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no unusually short contacts between the molecules. A
perspective drawing of the molecule with the numbering
scheme is shown in Fig. 2. Bond distances and angles
are listed in Table 2. The NO, group is attached to the
C(9) atom. The molecules are greatly distorted from a
planar conformation because of the steric repulsion
between H(C1)---H(C21), which is known as a 1,7
interaction, as in the structure of the parent 7H-
dibenzola,kl)anthracen-7-one (10,11-BzBT). The mean
planes of the two naphthalene moieties [(a,b) and (d,e)
rings in Fig. 2] make an angle of 24.95(5)°. The
repulsion is released mainly by the enlargement of the
C(1)—C(13)—C(12), C(11)—C(12)—C(13) and C(12)—
C(11)—C(21) angles and the distortion from a planar
conformation. We have defined the degree of distortion
as the twisting angle around the line C(11)---C(13).
The torsion angle C(1)-C(13).--C(11)-C(21) is
36-7 (3)°, which is larger than that in 10,11-BzBT
[33.4 (6)°] (Fujisawa, Oonishi, Aoki, Ohashi &

Acta Cryst. (1987). C43,974-9717

9-NITRO-7H-DIBENZO[a,kl] ANTHRACEN-7-ONE

Sasada, 1985). The NO, group rotates around the
C(9)—N bond from the coplanar conformation. The
torsion angle O(2)—N—C(9)—C(8) is 30-1 (3)°.
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Abstract. CgH,,N,0S, M,=197-26, monoclinic, P2,/c,
a=13-105(1), b=5-759(1), c=13-056(1)A,
B=99.71(2)°, V=971-4(2) A3, Z=4, D, = 1-389,
D .=1.349 g cm~3, A(CuKa)=1-5418 A, U=
26-354 cm~!, F(000) =416, T=298K, final R=
0-067 for 1499 observed reflections. There is significant
electron localization at the hydrazinic end of the
thiosemicarbazide side chain. This is due to the
presence of the electron-releasing methoxy group in the
phenyl ring para to the thiosemicarbazide chain and as
a result the antibacterial activity of the compound
increases.

Thiosemicarbazides and thiosemi-
exhibit a variety of metal-chelating

Iatroduction.
carbazones
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capacities (Domiano, Gasparri, Nardelli & Sgarabotto,
1969; Nandi, Chaudhuri, Mazumdar & Ghosh,
1984a,b). The antibacterial, antiviral and anticancer
activities possessed by substituted thiosemicarbazides
and thiosemicarbazones have generated rapidly grow-
ing interest in the chemical, biochemical and structural
aspects of these compounds (Johnson, Joyner & Perry,
1952; French & Blanz, 1966; Agrawal, Booth &
Sartorelli, 1968; Agrawal, Cushley, McMurray &
Sartorelli, 1970; Williams, 1972; Agrawal, Booth &
Sartorelli, 1973; Kuroda, Neidle & Wilman, 1984). It
has been suggested that the biological activities of these
groups of N,S donor ligands originate from their
metal-chelating and reductive capacities (Kirschner,
Wei, Francis & Bergman, 1966; Palenik, Rendle &
Carter, 1974). Comparative studies of the antibacterial
activity of 4-phenylthiosemicarbazide and some of its
ring-substituted derivatives revealed that the activity of
the para methoxy and the para chloro derivatives

© 1987 International Union of Crystallography
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increased significantly over that of 4-phenylthiosemi-
carbazide (Nandi, Chaudhuri, Mazumdar & Ghosh,
1984c; present work). The aim of the present work is to
determine the crystal structure of 4-(4-methoxy-
phenyl)thiosemicarbazide to account for its increased
antibacterial activity and to compare its activity and
structural features with those of 4-(4-chlorophenyl)-
thiosemicarbazide in order to arrive at a meaningful
structure—activity relationship.

Experimental. Colourless needle-shaped crystals (from
ethanol); density by flotation (benzene—bromoform);
crystal size: 0-42 x 0-30 x 0-25 mm; symmetry from
oscillation and Weissenberg photographs, P2,/c
(systematic absences: 0k0O, k& odd, 40/, / odd); Enraf-
Nonius CAD-4 diffractometer; graphite-
monochromated Cu Ka radiation; cell parameters
refined from setting angles of 25 reflections (11 <
0 < 34°), 1640 unique reflections (—15 <Ak <15, 0 <
k<15, 0<I<15 3<26<130°), 1499 observed
reflections [/ > 2-5a(])], intensities corrected for Lp,
absorption ignored: w/26 scan mode, scan angle
(0-90 + 0-14 tan6)°, scan aperture (2-50 +
0-50 tanf) mm, maximum scan time 90 s, three orien-
tation control reflections (413, 224, 141) monitored
every 200 reflections, structure solved by direct
methods (MULTAN78; Main, Hull, Lessinger, Ger-
main, Declercq & Woolfson, 1978); full-matrix least-
squares refinement on F for non-H atoms with isotropic
thermal parameters and then with anisotropic thermal
parameters (SHELX76; Sheldrick, 1976); ten H atoms
located from difference synthesis; further refinement
with isotropic thermal parameters for H and aniso-
tropic thermal parameters for non-H atoms; one H
atom generated with fixed geometry, not refined at all;
R =0-067, wR=0-085, S=1-5, w=1/[c*IF,l +
0-0121F,1%], 4/6<0-06, 4p excursions 0-30 to
—0-26 e A~ in final difference synthesis except a large
peak of 0-78eA-3 at 0.-95A from the S atom,
scattering factors from International Tables for X-ray
Crystallography (1974). Refinement of the structure
considering the disorder of the S atom was unsuc-
cessful. This fact as well as the large thermal vibration
of the methoxy carbon atom, C(8), may be the reason
for the rather high R value.

Evaluation of antibacterial activity. The in vivo
antibacterial activity of the following compounds
against Escherichia coli was determined in nutrient
broth by standard techniques. The minimum inhibitory
concentrations (m.i.c. in pg ml~") of 4-phenylthiosemi-
carbazide, 4-(4-chlorophenyl)thiosemicarbazide and 4-
(4-methoxyphenyl)thiosemicarbazide were found to be
55-5,26-3 and 25-8 respectively.

Discussion. The molecular structure drawn by
ORTEP (Johnson, 1965) is shown in Fig. 1 along with
the numbering of atoms. Fig. 2 shows the crystal
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packing. Fractional atomic coordinates together with
their isotropic thermal parameters are listed in Table 1.*
Table 2 lists the bond lengths and bond angles. The net
atomic charges computed by the CNDO/2 method
(Pople & Beveridge, 1970) are shown in Table 3.

The S atom in the present structure, like that in
unsubstituted thiosemicarbazide (Andreetti, Domiano,
Gasparri, Nardelli & Sgarabotto, 1970) and various
derivatives of thiosemicarbazide and thiosemi-
carbazone in their unprotonated and uncomplexed
forms (Kalman, Argay & Czugler, 1972; Palenik ef al.,
1974; Nandi et al., 1984a,c), lies trans to the hydrazinic
nitrogen atom, N(3). The S—C(7)—N(2)—N(3) torsion
angle is comparable to that in 4-phenylthiosemi-
carbazide (Kalman e¢ al, 1972) and in its para chloro
derivative (Nandi et al., 1984¢). This conformation of
the molecule forces the N(1) atom to be cis to the N(3)
atom and favours intramolecular hydrogen bonding
between these N atoms [H(N1).--N(3)=2-24 (4),
N(1)---N(3)=2-627 (4) A, N(I)-H(N1)---N(3) =
108 (3)°].

The C—S bond length in various thiosemicarbazide
and thiosemicarbazone derivatives varies in the range
1-678 (2)-1-707 (2) A (Palenik et al., 1974). The bond
length in the present structure indicates that the
molecule is in the thioketo form; this is further
corroborated by the presence of a band around
750 cm™! in the IR spectrum of the compound

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters, bond distances and angles involving H atoms,
and deviations from least-squares planes have been deposited with
the British Library Document Supply Centre as Supplementary
Publication No. SUP 43634 (14 pp.). Copies may be obtained
through The Executive Secretary, International Union of Crystal-
lograhy, 5 Abbey Square, Chester CH1 2HU, England.

H(N31)

Fig. 2. View of the crystal packing.
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assignable to ¥(C=S). Although in thiosemicarbazones
the C—S distance is apparently influenced by the parent
aldehyde or ketone moieties it appears that a phenyl
ring at the 4 position, N(1), of the thiosemicarbazide
does not affect this bond length. The bond length is
similar in unsubstituted thiosemicarbazide (Andreetti et
al., 1970), 4-phenylthiosemicarbazide (Kalman et al.,
1972), 4-(4-chlorophenyl)thiosemicarbazide (Nandi et
al., 1984c¢) and in the present compound. The lengthen-
ing of the C—S bond from the normal C(sp?)—S(sp?)

Table 1. Fractional coordinates of the atoms and their

isotropic  temperature factors with es.d.’s in
parentheses
Uy, =12,2,U atata.a,

x y z U (AD)
S 0-0764 (1) 0-4554 (2) 0-3641 (1) 0-067 (4)
o) 0-4130 (2) 0-0873 (4) 0-0966 (2) 0-053 (7)
N(1) 0-1988 (2) 0-0942 (5) 0-4298 (2) 0-048 (7)
NQ@) 0-0871 (2) 0-2075 (4) 0-5345 (2) 0-047 (7)
N@) 0-1278 (2) 0-0309 (5) 0-6043 (2) 0-050 (8)
c() 0-2516 (2) 0-1023 (5) 0-3425 (2) 0-041 (8)
(o10)) 0-2362(2)  —0-0710 (5) 0-2691 (3) 0-054 (10)
c@3) 0-2910(3)  —0-0688 (5) 0-1871 (3) 0-056 (11)
Cc(4) 0-3611 (2) 0-1053 (5) 0-1790 (2) 0-040 (8)
c®) 0-3771 (2) 0-2797 (5) 0-2522 (2) 0-044 (9)
c(6) 03217 (2) 0-2766 (5) 0-3339 (2) 0-046 (8)
cn 0-1249 (2) 0-2430 (5) 0-4472 (2) 0-041 (8)
c(@®) 0-4798 (3) 0-2695 (7) 0-0808 (3) 0-063 (12)

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

S—C(7) 1.687 (3) C(4-0-C(8) 117-6 (3)
0-C(@) 1-370 (4) C(1)-N(1)-C(7) 125-0 (2)
0—-C(8) 1:404 (5) N(3)-NQ)}-C(7) 1206 (2)
N({1)-C(D) 1-430 (4) N(1)-C(1)-C(6) 120:5 (2)
N(1}»C(7) 1-341 (4) N(1)-C(1)-C(2) 120-0 (2)
NQ)»-C(7) 1.3334) C(2)-C(1)-C(6) 119-5(2)
N(2)-N(@3) 1-409 (4) C(1)-C(2}-C(3) 120-1(3)
C(1)—C(?) 1-:371 (4) C(2)-C(3-C(4) 120-2 (3)
C(2)—C(3) 1-386 (6) 0-C(4)-C(3) 115:6 (2)
C(3-C4) 1.376 (4) C(3)—-C(4)»-C(5) 120-2(3)
C@4)—C(5) 1-378 (4) 0—-C(4)-C(5) 124-2 (2)
C(5)—-C(6) 1-388 (4) C(4)-C(5)-C(6) 119-0 (3)
C(6)—C(1) 1-378 (4) C(1)-C(6)-C(5) 120-9 (3)

N(1)-C(7)-N(2) 115-5(2)
S—C(1-NQ»-N@3) -179-7(2) S-C(7)-N(?) 120-5 (2)
S—C(7)-N(1)-C(1) 4.2(4) S—C(7)-N(1) 124-0 (2)

Table 3. Net charges on the atoms in the 4-(4-
methoxyphenylthiosemicarbazide molecule calculated
by the CNDO/2 method (Pople & Beveridge, 1970)

S —0-4702 C(®) 0-1173
0 —~0-2199 H(2) 0-0271
N(1) —0-1711 H@3) 0-0194
N(2) —0-0922 H(S) 0-0228
NQ@3) -0-2369 H(6) 0-0174
Cc() 0-1157 H(81) —0-0096
C(3) —0-0257 H(82) 0-0008
Cc@3) —0-0405 H(83) 0-0012
Cc@4) 0-1804 H(N1) 0-1246
C(5) ~0-0519 H(N2) 0-1501
C(6) —0-0055 H(N31) 0-1263
c( 0-2698 H(N32) 0-1504

4-(AMETHOXYPHENYL)THIOSEMICARBAZIDE

double-bond length of 1-59 A is in agreement with the
different canonical forms suggested for thiosemi-
carbazides (Domiano et al., 1969).

The N(1)—C(7) bond length in the present molecule
is similar to that in 4-phenylthiosemicarbazide; the
charge densities computed by the CNDO/2 method
(Pople & Beveridge, 1970) on the N(1) and C(7) atoms
are only slightly different from those on the correspond-
ing atoms of 4-phenylthiosemicarbazide (Nandi et al.,
1984c¢). However, the bond lengths at the hydrazinic
terminal of the thiosemicarbazide side chain differ
significantly from the corresponding lengths in 4-
phenylthiosemicarbazide. The C(7)—N(2) and N(2)—
N(3) bonds are considerably shorter than those in
4-phenylthiosemicarbazide and are comparable to those
in 4-(4-chlorophenyl)thiosemicarbazide. This indicates
an enhanced electron localization at this end of the
molecule compared with that in 4-phenylthiosemi-
carbazide and is attributable to the effect of the
electron-releasing methoxy group in the phenyl ring at
the position para to the thiosemicarbazide chain.

None of the bond angles in the phenyl ring deviates
much from the normal sp? value. The observed
asymmetry in the exocyclic angles about C(4) is
attributable to the steric interaction between the methyl
group and the benzene ring [C(5)---C(8) = 2-800 (5),
H(5)---H(81) = 2-35 (6), H(5)---H(82) =2-30(6) A]
resulting from the near-coplanarity of the methoxy
group with the ring. Such asymmetry is a commonly
observed phenomenon with a methoxy substituent in
the phenyl ring (Eliopoulos, Sheldrick & Hamodrakas,
1983). The C(4)—O bond length agrees well with the
average, 1-36 A, calculated for similar bonds (Elio-
poulos et al., 1983). The molecules are packed by
extensive hydrogen bonds between the N and S atoms.
Molecules related by a centre of symmetry dimerize
through N(2)—H(N2)---S hydrogen bonds [H(N2).--
S =2:52(5), N(2)---S = 3.327 (3) A, N(2)-H(N2).--
S =163 (5)°]. Glide-related molecules are linked
together by N(3)—H(N31)-.-S hydrogen bonds result-
ing in a zigzag pattern [H(N31)---S = 2-86 (6), N(3):--
S =3.569 (3) A, N(3)—H(N31)---S = 135 (5)°].

Structure—activity correlation studies on a series of
substituted 1-formylisoquinolinethiosemicarbazones
revealed that an electron-withdrawing substituent in the
isoquinoline ring resulted in a reduction of anti-
neoplastic activity while an electron-releasing group
caused a pronounced increase in the activity (Agrawal
et al., 1968, 1970). Increased electronic charge on the
terminal N atom is expected to increase the electron-
donating capacity and metal-chelating ability of thio-
semicarbazides. Comparison of the charge densities in
4-(4-chlorophenyl)thiosemicarbazide and 4-phenyl-
thiosemicarbazide showed that the electron-releasing Cl
atom led to an enhancement of negative charge on the
terminal N atom. This resulted in an increased
antibacterial activity of the former compound (Nandi et
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al., 1984¢). Comparison of the atomic charge densities
calculated for the present molecule with those for the
4-phenylthiosemicarbazide (Nandi et al.,, 1984c) indi-
cates that the electron-releasing methoxy group also
increases the accumulation of negative charge on N(3).
Consequently an increase in the reductive capacity and
donor ability of the compound over 4-phenylthio-
semicarbazide has been observed (Ray, 1981). The
similarity in the charge-density distribution and the
antibacterial activity of the para chloro and para
methoxy derivatives of 4-phenylthiosemicarbazide in-
dicate that the electron-releasing effect of the methoxy
group is responsible for the increased antibacterial
activity of 4-(4-methoxyphenyl)thiosemicarbazide over
the 4-phenylthiosemicarbazide.

We thank Mr S. Chaudhuri of Bose Institute,
Calcutta for many useful discussions.
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Structure of Codeine
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Abstract. 7,8-Didehydro-4,5a-epoxy-3-methoxy-17-
methylmorphinan-6a-ol, CH, NO;, M,k =299-4,
orthorhombic, P2,2,2,,a=7-491(7), b= 13-697 (12),
c=14.775 (14)A, V=1516(2)A%}, Z=4, D,=
1-312 g cm=3, A(Mo Ka) = 0-71069 A, u=0-83 cm~!,
F(000) = 640, T=296 K, R =0-038 for 1205 unique
reflections with F? > 2¢(F?). The crystal structure of
codeine is related to that of morphine hydrate, which
belongs to the same group, has the same rigid molecular
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skeleton, and closely similar cell parameters. Unlike
morphine hydrate, the codeine structure lacks hydrogen
bonds. This produces a different molecular packing,
characterized by a small, approximately 3 A, shift in
the molecular centers, and a rotation of the codeine
molecules of approximately 40°.

Introduction. The crystal-structure determination of
codeine (I) was undertaken to establish the atomic and
thermal parameters for later use in the calculation of a
standard X-ray diffraction pattern for use in forensic-
science laboratories. The basic configuration of codeine
was originally determined by the structural analysis of
codeine hydrobromide dihydrate (Lindsey & Barnes,
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