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Abstract

The structure of 1,3,9-trimethylbenzo[g]pteridine-
2,4(1H,3H)-dione (1,3,9-MAll) was solved by direct
methods. The molecule is flat and the 14 atoms in the
three rings are coplanar to within 0.052 (2) A; the
methyl C atoms deviate at most 0.11 (3) A from the
plane. The crystal packing of 1,3,9-MAIl can be
described as a ‘herringbone’ type.

Comment

The title compound was synthesized (Koziol,
Koziolowa, Konarski, Panek-Janc & Dawidowski,
1980) as part of a continuing study of a series of
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9-methylalloxazines (9-MAll). Alloxazines are photo-
lysis products of flavin (Ohkawa, Ohishi & Yagi,
1983) and can replace flavin in the bacterial bio-
luminescence reaction (Matheson, Lee & Miiller,
1981). These compounds, when unsubstituted at
N(1), show double fluorescence resulting from
excited-state concerted double-proton transfer in the
presence of compounds having proton donor and/or
acceptor properties. Such substances are, for
example, water, carboxylic and phosphoric acids,
pyridine and other bases (Koziolowa, 1979; Szafran,
Koziol & Heelis, 1990). The aim of the crystal struc-
ture determination of 1,3,9-MAIl was to provide
more information on 9-methyl-substituted alloxa-
zines and a comparison with earlier studies (Csoregh,
Kierkegaard, Koziol & Miiller, 1987).

A perspective drawing of the molecule is shown in
Fig. 1 (Motherwell & Clegg, 1978). Distances, bond
angles, selected torsion angles (Klyne & Prelog, 1960;
Stanford & Waser, 1972) and deviations from 120°
for selected endocyclic angles are listed in Tables 2
and 3. The conformational features were computed
using the program PARST (Nardelli, 1983). Fig. 2 is
a stereoscopic packing illustration.

Fig. 1. A PLUTO (Motherwell & Clegg, 1978) illustration of
1,3,9-methylalloxazine showing the crystallographic atom-
numbering scheme. H atoms are unlabeled and the tricyclic
rings are assigned labels 4, B and C.

Fig. 2. A stereoscopic packing illustration viewed along the
crystallographic a axis.

Acta Crystallographica Section C
ISSN 0108-2701 ©1993



2180

Comparison between the 9-methyl-, 1,3,9-tri-
methyl- and 1,3,8,9-tetramethylalloxazines shows
that methyl substitution generally lengthens adjacent
bond distances. This result follows a trend found
earlier (Cséregh, Kierkegaard, Koziol & Miiller,
1987). One exception is the C(7)—C(8) bond in
tetra-MAIL It is noteworthy that the C(9)—C(%a)
bond is significantly shorter in 1,3,9-MAIll than in the
methyl- and tetramethylalloxazines studied. All other
values are in agreement within experimental error.
The deviations from 120° of the endocyclic bond
angles in the benzene, pyrimidine and pyrazine ring
moieties of 1,3,9-MAIl are given in Table 3. Substi-
tution of one or more of the H atoms attached to a
benzene ring is known to give distortions from the
6/mmm symmetry of the ring (Bent, 1961; Carter,
McPhail & Sim, 1966). The substitution causes a
redistribution of the electrons of the ring system and
thus affects both the intramolecular bond angles and
bond distances, but in most cases the benzene rings
remain planar (Norrestam & Schepper, 1981). The
methyl substitution on the benzene ring in the case of
1,3,9-MAIl was found to affect bond distances and
bond angles. The angles at C(7) and C(8), for
example, deviate significantly when 1,3,9-MAIl and
1,3,8,9-MAIl are compared. The pyrimidine part of
the molecule also shows significant deviation in bond
angles around N(1), C(2) and N(3). The molecule of
1,3,9-MAll is flat. The 14 ring atoms of the tricyclic
alloxazine moiety are coplanar to within 0.052 (2) A.

The molecular conformation is very similar in all
alioxazines studied, but the crystal packing is dif-
ferent. In the crystal of 9-MAIl monohydrate the
presence of hydrogen bonds strongly directs the
packing formation. 1,3,9-MAIl and 1,3,8,9-MAll
have similar molecular packing which can be
described as a ‘herringbone’ type of stacking. The
angle between the planes of the symmetry-related
molecules in 1,3,9-MALll is approximately 120°. The
dihedral angle between ring A of one molecule and
ring C of another at site —x+3, y+13, —z+7 is
124.2 (1)°. The crystal structure is stabilized by van
der Waals forces.

Experimental

Crystal data

C13H12N4O2 Cu Ko radiatipn

M, = 2563 A =154183 A
Monoclinic Cell parameters from 38
P2y/n reflections

a =17.052 (1) A 0= 10.7—27,6"_1
b=1616 (1) A ¢ = 0.782 mm
c=22429(3) A T=295K

B =93.42 (1)° Clean faces

V= 12025 (3) A® 0.73 x 0.52 x 0.21 mm
Z=4 Yellow

D, = 1.4155 (3) Mg m~?
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Data collection
Siemens Stoe AED-2
diffractometer
w-20 scans
Absorption correction:
none
2600 measured reflections
1987 independent reflections
1451 observed reflections
i > 30l

Refinement

Refinement on F

R =0.048

wR = 0.069

1451 reflections

183 parameters

Only H-atom U’s refined
riding on respective parent
atoms

Rine = 0.0623

Omax = 69.53°

h=0—8

k=0—9

1 =-27-27

5 standard reflections
frequency: 90 min
intensity variation: 2%

w = [0*(F) + 0.00024|F|*]"

(A/0)max = 0.02

Apnax =007 e AT?

Apmin = —0.08 ¢ A3

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. IV)

Table 1. Fractional atomic coordinates and equivalent
displacement parameters (A?)

=1
Ueg = gziEjUija;‘ajf‘a;.aj.

X y Z Ueq
NQ1) 0.1751 3) 0.1729 (2) 06112 (1) 0.042 (1)
c(11) 0.3587 (4) 0.0963 (4) 0.5978 (1) 0.054 (1)
cQ) 0.1348 (4) 0.1911 (3) 0.6701 (1) 0.049 (1)
oQ) 0.2417 (3) 0.1397 (3) 0.7107 (1) 0.074 (1)
N@) —0.0365 (3) 0.2725 (3) 0.6820 (1) 0.050 (1)
c@l —0.0762 (6) 0.2949 (5) 0.7453 (1) 0.077 (1)
C4) —0.1685 (3) 0.3387 (3) 0.6398 (1) 0.044 (1)
o) —0.3120(2) 04122 (3) 0.6540 (1) 0.058 (1)
C(4a) —0.1212 (3) 03128 (3) 05773 (1) 0.037 (1)
N(5) —~0.2419 (2) 03692 (2) 0.5347 (1) 0.038 (1)
C(5a) —0.1946 (3) 03455 (3) 04775 (1) 0.037 (1)
C(6) —0.3181 (3) 0.4101 (3) 0.4304 (1) 0.043 (1)
cm ~0.2697 (4) 0.3888 (3) 0.3730 (1) 0.048 (1)
C@®) —0.0994 (4) 0.3024 (3) 0.3604 (1) 0.048 (1)
Co) 0.0265 (3) 0.2393 (3) 0.4046 (1) 0.042 (1)
TN 0.2108 (4) 0.1550 (4) 03911 (1) 0.056 (1)
C(9a) —0.0212 (3) 0.2614 (3) 0.4647 (1) 0.036 (1)
N(10) 0.1018 (2) 0.2026 (2) 0.5097 (1) 0.039 (1)
C(10a) 0.0529 (3) 0.2290 (3) 05641 (1) 0.036 (1)
Table 2. Geometric parameters (A, °)

N(1)—C(11) 1.468 (3) N(5)—C(5a) 1.358 (3)
N(1)—C(2) 1373 (3) C(5a)—C(6) 1.417 (3)
N(1)—C(10a) 1.391 (3) C(5a)—C(9a) 1.424 (3)
C(2)—0@) 1212 (3) C6—C(7) 1.360 (3)
C(2)—N(@3) 1.398 (3) C(NH—C(8) 1.414 (4)
N@3)—C@3l) 1472(3) C(8)—C(9) 1.377 (3)
N@)—C(4) 1.382 (3) C(9)—CO1) 1.496 (4)
C(4)—0(4) 1216 (3) C(9)—C(9a) 1419 3)
C(4)—C(da) 1.474 (3) C(9a)—N(10) 1.367 (3)
C(4a)—N(5) 1313 (3) N(10)—C(10a) 1.304 (3)
C(4a)—C(10a) 1.430 (3)

C2)—N()—C(10a)  123.0(2) N(5)—C(5a)—C(9a)  120.8(2)
C(1)—N(1)—C(10a)  118.7(2) N(5)—C(5a)—C(6) 1189 (2)
C(11)—N(1)—C(2) 1182 (2) C(6)—C(5a)—C(9a) 1202 (2)
N(1)—C(2)—N(@3) 117.3(2) C(5a)—C(6)—C(T) 119.0 (2)
N(1)—C(2)—0(2) 122.4 (2) C(6)—C(—C(®) 120.7 2)
0(2)—C(2)—N(3) 120.3 2) C(7)—C(8)—C() 122.4 (2)
C(2)—N@3)—C(4) 125.8 (2) C(8)—C(9)—C(9a) 117.6 (2)
C(2)—N@)—C31) 116.9 (2) C(8)—C(9)—CO1) 1223 (2)
C(31)—N(@3)—C(4) 117.3(2) CON—CO)—COa)  120.0(2)
N(3)—C(4)—C(4a) 114.9 2) C(52)—C(9a)—C(9)  120.0(2)
N(3)—C(4)—0(4) 121.7 2) C(9)—C©a)—N(10)  119.1(2)



REGULAR STRUCTURAL PAPERS

0(4)—C(4)—C(4a) 123.4 (2) C(5a)—C(9a)—N(10) 1209 (2)
C(4)—C(4a)—C(10a)  120.1 (2) C(9a)—N(10)—C(10a) 116.7 (2)
C(4)—C(4a)—N(5) 1183 (2) C(4a)—C(10a)—N(10) 122.7 (2)
N(5)—C(4a)—C(10a)  121.6 (2) N(1)—C(10a)—N(10)  118.5(2)
C(4a)—N(5)—C(5a) 117.3 2) N(1)—C(10a)—C(4a)  118.7 (2)
C11)—N(1)—C(2)—N(3) 176.8 (2)
C(11)—N(1)—C(10a)—C(4a) —176.4(2)
C(11)—N(1)—C(2)—0(2) —3.1(4)
C(11)—N(1)—C(10a)—N(10) 3.703)
N(1)—C(2)—N(@3)—C@31) —178.62)
C(31)—N(3)—C(4)—C(4a) 179.9 (2)
CB1)—N(3)—C(4)—0(4) —02(4)
0(2)—C(2)—N(3)—C(@31) 1.3(4)
C(91)—C(9)—C(9a)—C(5a) 178.5(2)
C(T)—C(8)—C(9)—C(91) -1772(2)
C(91)—C(9)—C(9a)—N(10) -09(3)

Table 3. Deviations from 120° of selected endocyclic
bond angles in 1,3,9-MAll, 9-MAIl and 1,3,8,9-MAll

Benzene ring C(5a) C(6) C(7) C(8) C(9) C(9a)

1,3,9-MAll +0.2((2) —-1.0(2) +07(2) +24(2) -24(2) -00(2)
9-MAll +0.6(2) —1.4(2) +08(2) +3.0(2) -252) -05(?)
1,3,8,9-MAll  +0.0(4) —1.9(5) +34(5) +02(5) —-29@) +1.14)
Pyrimidine ring  N(1) CQ2) N(3) C@4) C(4a) C(10a)
1,3,9-MAll +3.0(2) -27(2) +58(Q2) -=51() +0.1(2) —-1.3(Q)
9-MAll +43(2) —43((2) +69(2) -52@2) —-03(Q2) —-15(2)
1,389-MAIl  +1.6(4) —1.2(4) +47(@4) —-47(4) +0.1(4) —0.6(4)

Corrections for background, decay, Lorentz and polarization
factors, but not for absorption effects, were included in the data
reduction. The structure was solved by direct methods with the
program MITHRIL (Gilmore, 1983), which resulted in reliable
positions for all 19 non-H atoms. The initial model was refined
with SHELX76 (Sheldrick, 1976). Four low-0 reflections had
Fobs systematically lower than Fea. indicating extinction and
were excluded from the last refinement.

AE thanks Dr Ingeborg Csoregh for her active inter-
est and valuable comments on the manuscript, Dr Sven
Westman for correction of English, and Professor P.
Kierkegaard for his continuous encouragement.

Lists of structure factors, anisotropic thermal parameters, least-squares-
planes data and H-atom coordinates and geometry have been deposited
with the British Library Document Supply Centre as Supplementary
Publication No. SUP 71382 (17 pp.). Copies may be obtained through
The Technical Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England. [CIF reference: AB1075]

References

Bent, H. A. (1961). Chem. Rev. 61, 275-311.

Carter, O. L., McPhail, A. T. & Sim, G. A. (1966). J. Chem. Soc.
A, pp. 822-838.

Csoregh, 1., Kierkegaard, P., Koziol, J. & Miiller, F. (1987). Acta
Chem. Scand. Ser. B, 41, 383-390.

Gilmore, C. J. (1983). MITHRIL. Computer Program for the
Automatic Solution of Crystal Structures from X-ray Data.
Department of Chemistry, Univ. of Glasgow, Scotland.

Klyne, W. & Prelog, W. (1960). Experientia, 16, 521-523.

Koziol, J., Koziolowa, A., Konarski, J.,, Panek-Janc, D. &
Dawidowski, J. (1980). Flavins and Flavoproteins, edited by K.
Yagi & T. Yamano, pp. 475484, and references therein.
Baltimore: University Press.

Koziolowa, A. (1979). Photochem. Photobiol. 29, 459-471.

©1993 International Union of Crystallography
Printed in Great Britain — all rights reserved

2181

Matheson, I. B. C., Lee, J. & Miiller, F. (1981). Proc. Natl Acad.
Sci. USA, 78, 948-952.

Motherwell, W. D. S. & Clegg, W. (1978). PLUTO. Program for
Plotting Molecular and Crystal Structures. Univ. of Cambridge,
England.

Nardelli, M. (1983). Comput. Chem. 7, 95-98.

Norrestam, R. & Schepper, L. (1981). Acta Chem. Scand. Ser. A,
35, 91-103.

Ohkawa, H., Ohishi, N. & Yagi, K. (1983). J. Biol. Chem. 258,
5623-5628.

Sheldrick, G. M. (1976). SHELX76. Program for Crystal Structure
Determination. Univ. of Cambridge, England.

Stanford, H. Jr & Waser, J. (1972). Acta Cryst. A28, 213-215.

Szafran, M. M., Koziol, J. & Heelis, P. F. (1990). Photochem.
Photobiol. 52, 353-360.

Acta Cryst. (1993). C49, 2181-2183

3-(4-tert-Butylphenyl)-3-hydroxy-
1-(4-methoxyphenyl)-2-propen-1-one:
an SHG Active B-Diketone

HiroYUKi KAGAWA, MASAKAZU SAGAWA AND
ATsusHI KAKUTA

Hitachi Research Laboratory, Hitachi Ltd, 7-1-1
Ohmika-cho, Hitachi-shi, Ibaraki-ken 319-12, Japan

(Received 9 December 1992; accepted 11 June 1993)

Abstract

The molecular structure of 3-(4-tert-butylphenyl)-1-
(4-methoxyphenyl)-1,3-propanedione in its crystal
state was determined as an enol structure, 3-(4-tert-
butylphenyl)-3-hydroxy-1-(4-methoxyphenyl)-2-pro-
pen-1-one (BPMP), C,,H,,0;, with a disordered tert-
butyl group attached to the benzene ring. BPMP has
a powder second-order harmonic generation (SHG)
efficiency ten times that of urea.

Comment

Organic materials are popular in second-order har-
monic generation (SHG) devices such as laser diodes
because they show large optical non-linearities and
offer architectural flexibility (Chemla & Zyss, 1987)
compared with inorganic materials. However, the
majority of organic compounds have centro-
symmetric crystal structures and are therefore SHG
inactive. There are also other associated problems,
such as thermal instabilities, growth of a large single
crystal and processing for SHG devices. In addition,
organic materials with large hyperpolarizabilities
absorb light in longer-wavelength regions. In an
attempt to develop new organic SHG materials, we
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