
732 C8HI3N40~'.C1- 

Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge 
National Laboratory, Tennessee, USA. 

North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst. 
A24, 351-359. 

Sheldrick, G. M. (1985). SHELXS86. Program for the Solution of 
Crystal Structures. University of Grttingen, Germany. 

Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 
Crystal Structures. University of Grttingen, Germany. 

Steiner, Th. (1995). J. Chem. Soc. Perkin Trans. 2, pp. 1315-1319. 
Steiner, Th. (1997). Acta Cryst. C53, 255-257. 

Acta Cryst. (1997). C53, 732-734 

9-Propylidenehydrazino-10-acridinium 
Thiocyanate at 173 K 

ANTHONY LINDEN, a JANA GUSPANOV,g,, a JURAJ BERN,~T b 
AND PAVOL KRISTIAN b 

a Organisch-chemisches Institut, Universitiit Ziirich, 
Winterthurerstrasse 190, CH-8057 Ziirich, Switzerland, 
and bDepartment of  Organic Chemistry, P. J. Safarik 
University, Moyzesova 11, 041 54 Kogice, Slovakia. E-mail: 
alinden @ oci.unizh.ch 

(Received 26 November 1996; accepted 22 January 1997) 

Abstract 
The acridinium ring in the title compound, CI6HI6N~.-  
SCN-,  deviates slightly from planarity; the angle 
between the planes of the outer rings is 6.20 (14) °. There 
are significant distortions of the hydrazine side chain 
caused by steric interactions with the acridinium ring. 
The cations stack into columns with short interplanar 
spacings and hydrogen bonds cross-link the stacks via 
the anions. 

Comment 
Bifunctional isothiocyanates react with hydrazines to 
give thiosemicarbazides, which can be cyclized to the 
corresponding substituted triazolidines (Kutschy, Kris- 
tian, Dzurilla & Kovfir, 1980; Richter, Klatt, Feuerer 
& Schulze, 1992). Similar products were also obtained 
from the reaction of 1-ethoxy-l-isothiocyanatopropane 
with phenylhydrazines (Bernfit, Kristian, Guspanovfi, 
Imrich & Bugovfi, 1997). This reaction has been used 
to synthesize a triazolidine derivative, (I), with a bio- 
logically active acridine skeleton (Abu-Shady, Ragab & 
Ali, 1990), however, the spectral data of the product 
were inconsistent with the expected structure. An X-ray 
structural analysis revealed the product to be the title 
compound, (II). The synthesis and spectral results have 
been reported elsewhere (Kristian et al., 1996). 
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The acridinium ring system of (II) has a similar geom- 
etry to most other examples of this moiety. The bond 
lengths within the outer rings follow the usual pattern 
of long and short bonds observed in acridines, acri- 
dinium cations (Jones & Neidle, 1975) and anthracene 
(Brock & Dunitz, 1990). This is the pattern expected by 
merging the four possible Kekul6 structures of acridine 
(Clark, Robinson, Denny & Lee, 1993). The acridinium 
ring is not completely planar, but forms a shallow 
and slightly twisted butterfly conformation folded about 
the C9--.N10 axis, with the angle between the planes 
of the outer rings being 6.20(14) ° . Although acri- 
dine (Phillips, 1956; Phillips, Ahmed & Barnes, 1960) 
and the 9-aminoacridinium cation (Talacki, Carrell & 
Glusker, 1974) are almost planar, deviations from pla- 
narity are often observed and the magnitude of the devi- 
ation appears to be related to the degree of substitution 
(Jones & Neidle, 1975). 

The short N1--C9 bond displays considerable 
double-bond character due to the contribution of the 
resonance structure (III), consistent with the 9-amino- 
acridinium cation (Talacki, Carrell & Glusker, 1974), 
9-aminoacridine (Chaudhuri, 1983) and most derivatives 
thereof. An examination of the structures of 17 9-amino- 
acridine and 11 9-aminoacridinium compounds extracted 
from the Cambridge Structural Database (October 1996 
release; Allen & Kennard, 1993) shows that when the 
amino N atom of neutral 9-aminoacridine compounds 
is bonded to another 7r system, the N1--C9 bond 
becomes significantly° longer [1.40 (1),~, for four com- 
pounds cf. 1.35 (1)A for all other neutral 9-amino- 
acridines]. Similar substituents on 9-aminoacridinium 
cations, however, have no significant influence on the 
length of the N1--C9 bond [1.35 (2),~, for four such 
examples, including the title compound, c f  1.33 (1)]~ 
for all structures with 9-aminoacridinium cations]. 

The hydrazine side chain is planar from N1 to 
C13, with a maximum deviation of 0.024 (3),~,. This 
plane makes an angle of 9.64 (10) ° with the mean 
plane of the acridinium moiety and is tilted towards 
the convex side of the acridinium ring distortion. 
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The relative coplanarity of the entire cation results 
in a short intramolecular contact between the ring H 
atom at C1 and the N2 atom of the hydrazine side 
chain [ H I . . . N 2  2.25 (3),~,]. This steric strain causes a 
significant enlargement of the N1-- -C9--C9a  and N 2 - -  
N 1- -C9 bond angles and is probably necessitated by the 
requirement for planarity introduced by the double-bond 
character of the N 1 - - C 9  bond. 

The cations stack into columns within which adjacent 
cations are related by a centre of inversion. The 
interplanar spacings between one acridinium moiety and 
its two neighbours are 3.35 (10) and 3.56 (10)A. This 
indicates a significant interaction between the 7r systems 
of adjacent rings since the van der Waals radius of 
carbon 7r systems in graphite is 1.8 ,~ (Kitajgorodski, 
1973). The acridinium rings are tilted with respect to the 
stacking direction so that they do not overlap exactly, 
but are slightly offset with one acridinium moiety 
being approximately 50% eclipsed by the rings of the 
adjacent cation. A similar stacking has been observed 
for 9-aminoacridinium chloride monohydrate (Talacki, 
Carrell & Glusker, 1974) and related 9-aminoacridine 
derivatives (Carrell, 1972; Karle, Cysyk & Karle, 1980). 
Clark, Robinson, Denny & Lee (1993) have noted 
the trend that 9-aminoacridines which exhibit acridine 
stacking in the solid state do not possess antitumour 

~ N 3 ,  
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S . - ' """  ~ N2 

C I 4 ~ j L  C 1 2 ~  C13 

N3 ( ~  v , . j  

Fig. I. View of compound (II) showing the atom-labelling scheme and 
the hydrogen bonding between the ions. Displacement ellipsoids 
are drawn at the 50% probability level. H atoms are represented by 
spheres of arbitrary size. 

activity. It would be interesting to see if compound (II) 
also fits this hypothesis. 

Hydrogen bonds cross-link the cationic stacks via the 
anions; the acridinium N10----H group interacts with the 
N atom of the thiocyanate ion, while the S atom accepts 
a weak hydrogen bond from the side chain N 1 - - H  
group of a different cation (Fig. 1 and Table 2). These 
interactions link the ions into infinite one-dimensional 
chains which run parallel to the y axis; graph set: N2 = 
C~(10) (Bernstein, Davis, Shimoni & Chang, 1995). 

Experimental 

The title compound was prepared according to the method of 
Kristian et al. (1996). Suitable crystals were obtained by slow 
diffusion of diethyl ether into a solution of compound (II) in 
methanol. 

Crystal data 

CI6HI6N~.SCN- 
Mr = 308.40 
Triclinic 
PT 
a = 9.054 (5) ,~, 
b = 11.467 (4) ,~, 
c = 8.512 (3) ,~, 
o~ = 110.66 (3) ° 
/3 = 109.01 (4) ° 
"/' = 76.51 (4) ° 
V = 774.7 (7) ,~3 
Z = 2  
Dx = 1.322 Mg m -3 
Dm not measured 

Mo Ko~ radiation 
A = 0.71069 ,~ 
Cell parameters from 25 

reflections 
0 = 19.0--20.0 ° 
/~ = 0.211 mm -j 
T = 173 (1) K 
Plate 
0.50 × 0.38 × 0.06 mm 
Gold 

Data collection 
Rigaku AFC-5R diffractom- 

eter 
w-20 scans 
Absorption correction: none 
3793 measured reflections 
3566 independent reflections 
2473 reflections with 

I > 2o'(/) 
Rint = 0.031 

Refinement 

Refinement on F 
R = 0.0524 
wR = 0.0526 
S=  2.145 
2473 reflections 
263 parameters 
All H atoms refined 
w = ll[o'2(Fo) + (0.008Fo) 2] 

0max = 27.5 ° 
h = 0 ---~ 11 
k = - 14 ~ 14 
l = -11 ~ 10 
3 standard reflections 

every 150 reflections 
intensity decay: 

insignificant 

(z~/o.)max = 0.0002 
z~kpmax = 0.32 e ~-3 
Apmin = -0.43 e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table 1. Selected geometric  parameters  (,4, o) 
NI--N2 1.389 (3) C4a--C9a 1.422 (3) 
N l ~ 9  1.341 (3) C5~5a  1.411 (4) 
N2---CI 1 1.282 (3) C5--C6 1.367 (4) 
N 10----C4a 1.363 (3) C5a---C8a 1.407 (3) 
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NI0---C5a 1.369 (3) C6---C7 1.403 (4) 
C1---C2 1.373 (4) C7--C8 1.364 (4) 
C1---C9a 1.424 (3) C8---C8a 1.424 (4) 
C2---C3 1.400 (4) C8a---C9 1.449 (3) 
C3---C4 1.359 (4) C9---C9a 1.448 (3) 
C4--C4a 1.421 (4) 

N2--N1---C9 125.5 (2) NI---C9---C8a 116.2 (2) 
N 1--N2----C 11 113.5(2) N I--C9---C9a 124.9(2) 
C4a--N 10---C5a 122.6 (2) C8a---C9--C9a 118.9 (2) 

NI---C9---C8a--C8 -7.3 (4) C4----C4a--N 10---C5a 176.4 (2) 
NI---C9--C9a---C1 7.2 (4) C4a--N10--C5a---C5 - 178.1 (2) 
N2--N 1---C9----C8a -- 176.7 (2) C8--C8a---429----C9a 172.8 (2) 
N2--N1--C9--C9a 3.1 (4) C9--NI--N2--CI 1 - 174.2 (3) 
C I---C9a---C9---C8a - 173.0 (2) 

Table 2. Hydrogen-bonding geometry (A, o) 
D--H. . .a D--H H. . .a O. . .A O--H. . .A 

N10----HI0...N3 i 0.91 (3) 1.97 (3) 2.863 (3) 167 (3) 
N1--HI2- • -S 0.91 (3) 2.62 (3) 3.425 (3) 148 (3) 
Symmetry code: (i) x, 1 + y, z. 

Molecular Structure Corporation (1989). TEXSAN. Single Crystal 
Structure Analysis Software. MSC, 3200 Research Forest Drive, 
The Woodlands, TX 77381, USA. 

Molecular Structure Corporation (1991). MSC/AFC Diffractometer 
Control Software. MSC, 3200 Research Forest Drive, The Wood- 
lands, TX 77381, USA. 

Phillips, D. C. (1956). Acta Cryst. 9, 237-250. 
Phillips, D. C., Ahmed, F. R. & Barnes, W. H. (1960). Acta Cryst. 

13, 365-377. 
Richter, C., Klatt, K., Feuerer, A. & Schulze, K. (1992). J. Prakt. 

Chem. 334, 60--66. 
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1044-1047. 

Al though the crystal was a very thin plate, ~/, scans o f  three 
reflections indicated that an absorption correction was unnec- 
essary. MSCIAFC Diffractometer Control Software (Molecular  
Structure Corporation,  1991) was used for data collection and 
cell determination,  and TEXSAN software (Molecular  Struc- 
ture Corporation, 1989) was used for data reduction, struc- 
ture ref inement  and the preparation o f  publication material. 
The structure was solved using direct methods SHELXS86 
(Sheldrick, 1990) and molecular  graphics were  produced using 
ORTEPII (Johnson, 1976). 

Lists of atomic coordinates, displacement parameters, structure factors 
and complete geometry, together with a view of the packing of 
the title compound in the unit cell, have been deposited with the 
IUCr (Reference: AB1449). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract  

The title compound, C17H1605,  contains a heterocyclic 
ring which adopts a sofa conformation. The dihedral 
angle between the weighted phenyl and benzopyranone 
mean planes is 79.01 (5) ° . 

Comment  

There has never been any serious doubt that the 
isomeric flavanones 2 ,3  - dihydro- 5 - hydroxy- 6 ,7  - di- 
methoxy-2-phenyl-4H-l-benzopyran-4-one (onysilin) and 
5 - hydroxy-7,8- dimethoxy- 2- phenyl-4H- 1 - benzopyran- 
4-one are correctly represented by the structures (1) 
and (2), respectively (Wu, Kuoh, Ho, Yang & Lee, 
1981; Wollenweber, 1982). Work in our laboratories has 
been directed towards the use of X-ray crystallographic 
data to formulate correctly the structures of  isomeric 
flavanones. The title compound was isolated from 
Uvaria dulcis Dunal (Annonaceae) as yellow crystals 
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