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a b s t r a c t

Five 12-MC-4 organotin(IV) metallacrowns(MCs) with the types of [12-MCRSn(IV)N(shi)-4] (R ¼ Et (1), Bu
(2), Ph (3); H3Shi ¼ salicylhydroxamic acid) and [12-MCRSn(IV)N(Clshi)-4] (R ¼ Et (4), Bu (5), H3Clshi ¼ 5-
chlorosalicylhydroxamic acid) have been synthesized and characterized by elemental analyses, IR and
TGA. X-ray single-crystal diffraction analyses were also carried out and showed that all complexes 1e5
contain a neutral 12-membered metallacrown ring which is formed by the succession of four repeating
units of e[SneNeO]e, indicating the substituents on the tin(IV) atom are uninfluential in coordination of
organotin(IV) centers with hydroxamic acid. Fluorescence properties of complexes 1e5 have been
investigated, where complex 3 displays strong fluorescence emissions in the blue region. In addition,
antitumor activities of complexes 4 and 5 have also been tested, and both the complexes exhibit weak
activity towards human hepatocellular carcinoma cell line (Bel-7402) and Hela cell line.

� 2010 Elsevier B.V. All rights reserved.
1. Introduction

Since the first metallacrowns were reported in 1989 [1,2],
metallacrown compounds have attracted considerable attentions
owing to their diverse architectures [3], and their potential appli-
cations in hosteguest, supramolecular chemistry [4], recognition
reagents [5], bioactivities [6], single-molecular magnets (SMMs)
and single-chain magnets (SCMs).[7] A series of traditional metal-
lacrowns with [eMeNeOe]n repeat linkage including 9-MC-3, 12-
MC-4, 15-MC-5, 18-MC-6 and 24-MC-8, which contain the planar,
inverse, dimmer, fused and off-set stacked structures, have been
reported until now. The metal centers of these reported metal-
lacrowns are always transition ions, such as V(V), Cr(III), Mn(II, III),
Fe(III), Co(II, III), Ni(II), Cu(II), Zn(II), etc. [8]. However, few metal-
lacrowns have been prepared by the reaction of organometal
centers and organic ligands so far.

On the other hand, organotin(IV) compounds have receivedmuch
interest for their various coordination modes depending on the
number and the nature (Me, Et, Bu, Ph) of the organic substituents on
the central tin(IV) atom [9e12] as well as their potential biological
activities [13e17]. It is reported that the biological activity of orga-
notin(IV) compounds is greatly influenced by the structure of the
ax: þ86 635 8239115.

All rights reserved.
molecule and the nuclearity of the complexes [18,19] andpolynuclear
organotin(IV) compoundsmayexhibit higher antitumor activity [20].

In order to expand the “periodic table” of the metallacrowns [3b]
and obtain a deeper insight into the coordination of hydroxamic acid
with organotin(IV) centres, we designed and successfully prepared
five 12-MC-4 organotin(IV) metallacrowns with salicylhydroxamic
acid and 5-chlorosalicylhydroxamic acid ligands, which are charac-
terized by elemental analyses, IR, TGA and X-ray single-crystal
diffraction analyses. Herein we report the synthesis and structural
characterization of these [12-MC[RSn(IV)]N(shi)-4] (R ¼ Et(1), Bu(2), Ph
(3); H3Shi ¼ salicylhydroxamic acid) and [12-MCRSn(IV)N(Clshi)-4]
(R ¼ Et(4), Bu(5); H3Clshi ¼ 5-chlorosalicylhydroxamic acid) met-
allacrown complexes. Fluorescence properties of complexes 1e5
have been also investigated, where complex 3 displays strong fluo-
rescence emissions in the blue region. In addition, antitumor activ-
ities of complexes 4 and 5 have been tested, and both the complexes
exhibit weak activity towards human hepatocellular carcinoma cell
line (Bel-7402) and Hela cell line.

2. Results and discussion

2.1. Syntheses

As shown in Scheme 1, the organotin(IV) metallacrowns [12-
MC[RSn(IV)]N(shi)-4] (R ¼ Et(1), Bu(2), Ph(3); H3Shi ¼ salicylhydro
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xamic acid) and [12-MCRSn(IV)N(Clshi)-4] (R ¼ Et(4), Bu(5);
H3Clshi ¼ 5-chlorosalicylhydroxamic acid) were obtained from the
reactions between equimolar amounts of R3SnCl and ligands in
methanol and pyridine mixed solution. Complexes 1e5 were all
colorless solid and stable in air. Complexes 1e3 are insoluble in
water, chloroform, acetone, methanol, pyridine, DMSO and DMF,
whereas complexes 4 and 5 are slightly soluble in DMSO and DMF.

2.2. IR spectroscopic data

The assignments of the IR bands of complexes 1e5 have been
made by comparison with the IR spectra of the free ligand. For the
five complexes, no v(OH) and v(NeH) bands were found, which
appeared in the range of 3340e3079 cm�1 in free ligands, in accord
with deprotonated and coordination to the tin ions of the three
oxygens and one nitrogen of the ligand. The characteristic
absorptions at about 1600, 1560 cm�1 are assigned to CO/CN
stretching vibration [21e24]. While the medium-intensity
absorption appearing at 430e433 cm�1 in the IR spectra, which is
absent in the spectrum of the free ligand, is assigned to the SneO
stretching vibration [25,26]; and the medium-intensity band
appearing at 623e669 cm�1 is assigned to the SneN stretching
vibration.

2.3. Description of the structures of 1e3 [27]

The crystal structure of complexes 1e3 is illustrated in Fig. 1aec,
respectively. Selected bond lengths and angles are listed in Table 2.
In the structure of 1e3, four Sn atoms and four shi3� ligands
construct the formally neutral [12-MCRSn(IV)N(shi)-4] metallacrown,
each salicylhydroxamic acid ligand chelated to one Sn atom with
the carbonyl O atom and hydroximate O atom, and is coordinated to
an adjacent Sn atom through the phenolate O atom and imine N
atom, thus m-NO bridges are established. Complexes 1e3 all possess
a vacant cavity in the center of the metallacrown. The bite distances
of complexes 1e3 (3.474 Å for 1, 3.387 Å for 2 and 3.437 Å for 3) are
longer than those observed in transition metal 12-MC-4 complexes,
but the cavity sizes (0.66 Å for 1, 0.62 Å for 2 and 0.55 Å for 3) are
consistent with the values of the 12-MC-4 metallacrowns con-
structed by the hydroxamic acid ligands (0.50e0.66 Å) [2,28e30].

As shown in Fig. 2a, in complex 1, adjacent metallacrown rings
are connected into 2D supramolecular network parallel ac plane via
C21eH21/O5(carbonyl)#1 [#1: x þ 1/2, �y þ 1/2, z � 1/2] and
C22eH22/O3 (phenolate)#1, the distances between C21/O5,
C22/O3 are 3.297(9) and 3.463(9) Å respectively, which both lie
within the values in previous literature [31,32]; the angles of C
(21)eH(21)/O(5), C(22)eH(22)/O(3) are 122.3� and 152.2�

respectively. In complex 2, carbonyl O atom and carbon atom C of
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pyridine molecule are provided as acceptors and donors respec-
tively to form CeH/O weak interactions (C16/O5#1 [#1: x þ 1/2,
�y þ 1/2, z þ 1/2], 3.187 Å), which link the adjacent molecules into
2D network parallel bc plane (Fig. 2b). While more than one kind of
weak interactions are present in complex 3, adjacent metallacrown
rings are assembled 2D supramolecular frameworks parallel bc
plane via the CeH/O(C22/O3#1 [#1: x � 1/2, �y þ 1/2, z þ 1/2],
3.462(10) Å, 158.6�) and C28eH28/p interactions, which are
future linked into a 3D network configuration by CeH/p inter-
actions between ligand benzene carbon atom C6 and the phenyl
ring (C25eC30) (Fig. 3a). The CeH/p distances between H6/Cg1
(Cg1, ring center of C25eC30 at x � 1/2, �y þ 1/2, �z þ 1/2) and
H28/Cg2 (Cg2, ring center of C31eC36 at�xþ 1/2, yþ 1/2,�zþ 1/
2) are 3.068 and 3.142 Å, respectively, and they both lie within the
common reported values for aromatic CeH/p interactions
(2.59e3.39 Å) [33e47].

For analysing metaleorganic networks sustained by coordina-
tion and/or hydrogen bonds, a widely used approach is the net-
based approach, which reduces complicated structures to simple
topological networks of multiply connected nodes. Each metal-
lacrown is connected to four other ones through C22eH22/O3 and
C28eH28/p interactions parallel bc plane and also interactedwith
other four ones through C6eH6/p interactions above and below
the bc layer, respectively. Herein these supramolecular interactions
and the metallacrown units are treated as an actual bond and the
single node, respectively, as shown in Fig. 3b, the resulting 3-D
structure can be topologically reduced to an 8-connecting net with
a Schlafli symbol (42464), which is very similar to the bcu net (CsCl).

2.4. Description of the structures of 4 and 5

The crystal structure of complexes 4 and 5 is illustrated in Fig. 1d
and e. Selected bond lengths and angles are listed in Table 2. In
complexes 4 and 5, the triply deprotonated form of Clshi3� is
similar to the shi3� which act as tetradentate ligands to chelated
two adjacent tin atoms with SneNeO linkages which are empha-
sized by bold bonds. The phenolate oxygen and imine nitrogen
atoms are bound to one tin atom, and the carbonyl and hydrox-
imate oxygen atoms are bound to an adjacent tin atom. Meanwhile,
one Sn(IV) atom binds in a five-membered chelate ring formed
through the hydroximate group, while a second Sn(IV) atom binds
to the six-membered substituted iminophenolate ring and the basis
of metallacrown ring is formed by these juxtapose five- and six-
membered chelate rings through the (SneNeOe)4 linkage. All the
Sn atoms are hexa-coordinated in a distorted octahedron geometry,
that is all the tin atoms possess the same coordination environ-
ments, with only minor differences in bond lengths and bond
angles. In complexes 4 and 5, the average distances of SneN(py),
SneN(Clshi) and SneO(Clshi) in the complexes (2.328, 2.177 and
2.078 Å for 4 and 2.341, 2.179 and 2.081 Å for 5) are in the normal
range of organotin complexes [41]. The sum of the angles of
Sn/Sn/Sn (79.08, 100.92, 79.08, 100.92� for 4; 79.25, 100.75,
79.25,100.25� for 5) is 360�, so four Sn atoms site in a parallelogram
geometry, the Sn/Sn diagonal distances within the Sn4 parallel-
ogram are 7.673 and 6.335 Å for 4; 7.667 and 6.348 Å for 5,
respectively, and the Sn/Sn adjacent distances are 4.968 and
4.982 Å for 4; 4.937 and 4.981 Å for 5, respectively. There is an
empty cavity in the center of the metallacrown and the bite
distances of complexes 4 and 5 are 3.426 and 3.433 Å, respectively,
which are longer than those observed in transition metal 12-MC-4
complexes; the cavity sizes (0.63 Å for 4 and 0.64 Å for 5) are
consistent with the values of the 12-MC-4 metallacrowns con-
structed by the hydroxamic acid ligands (0.50e0.66 Å) [2,28e30].

In complex 4, adjacent molecules are assembled 2D network
parallel ab plane (Fig. 4a) via CeH/O weak interactions



Fig. 1. The crystal structure of complexes 1(a), 2(b),3(c), 4(d), 5(e) in ORTEP view (the hydrogen atoms have been omitted for clarity).
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(C22/O6#1[#1 1.5 � x, y � 0.5, �z þ 0.5]; 3.557(11) Å) between
phenolate oxygen atoms and carbon atoms of pyridine molecule. In
complex 5, adjacent molecules are assembled 2D supramolecular
frameworks parallel bc plane by CeH/Cl weak interactions
(Fig. 4b). The distances of H29B/Cl2#1 (#1 x� 1/2,�y� 1/2, z� 1/
2) and H28C/Cl1#1 are 2.76 and 2.74 Å, respectively, which both
lie within the values in previous literature [38,39].

On the whole, the structural analyses of complexes 1e5 show
that the mild conditions of the reactions lead to dealkylation to
obtain novel metallacrowns, which are few reported [40]. The
donors (nitrogen and oxygen atoms) provided by the ligands to the
ring organotin(IV) atoms play a key factor in the coordination of
hydroxamic acid with organotin(IV), and the substituents on the
central tin(IV) atom are uninfluential, although they are contrib-
uting in the spatial arranging of the metallacrown molecules. The
cavity sizes of these five 12-MC-4 metallacrowns could encapsulate
alkali metal and alkaline earth metal ions, transition metal ions and
main group metal ions into the metallacrown rings, but complexes



Table 1
Crystal data and structure refinement parameters for complexes 1e5.

Complex 1 Complex 2 Complex 3 Complex 4 Complex 5

Empirical formula C56H56N8O12Sn4 C64H72N8O12Sn4 C72H56N8O12Sn4 C56H52Cl4N8O12Sn4 C63.50H67Cl4N8O12Sn4

Formula weight 1507.85 1620.06 1700.01 1645.62 1750.81
Temperature 298(2) K 298(2) K 298(2) K 298(2) K 298(2) K
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic
space group P2(1)/n P2(1)/n P2(1)/n P2(1)1/n P2(1)/n
a (Å) 12.2580(12) 12.8702(15) 13.1385(11) 12.2029(13) 12.7445(14)
b (Å) 19.159(2) 13.1065(16) 18.143(2) 19.8896(19) 13.0682(12)
c (Å) 12.748(2) 20.343(2) 13.8972(14) 12.7668(15) 21.419(2)
b 101.531(2) 108.083(2) 100.5320(10) 98.9020(10) 103.172
V (A3) 2933.4(7) 3262.1(6) 3305.4(6) 3061.3(6) 3473.3(6)
Z 2 2 2 2 2
D (Mg/m3) 1.707 1.649 1.708 1.785 1.674
F(000) 1488 1616 1680 1616 1736
Data/restraints/parameters 5165/0/363 5746/0/399 5835/0/433 5412/0/381 6122/0/484
Goodness-of-fit on F2 0.976 1.000 0.999 1.000 0.999
Final R indices R1 ¼ 0.0528 R1 ¼ 0.0474 R1 ¼ 0.0447 R1 ¼ 0.0515 R1 ¼ 0.0503
[I > 2sigma(I)] wR2 ¼ 0.0579 wR2 ¼ 0.1277 wR2 ¼ 0.0881 wR2 ¼ 0.0742 wR2 ¼ 0.1041
Largest diff. peak and hole (e Å�3) 0.984e0.792 1.167e1.276 0.838e0.570 0.640e0.440 0.979e0.589
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1e5 actually have a vacant cavity in the center of metallacrown
rings, whichmay be influenced by the steric hindrance of the larger
substitutes on the tin atoms.

2.5. Thermal stability

To evaluate the thermal stability of complexes 1e5, thermog-
ravimetric analyses (TGA) of complexes were performed in the
temperature range of 30e500 �C under N2 atmosphere. The TGA
curves of complexes 1e5 showed the framework of these cyclic
metallacrown host molecules can be intact up to 170 �C. On further
heating, complexes 1e5 dramatically lose their weight from 170 �C
to 490 �C.

2.6. Fluorescence properties

The fluorescence properties of complexes 1e5 and both ligands
were measured at room temperature, and the fluorescent spectra
are displayed in Fig. 5. As shown in Fig. 5a, when excited at 300 nm,
the fluorescence emission bands of free salicylhydroxamic acid
(H3shi) are mainly located at 336 and 427 nm with shoulders at
460, 500 and 535 nm, which can be attributed to the p* / n and
p* / p transitions. Compounds 1e3 exhibit emissions at 438, 412
and 400 nm which are red-shifted by 102, 76 and 64 nm respec-
tively compared to the free ligand, which can be assigned tenta-
tively to ligand-to-metal charge transfers (LMCT) [41]. The biggish
red-shift of the energy of complexes in comparison to that of free
ligand can be attributed to the coordination of the metal and the
ligand; in addition, because of the extended p-conjugation of the
phenyl groups, the emission intensity of complex 3 increases.

When excited at 300 nm (Fig. 5b), the free H3Clshi ligand displays
one strong fluorescence emission at 430 nm and complex 4 (excited
at 320 nm) exhibits the emission at 439 nm, which should be
attributed to the p*/ p transition of the free ligand, while complex
5 exhibits the emission at 390 and 560 nm respectively, when
excited at 300 nm, which should be assigned to ligand-to-metal
charge transfer. It is interesting that the emission wavelength of 5
undergoes a blue shift probably because the CeH/Cl interactions of
the adjacent molecules decrease p-conjugation of complex.

All of complexes 1e5 display fluorescence properties in the blue
region at room temperature, the emission intensity of these
complexes are different and this suggests that the different inter-
actions and dimensional architectures can result in the different
HOMOeLUMO gap [42e44] and thus exhibit different luminescent
properties. The emission bands of complexes 1e3 and 5 may be
tentatively assigned to be charge transfer between metal and
ligand. And complex 3 may be applied in light-emitting devices,
since they are thermally stable and insoluble in common polar and
non-polar solvents.

2.7. Antitumor activities

Owing to the insolubility in water and DMSO, the antitumor
activities of complexes 1e3 are difficult to be formulated.
Complexes 4 and 5 were screened for the in vitro tumor-inhibiting
activity against human hepatocellular carcinoma cell line (Bel-
7402) and Hela cell line. The inhibitory concentration IC50 has been
assayed, for complexes 4 and 5, the IC50 values for Bel-7402 and
Hela cell lines are listed in Table 3, and the results show that
complexes 4 and 5 exhibit weak activity towards both the tested
tumor cell lines, which are greatly weaker than that of the reported
polynuclear organotin(IV) compounds [19,20]. So we are currently
turning to exploring the organotin(IV) metallacrown with the
higher solubility in water or in DMSO to study the factors that
influence the antitumor activities of organotin(IV) compounds.

3. Conclusions

In conclusion, we have successfully prepared five 12-MC-4
organotin(IV) metallacrowns with salicylhydroxamic acid (H3shi)
and 5-chlorosalicylhydroxamic acid (H3Clshi) ligands, which were
characterizedbyelemental analyses, IR, TGAandX-ray single-crystal
diffraction. The structural analysesof complexes1e5exhibit that the
donors provided by the ligands to the ring organotin(IV) atoms play
a major role in the coordination of hydroxamic acid ligands with
organotin(IV), and the organic substituents on the tin(IV) atom
which are contributing in the spatial arrangement of the metal-
lacrown molecules are little effective. All complexes 1e5 display
fluorescence properties in the blue region at room temperature.
Complexes 4 and 5 exhibit weak antitumor activity towards the
human hepatocellular carcinoma (Bel-7402) and Hela cell lines.

4. Experimental section

4.1. Materials and measurements

All chemicals and solvents for the synthesis of the complexes
are commercially available, and they were used without further
purification. The melting point was obtained with a Kofler micro-
melting point apparatus and was uncorrected. IR spectra were



Table 2
Selected bond lengths [Å] and angles [�] for complexes 1e5.

Complex 1
Sn(1)eO(3) 2.048(4) Sn(1)eO(4) 2.062(4)
Sn(1)eC(25) 2.107(8) Sn(1)eO(5) 2.115(4)
Sn(1)eN(1) 2.151(5) Sn(1)eN(3) 2.336(6)
Sn(2)eO(6)#1 2.044(5) Sn(2)eO(1) 2.065(4)
Sn(2)eO(2) 2.107(4) Sn(2)eC(27) 2.113(7)
Sn(2)eN(2)#1 2.176(5) Sn(2)eN(4) 2.291(6)
N(2)eSn(2)#1 2.176(5) O(6)eSn(2)#1 2.044(5)
O(3)eSn(1)eO(4) 90.80(18) O(3)eSn(1)eO(5) 95.26(17)
O(4)eSn(1)eO(5) 76.30(17) O(3)eSn(1)eN(1) 83.38(19)
O(4)eSn(1)eN(1) 88.93(18) O(5)eSn(1)eN(1) 165.16(19)
O(3)eSn(1)eN(3) 171.8(2) O(4)eSn(1)eN(3) 81.95(19)
O(5)eSn(1)eN(3) 86.76(18) N(1)eSn(1)eN(3) 92.6(2)
O(6)#1eSn(2)eO(1) 162.71(17) O(6)#1eSn(2)eO(2) 87.48(17)
O(1)eSn(2)eO(2) 75.83(16) O(6)#1eSn(2)eN(2)#1 84.4(2)
O(1)eSn(2)eN(2)#1 99.20(18) O(2)eSn(2)eN(2)#1 87.98(18)
O(6)#1eSn(2)eN(4) 82.5(2) O(1)eSn(2)eN(4) 91.0(2)
O(2)eSn(2)eN(4) 83.36(18) N(2)#1eSn(2)eN(4) 164.6(2)

Complex 2
Sn(1)eO(3) 2.056(7) Sn(1)eO(4)#1 2.065(6)
Sn(1)eO(5)#1 2.108(6) Sn(1)eC(25) 2.117(10)
Sn(1)eN(1) 2.135(7) Sn(1)eN(3) 2.343(9)
Sn(2)eO(6) 2.021(6) Sn(2)eO(1) 2.067(6)
Sn(2)eO(2) 2.099(7) Sn(2)eC(29) 2.127(15)
Sn(2)eN(2) 2.169(7) Sn(2)eN(4) 2.307(8)
O(4)eSn(1)#1 2.065(6) O(5)eSn(1)#1 2.108(6)
O(3)eSn(1)eO(4)#1 90.5(3) O(3)eSn(1)eO(5)#1 93.0(3)
O(4)#1eSn(1)eO(5)#1 76.9(2) O(3)eSn(1)eN(1) 84.9(3)
O(4)#1eSn(1)eN(1) 88.6(2) O(5)#1eSn(1)eN(1) 165.3(2)
O(3)eSn(1)eN(3) 171.4(3) O(4)#1eSn(1)eN(3) 81.0(3)
O(5)#1eSn(1)eN(3) 84.8(3) N(1)eSn(1)eN(3) 95.2(3)
O(6)eSn(2)eO(1) 162.6(3) O(6)eSn(2)eO(2) 86.5(3)
O(1)eSn(2)eO(2) 76.4(3) O(6)eSn(2)eN(2) 84.4(3)
O(1)eSn(2)eN(2) 97.6(3) O(2)eSn(2)eN(2) 89.1(3)
O(6)eSn(2)eN(4) 83.9(3) O(1)eSn(2)eN(4) 91.0(3)
O(2)eSn(2)eN(4) 81.3(3) N(2)eSn(2)eN(4) 165.3(3)

Complex 3
Sn(1)eO(4)#1 2.060(4) Sn(1)eO(3) 2.067(4)
Sn(1)eO(5)#1 2.107(4) Sn(1)eC(25) 2.125(7)
Sn(1)eN(1) 2.141(5) Sn(1)eN(3) 2.311(6)
Sn(2)eO(6) 2.046(5) Sn(2)eO(1) 2.069(4)
Sn(2)eO(2) 2.109(4) Sn(2)eC(31) 2.164(8)
Sn(2)eN(2) 2.165(5) Sn(2)eN(4) 2.274(6)
O(4)eSn(1)#1 2.060(4) O(5)eSn(1)#1 2.107(4)
O(4)#1eSn(1)eO(3) 89.87(18) O(4)#1eSn(1)eO(5)#1 77.11(16)
O(3)eSn(1)eO(5)#1 92.15(18) O(4)#1eSn(1)eN(1) 90.26(18)
O(3)eSn(1)eN(1) 85.16(19) O(5)#1eSn(1)eN(1) 167.11(18)
O(4)#1eSn(1)eN(3) 81.66(18) O(3)eSn(1)eN(3) 171.1(2)
O(5)#1eSn(1)eN(3) 88.48(19) N(1)eSn(1)eN(3) 92.3(2)
O(6)eSn(2)eO(1) 160.56(19) O(6)eSn(2)eN(2) 83.9(2)
O(6)eSn(2)eO(2) 85.26(19) O(1)eSn(2)eO(2) 75.60(17)
O(1)eSn(2)eN(2) 98.89(18) O(2)eSn(2)eN(2) 88.97(18)
C(31)eSn(2)eN(2) 93.8(2) O(6)eSn(2)eN(4) 83.0(2)
O(1)eSn(2)eN(4) 91.8(2) O(2)eSn(2)eN(4) 84.99(19)

Complex 4
Sn(1)eO(6) 2.052(6) Sn(1)eO(1) 2.063(5)
Sn(1)eC(25) 2.102(9) Sn(1)eO(2) 2.114(5)
Sn(1)eN(2) 2.170(7) Sn(1)eN(3) 2.347(8)
Sn(2)eO(3) 2.049(6) Sn(2)eO(4)#1 2.084(5)
Sn(2)eO(5)#1 2.105(6) Sn(2)eC(27) 2.131(10)
Sn(2)eN(1) 2.184(7) Sn(2)eN(4) 2.308(7)
O(4)eSn(2)#1 2.084(5) O(5)eSn(2)#1 2.105(6)
O(6)eSn(1)eO(1) 91.9(2) O(6)eSn(1)eC(25) 93.3(3)
O(1)eSn(1)eC(25) 170.2(3) O(6)eSn(1)eO(2) 93.2(2)
O(1)eSn(1)eO(2) 76.6(2) C(25)eSn(1)eO(2) 94.8(3)
O(6)eSn(1)eN(2) 84.8(3) O(1)eSn(1)eN(2) 87.5(2)
C(25)eSn(1)eN(2) 101.2(3) O(2)eSn(1)eN(2) 164.0(2)
O(6)eSn(1)eN(3) 173.3(3) O(1)eSn(1)eN(3) 81.6(3)
C(25)eSn(1)eN(3) 93.4(3) O(2)eSn(1)eN(3) 86.9(3)
N(2)eSn(1)eN(3) 93.3(3) O(3)eSn(2)eO(4)#1 160.2(2)
O(3)eSn(2)eO(5)#1 84.4(2) O(4)#1eSn(2)eO(5)#1 75.9(2)
O(3)eSn(2)eC(27) 103.3(3) O(4)#1eSn(2)eC(27) 96.0(3)
O(5)#1eSn(2)eC(27) 169.6(3) O(3)eSn(2)eN(1) 83.7(2)
O(4)#1eSn(2)eN(1) 98.0(2) O(5)#1eSn(2)eN(1) 89.0(2)

Table 2 (continued)

C(27)eSn(2)eN(1) 98.8(3) O(3)eSn(2)eN(4) 82.8(3)
O(4)#1eSn(2)eN(4) 92.9(3) O(5)#1eSn(2)eN(4) 84.1(3)
C(27)eSn(2)eN(4) 89.8(3) N(1)eSn(2)eN(4) 165.3(3)

Complex 5
Sn(1)eO(4)#1 2.067(4) Sn(1)eO(3) 2.069(6)
Sn(1)eC(25) 2.10(13) Sn(1)eO(5)#1 2.122(5)
Sn(1)eN(1) 2.166(6) Sn(1)eN(3) 2.365(8)
Sn(2)eO(6) 2.051(5) Sn(2)eO(1) 2.077(5)
Sn(2)eO(2) 2.104(5) Sn(2)eC(29) 2.118(11)
Sn(2)eN(2) 2.193(5) Sn(2)eN(4) 2.315(6)
O(4)eSn(1)#1 2.067(4) O(5)eSn(1)#1 2.122(5)
O(4)#1eSn(1)eO(3) 91.6(2) O(4)#1eSn(1)eC(25) 168(4)
O(3)eSn(1)eC(25) 90(3) O(4)#1eSn(1)eO(5)#1 76.79(18)
O(3)eSn(1)eO(5)#1 94.1(2) C(25)eSn(1)eO(5)#1 91(4)
O(4)#1eSn(1)eN(1) 87.55(19) O(3)eSn(1)eN(1) 84.6(2)
C(25)eSn(1)eN(1) 105(4) O(5)#1eSn(1)eN(1) 164.3(2)
O(4)#1eSn(1)eN(3) 81.6(2) O(3)eSn(1)eN(3) 173.2(2)
C(25)eSn(1)eN(3) 96(3) O(5)#1eSn(1)eN(3) 85.3(2)
N(1)eSn(1)eN(3) 94.2(3) O(6)eSn(2)eO(1) 160.9(2)
O(6)eSn(2)eO(2) 84.9(2) O(1)eSn(2)eO(2) 76.2(2)
O(6)eSn(2)eC(29) 103.8(3) O(1)eSn(2)eC(29) 94.7(3)
O(2)eSn(2)eC(29) 170.1(3) O(6)eSn(2)eN(2) 84.0(2)
O(1)eSn(2)eN(2) 98.2(2) O(2)eSn(2)eN(2) 87.3(2)
C(29)eSn(2)eN(2) 98.0(3) O(6)eSn(2)eN(4) 84.0(2)
O(1)eSn(2)eN(4) 90.3(2) O(2)eSn(2)eN(4) 82.9(2)
C(29)eSn(2)eN(4) 93.4(3) N(2)eSn(2)eN(4) 165.1(2)

Symmetry transformations used to generate equivalent atoms: (1) #1: �x þ 2,
�y þ 1,�z (2) #1:�xþ 1, �y,�z; (3) #1: �xþ 1, �y, �zþ 1; (4) #1:�xþ 1, �y þ 2,
�z þ 1; (5) #1: �x þ 1, �y, �z þ 1.
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recorded on a Nicole-5700 spectrophotometer using KBr discs
and sodium chloride optics. Elemental analyses were performed
with a PE-2400II apparatus. TGA was carried out with a Per-
kineElmer Pyris-1 instrument with a heating rate of 10 �C min�1

from 30 to 500 �C and with a 20.0 cm3 min�1 nitrogen gas flow.
Fluorescent data were collected on an Edinburgh FLS-920
instrument.
4.2. Syntheses

4.2.1. [12-MC[EtSn(IV)]N(shi)-4] 1
0.3 mmol portion of salicylhydroxamic acid (0.046 g) was dis-

solved in the solution of pyridine (20 mL) and methanol (10 mL),
and 0.3 mmol of triethyltin(IV) chloride (0.072 g) was added, The
mixture was stirred for 25 h at room temperature. After filtration
the solvent volatilized in air and the colourless crystals were
separated out about two weeks later. Yield, 43%. M.p. >300 �C.
Analytical data: Found C, 44.39; H, 3.98; N, 7.19%. C56H56N8O12Sn4
(1507.85) requires C, 44.60; H 3.74; N 7.43%. IR (KBr, cm�1): (CO/
NC),1598(s), 1568(s); (NeO), 927(s); (SneN), 668(m); (SneC), 591
(m); (SneO), 432(m).

4.2.2. [12-MC[BuSn(IV)]N(shi)-4] 2
This complex was prepared in a similar way to 1 except for

substituting tributyltin(IV) chloride (0.098 g) for triethyltin(IV)
chloride. Colorless crystals were separated out in 68% yield. M.p.
>300 �C. Analytical data: Found C, 47.21; H, 4.76; N 6.69%.
C64H72N8O12Sn4 (1620.06) requires C, 47.45; H, 4.48; N, 6.92%; IR
(KBr cm�1): (CO/NC),1599(s), 1568(s); (NeO), 928(s); (SneN), 668
(m); (SneC), 589(m); (SneO), 434(m).

4.2.3. [12-MC[PhSn(IV)]N(shi)-4] 3
This complex was prepared in a similar way to 1 except for

substituting triphenyltin(IV) chloride (0.116 g) for triethyltin(IV)
chloride, colorless crystals were isolated in 53% yield. M.p.>300 �C.
Analytical data: Found C, 50.62; H, 3.59; N 6.36%. C72H56N8O12Sn4
(1700.01) requires C, 50.87; H, 3.32; N, 6.15%; IR (KBr cm�1): (CO/



Fig. 2. 2D network of complex 1(a) and 2(b) formed by CeH/O interactions.

Fig. 3. (a) The 3D supramolecular structure of complex 3 and (b) 8-connecting 3D topological structure of complex 3. yellow and blue lines indicate C22eH22/O/C28eH28/p and
C6H6/p interactions, respectively

X.-J. Zhao et al. / Journal of Organometallic Chemistry 695 (2010) 2134e2141 2139
NC),1599(s), 1568(s); (NeO), 929(s); (SneN), 669(m); (SneC), 594
(m); (SneO), 432(m).

4.2.4. [12-MC[EtSn(IV)]N(Clshi)-4] 4
0.3 mmol portion of 5-chlorosalicylhydroxamic acid (0.056 g)

was dissolved in the solution of pyridine (20 mL) and methanol
Fig. 4. 2D network of complex 4(a) formed by CeH/O interactions (red dashed) parallel ab
plane. (For interpretation of the references to colour in this figure legend, the reader is ref
(10 mL), and 0.3 mmol of triethyltin(IV) chloride (0.072 g) was
added, The mixture was stirred for 25 h at room temperature. After
filtration the solvent volatilized in air and the colorless crystals
were separated out about twoweeks later. Yield, 39%. M.p.>300 �C.
Analytical data: Found C, 40.53; H, 3.40; N, 6.56. C56H52Cl4N8O12Sn4
(1645.71) requires C, 40.87; H, 3.18; N, 6.81. IR (KBr cm�1): (CO/
plane, and the complex 5(b) formed by CeH/Cl interactions (green dashed) parallel bc
erred to the web version of this article.).



Fig. 5. Fluorescent spectra of ligands and complexes measured at room temperature. (a) H3shi and complexes 1e3; (b) H3Clshi and complexes 4e5
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NC),1606(s), 1560(s); (NeO), 881(s); (SneC), 727(m); (SneN\), 623
(m); (SneO), 432(m).

4.2.5. [12-MC[BuSn(IV)]N(Clshi)-4] 5
This complex was prepared following the procedure for 4 trib-

utyltin(IV) chloride (0.098 g) was used instead of triethyltin(IV)
chloride. Yield, 61%. M.p. >300 �C. Analytical data: Found C, 43.28;
H, 4.06; N, 6.19. C63.50H67Cl4N8O12Sn4 (1750.91) requires C, 43.56;
H, 3.86; N, 6.40. IR (KBr cm�1): (CO/NC),1606(s), 1560(s); (NeO),
880(s); (SneC), 726(m); (SneN), 623(m); (SneO), 433(m).

4.3. Crystal structures of complexes 1e5

Suitable single crystals of the five complexes were mounted.
Diffraction data were collected with a Bruker SMART CCD diffrac-
tometer with Mo-Ka (l ¼ 0.71073 Å) radiation at room tempera-
ture. During the intensity data collection, no significant decay was
observed. The intensities were corrected for Lorentz-polarization
effects and empirical absorption with the SADABS program [45].
The structures were solved by direct methods using the SHELXS-97
program and refined with SHELXL-97 [46]. All non-hydrogen atoms
were found from difference Fourier syntheses. The H atoms were
included in calculated positions with isotropic thermal parameters
related to those of the supporting carbon atoms but were not
included in the refinement. All calculations were performed using
the WinGX System-Version 1.80.03 [47]. Crystal data and experi-
mental details of the structure determinations are listed in Table 1.

4.4. In vitro antitumor activity

The human tumor cell lines which were used for screening were
grown and maintained in RPMI-1640 medium supplemented with
10% fetal bovine serum at 37 �C in humidified incubators in an
atmosphere of 5% CO2. Cell proliferation in compound-treated
cultures was evaluated by using a system based on the tetrazolium
compound (MTT) [48] in the School of Medicine and Pharmacy,
Ocean University of China. The Hela cell line was seeded into 96
well plates at a concentration of about 50 000 cells/mL and was
incubated in an atmosphere of 5% CO2 for 24 h. Then, 20 mL of the
Table 3
Half maximal inhibitory concentration (IC50 mM) of complexes 4 and 5 against tumor
cell lines.

Tumor cell line Complex 4 Complex 5

Bel-7402 15.38 15.20
Hela 12.04 11.18
sample (organotin complexes) DMSO solution was added and
further incubationwas carried out at 37 �C for 48 h. The compounds
were serially diluted (in four to six steps) with DMSO and added to
cell incubation medium at the final concentration of 1.0% DMSO in
the medium. 50 mL of 0.1% MTT was added to each well. After 4 h
incubation, the culture medium was removed, and 150 mL of iso-
propanol was added to dissolve the insoluble blue formazan
precipitates produced by MTT reduction. The plate was shaken for
20 min on a plate shaker to ensure complete dissolution. The
optical density of each well was measured at 570 nm wavelength.
The antitumor activity was determined three times in independent
experiments.

Acknowledgement

This work was financially supported by the National Natural
Science Foundation of China (20671048) and Shandong “Tai-Shan
Scholar Research Fund”.

Appendix A. supplementary data

CCDC-748381, 738610, 738607, 748379, 738613 contain the
supplementary crystallographic data for complexes 1e5 respec-
tively. These data can be obtained free of charge via http://www.
ccdc.cam.ac.uk/conts/retrieving.html

Supplementary information associated with this article can be
found in the online version, at doi:10.1016/j.jorganchem.2010.05.
027.

References

[1] V.L. Pecoraro, Inorg. Chim. Acta 155 (1989) 171e173.
[2] M.S. Lah, V.L. Pecoraro, J. Am. Chem. Soc. 111 (1989) 7258e7259.
[3] (a) M.S. Lah, V.L. Pecoraro, Comments Inorg. Chem. 11 (1990) 59e84;

(b) V.L. Pecoraro, A.J. Stemmler, B.R. Gibney, J.J. Bodwin, H. Wang, J.W. Kampf,
A. Barwinski, Prog. Inorg. Chem. 45 (1997) 83e177;
(c) J.J. Bodwin, A.D. Cutland-Van Noord, R.G. Malkani, V.L. Pecoraro, Coord.
Chem. Rev. 216e217 (2001) 489e512;
(d) G. Mezei, C.M. Zaleski, V.L. Pecoraro, Chem. Rev. 107 (2007) 4933e5003;
(e) M.J. Prakash, M.S. Lah, Chem. Commun. (2009) 3326e3341.

[4] (a) M. Moon, I. Kim, M.S. Lah, Inorg. Chem. 39 (2000) 2710e2711;
(b) D. Moon, J. Song, B.J. Kim, B.J. Suh, M.S. Lah, Inorg. Chem. 43 (2004)
8230e8232;
(c) D. Moon, M.S. Lah, Inorg. Chem. 44 (2005) 1934e1940;
(d) J.M. Dou, M.L. Liu, D.C. Li, D.Q. Wang, Eur. J. Inorg. Chem. (2006)
4866e4871;
(e) Y.T. Chen, J.M. Dou, D.C. Li, S.N. Wang, Inorg. Chem. Commun. 13 (2010)
167e170;
(f) C.S. Lim, A.D. Cutland-Van Noord, J.W. Kampf, V.L. Pecoraro, Eur. J. Inorg.
Chem. (2007) 1347e1350;
(g) J. Choi, J. Park, M. Park, D. Moon, M.S. Lah, Eur. J. Inorg. Chem. (2008)
5465e5470.

http://www.ccdc.cam.ac.uk/conts/retrieving.html
http://www.ccdc.cam.ac.uk/conts/retrieving.html
http://dx.doi.org/10.1016/j.jorganchem.2010.05.027
http://dx.doi.org/10.1016/j.jorganchem.2010.05.027


X.-J. Zhao et al. / Journal of Organometallic Chemistry 695 (2010) 2134e2141 2141
[5] (a) B.R. Gibney, D.P. Kessissoglou, J.W. Kampf, V.L. Pecoraro, Inorg. Chem. 35
(1996) 6184e6193;
(b) A.D. Cutland-Van Noord, R.G. Malkani, J.W. Kampf, V.L. Pecoraro, Angew.
Chem. Int. Ed. 39 (2000) 2689e2691;
(c) A.D. Cutland-Van Noord, J.A. Halfen, J.W. Kampf, V.L. Pecoraro, J. Am. Chem.
Soc. 123 (2001) 6211e6212.

[6] (a) C. Dendrinou-Samara, L. Alevizopoulou, L. Iordanidis, E. Samaras, D.
P. Kessissoglou, J. Inorg. Biochem. 89 (2002) 89e96;
(b) M. Alexiou, I. Tsivikas, C. Dendrinou-Samara, A.A. Pantazaki, P. Trikalitis,
N. Lalioti, D.A. Kyriakidis, D.P. Kessissoglou, J. Inorg. Biochem. 93 (2003)
256e264;
(c) C. Dendrinou-Samara, A.N. Papadopoulos, D.A. Malamatari, A. Tarushi, C.
P. Raptopoulou, A. Terzis, E. Samaras, D.P. Kessissoglou, J. Inorg. Biochem. 99
(2005) 864e875;
(d) L.F. Jin, F.P. Xiao, G.Z. Cheng, Z.P. Ji, Inorg. Chem. Commun. 9 (2006)
758e760;
(e) F.P. Xiao, L.F. Jin, G.Z. Cheng, Z.P. Ji, Polyhedron 26 (2007) 2695e2702;
(f) I. Tsivikas, M. Alexiou, A.A. Pantazaki, C. Dendrinou-Samara, D.
A. Malamatari, C.P. Raptopoulou, Bioinorg. Chem. Appl. 1 (2003) 85e97.

[7] (a) C.M. Zaleski, E.C. Depperman, J.W. Kampf, M.L. Kirk, V.L. Pecoraro, Inorg.
Chem. 45 (2006) 10022e10024;
(b) C.M. Zaleski, J.W. Kampf, T. Mallah, M.L. Kirk, V.L. Pecoraro, Inorg. Chem. 46
(2007) 1954e1956.(c) C.J. Milios, A. Vinslava, A.P. Wood, S. Parsons,
W. Wernsdorfer, G. Christou, S.P. Perlepes, E.K. Brechin, J. Am. Chem. Soc. 129
(2007) 8e9;
(d) C.J. Milios, R. Inglis, A. Vinslava, A. Prescimone, S. Parsons, S.P. Perlepes,
G. Christou, E.K. Brechin, Chem. Commun. (2007) 2738e2740;
(e) C.J. Milios, R. Inglis, A. Vinslava, R. Bagai, W. Wernsdorfer, S. Parsons, S.
P. Perlepes, G. Christou, E.K. Brechin, J. Am. Chem. Soc. 129 (2007)
12505e12511;
(f) C.J. Milios, S. Piligkos, E.K. Brechin, Dalton Trans. (2008) 1809e1817;
(g) L.F. Jones, C.J. Milios, M.E. Cochrane, K. Mason, A. Collins, S. Parsons, S.
P. Perlepes, E.K. Brechin, Dalton Trans. (2008) 6205e6210;
(h) L.F. Jones, A. Prescimone, M. Evangelisti, E.K. Brechin, Chem. Commun.
(2009) 2023e2025;
(i) H.-B. Xu, B.-W. Wang, F. Pan, Z.-M. Wang, S. Gao, Angew. Chem. Int. Ed. 47
(2007) 7388e7392.

[8] (a) B.R. Gibney, A.J. Stemmler, S. Pilotek, J.W. Kampf, V.L. Pecoraro, Inorg.
Chem. 32 (1993) 6008e6015;
(b) P. Chaudhuri, M. Hess, E. Rentschler, T. Weyhermüller, U. Flörke, New J.
Chem. 22 (1998) 553e555;
(c) S.X. Liu, S.B. Lin, Z.C. Lin, C. Lin, J.Q. Huang, Angew. Chem. Int. Ed. 40 (2001)
1084e1087;
(d) T.C. Stamatatos, S. Dionyssopoulou, G. Efthymiou, P. Kyritsis, C.
P. Raptopoulou, A. Terzis, R. Vicente, A. Escuer, S.P. Perlepes, Inorg. Chem. 44
(2005) 3374e3376;
(e) C.M. Zaleski, A.D. Cutland-Van Noord, J.W. Kampf, V.L. Pecoraro, Cryst.
Growth Des. 7 (2007) 1098e1105;
(f) M. Alexiou, E. Katsoulakou, C. Dendrinou-Samara, C.P. Raptopoulou,
V. Psycharis, E. Manessi-Zoupa, S.P. Perlepes, D.P. Kessissoglou, Eur. J. Inorg.
Chem. (2005) 1964e1978;
(g) M.S. Lah, B.R. Gibney, D.L. Tierney, J.E. Penner-Hahn, V.L. Pecoraro, J. Am.
Chem. Soc. 115 (1993) 5857e5858;
(h) M. Park, R.P. John, D. Moon, K. Lee, G.H. Kim, M.S. Lah, Dalton Trans. (2007)
5412e5418;
(i) K. Lee, R.P. John, M. Park, D. Moon, H.-C. Ri, G.H. Kim, M.S. Lah, Dalton Trans.
(2008) 131e136.

[9] A. Dea’k, I. Haiduc, L. . Pa’rka0nyi, M. Venter, A. Ka’lma0n, Eur. J. Inorg. Chem.
(1999) 1593e1596.

[10] A. Dea’k, M. Venter, A. Ka’lma0n, L. Pa’rka0nyi, L. Radics, I. Haiduc, Eur. J. Inorg.
Chem. (2000) 127e132.

[11] A. Dea’k, L. Radics, A. Ka’lma0n, L. Pa’rka0nyi, I. Haiduc, Eur. J. Inorg. Chem.
(2001) 2849e2856.

[12] A. Szorcsik, L. Nagy, I. Köke’ny, A. Dea’k, M. Scopelliti, T. Fiore, L. Pellerito, J.
Organomet. Chem. 692 (2007) 3409e3414.

[13] L. Pellerito, L. Nagy, Coord. Chem. Rev. 224 (2002) 111e150.
[14] M. Ashfaq, J. Organomet. Chem. 691 (2006) 1803e1808.
[15] S. Sadiq-ur-Rehman, A. Ali, A. Badshah, E. Malik, G. Ahmed, X. Jin, E.R.

T. Tiekink, Appl. Organomet. Chem. 18 (2004) 401e408.
[16] V. Sharma, R.K. Sharma, R. Bohra, R. Ratnani, V.K. Jain, J.E. Drake, M.
B. Hursthouse, M.E. Light, J. Organomet. Chem. 651 (2002) 98e104.

[17] M. Jain, S. Gaur, S.C. Diwedi, S.C. Joshi, R.V. Singh, A. Bansal, Phosphorus Sulfur
179 (2004) 1517e1573.

[18] (a) T. Baul, C. Masharing, G. Ruisi, R. Jira’sko, M. Holcapek, D. De-Vos,
D. Wolstenholme, A. Linden, J. Organomet. Chem. 692 (2007) 4849e4862;
(b) E. Katsoulakou, M. Tiliakos, G. Papaefstathiou, A. Terzis, C. Raptopoulou,
G. Geromichalos, K. Papazisis, R. Papi, A. Pantazaki, D. Kyriakidis,
P. Cordopatis, E. Zoupa, J. Inorg. Biochem. 102 (2008) 1397e1405.

[19] M. Gajewska, K.V. Luzyanin, M.F.C. Guedes da Silva, Q. Li, J. Cui, A.J.
L. Pombeiro, Eur. J. Inorg. Chem. (2009) 3765e3769.

[20] X. Shang, J. Cui, J. Wu, A.J.L. Pombeiro, Q. Li, J. Inorg. Biochem. 102 (2008)
901e909.

[21] (a) F. Denizot, R. Lang, J. Immunol. Methods 89 (1986) 271e277;
(b) P. Skehan, R. Storeng, D. Scudiero, A. Monks, J. McMahon, D. Vistica, J.
T. Warren, H. Bokesch, S. Kenney, M.R. Boyd, J. Nat. Cancer Inst. 82 (1990)
1107e1112.

[22] X. Shang, J. Wu, A.J.L. Pombeiro, Q. Li, Appl. Organomet. Chem. 21 (2007)
919e925.

[23] V.Yu. Kukushkin, A.J.L. Pombeiro, Inorg. Chem. 39 (2000) 216e225.
[24] V.Yu. Kukushkin, T.B. Pakhomava, Yu. N. Kukushkin, R. Herrmann, G. Wagner,

A.J.L. Pombeiro, Inorg. Chem. 37 (1998) 6511e6517.
[25] F. Tao, X.F. Chen, Z.H. Wang, G.Q. Xu, J. Am. Chem. Soc. 124 (2002) 7170e7180.
[26] Q.S. Li, M.F.C.G. Silva, A.J.L. Pombeiro, Chem. Eur. J. 10 (2004) 1456e1462.
[27] V. Sharma, S. Agrawal, R. Bohra, R. Ratnani, J.E. Drake, A.L. Bingham, M.

B. Hursthouse, M.E. Light, Inorg. Chem. Acta 359 (2006) 1404e1412.
[28] V. Chandrasekhar, S. Nagendran, V. Baskar, Coord. Chem. Rev. 235 (2002) 1e52.
[29] D.P. Kessissoglou, J.J. Bodwin, J. Kampf, C. Dendrinou-Samara, V.L. Pecoraro,

Inorg. Chim. Acta 331 (2002) 73e80.
[30] B.R. Gibney, D.P. Kessissoglou, J.W. Kampf, V.L. Pecoraro, Inorg. Chem. 33

(1994) 4840e4849.
[31] M.S. Lah, V.L. Pecoraro, Inorg. Chem. 30 (1991) 878e880.
[32] R. Banerjee, R. Mondal, J.K. Howard, G.R. Desiraju, Cryst. Growth Des. 6 (2006)

999e1009.
[33] C.B. Aakeroy, I. Hussain, J. Desper, Cryst. Growth Des. 6 (2006) 474e480.
[34] N.W. Alcock, P.R. Barker, J.M. Haider, M.J. Hannon, C.L. Painting,

Z. Pikramenou, E.A. Plummer, K. Rissanen, P. Saarenketo, J. Chem. Soc. Dalton
Trans. (2000) 1447e1462.

[35] M. Nishio, Cryst. Eng. Comm. 6 (2004) 130e158.
[36] D.L. Reger, J.R. Gardinier, R.F. Semeniuc, M.D. Smith, J. Chem. Soc. Dalton

Trans. (2003) 1712e1718.
[37] W. Wang, P. Xi, X. Su, J. Lan, Z. Mao, J. You, R. Xie, Cryst. Growth Des. 7 (2007)

741e746.
[38] V. Vergadou, G. Pistolis, A. Michaelides, G. Varvounis, M. Siskos, N. Boukos,

S. Skoulika, Cryst. Growth Des. 0 (2006) 1e7.
[39] G.R. Desiraju, Crystal Engineering: The Design of Organic Solids. Elsevier,

Amsterdam, 1989.
[40] V. Chandrasekhar, K. Gopal, P. Sasikumar, R. Thirumoorthi, Coord. Chem. Rev.

249 (2005) 1745e1765.
[41] (a) W.-L. Jia, R.-Y. Wang, D. Song, S.J. Ball, A.B. McLean, S.-N. Wang, Chem. Eur.

J. 11 (2005) 832e842;
(b) X.-X. Xu, Y. Lu, E.-B. Wang, Y. Ma, X.-L. Bai, Cryst. Growth Des. 6 (2006)
2029e2035;
(c) Y.-P. Tian, Y.-M. Zhu, H.-P. Zhou, P. Wang, J.-Y. Wu, X.-T. Tao, M.-H. Jiang,
Eur. J. Inorg. Chem. (2007) 345e351;
(d) Q. Yue, J. Yang, G.-H. Li, G.-D. Li, J.-S. Chen, Inorg. Chem. 45 (2006)
4431e4439.

[42] P. Cassoux, Science 291 (2001) 263e264.
[43] (a) S.L. Zheng, J.P. Zhang, X.M. Chen, Z.L. Huang, Z.Y. Lin, W.T. Wong, Chem.

Eur. J. (2003) 3888e3896;
(b) X.-Q. Lu, Y.-Q. Qiao, J.-R. He, M. Pan, B.-S. Kang, C.-Y. Su, Cryst. Growth Des.
6 (2006) 1910e1914.

[44] S.L. Zheng, J.P. Zhang, W.T. Wang, X.M. Chen, J. Am. Chem. Soc. 125 (2003)
6882e6883.

[45] Bruker, APEX2 & SAINT. Bruker. AXS Inc., Madison, Wisconsin, USA, 2004.
[46] G.M. Sheldrick, SHELXS-97, Program for Crystal Structure Determination.

University of Göttingen, Göttingen, Germany, 1997.
[47] G.M. Sheldrick, Acta Crystallogr. Sect. A 64 (2008) 112e122.
[48] L.J. Farrugia, J. Appl. Crystallogr. 32 (1999) 837e838.


	Syntheses, structural characterizations and properties of 12-MC-4 organotin(IV) metallacrowns: [12-MCRSn(IV)N(shi)-4] and [ ...
	Introduction
	Results and discussion
	Syntheses
	IR spectroscopic data
	Description of the structures of 1-3 [27]
	Description of the structures of 4 and 5
	Thermal stability
	Fluorescence properties
	Antitumor activities

	Conclusions
	Experimental section
	Materials and measurements
	Syntheses
	[12-MC[EtSn(IV)]N(shi)-4] 1
	[12-MC[BuSn(IV)]N(shi)-4] 2
	[12-MC[PhSn(IV)]N(shi)-4] 3
	[12-MC[EtSn(IV)]N(Clshi)-4] 4
	[12-MC[BuSn(IV)]N(Clshi)-4] 5

	Crystal structures of complexes 1-5
	In vitro antitumor activity

	Acknowledgement
	supplementary data
	References


