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23,10aB-ethanophenanthrene-12,12-dicarboxylate

BY JEAN-PIERRE GOTTELAND AND MAX MALACRIA*

Laboratoire de chimie organique 1, UA CNRS 467, Université Claude Bernard, Lyon 1, ESCIL,
43 poulevard du 11 novembre 1918, 69622 Villeurbanne CEDEX, France

AND RENE FAURE

Laboratoire de chimie analytique 11, Université Claude Bernard, Lyon 1, 43 boulevard du 11 novembre 1918,
69622 Villeurbanne CEDEX, France

(Received 15 July 1989; accepted 14 September 1989)

Abstract. C,cH,,0,Si,, M,=472-8, monoclinic,
P2/c, a=16432(2), b=9-597 (3), c = 17029 2) A,
B=9373(1)°, V=280(1)A*> Z=4, D,=
117 gem ™3, A(Cu K@) = 1-5424 A, p=139cm™,
F(000) = 1024, T =295 K, R = 0-042 for 4337 unique
observed reflections. The title compound has a phyl-
locladane-type framework. One of the two Si atoms
is out of the mean-square plane of the phenyl ring
[ds; = 0234 (1) A]. This feature can explain the dif-
ferent reactivity of the two trimethylsilyl groups.

Introduction. Kaurane and phyllocladane are two
families of naturally occurring tetracyclic diterpenes
exhibiting very important biological activities
(Hanson, 1988). They have very close structural
features with a bicyclo[3.2.1]Joctane arrangement of
CD rings and a spiro BD ring junction in common;
the only difference in structure arises from the
stereochemistry of the BC ring junction: cis for the
kaurane, trans for the phyllocladane. Two of us have
recently disclosed (Gotteland & Malacria, 1989) a
strategy based upon a sequence of three consecutive

* Present address: Laboratoire de chimie organique, Université
Pierre et Marie Curie, Paris VI, Tour 4445, 4 place Jussieu, 75252
Paris CEDEX 05, France.
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cycloaddition reactions, allowing a straightforward
access, in high yields, to the basic skeleton of these
related families of natural products (see scheme).

CO;Me CO;Me
@ Q COMe (CHa)3Si @a@ COMe
+
(

(CH3)sSi

(CH3)sSi (CH3)sSi

1) (2)

In our model study this synthetic approach gave
rise to a major (90%) phyllocladane stereoisomer (1)
and a minor (10%) kaurane stereoisomer (2) whose
structural determination turned out to be quite diffi-
cult by NMR. We report in this paper the molecular
structure of the title compound (1) having a phyl-
locladane-type framework. To the best of our knowl-
edge, no structural investigations have been carried
out for such a compound.

Experimental. The synthesis of the compound has
been previously reported (Gotteland & Malacria,
1989). Transparent crystal from benzene/methanol
(50/50),  0-25 x 0-40 x 0-40 mm. Enraf-Nonius
CAD-4 diffractometer, graphite monochromator,
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Table 1. Atomic coordinates and equivalent isotropic
thermal parameters
B = (4/3)2.2,8,a.;

x y z B (AY)
Sil 0-07858 (4) 0-08404 (8) 0-65755 (4) 348 (1)
Si2 0-11755 (4) 0-06995 (8) 0-87849 (4) 341 (1)
Ol 0-4794 (1) —0-1177 (2) 0-6189 (1) 4-83 (4
02 0-5515 (1) -0-2678 (2) 0-5513 (1) 4-89 (4)
03 0-5685 (1) —0-5581 (2) 0-6597 (1) 494 (5)
04 0-5918 (1) —0-3599 (2) 0-7271 (1) 414 (4)
Cl 0-1387 (1) —0-0497 (3) 0-7183 (1) 2:82 (4)
(673 0-1497 (1) -00577 (3) 0-8017 (1) 279 (4
C3 0-1976 (1) —0-1661 (3) 0-8334 (1) 301 (5)
C4 0-2367 (1) —0-2647 (3) 0-7890 (1) 2:90 (5)
Cs 0-2881 (2) -0-3757 (3) 0-8311 (2) 377 (5)
C6 0-3104 (2) —0-4933 (3) 0-7760 (2) 384 (6)
c1 0-3412 (2) —0-4346 (3) 0-6999 (1) 312 (5)
C8 0-2706 (2) —0-3567 (3) 0-6542 (1) 317 (5)
9 0-2278 (1) ~0-2554 (3) 07073 (1) 277 ()
C10 0-1781 (1) -0-1501 (3) 06747 (1) 295 (5)
Cl1 0-4168 (1) —0-3405 (3) 0-7152 (1) 3-02 (5)
Cl2 0-4719 (2) ~0-3666 (3) 0-6452 (1) 309 (5)
C13 0-4193 (2) —0:4610 (3) 0-5879 (2) 374 (5)
Cl4 0-3577 (2) —0-3786 (3) 0-5349 (2) 4-23 (6)
Cl5 0-3015 (2) —0-2850 (3) 0-5809 (2) 363 (5)
Cl16 0-3727 (2) -0-5477 3) 0-6456 (2) 393 (6)
C17 0-4995 (2) —0-2343 (3) 0-6057 (2) 3-58 (5)
Ci18 0-5821 (2) -0-1551 (4) 0-5050 (2) 678 (8)
C19 0-5489 (2) —0-4422 (3) 0-6761 (2) 3-53(5)
C20 0-6620 (2) —0-4210 (4) 0-7684 (2) 482 (7)
C21 0-1012 (2) 0-0606 (4) 0-5518 (2) 576 (8)
c22 0-1109 (2) 0-2664 (4) 0-6825 (2) 568 (8)
c23 -0:0335 (2) 0-0625 (4) 0-6626 (2) 487 (7)
Cc24 0-0157 (2) 0-1531 (3) 0-8596 (2) 441 (6)
C25 0-1110 (2) —0-0252 (4) 0-9738 (2) 5-67 (8)
26 01995 (2) 0:2033 (4) 08938 (2) * 619 (8)

Cu Ka radiation, w36 scan, 2 < 26 < 146°. Unit-cell
parameters refined from setting angles of 25 selected
reflections  (27-2 <26 <74-6°). 5353 independent
reflections, only 4337 observed [/>30(l)]. 0<h <
20,0 <k <11, —21 <[/ <21. Standard reflection 324
showed 2% intensity variation. Lp corrections, no
absorption correction. Structure solved using
MULTANT8 (Main, Hull, Lessinger, Germain,
Declercq & Woolfson, 1978), refined by full-matrix
least squares based on F. Non-H atoms anisotropic,
H atoms located from F syntheses, with isotropic B
equal to the B, of bearing C atoms. Final refinement
involving the x, y, z, B; parameters for the non-H
atoms and x, y, z for the H atoms. R = 0:042, wR =
0047, w=1/02, (4/0")max = 0-14, |4p| <022 A3,
Computing by means of Enraf~Nonius SDP system
(B. A. Frenz & Associates Inc., 1982), DEC Micro-
VAX II computer, Centre de diffractométriec auto-
matique de I’Université Lyon I. Scattering factors
from International Tables for X-ray Crystallography
(1974).

Discussion. Atomic coordinates and equivalent iso-
tropic thermal parameters are given in Table 1.*
Main bond lengths and angles are in Table 2.

* Lists of structure factors, anisotropic thermal parameters,
H-atom coordinates, torsion angles and mean planes have been
deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 52677 (49 pp.). Copies may
be obtained through The Technical Editor, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.

C6H1004Si,

Table 2. Main bond lengths (A) and angles (°)

Sil Cl 1886 (2) ol C17 1193(3) 2 G 139303
Sil C21 1876 (3) 02 CI7 1340 (3) C3 C4 139403
Sil €2 1870 (3) 02 CI8 1447(4) C4 CS5  1513(4)
Sil C23 1861 (3) 03 C19 1196 (3) c4 09 139203
S22 1891 (2) 04 C19 1340 (3) C5 C6 1-528(4)
Si2  C24 1862 (3) o4 C20 143703 C6 C1 1529 (4
Si2 €25 1871 (3) . @ 1440 C7 C8 1546 (3)
Si2  C26 1863 (4) Cl  Cl0 1401 (3) C7  Cll 1544 (3)
C7 Cl6 1538(4) ~CIl CI2 1563 (4) C13 Cl4 1531 (4)
c8 9 1-530(4) Cl2 CI3 1552(4) CI3 Cl6 1-530 (4)
C8 CI5 1-540 (4) C12 Cl7 1520 4) Cl4 CI5 1-539 (4)
o Cl0 1392(3) Cl2 C19 152(3)

Cl  Sil €2  1084() C7 C8 CI5S 1104(Q)
Cl  Sil €2 1124(Q) 9 C8 CI5  1125(Q)
Ccl1 Sil €23 125() c4 © cs 1218 2)
c21 Sil €2 1050 (2) C4 © ClI0  1178(Q)
21 Sil €23 1069 (2) 8 C ClI0  1204(Q)
c2 Sil €3 1@ Cl  Cl0 ©9 1245 2)
C2 Si2 €4 1165(1) C7 CIl C12 10612
C2  Si2 25  1085(1) ol  CI7 02 1236(3)
c4 C5 C6 1122 (2) Ol CI7 Ci2 1273()
cs C6 C7 1107 (2) 02 Cl17 CI2 10912
c6 €1 C8 1090 (2) 03 CI9 04  1241()
C6 C7 Cll 1124 C2 CI Clo 173(Q)
C6 C7 Cl6 1131Q) sz € cCl 1292 (2)
8 C7 Cll 1118 sz C 131 Q)
C8 C7 Cl6 1080 (2) a2 . 1173 (2)
Cll C7 Cl6 1024(2) C2 3 C4 1244Q)
Cl4 CI3 Cl6 1086 (2 C3 C4& Cs 1189 (2)
Cl3 Cl4 CI5 1134() C3 C4 O 1185Q)
C8 CIS Cl4  1131(Q) Cs C4 O 122:6 (2)
C7 Cl6 CI3 10182 Cll CI2 CI3 10432
C2  Si2 C%6 1080 (1) Cll CI2 CI7 1141Q)
C4 Sz C25 1049 (1) Cll CI2 CI9 1088(Q)
C24 Si2 C26 1113 (2) Cl13 Cc12 C17 1123 (2)
C25 S22 C%6  1072(2) Cl3 CI2 CI9 1108(2)
Cl7 02 CI8 1172(Q) Cl7 Cl2 ClI9 1066 (2
Cl9 04 C20 1167(Q) Cl2 CI3 Cl4 11292
siil ¢l 1277 2) Cl2 CI3 Cl6 101:3(2)
Sil Cl  ClI0  1149(2) 03 CI9 C12  1264(2
c7 8 o 1116 (2) 04 CI9 Cl2  109:5()

Fig. 1. ORTEP view of the molecule with 4% probability thermal
ellipsoids. The H atoms are arbitrarily scaled.

The ORTEP drawing (Fig. 1) (Johnson, 1965)
shows that the molecule has a phyllocladane-type
framework. The different conformations of the four
rings can be discussed by means of the torsion angles
and the least-squares planes.

Only one of the two Si atoms lies nearly in the
mean-square plane of the phenyl ring [dg; =
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0-028 (1) A]. The other is clearly out of this plane
[dsi = 0-234 (1) A]. It has been noted (Colvin, 1981)
for bis(trimethylsilyl)arylsilanes that, owing to steric
acceleration, the first displacement of a silyl group
(Sil) occurs 40-400 times more rapidly than does the
second (Si2). An explanation of this highly regio-
selective desilylation could be found in the fact that
the Si2 trimethylsilyl group is out of the plane
defined by the phenyl ring, so determining the rate of
the C—Si bond cleavage.

The B ring is in a half-chair conformation in which
C4, CS, C8 and C9 are coplanar while C7 and C6 are
symmetrically positioned. The C ring has a near
regular chair conformation.

The D ring is in an envelope conformation with
Cl16 at the flap. This conformation leads to some
particularities in the '"H NMR spectra. Despite its
limitations (Karplus, 1963), the Karplus equation,
which relates *Jy_y coupling constants and dihedral
angles, is a very valuable model for probing molecu-
lar geometries (Colucci, Jungk & Gandour, 1985).
The structure assignment of (1), made at the same
time by two-dimensional NMR techniques, has
revealed some surprising vicinal coupling constants
especially between H16 and H10 (J_,c = 3-8, Jops =
47 Hz), H12 and HI10 (Jc =23, Jous = 3 Hz) and
H15 and H10 (Jeac = 1-2, Jops = 0Hz), which could be
explained by the corresponding dihedral angles
[H16—C16—C13/H10—C13—C16 = 50 (2); HI12—
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C14—C13/H10—CI13—Cl4 =61 (2); HIS—Cl6—

C13/H10—C13—C16 = 108 (2)°].
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and Roussel-UCLAF for financial support, to J-PG.
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Structure of 5-Hydroxy-2,2-dimethyl-5-phenyl-2,5-dihydrofuran-3-carbonitrile
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Abstract. C,;H,;NO,, M, = 2153, monoclinic, P2,/n,

= 15299 (4), b= 10661 (4), c =14-887 (3) A, B =
90-29 (2)°, V' =2428 (2) A3, Z=8, D, =118 gcm >,
A(Mo Ka) =0-71073 A, . =0-7 cm ™', F(000) =912,
T=294K, R=0-044 for 1418 observed reflections.
The analysis establishes the structure of this reaction
product. The two independent molecules in the
asymmetric unit differ only in the orientation of the
phenyl ring with respect to the furan ring. Molecular

* E-mail address: CHMFERG@VM.UOGUELPH.CA
0108-2701/90/071273-03$03.00

dimensions are normal; the molecules are linked by
O—H:-O hydrogen bonds [O--O 2-:767 (5) and
2:957 (5) Al.

Introduction. The 3(2H)-furanone nucleus (I) occurs
in a number of natural products, some of which have
antitumour properties. Bullatenone (II) (Brandt &
Taylor, 1954; Parker, Raphael & Wilkinson, 1958) is
the simplest of these naturally occurring furanones.
In an attempt to develop a short synthesis of
bullatenone and its derivatives, we examined the

© 1990 International Union of Crystallography



