
Journal of Organometallic Chemistry 650 (2002) 25–36

www.elsevier.com/locate/jorganchem

Synthesis and structural behavior of the P-functional organotin
chlorides [Ph2P(CH2)3]2SnCl2, Ph2P(CH2)3SnCl2Me, and

Ph2P(CH2)nSnCl3 (n=2, 3)

Matthias Seibert, Kurt Merzweiler, Christoph Wagner, Horst Weichmann *
Fachbereich Chemie, Institut für Anorganische Chemie, Martin-Luther-Uni�ersität Halle-Wittenberg, Kurt-Mothes-Straße 2,

D-06120 Halle (Saale), Germany

Received 27 September 2001; accepted 6 December 2001

Abstract

The P-functional organotin dichloride [Ph2P(CH2)3]2SnCl2 (3) is synthesized by reaction of Ph2P(CH2)3MgCl with SnCl4
independently of the molar ratio of the starting compounds. The corresponding organotin trichlorides Ph2P(CH2)nSnCl2R (4:
n=2, R=Cl; 5: n=3, R=Cl; 6: n=3, R=Me) are formed in a cleavage reaction of Ph2P(CH2)nSnCy3 (n=2, 3) with SnCl4
or MeSnCl3, respectively. The main features of the crystal structures of 3–6 are both intra- and intermolecular P···Sn
coordinations and the existence of intermolecular Sn�Cl···Sn bridges. For further characterization of the title compounds, the
adducts 4(Ph3PO)2 (7) and 5(Ph3PO) (8), as well as the P-oxides and P-sulfides of 3–6 (9–15), are synthesized. The results of
crystal structure analyses of 7, 11, 12, and 14 are reported. The structures of 9–15 are characterized by intramolecular P=X···Sn
interactions (X=O, S). A first insight into the structural behavior of the compounds 3–15 in solution is discussed on the basis
of multinuclear NMR data. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The P-functional organotin compounds R2PCH2-
CH2SnR�3 (R, R�=Me, Ph) and (Me2PCH2CH2)2SnMe2

have been used as ligands in transition metal com-
plexes. When the transition metal in these complexes is
in the usual oxidation state the organotin ligands are
coordinated by the phosphorus atom without any inter-
action between the transition metal and the tin atom
[1–3]. Starting complexes with the transition metal in a
low-valent state react with the above mentioned P-func-
tional stannanes and also with the distannane
[Ph2P(CH2)2SnMe2]2 in a chelate assisted oxidative ad-
dition reaction to give metallacycles with the structural

element [M]�PR2CH2CH2Sn
�������������

R�2 [4–7].
Recently, we described reactions of the P-functional

organotin chloride Ph2PCH2CH2Sn(Cl)Me2 with
[Rh(Cl)(CO)2]2 [8] and various NiII, PdII, and PtII chlo-
ride compounds [9]. We obtained complexes in which

the tin compound is bonded as a chelate ligand at the
transition metal atom by P� [M] coordination and
intra- or intermolecular [M]�Cl···Sn bridges. These pri-
mary complexes can undergo further reactions, e.g. the
complex [PdCl2{PPh2CH2CH2Sn(Cl)Me2}2] reacts with
sodium amalgam or C8K under dechlorination to give
metallacycles with one or two Sn�Pd bonds [9].

In continuation of these studies we are interested in
the use of �-diphenylphosphinoalkyltin di- and trichlo-
rides with a higher Lewis-acidity of the tin center as
ligands in transition metal complexes. In the following
paper we describe the synthesis and the structural be-
havior of [Ph2P(CH2)3]2SnCl2, Ph2P(CH2)3SnCl2Me,
and Ph2P(CH2)nSnCl3 (n=2, 3).

2. Results and discussion

2.1. Synthetic aspects

The preparation of the title compounds by halogena-
tion of the corresponding �-diphenylphosphinoalkyl
methylstannanes Ph2P(CH2)nSnMe3 (n=2, 3) and [Ph2-
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P(CH2)3]2SnMe2 failed because the usual halogenation
agents such as halogenes, hydrogen and metal halides
attack the phosphorus atom. Efforts to synthesize
Ph2P(CH2)2SnX2Me (X=Br, I) by desulfurization of
their sulfides Ph2P(S)(CH2)2SnX2Me (X=Br, I) with
n-Bu3P or (Me2N)3P were also unsuccessful. The
sulfides Ph2P(S)(CH2)2SnX2Me (1: X=Br, 2: X=I) are
formed by reaction of Ph2P(S)CH2CH2SnMe3 [10] with
Br2 and I2, respectively, in CH2Cl2 (Eq. (1)).

Ph2P(S)(CH2)2SnMe3

+2X2 �
(CH2Cl2)

Ph2P(S)(CH2)2SnX2Me
1: X=Br, 2: X=I

+2MeX (1)

After removal of the solvent in vacuum and recrystal-
lization of the residue from CH2Cl2–n-hexane 1 and 2
are obtained as brownish or colorless crystals, respec-
tively. In both compounds the tin atom is pentacoordi-
nated both in the solid state and in solution as result of
an intramolecular P�S···Sn interaction. This is confi-
rmed by the high-field shift of their 119Sn-NMR signals
(1: −35.9, 2: −198.0 ppm) compared with those of
Me2SnX2 (X=Br, I; �119Sn: 70, −159 ppm, respec-
tively [11]) and the relatively small coupling constants
nJ(119Sn, 31P) (nJ(119Sn, 31P)= �3J(119SnCC31P)�+
�2J(119SnS31P) [12,13]) in the 31P and 119Sn-NMR spec-
tra of 1 and 2. Furthermore, the crystal structure of 2
reveals the existence of discrete monomeric units with a
slightly distorted trigonal–bipyramidal ligand polyhe-
dron around the tin atom (d(Sn�I): 2.706(2) (eq),
2.850(2) (ax) A� ; d(Sn�S): 2.852(3) A� ; � (I�Sn�S):
176.6(8)°) and without any intermolecular Sn�I···Sn
interactions [14].

The Grignard compound Ph2P(CH2)3MgCl in THF
[15,16] reacts with SnCl4 in toluene independently of
the molar ratio of the components to the bis-P-func-
tional tin dichloride [Ph2P(CH2)3]2SnCl2 (3) (Eq. (2)).

2Ph2P(CH2)3MgCl+SnCl4 ���
(THF)

[Ph2P(CH2)3]2SnCl2
3

+2MgCl2 (2)

Although the formation of Ph2P(CH2)3SnCl3 should
be the first step in this reaction its isolation failed even
in the presence of an excess of SnCl4. Obviously, the
chlorine atom in trans position to the phosphorus atom
in the trigonal–pyramidal ligand polyhedron around
the tin atom in the primary product Ph2P(CH2)3SnCl3
(see molecular structure of 5) is activated by in-
tramolecular P···Sn coordination and its substitution by
a second Ph2P(CH2)3 group is the favored reaction.

However, the synthesis of the P-functional tin
trichlorides Ph2P(CH2)2SnCl3 (4), Ph2P(CH2)3SnCl3 (5),
and Ph2P(CH2)3SnCl2Me (6) is successful by using the
classical Kocheshkov redistribution reaction for the
preparation of organotin halides [17,18] modified by
Jousseaume et al. [19] for functionally substituted
organotin trichlorides. For this purpose, the starting

compounds Ph2P(CH2)nSnCy3 (n=2, 3) (synthesized
by hydrostannation of Ph2P(CH2)nCH�CH2 (n=0, 1)
with Cy3SnH (Eq. (3)) [14,20]) react with SnCl4 at room
temperature in a molar ratio of 1:1 in the solvent
mixture of n-heptane–acetonitrile according to Eq. (4)
to 4 and 5 which are available as colorless or greenish
crystals, respectively. MeSnCl3 reacts with Ph2P(CH2)3

SnCy3 at 50 °C in the same way to colorless crystals of
Ph2P(CH2)3SnCl2Me (6), but its reaction with
Ph2P(CH2)2SnCy3 to give Ph2P(CH2)2SnCl2Me failed.

Ph2P(CH2)nCH�CH2

+Cy3SnH ����
(AIBN)

Ph2PCH2CH2(CH2)nSnCy3 n=0, 1
(3)

Ph2P(CH2)nSnCy3+SnCl3R

������������
(n-heptane–CH3CN)

�Cy3SnCl
Ph2P(CH2)nSnCl2R

4: n=2, R=Cl; 5: n=3, R=Cl; 6: n=3, R=Me(4)

The driving force of the reactions according to Eq.
(4) is the thermodynamical stability of 4–6 as a result
of strong P···Sn coordinations and the formation of
Sn�Cl···Sn bridges (see structures of 4–6). Obviously, in
case of Ph2P(CH2)2SnCl2Me the Lewis acidity of the tin
atom is to weak to stabilize a similar structure as for 4
and consequently the synthesis of Ph2P(CH2)2SnCl2Me
from MeSnCl3 and Ph2P(CH2)2SnCy3 failed.

3–6 show a moderate stability towards air and mois-
ture. The compounds are soluble in CH2Cl2, CHCl3 and
in donor solvents but unsoluble in unpolar solvents.

For further characterization of 3–6 some derivatives
were synthesized.

(5)

Owing to the high Lewis acidity of the tin atom in 4
and 5 these compounds react with triphenylphosphine
oxide in CH2Cl2 according to Eq. (5) to the adducts 7
and 8 which are obtained after evaporation of the
reaction solution to dryness and recrystallization of the
residue from CH2Cl2–n-hexane as colorless crystals.

Furthermore, the diphenylphosphino groups of 3–6
were oxidized with NO in acetone and with sulfur in
CH2Cl2 to the corresponding P-oxides and -sulfides
9–15, respectively (Eqs. (6) and (7)). The oxidation of 3
with NO is incomplete and results in an inhomogeneous
product.

3 ���������
sulfur–CH2Cl2

[Ph2P(S)CH2CH2CH2]2SnCl2
9

(6)
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Fig. 1. Molecular structure of (Ph2PCH2CH2CH2)2SnCl2 (3) with
atom-numbering. Hydrogen atoms are omitted for clarity.

Fig. 5. Molecular structure of Ph2PCH2CH2SnCl3(Ph3PO)2 (7) with
atom-numbering. Hydrogen atoms and the solvent molecule (CH2Cl2)
are omitted for clarity.

Fig. 2. Molecular structure of Ph2PCH2CH2SnCl3 (4) with atom-
numbering. Hydrogen atoms and the solvent molecule (CH2Cl2) are
omitted for clarity.

Fig. 6. Molecular structure of Ph2P(S)CH2CH2SnCl3 (11) with atom-
numbering. Hydrogen atoms are omitted for clarity.

Fig. 3. Molecular structure of Ph2PCH2CH2CH2SnCl3 (5) with atom-
numbering. Hydrogen atoms are omitted for clarity.

4–6 ���������
NO–acetone or

sulfur–CH2Cl2
Ph2P(X)(CH2)nSnCl2R
10: X=O; n=2; R=Cl;
11: X=S; n=2; R=Cl;
12: X=O; n=3; R=Cl;
13: X=S; n=3; R=Cl;
14: X=O; n=3; R=Me;
15: X=S; n=3; R=Me (7)

As described for 7 and 8 after working up of the
reaction solutions 9–15 are obtained as colorless crys-
tals. The compounds are stable under aerobic condi-
tions and are soluble in CH2Cl2 and CHCl3.

2.2. Molecular structures of 3–6, 7, 11, 12 and 14

The molecular structures of 3–7, 11, 12 and 14 are
shown in Figs. 1–8 along with the atom-numbering
schemes. The crystallographic data are given in Table 7
and selected interatomic parameters are listed in Tables
1–4. All structures are characterized by P···Sn and

Fig. 4. Molecular structure of Ph2PCH2CH2CH2SnCl2Me (6) with
atom-numbering. Hydrogen atoms are omitted for clarity.
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P=X···Sn coordinations (X=O, S) and the existence
of Sn�Cl···Sn bridges.

The main feature of the structure of 3 is the in-
tramolecular coordination of the phosphorus atom of
both diphenylphosphinopropyl groups at the tin atom
which becomes thereby hexacoordinated with a dis-
torted octahedral ligand arrangement. The structure
includes a twofold axis, which passes through the tin
atom. The deviation of the ligand polyhedron around
the tin atom from the ideal octahedral geometry is
especially apparent in the Cl��Sn�P and the C1�Sn�C1�
angles of 168.3(1) and 164.0(3)°, respectively, instead of
180°. As found for the most structures of diorganotin
dihalides containing two C,Y-chelating ligands (Y=
donor atom) [21] in the ligand octahedron at the tin
center of 3 the two carbon atoms are in trans position
and both coordinating phosphorus atoms and the two
chlorine atoms are cis. The Sn�P distance of 3.086(2) A�
is nearly the same as for the P-functional triorganotin
chloride Ph2P(CH2)2Sn(Cl)Me2 (dSn�P=3.065(3) A� [9])
which has a polymeric chain structure attributed to
intermolecular P···Sn interactions and the intramolecu-
lar coordinated t-BuPhP(CH2)3Sn(Cl)Me2 (dSn�P=
3.078(2) A� [22]).

Table 1
Selected bond lengths (A� ), angles (°) and endocyclic torsion angles (°)
for [Ph2P(CH2)3]2SnCl2 (3) and Ph2P(CH2)2SnCl3 (4)

Compound 3
Bond lengths

2.487(2) 2.134(6)Sn�Cl Sn�C(1)
Sn�P 3.086(2)

Bond angles
Cl�Sn�C(1) 95.6(2) 83.8(1)P�Sn�P�
Cl�Sn�Cl� 93.1(2)P�Sn�C(1)�95.9(1)

91.0(1)Cl�Sn�P P�Sn�Cl� 168.3(1)
C(1)�Sn�C(1)�C(1)�Sn�P 164.0(3)74.9(2)

95.1(2)C(1)�Sn�Cl�
Sn�P�C(3)�C(2) −35.5(1)
P�C(3)�C(2)�C(1) 68.7(1)

−66.0(1)C(3)�C(2)�C(1)�Sn
27.7(1)C(2)�C(1)�Sn�P

C(1)�Sn�P�C(3) 4.8(1)

Compound 4
Bond lengths

2.389(2)Sn�Cl(1) Sn�Cl(3)� 2.840(3)
Sn�C(1)Sn�Cl(2) 2.148(6)2.405(2)

2.620(2) 2.605(2)Sn�Cl(3) Sn�P�

Bond angles
C(1)�Sn�Cl(1) 102.7(2) P��Sn�Cl(3)� 77.9(1)

Cl(1)�Sn�Cl(2)95.1(1)C(1)�Sn�Cl(2) 93.2(1)
91.4(1) Cl(3)�Sn�Cl(3)� 88.3(1)C(1)�Sn�Cl(3)

C(1)�Sn�Cl(3)� 173.0(1)78.0(2) Cl(2)�Sn�Cl(3)
100.7(1) C(1)�Sn�P� 154.1(1)P��Sn�Cl(1)

176.1(1)94.6(1) Cl(1)�Sn�Cl(3)�P��Sn�Cl(2)
P��Sn�Cl(3) 78.4(1)

Symmetry transformations used to generate equivalent atoms: 3:
−x+1, y, −z+3/2 ; 4: −x+1, −y, −z+2.

Fig. 7. Molecular structure of Ph2P(O)CH2CH2CH2SnCl3 (12) with
atom-numbering. Hydrogen atoms are omitted for clarity.

Using the Pauling-type bond order (BO) [23] as a
measure for the donor strength of a donor atom X in
an intramolecular X···Sn interaction the strength of the
P···Sn coordination in 3 (BO=0.37) is comparable with
that of the O···Sn coordination in cis-[MeO(CH2)2O-
(CH2)3]2SnCl2 (BO=0.34) [24], is weaker than the
O···Sn interaction in cis-[MeOC(O)CH2CH2]2SnCl2 [25]
(BO=0.48) and is considerably weaker than the O···Sn
coordination in cis-[H2NC(O)CH2CH2]2SnCl2 [25]
(BO=0.68).

The torsion angles in Table 1 indicate for the two
identical five-membered chelate rings in 3 a distorted
envelope conformation with the Sn, P, C1 and C3
atoms nearly in a plane.

Compound 4 represents a new structural type in the
chemistry of organotin halides. In contrast to
Ph2P(CH2)2Sn(Cl)Me2 with an one-dimensional poly-
meric structure [9] in case of 4 the higher Lewis acidity
of the tin atom results in the formation of centrosym-
metric dimers by connection of two monomeric units of
4 by Sn�Cl···Sn bridges and the mutual P···Sn coordi-
nation of their diphenylphosphinoethyl groups. Fig. 2
shows the tricyclic molecular structure of 4. The octa-
hedral coordination geometry of the tin atoms in 4 is

Fig. 8. Molecular structure of Ph2P(O)CH2CH2CH2SnCl2Me (14)
with atom-numbering. Hydrogen atoms are omitted for clarity.
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considerably distorted due to their position as bridge-
head atoms in a strained ring system. This is reflected
by the small C1�Sn�P� angle of 154.1(1)° and the
difference between the cis angles of 77.9(1)–102.7(2)°.
Due to the high Lewis acidity of the tin atom in 4 the
P···Sn distance of 2.605(2)° is very short and reflects a
Pauling type bond order [23] of 0.86 (typical covalent
Sn�P bond distance: 2.46 A� [26]). Obviously, as a
consequence of the particular steric and electronic situ-
ation in the tricyclic ring system of 4 the asymmetry of
the internal Sn�Cl···Sn bridges is relatively small
(dSn�Cl3: 2.620(2), dSn�Cl3�: 2.840(2) A� ) and the Sn···Sn
distance of 3.85 A� is smaller as the double van der
Waals radius of tin (4.34 A� [26]).

Compound 5 and 6 belong to the same structural
type (Figs. 3 and 4). In contrast to 4 the length of the

Table 3
Selected bond lengths (A� ), angles (A� ) and endocyclic torsion angles
(°) for Ph2P(CH2)2SnCl3(Ph3PO)2 (7) and Ph2P(S)(CH2)2SnCl3 (11)

Compound 7
Bond lengths

2.458(1)2.148(4) Sn�Cl(3)Sn�C(1)
2.390(1)Sn�Cl(1) Sn�O(1) 2.210(3)

2.201(3)2.466(1) Sn�O(2)Sn�Cl(2)

Bond angles
90.6(1) 84.4(1)O(1)�Sn�O(2)C(1)�Sn�O(1)

89.9(1)87.2(1) O(1)�Sn�Cl(3)C(1)�Sn�O(2)
C(1)�Sn�Cl(2) 92.2(1) Cl(2)�Sn�O(2) 89.6(1)
C(1)�Sn�Cl(3) 97.4(1) Cl(2)�Sn�Cl(3) 95.9(1)

85.0(1)Cl(1)�Sn�O(1) C(1)�Sn�Cl(1) 171.3(1)
84.9(1)Cl(1)�Sn�O(2) O(1)�Sn�Cl(2) 173.2(1)

Cl(1)�Sn�Cl(2) 91.4(1) O(2)�Sn�Cl(3) 172.6(1)
90.1(1)Cl(1)�Sn�Cl(3)

Compound 11
Bond lengths
Sn�Cl(1) 2.379(2) Sn�Cl(3) 2.353(1)

2.507(1) Sn�C(1) 2.161(3)Sn�Cl(2)
3.14(2) Sn�SSn�Cl(2)� 2.621(1)

Bond angles
102.2(1)C(1)�Sn�Cl(1) Cl(1)�Sn�S 95.9(1)

Cl(1)�Sn�Cl(2)91.8(1) 95.3(1)C(1)�Sn�Cl(2)
78.7(1)C(1)�Sn�Cl(2)� Cl(2)��Sn�S 87.2(1)
89.4(1) 81.6(1)C(1)�Sn�S Cl(2)��Sn�Cl(2)

158.8(1)C(1)�Sn�Cl(3)Cl(3)�Sn�Cl(1) 98.8(1)
89.4(1)Cl(3)�Sn�Cl(2) Cl(2)�Sn�S 168.3(1)
80.5(1)Cl(3)�Sn�Cl(2)� Cl(1)�Sn�Cl(2)� 176.8(1)

Cl(3)�Sn�S 85.3(1)
47.2(1)Sn�C(1)�C(2)�P

C(1)�C(2)�P�S −48.6(1)
C(2)�P�S�Sn 24.5(1)

−3.2(1)P�S�Sn�C(1)
S�Sn�C(1)�C(2) −23.8(1)

Symmetry transformations used to generate equivalent atoms: 11:
−x, −y, −z.

Table 2
Selected bond lengths (A� ), angles (°) and endocyclic torsion angles (°)
for Ph2P(CH2)3SnCl3 (5) and Ph2P(CH2)3Sn(Me)Cl2 (6)

Compound 5
Bond lengths

2.826(1)Sn�Cl(1)�2.543(1)Sn�Cl(1)
2.416(1)Sn�Cl(2) Sn�Cl(3) 2.377(1)

2.686(1)Sn�P2.153(3)Sn�C(1)

Bond angles
C(1)�Sn�Cl(1) 92.7(1) 95.3(1)Cl(1)�Sn�Cl(2)
C(1)�Sn�Cl(2) 95.8(1) Cl(1)�Sn�Cl(1)� 82.4(1)
C(1)�Sn�Cl(1)� 86.4(1) 100.2(3)P�Sn�Cl(2)

82.4(1)C(1)�Sn�P 82.2(3)P�Sn�Cl(1)�
89.6(1)Cl(3)�Sn�Cl(1) Cl(1)�Sn�P 164.1(1)

Cl(3)�Sn�Cl(2) 93.4(1) C(1)�Sn�Cl(3) 170.3(1)
84.6(1)Cl3)�Sn�Cl(1)� Cl(2)�Sn�Cl(1)� 177.0(1)
93.0(1)Cl(3)�Sn�P

Sn�C(1)�C(2)�C(3) −57.5(3)
60.3(3)C(1)�C(2)�C(3)�P

−29.9(2)C(2)�C(3)�P�Sn
C(3)�P�Sn�C(1) 1.9(1)

26.2(2)P�Sn�C(1)�C(2)

Compound 6
Bond lengths
Sn�Cl(1) 2.516(2) Sn�P 2.930(2)

2.110(4)Sn�C(1)2.409(1)Sn�Cl(2)
3.385(3) Sn�C(2) 2.146(3)Sn�Cl(1)�

Bond angles
P�Sn�Cl(2)94.4(1)C(1)�Sn�Cl(1) 92.9(1)

104.3(1)C(1)�Sn�Cl(2) P�Sn�Cl(1)� 88.2(1)
C(1)�Sn�P 90.8(1) Cl(1)�Sn�Cl(2) 96.1(1)
C(1)�Sn�Cl(1)� 78.7(1) Cl(1)�Sn�Cl(1)� 82.4(1)

92.8(1)C(2)�Sn�Cl(1) C(1)�Sn�C(2) 153.7(2)
C(2)�Sn�Cl(2) 100.0(1) Cl(1)�Sn�P 168.2(1)
C(2)�Sn�P 78.1(1) Cl(2)�Sn�Cl(1)� 176.8(1)

77.3(1)C(2)�Sn�Cl(1)�
−58.2(1)Sn�C(2)�C(3)�C(4)

71.6(1)C(2)�C(3)�C(4)�P
C(3)�C(4)�P�Sn −42.1(1)

12.4(1)C(4)�P�Sn�C(2)
19.2(1)P�Sn�C(2)�C(3)

Symmetry transformations used to generate equivalent atoms: 5: −x,
−y+1, −z+1; 6: −x, −y, −z.

propanediyl bridge between the tin and the phosphorus
atom allows here an intramolecular P···Sn coordina-
tion. Both in 5 and 6 two molecules are connected by
Sn�Cl···Sn bridges to centrosymmetric dimers.

Compound 5 reveals a new structural motif for
organotin trichlorides containing one C,Y-chelating lig-
and. In all so far published crystal structures of this
type of compounds the tin is pentacoordinated by intra
or intermolecular coordination of the C,Y-ligand and
there are no intermolecular Sn�Cl···Sn interactions
[21,27,28].

The structure of 6 is comparable with that of the 1:1
adduct Me2SnCl2·diphenylcyclopropenone [29]. The
dimeric structures of both compounds with hexacoordi-
nated tin and intermolecular Sn�Cl···Sn bridges are
rather untypical because molecular structures both of
1:1 adducts of the type R2SnCl2·D and diorganotin
dihalides with one C,Y�chelating ligand in general
show pentacoordinated tin without any intermolecular
Sn�Cl···Sn contacts [21,30].
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The octahedral ligand polyhedron of the tin atom in
5 and 6 is somewhat less distorted than that in the
tricyclic ring system of 4. In contrast to 4 the phospho-
rus atoms in 5 and 6 are in trans position to a chlorine
atom due to the intramolecular coordination of the
diphenylphosphinopropyl ligand.

In dependence on the Lewis acidity of the tin atom
the strength of the P···Sn coordination in 5 (dSn�P:
2.686(1) A� ; BO=0.77) is comparable with that in 4
whereas that of 6 (dSn�P: 2.930(2) A� ; BO=0.53) is
situated between those of 5 and the organotin
monochlorides Ph2P(CH2)2Sn(Cl)Me2 (dSn�P=3.065(3)
A� ; BO=0.40 [9]) and t-BuPhP(CH2)3Sn(Cl)Me2

(dSn�P=3.078(2) A� ; BO=0.38 [22]).
Due to the structural difference between the two

P-functional tin trichlorides 4 and 5 the latter one
shows a greater asymmetry of the Sn�Cl···Sn bridges (4:

dSn�Cl3: 2.620(2), dSn�Cl3�: 2.840(2) A� ; 5: dSn�Cl1: 2.543(1),
dSn�Cl1�: 2.826(1) A� ). Furthermore, the lower extent of
chlorination of the tin atom in 6 results in a further
increase of the asymmetry of the Sn�Cl···Sn bridges
compared with 5 (6: dSn�Cl1: 2.516(2), dSn�Cl1�: 3.385(3)).

The torsion angles in Table 2 indicate for the five-
membered chelate ring in the molecular structure of 5 a
slightly distorted envelope conformation with the C1,
Sn, P and C3 atom nearly in a plane. 6 exhibits a
conformation between envelope and twist.

The tin atom in the molecular structure of the adduct
7 (Fig. 5) shows the expected octahedral ligand environ-
ment. The functional diphenylphosphinoethyl ligand
gives rise to some differences in the structures of 7 and
the likewise octahedral adduct EtSnCl3(Ph3PO)2 [31]. In
the latter compound the two P�O groups are in trans
position whereas these groups are cis in compound 7.
Furthermore, in 7 the Sn�O distances (dSn�O: 2.201(3),
2.210(3) A� ) are longer than those in EtSnCl3(Ph3PO)2

(dSn�O: 2.169(5), 2.181(5) A� ) and the Sn�Cl bonds trans
to P�O in 7 are shorter (dSn�Cl: 2.458(1), 2.466(1) A� )
than the two mutual trans standing Sn�Cl bonds in
EtSnCl3 (Ph3PO)2 (dSn�Cl: 2.487(2), 2.497(2)). This indi-
cates a little stronger trans effect for Cl compared with
the P�O group in Ph3PO. The comparison of the values
of the angles between the ligands at the tin atom shows
the octahedral ligand polyhedron in 7 is somewhat
more distorted than in EtSnCl3(Ph3PO)2.

The sulfurization of the phosphorus atom in 4 form-
ing compound 11 gives rise to the formation of a
five-membered chelate ring due to an intramolecular
P�S···Sn interaction (Fig. 6). The ring shows an envel-
ope conformation with the P, S, Sn and C1 atoms
nearly in a plane and is puckered at the C2 edge. The
Sn�Cl···Sn bridges in 4 remain in existence also in 11.

The same structural type of 11 and 5 allows a com-
parison of the donor strength of the Ph2P and the
Ph2P�S group. The similarity of the Pauling type bond
orders (BO) [23] of the P···Sn interaction in 5 (dSn�P:
2.686(1) A� ; BO=0.77) and the S···Sn coordination in
11 (dSn�S: 2.621(1) A� ; BO=0.78) and of other structural
parameters of both compounds indicate a comparable
donor strength of the Ph2P and the Ph2P�S group.

In dependence on the Lewis acidity of the tin atom
the compounds 12 and 14 show different molecular
structures. As has been found for other monoorganotin
trichlorides containing a C,Y-chelating ligand (C,Y=
CH2CH2C(O)OMe [25], CH2CH2C(O)Pr-i [32],
CH2CH2CH2C(O)OEt [33]) the molecular structure of
12 (Fig. 7) consists of monomeric units with an in-
tramolecular P=O···Sn coordination forming a trigo-
nal–bipyramidal ligand polyhedron around the tin
atom which differs only slightly from an ideal trigonal
bipyramid [��Sneq−��Snax=78.1° (TBP: 90°, tetra-
hedron: 0° [34,35]); � (plane)=0.143(1) A� (TBP: 0 A� ,
tetrahedron: 0.71 A� [35])]. As expected the P�O group

Table 4
Selected bond lengths (A� ), angles (°) and endocyclic torsion angles (°)
for Ph2P(O)(CH2)3SnCl3 (12) and Ph2P(O)(CH2)3Sn(Me)Cl2 (14)

Compound 12
Bond lengths
Sn�Cl(1) 2.328(2) Sn�C(1) 2.128(6)

Sn�O2.453(2) 2.182(5)Sn�Cl(2)
2.336(2)Sn�Cl(3)

Bond angles
C(1)�Sn�Cl(1) 121.5(2) O�Sn�Cl(3) 82.7(1)

125.2(2)C(1)�Sn�Cl(3) Cl(2)�Sn�C(1) 96.4(2)
112.1(1) Cl(2)�Sn�Cl(1)Cl(1)�Sn�Cl(3) 94.2(1)
90.0(2)O�Sn�C(1) Cl(2)�Sn�Cl(3) 90.1(1)

O�Sn�Cl(1) 172.3(1)86.1(1) O�Sn�Cl(2)
9.7(5)Sn�O�P�C(3)

−38.7(5)O�P�C(3)�C(2)
74.7(6)P�C(3)�C(2)�C(1)

C(3)�C(2)�C(1)�Sn −73.4(6)
C(2)�C(1)�Sn�O 33.3(5)
C(1)�Sn�O�P −6.7(4)

Compound 14
Bond lengths

2.104(8)Sn�C(1) Sn�C(2) 2.136(7)
2.588(2) Sn�O 2.227(5)Sn�Cl(1)
2.408(2) Sn�Cl(1)�Sn�Cl(2) 3.408(1)

Bond angles
83.2(3)C(1)�Sn�O O�Sn�Cl(1)� 90.0(1)

C(1)�Sn�Cl(2) 91.4(1)O�Sn�Cl(2)104.1(3)
91.9(2)C(1)�Sn�Cl(1) Cl(1)�Sn�Cl(1)� 84.3(1)

C(1)�Sn�Cl(1)� 79.1(1) Cl(1)�Sn�Cl(2) 94.5(1)
C(2)�Sn�Cl(1) 92.0(2) Cl(1)�Sn�O 173.2(1)

77.7(1)C(2)�Sn�Cl(1)� Cl(2)�Sn�Cl(1)� 176.7(1)
C(2)�Sn�Cl(2) 99.2(2) C(1)�Sn�C(2) 156.0(4)
C(2)�Sn�O 90.6(2)

67.7(1)Sn�C(2)�C(3)�C(4)
C(2)�C(3)�C(4)�P −82.7(1)
C(3)�C(4)�P�O 44.6(1)
C(4)�P�O�Sn −2.3(1)

−9.0(1)P�O�Sn�C(2)
−20.4(1)O�Sn�C(2)�C(3)

Symmetry transformations used to generate equivalent atoms: 14:
−x, −y, −z.
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Table 5
119Sn and 31P-NMR data of 3–6

�(31P) (ppm) J(119Sn, 31P) (Hz)Compound Solvent�(119Sn) (ppm)

−29.03 743−130 (vb) CD2Cl2
−17.9 57−280 (b) py-d5

14.6 (vb) – a4 CD2Cl2−69 (vb)
−10.2 720−415 (d, b) py-d5

−32.85 1167−222 (b) CD2Cl2
−16.6 �15−413 (b) py-d5

−30.3 7156 CD2Cl2−26 (d)
−17.4 19−278 (b) py-d5

n-Bu2SnCl2 [36] CDCl3126.3
−223 hmpt

n-BuSnCl3 [37] CDCl36
−457 DMSO-d6

−11.3 171 CDCl3Me2(Cl)Sn(CH2)2PPh2 [38] 147 (d)
−12.3 267−15 (d) py-d5

56 (d)Me2(Cl)Sn(CH2)3PPh2 [38] −29.1 234 CDCl3
−13 (s) −17.8 �15 py-d5

Abbreviations: hmpt=hexamethylphosphoric triamide, (b)=broad, (vb)=very broad, (d)=doublet.
a Immeasurable because of broadeness.

in 12 is a considerably stronger donor than the C�O
group in EtOC(O)(CH2)3SnCl3 [33] (dSn�O (12): 2.182(5)
A� ; BO=0.82; dSn�O (EtOC(O)(CH2)3SnCl3): 2.405(8) A� ;
BO=0.60). The six-membered chelate ring in the
molecular structure of 12 is close to an half-boat con-
formation with the C2 atom to be out of the plane.

The molecular structure of 14 (Fig. 8) is of the same
type as those of 5, 6, and 11. The deviation of the
ligand octahedron around the tin atom in 14 from the
ideal geometry is comparable with that in these com-
pounds. The Sn�O bond length of 2.227(5) A� corre-
sponds to a Pauling bond order of 0.77 which is lower
than that in 12 (BOd(Sn�O)=0.82), due to the smaller
Lewis acidity of the tin atom in 14. The six-membered
chelate ring in the molecular structure of 14 shows a
distorted half-boat conformation with the C3 atom to
be out of the plane.

2.3. NMR in�estigations of 3–15 in solution

The 119Sn and 31P-NMR data of 3–6 and some
reference substances in Table 5 allow a rough insight
into the behavior of 3–6 in CD2Cl2 and pyridine-d5. A
comparison of the 119Sn-NMR chemical shifts of 3–6 in
pyridine with those of n-Bu2SnCl2 in hexamethylphos-
phoric triamide (hmpt) [36] and n-BuSnCl3 in DMSO
[37] indicates hexacoordination of the tin atom in all
compounds by coordination of two external donor
solvent molecules. Accordingly, 3–6 form in pyridine
the adducts [Ph2P(CH2)3]2SnCl2py2 and Ph2P(CH2)n-
SnCl2Rpy2 (R=Cl, Me; n=2, 3), respectively. The
open-chained structure of these compounds follows
from the considerable difference of the J(Sn, P) cou-
pling constant for 3, 5, and 6 in pyridine and in
CD2Cl2. In pyridine J(Sn, P) is a 4J(SnCCCP) coupling

constant with the expected small value, whereas in
CD2Cl2 J(Sn, P) as a result of the intramolecular P···Sn
coordination is the sum of the contributions �1J(SnP)�
and �4J(SnCCCP)� [12,13]. Obviously, the considerable
contribution of 1J(Sn P) gives rise to the high values of
J(Sn, P) of 3, 5, and 6 in CD2Cl2.

The considerable upfield shift of the 119Sn-NMR
signals of 3–6 in CD2Cl2 compared with those of
n-Bu2SnCl2 and n-BuSnCl3 in CDCl3 point to hyperco-
ordinated tin in 3–6 also in non-coordinating solvents
[36,37,39].

The �119Sn value of −130 ppm in comparison with
n-Bu2SnCl2 (�119Sn=126 ppm [36]) and the high J(Sn,
P) coupling constant of 743 Hz in the spectra of 3
indicate that also in CD2Cl2 the PPh2 group of both
functional substituents is intramolecularly coordinated
at tin. This is also confirmed by the 13C-NMR spectrum
of 3 in CD2Cl2 which displays a triplet signal of the
C� H2SnCl2 carbon atom due to the coupling 2J(CSnP)
with the two Ph2P groups and the high value of the
1J(CSn) coupling constant of this carbon atom of 691
Hz indicating hexacoordinated tin [36,40].

The relatively small 119Sn-NMR high-field shift of 4
in CD2Cl2 compared with n-BuSnCl3 in CDCl3
(��119Sn= −75 ppm), the very large line width both
of the 119Sn and the 31P-NMR signal and the strong
concentration dependence of these NMR data in this
solvent point to an equilibrium between monomeric 4
and its oligomers or polymers with intermolecular
P···Sn interactions which is significantly shifted to the
side of the monomer (see also [9,38]).

The �119Sn high-field shift of 5 in CD2Cl2 compared
with n-BuSnCl3 in CDCl3 (��119Sn= −228 ppm) and
of 6 compared with n-Bu2SnCl2 in CDCl3 (��119Sn=
−152 ppm) as well as the high values of the J(Sn, P)
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coupling constants (1167 and 715 Hz) indicate both for
5 and 6 in CD2Cl2 a structure with pentacoordinated
tin by intramolecular P···Sn coordination [36,37].

With exception of 6 which shows a relatively sharp
doublet signal the 119Sn-NMR signals of 3–5 in CD2Cl2
at room temperature are very broad and without any
structure. Furthermore, the chemical shift, the line
width and the pattern of the 119Sn and partly also of the
31P-NMR signals of 3–6 in CD2Cl2 are dependent on
temperature and solution concentration. These findings
indicate for 3–6 dynamic behavior in non-coordinating
solvents caused by intra or intermolecular P···Sn disso-
ciation–association processes and/or by stereoisomer-
izations at the hypercoordinated tin centers. So, the
very broad signal in the 119Sn-NMR spectrum of 3 in
CD2Cl2 at room temperature changes at −60 °C to at
least two signal groups with triplet pattern at −290
ppm. This point to the existence of stereoisomers.

In Table 6, the 119Sn and 31P-NMR data of the
derivatives 7–15 of the title compounds 3–6 and some
reference substances in CD2Cl2 are summarized. For
the Ph3PO adducts 7 and 8 they indicate different
structures. In CD2Cl2 both adducts undergo a dissocia-
tion–association process. As a consequence the 119Sn-
NMR spectrum of 7 shows at room temperature no
signal. But, at −60 °C three signal groups appear at
−505 ppm. One of them is splitted to doublet-to-dou-
blets-to-doublets (3J(Sn, P)=756, 2J(SnOP)=231 and
99 Hz) and is assigned to one of the three stereoisomers
of 7 with two non-equivalent Ph3PO groups [43].
Whereas 4 coordinates two Ph3PO molecules giving 7
the strong intramolecular P···Sn coordination in 5 al-
lows only the formation of the 1:1 adduct 8 indicated
by the high value of the J(Sn, P) constant which is the
same as that of 5 in CD2Cl2 (Table 5).

The 119Sn and 31P-NMR data of 9–15 correspond to
their postulated cyclic structures caused by intramolec-

ular P�X···Sn (X=O, S) interactions forming five and
six-membered chelate rings (Figs. 6–8). As expected the
P�O···Sn coordination is stronger than the P�S···Sn
coordination, documented by the high-field shift of the
119Sn-NMR signals of 10, 12, and 14 compared with
those of their analogous P�S compounds 11, 13, and
15. The values of the J(Sn, P) coupling constants of
9–15 can be interpreted taking into account that they
consist of the two contributions �nJ(SnCmP)� (n=3,
m=2; n=4, m=3) and �2J(SnXP)� (X=O, S) and that
they depend on the degree of chlorination of the tin
atom (see above). As already mentioned above for 3–8
the 119Sn signals of 9–15 in CD2Cl2 at room tempera-
ture are broad or broadened, respectively, as a result of
dynamic processes which depend on temperature and
solution concentrations.

Detailed investigations of the behavior of 3–15 in
solution are in progress.

3. Experimental

All manipulations were performed under dry argon.
Elemental analyses were carried out at the Microanalyt-
ical Laboratory of the Chemical Department of the
University of Halle. The NMR spectra were recorded
on Gemini (200 and 400 MHz) (Varian) or Unity (500
MHz) (Varian) spectrometers. Solvent signals (13C),
Me4Sn (119Sn) and 85% H3PO4 (31P) were used as
references.

3.1. Ph2P(S)CH2CH2SnX2Me (1: X=Br; 2: X=I)

To a stirred solution of 2 g (4.9 mmol)
Ph2P(S)CH2CH2SnMe3 [10] in 30 ml CH2Cl2 at
−78 °C 1.6 g (20 mmol) bromine or 2.6 g (20.5 mmol)
iodine, respectively, are added each dissolved in 10 ml

Table 6
119Sn and 31P-NMR data of 7–16 in CD2Cl2

Compound �(119Sn) (ppm) �(31P) (ppm) J(119Sn, 31P) (Hz)

– a −6.6 (PPh2), 36 (Ph3PO) 7337
−428 (b)8 −34.8 (PPh2), 39.6 (Ph3PO) 1169
−559 44.6 29.3

10 302−214 (b) 43.3
25753.7−172 (d, b)11

−297 (b)12 54 120
13 −208 (b) 44.6 10

−12614 48.5 64.7
1415 42.7 12.3

Me2(Cl)Sn(CH2)2P(O)Ph2 [41] 11 42.6 41
48.7 63.1Me2(Cl)Sn(CH2)2P(S)Ph2 [41] 36.4

Me2(Cl)Sn(CH2)3P(O)Ph2 [42] 40.1−42.8 30
39.7Me2(Cl)Sn(CH2)3P(S)Ph2 [42] 12113

Abbreviations: (b) broad, (vb) very broad, (d) doublet.
a No signal at room temperature.
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CH2Cl2. After stirring for 2 h at room temperature (r.t.)
the solvent is removed and the residue recrystallized
from acetone. 1 (0.9 g, 33.5%) and 2 (1.5 g, 46.5%) are
obtained as light-brownish or colorless crystals, respec-
tively; m.p. 64–67 °C (1), 94–97 °C (2).

1: C15H17Br2PSSn (538.9): Anal. (Exp./Calc.) C,
32.97/33.44; H, 3.14/3.18; Br, 29.03/29.66%. 119Sn-
NMR (CD2Cl2): � −35.9 (d, J(Sn, P) 61 Hz) ppm.
31P-NMR (CD2Cl2): � 67.1 (s, J(P, Sn) 60 Hz) ppm.

2: C15H17I2PSSn (632.8): Anal. (Exp./Calc.) C, 28.32/
28.47; H, 2.69/2.71; I, 39.89/40.11%. 119Sn-NMR
(CD2Cl2): � −198.0 (d, J(Sn, P) 73 Hz) ppm. 31P-
NMR (CD2Cl2): � 49.0 (s, J(P, Sn) 71 Hz) ppm.

3.2. (Ph2PCH2CH2CH2)2SnCl2 (3)

A solution of 80 mmol of the Grignard compound
Ph2PCH2CH2CH2MgCl [15,16] in 200 ml THF is added
dropwise and under stirring to a solution of SnCl4 (4.6
ml, 39.4 mmol) in 300 ml toluene. A colorless solid
precipitates and the supernatant solution changes to
yellow. After stirring for 12 h at r.t. and 4 h at 100 °C
the solvent is removed in vacuum and the residue
extracted three times each with 50 ml of CH2Cl2. After
concentration of the combined solutions colorless crys-
tals of 3 are obtained (8.7 g, 34.3%); m.p. 197–200 °C.

C30H32Cl2P2Sn (644.1): Anal. (Exp./Calc.) C, 54.85/
55.94; H, 5.26/5.01; Cl, 11.39/11.01%. 13C-NMR
(CD2Cl2): � 22.2(d, PC, 1J(CP) 16.1 Hz); 28.3 (s,
CCC); 39.6 (t, SnC, 2J(CSnP) 28, 1J(CSn) 691 Hz)
ppm. 119Sn-NMR: (CD2Cl2, −60 C): � −182 (m, b),
−290.4 (m) ppm.

3.3. Ph2PCH2CH2SnCl3 (4)

To a solution of Ph2PCH2CH2SnCy3 [14,20] (20 g,
34.4 mmol) in 50 ml of n-pentane under vigorous
stirring at r.t. 3.9 ml (33.4 mmol) SnCl4 are dropped. A
light-greenish solid precipitates. To the reaction mixture
further 100 ml of n-pentane and 100 ml of acetonitrile
are added whereby the solid is partly dissolved. After
stirring for 8–10 h at r.t. and filtration the solid is
washed three times each with 20 ml of n-pentane and
dried. Recrystallization from CH2Cl2 gives 5.1 g
(33.8%) of 3, which crystallizes with a half mole of
solvent; m.p. 122–127 °C.

C14H14Cl3PSn (438.3) � CH2Cl2 Anal.: (Exp./Calc.)
C, 34.42/34.43; H, 3.14/3.08; Cl, 32.86/33.88%.

3.4. Ph2PCH2CH2CH2SnCl3 (5)

As described for compound 4 20 g (33.6 mmol) of
Ph2PCH2CH2CH2SnCy3 [14,20] in 50 ml of n-pentane
are reacted with 3.9 ml (33.4 mmol) of SnCl4. A light-
greenish solid precipitates immediately. After stirring
for 3 h further 100 ml of n-pentane and 100 ml acetoni-

trile are added whereby the solid dissolves. After stand-
ing of the reaction mixture for 8–10 h at r.t. the phase
of acetonitrile is separated. To remove the formed
Cy3SnCl this phase is extracted three times each with 50
ml of n-pentane and afterwards the acetonitrile is com-
pletely removed in vacuum. The remaining oil is solved
in 50 ml CH2Cl2 from which 5 crystallizes as a greenish
solid (9.3 g, 61.2%); m.p. 144–150 °C.

C15H16Cl3PSn (452.3) Anal.: (Exp./Calc.) C, 39.46/
39.83; H, 3.68/3.57; Cl, 23.28/23.51%. 13C-NMR
(CD2Cl2, −60 °C): � 19.7(s, b, CP); 23.5 (d, b, CCC,
J(C, P) 12.1 Hz); 36.0 (d, b, CSn, J(C, P) 48.9 Hz)
ppm. 119Sn-NMR (CD2Cl2, −90 °C): � −228 (m),
−404 (m) ppm.

3.5. Ph2PCH2CH2CH2SnCl2Me (6)

A solution of 8 g (33.3 mmol) of MeSnCl3 in 30 ml
of n-pentane is slowly dropped at r.t. and under vigor-
ous stirring to a solution of 20 g (33.6 mmol) of
Ph2P(CH2)3 SnCy3 [14,20] in 50 ml of n-pentane. After
the reaction is finished another 100 ml of n-pentane and
100 ml of acetonitrile are added. The reaction mixture
is standing for 8–10 h at r.t. and afterwards heated for
3 h at 50 °C. The further working up of the clear
reaction mixture is performed as described for com-
pound 5. Compound 6 is obtained as colorless crystals
(9.3 g; 64.6%); m.p. 122–127 °C.

C16H19Cl2PSn (431.9) Anal.: (Exp./Calc.) C, 44.34/
44.50; H, 4.42/4.43; Cl, 15.99/16.42%. 1H-NMR
(CD2Cl2): � 1.34 (d, 3H, SnCH3, 2J(H3CSn) 74.6,
3J(H3CSnP) 4.5 Hz); 2.07–2.34 (3 m, 6H,
CH2CH2CH2); 7.38–7.53 (m, 10H, C6H5) ppm. 13C-
NMR (CD2Cl2): � 13.6 (d, H3CSn, J(CSn, P) 32.3,
1J(CSn) 574 Hz); 22.1 (d, CP, J(C, P) 14.9, J(C, Sn)
43.9 Hz); 28.8 (d, CCP, J(C, P) 1.7, J(C, Sn) 42.2 Hz);
31.7 (d, H2CSn, J(C, P) 31.5, 1J(CSn) 602 Hz) ppm.
119Sn-NMR (CD2Cl2, −60 °C): � −84 (d, b, J(Sn, P)
861 Hz) ppm.

3.6. Ph2PCH2CH2SnCl3(Ph3PO)2 (7)

Compound 4 (0.2 g, 0.46 mmol) and 0.3 g (1.08
mmol) of Ph3PO are dissolved in 20 ml of CH2Cl2.
After 2 h the solvent is completely removed and the
residue recrystallized from CH2Cl2–n-hexane to give
0.3 g (66.1%) of 7; m.p. 178–181 °C.

C50H44Cl3O2P3Sn (994.9) Anal.: Exp./Calc. C, 59.98/
60.36; H, 4.79/4.46; Cl, 11.42/ 10.69%. 119Sn-NMR
(CD2Cl2, −60 °C): � −498 (m); −505 (ddd, 3J(Sn,
P) 756, 2J(SnOP) 231, 2J(SnOP) 99 Hz); 509 (m) ppm.

3.7. Ph2PCH2CH2CH2SnCl3(Ph3PO) (8)

In the same manner as described for compound 7
from 0.2 g (0.44 mmol) of 5 and 0.15 g (0.54 mmol) of
Ph3PO results 0.25 g (78.1%) of 8; m.p. 86–91 °C.
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C33H31Cl3OP2Sn (730.6) Anal.: Exp./Calc. C,
53.96/54.25; H, 5.02/4.28; Cl, 14.15/14.56%.

3.8. P-oxides of 4, 5, and 6 (10, 12, and 14)

Into a solution of 0.5 g of each of the title compounds
3–6 in 30 ml of CH2Cl2 at r.t. nitrogen monoxid is passed
for 1 h. Afterwards the solvent is completely removed and
the colorless oily solids are recrystallized from CH2Cl2–
n-hexane.

10: 0.24 g (46.2%); m.p. 234–238 °C. C14H14Cl3OPSn
(454.3) Anal.: (Exp./Calc.) C, 36.91/37.02; H, 3.02/3.11;
Cl, 22.97/ 23.41%.

12: 0.33 g (63.5%); m.p. 224–226 °C. C15H16Cl3OPSn
(468.3) Anal.: (Exp./Calc.) C, 38.43/38.47; H, 3.72/3.44;
Cl, 21.75/22.71%.

14: 0.4 g (76.9%); m.p. 195–197o C. C16H19Cl2OPSn
(447.9) Anal.: (Exp./Calc.) C, 42.84/42.91; H, 4.90/4.28;
Cl, 15.93/15.83%.

3.9. P-sulfides of 3, 4, 5, and 6 (9, 11, 13, and 15)

To a solution of 0.5 g of each of the title compounds
3–6 in 30 ml of CH2Cl2 sulfur is added in a molar ratio
of 1:1 (in case of 3 1:2). After 2 h the solvent of the
reaction mixture is removed in vacuum and the residue
is recrystallized from CH2Cl2–n-hexane.

9: 0.4 g (72.7%); m.p. 123–127 °C. C30H32Cl2P2S2Sn
(708.3): Anal. (Exp./Calc.) C, 50.13/50.88; H, 4.72/4.55;
Cl, 11.00/10.01; S, 8.73/9.05%.

11: 0.45 g (83.3%); m.p. 179–181 °C. C14H14Cl3PSSn
(470.4) Anal.: (Exp./Calc.) C, 34.53/35.75; H, 3.05/3.00;
Cl, 21.51/22.61; S 6.88/6.82%.

13: 0.5 g (96.2%); m.p. 124–126 °C. C15H16Cl3PSSn
(484.4) Anal.: (Exp./Calc.) C, 36.89/37.20; H, 3.41/3.33;
Cl, 22.75/21.96; S, 6.88/6.62%.

15: 0.47 g (94.4%); m.p. 125–126o C. C16H19Cl2PSSn
(464.0) Anal.: (Exp./Calc.) C, 41.33/41.42; H, 4.18/4.13;
Cl, 15.15/15.28; S, 6.82/6.91%.

3.10. Crystallographic studies

Crystal data and details of the data collection and
refinement are summarized in Table 7. The data collec-
tions were performed on a STOE IPDS diffractometer
(3, 4, 7) and on a STOE STADI-IV diffractometer (5, 6,
11, 12, 14) using Mo–K� radiation. The structures were
solved by direct methods and full-matrix least-squares
refinements were performed [44]; all non-hydrogen atoms
were refined with anisotropic displacement parameters.
For molecular drawings DIAMOND 2.1 [45] was used.

4. Supplementary material

Crystallographic data for the structural analyses have

been deposited with the Cambridge Crystallographic
Data Center, CCDC nos. for 3, 4, 5, 6, 7, 11, 12, 14 are
170812, 170813, 170814, 170816, 170815, 170818,
170817, 170819, respectively. Copies of this information
may be obtained free of charge from The Director,
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax:
+44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or
www: http://www.ccdc.cam.ac.uk).
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Allg. Chem. 626 (2000) 478.
[4] C. Müller, U. Schubert, Chem. Ber. 124 (1991) 2181.
[5] U. Schubert, S. Grubert, U. Schulz, S. Mock, Organometallics

11 (1992) 3163.
[6] U. Schubert, S. Grubert, Organometallics 15 (1996) 4707.
[7] H. Weichmann, J. Organomet. Chem. 238 (1982) C49.
[8] D. Kruber, K. Merzweiler, C. Wagner, H. Weichmann, J.

Organomet. Chem. 572 (1999) 117.
[9] U. Baumeister, H. Hartung, A. Krug, K. Merzweiler, T. Schulz,

C. Wagner, H. Weichmann, Z. Anorg. Allg. Chem. 626 (2000)
2185.

[10] H. Weichmann, G. Quell, A. Tzschach, Z. Anorg. Allg. Chem.
462 (1980) 7.

[11] E.V. van den Berghe, G.P. van der Kelen, J. Organomet. Chem.
26 (1971) 207.
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