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Monoclinic Cell parameters from 4959
P2, /n reflections
a=175611(2) A 6 = 2.16-28.33°
b=81393(1) A p=0252 mm™'

c = 18.9671 (4) A T=293(2) K

B = 94.798 (1)° Slab

V=1163.18 (4) A 0.48 x 0.34 x 0.16 mm
Z=4 Colourless

D, = 1.304 Mg m~*
D,, not measured

Data collection

Siemens SMART CCD area- 2157 reflections with

detector diffractometer 1> 20()
w scans R, = 0.034
Absorption correction: Omax = 28.27°
empirical (SADABS; h=-10—->9
Sheldrick, 1996) k=-10—-7
Tin = 0.89, Thax = 0.96 l=-25-24

7772 measured reflections
2845 independent reflections

Intensity decay: negligible

Refinement

Refinement on F*
RIF? > 20(F%)] = 0.041
wR(F?) = 0.121
S =1.043
2845 reflections
147 parameters
H atoms constrained
w = U[6*(F2) + (0.0597P)
+ 0.1025P]
where P = (F2 + 2F3)/3

(A/U)max < OOQI

Apmax = 021 € A:3

Apmin =—-0.16¢ A_3

Extinction correction: none

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

Table 1. Selected geometric parameters (A °)

S1—C12 1.734 (2) 01—Cl14 1.432(2)
S1—Cl1 1.740 (2) C1—C13 1.513(2)
01—C8 1.366 (2)
C12—S1—1 92.1(1) C1—C2—C3 114.1(2)
Cc8—01—C14 117.0(1) C12—C3—C2 111.8(1)
C2—C1—S1 111.5(1)

All the H atoms were fixed geometrically and allowed to ride
on the atoms to which they are attached.

Data collection: SMART (Siemens, 1996). Cell refinement:
SAINT (Siemens, 1996). Data reduction: SAINT. Program(s)
used to solve structure: SHELXTL (Sheldrick, 1997). Pro-
gram(s) used to refine structure: SHELXTL. Molecular graph-
ics: SHELXTL. Software used to prepare material for publica-
tion: SHELXTL and PLATON (Spek, 1990).

The authors would like to thank the Malaysian
Government and Universiti Sains Malaysia for research
grant R&D No. 190-9609-2801. SSSR thanks the
Universiti Sains Malaysia for a Visiting Postdoctoral
Fellowship.

Supplementary data for this paper are available from the [UCr
electronic archives (Reference: SK1318). Services for accessing these
data are described at the back of the journal.

© 1999 International Union of Crystallography
Printed in Great Britain — all rights reserved

Ci4H,,0S8

References

Ghosh, M., Mukherjee, R., Chatterjee, B. G. & Ray, J. K. (1981).
Indian J. Chem. B, 20, 243-244.

Kar, G. K., Karmakar, A C. & Ray, J. K. (1991). J. Heterocycl.
Chem. 28, 999-1002.

Olive, J. L., Saedan, A., El Amoudi, M. S., Geneste, P., Rambaud, J.
& Declercq, J.-P. (1992). Acta Cryst. C48, 501-503.

Pan, D. & Ray, J. K. (1999). Unpublished data.

Parvez, M., Mesher, S. T. E. & Clark, P. D. (1996a). Acta Cryst. C52,
1248-1250.

Parvez, M., Mesher, S. T. E. & Clark, P. D. (1996b). Acta Cryst. C52,
905-907.

Ray, J. K., Roy, B. C. & Kar, G. K. (1996). J. Org. Chem. 51, 1863-
1866.

Ray, J. K., Sharma, S. R. & Chatterjee, B. G. (1979). Synth. Commun.
9, 727-729.

Sheldrick, G. M. (1996). SADABS. Program for Empirical Absorp-
tion Correction of Area Detector Data. University of Gottingen,
Germany.

Sheldrick, G. M. (1997). SHELXTL. Structure Determination Pro-
grams. Version 5.10. Bruker AXS Inc.. Madison, Wisconsin, USA.

Siemens (1996). SMART and SAINT. Area Detector Control and
Integration Software. Siemens Analytical X-ray Instruments Inc.,
Madison, Wisconsin, USA.

Sivakumar, K., Fun, H.-K., Ray, J. K., Roy, B. C. & Nigam, G. D.
(1995). Acta Cryst. C51, 2444-2446.

Spek, A. L. (1990). Acta Cryst. Ad6, C-34.

Thornber, C. (1979). Chem. Soc. Rev. 8, 563-583.

Wilson, W. D., Chandrasekaran, S., Kusuma, S., Boykin, W. D. &
Neidle, S. (1987). J. Biomol. Struct. Dvn. S, 327-344.

Wilson, W. D., Kusuma, S., Chandrasekaran, S. & Boykin, W. D.
(1986). Biophys. Chem. 24, 101-109.

Acta Cryst. (1999). C55, 1850-1852

10,11-Dibromo-3,6-ditosyl-3,6-diazabicyclo-
[6.4.0]dodeca-1(8),9,11-triene

SamiL Isik,” SEMA OzTirk,” Hoong-KUN FuN,® ERBIL
AGAR? AND SELAMI SagMAz?

“Department of Physics, Faculty of Arts and Sciences,
Ondokuz Mayis University, Kurupelit, 55139 Samsun,
Turkey, *Department of Physics, Faculty of Arts and
Sciences, Ercives University, Kayseri 38039. Turkey, ‘X-ray
Crystallography Unit, School of Physics, Universiti Sains
Malaysia, 11800 USM, Penang. Malaysia, and * Department
of Chemistry, Faculty of Arts and Sciences, Ondokuz Mayis
University, Kurupelit, 55139 Samsun, Turkey. E-mail:
samili @ samsun.omu.edu.tr

(Received 4 May 1999: accepted 26 July 1999)

Abstract

The molecules of the title compound, Ca4H4BryN;Oy-
S», crystallize in the tetragonal system, space group
P4,2,2. The compound possesses a crystallographic
twofold axis. The dihedral angle between the tosyl
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rings is 12.9(1)°. The eight-membered ring is close
to the half-chair conformation. The crystal structure is
stabilized by intermolecular C—H- - -O interactions.

Comment

The title compound, (I), is a precursor in the synthesis
of phthalocyanines (Agar et al., 1995). For many years,
phthalocyanines have continuously attracted great inter-
est in various research fields such as chemical sensors,
electrochromism, batteries, photodynamic therapy, semi-
conductive materials, liquid crystals and nonlinear optics
(Moser & Thomas, 1983; Leznoff & Lever, 1989-1993).

Br Br
C{l CH o)
0
\ [ 1/
Me //S—T T—S\‘O—Me
O CH,—CH, O

M

Fig. 1 shows the displacement ellipsoid plot of (I)
with the numbering scheme. The geometry at the S
atoms is distorted from the tetrahedral configuration,
with the largest deviations in the O—S—O angles
[O1—S1—02 = 120.4 (3)°] and the O1—S1—NI and
02—S1—N1 angles [106.6 (3) and 106.4 (2)°, respec-
tively]. The C—N distances in the eight-membered ring
are N1—C1 = 1.461(6) and NI—C2 = 1.465 (6) A.
The S—N bond distance [S1—NI1 = 1.623 (4) A] con-
trasts with the previously observed range of 1.63-1.69 A
(Kélman et al., 1981). This shortening is due to the
electronic withdrawing character of the phenylsulfonyl
group (Govindasamy et al., 1997). The S—C and mean
S—O distances are 1.763 (5) and 1.429(4) A, respec-
tively.

Fig. 1. The structure of (I) showing 50% probability displacement
ellipsoids and the atom-numbering scheme. H atoms are shown as
circles of an arbitrary radius.
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The ring formed by atoms C3—C5 and their symmetry
equivalents is planar, with a maximum deviation from
the plane for C3 of —0.007 (3) A. The ring formed by
atoms C6—C11 is also planar, with maximum devia-
tions from the plane of this eight-membered ring for
Cl, N1, C2, C3 of 0.010(1), —0.539 (1), 0.378 (1) and
0.155 (1) A, respectively. By also considering the devi-
ations of the symmetry equivalents of these atoms, it
can be seen that the structure is close to half-chair.
The puckering parameters (Cremer & Pople, 1975)
are q; = 0.754(2), g3 = 0.223(2), Qr = 0.960(2) A,
¢ = 135.0(3)° and 8 = 73.6(2)°. The crystal packing
has two intermolecular hydrogen bonds, as detailed in
Table 2. In addition, the structure displays C—H- - -O-
type intramolecular interactions, which can be consid-
ered as weak hydrogen bonds.

Experimental

N,N'-Bis(p-tolylsulfonyl)ethylenediamine (7.36 g, 20 mmol)
was dissolved in dry N,N-dimethylformamide (160 ml) con-
taining well ground anhydrous K,CO; (8.28 g, 60 mmol) and
stirred at 300 K for 1 h. A solution of 1,2-bis(bromomethyl)-
4,5-dibromobenzene (12.6 g, 30 mmol) in dry N,N-dimethyl-
formamide (160 ml) was added dropwise over a period of
16-20 h. The mixture was then stirred at 300K for 36 h
and an ice-water mixture (500g) was added. The result-
ing solid was collected by filtration, washed with water to
remove excess base and the residue washed with water fol-
lowed by cold ethanol. The yellow-white residue was dis-
solved in CHCl;3, dried with MgSO, and filtered. The filtrate
was evaporated to dryness and the subsequent yellow—white
residue was purified by column chromatography. The prod-
uct, (I), was recrystallized from CHCl; by cooling. Elemental
analysis: C24H24Br;N2O4S; requires C 45.85, H 3.8, N 4.45%;
found C 45.80, H 3.86, N 4.41%.

Crystal data
C24H24Br; N, 0485 Mo Ka radiation
M, = 628.39 A=071073 A
Tetragonal Cell parameters from 7264
P4,2,2 . reflections

= 10.4475(1) A 0 = 2.64-33.20°
c=228183(2) A =346 mm~'
V = 2490.62 (4) A’ T=293(2)K
Z=4 Prismatic
D, = 1.676 Mg m~3 0.38 x 0.20 x 0.20 mm
D., not measured Colourless

Data collection

Siemens SMART CCD area- 2635 reflections with

detector diffractometer 1> 20()
w scans Rin = 0.068
Absorption correction: Omax = 33.18°
empirical using SADABS h=—-14 — 16
(Sheldrick, 1996) k=-16 — 14
Tmin = 0.325, Tnux = 0501 1= —26 — 34
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22 912 measured reflections

2791 independent reflections
(plus 1930 Friedel-related
reflections)

Refinement

Refinement on F*
RIF? > 20(F%)] = 0.060
wR(F?) = 0.141
S =1.010
4721 reflections
191 parameters
H atoms: see below
w = 1[oX(F2) + (0.0464P)
+ 3.5783P]
where P = (F7 + 2F))/3
(A/)max < 0.001

Cy4H24Br;N,048;

Intensity decay: negligible

Extinction correction:
SHELXL97 (Sheldrick,
1997)

Extinction coefficient:
0.0001 (5)

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

Absolute structure:

Flack (1983)
Flack parameter = 0.003 (8)

Apman =039 A7?
Apmin = —0.34 e A}

Table 1. Selected geometric parameters (A °)

Br1—C5 1.892 (4) S1—0i 1.427 (4)
N1—Cl1 1.461 (6) S1—-02 1.432 (4)
N1—C2 1.465 (6) S1—C6 1.763 (5)
Ni1—SI 1.623 (4

01—S1—-02 120.4 (3) 02—S1—NI1 106.4 (2)
O1—S1—NI 106.6 (3) C8—C9—Ci2 121.6 (5)

Table 2. Hydrogen-bonding geometry (A °)

D—H:--A D—H H--A D--A D—H---A
C2—H28B- - -02' 1.01 (6) 2.56(5) 3.367 (6) 136 (1)
Ci10—H]10- --O1" 0.93 (1) 2.57 (6) 3.382(N) 147 (5)
Symmetry codes: (i) =4 —y, § +x, L + 2 (i) y — 1, x, -2

Though data were collected to a 20 maximum of 66.4°, only
reflections having 26 less than 55° were used for structure
solution and refinement. The crystal structure in the tetragonal
system can be solved in either of the enantiomorphous space
groups P432,2 or P4,2,2. The crystal was initially solved
in P432,2, but the R values and the Flack (1983) parameter
indicated P4,2;2. These results led us to use P4,2,2. Only
methyl-group H atoms were located geometrically; the other
H atoms were located from a difference Fourier map and
refined isotropically. The C—H bond lengths range from
0.87(6) to 1.02 (4) A, while Ui, values range from 0.03 (1)
to 0.09 (2) A,

Data collection: SMART (Siemens, 1996). Cell refinement:
SAINT (Siemens, 1996). Data reduction: SAINT. Program(s)
used to solve structure: SHELXS86 (Sheldrick, 1990). Pro-
gram(s) used to refine structure: SHELXL97 (Sheldrick, 1997).
Molecular graphics: SHELXTL (Sheldrick, 1995). Software
used to prepare material for publication: SHELXTL and PARST
(Nardelli, 1995).

The authors would like to thank the Malaysian
Government and Universiti Sains Malaysia for re-
search grant R&D No. 190-9609-2801. SO thanks the
Universiti Sains Malaysia for a Visiting Postdoctoral
Fellowship.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: FR1214). Services for accessing these
data are described at-the back of the journal.
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Abstract

The title substance, C,4HgO3, crystallized in the centro-
symmetric space group C2/c with a half-molecule in the
asymmetric unit (the molecule lies on a twofold axis).
The three leading C—H- - -O interactions have H.--O
distances 2.47(2), 2.84(2) and 2.91(2)A, and C---O
distances 3.338(2), 3.445(2) and 3.606(2) A, respec-
tively. These interactions link each molecule directly to
six neighbors, leading to a three-dimensional network
of C—H---O interactions. Structural comparisons are
made with naphthalene-1,2-dicarboxylic anhydride and
naphthalene-1,4,5,8-tetracarboxylic 1,8:4,5-dianhydride.
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