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Annellated Carbazoles as Nucleic Acid 
Binding Drugs: Structure of [6-Ethyl-6,11- 
dihydro-5-(4-pheno xybutyl)-5 H-6,1 l- 
o-benzenobenzo[b]carbazole 
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The results of the X-ray analyses of the title 
compound (1) and compound (2) gave valuable 
detailed geometric information for our current 
molecular modelling studies about B-DNA- 
carbazole interactions (Pindur, Haber & Erfanian- 
Abdoust, 1992; Dr~iger, Haber, Erfanian-Abdoust, 
Pindur & Sattler, 1993; Pindur, Pfeuffer, Eitel, 
Rogge & Haber 1991; Pindur, Haber & Sattler, 1992) 
which will be used to design antitumour-active drugs. 

lnstitut fffr Organische Chemie der Universitdt't Mainz, 
Saarstrasse 21, D-55099 Mainz 1, Germany 

G.  FISCHER AND U.  PINDUR 

Institut fffr Pharmazie der Universitd't Mainz, 
Saarstrasse 21, D-55099 Mainz 1, Germany 

(Received 22 January 1993; accepted 9 June 1993) 

Abstract 05'{[ 
The title compound, C34H31NO , which has not been 
characterized before by any other analytical method, C 
was provided from a double Diels-Alder reaction, c7'( 
The resulting structure shows the typical barrelene 
geometry. 

Comment 
Benzo- and pyrido-annellated carbazoles, among 
them the ellipticine group, are interesting lead struc- 
tures for the development of antitumour-active drugs 
(Gribble, 1990; Pindur, 1987; Kansal & Poitier, 1986; 
Poitier, 1992). The principle of the action is inter- 
calation in human B-DNA or an alternative inter- 
action, e.g. groove binding with this biopolymer. 
Thus, these compounds lead to inhibition of DNA 
enzymes, such as topoisomerase II (Gribble, 
1990). In this context, we have synthesized a variety 
of annellated carbazole derivates (Pindur, 1993; 
Pindur, Haber & Erfanian-Abdoust, 1992; Pindur, 
Pfeuffer, Eitel, Rogge & Haber 1991). From these 
investigations the Diels-Alder reaction of 1-ethyl- 
pyrano[3,4-b]indole-3-one with aryne in tetrahydro- 
furan as solvent gave rise to the new N-substituted 
carbazoles (1) and (2) (Pindur, Haber & Erfanian- 
Abdoust, 1992). 
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R R = (CH2)4-O-Ph 
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Fig. 1. SCHAKAL (Keller, 1986) plot of  (1) 

Experimental 
Crystal data 

C34H31NO Cu Ka radiation 
Mr = 469.3 A = 1.5418 ~, 
Monocl inic  Cell parameters  f rom 75 
C2/c reflections 

a -- 28.0154 (6) ~, 0 = 6 6 - 7 0  ° 
b = 9.8541 (2) ,~, # -- 0.49 rnm -~ 
c -- 21.8502 (3) ,~ T = 298 K 
/3 = 123.375 (1) ° Rectangular  
V-- 5037.4 (2) ,~3 0.8 x 0.3 x 0.2 m m  
Z - -  8 Reddish 
Dx = 1.24 Mg m -3 Crystal source: slow diffu- 
Dm = 1.23 Mg m -3 sion o f  n-hexane into a 
Densi ty measured  by flota- solution o f  (1) in ethyl 

tion in an aq. poly- acetate 

tungstate solution 

Data collection 
CAD-4 dif f ractometer  0m~x -- 70 ° 
W/20 scans h = 0 ~ 35 
Absorpt ion correction: k -- - 1 3  ~ 0 

none l -- - 2 7  ~ 27 
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5174 m e a s u r e d  ref lec t ions  
4525 independen t  ref lect ions  
4143 obse rved  ref lec t ions  

[F#r(F) > 3.92] 

Ri~t = 0 .014 

Refinement 

R e f i n e m e n t  on  F 

R -- 0 .042 

wR = 0.042 
4143 ref lec t ions  
336 paramete r s  
O n l y  H - a t o m  U's  ref ined 

Uni t  we igh t s  appl ied  

3 s tandard  ref lec t ions  
f requency :  66.67 m i n  
in tens i ty  var ia t ion:  5% 

drop o f f  

(A/O')max = 0.001 
Apmax = 0.205 e ] k  -3  
Apmin = - 0 . 2 0 4  e / ~ - 3  

Ex t inc t ion  correct ion:  none  
A t o m i c  scat ter ing fac-  

tors f r o m  SHELX76 
(Sheldr ick,  1976) 

Table 1. Fractional awmic coordinates and equivalent 
isotropic thermal parameters (A 2) 

Ueq= 1 . . . .  * • . . ~ E,~jUijai ay a,.aj. 
x y Z Ueq 

C1 0.28412 (8) 0.0620 (2) 0.6136 (1) 0.0478 (10) 
C2 0.34312 (9) 0.0743 (2) 0.6548 (1) 0.057 (1) 
C3 0.37228 (8) 0.1394 (2) 0.7230 (1) 0.055 (1) 
C4 0.34373 (7) 0.1915 (2) 0.7527 (1) 0.0469 (9) 
C4A 0.28420 (7) 0.1795 (2) 0.71143 (9) 0.0379 (8) 
N5 0.24573 (6) 0.2272 (2) 0.72754 (7) 0.0363 (6) 
C5A 0.19149 (7) 0.1930 (2) 0.66875 (9) 0.0350 (7) 
C6 0.13046 (7) 0.2273 (2) 0.64725 (9) 0.0350 (7) 
C6A 0.10635 (7) 0.3063 (2) 057423 (9) 0.0354 (7) 
C7 0.08467 (7) 0.4366 (2) 0.5596 (1) 0.0417 (8) 
C8 0.06456 (8) 0.4945 (2) 0.4912 (1) 0.0497 (10) 
C9 0.06670 (8) 0.4234 (2) 0.4385 (1) 0.0495 (9) 
C10 0.08993 (7) 0.2938 (2) 0.45350 (9) 0.0427 (8) 
C10A 0.10982 (7) 0.2360 (2) 0.52100 (9) 0.0362 (7) 
Cll  0.13815 (7) 0.0967 (2) 0.54642 (9) 0.0369 (8) 
CllA 0.19509 (7) 0.1259 (2) 0.61701 (9) 0.0358 (7) 
CllB 0.25372 (7) 0.1155 (2) 0.64192 (9) 0.0367 (8) 
CllC 0.10242 (7) 0.0217 (2) 0.56862 (9) 0.0363 (7) 
C12 0.07383 (7) -0.0996 (2) 0.5392 (1) 0.0433 (8) 
C13 0.04286 (8) -0.1572 (2) 0.5651 (1) 0.0493 (9) 
C14 0.04213 (8) -0.0957 (2) 0.6211 (1) 0.0490 (9) 
C15 0.07088 (7) 0.0265 (2) 0.6511 (1) 0.0425 (8) 
C15A 0.09985 (7) 0.0876 (2) 0.62351 (9) 0.0360 (7) 
C16 0.12349 (7) 0.3023 (2) 0.70343 (9) 0.0417 (8) 
C17 0.06081 (8) 0.3337 (2) 0.6779 (1) 0.053 (1) 
CI'  0.26348 (8) 0.2924 (2) 0.79724 (9) 0.0434 (8) 
C2' 0.28851 (8) 0.1940 (2) 0.8616 (1) 0.0504 (9) 
C3' 0.25693 (8) 0.0593 (2) 0.8449 (1) 0.0479 (9) 
C4' 0.26767 (9) -0.0097 (2) 0.9132 (1) 0.055 (1) 
05'  0.24340 (6) 0.0697 (2) 0.94546 (7) 0.0551 (7) 
C6' 0.18487 (8) 0.0760 (2) 0.9095 (1) 0.0462 (9) 
C7' 0.1638 (1) 0.1899 (2) 0.9242 (1) 0.062 (1) 
C8' 0.1056 (1) 0.2023 (3) 0.8928 (2) 0.076 (2) 
C9' 0.0684 (1) 0.1028 (3) 0.8464 (1) 0.074 (1) 
C10' 0.0897 (1) --0.0083 (3) 0.8320 (1) 0.067 (1) 
e l l '  0.14812 (9) -0.0235 (2) 0.8633 (1) 0.057 (1) 

C5A--C6 1.541 (2) 
C5A--C11A 1.360 (3) 
C6--C6A 1.557 (3) 
C6--C15A 1.552 (2) 
C6--C16 1.535 (3) 
C6A--C7 1.381 (2) 
C6A--C10A 1.403 (3) 
C7--C8 1.395 (3) 
C8--C9 1.378 (4) 
C9--C10 1.388 (3) 
C10--C10A 1.381 (3) 
C10A--CII 1.528 (2) 

CllB--C1--C2 118.5 (2) 
C3--C2--C1 121.4 (2) 
C4--C3--C2 121.5 (2) 
C4A--C4--C3 117.5 (2) 
C11B--C4A--C4 122.3 (2) 
C 11B--C4A--N5 109.2 (2) 
CI'--N5--C4A 123.1 (2) 
CI'--N5--C5A 129.9 (1) 
C11A--C5A--N5 110.1 (2) 
CI IA--C5A--C6 115.5 (2) 
C16--C6--C5A 118.0 (1) 
C16--C6--C6A 113.8 (2) 
C 16--C6--C 15A 113.9 (2) 
C 10A--C6A--C6 114.4 (2) 
C 10A--C6A--C7 119.3 (2) 
C8--C7--C6A 119.7 (2) 
C9--C8--C7 120.6 (2) 
C 10--C9--C8 120.0 (2) 
C10A--C10--C9 119.5 (2) 
C11--C10A--C6A 113.7 (2) 
C11--C10A--C10 125.6 (2) 
CllC--Cll--C10A 104.5 (1) 
C l lC- -Cl l - -C l lA  106.0 (1) 
C11B--CllA--C5A 108.4 (2) 

c 11B--C4A--N5--C 1' 
C4A--N5--C 1 ' --C2' 
N5--C1'--C2'--C3' 
C1'--C2'--C3'--C4' 
C2'--C3'--C4'--O5' 
C3'--C4'--O5'--C6' 
C4'--O5'--C6'--C7' 
C6A--C6--C 16--C 17 
C5A--C6--C 15A--C 11C 
C6A--C6--C 15A--C 15 
CIOA--CII--CIIC--CI2 
CI0--C10A--C1 l--C11A 
C5A--C6--C6A--C7 
C11--CllC--C15A--C6 
CllC--C11--CllA--C11B 
C15A--C6--C16--C17 

C16--C17 1.553 (3) 
C 1' --C2' 1.524 (3) 
C2'--C3' 1.524 (3) 
C3'--C4' 1.514 (4) 
C4'--O5' 1.443 (3) 
O5'--C6' 1.376 (2) 
C6'--C7' 1.386 (3) 
C6'--C11' 1.377 (3) 
C7'--C8' 1.382 (4) 
C8'--C9' 1.383 (4) 
C9'--C10' 1.365 (4) 
C10'--Cll '  1.391 (3) 

Cl lB- -Cl lA--Cl l  136.3 (2) 
CI1A--CllB--CI 135.4 (2) 
CllA--CllB--C4A 105.4 (2) 
C15A--CllC--Cll 113.6 (2) 
C15A--CIIC--C12 120.6 (2) 
C13--C12--CllC 119.6 (2) 
C14--C13--C12 120.0 (2) 
C15--C14--C13 120.8 (2) 
C15A--C15--C14 119.6 (2) 
C15--C15A--C6 125.9 (2) 
CI5--C15A--CIIC 119.3 (2) 
C17--C16--C6 115.2 (2) 
C2'--C 1 '--N5 113.7 (2) 
C3'--C2'--C1' 114.9 (2) 
C4'--C3'--C2' 112.6 (2) 
O5'--C4'--C3' 110.4 (2) 
C6'--O5'--C4' 118.3 (2) 
C 11' --C6' - -05 '  124.2 (2) 
C 11'--C6'--C7' 120.3 (2) 
C8'--C7'--C6' 119.5 (2) 
C9'--C8'--C7' 120.6 (2) 
C10'--C9'--C8' 119.2 (2) 
Cl1'--C10'--C9' 121.2 (2) 
C10'--Cl1'--C6' 119.2 (2) 

176.6 (2) 
-72.7 (2) 
-41.8 (2) 

- 157.6 (2) 
65.6 (2) 
70.7 (2) 

- 1 5 5 . 1  ( 2 )  

60.6 (2) 
-55.2 (2) 

- 128.4 (2) 
121.2 (2) 
124.5 (2) 

- 122.6 (2) 
3.6 (2) 

134.6 (2) 
-59.3 (2) 

The  data  were  cor rec ted  for  Loren tz  and  polar iza t ion  effects .  
The  direct  m e t h o d s  opt ion  f r o m  SHELXS86 (Sheldr ick,  1985) 
p rov ided  the locat ions  o f  all  n o n - H  a toms.  The  s t ructure  was  re- 
f ined by  fu l l -mat r ix  least  squares  (SHELX76; Sheldr ick ,  1976), 
inc lud ing  pos i t ional  and  anisot ropic  d i sp lacement  parameters  
for  n o n - H  atoms.  The  H a toms  were  loca ted  in a d i f fe rence  
Four ie r  m a p  and  ref ined wi th  g rouped  isot ropic  d i sp l acmen t  pa- 
rameters .  

Table 2. Geometric parameters (,~, o) 
CI--C2 1.386 (3) C l l - -C l lA  1.516 (3) 
C1--CllB 1.402 (3) C l l - -C l lC  1.523 (3) 
C2--C3 1.399 (4) C11A--C11B 1.422 (2) 
C3--C4 1.377 (3) CllC--C12 1.384 (3) 
C4--C4A 1.398 (2) CllC--C15A 1.400 (3) 
C4A--N5 1.387 (3) C12--C13 1.392 (3) 
C4A--CllB 1.417 (3) C13--C14 1.375 (4) 
N5--C5A 1.388 (2) C14--C15 1.396 (3) 
N5--C11 1.465 (3) C15--C15A 1.387 (3) 

We wish to thank the Deutsche Forschungsgemein- 
schaft, Bonn, for financial support. 

Lists of structure factors, anisotropic thermal parameters, H-atom coor- 
dinates and complete geometry have been deposited with the British Li- 
brary Document Supply Centre as Supplementary Publication No. SUP 
71386 (38 pp.). Copies may be obtained through The Technical Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. [CIF reference: SH1050] 
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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 & Mfiller, 
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-MAll was to provide 
more information on 9-methyl-substituted alloxa- 
zincs and a comparison with earlier studies (Cs6regh, 
Kierkegaard, Koziol & Mfiller, 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. 

Structure of  1,3,9-Trimethylalloxazine 

ANNE ERTAN* 

Department o f  Structural Chemistry, 
Arrhenius Laboratory, Stockholm University, 
S-106 91 Stockholm, Sweden 

JACEK KOZIOL 

Department of Instrumental Analysis, 
Institute of Commodity Sciences, 
Academy of Economics, Marchlewskiego 146, 
Poznati, Poland 

(Received 15 February 1993; accepted 9 June 1993) 

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 

c911 cl1'~ 
c91 NIO 

C6i N5 C, 

NI 02 

)o4 

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

.q 

. . . .  q 

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