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ABSTRACT: Six new complexes of tin(IV) halides
with phosphorus-containing ligands have been fully
characterized by single-crystal X-ray diffraction at low
temperature. Three of the compounds, derived from
the diphosphanes bis-(diphenylphosphino)methane or
bis-(dicyclohexylphosphino)methane, have a novel
zwitterionic structure, with five Cl ligands and one
unidentate phosphorus-containing ligand on tin, to-
gether with a proton on the second phosphorus
atom of the potentially bidentate ligand; these are
Cl5Sn−P(Ph2)CH2PPh2H+ (1), Cl5Sn−OP(Ph2)CH2-
PPh2H+ (2), and Cl5Sn−OP(cy2)CH2Pcy2H+ (3). The
other three complexes have a bidentate donor attached
to the SnX4 moiety; they comprise Cl4SnOP(Ph2)-
(CH2)2PPh2O (4), a derivative of bis-(diphenyl-
phosphino)ethane dioxide, I4SnOP(Ph2)CH2PPh2O
(5), a similar derivative of bis-(diphenylphosphino)-
methane dioxide, and the very unusual Br4SnAs-
(Ph2)(CH2)2PPh2O (6), with coordination to tin by
As and O. Since the starting material for the last
compound was Ph2As(CH2)2PPh2, this result illus-
trates well the more facile oxidation of P(III) than
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INTRODUCTION

During our investigations into new phosphorus het-
erocycles such as cyclic triphosphenium ions [1–7]
and their P-alkyl or -aryl derivatives [8–11], we have
often used tin(II) halides SnX2 (X Cl or Br) as reduc-
ing agents, in an attempt to obtain crystalline prod-
ucts as hexahalogenostannates(IV). Occasionally, we
have instead obtained crystalline tin-containing co-
ordination complexes, sometimes in the presence of
adventitious oxygen and/or moisture, resulting in the
coordination by O donors and/or protonation of one
of the phosphorus atoms in a diphosphane. The most
interesting compound formed in this way resulted
from the reaction of Ph2P(CH2)2AsPh2 with PCl3 in
the presence of SnCl2, where, instead of the desired
(and unknown) heterocycle containing the As P P
grouping, a six-coordinate complex 6 of tin(IV) chlo-
ride and the bidentate ligand Ph2P(O)(CH2)2AsPh2

was obtained. This product clearly indicates that
P(III) is more easily oxidized than As(III). An at-
tempt to obtain a complex between SnI4 and bis-
(diphenylphosphino)methane (dppm) also resulted
in a crystalline complex 5 of the diphosphane dioxide
as a bidentate ligand (6-membered ring) rather than
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the desired four-membered ring with the diphos-
phane coordinating directly to tin. While several
halogeno complexes of tin(IV) with a P, OP, or

As donor atom are known, as discussed in the fol-
lowing section, four of the six new species described
represent new types of coordination, including three
zwitterionic structures Cl5Sn−P(Ph2)CH2PPh2H+ (1),
Cl5Sn−OP(Ph2)CH2PPh2H+ (2), and Cl5Sn−OP(cy2)-
CH2Pcy2H+ (3), where cy = cyclohexyl. In these com-
plexes, the SnCl−5 moiety is further coordinated to a
P or O donor atom and the charge is balanced by the
protonation of the second P in a potentially bidentate
ligand. Compound 4 involves more conventional co-
ordination of bis-(diphenylphosphino)ethane diox-
ide to SnCl4. Complexes 1–6 have all been fully char-
acterized by single-crystal X-ray diffraction at low
temperature.

RESULTS AND DISCUSSION

The molecular structure of compound 1 is shown
in Fig. 1, whereas selected bond lengths and an-
gles are listed in Table 1. There are two molecules
in the unit cell, with slightly differing bond dis-
tances and angles, as indicated in the table.
This complex corresponds to unidentate coordina-
tion of the potentially bidentate diphosphane bis-
(diphenylphosphino)methane to SnCl4, with the ad-
dition of HCl to form the zwitterionic structure, as
shown. The arrangement around Sn, as in all the
complexes studied here, is a slightly distorted oc-
tahedron, with bond angles between trans pairs of
ligands from 171.5◦ to 175.3◦. The crystal and molec-
ular structures have been previously reported for
trans-SnCl4(dppm)2 [12], in which both phosphorus-
containing ligands coordinate in a unidentate fash-
ion, possibly indicating that a four-membered ring
containing a large atom such as Sn is energeti-
cally unfavorable. The Sn(1)-P(1) and Sn(2)-P(3)
distances of 2.7312(7) and 2.7573(6) Å in 1 are
within the normal range for six-coordinate com-
plexes of tin(IV) [13–18], where values from 2.532(1)

FIGURE 1 Molecular structure of 1. Thermal ellipsoids are
shown at 50% probability.

to 2.7578(5) Å have been ascertained. A longer Sn P
distance of 2.862(2) Å was found in BuSnCl3·PPh3,
which has a trigonal bipyramidal structure with the
phosphorus ligand in an axial position [19]. The
Sn Cl bond lengths in 1 are also entirely as expected.
Although a search of the Cambridge Structural
Database (December 2008 release) [20,21] revealed
several complexes with the SnCl−5 moiety coordi-
nated to other groups, such as R (R = Et, n-Bu, or
Ph), H2O, THF, MeCN, or MeOH, compound 1 ap-
pears to be the first example of such a species with
a zwitterionic structure to be characterized by X-ray
diffraction. The zwitterionic nature of this structure
is paralleled by compounds 2 and 3. The formulae
of complexes 1–6 are shown in Scheme 1.

The molecular structures of complexes 2 and
3 are shown in Figs. 2 and 3, respectively; se-
lected bond distances and angles are listed in

TABLE 1 Selected Bond Distances (Å) and Angles (◦) in Compound 1

Sn(1) P(1) 2.7312(7) Sn(2) P(3) 2.7573(6)
Sn(1) Cl(1) 2.3986(6) Sn(2) Cl(6) 2.4028(6)
Sn(1) Cl(2) 2.4120(6) Sn(2) Cl(7) 2.4205(5)
Sn(1) Cl(3) 2.4368(6) Sn(2) Cl(8) 2.4235(6)
Sn(1) Cl(4) 2.4369(6) Sn(2) Cl(9) 2.4182(6)
Sn(1) Cl(5) 2.4251(6) Sn(2) Cl(10) 2.4398(5)
P(1) Sn(1) Cl(1) 175.205(17) P(3) Sn(2) Cl(6) 175.130(17)
Cl(3) Sn(1) Cl(4) 175.216(18) Cl(7) Sn(2) Cl(10) 173.185(17)
Cl(2) Sn(1) Cl(5) 171.502(18) Cl(8) Sn(2) Cl(9) 175.296(17)
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Table 2. [Compound 3 is a bis-(CHCl3) solvate.] In
both instances, the starting diphosphane (dppm or
bis-(dicyclohexylphosphino)methane) has been oxi-
dized at one of its phosphorus atoms to the oxide,
which has then coordinated to the Cl5Sn− group,
the balance of charges being maintained by the pro-
tonation of the second phosphorus atom. (Alterna-
tively, they could arise from the coordination of the
diphosphane monoxide to SnCl4, followed by the ad-
dition of HCl.) The only previous literature report
of a species with the X5SnOP− structure (X Cl, Br,
or I) is from our work, in the centrosymmetric di-
anion [Cl5SnOP(Ph2)CH CHP(Ph2)OSnCl5], which
has a P O bond length of 1.507(4) Å, the Sn O dis-
tance is 2.131(4) Å, and Sn Cl values lie between
2.385(2) and 2.434(2) Å [3]. There have also been sev-
eral structural determinations for complexes of the
type X4Sn(OP· · ·PO) (a chelating diphosphane diox-
ide), or X4Sn(OP-)2, with both cis and trans isomers
known for some unidentate phosphane monoxides
[22–32]. Representative distances for chloro com-
pounds [3,22–26] make it abundantly clear that the
values for compounds 2 and 3 are within the normal
ranges, apart from the P O bond in 3, which is very
slightly longer than is usual.

In zwitterions 1 and 2, there are contacts be-
tween the hydrogen atom on phosphorus and one or

FIGURE 2 Molecular structure of 2. Thermal ellipsoids are
shown at 50% probability.

more chlorine atoms on the tin atom of an adjacent
zwitterion at less than the calculated sum of the van
der Waals radii, possibly corresponding to weak H-
bonding interactions (Fig. 4). This gives rise to weak
dimerization. In zwitterion 3, this weak dimeriza-
tion motif is still apparent, although the distance

FIGURE 3 Molecular structure of 3. Thermal ellipsoids are
shown at 50% probability.

Heteroatom Chemistry DOI 10.1002/hc
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TABLE 2 Selected Bond Distances (Å) and Angles (◦) in
Compounds 2 and 3

2 3

Sn(1) O(1) 2.108(2) 2.131(4)
O(1) P(1) 1.492(2) 1.528(5)
Sn(1) Cl(1) 2.404(1) 2.408(2)
Sn(1) Cl(2) 2.409(1) 2.420(2)
Sn(1) Cl(3) 2.410(1) 2.401(2)
Sn(1) Cl(4) 2.413(1) 2.399(2)
Sn(1) Cl(5) 2.438(1) 2.423(2)
O(1) Sn(1) Cl(1) 177.50(6) 178.50(14)
Cl(3) Sn(1) Cl(4) 173.41(3) 173.86(6)
Cl(2) Sn(1) Cl(5) 174.16(3) 176.26(6)

between the chlorine and hydrogen atoms is some-
what longer than the sum of the van der Waals radii.

Compounds 4 and 5 are complexes of SnX4

(X Cl and I, respectively) and a diphosphane diox-
ide, giving seven- (4) and six- (5) membered rings.
The molecular structures are shown in Figs. 5 and 6,
while selected bond distances and angles are listed
in Table 3. (Compound 4 is an acetone solvate.) As
for the other species studied here, there is a slightly
distorted octahedral geometry around Sn, with the
angles between trans pairs of ligands varying from
171.7◦ to 176.3◦ in 4 and from 167.2◦ to 175.3◦ in
5. The only minor difference is that the smallest of
these angles is X Sn X for compounds 1–4 (and
6), whereas in 5 both O Sn I angles are smaller
than the trans I Sn I angle. This may result from

FIGURE 4 Short H· · ·Cl contacts in 1 giving a weak dimeric
structure.

FIGURE 5 Molecular structure of 4. Thermal ellipsoids are
shown at 50% probability.

steric effects from the more bulky iodine ligands.
The Sn O, Sn Cl, and P O bond lengths in 4 may
again be compared with literature data [3,22–26]
and confirm that these are as expected for such a
compound. Some previous results from coordina-
tion compounds of SnI4 [13,27,28] show a similar,
consistent pattern.

Complex 6 is in some ways the most interest-
ing of all because it arose from the use of the
starting material Ph2P(CH2)2AsPh2 in an attempt
to prepare a novel (unknown) heterocyclic cation
with a P P As grouping as its hexabromostan-
nate(IV) salt. (Similar cyclic derivatives containing

P P P or P As P units are well established
[1–3,5,7,33]. Instead, the new heterocycle 6 was ob-
tained, with the Br4Sn moiety coordinated by As
and O(P), giving a six-membered ring. This result

TABLE 3 Selected Bond Distances (Å) and Angles (◦) in
Compounds 4 and 5

4 (X Cl) 5 (X I)

Sn(1) O(1) 2.099(1) 2.127(4)
Sn(1) O(2) 2.102(1) 2.163(4)
O(1) P(1) 1.519(1) 1.522(4)
O(2) P(2) 1.519(1) 1.516(4)
Sn(1) X(1) 2.407(1) 2.795(1)
Sn(1) X(2) 2.389(1) 2.778(1)
Sn(1) X(3) 2.377(1) 2.783(1)
Sn(1) X(4) 2.402(1) 2.795(1)
O(1) Sn(1) X(1) 174.80(4) 170.93(11)
O(2) Sn(1) X(2) 176.25(4) 167.21(10)
X(3) Sn(1) X(4) 171.73(2) 175.28(2)
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TABLE 4 Selected Bond Distances (Å) and Angles (◦) in Compound 6

Sn(1) As(1) 2.7519(4) Sn(1) Br(2) 2.5418(4)
Sn(1) O(1) 2.146(2) Sn(1) Br(3) 2.5508(4)
O(1) Pl(1) 1.527(2) Sn(1) Br(4) 2.5856(4)
Sn(1) Br(1) 2.5392(4)
As(1) Sn(1) Br(2) 169.908(12) Br(3) Sn(1) Br(4) 168.951(13)
O(1) Sn(1) Br(1) 172.96(5)

FIGURE 6 Molecular structure of 5. Thermal ellipsoids are
shown at 50% probability.

clearly shows that P(III) is more easily oxidized than
As(III) in the original arsaphosphane. Its molecu-
lar structure is shown in Fig. 7, while selected bond
distances and angles are listed in Table 4. The struc-
ture is a slightly distorted octahedron around the tin
atom, with bond angles between trans pairs of lig-
ands of 172.96(5)◦, 168.951(13)◦, and 169.908(12)◦.
The Br Sn, Sn O, and O P bond distances when
compared with literature data for six-coordinate
Sn(IV) complexes [18,29–32] are in keeping with
the expected ranges. There are comparatively few re-
ports for As(III) bonded to Sn(IV) in six-coordinate
species (Sn As bond lengths: 2.716(2), 2.752(2) [28],
2.7623(3) [34], 2.6932(5), 2.7095(6) [18]), and the
present result is again within this range of values. A
slightly longer distance of 2.780(1) Å was found in
a five-coordinate Sn complex, in which the As lig-
and occupies an axial site in a trigonal bipyramidal
structure [34].

In conclusion, we have established the crystal
and molecular structures at low (100 K or 120 K)

FIGURE 7 Molecular structure of 6. Thermal ellipsoids are shown at 50% probability.

Heteroatom Chemistry DOI 10.1002/hc
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temperature of six new slightly distorted octahedral
complexes of tin(IV). Three of these (1–3) have a
novel zwitterionic structure, with the formal neg-
ative charge on tin balanced by the protonation
of a phosphorus atom elsewhere in the molecule.
Another (6) shows the formation of a new six-
membered heterocycle, with the As C C P O
group coordinated to the SnBr4 moiety.

EXPERIMENTAL

X-ray Crystallography

Single-crystal structure determinations were car-
ried out from X-ray data collected using graphite
monochromated Mo Kα radiation (λ = 0.71073 Å) on
a Bruker SMART-CCD 1 K diffractometer at 100 K
or 120 K (Table 5). The temperature was controlled
with a Cryostream N2 flow cooling device [35]. In
each case, a series of narrow ω-scans (0.3◦) was per-
formed at several φ-settings in such a way as to cover
a sphere of data to a maximum resolution of 0.70 Å.
Cell parameters were determined and refined with
SMART software [36] and raw frame data were inte-
grated with the SAINT program [37]. The structures
were solved by direct methods [38] and refined by
full-matrix least-squares on F2 with SHELXL-97 [39]
and the graphical user interface Olex2 [40]. Crys-
tallographic data for structures 1–6 have been de-
posited with the Cambridge Crystallographic Data
Centre (CCDC) as CCDC 720150–720155, respec-
tively. These data can be obtained free of charge from
the CCDC at: www.ccdc.cam.ac.uk/data request/cif.

ACKNOWLEDGMENTS

We thank the EPSRC for a research studentship
(to H.J.S.) the Maria da Graça Memorial Fund/
Chemistry Department, University of Durham, for a
research studentship (to P.K.M.) and the Royal Soci-
ety for an award under their Developing World study
program (to R.M.K.D.).

REFERENCES

[1] Schmidpeter, A.; Lochschmidt, S.; Sheldrick, W. S.
Angew Chem, Int Edn Engl 1982, 21, 63–64.

[2] Boon, J. A.; Byers, H. L.; Dillon, K. B.; Goeta, A. E.;
Longbottom, D. A. Heteroat Chem 2000, 11, 226–231.

[3] Barnham, R. J.; Deng, R. M. K.; Dillon, K. B.; Goeta,
A. E.; Howard, J. A. K.; Puschmann, H. Heteroat
Chem 2001, 12, 501–510.

[4] Dillon, K. B.; Monks, P. K.; Olivey, R. J.; Karsch, H. H.
Heteroat Chem 2004, 15, 464–467.

[5] Burton, J. D.; Deng, R. M. K.; Dillon, K. B.; Monks,
P. K.; Olivey, R. J. Heteroat Chem 2005, 16, 447–452.

[6] Boyall, A. J.; Dillon, K. B.; Monks, P. K.; Potts, J. C.
Heteroat Chem 2007, 18, 609–612.

[7] Dillon, K. B.; Monks, P. K. Dalton Trans 2007, 1420–
1424.

[8] Schmidpeter, A.; Lochschmidt, S.; Karaghiosoff, K.;
Sheldrick, W. S. J Chem Soc, Chem Commun 1985,
1447–1448.

[9] Dillon, K. B.; Olivey, R. J. Heteroat Chem 2004, 15,
150–154.

[10] Boyall, A. J.; Dillon, K. B.; Howard, J. A. K.; Monks,
P. K.; Thompson, A. L. Dalton Trans 2007, 1374–
1376.

[11] Dillon, K. B.; Goeta, A. E.; Howard, J. A. K.; Monks,
P. K.; Shepherd, H. J.; Thompson, A. L. Dalton Trans
2008, 1144–1149.

[12] Dakternieks, D.; Zhu, H.; Tiekink, E. R. T. Main
Group Met Chem 1994, 17, 519–536.

[13] Bricklebank, N.; Godfrey, S. M.; McAuliffe, C. A.;
Pritchard, R. G. J Chem Soc, Chem Commun 1994,
695–696.

[14] Mather, G. G.; McLaughlin, G. M.; Pidcock, A. J Chem
Soc, Dalton Trans 1973, 1823–1827.

[15] Ebrahim, M. M.; Stoeckli-Evans, H.;
Panchanatheswaran, K. J Organomet Chem 2007,
693, 2168–2174.

[16] Kunkel, F.; Dehnicke, K.; Goesmann, H.; Fenske, D.
Z Naturforsch 1995, 50b, 848–850.

[17] Karsch, H. H.; Deubelly, B.; Keller, U.; Steigelmann,
O.; Lachmann, J.; Müller, G. Chem Ber 1996, 129,
671–676.

[18] Davis, M. F.; Clarke, M.; Levason, W.; Reid, G.;
Webster, M. Eur J Inorg Chem 2006, 2773–2782.

[19] Tursina, A. I.; Ionov, V. M.; Aslanov, L. A.; Medvedev,
S. V.; Zastenker, I. B. J Struct Chem 1983, 24, 813–
816.

[20] Allen, F. H. Acta Crystallogr 2002, B58, 380–388.
[21] Bruno, I. J.; Cole, J. C.; Edgington, P. R.; Kessler, M.;

Macrae, C. F.; McCabe, P.; Pearson, J.; Taylor, R. Acta
Crystallogr 2002, B58, 389–397.

[22] Yamin, B. M.; bin Shawkataly, O.; Fun, H.-K.; Sivaku-
mar, K. Acta Crystallogr 1996, C52, 1966–1968.

[23] Grigoriev, E. V.; Yashina, N. S.; Petrosyan, V. S.;
Lorberth, J.; Massa, W.; Wocadlo, S. Main Group
Chem 1997, 2, 73–78.

[24] Denmark, S. E.; Su, X. Tetrahedron 1999, 55, 8727–
8738.

[25] Denmark, S. E.; Fu, J. J Am Chem Soc 2001, 123,
9488–9489.

[26] Denmark, S. E.; Fu, J. J Am Chem Soc 2003, 125,
2208–2216.

[27] Tursina, A. I.; Aslanov, L. A.; Chernyshev, V. V.;
Medvedev, S. V.; Yatsenko, A. V. Koord Khim 1986,
12, 420–424.

[28] Genge, A. R. J.; Levason, W.; Reid, G. Inorg Chim
Acta 1999, 288, 142–149.

[29] Tursina, A. I.; Yatsenko, A. V.; Medvedev, S. V.;
Chernishev, V. V.; Aslanov, L. A. J Struct Chem 1986,
27, 818–820.

[30] Turdela, D.; Tornero, J. D.; Monge, A.; Sanchez-
Herencia, A. J Inorg Chem 1993, 32, 3928–3930.

[31] Yamin, B. M.; Boshaala, A. M. A.; Fun, H.-K.;
Sivakumar, K.; bin Shawkataly, O. Z Krist-New Cryst
Struct 1998, 213, 259–260.

[32] Aslanov, L. A.; Ionov, V. M.; Attiya, V. M.; Permin,
A. B.; Petrosyan, V. S. Zh Strukt Khim 1977, 18, 1103–
1112.

[33] Gamper, S. F.; Schmidbaur, A. Chem Ber 1993, 126,
601–604.

Heteroatom Chemistry DOI 10.1002/hc



Crystal and Molecular Structures of Six-Coordinate Tin(IV) Halogeno Complexes with Phosphorus-Containing Ligands 143

[34] Mahon, M. F.; Moldovan, N. L.; Molloy, K. C.;
Muresan, A.; Silaghi-Dumitrescu, I.; Silaghi-
Dumitrescu, L. Dalton Trans 2004, 4017–4021.

[35] Cosier, J.; Glazer, A. M. J Appl Crystallogr 1986, 19,
105–107.

[36] SMART-NT, Data Collection Software, Version 6.1.
Bruker Analytical X-ray Instruments Inc.: Madison,
WI, 2000.

[37] SAINT-NT, Data Reduction Software, Version 6.1.
Bruker Analytical X-ray Instruments Inc.: Madison,
WI, 2000.

[38] Sheldrick, G. M. Acta Crystallogr 1990, A46, 467–
473.

[39] Sheldrick, G. M. Acta Crystallogr 2008, A64, 112–122.
[40] Dolomanov, O.; Puschmann, H. Olex2, University of

Durham, 2008, unpublished work.

Heteroatom Chemistry DOI 10.1002/hc


