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()1~C9 
O1~CI0 
()2~C 11 
O2----C 12 
O3~C13 
O3~CI4 
N I --C2 
NI~C3 
N2---C20 
N2---C21 

C9--O 1 --C 10 
C11~O2--C12 
C13--O3--C14 
C2--N 1 ----C3 
C20----N2~C21 
C2--C I ~C22 
N I --C2--C I 
N I --C3--C4 
C3~C4--C5 
C3--C4~C9 
O2--C 11 --C 10 
O2--C 12--C 13 

Table 1. Selected 
1.364 
1.429 
1.418 
1.414 
1.433 
1.367 
1.456 
1.256 
.256 
.455 

18.7 (2) 
11.3 (2) 
17.9 (2) 
16.6 (2) 
19.0 (2) 
12.5 (2) 
12.1 (2) 
23.3 (2) 
21.3 (2) 
19.9 (2) 
10.2 (2) 

109.8 (2) 

The structure was solved 
positions were located by 
isotropically. 

geometr ic  parameters  (,4, o) 
(3) C1--C2 
(3) CI--C22 
(3) C 3 ~ 4  
(3) C4--C9 
(3) C 1 9 ~ 2 0  
(3) C10--CI I 
(3) ('12-4213 
(3) C14--C19 
(3) C21~C22 
(3) 

.506 (3) 

.515 (3) 

.470 (3) 

.41)t) (3) 

.473 (3) 

.491 (4) 

.488 (3) 

.398 (3) 

.520 (3) 

O3--C13---C12 108.9 (2) 
O3--C14--CI5 123.5 (2) 
O3--C 14--C 19 116.3 (2) 
C I--C22~C21 tl5.0 (2) 
O1--C9---C4 II 5.4 (2) 
O I ~C9--C8 124.5 (2) 
OI~CI0--C11 107.9 (21 
C 14--C 19---C20 121.8 (2) 
C 18~C 19---C20 120.1 (2) 
N 2---C2(b--C 19 121.7 (2) 
N2--C2 I--C22 110.7 (2) 

by direct methods. The H-atom 
difference synthesis and refined 

Data collection: MoIEN (Fair, 1990). Cell refinement: 
MoIEN. Data reduction: MoIEN. Program(s) used to solve 
structure: SHELXS86 (Sheldrick, 1990). Program(s) used to 
refine structure: MoIEN. Molecular graphics: ORTEPII (John- 
son, 1976). Software used to prepare material for publication: 
MoIEN. 
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Abstract 

The title compound, CI2H7N302, is a 1-nitro deriva- 
tive of the ligand benzo[c]cinnoline. The tings in the 
benzo[c]cinnoline skeleton are close to planarity, while 
the skeleton itself is non-planar. The dihedral angles 
between the rings in the benzo[c]cinnoline skeleton are 
aA/3 4.0(5), c~A7 8.4(2) and ¢3/x7 4.5 (4)°; in benzo- 
[c]cinnoline the c~A-y dihedral angle is 2.5 °. The differ- 
ence is caused by steric interactions between the nitro 
group and benzo[c]cinnoline skeleton. 

Comment 
Nitrobenzo[c]cinnolines are the starting materials for 
other benzo[c]cinnoline derivatives (Barton & Cocket, 
1962; Klhq & Ttiztin, 1992). Benzo[c]cinnoline and 
some of its derivatives are known to have muta- 
genic (Leary et al., 1983), antirheumatic (Matter, 1957; 
Erlenmeyer, 1958), herbicidal (Entwistle et al., 1981) 
and carcinogenic (Ashby et al., 1980) physiological ac- 
tivities. They have also been used as bleach catalysts 
in the processing of photographic silver-dye bleach ma- 
terials (Jan, 1980). The structures of benzo[c]cinnoline 
(van der Meer, 1972) and octachlorobenzo[c]cinnoline 
(King et al., 1983) have been described as complexes 
with bis(tricarbonyliron) (Doedens, 1970) and copper(I)- 
benzoato (Toth et al., 1987). The structures of 1- 
morpholinobenzo[c]cinnoline (Hrkelek et al., 1990), 
1- and 3-piperidinobenzo[c]cinnoline (Hrkelek et al., 
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1991a), 2- and 4-pyrrolidinobenzo[c]cinnoline (H6kelek 
et al., 1991b) and 2-fluorobenzo[c]cinnoline (H6kelek, 
1991) have been reported previously. 

As far as we know, there are no reports on the 
structures of benzo[c]cinnolines substituted with alkyl, 
alkoxy, aminoalkyl or nitro groups. The structure de- 
termination of the title compound, (I), was undertaken 
in order to understand the effect of changing the type 
and position of the substituent, and to permit a compar- 
ison of its structure with those of previously reported 
benzo[c]cinnolines to be made. 

N z N  

NO 2 

(1) 

Fig. 1 shows the compound (I) with the atomic num- 
bering scheme. The benzo[c]cinnoline skeleton con- 
sists of almost planar rings. The maximum distances 
from the least-;squares planes are 0.023 (2), 0.039 (2) 
and 0.023(2)A for rings o~ (C1,C2,C3,C4,C5,C14), 
/3 (C5,N6,N7,C8,CI3,CI4) and ,y (C8,C9,C10,C11,C12, 
C13), respectively. The rings are twisted slightly with 
respect to each other. The dihedral angles between 
their least-squares planes are aA/3 4.0 (5), aA7 8.4 (2) 
and /3A7 4.5 (4) °. In benzo[c]cinnoline (van der Meer, 
1972), the dihedral angle between the two benzenoid 
rings (c~AT) is 2.5 °. The large corresponding dihedral 
angle in (I) probably results from steric interactions 
between the benzo[c]cinnoline and the nitro group at 
position 1. The dihedral angle oFX7 depends on the 
steric interaction with the substituents. The interaction 
is greatest with the substituents at position 1, as for 
1-piperidinobenzo[c]cinnoline; the corresponding aA7 

angle in 3-piperidinobenzo[c]cinnoline (H6kelek et al., 
1991a) is 3.4(1) and 1.8(1) ° in the two indepen- 
dent molecules. The corresponding aA-y dihedral an- 
gles are 1.32 (6) and 4.95 (7) ° in 2-pyrrolidino- and 4- 
pyrrolidinobenzo[c]cinnolines, respectively, (H6kelek et 
al., 1991b) and 0.50(7) ° in 2-fluorobenzo[c]cinnoline 
(H6kelek, 1991). 

The steric interaction between the H atom at C12 
and the nitro group at CI [N8.-.H121 = 2.39(2) and 
O1.. .H121 = 2.50(2),~] generates an enlarged C13- -  
C14 C1 angle [128.4(1) ° ] and smaller ones at the 
opposite side of the benzo[c]cinnoline skeleton (see 
Table 1). It is well known that nitro substituents are 
a very strong electron-withdrawing group, so the en- 
docyclic C14 C1--C2 angle [123.5(2) °] is enlarged 
compared to corresponding ones in 1-morpholinobenzo- 
[c]cinnoline [119.0(2) °; H6kelek et al., 1990] and 
1-piperidinobenzo[c]cinnoline [119.2(3)°; HOkelek et 
al., 1991a], where the morpholino and piperidino 
substituents are known electron-donating groups. The 
electron-withdrawing property of the nitro group is also 
effective on the C1--N8 bond length [1.467 (2),~]; 
corresponding C - - N  bonds are 1.417(2)A in 1- 
morpholinobenzo[c]cinnoline (HOkelek et al., 1990) and 
1.419 (3) A in 1-piperidinobenzo[c]cinnoline (Htkelek 
et al., 1991a). 

As a general trend, the C1---C2, C3--C4,  C9---C10 
and C I 1--C12 bonds in the benzo[c]cinnoline skeleton 
are shorter than the other bonds determined crystallo- 
graphically in all of the benzo[c]cinnoline ligands. This 
determination is in agreement with the theoretical cal- 
culations made by Mulliken (1955). 

Experimental 

Compound (I) was synthesized according to the literature 
method of Barton & Cocket (1962). Suitable crystals for X-ray 
crystallography were obtained from AcOH. 

N6 N7 

° 

02 

Crystal data 

CIzHTN3Oe Mo Ka radiation 
Mr = 225.21 ,k = 0.71073 ,~, 

2"9 
Monoclinic Cell parameters from 25 
P21/n reflections 
a = 7.894(1) ,~ 0 = 9-18 ° 
b = 13.892(1) ,~ # -- 0.1044 mm -I 
c = 9.556(1) ,~ T= 298 K 
/3 = 103.28 (2) ° Block 

Icll V = 1019.9 (2),~3 0.30 × 0.25 × 0.20 mm 
Z = 4 Yellow 

~) Dx = 1.467 Mg m -3 
D,, not measured 

Fig. 1. An ORTEPII (Johnson, 1976) drawing of (I) with the atomic 
numbering scheme. Displacement ellipsoids are drawn at the 50% 
probability level. 

Data collection 
Enraf-Nonius CAD-4 1715 reflections with 

diffractometer F > 2tr(F) 
w/20 scans  Rint = 0 .018  
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Absorption correction: 
empirical via ~b scans 
(Fair, 1990) 
Tm,o = 0.969, Tmax -- 0.979 

2312 measured reflections 
2062 independent reflections 

0 m a x  = 2 6 . 3  ° 

h = 0---,  9 
k = - 1 7 ~ 0  
l = - 1 1  ~ 11 
3 s tandard  re f lec t ions  

f r equency :  120 min  

in tens i ty  decay :  1% 

Refinement 

R e f i n e m e n t  on F 
R = 0 .048  

wR = 0.060 
S = 1.68 
1715 reflections 
170 parameters 
H atoms: see be low 
w = l / [ a ( F )  2 + (0.02F) e 

+ 1.0] 

(A/o')m,x = 0.01 
Apmax = 0.22 e ,~,-~ 
/'~Pmin = - 0 . 2 5  e A, -3 
Extinction correction: none 
Scattering factors from Inter- 

national Tables for  X-ray 
Crystallography (Vol. IV) 

T a b l e  1. Selected geometric parameters (?t, °) 
C 14--~5 
C14---C13 
C I ~ I  
C5--N6 
C4----C5 
N6--N7 
C8---C13 
C8---C9 
C8--N7 
C13--C12 

C5--CI4---C13 
C5---C 1 4 - ~  1 
C 1 3 - - C 1 4 ~ 1  
C 1 ~ 5 - - N 6  
C 14---C 5---C4 
N 6---C 5------C4 
C5--N6---N7 
C 1 3 - - C 8 ~ 9  
C 1 3 ~ 8 - - N 7  
C 9 ~ 8 - - N 7  
C 1 4 - - C 1 3 ~ 8  
C14--C13--C12 
C8---CI 3 ~ 1 2  
C5--C4~C3 

C 13---C 1 4 ~ 5 - - N 6  
C 13--C 1 4 - - C 5 ~ 4  
C1- - -CI4~5- -N6  
C 1 ---C 14--C5--C4 
C5----C 14--C 13--C8 
CI 3---C 1 4 ~ 1 - - N 8  

.411 (2) 

.441 (2) 

.407 (2) 

.386 (2) 

.408 (3) 

.284 (3) 

.412 (2) 

.408 (3) 

.388 (2) 

.403 (3) 

116.5 (1) 
115.2 (2) 
128.4(1) 
123.4 (2) 
121.4 (1) 
115.2 (2) 
120.0 (2) 
120.7 (2) 
123.5 (2) 
115.9 (2) 
115.6(1) 
126.9 (2) 
117.5 (2) 
120.5 (2) 

5.2(2) 
-176.2 (2) 
- 175.1 (2) 

3.6(2) 
-7.3 (2) 
-8.1 (3) 

C3--C4 1.362 (3) 
C9---C 10 1.359 (3) 
C1~C2 1.370 (3) 
C2~23 1.391 (3) 
CI--N8 1.467 (2) 
Cll--C12 1.377 (3) 
N8--O1 1.218 (2) 
N8---O2 1.211 (2) 
C I (~-C 11 1.395 (3) 

C8--C9---C 10 120.0 (2) 
N6- - -N7~8  120.6 (I) 
C 1 ~ 2 - - C 3  119.6 (2) 
C1 ~ 1---C2 123.5 (2) 
C 14---C I--N8 120.8 (2) 
C2--C1--N8 115.6 (1) 
C4---C3--C2 119.7 (2) 
CI3--CI2---C11 121.0 (2) 
CI--N8--O1 117.6 (I) 
C 1 --N8----O2 118.1 (2) 
O I--N8--O2 124.2 (2) 
C9-----C 1 ~ I 1 120.3 (2) 
C12~-C 11~CI0 120.4 (2) 

C 14---C5--C4~£3 -0.8 (3) 
C9---C 8--C 1 3 ~  12 4.0 (3) 
C14--C1--N8--OI -65.7 (2) 
C 14---C 1--N8--O2 116.1 (2) 
C2---C I--N8--O I 110.4 (2) 
C2---C 1--N8~O2 -67.8 (2) 

The structure was solved by direct methods. Most of the H- 
atom positions were located by difference synthesis and refined 
isotropically; the remaining ones were calculated geometrically 
and a riding model was used during the refinement process. 

Data collection: MoIEN (Fair, 1990). Cell refinement: 
MoIEN. Data reduction: MolEN. Program(s) used to solve 
structure: SHELXS86 (Sheldrick, 1990). Program(s) used to 
refine structure: MoIEN. Molecular graphics: ORTEPII (John- 
son, 1976). Software used to prepare material for publication: 
MoIEN. 
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Scientific and Technical Research Council of  Turkey and 
also thank the Ankara University Research Fund, grant 
number 98050406, for financial assistance. 

© 1999 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: KA 1302). Services for accessing these 
data are described at the back of the journal. 

. . . . . . . . . . . . . . .  

References 
Ashby, J., Styles, J. A. & Paton, D. (1980). Carcinogenesis (NY), 1, 

I-7. 
Barton, J. W. & Cocket, M. A. (1962). J. Chem. Soc. pp. 2454-2460. 
Docdens, R. J. (1970). lnorg. Chem. 9, 429-436. 
Entwistle, I. D., Terence, G. & Barton, J. W. (19811. Br. Patent Appl. 

:2 059 263 (Chem. Abstr. 95, Pi82265g). 
Erlenmeyer, H. (1958). Br. Patent No. 794 775 (Chem. Abstr. 52, 

P418). 
Fair, C. K. (1990). MolEN. An Interactive Intelligent System fi)r 

Crystal Structure Analysis. Enraf-Nonius, Delft, The Netherlands. 
Hrkelek, T. (1991). Acta Cryst. C47, 1432-1434. 
Hrkelek, T., Klil~, E. & Ttiztin, C. (1991a). Acta Cryst. C47, 369-373. 
H6kelek, T., Kdlq, E. & Tiiztin, C. (1991b). Acta Cryst. C47, 373-376. 
Hrkelek, T., Watkin, D. J., Kdlq, E. & Tiiziin, C. (1990). Acta Cry'st. 

C46, 1027-1029. 
Jan, (3. (1980). Ger. Patent No. 2 939 259. 
Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge 

National Laboratory, Tennessee, USA. 
Killq, E. & Ttiztin, C. (1992). Synth. Commun. 22, 545-551. 
King, T. J., MacBride, J. A. H., Muir, M. & Wright, P. M. (1983). J. 

Chem. Soc. Chem. Commun. pp. 425-426. 
Leafy, J. A., Lafleur, A. L., Liber, H. L. & Blemann, K. (1983). Anal. 

Chem. 55, 758-7.61. 
Matter, M. (1957). US Patent No. 2 778 829 (Chem. Abstr. 51, 11397). 
Meet, H. van der (1972). Acta C~'st. B28, 367-370. 
Mulliken, R. S. (1955). J. Chem. Phys. 23, 1833-1840. 
Sheldrick, G. M. (1990). Acta C~'st. A46, 467-473. 
Toth, A., Floriani, C., Chiesi-Villa, A. & Guastini, C. (1987). lnorg. 

Chem. 26, 236-241. 

Acta Cryst. (1999). C55, 385-387 

Homolycorine hydrochloride dihydratet 

FRANCESC VII.ADOMAT, a JAUME BASTIDA, a CARLES 

CODINA, a XAVIER S()LANS h AND MERCE FONT-BARDIA b 

"Departamento de Productes Naturals, Facultat de 
Farm~icia, Universitat de Barcelona, Diagonal s/n, E-08028 
Barcelona, Spain, and bDepartamento de Cristal.lografia, 
Mineralogia i DipOsits Minerals, Universitat de Barcelona, 
Marti i Franqu~s s/n, E-08028 Barcelona, Spain. E-mail: 
xavier@ natura.geo, ub. es 

(Received 16 September 1998; accepted 9 November 1998) 

Abstract  
The chirality of  homolycorine has been determined by 
X-ray crystallographic analysis of  the hydrochloride 
dihydrate, CIsHe2NOg.CI--2H20.  Homolycorine is an 

Jf Alternative name: 9,10-dimethoxy-l-methyllycorenan-7-one hydro- 
chloride dihydrate. 
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