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Abstract:  9-Bromo-7,12-dihydroindolo[3,2-d][1]benzazepin-6-ylhydrazine was reacted with 2-acetylpyridine to give a Schiff base as a potential 
tridentate ligand. The reaction of this ligand with gallium chloride afforded complexes of 1:1 and 2:1 stoichiometry. The results of X-ray 
diffraction studies of the ligand and both gallium complexes are reported and compared with the data for a related gallium complex with 
a Schiff base obtained from 9-bromo-7,12-dihydroindolo[3,2-d][1]benzazepin-6-ylhydrazine and 2-hydroxybenzaldehyde.
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1. Indroduction
9-Bromo-7,12-dihydroindolo[3,2-d][1]benzazepin-
6(5H)-one, also called kenpaullone [1], was recognized 
as a CDK-inhibitor by an algorithm developed at the 
National Cancer Institute [2]. While an underivatized 
lactam unit is essential for CDK inhibition for steric 
complementarity reasons [3], a lactam-substituted 
paullone was discovered quite recently to inhibit sirtuins 
(SIRT; NAD+-dependent deacetylases), which are likely 
involved in the pathogenesis of viral diseases and cancer 
[4]. Since lactams could be converted into amidines 
and hydrazones providing a binding site for metals, the 
synthesis of ruthenium complexes with 9-bromo-6-(α-
picolylamino)-7,12-dihydroindolo[3,2-d][1]benzazepine 
(1, Fig. 1) [5,6] and a gallium complex with two N-(9-
bromo-7,12-dihydroindolo[3,2-d][1]benzazepin-6(5H)-
ylidene-N’-(2-hydroxybenzylidene)azine ligands (3, see 
Scheme 1) has been performed [7]. 

Attempts to coordinate the related N-(9-bromo-
7,12-dihydroindolo[3,2-d][1]benzazepin-6-ylidene)-N’-
(1-pyridin-2-yl-ethylidene)-azine (4) to gallium resulted 
in 1:1 and 2:1 ligand-to-metal complexes (Scheme 1), 

contaminated with traces of side products. However, 
single crystals of both species could be obtained and 
characterized by X-ray diffraction, showing interesting 
structural features.

2. Experimental Procedures

2.1. Starting Materials
9-Bromo-7,12-dihydroindolo[3,2-d][1]benzazepin-
6-ylhydrazine 2 was prepared as described 
previously [7]. Gallium chloride, hydrazine hydrate, 
hexamethyldisiloxane, 2-acetylpyridine and sodium 
acetylacetonate monohydrate were purchased from 
Sigma-Aldrich and used as received.

Figure 1. Chemical structure of amidine 1.
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N - ( 9 - B r o m o - 7 , 1 2 - d i h y d r o i n d o l o [ 3 , 2 - d ]
[1]benzazepin-6(5H ) -y l idene-N ’ - (1 -pyr id in-
2-yl-ethylidene)azine (4) To 9-bromo-7,12-
dihydroindolo[3,2-d][1]benzazepin-6-ylhydrazine (2) 
(0.69 g, 2.0 mmol) in absolute methanol (150 mL) was 
added hexamethyldisiloxane (1.0 mL, 4.6 mmol) and 
then 2-acetylpyridine (0.5 mL, 2.2 mmol). The reaction 
mixture was refluxed under argon for 16 h and allowed 
to cool to room temperature. Subsequently the solution 
was allowed to stand at −20°C for 5 h. The precipitate 
was filtered off by suction, washed with cooled methanol 
(3 mL) and dried in vacuo. Yield: 0.62 g, 70.0%. Anal. 
Calcd for C23H18BrN5 (%): C, 62.17; H, 4.08; N, 15.76. 
Found: C, 62.12; H, 3.95; N, 16.00. IR spectrum in 
KBr, selected bands, cm-1: 3435, 3309, 3014, 1608, 
1572, 1551, 1470, 1402, 1306, 1019, 767, 645. UV–vis 
(DMSO) lmax, nm (e, M-1 cm-1): 316 (3.1 x 104), 331 (2.9 
x 104). 1H NMR dH¸ (400.13 MHz, DMSO-d6): 11.81 (s, 
1H, N12), 9.12 (s, 1H, N5), 8.59 (d, 3JHH = 4.0 Hz, 1H, 
C18), 8.44 (d, 3JHH = 8.0 Hz, 1H, C21), 7.92 (s, 1H, C8), 
7.78 (dd, 3JHH = 7.5 Hz and 3JHH = 8.0 Hz, 1H, C20), 7.73 
(d, 3JHH = 7.5 Hz, 1H, C1), 7.53 (d, 3JHH = 8.0 Hz, 1H, 
C4), 7.40 (d, 3JHH = 8.5 Hz, 1H, C11), 7.39 (dd, 3JHH = 
7.5-8.5 Hz and 3JHH = 8.0 Hz, 1H, C3), 7.38 (dd, 3JHH = 

4.0 Hz and 3JHH = 7.5 Hz, 1H, C19), 7.28 (d, 3JHH = 8.5 
Hz, 1H, C10), 7.27 (dd, 3JHH = 7.5 Hz and 3JHH = 7.5-8.5 
Hz, 1H, C2), 3.74 (s, 2H, C7), 2.47 (s, 3H, C22). 13C NMR 
dC (100.63 MHz; DMSO-d6): 160.95 (C15), 158.25 (C6), 
156.75 (C16), 149.30 (C18), 137.48 (C12b), 136.92 (C20), 
136.70 (C11a), 135.15 (C12a), 129.19 (C7b), 129.12 (C3), 
128.06 (C1), 125.33 (C2), 124.81 (C19), 124.22 (C10), 
124.15 (C4), 123.075 (C4a), 122.00 (C21), 121.21 (C8), 
114.27 (C11), 112.59 (C9), 109.97 (C7a), 28.58 (C7), 14.24 
(C22). 1H-15N HMBC dN (40.55 MHz; referred to NH4Cl; 
DMSO-d6): 332 (N14), 291 (N17), 244 (N13), 109 (N12), 
92 (N5). X-ray diffraction quality crystals were obtained 
by slow evaporation of the mother liquor of 4 at room 
temperature. 

N - ( 9 - B r o m o - 7 , 1 2 - d i h y d r o i n d o l o [ 3 , 2 - d ]
[1]benzazepin-6-yl idene)-N ’ - (1-pyridin-2-yl-
ethylidene)-azin-5-ide-dichloridogallium(III) (5) 
and bis{N-(9-bromo-7,12-dihydroindolo[3,2-d]
[1]benzazepin-6-yl idene)-N ’ - (1-pyridin-2-yl-
ethylidene)-azine-5-ide}-gallium(III) chloride (6). 
To a suspension of 9-bromo-7,12-dihydroindolo[3,2-d]
[1]benzazepin-6-ylhydrazine (2) (0.34 g, 1.0 mmol) in 
absolute ethanol (20 mL) was added a GaCl3-solution 
(0.35 mL, 1.1 mmol) in absolute ethanol of concentration 

Scheme 1. Reaction Pathways.
Reagents and conditions: (i) 2-hydroxybenzaldehyde, GaCl3, CH3OH, NEt3, 68°C, 35 min; (ii) 2-acetylpyridine, CH3OH, (CH3)3SiOSi(CH3)3, 68°C, 16 h; 
(iii) 2-acetylpyridine, GaCl3, LiCl, EtOH, 30°C, 2 h; (iv) GaCl3, LiCl, EtOH, 30°C, 2 h; (v) Na(acac)∙H2O, EtOH/THF, 70°C, 15 min, 25°C, 21 days.
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3.127 mol L–1, prepared by dissolving pure GaCl3 under 
argon in absolute ethanol at −78°C. After boiling for 15 
min under argon the clear yellowish solution, that had 
formed, was cooled to 30°C. Shortly after the addition 
of 2-acetylpyridine (0.12 mL, 1.1 mmol) stirring was 
stopped and the mixture allowed to stand for 2 h at room 
temperature. Then the orange precipitate was filtered off 
by suction, washed with cold (−20°C) absolute ethanol 
(5 mL) and dried in vacuo. Yield 0.27 g of bright orange 
crystalline powder. Anal. Calcd for C23H17BrCl2GaN5 (%): 
C, 47.31; H, 2.93; N, 11.99. Found: C, 47.17; H, 3.08; N, 
11.63. IR spectrum in KBr, selected bands, cm-1: 3415, 
1599, 1495, 1453, 1401, 1156, 770. UV–vis (DMSO) 
lmax, nm (e, M-1 cm-1): 310 (2.4 × 104), 440 (1.5 × 104). 
1H NMR dH¸ (400.13 MHz, DMSO-d6): 11.85 (s, 1H, N12), 
8.80 (bs, 1H, C18), 8.30 (dd, 3JHH = 7.5 Hz and 3JHH = 7.5 
Hz, 1H, C20), 8.12 (d, 3JHH = 7.5 Hz, 1H, C21), 8.04 (vbs, 
1H, C4), 7.92 (s, 1H, C8), 7.80 (dd, 3JHH = 5.5 Hz and 
3JHH = 7.5 Hz, 1H, C19), 7.70 (d, 3JHH = 7.5 Hz, 1H, C1), 
7.40 (d, 3JHH = 8.5 Hz, 1H, C11), 7.38 (dd, 3JHH = 9.5 Hz 
and 3JHH = 5.5 Hz, 1H, C3), 7.28 (dd, 3JHH = 7.5 Hz and 
3JHH = 9.5 Hz, 1H, C2), 7.26 (d, 3JHH = 8.5 Hz, 1H, C10), 
4.10 (vbs, 1H, C7), 3.12 (vbs, 1H, C7), 2.63 (s, 3H, C22). 
13C NMR dC (100.63 MHz; DMSO-d6): 147.0 (C18), 146.0 
(C15), 143.2 (C20), 142.1 (C12b), 136.8 (C11a), 136.0 (C12a), 
128.7 (C7b), 128.0 (C1, C3, C4), 127.3 (C19), 125.9 (C4a), 
125.2 (C2), 124.3 (C10, C21), 121.2 (C8), 114.4 (C11), 112.5 
(C9), 110.9 (C7a), 29.6 (C7), 13.1 (C22). Signal of C6 and 
C16 could not be assigned. Although the microanalytical 
data look quite appropriate, the NMR spectra showed 
small additional peaks, which varied slightly from 
batch to batch. The synthesis of the complex was also 
performed starting from 4 and GaCl3. Variation of metal 
to ligand ratio or other modifications of the procedure 
did not improve the quality of products. Because of the 
very low water solubility of 4, 5 and 6 biological tests 
have not been performed. Crystals of N-(9-bromo-7,12-
dihydroindolo[3,2-d][1]benzazepin-6-ylidene)-N’-(1-
pyridin-2-yl-ethylidene)-azin-5-ide-dichloridogallium(III) 
(5) were grown by dissolving 50 mg of the raw product 
in acetone (25 mL) and connecting the round bottom 
flask with a glass bridge to another flask containing 
n-hexane (100 mL). Under light protection and argon 
atmosphere by slow diffusion of acetone into hexane 
at room temperature a few crystals suitable for X-ray 
diffraction analysis were obtained after 1 month. 
Crystals of bis{N-(9-bromo-7,12-dihydroindolo[3,2-d]
[1]benzazepin-6-ylidene)-N’-(1-pyridin-2-yl-ethylidene)-
azin-5-ide}-gallium(III) chloride (6) were obtained by the 
following procedure: 59 mg (0.1 mmol) of the orange 
raw material 5 was dissolved in a mixture of absolute 
ethanol (12 mL) and absolute THF (5 mL). After the 
addition of sodium acetylacetonate monohydrate (14 

mg, 0.1 mmol) the solution was boiled for 15 min under 
argon. Then the flask was tightly closed under argon 
and allowed to stand at room temperature for three 
weeks, to yield a few dark red crystals, which proved to 
be suitable for X-ray diffraction analysis.

2.2. Spectroscopic methods
1H, 13C{1H}, and 1H-1H, 1H-13C, and 1H-15N COSY NMR 
spectra were recorded in DMSO-d6 at 298 K (2D in a 
gradient enhanced mode) using a Bruker Avance DPX 
400 instrument (UltraShield Magnet) and standard 
pulse programs at 400.13 (1H), 100.62 (13C), and 40.55 
MHz (15N). Chemical shifts were measured relative to 
the solvent residual peak or to external 15NH4Cl. Infrared 
spectra were recorded on a Perkin-Elmer FT-IR 2000 
spectrometer in KBr (4000–400 cm–1). UV–vis spectra 
were recorded on a Perkin-Elmer Lambda 20 UV–vis 
spectrophotometer using samples dissolved in DMSO.

2.3. X-ray Crystallography
A single crystal of suitable size was attached to a glass 
fiber using acrylic resin and mounted on a goniometer 
head at 30, 35 and 35 mm from the detector for 4, 
5, and 6 correspondingly. Data were collected on a 
Nonius Kappa CCD diffractometer using graphite-
monochromated X radiation (l = 0.71073 Å). A total of 
376, 525 and 803 frames were measured, each for 40, 
50 and 55 s over a 2, 1.5 and 1° scan width. Details of 
data collection and refinement are quoted in Table 1. The 
data were processed using Denzo-SMN software [8]. 
The structure was solved by direct methods and refined 
by full-matrix least-squares techniques. Non-hydrogen 
atoms were refined with anisotropic displacement 
parameters. The disorder in the solvent molecule of 6 
was resolved by using SADI restraints. Hydrogen atoms 
were inserted at calculated positions and refined with a 
riding model. Positions of hydrogen atoms participating 
in H-bonds, which are not involved in a disorder, were 
refined without constraints. The following computer 
programs were used: structure solution, SHELXS-97 [9], 
refinement and calculations, SHELXL-97 [10], scattering 
factors [11], calculations, Platon [12], drawings, XP 5.1 
(Bruker, 1998) [13]. CCDC680197-680199 contain the 
supplementary crystallographic data for this paper. 
These data can be obtained free of charge via www.
cccdc.cam.ac.uk/conts/retrieving.html (or from the 
Cambridge CB21EZ, UK; fax: (+44)1223-336-033; or 
deposit@ccdc.cam.ac.uk).
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3. Results and Discussion
Condensation reaction of 2-acetylpyridine with 9-bromo-
7,12-dihydroindolo[3,2-d][1]benzazepin-6-ylhydrazine 
(2) in methanol in the presence of (CH3)3SiOSi(CH3)3 as 
dehydrating agent yielded the corresponding amidrazone 
(4). The result of the X-ray diffraction study of 4 is shown 
in Figure 2. The molecule, which consists mainly of sp2 
hybridized carbon and nitrogen atoms, except C7 and 
C22, which are sp3 hybridized, crystallized in the triclinic 
space group 1P  with formation of a centrosymmetric 
dimer stabilized by hydrogen bonding interactions 
of the type N−H∙∙∙N [N12−H12 0.88(2), H12∙∙∙N17 
2.06(2), N12∙∙∙N17 2.9044(17) Å, N12−H12∙∙∙N17 
159.9(17)°] as shown in Figure 2b. A hydrogen bond 
between N5 as a proton donor, and N14 of the same 
molecule as proton acceptor is also evident [N5−H5 
0.849(18), H5∙∙∙N14 2.162(18), N5∙∙∙N14 2.5846(16) Å, 
N5−H5∙∙∙N14 110.5(14)°]. The angle between the plane 
of the indole moiety and the pyridine ring is 132.55(5)°, 
while that between the indole and the azepine annelated 
benzene ring is 146.04(5)°. The azepine ring displays 
a boat-like conformation with coplanar N5, C6, C7a, 
and C12a atoms. The distribution of electron density 
over the fragment N5−C6−N13 [C6−N5 1.3621(16), 
C6−N13 1.3088(16) Å] indicates the presence of an 

exocyclic double bond at the amidrazone moiety, which 
is in accord with 1H and 13C NMR data for 4. Unlike, 
related amidine 1, derived from 2-picolylamine, adopts 
a configuration with an endocyclic double bond within 
the azepine ring [5].

When the condensation reaction of 2-acetylpyridine 
with the paullone amidrazone 2 was performed in 
the presence of gallium chloride in 1:1:1 molar ratio 
or the presynthesized ligand 4 was treated with an 
equimolar amount of the metal salt, N-(9-bromo-7,12-
dihydroindolo[3,2-d][1]benzazepin-6-ylidene)-N’-(1-
pyridin-2-yl-ethylidene)-azin-5-ide-dichloridogallium(III) 
(5) was formed as a major product. The result of the 
X-ray diffraction study of 5 is shown in Figure 3. The 
complex crystallized in the monoclinic space group 
P21/c forming chains running in direction [0 1 0], which 
are stabilized by intermolecular H-bonding interactions 
of the type N−H∙∙∙N [N12−H12 0.80(4), H12∙∙∙N13 
2.16(4), N12∙∙∙N13 2.953(3) Å, N12−H12∙∙∙N13 171(3)°] 
(Figure 3b). As expected, 4 acts as a tridentate ligand, 
coordinating to gallium via azepine ring nitrogen atom 
N5, hydrazine nitrogen atom N14, and pyridine nitrogen 
atom N17. The gallium atom is five-coordinate, the 
remaining binding sites being occupied by two chlorido 
ligands. The t-descriptor for five-coordinate complexes 
expressed as the difference between the angles 
N5−Ga−N17 and Cl2−Ga−N14 divided by 60 gives 
a value of 0.52, which is between the ideal one for a 
trigonal bipyramid (1) and that for a square pyramid (0) 
[14]. The gallium atom comes out from the plane through 
Cl1, Cl2, and N14 by 0.1239(9) Å towards N5. The 
bond length Ga−N5 [2.0050(22) Å] is significantly (6.1 
s) shorter than Ga−N14 [2.0190(21) Å], while Ga−N17 
[2.1211(23)Å] is considerably longer than the other two 
Ga−N bonds. There is also a significant difference (9.6 
s) between the distances Ga−Cl1 [2.1900(8) Å] and 
Ga−Cl2 [2.1977(8) Å]. The angle between the plane of the 
indole moiety and the benzene ring, which is annelated 
to the seven-membered azepine ring, is 146.38(11)°. 
This is a value similar to that in the metal-free ligand, 
while the angle between the indole and the pyridine ring 
is 92.54(8)°, differing by ca. 40° from that in the free 
ligand [132.55(5)°]. In contrast to the uncoordinated 
ligand 4, the bond lengths C6−N5 [1.3270(33) Å] and 
C6−N13 [1.3383(31) Å] are almost equal, indicating 
a delocalized p-system, which also extends over the 
N13−N14 [1.3724(29) Å] bond.

By reaction of complex 5 with Na(acac)∙H2O in 1:1 
molar ratio in EtOH/THF crystals of bis{N-(9-bromo-7,12-
dihydroindolo[3,2-d][1]benzazepin-6-ylidene)-N’-(1-
pyridin-2-yl-ethylidene)-azin-5-ide}-gallium(III) chloride 
(6), suitable for an X-ray diffraction study, were obtained. 
The result of this investigation is shown in Figure 4. 

Figure 2. a) ORTEP plot of molecule of 4 with atom labeling scheme; 
thermal ellipsoids are drawn at 50% probability level. 
Selected bond lengths (Å): C4a-N5 1.4065(16), C6-N5 
1.3621(16), C6-N13 1.3088(16), N13-N14 1.4044(15), 
N14-C15 1.2898(16); b) Packing of 4 with hydrogen 
bonds; view approximately along [0 1 0].
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The complex crystallized with one molecule of ethanol, 
disordered over two positions, in the monoclinic space 
group P21/c. The coordination polyhedron approaches 
an octahedron with the two tridendate ligands being 
bound to gallium(III) in a meridional fashion. The 
Ga−N5 [2.0158(15) Å] and Ga−N35 [2.0210(16) Å] 
bonds are significantly longer than Ga−N14 [2.0018(15) 
Å] or Ga−N44 [2.0017(16) Å], in contrast to 5, where 
Ga−N5 is markedly shorter than Ga−N14. The average 
distance between gallium and the azepine ring nitrogen 
in 3 is 2.111(13) Å. The average Ga−Npyridine distance of 
2.127(5) Å in 6 is equal to that in 5 [2.1212(23) Å] within 
3s. As expected, the Ga−O bonds in 3 are shorter [av. 
1.9115(9) Å]. The angle N14−Ga−N44 is 169.53(6)°, 
which is smaller than the corresponding angle in 3 
[174.18(9)°]. The angles N5−Ga−N17 [155.20(6)°] and 
N35−Ga−N47 [154.72(6)°] are significantly smaller than 
the analogous Nazepine−Ga−O angles in 3 [165.84(9)°, 
165.29(9)°]. This is also expressed by the angle variance, 
which is the sum of the squared deviations of those 
12 angles that should be 90° in an ideal octahedron, 

divided by 11 [15]. It amounts to 148.83 deg2 for 6, 
while being only 55.36 deg2 for 3. The angle between 
the plane of the indole moiety and the plane of the 
pyridine ring is 110.02(5)° in average and that between 
the indole plane and the benzene ring annelated to the 
azepine ring is 151.93(8)°. These are quite similar to 
those in 3 [110.4(9)°, 150.4(5)°]. The indole NH groups 
of both ligands are involved in hydrogen bonding to 
Cl1 [N12−H12 0.86(2), H12∙∙∙Cl1 2.30(2), N12∙∙∙Cl1 
3.1384(17) Å, N12−H12∙∙∙Cl1 165(2)°, N42−H42 
0.82(2), H42∙∙∙Cl1 2.41(2), N12∙∙∙Cl1 3.2312(19) Å, 
N42−H42∙∙∙Cl1 174(2)°], so that the complex forms 
chloride bridged chains in direction [1 0 0] (Figure 4b). 
The asymmetric unit contains one molecule of ethanol, 
which is disordered over two positions with 0.5 : 0.5 
occupancy forming a hydrogen bond either to Cl1 or N13 
[O62∙∙∙Cl1 3.164(4), O72∙∙∙N13 2.930(4) Å, hydrogen 
positions refined with a riding model] (Figure 4c). This 
may account for the surprising difference between the 
two paullone ligands in 6 regarding the bond lengths 
within the amidrazone moiety. In particular, while the 
C36−N35 distance of 1.3317(23) Å is by 5.6 s shorter 
than C36−N43 of 1.3452(24) Å in the first ligand, the 

Figure 3. a) ORTEP plot of molecule of 5 with atom labeling 
scheme; thermal ellipsoids are drawn at 50% proba-
bility level. Selected bond distances (Å) and angles 
(°): Ga-N5 2.0050(23), Ga-N14 2.0190(21), Ga-N17 
2.1212(23), Ga-Cl1 2.1900(8) Ga-Cl2 2.1977(8), C6-N5 
1.3270(33), C6-N13 1.3383(31), N13-N14 1.3724(29), 
N5-Ga-N17 154.33(9), N14-Ga-Cl1 119.12(7), N14-
Ga-Cl2 123.12(6), Cl1-Ga-Cl2 116.76(3), N5-Ga-Cl1 
103.98(7), N5-Ga-Cl2 98.65(7), N14-Ga-N17 76.66(9), 
N17-Ga-Cl1 91.11(7), N17-Ga-Cl2 92.67(6); b) Chains 
of 5 stabilized by hydrogen bonds; view along [0 1 0].

Figure 4. a) ORTEP plot of molecule of 6 with atom labeling scheme; 
thermal ellipsoids are drawn at 50% probability level; b) 
Chains of 6 stabilized by hydrogen bonds; view approxi-
mately along [0 1 0]; c) Involvement of the disordered 
ethanol in hydrogen bonds with N13 or Cl1.

  

344



W. Ginzinger et al.

corresponding bond lengths in the second one [C6−N5 
1.3373(23) and C6−N13 1.3373(23) Å] are practically 
the same. This is in contrast to the metal-free ligand 4, 
which displays a predominately exocyclic double bond 
C6−N13. The amidrazone moieties of both ligands in 3 
contain shorter bonds within the azepine ring compared 
to the corresponding exocylic ones. 

4. Conclusions
By chemical modification of the lactam unit, a novel 
paullone amidrazone has been synthesized, which 
forms complexes of 1:1 and 2:1 stoichiometry with 

gallium(III). Although the library of paullone derivatives is 
large, the number of compounds characterized by X-ray 
diffraction is still very small. Therefore, the work made 
a crystallographic contribution by expanding the class 
of paullones characterized by this method. The detailed 
structural investigations provided valuable information 
on conformational changes of the ligand induced by 
coordination, which can be used in the design and 
synthesis of similar complexes of pharmacological 
interest with improved aqueous solubility and 
bioavailability.

Compound 4 5 6∙C2H5OH

empirical formula C23H18BrN5 C23H17BrCl2GaN5 C48H40Br2ClGaN10O

fw 444.33 583.95 1037.89

space group 1P P21/c P21/c

a, Å 8.621(2) 20.333(4) 13.751(3)

b, Å 9.838(2) 7.2798(15) 13.357(3)

c, Å 11.378(2) 16.281(3) 24.616(5)

a, deg 98.07(3)

b, deg 97.78(3) 111.15(3) 102.08(3)

g, deg 96.14(3)

V, Å3 938.8(3) 2247.6(8) 4421.2(17)

Z 2 4 4

V, Å 0.71073 0.71073 0.71073

rcalcd, g cm-3 1.572 1.726 1.559

crystal size, mm3 0.26 × 0.26 × 0.23 0.26 × 0.17 × 0.11 0.40 × 0.29 × 0.04

T, K 120(2) 200(2) 120(2)

m, mm-1 2.210 3.262 2.541

R1a [I≥2s(I)] 0.0250 0.0339 0.0340

wR2b [all data] 0.0627 0.1281 0.0830

GOFc 1.032 1.054 1.022

Table 1. Crystal data and details of data collection for 4, 5 and 6.

a R1 = Σ||Fo| – |Fc||/Σ|Fo|, 
b wR2 = {Σ[w (Fo

2 – Fc
2)2] /Σ[w(Fo

2)2 ]}1/2,
c GOF = {Σ[w(Fo

2 – Fc
2)2] /(n – p)}1/2, where n is the number of reflections and p is the total number of parameters refined.

References

[1] D.W. Zaharevitz, R. Gussio, M. Leost, A.M. Send-
erowicz, T. Lahusen, C. Kunick, L. Meijer, E.A. Sau-
sville, Cancer Res. 59, 2566 (1999)

[2] E.B. Skibo, X. Huang, R. Martinez, R.H. Lemus, W.A. 
Craigo, J. Med. Chem. 45, 5543 (2002)

[3] C. Schultz, A. Link, M. Leost, D.W. Zaharevitz, R. 
Gussio, E.A. Sausville, L. Meijer, Kunick, J. Med. 
Chem. 42, 2909 (1999)

[4] J. Trapp, A. Jochum, R. Meier, L. Saunders, B. Mar-

shall, C. Kunick, E. Verdin, P. Goekjian, W. Sippl, M. 
Jung, J. Med. Chem. 49, 7307 (2006)

[5] W.F. Schmid, S. Zorbas-Seifried, R.O. John, V.B. 
Arion, M.A. Jakupec, A. Roller, M. Galanski, I. Chi-
orescu, H. Zorbas, B.K. Keppler, Inorg. Chem. 46, 
3645 (2007)

[6] W.F. Schmid, R.O. John, G. Muehlgassner, P. Hef-
feter, M.A. Jakupec, M. Galanski, W. Berger, V.B. 
Arion, B.K. Keppler, J. Med. Chem. 50, 6343 (2007)

 

345



Synthesis and Structural Peculiarities of Gallium 
Complexes with Novel Paullone Derivatives

[7] A. Dobrov, V.B. Arion, N. Kandler, W. Ginzinger, M.A. 
Jakupec, A. Rufinska, N. Graf von Keyserlingk, M. 
Galanski, C. Kowol, B.K. Keppler, Inorg. Chem. 45, 
1945 (2006)

[8] Z. Otwinowski, W. Minor, In: C.W. Carter Jr., R.M. 
Sweet, (Eds.), Methods in Enzymology Vol. 276: 
Macromolecular Crystallography Part A (Academic 
Press, London, 1997), 307

[9] G.M. Sheldrick, SHELXS-97, Program for Crystal 
Structure Solution, University of Goettingen, Goet-
tingen (1997)

[10] Sheldrick G. M., SHELXL-97, Program for Crystal 
Structure Refinement, University of Goettingen, 
Goettingen (1997)

[11] A.J.C. Wilson (Ed.), International Tables for X-ray 
Crystallography Vol. C (Kluwer Academic Publish-
ers, Dordrecht, 1992), Tables 4.2.6.8 and 6.1.1.4

[12] A.L. Spek, J. Appl. Cryst. 36, 7 (2003)
[13] Bruker, XP (Version 5.1), Bruker AXS Inc., Madison, 

Wisconsin, USA (1998)
[14] A.W. Addison, T.N. Rao, J. Reedijk, J. van Rijn, 

G.C. Verschoor, J. Chem. Soc. Dalton Trans. 7, 
1349 (1984)

[15] K. Robinson, G.V. Gibbs, P.H. Ribbe, Science 172, 
567 (1971)

346


	1. Indroduction
	2. Experimental Procedures
	2.1. Starting Materials
	2.2. Spectroscopic methods
	2.3. X-ray Crystallography

	3. Results and Discussion
	4. Conclusions
	References



