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S !--C2--N3 111.8(4) C6'--C5'--C3,5' 122.1 (5) 
NI'--C2'--N3' 125.8 (5) NI'--C6'--C5' 124.5 (5) 
NI'----C2'---C2c~' 117.6 (5) O22---C20---4)23 118.9 (5) 
N3'--C21---C2a ' il6.5 (5) O22--C20--C21 121.7 (6) 
N3---C4----C5 111.5 (5) O23----C20----C21 119.5 (5) 
N3------C4----C4o~ 120.5 (5) N3------C3,5'----C5' 113.0 (4) 
C5---C4------C4a 128.1 (5) C5----C5ot---C5/3 114.5 (5) 
N3'---424'--N4a' 117.3 (5) O5-y---C5/3---C5ct 109.6 (5) 
N3'---C4t--C5 ' 120.7 (5) 

Table 3. Hydrogen bonds and other interatomic close 
contacts ( /~,, ° ) 

Hydrogen bonds 
D H 

O5-y H5"7 
N4a t H4a I 1 
N4c~ I H4ct ~ 1 
C2 H2 

Close contacts around S 1 
C S O 
C2 S I 022 
C5 S 1 022 
C2 S1 053, ~ 
C5 S i O5~ ,iv 

Miscellaneous contacts 
C H 

c3,5 ~ H3,5~2 
C3,5 ~ H3,5~2 

A D...A 
N1 I* 2.976 (7) 
O23 ii 3.050 (8) 
N3 'iii 3.014 (7) 
022 2.972 (7) 

C--S 
1.671 (6) 
1.711 (6) 

S . . .O  C- -S . . .O  C- . .O 
2.995 (5) 73.0 (2) 2.972 (7) 

164.7 (2) >4 
3.253 (5) 163.4 (2) >4 

98.4 (2) 3.890 (7) 

O C . . .O  
022 v 3.809 (7) 
022 v 3.188 (8) 

Symmetry codes: ( i ) x -  1, ½ - y ,  ½+z; (ii) x -  1,y, z; (iii) - x ,  1 - y ,  - z ;  
• 1 1 ( i v ) - x , l - y , l - z , ( v ) l - x , y -  ~ , ~ - z .  

The  structure was solved by direct me thods  and subsequent  
difference Fourier  methods .  Anisotropic  d i sp lacement  param- 
eters were refined for all non-H atoms• H-a toms were included 
in the structure-factor  calculations,  but not refined. Data col- 
lection: CAD-4 Software (Enraf -Nonius ,  1989)• Data reduc- 
tion: SDP-VAX, Version 3.0 (1986) (Frenz, 1978). Program(s)  
used to solve structure: SHELXS86 (Sheldrick,  1985). Pro- 
gram(s)  used to refine structure: SDP-VAX. Molecular  graph- 
ics: ORTEPII (Johnson,  1971). 
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Abstract 
The dihedral angle between the indole and thymine 
rings is 31 ° , and little stacking interaction between 
these rings is observed in the crystalline state. The 
molecules are linked by three N--H.--O hydrogen 
bonds. 

Comment 
The title compound, (I), was prepared in order to 
study the nature of the stacking interaction between 
nucleic acid bases and tryptophan (Sugiyama, 1984). 
The absorption and fluorescence spectra of both 
(I) and 5'-uridylyl-L-tryptophaniate in solution 
indicated strong stacking interactions between the 
indole and thymine rings (Sugiyama, 1984). The 
crystal structure determination of 5'-uridylyl-L- 
tryptophaniate hydrochloride revealed that the 
indole ring is stacked on the uracil group of a 
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molecule related by a 2] screw axis (Saito, Sugiyama, 
Matsuura  & Fukuyama ,  1985). 

'BuO ~ C  ~ O  
I o 

~ N H  H N % "  Me 

N-" coo o:t-.  N y 
H I I 

(1) 

The crystal structure analysis of  (I) revealed that 
little stacking between the indole and thymine rings 
occurs in the crystalline state. The planes of  the 
indole and thymine rings make  an angle of  31 o. The 
~p and ~b angles for the t ryptophan residue are 
- 6 2 . 3  (4) and 154.7 (4) °, respectively. The molecules 
lying along the b axis are linked by two hydrogen 
bonds,  N(4)---H...O(1) [H...O(1) 2.04 A] and N(3 ) - -  
H...O(4) [H...O(4) 2.20 A], while those along the c 
axis are l inked by N(1)---H...O(5) hydrogen bonds 
[I-1...O(5) 1.99 A]. 

NJ 6Z'~C 4 C3 

C9 " 

~ 21 -C12 

Fig. l. ORTEPII (Johnson, 1976) drawing showing the atomic 
numbering scheme. Displacement ellipsoids are drawn at the 
50% probability level. The direction of view is along the normal 
to the thymine ring. 

Experimental 
The compound was synthesized as described by Sugiyama 
(1984). 

Crystal data 

C23H28N406 C u / C a  radia t ion 
Mr = 456.5 A = 1.5418 .~ 
Orthorhombic Cell parameters from 16 
P212121 reflections 
a = 27.414 (5) A 8 = 12.5-15 ° 
b = 9.676 (3)/~, # = 0.75 mm-1 
c = 8.843 (3)/~ T = 293 K 
V = 2346 (1) ~3 Plate-like 
Z = 4  0.4 x 0.3 x 0.1 mm 
Dx = 1.29 Mg m -3 Colourless 

Data collection 
Rigaku four-circle 

diffractometer 
w-20 scans 
Absorption correction: 

none 
2011 measured reflections 
1817 independent reflections 
1817 observed reflections 

[Fo > 2o'(Fo)] 

0max = 60 ° 
h = 0---~ 30 
k=O---~ 10 
l=0" - -+9  
2 standard reflections 

monitored every 100 
reflections 

intensity variation: -I-1.2% 

Refinement 

Refinement on F 
R = 0.057 
wR = 0.073 
S = 0.88 
1817 reflections 
411 parameters 
All H-atom parameters 

refined 
w= 1 for Fo <18  and 
w = 1/[1 + 0.25(Fo- 18)] 

for Fo > 18 

(m/o')max = 0.58 
Apmax = 0.18 e/~-s  
A/gmin = -0.20 e A -3 
Atomic scattering factors 

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

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A 2) 

Beq = (4/3)Ei~j~ijai.aj. 

x y z Beq 
C(I) 0.6729 (2) -0.0606 (6) 0.8840 (6) 5.1 
C(2) 0.7086 (2) -0.1326 (7) 0.9642 (9) 7.2 
C(3) 0.7261 (2) -0.0829 (8) 1.1053 (9) 7.3 
C(4) 0.7083 (2) 0.0303 (7) 1.1683 (7) 6.3 
C(5) 0.6730 (2) 0.1039 (6) 1.0913 (6) 4.7 
C(6) 0.6551 (2) 0.0598 (5) 0.9483 (5) 3.8 
C(7) 0.6198 (2) 0.1618 (5) 0.9025 (6) 4.2 
C(8) 0.6176 (2) 0.2573 (6) 1.0132 (6) 5.2 
C(9) 0.5924 (2) 0.1589 (6) 0.7570 (6) 4.6 
C(10) 0.6234 (2) 0.1924 (5) 0.6177 (6) 3.8 
C(ll) 0.5920 (2) 0.1720 (5) 0.4773 (6) 4.0 
C(12) 0.5655 (2) -0.0149 (6) 0.3126 (7) 5.6 
C(13) 0.5195 (2) -0.0863 (6) 0.3663 (7) 5.4 
C(14) 0.5407 (2) -0.3247 (5) 0.4193 (7) 5.1 
C(15) 0.5536 (2) -0.3999 (6) 0.6881 (7) 5.2 
C(16) 0.5433 (2) -0.2583 (5) 0.7352 (7) 4.9 
C(17) 0.5311 (2) -0.1676 (5) 0.6281 (6) 4.5 
C(18) 0.5457 (3) -0.2233 (6) 0.8986 (7) 6.5 
C(19) 0.6676 (2) 0.3885 (5) 0.5174 (5) 3.7 
C(20) 0.6981 (2) 0.6140 (5) 0.4287 (6) 5.1 
C(21) 0.6711 (3) 0.6045 (7) 0.2793 (7) 6.5 
C(22) 0.6895 (3) 0.7586 (6) 0.4981 (9) 7.5 
C(23) 0.7501 (2) 0.5787 (7) 0.4188 (9) 7.0 
O(1) 0.5641 (2) -0.4949 (4) 0.7742 (6) 6.3 
0(2) 0.5415 (2) -0.3549 (4) 0.2871 (5) 6.6 
0(3) 0.5938 (1) 0.0352 (3) 0.4399 (4) 4.8 
0(4) 0.5687 (1) 0.2575 (4) 0.4134 (4) 5.0 
0(5) 0.6849 (1) 0.3229 (3) 0.4147 (4) 4.6 
0(6) 0.6732 (1) 0.5249 (3) 0.5426 (4) 4.9 
N(1) 0.6494 (2) 0.2248 (5) 1.1262 (5) 5.8 
N(2) 0.5300 (2) --0.1963 (4) 0.4752 (6) 4.7 
N(3) 0.5508 (2) --0.4231 (4) 0.5328 (5) 5.1 
N(4) 0.6392 (1) 0.3354 (4) 0.6274 (5) 4.1 

Table 2. Selected geometric parameters (/~, °) 
C(1)--C(2) 1.394 (10) C(1 )---C(6) 1.385 (7) 
C(2)--C(3) 1.421 (11)  C(3)---C(4) 1.322 (1 I) 
C(4)----C(5) 1.382 (9) C(5k---C(6) 1.422 (7) 
C(5)----N(I) 1.372 (8) C(6)----C(7) 1.440 (7) 
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C(7)---C(8) 1.347 (8) C(7)--C(9) i.491 (8) 
C(8)---N(1) !.362 (8) C(9)---C(10) 1.533 (7) 
C( 10k---C( 11 ) 1.524 (7) C(10)---N(4) i .452 (6) 
C(i 1)---O(3) 1.365(6) C(I I)---O(4) 1.189(6) 
C(12)----C(13) 1.513 (9) C(12)---O(3) !.452 (7) 
C(13)--N(2) 1.463 (8) C(14)---4)(2) 1.205 (8) 
C(14)---N(2) 1.369 (8) C(14)--N(3) 1.411 (8) 
C(15)---C(16) 1.459 (9) C(15)----O(1) 1.228 (8) 
C(I 5)----N(3) 1.394 (8) C(16)----C(17) 1.334 (8) 
C(16)---C(18) 1.485 (9) C(17)--N(2) !.380 (8) 
C(19)---<)(5) 1.205 (6) C(19)---O(6) 1.347 (6) 
C(19)--N(4) !.347 (6) C(20)----C(21) 1.516 (9) 
C(20)---C(22) 1.546(ii) C(20)---C(23) 1.471 (I0) 
C(20)--O(6) 1.491 (7) N(4)...O(I ~) 2.938 (6) 
N(3i)-..O(4) 3.302 (6) N(1)...O(5") 2.890 (6) 

C(2)----C(1)----C(6) 117.3(6) C(1 )---C(2)----C(3) 121.0(7) 
C(2)--C(3)---C(4) 121.7 (7) C(3)---C(4)---C(5) 118.6 (7) 
C(4)--C(5)---C(6) 121.7 (5) C(4)---C(5)---N(I) 131.3 (6) 
C(6)---C(5)--N(1 ) 107.0(5) C(1)---C(6)----C(5) 119.8(5) 
C(1)--C(6)---C(7) 134.2 (5) C(5)--C(6)----C(7) 106.0 (4) 
C(6)---C(7)----C(8) 107.2 (5) C(6)--C(7)---C(9) 124.7 (5) 
C(8)---C(7)---C(9) 128.1 (5) C(7)---C(8)--N(!) 110.3 (5) 
C(7)--C(9)---C(10) 114.1 (4) C(9)---C(10)---C(11) 108.3 (4) 
C(9)---C(10)--N(4) 108.7(4) C(11)--C(10)---N(4) 110.0(4) 
C( 10)---C( I 1 )--O(3) 107.6 (4) C( 10)---C( 11 )--0(4) 126.9 (5) 
O(3)--C(11)--O(4) 125.5(5) C(I 3)--C(12)---O(3) 110.8(5) 
C(12)----C(13)--N(2) 112.1 (5) O(2)---C(14)--N(2) 125.1 (6) 
O(2)---C(14)--N(3) 121.5 (6) N(2)---C(14)--N(3) 113.4 (5) 
C( 16)---C( 15)----O(1 ) 124.8(6) C(I 6)----C(15)----N(3) 115.0(5) 
O(1)--C(15)--N(3) 120.2 (6) C(I 5)----C(16)--C(17) 117.6 (5) 
C(15)---C(16)---C(18) 118.9 (5) C(17)--C(16)--C(18) 123.5 (6) 
C(16)--C(17}---N(2) 124.7 (5) O(5)---C(19)---O(6) 126.6 (4) 
O(5)----C(19)---N(4) 124.8 (4) O(6)----C(19)---N(4) 108.7 (4) 
C(21)---C(20)--C(22) 109.1 (6) C(21)---C(20)----C(23) i14.0 (6) 
C(21 )----C(20)--O(6) 109.3 (5) C(22)----C(20)---C(23) 112.4 (6) 
C(22)--C(20)--O(6) 100.7 (5) C(23}---C(20)---O(6) 110.5 (5) 
C( 11 )---O(3)---C(12) 119.4 (4) C(19)---O(6)---C(20) 120.4 (4) 
C(5)--N(1)--<2(8) 109.5 (5) C(13)--N(2)----C(14) 117.6 (5) 
C(13)---N(2)--C(17) 120.2 (5) C(14)---N(2)---C(17) 122.1 (5) 
C(14)---N(3)--C(15) 127.0(5) C(10)--N(4)---C(19) 119.6(4) 
N(4)...O(!')--C(15') 108.0 (4) N(3i)...O(4)--C(I 1) 125.4 (3) 
N( 1)-.-O(5ii)--C(19ii) 134.9 (3) 

Symmetry codes: (i) x, 1 + y, z; (ii) x, y, 1 + z. 

Data were corrected for Lorentz  and polarizat ion effects. The  
structure was solved by direct methods  using MULTAN78 
(Main et al., 1978) fo l lowed by successive Fourier  syntheses.  
The  posit ional and anisotropic  d i sp lacement  parameters  were 
refined by the block-diagonal  least-squares me thod  (Ashida,  
1973). The  H-a tom posi t ions were located f rom a A p  synthesis  
and refined with isotropic d isp lacement  parameters .  
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Lists of structure factors, anisotropic displacement parameters and 
H-atom coordinates have been deposited with the IUCr (Reference: 
OH 1049). Copies may be obtained through The Managing Editor, Inter- 
national Union of Crystallography, 5 Abbey Square, Chester CH 1 2HU, 
England. 
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Abstract 
The structure of 5,7,9,10-tetramethoxy-3-methyl- 1H- 
naphtho[2,3-c]pyran-l-one, C~8H1806, a derivative of 
a natural isocoumarin isolated from Paepalanthus 
bromelioides, was determined by X-ray analysis, 
which unequivocally confirmed the previously 
assigned structure. Small deviations from the stand- 
ard angles, resulting from steric hindrance between 
the methoxyl and carbonyl groups, were observed. 

Comment 
Isocoumarins have a wide range of biological proper- 
ties (Hill, 1986). They are mainly formed through the 
acetate-malonate pathway that can lead to linear, as 
well as to angular-polycyclic aromatic natural 
products. The title compound, (2), was first prepared 
by methylation of a natural product, (1), isolated 
from the capitula of P.bromelioides (Eriocaulaeeae) 
(Vilegas, Roque, Salatino, Giesbrecht & Davino, 
1990). 

OR OR O 

M e O ~  

OMe 

( I ) R = H  

(2) R = CH~ 

To clarify the bonding of the C atoms and the 
location of the oxygenation sites, J3C--JH long- 
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