I$)Hy): 092 (s, 3 H. C(21H)H;): 083 (s, 3 H.
C(20H1): 0.65 (5, 3 H. C(I9H): 1.00—-1.20, 1.40--1.70, and
2.00 (m. 11 H, H(). HOy, HE), HOGY. Hi6), and H(T). 13C
NMR (MeOH-dy). & 148.6 (s); 147.3 (s): 140.1 (s); 117.1 (d):
P53 (s): 104.6 (dy: 738 (s): 730 (d): 36.2 (q): 36.3 (d): 349
(dy; 43.0 (0); 42.0 (O; 0.1 (1) 381 (s); 34.2 () 34.2 (q): 27.9
(q): 225 (q): 19.5 (1 19.3 (1) 13.0 (). MS. m/3 360 IM]™.
11-Methoxypuupehenol diacetate (3b). A | 1 ! Ac,O—Py
mixture {1 mL) was added to compound 3a (36 mg. 0.1 mol).
The reaction mixture was kept at ~20 *C for 3 h. After
evaporation and crystallization from MeOH, compound 3b
was obtained in a vield of 434 mg (99%). m.p. 145—147 °C,
[alp —32° (¢ 0.99. MeOH). Found (%) C. 70.i6; H: 8.20.
CiuH 300, Caleulated (%): C, 70.240 H. 8.16. UV (MeOH),
Fmae/ (£ 220 (10666). 287 sh (4000). 'H NMR (CDCly,
30 6.79 (s. } H, Het3y: 032 (50 1 H, Hite)y: 4.09 (s, 1 H,
H{11»: 3.47 (5. 3 H. OMe): 2,18 (s, 6 H, 2 OAc): 1.67 (s,
P H, H9): 0.50—1.20, 1.40—1.70, and 1.90—-2.15 (m, 11 H.
H(Sy. HCDL H(2). H(3), Hiey, H(T): 121 (s, 3 H, CUIHH ).
0.92 (s, 3 H, C(21H;3): 0.83 (s. 3 H, C{20)H;): 0.66 (s, 3 H,
C{19)H;). BC NMR (CDCly). 5: 1684 (s); 167.7 (s): 1319
(s); 1422 (5): 1353 (), 1242 (dy: 1208 (s): VELLT (d): 75.8 (s):

Table 1. Atomic coordinates (x10*) and equivalent isotropic
thermal parameters (x10)

Atom v/a v/b Zic 8.,/ Al
C(ty —3838(H 0 ~12913) 62(hH
C(2) 34015 642(7) —289(3) 91l
C(3 33315 —38(7) 382(3) 96(1)
C(4)  —I500(5) -=2367(7) 20L1(3) 85(1)
C(5) —28%0(3) —2939(6) —-837(2) S3(1)
C(6r  —2196(4) ~--4482(6}) —1120(3) 63(1)
C(7y —2904(4 —~3286(5) =2018(3) S7(D
C(&y  -3237(3) —3995(5) —2840(2) 42()
C9)  —276i(3) —=2232(%) —2534(2) 40(1)
C(10) —3068(3) —1435(5 —=1391(2) 43(1)
Cilly -3944(3) —=9310¢3) —3368(2) $1(hH)
C(12) —3024(3) -1086(5) —=3972(2) 38D
C(13) ~30035(3) 117(5) —4683(2) 43(h)
C(14) —2136(3) —~32(3) =522(2) 44
C(13) —1328(3 —1388(5) —5035(2) 43(1)
C(l6) —1307(3) =2592(35) --43358(2) 43(1)
C{17y —2168(3) —2447(3) —3802(2) 42(1)
C(18) —4111(4) —4850(6}) —=3657(3) 64 1)
C(19) —1i866(4) -603(6) —1684(2) SS(1y
C(20) —2672(6)  —3960(10) 833(3) 1222y
C(21)y —1152(6)  —1890(10) 503(3) 123(2)
C(22) —3988(4 TT1(R) —3800(3) S0¢1)
C(23) 24534 8906y —6807(D 62(1)
C(24)y —20735) 2260(7) —7398(3) 86(1)
C(25) —3053)  —2780(6)  —6224(3) 53¢1)
C(26) 430(4) =2371(7) —6733(3) HER)
O(8)  =2099%2) —3663(3)  —3i09(2) 471
O(11) =3125¢2y  —1068(4)  —3980(D) 58(1)
Oy —2071{) 1281 —5387(2) 38(H
O(15)  —431(2)y  —1344(4) =559 34(1)
0(23) —-2987(4 —433(3) ~7072(2) 109(1)
O(23) —1I9K3) -3978(5) —-6256(2) 100(1)
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73.04d) 36,4 4q): 351 (dy 340 «dy 419 (00 40.7 (00 399 (e
370 (s): 337 () 333 45): 273 (q): 219 (q): 20.6 {2 g): 185
(0 184 10 14.6 (@) MS. m/z 434 [M]™

Crystallographic data for compound 3b: C,,H;O,.
M o= 444570 ¢ = 11.330¢3), b = 73552, ¢ = 14.643(2) A
B = 103.242)°; monoclinic system. space group Pl b =
122000 A Z= 20 dye = 121 2 em™% FWO0D) = 2405 uy, =
3.8 em™h

The crystals were zrown from a soiution in ETOH. The
X-ray data were collected on an automated Enraf-Nonius CAD-
4 diffractometer (gruphite monochromator. Mo-Ka radiation.
A =0.71073 &) at ~23 °C using the w-6 scanning technique to
4= 28" A rotal of 2149 independent reflections were measured
of which 1841 reflections with [ > 3a(/) were used in the refi-
nement. Corrections for the Lorentz and polarization factors
were applied. The structure was solved by the direct method and
refined anisotropically by the full-matrix least-squares method 10
R = (1046 (the hydrogen atoms were introduced in geometrically
calculated positions). All calculations were carried out using the
SDP-PLUS program package.!?

The coordinates of the nonhydrogen atoms and their equiva-
lent isotropic thermal parameters are given in Tabie 1. The
bond lengths and bond angies m molecule 3b are close to the
corresponding stapdard values except for the short C(2)—C(3)
and C(6)—C(7) bonds (1.303(3) and 1.303(4) A. respectively)
and the angles, which are increased due to 1,3-diaxial interac-
tions between the methyvl groups and other atoms. The
maximum increase in the bond angle
C(H -C(5H)—=Cih (to 117.142)7).

is observed for
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