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Abstract: Four new organotin 1H-tetrazolyl-1-acetates, namely {[(CHN,)CH,CO,Sn (n-Bu),],0}, (1) and {[(CHN,)
CH,CO,SnEt,],0},+0.5CsH¢ (2) as well as (CHN,)CH,CO,),SnR; (R=n-Bu (3) or Et (4), (CHN,)CH,CO,=1H-tetrazol-1-

acelate), have been synthesized by the reaction of R,SnO with 1H-tetrazolyl-1-acetic acid in a 1:1 or 1:2 molar ratio.

These complexes have been characterized by IR and NMR spectroscopy, and their structures have been further

confirmed by X-ray crystal diffraction. Preliminary in vitro tests for fungicidal activity show that these complexes

display some degree of antifungal activities to Gibberellazeae and Rhizoctonia cerealis. CCDC: 783970, 2; 783971, 3.
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0 Introduction

In spite of the toxicity and environmental effects

partially ~ limiting  their  application,  organotin

carboxylates have been extensively used in the
industrial, agricultural and pharmaceutical fields owing
to their remarkable structural —diversity!™?, catalytic
activity as well as significant biological activity™*”, for
example as pesticidal, antibacterial, antitumor agents
and wood preservatives. Carboxylic acids containing

heteroatoms have proved their value in the capability of
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affecting the coordination modes of tin atom as well as
decent bioactivities, and therefore attracted a great deal
of attention. A large number of organotin carboxylates
containing heteroatoms have been synthesized and
characterized in recent years”"". Furthermore, organotin
derivatives from S- or N-functionalized carboxylic acids
have displayed fascinating structural features and
excellent antibacterial activities"*". Taking into consi-
deration of the important bioactivity of tetrazolyl
derivatives and their variable coordination modes !>,

four new organotin 1H-tetrazolyl-1-acetates, namely
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{{(CHN,)CH,CO,Sn(n-Bu),],0}, (1) and {[(CHN,)CH,CO,
SnEt,],0},-0.5C¢Hs (2) as well as ((CHN,)CH,CO,),SnR,
(R=n-Bu (3) or Et (4), (CHN,)CH,CO,=1H-tetrazol-1-
acelate), were synthesized in this paper by the reaction
of R,SnO  (R=n-Bu or Et) with 1H-tetrazolyl-1-acetic

acid, and their antifungal activities were tested in vitro.
1 Experimental

NMR spectra were recorded on a Bruker 400
spectrometer, and the chemical shifts are reported in
ppm with respect to the reference (internal SiMe, for 'H
NMR and “C NMR spectra, external SnMe, for '“Sn
NMR). IR spectroscopic data were obtained from a
Shimadzu FTIR 8400S spectrometer as KBr pellets.
Elemental analyses were carried out on an Elementar
Vairo EL analyzer. Melting points were measured with
an X-4 digital micro melting-point apparatus and were
uncorrected. All the chemicals used are commercially
available and were used as received without further
purification.

1.1 Synthesis of complex 1

The mixture of 1H-tetrazolyl-1-acetic acid (0.26 g,
2 mmol) and (n-Bu),Sn0O (0.50 g, 2 mmol) in anhydrous
benzene (50 mlL) was stirred and heated at reflux for 8
h. After cooling to room temperature, a white solid
filtered off and
recrystallized from acetone/benzene to yield white
needle crystals of 1. Yield: 0.52 g (71%), m.p. 180~182
°C. 'H NMR (DMSO-dg, ppm), 6: 0.84 (1, J=7.2 Hz, 3H,
CH3), 0.92 (t, J=7.3 Hz, 3H, CH3), 1.26~1.60 (m, 12H,
CH,CH,CH,), 5.19 (s, 2H, CH,), 9.30 (s, 1H, CHN,).
BC NMR (DMSO-ds, ppm), &: 13.3, 13.4, 25.7, 26.2,
26.5, 26.6, 26.9, 27.0 (butyl carbons), 49.6 (CH,), 144.6
(CHN,), 169.6 (COO). "Sn NMR (DMSO-dg, ppm), &:
-178.9, -214.3. IR (cm™):», (COO)1674.2,1612.5,
v, (COO) 1404.2, 1375.3. Anal. cale. for CuHgNyg
01Sny(%): C, 35.90; H, 5.75; N, 15.22. Found(%): C,
35.69; H, 5.68; N, 15.66.

1.2 Synthesis of complex 2

precipitated out, which was

This complex was obtained similarly using Et;SnO
instead of (n-Bu),Sn0O as described above for 1. Yield:
83%, m.p. 215 °C (dec.). 'H NMR (DMSO-ds, ppm), 6:
1.12~1.42 (m, 10H, CH,CH3), 5.20 (s, 2H, CH,), 9.32

(s, 1H, CHN,). IR (cm™): »,.(COO) 1647.2, 16164,
v,(COO) 1406.1, 1383.0. Anal. cale. for C3HssNyg
015n4(%): C, 28.94; H, 4.31; N, 17.42. Found(%): C,
28.47; H,3.83; N, 17.57.
1.3 Synthesis of complex 3

This complex was obtained similarly as described
above for 1, but in a 2:1 (acid : tin) molar ratio. Yield:
76%, m.p. 199~201°C. '"H NMR (DMSO-dg, ppm), 6:
0.84 (1, /=7.3 Hz, 3H, CH;), 1.21~1.26, 1.39~1.48 (m,
m, 2H, 4H, CH,CH,CH,), 5.23 (s, 2H, CH,), 9.31 (s,
1H, CHNy). ®C NMR (DMSO-ds, ppm), &: 13.5, 25.7,
26.5,29.6 (butyl carbons), 49.5 (CH,), 144.7 (CHN,),
169.6 (COO). IR (cm™): »,(CO0) 1620.2, »,(COO)
1398.4. Anal. cale. for C,4H2NgO,Sn(%): C, 34.52; H,
4.97; N, 23.00. Found(%): C, 34.59; H, 4.58; N, 23.36.
1.4 Synthesis of complex 4

This complex was obtained similarly using Et,SnO
instead of (n-Bu),Sn0O as described above for 1, but in a
2:1 (acid:tin) molar ratio. Yield: 86%, m.p. 188~190 °C.
'H NMR (DMSO-ds, ppm), 6: 1.13 (1, J=7.8 Hz, 6H,
CHy), 1.42 (q, J=7.8 Hz, 4H, CH,CH;), 5.22 (s, 4H,
CH,), 9.32 (s, 2H, CHN,). *C NMR (DMSO-ds, ppm), &:
9.5 (CH,CH,), 23.5 (CH,CH3), 49.5 (CH,), 144.7 (CHN,),
170.0 (COO). "Sn NMR (DMSO-dg, ppm), 8: —304.2.
IR (em™): v, (COO) 1 6144, v, (COO) 1392.6. Anal.
cale. for CyoHsNsO,Sn(%): C, 27.87; H, 3.74; N, 26.00.
Found(%): C, 27.52; H, 3.80; N, 26.28.
1.5 Structure determination of complexes 2 and 3

Colorless crystals of complexes 2 and 3 suitable
for X-ray analyses were obtained by slowly cooling their
hot acetone/benzene solutions. In complex 2, 0.5
molecule of benzene was observed. Intensity data were
collected on a Bruker SMART CCD using graphite
monochromated Mo Ko radiation (A= 0.071 03 nm by
the /20 scan technique, and a semi-empirical
absorption correction was applied. The structures were
solved by direct methods and refined by full-matrix
least-squares on F2 All non-hydrogen atoms were
refined with anisotropic displacement parameters. The
highest peak in complex 3 is located near the Sn (1)
center by a distance of 0.081 nm. A summary of the
fundamental crystal data is listed in Table 1.

CCDC: 783970, 2; 783971, 3.
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Table 1 Crystallographic data and refinement parameters of complexes 2 and 3

Complex

Formula

Formula weight

Crystal size / mm

Crystal system

Space group

a/ nm

b / nm

¢/ nm

B/ ()

V /nm?®

A

T/K

D./ (g-em™)

26 range / (°)

F(000)

o/ mm!

Number of reflections measured
Number of reflections observed (R;,)
Number of reflections observed with (/=20 (1))
Number of parameters
Residuals R, wR (I=20(1))

Goodness-of-fit

2 3

CaHssN 1O Sn, CuHuN:0Sn
1286.75 487.1
0.40x0.20x0.10 0.28%0.22x0.20
Monoclinic Orthorhombic
P2/Je Pna2,

1.265 89(13) 1.995 81(14)
2.059 8(2) 0.483 86(3)
1.008 03(11) 2.055 79(13)
105.894(3)

2.527 9(5) 1.985 3(2)

4 4

293(2) 293(2)

1.69 1.63
6.06~50.02 5.68~50.00

1 266 984

2.015 1.324

18 468 4775

4 426 (0.061 3) 2 340 (0.023 0)
3 454 2177

293 247

0.058 4, 0.138 0 0.041 6, 0.103 8
1.109 1.045

2 Results and discussion

2.1 Synthesis and characterization

Reaction of RSnO (R =n-Bu or Et) with 1H-
tetrazolyl-1-acetic acid (CHN,CH,CO,H) in a 1 : 1 molar
ratio yielded dimeric tetranuclear complexes {[(CHN,)
CH,CO,Sn (n-Bu),|,0}, (1) and {[(CHN,)CH,CO,SnEt,],
0},:0.5C¢Hg  (2). While monomeric complexes ((CHN,)
CH,CO,),SnR, (R=n-Bu (3) and Et (4), respectively)
were obtained by the reaction of R,SnO with 1H-
tetrazolyl-1-acetic acid in a 1:2 molar ratio (Scheme 1).
These four complexes have been characterized by IR
and NMR spectroscopy as well as elemental analyses.

The IR spectra of complexes 1 and 2 display two
types of carbonyl absorption bands, implying that the
carboxylate groups possibly coordinate to the tin atom
in different manners!®%!, The corresponding differences
A[v,(COO7)-»,LO07)] (298.9 and 208.2 cm™ in 1 as
well as 264.2 and 208.3 cm™ in 2, respectively) reflect
the monodentate and bidentate coordination modes of

the carboxylate groups™. The NMR spectra of compl-

R R
v ! | \ B '(CéH(,)
N=N (0] R R 0 N=N
2
#n=0, R=n-Bu (1); n=0.5, R=Et (2)

R,SnO
11
V2 NNTN 0
N7 N COH R,SnO N4\N/\n/ SnR,
N;N _— [
111 N=N O

(Acid:Tin) 2
R=n-Bu (3); Et (4)

Scheme 1 Reaction of R;SnO (R=n-Bu or Et) with
1 H-tetrazolyl-1-acetic acid
exes 1 and 2 support the suggested centrosymmetric
dimeric structure. For example, two sets of butyl signals
of 'H and “C NMR spectra were observed in complex 1,
suggesting them attached to different tin atoms. At the
same time, its ""Sn spectrum has also confirmed the
presence of endo- and exo-cyclic tin atoms. A pair of
resonances of equal intensities were observed at —178.9
and —214.3 ppm in this complex, which are comparable

with the previously reported values for dimeric
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distannoxanes!”. On the other hand, the IR spectra of
complexes 3 and 4 show that the difference between
asymmetric and symmetric stretching vibrations of the
carboxylate groups is 221.8 em ™, very close to the
corresponding value of sodium 1H-tetrazolyl-1-acetate
(228 em ™) indicating that the carboxylate groups in
these two complexes possibly act as bidentate ligands™.
2.2 Crystal structures of complexes 2 and 3

The molecular structures of complexes 2 and 3
have also been confirmed further by X-ray crystallo-
graphy. As shown in Fig.1, complex 2 has a tetranuclear
distannoxane structure, similar with that of {[(2-
PySCH,CO,)SnEt,],0},". Unlike those in triorganotin
derivatives'™, the tetrazolyl nitrogen atoms do not coor-
dinate to the tin atoms in complex 2. Each tin atom
adopts a five-coordinate distorted trigonal bipyramidal
geometry with two oxygen atoms occupying the axial
The axial O-Sn-O angles (O (1)-Sn (1)-O (3)
173.8(2)° and O (4)-Sn (2)-O (5A) 168.9 (2)°, Table 2)

deviate from the linearity.

positions.

The crystallographically

unique carboxylic ligands show different coordination
modes. One carboxylic ligand acts as a monodentate
ligand by the carboxylate oxygen, while the other is a
bridging bidentate ligand by two oxygen atoms of the
atoms. Some weak

carboxyl group to two tin

O interactions are observed in this

0(2)

intramolecular Sn---

complex. The intramolecular distances of Sn(1)---

CI7A,
Cis C16A

Cl5A
cl6 2

Cc17

Symmetry operation A: 1—x, 2—y, 1-z; Dashed lines stand for the

weak interactions between the tin and oxygen atoms

Fig.1 Molecular structure of complex 2

Table 2 Selected bond length (nm) and angles (°) of complexes 2 and 3

Complex 2

Sn(1)-O(1) 0.218 5(6) Sn(2)-0(5) 0.203 1(5) C(6)-0(3) 0.123 7(10)

Sn(1)-0(3) 0.223 2(6) Sn(2)-0(5A) 0.216 2(5) C(6)-0(4) 0.121 7(10)

Sn(1)-0(5) 0.200 7(5) C(3)-0(1) 0.128 0(10) Sn(1)-+-0(2) 0.274 6(7)

Sn(2)-0(4) 0.226 6(6) C(3)-0(2) 0.119 6(10) Sn(2)---O(1A) 0.286 0(6)
0(1)-C(3)-0(2) 122.8(9) O(1)-Sn(1)-0(5) 82.9(2) 0(5)-Sn(2)-C(7) 109.6(4)
0(3)-C(6)-0(4) 125.8(8) O(5)-Sn(1)-C(13) 108.4(4) C(7)-Sn(2)-C(9) 140.3(5)
C(2)-C(3)-0(1) 115.6(8) 0(4)-Sn(2)-0(5A) 168.9(2) Sn(1)-0(5)-Sn(2) 135.8(3)
C(5)-C(6)-0(3) 116.4(8) 0(4)-Sn(2)-0(5) 92.3(2) Sn(1)-0(5)-Sn(2A) 120.8(2)
0(1)-Sn(1)-0(3) 173.8(2) 0(5)-Sn(2)-0(5A) 76.6(2) Sn(2)-0(5)-Sn(2A) 103.4(2)

Complex 3

Sn(1)-0(1) 0.253 1(5) Sn(1)-C(7) 0.210 5(7) C(4)-0(3) 0.127 9(8)

Sn(1)-0(2) 0.214 8(5) Sn(1)-C(11) 0.211 1(7) C(4)-0(4) 0.124 9(9)

Sn(1)-0(3) 0.215 8(5) C(1)-0(1) 0.124 3(9) Sn(1)---O(3B) 0.344 8(5)

Sn(1)-0(4) 0.254 1(5) C(1)-0(2) 0.128 3(8) Sn(1)---O(2B) 0.346 1(4)
0(1)-C(1)-0(2) 121.2(7) 0(3)-C(4)-0(4) 120.6(6) C(7)-Sn(1)-0(3) 101.5(3)
C(2)-C(1)-0(2) 117.5(6) C(1)-O0(2)-Sn(1) 100.0(4) C(7)-S 1) 0(4) 89.0(3)
0(2)-Sn(1)-0(3) 78.67(16) C(4)-0(3)-Sn(1) 100.7(4) C(7)-Sn(1)-C(11) 144.0(2)
C(5)-C(4)-0(3) 118.2(6) C(7)-Sn(1)-O(1) 88.2(2) C(11)-Sn(1)-0(2) 102.7(3)
0O(1)-Sn(1)-0(4) 171.12(17) C(7)-Sn(1)-0(2) 105.4(2) C(11)-Sn(1)-0(4) 87.8(2)

Symmetry operation: A: 1-x, 2—y, 1-z; B: x, —1+y, z.
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and Sn(2)---O(1A) are 0.274 5(8) and 0.286 0(6) nm,
significantly shorter than the sum of the van der Waal's
for the Sn and O atoms of 0.357 nm™, but
comparable to the corresponding Sn--- O distances in
{[(2-PySCH,CO0,)SnEL,],0},"™. In addition, some weak

intermolecular C—H---N hydrogen bonding interactions

radii

have been observed in the crystal packing, such as C(1)
—H(1)---N(4B) and C(4)-H(4)---N(8B) (H(1)---N@4B)/
C(1)+--N(4B) distances: 0.259 2(11)/0.342 2(16) nm,
and H(4)--- N(8B)/C(4)--- N (8B) distances: 0.236(1)/
0.322 6(16) nm; symmetry operation B: x, 1.5-y, -0.5+
z). These weak interactions play important roles in
stabilizing the crystal framework.

The molecular structure of 3 is presented in Fig.2.
The
octahedral geometry. The Sn(1)-O (1) (0.253 1(5) nm)
and Sn(1)-O(4) (0.254 1(5) nm) bond distances are
significantly longer than the Sn(1)-0(2) (0.214 8(5) nm)
and Sn(1)-0(3) (0.215 8(5) nm) bond distances,
that  the

tin atom adopts a six-coordinate distorted

suggesting carboxylate groups act as
anisobidentate ligands, consistent with the results of the
IR analyses. Like that in complex 2, there is no direct
interaction between the tetrazolyl nitrogen atoms and
the tin atom in complex 3. A series of weak
intermolecular C—H-+-N hydrogen bonding interactions
still exist in the crystal packing of complex 3 (Fig.3).
The C(3)-H(3):-- N(6A) and C(6)-H(6)--- N(2A)
distances (symmetry operation A: 0.5—x, 0.5+y, 0.5+z)
are 0.253 5(7)/0.333 6(10) nm (H(3)--- N(6A)/C(3)---N
(6A)) and 0.264 3(7)/0.346 9(11) nm (H(6)---N(2A)/C(6)
--+N(2A)), respectively. Furthermore, the non-bond
Sn(1)---O(3B) and Sn(1)--- O(2B) distances (symmetry
0.344 8(5) nm and
0.346 1(4) nm, respectively, shorter than the sum of the

operation B: x, —l+y, z) are

van der Waal’ s radii for the Sn and O atoms 2,
indicating the presence of some weak interactions
among these atoms. This complex forms a supermole-

cular structure through these weak intermolecular C-H

---N and Sn---O interactions.

Dashed lines stand for the weak interactions between the tin and

oxygen atoms as well as the C=H-+-N hydrogen bonding
Fig.3 Crystal packing diagram of complex 3
2.3 Antifungal activity
The fungicidal activities in vitro of four complexes
were evaluated according to the fungi growth inhibition
method™, and the data are summarized in Table 3.
Although

activities than triorganotin 1H-tetrazolyl-1-acetates ",

these complexes show relatively lower
they exhibit some degree of antifungal activities to
Gibberella zeae and Rhizoctonia cerealis. Moreover, the
activities of the butyltin derivatives (complexes 1 and 3)
seem higher than those of the ethyltin derivatives
(complexes 2 and 4). Similar results have been

observed previously?.

Table 3 Fungicidal activities of complexes

Inhibition ratio / % (50 pg-mL™" in DMF)

Compound 1 2
Pellicularia sasakii 352 0

Cercospora arachidicola 18.8 43.8

3 4 Reference drug*
0 0 100.0
6.3 6.3 100.0
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Continued Table 3

Alternaria solani 38.9 11.1 11.1 5.6 100.0
Gibberella zeae 43.6 20.5 53.9 33.3 100.0
Sclerotinia sclerotiorum 0 0 0 0 100.0
Physalospora piricola 24.4 0 24.4 0 100.0
Phytophthora infestans 125 0 4.2 4.2 100.0
Botrytis cinerea 23.8 23.8 0 0 100.0
Rhizoctonia cerealis 62.5 333 25 333 100.0
* Reference drug=difenoconazole.
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