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Abstract

On allowing tetraethylammonium dihydrogen arsenate dihydrate to react with trimethyltin chloride, the title compound has been

obtained and characterized by infrared, M€ossbauer and NMR techniques. Its crystal structure has been determined and consists of

layers containing both corner sharing AsO4H tetrahedra and trans-O2SnC3entities. It contains large cavities in which tetraethyla-

monium cations are located.

� 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The structures of organotin derivatives of common

inorganic anions have not been widely studied [1–5]. In

the course of our research work on the coordination

ability of oxyanions we have recently reported the

crystal structures of (SnMe3)2SeO3 ÆH2O [6] and

SnMe3C2O4 Æ 2H2O [7] which compliment the known

structures of R3SnCO3 (R¼Me, Bu) [8,9], SnMe3SO4 Æ
2H2O [10] and SnMe3NO3 ÆH2O [11]. In addition
to their inherent interest as novel organotin species,

such formulations also have a wider implication for

supramolecular organometallic chemistry [12]. Supra-

molecular structures are usually assembled by using
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rigid connectors between flexible vertices. In the main, it

is a metal fragment that acts as a fulcrum for the
growing lattice by virtue of its flexible coordination

environment, while the rigid interconnects are chosen

from organic fragments, such as 4,40-bipyridine. In our

work on organotin and organothallium tetrazoles ([13,

and references therein]), we have shown that such a

scenario can be reversed, e.g., five-coordinate triorg-

anotin species can effectively act as the rigid rod via the

electronegative groups in apical positions, provided
flexibility can be offered by the coordinated ligands.

Thus, an understanding of the synthetic and structural

chemistry of organotin derivatives of simple anions has

wide implications and should stimulate the use of other

organometallic fragments as part of the supramolecular

toolbox.

In this paper, we report the crystal structure and

spectroscopic studies of (Et4N)(SnMe3)7(HAsO4)4 Æ
2H2O which incorporates the features described above

and shows the potential wealth of tructures that these

simple organotin compounds can offer.
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Table 1

Crystal and structure refinement data

Empirical formula C29H91As4NO18Sn7

Formula weight 1872.54

Crystal system Monoclinic

Space group C2=c
Unit cell dimensions

a (�A) 14.0470(1)

b (�A) 20.6890(2)

c (�A) 21.0830(2)

b (�) 97.14(1)

V (�A3) 6079.62(9)

Z 4

l (Mo Ka) (mm�1) 5.043

Reflections collected 58115

Independent reflections Rint 8859 (0.0666)

Goodness-of-fit on F2 1.105

R, Rw [I > 2rðIÞ] 0.0299, 0.0738

R, Rw (all data) 0.0359, 0.0765

Largest difference peak and hole (e �A�3) 2.872 and )1.910
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2. Experimental

Details of the instruments used for measuring IR [14],

NMR [5] and M€ossbauer [15] spectra are given else-

where. The elemental analyses of C, H, N and Sn, were
performed at the Department of Inorganic Metallor-

ganic and Analytical Chemistry (University of Padua,

Italy) and by the ‘‘Service Central d’Analyses’’ CNRS,

Vernaison France.

2.1. Synthesis

Et4NOH (10% in water), H3AsO4 and SnMe3Cl are
Aldrich chemicals and were used without further puri-

fication.

An ethanolic solution containing (Et4N)(H2AsO4) Æ
5H2O (1.13 g, 2.84 mmol) [obtained from a solution

mixture of Et4NOH and H3AsO4in 1:1 ratio] and

SnMe3Cl (1.12 g, 5.68 mmol) stirred at room tempera-

ture for around one hour gives colourless crystals of the

title compound after slow solvent evaporation; yield:
80%; m.p. 174 �C: Anal. Found (calculated for

C29H91As4NO18Sn7): C: 18.6 (18.6); H: 4.79 (4.86); N:

0.80 (0.78); Sn: 44.4 (44.4)%. Infrared data (cm�1):

2924m, 2359m m OH2; 1685m d OH2; 897vs, 777vs m
AsO4; 553vs mas SnMe3; 447s, 422s d AsO4, 291m m SnO
(vs¼ very strong, s¼ strong, m¼medium). M€ossbauer
(mm s�1) I.S.¼ 1.25; Q.S.¼ 3.50; C ¼ 0:86; NMR

[CD3OD; d (ppm); J (Hz): 1H:0.52 (s + satellites)
(63H) [SnMe3;

2J119SnH¼ 68.5 and 2J117SnH¼ 65.6];

1.30(12H) CH3(Et4N); 3.29(8H) CH2(Et4N). 13C:

)0.15(q) [SnMe3;
1J119SnC¼ 503.3 and 1J117SnC¼

481.4]; 7.56(s) [CH3]; 53.2(t) [CH2];
119Sn: 40.5.

2.2. Structure determination

The crystal data and details of data collection are

given in Table 1. The diffraction intensities of colourless

crystal were collected at 150(2) K on an Nonius Kappa

CCD diffractometer using monochromatic Mo Ka ra-

diation; data were corrected for absorption.
The structure was solved by heavy atom method

using the SHELXSSHELXS-86 program [16] and refined by

full-matrix least-squares method with SHELXLSHELXL-97 pro-

gram [17]. The residual electron density is in the region

of ammonium cation, which shows considerable disor-

der,but no attempt has been made to model this. Methyl

hydrogen atoms were placed at calculated positions

(C–H: 0.98 �A) and refined with a riding model with
isotropic thermal parameter fixed at 1.5 times the value

of the corresponding carbon atom. Hydrogen atoms

attached to O(9) of the water were located in the

diffrence maps and refined in the usual manner. Hy-

drogens associated with the disordered ethyl groups

were refined over two sites each with site occupancy

of 0.5.
Crystallographic data for the structural analysis has

been deposited with the Cambridge Crystallographic

Data Centre, CCDC No. 184816. Copies of this infor-

mation may be obtained free of charge from The Di-
rector, CCDC, 12 Union Road, Cambridge, CB2 1EZ

UK; fax (int code): +44-1223-336-033 or e-mail:

deposit@ccdc.cam.ac.uk or www: http://www.ccdc.cam.

ac.uk.
3. Result and discussion

The title compound was isolated as stable colourless

crystals after slow solvent evaporation of an aque-

ous ethanolic mixture of (Et4N)H2AsO4 Æ 5H2O and

SnMe3Cl in 1:2 ratio, according to the following reac-

tion:

8½ðEt4NÞH2AsO4� þ 7SnMe3Cl

! ½ðEt4NÞðSnMe3Þ7ðHAsO4Þ4� þ 7Et4NClþ 4H3AsO4

The product was isolated as the dihydrate [(Et4N)-

(SnMe3)7(HAsO4)4] Æ 2H2O.
4. Spectroscopic study

The absence of a band around 520-515 cm�1in

the infrared spectrum of the title compound attributable

to ms SnC3 is indicative of planar SnC3groups. The

M€ossbauer spectrum consists of a simple doublet Q.S.
(3.50 mm s�1) consistent with tin atoms in equivalent

environments ðC ¼ 0:86Þ and trans-O2SnC3coordi-

nation about the metal [18]. The value of the cou-

pling constants [1J119SnC¼ 503 and 1J117SnC¼ 481;
2J119SnH¼ 68.5 Hz and 2J117SnH¼ 65.6 Hz] and of the
119Sn resonance (40.5 ppm) indicate that the five coor-

dination of the tin atoms is maintained in solution [19].
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5. Crystallographic study

An ORTEX [20] view including the asymmetric unit

with atomic labelling scheme of the title compound is

shown in Fig. 1. One tin atom [Sn(3)] and the carbon
C(8) of its associated methyl group lie on a crystallo-

graphic twofold axis inherent in the C2=c space group;

the Me3Sn(3) unit is completed by C(7) and C(70)
(symmetry code: 1� x; y; 1=2� z). All the remaining

atoms associated with the complex anion are in general

positions, such that the asymmetric unit of the

(SnMe3)7(HAsO4)4 Æ 2H2O component of the structure

consists, in total, of four trimethyltin units, two hydro-
gen arsenate anions and one water molecule. The

asymmetric unit of the tetraethylammonium cation also

lies on a crystallographic twofold axis [N(1)] with two

ethyl groups [C(12)–C(15)] on general positions.

The structure contains two types of trans-O2SnC3

moieties,one involving the two oxygens of different

monohydrogen arsenates [Sn(2), Sn(3) and Sn(4)], the

other [Sn(1)] involving one oxygen of an monohydrogen
arsenate and a water molecule of crystallisation; in all

cases the tin atoms adopt a trigonal bipyramidal envi-

ronment with oxygens in apical positions. The value of

the AsO–Sn–OH2 angle [O(1)–Sn(1)–O(9): 175.48(8)�] is
between those of AsO–Sn–OAs [O(2)–Sn(2)–O(7):
Fig. 1. The structure of the title compound showing part of the three-dimensio

labelling; ellipsoids are at the 30% level. The asymmetric unit is indicated by

1=2þ x; 1=2þ y; z; (iii) 1=2� x; 1=2þ y; 1=2� z. The tetraethylammonium ca
174.62(8)� and O(5)–Sn(3)–O(5ðiÞ): 177.62(13)�]; the

values indicate the near linearity of O–Sn–O axial units

and are similar to those reported for selenito and oxalate

trimethyltin derivatives [6,7] (see Table 2).

The Sn(1) atom completes its axial coordination ra-
ther weakly with a water molecule of crystallization

[Sn(1)–O(9): 2.367(2) �A] and as a consequence forms the

strongest Sn–O bonds [Sn(1)–O(1): 2.172(2) �A].

The Sn–OAs bonds are in the expected range

[2.172(2)–2.357(2) �A] while Sn(1)–O(9) bond is in the

range of typical H2O–Sn bonds [2.14–2.47 �A] [6]. Sn–C

bonds are in the range 2.117(4)–2.128(4) �A which is

expected from literature precedent. The C–Sn–C angles
within the equatorial plane for the four tin atoms spread

in the relatively wide range [115.20(16)–126.84(18)�].
While considering the monohydrogen arsenate anion,

each As atom is linked to three different tin atoms via

As–O–Sn bridges with As–O distances ranging from

1.655(2) to 1.696(2) �A; the remaining oxygen atom,being

protonated,is involved in a much longer As–O(H) in-

teraction [As(2)–O(8): 1.743(2), As(1)–O(4): 1.726(2) �A].
The OH groups are directed toward the cavities con-

taining the tetraethylammonium cations.

The overall structure is a complex three-dimensional

lattice which is constructed using both bridging arse-

nate groups and a network of hydrogen bonds (Figs. 2
nal structure and incorporating the asymmetric unit, along with atomic

unprimed atoms; other symmetry operations: (i) 1� x; y; 1=2� z; (ii)
tions have been omitted for clarity.



Table 2

Bond lengths (�A) and angles (�)

Sn(1)–O(1) 2.172(2) Sn(2)–O(2) 2.172(2)

Sn(1)–O(9) 2.367(2) Sn(2)–O(7) 2.357(2)

Sn(3)–O(5ðiÞ) 2.215(2) Sn(4)–O(3ðiiÞ) 2.195(2)

Sn(3)–O(5) 2.215(2) Sn(4)–O(6) 2.276(2)

As(1)–O(3) 1.660(2) As(1)–O(2) 1.662(2)

As(1)–O(1) 1.696(2) As(1)–O(4) 1.726(2)

As(2)–O(5) 1.655(2) As(2)–O(7) 1.679(2)

As(2)–O(6) 1.682(2) As(2)–O(8) 1.743(2)

O(3)–Sn(4ðiiiÞ) 2.195(2)

C(3)–Sn(1)–C(1) 117.80(19) C(3)–Sn(1)–C(2) 120.02(18)

C(1)–Sn(1)–C(2) 121.24(17) C(3)–Sn(1)–O(1) 88.54(13)

C(1)–Sn(1)–O(1) 95.45(12) C(2)–Sn(1)–O(1) 95.55(12)

C(3)–Sn(1)–O(9) 86.95(13) C(1)–Sn(1)–O(9) 86.85(12)

C(2)–Sn(1)–O(9) 86.54(12) O(1)–Sn(1)–O(9) 175.48(8)

C(5)–Sn(2)–C(6) 126.84(18) C(5)–Sn(2)–C(4) 116.1(2)

C(6)–Sn(2)–C(4) 116.81(19) C(5)–Sn(2)–O(2) 94.03(12)

C(6)–Sn(2)–O(2) 89.23(13) C(4)–Sn(2)–O(2) 91.31(13)

C(5)–Sn(2)–O(7) 91.35(12) C(6)–Sn(2)–O(7) 87.68(13)

C(4)–Sn(2)–O(7) 86.16(13) O(2)–Sn(2)–O(7) 174.62(8)

C(7)–Sn(3)–C(7ðiÞ) 123.3(2) C(7)–Sn(3)–C(8) 118.33(11)

C(7ðiÞ)–Sn(3)–C(8) 118.33(11) C(7)–Sn(3)–O(5) 85.67(11)

C(7ðiÞ)–Sn(3)–O(5) 93.20(11) C(8)–Sn(3)–O(5) 91.19(7)

C(7)–Sn(3)–O(5ðiÞ) 93.20(11) C(7ðiÞ)–Sn(3)–O(5ðiÞ) 85.67(11)

C(8)–Sn(3)–O(5ðiÞ) 91.19(7) O(5)–Sn(3)–O(5ðiÞ) 177.62(13)

C(10)–Sn(4)–C(9) 118.23(16) C(10)–Sn(4)–C(11) 115.20(16)

C(9)–Sn(4)–C(11) 126.57(15) C(10)–Sn(4)–O(3ðiiÞ) 94.16(13)

C(9)–Sn(4)–O(3ðiiÞ) 84.38(11) C(11)–Sn(4)–O(3ðiiÞ) 91.42(12)

C(10)–Sn(4)–O(6) 88.81(12) C(9)–Sn(4)–O(6) 90.48(11)

C(11)–Sn(4)–O(6) 91.13(11) O(3ðiiÞ)–Sn(4)–O(6) 174.83(9)

O(3)–As(1)–O(2) 111.81(12) O(3)–As(1)–O(1) 108.10(12)

O(2)–As(1)–O(1) 113.28(12) O(3)–As(1)–O(4) 111.93(13)

O(2)–As(1)–O(4) 106.04(12) O(1)–As(1)–O(4) 105.55(11)

O(5)–As(2)–O(7) 115.47(12) O(5)–As(2)–O(6) 110.46(11)

O(7)–As(2)–O(6) 110.26(12) O(5)–As(2)–O(8) 106.15(11)

O(7)–As(2)–O(8) 106.18(12) O(6)–As(2)–O(8) 107.90(11)

Symmetry transformations used to generate equivalent atoms:

(i) �xþ 1; y;�zþ 1=2; (ii) x� 1=2; y � 1=2; z; (iii) xþ 1=2; y þ 1=2; z;
(iv) �x; y;�zþ 1=2.

Fig. 2. The lattice structure of the title compound showing the for-

mation of sheets approximately parallel to 0 0 1. Carbon atoms have

been omitted for clarity and only one [Et4N]þ cation is shown.

Fig. 3. An alternative view of the lattice structure of the title com-

pound, orthogonal to that shown in Fig. 2; carbon atoms have been

omitted for clarity.
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and 3). Three tin centres [Sn(2), Sn(3), Sn(2ðiÞ) (Fig. 1)
are held in a chain by bridging arsenate units. The

chains are then brought into a closed loop by hydrogen

bonding between pairs of O(1)� � �O(4) (2.692(3) �A)
(Fig. 1). These rings, containing three tin and four ar-

senic centres,propagate into columns by virtue of coor-

dination of Sn(4) to O(6) on one side supported by a

hydrogen bond between O(8)� � �H–O(9) [O(8)� � �O(9)

2.829(3) �A], i.e., involving the coordinated water, on the

other (Fig. 1).

These columns are then cross-linked into a network

via pairs of hydrogen bonds between O(8)–H� � �O(7)
[O(8)� � �O(7) 2.617(3) �A] with reinforcement by a hy-

drogen bond between O(6) and H–O(9) [O(6)� � �O(9)

2.676(3) �A). (Figs. 2 and 3) The two arsenate moieties

based on As(1) and As(2) are thus differentiated by the

fact that As(1) is associated with O(4) which forms only

one hydrogen bond while O(8), bonded to As(2) is both

a hydrogen bond donor and acceptor. The coordinated

water also forms pairs of hydrogen bonds. The cavities
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thus generated in the structure are occupied by the tet-

raethylammonium cations (Figs. 2 and 3).

The structure is in some ways related to that of

Me3SnO2P(OH)Ph [21], which forms a helical polymer

reminiscent of the structural fragment shown in Fig. 1.
However, the phosphonate structure is less complex due

to the lack of coordinated water, thus permiting asso-

ciation of helices into chains but precluding formation

of a 3D network.
6. Conclusion

The title compound forms a polymeric structure with

two types of trans-O2SnC3 moieties,one involving two

different hydrogenoarsenates, the other involving one

oxygen of hydrogenoarsenate and the water molecule of

crystallisation. A network of hydrogen bond and

bridging hydrogenoarsenate groups results in a complex

three-dimensional architecture containing large cavities

in which tetraethylammonium cations are located. The
versatility of rigid, five-coordinated trans-X2SnC3

(X¼O, N) as a key component of supramolecular

structures is thus further demonstrated.
References

[1] G.K. Sandhu, S.P. Verma, E.R.T. Tiekink, J. Organomet. Chem.

393 (1990) 195.

[2] E.R.T. Tiekink, Trends Organomet. 1 (1994) 71.

[3] A.S. Sall, L. Diop, U. Russo, Main Group Met. Chem. 18 (1995)

243.
[4] C.A.K. Diop, M. Lahlou, L. Diop, B. Mahieu, U. Russo, Main

Group Met. Chem. 20 (1997) 681.

[5] C.A.K. Diop, Y.A.O. Kochikpa, L. Diop, B. Mahieu, Main

Group Met. Chem. 23 (2000) 495.

[6] A. Diass�e-Sarr, L. Diop, M.F. Mahon, K.C. Molloy, Main Group

Met. Chem. 20 (1997) 223.

[7] L. Diop, M.F. Mahon, K.C. Molloy, M. Sidib�e, Main Group

Met. Chem. 20 (1997) 649.

[8] E.R.T. Tiekink, J. Organomet. Chem. C 1 (1986) 302.

[9] J. Kummerlin, A. Sebald, H. Reuter, J. Organomet. Chem. 309

(1993) 427.

[10] K.C. Molloy, K. Quill, D.C. Cunningham, P. McArdle, T.

Higgins, J. Chem. Soc., Dalton Trans. (1989) 267.

[11] R.E. Drew, F.W.B. Einstein, Acta Crystallogr., Sect. B 28 (1979)

345.

[12] I. Haiduc, F.T. Edelmann, Supramolecular Organometallic

Chemistry, Wiley–VCH, Weinheim, 1999.

[13] S. Bhandari, M.F. Mahon, K.C. Molloy, J.S. palmer, S.F. Sayers,

J. Chem. Soc., Dalton Trans. (2000) 1053.

[14] A.S. Sall, A. Diass�e-Sarr, O. Sarr, L. Diop, Main Group Met.

Chem. 15 (1992) 265.

[15] O. Gu�eye, H. Qamar, L. Diop, C.A. Diop, U. Russo, Polyhedron

12 (1992) 1245.

[16] G.M. Sheldrick, SHELXSSHELXS- 86: A Computer Program for Crystal

Structure Determination, University of G€ottingen, G€ottingen,
1986.

[17] G.M. Sheldrick, SHELXLSHELXL-97: A computer Program for Crystal

Structure Refinement, University of G€ottingen, G€ottingen, 1997.

[18] A.G. Davies, P.J. Smith, in: G. Wilkinson, F.G. Stone, E.W. Abel

(Eds.), Comprehensive Organometalliic Chemistry, Pergamon

Press, Oxford, 1982, p. 525 (Chapter 11).

[19] (a) V.S. Pretrosyan, Prog. Nucl. Magn. Reson. Spectrosc. 11

(1997) 115;

(b) K.C. Molloy, F.A.K. Nasser, J.J. Zuckerman, Inorg. Chem.

21 (1982) 1711.

[20] P. McArdle, J. Appl. Crystallogr. 28 (1995) 65.

[21] K.C. Molloy, M.B. Hossain, D. van der Helm, D. Cunningham,

J.J. Zuckerman, Inorg. Chem. 20 (1981) 2402.


	Synthesis, spectroscopic studies and crystal structure of (Et4N)(SnMe3)7(HAsO4)4middot2H2O
	Introduction
	Experimental
	Synthesis
	Structure determination

	Result and discussion
	Spectroscopic study
	Crystallographic study
	Conclusion
	References


