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113.8 (1)°, also helps to minimize these non-bonded
interactions. The bicyclic ammonium ion is hydrogen
bonded to the picrate anion; Hl---Ol 2.03 (3)A and
N1—HI---O1 153(2)°. This brings one of the ortho-
nitro O atoms (O7) into close proximity to one of the
methylene H atoms attached to C2; O7---H3A 2.45 A
within the sum of the van der Waals radii (2. 59A;
Kitaigorodsky, 1973). There is high anisotropic thermal
motion of the nitro O atoms; this is consistent with the
expected ‘soft’ torsional motion about the C—N bonds.

Experimental

Crystals of (1) (422-425 K) were grown from ethanol/ether.

Crystal data
Ci;H2NSi*.CsHaN3O7
M, = 440.52
Monoclinic

P2[/C

a=11871(1) A

b= 21.586(2) A

c=8484 (1) A
B =102.58(1)°
V=21218(4) A’
Z=1

D, =1379 Mg m~}
D,, not measured

Data collection

Enraf-Nonius CAD-4S
diffractometer

w/20 scans

Absorption correction:
Gaussian (SHELXT76;
Sheldrick, 1976)
Trin = 091, Thax = 0.97

4771 measured reflections

3712 independent reflections

Refinement

Refinement on F*
R[F? > 20(F»)] = 0.050
wR(F?) = 0.139
S=1.034
3712 reflections
384 parameters
All H atoms refined
w = /[oX(F2) + (0.0791P)*
+ 0.8915P]
where P = (F2 + 2F2)/3
(A/0)max = —0.001

Mo Ko radiation

A =0.71069 A

Cell parameters from 25
reflections

0 =12-15°
po=0.158 mm™'
T=293(2)K

Thick plate
0.55 x 0.52 x 0.17 mm
Yellow

3121 reflections with

I > 20()
Rin = 0.025
Omax = 24.96°
h=-14 - 14
k=-25—>1
I=—-1-10

3 standard reflections
frequency: 120 min
intensity decay: 0.6%

Apmax = 0422 ¢ A3

Apmin = —0269 ¢ A~

Extinction correction:
SHELXL93 (Sheldrick,
1993)

Extinction coefficient:
0.0034 (13)

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (A, °)

Si—C12 1.856 (3)
Si—Cl11 1.860(3)
Si—C13 1.862 (3)
Si—C6 1.947 (2)
N1—C10 1.506 (3)
NI—C2 1.512(3)
N1—Cé 1.544 (3)
N1—HI 0.90 (3)

Cc2—C3 1.501 (4)
C3—C4 1.505 (5)
C4—C5 15114
C5—Co6 1.548 (3)
Ce—C7 1.534 (3)
C7—C8 1.508 (4)
Cc8—C9 1.511 (4)
C9—C10 1.507 (4)

© 1997 International Union of Crystallography
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Ci2HpeNSi*.CeHN; O

C12—Si—C6 105.3 (1) C4—C5—C6 116.0(2)
C11—Si—C6 107.8 (1) C7—C6—NI1 107.9(2)
C13—Si—C6 118.2(1) C7—C6—C5 110.2(2)
CI0—NI—C2 109.7 (2) N1—C6—C5 108.4 (2)
C10—NI1—C6 112.4(2) C71—C6—Si 113.77(15)
C2—N1—C6 114.3(2) NI—C6—Si 112,16 (13)
CI0—NI—H1I 107.6 (16) C5—C6—5i 104.27 (15)
C2—NI1—HI1 102.7 (16) C8—C7—C6 114.6 (2)
C6—NI—HI 109.6 (16) C7—C8—CY 110.6(2)
C3—C2—NI1 111.3(2) C10—Co9—C8 111.8(2)
C2—C3—C4 111.0(2) N1—C10—C9 111.7(2)
C3—C4—C5 109.3(2)

The structure was solved by direct methods using SHELXS86
(Sheldrick, 1990). Refinement was performed using SHELXL-
93 using anisotropic displacement parameters for all non-H
atoms and isotropic displacement parameters for the H atoms.
The figure was drawn using ORTEPII (Johnson, 1976) and
tables prepared using SHELXL93. All calculations were carried
out on a VAXstation 4000VLC computer system.

Our thanks go to the Australian Research Council
Large Grants Scheme for funding this work.

Supplementary data for this paper are available from the 1UCr
electronic archives (Reference: SX1022). Scrvices for accessing these
data are described at the back of the journal.
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Abstract

The asymmetric unit of the crystals of the syn-
thetic equivalent of the terrestrial natural product
(£)-(E)-3-(4-hydroxyphenyl)-N-[4-(3-methyl-2,5-dioxo-
1-pyrrolidinyl)butyl]-2-propenamide, C;3H2;N,O4, con-
tains two independent but structurally similar molecules.
The cinnamide, putrescine and succinimide regions of
the molecule are each planar but lie almost perpendicu-
lar to the adjacent moiety. Hydrogen bonds link the mol-
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ecules inio infinite sheets characterized by the R3(18)
and R%(62) motifs.

Comment

A reinvestigation of the methanolic extract of Lil-
ium regale Wilson (Liliaceae), a perennial plant native
to China, led to the isolation and characterization of
the novel triamide derivative of putrescine (1,4-di-
aminobutane), (I) (Mimaki & Sashida, 1990). The re-
port also indicated that the bulbs of the genus Lil-
ium have been used in traditional Chinese medicine.
The occurrence in many higher plants of compounds
containing variously hydroxy-substituted cinnamic acids
linked to putrescine (generally known as phenolamides
or hydroxycinnamic acid amides) is well documented
(Mizusaki, Tanabe, Noguchi & Tamaki, 1971; Ganem,
1982; Smith, Negrel & Bird, 1983; Mpglgaard &
Ravn, 1988). The cinnamides, in general, are of in-
terest because of their diverse biochemical profiles
(Sundaramoorthi, Fourrey & Das, 1984) and the role
they play in proliferative processes (Bergeron, 1986).

[o) OH

)]

The synthesis of compound (I) was recently carried
out (Kuehne & Hesse, 1993) and the structure of the
synthetic product was determined by X-ray diffraction
in order to confirm its chemical identity and to establish
its spatial structure. Reports of the structures of related
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compounds of this type are very scarce, the closest
structures being those of three symmetrical dibenz-
amide derivatives of putrescine (Brisson, Gagné &
Brisse, 1989). More distant relatives are the structures of
the cyclic spermidine cinnamides, cadabicine (Ahmad,
Amber, Arif, Chen & Clardy, 1985), lunarine (Jeffreys
& Ferguson, 1970; Tamura & Sim, 1970), caesalpinine
A (Mahato, Sahu & Luger, 1983), (+)-(8S,13R)-cyclo-
celabenzine (Schultz & Hesse, 1996a) and (+)-(9S,13R)-
isocyclocelabenzine (Schultz & Hesse, 1996b). The
structure of pyramidatine, which contains linked cinn-
amide and putrescine moieties, has been elucidated from
NMR measurements (Cordell & Kinghorn, 1991), but it
has not been determined crystallographically.

There are two symmetry-independent molecules of
compound (I) in the asymmetric unit. The molecules
are closely related by a non-crystallographic inversion
centre located at 0.745, 0.399, 0.756, with a mean devi-
ation of the atoms from a perfect inversion relationship
of 0. 19(10)A A 51gmﬁcam difference in the orienta-
tion of the phenyl ring, caused by a twist of 21.2(8)°
about the C3—C4 bond, is the main factor leading to
the breakdown of the symmetry relationship. All other
torsion angles differ by less than 10°, the largest of these
being in the succinimide ring.

A small amount of residual electron density suggests
the presence of conformational disorder at C15 and
C35 in the succinimide rings, although attempts to
model the disorder were unsuccessful. The unusual
shortness of the C15—C18 and C35—C38 bonds, as
well as the differences in the torsion angles around the
succinimide ring, probably result from the inadequately
modelled disorder. All other geometric parameters have
normal values and the molecules adopt a straight-chain
conformation rather than a twisted or folded form.

Fig. 1. The asymmetric unit of compound (I) showing the atom-labelling scheme and the R3(18) ring motif formed byA the N—.~H- --0 hydroge}n
bonds. Displacement ellipsoids are drawn at the 50% probability level. H atoms are represented by spheres of arbitrary size. Molecule B is

shown in the symmetry position | —x, | —y, | —z.
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The molecules have three roughly planar sections, the
plane of each section being almost perpendicular to that
of the adjacent section. The first section contains all
atoms of the cinnamide moiety from N1 through to the
hydroxy group. The r.m.s. deviation from this plane in
molecule A (data for molecule B follows in parentheses)
is 0.074 A (0.081 A) and the maximum devnatlon from
the plane is 0.174 (2) A for atom N1 [0.125 (3) A, C25].
The second planar section is the putrescine moiety,
including the two N atoms, with an r.m.s. deviation
from the plane of 0054A (0.066 A) and a max1mum
deviation of 0.076 (2) A for atom N2 [0.105 (2) A, N2 1].
The succinimide ring, including the O atoms, forms the
third planar section with an r.m.s. deviation from the
plane of 0060A (0.046 A) and a maximum deviation
of 0.122 (3)A for atom C16 [O. 092 (4) A, C35]. The
cinnamide plane makes an angle of 74.5 (2)° [81.2 (2)°]
with the putrescine plane and the latter makes an angle
of 83.3(2)° [84.0(2)°] with the succinimide plane. The
deviation from planarity of the succinimide ring is
towards a half-chair conformation twisted on C15 and
C16 (C35 and C36) with pseudorotation parameters,
P and 1, (Rao, Westhof & Sundaralingam, 1981), of
69 (1) and 13.6(3)°, respectively [63(2) and 8.3 (3)°].

The two independent molecules, A and B, are linked
into AB pairs by intermolecular hydrogen bonds between
the amide N—H group of each molecule and one of
the O atoms of the succinimide ring of the other mol-
ecule. This results in a closed loop of hydrogen bonds
with the graph set R3(18) (Bernstein, Davis, Shimoni &
Chang, 1995). The hydroxy group of molecule A forms
an intermolecular hydrogen bond with the amide O atom
of an adjacent molecule A (Fig. 2). This interaction
links the type A molecules into infinite one-dimensional

, %@;

iy
o

Fig. 2. The crystal packmg of compound (I) viewed down the ¢ axis,

showing the infinite sheets and the R3(18) and R8(62) ring motifs
formed by the hydrogen bonds.

i

f2=%]
a2

S
e

CisH2oN,O4

chains running parallel to the y axis; graph set C(10).
The type B molecules form the same type of chains. The
combination of all hydrogen-bonding interactions links
the molecules into infinite two-dimensional sheets which
lie normal to the [201] direction and can be described by
two ring graph sets. The R3(18) motif described above
links molecules A and B, while a larger R4(62) motif
involves six molecules and both types of hydrogen bond.
The large rings can be thought of as distorted hexagons,
each side of which edge shares with an adjacent ring,
thereby forming infinite sheets based on a honeycomb
pattern.

Experimental

Compound (I) was prepared according to the method of
Kuehne & Hesse (1993). Suitable crystals were obtained by
recrystallization from methanol.

Crystal data

CisH22N,04

M, = 330.38
Monoclinic
P2|/C .
a=16488(7) A
b=18221(3) A
c=11.670(8) A
3 =103.76 (4)°°
V = 3405 (3) A®
Z=38

D, =1.289 Mg m~’
D,, not measured

Data collection

Rigaku AFC-5R diffractom-
eter
w—-26 scans
Absorption correction: none
6535 measured reflections
6000 independent reflections
3235 reflections with
I > 20()
Rin = 0.056

Refinement

Refinement on F?
RIF? > 20(F)} =
wR(F?) = 0.224
S =1.235
5696 reflections
451 parameters
H atoms: see below
w = U[cX(F2) + (0.0771P)
+ 1.7795P]
where P = (F2 + 2F})/3

0.064

Mo Ko radiatj}on

A =0.71069 A

Cell parameters from 25
reflections

0 =17.0-19.5°
p = 00915 mm™'

=173(1) K
Prism

0.50 x 0.20 x 0.15 mm
Colourless

omax = 250

h=-19 - 19

k=0 —21

1=0—-13

3 standard reflections
every 150 reflections
intensity decay:

insignificant

(A/0)max = 0.001

Apmax = 0732 A7

Apmin = —0.391 e A3

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (A, °)

o71—-C7 1.366 (4)
N1—Cl 1.343 (5)
N1—C10 1.458 (4)
N2—Cl14 1.385(5)

027—C27 1.360 (4)
N21—C21 1.341 (5)
N21—C30 1.450(5)
N22—C34 1.373(5)
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N2—C17 1.388(5) N22—C37 1.389 (5)
N2—CI13 1.469 (4) N22—C33 1.469 (5)
ci—C2 1.479 (5) C21—C22 1.481 (5)
c2—C3 1.329(5) C22—C23 1.324 (5)
Cc3—C4 1.474 (5) C23—C24 1.465 (5)
C14—C15 1.523(6) C34—C35 1.537 (6)
C15—C16 1.530(6) C35—C36 1.535 (6)
C15—C18 1.428(6) C35—C38 1.452 (6)
Cla—CI5—L16 103.6 (4) C34—C35-—-C36 102.0 (3)
C2—C3—C4—C5 ~1.3(6) C22—C23—C24—C25 13.9(6)
Cl—N1—CI10—Cl1 —92.0(4) C21—N21—C30—C31 -91.8(4)
C14—N2—C13—CI2 89.1(5) C34—N22—C33—C32 82.7(4)

Table 2. Hydrogen-bonding geometry (A, °)

D—H---A D—H H---A D---A D—H---A
07—H7-- -0l 0.89 (4) 1.83 (4) 2.679 (4) 160 (4)
NI—Hl- - -034" 0.81(4) 2314 3.078 (4) 160 (4)
027—H27---021" 0.90(5) 1.78 (5) 2.671(4) 173 (4)
N21—H21...014" 0.81(4) 2.18(4) 2971 (4) 168 (3)

Symmetry codes: (i) | — x,y — %, 1: —zGi) 1 —x, 1 =y | —z(ii)

-ny—4t-1-z

The BUNYIP program (Hester & Hall, 1995) indicated that the
two independent molecules in the asymmetric unit are closely
related by a centre of inversion. Tests for overlooked super-
lattice reflections and transformations of the unit-cell param-
eters confirmed that additional crystallographic symmetry is
not present. All H atoms were initially located in a difference
electron-density map. The positions and isotropic displacement
parameters of those attached to N and O atoms were refined
freely. The positions of the H atoms bonded to C atoms were
geometrically optimized and allowed to ride on their parent
atoms with Uie(H) = 1.2U(C). Methyl groups were treated
as rotating rigid groups with Ui,o(H) = 1.5U(C). A total of
304 reflections with F} < —20(FZ) were excluded during
refinement.

The two largest peaks of residual electron density (0.73
and 0.59 e A™?) are located within 1.1 A of C15 and C35
and their positions suggest conformational disorder of the
five-membered ring in each independent molecule. Attempts
to refine C15 and C35 as disordered atoms, even with
bond-length and similarity restraints, produced unsatisfactory
results. The unusually short bond lengths for C15-—C18
and C25—C38 are probably the result of the inadequately
modelled disorder.

Data collection: MSC/AFC Diffractometer Control Soft-
ware (Molecular Structure Corporation, 1991). Cell refine-
ment: MSC/AFC Diffractometer Control Software. Data re-
duction: TEXSAN PROCESS (Molecular Structure Corpora-
tion, 1989). Program(s) used to solve structure: SHELXS86
direct methods (Sheldrick, 1990). Program(s) used to refine
structure: SHELXL93 (Sheldrick, 1993). Molecular graphics:
ORTEPII (Johnson, 1976). Software used to prepare material
for publication: SHELXL93.

Supplementary data for this paper arc available from the IUCr
electronic archives (Reference: AB1491). Services for accessing these
data are described at the back of the journal.

References

Ahmad, V. U., Amber, A.-ur-R., Arif, S., Chen, M. H. M. & Clardy.
1. (1985). Phytochemistry, 24, 2709-2711.

Bergeron, R. J. (1986). Acc. Chem. Res. 19, 105-113.

© 1997 International Union of Crystallography
Printed in Great Britain — all rights reserved

1475

Bernstein, J., Davis, R. E., Shimoni, L. & Chang, N.-L. (1995). Angew.
Chem. 107, 1689-1708.

Brisson, J., Gagné, J. & Brisse, F. (1989). Can. J. Chem. 67, 840-849.

Cordell, G. A. & Kinghorn, A. D. (1991). Tetrahedron, 47, 3521~
3534.

Ganem, B. (1982). Acc. Chem. Res. 15, 290-298.

Hester, J. & Hall, S. R. (1995). BUNYIP. Xtal3.4 Users Manual, edited
by S. R. Hall, G. S. D. Link & J. M. Stewart. University of Western
Australia, Australia.

Jeffreys, J. A. D. & Ferguson, G. (1970). J. Chem. Soc. B, pp. 826~
829.

Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge
National Laboratory, Tennessee, USA.

Kuehne, P. & Hesse, M. (1993). Tetrahedron, 49, 4575-4580.

Mahato, S. B., Sahu, N. P. & Luger, P. (1983). J. Am. Chem. Soc.
105, 4441-4445.

Mimaki, Y. & Sashida, Y. (1990). Chem. Pharm. Bull. 38, 541-543.

Mizusaki, S., Tanabe, Y., Noguchi, M. & Tamaki, E. (1971).
Phytochemistry, 10, 1347-1350.

Molecular Structure Corporation (1989). TEXSAN. Single Crysial
Structure Analysis Software. MSC, 3200 Research Forest Drive,
The Woodlands, TX 77381, USA.

Molecular Structure Corporation (1991). MSC/IAFC Diffractometer
Control Sofiware. MSC, 3200 Research Forest Drive, The Wood-
lands, TX 77381, USA.

Mglgaard, P. & Ravn, H. (1988). Phytochemistry, 27, 241 1-2421.

Rao, S. T., Westhof, E. & Sundaralingam, M. (1981). Acta Cryst. A37,
421-425.

Schultz, K. & Hesse, M. (1996a). Helv. Chim. Acta, 79, 1295-1304.

Schuliz, K. & Hesse, M. (1996b). Tetrahedron, 52, 14189-14198.

Sheldrick, G. M. (1990). Acta Crysi. A46, 467473,

Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of
Crystal Structures. University of Gottingen, Germany.

Smith, T. A., Negrel, J. & Bird, C. R. (1983). Advances in Polyamine
Research, Vol. 4, edited by U. Bachrach, A. Kaye & R. Chayen,
pp. 347-370. New York: Raven Press.

Sundaramoorthi, R., Fourrey, J.-L. & Das, B. C. (1984). J. Chem. Soc.
Perkin Trans. 1, pp. 2759-2763.

Tamura, C. & Sim, G. A. (1970). J. Chem. Soc. B, pp. 991-995.

Acta Cryst. (1997). C53, 1475-1478

Photoproducts Derived from 9-Substituted
Dibenzobarrelenes

M. MUNEER,” NiGaM P. RaTH®? anD M. V. GEORGE*

“Photochemistry Research Unit, Regional Research
Laboratory (CSIR), Trivandrum 695019, India, and

b Department of Chemistry, University of Missouri-St Louis,
8001 Natural Bridge Road, St Louis, MO 63121, USA.
E-mail: nigam_rath@umsl.edu

(Received 20 June 1996; accepted 24 April 1997)

Abstract

Irradiation of 11,12-dibenzoyl-9,10-dihydro-9-hydroxy-
methyl-9,10-ethenoanthracene, (1a), and 11,1 2-dibenzoyl-
9,10-dihydro-9-methoxy-9,10-ethenoanthracene, (1b),
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