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Abstract. M r = 4 3 4 ,  orthorhombic, P2~2121, a - -  
9.1422(5),  b = 1 0 . 3 7 0 ( 3 ) ,  c = 2 1 . 4 9 4 ( 3 ) A ,  V =  
2037.7/k 3, Z = 4 ,  D m = 1 . 3 4 ,  D x - - 1 . 4 2  g cm -3, 
2(Mo Kct) = 0.7093/k,  g = 1.0 cm -1, F(000) = 904, 
T =  298 K, final R = 0.057 for 1587 observed reflec- 
tions. The molecule could be considered as two juglone 
molecules connected through a C - C  single bond. The 
dihedral angle between the two planes is 79.7 (5) ° . 
There is an intramolecular hydrogen bond in each 
juglone moiety forming a pseudo-six-membered ring. 
No intermolecular hydrogen bonding was found. 

Introduction. The isolation and identification of four 
compounds: lupeol, bisisodiospyrin, isodiospyrin and 
betulinic acid, from the root of the Morris persimmon, 
Diospyros morrisiana (Ebenaceae), were reported 
(Yoshihira, Tezuka & Natori, 1971). A very strong 
antibacterial activity was found in the acetone extract 
of the heart wood of this plant (Wu, Yang, Hsu & 
Chen, 1972). In order to understand the constituents of 
the heart wood, the isolation and identification of the 
extracts were carried out. Four compounds were 

* l',4-Dihydroxy-6,7'-dimethoxy-2,3'-dimethyl-[ 1,2'-binaph- 
thalene]-5,5',8,8'-tetrone. 
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isolated; two of them are the same as those (last two 
above) found in the root, the other two are new 
compounds: 3'-methoxyisodiospyrin and 3,3'- 
dimethoxyisodiospyrin. These were characterized by 
mass spectrometry, IR and NMR spectroscopy. The 
golden-yellow crystal of the title compound was studied 
by X-ray diffraction. 

Experimental. Crystal 0.3 x 0.5 x 0.5 mm. CAD-4 
diffractometer. Unit cell: six reflections, 20 range 17.68 
to 22.78 °. D m by flotation (n-hexane/CC14). 20ma x 
= 60 ° . Ranges of h, k, l: 0 to 12, 0 to 14, 0 to 30, 
respectively. Three standard reflections 225, 013, 105 
monitored every half hour: variation <+3%.  3374 
unique reflections, 1587 observed with I>_2e(I) .  
R =0 .0568 ,  wR =0 .0275 ,  S =  1.84. Weighting 
scheme from counting statistics. Structure solved by 
direct methods using M U L T A N  with 228 highest E's, 
50 smallest E's and 2119 ~-£2 relationships. H atoms 
found in difference Fourier map after isotropic refine- 
ment and then refined. Least-squares refinement based 
on F. (A/O)max -- 0.75. Peak in final map +0.23 e/k -3. 
Atomic scattering factors from International Tables for  
X-ray Crystallography (1974). Computing programs: 
NRC PDP-11 S D P  (Gabe & Lee, 1981), M U L T A N  
and OR TEP from Enraf-Nonius (1979) SDP. 
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Discussion. The molecular structure of the title com- 
pound is shown in Fig. 1. The atomic coordinates and 
equivalent isotropic temperature factors of non-H 
atoms are listed in Table 1.* Bond lengths are also given 
in Fig. 1. Bond angles are roughly in the range expected 
for carbon sp 2 arrangement. The molecule can be 
thought of as two planar juglone-derivative (5-hydroxy- 
3-methoxy-7-methyl- 1,4-naphthalenedione) parts con- 
nected by a C - C  (6,8'-) single bond. The dihedral angle 
between these two planes is 79.7 (5) ° . The hydroxyl 
group at the 5-position and the quinone group at the 
4-position form a pseudo-six-membered ring through 
intramolecular hydrogen bonds: 

/H-.. 

R--oH3 
R '~ R':_0CH3 

Table 1. Atomic coordinates and equivalent &otropic 
temperature  fac tors  o f  C 2 4 H 1 8 0 8  

x y z B=,(A 2) 
C(l) 0-8120 (5) 0-0797 (4) 0.1497 (2) 3.64 (2) 
c(2) 0-9007 (5) 0.0661 (4) 0.0982 (2) 3-97 (2) 
C(3) 1.0080 (5) 0.1551 (4) 0.0855 (2) 3.59 (2) 
c(4) 1.0278 (4) 0.2599 (4) o-1251 (2) 2.90 (2) 
C(5) 0.9435 (4) 0.2715 (4) 0.1781 (2) 2.72 (2) 
C(6) 0.8313 (4) 0.1820 (4) 0.1912 (2) 2-58 (2) 
C(7) 0.7349 (5~ 0.1956 (4) 0.2447 (2) 3.32 (2) 
C(8) 0.7599 (5) 0.3074 (4) 0.2860 (2) 3-66 (2) 
C(9) 0.8703 (5) 0.3901 (4) 0.2770 (2) 3.99 (2) 
C(lO) 0.9653 (4) 0.3801 (4) 0.2234 (2) 3.12 (2) 
C(l I) 1.1373 (4) 0.3598 (4) 0.1067 (2) 2.73 (2) 
C(12) 1.1019 (4) 0-4547 (4) 0.0627 (2) 3-32 (2) 
C(13) 1.2021 (5) 0-5483 (4) 0.0467 (2) 3.69 (2) 
C(14) 1.3399 (5) 0-5501 (4) 0.0728 (2) 3. I0 (2) 
c(15) 1.3791 (4) 0.4560 (4) 0.1167 (2) 2-56 (2) 
C(16) 1.2766 (4) 0.3610 (4) 0.1329 (2) 2.96 (2) 
C(17) 1.4453 (5) 0-6500 (4) 0.0537 (2) 4.02 (2) 
C(18) 1-5836 (5) 0-6591 (4) 0.0884 (2) 3.92 (2) 
C(19) 1.6158 (4) 0.5734 (4) 0.1320 (2) 3.73 (2) 
C(20) 1.5196 (4) 0.4634 (4) 0.1479 (2) 3-34 (2) 
C(21) 1.1017 (5) 0.1380 (5) 0.0290 (2) 5.00 (3) 
C(22) 0.6658 (7) 0.4249 (5) 0.3705 (2) 7.00 (3) 
C(23) 0.9504 (5) 0.4564 (5) 0.0339 (2) 4.90 (3) 
C(24) 1-8357 (6) 0-6807 (5) 0.1620 (2) 6.30 (3) 
O(1) 0.6356 (3) 0.1194 (3) 0.2552 (1) 4.56 (2) 
0(2) 1.0612 (3) 0.4603 (3) 0.2159 (1) 4.71 (2) 
0(3) 1.4204 (4) 0.7234 (3) 0.0107 (1) 5-95 (2) 
0(4) 1.5574 (3) 0.3810 (3) 0-1857 (1) 5.06 (2) 
0(5) 0.7065 (3) -0.0100 (3) 0.1583 (1) 5.39 (2) 
0(6) 0.6599 (3) 0-3140 (3) 0.3313 (1) 5.34 (2) 
0(7) 1.3078 (3) 0.2669 (3) 0.1738 (1) 4.42 (2) 
0(8) 1.7370 (3) 0.5712 (3) 0.1674 (2) 5.34 (2) 

The bond distances of the molecule are as expected 
for a juglone molecule with localized double bonds 
[C(8)=C(9) 1.339 (6); C(18)=C(19) 1.325 (6) A] at 
the quinone ring; the other benzene ring is more or less 
totally delocalized with C - C  distance 1.40 A. Intra- 
molecular hydrogen bonding occurs in each juglone 
moiety with O(5)-H(1), O(7)-H(14), O(1)...O(5), 
and 0(4)--.0(7) distances 0.832, 0.732, 2.561, and 
2.583 A, respectively. The dihedral angle between the 
two benzene rings in biphenyl compounds varies from 0 
(Charbonneau & Delugeard, 1976) to 90 ° (Singh & 

* Lists of  anisotropic thermal parameters,  structure factors, 
H-atom coordinates and bond angles have been deposited with the 
British Library Lending Division as Supplementary Publication No. 
SUP 42162 (25 pp.). Copies may  be obtained through The 
Executive Secretary, International Union of  Crystallography, 5 
Abbey Square, Chester C H  1 2HU, England. 

(~N1.22  .~'~1.455 (6~/~-. X 
9 (5~ " 

.1,'6~1"497 (6) C16 % ~ ~ ~  1.451 (6' (318~ "" 

Fig. 1. The molecular structure and bond lengths (./~) of  C24H1808. 

McKinney, 1979; Hamor & Hamor, 1978) depending 
on the substituents at the ring. An interesting intra- and 
intermolecular hydrogen-bonding network [between 
0(2) and 0(7)] was found in the magnolol structure 
where the dihedral angle is 45 ° (Wang, Cheng, Lee & 
Chen, 1983). The title compound could form a similar 
hydrogen-bond network through 0(2). . .0(7)  if the 
dihedral angle were favorable. However, because of the 
steric hindrance caused by the two methyl groups at 
C(3) and C(12), the dihedral angle is 79.7 (5) ° with the 
two planes nearly perpendicular to each other. No 
intermolecular hydrogen bond could possibly be 
formed. 
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