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Abstract*The reactions of imidazole "L0#\ benzimidazole "L1#\ 1!phenylimidazole "L2#\ 0!acetylimidazole "L3#\
imidazoline!1"0\2H#!thione "L4# and 0!methyl!imidazoline!1"2H#!thione "L5# with RnSnCl3−n "R�Me\ Bun or
Ph^ n�0\ 1 or 2# were investigated[ Twenty!seven novel adducts were obtained and characterized by analytical
"elemental analysis\ conductivity and vaporimetric molecular weight measurements# and spectral "IR\ far IR\
0H and 008Sn NMR# data[ The ligands L0\ L1\ L2 and L3 behave in the monodentate N!donor fashion\ whereas
L4 and L5 behave as monodentate S!donor molecules[ Breaking of the NÐCO bonds and protonation of
imidazolate moiety occurred when the donor L3 reacts with organotin acceptors in not rigorously anhydrous
conditions[ The behavior of the adducts in acetone and chlorinated solvents is also discussed[ Comparison was
made with related organotin"IV# complexes of imidazoles[ Þ 0887 Elsevier Science Ltd[ All rights reserved
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INTRODUCTION

Imidazole!type heterocycles represent an important
class of ligands in coordination chemistry] the imi!
dazole ring is an essential component of many bio!
logical systems such as proteins\ nucleic acids and the
vitamin B01 coenzyme[

Expanding the earlier studies carried out with mer!
cury"II# ð0Ł and copper"I# ð1Ł\ we have recently
initiated a systematic study of tin"IV# and organ!
otin"IV# compounds of imidazoles\ in order to evalu!
ate the bonding ability of imidazoles\ which is
important for understanding the e}ect of these N!
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donor ligands on the physicoÐchemical properties of
metal complexes[

To investigate the in~uence of the nature of the
tin"IV# acceptors and of the substituents on the azole
ring\ we previously investigated the interaction of 0!
benzyl! ð2Ł\ 3!phenyl! ð3Ł\ 3!methyl!\ 1!methyl!\ 1!iso!
propyl! ð4Ł and 0!methyl!imidazole ð5Ł with RnSnX3−n

acceptors "R�Me\ Et\ Bun and Ph^ n�0\ 1 or 2^
X�Cl\ Br\ I\ NO2\ ClO3\ NCS and BPh3#[ The reac!
tivity of these imidazoles towards organotin"IV#
acceptors depends not only on the electronic and steric
features of the groups bonded to tin\ but also on
the position of the alkylic or arylic substituent in the
imidazole moiety and on the nature of the counter!
ion] the ligand:metal ratio can range from 0]0\ as in
ð"0!methylimidazole#"C5H4#2SnClŁ and to 3]0\ as in
ð"3!methylimidazole#3"CH2#1SnŁ"BPh3#1[ NMR data\
molecular weight measurements and X!ray crystal and
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molecular structure determinations indicate that the
bonding interaction between the imidazole donors
and RnSnX3−n generally increases with the decreasing
of n[

With the aim to complete our systematic study on
tin"IV# and organotin"IV# complexes of imidazoles we
report here the synthesis\ spectroscopic charac!
terization "IR and 0H NMR data# and behavior in
solution "conductivity and molecular weight measure!
ments# of new adducts between organotin"IV#
acceptors and the ligands in Fig[ 0\ i[e[ imidazole "L0#\
benzimidazole "L1#\ 1!phenylimidazole "L2#\ 0!ace!
tylimidazole "L3#\ imidazoline!1"0\2H#!thione "L4#
and 0!methyl!imidazoline!1"2H#!thione "L5#[

EXPERIMENTAL

General methods

The organotin"IV# halides were purchased from
Alfa "Karlsruhe# and Aldrich "Milwaukee# and used
as received[ The ligands imidazole "L0#\ benzimidazole
"L1#\ 1!phenylimidazole "L2#\ 0!acetylimidazole "L3#\
imidazoline!1"0\2H#!thione "L4#\ 0!methyl!imid!
azoline!1"2H#!thione "L5# were obtained from Aldrich
and were crystallized from diethyl ether:petroleum
ether "0]1#[ Solvent evaporations were always carried
out in vacuo "water aspirator#[ The samples for micro!
analysis were dried in vacuo to constant weight "19>C\
approx[ 9[0 Torr#[ Elemental analyses "C\ H\ N\ S#
were performed in house with a CarloÐErba model
0095 instrument[

IR spectra were recorded from 3999 to 099 cm−0

with a Perkin!Elmer System 1999 FT!IR instrument[

Fig[ 0[ Ligands employed in this work[

0H and 008Sn NMR spectra were recorded on a VXR!
299 Varian spectrometer operating at room tempera!
ture "299 MHz for 0H and 000[8 MHz for 008Sn#[ The
chemical shifts are reported in ppm from SiMe3 "0H
calibration by internal deuterium solvent lock# and
SnMe3 "008Sn#[

Melting points were taken on an IA 7099 Elec!
trothermal instrument[ The electrical conductance of
the solutions was measured with a Crison CDTM 411
conductimeter at room temperature[ The osmometric
measurements were carried out at 39>C\ over a range
of concentrations\ with a Knauer KNA9179 vapor
pressure osmometer calibrated with benzil[ The sol!
vent was Baker Analyzed Spectrophotometric grade
chloroform[ The results were reproducible to 21)[

Syntheses

All experiments were carried out under a dinitrogen
atmosphere[ Hydrocarbon solvents were dried by dis!
tillation from sodiumÐpotassium\ dichloromethane
from calcium hydride and tetrahydrofuran from
LiAlH3[ All solvents were outgassed with dry dini!
trogen prior to use[

ðTrimethylbis"imidazole#tin"IV#Łchloride "0#[ To a
stirred refrigerated "9>C# petroleum ether:diethyl
ether "09:0# solution "099 cm2# of imidazole "L0#
"161 mg\ 3[9 mmol#\ "CH2#2SnCl "287 mg\ 1[9 mmol#
was added under N1 stream[ The mixture was stored
at 9>C and stirred for 01 h[ The solution was stored in
freezer overnight[ A colorless precipitate was formed\
which was separated from the solution\ washed with
diethyl ether "2×19 cm2#\ dried in vacuo to constant
weight "19>C\ approx[ 9[0 Torr# and shown to be com!
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pound 0[ Yield] 69)\ m[p[ 43Ð45>C "Found] C\ 21[3^
H\ 4[1^ N\ 05[5[ Calc[ for C8H06ClN3Sn] C\ 21[1^ H\
4[0^ N\ 05[6)#[ NMR "Acetone!d5#] 0H\ d 09[7 "br\
1H\ NÐH#\ 6[71 "s\ 1H\ 1!CH#\ 6[02 "s\ 3H\ 3!\ 4!CH#\
9[55 ð=1J"008SnÐH#=�69[7 Hz\ =1J"006SnÐH#=�56[7 Hz\
s\ 8H\ SnCH2Ł^ 008Sn\ d −72[4 ppm[ IR] 2051 w\ 2099
w ðn"CÐH#Ł\ 438 s ðn"SnÐC#Ł[ L "acetone\ 14>C\
0[0×09−2 M#] 0[3 V−0 cm1 mol−0[

ðTriphenylbis"imidazole#tin"IV#Łchloride "1#[ To a
stirred refrigerated "9>C# diethyl ether solution
"099 cm2# of imidazole "L0# "161 mg\ 3[9 mmol#\
"C5H4#2SnCl "274 mg\ 0[9 mmol# was added under N1

stream[ The mixture was stored at 9>C and stirred
for 01 h[ A white precipitate was formed\ which was
_ltered o}\ washed with diethyl ether "2×19 cm2#\
dried in vacuo to constant weight "19>C\ ca[ 9[0 Torr#
and shown to be compound 1[ Yield] 28)\ m[p[ 044Ð
046>C "Found] C\ 44[9^ H\ 3[1^ N\ 09[3[ Calc[ for
C13H12ClN3Sn] C\ 44[2^ H\ 3[3^ N\ 09[6)#[ NMR
"Acetone!d5#] 0H\ d 6[73 ð=1J"008SnÐH#=�58[9 Hz\ =1J"
006SnÐH#=�55[2 Hz\ d\ 1H\ Sn!o!C5H4#Ł\ 6[70 ð=1J"
008SnÐH#=�56[0 Hz\ =1J"006SnÐH#=�53[1 Hz\ d\ 1H\
Sn!o!C5H4#Ł\ 6[41 "s\ 1H\ 1!CH#\ 6[32 "m\ 5H\ Sn!m!\
Sn!p!C5H4#\ 5[86 "s\ 3H\ 3!\ 4!CH#^ 008Sn\ d

−114 ppm[ IR] 2020 w\ 2938 w ðn"CÐH#Ł\ 352 s\ 342 s
ðd"Ph#Ł\ 189 m ðn"SnÐC#Ł[ L "acetone\ 14>C\
0[9×09−2 M#] 1[5 V−0 cm1 mol−0[

ðTrichloromethylbis"imidazole#tin"IV#Ł=H1O "2#[ To
a stirred diethyl ether:ethanol "0:0# solution "099 cm2#
of imidazole "L0# "161 mg\ 3[9 mmol#\ "CH2#SnCl2
"139 mg\ 0[9 mmol# was added at room temperature[
The mixture was stirred for 01 h[ The solvent was
removed with a rotary evaporator and diethyl ether:
petroleum ether 0]0 were added until an oil was
formed\ which was separated from the solution[ The
oily residue was washed with diethyl ether:petroleum
ether 0]0 "2×19 cm2#\ dried in vacuo to constant
weight "19>C\ ca[ 9[0 Torr# and shown to be com!
pound 2[ Yield] 64) "Found] C\ 10[5^ H\ 2[4^ N\ 03[5[
Calc[ for C6H02Cl2N3OSn] C\ 10[2^ H\ 2[2^ N\ 03[1)#[
NMR "CD2OD#] 0H\ d 7[60 s "1H\ 1!CH#\ 6[49 s "3H\
3! and 4!CH#\ 0[10 s\ 2H\ SnCH2Ł[ IR] 2399 br ðn"OÐ
H#Ł\ 2039 w\ 2092 w ðn"CÐH#Ł\ 458 sh br ðn"SnÐC#Ł\ 176
m\ 164 m ðn"SnÐCl#Ł[ L "acetone\ 14>C\ 0[9×09−2 M#]
08[6 V−0 cm1 mol−0[

ðTrichlorobutylbis"imidazole#tin"IV#Ł "3#[ To a stir!
red diethyl ether solution "099 cm2# of imidazole "L0#
"161 mg\ 3[9 mmol#\ "C3H8#SnCl2 "453 mg\ 1[9 mmol#
was added at room temperature[ A colorless pre!
cipitate was formed immediately\ which was _ltered
o} after 5 h\ washed with diethyl ether "2×19 cm2#\
dried in vacuo to constant weight "19>C\ ca[ 9[0 Torr#
and shown to be compound 3[ Yield] 84)\ m[p[ 82Ð
84>C "Found] C\ 17[6^ H\ 3[1^ N\ 02[2[ Calc[ for
C09H06Cl2N3Sn] C\ 17[6^ H\ 3[0^ N\ 02[3)#[ NMR
"Acetone!d5#] 0H\ d 01[1 "br\ 1H\ NÐH#\ 7[69 "br\ 1H\
1!CH#\ 6[49 "br\ 3H\ 3! and 4!CH#\ 0[5Ð0[7 "m\ 3H\
SnÐC3H8#\ 0[21 "ps\ 1H\ SnÐC3H8#\ 9[74 "t\ 2H\ SnÐ
C3H8#[ IR] 2015 m\ 2936 w ðn"CÐH#Ł\ 507 m ðn"SnÐC#Ł\

173 m\ 163 m ðn"SnÐCl#Ł[ L "acetone\ 14>C\
0[0×09−2 M#] 13[2 V−0 cm1 mol−0[

ðTrichlorophenylbis"imidazole#tin"IV#Ł "4#[ Com!
pound 4 was prepared similarly to compound 3[ Yield]
36)\ m[p[ 017Ð021>C "Found] C\ 22[9^ H\ 2[1^ N\
01[5[ Calc[ for C01H02Cl2N3Sn] C\ 21[8^ H\ 2[9^ N\
01[7)#[ NMR "Acetone!d5#] 0H\ d 01[2 "br\ 1H\ NÐ
H#\ 7[63\ 7[56 "br\ 1H\ 1!CH#\ 6[43 "br\ 3H\ 3! and 4!
CH#\ 7[1\ 6[8\ 6[7\ 6[4\ 6[2 "m\ 4H\ SnÐC5H4#[ IR] 2023
w ðn"CÐH#Ł\ 351 m ðd"Ph#Ł\ 207 br\ 209 m\ 175 m\ 169
m\ 159 m ðn"SnÐC# and n"SnÐCl#Ł[ L "acetone\ 14>C\
0[0×09−2 M#] 30[9 V−0 cm1 mol−0[

ðChlorotriphenyl"benzimidazole#tin"IV#Ł "5#[ To a
stirred diethyl ether solution "099 cm2# of benzi!
midazole "L1# "125 mg\ 1[9 mmol#\ "C5H4#2SnCl
"274 mg\ 0[9 mmol# in dichloromethane "19 cm2# was
added at 39>C[ A colorless precipitate was formed
immediately\ which was _ltered o} after 5 h\ washed
with diethyl ether "2×19 cm2#\ dried in vacuo to con!
stant weight "19>C\ ca[ 9[0 Torr# and shown to be
compound 5[ Yield] 39)\ m[p[ 038Ð041>C "Found]
C\ 48[4^ H\ 3[3^ N\ 4[7[ Calc[ for C14H10ClN3Sn] C\
48[5^ H\ 3[1^ N\ 4[5)#[ NMR "Acetone!d5#] 0H\ d 7[95
"s\ 0H\ 1!CH#\ 6[72 ð=1J"008SnÐH#=�54[9 Hz\ d\ 5H\
Sn!o!C5H4#Ł\ 6[39Ð6[44 "m\ 00H\ Sn!m!\ Sn!p!C5H4

and 3! and 6!CH#\ 6[06 "m\ 1H\ 4! and 5!CH#[ IR]
2259 br ðn"NÐH#Ł\ 2046 w\ 2018 w ðn"CÐH#Ł\ 344 s\ 315
s\ 311 sh ðd"Ph#Ł\ 189 m ðn"SnÐC#Ł\ 115 s ðn"SnÐCl#Ł[ L

"acetone\ 14>C\ 9[8×09−2 M#] 0[2 V−0 cm1 mol−0[
ðDichlorodimethylbis"benzimidazole#tin"IV#Ł "6#[ To

a stirred dichloromethane solution "099 cm2# of benz!
imidazole "L1# "362 mg\ 3[9 mmol#\ "CH2#1SnCl1
"119 mg\ 0[9 mmol# was added at room temperature[
A colorless precipitate was formed immediately\
which was _ltered o} after 5 h\ washed with dichlo!
romethane "2×19 cm2#\ dried in vacuo to constant
weight "19>C\ ca[ 9[0 Torr# and shown to be com!
pound 6[ Yield] 87)\ m[p[ 060Ð063>C "Found] C\
31[1^ H\ 3[9^ N\ 01[1[ Calc[ for C05H07Cl1N3Sn] C\ 31[0^
H\ 3[9^ N\ 01[2)#[ NMR "Acetone!d5#] 0H\ d 00[0 "br\
1H\ NÐH#\ 7[66 "s\ 1H\ 1!CH#\ 6[71 "m\ 3H\ 3! and 6!
CH#\ 6[28 "m\ 3H\ 4! and 5!CH#\ 0[11 ð=1J"008SnÐ
H#=�81[0 Hz\ =1J"006SnÐH#=�76[8 Hz\ s\ 5H\ SnCH2Ł^
008Sn\ d −036[1 ppm[ IR] 2049 br ðn"NÐH#Ł\ 2023 w
ðn"CÐH#Ł\ 462 s ðn"SnÐC#Ł\ 324 s\ 311 s ðd"Ph#Ł\ 117 s
ðn"SnÐCl#Ł[ L "acetone\ 14>C\ 9[8×09−2 M#]
24[7 V−0 cm1 mol−0[

ðDichlorodiphenylbis"benzimidazole#tin"IV#Ł "7#[ To
a stirred dichloromethane:diethyl ether "1:0# solution
"099 cm2# of benzimidazole "L1# "362 mg\ 3[9 mmol#\
"C5H4#1SnCl1 "233 mg\ 0[9 mmol# was added at room
temperature[ A pale brown precipitate was formed
immediately\ which was _ltered o} after 5 h\ washed
with diethyl ether "2×19 cm2#\ dried in vacuo to con!
stant weight "19>C\ ca[ 9[0 Torr# and shown to be
compound 7[ Yield] 78)\ m[p[ 051Ð053>C "Found]
C\ 42[5^ H\ 2[8^ N\ 8[8[ Calc[ for C15H11Cl1N3Sn] C\
42[7^ H\ 2[7^ N\ 8[6)#[ NMR "Acetone!d5#] 0H\ d 09[9
"br\ 1H\ NÐH#\ 7[30 "s\ 1H\ 1!CH#\ 6[87 ð=1J"008SnÐ
H#=�097[3 Hz\ =1J"006SnÐH#=�096[6\ d\ 3H\ Sn!o!
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C5H4#Ł\ 6[56\ 6[13 "m\ 09H\ Sn!m!\ Sn!p!C5H4 and 3!\
4!\ 5! and 6!CH#[ IR] 2049 br ðn"NÐH#Ł\ 2016 w ðn"CÐ
H#Ł\ 352 s\ 347 s\ 321 s\ 313 s ðd"Ph#Ł\ 182 s ðn"SnÐC#Ł\
133 s\ 123 s ðn"SnÐCl#Ł[ L "acetone\ 14>C\ 9[8×09−2

M#] 08[8 V−0 cm1 mol−0[
ðTrichloromethylbis"benzimidazole#tin"IV#Ł "8#[

Compound 8 was prepared similarly to compound 6[
Yield] 73)\ m[p[ 179>C dec[ "Found] C\ 27[9^ H\ 2[0^
N\ 00[5[ Calc[ for C04H04Cl2N3Sn] C\ 26[7^ H\ 2[1^ N\
00[7)#[ NMR "Acetone!d5#] 0H\ d 7[84 "br\ 1H\ 1!
CH#\ 6[89 "m\ 3H\ 3! and 6!CH#\ 6[29 "m\ 3H\ 4! and
5!CH#\ 0[35 ð=1J"008SnÐH#=�020[3 Hz\ =1J"006SnÐ
H#=�010[1 Hz\ s\ 2H\ SnCH2Ł[ IR] 2239 m\ 2167 br
ðn"NÐH#Ł\ 2028 w ðn"CÐH#Ł\ 481 s\ 435 m\ 422 m ðn"SnÐ
C#Ł\ 328 s\ 319 s ðd"Ph#Ł\ 293 s\ 184 s ðn"SnÐCl#Ł[ L

"acetone\ 14>C\ 0[9×09−2 M#] 33[0 V−0 cm1 mol−0[
ðTrichlorobutylbis"benzimidazole#tin"IV#Ł "09#[

Compound 09 was prepared similarly to compound
7[ Yield] 64)\ m[p[ 047Ð059>C "Found] C\ 30[6^ H\
3[0^ N\ 09[4[ Calc[ for C07H10Cl2N3Sn] C\ 30[6^ H\ 3[0^
N\ 09[7)#[ NMR "Acetone!d5#] 0H\ d 8[57 "s\ 1H\ 1!
CH#\ 7[91 "m\ 3H\ 3! and 6!CH#\ 6[58 "m\ 3H\ 4! and
5!CH#\ 0[7Ð1[1 "m\ 3H\ SnÐC3H8#\ 0[36 "ps\ 1H\ SnÐ
C3H8#\ 9[82 "t\ 2H\ SnÐC3H8#[ IR] 2199 br ðn"NÐH#Ł\
2974 w ðn"CÐH#Ł\ 486 s ðn"SnÐC#Ł\ 308 s\ 392 s ðd"Ph#Ł\
180 s\ 140 s\ 129 s ðn"SnÐCl#Ł[ L "acetone\ 14>C\
0[2×09−2 M#] 65[3 V−0 cm1 mol−0[

ðTrichlorophenylbis"benzimidazole#tin"IV#Ł "00#[
Compound 00 was prepared similarly to compound
7[ Yield] 79)\ m[p[ 010Ð013>C "Found] C\ 33[4^ H\
2[0^ N\ 09[4[ Calc[ for C19H06Cl2N3Sn] C\ 33[5^ H\ 2[1^
N\ 09[3)#[ NMR "Acetone!d5#] 0H\ d 01[4 "br\ 1H\
NÐH#\ 7[84 "br\ 1H\ 1!CH#\ 6[85 "br\ 1H\ Sn!o!C5H4#\
6[61\ 6[15 "br\ 6H\ Sn!m!\ Sn!p!C5H4 and 3!\ 4!\ 5! and
6!CH#[ IR] 2167 br ðn"NÐH#Ł\ 2023 w ðn"CÐH#Ł\ 344 s\
326 s\ 319 s\ 397 s ðd"Ph#Ł\ 174 m ðn"SnÐC#Ł\ 155 sh\
146 br\ 149 br\ 125 s ðn"SnÐCl#Ł[ L "acetone\ 14>C\
9[7×09−2 M#] 29[4 V−0 cm1 mol−0[

ðDichlorodimethylbis "1!phenylimidazole#tin "IV#Ł
"01#[ To a stirred dichloromethane:diethyl ether "1:0#
solution "099 cm2# of 1!phenylimidazole "L2# "466 mg\
3[9 mmol#\ "CH2#1SnCl1 "328 mg\ 1[9 mmol# was
added at room temperature[ A colorless precipitate
was formed immediately\ which was _ltered o} after
5 h\ washed with diethyl ether "2×19 cm2#\ dried in
vacuo to constant weight "19>C\ ca[ 9[0 Torr# and
shown to be compound 01[ Yield] 41)\ m[p[ 029Ð
021>C "Found] C\ 36[3^ H\ 3[3^ N\ 09[8[ Calc[ for
C19H11Cl1N3Sn] C\ 36[2^ H\ 3[3^ N\ 00[9)#[ NMR
"CDCl2#] 0H\ d 7[11 "d\ 3H\ o!C5H4#\ 6[30 "t\ 1H\ p!
C5H4#\ 6[20 "t\ 3H\ m!C5H4#\ 6[13 "s\ 3H\ 3! and 4!
CH#\ 0[14 ð=1J"008SnÐH#=�60[6 Hz\ =1J"006SnÐ
H#=�58[9 Hz\ s\ 5H\ SnCH2Ł[ IR] 2039 br ðn"NÐH#Ł\
2009 w\ 2937 w ðn"CÐH#Ł\ 464 m ðn"SnÐC#Ł\ 327 s
ðd"Ph#Ł\ 122 s br ðn"SnÐCl#Ł[ L "acetone\ 14>C\
0[0×09−2 M#] 56[2 V−0 cm1 mol−0[

ðDichlorodibutylbis"1!phenylimidazole#tin"IV#Ł "02#[
To a stirred ethanol:diethyl ether "1:0# solution
"099 cm2# of 1!phenylimidazole "L2# "466 mg\
3[9 mmol#\ "C3H8#1SnCl1 "293 mg\ 0[9 mmol# was

added at room temperature[ A colorless precipitate
was formed immediately\ which was _ltered o} after
5 h\ washed with diethyl ether "2×19 cm2#\ dried in
vacuo to constant weight "19>C\ ca[ 9[0 Torr# and
shown to be compound 02[ Yield] 82)\ m[p[ 098Ð
000>C "Found] C\ 42[9^ H\ 5[9^ N\ 09[9[ Calc[ for
C15H23Cl1N3Sn] C\ 41[6^ H\ 4[7^ N\ 8[4)#[ NMR
"CDCl2#] 0H\ d 09[5 "br\ 1H\ NH#\ 6[85 "d\ 3H\ o!
C5H4#\ 6[16 "m\ 5H\ m! and p!C5H4#\ 6[00 "s\ 3H\ 3!
and 4!CH#\ 0[7 "m\ 3H\ SnÐC3H8#\ 0[28 "ps\ 1H\ SnÐ
C3H8#\ 9[82 "t\ 2H\ SnÐC3H8#[ IR] 2399 br ðn"NÐH#Ł\
2044 w ðn"CÐH#Ł 599 v br ðn"SnÐC#Ł\ 334 m\ 307 m
ðd"Ph#Ł\ 129 m ðn"SnÐCl#Ł[ L "acetone\ 14>C\
0[2×09−2 M#] 12[3 V−0 cm1 mol−0[

ðDichlorodiphenylbis "1!phenylimidazole#tin "IV#Ł
"03#[ To a stirred dichloromethane:methanol "0:0#
solution "099 cm2# of 1!phenylimidazole "L2# "466 mg\
3[9 mmol#\ "C5H4#1SnCl1 "577 mg\ 1[9 mmol# was
added at 39>C[ A colorless precipitate was formed
immediately\ which was _ltered o} after 5 h\ washed
with diethyl ether "2×19 cm2#\ dried in vacuo to con!
stant weight "19>C\ ca[ 9[0 Torr# and shown to be
compound 03[ Yield] 43)\ m[p[ 060Ð062>C "Found]
C\ 46[1^ H\ 3[2^ N\ 7[6[ Calc[ for C29H15Cl1N3Sn] C\
46[9^ H\ 3[1^ N\ 7[8)#[ NMR "CDCl2#] 0H\ d 6[9Ð7[9
"m br\ 13H\ SnÐC5H4\ 1!C5H4\ 3! and 4!CH#[ IR] 2249
br ðn"NÐH#Ł\ 2950 w\ 2928 w ðn"CÐH#Ł\ 344 s\ 333 m
ðd"Ph#Ł\ 167 m\ 158 s ðn"SnÐC#Ł\ 115 m ðn"SnÐCl#Ł[ L

not available in acetone due to poor solubility[
ðTrichloromethylbis "1!phenylimidazole#tin "IV#Ł

"04#[ Compound 04 was prepared similarly to com!
pound 01[ Yield] 69)\ m[p[ 024Ð027>C dec[ "Found]
C\ 32[9^ H\ 2[6^ N\ 09[7[ Calc[ for C08H08Cl2N3Sn] C\
32[1^ H\ 2[5^ N\ 09[5)#[ NMR "Acetone!d5#] 0H\ d

7[7 "br\ 1H\ NÐH#\ 7[06 "d\ 3H\ o!C5H4#\ 6[59Ð6[61 "m\
09H\ m!C5H4\ p!C5H4\ 3! and 4!CH#\ 0[30 ð=1J"008SnÐ
H#=�006[4 Hz\ =1J"006SnÐH#=�002[9 Hz\ s\ 2H\
SnCH2Ł[ IR] 2049 br ðn"NÐH#Ł\ 2092 w ðn"CÐH#Ł\ 416
s ðn"SnÐC#Ł\ 331 s ðd"Ph#Ł\ 206 s\ 299 sh\ 177 m ðn"SnÐ
Cl#Ł[ L "acetone\ 14>C\ 9[7×09−2 M#] 84[9 V−0 cm1

mol−0[
ðTrichlorobutylbis"1!phenylimidazole#tin"IV#Ł "05#[

To a stirred dichloromethane solution "099 cm2# of 1!
phenylimidazole "L2# "466 mg\ 3[9 mmol#\
"C3H8#SnCl2 "453 mg\ 1[9 mmol# was added at room
temperature[ The mixture was stirred for 13 h^ the
solvent was removed with a rotary evaporator and
diethyl ether was added[ A colorless precipitate was
formed immediately\ which was _ltered o}\ washed
with diethyl ether "2×19 cm2#\ dried in vacuo to con!
stant weight "19>C\ ca[ 9[0 Torr# and shown to be
compound 05[ Yield] 89)\ m[p[ 098Ð001>C "Found]
C\ 36[3^ H\ 3[1^ N\ 09[9[ Calc[ for C11H14Cl2N3Sn] C\
36[2^ H\ 3[3^ N\ 8[7)#[ NMR "CDCl2#] 0H\ d 02[8 "br\
1H\ NH#\ 7[00 "d\ 3H\ o!C5H4#\ 6[19Ð6[49 "m\ 09H\
m!C5H4\ p!C5H4\ 3! and 4!CH#\ 1[34 "m\ 1H\ SnÐ
C3H8#\ 0[85 "m\ 1H\ SnÐC3H8#\ 0[40 "ps\ 1H\ SnÐ
C3H8#\ 9[86 "t\ 2H\ SnÐC3H8#^ 008Sn\ d −158[0 ppm[
IR] 2049 br ðn"NÐH#Ł\ 2974 w ðn"CÐH#Ł\ 505 m ðn"SnÐ
C#Ł\ 346 w\ 330 w\ 311 w ðd"Ph#Ł\ 205 s\ 292 sh ðn"SnÐ
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Cl#Ł[ L "acetone\ 14>C\ 0[9×09−2 M#] 77[8 V−0 cm1

mol−0[
ðTrichlorophenylbis"1!phenylimidazole#tin"IV#Ł "06#[

Compound 06 was prepared similarly to compound
01[ Yield] 54)\ m[p[ 017Ð029>C dec[ "Found] C\ 37[5^
H\ 2[3^ N\ 8[5[ Calc[ for C13H10Cl2N3Sn] C\ 37[7^ H\
2[5^ N\ 8[4)#[ NMR "Acetone!d5#] 0H\ d 7[29 "d\ 1H\
SnÐC5H4#\ 7[08 "d\ 3H\ 1!C5H4# 6[60\ 6[50\ 6[22 "m\
02H\ 1!C5H4\ SnÐC5H4\ 3! and 4!CH#[ IR] 2299 br
ðn"NÐH#Ł\ 2095 w ðn"CÐH#Ł\ 347 s ðd"Ph#Ł\ 189 m ðn"SnÐ
C#Ł\ 212 m\ 204 m\ 292 m ðn"SnÐCl#Ł[ L "acetone\ 14>C\
0[9×09−2 M#] 74[3 V−0 cm1 mol−0[

Dichlorodimethylbis "0!acetylimidazole#tin "IV#Ł
"07#[ Compound 07 was obtained similarly to com!
pound 1[ The oily residue obtained was washed with
diethyl ether "2×19 cm2# and shown to be compound
07[ Yield] 89)[ "Found] C\ 21[4^ H\ 3[2^ N\ 01[3[ Calc[
for C01H07Cl1N3O1Sn] C\ 21[7^ H\ 3[0^ N\ 01[6)#[
NMR "CDCl2#] 0H\ d 7[14 "br\ 1H\ 1!CH#\ 6[41 "br\
1H\ 3! or 4!CH#\ 6[06 "br\ 1H\ 3! or 4!CH#\ 1[52 "s\
5H\ NÐCH2#\ 0[12 ð=1J"008SnÐH#=�64[8 Hz\ =1J"
006SnÐH#=�61[2 Hz\ s\ 5H\ SnCH2Ł[ IR] 2069 w\ 2036
w ðn"CÐH#Ł\ 0636 s br ðn"C�O#Ł\ 453 s ðn"SnÐC#Ł\ 133
s\ 106 m ðn"SnÐCl#Ł[ L "acetone\ 14>C\ 0[9×09−2 M#]
9[8 V−0 cm1 mol−0[

Dichlorodiphenylbis"0!acetylimidazole#tin "IV#Ł=
H1O"08#[ Compound 08 was obtained similarly to
compound 1[ The colorless precipitate formed was
_ltered after 13 h\ washed with diethyl ether
"2×29 cm2#\ dried in vacuo to constant weight "19>C\
ca[ 9[0 Torr# and shown to be compound 08[ Yield]
84)\ m[p[ 039Ð033>C "Found] C\ 32[7^ H\ 3[2^ N\ 8[4[
Calc[ for C11H15Cl1N3O3Sn] C\ 33[9^ H\ 3[3^ N\ 8[2)#[
NMR "CDCl2#] 0H\ d 7[08 "br\ 1H\ 1!CH#\ 6[68 ð=1J"
008SnÐH#=�021 Hz\ =1J"006SnÐH#=�010 Hz\ m\ 3H\
SnÐC5H4Ł\ 6[40 "m br\ 7H\ SnÐC5H4\ 3! or 4!CH#\ 6[02
"br\ 1H\ 3! or 4!CH#\ 1[59 "s\ 5H\ NÐCH2#[ IR] 2199Ð
1799 br ðn"OÐH#Ł\ 2069 w\ ðn"CÐH#Ł\ 0641 s br
ðn"C�O#Ł\ 184 m ðn"SnÐC#Ł\ 153 sh\ 145 s\ 129 s ðn"SnÐ
Cl#Ł[ L "acetone\ 14>C\ 0[1×09−2 M#] 04[9 V−0 cm1

mol−0[
ðDichlorodiphenylbis"imidazoline!1"0\2H#!thione#tin

"IV#Ł "19#[ To a stirred diethyl ether solution "39 cm2#
of "C5H4#1SnCl1 "233 mg\ 0[9 mmol#\ imidazoline!1!
thione "L4# "199 mg\ 1[9 mmol# was added at room
temperature[ A colorless precipitate was formed
immediately\ which was _ltered o} after 13 h\ washed
with diethyl ether "2×19 cm2#\ dried in vacuo to con!
stant weight "19>C\ ca[ 9[0 Torr# and shown to be
compound 19[ Yield] 81)\ m[p[ 102Ð103>C "Found]
C\ 28[5^ H\ 2[4^ N\ 09[1^ S\ 00[5[ Calc[ for
C07H07Cl1N3S1Sn] C\ 28[6^ H\ 2[2^ N\ 09[2^ S\ 00[7)#[
NMR "Acetone!d5#] 0H\ d 7[01 ð=1J"008SnÐ
H#=�86[1 Hz\ =1J"006SnÐH#=�76[0 Hz\ d\ 3H\ Sn!o!
C5H4#Ł\ 6[2Ð6[5 "m\ 5H\ Sn!o!C5H4#\ 6[09 "s\ 3H\ 3!
and 4!CH#[ IR] 2119 br ðn"NÐH#Ł\ 2949 w ðn"CÐH#Ł\
0966 s\ 0959 m ðn"CÐS#Ł\ 359 s ðd"Ph#Ł\ 178 m\ 167 m
ðn"SnÐC#Ł\ 127 m\ 114 s ðn"SnÐCl#Ł[ L "acetone\ 14>C\
0[9×09−2 M#] 1[9 V−0 cm1 mol−0[

ðTrichlorophenylbis"imidazoline!1"0\2H#!thione#tin

"IV#Ł "10#[ Compound 10 was prepared similarly to
compound 19[ Yield] 68)\ m[p[ 180Ð182>C "Found]
C\ 18[9^ H\ 1[8^ N\ 00[9^ S\ 01[4[ Calc[ for
C01H02Cl2N3S1Sn] C\ 17[6^ H\ 1[5^ N\ 00[0^ S\ 01[7)#[
NMR "Acetone!d5#] 0H\ d 09[5 "br\ 3H\ N!H#\ 7[95
ð=1J"008SnÐH#=�024[7 Hz\ =1J"006SnÐH#=�006[3 Hz\ d\
1H\ Sn!o!C5H4#Ł\ 6[2Ð6[3 "m\ 2H\ SnÐC5H4#\ 6[17 "s\
3H\ 3! and 4!CH#[ IR] 2149 br ðn"NÐH#Ł\ 2019 w ðn"CÐ
H#Ł\ 0013 w\ 0091 w\ 0965 m ðn"CÐS#Ł\ 346 s ðd"Ph#Ł\
290 w\ 178 w ðn"SnÐC#Ł\ 144 br ðn"SnÐCl#Ł[ L "acetone\
14>C\ 0[9×09−2 M#] 5[4 V−0 cm1 mol−0[

ðTrichlorobutylbis"imidazoline!1"0\2H#!thione#tin
"IV#Ł "11#[ Compound 11 was prepared similarly to
compound 19[ Yield] 28)\ m[p[ 007Ð010>C "Found]
C\ 14[9^ H\ 2[2^ N\ 00[6^ S\ 02[2[ Calc[ for
C09H06Cl2N3S1Sn] C\ 13[8^ H\ 2[4^ N\ 00[5^ S\ 02[2)#[
NMR "Acetone!d5#] 0H\ d 8[1 "br\ 3H\ N!H#\ 6[12 "s\
3H\ 3! and 4!CH#\ 9[80 t\ 0[33 ps\ 0[65Ð0[77 m\ 1[91Ð
1[97 m "8H\ SnÐC3H8#^ 008Sn\ d −229[5 ppm[ IR] 2069
w\ ðn"CÐH#Ł\ 0972 m\ 0962 m ðn"CÐS#Ł\ 490 m ðn"SnÐ
C#Ł\ 157 s ðn"SnÐCl#Ł[ L "acetone\ 14>C\ 0[9×09−2 M#]
03[9 V−0 cm1 mol−0[

ðDichlorodimethyl"0!methyl!imidazoline!1"2H#!
thione#tin"IV#Ł "12#[ Compound 12 was prepared simi!
larly to compound 19[ Yield] 84)\ m[p[ 011Ð014>C
"Found] C\ 11[9^ H\ 2[7^ N\ 7[5^ S\ 8[4[ Calc[ for
C5H01Cl1N1SSn] C\ 10[5^ H\ 2[5^ N\ 7[3^ S\ 8[5)#[
NMR "Acetone!d5#] 0H\ d 00[7 "br\ 0H\ N!H#\ 5[87\
5[76 "1d\ 1H\ 3! and 4!CH#\ 2[40 "s\ 2H\ NÐCH2#\ 0[11
ð=1J"008SnÐH#=�74[8 Hz\ =1J"006SnÐH#=�71[7 Hz\ s\
5H\ SnÐCH2#[ 008Sn\ d −02[6 ppm[ IR] 2014 w\ 2974
w ðn"CÐH#Ł\ 0054 s\ 0098 s ðn"CÐS#Ł\ 455 s ðn"SnÐC#Ł\
139 s br ðn"SnÐCl#Ł[ L "acetone\ 14>C\ 9[8×09−2 M#]
3[8 V−0 cm1 mol−0[

ðDichlorodiphenylbis"0!methyl!imidazoline!1"2H#!
thione#tin"IV#Ł "13#[ Compound 13 was prepared simi!
larly to compound 19[ Yield] 71)\ m[p[ 042Ð044>C
"Found] C\ 30[6^ H\ 3[9^ N\ 8[7^ S\ 09[8[ Calc[ for
C19H11Cl1N3S1Sn] C\ 31[9^ H\ 2[8^ N\ 8[7^ S\ 00[1)#[
NMR "CDCl2#] 0H\ d 6[89 ð=1J"SnÐH#=�77[8 Hz\ m\
09H\ SnÐC5H4#Ł\ 5[63\ 5[61 "1d\ 3H\ 3! and 4!CH#\
2[50 "s\ 2H\ NÐCH2#^ 008Sn\ d −121[0 ppm[ IR] 2014
w ðn"CÐH#Ł\ 0985 m\ 0973 m\ 0959 m ðn"CÐS#Ł\ 350 s
ðd"Ph#Ł\ 172 s ðn"SnÐC#Ł\ 116 s\ 111 s ðn"SnÐCl#Ł[ L

"acetone\ 14>C\ 0[9×09−2 M#] 09[4 V−0 cm1 mol−0[
ðTrichloromethylbis "0!methyl!imidazoline!1"2H#!

thione#tin"IV#Ł=H1O "14#[ Compound 14 was prepared
similarly to compound 19[ Yield] 39)\ m[p[ 79>C dec[
"Found] C\ 10[8^ H\ 2[2^ N\ 00[6^ S\ 02[4[ Calc[ for
C8H06Cl2N3OS1Sn] C\ 11[1^ H\ 2[4^ N\ 00[4^ S\ 02[1)#[
NMR "Acetone!d5#] 0H\ d 6[24\ 6[17 "1 s br\ 3H\ 3!
and 4!CH#\ 2[65 "s br\ 5H\ NÐCH2#\ 0[3Ð1[1 "br\ 2H\
SnÐCH2#[ IR] 2199 br ðn"NÐH# and n"OÐH#Ł\ 2014 w
ðn"CÐH#Ł\ 0059 m\ 0988 m ðn"CÐS#Ł\ 403 m ðn"SnÐ
C#Ł\ 184 s ðn"SnÐCl#Ł[ L "acetone\ 14>C\ 0[9×09−2 M#]
04[9 V−0 cm1 mol−0[

ðTrichlorophenylbis"0!methyl!imidazoline!1"2H#!
thione#tin"IV#Ł "15#[ Compound 15 was prepared simi!
larly to compound 19[ Yield] 81)\ m[p[ 79Ð72>C
"Found] C\ 29[2^ H\ 2[3^ N\ 8[8^ S\ 00[3[ Calc[ for
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C03H08Cl2N3OS1Sn] C\ 29[6^ H\ 2[4^ N\ 09[1^ S\ 00[6)#[
NMR "Acetone!d5#] 0H\ d 7[0Ð7[1\ 6[3Ð6[5 "m\ 4H\
SnÐC5H4#\ 6[17\ 6[24 "1d\ 3H\ 3! and 4!CH#\ 2[62 "s\
5H\ NÐCH2#^ 008Sn\ d −125[8\ −229[2 ppm[ IR] 2099
w ðn"CÐH#Ł\ 0059 m\ 0987 m ðn"CÐS#Ł\ 345 s ðd"Ph#Ł\
189 br ðn"SnÐC#Ł\ 151 br ðn"SnÐCl#Ł[ L "acetone\ 14>C\
0[9×09−2 M#] 04[7 V−0 cm1 mol−0[

ðTrichlorobutylbis"0!methyl!imidazoline!1"2H#!
thione#tin"IV#Ł "16#[ To a stirred diethyl ether solution
"099 cm2# of "C3H8#SnCl2 "9[292 mg\ 0[9 mmol# 0!
methylimidazoline!1"2H#!thione "9[117 g\ 1[9 mmol#
was added at room temperature[ The oily residue for!
med was separated from the solution and dissolved
in dichloromethane "09 cm2#[ To the clear solution
diethyl ether was added "19 cm2# and the colorless
precipitate formed was _ltered\ washed with diethyl
ether\ dried in vacuo to constant weight "19>C\ ca[
9[0 Torr# and shown to be compound 16[ Yield] 34)\
m[p[ 84Ð87>C "Found] C\ 17[3^ H\ 3[2^ N\ 00[9^ S\
01[6[ Calc[ for C01H10Cl2N3S1Sn] C\ 17[1^ H\ 3[0^ N\
00[9^ S\ 01[5)#[ NMR "CDCl2#] 0H\ d 6[99\ 5[80 "1d\
3H\ 3! and 4!CH#\ 2[61 "s\ 5H\ NÐCH2#\ 9[82 t\ 0[34
ps\ 0[79Ð0[85 m\ 1[17 t "8H\ SnÐC3H8#^ 008Sn\ d

−140[7 ppm[ IR] 2043 w\ 2014 w ðn"CÐH#Ł\ 0022 m\
0985 m ðn"CÐS#Ł\ 419 s\ 401 sh ðn"SnÐC#Ł\ 165 s ðn"SnÐ
Cl#Ł[ L "acetone\ 14>C\ 0[9×09−2 M#]
3[5 V−0 cm1 mol−0[

RESULTS AND DISCUSSION

Synthesis\ reactivity and properties of the or`anotin"IV#
complexes

Interaction between RnSnCl3−n "R�Me\ Bun or Ph^
n�0\ 1 or 2# compounds and an excess of imidazole
"L0#\ benzimidazole "L1# and 1!phenylimidazole "L2#
in organic solvents "alcohols\ dichloromethane\
diethyl ether or petroleum ether# at 9>C or at room
temperature gave the compounds 0Ð06 in accordance
with eq[ "0#]

x"L#¦"RnSnCl3−n#

:
Solvent

ð"L#x"RnSnCl3−n#Ł=zH1O
0Ð06

[ "0#

No[ Ligand\ L R x n z

0 L0 Me 1 2 9
1 L0 Ph 1 2 9
2 L0 Me 1 0 0
3 L0 Bun 1 0 9
4 L0 Ph 1 0 9
5 L1 Ph 0 2 9
6 L1 Me 1 1 9
7 L1 Ph 1 1 9
8 L1 Me 1 0 9

09 L1 Bun 1 0 9
00 L1 Ph 1 0 9
01 L2 Me 1 1 9
02 L2 Bun 1 1 9
03 L2 Ph 1 1 9

No[ Ligand\ L R x n z

04 L2 Me 1 0 9
05 L2 Bun 1 0 9
06 L2 Ph 1 0 9

In the same conditions no adduct was obtained from
the interaction between L0 and Bun

2SnCl\ between
L1 and Me2SnCl\ Bun

2SnCl or Bun
1SnCl1\ and _nally

between L2 and R2SnCl "R�Me\ Bun or Ph# or
Me1SnCl1[ On the other hand\ even if di}erent reac!
tion conditions with respect to literature reports ð6Ð
09Ł were employed\ from the interaction between L0

and R1SnCl1 analogous 1]0 complexes were a}orded[
With the exception of the derivative 5 " for which a

ligand to metal ratio of 0]0 was observed# 1]0 adducts
were obtained from the interaction between L0 or
L1 and triorganotin"IV# acceptors[ This fact further
indicates the possibility of obtaining 1]0 adducts with
triorganotin"IV# chlorides when imidazole type
donors able to involve the halide group in a hydrogen
bonding network were employed ð3Ł[

Interaction between R1SnCl1 "R�Me or Ph# and
excess 0!acetylimidazole L3 in diethyl ether produces
the derivatives ð"L3#1"Me1SnCl1#Ł 07 and
ð"L3#1"Ph1SnCl1#Ł=H1O 08[ Whereas L3 reacts with
other organotin acceptors yielding neutral adducts of
unsubstituted imidazole L0 upon hydrolysis of the
N"0#ÐCOCH2 bond[ The presence of a small quantity
of water in the solvent is su.cient for the attack of
the N"0#ÐC bond and formation of the donor L0 which
immediately coordinates the organotin acceptor[ If
rigorously anhydrous conditions were employed\ no
product a}orded[

The reaction between imidazoline!1"0\2H#!thione
"L4# or 0!methyl!imidazoline!1"2H#!thione "L5# and
RnSnCl3−n acceptors "R�Me\ Bun or Ph^ n�0\ 1 or
2# was carried out in diethyl ether or diethyl ether:
dichloromethane solutions from which compounds
19Ð16 were isolated as insoluble or sparingly soluble
precipitates\ in accordance with eq[ "1# "see Table#]

x"L#¦"RnSnCl3−n#=zH1O

:
Solvent

ð"L#x"RnSnCl3−n#Ł=zH1O
19Ð16

[ "1#

No[ Ligand\ L R x n z

19 L4 Ph 1 1 9
10 L4 Ph 1 0 9
11 L4 Bun 1 0 9
12 L5 Me 0 1 9
13 L5 Ph 1 1 9
14 L5 Me 1 0 0
15 L5 Ph 1 0 9
16 L5 Bun 1 0 9

With the exception of the derivative 12

ð"L5#"CH2#1SnCl1Ł " for which a ligand to metal ratio
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Table 0[ Compounds obtained from various imidazoles and organotin"IV#chloride acceptors

Organotin"IV# acceptorb

Liganda Me2SnCl Me1SnCl1 MeSnCl2 Bu2SnCl Bu1SnCl1 BuSnCl2 Ph2SnCl Ph1SnCl1 PhSnCl2 Ref[

L0 1]0 1]0c 1]0 no reaction 1]0d 1]0 1]0 1]0e 1]0 This work
L1 no reaction 1]0 1]0 no reaction no reaction 1]0 0]0 1]0 1]0 This work
L2 no reaction no reaction 1]0 no reaction 1]0 1]0 no reaction 1]0 1]0 This work
L3 NÐCO break[ 1]0 NÐCO break[ NÐCO break[ NÐCO break[ NÐCO break[ no reaction 1]0 "¦0# NÐCO break[ This work
L4 no reaction 1]0f 0]0\f 1]0f no reaction no reaction 1]0 no reaction 1]0 1]0 This work
L5 no reaction 0]0 0]0\f 1]0 "¦0# no reaction no reaction 0]0\f 1]0 0]0 anionicg 1]0 1]0 This work
L6 0]0 1]0 1]0 no reaction 1]0 1]0 0]0 1]0 "¦0# 1]0 ð2Ł
L7 1]0h 1]0 1]0 no reaction 1]0 2]1 1]0 1]0 2]1 "¦0# ð3Ł
L8 0]0 1]0i 1]0 0]0 "¦0# 1]0 "¦0# 1]0 0]0l 1]0 1]0 ð5Ł
L09 1]0 1]0 1]0 "¦5# 1]0 1]0 2]0 0]0 "¦0:2# 1]0 "¦0# 2]0 ð4Ł
L00 1]0 "¦0# 1]0 no reaction no reaction no reaction 1]0 "¦1# no reaction no reaction 1]0 "¦2# ð4Ł
L01 0]0 1]0 "¦0# no reaction no reaction no reaction no reaction 0]0 0]0 "¦0# no reaction ð4Ł
L02 not inv[ 1]0m not inv[ not inv[ not inv[ not inv[ not inv not inv[ not inv[ ð17Ł
L03 not inv[ 0]0n 0]0o not inv[ not inv[ not inv[ not inv[ 0]0 not inv[ ð18Ł

a L0�imidazole^ L1�benzimidazole\ L2�1!phenylimidazole\ L3�0!acetylimidazole\ L4�imidazoline!1"0\2H#!thione\ L5�0!methyl!imidazoline!1"2H#!thione\ L6�0!benzylimidazole\ L7�3!
phenylimidazole\ L8�0!methylimidazole\ L09�3!methylimidazole\ L00�1!methylimidazole\ L01�1!isopropylimidazole\ L02�1!chloroimidazole\ L03�0!methyl!1!"methylsul_nyl#imidazole[

b Molecules of water in parentheses "#^ not[ inv[�not investigated^ NÐCO break[�breaking of the N"0#ÐCOCH2 bond[ c Trans!octahedral from Ref[ ð7Ł[
d From Ref[ ð8Ł[ e From Ref[ ð09Ł[ fs From Ref[ ð00Ł[ g From Ref[ ð29Ł[ h Distorted bipyramid trigonal from Ref[ ð3Ł[ i Trans!octahedral from Ref[ ð20Ł[
l Distorted bipyramid trigonal from Ref[ ð5Ł[ m Trans!octahedral from Ref[ ð17Ł[ n Bipyramid trigonal from Ref[ ð18Ł[ o Distorted octahedral from Ref[ ð18Ł[
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of 0]0 was found#\ all the derivatives obtained show a
ligand to metal ratio of 1]0[

No adduct was obtained from the interaction of L4

or L5 and R2SnCl or Bun
1SnCl1[

From the interaction of L4 with MenSnCl3−n "n�0
or 1# analogous compounds to those reported in litera!
ture a}orded ð00Ł[

It is interesting to observe that in diethyl ether from
the reaction between L5 and RSnCl2 "R�Bun or Me#
a 1]0 adduct was obtained\ whereas in dichlo!
romethane a 0]0 adduct was previously synthesized
ð00Ł[

All the diorgano! and triorgano!tin"IV# derivatives
are moderately soluble in chlorinated solvents\ ace!
tone and DMSO\ and generally insoluble in diethyl
ether\ ethanol and water[ The monoorganotin"IV#
adducts are generally less soluble in all the solvents
commonly used[ These compounds are stable also
when exposed to moisture for a long time\ whereas
upon prolonged standing at 019>C\ or in acetone and
chloroform solutions\ organotin"IV# oxides and
hydroxides are often recovered[

The triorganotin"IV# adducts 0 and 1 are often
unstable not only in solution but also in the solid state
and when they exposed to moisture for many hours\
they decompose in accordance with the following
equation]

1ðL1R2SnŁClHð"L#1R1SnCl1Ł¦R3Sn¦1L[ "2#

The decomposition "2# is established by the presence
in the 008Sn NMR spectrum of compounds 0 and 1\
previously exposed to moisture for 1 days\ of the sig!
nals due to ð"L#1R1SnCl1Ł and R3Sn species[

IR data

By comparison with the data reported for other
organotin"IV# complexes containing N!donor ligands\
we suggest the following assignments for adducts 0Ð
16[

Li`and absorptions In the 2199Ð1849 cm−0 region\
the ligands exhibit weak bands typical of CÐH stret!
ching due to a pseudoaromatic ring\ and in the region
0599Ð0499 cm−0 some more intense absorptions due
to the ring breathing mode ð01Ł[ These bands do not
shift markedly upon coordination to tin\ suggesting a
weak in~uence of the complexation on the absorptions
within the donor[

In the 1799Ð1599 cm−0 region the ligands exhibit a
broad band typical of NÐH stretching[ In the tin"IV#
and organotin"IV# adducts this band shifts in the
2399Ð2099 cm−0 region suggesting an important
in~uence of the coordination to tin[ The position and
the broadening of the NÐH stretching band are con!
sistent with the presence of a hydrogen bond between
the NÐH moiety and the halide groups ð3\ 02\ 03Ł[

SnÐC stretchin` frequencies[ In the trimethyltin"IV#
derivative 0 a strong absorption is observed at ca[
438 cm−0[ It is due to n"asym# SnÐC stretching vibration

and is consistent with an essentially trigonal pyr!
amidal arrangement of methyl groups "C2v# ð04Ð07Ł[
In the derivatives 1 and 5 the n"asym# SnÐC stretching
vibration is found at ca[ 189 cm−0] a trigonal pyr!
amidal arrangement of aryl groups is likely[

Only a single SnÐC stretching vibration was
observed in the spectra of the diorganotin"IV# deriva!
tives 6\ 7\ 01\ 02\ 04\ 07\ 08\ 12 and 13 in accordance
with a trans!octahedral con_guration of the two alkyl
groups ð08\ 19Ł[ In the spectrum of derivatives 03 and
19 two medium or strong absorptions in the range
189Ð169 cm−0 were found[ In this case the presence of
the cisÐisomer is likely[

Sn!halide stretchin` frequencies[ In the trior!
ganotin"IV# derivative 5\ we observed the tinÐchloride
stretching frequency as medium absorption at
115 cm−0[ This indicates the non!ionic nature of this
compound[ The absorption is markedly shifted with
respect to that indicated for the starting trior!
ganotin"IV# chloride ð10Ł[

In the other triorganotin"IV# derivatives 0 and 1 the
tinÐchloride stretching frequency is absent[ On the
basis of previous reports ð11Ł on triorganotin"IV#
complexes and in accordance with the X!ray crystal
structure determination of ðbis"3!phenylimida!
zole#trimethyltin"IV#Łchloride ð3Ł we have hypo!
thesized an ionic formulation of the type
ð"L#1R2SnŁ¦ðClŁ−[

The tin"IV# chloride stretching frequencies in the
di! and tri!halidetin"IV# derivatives fall as strong or
medium broad bands in the range 119Ð219 cm−0[
These bands are lowered by 89Ð029 cm−0 with respect
to those found in the starting tin"IV# reagents ð12Ł[

Behavior in solution

The conductivity measurements were carried out in
acetone solution for all the soluble compounds
whereas the molecular weight determinations were
performed in chloroform solution only on selected
su.ciently soluble and stable adducts[

The conductivity data show that triorganotin"IV#
halide adduct 0\ 1 and 5 are not electrolytes in acetone
and dissociate in CHCl2 solution to a large extent
"r�ratio between the vaporimetric molecular weight
and formula weight lying in the range 9[29Ð9[44#\ in
accordance with eq[ "3#\ which indicates ligand loss in
solution[

"L#xR2SnClH"L#x−0R2SnCl
"3#¦LHR2SnCl¦xL[

The conductance values for the diorganotin adducts
of L0\ L1\ L3\ L4 and L5 are in the range 1[9Ð
25 V−0 cm−1 mol−0 and also suggest a not electrolytic
nature in acetone[ The vaporimetric molecular weight
determinations indicate extensive dissociation in
chloroform solution for the soluble adducts[ Some of
the trichlorotin"IV# adducts and derivatives con!
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taining the donor L2 are partly ionized[ The con!
ductivity values for these complexes are in the range
33Ð84 V−0 cm−1 mol−0] they are lower with respect to
those reported for 0]0 electrolytes in this solvent "the
typical 0]0 electrolyte tetra!n!butylammonium bro!
mide has a speci_c conductivity of 026V−0 cm1 mol−0#
in accordance with a partial ionic dissociation\ but
they are also greater with respect to those found in
analogous imidazole organotin"IV# adducts ð2Ð5Ł[

0H NMR data

The 0H NMR spectra of the donors and of the
organotin"IV# complexes 0Ð16 were recorded in
CDCl2 or in acetone!d5 due to poor solubility in the
former solvent[

The spectrum of the trimethyltin"IV# complex 0

indicates a nearly complete dissociation into the star!
ting reagents[ In fact\ the D value "di}erence in chemi!
cal shift for the same type of proton in the free base
and in its organotin"IV# complexes# is in the range
9[93Ð9[90 ppm and the tinÐproton coupling constants
are of the same order of magnitude as those reported
for the starting triorganotin"IV# acceptors ð13Ł[

Instead\ in the spectra of the triphenyltin"IV# com!
plexes 1 and 5\ the signals of the ligand are displaced
up_eld and the D value is in the range "−9[15#Ð
"−9[95# ppm[ This peculiarity can be explained by
considering the shielding e}ect exerted on H1\ H3 and
H4 protons by aromatic protons of the phenyl rings
linked to tin"IV#[

In the spectra of the mono! and di!organotin"IV#
complexes of L0\ L1\ L2 and L3\ the signals of the
ligands are generally displaced to lower _eld[ The
deshielding observed is attenuated at a position
remote from the metal[ The D observed is likely due
to a s!charge donation from the N!donor to tin"IV#
acceptor and is evidence of the existence of the com!
plexes in solution[ The D is greater for the trihalo!
with respect to for dihalo!tin"IV# adducts in accord!
ance with a stronger SnÐN bonding interaction in the
former compounds[

The magnitudes of the tin"IV#Ðproton coupling
constants for these diorganotin"IV# complexes are
di}erent from those reported in literature for the star!
ting tetracoordinate diorganotin"IV# halides ð14Ł\ but
they are smaller with respect to that indicated for
hexacoordinate undissociated organotin"IV# com!
plexes containing N!donor ligands ð15\ 16Ł] this sug!
gests a partial dissociation of our complexes in acetone
or in chloroform solution in accordance with the data
derived from molecular weight measurements[

The 0H NMR spectra of the diorganotin"IV#
adducts of 0!methyl!imidazoline!1"2H#thione "L4#
and imidazoline!1"0\2H#!thione "L5# exhibit D values
in the range 9[990Ð9[91 suggesting a nearly complete
dissociation into starting reagents[

008Sn NMR data

The 008Sn NMR data are reported in acetone!d5

for only some adducts\ because the quality of the
spectra is sometimes poor owing to the low solubility[
The 008Sn NMR chemical shift of compounds is com!
parable with that of the corresponding organotin"IV#
acceptor in the same solvent ð13Ł and clearly indicate
that these adducts are extensively dissociated in ace!
tone solution[ Whereas the d"008Sn# chemical shifts for
derivatives of imidazoline!1"0\2H#!thione "L4# and
0!methyl!imidazoline!1"2H#thione "L5# are sensibly
di}erent from those reported for the corresponding
Lewis acid] also on the basis of literature data ð13Ł
and vaporimetric molecular weight determinations we
suggest that these complexes are not completely dis!
sociated in acetone solution[

Comparison with other imidazole or`anotin"IV#
adducts

Table 0 shows a summary of the interactions of
imidazoles with some organotin"IV# derivatives ð2Ð
00\ 17Ð20Ł[

In the adducts reported the ligand to metal ratio n
goes from 0]0\ for example in ð"L1#Ph2SnClŁ\ to 2]0 in
ð"L09#2PhSnCl2Ł[ When the ratio is 2]1\ as in
ð"L7#2"BuSnCl2#1Ł\ a dinuclear structure with the bridg!
ing chloride group is likely[

The solubility of the adducts reported in Table 0 is
limited to a few polar solvent\ such as acetone\ N\N!
dimethylformamide or DMSO[ The adducts of L6\ L7\
L8 and L09 are generally also soluble in chlorinated
solvents due to the presence of methyl and aryl sub!
stituents in the azole ring[ The derivatives of L4 and
L5 show appreciable solubility also in water[

In no cases was the imidazole ring metallated or
did basic salts result\ whereas only in the interaction
between 0!acetylimidazole "L3# and organotin"IV#
acceptors did breaking of the N"0#ÐC bond and coor!
dination of the unsubstituted imidazole L0 formed
occur[

In most of cases mono and di!organotin"IV# chlor!
ides adducts containing N!donor imidazole ligands
have a perfect octahedral environment with all!trans
coordination[

The triorganotin adducts prefer a distorted trigonal
bipyramid geometry with the organic groups always
in equatorial positions[ If the imidazole was able to
involve a chloride group in a hydrogen bonding
network\ a 1]0 adduct was obtained\ whereas if the
imidazole possess an alkyl or an aryl group in the N"0#
position only 0]0 adducts were obtained[ The reaction
between imidazoles and tributyltin"IV#chloride was
often unsuccessful\ no simple adduct but intractable
material being formed with the exception of deriva!
tives ð"L8#Bu2SnClŁ"H1O# and ð"L09#1Bu2SnŁCl\ likely
obtained owing to the greater basicity of these donors
with respect to those so far employed[
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The donating ability of this family of ligands can
be correlated to the ratio n and to the stability of the
complexes in solution[ On the basis of this systematic
study L0\ L8 and L09 seem to be the better donors "L09

is the only able to give a 2]0 ligand to metal ratio# also
due to the minor dissociation of the organotin"IV#
complexes in chloroform and acetone solution[ L2\
L00 and L01 are weaker donors probably due to the
steric hindrance of phenyl\ methyl and isopropyl
group\ respectively\ in the C"1# position\ whereas the
lower donating ability of L4 and L5 is due to the fact
that they coordinate throughout the S!atom\ which
has a lower a.nity for the organotin"IV# acceptors
with respect to the N!atom[ With the latter donors\ it
is also possible to obtain a 0]0 adduct not only with
triorgano! but also with di! and mono!organotin"IV#
acceptors[

0]0 adducts are also obtained if the donor is able
to coordinate in a bidentate fashion as 0!methyl!1!
"methylsul_nyl#imidazole "L03#[

If hydroxideorganotin"IV# acceptors were used\
substitution of the OH group and coordination of the
deprotonated ligand occurred as in ðPh2Sn"1!mer!
capto!0!methylimidazolato#tin"IV# ð29Ł[

Various degrees of hydration were found from 0:2
in ð"L09#Ph2SnClŁ=0:2H1O to 5 in ð"L09#
MeSnCl2Ł=5H1O[
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