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Abstract. C;H;,0,, M,=342-53, monoclinic, P2,,
a=17-200(9), b=6:599(4), c=19-316(12) A, B
=111.67(4)°, V=2037(A%, Z=4, D, =
[-12Mgm~3, ACuKa)=1-5418 A, u(CuKa)=
0-50 mm~', F(000) = 752, room temperature, final
R =0-056 for 2825 independent observed reflections
and 451 parameters. The two independent molecules in
the asymmetric unit show identical features except for
the different orientation of the hydroquinone fragment
with respect to the C,, sesquiterpene moiety, due to
crystal packing requirements. Of the two frans-
connected six-carbon-atom rings forming the sesquiter-
pene system the cyclohexene ring 4 has a conforma-
tion intermediate between the sofa and half-chair forms,
while the cyclohexane ring B shows a slightly distorted
chair conformation.

Introduction. The title compound is the 2,5-dimethyl
ether of avarol, a sesquiterpenoid hydroquinone
extracted from the sponge Dysidea avara (Minale,
Riccio & Sodano, 1974). Its absolute stereochemistry
has been stated by De Rosa, Minale, Riccio & Sodano
(1976) by spectroscopic and chemical methods. Some
doubts about the correctness of these assignments were
raised by Djura, Stierle, Sullivan, Faulkner, Arnold &
Clardy (1980), owing to the inconsistency of physical

* Avarol = | 1R(10.28,4a8.8af)1-2-1(1,2,3,4,4a,7,8,8a-octahydro-
1.2.4a,5-tetramethyl- I-naphthalenyl)methyll- 1,4-benzenediol.
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data reported for a reaction product common to two
different chemical pathways starting from avarol and
aureol. Recently, Cariello, De Nicola Giudici & Zanetti
(1980) have reported that avarol is active in inducing
development aberrations in sea-urchin eggs.
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Experimental. Needle-shaped crystal (from ethanol),
elongated along b, 0-5x 0.12 x 0-12mm, Enraf-
Nonius CAD-4 diffractometer, Ni-filtered Cu Ka
radiation, cell dimensions determined by a least-squares
procedure applied to the setting angles of 20 reflections
in the @ range 10 < @< 13°. 2825 unique observed
reflections [/, > 30(/,)] out of the total 3784 measured
by the w/@ scan technique with 8 < 65°, 0 < h < 19,
0<k<7,—21</<2l. Three monitoring reflections,
intensity variation < 4%. Lp correction, absorption
ignored. Structure solved by direct methods:
MULTAN78 (Main, Hull, Lessinger, Germain, De-
clercq & Woolfson, 1978). Full-matrix least squares

© 1987 International Union of Crystallography
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minimized > w(4F)?, w = 1/0%(F). The y coordinate of
C(1) was fixed to define the origin. H atoms, located in
part from AF synthesis and in part at their calculated
stereochemical positions, were included in the structure-
factor calculations with isotropic thermal factors
derived from those of the carrier atoms, but not refined.
451 refined parameters included overall scale factor,
positional and anisotropic thermal parameters of the
non-hydrogen atoms and a correction for secondary
extinction [g coefficient = 3-47 (1) x 10-¢]. Final R
=0-056, wR = 0-074, S = 1-90. Final 4/0,y,,, = 0-04;
final difference electron density within + 0-20 ¢ A3,

Atomic scattering factors from International Tables
Jor X-ray Crystallography (1974), all calculations
performed by the Enraf-Nonius (1979) system of
programs (SDP) on a PDP 11/34 computer. Final
atomic parameters of the non-hydrogen atoms are listed
in Table 1.*

Discussion. The conformations of the two independent
molecules, together with the atom-labelling scheme, are
shown in Fig. 1.

The present analysis confirms the correctness of the
stereochemistry assigned by De Rosa et al. (1976),
removing the doubts raised by Djura et al. (1980).

* Lists of structure factors, anisotropic thermal parameters and
H-atom parametets have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
43682 (19 pp.). Copies may be obtained through The Executive
Secretary, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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The intramolecular dimensions involving the non-
hydrogen atoms are given in Table 2. Excluding from
the comparison the ill-defined C(15) of molecule 2, all
differences in bond lengths and valency angles between
the two independent molecules are less than 4¢ and are
hardly significant.

Furthermore, the two molecules show a high degree
of conformational correspondence (Table 2). In fact,
even in view of the weakness of the intermolecular
packing forces, all differences in torsion angles (4 < 40)
appear devoid of any real significance, except those
concerning the rotations around the C(9)—C(11) and
C(11)—C(16) single bonds, which are due to packing
requirements. Hereinafter, only values averaged on
both molecules will be mentioned.

Fig. 1. Perspective view of molecule 1 on the left-hand side, and
molecule 2 on the right-hand side, together with the atom-
labelling scheme.

Table 1. Fractional atomic coordinates (x10% and equivalent isotropic thermal parameters (A? x10) of the
non-hydrogen atoms with e.s.d.’s in parentheses

B =42,2,8;,a.2,

Molecule 1
X y z B,
c() 1940 (2) 5084 8467 (2) 50 (1)
C(2) 2357 (2) 7087 (9) 8812 (2) 57(1)
C(3) 1969 (3) 8018 (7) 9309 (2) 52(1)
C(4) 1265 (2) 7398 (6) 9361 (2) 46 (1)
C(5) 771 (2) 5589 (6) 8927(2) 42 (1)
C(6) ~172(2) 5959 (8) 8671 (2) 52(1)
C( —669 (2) 4251 (9) 8189(2) 61 (1)
C(8) —462 (2) 3911 (7) 7493 (2) 52 (1)
c©) 483 (2) 3633 (6) 7663 (2) 44 (1)
C(10) 995 (2) 5259 (6) 8224 (2) 40 (1)
C(11) 642 (2) 3837 (6) 6917 (2) 47 (1)
C(12) 784 (3) 1452 (6) 7938 (3) 62 (1)
C(13) —1011 {3) 2176 (10) 7033 (3) 77(1)
C(14) 1011 (3) 37182 (7) 9487 (2) 54 (1)
C(15) 935 (3) 8460 (7) 9899 (2) 60 (1)
C(16) 332(2) 5695 (6) 6431 (2) 43 (1)
C(17) ~485(2) 5773 (7) 5940 (2) 50 (1)
C(18) ~793 (2) 7393 (8) 5449 (2) 54 (1)
C(19) ~261(3) 8950 (7) 5437 (2) 55 (1)
C(20) 564 (3) 8868 (7) 5916 (2) 52(1)
c@2n 873 (2) 7293 (7) 6412 (2) 45 (1)
0(22) 1687 (2) 7126 (5) 6882 (1) 55 (1)
C(23) 2259 (3) 8668 (9) 6859 (3) 69 (1)
0(24) —1619(2) 7215(7) 4995 (2) 73 (1)
C(25) —1966 (4) 8748 (12) 4455 (3) 92 (2)

Molecule 2
x y z B,
5036 (3) 14634 (8) 7484 (2) 62 (1)
4090 (3) 14559 (12) 7254 (3) 89 (2)
3824 (3) 13510 (13) 7812 (3) 91(2)
4315 (2) 12404 (9) 8382 (2) 63 (1)
5254 (2) 12248 (7) 8564 (2) 49 (1)
5595 (3) 10137 (7) 8856 (2) 55(1)
6493 (3) 9876 (7) 8942 (2) 56 (1)
6648 (2) 10165 (6) 8223 (2) 45(1)
6313 (2) 12237 (6) 7848 (2) 42 (1)
5416 (2) 12583 (6) 7832 (2) 44 (1)
6306 (2) 12194 (7) 7031 (2) 49 (1)
6914 (3) 13988 (7) 8242 (2) 59 (1)
7571 (3) 9771 (8) 8364 (3) 64 (1)
5671 (3) 13827 (8) 9196 (2) 63 (1)
3952 (3) 11349 (14) 8864 (4) 106 (2)
5809 (2) 10554 (7) 6509 (2) 47 (1)
4955 (3) 1062 (8) 6187 (2) 55 (1)
4490 (2) 9103 (9) 5713 (2) 58 (1)
4897 (3) 7488 (9) 5537 (2) 63 (1)
5764 (3) 7439 (8) 5834 (2) 61 (1)
6221 (2) 8919 (7) 6313 (2) 51(1)
7075 (2) 9006 (6) 6600 (2) 68 (1)
7518 (3) 7427 (10) 6424 (3) 87 (1)
3635(2) 9393 (8) 5437 (2) 80 (1)
3129 (4) 7911 (12) 4952 (3) 93 (2)
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The various types of bond have lengths in good
agreement with the expected values. The mean values of
C(sp®)—C(sp’), C(sp’)—C(sp?), C(phenyl)—C(phenyl),
C(sp)=C(sp?) distances are respectively 1-541 (1),
1-507 (2), 1-387(2) and 1-324 (5) A. The C—O bonds

Table 2. Bond lengths (A) and relevant valence and
torsion angles (°) with e.s.d.’s in parentheses

Molecule Molecule Molecule Molecule
1 2 1 2
C(1)-C(2) 1-534 (6) 1.522(7) C(9)-C(11) 1.570 (3) 1-574 (3)
C(H-C(10) 1-520(5) 1-545(6) C(9)-C(12) 1.555(6) 1-550(6)
C(2)--C(3) 1-488 (5) 1-489 (8) C(11)-C(16) 1-516(5) 1-510(6)
C(3)-C(9) 1-318(5) 1-331(8) C(16)-C(17) 1-376(5) 1-369 (5)
C(4)-C(5) 1.525(5) 1.525(5) C(16)—C(21) 1-416(5) 1-416(6)
C(4)-C(15) 1-526 (4) 1-474 (8) C(17)-C(18) 1-397(6) 1-389(7)
C(5)-C(6) 1-530(5) 1-536 (6) C(18)-C(19) 1-381(6) 1-383(7)
C(5)-C(10) 1-558(3) 1-554(3) C(18)-0(24) 1.372(5) 1-380(5)
C(5)-C(14) 1-560 (5) 1-563 (6) C(19)—C(20) 1-380(6) 1-387(6)
C(6)-C(T) 1.510(6) 1-501 (6) C(20)—C(21) 1-380(5) 1-375(6)
C(NH-C(8) 1.528(4) 1-518(4) C(21)-0(22) 1-364 (4) 1-366 (5)
C(8)-C(9) 1-547(5) 1.555(5) 0(22)—C(23) 1-427(6) 1-405(7)
C(8)-C(13) 1-540(7)  1.531(5) 0(24)-C(25) 1-417(7) 1-411(8)
C(9)-C(10) 1-548 (5) 1-548 (5)
Molecule 1 Molecule 2

C(2)-C(H--C(10) 110-1 (4) 109-5 (6)
C(H-C(2)-C(3) 112.8 (6) 112-6 (8)
C(2)-C(3)-C(4) 124-4 (6) 125-7(9)
C(3)-C(4)-C(5) 122-8 (6) 121-5(8)
C(3)- C(4)-C(15) 119-6 (6) 119:6 (9)
C(5)—-C(4)-C(15) 117-5(5) 118-9(7)
C(4)-C(5)—-C(10) 108-7 (4) 108-1 (5)
C(4)--C(5)--C(14) 105-5 (5) 106-0 (6)
C(6)-C(5)-C(10) 108-3 (5) 106-9 (5)
C(6)-C(5)-C(14) 108-9 (5) 108-4 (5)
C(10)-C(5—-C(14) 114-3(5) 1156 (5)
C(5)-C(6)-C(7) 111-8(5) 112-4 (6)
C(6)--C(7)--C(8) 112-9 (6) 113-9(6)
C(1)-C(8)-C(9) 113-5(5) 112-1(5)
C(7)-C(8)--C(13) 108-9 (6) 109-7 (5)
C(9)-C(8)-C(13) 114-0 (6) 114-5 (5)
C(8)-C(9)-C(10) 110-4 (5) 109-5 (5)
C(8)-C(9)--C(11) 1087 (5) 108-4 (5)
C(8)-C(9)-C(12) [11-9(5) 111.2(5)
C10)-C(9)-C(11) 109-6 (5) 110-1(5)
C(10)-C(9)-C(12) 111-8(5) 112:3(5)
CUN-C(9-C(12) 1041 (5) 105-2 (5)
C(1)-C(10)-C(5) 108-8 (4) 109-3 (5)
C()--C(10) -C(9) 115-5(3) 113-3(4)
C(5)-C(10)-C(9) 116-5(4) 118-2(5)
C(9)-C(11)--C(16) 119-8 (5) 118-4 (5)
CnN-cae-cumn 119:6 (5) 122-0 (6)
C(11)-C(16)-C(21) 122-3 (5) 120-6 (5)
C(17)-C(18)-0(24) 114.3 (6) 115:2(7)
C(19)-C(18)--0(24) 126-1 (6) 125-1(7)
C(16)- C(21)-0(22) 116-4 (5) 115-3 (6)
C(20)-C(21)-0(22) 124-1 (5) 124-4 (6)
C(21)-0(22)-C(23) 118-2 (5) 1180 (6)
C(18)-0(24)-C(25) 117-7(7) 117.9(7)
C()-C(2)-C(3)-C4) —10-3 (6) —12:3(10)
C(2)-C(3)-C4)-C(5) 1.8 (6) 5-5(8)
C(3)- C(4)--C(5)-C(10) ~23-7(5) -27.2(T)
C(4)--C(5)-C(10)-~C(1) 53-9 (4) 55-8(5)
C(5)~C(10)--C(1)-C(2) -64-4 (5) -64-7(6)
C(10)- C(1N—C(2)-C(3) 41-5 (5) 409 (7)
C(5)-C(6)-C(—C(8) -58.6 (6) -59-2(6)
C(6)-C(7)-C(8)-C(9) 53-0(5) 54.3(5)
C(7)—-C(8)-C(9)--C(10) —45-9(5) —46-7 (5)
C(8)-C(9)-C(10)-C(5) 47-5(5) 48-9 (5)
C(9)--C(10)--C(5)--C(6) ~52-5(5) -51-9 (5)
C(10)--C(5)--C(6)-C(T) 56-1(5) 54-2 (5)
C(1)-C(10)-C(5)—C(6) 174.8 (5) 176-5 (6)
C(@4)-C(5)-C(10)-C(9) —173.5(6) —172-6 (6)
C(8)-C(9)-C(11)-C(16) 53-4 (5) 57-5(5)
C10)-C(9)-C(11)-C(16) —67-3(5) —62-2(5)
C9) C(ibh-Ccue)-Ccumn -83-3(6) 75-4 (6)
C(1NH-C(16)-C(21)-0(22) =3-1(5) ~2-8(5)
C(16)--C(21)-0(22)-C(23) 177-7 (6) —179-9(7)
C(17)--C(18)-0(24)-C(25) —176-8 (8) 179-9 (8)
C(16)-C(17)--C(18)-0(24) 179-5(7) 179-9 (8)
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fall into two categories. The average C(methyl)—O
bond length is 1-415(4) A, whereas the average
C(phenyl)—O bond is shortened to 1-370 (2) A. These
values, compared with the standard single C—O bond
length (1-43 A), together with the observation that the
methoxy groups are coplanar with the adjacent benzene
ring within 0-1 A, give evidence of a conjugation effect
between the phenyl group and the oxygen atoms,
extending partially as far as the methyl groups.

If a few cases, which will be discussed later, are
excluded, valency angles around a C(sp®) atom and not
involving hydrogen atoms can be divided into three
subgroups with average values of 112-0 (2), 110-4 (2)
and 109-0 (1)°, for a secondary, tertiary or quaternary
carbon atom, respectively, as the central atom.

The C,; sesquiterpene moiety exhibits a trans A/B
Jjunction. The cyclohexene ring 4 displays a conforma-
tion intermediate between the sofa and half-chair forms
with C(1) 0-209 (7) A above and C(10) 0-574 (8) A
below the plane defined by C(2), C(3), C(4) and C(5).
The mirror plane, pertinent to the sofa form, passes
through C(3) and C(10), whereas the twofold axis,
pertinent to the half-chair form, crosses the midpoints
of the C(3)-C(4) and C(1)-C(10) bonds. The
deviations from the ideal cases can be measured by the
asymmetry  parameters AC[C(3)] and 4C,-
[C(3)—C(4)] (Duax, Weeks & Rohrer, 1976), which, in
the ring A4, take the values of 11-6 (6) and 13-8 (7)°
respectively. The total puckering amplitude Q accord-
ing to Cremer & Pople (1975) has the value of
0-527 (8) A. The conformation found is that expected
for a cyclohexene ring with the double bond in positions
3,4 and trans-fused with a cyclohexane chair ring
(Bucourt & Hainaut, 1965).

The ring B is in a slightly distorted chair conforma-
tion. The values of the total puckering amplitude
Q =0-532(8) A and the associated angle = 6-8 (9)°
are not far from those corresponding to an ideal
cyclohexane chair (Q =0-63 A, § = 0°). The individual
displacements of the intraring atoms from their mean
plane reveal that the distortion is essentially due to a
flattening at C(9).

Apart from those deriving from the ring fusion, the
main distortions in the sesquiterpene moiety are nicely
accounted for by the intramolecular van der Waals
interactions between the bulky methyl substituents,
three of which protrude from the same face of the fused
ring: C(12) and C(14) in axial and C(13) in equatorial
positions.

The short contacts are 2-97(2), 3-28(2) and
3221 (A for C(13)---C(12), C(12)---C(14) and
C(14)---C(15) respectively. The widening of angles
C(9)—C(100—C(5) and C(10)—C(5)—C(14) to the
values of 117-4 (3) and 115-0 (4)° and the narrowing
of angles C(12)—C(9)—C(11) and C(4)-C(5)—C(14)
to the values of 104:6 (4) and 105-7(4)° can be
ascribed to the need to relax the contact between
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Fig. 2. Projection of the crystal structure down b.

C(12) and C(14). This interaction is also responsible for
the flattening of ring B at C(9). Analogously, the
widening of angle C(9)—C(8)—C(13)to 114:2 (4)° is a
demand of the interaction C(12)---C(13), while the
short contact (1:96 A) between two H atoms at C(1)
and C(11) causes the angle C(1)—C(10)—C(9) to widen
to 114-4 (3)°.

Otherwise, the widening of the angle
C(9)—C(11)—C(16) to 119-1 (4)° is probably due to
requirements of the packing of the hydroquinone
fragment which, in this way, becomes perpendicular to
the mean plane through the sesquiterpene system

Acta Cryst. (1987). C43, 988-990
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linterplanar angles: 91 (1) for molecule 1 and 86 (1)°
for molecule 2].

The crystal packing, illustrated in Fig. 2, shows weak
van der Waals contacts.

The work was financially supported by CNR
(Rome).
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Structure of N-Benzoyl-5'-O-tert-butyldimethylsilyl-2’'-deoxyadenosine Monohydrate
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Abstract. C,H;N,O,Si.H,0, M, =487-6, ortho-
rhombic, P2,2,2,, a=18:642(2), b=28.032(1), ¢
=16-825(2)A, V=25193(1)A3, Z=4, D,=
1-286 g cm=3, A(Cu Ko)=1-5418 A, u=10-85cm™,
F(000) = 1040, T = 283 K, R =0:067 for 1664 unique
observed reflections. The glycosidic torsion angle,
x=161-8 (10)°, is in the anti conformation. The
deoxyribose ring has a C3'-exo (C2'-endo) pucker and
the conformation around the C5'—C4’ bond is gauche—

0108-2701/87/050988-03$01.50

gauche. The mean Si—C bond length is 1-861 (6) A
(three evaluations), and the Si—O5’ bond length is
1.658 (6) A. The crystal structure is stabilized by a
fully satisfied hydrogen-bond network involving the
water of crystallization and by stacking interactions
between the phenyl ring and the base. Finally, there are
weakly polar C—H.-.-O interactions between C8 and
05’ and between the &(+) edge of the phenyl ring and
the water of crystallization.
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