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The final atomic parameters are given in Table 1. 
Selected interatomic distances and angles are given in 
Table 2. Molecule A is depicted in Fig. 1. The greatest 
differences between the distances and angles of mole- 
cules A and B are 0.037 (4.4tr) and 0.027 A (2.8tr) in 
C 4 - C 5  and C72-O73,  respectively, and 3.6 (9.08) 
and 3.5 ° (7.08) in C 4 - C 7 - O 7  and C 7 - C 4 - C 5 ,  
respectively. The shortest intermolecular contacts are 
O(103A)...H(94Bi)-C(94B ;) [2.54, 0-96A, 140 °, 
( i )=x ,  y, l+z], C(10A)--H(102A)...O(93B ~) [2.65, 
0 .96A,  128 ° , (i i)= l+x; y, z - I ]  and O(93A)... 
H(104B~)--C(104B ~) (2.67, 0.96 A, 118°). 

Related literature. The bond distances and angles in 
cyclohexene, acetoxybutyl and in the chain C 4 -  
C 7 - C 8 - C 9 - C 1 0  are similar to those reported by 
Allen, Kennard, Watson, Brammer, Orpen & Taylor 
(1987), Gieren & Kokkinidis (1986) and Jimrnez- 
Garay, L6pez-Castro & M~rquez (1976), respectively. 

We are grateful to Professor J. Pac/tk for providing 
the single crystals. 
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Abstract. C5HsN2Oa, M r = 144.1, orthorhombic, 
P212121, a = 18.081 (3), b = 7.760 (1), c - -  
4 .615(1)A,  V = 6 4 7 ( 1 ) A  a, Z = 4 ,  D x = 1 . 4 7 8 ,  
Din(flotation in toluene/carbon teterachloride) = 
1.468 (6) Mg m -a, 2(Cu Ka) -- 1.5418/~, /~(Cu K~t) = 
1.011 mm -~, F(000) = 304.0, T -  296 K, R = 0-042, 
wR = 0.061, for 590 observations. The present diketo- 
piperazine ring adopts an almost flat conformation. 
There are two kinds of hydrogen bonds: Oa--H... 
O2(~--x, l--y, ½+z) 2.599 (1)/~; and N2--H. . .OI(2-x,  
--½+y, ~--z) 2.878 (1) A. 

Experimental. Colorless cubic crystals by slow 
evaporation of an aqueous methanol solution at room 
temperature. Crystal 0.3 x 0.3 x 0.05 mm. Rigaku- 
Denki RASA 5R-II automated diffractometer. Sys- 
tematic absences h00 for h odd, 0k0 for k odd, 00l for l 
odd. Cell constants by least squares using 15 reflec- 

* Author to whom correspondence should be addressed. 
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tions with 4 0 ° <  20(Cu)_< 80 ° measured on the dif- 
fractometer. Intensity data collected in o.r--20 scan 
mode. 603 independent reflections, 20 < 120.0 °, 0 < 
h < 20, 0 < k < 8, 0 < l < 5. No systematic fluctua- 
tions in 113, 732, 912, monitored every 100 
reflections. 

Structure determined using MULTAN78 (Main, 
Hull, Lessinger, Germain, Declercq & Woolfson, 
1978). Block-diagonal least-squares refinement 
(HBLSIV: Ashida, 1981). Y.w( IFol -- klFcl) 2 mini- 
mized. Weighting scheme: w--  [tr2(Fo) + 0-0590 IFo I + 
0.0013 lEo[El -I .  Subsequent difference Fourier maps 
revealed positions for all 8 H atoms; however, all H 
atoms were fixed at calculated positions (with C-- 
H = 1.08 ]k)with fixed isotropic temperature factors 
( B = 5 - 0 A 2 ) .  Final cycle of block-diagonal least 
squares gave R = 0.042, wR = 0.061, S -- 0.69, using 
590 observations with I Fol > 2tr(Fo) and 92 variables. 
(A/o)max = 0.033. Final difference map contained no 
peak higher than 0.4 e/~-3. Atomic scattering factors 

© 1989 International Union of Crystallography 
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from International Tables for X-ray Crystallography 
(1974). The molecule and numbering scheme are shown 
in Fig. 1 and a stereoscopic view in Fig. 2. Positional 
parameters and the equivalent values of the anisotropic 
temperature factors for non-H atoms are given in Table 
1.* Bond lengths and angles are given in Table 2. 

O1 

Related literature. The flat conformation has been 02 
O3 

assigned to this molecule in DMSO (Akiyama, Katoh NI 
& Tsuchiya, 1988). A number of related diketo- N2 
piperazine compounds have been reported (Radding, C l C2 
Donzel, Ueyama & Goodman, 1980; Benedetti, Marsh ca 
& Goodman, 1976; Lieberek, Bednarek, Kitowska & c4 

C5 

* Lists of structure amplitudes, H-atom positional parameters 
and anisotropic thermal parameters have been deposited with the 
British Library Document  Supply Centre as Supplementary 
Publication No. SUP 51682 (4 pp.). Copies may be obtained 
through The Executive Secretary, International Union of Crystal- 
lography, 5 Abbey Square, Chester CH 1 2HU, England. 

02~ C5 C3 

1331 ~ N2 

Fig. 1. View of the molecule. Thermal ellipsoids are at 50% 
probability (OR TEPII, Johnson, 1976). 

Table 1. Final atomic coordinates (x 104) and equiva- 
lent isotropic thermal parameters (A2x 102), with 

e.s.d.'s in parentheses 
1 " * * Beq ~.t~.jBijai aj ai.a j. 

x y z Beq 
9881 (I) 4215 (3) 12912 (6) 382 (9) 
7978 (1) 2648 (3) 4414 (5) 384 (9) 
8027 (1) 5872 (3) 6249 (4) 323 (8) 
8443 (1) 4591 (3) 7556 (5) 248 (8) 
9418 (1) 2261 (3) 9831 (6) 258 (9) 
8976 (2) 5216 (4) 9624 (7) 301 (11) 
9461 (1) 3836 (4) 10897 (6) 252 (10) 
8924 (1) 1657 (4) 7538 (6) 267 (11) 

, 8410 (1) 3030 (4) 6406 (6) 257 (10) 
8486 (2) 95 (4) 8555 (9) 440 (15) 

Table 2. Bond lengths (A) and angles (o) with e.s.d.'s in 
parentheses 

O1-C2 1.236 (3) O3-N1-C1 114.3 (2) 
O2-C4 I. 242 (3) O3-N 1-C4 117.2 (2) 
O3-N1 1-384 (3) C 1 - N I - C 4  127.2 (2) 
N I - C I  1.440(4) C2-N2-C3 127.1 (2) 
N1-C4 1.323 (3) N I - C I - C 2  114.2 (2) 
N2--C2 1.319 (3) O1--C2--N2 122.5 (2) 
N2--C3 1.461 (3) O1--C2-C 1 118.9 (2) 
Cl--C2 1.502 (4) N 2 - C 2 - C  1 118.6 (2) 
C3-C4 1.506 (4) N2-C3-C4  113.7 (2) 
C3-C5 1.521 (4) N2-C3-C5  110.4 (2) 

C4-C3-C5  110.4 (2) 
O2--C4-N 1 123.0 (2) 
O2-C4-C3 118.4 (2) 
N I - C 4 - C 3  118.6 (2) 

Macikowska, 1977; Calcagni, Mazza, Pochetti, Rossi 
& Lucente, 1985; Groth, 1969; Ramani, Sasisekharan 
& Venkatesan, 1977; Degeilh & Marsh, 1959; 
Benedetti, Corradini & Pedone, 1969; Sletten, 1970; 
Suguna, Ramakumar, Shamala, Venkataramprasad & 
Balaram, 1982). 

(3 - z 

Fig. 2. The packing in the cell. 
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3-(2-Methoxyphenyl)- IH-2-benzopyran- 1-one 
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Abstract. C 16H1203, M r = 252.3, orthorhombic, Pna21, 
a = 6-633 (3), b = 13.367 (2), c = 14.056 (2) A, V =  
1246.3 (9)A 3, z =  4, Dx= 1.344 g c m  -3, 2(CuKct) 
= 1 . 5 4 1 8 4 A ,  ~ = 7 . 1 7 c m  -I, F (000 )=528 ,  T =  
296K,  R = 0 . 0 2 7  for 2337 observations (of 2508 
unique data). The average deviation from planarity is 
0.013 (1)A with a maximum of 0.028 (1)A for the 
fused-rings system, and 0.003 (1)A with a maximum 
of 0.005 (1)A for the methoxyphenyl ring. The 
dihedral angle between the two systems is 4.7 (3) °. The 
methoxyphenyl ring is pushed away from the vinyl 
proton and towards the endocyclic O atom; the bond 
angles are 130.13 (9) and 110.13 (8) °, respectively. 

Experimental. Colorless crystals of (1), m.p. 398- 
399K,  were isolated by two successive recrystal- 
fizations in methanol from the crude product obtained 
from the coupling of 2-iodoanisole and copper(I) 
methyl (2-benzoate)ethynide in pyridine at reflux 
temperature (Stephens & Castro, 1963). Crystal size 

O 

(1) 

O. 10 x 0.25 x 0.68 mm, space group from systematic 
absences Okl with k +  l odd, hOl with h odd and 
successful refinement of a noncentrosymmetric model, 
cell dimensions from setting angles of 25 reflections 
having 20 < 0 < 25 o. Data collection on Enraf-Nonius 
CAD-4 diffractometer, CuK~t radiation, graphite 
monochromator, a~--20 scans designed for I = 50tr(/), 
subject to max. scan time = 90 s, scan rates varied 
0 .61 -3 .30°min -k  One quadrant of data having 
2 < 0 < 7 5  °, 0 < h < 8 ,  0 < k < 1 6 ,  - 1 7 < l < 1 7  
measured. Data corrected for background, Lorentz, 
polarization and absorption effects. Absorption correc- 

* To whom correspondence should be addressed. 
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tions were based on qt scans, with a minimum relative 
transmission coefficient of 89.86%. Standard reflec- 
tions 200 and 020 displayed no decline in intensity 
during the experiment. Equivalent data merged, Rint 
= 0.016, to yield 2508 unique data, 2337 observed with 
1 > 3tr(/). Structure solved by direct methods, using a 
data set previously obtained from a lower-quality 
crystal with Mo Kct radiation, employing MULTAN82 
(Main, Fiske, Hull, Lessinger, Germain, Declercq & 
Woolfson, 1982). The structure was refined using the 
Cu K~t data by full-matrix least squares based upon F 
with weights w = 4Fo2[a2(/) + (0"02Fo2)2] -1 using 
Enraf-Nonius SDP (Frenz & Okaya, 1980), scattering 
factors of Cromer & Waber (1974), anomalous 
coefficients of Cromer (1974). Non-H atoms refined 
anisotropically; H atoms located by AF and refined 
isotropically. One reflection (177) was given zero 
weight on the basis of extremely poor agreement with F c 
and with F o for the 171 reflection. An attempt to 
determine the direction of the polar axis by refinement 
of the structure inverted through the origin was 
inconclusive. Final R = 0.027 (0.031 for all data), 
wR = 0.035, S -  1.918 for 220 variables. Maximum 
shift 0.03e in the final cycle, max. residual density 
0.24 e A -3, min. - 0 . 1 7  e k -a, extinction coefficient 
g = 5.2 (2)x  10 -6 where the correction factor (1 + 
gIc) -1 was applied to F c. Coordinates are given in Table 
1; bond distances, angles and torsion angles are given in 
Table 2.t  The molecule is illustrated in Fig. 1, and a 
packing diagram is shown in Fig. 2. 

Related literature. Structure of the dimethyl derivative 
of lateropyrone: Bushnell, Li & Poulton (1984). The 
title compound shows the same distorted bond angles 

~" Tables of H-atom coordinates, distances and angles involving H 
atoms, anisotropic thermal parameters, structure-factor amplitudes 
and least-squares planes have been deposited with the British 
Library Document Supply Centre as Supplementary Publication 
No. SUP 51686 (30 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 5 
Abbey Square, Chester CH 1 2HU, England. 
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