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The cyclopentene ring is almost planar with the
largest internal torsion angle being 1-4 (3)° and the
maximum deviation from the least-squares plane being
0-008 (3) A. The interplanar angle between the cyclo-
pentene ring and C(6)C(7)C(11)C(12) is 120-2 (2)°.
C(6)C(13)C(12) symmetrically bridges the six-
membered ring forming interplanar angles of 1244 (2)
and 124-0 (2)° with C(6)C(7)C(11)C(12) and C(6)-
C(5)C(1)C(12), respectively. This bridge is significantly
asymmetric in 8,9,10-trinorbornene molecules exhibit-
ing pyramidalization of the sp? C atoms. The
119-9 (2)° interplanar angle between the 8,9,10-tri-
norbornane unit C(6)C(5)C(1)C(12) and C(1)S(2)-
S(4)C(5) is the same as that between the cyclopentene
ring and the 8,9,10-trinorbornane moiety.

The intramolecular distances between endo H atoms,
H(1)---H(11) and H(5)---H(7), are 2:38(3) and
2:37(3) A respectively. H(132) lies 3-00(3) and
2:95(2) A from S(2) and S(4) and 3-95(2) A from
S(3). The only significant intermolecular contact is
2-27 (4) A between H(1) atoms of adjacent molecules.
The X-ray structural data are consistent with the
addition of the S, unit to the exo face of the
8,9,10-trinorbornene molecule forming a nonplanar
five-membered trithiolane ring with the central sulfur
anti with respect to the methylene bridge. The exo
addition is consistent with the pyramidalization of the
sp? C atoms of 8,9,10-trinorbornene (Watson, 1983).

We thank The Robert A. Welch Foundation and the
TCU Research Foundation for their support. Our
interest in trithiolane was stimulated by discussions with
Professor Shigeru Oae during his visit to this laboratory
in 1984.
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Structure of 1,2'-Spirobiindan-1',3'-dione, a Key Intermediate in the Total Synthesis of
Fredericamycin A*

By K. R. ACHARYA, VEDAVATI G. PURANIK, S. S. TAVALE AND T. N. GURU Rowt
Physical Chemistry Division, National Chemical Laboratory, Pune — 411 008, India

(Received 17 July 1985; accepted 14 October 1985)

Abstract. C,,H,;,0,, M, =248.3, monoclinic, P2,/n,
a=12.544 (2), 5="17-507 (1), c=13-480 (2) A, f=
97.09 (1)°, ¥V=1259-PA3 Z =4, D, (flotation in
aq. KI)=1:312, D,=1-309Mgm=3 Ai(Mo Ka)=
0-7107 A, u=0-94mm~% F(000)=520-0, T=

* NCL Communication No. 3860.
1 To whom correspondence should be addressed.

0108-2701/86/030334-03%01.50

293 K, R=0-050 for 651 observed reflections. The
[4.4]nonane system is characteristic of fredericamycin
A. The angle between the two aromatic portions at the
spiro C [89-9 (6)°] imposes the necessary spatial
requirements and the C=0 bond lengths [1:216 (9) and
1.202 (9)A] indicate that they are properly positioned
for synthesis of fredericamycin A. The internal angles
at the spiro C atom average 102-4 (6)°.
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Introduction. Fredericamycin A (Fig. la, Misra,
Pandey & Silverton, 1982) is an antitumour antibiotic
which possesses a novel spiro[4.4]nonane system. This
characteristic spatial imposition may have a role in
determining its biological activity. The title compound
(Fig. 1b) was prepared as a part of the total synthesis of
fredericamycin A (Rama Rao, Reddy & Deshpande,
1984). It was imperative to establish the structure
unequivocally by single-crystal studies.

Experimental. Crystal (colourless) of approximate
dimensions 0-23 x 0-25 X 0-25 mm used for data
collection, lattice parameters from 22 reflections (14 <
260 < 28°), intensity data collected on an Enraf—Nonius
CAD-4F-11M single-crystal X-ray diffractometer,
graphite-monochromated Mo Ko radiation, three stand-
ard reflections (701, 612, 412), <4% intensity
variation, w/26 scan mode, scan speed 1° min~’,
0 < 24°, 2219 reflections collected, 651 judged signifi-
cant (I1F,1=30lF,l), h0-14, k0-8, k0-%15, no
correction for absorption, structure solved by direct
methods using MULTAN78 (Main, Hull, Lessinger,
Germain, Declercq & Woolfson, 1978). Full-matrix
refinement of scale factor, positional and anisotropic
thermal parameters (isotropic thermal parameters for H
atoms, located from difference map) converged to
R =0-050, wR =0-048, S =1-24, D w(| F,| —IF,I)?
minimized, w=(3-5 + 1-01F,1 + 0-0251F,12)7,
atomic scattering factors from International Tables for
X-ray Crystallography (1974), max. 4/c = 0-1, final 4p
excursions <10-21eA=3, LALS (Gantzel, Sparks &
Trueblood, 1961) used for refinement.

Discussion. The atomic parameters with their standard
deviations for non-H atoms are given in Table 1.* Bond
lengths and angles are given in Table 2. Fig. 2 gives a
perspective view of the molecule along with the
numbering of atoms. The spiro system in the title

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Lending Division as Supplementary Publication No. SUP 42583 (7
pp.). Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.

(a)
Fig. 1. (@) Fredericamycin A. () Title compound.

Table 1. Atomic coordinates (x10*) and equivalent
isotropic thermal parameters for non-H atoms with
e.s.d.’s in parentheses

— 2 " * %
Beg=§n22,2,U 0t ata.a,.

x y z B (A%
o(l) 3883 (4) 1809 (9) 4671 (4) 6-37
0(2) 363 (4) 1978 (8) 5495 (4) 5-71
C(1) 3028 (6) 1365 (12) 4933 (5) 4.84
C(2) 2855 (5) —130 (10) 5600 (4) 4.46
C(3) 1811 (5) —96 (12) 5846 (4) 3.97
C@4) 1235 (5) 1443 (12) 5354 (6) 4.58
C(5) 1933 (4) 2254 (10) 4632 (5) 4.31
C(6) 1521 (5) 1739 (11) 3566 (5) 3.63
C(7) 1151 (6) 3251(12) 2975 (7) 5-60
C(8) 1295 (7) 4857 (11) 3535 (8) 7-40
CH 1916 (7) 4365 (13) 4570 (8) 7-68
C(10) 3571 (6) —1420 (13) 6004 (6) 5-14
C(11) 3228 (7) —2665 (9) 6665 (6) 6-00
C(12) 2173 (6) —2626 (11) 6865 (5) 5.26
C(13) 1466 (5) —1329 (11) 6490 (5) 4.84
C(14) 1443 (5) 69 (11) 3158 (5) 4.08
C(15) 1014 (6) —195 (13) 2176 (6) 6-33
C(16) 677 (7) 1237 (17) 1632 (1) 6-83
c(1mn 725 (5) 2917 (12) 1972 (7) 5.76

Table 2. Bond distances (A) and bond angles (°) with
e.s.d.’s in parentheses

O(1)—-C(1) 1-216 (9) C(6)-C(7) 1.431 (12)
0(2)-C@4) 1.202 (9) C(6)-C(14) 1.368 (11)
C(1)-C(Q) 1-472 (11) C(7)-C(8) 1.422 (13)
C(1)—C(5) 1.537 (10) C(H-C(17) 1-414 (13)
C(2-CQ) 1-391 (9) C(8)—-C(9) 1.557 (15)
C(2)—C(10) 1386 (11) C(10)—C(11) 1-396 (12)
C(3)-C@ 1.476 (11) C(11)-C(12) 1-382 (12)
C(3)—-C(13) 1-:375 (10) C(12)—-C(13) 1.371(11)
C(4)—-C(5) 1-515 (10) C(14)—C(15) 1.381 (10)
C(5)—C(6) 1-516 (10) C(15)—C(16) 1.340 (15)
C(5)-C(9 1.587 (12) C(16)-C(17) 1-341 (15)
O(1)—C(1)-C(2) 126-0 (7) C(6)—C(5)—C(9) 101-8 (6)
O(1)—C(1)—-C(5) 126-6 (7) C(5)—-C(6)-C(7) 112-0 (6)
C(2)—-C(1)-C(5) 107-3 (6) C(5)—-C(6)—C(14) 127-9 (6)
C()-C(2)-C(3) 110-2 (6) C(7)-C(6)-C(14) 120-1(7)
C(1)—C(2)-C(10) 129-5(7) C(6)-C(7)-C(8) 111-4 (7)
C(3)-C(2)-C(10) 120:3 (6) C(6)—-C(T)-C(17) 116-8 (7)
C(2—-C(3)-C(4) 109-4 (6) C(8)—C(1)-C(17) 131-8 (8)
C(2)-C(3)-C(13) 121-1(6) C(7)-C(8)-C(9) 107-0 (8)
C(4)—-C(3)-C(13) 129-5(7) C(5)—-C(9)-C(8) 106-6 (7)
0(2)—C4)—CQ@3) 126-5(7) C(2)-C(10)—C(11) 118-9(7)
0(2)-C(4)—C(5) 125-2(7) C(10-C(11)—-C(12) 119:3(7)
C(3)—C4)—C(5) 108-3 (6) C(11)—C(12)-C(13) 122:3(7)
C(1)-C(5)-C4) 103-0 (6) C(3)-C(13)-C(12) 118-2(7)
C(1)—C(5)-C(6) 109-2 (6) C(6)-C(14)-C(15)  121-2(7)
C(1)-C(5)-C(9) 116-9 (6) C(14)—-C(15)-C(16) 118-0(8)
C(4)-C(5)—C(6) 110-5 (6) C(15)-C(16)—C(17) 124-8(9)
C(4)—-C(5)-C(9) 115-5 (6)

Cl12}

C(13)

C(15)

Fig. 2. A perspective view of the molecule.
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compound is characteristic of that in fredericamycin A
(Fig. la, Misra et al, 1982). The bond lengths
C(1)-0(1) and C(4)—0(2) [1-216(9) and 1-202(9)A
respectively] indicate that the carbonyl groups are
properly positioned for further synthesis. The distribu-
tion of bond lengths and angles around the ‘spiro’
atom C(5) shows some interesting features. The internal
angle in both the five-membered rings at C(5) [average
angle 102-4 (6)°] compares well with the theoretical
value of 103-4° obtained in a VF calculation on
(S)-(—)-spirol4.4Inonane-1,6-dione (Altona, de Graaff,
Leeuwestein & Romers, 1971). However, the bond
lengths around the spiro C atom show larger variations
[from 1.52(1) to 1-59(1)A] than those predicted by
the theoretical calculations [1-519 to 1.529A]. It is
clear that the large variations in the title compound
arise from steric interactions between the atoms in the
neighbourhood of the spiro junction and also from the
forced aromatic nature of the two parts of the molecule.
The angle between these two planes is 89-9 (6)° which
provides the necessary spatial requirements for further
synthetic feasibility towards fredericamycin A.

Acta Cryst. (1986). C42, 336-338
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Structures of a Series of Sulfonate Disubstituted Diacetylenes. III. 4,6-Decadiynylene
Bis(pentamethylbenzenesulfonate)
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Abstract. C;,H,,0,S,, M, = 586-80, monoclinic, C2/c,
a=21-632(3), b=18-669(2), c=15-063(2) A, B
=97-65(1)°, U=6029-0A% Z=8, D,300K)=
1-29 (1), D,=1.29Mgm~3, A(CuKa)=1-5418 A,
u=1.836 mm~!, F(000)=2512, T=300K, final R
=0-0463 for 2766 counter reflections. The molecule
adopts a Z-shaped conformation with the aromatic
rings on either side of the diacetylene group. The lack of
solid-state polymerization for this compound is a
consequence of this molecular conformation, which
sterically inhibits any topochemical reaction of the
diacetylene moieties in adjacent molecules.

0108-2701/86/030336-03301.50

Introduction, This paper forms part of a series in which
we correlate crystal structure and solid-state reactivity
of diacetylenes with substituent groups containing
sulfonate groups. Details of the background to these
studies are given in the first paper in the series
(Werninck, Blair, Milburn, Ando, Bloor, Motevalli &
Hursthouse, 1985).

Experimental. Title compound (PMDD) prepared by
the general method reported previously (Ando, Bloor,
Hubble & Williams, 1980). Recrystallization from
methanol gave a white crystalline solid (C =65-13,

© 1986 International Union of Crystallography



