SEIK WENG NG

Hall, S. R. & Stewart, J. M. (1990). Editors. Xtal3.0 Reference
Manual. Univs. of Western Australia, Australia, and Maryland,
USA.

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

Main, P., Fiske, S. J., Hull, S. E., Lessinger, L., Germain, G.,
Declercq, J.-P. & Woolfson, M. M. (1980). MULTANSO. A System
of Computer Programs for the Automatic Solution of Crystal
Structures from X-ray Diffraction Data. Univs. of York, England,
and Louvain, Belgium.

Ng, S. W. & Kumar Das, V. G. (1992). J. Crystallogr. Spectrosc. Res.
22, 507-509.

Ng, S. W., Kumar Das, V. G. & Tiekink, E. R. T. (1991). J.
Organomet. Chem. 411, 121-129.

Okaya, Y. (1967). Acta Cryst. 22, 104-110.

Sheldrick, G. M. (1993). SHELXL93. Program for Crystal Structure
Refinement. Univ. of Gottingen, Germany.

Sorokina, N. I., Molchanov, V. N., Turskaya, T. N., Furmanova, N. G.
& Belikova, G. S. (1989). Sov. Phys. Crystallogr. (Engl. Transl.)
34, 64-67.

Teplova, T. B., Turskaya, T. N., Shibanova, T. A., Nekrasov, Yu. V.
& Belikova, G. S. (1986). Sov. Phys. Crystallogr. (Engl. Transl.)
31, 110-111.

Teplova, T. B., Turskaya, T. N., Tovbis, A. B., Zavodnik, V. E.,
Shibanova, T. A. & Belikova, G. S. (1984). Sov. Phys. Crystallogr.
(Engl. Transl.) 29, 429-431.

Acta Cryst. (1995). C51, 1855-1857

An Octamethyldibenzotetraaza[14]annulene
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Abstract

The structure of 2,3,6,8,11,12,15,17-octamethyl-5,14-
dihydro-5,9,14,18-tetraazadibenzola,hlcyclotetradecene,
Cy6H3;Ny4, a dibenzotetraaza[14]annulene of interest as
a ligand for metal complexation, has been determined
by single-crystal X-ray diffraction methods. The mol-
ecule adopts a pronounced saddle conformation due to
steric interactions between methyl groups on the central
ring and the phenylene rings. Angles between the least-
squares plane of the four N atoms and the two phenylene
ring planes are 21.4 (2) and 18.4 (2)°.

Comment

Metal complexes of dibenzotetraaza[14]anulenes are of
interest as models for metal sites in proteins (Bai-
ley, Bereman, Rillema & Nowak, 1984) and the B
coenzyme (Cutler, Alleyne & Dolphin, 1985), and as
potential catalysts (Uhrhammer, Black, Gardner,
Olsen & Jordan, 1993). The chemistry and structural
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features of metal complexes of the tetramethyl deriva-
tive, 6,8,15,17-tetramethyl-5,14-dihydro-5,9,14,18-tetra-
azadibenzo[a,h]cyclotetradecene, have been reviewed
recently (Cotton & Czuchajowska, 1990). The octa-
methyl derivative, (I), was synthesized in the hope of
generating metal complexes with catalytic activity and
increased solubility compared to the complexes of the
tetramethyl derivative.

H;C 18 2R 7. CHy

H,Cjz/‘@EN\H Nf@icm
11 Ho 3
B NG N Ny % CHs

8 6"CH
H3C b4 CH3
M

Steric interactions between the methyl groups at the
6, 8, 15 and 17 positions and the phenylene rings
produce the saddle shape of the molecule, similar to that
observed for the tetramethyl derivative (Goedken, Pluth,
Peng & Bursten, 1976) and metal complexes of the
tetramethyl derivative. Interestingly, the angles between
the least-squares plane through the four N atoms and
the least-squares planes through the phenylene rings are
somewhat smaller [21.4 (2) and 18.2(2)°] than in the
tetramethyl derivative (24.1 and 25.1°; Goedken et al.,
1976). As in the tetramethyl derivative, the two H atoms
are disordered over four possible sites.

Fig. 1. ORTEPII (Johnson, 1976) projection of the molecule perpen-
dicular to the plane of the N atoms showing the atomic numbering
scheme used in the structure determination. Displacement ellipsoids
are plotted at the 50% probability level. H atoms ate plotted with
arbitrary radii.

Fig. 2. Side view of the molecule showing the saddle shape.
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1856 CoH3Ny
: Cl15 —0.0095 (1) 0.2080 (3) 0.6353 (1) 0.029 (2)
Experimental Cl6 —0.0275 (1) 0.3216 (3) 0.6157 (1) 0.031 (2)
. Leal . C17 0.0099 (1) 0.4159 (3) 0.6453 (1) 0.031(2)
The co“;pzlgng. wash sly nm;S'Ze‘lj b’:j.mc!‘el te“;pl;t: conden c18 0.0634 (1) 0.3919 (3) 0.6939 (1) 0.029 (2)
sation of 4,5>-dimethyl-o-phenylenediamine and 2Z,4-pentane- 9 0.1953(1)  —0.0006 (3) 0.9807 (1) 0.028 (2)
dione. The crystal density D, was measured by flotation in c20 0.1859 (1) —0.1003 (3) 1.0204 (1) 0.029 (2)
aqueous zinc chloride solution. C21 0.1494 (1) —0.1936 (3) 0.9889 (1) 0.030(2)
c22 0.1248(1)  —0.1825(3) 0.9192 (1) 0.031 (2)
Crystal data Cc23 —0.0875 (2) 0.3414 (3) 0.5651 (2) 0.046 (2)
o C24 —0.0069 (2) 0.5403 (3) 0.6250 (2) 0.050 (2)
CasH32Ny Mo Ka radiation C25 0.2107 (1) 0.4086 (3) 0.7282 (2) 0.040 (2)
= 400.57 A=0.71073 A C26 0.2974 (1) 0.1474 (3) 0.9197 (2) 0.040 (2)
- ) c27 02139 (2) —0.1061 (3) 1.0961 (2) 0.045 (2)
glzonoc'mlc Cell f;’ara.meters from 25 Cc28 0.1378(2)  —0.3041 (3) 1.0291 (2) 0.044 (2)
/e retiections c29 0.1300(2)  —0.2835 (3) 0.7747 (2) 0.037 2)
a = 20.569 (8) A 0 =15-22 » C30 00408 (2)  —0.0235 (3) 0.5844 (2) 0.040 (2)
b =11.300(6) A ¢ =0.067 mm
c=19.179(7) A T =100 K
B =96.21(2)° Plate .
V = 4431 (6) A® 0.75 x 0.45 x 0.05 mm Table 2. Selected geometric parameters (A, °)
Z=8 Orange N1—C2 1399(3)  C9—C19 1380 (3)
D; =120 Mgm™3 N1—Cl4 13303)  C10—C22 1.383 (3)
_ -3 N4—C3 1.405 (3) C12—C13 1.386 (3)
Dp=120(22) Mg m N4—C5 1331 (3) C12—C29 1.496 (4)
. N8—C7 1.338 (3) C13—Cl4 1.393 (3)
Data collection N8—C9 1.406 (3) C14—C30 1.497 (4)
Enraf-Nonius CAD-4 1436 observed reflections :}}:CC :g }‘3“3’3 8; 85—C :g :g;; 8;
diffractometer [7 > 3.00(D)] c2—C3 14103)  Cl6—C23 1,501 (4)
0/20 scans Omax = 23 C2—CI15 1.392 (3) C17—C18 1.389 (4)
Absorption correction: h=-22-122 C3—CI18 1.371 (3) C17—C24 1.490 (4)
% scan (North, Phillips k=0 — 12 C5—C6 1.398 (3) C19—C20 1.385(3)
& Mathews, 1968) /=0 — 18 C5—C25 1.492 (4) C20—C21 1.394(3)
, = . C6—C7 1.382(3) C20—C27 1.502 (4)
Tmin = 0.890, Tmax = 3 standard reflections C7—C26 1.506 (3) c1—C22 1.385 (3)
0.991 frequency: 120 min C9—C10 1.401 (3) Cc21—C28 1.500 (4)
2308 {neasured reﬂection's intensity decay: —3.5% C2—N1—C14 126.8 (3) N11—C12—C13 121.0(2)
2164 independent reflections C3—N4—C5 127.6 (3) N11—C12—C29 122.5 (2)
C7—N8—C9 127.1 (3) C13—C12—C29 1164 (2)
Refinement CI0—N11—C12 1265 (2) C12—C13—Cl4 1276 3)
. NI—C2—C3 118.2 (2) NI—C14—C13 119.8 (2)
Refinement on F Apmax = 0.1664 ¢ A3 NI—C2—C15 1233(2)  NI—C14—C30 122.5(3)
R = 0.037 Apmin = —0.1972 ¢ A3 C3—-C2—CI5 118.4(2) C13—C14—C30 117.53)
_ M S N4—C3—C2 117.1Q2) C2—CI15—Cl6 1225 (3)
wR =0.044 Extinction correction: N4—C3—C18 1240(2)  C15—C16—C17 1186 (2)
§=1911 isotropic (Zachariasen, C2—C3—C18 1187()  C15—C16—C23 1195 (3)
1436 reflections 1963) N4—C5—C6 120.2 (2) C17—C16—C23 121.8 (3)
408 parameters Extinction coefficient: 26—C4_C§:CC§§ :g: 8; (C::(’—CH};:CC;E i;g-?] g;
. . —6 K 5
H atoms refined isotropically 0.55(6) x 10 C5—C6—C7 12802  C18—C17—C24 120.3 (3)
w=4F;/lc (Foz Atomic scattering factors N8—C7—C6 1214(2)  C3—CI8—Cl17 122.5(2)
+ 0.0016F,°] from International Tables =~ N8—C7—C26 121.4 (3) C9—C19—C20 123.0(2)
(A/0)max = 0.044 for X-ray Crystallography =~ C6—C71—C26 117.2(2) C19—C20—C21 118.5 (2)
(1974, Vol. IV) N8—C9—C10 117.3(2) C19—C20—C27 1203 (2)
» VOL. N8—C9—C19 124.0(2) C21—C20—C27 1213(2)
C10—C9—CI9 118.6 (2) C20—C21—C22 118.3(2)
Table 1. Fractional atomic coordinates and equivalent N11—C10—C9 118.2(2) €20—C21—C238 1211 (2)
. e displ iz N11—C10—C22 123.7 2) C22—C21—C28 120.7 (3)
isotropic displacement parameters (A*) C9—C10—C22 181(2)  Clo—C22—C21 1232(3)

Ueq = (1/3)212jU,ja;‘aj‘ai.aj.

x y z Ueq
N1 0.0649 (1) 0.0685 (2) 0.7017 (1) 0.029 (1)
N4 0.1360 (1) 0.2513 (2) 0.7614 (1) 0.029 (1)
N8 0.1835(1) 0.1070 (2) 0.8686 (1) 0.028 (1)
N11 0.1126 (1) —0.0745 (2) 0.8072 (1) 0.026 (1)
c2 0.0460 (1) 0.1832(2) 0.6811 (1) 0.025 (2)
C3 0.0831 (1) 0.2788 (3) 0.7114 (1) 0.025 (2)
C5 0.1927 (1) 0.3086 (2) 0.7732(1) 0.027 (2)
Cc6 0.2396 (1) 0.2717 (2) 0.8271 (1) 0.027 (2)
C7 0.2367 (1) 0.1755 (3) 0.8712 (1) 0.027 (2)
C9 0.1744 (1) 0.0071 (2) 0.9100 (1) 0.023 (2)
C10 0.1375 (1) —0.0864 (2) 0.8781 (1) 0.024 (2)
C12 0.1064 (1) ~0.1601 (3) 0.7592 (1) 0.028 (2)
C13 0.0816 (1) —0.1366 (3) 0.6906 (1) 0.028 (2)
Cl4 0.0614 (1) —-0.0278 (3) 0.6617 (1) 0.030 (2)

The H atoms attached to the four N atoms were assigned
occupancies of 50%.

Data collection: CAD-4 diffractometer software (Enraf-
Nonius, 1977). Cell refinement: CAD-4 diffractometer soft-
ware. Data reduction: MolEN (Fair, 1990). Program(s) used to
solve structure: MULTANSO; Main et al., 1980). Program(s)
used to refine structure: MolEN. Molecular graphics: ORTEPII
(Johnson, 1976). Software used to prepare material for publi-
cation: MolEN.

The donors of the Petroleum Research Fund adminis-
tered by the American Chemical Society are gratefully
acknowledged for support of this work.
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Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the TUCr (Reference: CR1112). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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A 2:1 Molecular Complex of Theophylline
and 5-Fluorouracil as the Monohydrate
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Abstract

Theophylline, 5-fluorouracil and water molecules are
packed in parallel sheets in the crystal structure of
the title compound, 3,7-dihydro-1,3-dimethyl-1H-purine-
2,6-dione—5-fluoro-2,4(1H,3H)-pyrimidinedione—water
(2/1/1 ), 2C7H3N402.C4H3FN202.H20. The planar mol-
ecules are held together within the sheets by hydro-
gen bonds which include C—H- - -O interactions. Short
iincar N-—CHj;- - -F and N—CH3;- . -O contacts are also
found between molecules within the sheets.

Comment

Theophylline has the ability to form molecular com-
plexes with various aromatic compounds, and several
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crystal structures of these complexes have been studied
(e.g. Shefter, 1969; Shefter & Sackman, 1971; Nakao,
Fujii, Sakaki & Tomita, 1977; Aoki, Ichikawa, Koinuma
& litaka, 1978). The complexing properties of 5-fluoro-
uracil and its derivatives have also been studied ex-
tensively through the determination of the structures
of purine—pyrimidine hydrogen-bonded complexes (e.g.
Kim & Rich, 1967; Tomita, Katz & Rich, 1967; Mazza,
Sobell & Kartha, 1969). We report here the crystal
structure of the title 2:1 complex of theophylline and
S-fluorouracil as the monohydrate, (I), obtained from
aqueous solution.

o
Me\N ﬁ ﬁ 0o
2 I /> . | .HO
O)\IT‘ N FJ;‘/NH
Me (0]
M

The bond distances and angles in the two crys-
tallographically independent theophylline molecules in
the asymmetric unit are in good agreement, and are
similar to those reported previously for theophylline
(Sutor, 1958; Koo, Shin & Oh, 1978). The bond dis-
tances and angles in the S5-fluorouracil molecule are
also similar to those in 5-fluorouracil itself (Fallon,
1973). The 5-fluorouracil molecule is bonded to the
one theophylline molecule by two N—H---O hydro-
gen bonds [N(20)---O(33) 2.772(4), N(29)---O(26)
2.785 (4) A}, and the two independent theophylline mol-
ecules are linked together by an N—H- --N hydrogen
bond [N(7)---N(22) 2.903 (5)A] (Fig. 1). The three
molecules are approximately coplanar: the largest devi-
ation from the least-squares plane through the 35 non-H
atoms is 0.37 A for F(35). The water O atom also lies
on this plane with a deviation of 0.66 A. The crystal
structure consists of these molecules packed in parallel
sheets perpendicular to the ac plane (Fig. 2).

The water molecule is hydrogen bonded to two
5-fluorouracil molecules within the same sheet [N(27)- - -
0(36) 2.702 (5), O(36)- - -0(34) (x, —1+y, z) 2.829 (4) A]
and is also hydrogen bonded to a theophylline mol-
ecule in an adjacent sheet [O(36)- - -N(9)(—x, —1 — y,
—z) 2.980(5) A]. Short Cj,,z—H---O,pz contacts are
also found for C(8)—H---0O(24)(x, —1+y, z) [C---O
3.226(5), H---0 2.25(3)A, C—H---0 159(3)°] and
CQ21)—H: --024)(x, =1 +y, z) [C---O 3.298(5),
H---O 235@)A, C—H---O 171(3)°]. These C—
H- - -O hydrogen bonds stabilize the sheet structure.

There are also close intermolecular contacts within
the sheets between the methyl groups of the theophyl-
line molecules and F and O atoms. The short N—
CHj3---F contacts are C10)---F(35)(1 + =x, %—y,
—% +2) 3.107 (6) A [N—C- - -F 170.0 (3)°] and C(12)- - -
F(35)(1 + x, —% -, —%+z) 3246 (1A [N—C--F
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